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GENERAL INTRODUCTION TO THE SERIES.

Durine the past few years the civilised world has begun to realise the
advantages accruing to scientific vesearch, with the result that an ever-
increasing amount of timc and thought is being devoted to various
branches of science.

No study has progressed more rapidly than chemistry. This
science may be divided roughly into several branches : namely, Organie,
Physical, Inorganic, and Analytical Chemistry. It is impossible to
write any single text-book which shall contain within its two covers a
thorough treatment of any one of these branches, owing to the vast
amount of information that has been accumulated. The need is rather
for a series of text-books dealing more or less comprehensively with
each branch of chemistry. This has already been attempted by
enterprising firms, so far as physical and analytical chemistry are
concerned ; and the present series is designed to meet the needs of
inorganic chemists. One great advantage of this procedure lies in
the fact that our knowledge of the different sections of science does not
progress at the same rate. Consequently, as soon as any particular
part advances out of proportion to others, the volume dealing with
that section may be easily revised or rewritten as occasion requires.

Some method of classifying the elements for treatment in this way
is clearly essential, and we have adopted the Periodic Classificatiou
with slight alterations, devoting a whole volume to the consideration
of the eclements in each vertical column, as will be evident from a glance
at the scheme in the Frontispiece.

In the first voluine, in addition to a detailed account of the elements
of Group O, the general principles of Inorganic Chemistry are discussed.
Particular pains have been taken in the selection of material for this
volume, and an attempt has been made to present to the reader a
clear accountt of the principles upon which our knowledge of modern
Inorganic Chemistry is based.

At the outset it may be well to explain that it was not itended
to write a complete text-book of Physical Chemistry. Numercus
excellent works have already been devoted to this subject, and a
volume on such lines would scarcely serve as a suitable introduction
to this series. Whilst Physical Chemistry deals with the general
principles applied to all branches of theoretical chemistry, our aim
has been to emphasise their application to Inorganic Chemistry, with
which branch of the subject this series of text-books is exclusively
concerned. To this end practically all the illustrations to the laws
and principles discussed in Volume I. deal with inorganic substances.

Again, there are many subjects, such as the methods employed in
the accurate determination of atomic weights, which are not generally
regarded as forming part of Physical Chemistry. Yet these are
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viii ORGANOMETALLIC COMPOUNDS.

subjects of supreme importance to the student of Inorganic Chemistry
and are accordingly included in the Introduction.

Hydrogen and the ammonium salts are dealt with in Volume II,,
along with the clements of Group I. The position of the rave earth
metals in the Periodic Classification has for many years been a source
of difficulty. They have all been included in Volume IV., along with
the Elements of Group III., as this was found to be the most suitable
place for them.

Many alloys and compounds have an equal claim to be considered
in two or more volumes of this series, but this would entail unnecessary
duplication. For example, alloys of copper and tin might be dealt
with in Volumes II, and V. respectively. Similarly, certain double
salts—such, for example, as ferrous ammonium sulphate—might very
logically be included in Volume II. under ammonium, and in Volume IX.
under iron. As a general rule this difficulty has been overcome by
treating complex substances, containing two or more metals or bases,
in that volume dealing with the metal or base which belongs to the
highest group of the Periodic Table. For example, the alloys of copper
and tin are detailed in Volume V., along with tin, since copper oceurs
carlier, namely, in Volume II. Similarly, ferrous ammonium sulphate
is discussed in Volume IX. under iron, and not under ammonium in
Volume II. The ferro-cyanides are likewise dealt with in Volume IX.

But even with this arrangement it has not always been found easy
to adopt a perfectly logical line of treatment. For example, in the
chromates and permanganates the chromium and manganese function
as part of the acid radicles and are analogous to sulphur and chlorine
in sulphates and perchlorates; so that they should be treated in the
volume dealing with the metal acting as base, namely, in the case
of potassium permanganate, under potassium in Volume II. But the
alkali permanganates possess such close analogies with one another
that separate treatment of these salts hardly seems desirable. They
are therefore considered in Volume VIIL.

Numerous other little irregularities of a like nature occur, but it is
hoped that, by means of carefully compiled indexes and frequent cross-
referencing to the texts of the separate volumes, the student will
experience no difficulty in finding the information he requires.

Particular care has been taken with the sections dealing with the
atomic weights of the elements in question. The figures given are not
necessarily those to be found in the original memoirs, but have been
recalculated, except where otherwise stated, using the following
fundamental values :

Hydrogen = 1:00762. Oxygen = 16:000.
Sodium = 22-996. Sulphur = 82:065,
Potassitun = 89:100. Fluorine = 19-015.
Silver == 107-880, Chlorine = 85-457.
Carbon == 12008, Bromine = 79-916.
Nitrogen = 14-008. Iodine = 126-920.

By adopting this method it is easy to compare divectly the vesults of
earlier investigators with those of more recent date, and moreover it
renders the data for the different elements strictly comparable through-
out the whole series.

Our aim has not been to make the volumes absolutely exhaustive,
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as this would render them unnecessarily bulky and expensive; rather
has it been to contribute concise and suggestive accounts of the various
topics, and to append numerous references to the leading works and
memoirs dealing with the same. Every cffort has been made to render
these references accurate and reliable, and it is hoped that they will
prove a useful feature of the series. The more important abbreviations,
which are substantially the same as those adopted by the Chemical
Society, are detailed in the subjoined lists, pp. xvii—xix.

The addition of the Table of Dates of Issue of Journals (pp. xxi—xxviil)
will, it is hoped, enhance the value of this series. It is believed that
the list is perfectly correct, as all the figures have been checked against
the volumes on the shelves of the library of the Chemical Society by
Mr. F. W. Clifford and his staff. To these gentlemen the Editor and
the Authors desire to express their deep indebtedness.

In order that the series shall attain the maximum utility, it is
necessary to arrange for a certain amount of uniformity throughout,
and this involves the suppression of the personality of the individual
author to a corresponding extent for the sake of the common welfare.
It is at once my duty and my pleasure to express my sincere appre-
ciation of the kind and ready manner in which the authors have
accommodated themselves to this task, which, without their hearty
co-operation, could never have been successful. Finally, I wish to
ackunowledge the unfailing courtesy of the publishers, Messrs. Charles
Griffin & Co., who have done everything in their power to render the
work straightforward and easy.

J. NEWTON FRIEND,

September 1928,



PREFACE.

Tue present book aims at giving a tolerably complete account of the
preparation and properties of the organic compounds of the elements of
Groups 1. to IV. of the Periodic Classification. Except in the case of
mercury, no monograph has appeared in any language which deals with
the organic compounds derived from the elements of these groups.
The term organometallic as used in this volume is applied only to com-
pounds containing a second element directly linked to carbon, and
excludes those where the element is linked viz oxygen or nitrogen, as well
as double compounds of organic substances with inorganic salts. In
spite of these omissions, the present volume gives an account of approxi-
mately 2800 compounds. In order to make the book as complete as
possible, the preparation of all key compounds has been given in detail,
and it may be used as a treatise on practical organic chemistry. Since
it has been necessary to cover so much ground no systematic attempt
has been made to enter into theoretical aspects of the subject, but by
endeavouring to include all known compounds chemists will be able to
make valuable comparisons of the compounds of the various elements,
which was hitherto impossible without consulting a vast amount of
original literature. To make the text more readable, physical constants
of large series of compounds have been placed in the Appendix, and
throughout the book greater attention has been paid to physical pro-
perties generally than is usual in this type of book. The Authors’
experience has shown that such data would have been very useful in
their own research work if it had been available in book form.

In conclusion, the Authors wish to thank the Editor, Dr. J. Newton
Friend, for his invaluable help in reading the whole of the manuscript
and proofs, to Messrs. Flack and Smith of the Library of the University
of Birmingham, for giving the Authors free access to any portion of
the Library, and to E. Masters, B.Sc., A.R.C.S., for lending the Authors
his copies of the Journal of the American Chemical Society. Reprints
of onginal papers dealing with organometallic compounds will be
thankfully received by the Authors.

A. E. GODDARD.
D. GODDARD.

September 1928,
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Annales scientifiques de I’ Université de Jassy.

Arbeiten aus dem Kalserliclien Gesundheitsamte,

Archiv fiir experimentelle Pathologic und Pharmakologie.

Archiv der Pharmazie,

Archives des Sclences physique et naturelles, Genéve,

Attl della Reale Accademia delle Scienze di Forine.

Attl della Reale Accademla Lincei.

British Associatlon Reports.

Berichte der Deutschen chemischen Gesellschaft,

See Sitzungsber. K. Akad. Wiss. Berlin,

Berichte der Deutschen pliysikallschen (esellschaft.

Bulletin des Sciences Pharmacologiques.

Botanische Zeltung.

Buletinul Socletdtel de Stiinte din Cluj.

Académie royale de Belgique—Bulletin de la Classe des
Sclences.

Bulletln International de 1'Académie des Sclences de
Cracovie,

Bulletin de la Société chimique Belgique.

Berichte der Deutschen pharmazeutischen (iesellschaft.

Bulletin de la Soci¢té chlmigue de France.

Bulletin de la Soclété francalse de Minéralogie.

Bulletin de la Société minéralogique de France.

Bulletins of the United States Geological Sulvey,

Centralblatt fiiv Mineralogie,

Die Chemische Industrie.

Chemlcal News,

Chemisch Weekblad.

Chemikel' Zeitung (Céthen).

Chemisches Zentralblatt.

Comptes rendus hebdomadaires des Séances de I’Académle
des Sciences (Paris).

Chemilsche Annalen fiir die Freunde der Naturlehrs, von
L. Crelle.

Dingler’s polytechnlsches Journal,
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®viii ORGANOMETALLIC COMPOUND:.

ABpreviactED TrrLE.
Drude's Annaglen . .
Electroch. Met. Ind,

Eng, and Min. J.
(trazzetia

Gehlen's Allg, J. Chom.

(leol. HMag. . . .

Gilbert's Annalen . .

Gorn. di Scienze Nuturali ed
Eeon, . )

Hely. Chim. Act .
Ing. Zeitsch. Metallographe .
Jakib, kk. yool. Reichsanst, .

Juhrb, Miner,

Jahresber. | . . "
Jenaische Zeitsch.

. Amer. Chem. Soc.

. Chem, Soc,

. Chim, phys.

. Gasbeleuchiuny

. Gfeology . .

. Ind. Eng. Chen.

. Inat, Meials

. Miner, Soe.
Pharm. Chim,

. Paysical Chem.

. Dhysique

. prakt, Chem. . .

. Buss. Phys, Cham, Soc,

LRESS SRS SSRSNN

J. Sac, Chem, Ind,
Landiw. Juhrb, .
Mém, Puris decud,

Man. Coll. Sei. Kydto.
Moauieh, . . '

Mon, scient. . .
Manch, Med, Wocheaschr,
Nature . . .
Nuovo Cine. .

Oesterr. Chum. Zeit, . '
Ufvers. K. Vet.-dkad, Forh. |

Bfiiyer's Archiv .

Pharm. Paost
Pharm. Zeilr.h..
Phil, May..

Phril, Trans,

Phys, Review .
Physikal. Zeitsch.
Pogy. Annalen

Proc. Chem, Soe. . .
Proc. K. Aked. Wetensch,

Amsterdan . . .
Proc, Roy. Irish dead., . .
Proe, Koy, Phil. Soc. Glasyow
Proc. Roy. Soc. . . .
Proc, Roy. Soc. Edin. |

JOURNAL,

Annalen der Physik (1900-1906).
Electrocheniical and Metallurgical Industry.
Engincering and Mining Journal,

azzetta chimica Italiana.

Allgemeines Journal der Chemie,

(leological Magazine,

Annalen der Physik (1799-1824},

Giornale di Sclenze Naturali ed Econowiclie,

Helvetlea Chim, Acta,

Internationale Zeitschrift fir Metallographio.

Jahrbuch der Laiserlich-koniglichen geologischen Reichsan.
stalt.

Jahrbuch fiir Mineralogie.

Jahreshericht itber dle Fortschritte der Chemie.

Jenaische Zeitschrift fiir Naturwissenschaft,.

Journal of the American Chemical Society.

Journal of the Chemical Society.

Journal de Chimie physique.

Journal fiir Gasheleuchtung,

Journal of Geology.

Journal of Industrial and Engineering Chemlstry.

Journal of the Institute of Metals,

Mincralogical Magazine and Jowrnal of the Mineralogical
Society.

Journal de Pharmacie ¢t de Chimie.

Journal of Physical Chemistry.

Journal de Physique.

Journal fiir pral:tische Chemie.

Journal of the Physical and Chemical Society of Russia
(Petrograd). .

Journal of the Scclety of Chemical Industry.

Landwirtschaftliche Jahrbiiclier.

Mémoirs présentés par divers savants & 1"Académie des
Seclences de 1'Tustitut de France.

Memoirs of the College of Science, Kybtd Imperial
University.

Monatghefte tir Chemic und verwandte Theile anderer
Wissenschaften.,

Moniteur sclentifique.

Mimchener Medlzinische Woclienschrift,

Nature.

11 nuovo Cimento.

Qesterreichische Chemiker-Zeltung,

Ofvalrsigt af Kongliga Vetenskaps-Akademicns Férhand.
ingar,

Archiv fiir die gesammte Physiologic des Menschen und
der Thiere.

I’harmezeutische Post.

Pharmazeutische Zentralhalle,

Philosophical Magazine (The Loudon, Edinburgh, and
Dublin).

Philosophical Transactions of the Royal Society of
London.

Physical Review.

Physikalische Zeitschrift.

Poggfgg%rﬁ's Annalen der Physik und Chemic (1824—

Proceedings of the Chemical Society.

Roninklijke Akademie van Wetenschappen te Amsterdan
Proceedings (English Version).

Proceedings of the Royal Irish Academy,

Proceedings of the Royal Philosophical Society of (tlasgow.

Proceedings of the Royal Soclety of London.

Proceedings of the Royal Soclety of Edinburgh.



LIST

ABBREVIATED TITLE.
Ree. Trav. chim,

Roy. Inst. Reports

Schweigger's J. .

Sei. Proc. Roy Dubl, boc .

Sitzungsber. K. Akad. Wiss.
Berlin.,

Sitzungsber.
Wien .

K. Akad. Wiss.
Techn. J ahresz’)er.' . '

Trans., Amer. Electrochem. Noc.

Trans, Chem. Soc, .

Trans, Inst. Min. Eng. .

Trav, et Mem. du Burean
intern. des Poids et Mes.

Verh. Ges. deut. chturforsch
Aerzte . .

Wied. Annalen .

Wissenschaftl, Abhandl. phys..
tech. Reichsanst.

Zeatsch, anal. Chem.

Zeitsch. angew. Chem. .

Zeitsch. anorg. Chem.

Zettsch, Chem. . .

Zeitsch. Chem. Ind, I&ollozde .

Zeitsch.
Zeitsch.,
Zeitsch.

Elektrochem,
Kryst. Min,
Nahr., Genuss-m.

Zeitsch. physikal. Chem.

Zeitsch,
Zeitseh.

physiol. Chem.
wiss. Photochem.

XX

OF CHIEF ABBREVIATIONS.

JoURNAL,
Recueil des Travaux chimiques des Pay.Bas et de la

Belgique.,

Reports of the Royal Instltutlon.

Journal fir Chemie und Physik

Scientific Prooeedings of the Royal Dublin Society

Sitzungsberichte der Kéniglich-Preussischen Akademie de
Wissenschaften zu Berlin.

Sitzungsberlchte der Koniglich- Bayenschen Akademie
der Wissenschaften zu Wien,

Jahresbericht iiber die Leistungen der
Technologie.

Transactions of the American Electrochemical Society.

Transactlons of the Chemical Soclety.

Transactions of the Institution of Mining Engineers.

Travaux et Mémoires du Bureau International des Poids
et Mesures.

Verhandlung der Cesellschaft deutscher Naturforscher und
Aerzte.

Wiledemann's Annalen der Physik und Chemie (1877-
1899).

Wissenschaftliche Abhandlungen der physikalisch.tech.
nischen Reichsanstalt.

Zeitschrift fir analytische Chemie,

Zeitschrift fiir angewandte Chemie.

Zeitschrift fiir anorganische Chemie.

Kritische Zeitschrift fiir Chemie.

Zeitschrift fiir Chemie und Industrie des Kolloide (con.
tinued as Kollold-Zeitschrift).

Zeitgehrift fiir Elektrochemie.

Zeitschrift fiir Krystallographie und Mineralogie.

Zeitechrift fiir Untersuchung der Nahrungs. und Genuss.
mittel,

Zeitschrlft fiir physikalische Chemle, Sttchiometrie und
Verwandtschaftslehre,

Hoppe-Seyler's Zeitschrift fiir physiologische Chemie.

Zeitschrift fiir wissenschaftliche Photographle, Photo.
physik, und Photochemie,

Chemischen



TABLE OF DATES OF ISSUE OF JOURNALS.

For the sake of easy reference, a list is appended of the more
important journals in chronological order, giving the dates of issue of
their corresponding series and volumnes. In certain cases the volumes
have appeared with considerable irregularity; in others it has occa-
sionally happened that volumes begun in onc calendar year have
extended into the next year, even when this has not been the gencral
habit of the series. To complicate matters still further, the title-pages
in some of these latter volumes bear the later date—a most illogical
procedure. In such cases the volume number appears in the accom-
panying columns opposite both years. In a short summary of this kind
it is impossible to give full details in each case, but the foregoing
remarks will serve to explain several apparent anomalies,

| .g . 2 — ol E‘ o
Amer.. #S& | Am. |SE % | 5% S5g | PuL | PLl | 85
Year | 5Sei.| SE | Min | 5 2| EE SE|£E | Mg | Trans | $E
3 e | g <
1800 | ... |(1)32-35| ... T T I 2 58 90
1] .. 36-39 1 ... U S Y o 8-11 | 91
21 .. 40-43| .. wo b |10012) L | 11-14 | 92
31 .. d4-47| .. e | e |18-15) ... | 1417 | 93
41 ... 48-511 ... vo | 116181 L | 17-20 | 94
1805 | ... 59-55| .. eo 1w f19-211 .. | 2023 | 85
6 .. 56-60| ... wo | ... |o2-24% ... | 2326 | 96
7| .. 61-64| .. v | e o327 ... | 2629 | 97
8| .. 85-68| ... wo | e |28-30] ... | 20-32 | 98
9! .. 69-72 ... wo 1o 1318371y 1% | 33,84 | 99
1810 | ... 73-76 | ... we | .. |34-36] 2 | 35,86 | 100
11| .. T71-80 | ... wo | .. 13739 3 | 37,38 101
12| .. 8184 ... oo | .. |40-42] 4 | 39,40 | 102
13| ... §5-88 | ... oo | . |43-45] 5 | 41,42 | 103
14| .. 89-92| .. oo | . |46-48 6 | 43,44 | 104
1815 | ... 93-96| ... e | e 149-B1[(2)1 | 45,46 | 105
16| .. [(2) 1-3 o | e |52-B4| 2 | 47,48 | 106
17 . .. 46 1,2 | .o | ... |BB-B7| 3 | 49,50 | 107
181 .. 7-9 3 o | .. |58-60| 4 | 51,52 ! 108
19| (1)1 10-12 4 61-631 65 | 53,54 | 109
1820 | 2 13-15 5 oo | 1-3 16466 6 | 55,56 | 110
21|, 3 16-18 6 .. | 46 16769 7 | 57,58 | 111
22 | 4,5 19-21 7 1,2 | 7-9 |fo-72| 8 | 59,60 | 112
23 | 6 2224 8 36 [10-12{73-75! 9 | 61,62 | 113
24 | 7,8 25-27 g 7-10(13-15; %6 | 10 | 63,64 | 114 | 1,2
1825 | 9 28-30 | 10,11 |11-14/16-18}5 . i 11 | 65,66 | 115 | 3-5
26 | 10, 11 31-33 | 12,13 |15-19/19-22/5 ®8| 12 | 67,68 | 116 | 6-8
27 | 12 34-361(2)1,2 }20-23|23-26 F L E| 13 |(2)1,2 117 | 9-11
98 | 18,14 | 87-39 3,4 i24-26\2780l2 ,4a| 14 | 3,4 | 118 {12-14
29 |15, 16 40-42 | 5,6 |27-30|31-34/0 =] 15 5,6 119 | 15-17

* First series known as Bulletin de Tharmacie.
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Aler,
J

Sei,

17,18
19, 20
21, 92
93, 24
2597

g8, 20
a0, 31
32, 33
34, 36
36, 87

38, 39
40, 41
49, 43
44, 45
46, 47

48-50
(91,2
3,4
5, 6
7,8

9, 10
11,12
13, 14
15, 16
17, 18

19, 20
21, 29
23, 24
25, 26
27, 28

Annulen.

14
5-8
9-12

18-16
17-20
91-24
25-28
29-32

*33-36
37-40
41-44
4548
4p-52

53-56
57-60
61-64
65-68
69-72

73-76
77-80
81-84
85-88
£9-02

93-96

97-100
101-104
105-108
109-112

} : ‘
Ann, | : Bull. . J.ob g, PO B :
Qe Am, @ Arel tComipt.!  Dingl. {550, ; Mou. | Phil. | Phil.
P | Mives. P S {oend” | iy, || prkt G St
43-46 78 { y1-34 35-38 14 7. 8 120
46-48 , ., 35-59 30 .42 17 9,10 | 121
49-51 1(3) 1, 21 40-48 43-47 18 11(3)1] 122
52-55 1 9,4 | 44.47 48-50 19 . 2,3 123
56-67 - 5,6 | 48-50 51-54 920 1-3 4.5 | 124
58-60 1 7,8 |(2)1-4 1 55-53 2] 4-6 6, 7 125
61-63 ; 9,10} -8 2,3 | p9—gn 29, 7-9 8, 9 126
64-66 1 11,121 9-19 4,5 | 63-66 23 ! 10-12 10, 11 | 192V
67-69 {1 13,14} 13-16 6, 7 67-70 21 13-15 12, 15 | 128
70-72 | 15,16 | 17-20 L 8,0 | 717t | 25 1151s 14,16 | 129
73-T5 | 17,18 21-24 10, 11 | 7578 26 | 19-21 16, 17 | 130
(3)1-31 19, 20| 2595 12, 13| 79-82 27 | agng 18,10 | 131
4-6 7(4)1, 2| 99-32 14,151 83-86 ((8)1,2] 25-27 20, 21 | 132
7-9 ' 3,4 | 33-36 16, 171 87-90 3,4 | 928-50 02, 23 ] 133
10-12 i 3,6 | 37-40 18,19} 91-904 5,6 151-33 24, 25 1 134
{ f
13-15 7,8 | 41-44 20,21 ! 95-98 7,8 134-36 26,27 | 135
16-18 | 9, 10| 45-48 22, 23| 99-102 | 9 10| 37-39 28, 29 | 186
19-21 ; 11,12 | 49-52 24, 26 | 108106 1 11, 12 40-42 30, 31 | 137
2224 | 13, 14| 53-56 26. 27 | 107-110 | 13, 14 | 43-45 32, 35, 138
26-27 | 15, 16 | 5760 28, 291 111-114 | 15, 16 | 46-48 34, 35 | 139
28-30 | 17,18 | 61-64 30, 31| 115-118°{ 17, 18 | 49-51 36, 37 | 140
31-33 | 19, 20| 65-68 32, 831 119122 | 19, 20 | 52-54 (4)1,2 ] 141
34-38 {(5)1, 2] 69-72 34, 851 123126 | 21, 22 | 55-57 3, 4 142
37-39 ] 3,4 | 73-76 36, 37 | 127-130 | 23, 24 | 58-80 5,6 | 143
40421 5,6 | 77-80 38, 39 131-134 | 25, 26 | 61-63 7,8 | 144
43-451 7,8 { 81-84 40, 41| 135-138 | 27, 28 | 64-66 9,10 | 145
46-48 | 9,10} 85-88 42,43 | 139-142 | 29, 30 | 67-69 | . 11,12 | 146
49-51 | 11, 12.| 89-92 44,451 143-146 | 31, 32| 70-T2 | (1)1 | 13, 14 | 147
52-54 | 13, 14 | 93-96 1 | 46, 47 | 147-150 | 33, 34| 73-75 | 2 15,16 | 148
55-b7 | 15,16 | 97-100{ 1 | 48,49 | 151-1564 | 35, 36| 7678 | 3 17,18 | 149

* Often referred to by Serles: Seriee 3, vols. 1-16, 1871-1886 ; Series 4, vols. 1-24, 1887-

P\Jgg.
Aunalen.

18-20
21-23
24-26
27-30
31-33

84-38
37-89
40-49
43-4d
4648

49-51
b2-b4
55-57
58-60
61-63

64-66
87-69
70-72
73-75
76-78

T9-81
82-84
35-87
88-90
91-93

04-96
97-99
100-102
163-105
106-108

Proc. Ql}?‘rt‘ Sitzungsber.;
Roy. Che.m K.. Akad.
Soe, Soe "l Wiss, Wien.
2
|
. i
1 o
1, 2 1
2,3 2,3
" 8 4,5
5 4 8,7
. 5 8, 9
. 6 10, 11
6, 7 7 12-14
7 8 15-18
8 9 19-29
9 1G 23-27
9 11 28-33
9,10 12 34-88
[

1910 ; Series 5, vols. 1-9, 1911-1919 (one vol. yearly),

Xy

‘SANNOIWON DTTTVILHNONVOEO



Anu,

Clhem.

, Amer, Amer, Annalen . Aun. Arch, Bull. Soe. Chein, Clhen.
Year. Chem,J.| J. Sci, |Auelyst) Annalen. Suppl. %%;2 Mines. Phann. Ber. chim. News. Tr‘?de Zeit,
1860 29, 30 113-116 58-60 17,18 | 101-104 2 1,2
61 31, 82 117-120 1 61-63 19,20 | 105-108 3 3, 4
62 33, 34 121-124 2 64-66 | (6)1, 2 109-112 4 b, 6
63 35, 36 125-128 2 67-69 , 113-116 5 7, 8
64 37, 38 129-132 3 (4) 1-3 b, 6 117-120 (2)1, 2 9, 10
1865 . 39, 40 133-136 3,4 4-6 7, 8 121-124 3,4 11, 12 .
86 . 41, 42 137-140 4 7-9 9,10 | 125-128 5, 6 13, 14 .
67 . 43, 44 141-144 b 10-12 11, 12 | 129-132 7,8 15, 16
68 . 45, 46 145-148 6 13-15 13, 14 | 133-136 1 9, 10 17, 18 .
89 47, 48 149-152 16-18 15,16 | 137-140 p) 11, 12 19, 20
1870 49, 50 153-156 7 19-21 17,18 | 141-144 3 13, 14 21, 22
71 (3)1,2 157-160 29-924 19, 20 | 145-148 4 15, 16 23, 24
72 3,4 161-164 8 25-27 [ (7)1,2  {14B-150, 201 % 5 17, 18 25, 26
73 5, 6 165-170 28-30 3, 4 201203 6 19, 20 27, 28
74 7,8 171-174 (6) 1-3 56 204, 205 7 21, 22 20, 30
1875 9, 10 175-179 4-6 7,8 206, 207 8 23, 24 31, 32
76 11, 12 1 180-183 -9 9,10 | 208, 209 9 25, 26 33, 34
77 13, 14 2 184-189 10-12 11,12 | 210, 211 10 27, 28 35, 36 1
78 15, 16 8 190-194 13-15 13, 14§ 212, 213 11 29, 30 37, 38 2
79 1 17,18 4 195-199 16-18 15,16 | 214, 215 12 51, 32 39, 40 3
1880 1, 2 19, 20 ] 200205 19-21 17,18 | 216, 217 13 33, 34 41, 42 4
81 2 3 21, 22 6 206-210 22-24 19, 20 | 218, 21¢ 14 35, 36 43, 44 3
82 3,4 23, 24 7 211-215 2527 |(8)1, 2 220 15 37, 38 45, 46 6
83 4, 5 25, 26 8 216-221 28-30 3, 4 221 16 49, 40 47, 48 7
84 5, 6 27, 28 9 299 926 (6} 1-3 5, 6 222 17 41, 49 49, 50 8
1885 6, 7 29, 30 10 227-231 4-6 7,8 228 18 43, 44 51, 52 . 9
86 7, 8 31, 32 11 232-236 7-9 9,10 294 19 45, 46 53, 54 10
87 9 33, 34 12 237-242 10-12 11, 12 225 20 47, 48 55, bE 1 11
88 10 35, 86 13 243-249 13-15 13, 14 226 21 49, 50 67, 58 2,8 12
89 11 37, 38 14 260-256 16-18 15,16 227 22 (3)1, 2 59, 60 4, 5H 13

* Joining Serics 1 and 2 together.

Also written as (3) 1, 2, B, ste.
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Compt Dingl Jedmerd 5 (qem, |J. Pharm, | J prakt JPIIE;SS J, Soe. | Mon.

Year. vend, pol ng Gazzc.atta. Csllcm. Soc, Chin Cliens. Chon. Oguiill. Monatsh. scient, *

oc. Soec. nd.

1860 50, 51 | 155-158 o 37, 38 79-81 4
61 52, 63 169-162 . . 39, 40 82-84 .
62 64, &5 163-166 15 41, 42 85-87 s
63 66, b7 167-170 16 43, 44 88-90 5
64 58,59 | 171-174 17 45, 46 91-03 6

1865 60, 61 175-178 18 j4) 1,2 94-96 . 7
66 62, 63 179-182 19 3, 4 97-99 e 8
67 64, 65 183-186 20 5, 6 100-102 . 9
68 66, 87 187-190 21 7, 8 103-105 s 10
69 68, 69 191-194 22 9,10 106-108 1 11

1870 70, 71 195-198 23 11,12 |(2) 1, 2 2 12
71 | 72,93 | 199-202 1 24 13, 14 3, 4 3 13
72 74,75 203-206 2 25 15, 16 5, 6 4 14
73 76, 77 207210 3 26 17, 18 7.8 b 15
74 78, 79 211214 4 27 19, 20 g, 10 6 16

1875 80, 81 215-218 5 vee 28 21, 22 11, 12 7 17
76 82, 83 219-222 6 29, 30 23, 24 13, 14 8 18
77 84, 86 | 223-226 7 e 31, 32 25, 26 15, 16 9 19
78 86, 87 227250 8 33, 34 27, 28 17, 18 10 20
79 88, 89 231-234 9 1 35, 36 29, 30 19, 20 11 21

1880 90, 91 235238 10 2 37,38 () 1,2 21, 22 12 1 22
81 92, 93 239242 11 3 39, 40 3,4 23, 24 13 et 2 23
82 94, 95 243246 12 4 41, 42 5,6 25, 26 14 1 3 24
83 96, 97 247-250 13 5 43, 44 7,8 27, 28 15 2 4 25
84 98, 99 251254 14 6 45, 46 9, 10 29, 30 16 3 ] 26

1885 100, 101 2556-268 15 7 47, 48 11, 12 31, 32 17 4 6 27
86 102, 108 | 259-262 16 8 49, 50 13, 14 33, 34 18 b 7 28
87 104, 105 | 263-266 17 9 51, 52 15, 16 35, 36 19 6 8 29, 30
88 | 106, 107 | 267-270 18 10 b3, 54 17, 18 37, 38 20 7 9 31, 32

89 | 108, 109 | 271-274 19 11 56, 56 19, 20 39, 40 21 8 10 33, 34

Natire. | Phil. Mag.

19, 20

21, 22

23, 24

25, 26

27, 28

29, 30

31, 22

. 33, 34

. 35, 36

1 37, 38
1,2,3 30, 40
3,4,5 41, 42
5,6, 7 43, 44
7,89 45, 46
9,10, 11 | 47, 48
11,12, 13| 49, 50
13, 14, 15 [(5) 1, 2
15, 186, 17 3,4
17,18,19| 5,6
19, 20, 21 7,8
21, 22, 93 9, 10
23, 24,2561 11,12
26, 26, 27| 13, 14
47, 28, 29| 15, 16
29, 30,311 17,18

31,382,333 19,20

33, 34, 35| 21,22

35, 36, 87 | 23, 24

37,388,390 | 95,26

39, 40, 41 27, 28

* See footnote, p. xxii.
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. Proc. Proc. " Rec. |Sitzungsber.| Stahl : Zeitseh, | Zeitsch.| Zeitsch. | Zeitsch.
Year- Tftlul. Aﬁoglg.u Chem. Roy. G%H?I;LSJ' Trav, | K. Akad. und AWleld - anal. angew. | Kryst. |physikal.
rans. nalen. Soc. Soc. eI N0C.| Chim. | Wiss. Wien.| Eisen. UHAIR- | Chem. | Chem. Min. Chemn.
1860 150 109-111 10, 11 13 39-42
61 151 112-114 11 14 43, 44
62 152 115~117 11. 12 Continued 45, 46 1
63 153 118~120 12, 13 as J. 47, 48 2
64 154 121123 13 Chem. Soc. 49, 50 3
1865 155 124~126 14 51, 52 4 .
66 156 127-129 15 53, fi4 b .
67 157 130-182 15, 16 55, 56 6
68 158 133~135 16, 17 57, 58 7
69 159 136-138 17, 18 59, 60 8
1870 160 139-141 18,19 61, 62 9
71 161 142144 19, 20 63, 64 10
72 162 145-147 20, 21 65, 66 11
73 163 148-150 21, 22 67, 68 12
74 164 151153 22, 23 69, 70 13
1875 165 154-156 23, 24 71, 72 14 .
76 166 167-159 24, 2b 73,74 15
77 167 160 25, 26 75, 76 1,2 16 1, 2
78 168, 169 | Continued 27, 28 77, 78 3~5 17 2,8
79 170 as Wied. 28, 29, 30 79, 80 6~8 18 3, 4
Axnnalen.
1880 171 30, 31 a1, 82 9-11 18 4, 5
81 172 31, 32, 88 83, 84 1 12-14 20 5,6
82 173 38, 34 1 85, 86 2 15-17 21 6, 7
83 174 34, 86, 36 2 87, 88 3 18-20 22 7, 8
84 175 26, 37, 88 3 89, 90 4 21-23 23 8, 9,10
1884 176 1 38, 89 4 91, 92 b 24-26 24 10, 11
86 177 2 40, 41 ] 93, 94 6 27-29 25 i1, 12
87 +1A.178 3 43, 43 6 95, 96 7 30~32 26 12, 13 1
88 179 4 438, 44, 45 7 97 8 33-35 27 1 13, 14, 16 2
39 180 b 45, 46, 47 8 98 9 36-~38 28 |4 15 3, 4
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i
Awmer,

Year. | Cheu,
J.
1880 12
91 13
92 14
a3 15
04 16
1895 17
06 18
97 18
98 20
90 21, 22
1900 | 23, 24
ol | 25,26
02 27, 28
03 | 29,30
04 31, 32
1905 | 38, 34
06 | 35, 36
07 37, 38
08 | 39, 40
09 | 41, 42
1910 | 43, 44
11 45, 46
12 47, 48
13 | 49, 50
14 {Publica-
tion
1915 eeased
16
17
18
19

31“3;21 Analyst,
39, 40 15
41, 12 16
43, 44 17
45, 46 18
47, 48 19
49, 50 20
(41,2 21
3, 4 22
5, 6 23
7,8 24
9, 10 25
11, 12 26
13, 14 27
15, 16 28
17,18 29
19, 20 30
21, 22 31
23, 24 32
25, 26 33
27, 28 34
29, 30 35
31, 32 36
33, 34 37
3b, 36 38
37, 38 39
39, 40 49
41, 42 41
48,44 | 42
45,46 | 43
47, 48 44

et e A b e

Auynlen,

256-260
261-266
267271
272977
278-283

284-288
289-203
294-298
299-303
804-309

310-313
314-319
320-325
326-329
330-337

338-343
344-350
3561-357
368-363
364-371

372-377
378-385
386—894
395-401

Ann.
Chim.

I'liys.

19-21
29294
25-27
28-30
(7)1-8

4-4
-9
10-12
13-15
16-18

19-21
2294
25-27
28-30

(8) 1-3

4-6
7-9
10-12
13-15
16-18

19-21
22-24
25-27
28-36

[ T —_

A,

Mines,

17,18
19, 20
®)1, 2

¥

5 6

7,8
9, 10
11, 12
13. 14
15, 16

17, 18
19, 20
(10)1,2
3, 4
5, 6

7, 8
9. 10
11, 12
13, 14
15, 16

17, 18
19, 20
(11)1, 2
3, 4
5, 6

Arch.
Pharu.

223
224
230
231
232

233
234
235
236
287

238
239
240
241
242

243
244

246
247

248
249
250
251
252

253
254
255

Bull, Cheni. | Chewm. . .
Chem. . | Chem. { Compt.
Ber, Soc. . Trade | Weels- - end.
1 chinu Nows. J. blad. Zeit, veud

v3 3,4 61, 62 6, 7 14 110, 111
24 5, 6 63,64 | 89 15 | 112,113
25 7,8 65, 66 10, 11 16 114,11§
26 9,10 | 67,68 | 12,13 17 116, 117
27 11,12 | 69,70 | 14,15 18 | 118, 119
28 13,14 | 71,72 | 18,17 19 120, 121
29 15,16 | 73,74 | 18,19 20 | 122,123
20 17, 18 75,76 20, 21 21 124, 125
31 19,20 | 77,78 | 22, 23 on | 126, 127
32 o1,22 | 79,80 | 94 25 93 | 128, 129
33 93 924 | 81,82 | 28, 97 24 130, 131
34 25, 28 83, 84 28, 29 25 132, 133
35 27, 28 85, 86 30, 31 26 134, 136
36 29, 30 | 87,88 | 32,38 9 136, 137
37 31,82 | 89,90 | 84,35 98 | 188,139
38 33, 84 91, 92 386, 37 . 29 140, 141
39 35, 36 93, 94 38, 39 30 142, 143
40 (4) 1,2 a5, 96 40, 41 4 31 144, 145
41 3,4 97, 98 | 42, 43 5 32 146, 147
42 5, 6 99, 100 | 44, 43 6 33 148, 149
43 7,8 101, 102 | 486, 47 7 34 150, 151
44 9, 10 103, 104 | 48, 49 8 35 152, 1563
45 11, 12 | 105, 106 | 50, 51 9 36 154, 155
46 13, 14 107, 108 52, 53 10 37 156, 157
47 15,16 | 109, 110 | 64, 55 11 38 158, 159
48 17,18 | 111, 112 | 56, 57 12 39 160, 161
49 19, 20 113, 114 68, b9 13 40 162, 163
50 91,22 | 115, 116 | 60, 61 14 41 164, 165
51 23, 24 117 62, 63 156 42 166, 167
52 25,26 | 118, 119 | 64, 65 16 . 43 168, 159
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J. Russ.
. J. Amer. J. Ind. J. J. J, e J. Soc. *
Year. D;ng]T. Gaazzette.| Chem. |J° g hem. Eng. | Pbarm. |Physical| prakt. é}l:yf" Chem. | Monaish. Mfm‘ +
poly. . Soc. oc. Chem, Chim. { Chem. | Chem. Sg;ﬂ' Ind. sctent.
1890 275-278 20 £ 12 b7, 58 21, 22 41, 42 22 9 11 35, 36
91 279-282 21 13 59, 60 23, 24 43, 44 23 10 12 37, 38
92 283-286 292 14 61, 62 25, 26 45, 46 24 11 13 39 40
93 287-290 23 15 63, 64 27, 28 47, 48 25 12 14 41 42
04 291-294 24 16 65, 66 29, 30 49, 50 26 13 15 43 44
1895 | 295-298 25 17 67, 68 (651, 2 " 51, 52 97 14 16 45, 46
96 | 299-302 | 26 18 69, 70 3, 4 - 53, 54 | 28 15 17 47, 48
97 303-306 27 19 71,72 5 6 b5, b6 29 16 18 49, 50
98 307~310 28 20 73, 74 7,8 57, b8 30 17 19 51, 52
99 311-314 29 21 75,76 9, 10 59, 60 31 18 20 53, b4
1900 315 30 22 77,78 11, 12 4 61, 62 32 19 21 b5, 56
01 316 31 23 79, 80 13, 14 5 63, 64 33 20 29 57
02 317 32 24 81, 82 . 15, 16 6 65, 66 34 21 25 b8
03 318 33 25 83, 84 17, 18 7 67, 68 3b 292 24 bG
04 319 84 26 83, 86 18, 20 8 69, 70 36 23 25 60, 61
1805 320 35 27 87, 88 21, 22 9 71, 72 37 24 26 62, 63
06 321 36 28 89, 60 23, 24 10 73,74 38 25 27 64, 65
07 322 37 29 91, 92 25, 26 11 75, 76 39 26 28 66, 67
08 323 38 30 05, 94 27, 28 12 77,78 40 27 29 68 69
09 324 38 31 93, 96 1 29, 30 13 79, 80 41 28 30 70 71
1910 325 40 32 97, 98 2 | (M1, 2 14 81, 82 42 29 31 72, 78
11 326 41 33 99, 100 3 3, 4 15 83, 84 43 30 32 74,75
12 327 42 34 101, 102 4 b, 6 16 &5, 86 44 31 33 f6 77
13 328 43 35 103, 104 b 7,8 17 87, 88 4hH 32 34 78, 79
14 329 44 36 105, 106 6 g, 10 18 89, 90 46 33 35 80, 81
1915 45 37 K7, 108 7 11,12 19 91, 92 47 34 36 82
16 46 38 108, 110 8 13, 14 20 95, 94 48 36 37 83
17 47 39 111, 112 9 15, 16 21 95, 06 36 38 54
18 48 40 118, 114 10 17,18 22 97, 98 87 39 8b
19 4G 41 114, 116 i 11 19, 20 23 99, 100 38 40 36

Natute.

Phil.
Mag.

41, 42, 43
43, 44, 45
45, 46, 47
47, 48, 49
49, 50, 51

51, 52, 53
53, 54, 55
55, 56, 57
57, 58, 59
59, 60, 61

61, 62, 63
63, 64, 63
85, 66, 67
67, 68, 69
69, 70, 71

71, 72, 73
73, 74, 75
75, 76, 77
77, 78, 79
79-82

82-85
85-88
88, 89, 90
90, 91, 92
92, 93, 94

94, 95, 96
96, 97, 98

08, 99, 100
100-102 |
102-104

29, 30
31, 32
33, 34
35, 36
37, 35

39, 40
41, 42
43, 44
45, 46
47, 48

49, 50
(6)1, 2
3, 4

7,8

9, 10
11,12
13, 14
15, 16
17, 18

19, 20
21, 29
23, 24
25, 26
27, 28

29, 80
31, 32
33, 34
35, 86
37, 38

® Sec footnote, p. xxii.
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Traus, | Zeitsel. | Cliem. Soc. Soo. Chint, | Wiss, Wien.| Hisen, Annalen, Clent. | Chem. | Cliem. | Clicm.
A. 181 I 8 47,48, 49 9 a9 10 30-41 29 3
182 o 7 49, 50 10 100 n 492-44 30 4 cen -
183 8 50,51, 52 11 101 12 45--47 31 b 1,2 e
184 9 52,53, 54| 12 102 13 48-50 32 6 3,4, 5 e
185 10 Bh, 56, 67 13 103 14 51-53 33 7 5-7 1
188 11 57,568,569 1t 104 15 5450 34 8 8-10 1,2
187, 188 12 59, 60 15 106 16 57-5b9 3b 9 11, 12, 13} 2, 3
189, 190 13 60,61,62 16 106 17 60-63 36 10 13-15 3, 4
191 14 62,63, 64 17 107 18 64-66 37 11 16-19 4,5
192, 193 15 64,65, 66 18 108 19 67-60 38 12 19-22 5,6
194, 195 1 16 66, 67 19 109 20 Con- 39 13 2995 6, 7
196, 197 2 17 68, 69 20 110 21  {tinued sz 40 14 26-29 7
198, 199 3 18 69, 70 21 111 22 Aunalen 41 15 20-33 8
200-202 4 19 71,72 22 112 23 der 42 16 33-87 9
203 5 20 72,783,741 23 113 24 Physik. 43 17 38-42 10
204, 205 6 21 74-76 24 114 25 44 18 43-48 11
206 7 22 A77,78 26 115 26 45 19 48-52 12
207 8 23 78,%79,80) 26 116 29 46 20 5256 13
207-209 9 24 80, 81 - 27 117 28 47 21 56-60 14
209, 210 10 26 82, 83 28 118 29 48 22 61-65 15
210 11 26 83, 84 29 119 30 49 23 656-69 16
210, 211 12 27 84, 85, 86 30 120 31 50 24 69-73 17
211, 212 13 28 86, 87 31 121 32 51 25 73-79 18
212, 213 14 29 88, 89 32 122 33 52 26 79-83 19
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IAXS

‘YINAOINOD DITIVIHANONYVHYO



A TEXT-BOOKX OF
INORGANIC CHEMISTRY.
VOLUME XI. PART 1.



A TEXT-BOOK OF
INORGANIC CHEMISTRY.
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ORGANOMETALIIC COMPOUNDS.

CHAPTER 1.

ORGANOMETALLIC DERIVATIVES OF THE
ELEMENTS OF GROUP I.

Tne three elements lithinm, sodium, and potassium bear little re-
semblance to copper, silver, and gold in their inorganic derivatives ; but,
with the exception of gold, they show more resemblance in their organo-
metallic compounds.

Lithinm, sodium, rubidium, and czsium form two types of com-
pounds, (1) RM, (2) R;CM, whilst potassium only gives type (2).
Lithium and sodium derivatives of type RM are prepared by treating
the corresponding mercury alkyls or aryls with the metal in dry benzene
orligroin. Rubidium and cesium, however, are obtained by interaction
of the metal and zinc alkyls. Lithium methyl is best isolated from
lthium ethyl and mercury dimethyl in gasoline solution. The most
striking property of these metals is their affinity for oxygen, and this
property is also exhibited in their organo compounds for they are in-
flammable in air. The lithium compounds are more crystalline than
those of sodium, but the latter are more insoluble in indifferent solvents.
It is interesting to note that whilst lithium and its inorganic salts colour
the flame red, lithium phenyl burns with a yellow flame.

Schlenk and Marcus in 1914 * found that triphenylmethyl chloride
reacted with sodium amalgam in dry ether solution, when the operation
was carried out in an atmosphere of nitrogen. The resulting com-
pound, sodium triphenylmethyl, was a brick-red mass, decomposed by
moisture or carbon dioxide. Kraus and Kawamura in 19232 showed
that triphenylmethyl chloride reacts with sodium and potassium in
liquid ammonia, but that the potassium compound is more stable than
the sodium derivative. A number of compounds similar in structure
to triphenylmethyl have since been shown to give similar reactions.
Rubidium and caesium also form similar derivatives.®

Copper, silver, and gold are contrasted with the three foregoing

! Schlenk and Marcus, Ber., 1914, 47, 1664,
? Kraus and Kawamura, J. Admer. Chem. Sec., 1923, 45, 2756.

3 Grosse, Ber., 1926, 50, 2652.
3



4 ORGANOMETALLIC COMPOUNDS.

elements in being stable towards air, water, and some acids, and in these
respects bear some analogies to the metals of Group VIIL. In organo-
metallic chemistry this likeness is only shared by gold, since this is the
only clement that forms stable compounds. Copper and silver phenyls
have bee reported by several investigators, but they are very unstable
compounds and little is known about their general behaviour. It will
be noted that this instahility is shared by the phenyl derivatives of the
alkali metals.

Gold ! forms two tervalent types of compounds, R,MX and RMX,,
both of which are fairly stable solids. Type R,MX shows the analogy
between gold and thallium, the latter metal giving only this type of
orgauic compound; moreover, no moncvalent derivatives of gold or
thallinm have been isolated. Diethylauric bromide is prepared by the
interaction of aurie bromide and magnesium ethyl bromide, and this
substance is changed to the second type by treating it with bromine in
clitoroforim solution, the halogen replacing one of the cthyl groups.
Both compounds precipitate silver bromide from solutions of silver
salts, and the diethylauric bromide forms an addition compound with
aminonia, when warmed with its aqueoussolution. No aryl derivatives
of yold have vet been obtained, although when isolated they will be
found to be quite stable, and probably have no melting-point below
300° (., like the corresponding thallium compounds.

Lirarum.?

The lithimm alkyls resemble the sodium alkyls in being colourless
compounds, but are contrasted to them in being to some extent
crystalline.  With the exception of the difficultly soluble lithium methyl,
they are rcadily soluble in benzene without decomposition.

Lithium methyl, LiCH; or LiMe.—When a benzene solution of
lithium ethyl and a gasoline solution of mercury dimethyl are mixed, a
white microcrystalline powder immediately separates, in accordance
with the equation :

2LiEt +HgMe, =2LiMe +-HgEt,
soluble soluble  ihsoluble soluble,

In the dry state the compound is completely colourless, in air it inflames,
burning with explosive violence. The flame is red and accompanied by
a shower of yellow sparks. _ l
Lithium ethyl, LiC,H,, is prepared by the interaction of mereury
dicthyl and 1netallic lithium in benzene or ligroin solntion. It forms
thick, clear, hexagonal plates, melting at 95° C. in a nitrogen atmo-
sphere ; at higher temperatures volatilising and condensing in the cooler
parts of the apparatus in drops, which soon solidify. It is somewhat
soluble in benzene or gasoline, but when exposed to the air the body
inflames and burns with the red lithium flame. Lithium ethyl reacts
with triethyl-n-butylammonium bromide to give triethylamine and
diethyl-n-butylamine, and with tetraethylammonium bromide to give
ethane and ethylene. 3 °
Lithium n-butyl, LiC;H,, with tetraethylammonium bromide

! Pope and Glbson, Trans. Chem. Soc., 1907, o1, 2061,
2 Schlenk and Holtz, Ber., 1917, 50, 262,
3 Hager and Marvel, J. dmer, Chem. Soc., 1926, 48, 2689,
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yields triethylamine; with triethylbenzylammonium bromide it gives
diethylbenzylamine ; with tri-n-butyl-n-heptylammonium iodide it
forms di-n-butyl-n-heptylamine. The following reactions with lithiun
n-butyl have been carried out,! the reacting substance being given first
and the products of the reaction shown in brackets : n-hepty! bromide
(n-undecane ) ; methylene iodide (n-nonane); B-bromostyrene (phenyl-1-
hexene-1, trans-trans isomer of diphenyl-1-4-butadienc-1-8 (?7)); tri-
phenylchloromethane (triphenylmethyl peroxide, triphenyl-1;1:1-
pentane); o-, m-, p-bromotoluene (toluene).

Lithiumiso-amyl,?LiC;H, ,, reacts with triethyl-n-butylammonium
bromide to give diethyl-n-butylamine and lithium n-heptyl, with tetra-
n-butylammonium iodide to form tri-n-butylamine, a trace of a hydro-
carbon and possibly n-heptane.

Lithium phenyl, Li.C;H; or LiPh,® may be prepared from mercury
diphenyl and metallic lithium or lithium ethyl and mercury diphenyl.
In the dry state it is a pure white, microcrystalline powder, which burns
in air with a yellow flame, not a red Lithiuun flame.

Lithium triphenylmethyl, LiCPh,*is prepared by treating 1 mol.
of triphenylmethyl chloride in anhydrous ether with 6 mols. of lithium in
the form of 0+5 per cent. amalgam, in a specially designed flask. Itis an
orange-red powder and forms a stable etherate, Li.CPh,;.2Et,0. When
acted upon by water in the absence of air it decomposes according to the
equation:

Li.CPh;+4-H,0=LiOH +CPh H

SoDpIUa.

The first attempt to obtain sodium alkyls was due to Wanklyn,? but his
work only led to the formation of sodium-zinc-ethyl double conmipounds.
Schorigin ¢ was also unsuccessful in obtaining pure products, whilst
Acree 7 described a body which he considered to be sodium phenyl, but
this was afterwards refuted by Hilpert and Grittner.®

The sodium alkyls in the pure state are colourless, amorphous, in-
soluble powders, in indifferent solvents. They decompose when heated
to the melting-point. They are extremely inflammable in air, the in-
flammability decreasing with rising molecular weight of the alkyl
residues. Sodium octyl is susceptible to oxygen, large particles igniting
in air.?

Sodium methyl, NaCH; or NaMe.—Sodium chips are placed in dry
ligroin (B.pt. 80° C.), and all air displaced by dry, oxygen-free nitrogen.
The requisite amount of mercury dimethyl is then added and the
temperature maintained at 65° C. After several days the product is
obtained as a white powder.

Sodium ethyl, NaC,H,, is prepared in a similar manner,'® but the

1 Marvel, Hager, and Coffiman, J. dmer. Chem. Soc., 1927, 49, 2323.

2 Hager and Marvel, loc. cit,
% Schlenk and Holtz, Ber., 1917, o, 262.
4 (Grosse, Ber., 1926, 59, [B], 2652.
5 Wanklyn, Annalen, 1858, 107, 125 ; 1858, 108, 68; 1859, 111, 234 ; 1866, 140, 211,
Schorlgin, Ber., 1908, 41, 2717 ; ibid., 1910, 43, 1931.

? Acree, J. Amer, Chem. Soc., 1903, 29, 590.

8 Hilpert and Griittner, Ber., 1913, 46, 1679.

3 Schlenk and Holtz, Ber., 1917, 5o, 262.
10 Bee Schorlgin, Ber., 1910, 43, 1931 ; #bid., 1423, 56, [B], 176.
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it ORGANOMETALLLIC COMPOUND»S.

reaction is complete in one to two hours. Sodium propyl and n-Octyl
have also been obtained.

Sodium phenyl, Na(H;, fornied from mercury diphenyl, exhibits
the same properties as the alkyls.

Sodium benzyl, C,H,.CH, Na.—Unlike the preceding compounds,
sodium benzyl is isolated as an intense red, crystalline powder, in-
solible in henzene or ligroin, but fairly soluble in ether, to which it
imparts a deep, reddish-ycllow colour. The ethereal solution will con-
duet the elcetrie current, showing that the metallic atom is linked by a
carboninm valence. It inflames in air, but if the oxidation is slow,
nmch stilbene is formed. Dry carbon dioxide converts it into sodium
phenyl acetate.

Sodium triphenylmethyl, PL,CNa.’—1. Ten grams of tri-
phenylmethyl chloridein 500 c.c. of dry cther ave treated with 200 grams
of 2 per cent. sodium amalgam, and the mixture shaken on a machine for
one to two hours. Dnuring the operations all air must be replaced by
nitrogen. A solution of sodiwn triphenylmethyl is thus obtained in
quantitative yileld.

2. Ten grams of sodium powder are amalgamated with 10 grams
of mercury in 200 c.c. of dry ether, the reaction being carried out in
nitrogen. Triphenylmethy! chloride, 2 to 8 grams, is then introduced,
the substances melted and put on a shaking machine, the reaction being
complete in twelve hours. A dark orange-red solutionisobtained; the
ether is evaporated and the residue treated several times with petroleum
cther and evaporated until a solid is produced. All manipulations are
carricd out in nitrogen, since air, moisture, or carbon dioxide cause
decomposition. The compound forms a brick-red mass.?

8. Sodium triphenylmethyl may also be prepared from triphenyl-
niethyl chloride and metallic sodium, when the two are allowed to react
in liquid ammonia, and the hydrogen atom of triphenylmethane is
replaced by sodium in about an hour.

The compound is very reactive, even at the temperature of liquid
ammonia. With water it reacts to form sodium hydroxide and tri-
phenylmethane,

PhyCNa+H,0=Ph,CH+4NaOH

By the action of oxygen, a white product is formed, the composition
of which has not been determined. The reaction with ammonium
chloride in liquid ammonia is probably represented by the equations,

Ph,CNa-+NH,Cl=Ph,CNH, +NaCl =Ph,CH +NH, +-NaCl

The intermediate ammonium compound is not isolated. Ammoniun
hydroxide with sodium triphenylmethyl yields triphenylmethane and
sodamide, and sulphur dioxide forms sodium triphenylmethyl sul-
phinate.

Sodium triphenylmethyl is moderately soluble in toluene or benzene,
but insoluble in petroleum ether and ligroin.

The following are typical reactions of sodium triphenylmethyl with
certain organic compounds :—

( 1 Hchlenk and Holtz, ﬁer., 1916, 49, 603 ; Schlenk and Ochs, ibid., 1916, 49, 608 ;
L,er]‘na.n Patent 292310 ; Kraus and Kawamura, J. Amer, Chen. Soc., 1923, 45, 2756.
* Schblenk and Marcus, Ber., 1914, 47, 1664
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With triphenylmethyl chloride, hexaphenylethane is produced, the
reaction being carried out in liquid ammonia. Thus :

Ph,CNa +C].CPh, =NaCl +Ph,C.CPh,

Similarly with dichlorodiphenylmethane, a mixture of hexaphenyl-
ethane and pentaphenylethyl is formed.! With bromobenzene, using
the above solvent, carbon tetraphenyl results,

Ph,CNa +PhBr=NaBr+Ph,C

With methyl benzoate, 8-benzpinacolin is formed in accordance with
the equation :

Ph,CNa -+ Ph.CO,Me=PhL,(.COPh +NaOMe

If methyl p-chlorobenzoatec is used, p-chloro-f-benzpinacolin is
obtained. Since sodium triphenylmethyl shows a tendency to exchange
its sodium atom for hydrogen, it cannot be used for condensations with
substances which can function in enolic forms, such as ethyl acetate.

With aldehydes, ethanols are obtained, formaldeliyde yielding tri-
phenyl elthanol,

Ph,CNa+OCH,=Ph,C.C(ONa)H,

In the case of benzaldehyde and furfuraldehyde, tetraphenyl ethanol
and triphenylfuryl ethanol are isolated respectively.

With kelones as with esters, those which are capable of existing in
enolic forms cannot be employed, and diarylketones yield no condensa-
tion products, e.g. with benzophenone, an ethanol is not formed, but the
solution becomes green, since metallic ketyls are produced, according to

the equation :
Ph,CNa+COPh,==Ph,C.CPh,.ONa

With dibenzalacetone, tetrastyrylpinacolin is formed.
Sodium phenyl-biphenylyl-o-naphthyl-methyl,

Ph <C10H7
Ph.CH,” “Na

Phenyl-biphenylyl naphthyl chloromethane and sodium powder are
shaken together for one to two days in dry ether, in the presence of
copper bronze. In the solid state it is an indigo-like, metallic, glistening
powder, soon becoming dull in air. Ifs ethereal solution is bluish-violet
of extraordinary intensity. With water or ethereal hydrogen chloride
the compound is soon decolorised, and when decolorised by air a faint,
bright blue-green, air-stable colour remains,

Sodium di-biphenylyl-a-naphthyl-methyl, (Ph.CcH,),CNa, is a
black, metallic, glistening powder, immediately becoming yellow-brown
in air.

Sodium biphenylene-phenyl-methyl,

C.H, Ph
>
C.H,” “Na

Dibiphenylene-diphenyl-ethane and sodium powder are shaken together
1 Schlenk and Mark, Ber., 1922, 55, [B], 2285, 2299,
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in a nitrogen atmosphere for twelve days. The compound is isolated in
shining, orange-red needles, containing one molecule of ether of crystal-
lisation. When dried in a nitrogen atmosphere at 60° C. the ether s
removed and the compound darkens, and at higher temperatures it
melts to a ruby-red liquid. It is instantly decolorised in air, and
warmed with aleohol it dissolves, biphenylence methane crystallising out
on cooliny.
Sodium p-anisyl-biphenylene-methyl,

(|36H4\ CgH,.0Me
¢H “\Na

is an intensely red, but not distinetly crystalline product, which 1s
obtained free from ether.
PotassioM.

No potassium compounds arc known of the type RI, only com-
pounds from triphenyvl methyl having been obtained.

Potassium triphenylmethyl, KCPh,1—1. Triphenylmethane and
metallic potassium are heated at 200° to 220° C. m an indifferent
atmosphere. By this method the compound is stated to be red, and
when treated with benzyl chloride to yield as-tetraphenylethane.

2. Two equivalents of potassium are allowed to react with tri-

phenylimethyl chloride in liquid ammonia.
' The compound has a similar appearance and the same properties as
the sodium derivative. It exhibits, however, this difference, that
whilst sodivm triphenyl is unstable in the presence of ammonia, the
potassiumn compound is stable even at 100° C. Moreover, it has not
been found possible to synthesise the triphenylmethyl group by the
action of triphenyhnethyl chloride on potassium triphenylinethyl.

Ruriprum.?

Rubidium ethyl, RbEt.—The interaction of zinc ethyl and metallic
rubidium do not give rubidium ethyl itself, but the double compound
with uzinc ethyl, RbEt.ZnEt,. This substance crystallises in prisms,
which melt in the presence of some zince ethyl at 70° to 75° C.

Rubidinm triphenylmethyl, RbCPh, prepared in a similar
mauner to the lithium compound, is a dark-red powder resembling the
sodium and potassium derivatives. It gives a blood-red solution in

cther.
CaEsIuM.

_ Cezesium ethyl, CsEt, is isolated in the same manner as the rubi-
dium compound, but does not seem to be as definite in composition as
the latter. It is said to undergo the following reaction :-

CsEt +C0,=Cs.C0,.Et

The latter compound when treated with sulphuric acid yields pro-
pionic acid.

! Schlenk and Marcus, Ber., 1914, 47, 1664 ; Kraus and Kawamura, J. dmer. Chep.
Soc., 1923, 45, 2756,
Z Grosse, Ber., 1920, 50, (B 2652,
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Ceesium triphenylmethyl, CsCPh,, possesses the sanie properties
as the rubidium eompound.

CoPPER AND SILVER.

Cuprous phenyl, CuPh.—Cuprous iodide is added to a cold
solntion of magnesium phenyl bromide 11 ether. Complete solution
takes place, and after a time the cuprous phenyl separates out as a white
powder. It decomposes at 80° C. and when warmed with benzene is
converted quantitatively into diphenyl and metallic copper, the latter
appearing as a mirror. With water, benzene and cuprous oxide are
formed, and with dilute nitric acid it is changed to nitrobenzene, con-
centrated mitric acid causing the compound to explode. Cuprous
phenyl blackens in a few days, even when kept in a vacuum.

Magnesium ethyl bromide presumably gives cuprous ethyl, but the
compound is unstable above —18° C. and has not been further in-
vestigated.

Silver phenyl, AgPh.2—Silver bromide is treated with an ethereal
solution of magnesium phenyl bromide, the violet solution depositing
silver phenyl. The preparation is carried out in absence of light, and
the produet decomposes in a few hours, even at —18° C,, forming silver
and diphenyl. The product is highly explosive.

When freshly precipitated silver chloride is used instead of the
bromide,? a brown, granular powder is obtained. When dry it readily
decomposes, evolving clouds of diphenyl fumes. The ratio of silver to
phenyl appearstobeas 1 :1. With magnesium p-xylyl- and a-naphthyl
bromides and the magnesiun compound of p-bromodiphenyl ether,
similar compounds are isolated.

GoLn.2

Diethylauric bromide, (C,H;),AuBr—Magnesium ethyl bromide
is used in preparing this compound, and it is necessary that it should be
free from any unchanged magnesium. Five grams of magnesium are
used and the calculated quantity of ethyl bromide in 200 c.c. of anhy-
drous ether. This Grignard reagent is allowed to drop very slowly into
22 grams of auric bromide in 150 c.c. of dry ether efficiently cooled in ice
and salt mixture. Metallic gold begins to appear during the reaction.
Powdered ice is carefully added to the mixture and finally water and
dilute acetic acid. The liquid is next extracted several times with light
petroleum and this is washed with water, then allowed to evaporate in a
warm draught cupboard at 25° to 80° C. The residue when once again
recrystallised from petroleum ether yields 2 to 8 grams of the pure
bromide. No larger yield is obtained if the reaction takes place at the
temperature of boiling liquid air, and the yield is less if the autic bromide
is added to the Grignard reagent. If auric chloride is used the yield is
not increased. Diethylauric bromide takes the form of long, colourless,
doubly refracting needles, M.pt. 58° C. It is very soluble in benzene,
light petroleum, chloroform, and ether, much less so in alcohol and

1 Relch, Compt. rend., 1923, 177, 322,

2 Relch, ibid.

3 Lrause ald Weudt, Ber., 1923, 56, | B, 2004

+ Pope and Gibson, T'rans. Chem. Soc., 1907, 91, 2061
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insoluble in water. Itis volatile at ordinary temperatures and decomul-
poses with explosion at ahout 70° C.  The body is analysed by dissolving
it in chloroform, adding bromine in the same solvent, then slowly
evaporating to dryness and weighing the residual gold after ignition.
Diethylauric broinide is very sensitive to light, in contact with water
giving gold. It also gives silver bromide from solutions of silver salts.

