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Data on the aminomethylation reaction {the Mannich reaction) for the period 1970-1980 are examined and a systematic
account is given. The synthesis of S-aminoketones from various ketones (dialky! ketones, alkyl aryl ketones, heterocyclic alkyl
ketones, and cyclic ketones, as well as diketones) is discussed.
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I. INTRODUCTION

The interest in B-aminoketones (Mannich bases) has been
stimulated recently by the following factors: (a) f-amino-
ketones are intermediates in the synthesis of o, f-unsaturated
ketones, B-aminoalcohols, and heterocyclic compounds;

(b) B-aminoketones are potentially biologically active com-
pounds.

The main method of synthesis of R-aminoketones is based
on the aminomethylation of ketones. The extensive literature
on the aminomethylation reaction, called the Mannich reac-
tion, has been systematically represented throughout in
review articles® 3, and monographs*!S. A review!® is
devoted to advances in the study of the Mannich reaction
during the period 1960—1970.

In our own review article!’, we considered the amino-
methylation reaction using c-aminoacids as the amino-compo-
nents.

It is known that Rf-aminoacids possess a broad spectrum of
biological activity. Many of them have found applications in
medical practice. Thus the hydrochlorides of 4-(n-propoxy)-
and 4-(n-butoxy)-B-piperidinopropiophenones (falicaine and
dyclonine) as well as the hydrochloride of 4-(n-propoxy)-g-
hexamethyleneiminopropiophenone (hexacaine) are used in
medical practice as local anaesthetics’®”?!, the hydrochloride
of 4-methyl-a-methyl-R-piperidinopropiophenone (mydocalm)
is used as an anticonvulsant??, and the hydrochloride of
6-[ B-(3-phenylpyrrolidino)propionyl]-1,4-benzodioxan
(pyrroxan) is an a-adrenoblocking agent?®:2*,

Furthermore, antibacterial?®~?°, anti-inflammatory
antitumour?®%2737  analgesic®”:°®, psychotropic®? and other
properties*® ™7 have been discovered in a large number of
B-aminoketones.

The present review is devoted to the available literature
data on the aminomethylation reactions of various ketones
accumulated during 1970-1980 (and for diketones also up
to 1970).

For clarity and to ensure brevity of exposition, we thought
it useful to quote the biological activities of B-aminoketones
in a separate column in the Tables.

30,31
)

1. AMINOMETHYLATION OF KETONES

One of the convenient methods of synthesis of R-amino-
ketones is the Mannich reaction, which consists of the con-
densation of a ketone containing at least one hydrogen atom
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in the a-position with an aldehyde (usually formaldehyde)
and an amine:

|
. /
- B -
{ C—H + —C—H }lx\

bt Cobd
(0] (0] O

Numerous communications have been devoted to the study of
the mechanism of this reaction!-®=%18,38,48

1, Dialkyl Ketones

A number of studies have been made of the aminomethyla-
tion of asymmetric dialkyl ketones*®~3, Despite the fact
that the Mannich reaction has been studied for a long time,
the problem of selectivity for asymmetric ketones has still
not been fully solved. Some data*® are now recognised as
erroneous.

There are mobile hydrogen atoms in the o- and a'-positions
in the molecules of dialkyl ketones of type (1), which
suggests different modes of aminomethylation:

H—(II~~C—-(“.7H
[
0
(U]
When ethyl methyl ketone (1I) is aminomethylated, a mixture
of three aminoketones (II1)—(V) is formedS!:
—-=» HC—C—CH—CH,Am

|
O CH;

am

HyC—C—CH, -+ CHy0 -+ HAm —|— — H,C—CH,— C—CH,CH,Am
P I
O CH, w5

i)
—~- HyC~C—C(CH,Am),
(|
O CHjy
v)
Am = N(CyH;)2, NGHy,

It has been shown that, with decrease of the pH of the
medium, the yields increase: on heating ethyl methyl
ketone, paraformaldehyde, and diethylamine in ethanol at
pH 8-9 for 6 h, the overall yield of the mixture of amino-
ketones is 28.6%, while at pH 1 it is 43%. The formation of
compound (IV) has been demonstrated by specific synthesis
and also mass-spectrometrically 2.

The relation between the yields of the final products and
the pH of the medium has also been considered®?,
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The aminomethylation of 4-methyl-2-pentanone (VI) in
ethanol in an acid medium leads to a mixture of 1-morpholino-
5-methylhexanone (VII) and 1-morpholino-2-isopropyl-3-
butanone (VIII) (in proportions of 69:31) with an overall
yield of 81%, while in a basic medium a mixture of compounds
(VII) and (VIII) is obtained with the latter predominating
[(VID): (VIII) = 8:92]; the overall yield is 43%:

s H,C—CH—-CHy—C—CH,CH,NC,HO
| 1

H,C—CH—CH,CCH + CH,O -+ HNC,H,0— CH, ) 0
du, ¢ v
VD Lo, 4 C—CH— CH—CH,NG, H,
CH, C=0
du, (v

It has now become possible to direct aminomethylation to a
particular o-carbon atom in an asymmetric ketone using
immonium salts as the reagents. Thus the aminomethylixtion
of the ketone (IX) °*7%7 using the immonium salt (CH,),N =
CH,X™ (0.05 M, X = CF3;CO, or C10,) in trifluoroacetic acid
at 72 °C leads to selective attack on the more substituted
a-carbon atom with formation of compound (X):5®

Rl
— (HJC)z.\ICHg—(‘:-VC—CH,R“
RO
X
BN e, touf=an® | RI\CH—C~(§H)-CH N(CH)
Rz/ [ : R [ : b
0 R 0 R

(IX) (XI)

RY,
— R2>CH4§ —(’%—CHEN(Cﬂa)z
O CH,
(X11)
R! .- R?<H, CH,; R? = CH;, CHs, n-C,H,
R14-R? = (CHy),, 1= 3—5 .

Table 1. The regioselective synthesis of the f-aminoketones
(X) and (XI) from asymmetric ketones RCOCH; and immonium
salts®S,

Immonium salt R Overall yield, % (X):(X1)
Solvent F3C-COOH
+

(CH),N =CH,CF3CO0O~| C;H;CH, 95 85:15
ditto CH,CH, 85 80):20
» (CH3).CH 90 85:15

» cyclopentyl 90 95: 5
» cyclohexyl 70 69:31

Solvent CH3CN
_ 1

(CHIN=CH,CIG, ' cyclopentyl 80 0:100
ditto (CH3),CH 95 0:100
» cyclohexyl 90 0:100

On increase of the concentration of the immonium ion to
2 M, the reaction product is compound (XI), which is formed,
according to the authors, as a result of the isomerisation of
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the aminoketone (X).+ In acetonitrile at 72 °C and in the
presence of a 2 M concentration of the immonium ion, the
reaction product is compound (XI), whose formation is
accompanied by that of the aminoketone (XII), which con-
tains the vinyl group. The sterically hindered dipropyl-
(methylene )ammonium salt reacts specifically with the methyl
group in alkyl methyl ketones in acetonitrile (Table 1).

From the experimental data, the authors conclude that the
regioselectivity is greatly influenced by the size of the
group at the nitrogen atom, the solvent, the concentration
of the immonium salts, and the counterion.

Enol borinates also react regiospecifically with dimethyl-
(methylene)ammonium iodide in dimethyl sulphoxide (DMSO0).5*
The reaction constitutes an effective method of synthesis of
Mannich bases from o-diazoketones or o,R-unsaturated
ketones and aldehydes:

- g -
RaB + R1-~C—CHyN; > RBOC = CHR —H2ecltls g1 ¢ CH—CH,N(CHy):
i hl
i) R o R

H
|
RyB -+ R'—C—C =CHy - » R;BOC=C—CH,R —
I
0 H R!

H
.
o [
R RI_C—C —CH,N(CHy):

i
O CH;R

R == Can. CnHm, C;Hys; R!' = CsH; (CHn)zC” .

Despite the possibility of aminomethylation at both methy-
lene groups of the substituted acetone molecule®®~®%, the
products of aminomethylation at the methyl group have been
characterised®® [compound (XIIIa)], while other workers®®~®!
characterised the products of aminomethylation at the methy-
lene group [compound (XIIIb)]:

— > R—CH,—C—CH,CH,Am
)

(X1
R—CHy—C—-CHj; -+ CH,O - HAm—
I| (@]
O I
—— R—CH—C—CH,
|
CI{2A111
(X1ilb)
(@) R = CH,CH,COOC,H;, CH,CH.CN, CH,CH =C—CHj;, CH,CH,C,;H,OCH,-m;
|
Cl
CH,CH,—C(C;H;—OH-0),CHyz; Am - . N(CgH;),, NCsH o, N(CiHj)e
AN
(b) R = CyH;, ‘ ” 3 Am = N(CHj)s, N(C;H;), NC,HO
SN NNHT

Optically active Mannich bases (XIV) have been obtained
in 36—50% yield by the reaction of (+)-ethyl 2-methylbutyl-
acetoacetate with paraformaldehyde and secondary amines®?:

CH,Am
|
CH3—~C—CH—~COOC,H; -+ CH30 -+ HAm — CH,C—C—COOC,Hj;
Ii !
O GHpy O GHu
(X1V)

Am:N(CH3}2, N(Czﬂa)zx N(C3H7)2, N(n-CgHuy)s, NCgH,q,
NC,HO, N(CH,CH,OH), .

