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Synthesis and Properties of 
N-Organosililmethyllactams 
LlLl K. JANIASHVILI, LOTARI M. KHANANASHVILI, DALl SH. AKHOBADZE, 
NANA G. MANJGAIADZE and ANTONINA A. SURMAVA 
Tbilisi 1. Javakhishvili State University Tbilisi, 1. Chavchavadze av., 3, Republic Georgia 

The heterofunctional condensation of lactams with chloromethyl derivatives of organosilanes in the 
presence of catalyst-acceptor of anhydrous K,CO, or NaZCO, has been investigated. The hydrolytic 
stability of N-dialkyl(aryl)silylmethyllactams in neutral, acid and alkaline media has been studied. The 
biological activity of synthesized silicon-containing lactams has been investigated. The hydrolytic poly- 
condensation of N-(methyldimethoxysilylmethyl) lactams in the presence of a catalytic quantity of 
concentrated hydrochloric acid at room temperature has been conducted. 

KEY WORDS N-Organosililmethyllactams, synthesis, hydrolytic stability, biological activity 

INTRODUCTION 

The silylized lactams containing the bonds =Si-N='-'* are described in the 
literature. 

These lactams are biologically active, but hydrolytically unstable. 
In Reference 13 the synthesis of N-trialkoxysilylmethyl-2-pyrrolidones is reported 

to be obtained by the interaction of N-trimethylsilyl-2-pyrrolidone with chloro- 
methyltrialkoxysilanes by the following scheme: 

+ Me,SiCI p .,a. =o 
+ CICH2Si(OR)3 - 

u = o  
I I 
SiMe, CH,Si(OR), 

However, this method is rather laborious. 

EXPERIMENTAL PART 

Lactams and triorganochloromethylsilanes were used as the original substances for 
the synthesis of silicon-containing lactams. 

The purity of the original substances was controlled on the gas-liquid chromato- 
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142 L. K. JANIASHVILI er al. 

graph “LKhM-8MD,” phase SKTF-100 (10%) on chromosorb NAW, gas-carrier 
helium, on a 2 M column. PMR spectra were obtained on the spectrometer “Bs- 
497” of Tesla company (Brno, Chekho-Slovakia) with an operating frequency of 
90 MHz in a solution of CDCI, with the internal standard, TMC. 

RESULTS AND DISCUSSION 

The reaction of 2-pyrrolidone and w-caprolactam with chloromethyltriorganosilanes 
was conducted at the temperature of 110°C in the presence of anhydrous K,CO, 
or Na,CO, with a molar ratio of reacting substances 1:1 during 4-6 hours in dried 
toluene. The reaction proceeded in one stage by the following scheme: 

,CO-(CH,),-YH + ClCH,SiR,R’ + ,CO-(CH,),--r\I-CH,SiR,R’ 

where at q = 3: R = CH,, R‘ = C2H, (I); C,H, (11) i--C,H9 (111); C6H, (IV); 
R = R’=OCH, (V); OC,H, (VI); OC,H, (VII); R’ = CH,, R = OCH, (VIII) 
at q = 5 R = CH,, R’ = C,H, (IX); C,H, (X); C,H, (XI); C6Hs (XII). R = 
C,H,. R’ = CH, (XIII); R = R’=OCH3 (XIV); OC,H, (XV); OC,H, (XVI); R’ 
= CH,, R = OCH, (XVII). 

In the above mentioned conditions the reaction of w-dodecalactam with chlo- 
romethyltriorganosilanes does not take place. However, by changing the reaction 
conditions, that is by conducting the reaction between w-dodecalactam and chlo- 
romethyltriorganosilanes at a higher temperature (180-200°C) and in the absence 
of solvent we succeeded in isolating N-triorganosilylmethyl-w-dodecalactams with 
satisfactory yields (34-45%) by the following scheme: 

CO-(CH2),,-NH + ClCH,SiR,R’ K,CO,, - HCI 

+ CO-(CH,), ,-N-CH,SiR2R‘ + polymer 

where R = CH,, R‘ = CzHj (XVIII); C,H, (XIX); C,H, (XX); R = R’=OCH, 
(XXI); R’ = OCH,; R = OCH, (XXII). 

In this reaction, along with N-triorganosilylmethy1)-w-dodecalactams, in all cases 
a rubbery polymer of poly-w-dodecane amide is formed, containing no silicon atoms 
in the chain. 

Synthesized silicon-containing lactams are colourless, odourless viscous liquids, 
except N-(trimethoxysililmethy1)-w-dodecalactam, which is a very viscous substance 
and crystallizes after a few days. All the synthesized products are quite soluble in 
various organic solvents. 

In Table I some physical chemical characteristics, elemental analysis and yield 
of synthesized N-triorganosililniethyllactams are given. 