Ethylauric dibromide, C,H,AuBr,, is prepared by adding a dilute
solution of bronmine in chloroform to an equimolecular proportion of
diethylauric bromide in the same solvent. Crystals of the dibromide
are slowly formed. The compound is sparingly soluble in the ordinary
organic solvents, but is moderately soluble in warm water. The crystals
are transparent, dark, ruby-red, doubly refracting prisms with square
ends. On heating it slowly decomposes, but does not melt. It is more
stable than the previous body.

Amminodiethylauric bromide, ((,H;),AuBrNH;, can be obtamed
from diethylauric bromide on gently warming with dilute aqueous
anuponium hydroxide, then cvaporating in a vacuvum over sulphuric
acid.  The product is recrystallised from benzene, giving transparent
doubly refracting, colourless needles, which decompose on slowly heating
at 60° C. The body is soluble in ammonium hydroxide, benzene,
acctonce, chloroform, or dilute hydrochloric acid. The solution in hydro-
chlovic acid may be boiled without any rednction, and there is no pre-
eipitate with platinic chloride, though on long standing metallic gold
appears. An aqueous acetone solution of the compound precipitates
silver bromide from silver salts.



CHAPTER II.

ORGANOMETALLIC DERIVATIVES OF THE
ELEMENTS OF GROUP II.

THE elements of Group II., along with those of Group V., form more
organometallic derivatives than the remaining groups. In so far as
Group Il is concerned this is due to the vast number of mercurials now
isolated, In 1905, Beckmann ! found that an ethereal solution of
ethyl iodide reacted with metallic calcium to form an etherate, having the
constitution EtCal.Et,0. This was an amorphous powder, fairly
stable in air, yielding ethane with water, and was sparingly soluble in
ether. Gilman and Schulze 2 repeated Beckmann’s work, and came to
the conclusion that the compound is not the monoetherate shown above
but a di~etherate of calcium iodide, Cal,.2Et,0. These investigators
have also prepared compounds of n-butyl, n-octyl, and phenyl caladum
iodides, but in no cases do ether-free compounds appear to have been
isolated. They also state that unpublished work on caleium, barinn,
and strontium dialkyls and diaryls shows that all of these organo-
metallic compounds give positive tests. Since the purpose of this
chapter is to deal with pure compounds and not molecular complexes, no
further account is given of the calcium compounds.?

The remaining members of this group form a series of organo com-
pounds in which the stability increases with rising atomic weight from
* beryllium to mercury. It should be pointed out that the authors donot
include the Grignard compounds under magnesium, since these are not
actually isolated in reactions in which they are employed. Moreover,
the so-called “ individual ”” magnesium alkyl salts, which do not contain
combined ether, have not been used to any great extent for synthetic
purposes.

The dintethyl compounds of the inetals from beryllium to cadmiuin
are all very volatile liquids, the beryllium, magnesium, and zinc deriva-
tives exploding when treated with water, the cadmium decomposing
slowly under the same conditions.

Berylliuin compounds were obtained in 1860 by Cahours 4 by heating
metallic beryllium with mercury dialkyls at 180° to 135° C. in a sealed
tube. Frankland 5 also obtained beryllium diethyl and dipropyl by a
similar method. In 1884, Lavroff ¢ also claimed to have obtained

1 Beckmann, Ber., 1905, 38, 904.

2 Gilman and Schulze, J. Amer. Chem. Soc., 1926, 48, 2463.

3 See Dufford, Nightingale, and Calvert, J. Amer. Chem, Soc., 1925, 47, 95 ; Gilwan
and Plckens, ibid., 1925, 47, 2406 ; Gilman and Schulze, 1bid., 1925, 47, 2002,

¢ Cahours, Annalen, 1860, 114, 243 ; Jahresber., 1873, p. 520.

5 Frankland, Trans. Chem. Soc., 1861, 13, 181, 194.

¢ Lavroff, J. Russ. Phys. Chem. Soc., 1884, 16, 93 ; Bull. Soc. chinw, 1884, 41, 548.

11
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bervilium dimethyl. No [urther reference is made to the compounds
until 1928, when Krause and Wendt ! stated that beryllium dialkyls may
he prepared by the interaction of beryllium chloride and an excess of
Grignard reagent. _

The actual isolation of berylliun dialkyls in a pure state has only just
been accomplished by Gilman and Schulze,? and their work throws douht
upon the accuracy of that of previous investigators. Their method of
procedure is the one suggested by Krause and Wendt. In 1926, Durand?
claimed to have preparcd beryllium methyl iodide, but the work has
since been disproved by Gilman and Schulze.* These workers have
isolated beryllium alkyl halides by heating beryllium, alkyl halides, and
ether in the presence of catalysts, such as mercuric chloride, beryllium
chloride, or free bromine. The first aryl compound, beryllium phenyl
iodide, has been preparcd by a similar process.

The first attempt to prepare organic compounds of magnesium was
due to Hallwachs and Schafarik in 1859, these investigators heating
metallic magnesium with ethyl iodide in a sealed tube at 150° to 180° C.
Upon opening the tube a gas was evolved and a white mass obtained.
This when heated gave a colourless liquid of penetrating odour, which did
not inflame.  In view oflater work the products appear to be magnesium
iodide and traces of magnesium diethyl. A year later, Cahours ¢
repeated the above work, the reacting substances being heated for
several hours at 180° C. Heisolated magnesium iodide and a colourless,
strongly volatile liquid, inflaming in air, and having a leek-like odour.
This liquid Cahours mistook for magnesium diethyl. In 1891, Léhr?
obtained magnesium dialkyls by heating magnesium with mercury
dialkyls, and later Fleck 8 extended Léhr’s work. No further work was
done on these substances until 1927, when Gilman and Schulze * used
Lohr’s method, but introduced mercuric chloride into the reaction as a
catalyst. This work proves that the substances obtained by the earlicr
mvestigators were not very pure.

Only one aryl compound is known, namely, magnesium diphenyl,10
formed by heating magnesium powder and mercury diphenyl at 200° C,
in an atmosphere of nitrogen. Like the alkyl compounds, it is readily
oxidisable in air and decomposed by water.

Frankland in 1853 1! obtained the first zinc alkyl, zine dimethyl, by
heating methyl iodide with an excess of zinc in a sealed tube at 150° to
160° C.  From this beginning, the series was gradually continued as lar
as mnc di-isoamyl, in the hands of various investigators. The lower
members are spontaneously inflammable in air, this property decreasing
as the series is ascended, and all the compounds are decomposed by
water, the lower ones with violent explosion. These compounds have
proved of great value in many organic syntheses, but their use has been
climinated to a large extent by the Grignard reagent owing to the fact

! Krause and Wendt, Ber., 1923, 56, 467.

* (Mlman and Schulze, J. Chem. Soc., 1927, p. 2663.

% Durand, Compt. rend., 1926, 182, 1162.

4 Gilman and Schulze, J. Awmer. Chem. Soc., 1927, 49, 2904.

& Hallwachs aud Schafarik, Annalen, 1859, 109, 206.

;" gagouf, Agmszle'n, 1860, 114, 240,

6hr, dnialen, 1891, 261, 48. 8 Fleck, Annalen, 189: AT

9 (ilman and Schulze, J, Amer. Chem. Soc., 1927, 49, 2328, o 1893, 276, 129
10 Hilpert and Griittner, Ber., 1913, 46, 1675,
1t Irankland, dnnalen, 1853, 85, 347,
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that the latter need not be isolated in reactions in which it is used,
whereas the inflammability of the zinc alkyls renders themn difficult
to handle. Zinc alkyls have also been nsed in the preparation of
organomctallic derivatives of mercury,! boron,? aluminium,3 thallinm,*
silicon,® germaniwm,® tin,” lead,® phosphorus,® arsenic,'0 antimonyv,!t
bismuth,1?

No zinc aryls were known until 1913, when Hilpert and Griittner 12
isolated zinc diphenyl by boiling mercury diphenyl with zine for two
minutes in an atmosphere of hydrogen. The rapidity with which this
reaction takes place resembles the preparation of aluminium triphenyl
from mercury diphenyl and aluminium, the reaction being complete m
ten to fifteen seconds at 140° C. The zine diphenyl is affected by light,
and, like magnesium diphenyl, is oxidised by atmospheric oxygen and
decomposed by water. An interesting vse has recently been made by
Chambers and Scherer 1* of zine diphenyl. In order to prepare tin
tetraphenyl, magnesium phenyl bromide is treated with anhydrous zine
chloride in ethereal solution, the ether replaced by toluene and the
product treated with stamnic chloride. Thus the zine compound is
merely used as an interimediate without being isolated, in the same way
as the Grignard reagent.

Although cadmium alkyls were known as early as 1858,15 it was not
until 1917 16 that they were obtained in good yield in a state of purity.
The general method of preparation is by the interaction of magnesium
alkyl halides and cadmium halides. In common with the other alkyls
so far described in this chapter they are very volatile, the methyl deriva-
tive even being difficult to separate from ether, since it volatilises along
with the vapour of the latter. This volatility decreases as the series is
ascended from methyl to isoamyl, and although the higher compounds arc

1 Buckton, Annalen, 1859, 109, 219, 221 ; Jahresber.. 1858, p. 390 ; Frankland, Annalen,
1859, 111, 57; Jahresber., 1859, p. 413; Krassowski, Zestschrift fiir Chemie, 1870, p. 528;
Ber., 1870, 3, 625 ; Oppenheim, Ber,, 1871, 4, 671.

2 Trankland, Annalen, 1862, 122, 132, 144 ; Jahresber., 1876, p. 469.

8 Buckton and Odling, Annalen Spl., 1861, 4, 110, 112; Cahours, Annalen, 1860, 114,
242 ; Hallwachs and Schafarik, Annalen, 1859, 109, 207 ; Firstenhoff, Chem. Zentr., 1904,
1. 785 ; Buckton and Odling, Proc. Roy. Soc., 1863, 14, 18 ; Cahours, Jahresber., 1873,
p. 518 ; Ber., 1873, 6, 567 ; Compt. rend., 1873, 76, 133, 748, 1383.

4 Hartwig, Ber., 1874, 7, 298 ; Annalen, 1875, 176, 264.

5 Triedel and Crafts, Annalen, 1865, 136, 203 ; 1863, 127, 31; Ladenburg, Annalen,
1872, 164, 302, 327 ; Pape, Annalen, 1884, 222, 359, 370 ; Ladenburg, Annalen, 1874, 173,
148 ; TFriedel and Ladenburg, Ann, Chim. Phys., 1880, [5], 19, 401 ; Annalen, 1830,
203, 251,

& Winkler, J. prakt. Chem., 1845, [2], 36, 204.

? Cahours, Annalen, 1862, 122, 59 Jahresber., 1873, p. 519; Frankland, Annalen,
1859, 111, 50 ; Frankland and Lawrance, Trans. Chem. Soc., 1879, 35, 130 ; Morgunow,
Annalen, 1867, 144, 157; Buckton, Annalen, 1859, 109, 225 ; Pope and Peachey, Proc.
Chem. Soc., 1912, 28, 42, 116.

8 Cahours, Annalen, 1862, 122, 67 ; Buckton, Annalen, 1859, 109, 222 5 1859, 112, 226 ;
Frankiand and Lawrance, J. Chem. Soec., 1879, 35, 245.

% Cahours and Hofmann, Annalen, 1857, 104, 1 ; Hofmann, Annalen Spl., 1861, 1, 7;
Drechsel and Finkelsteln, Ber., 1871, 4, 352 ; Wichelhaus, Ber., 1868, 1, 80.

10 Cahours and Hofmann, Compt. rend., 1835, 41, 834 ; Jahresber, 1855, p. 538;
Cahours, Annalen, 1862, 122, 219 ; Hofmann, Annalen, 1857, 103, 357.

1 Buckton, Trans. Chem. Soc., 1863, 16, 22 ; Jahresber,, 1863, p. 470,

12 Marquardt, Ber,, 1887, zo, 1517 ; 4bid., 1888, 21, 2038.

13 Hilpert and Griittner, Ber., 1913, 46, 1675.

14 Chambers and Scherer, J. Amer. Chem. Soc., 1926, 48, 1054.

15 Lihr, Annalen, 1853, 87, 55.

16 Krause, Ber., 1917, 50, 1813,
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decomposed by water, the process takes some hours to reach completion.
Asinthe case of magnesium and zine, only one aryl compound of cadmium
is known, cadmium diphenyl. It is prepared by heating mercury
diplieny! and metallic cadmium in an atmosphere of hydrogen, but the
product appears to be very wnstable in the dry state, discolouring in a
vacunun desiceator even when allowed to stand for an hour.! The
cachniup may be replaced by mercury or zinc under suitable conditions.

The only remaining metal in the gronp to be discussed is mercury.
This element forms such an enormous varicty of organic compounds
that they are dealt with in subsequent chapters. No other element is
known which will replace the hydrogen of organic derivatives with such
case,  All other metals of the periodic classification are only introduced
singly into organic residues, whereas two to five mercury residues may
hecome attached to a molecnle in a single operation, e.g. penta-acetoxy-
mercuriacetanilide. Like the other members of Group II., it forms
compounds of the type R,}M, but these are far more stable than any
previously described. A second type, RMX, is also known, which
resenibles the Grignard reagent RMgX in formula only, showing uio
other rclation to the magnesiuin compounds. These two types of
mcrany compounds are dealt with in the subseqnent chapter.

BeRYLLIUM,

Beryllium dimethyl, Be(CH,),.>—This compound is prepared by
the interaction of anhydrous beryllium chloride and magucesium methyl
jodide. Owing to the hygroscopic nature of the berylliun chloride and
the instability of beryllivm dimethyl in air, the reaction is carried out in
n specially designed apparatus in an atmosphere of dry hydrogen or
mitrogen. Berylhum dimethyl erystallises from hot concentrated ethereal
solution in snow-white necdles, and it has the same form when it sub-
limes at abont 200° C. without melting. Its ethcereal solutions fune
strongly on exposure to the atinosphere. When suddenly overheated,
it is partially decomposed, leaving a brown or grey mivror. In air it is
spontancously inflammable, especially in the presence of moisture.
borning with a huninous flame, and evolving white fumes of berylliuim
oxide. It is violently decomposed by water, yielding methane. In the
solid state it even inflames when treated with carbon dioxide, but il in
etheveal solntion it yvields acetic acid. It reacts with phenyl carbimide
in ethereal solution giving the anilide, and with a-naphthyl carbimide
accto-c-naphthalide is formed. With Michler’s ketone it gives an
immediate positive colour reaction, with benzophenone it forms di-
phenylmethylcarbinol, and with benzoyl chloride phenyldimethyl-
carbinol is produced. The reaction with jodine is very vigorous
probably forming bervllium methy! iodide. © ‘

Beryllium diethyl, Be(C,H;),, prepared in a similar manner to
the preceding compound, is a colourless liquid, B.pt. 98° to 95° C. at
4 mm. or 110° C, at 15 1mm. It distils at 180° to 240° C. at ordinary
pressure, with considerable decomposition, and when solidified in carbon
dioxide-ether freezing mixture white crystals are formed, which melt on
warming to —18°to —11°C. It resembles the corresponding dimethyl
derivative in oxidisability and inflammability. With water it yields

! Hilpert and Gruttner, Ber., 1913, 46, 1675.
* Gilman and Schulze, J. Chem. Soc., 1927, p. 2663.
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ethane, and its ethereal solution with carbon dioxide gives tiiethyl-
carbinol. It gives a positive colour reaction with Michler’s ketone,
reduces benzophenone to benzhydrol, reacts vigorously with iodine
and with an excess of an ethereal solution of berylliwm chloride, a
solution having the characteristics of beryllium ethyl chloride is
obtained.?

Beryllium propyl, Be(C,H,),, is a liquid, B.pt. 244° to 246° C., and
does not solidify at —17° C. '

Beryllium di-n-butyl,’ Be(C,H,),, is a clear, colourless liquid,
having a mercaptan-like odour. It boils at 170° C. at 25 mm. It
oxidises rapidly in air, but is not spontaneously inflammable, It is
decomposed by water, reacts with phenylcarbiimde, and gives a blue
colour with Michler’s ketone.

Beryllium diphenyl, Be(CiH;),, and beryllium di-p-tolyl,
Be(C,H,.CH,),, may be readily prepared by heating beryllium with
equivalent quantities of mercury diphenyl and mercury di-p-tolyl and
a trace of mercuric chloride in sealed tubes at 225° C. for six hours.

Beryllium methyl and ethyl iodides,® Be(CH;)I and Be(C H, )L
—These compounds are best prepared as follows: About 0-5 gram of
powdered beryllium, 0-2 to 0-5 gram of mercuric chloride, 5 c.c. of the
alky! halide, and 25 c.c. of ether are heated for at least fifteen hours at 80°
to 90° C. in a suitable bottle, the neck of which has been drawn out to a
fine capillary. The product is then removed from the bottle by breaking
the capillary, the pressure inside being suffident to force the iquid out.

The etherecal solutions of these iodides do not fume in air, and
removal of the solvent gives a liquid, which on further heating evolves
dense white fumes, probably of beryllhim oxide. Heating changes the
alkyl beryllium halides to beryllium dialkyls. All the alkyl halide comn-
pounds are decomposed by water, with formation of the corresponding
hydrocarbon. When carbon dioxide is passed through ethereal beryl-
linm methyl iodide for three hours, the solution still gives a positive test
and no acetic acid is found after hydrolysis. Acetanilide is formed from
beryllium methyl iodide and phenyl isocyanate.

In a similar manner beryllium ethyl bromide, Be(C,H)Br, and
beryllium n-butyl iodide, Be(C,H,)I, are prepared. In these cases
beryllium chloride or free bromine may be used as catalysts.

Beryllium phenyl iodide, Be(C H)I, gives a positive test when
prepared in the presence of mercuric chloride after fifteen hours heat-
ing at 80° to 90° C., and is also readily prepared by heating at 150°
to 175° C. with either mercuric or beryllivm chloride as catalyst.

MAGNESIUM.

Magnesium dimethyl, Mg(CH,),,* may be prepared by heating
magnesium turnings with mereury dimethyl for thirty-six hours at
180° C. It is described as a grey-yellow mass, which reacts with ex-
plosive violence with water. The addition of acetyl chloride to a well-
cooled ethereal solution of the compound in a nitrogen atmosphere

1 Cahours, Annalen, 1860, 114, 243.

¢ Gilman and Schulze, loc. cit. .

3 Gilman and Schulze, J. Amer, Chem. Soc., 1927, 49, 2904 ; see Durand, Compt, rend.,
1926, 182, 1162,

4 Tshr, Annalen, 1891, 261, 48 ; Fleck, Annalen, 1893, 276, 129.
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yields trimethyl carbinol. When hydrogen iodide is passed into the
mixture, tertiary butyl iodide is formed.

Magnesium diethyl, Mg(C,H;),.'—Fresh mercury diethyl and
magnesium powder are heated together in a scaled tube at 180° C. in
the presence of a small amount of merenrie chloride. The product thus
isolated is a light grey or brown powder, spontaneously inflanumable in
air. Magnesium dicthyl is soluble in ether, this solution reacting with
an cthereal solntion of acetyl chloride to give methyldiethyl carbinol.

Magnesium dipropyl, Mg(C,H,),, has been prepared without the
nse of a catalyst.?

Magnesium diphenyl, MgPh,—Mercury diphenyl and magnesium
powder are heated to 200° C. in an atmosphere of nitrogen, when tl}e
magnesium compound is isolated as a white powder. It is insoluble in
carbon disnlphide or benzene, but solble in absolute ether, and when
hoiled in the latter solvent in a siream of hydrogen, filtered and evapor-
ated under 5° C. the compound crystallises in transparent feathery
needles. These contain ether of erystallisation which may be removed
by the heat of the hand, an amorphous product resulting.® It burns in
alr, forming magnesium oxide, and by slow oxidation gives Mg(OPh),.
Water decomposes magnesium diphenyl with the formation of benzenc
and magnesium hydroxide. Bromine in ethereal solution forms bromo-
benzene and magnesium bromide, no magnesium phenyl bromide being
isolated. \With phosphorus trichloride only traces of diphenyl phos-
phorus chloride are formed. Benzal chloride reacts with the compound
when heated for three hours in a sealed tube at 100° C., giving triphenyl
niethane and magnesinm chloride.  When magnesivm diphenyl is
heated i a scaled tube at 280° C. until it decomposes, the principal
product obtained by extraction of the product with benzene is
diphenyl.

7ZiNc,

Zinc dimethyl, Zn(CH,), or ZnMe,, may he prepared in sevcral
ways

1. By heating methyl iodide with an excess of zinc in a sealed tube
at 150° to 160° C.4

2. Metliyl iodide and dry zine turnings or dust are heated for six to
nine days in an iron flask carrying a reflux condenser, the reaction
product being distilled in an atmosphere of carbon dioxide.®

3. Methyl iodide and zinc are heated together to form zinc methyl
iodide, Me.Znl, which is decornposed on distillation to yield zine methyl
and zinc iodide.®

4. Three parts of methyl jodide and two parts of anhydrous ether

; 'dl Gilman and Schulze, J. Amer. Chem. Soc., 1927, 49, 2328 ; see Lohr, ibid. ; Fleck,
101,

2 Fleck, Ioc. cit.

® Hilpert and Griittoer, Ber., 1913, 46, 1675 ; Waga, Annalen, 1894, 281, 320.

* Frankland, Annalen, 1853, 85, 347 ; see also Butlerow, Annalen, 1867, 144, 2.

3 Ssimonowitsch, J, Russ. Phys. Chem. Soc., 1898, 30, 40 ; Chem. Zentr., 1899, i,
1066 ; see Worobjeff, J. Russ. Phys. Chem. Soc., 1899, 31, 45; Chem. Zentr. 1899, 1.
1067 ; Ipatiew, J. prakt. Chem., 1896, [2], 53, 275 ; Kaulfuss, Ber., 1887, 2o, 3104,

¢ Frankland, dnnalen, 1855, 95, 28; Wanklyn, Trans, Chem. Soc., 1861, 13, 124 ;

é«‘;le;i and Cantapnlo, Guzzetts, 1892, 22, ii. 388; Lachmann, Amer. Chem. J., 1900, 24
: 1 ’ ’
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arc heated with zine in a copper digester at 100° C. for six hours. The
reaction mixture is then distilled from the water-bath, the fraction
hetween 48° to 517 €. corresponding to 2ZnMe,. Et,0. If methyl ether
is used, 2ZnMe,.Mc,0 is obtained, which distils about £3° (., and in the
absence of cther, pure zinc dimethyl is isolated.?

5. One hundred and twenty parts of methyl iodide, 90 parts of
zine, and 100 parts of 1 per cent. sodium amalgam and a drop of
ethyl acctate are mixed in the cold. They are then heated to 45° C.
for thirty-six hours and the bath finally raised to 90° C., when the
contents of the flask solidify. Distillation from an oil bath produices
zine dimethyl, distilling at 47° C. constant.?

G. By heating methyl iodide with zinec-copper couple.?

Zine dimethyl is a colourless, strongly refracting liquid, having a
characteristic, pungent smell and is very volatile. VWhen cooled in a
freezing mixture it solidifies and melts at —40° C.4 It boils at 46° C. and
has a density of 1-886at 10-5° C.> In ajr it is spontaneously inflamimable,
burning with a greenish-blue flame,® but if the oxidation is allowed to
proceed slowly, zinc methyl methylate, ZnMe.OMe, is produced, together
with some zine methylate, Zn(OMe),.” Water decomposes zine di-
methyl with formation of zine hydroxide and methane. Zinc dimethyt
undergoes reactions with various substances, as indicated in the following
table :—

REACTIONS OF ZINC DIMETHYL.

Reacting Substance, Resulting Products, REFERENCRS.

Snlphir dioxide. Methane sulphinic acid. Hohson, Annalen, 1858, 106, 288.
Nitrie oxide, Compoundof methylnitroso.] Frankland, Anrnelen, 1836, 99,
hydroxylamine, 369.

ZniMe,. Zn(CH,0.N,),.
Phosgene. Trimethylcarbinol, Butlerow, Jahresber., 1863, p.
475; 1864, p. 496.
Tertiary butyl iodide, | Tetramethylmethane, Lwaw, Zeitrch, Chem., 1870, p.
520.
Acetone Chloride, | Tetramethylmethane. Lwow, Zeitsch, Chem., 1871, p.
¥e,CClL,. 257.
#
Acetyl chloride, then | Acctone, Freund, Annalen, 1861, 118, 12;
water, Butlerow, Annalen, 1867, 144,
Acetyl chloride, using 2: see Pawlow, Annalen,
excess of zinc di. 1877, 188, 106, 114, 118.

methyl, then treat-
ing with water after
long standing. Trimethylcalbinol.

! Wrankland, Trans. Chem, Soc., 1861, 13, 124 ; see also Wanklyn, loc. cit.
* Ladenburg, Annalen, 1874, 173, 147 ; Wagner, J. prakt. Chem., 1891, [2], 44, 261.
? Renshaw and Greenlaw, J. dmer. Chem. Soc., 1920, 42, 1472,
¢ Haase, Ber., 1893, 26, 1053.
3 Frankland and Duppa, 4nnalen, 1864, 130, 119.
¢ Frankland, Annalen, 1853, 85, 347.
? Butlerow, Zeitsch. Chem., 1864, p. 403 ; Jakresber., 1864, p. 467.
VOL, XI. ! I. o2
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Reactions of Zinc Dimethyl—continued.

Heacting Substance.

Regulting Products.

REFERENCES.

Chloral.

Silicon tetrachloride.

Lead chloride,

Phosphoras tii-
chlorlde.

Arsenic trichloride.

Tin diethyl di-iodide.

Tin triethyl lodide.

Methylmercuric iodide.

Methyl alcohol (small
’e (excess),

Ethyl alcohol.

Acetone.

Chloroferimic
ester.

ethyl

1.Bromo. 1-nitro-
ethane,

Tetracthylester of
orthosilicic acid.

guantity).

Trichloroisopropyl
alcohol,

Silicon tetramethyl.

Lead tetramethyl,

Compound of zinc chloride

and trimethyl phosphine.

Trimethylarsine.

Tin dimethyl diethyl.

Tin methyl trlethyl.
Mercury dimethyl.

Zinc methyl methylate.
Zinc methylate.

Zing ethylate,

Mesityl oxide and higher
condensation prodicts.

Ethylene, methane, carbon
dioxide, zinc chloride.

2.Nitropropane,

Zine methyl ethylate, tri-
cthyl ester of methyl
orthosilicic acid.

Garzarolll.Thurnlakh, Annalen,
1881, 210, 77,

Friedel and Crafts, Ann. Chim.
Phys., 1870, [4], 19, 360;
Annalen, 1865, 136, 203.

Cahours, 4 nnalen, 1862, 122, 67.

Cahours and Hofmann, Compt.
rend., 1853, 41, 832; Johres.
ber., 1883, p. 537; Annalen,
1857, 104, 99.

do.

Frankland, Annclen, 1859, 111,
50.

Cahours, Annralen, 1862, 122, 60,

Buckton, dnnglen, 1859, Iog,
2922,

Butlerow, Jahvesber.,, 1864, 1.

487.
do.

Tolkatschew, J. Russ., Phys.
Chem, Soc., 1901, 33, 470;
Chem. Zentr,, 1901, 1i. 1200,

Pawlow, Annulen, 1877, 188, 133.

Butlerow, Jahresber., 1863, p.
474 ; Zeitsch. Chem., 1863, p.
4886,

Bewad, J. prakt. Chem., 1893,
[2], 48, 352.

Ladenburg, Annaelen, 1874, 173,
148,

Zinc diethyl, Zn(C,H;), or ZnEt,, may be obtained :
1. Ninety grams of zinc filings and 10 grams of finely divided
copper (from the oxide) are heated with a good flawne in a 300-c.c.

capacity flask, to form a couple.
added and the whole heated at 90° C.

Then 87 grams of ethyl iodide are
In fifteen minutes the conversion

to ethiodide is complete and the product is distilled in a hydrogen
atmosphere, 81 grams of zinc diethyl being obtained, 90-4 per cent.!

1 iladstone and Tribe, Trans. Chem. Soc

1900, 24, 32.

., 1879, 35, 571 ; see Lachman, Amer. Chem. J.,
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2. By heating ethyl iodide with an excess of zine in a scaled tube at
150°to 160° C.2

3. Equal volumes of ether and ethyl iodide are heated in a copper
digester at 180° C, and the reaetion product distilled.2

4. By heating an alloy of zinc and sodium with ethyl iodide in a
carbon dioxide atmosphere.®

5, Mercury diethyl and zinc are heated in a sealed tube at 100° C.#

Zinc diethyl is a colourless liquid of penetrating odour, spontaneously
inflammable in air.? It may be solidified in a freezing mixture and melts
at —28° C.® It boils at 118° C., and has a density of 1-182 at 18° C.
and 1-245 at 8° C.7

The molecular refraction and dispersion of zine diethyl compared
with tin tetraethyl is as follows :—8

Tenip. Density. ny, 7D, np. 7.
ZnEt, 8-:0°C. | 1245 1.4936 .. 1.5141 | 1-5336
SnEt, 0° C. 1:4089 | 13065 | 1-5143 1-5403
Experimental. Theoretical.
; Molecular Molecular Molecular
Molecular Refraction. Dispersion. Refraction. Dispersion.
ZnEt, 48-88 397 42 8 '
SnEt, 4812 554 346 |

The heat of formation of zinc diethyl from its elements is as follows :—*
[Zn]+4[C]+5(H,)=ZnEt, —381,800 calories.

Zinc diethyl is decomposed by sulphuric and hydrochloric acids with
evolution of heat :

ZnEt, +H,S0,=2C,H,+7ZnS0, 179,800 calories.
ZnEt, +2HCl =2C,H +7nCl, 78,000 calories.

1 Frankland, Annalen, 1853, 85, 360,

2 Frankland, Annalen, 1855, g5, 28 ; see also Pebal, Annalen, 1861, 118, 22; ibid.,
1862, 122, 105.

3 Rleth and Bellstein, Annalen, 1862, 123, 246 ; 1863, 126, 248 ; see also Alexeyeff and
Beilsteln, Jahresber., 1864, p. 469 ; Compt. rend., 1864, 58, 171 ; Bewad, J. praki. Chem.,
1849, [2], 48, 250 ; Rathke, Annalen, 1869, 152, 220.

4 Frankland and Duppa, Trans. Chem. Soc., 1864, 17, 29 ; Annalen, 1864, 130, 117,
For other methods using zine and ethyl iodide, see Frankland, 4nnalen, 1853, 85,
360 ; Wichelhans, Annalen, 1869, 152, 321 ; Ssimonowitsch, J. Russ. Phys. Chem. Soc.,
1899, 31, 40 ; Chem. Zentr., 1899, 1. 1066 ; Fileti and Cantapulo, Gaszeita, 1892, 22, il.
387 ; Chapman, Zeitschrift fiir Chemie, 1867, p. 74; Kahlfuss, Ber., 1887, 2o, 315¢;
Schon, J. prakt. Chem., 1850, [2], 51, 100.

5 Frankland, Annalen, 1855, 95, 42,

§ Haase, Ber., 1893, 26. 1053.

? Gladstone, Trans. Chem. Soc., 1891, 59, 293.

8 (Fladstone, vbid,

¢ Guntz, Jahresber,, 1887, p. 242,
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The reactions between zinc diethyl and various compounds have
been collected together in the following table :—

REACTIONS OF ZINC DIETHYL.

ISP r U S USSR

|
H

?
|
!
1
|
{
|

|
|

Reacting Substance.

Resulting Products.

RErERENCES,

Clhilorine, broniine, or
indite,

Bromine or fodine in
ether solntion,

Air  passed through
cther  solution of
zinc diethyl,

Water,

Sulphur dioxide or tri-
ovite,

Nitrie oxide.
Aminonia gas passed
iinto ether solntion

of ziue diethyl.

Cyanogen.

Cyanogen chloride,

Cvanogen iodide.

Liquid carbon dioxide
under pressure,

Rocin,

Phosphorus trichloride,

Arsenie trichloride.
Antimony trichloride,

Silieon tetrachloride,

Deeomposition with vio-
lence, inflamming in the
case of chlorine.

Ethvl halide, zine halide.

Compound EtZn.0.0.Et.

Zine hydroxide, cthane.
Fthane snlphinle acid.

Compemud ZnEt,.Zn
(C4HyOaNy)s.

Zincamide. Zn(NH,),.

Ethyl cyanide.

Etlryl cyanide,

Zine cyanide, ethyl iodide.
Zine propionate.
Compound ZnEt,.NaEt.
('ompound of zine chloide

and triethylphosphine.

Triethylarsine,
Triethylstibine.
Silicon tetraetlyyl.

Frankland, Annalen, 18335, g5,
al.

do,

Demuth and Meyer, Ber., 1890,
23, 394 ; see also Frankland,
Amnnalen, 1855, 95, 42 ; Franls-
land and Duppa, Annalen,
18645, 135, 30.

Frankland, Annalen, 1853, 8s.
360,

Wischin, Annalen, 1866, 130.
367 ; sce also Hobson, Anna-
len, 1837, 102, 76.

Frankland, Annalen, 1856, 99,
345,

Frankland, Jehresher., 1857, p.
418; . prakt. Chem., 1858,

(1], 73, 35.

Frankland and Grahain, Trans,
Chem. Soc., 1880, 37, 740,

Gal, Comypt. rend., 1868, 66, 49 ;
Amnmnalen, 1868, 147, 27.

Calmels, Compt. rend., 1884, 99,
239 : Bull. Soc. chvm,, 1885,
[2], 43, 82.

Schmitt, J. prakt. Chem., 1847,
[2], 42, 568,

Wanklyn, Annalen, 1858, roy.
125 ; 1858, 108, 70.

Cahours and Hofmann, Comgpt.
rend., 1855, 41, 832 ; Jahres-
ber., 1855, p. 537; Annalen,
1857, 104, 7; Annalen Spl,
1861, 1, 2.

do,

Hofmann, Annalen, 1857, 103,
357,

Friedel and Crafts, Ann. Chim.
Phys., 1870, [4], 19, 335;
Annalen, 1883, 127, 31.
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Reactions of Zinc Diethyl-—continued.

Reacting Substance.

Resulting Products,

R EFLEREYCES.

Stannous chloride,

Lead chloride.

Alercurous or mercuric
chloride,

Cupric chloride.

Silver chlorvide, ferric
iodide, =mirconium
chloride, titanium
chloride,

Methylmeremic iodide.

Ethylmercurle iodide,
"Tin diethyl di-iodide,
Carbou bisulphide.
Chloroform.

Carbon tetrachloride.

Broniofolm.

Vinyl bromide.

tert. Butyl lodide.

Allyl iodide.

Methylene iodide.

Tin tetracthyl.

Lead tetracthyl.

Mercury diethyl.
Ethane, butane, cthylene,
metallic copper.

Simnilar to above,

Mercury diethyl, zine di-
methyl.

Mercury diethyl.

Tin tetraethyl.

Compoulld Znlt,.C8,.

Probably Et.CH =CH.CH,
and some propylenc.

Lithylene, propylene,

Ethyl bromide, propylene.

a- Butylene.

Trimethylethylmethane,

Ethylene, propylene, pen-
tane, diallyl and a hydro.
carbon, C;H,q.

Ethylene, butane.

Tranldand and Lawrance, Truns,
Chem. Soc., 1879, 35, 130.

Buckton, Annulen, 18359, ro09.
223; 112, 226: Frankland
and Lawrance, Trans. Chen.
Soc., 1879, 35, 244.

Buckton, .innalen, 1859, Iog,
219 ; Jahresber., 1858, p. 390.

Wanklyn and Carius, Annalen,
1861, 120, 69.

Wanklyn and Carius, ibid. ;
Buckton, dnnalen, 18539, 109,
225 ; Hinsberg, Annaler, 1887,
239, 254 ; Paternd and Pera-
toner, Ber., 1889, 22, 467.

Fraukland, Annalen, 1859, 1IT,
537 3 Jahresber., 1859, p. 413.

Bualiton, Annalen, 1859, 109,
222 ; Juhresber., 1858, p. 300.

Buckton., ihid. ; Irankland,
Annalén, 18069, 111, 46.

Urabowski, Annalen, 1866, 138,
165,

Rieth and Beilsteln, Annglen,
1862, 124, 243.

do.

Alexoyeff and Beilstein, Bull.
Soc. chim., 1864, [2], 2, 52;
Jahresber., 1864, p. 470,

Wurtz, Annalen, 1869, 152, 22
sce also Chapman, Trans.
Chem., Soc., 1867, 20, 28;
Annalen, 1867, 144, 255.

Goriainow, Annalen, 1873, 165,
107.

Wurtz, Annalen, 1862, 123, 203 ;
1863, 127, 55; 1868, 148, 36;
see also Wagner and Saizew,
Annalen, 1875, 1’79, 304,

Lwow, J. Russ. Phys. Chem.
Soc., 1870, 3, 170 ; Jalresber.,
1871, p. 419.
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Reactions of Zinc Diethyl—conitnued.

!

1

Jeacting Mnbstance.

Resulting Products.

REFERENCES.

Nitrocthane, then
water,

2.Nitroprupane, then
water,

1.Bromo-l-mtro-
ethane,

Alkyl nitrites,
LONO.

Nitrosobenzence.

Paraldehyde or allky-
lene oxides.

Acetaldehydu,

. Acrolein.

Chloral or DLuiyro-
chloral.

Dichloroacetal.

Acgetone.

Chlorodimethy] ether,

Slmilar reactlon with
chloromethylethyl
ether,

Diethyl oxalate or

ethyloxalyl cliloride.

Malonic ester,

2-Nitvabutane, CH, CH
(NO,).C.H; and N-cthyl-
Nesee,-butylhydroxyl
amine, CH, CH(C,Hy).
N(OH).C.H,,.

2.Nitro-2auethyl-butane
and  N.ethylN-tert.-
amylhydroxylamine,

2. Nitrolrutane,

Blethyllhiydrorylaaine,
((H,),N.0H, and
aleohols of type B.OH.

Phenyl  hydroxylawine,
azoxybenzene,

No action.

Methylethylearbinol.

Ethylvinyleaibinol.

Bihylepe and correspond-
ing primary alcohols.

Ethyl chloride, propylene,
diethyl ether,

Mesityl oxlde ald other
condensation produets,

Methylpropyl ethern

a-Oxydiethyl-acetic ethyl
ester,

Phloroglurin dicarboxylic
acld diethy] ester.

Bewad, J. praki. Chem., 1901,
[2], 63, 96, 193 ; sce also Lach-
wan, J. Awer. Chem. HSoc.,
1901, 23, 897; Mawlecl and
Wylffenstein, Ber.,, 1901, 34,
2409,

do.

Bewad, J. Ause. Phys. Chem.
Soe., 1888, zo, 133 ; J. prelkt.
Chem., 1893, [2], 48, 336.

Bewad. /. praki. Chem., 1901,
(2], 63, 95.

Lachman, Amer. Chene, J., 1899,
zI, 437, 442 ; J. Awer. Chein,
Soe., 1901, 23, 001.

Cranichstadien and Werner,
HMonnish,, 1901, 22, 323, 325.

Waguer, J. Ruws. Phys Chen.
Soc., 1876, 8, 39; Adnnalen,
1376, 181, 261.

Wagner, J. Russ. Phys. Chem.
Soc., 1884, 16, 315.

(razarvolli-Thirnlakh, Annalen,
1881, 210, 63; 1882, 213,
363 ; sec also Delacre, Compt.
rend., 1887, 104, 1184 : Bull,
Soc. chim., 1887, [2], 48, 784.

Paternd, Annalen, 1869, 150, 134.

Pawlow, Adnnulen, 1877, 188,

- 130.

Henry, Compt, rend., 1891, 113,
369 ; Bull. Soc. chim., 1892,
(3], 7, 150.

Frankland, Annalen, 1863, 126,
109 ; Frankland and Duppa,
Annalen, 1865, 135, 29;
Henry, Ber., 1872, 5, 950.

Lang, Ber., 1886, 19, 2938 ; see
also Moore, Trans. Chem. Soc.,
1904, 85, 165.
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Reactions of Zinc Diethyl—continued.

Reacting Substance.

Resulting Products.

REFERENCES.

Acetyl chloride.

Isobutyryl chloride,

then water.

Benzoyl chloride.
Acetlc anhydride,

Acetamide.

Oxamnide,
s

Ethylamine,

Diethylamine.

Triethylamine o1 tri-
ethylphosphine.

Diphenylnitrosamine.

Tetraethyl ester of
orthosilicic acid and
sodium,

Methyldiethylearbinol or
methylethyl ketone.

Ethylene, ethylisopropyl

ketone, ethylisopronyl
carbinol, diethyliso-
propyl carbinol,

Ethylphenyl ketone,
Methylethiyl ketonc,

Zine acetamide. Zn(NH.
C0.CH,),, sthane,
Zinc oxamide, ethane.

Fthane, compound
Zn(NH.C.H,),.

Compound Za[N(CyH;),1,.

No action.

Diethylly droxylanine,

Triethylsilicane, tetra-
sthylsillcane, triethyl-
silicyl ethyl ether, di.
ethyl disthoxysillcane,
ethyl triethoxysilicane,

I'veund, Annalen, 1861, 118, 3;
Butlerow, Zeitsch, Chem.,
1865, p. 614

Grigorowitsch and Pawlow, J,
Russ. Phys. Chem, Soc., 1801,
23, 162.

Freund, dnnalen, 1861, 118, 20 ;
Kalle, Annalen, 1861, 119, 165.

ranichstiditen and  Werner,
Honatsh., 1901, 22, 315,

Frankland, Jahresber,, 1857, p.
419 Gal, Bull. Soc. chim.,
1883, [2], 39, 647.

do.

(tal, Bull, Soc. chim., 1883, [2],
30, 583,

Frankland, Jahresber., 1857, p.
419,
(al, loo. cit.

Lachman, Amer. Chen. J., 1899,
25,436 ; Ber, 1900, 33, 1022 ;
see also Japp and Wllcos,
Trans, Chem. Soc., 1880, 37,
465 ; Japp and Millor, Trans.
Chem. Soc., 1881, 39, 224.

Ladeuburg, Annalen, 1872, 164,
301.

Zinc dipropyl, Zn(C;H,),, is obtained as follows :—

1. By heating mercury dipropyl and zinc in a sealed tube at 120° to
180° C.1

2. By heating propyl iodide and zinc turnings under a reflux con-
denser at 130° C.2  Yield 30 per cent.

8. By heating together propyl iodide and zinc copper couple, then
distilling the reaction mixture in a stream of carbon dioxide. Yield
75 per cent.?

1 Cahours, Compt, rend., 1873, 78, 135, 751 ; Jahresber., 1873, p. 518,

2 Pape, Ber., 1881, 14, 1873.

3 (Hadstone and Tribe, Ber., 1873, 6, 1136 ; see also Henry, Compt. rend., 1891, 113,
370.
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4. Propyl iodide, 140 grams, and 5 grams of sodium znc alloy are
heated with 280 to 350 grams of zinc tumings for four to five days on
the water-bath. Distillation of the product gives a 43 to 50 per cent.
yield of zinc dipropyl.? o

Zinc dipropyl is a colourless, heavy liquid of very uupleasant smell,
and its boiling-poiut differs according to the various mvestigators as
follows : 146° (. (Gladstone and Tribe); 148° C. (Schtscherbakoff) ;
150° C. (Pape) ; 158°to 160° C. (Cahours). It undergoes the following
rcactions +—

1. Decomposed by water. with cvolution of propane. _

2. With phosphorus and arsenic trichlorides it yields tripropyl-
phosphine and tripropylarsine respectively. N

3. With trichlorosilicane it gives tripropyl and tetrapropylsilicanes.*

4. With tin tripropyl iodide, tin tetrapropyl is formed. .

5. With acetaldehyde, ethyl alecohol and methylpropylcarbinol are
foruied.?

6. Chlorodimethyl cther with zine dipropyl yields methyl-u-butyl
cther.t

7. With acetyl chloride, methylpropylcarbinol is formed and
propylene evolved.’ In a similar way butyryl chloride gives dipropyl
carbinol.®

Zinc di~isopropyl, Zn(C,H.),, results as follows :—

1. Isopropyl iodide and zinc copper couple are heated at 50° C. and
finally at 100° C.7

2. Isopropyliodide (170 grams) in 100 grams of ether arc heated for
nine hours with 100 grams of zine and 2 to 8 grams of sodium zinc alloy
on a boiling water-bath, and the product distilled from an oil bath in a
stream of carbon dioxide.®

8. Isopropyl iodide (125 grams) and 140 grams of zine dust are
added to a large quantity of zinc turnings and the whole heated at 40° C.
on the water-bath. Yield 25 per cent.?

Zinc di-isopropyl is a mobile liquid, fuming strongly in air and
readily oxidised to zinc di-isopropylate, Zn(OC,H,),. It boils with some
decommposition at 185° to 187° C., but without decomposition at 94° to
98° (. at 40 mm. It inflames when a large surface 1s exposed to the
atmosplicre.

Zinc di-isobutyl, Zn(C,Hy),, may be preparcd by the following
methods —

1. By heating mereury di-isobutyl and zine in a sealed tube at 180°
to 150° C.'¢

U Nehtschelbakoff, J. Russ, Phys. Chem. Soc,, 1881, 13, 350 ; Jahresh :
Ber,, 1881, 14. 1710. » I3, 350 ; Jakresber., 1881, p. 890 ;
* Pape, Annalen, 1884, 222. 359 ; Ber., 1881, I4. 1873,
3 Wagner, J. Russ. Phys. Chem, Soc., 1884, 16, 283.
* Henvy, Bull. Soc. chim., 1892, [3], 7, 150.
| 5\§-§ark‘)u'1}}k%ﬁ, J. I{%uss. CIZWS' gizam. Soc., 1883, 15, 406; Ber., 1883, 16, 2284; see
also Wagner, J. Russ. Phys. Cham. Soc., 1884, 16, 336 ; G i E
o) 223’ ) 3 sarzarolli-Thurnlackh, Annalen,
& Schtscherbalioff, /. Russ. Phys. Chein. Soc., 1881 343, J :
see also Bogomolez, Annalen, 1881, 209, 92, ’ 13, 3485 Joliresher., 1881, p. 890
7 Gladstone and Tribe, Ber., 1873, 6, 1136.
8 Ragosin, J. Russ. Phys. Chem, Soc., 1892, 24, 550,
* Bolun, J. Russ, Phys, Chem. Soc., 1809, 3I. 46.
1% Cahours, Compt, rend., 1873, 77, 1406; Bull, Soc. chis : 57; y
Chien., 1836, [2], 8, 398 ; Marquards, Ber., 1388, 21, 2038, 187 (21 21, 85T; J. pratt.
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2. By heating zine with isobutyl iodidce for cight to tenn hours on a
water-bath, until gas evolution ceases, then rapidly distilling the product.!
Yield 85 to 41 per cent.

8. By hecating zinc and isopropyl iodide for sixty hours under a
pressure of 30 mm. on a water-bath, then distilling off the product in an
atimosphere of hydrogen.2

Zine di-isobutyl is a liquid, B.pt. 165°to 167°C., less readily oxidised
than zine dipropyl. It reacts vigorously with trihalides of phos-
phorus and arsenic, yielding corresponding phosphines and arsines.
VVith acetaldehyde it forms principally ethyl aleohol, but also a little
1sobutyl alcohol,® and with isovaleryl chloride it gives di-isobutyl
ketone.* .

Zinc di-isoamyl, Zn(Cz;H,,),, is prepared either by heating iso-
amyl iodide and zinc at 180° C.> or by heating mercury di-isoamyl and
zine in a sealed tube at 130° C.5 It is a liquid, fuming in air and boiling
at 220° C. and has a density of 1-022 at 0° C. With acetaldchvde it
forms methylisoamyl carbinol, iscamyl alcohol, and ethyl alcohol.?

Zinc methyl methylate, CH;.Zn.OCH,, is obtained by dissolving
zine dimethyl in methyl iodide and passing air through the mixture or
by treating zinc dimethyl with a little methyl alcohol.® It forms a
camphor-like, crystaline mass, usually containing some zine dimethyl-
ate, Zn(OCH,),, and is decomposed by water into methane, mcthyl
alcohol, and zine hydroxide.

Zinc methyl ethylate, CH;.Zn.OC,H;, is formed from zinc di-
micthyl and the tetraethyl ester of orthosilicic acid.® It is a erystalline
compound, decomposed by water, with separation of zinc hydroxide.

Zinc ethyl iodide, C,H;Znl, may be isolated by the following
niethods :(—

1. Ethyliodide, zinc turnings, and a little zinc dicthyl are allowed to
stand in a sealed tube for about a week at roon1 temperature.1©

2, Ethyl iodide and zinc-copper couple are heated under reflux on a
water-bath for thirty to sixty minutes.!?

3. Fquivalent quantities of zinc and ethyl iodide are mixed with an
equal volume of ether in a reflux apparatus, the air replaced by carboa
dioxide, and the mixture heated until all the zinc dissolves. The ether
is then evaporated off, leaving the zinc ethyl iodide as a crystalline
mass. 12

Zinc ethyl iodide is a white crystalline product which decomposes
into zine diethyl and zine iodide when distilled in a stream of carbon
dioxide. The following are some of the reactions carried out with zine
ethyl iodide :—

25

1 (4arzarolli-Thurnlackh and Popper, 4nnalen, 1884, 223, 168,
* Ponzio, Gazzetta, 1900, 30, ii. 23 ; Chem. Zentr., 1900, 1i, 624.
Ssokoloff, J, Russ. Phys. Chem. Soc., 1887, 19, 203 ; Jahresber., 1887, p. 1351.
Ponzio, Gaszetta, 1905, 35, il. 394.
Frankland, dnnalen, 1853, 85, 360.
Frankland and Duppa, 4nnalen, 1864, 130, 122 ; Margnardt, Ber., 1888, 21, 2038.
Ssokoloft, J. Russ. Phys. Chem. Soc., 1887, 19, 203 ; Jahresber., 1887, p. 1351.

8 Butlerow, Jahresber., 1864, p. 4G7.

® Ladenburg, Annalen, 1874, 173, 148,

10 Filet! and Cantapulo, Gazzetia, 1892, 22, ii. 388 ; Lachman, Amer. Chem. J., 1900,
24, 33.

11 Lachman, tbid. -

12 Michael, Amer. Chem. J., 1901, 25 423 ; sec Job and Reich, Bull. Sos. chim., 1923
33, [iv.], 1414,

&

[N IR -
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1. When heated with powdered tin it forms tin tetraethyl.!

2. With isobutyl iodide it gives trimethylethylmethane, ethylene,
and isobutylene.?

3. With allyl iodide it yields ethyl iodide, diallyl, methylethylethy-
lene, cthylene, propylene?

4. Zinc cthyl todide with nitro-ethanc gives p-ethyl-S-sec-butyl-
hydroxylamine,® and with isoamyl nitrite, f.p-diethylhydroxylamine.

5. With chloroacetyl chloride it gives the chloroacetic ester
of chloromethyldicthylearbinol, CH,C1.C(C,H;),.0.CO.CH,Cl;® with
Imtyryvl chloiide it forms hexanon-(8); % with benzoyl chloride, ethyl
phenyl ketone is obtained.” and with hensene sulphonic chloride, the
main product is zine hbenzene snlphinate and a Little sulphone.

fi. Zinc ethvl iodide and diethyl malonate yicld ethyl-dicthyl malon-
ate and solue diethyvl ester of diethyl malonic acid.®

7. Zinc ethyl iodide does not react with carbon dioxide.?

Zinc ethyl trichloroethylate, C,H;.7Zn.0.CH,.C(l,, is obtained by
the action of zine dicthyl on chloral in etlicreal solution.!® The com-
pound is crystalline. and witli water vields trichloro-cthyl alcohol.

Zinc isopropyl iodide, (('H,),CH.Znl.—Zine and isopropyvl iodide
are heated together and the product extracted with ether.!! With
isoamy] mitrite it yvields N.N-di-isopropyl hydroxylamine, and with
nitroethane,  N-isopropyl-N-(a.f-dimethylpropyl)-hydroxylamine is
obtained.

Zinc diphenyl, ZnPh,.2* is obtained hy boiling mercury diphenyl and
zine for two minutes in an atmosphere of hydrogen. On cooling,
rosettes of erystals of zine diphenyl separated, M.pt. 105° C.  The com-
pound is dried in a vacumwn apparatus at 80° C. in hydrogen atmosphere ;
it then melts (in hydrogen) sharply at 105" to 106° C. Zinc diphenyl is
snsceptible to air and light, and in presence of water yields zine hydroxide
and benzene. In drv air it decomposes into zine oxide and diphenyl.
It inflames with fammg nitric acid. In hydrogen, zine diphenyl boils
under ordinary pressure at 2807 to 285" C. with slight decomposition. -
It is easily soluble in benzene, ether, and light petroleum, also in chloro-
form with evolution of heat. When the reaction prodnct from the
chloroform solntion is decomposed with dilute nitric acid there is much
chlor-ion in soiution, and triphenylmethane may be isolated from the
chloroform solution. From an iodine solution of zine diphenyl, phenyl
zinc iodide is obtained. Ziec diphenyl heated with fifteen atomic
proportions of mercury for ten minutes gives only traces of wnercury
diphenyl.

! Letts and Collie, Jahresber,, 1886, p. 1601.
¥ Msimonowitseh, +f. Russ. Phys. Chem. Soc., 1899, 31, 41 ; Chein. Zentr., 1899, 1. 1066.
Y Gwosdow, J. Russ, Phys. Chem. Soc., 1903, 35, 340 ; Chem. Zentr., 1908, ii. 3239.
" n)’ Be;‘«'l&d. Ber., 1907, 40,3072 ; J. Russ. Phys. Chem. Soc., 1907, 39, 958 ; Chem. Zentr.,
05, 1. 1145.
¢ Blaise and Herman, Aan. Chim. Phys., 1911, [8], 23, 522.
§ Michael, Ber., 1904, 39, 2144,
i Michael, dnier. Chem. J., 1901, 25, 123.
¢ Michael, 1bid., 424.
¥ Zelinsky, Ber., 1902, 35, 2694.
81?' SQarzarolli‘Thurnlaol:h, Annalen, 1881, 210, 64 ; Delacre, Bull. Soc. chim., 1887, [2],
40, 109,
11 Bewad, Ber., 1907, 4o, 3066; J. Russ. Phys. Chem. Soc., 19( 50 ;
entr,, 19081 115, ¢ / 1907, 39, 9505 Chenn.
12 Hilpert and (rlittner, Ber., 1913, 46, 1675,
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The physical constants for some mixed zine alkyls ! arc given in the
Appendix, Table I.

CapMrum.2

Lohr ® from wmelallic cadmium and methyl iodide obtained a small
quantity of cadmium methyl, but he was unable to purify it. Wanklyn ¢
also obtained a small amount of liquid, undoubtedly cadmium diethyl,
by the interaction of ethereal ethyl iodide and metallic cadmium.
These compounds have since been obtained in good yields from cadimium
halides and alkyl magnesium halides. Since the compounds are oxidised
in air and affected by moisture, the Grignard solutions cannot be decom-
posed by water, but are distilled directly, and the product purified hy
fractionation under reduced pressure. The boiling-points are high com-
pared with those of the mercury dialkyls. This is not due to associa-
tion, since the molecular weights determined by the freezing-point
method indicate single molecules, and the vapour density of the
methyl compound is normul. The pure cadmium dialkyls are colourless,
strongly refracting liquids, for the most part crystalline on stroug
cooling. They possess an unpleasant musty odour, and have a
metallic taste. The low molecular compounds, especially the methyl
derivative, are extremely volatile at ordinary temperatures, their
vapours irritating the mucous membrane of the nose. They volatilise
along with ether vapour, especially cadmium dimethyl, so that the
complete separation, in spite of the wide diffcrence of boiling-point,
ouly succeeds with appreciable loss, even when a fractionating column
is used. This bears a resemblance to zinc dimethyl which gradually
decomposes on distillation.? In a nitrogen atmosphere in the dark,
cadmium dialkyls may be kept for a month without decomposition.
In the presence of traces of air or moisture they become coloured, par-
ticularly rapidly in the light, when they change to steely-blue, and
a black deposition of metal ocenrs. The methyl compound gives
a white precipitate. WWhen poured upon a watch-glass they owdise
rapidly without mflaming, giving off brown fumes. They carbonise
filter paper, which ultimately glows. They inflame under suitable con-
ditions, and do so with hissing when drained from a pipette. Cadimium
dimethyl differs from all other cadmium dialkyls in its oxidisability. It
fuines less in air and becomes coated only with a white crust of methylate.
In water the compounds sink, and when shaken slowly decompose with
a crackling noise, continuing thus for hours. With most organic
solvents they are miscible, the solutions in air becoming covered with a
white film. Purc cadmium dialkyls can be heated in an indifferent gas-
stream to 150° C. without decomposition. At slightly higher temper-
atures they begin to decompose with evolution of gas and deposition
of black metallic cadmium, and at 180° C. they explode.

Cadmium dimethyl, CdMe,—Twenty-nine grams (1.2 mols.) of
magnesium and the requisite amount of methyl bromide are dissolved in
350 c.c. of ether, and 186 grams (0-5 mol. ) of finely powdered, anhydrous
cadmiun: bromide introduced in small quantities, with good shaking and

Krause and Fromm, Ber, 1926, 59, [B], 931,

IXrause, Ber., 1917, 50, 1813.

Lihr, Annalen, 1853, 87, 55.

Wanklyn, Quart. J. Chem. Soc., 1856, 9, 193 ; Jahresber., 1856, p. 554
Frankland, Annalen, 1859, 111, 62,

Lo - -
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without cooling. When the reaction is complete, the majority of the
ether is distilled off in a stream of nitrogen, using a fractionating coluinn,
and a temperature not above 80° C.  The residue is distilled from an oil
bath, in nitrogen, at a pressure of 13 mm., the ether and cadmium
methyl being collected in a receiver cooled in liquid air or carbon dioxide-
ether mixture. After one hour the temperature is raised to 120° C.
The produet is fractionated to remove the ether, then distilled m nitrogen
at ordinary pressure. At 105.6° C. 60 grams of pure cadmium methyl
are obtained. Yield 85 per cent. When poured into water it sinks,
cvolving methane and giving a precipitate of cadmium hydroxide.
When cooled it solidifics, melting at —4-5° (., the crystals taking the
form of star-shaped rods when the product is distilled under reduced
pressure iuto a receiver cooled in liquid air.

The following cadmium alkyls may be prepared in a similar manner,
the viclds being shown in cach case :—

Cadmium diethyl, 90 per cent. ; cadmium di-n-propyl, 85 per
cent. ; cadmium di-n-~butyl, 70 per cent.; cadmium di-isobutyl,
75 per cent. ; cadmium di-iscamyl, 55 per cent.

The physical constants of these compounds are shown in the
Appendix, Tables II. and II1.

Cadmium diphenyl, CdPh,,! may be obtained by heating metallic
cadmium and mercury diphenyl in an atmosphere of hydrogen. It is
stable in the dry state, but becomes discoloured when kept in a vacnum
desiccator foran hour. VWhen ajr is passed through its benzene solution
several colour changes take place, and a reddish-brown body is finally
precipitated.  With water the brown solution is decolorised and
cadmium hydroxide precipitated. Cadmium diphenyl quickly de-
coloriscs 1odine solution. and the cadmimn may be replaced by mercury
or zin¢ with formation of mercury and zine diphenyl.

L Hilpert and Grittuer, Ber,, 1913, 46, 1675.



CHAPTER III.
MERCURY.

Arkvyr Compounns or THE Tvres R,Hg axp RHgX.

Tue carly workers on the type R,Hg prepared their compounds by
making use of dilute sodium amalgams. The alkyl iodides were shaken
with an excess of sodium amalgam, containing 0-2 to 0-25 per cent. of
sodium, in the presence of methyl or ethyl acetate, the latter acting as a,
catalyst. In this way the following derivatives were produced, methyl,
ethyl, n-propyl, isobutyl, isoamyl, and n-octyl. The reaction takes
place readily at ordinary temperatures and is very vigorous in the case
of the lower members of the series. Since the discovery of the Grignard
reagent, the above method of preparation has been abandoned, and
practically all the compounds have since been isolated by the inter-
action of magnesium alkyl halides and mercury halides. Amongst other
methods of preparation devised for the production of these compounds
the following are of interest. Mercury dimethyl has been formed from
methyl mercuric iodide (type RHgX) by distillation with potassium
hydroxide or cyanide, calcium hydroxide, zinc methyl or granulated
zine, or by boiling its pyridine solution with metallic copper. Methyl
mercuric acetate in the presence of pyridine when subjected to electro-
lysis yields mercury dimethyl, also the action of aluminium carbide
on a dilute hydrochloric acid solution of mercuric chloride. Mercury
diethyl has been obtained from methyl or allyl mercuric iodides by
treating them with zinc ethyl and also from a-naphthyl mercuric bromide
and ethyl magnesium bromide. The latter reaction was carried out in
an attempt to produce mercury ethyl a-naphthyl. Triethylbismuthine
is decomposed by mercuric chloride, the mercury replacing the bismuth,
forming mercury diethyl. The only case when mercuric oxide is used
in the formation of the type R,Hg is its interaction with ethyl hydrazine
to produce mercury diethyl. Mercury di-sec-butyl has been formed by
the electrolysis of methyl ethyl ketone using a mercury cathode.

All the compounds of the type R,Hg are liquids; the methyl and
ethyl derivatives are volatile at ordinary temperatures, and arc said
to be very poisonous. Mercury dimethyl, diethyl, and di-n-propyl may
be distilled under ordinary pressure without decomposition ; mercury
di-isopropyl, di-n-butyl, di-isobutyl and di-sec-butyl, have only been
distilled under reduced pressure; mercury di-tert-butyl and di-tert-
amyl show considerable decomposition even when distilled at 5 nim. ;
mercury di-isoamyl also undergoes decomposition when distilled in
vacuo, but is volatile in steam, whilst mercury di-sec-octyl cannot be
distilled at all, since it decomposes even at 3 mm.

Mercury di-isobutyl and di-iscamyl react with halogens to form
halides of the type RHgX, and mercury diethyl gives shmilar results

29
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except that it inflames with chlorine. Iodine reacts with mercury di-
methyl, di-n-propyl. di-see-butyl, and di-n-octyl to yield the correspond-
ing iodides, RHgl.

With acids, mercury dimethyl, dicthyl, and di-n-propyl form sa}ts
of the type RHgX, but mercury di-isoamyl is decomposed by glacial
acetic acid. _ _

By electrolysing methyl or ethyl mercurie halides in liquid ammonia
solution the complexes, MeHg- and EtHg- are obtained as black deposits
on the cathode, which show metallic reflexion and have a high electrical
conductivity. _

The mercury may be replaced from mercury dimethyl by sodium,
magnesinm, zine, or aluminiun: under suitable condition with formation
of organometallic componnds of these metals; with mercury diethyl,
the reaction takes placce with sodinm, magnesium, cadmium, berylliwn,
zine, alumininm, bismuth, and tellurium ; with mercury di-n-propyl,
the wetals soditm, beryllium, zinc and aluminium react, and sodiwn
also reacts with merenry di-n-octyl.

Phosphorus trichloride, stannous chloride, and merecuric iodide give
products of the type RHgX with mercury dimethyl, but cadmium
iodide does not yield the above type, and antimony trichloride yields an
organometallic compound. Mercury diethyl reacts with the trichlorides
of phosphorus, arsenic, and antimony to vield organo derivatives of these
elements, and with mercuric chloride it gives ethyl mercuric chloride.

Some of the methods by which the type RHgX may be prepared are
outlined in the above discussion of the type R,Hg. In contrast to the
componnds just discussed, all derivatives of the type RHgX are solids.
It has been pointed out that a number of the halides may be obtained
by the direct action of halogens. Others may be formed from the
corresponding hydroxides by the action of acids, whilst tert-butyl, teri-
amyl, and sec-octyl 1wercuric bromides are prepared by treating the
magnesium alkyl halides with an excess of mercuric bromide. Mag-
nesinm n-butyl bromide with an excess of mercuric chloride gives equal
parts of the chloride and bromide. The halides, especially the iodides.
may be converted to the hydroxides by mwist silver oxide, and in the
case of the nethyl and ethyl compounds they may be obtained direct
from the R,Hg type by the action of potassium permanganate.

It was discovered as early as 1852 that mercury combines with
methyl iodide in sunlight to form methyl mercuric iodide, and a similar
reaction takes place with ethyl iodide, but owing to the tendency of
ethyl mercuric iodide to decompose in direct sunlight, the operation must
be conduected in diffused light. The n-propyl and isobutyl iodides also
react with mercury to give the corresponding iodides. The reaction.
however. is much more rapid with the unsaturated alkyl and propargyl
iodides, whilst with niethylene iodide it only goes to completion after
several days. Methyl mercuric iodide has also been formed by treating
magnesium methyl iodide with an excess of mercuric chloride.

