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REVIEWS

Advances in the Chemistry of Mannich Bases

Maurilio TRAMONTINI

Istituto di Chimica degli Intermedi, Facolta di Chimica Industriale dell’ Universita di Bologna — Bologna, Italy

In this review, the progress in the chemistry of Mannich bases in
the years 1960- 1970 is reported in depth. The first part of the
review deals with the synthesis of the bases and discusses
separately the types of substrates undergoing the reaction. The
second part contains a discussion of Mannich base reactions.
whereby these bases are regarded as casily accessible intermediates
{or the synthesis of various products.

1. Synthesis of Mannich Bascs

1.1. Structure

1.2, Reactants and Reaction Conditions

1.3. Mechanism, Orientation, and By-products

1.4. C-Aminomethylation Reactions

1.5. N-, S-, Se-, and P-Aminomethylation Reactions

1.6. Optically Active Mannich Bases

Reactions of Mannich Bases

{. Decaminomethylation

2. Deamination

3. Substitution of the Amino Group (X-Alkylation)

2.4, Reduction

2.5. Reaction with Organometallic Compounds
2.6. Cyclization

2.7. Miscellaneous Reactions

Der folgende Ubersichtsartikel behandeh dic Fortschritte in der
Chemie der Mannich-Basen wihrend des Jahrzehnts 1960- 1970,
Im ersten Teil wird die Synthese von Mannich-Basen unter Ver-
wendung der verschiedenen Substrat-Typen eingehend besprochen.
Im zweilen Teil werden priparativ interessante Reaktionen der
Mannich-Basen in Einteilung nach Reaktionstypen abgehandelt.
Das grofle praktische Interesse an der Chemie der Mannich-Basen
beruht hauptsiichlich auf der leichten Einfihrbarkeit einer basi-
schen Funktion mittels der Mannich-Reaktion und der einfachen
Quaternisicrung dieser Funktion zu einer Aminium-Gruppicrung.
die das Molekiil wasserloslich machen kann, sowie aut der viel-
seitigen Reaktivitiit der Mannich-Verbindungen und ihren pharma-
kologischen Eigenschaften.

The chemistry of Mannich bases, first studied by
Mannich, has been the subject of investigations by
an ever increasing number of researchers. Several
studies' 2 which appeared before 1960 together with
books by Reichert® and by Hellmann and Opitz*.
provide excellent coverage on practically the entire
chemistry of Mannich bases up to 1960. In addition, in
the last ten years many investigators have studied the
numerous applications of the Mannich reaction (for
some significant examples, see Ref.?), the problems
of orientation and mechanism (for a recent com-
prehensive review, see Ref.®), and the reactivity of
the bases which allows the synthesis of numerous
other products.

This review represents a comprehensive documen-
tation of the progress of this work during the period
1960--1970.

The great interest in the chemistry of Mannich bases

has been essentially inspired by two facts:

~ The Mannich synthesis introduces a basic function
which can, e.g., render the molecule soluble in
aqueous solvents when it is transformed into the
aminium salt;

- Mannich bases are very reactive; in fact, they can
easily be transformed into numerous other com-
pounds. The reactivity of the bases accounts for
several interesting properties (mainly pharma-
cological).

Studies on the chemistry of Mannich bases are of

interest in various arcas of application;

- A large number of aminoalkyl derivatives have
been prepared in order to correlate their structure
and reactivity with their pharmacological activity.
Particularly noteworthy are some general studies
such as those concerning cytostatic Mannich bases
derived from. e.g., bis-[2-chloroethyl|-amine’,
melamine, or ethylenediamines®, and those re-
garding Mannich base derivatives possessing anti-
microbial”'? or cardiotonic' " activity.

Mannich bases represent easily obtainable inter-
mediates for the synthesis of other compounds.
such as heterocycles, amino-alcohols, etc. (see
section 2.).

Finally, Mannich bases have been investigated
as potential biological agents, as dyes for syn-
thetic fibres. as reactive dyes, and also as surface
active compounds.
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1. Synthesis of Mannich Bases

1.1. Structure

Mannich aminomethylation consists of the con-
densation of a substrate (R—H) possessing at least
one active hydrogen (alky! ketones, phenols, NH-
heterocycles, etc.) with formaldehyde (or, occasional-
ly, other aldehydes) and a primary or secondary
amine'* (or, occassionally, ammonia).

R=H + ChHy ., R=CH,
0 + HN N,
AN \

The general structures of Mannich bases described
in this review are shown in Table 1, which also
indicates the Sections in which the bases are discussed.
The classification is based on the functional groups
of the substrates.

Table 1. General Structures of Mannich Bases*

Section  Type of Bases Section  Type of Bases
14. C-Mannich bases 1.5.1 N-Manrich bases
1 1 7 N 7/
1.4.1. Alk+CO=C CHp—N( NF+CH—N
14.2. Ar ~COHN
fand cyzlic derivates) \
-Cs-
OH ,
) O N=
143, Q M
tor para) ‘("\N*:
| -
1.4.4. HOOC‘?'} | { Haterorycle)
M !
land derivates) 1,52, S-Mannich bases
X = ~CN,-CO-R,
CoHy=NO,, ~30,~R, Atk 5
etc : !
- Ar—i
- ’ \\ ] ]
1.4.5. Y e L
H-+S0,
(Heterocycle)
1.4.6. —c=cH Atk
| I
1.47. ON—C Ar
148 Miscellaneous 1.5.3. Se-Marnich bases
] CeHs—Se
1.5.4. P-Mannich bases
N
A
|
PO~

* Mannich bascs derived from

amino acids see Sections 1.4.3. 1.44.. 1.48..

1.5.1.

dyes 14.2..1.44.

ferrocenes 1.48.

heterocyclics 1.41..1.42..1.43..
14.5.. 1.4.6.. 1.48..
1.5.2.

optically active compounds 1.6.

steroids 1.4.1..1.4.3..1.4.6.

SYNTHESIS

1.2. Reactants and Reaction Conditions

Formaldehyde, either as aqueous solution (*‘forma-
lin), paraformaldehyde, or 1,3,5-trioxan (trioxy-
methylene), is the aldehyde most frequently used.
The amines are employed either as free bases or as
hydrochlorides.

The most widely used solvents are ethanol, other
alcohols such as methanol and isopropanol, water,
and acetic acid.

It is difficult to give general rules concerning the
choice of reagents and reaction conditions {cf.
Ref.®); however, the most widely and successfully
used reaction conditions for several groups of sub-
strates are as follows.

Alkyl Ketones: Substrate, amine hydrochloride, and
paraformaldehyde (sometimes 1,3,5-tricxan or aque-
ous formaldehyde) are refluxed in alcoholic solvents
for several hours.

Phenols: Substrate, amine, and aqueous formalde-
hyde (sometimes paraformaldehyde) in alcoholic sol-
vents are heated for a short time (up to several
hours), or are allowed to stand at room temperature
for a longer time (up to a few days).

Carboxylic Acid Derivatives: Substrate, amine, and
aqueous formaldehyde are allowed to react in water
(sometimes in alcoholic solvents) at room tem-
perature.

Heterocyclic Compounds:  Substrate, amine, and
aqueous formaldehyde are allowed to react in water
or in alcoholic solvents at room temperature (some-
times with brief heating).

Alkynes: Various reaction conditions as above are
used; the reaction is carried out in the presence of
copper salts.

The reaction is generally carried out by mixing sub-
strate. aldehyde, and amine in equimolar amounts.
However, in several cases the amine and aldehyde
are condensed first and then allowed to react with
the substrate; sometimes, the initial condensation
products are isolated.

! F. F. Blicke, “The Mannich Reaction”, Org. Reactions 1,
303 (1942).
H. Hellmann, G. Opitz, 4ngew. Chem. 68, 265 (1956).
B. Reichert, Die Mannich Reaktion, Springer-Verlag, Berlin,
1959.
H. Hellmann and G. Opitz, x-Aminoalkylierung, Verlag
Chemie, Weinheim, Germany, 1960.
5 M. Miocque, Ann. Pharm. Frang. 27, 381 (1969).
¢ B. B. Thompson, J. Pharm. Sci. 51, 715 (1968), and
references cited therein.
see also L. W. Nobles, J. Mississippi Acad. Sci. 8, 36 (1962).
7 W. Werner, W. Jungstand, W. Gutsche, Arzneimittelforschung
20, 246 (1970), and references cited therein.
H. Schonenberger, A. Adam, Arzneimittelforschung 1S, 30
(1965).
® H. Schonenberger et al., Pharm. Acta Helv. 44, 691 (1969).

YRS
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4
ON=CH, Y7 ete.

ON=CH=N{ , N—CH~OR,
In other cases, condensation between aldehyde and
substrate (to give R—CH,—OH) is allowed to take
place before addition of the amine. These initial
condensation products, usually obtained by use of
amidic substrates, indoles, etc., have been in-
vestigated for cytostatic activity®?.

Mannich bases often crystallize from the reaction
mixture (in some cases, concentration of the reaction
mixture or addition of a solvent with low dissolving
power for the product is necessary) or the bases can
be separated by extraction with aqueous hydro-
chloric acid.

Some examples of particular reactions and of un-
usual reaction conditions are given below (see also
Ref.*23):

In some reactions involving weakly reactive sub-
strates such as certain steroidal derivatives and 4-
acetamidoacetophenone, 1,2-dimethoxyethane has
been used as solvent [ 1]; the yields were nearly quan-
titative'*.

[1] Substrate, amine hydrochloride. and paraformaldehyde were

refluxed in 1.2-dimethoxyethane for 30 hr'*,

Some easily degradeable compounds (e.g., certain
steroids) have been condensed'® with imonium
salt 1.

H3C\9/CH3
7N\

(CFycon0 [2]  HaCS
—_—

<}
F4C—C00
0® H,C”

-2,
HaC
1
[2] Preparation of the Reactant (1): Trifluoroacetic anhydride
(1 mmol) was added to a solution of trimethylamine oxide
(1 mmol) in dichloromethane (5 ml) at 0" : the salt was then
dried under reduced pressure at 100" and crystallized by
cooling.
Mannich Reaction: The above reagent (1; 1 mmol) and the
substrate (1 mmol) were dissolved in dichloromethane
(10 ml) and the mixture allowed to stand at 40° for 2-8 days;
yield: nearly quantitative'®.
Some methylenimonium perchlorates (2) derived
from tertiary methylamines have been synthesized
and isolated (909, yield); however, they have not
yet been used as Mannich reagents. The synthesis
was carried out in dichloromethane by allowing
the amine to react with triphenylmethyl- or bis-
[4-methoxyphenyl ]-methyl perchlorate, followed
by precipitation of the salt with carbon tetra-

chloride!®.
R! R
\ (CaHs)c® Clo® \, & <)
N—CHs (CeHs)sCH N—CHa Clog
R2 R2
2
CH3
R'=R2= j-CajHy , ‘@CHa ,oor
CHs CH3

R'=CHy; R2= t-C4Hg: or R' = CDg; R2=

ron

CH;
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A great variety of substrates has been successfully
aminomethylated by the reagent 2-amino-1-phenyl-
ethanol (3) in the presence of lead(IV) acetate'’.

RZ
RI_H  + HO , Pb{OAc), [3]
\r2 85-100%
3

R’ R2
™ s @—crxo
\RZ

R? CHy am
/ / : >

-N = ~N -N , =N 0, etc
\R2 \CH3 s —/

[3] The substrate (1 mmol) and compound 3 (1 mmol) were
dissolved in anhydrous benzene, lead(IV) acetate (0.45 g) was
added, and the mixture was warmed at 40" until the yellow
color disappeared. The precipitate was separated by filtration
and the filtrate evaporated under reduced pressure. The (solid)
Mannich base was separated from benzaldehyde by washing,
recrystallization, etc.'”.

Several acetylenic compounds in the form of their

magnesium derivatives have been aminomethyl-
ated using aminomethyl butyl ethers'® (4).

R:

RI-CZC—MgBr  +  n-CiHg=0—CHy—N{ 2,

4

R?_

2

1_~= R
R'-=C=C~—CH,—N

\Rz

[4] A solution of ethylmagnesium bromide was added in 30 min,
with stirring, to a solution of phenylacetylene in tetrahydro-
furan. The solution was stirred for 2 hr, aminomethyl butyl
ether was added. and the mixture refluxed for 3 hr'*.

1

H. Schonenberger, T. Bastug, D. Adam, Arzneimittelforschuny

19. 1082 (1969).

sec also Y. K. Agarwal, J. N. Tayal, Indian J. Pharm. 29, 46

(1967); C. A. 67. 81894 (1967).

K. von Thiele, U. Schimassek, A. von Schlichtegroll, Arznei-

mittelforschung 16, 1064 (1966).

see also K. von Thiele, E. Koberstein, G. Nonnenmacher,

Arzneimittelforschung 18, 1255 (1968).

For the analogous reaction with carboxamides, see:

H. Hellmann, “Amidomethylicrungen”, in: W. Foerst,

Neuere Methoden der priparativen organischen Chemie, Band

11, Verlag Chemie, Weinheim, 1960, p. 190.

H. Hellmann, “Amidomethylation”, in: W. Foerst, Newer

Methods of Preparative Organic Chemistry, Vol. 2, Academic

Press, New York, 1963, p. 277.

H. E. Zaugg, W. B. Martin, “2-Amidoalkylation at Carbon",

Org. Reactions 14, 52 (1965).

H. E. Zaugg, Svathesis 1970, 49.

For the analogous reaction with urea, guanidine, and related

compounds, sec H. Petersen, Angew. Chem. 76. 909 (1964);

Svnthesis 1973, 343.

1Y G. Weitzel et al., Z. Physiol. Chem. 334, 1 (1963).

!4 S. Hirai, R. G. Harvey, E. V. Jensen, Tetrahedron Lett. 1963,
1123,

'S A. Ahond, A. Cavé. C. Kan-Fan, P. Potier, Bull. Soc. Chim.

France 1970, 2707.

H. Volz, H. Kiltz, Tetrahedron Lett. 1970, 1917,

7 H. J. Roth, Arch. Pharm. 294, 623 (1961).

'8 1 Iwai, Y. Yura, Chem. Pharm. Bull. 11, 1049 (1963): C.4. 589,

13848 (1963).
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High vields of Mannich bases have been obtained
in the condensation of amines with 1-hydroxy-
methylindazole {Table 23) and 2,2-dinitroalkanols
(Section 1.4.7.).

Successful aminomethylation of 2-naphthol has
been achieved using several alkyl aminomethyl
ethers (ethyl, allyl, propargyl, and 2-methoxy-
ethyl)'?, and of tropolones by use of methylene-
bis-amines (Section 1.4.8.).

Finally, the use of Schiff bases (5) in condensations
with an aldehyde other than formaldehyde should
be mentioned. The reaction is carried out in the
presence of boron trifluoride as a catalyst; attempts
to carry out the reaction without catalysis merely
by mixing the three components (ketone, aldehyde,
and amine) or benzylideneketones and amines were

SYNTHESIS

a few of the main points will be covered here; the
reader is referred to the cited review for a more
complete discussion.

The Mannich reaction leads to products of the type
10, bearing an unsymmetrically substituted methylene
group connecting the substrate residue with an
amino group.

The condensation reaction occurs ir two steps:
first, the amine reacts with formaldeayde to give
condensation product 72829 (step [), which then
attacks the substrate R—H (step 1I). The reaction
does not normally follow the other possible route
(steps 1II and 1V); however, some successful reac-
tions between hydroxymethyl derivatives (11) and
alkylamines to give Mannich bases (10) should be
mentioned.

unsuccessful?®.
Ar!
0 0 i
Ar! CH—-NH—-Ar2
i | + HC/ —i»
X = ar? 97 % H
5 6

- =
v D, O
At = @ ~ ocHs 4
’ — ’
[5] Ether saturated with gaseous beron trifluoride at room tem-

perature (10 g) was added dropwisc to a solution of compound
5 (0.1 mol) in x-tetralone (0.12 mol). 957, Mcthanol was
then added and the mixture cooled at - 20 for several hr??,

The ketonic Mannich bases derived trom aceto-
phenone, 1-acetylnaphthalene®', f-tetralone®?. and
indanone?? have been obtained using the same reac-
tion conditions.

1.3. Mechanism, Orientation, and By-products

The mechanism of the Mannich reaction has been
well investigated, and a comprehensive review®
covering studies up to 1968 has been published. Only

+H,0

The reactive species in acidic medium is the imonium
ion 9, derived principally from methylene-bis-
amine 8 and secondarily from hydroxymethylamine
7. The electrophilic attack of 9 on alkylcarbonyl
substrates is postulated to occur by an Sg2 mecha-
nism on the enol, rather than on the carbanion.

In hasic medium, the reactant is postulated to be
hvdroxymethylamine 7 or, more probably, methyl-
cne-bis-amine 8; however, the participation of the
0, N-acetal (Alkyl—O—CH,—N) in the reaction
in alcoholic solvents cannot be excluded.

In the case of cycloalkanones, an S\ 2 mechanism
involving attack by the carbanion derived from the
substrate has been postulated; however, a mecha-
nism involving a hydrogen-bonded complex (12)
has also been invoked for both carbonyl (enol
form) and phenolic substrates. The latter mechanism
could explain the preferred o-substitution in phenols
(see Section 1.4.3.).

-

- ® s 2H0 v
HzC""N\ — HO—CHZ-N\
9b  minor pathway 7
I / 1l
—>» R-H +4 I + H20 1 +HN\ 9 —_—
o, ¢« ONH N ,
HzC:N\ P — /N—CHz—N\
+H
R—H + HCHO + HN: — L 9a  major pathway 8 J > R._CHZ_.Ni
10
)] v
L R—cp-oH BN

1

1 J. E. Fernandez, C. Powell, 1. 8. Fowler, J. Chem. Eng. Data
8, 600 (1963).
20 Y J. Roth, F. Assadi, Arch. Pharm. 303,29 (1970).

2t H. J. Roth, H. George, Arch. Pharm. 303, 725 (1970).

22 H. J. Roth, F. Assadi, Arch. Pharm. 303, 149 (1970).

23 M. Masul, K. Fujita, H. Ohmori, Chem. Commun. 1970, 182
24 N. D. Potti, Diss. Abstr. ( Chemistry) 27, 4335 (1967).
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A hydrogen-bonded complex also appears to be
involved in the reaction between methylene-bis-
amines and nitroalkanes, in which the reactive
substrate is assumed to be present in the aci-nitro
form (see Section 1.4.7.).

Further papers concerning mechanistic studies of
the Mannich reaction were simultaneously and sub-
sequently published to the above-mentioned review®
(see also Ref #24:425.426)

The existence of cation 9 in aqueous solutions of
amine and formaldehyde has been demonstrated
by polarographic methods; the maximum con-
centration of 9 was reported®® to occur at pH
10-11.

In Mannich reactions with unsymmetrical methyl-
ene-bis-amines, only the more basic of the two amino
groups is incorporated into the condensation pro-
duct; in addition, steric factors seem to be relevant
to the course of the reaction’*?°. The assumption
of a cyclic hydrogen-bonded complex (12, X =-—NI)
1s in accordance with the results obtained and sug-
gests that the methylene-bis-amine is the principal
reactant which determines the orientation of the
reaction. The steric requirements of the methylene-
bis-amine could explain the fact that the reaction,
in certain cases (i.e. with unsymmetrical dialkyl
ketones; see Section 1.4.1.), takes place on the elec-
tronically less favored but sterically less hindered
position.,

It is also worthwhile to mention studies on the
mechanism of the de-aminomethylation reaction,
which can be considered an inverse Mannich
reaction (see discussion and references in Section
2.1.). In investigations concerning Mannich bases
derived from nitroalkanes, the important role played
by steric factors, including those of the imonium
cation 9, has been noted. In fact, cation 9 has been
proposed to be the product of the rate-determining
step in the de-aminomethylation reaction.

The orientation and by-products of the Mannich
reaction will be discussed in the following Sections.
Principally concerned are dialkyl ketones (attack on
the more or the less substituted C-atom), phenols
(attack on the o- or p-position), NH-heterocyclic
compounds (attack on the N-atom or on a hetero-
cyclic C-atom), and in general all compounds
having two or more reactive groups (e.g., hydroxy-
indoles, acetylenic ketones, etc.).

25 W. L. Nobles, N. D. Potti, /. Pharm. Sci. 57, 1097 (1968).
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Further, substitution of more than one H-atom on
the same C-atom has been observed in the case of
compounds containing activated methylene groups
(e.g., carbonyl and nitro compounds).

Some side reactions often occurring in Mannich
syntheses are the formation of methylene-bis-deriv-
atives 13. deamination, and decarboxylation.

2 R=H + HCHO ——> R—CH,—R
13

The choice of the amine used in the reaction is
important in this context. For example, primary
amines can react at both amine H-atoms and it is
therefore difficult to obtain secondary Mannich
bases (14) free from tertiary derivatives. However,
use of the oxalate derivatives of the primary amines
instead of the corresponding hydrochlorides makes
possible the synthesis of secondary Mannich bases
(14) in high yields even when excess formaldehyde
is used?®-27,

0
—_— R.I)H/\NH_RE)
0 +HN— RS R?
R‘)H {oxalate) 14
R2
0
1
—#— |R )H/\ N—-R3
RZ
2

R' = CHy, CHs , CgHs
RZ = H, CHy
R® = CHy CoHg -CHp—~CeHs

Use of the sterically hindered amine 15, or similar
amines containing bulky groups (z-butyl, di- or
triarylmethyl), can also prevent a substitution reac-
tion involving the second amine H-atom of 16. The
bulky alkyl groups can subsequently be removed by
hydrolysis to give the N-unsubstituted amino-
ketone 17, which is not directly obtainable from
ammonia and formaldehyde?”-28,

+ HzN—C H"@‘OCH3 81—-[?5—7_)
15

0
I
-t

0 0
N [7] NH
@)‘\/\H O L], @/U\/\ X
OCHy
16 17

26 H. G. O. Becker, W. Ecknig, E. Fanghinel, S. Rommel,
Wiss. Z. Techn. 11, 38 (1968); C. 4. 71, 60938 (1970).

27 H. Becker, E. Fanghiinel, W. Ecknig, Angew. Chem. 72, 633
(1960).

¥ H. Becker, E. Fanghinel, J. Prakt. Chem. [4] 26, 58 (1964).
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[6] Acetophenone (20 ml), amine hydrochloride (0.02 mol). and
paraformaldehyde (0.022 mol) were heated for 30 min at
150°. In other cases, the mixture was refluxed in ethanol in
the presence of hydrogen chloride for 8 hr (66 82, yield)*®.

[7] A mixture of compound 16. formic acid. and 48, hvdro-
bromic acid was refluxed for 3 hr. Alternatively. compound
16 was heated with conc. hydrochloric acid in a scaled tube
for 2 hr at 150°; yield: 60°/28,

The use of secondary bifunctional amines such as

piperazine always leads to symmetric Mannich

bases (e.g. 18), in which both of the amino groups
have reacted. Attempts to restrict the reaction to
only one amine function, or hydrolysis of the

Mannich products obtained from mono-N-acyl-

piperazines invariably leads to the formation of di-

substituted piperazines 182,

NvR
R/\N//\\// 18

Mannich reaction of bis-[2-chloroethyl]-amine (the
derivatives of which are widely used in cytostatic

SYNTHESIS

1.4. C-Aminomethylation Reactions

1.4.1. Aminomethylation of Dialkyl Ketones

Since dialkyl ketones and cycloalkanones have two
reactive centers (the two positions « to the carbonyl
group), they can undergo Mannich reaction to afford
more than one product, i.e., a-monosubstitution-,
or oo~ and a,a,0,0’-polysubstitution products. In
the case of unsymmetric ketones, the question of
preferred orientation arises.

Cyclic fi-amino-ketones have been obtained from
the reaction of a ketone, an aldehyde, and a primary
amine (or ammonia) in a molar ratio of 1:2:1 or
1:4:2 (1:5:2 for ammonia).

1,3-Diazaadamantan-6-ones (21) have been obtained
in good yields from the reaction of 1,1’-diaryl-
acetones (20) with ammonia and formalcehyde®?-34.

On the other hand, use of primary amine ace-
tates in the reaction affords piperidin-4-ones (22)
or 1,5-diaryl-9-oxo0-3,7-diazabicyclo[3.3.1|nonanes
(““bispidinones”, 23) (see Table 2).

////
" +HcHo/Nm, Ar! \ Ar?
- 1:5:2 [
7 >
/,/"/ l 21
e NN
0

Ar‘\)ol\/ArZ ]

~~

~

drugs) can give a bicyclic salt as by-product®”.
Two molecules of the amine thus condense with
one molecule of formaldehyde to give 19, which
shows cytostatic properties as do halogenated deriv-
atives of similar structure?!-?2,

N
H
+ 0,/ \@
HCHO — o~ N /N/\/\Cl
+
o
H 2 Cl

29 H. J. Roth, M. Mithlenbruch, Arch. Pharm. 303, 156 (1970).
0 G, R, Pettit, A, K. Das Gupta, Chem. & Ind. 1962, 1016.

31.G.R. Pettit, J. A. Settepani, Chem. & Ind. 1964, 1085.
32 1L Bohme. H. Orth, Arch. Pharm. 300, 148 (1967).

|
R
i
N
\\\ + HCHO/ R—NH, 0 H
~. 1:4:2
\\ e Arl Ar? + Ar!
N
|
R

HWH
+ HCHO/R—NH H 2
1:2:1 2 Ar N Ar 22

0
0 Ar! \]/U\/Arz
H |
>[uj<Ar2 + < + >
N
| 0
R Ar! \rLKrArZ
LY
22 24

Reactions involving derivatives of 20 in which Ar’
and Ar? represent bulky o-substituted alkyl groups
afford complex mixtures of products 22, 23, and 24.
In the case of highly sterically hindered ketones
(e.g. 20, Ar' =Ar?=2,6-dimethylphenyl), the reac-
tion is completely inhibited>*.

33 Q. Chiavarelli, ¥. Téffler, P. Mazzeo, L. Gramaccioni, I/
Farmaco, Ed. Sci. 23, 360 (1968).

34 D, Misiti, G. Settimj, P. Mantovani, S. Chiavarelli, Gazz.
Chim. Ital. 100, 495 (1970).

¥ (5. Settimj, R. Landi Vittory, F. Delle Monache, S. Chia-
varclli, Gazz. Chim. Ital. 96, 311 (1966).

3¢ S Chiavarelli, F. Toffler, R. Landi Vittory, P. Mazzeo,
Gazz. Chim. Ital. 94, 1021 (1964).
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Table 2. Mannich Reactions of a,o-Diarylacetones with Primary Amines

Ketones

Amines
1 7 Ayl
X o I 20
X'z X2= 2-CH, HoN-CHy
X'z 2-NOz, 4-NO; HyN—CHs, HaN—CyHs
X2= H, 4-NO;
XlI = X2 = H HaN—-R

R = HyC=ICHy)g, 7, 9,06:
,,.csn,,—?i-, HaC~0—(CHy)p 5-;

CHy

HO=(CHy)p 5;

{H3C0)3CeHy— CHy— CHy~

HN—CH3

HzN—CHs, HaN—CzHs,

HaN—CH»—CgHs

X'z H; X2 2-CHs
x' - 2-NO;, 4-NOg;
X% = H, NO;

References

Products Yield (%)

22 60 34

22 24-79 Khl

23 351 36. 37
(Conditions [8])

23 70 34

23 51-92 35

[8] Compound 20, amine acetate, and paraformaldehyde (or
1,3.5-trioxan) were refluxed for various times (5- 6 hr**% (o

17-60 hr3®) in alcoholic solvents.

Azabicyclic compounds of the type 26 have been
obtained from cycloalkanones (25) via Mannich
synthesis using primary amines. Although the yields
are poor (the major products are the open-chain
bases 27), this synthesis®® still represents the simplest
route to compounds 26.

0 'T 0
Ny — (b N
(CHyy 9 * (CH,| 1
(CHy, :
25 26 o7

An analogous bicyclic ketone has been obtained
from the reaction of 2,6-bis-[ dimethylaminomethyl]-
cyclohexanone®.

Several publications concerning the orientation of
aminomethylation in the reaction of unsymmetric
dialkyl ketones with secondary amines*®-41:42.43,44
have appeared; a few previously assigned structures
were corrected.

Aminomethylation reactions have been carried out
on compounds 28 and 29, and the positions of sub-
stitution determined. The rule that attack takes place
on the C-atom bearing the least number of H-atoms,
taking particular account of the pertinent enolization
equilibria, has been discussed*>.

0 o
. Vo
HyC—C—CH-R H3C—C—CH—R'
R? k2
28 29

R' = H; R? = CyHg, i~C4Hg , CgHs
R'=CHy; R2=CHy, CoHs

R' = H; RZ=/-C3Hy, —CH,—COOH
R' = R2= CgHg
R'-R?= —CHp—CHg—

Specifically, it was observed that ketone 28 (R'=
R?=CH,) is aminomethylated to give a mixture of
bases*® in which the product of attack at the
C-atom bearing the least number of H-atoms is
predominant (~3.5:1)*2-**; furthermore, the latter
product has been found to undergo thermal trans-
aminomethylation to afford the product of reac-
tion at the C-atom bearing more H-atoms*'.

The 2-alkylcyclopentanones and -cyclohexanones
30 and 31 undergo similar reactions. In the case of
the cyclopentanones, the reaction was reported to
occur either at the more substituted C-atom*”, or at
both C*-atoms to give a mixture of two aminomethy-
lation products**. In all cases it was observed that the
products undergo rearrangement, leading to mi-
gration of aminomethyl groups to the less substituted
C-atom*'.

0 0
O
H H

30 31

R = CH, R = CHy, CyHs, i~C4Hy, CgHs

37 8. Chiavarelli, F. Téffler, R. Landy Vittory, P. Mazzeo,

1l Farmaco, Ed. Sci. 20, 421 (1965).

3 H. O. House, P. P. Wickham, H. C. Miiller, /. Amer. Chem.
Soc. 84, 3139 (1962).

* F. F. Blicke, F. J. McCarty, J. Ory. Chem. 24, 1379 (1939).

4 M. Brown, W. S. Johnson, J. Org. Chem. 27, 4706 (1962).

41 G. L. Buchanan, A. C. W. Curran, Chem. Commun. 1966,
773.

*2 G. L. Buchanan, A. C. W. Curran, Chem. & Ind. 1967. 156

+ T. A. Spencer, D. S. Watt, R. J. Friary, J. Org. Chem. 32,
1234 (1967).

** G. L. Buchanan, A. C. W. Curran, R. T. Wall, Tetrahedron
25, 5503 (1969).

*3 H. O. House, V. Kramar, J. Org. Chem. 28, 3362 (1963).

46 N.B. Haynes, C. J. Timmons, J. Chem. Soc. [C] 1966, 224,

47 H. O. House, B. M. Trost, J. Org. Chem. 29, 1339 (1964).
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In one study*’ it was claimed that aminomethylation
of cyclohexanones 31 mainly takes place at the more-
substituted C-atom. However, other authors re-
ported that in the product mixtures obtained the
products of attack at the less substituted C-atom
were predominant*®*°. Furthermore, longer reac-
tion times were found to induce intermolecular re-
arrangement leading exclusively to Mannich bases
formed by aminomethylation at the less substituted
C-atom™*®. The influence of various reaction condi-
tions and of steric factors on the transformation
have been discussed*#-2.

In the case of 3-substituted cyclohexanones 32, the
reaction occurred mainly at the less hindered
position®?,

0 0 0
H3C\ ,CH3
R? H —> /N H + H N
- 1 Hyc” R2 ](R, R? i’ “CH,
R 2 2
R R

32 33 34
R’ R? v 33 0. 34
CH, H 90 10
C.H. H 88 2
CH, CH, 5 93

Other Mannich syntheses involving dialkyl ketones
28, 35, 36, and 37, and cycloalkanones 30, 31, 38,
39, and 40 are reported in Tables 3 and 4.

Table 4. Mannich Reactions between Cycloalkanones and Secondary Amines

Ketones Armines
0
ebLR /CHz—CHzcl
30 NCHa~CH,CI
R=H
0
- OH a’ o
CH:; 38
0
é/R ,CHy=CHCl
31 NCHz~CH,Cl
R=H

SYNTHESIS

Table 3. Mannich Reactions between Dialkyl Ketones and
Secondary Amines

Keiones Amines Reaction  Yield References

Conditions (%)

0 ‘R,
A “R2 28

R = W; R%= H,CH;, CoHg HN//ﬂ:7 50 91 51

H@ 45 10

R' - H, R2: CeHs

0
y /UIR‘
I,
rRRE 35
RU= H; RZ= H, CHy or CaHs [9] .
R' = Chy, 1-C3Hy; RZz H \C2Hs E <
0,
CsHS\c)l\/R“
/y, P
ch’p T 36
R' = OH, OCH;; R = W or ,CHz i ;
2 HN, 10 10 57 53
R' = H; R? = CHy \CH3 { ]
?Ha 0
N NN ™\ -
4 TflL M) " 3 54
o PR N ) L11]
CHy 37

[9] Substrate. amine hydrochloride. aqueous formaldehyde, and
a few drops of conc. hydrochloric acid were heated at
1007 for 2 10 hr™2,

[10] Compound 36, amine hydrochloride. and paraformaldehyde
('/, of the theoretical amount) in ethanediol or dimethyl-
formamide were heated with stirring at 190-195" for
10 min: more formaldehyde ('/, of the theoretical amount).
suspended in ethanediol, and several drops of conc. hydro-
chioric acid were then added within 30 min ¢nd the mixture
relluxed for another 30 min®?,

[11] The pH of a mixture of compound 37, amine hydrochloride.
and formic acid was adjusted to 3 4 with tonc. hydro-
chioric acid. The mixture was concentrated under reduced
pressure, made alkaline with potassium hydroxide, and
extracted with chloroform®*,

l()t ‘(;;Ldl:l(:(]:ns Yield (%) References
[12] 90 55

30 56
[12] 30 40 55,57

8 G. Descotes, S. Laurent, C.R. Acad. Sci. 264, 714 (1967).

** A, N. Kost, I. P. Sugrobova, Vestn. Mosk. Univ. Ser. I,
Khim. 18, 75 (1963): C.A. 59, 7459 (1963).

%0 G. Descotes, S. Laurent, C.R Acad. Sci. 265, 1167 (1967).

U W. Schneider, H. J. Dechov, drch. Pharm. 299, 279 (1966).

2 (G. S. Mironov, M. L. Farberov, 1. M. Orlova, Zh. Obshch.
Khim. 33, 1512 (1963); C.A4. 60, 5324 (1964).

