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5-Methy l -4 - t r ipheny l s i ly lpy r id ine -2 -ca rboxy l i c  acid was synthes ized,  e s te r i f i ed ,  and d e c a r -  
b0xylated.  Several  t r ans fo rma t ions  of t r a n s - 5 - m e t h y l - 4 - t r i p h e n y l s i l y l - 2 - s t y r y l p y r i d i n e  
were  examined.  

2 ,5 -Dimethy l -4 - t r ipheny ls i ly lpyr id ine  (I) and 5 - m e t h y l - 4 - t r i p h e n y l s i l y l - 2 - s t y r y l p y r i d i n e  (II), which 
were  p rev ious ly  desc r ibed  in [1], were  used to synthes ize  some  new subst i tuted pyr idine bases  with a t r i -  
phenyls i lyl  grouping in the pyridine r ing.  

In the p resen t  communicat ic~ we p resen t  the t r ans fo rma t ions  of I at the act ive c~-methyl group.  The 
t r iphenyls i ly l  grouping in the 4 position apparent ly  does not have a substant ia l  ef fect  on the act ivi ty of the 
a - m e t h y l  group of I as com pa red  with i ts  act ivi ty  in 2 ,5 -d imethy l -4-phenylpyr id ine .  Compound I was oxi-  
dized by means  of se lenium dioxide to 5 -me thy l -4 - t r i pheny l s i l y lpy r id ine -2 -ca rboxy l i c  acid (III), f r o m  which 
the ethyl e s t e r  (IV) was obtained by the usual  method [2]. Decarboxylat ion of subst i tuted picolinic acid III 
gave 3 -me thy l -4 - t r i pheny l s i ly lpy r id ine  (V) in 55% yield.  
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The s t r u c t u r e s  of pyridine bases  I and V were  conf i rmed  by a l te rna t ive  synthes is  via the Gilman 
method [3], which es tabl i shed that  the addition of t r iphenyls i ly l l i th ium to the pyr id ine  proceeds  to give 1,4-  
d ihydro-4- t r ipheny ls i ly lpyr id ine .  The oxidation of the la t te r  with alcoholic hydrochlor ic  acid solution or 
n i t robenzene  gives 4- t r iphenyls i ly lpyr id ine .  Compounds I and V were  obtained by the action of t r ipheny l -  
s i ly l l i th ium on 2 ,5-dimethylpyr id ine  and f i -picol ine in t e t r ahydrofu ran  in yields  of 0.5 and 18.4%, r e s p e c -  
t ively .  2 ,6 -Dimethy l -4 - t r ipheny l s i ly lpyr id ine  (VI) was s i m i l a r l y  obtained in 9% yield f rom 2 ,6-d imethyl -  
pyr id ine .  The low yields of s i ly l - subs t i tu ted  pyridine bases  I, V, and VI a re  p robab ly  caused by the effect  
of the methyl  groups at tached to C 2 and C 5 of the pyridine ring on the addition of t r iphenyls i ly l l i th ium.  We 
were  unable to i so la te  the cor responding  1 ,4-dihydropyr idines  - they are  apparent ly  oxidized to the c o r -  
responding pyridine bases  on workup of the reac t ion  mix tu re .  

We have p rev ious ly  obtained s t i lbazole  II by condensation of I with benzaldehyde in the p resence  of 
acet ic  anhydride in acet ic  acid [1]. I ts  isolation f rom the react ion  mix tu re  p r e sen t s  cons iderable  diff icul-  
t i e s .  An a t tempt  was the re fo re  made to obtain II by condensation of I with benzaldehyde in the p re sence  of 
anhydrous zinc chlor ide at 190-210 ~ A complex of s t i lbazole  II with zinc chlor ide  (C32H27NSi)2ZnC12 �9 HC1 
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was isola ted  f rom the reac t ion  mix tu re  and decomposed  with sa tu ra ted  po tass ium hydroxide solution to 
give II .  A band at 1642 cm -l ,  which co r r e sponds  to the s t re tching vibrat ions  of the double bond, is p resen t  
in the IR spec t rum  of II .  The absorpt ion bands at 970 and 982 cm -1, which co r re spond  to the out -of -p lane  
deformat ion  vibra t ions  of the C - H  bends,  indicate a t r ans  configuration for  II [4]. 