The structure of the synthesized N-triorganosililmethyl derivative lactams was 
established with the help of infrared and PMR spectra. 
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144 L. K.  JANIASHVILI el a1 

In the infrared spectra of all the synthesized compounds the absorption bands 
for the valence vibrations of the C-CI bond in the region of 780 sm-' are absent. 
At the same time, in all the spectra distinctive absorption bands for the deformation 
vibrations of Si--CH, groups (1260- 1250 sm- I), antisymmetrical and symmetrical 
valence vibrations of the S i -CH,  bonds in the region of 820-760 and 700-650 
sm-' ,  respectively, are developed. For CO groups, being coupled with a nitrogen 
atom, distinctive absorption bands are found in the region of 1720 sm-' (for 
N-triorganosililmethyl-2-pyrrolidones), 1680 sm- ' (for N-triorganosililmethyl-E- 
caprolactams) and 1650 sm - ' (for N-triorganosililmethyl-w-dodecalactams). In ad- 
dition, in the spectra of I, IX and XVIII compounds absorption bands are observed 
in the region of 1235-1220 s m - '  (Si-C2H5),  in compounds 11. XI and XIX; at 
1190 sm-I ( S A , H 9 ) ,  in compounds IV, XII, XI11 and XX; at 1429 sm-l (Si-C,H,), 
in compound X; and at 1230 sm-'  (Si-C3H,). Moreover, in compounds VIII, 
XVII and XXII the absorption bands are observed in the region of 1280 sm- '  
(Si-CH,) and 1163-1149 sm-' (Si--o--C). 

Data from the PMR spectra of the synthesized N-triorganosilillactams are given 
in Table 11. 

To determine the hydrolytic stability of N-dialkyl(aryl)silylmethyllactams, namely, 
N-dimethyl(phenyl)silylmethyl-2-pyrrolidone ( IV),  N-dimethyl(pheny1)- 
silylmethyl-E-caprolactam (XII) and N-dimethyl(phenyl)sililmethyl-w-dodecalac- 
tam (XX). they are held at 100°C for 5 hours in neutral, acid and alkaline media. 
The data on hydrolytic stability are given in Table 111. These data indicate that 

sililized lactams with =Ci< -N= bonds are hydrolytically stable compounds 
I 

I 
The hydrolytic polycondensation of N-alkyldialkoxysililmethyllactams was also 

studied. The investigation of hydrolytic polycondensation of N-(methyldimethox- 
ysililmethy1)lactams showed that. depending on the reaction condition, this process 
proceeds ambiguously. So, when this reaction is conducted in methyl alcohol in 
the presence of a catalytic quantity of concentrated hydrochloric acid and at room 

TABLE I1 

Chemical shifts of proton signals in PMR spectra of triorganosililmethyllactams 

N .  Code 

1. I 

2. I1 

3. IV 
4.  V 

5 .  VI 

6 .  VIII 
7. XVIII 
8. XIX 
9. xx 

PMR Spectrum Solvent CDCI, 

0.01-0.02 S (Si(CH,):). 2.27 (SiCH2), 2 . 6 ~  (cycle protons), 0.2 M (SiC,H,). 2.56- 

0.01-0.02 S (Si(CH,)?). 2.9-3.4, (St-€,H,). 2.57 ( S X H , ) ,  2.5-2.6 S ( S d H , - N ) ,  

0.01-0.02 S (Si(CH,),), 6.9 M (Si--C,H,). 2.57 S (Si--CH,-N). 2.857 (cycle protons) 
0.015-0.02 S (Si(CH,):). 2.6 S (Si-CHZ-N).  0.2-0.26 M (Si<,H,), 2.957 (cycle 

0.015-0.02 S (Si(CH,),). 2.0-2.181 (Si-€,H,). 2.65 S (Si-CH2-N) 2.857 (cycle 

0.015-0.02 S (Si(CH,)2), 7.3 M (SiC,H,). 2.31 (Si--CH2). 2.857 (cycle protons) 
0.02 S (Si(CHJZ), 0.2-0.3 M (SI--C2H,). 2.3-2.47 (Si-CH,) ,  2.75-2.857 (cycle protons) 
0.02 S (Si(CH,)2), 3.07 (Si--C,H,), 2.357 ( S i - C H ? ) ,  2.87 (cycle protons) 
0.018 S (Si(CH&), 2.351 (SiCH,), 7.1 M (Si-C,H,) ,  2.5-2.77 (cycle protons) 

2.58 S (Si<H,-N) 

2.07 (cycle protons) 

protons) 

protons) 
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N-ORGANOSILILMETHYLLACTAMS 145 

TABLE 111 

Hydrolytic stability of N-dialkylarylmethyllactams in neutral, acid and alkaline medium (100°C. 
5 hours) 