53 1. V. Greenhill, M. D. Metha, J. Chem. Soc. {C] 1970, 1549.
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Table 4 (continued)
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Reaction

Ketones Amines N L Yield (°,) Reflerences
Conditions
0 R
~a R2
R3 39 ICH3 /CZHS VamY .
Rl= RZ=H, R3= CHy or HN , HNQ ,HN ), HN_ © [13] 42 70 AN
Rl= R¥= H;R2= n-CyHg , CHs CaHs
~CHy=GH—CiHr=n, ~CHy=CH=C3fi7-n
CH3 CaHs
I\ -
RI-RZ= (CHjs , R3<H HN © 80 59
s
0
Vo
()S N N [13] good 29
ewy, 40 A

n=1,2

[12] Substrate, amine hydrochloride. aqueous formaldehyde.
and water were mixed, the pH adjusted to 1, and the mixture
heated at 95°, until precipitation began. For cyclohexanone,
the pH was adjusted to 2, and the mixture heated for 4 hr®°.

[13] Substrate, amine hydrochloride, and paraformaldehyde in
isopropanol (or aqueous formaldehyde in propanol®”) were
refluxed for 30 min to 5 hr®%.

Mannich bases derived from ketones 36 are of phar-
maceutical interest ; however, the synthesis is difficult
and the use of high-boiling solvents is necessary
in order to obtain satisfactory yields. Vinylic by-
products 41 and 42, probably formed via a de-
amination reaction™, are often obtained together
with the expected bases.

0 0
C5H5\C )HTAN/CH:; CsHs\c)H%\N/CH:;
\ \
CoHs o CH, CeHs ™ CH,
41 42

Reaction of ketones of the type 20 (Ar' =mesityl;
Ar?=phenyl or 2-methylphenyl) with formaldehyde
and dimethylamine affords®* mixtures of vinyl
ketones 24 instead of normal Mannich bases.

Mannich reaction of ketones of the type 28 directly
affords®? bis-bases (43).

0

0
R (9] CaHs ,CaHs
2 N 1 2 N
R CoHs R" R® “CyHg
28 43
R'=H

R?=H, CHy, CyHs

It is worthwhile mentioning several steroidal alkyl
ketones and cycloalkanones which have been sub-
jected to the Mannich reaction (see Table 5).

** G. Grife, Arch. Pharm. 300, 874 (1967).

Table 5. Types of Steroidal Ketones which have been subjected
to Mannich Reactions

1@(5)3 S
0 - ~

0 \\\
44 Ref.!300 3 45 Ref."? 46"
0 O e oY
) ; ?zo
[ ﬂ/
47 Ref.?? 48 Ref'* 49 Ref.'*0°
* Compound 46 failed to react®”.

The most satisfactory aminomethylation conditions
for the compounds listed in Table 5 involve use of the
amine hydrochloride (most widely used amines are
dimethylamine and pyrrolidine) with paraformalde-
hyde in ethanol; the reaction mixture is allowed to
reflux for 3-5 hr®'. Alternatively, aqueous formal-
dehyde in water at room temperature (reaction time:
7 days)°? or in acetic acid at 80° (1-2 hr)°%-®3
can be used. In the case of weakly reactive mole-
cules, it appears advisable to replace ethanol with
1,2-dimethoxyethane’*, whereas use of methylimo-
nium trifluoroacetate (1) gives excellent results'® in
reactions with unstable substrates.

Under particularly forcing reaction conditions,
methylene-bis-steroids (50) have sometimes been
obtained®?.

33 W. Werner, M. Wunderval, W. Ozegowski, D. Krebs, German
Patent (DBP.) 1161271 (1964), Deutsche Akademie der
Wissenschaften, Berlin; C.4. 60, 10604 (1964).

¢ K. Tonari, I. Ichimoto, H. Ueda, C. Tatsumi, Nippon Nogei
Kagaku Kaishi 44, 55 (1970); C.A4. 72, 100105 (1970).
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Table 6. Mannich Reuctions of Acetophenones and Acetylnaphthalenes with Primary and Secondary Amines

Reaction

Ketones Amines field (¢ orence
Conditions Yield (7)) References
Y=\ 0
\ /X 51
X:H HaN=CaHs , HaN—CaHs-n , HoN-CiHg-n . HaN-CH;—CgHs 89 95° 04
X = MH; 3-and 4-NH-Ac; ,CH2—CH2Cl
2- 3, and 4-NOj; 4-0CHy; N\CHz—CHzcl “4| 23 74 55,57, 65
4=0=CiHg=n; 4-Ci
CHjy
/ Vs
X = 4~NH-A IE
¢ HN\CHa . o] [1] ~100 14
,CH3 /CLHg-n
N, HN e, N ) 2881 66. 67
X = W3-, 4=NOy; 2=, 4-OH; CH3 CiHg-n
4-0Alk; 4~Hat / N\ N\
HN HN N-CH3 , HN O
H)D R Y A -
CH3
X
X2 0
N\ / 52
) ,CH2—-CH,ClL
X', X2 = 2,4-di-CHy; 3,4-di-CHy HN: IM] 73. 91 5565
2,5-di-O0CHy "CHz—CH,Cl T
P
X', x? = 2-0H, 4~0CH; HN\_/ good 68
e HN/CSHTH N ) " [151
X', %2 = 2,4-di-0CH, N s . s HN/_>< 15 6 72 69
: CyHs \C3H7-n \—/ “CHj J

x]
X 0
X ) 53

R:H

,CHs CHs ,CaHy=i Ve
X' XZ = 35-dit-CiHy; 3,5-di~1-CoHy; N, HN: , HN, -, HN\_} , HN/\:/\O 30-70 20

35-di-c-Crbhy; 3-CHa, 5-1-CoHg CHs CaHs Caby-i
R=¢ CH /.’_-l\(CH
= CHy Pzl H 3 \
Hh{ ) HN HN NH s 52 ¢
X, X2 2,6-di-0CH, “CoHs ! D:CHa b o HN_ 0 [15] 52 64 69
R - oy ,CHz=CH,OH ,CH—CHCI
< > I\

N

X', X2 = 3-H, 5-H; 3,5-di-0CH; \CHZ—CHZOH N\CHZ‘CHZCI » BN ’ HNL/O 14 74 7
X
Q¥
<" 54 _CHp=CHoCl 7 )

X = M, deor doAc N, [14] 51 91 65

"CHz—CH,Cl

CH3 CzHs I\

/ 4

X = OM; 2-0r 4-A HN 1 , AN ,HN O 16 40--80 72
or b-Ac - - { ) . [10]

* Except for propylamine. tertiary Mannich bases are obtained.

[14] Ketone, amine hydrochloride. and aqueous formaldehyde
were heated without solvem with stirring at 105 for
several min; water was distilled azeotropically with chloro-

65

form and the residuc was triturated with ether®”.

[15] Ketone, amine hydrochloride, paraformaldehyde (*/ , of the
required amount), and several drops of conc. hydrochloric
acid were refluxed in ethanol for 2 hr: the remaining
paraformaldehyde ('/,) was then added and the mixture
refluxed for 8 24 hr®®9%,

[16] Substrate, amine. and aqueous lormaldeliyde in ethanol
were allowed to stand at room temperature or were re-
fluxed for 1 2 hr™2.

1.4.2. Aminomethylation of Alkyl Aryl Ketones

The Mannich bases described in this Section (see
also Ref.*28743%) have mainly been synthesized
because of their pharmacological interest. The pro-
ducts will be divided into two main groups:

Bases derived from “common’ amines;

— Bases derived from ‘‘unusual” amines (often
selected to obtain particular pharmacological
properties).
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The most common substrates in the first group are
acetophenones, acetylnaphthalenes, higher alkyl aryl
ketones, alkyl heteroaryl ketones, aryl cycloalkyl
ketones, methyl styryl ketones, and alkyl aryl
ketones derived from aromatic azo compounds and
anthraquinone dyes.

With only a few exceptions, acetophenones and
acetylnaphthalenes (51-54) can be aminomethyl-
ated to give 2-aminoalkyl aryl ketones (55; Table 6).

0 0
R
Ar/lkCH;; — Ar)]\/\N:

R
51-54 55

In the Mannich reaction of 4-hydroxyacetophenone
(51, X=4-OH)*” and 2-hydroxy-4-methoxyaceto-
phenone (52, X'=2-OH, X2?=4-OCH,)*8, dif-
ferent products are obtained depending on the pH
of the medium; at low pH, the acetyl group under-
goes reaction, whereas in alkaline medium the
position ortho to the hydroxy group is substituted to

afford 56.
1171 0
—— HO:
N §
0 R
HO—@—-’( — 55 x:s-on
CH,
51 x=4-0H
0
5:-8207 HO
Ry CH,
/N
R

[17] Hydroxyacetophenone and amine hydrochloride were re-
fluxed in ethanol in the presence of hydrogen chloride for

several hours®”.

[18] A solution of aqueous formaldehyde (1 mol) in 75%;
ethanol was added to a solution of the ketone (1.5 mol) and
the amine (1 mol) in aqueous ethanol; the mixture was
then stirred for 24 hr®’.

This rule does not, however, apply to acetyl-1-
hydroxynaphthalenes (54, 2- or 4-Ac, X=OH),
which are only converted into 2-aminoethyl naphthyl
ketones’2.

7 G. R. Pettit, J. A. Settepani, J. Med. Pharm. Chem. 5, 296
(1962); C.A4. 58, 468 (1963).

% B. Reichert, A. Mayr, Arzneimittelforschung 13, 991 (1963).

** J. Brugidou, H. Christol, C.R. Acad. Sei. 262, 1595 (1966).

° T. R. Carrington, A. G. Long, A. F. Turner, J. Chem. Soc.
1962, 1572.

®! R. Mauli, H. J. Ringold, C. Djerassi, J. Amer. Chem. Soc.
82, 5494 (1960).

2 G. Stevens, A. Halamandaris, J. Org. Chem. 26, 1614 (1961).

%% A.J. Manson, R. E. Sjogren, M. Riano, J. Org. Chem. 30, 307
(1965).

®4 B. V. Unkovskii, A. A. Mel’nikova, M. G. Zaitseva, Y. F.
Malina, Zh. Org. Khim. 2, 1501 (1966); C. 4. 66, 46298
(1967).
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The reaction of 2.4-diacetylnaphthol represents
another interesting example of the problem of
orientation; the 4-acetyl group first undergoes Man-
nich reaction leading to the base 57, which sub-
sequently can be further aminomethylated at the
acetyl group in the 2-position’?.

OH 0 OH 0
CH
™ W, QO™
—
R
07 CH, 0 N
R

57

Acetophenones are also remarkable in that they
can react to form Mannich bases of the type 58,
containing a vinyl-ketonic moiety. The reaction
has in particular been carried out with 2-ethoxy-
carbonylamino-"* and 2-nitroacetophenones’.

R
SO
X R X = -NH=COOC;Hs5 , -NO,

Several acetylfurans, acetylthiophenes, and acetyl-
pyrroles (59) also undergo the Mannich reaction
to afford the corresponding 2-aminoethyl ketones
(60) (Table 7).

0 0

R
M CH, - I:‘\)%lk/\ N: R
59 60

®5 W. Werner, M. Miihlstidt, Liebigs Ann. Chem. 693, 197
(1966).
°¢ E. D. Taylor, W. L. Nobles, J. Am. Pharm. Assoc., Sci. Ed. 49,
317 (1960).
%7 J. A. Gautier, M. Miocque, D. Q. Quan, C.R. Acad. Sci. 258,
3731 (1964).
®% R. Brandes, H. J. Roth, Arch. Pharm. 300, 1005 (1967).
% A. Bucherle et al., Chim. Thér. 3, 256 (1968); C.A. 70, 68283
(1969).
® A. A. Vold’kinn, V. V. Frshov, N. V. Portnykh, Ize. Akad.
Nauk SSSR, Ser. Khim. 1966, 752; C.A. 65, 8807 (1966).
@G, Pettit, D. S. Alkalay, J. Org. Chem. 25, 1363 (1960).
* T. 0. Okuda, U. Matsumoto, Yakugaku Zasshi, 79, 1140
(1959); C. 4. 54, 3452 (1960).
* W. Back, Arch. Pharm. 303, 465 (1970).
’* F. Hunziker, H. Leher, O. Schindler, J. Schmutz, Phaim.
Acta Helv. 38, 539 (1963).
75 }. Meshauskaite, L. Urbonaite, Tr. Pyatoi Nauk Tekhn.
Konf. Stud. Vysshikh Uchebn. 1961, 39; C.A. 58, 6794 (1963).
7 J. Szmuszkovicz, J. Amer. Chem. Soc. 82, 1180 (1960).
77 N. Saldabols, S. Hillers, Larvijas Zinatnu Akad. Vestis.
Khim. Ser. 1962, 309; C.A4. 59, 1625 (1963).
78 S. B. Vritton, W. L. Nobles, J. Mississippi Acad. Sci. 6. 36
(1954--60); C.4. 57, 16526 (1962).
7% P. Parimoo, W. L. Nobles, J. Pharm. Sci. 59, 1038 (1970).
80 J. A. Gautier, M. Miocque, L. Mascrier-Demagny, C.R.
Acad. Sci. 264, 778 (1967); Bull. Soc. Chim. France 1967, 1560.

1

~
w
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Table 7. Mannich Reactions of Acetyl{urans. Acetylthiophenes. or Acetylpyrroles (59) and Primary or Secondary Amines

Reaction

Ketone Amines R Yield () References
Conditions '
T
4
v~ 59
Y acetyl substituents
{position}
,CH;
NH 2 - HN 75
“CH;
,CH3
NH,N-CH;, 3 4,5-benzo HN\ [ 19[ 54 87 76
CHj3
N~=CaMs a
™\ -
0 2 none, or 5-NO; HaN-CHy~CeHe, HNO , HN O 15 60 77
(-
LCH,=CH,Cl
s 2 4= or 5-CHy HN [14] 64 91 65
CH;—CH,Cl
CaHo-i CH;—CegH:
S 2 none, or 5-Cl I\_“\(c}-i3 , NICZH5 N/ o HN/ e , 6-68 78. 75
“CH3 “CoHg NC3Hp-i “CH,—~CeHs
,CH2~CH,CH Y
N , HN -\> , HN )
CHy~CH 0K s H
CH3

* Bis-[dihydroxyethyli-amine did not react.

[19] Substrate. amine hydrochloride. paraformaldehyde. and
ethanol were refluxed for 24 hr”®.

Mannich reaction of 3-propanoylindole, which con-
tains two potential reaction centers. can give
(depending on the conditions) both 61 and the
disubstitution product’® 62.

Alkyl aryl ketones 63 and alkyl heteroaryl ketones
64 react to afford Mannich bases 65 having an
asymmetric center « to the carbonyl groun (Table 8).
Some of the amino-ketones 65 have been resolved
into their optical antipodes (see Sectiort 1.6.).

o CHa 0 g 2
’&N/CH3 Ar/u\/R' — A ‘)H/\N/R
r
AN
(o] /[ N CH3 R! \RZ
- N , 65
61
~ ’ N\ |
A N
H o CH3
N CH3
Large excess of
aminomethylati Z
minomethylating agent | \/ CHj
90% SN cHy
\'“N
CH3
62 :

SUEF. Cavalla, J. P. Macshall, R. A, Sclway, /. Med. Chent.
7, 716 (1964).

R. Andrisano. A. S. Angeloni, P, De Maria, M. Tramoatini,
J. Chem. Soc. [C} 1967, 2307.

1. Sam, ). R. Mozingo, J. Pharm. Sci. 38, 1030 (1969).

8

"

&

B4 E (. Rogers. W. L. Nobles, J. Pharm. Sci. 51. 273 (1962).

SSOW. Werner, J Prakt. Chem. 4] 37, 154 (1968).

86 ). Brugidou, H. Christol, Bull. Soc. Chim. France 1966, 1693.
878, Hauptmann, M. Martin, Z. Clhem. 8. 334 (1908).

881 Le Blevee, S. Geiger, M. Pesson, C. R, Acad. Sci. 263, 817
(1966).

W. Braun, H. Weissauer, R. Waechter. Brir. Patent 85730
£1960), BASI': . 4. 55, 11869 (1961).

3

"W, Braun, H. Weissauer, R. Waechter, Germuan  Patent
DBP.J 1132269 (1962). BASE; C.A4. 59, 12954 (1963).

91 R, Andrisano. L. Baroncini, M. Tramontini, Chim. Ind

{ Milanoj 47, 173 (1965).

K. Thicle. Bely. Patent 630296 (1963), Degussa; C.A. 61, 1800

(1964).

P. N. Bhargava, S. C. Sharma, Buil. Chem. Soc. Japan 38,

912 (1965).

V4T Irikura, K. Kasuga, Yakugaku Zasshi 86, 344 (19606):
C.A. 68,2163 (1966).

Y3 (. 11, Bruening, W. L. Nobles, R. A. Magarian, C.
Darling, /. Pharm. Sci. 54, 1537 (1965).

9% 1A Ints, W L. Nobles. /. Pharm. Sci. 54. 67 (1965).

Y7 LA Luts, ). L Grattan, S, Yankelowitz. W. 1. Nobles,
S Pharm. Sci. 56, 1114 (1967).

92

93

M.
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Table 8. Mannich Reactions of Alkyl Aryl Ketones or Alkyl Heteroaryl Ketones and Secondary Amines

. Reaction Lo e

Ketones Amines Conditions Yield (° ) Reterences

Xt x®
X pL
\ /
-
R 63 CyHs H
R = CHy HN. , HN ) HNC>( [ 15] 67 69 [
\ CHj
C2H5
X' e X} 2 OCHy; X2 = H
CH,-CH;Cl R R
R oy N [14] 50 03
—CH,Cl

X'z 0H; X2 = XP: H CHz=CH;

_ - CH, r\ 2 -

R = n=CgHy, n=CiHy HN: , HNG . HN_ ), HN N-CHy , RN O 79

x' = X2 = H; X*= H, CHy, OH CH;

CH C2Hs /amY -
R = ~(CHy~CZCH (n= 2,3,8) HN ? N, ) HNO , HN O 120] 1054 80
“cHy T “CH —
XXX m 3 2s
CH3 —\
R = —cu,—@—x (X =H,0CH,, Ci) HN , BN 0 30- 80 8
\CH3 /
X'z X2 H, X3 2 H, OCH,
CH3 CoHs - )
X / / 5
. SH 3- - HN HN 2065 10
R = -@ {X z H 3-0CH;, 4-OCH,, cHy N
3-Cl, 4-C)

X' x? < H; X*z H,0CH;,, Cl

or X' = X¥ 2 H; X2< OCHy, CI

R = coon N ) [21] ~ 100 82

X' x2ax® oy

0
L3
¥ 64
A propanoy! substituent
{position)
CH3
N-CHy 3 45-benzo HN [19] Ry 76
“CH;
CH3
) 2 none, or 5-CHs HN good 83
\CHg
CHs !
S 2 none HN/ , HN ) HN/—-\O 49 67 84
N\ \/
CH3
[20] Substrate, amine hydrochloride, paraformaldchyde. ethanol.
and hydrochloric acid were refluxed®®.
[21] Equimolar amounts of piperidine and aqueous formalde-
hyde were added to the acid. The mixture was made homo- R
geneous by gently warming and then left at room tem- 0 N(
perature for 3-4 days®?, [20) R
o 10 - 54% CGHS ‘CHZ)n_CZCH
66
CeHs  (CH) —C=CH —

. o . . . 0 ’
The problem of orientation in the Mannich reaction (22] NQ
also arises in the case of acetylenic ketones. If the " e Cos (CH—c=c—~/ R

. . ~ . . . . . °
reaction is performed in acidic medium®®, amino- 67
/R
n=2,3,8 =N, as in Table 8
R

methylation o to the carbonyl group takes place to
afford products 66: in the presence of copper salts,
attack occurs at the ethynyl group to give 67.

[22] Substrate (0.035 mol). Mannich reagent (20 ml: from 10 g
dimethylamine, 7.7 g trioxan, and 100 ml dioxan), and several
crystals of copper(11) acetate in dioxan (10 ml) were heated
for 65 hrat 70 %%,
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In the case of cyclic ketones such as benzo- and
naphtho derivatives 68 and the heterocyclic com-
pounds 69 and 70 (Table 9), the reaction occurs o
to the carbonyl group, leading to the asymmetric
f-aminoalky] ketones 71.

R S
%I CHZ L — iﬁy\Ni
N/ : R
68,69,70 Al

SYNTHESIS

72 73

Aminomethylation of several aromatic azo com-
pounds and anthraquinone derivatives containing
one or more alkyl-ketonic groups constitutes an
interesting application of the Mannich synthesis.

Table 9. Mannich Reactions of Aromatic- or Heteroaromatic-Condensed Cycloalkenones with Secondary Amines

References

Ketones Amines Yield (%/,)
0
‘s
\| {CH3)q
H R 68
R n
= — CH,—CH,Ci
/
H 1,2,3 HN\CH —cH 83
2 2Cl
N\
H . HN 65 86
_/
CH3
Cahs 1 {=CH~ CH3) HN s HN/_\O 81
i - \CHs /
R® 0
2
ROR' 6
\J Zz Rl
Y R R* R n ,CZHS p —
NH  H,CHy CH3, CoHs, CeHs 1,2 HN\ , HN ) , HN © 87
CoHs \—
CH3
O W H,CHy CiMg 1 W, o, VAR 8 74 83
CH3 \—y
CH3 CaHs I\
s W M, M ! HN , HN HN O 88
CH; CaHs e
CH3 Q3

, ~
a HN T
0- 70 “CH3 A

)

Table 10. Mannich Reactions of Methyl Styryl Ketones and Heterocyclic Analogs (72) with Primary or Secondary Amines

References

Ketones Amines Yield (%)
0
Ar"\\/LK 72 CH3
} 69-76 66

Ar s H3CO—®, cn—@- HN\—> , HN ) - J
Ar = [/o\i , OZN‘Q‘ HaN—CH;—CgHs X ) 15-30 77

/CH3 ,Csz /C3H7-n ,(.3H7‘I ,C:.Hg-n
Ar s Y HN , HN s X R 9 56 78
rad - “CH, CaHs “C3Hy-n “CaHy-i CiHg-n

CyHg-i CHy—CeHs

’ ; , B Y, BN )

“CyHg-7 CHz—CgHs H

CH;

Methyl styryl ketones (72) such as benzylidenacetone,
and heterocyclic analogs, also undergo Mannich
reaction at the methyl group to afford the corres-
ponding 2-aminoethyl ketones (73); see Table 10.

Since the products have cationic properties (the
quaternary aminium derivatives can also be easily
obtained from the bases) they can be successfully
used as dyes for textiles (including synthetic
ones)*?-°° and as reactive dyes®’.
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The synthesis of such aminomethylated azo com-
pounds (e.g. 76) can proceed either via Mannich
reaction of the alkyl azoaryl ketones (74), or by
starting from a previously aminomethylated aro-
matic amine (75).

[23]
QL or —2

OH 0

1. Diazotization OH

OH

H N/©\(\/N:CH3' 2 hel —————-———b
2 CHy

0

75

23} Alky! azoaryl ketone, amine hydrochloride. and paraform-
aldehyde (or aqueous formaldehyde) in acetic acid were
relluxed until a sample was completely soluble in water:
the solvent was then removed under reduced pressure and
the residue was triturated with acetone or cthano!®”.

Similarly, anthraquinone derivatives (e.g. 77) have
been synthesized either by aminomethylation of an
appropriate alkyl-ketonic anthraquinone, or by
condensation of a previously aminomethylated aryl-
amine [e.g. 3-(4-aminophenyl)-2-dimethylamino-
methyl-3-oxopropanoic acid] with a bromoanthra-
quinone.

COOHCH

@ 3

WNi
HCH,

% N. D. Potti, W. L. Nobles, /. Pharm. Sci. 57, 1487 (1968).

99 C. D. Blanton, W. L. Nobles, .J. Pharm. Sci. 51, 878 (1962).

100 ¢ D, Blanton, W. L. Nobles, /. Pharm. Sci. 53, 521 (1964).

197 R. A. Magarian, W. L. Nobles, J. Pharm. Sci. 56, 987 (1967).

102 RS, Varma, W. L. Nobles, /. Pharm. Sci. 56, 455 (1967).

194 |, Trenkova Natova, L. Zhelyaskov, Farmatsiva (Sofiu) 16,
29 (1966); (. A. 67,, 32676 (1967).

104 RS Varma. W, L, Nobles, J. Med. Chem. 11, 195 (1968).

105 K. K. Kullar, L. G. Chaiten, J. Pharm. Sci. 56, 328 (1967).

196 R. L. Hinman, R. D. Ellefson, R. D. Campbell, J. 4mer.
Chem. Soc. 82, 3988 (1960).

107 R, A. Magarian, W. L. Nobles, J. Pharm. Sci. 56, 1003
(1967).

108 A Bucherle, F. Ducluzeau, F. Haimovici, Chim. Thér. 2, 410
(1967); C.4. 69, 35644 (1968).

10 1. Blass, Bull. Soc. Chim. France 1966, 3120.

HO K P, Mathai, J. Indian. Chem. Soc. 43, 421 (1966); C.A. 65,
18577 (1966).

W1, Burke, W. A, Nasutavicus, C. Weatherbee, /. Org. Chem.
29, 407 (1964).

12 M. Adamek et al., Czechosl. Patent 133091 (1969); C.A4. 73,
87933 (1970).

1R H. Mechta, ndian J. Chem. 2, 336 (1964); C.A. 61, 14630
(1964).
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Mannich bases derived from disulfonated azo dyes®’
(e.g. 78) display reactivity towards cellulose fibres.
Deamination of such 2-aminoalkyl azoaryl ketones
affords a vinyl-ketonic structure analogous to that
present in other reactive dyes.

CHs
N, “HCl |
I CHs

76

NaOjS  OH

S o4

\/ e
RO

g H

78 (2] 90%

603

[24] Alkyl azoaryl ketone, amine hydrochloride. and paraform-
aldehyde (or trioxan) in a minimum amount of’ water were
refluxed for 4 hr: a few drops of conc. hydrochloric acid
were added and the mixture was refluxed for another 4 hr””.

“Unusual™ primary (Table 11, compounds 79-82)

and secondary amines (Table 12, compounds 83-91)

have been used to synthesize a great number of

Mannich bases.

Primary amines 79, 80, and 81 react to give secon-
dary Mannich bases of the type

Il
Ar—C—CHy—CH—-NH-R

In the case of amines 79, which possess a very bulky
alkyl group, the second H-atom is completely
unreactive, and the secondary bases obtained may
be hydrolyzed to give primary ketonic bases (see
Section 1.3.).

In contrast, the reaction of hydroxylamino deriv-
atives 82 leads to the corresponding tertiary ketonic
bases. both of the amino groups having participated
in the reaction.

113 R, B. Desai, /. Org. Chem. 26, 5251 (1961).

"3 W T. Burke, J. L. Bishop, E. L. M. Glennic, W. N. Bauer,
J. Org. Chem. 30, 3423 (1965).

116 K. Hideg, O. H. Hankovszky, Acta Chim. Acad. Sci. Hung.
53, 271 (1967).

"7 (. Weatherbee, R. P. Ryan, J. F. Branthaver, G. E. Goken,
Trans. Hlinois State Acad. Sci. 57, 140 (1964); (.4, 61,
13220 (1964).

118 C. Runti, F. Collino, Ann. Chim. ( Romaj 53, 447 (1963).

119 W, L. Nobles. R. F. Tietz, Y. S. Koh, I. M. Burkhalter, /.
Pharm. Sci. 52, 600 (1963).
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Table T1. Mannich Reactions of Alkyl Aryl Ketones with “*Unusual” Primary Amines

. Reaction
Amines Ketones ) o Zield (°
Conditions Yield (%) Relerences
) S
_R
HN—C—R?
~R 79
I
R RZ,R® = CHy, -@ or @-g-CHg [6] good 27.28
R'« W R . ), ()00
R X Il
R'RZ: H, CHy; R® = -cn,—@ C—-CH,
X 2 H, 2-OHK, 2-0CHy, 3-NO,,
3-0CHy, 4=Cl, 4~OCH;
R 0
O (oY (9]
C-CH,—-CH, 25 11. 92
HO 80 ’ <
X = H, 4-OH, 4~0CH,
R = H, CHy
0
X 1
@'C-CHZ—CHz—CHg
X = H, 4-0H
J \ and di- or trisubstituted analogs
X
R
HzN’LS 81
N
X = CHy, OCH3, Br {{j>—c—cr+3 [25] 45-60 93

= H, 4-CHy

HaN-0,
R

82

R X 9
R = n=C3Hy, n=CiHg, —CHZ-@ @-C—CH;

X = H, 4=0CH;, 4-Ci, 4~Br

25] Ketone, amine hydrochloride, and paraformaldehyde in
25 ¢ hy P y
959 ethanol in the presence of a few drops of conc. hydro-
chloric acid were refluxed for 2--3 hr®?-23:9%,

The group of secondary amines 8391 (Table 12)
includes bicyclic and several cyclic amines having
ring systems larger than piperidine.

Table 12. Mannich Reactions of Alkyl Aryl Ketones with ““Unusual™ Secondary Amines

4 60 94

Some of the amines listed in Table 12 vary in their
reactivity depending upon the conditions used; for
example, the Mannich reaction with 4-nitroaceto-
phenone and octamethylenimine leads to the simple
Mannich base under acidic conditions®®, whereas
in alkaline medium the bis-aminomethylated product
is obtained'®”,

Amines

Ketones Yield (%) References
H3CC,
/CHa ?I —
HN¥O 8 X'@‘C-CH; , HsCO \ / C—CHj B @-CH:CH”ﬁ—cﬂa 32-76 95
0 3 H3CO 0
X = CgHg, NO, , Br
Yoy f
NS CHY), 84 {D—c—cm , L/—S\).C_.cﬂa 96
n=i g
X : 2-0H , 4-OH , 4-0Alk , &-Hal
97

o
X
=2 =\
" (@-—C-CH; . @E-CH:‘
0

X = 4-CF3 , 4-NOy , 4-0H

, &~ 0CHg-n, 4-F
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Table 12, continued

References

Amines Ketones Yield (%)
Xo=\ R
HN\% @—C—CH:, {and polysubstituted derivatives)
85 X e H, 2-CF3, 2-NOz , 2-OH , 3-CHy , 3-CF3 , 3-NOz , 3-OH, 3-0CH;, 40-77 98
3-Br , 4-CHy , 4-CFy , 4-NOz , 4-0CH; , 4-Hal (conditions [25])
X\ §
$)-t-crict L L D-ccny 21-68 99. 100
il
Xz 4=OH , 4-0CH; , &-F , 4=Cl 0
0
X 0
HN @—C-CH;;
X = 2-OH , 3-NO; , 3-OH , 3-Br , 4-CH3 , 4-CoHs , 4-CeHs ,
4-NHy , 4-NOz , 4-OAlk , &-Hal
*-@-CH=CH-<IZ|-CH3 o oxAY c-chs x—@)—ﬁ—cm—ﬂ (CHy)
o] 0 0
X = OCH3y , Cl X = H, NO2 X=H, Br
o]
X 1]
HNDO @-C—cHa s UDccn, 40-97 101
86 l
4]
X = 3-NO, , 4-NOg , 4-F
~ X\ R
HNMN*CH:-CH;OH @—-C—CH;; {and polysubstituted derivatives) , @—ﬁ_CHa 30-73 102

X < 2-0OH , 2-0CHy; , 3-CH3 , 3-NO; ,3-0H , 3-0OCH;3 , 4-CH;
4-CgHs , é-CF3 , 4-NO, , 4-OH , 4- OAlk , 4-Hal

X 0 Xs=\ 0
@—c—cna ) @‘C—CHQ—CHa 103

X = 4-0CHy , 4-Cl

HNCN/\© 87

0
X fl

‘°H2’3\(_\ NH Cocry | T)ccn 35.80° 104
HND/ —/ 88 1es I : -
X = 2-0H , 3-NO; , 4-CH3 , 4-NO; , 4-OH , 4-OAlk , 4-Hal
~ 2 2 2
HN\_(O x—@-c-CHg s X—@—(:—CHZ—CH3 s Q C-CHj 40--80 105
CH3 89 X = CHy , NOz , OCHy , Cl O
0
CH; i
HNi _CH3 C—CHj; 106
N
“cH; 90
R! X 1 ﬂ
WN @—c—cm , HO C~CHs , @c—cua 40-60 94
“o-Rz 91 ]

Hy
R'= R? = CHj, CgHs—CHy~

-cH2-©—cx . —CHZ—@

or R'-R%z-(CH2)3,4—

X = 2-NO, 2-O0M, 4=NOy, 4-OCH3, 4-0H, 4-p,

* Only symmetric bases were obtained.

120V, 1. Stavrovskaya, S. K. Drusvyatskaya, Probl. Poluch.
Poluprod. Prom. Org. Sin., Akad. Nauk SSSR Otd. Obshch.
Tekh. Khim. 1967, 164; C.A4. 68, 12820 (1968).

121 W. L. Bencze, Belg. Patent 648916 (1964), CIBA Ltd.; C.A.
63, 13176 (1965).

122 7, Kametani, M. Thara, J. Chem. Soc. [C] 1967, 530.

123 T Kametani, K. Fukumoto, H. Yagi, H. lida, T. Kikuchi, /.

1.4.3. Aminomethylation of Phenols

Variously substituted phenols and naphthols, as
well as phenols condensed with cycloalkenes or
heterocyclic rings are commonly used in the Mannich
reaction. With a few exceptions, aminomethylation

always occurs at the position ortho to the hydroxy
group, even if the para position is unoccupied.
Primary amines can react to give various products,
as shown by the following scheme.

Chem. Soc. [C| 1968, 1178.

124 T, Kametani, . Noguchi, K. Saito, J. Heterocvelic Chem. 6,
869 (1969).

125 7, Kametani et al., Yakugaku Zasshi, 87, 168, 174, 179
(1967); C.A4. 67, 54309, 54310, 54311 (1967).
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OH
R—NH, / RCHO
(I NH—-R =
A 97
OH y D1|,C
:(:I —] o~nR
X
.
092 -906 |R—NH,/HCHO 98
1:2
. IE
OH OH
N AN
3 l l I(——
X
99

One or both of the amine H-atoms (Pathways A
and B, respectively) can be substituted by use of the
appropriate reaction conditions. Path A gives se-
condary bases 97 directly, but the reaction involving
acid hydrolysis of dihydrobenzoxazines 98 (Path D)
is often preferred. Pathway B usually gives com-

Table 13. Mannich Reactions of Phenols with Primary Amines

SYNTHESIS

pounds 98 rather than bis-| 2-hydroxybenzyl]-ami-
nes 99. For this reason, the latter products are best
obtained via Path F (see Table 13).

Product 97 derived from 2,4-dimethylphenol (92,
X'=X?=CH,) and threonine have been syn-
thesized in order to study the role played by form-
aldehyde in a hypothetical Mannich reaction in a
biological system'®® (for example aminomethyl-
ation of the phenyl group of tyrosine); the relative
stability of this compound in acidic medium is
very good and decreases with increasing pH in
alkaline media.

Pathway F, leading to bis-[2-hydroxybenzyl]-
amines (99) and using compounds 97 as starting
materials, is only practicable if R represents a
linear or singly-branched alkyl group (see Table 13).
When R is a bulky group (e.g., r-butyl or t-octyl),
the reaction follows Path C and the oxazine deriv-
ative 98 is obtained together with considerable
amounts of the corresponding o,0’-dihvdroxydiaryl-
methane (e.g. bis-[2-hydroxy-1-naphthyl]-methane
from 2-naphthol, 94)''".