The above justifies the conclusion that, regardless of the
pH of the medium, the aminomethylation of asymmetric dialkyl
ketones leads to the formation of the o- and o'-aminomethyl
derivatives and that in an acid medium the reaction involves

+1In our view, the direct formation of compound (XI)
cannot be excluded.
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preferentially the less substituted a-carbon atom, while in an
alkaline medium it involves the more substituted a-carbon
atom. It has been suggested that the observed relation
between the regioselectivity of the aminomethylation and

the reaction conditions reflects the change in the relative
rates of the enolisation and addition stages.

2. Isonitrosoketones

A number of studies have been made of the aminomethyla-
tion of g-isonitrosoketones®* %7, It has been shown that the
products of the aminomethylation of a-isonitrosoketones (XV)
are mono-, di-, and tri-substituted derivatives (Table 2).

Table 2. The Mannich reaction involving substituted iso-
nitrosoketones.
Initial ketone Aminomethylation product Yield, %| Refs.

(@]
CH,CH,—C~--C=NOH CH,—CH-C -C.-N—OH 47T—T75| [64]
Il | l
O CHg CH,Am  CH,
Am -~N(CH,),. NC,Hy, NCGHy,
CH;—C —-C-=NOH AmCH,
i AN
O Rt CH- C— C—NOH 3190 | (64]
; |
AmCH, O R
R'=CHj;, C;H;, COOC,H; Am N(CH.),. N(C;Hg),. NC,Hyg,
NC,HgO, NCgH,,
CH,--C—CH. :NOH AmCH, 26—70 [65)
| N
O CH—C--CH=NOH

il
AmCH, O
Am=N(C,Hz),, NCHO, NGsHyp

CsHNCH,

CH—C—CH=NOH
S
CHNCH, O

CsH1NCH,

CH--C—C=-NOH

/ i
CoHyoNCH; O CH,
|

i

Am
Am o N(C,Hy),, NCH,y,

165]

Hahn and Bartnik®* proposed a probable reaction mecha-

nism consisting of the following stages:

(1) condensation of

the formaldehyde with the CH acid component in which the

amine behaves as a basic catalyst;
hydroxymethyl derivative formed;

(2) dehydration of the
(3) nucleophilic addition

of the amine to the double bond facilitated by the vicinity of

the carbonyl group.
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- _
N
R2 J o 0
i !
R'-—CH;—C—C—=NOH L"”»‘ H,C C—C--NOH | -
f R
0 ¢H Re
(xv) i
R _
= . =
el
0 H—0 O
It | |
> HOCH,CH—C—C—NOH — | HC C—C=NOH | —
| N7z
R R? < e
j
_ R N
(6] B O
) !
- | cHy—c—Cc—c=NoH | B+ R,NCH,—CH—C~C--NOH
| | |
Rl R‘l "{\ R2

The mode of reaction of di-isonitrosoacetone (XVI) with
formaldehyde and primary and secondary amines has been
investigated. The reaction products are respectively
derivatives of 5-(hydroxyiminomethyl)imidazole 3-N-oxide
(XVIID) and the oxime of aminopyruvic acid (XVIII):®’

0

,'/,K
H,CO.H,NR ” \
T~ HON HCY N
|
/CH—NOH R
0=C —] XVII
\CH=NOH (xvih
(XVI) - 0
L HCOBAM | goN- ¢ -C-CH NOH |2 HON C~-COOH
! |
CH.Am CH.Am
(xXvin

R = CH, C.H;, C;H,;, C;H,CH,. p-CH,OC,H,, p-C,H,0CH,
Am=- NC H,O, NC;Hyg .
The authors explain the formation of compound (XVII) in
the following way:

¢}
U 0
AN .
HC=NOH ‘CH,O -H,NR] HC  CH, N
=101 + 14,0 }~ | |~ | | — (XVI)
C=0 CH,=N—R| C-0 NH N—R
| ! | ]
HON. =CH HC R CH
HON HON

This is consistent with the data obtained by Lettau®®~"? for
the condensation of isonitrosoketones with aldehydes and
primary amines.

3. Alkyl Aryl Ketones

In order to investigate the problem of structure—reactivity
relation, a large group of B-aminoketones (XX) have been
synthesised by the Mannich reaction from substituted benzyl
phenyl and cyclohexylmethyl phenyl ketones (XIX)

(Table 3):3% 73780

R1— " S—C—CH, +H,CO + Ham ~ R'— _ ~C—CH—CH,Am
— —7
(XIX) O R? 0 R (XX)
y

&) R? = CoHy, ) R* = GHyy, @ R*=—_  H—0Alk

It is known that the course of the Mannich reaction and
the yields of products are significantly influenced by the pH
of the medium®®!, The results of studies in recent years
fully confirm this hypothesis®®>5%73=77 Thus the yield does
not exceed 28% in the condensation of the ketone (XIXa),
paraformaldehyde, and pyrrolidine in an acid medium
(pH 1-2) on heating for 30 h. On the other hand, in a



564

basic medium (pH 8-9) heating in the course of 4 h ensures
a 70—90% yield of the aminoketone (XX):

RoNH - CH,0 — R,NCH,OH

i T\ _ . —\ m TN
Rt G CHy ) O — R GG S
(0] (6]
(XIX) (XX1)
H H
— — NS
(XXD +H,(|:—NR, 2 R—< >—C—CH (I: OH——
=71 |
OH o/ N
T
H H

S R N—C—CH—CH,NR
\:/ “ I ¥ 2
o /\H
|

XX) N

Table 3. Aminomethylation of benzyl phenyl and cyclohexyl-
methyl phenyl ketones.
— TN
R~ M=C_CHR* R
-4 G CHCHAM vielq | Biological activity | Refs.
O R? ¥4
Rt R? Am
H, HO, n-alkoxy- CyH; NCyH;o [38—92|  analgesic, 173]
{Cy-C7), iso- anaesthetic
C3H70, iso-C5H110
H, HO, n-alkoxy- CgH; NC,HsO [46—89 — [73]
(C1-Cs), iso-
CsH110 |
H, HO n-alkoxy- CyH, NC4Hs 28—91| anaJ analgesic 174]
(C1-C7), iso-
C3H70, iso-CsH1 10
77N .
H —\ /‘* —R3 | NC.H, 32—62, ditto [75]
R3 =1, HO
n-alkoxy-(C1-Cs),
iso-C3H70, is0-C4HgO.
iso-C5H1 10
H, n-alkoxy- CyH; NCiH;. 61—75| anti-inflammatory, [76]
(C1-Cs) antipyretic
H, HO, I, C4Hq0, | NGC;Hyp,  [43—91 ditto 771
iso-C3H70 VN NC¢Hya.
(1 ]k
N CH(CHj),
H, n-alkoxy- CgHs HNCHj;, {47—80| loss of analgesic 78]
(C1-Cs), iso- HNC,Hs activity
C3H70, iso-CsH) 1O

In all probability the reaction proceeds via the Sy2 mecha-
nism®®. Presumably, with increase of the pH of the medium,
the concentration of the carbanion (XXI) increases, which
tends to increase the rate of reaction.

The opposite relation is observed in the aminomethylation
of the ketones (XIXb).”” Thus, when a reaction mixture
consisting of equimolar amounts of cyclohexylmethyl phenyl
ketone, paraformaldehyde, and hexamethyleneimine is heated
for 15 h at pH 1.0 in dioxan, the yield is 83%, while at
pH 7.0—8.0 it does not exceed 25—30%. In this case the
reaction apparently proceeds via the electrophilic substitution
mechanism (Sg).
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When primary amines are used, the disubstituted deriva-
tive (XXIII) is formed together with the monosubstituted
products (XXII):7°
N 2 N T
= ¢ !CH CHpAm

I - N
R—<z)—‘c—cn,__ { _ » +CHyO -+ HAm— |‘ i

N
(XXII)

[ R~ S—c—cH-
R~ 5 ”c lcx-l CH, |Am

(XX1I)

It is known that the biological activity of B-aminoketones is
significantly influenced by the presence and position of an
alkoxy-group in the benzene ring, the structure of the
amino-group, and also the substituent in the a-positioni®,

Pharmacological studies of the salts of the aminoketones
(XXa, Am = NC:H,,) showed that the methoxy- and ethoxy-
derivatives completely lack a surface-anaesthetic activity.
An increase of the length of the alkoxy-group to four car-
bon atoms results in the appearance of a moderate activity,
which weakens as the length of the hydrocarbon chain is
increased further to six atoms"®. The hypotensive activity
of these compounds increases with increase of the length of
the alkoxy-group from methoxy- to pentoxy, after which it
falls. The replacement of piperidine by pyrrolidine in the
molecule of compounds (XXa) results in the appearance of
both terminal and conductor anaesthesia. Some of them
approach dicain as regards their anaesthetic activity and
morphine as regards their analgesic activity’®,

The anti-inflammatory activity of the aminoketones (XX)
has been investigated as a function of their capacity to arrest
the haemolysis of rat erythrocytes. It has been shown that
in vitro they all suppress the haemolysis of erythrocytes at a
concentration of 107°-107* M and, after an increase in the
length of the chain of the alkoxy-group, at 107 °-107° M. 3!

