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l j  2, 5- TRIMETHYL-  4- TRIPHE NYLSILYL- 4- PIPERIDOL AND 

2, 5-DIMETHY L- 4- TRIPH ENY LSILYLlaYRIDI NE 
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1,2, 5- T r i m e t h y l -  4- t r iphenyl  s i ly l -  4- piper idol  was obtained and conver ted  to 2,5- dim ethyl- 
4 - t r iphenyls i ly lpyr id ine .  Severa l  t r a n s f o r m a t i o n s  of the i somer i c  p iper idols  isola ted and 
of the subst i tuted pyr id ines  were  examined.  

Tr ipheny lsy la lky lca rb ino l s  a r e  f o rm ed  by the reac t ion  of t r iphenyls i ly l l i th ium with al iphat ic  ke tones  
[1,2], while t r iphenylbenzhydry lhydroxys i lane  is obtained by the reac t ion  of t r iphenyls i ly l l i th ium with ben-  
zophenone [3]. The s i lane apparent ly  f o r m s  as  a r e su l t  of i somer iza t ion  of the no rma l  product  of addition 
of the o rganometa l l i c  compound to the carbonyl  group.  

In o r d e r  to study the poss ibi l i ty  of the syn thes i s  of the potential ly physiological ly  act ive  organosi l icon 
compounds of piper idine de r iva t ives  we have studied the reac t ion  of t r iphenyls i ly l l i th ium with 1 ,2 ,5 - t r i -  
me thy l -4 -p ipe r id ine  (1) in t e t r ahydrofuran .  
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Four  d i a s t e r e o i s o m e r i c  f o r m s  a re  theore t ica l ly  poss ib le  for  piper idol  II, each of which can be r e p r e -  
sented by means  of s e v e r a l  conformat ions .  D i a s t e r e o i s o m e r s  II a re ,  of cour se ,  not equivalent  in a t h e r m o -  
dynamic r e s p e c t ,  and it is  poss ib le  that  not all  of them a r e  f o rmed  during the i r  synthes is .  