Reaction Pathway

Yhenols Amine o > s Srald (@ slerences
Phenol Amines and Conditions Products Yield ¢°,) Reference
OH
XL@/
X2 92 = _ ) i
HzN—<\ /—Cl , HN-CgHy-c AL[26] 97 65 108
R W B.[27] 98 43 108
0 . [28] 98 75 108
X1 XE = CHy H;c—(I:H—(i‘.H—COOH ) , %
" 7 ¥
, o A, [26] 87 67 10
“O'Q—Q "OH HzN—CHz—Q A:D.[29] 97 110
/ 93
A on B 98 110
Qj@/ 94 HaN—C3Hy=i , HaN—CiHg-t .HzN‘CsHW'l,l JI) 97 94100 11
HZN—cI:H@ {1n 98 o4 90 K
CH3
HoN—CHj , HaN—=CaHy=i ,HN=CiHg-n, b ]30] 99 60- 83 t11
HgN—CHz—Q , HaN-CgHp-¢
HaN—CH;—CH2—0H B 93 95 98 112
OH CHj
“ Q
X 00 a5
XeH HzN—CHz—@ D. 29} 97 113
B 93 113
X = chy HZN-cH,_Q B.[31] 98 70 114
X2
X3 [xl
~ 2\ _
):I b HoN—CH3 ,HzN-CH2—© , HaN /) (AL D 97 45 70 114
Ho"y oo 96 4 B, [31](C) 98 60 90 14

X'= H; X2 =CHy; #%= K, CaHy
or X!z X2 = CHxv: €3 = B
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[26] Phenol, amine, and aqueous formaldehyde were refluxed in
ethanol for 24 hr. The mixture was then allowed to stand at
room temperature for another 24 hr'®®; alternatively, the
mixture was allowed to stand without heating for 7 days'"?.

[27] Amine and paraformaldehyde were refluxed in dioxan for
2 hr; the phenol was then added and the mixture refluxed for
another 12 hr'%¥,

[28] Aminomethylphenol and aqueous formaldehyde were re-
fluxed in isopropanol for 1 hr'®8,

[29] Compound 98 was heated in ethanol/conc. hydrochloric
acid (2:1)"'", or with half-concentrated hydrochloric acid''*.

[30] The hydrochloride of compound 97 was suspended in water
and an ethereal solution of cthanolamine was added with
stirring. The free base was isolated and warmed at 60" in
95Y%, ethanol for § min. The product crystallized on
cooling'!".

[31] A mixture of paraformaldehyde, potassium hydroxide. and
absolute ethanol was heated to complete solution. Amine
and phenol were added with cooling and the mixture was
then heated on a steam bath for 2 hr''4,

Unsymmetric bis-[2-hydroxybenzyl J-amines 99 have
been obtained’'® via Pathway E.

Table 14. Mannich Reactions of Phenols with Secondary Amines
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/\N/
[32]
60 100 o

X'z H,CHy,Cl, Br; X= H,CH,y, t-C/Hg,Cl, Br
X3z H; X¢=H, CHy Cl; XB= CHy, t-CHy  [or X3—X4 = @ ]

R = CH;, C-C5H“, -CH2~06H5

{32] Compound 98 and a suitable phenol were mixed without
solvent or with a little ethanol and the mixture was allowed
to stand at room temperature for 1 2 days''®.

The preferred position of reaction in this trans-
formation is also ortho to the hydroxy group of the
phenol residue, and the group R exerts a consi-
derable steric influence; thus, N-methyl com-
pounds 98 (R=CH,) are more reactive than the
corresponding N-benzyl- and N-cyclohexyl com-
pounds'’s,

Reaction Yield

Phenols Amines Condi- (%,) References
tions
e e ) ; B}
XI :
x* 92
x! x2
Csz
H 33 34 69 101
O } S G c& \:% [33]
@-, HC=CH~ CHy— H
HN HNDQ.HN N-@cn(cm]
C) 8
" CHy
N ™\ N
*,;@ H HN ) HN/_\N—CHg , HN 0, l\, [33] good 116
hnd HN- CHa—CH7 N
H t-CiHg, neo-CgHy ,CHZ—CH20H
60--82 117
-0-c0{0). & “CH2=CH,0H
H ~NH=CO-Ch HNC‘ HN: ), 18, 119

H —NH- co@—x X =l NOZ) HN: >

[33] Phenol, amine. and aqueous formaldehyde were heated in
alcoholic solvents for various times'®'- 110,

126 J. E. Fernandez, J. M. Calderazzo, J. Chem. Eng. Data 10,
402 (1965).

27 R. Andrisano, C. Della Casa, M. Tramontini, J. Chem. Soc.
[C] 1970, 1866.

128 F. Troxler, G. Bormann, F. Seemann, Helv. Chim. Acta 51,
1203 (1968).

CHs

good 108

The Mannich reaction of several mono- and poly-
nuclear phenols with secondary amines also affords
o-substituted products Thus, 0- and p-monosubsti-
tuted (92, X’ or X?=H) and disubstituted phen-
ols'®! (92, X', X2+ H) react to give o- aminomethyl-
phenols (100; see Table 14).
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OH OH
X! X! ~N R
’ “R
x2 X?
92 100

Only 6-allyl-2-methylphenol is aminomethylated in
the p-position' .

Several compounds of the type 100 containing
“unusual” amino groups (e.g., derived from amines
101, 102, and others indicated in Table 12) have been
synthesized because of their pharmaceutical interest.

/\/N
W N~ ‘@L
CH, X

101 102  x:cH, ¢l

The influence of functional substituents on the orien-
tation of the Mannich reaction in the case of phen-
ols is complex; in addition, the reaction conditions
play an important role. Thus, 2-(2-hydroxyphenyl)-
benzimidazole (Table 14) is aminomethylated
at the phenolic benzene nucleus rather than at the
heterocyclic NH group; on the other hand, salicyl-
amides (92, X' =—CO—NH,, X*=H, Cl; Table
14) first react at the amide group and only sub-
sequently at the position ortho to the phenolic
hydroxy group'2°. 4-Acetamidophenol (92, X' =H,
X?=—NH—Ac) is only aminomethylated at the
position ortho to the hydroxy group, affording

SYNTHESIS

Mannich bases of the type 103 which are starting
materials for the synthesis of certain quinoline
derivatives (104) possessing antimalarial activity''®.

H QH
0 0 R
2 /
= | N\
N R
HN-Ac HN-Ac

92 (x'=H, X2=-NH-Ac) 103

1.Hydrolysis
cl

OH R
Cl N HN \R
_—
N
e’
Cl N
104

For amine components used, see Table 4.

4-Hydroxyacetophenone (51, X=OH) undergoes
aminomethylation either at the benzene nucleus
(in alkaline medium) or at the methyl group (under
acidic conditions)®” (see Séction 1.4.2.).

A list of phenols and bis-phenols which undergo
bis-aminomethylation in the o-positions appears in
Table 15.

Intramolecular aminomethylation'*? has been used
to obtain a series of protoberberine derivatives
(e.g. 107; see also Ref. '23:124:12%),

Table 15. Bis-aminomethylation Reactions of Phenols with Secondary Amines

Phenols Amines
OH

~ -
X 92

X = CHs A\~

N r —
- - 4
X = cm—{u@ N ) L HN_ O

OOO )

OH
- CHz=CH0H

HN
e CHy—CH,0H

OH 105

HOOH

93

’ )

106

CH3 /\ HI:;B HN\\//E )
/7
33
HN\(:Hs,HN ), BN o,HN:j, , , [33]
4 Ha)
R=H or Rz=~CHpCH=CH; HN, , HN , HN Cl(CH3
-
OH CH3
r—\
N O

Reaction

(Conditions Yield ()

References

90 99
[33] good 116
121
117
38--86 101, 110
[16] 72
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HLO H,CO
" 9@
HO / (4] HO

OH

o ®
Br OCH; Br OCH,
107

[34] The substrate hydrochloride (1.1 g). aqueous tormaldehyde
(25 ml), and water (25 ml) were heated on a steam bath
for 3 hr'??,

80°%

The aminomethylation reaction has also been con-
ducted on polynuclear phenols (including hetero-
cyclic compounds). The reaction of estrone to give
108 is noteworthy3°.

723
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CI\/\N

0%
CII HO

HO
108

estrone
Similarly, aminomethylation reactions on f-naph-
thol (94), and on O-and N-heterocyclic compounds
[hydroxyindoles (109), hydroxyquinolines (110),
hydroxybenzo[b]furans (111), hydroxycoumarins
(96), hydroxychromones (112)| have been carried
out (Table 16).

Table 16. Mannich Reactions of Binuclear Phenols with Secondary Amines

Position

Phenols . Amines Yield (° Reterences
s of Reaction e o) ¢
oo
Heolee
94 N N
H H
, ,CeHn—c 126
NCeHy-¢
CHy—CH,—CN
1 N, 98 127
CHa=CHp=CN (conditions [35])
x2
Homx’
H 109
o e
_CHy
H H 4 5 HN\CH 80 128
3
H H,CH, 5 4 ,CHy
CH;  H,CqHg —COUCHg 5 4 HN\CH' HN ) good 128 132
~(CHa = 5 4L 3
CH H
SR B
- H H yood 133
CHy COOC;Hg H 4 N\CHa' N OH £
_CHy i
{as for 5-0H) 6 7 HN\CH ,HN ) 128, 129,
3 130
CH,
oo 7 5} AN, L HN ) 128. 130
~ICH) 4~ 7 6 CH;
X
l X
z g CoHg VamY .
OH 110 70NN T LHN )L HN N=Chy, BN, 50-99 93, 101.
Cafts (conditions [33]) 134
X = H, I, Br, ~CH-0Alk NN
2!
I\)—@—ar(ocm, cHy (81), —N%
CH
\ cooem , CaHs C3Hy=n ,CiHo—n ,Cathi 135
205 g ) » REt
HO" 0 111 NCoHs NCyHy=n NCHgmn NCoHy~i

,CHy=CH,0H
N

HN ),

NCH,—CH,0H

HN O, HN N-CH;
\— p—y

1298, A. Monti, W. O. Johnson, Tetrahedron 26, 3685 (1970).
1308, A. Monti, W. O. Johnson, D. H. White, Tetrahedron Lett.
1966, 4459,

1S, A. Monti, G. D. Castillo, J. Org. Chem. 35, 3764 (1970).
132 M. Julia, J. Y. Lallemand, C.R. Acad. Sci. 267, 1506 (1969).
133 M. R. Bell et al., /. Med. Chem. 10, 264 (1967).



724 M. Tramontini SYNTHESIS
Table 16, continued
Position .
ot ] Y ., / ' Vials o oforonce
Phenols of Reaction Amines Yield (7,) References
x?
HO S Not0 96
X's H, X* = H CH;, CH
' T H@ L HN ) 50--60 136
n-C3Hy, —@ X3 =4, ¢ - Cahin CHy
/CH;“CHon ,CH—CH,Cli
X' = XP e H; XZ= B, CHy, CeHg N —_— =N 30 60 137
“NCHy= CH,0H NCHy— CH,CL
x' o
jend
HO S N0 12
. . CH CH I\

X'« H 0CH;, X7« H, CHy, CoHs, 8 HN, G 0 35-R8 138, 139

X3 = ChHy, CaHs, Cobs CH; NC,Hs .

[35] A solution of f-naphthol (0.08 mol) in ethanol (45 ml) was ),
added to the mixture of the amine (0.1 mol) and aqueous } X ' a
formaldehyde (0.08 mol) at 5. The stirred mixture was HO HO N A
gently heated for 1 hrat 30°. The solvent was removed under A /A ';'50 o) N

. -~ - b or
reduced pressure and the basc reerystallized from ethanol’ 27, X 7 ~ 1 H\
(3.)
. . . . . {X =H or subst ) {X%H) (1)
The results obtained in aminomethylation reactions
15 16

of the above-mentioned phenolic compounds may
be summarized as follows:

~ In the case of binuclear phenols having the
hydroxy group in a position « to ring fusion (113),
the reaction always proceeds to afford the product
of ortho attack, even if the p-position is free.
When the o-position (f to ring fusion) is occupied,
the product of p-substitution is obtained, often in
good yield'®'-'*3, When the o-substituent (ff to
ring fusion) is a hydroxy group, aminomethylation
occurs at the position ortho to this substituent
rather than at the position para to the first hydroxy
group'"? (cf. 114).

OH OH CH3
R
~» X7 ] N AN
A A R/
XA HO 070
X 1 OH
(X=H or subst .} {XzH)
13 114

— In the case of binuclear phenols having the
hydroxy group in a position f to ring fusion (115),
the reaction always proceeds in the o-position « to
ring fusion, even if the o-f-position is unoccupied;
when the o-a-position is occupied, the reaction
occurs at the free o-f-position. However, amino-
methylation of f-naphthol (94) with bulky amines
(e.g. dicyclohexylamine) takes place at the o-f-
position'2€.

134 1 H. Burkhalter, R. 1. Leib, J. Org. Chem. 26, 4087 (1961).

The o-f-position of 5- and 6-hydroxyindoles (116)
has been found inactive in the Mannich reaction’*®,
Reaction usually occurs at the o-x-position; if this
is occupied, attack occurs at position 3 or, when
this is also occupied, at the heterocyclic NH
groupll&lzo.l}().

In summary, the position ortho to the hydroxy group
is the preferred position of attack in all phenol
derivatives. This fact has led several authors to
propose a mechanism (see Formula 12, Section
1.3.) involving initial formation of a hydrogen bond
between the Mannich reagent and the substrate
(the reaction does not occur in the absence of the
hydroxy group'*?), followed by attack of one of
the two o-positions whereby the position of attack

is dependent on both steric and electronic fac-
tOI‘Sl2()'l2‘)'134“40’141

Further examples of the C-aminoalkylation of
phenols are found in Ref.*?7-434,

135§ Kumar, S. S. Joshi, J. Indian Chem. Soc. 41, 737 (1964);
C.A. 62, 11765 (1965).

”". E. Boschetti et al., Chim. Thér.1966, 403; C'. 4. 66, 94873
(1967).

137 R C. Elderfield, A. C. Metha, J. Med. Chem. 10, 921 (1967).

13 p Da Re, L. Verlicchi. I. Setnikar, J. Org. Chem. 25, 1097
(1960).

139 ). Molho, M. C. Gerphagnon, Bull. Soc. Chim. France 1963,
604.

140 1 B Fernandez, W. 1. Ferree, Quart. J. Florida Acad. Sci. 29,
13 (1966); C.A. 67, 21247 (1967).

141 j H. Burkhalter, J. N. Wells, W. J. Mayer, Tetrahedron
Letr. 1964, 1353,
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1.4.4. Aminomethylation of Carboxylic Acids and
their Derivatives

Carboxylic acid derivatives of the type 117 undergo
the Mannich reaction when the molecule contains an
electron-withdrawing substituent such as a car-
bonyl- (mainly ketonic), nitrophenyl-, sulfono-
(R—S0O,—), or cyano group.

H
I
c

R-7¥N
T

(or esters, amides. etc.)

The reaction is often complex with respect to the
number of H-atoms substituted, and the stability
of the aminomethylated products varies.

Ethyl 2.4-diphenyl-3-oxobutanoate (118) and esters
(120) of acetonedicarboxylic acid possess two re-
active positions and react with aldehydes and
ammonia or primary amines to afford a piperidone
derivative. Using this reaction, several unsymmetric
(119)'*? and symmetric (121) y-piperidones may by
synthesized'+3~14€,

0 0
CsHs\/U\'/COOCZHS CeHs f‘j(CGHS
|
118 R 119

R = CHy, CpHy

0 R'—CHO/R?—NH,
HsC,00c I _coocH; 138

26 -85 %
120 0
H5CZOOCfICOOCZH5
R'7NTR!
R2 121
=) ~)-ocm, /@ \/N| ) @

R¥= H, CHy, CyHs, —CH,—CH=CH,, -CHZ-@, —CH,—CH,0H

[36] Aqueous amine and aqueous formaldehyde were dissolved
in cthanol with cooling; the keto-ester was then added with
cooling and the mixture allowed to stand at room tempera-
ture or at 0° (several min to 24 hr)'43-14%,

In several cases, the products partially exist in a
considerably stable enol form, which can be iso-
]ated’43'144.

The analogous reaction of 2-oxocyclohexanecarbox-
ylic acids and their derivatives (122) affords sym-

metric®®!47-'*® and unsymmetric!*’ 9-oxo-3-aza-
bicyclo[3.3.1]nonanecarboxylic acid derivatives
(123).

142 G. Settimj, R. Landi Vittory, F. Gatta, N. Sarti, S. Chia-
varelli, Gazz. Chim. Iral. 96, 604 (1966).
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s
N
0 0
a 010
R\il:rc—x R C-X
—
20 -80%
122 123
R=H,; Xz=NH-n-C,Hg, ~NH-CgHs

or

R= —COOH, ~COOC,Hg, —CO-NH~CgHs, X = OH, OC,H, , —NH~CgHs

4-Substituted 2,6-dimethoxycarbonyl-1,7-dioxo-2.3,
4,5,6,7-hexahydro-1 H-2,6-methano-4-benzazonines
(124; 20-46°,) were obtained by a similar syn-
thesis'*?.

COOCH,4

N—-R 124
3§ toocH,
R=CHy, CHy, n-CyHy, i-C3Hy, n-CiHy, n-CiHy, n-CeHyy, c-CoHy

~COOH, ~CH,~CH,OH , —CH,~cH, ¢
—-CH; , —CH, s 2 2 ’ 2 7N/

Further, several heterocyclic keto-esters of the
type 125 (including piperidones 121) have been
converted into the corresponding Mannich bases
(126).  6,8-Bis-[2-pyridyl] derivatives of 126
[Y = NH, R' =2-pyridyl] are useful chelating agents
for metals such as cobalt and manganese'*®.

o
H._;czooc:lfUIcooczﬁ,5 HCHOJ RE N
3576
R YR
125 R2
|
N
0
HsC,00C COO0C,Hs
R'TYTOR!
126

Y = NH, N-alkyl ; R'= alkyl as in 121,

R? = H, CH, ,—CHZ-Q , —CHZO
N
Y=0; R'= CgHs ; R? = —CH,—CH=CH, , —CH2© , —CH;@
Y=5; R‘:@ ; RZ= -CHZ_(=_>
N N

The Mannich reaction with secondary amines has
mainly been studied with carboxylic acid derivatives
117'597152 The reaction has been shown to be quite
complex as the product undergoes further amino-
methylation, decarboxylation, or deamination re-
actions (see Table 17).

143 K. W. Merz, E. Miller, R. Haller, Chem. Ber. 98, 2317
(1965).
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Table 17. Mannich Reactions of Substituted Acetic Acids (117) with Formaldehyde and Secondary (or Primary) Amines
/R3 Yield (%)
Products R! R? —N\ [Conditions] References
R3
/R3
. lN\Ra <O)-nox ’ ) (89) 6090 105, 150
R
g2 COOH —eN o) - 93 [37] 151
127
e ~CO-CHy CHy, CgHs, i-Caty,  =NH=CHy, ~NH=CyHy=i
N —ch _CHy CoHe Cotyi Arioneh 59
. R‘J:H\Rs ,-@ N\ms, N‘Czﬂs' N\Can various 152
2
v 0. 0. O
- CO=CH, CoHs 50 51
Yal H - 14¢ 150
H No:
R‘—/J\COOH 7 3 cH
R2 N/R ~soz-cnz-©—noz H N 90
3.3 “eH,
17 — e %R - ‘
RR7 N\R3 —9N02 H -vO 66 150
2
129
/R3
L, N\Ra ONOZ H -—ND 29¢ 150
R'/[\
130
. 1 2 see 128 first entry b 152
R R
131

* Compound 127 was obtained in mixture with 130.
® Compound 128 was obtained in mixture with 131.
¢ Compound 128 was obtained in mixture with 129.

[37] Acid (0.1 mol) and piperidine (0.1 mol) were mixed with
cooling; aqueous formaldehyde was then added at room
temperature to the salt (dissolved in the minimum amount of
ethanol) and the mixture was allowed to stand for 20 min.
The solid obtained by precipitation with methanol was iso-
lated by filtration; yield: 93%; m. p. 104-105° 51,

Aminomethylation of 4-nitrophenylacetic acid and
cyanoacetic acid derivatives affords the normal
Mannich bases in good yields. In addition, reaction
of the former compounds also affords vinylamines
130, whereas aminomethylation of acetoacetic com-
pounds yields decarboxylated bases 128 and vinyl
ketones 131 (R' =—CO—CH,). Mannich reaction
of dinitrophenylacetic acid and sulfonoacetic acid
derivatives mainly yields decarboxylated bis-bases
129.

4-Nitrobenzylsulfono Mannich base 129a is an inter-
mediate in the synthesis of cationic azo dyes®° such
as 132 (cf. Section 1.4.2.).

144§ Chiavarelli, L. Gramiccioni, F. Toffler, G. P. Valsecchi,
Gazz. Chim. Ital. 97, 1231 (1967).

1. Reduction Cl N=
2. Diazotization f ﬁ;}

OzN—Q-—\ N{CH3),
s{
0

3. Coupling with 0
2 \=N[CH,), -
129a
\N—O—\ N(CHy),
0 s—<: - 2 Hel
02 \—N(CH,),

The complexity of the reaction with carboxylic acids
is related to the reactivity of the product f-amino-
acids'**131:152 (¢f. Section 2.2.).

Arylsulfonoacetic acids of the type 117a can be
aminomethylated using aromatic aldehydes and
primary amines or ammonia. The products'®*13*
are fi-amino-sulfones (133) and vinyl sulfones (134);
these products correspond structurally to derivatives
128 and 131 (Table 17).

1a¢ R, Haller, Arzneimittelforschung 15, 1327 (1965); 13, 1117
(1963).

147§ Rossi, W. Butta, Ann. Chim. ( Roma) 52, 381 (1962).

148 W Schneider, H. Gotz, Arch. Pharm. 294, 506 (1961).
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H
Ar1-—s/kCOOH Ar=CHO/R—NH,
0,
117a
Ar? NH-R Ar?
]
Ar'-S * Arf-s
0, 0,
133 134

Ar'= cu—@-, Br‘©—
Al O HyCO=Q P, (CHg)QN@— . -@
R=H, —CHz‘-(\_/)

1.4.5. Aminomethylation of Heterocyclic
Compounds

Several five- and six-membered heterocyclic com-
pounds have been C-aminomethylated using pri-
mary and secondary amines (cf. Tables 18 and 19).

Table 18. Mannich Reactions of Five-membered Heterocyclic Compounds and Ring-fused Analogs with Primary and Secondary Amines
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Y —c-H

Y 0
e’ W
N

{Heterocycle)

In some cases, “unusual’” amines (e.g. 135, 136, 137)
have been used in order to obtain pharmacologi-
cally active products.

R CH;
NP HZN—@'SOr@- NH, HN)\I/CGHS
&Y )
CeHs Hi¢ R
135 136 137
R = CH;3, CyHg , n-C3Hy, R=H,OH

n-C(,Hg A n-Can

Diamine 136 reacts at one or both of the amino
groups.

Reaction Conditions  Yield (%)  References

Heterocyclic Substrates Amines
H
i—i" R
¥ 138 oH -
3 2Hs )
¥ = N=CHy, R = CgMs, 2,5-dioxo HN< , HNi R H@ , HN ), [38] 16--79 155
! CHj CoHs
/\
HN;;%, BN N~-CHy
-
Y= 0, R = H, 24-dioxo, 5-H or 5-CgHs H'@ . HN: ) good 156
CH, M
Y= S, R:H, booxo, 5-H o 5-COOC,Hg HN:‘CH JHN ), HN O [39] 35-72 157
3
v R
)
O:ZY’N 139 X
Y = N-CgHs, R= CHy /'(;‘ \E
HNY S X = Br, OCH;, CH, [15] 45-60 93
Y=0,R = CHy, CgHs HN ) good 160
o CHy
("( CHp—CH,p—Cl
0PN oy n, 60-65 55. 158
f CHy— CH,—Cl
Alk
R? HN O [40] good 159
N
C\’\R’ 140 Alk  CeHs
R'= R?= H (reaction at 2} H2N—QSOYONHZ 161
N ), WG O, HE N\ el
! s ~NH- , ) ‘ ) 2
R' = ~NH-Ac; R? - —@ NCHs . (- NCeHs good 16

Oron, Oraon, o
A \@} reaction at 5)

/CZHE ,CHz"Cng N
AN RN , @ N
CgHs CgHs N

H
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Table 18, commucd
Het( rot.yc,h(. Substrdtos Amines Reaction Conditions chld ( /,,\ References
Q -N/A'
”Z:s’\\o 141
CH, ,CaHs ‘Hz CeHs )
R e C 3 15 60-73 93
a0 NCeHs'  “CgHs ,SH I ) [15]
2 12
N
H 142
H\ ,CH;
/ /"'><H
[V — ) ;
Xs % e H Y ), N ; LN Ky o WX N-chy 21 41 163
X' = CeHe, X? = M, NO, HN=CHj, H;N=C,Hg, HoN-C3Hy=i, HN— CH,—CgHs, 25-55 164
I/ ,CHy— CH,0H
HN O, HN
— “CH,—CH,0H
- 2 4
X' = 200C;Hs, X* = ~0-CHy—CyHs HN :> 132
L
R,
\J
‘d = 2
R
CHs CaHs }
RU< FiRT < Cos, R = CHy, Cobs AN T T ), ey [41] 7590 165168
treaction at 1} CH; \C2H5 A :
tle —CH.— 2 .
e S O T G
N » HNY\C5H5
3
0
@Jg (s ) 39 5
< ) -
0 144 HN\CHa, HN ), HN ¢ [39] 47--66 157
s
- )
£ 145 HZN-©-502-©-NHZ 161
[38] Substrate, aqueous amine (40%7), and aqueous l‘ormu]dchydc R?
: . o i . 17
were heated in acetic acid on a steam bath for 1 2 hr. R H R N\
some cases, substrate, amine, and aqueous formalde! l}dt — f;‘ (36) N R2
or paraformaldehyde) were refluxed in toluene or cyclo- cl /}—{ 0 —— cl .
{or par: ’ ,5)3 © / _\\_ 770 65 -90% \ /70CHs
hexanol for 2024 hr!?3, 00
[39] The substrate was added to a stirred mixture of amine 146 147
(0.1 mol), conc. hydrochloric acid (0.12 mol). and aqueous
formaldehyde (0.1 mol); the mixiure was then heated with en " {\
stirring at 60° for 15 hr'®7, 1 Catls, “CH g ~CHyCH,=SCHy , ~CH, l O
[40] A solution of the substrate in water was added to a solution -N/R N w.N/CH3 By : ) %
of the amine and aqueous formaldehyde in methanol: the “R2 \CH3 N,
pH was adjusted to 2--3 with hydrochloric acid and the
: = ae it fae .t 9&C 150 . . . . . .
mixture was stirred for 2 3 hrat 257 1%, The Mannich condensation of histamine (149) with
[41] Substrate. amine, and aqueous formaldehyde in dioxan: 3-hydr0xypyridine—4-aldehyde (]48) pI‘OCCGdS with

water were allowed to stand for various times '3,

3-Monosubstituted ~ 2-(4-chlorophenyl)-5-oxo0-42-
1,3-0xazolines (146) undergo aminomethylation with
simultaneous cleavage of the heterocyclic ring to

give, in good yield, aminoc-amido-esters (147) of

pharmacological interest!®°.

149 W. E. Hahn, C. Korzeniewski, Roczniki Chemii 40, 37
(1966); C.4. 65, 3829 (1966).
150 3, H. Schauble, E. Hertz, J. Org. Chem. 35, 2529 (1970).

151 M. Tramontini, unpublished data.

cyclization to give a pyrido[3.,4-h]imidazole deriv-
ative (150); the reaction is biologically interesting7°.

N
|
HO™ Y N
CHO 148 Ho |
’ . HN I N\>
Ly :
49 150
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From the reported examples, it is quite difficult to

state a general rule for the orientation of the

Mannich reaction in the case of such heterocyclic

systems; however, some general remarks may be

made:

~ When a carbonyl group (or the corresponding enol
form) is present in the substrate, the preferred
position of attack is o to this group;

Advances in the Chemistry of Mannich Bases 729

Kojic acid has been aminomethylated with several
primary and secondary amino-acids in a biologi-
cally interesting reaction'’*. Tertiary bases 154
have only been obtained with two primary amino-
acids; use of other primary amino-acids and of
several secondary ones instead affords derivatives
155.

0
OH
glycine , taurine
o M IR
0 154 -2
\/ij/OH w2l R = ~COOH, —CH,— SO
P —
HO.
0 0
Kojic acid N-primary? or [ | OHRI
N-secondary® amino acids H |
o M A A YCOOH
RZ
- In the indole ring, attack occurs preferentially’+? 155

at position 3, whereas in the case of the indolizine
ring, positions 1 and 3 undergo reaction'®3 '8,

— In the imidazole ring, all positions (1, 2, 4, and 5)
can undergo reaction; in acidic medium, only
N-substituted derivatives are obtained (see Scc-
tion 1.5.1.), whereas in alkaline medium all
positions are reactive (1>4,5>2) and amino-
methylation at the N-atom is reversible’ 7' ;

- The 1,2-oxazoline ring (139, Y =0) reacts at posi-
tion 4; when this position is occupied, reaction
occurs at the N-atom or at any amino groups
present in the molecule!'®°.

The reactivity of six-membered heterocyclic com-

pounds is in some regards comparable to that of

phenols; for example, reaction of 4,5-dihydroxy-
pyrimidines (151) with formaldehyde and primary
amines (in a ratio of 2:1) affords 8-hydroxy-3-
methyl-2,3-dihydro-4 H-pyrimido[4.5-¢]-1,3-0xazi-
nes (152), and reaction of 2,4,5-trihydroxypyri-

midine (151, R = OH) with formaldehyde and piperi-

dine yields the corresponding 6-piperidinomethyl
derivative (579)'72.

OH OH
HO 0
~~N r ~ N
N 37—46 % NS
N R HyC” N R
151 152
R = CHy, OH
OH
S ) 3
>, N
R—NH T 3-or 5-0OH
0 183  R= CHy, CyHg, —CH,—CeHs

In contrast, aminomethylation of 3- or 5-hydroxy-
pyridazine-1-oxide always affords'”® the 6-amino-
methyl derivative (153).

R'= H; R%z j-CyHy, i-C/Hy, sec-C,Hq, ~CH,=CH,—SCH,
R'=CH.; R%=H or R'=R%= —(CH,)y-

* Valine. leucine. isoleucine, methionine.
" Sarcosine. proline.

[42] Glycine and aqueous formaldehyde were heated in ethanol
for 10 min and then kojic acid was added ; the mixture was
allowed to stand at —207 for 2--3 hr: yield: 62%;.

Proline reacted at room temperature in 3 hr: vield: 70,
Other amino-acids reacted with heating for 15 min 12 hr:
yields: 40 80°; "4,

This different behaviour and the lack of reactivity
of six other amino-acids has been attributed to steric
and solubility factors’ 7%,

Other examples of Mannich reactions with secon-
ary amines and six-membered mono- or polynuclear
heterocyclic compounds (156--159) are summarized
in Table 19.

152 . Szantay, J. Rohdly, Chem. Ber. 96, 1788 (1963).

153 W L. Nobles, B. B. Thompson, J. Pharm. Sci. 54, 576
(1965).

1% W. L. Nobles, B. B. Thompson, J. Pharm. Sci. 54, 709
(1965).

155 H. C. Clemson, E. O. Magarian, G. C. Fuller, R. O. Langner.
J. Pharm. Sci. 57, 384 (1968).

136 . OlthofY, 1. Sauerbrey, 1. Viereckl, German Patent { DDRP.)
69135 (1969); C.A4. 72, 111285 (1970).

157 M. Miihlstidt. A. Zschunke, Chem. Ber. 101, 1052 (1968).

138 W, I. Serfontein, H. H. E. Schroeder, J. S. African Chem.
Inst. 19, 38 (19606); C.A4. 65, 13700 (1966).

139 1. C. Stirk, H. Siemer. A. Doppstadt: Brit. Patent 852727
(1960). Ravensberg GmbH. Chemische Fabrik: C.4. 55.
11443 (1961).

100 W, Barbieri et al., Tetrahedron 23, 4409 (1967).

11 B, Prescott, (. Caldes, W. R. Piggott, W. D. James, dnti-
microb. Agents Chemother. 1966, 419; C. A. 68, 39262 (1968).

102 PN, Bhargava, S. C. Sharma, Bull. Chem. Soc. Japan 38, 909
(1965).
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Table 19. Mannich Reactions of Six-membered Heterocyclic Compounds and Their Ring-fused Analogs with Secondary Amines

Heterocyclic Position of . Reaction . N
y Amines - Yield [%4] References
Substrates Reaction Conditions
Q
RO
RINAR
cH; 156
C,H C3Hs-n C,Hg-n
R< R e CHy, RYsH 3o T [43] 38 68 175
NCoHs CyHy-n CHg-n
/\
CH
R'-R3 = = CHy~CHy=; R?= H 3and5 HN. : 28 39
NCH
3
v
(Y
8 CH ™\ .
vor 157 AT R [39] 3572 157
\CH3 )
Y :0; R = H; 56-benzo
or Y= §,R =z H,CO0C,Hg
) OH
A
sy~r 158
R = OH; 3-0H 6 or
Land 6y HN ) [44] 90-95 176. 177
R = CHy; 4~OH; 56-benzo 3
OH
0
R N’)\OH 159
M\
R:H 5 HN ), HN O [44] 65-80 178
/CHZ—CHzcl
R = H,CHy 5 N 4558 179
CH,—CH,C

[43] A mixture of aqueous formaldehyde (0.15 mol) and amine
hydrochloride (0.11 mol) was added dropwise, with stirring
and cooling below 10°, to the piperidone (0.1 mol). The
mixture was stirred at room temperature for 2 hr' 7%,

[44] Substrate, amine hydrochloride. and paraformaldehyde in

ethanol were refluxed for 5-15 hr; alternatively, substrate,

amine, and aqueous formaldehyde in water (or ethanol} were

allowed to stand for 2 10 days'"7-' 7%,

Further examples of C-aminomethylation reactions

of heterocyclic compounds are found in
Ret‘435’43°”43"'

1.4.6. Aminomethylation of Alkynes

The Mannich reaction has been successfully carried
out with acetylenic substrates (160, 161; Table 20),
including propargyl alcohols, to give the corres-
ponding 1-amino-2-alkynes (162).

—C=CH  ——  —C=C— R
N
R

160, 161 162

163 R E. Orth, J. W. Bennet, On-Hou Ma, L. Joung, J. Pharm. Sci.
57, 1814 (1968).

164
165
166
167
168

169

170

176

177

178

179

180

R. P. Rao, Labdev [A] 7, 99 (1969); C.4. 71, 91198 (1969).
W. B. Harrell, R. F. Doerge, J. Pharm. Sci. 56, 225 (1967).
W. B. Harrell, R. F. Doerge, J. Pharm. Sci. 56, 1200 (1967).
W. B. Harrell, J. Pharm. Sci. 59, 275 (1970).