Arxvi. Comrounns oF THE Tyee R,Hg.

Mercury dimethyl, HgMe,, may be prepared :
1. By the distillation of a mixture of methyl mercuric iodide and
solid potassium eyanide.!
! Buckton, dnnolen, 1858, 108, 103 : Jahresber., 1858, p. 388.
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2, The same compound is isolated when the potassium eyanide
is replaced by potassium or calcium hydroxide.

8. By the distillation of methyl mercuric iodide and zine dimetlny].?

4, By the distillation of methyl mercuric iodide and granulated
zine.?

5. A mixture of 10 parts of methyl lodide and 1 part of methyl
acetate is shaken with an excess of 0-2 per cent. sodium amalgam, the
whole being kept cool as the reaction is very violent during its initial
stages.?

6. Mercuric chloride is dissolved in a very dilute aqueous solution of
hydrochloric acid and an equal weight of aluminjum carbide added,
mercury dimethyl soon separates.*

7. By action of the Grignard reagent on mercurie chloride.® In this
reaction it is necessary to remove any unchanged magnesium from the
Grignard solutio before the addition of the mercuric chloride, otherwise
some reduction to mercurous salt occurs, the yield being consequently
lowered. Yield 61 per cent.

8. The most satisfactory method so far described for the preparation
of mercury dimethyl consists in subjecting an aqueous solution of
methyl mercuric acetate containing pyridine to electrolysis.® This
process gave a yield of 92 per cent.

9. By treating methylmercuric iodide in pyridine solution with
metallic copper.”

The compound is a colourless liquid having a faint sweetish odour,
is easily inflammable and a very deadly poison; B.pt. 98° to 96° C,,
density 3-069; 2-95412 at 22.2° C. It is readily soluble in alcohol or
ether, insoluble in water. The following values were found for the
refractive index by Ghira:® n, 1:52780; n, 1:55588; np 1-532066 at
22-2° C. The following physical constants are due to Krause:® B.pt.
92° at 761 mm,, density 3:0836 at 19-2° C., ny, 154212, ny 1-54785,
ngg 1:56052, ng, 1'57177 at 16.8° C. From these the following were
calculated : MRy, 28-528; MRy 23-717; MA,_, 1:058; MA;_, 0:659;
ARg, 12:148; ARp 12-282; AA,_ 0-773; AA;z;_, 0472, The molec-
ular heat of combustion at constant volume is 480,800 calories,!® and
work on the dielectric constant has been carried out by Matthews,!!
and studies of the absorption spectra by Crymble.l* The complex
MeHg- has been isolated * by electrolysing methyl mercuric halides
in liquid ammonia solution. It forms a fine black deposit on the
cathode, and may be obtained in the form of flakes if the process be
carried out in water or alcohol solution. The latter form appears to be
more stable than the former, which decomposes into mercury and

1 Buckton, Annalen, 1859, 109, 222 ; Jahresber., 1858, p. 390 : J. prakt. Chem., 1859,
[1], 76, 362,
7Buckton, Trans. Chem. Soc,, 1863, 16, 21 ; Jahresber., 1863, p. 469,
Frankland and Duppa, T'rans. Chein. Soc., 1863, 16, 415 ; Annalen, 1864, 130, 104
Hilpert and Ditmar, Ber., 1913, 46, 3738.
Marvel and Gould, J. dmer. Chem. Soc., 1922, 44, 153.
Maynard and Howard, T'rans. Chem. Soc., 1923, 123, 960,
7 Heln, Wayler, and Retter, Ber., 1925, 58, [B], 1506.
8 Ghira, Atti. R. Accad. Lincer, 1894, [5], 3, i. 298 ; Gazzetta, 1894, 24, 1. 311.
¢ Krause, Ber., 1926, 59, [B], 935.
10 Berthelot, Compi. rend., 1899, 129, 918.
11 Matthews, Chem. Zenir., 1906, 1. 224,
12 Crymble, Trans. Chem. Soc., 1914, 105, 658
12 Wranus, J, Amer. Chem, Soc., 1913, 35, 1732,
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mercury dimethyl at room temperature.

ORGANOMETALLIC COMPOUNDS.

conducti vity and exhibit metallic reflexion.,
Mert,urv dimethyl undergoes reactions with various substances as

indieated in the follomnn

able —

The deposits have a high

REACTIONS OF MERCURY DIMETHYL.

Reacting Sub.

Clonditions of

| stance, Reactioit, Resulting Products, REFERRENCE
.l — - —
Halogens,  wg. | Aleeholic  solac | Methyl  wercury  iodide ; | Bucliton, dnnclen, 1838. 108,
iodliue, tiow, wiethy] dodice, 103; TFrankland aud Duppa,
Trans. Chem. Soc., 1863, 16,
415 Annelen, 1864, 130, 104 ;
Hilpert and Ditmar, Ber., 1913,

[P —

. Cyvanogen iodide,

t

Concentrated
snlphuric
hydrochlorie
acids.

t
i
]
1
I ul

s lacial  peetic
aeid,

k]

Nitrogen
oidle,

per-

Phosphorug  ti.

eliloride,
Antimony  tri-
chloride.

|
;
i
1
l
|
Mervourie iodide,

mtannons  clilor-

4

|

|

i Cadmium iodide,
|

1

I

[ ide,

Potassium  per.
manganate,

Thiodimethyl-
aniline.

Ether solution at
a6° L

Ether solntion at
110 ¢

120-130" (. for
1 llulll'.
250° (4
honrs,

for 16

Fther solntion
t ~-20°C

Sealed tube at
150-214° C,

Mereurie cyanide.

Mercurie iodide, methyl iso.
eyaide,

Methane, methyl merenrie
salts,

Methane, methy] mereurie
acetate.

Metallic 1nercury, Dbrown
antorphous produet.

Taiide diliydroxinic acid.

Dioxybiuret, methyl mer-
curic nitrate,

Methyl mercuric cliloride,

Methyl 1nercuric chloride,
merecury, trimethylstibine
dichloride,

Methyl merenric iodide,

Methane, mercnry, merenrlc
iodide.

Crystalline product ylelding
111ethy1 mereurle chloride
and a tin compound with
water,

Metkyl mercuric hydrox-
ide (7) (not Isolated),

Metallle mercury, grey pro.
dnet not analysed,

46, 3738.

(‘almels, Compt. rend., 1884, 99,
340,

Buckton, ibid,

Otto, Anmilen, 1870, 154, 198,

Jones and Werner, J. Amer,
Chem, Soc., 1918, 40, 1257.

Bawmberger, Ber., 1899, 32, 3546 ;
Bawmberger and Miiller, Ber.,
1899, 32, 3549.

Buclkton, loe. cit.

Buckton, Trans. Chem. Soc.,
1863, 16, 22 ; Jahresher., 1863,
p- 470 ; Landolt, Annalen,
1851, 78, 91.

Buckton, Annalen, 1858,
105.

108,

Lohr, Annulen, 1891, 261, 48,

Buckton, loe, cit.

Seidel, J. prakt. Chem., 1884, [2],
29, 135.

Holzmann, Ber., 1888, 21, 2071.
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Reacting Bahe
gtace,

e —————

¢ Sodtan,

Sodicm and car-
bon dioxide.

Cadmiam.

Magnerinm.

Zine.

Almniniam,

MERCURY. 33
Reactions of Mercury Dimethyl—continued.
Conditious of Resulting Product P .
Reactiol, les g Prodnets, EXFRENCES,
Aleoholie  sola« | Meecnry, gas evolved, ]Chapman, Truns, Chem. Soe.,
ldom, 1886, 19, 150; dnnulen, 18686,

Inert solyvents.
HEither solution,

Healed tnbe ot
13G° (! for 36
hours,

moaled tube  at

120° (¢,

Sealed tube at
100° for several
Donrs,

Sodium methyl,
Traces of sodinm acetate.

Methane, cadminm amal-

gani.

Metallic mercury, magnesinm
dimethyl,

Metallic mercury, zine di.
methyl.

Aluminimn teimethyl.

139, 128.
Sehlenl;, Ber,, 1917, 50, 262,
Sclorigin, Ber.. 1908, 41. 2722,

Lahy, Joe, it

Lohr, loc. cit. ; Fleck, Annalen,
1893, 276, 140,

Fraukland and Duppa, Trans.
Chem. Soc., 1864, 17, 28;
Annalen. 1864, 130, 117,

Buckton and Odling, Annalen
Suppl., 1863-1806, 109 ; Proc.
Loy, Soc., 1863, 14, 19,

Cahours, Annulen, 1860, 114, 243.

Mercury diethyl, HgEt,, is obtained as follows :—

1. By the distillation of ethyl mercuric cliloride with potassium
The yield is very small.?
2. By the addition of mercuric or merenrous chloride to cooled zinc

eyanide.

diethyl.!

8. By the distillation of ethyl mercuric iodide with zine diethyl.}

4. From methyl mercuric iodide and zine diethyl, the other products
of reaction being zinc dimethyl and zinc iodide.?

5. From allyl mercuric iodide and zine diethyl in cold ether, the reac-
tion yielding, in addition, diallyl and mercury.®

6, By the interaction of 2 per cent. sodium amalgam and ethyl 1odide,

using ethyl acetate as a catalyst.? The ethyl iodide may be replaced by

ethyl bromide.®
7. From ethyl mercuric chloride and alkaline stannmous chloride

solution.®
8. From a-naphthyl wmercuric bromide and ethyl magnesivm

bromide.?
9. Formed in small quantity when ethyl hydrazine is acted npon by
melcuric oxide.®

1 Buckton, Annalen, 1858, 108, 103 ; 1859, 109, 218 ; Jahresber., 1858, p. 389.

2 Frankland, Annalen, 1839, 111, 57 ; Jehresber., 1859, p. 413.

3 Linnemann, Annalen, 1866, 140, 180 ; Krassowskl, Ber., 1870, 3, 625 ; Oppenheim,
Ber., 1871, 4, 671.

¢ Frankland and Duppa, Trans. Chem. Soc., 1863, 16, 418, 424 ; Annalen, 1864, 130,
109, 117.

5 Chapman, Trans. Chem. Soc., 1866, 19, 150 ; Annalen, 1866, 139, 138.

¢ Dimroth, Chem. Zentr., 1901, i. 451 ; Ber., 1902, 35, 2853.

7 Hilpert and Griittner, Ber., 1915, 48, 908,

8 Tischer, Annalen, 1879, 199, 332

voL, XI.:1, 3
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10. By the action of mercuric chloride on bismuth triethyl.* '
11. From ethyl magnesium bromide and mercuric chloride. Yield

60 to 63 per cent.? _ - _ _
12. By treating ethyl mercuric chloride in pyridine solution with

metallic copper.® “

Mercury diethyl is a liguid of penetrating odour and appreciably
volatile at ordinary temperature. It boils at 159° C., has a density of
2.42846 at 28-2° C. and is readily soluble in ether, less soluble in aleohol,
and insoluble in water. The following physical constants have been
determined : Refractive index, ng, 1-53519; np 1-53990 ; ny, 1:56240
at 28:2° (.4 Physical constants by Kranse:® B.pt. 57° C. at 16 mm,,
density 2-4660 at 20° C., ng, 1-54285, np 1-54765, npy 1-55990, ng,
1-57048, MRy, 38018, MRp 338-262, MA,_, 1-386, MA;_, 0857,
ARy, 12442, ARp 12391, AA. _, 0878, AA; ., 0:530. Molecular
heat of combustion at constant voluine, 783,600 calories.® Investiga-
tions on the dielectric constant have been carried ont by Walden,” and
the complex C,H Hg- was isolated by Krause in a siiilar manner to the
corresponding methyl body. Whilst mercury dimethy! possesses much
the same absorptive power as mercuric chloride, the diethyl compound
shows much greater absorption.®

Reactions.—The action of various substances on mercury diethyl
is shown in the following table :—

34

REACTIONS OF MERCURY DIETHYL.

Reacting Sub.

Conditions of

Resulting Products.

REFERENCES.

stance, Reaction.
Chlorine, Mercury dicthyl inflames, | Buckton, Annalen. 1859, 112,
221 ; Jakresber., 1859, p. 408,
Bromine or lo.| Aqueons solu. | Ethyl mercuric  halides, do.
dine. tiom. ethyl halides.
Hydrochlorle or | Heat. Ethyl mercuric salts, ethane, | Buckton, loc. cit.; Annalen,
sulphuric acid., 1858, 109, 220; Jahresber.,

Flacial
acid,

acetlc

Bromacetic ester.

Heat at 220° (.
for 16 hours.
Heat at 120° C.
For 1 hour,

Heat at 150° C.
for 8 hours,

Ethyl acetate, mercury,
ethane, ethylene.
Ethyl mercuric acstate,

Ethyl mercuric bromide,
traces of ethyl acetate,

1838, p. 390 ; J. prakt. Chem.,
1860, 1, 79; Schorlemmer,
Amnnalen, 1864, 132, 234,

Jones and Werner, J. Amer,
Chem. Soc., 1918, 40, 1257.
Otto, Annalern, 1870, 154, 198.

Sell and Lippmann, J, prakt.
Chem., 1866, (1), 99, 432,

! Diinhaupt, J. prakt. Chem., 1854, [1], 61, 423 ; Annalen, 1854, 92, 379, -

*> Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.

 Hein, Wagler, and Retter, Ber., 1925, 58, [B], 1506.
* Ghira, Ati. R. dccad, Lincei, 1894, [5], 3, 1. 208; Gazzetta, 1894, 24, 1. 311.
5 Krause, Ber., 1926, 59, [B], 935.

S Berthclot, Compt, rend., 1899, 129, 918.

? Walden, Zeitsch. physikal. Chem., 1903, 46, 180.
® Crymble, T'rans. Chem. Soc., 1914, 105, 658.
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Reactions of Mercury Diethyl—continued.

Reracting Sab-

Conditions of

Resulting Products,

Bererescrs,

stance, Reaction,
Mercuvie  chlor- | Heat with rather } Ithyl wercuric chloride, Frankland, Awnalen, 1859, 111,
ide. less than cal- 60 ; Juhresber., 1839, p. 413 ;

Phosphorns  tri-
chloride.

Arsenic trichlor-
ide.

Antimony  tri-

chloride.

Potassium  per-
inanganate.

Todoforin.

Allyl iodide.

Phenyl iododi.
chloride.

Phenylarsenious
sulphide,

Arsencbenzelle,

Sodinm.

Sodium and car-
bon dioxide.

Sodium and ben-
zophenone.

Sodium and
methyl ester of
benzole acld.

Sodlum and
benzaldeliyde,

culated quan-
tity of HgCl,

or aleoliolie

solution,
Heat.
Excess of  tii-
cliloride.
Boil mixture in

agueons  solu-
tion.

Heat.
Heat to 90° C.

Heat at 120-

150° C.

HG‘ at,

Heat to 150° C.

Heat to
170° C,

100-

Substances
heated in ether
solution and
gas passed In.

Ether solution in

hydrogen or
nitrogen atmo.
spliere,

Do.

Ethyl  dichloropliosphine,
EtPClL,.

Ethyl dichloroarsine,

Ethyl mercurie chlovide, tri-
ethylstibine,

Ethyl mercurie hydraxide.

Mercury, combustible gas.

Acetylene, cthylene, ethyl

wercuric  iodide, ethyl
iodide.
Diallyl, cthyl mercuric

iodide, cthyl indide,

Iodobenzene, ethyl chiloride,
ethyl merenric chloride,

Phenyl diethyl arsine, mer-
curic sulphide,

Phenyl diethyl arsine, me-
tallic mercury.

Sodlum ethyl. Equal vol-
umes of ethane and ethy.
lene,

Propionie acid (sodinm salt).

Ethyldiphenylearbinel.

Diethylphenylearbinol.

Ethylphenylcarbinol,

Frankland and Duppa, Prans,
Chem. Soc., 1863, 16, 415;
Annalen, 1864, 130, 104.

Fuichard, Ber., 1899, 32, 7%;
see Michaclis, Ber, 1880, 13,
2174.

La Coste, Annafen, 1881, 208, 33.

Buckton, Tranz, Chem. Soc.. 1863,
16. 22 Jahresber., 1863, p.
470,

Seidel, J. prakt. Chem., 1884, (2),
29, 13-

Buckton, loc. ¢it.

Suida, Monatsh,, 1880, 1, 716,

do.
Willgerodt, Ber.,, 1897, 3o, 57;
1898, 31, 921,

Michaelis and Schulte, Ber., 1882,
5, 1956,

Michaelis and Schulte, loe. cit.;
Ber., 1881, 14, 1952,

Schorigin, Ber., 1910, 43, 1931 ;
of. Buckton, Annalen, 1839,
112, 220.

Schovigin, Ber,, 1908, 41, 2722,

do.

do.

do.
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Pesulting Products,

g —

REFRRERCES,

Beracting Nuali- Conditious of
staniee, Beaction,
-
Magnegjum, Heat at 130° (4
for 36 Lonrs.
Reryllinm  {¢lu. , Heat at 135° C.
cinnui), v in sealed {udne
Cadmium, ) Heat at  100-
130° ¢,
Zine. Heat at 100" ¢
far 36 hours,
Copper., Heat at 130 ¢,
fur 546 hiws,
Aluntininm.
Tron  (reduced ' .. y
from  sesquic
oxide Dby hy,
dregen). I
[ !
| Bismutl. Heat at 120-
i 146~ ¢
H
| Sitver, gold, zir. ; Heat at 150° C,
eoniuin,
Tellurinm,

Magnesinm  dicthyl  mer

ClYy.

Beryllinm diethyl.

Cadmium disthyl (not free
from mevenry').

Zine diethyl, mercury.
Slight amalgamation and a

gus evolved,

Aluminium triethyl.

Metallic mereury, no trace nf
organic componnd,

Dismuth tricthyl.
No organic compounds,

Tellurium diethyl,

Téhr, Awnalen, 1891, 261, 4
Fleck, Annalen, 1893, 276, 12

Cahours, Compt. rend., 1873, 7
1383 ; Jahresber., 1873, 520,

Frankland and Duppa, Tran
Chemn. Soc., 1864, 17, 2!
Annalen, 1864, 130. 117,

do.
do,

Caliours, Awnalen, 1860, 11,
242; Buckton and Odling
cLisnder Suppl., 18G6,109-11:
Proc. Roy. Nor., 1565, 14, 19.

Traniland and Duppp, lee. cit.

do.
do.

Zeiser, Ber., 1893, 28, 1670,

Mercury di-n-propyl, Hg(C,H,),, may be obtained :

1. Two hundred grams of n-propyl iodide are treated with 0-2 per
cent. sodium amalgam, in presencc of 30 grams of methyl acectate.
The resulting paste when treated with dilute potassium hydroxide, then
steam distilled, yields an oil which is impure mercury dipropyl.!

2. By the interaction of magnesium propyl bromide and mercuric

chloride or bromide.2

24-83 grams of mercuric bromide are added in

small portions to the Grignard reagent from 23 grams of n-propyl

bromide and 4:3 grams of magnesium in 100 c.c. of ether.

All the

mercuric bromide goes into solution and the reaction is accompanied by
violent bhoiling, the mixture after boiling on the water-bath for one hour
being decomposed by water. Extraction with ether yields 4-5 grams
of mereury propyl bromide and 6-0 grams of mercury dipropyl, B.pt.
189°t0 191° C. A small quantity of metallie mercury is also obtained.

! Cahours, Compt, rend., 1873, 76, 135; Jakresber., 1873, p. 517; Schtscherbakow
J. Russ. Phys. Chem. Soc., 1881, 13, 353 ; Chem. Zentr., 1881, 620; Goret, Bull. Soc
Pharmacol., 1922, 29, 297 ; Chem. Zentr., 1922, (iil.), 1371.

2 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153 Goddard, Trans. Chem. Soc.
1923, 123, 1168. ’
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Mercury di-n-propyl is a liquid having a faint odour which hocones
very peunctrating when heated, B.pt. 189° 10 191° C., 75° to 77° €. at 25 mm.
it is insoluble in water, niore readily in alcohol, and very soluble in ¢ther.
At 16° C. its density is 2-124, and at 0° C. 2-046.1

1. When the compound is disiilled it undergoes partial decom-
position and mercury separates out.*

2. It reacts with iodine very vigorously, forming propyl iodide and
propyl mercuric iodide, but with 2 mols. of iodine, propyl iodide and
niercuric iodide, whilst bromine water yields brilliant lamiue of propyl
mercuric bromide.®

8. When boiled with acids, propane is evolved and propyl mercuric
salts formed.®

4. With tin tripropyl todide it yields tin tetrapropyl.®

5. Zine decomposes mercury dipropyl at 100° to 120° C. with the
formation of zinc dipropyl; aluminium at 180° C. vields alnminiun
tripropyl, and beryllium gives beryllivm dipropyl.

6. When treated with thallic chloride, propyl mercuric chloride,
thallous chloride, and thallium dipropyl chloride are obtained.*

Mercury di-isopropyl, B.pt. 119° to 121° C. at 125 mm.; % np
1-582,

Mercury di-n-butyl, B.pt. 120° to 128° at 28 mm. Yield 47 per
cent.

Mercury di-isobutyl may be prepared as follows :(—

Fifty grams of isobutyl iodide and 10 grams of ethyl acetate are
shaken with a considerable excess of 0-25 per cent. sodium ainalgam.
After completion of the reaction the whole is treated with water and
cther, the ether layer extracting the mercury dialkyl and di-iscbutyl, the
latter being removed by distillation in steam. Again take up in cther,
and dry the ethereal solution over calcium and fractionally distil, when
mercury di-isobutyl distils at 140° C. at 70 mm.® Mercury di-isobutyl
is a liquid having a feeble odour when cold, but becoming penetrating
when hot. It is volatile in steam and boils at 205° to 207° €. ; density
at 15° C.,, 1-835; at 16° C,, 1'719, at 0° C,, 1.747.7 When treated with
halogens it yields isobutyl halides and isobutyl mercuric halides. By
heating at 150° C. with metallic zinc for thirty-six hours, and fraction-
ating the resulting product in hydrogen, zinc di-isobutyl is obtained,
whilst aluminium at 120° to 125° C. reacts rapidly with the mercury
compound to yield aluminium tri-isobutyl.

Mercury di-sec~-butyl is obtained as follows :—

1. This compound is obtained in good yield when methyl ethyl
ketone is electrolysed, using a mercury cathode. The best yields are
produced at temperatures between 45° and 50° C., using a cwirent of
25 ampevres per square decimetre and a voltage of 7-6 to 84, The
cathode liquid consists of the ketone with about thirteen times its
weight of 80 per cent. sulphuric acid, the anode liquid being 20 per cent.

1 Cahours, Compt. rend., 1873, 76, 749.

* Schtscherbakow, loc. cit.

¥ Cahours, loc. cit,

¢ (Goddard, loc. cit.

4 Marvel and Gould, loc. cit. ; see Tafel, Ber., 1908, 39, 3626,

% Marquardt, Ber., 1888, 21, 2035 ; Cahours, Compt. rend., 1873, 77, 1405 ; J. prait.
Chem., 1873, [2], 8, 397 ; Chapman and Smith, Trans. Chem. Svc., 1869, 22, 163 ; Ponzio,
Gazzetta, 1900, 30, (il.), 24 ; Ssokolow, J. Buss. Phys. Chem. Soc., 1887, 19, 202.

? See Loulse and Roux, Compt. rend., 1888, 107, 601.
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sulplhuric acid. In two hours the amount of crude mercury dialkyl is
1-3 times the weight of ketone used, and the product is then distilled in
a high vacuum to purify it.!

2. The solution from: 12 grams of magnesium, 75 grams ol sec-
Lutyl bromide in 500 c.c. ether, is treated with 45 grams of mercuric
chioride, and the mixture then boiled for cight hours on the water-bath
and decomposed in the usual way. Yield 66 per cent.?

Mercury di-sec-butyl is a colourless oil, B.pt. 46° C. at 0-3 mm,,
91°t0 93° C. at 15 mn1., 98° to 96° C. at 18 mm. ; density 1-768 at 20° C. ;
ny 1-511 at 20° ¢, It cannot be distilled under ordinary pressurcs
without decomposition, and when its cther solution is treated with
iodine, sec-butyl iodide and sec-butyl mercuric iodide are formed.

Mercury di-tert-butyl is preparcd in the manner described
above. A considcrable amount of tert-butyl mercuric bromide is pro-
duced during the rcaction. The yield of the mercury dialkyl is only
9 per cent., B.pt. 78° to 82° C. at 5 mm., and even at this low pressure
a large amount of the substance is decomposed, even the final pro-
duct “containing some hydrocarbon. Density 1749 at 20°C.; np
1.521,

Mercury di-isoamyl—This componnd may be prepared in the
same way as mercury di-isobutyl by replacing the isobutyl iodide by
isoamyl lodide. It is a colourless, transparent, mobile liquid, possess-
ing a faint amy! odour, and cannot be distilled even in vacuo without
partial decomposition, although it is volatile in steam without decom-
position. I heated above 140° C. considerable quantities of mercury
separate. Ils boiling-point at 70 mm. is 172° C., and the density at 0° C,
1s 1-6663.°

Mercury di-isoamyl is insohuble in water, slightly in alcohol, but
rcadily soluble in cther. IL does not oxidisc in air, but when dropped
into chlorine it forms isoainyl mercuric chloride. In contact with solid
iodiwe it reacts with a hissing sound, and the reaction with broinine is
still more violent. An ethereal solution of mercury di-isoamyl treated
first with alcoholic and then with solid iodine gives isoamyl mercuric
jodide and isoamyl iodide. Treatment with an excess of mercuric
chloride in alcohol vields isoamyl mercuric chloride.

With sodium, sodinm isoamyl is formed, but in ethercal sohition in
a stream of carbon dioxide, isobutyl acetic acid results.t  Mercury di-
isoamyl hieated with zine in a sealed tube for thirty-six hous at 180° C.
vields zine di-isoamyl.® The mercury compound and glacial acetic acid
heated for sixteen hours at 200° C. give isopentane, mctallic mercury,
and amyl acetate.® Treatment with thallic chloride gives isoamyl
mercuric chloride and thallous chloride.”

Mercury di-tert-amyl—To the solution from 12 grams of
magnesium and 80 grams of tert-amyl bromide in 500 c.c. of ether,
40 grams of miercuric bromide are added and the product worked up in
the usual way. Yicld 9 grams (21 per cent.). The liquid boils at 80°

1 Tafel, Ber., 1906, 39, 3626,

& Marvel and Calvery, J. 4dmer. Chem. Soc., 1923, 45, 820,

9 Frankland and Duppa, Trans. Chem. Soc., 1863, 16, 415 ; Annalen, 1864, 130, 104 ;
Marquardt, Ber,, 1888, 21, 2035,

* Schorigin, Ber,, 1908, 41, 2722 ; 1910, 43, 1937.

® Yrankland and Duppa, Prans. Chen. Soc., 1864, 17, 29 ; dnnalen, 1864, 1 30, 117,

¢ Jones and Werher, J. .dmer. Chem. Soc., 1918, 40, 1257,

7 Goddard, Trans, Chem, Soc., 1923, 123, 1168.
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to 84° C. at 5 mm., and even under these conditions shows considerable
decomposition. Density 1:649 at 20° C. ; np 1-492 at 20° (.1

Mercury di-n-heptyl ? is prepared in 90 per cent. yield by the
Grignard reaction. It distils at 119° to 122° C.; density 1-474 at 0° (.;
ny 1:4935 at 21° C.

Mercury di-n-octyl.®—Octyl iodide is treated with dilute sodium
amalgam in the presence of ethyl acetate, and after completion of the
rcaction the mass is extracted with ether. Evaporation of the solvent
gives an oily liquid of density 1:842 at 17° C., which decomposes at
about 200° C.into di-octyl and metallic mercury. WWhen the starting
materials are pure it is stated that no by.products occur. Mercury
di-n-octyl is insoluble in water, but readily soluble in alechol, ether, or
benzene. Treatment with alcoholic iodine or mercuric chloride yields
the corresponding di-n-octyl mercuric halides.

Mercury di-sec-octyl?— To the solution fromx 8 grams of
magnesium and 70 grams of sec-octyl bromide (2-bromo-octane) in
500 c.c. of ether, 21 grams of mercuric chloride are added, and after
boiling for six hours the product is worked up in the usual way. It is
found to be impossible to distil the compound under 8 mm. pressure,
owing to its easc of decomposition with the formation of mercury.
The weight of erude product is about 48 grams (52 per cent.); density
1-838 at 20° C. ; np 1-384 at 20° C.

ArLkyr CompounDs ofF THE Tyre RHgX.

The following salts of the methyl series have been prepared .—

Methyl mercuric hydroxide has recently been obtained in the free
state, and its solution may be obtained by boiling mercury dimethyl with
concentrated potassiuin permanganate and filtering off the manganese
dioxide, the filtrate being strongly basic and yielding salts with acids.’
A similar solution is also obtained when methyl mercuric iodide is
treated with water and silver oxide.® If the silver oxide be replaced by
potassium hydroxide, Frankland states that the oxide is obtained which
is soluble in excess of the reagent. The solid hydroxide is formed when
moist silver oxide reacts with methyl mercuric iodide in methyl alcohol.
It melts at 95° C., is a weak base, acid to phenolphthalein but alkaline to
litmus.?

The chloride, M.pt. 170° C., forms pearly plates, density 4-063,°
which are volatile in steam. It has been prepared in several ways:

1. By the action of concentrated hydrochloric acid or phosphorus
trichloride on mercury dimethyl.®

2. By the addition of hydrochloric acid to the solution of methyl
mercuric hydroxide described above. .

8. From the compound of stannous chloride and mercury di-
methyl by treatinent with water.?

Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45, 822,

Hager and Marvel, J. Amer. Chem. Soc., 1926, 48, 2696.

Eichler, Ber., 1879, 12, 1879.

Marvel and Calvery, loc. cil.

Seidel, J, prakt. Chem., 1884, [2], 29, 134.

Frankland, Annalen, 1853, 85, 361.

Sneed and Maynard, J. Amer. Chem. Soc., 1922, 44, 2942. .
Schréeder, Ber., 1879, 12, 563, .

$ Buckton, .4nnalen, 1858, 108, 103 ; Jahresber., 1858, p. 388,

G =T <M o & 4 =
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4. 25 grams of mercuric chloride are dissolved i 10 per cent.
hydrochloric acid and shaken with 15 grams of aluminium carbide, when
heat is evolved and the methyl mercuric chloride is distilled ont in
steam.! (Yield 30 per cent.)

Crymble 2 has shown that compounds of the basc MeHg- arranged
in order of incrcasing absorptive power ave as follows: MeHgOH,
—(1, —Br, —I, the absorption of the alkyl haloid always being less than
that of the corresponding dihaloid compound.? The conductivity of the
chloride in lignid ammonia has been investigated by IFranklin,® and
the molecular weight determined in methyl or ethyl sulphide solution
has been shown to be normal ] .

The bromide was used by Crymble in his investigations on absorption
speetra, and the melting-point was stated to be 160° C. It can be
prepared in the same way as the cliloride. 1

The todide was discovered in 1852 by Frankland,® who showed that
methyl iodide and metallic merenry when exposed to sunlight or diffnsed
daylight combine to form mercury methyl iodide. Other methods of
preparation are: L

1. Treatment of mercury dimethyl with iodine or mercuric iodide.”

2. By treating the chloride in aqueous solution with potassium
iodide.®

3. From magnesium methyl iodide by treatment with an excess of
niercuric chloride. Yield 85 to 88 per cent.?

4. Dimercurimethylene iodide 1s treated with aqueous potassium
lodide or dilute hydrochloric acid.10

The compound crystallises in pearly plates, M.pt. 143° C., insoluble
iu water, fairly soluble in alcohol, easily in methyl iodide and ether. 1t
sublimes without decomposition and yields the oxide with alkalies or
ammonium hydroxide, whilst ammonium sulphide precipitates the
sulphide in faint yellowish flocks.1t Distillation with potassium cyanide,
potassium hydroxide, or metallic potassium gives mercury dimethyl.
Its molecular weight in methy! or ethyl sulphide is normal.1*

The bicarbonate is formed by passing carbon dioxide through a
methyl alcoholic solution of the hydroxide. It is a granular powder,
M.pt. 123° C. When dissolved in carbon disulphide it yields the
mercaptan, silvery plates, M.pt. 148° C., MeHgSH.13 ,

The nitrate forms colourless plates, M.pt. 100° C., and may be pre-
pared from the iodide by treatment with silver nitrate.’* It is very
soluble in water, less soluble in alcohol.

The sulphate is a crystalline compound obtained by the action of
concentrated sulphuric acid on mercury dimethyl.15

! Hilpert and Ditinar, Ber., 1913, 46, 3738.
* Crymble, T'rans. Chein. Soc., 1914, 103, 658,
3 Of. Ley and Fischer, Zeitsch. anorg. Chem., 1913, 82, 338.
* Franklin, Zeitsch. physikal. Chem., 1909, 69, 209.
s Werner, Zeitsch. anorg. Chem., 1897, 15, 37.
% Frankland, dnnalen, 1853, 85, 363 ; Jahresber., 1852, p. 574.
* Buckton, Annalen, 1858, 108, 103 ; Jakresber., 1858, P. 388.
8 Hilpert and Ditmar, foe. cit,
* Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.
10 Sakural, T'rans. Chen. Soc., 1881, 39, 485. 1 Frankland, loe, ¢it.
13 YWerner, loc. cit.
‘% Koten and Adams, J. Amer, Chem. Soc., 1024, 46, 2765.
14 Strecker, dnnalen, 1834, 92, 79.
5 Buckton, loc. cit.
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Acetate.—This compound was first obtained by heating mercury
dimethyl and glacial acetic acid in a sealed tube for one honr, then
recrystallising the product from glacial acetic acid.! The melting-
point given was 142° to 148° C., but recently Sneed and Maynard 2 have
shown this to be inaccurate, and obtained the product by the following
mcthods, each giving a substance M.pt. 128° C.: (1) Treatment of
mercury dimethyl in methyl aleohol solution with mercurie acetate.
(2) Neutralisation of the hydroxide with gladal acetic acid. (8)
Action of silver acetate on the iodide. (4) Action of ethyl acetate on
- the hydroxide. The acetate is very soluble in water, alcohol, or acetic
acid, is volatile in steam, and with concentrated hydrochloric acid or
iodine yields the corresponding halides.

Sulphide.—~This substance may be obtained from tie iodide as stated
above or by the action of hydrogen sulphide on a solution of the chloride, 3
It is a white body of characteristic smell, and when warmed it decom-
poses, forming mercury dimethyl and splitting off mercurie sulphide.

Ethyl Series —Hydroxide.—A solution of this compound may be
prepared by boiling mercury diethyl with potassium permanganate
solution, sec methyl mercuric hydroxide.* Diinhaupt 5 obtained the
hydroxide as a colourless oil by boiling ethyl mercuric chloride in spirit
with silver oxide, filtering off the silver chloride, then distilling off the
spirit and drying the product ¢n vacuo over sulphuric acid. It is easily
soluble in water or spirit and has all the properties of a strong base.
With ammonium chloride it liberates ammonia and forms the chloride
of the base, and with solutions of salts of copper, aluminium, iron, tiu,
gold, or platinum it precipitates hydroxides. With metallic zine it forrs
zine amalgam and zine diethyl, whilst hydrogen sulphide gives a whitc
precipitate which soon turns yellow and finally black. When treated
with acids the hydroxide yields salts in the usual way ; with alkaline
stannous chloride solution 1t is reduced to mercury diethyl and mercury.$

The chloride may be obtained: (1) From the hydroxide by hydro-
chloric acid or ammonium chloride. (2) By mixing a warm aleoholic
solution containing one molecular proportion of mercuric chloride with
mercury diethyl.” (8) By the action of concentrated hydrochloric
acid or antimony trichloride on mercury diethyl.® (4) From mercury
diethyl and phenyl iododichloride.®

The chloride crystallises in silver glistening plates, M.pt. 190° to
198° C., density 8:482, which subhime on gentle warming and are easily
solublein boiling alcohol, with difficulty in ether, and insoluble in water.10

Bromide—This compound has similar properties to the above
chloride, and may be prepared from the hydroxide by the addition of
hydrobromic acid, by treating an alcoholic solution of mercuric bromide
with triethyl bismuthine or by heating mercury dicthyl and ethyl

1 Otto, Annalen, 1870, 154, 198.

2 Sneed and Maynard, J, Amer. Chem. Soc., 1922, 44, 2942,

3 Hilpert and Ditmar, Ber., 1913, 46, 3738.

4 Seldel, J. prakt. Chem., 1884, [2], 29, 134.

5 Diinhaupt, J. prakt. Chem., 1854, [1], 61, 399 ; Annalen, 1854, 92, 379.

¢ Dimroth, Chem. Zentr., 1901, i. 451 ; Ber., 1902, 35, 2853.

* Trankland, Annalen, 1859, 111, 60 ; Jahresber., 1859, p. 413.

8 Buckton, Annalen, 1859, 109, 220 ; Jahresber., 1858, p. 390 ; Truns. Chem. Soc.,
1863, 16, 22 ; Jahresber,, 1863, p. 470. ‘

9 Willgerodt, Ber., 1898, 31, 921.

L Diinbaupt, J. prakt. Chem., 1854, 111, 61, 399 ; Annalen, 1854, 92, 379 ; Schroder,
Ber., 1879, 12, 563.
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monobromoacetate at 150° C. for eight hours. The reaction in the latter
case takes place according to the equation :

CH,Br.COOC,H, + (C,II, ),Hg=C,H HgBr+CH,CO0C,H; +CH, *

The bromide crystallises in pearly plates, M.pt. 193-5° C.2 _

Iodide.—Combination takes place between ethyl iodide and metallic
mercury when exposed to diffused daylight, with formation of ethyl
mercuric iodide.3 This may also be obtained by the addition of an
alcoholic solution of iodine to ethyl mercuric hydroxide,* or fr_om
mercury diethyl by Doiling for one or two days with allyl lodide.
Another preparation {rom mereury diethyl is to heat for several days
at 120° C. with iodoform, when the iodide, ethyl iodide, ethylene, and
acetylene are formed.?

The iodide, M.pt. 182° (., crystallises from ether-alecohol solution in
colourless plates which have a very pungent odour. It sublimes with-
out decomposition at 100° (', is soluble with difficulty in water, and
is decomposed by light.

Sulphide~\When ammonium sulphide is added to an alcoholic
solution of ethyl mercuric chloride, a yellow precipitate is thrown down
which is soluble in excess of the reagent. It may be recrystallised {from
ether, but cvaporation of the aleoholic solution soon leads to decom-
position of the compound.

Mercaptan, Et.HgSH.—By dissolving the bicarbonate in carbon
disulphide, silvery plates, M.pt. 104° C.,® of the mercaptan are obtained.

The sulphate crystallises in glistening plates, when silver sulphate
is added to ethyl mercuric chloride in aleohol. It is also formed when
concelitrated sulphuric acid reacts with mercury diethyl.”

The nitrate was only obtained by Diinhaupt as an oil, but Strecker
succecded in isolating it in prisms which were very soluble in alcohol,
but less soluble in water.

The acetate, M.pt. 178° (', has similar properties to the correspond-
ing methyl compound and may be prepared in similar manner.8

The 2.4.6-irinttrobenzoate is formed by treating the substituted
benzoic acid in aleohol with a similar solution of ethyl mercuric hydroxide.
It forms white plates, M.pt. 164° C. When heated at 165° C. it yields
ethylmercuric 2.4.6-trinitrophenyl, yellow needles, M.pt. 86° C.> Diin-
haupt, by treatment of ethyl mercuric chloride with silver phosphate,
isolated the phosphate as a crystalline mass very soluble in water, also
hg mentions a cyanide which is crystalline, very volatile, and of repulsive
odour.

The thiocyanate is formed from the chloride by the action of sodium
thiocyanate (1 mol.) in acetone solution. It crystallises from benzene
in glistening plates, M.pt. 181° to 181.5° C.10

_ ! Dinbaupt, J. prakt. Chem., 1854, [1], 61, 399 ; Annalen, 1854, 92, 379; Sell and

Lippmann, J. praki. Chem., 1866, [1], 99, 431; Buckton, Annalen, 1859, 112, 221.

* Marvel, Gauerke, and Hill, J. Amer. Chem, Soc., 1925, 47, 3009.

% Frankland, Annalen, 1859, 111, 59; Strecker, Annalen, 1854, 92, 76.

! Dinhaupt, loc. cit,

5 Suida, Monatsh., 1880, i. 715 ; Jakresber., 1881, . 940.

: IBiotiil am%4 Adalms, J. Amer, Chem. Soc., 1924, 46, 2768.

uckton, Annalen, 1858, 109, 220 ; 1859, 112, 221 ; Jahresber., 1858, p. 390 ; 185

p. 408 ; J. prakt. Chem., 1860, 1, 79 ; Schorlemmer, 4nnalen, 1864, 132, 23£ 193

8 Qtto, Annalen, 1870, 154, 198,

® Koten and Adams, loc. cit, 10 Steinkopf, dunalen, 1921, 424, 59.
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n-Propyl Series.!'—n-Propyl mercuric ydroxide is diflicult to obtain
in a crystalline condition ; 1t is a strong base, forming salts with strong
and weak acids. t

The chloride may be formed from the base, by boiling mercury
dipropyl with hydrochloric acid or by the addition of mercuric chloride
to merceary dipropyl in aleoholie solution. It erystallises in white
scales, M.pt. 148° C,

When bromine or bromine water is added to mercury dipropyl, or
the basc is treated with hydrobromic acid, propyl mercuric bromide is
obtained in leaflets, M.pt. 1838° C. The compound is also formed as a
by-product in the preparation of mercury dipropyl from propyl
magnesium bromide and mercuric bromide .2

Iodine combines vigorously with mercury dipropyl to form the
todide, M.pt. 118° C.; this crystallises [rom alcohol in plates which have
a disagreeable odour.

The acetate from mercury dipropyl and acetic anhydride, or acetic
acid and the corresponding hydroxide, is crystalline, M.pt. 57° to 58° C.

Isopropyl Series.®—iso-propyl mercuric hydroaide is formed by
treating the halides with moist silver oxide, and has only been obtained
in solution. It reacts with acids, giving rise to the following compounds :
chloride, needles, M.pt. 97° C.; bromide, needles, M.pt. 98° C.; 7odide,
plates, M.pt. 125° C.; acetate, M.pt. 95° C.; cyanide, M.pt. 85° C.;
sulphide, M.pt. 60° C.

n-~Butyl Series.-—When n-butyl magnesium bromide is treated with
an excess of mercuric chloride, a mixture of equal parts of n-bufyl mercuric
chloride and bromide are formed.* The chloride melts at 127-5° C.; the
bromide at 129° C. ; the fodide at 117° C.5

iso~Butyl Series .—Solutions of isobutyl mercuric hydroxride may be
obtained in the usual way, and salts prepared by the addition of acids.
Mercury di-isobutyl reacts with lodine, giving a crystalline dsobutyl
mercuric todide.8 'The bromide melts at 55:5° C. and the iodide at 72° C.7

sec-Butyl Series.-—When mercury di-sec-butyl is dissolved in
aleohol and treated with aqueous hydrochloric acid the sec-butyl mercuric
chloride separates out as an oil. This may be solidified by cooling in a
freezing mixture. The crystals obtained melt at 30-5° C.8

The bromide is prepared as above using hydrobromic-acid, and melts
at 89° C. The ¢odide forms colourless, unstable crystals when the
dialkylis treated with iodine.?

tert-Butyl Series.—tert-Butyl mercuric bromide—An excess of
mercuric bromide is added to well-cooled Grignard reagent from tert-
butyl bromide and after an hour the whole decomposed with water, the
ether layer removed and dried over calcium chloride. Spontaneous
evaporation of the ether gives a product, M.pt. 106° C. (decomp.). Itis
rapidly decomposed in bright sunlight.t0

1 Cahours, Compt. rend., 1873, 76, 135, 749, 750 ; Jakresber., 1873, p. 517; Goret, Bull,
Sei, Pharmacol., 1922, 29, 297 ; Chem, Zentr., 1922, 11, 1371.

? Goddard, Trans. Chem., Soc., 1923, 123, 1168.

? Goret, loc. cit.

1 Marvel and Gould, J. Amer. Chem. Soc., 1922, 44, 153.

5 Marvel, Gauerke, and Hill, loe. cit.

8 Cahours, Compt. rend., 1873, %76, 1403.

? Marvel, Gauerke, and Hill, loc, cit.

8 Marvel and Calvery, J. Amer. Chene, Soc., 1923, 45, 821.

® Tafel, Ber., 1906, 39, 3631. 10 Marvel and Calvery, loc. ¢it.
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n-Amyl Series.—n-Amyl mercuric bromide, obtained in the usual
way, melts at 122° C.1

iso-Amyl Series.—Isoamyl mercuric chloride?® is formed when
mercury di-isoamyl is treated with chlorine gas or alcoholic mercuric
chloride. It melts at 86° C., sublimes without decomposition, and is
very soluble in ether or hot aleohol, insoluble i water. From alcohol it
crystallises in hair-like needles. The bromide melts at 80° C.  When an
ethercal solution of mercury di-isoamyl is treated first with aleoholic
jodine, then with solid iodine, it yields isoamyl iodide and isoamy!
mercuric iodide, The latter recrystallises from hot alcohol in small
pearly plates, M.pt. 122° C., very soluble in ether, slightly soluble in
boiling water, insolnble in cold water, and partially decomposed by
alcoholic potassium hydroxide. In the molten state it turns yellow at
140° (., owing to the scparation of mercuric jodide. It may be sub-~
limed without decomposition in a current of air.3

tert-Amyl Series . —iert- Ayl mercuric bromide is preparcd in the
same manner as the tert-butyl compound. It crystallises from alcohol
if the solution is kept below 50° C., M.pt. 82° C.4

Hexyl and Heptyl Series.—n-Hewyl and n-heptyl mercuric bromides
melt at 118-5° C. and 114-5° C. respectively.?

n-Octyl Series.—The hydroaide i1s formed when an alcoholic
solution of the chloride is boiled for five hours with freshly precipitated
sitver oxide. It crystallises in shining yellow plates, M.pt. 75° C,,
readily soluble in cold aleohol, less soluble in hot alecohol, insoluble in
cold water. The compound is a strong base and precipitates metallic
salts from solutions of ferric ¢hloride, potassium alum, zinc sulphate, or
copper acetate. In the latter case the grey precipitate on warming is
reduced to metallic copper, whereas with the alum, the precipitate is
soluble In excess of the precipitant. The base also ewpels ammonia
from its compounds.

The chioride is obtained as a white precipitate by the interaction of
mereury di-n-octyl and mercuric chloride ; the dodide by the use of iodine.
The latter forms a white glistening precipitate, easily soluble in alcohol.
The bromide melts at 109° C.7

sec-Octyl Series.®—The bromide is obtained from excess of mer-
curic bromide and the Grignard reagent from sec-octyl bromide. It
forms crystals from alcohol solution, M.pt. 98° C.°

< Allyl mercuric iodide, CH,=CH—CH,—HgI.1%—Allyl iodide
containing a trace of dissolved iodine, readily reacts with mercury. If
niercury be shaken with some iodine, then with allyl iodide, an evolu-
Lion of heat takes place and the mass becomes solid. This may be
avoided to some extent by mixing the allyl iodide with alechol. The
iodide crystallises from alcohol in silvery scales, which turn yellow on
drying. It commences to volatilise at 100° C. and melts at 135° C.,

1 Marvel, Gauerke, and Hill, J. Amer. Chem. Soc., 1925, 47, 3009.

* Marvel and Calvery, J. Amer. Chem. Soc., 1923, 45, 821.

# Frankland and Duppa, Trans. Chem. Soc., 1863, 16, 415 ; Annalen, 1864, 130, 104.
4 Mayvel and Calvery, loc. cit,

5 Marvel, Gauerke, and Hill, loc. cit.

¢ Eichler, Ber., 1879, 12, 1879,

" Marvel, Gauerke, and Hill, {oc. cit.

8 Eichler, loc. e¢it.

® Marvel and Gould, J. dmer. Chent. Soc., 1922, 44, 153.
Y Zinin, Aunalen, 1855, 96, 363 ; Linnemann, Annalen Suppl., 1865, 3, 262; Annalen

1866, 140, 180. ’
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decomposing at higher temperatures with evolution of gas and forma-
tion of a yellowish-red residue. The iodide is sparingly soluble in cold
alcohol and insoluble in water. When subjected to dry distillation,
diallyl, metallic mercury, and mercuric iodide are formed. Hydrogen
sulphide or iodide decompose it, propylene and mercuric salts being
obtained. Iodine yields allyl iodide and mercuric iodide. Aleoholic
snspensions of silver oxide convert the iodide to the hydroxide.

Propargy! mercuric iodide forms a yellow mass; it is prepared
in a similar way to the allyl compound.?

Mercury Derivatives of Methylene Iodide —Wanklyn and Von
Than ® showed that neither mercury nor zinc gave organic compounds
when allowed to react with ethylene iodide.

Methylenc iodide, on the other hand, when left in eontact with
metallic mercury and some mercurous iodide in a sealed tube for four
or five days, combines with the mercury.® Two products are produced,
but no gas is evolved when the tube is opened. The first compound
crystalhises from boiling aleobol in slender, white needles; it is best
purified by solution in methylene iodide and precipitation with ether,
and is insoluble in the usual solvents. Sakurai assigned the formula
I —CH,—Hgl to the substance. This monomercuric methylene iodide
or iodomethyl mercuric iodide when heated with iodine in potassium
iodide solution yields methylene iodide and mercuric iodide, and similar
decomposition takes place with chlorine or bromine.

When one molecule of the compound and one molecule of mercuric
chloride in alcoholie solution are boiled under reflux for one hour and
then cooled, crystals are obtained from which the mercuric chloride is re-
moved by washing with water, and the mercuric iodide by digestion with
concentrated potassium iodide solution. Traces of soluble iodide are
then removed by treatment with water, and the dried crystals purified by
recrystallisation from ether. JMonomercuric methylene chloro-iodide, M.pt.
129° C., is thus obtained in simall plates, soluble in ether, chloroform, or
alcohol, but insoluble in water,

I—CH, —HgI +HgCl,=Cl—CH, —HgI +HgIC] *

The product formed along with the monomercurie methylene iodide
was a white body insoluble in 2ll the usual solvents, but yielding iodo-
form with iodine. Analysis points to mercury iodoform or methine tri-
mercurtc todide, CH(Hgl),, and the same compound was obtained by
Hofmann > when an ethereal solution of iodoform was allowed to stand
in contact with mercurous chloride for a long time.

Dimercuricmethyleneiodide or methylene di-mercuric todide, CH,(HgI).,.
—This compound 1s readily formed by the interaction of methylene
jodide with excess of mercury in the presence of mercuric iodide in
ether solution, the mixture merely being exposed to sunlight, the re--
action taking several days for completion. The crude product is then
digested with concentrated potassium iodide solution to remove mer-
curic iodide, and recrystallised from methylene iodide, the first product

1 Henry, Ber., 1884, 17, 1132,

# Wanklyn and Von Than, Quart, J. Chem. Soc., 1859, 12, 258,
¥ Sakural, Trans. Chem. Soc., 1880, 37, 658.

¢ Sakurai, thid., 1882, 41, 360.

5 Hofmann, Ber., 1900, 33, 1328,



ORGANOMETALLIC COMPOUND:S.

being pure dimercuric compound, but subsequent crops of crystals
contain some mono derivative.l

The iodide is a yellow crystalline powder, M.pt. 230° C., with decom-
position, and is much less soluble than the mono compound in methylene
10dide, and is insoluble in ordinary solvents. When treated with iodine
it yields mercuric iodide and methylene iodide; and with aqueous
potassium iodide or dilute hydrochloric acid, methyl mercuric iodide is
formed.

1 Nalpurai, Trans, Chem, Soc., 1881, 39, 485.



CHAPTER 1V.
MERCURY (continued).

DERIVATIVES OF ALIPHATIC ALCOHOLS, ALDEHYDES, AND IKKETONESs.

'THE earliest recorded work on the mercuration of aleohols was that of
Sobero and Selmi,' and Gerhardt,®> but nome of these investigators
obtained any definite results. Reynoso, five years later,® described com-
pounds which he did not even analyse, and Cowper,* from his work on
the interaction of mercuric nitrate and alcohol, added nothing to our
knowledge of these compounds.  Tertiary alcohols were investigated by
Denigés,® who treated these compounds with mereuric nitrate or sulphate
and obtained orange and yellow insoluble compounds respectively. He
never seemed very certain of the constitutions of any of his derivatives,
but recommended that his reactions night be used as tests for tertiary
alcohols.

In 1898, K. A. Hofmann commenced his researches onn the mercura-
tion of aleohol, which led to the complex compounds to which he gave
the naime mercarbides being isolated. These compounds have all the
hydrogen of a methyl group replaced by mercury. From this time
onwards it has been possible to assign formule to most of the compounds
described.

DEerIvaTIVES oF ETHYL ALCOHOL.

Ethane hexamercarbide, C,Hg,0,(OH),, or

O 0

| | l
Hg C Hg

g Hg

-..._Q')_m 3

|
HO—F*g Hg—OH

This componnd is the ultimate product fromthe prolonged action of yellow
mercuric oxide and boiling aqueous alkali on ethyl, propyl, allyl, or amyl
aleohols, acetaldehyde, cellulose, starch, or cane sugar; but it cannot be
obtained from methyl aleohol, formaldehyde, or glycerol. The prepara-~
tion is hest carried out as follows: 100 grams of yellow mercuric
oxide, 20 grams of potassium hydroxide, and 200 grams of 94 per cent.
ethyl alcohol are boiled for thirty-six hours, the grey residue then
washed with water and dilute alkali, and finally with hot 20 per cent.
nitric acid. The latter changes the base into the nitrate and removes

1 Sebero and Selmi, Annalen, 1851, 8o, 108,
¢ Gerhardt, Anralen, 1851, 80, 111.
3 Reynoso, Ann. Chim. Phys., 1856, [3], 48, 403.
¢ Cowper, Trans. Chem. Soc., 1881, 39, 242,
5 Denigés, Compt. rend., 1898, 126, 1043 ; Bull. Soc. chim., 1898, [3], 19, 494, 751;
Ann. Chim. Phys., 1889, [7], 18, 382.
47
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metallic mercury and trimercuri-acetic acid, which is formed as a by-
product.} Ifofmann considered the rcaction to take place in four
stages, according to the following scheme :+—

1. CH,.CH,.0H +HgO — CH,.CHO +I1,0+Hg
HgOH

Hg
. ¢ h\\ { /
2. CH,.CHO+3Hg0 — 0 L LH,0
1 Nig” NCHO

HgOH
+Hg

Hg HgOH Ilg
5.0 e " imgo — 0 el
“He” “NCHO \Hy” NCOOH

O0— Hg Hg-0

Lo/ O HONgy  JHe T T coom
O NN T N S Hg—C—C—Hg + |
He”  CCO0H HOO(Y “He | | | COOH

HO—Hg Hg—0OH

The oxalic acid shown in cquation 4 was uot actually isolated,
however,

Ethane hexamercarbide is a citron yellow to light grey powder,
beconing dark orange at 200° C. and exploding with great violence at
230° . The colour change secms to be associated with the splitting
off of water from the molecule and the formation of an anhydride
(C,Hg0,), which is violently explosive. The mercarbide is a decided
hase, which shows a remarkable stability towards oxidising agents
(permanganate, chromic acid, hypochlorites, and hypobromites), and
even towards aqua regia provided the treatment is not too prelonged.
It is scarcely attacked by sulphur dioxide, hydroxylamine, or hydrazine,
but with adds it forms salts.

This resisting capacity distinguishes the compouud from all known
merenry derivatives, and is probably due to the protective action of the
six mercury atoms. showiug that they surround the two carbon atoms.
Two types of salts are obtained from the base, namely: (1) C,Hg0,X,,
(2) CoHa N,

Class I.

Ethane hevamercarbide dichloride, CyHgO,Cl,, is formed when the
base is treated with cold 10 per cent. hydrochloric acid or a soluble
chloride. Similarly, using potassivm bromide or iodide, the correspond-
ing bromide or iodide is obtained.

The perchlorute, C,Hg 0,(ClO,),, is a white powder, which on heating
or rubbing cxplodes, emitting a green flame. The adirate forms a
vellowish-white crystalline mass, insoluble in water and dilute nitrie
acid, decomposing with explosion on heating ; the sulphate is a white,
sandy, fine crystalline powder, insoluble in water ; the picrafe explodes
on hieating with the same violence as potassium picrate,

Class 11.

 Ethane heramercarbide hexachloride, C,Hg Cl,, results when the base
is treated with hot hydrochloric acid. It is a white, insoluble substance,

' Hofmann, Ber,, 1898, 31, 1904 ; 1900, 33, 1328,
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which remaius undecomposed when heated with ten times its weight of a
10 per cent. benzene sohilion of sulphur chloride. VWhen aqueous
potassium polysulphide solntion is used briliant yellow needles are
deposited. These, when boiled with hydrochloric acid, yield a white
powder, which becomes yellow on treatment with hot sodivm hydroxide.
Since chlorine atoms may be removed by means of silver nitrate, it is
probable that the halogen is attached to the mercury, and the following
forinnla has been snggested i —1 )

CIH g—CH—Hg
Ns

|
ClHg—CH—Hg”

The hexza-iodide, (1Hg);C.C(Hgl),, is formed when the base (1 mol.)
is leated with ethyl iodide (6 mols.) in ether solution for sixty hours at
90° (. The intense, reddish-yellow crystals thus obtained are very
insoluble, and contain only 1-2 per cent. of carbon, This compound
has the lowest carbon content of any substance yet obtained.

Whilst most carbon wmercury compounds are decomposed by
potassium cyanide, splitting off mercury cyanide, mercarbide nitrate,
after prolonged boiling with potassivm cyanide, splits off mercury, with
the formation of an intense yellow cyanide which is explosive when
heated, namely :

C,Hg,(CN), or Hg=C — C =Hg

o

]
NC—Hg Hg--CN
The cyanide is insoluble and affected by light; treatment with
hydrogen sulphide transforms it into & hydrosulphide -

Hg=C — C =Hg
]
HS—-Hg Hg—SH

which is a white substance, insoluble in water, alcohol, or ether.

Hot hydrochloric acid transforms the cyanide first to a white chloride
(1), which by the further action of concentrated acid changes to chloride
(IL.) :

ClHg HgCl
>CH-~CH< ClHg —CH,—CH,—HgCl
ClHg HoCl
I, IT,

The compound II. crystallises well {from ether, and can be steam
distilled, when it separates in six-sided plates, smelling strongly of
potassium cyanide, M.pt. 178° C.: these crystals are soluble in water,
alcohol, or ether, and are volatile and poisonous. Towards phenyl
hydrazine the compound is very stable, but with potassium iodide it
gives the corresponding dodide, C,H,Hg,I,, which crystallises from
alcohol or ether in quadratic plates, soluble in sodium hydroxide or
aminonium hydroxide, stable towards dilute acid. The hydrochloric acid
solution of the iodide with hydrogen sulphide yields a white sulphide,
crystallisable from alcohol, but insoluble in cold 20 per cent. nitric acid.

The above cyanide, whilst it yields a hydrosulphide with hydrogen
sulphide, is also capable of yielding sulplides with potassium poly-

1 Hofmann and Feigel, Ber., 1903, 38, 3654. -
VOL. XI. : L. 4
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sulphide and with a methyl alcoholic solution of ammonium poly-
sulphide, the structures of these compounds being as follows i—
(Hg=CH-—-CH,.Hg),S and CH,—CH,
|
Hg-—-S—Hg

Two further sulphur compounds may be obtained from ethane
hexamercarbide itself. (1) By shaking the base with a benzene solution
of sulphur chioride vellow crystals arc isolated, which probably have the
composition :

ClHg HgCl
Nc—c
CHe” | | \HgCl
S—S.

The halogen is readily removed by silver nitrate. (2) A methyl alco-
holic solution of ammonium polysulphide when left in contact with the
base for several weeks yields a yellow compound, to which the following
structure has been assigned :—

0O—Hg Hg—O

L
Ilig——-Cu—C—Hg

]
HS—Hg Hg—SH

Ethane hexamercarbide yields a yellow substance when treated with
sodium bisulphite, the product tuming grey in the light; but the base
is easily regenerated by treatment first with hot nitric acid, then with
sodinm hydroxide.

Although the base does not combine with ammonia, its salts readily
add on this gas to form stable compounds.

Hydrazine hydrate only slowly reduces the mercarbide, evolving
ethane, as follows :(—

C,Hg,0,(OH ), +8N,H, =C,H, +6Hg +8N, +4H,0

Hydrogen sulphide splits off a small quantity of mercuric sulphide,
and ylelds a white sulphide of the mercarbide.

Potato starch and cane sugar also yield mercarbides,! of composition
C;H,0,Hg,.NO; and C3H ;O ,Hg, NO; respectively.

DERIVATIVES OF ALLYL ALCOHOL.2

Allyl alcohol gives rise to two types of mercury compounds :

1. Propylene glycol mercuric salts, which are considered to be
derivatives of the unknown y-hydroxymercuvipropylene glycol,
HOCH,—CHOH —CH,HgOH. Y g ad

2. Mercuridipropylene oxide salts or dipropylene oxide dimercuric
salts, which have the constitution :

O—CH,\

XHgCH2~CH<
CH,—0"

CH—CH,HgX

; é[ofma.nn, Ber., 1900, 33, 1333,
and and Hofriann, Ber., 1900, 33, 1358 ; Hofmann and Sand, Ber., 1900 33, 2692 ;
Biilmann, Ber., 1900, 33, 1641 ; 1902, 35, 2586 ; Sand, Ber., 1901, 34, 1303, 2910+ Stochr.
J. praki. Chem., 1897, [2], 55, 88, 134 1355, 2910 Stooh,


file:///HgCl

MERCURY, 51

Lyrst Type.

Propylene glyeol mercuric bromide, CH,O0H —CHOH —CH,—HgBr,
forms white crystals from benzene-acctone solution, which 1nelt at 84°
to 86° C., and decompose at 110° C. It is casily soluble in alecohol or
acetonc, somewhat soluble in water, but readily decomposed by hydro-
chloric acid. The method of preparation is as follows : 100 grams of
yellow mercuric oxide are dissolved in 20 per cent. nitric acid, and the
solution treated with pure, dilute potassium hydroxide until on shaking
the white precipitate of basic nitrate no longer disappears. Allyl
alcohol is then added dropwise, with continuous stirring, and a clear
solution is obtained; then more potassium hydroxide is added, which
causes a white precipitate, the latter being dissolved by the addition of
morc allyl alcokol. This process is repeated, the temperature being
maintained at 10° C. by cooling; the completion of the reaction is
indicated by a sudden darkening of the precipitate, and the somtion then
has an alkaline reaction. Potassium bromide is then added, allowing
one molecular weight of this salt for every atomic weight of mercury
present, and after standing for twenty-four honrs the bromide is
precipitated by passing carbon dioxide through the mixture.

The corresponding iodide is prepared in a similar manner to the
bromide. It may be crystallised from benzene or acetone and melts at
about 80° C. It is more readily decomposed than the bromide, and
hydrochloric or acetic acids break it down to allyl alechol and mercuric
salts. The presence of the two hydroxyl groups has been shown by the
fact that the iodide yields a dibenzoyl derivative, M.pt. 100° C. When
the iodide is treated with iodine at 40° C. a liquid iodohydrine is obtained.

Second Type.

Dipropylene oxide dimercuric sulphate may be prepared as follows :
75 grams of mercuric oxide are dissolved in a mixture of 300 c.c. of
water and 180 c.c. of dilute sulphuric acid (1 : 1) and the solution filtered.
Thirty c.c. of allyl alcohol are then stirred into the filtrate, and in two to
four hours the sulphate separates out, is fltered, washed with cold
water, and dried. Yield 60 grams. It gives a clear solution in water,
sodium hydroxide, or ammonia, and is best purified by crystallisation
from boiling water containing a little allyl alcohol, crystals containing
4 mols. of water of crystallisation being deposited. The solution in
ammonium hydroxide if treated with about three volumes of aleohol
yields white plates, which are an addition compound of the sulphate
with 2 mols. of ammonia, This body is completely soluble in water, but
gives off ammonia when boiled. The addition product with potassium
bromide yields the corresponding bromide and free ammonia.

The corresponding nitrate crystallises with one molecule of water of
crystallisation as a white crystalline compound. The preparation is
similar to the sulphate, the sulphuric acid being replaced by 40 per cent.
nitric acid. The product is soluble in alkali or ammonium hydroxide,
and ammonium sulphide gives a yellow precipitate when added to these
solutions. The aqueous solution of the nitrate has an acid reaction, and
from it potassium bromide precipitates the bromide quantitatively.
VWhen dissolved in 20 per cent. ammonium hydroxide the nitrate gives
a white crystalline body containing one molecule of ammonia, which has
similar properties to the corresponding sulphate.

