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N - T r i a l k y l s i l y l -  and N- t r i a lkoxys i ly l -2 -aminoe thane th io l s  were  obtained by reac t ion  of 
az i r id ine  with t r i a l ky l s i l y t -  and t r ia lkoxys i ly la lkane th io ls  or  1 - (2- t r i a lky ls i ly le thy l )az i r id ines  
with al iphatic  and a romat i c  thiols.  

Organosi l icon der iva t ives  of aminoalkyl  sulf ides have been synthesized on the bas i s  of reac t ions  of 
aminoalkanethiols  with Si-subst i tuted aminos i lanes ,  v inyls i lanes ,  and ch loroa lkyls i lanes  [2]. Mannich react ion 
between t r ia lky ls i ly la lkane th io ls  and a lkenylamines  or  amines  [3] is also a convenient  method for  the i r  p r e p a r a -  
tion. The bac te r ios t a t i c  act iv i ty  of some  organos i l icon  der iva t ives  of aminoalkylsulf ides  has been studied [3]. 

In o r d e r  to obtain new types of biological ly act ive organosi l icon compounds we found new methods for 
the synthes is  of N- t r i a lky l s i ly l  and N- t r i a lkoxys i ly l  de r iva t ives  of 2-aminoethaneth io l  (Table 1). Azir idine 
r eac t s  read i ly  with t r i a l k y l s i l y l -  and t r ia lkoxys i ly la lkaneth io ls  in methanol  at 55-60 deg C. 

R3Si(CIt2)nStl * H ~  ~ R3Si(CH2)nSfiH2CH2NH 2 

I-V 

I n - l ,  R=C211S; II n=2, R~C2tts; El! n=3, R=CH3; 

IV n=l,  R=CHaO; V n~3, R=CH~O 

More s e v e r e  conditions (120 deg C for  15 h) a r e  n e c e s s a r y  to open the az i r id ine  r ing in 1 - (2 - t r i a lky l -  
s i ly le thyl )az i r id ines  by al iphatic  and a rom a t i c  thiols.  

RaSiCH2Ctl2--N ~ "~- HSR' " R~SiCH~CH2N HCH2CH2SR' 

V[-IX 

Vl R =%H~,, R'=H-C3HT; VII R=C2H~, R'=H-C4Hg; VIII R=C2Hs, R'=Cslls; 

IX R=lt-C3tlT, R'=C6H~ 

Methyl iodide r eac t s  with t r ia lkyl [ (2-aminoethyl th io)a lkyl ]s i lanes  I and III in e ther  to give hydriodides of 
the co r respond ing  secondary  amines  (X, XI). 

Tr imetho•  (IV} r eac t s  with t r i e thy lamine  in the s a m e  way as o rgany l -  
t r i a lkoxys i l anes  [4] to give the p rev ious ly  unknown 1- [ (2-aminoethyl th io)methyl ]s i la t rane  (XII) : 

N(CH2CH2OH,1 ~ r (CH~O)3SiCH2SCH2CH2NW 2 ~ N(CH2CHgO)3SiCH2SCH2CH2NH:~ 

XII 

E X P E R I M E N T A L  

The PMR s p e c t r a  of CC14 (for I -VI  and IX}, D20 (for X and XI), and dimethyl  sulfoxide (DMSO} (for XII) 
solutions were  obtained with a Tes l a  BS 487C s p e c t r o m e t e r  (80 MHz). The chemica l  shifts  a r e  p resen ted  on 
the 6 sca le  with r e s p e c t  to t e t r ame thy l s i l ane .  

Tr ie thy l [ (2-aminoethyl th io)methyl ]s i lane  (I). A mix ture  of 2.41 g (0.015 mole} of t r ie thyls i ly lmethaneth io l  
and 0.65 g (0.015 mole} of az i r id ine  in 40 ml  of methanol  was heated at 55-60 deg C for 4 h, a f t e r  which the 
solvent  was r emoved  by dist i l lat ion,  and the res idue  was f rac t ionated in vacuo to give 1.0 g (3370) of s i lane [ 
with bp 127-128 deg C (3 mm) [5]. Compounds I I -V were  s i m i l a r l y  obtained (Table 1). 

�9 See [1] for  communica t ion  VII. 
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T A B L E  1. Organos i l i con  Der iva t ives  of  2 -Aminoe thane th io l  

Compound 

I 

II 

(C2H5) 3SiCH2SCti2CH2NH2 

(C2Hs) aSiCH2CI-I2SCH2Clt:NH2 

(CHa) aSiCH2CH2CH2SCH2CH2NH~ 

(CH30) aSiCH~SCH~CH~NH~ 

(CHzO) aSiCH2CH~CH~SCH~CH2NH~ 

(C~H~) aSiCH:CH~NHCH2CH~SC~H7 

(C..H~) aSiCH2CH~NHCH~CH~SC~H9 

(C~H~) ~SiCH~CHeNHCH~CH:SC6H5 

(CzHT) ~SiCH:CH~NHCH~CH~SC6H~ 

IIl 

IV 

V 

VI 

VII 

VIll 

IX 

bp, *C 
(mm) 