W. B. Harrell, S. W. Kuang, C. O’Dell, J. Pharm. Sci. 59, 721
(1970).

H. 1. Petersen, Tetrahedron Lett. 1969, 1557; Acta Chem.
Scand. 25, 1502 (1971).

T. C. Bruice, A. Lombardo, J. Amer. Chem. Soc. 91, 3009
(1969).

F. B. Stocker, J. L. Kurtz, B. L. Gilman, D. A. Forsyth, J.
Org. Chem. 35, 883 (1970).

D. E. O’Brien, R. H. Springer, C. C. Cheng, J. Heterocvcelic
Chem. 3, 115 (1966).

S. Kamiya et al., Chem. Pharm. Bull. 16, 939 (1968); C.4. 69,
67306 (1968).

G. O’Brien, J. M. Patterson, J. R. Meadow, J. Org. Chem. 27,
1711 (1962).

E. T. Golovin, A. P. Nikiforova, Khim. Geterocikl. Soed.
1968, 268; C.A. 69, 106469 (1968).

A. Nakamura, S. Kamiya, Chem. Pharm. Bull. 16, 1466
(1968); C.A. 70, 11504 (1969).

1. Nabih, M. Nast, Can. J. Chem. 44, 1863 (1966).

J. H. Burckhalter, R. J. Seiwald, H. C. Scarborough, J. Amer.
Chem. Soc. 82, 991 (1960).

R. C. Elderfield, J. R. Wood, J. Org. Chem. 26, 3042 (1961).
K. Schulze, U. Pfiiller, H. B. Tichek, M. Miihlstiidt, Tetra-
hedron Lett. 1968, 2999.

5642 (1965).

B. Danielsson, Acta Pharm. Suecica 2, 149 (1965); C. A. 63.
3642 (1965).
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Table 20. Mannich Reactions of 1-Alkynes with Secondary Amines
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Reaction

Amines . Yield (° References®
Alkynes nes Conditions cld (%)
R'Z\
R‘~C—C=CH
R 160
CyHs Vo -
RU=R2 = H; R = HaC—(CHylgg- HNi , HN ), 0 60--95 180
CyHs —v
R':R2 = H; R? = Cg,Hs—g—(CHZ)ZJ,B- HN: [22] 41-63 80
CH3
0 - -
R': R2= H; R?= N)IZD and (Crm et N/CH2 crad 181
PRVEANINY MCH=CHCL'  NCH,(CoHe)
0" en
3
similar derivates;
3-unsubstituted hydantoins
CHj3 CoHs CaHy-n
RSR2H, R - oM T SR .o, [45] 80-92 182
CH3 C,Hs NCyHqp-n
/N
HN ), HN O
R' = OH; RZ = CHy, R = CHy CiHs } ,CHy=CH,Cl [46] 6085 83
DL--8D J
N i
R' = OH; R%R? = -(CHyls~ or CHz=Ch,0
CH:
RURLR: (O N 184
NCH;
X3Q— C=CH
x¥ x! 161
X' = H;X? = H,0CHy; X3 = OH ,CoHs ™\
: : > 5 5
X' - CHy, X2+ H,X? = OH HN\Csz‘ HN . HN\_,O 3560 185
CH
X': X2 = H; X3 2 ~CZC-C—0H, CH C.H CH,~CH,0H
; ; 3 2Hs 2~ CH, M\
&y W, W] T N L HN ), HN D 4085 186, 187
szs CH; CaHsg CH—CH20H Aoy
—czc—(lz-on, ~CEC-[CHy)s~OH
CgHs

* see also Ref.*3%,

[45] The pH of a solution of the amine (1.2 mol) in water (80 mi)
was adjusted to 9 with sulfuric acid. Substrate (1 mol),
aqueous formaldehyde (1.16 mol), and aqueous copper(lI)
sulfate were then added, and the pH adjusted to 8.4 by the
addition of amine. The mixture was refluxed for 1 hr, then
cooled, and extracted with ether for 9 hr in a continuous
extractor’®?,

[46] The acetylenic substrate and an equimolar amount of
copper(1l) chloride were refluxed in ethanol for 30 min (or
in +-butanol for 60 min). Aqueous formaldehyde and amine
were added and the mixture was refluxed for 1 hr'®3,

Copper salts are often used in the reaction, since
they have been found to increase the nucleophilicity
of the acetylenic substrates towards the Mannich
reactants.

Variation of the pH also appears to affect the
reaction, as indicated by the following data on
propargyl alcohol (160, R' =R?=H, R*=0OH; Table
20; amine used : diethylamine)'®#2.

182 R, L. Salvador, D. Simon, Can. J. Chem. 44, 2570 (1966).
183 (. R. Pettit, B. J. Danley, Can. J. Chem. 46, 792 (1968).

Reaction Time

pH Yield (%) of Mannich Base
9 55 min 92
8.4 55 min 80
6 5.5 hr 80
38 S5.5hr 65
3 5.5hr -

Mechanistic studies indicate'®? that the reaction
proceeds via attack of the methylolamine (or a
derivative) on the acetylenic substrate rather than
by attack of the amine on the hydroxymethyl deriv-
ative of the substrate.

The reactions of acetylenic Grignard reagents as
substrates with aminomethyl butyl ethers as amine
component'®, and the orientation of the Mannich
reaction in the case of acetylenic ketones are dis-
cussed in Sections 1.2. and 1.4.2., respectively.

Aminomethylation of 17a-ethynyl-17-hydroxy-
steroids (163) requires protection of the hydroxy
group via acetal formation (with dihydro-4 -
pyran), and affords Mannich bases of the type 164.
Androstane and estrone derivatives have success-
fully been aminomethylated using this procedure!®®.
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R = CHy, R=R = =(CH,)—

47] Protection of the Hydroxy Group: Ethynyl-steroid, dihydro-

4 H-pyran, and phosphorus oxychloride were stirred in
anhydrous benzene for 2 hr at room temperature.
Mamnich Reaction: A solution of the substrate in dioxan is
heated at 1007 for 2-6 days: portions of aqueous amine and
aqueous formaldehyde were daily added. The product was
then submitted to acid hydrolysis; yields: ~ 1009, '#*.

1.4.7. Aminomethylation of Nitroalkanes

The Mannich reaction using nitroalkanes as sub-
strates has been studied for several reaction media
and various reagents. The aminomethylating power
of methylene-bis-amines (8) is an increasing function
of their base strength and of the dielectric constant
of the reaction solvent’3%-'%%, When water is present
in the reaction medium, the more reactive hydroxy-
methylamines (mcthylolamines, 7) are formed, and
the substrate can undergo bis-aminomethyl-
ation'®*'%!, The aci-nitro form of the substrate
appears 10 be involved in a cyclic or linear transition
state, the former being favored in solvents having a
low dielectric constant.

Successful synthesis of Mannich bases 165, derived
from a-branched mononitroalkanes, has been re-
ported!®2.

M, Oy

- LN
R R R R
Rs CHs, CHs 165

—N< s =NH—CHy, =NIn-CiHglz , —NICH3ly , -NICHgl,, ~N >

[48] To a stirred and cooled aqueous solution of the amine was
added paraformaldekyde. The mixture was stirred at room
temperature for 2 hr and tken added 10 the nitroalkane in
0.13M potassium hydroxide sclution. Carbon dioxide was
bubbled into the mixture, ‘¥hich was then extracted with
cther'”?,

Di- and trinitroethylamines (167) have been synthe-
sized by condensation of nitroalkanols 166 with
primary and secondary amines’'??. Hexahydropyr-
imidine derivative 168 has been obtained in a
reaction using formaldehyde, and 1,3-diamino-2-
hydroxypropane as the amine component.

SYNTHESIS
”(49300 % > R)c:‘n\
NO;
Rs ¢ OH 187
°2N No? / H;N Nl'lz
+ HCHO C
166 k{' Hj ~¢ /\NAN/\/C\/Cﬂg
' R+ CHy °2N Noz O:N NO;,
OH
168

R = CH3,NO,,Cl, Br

/ CaHs
-N]® ~NH=CHy ,-NH=C;Mg, ~NH=Citgn, N~ N ],

“Cabs
). -

[49] A concentrated solution of fi.f-dinitroethanol (166) and
amine in water was stirced for 30 min and then extracted with
ether. Some modifications were required for the reaction
with arylamines'®3,

A recent review on the chemistry of aliphatic poly-
nitro compounds!®4 devotes an entire chapter to the
Mannich bases derived from the compounds.

The Mannich reaction of aci-3,5-dinitrocyclohexene
salts, obtained from the corresponding m-dinitro-
benzene derivatives (169) by reduction with complex
hydrides or organometallic reagents, is of synthetic
relevance.

184 . A, Mistryukov, N. I. Aronova, V. F. Kucherov, Izt
Akad. Nauk SSSR, Oid. Khim. Nauk 1962, 870; C.A. 57,
12421 (1962).

%5 M., 1. Bardamova, R. M. Myasnikova, [. L. Kotlyarevskii,
zv. Akad. Nauk SSSR, Ser. Khim. 1967, 443 C.A. 67, 21541
(1967).

86 | .. Kotlyarevskii, L. B. Fisher, E. K. Andrievskaya, Izt
Akad. Nauk SSSR, Ser. Khim. 1967, 397; C. A. 67, 21525
{1967).

187 (., B. Fisher, I. L. Kotlyarevskii, E. K. Andrievskaya, /zv.
Akad. Nauk SSSR, Ser. Khim. 1964, 1543; C.A4. 64, 14116
{1966).

188 1y Burn, V. Petrov, Tetrahedron 20, 2295 (1964).

189 3 I3, Fernandez, J. S. Fowler, J. Org. Chem. 29, 402 (1964).

19¢ j |, Fernandez, J. S. Fowler, S. J. Glaros, J. Org. Chem. 30,
2787 (1965).

9t j Ii. Fernandez, J. S. Fowler, S. J. Glaros, Tetrahedron Lett.
1964, 2889.

192 V. M. Belikov, Y. N. Belokon, M. M. Dolgaya, N. S. Martin-
kova, Tetrahedron 26, *199 (1970).

192 Y. E. Ungnade, L. W. Kissinger, J. Org. Chem. 30, 354
(1965).

194 p_Noble, F. G. Borgardt, W. L. Reed, Chem. Rev. 64, 19
(1964).

195 T Severin, R. Schmitz, M. Adam, Chem. Ber. 96, 3076
(1963).

196 R. T. Wall, Tetrahedron 26, 2107 (1970).

197 T Severin, M. Adam, Chem. Ber. 97, 186 (1964).

198 W, K. Hahn, H. Zawadzka, Roczniki Chem. 38, 557 (1964);
C.A. 61, 10685 (1964).

9% 1 Nerdel, D. Frank, H. J. Lengert, Chem. Ber. 98, 728
(1965).

200 M. 1. Farberov, G. S. Mironov, Dokl. Akad. Nauk SSSR 148,
1095 (1963); C.A. 59, 5062 (1963).
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X!

X2
X!
1 2
ON N0z 169 ) R X 170 R'=H, R=H, CH,, CHs, ~CHy- CeHs
+ HCHO/+R2-NH
l (*NM':H .. ———————— ON NO; X' = H, CHy, ~CO—NH, , —COOC;Hs , — OCH;
aBH, or Crignard) R X2z H, CHy, ~CH=CH-CgHs , CI
1 N
R! X X2 '[_(2 171 R'=CHy, CHy , n-CyHy ; R?= CHy
2 M® [50] X'= H, OCHy; X!z H, Cl

0N NO,© N

R! 2 4

2
« HCHO/+HN ) X X
OzN or O,N
v
R'=X' = H NO, NO,
172 173

e . . o . ) . xZ=CHy,Br, X2 H,Cl
[50] Reduction of 169 was carried out in tetrahydrofuran, ~CH=CHCaH

dimethylformamide or methanol;dimethylformamide with
sodium borohydride at 5-18". The Grignard reactions were
performed under the usual conditions. Amine, aqueous
formaldehyde, and acetic acid were then added with cooling
to the above reaction mixtures diluted with water; yield:
170, 44-94%; 171, 12-37%; 172, 45-68%,; 173, 23 to

0,195,196.197
429 .

1,5-Dinitro-3-azabicyclo[3.3.1]non-6-enes 170 and
171 have been obtained by aminomethylation of
aci-3,5-dinitrocyclohexene salts with primary amin-
es!93:196.197 " whereas mono- or bis-Mannich bases
172 or 173 have been obtained in the reaction with

1.4.8. Aminomethylation of Miscellaneous
Compounds

This Section deals with the aminomethylation of
aliphatic aldehydes, «,f-unsaturated ketones, hy-
droxynaphthoquinones, tropolones, methylhetero-
arenes, arylamines, ferrocenes, and hydrogen cyan-
ide.

Several a-branched aliphatic a/dehydes and phenyl-
acetaldehydes undergo Mannich reaction'??-200-20!

secondary amines'®*'°, to give f-amino-aldehydes (177).
Similarly, 6-nitro-2,3,4,5-tetrahydro-1,2,4-triazines R3

(175) have been obtained by Mannich reaction of OCH Ni

nitroformaldehyde arylhydrazones (174) and pri- R RZ RP 177

mary amines, whereas the reaction with morpholine
affords'®® acyclic bases 176; the use of other secon-
dary amines only affords 1,3-dihydrazono-1,3-di-

R'z H, CHy, CHg
R%= CHy, CpHg, n=CaHy, iCyhy, n-CyHy, CeHs
R¥z CHy, C,Hg

nitropropanes. .
propanes a,f-Unsaturated aldehydes (178) are in contrast
X aminomethylated at the j-position®®? to give 5-
— N No NO2 aminopent-2-enals (179); the activation by the car-
kNj bonyl group in these compounds is thus transmitted
X | through the double bond.
O\ [51] 175 R ' 1
N\ NOZ o R R
N7 R 42-90% ) 5
H X OCH R ——  OCH R
Lol A o
174 |, N/N\\ENoz N\
H NN 178 179 G

L_o

176
X = H,-NO,, -0OC,Hs , Ct

R = CHy, CoHs, n=CyHy , i~C3H, , n=CiHg , —CH;—CH=CH, |,
~CHy—CgHs , c~CgHyy, CgHs

[51] Substrate, amine, and aqueous formaldehyde are heated in
ethanol or dioxan on a steam bath for 10 20 min: the
mixture is allowed to stand for 1- 2 days: yields: 42- 90°, 9%,

1 G. S. Mironov, M. 1. Farberov, M. A. Korshunov, Uch. Zap.
Yaroslavsk. Tekhn. Inst. 1962, 33; C.A. 61, 568 (1964).

%2 G. 8. Mironov, M. I. Farberov, 1. I. Bespalova, Zh. Obshch.
Khim. 34, 1642 (1964); C.A. 61, 5505 (1964).

R's R%= CHy; or R'= CHy, R%= CHy, CjHs

A similar phenomenon has been observed in the case
of propenyl aryl ketones (180, R'=aryl, R?=H),
which, in acidic medium, react to give vinylogous
Mannich bases 181 (see also Ref.’®!). In alkaline
medium, however, diamine 182 is the product; this
is probably formed by addition of the amine to the
double bond, followed by aminomethylation of the
position « to the carbonyl group??3.

Vinylogous Mannich base 183 is the product of the
reaction with 3-oxo-1,5,5-trimethylcyclohexene (iso-
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phorone); only by use of two equivalents of Mannich
reactants per equivalent of substrate can a second
aminomethyl group be introduced « to the carbonyl

group??# (the normally expected position).
Ar ;
R
——>[52] O/JV\/\N/
30-40% \
R] RZ R! = aryl 181 R3
O/)\A R2= H
/R3
Ar N
180 (53] _ “R?
50°% 0 JR?
N
52l CHy R} 182

22-56°%

R3
()/ N/
\.Rd
183
R Ve ' )
N = =NH=CH=0 Y, N ), N 0
\g? = N —/

[52] Substrate, amine, paraformaldehyde. and a few drops of a
strong acid were heated in acetic acid at 80 for 4 days
(yields: 30-409:0%%%, or were refluxed in propanol for 40
min (yields: 22 569 )24,

[53] Substrate. amine. and aqueous formaldehyde were allowed
to react at room temperature for 24 hr?”?.

Tropolone (184) and its 6-substituted derivatives are

aminomethylated in alkaline medium?"® at posi-

tion 3, whereas the reaction of 3-substituted tropol-
ones in acidic medium affords the 5.7-bis-| amino-

methyl]derivatives®°®. The lack of reactivity of 4-

and 3,4,7-substituted tropolones has been attributed

to steric hindrance.

Substituents Site of Amimoemethylation

none or 6-CH, 3

4-CH,. or 3.7-di-Br-4-CH , no reaction
3-i-C (H- S5and 7
[54] Substratc and methylene-bis-amine were refluxed i eth-

anol for ¢ hr: yield: 55929, 2%, Alternatively. substrate.
amine, and aqueous Tormaldehyde were heated in acetic
acid with stirring for 1 hr at 60 1 yield: 60- 707 70
The pharmacologically interesting 3-(1-aminoalkyl)-
2-hydroxynaphthoqguinones 185 have been obtained
from the reaction of 2-hvdroxy-1.4-naphthoquinone
(“lawsone™) with formaldchyde. and with acet-

SYNTHESIS

aldehyde (one of the few examples of aminoalkyl-
ation with the latter reagent). The reaction conditions
are, however, critical, since the products are easily
transformed into 3,3-methylene-bis-[ 2-hydroxy-1,4-
naphthoquinone]?°”.

0 R
N /
Z | N\
N R?
OH
0 185
R'= H , CHs
R CH CH,~CH,OH
=N, = =NH-C,Hg, -NH—CH,—CH,0H, —N< LAk 2
R? CHe ,  “CH,—CH,OH

CH, —CH,Cl ™\
B SO OS.
~ —

CH,—CH,Cl,

In the case of a few six-membered heteroaromatic
rings, the 2- or 4-methyl group undergoes the amino-
methylation reaction. Thus, direct synthesis of 2- or
4-aminoethylquinolines®°® (186), as well as 2-amino-
ethylpyrylium salts?>®® (187) is possible; see also
Ref**7,

1
R R
S Tmio
a P R & |
SNT (20r4) R0 N"NH-R2

186 187
R = C,Hg [55] R! = CH,y,CeH
2Hs 3, 6Hs o
RZ = "CH-‘CHZ' N
i | < I
COOH N . HN SN OH

[55] Substrate. amine hydrochloride. and aqueous formaldehyde
were dissolved in ethanol; the pH was adjusted to 7.5-8.0
with tricthylamine. and the mixture heated for 2 hr at 60 :
vield: 709728,

Arylamines (188) having an alkyl group at nitrogen
and/or in the o- or m-position are aminomethylated
para to the amino group to afford products 189;
under particular conditions and in some cases,
attack at nitrogen occurs to yield 190.

Specifically, N,N-dialkylanilines only react para to
the amino group; under similar conditions, N-mono-
alkylanilines (but not N,4-dialkylanilines) also react
in the p-position, but aminomethylation at nitrogen
has been observed when the concentration of acetic
acid is reduced. Steric and electronic factors seem to
inhibit ring aminomethylation of N,N,3-and N.N.4-
trimethylanilines?'’. The reversibility of the amino-
methylation of arylamines is strongly affected by the
reaction pH.

03 K. Bodendorf, P. Kloss, Lichigs Ann. Chem. 677, 95 (1964).

204 41, 1. Roth, G. Langer, Arch. Pharm. 301, 695 (1968).

205 P 1. Pauson, P. B. Kelly, R. I. Porter. J. Chem. Soc. |C]
1970, 1323.

206 K Ogura, Bull. Chem. Soc. Japan 34, 838 (1961).



December 1973
R'z H, 3-CH,; R?= CH,, CyHg ;
R?= CHy, CyHg, ~CH;—CgHs  amine /AcOH = 1:1-15
40-75 % amine /AcOH= 21
2 3
R\N/R
Rz H, 2-,3-,4-CHy;
R@ [56] |R%= H; R®=CHy, CHy
30-55%
188 amine/AcOH= 25 : 1
mine = .
R'= 2-,4-CHy
R?= R3=z CH, .
b ——— 5 no reaction

[56] Arylamine 188 and acetic acid were added 1o a mixture of
alkylamine and aqueous formaldehyde and the mixture was

heated on a steam bath for 30 hr. Compounds 190 werc

obtained by heating the mixture for 1 hr?'®,

Reaction of ferrocene with 2 mol of 1,1-diamino-
alkanes in acetic acid/phosphoric acid affords amino-
alkylation at both the ferrocene rings?''. The
Mannich reaction of monomethyl-, monomethoxy-,
and monomethylthioferrocenes (191, R? =H) always
affords ternary mixtures of monoaminomethylated
products (192). The reaction of disubstituted fer-
rocenes (191) affords binary mixtures (193)%!2,
The yields of aminomethylation products are good
and the products can be separated by chromato-

graphy.

CHa
N\
CH,
R's CH,,OCH,, SCH; — R!
R%= H N
Fe 192
O &~
Fe ——— /CH3
@ )

AN
R? CH3
s <§;§§L-R‘
R'= R?z CHy, 0CH;, SCH,4

191 Fe \

Positions 3, 2, and 1 are the most reactive (in
decreasing order) in monomethylferrocenes. In the
case of monomethoxy- and monomethylthio deriv-
atives, the order of reactivity is position 2>3>1".
Substitution increases the reactivity of the rings.
whereby decreasing activity is shown in the substi-
tution series OCH,>SCH, > CH,.

For aminomethylations of metallocenes, see also
Rei'439.44().44]

Hydrogen cyanide has been aminomethylated using
amines such as primary and secondary ethylene-
diamines and melamine to give a-aminonitriles 194
(R'=H)".

Advances in the Chemistry of Mannich Bases 735

2 3
R R

R'!

¥, AcOH

190

Compounds 194 (R' = Alkyl) have been obtained in
yields of 60-80 9, by reaction of various aldehydes,

amine hydrochlorides, and potassium cyanide in
water at room temperature®'? (see also Ref. *+2-4+%),

Rl

R2
NC’l\Ni
R? 194
R'= H, alkyl
R? CH3 /\
N =N ", N ),-N 0
SR? \CH3 C> -
R1—CF(CHZ)"\C—R’ + 2 HCN/ RP=NH, [57] R;((Cji)f;ﬂ
ii I 70 — 80 % NCN
0 0 1. C—NH;
R2ll
0
Rs Hch 195

Rz CHy, CoHs, ~CH,~CgHs, ~CH,—CH,—CgHg, —CHICgHg), , ~CeHs
n= 1, 2

[57] Sodium cyanide. amine, and aldehyde are stirred in agueous
methanol/6 A hydrochloric acid Tor 1 hr at 0 : the mixture
is then allowed to stand at the same temperature for 12 he?'*,

Cyclic amines of the type 195 may be obtained by a
synthesis involving reaction of hydrogen cyanide
with - or d-dicarbonyl compounds (glutardialde-

hyde, hexane-2.5-dione) and primary amines®'*.

1.5. N-, S-, Se-, and P-Aminomethylation Reactions

1.5.1. N-Aminomethylation of Amines. Acyclic
Carboxamides, and NH-Heterocyclic
Compounds

Aminomethylation of amines affords methylene-bis-
amines, which have been widely used as reagents in
mechanistic studies on the Mannich reaction. To
this end, several new compounds (e.g. 196, 197) have
been prepared from sterically hindered alkylami-
nes’2°.

H CHs H CH

3
X
0 N-CH~N O
N—CH,~N A X~
HCHy  HCHy
196 197
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The reaction of - or y-dicmines (e.g. 197) with
various aldehydes may be used to svnthesize N-

heterocyclic compounds having the structure of

cyclic aminals (e.g. 198) 2'3. Thus, pharmacologi-

cally interesting hexahydropyrimidine derivatives
(199) have been obtained from 1,3-bis-[benzyl-

amino J-propanes  and  substituted  benzalde-
hydes?!®:217 see also Ref.**+ +43,
R-cHo_ C\—Q
S070% 'NXN
H R
197 198
R = H,CHy , CeHs
A
H® “Ar 199 (s8]
Ct =, 0CH4 CH ~{H,Cl
= <: ? ;TN ; Al = ‘Q
{> “CH,~CH, CL
Hat [OM, NicH;). ]
or Ar' = f ’

_CH—CH,Cl .
pra Y

CH,~CH;Cl
(CHy)

[58] The amine was added to a hot solution of the aldehyde in
ethanol. The mixture was refluxed for 15 min and then
part of the solvent was distilled off. The product crystallized
upon cooling of the solution®'®, Alternatively. a solution
of amine and aldehyde in methanol was shaken vigorously
for 4 hr at room temperature. The product precipitated
out: yields: 4090927,

The N-aminomethylation of aniline derivatives,
which competes with the aminomethylation reac-
tion at the aromatic ring, and also that of amino-
1,2-oxazoles (cf. Sections 1.4.8 and 1.4.5) should
also be noted here.

L2- and 1,3-Bis[nitramino]-alkanes 200 may be
cyclized by Mannich reaction using primary amines
to give 1,5-dinitrohexahydro-1,3,5-triazepine- (201,
202, for n=2) or 1,5-dinitrooctahydro-1,3,5-triazo-
cine derivatives (202, for n=3), respectively?'®.

207 W, R. Vaughan et al., J. Org. Chem. 26, 2392 (1961).

208§ S. Kagan, B. I. Ardashev, Khim. Geterotcikl Soed. 1967,
701; C.A. 68, 114408 (1968).

209 A N. Narkevich, G. N. Dcrofeenko, Y. A. Zhdanov, Zh.

Org. Khim. 1, 975 (1965); C.A4. 63, 7007 (1965).

210 M. Miocque, J. M. Vierfond, Bull. Soc. Chim. France 1970,

1896, 1901, 1907.

2L P L. Pauson, M. A. Sandhu, W. E. Watts,
|C] 1966, 251.

212 G, R. Knox et al.,
1853.

28 M. Gotz, K. Zeile, Tetrahedron 26, 3185 (1970).

2110, Dold, Chem. Ber, 96, 2052 (1963).

215 T, P, Abbiss, A. H. Soloway, V. H. Mark, J. Med. Chem. 7,
644 (1964).

J. Chem. Soc.

J. Chem. Soc. [C] 1967, 1842, 1847, 1851,

SYNTHESIS
NOZ
n ( \\
58 - 65 f.
NO,
/rle N02 201
[59] R = alkyl , ~CH,—CgHs , =CH,—CH,—QH ,
(CH;:)n alkyt, 2~ CeMs 2 2
\ ={CH2)3~-0H , CgHs
rl‘JH NO NO
NO, |2 |2
ne2,3 N— N
200 L—— s (CHJ,N-A-N (CH,),
70 - 100 % N~ N
| |
NO, NO, 202
=—CH,—CHy~ , —(CHy), NO,

~CHy=CHy~ 0~-CHy—CHy =, ~CHy=C—CHy-, ete

NO,

[59] Substrate. amine, and agueous formaldehyde in water (pH
5.4-5.9) were warmed at 70" for 10 min®'®,

The N-aminomethylation of acyclic carboxamides
has been carried out with primary and secondary
amines (see also Ref.**¢*47) The reactions of acyclic
carboxamides (203) with formaldehyde and second-
ary amines to give Mannich bases (204) are summa-
rized in Table 21.

O
R7ONH —> R‘)LNAN<
; L "
203 204

A study concerning the aminomethylation reaction
with several benzamides and chloroacetamides es-
tablished that the reaction only takes place with
sufficiently basic amines, or with amides derived
from sufficiently strong carboxylic acids (pK,=
1.25-2.85)?21,

216§ H. Billman, J. L. Meisenheimer, J. Med. Chem. 7, 115
(1964).

217 J. H. Billman, M. S. Khan, J. Pharm. Sci. 57, 1817 (1968).

21% S S, Novikov, A. A. Dudinskaya, N. V. Makarov, N. I.
Khmelnitskii, /zo. Akad. Nauk SSSR, Ser. Khim. 1967, 1833,
1837, 1839; C.A. 68, 29687, 29688, 29689 (1¢68).

219 H. Mohrle, P. Spillmann, Tetrahedron 25, 5595 (1969).

220 H. Méhrle, P. Spillmann, Tetrahedron 26, 4895 (1970).

221 v_ 1. Stavrovskaya, S. K. Drusvyatskaya, M. O. Kolosova,
Zh. Org. Khim. 4, 488 (1968); C.A. 68, 104640 (1968).

222 v_ 1. Stavrovskaya, S. K. Drusvyatskaya, Zh. Org. Khim. 5,

388 (1969); Engl. Edit., p. 375.

J. Strating, A. M. Van Leusen, Rec. Trav. Chim. 81, 966

(1962).

224 G. B. Singh, S. P. Agrawal, J. Indian Chem. Soc. 40, 777
(1963); C.A. 60, 450 (1964).

225 G. B. Singh, A. S. Chawla, V. K. Vijjan, Indian J. Pharm. 30,
231 (1968); C.A. 70, 28790 (1969).

226 W, ). Gottstein, W. F. Minor, L. C. Cheney, J. Amer. Chem.
Soc. 81, 1198 (1959).

227 M. A. Kaplan, W. T. Bradner, F. H. Buckwalter, M. H.
Pindell, Narure 205, 399 (1965); C.A. 62, 11030 (1965).

228 1. de Carneri, G. Coppi, F. Lauria, W. Logemann, /I
Farmaco, Ed. Prat. 16, 65 (1961).

223
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Table 21. Mannich Reactions of Acyclic Carboxamides with Secondary Amines

Reaction . R
“arboxamides ines e Yield (¢ References
Carboxamides Amines Conditions (") ¢
0
R])I\'I“H
Rz 203
R' R?
CH CoH
H Oy, Cotts, ~CHCeHs, Cals HN] ~, HN. © °, HN ], HN ), [60] ~ 100 219, 220
3 N 2 “B''S 6 \CH ’ \c H ) -
3 2s
Fam
HN HN\—JO
o oy . W O 18
CoHg /
R
Ve
CICH,-, ClpCH~ H HN\C y R = CHy,CoHg, 1-C Hg 25-56 221,222
8ris
CHy
CoHe0- H HN, 80 223
CH,
X HN/CH3 N/CZHS ,C;Hg-n
Y “eHy' o NCoHg' NCuHg-n'
X = R, 2-0H H
4-NOy, 2-OH-5-€) \ /M vood 29,118,
’ W), W), HN O, HN MM & 11017214
CH3 C2H5 C3H7-n CHZ—C5H5 _
2 " HN, L N T RN, , HN , [61] 40-91 225
N CH; NCyHg CsHy-n NCH,— CgHs
CsHn-c
N , HN ),
CeHu-c .
Vam ,CHs
HN NH HN
—

\C5H5

[60] Substrate, amine, and aqueous formaldehyde were allowed
to stand at room temperature for 30 min?'9-229,

[61] Pyridine-3-carboxamide (0.05 mol) and amine (0.05 mol) in
methanol were treated at 0-5" with aqueous formaldehyde
(0.05 mol) (or in ethanol with 0.075 mol of paraform-
aldehyde). The mixture was allowed to stand at 5" for 15 hr
and was then refluxed for 2--3 hr?2%,

The amide moiety of tetracycline and several of its
derivatives may be aminomethylated in good yields to

give new pharmaceutically interesting derivatives
(205)226,227

X’ho_ ey X' N {CHy),

OH
50 88%
OH
O

OH O OH O

Tetracycline (or derivative )

X2ho oy X NICHy),

OH
O‘O‘ e

OH 0 OH "5
205

X'=0H; X2=H or X'=H,; X2=zcl

,R /CHZ—CsHs CHZ CH2C|
A0 A,

N =N
R NCHy—CoHs CHZ-CH ol

[62] A solution of tetracycline, amine, and aqueous formaldehyde
in t-butanol was allowed to stand at room temperature for
30 min and was then refluxed for 15 min?2®227,

It has been shown?2¢ that aminomethylation occurs

at the amide N-atom, not at the phenolic ring D, as
previously supposed; this fact is in accordance with
the greater reactivity of the amide N—H group com-
pared to that of the position (9) ortho to the phenolic
hydroxy group (cf. Section 1.4.3. and Ref.'29),
Other investigations in this field relate to the synthesis
of N-lysinomethyltetracycline, which is extremely
soluble in water??8, and to dissociation constants of
several N-aminomethyltetracyclines?2°.

Theaminomethylation of thiourea (206, R’ = NH,)?3°
and thiocarboxamides, (206, R' = C-residue) to give
Mannich bases of the type 208 proceeds either
directly or by condensation of the N-hydroxymethyl
derivative 207 with alkylamine; neither S-amino-
methylation nor S-hydroxymethylation (209) have
ever been observed in these cases?3!.

229 R. Hiittenrauch, I. Keiner, Arch. Pharm. 301, 97 (1968).

230 V. Mozolis, S. Jokubaityte, Lict. TSR Moksly Akad. Darb.
Ser. B 1970, 129; C.A. 73, 77152 (1970).

231 H. Béhme, H. H. Hotzel, Arch. Pharm. 300, 241 (1967).
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S

| [63) R2
RN, > R’)J\N OH T ou RPN
H Np2
R
206 \\ 207 /' 208
f 20 - 92 %
S 0H
RSN 209
R' = CH; ,~CHy=CeHs, CeHs
R?  ,CH
s 3_ _
-N\Rz- NO N ¢ o N_}d CH,

[63] Aqueous formaldehyde was added dropwise. with stirring,
1o a solution of 206 in hot water: the mixture was then
heated on a steam bath for 15 min, so obtaining 207 in good
yields. Amine was added to a solution of 207 in methanol,
and the mixture was heated on a steam bath for 10 min. The
reaction can also be carried out with 206, paraformaldehyde,
and amine in methanol?3'.

Examples of N-aminomethylation of heterocyclic
compounds are numerous ; reactions of four-and five-
membered NH-heterocyclic compounds and their

SYNTHESIS

pounds and condensed-ring derivatives (212) in
Table 24 (see also Ref, #48:449.430)

I‘ \ -

{om — ey

\

210-212 213
Various derivatives 213, often of pharmacological
interest, were thus synthesized ; in some cases, more
“unusual’” amines were used, e.g. 214, 215, and others
noted in previous Sections.