The acetate forms small stellate erystals when allyl alcohol is added to
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a solution of mercuric oxide in dilute acctic acid. The solution in
water gives precpitates with potassiumn chloride or bromide, but not
with annnonia or alkalies. Solutions in the latter yield white pre-
cipitates with ammonium sulphide.

A cyanide, sulphide, and a basic carbonate have also becn obtained
from the nitrate as thick white precipitates.

The chloride is prepared by the action of dilute hydrochloric acid
upon the uitrate, or by using potassium chloride and carbon dioxide.
When treated with moist silver oxide it yields an aqueous solution of
the hydroxide. the latter also being formed when freshly precipitated
merauric oxide, allyl alcohol, and water are shaken together. Reduction
of the chloride by #ne and hydrochloric acid gives an odour of allyl
alcohol. whilst oxidation with permanganate causes the immediate
decomposition of the compound with the formation of oxalic acid.

The branide is prepared in the same way as the chloride, is insoluble
in organic solvents, and melts at 251° C. It reacts with alkaline sodium
stannite solution, vielding a brick-red compound I., which turns brown on
cxposure to light. This decomposition product when extracted with
hot henzene gives IT., the corresponding mercuric compound to I. It
melts at 190° C., is insoluble in water, alkalies, dilute acids, or acetone,
readily soluble in benzene or toluene, and is decomposed by concentrated
Liydrochloric acid. With mercuric chloride or picric acid it gives pre-
cipitates. but remains michanged when boiled with potassium hydroxide,
cvanide, or iodide.

CH, o . CH,——0
/ AN / N\
C11—CI1,—Hg—Hg—CH,—CH CI—CH ,—Hg—CH,—CH
N / N il
0 CH, 0 CH,
1. II.

The 7odide is prepared {rom an alkaline solution of the nitrate by the
addition of potassium iodide. It may be crystallised from boiling alkali,
It has M.pt. 271° C, is practically insoluble in organie solvents, and
remains unchanged when treated with 20 per cent. hydrochloric acid.
V¥ithiodine in potassium jodide it reacts slowly, but iodine in benzene at
1407 C. gives di-epi-iodohydrine, to which Stoelir ! assigns the structure :

ICH,—CH—CH,—O

| |
O—CH;—CH—CH,I
Holmann and Sand*® showed the difference between the two types of
componnds just discussed by the following comparisons :—

Beagent, Propylenc glycol mercuric Dil)l'opylyne oxide di-

= bromide. merenvie bromide.

C;H,0,—HgBr. (C;H;0,—HgBr),.

M.pt. 84-86° C. M.pt. 251° C,
Alcohol, acctone. | Easily soluble, Insoluble.

HCL Rapidly decomposed. Unattacked.

Alkaline KL No precipitate. White precipitate.
»s KCN. do. do.
H,S. do. do.

! Stoehr, J. prakt. Chem., 1897, [2], 55,88.  * Hofmann and Sand, Ber., 1900, 33, 2700.
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Similer propertics are shown by therespective iodides, whose mclting-
points arc about 80° C. and 271° C.

DERIVATIVES OF ALDEHYDES.

Very little satisflactory work has been donc on the merauy com-
pounds of the aliphatic aldehydes. The chief reason {or this is the fact
that mereric acctate is soon reduced by aliphatic aldchydes, paralde-
hyde, acctals or aldoses, merenrous acctate separating ont. !

Leys ? used a reagent consisting of one gram of merenric oxide in
100 c.c. of 5 per cent. sodium sulphite solution as a test for aldchydes
containing the grouping —CI,.CI30. If a few drops of acctaldehyde he
added to this solution in the cold and an equal volume of dilute sodium
hydvoxide, a heavy whitc precipitate is obtained, to which Leys assigned
{he formula:

0
He : CH.CH >Hg
No

The anthor stated that the ouly substances which yielded pre-
cipitates with the reagent were terpenes, and acetoue or acetyl acetone
o1l Warming.

Hoflmann,® by the interaction of acetaldchyde, mercuric oxide, and
aqueous sodiun hydroxide, only obtained aldchyde resin, but with par-
aldchyde a small quantity of a base was produced, C,Hg 0,11, which
corresponds to ethane hexamercarbide.

Latcer, the same mvestigator, using another mercurie salt, succeeded
in obtaining a more definite compound.*

Chloratodimercuracetaldehyde,

Hg=C—CHO
|
Hg —ClO,

forms colourless, lustrous prisms, more explosive than mercury fulmin-
ate. The compound is readily produced by the addition of an aleoholic
solution of acetaldehyde to a solution of mercuric oxide i aqueous
chlorie acid. When trcated with potassium hydroxide or cyanide,
aldchyde resin Is produced.

Anld and Hantzsch,® from acetaldchyde and mercuric oxide in
slightly alkaline solution, obtained a base, trimercuridialdehyde hydrox-
ide, which readily polymerised to a white powder, (C,HyOHg,),. The
latter decomposes without melting at about 100° C. and is insoluble in
the usual organic solvents, dccomposed by dilute hydrochloric acid
with formation of acetaldehyde and mercuric chloride, but not affected
by dilute acetic acid. The investigators state that this is a delicatc
test for the presence of small quantities of acetaldehyde, since it detects
the presence of one part of aldehyde in 6000 parts of water.®

| Lasserre, J. Pharm. Chim., 1905, [Vi], 22, 246 5 Chen. Zeutr., 1905, ii. 1125.

? Leys, J. Pharm. Chim., 1903, [v1.], 22, 107 ; Bull, Soc. chim., 19035, {3], 33, 1320,

3 Hofmann, Her,, 1898, 31, 1904,

1 Hofwmann, ibid., 19035, 38, 1999,

3 Auld and Hantzsch, Ber,, 1905, 38, 2084,

¢ Jor chloratotrimercuracetaldehyde, perchloratomercuracetaldshyde, and nitritodi-
niercuracetaldehyde, see the action of acetylene on mercurlc chlorate, perchlorate, and
nitrate.
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DerivaTives or KETONES.

It was stated that aliphatic aldehydes or aldoses reduced imercuric
acetate. but no such reduction is noticed with ketones or ketoses.!
Nevertheless most investigators differ as to the products derived from
ketones, and it is very diffienlt to say whether many ol the compounds
deseribed are truly organometallic or merely complex addition products
of the ketones.  For the sake of readers interesicd in these derivatives,
the following table is inserted to snmmarise these compounds of doubtlul

structnre.

The ketone used in these investigations was acetone.

PRODUCTS DERIVED FROM ACETONE AND
MERCURIC SALTS.

Merenry Salt Used.

Praduct Isolated.

REFERERCES,

Alkaline mercuric
acetate.

Cone. mwrenric  sul-
phate selution,

Mercuric sulphate.

Me,CO.2HEO.
3Me, LCO.HHgO.5H,S0,.

M, (0.8 Hg0.2Hgs 0,

Lasserre, J. Pharin.  Chim.,

1905, [vi.], 22, 246.
Biilmann, Ber., 1902, 35. 2584,
Donigés, Ann, Chim. Phys., 1899,

[7], 18, 382; Ball. Sec. chim.,
1898, [3], 19, 494, 751,

Merouric oxlde, CyHe 11,0, Hotmann, Ber., 1898, 31, 1904
sodium hydroxide, Kutscherow, Ber., 1884, 17, 20.
Mercuric chloride in | 2Me,C0.3HgO. Reynolds, Chem. News, 1871,

alkaline selntion.

Meveuric sulphate,

4 M, CO.0Hg0.6HegS0,,
Me,C0.3Hg0.2HgS0,. ™

23, 217; Der, 1871, 4, 483.

Oppenheimer, Ber., 1899, 32,
086 ; Hofmaun, 1898, 31, 399.

Mercurie chloride, ame | 2Me, CUSHgCL.2NH (1.2 | Grigorowitsel,  Chem. Zenlr.,
moninm chloride, (NH,OH.H(]). 1906, i. 743.
hydroxylammonium

b ellorlde.
1
Mercuric sulphate, HMe,CO.12HgO. 8Hg SO, Denigés, Ann, Chim. Phys.,
1907, [8], 12, 401.
1
; Do. Using monochloroacetone, | Denigés, Ann. Chimi.  Phys.,

MeC'OCH,(1.3HgO. 1899, [7], 18, 382.

2HgR0,,

The work now to be described rclates to compounds {rom acetone,
which ave far more definite in constitution, although very complex.

Interaction of Acetone and Mercuric Cyanide.2~—To a solution of 11
grams of mercuric cyanide in 120 c.c. of ethyl or 80 c.c. of methyl alcohol
is added 1-5 grams of sodium in 40 c.c. of aleohol. After twenty-four
lours any precipitate is filtered off and 1-25 grams of acetone added to
the clear solution ; a dense white precipitate is formed, which is filtered
off and washed [ree from cyanide. This product is decomposed by
dilute hydrochlorie acid, yielding acetone and hydrogen cyanide :

C;H,ON,Hgy+6HCl =C,;H,0 +2HCN +8Hg(l,

U Lasserve, J. Pharin, Chim., 1905, [v1.], 22, 246,
* Marsh and Tlelning Struthers, Zrans. Chem. Soc., 1905, 87, 1878 ; Proc. Chem. Soc.
1005, 21, 248. ’
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A similar product is formed when acetone and mercuric cyanide react in
presence of sodium hydroxide, and the reaction may ocecur according to
the equation:

The constitution assigned to the compound is
/CH.HgCN

|
He! €O
|
\CH.HgCN

Tetra-acetoxymercuri diacetone hydrate.—This substance is
prepared as follows:! 25 grams of dry powdered mercuric acetate and
50 grams of acetone (made from bisulphite compound) are heated under
pressure at 100° C. for two hours. The solution after cooling and filter-
ing does not produce a yellow coloration when treated with potassium
hydroxide. KEvaporation on the water-bath gives a yellow oil, which is
taken up in 95 per cent. alcohol, and after a time white flocks appear.
These are filtered off, washed with aleohol, and recrystallised from
alcohol containing a few drops of acetic acid, the resulting product melt-
ing at 157° C. The course of the reaction is probably as follows, the
acetone reacting in the enolic form :—

CH,

| H,C—HgOCOCH,
CH,.C—OH N 0.CO.CH

? Hg(OAc), Hac_é/ 3
/ \OH
. Qs
i
e -
Hch ~HEOCOCH, 4 ol 1y(0Ae), 4y TEOCOCH:
HC,—C=0 \HgOCOCH,
OCOCH,
H,C-C
* "NoH
&
HeOCOCH, HgOCOCH, CH,0COHg
HC< HC CH
HgOCOCH HgOCOCH, CH,0COHg”
O T 0H HO
H,C—C
7 Nom H,C—CZ 0 N\ C—CH,

1 Sand and Genssler, Ber., 1903, 36, 3699.
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This acctate, treated with 20 per ceut. hydrochlone aad and
potassium cyanide solution, splits up into acctoue and merenry salt ;
whilst potassium hydroxide gives the corresponding tetra-hydrocy-
mercuri compound. An aqueous solution of the acctate when decom-
posed with 10 per cent. potassium hydroxide yiclds a white precipitate
of an oxide having the constitution :

H Hg
Hc< No o > CH
Hy” NHg

OH HO
113cu-c/ 0 No—CH,

This oxide is insoluble in water and organie solvents. The acetate
with sodium chloride or oxalates yields the corresponding salts, the
former being a very msoluble compound possessing no melting-point.

Tri-mercuri diacetone hydroxide,!

HOHg—CH——Hg—CH—HgOH

| |
(‘H,—( (Ol )—O0—C(OH )—CH,

The mercuric oxide precipitated from 20 grams of mercuric chloride
is well washed, and whilst moist treated with a solution of about 6 c.c.
of acetone in 100 to 150 c.c. of water, a few drops of baryta added, and
the whole well shaken until a sclution is obtained. The baryta is
precipitated by carbon dioxide, the latter removed by a current of air,
and the barium carbonate filtered off. Xvaporation of the filtrate on
the water-bath yives a thick syrup, which forms a clear solution in water
and reacts slightly alkaline. Its electrical conductivity is as follows :—

1 =0-018, p=256"
w=0-022, v=512 [

Dilute hydrochloric acid gives the corresponding divhivride,

(1Hg—CH—— Hg—CH—HgCl

| |
H,C—C(OH )—0—C(OH )—CH,

as a colourless powder, casily soluble in aniline or pyridine, with difficulty
in aleohol, and practically insoluble in water. When heated it becomes
vellow and melts at about 110° C.

It fOElIlS a platinichloride, an amorphous product cxploding suddenly
at 178° C.

The corresponding dibromide forms small white needles, M.pt. 127° C.,
which are soluble in warm aleohol, ether, or pyridine. The di-iodide is so
casily’ decomposed by acids that it cannot be prepared in the same way
as the foregoing compounds. The base is first treated with potassium
iodide, then with dilute acetic acid, when a faint vellow precipitate is
obtained. This consists of small needles, M.pt. 104° C., which arc
insoluble in water, more soluble in alecohol or ether.

The base forms a picrate which contains 6 mols. of water of
crystallisation, and is somewhat soluble in hot water; its conductivity
W, 15 0-042, at a dilution, v, of 1100 at 25° (. ’

! Auld and Hantzsch, Ber.,, 1905, 38, 2684.

at 18° C.
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When the base ts exposed to sunlight or treated with acids or alkali
itis converted to an insoluble polynier.?  I'he base or its polyuier, when
boiled with alkali, is decomposed, yielding water, acctone, and acetone
mercarbide, which is identical with Hofmann’s compound,

Hg
CH.—CO—C ~N\O
0K e’

HeOH

Concentrated hydrogen halides or oxyacids also decompose the base,
immediatelyv, giving acetonc and a mercurie salt.  Bromiue in potassium
bromide with the basc yields mercuric bromide and «s-dibromoacetone ;
whilst hydrogen sulphide precipitates mercuric sulphide from the base.

Derivative of Methylethy! Ketone.

From this ketone, by means of mercuric acetate, Lasserre? is stated
to have obtained a compound of similar coustitution to the one he
isolated l1'om acctone,

(COMeEt),.3HgO

By using the same mecthods as for acetone Sand and Geunssler 2
isolated a body resembling that from the lower ketone.  When this coin-
pound 1s treated with alcoholic picrie acid it ylelds a picrate, which
crystallises from benzene-acetic acid and has had the following oxonium
constitution assigned to it :—

Hg0.CO.CH, CH3CO.OHg\C

\Hg0.CO.CH,  CH,CO.Olig
£ HO
/OH o N

H,(—C —CH,
+ 10 GI{ 307 N 2
H,C—C C—CH;

VWith the above exception, none of the higher ketones yicld dervatives
of definite constitution.

1 Neg Reynolds, Cheni, Neios, 1871, 23, 217 ; Ber., 1871, 4, 483.

¥ Lasserre, J Pharm. Chym., 1903, [vi.], 22, 246.
3 Sand and (GGenssler, Ber., 1903, 36, 3699,




CHAPTER V.
MERCURY (continued).

DERIVATIVES OF AnipHaTic Acins—DERIVATIVES oF FoRMIC
Acin.

Tue following compounds, although written as derivatives of formic acid,
have never been obtained from the acid or its esters. The formule
assigned to them below are those due to Schoeller, Schrauth, and Essers,?
although Manchot ? considers them to be molecular addition compounds
of the type CO.Hg(OR)X,

Acetoxymercuriformic methyl ester, AcOHg.CO,Me.—The pre-
paration and details for isolating this compound are the same as those
given for the preparation of acetoxvimercuri-cthylmethyl ether, the ethy-
lene in the latter experiment now heing replaced by carbon monoxide.
The yield is 88 per cent. It crystallises in stellate aggregates of fine
needles, M.pt. 110° C,, easily soluble in alcohols or chloroform, sparingly
in warm water, acetic acid, acetone, or benzene, and with difficulty in ether
or petroleum ether. (arbon monoxide is split off when the salt is warmed
or treated with 5-Normal hydrochloric acid, and the salt is decom-
posed by gentle waruing with dilute sulphuric acid. Gently warmed
with nitric acid it yields carbon dioxide: Aqueous or alcoholic ammonia
splits out metallic mercury. When treated with dilute hydrochloric
acid the chloride is obtained, long needles, M.pt. 110° C. The bromide
crystallises in white plates, decomposing at 127° to 128° C., and the
iodide has a similar appearance but is very easily decomposed.

Acetoxymercuriformic ethyl ester is prepared by the action of
carbon monoxide on an ethyl alcohol solution of mercuric chloride, but
the absorption takes tliree times as long as in methyl alcohol. The
compound sinters at 65° C. and mclts at 125° C. It is easily soluble in
acetone, chloroform, or ethyl acetate. less so in warm water, ether, or
benzene, sparingly in cold water, and insoluble in ligroin or petroleum
ether. It crystallises m warty needles. The chloride crystallises in
plates, melting at 88° C. with decomposition ; the bromide and iodide are
similar compounds. A sulphide has also been obtained as a yellowish-
white precipitate.

DeRIVATIVES OF ACETIC AcCID.

Bromomercuri-acetic acid, HgBr.CH,.CO,H.~-A methyl alco-
holic solition of ethanol merenric bromide is treated with bromine and
potassium hydroxide, a white crystalline precipitate being obtained.

! Schoeller, Schrauth, and Essers, Ber., 1913, 46, 2869,
2 Manchot, Ber., 1920, 53, 984,
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It crystallises in colourless needles, M.pt. 198° C., not decomposed by
hydrochloric acid. With potassium iodide solution a yellow ‘odide is
formexd.

Some bromide is formed when ethanol mercuric bromide is oxidised
by permanganate, but the main product of the reaction is oxalic acid.?

Anhydride of hydroxymercuri-acetic acid.>—This derivative
is not obtained by direct mercuration of the acid or its derivatives, but
by degradation of malonic acid derivatives.

() Mercury malonic ester (10 grams) is vigorously shaken with 100 c.c.
(about 4-5 mols.) of normal sodium hydroxide at 87° C. for three hours,
when a clear solution is obtained, which is allowed to remain at the
same temperature for a further twelve hours. After filtering and diluting
with 200 c.c. of water, 110 c.c. of Normal sulphuric acid are added,
when white flocks separate, and carbon dioxideis evolved. The reaction
is then brought to completion by allowing the mixture to remain on the
water-bath for several hours, after which the precipitate is filtered olf and
washed free {rom sulphuric acid by decantation with hot water. The
product is then dried n vacuo over phosphorus pentoxide, when a horny
mass is obtained. Yield 3 to 5-6 grams, which is some 90 per cent. of
the theory.

(b) Malonic acid (100 grams) and 120 gramns of solid sodium hvdrox-
ide (about 3 mols.) are dissolved in 300 to 400 c.c. of water and heated
to boiling, when 200 grams of precipitated mercuric oxide (1 mol.) are
slowly added during half an hour. The oxide goes into solution, and
the liquid is then diluted to about 1500 c.c. by the addition of 950 grams
(1-5 mols.) of sulphuric acid (15-9 per cent.). It takes several hours to
evolve the carbon dioxide completely, after which the product is filtered
off and washed free from sulphuric acid, a nearly theoretical yield being
obtained.

Momno- and trimolecular formulae have been proposed for the com-
pounds I. and II., whilst Biilmann believes that the preparation (b) yields
a product to which he gives formula III2

|

CH,—C=0 .
i l Hyg—
g0 Mg 0 He—ol \CoOH
| _/COOH
O0——CO—CH,—HgO CcO 2.Hg—--C\
B CO,
L I1, I11. |

The anhydride towards 200° C. becomes brown, and at 250° C.
explodes. It is insoluble in the usual solvents, but soluble in alkalies
* and alkali salts, yielding hydroazymercuri-acetic acid, HOHg.CH,.COOH.

The sodium salt of this acid is obtained by dissolving the anhydride
in 1 mol. of sodiumn hydroxide and evaporating the solution in the absence
of carbon dioxide. Needles are deposited, which are fairly soluble in
water, giving a solution alkaline to litmus, but the salt is insoluble in

1 Sand and Singer, 4nnalen, 1903, 329, 166.
2 Schrauth and Schoeller, Ber., 1908, 41, 2090 ; German Patents, 208634, 213371.
3 Biilmaun and Witt, Ber., 1909, 42, 1067.
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the usual organic solvents. When treated with annunonium sulphide,
mercury sulphide is precipitated, and with solntions of wctallie salts
the difticultly soluble metallic salts of the acid are precipitated, e.g.
copper sulphate yields (HOMg.CH,CO0),Cu. The calcium, silver,
mercury, and lead salts are white powders.

Anhydnde of hydroxymercuri-diacetoxymercuri-acetic acid.!
—Dry wercuric acetate and [reshly distilled acctie anhydride are heated
at 100° C., mtil a test portion of the solution gives no precipitate of
niercuric oxide, when treated with sodiumi hydroxide. A mercury
derivative of acetic acid is thus obtained as a line micro-crystalline
precipitate, having the composition :

C(HgOAc),
(oo

This ncetate is insoluble in orgauic solvents, dissolves with decom-
positionn in hydrochlorie acid, but is soluble in cold 20 per cent. nitric
acid with foration of a nzire-acetaie,

Hy. HgOAc
ol BN\ T
o \HgNO,

which may be preeipitated by the addition of a large hulk of water.

Both the above componnds are non-explosive, but the {ree base
prepared by decomposing the diacetate with cold potassium hydroxide
15 an exceedingly cxplosive compound. It is colourless, casily soluble
in cold 20 per cent. hydrochloric acid or in potassium cyanide solution,
and has the congtitution :

Hg
, / NN\
ZO\H‘,«/C\CO/OﬁHzO

When heated to 160° C. it loses water and carbon dioxide, forming
probably a methane derivative,

Hg
o< NC=Tg
I g/

This compound when reduced by sodinin amalgam yields niercuric
acetate, whilst potassium lodide forms the corresponding iodide.
Mercuri-hydroxymercuri-acetic acid,?

Hy=C—-COOH

I[Ig-uOH

The sodnun salt of the acid 1s obtained when sodiun acetate, mercurie
oxide, and concentrated alkali are heated together at 110° to 120° C.
for two to thrce hours and the melt extracted with water. The residue
remaining is a polymer of the preceding compound, and is msoluble in

1 Sand and Singel, Ber., 1903, 36, 3707.
2 Hofmann, Ber., 1899, 32, 870 ; Chem. Zentr., 1899, 1. 1924,
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alkali or acids. Tt dissolves, however, in uitric acid, and addition of
water precipitates the nifrate,

[(NO,IIa.)(IIg=)C.COOH],

as a ycllowish-white crystalline mass, which decomposes on hieating or
on treatment with hot dilute hydrochloric add or potassiim cyanide.
Sodium carbonate or 5 per cent. potassium hydroxide converts this
mtrate to the lydroaide, but prolonged warming with concentrated
alkali yields salts. A .potassium hydroxide solution of the nitrate

on addition of alcohol gives a precipitate of a yellow potassium salt
of the formula,

C,Hg¢,O,HK.C,Hp,0,H,.2H,0,
and this is decomposed by dilute hydrochloric acid to the chioride,
(ClHg),HC.COOH.

The nitrate of mereuri-liydroxymercuri-acetic acid is precipitated from
alkaline solution by dilute nitric acid as a voluminous precipitate, which
crystallises {from 10 per cent. nitrie acid in long needles.

Dihydroxymercuri-iodomercuri-acetic acid,

HOHg. Hgl
W

C
\CooH

Whereas mercuri-hydroxyinercuri-acetic acid derivatives are formed
when sodium acetate, mercuric oxide, and concentrated alkali are heated
together, the replacement of the oxide by mercuric iodide lcads to the
production of the sodiwin salt of the above iodomercuri compound when
the action is carried out at 105° C. The derivative crystallises in yellow
plates, which are only decomposed with difficulty by hydrochloric or
hydrolbromic acids. The free acid is obtained by the action of dilute
nitric acid on the sodium salt, and it crystallises in greenish-white plates,
whicli are partly decomposed by hot dilute hydrochloric acid, and com-
pletely by potassium cyanide solution, whilst potassium iodide gives a
strongly alkaline liquid which is yellow. This dodide with dilute silver
nitrate sohition gives the ngtrate, (NOHg)(JIOHg),.C.COOH, as a
yellowish-white crystalline powder, which decomposes on heating, and
1s ingoluble in water or 8 per cent. nitric acid, but soluble with partial
decomposition in hydrochloric acid, potassiumn cyanide, or iodide
solutions.

Trichloromercuri-acetic acid, (ClHg),C.COOH.—When an alco-
hiolic solntion of mercuric chloride is boiled for twenty hours with
sodium ethylate, acctate, or propionate, the mercarbide, C,Hg,Cl,, is
obtained in glistening scales. It is soluble in hot alkali, and dilute
hydrochloric acid precipitates the above chloride from the solution,
a black residue remaining, which is a mixture of mereury with di- and
trimereuri-acetic acid.  The mercarbide, 1., when warmed with sodinm
hydroxide or potassium cyanide, is decomposed, mercury separating and
a strong odour of aldehyde resin being noticed. eating with mercurie

oxide and potassium hydroxide at 105° to 110° C. gives the explosive
base I1.:

1500 11
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ClHg¢ Cl HOHg HgOH
S He N oL Hg
ClHe N/ \HeCl 0< K550
" Ye Hg Ho
° IL.

Halogen substituted acetic acids have not been investigated to any
great extent as to their capacity for forming mercury derivatives.
Holmann ! isolated the compound, HgCl.CHCL.COOH.KCI, by boiling
sodium monochloroacetate with mercuric oxide and alkali in aqueous
solution. The compound crystallises from alcohol in silky needles,
which are decomposed by dilute hydrochlorie acid into mereuric chloride,
potassinum chloride, and glycol; by sodium hydroxide into mercurie
oxide and sodium glycollate.

DERIVATIVES OF ('vANOACETIC AcCID.?

Hydroxymercuricyanoacetic acid,
HOOC.CH.CN

|
HgOH

When 824 grams of mercuric oxide (0-015 mol.) and 1.7 grams of
cyanoacetic acid (0-02 mol.) in 30 c.c. of water are shaken together for
two days, the mercuric oxide dissolves and a white crystalline precipi-
tate is deposited (4-4 grams), which is soluble in alkalies forming salts.
Attempts to prepare the same compound from aqueous cyanoacetic acid
and mercuric acetate failed to give the same result. The sodium salt
of the acid is obtained in good yield when sodium cyanoacetate is shaken
with mereuric oxide, and the potassium and barium salts are prepared in
the same way. The potassium salt is also obtained when mercuric
cyanide and potassium cyanocacetate react in alkaline solution.

The ethyl ester is prepared by adding an aqueous solution of mercuric
acetate (8:36 grams in 100 c.c.) to the ethyl ester of cyanoacetic acid in
methyl alcohol (2:4 grams in 60 c.c.), when 6-2 grams of the ester
separate as a snow-white crystalline precipitate. The methyl ester is
also crystallime and prepared in a similar manner.

By treating a neutral solution of mercuric nitrate with ammonium
cyanoacetate, Meves 2 obtained a mercury compound of indefinite com-
position. Petterson, by adding ammonivm cyanoacetate solution,
0-02 mol., to an aqueous solution of mercuric acetate, 0-03 mol., obtained
i two days a white flocculent precipitate, which split off mercuric oxide
when treated with sodium carbonate. The following formulece have
been proposed for the substance :—

CN CN CN CN CN CN

/Hg\z

HC.COO—Hg—O0O0C.CH, COOH HOOC—C and HC.CO—O—CO.CH

llg —0 Hg Hg 0O Hg JIngHg

! Hofmann, Ber., 1899, 32, 870; Chem. Zentr., 1899, i. 1024,
2 Petterson, J. prakt. Chem., 1912, 86, 462.
* Meves, dnnalen, 1867, 143, 204.

OHg
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DERIVATIVES 0F BENZOYLACETIC AcID.!

Anhydro-a-hydroxy-mercuribenzoyl acetic acid, C;H,.CO—
CH—CO—O—IIg.—Three grams of benzoyl acetic acid in 50 c.c. of

| |

chloroform are boiled for one minute with an excess of yellow mercuric
oxide and filtered. The filtrate is evaporated to dryness, the residue
extracted twice with ether and dried. Yield 1:3 grams. The compound
is white, decomposes at about 290° C,, and is readily soluble in hot chloro-
form or sodium hydroxide, but insoluble in water or ether. Dilute
hydrochloric acid decomposes it, forming mercuric chloride and benzoyl
acetic acid,

Mercury-bis-benzoylmethane, (C;H,COCH,),Hg.—Five grams
of yellow mercuric oxide are added to 1-3 grams of benzoyl acetic acid
in 50 c.c. of 95 per cent. alcohol, the mixture heated to boiling and
filtered. The residue is boiled with 20 c.c. of alcohol, filtered, and the
two filtrates combined. Dilution with water and cooling in ice yields
0-8 gram of a very pale yellow precipitate, M.pt. 159:5° C. The com-
pound is soluble in hot aleohol or acetone, but insoluble in water or ether.
An alcoholic solution of the compound does not give a precipitate of
mecreuric oxide when treated with sodium hydroxide, but ammonium
sulphide gives an immediate precipitate of mercuric sulphide. With
mercuric chloride it yields the following compound :—

Benzoylmethyl-mercuric chloride.—The above compound in
hot 95 per cent. alcohol is heated with mercuric chloride until the
mixture no longer gives a test for mercuric ions when treated with
sodium hydroxide. The mixture, after dilution and cooling in ice, gives
a precipitate melting at 146° C. This compound is identical with that
prepared by the direct mercuration of acetophenone, i.e. phenacyl-

mercuric chloride, see p. 196.

DERIVATIVES OF NITRO-ACETIC ESTERS.2

Ethyl hydroxymercuri-aci-nitro-acetate anhydride,

NO
0 N\C.Cco,CH
\Hg/ B

This compound is formed as a white precipitate {rom the interaction
of ammionium acé-nitro-acetate and mercurie chloride in aqueous solution.
It sublimes when. carefully heated, detonates when strongly heated, and
when ignited burns with a luminous flame. In bases it dissolves readily,
but is almost insoluble in boiling water. Treatment with bromine in
potassium bromide solution forms ethyl dibromonitro-acetate, and
potassium iodide removes the mercury from the anhydride as mercuric
1odide.

Prager considered the formation of the anhydride to be preceded
by the formation of ethyl chloromercuri-aci-nitro-acetate,

I Kharasch and Staveley, J. dmer. Chem. Soc., 1923, 45, 2966.
2 Scholl and Nyberg, Ber., 1906, 39, 1956 ; Prager, Monaish., 1912, 33, 1285 ; Steinkopf,

Annalen, 1923, 434, 21.
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C0,Et
cnd NO,

N1g(l

and it is probable that this componnd is formed when the anhydride
dissolves in dilute hydrochloric acid, and the corresponding cyanide
when potassium cyanide is used as solvent.

The sodiwm uci-nifro compound is a grecmsh-yellow substance,
formed when the anhydride is dissolved in sodinm hydroxide and the
solution evaporated with exclusion of atmospheric carhon dioxide.

The following fornmla has been assigned to it :—

O,
C£NO,Na
\HgOH

iso~-Propyl hydroxymercuri-aci-nitro-acetate anhydride,

NO
COzPrﬁ.C/\/ >0
Hg

is formed when mercuric chloride is added to an aquieons solution of the
ammoninm salt of isopropyl aci-nitro-acctate in the presence of sodium
acetate, and the dsobuty! and isocmy! derivatives imay be prepared in
the same way. The general physical properties of these compounds ave
the same as those of the above ethyl derivative, save that potassinm
iodide does not react with their alkaline solutions.

DERIVATIVES OF SUBSTITUTED ACETIiC Acips.l

Many investigators have attempted to isolate mercury derivatives
from aceto-acetic ester, but the results have been go varied that no
reliance can be placed on any of the early work on this compound.
Kharasch and Stavcley,? however, have obtained delinite results by
Leating mercury salts of substituted acetic acids in vacuo, eg. di-
methyl and diethyl aceto-acetic acids when dried and heated in vacuo
at 90° C. evolve carbon dioxide, and the mercury becomes hound to the
carbon atoms which were formerly attached to the carboxyl groups :—

Heat
[CH,CO.CEt,.CO,],Hg — [CH,CO.CEt,—],Hg+2C0,

Mercury bis-a-~acetyl-a~isopropyl or Mercury-bis-aceto-~di-
methyi-methane, [CH;CO.CMe,—],Hg.—Mercuric dimethyl aceto-
acetate 1s heated in a vacuuni at 90° C., when it is found to lose two
molecular equivalents of carbon dioxide, which is shown by the loss in
weight. The resulting mass is extracted with acetone, and the solvent
removed 7 vacun, the product isolated melting at 120° C. It is soluble
in acetone, alcohol, toluene, or xylene, but only slightly soluble in ether.
Mercuric sulphide is split off from it by the action of ammonium sulphide,
but no mercuric oxide is formed when sodium hydvoxide is added. The
compound soon decomposes with the deposition of metallic mercury.,

! Hellon and Oppenheim, Ber., 1877, 10, 701 ; Hofmann, Ber, 1898, 31, 2212 ; Lev,
Ber., 1900, 33, 1014 ; Biilmann, Ber., 1902, 35, 2585 ; Michael, Ber., 1005, 38, 2000,
? Kharasch and Staveley, J. Amer. Chem. Soc., 1923, 45, 2061,
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Aceto-dimethyl-methyl-mercuric chloride, CH,(O.ChMe,—
{1g(1.—To 1-8 grams of the preceding compound in 15 c.c. of alcohol.
1-4 grams of mercurie chloride dissolved i11 30 c.c. of 95 per cent. alcohol
are added, and the whole boiled for five minutes. On cooling, wlite
rrystals, M.pt. 124-5° C., arc deposited. Yield 11 grams.

In a similar manner, commencing with mercuric aa-dicthylaceto-
acetate, the following compounds have been obtained, their properties
being analogous to those of the methyl compounds :—

Mercury bis-a-acetyl-a-ethylpropyl or Mercury bis-aceto-
diethylmethane, [CH;CO.CEt,—],Hg, M.pt. 109° C.; Aceto-diethyl-
methyl-mercuric chloride, [CH,CO.CEt, —]HgCl, M.pt. 77° C.

Diazo-~acetic Esters.!—Mercuric oxide dissolves in the cooled ethyl
ester of diazo-acetic acid, and the product is extracted with ether. IFrom
the ethereal solution yellow, rhombic cyystals of mercury bis-diazo-acelic
ethyl ester are deposited, the parameters of which are a : b : ¢=0-4546 :
1:0-72527. The crystals melt with decomposition: at 104° C., and are
affected by direct sunlight, mercury separating out. The substance
explodes on concussion and is volatile in steam, with some deconiposition.

The methyl ester yields a similar compound which melts with partial
decomposition at 1238° C., and is less soluble in ether than the cthyl dexi-
vative. The methyl compound is decomposed by water at ordinary
temperatures into mercury, nitrogen, methyl alcohol, oxalic and
glycollic acids.

DerivaTivEs oF ProrroNic AcID.

Anhydride of «~-hydroxymercuripropionic acid,?
CH,—CH—CO

Il{g———é)

Hydroxymercuri methyl malonic ester, HOHg.CMe(CO,Mec),, is saponi-
fied with 4 mols. of Nonnal alkali hydroxide and the resulting solution
acidified by dilute sulphuric acid. The precipitate 1s washed, suspended
in water and boiled until the evolntion of carbon dioxide ceases, a nearly
quantitative yield of ester being obtained. It decomposes at 150° C,,
and with halogen acids yields 1nercuric salts. It is insoluble in orgame
solvents, but dissolves readily in alkalies.

B-Mercury bis-propionic acid, Hg(CH,.CH,.CO,H),3—This
derivative is isolated by reducing B-iodopropionic ethyl ester in cold
ethereal solution with 0-5 per cent. sodium amalgam. The residue is
shaken with warm Normal sodinm hydroxide solution, then cooled and
acidified with dilute sulphurie acid, which precipitates colourless crystals.
Yield 27 per cent. It is recrystallised {rom hot water, and melts at
148-5° to 149:5° C. (corr.). It 1s easily soluble iu warm alcohol, less so in
acetone or hot ethyl acetate, and sparingly in ether or chiloroform. 1t is
soluble in hot concentrated hydrobromic acid, the solution depositing
crystals of an acid on cooling. Heated with water at 100° C. the acid
forms the anhydride of B-hydroxymercuripropionic acid. This decom-
poses at 190° C., and is insoluble in the usual organic solvents or water,
but soluble in alkalies or warm mineral acids.

-

Curtius and Buchner, .J, prakt. Chein., 1888, [2], 38, 411 ; Buchner, Ber., 1895, 28, 215.
Schoeller and Sehranth, Ber., 1509, 42, 782.

Fischer, Ber., 1907, 40. 387,
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DERIVATIVES OF MALONIC AciD AND 178 ESTERS.?

Mercury bis-malonic methyl ester, Hg[CH(COOMe),],—Methyl
malonate (86 grams, 2} mols.), with 25 grams of mercuric oxide (1 mol.)
and 50 c.c. of water, arc shaken on a machine at 37° C., iix the absence
of light. After twelve hours a white body having the above composition
separates out. It is soluble in cold chloroform and sparingly in aleohol,
acetone, or ethyl acetate. It sinters at 123° C. and melts at 127° C.
(corr.). Saponification with 4 mols. of Normal alkali, and acidification
with dilute sulphuric acid, gives an almost quantitative yield of the
anhydride of hydroxymercuri-acetic acid.

Hydroxymercuri methyl malonic methyl ester, ITOHg.('Me
(CO,Me),—The preparation is carried out in a similar mamer to the
above, using equal molecules of the ester and mercuric oxide and eon-
tinuing the shaking for scveral days. It is a white amorphons solid.
insoluble in the usnal solvents. When saponified as above it gives an
85 per cent. yield of the anhydride of hydroxymcrenri-propionic actd.
In a similar manner the methyl ester ol ethylnalonic acid viclds S0 per
cent, of hydroxymercuributyrie acid anhydride.

From malonic acid itself, Biilmann claims to have obtained several
very complex derivatives, but their constitntion scems doubtful.®

DERIVATIVES OF UNSATURATED ACIDS.?

The acids of this series can be mercurated, with the exception of
fomaric annd mesaconic acids. which only yield nornial mereuric salts.

Anhydride of a-hydroxymercuri-S-hydroxypropionic acid,

CIL, (O ) CII—('O

]
He—O

Five grams of anhydrous acrylic acid are mixed with a solution pre-
pared {rom 10 grams of mereuric oxide in 10 c.c. of sulphuric acid and
40 c.c. of water. Addition of alcohol gives a white, sticky precipitate,
the latter on treatment with alcohol becoming eritty. Tt iy filtered
off, washed, and diied, and is very hygroscopic. The yicld from: two
preparations was 8 to 9 gramns. Biilimaim assigns the following can-
stitution to this body :—

] |
L CH,OH.CHHg.CO, CH,OILCIIHe.CO,I
4
I CH,0H.CHHg.CO, CII,0H.CHHg.CO,H
| |

. If the substance be boiled with 8 to 10 parts of water, a part of it
dIgSOIV*e§; the insoluble residue, washed with water and aleohol and
dried, gives the pure anhydride.

! Biilmann, Ber., 1902, 35, 2580 ; Schoeller and Schranth, ihid.. 1908 2089; '
Patents, 208634, 213371. AR, id,, 1905, 41, 2089; German

% Sce German Patents, 221483, 231092, 248291.
% Biilmann, Ber., 19802, 35, 2571.
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It has also heen prepared by heating mereurous acrvlate, the follow-
ing reaction taking place :—

|
e, (CH,=CH.CO,),+H,0 =ITg4-CH, =CI1.CO,I1 —I—CHJ)H.CHHQ-.(I‘O
Anhydride of a-hydroxymercuri-g-hydroxy-n-butyric acid,!

CIH j—CHOH—CII—(0

L
Heg—0O

Seven grams of crystallised erotowe acid in 50 c.c. of warm water are
heated with 7 grams of mercuric oxide until complete saliution takes
place.  The solution is then cvaporated to about 25 c.c.. cooled, and
treated with 200 c.c. of absomte alechol. The white precipitate is
washed with alcohol and ether, and dried over caleium elilovide.

The anhydride may also be prepared by the interaction of crotonie
acid and mercuric acetate, precipitating the product with alcohol.

Merenration of erotonic acid using mercuric sulphate solution does not
yicld a pure compound.

Derivative of a-acetoxymercuri-fS~hydroxysuccinic acid,

I10—CH—CO

.-
-

2
>ng 5H,0
Ac0.Ilg— CH—CO,

Mercuric acctate, 20 granss, is dissolved in 60 c.c. of water and treated
in the cold with 5 grams of maleie acid in 40 c.c. of water.  Any pre-
cipitate which may be formed is filtered ofl. + grams of malecic acdd in
40 c.c. of water added, and the mixture heated, a white micro-crystalline
precipitate separating out. This 1s {ltered off and swashed with very
dilute acctic acid, then with water, aleohol, and ether. Yield 7-5 grams.
It is insolible in water aud aleohol, but dissolves in acidy or alkalies.
It veacts with sodiiun chloride and potassium iodide solutions according
to the equations :

TIOCI —CO,Na
C,IL,11g,0, +3NaCl = | +C,H,0,Na +Hq (1,
C1ITe.CH —CO,Na

C 1 He,0, +4KI=C,IT,0,K +C,H,(CO,K), +-2HgI, - KOH

Derivative of anhydro «-hydroxymercuri-ec-hydroxymethyl
succinic acid,

| | | |
(HO.CHL,.((CO,Hg).CH,.CO, ), Hg or (Ig.CH,.C(CO,)(0H).CH,.CO,),Hg

When prepared by the mercuration of itaconic acid using mercuric
sulphate solution, 7 grams of acid and 50 c.c. of the salt solution yield
11 grams of product. It contains 3 molecules of water of crystallisa-
tion and has similar properties to the preceding compound.

Derivative of Citraconic Acid —Five grams of the acid in 40 c.c. of
water are added to a cold solution of 20 grams of mercuric acctate in
60 c.c. of water. When heated at 60° C. this mixture yields a micro-

1 Ley, Ber., 1900, 33, 1010 ; Billmann, loc. ¢if.
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crystalline precipitate, which is filtered whilst hot. It is washed with
very dilute acctic acid, water, and alcoliwol.  Yield 8 grams.  The follow.
ing constitution has been assigned to it :—

CH,—C(OF)~COy AcO.Hg.C(CIT,) _002\m

Hg or |
AcO.Hg.CH ——C0,;” 110.CIL-——C0,”

It is insoluble in water or aleohol, but dissolves in acids. .Ammoninm
sulphide precipitates mercuric sulphide from its alkalime solutions.

DERIVATIVES OF CHAULMOOGRIC AcCID.!

Anhydride of hydroxymercuri-ethoxy-chaulmoogric acid.—
To 1 mol. of mercuric acetate dissolved in 20060 c.c. of hot absolute
alcohol and 400 c.c. of glacial acetic acid, and cooled to roon temperalune,
1 mol. of chaulmoogric acid is added in small portions, with constant
stirring, until a fairly clear solution is obtained. After Lwenty-four
hours any sediment is filtered off and the filtrate allowed to stand i an
jce-chest for three months. A total of 50 grams of crystaly is thus
obtained, and recrystallised from 93 per cent. alcohol. .\ mass of
silvery, minute needles is formed, melting at 112° to 113° (., to a clear
liquid. It is readily soluble in chloroform or glacial acctic acid, less so
m hot alcchol, hot ethyl acetate, or hiot acetone, and practically insohible
in cold solvents. Its constitution is represented by lornmila I,

Ethyl acetoxymercuri-ethoxy-chaulmoograte (II.).—Onc mol.
of freshly distilled ethyl chaulmoograte and 1-25 mols. of merenrie
acetate arc dissolved in 1000 c.c. of absolute alcohol and 100 c.c. of
glacial acctic acid. The solution is tightly stoppered and allowed to
stand for ten days in an ice-chest, then filtered, and the filtrale pourcd
into a large volume of water. An oil is obtained, and if the water be
separated ofl, the oil partially solidifies on standing. It is filtered and
the residue recrystallised from petroleum ether, then from abrolute
alcohol. Yield 15 grams. It forms minnte, colourless necdles, M.pt.
67° to 68° C., stable in air, but decomposed by inorganic acids.?

|
Hg———(I}H———CIfH(CHg)HCO———(g AcO.Hg—CH~—CII(CI,),,CO,Ft.
I
FEtO.CH CIH, Et0.CH C(H,
N/
ci1, c1r,
I, IL
1 Germen Patont, 245571 ; Dean, Wrenshall, and Fujimoto, J, Jwmer. Chom, Sae., 1025,
47, 413,

? The patent nientioned above (Uerman Patent, 245571) also deals with the wercura.
tion of cyclohexenecarboxylic ester.

The following German patents have also been taken out for aliphatic neid mevcurials ;
Ibhid., 246207, behenolic acld esters, stealolic acid estel.  Ibid., 264267, aly] hydroxy fatly
acids. JTbid., 279199, aminoniethane disulphonie acid. Ibid., 228877, oleic ncid cthivl
estor, triolein, Ibid,, 387850 ; Amcrlean Patent, 1457675 ; diethyl diallylmalonate, diallyl.
barbituric acid, ethyl disllylacetate, diethyl o.phenylencdiacrylate, diphenie acid and
ethyl diphenylamine 2-cprboxylate.

The following deal with purine devivatives: Roseuthaler and Abebnanmu, Ber, Dot
pharm. Ges., 1923, 33, 186 ; German Patents, 282374, 282377,
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CHAPITER VL
MERGCURY (continued).
Aromaric Gompounps or THr Tyres R,Hg; RIHgR’; RHgX.

Ary the compounds of the type R,Hg, with the exception of meveury
dibengyl, the bromo-, chloro-, and nitrophenyls, and thienyl derivatives,
have been prepared by the amalgam method. The analgams used are
more concentrated than for the corresponding alkyls, and a higher
temperature is required for the reactionr ; the strength of amalgain in
certain cases is as follows: Mercury diphenyl, 2-7 per cent.; mercury
di-o-tolyl, 8 per cent.; mercury di-m-tolyl, 8 per cent.; mercury di-
u-xylyl, 2 per cent. ; mercury dipseudocumyl, 1-5 per cent. ; mercury
di-a-naphthyl, 4 per cent. The Grignard reagent has not been used so
extensively in these preparations as with the alkyls, but it is the sole
method of oblaining mercury dibenzyl, and has also been applied to
the prodaction of mercury diphenyl and dicyclohexyl. A recent
method of preparation consists in treating plhienylmercuric or halogen-
ated phenylmercuric halides with copper in pyridine solution, and in this
way mercnry diphenyl, di-p-chilorophenyl, di-p-bromophenyl, and di-o-
wtropheuyl have beenisolated. Stannous chloride and sodium hydroxide
in pyridine have also been nsed instead of copper m the case of the
phenyl compound. It has already been noted that ethyl hydrazine
reacts with mercuric oxide to yield mercury diethyl, and phenyl hydra-
zine in the same way yields mercury diphenyl. 'The halogens attack
mercury diphenyl, giving PhHgHal., but in the casc of bromine or iodinc
the reaction proceeds a stage further if four atoms of halogen arc used,
as shown by the equations :

R,Hg +-2Hal.=RHgHal. +RHal.
RHgHal.+-211al. =R Hal. 4-IIgIfal.,

A similar series of reactions also occurs when 1nercury di-a-naphthyl
is trcated with iodine in carbon disulphide solution.

Gascous hydrogen chloride, bromide, or iodide decompose mercury
diphenyl, whereas hydriodic acid forms phenylmercuric iodide. Con-
centrated hydrochlorie acid varies in its action towards thesc deri-
vatives. Whilst mercury diphenyl, di-o-nitrophenyl, di-p-tolyl, di-a-
naphthyl, di-S-naphthyl are decomposed when boiled with concentrated
hydrochloric acid, mercury di-m-xylyl, dipseudocumyl, and bis-diphenyl
remain unchanged. Concentrated nitric acid decomposes mercury
diphenyl, di-p-tolyl, and di-a-naphthyl, di-B-naphthyl, and sulphuric
acid gives similay results. When bolled with organic acids, mercury
diphenyl forms salts of the type RHgX, and mercury di-amaphthyl
behaves in a similar manner towards glacial acetic acid, but when heated

69
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in a scaled tube with the latter acid mercury dibenzyl is decomposed.
As fay as investigations have gone, the following chlorides reacl with the
type R,Hg to yicld organometallic compounds : boron, indinm, thalium,
phosphorus, and arsenic trichlorides and silicon tetrachloride, likewise
the metals magnesium. zince, cadmium, aluminium, selenium, and
tellurium. Mecreury diphenyl reacts with mercuric chloride in acctone or
alcoholic solution to give phenyhmerenric chloride, but i merctuous
chloride is used a temperature of 160° C. is necessary to cffeet the change.
Mecreuric halides or cyanides react with mercury dicyclohexyl in any
solvent to yield the type RHgX, and the halides give a stmilar result
with 1nercury di-e-naphthyl. Broniine also splits off a naphthyl group
from the latter compound.

The foregoing reactions do not neeessarily apply to Ry when R-=
thienyl, and these compounds come under a category of their own. All
the compounds of this type are prepared from halidemercuri thioplienes,
the method of conversion depending on the position of the substituents
in the thiophene ring. It was found that attempts to produce the lodide
from 2-chloromercuri thiophene by the action of sodiuim iodide n acetone
solution gave only small yiclds, but a considerable amonnit of mercury
2 : 2"-dithienyl was formed at the same time. Investigation showed that
this method of producing the type R,IHg is a gencral one, if the mercury
residue be in the a-position, and in the case ol 5-chloromercuri-2-beuzyl-
thiophene the change is brouglit abont by sodium thiocyanate in acctone
solution. Di-substituted thiophenes containing methyl groups in the
3:4 or 8:5 positions react in a similar manner, but i’ these gronps are
in the 2: 5 positions the conversion cannot be brought about by sodium
iodide. 3-Chloromercuri-2 : 5-dimethylthiophencis transformed to 2: 5 :
27 : 5-tetramethyl-8 : 8-dithienyl by boiling it in xylene solution with
mctallic sodium, and the corresponding 2 :5-diphenylthiophene under-
gocs a like change. The reactions of 2 : 5-dichloromercurithiophene are
interesting and arc illustrated in the scheme below. It will be seen that
t%xc change from RHgX to R,lIg may be also brought about by heat in
this case.

NS
3
S
CngJ/\|HgCI
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The dithienylenes, one of which is shown above, are non-crystalline
isoluble powders, enly decomposing at high temperatures,

The type RIIgR’ is muchless stable than R,Iw, and in all cases thege
unsymmetrical compounds have been obtaiwed by aid of the Grignard
reagent. In order to obtain satisfactory yiclds. the Grignard reagent
should not be used in large excess, and the temperature should be kept
below 3° C.  Mercury ethyl phenyl deconiposes after standing for several
months into mercury diethyl and merenry diphenyl, and a similar
change takes place with mercury ethyl benzyl. At ordinary temperatures
mercury phenyl benzyl is slowly transformed into mereury diphenyl and
mercury dibenzyl, but at 80° €. the decomposition produces mercury,
dibenzyl., and mercury dibenzyl. Mercury o-tolyl benzyl at 86° C.
yiclds mereury, dibenzyl, ahd mercury di-o-tolyl.  All compounds of this
type when treated with alcoholic mereuric chloride split according to
the equation :

RIgR™-+-He(l,=RHg(l+4 RHg(l

With alcoholic hydrogen chlovide. one compound of the type RHgCl is
always [orimed, and sometimes both radicles give chlorides, but no
general 1le can be formulated from the known compounds to cover
all cases.

Some methods of preparing derivatives of the type RHgX have
alveady been dealt with in deseribing the reactions of the type R,Hg.
In the case of benzene and toluenc the mercuration may be carried out
directly, using mercuric acctate. If the operation is performed in the
presence of aleohol, benzene may be converted to phenylmercuric
acctate at 100° C., but the process takes about fifty-five hours to obtain
an 80 per cent. yield. When toluene is refluxed with mercaric acetate,
ortho- and para- ring-substituted compounds are produced. Another
method is to treat the avyl sulphinic acids or their sodium salts with
mercuric chloride, when the following reaction occurs :—

R.S0,H +I1gCl, =R HaC1+S0, +HCl

This reaction has heen applied to plienyl and tolyl derivatives. The
acid grouping of aryl boric acids may also be replaced by mercury, this
alfording one means of preparing phenyl, tolyl, and benzyl compounds.

RB(OII), +HgCl,-+-H,0 =RHgCl +HCl -H,BO,

The Grignard reagent has been cmployed in isolating the mercuric
halides of the following radicles : phenyl, tolyl, benzyl, and naphthyl,

RMgX +HgX,=RHgX +MgX,

Il the compound RHgX be treated with a second molecule of
Grignard reagent, the type R,Hg is produced. _ .
Triphenylstibine when heated with mercuric chloride yields phenyl-
mercuric chloride, and tri-m-tolylstibine mercurichloride when boiled
with alcohol is converted into m-tolylmercuric chloride. .
Although thienyl compounds of the type RHgX react with potassium
iodide in acetone to give the type R,Ilg, this has only been noted
benzenoid derivatives in the case ol p-tolylmercuric chloride, when a
large excess of potassium iodide is used. With phenyl and a-naphthyl-
mercuric chlorides only the corresponding iodides are produced. The
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iodides in the tolyl series are obtained by refluxiny the other halides
with alcoholic potassiumn iodide, and psendocumylmercuric iodide is
only formed by heating the R,Hg derivative with an excess ol aleoholic
mereuric iodide in a sealed tube at 130° to 140° C.

The nitrates of the phenyl, tolyl, and a-naphthyl compounds arc
formed by the action of oxides of nitrogen on the R,Hg derivatives
as well as by alcoholie silver nitrate on the halides. o

In the case of halogen-substituted hydrocarbons the principal
method used is the mercuration of the sulphinic acid, and not the hydro-
carbon itself, whilst the method acts equally well with uitrobenzenc.
The nitrotoluenes when mercurated by mercuric oxide in the presence
of sodium hydroxide yield compounds containing mercury in the side
chain, but with mercuric acctate at 140° C., in the absence of a solvent,
the mercury cnters the ring. If nitrotoluenc sulphinic acids are nsed
as starting-points, the acid group is replaced by merenry by prolouged
boiling with 50 per cent. aqueous alcoholic mercuic chloride.

The sulphonic acids are nicreurated direetly by mcans of inercuric
acetate in boiling aqueous solution in the presence of acctic acid.

Thioplkene is readily mercurated by mercuric chloride in the presence
of sodium acetate, yielding mono- and di-merenrated products of the
type RHgX, but not R,Hg. Mono-substituted thiophcues usually
behave in a similar manner, and in the casc of di-substituted thiophenes
the position of the groups in the nucleus determines whether o di-
mercurated product is formed, although all yicld monomercort com-
pounds. The bromides are obtainable from the chlorides by sing
mercuric bromide in aleoholie solution, or from the corresponding
dithienyls by treatment with mnercuric browmide in acetone solutiou.
Replacement of the mercuric bromide by sodium iodide (1 mnol.) in
acetone solution gives theiodides, the bromides RHgX being used instead
of the chlorides.

Comrouxps or tuE Tvrr R,Hg.

Mercury diphenyl, Pli,Hg, may be prepared in several ways, as
follows :—

1. From phenyhuercuric acetate.r It was [irst noted by Dimrvolh
that phenylmercuric acetate when treated with alkaline sodium stannitc
gives mercury diphenyl, and this reaction has recently been worked up
by Maynard and shown to be the best method of preparation yel
discovered, the yield being approximately 96 per cent. A solntion
containing 50 grams of stannous chloride in 125 c.c. of water and 125
c.c. of cold 40 per cent. sodium hydroxide is added with mechanical
stirring to 80 grams ol phenylmercuric acetate in 800 c.c. of water.
After stirring for one hour, mercury and wercury dipheuyl separate,
the mass being filtered, washed, and dried. The mercury dipheuyl is
cxtracted {rom the residue by 150 c.c. of acetone, and the compound
precipitated by the addition of water. Yield 18-2 grams. The reaction
may be represented by the equation

2CeHHgX +NaySn0, +2NaOH =(C M), g +-Hg +2NaX +Na,5u0,
2. Two other phenyl mercuric compounds have also been mentioned

! Dimroth, Ber., 1902, 35, 2853 ; Maynard, J. dmer. Chem. Sve., 1924, 46, 1510,
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as yielding mercury diphenyl, (1) phenylnercuric bromide, by prolouged
boiling with potassium sulphide,

2PhHgBr +K,S =2KDr - HgS 4+ Ph, e

and (2) phenylmercuric iodide, when treated with sodium amalg:n iu
alechol or benzene solution.,

2PhHgl +H,=2HI +Hg - Ph,Hg

3. By the Grignard reaction.? Twenty-five graimns of bromobenvzene
and 3-1 grams of magnesium n dry cther are slowly treated with 13
grains of mevenrie cliortde and the mixture boiled for one hour on the
watcr-bath.  The mass 15 then decomnposed with dilute hydrochlorie
acid and the whole extracted with ether, the cthereal solution yielding
abont 7-5 grams of mercury diphenyl. Yield 44 per cent.  Magnesiinn
phenyl bromide with phenyl mercurice chlornide gives a 67 per cent. yield
of mevcury diphenyl.

4. By the IMittig reaction.® In this case bromobensene, mercuric
chloride, and metallic sodium are allowed to react in dry benzene.  After
completion of the rcaction the mercury diphenyl is ohtained from the
benzene solution.

5. By the use of sodium amalgam.* Xqual volumes of bromo-
benzene and xylene containing one-tenth by volume of ethyl acetate arc
treated with an excess of 2-7 per cent. sodinnt aanalgam and heated from
120° to 140° (I, for ¢ight hours. The inercury dipheny! is obtained {rom
the benzene-xvlene solution in 46 per cent. yield.

¢. Fron1 phenylmercurie sulphide, phenylmeranric thiocarbonate,
and phenylniercurie thiosulphate

The above three compounds arc changed to merenry dipheunyl by
treatment with aleohol, benzene, and sodium thiosulphate respectively.

7. From phenylarsenions oxide.® Thirty-four grams of phenylar-
senions oxide in 800 c.c. of 2-Normal sodiun: hydroxide are stirred with
54+2 yrams of mercuric chloride in 500 c.c. of water, the temperature
being maintained at 0° C. The temperature is then raised by heating
oll a watcr-bath until no [urther precipitate is formed, and afterwards
the product is filtered, washed, and dried. The mercury diphenyl is
removed {from this residue by boiling with aleohol, from which the com-
pound crystallises on cooling.

S. ¥From phenylhydrazine.” Phenylhydrazine is hcated with an
cxcess of yellow mercuric oxide, when nitrogen is evolved, and aniline
and mercury diphenyl formed. Ten grams of the base yield 4 grams of
pure compound. A similar result is obtained when mereury acetamide
replaces the oxide.

9. By the action of copper on a pyridine solution of phenylnicreuric
bromide.3

1 Dreher and Otto, dnnalen, 1870, 154, 93.

* Pfeiffer and Truskier, Ber., 1904, 37, 1125,

3 Michaeclis and Reesc, Her., 1882, 15, 2877.

¢ Dreher and Otto, loc. cit. ; Ber., 1869, 2, 542 ; ladenburg, dnnaelen, 1874, 173, 151 ;
Miclhaelis, Annalen, 1876, 181, 200 ; Aronhein, Annalen, 1878, 194, 148,

5 Pesci, Gazzetta, 1899, 29, (1.), 304.

8 German Patent, 272289,

7 Forster, Trans, Chem. Soc., 1898, 73, 783 ; Wiseler and Ihrhard, 4nnalen, 1879,
199, 332.

8 Helu, Wagler, and Retler, Ber., 1925, 58, [B], 1505.
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10. From the compound produced by the action of ammmnionia on
phenyl mercuric acetate.?

The compound (CJIIHg),NH,OAc reacts with carbon bisulphide in
aleoholic solution according to the equation :

(CH Hg),NH,.C,H,0,+CS,=(CH,),Hg +HoS +C,H,0,+CNSH

Similar results are obtained if the carbon bisulphide is replaced by
diphenyl- or p-ditolylthiccarbamides.

11. The production of mercury diphenyl was noticed when bromo-
benzene, chloroformic ester, and sodium amalgam interact in the pro-
duction of esters of benzoic acid.?

12.% A solution of 62 grams of phenylmercuric chloride in 40 c.c.
of pyridine is treated with 2-5 grams of stannous chloride in 5 c.c. of
water and sufficient 80 per cent. sodium hydroxide to give solution.
The mixture is filtered after scveral hours. VYield 8-1 graws, 90 per
cent.

Mercury dipheny! crystallises in small, felted needles, M.pt. 124-5° C,,
Bpt. 204° C. at 10-5 mm. The melting-point as given by various
investigators ranges between 120° to 126° C., and the variationis no doubt
due to the presence of small quantities of diphenyl, which is always
formed at the same timie. The crystals turn yellow when exposed to
light, are soluble in chloroform, benzene, ether, or alcohol, and insoluble
in water. Its density varies between 2-29 and 2-34. No absorption
bands are shown by chloroform solutions of mercury diphenyl at any
dilution.*

The reactions of mercury diphenyl are summarised in the following
table :~—

REACTIONS OF MERGURY DIPHENYL.

Reacting Sub. Conditions of

Resnlting Products, REFERENOES.

stance. Reaction.

Chlorine, Dry gas. Phenylmercuric chloride, Drcher and Otto, 4nnalen, 1870,
chlorobenzenc, mercurous 154, 93.
chloride.

Bromine or |Two atowms of | Phenylmercuric bromide or do.

lodine, halogen in al- | iodide, bromo- or iodo-
cohol or CS,,. benzene.
Bromine or Four atoms of| Phenyl haloid, mercuric do.

iodine,
Hree thiocyano.
gen, (SCN),.

Hydrogen chlor-
ide, bromide,
or lodide.

halogen.
Itther solution.

salt,

Phenylmercurle thiocyanate,

Benzene, mercuric salt.

Soderbicl, Annulen, 1819, 419,

266.

Dreher and Otto, lec. cit.

! Pesci, Cazzetta, 1909, 39, (i.), 147.

* Wurtz, Compt. rend., 1869, 68, 1208.
3 Steinkopf, Bielenberg, and Jensen, Annalen, 1923, 430, 71.
4 Purvis and M‘Cleland, T'rans. Chem. Soc., 1912, 101, 1514,
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Reactions of Mercury Diphenyl—continucd.

Reacting Sab-
stance.

Conditiols of
Rouaction.

Clone. hydriodic
acid.

Fuming  nitrie
aeid.,

(rlacial acelie
acid.,

Formie,  propi-

ottic, O1' 1N1yTis:
tic acids.

Hypochlorons
acid.
Mercuric chlor-

ide.

Mereurons chlor-
ide.

Mercurie eyanide
or thiveyanate.

Mercuric acetate.

Mereurie oxide,

Oxides of nitro.
gen ;-
N,O,.

N,0,.

N-Bromoacet.
amide.

N.Bromobeng-
awmlde,

m.Nitro.N-broino-
benzamide,

Do. o- and p-nitro
compounds,

Sulphur,

Bail,

Boil,

Acelone or aleo.
hol solntion,

In aleohol at

160° C.

Aleoliolic solntion
at 120°.

(1) Aleoholic sol-
ution  at
120° C. for
1 hour.

(2) Without a
solveut at
150° C.,
and excess
of acctate.

fealed tube at
180° C.

Dry benzele solu.
tion.

do.
do.

do.

Aleoholic  solu.
tion at 140° C.

Resulting roducts.

RErERANCES.

Phenylmerenrie lodide,

Carbon, benzene, nitroben-
Zee, Inereurie witrate,

Phenylmereirie  acetate,
benzene.

Plenylmerenric salts, bene
ZOLC,

Same results as elilorine.

Phenylmorenric clloride.

Phenyluerenric  chlovide,
metallic mercury.

Phenyhnereurie salts.

Phenylmereurie acetate.

1-4.Diacetoxymercuriben.
zene, -2-4riacctoxy. and

1-2-4+3-tetra-acetoxymereuri
benzones.

Phenybuercurie oxide.

Phenylmercurie nitrate, ben.
rene diazohinm nitrate.

Phenylmercurie nitrate,
nitrosobenzene.

Phenylmercuric Lrowmide,
methyl isocyanate.
Phenylmcereurie bromide,

m-Nitrocarbanilide.

Diphenylsulphide, mercuric
sulphide.