127--128 
(3) 

135--137 
(1) 

88--90 
(2) 

75--76 
(0,1) 

89--91 
(0,01) 

145--146 
(4) 

180--182 
(5) 

130--131 
(O,Ol) 

194--1912 
(4) 

Found, a] ~ 
nD~O 

C 

,49981 52,7 

,49321 54,9 

,48121 50.3 

1,4703] 34,1 8,3 

i,46851 39,9 8,7 

[,4730] 59,4 11,7 

[,48091 61,5 11,8 

1,54331 64,6 9,( 

1,5285] 67,7 10,4 

H N 

[1,3 6,5 

I 1,8 6,5 

10,6 6,9 

6,3 

5,5 

5,5 

4,9 I 

5,3 

4,2 

S I si 

4,71 13,4 

.4,31 13,0 

[6,0J 14,2 

14,81 12,9 

13,2l 11,6 

11,8 10,6 

11,2 10,2 

11,3 10,4 

9,5 8,1 

Empirical 
formula 

CgH2aNSSi 

CmH~sNSSi 

CsH2~NSSi 

C~HITNO3SSi 

CsH2,NOaSSi 

ClaHatNSSi 

C14HssNSSi 

CI6H2oNSSi 

CjgHasNSSi 

T A B L E  2. P a r a m e t e r s  of  the PMR Spec t ra  of  
Der iva t ives  of  2 -Aminoe thane th io l  (5, ppm) 

C o m -  

pounc 

! 
II 

IlI 

IV 
V 

VI 

IX 

Organos i l i con  

CH2 

R3Si 

[ CI-Ia(OCHa) 
SiCIb. Si--C--CII2 CH.~S CH,:N NfI2(NIt) 

I 
0,63 ~n)l 0,92 fin) 
0,67 ~n)l 0,94 fin) 

- -  ] 0,05 (s) 

3,53 (s } 
3.50 (s) 

0,57~n) l 0.93 (m) 
I 

0,50; [ 0,93 On) 
128 gn)] 

1,75 (s) 
~ 
0,67 

1,77 ~t~) 
0,74 
0,57 (m) 

0,60 (m) 

2,62(m) 
1,70 fn ) 

1,6F~)  
2,65 (m) 

2,75 fin) 

I 
2,55 (m)]2,80 fin) 1,42 (s) 
2,65 ~m)[2,80 r 1,35 (s) 
2,45-- 12,86 ~ ) [  1,35 (s) 
2,58 (m) I , 
2,59 (m)12,79 ~ 1,65 (s) 
2,50 (m)]2,75 ~nl 1,25 (s! 
2,44 (m)12,65 fin) 1,84 (.s) 

52,6 

54,7 

50,2 

34,1 

40,1 

593 

61,12 

65s 

67,( 

Calc., % Yield, 

i.l  s isi 

II,3 5,8 15,6113,7t 33 

11,5 5.4 14,6]12,8[ 30 

11,l 7,3 16,8114,'tl 45 

8,1 5,6 15,2113,3l 30 

8,9 5,8 13,4111,7[ 40 

12,0 5,4 12,3 10,7 50 

12,1 5,1 11,6 [0,2 55 

9,9 4,7 10,8 9,5] 72 
I 

10,44.2 9,5 8,3 t 65 
I 

SC~Hr, SCeH~ 

2,44 (t); 1,54 (t); 
0,93 (t) 
7,12 (m) 

P r o p y l  2 - [2 - (T r i e t hy l s i l y l ) e t hy l a m i no ]e t hy l  Sulfide (V1). A mix tu re  o f  1.60 g (8 mmole)  of t r i e thy l{2-  
az i r id inoe thy l ) s i l ane  and 0.90 g (12 mmote)  of  p ropane th io l  was heated in a sea led  ampul  at 120 deg C for  15 h, 
a f t e r  which sulf ide VI was r e m o v e d  by v a c u u m  dis t i l la t ion  to g ive  1.12 g (50%) of a p roduc t  with bp 145-146 deg 
C (4 mm).  Compounds  VII - IX were  s i m i l a r l y  syn thes i zed  (Table 1). 

2 -Methy laminoe thy l  T r i e t h y l s i l y l m e t h y l  Sulfide Hydr iodide  (X). A 0 .20-g  (1.4 mmole)  s ample  of  me thy l  
iodide was added to a solut ion of  0.30 g (1.4 mmole)  of  aminos i l ane  I in 15 ml  of  absolute  e the r ,  and the c r y s t a l -  
l ine p rec ip i t a t e  that  f o rmed  in the c o u r s e  of 30 min  was r e m o v e d  by f i l t ra t ion ,  washed with abso lu te  e the r ,  and 
dr ied  in vacuo to give 0.20 g (40%) of  a p roduc t  with mp 203-204 deg C. ~ M R  s p e c t r u m :  0.63 (6H, m, CH2) , 
0.92 (9H, m, CH3) , 1.98 (2H, m, SICH2),2.95 (2H, m, SCH2), 3.17 (3H, s, NCH3), and 3.46 ppm (2H, m, NCH2). 

