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It has  been found that  only the cis  i s o m e r  (liquid) of 2 ,5 -d imethy l t e t rahydro-4- th iopyranone  
is cyanoethylated under  the usual  condit ions.  2 ,5 -Dimethy l -5 - ( f l - ca rboxye thy l ) t e t r ahydro-  
4- th iopyranone was synthesized by the acid hydro lys i s  of 2 ,5-d imethyl -5- ( f i -cyanoethyl ) -  
t e t r ahyd ro -4 - th iopy ranone .  The se lec t ive  reduct ion with a luminum isopropoxide of 2,5- 
d imethyl-5-( f l -cyanoethyl)  te t rahyd ro -4 - th iopyranone  and of the individual i some rs  of 2,5- 
d imethy l -5 - ( f l -cyanoe thy l ) -4 -p iper idone  gave the i somer i c  2 , 5 - d i m e t h y l - 5 - ( ~ - c y a n o e t h y l ) -  
t e t r ahyd ro -4 - th iopy rano l s  and - 4 - p i p e r i d o l s .  The reac t ion  of the i s o m e r i c  5 -cyanoe thy l -  
4 -p iper ido ls  with al lyl  b romide  gave the co r respond ing  1-a l ly l -2 ,5 -d imethy l -5( f l -cyanoe thy l ) -  
4 -p ipe r ido l s .  

The cyanoethylat ion of d ive r se  al iphat ic  and cyclic  ketones has been studied quite thoroughly [11. 
However ,  there  a re  no pape r s  in the l i t e ra ture  devoted to the study of the cyanoethylat ion of the s t e r e o -  
i s o m e r s  of cyclic  ketones .  

We have ca r r i ed  out the cyanoethylat ion of the pure  cis  and t rans  i s o m e r s  (liquid and crystal l ine)  of 
2 ,5 -d ime thy l t e t r ahydro -4 - th iopyranone  (I) [2] by the reac t ion  of I and ac ry lon i t r i l e  in equ imolecu la r  r a -  
t ios in the p r e s e n c e  of p o t a s s i u m  hydroxide.  At 20~ the cis i s o m e r  (cis-I) gave 2e ,5a-dimethyl-5e-( l~-  
cyanoe thy l ) te t rahydro-4- th iopyranone  (II) in 30% yield,  while the t r ans  i s o m e r  ( t rans-I)  gave the same  
compound (II) in v e r y  low yield (4%). The yield of II i n c r e a s e s  to 43% when the t e m p e r a t u r e  of the cyano-  
ethylat ion reac t ion  of t r a n s - I  is ra ised  to 35-40~176 This  fact a t t es t s  to the difficulty involved in the cyano-  
e thylat ion of t r a n s - I  and its p r i o r  i somer i za t i on  to c i s - I ,  which is conf i rmed by the resu l t s  of the i s o m e r -  
izat ion of t r a n s - I  at 35-40 ~ in the p r e s ence  of p o t a s s i u m  hydroxide .  Acid hydro lys i s  of 5 -cyanoe thy[ t e t r a -  
hyd r e -  4- thiopyranone (II) c onve r t s  it to 2,5-d ime thy l -5 -  (]~-carboxyethyl) te t rahyd r e -  4- th iopyranone.  

~ans -I cis-I I I  

The reduct ion of the cis i s o m e r  of 2 ,5 -d imethy l -5 - ( f i -cyanoe thy l ) t e t rahydro-4- th iopyranone  (II) and 
the p rev ious ly  obtained c rys ta l l ine  and liquid i s o m e r s  of 2 ,5 -d imethyl -5- ( f l -cyanoe thy l ) -4-p iper idone  (III) 
[3] with a luminum isopropoxide,  which is a speci f ic  reducing agent  for the ketone group [4], gave two in-  
divi~lual 2 ,5 -d imethy l -5 - ( f l - cyanoe thy l ) t e t r ahydro-4 - th iopyrano l s  (IVa,fl) f r o m  the cis i s o m e r  of II, two in-  
dividual c rys ta l l ine  2 ,5 -d ime thy l -5 - (~ -cyanoe thy l ) -4 -p ipe r ido l s  (V~,/~) f rom the c rys ta l l ine  i s o m e r  of  III ,  
and a liquid piper idol  (Vy) f rom the liquid i s o m e r  of III.  The cor responding  1 -a l ly l -2 ,5 -d ime thy l -5 - ( f l -  
cyanoe thy l ) -4 -p iper ido ls  (VI~-y)  were  synthesized by the act ion of allyl  b romide  on the i s o m e r i c  5 -cyano-  
e thy l -4 -p ipe  r idols  (Vo~-y). 
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The composi t ion and s t ruc tures  of the te t rahydrothiopyranols  and piperidols obtained (IV-VI) were  
confirmed by e lementa ry  analys is ,  determinat ion of the molecular  refract ions  (for the liquids), and the IR 
spec t ra ,  in which there  are  absorption bands in the region of the s t re tching vibrat ions of the nitri le (2240- 
2248 cm -1) and hydroxyl (3627-3640 cm -l) groups,  and none in the region of the s t re tching vibrations of 
the ketone group [5, 6]. 