Drehier and Otto, loc. cit.

Drelier and (#to, Ber, 1809, 2,
542 ; Otto, J. gwubt, Chem.,
1870, [2], 1, 179.

Otto, loc. cit, 3 Dreher wud Otto,
Annalen, 1870, 154, 93.

Drcher and Otto, los. cit.
do.
Steinkopf, -fuwalon, 1917, 413.
310 ; Otto, loc. cit.
Otto, loc. cat.

do.

do.

Posel, diti. K. Accud. Lincet,
(5), 8, i, 130; Chem. Zenlr.,
1899, i, 734.

Otto, loc. cit,

Bamberger, Ber., 1897, 30, 306,

Kharasch, J, dmer, Chen. Sec.,
1921, 43, 1888,

Dreher and Otto, Ber., 1869, 2,
542.
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Reactions of Mercury Diphenyl—coniinued.

— ——— A — ——

Reacting Sub. Conditions of Resulting Products. TEFERENCES,
stance. Reaction.
Thionyl chlorlde. | Heat. Plienyhuevceuric chloride. Henmann  and  Koeldia,  Jier

Beuzene sulphon.
ic chloride.

Toluene sulphon.
ic clloride (p).

Sulphnr trioxide.
Allyl fodide.
Etliylene di-

bromide.
Benzal chloride,
Phenyllodo di-

chloride,
Lithium, sodinw,

potassium.
Copper.

Magnesimmn.

Line.

Cadminm,

Boron trichlor.
icle.

Phenyl boron
chiloride,

Alumininm.

Indivm trichlor-
ide.

Thallic chloride.

Benzene solution
at 160° C.

Benzene golu-
tion at 120° C,

At 150”7 C.

Aqueous soli-
tion.

Boll for two
minutes in ly.
drogen atmo-
sphere.

In hydrogen
atmosphere,

At 180°-200° (.
for several
hours.

At 306°-320° C.
for 24 honrs,

At 140° C. for
10-15 seconds
In hydrogen or
nitrogen atnio-
sphere,

L]

ther or beuzeue
solution.

Phenylmereutic chlorlde, di-
phenyl sulphone.

pLolylmercwmic  chloride,
phenyl-tolyl sulphone.

Mercury benzelic sulphon-
ate.

Plenylmeranie iodide, i
allyl, diphenyl.

Dibenzyl, mercuric hromide.
Dhenylmercuric ehloride, tri-
phenyliethane.

Phenyhnercaric chloride, di-
phenyl lodoninm ehloride.

Merenry, diphenyl.

Magnesimn diphenyl.

Zing dipheuyl.

Cadmlum diphenyl.

Phenyl boron chlovide, mer.
curic ehloride,

Diphenyl boron chloride,

Ahuminiunm tripbenyl. e
cury, aluminiumm amal.
gam,

Indium diphenyl ehloride,

Thallium diphenyl chloride,
phenylmercuric chloride,

1883, 16, L6253,

Otto, Der., 1885, 19, 210,

Otta, J. pralt. Chem,, 1870, 1
[2], 174\

Sulda, dlosoteh,, 1880, 1, 7135,
Dreher and Otla, dor, eif.
WHeluld and ¥eanehivwuat, B

1872, 5, o,

Willgerodd, Hhr., 1808, 31, 915

Drelier and MG, foe, o,

Hilpevt and Grittner, Ho, 19103
46, 1673 Fleek, dnnclin
1893, 276, 135,

Hilpert aud Griitter, foe, eit,
Dreher and Otto, loe. »it,

Hilpert and Griittuer, doc, it

Michaelis, Ber, 1889, 22, 241.

Michaclis, f5r., 1804, 27, 244,

Hilpert sed (irvttuer, Ber, 1812
45, 2523,

Goddard and Goddard, mrpub
lished.
B,

Goddard, Tramns. Cheon,

1922, 121, 40.

sy e 4, e —
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Reactions of Mercury Diphenvyil—continued.

— e ——— e A

(‘enditions uf

Resnlting Products.

— e ay— — o 4

N~

Loyt ENe RS,

Zilconiuwa tetra-
chloride.

Silicon tetra.
chiloride.

Stannic eliloride,

Phosphores tiie

«doride.

Arsenie trichlor
ide (2 mols.).
Arsenic trlchlor-
ide (1 mol.).

I"henyl dichloro-
arsine (1 mol.).
Phenyl dichloro-
arsine (2 mols.).

Autimeny vl

chloride.

Bismntls,

Bisimuth tri-
bromide,

Seleninm,
Tellarinm.
Tellndnmn di-
cliloride.
Acctyl chloride.

Benzoyl ehloride.

Tyl chiloro-
torate,

Reaction.
Aqgucons  solu-
tion.
At 100° C.

Heat at 150° 4

Heat at 2307 ¢

Heat at 2107
ful several
honrs.

Xylene solution
at 130° C.

Heat for 10 min-
utes at 250° C.
In hydrogen
atnosphetle,

Dry cther soln.
(ina.

With or without
benzeny-.

do,

do.

Zr00,, 2PhHe(Y], benzene,
Plienylmercuric  chloride,
plienyl silicon trichloride.

Plienylimercuiic ehloride, tin
diphenyl dichloride,

Phenylaercurie ehlovide,
pliesplienyl eliloride,

Phenyl diehloro-arsine, e
curie chloride.

Diphenyl chlore-arsine, mer.
curic chloride,

Diphenyl chloro.arsine.

Diphenyl chlore-arsine, mer-
curic chloride,

Triphenylstibine diclhloride,
Diphenylstibine trichlovide,

Triphenylbismuthine.

Triphenylbhismuthine.

Selenium diphenyl, seleninm
amalgan,

Tellurium  dlphenyl, tel
lurlnm amalgam,

(‘hlorobenzene, tellurinm
amalgani.

henylmercuric  ehloride.

acetophenone.
Phenyhnercuric  chloride,
benzophenone.
Pheuylerenric  chloride,

benzopkenone.

Peters, Ber., 1908, 41, 3173 sce
Annulen, 1894, 282, 320.

Ladenburg., Annalen, 1874, 173,
152.

Arouheim, dnwalen, 1878, 194,
148.

Schwanze, J. prakt. Chenr., 1874,
10, (2), 222; Michaelix and
(iraetl, Ber,, 1875, 8. 922:
Michaelis, Annelen, 1876, 181,
290.

T Coste wnd Michaclis, Anvalen,
1880, zo1, 196.

Michaelis and T.inls,
1881, 207, 19..

do.

Anneden,

Hasenbéiumer, Ber., 1808, 3I,
2911,

Hilpert and Griittner, Ber,, 1913,
46, 1675.

Challenger and Allpress. Truns.
Chem. Soc., 1921, 119, 913.

Krafft and Lyons, Ber., 1894, 27,
1768.

do,
do.

Calvery, J. Amer. (hem. Soc.,
1928, 48, 1009,

do,

do,
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Mercury 2:4:6:2 14 : 6 -hexanitrodiphenyl, M.pt. 272° C,, 1s
formed when mercnrie 2:4:6-1rinitrobenzoate is heated to 1807 C.
When heated with aleoholic mercuric chlovide it is couverted into 2./ 6-
trinttroplenylmercurie ehloride?

Phenylmercury 2 :4 : 6 -trinitrophenyl, M.pt. 227-5° {',, is obtaiuc«l
by heating phenylmercuric trinitrobenzoate in a vactum at 222° ¢ It
is decomposed by hydrogen chloride, yiclding benzene and 2:4: 6-
trinitrophenylmercurice chloride.”

Mercury di-p-chlorophenyl.3-—Tive grams of p-chlorophenyl-
mercurie chloride, 65 grams of copper and 35 c.c. of pyridine are
allowed to stand for a day. then the mixture is saturated with carbon
dioxide. An 81 per cent. vield, or 2-5 grams, of the meranry campound
is obtained. It crystallises from hot acetone in white needles. Mopt,
242° to 243° C.. readily soluble in pyridine, less soluble in wam chloro-
foym or ether.

Mercury di-p-bromophenyl {farms white needles, M.pl. 244° to
245° (., obtalned in 92 per cent. yicld. It is very sohible in pyridine,
sparingly in cold acetone or cther.

Mercury di-o-nitropheny! occurs in pale yellow uwcedles. M.pt.
206° to 207° (., easily solble in pyridine, hot acctoune. and carbon
disulphide, sparingly in carbon tetrachloride. Yicld 92 per cent.
When boiled with concenirated hydrochloric acid mtrobenvene is
split off.

Tolyl Compounds.

Mercury di-o-tolyl may be prepared by the sodium amalgam
method (see mercury diphenyl, Mcthod 5). In this case 8 per cent.
amalgam is used, and the yield is abont 83 per eentt The componnd
{forms quadratic erystals from: benzene, M.pt. 108° C.; B.pt. 219° (', at
14 won. The reactions of mercury di-o-tolyl with the trichlorides of
boron, phosphorus, and arsenie, also with nitrogen tri- and tetr-oxides,
are siinilar to those described under mercury diphenyl (p. 74).

Mercury di-m-tolyl is prepared from m-bromotolnene nsing 30 pav
cent. sodinm amalgam. From ethyl acctate it forms colourless needles,
M.pt. 102° C,, soluble in benzene, chloroform, or acctone, less solnble in
alcohol or ether. Heated with phosphorns trichloride for twelve Lours
at 200° C. it yiclds m-tolyldichlorophosphine.

Mercury di-p~tolyl is best prepared according to the description of
Whitmore as follows :5 Forty grams of pure p-tolylnierenric chlovide,
70 grams of sodium iodide (75 per cent. cxcess), 800 c.c. of 95 per cent,
alcohol, are boiled for fifteer hours, the whole being vigorously stirred.
After cooling and filtering the precipitate is washed with water until the
washings no longer react with hydrogen sulphide. The produet may
be further purified if necessary by recrystallisation from xylene, Yield

! Kharasch, J. Amer. Chem. Soc., 1921, 43, 2238.
* Kharasch and Graffiin, J. Amer. Chem. Soc., 1925, 47, 1948.
3 Hein, Wagler, and Retter, Ber., 1925, 58, 1499,
: I‘%ichaelis, BI:e[T., 1895, 28, 589 ; Annalen, 1896, 293, 303,
Whitmore, Hamilton, and Thurinan, J, Amer. Chem. Soc., 1023 663 Peler
Ber., 1005 38, 567 s » . 45, 1066 ; Peters,
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i

of pure product., 80 per cent. The reaction takes places according to the
equation :

2RHg(l +4Nal =R ,Hg+2Nall+Na,Il,

The compound may also be prepared from p-bromotoluene and
sodium amalgam.!

The pure compownd erystallises in needles. M.pt. 285° C., which are
soluble m benzene, xylene, or chloroform, less sohible in alcohol, and
insoluble in water.  Mercury di-p-tolyl gives the same type of products
ns mercury diphenyl (sce table, p. 74) when it reacts with halogens,
halogen acids, merenrie chiloride, boron or arscumic trichlorides, phos-
phorus trichloride,” silicen tetrachloride, nitrogen tri- and tetr-oxides,3
snlphur, seleniin, and tellnriom.

Treatment with concentrated nitric acid does not vield the hydro-
carbon as with mercury diphenyl, but nitrotohienes, and alkaline pernan-
ganate viclds the tolyvlmercurie hydroxide, the presence of the latter
being shown by changing it to the chloride.  p-Toluene sulphonic iodide
boiled with mercury di-p-tolyl in carbon tetrachloride sohition vields
tolylinercurie iodide, mercuric 1odide, and tolyl sulphone, whilst the
correspounding sulphonie chloride does not react under the same con-
ditions.® (Sec p. 76.)

p-Tolylmercury 2 : 4 : 6-trinitrophenyl, M.pt. 203° C,, is prepared
in a similar mamer to the phenyl compound from p-tolylmercuric
trimitrobenroate.®

Benzyl Compounds.

The production of mercury dibenzyl appears to have been a matter of
considerable difficulty.”  Attempts to prepare it by the amalgam method
failed, and the fivst suecessul preparation was made by use of Grignard’s
reactionl.

Popc and Gibson 8 prepared mercury dibenzyl by the interaction of
benzyl magnesimn chloride and mercuric chloride in dry ether. This
nicthod was improved by Wolif,? and Jones and Werner,!° the latter
investigators obtaining a greatly incrcased yicld by substitnting benzyl-
niercuric chloride for merauric chloride; 3-8 grams of magnesiuim, 20
grams of bengyl chloride, and 85 grams of benzyl merenric ehloride,
giving 40 grams of imerenry dibenzyl. Another method has recently
been described iir which benzyl chloride is treated with an exeess of
magnesium dnst, the liquid decanted off and mercurie chloride added to
the solution. This mixture is boiled and shaken, then treated with
dilute acetic acid and extracted with cther, rom which the product
crystallises.?

Ladenburg, Annalen, 1874, 173, 162 ; Zeiser, Ber,, 1895, 28, 1670.
Michaelis, Annalen, 1896, 293, 292,
Kunz, Ber., 1898, 31, 1528,
Zciscr, Ber., 1895, 28, 1670.
Whitinore and Thurman, J. dmer. Chem. Soc., 1923, 45, 1068,
Kharasch and Grafilin, J. Amer. Chen, Soc., 1925, 47, 1M48.

" Camnipisi, Compt. rend., 1865, 61, 861 ; Wurtz, Compt, rend., 1869, 68, 1300 ; Drecher
and Otto, Annalen, 1870, 154, 176.

8 Pope and Gibson, Trans. Chem. Soc., 1912, 101, 730.

9 Wold, Ber., 1913, 46, 64.

10 Jones and Werner, J. dmer. Chem. Soc., 1918, 40, 1257,

11 Banus, Anal. Fis, Quim., 1922, 20, 667.
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Mercury dibenzyl may also be obtained in 75 per cent. yicld by the
action of copper on a pyridine solution of henvzylmereurie chloride in the
ahsence of air.!

Mercury dibenzyl crystallises in thin, lustrous, doubly refracting
plates, readily soluble in chloroform or carbon tetrachloride, less soluble
in benzene, ethyl acetate, or aleohol, and insoluble in ether or light
petroleum. It is not decomposed when boiled with water, and gives no
absorption bands.2 When heated with glacial acetic aad in a sealed tube
for seven hours at 160° to 170° C. it ylelds mercury, tolucne, benzyl
acetate, and dibenzyl.?

Mercury 2 : 4 :2': 4 -tetranitrodibenzyl, (CgH,;(NO,),.CII,), I,
is obtained by heating mercuric 2-4-dinttrophenylacetate to 180° (.
It melts at 285° C., and when heated in the dry state vields tetvanitrodi-
henzyl.

Xylyl Compounds.

Mercury di~-o-xylyl crystallises in long necdles, M.pt. 150° (..
easily solhitble in benzeuc, chloroform, or carbon disniphide, less soluble
in ether or aleohol. It has never been prepared by any divect means,
hut was isolated as a by-product by the interaction ol mounobromo-o-
xylol, CH,:CH,:DBr=1:2:4, sodium amalgam, and chlaroformic
ester.d

Mercury di-m-xylyl is prepared by the addition of 150 grams of
1:3-4-bromoxylene to 2 per cent. sodium amalgam and the mixture then
heated for twelve hours at 140° to 150° C. The compound erystallises
in fine necdles, M.pt. 169° to 170° C.. difficultly soluble in aleohol or ¢old
cther, readily soluble in hot benzcne. It is decomposed by hot hydro-
chloric acid into the hydrocarbon and mercuric chloride. Ileated with
phosphorous trichloride at 280° C. it yiclds ni-xylylmercuric chloride and
ni-xylyldichlorophosphine, whilst arsenic trchloride gives m-xylyl-
dichloro-arsine.?

Mercury di~-p-xylylis formed under similar conditions to the ortho-
compound. It crystallises in prisms, M.pt. 123° C., and mmdergoes the
same reactions as the meta derivative.

Higher Benzene Homologues.

Mercury dimesityl forms glistening silver ncedles, M.pt. 236° (..
fairly soluble in benzene, less soluble in alcohol. Yield small.”

Mercury dipseudocumyl occurs as white prisms, M.pt. 189° (!,
and ig less soluble in alcohol than the mesityl compound and not de-
composed on prolonged heating with concentrated hydrochloric acid.
It may be prepared in the usual way, using 1-5 per cent. amalgam 8

Mercury dipentamethylphenyl, (CgMe;),Hg, has been isolated
from the interaction of sodium amalgam, bromopentamethyl benzenc,
aud chloroformiec ester, as small prisms, M.pt. 266° C. It distils at higher

1 Hein, Wagler, and Rettor, Ber., 1925, 58, [B], 1507.

2 Purvis and M'Cleland, Trans. Chem. Soc., 1912, 101, 1514.

% Jones and Werner, J, Amer. Chem. Soc., 1918, g0, 1257,

* Kharasch, J. Amer, Chem. Soc., 1921, 43, 2238.

* Jacobson, Ber., 1884, 17, 2372,

® Weller, Ber,, 1887, 20, 1718 ; Michaelis, Annalen, 1902, 320, 330.
* Michaelis, Ber., 1895, 28, 588,

8 Michaelis, thed.
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temperatnres with partial decomposition and is easilv sohible in hot
xylene, less soluble in ¢ther, and insoluble in aleohol

Mercury dicomyl yiclds white needles, M.pt. 134° (‘.. sohible in
alcohol, cthev, chloroforin, benzene, or xylene. It has a characternistie
smell and is casily decomposed when heated with hydrochlorie acid.?

Cyclohexyl Compounds.?

Mercury dicyclohexyl.—This compound proved more difficult to
isolate than the phenyl derivative, but has been obtained by the action of
mercuric bromide on a large excess of magnesium cyclohexyl bromide.
It is much less stable than mercury diphenyl, decomposing even in a few
honrs to a black oil when kept over phosphorus pentoxide in the dark in
a vacuum desiccator. Mereury dicyclohexyl forms white, hard granules,
M.pt. 78° to 79° C., which are more soluble than mercury diphenyt, and
combines directly with mercuric halides or cyanide in any solvent
to form cyclohexylmercuric salts. It has also been prepared by the
sodivm amalgam method, when it is said to form white needles, M.pt.
139° C., which can be snblimed in small quantities in vacuo.*

Mercury di-4-methylcyclohexyl is a colourless liquid, density
1-159 at 21° C., and cannot be distilled without decomposition.

Diphenyl Derivatives.t

Mercury bis-diphenyl, (C;H;.C,H,),Hg.—Treatment of in-bromo-
diphenyl with sodivm amalgam in the usual way gives a yield of 10 pex
cent. of the above product. It crystallises from benzene in small scales,
which melt at about 216° C. and are almost insoluble in the usnal
solvents. Concentrated hydrochloric acid on prolonged boiling does not
decompose the compound, and its halogen derivatives are only formed
when it is heated in sealed tubes with mercuric halides. They are white
crystalline powders, melting above 325° C.

Dimercury bis-diphenyl—Hg(C.H,—C/H,),Hg is the formula
given to a body obtained when the above bromiodiphenyl is replaced
by dibromodiphenyl. Its composition appears to be doubtful.

Naphthyl Derivatives.

Mercury di-a~naphthyl,(C, ,H,),Hg.5—Bromonaphthaleneis mixed
with several times its volume of hydrocarbons, B.pt. 120° to 140° C., one-
tenth of its volume of ethyl acetate, and the whole treated with a slight
excess of 4 per cent. sodium amalgam.  After boiling for eighteen hours
the mixture is filtered hot, mercury dinaphthyl appearing in white,
glistening, microscopic, rhombic columns on cooling. It.has_been niore
recently prepared by treating a-naphthylmercuric bromide in pyridine
solution with copper.” The crystals, which melt at 243° C., are easily
soluble in hot carbon bisulphide or chloroform, and may be reprecipi-

1 Jacobson, Ber., 1889, 22, 1215.

2 Michaells, Ber., 1895, 28, 588 ; Schiff, bid., 1877, Io, 1745,

3 QGriittner, Ber., 1914, 47, 1651.

1 Tiffencau and Gannagé, Bull. Sei. Pharmacol., 1921, 28, 7.

4 Michaelis, Ber., 1895, 28, 592.

n Otto and Morles, Annalen, 1868, 147, 164 ; Otto, Annulen, 1870, 154, 188.
7 Hein, Wagler, and Retter, Ber.. 1925, 58, [B], 1507.
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tated by alcohol or ether. also slightly soluble in benzene, insolible in
water.

When heated with concentrated halogen acids, naphthaleue, mercury,
and halogen halides are formed, but 15 per cent. agueons hydrocyamie
acid has no effect, even on prolonged heating. Dilute ndtric acid decoin-
poses mercury di-a-naphthyl, forming naphthalene, and luming nitric acid
gives nitronaphthalenes. Concentrated sulphuric acid ylelds merenyie
sulphate and naphthalene sulphanic acid, whilst glacial acetic acid gives
a-naphthylmercuric acetate and naphthalene. A solution of merenry di-a-
naphthyl in acetone when boilted with inercuric chloride is converted
to a-naphthylmercuric chloride.? Merenric iodide when heated for one
hour with mercury di-a-naphthyl in a sealed tube at 150° C.in alcoholic
solution gives a-naphthylmercuric iodide. Mercuric bromide acts in a
similar manner to the chloride when the reaction is carried out in alcohol
in a sealed tube at 120° to 130° C., and browine also gives naphthyl
mercuric bromide under the same conditions. Iodine mn carbon bisul-
phide yields the corresponding iodide, provided the halegen is not in
excess, in the latter case the products are mercuric iodide and a-iodo-
naphthalene. Arsenic trichloride reacts to form a-naphthyldichloro-
arsine at high temperaturcs.? Nitrogen trioxide viclds a-naphthyl
mercuric nitrate and a-naphthyl diazonium mtrate, but mtrogen tetr-
oxide yields no nitrate or diazoninm compound. The following sub-
stances gave no product with mercury di-a-naphthyl: vince, copper, or
tin, the reaction being carried out in ecarbon disulphide ; ethyl iodide :
alcoholic hydrogen sulphide ; sodinm amalgam, the reaction being con-
ducted in alcoholic solution.

Mercury di-f-naphthyl.3—pg-Bromonaphthalene in about three
times its weight of dry xylene is treated with 5 per cent. of its weight of
pure ethyl acetate and a large excess of pasty sodinm anialgam. = The
mixture is gently boiled for thirty howrs, cooled. and a large excess of
benzene added. After again boiling, the whole is fltered., when
mercury di-A-naphthyl crystallises out in glittering scales, M.pt. 238° C.
Yield 80 to 85 per cent. The crystals are moderately soluble in boiling
hydrocarbons, very slightly soluble in aleohol and cther, and insoluble
in water. The compound is completely decomposed when warmed
with concentrated mineral acids, forming mercnrie salts and snbstituted
naphthalenes. When distilled over soda lime it vields BS-dinaphthyl.
When boiled for one hour with seven parts of arsenious chloride it gives
B-naphthylarsenious chloride.

Thiophene Compounds.
Mercury 2 : 2'-dithienyl,’

L]
N THE
g s

This derivative has been prepared in several ways.

! Steinkopf, Adnnalen, 1917, 413, 310.
2 Kelbe, Ber,, 1878, 11, 1508 ; Michaelis and Schultze, ibid., 1882, 15, 1054,

3 Michaelis, Ber., 1804, 27, 244 ; Chattaway, Trans. Chem. § T
s Michaelis, dnalen, 1000, oob’ Ao Y, Trans. Chem. Soc., 1894, 65, 877,

5 Stelnkopf and Bauermelster, Annalen, 1914, 403, 61,
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1. Ten grams of 2-chloromerenri thiophene (p. 97) in 150 c.c. of Lot
xylene are treated with 2 gramms of sodinm and shaken for thirty minutes,
then heated to boiking and filtered. Frowm the filtrate 2-8 grams of
mercury dithienyl are obtained on cooling.

2. When 2-chloromercuri thiophenc or iodide in acctone is treated
with sodinm iodide in the same solvent mercury dithienyl results.!

3. Mercury dithicnyl may also be obtained in 90 per cent. yield by
the reduction of 2-chloromercuri thiophene in pyridine-sodinm hydroxide
solution by means of stannous chloride.?

Mercury 2:2-dithienyl crystallises from benzene in pure white
crystals, M.pt. 198° to 199° (.. msolnble in water, slightly solnble in hot
alcohol, readily soluble in benvene or warm chloroformi. When its
acetone solution is treated with mercuric halides the corresponding
2-halideniercnni thiophenes are obtained. It reacts readily with arsenic
trichloride, yielding trithienylarsie. dithienylchloromsine, and thienylt-
dichloroarsine.

Mercury 5: 5 -dichloro-2 : 2’ -dithienyl,

[ ] [
R o
c1\S/ Hg \g/Ol_

is formed when an acetone solution of sodium iodide is added to
2-chloromercun 5-iodothiophene 1 the same solvent. It crystallises
from aleohol in glistening silver crystals, M.pt. 155° C., soluble in acctone
or cthyl acetate, in warm benzene or chloroform, and with difficulty in
ligroin.

The corresponding 5 : 5'-dibrowno-coimnpound forms white, matted
crystals from benzene, M.pt. 188° C. It readily dissolves in warm
benzene or chlorolorm, but is not very soluble in alechol.

The 5: 5 -di-ivdo-derivative crystallises from a large bulk of hot
xylene, in bright yellow needles. 244° to 245° C., only slightly solnble in
the usual solvents.

Mercury 5 : 5’ -dimethyl-2 : 2"-dithienyl erystallises [rom alcoliol
in white needles, melting at 162° to 162-5° C.3

Mercury 5 : 5 -di-n-propyl-2 : 2" -dithienyl viclds silvery erystals,
melting at 57° to 58° C. Il is formed (rom 5-c¢hlovomerenri-2-u-propyl-
thiophene by the action of a little more than 2 mwolecules of sodium
iodide in acetone solutionn. The corresponding di-isvamyl compound
forms shining crystals from: alcohol. mielting, not very sharply. at 55° to
57° C.

Mercury 5 :5-dibenzyl-2 :2'-dithienyl.—Iour grams of 5-
chloromercuri-2-benzylthiophene in 250 c.c. of acetone are mixed with
17 grams (2 mols.=1-62 grams) of sodium thiocyanate 1 30 c.c. of
acetone. The addition of sodium chlovide solution precipitates the
body (2-8 grams). It is digested with water, dried, annd recrystallised
from xylene. It imelts at 209° to 210° C., previously sintering ; 1s easily
soluble in hot toluene, xylene, or pyridine, sparingly in warni benzene
and insoluble in alcohol, acetone, or ethyl acetate.

1 Stelnkopi, Annalen, 1917, 413, 310.
Steinkopt, ibid., 1923, 430, 71.
Steinkopf,pihid., 1921, 424, 40.

[~
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Mercury 3 :4:3 :4'-tetramethyl-2 : 2'-dithienyl,

| S
v»—'ﬂc N
is obtained from 2-iodomercuri-3: 4-dimethylthiophene in the usual way.
Tt melts at 155° to 156° C. and has similar solubilities to the above
compounds.
Mercury 3 :5:3':5 -tetramethyl-2 : 2'-dithienyl crystallises
from alcohol in sitvery plates, M.pt. 160° to 161° C.
Mercury 2 : 5 : 2" : 5'-tetramethyl-3 : 3’ -dithienyl,

T He

I
Me]\s/l.’\[e MeJ\S /IMe

In order to prepare this derivative, sodium is added to a boiling solution
of 3-chloromercuri-2: 5-dimethylthiophene in xylene and the solution
filtered whilst hot. The product obtained on cooling is fractionally
crystallised from benzene to remove any nnchanged starting product.
The dithienyl melts at 144° to 145° C.

Mercury 2 :5:2':5 -tetraphenyl-3 : 3'-dithienyl is deposited
in prismatic needles from xylene, M.pt. 260° to 261° C.

Mercury-5 : 5’ ~-dichloromercuri-2 : 2'-dithienyl,!

T ]
CngJ\/J——HgMI\/IHgCl
8 g

may be prepared as follows :—

Ten grams of 2 : 5-dichloromercuri thiophene in 50 grams of pyridine
are heated in an oil-bath. At 70° to 75° C. a flocculent precipitate
separates out, and the temperature is raised to 100° C. and maintained
for thirty minutes. The product is not quite white, is insoluble in
pyridine and the usual solvents, and remains unmelted at 825° C.

A second method of preparation consists in suspending dimercury
2:2": 5: 5 -dithienylene in pyridine and treating with mercurie chloride
in the same solvent. Yield 85 per cent.

Dimercury 2 :2':5: 5 -dithienylene,

CH=C—Hg——C=CH

i
()ZHxC—>—S—Hg—S>C =CH

is obtained when 1 gram of 2: 5-dichloromercuri thiophene in 100 c.c. of
pyridine is treated with 0-75 gram (2 mols.) of sodium iodide in 80 c.c.
of pyridine. A yield of 0-837 gram (72 per cent.) of substance is
obtained. When 4 mols. of sodium jodide are used only a 50 per cent.
vield is obtained, and with 2 mols. of sodium thiocyanate only a 24-5

! Stelnkopf, Bielenberg, and Jensen, Annalen, 1923, 430, 71.
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per cent. yield. The body is halogen-free, unon-crystalline, and in-
soluble in pyridme and all the usual solvents. It does not melt at
330° C.
Dimercury 3 :3’ (or 47)-diethyl-2 : 2" : 5 : 5" -dithienylene,
CEt=C- -—Hg-—-C=Cil CEt=C ilg——-C=CIt
| Nsosd l or i Ns  s¢
DA N N PR
CH «=C Hg-—C=CEt CH =C Hg C=CH

2 5-Dichloromercuri-3-ethylthiophene (2475 graws ) is dissolv edin 275 c.c.
of pvridine, and with rapid stirring, 3:1 grams (4 mols.) of sodium
lodide in 800 c.c. of pyridine added, the stirring being maintained for
five and a half hours. Yield 1:48 grams, that is 97 per cent. The
product is a yellow powder, blackening at 250° C. and decomposing at
300° to 815° C,, and is insolublc in the usual solvents. When treated
with 2 mols. of mercuric chloride in pyridine solution at 85° to 43° C. it is
converted into 2 : 5~dichloromercuri-3-ethylthiophene.l
Dimercury 3 : 4 : 3’ : 4'-tetramethyl-~2 : 2’ : 5 : 5'~dithienylene,

CMe =C—Hg =CMe

L X

CMe =C——Hg=CM

Three grams ol 2:5 dichloromercuri-8: 4-dimethylthiophene and 3-3
grams (4 mols.) of sodium iodide inx 300 c.c. of pyridine are stitred for
two hours. The precipitate is insoluble in all solvents and blackens at
310°C. VYield 1-53 grams (96 per cent.).

Compounns oF THE TyreE RHgR'.

Mercury ethyl phenyl.2—Phenyl magnesium bromide (23 grams )
in absolute ether is treated with ethyl mercuric chloride (95 grams) in
small portions. After boiling gently, the mixture is allowed to stand
for one hour, and then decomposed with 1 per cent. sulphuric acid.
The ethereal solution is separated, dried, and evaporated at 40° C. in
vacuo, when the compound is obtained as an oil. It is fairly soluble in
organic solvents, and when kept for several months decomposes into
mercury diethyl and mercury diphenyl.

Mercury ethyl benzylis prepared from ethyl magnesiuin bromide
and benzylmercuric chloride. It is an oil, decomposing on long keeping
into mercury diethyl and mercury dibenzyl. When treated with thallie
chloride it yields thallous chloride, ethylmercuric chloride, benzyl-
mercuric chloride, and benzaldehyde.?

Mercury phenyl benzyl.—To 32 grams of phenyl magnesium
bromide (4 mols.) in dry ether, 10-5 grams of finely powdered benzyl-
mercuric chloride are added in small portions, and the mixture worked
up as above. A faint yellow oil is obtained, which is freed from

1 'The use of 4 mols, of mercuric chlorlde gives the same product.
2 Hilpert and Gruttuer, Ber., 1915, 48, 006.
3 Goddard, Trans., Chem. Soc., 1923, 123, 1168,
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impurity by shaking with five times its volume of cold absolute alcohol,
and then poured into 200 c.c. of boiling alcohol, and the whole strongly
cooled. The oil scparates out, and is treated several times with aleohol
as above, and finally dried én vacuo over phosphorus pentoxide at 85° C,
It is slightly soluble in water or cold aleohol, easily in hot alcohol,
and miscible with ether, pctroleum ether, benzene, and its homologucs.
At 80° C. it is rapidly decomposed to mercury, dibenzyl, and
mercury dibenzyl, whilst at ordinary temperatures it slowly changes
to mercury diphenyl and mercury dibenzyl. With faintly acid or
neutral solutions of silver nitrate it gives a precipitate immediately,
the latter containing no halogen, and when the mxture is boiled silver
separates.

Mercury o-tolyl benzyl is a colourless oil, from o-tolyl magnesium
bromide and benzylmercuric bromide. It absorbs iodine, yielding
benzyhnercuric iodide, and when heated at 80° C. for several hours it
decomposes into mercury, dibenzyl, and mercury di-o-tolyl.

Mercury phenyl thienyl,!

N
| ] |
4 \/MHgM\E’./

To 7-4 grams of thienyl magnesium bromide in 50 c.c. of ether, 10 grams
of phenylmercuric chloride are added in small portions, and a lively
reaction ensues giving a clear solution. After completion of the re-
action the mass i decomposed with 1 per cent. hydrochloric acid and
extracted with ether. Irom the latter solution 7 gramns of faint vellow
product are obtained, which on crystallisation from aleohol gives silver-
grey plates. Repeated crystallisations give crystals, melting at 163° to
165° C.

Mercury phenyl-p-tolyl.2—Kharasch and Marker have recently
criticised the preparation of these asymnietrical compounds as practised
by Hilpert and Griittner, on the grounds that the difficulty of obtaining
the compounds was due to their use of too large an excess of Grignard
reagent, and not controlling the temperature sufficiently. Their modi-
fication of Hilpert and Griittner’s method is illustrated by applying it
to the preparation of mercury phenyl-p-tolyl, carried out as follows:
To two molecular equivalents of phenyl magnesium bromide in dry
ether, one molecular equivalent of finely powdered p-tolylmercuric
chlorideis added in small portions, with constant shaking. The tempera-
ture is maintained at 5° €., the shaking continued until all the p-tolyl
mercuric chloride dissolves, and the mass decomposed with 0-1 per cent.
snlphuric acid, the temperaturc during the latter operation being kept
below 10° C. The product is extracted with ether, the solution dried
over anliydrous sodium sulphate, and the solvent removed in racuo.
The residue is then washed five times with alcohol and again dried
in vacuo.

This method is used to prepare the derivatives shown in the following
table, and the results of decomposing them with aleoholic hydrogeu
chloride and alcoholic mercuric chloride are given :— N

! Stelnkopf, dnnalen, 1923, 430, 70.
* Khavasch and Marker, J. Amer, Chem. Soc., 1926, 48, 3130,
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Products obtained by Decomposition of the (lompounds with

Compound.
(1) Alecoholic mercuric chiloride. (2) Aleoholie hydrogen
chloride,
Meleury methyl phenyl. (Liq.) CeH; HgCl4-CH,. HeCl. CH,. Hg(l.
Mercury methyl benzyl. (Lig.) C¢H;.CH, . HgCl+4CH,. HeCl. CeH;.CH, HeCl,
Mercury methyl butyl, (Lig.) C,H, Hg(l4-CH . HgCl. ¢, H, Heg(l
Mercury methyl cyclohexyl. (Liq.) | C¢H,,.HgCl--CH ;. HgCL CgH, ;. HeCl.
Mercury methyl mesityl. (Solid.) (CH,)3.CeH,. HgCl4-CH, . HgCl, CH, HgCl.
Mercury ethyl naphthyl. (Liq.) C,H,.HgCl+C,H HoCl C,Hs HgCl+C,H,.
Mercury ethyl benzyl. (Lig.) CeH;.CH, . HgCl+C,H;. HgCl, C¢H;.CH, HgCl+C,H;,
HgClL

Mercury propyl butyl. (Liq.) C,H,.HgCl+C,H,HgCl. C,,H,.Hg01+04H9.HgCl.g
Mercury butyl isoamyl. C,H,HgCl+C,H,,.HgCl. C,H, HgCl+CH,,.HgClL
Mercury butyl phenyl. (Lig.) C,H, HgCl+C.H ;. HgCl, ¢, H, HgCL
Mercury phenyl cyclohexyl. (Solid.)| CsH,,.HgCl-+CH; HgCl C.H,, . HgClL
Mercury phenyl naphthyl. (Solid.) | C,oH,.HgCl+C.H, HeCl CeH ;. HgCl+C o Hs.
Mercury phenyl o.anisyl. (Solid.) 0-CeH,(OCH,).HgCl+C H; Hg(d. | C;H; HeCl.
Mercury phenyl mesityl. (Solld.) (CH,)5.CH,. HgCl4-C H . HoCl, C H; HgCl
Mercury phenyl p-tolyl. (Solid.) CH,.C¢H, HgCl+CH ;. HgCL CH; HgClL

CompounDs oF THE TvypPE RHgX.

Phenylmercuric Compounds.

Phenylmercuric chloride, C;H HgCl.—This substance is obtained

in several ways :

1. A 94 per cent. yield may be obtained from mercury diphenyl

under the following conditions : 2:5 grams of the latter substance in
25 c.c. of acetone are treated with 195 grams of mercuric chloride in 10 c.c.
of acetone, when phenylmercuric chloride (8-7 grams) is immediately
precipitated. A further 0:5 gram may be recovered from the filtrate by
the addition of water.! A similar reaction takes place in aleohol.

2. A large number of substances react with mercury diphenyl,
giving phenylmercuric chloride as one of the products of reaction, the
yield in some cases being very small. The following list gives the most
1mportant of these reagents :—

Dry chlorine gas,® hypochlorous acid,> thallic chloride,® silicon
tetrachloride,? stannic chloride,® zirconium tetrachloride,® phosphorus
trichloride,” mercurous chloride,?® thionyl chloride,® benzene sulphonic
chloride, ' benzal chloride,*! phenyl iododichloride.12

1 Steinkopf, Annalen, 1917, 413, 329.

2 Dreher and Otto, Annalen, 1870, 154, 93.

3 Goddard, Trans. Chem, Soc., 1922, 121, 40.

4+ Ladenburg, Annalen, 1874, 173, 152.

5 Aronhelm, Annalen, 1878, 194, 148,

¢ Peters, Ber., 1908, 41, 3173,

7 Schwarze, J, prakt. Chem., 1874, To, [2], 222; Mlchaelis and Graeff, Ber., 1875, 8,
922 . Michaelis, Annalen, 1876, 181, 280,

8 Otto, J. prakt. Chem., 1870, 1, | 2], 179.

¢ Heumann and Kéchlin, Ber., 1883, 16, 1625.

1¢ QOtto, Ber., 1885, 18, 246.

11 Kekulé and Franchimont, Ber., 1872, 5, 906.

12 Willgerodt, Ber., 1898, 31, 915,
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3. From benzene.! A mixture of 50 grams of mercuric acetate,
50 c.c. of glacial acetic acid, and 100 c.c. of thiophene-free benzene is
heated in a pressure flask for five hours at 100° C., then cooled, the
residue filtered off and washed several times with benzene. The filtrate
which contains the acetate is evaporated down and treated with alcoholic
calcium chloride solution, when the chloride is precipitated. This is
filtered off and washed with hot water to remove any adhering calcium
chloride. _

4. From benzene sulphinic acid.? This acid in dilute aleolo!l is
treated with an aqueous solution of mercuric chloride and the whole
heated vntil the evolution of sulphur dioxide ceases. The solid product
thug obtained is found to contain small quantities of phenylmercuric
chloride.

5. By heating phenyl boric acid with aqueous mercuric chloride
solution.®

6. By heating triphenylstibine with 8 mols. of mercuric chloride,
when antimony trichloride and 8 mwols. of phenylmercuric chloride
are formed.*

7. Phenylmercury 2 :4 : 6-trinitrophenyl is boiled with mercuric
chloride in aleoholic solution, phenylmercuric chloride and trinitro-
phenylmercuric chloride being formed.’ :

Phenvlmercuric chloride crystallises from a large quantity of hot
benzene in satin plates, melting at 250° to 251° C., insoluble in water,
and only slightly soluble in cold alcohol or benzene. It readily sublimes
without decomposition on gently heating.

Treatment with moist silver oxide gives a solution of the correspond-
ing hydroxide ; dry silver oxide does not yield an oxide bnt decomposes
tlie chloride with formation: of mercnry diphenyl, mercuric oxide, and
silver chloride.® When an acetone solution of phenylmercuric chloride
is treated with a similar solution of sodium iodide, phenylmercuric
jodide is formed.” Arsenic trichloride heated at 100° C. for four to five
hours with the chloride vields phenyl dichloroarsine.® With phenyl
iododichloride 1t yields mercuric chloride and diphenyl iodonium
chloride.? Ethyl mercaptan decomposes phenylmercuric chloride at
150° C., yielding ethyl thio-mercuric chloride, ClHg.SEt.*°

Phenylmercuric bromide may be obtained from phenyl mag-
nesiuni brownide and mercuric bromide in dry ether; 1! by the inter-
action of mercury diphenyl and two atoms of bromine; if four atoms
of the halogen are used, bromobenzene and mercuric bromide result.!2
When mercury diphenyl and mercuric bromide in aleoholic solution are
heated at 120° C., and when ethylene dibromide and mercury diphenyl
are heated at 200° C. this bromide is also formed.

The bromide erystallises in a similar form to the chloride, and 1melts

! Roeder and Blasi, Ber., 1914, 47, 2751.

* Peters, Ber., 1905, 38, 2567.

? Michaelis and Becker, Ber., 1882, 15, 182.

¢ Michaelis and Reese, Annalen, 1886, 233, 49.

5 Kharasch and Grafflin, J, Amer. Chem. Soc., 1925, 47, 1948,
& Otto, J. prakt. Chem., 1870, 1, [2], 184.

7 Steinkopf, Annalen, 1917, 413, 329.

8 Roeder and Blasi, loc. cit.

® Willgerodt, Ber., 1898, 31, 915.
1 Sachs, Ber., 1920, 53, 1737.

11 Hilpert and Griittner, Ber., 1913, 46, 1686.
12 Dreher and Otto, Annalen, 1870, 154, 93.
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at 276" C.; it resembles the chloride in its salnbility and general pro-
perties. An alcoholic solution of potassium sulphide on prolonged
boiling with the bromide gives merenry diphenyl, mercurie sulphide, and
potassium bromide.

Phenylmercuric iodide may be obtained as follows :—

1. From phenylmercuric chloride and sodium iodide, the veaction
being carried out in acetone.  Yield 775 per cent.!

2. Mercury diphenyl in alcohol or carbon bisulphide i» treated with
a solulion of iodine in the same solvent.? A similar result is obtained if
mercuric iodide replaces the iodine and the whole is boiled.

3. Phenylmercuric cyanide is decomposed by iodine, yvielding ihe
iodide.®

The iodide crystallises in glistening satin plates, melting at 2647 t¢,
266° (. The crystals are odourless, not affected by light, insoluble in
water, very slightly soluble in cold aleohol, ether, benzene, readily
soluble in chloroform or hot benzene. When heated above its melting-
point phenylmercuric iodide gives mercuric iodide. :

When an alcoholic or carbon bisulphide solution of the jodide is
treated with iodine, iodobenzene and mercuric iodide result, bnt sodium
iodide does not react with an acetone solution of the iodide.* Sodium
anialgam reacts with an aleoholic solution of phenylmercuric iodide
giving mercury, mercury diphenyl, and hydrogen iodide, but if' the
reaction be carried out in dry benzene, mercury, mercury diphenyl, and
sodinmn iodide are obtained.?

Phenylmercuric thiocyanate, CH Hg.CNS..~This compound
was first obtained by heating together equal moleenles of 1uercury
diphenyl and mercury thiocyanate, and later by treating phenyi-
mercuric iedide with frec thiocyanogen in carbon bisnlphide solution.
It has more recently been formed by treating phenyl mercuric chloride
with sodium thiocyanate in acetone solution, or boiling mercury di-
phenyl with mercury thiocyanate in acetone solution.” It crystallises
i small, pearly plates, melting at 231° to 232-5° C., insoluble in water,
soluble in boiling aleohol or benzene.8

Phenylmercuric cyanide.~—IWhen an equal niumiber of moleales
of mercury dipheny! and merecuric cyanide in aleoholic solution arc
heated in a sealed tube at 120° C. the cyanide is formed. It is also
obtained when the corresponding iodide is treated with silver cyanide.
From benzene it crystallises in large rhombic plates, mclting at 203° to
204° (., somewhat soluble in boiling water, easily in boibng aleohol.
Heated in a sealed tube at 120° C. with concentrated hydrochloric acid
it gives benzene, mercuric chloride, formic acid, and ammoniwm chloride ;
heated with potassium hydroxide it yields mercury, benzene, and
potassium cyanate. It is decomposed by iodine, with formation of
phenylmercuric iodide and cyanogen iodide, and by hydrogen sulphide
yielding benzene, mercuric sulphide, and hydrogen cyanide.

Phenylmercuric hydroxide.—Solutions of this body arc obtained

1 Steinkopf, Annalen, 1917, 413, 329.

2 Dreher and Otto, loc. eif.

3 Otto, J. prakt. Chem., 1870, 1, [2], 182.

4 Steinkopf, loc, cit. 5 Dreher and Qtto, loe. cit,
§ Qtto, J. prakt. Chem., 1870, 1, [2], 182; Hoderbdck, dnnalen, 1019, 419, 266,
T Steinkopf, Annalen, 1921, 424, 60.

8 For the type R*.Hg.8.R”, see Sachs, Annalen, 1923, 433, 1564.

¢ QOtto, loe. eal.
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when mercury diphenyl is oxidised by potassium permanganate,!or when
the corresponding halides are treated with moist silver oxide. The com-
ponents are boiled in alcohol, then evaporated in vacuwo, when small,
white rhombic prisms are deposited, sintering at 160° C. and melting
above 200° C. The crystals are slightly soluble in cold water, more
soluble i aleohol or benzene. The aqueous solution liberates ammonia
from its salts, and precipitates alumina from aluminium salts. Treat-
ment with acids yields the corresponding salts.

Phenylmercuric nitrate.—Alcoholic solutions of the chloride on
long boiling with silver nitrate yield the nitrate in shining, rhombic
plates, melting at 165° to 168° C. with decomposition, somewhat soluble
in boiling water, casily soluble in boiling alcohol or benzene. Treat-
ment with concentrated nitric acid gives benzene and mercuric nitrate.
Mercury diphenyl when treated with mercuric nitrate or nitrogen
trioxide or tetroxide also yiclds phenyhnercuric nitrate.?

Phenylmercuric carbonate 3 is prepared from the chloride in a
similar manner to the nitrate using silver carbonate. It forms small,
white ncedles, very slightly soluble in boiling water, easily soluble in
boiling aleohol or benzene. Vhen heated it melts with decomposition,
and with strong acids gives carbon dioxide and the corresponding salts.

Phenylmercuric formate.4-—~\When mercury diphenyl and formic
acid are boiled for a short time, then poured into water, the formate is
precipitated. It crystallises from hot formic acid in glistening plates,
M.pt. 171° C.

Phenylmercuric acetate may -be prepared as follows :—

1. A mixture of 80 c.c. of benzene, 15 grams of mercuric acetate, and
20 c.c. of 95 per cent. aleohol are heated at 160° C. for five hours. A
yellow precipitate foris during this time which is dissolved by the
addition of a few c.c. of glacial acetic acid. A further 20 c.c. of alcohol
are now added and the heating continued for a further fifty hours.
The solution is then filtered, evaporated to dryness, and the residne re-
erystallised {rom 95 per cent. alcoliol.  Yield 126 grams (80 per cent.).5

2. By boiling a mixture of mercury diphenyl and glacial acetic acid.

8. By heating mercury diphenyl and mercuric acetate in alcoholic
solution in a sealed tube for one hour at 120° C.¢ :

4. By heating phenylmercuriciodide and silver acetate for a long time
in dilute spirit. )

5. By boiling benzenc for several hours at 110° C. with dry mercuric
acetate.” The acctate crystallises in small, white, odourless, glistening,
oblique, rhombic prisms, M.pt. 149° C., easily soluble in hot water,
glacial acetic acid, benzene, or aleohol.

When heated at 150° C. phenylmercuric acetate gives carbon,
benzene, mercury, oxygen, and acetic anhydride. Dry distillation
yields mercury, diphenyl oxide, and acetic anhydride. Distillation with
sulphur gives mercury, benzene, acetic acid, acetic anhydride, and
diphenyl sulphide. Boiling with dilute sulphuric or hydrochloric acid
produces benzene, acetic acid, and a mercuric salt. The acetate is
reduced by nascent hydrogen to benzene, mercury, and acetic acid,

L Otto, J. prakt. Chem., 1884, [2], 29, 136.

2 Bamberger, Ber., 1897, 30, 506. 3 Otto, loe. cit.
¢ Dreher and Otto, Annalen, 1870, 154, 93.
5 Maynard, J. Amer, Chem. Soc., 1924, 46, 1511, & Otto, loc. cit,

* Dimroth, Ber., 1898, 31, 2154; 1899, 32, 758,
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Treated with iodine, a warm aqueous solution yields iodobenzenc, acetic
acid, and mercuric iodide. Aqueous or alcoholic hydrogen sulphide gives
a heavy white precipitate, which turns gray and then black, the result-
ing solution containing benzene, acetic acid, and mercuric sulphide.
Heated with yellow ammoniun: suiphide at 100° to 110° C. in sealed
tubes gives a similar result to the preceding. Heating with arsenic
trichloride for four to five hours at 100° (., gives phenyldichloroarsine.?

Reduction by alkaline sodium stannite gives mereary diphenyl in
95-6 per cent. yield.2

Phenylmercuric propionate, prepared in the same way as the
formate, forms matted crystals, sintering at 145° C. and melting at 165°
to 166° C. It may be recrystallised from water, and is also soluble in
aleohol or benzene.

Phenylmercuric myristate.®>—Equal numbers of molecules of
myristic acid and mercury diphenyl are heated together in alcoholic
solution in a sealed tube at 120° €.  Small, fatty, rhombic scales are ob-
tained, insoluble in water, soluble in boiling alcohol or benzene, and
when boiled with hydrochloric acid they are decomposed into benzene,
myristic acid, and mercuric chloride.

Phenylmercuric sulphide.*—Phenylinercuric acetate is dissolved
in ammonium hydroxide—ammonium acetate solution, and treated with
hydrogen sulphide or an alkali sulphide, when phenylmercuric sulphide
is precipitated as a white amorphous powder. It is insoluble in water
or aleohol but dissolves in chloroform, this solution soon decomposing.
Hydrochloric acid liberates hydrogen sulphide, and continued boiling
with aleohol gives mercuric sulphide and mercury diphenyl. Heated ,
to 108° C. the compound blackens and decomposes.

Phenylmercuric thiocarbonate, (C;H Hg),CS;.—Vhen the above
sulphide is dissolved in cold carbon bisulphide the solution first deposits
silky needles, and afterwards a yellow product which is only shghtly
soluble in carbon bisulphide. This substance is the thiocarbonate,
which is insoluble in water or alcohol, slightly soluble in. ether or benzene,
more soluble in chloroform, and forms a clear solution m hot fuming
hydrochloric acid. At 108° C. it blackens, mercuric sulphide heing
deposited and carbon disulphide evolved. It is rapidly decomposed
when heated with benzene, with the production of mercury diphenyl and
mercuric sulphide.

Phenyimercuric thiosulphate.®>—Two molecules of phenylmer-
curic acetate in ammonium hydroxide—ammonium acetate solution are
treated with one molecule of sodimm thiosulphate, when a white pre-
cipitate is obtained, insoluble in ordinary solvents but dissolving in
concentrated hydrochloric acid, with evolution of sulphur dioxide and
deposition of sulphur. This thiosulphate readily dissolves in aqueous
sodium thiosulphate, the solution giving mercury diphenyl on standing.
The compound is not decomposed when heated to 200° C.

Compounds of Di(phenylmercuri)-amine, (C;H Hg),NH.

Pesci has shown that phenylmercuric salts react with ammonia to
form salts of (C,H Hg),NH—, these compounds yielding ammonia

1 Roeder and Blasi, Ber., 1914, 47, 2752.

2 Maynard, J. Amer, Chem. Soc., 1924, 46, 1511 ; Dimroth, Ber., 1902, 35, 2853.

3 Otto, J. prakt. Chem., 1870, 1, [2], 185, L

4 Pescl, Gazzetta, 1899, 29, 1. 304, 5 Pescl, ibid. ® Pesci, thid., 1909, 39, 1. 147.
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when decomposed, but no hydroxide when treated with alkalies or silver
hydroxide. .

Phenylmercuriamine acetate, (CgH;Hg),NH,.0.CO.CH,.—-This
compound separates out when phenylmercuric acetate is dissolved
in ammonium hydroxide. It crystallises from methyl alechol in
ueedles, melting at 179° C.,, readily soluble in aleohol, sparingly soluble in
water. Excess of concentrated sodium thiosulphate or refluxing with
alcoholic carbon bisulphide gives mercury diphenyl.

The nitrate is formed when ammonium nitrate is added to the above
anunoniacal solution of phenylmercuric acetate. It forms brilliant
scales from alcohol, melting at 280° to 285° C. with decomposition.

The sulphate is precipitated by sodium sulphate and 1s an infusible
precipitate, forming a compound with ammonium sulphate,

[(CsHsflg)zNHz]st 4 (NH,),S0,

which crystallises in rectangular tablets. _ _ o

The chloride, prepared from phenylmercuric chloride, crystallises in
microscopic prisms, melting at 184° C. with decomposition.

Tetra (phenylmercuri) thiourea, (C¢H;Ig),N,CS.—The above
acetate treated with thiourca gives this derivative and ammonium
acetate. It is insoluble in the usual solvents and darkens at 104° to
105° C. When boiled with alcohol it decomposcs, giving mercuric

sulphide, mereury diphenyl, and phenylmercuri cyanamide,
(CeH Hg),N,CS=HgS+(C¢H;),Hg 4 (CcH ;Hg ),N —CN

Phenylmercuri cyanamide, formed as shown above, is a white
amorphous powder which decomposes when heated. It is decomposed
by cold dilnte hydrochloric acid into phenylmercuric chloride and
cyanamide.

Tolylmercuric Compounds.

o-Tolylmercuric chloride may be prepared by treating o-tolyl
borie acid with mercuric chloride,! or by separating it from the para
compound forimed when toluene is mercurated by mercuric acetate after
treating the mixture with sodium chloride.? It crystallises from
alcohol in white crystals, M.pt. 146° C.3

o-Tolylmercuric bromide 4—To a solution of 28 grams of o-tolyl
magnesium bromide in 100 grams of ether, 58 grams of mercuric bromide
arc added, the mixture shaken for one hour, boiled for two hours, and
then allowed to stand over-night. Itis then worked up inthe usual way,
when 42 grams (78 per cent. yield) of the bromide are obtained. From
xylene or alcohol it forms hair-fine needles, M.pt. 168° C., easily soluble
in pyridine or aniline and reprecipitated by the addition of petroleum
ether. It is only slightly soluble inn cold aleohol, ether, benzene, chloro-
form, or acetone, but readily soluble in hot benzene or its homologues.
The crystals are not affected by light.

o-Tolylmercuric iodide —When the above bromide is boiled with
alcoholic potassium iodide in slight excess, a quantitative vield of the

! Michaelis, Ber., 1894, 27, 244,

¢ Dimroth, Ber., 1899, 32, 758.

3 Coffey, Trans. Chem. Soc., 1925, 127, 1029,
* Hilpert and Gritttner, Ber,, 1915, 48, 906.
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jodide is obtained. It crystallises in prisins from aleohol, melting at
176° to 177-5° C., and has a similax solubility to the bromice. '

o-Tolylmercuric sulphide.—When hydrogen sulphide is passed
into a pyridine-ether solution of the above iodide at —310° ., the pale
yellow sulphide is precipitated. In the presence of moisture it soon
decomposes and blackens, mercuric sulphide separating out.

o-~Tolylmercuric nitrate is formed when mercury di-o-tolvl is
treated with nitrogen trioxide or tetroxide.x )

m-Tolylmercuric chloride 2 is readily obtained from m-tolvl
boric acid, as in case of the ortho compound;? from tri~rn~toly1stibi1‘ic
mercurichloride by boiling with alcohol ; * and by heating an alcoholic
solution of mercury di-m-tolyl with mercuric chloride.

It crystallises in white needles, melting at 159° to 160° C., easily
soluble in chloroform or benzene, with difficulty in aleohol, and it sub-
limes without decomposition.

The bromide is prepared in the same way as the chloride ; it crystal-
lises from alechol in white needles, M.pt. 1838° to 184° C,

The todide forms white pearly plates, M.pt. 161° to 162° C.; the
acetate, white shining needles from water, M.pt. 83° to 84° C.; the
Jformate, large needles, M.pt. 106° C.; the propionate, white needles,
M.pt. 102° C,, insoluble in cold water, easily soluble in aleohol,

p-Tolylmercuric chloride,— This derivative is prepared as
Tollows :—

1. A mixture of 300 c.c. of water and 100 grams of powdered mercuric
chloride is heated in a 2-litre beaker, and a solution of 80 grams of
sodium p-toliene sulphinate in 200 c.c. of boiling water carefully added
to the hot solution. A heavy white precipitate is thrown down and
sulphur dioxide is evolved. When the frothing ceases, 200 c.c. of water
are added, and the mixture boiled, with occasional stirring, until the
evolution of sulphur dioxide slackens. A further 200 c.c. of water arenow
added and boiling continued until no more sulphur dioxide is given off.
The mixture is filtered, and washed with water until the washings give
no precipitate with sodium hydroxide, the residue then being dried at
110° C. Yield 65 per cent.®

2. Heating p-tolyl sulphinic acid with mercuric chloride until evolu-
tion of sulphur dioxide ceases.®

3. Heating p-tolyl sulphonyl chloride with mercury diphenyl for
fifteen hours at 120° C.7

4. By heating mercuric chloride and mercury di-p-tolyl in aleoholic
solution in a sealed tube at 160° C.8

5. From p-tolyl boric acid in the usual way.

6. By separation of the ortho and para isomers formed in the direct
mercuration of toluene by mercuric acetate, after treating with sodinm
chloride.1®

1 Kunz, Ber., 1898, 31, 1528,

2 Michaelis, Ber., 1895, 28, 588.

3 Khotinsky and Melamed, Ber., 1909, 42, 3094.

¢ Michaelis and Genzken, Annalen, 1887, 242, 176.

5 Whitmore, Hamilton, and Thurman, J. Amer, Chem. Soc., 1923, 45, 1086.

6 Peters, Ber., 1905, 38, 2569.

? Otto, Ber., 1885, 18, 246.

8 QOtto, J. prakt. Chem., 1870, 1, [2], 185.

¢ Michaelis and Becker, Ber., 1882, 15, 185,

10 Dimroth, Ber., 1899, 32, 758 ; ¢f. Coffey, Trans, Chem. Soc,, 1925, 127, 1029,
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The chloride crystallises in shining scales, melting at 232° to 283° C, ;
it is insoluble in water, solnble with difficulty in hot alcohol and easily
in boiling benzene. Its solution in acetone when treated with sodium
iodide yields p-tolylmercuric iodide, but no mercury di-p-tolyl is formed.?

p-Tolylmercuric bromide.—From 28 grams of p-tolyl magnesinm
bromide and 58 grams of mercuric bromide a yield of 44 grams of p-
tolylmercuric bromide is obtained.? The yield is not so good when
mercuric chloride is used in place of the bromide.?

The bromide crystallises in fine needles from benzene, melting at
234° to 235° C. It is sparingly soluble in the usual organic solvents.
It reacts with phosphenyl chloride in two to three hours at 270° C. in
dry carbon dioxide to forin phenyl-p-tolylchlorophosphine.

p~Tolylmercuric iodide.—This derivative may be prepared from
the chloride as shown above, or from the bromide by boiling with
potassium iodide in alcoholic solution for two hours. Tts melting-point
has been given as 218° to 214° C. and 217° C. ; it is sparingly soluble in
organicsolvents.4

p-Tolylmercuric carbonate is a crystalline powder, decomposing
above 260° C.

p-Tolylmercuric mercaptan is a vellow, insoluble product pre-
pared from the above carbonate and carbon disulphide.

p-Tolylmercuric nitrate is prepared similarly to the ortho com-
pound from mercury di-p-toly! and trioxide or tetroxide of nitrogen.

p~Tolylmercuric acetate—The methods of preparation of this
derivative, as also of the preceding one, are similaxrto those for the phenyl
compound. It forms rhombic prisms from alcohol and benzene, M.pt.
158° C. It is less soluble in the usual solvents than the phenyl
compound.

p-Tolylmercuric-2 : 4 : 6-trinitrobenzoate is prepared from the
hydroxide and the substituted benzoic acd in alcoholic solution. It
melts at 227° C., but when heated in an oil-bath at 220° to 230° C. until
all effervescence ceases it forms p-tolylmercuric-2:4:6-trinitro-
phenyl, a pale yellow product, M.pt. 192° C.§

Benzylmercuric Compounds,

Benzylmercuric chloride? is obtained as follows —

1. To a solution of 23.8 gramns of benzyl magnesiumn chloride in
100 grams of ether, 467 grams (1-1 mols.) of finely powdered mercuric
chloride are slowly added with good shaking. Until the reaction is
finished, the temperature is maintained below 45° C., and the reaction
mixture then allowed to stand for twenty-four hours. It is then boiled
briskly for two hours, decomposed by ice and dilute sulphuric acid,
filtered and washed with water, not exceeding 80° C. The residue is
then recrystallised from equal parts of xylene and aleohol. Yield 48
grams (84 per cent.).

! Stelnkopf, Annalen, 1917, 413, 329.

2 Hilpert and Griittner, Ber.,, 1915, 48, 906,

3 Pope and Gibson, T'rans. Chem. Soc., 1912, 101, 735,

4 Steinkopf, loc. ¢it. ; Hilpert and Griittner, loc. ¢it,

5 Kunz, Ber., 1898, 31, 1528,

¢ Koten and Adams, J, Amer. Chem. Soc., 1924, 46, 2768.
7 Hilpert and Griittner, Ber., 1915, 48, 913.
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2. From benzyl boric acid and mercuric chloride.?

8. Frou: wercury dibenzyl and zn aleoholic solution of mercuric
chloride.

The chloride crystallises in white, glistening plates, M.pt. 104° C., and
decomposes when strongly heated. It reacts with benzyl magnesium
chloride to form mercury dibenzyl.2

The corresponding bromide and todide may be prepared bv Method 8,
the former giving plates melting at 119° C,, and the latter plates, M.pt.
117° C.3

The cyanide is formed when mercury dibenzyl and mereuric cyanide
in absolute alcoholic solution are heated at 180° C. in a sealed tube. It
crystallises in fine, white needles, M.pt. 124° C.

The acefate results when mercury dibenzyl in aleoholic solution is
treated with mercuric acetate ; and when silver acetate is added to an
alcoholic solution of benzylmercuric chloride.

It forms long, glistening, white needles, melting at 126° C.

Compounds from Higher Benzene Homologues.

m -Xylylmercuric chlorideis obtained, along with m-xylyldichloro-
phosphine, when mercury di-m-xylylis heated at 230° C. with phosphorus
trichloride.

Mesitylmercuric chloride occurs as fine needles, melting about
200° C. ; the bromide melts at 194° C. ; the fodide yields fine, colourless
needles, melting about 178° C.5

Pseudocumylmercuric chloride yields small needles, M.pt. 201°C.;
the bromide is a white micro-crystalline powder, M.pt. 211° C. ; the todide,
formed by heating mercury dipseudocumyl with excess of wmercuric
iodide in a sealed tube at 130° to 140° C. in aleoholic solution, ervstallises
as white glistening needles, M.pt. 196° to 197° C. )

Cumylmercuric chloride (glistening needles, M.pt. 156° C.);
bromide (M.pt. 163° C.) ; and iodide (M.pt. 169° C.)8 are also known.

Cyclohexyl Compounds.’

Cyclohexylmercuric chloride is formed by the action of
mercuric chloride on mercury dicyclohexyl in any solvent, and all the
following salts may be prepared in a similar manmer. The chloride
crystallises in plates of brilliant lustre, M.pt. 168° to 164° C., and may be
converted to the jodide by warming its solutions*with potassium iodide.

