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425. Reduction of Nitro Compounds
ArNO, % ArNH,

This method has had limited application for making aliphatic amines?
although it assumes increasing importance in view of the commercial
availability of the nitroparaffins and the development of processes for
their ready conversion to nitro olefins,** *** 5!® nitro alcohols,! nitro
ethers,*® 7 and nitro cyanides,®® all of which have been
reduced to the corresponding amino compounds.

Aromatic primary amines are commonly prepared from nitro compounds
by the action of one of several reducing agents; the reaction has been
discussed.®® Reduction with a metal-acid combination like granulated
iron and a small quantity of acid gives excellent results. By this proce-
dure, many aromatic amines have been prepared, including aniline (86%),
o-toluidine (73%), 4-aminobiphenyl (93%), and a-naphthylamine (96%).* *
Another common combination is tin and hydrochloric acid, but reduction
may be accompanied by nuclear halogenation, particularly in the treat-
ment of o-substituted nitrobenzenes. The action of zinc dust and aqueous
alcohol in the presence of calcium chloride, essentially neutral condi-
tions, is sufficient to convert 2-nitrofluorene to 2-aminofluorene (82%).2!
Aluminum amalgam and aqueous alcohol, still another neutral combina-
tion, has been successfully applied in the formation of 3-aminoacenaph-
thene (85%)** and the isomeric aminoacridines (70-75%)2° Lithium alumi-
num hydride is an effective reductant for certain nitrodlefins in the thio-
phene series.*'***

nitro amines,* s

METHOD 425 655

Catalytic hydrogenation is performed in alcohol solution over Ranéy
nickel at 25° to 100° and 30 atm.* or over platinum oxide at room tem-
perature and 1 to 2 atm.'® The reaction is highly exothermic; therefore,
precautions should be taken against excessive reaction temperatures.
Typical illustrations are found in the preparations of 2-amino-p-cymene
(90%)'* and 3 4-diethylaniline (90%).!* Heterocyclic nitro compounds in
the quinoline ** and dibenzothiophene** series also respond favorably to
catalytic hydrogenation.

In addition to these procedures, electrolytic reduction of the nitro
group has been accomplished, as illustrated by the preparation of o-amino-
cyclohexylbenzene (85%); however, the procedure is rarely employed. An
apparatus for large-scale runs has been described,'” and a comprehensive
review of electrolytic reactions has been given.”!

Often under the non-acidic conditions, the reduction stops at the hy-
droxylamine stage.’® *** Thus phenylhydroxylamine, C¢HsNHOH, is syn-
thesized in 68% yield by the action of zinc dust and water on
nitrobenzene **’

Certain aliphatic diamines have been prepared by reduction of nitro
amines with hydrogen*®***” or aluminum amalgam.”” The starting materials
are readily obtained by the reaction of nitroparaffins with formaldehyde
and amines (method 444). :

Aromatic diamines and other polyfunctional aromatic amino compounds
are prepared by the above general procedures. In the hydrogenation of
polynitro compounds in the presence of Raney nickel catalyst, ethyl
acetate has been found to be a better solvent than aliphatic alcohols.*?
The synthesis of 2,4-diaminotoluene is accomplished by reduction of the
corresponding dinitro compound with iron filings and hydrochloric acid
(89%).** Alkaline reducing agents, including ammonium sulfide, sodium
sulfide, zinc and alcoholic alkali, etc., have also been employed. For
example, o-phenylenediamine is synthesized in 85% to 90% yield by re-
ducing o-nitroaniline with zinc and alcoholic alkali.!!

Certain unsaturated amino compounds like the cis- and trans-p,p’-
diaminostilbenes and p,p “-diaminotolane are prepared by selective hydro-
genation of the corresponding dinitro compounds using Raney nickel
catalyst (60-89%).***" The reduction has also been accomplished with
hydrazine hydrate in the presence of alkali.*

Haloanilines are obtained from halonitrobenzenes preferably by the
iron-acid reduction procedure.*” *! Nuclear halogenation occurs during
the reduction of nitrobenzene by stannous chloride in the presence of
acetic anhydride; a quantitative yield of p-chloroacetanilide is obtained.*
Hydrogenation of halonitrobenzenes over Raney nickel catalyst is pos-
sible provided that the temperature is kept below 150°, at which point
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dehalogenation occurs.®® %2 The iodine atom is the most susceptible of
the halogens to replacement during catalytic hydrogenation of the nitro
group; however reduction by stannous chloride and hydrochloric acid has
been successful, e.g., m-iodoaniline (83%).**

Aliphatic nitro alcohols, conveniently derived by the condensation of
nitroparaffins with aldehydes,* are reduced to amino alcohols in almost
quantitative yields by the action of iron powder and mineral acid.! Best
results are obtained when an excess of acid is present. The procedure
is illustrated by the synthesis of 2-amino-1-butanol (90%).!
CH,CH,CH,NO, + H,C0 25 CH,CH,CH(NO,)CH,0H S2=H5%,

Ca(OH),
CH,CH,CH(NH,)CH,O0H

This same reducing agent has been successfully employed in the syn-
thesis of 2-amino-1-phenyl-1-propanol (70%).** The formation of amino
alcohols by catalytic hydrogenation over Raney nickel catalyst has been
accomplished. However, because of the instability of the nitro alcohols
in basic media, lower amines are also formed.

RCHOHCH(NO,)CH; == RCHO + C,H;NO,
C,HsNO, + H, 5 C,HyNH,
RCHO + C,HsNH, + H, —> RCH,NHC,Hs

These by-products are suppressed by hydrogenating in an acid medium,
e.g., in the presence of carbonic, acetic, or oxalic acids .’ %6 52°

The acid-sensitive amino phenols can be obtained by the reduction of
nitro phenols with sodium sulfide or sodium hydrogen sulfite * or by treat-
ment of the p-tolylsulfonic esters with iron and acetic acid.®® Also, hydro-
genation over Raney nickel at 100° gives excellent results.**

* or by the
action of metals and acids. Various combinations have been compared in
the preparation of 8-(4-aminophenyl)-ethanol .*?

Other functional groups may be present during reduction. Aromatic
amino ethers ate prepated by the same general procedures described above,
e.g., m-aminoanisole (80%)°® and 2-aminodiphenyl ether (94%).°°* The
reduction of o-nitrobenzaldehyde to the sensitive o-aminobenzaldehyde is
successfully accomplished by the action of ferrous sulfate and ammonia
(75%).°" m-Dimethylaminobenzaldehyde is formed by reduction of the
nitro acetal in aqueous solution with sodium sulfide followed by methyla-
tion (74% over-all)®® or by catalytic reduction of m-nitrobenzaldehyde in

Aromatic nitro alcohols are converted by hydrogenation

METHOD 425 657

the presence of formaldehyde (27%)** (cf. method 431). Reduction of the
nitroacetophenones has been accomplished by metal-acid combinations
and by selective hydrogenations over Raney nickel and platinum oxide
catalysts; a comparison of these procedures has been made in the prepara-
tion of o- and m-aminoacetophenones.®®*’® Other methods of preparation
for o-amino ketones have been summarized.”* p-Aminophenylacetic acid
is best obtained by reduction of the nitro compound with ammonium sul-
fide (84%).”* Amino esters are readily obtained by catalytic reduction of
nitro esters over platinum oxide, e.g., ethyl p-aminobenzoate (100%).”* A
novel synthesis of ethyl m-aminophenylacetate from m-nitrobenzaldehyde
consists in converting this substance to m-nitro-O-benzoylmandelonitrile
by the action of benzoyl chloride and sodium cyanide, followed by al-
coholysis and hydrogenation with simultaneous hydrogenolysis (69%

over-all).”
COCgHs IOCOCGHS
@ CHO © CHCN CHCO,C,Hs
c,n,coen C,H,OH N
NO NsCN NO, H,-Ni
2

© CH,CO,C,Hs

NH,

3-Aminobenzonitrile is prepared by reduction of 3-nitrobenzonitrile by
sodium disulfide in aqueous suspension (63%). This reagent causes some
hydrolysis of the cyano group.” A selective hydrogenation of the more
reactive nitro group in the presence of the cyano group can also be done,
e.g., in the preparation of p-aminobenzyl cyanide (79%).”

Partial reduction of aromatic polynitro compounds leads to nitro amines.
The most successful reagents are the alkali metal or ammonium sulfides
in aqueous alcohol.*’® In some instances, sodium bicarbonate combined
with sodium sulfide gives better results because of the formation of
sodium hydrosulfide, which is believed to be the main reducing agent.
Also, aqueous methanol is preferred to aqueous ethanol.** Nitro com-
pounds that are sparingly soluble in alcohol solutions may be reduced by
hydrogen sulfide in pyridine solution.*

Very often reduction of an aromatic nitro compound is carried out in the
presence of acetic anhydride, whereby the corresponding acetamido com-
pound is formed.*> Amino amides are prepared by catalytic hydrogenation
of nitro amides, e.g., 2-aminoacetanilide (90%).*
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426. Reduction of Oximes

R,C=NOH & R,CHNH,

Reduction of oximes to primary amines proceeds readily and can be
accomplished with hydrogen and Raney nickel catalyst with or without
high pressures (50-90%).'74» 26 30%: 346=3%%  Drimary amines formed from
aldoximes are accompanied by secondary amines, (RCH,),NH. The re-
duction may also be carried out with sodium and absolute ethanol, as il-
lustrated by the synthesis of n-heptylamine (73%).>*® The action of zinc
dust and acetic acid is effective in the formation of 9-fluorylamine
(74%).2®' Lithium aluminum hydride is a good reagent, as shown by the
reduction of 2,2-diphenylcyclohexanone oxime to 2,2-diphenylcyclohexyl-
amine (80%).%

Aliphatic diamines are made by reduction of amino oximes by these

352,353 Sometimes catalytic hydrogenation gives

same general procedures.
low-boiling cleavage products.**’

The reduction of isonitroso ketones with hydrogen and platinum in the
presence of hydrochloric acid gives amino ketones or amino alcohols,
e.g., 1-phenyl-2-amino-1-propanol (98%)**® and a-aminopropiophenone
(88% ).357

The reduction of a-oximino acids to a-amino acids is accomplished by
catalytic hydrogenation with a Raney nickel** [ 362, 363
catalyst or by the action of sodium or aluminum amalgam.

or palladium-charcoa
314, 364—367
Several procedures involving the formation of a-oximino acid inter-
mediates for the synthesis of a-amino acids have been described'®®’**
(cf. method 385). One outstanding synthesis consists in the production
of a-oximino acids or esters by the action of a nitrite on a substituted

. H 60, 36
acetoacetic or malonic ester.’ » 361

CHCOCHRCOR, ooy

HON= C(R)COOH & RCH(NH,)COOH
RCH(COZR,)z J Acid or Base

Oximes carrying a second group like a hydroxyl, carbonyl, or car-

balkoxyl may form cyclic products, such as pyrazines from a-keto oximes

and pyrrolidones from y-oximino esters, upon reduction.*!

427. Reduction of Nitriles
: Ni H,
RCN + H, — RCH=NH — RCH,NH,

RCH==NH + RCH,NH,; — RCH(NH,)NHCH,R LY (RCH,;),NH + NH,

METHOD 427 659

Catalytic hydrogenation of aliphatic and aromatic nitriles yields pri-
mary and secondary amines.******® Formation of the secondary products
can be suppressed (1) by carrying out the reduction in acetic anhydride,
which acetylates the primary amine and prevents its reaction with the
intermediate aldimine (platinum catalyst);**” (2) by reducing in the pres-
ence of ammonia (nickel catalyst);*** *'° or (3) by simply hydrogenating
as rapidly as possible with a relatively large amount of catalyst.'*
Temperatures above 150° during hydrogenation favor the formation of the
secondary amine by the elimination of ammonia from the primary amine,
viz., 2RNH, — R,NH + NH,.*** A typical procedure employing high-
pressure equipment and ammonia is illustrated by the synthesis of

' B-phenylethylamine (87%).*° If hydrogenation of the nitrile is performed

in the presence of an amine like methylamine or dimethylamine, then the
corresponding N-mono- or N,N-di-alkylamine is formed.*** A Raney nickel
catalyst that is useful for hydrogenation at room temperature and low
pressure has been described.’®

Reduction may also be brought about by sodium and alcohol, although
extensive cleavage, of the cyanide group may occur, viz., RCN — RH
+ NaCN.***™%¢ Lithium aluminum hydride has been successfully em-

302, 559 as well

ployed for the reduction of aliphatic and aromatic nitriles
as several cyanides in the thiophene series *’***

A large number of aliphatic diamines have been made by the reduction
of amino nitriles. Dialkylaminoacetonitriles, R,NCH,CN, are reduced
with hydrogen in the presence of ammonia (Raney nickel catalyst)™® 732
or with sodium and alcohol (40-80%).2°* *?° Unsubstituted a-amino
nitriles lose hydrogen cyanide on attempted hydrogenation and poison the
catalyst; consequently, the stable acetyl derivatives are reduced in
acetic anhydride to give the diacetyl diamine.*® Also, the acetamido
nitriles may be converted to 1,2-diamines through the dihydroimidazoles
with subsequent hydrolysis, as illustrated by the preparation of 2-methyl-

1,2-diaminobutane (53% over-all).’*

RR’?-—CN y RRC—CH: o RR'?-—CH,NH,
NHCOCH, ™ ’ Vas NH,
N=?
CH,

The addition of primary or secondary amines to acrylonitriles, fol-
lowed by catalytic reduction of the S-amino cyanides, constitutes a good
synthesis of Y-aminopropylamines. The yields in the first step are
usually in the range of 60% to 95% and in the second about 50% to

75% 195, 319, 320
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RNH, + H,C=CHCN — RNHCH,CH,CN 2™, RNH(CH,),NH,
Ni

In a similar manner, higher amino nitriles are reduced,’®

Amines containing other functional groups have been prepared. Amino
ethers are readily made by catalytic hydrogenation or sodium-alcohol
reduction of the corresponding cyanides.}**™**" [B-Hydroxy amines may be
prepared by reduction of a-hydroxy or a<keto nitriles, Best results are,
obtained when the reduction is carried out with hydrogen and platinum or
palladium catalyst in the presence of mineral acid. In this manner, sub-
stituted mandelonitriles, AtCHOHCN,**? and aroy! cyanides, ArCOCN,33*
yield B-hydroxy-/ﬁ-arylethylamines (24-94%). Reduction of B-keto
nitriles gives keto amines or amino alcohols; however, the yields are
poor.*®* Amino acids and amino esters are similarly prepared in good
yields 32634

Cyanides bearing a second group in a suitable position may undergo
ring closure on hydrogenation, as illustrated by the formation of piperidine
from trimethylene cyanide and pyrrolidines from S-cyago esters **! (cf.
method 574).

428. Reduction of Amides

RCONH, 25 RCH,NH,

Catalytic hydrogenation of amides to amines requires drastic condi-
tions: in general, a temperature of 250° to 265° and a pressure of 200 to
300 atm, over copper-chromium oxide catalyst using dioxane as the
solvent.!* The yields of primary amines from unsubstituted amides are
lowered mainly by the formation of secondary amines, viz.,
2RNH, — R,NH + NH,. N-Mono- and di-substituted amides yield second-
ary and tertiary amines, respectively; however, considerable cleavage of
the carbon-nitrogen bonds occurs **®

Amides are more conveniently reduced with lithium aluminum hydride
in ether solution to yield amines with the same carbon content, e.g., tri-
ethylamine from N ,N-diethylacetamide (50%) and ethyl-n-propylamine from
N-ethylpropionamide (53%).**° **** %** The same conversion has been ac-
complished by an electrolytic reduction.?®*****

429, Reduction of Schiff Bases

H.
RCH=NR’ — > RCH,NHR’

Catalyst

METHODS 429-430 661

Unsymmetrical secondary amines are readily prepared in good yields by
the catalytic reduction of Schiff bases at moderate temperatures in high-
or low-pressure equipment. Many examples have been cited.**® The inter-
mediate imines are prepared from primary amines and aldehydes—very
seldom from ketones-~and may be used without isolation (cf. method 431).
For the preparation of aliphatic amines, e.g., ethyln-propylamine and
n-butylisoamylamine, a prereduced platinum oxide catalyst is preferred
with alcohol as the solvent.’® *** Schiff bases from the condensation of
aromatic aldehydes with either aromatic 2!* *’ or aliphatic!****”
are more readily prepared and are reduced over a nickel catalyst. In this
manner, a large number of N-alkylbenzylamines having halo,*** hydroxyl,*™*
11337 oroups on the nucleus have been made. Reductions by
means of sodium and alcohol®”” and lithium aluminum hydride *** *** have
also been described.

amines

or methoxy

430. Reduction of Aromatic Amines

CeHsNH, & C,H,,NH,

Certain amines are readily prepared by the reduction of aromatic, aryl
aliphatic, and heterocyclic amines. For example, aniline is reduced to
cyclohexylamine by high-pressure hydrogenation in the presence of Raney
nickel catalyst or a cobalt oxide-calcium oxide catalyst. The reaction
occurs at a temperature above 200°, where condensation of the primary
amine also takes place, viz., 2C4H,,NH, — (C,H,,),NH + NH,. If this
side reaction is repressed by the presence of dicyclohexylamine at the
start of the reaction, a 94% yield of cyclohexylamine is obtained.’”’
Hydrogenation of aryl aliphatic amines proceeds more readily, occurring
at moderate temperatures and pressures over platinum catalyst in glacial
acetic acid.’™ *”® Other reductions using this catalyst are best performed
on the amines in the form of their hydrochlorides.’*

The reduction of N-alkyl-p-nitroanilines to the corresponding cyclo-
hexanediamines has been carried out with hydrogen over cobalt-on-alumina
and ruthenjum catalysts.'*® Sometimes a nuclear-substituted aniline is
acetylated before reduction in order to avoid side reactions. Thus, cata-
lytic hydrogenation of p-acetaminophenol *! and ethyl p-acetaminophenyl-
acetate *** has been successfully accomplished with platinum catalyst at
50=60° in the presence of acetic acid.

Other conditions for the reduction of the aromatic nucleus are dis-
cussed in method 4. The hydrogenation of heterocyclic nuclei is treated
in method 554.
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431. Reductive Alkylation (or Reductive Amination)
RCOR’ + NH, + H, ©> RR’CHNH, + H,0 (R’=H or alkyl)

Alkyl groups may be introduced into ammonia, a primary amine, or a
secondary amine by means of an aldehyde or ketone in the presence of a
reducing agent, such as molecular hydrogen and a catalyst, active metals
and acids, or formic acid or one of its derivatives. When the reducing
agent is formic acid or a derivative, the reaction is known as the Leuckart
reaction and is discussed elsewhere (method 432). An excellent review
of the preparation of amines by reductive alkylation has been presented.
This article includes a discussion of the scope and utility of the reaction,
a selection of experimental conditions, illustrative preparations, and a
tabulation of primary, secondary, and tertiary amines prepared thereby.*?

Reductive alkylation of ammonia has been proved an effective and
highly versatile method for obtaining primary amines. The most satis-
factory conditions have been catalytic hydrogenation (Raney nickel) of
the carbonyl compound in an ethanolic solution of ammonia under pres-
sure ranging from 20 to 150 atm. and at temperatures in the range of 40°
to 150°.2*72° Typical amines prepared in this manner include benzyl-
amine (89%)** and 2-aminoheptane (80%).*°° With liquid ammonia and no
solvent, a higher pressute (330 atm.) at the higher temperature (150°) is
required, as illustrated by the synthesis of a-phenylethylamine from
acetophenone (52%).°® More recently, improved procedures for hydro-
genation at lower pressures over platinum oxide or Raney nickel have
been described.**® ** Treatment of benzalacetone and furfuralacetone
under these conditions leads to saturation of the a,B-olefinic linkage as
well as to reductive alkylation.®® In general, the method is particularly
successful for obtaining aliphatic amines having five or more carbon
atoms. In all these reactions for making a primary amine, ammonia is
present in excess to minimize the formation of a secondary amine.

Secondary amines are prepared by several procedures of reductive
alkylation. A procedure similar to that described for primary amines
may be employed; the ratio of reactants must be changed to at least two
moles of the carbonyl compound to one of ammonia. The procedure leads
to symmetrical secondary amines and is most successful starting with
aromatic aldehydes, as in the formation of dibenzylamine (67%).2%*

2ArCHO + NH, + H, ¥ ArCH,NHCH,Ar + 2H,0

Symmetrical and unsymmetrical secondary amines are made by substituting
a primary amine for the ammonia. In this reduction, the higher aliphatic

METHODS 431-432 663

aldehydes (above C;) and simple ketones *'* respond best, usually over a
platinum catalyst,

RCOR’ + R”NH, + H, 2% RR’CHNHR” + H,0

Aromatic amines like aniline, a- and B-naphthylamines, etc., are readily
converted to the N-alkylamines by using aldehydes in the presence of
Raney nickel, hydrogen, and sodium acetate (24-88%).***'*'* Since many
aromatic amines are prepared under similar conditions by the reduction of
nitro compounds, it is possible to combine both reductions in a single
operation and convert nitro compounds to secondary amines (31-96%).2!!
Tertiary amines are formed if the reduction of the nitro compound and
aldehyde is carried out with hydrogen and platinum in the presence of
acetic acid. Nitroparaffins as well as aromatic nitro compounds react
(34-92%).*** Reductive dimethylation of amines of the type
ArCH(CH,)CH,NH, and ArCH,CH(CH,)NH, with formaldehyde and hydrogen
over Raney nickel catalyst occurs in 48-97% yields.?** N-Monoalkylated
anilines are methylated in good yields by the action of formaldehyde in
the presence of zinc and mineral acid.**’ Many tertiary aliphatic amines
have been prepared by.reductive alkylation of secondary amines with
aldehydes and ketones, the aldehydes giving better results.**®
Difunctional compounds are formed by these procedures. Diamines are
2% or by reductive
8% 331 and amino

prepared by reductive amination of amino ketones

21 A few aromatic halo amines

alkylation of diamines.
ethers*'* have been made. Hydroxy amines are conveniently formed by
the reductive alkylation of amino alcohols!®*?22~%%" a5 jllustrated by the
synthesis of 2-isopropylaminoethanol (95%).2** N-Alkyl derivatives of
5-amino-1-pentanol are readily obtained by the reductive amination of
5-hydroxypentanal.**=** Several a-diketones have been treated under
these conditions giving amino ketones or amino alcohols, only one car-
bonyl group undergoing reductive amination and the other being unaf-
fected or reduced to a hydroxyl group.” Aliphatic and aromatic amino
acids can be converted to their N,N-dimethyl derivatives in excellent
yields with formaldehyde and hydrogen over palladium-charcoal catalyst.®®
Aromatic nitro acids may be reduced and methylated in one operation.
Reductive amination of a-keto acids yields a-amino acids.®®® Sometimes
a considerable quantity of the corresponding hydroxy acid is also formed;
(- and y-keto acids give little or no amino acids.®*

432, Reductive Alkylation of Amines (Leuckart)

HCO,NH,
_

Heat

R,CO R,CHNHCHO 2% R,CHNH,
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Reductive amination of carbonyl compounds with ammonia or amines in
the presence of a reducing agent has been discussed (method 431). When
the reducing agent is formic acid or a derivative, the products are the
formyl derivatives of primary or secondary amines or the formates of
tertiary amines. These intermediates readily furnish the amines. A
critical discussion of the reaction along with experimental conditions and
procedures and a tabular survey of compounds has been presented.*®’

Many water-insoluble ketones, aliphatic, aryl aliphatic, and hetero-
cyclic, respond favorably to treatment with ammonium formate or formamide
to form with subsequent hydrolysis the primary amines. A typical pro-
cedure for the synthesis of a-phenylethylamine (66%) from acetophenone
and ammonium formate has been applied to many other ketones (65-84%).**
Nuclear alkoxyl, halo, and nitro groups are not disturbed.**® *** The re-
action with formamide as the reducing agent is catalyzed by ammonium
formate, ammonium sulfate, or magnesium chloride.**®

If the ammonium formate is substituted by N-alkylformamide, then the
formyl derivative of a secondary amine is formed.

» Heat

R,CO + 2HCONHR” —= R,CHN(R’)CHO + R’NH,

In a similar manner, treatment with an N,N-dialkylformamide leads to
tertiary amines; moreover, magnesium chloride, or better still calcium
chloride, catalyzes the reaction.*® Other factors have been studied.*”

The method is employed extensively for the methylation of primary and
secondary to the corresponding tertiary amines by the action of formalde-
hyde and formic acid.

Heat

RNH, + 2CH,0 + 2HCO,H —— RN(CH,), + 2CO, + 2H,0
In this manner, N,N-dimethyl-n-butylamine '* and N,N-dimethylphenethyl-
amine **° are obtained in yields over 80% from the corresponding primary
amines. Higher aliphatic aldehydes do not respond as satisfactorily as
formaldehyde.

By means of a modification of the procedure, aromatic aldehydes may
be converted by the action of ammonium formate to primary amines, e.g.,
benzylamine (60%) and p-methoxybenzylamine (23%).5*’

Methylation of diamines with formaldehyde and formic acid yields the
tetramethyl derivatives, e.g., tetramethyldiaminobutane (92%).!** In most
instances, alkylation of amino acids by this same combination gives com-
plex products, although a-dimethylaminobutyric acid can be made from
the corresponding a-amino acid in 80% yield.'*® Reaction of the readily
available amino alcobols like N-methylethanolamine and 2-isopropylamino-
ethanol gives the N,N-dialkyl derivatives .**®
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433. Reductive Cleavage of Azo Compounds

NayS;04

HOC,HN=NC¢H,S0,Na ——— HOC.H,NH,

The introduction of amino groups into phenols and ethers can be ac-
complished by the formation and reductive cleavage of their azo com-
pounds. The diazotizing agent may be prepared from sulfanilic acid, and
the reduction can be performed with sodium hydrosulfite. Excellent ex-
amples are found in the synthesis of l-amino-2-naphthol (85%) and 4-
amino-l-naphthol (75%).5%*

434. Catalytic Debenzylation of N-Benzyldialkylamines

CeHsCH,NR, —2 > R,NH + C,H,CH,

Catalyst

The reductive debenzylation of N-benzyldialkylamines with hydrogen
in the presence of a platinum or palladium catalyst affords an excellent
synthesis for symmetrical and unsymmetrical secondary amines '2 3% 444
The starting materials are readily available by dialkylation of benzyl-
amine or by the monoalkylation of alkylbenzylamines, which in turn are
prepared by the reduction of Schiff bases (method 429). The method has
been extended to the formation of hydroxy amines,**® amino esters,**’

and amino acids.**’

435. Ammonoly sis of Halogen Compounds
RCl + NH; — RNH, ¢ HCI

The direct conversion of halides to primary amines is discussed here.
However, it is usually much more desirable to use one of the indirect
methods such as method 437 or 452.