Medium 

Neutral Acid Alkaline 

Before After Before After Before After 
Compound Solvent boiling boiling boiling boiling boiling boiling 

N.  system g(%) g(%) g(Q) s(%) g(%'.) 

IV Toluol-water 1 (100) 0.99 (99) 1 (100) 0.978 (97.8) 1 (100) 0.967 (96.7) 
Dioxan-water l( lO0) 0.98 (98) 1 (100) 0.983 (98.3) 1 (100) 0.973 (97.3) 

XI11 Toluol-water 1 (100) 0.998 (99.8) 1 (100) 0.985 (98.5) 1 (100) 0.983 (98.3) 
Dioxan-water 1 (100) 0.976 (97.6) 1 (100) 0.979 (97.9) 1 (100) 0.987 (98.7) 

XX Toluol-water l(lO0) 0.993 (99.3) 1 (100) 0.995 (99.5) 1 (100) 0.991 (99.1) 
Dioxan-water 1 (100) 0.98 (98) 1 (100) 0.987 (98.7) 1 (100) 0.987 (98.7) 

temperature the mixture of oligosiloxanes of the linear (73-8496) or cyclic (11- 
21%) structure is formed. In this case the process proceeds by the scheme: 

CH,O-Si-OCH, + H 2 0  - CH30 
- CH3OH I 

CH, 
I 

-Si-Cb CHI + Y l  
P 

where at 

n = 3: m = 9 (XXIII), p = 3 (XXVI) 

n = 5:  m = 11 (XXIV), p = 4 (XXVII) 

n = 11: rn = 15 (XXV), p = 4 (XXVIII) 

The lowering of the reaction temperature to -3  to -5°C leads to an increase 
in the line or oligosiloxane yield to 90%. 

When the hydrolytic polycondensation of N-(methyl-dimethoxysililmeth- 
y1)lactams is conducted in ethyl alcohol in the presence of a catalytic quantity of 
concentrated hydrochloric acid and at room temperature only six- and eight-unit 
cyclosiloxanes are formed. 

The course of the reaction was controlled by an increase in the specific viscosity 
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146 L. K.  JANIASHVILI er a1 

0 30 60 90 I20 r ,mln 

FIGURE 1 Relationship between T ( , ~ ~ ~ , , ~ ~  variation and time under condensation of N-dirnethoxy- 
rnethylsililrnethyl-2-pyrrolidonr ( I ) ,  N-dimethoxymethylsililrnethyl-e-caprolactarn (11) and N-dirnethox- 
ymethylsililmethyl-w-dodecalactam (111). 

over time (Figure 1). As is seen from the figure, the hydrolytic polycondensation 
of N-(methyldimethoxysili1rnethyl)-w-dodecalactam proceeds more rapidly than that 
of N-(methyldimethoxysililrnethy1)-E-caprolactam and N-(methyldimethoxysilil- 
methyl)-2-pyrrolidone and in 90 minutes oligo-dimensional product with maximum 
specific viscosity (qSp = 0.06) is formed. The specific viscosities of the products of 
hydrolytic polycondensation of N-(methyldimethoxysililmethy1)-e-caprolactam and 
N-(methyldimethoxysililmethyl)-2-pyrrolidone are not higher than 0.035 and 0.028, 
respectively. 

Methyl-lactyl containing organocyclosiloxanes (XXVI-XXVIII) are colourless 
transparent liquids, completely soluble in water and chloroform, but oligosiloxanes 
of linear structure are resin-like transparent products, quite soluble in standard 
organic solvents. 

Synthesized products are identified on the basis of elemental analysis, molecular 
mass and infrared spectral data. 

In the infrared spectra of the synthesized compounds (XXIII-XXVIII) the in- 
tense absorption bands of the Si-G-Si bonds are observed in the region of 1030- 
1010 sm-'  for noncyclic organosiloxanes and in the region of 1020-1015 sm-  and 
1085- 1080 sm- l ,  being typical of organocyclotri- and organocyclotetrasiloxanes. 
Characteristic absorption bands of the lactam ring are completely retained. In so 
doing, as differentiated from the spectra of the initial substances (VIII, XVII and 
XXII) one can observe a significant decrease in the intensity (for XXIII-XXV) 
and a complete disappearance of the band (for XXVI-XXVIII) in the region of 
960 cm- '  being related to the asymmetrical valence vibrations of the Si-0-C 
bond, as evidenced for complete consumption of the methoxy groups. 

