
7 -  T R I M E  T H Y L S I L Y L ( T R I P H E  N Y L S I L Y L )  P Y R I D I N E S  

IN S Y N T H E S E S  O F  S I L I C O N - C O N T A I N I N G  

P Y R I D I N I U M  Y L I D S  A N D  I N D O L I Z I N E S  

N. S. P r o s t a k o v ,  A.  V. V a r l a m o v ,  
N. S a k s e n a ,  A.  A.  S a v i n a ,  
G. D a t t a  R a i ,  a n d  L.  V. M a s l o v a  

UDC 547.245'821'826' 83'759.4 

Three N-phenaey l -T- t r imethy l s i ly l  ( t r iphenyls i lyl)pyridinium bromides  were converted to 
stable s i lyl -subst i tuted pyridinium ylids. Six previously  unknown si l icon-containing indoli- 
zincs were  obtained by two methods, viz.,  1,3-dipolar  cycloaddition of dimethyl acetylenedi-  
carboxylate  (DMAD) to the pyridinium ylids and the Chichibabin reaction. Spectral data that 
conf i rm the s t ruc tu res  of the synthesized compounds a re  presented.  

Continuing our  r e s e a r c h  on the synthesis  and study of s i lyl-subst i tuted pyridine bases  we turned to the 
prepara t ion  of previously  unknown si lyl-subst i tuted pyridinium ylids and indolizines. Compounds of both of 
these groups are  of in teres t  for  the study of their  physiological  activity [1]. 

Quaternary  salts  V-VIII, respect ively ,  were obtained f rom 4- t r imethy ls i ly l -  (I) [2] and tr iphenylsi lyl-  
pyridines (H) [ 3], as well as f rom 3-methy l -  (III) [4] and 3 ,5-dimethyl-4- t r iphenyls i ly l  pyridines [ 5], and 
bromoaeetophenone,  while salt  IX was obtained f rom pyridine III and ethyl bromoaceta te .  When salts V-VII 
were  t reated with a 40% solution of potass ium carbonate,  they were conveted to 7-s i ly l - subs t i tu ted  pyridinium 
benzoylmethylids X-XII,  which are  s table-colored  compounds, the stability of which is evidently due to the 
par t ic ipat ion of the d orbi tals  of the si l icon atom in delocalization of the negative charge of the ylid grouping, 
As a consequence of the s trong positive inductive effect of the t r imethyls i lyl  group [6], ylid X is less  stable 
(at 3-5~ it remains  unchanged for  3 weeks) than ylids XI and XII (these compounds remained unchanged for 
4 months under the same condit ions),  in which the tr iphenylsilyl  group displays a negative inductive effect. 
The s t ruc tures  of ylids X-XII  were  proved by the analytical  and spectra l  data, as well as by some chemical  
t ransformat ions .  

The intensity of the broad signal of the ylid proton (6.2-6.65 ppm) in the PMR spect ra  of ylids X-XII  
inc reases  markedly  as the t empera tu re  is lowered (W = 28 Hz at 26~ for X, and W = 4 Hz at - 5 5 ~  for X):  
This is associa ted with slowing down of the exchange p rocesses .  The presence  of an ylid carbonion in ylids 
X-XII  is conf i rmed by a compar i son  of their  PMR spec t ra  in CF3COOH and CF3COOD, in which sharp NCH 2 
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and NCHD signals with intensit ies of two and one proton units, respect ively,  are  observed at 6.19, 6.10, and 
5.83 ppm. 