The reaction of ammonia with primary alkyl halides generally forms a
mixture of primary, secondary, and tertiary amines and even a certain
amount of the quaternary ammonium halide. Still, the method may be
profitable for obtaining primary amines if the halogen compound is above
C, and excess ammonia is employed, for then polyalkylation is less likely
and the products, having widely different boiling points, are more readily
separated. Thus n-butyl bromide and a large excess of ammonia in al-
cohol solution at room temperature give a 47% yield of n-butylamine.**

In general, primary alkyl halides react better than secondary; tertiary
halides undergo dehydrohalogenation. High-molecular-weight alkyl
halides are slow to react and must be heated with alcoholic ammonia.*
Anhydrous liquid ammonia favors the formation of primary amines.” Aryl-
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substituted aliphatic halides such as the arylchloropropanes give 21=51%
yields of the corresponding amines.* :

Aryl halides react to form largely primary amines. High-pressure am-
monolysis at an elevated temperature (100-200°) in the presence of a
copper catalyst is required.’”*® The 9-halofluorenes take an anomalous
course.” Heterocyclic amines are quite often prepared by ammonolysis of
the halides over a copper catalyst.”*™** The halogen atom in 9-chloro-
acridine is easily replaced by an amino group by heating to 120° with
ammonium carbonate and phenol.”> Similarly, 2-chlorolepidine is con-
verted to 2-aminolepidine (2-amino~4-methylquinoline) (78%).** Aryl
halides in which the halogen atom is activated by nitro groups are easily
converted to the amines without catalyst, as in the preparation of 2,4~
dinitroaniline (76%).'*

Preparation of the simplest diamine, ethylene diamine, by ammonolysis
of the dihalide is accompanied by the formation of diethylenediamine and
triethylenetetramine;>® other methods for its preparation are more suitable.
Only the higher homologs of B-dialkylaminoethyl bromide respond favor-
ably to this treatment. Thus, di-n ©butylaminoethyl bromide is converted
to the diamine in 55% yield whereas the dimethylaminoethyl bromide
undergoes extensive dimerization.”” Trimethylene bromide reacts with
liquid ammonia to form trimethylenediamine (50%);*® however, experi-
mental details are lacking. When the two halogens in the dihalide ap-
proach one another in space as in tetra- and penta-methylene dibromides,
then nitrogen spiranes are the main products.”

+
CH,CH,  CH,CH,
. \ / \ -
3

Br(CH,)%Br —> | CH N CH,| Br

N /N /

CH,CH, CH,CH,

The exchange of halogen for the amino group is important in the forma-
tion of other polyfunctional compounds, particularly the amino acids. In
several of these transformations with aqueous or liquid ammonia, it has
been shown that the presence of ammonium salts minimizes the formation
of secondary and tertiary amines.'”™ '** Excellent directions for the syn-
thesis of a-amino acids (C,-Cg) from a-halo acids and ammonia are
given.'”*™"'*° The methods have been reviewed.!°* *** Long-chain amino
acids are prepared by this and other procedures.''?

Other aspects of the ammonolysis process have been discussed.®® ***

436. Alkylation of Amines

RNH, 2%, RR*NH 2%, RR’,N-HX
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The direct alkylation of a primary amine with an alkyl halide results in
the formation of secondary and tertiary amines in varying amounts, de-
pending on the conditions of the reaction. Quite often, these products
are accompanied by unchanged amine and quaternary ammonium salt. As
in the ammonolysis of halides, formation of a particular product is favored
by employing a large excess of one reactant: excess alkylating agent for
the tertiary amine or excess amine for the secondary amine. The reaction
is important in the synthesis of aromatic secondary and tertiary amines
as well as some aliphatic tertiary amines. Thus, in the synthesis of
N-phenylbenzylamine, an unusually high yield of this secondary amine
(96%) is obtained with a 4 :1 molar ratio of aniline to benzy! chloride.'**
Other N-monoalkylated anilines are obtained in a similar manner (75~
85%).** Also, certain Barylethylamines, ArCH,CH,NHR, are prepared
from B-arylethyl bromides and primary amines by using a large excess of
the latter.”® Very often, alkylations of this nature which are carried out
in aqueous ethanol are accompanied by hydrolysis and alcoholysis of the
halide.*® Some N-alkylated aryl amines like N-ethyl-m-toluidine may be
synthesized in fair yields from reactants which are present in equimolar
quantities (66%).** Conditions for the exclusive formation of N-methyl-
aniline from chlorobenzene and methylamine have been found.'*’

CeHsCl + 2CH,NH, —%» C,HyNHCH, + CH,NH, - HCI

Heat

Such a process parallels that for making aniline from chlorobenzene and
ammonia and involves a copper catalyst which promotes the reaction of
the aryl halogen atom.

Sometimes the degree of alkylation can be controlled more carefully by
employing other alkylating agents. Thus, primary amines may be al-
kylated to secondary amines free from tertiary amines by the action of
aluminum alkoxides at 250-350° in a sealed tube. The procedure is il-
lustrated by the treatment of aniline with aluminum ethoxide at 275° to
form N-ethylaniline (94%).'®* On the other hand, alkylation with alkyl
phosphates leads to tertiary amines, e.g., N,N-diethylaniline (99%) and
N,N-di-n-butylaniline (79%).}*** ** These reagents afford a simple and
convenient procedure furnishing yields in the range of 53% to 95%. Other
alkylating agents for the formation of dialkylarylamines include the esters
of sulfuric, sulfurous, and p-toluenesulfonic acids.'* It has been noted
that pyridine acts as a catalyst in the production of N,N-dimethyl-a-
naphthylamine from a-naphthylamine and dimethyl sulfate '**

Commercial processes for obtaining the N-alkylated anilines are based
on the reaction of aniline salts with alcohol in an autoclave at about 200°.
A laboratory adaptation of this application of an alcohol as the alkylating
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agent consists in heating the alcohol and aniline with a small amount of

iodine in an autoclave for 10 hours at 220° to 230°, In this manner, either

mono-~ or di-alkylated anilines are prepared (60-90%).'*® Other catalysts
include copper and sodium halides.** The mono- and di-alkylated amines
may be separated by treatment with acetic anhydride and distillation.*®

Aliphatic tertiary amines are prepared by the interaction of secondary
amines and alkyl bromides. Equimolar quantities of the reactants are
treated in alcohol solution in the presence of an inorganic base for 2 to
6 days at room temperature or more quickly in an autoclave at a higher
temperature. Many compounds have been characterized; however, the
yields are not always stated.'?*'?* N-Alkylated benzylamines are com-
monly prepared by this procedure;'??»*** '3® these compounds are impor-
tant intermediates in the synthesis of pure secondary amines (method
434). Alkylation of diethylamine with isopropyl bromide has been ac-
complished, after many unsuccessful attempts, by heating the reactants
under reflux in glycerol solution for 72 hours (60%).'*

Preparation of aromatic secondary and tertiary amines like diphenyl-
and triphenyl-amine is catalyzed by copper powder.'**

Further alkylation of tertiary amines yields quaternary ammonium salts.
These compounds are numerous and are readily prepared by heating the
alkyl halide and tertiary amine in the absence of a solvent or in the
presence of alcohol.**™**' Methylation of tertiary amines to quaternary
ammonium salts can be accomplished with methyl halides***' **7 or di-
methy! sulfate **?

Monoalkylation of ethylenediamine with high-molecular-weight alky!l
chlorides and bromides (C, to C,,) can be successfully carried out when
a highly concentrated solution (95%) of the diamine is employed. The
yields are in the range of 83% to 98%.'** N,N-Dialkylethylenediamines,
R,NCH,CH,NH,, are prepared by other methods (methods 427, 435, and
452). sym-N,N’-Dialkylethylenediamines, RNHCH,CH,NHR, may be ob-
tained either by the treatment of ethylenediamine with two moles of
halide (84=90%)'** or by the reaction of ethylene chloride with an excess
of the primary amine in an autoclave, as in the preparation of N,N’~di-
n-butylethylenediamine (50%).*** Other alkylated diamines are formed by
the amination of dialkylaminoethyl chloride.’*” ** In some instances, a
copper-bronze catalyst has been employed;'** **° the yield of diethy!-
aminoethylaniline from the alkylation of aniline by diethylaminoethyl
chloride is incteased from 72% to 88% with this catalyst.!*” A copper-
bronze or cuprous chloride catalyst is more frequently employed in the
condensation of aryl halides with amines.'®®

Alkylation with allyl halides gives olefinic amines.'®!

Halo amines ate formed by these procedures. Partial amination of turi-
- methylene chlorobromide with diethylamine yields 1-diethylamino-3-
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chloropropane (70%) accompanied by the formation of diethylamine hydro-
bromide.'*® Halo anilines respond to the usual treatment with dimethyl
sulfate,!>'% alkyl halides,'® or alkyl phosphates.'*

Amino alcobols are commonly made by the amination of halo alcohols
or by alkylation of amino alcohols. Thus f-diethylaminoethy! alcohol is
synthesized from diethylamine and ethylene chlorohydrin (70%).'* Higher
amino alcohols are made in a similar manner.'*® ***~'*® No isomerization
through the formation of an ethylene oxide intermediate occurs during the
reaction of a 1,2-chlorohydrin.!®® Several series of alkylaminoalkylcar-
binols, RNHCH,(CH,),,OH, have been prepared by alkylations of ethanol-
amine (16-53%),'*” 2-amino-2-methyl-1-propanol, and 2-amino-~1-butanol .**?
For the preparation of mixed N,N-dialky! derivatives, better yields are
obtained when the larger alky! group is introduced first.'****** Aliphatic
tertiary amino alcohols of the type (CH,),COH(CH,),N(CH,)%, n =1 to 4,
have been prepared by amination of the corresponding bromohydrins
(52%).!%® The latter compounds are readily obtained by the action of
methylmagnesium bromide on bromo esters (method 91). The alkylation of
2-amino-2-methylpropanol with tetramethylene bromide leads to 2-(1-
pyrrolidyl)-2-methylpropanol (76%).'*°

H,T __|CH,
Br(CH,)Br + (CH,),C(NH,)CH,0H —» H,c\ /CH,

! NC(CH,),CH,0H

Amino ethers are obtained by the same reactions employed for amino
alcohols .152, 170174

Aliphatic and aryl aliphatic amino ketones are made by the amination
of the halogenated carbonyl compounds,’’~"** e.g., dimethylaminoacetone
(74%),'™ 1-diethylamino-2-pentanone (79%),”* and a-methylaminopropio-
phenone (57%).!** It is noteworthy that this system may undergo a rear-
rangement, viz., AtCOCH,Br + (C,H;),NH — ArCH,CON(C,Hs), (45%).**
The reaction of a-halo ketones with arylamines is even more complex.’*
Examples of the formation of a-aminoaldehydes by this method are few.'”
However, the same results may be achieved by the amination of the halo
acetals with subsequent hydrolysis.®® 7% 7

Amination of halogenated acids or esters is possible.'*”™**" When
circumstances are favorable, dehydrohalogenation occurs, as in the treat-
ment of ethyl a-bromoisovalerate with diethylamine; the product is pre-
dominantly the a,B-unsaturated ester.'”* The amination of aliphatic
chloro and bromo nitriles is facilitated by the presence of potassium
iodide !**~*** Halogen atoms in the o- and p-nitrohalobenzenes are readily
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replaced by the dialkylamino group, as in the preparation of p-nitrodi-
methylaniline (97%).1°7 ' '

437. Interaction of Hexamine and Halogen Compounds

RX + (CH,)N, — (CH,)N,*RX =5 RNH, - HCI + NH,CI

The interaction of alkyl halides, preferably iodides or bromides, with
hexamine in chloroform or alcohol solution forms quaternary ammonium
salts which on heating with hydrochloric acid are readily converted to
primary amines.*> ?** 23" The procedure has been employed successfully
in the reaction of primary, but not secondary or tertiary, aliphatic hal-
ides,™® **¢ certain benzyl halides,*** **” halo ketones,®® halo acids,®” 2%
and halo esters.?** ! The yields range from 40% to 85%.

Certain quaternary ammonium salts, particularly the hexaminebenzyl
halides, form aldehydes when heated with water (method 147).

438. Replacement of Hydroxyl Groups by Amino Groups

(NH4),SO
CyoH,0H + NH; ———> C,H,NH, + H,0

This equilibrium reaction in the presence of sulfites is important for
the preparation of certain polyfunctional benzenes and naphthalene

derivatives bearing hydroxyl or amino groups (cf. method 94) (Bucherer).
A review of the literature to 1942 has been made.’® The hydroxy com-
pounds are converted to the corresponding primary amines by treatment
with aqueous ammonia and ammohium sulfite at 90=-150°, good mixing
being essential, as illustrated by the preparation of 2-naphthylamine (96%)
and 7-methyl-1-naphthylamine (90%).>*® In a similar manner, resorcinol
and its alkylated derivatives have been changed to the corresponding
amino phenols (50-80%).°> *** Benzene derivatives containing one hy-
droxyl or one amino group are much less reactive. Hydroxyquinolines
undergo this reaction (G5-88%).3°% 3°3: 846

Sometimes, replacement can be effected by heating with ammonia under
pressure in the presence of zinc chloride, e.g., 3-amino-2-naphthoic acid
from 3-hydroxy-2-naphthoic acid (70%).52*

439. Amination of Aromatic Nuclei

NO, NO

2

NH,
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Certain aromatic and heterocyclic compounds having reactive nuclear
positions undergo direct amination. Thus a-nitronaphthalene on treatment
with hydroxylamine in methanolic potassium hydroxide yields 4-nitro-1-
naphthylamine (60%),*°” following the rules of orientation for substitution
by a nucleophilic reagent rather than an electrophilic reagent.

The amination of heterocyclic bases such as pyridine, quinoline, and
their derivatives by alkali amides furnishes a good method for obtaining
the 2-amino compounds (50=-100%). The scope and limitations of the
reaction have been reviewed; the procedure is illustrated by the prepara-
tion of 2-aminopyridine (76%).%*

440, Rearrangement of N-Alkylanilines

CoHsNHR %3 ».RC,H,NH,

Heat

Treatment of N-monoalkylanilines with anhydrous cobalt chloride at
about 220° for 13 hours causes a nitrogen-to-carbon rearrangement to form
p-alkylanilines 3*** *** Normal alkyl groups migrate without apparent iso-
merization within the group to give good yields (60-85%); however, s-
and f-alkylanilines undergo extensive decomposition to give olefins and
aniline. Similar treatment of the aniline salts gives the rearrangement,
viz., N-isobutylaniline *+ HCl — p-amino-t-butylbenzene. In this case,
isomerization occurs within the alkyl group.

l -~

441, Amination of Cyclic Imines

N-Alkyl- and N,N-dialkyl-ethylenediamines are prepared in a single step
(cf. methods 427, 435, and 452) by the addition of gaseous ethylenimine
to primary or secondary amines in the presence of anhydrous aluminum
chloride (77-89%).** Primary amines react at about 90° with benzene as
solvent, whereas secondary amines react at 180° with tetralin or bipheny!
as solvent. In a similar manner, homologs of ethylenimine and ammonia
(or amines) react in high-pressure equipment at 100° in the presence of
ammonium chloride,**?
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442, Amination of Oxides

/ \
CH,—CH, + R,NH — R,NCH,CH,OH

Ammonia and amines open oxide rings to form amino alcohols;**™** the
yields are markedly higher when amines are employed (55-90% vs. 18-
40%).4644¢7:4¢% The ready availability of ethylene and propylene oxides
makes this procedure attractive for preparing 2-dialkylaminoethanols**
and I-dialkylamino-2-propanols.** Thus S-diethylaminoethanol is con-
veniently prepared by the addition of ethylene oxide to diethylamine in
methanol at 45° to 60° or by a combination of the two reactants in an
autoclave at 100° (81%).*"' Isopropylamine reacts with ethylene oxide in
the presence of water and a small amount of hydrochloric acid to form
B-isopropylaminoethanol (76%).** The reaction is general and is shown
by higher oxides like isobutylene oxide,**® styrene oxide,** and stilbene
oxide,**

443, ‘Amination of Unsaturated Compounds

HC=CH 2™, [R,NCH=CH,] 2=, R,NCH(CH,)C=CH
Catalyst

Acetylene and either primary or secondary aliphatic amines react under
pressure at 80° to 100° in the presence of a copper catalyst to form N-
mono- and N-di-substituted 3-aminobutynes, e.g., 3-diethylamino-1-butyne
(65%).4* Although benzylamine responds favorably, aniline and acetylene
fumish only a 25% yield of 3-anilino-1-butyne.

The treatment of allyl alcohol with amines in the presence of an equi-
molar quantity of alkali in an autoclave at about 115° represents a
general method for the preparation of N-alkyl-3-aminopropanols, e.g.,
3-dimethylamino-1-ptopanol (65%).*™

CH, = CHCH,0H 25 R NCH,CH,CH,0H
NaOH

Ammonia and amines add more easily to a double bond which is con-
jugated with a carbonyl or carbalkoxyl group to form S-amino compounds.
Thus, mesityl oxide and aqueous ammonia react under mild conditions to
form diacetonamine (70%).47*

CH,COCH=C(CH,), *3 CH,COCH,C(CH,),NH,
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The addition of aliphatic and aromatic amines to other unsaturated ketones
has been discussed.*”® «a,S-Unsaturated aldehydes like acrolein and
crotonaldehyde combine with two moles of amine to form unsaturated 1,3-
diamines, RCH(NR,)CH=CHNR,.*** The addition of primary or secondary
amines to acrylic esters has provided a good route to the N-alkyl-3-amino-
propionic esters.*”’™**° The product may add a second molecule of ester
to furnish alkyl di-(carbalkoxyethyl)-amines;**' however, the course of

the reaction can be controlled in many instances to provide largely the
secondary or tertiary amine,

C

RNH, ST CHCOR | RNHCH,CH,CO,R’ SH,=CHCO,R]

RN(CH,CH,CO,R’),

Other a,S-unsaturated esters including methyl methacrylate,'® ethyl
crotonate,**? and ethyl cinnamate *** respond to this treatment. Ammonia
adds to ethyl crotonate to form a 55% yield of ethyl S-aminobutyrate; on
the other hand, the interaction of ammonia and ethyl acrylate produces
only di- and tri-substituted products.***

Amination of a,S-unsaturated acids is brought about by treatment with
two moles of hydroxylamine in alcohol solution, as illustrated by the
synthesis of di-3-amino-S-phenylpropionic acid (34%).*****

CH,CH = CHCO,H 2%, ¢ H, CH(NHOH)CH,CO,H 2>,

C,H,CH(NH,)CH,CO,H
The interaction of ammonia or amines with a-nitro olefins,
RCH=CHNO,, in alcoholic solution at 0° forms nitroamines, e.g.,
1-nitro-2-aminopropane (55%) and 2-nitro-3-aminobutane (60%). The re-
action is general and is applied to numerous nitro olefins readily obtained
by the dehydration of aldehyde-nitroparaffin condensation products.**”*®*

RCH=CHNO, + NH, — RCH(NH,)CH,NO,
444, Aminomethylation (Mannich)
RCOCH, + CH,0 + (CH,),NH HCl =225 RCOCH,CH,N(CH,), - HCI
Compounds possessing labile hydrogen atoms readily condense with

formaldehyde and an amine (ptimary or secondary) or ammonia, thereby
placing an aminomethyl or substituted aminomethyl group at the location
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of the reactive hydrogen atom. The reactive hydrogen may be present in
the alpha position of an aldehyde,"® ketone,**"™*2* acid,*** ester, or nitro-
paraffin;*®**®*%4¢ or it may be in the ortho or para position of a phenol*?*
or in certain heterocyclic compounds.*®*~*2

Secondary products are often formed by the replacement of a second
active hydrogen with an aminomethyl group.

CH,0

RCOCH, CH,N(CH,),* HCI RCOCH[CH,N(CH,), - HCl],

(CH,),NH"* HC1

Also, Mannich bases which are themselves primary or secondary amines
may undergo further condensation to yield tertiary amines.
RCOCH,CH,NHR - HCl ——22, (RCOCH,CH,),NR - HCI + H,0
RCOCH,
The literature of this reaction to 1942 has been reviewed.**” Later
observations have been made,**'**'%!* The synthesis of S-dimethylamino-
propiophenone (72%) exhibits a typical procedure.**

445, Aminomethylation of Alcohols
R,NH + CH,0 + R"OH — R,NCH,0R’

The interaction of paraformaldehyde, a secondary amine, and an alcohol
occurs vigorously to form in good yields an aminomethy! alky! ether.
The method is general and has been applied to the formation of many

amino ethers,*?

446, Degradation of Amides (Hofmann)

RCONH, X2, rNcO 223 RNH,

Amides react with alkaline hypochlorite or hypobromite solutions to
form primaty amines having one less carbon atom. The reaction involves
the hydrolysis of an isocyanate, which is seldom isolated. Isocyanates
are also intermediates in the Curtius and Lossen rearrangements (methods
447 and 448). Although these methods have a common mechanism and
intermediate, they involve three separate and distinct types of starting
materials and are, therefore, treated individually. A comparison of these
reactions has been made.?” A detailed discussion of the Hofmann re-
action, which includes conditions, typical procedures, and compounds
prepared thereby, has been presented.***

The method has been used for the preparation of aliphatic, aryl ali-
phatic,?**~?* aromatic,’**?* and heterocyclic2:2%261: 522,542 gppines,
Yields for the lower aliphatic amines (C,-C,) are about 70-90% but are
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poor for the higher amines because of the formation of the corresponding
nitriles and acyl alkyl ureas.***"?** In order to overcome this difficulty,
the high-molecular-weight aliphatic amides are treated with bromine and
sodium methoxide with subsequent hydrolysis of the resulting urethanes.*

RCONH, + Br, + 2NaOCH, — RNHCO,CH, + 2NaBr + CH,0H

Alicyclic amines have been produced by the same modification,*® %

A few diamides have been converted to diamines.?*>*%2** For the
most part, the conversion of unsaturated amides is unsatisfactory; how-
ever, a-allylphenylacetamide is transformed to a-allylbenzylamine in a
90% yield.** Aromatic amides having free or methylated phenolic groups
are treated preferably with sodium hypochlorite rather than hypobromite
in order to avoid excessive ring halogenation.?*®*?**'3¢ Certain amino
acids like anthranilic acid and S-alanine have been synthesized from the
appropriate imides.?*

CH,CO

xogr CHaNH,
—_— l

CH,CO,H

/NH (45% yield)

CH,CO

447. Degradation of Acyl Azides (Curtius)

SalsO% RNHCO,C,H, ——

RCON, < RNCO 2> RNH, Ha0)

- 722, (RNH),CO

The conversion of an acid to an amine of one less carbon may be con-
veniently accomplished by way of the azide and rearrangement to the iso-
cyanate. The azide may be obtained either from the acyl chloride and
sodium azide or from an ester by treatment with hydrazine and subsequent
diazotization. An excellent review including scope and limitations of
the reactions, selection of experimental conditions and procedures, and a
tabulation of compounds prepared thereby has been presented.?”

The acyl azide undergoes a rearrangement similar to the Hofmann re-
arrangement (method 446) and to the Lossen rearrangement (method 448).
This step is carried out in inert solvents like benzene and chloroform to
give the isocyanate directly or in solvents like alcohol and water which
will react with the isocyanate to form urethanes and ureas.

The amines are obtained by hydrolysis of any of these three inter-
mediates. When hydrolysis is impracticable, the alkylureas or urethanes
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may be converted with phthalic anhydride to alkylphthalimides which are
formed in excellent yields., These compounds are then readily decom-
posed by hydrazine according to the usual Gabriel synthesis (method
452).

Cco

co
N ~
z@ O + (RNH),CO — 2@ NR + CO, + H,0
P
co

-
Co

1 273,278,279

The Curtius reaction can be performed on aliphatic,?™ alicyeclic,
aromatic,?™™"® or heterocyclic***~*** azides.

The application of the procedure to azides containing other functional
groups has also been described.?” Diamines (from dicarboxylic
acids),?”®"%*° arylhaloamines,*® *** and nitroarylamines **** **® have been
successfully prepared, whereas certain groups like the double bond, hy-
droxyl, carbonyl, and amino often cause the formation of products other
than the anticipated amine. For the synthesis of a-amino acids, the
readily accessible alkylcyanoacetic esters may be employed as starting
materials. Their azides rearrange to cyano isocyanates, which can be
easily hydrolyzed.?” **®

NCCH(R)CON, ~> NCCH(R)NCO £28 HOOCCH(R)NH,

a~Amino acids may also be obtained by applying the Curtius reaction to
substituted malonic acid esters as in the preparation of B-phenylalanine
(44% over-all),17%:289,2%0

CO,K CO,K CO,H
C,H,CH,CH 2%% C,H,CH,CH NeN% c H,CH,CH 23
\ \ -t \

CO,C,H, CONNH, CON,
co

\

o
C,H,CH,CH éo 109%, ¢ H,CH,CH(NH,)CO,H

/

NH

448, Degradation of Hydroxamic Acids (Lossen)

RCONHOH X253 RNCO 228 RNH, + CO,
Heat
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Alkali salts of hydroxamic acids and their derivatives undergo a re-
arrangement to give isocyanates. The method has had little synthetic
application; it has been reviewed.*”

449, Interaction of Hydrazoic Acid and Carbonyl Compounds (Schmidt)

(a@) RCO,H + HN, 22°°4 RNH, + CO, + N,
(%) RCOR + HN, 2224 RCONHR — RNH,

The reaction of equimolar quantities of hydrazoic acid with an acid or
ketone affords a convenient method for preparing certain amines. The
reaction is carried out by treating the organic compound in an inert sol-
vent in the presence of sulfuric acid with gaseous hydrogen azide,**’
hydrazoic acid in solution, or sodium azide directly.?”® An excess of
hydrazoic acid should be avoided in the reaction of ketones, for then
tetrazoles are formed. It should be recalled that hydrazoic acid is toxic
and explosive. A discussion of the method including scope and limita-
tions, experimental conditions and procedures, and compounds prepared
thereby has been presented.”?