Sti lbazole II was conver ted  to subst i tuted ethynyl der iva t ive  IX. Brominat ion of II in ch lo ro fo rm gave 
1 , 2 - d i b r o m o - l - p h e n y l - 2 - ( 5 - m e t h y l - 4 - t r i p h e n y l s i l y l - 2 - p y r i d y l ) e t h a n e  (VII). The IR spec t rum of VII con-  
tains an intense band at 560 cm -i  , which is r e la ted  to the s t re tching vibra t ions  of the C -  Br  bond. 
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The debrominat ion of VII by means  of zinc dust in ethanol gave a complex  of II with zinc b romide ,  
which, according to the analyt ical  data,  has the composi t ion C32H27NSi �9 ZnBr2, which is in ag reemen t  with 
the l i t e ra tu re  data [5]. The decomposi t ion of this complex  in a column filled with a luminum oxide gave only 
s t i lbazole  II,  as indicated by the identical  c h a r a c t e r  of the IR and UV spec t r a  and the absence of a m e l t i n g -  
point depress ion  in mix tu res  with a genuine sample  of the compounds.  

The react ion  of dibromoethane VII with bis [(dimethylmethoxy)si lyl]amide* and po tass ium t r i m e t h y l -  
s i lanolate  was accompl ished.  It might  have been expected that the b romine  a toms would be rep laced  by 
amino or hydroxyl  groups,  r e spec t ive ly .  However,  under  the conditions we used  to c a r r y  out the e x p e r i -  
men t s ,  we noted only dehydrobrominat ion,  which is in ag reement  with the r e su l t s  obtained by Ruhlmann [6], 
who obse rved  dehydrochlorinat ion of chlorocyclohexane in the reac t ion  of it with po tass ium bis ( t r imethyl-  
s i ly l )amide .  Only one molecule  of hydrogen bromide  is c leaved  in the case  Of the reac t ion  of VII with po ta s -  
s ium t r imethy ls i l ano la te ,  and 5 - m e t h y l - 4 - t r i p h e n y l s i l y l - 2 -  {fl -b romos ty ry l )py r id ine  {VIH) is apparent ly  
f o rmed .  The absorpt ion bands at 1624, 1205, 942, and 795 cm -1 in the IR spec t rum of VIII co r re spond  to 
t r i subs t i tu ted  ethylene de r iva t ives .  The low frequency of the s t re tching vibra t ions  of the C = C  bond (1624 
cm -1) is  due to the p re sence  of b romine  at tached to the double bond [7]. 

Complete  dehydrobrominat ion occurs  during t r e a t m e n t  of VII with po tass ium bis  [(dimethylmethoxy)-  
s i ly l ]amide,  and 5 -methy l -4 - t r ipheny ls i ly l -2 -pheny le thyny lpyr id ine  (IX) is isolated in 51% yield.  The dif -  
fe rence  in the dehydrobrominat ion reac t ions  is assoc ia ted  wi th the  di f ferent  bas ic i t i e s  of po tass ium t r i -  
methyls i lanola te  and po tass ium bis [(dimethylmethoxy)si lyl]amide.  Dehydrobrominat ion  occurs  rapidly  in 
t e t r ahydrofu ran  but is accompanied  by c leavage of a t r iphenyls i ly l  group.  The oxidation of IX at the ace ty l -  
ene bond g a v e  benzoic acid and pyridine carboxyl ic  acid III .  A weak band of the C ~--- C bond at 2220 c m  -1, 
which is cha r ac t e r i s t i c  for  a s t ruc tu re  of the ArC---~ CAr type  [8], is observed  in the IR s p e c t r u m  of IX. 

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

Th in - l aye r  ch romatography  ( r L c )  was c a r r i e d  out using a mix tu re  of equal amounts of act ivi ty II and 
III  a luminum oxide with elution with h e x a n e - e t h y l  aceta te  (3:1 by volume).  