We've also studied the hydrolytic polycondensation of N-(methyldiethoxysilil- 
ethylene)- and N-(methyldibutoxysililethyl)-2-pyrrolidones having been obtained 
by hydrosililizing of N-vinylpyrrolidone by methyldialkoxysilanes. This process was 
conducted at room temperature in ethyl alcohol in the presence of catalytic quan- 
tities of concentrated hydrochloric acid. The reaction proceeded easily with a spon- 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
9
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



T
A

B
L

E
 I

V
 

Ph
ys

ic
o-

ch
em

ic
al

 ch
ar

ac
te

ri
st

ic
s, 

el
em

en
ta

l 
an

al
ys

is
, a

nd
 o

ut
pu

t o
f 

la
ct

yl
-c

on
ta

in
in

g 
ol

ig
os

ilo
xa

ne
s 

an
d 

cy
cl

os
ilo

xa
ne

s 

M
M

 
Fo

un
d 

C
al

cu
la

te
d,

 %
 

C
om

po
un

d 
O

ut
pu

t, 
N

. 

X
X

II
I 

X
X

IV
 

xx
v 

X
X

V
I 

X
X

V
II

 
X

X
V

lI
I 

X
X

IX
 

%
 

Sp
ec

ifi
c 

73
 

0.
02

8 
77

 
0.

03
5 

84
 

0.
06

 
21

 
14

 
11

 
83

 

-
 

-
 

-
 

-
 

Fo
un

d 

15
65

 
20

69
 

41
20

 
50

0 
72

9 
10

89
 

70
3 

C
al

cu
la

te
d 

15
59

 
20

81
 

40
8 1

 
47

1 
74

0 
10

76
 

68
4 

C
 

46
.0

2 
52

.2
5 

62
.7

3 
45

.4
9 

52
.2

1 
62

.0
0 

49
.5

1 

H
 

8.
85

 
8.

44
 

10
.2

5 
7.

35
 

8.
45

 
10

.5
1 

7.
89

 

Si
 

N
 

17
.6

1 
7.

01
 

14
.5

3 
7.

61
 

10
.5

3 
4.

93
 

18
.0

2 
8.

71
 

15
.3

3 
7.

32
 

10
.0

9 
5.

37
 

16
.0

5 
8.

47
 

C
 

46
.0

6 
5 1

.9
0 

62
.3

3 
45

.8
6 

51
.8

9 
62

.4
5 

49
.1

2 

H
 

8.
69

 
8.

22
 

10
.0

7 
7.

01
 

8.
11

 
10

.0
4 

7.
60

 

Si
 

17
.2

7 
14

.8
0 

10
.2

9 
17

.8
3 

15
.1

4 
10

.4
2 

16
.3

7 

-
 

N 8.
64

 
7.

40
 

5.
15

 
8.

92
 

7.
56

 
5.

20
 

8.
19

 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
2
:
2
9
 
1
9
 
J
a
n
u
a
r
y
 
2
0
1
1



148 L .  K .  JANIASHVILI er a1 

TABLE V 

The effect of N-organosililimethyllactams on the growth of some phytopathogenic bacteria 

Compound 

Control I1  IV XI XI1 

Zone of depression of microorganism growth Microorganisms 

Bacterium tumefaciens 0 5.0 6.0 6.0 5.0 
Xanthomonas 0 4.0 5 . 5  8.0 1 .0 

Pectobacterium aroideae 0 4 .0  5 . 5  4.0 - 
campestris 

~~~ ~ 

taneous temperature increase up to 60-70°C. In  both cases 8-unit organocyclo- 
siloxane is formed by the scheme: 

CH, 
I 

R&-Si-OR + H,O- 
- ROH I 

where R = C2H,, C,H, (XXIX). 
After distilling off the solvent and reprecipitating XXIX from the toluene solution 

by hexane addition, resin-like product was obtained. that was quite soluble in water 
and chloroform. 

In the infrared spectra of the synthesized compound one can observe the complete 
disappearance of the absorption band within the region of 960 cm-' ,  related to 
the asymmetrical valence vibrations of the Si-G-C bond. In addition there is a 
band within the region of 3600-3400 sm-I that is not characteristic of OH group 
absorption and also a characteristic absorption band for the bonds of the pyrrolidone 
ring is completely retained (1720 sm-'  for CO). 

Physical chemical data for the synthesized compounds are given in Table IV. 
The biological activity of the synthesized silicon containing lactams-N-dimethyl- 

butyl-silil-methyl- and N-dimethyl-phenylsilil-methyl-lactams was investigated. 
As test objects the following strains of microorganisms were used: xanthomonas 

campestris (responsible for the white cabbage bacteriosis), Bacterium tumefaciens 
(responsible for the vine cancer disease) and Pectobacterium aroideae (responsible 
for the white cabbage mucous bacteriosis). The results of the investigations are 
given in Table V. 

Analysis of the information made it possible to conclude that the substances 
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being tested to various degrees inhibit the growth of microorganisms and have 
inhibitory properties. 
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