Aliphatic,?®* alicyclic,** and aromatic acids which are stable to
concentrated sulfuric acid undergo the reaction in good yields, although
detailed directions are frequently lacking. Amines prepared by this
single-step process are often obtained in higher yields than when pre-
pared by either the Hofmann or Curtius degradation. *

Benzoic acids substituted with alkyl, halo, hydroxyl, alkoxyl, cyano,
or nitro groups react to give the corresponding substituted anilines in
41-80% yields.*”® The carboxyl group in an a-amino acid does not react
with hydrazoic acid; the reaction proceeds, however, if the amino group
is further removed. This difference in reactivity is shown by the con-
version of a-aminoadipic acid to d/-ornithine (75%).2°°

294=298

HO,C(CH,),CH(NH,)CO,H + HN, ~2224 1, N(CH,),CH(NH,)CO,H

The conversion of ketones to amides by the Schmidt reaction has been
mentioned elsewhere (method 362). Since the hydrolysis of the amides so
obtained proceeds readily, the two steps provide a convenient syathesis
of amines from ketones. ' The yields are often higher than those obtained
from the Beckmann rearrangement with subsequent hydrolysis (method

*For a comparison of the Schmidt, Hofmann, and Curtius reactions, see ref.
270, p. 363.
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451).?"7*** The procedure is convenient for the synthesis of a-amino
acids from mono- or di-substituted acetoacetic esters (80-98%).*"
CH,COC(R),CO,C,H, + HN, 2224 CH,CONHC(R),CO,C,H, 2%

C4Hg
H,NCR,CO,H + C,H,OH + CH,CO,H

450. Hydrolysis of Isocyanates, Isothiocyanates, Urethanes, and Ureas
RNCO + H,0 — RNH, + CO,

Many important amines have been obtained by the hydrolysis of one
of these substances. Thus, t-butylamine is formed by alkaline hydrolysis
of t-butylurea (78%)** or by treatment of t-butylisothiocyanate with formic
acid (79%).*** Allylamine is synthesized by hydrolysis of allyl isocyanate
with dilute hydrochloric acid (73%).** The hydrolysis of isocyanates,
urethanes, and ureas, which occur as intermediates in the degradation of
amides and azides, has been discussed under methods 446 and 447, where
many examples have been cited.

B-Arylaminoethanols are made by the condensation of arylamines with
chloroethyl chloroformate followed by treatment of the resulting carba-
mates with excess alkali. The reaction proceeds by way of an inter-
mediate oxazolidone which need not be isolated,**®

C1CO,CH,CH,CI
_—

ArNH, ArNHCO,CH,CH,Cl —» ArNCO,CH,TH2

80%

KOH
J, (80%~—100%)
ArNHCH,CH,O0H

In a similar manner, 7y-chloropropyl arylcarbamates formed from aromatic
amines and y-chlotopropyl chloroformate are converted to y-arylamino-
propanols,**°

451, Hydrolysis of N-Substituted Amides

RCONHR 5 RCONRR’ 228 RR’NH
Na

The N-alkylation of amides followed by hydrolysis furnishes a good
route for making secondary amines, The formyl,*** acetyl,’” and aryl-
sulfonyl ****%* derivatives of amines are best suited for alkylation
(method 358). Hydrolysis is accomplished by refluxing concentrated
hydrochloric acid alone®®?7* %47 o in acetic acid.****°***** N-Alkyl-
formamides prepared by the addition of olefins to nitriles (method 355)
are hydrolyzed with aqueous alkali.®® Similar hydrolytic procedures

METHODS 451-452 679

387,497 495,496

have been employed for obtaining diamines, unsaturated amines,
and amino acids.***~%® The deacylation of p- and o-nitroacetanilides is
carried out with sodium ethoxide in boiling alcohol.*®

Certain amines are conveniently prepared by the hydrolysis of N-
substituted amides which are made by the Beckmann rearrangement (method
359) and the Schmidt reaction (method 362). .

452, Hydrolysis of N-Substituted Phthalimides (Gabriel)

co Q. COOH
S, RX H,0 RNH,
=, NR -5 +
[:[ NK _ @ COOH
co

<
Cco

The facile alkylation of phthalimide and subsequent hydrolysis of the
N-substituted derivatives furnishes a convenient synthesis for primary
amines. The substituted phthalimide was originally prepared by heating
a mixture of phthalimide, potassium carbonate, and organic halide in a
non-polar solvent for 2 to 24 hours at 100° to 150°.**® An improved
procedure consists in performing this initial step in a polar solvent like
dimethylformamide, in which potassium phthalimide is appreciably soluble;
the reaction occurs at room temperature within 10 minutes.*** Various
esters of p-toluenesulfonic acid may be substituted for the organic halides
as alkylating agents.®’

Tertiary alkyl halides lose hydrogen halide in their reaction with potas-
sium phthalimide. However, the t-alkylphthalimides are readily prepared
by heating the corresponding t-alkylureas and phthalic anhydride to 200°
to 240°.*°

Hydrolysis may be carried out directly by refluxing the alkylated
phthalimide in basic or acidic solutions or by the action of hydrazine
hydrate followed by acidification.**® This procedure is illustrated by the

synthesis of t-butylamine (67% over-all).**®
o
o &
NH
~ . ~
C[ NC(CH,), MQ | 4 (CH,),CNH, + H,0
_ _NH
co C
I
o

Alkylation with otganic halides carrying a second functional group
affords a good synthesis of some difficultly obtained difunctional com-
pounds including diamines,*®***~*** amino halides,*® hydroxy amines,®*

429,440 anmino acids,*****~*** amino cyanides,***’*** and

amino ketones,
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nitro amines.*?* Also the stability of the N-substituted phthalimide allows
further changes to be made, for example, (4) amination of yy-bromopropy!-
phthalimide with various secondary amines (60-80%),** (b) catalytic re-
duction of N-(m-nitrobenzyl)-phthalimide,*® (c) oxidation of S-hydroxy-
ethylphthalimide,*® and (d) the action of halogen acids on epihydrin-
phthalimide,*®

453. Hydrolysis of Nitrosoanilines

C,H,NRR*- 2%, ,, RR'NC,H,NO 1S RR’NH + p-HOC,H,NO

This classical method for preparing secondary amines is rarely used.
It has been applied in the preparation of some a-dialkylamino-w -methyl-
aminoalkanes (65-70%).'® Higher yields have been obtained by hydro-
lyzing with sodjum bisulfite rather than with sodium hydroxide, which
is the common reagent,

454, Hydrolysis of Quaternary Imine Salts
ArCH=NR 2% [ArCH=NRR’J* X~ ®23 RRNH

The alkylation of Schiff bases and hydrolysis of the resulting quater-
nary salts is an excellent method for obtaining certain secondary amines,
RR’NH, particularly where R”.= CH,.*** The procedure is less satisfactory
for the introduction of large alkyl groups. The Schiff base is usually a
derivative of benzaldehyde. It is readily prepared, and, without isolation,
is alkylated; furthermore, the salt is seldom isolated. An example is the
treatment of the Schiff base from allylamine and benzaldehyde, Methyla-
tion is accomplished by the action of methyl iodide at 80° for 16 hours;
subsequent hydrolysis furnishes methylallylamine in 71% yield.**

455. Hydrolysis of Cyanamides

Na,NCN
—_—

2RBr R,NCN 223 R,NH + CO, + NH,

Examples include the synthesis of diallylamine (88%) and di-n-butyl-
amine (75%).*°

456+ Ring Dehydrogenation

H,C

H,C H,C
s (mommm((Dmnn)ema Sy
H,C H,C

H,C

METHODS 456-460 681

 Azines of certain carbonyl compounds like 3-methyl-S-alkyl-2-cyclo-
hexen-1-ones and the alkylated l-tetralones have been aromatized to the
corresponding 3methyl-5-alkylanilines and 1-aminonaphthalenes by boil-
ing with a palladium-carbon catalyst in triethylbenzene.*”® The yields
in the first step are in the range 24% to 74% and in the second 20% to
55%.
The nuclear amino group is stable during the sulfur dehydrogenation of

2-amino-9, 10-dihydrophenanthrene (cf. method 2).**° In another instance,
it is protected by acetylation before dehydrogenation.**!

457, Condensation of Grignard Reagents and O-Methylhydroxylamine

CH,ONH, =M%, RNHMgX 213 RNH,

A general method for the preparation of primary amines, free from
secondary and tertiary amines, involves the interaction of Grignard
reagents and O-methylhydroxylamine. The yields range from 45% to 90%
for many amines including ethylamine (81%), t-butylamine (70%), n-amyl-
amine (65%), and SB-phenylethylamine (68%).5*?

Grignard reagents which have been prepared from polymethylene halides
and magnesium in the presence of 0.1% water in the ether react readily
with O-methylhydroxylamine to form the corresponding polymethylene di-
amines (50=68%).%*

458, Addition of Grignatd Reagents to Schiff Bases

ArCHO 23 ArCH==NR 8%, ArCH(R’)NHR

This method is particularly desirable when the stable and readily
available Schiff bases from substituted benzaldehydes are employed.
It furnishes a good synthesis for amines of the type ArCH(R")NHR where
the two R groups may be widely varied to include those from many Grig-
nard reagents and primary aliphatic amines, e.g., N-methyl-1,2-dipheny!-
ethylamine (95%)*"° and 1-ethylamino-1-phenylbutane (90%).*”* The re-
action of aliphatic aldimines and Grignard reagents has been found to
proceed less readily.’™

459. Interaction of Grignard Reagents and Halo amines®”
RMgX + NH,Cl — RNH, + MgXCl or RCl + MgXNH,
460. Reduction of Unsaturated Amines?%”'*** (cf. methods 431 and 443)

RCH=CHCHO 2283 RCH(NR,)CH=CHNR, —**, RCH(NR,)CH,CH,NR,

70=93%
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461. Interaction of Sodium Amide and Halogen Compounds®®*-**’

RX + NaNH, =™, RNH, + NaX

Ammontia

R =n-hexyl (747);%%* R = 2-pyridyl (67%).%%
462, Rearrangement of Hydrazobenzenes **?+*%°
C,H,NHNHC,H, "> H,NC,H,C,H,NH,
463, Interaction of Amines and 3-Keto Esters %*

RCOCH,CO,C,H, 22, RC(NHR*) = CHCO,C,H,

Ch. 24

464 Condensation of Unsaturated Amines and Aromatic Compounds*®®

CH, = CHCH,NH, + AtH 2*“'3 ArCH(CH,)CH,NH,

TABLE 81. AMINES

TABLE 81. AMINES
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C, Compound Method Y(I;;d Chapter‘ef- B.p./mm., ni), (M.p.), Deriv,
Aliphatic Amines
C, Methylamine 437 72 2400 —-6.5*
431 s1 241
446 78 247
447 ot 24
C, Ethylamine 437 83 2485 16.6*, 160HBr*
446 90 243%
Dim ethylamine 431 95 243 171HC»
C, n-Propylamine 446 2 2434 48, 158HCl*
Isoptopylamine 446 70 2448 32
426 89 2447 34
Trimethylamine 431 90 247 3,5*, 27SHCI*
C, nButylamine 426 60 24%% 75-80, 195HCI*
435 47 24% 76.5/742, 1.4008
457 63 2451 78, 151Pi*
s-Butylamine 426 54 24174 63/745, 1.3939
426 60 243% 59-65
431 80 243 66
Isobutylamine 426 52 24174 68/745, 1.3969
446 90 243% 67
447 71t 24371 164HC1
457 90 24% 69, 150Pi
t-Butylamine 429 82 247 44,5, L3770
450- 78 2444 46, 1.3800
451 78 245 310HC1
452 67t 24%° 46, 198Pi*
457 70 241 45, 1.3789, 134Bz
Methylisoptopylamine 431 65 243% 50, 74HC
431 59 2421 45-55, 135Pi
Tewamethylammonium 436 95 245%7
chloride
Cs n-Amylamine 426 62 2434 100- 104
427 95 24
427 68 2438 105
446 88 24%% 9
449 75 24 138Pi
457 65 2451 104, 139Pi
2 Aminopentane 431 66 2427 89
3 Aminopentane 431 60 243 92
Isoamylamine 446 88 2434 78
457 71 2451 96, 138Pi
t-Amylamine 452 63t 24 78
457 48 241 78, 183Pi
Neopentylamine hydro- 446 94 243 (273d)

chloride

For explanations and symbols see pp. xi-xii.
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TABLE 81 (continued)
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684 AMINES Ch. 24
TABLE 81 (continued)
Yield £ t
Cp Compound Method %) Chaptert®t+ B.p./mm., nn, (M.p.), Deriv,
Aliphatic Amines (continued)
Cs Methyln-butylamine 429 %6t 2436 91/750, 1.4011
Ethykn-propylamine 428 53 2434 78, 223HA

N,N-Diethyl methylamine

42 43t 24
431 92 24

80/738, 1.3966, 224HC1
185Pi

Cg¢ n-Hexylamine 427 70 24310 130
446 70 24 128
449 75 241 126Pi
461 74 24%4
2Methyl-4aminopentane 431 55 2427 109, 1.4063%5, 139HC]*
2,2 Dimethyl-3-aminobu- 431 51 2438 102, 297HCI
tane
Ethyl-r-butylamine 42 s2t 24 109/737, 1.4056, 197HCl
Dimethyl-r-butylamine 432 80 2418 94
Triethylamine 428 S0 2434 89
C, nHeptylamine 426 64 2434 153
426 73 24%%° 152-157
427 95 243
431 63 2430 58/23, 122Pi*
446 65 2418 156
449 75 247 119Pi
2- Aminoheptane 426 80 240 142.5
431 80 24208 142, 1.4150%, 83HCI
432 55 24%8 142.5
nPropyl-n-butylamine 429 54t 24368 93/200, 1.4112, 268HC!
Isopropyl-n-butylamine 42 52t 24%® 125/748, 1.4050
Diethyli sopropylamine 436 @ 241% 108
n-Butyltrimethylammonium 436 93 24" (198)
bromide
Cs Ethyl-n-hexylamine 434 76 2413 158/743, 191HCI
Di-n-butylamine 455 75 2440 160
C,, Di-n-hexylamine 434 100 2457 122/15, 270HA
Alicyclic Amines
C, Cyclopropylamine 446 sot 247% 50/750, 149Pi
Cs Cyclopentylamine 426 80 244
C¢ Cyclohexylamine 426 60 24%% 135
426 920 24308 48-52/30, 1.45692%, 206HCI
430 94 2437
431 50 2437
432 75 24547
449 82 2424
C; 2Methyl-l-aminocyclo- 446 77t 247 150, 1.4575'°, 147Bz

hexane

Cp Compound Method Y(l;;d Gmpter‘ef- B.p./mm., ni), (M.p.), Deriv.
Alicyclic Amines (continued)
C; 3Methyl-l-aminocyclohex- 446 66t 243% 150/747, 1.4488%, 163Bz
ane
4Methyl- l-aminocyclohex- 446 90 2471 150/743, 1.4535%, 260HCI
ane
Cs BCyclohexylethylamine 430 79 247 85/25, L4656, 256HC1
trans- > Ethylcyclohexyl- 426 80 243 151/745, 65/17, 198Pi
amine
N-Ethylcyclohexylamine 430 91 24%® 165/745
Cy 1-Cyclohexyl-2amino- 430 77 24%™ 87/21, 1.4615, 192HA
propane
S-Methyl-3-cyclohexyl- 430 86 2437 91/17, 1.4718, 196HC!
ethylamine
N-Methyl- 3-cyclohexyl- 430 85 24%7 78/9, 1.4586, 172HCI
ethylamine
C,o 9 Aminodecalin 425 73 243 92/12, 148Bz
C,, Dicyclohexylamine 430 95 244 145/30
431 70 24318 115-120/10, 333HA

Aromatic Amines

Cs

Cy

Cs

Aniline

Benzylamine

N-Methylaniline

o-Toluidine
m-Toluidine
p~Toluidine

a-Phenylethylamine

425
447
449

426
427
427
431
432
435
437
446
447
449
451
452
457
431
436
436
425
425
425

426
431

86
76
85

73
72
69
89
60
53
84
85
94t
75
81
75t
57
50
2%
73
73
25t
91

97
52

245
247
24294

243%
243%
2457
244
24541
24%

2434
2424
24170
24294
24.\1!
24420
24!12
24111
24111
24135
244

245"
244

24341
24103

184, 195H
115Ac

74/15

85/24

80/8

182/680, 198Pi
75/14, 105B2*
184

184, 258HCl
257HA

84/20, 60Ac
187, G0Ac
90/12, 194Pi
196*

101Ac

199*, 111Ac
201/756, 65Ac
200", 149Ac

76/ 13, 158HCI
8y18

For explanations and symbols see pp. xi-xii,



AMINES

686 Ch. 24
TABLE 81 (comtinued)
Cn Compound Method Yield Chapter“’f- B.p./mm nt M i
(%) 5N “ Ny, .p.), Deriv,
Aromatic Amines (continued)
C, a-Phenylethylamine 431 69 24307
(continued) 432 66 24¥° 186

446 60 24158 73/14, 104Ac

447 68t 247 70/12, 104Ac
BPhenylethylamine 427 87 24 93/15, 219HCL

427 72 24308 107/37, 1.5306, 174Pi

437 54 2488 ’

446 60 243%

449 70 2474

452 95 244 205

457 68 24%8 78/10, 167Pi
o-Methylbenzylamine 427 23 24%® 105/20

427 88 249 134/85, 1.5412

431 83 2404
p-Methylbenzylamine 427 883 2437 108/54, 234HCl

432 62 24%7 200/680, 205Pi
p-Ethylaniline 425 90 247

440 83 2438 216, 94Ac*

3- Amino- 1, >dimethyl- 425 92 241 119/25, 134Ac
benzene

4 Amino-1,2-dimethyl- 425 69 244
benzene 435 66 24% 118/25, (49)

449 21t 242 (51)

1,3 Dimethyl-S-amino- 438 75 241 218/760, (10), 1.5581
benzene
N-Ethylaniline 431 63 2421 205*, 135Pi

436 75 24
N-Methylbenzylamine 429 72 247 186
N,N-Dimethylaniline 431 79 2434 195

436 86 241.!!

436 68 24

Cy 1-Phenyl- }raminopropane 431 65 24
2Phenyl- l-aminoptopane 435 51 24% 83/10, 145HCl

446 &0 24797 92/12, 147HCl

464 94 240 98/19, 1.5255, 144HCl
1-Phenyl- 2-aminopropane 426 55 243%

431 85 247 80/10, 146HCl

435 51 248%¢ 82/11, 149HCL

446 42 243% 104/22, 152HC]

449 73 24%% 146HCl
a,a-Dimethylbenzylamine 446 84 24%% 73/8, 1.5175-85%, 241HC
p-n-Propylaniline 440 67 2433 220~ 225, 96Ac
p-Isopropylaniline (p- 425 58 24°% 105/20, 102Ac

cumidine)
N-Methyl-a-phene thyl- 432 0 24 179Hd

amine

TABLE 81. AMINES

TABLE 81 (continued)

6B7

Cn Compound Method Y(x;;d Chapter‘ef- B.p./mm., "‘D’ (M.p.), Deriv.
Aromatic Amines (continued)

Cp N-Ethyl m-toluidine 436 66 24118 112/20
Benzyldimethylamine 436 80 2418 176-180
N-Methyl-N-ethylaniline 431 88 2437 209, 129Pi
N,N-dimethyl-n~toluidine 436 60 24183 206/740
N,N-Dimethyl-p-toluidine 436 53 24 206/ 740
Phenyl rimethylammonium 436 90 248 (126), 124Pi

sulfate
s- Aminohydrindene 451 92 24% 247, (34)

Cy l-Phenyl-3-aminobutane 431 67 242 80/4, 148HCI
2 Amino- 3-phenyl butane 447 96t 2474 111/14
o-Amino-t-butylbenzene 425 85 24 161Ac
p- Amino-t-butylbenzene 425 73 24° 93/3, (16), 170Ac
2- Amino-p-cymene 425 20 24 242/760, 110/ 10
3, 4-Diethylaniline 425 99 24 117/10, 1.5458%, 119Ac
1-Methylamino-1-ph eayl- 458 75 241

propane
1-Methylamino-2-pheayl- 436 44 24% 100/20, 133HA
propane 454 80 2484 98/18, 159HCL
464 47 24%¢ 87/10, 1,5112, 146HC!
2Methylamino- I-phenyl- 454 93 2424 80/6, 136HC!
propane
N-Ethyl-a-phenethylamine 432 b, !] 24 200HA
N,N-Dimethylphenethyl- 432 83 24%° 08/22
amine .
Benzylmethyle thylamine 43 100 241 80/16, 152Hd
N,N-Diethylaniline 431 70 2438 140Pi
436 87 248 216
436 99 24
p-Dimethylaminoethyl- 436 27 24%% 104/16
benzene
1-Naphthylamine 425 96 244 (50), 159Ac*
44 70t 24%
2Naphthylamine 438 9% 24%% (112), 132Ac*
1,2, 3,4 Tetrahydro-2- 430 57 24 118/8, 140/20
naphthylamine
C,, l-Ethylamino-2-phenyl- 431 94 2434 127/30, 160HA
propane 464 77 248 93/10, 1.5032, 159HCl
1-Dimethylamino- > 464 62 2446 80/10, 1.4983, 222HCl
phenylpropane ‘
2- Dimethylamino- I- 431 67 2404 100/ 12, 161HC!
phenylpropane
7-Methy} l-naphthylamine 438 90 24 140/3, (59)
a-Aminomethylnaphthalene 435 72 24% 135/0.3

For expl anations and symbols see pp. xi~-xii.
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TABLE 81 (continued)

Cp Compound Method Y(l;;d Chnpter'ef- B.p./mm., "‘D’ (M.p.), Deriv,
Aromatic Amines (continued)
C,; N-Methylnaphthylamine 437 73 243 200~-205/30, 262HCl
451 70 24%? 170/12
Cja B-(a-Naphthylyethylamine 447 45t 247 170/12, 245HCI
a~(3-Naphthyl-ethylamine 432 84 246%™ 199HCl
N-Ethyl-a-naphthylamine 431 88 248 190/20*
N-Ethyl-S-naphthylamine 431 64 2438 316*
N,N-Dimethyl-a-naphthyl- 436 70 241 272*
amine
N,N-Dimethyl-3-naphthyl - 436 64 241 305*
amine
2- Aminobiphenyl 425 93 24 182/30, (49)
3 Ami nobi phenyl 425 99 24% 178/18, (31)
4- Aminobiphenyl 425 93 244 211/30, (54)*, 171Ac
o-Aminocyclohexylbenzene 425 8s 24Y 134/3, 106/0.5
3- Aminoacenaphthene 425 85 241 (81.5), 193Ac
Cjs Benzhydrylamine 426 87 24’ 171/16, 270HC
432 96 244
o-Phenylbenzylamine 427 6 248 168/15, 179/12, 217HC]
N-Phenyl benzylamine 429 97 24118 146/1
(benzylaniline) 436 87 2414 180/12, (36)
N-Phenyl-p-toluidine 451 ot 24*
Methyldiphenylamine 431 65 2416 148/13
2 Aminofluorene 425 82 241 (1279
9-Aminofluorene 426 74 24%% (65), 255HC

432 75 24"
452 g7t 24" 62)

Cys B,BDiphenylethylamine 427 76 243 134/2, (43.5)
Dibenzylamine 429 50 2437 150~155/4~5
m-Tolylbenzylamine 429 94 24312 157/4, 199HCl
Ethyldiphenylamine 431 80 248 150/13
2-Dimethylaminobiphenyl 436 94 24 145/11
N,N-Diethyl-a-naphthyl- 431 40 243 155-165/30, 1.5961, 154Pi

amine 436 60 241
1- Aminophenanthrene 451 72t 24% (146), 220Ac

456 60 24! (147), 204Pi*
2-Aminophenanthrene 449 ggt 2478 (84)
451 g6t  24%® (86)
. 456 68 2440 (86)

3-Aminophenanthrene 449 got 24 (86)
451 70t 24% (87
% Aminophenanthrene 447 sit 2477 (137.5)

449 73t 247 (137)
451 6ot  24™ (130)

TABLE 81. AMINES

TABLE 81 (continued)

689

Cn Compound Method Y(x;Sd Chapter‘ef' B.p./mm., "‘D’ (M.p.), Deriv,
Aromatic Amines (continued)
Cy4 9 Aminoanthracene 425 91 24 (135~ 140), 274Ac
Cys B,y-Diphenylpropylamine 427 88 244 171/6
y,y-Diphenylpropylamine 427 81 2438 150/2, 218HCl
N-Methyl-1,2-diphenyl- 458 95 2447 186HCl
ethylamine
9 Aminomethylphenan- 427 100 2438 (108.5), 294HC1
threne 435 70 24% 165/0.15
Cys Trphenylamine 436 85 2416 (126)
C,4 D-Aminotetraphenyl- 1 74 24%% (250)
methane
Heterocyclic Amines
C, 2Aminofuran 447 s4t 242 124Bz
Cs; Furfurylamine 431 79 244 146* ,
2-Methyl- 3-aminofuran 447 s4t 24 52/4, 137Bz
2-Methylaminofuran 427 84 242 50/10
2-Thenylamine 444 45 244 65/4, 1.5628, 189HCl
a- Thienylaminomethane 437 84 24%4 75/11, 194HCl
2-Aminopyridine 435 70 24% (57)
439 76 2450 120/36
3-Aminopyridine 425 93 24» (64)
435 80 24% (64), 133Ac
435 60 24 109/3, (61)
446 89 2432 64)
4-Aminopyridine 435 30 24532 (159)
446 74 245 (159)
2-Aminopiperidine 430 78 24%% 68/17, (57), 197Bz
554 90 391® 68/17, (57), 225HCl
C¢ N-Methylfurfurylamine 436 SO 24'® 149/761, 1.4729, 146HCl
1-(a-Thieayl)-1- 432 51 24 84/16, 142HCI
aminoethane
[B-(>Thienyl)ethylamine 425 63 4% 78/7.0, 202HC1
427 34 24314 74/3, 203HCl
446 63 2458 201/750, 202HC
2-Methyl- S-aminopyridine 446 55 2420 (96), 123Ac*
447 93 24%0 (96), 218HCI
6-Amino- 2-picoline 439 61 24%® 125/20, (40)
2- Aminomethy Ipyridine 427 38 24318 93/3, 76/3, 138NBz
3 Aminom ethylpyridine 427 60 243 98/3, 116/3, 191NBz
4 Aminomethylpyridine 427 60 24%s 117/5, 112/4, 180Pi*
2 Aminomethylpiperidine 554 61 39126 81/18
C, 1-Furyl-2-aminopropane 426 90 24%*

For explanations and symbols see pp. xi-xii.
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TABLE 81 (continued)

Cp Compound Method Y(l%d)d Chapterref B.p./mm,, ntD, (M.p.), Deriv.
Heterocyclic Amines (continued)
C, N-Etylfurfurylamine 429 49 241 75/25, 121HA
436 58 24 167/761, 1.4688, 128HQ
N,N-Dimethylfurfurylamine * 432 60 24%7 146
432 85 2414 145, 103Pi
2Dimethylaminomethyl- 444 77 244 94/19, 137Pi
pymole
a-(Ethylamino)-pyridine 451 81 244 82/4
Cs I-(o-Furyl)3aminobutane 431 50 24 190/760, 102/25
N-Ethyl- $-methylfusfury} 444 45 2490 76/17, 1.4689%%, 139HC1
amine
N,N-Dim ethyl- S-methyl- 444 65 2440 70/25, 1.4620%, 158HC
furfurylamine
B-(3Pyridyl)isopropyl- 432 36 24 88/1, 187Pi
amine
¥-Piperidinopropylamine 427 69 2418 205/730, 1.4750, 210Pi
3-Aminothianaphthene 425 67 243 168Ac
S-Aminothianaphthene 425 65 24% (72
Cy N,N-Diethylfurfurylamine 432 68 2414 172, 85Pi
8-Piperidinobutylamine 427 54 24198 120/25, 1.4756, 160Pi
2Aminoquinoline 435 50 24% (129)
3- Aminoquinoline 425 97 24 (83), 172Ac
435 60 24%4 (84)
435 73 2414 (83), 172Ac
4-Aminoquinoline 435 70 24 (154)
446 90 2434 (69), (156), 178Ac
446 90 39164 (156), 178Ac
575 431 3e (153)
5-Aminoquinoline 425 80 24% 181/7, (110), 240HCl
6 Aminoquinoline 425 85 24% 187-200/10-13, (114)
7- Aminoquinoline 425 95 24% (75), (93)
8 Aminoquinoline 425 95 243 141/7, (65)
438 88 24% (65.5)
1- Aminoisoquinoline 439 70 2451 (123)*
4 Aminoisoquinoline 435 70 24% (108.5), 168Ac
5 Aminoi soquinoline 425 80 24% (129), 166Ac
438 65 24%% (132)
G Aminoi soquinoline 438 85 24% (218)
cis-trans-Decahydro~ 430 95 243 206
quinoline
Cy /A¥Thianaphthylethyl- 427 32 2434 125/1, 177Pi
amine
1-(/3-Di ethylamino ethyl)- 436 66 24%% 80/4

pyrrole

TABLE 82. DIAMINES

TABLE 81 (continued)
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Cp Compound Method Y(l;;d Chapterefe B.p./mm., ni), (M.p.), Deriv,
Heterocyclic Amines (continued)
Cio N,N-Diethyl-3-pyridyl- 428 55 2434 100/12, 170Fi
methylamine
2 Aminolepidine 435 78 2498 (133), 232Ac
C,, ¥Dimethylaminomethyl- 444 100 24412 (134), 142Pi
indole
2-Dimethylaminoquinoline 436 91 24V 71)
C,; l-Aminodibenzofuran 435 24 24% (74), 205Ac
3 Aminodibenzofuren 425 91 24 (94)°
4-Aminodibenzofuran 438 45 24%4 (85)*
446 55 24%t
2-Aminodibenzothiophene 425 921 24% (133)
435 62 24 (129), 178Ac
451 72 24%8 (131)
3 Aminodibenzothiophene 461 50 24%s (122), 200Ac
4-Aminodibenzothiophene 435 37t 24% (110), 198Ac
64 24% (110)
C,s 2-Aminoacridine 60 393 (216)
o Aminoacridine 435 89 39317 (233)

For explanations and symbols see pp. xi~xii.