H N::>/\/\C6HS H’%N/c Hs

214 215

In addition to the five-membered NH-heterocyclic
compounds mentioned in Table 22, several hydroxy-
indole derivatives (see Section 1.4.3.) have been
aminomethylated ; reaction at the N-atom has only
been observed when the more reactive positions
(position f to the N-atom, or ortho to a hydroxy

Table 22. N-Aminomethylation Reactions of Four- and Five-Membered NH-Heterocyclic Compounds and Condensed-Ring Derivatives

with Secondary Amines

Heterocyclic

Compounds 210 Amines

Reaction Yield of

Conditions  213(%)  References
[64] 90 232
[64] 70-84 30, 232.
233
12-79 234
HN [64] 3786 233,235,
°“3 236
~
CgH
Hh\l_}\/\/ sHs
[64] good 232,233,
236
[64] 2 213

CaHy \H
C3Hy HN N’CH3
o]
0
A HN\:El . " ,CHy—=CH,Cl
¢ N=CHs TN e —chyel
z CH3 /anY
(p aN L W, WE ), HN O
N “CH3 -
H
0 CH,
{Br). CHy ,CHy=CH,Cl
0 BN, ., HN{ , HN
u CH, CHZ CH,Cl
CH3
Hb{—\O HN
9 f HN ' Hh{ ,
H ‘CH
0
Z ,CHa—CH,ClL
g8 HN , HN
5 CH;—CH,Cl N—'CH3
4 I ,CHz2=CHCl
XN NCHy— CH,C
H
[64] Substrate, amine, and aqueous formaldehyde were refluxed
in ethanol for 10- 90 min?**-23*_ or in benzene for 23
min?*?,

condensed ring derivatives (210) are summarized in
Table 22, those of five-membered NH,N-, NH,O-
and NH, S-heterocyclic compounds as well as con-
densed-ring derivatives, (211} in Table 23, and those
of six-membered NH- and NH,N-heterocyclic com-

group) were occupied’??:'*°. It has proved possible
o aminomethylate position 1 (N) of non-substituted
indoles (see Table 22) ,but the products were easily
rearranged to the more stable 3-aminomethyl-
indoles?3*,

232 G. Cignarclla, E. Occelli, G. Maffii, E. Testa, /. Med. Chem
6. 29 (1963).
233 R, C. Elderfield, J. R. Wood, J. Org. Chem. 21, 2463 (1962)
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Table 23. N-Aminomethylation Reactions of Five-Membered NH,Y-Heterocyclic Compounds and Condensed-Ring Derivatives with

Secondary Amines

Heterocyclic
Compounds 211

R' s H, CH3, CgHs,
R%2 H CHy, CoHg, i-CiH,
~CH=CH~CeHs, CeHs;

C,H,
or R,R2: —[CHp)p,5- , =cu—©-~< s
CoHs

R? = H,CH,, ~CO~-CH,

Y =5
R = RZ: H, CgHs;

CaHs
or R',R? < =CH-©.N’

~
R3 < H CaHs

Q0 «
X—NH
OXS

v
b
R SXS

=\, CoHs

R\RZ = H M, :cH-<\:>_N

NeoHs
Q
Qo
N

H

G
N~

RZ
R3\©:N
V-R!
N)-
H

R' < H, CHy, —Chp= CoHs, Cotly
RZ : M, CHy, CI, Br,
R3 = H,OCH; or

RI-R3 = @
H
QL
N
H

H
0o
X! 0)I= \

X'aH,Cl; X2:H Cl, Br

. Reaction Yield of References
Amines Conditions 213 (°;) .

CHy CHy=CeHs — -

i, L Hn, JHN ), HN O, HN N 70-90 171
CH, CH,; \—; —/
,CaHs ,CaHy=n ,CiHg-n ,CHy=CgHg

s ) s N, 65 60--90 237-240
NCoHg NC3Hymn NCHgmn “NCHy~CgHg ' 03]

LCeHu-c CHy—=CHyCI H
HN, , RN, H@ JHNG Y N X
Can"C CH;-CH;CI' ! CH3
H CH;  H_CHy
/\ b V)
HN NH, HN NH, HN NH, HN O
H” \CH;,

JCHamCHytl NS R CHs
N JHN NH, HN NH, HN N-CH, 60-80 238. 240
CH=CH,Cl ) —/ s

CHz=CH,Cl

{ 56-82 238
CH,—CH,Cl

CH CH2—CH,0H
sv205 Ve 2 2
HN_ ., BN , HN HN ) 66 50--80 163, 241
“CoHs'  CHy=CH,0H ::l ! [66]

H N\ /\
HN LN X HN O, HN N-CH,
CHj, \— —
H7NCH,

VASEE] Az N\
| , HN ) N » HN > HN NH 65 good 242
\CH3 \02| 5 ’ 0 [ ] &

o} 0
Hrﬂ) H:l SO
NI z-@-NHz' Hrgs s

N
0, 0

x

CHz~CH,0H CH,~CH,CI

4 /

HN JHN w0, 66 60-70 116, 163,
NCHp=CH,0H'  NCHy=CH,CI :' [66]

243,244
CHy— CgH
H /\ /M ,LH= CgHsg
HN HN HN O HN N-CH; H
:2 ! CHy ' v ' 3 N\CH3
H” \CH,
z CoHg
] HN~CH~CH,—CH,—N.

HzN—CHz—CHZJ:Nj RGN

H_ CH;

CeH .
Hl@ H@ W N Hr{Ag [66] good 116
) s D) ) \—g

CoHs

CHs LCMs CsHy=n
NEEELLN » HNQ f HN:] ,
CHy CoHg C3Hy-n

H H
HN HN HN O( H@( 50 95 245, 2
N ), >, z  H CH, s 09 45, 246
CH,

H cHy R
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SYNTHESIS
Table 23, continued
Heterocyclic Amines Reaction Yield of References
Compounds 211 ‘ Conditions  213(%;) oerences
o}
Cr{ ,CHa=CH,CI
NH 89 236
A NCHy—CH,CL
02
CIIN“N HN ) KN HN ><H MY N C 80-95 163, 230
XN , ) CH; » (=t i Ml
H H” “CH,
HzN'ICI"NHz and derivatives, HzN—ﬁ-NHg, HzN-ﬁ‘NHz,
0 S NH
[0}
HN—-OH and derivatives, H;N—SO;—@ s HN
CH
i 0
OgNN CyHs M\
\;': T O-x HN{ CHN ), HN O, HN NH 80-90 243,247
HyC” Ne CoHs —
0
X = H, Br
SR
Nz N VY
k' S HN )} , HN 9 73-87 248
N ug —

R = H, n=C3H,

[65] Substrate, amine, and aqueous formaldehyde were allowed
to react in alcoholic solvents at room temperature??7-248.231
or with cooling for one to several hours?3%-242,

>

[66] N-Hydroxymethylindazole (prepared by reaction of indazole
with aqueous formaldehyde in aqueous hydrochloric acid
at room temperature for 1 hr) was heated with the amine for
1-3 hr#t,

Table 24. N-Aminomethylation Reuctions of Six-Membered NH- and NH.Y-Heterocyclic Compounds and Condensed-Ring Deri-

vatives with Secondary Amines

Heterocyclic

Amines Yield of 213 (% References
Compounds 212 (%)
HsC CHy
C
OAc
CHz2=CHClL
o”[w 0 HN] 84 30
W& CHy=CH,Cl
N CH3 —
I MR T HN ), HN O good 249
0 ‘N;N CH3 s
H
3-0H; 3-0H-45-benzo;
3-CH;, 5-CN
R2 i
NH
ik
0 uéo
CH=CH Gl N
R' = Cqg, —CHp—CH=CHy; HNi , HN\/J , HN Y, 45-90 (conditions [65]) 29. 238,
R? < Ctg, n-CoHy, Co, CHz=CH,CL 250, 251
—CHy—CH= 7
CHa~CH=CHa, -C),csus Y ‘ HﬂH
\—_— s
R\RZ:= 0 HZN‘@‘SOZ—O—NHZ 161
X
S g
AN
0N
\ -
X = OH, CHs HN ), HU 70-80 252
CHs3
90 247

|
NN 0 —
(/N]T\KNIH HN Y, HN O

]
ez 0 1
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In addition to the five-membered heterocyclic com-
pounds mentioned in Table 22, several 1,2-oxazole
derivatives (e.g. 146, Section 1.4.5.) could be N-
aminomethylated at the ring N-atom or at an amino
group (when present in the molecule) when position
4 was occupied’®°.

The Mannich reaction of 4-oxo-2-thiono-1,3-thi-
azolidines (type 216, ‘“thiohydantoins™, ‘“rhodan-
ines”) with primary aliphatic amines affords tertiary
Mannich bases (217), whereas that with primary
arylamines yields secondary bases?®* (218).

218

Hydantoins (2,4-dioxoimidazolidines, Table 23) react
at the N-atom in position 1, which displays lower
acidity?*” than the N-atom in position 3.

1.5.2. Aminomethylation of Thiols and Sulfinic
Acids

Advances in the Chemistry of Mannich Bases 741

The Mannich reaction of thiols (219) with ammonia
affords tertiary bases (220)>°*4, whereas both se-
condary (221) and tertiary bases (222) are obtained
with primary amines (see Table 25).

The reaction of thiophenols does not afford dihydro-
benzo-1,3-thiazines, as could have been expected in
analogy to the reaction of phenols affording dihydro-
benzo-1,3-oxazines under similar conditions (Section
1.4.3.).

NH; {RVS\/] N
3
220 H rl?z
RI-SH —| H,N-R? R’/SVN\RZ or R,/S\,N\/s\R1
219 , 221 222
HN:RZ 5 N/Rz
R R,l/ ~ \Rz
223

S-Aminomethyl derivatives 223 have been obtained
by reaction with secondary amines; when an aro-
matic amine is used, the products are not stable and
easily undergo rearrangement (see Section 2.3.2.).

Thiouracil may also be subjected to S-aminomethyl-
ation; for example with bis-[2-chloroethyl]-amine
in an acetic acid medium, product 224, derived from
the thiol form, is obtained'>®,

NH ~ "NH

. . . I CH2—~CH;-Cl
S-Aminomethylation reactions have succeeded g N)%s 0 N9I\S/\N/
using thiols, sulfinic acids, and sodium-hydrogen H “CH2~CH,~Cl
sulfite as substrates. 224
Table 25. Mannich Reactions of Thiols with Primary or Secondary Amines
Thiols Amines Products Yield (%) References

NH,
CoHs—SH N|)§N HyN— CHa— CH,~NH 01 8
HzN’kN ’J‘NHZ , H 2 2 2
C,Hg~SH HN NH 223 8
AR
s HNC> , HN/\:\/O 223 good 255, 256
(conditions [67])
CH CH
CI—@—SH N RN
0 .0 23 42-63 257
cl
SH
HN—=CHj3, HoN—C3H7—/, HN—C Ho-t, HaN—CgHys—t, 222
HN—CH,-CgHsg 55--59 258
SH CHa=CoHs — (conditions [67])
. , w0 223
CHj —

[67] Aqueous formaldehyde was added 1o a mixture of thiol
(or selenophenol) and amine with stirring at 65 : the
mixture was then refluxed for 30 min?°®, In other cases,
the mixture of the components in ethyl acetate was allowed
to stand at room temperature for 2 days?®®,

234 S Swaminathan, K. Narasimhan, Chem. Ber. 99, 889 (1966).
3% R. S. Warma, W. L. Nobles, J. Med. Chem. 10, 510 (1967).
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Sodium-hydrogen sulfite reacts with formaldehyde
and melamine or 1,2-diaminoethane® to give amino-
methanesulfonic acid derivatives (225): further re-
action of compounds 225 with ketones vields fi-
amino-alcohols (226)*°°.

QO N/
NC R‘)LRZ H0>( ~
NaHSO; — Na0s0,~/ =~ —— | X ,
R R
225 226

The reaction of the sodium salts of sulfinic «cids
with formaldehyde or other aliphatic or aromatic
aldehydes and ethyl carbamates, carboxamides, or
sulfonamides as amine component affords f-ethoxy-
carbonylamino- (227, R*=0C,H5), f-amido- (227,
R*=alkyl, aryl), or f-sulfonamido-sulfones (228) in
good yieldszm).l(\] .262‘

0
R2—CHO/Ré—C? [68) 3
NH—R3

R
R'-50,.

N

SYNTHESIS

The reaction takes a different course when aniline or
N-methylaniline is used as the amine component in
acidic medium; in this case, the corresponding 4-
aminobenzyl phenyl selenides (232) are obtained?®*.
With N, N-dimethylaniline, 4-dimethylaminobenzyl
phenyl selenide is only obtained in very low yield.

]
— — H
<\:,>—SeH + HCHO + <\ / NH~R m’

 )NH-R
O

232

R=H, CH,

1.5.4. Aminomethylation of Phosphines and
Phosphorus Acids

Phosphine and some of its organic derivatives react

with formaldehyde and secondary amines to give

aminomethylphosphines®®* of the types 233 and 234.

40 -90%
R )—Ré
0
¥-S0,Na —— 227 — o
69 2Hs
PH3 -65[9]3, p| .~N7
— s o
R-CHO/CgH; —S0,~NH-R? H3C-@—- 502>_N/R CoHs .
2 Neo.—
R= Hio<( -, 65-63°% R S0;~CeHs 233
228 G s NG,
R = CoHs | @-R L RZ:=H,alkyl —@—R , Q e T eH gHs NG,
R
R¥= H, CH; ; R*= CHj, CoHs , OCzHy —@ or R3-R*==(CHys,5— 234

[68] The amine was added to a solution of sulfinate and aldehyde
in water or methanol, and the pH was adjusted to 3- 4 with
acetic or formic acid. The mixture was allowed to stand
at room temperature for various times (up to several
days)lb(),Zhl.

1.5.3. Aminomethylation of Selenophenol

Selenophenol behaves similarly to thiophenols to-
wards aminomethylating agents. Thus, Se-amino-
methyl derivatives 229, 230, 231 are obtained in yields
of 45-85% by the reaction with formaldehyde and
ammonia or primary or secondary amines2®>.

R
[CsHs/sev:LN GHS,Sevh':\,Se\ "
229 230 = =CHy—CHs, CeHs
CSHS/Se\/Ni
231 _N:R ] _N:CH3 . :csz ~ CHs
R CH, C,Hs CeHs
Conditions [68]

{69] The phosphine was bubbled into a stirred mixture ol amine
and aqueous formaldehyde at 20 under a nitrogen atmo-
sphere for 10 hr2°4,

Diethyl phosphite has also been P-aminoalkylated**'.
Aminomethanephosphonic acids of the types 238,
236, and 237 are obtained in good yields by amino-
methylation of orthophosphorous acid*®®. The pro-
ducts display interesting metal-chelating properties.

23¢ (. R. Pettit, J. A. Settepani, J. Org. Chem. 27, 1714 (1962).

237 (). O. Orazi, R. A. Corral, Tetrahedron 15, 93 (1961).

238 W. Werner, Arch. Pharm. 299, 513 (1966).

239 A Zejc, Diss. Pharm. Pharmacol. 19, 173 (1967); C.A4. 67,
43727 (1967).

240 B Lucka-Sobstel, A. Zgjc, Diss. Pharm. Pharmacol. 22, 13
(1970); C.A. 72, 111418 (1970).

241 T, Pozharskii, M. A. Kazanbieva, B. A. Tertov, Zh.
Obshch. Khim. 34, 3367 (1964); C.A. 62, 4021 (1965).

242 K. Winterfeld, G. B. Singh, Arch. Pharm. 294, 404 (1961).

243 T Okuda, Yukugaku Zuasshi 80, 205 (1960); C.A. 54, 13141
{1960).

244 (5. R. Revankar, S. Siddappa, Monatsh. Chem. 98, 169
{1967).

235 g Toyoshima, N. Morishita, Yakugaku Zasshi 87, 1546
{1967); C.4. 69, 27303 (1968).

246 R S. Varma, W. L. Nobles, J. Pharm. Sci. 57, 39 (1968).
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OH 1. Products of Mannich syntheses using optically

NH . . . .
active starting materials (substrates or amines).

2. Products obtained from the resolution of racemic
235 Mannich bases.
0 Steroidal derivatives and several f-amino-ketones
H,';!/OH [70] | R=NH, OH containing optically active alcoholic groups (from
OH It oH an amino-alcohol component)''*°® or amino-acid
0 2 moieties’ *2¢7 (from an amino acid component)
236 belong to the first group; such derivatives were
R= —{CH,),~CH, (n=0-17,
i-Cahy , i-CiHg, ~CHp~CH,OH ,
¢~CaHly, = CHp=CH=CH,,~CH,—CeHs,
~CH,~CH,~CgHs , ~CH;—COOH

HO
[N | P |N=CH), N
HO Il "
Y 2
237 n=2-12

[70] Orthophosphorous acid, amine. and aqueous formaldehyde
were allowed to react at low pH (adjusted with hydro-
chloric acid)**.

1.6. Optically Active Mannich Bases

Optically active Mannich bases may be divided into
two main groups:

Table 26. Optically Active Mannich Bases obtained by Resolution of Racemic Mannich Bases

Mannich Base

0 3
R
) ’
e 238
R R2 —N/Rz
\R3
CHy CH, -N’cH3 268
Nehy
= cH
o o -~ 82, 269, 270
NChy
S om -0 270
& o e 270
\ /) —CHﬁ@ —@ 82
OH CH3
Van
N
) 239 82
H_ CHs  cH
X 3
R NH—CH 273
NceH. 240
R = @:} [/| ;\l
. EHy
OH

References
for the Optical Resolution

OH

/\P/

i oH
Y 2

occasionally also obtained via amino-group ex-
change (see Section 2.3.3.).

The second group includes several f-amino-ketones
bearing the asymmetric center in the x- or f-
positions (238 and 239, respectively). aminoalkyl-
indoles (240), and cyclic f-aminoketoximes (241);
the absolute configuration of a few of these com-
pounds is known (Table 26).

for the Absolute Configuration

268

270 (cf. 271)
270

270

272
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Optically active derivatives, e.g. the methiodide?7?
and oxime®’® of 238 (R'=R?=R’=CH,), the
oxime?7® of 239, and amino-alcohols have been
prepared. The latter are obtained by reduction of
the carbonyl group (see Section 2.4.) in derivatives
238 (R'=R'=R*=CH,; and R'=C,H,, R’=
R3=CH,)*"*.

The best method of resolution for these bases in-
volves reaction with O,0-dibenzoyltartaric acid
(0.5 mol per 0.5 mol of amine in 4000 ml solvent)
in acetone or occasionally in ethanol at room
temperature?®®, After a few hours reaction time,
amino-ketones yield ~ 509, of the corresponding
salt; the additional salt which crystallizes after a
longer period always contains the same optical
isomer as first obtained. The reason for this is that
the amine racemizes in solution and reacts to form
the original, less soluble salt. It is thus possible to
totally transform the amino-ketone into a single
optical isomer?®?. However, the free bases are not
optically pure (see Ref.2°%); thus, either the salt
obtained is not homogeneous or the alkaline treat-
ment necessary to obtain the free base catalyzes the
racemization of the unstable product. Recrystalli-
zation of the salt often does not increase the optical
purity of the base and sometimes leads to decompo-
sition of the amino-ketone. It is probable that carb-
oxylic acids in weakly dissociating media (see also
Section 2.2.) favor the decomposition of the f-amino-
ketones.

2. Reactions of Mannich Bases

The main types of reactions of Mannich bases are
as follows:

-- Deaminomethylation (Section 2.1.), involving
cleavage of the R—CH, bond.

- Deamination (Section 2.2.) involving cleavage of
the CH,—N bond.

— Substitution of the Amino Group (Sections 2.3.1.
to 2.3.6.), involving cleavage of the CH,—N bond
and formation of a new bond, e.g. CH,—C or
CH,—S.

- Reduction (Section 2.4.), affecting only the group
derived from the original substrate, the amino
group being probably involved in the reaction.

~ Reactions with organometallic compounds (Sec-
tion 2.5.).

- Cyclization (Section 2.6.), which deals with ring
closure to the aminomethyl group, either at the
C-atom (with elimination of the amine residue),
at the N-atom, or at a substituent of the amino
group.

- Miscellaneous Reactions (Section 2.7.).

247 H. J. Roth, R. Brandes, Arch. Pharm. 298, 765 (1965).
248 C P. Bryant, R. E. Harmon, J. Med. Chem. 10, 104 (1967).

SYNTHESIS

2.1, Deaminomethylation of Mannich Bases

Deaminomethylation may be considered a reverse
Mannich reaction, which therefore represents an
equilibrium.

HX
— R—H + X=CH,~N{

R—CH,~NC
This cleavage reaction has to be regarded as a possible
side reaction in all Mannich syntheses.

The formation of  methylene-bis-derivatives
R-—CH,—R from Mannich bases (cf. Ref. 277:278),
and the transaminomethylation reaction (cf. Ref.*")
involve with certainty the deaminomethylation re-
action. The interesting cytostatic activity of some
Mannich bases derived from succinimide, benzamide,
and benzenesulfonamide?”® and of some other Man-
nich bases®, has been studied with respect to their
ability to undergo transaminomethylation.

The deaminomethylation reaction has been studied
using bases derived from, e.g., ketones, phenols,
nitroalkanes, and heterocyclic compounds.

An extensive study?®® on the deaminomethylation

of f-amino-ketones (242) further confirmed the
reversibility of the Mannich reaction; substituent
and reaction medium effects were considered, and
mono- and bimolecular mechanisms discussed. It
was particularly observed that the deaminoalkyl-
ation reaction, which is often accompanied by de-
amination (see Section 2.2., cf. Ref.?#?), is easily un-
dergone by a-substituted f-aminoalkyl phenyl keton-
es (242, R' =C4Hj, especially when R?=C4H), and
does not occur in the case of alkyl f-aminoalkyl
ketones (242, R! =alkyl). The nature of the amino
group affects the reaction rate, the highest rate being
observed for aniline derivatives in acidic medium and
for piperidine derivatives in basic medium.

Cyclic p-amino-ketones such as 3,7-diethyl-1,5-di-
phenyl-3,7-diazabicyclo[3.3.1]nonane (23, R = C,H;
Ar' =Ar?=C.Hy; a “bispidone™) undergo the de-
aminomethylation reaction during oximation®’* or
attempted exchange reactions in strongly alkaline
medium?®2,

Deaminomethylation, sometimes accompanied by

transaminomethylation, has also been observed
during investigations of the reactivity of Mannich

bases derived from naphthols?’® or benzimida-
zoles?®?,
N
i S )
P )
Rr? XN
H
242 243

A systematic study of the chemistry of 4-amino-
methyl-5-hydroxyindoles (243) showed that reaction
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with alkylamines affords either the products of amine
exchange or of deaminomethylation’*!. The latter
reaction is favored by the presence of primary amines
in the reaction mixture, and probably proceeds via
substitution of the original amino group; steric and
electronic characteristics of the substituent in po-
sition 3 (when X=—COOC,H;, the reaction is
more facile than when X =C,H;) affect the ease of
reaction, whereas substitution at positions 1 or 2
does not exert an influence.

Mechanistic studies of the deaminomethylation
reaction have been carried out with «,a-disubstituted
nitro-Mannich bases of the type 165; in these cases,
deamination, which often occurs as an undesired
side reaction, is avoided!®2-284.285

| o
(=] Y
0,N—C® H,c=NT
I
R'= CHy, CHs
R2 CHs CoHs CsHafn,i)
N = =NH-CH; -N~ N7 - ,
~ : ~ : ~ : ~,
R2 CHs CHs CaHq(n,i)

The proposed mechanism is presumed to be valid
either in acidic or in alkaline medium, and involves
dissociation of the substrate with subsequent form-
ation of carbanion and imonium ions.

Steric factors play a significant role in the deamino-
methylation reaction ; the presence of bulky substitu-
ents in the substrate strongly favors the cleavage
reaction'®%#85, This fact is not surprising, since the
influence of steric factors in substrate and amine on
the Mannich synthesis is well known (see Section
1.3.).

The deaminomethylation reaction of f-amino-sulf-
ides (244) in aqueous medium, initially considered
a solvolysis, is now regarded as the first example of
an S\1 reaction on the S-alkyl bond of a sulfide?®°.

CeHs CgHs
R e CH; —» CH — CgH:—CHO
\S)\N/ ‘\\ﬁ/ 3 sHs

HeH, “CH,
244

R= CpHg , t-CHq

2.2. Deamination of Mannich Bases

The deamination reaction involves elimination of
a primary or secondary amine from a Mannich
base (245), or of a tertiary amine from the meth-
iodide (247) of a Mannich base; in both cases, the
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products are vinyl derivatives (246) of the orginial
substrate.

\C/\N/R
7] N\ /R
H R ~HN
245 R
\ /\e/R > e H
/CII NtR R - /C-—C 2
H R —HQ‘-N:—R 246
247 R
\C/\N/R
/I N\ R
cooH R _w
R
248 €0,

In this Section, the deamination-decarboxylation
of Mannich bases having the structure of amino-
acids (248) will also be discussed.

The deamination reaction has been observed and
studied in the case of practically all C-Mannich
bases; it possesses both theoretical and practical
interest. For example, during many exchange reac-
tions of the alkylamino group, the deamination is
almost certainly the first step, followed by nucleo-
philic addition of the reactant to the C=C double
bond of 246 (see, e.g., Ref.32:127:287:288 4nd other
References in Section 2.3.). Deamination is also
postulated to occur during several other exchange-
and cyclization reactions.

From the practical point of view, the reaction allows
facile synthesis of several vinyl compounds, e.g.,
a,f-unsaturated aldehydes and ketones, vinylace-
tylenes, etc. When, however, the reaction is carried
out with some a-substituted ketonic (and phenolic)
Mannich bases (242 ; whereby the phenolic bases can
be considered the ketonic forms of o-aminomethyl-
phenols), the corresponding vinyl ketones cannot
be isolated, since they undergo dimerization to yield
dihydro-4 /{-pyrans (250) or oligomerize or poly-
merize to afford still more complex deriv-
atives®137-278:289 'The data reported below clearly
show that the structural features of the individual
a-aminomethyl-cycloketone strongly affect the di-
merization reaction®8°.

0 0
R )H/\,\( —_— R1)H7 -
R2 RZ

242 249
Rl
RZ
O0
+  Polymeric products
R
RZ
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Mannich base 242, R'—R?=-(CH,), —heated with sodium
acetate in acetic anhydride for 40 min

Yield ()

249 250 higher-molecular products
3 50 - ~ 50
- 98

5 35 41 24

Mannich bases derived from 3-oxotetrahydrofurans
and 3-oxotetrahydrothiophenes (251) undergo the
deamination reaction with isomerization of the
primary cleavage product to the stable hetero-
. 157
arene’ >’

/
o M NQ HO, CH,
j S — 2/ \g
5 s

~

251

Several studies on the mechanism of the deamination
reaction, mainly concerning f-amino-ketones, have
been published. This reaction has been investigated
using either the free bases®?-2*7:2997 29% or the corres-
ponding tetraalkylaminium derivatives®®”*°“. In
some cases, the reaction has been studied as a step in
the substitution of the amino group®?-2*".

The deamination of f-amino-ketones involves a

pre-equilibrium A, which is dependent on the pH of

the reaction medium ; elimination of the amino group
together with the H-atom « to the carbonyl group
then occurs (equilibrium B). In this connection, it is
worth noting that ,2-disubstituted fi-amino-ketones
only undergo deaminomethylation.

0

0 0
® A B
R” N/ 2 R/U\/\N/ = R)J\é + HN/
H I\ He \
H

Stage B has not been completely interpreted; several
cyelic transition states with and without participation
of a hydroxy group or of the enolic form of the f-
amino-ketone have been postulated. Several studies
involving enolization of the f-amino-ketone®”” and
the addition of arylamines to vinyl ketones*®°,
whereby the latter represents the reverse of the de-
amination reaction, are noteworthy in this con-
text. The postulated mechanism?*°® of the addition
involves participation of a molecule of catalyst
(acetic acid, phosphoric acid) in the transition state;
this appears 1o agree with available data concerning
the deamination reaction in non-aqueous solvents in
the presence of carboxylic acids (Table 27). In these
results, in fact, only the carboxylic acid could act as a
suitable catalyst for an intramolecular proton transfer
in the transition state.

249 H. Hcll;ann, German  Patenr (DBP.) 1028127 (1960).

Farbenfabriken Baver:; (. 4. 34, 18564 (1960).

SYNTHESIS

Table 27. Deamination Reactions of 1-Oxo-2-piperidinomethyl-
t-phenylpropane (242. R’ =C, H,. R*=CH,) in Eth-
anol® (concentration: 0.08 M) in the Presence of
Hydrochloric Acid or O,0-Dibenzoylartaric Acid
(DBT) at 60° %!

Acid Molar Ratio  Reaction Time  Yield (%) of

Base: Acid (hr) Deamination Product
none - 23 10
DBT 1:0.25 5 S0
DBT 1:1 10 50
DBT 1:2 24 S0
HC(l 1:1 =20 10

" The reactions in dioxan (concentration: 0.04 M) were slower,
but gave analogous results.

Nucleophilic attack of the anion derived from the
acid on the carbonyl C-atom has been postulated to
be the rate-determining step?®”-*°® in the reaction
between f-amino-ketones and triethyl phosphite
in dimethylformamide (see Section 2.3.6.).

For the base-catalyzed deamination of methiodides
of Mannich bases?87-29?, an E2 mechanism involving
partial carbanionic character of the intermediate has
been proposed.

The deamination of phenolic Mannich bases has
been studied as the rate-determining step in some
substitution reactions'27-2%?, A pre-equilibrium sim-
ilar to the case with f-amino-ketones is followed by
elimination of the amino group via an ElcB-type
mechanism' 27,

/
N\
OH
=
X rapid

Deamination of indolic Mannich bases?”® and the
corresponding tetraalklylaminium salts**® affords
azomethine derivatives (252), which in turn are
readily attacked by the nucleophilic reagent. In the
case of the free bases, slow elimination of the amino
group simultaneously or subsequently to that of the
NH proton has been proposed?’.

H3C Ve
N\
n =
H -N -HN
" H
-—>
@
N{(CH;),
] 252 R = H,CH;
H [ N —_—
Uy ~NICH;);
g H _n®

250 M, Eckstein, A. Zejc, J. Sulko, Diss. Pharm. Pharmacol. 18
131 (1966): C.A. 65, 7175 (1966).

251 . Rylski, L. Senczuk, K. Falandysz, L. Konopka, D. Zimna
Acta Pol. Pharm. 24, 369 (1967); C.A. 68, 105144 (1968).
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Deamination of the methiodides has been postulated
to involve rapid elimination of a proton from N—H,
followed by rate-determining elimination of tri-
alkylamine?®8,

A number of synthetically interesting vinyl deriv-
atives corresponding to the Mannich bases derived
from aldehydes, a.f-unsaturated aldehydes, ketones,
acetylenes, oximes, and 2-methylquinolines have
been produced via the deamination reaction.

The synthesis of butenone (249, R'=CH,, R?=H)
via Mannich reaction and deamination, together with
a synopsis of the synthetic applications (including
some steroidal syntheses) of this reactant, which is
often generated in situ, has been reported®°°.

Acrolein derivatives (249, R'=H) have been ob-
tained from aminomethylation of aliphatic aldehydes
(253, R’ =H) followed by deamination, often without
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R i /CZH5 i =
B N e
R2 RZ  CiHs R2
253 242 249
{R'= CH3)
2 mol of .
reactant R= CHy)
0 0
C,H C,H
2 S\N/\/U\‘/\N< 25 W
Csz/ R? CyHs R?
254 255 J«

isolation of the intermediate bases 242 (R'= 256
H)?00: 201 (see Table 28).
Table 28. Synthesis of «,f-Unsaturated Aldehydes and Vinyl Ketones by Deamination of Mannich Bases
Reaction Products Reaction Yield (%) References
Structure R’ R? Conditions
o}
RN H CHs, CoMs | i-CaHy [71] 90 99 200, 201
R 249 CHy H [72] 2 200. 300, 301
CHa H, CHs, i-CyHq 200
CH, CoHg, i-C3Hy;, —CH,—CgHs [73] 5071 302
@— H, CHs 3162 200. 301. 303
x4 ) H [74] 70 86 281
X = H, CHs, CgHs,
NO2, OCHy, Cl
QL H 30 76
N
H
0
W - H,CHy, i-C3H, 55-83 52,200, 303

R 255

[71] Aldehyde 253 (R'=H: 1.1 mol). aqueous formaldehyde
(1 mol), and diethylamine hydrochloride (1 mol) were
dissolved in water (380 ml), and the pH ol the solution was
adjusted to 7 with sodium carbonate. The mixture was heated
at 45" for 20 min and then distilled azeotropically®"?-2°1,

[72] The B-amino-ketone in dicthylencglveol was treated with
gaseous hydrogen chloride at 220 301,

[ 73] The N-methyl methyl-sulfate of 242 was shaken with aqueous
sodium hydroxide at room temperature for 1 hr32,

[74] The Mannich base hydrochloride was heated in henzene
with potassium hydroxide?®?.

*32 AL Mustafa, A. K. Mansour, H. A. Zaher, Lichigs Ann.
Chem. 733, 177 (1970); C.A4. 72, 132681 (1970).

234 M. A. Borisova, A. 1. Ginak, E. G. Sochilin, Zh. Org. Khim.
6, 1738 (1970); C.4. 73, 109732 (1970).

2% . E. Pollak, G. F, Grillot, J. Org. Chem. 32, 2891 (1967).

Analogously, the mono- (242, 256) and bis-bases
(254) derived from dialkyl ketones (253, R' =alkyl)
are deaminated to afford, often in high yield, mono-
vinyl- (249) or divinyl ketones (255): 2-aminoalkyl
aryl ketones (242, R'=aryl) react under various
conditions to give aryl vinyl ketones (249. R’ =aryl)
(see Table 28).

3% B, D. Vineyard, J. Chem. Eng. Data 11, 620 (1966): C. 4. 66.
10294 (1967).

2% 1L E. Pollak, A. D. Trifunac, G. F. Grillot, /. Org. Chem. 32.

272 (1967).

G. F. Grillot, P. T. S. Lau, J. Org. Chem. 30, 28 (1965).

C. Weatherbee, R. T. Sleeter, P. Zung-Jih Han. Tetrahedron

Lett. 1965, 4069.

C. Weatherbee, Carib. J. Sci. Math. 1, 43 (1968); C.4. 73,

14533 (1970).

257
258
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Deamination of steroidal Mannich bases may also
be carried out with Florisil ®°%®3 or alumina®’; in
the latter case, the reaction yields a dimeric product
of the type 250 derived from the cycloaddition of
two molecules of vinyl ketone.

Mannich bases of the type 179, obtained from the
aminomethylation of «, f-unsaturated aldehydes at
the allylic C-atom (see Section 1.4.8.) are deamin-
ated to give conjugated pentadienals (257)202.

R! R

OCH—y R? OCH~{ R?
C,yHs {75
N/ —_—— \

“eohs
179 257

R',R% = CHy, CoH

[75] Compounds 179 were heated under reduced pressure at
150 210" in the presence of hycroquinone®”?.

Analogously, base 183 (Section 1.4.8.) is deaminated
to give a synthetically useful conjugated dienone®*
(see Section 2.6.).

2-Aminoalkyl vinyl ketones (259) are obtained by
intramolecular deamination of N-methyl-y-piper-
idone methiodides (258)7%4 (see also Ref.?%%).