Found:  S 8.9%. C10H2~NSSi'HI. Ca lcu la ted :  S 9.2%. 

2 -Me thy laminoe thy l  3 - ( T r i m e t h y l s i l y l ) p r o p y l  Sulfide Hydr iodide  (X1). This  compound was s i m i l a r l y  
obtained f r o m  0.60 g (3.0 mmole)  of  aminos i l ane  III and 0.43 g (3.0 mmole)  of  me thy l  iodide a f te r  6 h. Workup 
gave  0.29 g (28%) of a p roduc t  with mp 177-178 deg C. PMR s p e c t r u m :  0.05 [9H, s,  (CH3)3Si], 0.65 (2H, m, 
SCH2) , 1.61 (2H, m, CH2), 2 .70-2.98 (4H, m, CH2SCH2), 3.20 (3H, s, ~CH3), and 3.62 ppm.  (2H, m, NCH2). 
Found:  S 9.4%. CoH23NSSi'HI. C.alculated: S 9.6%. 

1 - [{2 -Aminoe thy l th io )me thy l ] s i l a t r ane  (XII}. A mix tu r e  of  0.80 g (3.8 mmole)  of aminos i l ane  IV, 0.60 g 
(3.8 mmole)  o f  t r i e t h a n o l a m i n e ,  and 0.1 g of  KOH in  50 ml  of  d ry  to leuene  was heated,  dur ing  which the r e su l t ing  
me thano l  was r e m o v e d  by dis t i l la t ion.  The mix tu re  was then cooled ,  and the  c r y s t a l s  of  XII that  p rec ip i t a t ed  
w e r e  r e c r y s t a U i z e d  f r o m  c h l o r o f o r m  to give 0.65 g (61%) of a p roduc t  with mp 161-162 deg C. PMR s p e c t r u m :  
1.36 (2H, s ,  SiCH2S), 2.81 (6H, m,  NCH2), 3.40 (2H, m, NH2), and 3.62 ppm (6H, m, OCH2). Found:  C 41.0;  H 
7.8; N 10.0; Si 10.3%. CoH20N20~SSi. Ca lcu la t ed : '  C 40.9;  H 7.6; N 10.6; Si 10.6%. 

1 .  

2. 
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The d i rec t  incorpora t ion  of quinoline, isoquinoline,  acr id ine ,  imidazole ,  and benzimidazole  
res idues  in the indolizine ring was accompl i shed  by react ion  of N-he t e roa roma t i c  compounds 
with indolizine der iva t ives  in the p r e s e nce  of acylat ing agents.  

Indolizine read i ly  undergoes e lec t rophi l ic  subst i tut ion reac t ions ,  during which the 1 and 3 posi t ions,  the 
r e l a t ive  r eac t iv i t i e s  of which in these  reac t ions  a r e  de termined by the 1 : 3 i s o m e r  ra t io ,  undergo e lec t rophi l ic  
a t tack  [1]. 

We have found that 2-methyl indol iz ine  may undergo both he tary la t ion  [2] and acylat ion on reac t ion  with 
N - h e t e r o a r o m a t i c  s y s t e m s  in the p r e s ence  of acyl halides.  Heterocycl ic  der iva t ives  of the IV and V type a re  
fo rmed in the he ta ry la t ion  of 2-methyl indol iz ine ,  whereas  2 -methy l -3 -acy l indo l i z ines  III a r e  obtained in the 
case  of acylat ion:  

~ /  -I-- 

CH 3 

/ ~ C H  3 

r 1 / ,,, 
.,.,. +~ _ CH3 

, \ ,v 
\ 

I1 +"' 

L coc,., 
|! 

The re la t ive  amounts of acylat ion and hetary la t ion  products  depend on many  fac tors  but mainly on the nature  
of the N - h e t e r o a r o m a t i c  cation.  

Thus only acylat ion of the indolizine ring with the quanti tat ive fo rmat ion  of III occurs  when N-aey i  
pyr id in ium sal ts  I in si tu and N,N ' -d iaey l imidazo l ium and benzimidazol ium chlor ides  II a r e  used. The more  
s table  N-acyl  quinolinium and isoquinolinium cat ions f o r m  both types of reac t ion  products ,  during which the 
fo rmat ion  of 2 -me thy l -3 -acy l indo l i z ine  III p roceeds  to a g r e a t e r  extent with quinoline than with isoquinoline. 
C h a r a c t e r i s t i c  vC=O bands at 1660-1680 c m  -1 and vC=C bands at 1610-1620 e m  -1 a re  observed  in the IR spec -  
i r a  of he tary la t ion  products  IV and V; this ,  taken toge ther  with the set  of mass  s p e c t r o m e t r i c  data - the 
p r e s e n c e  in the spe c t r a  of a molecu la r  ion, C6H5CO f ragmen t s ,  and f r agments  of quinoline, isoquinoline,  and 
indolizine res idues  - conf i rms  the i r  s t ruc tu re  [3]. 
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