2 ,5 -Dimethyl -4- t r iphenyls i ly lpyr id ine  (I). A solution of t r iphenyls i ly l l i th ium,  obtained f rom 76.7 g 
(0.26 mole) of t r iphenylchloros i lane  in 460 ml  of absolute t e t rahydrofuran ,  was added with cooling to 0 ~ in 
the cour se  of 50 mill to a solution of 40 g of 2,5-1utidine in 60 ml  of absolute t e t r ahydrofuran .  The react ion 
mix tu re  was ref luxed for  1 h (until the Gilman tes t  was negat ive) ,  and the next  day it was t r ea t ed  with 18% 
hydrochlor ic  acid (with r e s p e c t  to Congo Red). The t e t r ahydro fu ran  was r e  moved by vacuum dist i l lat ion,  and 
the neu t ra l  reac t ion  products  were  ex t rac ted  with e ther .  The res idua l  sa l t s  of organic  bases  were  t r ea t ed  
with sa tu ra ted  aqueous po tass ium hydroxide solution, and the organic  bases  were  ex t rac ted  with e the r .  The 
ex t rac t  was dr ied with magnes ium sulfate ,  and the e ther  and excess  lutidine were  r emoved  by dist i l lat ion 

*The authors thank V. M. Kopylov and Zh, S, Syr tsova  for  the i r  a s s i s t ance  in obtaining the po tass ium s i ly l -  
amide .  

872 



to give 20.6~g of a viscous,  dark-brown mass ,  which was refluxed for  6 h in 30 ml of ni trobenzene.  The 
residue af ter  removal  of the nitrobenzene by vacuum distillation was chromatographed with a column (25 by 
700 mm) filled with activity II aluminum oxide with elution by heptane to give 0.5 g of I with mp 156.5- 
157.8 ~ (from heptane) and Rf  0.63. This product did not depress  the melting point of the compound obtained 
by the method in [1]. The picrate had mp 179-181 ~ (from alcohol) and did not depress  the melting point of 
the picrate  obtained in [1]. 

5 -Methyl -4- t r iphenyls i ly l -2-s tyry lpyr id ine  (II). A. A mixture of 5.38 g (14.8 mmole) of I, 3.15 g 
(29.8 mmole) of benzaldehyde, and 2 g of anhydrous zinc chloride was heated at 180-190 ~ for 12 h. The 
mixture was cooled, 20 ml of alcohol was added, the result ing precipitate (4.23 g) was t reated with an 
aqueous alcohol solution of hydrochlor ic  acid and washed success ive ly  with alcohol and benzene to give 
2.24 g of a complex of II with zinc chloride with mp 252-2560 (from alcohol). Found: C 70.1; H 5.5; N 2.6; 
C1 9.5%. C64H54Si2N 2 �9 ZnC12 �9 HC1. Calculated: C 71.2; H 5.1; N 2.6; CI 9.9~ The complex was decom-  
posed with sodium hydroxide, and II was extracted with five 50-ml aliquots of e ther .  The ether was r e -  
moved by distillation, and the residue was crys ta l l ized  f rom hexane to give 1.1 g (29%) of II with mp 166- 
167 ~ and Rf  0.73 [1]. UV spec t rum (in alcohol), )tmax, nm (loge):  224 (4.83), 244 (4.33), 274 (4.52), 310 
(4.50). IR spect rum,  cm- l :  3075 (w), 3055 (w), 1642 (In), 1582 (m), 1432 (s), 1355 (s), 1310 (In), 1115 (vs), 
1080 (m), 982 (s), 970 (s), 767 (s), 747 (vs), 715 (vs), 697 (vs). 