A change in the position of the alkoxy-group, as in com-
pound (XXc, Am = pyrrolidine), and also the replacement of
the cyclic amine by a primary amine (methylamine, butyl-
amine) lead to the loss of analgesic activity’>’?. The
replacement of the phenyl group in the a-position by the
cyclohexyl group, as in compound (XXb), is not reflected
in the anti-inflammatory activity of the compounds, but some
of them acquire antipyretic properties’’.

In order to investigate the relation between the chemical
structure and biochemical activity, Schrotter and co-workers
also synthesised a large group of R-amincletones (XXIV)

(Table 4):827%7
R
;ﬁ@—ﬁ—ﬁllz—cﬂzﬂm
R 0

(XXIV)

Piperidino-derivatives are the most active among the amino-
ketones (XXIV, R! = H, R? = 4-alkoxy-, R® = C,H;) and
the intensity of the anaesthesia increases up to R?>=n-C;H,0,
remains constant up to R?=n-C¢H;,0, and then falls?®. On
the other hand, the maximum duration of the activity of the
compound has been noted for the n-heptoxy-derivative.
Compounds with iso-groups are inferior to the n-alkoxy-
derivatives both as regards the intensity of the anaesthesia
and the duration of the activity. It has been noted that,
when the methyl or ethyl group is introduced into the
4-position of the piperidine residue, the strength and dura-
tion of the activity increase. The replacement of the
4-alkoxy-group in aminoketones (XXIV) by an alkoxy-group
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Table 4. Aminomethylation of acetophenones.

Initial ketone Aminomethylation product Yield, % Biological activity Refs.
{ S—c-cH TN C—CH,CH,A '
< —C—CH, —CH,CH,Am 31—88 — [88—90, 111]
o) e}
Am=N(CHy),, NC,HsO, NCsHj,,
HN—<7 5—SO:NHR (R=H, HNCsHs, —C(=S)NH,)
RO— D—C—CH, RO—{ )—C—CH,CH;Am 20—63 local anaesthetic, 82, 87]
\_.> (‘ N—r c;; : bacteriostatic
)
R=CHaCO, C;HsCO, nalkyk(C,—C,). iso-CyH;, | Am=N(CHa)z, N(CsHy), NC:Hyo, NCHg, NCoH o, NC,HgO
i5°'C4H‘o, iso-CsH,y, C;HyO(CHy)s, C;H;{O(CHy)s, k\
CaH130(CHy)s, C2H;O(CHy)g, C3HiO(CHy),. N —CH,(CqHs)
C{HyO(CHy), _/
- C—CH, 41—63 ditto [83—85, 94]

]i—(lll:—k HaNCoH,q
0 0
Cay H,C,

R=2(6)-CsH,0, C,H,0,

H,C,0— " 3—C—CH, mco—
S -
He' 0 HC

/
N —C(CHRN
I

TN
e »-OCH

AN
N(CHy)
e

1

R
Ri=Cl, Br, NO,, iso- CsH,, OH; R?=H, HO, CH,,

nalkoxy -(C;—Cg), C,H;:0(CH,),0, C;H,0(CH),0,
C,H,0(CH,),0; R3=H, CH,, CH,0, Br, NO,

NCsHyo, NCyHpg

R R
Ri{)‘c——cﬂa Rzﬂﬁ—cﬂzcﬂg.&m
3, g R

Am=N(CH,),, N(C,H);, N(C;Hs)g, NC,H,, NCH;O,

55—89 local anaesthetic [86, 87,98, 99, 112]

/R” ﬁ) /Ra o
s/ N\_C_
R L/ C—CHs =\
HC” R HC R
R'=C.H,, C;Hy, H; R3=H, C,H;, C;Hy; R*=H,

CsHy, CyH,

*The yields are given in grams.

[R? = 4-Alko~ (CH,)n0; n = 2, 4] made it possible to obtain
substances with the same activity but a greater duration of
the latter®®. Antiparasitic and antibacterial properties have
been found in some aminoketones of the (XXIV) series®%:%7,

The aminomethylation of substituted acetophenones has
also been studied*®®®711® (Tables 4-6). It has been shown
that, when 5-methoxy-2-nitroacetophenone reacts with
formaldehyde and dimethylamine hydrochloride in 1-butanol,
g-dimethylaminomethyl-5-methoxy-2-nitropropiophenone
(XXV) is formed®%%®:;

HsCO o
<—>—C"—CH,—CH,N(CH,).
o, ®xV)

{1
Rﬁ-/\’ >~C—CH,CH,NC5H1°O

ditto 871

Subsequently, Back established that the aminomethylation
of 2-nitro- and 2-ethoxycarbonyl-aminoacetophenones leads
to the formation of 2-nitro- and 2-ethoxycarbonylamino-o-
dimethylaminomethylacrylophenones (XXVI) in addition to the
expected propiophenone derivatives?®?%;

HyCO o
S |
{>—C—CCHN(CHY),

I
\NO; CH;  (XXV])

The authors explained the formation of compound (XXVI) by
the fact that, under the conditions of the Mannich reaction,
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Table 5.
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Aminomethylation of a-substituted acetophenones.

77\
Sadl /—([:I—CH,R’

L]
R! R* Reaction product Yield, % Biological activity Refs
H H, CHy, CiH, \_>—C—CH—CH,Am 54—89 antimicrobial [30]
O R2
Am=N(CHy),, N(CgHs),
Phenoxy-, substituted phenoxy-, H Rl_<__>ﬁc~_CH2CH2Am * local anaesthetic [too1
== |
R3— / \—OCH cud
2 \c HaO— Am=N(CgHs)z, N(C,Hs) g, NC,H;0, NCsH, o
(R3 -H, Cl, CHy)
4-F, 4-C), 4-Br, 2(4)-benzyloxy-, 4-fluoro- H, CHy, C,H;, C;H; . 42--T2 anticough [to1]
benzyloxy-, 2,2-dimethylaminomethoxy- 1 @7
C—CH—CGHN
=/ I 1,
0 R
Hal, NO,, iso- CgHs H, CHs, CoHs -7 —>—c—c|H—CH,Am . hypotensive {91, 102]
= I
O R2
Am=N(CH,),, NC;Hy,, NCgHy,y
“l
H, NO,, Hal, OH H, lower alkyl @ﬁ—(f“*”*:»‘““‘ 20—40 antimicrobial [103, 104]
= o
e
H. CH,, HO, F, F3C, C;He, NO,, CHy, CoH;, H, CH,, C;H;, CH,y R'— 4 \ ~C— (‘H CH,Am 20—76 stimulators of central [106)
CH, SO CH3SO, N (\)I RI‘ nervous system
Am=N(CHy)z, NC,Hs, NC,HO, NCsHyo,
VAR
N N—CH,
N—/
H, F — ““@‘,i“‘i“*‘i”:-‘"‘ 55—85 ditto [40, 106)
0 R?
N '\
A Z
R= 2(3.4)-CHy. 4= Cglg
*The yields are given in grams.
the C-hydroxymethyl compound (XXVII) is formed from com- HyCO o CH H,CO o cH
2 3

pound (XXV) and its dehydration leads to compound (XXVI):

— [l
¢ S—C—C—CHN(CHy), —

||
{ S—C—CH—CHN(CHy); -

—
Haco o \Nog(xxw) \NH, (XXVII)
(xxv) 0, // > —ccHaNHy, o~ (XD . H,co\ .
—X o [
NO, c&g\l?m & >—C—CH_CHN(CHs
. - . . . rﬁ-u:—cas
This has been confirmed by both physicochemical analytical Il
0 (XXIX)

methods and by various reactions of compound (XXVI), 2%
Thus catalytic hydrogenation of compound (XXVI) and
acetylation of the reduction product (XXVIII) lead to the
formation of 2-acetamido-5-methoxy-a-methyl-BR-dimethyl-
aminopropiophenone (XXIX):

The formation of an acrylophenone derivative has been

described also by Mann et al.®? in relation to compound (XXX)

as an example:
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Table 6. Aminomethylation of substituted acetophenones.
B
CCHRORY
R” L
R!, R? R, R* Reaction product Yield, % Biological activity Refs.
Rl
Cl, CHg, CH;0, C;H;0 H, CH ¢ —CHAm 42—59 stimulators of central [40]
' ) : Il 9 4 nervous sy stem
W O R R
Am = NUE D NCHO
RI\ /Rl R]ﬂ
H, I H. CHj, GoHy cH,0—{_$—C—C—CHN(CHy), 2293 diuretic (43}
=y
COOH 0 R
H, CH, H, CH,, OCH, {)—c—C—CHatm 6291 — 1110}
N N
O R? Rt
Am=NC,Hq, NC;H 4
WA o X/ | R A B
BN, €I, Oy, C;0; R 211, NOp, Gllgs B=H, Clly, gy Am=N(CHg)y, NCgllpg
N N
l l | ‘ * sedative [108]
S PZaN
NN “C—CHy NN NC—CHYCHyAm
]
o o
TN
Am=NCiHyo, IN=(|, K N—X, X=CH,,
N/
0-(Cl, F, CHy, CH30)CeH,, m-CICsH,, p-(Cl, F)CeH,, CHs,
CHyCHOH, COOC,H;, CH,GeHs,  —( )
N:/

*The yields are given in grams.