We iso la ted  two d i a s t e r e o i s o m e r s  of II f r o m  the reac t ion  products  by s u c c e s s i v e  c rys ta l l i za t ion :  the 
7 i s o m e r  with mp 99.5-100.1 deg C and Rf  0.278, and the a i s o m e r  with mp 153-154.5 deg and Rf  0.078. 
The des igat ions  (• and a )  of the d i a s t e r e o i s o m e r s  of II were  given on the bas i s  of a compar i son  of the i r  
ch romatograph ic  mobi l i t i es  with the i s o m e r i c  T- and a -  1,2, 5 - t r i m e t h y l -  4-phenyl-  4- p iper idols  [4, 5]. 
These  t e r t i a r y  a lcohols  do not f o r m  ure thanes  with phenyl i socyanate .  The p r e s e n c e  of an OH group  in 
d i a s t e r e o i s o m e r i c  p iper idols  Ii was demons t r a t ed  analyt ica l ly  and by means  of the Ii~ spec t r a  (the T i s o m e r  
has  a band for  the va lence  v ib ra t ions  of the OH group with a m a x i m u m  at 3419 c m  - i ,  while the a i s o m e r  has  
a band a t  3130 cm- t ) .  Both of these  i s o m e r s  a r e  apparent ly  r e l a t ed  to the de r iva t ives  of piper idone I with 
the m o s t  t he rmodynamica l ly  f avorab le  t r a n s - e q u a t o r i a l  posit ion of the methyl  groups  at tached to the C 2 
and C 5 a toms .  The predominant  fo rmat ion  of t e r t i a r y  p iper idols  of p r ec i s e ly  this configurat ion was e s t ab -  
l i shed f r o m  r a t h e r  extensive exper imen ta l  data [6]. It might  have been a s s u m e d  that,  because  of s t e r i c  
h indrance  c r ea t ed  by the methyl  g roup  a t tached to C5, a t tack  by the bulky t r iphenyls i ly l  r ad ica l  on the c a r -  
bonyl group  in the d i rec t ion in which an i s o m e r  with the c is  or ienta t ion  of this r ad ica l  and the C 5 methyl  
g roup  should be  fo rmed  would be unlikely.  However ,  this h indrance is not so signif icant ,  apparent ly  b e -  
cause  of the l a rge  vo lume of the s i l icon a tom.  
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The yie ld  of piper idol  II depends to a s ignif icant  deg ree  on the method used  for  its isolation.  If II is 
i so la ted  by means  of vacuum dist i l la t ion r a t h e r  than c rys ta l l i za t ion  of the reac t ion  products  the yield de-  
c r e a s e s  sha rp ly ;  the d e c r e a s e  in yie ld  is g r e a t e r ,  the higher  the st i l l  t e m p e r a t u r e  during dist i l lat ion.  
Thus,  for  example ,  the yield was ~3.5%when the stil l  t e m p e r a t u r e  was 300-320 deg, and only the 7 i s o m e r  
of II was isolated.  An invest igat ion of the t h e r m a l  s tabi l i ty  of the individual i s o m e r s  of II indicated that  
they undergo profound t r a n s f o r m a t i o n s  at  high t e m p e r a t u r e s .  The ? i s o m e r  is m o r e  t he rma l ly  s table  than 
the ~ i s o m e r .  The 7 i s o m e r  r e m a i n s  unchanged if i t  is kept  at  200 deg for  ! 2  h, but at  300 deg (8 h) it is 
comple te ly  t r a n s f o r m e d .  The (~ i s o m e r  undergoes  comple te  t r ans fo rma t ion  even at  190-195 deg (14 h). 
The t r a n s f o r m a t i o n  of the ~ i s o m e r  apparen t ly  p roceeds  unambigously  on heating.  In the p r o c e s s ,  only one 
subs tance  is fo rmed ,  to which the 1 ,2 ,5 - t r ime thy l -4 - t r i pheny l s i l oxyp ipe r id ine  s t r u c t u r e  can be ass igned  on 
the ba s i s  of the analyt ical  c h a r a c t e r i s t i c s  and the IR spec t rum (intense band at  1097 cm -1, which is a s -  
c r ibed  to the va lence  v ib ra t ions  of the S i -  O bond of the S i -  O -  C group).  The t r an s fo rma t ion  which the 
i s o m e r  of p iper idol  II undergoes  at high t e m p e r a t u r e s  is t h e r e f o r e  analogous to the i somer i za t i on  of t r i -  
o rganos i ly l ca rb ino l s  (which contain a hydroxyl  group  in the a - p o s i t i o n  with r e s p e c t  to si l icon) to the c o r -  
responding si loxy de r iva t ives  [7]. 

In the ca se  of the y i s o m e r  of II, the t r an s fo rma t ion  at high t e m p e r a t u r e s  is m o r e  complex.  Dehy- 
dration of piper idol  II apparent ly  occurs  in addition to the analogous i somer iza t ion  of PhaSi ~ O, andhydro -  
lys i s  of the si loxy de r iva t ives  occu r s  in the p r e s e n c e  of the water  evolved in the p r o c e s s .  According to 
the ch roma tog raph ic  analyt ical  data,  four d i f ferent  subs tances  a r e  f o rmed  during the t h e r m a l  t r a n s f o r m a -  
t ions of the 7 i s om er .  It mus t  be  noted that  the subs tances  obtained during a study of the t h e r m o l y s i s  of 
the individual i s o m e r s  of II were  also obtained f r o m  the reac t ion  products  when vacuum dist i l lat ion was 
used  for  the isola t ion of II. 

