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1 ,2 ,5 -Tr ime tny l -  and 1- (T-ch lorocro ty l ) -2 ,5 -d imethy l -5 - ( f i -cyanoe thy l ) -4 -p iper idones  were 
synthesized and separa ted  into individual i somers .  The corresponding i somer ic  5 - ( f i -carboxy-  
e thyl) -4-piper idones  were obtained by hydrolys is .  The i somer ic  1 ,2 ,5- t r imethyl -3 ,5-b is  (fi - 
cyanoethyl) - and 1 ,2 ,5 - t r imethy l -3 ,3 ,5 - t r i s  (fi -cyanoethyl) -4-piper idones  were synthe sized by 
subsequent cyanoethylation of the individual 1,2,5-tr imethyl-5-(f i  -cyanoethyl) -4-piper idone 
i s o m e r s .  

We previously  [1] studied the cyanoethylation of some N-substi tuted 2 ,5-d imethyl -4-piper idones .  Con- 
tinuing these investigations,  we have cyanoethylated 1 ,2 ,5- t r imethyl -  and 1 - (y -ch lo roc ro ty l ) -2 ,5 -d ime thy l -  
4-piper idones (l and II). 
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Nazarov and co -worke r s  [2] obtained only one crysta l l ine  1,2,5- t r imethyl-5-(f i  -cyanoe thyl ) -4-p iper id-  
one i somer  ~ I )  by the react ion of 1 ,2 ,5- t r imethyl -4-p iper idone  (I) with acryloni t r i le  in a ratio of about 3 : 1. 
Under s imi la r  conditions, in addition to the crysta l l ine  i somer  (74~), we also isolated a second liquid 
i somer  in 6% yield (based on the total amount of the i somer  mixture) .  The relat ive amounts of the isolated 
i somers  depend on the ra t io  of acryloni t r i le  to piperidone taken in the react ion.  The crysta l l ine  i somer  of 
piperidone III is chiefly formed when a threefold excess  of piperidone I is used, while 58~c of the crysta l l ine  
i somer  and 30~c of the liquid i somer  are formed in the react ion of equimolecular  amounts of piperidone and 
acryloni t r i le  under  the same t empera tu re  conditions using solid potassium hydroxide as the catalyst .  In 
the la t ter  case ,  in addition to monocyanoethylpiperidone III, bis (cyanoethyl)piperidone V was isolated. Since 
piperidone I was used as an unsepara ted  mixture of s te reo  i somers  (1 ,2e ,5e- t r imethyl-  and 1 ,2e -5a - t r i -  
methyl -4-piper idones)  [3], this sor t  of dependence of the yield of i somers  on the ratio of reagents  taken in 
the react ion can be explained by the different react ivi t ies  of the s te reo  i somers  of piperidone I. The cyano-  
ethylation of 1 - (~-ch lo rocro ty l ) -2 ,5 -d imethy l -4 -p ipe r idone  proceeds s imi la r ly  to form two i somers  (liquid 
and crystal l ine)  of monocyanoethylpiperidone IV and bis (cyanoethyl)piperidone VI. 
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I t  is known [2, 4, 5] that  the cyanoethylat ion of ketones p roceeds  mos t  readi ly  at a methine group, 
with g r e a t e r  difficulty at a methylene  group,  and with g r ea t e s t  difficulty at a methyl  group.  Consequently,  
the cyanoethyl  groups  in the i s o m e r s  of monocyanoethylpiper idone HI and IV should be s i tuated at C 5 and 
have a di f ferent  t h r e e - d i m e n s i o n a l  or ienta t ion.  The pur i ty  of the i s o m e r s  was es tab l i shed  by th in - l aye r  
ch roma tog raphy  on a luminum oxide and also by the subsequent  t r ans fo rma t ions  to the cor responding  i so -  
m e r i c  b is (cyanoethyl )p iper idones  (V), t r i s (cyanoethyl )p iper idones  (VII), and c arboxyethylpiper idones  (VIII 
and IX). 