TABLE 82, DIAMINES

vi
Cn Compound Method (l;l)d Chapter‘ef- B.p./mm., ntD, M.p.), Deriv,
Aliphatic Diamines

C, Ethylenediamine 447 75t 24%° 172Ac
452 60 242 116, 172Ac
C, 1,2>Diaminopropane 425 52 2447 221HCI
Trimethylenediamine 427 23 2418 138/735, 1.4600, 178Pi
446 54 24 131/760*, 250Pi
449 65 243% 250Pi
452 2 2442 136, 140Bz*
N-Methyl ethylenediamine 427 66 2434 111, 112Bz*
451 33t 24% 116/757, 220Pi
C, 1,2Butylenediamine 441 55 2448 140, 1.4490, 187Bz
Tetramethylep ediamine 446 60 2432 177Bz
447 48t 4
449 80 244
452 74 Y Sand 159/760

For explanations and symbols see pp. xi-xii.
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TABLE 82 (continued)
Cp Compound Method Yield Chapterfef. B.p./mm nt M i
(% .De > M, «D.), Deriv.
Aliphatic Diamines (continued)
C, 2,3Diaminobutane 425 40 2447 312HCl
Isobutylenediamine 427 80 24318 115/754%, 100Ac
y-Methylaminopropylamine 427 70 24%° 141, 1.4479, 226Pi
N-Monoethylethyl- 451 20t 24 131/759, 195Pi
enediamine

B-Dimethylaminoethyl- 427 47 24316 108
amin~

N,N’-Dimethylethylene- 436 50 24 150~-160, 160Pi
diamine

Cs; Pentamethylenediamine 457 68 24512 180, 237Pi

(cadaverine)
2-Methyl-1,2-diamino- 427 61t 2432 143/752, 1.4483, 229Pi
butane
2-Methyl- 1, 4-diamino- 446 72 2436 154Bz
butane
2,2Dimethyl-1,3-propane- 425 90 241 78/50, (29), 257HCl*
diamine 425 67 247 153/737, 1.4566, 240Pi
y-Ethylaminopropylamine 427 74 24198 156/735, 1.4441, 193Pi
1-Dimethylamino- 2 431 40 247 113, 1.4177%
aminopropane
Cs Hexamethylenediamine 452 g6t 2448 258HC!
457 51 24512 204, 220Pi
I-Ethylamino- > 441 20 2448 157, 14431, 116Bz
aminobutane
2-Methyl- 2methylamino- 427 66t 241 155/737, 1.4502, 203Pi
1-aminobutane
3 Ethylamino-2-methyl-2 441 42 244%2 141, 1.4300, 108Bz
aminopropane
BDiethylaminoethylamine 427 53 24 145/760, 99/13, 207Pi
427 62 2437 144- 150, 211Pi
441 89 2440
452 57 24°% 145-149
C; 1-Diethylamino-2- 431 62 2428 153, 182Pi
aminopropane 431 65 2408 154/760, 70/20
y-Diethylaminopropyl- 427 72 24198 168/735, 1.4355, 194Pi
amine 452 0 244% 170, 1.4437
1-Dimethylamino-3- 436 100 241 56/ 14, 18GPi
methylaminobutane
1,3bis-Dim ethylamino- 460 78 2448 145, 207Pi
propane
[ Diethylaminoethyl- 436 40 2414 160
methylamine

TABLE 82. DIAMINES

TABLE 82 (continued)
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Cy Compound Method Y(l;o;d Chaptet"e" B.p./mm., n:), (M.p.), Deriv,
Aliphatic Diamines (continued)
Cs 1-Diethylamino- 2amino- 425 55 24% 80/ 16
butane 441 54 24452 173, 1.4347
1-Diethyl amino- 3-amino- 426 60 24%% 74/12, 1.4428%*
butane 431 72 24 70/10, 1.4430%®
4-Diethylaminobutyl amine 427 97 2438 88/18, 1.4462%, 156Pi
427 50 24194 86/16, 1.4420%%
1,3-bis-Dimethylamino- 436 100 241 56/12
butane 460 74 24
1,4-bis-Dimethylamino- 436 92 2418 167, 199Pi
butane
1-Diethylamino-3- 453 65 241%8 60/8, L4390
methylaminopropane
Cs I-Diethylamino-3- 426 75 24%* 86-95/22, 1.4421, 155Pi
aminopentane
Tetraethylmethylene- 76 2451 167/757
diamine
C,o Decamethylenediamine 427 80 2438 146/ 14, (60)
1-Diethylamino-4- 426 64 2439 105-112/20
aminohexane
B-Diethylaminoethyl- 436 50 2414 151Pi
diethylamine

Alicyclic Diamines

Ca

Ce

Cs

trans- 1,2-Diaminocyclo-
butane

1,3Diaminocyclohexane

1,4-Diaminocy cloh exane

cis-1,4 Diaminomethyl-
cyclohexane

trans-1,4-Diaminomethyl-
cyclohexane

N-Ethyl-1,4-cyclohexane-
diamine

Cyo N,N-Diethyl- 1,4 cyclohex-

anediamine

447 12t 247
449 sst 24

430 60 24
447 sot  24%°
450 100 247
447 72t 247

427 33t 245
427 22t
430 63 24198

430 70 241%°

74/50, 1.4837
74/50, 1.4837

265Pi
198/760, 265Pi
198/760, 265Pi

115/8, 350HCl
118/10, (27), 380HCI
87/11, 1.4767%

85/4, 1.4720%

Aromatic Diamines

o-Phenylenediamine
m-Phenylenediamine
sym-Triamino benzene

425 85 244
425 95 2434
425 76 24%

(101)
154/10, 70Ac
(84), (112), 357Bz

For explanations and symbols see pp. xi-xii,
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TABLE 82 (continued)

Ch. 24

Cp Compound

Method

Yield
(%)

Chaptertefe B.p./mm., "i)' (M.p.), Deriv.

Aromatic Diamines (continued)

C, o-Aminobenzylamine
m- Aminobenzylamine
2,4 Diaminotoluene
sym- Triaminotoluene

Cys Phenylethylenediamine
m-Xylylendiamine
N-Phenylaminoethyl-
amine

p-Aminodimethylaniline

Cyo m-Phenylen-8,8°-
diethylamine
p-Phenylen-8, 8°
diethylamine

N-(2Dimethylamino-
ethyl)-aniline
Cia 3,3’-Diaminobiphenyl
4,4’-Di aminobiph enyl
(benzidine)
C,, 4,4-Diaminodiphenyl-
methane
Cy4 .0 bis-Aminomethyl-
liphgnyl
Cys p,p'—bis-Aminomethyl-
diphenylmethane

425
452
425
425

427
452
441

427

427

436

425
425

427

427

43
»nt
74
60

90
3gt
89

75
79

75

88

95
82

70

80

80

24"
24"
244
244

24".!
24%¢
244

24511
24!“

24!2!

24

2414
244

24!!6

24!“

243%

85-90/1, (59), 138Ac
134/4, 16092, 174Bz
(98)
(122)

159Ac¢
141/14, 135Ac¢

140/12, 130Ac
161/14, 302HC1

116/0.9, (36), 210Ac

127/3, 1.5251%, 124HCl

(125)

(91), 237Ac

180/0.5, (145), 235Pi

(90), 224Bz

For explanations and symbol s see pp. xi-xii.

TABLE 83. OLEFINIC AMINES

Cn Compound Method Y(‘;;d Chapteref. B.p./mm., nf, (.p.), Deriv.
Cs Allylamine 450 73 244 57/746
C, Methally! amine 435 70 241 78.8, 1.431
450 35 2447 62, 1.4155, 158Pi
Allylmethylamine 451 48 24%¢ 65, 1.4065
454 71 24%% 64
Cs 1-Amino-4-pentene 427 60 2437 106/767, 1.428%, 116Pi
Allyldimethylamine 436 43 249 64, 1.3981%%, 116Pi
Cq I-Ethylamino-3-butene 436 42 248 109
Diallylamine 455 88 24% 111

TABLE 85. HALO AMINES

TABLE 83 (continued)
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Chapterfef- B.p./mm., nlD, (M.p.), Deriv.

Cp Compound Method Y(I;;d

C, 1-Dimethylamino-4-pentene 29 80 219
Allyldiethylamine 436 84 24"

Cy p-Aminostyrene 19 20 216

C, l-Diethylamino-4-pentene 29 85 298
2(o-Aminophenyl)-propene 19 87 2108
N-Allylaniline 451 63 24%°

C,o a-Allylbenzylamine 446 2 243
p-Dimethylaminostyrene 19 30 248

C,, cis-p-Aminostlbene 425 72 244
trans-p- Aminostilbene
cis-0,0’-Diaminostilbene 30 69 2'®
cis-p,p"-Diaminostilbene 30 89 2
trans-p,p’-Diaminostilbene 425 81 244

a's-p,p'-Diaminostilbene } 425 89 24%
trans-p,p’-Diaminostilbene

118/750, 1.4202"®
111, 1.4170%, 91Pi
79/2.5, 1.6070%%

156/746, 1.4310
87/2, 1.5676
80/2

75/3.5, 1.5300, 153Pi
1.6120, (17)

150/0.2
(151)

(108), 156Pi
(121), 172Ac
(229)

(121), 172Ac
31)

For explanations and symbols see pp. xi-xii.

TABLE 84. ACETYLENIC AMINES

p./mm,, nlD, (M.p.), Deriv.

Cy Compound Method Y(l;)d Chapterref. B,

Cy 3-Dimethylamino-1-butyne 443 63 2447

C, I-Diethylamino-2>propyne 43 83 3%

Cas 3Diethylamino-1-butyne 443 65 2441
1-Diethylamino-2-butyne 44 74 3%

C,s 3¥Diethylamino- I-phenyl-1- 444 80 2448

propyne
Cia p,p'-Diaminomlane 425 60 247

95

120, 1.4296%
126, (10), 179HC!
153, 1.4413%
137/18, 137HC!

(235), 281Ac

For explanations and symbols see pp. xi-xii,

TABLE 85. HALO AMINES

Yield

Method %

Cp Compound

Chapteref. B.p./mm., n‘D, (M.p.), Deriv.

Aliphatic and Alicyclic Halo Amines

C, [Bromoethylamine 51 83 47
52 72 41
80 242
S-lodoethylamine 51 77 4
N-Tetachloro-1,2 69 92 4%%
diaminoethane

173HBr
(174)

78/10, (4.5)

For explanations and symbols see pp. xi-xii.
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TABLE 85 (continued)

Ch. 24

Cn Compound Method Y(l;;d Chapterfef. B.p./mm., ni), (M.p.), Deriv.
Aliphatic and Alicyclic Halo Amines (continued)

Cs 1-Amino-2-bromopropane 52 70 410 159HBr
¥-Bromopropylamine 452 89 2490 163HBr
Isopropyldichloroamine 69 76 45% 43/15, 1.4572%

C4 2 Chloroethylethylamine 53 91 4'7¢ 223HC
B,B’-Dichlorodi ethylamine 53 59 47 217HC, 136Bz
S-Dimethylaminoethyl 53 2 4% 203HC1

chloride
[ Dimethyl aminoethyl 51 83 47
bromide
t-Butylchloroamine 69 75 407
n-Butyldichloroamin e 69 92 4% 40/17, 46/30, 1.4553
N-Chlorodi ethylamine 69 94 4%
Cs 1-Dimethylamino-2 53 68 411 186Hd, 103Pi
chloropropane
1-Dimethylamino- 3~ 53 926 4384 145HA
chloropropane
2-Dimethylamino- 1- 53 41 41 104HCl, 167Pi
chloropropane
3 Bromopropyldi- 54 75 4%1¢ 51/15, 1.4602
methylamine A
Cq Il-Dimethylamino-3 53 85 418 39/10, 168HC1
chlotobutane
[ Diethylaminoethyl 53 ast 417 69/50
chlonde
SDiethylaminoethyl 51 80 47
bromide
B.B’,B" "~ Trichlorotri- 53 4 133HQ, 137Pi
ethylamine
o-Chlorocyclohexylamine 52 80 437 85/15
o-Bromocyclohexylamine 52 70 417 168HCl
Cyclohexyldichloroamine 69 95 45% 90/17
Cy 1-Methylamino-6- sS4 100 4128 60HBr
bromohexane
I-Diethylamino- 2- chloro- 53 78 4471 107HC, 126Pi
propane
I-Diethylamino- 3-chloro- 53 57 417 82/28, 171/169, 64HCl
propane 436 70 %54 8GHCI
436 70 249 70/20
2-Diethylamino- 1-chloto- 53 73 41M 107HCL, 113Pi
propane
3 Bromopropyldiethyl- 54 80 4378 94HBr
amine

TABLE 85. HALO AMINES

TABLE 85 (continued)
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Cp Compound Method Y(l;;d Chaptertef.- B.p./mm., ni), (M.p.)s Deriv.
Aliphatic and Alicyclic Halo Amines (continued)
C,4 1-Bromo-G-dimethylamino- 54 100 4377
hexane
1-Diethylamino- 3~chloro- 53 87 4171 72/17, 82HCl
butane 436 68 24%4 84HCl
Cy 1-Diethylamino- 3-chloro- 53 72 4174 87/18
pentane
1-Diethylamino- 4 chloto~ 73 %0 4304 67/5
pentane
Cyo 1-Bromo-6-diethylamino- 54 98 457
hexane
1-Diethylamino-4 methyl- 73 75 42 65/3, 1.4459
4chloropentane
Aromatic Halo Amines
Ce¢ o-Chloroaniline 425 97 24% 95-100/8, 235HC!
425 92 244 209*,86Ac
o-Bromoaniline 425 82 245 229, (32)*, 99Ac*
o-Iodoaniline 425 83 24% (61), 110Ac*
m-Fluoroaniline 425 920 24558 187/770
m-Chloroaniline 425 90 24% 95-100/9, 119Bz
m-Bromoaniline 425 80 24% 124/10, (17), 120Bz*
446 87 24%% 250, 88Ac
m-Iodoaniline 425 83 24% 146/15, (33)*, 119Ac*
p-Fluoroaniline 425 95 24% 99/33, 152 Ac*
425 91 2455 188/762, 185Bz*
p-Chloroaniline 425 100 24*% (71), 173Ac
425 97 24% 100-110/8, 188Bz
p-Bromoaniline 425 97  24* (66)*, 168Ac
425 83 24% (60), 202Bz
p-lodoaniline 64 84 430 (63)
C, o-Chlorobenzylamine 426 81 24% 95-100/9, 116Bz
431 88 24% 90~95/8, 116Bz
p-Chlorobenzylamine 427 64 24%° 98~102/10, 240HCI
447 100 24% 215/734, 259HCI
o- Aminobenzyl chloride 51 84 4%
o-Aminobenzyl bromide 51 91 408
4 Amino-3-chlorotoluene 64 60 43 225
Cs I-Phenyl-1-amino-2- 52 76 41 190HCl
chloroethane
N, N-Dimethyl-o-chloro~ 436 90 241% 206/740
aniline
N,N-Dimethyl-o-bromo- 436 70 24158 101/12
aniline

For explanations and symbols see pp. xi-xii.
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TABLE 85 (continued)

Yield

C, Compound Method % Chapterref. B.p./mm.,n;), (M.p.), Deriv.

Aromatic Halo Amines (continued)

Cs N,N-Dimethyl-mchloro- 436 75 249 232/740
aniline
N,N-Dimethyl-m-bromo- 436 54 2419 119/8, 135Pi
aniline
N,N-Dime thyl-p- fluoro- 436 45 2414 (35)
aniline
N,N-Dimethyl-p-chloro- 56 80 43% (33.5)
aniling 436 70 24134 (35.5)
436 72 24192 236/740, (33)
N,N-Dimethyl-p-iodo- 59 48 4501 (81)
aniline
Cw N,N-Diethyl-o-chloro- 436 91 2413 221/740, 164Pi
aniline
N,N-Di ethyl-m~chloro- 436 95 24 250/740
aniline
N, N- Di ethyl-p-chloro- 436 95 2412 253/740, (46)
aniline
C,a2 3,3-Dibromobenzidene 462 75 24%° (129)

For explanations and symbols see pp. xi-xii.

TABLE 86. HYDROXY AMINES

Yiel

Cp Compound Method (%)d Chaptertef. B.p./mm., n:), {(M.p.), Deriv.

Aliphatic Hydroxy Amines

C, 2-Amino-1-propanol 84 80 518 80/18, 1.4502, 114Pi
425 74 24% 78/15
' 434 95 244 73/11
1-Amino-2hydroxy- 442 25 24%7 65/4, 158/738
propane
3 Hydroxypropylamine 452 85 2456 186
2 Amino-1, 3-propanediol 84 80 51s 116/1, 1.4891, 97HCI
2(N-Methylamino)- I- 84 63 518 56/11, 1.4385, 148Pi
ethanol
Dimethylaminomethanol 70 24514 1.4050
C4 2 Amino-1-butanol 425 90 24! 1730
_ 434 100 244 80/11
1-Amino-2- tutanol (as 425 83 245% (200d), 113Bz
oxalate)
3 Amino- >butanol 435 49 2447 162/742, 1.4482
2 Amino-2-methyl- 1- 84 80 518 69/10, 1.4486, 205HC!
propanol 425 90 241

TABLE 86. HYDROXY AMINES

TABLE 86 (continued)

699

Yield t R
Cp Compound Method (l;) Chapter'ef- B.p./mm., n D (M.p.), Deriv.
Aliphatic Hydroxy Amines (continued)
C, Il-Amino-2methyl-2> .442 30 244 145-155
propanol
[3- Ethylaminoethanol 436 35 241%¢ 169, 1.4440
442 55 2442 169

Cs

Ce

2 Amino-1, 3 butanediol
2-Amino->methyl-1,3-
propanediol

4 Amino-1-pentanol
< Amino- 1-pentanol

3 Amino-2-pentanol
1-Amino-4-pentanol
2-Methyl-2-amino- 1-
butanol
2 Amino- 3 methyl- 1-
butanol (valinol)
2Methyl-3-amino- 2
butanol
3Methylamino-2>methyl-
2-propanol
2>Isopropylaminoethanol

2-Dimethylanino-1-
propanol

3Dimethylamino- 1-
propanol

1-Dimethylamino-2-
propanol

2 Amino-2-ethyl-1,3
propanediol

2-Amino-1-hexanol

2 Hydroxy-3-aminohexane

2 Amino- 4#methyl-1-
pentanol

4Methyl- 4 amino-2-
pentanol

s-Methylamino- 1-pentanol

2,2 Dimethyl- >methyl-
amino- 1-propanol

1-Isopropylamino-2-
propanol

3 Ethylamino- >methyl-2-
propanol

3 Dimethylamino- 1-butagol

84 80 518
425 96 24!

426 80 24%%
431 77 243
452 60 24%%
425 92 24%
436 32 2414
425 86 2454
84 551
91 6 54
436 52 24164
431 95 242
442 76 24
436 82 24%
443 65 24
442 70 2444

425 92 24t

84 65 5%
97 45 5392
84 55 5%
434 90 24
79 34 5!.10

431 sot 24

79 72 5515
436 57 2415
431 97 2434

436 56 241

79 35 5l

113/2, 1.4833%

119/25, 100Bz
81/1, (39)

271

100/10, 1.4419
81/1, 1.4551%
98/10, 1.4468

(119

117HC

143, 1.4338, 138Pi
87/23

171

65/37

113/150

126/758

104/13, 114Pi
95/20, 207Db
95/11, (44), 163HC1
99/11

75/15

97/3

70-82/12

71/14, (46), 173HCI
76/22, 1.4322%, 131Pi
153, 1.4344, 133Pi

78/ 14, 105BzHCI

For explanations and symbols see pp. xi-xii.
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TABLE 86 (continued) TABLE 86 (continued)

Cp Compound Method Y(';;d Chap:e,ref. B.p./mm., ,,i)’ (M.p.), Deriv. Cp Compound Method Y(l;;d Chapterfef- B.p./mm., "tD’ (M.p.), Deriv.
0, ©,
Aliphatic Hydroxy Amines (continued) Alicyclic Hydroxy Amines (continued)
Cs 4Dimethylamino-2butanol 79 85 5112 C4 cis-trans- 4 Aminocyclo- 430 98 248 (80), (111)
3Dimethylamino-2methyl- 84 50 5858 164 hexanol
I-propanol ; I Amino- I-hydroxymethyl- 84 80 518 69/1, 1.4899, 131HC1
3Dimethylamino-2methyl- 436 40t 24 130/743, 1.4215, 115HCI cyclopentane
2 propanol 1-Aminomethyl cyclo- 427 50 24%¢ 140/40, 190HO
S-Diethylaminoethanol 436 70 24196 65/18, 1.4389%5 pentanol
442 81 2441 160/741, 1.4389% C, Il-Aminomethylcyclo- 427 70 2454 115/20, 190HCl
Cy; 2Amino-2,4-dimethyl-1- 84 80 51 98/12, 1.4563 hexanol
pentanol 2- Aminomethyleyclo- 427 68 2438 133/17, 1.4910%, 150HCl
I Ethylamino- 4-pentanol 436 32 2419 81/1.0, 1.4551**, 148HBr hexanol
5-Dimethylamino- 1- 431 sot 243% 114/23 1-Amino- 1-hydroxy - 84 80 518 118/27, 1.4970, 159HCI
pentanol methylcyclohexane
4Dimethylamino-2methyl- 436 34t 24 160/743, 1.4295, 141HCl Cs 2(N-Cyclohexylamino) I- 84 80 51 97/3, 1.4862, 130Pi
2 butanol ethanol
2-Diethylamino- I-propanol 84 63 588 66/18, 1.4332 Cs 2Amino-2cyclohexyl-1- 84 80 518 104/2, (80), 202HCI
3-Di ethylamino- 1- propanol 436 91 2415 95/28 propagol
2,2 Dimethyl-3-dime thyl- €6 64 24 63/15, 132HCl 2> Amino->cyclohexyl- I- 84 80 51 108/1, 1.4989, 1921Cl
amino- l-propanol propanol
1-Diethylamino- 2propanol 442 88 2444 63/22, 1.4265*%, 139HCI*
A Aromatic Hydroxy Amines
Cs  S-Isopropylamino-1- 431 71t 24 9sHd
pentanol : Cq o-Aminophenol 446 72 24%0 (171)
s-Dimethylamino-2methyl- 436 34t 2418 99/30, 1.4400, 154HCl m- Aminophenol 438 50 243 (123), 229HCI
2pentanol C, o-Aminobenzyl al cohol 84 78 581 (81)
3-Diethylamino- I- butanol 79 45 5ie8 85/13, 161BzHCl m- Aminobenzyl al cohol 425 100 244 96)
i i - 86
tg:zﬁ::i::;at:z: 3; 45: :ua 3;;26 1'141‘;7:0 Cy [ Amino-a-phenylethyl 427 80 24"‘: (57)
436 60 24168 82/18, 1.4372%, 116HCI alcohiol 442 18 2 149-155/16 )
' ’ B Amino- B-phenylethyl 84 93 584 103/2, (111), 208Pi
Cy 5-Diethylamino- I-pentanol 05 68 5709 131/23, 1.4544 alcohol
2-Diethylamino- 3methyl- 84 44 5% 90/14 B-(4 Aminophenyl ) 425 88 24% (108)
1-butanol ethanol
2,2-Dimethyl-3-diethyl- 79 86 5975 88/12 m-Aminophenylmethyl- 425 94 24% (64)
amino-1-propanol carbinol
Cyo I-Diethylamino-5-hexanol 80 88 5192 108/10, 1.4490%* 2 Anilinoethanol 450 75 24 170/19, 1.5749
Alicyclic Hydroxy Amines Cs 2 Amino-1-phenyl-1- 425 87 24% 122/4-5
propanol 426 71t 24%% (103), 191HA
Cs trans-2Aminocyclo- 42 40 24 194HCl 2- Amino- 3 phenyl-1- 84 52 se4 156HCl
pentanol propanol
Cs 2 Aminocyclohexanol 442 63 24%7 214, (66) 3-Amino- I-phenyl-1* 79 70 5166 (64), 86Bz
cis-2 Aminocyclohexanol } 447 68 24 110/15, (70), 185HCI propanol
trans-2- Aminocy clo- 108/15, (67), 175HCL a-Phenyl-8-methyl- 79 90 5167 (76)
hexasol aminoethanol
cis-2 Aminocyclohexanol 435 50 24%° (73), 187HCI 3 Anilino- 1-propanol 436 &8 2419 192/30, 1.502
trans-2- Aminocydo- 435 72 24% 104/7, (66), 175HCI 450 80 244%° 154/5, 1.568%
hexanol 442 64 24%% 111/16, (69), 169Bz

For explanations and symbols see pp. xi=-xii.
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TABLE 86 (continued)
Gy Compound Method Y(l;;d Chapter‘ef- B.p./mm., ni), (M.p.), Deriv.