P iper idol  II was dehydrated with phosphorus  t r i b r o m i d e  in benzene with subsequent  t r e a t m e n t  with 
sodium carbona te .  A m i x t u r e  of i s o m e r i c  1 ,2 ,5 - t r ime thy l -4 - t r i pheny l s i l y lp ipe r ide ine s  (III) ( i somers  with 
r e s p e c t  to the posit ion of the double bond in the p iper id ine  r ing) was obtained in 65 % yield f r o m  the mix tu re  
of d i a s t e r e o i s o m e r s  II. 

Under the s a m e  condit ions,  the dehydrat ion of the 7 i s o m e r  of II p roceeds  s t e reospec i f i ca l ly  with the 
fo rma t ion  of only one piper id ine  (III) (with mp 94-96 deg)o The absorp t ion  band at 1624-1634 cm -1 in the 
IR spec t r a  of II is a s c r i bed  to the va lence  v ib ra t ions  of the double bond. II could not be dehydra ted  with 
e i ther  concent ra ted  hydrochlor ic  acid or  phosphorus  pentoxide. 

aPBr 3 5i(C6H5)3 ~i(%Hs)s 

c H3--"~'~" i~ ii bNa2CO~ CH3-- --cH4.--H 2 
II 

k~N..-;--C H 3 K-16, 410-420 o L.~N..)L C H 3 
I 

CH3 I I I  IV 

TO syn thes ize  2 ,5 -d ime thy l -4 - t r i pheny l s i lypyr id ine  (IV), p iper ide ine  HI was dehydra ted  and N-demeth-  
y la ted  with a K-16 indust r ia l  c a t a ly s t  at 410-420 deg. Substituted pyr id ine  b a s e  IV was obtained in 61% 
yield.  2 ,5 -Dime thy l -4 - t r ipheny l s i lpy r id ine  is a co lo r l e s s ,  c rys ta l l ine  subs tance  (mp 157-158 deg ) th a t  is 
soluble in acetone,  a lcohols ,  e ther ,  and ligroin~ It is not a l t e red  by ref luxing with an aqueous alcohol so lu-  
t ions of pe r ch lo r i c  acid.  

A s t i lbazole  - 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  (V) - is obtained by the condensat ion of IV 
with benzaldehyde.  The absorp t ion  band at  1642 c m  - I  in the IR s p e c t r u m  of V is a s c r i bed  to the va lence  
v ib ra t ions  of the double bond. 

...~ C6H5)3 
C6HsCHO C .3 --/~./" 

IV (CH3CO)20, CH~COOIt '-~NfiJ--CH=CIt%IfS 
V 

The IR spec t r a  of all  of the compounds obtained have  a band at  1100 c m  - t ,  which indicates  [2] the 
p r e s e n c e  of a t r iphenyls i ly l  grouping in molecu les  of these  compounds.  