(C~ns)aSJ'~ 

CH /.~./N~,~.(COC6 HS) 2 Xll ~ CHa/~l,~ji~ ~CH2CO C6 H~ 

1 - 
Xll l  XlY CI 

CIt 3 
( C 6 H s ) a S i ~  COOCHa § ( C 6 H 5 ) 3 5 i ~  cOOCH3 

c . . ~ ~ c o o c . ,  ~ \ c o o c . .  
COC6H 5 COC6H 5 

XV XVl 

Dibenzoylmethylid XIII was obtained by Schot ten-Baumann  benzoylation of ylid XII, while N-phenacyl -3-  
methyl -4- t r iphenyls i ly lpyr id in ium chloride was obtained by t rea tment  with hydrogen chloride. As expected 
[7], in the react ion of ylid XII with dimethyl acetylenedicarboxylate (DMAD) eycloaddition occurs  at both c~ 
positions of the pyridine ring, as a resu l t  of which two i somer ic  (with respec t  to the position of the methyl 
group) indolizines, viz., a -me thy l -  (XV) and 8 -me thy l -7 - t r ipheny l s i ly l -3 -benzoy l - l , 2 -d i ca rbomethoxy indo l i -  
zine (XVI), a re  formed. The position of the methyl groups in them was established f rom the cha rac t e r  of the 
multiplicity of the 5-H, a-H, and 8-H signals. The same mixture of indolizines XV and XVI is formed in the 
react ion of salt  VII with DMAD in the presence  of tr iethylamine.  

7 -Tr ime thy l s i ly l -  (XVII) and t r iphenyls i ly l -3-benzoyl - l ,2-d icarbomethoxyindol iz ines  (XVIII) were ob- 
tained without isolat ion of the corresponding pyridinium ylids f rom quaternary  salts V and VI by react ion with 
DMAD in the p resence  of t r ie thylamine (2,3-dipolar  cyeloaddition of DMAD to the pyridinium ylid formed in 
the react ion) ,  while a -methy l -7 - t r ipheny ls i ly l -3 -ea rbe thoxy- l ,2 -d ica rbomethoxyindo l iz ine  (XIX) was obtained 
f rom salt  IX. ~-Methyl-2-phenyl-7-tr iphenylsi lyl indoli~:ine (XX) was obtained f rom quaternary  salt  VIII via 
the Chichibabin reaction. The s t ruc tu res  of all of the synthesized compounds were confirmed by the spectra l  
data (Table 1). 

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

The PMR spect ra  of solutions of the compounds in CDC13, CF3COOH, and CF3COOD were recorded  with 
a BS-487 spec t romete r  with hexamethyldisiloxane as the internal  standard. The IR spec t ra  of KBr pellets of 
the compounds were recorded  with a UR-20 spec t rometer .  The mass  spec t ra  of the compounds were obtained 
with a Varian MAT CH-8 spec t romete r .  Activity II aluminum oxide was used for th in- layer  chromatography 
(TLC) [elution with ethyl a c e t a t e - h e x a n e  (1: 4)]. The charac te r i s t i c s  of the synthesized compounds are  p r e -  
sented in Table 1. 

N-Phenacy l -4- t r imethy ls i ly lpyr id in ium Bromide (V). A solution of 1.8 g (0.012 mole} of pyridine base 
I and 2.3 g (0.012 mole) of bromoacetophenone in 10 ml of benzene was refluxed for 5.5 h, af ter  which the 
benzene was removed by distillation, and the residue was t r i tura ted in absolute ether and crys ta l l ized to give 
1.7 g of qua te rnary  sal t  V. Quaternary  salts  VI-IX were  s imi la r ly  obtained f rom si lyl-subst i tuted pyridine 
bases  II-IV. 

4-Tr imethyls i ly lpyr id in ium Benzoylmethylid (X). A 3-ml sample of a 40% solution of potassium c a r -  
bonate was added to a solution of 1 g (3 mmole)  of quaternary  salt  V in 10 ml of chloroform,  and the mixture 
was s t i r r ed  for  1.5 h. The ch loroform was removed by disti l lation in vacuo without heating, and the residue 
was t r i tura ted  in absolute e ther  to give 0.7 g of pa le -g reen  c rys ta l s  of pyridinium ylid IX. Pyridinium ylids 
XI (orange powder) and XII (orange-brown powder) were s imi la r ly  obtained f rom quaternary  salts VI and VII. 

Pyridine base III was formed in the react ion of qua te rnary  salt  VII with pyridine. 