2 9 e 2 o

RS R Ho® R R inre
P& 84% 1:"

R'“™N R“ N

/\ /\
HyC  CHy H,C CH,
258 259
R2 q R3 R? i R3
" Yy
RV N7 R HN
e ke
260 261

R'= R®z CHy, R*= H; or R's R?zCHy, R H; or
R'—R? = —{CH,),—, R®= 1

R®= CHy, t-C,Hg

Treatment of compounds 259 with methyl iodide
and subsequently with a primary amine affords
N-substituted y-piperidones (260), N-monosubsti-
tuted 2-aminoalkyl viny) ketones-(261), or a mixture
of the two products. Steric factors play an important
role in the reaction (see also Section 2.3.3.).

The deamination of Mannich bases (262, 264)
derived from 1-alkynes and 1,3-alkadiynes represents
a method for the synthesis of conjugated alkenynes
(263) and alkenediynes (268, 266), respectively.

$° H. E. Zaugg, R. J. Michacls, J. Org. Chem. 33, 2167 (1968).
©0 ), B. F. N. Engberts, J. Strating, Rec. Trav. Chim. 83, 733
(1964).

[ER Y

SYNTHESIS
CH
A
[76] V4
sc=c/ R c=c/
R,_/-a 7! o 0-s% VA A
262 263
R'= C,Hg, n-CgHy /‘
o [ areesee
N ®. 265
Ya =c—c=c/ R
9 5 4 3 2 -
R © Y
264 . <
——

[76] The methiodide 262 was heated in 20%; aqueous potassium
hydroxide for several hours, or was steam-distilled at 70 80
under reduced pressure in the presence of 30, potassium

hydroxide'®°.

Deamination of 264:

Yield (°)

[i

R e
265 266

CH, 100 ~

C,H, 83 16

n-C.H- ~50 ~ 50

In the case of 262, the reaction proceeds with mig-
ration of the triple bond to give alk-1-en-3-ynes
(263). Deamination of compounds 264 proceeds
mainly with migration of both triple bonds to give
alk-1-ene-3,5-diynes (265)' 8°; the reaction is compli-
cated by the formation of isomers (266), the yield
of which increases with the number of C-atoms in
the group R'.

The Mannich bases 186, derived from 2- and 4-
methylquinolines?®®, and Mannich bases derived
from ketoximes®®*3°® may be deaminated to give
the corresponding vinyl derivatives, which possess
considerable synthetic interest, in 60-909%; yields.

f-Aminocarboxylic acids 127 (see Scction 1.4.4.)
undergo deamination and decarboxylation under
suitable conditions to give vinyl derivatives (131) as
main reaction products'*®"*" 32 (In an investig-
ation of this reaction, amino acids 127 were not
isolated, but used directly as obtained by Mannich
synthesis?).

261 1 B. F. N. Engberts, J. Strating, Rec. Trav. Chim. 84, 942
(1965).

262 T Olijnama, J. B. F. N. Engberts, J. Strating, Rec. Trat,
Chim. 86, 463 (1967).

203 | E. Pollak, G. F. Grillot, J. Org. Chem. 31, 3514 (1966).

204 H. Coates, P. A. T. Hoye, Brit. Putent 854182 (1960),
Albright & Wilson Ltd.; C.4. 56, 1482 (1962).

265 K, Moedritzer, R. R. Irani, J. Org. Chem. 31, 1603 (1966).

266 K. Thiele, V. W. Bebenburg, French Patent 1477040 (1967),
Degussa; C.A4. 68, 12708 (1968).
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N
R1 AN Rl H
R'=—CN, R?==CH,~CgH M2 2)[
— 27 %65 R1 R + R H + sz\COOH
Ref.
¢ 131 128 17
/ 7
N N
1 N 1 2_
R R'= ~CO-CHj;, R*= alkyt R"U\RZ + R‘{ \
52
R? COOH Ret.! 131 R/ H 128
127 128
R'= _< >—N02, RZ=H
RHcoon * gANRe * {17
Ref.1%0 130
267 131
Yield{(%)
- - Y _.o. CH
100 ] o *eem-0” o "° .. N 3 in water PR
o’ o\ 1 > \] 2
. “ R \CH CHy R R
1 . 3 ~HCOOH /—HN{
] //./0—‘\\ . g2’ CHO CH,
50 N
] o';ﬁ\ N 177 131
lo. o R'= CHy,CoHs
- 000 R?= CHy ,C,Hg, n-CHy, n-CiHy , CeHs

1 2 3 4L 56 78 9 1 11 pH

Figure. Decomposition of piperidine Mannich base 127
(R'=—CN, R?*=—CH,—C.H,) as a function of the pH.
Reaction conditions: Mannich base (0.01 mol), water (80 ml), and
a suitable buffer (50 ml) were refluxed for 1 hr. Yields (%) of
131 (—), 117 (O---), 128 (O-+++++), 131 + 117 + 128 (O---)' 7L,

The reaction also affords by-products 128 and 117
via decarboxylation and deaminomethylation re-
actions, respectively. In the case of 127, R' =H, the
deamination product 267 was also obtained’*°.

Investigation of the influence of the pH on
the reaction'®! showed that in the case of 127
(R'=—CN, R?=—CH,—C/H,) (Figure) the
maximum yield of vinyl derivative 131 was obtained
at pH 5. The data obtained are in good agreement
with those reported for the reactions of other
amino-acids'*> 52 and correspond well with the
proposed mechanism'3?, which involves frag-
mentation of zwitterion 268, which is favored by
pH values near the isoelectric point of the amino-
acid.

\ /
M
‘7[“'0*’()e
|

0 268

x,0-Disubstituted f-amino-aldehydes (177, R' and
R?#H)can be induced to eliminate amine and formic
acid to afford’®® the corresponding vinyl deriv-
atives 131.

7 J. C. Graig, 3. R. Johns, M. Moyle, J. Org. Chem. 28, 2779
(1963).

%% L. Angiolini, P. Costa Bizzarri, M. Tramontini, Tetrahedron
25, 4211 (1969).

%% A. Pohland, L. R. Peters, H. R. Sullivan, J. Ory. Chem. 28,
2483 (1963).

y-Piperidones of the type 121 undergo deamination
with fragmentation to give o, f-unsaturated carbox-
ylic acids (269 and 270)'4°.

0
Hsczoocfl:(coocsz Ho®
, —
4 N\ 36 -75%

Ar H YAr
121
HOOC HOOC,_ _COOH
] + NH; + WI
Ar Ar
269 270

N7 * “TNTCH,

2.3 Substitution of other Groups for the Amino Function

One of the most interesting properties of Mannich
bases is their ability to undergo substitution of the
amino group by a group X.
+HX

/

R—CH,—N]
N - BN,

R—CH,—X

This substitution reaction (with elimination of the
amino group) can be (when designated as an X-
alkylation) an
H-Alkylation (Section 2.3.1.);
- C-Alkylation (Section 2.3.2.) on a CH-acidic
group, on activated aromatic rings, or on hetero-
cyclic compounds;

- N-Alkylation (Section 2.3.3.) on alkyl- or aryl-
amines, amides, or NH-heterocyclic compounds:
O-Alkylation (Section 2.3.4.);

- S-Alkylation (Section 2.3.5.);

- P-Alkylation (Section 2.3.6.).
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In the majority of cases, the X-alkylation by Mannich
bases is experimentally simple and therefore has
significant synthetic interest.

2.3.1. H-Alkylation

The substitution of an H-atom for an amino group
has been obtained either by hydrogenolysis of the
free Mannich bases (dimethylamino, piperidino,
and morpholino derivatives) or of the corresponding
methiodides.
R th
—
—\N/ -HN:

R—CH;

\

The best yields are obtained by catalytic hydrogen-
ation in ethanol at a pressure of 2- 3 atm, and using
palladium on charcoal as a catalyst. An example is
the hydrogenolytic cleavage of Mannich bases 33
and 34 (Section 1.4.1.) to give 2-methylcyclohex-
anones®’. Further preparative useful examples are
the catalytic hydrogenolysis of phenolic (as meth-
iodides)*®’,  hydroxyindole-'2®,  hydroxycou-
marin-"*13° N-heterocyclic  (3-aminomethyl-4-
hydroxyquinolines'”’,  5-aminomethyluracils' 7?),
and steroidal®® Mannich bases to give the corres-
ponding methyl derivatives.

It is noteworthy that 6-dimethylamino-7-hydroxy-
indole, in contrast to other isomers, does not under-
go reductive deamination'*®. Several o-phenolic
Mannich bases may by hydrogenated in the form of
their hydrochlorides; the intramolecular hydrogen
bond between O and N, responsible for the usual
lack of reactivity of o-phenolic Mannich bases???,
is not present in the case of the hydrochlorides.
The flavoring agent 1,4-dimethyl-2-hydroxy-3-oxo-
cyclopentene (271) may be obtained from the mor-
pholine Mannich base of 2-hydroxy-1-methyl-3-
oxocyclopentene (38; Table 4) by reduction with zinc
and acid®®.

CHj CH3

Or—\N
OH /7 OH
0 0
38 CH3
(77] {
15%  H3C OH
0
271

[77] The Mannich base kydrochloride was heated with zine and
acetic acid (plus a trace o hydrochloric acid) for 6 hr at
757 3¢,

Hydrogenation of the ferrocene Mannich base 272,
containing both a dimethylamino- and a trimethyl-
aminio group, yields 2-dimethylaminomethyl-1-(2-
methylferrocen-1-yl)-ferrocene (273), thus displaying
the higher reactivity of the trimethylaminio group*°*.

SYNTHESIS
HC, g HiC, @ HyC_
H3C‘/N /N H3C /N
HiC” YH | Fe H,C | Fe
——
Fe Fe
272 273

2.3.2. C-Alkylation

The following compounds have been found to
undergo C-alkylation with Mannich bases: hydrogen
cyanide, alkylboranes, alkyl ketones, aliphatic carb-
oxylic acid derivatives, enamines, aromatic and het-
erocyclic substrates, and nitroalkanes. This Section
will not deal with C-alkylations affording cyclic
products; these reactions are discussed in Section 2.6.

The alkylation of hydrogen cyanide may be achieved
by heating a mixture of the methiodide of a Mannich
base with alkaline cyanide in water at 80—100° for
a few hours. Using this method, various types of
Mannich bases can be converted into the corres-
ponding cyanomethyl derivatives (e.g. 274) in good
yield.

®
NO; _N(CHa3)3

s
XN
H

CN

—_—

4

(]

~
Iz

274
HN
1. reduction
2. cyclization A\
_—_
N
H
275

The following compounds have been thus prepared:
2-cyanoethyl ketones**-7¢, 2- and 4-cyanomethyl-
phenols3°7-31° " 3_cyanomethyl-4-nitroindole (274)
(which could be cyclized to afford the biologically
interesting 1,3,4,5-tetrahydropyrrolo[4,3,2-dc]-quin-
oline, 275, after reduction of the cyano- and nitro
groups®!'!), and cyanomethylferrocenes3°%312.313,

The reaction between Mannich bases and suitable
dialkylboranes allows C-chain elongation. Using
this procedure*'*, 2-propylcyclopentanone (276),
2-0x0-3-propylbicyclo[2.2.1]heptane (277), and sev-
eral other alkyl ketones have been prepared.

279 A, S. Angeloni, G. Gottarelli, M. Tramontini, Tetrahedron
25, 4147 (1969).

271 Y. R. Sullivan, J. H. Beck, A. Pohland, J. Org. Chem. 28,
2381 (1963).

272y Cannata, B. Samori, M. Tramontini, Tetrahedron 27, 5247
1971).

273 {1 D. )Alhright, H. R. Snyder, J. Amer. Chem. Soc. 81, 2239
(1959).
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0

O

276

178}
55-90 %

B[(CH,)s—CO0C,Hs)s

0

|| N/C Hs
c Hsy

E>: B—(CHz)5—CO0C2Hs

0
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Alkylation of CH groups activated by carbonyl or
carboxyl groups is of considerable practical interest.
Alkylations of alkyl ketones and cycloalkanones
(253, 279, 280, 281; cf. Table 29) have mainly been
carried out using ketonic and phenolic Mannich

é/\/wcooczus

278
~ bases; the former react to give d-diketones (282),
and the latter to give 2-(2-hydroxyphenyl)-alkyl
0 277 ketones (283).
5 alkyl- or aryl-ketonic 0 0
[78] An aqueous solution of the Mannich base hydrochloride Mannich bases J]\
(0.1 mol) was added to the alkylborane (0.2 mot) in tetra- - /C\ /(
hydrofuran. Methyl iodide and then potassium carbonate 0
were added, and the mixture was stirred at room temper- 4 AL 282
ature for 24 hr®'4, D
YA
This reaction has also been applied to more complex 253 279 ;"e"“_"; :"d naphtholic OH /8\
. - 4 ’ annich bases
alkylboranes to synthesize keto-esters of the type 280,281 /C\ /C
278 and thus represents a synthetic approach to
prostaglandine analogs®'>. 28:
Table 29. C-Alkylation of Alkyl Ketones and Cycloalkanones with Mannich Bases
Ketones Mannich Bases derived from  Products Conditions Yield (%) References
0
3 Rl
R? 253
R = H;R? = n-CiHy or
e } Aryl ketones 282 [79] 48-77 316
R' = CoHg; R? = H Phenols 283 N7
R = R = CgHg Naphthols 283 97 318
(CHao 279
ne1; R = H;R? = H,CHy,CoHs Alkyl and aryl ketones 282 40-47 316. 319, 320
ne?2, R = CHy R2= H Alkyl ketones 282 15 46
n- 2, R : H,CHy, R? = cu,}
he bR R L H Aryl ketones 282 13-70 316
9]
g4
P 3 3
o 280 Naphthols 283 [80] 66- 86 321
R = CHy, ~NH-CO—CH,
0
¥
@[}n, Naphthols 283 [80] 6686 321
0 281

R = ~CO—CgHs, ~CO-CHy-CgHg

[79} Mannich base (1 mol) and ketone (3 mol) were heated at
160-180° for 30-60 min>'°.

[80] Mannich base, ketone, and magnesium ethoxide were re-

fluxed in chlorobenzene for 1 hr32?-324:325,

274 R. Andrisano, A. S. Angeloni, G. Gottarelli, Gazz. Chim.
Ital. 97,1726 (1967).

273 A. F. Casy, J. L. Myers, J. Chem. Soc. 1964, 4639,

276 R. J. McConaill, F. L. Scott, Tetrahedron Lett. 1970, 2993,

277 K. Ogura, Bull. Chem. Soc. Japan 35, 420 (1962).

278 R. Andrisano, C. Della Casa, M. Tramontini. Ann. Chim.
( Roma) 57, 1073 (1967).

279 G. Weilzel, F. Schneider, K. Seynsche, H. Finger, Z. Physiol.
Chem. 336, 107 (1964); C.A. 61, 2864 (1964).

280 Y. Riviere, Ann. Chim. ( Paris) 5, 1273 (1960); C.A. 55, 27050
(1961).
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SYNTHESIS
Analogous reactions of f-oxocarboxylic acid N
derivatives (mainly esters, 284; cf. Table 30) afford N 0 0
dioxo-esters of the type 285, dialkyl 2-hydroxy- oH | F)\’Lks(lkr\ﬂ (a0l
benzylmalonates (286), or heterocyclic substituted OO R2 36-80%
dialkyl acetamidomalonates (287). :
\ 288 )
0 0 N T8
cycloalkyl - and aryl - AN
ketonic Mannich bases )k,/\c)]\m 0 R;
> R
R?” “C00CoHs \ OO \g’
285
289
H phenolic and naphtholic oH /(l)j\ ) R 2 o3
\C R! Mannich bases /C\ OCyHg RT=H, CHy, GHs ; RY, R” =CHa, Colis
N R'- R2= -(CHy) - ; R3= CH
R’ C00C,Hs R? CO0C;Hs (CH2), 3
R! = OC,H5; RZ= COOC,Hs ; R3 = CH3, CsHs , OCaHs
284 286
indolic and other N-hetero= /lol\
cyclic Mannich bases
° d Heteroaryl/\c 0C2aHs
Ac—'l:ll CO0CyHs
287
Table 30. C-Alkylation of fi-Oxo-esters with Mannich Bases
f-Oxo-esters 284 Mannich Bases Yield (%)
derived from Products [Conditions] References
R' R?
CHs H Aryl ketones 25 52 68(79] 3
—(CH,),— ryl ketones 52 68[79] 316
OC,H; H Cycloalkanones 285 60 80 58
Aryl ketones 285 42 [79] 316
Phenols 286 307, 317
OC,H ~—~NH-—CHO Phenols 286 310
OC,H, ~NH—Ac N-Heterocyclic 287 50--65 273,283

compounds

In the case of unsymmetric dialkyl ketones, the
reaction takes place at the less substituted C,-atom,
in contrast to the orientation observed in the
Michael addition using vinyl ketones in the presence
of potassium hydroxide???. The mechanism of alkyl-
ation using ketonic Mannich bases appears to involve
initial deamination of the f-amino-ketone to afford
the vinyl ketone, followed by reaction of the ketonic
substrate with the eliminated amine to give a vinyl-
amine, and reaction of the vinyl ketone with the

vinylamine*2?,

It is also worthwhile noting the possibility of trans-
aminomethylation involving the Mannich base and
the substrate, as was observed in several cases with
cyclopentanone*! 22,

The reaction of naphtholic Mannich bases with
open-chain f-diketones, fi-oxo-esters, or a-oxoalkyl-
malonic acid esters (288) affords O-acylated pro-
ducts 289 via migration of an acyl group to the
324.325

phenolic hydroxy group-

The reaction with cyclic f-diketones 280 and 28l
(Table 29) does not lead to this rearrangement, but,
via slight modification of the reaction conditions,
affords heterocyclic products (see Section 2.6.).

The reaction of phosphoranes of the type 290 (R =
C,.H.. OC.H.) with some indolic and p-phenolic
Mannich bases also affords C-alkylated products
(e.g. 291) in good vyield: however. the reaction with
o-phenolic Mannich bases gives instead cyclized
products®?®(see Section2.6.). Esters 291(R=0C,Hj)
have been transformed into z-substituted f-aryl-
acrylic acids (292).

381 G. Dienys, J. Steponavicius, Zh. Org. Khim. 4, 1391 (1968);
C.A. 69, 86551 (1968).

282 (5. Gottarelli, Tetrahedron Lett. 1965, 2813.

283 T Okuda, Yakugaku Zasshi 80, 208 (1960); C.A4. 54, 13141
(1960).

284 v M. Belikov, Y. N. Belokon, M. M. Dolgaya, N. S

Martinkova, Izv. Akad. Nauk SSSR, Ser. Khim. 1967, 471,

1721, 2234; C.A. 67, 32226 (1967); 68, 12228, 86632 (1968).
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N He R
\C—<

A [81]

N+ (CHPE O D

N

80-91%
290
P(CgHs)3 Ar
R |
COOH

\ © +Ar - CHO [82) \
N (R = OCZH5) N
H H

291 292

M e T

[81] The Mannich base and phosphorane 290 were refluxed in
toluene under a nitrogen atmosphere for 6--7 hr2°.

[82] Compound 291 and the aromatic aldehyde were refluxed in
dioxan for 18-24 hr®2°; yields: 24-60°/.

Carboxylic acid derivatives such as acctamide. aceto-
nitrile, and levulinic acid have been alkylated using
indolic or alkyl-ketonic Mannich bases®27-328,
whereby up to three alkyl groups were introduced
at the same activated methyl group. It is worth
noting that 2-aminomethyl-3-methylindole does not
display an alkylating effect in this reaction.

Enamines (293) have also been C-alkylated by
Mannich bases (analogous reaction using vinyl ket-
ones, see Ref.??). Often. the resultant amines
(294) were not directly isolated, but hydrolyzed to
the corresponding ketones (295) in the reaction
medium**??% - Examples of vinylamines which
undergo reaction with ketonic, phenolic. and indolic
Mannich bases are compounds of the types 296 and

297.
) H%N/ (83]
\ N 30-80%

293
e Galan
294 295

A 7/
X A
(CHy,

297

[83] Equimolar amounts of Mannich base and enamine were
refluxed in dioxan or benzene for 24 hr. In several cases. the
reactants were heated without solvent under a nitrogen
atmosphere at 100--110° 330331

Ketonic, phenolic, and indolic Mannich bases have
also been used to alkylate aromatic compounds
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such as phenols and arylamines; very good results
were obtained in the cases of N,N-dimethylaniline.
1-aminonaphthalenes (alkylation at position 4).
2-aminonaphthalenes, and f-naphthol (posi-
tion 1)*32, It is interesting to observe that amino-
naphthalenes, unlike anilines, preferentially under-
go C-alkylation, even if they possess amine H-
atoms.

RI
N/

o

t
R', RZ=H,CH,

R1
1 N:
g

S-Aminomethylation products of the type 298
having a free p-position, as well as analogous Se-
and NAr derivatives, undergo C-alkylation via re-
arrangement to give 4-(arylthiomethyl)-anilines (299)
or the Se- and NAr analogs, respectively. When the
p-position is occupied, only deamination is ob-
served®*?. A suggested mechanism?*” involving the
group Ar—S—CH?® as thiomethylating agent is not
probable, since the arylthiomethyl cation is unlikely
to be sufficiently stable (the same applies to the
arylselenomethyl and arylsulfonomethyl cations).
Instead, the reaction can be regarded to proceed
by a much more complicated mechanism involving
C—S and C—N cleavage steps, intermolecular
transaminomethylation at the p-position of the
anilino group, followed by deamination of the 4-
aminobenzyl intermediate, and, finally. reaction of
an arenethiolate anion with the 4-aminobenzyl
cation formed by deamination?3#,

Ar—S
Ar—S I84] -
\—N’Q\xz ©0-90% @'NH R
R

X' x2 xl
298

At:X-@—(X:H,CHa,Noz,CI); R=H, CH,

X'=H,Cl; X2=H or X'-X2= <\ />

[84] Compound 298 (1 mol) and conc. hydrochloric acid (1 mol)
were refluxed in ethanol for 90 min333,

Several heterocyclic compounds (cf. Table 31) have
been C-alkylated with ketonic and phenolic Mannich
bases. In such reactions, monosubstituted products
(300) were normally obtained, but disubstituted
(2,5) products (301) were obtained directly in the
case of five-membered heterocyclic compounds.

) 7
A C\_ ,'Y R\/£y_§\/R
301

283 M. M. Dolgaya, Y. N. Belokon, V. M. Belikov, Izr. Akad.
Nauk SSSR, Ser. Khim. 1969, 74; C.A. 70, 114397 (1969).

286 W. M. Shubert, Y. Motoyama, J. Amer. Chem. Soc. 87. 5507
(1965).
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SYNTHESIS
Table 31. C-Alkylation of Heterocyclic Compounds with Mannich Bases
Heterocyclic Position of Mannich Bases Reaction Products Yield (%) References
Compound Reaction derived from Conditions
'R 2and 5 Alkyl-. aryl-, and [85] 301 50 80 328. 332
u styryl ketones
@ 2and 3 Arsyl ketones [86]) 30 76 335
CH,
o’iper\CH, 4 Naphthols 300 41 38
CsHsg
3 Aryl ketones [85]) 300 24 31 332
@j\ Alkyl- and styryl [86] 300 7285 328, 335
u CHy) ketones
oH Phenols, naphthols 300 30-45 336
< N 3 Phenols. naphthols 187] 302 30- 80 337
[85] The Mannich base hydrochloride and pyrrole (indole) were OH
refluxed for 3 hr in ethancliwater: alternatively. the frec N
base and pyrrole were reflused in p-xylene for 4-5 hr*?2, ~

[86] The morpholine Mannich base hydrochloride and furan
were refluxed in water for 6-8 tr'??,

[87] The diethylamine Mannich base and hydroxycoumarin
were heated without solvent at 1807 for 15 min to 3 hr??7,

Condensed pyran derivatives of the type 303 may
be obtained by heating the benzylation products
302 (obtained from 4-hyvdroxycoumarin and o-
phenolic Mannich bases) with phosphorus oxychlor-

ide for a few minutes®?”.

HOOH ) POCL3 0
9498 <
|
00 N0
302 303

Such cyclizations often occur directly and in good
yield during the alkylation reaction, especially in
the case of phenolic bases of the type:

Ar R
’
N\
R
OH

Alkylation of nitroalkanes with Mannich bases affords
products which are mono- or polysubstituted « to
the nitro group. Phenolic bases react with nitro-
methane, nitroethane, 2-nitropropane, and nitro-
cyclohexane to give monobenzylation products
(304)319-318 whereas the reaction of bases derived
from ketones or indoles with nitromethane affords
mono- and polysubstituted products3?7- 328335

37 A. S. Angeloni, L. Angiolini, P. De Maria, A. Fini, J. Chem.
Soc. [C], 1968, 2295.
288 1. Baciocehi, A. Schiroli, J. Chem. Soc. [B] 1968, 401,

OH
i NO;
+ "?"’402 -
304

Further examples of C-alkylations using Mannich
bases are found in Ref 43¢432,

2.3.3. N-Alkylation

N-Alkylation using Mannich bases is successful in
the case of most compounds containing an NH
group, e.g., ammonia, primary and secondary
amines, amides, and NH-heterocyclic compounds.

The reaction of amnionia (in the form of ammonium
carbonate) with Mannich bases derived from ind-
ole*?” yields bis- and tris-{ 3-indolylmethyl]-amines.

The reaction of aryl-ketonic. phenolic, and ferro-
cene Mannich bases with primary amines is of
particular practical interest, since the resultant
secondary amines (305) in general are not easily
available by other methods of synthesis. The react-
ion has been carried out with a variety of amines,
including amino-alcohols?®® and amino-acids?®”.
The analogous reaction with dialkylamines affords
tertiary amines of the type 306 (Table 32).

H, N~ Alk
r—-—————) R
N — Alk
R—“\ , H
N\ ’,Auk :3()55
HN
) Al
Aryl-ketonic, b n0u-._y R——\ Alk
phenolic. and N
ferrocenic Atk
Mannich bases 306

*%9 H. J. Roth, C. Schwenke, G. Dvorak, Arch. Pharm. 298, 326
(1965).
290y, Horik, J. Michl, P. Zuman, Tetrahedron Lett. 1961, 744.
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Table 32. N-Alkylation of Primary and Secondary Aliphatic Amines with Mannich Bases (Amine-Exchange Reactions)

Amines

HaN—=CiHg-n, HoN—CgHyi~c
MaN—=C3H9-i , HzN—CgHy~c

CH3

HO 80

HaN~CH-COOH
CHy—R

R = H, CgHs, ~COOH
~CONH3, = CHz~COOH

,CaHs
HN{ ,H@ JHN )
CoHs
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References

Mannich Bases Products Yield (%

derived from [Conditions]

Aryl ketones 305 good 267

Phenols 305 131

Aryl ketones 305 266

Aryl ketones 305 good [88] 267

Phenols 306 131

Aryl ketones 306 65 338
Ferrocenes 306 40-90 [89] 309, 339. 340
Phenols 306 317

[88] An aqueous solution of Mannich base hydrochloride and
amino-acid (equimolar amounts) was heated for 2 hr?®”.

[89] The amine and the ferrocenc Mannich base methiodide

were refluxed in water for 1-3 days?****4".

Interesting examples are provided by the exchange
reaction in aqueous medium between alkylamines
and N-methyl-y-piperidone methiodides (307).

0
Ris H CH;
——————— )
RZ% t- CLHg,C-CGHH: N
0 ~CH,~CeHs éz
CH, -
® HN—R 308
Ny
I\
HC CHy J 0
. CHs
307 (o fj\l[
R% ¢-C,Hg,c-CeHy NH CH3
L2
309

y-Piperidones (308) are the products when the 2-
position of 307 is unsubstituted, whereas acyclic
a,f-unsaturated f’-amino-ketones (309) are obtained
when this position is occupied®*!. Steric factors are
certainly relevant, as shown by the reaction between
methiodide 307 (R'=CH,) and benzylamine (the
benzyl substituent is less bulky than cyclohexyl or
t-butyl groups), which affords a cyclic amino-
ketone analogous to 308 (cf. also 260 and 261,
Section 2.2. and Ref.4%%),

An analogous exchange reaction between the qua-
ternary salts of “bispidinones” (e.g. 1,5-diphenyl-
9-0x0-3,3,7-triethyl-7-aza-3-azoniabicyclo[3.3.1] -
nonane salts, 310) and primary amines represents a

facile synthesis®®? of unsymmetric 9-oxo-3,7-diaza-
bicyclo[3.3.1 |nonanes (e.g. 311), which previously
could only be obtained3*? as a mixture together
with the symmetric derivative via direct synthesis
from the corresponding ketone and two molecules
of amine.

Cohts GoMs
N N
« HoN—
CeHg CHy > Gl CeHs
0 0
N'® N
7\ |
CHs CHg R
310 311
R = alkyl

Amine exchange between optically active 2-dimethyl-
aminomethyl-1-oxo0-1-phenylpropane methiodide
and pyrrolidine affords a completely racemic prod-
uct; an elimination-addition mechanism is therefore
suggested for the reaction®’>.

f-Arylamino-ketones (313), which represent starting
materials for the synthesis of quinolines (see Section
2.6.), may be prepared by the amine-exchange
reaction between f-dialkylamino-ketones (312 re-
adily obtained by Mannich synthesis) and aryl-
amines (Table 33).

Ar
0 Al AN 0 A
)J\(\N —_—— )H/\N
“Alk Alk R
-in]
312 Alk 313 R=H, A

Good yields were obtained using the Mannich base
hydrochlorides (or the free bases and arylamine
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hydrochlorides) in alcohol or alcohol/water and
refluxing for one hour. Some examples of the
amine-exchange reaction using phenolic Mannich
bases have also been reported?!’,

Table 33. N-Alkylation of Primary and Secondary Aromatic Amines with Mannich Bases (Amine-Exchange Reactions)

R
s 7
Arylamines HN\Ar

R Ar

H -@ ' 8 ' {'Alkyl ketones, cycloalkanones
\ /

and substitution products

Aryl ketones
Styryl ketones

SYNTHESIS
9
N N
H 3 H 2

Mannich Bases
o derived from

References

343, 344, 345
75, 118, 344, 346--350
118, 348, 351

Aryl ketones 347
Aryl ketones 347, 348
Styryl ketones 348. 352

" 0 |

The results obtained in a mechanistic study of the
amine-exchange reaction using 4-dimethylamino-
butanone and N-deuterated arylamines®*” suggest
that the reaction involves both direct substitution
(Sy1 or S\2) and elimination-addition mechanisms,
the nature of the arylamine used determining which
mechanism predominates. In this connection, a
mechanistic study of the addition of arylamines to
vinyl ketones?°® deserves mention.

N-Arylimines (314) are also capable of introducing
an arylamino group into ketonic Mannich bases via
an exchange reaction. The analogous reaction using
oximes (315) affords''® N, N-bis-[3-oxoalkyl]-hy-
droxylamines (316), whereas direct reaction of
hydroxylamine with ketonic Mannich bases usually
gives the corresponding ketoximes, which in some
cases cyclize to afford 1,2-oxazolines (see Section
2.6.).

_ 0
Raialdacd Hnygn

0 313
/LK/\NH2 -

f3- amino - ketone

Carboxamides have been alkylated by both ketonic
(including styryl-ketonic)**® and indolic*?” Mannich
bases. With phthalimide and cyanoacetamide, the
ketonic bases give only N-alkylation products; the
reaction of indolic Mannich bases with acetamide,
however, yields both N- and C-alkylated products.
An example of the latter products type (cf. Section
2.3.2.)is:

NH-Heterocyclic compounds such as pyrazole, imi-
dazole, indazole, benzimidazole, and benzotriazole
react with Mannich bases derived from ketones, phen-
ols, and indoles. The best yields of products 317 have
in some cases been obtained by use of the hydro-
chlorides in ethanol/water (reflux: 1--2 hr), and in
others by using the free bases in aprotic medium
(xylene, reflux: 2-5 hr)*32 (cf. Ref.2#3),

1}
=Y N-Y
R~y + [ Voo ATy
N i N
H LR
aryl-ketonic, 317

naphtholic, 3-indolic
Mannich bases

Y,Z = CH, N

2.3.4. O-Alkylation

The O-alkylation reactions with Mannich bases are
summarized in the following scheme:

H,0 190]
e R‘AOH
40-82 %
318
R?-0H [91] R2
/
R1/\N\ —— RSO~
cod yields
goedy 319
phenolic, hetero= ) 0
cyclic, ferrocenic (R®-C0),0152] g
Mannich bases ——— RS0 “NR!
70 °%
320

[90] The methiodide of the Mannich base was tefluxed in
aqueous sodium hydroxide for 24 hr3®2-340,

[91] The methiodide of the Mannich base was refluxed with
sodium cthoxide in ethanol for 50-60 hr*?°.

[92] The Mannich base was refluxed with sodium acetate in
acetic anhydride for 2 hr'*¥,
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Substitution of an alkylamino group by a hydroxy
group (by treatment with agueous sodium hydroxide)
according to the above reaction scheme has been
carried out with several aminomethylferrocene me-
thiodides as substrates®!!:309:312:340  The products
are hydroxymethylferrocenes (318, R' =ferrocenyl).
When both of the rings of ferrocene contain amino-
methyl groups, it is possible to obtain a bridged pro-
duct?*'!, e.g. 321.

R3-C0—-0-CO—R3 [93]

/

2

R

1 1
R\NJ\N R
R R

g
@J 321

323
\.

T~

0
R~cZ [a4]
X

Use of alcohols and phenols as reagents allows the
synthesis of ethers (319) from Mannich bases. This
reaction has been successfully carried out on
phenolic Mannich bases*®” and aminomethylfer-
rocene methiodides?'!-309:339:340  y5ine  sodium
alkoxide, sometimes alcoholic sodium hydroxide
solutions, or aqueous alkali metal phenoxide solu-
tions.

Esters (320) can be synthesized from various Mannich
bases using acetic anhydride in the presence of sodium
acetate. In the case of o-phenolic substrates, the
hydroxy group also undergoes reaction''®-'3¢-138
to give diacetoxy compounds (322).

0

I

-C~

OH 07*CH; Q

N: OIC\CH3

322

Mannich bases derived from tropolones (see Sect-
ion 1.4.8) may similarly be converted into the corre-
sponding acetoxymethy! derivatives, which quanti-
tatively undergo substitution of the acetoxy group
by bromine*”” to give bromomethyltropolones.

Some bases derived from purines are converted into
the acetoxymethyl derivatives by treatment with
acetic acid; however, under such experimental
conditions, the bases sometimes undergo deamino-
methylation?*”,

291 p. Cdrsky, P. Zuman, V. Hordk, Collect. Czech. Chem.
Commun. 29, 3044 (1964).