TN TN e
> ¢ fiz CH,N(CHg), -

(XXX) O CH,

3,4,5-Trisubstituted acetophenones containing nitro-
groups in the 3~ and 5-positions are aminomethylated with
difficulty (with a yield of 8—12%),%

In the case of resacetophenone, the aminomethyl group
enters the ring of compound (XXXTI):1°°

OH OHLC,N—H,C  OH

P N/
HO—_ »~C—CHy + CHy0 + HNCH,O —~ HO—~ %~ —C—CH,
— I ~ It

0
(XXXI)

The aminoketones (XXXII) have been obtained by the
condensation of substituted styryl ketones, paraformalde-
hyde, and amine hydrochlorides?¢,34,36,60,107,117-128 (a1 7).

RZ
D—cﬂ:cr{——-ﬁ —?H—-CHzAm
1

R 0 &3

(XXXI1)

According to infrared spectroscopic data, 4-dimethylamino-
methyl-1-phenyl-1-jonen-3-ones (XXXII, R? = CH,;) exist

in the S-cis- and S-trans-forms''®:
2 9
R H 2 H
N\ : /
(ﬁ C
N 1 I
R /c\ R /c 0
H ﬁ—cr{—n" H \c//
O CH,N(CHy), - HCI H(I:—u’

CH,N(CHj), - HCl

S-trans-(XXXII) S-cis-(XXX11)

Compounds (XXXII) possess various biological proper-
ties?6,%4,38,60,107,120,122,123 11y particular, many hydrochlo-
rides of derivatives of 5-dimethylamino-1-substituted phenyl-
pent-1-en-3-ones [XXXII, R! = H or 2(3)-Cl; R? =H or
4(6)-Cl; R? = (CH,)4CH;] exhibit pronounced cytotoxic
properties®*:36,122,

Their antimitochondrial properties have been investi-
gated'?%1?2, It has been shown that their hydrochlorides
manifest a high inhibiting activity, while the methiodides
lack these properties. The antimitochondrial properties of
the products of the deamination of the aminoketones (XXXII)
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have also been studied and it has been shown that the
unsaturated ketones are inactive in this respect2°®,

Table 7. Aminomethylation of styryl ketones.
Initial ketone Aminomethylation product Yj‘;d’ Refs.
%
77 N\_CH= 1 177N - ;
R »--CH=CH-C—~CH;R' R— —CH=CH—C— 37—-43| {26, 36
N o N—=" I 130) "
Ri=H, HO, 2-Cl, 4-Cl, R*=CHj, —CHCHN(CHy),
n-CsH;, Rlﬂ
¥ 3| R }?‘
2@»(:}{:&——?‘—(‘&:—}\ D‘;”=c1[—C—C—(:H2(NCH3)2 2956 [36 107,
K 0 X " ks 1187123}
R'=H. 2-(3,4-)C1, N(CHy)z? . 5 .
R2= H. 4(§)CL ROZH, m-CgHypi R'=R*zH; R®= - CgHy i R = CHy
B*:H, CH,
Re CH, R CfHa
R?_<_>~_C’=CH—-C——CH3 R2A<A>—C:CH‘C—CH2CH2Am 43—50|[124, 125]
— — I
& J R o
Rl= H CHj; R?=CH0, CaH,O; | Am=N(CH,)s, N(C,H;)s, NC,Hg,
R3=H, iso-CgH, NC,HgO, NCsH;,
R—-CH=CH—C—CH,Ar R—CH=CH—C—CH—CH,Am* . [126]
il 1
O Ar
R = aryl, alkyl, aryl- Am = s or t-amino-group,
alkyl, arylalkenyl heterocycle
Ar = aryl with various
substituents
Hsco\/ HyCO\
RO—__ J—CH=CH—C-CHj RO —{ e ~CH-C— = | [2m
— I =
0
R=H, Ac —CH,CH,NC,Hg0
— T N _c(c —
cty=cH-{_ S—ccn, | O~ (CHINE 24—62 [128)
=
7T N_gr
N’

*Possess antimicrobial and antimitotic

R=H, OH, CHj, CHz0, COOH, NO,

activity.

**The yields are given in grams.

4, Heterocyclic Methyl Ketones

A number of studies have been made on the aminomethyla-

tion of heterocyclic methyl ketones

41,101,129-13%

shown!®® that 2-substituted 5-acetyl-4-methylthiazoles
(XXXIII) can be aminomethylated in concentrated hydro-
chloric acid or in a 2:1 acetic acid—dioxan mixture with a

yield of 40—90%.

acid, and dimethylformamide was unsuccessful:

It has been

The aminomethylation in ethanol, acetic
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Ne— /CHs /CH3
P + CH,0 + HAm &>
R NS NC—CH, el \cc:H 1CH,Am
(XXXID)
R=H, CH;ﬁ—, CgH;,(':,—, m*NO’Cng(’i—, CICHQ?‘_‘,
0

ClLCH—C—, CHCH=CH—; Am = N(CHy)s, N(CiHs)s, N(iso-CsHy)3,
i

NC,H,0, NCgHyo

The aminoketones (XXXV) have been obtained in 60% yield
by the aminomethylation of 4-acetyl-3-methyl-1-phenyl-2-
pyrazolin-5-one (XXXIV) in ethanol in the presence of
hydrochloric acid?3!:

0
H I HyC I
'C\“ C—CHy 4 CH,O+ HAm Bt \u——C—CHECHEAm
N\]}‘/ No N\N/ No
|
CgHs CeHs
(KXXIV) (XXXV)

Am = N(C;H;)s, N(C;Hs)e, NCH;0

A method of synthesis of pharmacologically active amino-
methyl derivatives of 3-acetylbenzofuran (XXXVI) has been
patented’?:

(XXX VD)

R! = H, a halogen, or lower alkyls: R? = H,

a halogen, lower alkyls, or an alkoxy-group;

Am = lower alkylamines, pyrrolidine, morpholine,
piperidine, hexamethyleneimine, piperazine, or
N-methylpiperazine.

The aminoketones (XXXVII) have been synthesised by the
condensation of substituted 2-acetylbenzofurans with form-
aldehyde and amines®*:

R

k/\o/\
C—~CH—CHyAm
[
2
(XXXVII)
R==Cl, Br, CH;O; R* = H, CHg; R? = H, CHg, CoHs;
Am = N(CHjy)3, N(CyHs)g, NCgHyy

B-Aminoketones of the benzoxazolinone series (XXXVIII),
which exhibit an analgesic activity, have been obtained in
60—80% yield":

H,c_N_J\\T—c—CH,CH.Am

(XXXVII)
At = N(CHy)s, NC,HO, NGeHyo, —N7 O

Q N—CHs ,

Aminoketones derived from cytisine (XXXIX), whose
cholinolytic activity exceeds that of cytisine itself, have
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been obtained from substituted acetylthioindanones®®3:

CHy CH~—C;
e
N | I|| I |
R o
5 CH,

3

(XXXIX)

R=H, CH; -

The aminoketones (XL), obtained by the interaction of
substituted acetophenones or propiophenones with para-
formaldehyde and the hydrochloride of 3-azabicyelo[3.2.2]-
nonane in ethanol with added hydrochloric acid, possess an
anticough activity?®:

At—ICI—CHQR + cHo + HX

-
0

|
R
(XL)

Ar = 3-pyridyl, 2-thienyl, 3-indolyl, or
1-(N-methyl-4-piperidinyl)-5-methyl-4-pyrazolyl;
R = H or CHj.

The aminomethylation of certain acetyl derivatives of ste-
roids has been described!®571%7,

5. Cyclic Ketones

A large number of publications have been devoted to the
aminomethylation of cycloalkanones and their various deriva-
tives?®?,55,138=184 ' 5 the one hand, and heterocyelic
ketones®7=2"* on the other. Table 8 lists the substituted
cyclopentanones and the corresponding Mannich bases.

Roth and Thassler showed that the aminomethylation of
2-cyclopentylidene and 2-cyclopentyl-cyclopentanones
(XLI, a and b) in isopropyl aleohol results in the formation
of the aminoketones (XLII, a and b) as the sole products!?®®:

I )20 - I‘=U
NN NN N cHAm
) 0
(XLi 2) (XLIIa)
| L /l __J\ U\/l
N \H N e i \CHBA m
0 0
(XLIb) (XLII b)

Am = N(CHj;),, NC,Hs, NC,Hs0, NCgH,o, NHCgHy;, NHCH,CgHs -

Table 9 lists the cyclohexanone derivatives and their amino-
methylation products.