3-Methyl-4- t r iphenyls i ly lpyr id inium Benzoylmethylid.  (XIII). A solution of 1 g (2 mmole) of pyridinium 
ylid XII and 0.42 g (0.03 mole) of benzoyl chloride in 15 ml of ch loroform was s t i r red  for  15 min, af ter  which 
2 ml of a 40% solution of potass ium carbonate  was added, and the mixture was s t i r red  for  another 30 min. 
The ch loroform solution was separated,  and the dark-brown residue remaining after  removal  of the ch loro-  
fo rm by disti l lation was dissolved in 5 ml of aeetonitri le.  The solution was fil tered, absolute ether  was added 
to the fi l trate until it became turbid, and the mixture was maintained at 0~ for  12 h. Workup gave 0.17 g of 
yellow c rys ta l s  of XIIL 

N-Phenaey l -3-methy l -4 - t r iphenyls i ly lpyr id in ium Chloride (XIV). Hydrogen chloride was bubbled into a 

750 



solution of 1 g (2 mmole)  of pyridinium ylid XII in 10 ml of ch loroform until the solution became color less ,  
a f ter  which the ch lo roform was removed by distillation, and the res idue was crys ta l l ized  f rom ethanol to give 
0.~5 g of white c rys ta l s  of XIV. 

~- Methyl- (X V) and 8- Methyl- 7- t r iphenyls i ly l -  3-benzoyl-  1, 2-dicarbomethoxyindolizine (X VI). A mix-  
ture of 1.1 g (2.4 mmole)  of ylid XII, 0.7 g (5 mmole)  of DMAD, and 25 ml of acetoni tr i le  was refluxed for 

h, and the result ing precipi ta te  (0.53 g) was c rys ta l l ized  f rom a mixture of ethanol and ethyl acetate (1: 1) 
to give 0.23 g of yellow c rys ta l s  of indolizine XVI with Rf 0.27. The acetonitr i le  was removed f rom the fil- 
t ra te  remaining after  separat ion of 0.53 g of precipi tate  by distillation, and the residue (1.5 g) was c rys t a l -  
lized f rom methanol to give 0.25 g of indolizine XV with Rf 0.2: 

7 -Tr imethy ls i ly l -3 -benzoyl - l ,2 -d icarbomethoxyindol iz ine  (XVII). A mixture of 0.9 g (2.~ mmole) of 
qua ternary  salt  V, 10 ml of methylene chloride, 0.75 g (5.3 mmole) of DMAD, and 1.05 g (0.1 mole) of t r i -  
ethylamine was refluxed with s t i r r ing  for 5 h, af ter  which it was shaken in a separa to ry  funnel with 40 ml of 
water.  The solution of the react ion products in methylene chloride was dried with magnesium sulfate, the 
solvent was removed by distillation, and the residue was crys ta l l ized  to give 0.22 g of color less  c rys ta l s  of 
indolizine XVII. Light-orange c rys ta l s  of indolizine XVIII were s imi lar ly  obtained f rom quaternary  salt  VI. 

-Methyl -7-  t r iphenylsi lyl-  1, 2-dicarbomethoxy-3-carbethoxyindol iz ine  (XIX). A mixture of 0.9 g ( 1.8 
mmole) of N-e thoxycarbonylmethyl -3-methyl -4- t r iphenyls i ly lpyr id in ium bromide (rap 166-1~7 ~ C), 0.5 g 
(3.5 mmole) of DMAD, 0.7 g (7.2 mmole)  of t r iethylamine,  and 15 ml of ch loroform was refluxed with s t i r r ing  
for  5 h, af ter  which it was shaken in a sepa ra to ry  funnel with 30 ml of water.  The ch loroform solution was 
dried with magnesium sulfate, the ch loroform was removed by distillation, and the residue was c rys ta l l ized  
f rom methanol to give 0.3 g of color less  c rys ta l s  of XIX. 

~-Methyl-2-phenyl-7- t r iphenyls i lyl indol iz ine (XX). A 4-ml sample of a solution of potass ium carbonate 
was added to 0.5 g (0.8 mmole)  of qua ternary  sal t  VIII in 8 ml of ebloroform, and the mixture was refluxed 
for 1.5 h. The ch loroform solution of the react ion products was dried with magnesium sulfate, the ch loroform 
was removed  by distillation, and the residue was chromatographed (H = 40 cm, d = 2 cm, elution with ether) 
to give 0.22 g of yellow c rys ta l s  of substituted indolizine XX with Rf 0.82. 
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