292 K. T. Koshy, H. Mitchner, J. Pharm. Sci. 53, 1381 (1964).

293 A. S. Angeloni, M. Tramontini, 4nn. Chim. (Roma) 54,
745 (1964).

294 J. A. Mollica, J. B. Smith, I. M. Nunes, H. G. Govan, J/.
Pharm. Sci. 59, 1770 (1970).

295 J. K. Koward, T. C. Bruice, J. Amer. Chem. Soc. 91, 5339
(1969).
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The course of the reaction of some standard acylating
agents with 1,1-diaminoalkanes (323) is dependent
upon the reagent used; whereas reaction with
anhydrides®*® affords 1-aminoalkyl carboxylates
(324), acy! halides react to give 1-amino-1-halo-
alkanes (325) in good yield®**,

R2=H, CgHs
R3= CH3, CgHs

R2
1
R
1/N X 325
R
R CHa CaH7-n CH2—CeHs / \c
- =N, N . N NN
R CH3 C3Hy-n CH;
RZ = H,CH;, i-C3H7, CgHs
X =Cl,Br

[93] Compound 323 was allowed to react with acetic anhydride
at room temperature with exclusion of moisture***,

[94] Compound 323 and the acyl halide were allowed to react in
anhydrous ether at room temperature for 30 min*%+,

2.3.5. S-Alkylation

The substitution of the amino group in Mannich
bases by an —S—R group to give thioethers (326)
is carried out by refluxing the Mannich base hydro-
chlorides with thiols in an aqueous or aqueous-
alcoholic medium for a short time. The yields, often
high, are affected by the pH of the medium which,
in the absence of buffers, is governed by both the
acidity of the thiol and the basicity of the Mannich
base. The reaction has been carried out using bases
derived from ketones, phenols, and indoles (Table 34:

see also Ref.43%:45%),
7 + R%-SH 2
-HN,
326

aryl-ketonic, naphthotic, and
indolic Mannich bases

29 Y. Ogata, A. Kawasaki, 1. Kishi, /. Chem. Soc. [B] 1968, 703.

297 B. E. Ivanov, V. F. Zheltukhin, Izv. dkad. Nauk SSSR, Ser.
Khim. 1969, 1016; C. A. 71, 48940 (1969).

298 B. E. lvanov, V. F. Zheltukhin, Izo. Akad. Nauk SSSR, Ser.
Khim. 1969, 1022; C.4. 71, 48941 (1969).

299 K. Higashi, T. Kitamura, Y. Fukusaki, E. Imoto. Kdyg1d
Kagaku Zasshi 61, 1035 (1958); C.A. 55, 22210 (1961).
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Table 34. S-Alkylation of Alkylmercaptans and Arenethiols with Mannich Bases

Mannich Bases

SYNTHESIS

o Reaction g0
Thiols derived from Conditions Yield (%)
@—CHZ—SH Aryl ketones [95] 355
s Aryl ketones [95] good 82.287. 355
Maphthols [95] 3098 127
R -
) Aryl ketones [95] good 82, 287, 355
Naphthols [95] 3098 127
Indcles [96] 75 100 288
[95] A 0.1 M solution of Mannich base hydrochloride (sometimes R2_
the free base) and an equimolar amount of the thiol in {97] S 0 R
ethanol/water (1:1) were refluxed for 1 hr: the product CgHs N/
precipitated upon cooling, or was extracted with ether “\R!
after dilution of the reaction mixture with water**". 328
[96] A solution of the Mannich base methiodide. sodium meth- 0 1,
oxide. and the thiol in methanol was allowed to stand at CSHSWN’R RS 1981, 9 R
room temperature for 3—4 hr. In the case of the N-methyl- R! CeHs™S s~
; T I - was refluxed?®®.
indole derivative, the mixture was refluxed 327 329
The reaction mechanism, as investigated for the RZ'\s 0
S-alkylation with ketonic®“+?*7, naphtholic'?’, and (99) . I MR
indolic Mannich bases*®® (including the correspond- 7S S
ing quaternary salts), consists of the elimination , 330
of the amino group, followed by fast addition of the O -O - o
. . . . . . gl ' /
thiol to the vinyl intermediate (vinyl ketone, quinone
methide, or azomethine). The elimination step is g2 . -CHz@, _@_x (X = H,CHy, OCHy , ~CO—CHy)

discussed in Section 2.2.

Styryl-ketonic Mannich bases (327) show a different
behaviour; the reaction with thiols may give rise to
three types of products; products of substitution
of the amino group (329), of the addition to the
styryl double bond (328), and of both substitution
and addition(330)*33-3%¢,

The yield and type of products are controlled by the
nature of the amino group and thiol, by the solvent.
and by the reaction time. Addition products (328),
which predominate at short reaction times, dis-
appear in favor of substitution products (329 and
330) after longer reaction periods. The best yields of
2-aminoethyl 2-phenyl-2-thioethyl ketones (328)
are obtained by carrying out the reaction without
solvent. of styryl 2-thioethyl ketones (329) in
aprotic solvents, and of 2-phenyl-2-thioethyl 2-
thioethyl ketones (330) in aqueous alcoholic medium.

300 1, F. Fieser, M. Fieser, Reagents for Organic Svnthesis, John
Wiley & Sons, New York, 1967, p. 697-703.

0T A M. Shur, Neftekhimiva 2, 600 (1962); C.A. 58. 6735
(1963).

302 D, Beke, C. Szantay, Chem. Ber. 95, 2132 (1962).

303 M. I. Farberov, G. S. Mironov, Dokl. Akad. Nauk SSSR 148,
1095 (1963): C. 4. 59, 5062 (1963).

304 W, B. Lutz, S. Lazarus, R, I. Meltzer, J. Org. Chem. 27, 1695
(1962).

305 F. L. Scott, J. C. Riordan, A. F. Hegarty, Tetrahedron Lett.
1963, 537.

[97] Compound 327 (used as the free base). thiol, and a few
drops of a suitable amine (piperidine or morpholine) were
mixed with cooling. The mixture was allowed to stand at
room temperature or 0° for 2-4 hr. The product was iso-
lated and purified as the hydrochloride?*3%°.

[98] A suspension of the Mannich base hydrochloride in a solut-
ion of the thiol in xylene was refluxed for 1 hr: the product
was purified from the bis-sulfide 330 by fractional crystalli-
zation from ethanol”>"

[991 As described in [95]. using 2-2.5 mol of thiol?%%-35¢,

Treatment of the methiodide of a ferrocene Mannich
base with aqueous alkali metal sulfides leads to the
formation of bis-ferrocenylmethyl sulfide (58 %)%
The reaction of 4-(1-aminoalkyl)-phenols (331) with
carbon disulfide affords 4-hydroxybenzyl dithiocarb-
amates (332)*°7. This type of reaction is restricted
to p-phenolic Mannich bases; the hydrogen-bonded
hydroxy group of e.g.. 2-piperidinomethylphenol is
incapable of reacting with carbon disulfide.

3ve F L. Scott, R. J. MacConaill, J. C. Riordan, J. Chem. Soc.
[C] 1967, 44.

307 P D. Gardner, H. S. Rafsanjani, J. Amer. Chem. Soc. 81,
3364 (1959).

308 P, Previc, U.S. Patent 3461172 (1969); C.4. 71, 101520
(1969).

309 G, Marr, R. E. Moore, B. W. Rockelt, Tetrahedron Lett.
1968, 2517,

310 R, Troxler, Helv. Chim. Acta 51, 1214 (1968).

U1 B. Hester, J. Org. Chem. 29, 1158 (1964).
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R! R 1100}
70-90 %

331
0 OH
R'I R'I R‘ R'l
RS
I 2
‘d

332

R' = CHy, n-C,Hg, OCHj,
R? < R? = CHy; or R*= H; R® = CH,

[100] The Mannich base 331 (1 mol) and carbon disulfide
(1 mol) were refluxed in ethanol for 25 hr¥%7,

The lack of reactivity of the unsubstituted bases 331
(R'=R*=R*=H) is explained by the absence of
substituents which could stabilize the intermediate
quinone methide.

S-Alkylation of 4-methylbenzenesulfinic acid (cf.
Section 1.5.2.) with ethyl N-dimethylaminomethyl-
carbamate (204) and nitrosation of the resultant
cthoxycarbonylaminomethyl 4-methylphenyl sulf-
one (227) provides a synthesis of diazomethyl 4-
methylpheny! sulfone???. The reaction is also appli-
cable to the synthesis of other diazo-sulfones?®.

+ H3C—©—502H

H
Cszooc—N\_N:CHa >
CHs -HN 3

204 “CHy

1. HNO,

H
C,Hs00C—N 2. HO®
27 \—-SOZ—Q—CH3 —_
7

22
HBC—Q—SOZ—CHNz
2.3.6. P-Alkylation

P-Alkylation using Mannich bases may be carried
out on tertiary phosphines (e.g. triethyl- and tri-
phenylphosphine) and trialkyl phosphites (e.g. tri-
ethyl phosphite). Good results are obtained from
the reaction between phosphines and the Mannich
bases derived from ketones, phenols. and N-
heterocyclic compounds, either as the free bases or
as the methiodides®*®. 2,3-Dimethyl-5-oxo-1-phenyl-
4-triphenylphosphoniomethylpyrazoline iodide (333)
is a good example of a quaternary phosphonium
salt thus obtained.

P12 D. W. Slocum, B. W. Rockett, C. R. Hauser, Chem & Ind.
1964, 1831; J. Amer. Chem. Soc. 87, 1241 (1965).
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o
H3C)_;fN(CH 3)3
J E]
H3c/N\ 0O

PiCgHs5)3 [101]

N 70-90 %
|
CgHs
®
H3C>=£ P(CgHs)3
=)
l"|3C/N\h|l 0 ]
333 CeHs

[101] The methiodide of 2,3-dimethyl-4-dimethylaminomethy!-
5-ox0-1-phenylpyrazoline and triphenylphosphine (or tri-

cthylphosphine) were refluxed in methanol for 4 hr under

a nitrogen atmosphere**®,

Diethyl 3-oxoalkanephosphonates (334) may be
obtained from the reaction of triethyl phosphite
with ketonic Mannich bases in dimethylformamide
at 100° 297-298,

)o’\/\ /CaMs
R N CHX ——s

NCoHs
O PIOC Hs); ,0C2Hs
N\ P
R—l\) B /CZHS S\OCZHS
X \Csz
~CqHsX 334

R =CH3,—©—X' {x' = H, CHy, OCH;, CI)

The proposed mechanism involves nucleophilic
attack on the carbonyl group by the anion X with
formation of a hydrogen-bonded cyclic transition
state; this intermediate is then capable of amine
elimination and P-substitution. o-Phenolic Mannich
bases also undergo analogous exchange reactions;
however, in this case the phenolic hydroxy group
participates in the reaction and O, P-heterocyclic
compounds (335) are obtained; the corresponding
open-chain compounds 336 are only isolated as by-

products under special experimental condi-
tionsss‘;,soo
OH
4
©/‘ N0 Pocos,
R _
il 0,0C2Hs
0—P—0CHs  CHsO P
OC,Hg
R + R
335 336

R = CH3, t-CiHg, CI

313 ], H. Peet, B. W. Rockett, J. C. S. Perkin Trans. 1 1973, 106.

1% H. C. Brown, G. W. Kabalka, M. W. Rathke, M. M. Rogi¢,
J. Amer. Chem. Soc. 90, 4166 (1968).

15 L. Caglioti, G. Rosini, work in progress.
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2-Ethoxy-2-0x0-/Y-1.2-benzoxaphosphole (335) is
obtained from the methiodide of the Mannich base
(4 br reflux in toluene) in 93° yield. from the
hydrochloride (5 hr reflux in xylene) in 55°, yield.
or from the free base in acetic acid in 58°; vield
together with 336. An S 1 mechanism was proposed.
in which decomposition of the base is twenty times
slower than the reaction of the phosphorus reagent
with the intermediate®*”.

2.4. Reduction of Mannich Bases

Catalytic hydrogenation or reduction with complex
metal hydrides of Mannich bases gives rise to two
types of products:

— Products formed by hydrogenolytic cleavage of the
amino group (substitution by hydrogen. which
may also be regarded as an H-alkylation. sec
Section 2.3.1.): R—CH,—NZ — R—CH,;

- Products formed by reduction of unsaturated
groups present in the molecule.

The latter reaction has been carried out with
Mannich bases derived from ketones, #.ff-unsaturated
ketones (vinylogous ketonic bases), and 1-alkynes.
Ketonic Mannich bases (242) have doubtless been
most widely investigated in this respect, since
the product amino-alcohols 337, or 338 and 339,
and their O-acyl derivatives (cf. Ref.>*7%:#") have
interesting pharmaceutical properties.

As can be seen from the reaction scheme, reduction
of the carbonyl group in fi-amino-ketones contain-
ing asymmetric centers (e.g. 242, R? +H) can lcad
to product mixtures consisting of two diastereomers.

SYNTHESIS
H, ,0H
R? = H
- RLK/\N(
R 337
RJ{W/A\N —
R
. H OH HO, H
type 242 R+ H o N+ R1)<<\N/
H.' Rz N\ H' R2 AN
338 339

Only one enantiomer of the racemic pairs of products 338 and 339
is presented here.

[102] A methanolic solution of sodium borohydride was added
in portions to a solution of the Mannich base in
methanol at 20--40°. The mixture was then allowed to stand
for 12 hr; yield: 979, 3¢1,

Therefore, the reduction of fi-amino-ketones of the
type 242, R?=H, for which the problem of stereo-
specificity does not exist. will be discussed first.

Excellent results are obtained using sodium boro-
hydride in alcohols as a reducing agent: thus. aryl
2-aminoethyl ketones (242, R'=aryl, R?=H) are
converted into the corresponding f-amino-alcohols
(337; Table 35, see also Ref.**!4%¢); reduction of
the carbonyl group is also selective in the
case of 2-aminoethyl styryl ketones (242, R’
=C H,—CH=CH—, R2=H)**!,

In some cases, 2-aminoethyl aryl ketones (242,
R'=Ar, R*=H) can also be reduced to the corres-

ponding 1-amino-3-arylpropanes™.

Table 35. Synthesis of Sccondary f-Amino-alcohols by Reduction of f-Amino-ketones (242, R? = H)

H CH

RX/\Ni

Amino-alcohol

cycloocta-

CHs
| N
N CH3

* Hydrogenation in the presence of PtO,.

R
- N .
+ methylenimine
”CE

Yield (%) References
96. 97

22 92 98. 361

08" 69

95 76
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0

Ar ’U\/\N: 103]

Ar’\/\N:

[103] The Mannich base and lithium alanate are refluxed in
tetrahydrofuran for 24 hr*®2, or for 90 min and the mixture
is then allowed to stand for 12 hr; yield: 97%,7%:3%2,

Several  3,7-bis-[2-aminoethyl]-9-oxo0-3,7-diazabi-
cyclo[3.3.1]nonanes (340. “bispidinones™) have been
reduced to the corresponding 9-hydroxy compounds
(341) in good yields*?.

N R
PN N AN 1103]
R | R [
i 77-93 %
C
340
R\ N/R
R/N\/\N I/\/ R
4
H” "OH 341
/R /CLHg-n I\ /N
—N\R z _N\CLHg—n ! _O ’ _@‘ N2 “N_N=CHs

Reduction with hydrogen and complex metal
hydrides of f-amino-ketones having an asymmetric
C-atom (e.g. 242, R*#H) has been intensely in-
vestigated with respect to the stereochemistry of the
reaction?®?#04305 (gee also Ref.?**3°7). The re-
duction of 2-aminoalkyl phenyl ketones (242, R' =
C.H.. R*=+=H) with lithium alanate was shown to
proceed stereoselectively on the basis of the diastereo-
isomer ratio obtained (the configurations of the
products were also determined). Diastereoisomer
338 (erythro) always predominates over 339 (threo),
and this predominance increases when the a-sub-
stituent (R?) is a phenyl group3©4: 3¢5,

Reduction of a-substituted f-dimethylaminoalkyl- and f-piper-
idinoalkyl phenyl ketones (242, R' =C,H,, R?# H) with lithium
alanate [104].

R? % 338 (ervthro) % 339 (threo )
CH,, —CH,—CH, 54--60 46-40
78-86

C,H,

22-14

[104] An ethereal solution of the Mannich base (0.02 mol) was
added dropwise to a suspension of lithium alanate (0.02
mol) in anhydrous ether (50 ml); the mixture was refluxed
for 1 hr; yield of 338+339: ~909. The diastereomers
can be separated by fractional crystallization of the free
bases (from petroleum ether) or of the hydrochlorides
(from ethanol/ethyl acetate)*®* (see also Ref.?*?).

The stereochemistry of the reduction of Mannich
bases derived from norcamphor, such as 2-exo-
dimethylamino-3-oxobicyclo[2.2.1]heptane  (342),
was studied using lithium alanate, lithium tri-z-
butoxyaluminium hydride, and sodium borohydride:;
the predominance of the diastereomers 343 and 344
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obtained depended strongly on the nature of the
reducing agent?°%: 399,

OH

343 344

The reduction with complex metal hydrides of 2-
aminoalkyl ketones 345, which posses a center of
asymmetry at the position f§ to the carbonyl group.
is usually stereoselective whereby diastereoisomer
346 (erythro) predominates over 347 (threo) in the

product*®?,

o H R
J 2 RY Dol
R N —_—
RZR2 R
345
HO HH R’R HoH R
X Ay . X A
R2R2 \RL R2R2 \RL
346 347

R' = CHy, i-C3Hy, t-CHg, CgHs
R? = H, CHy; R® = CHj, CeHg

N/R‘ N ,CH; r\
Rt H-CHs , N\m,'3 '_Ni >' N Q. _NH©

_ ‘-8

p-Amino-ketones of the type 345, R*=H, display
lower stereoselectivity in the reduction with lithium
alanates than a,a-dimethyl-substituted Man-
nich bases 345 (R?=CH,). It has to be noted that
the reduction of N-monosubstituted f-amino-ket-
ones (e.g. ketonic Mannich bases obtained using
methylamine or aniline) does not display significant
stereoselectivity.

The degree of stereoselectivity observed in the
catalytic hydrogenation (or reduction by other
methods) of azabicycloalkanones of the type 348
and the corresponding quaternary salts depends
mainly on the ring size*”°.

310 E. M. Austin, H. L. Brown, G. L. Buchanan, Tetrahedron 25,
5509 (1969)

17 K. Higashi, E. Imoto, Kégvdo Kagaku Zasshi 61, 1043
(1958); C.A4. 55, 22210 (1961).
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0
[105]
{CHaYY
N
348 “CHy
H, ,O0H HO_ _H
+
(CH,); (CHa),
N N
“CH, “CH,3
349 350
n=1 81-98° 2-199;
n=2 4-44% 60--96%,
n=3 1-9% 91.-99°/

[105] Compounds 348 were hydrogenated in isopropanol or
acetic acid in the presence of platinum at room tem-
perature; hydrogenation of the quaternary salts derived
from 348 required a temperature of 1207, Other reduction
conditions: sodium borohydride in methanol/water (3 hr
at room temperature); sodium in isopropanol/toluene
(reflux for 2-3 hr)37 (see also Ref.’*7).

Several other a-substituted B-amino-ketones (242;
see Table 36 and Ref.**?) have been reduced to the
alcohols without configurational assignment of the
products and configurational analysis of the product

~ SYNTHESIS

mixtures.  2-Aminomethylcyclohexanones  [242,
R'—R?*=—(CH,),—] have been subjected to
reductive amination to give 1-amino-2-aminomethyl-
cyclohexanes (351)*7!, the O- and N-acyl derivatives
of which are of pharmacological interest.

0 H ,NH;

7/
@A N
N

242 351

Other examples of such reduction are provided by
[-amino-ketones having a center of asymmetry in
the amine moiety (amphetamine or similar residue).
which are hydrogenated over 5% palladium on
barium sulfate®? to give f-amino-alcohols of the
type 352, and by tricyclic diketones of the type
124 (section 1.4.4.), which are reduced by lithium
alanate®”? to give pharmacologically interesting
1,7-dihydroxy-2,3,4,5,6,7-hexahydro-1 H-2,6-meth-
ano-4-benzazonines (353).

H OH
H OH H R
2 -
Ar’X/\N Ar g N-R
H HR
H OH
352 353

Table 36. Synthesis of Secondary f--Amino-alcohols by Reduction of ~Amino-ketones (242, R*# H) [ without regard to stereochemistry |

H OH HO H

) R? R?
Alcohols R”</<\N: , and R"<,<\N< s Reducing Agent  Yield (%)  References
HRE R ke R
338 339
R3
1 2 4
R R N s
Cobone_ CHy -, NaBH,, LIAIH, 30 67 53
4
CgHs | CH,
X
X = H,OH, OCH3
= {CHal - —D , =N O 371
Q .
@. CHy —N\\/,E? NaBH, 45 70 98
R /M :j - NaBH good 79, 81
@. n-CsHy, n-CiHg, My, - T ) 4 :
=
- M
CHZ—<\.}‘ -N 0, —N N-CH;
/
H_ OH
and N/R3
alcohols “R3
H” “CeHs
CH; 7\ ’
@—,Br@ CH, NP o) Ko _'{‘/’b NaBH, 34-87 84, 361
1
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Selective hydrogenation of the C=C double bond in
“vinylogous™ ketonic Mannich bases such as 1-(2-
dialkylaminoethyl)-5,5-dimethyl-3-oxocyclohexenes
(183; see Section 1.4.8.) to give d-aminoketones
of the type 354 [3-(2-aminoethyl)-cyclohexanones |
may be achieved using Raney nickel as a cata-
lyst?04,

type 183 354
R:H, CN--CH;-

Hydrogenation of the triple bond in some Mannich
bases derived from 1-alkynes (see Section 1.4.6.) to
give amino-alcohols of the types 355 and 356 has
been achieved using platinum (in ethanol)?”® or
Raney nickel'®® as catalysts.

OH
R'I /CH3
R? N
CH3 355
HO
'| —
R
/
R2 \ /, /CH3
N
“cHy 356
R' = CHy; R? = H, CHy or R'—=R? = —I{CH,)5—

Table 37. Synthesis of Tertiary fi-Amino-alcohols (357) by Reaction of f-~Amino-ketones (242, R=H) with Organometallic Compounds

Alcohols 357

R2
1 N 3
R N\R? R

CHy
t-C4Hg Ny - cm@
3

cy
CH;
o «
CH;
X CHa
O -~
CHs
X = 2-CHy , &-CH3
4-0CHy, 4-F

HaCO

CH; CoHs
H3C0-©—‘ cho@ —r(CH , -N:c Y
3 2s
M

HyCO!

&

—cu;—@ —cm@
' N

CHJ, Csz,‘CHz‘@ . C-Can,
O e
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2.5. Reaction of Mannich Bases with Organometallic Com-
pounds

A convenient synthetic route to tertiary f-amino-
alcohols (357) is provided by the aminomethylation
of suitable ketones and reaction of the resultant
Mannich bases (242) with Grignard or organolithium
reagents. (Table 37; see also Ref.*3%-431-457) Usually
an excess of organometallic reagent is employed.

0 Q2 R3 OH R
R’JJ\/\N/ > R1>Q/\ N/
\R2 \Rz
type 242 357

M = MgHal, Li
An example of the further synthetic use of the
B-amino-alcohols thus obtained is the dehydration
of  4-dimethylamino-2-hydroxy-2-phenyl-butane
(357, R'=C4H,, R?=R*=CH,) followed by hy-
drogenation to give the pharmacologically interesting
1-dimethylamino-3-phenylbutane’®’*.
CHs CH,

i
@—CH—CHZ—CHz—-N:
CHy

The reaction of 2,6-dichlorobenzylmagnesium chlor-
ide (358) with #-butyl 2-dimethylaminoethyl ketone
(242, R'=1-C,H,) affords not only alkene 359,
which could be expected to arise by dehydration of
the product alcohol, but also product 360, which
contains two Cl-atoms and one CH, group less
than 359. The reaction of the corresponding 2-

Organometallic

) o Reagent Yield (%,)  References

Grignard 70--80 374
Grignard 65 375
Li-org., 70--80 366. 367,
Grignard 376
Grignard 16-70 100
Li-org. 3489 "
Grignard 22--82 100
Grignard 60 377
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aminoethyl phenyl ketone (242, R' =C H ) does not
afford a product analogous to 360378,

[/MgCl
0
,CHjs 1% NP Cl
XK/\N + « I
\cHg "
type 242 358
|
v l
Ci 72
3
~ [«] N/CH3 \ :§/\N/CH3
\CH3 \CH3
359 360

Stereochemical investigations of the reaction of f-
amino-ketones containing asymmetric C-atoms have
been carried out using both open-chain and cyclic
Mannich bases.

In the synthesis of tertiary alcohols 361** and
362°8%-%%! from the corresponding ketones and
Grignard reagents, a strong preference for the form-
ation of one of the two configurational isomers of
361 and 362, respectively, was observed.

g, MO R? HO, ,CeHs
R1/N/\é(\> ﬁ s
S R2 r‘l]
361 R' 362
—-N’Rl - /CH3 _ /C7H5 _,j—b R‘ - f—CLHg , C'CGH"
\R1 \CH3 ' \C;gHg RN R? = H, CH3
R? = —CH, . -C)

The stereochemistry of the reaction of aryl and
methyl 2-aminoalkyl ketones substituted in the
position o to the carbonyl group 242, (R'=CH,,
CH,, R?# H) with methyl-, phenyl, benzyl-, and 2-
pyridylmethylmagnesium halides has been fully in-
vestigatedZ®8:-363.376.379.382 = The configurations
and the diasterecomer ratios obtained were deter-
mined268’382.

SYNTHESIS

was refluxed for 90 min. The product was purified from
the diastereoisomer (when present) by fractional crystalli-
zation of the free base from light petroleum or ethanol or
of the picrate or hydrochloride from ethanol or ethyl
acetate/ethanol®82,
The reaction with phenyl-ketonic Mannich bases
(242, R'=C H.) is 1009 stereospecific, affording
only 363, whereas that with methyl-ketonic bases
(242, R'=CH,) displays high steric yields, giving
predominantly 364. These results indicate that the
methyl or phenyl group of the Grignard reagent
always enters from the same side of the plane
R—CO—C" leading preferentially to the diastereo-
isomers observed?%2.

Preliminary studies on f-amino-ketones having an
asymmetric C-atom in the f-position or in the alkyl-
amino group also indicate high stereospecificity in
the Grignard reaction; participation of the amine
N-atom in the reaction was proposed to account for
this fact?®2,

The reaction of aryllithium reagents with Mannich
bases derived from cyclohexanone are also stereo-
specific and afford a single product (365): the struc-
ture having the aryl and aminomethyl groups
trans to each other was assigned to the product®®?
(cf. also Ref.**®) in agreement with the results
described above.

0 Ar. OH
ij/\N/ 07] (j.\H ,
\ > N
70 % \
type 242 365
Ar = -@-@ ,—caz-@—nm, —@, @
CHs

[107] The 2-aminomethylcyclohexanone (0.1 mol)and aryllithium
(0.19 mol) in anhydrous ether (115 ml) were refluxed for
1 hr3#3,

Azabicycloalkanones 348 have been subjected to
reaction with several organometallic com-
pounds®®+3#5 The products are azabicycloalkanols
366 and 367; the stereochemistry of the reaction is
strongly affected by the ring size of 348384,

R « CgHs, R* = CHy H3C\ OH /R3
CgHg™ N\
¢ 2 R3
0 3 H R
R’LH/\N/R RéMgHal
Rz R? 106] 363
type 242 R' = CHy, R® = CeHs HsCg OH

- on el O

SR} ,CHy ,—-\’

-N = =N ,
“R3 Ny /

[106] A selution of the Mannich bzse (0.01 mol) in ether (30 ml)
was added over 30 min to an ethereal solution (40 ml) of
the Grignard reagent (0.025 mol). The reaction mixture

364 (86-100°%)
(only one enantiomer
is presented here)

. R?
ch’<,.<\r( , * 363

""IRZ R

(0-14%%)
318 H. Hellmann, J. L. W. Pohlmann, Liebigs Ann. Chem. 643,

43 (1961).
319 H. O. House et al., J. Org. Chem. 30, 2513 (1965).
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0 R, OH HO_ R
— +
(CHz)n (CHz)n (CHZ)n
N N
“CH, “CH, N-en,
348 366 367
n=1 1009/, 0%,
n=2 31--39 lo 6169 U,"‘,},
n=3 0%, 100/,

Other reactions of organomagnesium reagents with
various Mannich bases (Table 38) have been carried
out without investigating the stereochemistry; the
amino-alcohols obtained were often studied from
the pharmacological point of view. sometimes after
O-acylation”?-88-269.379 o1 dehydration®' (see also
Ref.**®) to yield aminoalkenes.

The reaction of aminomethyl phenyl sulfides (223),
obtained by S-aminomethylation of thiophenol (Sect-
ion 1.5.2.), with aliphatic or aromatic Grignard
reagents provides a method for the preparation of
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alkylamines (including benzylamines) (368) having
an alkyl chain of n+1 C-atoms from organic
halides having a chain length of n C-atoms?*°.

R2

/ 1
CBHSISVN\RZ + R MgHaI _—_,58-86 ”
type 223
RZ
P AN +  CgHg—SMgHal
R \RZ (i gna
368
CH,

R' = CyHs, i-C3Hq, n-CeHg, HyC=CH—CH,—, ch‘Q-
ch\N @_ CHy
HsC”

N’R2 N N o NH-@ N—@(CH)
\R? - : N » N 3

CH,

Similar results have been obtained in the reactions
of Grignard reagents with tertiary Mannich bases
derived from aniline (298, Section 2.3.2.) or from
ammonia (220, Section 1.5.2.)%%°,

Table 38. Synthesis of Tertiary f-Amino-alcohols by Reaction of f--Amino-ketones (242, R? =+ H) with Grignard Reagents (without

Regard of Stereochemical Questions)

RL

RS
) . ) R
Alcohols R‘_$_(|:H_CH2_N<R‘ Yield (%) References
HO R? o )
/R3
1 2 -N 4
R R g R
CHs CoHs )
- CHa-CHy=CH— CHy— -N{ -N{ , —@ 17-25 58
(I:H3 CH3 CaHs
-N ) ~-N ©
R
O oo '“\:& cats, <) o
CH3 M\ )
n-CHy =N, 7,=N ), -N O CHy, CyHs ,—(:H?@ 79, 269
\CHg -/
. R /CHg /_‘\0 —c
-qu-@ s -—N\CH3, -N ¢ CHj, CoHg ,~CHy ,
HO_ R* CHs
and LR —@ —(CH2)3~N< good 8t
alcohols N\Rs CHy
H “CgHg
CHa
R CHy NN Y, CH:,,CZHS_—CHQ—@, -@ 10 68 84, 100
S CH,

320 G. L. Buchanan, G. W. McLay, Chem. Commun. 1965, 504.

21 H. Hellmann, J. L. W. Pohlmann, Liebigs Ann. Chem. 642,
35 (1961).

22 H, L. Brown, G. L. Buchanan, A. C. W. Curran, G. W.
McLay, Tetrahedron 24, 4565 (1968).

323 E. M. Austin, H. L. Brown, G. L. Buchanan, R. A. Raphael,
Tetrahedron 25, 5517 (1969).

24 H. Hellmann, J. L. W. Pohlmann, Liebigs Ann. Chem. 642,
28 (1961).

25 H. Hellmann, J. L. W. Pohlmann, Lichigs Amn. Chemn. 643,
38 (1961).

20 M. von Strandtmann, M. P. Cohen, C. Puchalski, J. Shavel,
J. Org. Chem. 33, 4306 (1968).

27 A. Kamal, A. A. Qureshi, 1. Ahmad, Tetrahedron 19, 631
(1963).

28 A Kamal, Asadullah, Pakistan J. Sci. Ind. Res. 9. 316
(1966).

2% L Fleming, M. H. Karger, J. Chem. Soc. [C] 1967, 226.
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2.6. Cyclization Reactions of Mannich Bases

Mannich bases are useful inlermediates for several
types of cyclization reactions. These cyclizations are
divided here into two groups:
Reactions taking place without elimination of the
amino group, and which occur within the group R
of the Substrate (Type A), to the N-atom (Type B).
or to another position of the amino group (Type
C); in the two latter cases, the reaction affords N-
heterocyclic compounds.
Reactions taking place with elimination of the
amino group, and involving ring closure at the
methylene C-atom (Type [).

Y , N,
"N RSN AN RN
~ AN | N
e D,
A B c D

The cyclization of 2-dimethylaminomethyi-3-oxo-
3-(2-ethoxycarbonylaminophenyl)-propene  (type
58) to give 3-dimethylaminomethyl-1-ethoxycarbonyl
4-0x0-1,2,3,4-tetrahydroquinoline  (369) proceeds
without participation of the amino group (Type A)™*.

@fokm’% A
i \ - N
CHy — | CH
TH 3 [\ ']l 3
COOC,Hg COOC,Hg
type 58 369

The reaction of 2-aminoethyl styryl ketones (73) with
phenylhydrazine can proceed without participation
of the amino group (Type A) to give 3-(2-amino-
ethyl)-5-aryl-1-phenyl-42-pyrazolines (370), or with
elimination of the amino group (Type D) to give
1-phenyl-3-styryl-A%-pyrazolines (371)**”.

——> NN
CeHs
7 CeHs=NH—NH; 370
Af\é\((\/ \-—.——
0 Ar\/\(\7
type 73 -"—"/ N=N\

Examples of reacticns of the Type B. proceeding
with incorporation of the amino N-atom into a
heterocyclic ring, are the cyclizations of 2-amino-
methylcycloalkanones (372) with potassium cyan-
ate’®® and of N-phenacy pyridinium salts (374)
with aldehydes and ammonia*#? to afford tetrahydro-
pyrimidine derivatives 373 and 375, respectively, in
good yields.

330 A Risaliti, U. De Martino, Aan. Chin. ( Roma) 53, 819
(1963).

331 M, von Strandtmann, M. P. Cohen, J. Shavel, J. Org. Chem.
30, 3240 (1965); Tetrahedron Lztt. 1965, 3103,

SYNTHESIS
0
H _CH;—CgH
CI\K\N/ VL knco e
(CHa)n 80°%
372 (n=1,2) ﬁ\
CHy—CgHs
HN™ N7
NS
CH
2 , (CHahn 373
<N + Ar2-CHO/ NH;
Ar‘:go
374
Z N Ar Z3  Arn2
8N + Ar2—CHO / NH3 o8N
NHy| ———— NH
A o Arl \N"\Arz
not isolated 375

Ar’:—@ ; Ar2 =—<i>—-N02

[108] A saturated solution of the Mannich base (0.01 mol) and
potassium cyanate (0.012 mol) in water were allowed to
stand for a few min at room temperature®®®.

Compound 375 may pyrolyze the pyridino group on
refluxing in methanol to the corresponding dihy-
dropyrimidine, which is then dehydrogenated by the
excess nitrobenzaldehyde present to give the 2,4,6-
triarylpyrimidine.