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

Cyanoethylat ion of 1 , 2 , 5 -T r i m e t hy l -4 -p ipe r i done .  A. A solution of 15.9 g (0.3 mole) of ac ry lon i t r i l e  
and 50 ml  of e the r  was slowly added dropwise  with s t i r r ing  at 20 ~ to a mix tu re  of 42.3 g (0.3 mole) of 1,2,5- 
t r i m e t h y l - 4 - p i p e r i d o n e  (I) (n~ 1.4600 [6]) and 0.8 g of powdered po ta s s ium hydroxide in 200 ml of absolute 
e ther .  The s t i r r i ng  was continued at 20 ~ for  6 h. The next day, the e the r  solution was sepa ra t ed  f rom the 
alkali,  the e the r  was r e m o v e d  by dist i l lat ion,  and the res idue  was dis t i l led to give 13 g of s ta r t ing  p ipe r id -  
one I with bp 53-55 ~ (2 ram) and n~ 1.4600, 26.9 g (46%7 of 1 ,2 ,5 - t r ime thy l -5 - ( f i - cyanoe thy l ) -4 -p ipe r idone  
(III) with bp 135 ~ (2 ram) and 10.1 g (27%) of 1 ,2 ,5 - t r ime thy l -3 ,5 -b i s ( f i - cyanoe thy l ) -4 -p ipe r idone  (V) with 
bp 210 ~ (2 mm) ,  n~ 1.4910, and d 2~ 1.059. Found%: N 17.3, 17.4; MR D 67.63. C14H21N30. Ca lcu la ted%:  
N 17.0; MR D 68.24. P iper idone  III began to c ry s t a l l i z e .  The c r y s t a l s  were  f i l te red  and r e c r y s t a l l i z e d  
f r o m  pe t ro l eum e ther  (bp 35-60 ~ to give 15.6 g (58% of the total  amount of the i s o m e r  mixture)  of the c r y s -  
tal l ine i s o m e r  of p iper idone III with mp 68-69 ~ and Rf  0.70 [ a c e t o n e - n - h e x a n e - b e n z e n e  (1 : 3 : 3)]. Found 
%: N 14.7, 14.4. C~IH18N20. Calcula ted  %: N 14.5. "The hydrochlor ide  had mp 184-186 ~ (from alcohol). 
Found %: N 12.4, 12.3; C1 15.2, 15.3. CllHlaN20 �9 HC1. Calcula ted %: N 12.1; C1 15.4. The methiodide had 
mp 145-146 ~ (from alcohol) .  Found %: C 43.0, 43.4; H 6.6, 6.2; I 37.4, 37.6; N 8.1, 8.2. C12H21IN20. Ca l -  
cu la ted%:  C 42 .9 ; H  6 . 3 ; I  37.7; N 8 . 3 .  

The f i l t ra te  and m o t h e r  l iquors  f rom the c rys ta l l ine  i s o m e r  were  dis t i l led to give 8 g (30% of the 
total  amount of the i s o m e r  mixture)  of liquid i s o m e r  of piperidone III with bp 135 ~ (2 mm) ,  n~ 1.4790, d 2~ 
1.010, and Rf  0.65 [ a c e t o n e - n - h e x a n e - b e n z e n e  (1 :3 :37] .  Found %: N 14.8, 14.6; MR D 54.54. CliH18N20. 
Calcula ted  %: N 14.5; MR D 54.56. The hydrochlor ide  was an uncrys ta l l i zab le  oil .  Found %: N 12.1, 12.1; 
C1 15.7, 15.6. CI~H18N20 �9 HC1. Calculated %: N 12.1; C1 15.4. The methiodide had mp 165-166 ~ (from a l -  
cohol).  Found%:  I 38.0, 37.6; N 8.6, 8.5. C12H21IN20, Calcu la ted%:  I 37.7; N 8.3. 