EXPERIMENTAL 

T h i n - l a y e r  ch roma tog raphy  of the compounds was c a r r i e d  out using a mix tu re  of equal amounts  of 
act ivi ty  II and act ivi ty  III a luminum oxides and a hexane-e thy l  ace ta te  (3:1)  sy s t em.  
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1 ,2 ,5 -Tr ime thy l -4 - t r ipheny l s i ly l -4 -p ipe r ido l  (II). A. A solution of 73.5 g (0.25 m o l e ) o f  t r iphenyl -  
ch loros i lane  in 470 ml of t e t rahydrofuran  (freshly dist i l led over  l i thium aluminum hydride) was added to 
7.5 g (1.09 g-a tom)  of finely cut l i thium at 0 deg in the course  of 2.5 h. The mix ture  was then s t i r r e d  for  
4 h at  room t empera tu re ,  The green ish-brown solution of t r iphenyls i lyl l i th ium was f i l t e red ,  and 106 g 
(0.75 mole)  of piperidone I in 200 ml of t e t rahydrofuran  was added in the co u r se  of 2 h to the f i l t r a te  at 0 
deg. The mix tu re  was then s t i r r e d  for  1 h at room t empera tu re .  All of the operat ions were  c a r r i e d  out 
under  ni t rogen.  The mix ture  was t r ea ted  with 18 % hydrochlor ic  acid until i t  gave an acid reac t ion  to Congo 
red .  The solvent  was then r emoved  by disti l lation, and the res idue  was t r ea ted  with e ther ( four  150-ml por -  
tions). The res idue  of sal ts  of the organic bases  was t rea ted  with a sa tura ted  aqueous solution of potass ium 
hydroxide.  The organic  bases  were  ex t rac ted  with e ther  (five 200-ml port ions) .  The e ther  ex t rac t  a f te r  
r emova l  of 74.71 g (0.53 mole) of s tar t ing  I by dist i l lat ion yielded 64.9 g of a g lassy res idue  which was 
c rys ta l l i zed  f r om 75 ml of absolute ethanol to give 41.4 g (41.3 %) if c rys t a l s  with mp 62-78 deg (from hex-  
ane). According to th in - layer  chromatography the c rys t a l s  a re  a mixture  of two substances  (R/. 0.278 and 
0.078). Stepwise crys ta l l iza t ion  f rom ethanol-hexane yielded 32.8 g of the ~ i so m er  of piperidol  II with mp 
99.5-100.1 deg (from hexane) with Rf 0.278. Found %: C 77.73; H 7.66; N 3.24; OH 3.99. C26H3iNOSi. 
Calc. %: C 77.77; H 7~ N 3.49; OH 4.23. The p ic ra te  had mp 209.5-210 deg (from alcohol). Found go: 
N8.64.  C26H3iNOSi. C~H3N30?. Cal. %: N 8.88. 

The mother  l iquor remaining af te r  isolation of the T i somer  was evaporated.  Cooling of the conden- 
sate yielded 4.1 g of the ~ i somer  of II with mp 153-154.5 deg (from ligroin) and Rf  0.078. Found %: 
C 77.79; H 8.07; N3.30;  OH 4.60. C2~H31NOSi. Calc. go: C 77.77; H 7.73; N3.49;  OH 4.23~ The pi-  
c r a t e  had mp 205-206 deg (from a l coho l - ace tone ) .  Found go: N 8.68. C26H~,NOSi. C6H3N30 ?. Calc.  go: 
N 8.88. 

The e ther  ex t rac t  of the neut ra l  react ion products  yielded 16.2 g of a mixture  of s i l icon-containing 
substances.  Hexaphenyldisi loxane (mp 224-226 deg) and t r iphenylsi lanol  (mp 151-152 deg) were  isolated 
f rom  then by f ract ional  c rys ta l l iza t ion .  

B. The following reagents  and quanti t ies were  taken for  a s imi la r  synthesis :  58.8 g (0.2 mole)  of 
t r iphenylchloros i lane ,  6 g (0.9 g-a tom)  of l i thium, 56.4 g (0.4 mole) of piperidine I, and 680 ml of t e t r a -  
hydrofuran.  Af ter  the complet ion of the synthesis ,  the mixture  was held at room t empera tu re  fo r  10 h. 
Water (250 ml) was then added with cooling and vigorous s t i r r ing .  The upper  l aye r  was separated,  and the 
t e t rahydrofuran  was dist i l led f rom it under  a slight vacuum~ The res idue  was added to the aqueous layer .  
It was then t r ea ted  with 18% hydrochlor ic  acid until it was acid to Congo red .  The neutra l  substances were  
ex t rac ted  with e ther  ( three 200-ml port ions) .  T h e  e ther  ex t rac t  yielded 19.34 g of a mixture  of substances  
f r om  which te t raphenyls i lane  (mp 230-232 deg) and t r iphenyls i lanol  (mp 149-151 deg) were isolated. 