Aromatic Hydroxy Amines (continued)

Cy p-Dimethylaminobenzyl

alcohol

Cy 1-Amino- 2-phenyl-2-butanol

C,

2 Amino- 3phenyl-3-butanol

2-Methylamino- 1-phenyl- I-
propanol

f3- Ethylamin o~ a-pheny|-
ethyl alcohol

4-Amino-~ I-naphthol

1- Amino~2-naphthol

1 2-Amino~3-phenyl-3-

pentanol

1-Phenyl- 2methylamino-
1-butanol

2-Methylamino~3-phenyl-
Fbutanol

5~ Anilino- I-pentanol

2-Diethylaminomethyl-
ph enol

C,; Phenyl-y~dimethyl-

aminopropyl carbinol
B-Diethylamino-a-phenyl-

ethyl alcohol
6-Anilino~ I-hexanol

7

89
89
431
79
442

433
433

89
79
79
89

436
444

89

436

436

96
65

73
63
81
90
56

75
85
93
&0

920
75

45
69

66

74

52
5701
54@
Sm
24
5107

24%*
24554

24554
Sm

24167

1.5775%
125/1, 1.5727*

18 1HCI

239HCL
115-120/5

an

140-164/14, (78)

222HCI
202HCI, 168Pi
(90)

235HCI

164/1.4
67/2, 1.5108%

107/0.07, (48)
145/14, 1.5101%

138/0.05, (42)

For explanations and symbols see pp. xi-~xii.

TABLE 87. AMINO ETHERS

Cy Compound

Yield

Me thod (%)

Chapter'ef. B.p./mm., nf), (M.p.), Deriv.

Aliphatic Amino Ethers

Ce

C,

¥-Methoxy-n-propylamine
¥-Ethoxy-n-propylamine
B-Methoxyisobutyl amine
y-Methoxyisobutylamine
B-Ethoxy-n-butyl amine
Diethylaminomethyl
methyl ether

Di-("y-aminopropyl) ether

2-Methoxy-3aminohexane

427
427
428
427

435
445
427
432

50
50
42
59

42
40
77
34

24%%
2 4 329
24°%
24%%

240
2439
2433
24%7

118/733, 1.4182
136/732, 1.4201
121, 1.4204
128, 1.4192%

140, 1.4190

116/755

59/1.5, 1.4605, 152Pi
98/100

TABLE 87. AMINO ETHERS

TABLE 87 (continued)
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Cn Compound Method Y(‘;l)d Chaptertef: B.p./mm.,n}, (M.p.), Deriv.
Aliphatic Amino Ethers (continued)
C, p-Ethoxy-n-amyl amine 435 44 2411 56/15, 1.4220
Diethylaminomethyl ethyl 445 69 2458 134/756
ether
C, p-Ethoxy-n-hexyl amine 435 60 2412 69/13, 1.4271
1-Methyl amino- G- methoxy- 436 79 2414 84/15
hexane
Cy I-Ethylamino-6-methoxy- 436 73 247 90/2, 1.4269%
hexane
1-Methoxy-4-ethyl amino- 436 60 2415 89/16
hexane
1-Dimethylamino-6 436 78 2417 78/11
methoxyhexane
C,o l-Diethylamino-S-methoxy- 436 o1 2419 77/18, 1.2490 .
pentane
Cy BB\ B -Triethoxytsi- 115 66 6% 137/12, 195HO

ethylamine

Aromatic Amino Ethers

C,

G

Cy

m-Aminoanisole (m-
anisidine)
B-Phenoxyethylamine

p- Aminophenetole
3,4-Dimethoxyaniline
(4-aminoveratrole)

y-Phenoxypropyl amine

2-Phenoxyisopropylamine

N-Ethylp-anisidine

p-Methoxydimethylamino~
benzene

C,o 5-Phenoxy-n-butylamine

3-Phenoxypropylmethyl-
amine
- Ethoxy- - phenylethyl

amine

C,; 3%Phenoxypropylethylamine

3-Phenoxypropyldimethyl-
amine

p-Methoxydiethylamino~
benzene

C;; 2Aminodiphenyl ether

425

428
435
425
446

435
426
431
436

427
436

435

436
436

436

425

80

80
65
78
82

71
65
51
55

87
61

62

66
82

74

94

%%

2434
24%¢
24%
24%8

24

24!!!
248
24

24!!1
24172

24 101

24 172
24171

24133

24%

125/13

104/ 12, 168Pi
115/12

254*, 138Ac*
174/24, (88)

126/15, (13)

120/13, 1.5237, 148HC!
135-140/20, 1.5444
234/740, (38.5)

148/17
133~138/23, 1.5255, 151HCI

109/12, 1.5102

148/26, 1.5127, 155HCI
132/20

247/740

173/14, (47), 81Ac

For explanations and symbols see pp. xi-xii.
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TABLE 87 (continued)

Ch. 24

Compound

Method

Yield

(%)

Chapterfef. B.p./mm., "‘D’ (M.p.), Deriv.

Aromatic Amino Ethers (continued)

Cy2 ¥Aminodiphenyl ether

4-Aminodiphenyl ether

C;3 ¥Phenoxypropyldiethyl-

amine

C,4 I-Phenoxy-G-ethylamino-

hexane

115
425
115
425

436

436

57
84
65
100

94

90

614
2464
614
245

24170

24174

191/14, (37)
148/1, 141HCI
(83.5)

189/14, (83.5)

150/20, 1.4987, 102HCl

148/3, 1.5010, 135HCI

For explanations and symbols see pp. xi-xii.

TABLE 88. AMINO ALDEHYDES

Cp Compound Method Y(l;.;d Chaptertef. B,p./mm., "l‘)’ (M.p.), Deriv.
Cs a-Dimethyl aminoisobutyr- 436 32 2417 129
aldehyde
C, a,a-Dimethyl-3-dimethyl- 444 80 2446 144, 153HCI
aminopropional dehyde
o- Aminobenzal dehyde 425 75 2497 (40)*
m- Aminobenzaldehyde 149 52 o1& 162Ph
p-Aminobenzaldehyde 155 52 g1
425 50 2430 (70)
Co m-Dimethylaminobenz 425 741 24 112/7, 229Se
aldehyde 431 27 24%0 114/3, 76-Ox*
p-Dimethylaminobenz- 142 80 gles 166/15, (73)
aldehyde 144 45 9% 180/20, (73), 148Ph
150 59 gl (73), 144-0x*
Cy p-Formylphenyl-tri- 148 68 g2t (152d)
methylammonium iodide
C,; m-Diethylaminobenz- 436 48% 2477, 138/7, 165Se
aldehyde
p-Diethylaminobenz- 144 45 9% (41), 121Ph
aldehyde 150 50 gl (41), 93-Ox*

For explanations and symbols see pp. xi-xii.

TABLE 89. AMINO KETONES

TABLE 89. AMINO KETONES
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Cyp Compound Method Y(l;;d Chaptert®f. B.p./mm., "‘D' (M.p.), Deriv.
Aliphatic and Alicyclic Amino Ketones
C, Aminoacetone 426 96 243 75HCI
Diaminoacetone 426 83 24%%°
C; Dimethylaminoacetone 436 74 24178 36/25, 1.4128, 137Se*
Ce I-Dimethylamino-3- 444 45 2447 70/40, 1.4213%*
butanone
Diacetonamine 443 70 24474 (127)
(as acid oxalate)
C, Diethylaminoacetone 436 72 2417 70/32, 1.4249, 143Se
C, 1-Diethylamino-3 444 59 2447 70/11, 1.4333%
butanone
Diacetonethylamine 443 42 24476 191
Co 1-Dimethylamino-3 184 46 10%* 83/11
methyl-S-hexanone
1-Diethylamino-2- 436 79 24%8 91/24, 104Se
pentanone
1-Diethylamino- 3 436 55 241% . 84/13, 1.4368"
peatanone 443 37 245% 96/36, 102Se
2-Dimethylaminomethyl- 444 71 244 97/11.5, 146HCl
cyclohexanone
Cy SDiethylamino-2- 184 42 10%® 95/16, 1.4337%*
hexanone
1-Diethyl amino- 4 184 44 10%% 108/20
hexanone
1-Diethylamino- 5 184 60t  10%” 98/11, 1.4380%%
hexanone
2-Diethylaminomethyl- 444 85 24418 103/13
cyclopentanone
Aromatic Amino Ketones
Cs wAminoacetophenone 437 75 243% (187)
hydrochloride
o-Aminoacetophenone 425 78 24%° 113/6, 75Ac
m-Aminoacetophenone 425 71 24" (99), 128Ac
p-Acetylaniline 178 19 10% 168/6, (106), 166Ac
N,N-Dimethyk-p- 431 88 243 145/22, (53)
bromoaniline
Cy a-Aminopropiophenone 426 88 243 114HCl
- Aminopropiophenone 452 80 244© 127HCI
o-Aminopropiophenone 425 76 244 146/17, 74Ac
m-Aminopropiophenone 425 96 24M 169/15, (42), 93Ac
Cjo 2-Phenylamino-3-butanone 436 80 24182 121/4, (52)

For explanations and symbols see pp. xi-xii.
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TABLE 89 (continued) TABLE 90 (continued)

Cn Compouad Method Y;;:)ld Chapterref. B.p./mm., n{), (M.p.), Deriv. Cn Compound ’ Method Y(‘;l)d Chapter‘ef- B.p./mm., nlD, (M.p.), Deriv.
Aromatic Amino Ketones (continued) C, [-Aminopropionic acid 247 90 132 (198)
- i (B-alanine) (continued) 247 75t 13" (200)
Cro o-Methylamino 436 57 4™ 177HC o 247 6ot 13%® (197
propiophenone . -0 1350
o-Dimethylamino- 436 56 24186 94/1.5, 184Pi 24 o
acetoph o 249 72 13 (195)
ophenone s6
N 427 75 24 (195)
Cy1 3Phenylamino-2- ) 436 72 2418 120/1 437 85 243 (200d)
peatanone 46 45 24 (198d)
a-Methylaminobutyr- 436 70 2418 194HCl a- Amino- 5-hydroxypro- 97 40t 5%a
ophenone pionic acid (serine) 247  sit 13 (244), 150Bz
1-Phenyl- 3-dimethyl- 676 .
ammo-}iropanoig 187 & 10 141/26, 127Pi C, a-Amino-n-buryric acid 247 61t 1359 (304), 75Am*
i i t i 1408
B-Dimethylaminopro- 444 72 2440 156HCL 253 50 135« z
i 278 82 13 142Bz
piophenone -
: s 431 58 24
Cy3 !-Dimethylamino-4 436 43 2414 107/3.5, 1.5070 435 60 24
phenyl- 2butanone 447 21t 241% 182HCI
ﬁ'Dlmethvlarrfino-a- 444 74 244 82/1, 1.5162%, 154HCI -y-Aminobutyric acid 452 62 244 '
methylpropi ophenone a- Aminoisobutyric acid 247 70 13%%
31
Cys 2Aminobenzophenone 446 o2 243% 107) 247 33* 13:m
4,4 -Diaminobenzophenone 183 70t 1034 (245), 241Ph 7 731 Hm 8B
1- Amino fluorenoae 446 56 24%7 (118.5), 138Ac 253 77 13»0 198Bz .
4 Aminofluorenone 446 74 24267 (139) 280 76 1 3m - 127Am
C Ph . a-Methyl-B-alanine 427 73 24 (182)
15 1-Phenyl-1-phenylamino- 436 74 24188 (91.5) N-Methylalanine 451 81 24%9 (317d), 1298z
propanone . ~5
i i ; N-Ethylglycine 451 70 24 (182d)
C,¢ p-Dimethylaminobenzil 179 90 1019 (116) N.N-Dimethylglycine 431 100 24292 (183)
For explanations and symbols see pp. xi-xii. a- Aminosuccinic (dl- 278 43 13:: 162Bz
aspartic) acid 451 95 24 (280d) )
a,y-Diaminobutysic acid 449 41 243% (215d), 181Pi
meso- a, -Diamino- 434 90 2444 (306d)
TABLE 90. AMINO ACIDS succinic acid
Yield a- Amino-B-hydroxy- 97 90 554 (235)
Cn Compound Method (;) Chapterfef: B,p./mm., n:), (M.p.), Deriv. buryric acid
(7
i ic aci C a-Aminovaleric acid 247 68t  13%Y (291), 188HCL*
C, Amlnoa‘cenc acid 247 92 135 (263), 67Am* : (norvaline) 278 86 13%7 117Ac
(slycine) 24787 13% (246), 624n* 447 43 24 188HCI
8T 24 (236d) 447 31 24 152B2
el U - Aminovaleric acid 425 99 4™ (197)
452 sst 24 8- Aminovaleric acid 248 71 13%% (158)*, 90Bz
C; a-Aminopropionic acid 247 72t 1351 (295), 62Am* 248 80 1354 94HCl
(alanine) 247 60 13%% (295) a-Aminoisovaleric acid 278 8B5S 1364
253 441t 13%% 163Bz (dl-valine) 435 48 24: (282d)
435 70 24108 (295d) 447 33t 24
451 71 2450 447 60 24
B-Aminopropionic acid 247 90 1358 (198), 123HCl* - Amino-$-methylburyric 452 40 244 (174)
(B-alaniae) 247 86 139 acid

For explanations and symbols see pp. xi-xii.
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TABLE 90 (continued)

Yield '
9 Compound Method )" Chapteref: B.p./mm., nf, (M.p.), Deriv.
Cs  dl-a-Methylaminobutyric 431 62 243
acid
y-:];?:iethylaminobulyric 248 920 138 121HCI
N-Methyl-a-aminoisobutyric 247 43t 13
acid
N.N-Di .
,:olz::;:il::::lanme 431 100 2432 (182), 148HCI
a- Aminoglutaric (- 247 75 13102
glutamic) acid ;;: 34* 13::: (199)*, 193HCI*
5 13
A 133 21 HCl*
a-Amino-a-methyl- 247 s1t 1381 2233;' o
succinic acid
a, 8-Diamino-n-valeric 449 75 243 200Pi, 187Bz
acid (dl-omithine) ,
Methyliminodiacetic acid 436 71 24 '(215)
y-Methyl mercapto-a-amino- 278 85 134
0
butyric acid (a- (260, 143P2
methionine)

Cq dl-a- Amino-n-caproic acid 435 67 24108

(norleucine)
Y-Amino-n-caproic acid 426 47 24368 (181), 121HCI
€- Aminocaproic acid 248 100 133% (202): 105HBr*
. 248 92 13 (203)
dl- a- Amino-3 me thyl- 247 741 138 (318)
val'enc‘: acid o 435 49 241® (280d)
a- Aminoisocaproic acid 278 64 13%7 (295)*, 161Ac
(leucine) 278 87 1352 (283), ,14132
435 45 24197 (292d)
447 51 2437 (293)
. . 447 68 24 (282)
a- Amino-a- ethylbutyric 247 43t 13
acid
a.-Dime'thylaminoiso- 436 80 248 264HCI
butyric acid
a- Aminoadipic acid 253 48t 13%0 (189)
435 86 24:: (202)

. 452 84 24 (202
a,d-Diaminoadipic acid 452 91 244 (300))
a,;[)lxan?mocaproic acid 280 78 13%® 253HCl

(d-lysine) 435 69 24110 189HCI
Lo . ) 449 74 243 189HCI
l -lysxfxe dihydrochloride 435 62 2459 188HCI

-Cystine 1334 (261)*
13 546

TABLE 90. AMINO ACIDS

TABLE 90 (continued)

709

Cn Compound Me thod Y(l;;d Chapter'sf- B.p./mm., n'D, (M.p.), Deriv.

Ce Histidine 278 45 1354 (272)
I-Histidine hydrochloride 1354 (252)

d- Arginine hydrochloride 90 13%¢ (220)

C, a-Aminoheptanoic acid 278 55 13%4 (281), 135Bz
7-Aminoheptanoic acid 427 30 24%7 (187)
B,[-Diethyl-3amino- 443 30 24486 (184)

propionic acid
N,N-Dimethyl-dl-valine 431 100 2424 (152), 164HCL
a-Methyl-y-dimethyl- 249 90 13%% (76)
aminobutyric acid
B-Dimethylaminopivalic 253 74 13%% 99
acid
3 2-Thienylalanine 426 68 2414 (275)
C, a-Aminooctanoic acid 247 47t 135%
278 82 1334 (270), 128Bz
N,N-Dimethyl-di-leucine 431 100 243 (188)
a- Aminophenylacetic 247 37t 13%% 176Bz*
acid
o-Aminophenylacetic acid 425 85 24™ (119)
m- Aminophenylacetic acid 248 61 13 (146), 166Am*
p-Aminophenylacetic acid 248 51 1319 (197), 162Am*
. 425 84 24™ (200)
p-Aminomethyl)-benzoic 427 80 243 (342), 288IICl
acid 437 cat 243
Cqy a-Aminononanoic acid 278 55 1354 (273), 128Bz

a- Amino-a-phenyl-
propionic acid
a- Amino-3-phenyl-
propionic acid

dl- a- Amino-3-phenyl-
propionic acid

S Amino-a-phenyl-
propionic acid
[ Amino-3-phenyl-
propionic acid

p- (53~ Aminoethyl)
benzoic acid

m-Dimethylaminobenzoic
acid

p-Dimethylaminobenzoic
acid

280 92 13%2
247 40t 13

278 83 13%%7
278 67 134
279 67 13%%
431 62 2438
435 621 24
447 50 24
447 441 247
446 66 24

264 50 1338
264 70 135
443 34 24
260 48t 135

431 100 2412

431 80 244
263 50 135

(267)

146Ac
(257), 184Bz
(288)

(273d)
(265)
235HCI
(223)

(222)
(221d)
175Ac

(150)

(240)
(243)*

For explanations and symbols see pps xi-xii.
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TABLE 90 (continued)

Yield
Cn Compound Method (';.) Chapterfefe B.p./mm., n:), (M.p.), Deriv,
Co p-Asilinopropionic acid 249 65 13%8 {60)
Cyp d-y-Phenyl-a-amino- 43] 62 243
butyric acid
C,; Tryptophane 278 451 13% (282), 206Ac
278 88 13% 193Bz

For explanations and symbols see pp. xi-xii,

TABLE 9]1. AMINO ESTERS

Yield
(%)

Aliphatic Amino Esters

Cp Compound Method Chapterref. B.p./mm., n:), (M.p.), Deriv.

C, Methyl B-aminopropionate 292 67 143 51/12
Ethyl aminoacetate 293 90 1417 143HC]
Cs Methyl a-aminocisobutyrate 285 64 14" 134, 183HCI
Ethyl a-aminopropionate . 285 95 147
Ethyl S-aminopropionate 427 74 240 56/ 10
434 100 244 67HCl
Methyl S-methyl amino- 443 40 2449 50/11
propionate
C¢ Etiyl Baminon-butyrate 426 21t 24 69/17, 148Pi
443 55 24 7 62/10, 74Am
Ethyl S-methylamino- 443 49 24478 68/18, 1.4218%
propionate
C; Ethyl S-amino-n-valerate 426 23t 24% 84/17
Ethyl a-methylamino- 436 63 24 65/20, 1.4174, 104Pi
butyrate
Ethyl A-methylamino-n- 443 89 24 66/10
butyrate
Ethyl aminomalonate (as 426 44t 243 (96)
acetyl derivative)
C, Ethyl a-amino-n-caproate 426 86 24%! 88/11
Ethyl B-amino-n-caproate 426 48 2437 104/25
Isobutyl a-aminciso- 285 66 147 61/4, 1.4210, 103HC1
butyrate
Ethyl S-ethylamino-n- 431 68 24%7 75/12
butyrate
Methyl B-diethylamino- 443 100 24 66.5/8
propionate
Ethyl a-aminosuccinate 426 70 24% 98/1

(dl-aspartc ester)

TABLE 92. AMINO CYANIDES 711

TABLE 91 (continued)

Yield

Cp Compound Method N Chaptectef. B.p./mm., ntD, (M.p.), Deriv.
Aliphatic Amino Esters (continued)
Co Ethyl a-methyl-y- 285 63t 14% 83/16
dimethylaminobutyrate
Methyl y-diethylamino- 436 74 24 63/3, 102HC)
butyrate
Ethyl a-diethylamino- 436 84 248 75/13
propionate
Diethy] dimethylamino- 436 74 2452 117/15, 1.4320%°
malonate
C,, Ethyl y-diethylamino- 285 720t 14 105/17, 1.4342
butyrate

Aromatic Amino Esters

Cs Methyl o-aminobenzoate 285 85 14} 139/19
Me thyl m-amino benzoate 321 48 144 37
425 95 24" 153/11, (37), 137Ac
Metyl p-aminobenzoate 285 53 14!
Cy Ethyl p-aminobenzoate 425 100 2478 (90) )
C,o Ethyl a-aminophenyl- 285 65 147 115/5, 1.500%, 200HCl
acetate
Ethyl m-aminophenyl- 425 87 24" 140/4, 1.5435*, 131HCI
acetate
Ethyl p-(aminomethyl) 437 40 241 148/8, 237HQ
benzoate
Methyl Banilinopropionate 443 69 2447 160/ 14, (38)
Methyl o-dimethylamino- 436 60 241 137-142/17
benzoate
C,, Ethyl a-amino-S3-phenyl- 426 53 24% 142/10
propionate
Ethyl S-amino-3-phenyl- 443 35 24" 146/11
propionate

For explanations and symbols see pp. xi-xii.

TABLE 92. AMINO CYANIDES

Yield t .
Cp Compound Method (1;) Chaptertef. B.p./mm., ny, (M.p.), Deriv.

Aliphatic and Alicyclic Amino Cyanides

C, Aminoacetonitrile hydro- 391 95 20%% (166)
chlotide
Aminoacetonitrile hydrogen 81 24528
sulfate

For explanations and symbols see pp. xi-xii.



712 AMINES Ch. 24
TABLE 92 (continued)
c, Co p Yield £ t
mpoun Method % Chapterfe¢l. B.p./mm., ', (M.p.), Deriv.
Aliphatic and Alicyclic Amino Cyanides (continued)

Cs B Aminopropioniteile 388 33 20*"  89/20, 1.3496
Methylaminoacetonitrile 391 93 20%%° 65/20
Methyleneaminoaceto- 391 71 202 (129)

nitrile
C. 3Amino-npropyl cyanide 452 3gt 248 97/20, 14011
a- Aminoisobuty ronitrile 391 77 203" 48/11
391 80 20%%7 68/24, 1.4198
B-Methylaminopropio- 388 78 2034 74/16, 1.4342%
nitrile
Ethylaminoacetonitrile 391 70 20334 83/29
Dimethylaminoacetonitrile 391 83 20°8 134-137, 1.4095%°
Iminodiacetonitrile 392 100 2034 (75)
Cs a-Methylaminoisobutyro- 391 57 20 54/18, 133/747, 1.4176
nitrile
B-Ethylaminopropioni trile 388 90 20%° 95/30, 1.4322
Isopropylaminoaceto- 391 89 203% 169HCI
nitrile 391 2 20%%° 85/20

C¢ S5-Amino-n-amyl cyanide 452 et 244% 118/ 14, 98Bz

a-Aminodie thylaceto- 391 40 20% 71/11
nitrile

a-Methylamino-n- 391 85 20%%° 85/25
valeronitrile 392 77 203 74/14, 167, L4362, 103Pi

a-Methylaminoiso- 391 80 20%%° 70/20
valeronitril e

a-Methylamino-a-methyl- 391 83 20% 68/17, 1.4282*, 83Bz
n-butyronitrle

a-Ethylaminoisobutyto- 391 94 20%% 144/761
nitrile

B-n-Propylaminopropio- 388 92 20 121/30, 1.4362
nitrile

B-Isopropyl aminopropio- 188 95 202 87/17, 1.4290%
nitrile

a-Dimethylaminobutyro- 391 78 203 68/23
nitrile

4-Dimethylaminobutyro- 387 64 208 44~47/1.5
nitrile

a-Dimethylaminoisobutyro- 391 69 20%° 57/25
nitrile 391 88 20%% 50/20, 1.4215

Diethylaminoacetonitrile 391 20 2033 63/14, 1.4230*%

C, a-Aminomethylbutylaceto- 391 51 20377 88/10

nitril e

a- Aminomethylisobutylace-  39] 53 208V 76/10

tonitrile

TABLE 92. AMINO CYANIDES

TABLE 92 (continued)

713

nitrile

Cn Compound Method Y(l;;d Chaptertef. B.p./mm., n‘D, (M.p.), Detiv.
Aliphatic and Alicyclic Amino Cyanides (continued)
C, a-Methylamino-a-ethyl- 391 73 203 167/765
butyronitrile
a-Dimethylamino-a-methyl- 391 70 2039 63/12
butyronitrile
a-Methylethylaminoiso- 391 53 2034 58/14
butytonitrile
a-Diethylaminopropio- 391 65 2038 49/7, 68/17
nitrile 391 68 203% 55/11
[-Diethylaminopropio- 388 97 20%%° 120/70, 1.4353
nitrile 436 56 24194 84/13, 1.4343%
1-Amino-l-cyanocyclo- 77 20318 (204)
hexane hydrochloride
Cs a-Ethylamino-a-isobutyl- 391 84 2034 84/12
acetonitrile
a- Dimethylamino- a- methyl- 391 49 2039 75/ 10
n-valeronitrile
a-Dimethylamino-a-methyl- . 391 49 203 63/7
isovaleronitrile
a-Dimethy lamino- a-ethyl- 391 75 2039 69-73/10
butysronituile
y-Diethylaminobutyro- 378 84 2013 93/14
nirrile 387 83 2021 89/9
436 97 2419 103/21, 1.4351, 70Pi
a-Diethylaminoisobutyro- 391 59 2037 68/14, 1.4312
nitrile 391 39 20%¥ 74/14
Cy a-Diethylamino-n- 391 44 20%% 95/15
valeronitril e
a-Diethyl aminoiso- 391 39 2030 69/4
valeronitrile
S-Cyclohexylamino- 388 92 20%® 124/4, 1.4764
propionitrile
C, e¢-Diethylaminocapronitrile 436 90 24 102/4, 62Pi
a-Diethylamino-a-iso- 391 92 20% 89/11
butylacetonitril e
Aromatic Amino Cyanides
C, m-Aminobenzonitrile 425 63 247 (53), 131Ac
C, o-Aminobenzyl cyanide 425 88 240 (72)
p-Aminobenzyl cyanide 425 79 24" 147/1
Anilinoacetonitrile 391 35 20%24 47
Cy Methylphenylaminoaceto- 391 76 20% 141/9

For explanations and symbols see pp. xi-xii.