B._..:. A mixture of 0.36 g (0.59 mmole) of VII, 0,42 g (0.0064 g-atom) of f resh ly  activated zinc dust, 20 
ml of absolute alcohol, and 15 ml of absolute dioxane was refluxed for 8 h. The solvents were removed bv 
distillation, and the residue was washed with hot ch loroform and, at the end, with hot dioxane. The solvents 
were removed by distillation to give 0.55 g of complex of II with zinc bromide as co lor less  c rys ta l s  with 
mp 310-312 ~ (from alcohol). Found: N 2.1%. Cs2H27NSi �9 ZnBr 2. Calculated: N 2.1%. A solution of 0.5 g 
(0.74 mmole) of the complex in ch loroform was passed through a column filled with activity II aluminum 
oxide with elution by ethyl ace t a t e -hexane  (1:1) to give 0.16 g (59%) of II with mp 167-168 ~ (from heptane). 

5-Methyl -4- t r iphenyls i ly lpyr id ine-2-carboxyl ic  Acid (III). A. A mixture of 3 g (8.24 mmole) of I and 
1.37 g (12.34 mmole) of selenium dioxide in 40 ml of absolute pyridine was refluxed with vigorous s t i r r ing  
for 4 h. The selenium was removed by filtration, the pyridine was removed by distillation, and the residue 
was t reated with hot water  to decompose the unchanged selenium dioxide. The aqueous layer  was decanted, 
and acid III was extracted f rom the residue with boiling heptane to give 1.41 g {43%) of color less  c rys t a l s  
of III with mp 189-190 ~ (dec., f rom alcohol). Found: C 75.9; H 5.7; N 3.9%. C25H21NO2Si. Calculated: C 
75,9; H 5.3; N 3.5%. Pa r t i a l  evaporation of the mother  l iquor gave 1.5 g of a mixture of I and III. 

B__:. A 0.75-g (1.7 mmole) sample of ethynyl derivative IX was dissolved in a mixture  of 25 ml of 
acetone and 1 ml of water,  and 0.72 g (4.54 mmole) of potassium permanganate  was added in portions (a 
new portion was added after  decolorizat ion of the previous portion) with vigorous s t i r r ing .  The precipi tated 
manganese dioxide was removed by filtration, the acetone was evaporated f rom the fi l trate,  and the residue 
(0.09 g) wasworked  up to give a substance with mp 243-245 ~ (from a l c o h o l - a c e t i c  acid) and Rf 0.29, the 
s t ruc ture  of which could not be established.  The precipi tated manganese dioxide was washed repeatedly on 
the f i l ter  with hot water  followed by methanol.  The solution was evaporated on a water  bath to 30 ml and 
acidified with 15% hydrochlor ic  acid until it was weakly acidic to give 0.37 g of III with mp 185-186 ~ (from 
alcohol). This product did not depress  the melting point of the III obtained (rap 189-190~ The fi l trate 
af ter  separat ion of III was evaporated to 4-5 ml, and the mixture was f i l tered to give 0.05 g of benzoic acid 
with mp 117-118.5 ~ (from water).  

Ethyl 5-Methyl-4- t r iphenYlsi lyIpyr idine-2-carboxylate  (IV). A 0.72-g (1.8 mmole) sample of III was 
heated for 1,5 h with 2 ml of thionyl chloride.  The excess  thionyl chloride was removed  by vacuum dis t i l -  
lation, 10 ml of absolute ethanol was added to the residue,  and the mixture was refluxed for 3 h. The alco-  
hol was removed  by distillation, and the residue was t reated with aqueous sodium carbonate  solution. The 
organic bases were extracted with ether  (four 20-ml portions), and the ex t rac t  was driect with sodium sul -  
fate.  The ether  was removed by distillation, and the residue was passed through a column (2 by 10 cm) 
filled with activity II aluminum oxide with elution by ethyl ace t a t e -hexane  (1 : 10) to give 0.15 g (19%) of 5- 
methy l -4 - t r iphenyls i ly l ' 2 -ca rbe thoxypyr id ine  (IV) as color less  c rys ta l s  with nap 171.5-172.5 ~ (from ethyl 
ace ta te -hexane)  and R f  0.27. Found: C 76.5; H 6.4; N 3.6%. C2gH25NO2Si. Calculated:  C 76.6; H 5.9; N 
3.3%. 