The aminomethylation of cyclohexanone and cyclopentanone
involving the direct use of an immonium ion*%!** generated
in the reaction mixture has been studied:

g q
I
VAN ” AN /CH,N(CH;,),
| | + (CHa)aNH + CH;0 > |
N/
(CHa)n (CHy),,
n=0.1

(CHy)sNH -+ CH,0 2 (CHy);N—CH,0H 2 (CHy);N=CH, (1)
o} o

i i
NN + (CHg)N=CH; - \/\,
H CH,N(CHg)s
According to the authors, this method has the following

advantages: (1) the concentration of the immonium ion is
higher than that resulting from equilibrium (1) and the

reaction is thus faster;
used;

(2) lower temperatures can be
(3) an aprotic medium can be employed.
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Table 8. Aminomethylation of cyclopentenones and cyclo-

pentanones.
Initial ketone Aminomethylation product Yield, % | Refs.
1 2 1 l 2 %
R N R’ R NS R
] - 30
N"No NNo
sy o 1
CHCO! , N,N-diethylacetamido, .
acorylmanhokno. Am=N(C;Hs)s, NC,Hs0, NC,Hs,
HNGGH,, HNG;H,, §  N—CHy
1, 2 1 2 *
R N /R R N /R
| | | - [30]
\/\0 \\1,/\0
R1=CH,, CgHs; R?= alkyl (C,—Cg) CHzAm
Am=N(CHs);, HNC,H,, NCH;0,
5110
I_“/ /CH2Am
‘ 61—73 ] 1139)
VAAVAN “
i Am AmcHy” N Non
O
Am=NC,H,, NC,HsO, NCsHy,
0 Dy
| — 310 |[140]
N TN
HO N HO N el 0
0 0 N—v
=
R R | 60—75 | 51]
™~ x NCH Am “ °
R= CHy, CyHg. 150-CgHy, Cl, Br, CHyO Am=N(CHy)y, NCllg, NCsHp, NC4H0

*Exhibits analgesic and anti-inflammatory activity.
**The yields are given in grams.

The condensation of cyclohexanone with paraformaldehyde

and secondary amines in the presence of an inorganic acid

in 1-butanol leads to quaternary substituted tetrahydro-
phenanthridinium salts (XLIII):1%5,146

R

A
=

7NN
ZII{I

.z
€105

(XLIID
R'= CH;, CyHj, CoH, CgHsCHy: R2= R = H;
R2+ B3z CeH; -
Although the aminomethylation of the 2-(cyclohex-1-enyl)-

cyclohexanone (XLIV) molecule is possible in both the 2- and
6-position, the authors!*” showed that in benzene the only
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product is the aminoketone (XLV):
|/ N
NS i
VA NN
NNl
N 2/ \
- U
0. 0) o
o e e (T
[/\l 2 ﬁ -+ CH,0 + HN\__/‘“ I \l/\o
NS ( \|
(XLLV) v
(XLV)
/N
N RN
N/ pcHN
- O N

| ]
/ AN - /\ /
N /N CH,

Depending on the temperature and the duration of heating,
the aminomethylation of 2-methoxycarbonyleyclohexanone
(XLVI) proceeds via two different pathways'"®:

(o] (0] o]
AmCH, COOCH;
/"\ CHAT yamcno /H\ /CO0CH; _ cuouiam _ g < /"\ v ?
l I\COOCH3 froom l l froom
N/ NS NS
(XLVila) (XLVI) (XLVIIG)
80° | CH,;0
dioxan iHAm l—HAm
OH o
CH, | COOCH, H,C Il COOCH,
Y %
NS N/
(XLVIIla) (XLVIIIb)

Am = N(CHj)s, N(CyH;),

The above scheme shows that, at room temperature in
dioxan, a mixture of compounds (XLVIIa) and (XLVIIb) in
proportions of 55:45 is formed, while at 80 °C in dioxan
compound (XLVIIIa), which is the enolic form of the
deamination product of the Mannich base (XLVIIIb), is
produced.

The synthesis of symmetrical Mannich bisbases (XLIX) has
been studied®*®:

TNl N SN
(cuz)n\_ > CH, N\ﬁ/N CH, \_/(CHQ),,
(XLIX) o’

n=0.1 .

Data have also been published on the synthesis of
asymmetric Mannich bisbases. Having first protected one
of the nitrogen atoms in the piperazine molecule by a
benzyl group, the authors obtained a monosubstituted
product:

— /TN /TN
77 N\ CH.— -
D CHy—N /NH+CHQO+(CH.)H/ v
o)
ZTSccHN On—ct—¢ D
{ > N = (e,
o”
n=0,1

Having then removed the protecting group, the product
was reintroduced into the Mannich reaction and the expected
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bisbase (XLIX) was obtained:

s PN e N 2N TN TN
0 CH,N\—/N CH, \_/(CHz)n i HN\ﬁ/N CH, S—7 -
o 7 (0] 7
o
v
CH,O,(CHz)n/ >
N—? , (XLIX)
Table 9. Aminomethylation of cyclohexanone and its
derivatives.
" . Yield,| . . .
Initial ketone Reaction product % Biological activity Refs.
0
0 i )
R CH,Am  [40—98 — [56, 117
N 3 , 17,
RN \|/ 1/ 147149}
|| N/
N/ Am=N(CHj)s, N(C;Hs),,
R=CH,, CsHyy, CeHy, HNCgH;, NC,HzO, NCH .,
CoHs, CgH;CH,, COOCH;,|
/7N N NH
N’ N
o o
Il i * P e
|/\l ‘/ \/CH,Am spasmolytic 1510
N/ NS
CH;” \R cHy” MR
R=H, CH,, CHCl, Am=NC,H;, NC,H,0,
ST\
HCgHyo, N NCHs
N
R' O
2 [ 5 RV O
RN AR R L s
1 NSNS
O | H\ NcHaAm | 581 anatgesic, [42)
&k \f ;_\ Ve tranquilising
R'=H, Cl, F, CH,, CH O; R® Re
R2=H, Cl; R* H, CH,0;| Am—HNCH;, HNC,Hs.
R*, R% H, CHy N(CHy)a, HNCH,,,
N(CgH; )z, NC4Hg, NC:H,yq,
NCqHyz. NHCH,CH - CH,,
—~
N N—CH,
N
/TN X
N N B
N NGH;
X OH, OGyH,. OAc,
0COC,H;, OCOC3H-
o} o
1l i .
R\/\\/\ R\/\/\/Cllem 30—67} action on central [165}
I l I nervous system
NSNS NSNS
R=F, Cl, CH;, CHsO Am=HNNH,CH(CH,)C;H;,
HNCH(CH;) CH,CyH

*The yields are given in grams.

2-Aroylcyclohexan-1-ones (L) react under the conditions
of the Mannich reaction with certain amines to form 6-amino-
methyl-2-aroylcyclohexan-1-ones: 1%°

O O o O
[l ol
/\l/\ma A“‘CH’\l/\I/\Ar

N/ N

Ar == CgH;, C;H,OCH;-p, C;H(OCH,)s-3, 4,5; Am = NGsHyo, N(CHy), .
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The aminomethylation of 3-aminocyclohex-2-en-1-one (LI)
by piperidine hydrochloride and formaldehyde proceeds in

accordance with the scheme?!®®
0
o N\ CHING:Hio
li >
‘y + CH50 + HNGsH;o— |\/" \NH,-HCl
N /\NH; HCI )
[ Y HmCSN—H?\C

07 7 \NH,-HCI .

Table 10. Aminomethylation of substituted cyclohex-2-en-1-
ones.

Fnamine Amine hydrochloride Quinazoline derivatives Yield, %
HLNCH,CH, OH o
’ )
N A N—CH,C,H: HEI
ol
' \NH, N /\\/ ‘
o H N—CH, on ST
‘ |
i L NNER,
H,C l ” H_,(‘\/\l \ /‘
~ N N\ L v// y
HG O MNH, e N
HEN%{; > ditto, R- > 46,0
N —CH.—CiH, > R-CHCH, | 64,0

It has been shown that the product of the reaction of
substituted cyclohex-2-enones (LII) with benzylamine
hydrochloride (and other primary amines) and formaldehyde

is a quinazoline derivative (LIII) (Table 10):%*
o}
2(CH20.CgH5CHANH2.HC) Il _7TN\
o G100 ""’R /\/CHZNHHZG N__/
! NI
VN AN —_—
R 1 = R \NHCHNHH,C— ¢ y-2HCI
R/\/\ NH, { DMF -
(L1l 1~CeHyCH N,
[o)
i
N NN TN =
) lN e~ > HCI 2
RN N (L
‘
H
OH
' ==
= R\I/\\/\‘\;fcuf\‘/\\_/\ - Hel
7 \/N\n"
R =H, CH,

The formation of vinylogues on aminomethylation of
isophorone (LIV), piperitone (LV), and 2-pinen-4-one
(LVI):

571

HC  CH, |
N
N\ /7\ [
k | HCHO+HN - >— !

HeC O H,C CH,

' v N/ —_
A YA AN
/7 ‘ N

7
—= H,C
07NN

C'Ha [/' AN
AN
HyC l CH,(),\NH/
07 N7 \cH,
LV)

&
)

CHy O 2
@ + Lo + HO — — .
0 0 0

(1.V])

The regioselectivity of the reactions of the trimethylsilyl
ethers of the enolic forms of cyclohexenone (LVII) and
(LVIII) with the carbonium-immonium ion [CH, =N(CH;),]
(LIX) to form the Mannich bases (LX) and (LXI) in 65 and
78% yields respectively has been investigated and the authors
established that compound (LXI) consists of a 2:1 mixture of
stereoisomers?®’,

(H,C).Si0 0

| I
s CH=NCH), N
(wix)

| | | Penneny),
NS

NS
L (LX)
(HyC)3Si0 @]
(H;C),NH,C ! CH,
A AN
g 9
(Lviiy (LX)

The condensation of substituted eyclic ketones with two
moles of paraformaldehyde and one mole of a primary amine
in acetic acid***71%%:182 or methanol*®! leads to the bicyclic
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compound (LXII) (Table 11).