The bromide crystallises froni benzene in white leafiets, M.pt. 153° C,,
100 grams of benzene dissolving 3-33 grams of bromide at 29° C. It is
insoluble in water, more soluble in ether or benzene, very soluble in
amines or pyridine. It is sensitive to light.8

1 Khotinsky and Melamed, Ber., 1909, 42, 3095.

2 Jones and Werner, J, Amer. Chem, Soc., 1918, 40, 1257.

3 'Wolff, Ber., 1913, 46, 64,

4 Weller, Ber., 1887, 20, 1718.

5 Michaelis, Ber., 1895, 28, 588,

8 Michaells, bid. ; Schiff, Ber., 1877, 1o, 1745, b

7 Griittner, Ber., 1914, 47, 1651 ; Tiffeneau and Gannagé, Bull. Sci. Pharmacol., 1921,

28, 7. :
$ Tiffeneau and Gannagé give chloride, M.pt. 159° C.; bromlde, M.pt. 141° C.;

fodide, M.pt. 142° C.
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The ¢odide may be obtained from the chloride or bromide by the
aetion of potassivuin iodide, or by treating cyclohexyl iodide with sodium
amalgam.® It has a similar solubility to the bromide, is sensitive to
light, and crystallises in plates, M.pt. 143° C.

Treatment of the above halides with silver oxide yields the hydrozide,
a strong base, which decomposes when heated.

The sulphide is a pure white powder, deposited when a rapid stream
of hydrogen sulphide is passed into a pyridine solution of the bromide
at —10° C. Ifleftin a moist state it soon decomposes.

The cyanide crystallises from alcohol in sparkling leaflets, melting at
144° C., and is sensitive to light.

4-Methylcyclohexylmercuric chloride forms spangles, sub-
liming at 163° C.; the bromide has M.pt. 142° C., fodide, M.pt. 176° C,,
cyanide, M.pt. 100° C., and hydrozide, M.pt. 110° to 115° C.% arc also
known.

Naphthyl Compounds.

a~Naphthylmercuric chloride is prepared by boiling an acetone
or aleoholic solution of mercury di-a-naphthyl with mercuric chloride,
filtering, and precipitating the chloride with water.® It crystallises in
quadratic plates, M.pt. 188° to 189° C., and its acetone solution with
sodium iodide yields the corresponding iodide. It is moderately soluble
in aleohol or benzene, but insohible in water.*

a~Naphthylmercuric bromide may be prepared from mercury di-
a-naphthyl either by the action of bromine, or by heating it with mer-
curic bromide in alcoholic solution for one hour at 120° to 130° C.°
Naphthyl magnesium bromide and mercuric bromide give the same
product.® The compound crystallises in glistening needles or plates,
M.pt. 202° C., insoluble in water, easily soluble in aleohol, chioroform,
benzene, or carbon bisulphide.

a~Naphthylmercuric iodide ecrystallises in rthombic columus,
M.pt. 185:5° to 186” C., and is obtained from the chloride as described
above, or from mercury di-a-naphthyl by the action of iodine in carbon
bisulphide solution. It is insoluble in water, slightly soluble in cold
alcohol or ether, easily soluble in hot aleohol, chloroform, benzene, or
carbon bisulphide. When strongly heated it decomposes with separa-
tion of carbon, and heated with soda lime yields mercuric oxide, iodine,
and naphthalene. Its alcoholic solution treated with sodium amalgam
gives mercury, hydrogen iodide, and mercury di-a-naphthyl.?

a~Naphthylmercuric acetate is prepared as follows :—

1. Mercury di-a-naphthyl is treated with an excess of glacial acetic
acid and the mikxture heated until complete solution is obtained, then
the whole poured into water. The precipitate, which contains the
acetate and naphthalene, is filtered off and washed with water, then
crystallised from hot alcohol, in which the naphthalene is less soluble
than the acetate.

v Kursanov, Chem, Zentr., 1899, 11, 477,
? Tiffeneau and Gannagé, Bull. Sci. Pharmacol., 1921, 28, 7.
" %"9 lﬂteinkopf, Annalen, 1917, 413, 330; see Matsumiya, Mem. Coll. Sci. Kyits, 1925,
) -
2 Otto, J. prakt. Chem., 1870, [2], 1, 185,
5 Otto, Annalen, 1870, 154, 188,
¢ Hilpert and Griittner, Ber, 1913, 46, 1686.
? Otto, loc, cit. ; Otto and Mories, Annalen, 1868, 147, 164,


Zen.tr

MERCURY. 97

2.1 Thirty grams of pure dry wmercuric acetate are introduced into
60 grains of molten naphthalene, the mixture well stirred and heated to
120° C,, this temperature being maintained until a clear solution results
(about twenty minutes). The excess of naphthalene is then removed
by steam and the dry residue extracted with ligroin, from which the
product crystallises on cooling. If the reaction product before steam
distillation is treated with sodium chloride, the chloride is obtained
instead of the acetate.

The acetate crystallises from aleohol in colourless needles, M.pt.
154° C., which are insoluble in water, slightly soluble in ether, and easiiy
soluble in hot glacial acetic acid, alcohol, benzene, chloroform, or carbon
bisulphide.

It reacts with hydrochloric or hydriodic acids, giving acetic acid.
naplithalene, and a mercuric halide ; four atoms of iodine react giving
acetic acid, mercuric iodide, and iodonaphthalene ; sodium amalgam on
the alcoholic solution yields mercury, acetic acid, and naphthalene ;
alcoholic hydrogen sulphide or ammonium sulphide at 100° C. break
the compound down into acetic acid, mercuric sulphide, and naphtha-
lene.

The formate is an oil, and the butyrate forms fine, glistening, xhombic
prisms, melting about 200° C,, almost insoluble in cold water, moderately
soluble in hot water, alcohol, or butyric acid.

The nitrate is prepared by the interaction of silver nitrate and a-
naphthylmercuric chloride in alcoholic solution,? or from mercury di-
a-naphthyl and nitrogen trioxide. It erystallises in simall white needles.

The thiocyanaie occurs as white plates, solnble in hot aleohol eor
benzene ; the sulphide has only been obtained as a white precipitate.

Thienyl Compounds.
2-.Chloromercuri thiophene,

I

|
I\/IHgCI
S

In order to prepare this derivative, 10 parts of thiophenc in 100 parts of
spirit are mixed with 1000 parts of a cold saturated solution of mercuric
chloride and 200 parts of a 83% per cent. solution of crystallised sodium
acetate, In four or five days the precipitate is filtered off and the
filtrate deposits further crystals. The residue is washed with cold
water, boiled with spirit, and filtered through a hot-water funnel, the
chloride crystallising out on cooling.®

The above method of preparation yields a mono- and a di-mercurated
thiophene ; the latteris very insoluble in the usual solvents, so that the
mono-compound is removed by means of hot aleohol.* 2-Chloromercuri

1 Dimroth, Ber., 1902, 35, 2032.

2 Qtto, J. proki. Chem., 1870, [2], 1, 188. |

3 Volhard, Annalen, 1891, 267, 176; Steinkopf and Bauermeister, Annalen, 1914,
403. 59 ; Finzi, Gazzetia, 1913, 45, i, 280 ; Steinkopf, Annalen, 1921, 424, 23.

4 From 85 grams of thlophene Steinkopf obtained In six days 217 grams of mono-
compound and 18 grams of di-compound, but the author finds tha:t a considerable increase
In yield may be obtained if the liquors be allowed to stand for six months after the first
batoh of crystals has been removed. It may also be prepared by treating mercury 2 : 3%
thienyl in acetone solution with mereuric chloride. Yield 89-4 per cent.

TTAAT ~rY « T 7
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thiophene crystallises in white, silvery plates, M.pt. 183° C., somewhat
volatile, commencing to snblime above 100° C., subliming rapidly at
210° C.; inlarge quantities this process is accompanied by decomposition.
With sodium iodide in acetone soluition it yields mercury 2:2’-dithienyl
and the corresponding iodide. With mercuric bromide or iodide the
corresponding 2-halidemercuri thiopheues are obtained.!

VWhen boiled with arsenie trichloride in toluene for six to seven hours
dithienylchloroarsine and thienyldichloroarsine ? are obtained.

Thienoncs are formed by heating the chloride with the chlorides
of the following acids: acetic, benzoie, o-toluic, p-toluic, p-nitrobenzoic.
The chloromercuri thiophenc appears to be a catalyst in these reactions.

2-Bromomercuri thiophene, obtained from the chloride by action
of mercurie bromide, crvstallises fromn tolucne in glistening plates, M.pt.
169° to 170° C., somewhat casily soluble in acetone, with diffieulty in
cold alcohol, chloroform, benzene, or carbon bisulphide.

2-Iodomercuri thiophene may be prepared in a similar manner to
the bromide, or by treating an acetone solution of mercury 2 : 2"-dithienyl
with one molecule of sodinm iodide. It crystallises in shining, silvery
plates, nelting at 117° C., insoluble in water, not easily in hot alcohol or
cold henzene, readily in hot benzene or cold acetone. Since the iodide
is affceted by sunlight, turning red, all the operationsin connection with
its extraction should be carried out in absence of sunlight. It reacts
with thallic chloride to give thallous chloride and 2-chloromercuri
thiophene,?

2-Thiocyanatomercuri thiophene is obtained from an acetone
solution of 2-chloromercuri thiophene by treatment with 1 mol. of
sodium thioevanate. The mercury-2 : 2’-dithienyl is filtered off and the
thiocyanate precipitated from the filtrate by water. It crystallises
from toluene i ghstening plates, melting at 179° to 180° C. It is easily
soluble in acctone, sparingly in cold aleohol, ethyl acetate, benzene, or
toliiene, insoluble in water.

2:5 Dichloromercuri thiophene is obtained as a by-product in
the preparation of the monomercurichloride, or by treating the corre-
sponding acetate solution with sedium chloride. It is a white powder,
insolible in all indifferent solvents, not easily attacked by acids, even
concentrated nitric acid, and is unaffected by aqueous alkalies, When
boiled under reflux with aqueous bromine for one hour it yields a mixture
of di-, tri-, and tetrabromothiophenes, but warmed with aqueous iodine
only di-iodothiophene is obtained.

5-Chloromercuri-2-chlorothiophene,

]
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is prepared in the usual way from 2-chlorothiophene and mereuric
chloride in sodiumn acetate solution. It forms glistening silver plates,
M.pt. 218° to 219° €., and has the usual solubility. Traces of a di-mer-
curated compound are also obtained, melting at 278° to 280° C. with
decomposition.

! Stefnkopf, Annalen, 1917, 413, 310.
* Stelnkopf, ibid. : Finzl, Gazzella, 1915, 45, ii. 280.
® (toddard, T'rans. Chem. Soc., 1923, 123, 1169,
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The corresponding bromzde forms fine white erystals, M.pt. 191° (.,
from toluene solution, and is obtained by treating an acetone solution of
mercury 5 : 5-dichloro-2 : 2’~dithienyl with mercuric bromide.

The iodide is formed from the chloride by treatment with sodinm
iodide in acetone solution. It crystallises in white, glistening plates
which melt at 126° to 126-5° C. with partial decomposition. Tt is easily
soluble in ethyl acetate o1 acetone, somewhat soluble in alcohol, benzene,
chloroform, or carbon bisulphide in the cold, insoluble in water. It
tends to split off mercuric iodide when in solution.

5-Chloromercuri-2-bromothiophene yields fine crystals, melting
at 225° C. It is not very soluble in cold solvents, with the exception of
acetone. The bromide forms white, matted needles, M.pt. 197° to
197-5° C., whilst the todide crystallises in small white crystals from
aleohol, M.pt. 119° C., easily solnble in carbon bisulphide, acetone, or
ethyl acetate, warm benzene, xylene, alcohol, or chloroform. It is
sensitive to light, becoming pale red.

5.-Chloromercuri-2-~iodothiophene yields slender, matted crvstals,
sintering about 215° C, and melting at 225° C. It is {airly soluble in
warm benzene or acetone. When heated with acetyl chloride at 80°
to 90° C. it gives 2-iodo-5-acetothienione, and when refluxed with iodine
and water for a few minutes until the iodine disappears, 2 : 5-di-iodothio-
phene is obtained. The bromide, on crystallising from xylene, forms
matted crystals darkening at 170° C., is somewhat soluble in acetone,
difficultly soluble in carbon bisulphide, and practically insolnble in
alcohol or benzené. The zodide is partially decomposed when recrystal-
lised from xylol, and is a faint yellow, micro-crystalline body, M.pt. 141°
to 142° C. It is moderately soluble inn acetone, readily solnble in warm
chloroform, benzene, or xylene.

5-Chloromercuri-2-carboxyl-thiophene,

[ 1]
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is prepared in the usual manner from thiophene-2-carboxylic acid. It
occurs in two forms: (a) soluble in sodinm hydroxide and reprecipitated
by dilute hydrochloric acid as a white, amorphous body, and (D) in-
soluble in sodium hyvdroxide, but solublc in ammonium hydroxide, and
reprecipitated by dilute hydrochloric acid. Both compounds melt at
297° to 298° C., with violent gas evolution.

5-Chloromercuri-2-methyl thiophene.—Cold saturated mercuric
chloride (220 grams), 44 grams of 33 per cent. sodium acetate and 2-6
grams of 2-methyl thiophene ini 150 c.c. of alcohol give 8:6 grams of
product in thirteen hours.! It crystallises from alcohol in glistening
needles, M.pt. 204° C.2 ‘It is insoluble in water or ether, and with
benzoyl chloride yields phenylthiotolyl ketone.

5-Chloromercuri-2-~phenyl thiophene occurs as white, glistening
plates, melting at 284° C. and slightly soluble both in alecohol and in
benzene.

?-Chloromercuri-3-methyl thiophene is prepared from f-thio-
toluene in the usual way. A mono- and a di-mercurafed compound result.

1 Stelnkopf and Bauerlnelster, Annalen, 1914, 403, 59.
2 Volhard gave 197° C.
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the former crystallising from aleohol in white, bushy needles, tlie di-com-
pound being insohible in the usual organie solvents, and only attacked
with difficulty by concentrated nitric acid.

9-Chloromercuri-~3-isopropyl thiophene crystallises from hot
alechol in shining, long, white needles, M.pt. 137° C., soluble in ether,
insoluble in water. A dichloro cornpound is formed at the same time
as a white granular mass, insoluble in all solvents and very stable towards
concentrated nitric acid.

5-Thiocyanatomercuri-2-chlorothiophene,—The corresponding
5-chloromercuri compound (8-5 grams) in 120 c.c. of acetone is treated
with 0-8 gram (1 mol.) of sodium thiocyanate in 15 c.c. of acetone.
Yield 29 grams. It ervstallises from benzene or aleohol in glistening
silver plates, melting at 187° C. alter previously sintering. It is
readily soluble in cold acetone, moderately soluble in cold alcohol or
cthyl acctate, but readily soluble on warming, sparingly in hot benzenc
or ether. The thiocyanate may also be obtained from mercury 5 : 5'-
dichloro-2 : 2’-dithienyl by the action of mercury thiocyanate in acetone
sohition. On the otherhand, if 2mols. of sodium thiocyanate are used in
the first preparation, merenry 5 : 5'-dichloro-2 : 2'-dithienyl is isolated.!

5-Thiocyanatomercuri-2-bromothiophene crystallisesfromethyl
acetate in small, warty agpregates, M.pt. 187° to 188° C., easily soluble
in pyridine, sparingly in cold ethyl acetate or alechol. If two molecules
of sodium thiocyanate be used, mercury 5 : 5'-dibromo-2 : 2’-dithienyl,
M.pt. 182° to 183° C,, is formed.

5.Thiocyanatomercuri-2-iodothiophene.—It was found im-
possible to isolate this compound in the pure state using the 5-iodo-
niercuri derivative, so that the preparation was conducted as follows :(—
Three grams of mercury 5 : 5-di-iodo-2 : 2'-dithieny! and 1-54 grams of
nereury thiocyanate in 250 c.c. of acetone were heated to boiling. The
liquid on filtering deposited 1-1 gramns of substance, and a further 2-8
grams were thrown out by the addition of water. The product yielded
crystals from nitromethane solution, M.pt. 173° C,, easily soluble in
warm acetone or cold pyridine, sparingly in cold nitromethane or bromo-
henzene, readily on heating. In alcohol, benzene, or xylene it is only
sparingly soluble.

5.Chloromercuri-2 -n-propylthiophene —A mixture 0198 grams
of mercuric chloride, 38 grams of sodium acetate, 450 c.c. of aleohol, and
3 grams of n-propylthiophene after six days deposits 6:2 grams of crystals.
Yield 72 per cent. The crystals from benzene meltat 155° C., are easily
soluble in pyridine, warm alcohols, benzene, or toluene, sparingly in
warm ether.

5-Thiocyanatomercuri-2-n-propylthiophene is readily obtained
from the above compound in the usual manner. It crystallises from
toluene in silvery plates, M.pt. 169° to 169-5° C., easily soluble in cold
acetone, fairly soluble in benzenc or toluene, sparingly in aleohol.

5-Chloromercuri-2-isoamylthiophene is obtained in 75 per cent.
yield after the reaction mixture has stood for four days. It crystaliises
from benzene in fine needles, M.pt. 171-5° to 172° C., readily soluble in
cold acetone or warm cther, sparingly in other cold solvents.” If treated
with sodium iodide it yields mercury 5 : 5-di-isoamyl-2 : 2'-dithienyl.

5 - Thiocyanatomercuri - 2 - isoamylthiophene forms glistening
erystals, M.pt. 199° to 200° C. v

! Steinkopf, Annalen, 1921, 424, 36,
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5-Chloromercuri-2-benzylthiophene is obtained in 80 per cent.
vield in four days. It yields small, snow-white crystals from toluene,
M.pt. 189° to 191° C., having the usual solubilities. It does not yield a
thiocyanato compound, but mercury 5:5-dibenzyl-2 : 2’-dithieny! is
formed instead.

5-Thiocyanatomercuri-2-methylthiophene is deposited as pure
white, microscopic crystals from ethyl acetate. It decomposes at 202°
to 204° C., and when crystallised from xylene it is partially decomposed.
It is readily scluble in pyridine or acetone, and the following solvents
when heated: alcohols, ethyl acetate, or xylene. When 2 mols. of
sodium thiocyanate are used in the preparation a body melting at 208°
to 204° C. is isolated.

5-Bromomercuri-2-methylthiophene —To prepare this sub-
stance mercury 5: 5 -dimethyl-2 : 2’-dithienyl (1-97 grams) and 1-8 grams
of mercuric bromide in 100 c.c. of acetone are rapidly brought to the boil,
thell cooled inice. The bromide is precipitated by the addition of water.
Yield 8:5 grains. It erystallises from ethyl acetate in shining, white
necdles, melting at 179° to 180° C., and having the usual solubilities.

5-Todomercuri-2-methylthiophene, prepared i a similar manner
to the bromide, crystallises from alcohol in silvery needles melting at
111° to 112° C. It is readily soluble in cold ethyl acetate or benzene,
less 5o in acetone unless heated.

5-Chloromercuri-2-ethylthiophene may be ecrystallised from
alcohol; M.pt. 147° to 148° C. Yield 81 per cent.

5-Thiocyanatomercuri-2-ethylthiophene yields small plates from
benzene; M.pt. 167-5°to 169°C.

5-Jodomercuri-2-ethylthiophene, prepared from the chloride
using rather more than 2 mols. of sodium icdide in acetone solution,
crystallises from much alcohol in silvery needles melting at 96° to 97° C.,
affected by light.

(2 or 5)?-Thiocyanatomercuri-3-methylthiophene yields small
crystals from benzene, melting at 169° C., sparingly soluble in acetone
in the cold, easily when heated, but only sparingly in warm benzene or
toluene.

5.Hydroxymercuri-2-acetoxymercuri thiophene occurs as hair-
fine needles, M.pt. 270° C. It is obtained from commercial benzene by
boiling it with mercuric acetate. One kilogram of benzene, 40 grams of
mercuric acetate, 800 c.c. of water, and 40 grams of acetic acid after
boiling under reflux for thirty minutes give 32 grams of compound.?
Itis only soluble in acetic acid, from which it crystallises as the diacetate;
dry distillation with concentrated hydrochloric acid yields thiophene and
mercuric chloride.

3-Chloromercuri-2-hydroxy-2 :3-dihydro-2 : 5-dimethylthio~
phene mercuric chloride,?

HC-——CH.Hgl
ﬂ I . HgCly
CHac'\/IC,cﬂaoH
S
This compound is derived from 2:5-dimethylthiophene in the usuaal

! Dimroth, Ber., 1899, g2, 758 ; Schwalbe, ¢bid., 1905, 38 .2208.
2 Steinkopf, Annalen, 1921, 424, 23.
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manncr. It forms white erystals, M.pt. 186° to 187° C., insoluble in
water, difficultly soluble in ether, cold aleohol, chloroform, or benzene,
easily soluble in acetone or warm solvents.

3-Chloromercuri-2 : 5-dimethylthiophene is contained in the
mother-liquors from the above compound, and may be precipitated by
the addition of water. It crystallises from aleohol in silky needles,
M.pt. 156° to 157° C., insoluble i1x water, easily soluble in acetone or
warm aleohol. It is also formed when the preceding mercuric salt is
boiled for a long time with a little alcohol. The thiocyanate crystallises
from benzene in snow-white erystals, M.pt. 177° to 177-5°

The corresponding todomercuri compound is obtained by treating the
above chloride in acetone solution with sodium iodide. It crystallises
from benzene in white, glistening needles, M.pt. 175° C.

2-Chloromercuri-3 ; 4-dimethyl thiophene occurs as white
needles, ¥M.pt. 187° to 188° (., easily soluble in warm benzene, chloroforin,
or cold acetone, slightly soluble in water. The crude product obtaihed
in this preparation gives a residue insoluble in boiling alcohol and
in the usual organic solvents. It is 2 :5 ~dichloromercuri-3 : 4-
dimethyl thiophene, which does not melt at 270° C.

The corresponding 2-iodumercuri compound 1s prepared from acetone
solutions of the chloride and sodinin iodide. It gives ycllowish plates
{from benzol, M.pt. 142° C,, casily soluble in acetone, carbon bisulphide,
chloroform, or warm henzene and toluene, sparingly in aleohol. The
thineyanato compound, reerystallised from alcohol, melts at 178° to
179 C.

5-Chloromercuri-2 : 3-dimethylthiophene,

}Ici——-—[

Mql \/]Hg Cl
S

niay be prepared from 140 grams of mereuric chloride solution, 30 grams
of sodium acetate solution, 140 grams of alcohol, and 2 grams of 2: 3-
dimethylthiophene. A yicld of 6 gramis (97 per cent. ) is obtained in five
days. It crystallises from benzene in matted crystals, M.pt. 218° to
214° €., casily soluble in cold pyridine or quinohne and sparingly in
acctone nnless heated.  No dichloromercuri compound is obtained. The
thiveyanaio derivative forms matted crystals from much ethyl acetate,
decomposing on heating at about 240° C.

5-Chloromercuri-4-hydroxy -4 : 5-dihydro-2 : 4-dimethylthi -
ophene mercuric chloride,

I—_MG.OH
| | .chlz
Mel_JHgCl
]

A saturated sohition of nicreuric chloride (264 grams), 54 grains of 33
pexr cent. sodium acetate, 240 grans of alcohol, and 36 grams of 2: 4-
dimethyItliophene are allowed to stand for fifteen hours, when 12-7 grams
of precipitate are collected.  Yield 62 per cent. It forms fine crystals
from benzene, M.pt. 167° to 168° C., and has the usual solubilities.

5-Chloromercuri-2 ;4-dimethylthiophene —3When 41 grams of
the above componnd are boiled for thirty minutes with 500 c.c. of alcohol,
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19 grams of product are obtained, the filtrate vielding unchanged
mercuric chloride addition product. After two crystallisations the hody
melts at 138° to 189° C. Itisreadily solublein cold acetone, moderately
soluble in carbon disulphide, sparingly in cold benzene, ethyl acetate, or
alcohol, but easily soluble on heating. With sodium thiocyanate (2
mols.) in acetone solution, it yields mercury 2 : 4 : 2" : 4'~tetramecthyvl-
5 : 5'-dithienyl. The corresponding thiocyanato compoundis erystallised
fromn alcohol, sinters at 170° C,, and melts at 178° to 175° C. Itis only
sparingly soluble in the usual solvents in the cold and not very readily
on heating.
3-Chloromercuri-2 : 5~-diphenylithiophene,
I““""“-IHgC-I

CGHsl\/lcc‘Hs

S

In order to prepare this substance 2: 5-diphenylthiophene (1-4 grams)in
600 c.c. of alcohol is treated with 50 grams of saturated mercuric chloride
solution and 10 grams of 33 per cent. sodium acetate solution, and after
twelve days a 0-8 gram or 11 per cent. vield is formed. The reaction
can be made quantitative by altering the above quantities to 4 grains of
the thiophene in 400 c.c. of alcohol, 160 grams of sublimate solution and
28 grams of acetate solution, and boiling the mixture for two and a half
hours. The whole is filtered, washed with a little cold aleohol, and re-~
crystallised fromn xylene. It forms matted crystals, melting at 221° to
222° C., readily soluble in acetone or in hot xylene or toluene, sparingly
in cold benzene, chloroform, or aleohol. It is transformed by sodium
thiocyanate (2 mols.) in acetone, to mercory 2 :5: 2° : 5'-tetraphenyl-
8 : 8'-dithienyl. The latter substance with mercury thiocyanate in
acetone is converted into the 3-thiocyanatomercuri derivative, which
sinters at 180° to 200° C., but reinains black and unmelted at 265° C.

Dihydronaphthalene Compounds.

2-Acetoxymercuri-3-hydroxy-tetrahydronaphthalene,!

H,

c
N o He0AC

L1
CH,

A mixture of naphthalene and dihydronaphthalene is dissolvedin ether
and shaken with an aqueous solution of mercuric acetate. After twenty-
four hours long needles of the acetate separate. It may be recrystal-
lised from benzene or ligroin, the product melting at 122° C. It is
soluble in potassium hydroxide, and if potassium bromide be added and
carbon dioxide passed in, the bromide is precipitated. It crystallises
from benzene in glistening crystals, M.pt. 159° C. The corresponding
todide is prepared from the acetate by treatment with potassium iodide,
and when crystallised from benzcne melts at 156° C., turning red. All
the above salts are decomposed by 80 per cent. hydrochloric acid,
naphthalene-free dihydronaphthalene being regenerated.

1 Qand and Gennsler, Ber., 1903, 36, 3699.



10% ORGANOMETALLIC COMPOUNDS.

Mercury Derivatives of Aromatic Compounds containing Halogen,
Nitro, or Sulphonic Acid Groups.

In the case of halogen-substituted hydrocarbons it has been found
that the sulphinic acid method of introducing the mercury gives the best
results,! and it is preferable to methods of direct mercuration using
mercuric acetate at high temperatures. L

p-Chlorophenylmercuric acetate.—p-Chlorobenzene .sulphm}c
acid, prepared from p-chloroaniline by Gatterman’s method, isdissolved in
glacial acetic acid, and asolution of three molecular equivalents of mercuric
acetate in the same solvent added, and the whole boiled for fifteen
minutes. The sulphinic acid is completely converted to the mercury
compound, and is obtained by filtering the reaction mixture, and pre-
cipitating with water. Yield 70 per cent. The acetate is a white,
crystalline solid, M.pt. 198° C., which yields pure p-chloronitrobenzene
when treated with concentrated nitric acid at 65° C. for ten minutes.
A suspension of the acetate in 10 percent. aqueous potassium bromide,
when treated with a slight excess ol 10 per cent. bromine in 10 per cent.
potassium bromide and shaken for one hour, yields p-chlorobromo-
benzene.

p~Chlorophenylmercuric chloride is obtained by treating an
alcoholic solution of the acetate with 10 per cent. sodium chloride.
It is a white solid, M.pt. 225° C., and may be crystallised from alcohol.

p-~-Bromophenylmercuric acetate, a white crystalline solid, M.pt.
196° C., is prepared as the chloro compound. It may be converted by
nitric acid to p-bromonitrobenzene, and by sodium chloride to the
corresponding chloride, M.pt. 250° C.

p-lodophenylmercuric acetate, which melts at 191° C., is also
known. The mercury may be replaced by bromine in potassium
bromide solution, giving a bromo-iodobenzene.

o-Chlorophenylmercuric acetate is a white, crystalline solid,
M.pt. 115° C.; the corresponding chloride melts at 145° C.

o-Bromophenylmercuric acetate may be prepared in the usual
way. It melts at 124° C, ; the chloride melts at 155° C. and sublinies at
100° C. It yields o-dibromobenzene when treated with bromine in
acetic acid solution.

m-Chlorophenylmercuric acetate is a white solid, melting at
138° C. 1t is soluble in aleohol, glacial acetic acid, benzene, or acetone,
and shghtly soluble in ether. The chloride is best recrystallised from
alcohol and melts at 210° C.

m-Bromophenylmercuric acetate is a white, crystalline solid,
melting at 160° C. The chloride melts at 190° C. and yields m-dibromo-
benzene by the usual treatment.

Derivatives of Nitrobenzene.

o-Nitrophenylmercuric chloride, NO,.C4H, HgCL? is prepared
as follows

1. Mercuric acetate, together with five times its weight of nitro-

! Hanke, J. Amer. Chem. Soc., 1923, 45, 1321.

? Dimroth, Ber,, 1902, 35, 2032; Annalen, 1925, 6, 148 ; Kharasch and (!
J. Amer, Chem. Soc. 1921, 43, 607, o wrasels and Chalkley,
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benzene, is heated in an oil-bath to 150° C.until a test portion ireated with
dilute sodium hydroxide does not give a precipitate of mercuric oxide.
When the mass is cooled a small quantity (0-6 per cent.) of merenric
acetate crystallises out, and the mixture is filtered, the filtrate being
decomposed by sodium chloride, and steam distilled. After cooling, a
solid is obtained which is dried and extracted with ligroin, from which
solvent pale yellow needles are deposited, several recrystallisations from
acetic acid giving small, yellowish plates, M.pt. 181°to 182° C. (Dimroth).?

2. The starting material in this preparation is o-nitrobenzene sul-
phinic acid, which may be prepared from o-nitroaniline by the diazo-
reactionn. Two grams ol this acid in 20 c.c. of alcohol are added to
6 grams of mercuric chloride in a mixture of 20 c.c. of aleohol and 20 c.c.
of water, and the resulting solution boiled for forty-five minutes. The
precipitate is cxtracted with acetone, the solvent evaporated, and the
residue crystallised from 95 per cent. alcohol, when faint yellow crystals,
M.pt. 185° C. (corr.), are obtained. Yield 8 grams (78 per cent.).

The chloride is very soluble in acetone, soluble in hot alcohol or
cther, only slightly soluble in water. When treated with bromiue in
potassium bromide for two hours on a shaking machine, and then
extracted with ether, o-bromonitrobenzene, M.pt. 41° to 42° C., is
obtained, which shows the mercury to be in the ortho pesition to the
nitro group. No mercuric sulphide is obtained when the chloride is
acted upon by ammomum sulphide, but when boiled with hydro-
chloric acid nitrobenzene results. During the direct mercuration of
nitrobenzene, mercury o-o'-dinttrodiphenyl, M.pt. 206° C., is also formed.*

m -Nitrophenylmercuric chloride.—Eight grams of the sodium
salt of m-nitrobenzene sulphinic acid in 40 c.c. of water are added to
21 grams of mercuric chloride in 100 c.c. of aleohol, and slightly more
glacial acetic acid added than is required to liberate the sulphinic acid,
after which the mixture is boiled for twenty hours. Extraction of the
residue with acetone and recrystallisation from aleohol gives white
crystals, melting at 286° to 2387° C. Yield 57 grams (42 per cent.).
The compound is less soluble in acetone or alecohol than the ortho
derivative.

p-Nitrophenylmercuric chloride is prepared in a similar manner
to the ortho compound, but the yields are very poor, even after fifteen
hours’ boiling. It crystallises from aleohol in colourless crystals, M.pt.
265° to 266° C. (corr.) with decomposition. ‘

2 : 4 : 6-Trinitrophenylmercuric chloride, CgH,(\NO,);.HgCl,
melting at 202° C., is obtained by heating 2 : 4 : 6: 2" : 4" : 6"-hexamtro-~
dipheny! with alcoholic mercuric chloride. When treated in aqueous
suspension with lodine in potassium iodide solution it yields 2 :4: 6-
trinitro-iodobenzene.®

Derivatives of Nitrotoluenes,

Ortho and p-nitrotoluenes are readily converted to mercury deri-
vatives when boiled with mercuric oxide in the presence of sodium
hydroxide, the metal in the compounds entering the side chain under
these conditions. The derivatives of p-nitrotoluene and 2 : 4-dinitro-

1 See Dimroth, Annalen, 1926, 446, 148 ; Jirgens, Rec. trav. chim., 1926, 45, 61.
: V\Wibaut and Jiirgens, Verslag. dked. Wetensch., Amsterdam, 1922, 29, 1074,
3 Kharasch, J. Amer. Chem. Soc., 1921, 43, 2238,
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tolucne, however, are very difficult to obtain in the purc state, but
o-nitrotolucne yields two well-defined compounds.? _

o-Nitrobenzylmercuric chloride, NO,.CH,CH, Hg(l, yields
colourless ncedles, M.pt. 145° to 146° C., casily soluble In acetone or
benzene, with difficulty in alcohol or ether ; from its solutionsin caustic
alleali it is precipitated by acid.? _

o-Nitrodimercuribenzylidene oxide or anhydride of o-nitro-
benzal dimercuric hydroxide,

He
! v 1{ (& h\
txoz.c.en_l.c.n< O

The nicreuric oxide obtaiiied from 297 grams of mercuric cliloride by
treatiuent with cold sodinm hvdroxide is well washed and added to a
solution of 44 grams of sodium hydroxide in 2500 c.c. of water and the
whole heated to hoiling under a reflux condenser, bumping being pre~
vented by passing in a current of air.  o-Nitrotoluere, 75 grams, is then
added in small portions, the operation taking nine hours, and the whole
is then boiled for 1-5 hours. From this mixturc 291 grams of c_rude? dr'y
oxide arc obtained, vicld 96-4 per cent. When bydrochloric acid is
added to the mother-liquors 5:2 grams of crude o-nitrobenzylmercuric
chloride arc precipitated. The crude oxide is dissolved in acetic acid,
and precipitated by adding excess of sodium hydroxide, when dark
vellow, erystalline masses are isolated, M.pt. 220° C. o

The oxide is partially decomposed by hydrogen sulphide into mer-
curic sulphide and o-nitrotoluene, and by zinc dust and sulphuric acid
it is reduced to o-nitrotoluene and mercury. When heated with nitrous
acid it gives o-nitrobenzaldehyde, which is also formed together with a
small proportion of o-dinitrotolane, NO,.C¢H,.C=C.C4HNO,, by boil-
ing with nitric acid. The oxide, when treated in the cold with nitrous
and hydrochloric acids, yields approximately molecular proportions of
o-nitrobenzaldehvde and its oxime, the dinitrite formed by the nitrous
acid being converted into the oxime by the hydrochloric acid, via a
hiypothetical nitroso derivative :

NO,.CeH,.CII(HgNO,),+2H(l =HNO,-+H,0 +NO,.CH,.C(NO)(HgCl),
NO,,.C,H,.C(NO )(Ha(1), +2H(1=N0,.CeH ,.CH =NOH +2HgCl,
ONO,.CH ,.(H =NOH £ 4HNO,=2NO,.( ;H,.CHO +4NO +N,0 +38H,0

The oxide is in general very stable towards acids and alkalies, but
when beiled with 20 per cent. hydrochloric acid it is transformed into
anthranil. Treatment with chlorine in presence of an excess of hydro-
cliloric acid gives o-nitrobenzylmercuric chloride, and bromine and iodine
yicld the corresponding halides.

The following salts have been prepared :—

Sulphate, NO,CH,.CH=Hg,=50,—Forms pale yellow, broad
needles or plates, giving with sodium hydroxide the free base, and on
boiling with water an orange-yellow, basic sulphate, (NO,.C.H,.CH (Hg
OH)Hg),S80,.

Chloride, a pale yellow, amorphous compound, formed by adding dilute

' Reissert, Ber, 1907, 40, 4209; German Patents, 182217, 182218; see Burton,
Hammond, and Kenner, J, Chem. Soc., 1926, p. 1802.
® For preparatlon, see oxide, below.
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liydrochloric acid to the base, and when boiled for 45 hours with sodium
chloride solution, it is converted into a yellow hydroxychioride,
NO,.C;H,.CH(HgCl).HgOH. )

Nitrate, pale yellow, by triturating the base with dilute nitric acid.

Nitrite, by mixing the base with water, shaking with sodium nitrite,
then with 10 per cent. sulphuric acid.

p-Nitrobenzylmercuric chloride has only been obtained in an
impure state by the above method, the product being converted into
p-nitrobenzoic acid when treated with dilute nitric acid.

2 : 4-Dinitrodimercuribenzylidene oxide,—Dinitrotoluenc (18-2
grams) and 54:2 grams of mercuric chloride are dissolved in 600 c.c. of
absolute alcohol, and to the solution 18-8 grams of sodium in 270 c.c. of
absolute alcohol are quickly added, whilst the solution is rapidly stirred.
A brownish-red, voluminous precipitate immediately separates. this being
filtered off, washed with alcohol, then hoiled several times with water
to remove hydrochloric acid. Yield 58 grams. The product thus
obtained is difficult to purify. When treated with hydrogen sulphide or
10 per cent. hydrochlorie acid 1t yields 2 : 4-dinitrotoluene, and with the
former rcagent mereuric sulphide in addition. Concentrated nitric acid
convertsit to 2: 4-dinitrobenzoic acid.
~ Although in the preceding compounds, formed by the intcraction of
nitrotoluenes and mercuric oxide in hot sodium hydroxide solution, the
niercury enters the side chain, it has recently been shown ! that the
mercury enters the nucleus when mercuric acetate and nitrotoluene are
heated together at 140° C.

4-Chloromercuri-2-nitrotoluene —Onc part of mercuric acetate
and 4 parts of o-nitrotoluene arc gradually heated with occasional
shaking. The melt becomes orange-red at 110° to 120° C. and liquefies
to a pale yellow solution as the temperature rises. A temperature of
140° to 150° C. is maintained until a testindicates the absence of mercury
ions (after about four hours). After twelve hours a brown solid consisting
mainly of mercurous acetate separates, and the clear solution is poured
into a large volume of ether and left for twenty-four hours. An amor-
phous solid is deposited which consists of polymercuri compounds, and
contains no monoacetoxymercuri derivatives. The ether is removed,
the solution treated with sodium chloride solution, and excess of nitro-
toluene removed in steam. The heavy, colourless product obtained is
broken up and dried. It is first extracted with ether in a Soxhict
apparatus, to remove any o-nitrotoluene, then recrystallised twice from
hot acetone, the chloromercuri compound being deposited in silky
needles, melting at 220-5° to 221° C. (corr.). It is sparingly soluble in
the usual solvents, except acetone and hot glacial acetic acid. With
bromine in chloroform, or iodine it yields 4-bromo- or 4-iodo-2-nitro-
toluene respectively.

The 4-bromomercuri compound is a crystalline powder, M.pt. 241° C,,
and the jodide melts with slight decomposition at 286° C.

The existence of 6-chloromercuri-2-nitrotoluene has also been

roved.
; 5.Chloromercuri - 2 - nitrotoluene .—2-Nitrotoluene - 5 ~sulphinic
acid is boiled with 50 per cent. aqueous alcoholic mereurie chloride for a
week, any precipitate being periodically removed. The latter is washed,
dried, and extracted with hot acetone, from which the compound
3 Coffey, J. Chem. Soc., 1926, p. 637.
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separates in small, felted, shining needles, M.pt. 210° C. Its solubilities
and general properties are similar to those of the 4-isomeride.

5-Chloromercuri-~3-nitrotoluene.!—The mercuration is carried
out by the method described under 4-chloromercuri-2-nitrotoluene.
The crude product of mercuration is extracted with hot acetone, the 5-
chloro compound remaining undissolved, It crystallises from glacial
acetic acid in colourless, feathery needles, M.pt. 294° C., which yield
5-bromo-3-nitrotoluene by treatment with bromine in potassium
bromide solution.

4-Chloromercuri-3-nitrotoluene crystallises from the hot acetonc
extractions described above. It forms pale yellow needles, sintering
at 207° C. and melting at 210° C. (corr.). It may be converted into
4-bromo-3-nitrotoluene. The presence of 6-chloromercuri-3-nitro-
toluene in the mercuration products has also been proved.

Pure products cannot be obtained by the mercuration of p-nitro-
toluenc with mercuric acetate at 140° C,, so that the derivatives have
been prepared from nitrotoluene sulphinic acids.

2-Chloromercuri-4-nitrotoluene is obtained by boiling 4-
nitrotoluene-2-sulphinic acid with a 50 per cent. aqueous aleoholic
solution of mercuric chloride. The product is washed with 50 per cent.
alcohol, dried, and extracted with acetone, the compound separating out
in feathery needles, M.pt. 230° to 231° C. (corr.).

3-Chloromercuri-4-nitrotoluene is prepared from the sulphinic
acid in the usual way. It crystallises in colourless needles, M.pt. 226° to
227° C. (corr.), which may be converted into 8-bromo-4-nitrotolucnc.

Derivatives of Aromatic Sulphonic Acids.2

Mercuration of p-toluene sulphonic acid.—The sulphonic acid
(190 graims) is dissolved m 750 c.c. of water and 85 c.c. of acetic acid, and
the solution boiled and filtered. Mercuric acetate (820 grams) is treated
in exactly the same way and the two solutions mixed whilst boiling
and boiled for one hour. A sample diluted with an equal volume of
water and treated with sodium hydroxide then gives a clear solution,
and the mercuration is considered complete. The mixture is filtered
whilst boiling, and the solid, 81 grams, rejected; the filtrate on cooling
yields 185 grams of a crystalline product. This is extracted with
water in a Soxhlet apparatus, a crystalline solid being isolated, which is
soluble in warni water, alkali, and salt solutions. When air-dried the
formula corresponds to I.; when dried over calcium chloride, II.; and
dried ¢n vacuo over phosphorus pentoxide, III.

cH, CH, CH,
,/\IHgOH l/\HgOH I/\J__ o
| [
AV \J
8om), S0,H N
L II. 111

_ The mercury in these conpounds may be replaced by iodine, when
2-iodotoluene-4-sulphonic acid is obtained.

L Coffey, J. Chem, Soc., 1926, p. 3215.
3 Whitmore and Ehrenfeld, J. dmer. Chem. Soc., 1926, 49, 789.
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The following substances hawve also been mercurated, but analvsis
indicates that the products are mixtures: benzenc snlphonic acid and its
sodium salt, sodium p-bromobenzene sulphonate, p-iodobenzene sul-
phonic acid, 2: 5-dichlorobenzene sulphomc acid, maitrobenzene sul-
phonic acid, o-toluene sulphonic acid and its sodium salt, sodium p-
toluene sulphonate, 2-chlorotoluene-5-sulphonic acid. The merenration

of the sodium salts is a much slower process than in the case of the [ree
acids.



CHAPTER VII.
MERCURY (continued).

DERIVATIVES OF AROMATIC AMINES.

A1L the amines dealt with in the present chapter may be directly
mercnrated by means of merenric acetate, but it is impossible to predict
how many mercury residues cau be introduced into a given eompound
by comparing it with similar derivatives. This is clearly shown by
comparing the chloro- and nitro-anilines. Whilst four different acetoxy-
mercuri derivatives wmay be obtained from the ortho compound of the
fornier, the meta compound only vields a triacetoxymerenyi derivative
and the para compound a monomercurated product. o-Nitroaniline,
however, gives a monemercurated compound, and the meta and para
bodies yicld mono- and di-mercurated products.

From the table on p. 112 it will be seen that when a ring-substituted
aniline has the para position to the amino gronp unoccupied, mercury
invariably enters that position. A similar statement holds for the ortho
position to the amino group, but should these two be filled, the merenry
may enter the 6 position, if vacant.

It is also interesting to note that when the amino group in aniline
is substituted by basic groups, merenry compounds have always been
obtained having the metal in the para position to the amino group, but in
the case of the esters of the a-anilido fatty acids, the mercury always
cuters the ortho position to the snbstituted amino group, and in some
cases the para position as well.

In the case of the naphthylamines, the a-compound yields a diace-
toxymereuri derivative, but S-naphthvlamine gives only a inono-
mercurated product.

The acctoxymercuri compounds formed above are converted to
chloromerenti salts by the addition of sodinm chloride, and to the
hydroxides by means of sodivm hyvdroxide. When the amino group is
not substituted, water may be eliminated between this group and the
hydroxymercari residue, yielding an anhydride, e.g. p-aminophenyl-
mercuric hydroxide is considered to exist as

HN.CgH,Hg or NH=(C.H,=Hg
|

In the easc of the esters of a-anilido fatty acids and tolylglycine
esters, the acetoxymercuri compounds when saponified by sodium
hydroxide, eliminate water between the hydroxymereuri residue and
the carboxyl gronp, thus forming anhydrides of the type

NI—— CH,
1«( [

Hg—0—CO
110
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The acetoxymercuri derivatives {rom aniline, snbstituted aniline,
and toluidine compounds, when treated with aqueous sodium thio-
snlphate give mercuri-bis products of the type R, Hg, sometimes with
the formation of a thiosnlpliate as an intermediate product,

RHg.5,0,;Na

Other modes of forming the mercuri-bis compounds in speeial cases
are as follows :—

1. 6-Acetoxymercuri-2 : 4-dichloroauiline with sodium hydrogen
sulphate gives 6-mercuri-bis-2 : 4-dichloroaniline.

2. p-Mercuri-bis-monomethylaniline is formed from the corre-
sponding hydroxide by the action of sodiun sulphide.

8. p-Mercuri-bis-dimethylaniline may be obtained by the preceding
method, or from p-bromodimethylaniline by the action of sodium
amalgam in the presence of ethyl acetate, or from the chloromercuri
derivative by the action of metallic copper in pyridine solution.

4. o-Acetoxymercuri-p-bromodimethylaniline is converted into the
R,Hg compound by boiling for eight hours with potassium iodide in
aleoholic solutiou.

5. Mono- and diethylaniline derivatives undergo the same reactions
as under 2 and 8.

The diacetoxymercuri-o-chloroanilines when treated with sedium
thiosulphate give compounds contaming two benzene nuclei attached
by two mercury bridges, and a doubly bridged mercury compound is also
obtained when 2 :2’: 4 : 4'-tetrachloromercuri diphenylamine is boiled
with pyridine.

The following derivativey are stable towards animonium sulphide :
p - acetoxymercuri-o-nitroaniline, o -acetoxymercnri-p-broniodimethy!-
aniline, 2 : 4-diacetoxymercuri-a-naphthylamine, and p-dimethylamino-
phenylmercuric acetate. If the latter compound be boiled with potas-
sium iodide solution, then treated with hydrogen sulphide, only traces
of mercuric sulphide are produced. Mercury compounds from S-
naphthylamine, S-naphthylamine-6-sulphonic acid, 1: 5-naphthylamine
sulphonic acid are decomposed by ammonium sulphide, whilst naphthi-
ohic acid derivatives are only slowly attacked.

The following methods have been used for substituting mercury
residues in amines by halogens, in order to find the position of the
mercury in the nucleus :—

1. Treating an acetic acid solution of the compound with chlorine
in the presence of calcium chloride.

2. By the action of bromine in acetic acid solution.

8. By the use of iodine in potassium iodide.

4. By treating the compound with potassium perbromide.

The following scheme shows the position taken up by mercury in
mercurated amines, the figures on the right indicating the position in the
nucleus. The terms mono, di, or tri indicate that a monomerecuri, ete,,
derivative is formed, but its position has not been determined. All
the rings are mumbered in a clockwise direction commencing from the
top, irrespective of the group occupying that position. This method of
numbering applies only to the table, the nomenclature in the text being
that in current use,
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DERIVATIVES OF ANILINE.

<o

When aniline is treated with mercuric acetate in aqueous solution at
room temperature a mixture of o- and p-ammophenylmercuric acetates

ts formed.
A
/" \He.0A
II }Hg o I| I|
NS
Hg.OAc

In the earlier work on the mercuration of aniline, the para compound
was obtained by Pesci, and he apparently found its molecular weight
to be twice that required by the above formula. This error led him to
forinulate many substituted amines incorrectly, and many of the earlier
formulee have since had to be revised.

p-Aminophenylmercuric acetate.!— The most satisfactory
method of preparation for this compound is the one described by Dim-
roth as follows : To 81-8 grams of mercuric acetate in 160 c.c. of water,
18-6 grams of aniline are added. In about three hours, short, thick,

! Pesci, Gazzelin, 1892, 22, 1. 373; Awi. R, Accad. Linces, 1882, (5), i. 312; Chem.
Zentr., 1892, 1i. 213; Piceinini and Ruspaggiarl, Gaczetta, 1892, 22, ii, 604; Pescl,
Zeitech. anorg. Chem,, 1897, 15, 208; Gazzelta, 1897, 27, i. 567 ; Dlmroth Ber., 1902 35,
2032 ; Verchiotti, Gazeetta, 1914, 44, i 13’30 Reltzenstein and BonItsch J. 'pmkt
C‘!zem, 1912, |2}, 86, 73.
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hard, pale yellow prisms separatec. Thesc consist of practically pure
p-aninophenylmercuric acetate. and ave filtered off.  On further stand-
ing a second crop of crystals is obtained, bt these contain some ortho
compound Yield, 40 grams of pare para and 3 grams of ortho
derivative.

Less satisfactory preparations are: (1) Mercuration of aniline acetate
with merenric oxide, (2) from N-mercuri-aniline,

(:6H5NI_I ‘““‘Hg “NHC GHS

by the action of mercuric acetate, acetic acid, or concentrated aniline
acetate solutions.

The compound crystallises in prisms, M. pt. 166° to 167° C., is in-
soluble in water or ether, and with difficulty in alcohol or chloroform,
although it may be recrvstalhscd from the latter solvent without change
of melting-point. It possesses basic properties, turning red methgl
orange yellow in aqueous solution, and it is soluble in dilute mineral
and acetic acids. When treated with cold acetic anhydride it yields an
acetyl derivative, which crystallises as glistening needles from boiling
water, M.pt. 220° to 221° C. The same compound was isolated by
Pesci from acetanilide and mercuric acetate, the melting-point being
given as 218° to 220° C.2

Salicylaldehyde in absolute aleohol gives a mercurated Schiff’s base,
small, yellow erystals decomposing at 185° C.2

The acetate can also be diazotised and coupled in the nsual way, azo
dyes containing mercury being produced.

Condensation with Dinitrophenylpyridinium Chloride.®

Five grams of the acetate in 450 c.c. of boiling alcohol are treated with
1-2 grams of the pyridine compound in the same solvent. A red colora-
tion immediately appears, and a brown solid separates. The reaction is
completed by warming for one hour on the water-bath. The cooled
mixture is filtered, the residue washed with alcohol, then extracted
with acetone, until no residue remains on evaporation. The dried
product is a brown powder, M.pt. 244° C., insolble in the usual
solvents. Yield 8 grams. The substance probably has the following
constitution :(—

Hg. OAc Hg.NH.CGH 3(N02)2

NN
| |1
% N
N =(cH),—NH
H

A secondary reaction also takes place, giving a small quantity of
substance blackening at 180° C. and not melting at 250° C. This is
isolated from the filtrate and corresponds to the formula :

1 Pesci, Gazzetta, 1894, 24, i, 449 ; 1899, 29, i. 397.

* Jacobs and Heidelberger, /. Biol. C’kem 1915, 20, 518.

3 Reltzembem and Stamm, J. praki.- Ukem 1910, {2], 81, 154.
VOL. XI. B
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Hg.QAc HgOH

GlNe
I\/I ]\/i
/N
H d
If the above reaction be carried out in cold acetone solution, and
water added after the reaction is complete, a brown precipitate is thrown
down. This is extracted with acctone as before, a brown crystallime
powder being obtained. It melts at 164° (., and is insoluble in all
solvents. Yield 80 to 40 per cent. The filtrate yields dinitroaniline.
The product is formmlated as:
Hg.0Ac  Hg.OAc
' /N

e ,
[ P
L) [ \/I
N=(CH);—NH
N
H A

Condensation with Propargyl Acetal (acetal of f-ethoxy-acraldehyde).?

1. In alcohol—hydrochloric acid solution. Five grams of acetate
(2 mols.) in 450 c.c, of aleohol are treated with 0-91 gram of propargyl
acetal (1 mol.) and the mixture boiled for six hours. To the cold
solution 1-47 grams of 35-89 per cent. hydrochloric acid are added, a pale
yellow powder being obtained. It decomposes at 180° C. and no
formula has been assigned to it.

2, In aqueous acetic acid solution. The above quantities were
again used and the mixture warmed on the water-bath for a day. A
yellow hody is obtained, 0-3 gram, decomposing at 180° C. This sub-
stance agrees with the formula,

AcO.Hg.C,H, NH.CH,=N.C;H, Hg.0Ac.HOAc

When treated with alkali halides, the corresponding p-aminophenyl-
niercuric halides are formed, and with alkali hydroxides the hydroxide
Is produced.

p~Aminophenylmercuric hydroxide, NH,.C,H,.HgOH.—Since
it appears doubtinl whether this compound exists, it is usually formu-
lated as an anhydride,

HN.CsH‘;.H}g or HN=C H,=Hg
.

The corresponding acetate in dilute caustic alkali is treated with 80
per cent. potassium hydroxide until a precipitate is obtained. This is
filtered and dried. Its solutions are strongly alkaline, and it readily
forms salts with acids. In water it is only slightly soluble, and if the
solution is heated with alkali sulphides a precipitate is formed, which
consists of mercuric sulphide and p-mercuri-bis-anilime. The end
product of the action of methyl iodide in methyl alcohol solution on the
anhydride is Hgl.C;H,. NMe,I, and when this is treated with barium
hydrosuiphide, mercuric sulphide is split off and the following substance
remams, Hg(C¢H,; NMe,I),).
! Reltzensteln and Bonitsch, J. prakt, Chem., 1912, [2], 86, 73.
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p~-Aminophenylmercuric Halides and Salts.

Chloride.--IYive grams of finelv powdered acetate arc dissolved in 1-5
litres of water, 10 c.c. of satirated sodiun chloride solution are added, and
the mixture hoiled. The solntion soon becomes clear, and after filtering
glistening plates appear as the solution cools. Thesc when reerystallised
from aleohol or benzene niclt with decomposition ahout 188° C.

A sccond forn: of the chloride is kinown, this beiitg amorphous. The
acetate is dissolved in acetic acid and the calculated amount of aqueous
sodium chloride added. The chloride comes down as a faint yellow
precipitate. Itisinsolublein water. alcohol, or dilute acids.

The erystalline chloride was obtained in 80 per cent. yield by Reitzen-
stein and Stamm. the acctate and sodium chloride solution being boiled
for thirty minutes. The plates, which were recrystallised from benzene,
melted at 240° C. YWhen treated with sodiuni thiosulphate, p-amino-
phenyhnerenrie thiosulphate is formed, and from the amorphous form
Pesci isolated a crystalline product by the action of aleoholic aniline
hydrochloride. It crystallised in fine, colourless necdles, dcecomposing
above 150° C.

Condensation with Dinitropheaylpyridinium Chloride.

To 3 grams of the chloride in 500 e.c. of boiling aleohol, 1-29 grams
of the pyridine compound in alcohol are added ; the solution immmedi-
ately becomes yellow, and later red. 'The mixture is boiled for one hour,
cooled, and filtered. The reddish-brown residue is washed with boiling
acetone, and dried over sulphuric acid. The red-brown powder melts
at 125° C., and is insoluble in most organic solvents. Yield 50 per cent.

Formula :
01HgC>N=(CH),,—§EC SHg0H

H

If the reaction be carried out in cold acetone, and the pyridine com-
pound dissolved in methyl aleohol, the solution becomes decp red on
mixing, and in two hours a reddish precipitate separates. This produet
melts at 151° C., and is insoluble in most organic solvents. VYield 30 to
40 per cent.

Condensation with Propargyl Acetal,

1. In benzene solution. Two grams of the chloride (2 mols.) in
500 c.c. of boiling benzene, and propargyl acetal (1 mol.) are boiled for
two hours. Benzene saturated with hydrogen chloride is added, and
yellow flocks separate. These are filtered and washed with ether, giving
a very light, pale yellow powder.

2. In hydrochloric acid. Five grams of chloride in 200 c.c. of
water, 0s78 gram of hydrochloric acid (density 1-19), 0-98 gram of
propargyl acetal are warmed for a day on the water-bath. An orange-
vellow body (5 grams) separates. It sinters at 210° C. and probably
has the formula :

HgCl-CsH,I -N —:CngNH -CsH4 -HgCI
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Condensation with Ethoxyacrolein Acetal.

If the reaction be carried out as above, an orange-colourcd body is
obtained, which darkens at 160° €, and melts at 190° C.  Formula :

_ OEt
1H NNH-~-CH=CH~--CH
¢ g<:_/ * <0Et

The following p-aminophenyhnercuric salts are obtained by the
action of the corresponding alkali salts on the acetate: bromide,
colonrless laming, M.pt. 182° C.: Jedide. M.pt. 165° C. (with decom-
position ) ; nifrate, microscopic crystals : sulphate, ncedles, M.pt. 150° C.
(withh decownposition); thiosulphate, colourless plates, M.pt. 95° C.
(with decomposition),

p-~-Mercuri-bis-aniline, (NH,C,H,),Ifg—This product is most
rcadily formed by heating the above thiosulphate with water. p-
Meremi-bis-acetanilide heated at 100° C. in sealed tubes with slcoholic
potassium Liydroxide yiclds the same compound. It crystallises in
colourless needles, M.pt. 174° C. (with decomposition).

o-Aminophenylmercuric acetate occurs as previously stated in
small yield in the mother-liquors from the para compound. It has
sintlar properties to its isomer, and is readily soluble in dilute mineral
acids, acctic acid, or dilute aleohol, crystallising from the latter in
pearly plates, M.pt. 158° to 160° C.  The acetyl derivative is made from
its components with ice cooling, and crystallises from acetic acid in
plates, M.pt. 156° to 158° C. These when treated with aqueous bromine
in potassium bromide solution yield o-bromoacetanilide, which proves
the constitution of the mercury compound.

Condensation with Dirstrophenylpyridinium Chloride.

The acetate (2-5 grams) in 400 c.c. of acetone is treated with an
acetonc solution of the pyridine compound, A slight evolution of heat
takes place, the liquid becomes red, and a red precipitate separates.
The solvent is evaporated in vacuo. Yield 0-7 gram. Iormula :

o pveemmmd
Hg.OAc H d L][_g-I‘H'IGGH3(NOz)3

p~Aminophenylmercuric chloride, obtained by adding sodium
chloride to the acctate in acctic acid, recrystallises from ‘the latter in
long, colourless plates. It may be isolated from the mixed acetates
formed during the mercuration of aniline by dissolving them in acetie
acid and adding sodium chloride, a mixture of amorphous para chloride
and crystalline ortho chloride being obtained. These can be separated
bv warm aleohol, in which only the ortho chloride is soluble.

2 :4-Diacetoxymercuri aniline,!

NH,

(\]Hg. OAc

L)
N
Hg.OAec

! Vecchiotti, Gazzetia, 1914, 44, 1. 1350 ; Chem. Zentr., 1914, 1i. 1350 :
Zeit., 1899, 23, 68 ; Gazzettn, 1899, 29, i. 394. il 1350 Poscl, Chem.
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A niixture of 23-23 grams of aniline and 160 grams of mercuric acctate in
200 c.c. of water s allowed to stand for two da,) s. The depogit of erystals
is suspended in ammoniwm acetate solutiou, brought into solution by
the additior of ammonium hydroxide, the misxture neutralised by acetic
acid, and the precipitate allowed to stand for twelve hours. It is then
washed with dilute acetic acid, and the above operation again repeated.
It crystallises in warty prisms, M.pt. 206° C., soluble in acetic acid or
almonium hydroxide, slightly soluble in boiling water, and insolublc in
alcohol. When boiled for twelve hours with acetic anhydride, the
acetyl derivative is formed as colourless, microscopic tetrahedra, M.pt.
220° C. The mercury may be removed by bromine in acetic acid
solution, 2 : 4-dibromoacetanilide being obtained, this proving the position
of the mercury in the nuccus. W hen the diacetate is triturated with
water and treated with potassium hydroxide, the dihydroxymercuri
compound is formed. It crystallises in microscopic needles, decompos-
ing at 350° C., slightly soluble in boiling water, insoluble in aleohol.

DERIVATIVES 0F HALOGENATED ANILINES.

p-Acetoxymercuri-o-chloroaniline.!—This product is oue of a
serics of four derivatives obtained from the interaction of o-chloroaniline
and luercuric acetate, in aqueous or dilute alecoholic solution. It
crystallises from alcohol in white necdles, M.pt. 134° C., and when
treated with alkali, forms an hydroaide, decomposing at 205° C. 'The
latter compound, or the acetate, when treated with aqueous sodium
chloride yields the chloride, a compound decomposing at 174° C.

The acetate when acetylated gives a crystalline product, M.pt. 2388°
to 289° C., and this when dissclved in acetic acid and trecated with
calcium chloride and chlovine gives o-p-dichloroacetanilide, showing
the position of the mercury in the nucleus.

p-Mercuri-bis-o-chloroaniline, M.pt. 138° C., is prepared in the
usual manner by the action of sodium thlosulphate on thic acetate.

A second mmwacetoa,yme? curi compound, isomeric with the above, is
isolated from the })roducts of mercuration. It crystallises m ycllow
necdles, M.pt. 143° C., but the position of the mercury has not been
determined.

The other two compounds from o-chloroaniline are diacetoxy deri-
vatives.

4:6- D1acet0xymercur1~o~ch10r0an1hne, NH,.CH,Cl(Hg.O. !u,)
decomposes at 220° C., and ylelds an hydroxide deccmposmn‘ at 250° C.
and a chloride at 190° C. The acetate gives an acetyl derivative, M.pt.
250° C., from which 2 : 4 : 6-trichloroaniline may be obtained in the usual
way. The acetyl derivative of the chloride decomposes at 276° C. The
action of sodium thiosulphate on the acetate results in the production of
a compound decomposing at 200° C., which is cither 4 :6-mercuri-
chloro-aniline (I.) or 4 :6- dimercuri-bis-o-chloroaniline (IL.)

ay  H ay o HEA
O |
IgH N N

S NH,

4 : 5-Diacetoxymercuri-o-chloroaniline melts at 23‘2° C., and
1 Veechiotti and Michettl, Gazzetia, 1925, 55, 372,



118 ORGANOMETALLIC' COMPOUNDS.

its acetyl derivative at 230° C. The latter in the usual manner yields
2:4: 5-trichloroacetanilide. (oncentrated sodium thiosulphate on the
diacctate produces cither 4 :5-mercuri-o-chloroaniline (III.) or
4 : 5-dimercuri-bis-o-chloroaniline (IV.), decomposing at 160° C.

H
7 NNH, avy  NEY NV N\,
(ML) gt 777 f | i i
1 a SN NP

6-Acetoxymercuri-2 : 4-dichioroaniline * is prepared i the
usual manner from 2: 4-dichloroaniline and mercuric acetate in dilute
aleoholic solution. It melts at 170° to 171° C., forms a hydrozide and
chloride, M.pt. 230° C. and 193° C. respectively. The acetyl derivative,
M.pt. 283° (., viclds 2:4:6-trichloroacetanilide. In this case a men-
curi-bis compound is obtained by the action of sodium hydrogen sul-
phate on the acetate. It is G-mercuri-bis-2:4-dichloroaniline, M.pt.
168° C.

VWhen m-chloroaniline is mercurated in aqueous solution, using
merairric acetate, no mono- or diacetoxy derivatives are obtained, but
ouly a triacetoxy ecompound.?

2:4:6-Triacetoxymercuri-m-chloroaniline melts at 210° C.;
the #rihydroaymercurt aud trichlovomercuri compounds decomposing at
225° C. and 205° C. respectively. The triacetate when acted upon by
chlorine in the presence of calcium chloride yields 21 3: 4 : 6-tetrachloro-
aniline.

o-Acetoxymercuri-p-chloroaniline ® crystalliscs in prismatic
needles, Mopt. 207° C. It forms a fydroaide and chloride, the former a
white precipitate, and the latter ncedles, M.pt. 205° C. When acetylated
the acctate yiclds 2-acetorymercuri-p-chloroacetanilide, which is con-
verted by chlorine to 2: 4-dichloroacctanilide.

o-Iodoaniline, wmlike the corresponding o-chloroaniline, only yields
onc demvative when treated with mercuric acetate.