3-Methyl-4-triphenylsilylpyridine (V). A. A 0,22-g (0.56 mmole) sample of Ill was heated with 6 ml 
of water in an autoclave at 200~ 3.5 h. The organic bases were extracted with ether, and the extract was 
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dried with magnesium sulfate. The ether  was removed by distillation, and the residue (0.17 g), which, ac -  
cording to TLC, was a mixture of III and V, was passed through a column filled with activity II aluminum 
oxide with elution by hot heptane to give 0.11 g (55%) of color less  c rys ta l s  of V with mp 198-198.7 ~ (from 
heptane) and Rf 0.48. Found: C 82.2; H 6.1; N 3.7~ C24H2iNSi. Calculated: C 82.0; H 6.0; N 4%. The 
picrate  had mp 212-214 ~ (from a lcoho l -ace tone ) .  Found: N 9.6%. C24H21NSi �9 C6H3N307. Calculated: 
N 9.6%. 

B. A solution of tr iphenylsilyll i thium, obtained from 14.5 g (0.05 mole) of t r iphenylchlorosi lane in 
120 ml of absolute te trahydrofuran,  was added to a solution of 5 g (0.053 mole) of 3-methylpyridine in 30 
ml of absolute te t rahydrofuran.  The mixture was heated at 70 ~ for 1.5 h and worked up in the same way as 
in the preparat ion of I. The basic extract  yielded 0.95 g of V with mp 195-197.3 ~ ( l igroin-benzene)  and 
R f  0.47, which did not depress  the melting point of V obtained in the manner  descr ibed above. The fi l trate 
remaining f rom the separation of V was vacuum-evaporated,  and the residue was refluxed with 20 ml of 
nitrobenzene for 4 h. The nitrobenzene was removed by vacuum distillation, and the residue (9.81 g) was 
chromatographed with a column (2.5 by 40 cm) filled with activity II aluminum oxide with elution by heptane 
to additionally give 2.08 g of V with mp196-197  ~ and Rf  0.48. The overal l  yield of V was 3.23 g (18~). The 
picrate  had mp 216-218 ~ . A mixture of this picrate  with the picrate descr ibed above had n~p 212-216 ~ . 

2 ,6-Dimethyl-4- t r iphenyls i lylpyridine (VI). A solution of tr iphenylsilyll i thium, obtained f rom 14.7 g 
(0.05 mole) of tr iphenylchlorosilane and 1.45 g (0.21 g-atom) of lithium in 120 ml of absolute t e t rahydro-  
furan, was added in the course  of 20 min to 6.45 g (0.06 mole) of 2,6-dimethylpiperidine,  and the react ion 
mixture was refluxed for 1.5 h (until it gave a negative Gilman reaction).  The mix ture  was worked up as 
in the preparat ion of I. The ether  extract  of the organic bases gave 3.85 g of residue,  which was c r y s t a l -  
l ized f rom ligroin containing a smal l  amount of alcohol to give 1.64 g (9%) of VI with mp 157-160 ~ and R f  
0.66. Found: C 82.1; H 6.6;N 3.6%. C25H23NSi. Calculated: C 82.3;H 6.3;N 3.8%. The picrate  had mp 
163-164.5 ~ (from a lcohol -ace tone) .  Found: N 9.3%. C25H23NSi �9 CGH3N307. Calculated: N 9.5%. 

1 ,2 -Dibromo- l -phenyl -2- (5-methy l -4- t r iphenyls i ly l -2 -pyr idy l )e thane  (VII). A soluticl~ of 0.49 g (3 
mmole) of bromine in 6 ml of absolute chloroform was added gradually to a solution of 1.37 g (3 mmole) of 
II in 20 ml  of absolute chloroform,  and the mixture was s t i r red  at room tempera ture  for 1.5 h and refluxed 
for 2 h. The chloroform was removed by distillation, and the residue was rec rys ta l l i zed  to give 1.17 g of 
color less  c rys ta l s  of VII with mp 162-163 ~ (from heptane-benzene)  and R f  0.74. Found: C 62.6; H 4.2; 
B r  26.4; N 2.2%. C~2H27Br2NSi. Calculated: C 62.6; H 4.4; Br 26.1; N 2.3%. IR spectrum,  c m - l :  3070 (w), 
1587 (w), 1139 (w), 1110 (vs), 1080 (s), 1035 (w), 1004 (w), 750 (s), 714 (vs), 622 (s); 611 (s), and 560 (vs). 