(CHy),  €==0 + 2CH,0 + H,NR —> (CH,), ) R

(LXID)

Table 11. The formation of bispidines on aminomethylation.
.. . ) Yield, Biological
Initial ketone Aminomethylation product % activity Refs.
CHj3 10—27}  analgesic, anti- {162)
| o inflammatory,
()/ hypotensive
\COOC:H;
n=1,2; R=M,F
$O0C,Hy C0OC,H; 20 ditto [462)
CEMCH?)SN o
__/

COOC,H 8 » [162]
|

z" AN SCHCH CHg

GeHy

(5
doaﬂﬂs
0 15—61 antiarrhythmic [159-
I R—X Eo N—r' 161]
R1=CH,CqHs, (CH;)2CsHs, CoH,g,

(N (CH2)20H, alkyl(C1 -C4),
| cyclopentyl, (CH2)3N(CH3)2,
R cyclohexyl
R=CHj;, CH,C¢H;,
(CHy); CsHs,
u30-CgHy

N__/

Interesting data have been published on the aminomethyla-
tion of the cyclododecanone (LXIII).*®® Refluxing with
formaldehyde and methylamine for two days resulting in the
formation of a mixture of substances whose separation led to
the isolation of the azabicyclopentadecanone (LXIV), the
bispyridinediazatricyclopentadecanone (LXV), and the
dihydropyridin-4-one (LXVI). On heating for less than
two days, the products are the aminoketones (LXVIIa)
and (LXVIIb):

0
(CHylg
I (CHy),
(LXI11) | A[ T T
CH, CH, CH, CH,
(LXIV) (LXV) (LXVI)
0 0
NHCH, =NCH,
(LXV11a) (XLVIIb)
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Golovin and co-workers carried out a major study of the
aminomethylation of saturated cyclic y-ketones by formalde-
hyde and various amines as a function of the number and
positions of the alkyl substituents relative to the carbonyl
group and also the character of the heteroatom X in the ring
(X =0, S, or N) 167716%,172-178 (mgple 12),

Table 12. Aminomethylation of y-ketones.

o
/Jl\
|

e e
RO CR:

N
X

Ri| Rl R| RO R R| X Aminomethylation product Y;ld’ Refs.

o
HC ) CH,Am*
H | H|CH,| H| H|CH;| S, \(ICH, 37—75| [167,168)
NCH, X
0
| CH,Am*
CHy|CH,| H| H|H | H|S,0, H3C><j 51—68| [169,172]
NCH; | H,C X
0
u\ CH,
H | H |CHs| H |CH, |CHs| 0.8 H,%( <CH2N(CH.,), 56—61| [173]
H,C, )
X
o)
H|H|H|H|H|H| s I CH.N(CHy), 56,5 | [174]

H|H |cH| H|H| H| s

)
HsC L\ CHaN(CHy), -
\[Y 571 | (7]
g
o

N CHs
+ k)<CH2N(CH3),
S

(@)
If CHg

I
<CHNCH
H [CHs|H [cH,| H| H| s /(> NCHD: o+ 64 | 1178}

HC
0
HyCy__\__-CH,N(CHs),
RO
¥ NCH,
0
HC. | CHN(CHy, )
H|H |H |cH| HcH,| s H:sCISj
o
“\ CHzN(CH;),
+ ( J\CH3
N

¥ “CHs

10—21] [177)

*Am = N(CH3),, N(C,Hs),, N(C3H;),, N(CyHg),, NC,Hg,
NC,HsO, NCsHyo, NCoHy,p.

In the aminomethylation of 1,2, 5-trimethylpiperidin-4-one
(LXVIII, X = NCHj3), bis(1, 2, 5-trimethyl-3-dimethylamino-
methyl-4-oxopiperidinyl)methane (LXX) was isolated together
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with the main reaction product (LXIX):1677163
0 0
HC | HeC I CHyN(CHg)y
\\/\ CH,0, HN(CHY). \|/\\/
x N, S N
(LXVIII) p—
0 o
(HgC)uN—-H,C ! CH, H,C " CH,N(CH.
3 2 AV 3 3 N\ HoN(CHy)s
D
~n N
| |
CH CH
S ) :
X=0, s ,

When the above reaction is carried out with a twofold excess
of paraformaldehyde, 3-dimethylaminomethyl-5-hydroxy-
methyl-1,2,5-trimethyl-4-piperidinone (LXXI) is mainly
formed:

o)

HiC i
NN\

Hofﬁzc/‘\ l
NN
| c
CHy
(LXXD)
In order to elucidate the influence of two methyl groups in
the B-position relative to the carbonyl group on the regio-
selectivity of the Mannich reaction, it was shown later!®®
that, regardless of the nature of the entering aminomethyl
group, the aminomethylation of compound (LXXII) proceeds
with participation of only the methylene group located on
the opposite side of the heterocycle relative to the methyl
substituents:

CHZN(CHs),

Hs

(o] [¢]
i 1 .
HC // AN /\//CHzN(CHa)z
0| CHO + BNEHY, » TR
H,C/\x/ HSC/ \X/
(LXXIT)

X=0,S, NCH; ,

Additional proof of the structure of the Mannich bases
has been obtained!”’ by exhaustive Hofmann methylation.
For example, the methiodide of the aminoketone (LXXIII) has
been converted by reductive deamination into the known
2,2,5-trimethyl-4~oxotetrahydropyran (LXXIV):!"!

0 . o 0
I CHGN(CHg)l™ I CcH - CH
AN AN LN
H:C\l l _, Hi /\!‘ /‘ _, Hs ‘\|\ /I
ne' o/ e MO /o
(LXXI11) (LXX1V)

The study of the structural specificity of the aminomethyla-
tion of 2,2, 5-trimethyl-4-oxotetrahydropyran (LXXV) showed
that the reaction is directed exclusively to the tertiary carbon
atom adjoining the carbonyl group and leads to the formation
of the corresponding 5-dimethylaminomethyl derivatives
(LXXVI):178

e} 0o
HsC /u\ HC
\| | CHa - CH:0 + HN(CHy, — >| | CHs
Nas N\ (HgC),N—H,C Ny /”\
07 “CH, 07 \CH,
(LXXV) (LXXVI) .

The study of the products of the aminomethylation of trans-
2e, 5e-dimethyl- and cis-3e, 5e-dimethyl-tetrahydro-1-
thiopyran-4-ones (LXXVII) showed that only monoamino-
ketones with an axial orientation of the aminomethyl group
are formed. The absence of bisaminomethyl bases from the

573

reaction products in this instance can be explained by the
impossibility of the entry of a second axial aminomethyl
group next to the carbonyl group as a consequence of the
meta-axial interaction'’®, It has been shown that the
orientation of the aminomethylation depends exclusively on
the structure of the initial ketone, namely on the number
and positions of the alkyl substituents in the ring:
o)
I
(¢
Hsc/\s/
(LXXVIY)
° ?

SN, /St A
[emnerg, 1 I
Ng/ Ng/ N\, CH,
> CHs ¢

CHy
+ CH30 + HN(CHy), —

-
Haff ;
N(CH,),
It is of interest that the aminomethylation of 2,2,6,6-

tetramethyl-4-oxopiperidine-1-oxide (LXXVIII) results in
the formation of compound (LXXIX) in 94% yield!7%180.

o) 0 —

e

HC 2 CH.N
HsC N CH, S 2 \l/\/ N
O | + CH,0 + HN N, EC )/CHS

H;C” N7 \CH, G W Ny

| | o

o o

LXXVI) (LXXIX) ’

As early as 1952, Wiley'®! described the condensation of
4-pyrone with dimethylamine hydrochloride and formaldehyde
in ethanol; the reaction product was identified as the mono-
aminoketone (LXXX). It was shown subsequently that both
mono- and bis-dimethylaminomethylpyrones (LXXX) and
(LXXXI) are formed!®?:

¢] ¢]

| /”\’ CHN(CHg), (HaC),N—H,c\” /\[\ CHN(CH),
o/ o/
{LXXX) (LXXXI) )

Table 13 lists the products of the aminomethylation of
isoxazoles!®%18%  pyrazoles'®®, uracils'®®, coumaranones!®’,
and other heterocyclic ketones'®®71%2, A number of studies
have been made on the aminomethylation of chromans, iso-
chromans, and pyrans?372%%,

It has been shown'®® that the aminomethylation of chromans
takes place in the 3-position. However, according to other
datal®®, in the case of 2-dialkyl-amino-7-hydroxychroman
(LXXXII, R = H) substitution takes place in the 8-position
with formation of compound (LXXXIII) and only the subse-
quent aminomethylation is in the 3-position with formation of
compound (LXXXIV):

o} 0]
I i

N\, 7N\

1 ” CHLO, HAm _ H |
Rlo/\/\o/\NRzRa R‘O/\\‘.’/.\O/\NR’RS

CHgAm
(LXXXIII)