4 -Acetoxymercuri-o-iodoaniline neits at 149° C.; the hydroride
has M.pt. 152° C.; the iodide, M.pt. 188° C. With iodine the acetyl
derivative gives 2 4-di-iodoacetanilide 4

Similarly, p-icdoaniline yiclds 2-acetoxymercuri-p-iodoaniline,
M.pt. 179° C. 5 an hydroxide, M.pt. 259° C. ; an dodide, decomposing at
165° C. ; an acetyl derivative, M.pt. 205° C., converted by iodine to 2: 4~
di-iodoacctanilide.

DeRrIvaTIVES OF NITROANILINES.S
p-Acetoxymercuri-o-nitroaniline,
NH,
i/\\iNoz
v
Hg.OAc

! Vecchiotti und Carani. Gazzette, 1926, 56, 147.

2 Yecchiotti, Guzzettn, 1926, 56, 216.

3 Vecchiotti, Gazzetla, 1924, 54, 411. :

* Vecchiotti and Michetti, Qazzetta, 1926, 56, 480.

% Kharasch, Lommen, and Jacobsohn, J, .dmer. Chem. Soc., 1922, 44, 793.
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To a solution of 9-2 grams of mercuric acetate in 15 c.c. of water
containing a few drops of acetic acid, a solution of 47 grams of o-nitro-
aniline in 60 c.c. of alcohol is added, and the mixture boiled for one hour.
The liquid is filtered whilst hot, and on cooling the compound scparates.
It is recrystallised from alcohol containing a little acetic acid, yellow
crystals heing deposited. It does notmelt at 300° C., but turns red very
gradually. It is stable towards ammoninm suiphide.

p-Chloromercuri-o-nitroaniline is obtained from the preceding
compound by adding aqueous soduum chloride or alecholic calcium
chloride to its aleoholic solution. It is orange in colour and has no
melting-point. Dilute alkali turns it red.

Quinone-(1)~-imide aci~(2)~nitro-~(4)-mercury,

I|‘IIH

W \I —N=0
I
Y
Hg—0

This compound is produced when any of the mercury derivatives of
o-nitraniline are heated in the dry state or treated with dilute sodium
hydrovide or even upon boiling with alecohol. The yiclds are
quantitative.

p-Acetoxymercuri-diacetyl-o-nitroaniline, AcO.Hg.C ;H,.NO,.
NAc,.—The acetate is heated under reflux with acetic anhydride and
cthyl acetate. A straw-yellow substance is deposited on cooling, M.pt.
194° C. with decomposition, giving a vellow solution in sodium hydroxide.
This compound may be converted to the monoacetyl derivative by suspend-
ing it in water and adding dilute sodium hydroxide. A yellow solution
is formed, from which dilute acetic acid gives a yellow crystalline
product. It dissolves in sodium hydroxide, giving a vellow solution
which slowly deposits a red precipitate. It decomposes at 194° C.
The position of the mercury is proved by shaking the acetyl com-
pound with potassium perbromide, when the mercury is replaced by
bromine. '

p-Acetoxymercuri-m-nitroaniline —A solution of 9-6 grams of
mercuric acetate in 40 e¢.c. of water is added to a solution of 42 grams of
m-nitroauiline in 60 c.c. of alechol, and the whole heated for three hours
on the water-bath. The hot solution is filtered, and the solid residue
repeatedly extracted with aleohol containing a little acetic acid. A
dark-red residue remains, M.pt. 225° C., which is the diacetoxy compound
below. The alcoholic extract is evaporated and the residue recrystal-
lised from a mixture of alecohol and acetic acid. Yellow product,
M.pt. 183° C.

o-p-Diacetoxymercuri-m-nitroaniline.—Obtained as above or
by boiling an aleoholie solution of 42 grams of m-nitroaniline with 19-4
grams of mercuric acetate in aqueous solution until a test gives no
mercuric sulphide when reaction mixture is treated with ammonium
sulphide. Red compound, M.pt. 225° C. The acetyl derivative is a white
compound, melting with decomposition at 280° C. The position of the
mercury is determined by the aid of potassiuin perbromide.

o-Acetoxymercuri-p-nitroaniline.—This substance is best pre-
pared similarly to the corresponding o-nitroaniline, but it may also
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be isolated by treating the compound shown below with imercuric
acetate,

or= oo 0=y
0—Hg—0

(p-Quinonc-imide aci.nitro mercury).

The acetate is u ycllow, crystallime compound, which is unchanged at
300" C. Tts acetyl derivative is a white, crystalline product.
o-~Chloromercuri-p-nitroaniline 1s an orange-yellow product
soluble in alkali. It does not melt below 800° C. . _
2 : 6-Diacetoxymercuri-p-nitroaniline —An alcoholic solution of
9 grams of p-nitroanilineis boiled with an aqueous solution of 18:4 grams
of mercuric acetate. Any monowmercuri compound is removed from the
residue by washing with hot alechol containing a little acetic acid, and
the product is then dissolved in pyridine to remove any metallic mercury.
The addition of acetone precipitates the compound, which is dried n
vacuo. It is orange in colour and does not melt at 300° C.
Quinone-(1)-imide aci-(4)-nitro~(2)~-mercury is formed by
ireating any of the preceding compounds with dilute alkali, heating alone
NH
I

AN
F T

v

or with alechol. The compound is maroon in colour, and with acetic or
hydrochloric acdd gives the acetate or chloride respectively, which do not
melt below 300° C.

o-Mercuri-bis-p-nitroaniline, (CgH; NH,.NO,),Hg —Theacetatc
is moistened with aleohol, suspended in water, and aqueous sodium
thiosulphate added. Solution takes place, and the whole is boiled for
six minutes; a yellow precipitate soon forms. It is purified by extrac-
tion with alcohol. Yield 86 per cent.

DerivaTivEs oF MONO- AND DI-ALKYLANILINES.

p~-Methylaminophenylmercuric acetate, NHMe.C,H, . Hg.OAc.1
—The preparation is carried out in the usual manner from mercuric
acetate and monomethylaniline in aqueous aleoholic solution. The com-
pound crystallises in ghistening plates, M.pt. 149° C. with decomposition ;
it 1s soluble in hot alcohol or dilute acetic acid, insoluble in ether or water.
Whan treated with potassium hydroxide, the hydroxzide is formed. This
crystallises in pearly plates, containing water of crystallisation, and
melts at 118° (., decomposing at 120° C. It forms strongly alkaline
solutions, which have a caustic taste. In alcohol it is readily soluble,
sparingly soluble in water, insoluble in ether.

The following salts arc also knoww : chloride, yellow, amorphous
powder, M.pt. 108° C. with decomposition, becoming green on exposure
to light ; bromide, Mpt. 120° C., has same properties as the chloride ;

1 Pesel, Gazzella, 1893, 23, il. 521, 529 ; Chem. Zendr., 1804, 1. 501 : Zeifsch
Chem., 1897, 15, 216. ’ s 1. 501 ; Zestsch. amory.
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nitrate, hexagonal plates, decomposing suddenly at 150 . ; sulphate,
microscopic prisms, M.pt. 180° C, with decomyposition, hecoming grey-
green on exposure to light.

p-Mercuri-bis-monomethylaniline is prepared fron: the hydrox-
ide by the action of sodium sulphide. It crystallises from benzene in
lustrous, colourless needles, M.pt. 178° to 179° C., sparingly soluble in
aleohol, insoluble in ether.

p~Nitro-o-acetoxymercuri-monomethylaniline.! — Tle {ollow-
ing general method of preparation for compounds of this type has been
given. One molecule of the compound in a small volume of aleohol
is boiled with an aqueous solution contahung 0-9 mol. of mercuric
acetate until a test porticu gives no precipitate with ammoninm sul-
phide. The solution is filtered whilst hot, and the mercurised acetate
crystallises out on cooling. The mother-liquor from this, when treated
with aqueous sodium chloride, yields the chloromercuri comnpound.
Yields are quantitative. The substance forms small, yellow crystals,
M.pt. 197° C. with decomposition, soluble in acetone and alcohol-acetic
acid. The corresponding c¢lloride is a yellow crystalline compound, mclt-
ing with decomposition at 215° C., soluble in acetone or boihng alechol.

p-Dimethylaminophenylmercuric acetate 2 may be obtained :

1. By the interaction of the amine and mercuric acctate at room
temperature.

2. By dissolving yellow mercuric oxide in an aqueous solution of
dimethylaniline acetate.

It crystallises in colourless, glistening needles, M.pt. 165° C., soluble
in benzene, chloroform, or dilute acetic acid, insoluble in water. No
mercuric sulphide is precipitated when it is treated with cold ammonium
sulphide. Boiling with potassium iodide and subsequent passing of
hydrogen sulphide only gives traces of mercuric sulphide.® The Zydroz-
ide is formed by the action of sodium hydroxide, and crystallises in
microscopic prisms, turning brown at 150° C. and melting at 179° C.
It is fairly soluble in warm water, the solution being feebly alkalinc.
On boiling the hydroxide with methyl iodide a quaternary ammonium
compound is formed, Hgl.C,H, NMegl. This crystallises {roni boiling
water in thin, flexible needles, which turn brown at 218° C. and melt at
230° C. on rapid heating. It is not attacked by boiling potassium
hydroxide, but moist silver oxide yields the corresponding base as a
caustic liquid, which rapidly absorbs carbon dioxide. The methiodide
gives a chloride when treated in aqueous solution with silver chloride,
which crystallises in small needles, soluble in water or aleohol. The
latter yields a double salt with mercuric chloride, crystallising in laminz,
M.pt. 225° C. with decomposition.

The acetate with sodium chloride solution gives p-dimethylamino -
phenylmercuric chloride. The latter may also be obtained by
shaking a benzene solution of p-mercuri-bis-dimethylaniline with a
saturated benzene solution of hydrogen chloride, or from alcoholic p~
mercuri-bis-dimethylaniline and mercuric chloride4 It ecrystallises
from boiling aleohol in hexagonal plates, M.pt, 225° (., becoming red
and decomposing. It is soluble in cold hydrochloric acid or chlorofori,

1 Kharasch and Jacobsohn, J, Amer. Chem. Soc., 1921, 43, 1804.
2 Pesci, loc. ¢it. ; Dimroth, Ber., 1902, 35. 2032,

3 Dimroth, Zeit. anorg. Chem., 1903, 33, 314.

4 Michaelis and Rabinerson, Ber., 1890, 23, 2342,
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but less soluble in benzenc. Warmed with sodium carbonate it yields
dimethylaniline and mercuric chloride. The corresponding bromide
‘melts at 226° (., and the iodide forms colourless plates, M.pt. 195° C.
with decomposition.

p-Mercuri-bis-dimethylaniline.!

1. The p-bromadimethylaniline derived from 100 grams of dimethyl-
aniline is dissolved in 70 grams of xvlene, 1/10 the volume of ethyl
acetate added, and sufflicient 15 per ceut. soditnn amalgam to give
double the quantity of sodiun: required for the reaction, and the mixture
boiled for twenty-four hours. The mass is filtered and the filtrate dis-
tilled under reduced pressure, a faint yellow crystalline residue resulting,
which changes to a white powder in contact with air.

2. By treating p-dimethylaminophenyimercuric chloride inr pyridine
with metallic copper.  Yield 81 per cent.?

3. p-Dimethylaminophenylmercuric hydroxide in aqueous sus-
pension is reduced by sodivm sulphide, the product being extracted
from the resulting precdipitate by hot benzenc.

It crystallises from henzene in needles containing benzene, this
beuzene ol crystallisation being lost on standing in air. It is slightly
solublein alcohol or ether, but readily in chloroform, the erystals melting
at 169° C. It is precipitated from its dilute hydrochloric acid solution
by sodium hydroxide, but warming with hydrochloric acid leads to
decomposition. It readily reacts with phosphorus trichloride to give
dimethylamidophosphenyl chloride, Cl,P.C¢H, NMe,.

When 2 mols. of p-mercuri-bis-dimethylaniline in benzene solu-
tion arc treated dropwise with a solution of thionyl chloride in the
same solvent, a bright yellow product is precipitated. The reaction is

represented as follows :—
2(CH NMe, ) Hy S0, =(C¢H ,NMe, ),S.0.Hg.C.H,NMe, +HgCl,.

This compound is decomposed by hydrogen sulphide, hexamethyl-
triamidotriphenylsulphine chloride being obtained.?

Methyl iodide reacts with p-mercuri-bis-dimethylaniline to form the
quaternary ammonium compound (CgH , NMe,I},Hg, colourless crystals,
becoming vellow at 218° C. and melting at 230° C. This yields the
corresponding ehloride with silver chloride, the mercuric chloride double
salt of which decomposes at 225° C.

o-Acetoxymercuri-p-bromodimethylaniline.*—An  alcoholic
solution of p-bromodimethylaniline and an aqueous solution of mercuric
acetate are mixed at 30° C,, tightly stoppered in a bottle, and allowed
to stand for six days. Needles separate out in 74 per cent. yield, If
more concentrated solutions are used and heat is applied only a brown oil
is obtained, which does not crystallise after standing for three mouths,
and a lower yield also results when the mercurie acetate is slowly added
with vigorous stirring. The acetate crystallises in white needles,
M.pt. 144° C., very soluble in hot methyl aleohol or carbon disulphide,
fairly soluble in hot ethyl acetate, benzene, carbon tetrachloride, or
cold concentrated ammonium hydroxide, practically insoluble in water

b Pescl, Glazzeita, 1893, 23, il. 521; Michaells and Schlenk, Ber., :
Annalen, 1890, 260, 6, ’ 1888, 21, 1501

¢ Hein, Wagler, and Retter, Ber,, 1925, 58, [B], 1507,

$ Michaelis and Godchailx, Ber,, 1891, 24. 758.

i Whitmore, J. Amer. Chem. Soc., 1919, 41, 1841.
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or petroleum ether. WNo black mercuric suiphide is precipitated by
ammonium sulphide. The following salts are also known :— )

Chloride, from alcoholic_ solution of acetate by alcoholic calcinn
chloride ; separates from alcohol or benzene in felted masses of necdles,
M.pt. 1838° C.  Bromide, forms larger erystals than the chloride and is
more soluble; M.pt. 182° €. Iodide, much more soluble, M.pt. 169° C.
Thiocyanate, fine white, gritty crystals, M.pt. 185° C., decomposing at
140° C. Hydroxide, from alcoholic acetate and the requisite anount
of sodium hydroxide in alcohol, forms hard, warty masses of crystals,
M.pt. 162° C. Formate, finc {elted ncedles, M.pt. 145° C., decomposing
at 150° C.

Mercuri-bis-p~bromodimethylaniline.—The acctate, 276 grams,
1s mixed with 28 grams of potassimin iodide in 200 c.c. of alcohol. and the
mixture heated under reflux for eight hours. The precipitate is filtered
and cxtracted with cold benzene to remove impuritics. Yicld 155
grams, 86 per cent. Four crystallisations from benzene give fine, white
needles, M.pt. 128° C., readily soluble in cold benzene, toluene, ether,
acetone, or carbon disulphide. Smaller yiclds of this compound are also
obtained from the above acetate by the action of sodium thiosulphate or
potassium sulphide.

The mercuri-bis compound reacts with mercuric chioride, bromide,
iodide, and thiocyanate, giving good yields of the above salts.

o-Nitro-p-acetoxymercuri~-dimethylaniline.'—The preparation
of this and the following compounds has been described under p-nitro-
o-acetoxymercuri-monomethylaniline (p. 121). It is a bright yellow,
crystalline substance, M.pt. 160° C., soluble in the nsual organic solvents.
With sodium chloride solution it yields the p-chloro derivative, a red
amorphous product, M.pt. 185° C. with decomposition, soluble in acetone
or boiling aleohol.

m -~Nitro-p-acetoxymercuri-dimethylaniline occurs as bmlliant
orange necdles, M.pt. 140° C., soluble in the usual solvents. The
chloride is red and amorphous, M.pt. 220° C. with decomposition.

p-Ethylaminophenylmercuric acetate? forms colourless prisms,
M.pt. 180° C., insoluble in water. Treated in aleoholic solution with
calcium chloride, the chloride is obtained as hexagonal plates, M.pt.
148° C., soluble in bhoiling alcohol, but insoluble in water. The acetate
reacts with potassium hydroxide to form the lydroxide, colourless
needles, decomposing at 145° C,, slightly soluble in: eold water, insoluble
in ether. This hydroxide with methyl iodide yields thc gquaternary
ammonium. compound, HgLl.(J1, Et.NMe,I, which crystalliscs in long,
colourless, glistening needles, M.pt. 202° C., easily soluble in hot water,
and unchanged by caustic alkali. From this may bc obtained the
chloride, colourless needles, which form a double salt with mercuric
chloride, M.pt. 169° C., and the hydroxide, which forms a highly caustic
solution which absorbs carbon dioxide from the atmosphcre.

p~-Mercuri-bis-monoethylaniline is obtained by the action of
sodium sulphide on the hydroxide. It crystallises from boiling xylene
in colourless needles, M.pt. 166° C., whilst from alcohol or benzene it
crystallises in plates.

p-~Nitro-o-acetoxymercuri-monoethylaniline occurs as small
yellow crystals from aleohol, M.pt. 183° C. The chloride is a yellow,

1 Kharasch and Jacobsohn, J. Amer. Chem. Soc., 1921, 43, 1894.
? Pesci, Zeitsch. anorg. Chem., 1897, 15, 208
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amorphous solid, M.pt. 218° C. Both are soluble in aleohol or
acetone.?

p~Diethylaminophenylmercuric acetate? forms colourless, glis
tening necdies, M.pt. 104-4° C., soluble in alcohol, ether, or dilute acetic
acid, insoluble in water. The chloride crystallises in thin 11e§3dles, M.pt.
164-5° C., sparingly soluble in hot water, and when heated with aqueous
sodium carbonate yields an owide, (Ig.C¢H,NEt,),0, crystallising in
lustroms, colourless needles, M.pt. 220° C.> The hydroxide forms colour-
less needles, M.pt. 200° C. with decomposition, slowly decomposed by
hoiling water. When heated with methyl iodide in methyl alcohol
solution it gives a quaternary ammonium compound, (CH NEt,Mel),Hg,
small colourless prisms, M.pt. 208° C., slightly soluble in cold aleohol,
insoluble in ether or benzene. The corresponding chloride crystallises in
long, colourless needles, which yield a double salt with mercuric chloride,
M.pt. 200° C. with decomposition. -

p-Mercuri-bis-diethylanilineis prepared (1 )from p-bromodiethyl-
uniline and sodium amalgam, (2) from reduction of the hydroxide by
sodium sulphide, (8) from the above oxide by the action of sodium thio-
sulphate. It crystallises in small, colourless prisms from hot benzene,
M.pt. 160-6° C., soluble in ether, insoluble in alecohol. With methyl-
lodide it gives the usual quaternary ammonium compound.

DERIVATIVES OF BENZYLANILINE.2

p-Benzylaminophenylmercuric acetate, obtained by the inter-
action of benzylaniline and mercuric acetate in aqueous alcohol at 50° C.,
forms colourless needles, M.pt. 143° to 144° C., soluble in benzene or
chloroform, insoluble in water. The chloride, isolated in the usual way,
is a powder, crystallising from benzene or alecohol in glistening plates,
M.pt.178°t0 174° (. The hydroxide sinters at 82° C. and melts at 215° C.,
and is decomposed by alcohols or benzene. Treated with nitric acld
the hydroxide gives a nifrate, a crystalline powder, decomposed by boiling
water and melting with decomposition at 150° C.

p~Mercuri-bis-benzylaniline, prepared from the hydroxide by the
action of aqueous sodium thiosulphate, crystallises from benzene in
small, colourless needles, M.pt. 171° C. with partial decomposition. It
is insoluble in methy! or ethyl alechol.

DERIVATIVES OF ACID ANILIDES.S

p~Acetaminophenylmercuric acetate.~—An intimate mixture of
2 1nols. of mercuric acetate and 1 mol. of acetanilide is heated for one
hour at 114° to 115° C., then for two hours at 100° C. Two volumes of
boiling water are then added, and the mixture filtered after standing for
twenty-four hours. It crystallises from boiling water in microscopic
tetrahedra, M.pt. 220° C., soluble in boiling water, methyl, or ethyl

! Kharasoh and Jacobsohn, J. Amer. Chem. Soc., 1921, 3, 1894,

® Pleclnind, (azzetla, 1893, 23, ii. 534 ; Ruspaggiarl, Gazzetin, 1893, 23, i, 544 ;
Peucl, Zeitsch. anorg. Chem., 1897, 15, 208.

3 Pigorini, Gaszetta, 1894, 24, ii. 465.

4 Pegei, Zeitsch. anorg. Chem., 1897, 15, 208,

8 Pescl, Gauctly, 1894, 24, 11, 449 ; Zeitsch. anory, Chem., 1897, 15, 222 Chem, Zeid.,
1809, 23, 58 ; Chem. Zentr., 1899, 1. 527 ; Plecinini, Gazzetta, 1894, 24, 1i. 453,
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alcohol, insoluble in benzene. The chloride crystallises with 2 mols.
of water in microscopic ncedles which lose their water at 100° C.
They melt at 250° C., are slightly soluble in alcohol, insoluble in water.
The hydroaideis a micro-crystalline substance having a strongly alkaline
reaction. It decomposes at 270° C., and with sodium or barinm sul-
phides yields p-mercuri-bis-acetanilide. Wlen the acetate is treated
with sulphuric acid, a sulphate is obtained as colourless needles, solnble
in acetic acid or alkali acetates, insoluble in water or aleohol.

p-Mercuri-bis-acetanilide, prepared as stated above, crystallises
in colourless needles, M.pt. 244° to 246° C., and when heated with
alcoholic potassium hydroxide at 100° C. in a sealed tube it vields p-
mercuri-bis-aniline. The anilide is slightly soluble in boiling alcohol, but
insoiuble n other solvents.

Penta-acetoxymercuriacetanilide,C¢. NHAc.(Hg.OA¢);.l—Anin-
timate mixture of 16 grams of mercuric acetate and 1 gram of acetanilide
is heated at 115° to 145° C. until a test portion gives no reaction for
mercury ions. The product is dissolved in ammonium hydroxide, acetic
acid added, and in twenty-four hours needles are deposited. These
dissolve in cold water, the solution being viscous, and when heated to
80° C. coagulation takes place. When treated with bromine, penta-
bromacetanilide, M.pt. 284° to 285° C., is obtained.

DERIVATIVES OF DIPHENYLAMINE.

p-Acetoxymercuri-diphenylamine, C;H,.NH.C;H . Hg.OAc.2—An
alcoholic solution of diphenylamine is treated with a solution of mercuric
acetate in 50 per cent. alcohol in the presence of a little acetic acid. The
acetate crystallises from aleohol in plates, M.pt. 178° C,, slightly soluble
in alcohols or hot benzene, insoluble in water. Treated with aleoholic
calcium chloride it gives the chloride, microscopic plates, decomposing
above 240° C.

With potassium hydroxide the hydroaide is formed, a white, amor-
phous substance decomposing above 200° C. It has an alkaline reaction
in aqueous and alcoholic solution.,

p-Mercuri-bis-diphenylamine, obtained from the hydrate by
sodium thiosulphate, is a white powder. It crystallises in scales from
boiling benzene or chloroform, M.pt. 182:5° C.

2:2':4:4'-Tetrachloromercuri-diphenylamine,?

NH({HE?MHgCl)Z

Diphenylamine and mercuric chloride are heated together, and the melt
poured into acetic acid and boiled for some time. A yellow product is
obtained, from which unchanged diphenylamine is removed by extrac-
tion with acetic acid. It does not melt at 260° C., and is insolublc in all
organic solvents.

When boiled with pyridine the compound appears to be decomposed

1 Raffo and Rossi, Zeitsch, Chem. Ind. Kolloide., 1912, 11, 120 ; Chem. Zenir., 1912, Ii.
2070 ; Bernardl, Gazzettn, 1926, 56, 337.

2 Prussia, Gazzetla, 1898, 28, ii. 129 ; Chem. Zenir., 1898, il. 928.

3 Kharasch and Piceard, J. Amer, Chem, Soc., 1920, 42, 1855. ’

1
1
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into mercuric chloride and 3:3 -mercuri-mercazine, to which the
following formula have been assigned +—

LAY ) (TR
]
| L wd ) || 2HeO

This compound, with sodium thiosulphate in alcoholic solution at
70° (., yields a grey product insoluble In all organic solvents. It is
unstable towards nitric add, and when heated to 100° C. in racuo
mercury distils off. o

Nitration of the tetrachloromercuri compounnd by mixed acid gives
a light brown compound, insoluble in organic solvents, but partly soluble
in sodivm hydroxide, giving a red coloration. The position of the
nitro groups is uneertain, aud the following struetire is given —

NO, NO,
e
He

\ et e\ JHg0l

This compound, when treated with sodium thiosulphate, gives a light
brown substance, which loses mereury at 100° C. in vgewo, and when
heated at 54° (', in zacuo for fifteen minutes loses 5-22 per cent. of water.
The name. mercury-bis-3-dinitro(?)~-mercazine, has been assigned
to it, and the following strueture :—

NO, NO,
A So AR A
e L g

N s,
NO— N g R VAN

p-Acetoxymercuri-methyldiphenylamine,! prepared in the usual
maniier, crystallises from alechol in needles, which yield the hydroxide
when treated with potassium hydroxide, as a white amorphous powder.

p~Mercuri-bis-methyldiphenylamine is isolated from the acetate
by treatment with 25 per cent. sodium thiosulphate. It crystallises
from henzene-ligroin in colourless plates, M.pt. 138° to 189° C.

Acetoxymercuri-N-methylthiodiphenylamine ? is obtained when
N-methylthiodiphenylamine in alcohol or acetic acid is treated with
mercuric acetate. A diacetoaymercur! derivative is also produced at
the same time. The former compound melts at 165° C., the latter
decomposes without melting at 300° C. If the N-methylthiodiphenyl-
amine be replaced by thiodiphenylamine no mercury derivative results,
but only o-dithiotetraphenylhydrazine, this product also occurring on
the interaction of mercury acetamide and thiodiphenylamine.

DERIVATIVES OF o-ANILIDO FATTY ACIDS AND THEIR EsTERs.*

In this series of compounds the substitution of mercury becomes
more easy as the series is ascended. Whilst the ethyl ¢-anilido acetate

U Garbarini, Gaszett, 1898, 28, ii. 132 ; Chem. Zenir., 1898, il. 928,

* Finzi, Giorn, Chim. Ind. Appl., 1927, 9, 176.

# Pesci, Guzzettn, 1916, 46, 1, 103,

* Schoeller, Schrauth, and Goldacker, Ber., 1911, 44, 1300 ; German Patent, 248291
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forms only a mono-substitution product, the propionic ester gives a
mixture of mono- and di-substitution products. In the case of the
butyric and isovaleric esters, only di-snbstituted products of the type
CeH;.(Hg.OAc), NH.CHR.CO,Et are obtained.
2-Acetoxymercuriphenylglycine ethyl ester,

OAc.Hg.C,H, NH.CH,.CO,Ft.

Ten grams of the pure phenylglvcine ester in 50 c.c. of methyl alcchol
are treated with a solution of 20 grams of mercuric acctate in 50 c.c. of
water, the mixture being stirred during the addition. A further quantity
of methyl alcohol is added, and in fifteen minutes pale ycllow crystals
commence to separate. After twenty-four hours thesc are filtered off
and washed with water, the yield of crude product being 20 grams,
82 per cent. Itis recrystallised from chloroform, small tabular crystals
being obtained. These soften at 129° C. and melt at 182° C. When
bromine or iodine in their respective alkali halides are added to the ester,
the acetoxymercuri group is replaced by halogen.

2-Chloromercuriphenylglycine ethyl ester.—The above acetate
is treated with sodium chloride in aqueous alcohol solution. It crystal-
lises in needles or thombic plates, sintering at 150-5° C. and melting at
152:5° C. The corresponding bromide forms rhombic plates, sintering at
144° C,, M.pt. 147-5° C. ; the iodide, lustrous leaflets, sintering at 137° to
138° C., M.pt. 189° to 140° C.

2-Hydroxymercuriphenylglycine anhydride,

NH—CH,
ca ]
Hg.0.CO.

This product is obtained by saponifying the acetate by 1-25 mols. of
Normal sodium hydroxide solution, and acidifying the resulting solution
with Normal sulphuric acid. Yield 91 per cent. It is decomposed at
228° C. (corr.). When dissolved in the calculated quantity of Normal
alkali it gives precipitates with the salts of various metals : the copper
salt is light green, decomposing at 193° to 197°C.; lead, iron, caleium,
silver, mercury and platinum salts are also known.

(2 - Chloromercuriphenyl - « - amino) propionic ethyl ester,
ClHg.C;H, NH.CHMe.CO,Et.—Equimolecular quantities of mercuric
acetate and the ester are allowed to react in aqueous methyl alcohol
solution. A 68 per cent. yield of the acetate is obtained, which is con-
taminated with dimercur: ester. It is soluble in organic solvents and
precipitated as a yellow oil by light petrolenm. Standing in ice for
twelve hours does not induce solidification, so that the oil is treated
with sodium chloride and converted to the chloro compound. This
crystallises from 80 per cent. aleohol in microscopic needles, M.pt.
165:5° C. Yield 80 per cent.

(2 : 4-Diacetoxymercuri-a-amino) propionic ethyl ester.—To
10 grams of the anilido ester in 10 c.c. of methyl alcohol, 85 grams of
mercuric acetate in 100 c.c. of water and 80 c.c. of methyl alcohol are
gradually added with constant stirring, The reaction is complete in an
hour. The product is left overnight inice, then filtered and washed with
cold water. Yield 80 grams, 80 per cent. It is soluble in the usual
solvents, and completely soluble in 10 per cent. acetic acid without split-
ting off the mercury. The above product eontains a crystalline and an
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amorphous form of the diacetate, the former being soluble in hot methyl
alcohol containing acetic acid, and both give the same substance when
treated with alkali halides.

(2 : 4-Dichloromercuriphenyl-a-amino) propionic ethyl ester
is prepared from the above compound by the addition of aqueous sodium
chloride. It erystallises from ethyl acetate—ligroin in small ncedles,
sintering at 128° C. and melting at 181° C. (eorr.). The corresponding
dibromide forms needles, M.pt. 128-5° C. (corr.). .

(2 :4-Dihydroxymercuriphenyl-o-amino) propionic anhydride.

NH—— CHMe
H0Hg.06H3< |
Hg—0-—CO.

This is obtained by hyvdrolysis of the diacetate, using aqueous sodinm
hydroxide. It vcadily absorbs water and decomposes at 228° C. (corr.).
(2: 4-Diacetoxymercuriphenyl-u-amino) butyric ethyl ester,
(Ig.0Ac),( H NH.CHEL.CO,Et—This is prepared in the usual
manner, with 82-3 per cent. yield. It crystallises in stout rods, sintering
at 150° C. and melting at 154-5° C. (corr.). It is readily soluble in
aleohols or chloroform, but only slightly in other solvents. With sodium
chloride it vields the dichloro compound, slender needles, M.pt. 127° C.
(corr.), and the corresponding dibromo derivative forms needles, sintering
at 125° C., M.pt. 127° C. (corr.) ; the di-todide forms needles, M.pt. 120 C.
cart'., ).
( (2 : 4-Dihydroxymercuriphenyl-a~-amino) butyric anhydride,

NH CHEt
HOHg.C 6H3< |
Hg-—0-—CO

is obtained in 90 to 92 per cent. yield by saponification of the diacetoxy
ester with 3-25 mols. of Normal sodium hydroxide. It becomes
vellowish-brown at 200° C. and decomposes at 209° C. (corr.). It
rcadily takes up moisture on exposure to the air and the following
scheme may represent the change ~—

CH,CHp CH,CHy ,
Mg SEH.COOH+H,0 == CH.COOH
Hg C, I, NH
HOHg

(2:4 ~ Diacetoxymercuriphenyl-a-amino) isovalerianic ethyl
ester —The reaction is complete in thirty minutes, an 86 per cent. yield
being obtained. It erystallises in stellar aggregates of needles, M.pt.
126° C. (corr.). The dichloro campound forms microscopic rods, M.pt.
122° C. (corr.), and the dibromide occurs in two forms: (a) a granular,
sandy, amorphous modification, decomposing at 215° C. and insoluble in
ethyl acetate; (b) a soluble form, white needles, M.pt. 185° C. (corr.);
the di-iodide erystallises in yellow needles, M.pt. 129° C. (corr.). The
anlydride is obtained in 90 per cent. yield, decomposes at 226° C. (corr.)
and readily takes up moisture on exposure to the atmosphere.

3

DerivaTives oF ToLYLGLYCINE ESTERS.

Acetoxymercuri-o-tolylglycine ethyl ester, AcO.Hg.C,;H Me.
NH.CH,.CO,Et.—The ester and mercuric acetate in methyl aleohol


file:///CH.COOH
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give a 77 per cent. vield of this compound. It is soluble in methyl or
ethyl alcohol, ethvl acetate, chloroform, acetone, ammonium hydroxide,
or dilute acids; iusoluble in light petrolewm. It inelts at 125.5° (.
((:urr.).

Hydroxymercuri-o-tolylglycine anhydride,

NH——CH,
Me.C H ;
Hg—0—C(0

is obtammed in 93 per cent. yield by saponification of the above acetate.
It is insoluble in water or organic solvents, but casily soluble in alkali.
Diacetoxymercuri-o-tolylglycine ethyl ester is prepared in the
usual manner, using 2 mols. of mercuric acetate. It forms slender
needles, M.pt. 167° C. (corr.), difficultly soluble in alcohol, but readily
in amimonium hydroxide. It is saponified by hot alkali.
Acetoxymercuri-m-tolylglycine ethyl ester, M.pt. 1275 (.
(corr.), yields a yellow anhydride on saponification.
Triacetoxymercuri-m-tolylglycine ethyl ester is formed in 20
per cent. yield when 3 mols. of mercuric acetate are used. It melts
at 185° C. (corr.), is readily soluble in ammonium hvdroxide, with
difficulty in aleohol, and insoluble in the usual solvents.
Acetoxymercuri-p-tolylglycine ethyl ester, M.pt. 140° C. (corr.),
vields au amorphous anhydride on saponification.

DerivaTivEs oF Toruipines aAxDp ToLuipiDes.!

The mercuration of o-toluidine in methyl alcohol solution gives rise
to a mono and a dimercurated compound, the latter forming 85 per cent.
of the product. When 50 per cent. ethyl alcohol is used as the solvent
the main yield is the monomercuri derivative.? If the reaction be carried
ont in aqueous solution, only a dimercurated product is obtained, which
is isomeric with the one isolated from methyl alcohol solution

5-Acetoxymercuri-o-toluidine—A solution of o-toluidine (3
mols.) in ethyl alcohol is rapidly added to a 50 per cent. aleoholic solu-
tion of mercuric acetate (1 mol.). The product is recrystallised first
from 50 per cent. alcohol, then from absolute alecohol, any dimercuri
compound being insoluble in the latter solvent. It is soluble in hot
water or aleohol, less so in ethyl acetate, and melts at 144° to 145° C.

When treated with sodium chloride solution the 5-chloromercuri
compound is obtained. It crystallises from absolute alcohol in needles,
M.pt. 178° C. Its diacetyl derivative forms colourless leaflets, M.pt.
170° C.

Diacetoxymercuri-o-toluidine.—(a) From methyl alcohol solu-
tion.

A solution of 37 grams of mercuric acetate in 100 c.c. of methyl
alcohol is stirred into 10 grams of o-toluidine in 50 c.c. of methyl aleohol,
and in a few minutes no mercury ions can be detected in the solution.
After several hours the crystallisation of the diacetoxy compound
commences. The small microscopic needles are allowed to stand in ice
for forty-eight hours, then filtered, washed with alcohol, and dried at

1 Schrauth, Schoeller, and Rother, Ber., 1912, 45, 2808,
? Jacobs and Heidelberger, J. Biol. Chem., 1915, 20, 513.
3 Vecchiotti, Gaasetta, 1926, 56, 185. See Rossi and Boecchi, Gazzetta, 1925, 55, 93.

VOL. XI, : L. 9
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100° C. Yield 21 grams, 78 per cent. It crystallises from methyl
alcobol in microscopic needles, M.pt. 228° C. with decomposition, is
insoluble in most organic solvents, slightly soluble in methyl alcohol, but
readily soluble in acids, ammonium hydroxide, amines, ethylenediamine,
or pyridine.
() From aqueous solution. o
When equimolecular quantities of mercuric acetate and o-toluidine
react in aqueous solution, the resulting diacetate melts at 208° C.  The
position of the acetoxy mercuri groups has not been determined, but
they are apparently not 8:5 or 4:6.
Dihydroxymercuri-o-~toluidine—The diacctate (M.pt. 228° . C.)
in 30 parts of water at 80° to 90° C. is treated with an excess of sodium
hydroxide, and on cooling the dihydroxymercuri compound separates in
long, colourless ncedles. Thesc when heated at 100° C. lose water, giving
an infusible canary-yellow substance which blackens when heated and
probably has the constitution :
/NH
HOHgJCGHz.Me\ |
Hg

The hydroxide obtained from the diacetate (M.pt. 208° C.) melts at 285° C.
The acetate (M.pt. 228° C.) when treated in the usual manner yields a
chloride, bromide, todide, and hydroazide ; the acetate (M.pt. 208° C.)
gives the following derivatives : chloride, decomposes at 221° C. ; bromide,
decomposes at 232° C.; acetotoluidide, sinters at 214° C., M.pt. 219° C.;
hydroxide, M.pt. 285° C.

Acetoxymercuri - aceto ~ 0-toluidide —Ten grams of o-aceto-
toluidide in 250 c.c. of hot water are treated with 20 grams of mercuric
acetate and the mixture boiled for forty minutes, then filtered whilst hot.
Itis then cooled inice for twenty-four hours, the solution yielding 7 grams
of needles, 28 per cent. yield. After recrystallisation from 80 per cent.
alcohol, the needles melt at 283° C. (corr.). With iodine it gives 5-iodo~
aceto-o-toJuidide. Treatment with sodium chloride solution vields the
chloromercuri-aceto-o-toluidide, M.pt. 167° C., which may also be obtained
by aeetylation of the chloromercuri-o-toluidine.

Diacetoxymercuri-aceto-o-toluidide —Diacetoxymercuri-o-tolu-
idine is dissolved in ethyl acetate and acetylated by means of acetic
anhydride. The product melts at 240° C., and by double decomposition
the following are cbtained : chloride ; bromide, microscopic needles ; odide,
precipitated in flocks, which gradually change to a crystalline modifica-
tion on standing. The acetate with iodine gives long, silky needles,
M.pt. 222-5° C. {corr.), which contain no mercury.

6-Acetoxymercuri-m-toluidine crystallises In small needles, M.pt.
176° C.,, and 2 : 5-diacetoxymercuri-m-toluidine forms white needles,
M.pt. 170° C., these yielding an hydrozide, decomposing at 200° C.; a
chlorige, decomposing at 289° to 240° C.; a bromide, decomposing at
150° C.

Diacetoxymercuri-m-toluidine (1 : 8 : 4: 6) ! crystallises in white
plates, M.pt. 191° C,; the hydroaide is not very stable; the chloride and
bromide crystallise in plates, melting at 195° C. and 210° C. respectively,

Triacetoxymercuri-m-toluidine,—Three grams of m-toluidine
and 27 grams of mercuric acetate in 85 c.c. of methyl alcohol gave

? Veophiottl, Gazzetin, 1924, 54, 411.
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23 grams of crystals after two days’ standing. Yield 95-8 per cent. It
forms bright yellow microscopie crystals, insoluble in the nsual organic
solvents, but soluble in ammonium hydroxide.

Acetoxymercuri-aceto-m-toluidide inay be obtained from an
aqueons solution of mercuric acetate and the toluidide by heating for
one hour, Yield 20 per cent. It gives crystals from 80 per cent.
alcohol, M.pt. 99° C.

If the above diacetoxy compound is acetvlated, diacetorymercuri-
aceto-m-toluidide 1s formed. It is insoluble in organic solvents, slightly
soluble in hot water, and easily soluble in ammonium hydroxide.
With iodine 4:6-di-odoaceto-m-toluidide is obtained. In a similar
manuer the triacetoxymercuri compound vields a foluidide, as a heavy
insoluble powder.

Diacetoxymercuri-aceto-m-toluidide, prepared from: the 1:3:
4: 6 compound, forms tufts of needles, M.pt. 250° €., and may bhe
converted to 4: 6-dibromo-aceto-m-toluidide ; 6-acetoxymercuri-aceto-m-
toluidide melts at 192° C. and yields 6-bromoaceto-ni-toluidide; 2: 5-
diacetoaymercuri-aceto~-m-toluidide forms silky, white needles, M.pt. 188°
to 184° C.

Acetoxymercuri-p-~toluidine.’—The reaction is carried out in
50 per cent. alcohol, and occupies two days. The product is purified by
dissolving it in a mixture of ammonium acetate and hydroxide and
adding acetic acid. It melts at 184° C.,, is insoluble in water, slightly
soluble in alcohol, ether, or benzenc,

With calcium chloride in alcoholic solution it gives the chloride,
prismatic crystals, M.pt. 170° C,, insoluble m water, only slightly
soluble in aleohol.2 The hydrozide crystallises fromy a solution of the
acetate in concentrated potassium hydroxide in yellowish plates, M.pt.
212°to 218° C. Itisinsoluble in the usual solvents.

Mercuri-bis-p-~toluidineis obtained from the preceding hydroxide,
by the action of concentrated sodinm thiosulphate. It crystallises in
plates, M.pt. 156° C.

Condensation with Dinitrophenylpyridinium chloride 3—The pyridine
compound (1 mol.) in methyl alcohol is added to the mercurated tolu-
idine (1 mol.) in pyridine solution. A deep red coloration takes place
on mixing and the whole is boiled for about thirty minutes. Then
a slight excess of dilute hydrochloric acid is added to remove the
pyridine, and the precipitate washed with boiling acetone to remove any
dinitraniline. The pure substance is a brown powder, M.pt. 183° C,,
soluble in chloroform. F¥ormula :

~ 2\
0 ()
Hg
N=CH ?H—-\N/H

CI}H éH H/\Cl

Now”

Hydroxymercuri-aceto-p-toluidide anhydride is obtained from

! Vecchlotti, Gazzetta, 1921, 51,11, 208 ; Pesci, Gazeeita, 1898, 28, 1i. 445 ; Chem. Zentr,
1898, 1i, 546 ¢ Zeit, anorg. Chem., 1898, 17, 276.

2 fee Klein, Ber., 1878, 11, 743,

% Reitzenstein and Stamm, J. prakt Chem., 1910, {2], 81, 150.
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the toluidide and mercuric acetate in aqueous solntion. It crystallises
in leaflets, M.pt. 229° (', (corr.). Formula :

| |
He.CH,McN.COMe.

Acetoxymercuri dimethyl-p-toluidine?! crystallises from boiling
henzene in colourless, slender, glistening needles, M.pt. 131-5° C,, in-
soluble in water, more soluble in methyl than ethyl alcohol.

The following compounds are obtained from the acetate in the usual
manner :—

Chloride, very fine needles, M.pt. 159° to 159-5° C., soluble in benzene,
insoluble in water. Bromide, colourless, glistening needles, M.pt. 149° to
150° C. Todide, needles, M.pt. 126° C. Nitrafe, using alcoholic calcium
nitrate, colourless necdles, M.pt. 181° C., soluble in alcohol or benzenc.
Hydroxide, obtained by allowing acetate to stand with concentrated
potassinm liydroxide for twenty-four hours; colourless needles, M.pt.
117° (., fairly soluble in hot water, slightly soluble in benzene or methyl
alcohol.

Mercuri-bis -(dimethyl-p-~toluidine) is obtained when the above
hydrate is treated with concentrated sodium thiosulphate, and when
bromo-dimethyl-p-toluidine is heated with 1-5 per cent. sodium amalgam
{or forty-eight hours at 120° to 125° C,, a little ethyl acetate being used
as catalyst. It crystallisesin colourless, glistening plates. M.pt. 60° C,,
stightly soluble in benzene.

DERIVATIVES OF BENZIDINE.

3(?)~Acetoxymercuri-benzidine.2—This compound appears to be
formed when benzidiiie and mercuric acetate react in glacial acetic acid.
It is a brown product, decomposing at 188° to 140° (., and forming a
hydrochloride, M.pt. 289° to 240° C. Diacetylbenzidine and mercuric
acetate when heated at 120° to 160° C. give a crystalline compound,
o H 00N Hg,8H,0, which secins to be of indefinite composition.

DFRIVATIVES OF TUF NAPHTHYLAMINES AND THEIR SUIPHONIC ACIDs.3

2 14-Diacetoxymercuri-a-naphthylamine,

NH,
L]
NN

Hg.OAc
a-Naphthylamine (42 grams) is dissclved in a mixture of 20 c.c. of
alcohol and 20 c.c. of acetic acid, then 50 c.c. of boiling water are added.
To this hot solution, a hot solution of 10 grams of mercuric acetate in
50 c.c. of water is added. An intense yellow precipitate is formed ; this
gradually becomes white and crystalline, and is filtered off. Yield 9-5
grams. The substance is coloured faint yellow by sodium hydroxide,
but does not react with ammonium sulphide even on long standing. It

! Pesel, Gazzetta, 1898, 28, 1i. 445,
2 Be_rnaldi and Tartarini, Gazzefte, 1927, 57, 223.
3 Brieger and Schulemann, J. prakt, Chein., 1914, 89, 140,
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is very stable towards halogen salts. No monowmeremni derivative is
1solated.

Tetra -~ acetoxymercuri - a -~ acetonaphthalide, NH:Ace.C H (Hy.
OAc),,! from a-acetonaphthalide and 4 mols. of mercuric acetate, decom-
poses at 220° C,, and forms aqueous solutions which froth when shaken,
are highly viscous, and coagulate when heated.

1-Acetoxymercuri - 8 - naphthylamine.— g-Naphthylaminc (1-4
grams) and 8-2 grams of mercuric acetate iin 25 c.c. of dilute acctic acid
yicld colourless erystals. These become intense yellow without dissolv-
mg when treated with concentrated sodium hydroxide, and ammonium
sulphide readily reacts with the acetate,

Mercuriphenyl-fS-naphthylamine,

CH
1 0 \NH.2EtOH
N
10

is formed by treating phenyl-g-naphthylamine with dihite aleoholic
mercuric acetate containing a little acetic acid. Itmeltsat 173° C..2and
crystallises with 2 mols. of aleohol.

B~Naphthylamine-~6-sulphonic acid Derivatives.>—The sodium
salt of this acid in aqueous solution reacts with aqueous mercurie acetate
if the compounds are allowed to stand for a long time. A white product
is obtained, which gives mercuric oxide when treated with sodium
hydroxide. If the reaction mixture is boiled for five to ten minutes, a
white body is again obtained, but this does not rcact with sodium
hydroxide. It is insoluble in all solvents. To these two bodies the
following formule have been assigned :—

Hg Hg
Akt 1/\1/\9&2
| | |

08 A/ ‘l)sb\/\)

Sodium naphthylamine sulphonate (5-6 grams) is dissolved in 125 c.c.
of boiling water, and a solution of 6:4 grams of mercuric acetate it 25
c.c. of water is poured in. The mixture is boiled for a few minutes, then
sodium hydroxide is added dropwise until complete solution is obtaned.
The whole is then quickly cooled to 70° C. and 150 c.c. of alcohol
added, a yellow body being precipitated. The whole is cooled quickly,
shaken, and filtered, the residue washed with 50 per cent. alcohol,
absolute alcohol, and finally with ether. A pale yellow powder is
obtained whicl: corresponds to the formula :

A pure white prodnet is obtained from this by the action of an cxcess
of sodium hydroxide. This product is soluble in water, aqueous alco!ml,
and dilute alkali. It does not react in aqueous solution with ammonium

1 Rossi and Bocehi, Gazzefte, 1926, 56, 817.
2 Rossi and Cecchetti, Gazzetia, 1925, 55, 869.
¥ Brieger and Schulemann, loc. ¢4,
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sulphide, but with acetic acid a white precipitate is thrown out. This
latter reacts with ammonium sulphide, and contains 1 mol.' of water
which cannot be removed by drying over phosphorus pentoxide, hence
formula L. has been assigned to it, although analysis points to II.  Thus:

HgOH HgOH

OH
AV NS NN
= JJ
Na()aS\/\/ \H Na,O,,S\/a
L 1L,

These mercurated naplithylamine sulphonic acids react inmediately
with halogen halides, the mercury being freed, and in the case of
potassium iodide solution mercuric jodide separates.

Mononethylaminonaphthalene- and S-dimethylaminonaphthalenc-
6-sulphonic acids only reduce mercuric acetate to mercurous salt or
metallic mercury.

Naphthionic acid Derivatives.—By the interaction of the sodium
salt of this acid and mercuric acetate in the cold, a white, finely divided
precipitate is obtained. When this is boiled it becomes soluble in
sodimn acetate and acetic acid. It crystallises from the latter as a
eolourless body, which is only slightly affected by sodium hydroxide,
and only slowly attacked by ammonium sulphide. The following
formula has been ascribed to it :—!

N
NOAc
Y

[ ]
AVAVY
SO,—

From a solution of 6-4 grams of sodium naphthionate and 64 grams
of mercuric acetate in 150 c.c. of water, treated with a large excess of
sodium hydroxide, a colourless product is obtained. This does not react
with ammonium sulphide, and towards halogen salts it reacts similarly
to hydroxymercuri - § - naphthylamine - 6 - sulphonic acid (sodium salt).
When dried over phospliorus pentoxide the body becomes canary yellow,
and on addition of water becomes white again. It has been formulated
as the sodium salt of 2-hydroxymercuri-naphthionic acid.

NH,
I/\I/\ngOH
| I
\)\S/O e

Using an excess of mercuric acetate does not produce dimercurated
derivatives, the yellow solution becoming yellow-red on addition of
alkah, but the colour is less intense than in the case of S-naphthylamine
sulphonic acid.

1:5-Naphthylamine sulphonic acid Derivatives.—The free acid
(2+4 grams) is dissolved in 25 c.c of water containing a little sodium

1 Whitmore, Organic Compounds of Mercury, Chemical Catalog. Co., prefers to consider
the compound to be 2-acetoxymercuri-naphthionic acid,
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hydroxide, then dilute acetic acid is added until the solution is just acid.
A solution of 6 4 grams of mercuric acetate in 25 c.c. of water is pounred
in, and a fine canary-yellow precipitate is deposited. This is soluble
in acetic acid, and becomes deep yellow when treated with sodium
hydroxide, but excess of hydroxide yields no precipitate, but tends to
decompose the substance, mercurous oxide separating out. The vellow
product does not react with ammonium sulphide. The body is very re-
active with halogen salts, the addition of sodium chloride to its solution,
followed by ammonium sulphide, causes blackening at once. With
potassium iodide the reaction is quantitative, and with potassium
bromide nearly so. The substance is represented by the structure :

NH,

/N NHg0Ac

| |
I\/I I
—Oaé Hg.OAc



CHAPTER VIII.
MERCURY (continued).

DERIVATIVES OF AROMATIC COMPOUNDsS CONTAINING HYDROXYL
GRrROUPS.

MosT of the wnonohydric phenols and their substitution products react
with mercurie acetate mder suitable conditions to give acetoxymercurl
compounds. When phenol is treated with an aqueous solution of
nercuric acctate at room temperature, three products arc formed :

OH OH OH
‘/\\IHgOAc .,/ N I/\IHgOAc
! i |
N N
K/ HgOAc HgOAe
I I, I,

I{, however, the reactionis carried out at 100° C., and no solvent used, only
I. and II. are formed.

The methyl and ethyl ethers of phenol arc more difficult to mercurate
than phenol itself, and although ortho- and para-substituted mono-
mercnrated products can be made, no dimercurated derivatives are yet
known.

The nitrophenols differ {rom all other phenols, in that they are cap-
able of forming anhydrides instead of acetoxymercuri derivatives when
treated with niercuric acetate. When, for example, the sodium salt of
o-nitrophenol is shaken with aqueous mercuric acetate, it yields com-
pound I.; but if the nitrophenol is dissolved in warm water containing
a little sodium hydroxide, and the mercuric acetate solution added drop-
wise, compound II. is produced.

0
A N
i % =NO I(\IFO .
vl J
Hg—O \ﬁgOAc
I, 11,

Compound 1. gives the corresponding chloride and hydroxide when
treated with hydrochloric acid and sodium hydroxide respectively, but
hromine, or iodine in potassium jodide solution, replace the mereury by
halogen. p-Nitrophenol is more difficult to mercurate than the ortho
compound, and the reagents have to be boiled for a long period.

4 : 6-Dinitrophenol is ‘mercurated by boiling for sixteen hours with

136
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mercuric oxide in aqueous solutiou, but picric acid yiclds a product when
shaken with aqueous mercuric oxide for several hours at 80° C.

Dimethylaminophenol readily reacts with mercuric acetate in aleoholie
solution, the operation going to completion in two minutes at 100° C.,
but the compound formed slowly decomposes when kept. If, however,
no solvent is used, no organic mercury derivative is formed. A rather
unstable body containing two benzene nuclei connected by a mercury
bridge is formed from m-hydroxyphenyltrimethylammonium acetate,
but its aqueous solution decomposes in a week.

In the same way that the phenolic ethers are niore difficult to mercur-
ate than the phenols themselves, so cresol methyl ether is less readily
attacked by mercuric acetate than cresol, and requires five days” heating
at 50° C. to complete the reaction, a diacetoxymercuri compound only
being produced.

Thymol and carvacrol yield mono or dimercurated products accord-
ing to the number of molecules of mercuric acetate used in the reaction.

Safrol, eugenol methyl ether, apiol and isoapiol yield a mixture of
two isomeric acetates, one of which is crystalline, the other syrupy.

Other methods have also been used for producing mercurated anisoles
and phenetoles of the type RHgX. (1) The type R,Hg, e.g. mercury
dianisyl, is treated with an alcoholic solution of mercuric chloride. (2)
The mercuric chloride addition products of the triarylstibines, R;Sb.
HgCl,, are boiled in aleoholic solution.

The R,Hg compounds of the phenols are prepared by the usual
methods, mercuri-bis-o-phenol being formed by the action of sodium
thiosulphate on o-chloromercuri phenol, whilst the anisyl and phenetyl
compounds are formed either by treating o-bromoanisole or phenetole
with 1-5 per cent. sodium amalgam or by the action of alcoholic
potassium iodide on o-iodomercuri anisole or phenetole.

The following evidence has been collected to show the behaviour of
mercurated phenols towards acids, bases, and salts :—

o-Chloromercuri phenol in sodium hydroxide solution, when treated
with sodium nitrite at —4° to —5° C., and the mixture acidified with
concentrated sulphuric acid, yields p-nitrosochloromercuriphenol ; the
latter when heated with a mixture of ammonium chloride, acetate, and
carbonate for thirty minutes at 100° C. is transformed into p-nitroso-o-
chloromercuri aniline.

p-Chloromercuri phenol is decomposed when boiled with hydro-
chloric acid, giving mercuric chloride and phenol, but with ethereal
iodine solution, mercuric iodide and p-iodophenol result.

Chloromercuri anisole and phenetole yield oxides when treated with
aqueous sodium carbonate solution, e.g. O(HgCgN,OMe),.

4-Acetoxymercuri-m-dimethylaminophenyl acetate is immediately
decomposed by ammonium sulphide. o

Acetoxymercuri-p-cresol does not yield the corresponding iodide
when treated with potassium iodide, but the mercury is eliminated as
mercuric iodide. Chloromercuri-p-cresol in alcoholic solution gives the
anhydride of hydroxymercuri-p-cresol when a boiling sodium carbonate
solution is added. The diacetoxymercuri derivative of p-cresol methyl
cther is stable towards ammonium hyvdroxide or sulphide, but gives the
chloride on the addition of aqueous sodium chloride.

The erystalline chloromercuri compound obtained {rom safrol is stable
towards ammonium sulphide or ammonium and sedium hydroxides,
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but decomposed when boiled with dilute hydrochloric acid. The corre-
sponding iodomercuri derivative, however, is decomposed by hydrogen
sulphide. Similar reactions have been noted with the erystalline chloride
of eugenol methyl ether.

Chloromercuri resorcinol is readily decomposed Iy sodium hydroxide
and immediately by ammonivm sulphide, and the dichlovomercuri
resorcinol is even less stable to sodium hydroxide. Diacetoxymercuri
resorcinol dimethyl ether does not give mercurie sulphide with ammonium
sulphide, but only a vellow precipitate.

The stabihty of the mercurated a-naphthols towards alkali halides
decreases from the chlorides to the iodides, potassium jodide eliminating
the mercury as mercuric iodide.  Diacetoxymercuri-a-naphthol is stable
to amunoniwmn sulphide.  2-Acetoxymercuri-1 :4-naphthol monosulphonic
acid is very stable towards ainmonium sulphide, but when warmed
with sodium chloride in acetic acid solution, mercury is split out, and
l-acetoxymercuri-2 : 6-naphthol sulphonic acid lias similar properties.
1-Acctoxymercuri-S-naphthol is not blackened by cold ammonium
sulphide, but gives mercuric sulphide on heating.

The following table shows the positions taken up by mercury on
cntering the benzene nucleus. All rings are numbered fromn the top
(position 1) in a clockwise direction, irrespective of the group occupying
that position. This method of numbering applies only to the table and
not to the text.

OH OMe OMe ** OFt
Ou On Q= Ou Or Q
24 24 Mono 24
CaHs NO,
OH OH OH OH OH l‘\}Aeg, OH
NO, NO2 (¢~ \NO, Meg N .
O =0 O O 1200 10w
NO, No2 NH OAc
OH OH  OMe OH OH
PO~ QuOIQe " CnOui Qs
N Me 4 MeZ Me
Cl CHO
QH OH OH OH CaHc** CaHa™
a !\rle Me 2 MeO Mono Mono Mono
Pr & prb 6 26 24 oMono OMe Mono
© ' CHo R* O-Chz OMe
OH OH QMe OH OH
; E:pno NOC, 46 CH,OH NOz
, OH oH 4 OMe 4.6
CHZOH
OO OO OO0
Naoss
SO3N3

*R=tert~-butyl or isoam yl. **These compounds $ive two series of isomerfc salts.
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DErIvaTIVES oF PHENOL.

o-Chloromercuri phenol, HO.C;H,HgCl.L—When an aqucous
solution of mercuric acetate and phenol reacts at room temperature or
by heating on the water-bath, three mercury compounds are obtained,
two containing acetoxymercuri groups in the ortho- and para-positions
to the hydroxyl group, and the third being a diacetoxymercurt derivative.
The following method, due to Whitmore and Middleton, produces no
dimercurated product, owing to the fact that no solventisused. Phenol
(12 grams) is heated on a steam-bath, and 25 grams of mercuric acetate
gradually added, the mixture being well stirred. When the solution of
the acetate is complete, boiling water is added, and the whole boiled for
a few minutes, after which a hot solution of 5 grams of sodium chloride
is poured in. The p-chloromercuri phenol is at ouce precipitated and
filtered off, the filtrate on cooling depositing crystals of the ortho
compound. This product can be further purified by crystallisation
from hot water, when glittering crystals, M.pt. 152:5° C., are deposited.
It forms an acetyl devivative, M.pt. 170° to 171° C., which does not rcact
with potassium jodide, but if heated with concentrated hydrochloric
acid and hydrogen sulphide, mercuric sulphide is formed. The acetyl
compound is reduced to mercuri-bis-o- phenol diacetate when acted upon
by sodium thiosulphate, a yield of 80 per cent. being obtained.

When o-chioromercuri phenol in sodium hydroxide solution is
treated with sodium nitrite, the mixture cooled to —4° to —5° C., and
acidified with concentrated sulphuric acid, p-nitroso-o-chloromercuriphenol
is formed, HO.C;H,.NO(4)HgCl(2). This substance crystallises {rom
xylene or anisole in light brown needles, which respond to Liebermanu’s
nitroso reaction and partially dissolve in ether, giving an intensce green
solution. Two grams of the nitroso compound, 2:4 grams of amimonium
chloride, 6:6 grams of dry ammonium acetate, and 0-2 gram of ammon-
ium carbonate when heated on the water-bath for thirty minutes with
vigorous stirring yield p-nitroso-o-chloromercur: aniline, NH,.CH3 NO
(4).HgCl(2). The melt is poured into 75 c.c. of cold water and allowed
to stand thirty minutes, when a brown amorphous precipitate settles out.
This is filtered, well washed, dried, and crystallised from anisole. Its
solutions in benzene and ether are green, i alcohol reddish-yellow.

When 2-48 grams of o-chloromercuri phenol in a freezing mixture are
treated with the diazotised solution [rom 7 grams of m-amino-lenco-
malachite green in 50 c.c. of water and 6 grams of hydrochlorie acid
(density 1-18) a dark green precipitate is obtained, which is brown-
black when dry. It is fetramethyldiaminotriphenylmethane-azo-o-chloro-
mercurt phenol and has the following constitution :—?2

AN OH

(1 [ T ma

NN | F
| N
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1 Dimroth, Ber., 1902, 35, 2853 ; Whitmore and Middleton, J. Aner. Chem. Soc., 1921,

43, 619, 1
* Reltzenstein and Bonitsch, J. praki. Chem., 1912, [2], 86, 73.
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o-Acetoxymercuri phenol.l—This product is obtained by a
similar method to Whitmore and Middleton’s o-chloromercurl phenol,
i.e. using no solvent in the reaction. The compound crystallises in long
ncedles or white, hexagonal, or thombic prisms, M.pt. 157° C., decompos-
ing at 2107 to 215° . In the usual way the following derivatives may
be prepared : hydrovide; internal oaide; bromide, sIendeE, silky
needles, M.pt. 130° to 182° (., the liquid becoming turbid at 190 C. aqd
decomposing at 195° C.; iodide, stellar aggregates of‘ nncrofccgpm
prisms, M.pt. 121° C,, the clear red liquid becoming tUI:bld at 170" to
180° C., and decomposing at 200° to 210° C. ; nitrate, infusible compound,
biackening about 200° C.; the sulphate and hydrozide arc white, infusible
powders.

p-Acetoxymercuri phenol crystallises in slender needles or
triangular prisms, M.pt. 165° C., decomposing at 210° to 215° C.;
the bromide forms scales, M.pt. 144° to 146° C., decomposing at
200° to 210° C.; the iodide, a white powder, M.pt. 134° to 135°
C., decomposing at 200° to 210° C.; the nifrate, white crystals, de-
composing at 210° C.; the sulphate and hydroride are wlhite, infusible
compounds.

Diacetoxymercuri phenol.>—Phenol in concentrated aqueous
solution is treated with mercuric acetate, when a white precipitate
separates out, the reaction being accelerated if heat is applied. This
product erystallises from dilute acetic acid in needles, M.pt. 216° to
217° (. The mother-liquor from this preparation contains o- and
p-acetoxymercuri phenols.. Treatment of the diacetoxy compound with
sodium chloride gives the dichloromercuri phenol, a white powder, M.pt.
258> C. with decomposition.®

p-Chloromercuri phenol.*—The preparation of this mercury
compound has already been dealt with above. It crystallises from
acctone or alechol in needles, M.pt. 219° to 220° C. or 224° to 225° C.,
both figures being given in the literature. The sodium hydroxide
solution when trcated with alcohol yields the sodium salt, which on
boiling with alcoholic methyl iodide yields p-anisylmercuric chloride.
Boiling with hydrochloric acid gives mercuric chloride and phenol, and
cthereal jodine solution gives mercuric lodide and p-iodophenol. The
acetyl derivative melts at 285° C., and with sodium thiosulphate a 50 per
cent. yield of mercuri-bis-p-phenol diacetate results.

Mercuri-bis-~o-phenol, HO.C;H,.Hg.C ,H,.OH.—o-Chloromercuri
phenol dissolves in sodium thiosulphate solution, giving a clear solution
which rapidly becomes cloudy, a white precipitate eventually separating
out. In small quantities it may be recrystallised from alcohol, if the
operation be conducted rapidly, small, white, glistening tablets being
obtained. It is easily soluble in ethyl acetate or acetone, msoluble in
water, benzene, ether, or chloroform. When heated alone its colour
changes to gray without melting, but the aleoholic solution when rapidly
boiled soon decomposes, metallic mercury separating out. It has the
characteristic properties of a phenol, being soluble in caustie alkali,

1 Mameli, Guzzetta, 1922, 52, 1. 352.

* Dimroth, Ber., 1898, 31, 2154 ; 1902, 35, 2833,

3 Ree Mameli and (occont, Gaszetta, 1922, 52, ii. 113.

* Desesquelle, Bull. Soc. chim., 1804, (3), 11, 268; Dimroth, Ber., 1898, 31, 2155
189%, 32, 761 ; Urlitzer, Arch, Pharm., 1899, 236, 622 ; Whitmore and Middleton, J. dmer,
Chem. Soc., 1921, 43, 619.
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insoluble in sodiuvm carbonate, and is precipitated wnehanged from its
alkaline solutions by carbon dioxide.?