5-Methyl -4- t r iphenyls i ly l -2- ( f i -bromostyryl )pyr id ine  (VIII). A solution of 0.3 g (0.65 mmole) of VH 
in 50 ml of absolute benzene was added to 0.17 g (1.3 mmole) of potassium tr imethylsi lanolate,  and the mix-  
ture  was refluxed for 7 h and fi l tered.  The benzene was removed by distillation, and the residue (0.29 g) 
was repeatedly r ec ry s t a l l i z ed  from heptane to give 0.06 g (27%) of VIII with mp 170-172 ~ and Rf 0.67. 
Found: C 71.7; H 5.2; Br  14.5; N 2.9%. C32H2~BrNSi. Calculated: C 72.2; H 4.9; Br 15.0; N 2.6%. IR spec-  
t rum,  era- i :  3065 (w), 3045 (w), 1624 (w), 1578 (w), 1318 (w), 1308 (w), 1205 (w), 1110 (vs), 1080 (s), 1035 
(m), 942 (s), 868 (s), 830 (m), 795 (s), 758 (vs), 742 (s), 710 (vs), and 700 (vs). The picrate  had mp 230- 
233 ~ (from a lcohol -ace tone) .  Found: N 7.7~c. C32H26BrNSi �9 C6H3N307. Calculated: N 7.4~. 

5-Methyl-4- t r iphenyls i lyl-2-phenylethynylpyridine (iX). A 1.8-g (8.2 mmole) sample of hexamethyl-  
cyclot r is i lazan was added to 1.12 g of a 27.5% solution of potassium hydroxide in methanol, and, after the 
mixture had heated up and solidified, it was heated on a bath for 2 h at 100-110 ~ and 50 ml of absolute 
benzene (freshly distilled over lithium aluminum hydride) was added. All of the operations were ca r r i ed  
out with protection from air  mois ture .  A solution of 1.6 g (2.54 mmole) of VII in 50 ml of absolute benzene 
was added to the result ing solution of potassium bis [(dimethylmethoxy)silyl]amide, and the mixture was r e -  
fluxed for 12 h. Absolute methanol (45 ml) was added, and the mixture w a s  refluxed for 1 h. The solvents 
and volatile products were removed by distillation, and 50 ml of water  was added to the residue.  The 
aqueous mixture was extracted with ether,  and the ext rac t  was dried with magnesium sulfate. The ether 
was removed by distillation, and the residue was t reated with a mixture of 5 ml of hexane containing 0.5 ml 
of alcohol to give 0.94 g of c rys ta l s .  Crystal l izat ion f rom a lcoho l -hexane  gave 0.6 g (51%) of IX with mp 
157-158 ~ and R f 0 . 7 0 .  Found: C 85.0; H 5.8; N 3.1%. C32H25NSi. Calculated: C 85.1; H 5.5; N 3.1%. UV 
spectrum fin alcohol),h max, nm (log e): 222 (4.74), 283 (4.46), 320 (4.52), 330 (4.51). IR spectrum,  cm- l :  
3070 (w), 3050 (m), 3020 (w), 2220 (w), 1600 (w), 1570 (m), 1340 (s), 1300 (w), 1270 (w), 1229 (w), 1195 (w), 
1161 (w), 1113 (vs), 1070 (s), 1035 (m), 1002 (w), 895 {w), 763 (vs), 750 (s), 715 (vs), 697 (vs). The picrate 
had mp 193-194.5 ~ (from a lcoho l -ace tone) .  Found: N 8.2%. C32H25NSi �9 C6H3N307. Calculated: N 8.2%. 
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The IR spectra of mineral-oil suspensions were recorded with a UR-20 spectrophotometer.  The UV 
spectra of alcohol solutions were recorded with an SF-4a spectrophotometer.  
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