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

2,5-Dlmethyl -5- (~-cyanoethyl ) te t rahydro-4- th iopyranone (II). 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 20 ~ to a mixture of 7.2 g (0.05 
mole) of the liquid i somer  of 2 ,5-dimethyl te t rahydro-4- th iopyranone (cis-I) (nD 2~ 1.5040) and 0.14 g of 
powdered potass ium hydroxide in 20 ml of absolute e ther ,  and the mixture was s t i r red  at 20 ~ for 5 h. The 
following day, the ether  was removed by dist i l lat ion,  and the residue was distilled to give 4.3 g of I and 3 g 
(30%) of II with bp 165-170 ~ (2 mm), nD 2~ 1.5150, and d42~ 1.095. Found: C 61.1; H 7.8, S 16.0%; MRD 54.25. 
Ci0HlsNOS. Calculated: C 60.9; H 7.7; S 16.3%; MRD 54.01. 

Under the same conditions,  only 4.3% of II was obtained f rom the crystal l ine i somer  of 2 ,5-dimethyl-  
t e t rahydro-4- th iopyranone  ( t rans-I) ,  and 90% of unchanged t r a n s - I  was isolated. After 5 h at 35-40 ~ 43% 
of II was obtained, and 39% of the s tar t ing t r a n s - I  was isolated. 

I somer iza t ion  of the t rans  I somer  of 2 ,5-Dimethyl te t rahydro-4- th iopyranone ( t rans-I) .  A mixture 
of 2.7 g of t r a n s - I  and 0.05 g of powdered potass ium hydroxide in 20 ml of absolute ether  was heated with 
s t i r r ing  at 35-40 ~ for 6 h~ The next day, the ether  solution was evaporated,  and the residue par t ia l ly  c r y s -  
tall ized. Recrys ta l l iza t ion f rom pet roleum ether  gave 1.9 g (70~) of t r an s - I  with mp 70-71 ~ The mother  
liquor yielded 0.6 g (22%) of c i s - I  with nD 2~ 1.5050. 

2 ,5-Dimethyl-5-( f l -carboxyethyl ) te t rahydro-4- th iopyranone.  A I g sample of II in 4 ml of concen-  
trated HC1 was heated at 95 ~ for 15 h. The precipitated oily product was separated f rom the ammonium 
chloride and water  and recrys ta l l i zed  f rom ligroin (80-100 ~ to give 0.85 g (78%) of 2,5-dimethyl-5-(/~- 
carboxyethyl ) te t rahydro-4- th iopyranonewi th  mp96-97 ~ Found: C 55.6; H 7.2; S 14.6%. CIoH1603S. Cal-  
culated: C 55.5; H 7.5; S 14.8%. 

2 ,5-Dimethyl-5-( f l -cyanoethyl) te t rahydro-4- th iopyranols  (IVc~,fl). A mixture of 6 g (0.03 mole) of II 
and 6.1 g (0.03 mole) of aluminum isopropoxide in 50 ml of isopropyl alcohol was heated at 60-70 ~ with 
simultaneous slow distil lation of the acetone that formed.  The isopropyl alcohol was then removed by d is -  
tillation, and the residue was cooled and hydrolyzed with dilute hydrochlor ic  acid (1:5) until the mixture 
was acid to Congo. The aqueous solution was evaporated,  and the residue was extracted with e ther .  The 
e ther  ex t rac t s  were  dried and distilled to give two fract ions .  The first  f ract ion [1 g (16~c)] was the q - i s o -  
mer  of 2 ,5-dimethyl-5-( /3-cyanoethyl) te t rahydro-4- thiopyranol  (IVy,) with bp 184 ~ (1 ram), nD 2~ 1.5210, and 
d42~ 1.103. Found: C 60.1; H 9ol; S 15.7%. MRD 55.03. C10H17NOS. Calculated: C 60.3; H 8.6; S 16.1%; 
MR D 55.52. The second fraction [4.3 g (72%)] was the /~-isomer (IV/3) with bp 188 ~ (1 ram), nD 2~ 1.5250, 
and d42~ 1.107. Found: C 60.1; H 9.1; S 15.7%; MRD 55.17. C10HI7NOS. Calculated: C 60.3; H 8.6; S 16.1%; 
MRD 55.52. 