714 AMINES " Ch. 24

TABLE 92 (continued)

Yield
Cp, Compound Method (% Chaptertef. B.p./mm., ni), (M.p.), Detiv.

Aromatic Amino Cyanides (continued)

C o B Benzylaminopropio- 388 73 2035 185/23
niceile
a-Dimethylaminophenyl- 391 29 203 90/6
acetonitrile
a-Anilinoisobutyronitrile 391 93 20%% (94)
C,; a-Diethylaminopheayl- 391 83 20°® 112/7, 131/11
acetonitrile 391 56 2034 124/9
C,4 a-Aminodiphenylaceto- 392 77 20%° (102)
nitrile
¥-Diethylamino-a-phenyl- 386 74 201%° 122/1
butyronitrile
9-Amino-9-cyanofluorene 392 70 203% (96)

For explanations and symbols see pp. xi-xii.

REFERENCES FOR CHAPTER 24 715
REFERENCES FOR CHAPTER 24

1Senkus, Ind. Eng. Chem., 40, 506 (1948); cf. ref. 54.

1Johnson and Degering, J. Am. Chem. Soc., 61, 3194 (1939); Hass and Riley,
Chem. Revs., 32, 389 (1943). '

3 Clemo and Ormston, J. Chem. Soc., 1778 (1932).

4Hazlet and Dornfeld, J. Am. Chem. Soc., 66, 1781 (1944); cf. refs. 6 and 18.

3 Gattermann and Wieland, L aboratory Methods of Organic Chemistry, The
Macmillan Co., New York, 1938, p. 165; cf. ref. 4.

SWest, J. Chem. Soc., 127, 494 (1925).

?Cline and Reid, J. Am. Chem. Soc., 49, 3150 (1927).

® Haworth and Barker, J. Chem. Soc., 1302 (1939); Stevens and Beutel, J. Am.
Chem. Soc., 63, 311 (1941).

*Marvel et al., J. Am. Chem. Soc., 66, 916 (1944); ref. 10.

1 Craig, J]. Am. Chem. Soc., 57, 195 (1935).

11 Fieser and Cason, J. Am. Chem. Soc., 61, 1744 (1939); Emerson and Smith,
ibid.,, 62, 141 (1940).

12 Birch et al., J. Am. Chem. Soc., 71, 1362 (1949).

13 Lambooy, J. Am. Chem. Soc., 71, 3756 (1949).

14 Adkins, Reactions of Hydrogen, University of Wisconsin Press, Madison,
1937.

13 Allen and Van Allan, Org. Syntheses, 22, 9 (1942).

16 Adams, Cohen, and Rees, J. Am. Chem. Soc., 49, 1093 (1927).

17McGuine and Dull, J. Am. Chem. Soc., 69, 1469 (1947).

18 J enkins, McCullough, and Booth, Ind. Eng. Chem., 22, 31 (1930).

1% Campaigne and Reid, J. Am. Chem. Soc., 68, 1663 (1946).

 Barelett and Cohen, J. Am. Chem. Soc., 62, 1187 (1940).

M Kuhn, Org. Syntheses, Coll. Vol. II, 447 (1943); Sampey and Reid, J. Am
Chem, Soc., 69, 712 (1947).

3 Morgan and Harrison, J. Soc. Chem. Ind. (London), 60, 120T (1941); Fried-
man et al., J. Am. Chem. Soc., 71, 3012 (1949).

23 Binz and v. Schickh, Ber., 68, 320 (1935).

M Renshaw and Friedman, J. Am. Chem. Soc., 61, 3320 (1939).

3Drake et al., J. Am. Chem. Soc., 68, 1605 (1946); refs. 26 and 27.

8 Fieser and Hershberg, J. Am. Chem. Soc., 62, 1640 (1940); cf. ref. 27.

77 Winterbottom, J. Am. Chem. Soc., 62, 160 (1940).

18| insker and Evans, J. Am. Chem. Soc., 68, 149 (1946); also ref. 27.

[ insker and Evans, J. Am. Chem. Soc., 68, 874 (1946).

%0 Albert and Ritchie, J. Soc. Chem. Ind. (London), 60, 120T (1941).

3 Gilsdotf and Nord, J. Org. Chem., 15, 807 (1950).

3 Fjeser and Kennelly, J. Am Chem. Soc., 57, 1614 (1935).

3 Craig and Cass, J. Am. Chem. Soc., 64, 783 (1942).

S4Eries and Hemmecke, Ann., 470, 7 (1929).

$ Gilman and Nobis, J. Am. Chem. Soc., 71, 274 (1949); cf. ref. 36.

% Gilman and Avakian, J. Am. Chem. Soc., 68, 1514 (1946).

3% Rockett and Whitmore, J. Am. Chem. Soc., 71, 3249 (1949).

38 Kornblum and Iffland, J. Am. Chem. Soc., 71, 2137 (1949).

® Cerf, Bull, soc. chim. France, (5) 4, 1460 (1937).

#©Sepnkus, J. Am. Chem. Soc., 68, 10 (1946); Johnson, ibid., 12, 14 (1946).

4 Martin, Org. Syntheses, Coll. Vol. II, 501 (1943).

4 Gill, MacGillivray, and Munro, J. Chem. Soc., 1753 (1949).



716 AMINES ' Ch. 24

“*Mahood and Schaffner, Org. Syntheses, Coll. Vol, 1I, 160 (1943).
*“Morgan and Walls, J. Soc. Chem. Ind., (London), S0, 94T (1931).
“Ruggli and Lang, Helv. Chim. Acta, 19, 996 (1936).
“Huang-Minlon, J. Am., Chem. Soc., 70, 2802 (1948); cf. ref. 326.
“"Ruggli and Lang, Helv. Chim. Acta, 21, 38 (1938).
**Weygand and Gabler, Ber., 71, 2474 (1938).
® Kiewiet and Stephen, J. Chem. Soc., 82 (1931).
®Winans, J. Am. Chem. Soc., 61, 3564 (1939).
i Mathieson and Newbery, J. Chem. Soc., 1136 (1949); Natelson and Gottfried,
J. Am. Chem, Soc., 61, 1001 (1939).
%2 Bradlow and Vanderwerf, . Am. Chem. Soc., 70, 654 (1948); Dunker and
Starkey, ibid.; 61, 3005 (1939); Schiemann and Pillarsky, Ber., 62, 3041 (1929).
#3Steck, Hallock, and Holland, J. Am. Chem. Soc., 68, 1243 (1946); von
Baeyer, Ber., 38, 2761 (1905).
%4 Johnson and Degering, J. Org. Chem., 8, 7 (1943); Vanderbilt and Hass,
Ind, Eng. Chem., 32, 34 (1940),
**Hoover and Hass, J. Org. Chem., 12, 506 (1947).
*¢Gakenheimer and Hartung, J. Org. Chem., 9, B5 (1944).
*7Attenburrow et al., J. Chem. Soc., 514 (1949).
**Galatis, J. prakt, Chem.,, 151, 334 (1938); Hewitt and King, J. Chem. Soc.,
822 (1926).
**Rupe and Brentano, Helv, Chim. Acta, 19, 594 (1936).
®Marvel and Overberger, J. Am. Chem. Soc., 68, 185 (1946).
“*Phillips and Maggiolo, J. Org. Chem., 15, 659 (1950).
%2Woodburn and Stuntz, J. Am. Chem. Soc., 72, 1361 (1950).
SLempert and Robinson, J. Chem. Soc., 1420 (1934); cf. ref. G.
%4Clinton and Suter, J. Am. Chem. Soc., 69, 704 (1947).
% Tarbell et al., J. Am. Chem Soc., 70, 1384 (1948); cf. ref. 6G.
%¢Suter, . Am. Chem. Soc., 51, 2581 (1929).
*’Smith and Opie, Org. Syntheses, 28, 11 (1948).
®Cocker, Harris, and Loach, J. Chem. Soc., 751 (1938).
“Leonard and Boyd, J. Org. Chem., 11, 405 (1946).
"°Marvel, Allen, and Overberger, J. Am. Chem, Soc., 68, 1088 (1946); King,
McWhirter, and Barton, tbid., 67, 2091 (1945); also ref. 69.
"Keneford and Simpson, J. Chem. Soc., 356 (1948).
"*Simpson et al., J. Chem. Soc., 646 (1945).
"*Robertson, Org. Syntheses, Coll. Vol. I, 52 (1941).
"Hahn and Tulus, Ber., 74, 515 (1941).
™ Adams and Cohen, Org. Syntheses, Coll. Vol. I, 240 (1941).
"Ungnade and Henick, J. Am. Chem. Soc., 64, 1737 (1942).
""Cronyn, J. Org. Chem., 14, 1013 (1949).
"*Wawzonek, J. Am, Chem. Soc., €8, 1157 (1946).
"Blanksma and Petri, Rec. trav. chim., 66, 353 (1947).
**Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The
Macmillan Co., New York, 1938, p. 171.
*® Hodgson and Ward, J. Chem. Soc., 663, 794 (1945)
**Hodgson and Birtwell, J. Chem. Soc., 318 (1943); Brady et al., ibid,, 2264
(1929).
#Fieser and Martin, J. Am Chem. Soc., 57, 1838 (1935).
MWhitmare and Langlois, J. Am. Chem. Soc., 54, 3441 (1932).

REFERENCES FOR CHAPTER 24 717

8 Westphal and Jerchel, Ber., 73, 1002 (1940); v. Braun and Klar, ibid., 73,
141'213(12‘2211-, McBee, and Hass, J. Am. Chem. Soc., 68, 1009 (1946).

8?Wisansky and Ansbacher, Org. Syntheses, 28, 46 (1948).

83Groggins and Stirton, Ind. Eng. Chem., 28, 1051 (1936); 29, 1353 (1937).

®pinck and Hilbert, J. Am. Chem. Soc., 68, 377 (1946).

99Gilman and Van Ess, J. Am. Chem. Soc., 61, 13)69 (1939).

91Gilman and Jacoby, J. Org. Chem., 3, 108 (1938).

”ﬁll:::t et al.J, Org.y’Syntbeses, 22, 5(1942); J. Soc. Chem. Ind. (London),
64”’1}:2;1?1:;:1 Wibaut, Rec. trav, chim., 55, 122 (1936); Maier-Bode, Ber., 69,

6).

153;“1](:11931: and Wibaut, Rec, trav. chim., 56, 709 (1937).

%Kaye, J. Am, Chem. Soc., 71, 2322 (1949).

%y. Braun, Ber., 70, 979 (1937).

97 Amundsen and Krantz, J. Am. Chem. Soc., 63, 305 (1941); Org. Syntheses,

4
23’”2;;:139}1;?.]. Chem. Soc., 117, 1351 (1920); Groggins and Stirton, Ind. Eng.
1937).

Cbi:’g)'stzezl’):riszn(d ?ex:dall, J. Am, Chem. Soc., 42, 2616 (1920); Johnson and
Schubert, ibid., 72, 2189 (1950); Wilson and Read, J. Chem. Soc., 1272 (1935).

190Tamele et al., Ind, Eng. Chem., 33, 115 (1941).

0yernert and Brode, J. Am. Chem. Soc., 54, 4365 (1932).

192Cheronis et al., J. Org. Chem., 6, 349, 467 (1941),

18 Block, Chem. Revs., 38, 501 (1946). .

1040ceen and Hill, Org. Syntheses, Coll. Vol. I, 300 (1941); Tobie and Ayres,
J. Am. Chem. Soc., 64, 725 (1942).

195 Tobie and Ayres, Org. Syntheses, Coll. Vol. I, 23 (1941).

106Marvel, Org. Syntheses, 20, 106 (1940).

107 Org. Syntheses, 21, 74 (1941).

m'::::::’andgdu nigneaud, Org. Syntheses, Coll. Vol. I, 48 (1941).

19Marvel, Org. Syntheses, 21, G0 (1941).

UOF ck and Marvel, Org. Syntheses, Coll. Vol. II, 374 (1943).

LilMarvel, Org. Syntheses, 21, 101 (1941).

11E]ks, Hems, and Ryman, J. Chem. Soc., 1386 (1948).

113Wells and Allen, Org. Syntheses, Coll. Vol. 11, 221 (1943). .

114yillson and Wheeler, Org. Syntheses, Coll. Vol. 1, 102 (1941).

1158, ck and Ferry, Org. Syntheses, Coll. Vol. II, 290 (1943).

116] azier and Adkins, J. Am. Chem. Soc., 46, 741 (1924).

117Hyughes, Veatch, and Elersich, Ind. Eng. Chem., 42, 787 (1950).

UsSpeer and Hill, J. Org. Chem., 2, 1(33 ((:)937).

U9 cki . Chem. Soc., 992 (1930).

"“g:ntltl:lx?::zméa]shour, J. Am. Chem. Soc., 61, 3133 (1939), cf. ref. 138.

11 Blicke, Monroe, and Zienty, J. Am. Chem, Soc., 61, 91, 93, 771, 775 (1939

1328y ck and Baltzly, J. Am. Chem. Soc., 63, 1964 (1941).

13Clarke, Gillespie, and Weisshaus, J. Am. Chem. Soc., 55, 4571 (1933).

124Borrows et al., J. Chem. Soc., 197 (1947).

125K ing and Work, J. Chem. Soc.4, 1(115;1(91;23)5)

126 . Am, Chem. Soc., 54, .

“"i:::p:;‘, ]Brl:wn, and Marvel, Org. Syntheses, Coll. Vol. I, 528, 531 (1941).

128\arvel and Jenkins, Org. Syntheses, Coll. Vol. I, 347 (1941).



718 AMINES Ch. 24

'3¥%Werner, J. Chem. Soc., 111, 850 (1917).

'%Evans and Williams, J. Chem. Soc., 1199 (1939).

131 Billman, Radike, and Mundy, J. Am. Chem. Soc., 64, 2977 (1942).

'3 Thomas, Billman, and Davis, J. Am. Chem. Soc., 68, 895 (194G).

13Gokhle and Mason, J. Chem. Soc., 1757 (1930); cf. ref. 134,

134Germuth, J. Am. Chem, Soc., 51, 1555 (1929).

13Knoevenagel, . prakt. Chem., 89, 30 (1913).

BSHager, Org. Syntheses, Coll. Vol, 1, 544 (1941).

37Gilman et al., J. Am. Chem. Soc., 67, 2106 (1945).

3¢ utz et al., J. Org, Chem., 12, 760 (1947).

'3%Hurd and Drake, J. Am. Chem. Soc., 61, 1943 (1939),

149Shelton et al., J. Am. Chem, Soc., 68, 753, 755, 757 (1946).

1Weilmuenster and Jordan, J. Am. Chem, Soc., 67, 415 (1945).

192Reck, Harwood, and Ralston, J. Org, Chem., 12, 517 (1947).

14Groenewoud and Robinson, J. Chem. Soc., 1692 (1934).

141 insker and Evans, J. Am. Chem. Soc., 67, 1581 (1945).

14 insker and Evans, J. Am. Chem. Soc., 68, 1432 (1946).

M¢Donia et al., J. Org. Chem., 14, 946 (1949).

147Kermack and Wight, J. Chem. Soc., 1425 (1935).

4*Mannich and Margotte, Ber., 68, 273 (1935).

14Stahmann and Cope, J. Am. Chem, Soc., 68, 2494 (1946).

139] insker and Evans, J. Org. Chem., 10, 283 (1945).

181 Cope and Towle, J. Am. Chem. Soc., 71, 3423 (1949).

1531 Elderfield et al., J. Am. Chem. Soc., 68, 1579 (1946).

133 Breslow et al., J. Am. Chem. Soc., 67, 1472 (1945).

%4Davies and Cox, J. Chem. Soc., 614 (1937); cf. ref. 130.

3%3Gilman and Banner, J. Am, Chem. Soc., 62, 344 (1940).

1%8Hartman, Org. Syntheses, Coll. Vol., II, 183 (1943).

1%7Pjerce, Salsbury, and Fredericksen, J. Am. Chem. Soc., 64, 1691 (1942).

1%8Munch, Thannhauser, and Cottle, J]. Am. Chem. Soc., 68, 1297 (1946).

13°Rindfusz and Harnack, J. Am. Chem. Soc., 42, 1723 (1920).

1%Hancock et al., J. Am. Chem. Soc., 66, 1747 (1944).

' Bachman and Mayhew, J. Org. Chem., 10, 243 (1945).

182Kremer and Waldman, J. Am. Chem., Soc., 64, 1089 (1942); Pierce et al,,
ibid., 64, 2884 (1942).

1#3Campbell and Campbell, J. Am. Chem. Soc., 60, 1372 (1938).

1%4Goldberg, Ringk, and Spoerri, J. Am. Chem. Soc., 61, 3562 (1939).

19Elderfield et al., J. Am. Chem Soc., 68, 1516 (1946).

**Fourneau, Benoit, and Firmenich, Bull. soc. chim. France, (4) 47, 880 (1930).

*7Kon and Roberts, J. Chem. Soc., 980 (1950).

1*Elderfield et al., J. Am. Chem. Soc., 69, 1258 (1947); Campbell et al., 7bid,,

68, 1556 (1946); cf. ref. 174.

'®Moffett, . Org. Chem., 14, 862 (1949).

1"®Marvel, Zartman, and Bluthardt, J. Am. Chem. Soc., 49, 2300 (1927).
17'Gibbs, Littmann, and Marvel, J. Am. Chem. Soc., 55, 753 (1933).
1"2Cowan and Marvel, J. Am, Chem. Soc., 58, 2277 (1936).

'"SDrake et al., J. Am, Chem, Soc., 68, 1536 (1946).

!"Campbell et al., . Am. Chem. Soc., 68, 1556 (1946).

178 Alexander, J. Am. Chem. Soc., 70, 2592 (1948).

™ Johnson et al., I. Am. Chem. Soc., 69, 2364 (1947).

Y’ Cocker and Harris, J. Chem. Soc., 1092 (1939).

REFERENCES FOR CHAPTER 24 719

177 2ugg and Horrom, J. Am. Chem. Soc., 72, 3004 (1950).
1™Magee and Henze, J. Am. Chem. Soc., 60, 2148 (1938); cf. ref. 218.
1804 damson et al., J. Chem. Soc., 1578 (1937).
18 )anetzky and Verkade, Rec. trav. chim., 65, 909 (1946).
3] anetzky and Verkade, Rec, trav. chim., 65, 697 (1946).
183Verkade and Janetzky, Rec. trav. chim., 62, 780 (1943).
B4enze and Holder, J. Am. Chem. Soc., 63, 1943 (1941).
18Hyde, Browning, and Adams, J. Am. Chem, Soc., 50, 2287 (1928); Fourneau
and Barrelet, Bull. soc. chim, France, 47, 72 (1930).
18R ogert and Nabenhauer, /. Am. Chem. Soc., 46, 1702 (1924).
¥7Berchet, Org. Syntheses, Coll. Vol. 11, 397 (1943).
18 Biilmann and Berg, Bull. soc, chim. France, (5) 1, 1657 (1934).
19RB]icke, Wright, and Zienty, J. Am. Chem. Soc., 63, 2488 (1941).
19] eonard and Ruyle, J. Am. Chem. Soc., 71, 3094 (1949).
19t Magidson et al., Arch. Pharm., 272, 77 (1934).
191)\i1ls and Dazeley, J. Chem. Soc., 460 (1939).
193Clark and Mosher, J. Am. Chem. Soc., 72, 1026 (1950); ref. 195.
194Jtermohlen and Hamilton, J. Am. Chem, Soc., 63, 156 (1941).
19Whitmore et al., J. Am. Chem. Soc., 66, 725 (1944).
19 Breslow and Hauser, J. Am. Chem. Soc., 67, 686 (1945).
197Campbell, J. Am. Chem. Soc., T1, 740 (1949).
198Behr et al., J. Am. Chem. Soc., 68, 1296 (1946).
199 Burckhalter et al., J. Am. Chem. Soc., 70, 1363 (1948). -
1) ohnson, Hill, and Donleavy, Ind. Eng. Chem., 12, 636 (1920); ibid., 13,
Soﬁ"(slzil)z; in Technique of Organic Chemistry, Vol. 1, Interscience Publishers,
York 143-208.
Ne'zEmer’s::.in 037gam'c Reactions, Vol, 4, John Wiley & Sons, New York, 1948,
. 174,
? 2'£’7Schwoegler and Adkins, J. Am. Chem. Soc., 61, 3499 (1939
2%4yinans, J. Am. Chem. Soc., 61, 3566 (1939).
1934, skelbetg, J. Am. Chem. Soc., 70, 2811 (1948).
1% R ohrmann and Schonle, J. Am. Chem, Soc., 66, 1516 (1944).
207 pAYexander and Misegades, J. Am. Chem. Soc., 70, 1315 (1948); cf. ref. 203.
208R obinson and Snyder, Org. Syntheses, 23, 68 (1943).
1%Fleury-Larsonneau, Bull, soc. chim, France, (5) 6, 1576 (1939).
MOEmerson and Walters, J. Am. Chem. Soc., 60, 2023 (1938).
M Emerson and Mohrman, J. Am. Chem. Soc., 62, 69 (1940); cf. ref. 210.
MEmerson and Uraneck, Jo Am, Chem, Soc., 63, 749 (1941).
N3Emerson and Robb, J. Am. Chem, Soc., 61, 3145 (1939).
N4Ypodruff, Lambooy, and Burt, J. Am. Chem. Sog.zlgg,z)922 (1940).
nsy; d Adkins, J. Am. Chem. Soc., 54, 30 .
mgﬂ?fa':sf:u, O Havomanm, Berr 63, 39 (1930); ibid., 66, 1400 (1933).
NIWagner, J. Am. Chem. Soc., 55, 724 (1933).
M pBreslow et al., J. Am. Chem. Soc., 68, 100 (1946).
N9pearson, Jones, and Cope, J. Am. Chem. Soc., 68, 1225 (1946).
220Crym and Robinson, J. Chem. Soc., 561 (1943).
31 Emerson, Dorf, and Deutschman, J. Am. Chem. Soc., 62, 2159 (1940).
B2Cope and Hancock, J. Am. Chem. Soc., 64, 1503 (1942).
M Yancock and Cope, Org. Syntheses, 26, 38 (1946).
224Cope and Hancock, J. Am. Chem, Soc., 66, 1453 (1944).
123Hancock and Cope, J. Am. Chem. Soc., 66, 1738 (1944).



720 AMINES Ch.

M¢Engelhardt, Crossley, and Sprague, J. Am. Chem, Soc., 72, 2718 (1950).

*¥"Drake et al., . Am. Chem. Soc., 71, 455 (1949).

33%Woods and Sanders, J. Am. Chem. Soc., 68, 2111 (1946); cf. ref. 229.

3%Scriabine, Bull, soc. chim. France, (5) 14, 455 (1947).

#%Drake et al., J. Am. Chem. Soc., 68, 1529 (1946).

MSkita, Keil, and Baesler, Ber., 66, 858 (1933).

¥ Bowman and Stroud, J. Chem. Soc., 1342 (1950).

#Knoop and Oesterlin, Z. physiol. Chem., 148, 294 (1925); 170, 186 (1927).

*Heidelberger, An Advanced Laboratory Manual for Organic Chemistry,
Chemical Catalog Co., New York, 1923, p. 24; Delépine, Bull. soc. chim,
France, (3) 17, 293 (1897); cf. ref. 235.

3 Galat and Elion, . Am. Chem. Soc., 61, 3585 (1939).

3%Delepine, Bull. soc. chim. France, (4) 31, 108 (1922).

3 Graymore, J. Chem. Soc., 1116 (1947).

3®Mannich and Hahn, Ber., 44, 1542 (1911).

¥Wendler, J. Am. Chem. Soc., 71, 375 (1949).

#9Blicke and Lilienfeld, J. Am. Chem. Soc., 65, 2281 (1943).

14 Baniel et al., /. Org, Chem., 13, 791 (1948).

#42Blicke and Burckhalter, J. Am. Chem. Soc., 64, 477 (1942).

34 Blicke and Maxwell, J. Am. Chem. Soc., 61, 1780 (1939).

#4Vallis and Lane in Organic Reactions, Vol. 3, John Wiley & Sons, New
York, 1946, p. 267. .

345Hofmann, Ber., 15, 762 (1882).

#$Hoogewerff and van Dorp, Rec, trav. chim., 6, 386 (1887).