Potass ium hydroxide (85 g) was added to a solution of the sal ts  of the organic bases .  The bases  were  
ex t rac ted  with e ther  (five 150-ml port ions).  The res idue  (50~ g) a f te r  r emova l  of the e ther  was a t r a n s -  
parent  v iscous  mass ;  38.5 g of this r es idue  was vacuum dist i l led to give 4.1 g of a mix ture  (according to 
th in- layer  chromatography)  of s tar t ing piperidone I and 1 ,2 ,5 - t r ime thy l -4 -p ipe r ido l  [bp 65-97 deg (4 mm)] 
17 g of a f rac t ion with bp 235-247 deg (4 mm), and 14.5 g of undist i l led res idue  (an orange,  t r ansparen t ,  
g lassy mass) .  Successive c rys ta l l iza t ion  of the second f rac t ion f r o m  pe t ro leum ether  and then f ro m ethan- 
ol yielded 8.22 g [0.02 mole  (13.5go)] of t heT  i s o m e r o f I I  with mp 98.5-100.1 deg and R/  0~ According 
to th in - l aye r  chromatography,  the mother  l iquor remaining a f te r  isolat ion of piperidol  II contained no l ess  
than four substances  but did not contain the ~ i somer  of II. 

C. The ~ i somer  of II (0.15 g} was heated in an evacuated ampule at  190-195 deg for  14 h. According 
to chromatographic  analysis ,  the reac t ion  products  contained only one substance (Rf 0.625) which di f fered 
f rom the s tar t ing piperidol  (Rf 0.078). The analyt ical  data on the p ic ra te  obtained f ro m  it (mp 147-148 deg, 
f rom alcohol cor responded  to 1 ,2 ,5 - t r imethy l -4- t r iphenyls i loxypiper id ine .  Found go: N8.87.  C26H31NOSi. 
C~H3N30 ?. Calc. %: N 8.88. 

A mix tu re  of p ie ra tes ,  f rom which a p ie ra te  with mp 146-148 deg (from alcohol)  was isolated by f r a c -  
tional c rys ta l l iza t ion  and did not give a mel t ing-point  depress ion  when mixed with the above indicated sam-  
ple, was obtained f rom the bases  contained in the mother  l iquor remaining a f te r  isolat ion of the ~ / i somer  
of piperidol  II [see (B)]. The base  isolated f rom the p ic ra te  with mp 146-148 deg was chromatographica l ly  
identical  (R/ 0.625) to the base  obtained by i somer iza t ion  of the o~ i somer  of lI. 
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D. The 7 i somer  of piperidol  II (0.2 g) was heated under  s imi la r  conditions at 290-300 deg for  23 h. 
According to chromatographic  analysis ,  the react ion products  contained four substances.  The f i r s t  of 
these had Rf  0.105, while the second (major component) had R ' f  0.455; the base  isolated f ro m  the picra te  
(mp 161-162.8 deg, f rom alcohol),  which was obtained by f ract ional  crys ta l l iza t ion of the mixture  of pi- 
c r a t e s  [see (C)], had a s imi la r  chromatographic  mobility.  According to the analytical  data, one of the 
i som e r s  of 1 ,2 ,5 - t r imethy l -4- t r iphenyls i loxypiper id ine  cor responds  to this base.  Found %: N 3.40. 
C26H31NOSi. Calc. %: N 3.49. P ic ra te .  Found %: N 8.60. C2GH31NOSi'C6H~N30~. Calc. %: N 8.88. 
The third substance had R~f 0.605, while the fourth substance had R~f  0.693. 

1 ,2 ,5 -Tr imethy! -4 - t r ipheny ls i lp ipe r id ine  (III). A. A mixture  of 4.1 g (0.0102 mole)  of the ~/ isomer  
of piperidol  II and 3.7 g (0.0137 mole) of phosphorus t r ib romide  was ref luxed in 50 ml of benzene for  24 h. 
The mixture  was neut ra l ized  with aqueous sodium carbonate  (excess) and ref luxed for  1 h. The benzene 
solution was separa ted  and the organic  bases  were  ex t rac ted  with e ther .  The combined ex t rac t s  yielded 
3~ g of a r e s idue  which was c rys ta l l i zed  f rom hexane to give 1.5 g (0.004 mole) of 1 , 2 , 5 - t r im e th y l -4 - t r i -  
phenyls i lylpiper idine III with mp 94-96 deg and R/  0.516. Found %: C 81.44; H 7.70; N 3.39. C26H29NS[. 
Calc. ~0: C 81.32; H 7.56; N 3.66. The p icra te  had mp 169-172 deg (from alcohol). Found %: N 9.19. 
C26H29NSi'C6H3•307. Calc. %: 9.15. 