CH,0.HNC,H,O _

(LXXXII)

t=H; Am = NC,H,0, NCgH,o, N N—CH3; NR?R® = N(CHjy)s,
N(CgHy)e, NCsHyo, N(CHs) CoHs, N(CaHp)CoHy;
R = CH;, Am = NC,;HgO; NR2R® = N(C,Hj)j,
NCHs, NC;H o
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Table 13. The Mannich reaction involving heterocyclic
ketones.
Initial ketone Aminomethylation product Yield, % Refs,
A AmH,C Ar 70—96 {[183, 184]
— AN v/
I
N N
o/ o A
r=CsH;, p-NOC,Hs,
P-CIGH,,  p-CHyOGH, ﬁg‘};‘\gcgg)? N(Cel)a, NCiH,,
p-CHgCgH, ¢ e
R R? 66—100| [185)
v AmH,C— —T‘/
111 N
PN o7 W Ny
R? R
Ri=CH,, C;Hy: Am==NC,H,0, N(CH;CH,Cl)»
R3=H, CHs
0 o 30—98 | [186)
/”\ CHpAm
HN '! HN
I, 1
o7 N/ O/ ‘\N/
H H
Am=NHC,H,, NHC;H,y, N(CHj),,
NHCeH;, NHCsH,R(R=p-Cl, m-CHj,
p-CHgO, p-NOg)
N o 2278 | [187]
R- R
CHAm
o) 8]
R=5-Cl, CHy, NOy, 7-C1 Clly Am = N(CH ), NCyHgO, NEgH g, N(€aH ;)
R 0 R o1~ b 1188}
\(\” p \;/\ ’;/
!
\/\x Ny —CH,Am
X=0,S, Se; R=H,CH, Am=N (CHy),, NC;Hy, NC;Hyo
OH
OH (‘H,Am . [189)
|
Z | N /L\ /\ ,\\
N /l\ HO” N
HO o o Am= NH(‘Hg,I\HCLHs, NHCzH,,
NHCH,CH = CH,, NCsH q
(I)H ?H 80 [190}
7 \u/ N NN N,
PN “ |
7’ u\ll/ o \\/\5{/\0
R
R=H,CH, R
o o CHON(CH3), 28 1191]
I )
) 5
CHyAm - [492]
H
Am = N(CHy),, NC,ilgD

*Using >N*

= CH,CI-

**The yields are given in grams.

in acetonitrile at 20 °C.
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The side product (LXXXV) was also isolated:

CH,

(o] N 0

| N
00 Y0

Lo |
N N VAN AN
H;co” N No/ N(CaHe)s (H:Ca) o o OCHj .
(LXXXV)

Table 14. Aminomethylation of 3-amino-1-oxo-1H-naphtho-
[2,1-b]pyrans.
Initial ketone Aminomethylation product Y‘fld Biological porg.
| 7o activity
o) NR, CHzAm 28—62 | anti- [201]
NS o | NR, convulsant
SV AV
R3 /l\ 'O | |/
/l N )
R3™ AN, 4
R3 N z k R J /iK T
Ri=H, CH,0; Re=H,CH, Br, | R % N N\p
OAc;R3=H,CH;,0H,CH0, Am=NC,H;0,NC;
OACNR;=N(CHps, m-=NCiHO NCeHio
N(C,Hs)2, N(CHg)CyHs,
CGHBl 51110
NR, NRy 21—54 neuro- {202]
/]\\ k /l‘\ CHlAm rope
o o
| |
S0 O
|
N \) NSNS
NR,=N(CHj),, Am =NC,HO,NC;H,,,
N(CyHs)a, N(CHg)CyHs N\
I\\JA——CII;,
X\ O . CHyNGH,0 70,88 | — [204]
N/ \7 LN o
NN\ A
Hco” 07 /I\ )
X-=0, CH, H;co” O

The aminomethylation of 3-dialkylamino-1-oxo-1H-napntho-
[2,1-b]pyrans (LXXXVI) in acetic acid leads to 2-dialkyl-
aminomethylamino-1-oxo-1H-naphtho[2, 1-b ]Jpyrans
(LXXXVII), which exhibit an anticonvulsant activity
(Table 14).

198,199

CHyAm
A /1\/NR2
|
0 NR ‘ 0
sl A
NS 4 Py
3 | NN
AN . (LXXXVII)
I 1 T CH,co0n
NN
(LXXXVI) ~
\ \/ \/\ /\
CH,0,CH;COOH -
\\/\O/ \NR O// \0/\/
(LXXXVIII)

NR; = N(CHg)a, N(CyHs)g, N (iso-CyH;)g, NC,Hg,
NCsH;o, N(CHyCH=CH,)s, N(CHg)CH,CsHs,
N(C3Hs)CH,CqoHs;
Am = NCHO, NGHyo .
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In the presence of an excess of acetic acid, 3-dialkylamino-
2- {1-hydroxy-3-oxo-3H-naphtho[ 2, 1-b lpyran-2-ylmethyl }-1-
oxo-1H-naphtho[2, 1-b ]Jpyran (LXXXVIII) is formed as a side

product. Its structure has been demonstrated by specific
synthesis:
H
N L
. A VA )
AL | oo O axxxvin
] o NoN
NN

The aminomethylation of compound (LXXXIX) yielded a mix-
ture of the three compounds (XC), (XCI), and (XCII):

CH,Am CHpAm
: | ' | T
O\ /\T/I\Rz O\\/\\\/Mh O\/\/NRQ
1 l
0 LOLTIA O [e]
°O\’r\“,/ \‘\/ — L0 A, “CO\K\”/ kli\'/ + HO\(\[/\I/
AN SN AN
(LXXXIX) (XC) (XC1)

O R
|

(]
+HO AN

NN
(XCI1)

6. Diketones

Comparatively few studies have been devoted to the amino-
methylation of diketones?°°722! (Table 15).

Thus Tilichenko and co-workers showed that the amino-
methylation of the diketones (XCI11) yields only the mono-
aminomethyl derivatives (XCIV);205212

R R
|
N\ N
AN ’ i «/Ct:zAm
/‘ /\\ + CH,O 4 HAm — /1 }
— N . N
VAN ENZEaN " o0/ =
7 N N/ N7
xcin xaw)

R = H, CgH;; Am = N(CHj)2, N(C.H;);, NC,HgO, NCsHyq -

The condensation of 1-(2-oxocyclohexyl)-1, 3-diphenyl-3-
propanone (XCV) with formaldehyde and dimethylamine
hydrochloride results in the formation of a mixture of
2-dimethylaminomethyl-1-(2-oxocyclohexyl)-1, 3-diphenyl-3-
propanone (XCVI) and 1-(3-dimethylaminomethyl-2-oxocyclo-
hexyl)-1, 3-diphenyl-3-propanone (XCVII):?0°

ClsHs CleHsCHzN(CHa)z CIaHa
CH—CH,CC4H; — CH—CH—C—CgH; CH-—CH,—C—CgH;
NS I SN\ Il I\ I
Sy e (Y8
N/No N No N o
(XCV) (XCVD) CH,N(CHj)2
(XCVII) .
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Table 15. The Mannich reaction involving diketones.
Initial ketone Aminomethylation product Yield, % | Refs.
OCH; HBC(l) [¢]
| 1
4N /COCH2COCH3 NN /CHzArn
| 1 1 | (219]
No/ N o No/ N No?
H;CO H;CO
Am == N (CHy),, N (C;Hs),, NG;Hyp
050 ol 0
No o/ o o/~ 48—100 | [212]
(|3H2Am CH,Am
Am = N (CHy),, N(C,H;),
CgHs (‘:sﬂs
|
CH,N (CH
X/\/\\ X/\/\\/ N (CHa) 70-83 |[210,
HC| | l H3c>| | 211]
AN 7\ ~
H3C/ \/\0 07 \C H; H3C \/ 0 o/ CsHa
X=0, S, CH,
U\o 07 \CH, \'/\o o’ NG, 50; 70 |[211]
CH,Am
Am = N (CHy);. NC;H,O
CqHs (]:»;Ha
|
/ o
PN TN O (CH),
| J 59 |(211]
”/\|/\o 07 N\CyH; /\\I/\\o 07 NG,
NS N7/
AP CH N (;CHz)z <|:H,N O(:[Ha)2
ot / / AN
NN 2| 2% |21
\/\\O No N No

I |

cH ,N(CH,), CH,N (CH,), CH,N (CH,),

On the other hand, the aminomethylation of 1-(a,o-di-
methyltetrahydro-y-pyron-8'-yl)-1, 3-diphenyl-3-propanone

(XCVIII) in the ring is not observed;

methyl-1-(a,o-dimethyltetrahydro-y-pyron-g8'-yl)-1, 3-

diphenyl-3-propanone (XCIV) is produced?!%?2,

CgHs

I
CH—CH,—

(XCVIII)

C]sHa
C—CsH;
i 0/ N/
(@) . H;,C\[ I
ch/\/ O
(XCIX)