#7Whitmore and Thorpe, J. Am. Chem. Soc., 63, 1118 (1941).

#%Whitmore and Homeyer, J. Am. Chem. Soc., 54, 3435 (1932).

4% effreys, Am. Chem. |., 22, 14 (1899

350Schlatter, J. Am. Chem. Soc., 63, 1733 (1941).

31 Gutt, Ber., 40, 2061 (1907).

3%2Hauser and Renfrow, J. Am. Chem. Soc., 59, 121 (1937).

153Beckmann and Correns, Ber., 55, 848 (1922).

*3Hoogewerff and van Dorp, Rec. trav. chim., 5, 252 (1886).

3% Arcus and Kenyon, J. Chem. Soc., 916 (1939),

36Woodruff and Conger, J. Am, Chem. Soc., 60, 465 (1938).

337Woodruff and Pierson, J. Am. Chem. Soc., 60, 1075 (1938).

#%Cope, Foster, and Towle, J. Am. Chem. Soc., 71, 3932 (1949).

39Hewett et al., J]. Chem. Soc., 292 (1948).

29Graf, J. prakt. Chem., 133, 19 (1932).

2% Gilman and Swiss, J. Am. Chem, Soc., 66, 1884 (1944); cf. ref. 90.

1y, Braun and Lemke, Ber., 55, 3526 (1922).

163y, Braun and Jostes, Ber., 59, 1091 (1926).

**Horowitz and Geissman, J. Am, Chem Soc., 72, 1518 (1950).

23 Buck and Ide, Org. Syntheses, Coll. Vol. II, 44 (1943),

14 Graebe and Rostovzeff, Ber., 35, 2747 (1902).

**’Huntress, Pfister, and Pfister, J. Am. Chem. Soc., 64, 2845 (1942).

#%Clarke and Behr, Org. Syntheses, Coll. Vol. 1J, 19 (1943).

3**Natarajan and Swaminathan, |, Am. Chem. Soc., 69, 2560 (1947).

¥°Smith in Organic Reactions, Vol. 3, John Wiley & Sons, New York, 1946,
p- 337.

IMNaegeli, Gruntuch, and Lendorff, Helv., Chim. Acta, 12, 227 (1929).

*Manske, J]. Am. Chem. Soc., 51, 1202 (1929).

REFERENCES FOR CHAPTER 24 721

""’Buchman et al., J. Am. Chem. Soc., 64, 2696 (1942).

174McCoubrey and Mathieson, J. Chem. Soc., 696 (1949).

175Kenyon and Young, J. Chem. Soc., 263 (1941).

18Mayer and Sieglitz, Ber., 55, 1847 (1922). )

377Goldberg, Ordas, and Carsch, J. Am. Chem. Soc., 69, 260 (1947).
378Smith, ref. 270, p. 381.

279Gkita and Rossler, Ber., 72, 461 (1939).

10Naegeli and Lendorff, Helv. Chim. Acta, 15, 49 (1932).

1 Steyenson and Johnson, J. Am. Chem. Soc., 59, 2525 (1937)
28ginoleton and Edwards, J. Am, Chem. Soc., 60, 540 (1938).

13Mayer and Krieger, Ber., 55, 1659 (1922).

14Mousseron and Jacquier, Bull, soc. chim. France, (5) 17, 238 (1950).
25 Cyrtius, J. prakt. Chem., 89, 508 (1914). ) .
26 Cyrius, J. prakt, Chem., 58, 190 (1898); Naegeli and Tyabji, Helv. Chim.

Acta, 16, 349 (1933).

¥7Darapsky, J. prakt. Chem., 146, 250 (1936).

18 Gagnon, Gaudry, and King, J. Chem. Soc., 13 (1944).

389Cyrtius, J. prakt. Chem., 125, 211 (1930).

199Cyrtius and Sieber, Ber., 55, 1543 (1922).

Myale, Chem. Revs., 33, 209 (1943).

392Wolff in Organic Reactions, Vol. 3, John Wiley & Sons, New York, 1946,

p. 307.

29 Adamson and Kenner, J. Chem. Soc., 842 (1934).

1%Qesterlin, Z. angew. Chem., 45, 536 (1932).

13Briggs and Lyttleton, J. Chem. Soc., 421 (1943).

196y Braun and Friehmelt, Ber., 66, 684 (1933).

1%7Benson, Hartzel, and Savell, J. Am. Chem. Soc., 71, 1111 (1949).
198 Djce and Smith, J. Org. Chem., 14, 179 (1949).

19Fyson, Maynert, and Shenk, J. Am. Chem. Soc., 67, 1939 (1945).
3® Adamson, J. Chem. Soc., 1564 (1939).

1Schmidt, Ber., 57, 704 (1924).

30Nystrom and Brown, J. Am. Chem, Soc., 70, 3738 (1948).

%3 Adams and Marvel, J. Am. Chem. Soc., 42, 314 (1920); Suter and Moffett,

ibid., 56, 487 (1934).

34Bloom, Breslow, and Hauser, J. Am. Chem. Soc., 67, 539 (1945).
305Walter and McElvain, J. Am. Chem. Soc., 56, 1614 (1934).

3065y ida and Draliowzal, Ber., 75, 995 (1942

397Carothers and Adams, J. Am. Chem, Soc., 47, 3051 (1925).

398 Adkins and Billica, J. Am. Chem. Soc., 70, 695 (1948).

30 Adkins and Cramer, J. Am. Chem. Soc., 52, 4349 (1930).

319Robinson and Snyder, Org. Syntheses, 23, 71 (1943), footnote 5.
M1Freeman, Ringk, and Spoerri, J. Am. Chem. Soc., 69, 858 (1947). ]
MGeissman and Tess, J. Am. Chem. Soc., 62, 514 (1940); St. Goldschmidt

and Veer, Rec. trav. chim., 67, 489 (1948).

M3gan de Kamp, Burger, and Mosettig, J. Am. Chem. Soc., 60, 1321 (1938).
s14Crowe and Notd, J. Org. Chem., 15, 81 (1950). y
33K olloff and Hunter, J. Am. Chem. Soc., 63, 490 (1941); cf. Prijs, Lutz, and

Erlenmeyer, Helv. Chim. Acta, 31, 571 (1948).

M6 Tyurner, J. Am. Chem. Soc., 68, 1607 (1946).
M7King and Acheson, J. Chem. Soc., 683 (1946).
MeReihlen et al., Ann., 493, 20 (1932).



722 AMINES ’ Ch. 24

3% Tarbell et al., J. Am. Chem. Soc., 68, 1217 (1946).
20Corse, Bryant, and Shonle, J. Am. Chem. Soc., 68, 1905 (1946).
" Huber, J. Am. Chem. Soc., 66, 876 (1944).
3 Hawkins and Briggs, J. Am. Chem. Soc., 71, 2530 (1949).
23Biggs and Bishop, Org. Syntheses, 27, 18 (1947).
$3%Malachowski et al., Ber., 71, 759 (1938).
$23Ruggli and Prijs, Helv. Chim. Acta, 28, 674 (1945).
32%Albert, Mills, and Royer, J. Chem Soc., 1452 (1947).
$7Paul and Cottin, Bull. soc. chim. France, (5) 4, 933 (1937).
$28Wiley, J]. Am. Chem. Soc., 68, 1867 (1946).
3%Utermohlen, . Am. Chem. Soc., 67, 1505 (1945).
#3%Tarbell and Noble, J. Am. Chem. Soc., 72, 2657 (1950).
$MMarvel and Tanenbaum, J. Am. Chem. Soc., 44, 2649 (1922).
32Buck, J. Am. Chem. Soc., 55, 2593, 3388 (1933).
K indler and Peschke, Arch, Pharm., 269, 581 (1931).
$34Viley and Adkins, J. Am. Chem. Soc., 60, 914 (1938).
$5Mousseron, Jullien, and Wintemitz, Bull. soc. chim. France, (5) 15, 884
(1948).
3¢Ruggli and Businger, Helv. Chim Acta, 25, 35 (1942).
$378chultz, J. Am. Chem. Soc., 69, 1056 (1947).
33%Albert and Magrath, J. Chem, Soc., 678 (1944); Havinga and Veldstra, Rec.
trav. chim., 66, 271 (1947).
¥9Pollack, J. Am. Chem. Soc., 65, 1335 (1943).
30Weygand, Ber., 74, 256 (1941).
1¥inans and Adkins, J. Am. Chem. Soc., 55, 4167 (1933).
@ Biggs and Bishop, Ind. Eng. Chem., 38, 1084 (1946); Kindler and Hess,
Arch, Pharm., 271, 439 (1933).
38VWojcik and Adkins, J. Am, Chem. Soc., 56, 2419 (1934),
$44Uffer and Schlittler, Hely. Chim. Acta, 31, 1397 (1948).
343 Gavrilov, Koperina, and Klyuchareva, Bull. soc. chim. France, (5) 12, 773
(1945).
$4Yinans and Adkins, J. Am. Chem, Soc., 55, 2051 (1933).
$7paul, Bull. soc, chim. France, (5) 4, 1121 (1937).
348K ing, Barltrop, and Walley, J. Chem. Soc., 277 (1945).
3% Hass, Susie, and Heider, J. Org. Chem., 15, 8 (1950).
$°Lycan, Puntambeker, and Marvel, Org. Syntheses, Coll. Vol. I, 318 (1943).
3% Pinck and Hilbert, /. Am. Chem. Soc., 54, 710 (1932).
B2Breslow et al., . Am. Chem. Soc., 66, 1921 (1944).
$3Magidson and Grigorowsky, Ber., 69, 396 (1936).
#4Carmack et al., J. Am. Chem Soc., 68, 1220 (1946).
*%Hurd and Perletz, J. Am. Chem Soc., 68, 38 (1946).
#¢Hartung and Munch, J. Am. Chem. Soc., S1, 2262 (1929).
#37'Mills and Grigor, J. Chem. Soc., 1568 (1934).
#¢Fischer, Sturm, and Friedrich, Ann,, 461, 257 (1928).
$%Koessler and Hanke, J. Am. Chem. Soc., 40, 1716 (1918).
1%Barry and Hartung, J. Org. Chem., 12, 460 (1947).
361Shivers and Hauser, J. Am. Chem. Soc., 69, 1264 (1947).
$2Hamlin and Hartung, J. Biol. Chem., 145, 349 (1942).
363Snyder and Smith, J. Am. Chem, Soc., 66, 350 (1944).
¥4 Granacher, Helv. Chim. Acta, 6, 458 (1923).
38 Cocker, J. Chem. Soc., 1489 (1940).

REFERENCES FOR CHAPTER 24 723

s®)Miller and Feld, Monatsh., 58, 22 (1931).

37Decombe, Ann, chim., (10) 18, 126 (1932).

363Campbell, Sommers, and Campbell, J. Am. Chem. Soc., 66, 82 (1944).

36 Henze and Humphreys, J. Am. Chem. Soc., 64, 2878 (1942); cf. ref. 368.

Tjollais, Bull. soc. chim, France, (5) 14, 959 (1947).

""Campbeil, Sommers, and Campbell, Org. Syntheses, 27, 12 (1947).

373 Allen and Van Allan, Org. Syntheses, 21, 108 (1941).

$1Cromwell, Babson, and Harris, J. Am. Chem. Soc., 65, 312 (1943).

3%Cromwell and Heksema, J. Am. Chem. Soc., 67, 1658 (1945).

375phillips, J. Soc. Chem. Ind. (London), 66, 325 (1947).

3%6Coleman and Blomquist, J. Am. Chkem. Soc., 63, 1692 (1941).

3""Winans, Ind. Eng. Chem., 32, 1215 (1940).

378Zenitz, Macks, and Moote, J. Am. Chem. Soc., 69, 1117 (1947); cf. ref. 37'9.

3®Kindler, Hedemann, and Schirfe, Ann., 560, 215 (1948); Metayer, Ann. chim,,
(12) 4, 226 (1949).

3¢0Njenberg, Ber., 70, 635 (1937).

881 Ferber and Bruckner, Ber., 72, 995 (1939).

382 Ferber and Bendix, Ber., 72, 839 (1939).

33Waser and Mollering, Org. Syntheses, Coll. Vol. I, 499 (1941); cf. ref. 309.

34Shreve et al., Ind. Eng. Chem., 29, 1361 (1937); 33, 218 (1941

3¢3Gilman and Nobis, J. Am. Chem. Soc., 67, 1479 (1945).

3Horning and Bergstrom, J. Am. Chem. Soc., 67, 2110 (1945)

97Hauser and Weiss, J. Org. Chem., 14, 310 (1949).

seeEisleb, Ber., 74, 1433 (1941).

3Drake in Organic Reactions, Vol. 1, John Wiley & Sons, New York, 1942,
p. 105.

39Ikuta, Am. Chem. J., 15, 39 (1893)

M Hartung, Minnick, and Koehler, J. Am. Chem, Soc., 63, 507 (1941).

$9Robinson, J. Am. Chem, Soc., 69, 1942 (1947).

Y oroshtzow and Kogan, Ber., 65, 142 (1932).

3%4Gilman and Swiss, J. Am. Chem. Soc., 66, 1884 (1944).

¥ Dgvies and Hulbert, J. Soc. Chem. Ind. (London), 57, 349T (1938).

$%Hickinbottom, J. Chem. Soc., 1119 (1937).

397Moore in Organic Reactions, Vol. 5, John Wiley & Sons, New York, 1949,
P ’a;gsltevens and Richmond, J. Am. Chem. Soc., 63, 3132 (1941); cf. ref. 397.

’"fnge:soll, Org. Syntheses, Coll. Vol. II, 503 (1943); Ingersoll et al., J. Am,
Chem. Soc., 58, 1808 (1936).

4] ke, Wisegatver, and Alles, Org. Syntheses, 25, 89 (1945).

saNovelli, J. Am. Chem. Soc., 61, 520 (1939).

42 Bynnért and Marks, J. Am. Chem. Soc., 71, 1587 (1949).

43Staple and Wagner, J. Org. Chem., 14, 559 (1949).

44Schiedt, J. prakt. Chem., (2) 157, 203 (1941).

4SWebers and Bruce, J. Am. Chem. Soc., 70, 1422 (1948).

406Burger and Walters, J. Am. Chem. Soc., 72, 1988 (1950).

©’Njemann, Benson, and Mead, J. Org. Chem., 8, 401 (1943).

s8yright et al., J. Am. Chem. Soc., 72, 3536 (1950); Biel, ibid., 71, 1306
(1?‘;"91')1;rz, Dittmer, and Cristol, J. Am. Chem. Soc., 69, 1698 (1947); Bachman
and Heisey, ibid., 68, 2496 (1946).

#9Holdren and Hixon, J. Am. Chem. Soc., €8,-1198 (1946).



724 AMINES ‘ Ch. 24

“1Hartough et al., J. Am. Chem. Soc., 70, 4013, 4018 (1948),
412X3hn and Stein, Ber., 70, 567 (1937).
“*Mannich and Chang, Ber., 66, 418 (1933).
414Jones, Marszak, and Bader, |. Chem. Soc., 1578 (1947).
4B Grillot and Germley, J. Am. Chem, Soc., 67, 1968 (1945),
“®Mannich, Lesser, and Silten, Ber., 65, 378 (1932).
47Wilds and Shunk, J. Am. Chem., Soc., 65, 469 (1943); Spaeth, Geissman, and
Jacobs, J. Org. Chem., 11, 399 (1946).
“1#Skoda, Bull, soc, chim. France, (5) 13, 328 (1946).
“9Howton, J. Org. Chem., 12, 379 (1947); cf. Mannich, Ber., 75, 49 (1942).
“%Maxwell, Org. Syntheses, 23, 30 (1943).
*%“Ruddy and Buckley, J. Am. Chem, Soc., 72, 718 (1950); Burckhalter and
Fuson, ibid., 70, 4184 (1948).
““Fry, J. Org. Chem., 10, 259 (1945); Vinstein et al., ibid., 11, 215 (1946).
B Plati et al., J. Org. Chem., 14, 543, 873 (1949).
“¥Mannich and Ganz, Ber., 55, 3486 (1922).
45 Butler and MacMillan, J. Am. Chem. Soc., 72, 2978 (1950).
4¢Blomquist and Shelley, J. Am. Chem. Soc., 70, 147 (1948).
“7Blicke in Organic Reactions, Vol. 1, John Wiley & Sons, New York, 1942,
p. 303.
“Ing and Manske, J. Chem. Soc., 2348 (1926); cf. Org. Syntheses, Coll. Vol.
I, 83 (1943).
42°Sheehan and Bolhofer, J. Am. Chem. Soc., 72, 2786 (1950).
4%Smith and Emerson, Org. Syntheses, 29, 18 (1949).
431 oevenich, Becker, and Schroder, J. prakt. Chem., 127, 254 (1930).
41 Putochin, Ber., 59, 625 (1926); C. A. 24, 3756 (1930); cf. ref. 428; also
Bailar, J. Am. Chem. Soc., 56, 955 (1934).
4% Amundsen and Sanderson, Org. Syntheses, 24, 44 (1944); Shriner and Hickey,
J. Am. Chem. Soc., 61, 888 (1939).
“4Chambret and Joly, Bull. soc. chim. France, (5) 14, 1023 (1947).
“SMuller and Feld, Monatsh., 58, 15 (1931).
“%Ruggli, Leupin, and Dahn, Helv, Chim. Acta, 30, 1845 (1947).
“7Sakellarios, Helv, Chim. Acta, 29, 1675 (1946).
““Hamer and Rathbone, J. Chem. Soc., 246 (1943).
“®Weizmann and Malkowa, Bull, soc. chim. France, (4) 47, 356 (1930).
““Davies and Powell, J]. Am. Chem. Soc., 67, 1466 (1945).
*“2DeVite, Org. Syntheses, Coll. Vol. II, 25 (1943).
*2Cloke et al., J. Am, Chem. Soc., 67, 1587 (1945).
4*Billman and Parker, . Am. Chem. Soc., 65, 761 (1943).
“4Birkofer, Ber., 75, 429 (1942).
*$Goldberg and Kelly, J. Chem, Soc., 1369 (1947).
“4¢Stoll, Peyer, and Hofmann, Helv. Chim. Acta, 26, 929 (1943).
“’Mattocks and Hartung, J. Am. Chem, Soc., 68, 2108 (1946).
“4*Wenner, J. Org. Chem., 13, 26 (1948).
““Horning, Horning, and Platt, J. Am. Chem. Soc., 70, 288 (1948).
439Riegel, Gold, and Kubico, J. Am. Chem. Soc., 64, 2221 (1942).
48 Coleman and Callen, J. Am. Chem. Soc., 68, 2006 (1946).
“3Clapp, J. Am. Chem. Soc., 70, 184 (1948); cf. ref. 451.
“IMannich, Handke, and Roth, Ber., 69, 2112 (1936).
“*4Pearson, Baxter, and Carter, Org. Syntheses, 29, 21 (1949); cf. ref. 455.
4335chmidt et al., Ann., 568, 192 (1950).

REFERENCES FOR CHAPTER 24 725

4581 effler, Org. Syntheses, Coll. Vol. II, 24 (1943).
"’Kruege; and Schwarcz, J. Am. Chem. Soc., 63, 2512 (1941).
458Adams and Segur, J. Am. Chem. Soc., 45, 785 (1923).
459Pjerce and Adams, J. Am. Chem. Soc., 45, 790 (3‘9?3).
i 03 (1943).
460V]jet, Org. Syntheses, Coll. Vol. 1, 201, 2 -
““Head’lee, Collett, and Lazzell, J. Am. Chem. Soc., 55, 1066 (1933); Horne

and Shriner, ibid., 54, 2925 (1932).

483 asselle and Sundet, J. Am. Chem. Soc., 63, 2374 (1941).

43Bjel, J. Am. Chem. Soc., 71, 1306 (1949).

w4Goldfarb, J. Am. Chem. Soc., 63, 2280 (1941).

45Cairns and Fletcher, J. Am. Chem. Soc., 63, 1034 (1941).

466)\{cCasland and Smith, J. Am. Chem. Soc., 72, 2190 (1950).

4671 _effler and Adams, J]. Am. Chem. Soc., 59, 2252 (1937).

4%Emerson, J. Am. Chem. Soc., 67, 516 (1945).

“’Lx:tz, Fr’eek, and Murphey, J. Am. Chem. Soc., 70, 2015 (1948).

419)Moffett and Hoehn, J. Am. Chem. Soc,, 69, 1792 (1947).

4nCampbell et al., J. Am Chem. Soc., 70, 3868 (1948).

41 Gardner et al., J. Chem. Soc., 780 (1949). o

"’K;ides et al.: J. Am. Chem. Soc., 72, 745 (1950); Gawron and Spoerri, ibid.,

3 42).

67, 514 (1945); Hromatka, Ber., 75, 131 (19

:"Haeseler,’Org. Syntheses, Coll. Vol. I, 196 (1941).

45 Cromwell, Chem. Revs., 38, 83 (1946).

475K ohn, Monatsh., 25, 841 (1904).

4TMorsch, Monatsh., 63, 220 (1934).

47 Holley ’and Holley, J. Am. Chem. Soc., 71, 2124 (1949). -

4M®Johason, Woroch, and Buell, J. Am. Chem. Soc., 71, 1901 (1949); Southwic

d Seivard, ibid., 71, 2532 (1949).
an“"S(:o:llc ax’\d McElva'in, J. Am, Chem. Soc., 69, 971 (1947). d

481Mozingo and McCracken, Org, Syntheses, 20, 35 (1940); ‘Fus?n., Parham, an
Reed, J. Am, Chem. Soc., 68, 1239 (1946); McElvain and Rorig, ibid., 70, 1820,
1826 (1948).

48 Marsch, Monatsh., 60, 50 (1932).

483)\orsch, Monatsh., 61, 299 (1932).

‘“McElva’in and Stork, J. Am. Chem. Soc., €8, 1049 (1946).

483Seeiger, Org. Syntheses, 22, 26 (1942).

““Philipl;i, Hendgen, and Hernler, Monatsh., 69, 282 (1936).

4%7Heath and Rose, J. Chem, Soc., 1471, 1486 (1947).

48\ oerall, J. Am. Chem. Soc., 49, 1598 (1927).

“’S:yder,’ Weaver, and Marshall, J. Am. Chem. Soc., 71, 289 (1949).

490R obinson, J. Chem. Soc., 220 (1941).

41 Bachmann, J. Am. Chem. Soc., 59, 420 (1937).

#1pgchorr and Karo, Ber., 39, 3140 (1906).

49 Weston and Adkins, J. Am. Chem. Soc., 50, 859 (1928).

#94Blicke and Tsao, J. Am. Chem. Soc., 68, 905 (1946).

“5Fones, J. Org. Chem., 14, 1099 (1949).

‘“Westor’n, Ruddy, and Suter, J. Am. Chem. Soc., 65, 674 (1943).

®7Ag0inall, J. Am. Chem. Soc., 63, 852 (1941).

‘"chl:sterm’an and Painter, J. Am. Chem. Soc., 69, 1674 (1947).

4% Cocker, J. Chem. Soc., 1693 (1937); 1290 (1940).

5%0B;illman and Parker, J. Am. Chem. Soc., 65, 2455 (1943).

51 Verkade and Witjens, Rec. trav. chim., 62, 201 (1943).



726 AMINES ) Ch. 24

502Krueger and Mosettig, J. Org. Chem., 5, 313 (1940).

- 39Mosettig and Krueger, J. Org. Chem., 3, 317 (1938).

#%Bachmann and Boatner, J. Am. Chem. Soc., 58, 2097 (1936).

5% Baker, J. Chem. Soc., 476 (1937).

*0¢Ritter and Kalish, J. Am. Chem. Soc., 70, 4048 (1948).

507Price and Voong, Org. Syntheses, 28, 80 (1948).

3®Leffler in Organic Reactions, Vol. 1, John Wiley & Sons, New York, 1942,
p. 91; cf. Deasy, J. Org. Chem., 10, 141 (1945).

3°Parker and Shive, J. Am. Chem. Soc., 69, 63 (1947).

#19Bergstrom, Sturz, and Tracy, J. Org. Chem., 11, 239 (1946).

"1Glickman and Cope, J. Am. Chem. Soc., 67, 1017 (1945); Coffey, Thomson,
and Wilson, J. Chem. Soc., 856 (193G); Decombe, Ann. chim., (10) 18, 103 (1932).

512Brown and Jones, J. Chem. Soc., 781 (1946).

$13Stewart and Bradley, J. Am. Chem. Soc., 54, 4172 (1932).

*14Alexander and Underhill, J. Am. Chem. Soc., 71, 4014 (1949).

$¥*Masters and Bogert, J. Am, Chem. Soc., 64, 2710 (1942).

#18Rivier and Farine, Helv., Chim. Acta, 12, 866 (1929); Scanlan, J. Am. Chem,
Soc., 57, 887 (1935).

517Gattermann and Wieland, Laboratory Methods of Organic Chemistry, The
Macmillan Co., New York, 1938, p. 317.

518 ambert, Scaife, and Wilder-Smith, J. Chem. Soc., 1474 (1947).

*1Buckley, Heath, and Rose, J. Chem. Soc., 1500 (1947).

*29Rousseau and Lindwall, J. Am. Chem. Soc., 72, 3047 (1950).

*2Tones and Wilson, J. Chem. Soc., 550 (1949). .

323Barger and Easson, J. Chem. Soc., 2100 (1938).

$3Hiers and Adams, J. Am. Chem. Soc., 49, 1099 (1927); Ber., 59, 162 (1926).

$24 Allen and Bell, Org. Syntheses, 22, 19 (1942).

53 Anslow and King, Org. Syntheses, Coll. Vol. I, 298 (1941).

$3Neunhoeffer and Liebich, Ber., 71, 2247 (1938); Bell, Kenyon, and Robinson,
J. Chem. Soc., 1243 (1926). ‘

52Kamm, Org. Syntheses, Coll. Vol. I, 445 (1941).

$2%3alzberg, J. Am. Chem. Soc., 72, 4307 (1950).

5¥Ewlinger, J. Am. Chem. Soc., 72, 4795 (1950).

839 ngram, J. Chem. Soc., 2247 (1950).

8% Theilacker and Wendtland, Ann., 570, 50 (1950).

*Hauser and Reynolds, J. Org. Chem., 15, 1224 (1950).

833Degering and Boatright, J. Am. Chem. Soc., 72, 5137 (1950).

$3Waalkes et al., J. Am. Chem. Soc., 72, 5760 (1950).