Further examples of reactions of the Type B are
provided by the cyclocondensations of a«-hydra-
zinonitriles 376 (obtained from hydrogen cyanide,
aldehydes, and hydrazines) by N-acetylation and
reaction with carboxylic anhydrides to give 3-

amino-1,3-oxazolium betains (377)*'*.
R R? R R2
A N AR, PN N IR-=CO0)0
NC7T N7 g2 NCTONT N2 T
H R ,
~C
376 07" CH;
Rl R2 R] R2
7/ [=) y;
N 3
R\ /N¥\ /N\ 2 > R\ /N 7 e/N\ "
¢ EONT R ¢ N~ SR
i oX o
0 CHj 0 CH3
377

R' = various substituents

N’R2 NH—CH N’CHJ N ),-N © —NH—@—CI
N s M, s N9,

R3 = —CCly, —CF3

An analogous synthesis involving N-nitrosation
instcad of the above described N-acetylation reaction
has been suggested as a method to obtain the cor-
responding 1,2,3-oxadiazole derivatives®'? (see also
Ref, 442 443),

Examples of cyclization according to reaction Type
C are numerous. 4-Hydroxypiperidines (379) have
been synthesized from bis-ketonic Mannich bases
378 (bis-[3-aryl-3-oxopropyl]-amines), which are
obtained from aryl p-dialkylaminoethyl ket-
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ones by amine exchange or directly via Mannich
synthesis using primary alkylamines®4-267-390.391
(see Table 39).

0
9y
Ar N—FR ﬁr N—R
0 r
OH
Ar
378 379
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The mechanism®?° and stereochemistry®* of these
reactions have been investigated. The cyclization
reaction has been shown to be stereospecific, the
products having the configuration shown in formula
379.

Cyclization of p-arylamino-ketones 313 affords
both 1,2,3,4-tetrahydroquinoline derivatives 380 and,
in equal amounts, quinoline derivatives 381: when
R’ + H, quinolinium salts 382 are obtained instead

Table 39. Synthesis of 3-Aroyl-4-aryl-4-hydroxypiperidines (379) by Cyclization of Bis-| 3-aryl-3-oxopropyl]-amines (378)

R

n-C,Hg, c-CgHy

CyHg, n-CaHy, n-C.Hg, —CH2—©
—(CH2)2_4"®. ‘?H‘CH;‘@,
CH;,
X
-CH;-(I:H-@ IX = H, Ci,0CH,)
OH

X=H, 3-NO,, 3-0CH;,
4-0CHy, 4-F

?;‘:]tll:::m Yield (%) References
390

[109] 95 98 207

[110] 5167 64
391

[109] 1-Diethylamino-3-ox0-3-phenylpropane hydrochloride and
the primary amine in aqueous ethanol {1:1) were allowed
to stand at room temperature?®”,

[110] Propylamino-3-oxo-3-phenylpropane or compound 378
(the latter obtained directly by Mannich synthesis) was
allowed to react with aqueous sodium hydroxide at room

temperature for 30 min®*.

of 381 (Table 40). The reagents used are polyphos-
phoric acid?**3#4:345 or hydrochloric acid in eth-
anol***34* Only quinoline 381 without the corres-
ponding tetrahydro derivative 380 is obtained when
polyphosphoric acid in the presence of trityl chlor-

ide**3-344 is used as the reagent.
R R
R3 = H Rz N R2
+ -~
N N
H
380a 381
R' R’
2 2
R +H R R e
(", + o) X
N N
&3 B3
380b 382

(X' = H,0CH;, Cl, etc.)

32 F. Andreani, R. Andrisano, C. Della Casa. M. Tramontini,

J. Chem. Soc. [C] 1970, 1157; Tetrahedron Lett. 1968, 1059.
*33 P, T. S. Lau, G. F. Grillot, J. Org. Chem. 28, 2763 (1963).
34 1. E. Pollak, G. F. Grillot, J. Org. Chem. 32, 3101 (1967).
335 A, Kamal, 1. U. Qureshi, S. Aziz, P. Khan, Pakistan J. Sci.
Ind. Res. 9, 340 (1966).
336 G. Decodts, M. Wakselman, M. Vilkas, Tetrahedron 26. 3313
(1970).
*37D. Molho, Bull. Soc. Chim. France 1961, 1417.
3 G. Cignarella, E. Occelli, G. Cristiani, L. Paduano, E. Testa,
J. Med. Chem. 6, 764 (1963).

339 M. Hadlington, B. W. Rockett, A. Nelhans, J. Chem. Soc.
[C] 1967, 1436.

340 G. Marr, R. E. Moore, B. W. Rockett, J. Chen. Soc. [C]
1968, 24.

341 E. AL Mistryukov, N. L. Aronova. V. F. Kucherov, Iz¢. dkad.
Nauk SSSR, Otdel. Khim. Nauk 1961, 932; C.4. 55, 27310
(1961).

2. S Chiavarelli, H. F. Toffler, L. V. Fennoy. R. Landi-
Vittory, P. Mazzeo, Il Farmaco, Ed. Sci. 20, 408 (1965).

343 B. D. Tilak, T. Ravindranathan, K. N. Subbaswami, Tetra-
hedron Lett. 1966, 1959.
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SYNTHESIS

Table 40. Cyclization of f-Arylamino-ketones (313) to 1,2,3.4-Tetrahydroquinolines (380), Quinolines (381), and Quinolinium Salts (382)

p-Arylamino-ketones

Rl

D? RZ
Arsy

H 313 R - H)

>

o

—
I

- CH::CH~©—x H

X = H 0C4, 0

‘(CH2)3,4—
R o
@‘ CHa, ‘<:/> CH,
R‘
ojj
Ar\,;l
R3 313 ’R? = H)

Ar R! R3

2Y,
R 4 N -
@— e —cn~cr©~x , CHy

Products References

Reaction Yield (%)
Conditions
, 380 25 50 343, 344, 392
Lt11). (112 {38! 45-90
380 2540 75, 344, 348,
381 17-50 350
: 380 25 40 348, 351
L14] {381 25 40
3 380 2550 343, 344, 345
[113] {38] 25 95
380 2550 344, 345
381 40 68
[113] 382 25 392
380 40 48
382 40
380 3040 348, 352
11 :
[114] {382" 30 45

* Perchlorate.
b Chlorozinkates
¢ Chlorides, chlorozinkates, and picrates.

[111] Polyphosphoric acid (2.5 ml of H,PO,. d=1.75, and 4 ¢
of P,Oy) and f-arvlamino-ketone (1 g) were heated at
70-100" for 2--3 hri#3: 344245

[112] The f-arylamino-ketone was refluxed in 19, ethanolic
hydrogen chloride for 1--2 qr?+3-344,

[113] A mixture of polyphosphoric acid and -arylamino-ketone

as in {111] but containing t-iphenylmethyl chloride was

stirred for 30 min at room temperature, or was heated at
100° for 1 hr*,

An ethanolic solution of f-urylamino-ketone (0.01 mol)

and tin(1V) chloride pentalydrate (SnCl,-5 H,0; 0.01

mol) (the presence of arylarnine hydrochloride was not

always necessary) was refluxed for 1-2 hr: the chloro-
stannate salt partially precipitated. The mixture was then
made alkaline with sodium kydroxide and the quineline

derivative extracted with ether ***. Quinolinium salis (e. g.

chlorides 382) were obtained from the chlorostannates by

destannation in boiling water.

[114]

Under reaction conditions [111], the proposed
mechanism involves migration of a hydride ion

from the position 2 of an intermediate 1,2-dihy-
droquinoline derivative to the cationic position 4 of a
protonated molecule of dihydroquinoling®*3: 343,

Tin(IV) chloride pentahydrate in ethanol
[114]75348.350.351.352 hag also been successfully
used as cyclizing agent; however, this salt does not
possess oxidizing properties such as those of trityl
chloride; thus, the formation of tetrahydroquinolines
380 is not inhibited**%,

In some cases®”?, synthesis of f-arylamino-ketones
313 by an exchange reaction, and cyclization in the
presence of iron(l111) chloride can be carried out
without isolation of 313; the yields of quinolines
381 are often higher than 509, showing that
iron(I11) chloride, unlike tin(1V) chloride, exerts an
oxidizing action.

Analogous treatment of 2-aryl-2-arylaminoalkyl ket-
ones (obtained by Mannich reaction of ketones with
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benzaldehydes and arylamines) affords 2-phenyl-
quinolines®”?, whereas the cyclization of aryl 2-
hydrazinoethyl ketones gives 3-phenyl-4°-pyrazol-
ines (383) in good yields'°® (see also Ref.*°").

CBHSW/\

i
0 N__ CeHon 2
HN R 26-50 % m\
R R R
not isolated 383

R = CH;, CoHs, i-C3H,

The synthesis of 1,2,3,4-tetrahydroisoquinolines 384
via aminomethylation of phenols using 2,2-diethoxy-
alkylamines, followed by cyclization and catalytic
hydrogenation®®*, represents another example of
cyclizations of the Type C.

C2H50\/0C2H5
\ 1s]
_—
H3CO /N\R 40-68 %% H3c0/©G‘J\R
OH OH

not isolated

384

R = H,CHs,

[115] Mannich Reaction .- A solution of phenol, amine, and aque-
ous formaldehyde in ethanol was allowed to stand at
room temperature for 24 hr. Cyclization and Hydrogen-
ation: The unpurified Mannich base was dissolved in
6N hydrochloric acid. The mixture was allowed to stand
at room temperature for 15--36 hr, palladium on charcoal
was then added and the mixture hydrogenated at room
temperature39,

Cyclization of  2-(2-methyl-3-oxobutyl)-2-azabi-
cyclo[2.2.2]octane (385; obtained by aminomethyl-
ation of butanone with 2-azabicyclo[2.2.2]octane
and formaldehyde) to give 8-methyl-9-0x0-2,5-eth-
anooctahydroquinolizine (386) can be accomplished
by dehydrogenation with mercury(ll) acetate®'.

QX - O
N 46°% N
385

386
[116] Compound 385 was heated with mercury(ll) acetate in
acetic acid at 70° for 6 hr®',

Cyclizations of the Type D are represented, for
example, by the synthesis of cyclohexene derivatives
(387) from Diels-Alder reactions of dienes with the
vinyl derivatives formed by elimination of amine
from Mannich bases.

344 B. D. Tilak, T. Ravindranathan, K. N. Subbaswami, Indian
J. Chem. 6, 422 (1968).

43 V. N. Gogte, M. A. Salama, B. D. Tilak, Tetrahedron 26, 173
(1970).

346 N. Singh, S. Singh, J. Org. Chem. 27, 2656 (1962).

347 J. C. Craig, M. Moyle, J. Org. Chem. 29, 410 (1964).
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s
0 N\ . \/” _— o]
R’)H/l 7 (g
R? R?
387

R',R? = Ar=CH=CH-, H or

! Lo
RI-R? = @ACHz)z,u C<(CHy) 5
(CHz)l.ls

The reaction is performed with the free base in
toluene at 160° (sealed tube)®®-3° or by refluxing
suspensions of the hydrochloride in toluene3°3-3°¢, It
is even applicable to the synthesis of cyclohex-3-enyl
styryl ketones (387, R'=C,H;—CH=CH—), due
to the lack of reactivity of the styryl C=C double
bond in this Diels-Alder reaction®?®. The use of
Mannich bases derived from cycloalkanones in the
above reaction leads to the formation of spiro-
ketones®?-#°,

The diene intermediates formed by deamination of
Mannich bases of the type 183 (derived from cyclic
a,f-unsaturated ketones; cyclic “‘vinylogous ket-
onic” Mannich bases) react with dienophiles such as
maleic anhydride to give the tricyclic adduct (388)*°7.

,\/@ e
°
\N 0 60-67 %

070
388

[117] Compound 183 was refluxed with sodium acetate in acetic
acid for 5 min, or was heated on a steam bath for 3 hr.
Maleic anhydride and the unsaturated ketone were then
heated without solvent for 30 min; yield: 90°/3%7.

Mannich bases derived from ketones can also behave
as masked heterodienes in the reaction with dieno-
philes. The o,f-unsaturated ketone formed by eli-
mination of the amino group undergoes cyclo-
addition with the dienophile to give dihydro-4 H-
pyrans (389)%°-278 (see also the dimerization react-
ion of vinyl ketones formed by deamination of
ketonic Mannich bases, formula 250, Section 2.2.;
see also Ref.#>-278.289)

3 4

o , ) R R
R')JY\N/ + RYR —_— 0
K2 N\ RN
R2

389

48 F. Andreani, R. Andrisano, G. Salvadori, M. Tramontini,
J. Chem. Soc. [C] 1971, 1007.
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2-Amino-1-phenylalkyl ketores undergo the rcact-
ion even in the presence of dienes?’®. o-Phenolic
Mannich bases also react as masked heterodienss to
give chromans (390)398:399:409,

The use of enamines as dienophiles in reactions of
Mannich bases derived from 4-hydroxycoumarin,
3-hydroxynaphthoquinone, or 3-hydroxypyridine
leads to the formation of condensed dihydropyran
derivatives (e.g. 391 from t-aminocyclohexenes and
2-aminomethyl-3-hydroxypyridines)*°'; in the pre-
sence of water, the hydroxy compound correspond-
ing to 391 is obtained (see also Ref.#9),

o
N

X )
N
I/N

390 391

The reaction of 1-aminocyclchexenes with Mannich
bases derived from 3-hydroxy-2-(1 H)-pyridone af-
fords 4a,7-dihydroxy-6-oxo0-1,2,3.4,4a,6,10,10a-octa-
hydropyrido[ 1,2-a]indoles (392)'7°.

s N
I =N N\ + (j N I N
HO~ Ny VH HO” Ny N
392

0 o HO

Condensed 1.3-oxazine detivatives (393) can be ob-
tained from the reaction of o-phenolic Mannich
bases with imines or aldoximes as dienophiles.
Compound 394 has been obtained*? from an 4-
amino-3-hydroxyindole and 6,7-dimethoxy-3,4-di-
hydroisoquinoline.

349G, Dienys, L. Cekuliene, P. Buckus, Zh. Obshch. Khim. 34,
1638 (1964); C.A. 61, 5553 (1964).

50 B, 1. Ardashev, 1. S. Malik, Khim. Geterocikl. Soed. 1967. 7
C.A. 67, 53946 (1967).

351 M. Tramontini, Ann. Chim. ( Roma) 55, 1154 (1965).

32 F Andreani, R. Andrisano, M. Tramontini, J. Hetcrocyclic
Chem. 4, 171 (1967).

353 H. Bohme, E. Kohler, dngew. Chem. 72, 522 (1960).

354 Y Bohme, K. Hartke, Chem. Ber. 93, 1305 (1960).

55 R, Andrisano, A. S. Angeloni, M. Tramontini, 4an. Chim.
{ Roma) 55, 1093 (1965).

3% R. Andrisano, A. S. Angeloni, M. Tramontini, Ann. Chim.
{ Romaj 58, 652 (1965).

5T A, O. Fitton, A. Rigby, R. J. Hurlock, J. Chem. Soc. [C}
1969, 231.

358 H. Hellmann, O. Schumacher, Liebigs dnn. Chem. 640, 79
(1961).

459 B, E. Ivancv, L. A. Valitova, T. G. Vavilova, Izv. Akad.
Nauk SSSR, Ser. Khim. 1968, 768; C. A. 69, 76330 {1968).

6 B E. Ivanov, L. A. Khismatul ina, Ize. Akad. Nauk SSSR,
Ser. Khim. 1968, 2150: C.4. 70, 20164 (1969).

361 C. D. Blanton, W. L. Nobles, /. Pharm. Sci. 52. 46 (1963).

2§ Chiavarclli, G. Settimij, Il Farmaco, Ed. Sci. 16, 313
(1961).

363 R, Andrisano, L. Angiolini, M. Tramontini, Ric. Sci. 38, 255
(1968).

SYNTHESIS
N’ N~ N/
N\ —_
OH * Ik 15-62 % 0)\
393
HN_ N
0]
394
0CH3
H3

4 H-Chromenes (395) and 3.4-dihydrocoumarins
(396) have been obtained from the reaction of o-
phenolic Mannich bases with ketones having two
H-atoms in one of the w-positions or with alkyl
carboxylates, respectively, having at least one H-
atom in the a-position (Table 41). In the reaction of
o-phenolic Mannich bases with ketones, the inter-
mediate open-chain benzylation products (e. g. 302,
Section 2.3.2.) could in some cases be isolated and
cyclized (e.g. to 303) using phosphorus oxychlo-

1'ide337.
R2
O/LR, R
-— I
0 R
7/
N _ 395
OH R'__R?
c,uso’];o R’
—_— RZ
070
396

364 L. Angiolini, G. Gottarelli, Tetrahedron 26, 421 (1970).

303 R. Andrisano, L. Angiolini, Tetrahedron 26, 5247 (1970).

106 A F. Casy, A. P. Parlukar, Can. J. Chem. 47, 423 (1969).

07 ALF, Casy, P. Pocha, Tetrahedron 23, 633 (1967).

308 H. Krieger, K. Manninen, Suomen Khem. [B] 38, 175 (1965);

Annual Reports Chem. Soc. 62, 267 (1965).

M. J. Brienne, C. Fouquey, J. Jacques, Bull. Soc. Chim. France

1969, 2395.

370 H. O. House, H. C. Miiller, C. G. Pitt, P. P. Wickham, J/.
Org. Chem. 28, 2407 (1963).

371G, P. Ellis, T. B. Lee, J. Med. Chem. 10, 130 (1967).

372 W. E. Hahn, C. Korzeniewski, Lodz. Tow. Nauk Wydz. 11l

dcta Khim. 14, 37 (1969); C.A4. 72, 78820 (1970).

S. A. Vartanyan, S. Q. Banayan, Ize. Adkad. Nauk Armyan

SSSR, Khim. Nauky 12, 37 (1959); C.A. 54, 6538 (1960).

374 A F. Casy, R. R. Ison, Tetrahedron 25, 641 (1969).

3758, Ose. H. Takamatsu, S. Moriguchi, Jap. Patent 3569
(1961), Dainippon Pharmaceutical Co.; C.4. 58, 10120
(1963).

376 A.F. Casy, P. Pocha. J. Chem. Soc. [B] 1966, 1160.

377 Brit. Patent 953386 (1964), Centre Europ. Res. Fond. and
Appl.; C.A. 61, 4367 (1964).

T AL F. Casy, R. R. Ison, Can. J. Chem. 48, 1011 (1970).

37 AL F. Casy, J. L. Myers, J. Chem. Soc. 1965, 4092.

38¢ B A, Misttyukov, N. L. Aronova, Izv. Akad. Nauk SSSR,
Otd. Khim. Nauk 1962, 877, C.A. 57, 12421 (1962).

381 p. M. Carabateas, L. Grumbach, J. Med. Pharm. Chem. 5,
913 (1962); C.A. 58, 5627 (1963).

482 R, Andrisano, P. Costa Bizzarri, M. Tramontini, Tetra-
hedron 26, 3959 (1970).

Joy

373
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Table 41. Synthesis of 4 //-Chromenes (395) and 3,4-Dihydrocoumarins (396) from o-Phenolic Mannich Bases and Alkyl Ketones or Alkyl
Carboxylates, respectively

Reaction Products Yield (%) References

Conditions

Ketone or Mannich Base
Alkyl Carboxylate
Rl

AR

R'= CHy ; R? = —COOC;Hs

) N(CH3)

oH 395 50 403
Oe [118] 395 26--61 321

R' - R2z =CHp~CHy=CHy—~CO-, \
~CHp=CH—CH,;—C0~
CHy {CeHe) J

0
¥
C2Hs0 R?
R'=CH;, —cuz—@»- s —@ R NICH3)z

~NH-Ac
R% = -CO~CHj , ~CO—CgH5 , ~COOCzHs %

’ (CHy),
HOK% [120] 3% 20 310
N
H
|
N

[120] 3% 90 310

[119] 396 31-92 325,403
Ehg ‘If°

R' = CHy; R? = NO;

R' = COOCzHs , R? = ~NH—CHO

R', R? = =PiCgHs)s ]

[121] 396 55 326

[118] The ketones and the Mannich base were heated in chloro- o}
benzene at 65° for 3 days®*'.

[119] The Mannich base, the ester, and magnesium ethoxide
were refluxed in chlorobenzene for 40 min while nitrogen
was bubbled through the mixture3?®,

[120] The Mannich base, the ester, and powdered sodium hydro-
xide in dioxan or toluene were refluxed for several hours

under a nitrogen atmosphere?®'°,

397 75%) 398

[121] The ester and the Mannich base in toluene were refluxed 0 0
under a nitrogen atmosphere for 6-7 hr*2¢. CO0C,H
# P Ao 5 na
+

In the course of such chromene and dihydrocoumarin o ~0-80% Q2
syntheses, elimination of carboxyl groups*®* or of o v

the triphenylphosphinyl group in phosphoranes?2® N

were sometimes observed. R’

The d-dioxo compounds (types 282 and 285, Section 399
2.3.2.) obtained by C-alkylation of alkyl ketones or
alkyl 3-oxoalkanoates with ketonic Mannich bases
are useful starting materials for another type of

cyclization, leading to cyclohexenone and cyclo-

R' = H;R? = CHy; or
R' = —CH;—-('ZH—C;H-,-n, —CHZ—?H—C3H7-n; R? = H
CH, CoHs

[122] The Mannich base and cthyl acetoacetate in an ethanolic

hexanone derivatives. Thus, bicyclic ketones 397 and
398 may be prepared from cyclopentanone and 4-
aminobutanones®'?, and from cyclohexanone and
5-amino-2-methylpentan-3-ones*®, respectively.
Compounds 399 were directly synthesized from ethyl
acetoacetate and Mannich bases derived from cyclo-

hexanones®® (see also Ref.**?),

383 A F. Casy, N. J. Harper, J. R. Dimmock, J. Chem. Soc. 1964,
3635.

solution of sodium ethoxide were allowed to stand for
17 days at room temperature®®,

384 H. 0. House, W. M. Bryant, /. Org. Chem. 30, 3634 (1965).

385 Brit. Patent 952137 (1964), Sankyo Co.; C.4. 61, 5614
(1964).

386 1 E. Pollak, G. F. Grillot, J. Org. Chem. 32, 2892 (1967).

387 R. Andrisano, L. Chierici, Gazz. Chim. Ital. 89, 505, 888
(1959).

388 H. J. Roth, G. Langer, Arch. Pharm. 301, 736 (1968).
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The reaction between the bis-base derived from
acetone and 2-methylcyclohexan-1,3-dione is more
complex; the 3,4-dihydrocournarin 400 was suggested
to be formed via a bicyclic intermediate involving
positions 2 and 4 in both reagents, followed by the

opening of the diketone ring*’*.
CH,
’ 0
NQ > H1C
+ = ——>
:N\/g%/’ 1 > 60 % 0’\0
0 Y CHs
400

Another synthesis involving substitution of the
amino group is the cyclization of Mannich bases
derived from ketoximes (as the methiodides) to
afford 4%-1,2-oxazolines (401; Table 42).

1 R? o, Rl R?

R\n)\(NC ATECY ‘\?/_S\a

HON R3 AL ~0” 7R
401

SYNTHESIS

Some further examples of cyclizations of Type D are
as follows:

- The reaction of several Mannich bases with 6-
amino-1,3-dimethyl-2,4-dioxo-5-nitrosotetrahy-

dropyrimidines affords*®” purines 402.
0 9]
H3C NO \$/\ H3C\ N
Y« MR — X R
0 r;l NH; 07N N
CHs CHs
402
CH3 HO_  (CH3) (CHa)
\ H (CH3)

Dihydrofuran derivatives of the types 403 and 404
have been obtained from ferrocene Mannich ba-
;312313 and from an o-phenolic Mannich base of a

ses
thiocolchicine derivative*®®, respectively.

Table 42. Cyclization of p-Aminc-ketoximes to 4%-1.2-Oxazolines

A*-1,2-Oxazolines (401) Yield (%;)  References
T — [Conditions]
R' R R '
) H " 27 50[123] 305
—C=CH \—, , -(E:CH@ H H good [123] 405
CHy CHs
~c=on-d M-no,
CH,
-@ 0 H 53¢ 406
@ CHy H 26" 276
_® H CHs 85" 276

* 1009 of D-derivative.
" Optically active product.

[123] The methiodide of the f-amino-ketoxime was refluxed in
ethanolic sodium ethoxide for 6 hr, or was heated in
aqueous sodium hydroxide for 1 hr at 50° 305403,

The mechanism of the reaction has been studied
using deuterated*®® and optically active?”® oximes.
Isotopic exchange was not observed and the optical
activity was retained in the products, thus precluding
an elimination-addition mechanism (shown to be
operative in other substitution reactions).

389 E. Krohnke, Angew. Chem. 7%, 317 (1963); Angew. Chem.
Internat. Edit. 2, 225 (see p. 231) (1963).
390 N. Uchino, Bull. Chem. Soc. Japan 32, 1009, 1012 (1959).

391 K. von Thiele, K. Posselt, W. von Bebenburg, Arzneimittel-
Jforschung 18, 1263 (1968).

2 B. L. Ardashev, E. S. Kagan, V. V. Mezheritskii, T. F.
Sidorova, Khim. Geterocikl. Soed. Akad. Nauk Latv. SSR
1966, 250; C.A4. 65, 2217 (1966).

393 H. I. Roth, E. Schumann, Arch. Pharm. 303, 268 (1970).

394}, M. Bobbitt, C. P. Dutta, J. Org. Chem. 34, 2001 (1969).

395 R, Andrisano, A. S. Angeloni, F. Del Moro, M. Tramontini

Ann. Chim. ( Romaj 558, 968 (1965).

R. Andrisano, A. S. Angeloni, M. Tramontini, Aan. Chim.

{ Roma) 55, 143 (1965).

397 J. H. Roth, G. Langer, 4Arch. Pharm. 301, 707 (1968).

39% ). Brugidou, H. Christol, C.R. Acad. Sci. 256, 3149, 3323
(1963); Bull. Soc. Chim. France 1966, 1974.

392§ Malek, M. Cerny, Svathesis 1972, 217.

409 Not used.

491 M. von Strandtmann, M. P. Cohen, J. Shavel, Tetrahedror.

Lett. 1965, 3103,

39¢
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CeHg, OH D/ [124) Cshs 0
N— —_—
csH5>§=<- \ 79 % CBHS);.—(
403
&/
r 125]
BTG IR T &

[124] The methiodide of the Mannich base was treated with
sodium in liquid ammonia and then refluxed in monoglyme
for 6 days.

[125] The methiodide of the Mannich base was allowed to react
with diazomethane in methanol/dichloromethane at 5° for
2 days*"8,

The synthesis of five-membered O,P-heterocyclic
compounds (335, Section 2.3.6.) from o-phenolic
Mannich bases and triethyl phosphite®®°, as well as
the intramolecular cyclization of Mannich bases
derived from 2-(1-oxopropyl)-furans to give 6-oxo-
5,6-dihydro-4 H-cyclopenta[ b]furans®? (70, Table 9)
are also noteworthy examples of cyclization of Type
D.

2.7. Miscellaneous Reactions of Mannich Bases

Azo coupling of Mannich bases containing amino-
aryl groups is used in the synthesis of dyes (cf.
Sections 1.4.2. and 1.4.4.).

Bromination of 2-aminomethylcycloalkanones, e.g.
androstane derivatives (405), occurs at positions 2
or 4, depending on the reaction medium; subsequent
dehydrohalogenation is used in the synthesis of 2-
aminomethylandrostene derivatives*®®.

Br, in CCl,

N {
M1 C
0

. 405
Bryin AcOH / HBr

Bromination of 5,7-bis-[aminomethyl]tropolones
takes place in position 5, azo coupling in position
72()6'

Oxime-2"* and hydrazone formation®** of Mannich

bases derived from 9-oxo-3,7-diazabicyclo[3.3.1]-
nonanes (“‘bispidinones™) and oxime formation of
ketonic Mannich bases?7%:300-405:410 have been
studied with regard to the syn-anti stereochemistry

402 M. von Strandtmann, M. P. Cohen, J. Shavel J. Heterocyclic
Chem. 6, 429 (1969).

403 H. Helimann, J. L. W. Pohlmann, Liebigs Ann. Chem. 642,
40 (1961).

404 p, V, Ramani, S. K. Sankarappa, S. Swaminathan, Tetra-
hedron Lett. 1970, 2353.

405 A.S. Angeloni, G. Pappalardo, Ann. Chim. ( Roma) 53, 641
(1963).

406 p_ L. Scott, R. . MacConaill, Tetrahedron Lett. 1967, 3685.
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of the oximino group. The Beckmann rearrangement
of amino-ketoximes has been investigated?7¢-3°°-
405,410 Beckmann rearrangement of Mannich bases
derived from acetophenone oximes and deamination
of the resultant 3-aminopropanoic acid anilides (406)
affords acrylanilides (407) in good yields.

X

/R
N

NOH

n N/R 271 H
N
/@ \ﬂ/\/ R oo ‘n’“
X 0 X 0
406 407

X = H, NO,, OCH3 , Br

[126]
\R 71-98 %

[126] An anhydrous ethereal solution of the f-amino-ketoxime
and a benzene solution of phosphorus(IIl) chloride were
mixed with cooling and the mixture was allowed to stand
at 0" for 1t hr. The products were isolated as their
methiodides*'°.

[127] The methiodide of amide 406 was heated in aqueous
sodium hydroxide for 1 hr at 50° 3%°,

Decarboxylation of 9-oxo-3-azabicyclo[3.3.1]non-
ane-1-carboxylic acids (123)'3+4!! and 1,7-dioxo-
2,3,4,5,6,7-hexahydro-1 H-2,6-methano-4-benzazon-
ine-2,6-dicarboxylic acids (cf. 124)'*° has been
carried out in good yield by refluxing the starting
materials in 25%, hydrochloric acid for 16-18 hr;
the reaction also allows the substitution of the
carboxyl group by deuterium*!’,

Hydration of the C=C triple bond in Mannich
bases (408) derived from 4-hydroxy-1-alkynes in the
presence of mercury(Il) salts affords «,f-unsaturated
p’-amino-ketones (409)*7% (cf. Ref.'84).

/R3 0
AN R

1 rj\/\ /R3
R N
46-71% | \p3
R2><<;| R'"” “R? §
408 409

R'=R2=CHz, CHs; or
R'=H,R2= n-C3Hy , i=C3H7 ; or CHj
1
R'-R2= - (CHz); 5-, ‘CHz—CHz—O-?'—CHz—
,CHs CaHs

CH3
-N = —~N -

, N -N
R3 “CHs NeoHs

[128] Mercury(ll) sulfate was added in portions (every 30 min)
to a stirred solution of the Mannich base in 109, sulfuric
acid. The stirred mixture was heated at 6063 for 6 hr*7.

407 E. C. Taylor, E. E. Garcia, J. Amer. Chem. Soc. 86, 4720
(1964).

408 A Bladé-Font, Tetrahedron Lett. 1969, 3607.

409 G. de Stevens, U. S. Patent 3092621 (1963), CIBA Corp.;
C.A. 60, 604 (1964).

410 E L. Scott, R. J. MacConaill, J. C. Riordan, J. Chem. Soc..
[C] 1967, 44.
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Metallation of aminomethylferrocenes with buthyl-
lithium?3!12:41241% takes place at the position ad-
jacent to the aminomethyl group, which appears to
activate the substrate for the reaction®'?. In deriv-
ative 410, the Li-atom can be substituted by chlor-
ine*'* or deuterium, and by carbonyl- or hydroxy
groups®!2#!% or the diphenylphosphinyl group*'®
to give products 411 in good yields.

/CH3
N [29]
Fe \CH3 _
Qo Qe
N N
Fe \CH3 Fe \CH3
410 411
?Ha (szs
X=D,Cl, —C=OH, —C—Ok , ~C-Cefis ,
CH3 CeHs b
,CeHs
—C—NH—CgHs , —PL
CeHe

[129] A solution of butyllithium in hexane was added during
10 min to an ethereal solution of the Mannich base with
stirring; the mixture was strred for an additional hour?'2,

N-Acylations of secondary ketonic (including bi-
cyclic) Mannich bases have been carried out with
the usual acylation reagents, with tosyl chlor-
ide?®, and with ethyl chlorccarbonate'*?. The re-
action of secondary nitroalkylamines (e. g. 167) with
nitric acid'®? affords the corresponding N-nitro
nitroalkylamines.

SYNTHESIS

Oxidation of the aminomethyl group in Mannich
bases with manganese(IV) oxide affords aldehydes.
The reaction is particularly useful in the ferrocene
series, affording ferrocene-aldehydes in 5-559;
417

yields

P4
R N\

B0, r—cHo

[130] The Mannich base (1 mol) and manganese(IV) oxide
(10-20 mol) were allowed to react in chlorohydrocarbon
solvents at 20-80° for 3-60 hr*'’.

The photochemical reactivity of several 2-arylamino-

alkyl ketones has been investigated*'8”42!; ir-

radiation in methanol or tetrahydrofuran for 6-24 hr

affords imines 412 as the main products (Table 43).

By-products observed include deaminoalkylation

products*'® (which in some cases may even be the

main products) and 1-arylpyrroles (413), which are
formed by fragmentation reactions*'8:42°,

R? R2
R! Art 1
YN e AN
0
HN\Arz HO N\Aﬂ
Ar 412
L
N7 Ar
I
At 413

Some 2- and 3-substituted 3-amino-1-oxo-1-phenyl-
propanes have been photocyclized to give 2-amino-1-
hydroxy-1-phenylcyclopropanes in good yield*?'.

Table 43. Synthesis of Aryl 2-Hydroxy-1-alkenyl Ketone N-Arylimines (412) by Photodehydrogenation of 2-Arylaminoalkyl Ketones

RZ
Imines R\ N\ Ar'
HO N\Ar2 412
R’ R? A Ar?
_‘CH2)3’4' ‘<\:>, _©
N\ /

™
OO O

DO <D AOroen

Yield (%) References
20- 50 418

24-60 418. 420
7-70 21, 418. 419

411 H. 0. House, H. C. Miiller, J. Org. Chem. 27, 4436 (1962).

412 E_ 8. Bolton, P. L. Pauson, M. A. Sandhu, W. E. Waits,
J. Chem. Soc. [C] 1969. 2260.

413 T, Aratani, T. Gonda, H. Nezaki, Tetrahedron 26, 5453
(1970).

414 R. L. Gay, T. F. Crimmins, C. R. Hauser, Chem. & Ind.
1966, 1635.

#15 D, J. Booth, G. Marr, B. W. Rockett, A. Rushworth, J. Chem.
Soc. [C] 1969, 2701.

G. Marr, T. Hunt, J. Chem. Soc. [C] 1969, 1070.

K. Schlogl, M. Walser, Tetrahedron Lett. 1968, 5885.

H. J. Roth, E. Schumann, H. George, F. Assadi, Tetrahedron
Lett. 1968, 3433,

H. J. Roth, 1. Allmer, Arch. Pharm. 303, 741 (1970).

416
417
418

419
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0 /
CoHs—bmCH=CH-N" — HO>Y(N\
gHs—C—CH—CH~—

- CgHsg
H

Mannich bases derived from cycloalkanones under-
go photolysis in aqueous medium to give w-amino-
carboxylic acids (e.g. 414) in yields of 3-20°/422,

/0

0 l/COOH
{CH2ln N‘ Y M&) (CHa)n
\""/ \/\/N: >
n=1-4

414
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