B. A solution of 17.3 g (0.043 mole) of a mixture of isomers of piperidol II in 200 ml of benzene was 
refluxed for 20 h with 18.5 g of phosphorus tribromide. A solution of 48 g of sodium carbonate in 150 ml 
of water was then added. After vigorous stirring for i h, the benzene solution was separated, and the or- 
ganic bases were extracted from the aqueous layer with ether. The combined benzene and ether extracts 
yielded 13~ g of a residue which was crystallized from hexane to give a mixture of isomers of III with mp 
81-85 deg and Rf 0.515 and 0.745. Found %: C 81.36; H 7~ N 3.43. C26H29NSi. Calc. %: C 81.32; 
H 7.56; N 3.66. The picrate had mp 163-169 deg (from alcohol). Found %; N 9.40. C2~H29NSi "C6H3N307. 
Calc. %: N 9.15 

2,5-Dimethyl-4-trimethylsilylpyridine (IV). Dehydration and N-demethylation of III were carried 
out in a flow system. The catalyst (100 ml) was K-16, and the temperature in the catalyst zone was 410- 
420 deg. A solution of 8.14 g of HI and 25 ml of benzene was passed at a constant rate for 2 h through the 
catalysis tube. A total of 0.7 liter of gas was collected (18.5 deg, 754 ram, 60.6% CH 4, 39.6% H2, traces 
of C2H6). The eatalyzate yielded 4.72 g (61%) of crystals. Crystallization of these crystals from ligroin 
yielded 3.4 g of substituted pyridine IV with mp 157-158 deg and Rf 0.625. Found %: C 82.34; H 6.36; 
N 3.68. C25H23NSi. Calc. %: C 82.30; H 6.31; N 3.84. The picrate had mp 178-179 deg (from alcohol). 
Found %: N 9.45 C25H23NSi. C6H3N307. Calc. %: N 9.43. 

5 -Methy l -4 - t r ipheny l s i ly l -2 - s ty ry lpyr id ine  (V).A mixture  of 1.18 g (0.0032 mole) of IV, 0.7 g (0.0069 
mole) of benzaldehyde,  0.6 g of acet ic  anhydride,  and 0.3 g of acet ic  acid was ref luxed for  22 h. The excess  
benzaldehyde,  acet ic  anhydride,  and acet ic  acid were then removed  by vacuum disti l lation. The dark-brown 
res idue  was t r ea ted  with 18 % hydrochlor ic  acid until  it gave an acid reac t ion  to Congo red.  The neutra l  r e -  
action products  were  ex t rac ted  with e ther .  The res idue  of the sal ts  of the organic bases  was t rea ted  with a 
sa tura ted  solution of aqueous potass ium hydroxide.  The organic bases  were  ex t rac ted  with ether~ The 
res idue  (0.69 g) a f te r  r emova l  of the e ther  was passed through a column (1.6 x 10 cm) fi l led with activity 
II aluminum oxide (with l igroin as the elluant) to give 0.47 g (0.001 mole) of V with 166.5-168 deg (from 
hexane- l igroin)  and R/  0.725. Found %: C 84.92; H 6.07; N 3.07. C32H27NSi. Calc. %: 84.70; 
H 5.95; N 3.09. Also isolated was 0.14 g of a mixture  (according to th in - layer  chromatography)  of IV and 
V. The p ic ra te  of V had mp > 237 deg (from acetone).  Found %: N 8.02. C32H27NSi "QH3N307. Calc. %: 
N 8.20. 
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