DERIVATIVES OF ANISOILER.2

Mercuri-bis-o-~anisole —The best mcthod of obtaiming this com-
pound is that due to Whitmore and Middleton, which consists of heating
o-lodomercuri anisole with alcoholic potassium iodide solution in a
reflux apparatus. It also occurs as a by-product in the preparation of
o-lodomercurianisole, from which compound it may also be derived by
the action of sodium stannite solution. )

The usual method for preparation of compounds of the type R,Hg is
also available, namely, heating together o-bromoanisole and 1:5 per
cent. sodinm amalgam.

It crystallises from hot alcohol in prisms, M.pt. 108° C., soluble i
chloroform and benzene. When treated with mercuric chloride in
alcoholic solution it yields the chloride, and when dissolved in hot acetic
acid, o-acetorymercuri-anisole (M.pt. 128° to 124° C.} is formed, which
may be precipitated by the addition of water.

o~Chloromercuri anisole.—This was first obtained in small yield
by Dinwoth, when dry mercuric acetate was warmed with excess of
anisole. After removal of the p-acetoxymercuri anisole, the mother-
liquors are treated with sodium chloride, and the mixture steam distilled,
the excess of anisole passing over; the product is recrystallised from
benzene, and has M.pt. 1738° to 174° C. It crystallises from alcohol in
needles and from chloroform in plates. When obtained by heating
mercuri-bis-o-anisole (1 gram) with 0-7 gram of mercuric chloride in
25 c.c. of aleoho] for fifteen minutes, the crystals melt at 177° to 178° C.
The corresponding bromide melts at 183° C.

o-lodomercuri anisole is best prepared by gently heating an
alcoholic alkaline solution of o-chloromercuri phenol with methyl iodide ;
it is also formed when the chloride is treated with potassium iodide
solution. It crystallises in colourless needles, M.pt. 165° C., which
react with aleoholic potassium iodide to form mercuri-bis-o-anisole.

Mercuri-bis-p~-anisole >—p-Bromoanisole (100 grams), 80 grams
of xylene, 1/10 the volume of ethyl acetate, and sufficient 1-5 per cent.
amalgam to give double the quantity of sodium required in the reaction
are heated in an oil-bath at 160° C, for twenty-four hours. The flask
should be frequently shaken, and more ethyl acetate added at eight-
hour intervals. The residue obtained crystallises from hot benzene
in transparent needles, 200 grams of p-bromoanisole yielding about
80 grams of pure product. It melts at 202° C., sublimes on strong
heating, and is readily sohuble in hot benzene or cold chioroform. Pro-
longed heating with hydrochloric acid decomposes it to anisole and
mercuric chloride. It readily reacts with phosphorus and bismuth
chlorides, forming mercuric chloride and phosphorus or bismuth anisyl
halides.

1 For mercury compounds of p.chlorophenol, ses German Patent, 234851 ; phenol
and cresol sulphonic acids, German Patent, 410969; phenol.p-sulphonlc acid, Rupp
and Herrmann, Arch, Pharm., 1916, 254, 300,

¢ Dinroth, Ber., 1902, 35, 2853 ; Manchot, 4nnalen, 1920, 421, 340 ; Whitmore and
Middleton, J. Amer, Chem. Soc., 1923, 45, 1753 ; Michaelis, Ber., 1894, 27, 257.

3 Michaelis and Rablnerson, Ber., 1890, 23, 2342,
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p-Chloromercuri anisole may be obtained :

1. By miwing aleoholic solutions of mercuric chloride and merenry
dianisyl. ' _

9. By boiling the alcoholic solution of the double salt of trianisyl
stibine and mevcuric chloride, (OMe.CH,);Sb.Hg(l1,.2

3. By adding sodinm chloride to the product obtained when 1 mol.
of anisole and 1 mol. of mercuric acctate react in aqueous solution.?

It crystallises in colourless, peurly plates, M.pt. 289° C., readily
soluble in hot benzene or cold chilorofoym, but with difficulty in alcohol.
With arscnic trichloride on heating it forms anisyl dichloroarsine.®

The bromide is a similar compound, M.pt. 187° C. ; the dodide forms
colourless plates, M.pt. 227° C., and may be prepared by the use of
potassium 1odide, or by heating p-hydroxymercini phenol with methyl
wdide in alkaline aleoholie solution.

The componnd mentioned in method 3 above, obtainable from
mercuric acetate and anisole, is stated by Manchot to possess the formula

(C-;f‘ISO.I“IgOH )OII L C7H80.Hg(OH)2

It erystallises in white needles, sintering at 164° C. and melting at 169°
€. Aunother method of preparation is as follows: 7.8 grams of anisole
(1 wol.) and 70 grams (8 mols.) of mercuric acetate in 700 c.c. of
water al'e maintained at 50° C. and shaken for half-hour periods during
three to four days. The product when crystallised {rom 25 per cent.
acetic acid is obtained i fine needles, M.pt. 173° C,, and although its
melting-point differs from that of the first preparation, analysis shows
the two compounds to be identical. The substance is unchanged when
treated with sodivm hydroxide. amumouium hydroxide, or sulphide, but
deconiposes when warmed with dilnte hydrochloric acid. The above
formule have reccutly heen criticised by Dimroth,* who has shown that
Manchot's compound consists of a mixture of p-acetoxymercuri anisole
and 2 : 4-diacetoxymercuri anisole, M.pt. 197° C.

p-Acetoxymercuri anisole, MeO.C,I, HyOAc.—Dry mercuric
acetate and excess of anisole (8 mols.) are heated on the water-bath
until a test portion gives no precipitate with sodium hydroxide. The
solution on cooling deposits crystals of the acetate, which crystallise
from dilutc aleohol in necdles, M.pt. 176:5° C. The mother-liquors
from this preparation contain o-acctoxymercuri anisole. ‘

A similar product is obtained when mercuri-bis-p-anisole is dissolved
in acctic acid. The substance yields the chloride when treated with
aqueous sodium chloride.

p~Anisylmercuric oxide,

Hg CoH,.OMe
<
Hg.CH,.OMe

When the preceding halogen compounds are treated with aqueous
sodium carbonate, the oxide is deposited as the solution cools. It
crystallises from alcohol in fine, white needles, M.pt. 177° C., easily
soluble in aleohol or hot sodium carbonate, but with difficulty in water.

“1 Liloff, Ber., 1897, 30, 2836.

# Manchot, Annalen, 1920, 421, 340.

® Roeder and Blaise, Ber,, 1914, 47, 2752,
* Dimroth, Ber., 1921, 54, [B], 1504.
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The solution has an alkaline reaction and absorbs carbon dioxide from
the air.

Derivatives of p-Allyl anisole, Methyl chavicol,l—VWhen
treated with mercuric acetate this compound yields a syrup, from which
two chlorides and bromides are obtainable. The first chloride is soluble
in alecohol but msoluble in water, and forms white, glistening needles,
M.pt. 81° to 82° C. ; the isomeride forms a resinous mass, insoluble in
alcohol. The second chloride hardens when first heated, but softens
at 55° C. without showing any definite melting-point, and both isomers
yield p-aliyl anisole on reduction. The acelate gives a bromide, white
needles, M.pt. 70° C., and also a resinous isomeride.

DERIVATIVES OF PHENETOLE.

Mercuri-bis-o-phenetole is obtained :

1. By heating o-lodomercuri phenetole under reflux with alcoholic
potassium iodide, thiocyanate, or sodium thiosulphate.? '

2. As a by-product in the preparation of o-iodomercuri phenectole
(see below).

3. From o-bromophenetole and sodium amalgam 3

The substance crystallises in needles, M.pt. 83° C., is soluble in the
usual organic solvents, and has similar properties to the anisyl derivative.

The following compounds have been obtained from it in the usual
manner: o-acetoxymercuri phenctole, tablets, M.pt. 150° to 155° C.;
chloride, needles, M.pt. 132° C. ; bromide, needles or prisms, M.pt. 121°C.;
todide, needles or prisms, M.pt. 111-5° C. Whitmore’s preparation of
the latter compound is of interest. Five grams of o-chloromerenri
phenol in 50 c.c. of 50 per cent. alcohol, 0-7 gram of sodinm hydroxide,
and 85 grams of ethyl iodide are gently heated on the water-bath
for one liour. On cooling a small quantity of mercuri-bis-o-phenetole
separates out and is removed. Addition of water precipitates the
iodide. Yield 7 grams.

Mercuri-bis-p-phenetole separates as leaflets from benzene,
M.pt. 185° C. Itis obtained by the amalgam method.

p-~Acetoxymercuri phenetole occurs as tablets, sintering at 100° C.
and melting at 162° C. It is prepared by the same methods as used for
the anisyl compound.

p-~Chloromercuri phenetole —The melting-point of this compound
appears to differ slightly according to the method of preparation. From
the acetate by aqueous sodium chloride, the M.pt. is 234° C.;* from
mercuri-bis-p-phenetole and mercuric chloride, M.pt. 241.5° C. ;5 from
the compound EtO.C;H ;. Hg(OH),, and sodium chloride, M.pt. 238° C.®
It may also be prepared by boiling an alcoholic solution of (CgHgO ),Sh.
HgCl,. The bromade crystallises in needles or leaflets, M.pt, 241-5° C,,
and the ‘odide in needles, M.pt. 216° C. The oxide is deposited in fine
needles from aleohol, M.pt. 202° C.

The compound, Et0.CH ; Hg(OH), or (Et0.C,H; HgOH)OH, is pre-

1 Balbiano and Paolini, Ber., 1903, 36, 3580 ; Gazsetia, 1906, 36, 1. 264 ; Balbiano,
Ber., 1909, 42, 1505,

¢ Whitmore and Middleton, J. Amer, Chem, Soc., 1923, 45, 1753,

3 Michaelis, Ber., 1894, 27, 261 ; Dimroth, ibid., 1899, 32, 758,

4+ Dimroth, loc. cit. ; Michaelis, Ber., 1884, 27, 259,

5 Michaelis, loe. cit.

& Manchot, Annalen, 1920, 421, 340,
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pared as follows : 12-2 grams of phenetole (1 mol.) and 31-8 grams of
mercuric acetate in 318 c.c. of water are heated at 50° C. for ten days,
with frequent shaking. Yield 18 grams. It erystallises [rom dilnte
alcohol in small necdles, M.pt. 135-5° C., from methyl aleohol in spherical
or glohular aggregates, from: water in fine silky ncedles. When warmed
with dilute hydrochloric acid it decomposes, but with 10 per cent.
potassium bromide, a bromide, M.pt. 198° C., is isolated, which is probably
an impure form of the bromide referred to above, M.pt. 241:5°C. It
has been stated more recently ! that the comnound, EtO.C¢H HgOH,
can be separated into p-acetoxymercuri phenetole and 2 : 4-diacetoxy-
mercuri phenetole, M.pt. 183° to 184° C.

DERIVATIVES OF NITROPHENOLS.

Anhydride of 4-hydroxymercuri-2-aci-nitrophenol,?

I

0

Hg

The sodium salt of o-nitrophenol is shaken with the calculated amount
of mereuric acetate in aqueous solution, when the anhydride separates
out as a yellow precipitate. When treated with bromine or iodine in
potassium iodide, bromo-2-nitrophenol and iodo-2-nitrophenol result.

4 -Chloromercuri~2-nitrophenol is formed when the above
anhydride is treated with hydrochloric acid. It forms colourless solu-
tions in acetic acid or acetone, but vellow solutions in pyridine ; it is
somewhat soluble in alcohol or ether and insoluble in chloroform.

4-Hydroxymercuri-2-nitrophenol foins pale yellow crystals, M.pt.
240° to 250° C., obtained by treating a sodium hydroxide solution of the
anhydride with dilute sulphuric acid. It is readily soluble in acctone,
less soluble in hot alcohol, and insoluble in water. Its sodium salt crystal-
lises {from aleohol in dark red crystals.

4 -Acetoxymercuri-2-nitrophenol.>—To a warm solution of
10 grams of o-nitrophenol in 200 c.c. of water and 10 c.c. of 40 per cent.
sodium hydroxide, a solution of 22-3 grams of mercuric acetate in 200 c.c.
of water plus a few drops of acetic acid is added drop by drop. The
precipitate first formed is orange, but after two hours’ stirring this
becomes pale yellow, when it is filtered and washed with very dilute
boiling acetic acid. The product obtained is dissolved in 5 per cent.
sodium hydroxide, filtered and re-precipitated by acetic acid, the result-
ing substance after washing and drying weighing about 16 grams. It
is easily soluble in hot glacial acetic acid, but insoluble in ordinary
organic solvents.?

6 -Acetoxymercuri-2-nitrophenol —A mixture of 15 grams of
o-nitrophenol and 8 grams of mereuric acetate is gradually heated to 150°

! Dimroth, Ber., 1921, 54, [B], 1504.

* Hantzseh and Auld, Ber., 1906, 39, 1105,

3 Raiziss and Proskouriakoff, J. dmer, Chem. Soc., 1922, 44, 787; see Hodgson, ibid.,
1927, 49, 2840.

4 Hodgson, loe, cit.
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C. during one hour, then kept at 140° to 150° C. with frequent shaking
for four hours. 'The reaction mixture is then treated with a saturated
solution of sodium chloride and steam distilled. From the non-volatile
residue 2 grams of 6-chloromercuri-2-nitrophenal is obtained by extraction
with boiling alcohol. The light brown colourless residue is dissolved in
dilute sodium hydroxide, filtered and re-precipitated by acetic acid.
Crystallisation from acetic acid gives a pale brownish-yellow product,
unmelted below 800° C. The product is transformed by iodine in
potassium iodide to 6-iodo-2-nitrophenaol.

The melting-points and crystalline forms of the 6- and 4-halide-
mercuri-2-nitrophenols is as follows : 6-fluoro-, pale yellow plates, M.pt.
187° C.; 6-chloro-, pale yellowish-brown rectangular plates, M.pt.
185° C.; G-broino-, pale yellow plates, M.pt. 177° C.; 6-dodo-, deep
yellow ueedles, M.pt. 215° C. ; 4-fluoro-, micro-crystalline plates, M.pt.
195° C.; 4-chloro-, creamy yellow micro clnsters, M.pt. 205° C.; 4~
bromo-, needles, M.pt. 286° C.; 4-todo-, bright vellow needles, M.pt.
above 300° C. )

Sodium - 6 - hydroxymercuri - 2 - nitrophenolate gives scarlet
crystals ; the 4-compound is deeper red.? .

Anhydride of 2-hydroxymercuri-4-aci-nitrophenol,?

1
(e
|
Y

NO—»O

This product is a yellow powder, formed by prolonged boiling of a dilute
alcoholic solution of mercuric acetate with sodium p-nitrophenoxide.
It yields a double salt with pyridine, which is a scarlet powder decom-
posing at 190° C. into its constituents. The mercury must be ortho to
the hydroxyl group, since 2 : 6-dibromo-p-nitrophenol does not yield a
corresponding derivative. The anhydride does not react with potassium
iodide or hydrogen sulphide, but with iodine it gives mercuric iodide and
o-iodo-p-nitropheuol.

2-Chloromercuri-4-nitrophenol occurs as colourless crystals,
M.pt. 175° C. It may be obtained by adding hydrochloric acid to the
anhydride, or by treating the mixture used in the preparation of the
acetoxymercuri compound with warm dilute sodium hydroxide, when
an orange deposit of the monosodium salt appears on cooling. This is
filtered off, dissolved in water, and the solution acidified with hydro-
chlorie acid, when the chloride is deposited as a white preapitate, which
is recrystallised from 50 per cent. alecohol. The chloride is soluble in
alcohol and ethyl acetate. )

2-Hydroxymercuri-4-nitrophenol, obtained from the sodium
salt, is an amorphous powder, M.pt. 206° C,, soluble in acetone, alcohol,
or acetic acid, giving colourless solutions, but a slightly yellow solution
in pyridine. Its sodvum salt contains 0-5 mol. of water of erystallisation,
is easily soluble in water, and darkens when heated.

2-Acetoxymercuri-4-nitrophenol —Aqueous solutions of equi-

1 For compounds from o-nitrophenol with mercuric nitrate and 4-chloro-2.nitrophenol
with mercuric oxide, see German Patent, 234851.
2 Raiziss and Proskouriakoff, foc. cet. -
VOL. XI. . L. 10
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molecular quantities of mercuric acetate and sodium p-nitrophenolate
are boiled for two hours, the yellow precipitatc washed with water and
recrystallised from liot glacial acctic acid, This compound is dried for
three days over calcium chloride and found to contain some dimercurated
derivative when analysed.

2 : 2'~-Mercuri-bis-4-nitrophenol ? is isolated from its sodium salt,
the latter being obtained from the correspondiug oxide by reduction with
sodium sulphide. This oxide is formed from sodium p-nitrophenolate
and mercuric acetate, the two being boiled in aqueous solution.

Anhydride of 2-Hydroxymercuri-4-aci-nitro-6-nitrophenol,®

0
I
NO, ]——Hg
|
Y l
NO—O

Freshly precipitated mercuric oxide and the calculated quantity of
dinitrophenol are boiled together in aqueous solution for sixteen hours, a
lemon-vellow powder resulting which is only slightly soluble in water or
gleohol, and insoluble in other solvents cxcept pyridine. ¥When heated
withi the latter it forms a double compound which may be precipitated
by the addition of ether. This derivative is dark yellow in colour and is
decomposed when heated, and in aqueous solution 1t yields no mercury
ions. When the anhydride is treated with bromine, o-bromodinitro-
phenol is formed, and with dilute hydrochloric acid the chloromercuri
derivative is obtained, a colourless, crystalline powder, M.pt. 182° C.
with decomposition.

2-Hydroxymercuri-4 : 6-dinitrophenol, obtained as a micro-
crystalline powder from aleohol, is ncutral to litmus. It may be pre-
pared from its sodium salf. The latter is formed when the chloride
is treated with concentrated sodinum hydroxide, and it crystallises from
water or aleohol in orange-red prisms containing 1 mol. of water of
crystallisation, and which explode when strongly heated,

Anhydride of 3 -hydroxymercuri-4-aci-nitro-2 : 6-dinitro-
phenol,

0

i
NOZK\’Nog
I\/—I:Itg
Il
XO—O

Mercuric oxide (8-4 grams) is shaken for several hours with a solution of
15 grams of picric acid in 800 c.c. of water at 80° C., when orange-yellow
needles separate. If this mixture is then boiled the anhydride results.
1t yields small, pale yellow crystals which are only slightly soluble in
the usual solvents and decompose without melting. In aqueous solu-
tion it is a non-electrolyte, and with dilute hydrochloric acid the chloro-

! Raiziss and Proskouriakoff, J. Amer. Chem. Soc., 1022, 44, 787.
* Fourneau and Vila, J, Pharm, Chim., 1912, [vii.], 6, 433,
* Hantzech and Auld, Ber., 1906, 39, 1105, .
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mercuri compound is formed, pale vellow crystals, M.pt. 118° . These
(1vsta1s with sodium 11vdr0x1de give the sodium salt, vellow needles,
which in turn are decomposed hv dilute sulphuric amd vielding the

hydrovymereuri derivative.

DERIVATIVES OF AMINOPHENOLS.

2 : 2 ~-Mercuri-bis-4-aminophenol ! is obtained from the corre-
sponding nitro compound by reduction in alkaline solution with sodium
hydrosulphite. It forins heavy needles, insoluble in water, but readily
soluble in aleohol. The & Jdrochlonde crystalhses in brilliant needles,
soluble in water. The free base in alkaline solution is rapidly oxidised
on exposure to air, and its acefyl derivative crystallises in slender needles,
soluble in alkali, formmg stable solutions.

4 ~Acetoxymercuri~m ~-dimethylaminophenol *

NMe,

&

| |
v OH
HgOAc

A solution of 2-8 grams of m-dimethylaminophenol in 10 c.c. of alcohol
is mixed with 7 grams of 90 per cent. mercuric acetate in 80 c.c. of water.
A jelly forms, and this when heated for two minutes on the water-bath
melts, and yellow crystals separate. The precipitate is collected,
washed with water, and dried in vacuo. Yield 7-4 grams, 92 per cent.
It forms dirty yellow crystals, insoluble in the usual solvents, except
pyridine. It dissolves in sodium hydroxide, and the solntion may be
boiled without decomposition. In water it only dissolves to a slight
extent, the solution giving mercuric sulphide on addition of ammonium
sulphide. When the dry product stands for two weeks metallic mercury
separates out. If the substance is slowly heated it melts with decom-
position at 100°to 110° C.

When m-dimethylaminophenol is heated with mercuric acetate in
equimolecular proportions mercury is precipitated, and a mercury-free
pink dye is formed.

The acetoxymercuri compound when methylated yields 4-acetoay-
mercuri-m~dimethylaminoanisole hydrochloride, pink leaflets, M.pt. 140°
to 150° C., and at 190° C. it decomposes with evolution of gas and
formation of a pink, fluorescent dye.

4. Acetoxymercurl m-dimethylaminophenyl acetate is pre-

ared as above, using m-dimethylaminophenyl acetate. Yield 78 per
cent. It forms colourless crystals, M.pt. 110° C. (corr.), readily soluble
in hot alcohol. The cold alcoholic solution with ammonium sulphide
gives a yellow precipitate which blackens in a few minutes. When the
substance 1s warmed for a few minutes with dilute sodium hydroxide,
cooled and neutralised with acetic acid, ammonium sulphide immedi-
ately gives mercuric sulphide. Thisisno doubt due to the hydrolysis of
the acetyl group by alkali and the formation of the less stable mercury
derivative of m-dimethylaminophenol. The dry acetate blackens when
kept for several months.

1 Fourneau and Vila, J. Pharm. Chim., 1912, [vii.], 6, 433.
* Kharasch and Chalkley, J. Amer. Chem. Soc., 1924, 46, 1211,
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Mercuri-bis-m-hydroxyphenyl-trimethylammeonium acetate.
-—A solution of 56 grams of m-hydroxyphenyl-trimethylammoninm
lodide in 20 c.c. of water is shaken with the silver oxide {rom 4-6 grams
of silver nitrate.  After ten minutes the solution is filtered and neutral-
ised with acetic acid. Itis mixed with a solution of 7-1 grams of 90 per
cent. mercuric acetate, and the mixture heated until a test portion gives
a yellow and not a black precipitate with ammonium sulphide. The
solution is evaporated to dryness in racuo and the residue dissolved in
about 15 c.c. of aleohol, and 275 c.c. of acetone added. The solution is
warmed until clear, then the liquor pourcd off, 450 c.c. of acetone added,
and the whele allowed to stand for twenty-four hours, when colourless
crystals separatc.  These are collected and dried i vacuo. Yield 2-2 to
2-8 grains, 53 to 69 per cent., calculated on the following equation :—

NMe, AcO.NMe, AcO.NMe,
A . N\
(] Oae +Hg<OA° f I ' +2Ac.0H
L) — H >
(oK OAc BO\ §— JHO

It may be purified by solution in alcohol and precipitation with
acetone. The substance is a white, very hygroscopic powder, which
melts with decomposition and evolution of gas at 116° to 117° C. (corr.).
It is soluble in water or aleohol, but insoluble in ether. Its aqueous
solutions decompose on standing for a week, yielding a white precipitate
and inorganic mercury in solution.

3-Chloromercuri - m -~ hydroxyphenyl - trimethylammonium
anhydride.—A solution of 2:8 grams (1 mol. equivalent) of the pre-
ceding compound in 5 c.c. of 60 per cent. alcohol is treated with 0.9
sram (0-9 molecular equivalent) of mercuric chloride in 12 c.c. of 60
per cent. alcohol. The suspension is shaken and gently warmed until
practically all the precipitate has dissolved, the liquor poured off and
allowed to stand for twenty-four hours. From this, 0-6 gram of solid
is obtained, 25 per cent. The dry compound is insoluble in cold water,
but readily dissolves in dilute acetic acid. It melts with decomposition
at about 130° to 150° C., turning purple.

2:6-Diacetoxymercuri ~ p - hydroxyphenyl - trimethylam-
monium acetate, CgH,(1)OH(4)NMe;.OCOCH (2 : 6)(HgOAc),, fornis
large colourless needles which, when slowly heated, decompose with gas
evolution at about 155° to 160° C. It is extremely soluble in water,
insoluble in benzere, acetone, or ether.

2 -~ Chloromercuri ~ p - hydroxyphenyl - trimethylammonium
acetate, CgH,(1)OH(4)NMey;. OCOCH(2)HgCl, obtained from the
mother-liquors of the preceding compound, decomposesat 155° to 160° C.,
turning blue-green. Itis soluble’in pyridine, sparingly in water, and is
stable when dry.

3 :5 - Dichloromercuri - 0 - hydroxyphenyl - trimethylam-
monium anhydride,

—NMeg
o
CngJngCl

The product of reaction between o-hydroxyphenyltrimethylammonium
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hydroxide and miercuric acetate is treated with sodium chloride. The
componnd is practically insoluble in water. but dissolves in dilufc
sodium hydroxide, acetic acid, or pyridine. When heated it suddenly
becomes violet at about 200” to 210° C., and 5° or 10° higher suddenly
hecomes brick-red and decomposes.

(4:6)? Dichloromercuri - m - aminopheny! - trimethylam-
menium acetate is obtained by the action of mercuric acctate on m-
amminophenyl-trimethylanumnonium chioride. It forms colourless or pale
brown crystals which decompose at 200° . It is sparingly soluble in
water, the solution giving an immediate black precipitate with anunon-
inm sulphide.*

DeRrIvATIVES OF CRESOLS,

The mercuration of o-cresol by merenric acetate in aqueous acetic
acid solution, nsing equimwolecular quantitics of the reagents, gives rise
to threc products, in yiclds as given below ; 2

OH OH OH
/\ NCH AcOH , / N !
L I IC a - cO g‘|/\I|CH3 I AcOHg{ }(.;H;,
N/ NS N/
HgOAc Hg0Aa
50-3 1o 62-3 por cent. 13-4 to 20+7 per cent. 26 to T-0 per cent.

4 -Acetoxymercuri-o-~cresol (I.) melts at 153° to 135 (. and de-
coniposcs at 186° to 190° C.; it is converted by bromine into 4-broma-o-
cresol, and yields a chloromercuri compound, melting with decomposition
at 200° to 202° C., and a nitratommercuri derivative, M.pt. 212° to 218° .
with decomposition.

6 -Acetoxymercuri-o-cresol (IL.) melts at 123° to 125° C. and
decomposes at 191° C.,, and is transformed into 6-bromo-o-cresol on
bromination. Its chloride and nitrate melt at 160° to 162° C. and 208° to
210° C. respectively with decomposition.

4 : 6-Diacetoxymercuri-o-cresol (III.).—The yield of the produnct
may be increased by raising the temperature in the above reaction or by
using 2 mols. of mercuric acetate. The diacetoxy compound meits
with decomposition at 192° to 195° C., and yields dichloramereuri and
dinitratomercuri derivatives, melting with decomposition at 210° to 2127
(. and 222° C.respectively. The above three compounds when nitrated
vive t: 6-dinitro-o-cresol.

2 : 6-Diacetoxymercuri-p-~cresol,®

OH
AcOHgI/\IHgOAc
| ]

NS
CH,

When p-cresol is mercurated, using mercuric acetate, two products are
fornied, one a mouocacetoxymercuri and the other a diacetoxymercuri

1 For mechanism of mercuration of o-acetaminophenols, see Maschmann, Jdnnolen,
1928, 450, 85.

2 Mamell, Gezzetta, 1926, 56, 948.

¥ Dimroth. B r., 1902, 35, 2853.
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compound. To 21'6 grams of mercuric oxide in 500 c.c. of water,
10-8 grams of p-cresol in a little alcohol and 18 grams of acetic acid are
added. If left at room temperature the reaction is complete in two
days, but if carried out at 90° C. it only takes thirty minutes. The
nmixture is filtered whilst hot, and the residue is almost pure diacétoxy-
mereuri compound. It crystallises from dilute acetic acid in granmlar
erystals, which contain 1 mol. of water of crystallisation when dried
air, and when heated it decomposes at about 200° C. without melting.

Chloromercuri-p-cresol is obtained from the warm mother-
liquors in the above preparation by the addition of sodium chloride. It
separates in fine needles, which are contaminated with the chloride from
the diacetoxy compound. To effect a separation the mixture is treated
with cold alechol, the solvent partially removed, and the substance
precipitated by water and recrystallised from hot benzene, when long
branching needles are obtained. These are readily soluble in cold
alcohol and melt at 166° C. to a clear liquid, which at 176° C. becomes
turbid, and again solidifies at 183° C.  Its benzoyl derivative melts at 241°
to 242° C.  The corresponding {odide cannot be obtained by the addition
of potassium iodide to the acetate, since this precipitates mercuric
lohde ; but when the chloride is treated with a large bulk of boiling
water and potassiun iodide is added, the iodide separates out in fine
ncedles. These become yellow at 145° C. and red at 170° C., partial
decomposition taking place and the substance subliming. It is easily
soluble in ether or aleohol, with difficulty in benzene or chloroform, but
prolonged boiliug with alcohol or benzene tends to deconipose it, although
it is quite stable in boiling water. When treated with iodine it forms
mercuric iodide and o-iodo-p-cresol.

Anhydride of o~-hydroxymercuri-p-cresol,

=0

(e

1
CH,

1. The chloride is dissolved in dilute sodium hydroxide and carbon
dioxide passed in, the anhydride being precipitated.

2. By adding the requisite amount of boiling sodium carbonate
solution to an aleoholic solution of the chloride.

It is a fine white powder, insoluble in the usual solvents, but soluble in
phenol. When dissolved in an excess of 12 per cent. sodium hydroxide,
carbon dioxide passed in, and the mixture slowly cooled, the sodium
salf separates in needles which are decomposed when exposed to light.
Treatment of the anhydride with hot dilute acetic acid gives the o-acetoay-
mercugz‘ é:ompound, which sintersat 150° C. and melts with decomposition
at 163° C.

Mercuration of p-cresol methyl ether »—The ether (4-8 grams; 1
mol. ) is shaken with a solution of 38-4 grams of mercuric acetate (8 mols.)
in a stoppered flask for several days at 50° C. The precipitate is then
removed and washed with water until the washings give 110 reaction for
mereury. About 12 grams of product are obtained which, after crystalli-
sation from 20 per cent. acetic acid and then {rom alcohol, yield long
needles, M.pt. 181-5° C. 'When the ether and mercuric salt are used in

! Manchot, Aanalen, 1920, 421, 335.
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the proportion 1 : 1, the resulting product melts at 132" C.!  Analysis
of this substance agrees with the formula :

8Me.C¢H ,.OMe Hg(C,H,;0,),2HgO

It is unaffected by ammonium sulphide or sodium hydroxide, but when
its clear alecoholic solution is treated withh aqueous sodium chloride,
chloromercuri-p-cresol methyl ether, Me.CH ;. OMe.HgCl, is precipitated.
This crystallises froni 96 per cent. alecohol i white needles, Mopt. 1627 (',
which are not acted upon by ammmonium hydroxide, sulphide, or sodium
hydroxide, although easily soluble in the latter.

DerivaTives oF TayMoL.2

0(?)-Chloromercuri thymol .—To a hot aleoholic solution of 5 grams
(1 mol.) of thymol, 10-6 grams (1 mol.) of mercuric acetate in acetic
acid-aleohol solution are added, and the mixture boiled for one hour. On
cooling, a slight precipitate of 0-5 gram ol dimercuri compound is de-
posited, and after filtering, sodium chloride solution is added, when chloro-
mercuri thymol is obtained as a voluminous precipitate. This is re-
crystallised from 40 per cent. alcohol, hair-fine needles, M,pt. 139-5° C,,
being deposited. Yield 10 grams. The substance is readily soluble in
dilute sodium hydroxide, but if the latter is too concentrated the sodium
salt1s produced.

2: 6 -Diacetoxymercuri thymolis formed when 2 mols. of mercuric
acctate are used to 1 mol. of thymol, the reaction being carried out
in boiling alcoholic solution containing some acetic acid. After a
time the mixture which practically solidifies is cooled, filtered, and re-
crystallised from ethyl acetate-acetic acid mixture, white shining ncedles
coming down. These melt at 215° to 216° C. with decomposition, and
are soluble in sodium hydroxide, from which the sodium salt crystal-
lises in plates.> A hot 10 per cent. solution of sodium hydroxide yields
2 : 6-dihydroxymercuri thymol, which crystallises in colourless plates, con-
taining 8 mols. of water of crystallisation; in aqueous solution it is
converted by carbon dioxide into the anhydride,

Hg
OH.Hg.C;HMePr |
0

With sodium chloride, 2-6-dichloromercuri thymol is formed. M.pt, 210°
to 211° C. with decomposition, which may be reduced to thymol by
zinc and potassium hydroxide. The corresponding todomercuri com-
pound is also known, and a 2: 6-dinttratomercurt thymol formed from the
diacetate and 5 per cent. nitric acid.

2-Acetoxymercuri thymol, prepared in the usual manner, forms
a lustrous, white powder, M.pt. 147° C., decomposing at 182° C., and
giving an immediate precipitate with ammonium sulphide, but with
hydrogen sulphide only in the presence of hydrochlorie acid. With
sodium chloride the 2-chloromercuri derivative is formed, M.pt. 144° to
145° C., decomposing about 160° C.* This compound is probably

! Dimroth, Ber., 1921, 54, [B], 1504, gives the melting-point as 136° C.

2 Dimroth, Ber., 1902, 35, 2853.

8 See Merck, Arch. Pharm., 1893, 231, 124 ; Paolini, Gazzetia, 1921. 51, ii, 188 ; Rupp,
Arch, Pharm., 1917, 255, 191.

4 Mameli and Mameli-Mannessier, Gazzeffa, 1922, 52, il. 1.
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identical with Dimroth’s chloride mentioned above. The following
thymol-2-derivatives are also known: Bromide, crystalline powder,
contracting at 140° C. and reddening and subliming at 180° C. ; sulphate,
amorphous, white powder, reddening without melting at 220° C. ; m‘trqte,
pink powder, M.pt. 148° to 150° (., decomposing at 155° C. and turning
violet in the light ; owxide, white precipitate, M.pt. 195° C. with dccom-
position.

6-Acetoxymercuri thymol occurs as small, lustrous crystals, M.pt.
163° C., decomposing at 178° to 180° C. The bromide is a white com-
pound, M.pt. 149° C. with decomposition ; sulphate, amorphous powder,
decomposing at 285° (. ; nitrate, white powder, M.pt. 167° C. with decom-
position ; oxzide, white powder, blackening at 180° C., and decomposing
about 205° C. ; hydrozide, M.pt. 190° to 195° C. with decomposition.

2-Acetoxymercuri-6-~iodothymol ! forms white crystals, redden-
ing at 170° C. and melting at 175° C. with decomposition; the chloride
turns yellow at 119° C. and melts at 122° to 124° C.; the bromide turns
vellow at 102° €., M.pt. 105° to 108° . ; oxide, M.pt. 162° to 165° C. with
decomposition.

3 - Acetoxymercuri - 4 - hydroxy ~ 2 - methyl - 5 - isopropyl ~
benzaldehyde.2—Molecular proportionsof4-hydroxy-2-methyl-5-isopro~
pylbenzaldehyde (p-thymolaldehyde) and mercuric acetate, in alcoholic
solution containing a little acetic acid, are boiled for fifteen minutes and
cooled. The precipitated product erystallises from acetone containmg
small quantity of acetic acid in colourless, hard prisms, sintering at
179° C. and decomposing at 185° C. Iodine in potassium iodide solution
splits off the mercury, with probable formation of 8-iodo-4-hydroxy-2-
methyl-5-isopropylbenzaldchyde, pale yellow, octagonal prisms, M.pt.
128° to 129° C.

DEeRrivaTives oF CARVACROL.S

Acetoxymercuri and Diacetoxymercuricarvacrol.—Solutions
of carvacrol (1 mol.) and mercuric acetate (2 mols.) in 50 per cent.
alcohol are boiled for fifteen minutes, then cooled, a crystalline sub-
stance separating out. Concentration of the filtrate gives a pale yellow
oil, which may be crystallised on warming with alcohol. The mother-
liquors from theoil are mixed with fhe alcoholic filtrate from the
solid, and the above process of concentration, etc., repeated. In this
way eight crops of crystals are cbtained, the fourth and sixth being
mercurous acetate, and 18 grams of carvacrol give 61:8 grams of crude
mercury compound. The first two crops (34 grams) are practically
pure monomercuri derivative, crops 8, 5, and 7 (21-8 grams) nearly pure
diacetoxymercuri compound, whilst 8 consists of 5-5 grams of a mixture
of the two compounds. One crystallisation of the above 84 grams gives
pure acetoxymercuricarvacrol, in short, highly refractive, colourless
crystals, decomposing at 196° C.  Similarly crops 8, 5, and 7 yield the
diacetoxymercuricarvacrol in colourless, well-formed prisms, sintering
at 190° C. and decomposing at 215° C. Although orientation experi-
ments are not very satisfactory in the case of three compounds, and since
the mercuri residue apparently never enters the benzene ring in the meta

1 Mamcli, Gaszeita, 1922, 52, 11. 18,

? Henry and Sharp, J, Chem. Soc., 1926, P. 2436.
? Henry and Sharp, loe. cit.
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position to a hydroxyl group, these compoumnds are probably 4 or 6-
monoacetoxymercuri and 4 : 6-diacetoxyinercuricarvacrols (OH in
position 1).

8 - Chloromercuri - 4 - hydroxy - 3 - methyl - 6 - isopropyl-
benzaldehyde —Molecular proportions of 4-hydroxy-8-methyl-6-iso-
propylbenzaldehyde (p-carvacrolaldehyde) and miercuric acetate in
alcohol containing acetic acid are boiled for 1:25 hours. The solution is
filtered and treated with an excess of 10 per cent. aqueous sodium chloride,
when a pale cream-coloured precipitate is thrown down. This s filtered
off, dried, and recrystallised from acetone containing one drop of hydro-
chloric acid, small, four-sided plates being deposited, which sinter and
darken about 209° C. and decomposc indefinitely about 260° (. A
50 per cent. yield of the corresponding 3-acetozymercuri derivative is
obtained when molecular proportions of p-carvacrolaldehyde and mer-
curic acetate are heated for 1-5 hours on the water-bath. A yellow oil
is formed, and this after extraction with hot ligrein is dissolved in a
little acetic acid and the solution filtered. On cooling, ¢olourless needles
of d4-hydroxy -5 -acetoxymercuri - 3 - methyl - 6-isopropylbenzaldehydc
separate, M.pt. 120° C. These crystals contain 1 mol. of acetic acid,
which is not lost on drying in vacuo. When treated with a solution of
iodine in potassium iodide, a product is obtained which erystallises from
aleohol in long, colourless needles, M.pt. 157° C. It is probably 5-iodo-
4-hydroxy-8-methyl-6-isopropylbenzaldehyde.

DrERrIvATIVES oF ALKYL PHoENOLS.

2-Acetoxymercuri~p-tert.-butylphenol.——Two molccules of the
phenol and 1 mol. of mercuric acetate in 50 per cent. alecohol containing
a little acetic acid are allowed to stand; a test portion dissolves in
sodium hydroxide after about twenty hours. In three days 2-58 grams
of product rich in monomercurated compound crystallises out in white
needles. The filtrate on concentration gives some unchanged butyl-
phenol, and a clear vellow oil which solidifies on standing. The latter,
after steam distillation and drying, weighs 8-6 grams. It crystallises
from ligroin, saturated with acetic acid, in colourless, shining plates,
M.pt. 180° C.1

2:6-Diacetoxymercuri-p-tert.~-butylphenol —S8ix grams of the
plienol in 10 c.c. of alcohol and 25-6 grams of mercuric acetate in 160 c.c.
of aleohol containing 4 ec.c. of acetic acid, are mixed and boiled for one
hour. After standing overnight the mixture is filtered, concentrated
to half-bulk, and 200 c.c. of water added. A white, sticky solid is
precipitated, which becomes crystalline when warmed with alcohol.
The total yield, taking into account recovery from mother-liquors, is
28-85 grams. It melts at 224° C. with decomposition, and is readily
soluble in the usual orgamic solvents. When nitrated with concentrated
acid at 0° C. it yields 2: 6-dinitro-p-tert.-butylphenol, thus proving the
positions of the mercury in the compound.

2-Acetoxymercuri-p-isoamylphenol is prepared in a simular
manner to the above monomercurated product. If crystallises in white
fakes, M.pt. 176° to 177° C. with decomposition.

2 : 6-Diacetoxymercuri-p-~-isoamylphenol erystallises from acetic
acid in shining prisms, M.pt. 128° to 125° C., containing 1 mol. of

! Henry and Sharp, J. Chem, Soc., 1926, p. 2434,
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solvent. Vith twice its weight of ice-cold, concentrated nitric acid it
yields 2 : 6-dinitro-p-isoamylphenol.

DerivaTIvEs oF Gualacor.?!

Mercuric acetate reacts with guaiacol in methyl aleohol or ethyl
alcohol—acetic acid solution to vield principally diacetoxymercuri
guajacol and possibly some monomercuri compound.

4 :6-Diacetoxymercuri guaiacol,

OH Hg.0Ac
OdMe
Hg. OAc

forms white crystals which turn yellow, then red when heated, but do
not melt. Nitric acid converts the compound to 4:6-dinitroguaiacol.
This diacetate with 5 per cent. sodium hydroxide yields an oxide,

OH  Hg.OAc

0Med >
0 Hg
NS

an infusible, heavy powder, turning brown at 200° to 210° C. The
chloride is forined in the usual manner, and is a crystalline powder,
decomposing at 179° to 180° C., and the nitrafe is an infusible, white,
crystalline compound.

5-Todo-acetylguatacol is also stated to give a diacetate.

Vanillin on mereuration ylelds a crystalline monoacetate, which may
be converted to the cliloride, the latter giving lodovanillin on treatment
with iodine.?

DERIVATIVES OF SAFROL.?

Mercuration of safrol by mercuric acetate yields a syrup containing
fwo isomeric acetates, one of which eventually crystallises out, the other
remaining as a sticky mass. Both isomers are reduced to safrol when
treated with zine and sodium hydroxide. The crystalline form yields a
mercurichloride, a white crystalline powder, insoluble in water and very
slightly soluble in boiling alcohol. When heated it blackens towards
170° C. The syrupy isomeric acetate yields a chloride, which crystallises
from alcohol in rosettes of hard, glistening, prismatic needles, M.pt. 138°
(. This form can be more conveniently prepared as follows : §-1 grams
of satrol in a stoppered flask are shaken with 16 grams of mercuric
acetate (1 mol.) in 160 c.c. of water for about two and a half hours
at 50° C. When the reaction is complete the mixture is shaken with
10 per cent. sodium chloride solution, a crystalline precipitate of the
chloride being deposited. Yield about 12 grams. Recrystallisation
from aleohol gives long, white, stellate, monoclinic prisms, M.pt. 186° to
187° C. The compound gives no reaction with ammonium sulphide,
hydroxide, or sodium hydroxide, but if warmed with dilute hvdro-
chloric acid the smell of safrol becomes evident. It is only slightly

1 Mameli, Gazzetta, 1922, 52, ii. 23,

 Paolini, Gazzefta, 1921, 51, 1. 188,

@ Balblano and Paolini, Ber., 1902, 35, 2098 5 Aiti. R. Accad. Lincei, 1902, [v.], 11, ii.

Es)g 0, Ber,, 1903, 36, 3579 ; Balbiano, Ber., 1909, 42, 1505 ; Manchot, dnnalen, 1920, 421,
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soluble in water. but easily in sodium hydroxide, from which it mnay be
precipitated by hydrochloric acid. The compound is an ozychloride of
the formula, C,H;,0,Hg(OH (1. The corresponding bromide is pre-
pared in a similar way, sodium chloride being replaced by potassium
bromide. It melts at 144° to 145° C., and crystallises in long, silky,
shimmering, white needles from dilute aleohol. It cxhibits similar
properties to the chloride. The 7odide fornis simall, white needles, M.pt.
152° C., which are decomposed by hydrogen sulphide, becoming first
orange, then black. It does not redden when boiled with water and is
unchanged by potassium iodide solution. In water it is insoluble, but
readily dissolves in dilute alcohol or sodium hydroxide. The base,
CyoH100,.Hg(OH)OH, is easily obtained from the bromide by the action
of nioist silver oxide. The clear solution is faintly alkaline to litmus,
but gives no colour with phenolphthalein. Treated with hydrochloric
acid it becomes turbid, and on warming the mixture smells strongly of
safrol. Potassiuni bromide solution decomposes it, with formation of
the oaybromide.

Isosafrol reduces mercuric to mercurous acetate, aud is itself oxidised
to a glycol.

DerivaTives oF Evcenor Merayr Erung.!

This compound yields a syrup of mixed acetates, from whieh two
chlorides may be obtained. Omne of these forms small, hard, white
prisms, M.pt. 112° to 113° C,, soluble in aleohol but insoluble in water,
whilst the second isomer is resinous. The crystalline variety is best
obtained as follows : Equimolecular guantities of the eugenol compound
and mercuric acetate in seven times the bulk of water are heated for
one hour on the water-bath, and after cooling poured into four times
the volume of 8 per cent. sodium chloride solution. After standing for
several days the product separates out, and on recrystallisation melts
at 112-5° C. It is unchanged by ammonium sulphide or hydrate, but
decomposed by warm dilute hydrochloric acid. Its constitution is
given as (OMe),C;H;—CH,—CH=CH,.Hg(OH )Cl.

Apiol reacts with mercuric acetate fairly rapidly, completion of the
reaction being reached in four to five hours. The acetate forms fine
ncedles, M.pt. 157° to 158° C., insoluble in water but dissolving in warm
aleohol. Itisreduced to apiol by zine and sodium hydroxide. Isoapiol
gives an acetate which softens at 160° C. and melts at 174° C.

DrRrIvATIVES OF RESORCINOL.?

Chloromercuri resorcinol, C,H4;(OH),.HgCl.—To a solution of
28-3 grams of mercuric acetate (1 mol.) in 60 c.c. of water at room
temperature, a solution of 29-7 grains of resorcinol (3 mols.) in 25 e.c.
of water is added with frequent shaking. The reaction is completed in
fifteen minutes. White flocks appear, which are filtered and quickly
dissolved in concentrated sodium chloride solutiou, from which the
chloride separates in needles. These are placed for a short time iu
ice, then filtered off, washed with ice-cold water, and dissolved in
a large volume of ether. Removal of the solvent, and drying of the
residue én vacuo, gives 16 grams of product, This consists of a mixture

! Balbiano and Paolii, loc, ¢it.; Balbiano, loc. eil.; Manchot, loc. cit.
? Dimroth, Ber., 1902, 35, 2853 ; see Leys, J. Pharm, Chim., 1905, [vi.], 21, 388,
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of mono and dimereurated compounds, from which the mono 1s removed
by boiling with chloroform, in which it is soluble. From this solution
prisms are deposited, M.pt. 105° C., the compound containing chloro-
form of crystallisation, which may be removed ¢n vacuo, when the
melting-point rises to 123°; at 170° the colour changes to blood red.
Yield 11-7 grams. It is soluble in ether, but only with difficulty in
water, the aqueous solution becoming turbid after a short time. When
warmed with a little water a clear solution is obtained, but a fine
yellow powder rapidly separates out and decomposes. The solution in
sodivn hydroxide after a short time becomes yellow, then green, then
brown, and a bhlack precipitate finally appears; these changes arc
accclerated by warming the solution. With ammonium sulphide the
substance 1s immediately decomposed.

Dichloromercuri resorcinol is the insoluble residue left after the
chloroform extraction, and is purified by crystallisation from ether.
Yield 25 grams. It is a fine powder, becoming dark towards 200° C.,
but does not melt. In alcohol it is soluble with difficulty and is
deecomposed by sodium hydroxide even more rapidly than the mono
compound.

4 -Acetoxymercuri-2-nitroresorcinol ! is prepared by heating
logether equimolecular quantitics of mercuric acetate and 2-nitro-
resorcinol on a water-bath for thirty minutes. The orange precipitate
is filtered, washed with water, alcohol, and cther, then dried over
calcium chloride for forty-cight hours. Yield 75 per cent.

4-Chloromercuri-2-nitroresorcinol.—Xreshly precpitated nier-
curie oxide and 2-mtroresorcinol suspended in water are heated on the
water-bath for two hours, and the orange precipitate filtered off, washed
with water, alcohol, and ether, then converted to the chloride by the
addition of 10 per cent. hydrochloric acid. The product when washed
and dried is a pale orange powder, soluble in dilute sodmin hydroxide,
micthyl or cthyl aleohol, ether, bengzene; only slightly in water.

4 : 6-Diacetoxymercuri-~resorcinol-dimethyl ether,

OMe

AcO.Hg]/\J

L Jone

\H/g.OAc
An aleobolic solution of resoreinol dimethyl ether and niercuric acetate
i1 equinmolecular proportions is boiled until the reaction is complete.
On cooling, beautiful, white, feathery crystals separate. The product
melts at 218° to 220° C. (corr.), Itis quite stable to ammonium sulphide,
the alcoholic solution giving a yellow precipitate with this reagent.? 3

DERVATIVES OF NAPHTHOLS AND THEIR SULPHONIC ACIDs.4

Mercuration of a~-Naphthol.—Wheu 3-6 grams of a-naphthol are
dissolved it 25 e.c. of acetic acid aud a solution of 8 grams of mercurie

! Raizisg and Proskouriakoff, J. Amer. Chen. Soc., 1922, 44, 787.

* Kharasch and Chalkley, J. dmer. Chem. Soec., 1924, 46, 1218,

* For mercuration of p-xylenol, Inonobromo-p-xylenol, 2:3.dilydroxy.1-methylbenzene
and pyrogaliol-1:3.diethyl ether, see German Patent, 250746.

# Brieger and Schulemann, J, pralt, Qhem., 1914, 89, 97.
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acetate in 50 c.c. of dilute acetic acid is added, a white crystalline pre-
cipitate soon separates ont, and a further quantity may be obtained
from the mother-liquors. This substance does not react witl: anunonimn
sulphide, dissolves very readily in sodium hydroxide, and if more alkali
is added a white crystalline precipitate appears. The body is also
soluble in acctic acid, and crystals deposited from the solution when
filtered off and washed with water soon become intense vellow; the
addition of a drop of sodium hydroxide changes the colour from yellow
to white. Its alcoholic-alkaline solutions soon decompose, but it is fairly
stable towards cold sodium chloride solution, yet on heating the solu-
tion gives an alkaline reaction. Potassium bromide also gives an alkaline
reaction ; potassium iodide only shows a faint alkalinity at first, but
snddenly mercuric iodide separates and the solution becomes strongly
alkaline. The compound contains no acetoxy group, and the formuls
assigned to it from analysis is as follows :—

0
AN

[ ]
NN

2 :4-Diacetoxymercuri-a~naphthol,

OH
I/\/\IHgOAc
I |
N

HgOAc

When the mercuric acetate in the preceding preparation is replaced by
16 grams of mercuric acetate in 50 c.c. of 8 per cent. acetic acid,
colourless needles crystallise out in a short time, and these are filtered off
and washed with water. The diacetoxy derivative is stable to ammon-
ium sulphide, but behaves towards halogen salts in a similar way to the
mone mereury compound.
2.-Acetoxymercuri-1-naphthol-4-sulphonic acid (Sodium salt),

OH -
I/ \I/\‘Hgo Ac
N \b(0 sNa

Six grams of the sodium salt of the acid in 50 c.c, of water are treated
with 6-4 grams of mercuric acetate in 50 c.c. of water, and after long
standing yellowish-brown bushy needles separate. These after several
crystallisations from dilute acetic acid become white. The product
obtained is the sodium salt of the acid, and it is very stable towards
ammonium sulphide, although this stability 1s reduced in the presence of
sodium chloride. When warmed with sodium chloride in acetic acid
solution, mercury is split off. Attempts to prepare a diacetoxy com-
pound have been unsuccessful. _

1-Naphthol-5-sulphonic acid when treated with mercuric acetate
gives only mercurous acetate and tarry products.
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Mercuration of 5-Naphthol.
1-Acetoxymercuri-f£-naphthol,’
HgOAc
(PR
[l
NN

1. Twenty grams of mereuric oxide are dissolved in 520 c.c. of hot
acetic acid, and on cooling, the white, glistening plates are filtered off and
mixed with an acetic acid solution of 13:2 grams of S-naphthol. A
heavy, crystalline precipitate separates out, and if removed, the mother-
liquors give further crops on standing. Yield almost quantitative.

2. B-Naphthol (144 grams) is dissolved in 75 c.c. of acetic acid, and
to this 32 grams of mercuric acetate in 125 c.c. of 30 per cent. acetic acid
are added, when the acetoxy compound separates out.

It crystalliscs in white, glistening needles, which on rapid heating
blacken and melt at 185° C. with violent frothing. It is only slightly
soluble in the usual solvents, does not blacken with ammonium sulphide,
but a yellow, voluminous precipitate separates which decomposes on
heating, with deposition of mercuric sulphide. Treatment with aqueous
sodium chloride vields the 1-chloromercuri compound, which may be
transforined into 1l-iodo-B8-naphthol.?

1-Acetoxymercuri-2-naphthol-6-sulphonic acid (Sodium salt),?

HgOAc
/NOH
Y
RONSN A/

The sodium salt of Schiffer’s acid (14-1 grams), containing 2 mols. of
water of crystallisation, is dissolved in 100 c.c. of hot water and a solu-
tion of 16 grams of mercuric acetate in 100 c.c. of hot wateradded. The
compound soon separates out, and is only shightly soluble in water, but
readily in dilute acetic acid or sodium hydroxide. It has similar pro-
perties to the derivative from 1-naphthol-4~sulphonic acid.

1 :8-Amidonaphthol-4 : 6 -disulphonic acid (K acid) yields with
mercuric chloride or acetate unstable red compounds, to which no
formulee have been assigned; the same result is obtained with its
mono and dibenzoyl derivatives. 1:8-Amidonaphthol-3 : 6-disulphonic
acid (H acid) and 1 : 8-amidonaphthol-4-sulphonic acid give colours and
reactions similar to K acid, but these compounds are even nmore readily
decomposed. Coustancy of composition has not been obtained i the
case of 1:8-dihydroxynaphthalene-8: 6-disulphonic acid (chromotrope
acid), the derived compounds being orange in colour.?

Mercuration of Salicylyl alcohol (Saligenin).>—This alcohol
forms a dimercurated compound when 1 mol. is heated with 2 mols.
of mercuric acetate in aleoholic solution containing a little acetic acid.
Needles separate out, from which a pure product is isolated by extract-

. 19?&1111)&1‘{;61‘, Ber., 1808, 31, 2624 ; Brieger and Schulemann, J, prokt. Chem., 1914,
9, 917,

¢ Paolinl, Gazzetta, 1921, 51, ii. 188,

3 German Patent, 143726,

* For f.naphthol disulphonic acid R, see German Patent, 143448; 5, f-naphthol
sulphonic acid, see German Patent, 143726, '

5 Hart and Hirschfelder, J. Amer. Chem. Soe., 1920, 42, 2768,
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ing with water, alecohol, and ether. It is only soluble in hot glacial
acetic acid or acetic anhydride and alkalies ; with mineral acids it forms
salts. The mercury present i non-ionic in character, and since it
readily forms an anhydride is probably in the ortho position to the
phenolic hydroxyl group. The following formula has heen assigned
to it i—

When dissolved in hot acetic anhydride it forms a #riacetate of the
composition :
OH
|
AcOHg——I/\i——CHgm-OAc
| ]
N

[
Hg—OAe

Mercuration of p-Hydroxy-m-nitrophenyl carbinol.—The
carbinol is prepared by the action of bromomethyl alechol on o-nitro-
phenol and then treated with 2 mols. of mercuric acetate in alcohol-
acetic acid solution. Fine, pale yellow needles separate, which may be
recrystallised from 20 per cent. acetic acid (I.). This compound does not
form an inner anhydride as in the preceding case, although the mercury
is in the ortho position to the hydroxyl group. The latter fact was estab-
lished by treating the compound with a solution of iodine in potassium
iodide, when 8-iodo-4-hydroxy-5-nitrobenzyl alecohol is obtained.?
Treatment with acetic anhydrde yields a monoacetyl derivative (II.).

OH OH

HOHg(\NO.z Ac.O——HgI/\lNOg
9 .

N
CH,0H CH,0H
L. I,

- Kharasch, J. Amer, Chem. Soc,, 1921, 43, 1203,
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Degivaiives o Aponrarte Acips.,

Ton siteplest of Hee arotaatic acids, namely, henzoic add, does not give
an aectonyingreuri compesd when heated with mercurice acetate, but
ondy anmhyvdride, The position of the merenry in the ring in this case
is shown to be ortho to the carboxyl group, sinee the sanmie anhydride
may be formead from phthalic acid, the only other prodnets of reaction

beineg carbon dioside and acetie acd,

N0

< UO0R
S0-1-00,+2H0Ac

L AHEOM),
enol

The smne compound is also formed when mercuric benzoate is heated
far sonxe thme at 270° U, and this wethod may yet become of great
tmpertance in the preparation of mercurated arvomatic acids.  Merenry
salievlate vields an urgano-mercuri anbvdride, when heated for a pro-

NH;
COzMe
NH2»
Ay fJHg COsMe COMe
%%OAC 4;,04 NHHgOAC HgOAC
PN COzMe
Njt NaOH “ ¢ N/i NaOH
NH; FHgOAC NH,
HO G co
k N2 Nrip
Mel0p COyMe
Hg-0 Hg==O
Hg
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longed period at 100° C. o-Chloromercuri-henzoic acid is obtained from
the anhydride by dissolving it in concentrated sodium chloride solution,
and adding acetic acid, but the p-chloromercuri compound has only been
obtained by the oxidation of p-tolylmercuric chloride by alkaline per-
manganate. The mcthiyl ester of benzoic acid may be mercurated in the
usual way by nicans of mercuric acetate in the presence of a little acetic
acid, and the esters of salicylic acid may be treated similarly. 5-
Nitrosalicylic acid is mercurated by using an aqueous suspension of
nicrceuric oxide at 100° C.

The interaction of mercuric acetate and anthranilic acid is more
complicated than the preceding cases, and is best illustrated by the
scheme on opposite page, which shows also the main reactions of the
acctoxy-mercuii compounds of this acid.

A similar set of reactions has been carried out with the ethyl ester of
p-aminobenzoic acid, but in addition a mercuric acetate salt of acetoxy-
mercuri-p-aminobenzoic acid has been obtained, and the mono and
diacctoxymercuri derivatives may be isolated {rom this under suitable
conditions. Also in the case of this ester only the diacetoxymercuri
compound has been obtairied directly from the N-sodiacetoxymercuri
derivative, direct mercuration being used to obtain the monoacetoxy-
mercuri product.

I the mercuration of cinnamic acid and its esters, CoH4.CH,.CH.,.
COOH, the mercury residue always attaches itself to the a-carbon atom,
and the solvent takes part in the reaction, attacking the B-carbon atom,
alkyloxy groups becoming linked to the latter (I.). When the mercur-
ated esters are saponified by sodium hyvdroxide, and the resulting product
treated with sulphuric acid, water is eliminated between the hydroxy-
mercur: and carboxyl groups, and an anhydride results (II.).

CH;—CH——CH—CO,R CoH;—CH—CH—C=0

| |
Alk HgOAc O0Alk Hg—O
I. II.

In the case of B-hydroxynaphthoic acid the mercury enters position
1, and may be removed again by the action of iodine in potassium iodide
solution.

The mercuri-bis compounds of the mercurated acids have been pre-
pared in a variety of ways. The use of sodium thiosulphate, which was
given as a fairly general method in the case of mercurated amines, has
only been used for acids in the preparation of the following: Mercuri-
bis salicylic ethyl ester, mercuri-bis-2-aininobenzoic methyl ester, and
the corresponding ethyl ester of the 4-aminobenzoic acid compound.
The following sulphides yield mercuri-bis compounds by the action of
heat : o-Sulphidomercuri benzoic acid, sulphidomercuri salicylic methyl
ester, and the sodium salt of o-sulphidomercuri benzoic acid, the con-
version in the latter case being brought about by boiling the aqueous
solution. The interaction of mercuric cyanide and thiosalicylic acid in
aqueous solution yields mercuri-bis-o-thiolbenzoic acid, no other organie
mercury product being isolated. a

o-Hydroxymercuri-p-nitrobenzoic acid has been changed to the
mercuri-bis compound by treatment with alkaline stannous chloride, and
in the case of the m-nitrobenzoic acid compound aluminium turnings in

VOL. XI. : I. 1l
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alkaline solution were used. Alkaline stannous chloride has also been
used for the transformation of p-ehloromercuri benzoic acid.

The conversion of hydroxymercuri-salicylic acid to mercuri-bis-
salicylic acid is accomplished by dissolving the compound in potassium
hydroxide and treating the solution with formaldehyde sulphoxylate,
and by similar means the sedium salt of mercurated hydroxybenzene
sulphonie acid may be redueed.

In the case of the aminobenzoie acids, the mercuri-bis derivatives
have been prepared by the reduction of the hydroxymercuri nitro-
benzoic acids in neutral or alkaline solution.

An Interesting formation of a mercuri-bis compound is the trans-
formation of the anhydride of a-hydroxymercari-g-methoxy-B-phenyl-
propionicacid toa-mereuri-di-f-anhydrohydroxy-8-phenyl propionic acid,
by suspending the formerin water and treating it with potassium iodide.

Certain mercurated acids have been tested with regard to their
stability towards ammonium sulphide, with the following results:
o-Chloromercuri benzoic methyl ester is only decomposed on prolonged
warming, but a sulphide may be obtained by the action of methyl
aleaholic hydrogen sulphide.

o-Chloromercuri benzoyl chloride in ethercal solution gives a sulphide
with hydrogen sulphide only after long treatment.

The anhydride of 3-hydroxymercuri salicylic acid is decomposed
when its warm solution is treated with amimonium or hydrogen sulphide.

Acetoxymercuri salicylic methyl ester yiclds mercuric sulphide with
cold alkali sulphides. :

N-Isodiacetoxymercuri-2-amino or 4-aminobenzoic acid esters when
dissolved in acetic acid, and neutralised by ammonium hydroxide, are
decomposed by ammonium sulphide, and a similar result is obtained
when hydroxymercuri-2- or 4-aminobenzoic anhydrides are dissolved
in ammonium hydroxide and treated with ammonium sulphide. The
sodium salt of 2 : 2"-mereuri-bis-4-aminobenzoie acid isstable to hydrogen.
sulphide, and acetoxymercuri-4-aminobenzoic ethyl ester only yields
mercuric sulphide when boiled for a long time with ammonium sulphide.

The anhydride of a-hydroxymercuri-g-hydroxy-8-phenylpropionic
acid in alkaline solutions only yields mercuric sulphide on long standing
with ammonium sulphide; but il the S-hydroxy group be replaced by 8-~
methoxy, the decomposition takes place immediately.

a-Mereuri-di-f-anhydrohydroxy-BS-phenylpropionic acid is not de-
composed by ammonium sulphide.

The following eompounds when heated with hydrochloric acid yield
mercuric chloride and an organic acid: The anhydride of o-hydroxy-
mereuri benzoic acid and the anhydride of a-hydroxymercuri-g-hydroxy -
B-phenylpropionic aeid, whilst o-chloromercuri benzoic methyl ester
is decomposed by halogen acids, and cold dilute hydrochloric acid
eliminates the acetoxymercuri group attached to the nitrogen in N-
isodiacetoxymercuri anthranilic methyl ester.

DerivaTivis or BENzoIic Acrp aND 17s EsTers.l

Anhydride of o-hydroxymercuri benzoic acid may be prepared
as follows :—

2 . 2 . . y ) V. y Iy 255
. ' e k‘em. SOG., 9 1 4 s 533 >
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1. Mercuric benzoate is heated in an oil-bath to 270° C. until a test
portion gives no precipitate of mercuric oxide when treated with sodiumn
hydroxide. The melt is cooled, powdered, and washed with aleohol
and cther to free it from benzoic acid. It is then dissolved in a small
amount of dilute sodium carbonate and carbon dioxide passed through
the solution, the anhydride being precipitated as a white powder.

2, Mercuric acetate is heated with benzoic acid until no mercuric
oxide is obtained by adding sodium hydroxide to a test portion. The
melt is then treated with ammonium hydroxide to form the ammonium
salt, from which the anhydride is isolated by adding acetic acid.

8. Sodium phthalate solution, mercuric acetate, and a little acetic
acid are boiled for some time, when the anhydride is precipitated. The
acid is only slightly soluble in all organic solvents, but 