B. A total  of 7 g (0.13 mole)  of ac ry lon i t r i l e  was slowly added dropwise with s t i r r i ng  at 20 ~ to a m i x -  
ture  of 50 g (0.35 mole) of 1 ,2 ,5 - t r ime thy l -4 -p ipe r idone  (I) and 3 g of 40% aqueous po tass ium hydroxide.  
The s t i r r i ng  was continued at 20 ~ for  6 h. The next day, the alkali  was neut ra l ized  with an equivalent  
amount of concent ra ted  hydrochlor ic  acid.  The prec ip i ta ted  po tass ium chloride was f i l tered,  and the f i l t ra te  
was dis t i l led to give 28.3 g of s t a r t ing  piperidone I and 23 g (90%) of 1 ,2 ,5 - t r ime thy l -5 - ( f i - cyanoe thy l ) -4 -  
piper idone (HI) with bp 128-130 ~ (1.5 ram).  The c rys t a l l i zed  piperidone III was conver ted  to the hydroch lo r -  
ide and t r e a t ed  with ref luxing dry  acetone.  A sodium carbonate  solution was used to isola te  17 g (74% of 
the total  amount of the i s o m e r  mixture)  of the c rys ta l l ine  i s o m e r  of piper idone III  with mp 68-69 ~ (from 
pe t ro l eum ether)  f rom the ace tone- insoluble  hydrochlor ide .  The acetone was r emoved  f rom the f i l t ra te  
f rom the c rys ta l l ine  hydrochlor ide ,  and the base  was i so la ted  to give 1.4 g (6% of the total  amount of the 
i s o m e r  mix ture)  of the liquid i s o m e r  of piper idone llI with bp 117-120 ~ (1 ram) and n~ ! .4790.  

Cyanoethylat ion of 1 - ( y - C h l o r o c r o t y l ) - 2 , 5 : d i m e t h y l - 4 - p i p e r i d o n e  (iI). A total  of 5.8 g of s ta r t ing  
piper idone II  with bp 105-110 ~ (2 ram) and n~ 1.4950, 13.4 g (50%) of 1 - ( y - c h l o r o c r o t y l ) - 2 , 5 - d i m e t h y l - 5 -  
(~ - eyanoe thy l ) -4 -p ipe r idone  (IV) with bp 167 ~ (2 ram) and n~ 1.5030, and 4 g (25%) of 1 - ( ~ - c h l o r o c r o t y l ) -  
2 ,5 -d ime thy l -3 ,5 -b i s ( f i - cyanoe thy l ) -4 -p ipe r idone  (VI) with bp 215 ~ (2 mm),  n~ 1.5090, and d 2~ 1.118 were  
obtained under  the conditions desc r ibed  above f rom 21.6 g (0.1 mole) of piperidone II (n~ 1.4950 [7]) in 100 
ml  of absolute e the r  and 5.3 $ (0.1 mole) of ae ry lon i t r i l e  in the p re sence  of 0.3 g of powdered po tass ium 
hydroxide .  Found%: N 13.5, 13.4; MR D 85.96. C17H24C1N30. Ca lcu la ted%:  N 13.0; MR D 86.49. The p r e -  
c ipi ta ted c r y s t a l s  were  s epa ra t ed  f r o m  piperidone IV and r e c r y s t a l l i z e d  f rom pe t ro leum e ther  to give 0.9 g 
of the c rys ta l l ine  i s o m e r  of piper idone IV with mp 52-53 ~ and Rf  0.74 [ a c e t o n e - n - h e x a n e - b e n z e n e  (1 : 3 :3) ] .  
Found %: C 62.9, 63.0; H 7.9, 7.9; N 10.6, 10.6; C1 13.0, 13.4. C14H21C1N2 O. Calcula ted  %: C 62.5; H 7.9; 
N 10.4; C1 13.2. The hydrochlor ide  had mp 168-169 ~ (from a l c o h o l - e t h e r ) .  Found %: N 9.2, 9.1; C1 22.9, 
22.9. C14H2~C1N20 �9 HC1. Ca lcu la t ed%:  N 9.2; C1 23.2. The oily base  which r ema ined  in the f i l t ra te  was 
conver ted  to 6.4 g of the hydrochlor ide  of the c rys ta l l ine  i s o m e r  with mp 168-169 ~ ( a l coho l - e the r ) .  A total  
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of 6.5 g (49%) of the total amount of the i somer  mixture) of the crysta l l ine  i somer  of piperidone IV was i so-  
lated. The base [5.1 g (38% of the total amount of the i somer  mixture)] of the liquid i somer  of piperidone IV 
with bp 168 ~ (2 ram), n~ 1.5000, d~ ~ 1.090, and Rf 0.69 [ a c e t o n e - n - h e x a n e - b e n z e n e  ( 1 : 3 : 3 ) ]  was isolated 
f rom the fi l trate and mother  l iquor f rom the crys ta l l ine  hydrochlor ide .  Found ~c: N 10.3, 10.3; MR D 72.54. 
C~4H21C1N20. Calculated %: N 10.4; MR D 72.82. The hydrochlor ide was an uncrysta l l izable  oil. Found ~c: 
C 55.3, 55.4; H 8.0, 7.9; C1 23.6, 23.2. C14H21C1N20 �9 HC1. Calculated %: C 55.1; H 7.9; C1 23.2. 