2 ,5-Dimethyl-5-(f l -cyanoethyl) -4-piper idols  (V~-T).  Under the conditions descr ibed above, 11 g 
(85%) of a mixture of i somers  of V with bp 165-170 ~ (1 mm) and nD 2~ 1.5030 was obtained f rom 12.8 g (0.07 
mole) of the crysta l l ine  i somer  of 2,5-dimethyl-5-( /3-cyanoethyl)-4-piperidone (III) and 14.2 g (0.07 mole) 
of aluminum isopropoxide in 100 ml of isopropyl alcohol. The mixture of i somers  of V crysta l l ized when 
it was tr i turated in e ther .  The i somers  were  separated by t r ea tment  of the mixture with hot benzene, and 
the insoluble port ion was crys ta l l ized f rom acetone to give 2.2 g (20% of the total amount of i somer  mix-  
ture) of Vc~ with mp 137-138 ~ (from acetone). Found: N 14.8%. C�94 Calculated: l~ 15.4~. The hy-  
drochloride of Vhad  mp 212-213 ~ (from alcohol). Found: C 53.3; H 8.2; C1 15.7%. C10HtsN20 �9 HC1. Cal-  
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culated: C 53.6; H 8.1; C1 15.9%. Compound Vfl [4~ g(43% of the total  amount of the i s o m e r  mixture)]  had 
mp 108-109 ~ (from b e n z e n e - a c e t o n e ) .  Found: C 65.8; H 10.4; N 14.9%. C10HlsN20. Calculated:  C 65.9; 
H 10.0; N 15.4%. The hydroehlor ide  of Vfl had mp 201-202 ~ ( f rom alcohol).  Found: C 53.9; H 8.6; C1 16.1~. 
C10H18N20 �9 HC1. Calculated:  C 53.6; H 8.1; CI 15.9~~ 

A total  of 2.5 g (66%) of V7 was s i m i l a r l y  obtained as a v e r y  v i scous ,  uncrys ta l l izab le  oil with bp 
155-156 ~ (1 mm) and nD 2~ 1.5050 f rom 3.7 g (0.02 mole) of the liquid i s o m e r  of III by reduction with 6~ g 
(0.03 m o l e ) o f  a luminum isopropoxide .  Found: N 15.6%. C10H18N20. Calculated:  N 15.4~~ The hyd ro -  
chlor ide  of VIII7 did not c rys t a l l i ze .  

1 -Al ly l -2 ,5 -d imethy l -5 - ( f l - cyanoe thy l ) -4 -p ipe r ido l s  (VI~-7) .  A mixture  of 1.8 g (0.01 mole) of any 
i s o m e r  of V, 3.5 g of anhydrous po t a s s ium carbona te ,  and 1.2 g (0.01 mote) of allyl  b romide  in 50 ml  of 
d ry  acetone was heated with s t i r r i ng  at 60 ~ for  7 h. The acetone was removed by dis t i l la t ion,  and the r e s i -  
due was dist i l led to isolate  the co r respond ing  i s o m e r  of VI. I s o m e r  Vim [1.7 g (77%)] had bp 160 ~ (2 mm) ,  
nD2~ 1.4910, and d420 0.9986. Found: N 12.9%; MRD 64~ C13H22N2 O. Calculated:  N 12~ MRD 64.85. 
The hydrochlor ide  o fVI~had  mp 182-183 ~ ( f rom alcohol).  Found: C 60.7; H 9.0; C1 14.0%. CI3H22N20 �9 
HC1. Calculated:  C 60.3; H 9.0; C1 13.7%. I s o m e r  VIfl [1.9 g (86%)] had bp 165 ~ (2 mm),  nD 2~ 1.4990, and 
d42~ 1.009. Found: N 12.6%; MRD 64.71. C13H22N20. Calculated:  N 12.6%; MRD 64.85. The hydrochlor ide  
of VIfl had mp 195-196 ~ ( f rom alcohol).  Found: C 60.6; H 8.8; C1 14.0%. C13N22N20 �9 HC1. Calculated:  
C 60.3; H 9.0; C1 13o7%. I s o m e r  VI7 [1.5 g (70%)] had bp 146 ~ (1 mm) ,  nD 2~ 1.4980, and d42~ 1.010. Found: 
N 12.1~; MRD 64.52. C13H22N20. Calculated:  N 12.6%; MRD 64.85. The hydrochlor ide  of VI~/was an un-  
c rys ta l l i zab le  liquid. 

The IR s p e c t r a  of CC14 solutions (10 -4 M, d 0.5 cm) were  recorded with a UR-20 s p e c t r o m e t e r .  
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