CH—CH—C—C,H,
CH,N(CHy),

When the Mannich reaction is carried out with butane-
2,3-dione (C), the character of the product obtained depends

on the nature of the amino-component?'?,

only 2-dimethylamino-

Thus the product
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of the condensation of butane-2, 3-dione with paraformalde-
hyde and dimethylamine is 2-methyl-2, 4-bis(dimethylamino-
methyl)-3-furanone (CI) in 18% yield, whose formation can
be represented as follows:

oy 4 G0 4 HN(CHy), —> EH3C)2NCH2:| cu-—ﬁ———c——cn3 —
2
0 O 0
©
[¢] ok
9 &)
— (HJC)QNCHZ—ﬁ)—'C\ —> (H0),N—CH,~C5=C —
Cit, Cl—(JH3 H—cZHY  ctecn,
0) 0
0 0
(H3C)yN—H,C (H3C),NH,C
— l ;1{ — T ;Cl[zN((llla)Q
o Ny 0 N\,
cn

When compound (C) reacts with pyrrolidine, the diamino-
ketone (CII) is formed in 44% yield:

/
N—H,;C~H,C—C—C CHzcmN\
i

i)

Secondary aromatic amines of the benzene series cyclise
with paraformaldehyde and dimedone (CIII, R = CHj3;) in the
presence of perchloric acid to form the N-substituted
quaternary 9,9-dimethyl-7-oxo0-7,8,9,10-tetrahydrophenan-
thridinium salts (CIV). Phenyl(p-X-phenyl)-2-naphthyl-
amines cyclise in the presence of hydrochloric, hydrobromic,
and perchloric acids to form N-aryl-substituted 2,2-dimethyl-
4-oxo0-1,2,3,4-tetrahydrobenzo[alphenanthridinium salts
(CV):

R R
CH,0, CgHzNHR', HCIO, 0
T AT Ay
+
%
r‘{‘ 103
R R
(c1v)
.
— R = CyHg, Gl
0 R R
H
(CIID) i
R=H, CHj CH,0, OO \Q X
B! 0
sy
7
N -
X
Al
R'=H, CH,, CH30; X=C1, Br, 1;Cl0, + )

The condensation of diphenylamine and N-ethylaniline with
formaldehyde and cyclic B~diketones (CIII) leads to the
formation of N-substituted 1-oxo-1,2,3,4-tetrahydroacri~
dinium salts (CVI). The authors' more detailed studies of
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the products of the reaction with 2-arylaminonaphthalenes
showed that the cyclisation involves the most reactive a-posi-
tion of the naphthalene ring, which leads to the formation of
quaternary 11-oxo-8,9,10,11-tetrahydrobenzo[alacridinium

salts (CVII): %15
CHY0, @—xm& e,
N X

72
N

R
R R cvn C10y

R=H, CHy: R'= (e, Gyl

O 0
!
(c1in) N )@( ‘
cyo, | P , HX
N z
N

Zz

X

Rl

R=H,CHy; R'=H, CHy, CH30; X = Br, CL Cl04 (cvin

Acetylacetone reacts with formaldehyde and diphenylamine
in the presence of perchloric acid to form 3-acetyl-1-phenyl-
lepidinium perchlorate (CVIII):?'®

CH, ﬁ
C—CH.
AN 3
nac—ﬁcn,,ﬁ—qu3 + cm0 + NHCgH; —> s
o o HCL T Cloy
CgHy

(CVIII)

The aminomethylation of w-acetylkhellinone (CIX) leads to
the formation of the cyclisation product (CXI) and the
dimerisation products (CXII) and (CXIII) in addition to the
main product (CX):217-21?

3 3 3 99
I ]

ANl NN CHNCH)
I 1] +CHO -+ HNCHy; - | | | +
No N Non No/ N Non

CH. OCH,

X o)
Heco O H,CO (ﬂ ]
/'\\ /”\ CHNCH:) A /N c
AN A Hy
+1 J | o | :
No/ N No/ N0/ N N0 Nen,
(cX1) OCH,
{exin
- Hgo © ‘l
_/1 ~ N/ CHy—
0] o
—\O/\I/ \O/ \CHa _
OCH,
(CX111)

111. THE MANNICH REACTIONS WITH ALDEHYDES

A number of studies have been devoted to the aminomethyl-
ation of ketones by various aldehydes'*?166,2227226 (Tgple 16),
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Table 16. The Mannich reaction involving various aldehydes.

Initial
Aminomethylation product [yield, %] Refs.
ketone aldehyde
NN — Ol /A
R R S—c_ |} 1 LB
P ST L e
oy R H, NO, NN
0 ol
L)
X [222]
R
52100
R! - CiHy. CH,OCH,
i
|
N
Lhd
NSNS
I — P ~
[ N TSRy L e
N NN N
[222]
O ()t I
i
03,07*
R CyHj;, CH,OCH 1
YaVas ditto TN
Ny /\Y\/CH\ = (166]
™ /'\/\0 | \} l \‘\'H——/—.\\
NS ' N ?
55.0
| — — ~SO,NH
: —_— (ORI o CCH_NH._~ !
S mCmeHR | Ry =T el KT CHN T
. : N/ N\H bk R,
1 , O R 7\
O a .0 | ,
A N ,—C{_. ‘
e
SIS ‘
U —
I G N " )
) N
o o No ey i
R=H Gy, 1,0, NO NN
S S T R B
g/ |
/WTNCH,
-4
e Rt e O AN o —Cil—Am
(S | T
w9 R = H, CILO Ny O | N
"/ (223]
R
20—100
Am - = NHC;H;, NICHyy, NGty NCHO,
NHCH,C.H;, NIt (CHy), C;H,
/—\\Q‘\—CSOCH‘:, TN /O /_>‘§v~(;—CH—CI{—Am
N L% See/ !
o — H O SOCH; CgH, [224]
7491
Am = NC,Hy, NC,H,O, N (CHy),

*The reaction was carried out in the presence of a catalyst
(BF 3).

In particular, when the a-tetralone (CXIV) is condensed
with benzaldehyde and amines, substitution takes place in
the 2-position, which has been demonstrated by specific

synthesis?'8:
/\/W N
BN 1o
NSNS\
| {0
e} c<
o oor.
FAVAN HﬂN\‘//\l \\/\l/\l/N\/\
+ —
NN e, \v‘ °© |//\! N7
[ :
. A4
IIIC:N7<__>
NN (\\ .
I+ 2
NSNS
o

On the other hand, the condensation of cyclohexanone,
morpholine, and glyoxalic aldehyde results in the formation
of a mixture of products (CXV) and (CXVI):?!"

0
O TR e oy’ 0
N—r / N/
H \
i 1
N SN
I /N\ /O I I—O/ -0
SN /
N—¢ X N
0 €00~ |/ \l
H +/7 N\
>K1 0 No”
L S (€xV1)
€xV)

The formation of compounds (CXV) and (CXVI) has been
demonstrated as follows:

CXV) = o e e
e [T S
(CXVI)— \/—o/
‘; AcOllL HCl
OH
o |
i CH—COOC,H,
AN GO N
[ ]+ CH-COOCH, - [ |
A HO” N No

When benzaldehyde is used in the Mannich reaction instead
of formaldehyde, the substituted piperidinones (CXVII) are
converted into aza- and diaza-bicyclo[3.3.1]lnonan-9-ones
(CXVIII): *%¢

i
o HeCon_ N Colls
! 2
R R’ O
+ CeHCHO + Tc—cooNg, —> R w’
Hye T CeH
H G N7 gl
i
(CXVI)

Rz 1Ll Y= 1L ony (CxvaHn .

It has been shown??® that compound (CXVII, R! = R? =
CH3) does not form a bicyclic product despite the presence of
two axial a-hydrogen atoms. Steric hindrance generated by
the tertiary carbon atoms C(3) and C(5) operates in this
instance.

Not three but only two components, one of which plays the
role of both the amino- and the CH-acid component, can
enter into the Mannich reaction. Similar condensations,
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i.e. intramolecular Mannich reactions, have been investigated
in other studies??’~22°, In particular, it has been shown
that methylenebisenaminoketones (CXIX) condense with

formaldehyde to form the spiro-compounds (CXX):227
0 0 0 OO
i i AN
AN N\ N | Ncry
HC{ ] | — B Y
ch/\/\NH HN/\/\CHK Hac/\/ N NR
| | !
R R R
R==H, CH; (CXIX) (CXX)

The condensation of isopelletierine (CXXXI) with
3-methoxybenzaldehyde in an aqueous medium leads to the
formation of trans- and cis-quinolizidines (CXXII) and
(CXXIII) in proportions of 1:6, while the reaction with
3-hydroxybenzaldehyde leads almost exclusively to trans-
quinolizidine (CXXIV).??® On the other hand, in methanol
the reaction proceeds with formation of compounds (CXXII)
and (CXXIII) in proportions of 5:1. It has been shown that
the interaction of compound (CXXI) with an arylaldehyde in
an alkaline medium leads to the formation of cis-4-aryl-
quinolizidin-2-one, which then isomerises to the correspond-
ing trans-form:

. H o H
<, EAENPAN NN
|
N\ O /N l N { N ’
M 1 + I\[I / \l/\/ + \‘/\/
R A0
Ro/\/ Ro/\/
(CXXD)
(CXXIl), R = CH, (CXX1IT)
R =H, CH, (CXXIV), R=H .

The data presented in this review on the synthesis of
R-aminoketones show that more detailed studies of the
Mannich reaction would be useful. This is due to the
extensive possibilities for its application in organic synthesis
and in particular in the specific synthesis of compounds with
a potential biological activity.
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