Cyanoethylation of the Crysta l l ine  I somer  of 1 ,2 ,5-Tr imethyl -5- ( f i -cyanoethyl ) -4-p iper idone  (III). A 
solution of 2.65 g (0.05 mole) of acryloni t r i le  in 10 ml of ether  was slowly added dropwise with s t i r r ing  at 
30 ~ to a mixture  of 11.3 g (0.058 mole) of the crysta l l ine  i somer  of piperidone III and 0.1 g of powdered 
potassium hydroxide in 60 ml of absolute ether .  Stirr ing was continued at 30 ~ for 6 h. The next day, the 
precipi tate  was r ec rys taUized  f rom benzene to give 2.5 g (34~c) of 1 ,2 ,5 - t r imethy l -3 ,3 ,5 - t r i s  (fi-cyanoethyl)- 
4-piperidone (VI I )wi thmp 97-98 ~ Found ~c: N 18.9, 18.5. C17H24N40. Ca l cu l a t ed~ :  N 18.6. The hydro-  
chloride had mp 202-203 ~ (from alcohol). Found %: N 17.0, 17.1; Ct 10.3, 10.2. C~TH~4N40 " HC1. Calcu-  
lated %: N 16.6; C1 10.5. The fi l t rate and mother  l iquors f rom piperidone VII were distil led to give 5.8 g 
of the s tar t ing  crys ta l l ine  piperidone III with bp 125 ~ (1.5 ram) and 3.2 g (26~c) of 1 ,2 ,5 - t r ime thy l -3 ,5 -b i s -  
( f l -cyanoethyl)-4-piperidone (V) with bp 209 ~ (2 mm), n~ 1.4930, and d~ ~ 1.058. Found ~c: C 67.8, 67.7; H 
8.3, 8.5; N 17.2, 17.2; MR D 67.92. C14H21N30. Calculated %: C 68.0; H 8.6; N 17.0; MR D 68.24. The hydro-  
chloride was an uncrysta l l izable  oil. Found %: N 14.7, 14.3. C14H21N30 �9 HC1. Calculated ~c: N 14.8. 