$8Groggins, Unit Processes in Organic Synthesis, McGraw-Hill Book Co., New
York, 1947, pp. 73-128.

$36Ref. 535, pp. 338-423.

$37Baret and Leveque, Bull. soc. chim. France, (5) 16, 832 (1949).

3% E]derfield and Ressler, J. Am. Chem. Soc., 72, 4067 (1950).

5¥May and Mosettig, J. Am. Chem. Soc., 70, 1077 (1948).

%4°Julian et al., J. Am. Chem. Soc., 67, 1203 (1945).

%lHass and Huffman, J. Am. Chem. Soc., 63, 1233 (1941).

543Allen and Wolf, Org. Syntheses, 30, 3 (1950).

343Tchoubar, Bull. soc. chim. France, (5) 16, 160 (1949).

$4Herz, J. Am. Chem. Soc., 72, 4999 (1950).

34 Burger and Bennet, J. Am. Chem. Soc., 72, 5414 (1950).

$4Manske and Kulka, J. Am. Chem. Soc., 72, 4997 (1950).

REFERENCES FOR CHAPTER 24

341 ewis, J. Chem. Soc., 2249 (1950).
"'Snyder' and Hamlin, J. Am. Chem. Soc., 72, 5082 (1950).

727

s®yinstein and Boschan, J. Am. Chem. Soc., 72, 4675 (19/?0); cf. ref. 467.

550Roeder and Day, J. Org. Chem., 6, 28 (1941).

’“G;Tmnn and Av:kian, J. Am. Chem. Soc., 68, 580 (1946).

ss2yitten and Reid, Org. Syntheses, 30, 5 (1950).

ss3\orrison and Rinderknecht, J. Chem. Soc., 1478 (1950).

S54Fjeser, Org. Syntheses, Coll. Vol. 1I, 35, 39 (1943).

$38Spevenson, Ind, Eng. Chem., 42, 1664 (1950).

s5¢Kremer, J. Am. Chem. Soc., 61, 1321 (1939).

557King and Work, J. Chem. Soc., 1307 (1940).

sstWilkinson and Finar, J. Chem. Soc., 759 (1947).

$59Brown in Organic Reactions, Vol. 6, Joha Wiley & Sons, New York,
p."ffg;mpaigne, Budde, and Schaefer, Org. Syntheses, 31, 6 (1951).

s61Schulez, Org. Syntbeses, 31, 45 (1951).

1951,



25

Imines
CONTENTS

METHOD PAGE
465. Condensation of Carbonyl Compounds with Amines .... 728
466. Cyclization of B-Amino AICohols ..occoeveervveesrsersrsisrsnns e 729
467. Action of Grignard Reagents on Oximes ...... e 729
468. Action of Grignard Reagents on Nitriles ......cc.u........ ersnteisisnsiiins 729
469. B-Iminonitriles by Condensation of Nitriles 730
470. Ethylene Imino Ketones by the Action of Amines on a,8-Dibromo

KetONEs oottt sttt s et e e 730
Table 93. Imines 731
REFEIONCES 1oioviiiiitiiiciii ettt et eras st ev et oe e e v e s 732

465, Condensation of Carbony! Compounds with Amines
RCHO + R°NH, — RCH=NR’ + H,0

Both aliphatic and aromatic aldehydes condense with primary amines,
aliphatic and aromatic, to form N-substituted imines. The purely aliphatic
imines (Cq to C,o) can be obtained in 50-80% yield; however, these com-
pounds are unstable and should be used immediately after distillation.*
Side reactions which may occur during their formation have been studied.?
On the other hand, Schiff bases from substituted benzaldehydes and
amines, aliphatic and aromatic, are more stable and have been prepared in
large numbers.’™® The benzaldehyde entity may carry a halo, hydroxy!,
methoxyl, dialkylamino, or nitro group.? Usually, an immediate reaction
occurs upon mixing the two reactants either without a solvent or in dilute
alcohol, as illustrated by the synthesis of benzalaniline, CeH;CH=NC,H,
(87%).}

The formation of Schiff bases by the reaction of ketones with amines
is more difficult. Acetophenone and other aryl alkyl ketones which are
slow to react under the usual conditions will combine with aromatic amines
at 160~180° in the presence of a zinc chloride-aniline salt.* In another
procedure, 2-acetylthiophene and aniline are condensed in boiling toluene
with the aid of a water separator,?®

Ketones like acetophenone have been heated with ammonia in the
presence of a dehydrating agent, but the formation of the ketimines is

728

METHODS 465-468 729

poor.” A successful conversion of 9-fluorenone to its ketimine has been
described in which anhydrous ammonia is passed through the molten ketone
at 165° (66%).°

Invariably, the combination of ammonia and aldehydes form§ other
products; these reactions have been reviewed.” Monochloramine .(NH,CI)
reacts readily with substituted benzaldehydes to form aldchlorimines

(ArCH=N{).**

466, Cyclization of S-Amino Alcohols

H,C

OH H,COS0,0~
H,C H,S0, ‘12 2~ NaOH NH

H,CNH, Me=* H,CNH,* !
2

Ethylenimine is conveniently prepared from ethanolamine l:ly heating
the inner salt of the sulfate ester with aqueous alkali (37%). The
method has been applied to other B-amino alcohols to form the C-alky!l
homologs of ethylenimine in which one to three of the four hydrogens may
be substituted.!* The general procedure is illustrated by the synthesis
of 2,2-dimethylethylenimine (51%)."* The Njalkyl fmalogs can be tnade‘l;y
treating the N-alkylethanolamine hydrochlorides with chl?rosu‘lfomc aci
followed by the action of base on the intermediate s‘ulfunc acid esters,
as in the preparation of N-ethylethylenimine (70%).! ‘ . .

Aryl-substituted amino alcohols fail to undergo this reaction but in-

stead are dehydrated to vinylamines. . . .
The reactions of ethylenimine have been studied extensively.

467. Action of Grignard Reagents on Oximes
R R
|
ArC—CH, 22MX, Ar—C—CH, =23 Ar—C—~CH,
N/ \/

NOH NMgBr NH

i i imi i the action of ali-
Certain substituted ethylenimines are obtained by ) )
pha§c or aromatic Grignard reagents on aryl alkyl ketoximes with sub-

sequent non-acidic decomposition of the intermediate complex (20~
60%).15'16

468. Action of Grignard Reagents on Nitriles

ArCN BM&, ArRC—NMgX =3 ArRC=NH
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The interaction of Grignard reagents and nitriles produces ketimines
which may be hydrolyzed to ketones without isolation (method 187).
Many of the alkyl aryl ketimines have been isolated for further study.
For this purpose, the intermediate addition compound is decomposed by
treatment with anhydrous hydrogen chloride or, preferably, with anhydrous
ammonia.'”™ The yields range from 50% to 86%. Often, the ketimines
are non-hydrolyzable or hydrolyzed with difficulty, allowing them to be

easily isolated;'* others must be isolated and stored under anhydrous

conditions,***?° i

469. B-Iminonitriles by Condensation of Nitriles ??

2CH,CN 22223, CH C(—NH)CH,CN
H,0
470. Ethylene Imino Ketones by the Action of Amines on a,/[-Dibromo

Ketones ** !

ArCH —CH —COAr 283 ArCH —CHCOAr

Br Br NR

TABLE 93. IMINES

TABLE 93. IMINES
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C Compound Method Yi;ld Chaptel’"f' B.p./mm., "b. (M.p.), Deriv,
n o
- s
C, Ethylenimine 466 37 2511; 58, 1'412315
C, 1,2-Propylenimine 466 65 25 64, 1.4095 -
Ethylidenemethylamine 465 55 25! 28/754, 1.4010
15
C, 1,2-Butylenimine 466 46 25"1 89, 1.4165 .
trans-2,%Butylenimine 466 47 25! 76, 1.4070"
2,2-Dimethylethylen- 466 51 2513 72, 1.4050
imine " o
N-Ethylethylenimine 466 70 25 222H ‘03312
Propylidenemethyl- 465 77 25? 53/758, 1.4033
amine
Ethylidene-ethyl- 465 77 25t 48/774, 1.3953%
amine
14
C, Propylidene-ethyl- 465 81 25t 74/764, 1.4053
amine N
Butylidenemethyl- 465 76 25 81/764, 1.4095
amine n
C, Butylidene-ethyl- 465 84 25t 102/763, 1.4105
amine
C, N-Benzylidenemethyl- 465 70 254 185, 69/20, 1.5519
amine
Co N-Benzylidene-ethyl- 465 90 25 99/28, 1.5397
amine
Cyp 2-Phenyl-2-ethyl- 467 60 25%¢ 86/7, 1.5318, 191HCI
ethylenimine
C,, N-Phenyl 2-thienyl 465 46 25¢ 155/5, (70)
methyl ketimine o
Cy Diphenylmethane 66 25
imine hydrochloride
Fluorenyllidenimine 465 66 25: (124)
N-Benzylideneaniline 465 87 25 (52)
(benzalaniline)
i 251 167/12, 99)
C Acetophenonanil 465 42
C‘l: 2,2-Diphenyl-3- 467 70 251 132/1, (75), 140HCI
y
methylethylenimine

For explanatons and symbols see pp. xi-xii.
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These compounds are prepared in part by methods similar to those for
amines; in addition, specific methods are employed including the re-
duction of diazonium compounds, reduction of azo compounds, and re-
duction of nitrosamines leading to sym- or unsym-substituted hydrazines.

471. Alkylation of Hydrazines
RX + NH,NH, — RNHNH,

High-molecular-weight monoalkylhydrazines (C¢ and above) can be
made from anhydrous hydrazine** and alkyl halides in a manner similar
to the alkylation of amines.? On the other hand, alkylation with the
lower halides leads chiefly to di-, tri-, and tetra-substituted hydrazines.?
Ethylhydrazine has been obtained by alkylation of hydrazine with ethyl
sulfate (32%).} Methylhydrazine is synthesized by a special variation of
this method (54%).’

If activated by nitro groups, aryl halogens are easily replaced by the
hydrazino group, as illustrated by the synthesis of 2,4~dinitropheny!-
hydrazine (85%). Other nitrophenylhydrazines may be obtained by the
action of hydrazine or methylhydrazine.®

Alkali metal phenylhydrazines, A:N(Na)NH,, which are prepared by
the direct reaction of primary hydrazines with alkali amide in liquid

733
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ammonia are readily alkylated by alkyl halides to furnish N,N-alkyl-
arylhydrazines, Af(R)NNH, (73-94%).

sym-Hydrazines, RNHNHR, are prepared by the alkylation of dibenzoyl-
hydrazine (C;H;CONHNHCOC,H;) followed by hydrolytic treatment, as
shown by the synthesis of sym-dimethylhydrazine (73% over-all).® This
procedure may be applied to dibenzoylalkylhydrazines which upon alkyla-
tion and hydrolysis yield sym-hydrazines substituted with different groups,
e.8., sym-methylisopropylhydrazine,®

The interaction of hydrazine hydrate and ethyl chlorocarbonate in
methanol solution yields methyl hydrazinecarboxylate, H,NNHCO,CH,
(49%).1*

472, Interaction of Amines and Hydroxylamine-O-Sulfonic Acid
RNH, + NH,0-SO,0H %!, RNHNH,

Monoalkylhydrazines (C, to C;) are readily prepared by heating amines
with hydroxylamine-O-sulfonic acid in the presence of alkali (31-60%).!
The products are isolated as the oxalate salts.

473, Reduction of Diazonium Compounds
ArNFCI™ 222598 A¢NHNH, ~HCI

The reduction of diazonium salts by sodium sulfite forms monosub-
stituted arylhydrazines. An improved procedure for the synthesis of
phenylhydrazine in 84% yield is typical.’* Arylhydrazine salts sub-
stituted in the nucleus with halo,'* ether,'® carboxyl,***® or nitro *7+**
groups have been prepared, The free bases are liberated from the salts
by the action of aqueous sodium hydroxide or sodium acetate.

474. Reduction of Nitrosoamines

R,NNH,
CH,CO0H

unsym-Disubstituted hydrazines, R,NNH,, are prepared by the zinc-
acetic acid reduction of either aliphatic or aromatic nitrosoamines. In
this maaner, unsym-dimethylhydrazine is synthesized in 73% yield from
nitrosodimethylamine,*® Similarly, a-methyl-a-phenylhydrazine is pre-
pared (56%).” Preparations of the nitrosoamines from the corresponding
secondary amines are also described.

Ethylhydrazine is made from nitrosodiethylurea, C,H;N(NO)CONHC,H,,
by the usual steps of reduction and hydrolysis.?

METHODS 475-478 735

475. Reduction of Azo Compounds
AINO, ™% AN =NAr 3 ACNHNHAc

Aromatic sym-disubstituted hydrazines are obt.ained by reductionl o;
azo compounds, which in turn are intermediates in Rtoperly controlle
reductions of nitro compounds. The over-all r.educnon can be accom-
plished with zinc dust and alkali or electrolytically. For example,
hydrazobenzeae, the simplest member, is made by both procedures.
Chemical reduction is carried out on o-nitrobtomobet'lz.ene.to fon:1s 2,7-
dibromohydrazobenzene (57%), the halo groups remaining intace.” Many
examples of the electrolytic procedure have been f:lted; the y{elds. va..;y
from 50% to 95%.** To a limited extent, a magnesium-magnesium ;odI"e
system has been employed as a reducting agent for the azobenzenes.™

23,24

476. Action of Grignard Reagents on Diazomethane *’

CH,(CH,),CH,MgX C—l’:-ﬁ;-b CH,(CH,),CH,NHNHCH, (53%)

477. Reductive Hydrazination of Carbonyl Compounds *°

2R,CO + H,NNH, —=2—» R,CHNHNHCHR,
Catalyst
R =1isopropyl (80%)

478, Addition of Grignard Reagents to Dialkyl-alkylidenhydrazones

CH jMgX;
R,NNH, 2“3 R,NN=CH, _;—’o'x—> R,NNHCH,CH,

R = ethyl (22% over-all)
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TABLE 94. HYDRAZINES
Cn Compound Method Y(‘;;d Chapter®f. B,p/mm., L., (M.p.), Deriv.
C;y Methylhydrazine (as 471 5S4 26° (142)
sulfate)
C, Ethylhydrazine 471 32 26* 99.5/709, 110HCI
Ethylhydrazine (as 472 42 261 (171)
oxalate)
sym-Dimethylhydrazine 471 78 26% (167
(as hydrochloride)
unsym-Dimethylhydrazine 474 73 26%® 65/765, 82HCI
Methy! hydrazino- 471 49 261 108/12, (63), 160HC]
carboxylate
Cs nPropylhydrazine (as 472 52 26! (175)
oxalate)
Isopropylhydrazine 477 90 26% 107/750, 114HCl
Isopropylhydrazine (as 472 44 26! (172)
oxalate)
C4 nButylhydrazine (as 472 45 26! (165)
oxalate)
sym-Methylisopropyl- 471 50 264 79/37
hydrazine
N,N-Dimethyl-N"- 478 65 26% 77/ 720, 93Pi
ethylhydrazine
Cs n-Amylhydrazine (as 472 31 26! (164)
oxalate)
sym-Methyl-n-butyl- 476 53 26® 115HC
hydrazine
Cs n-Hexylhydrazine 471 26 262 81/14
sym-Dii sopropyl- 477 100 6% 124/750, 1.412524
hydrazine
Triethylhydrazine 478 22t g6 39/37
Phenylhydrazine 473 84 2612 138/18, (23)
p-Fluorophenylhydrazine - 473 74 2614 129/21, (39)
o-Nitrophenylhydrazine 473 64 261® (90)*, 140Ac*
p-Nitrophenylhydrazine 473 66 26Y7 (157), 120Pi*
2,4-Dinitrophenylhydrazine 471 85 264 (192
C; a-Methyl-a-phenyl- 474 56 262 109/13
hydrazine
o-Carboxyphenylhydrazine 473 84 2616 (247), 190HC1
p~Carboxyphenylhydrazine 473 76 26" 253HC!
Cs N,N-Ethylphenylhydrazine 471 88 267 120-7/25, 147HCI
Cy 2-Phenoxyphenylhydrazine 473 45 261 (154)
Hydrazobenzene 475 85 26% (124)
2,2”-Dibromohydra zo- 475 57 2628 (98)

benzene

TABLE 94. HYDRAZINES 737

TABLE 94 (continued)

Method Yi%ld Chaprestete B.p./mm., nb, OLp.), Deriv.

Cn Compound (%)
C,s 4,4"-Dihydrazinodiphenyl- 473 35 2613 (141)
e 70 26 (144)

Cas Tetraphenylhydrazine

For explanations and symbols see pp. xi~xii.
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479, Oximination of Carbonyl Compounds
R,CO + H,NOH - HCl + NaOH — R,C=NOH + H,0 + NaCl

Oximes are commonly prepared by the interaction of ketones with hydrox-
ylamine hydrochloride (or sulfate) in the presence of an inorganic base.
The reaction is reversible, but the state of equilibrium highly favors the
desired products. Preparations of large quantities for synthetic work are
illustrated for methyl ethyl ketoxime,! cyclohexanone oxime,?? hept-
aldoxime,® and benzophenone oxime,* the procedures varying somewhat
with the nature of the carbonyl compound. In some instances, a readily
available and cheap reagent like sodium hydroxylamine disulfonate,
HON(SO,Na),, is first prepared from sodium nitrite and sodium bisulfite
and, without isolation, treated with the carbonyl compound,?*®7*
Hydroxylamine-O-sulfonic acid, H,NOSO,H, is still another reagent and,
like sodium hydroxylamine disulfonate, is used in the absence of a base.
The preparation of hydroxylamine hydrochloride is described.®

The oximes of ketones with large hydrocarbon radicals like the acetyl-
phenanthrenes are readily prepared by the action of hydroxylamine hydro-
chloride in the presence of pyridine.!? Special studies have been made
for the synthesis of 1,2-cyclohexanedione dioxime'* as well as the next
higher homolog.'* Dimethylglyoxime, CH,C(=NOH)C(=NOH)CH,, is

739
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prepared by the action of sodium hydroxylamine monosulfonate on biacetyl
monoxime,'*

480, Nitrosation of Active Methylene Compounds
RCOCH,R + R°ONO =<5 RCOC(=NOH)R + R’OH

Compounds having active methylene groups react with nitrous acid to
form oximino derivatives. The attack on the a-methylene group of ketones
is illustrated by the action of ethyl nitrite on methyl ethyl ketone, and

by the action of methyl nitrite on propiophenone, to form biacetyl monoxime

(60%)** and isonitrosopropiophenone (68%),'® respectively. Methyl and
ethyl nitrites are passed in gaseous form into the ketones in the presence
of hydrochloric acid. In other preparations, n-butyl, amyl, or octyl nitrite
in liquid form is employed.'**7*

Similarly, the a-methylene group of acetoacetic ester is oximinated
by the action of sodium nitrite in glacial acetic acid (63%).*® Nitrosa-
tion of alkylated malonic, ?°*** acetoacetic,*
with subsequent cleavage affords an excellent synthesis for a-oximino
esters, RC(=NOH)CO,C,H,. A survey of several possible procedures
for this conversion has been made.” If a B-keto acid is nitrosated, then
the carboxyl group is lost and an a-oximino ketone is formed, viz.,

and benzoylacetic?? esters

CH,COCHRCO,H £, CH,COC(=NOH)R + CO,

The conversion of o- and p-nitroethylbenzenes with t-butyl nitrite and
sodium t-butoxide into the corresponding nitroacetophenone oximes is
accomplished in 67-74% yields,?*

481, Partial Reduction of Nitro Compounds

Various procedures have been developed for the production of oximes
from nitroparaffins, Direct reduction with zinc dust and acetic acid has
been proposed, but the yields are poor because of the simultaneous forma-
tion of amines,”® A synthesis for cyclohexanone oxime has been demon-
strated which involves the formation and selective hydrogenation of 1-
chloro-1-nitrocyclohexane. The halogenated intermediate is prepared in
quantitative yield by chlorination of the sodium salt of aci-nitrocyclo-
hexane, and subsequent hydrogenation is performed in an 80% yield over
palladium-on-charcoal,*’

Still another scheme is concerned with the zinc-acetic acid reduction
of an aliphatic nitro olefin, which is readily prepared by the condensa-
tion of an aldehyde with the nitroparaffin (method 37),2®

’,

RCH,NO, ——3 R’CH=C(R)NO, — 2™ R’CH,C(=NOH)R
CH,COOH

METHODS 481-483 741

a-Nitrostilbene, C;H,CH=C(NO,)CHjs, is selectively hyd:ogem}ted. over
a palladium catalyst to desoxybenzoin oxime in an almost quantitative

yield.*
482 Hydroxylamination of Dihydropyridines*®

H 2, 1(-:12
/N /N 78\

C
Hﬁ TH Na + C,HgOH Hﬁ ﬁH 2NH,0H H’T | H,

HC. CH HC_ CH HC  CH
\. 7/ N\ / ..
N » N NOH NOH
H (90% over-all)

483, Nitrosation of Secondary Amines

(HONO), R,NNO

R,NH - HCI

Aliphatic and aromatic amines react with nitrous acid to form N-nitro.so
derivatives. For example, dimethylamine hydrochloride on treatment with
sodium nitrite and hydrochloric acid is converted to nitrosodimethyl-
amine in 90% yield.* In like manner, N-nitrosomethylaniline is synthe-
sized from N-methylaniline in 93% yield.*® The ready formation of these
derivatives and the easy reconversion to the amine by reduction affords
an advantageous procedure for separating secondary amines from' p‘rimary
and tertiary amines, as shown in the synthesis of N-ethyl-m-toluidine and
other N-alkyl derivatives by the alkylation of m-toluidine.**

Certain N-nitroso derivatives are important intermediates in the synthe-
sis of diazomethane and homologs. One synthesis involves the nitro-
sation of a B-alkylaminoisobutyl methyl ketone; the corresponding N- .
nitrosoamine is readily decomposed to the diazoalkane and mesityl oxide
by treatment with sodium isopropoxide.*

R
(CH,),CCH,COCH, 22, (CH ), CCH,COCH, ~*>% CH,N, +

CH,NH CH,NNO
(CH,),C=CHCOCH, + H,0

Other intermediates for the synthesis of diazomethane are nitrosomethyl-‘ \
urea, CH,N(NO)CONH,,** and nitrosomethylurethane, CH,N(NO)FOeC,H,..

Certain a-anilino acids like phenylglycine and a-anilinopropionic acid
have been converted to their N-nitroso derivatives.**
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484, Nitrosation of an Aromatic Nucleus

CHN(CH,), T2, ,, ONC,H,N(CH,),

Aromatic tertiary amines and phenolic compounds undergo nuclear nitro-
sation, as illustrated by the synthesis of p-nitrosodimethylaniline (89%),*
p-nitrosophenol (80%),** and I-nitroso-2-naphthol (99%).* In the reaction
of a-naphthol, an isomeric mixture of the nitrosonaphthols is obtained.**
The nitrosation of phenols with nitrous acid usually produces p-nitroso
compounds; however, o-nitrosophenols can be prepared by nitrosating
phenols in the presence of cupric sulfate,®®

N-Nitroso derivatives of secondary amines are transformed into p-
nitroso derivatives by the action of hydrogen chloride in alcohol and
ether solution (Fischer-Hepp). The conversion is believed to occur

through the liberation of nitrosyl chloride followed by p-nitrosation,
viz,,*

C,H,N(NO)CH, == C,H;NHCH, “°% ».ONC,H,NHCH,
485, Oxidation of Hydroxylamines and Amines

ArNO, —2%_ A:NHOH 3 ArNO 2 AsNH,
NH,Ct

Nitrosobenzene is readily synthesized by the chromic acid oxidation
of B-phenylhydroxylamine, which in turn is prepared by the reduction of
nitrobenzene by the action of zinc dust and ammonium chloride ( 53%).*°
The hydroxylamines need not be isolated. In other preparations, ferric
chloride is employed as oxidant,*”**

Primary aromatic amines react with Caro’s acid to form nitroso deriva-

tives, as in the preparation of 5-nitro-2-nitrosotoluene from 2-amino-5-
nitrotoluene (71%).*

TABLE 95. OXIMES (ISONITROSO COMPOUNDS)

TABLE 95. OXIMES (ISONITROSO COMPOUNDS)

743

iel

G, Compound Method Y(‘;)d Chaptertef- B.p./mm., nf,, (M.p.)
Acetaldoxime 479 80 27% 114

C; Acetoxime 479 76 27¢ 136, (61)
Methylglyoxime 479 62 278 (154)
a-Oximinopropionic acid 480 90 271 (181d)

C, Methyl ethyl ketoxime 479 85 27! 150-155
Biacetyl monoxime 480 60 271 (76.5)
Dimethylglyoxime 479 60 278 (240)
a-Oximinobutysic acid 480 65 278 (154d)

Cs Glutardialdoxime 482 9ot 7™ (175)
Cyclopentanone oxime 479 93 278 97/ 24, (54)

C¢ Cyclohexanone oxime 479 93 27} 105/12, (88)

479 65 272 95-100/5, (80)
481 80 277 (88)
2-Isonitrosocyclohexanone 480 82 74
1,2-Cyclohexanedione dioxime 479 70 274 (188)
a-Oximinocaproic acid 480 70 27 (135d)
Ethyl a-oximinoacewacetate 480 63 27v (58)

Cy Heptaldoxime 479 93 273 107/6, (55) .
3-Heptanone oxime 481 60 272 56/1, 1.4522
1,2-Cycloheptanedione dioxime 479 46 278 (180)

Ethyl a-oximinovalerate 480 75 27% 124/5, (48)

Cy Acetophenone oxime 479 90 27 :o (59)
p-Chloroacetophenone oxime 479 94 27” (98)
o-Nitroacewphenone oxime 480 74 27” (117)
p-Nitroacewphenone oxime 480 67 2720 (174)

Ethyl a-oximinocaproate 480 80 27 (55)

Cy Isonitrosopropiophenone 480 68 27"; (113)
p-Methylacetophenone oxime 479 95 27 (87)
a-Oximino-8 -phenylpropionic acid 480 95 272 (169)

Cy; Methyl a-naphthyl ketoxime 479 98 27:° 82;;

C Benzophenone oxime 479 99 27

" = 479 98 271 (144)*

C,. p-Phenylacetophenone oxime 479 90 27°9 (186)
Desoxybenzoin oxime 481 100 272 (94)

Cy,s 3Acetylphenanthrene oxime 479 100 2712 (72)

*For explanations and symbols see pp. xi-xii.
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