Cyanoethylation of the Liquid I somer  of 1 ,2 ,5-Tr imethyl -5-( /~-cyanoethyl ) -4-piper idone (~I). A total 
of 2.8 g (23%) of 1 ,2 ,5 - t r ime thy l -3 ,3 ,5 - t r i s  (f i-cyanoethyl)-4-piperidone (VII) with mp 145-146 ~ was obtained 
under the conditions descr ibed  above f rom 15.5 g (0.08 mole) of the liquid i somer  of piperidone III in 50 ml 
of absolute e ther  and 4.2 g (0.08 mole) of acryloni t r i le  in the presence  of 0.2 g of powdered potassium 
hydroxide.  Found %: N 18.6, 18.4. C17H24N40. Calculated %: N 18.6. The hydrochlor ide had mp 177-179 ~ 
(from alcohol). Found%: C 60.9, 61.1; H 7.4, 7.5; N 16.4, 16.8; C1 10.3, 10.7. C17H24N40 �9 HC1. Calcu-  
lated %: C 60.6; H 7.5; N 16.7; C1 10.5. The fi l trate and mother  l iquors f rom piperidone VII were distilled 
to obtain 5.6 g of the s tar t ing liquid piperidone III with bp 127 ~ (1 ram) and n~ 1.4790 and 6.3 g (32~) of 
1 ,2 ,5- t r imethyl -3 ,5-b is  (f i -cyanoethyl)-4-piperidone (V) with bp 195 ~ (2 ram), n~ 1.4900, and d 2~ 1.057. 
Found %: C 67.5, 67.8; H 8.3, 8.7; N 17.5, 17.2; MR D 67.64. C14H21N30. Calculated %: C 68.0; H 8.6; N 
17.0; MR D 68.24. The hydrochlor ide was an uncrysta l l izable  oil. Found %: N 14.6, 14.3. C14H21N30 �9 HCI. 
Calculated % : N 14.8. 

I somer ic  1 ,2 ,5 -Tr imethy l -5- ( f i -ca rboxye thy l ) -4-p iper idones  (VIII). A. A mixture of 7.7 g of the 
crys ta l l ine  i somer  of 1 ,2 ,5- t r imethyl -5- ( f i -cyanoethyl ) -4-p iper idone  (III) and 32 ml of concentrated hydro-  
chlorie  acid was heated at 95 ~ for 20 h. The resul t ing precipitate of ammonium chloride was fil tered, the 
aqueous solution was evaporated,  and the residue was rec rys ta l l i zed  f rom alcohol to give 8.5 g (85~) of the 
hydrochlor ide  of piperidone VIII with mp 159-160 ~ Found %: N 5.7, 5.7. CllH~gNO 3 ' HC1. Calculated %: 
N 5.6. 

B. Under s imi la r  conditions, 6.1 g (61%) of the hydrochlor ide  of piperidone VIII with mp 188-190 ~ 
(from alcohol) was obtained f rom 7.7 g of the liquid i somer .  Found %: N 5.6, 5.5; C1 14.2, 14.4. 
CllH19NO 3 " HC1. Calculated %: N 5.6; C1 14.2. 

I somer i c  1 - (y -Chlo roc ro ty l ) -2 ,5 -d imethy l -5 - ( f l - ca rboxye thy l ) -4 -p ipe r idones  {IX). A. A mixture of 
2.7 g of the crys ta l l ine  i somer  of 1 - (y -ch lo roc ro ty l ) -2 ,5 -d imethy l -5 - ( f i - cyanoe thy l ) -4 -p ipe r idone  (IV) and 
3 ml of concentra ted hydrochlor ic  acid was heated at 95 ~ for 15 h. The precipi tated ammonium chloride 
was fi l tered,  the aqueous solution was evaporated,  and the residue was dissolved in dry acetone and p r e -  
cipitated with absolute e ther  to obtain 2.8 g (87~c) of the hydrochlor ide  of piperidone IX as a hygroscopic  
powder.  Found %: N 4.2, 4.0; C1 11.1, 11.0. C14H22NO3C1. Calculated %: N 4.3; C1 10.9. 

B. Under s imi la r  conditions, 2.9 g (90%) of the hydrochlor ide of piperidone IX was obtained as a 
hygroscopic  powder f rom 2.7 g of the liquid i somer .  Found %: N 4.0, 4.1; C1 10.6, 10.9. C14H22NO3C1 �9 HC1. 
Calculated %: N 4.3; C1 10.9. 
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