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3-Ethoxycarbonyl- and 3-acetyl-4-cyano-2, 4, 6, 6-tetramethyl-1,4, 
5, 6-tetrahydropyridines have been obtained by the reaction of diace- 
tonearnine with acetoacetic ester (or aEetylacetone), the conversion 
of the amino ketones so obtained into the corresponding cyanohydrins, 
and the cyclization of the latter under the influence of alkali. 

T e t r a h y d r o p y r i d i n e s ,  p a r t i c u l a r l y  those which 
conta in  a n u m b e r  of funct ional  g roups ,  a re  a t t rac t ing  
a t tent ion as i n t e r m e d i a t e s  and as subjec ts  for theo-  
r e t i c a l  study. We have found a new method of p r e p a r -  
ing subs t i tu ted  t e t r ahydropyr id ines  [1] us ing  as ex-  
amples  4 - c y a n o - 3 - e t h o x y c a r b o n y l - 2 , 4 , 6 , 6  - t e t r a -  
m e t h y l - 1 , 4 , 5 , 6 - t e t r a h y d r o p y r i d i n e  (I) and 3 - a c e t y l -  
4 - c y a n o - 2 , 4 , 6 , 6 - t e t r a m e t h y l - 1 , 4 , 5 , 6 - t e t r a h y d r o p y r -  
idine (II) in accordance with the following scheme: 
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In the f i r s t  s tage,  d iace toneamine  r eac t s  with ace -  
toace t ic  e s t e r  or ace ty lace tone  giving the enamines  A 
(R = OC2I~ and CH3), which fo rm v i scous  oi ls  that 
cannot  be d i s t i l l ed  in  vacuum without decomposi t ion.  
Without pur i f i ca t ion ,  these  a re  t r ea ted  with a s t rong  
acid,  and a re  conver ted  into the co r r e spond ing  cyano-  
hydr ins  (]3). Again  without i so la t ion  and pur i f i ca t ion ,  
the l a t t e r  a re  cyc l ized  to the t e t r ahydropyr id ines  (I, 
II) under  the inf luence  of alkali .  In the f i r s t  s e r i e s  of 
e x p e r i m e n t s ,  equ imola r  amounts  of a lkal i  were  used ,  
but  then it  was found that ca ta lyt ic  amounts  of caus t ic  
soda or  caus t ic  potash were suff ic ient  for  cycl iza t ion.  

The s t r u c t u r e  of subs tances  I and II is conf i rmed  
by the i r  UV, IR, and NMR spec t ra .  In the i r  UV s p e c -  
t r a ,  subs t ances  I and II (ethanol ,  e 10-4-10 -~ M) have 
kmax 278 nm (log e 4.45) and 298 nm (log e 4.41), 
r e spec t ive ly .  In the IR spec t rum [taken by V. S. T r o i -  
tskaya,  to whom the authors  express  the i r  deep g r a t i -  
tude], subs tance  I (Fig. 1, curve  1) has bands at 
3440 cm -I (NH), 2230 cm -I (C---~N), and 1680 cm -I 
(conjugated carbonyl group in COOC2H5). The spectrum 
of compound II (Fig. i ,  curve 2) has bands of NH and 
(:}~r groups at 3430 and 2230 cm -I. The frequencies of 
the carbonyl ketone group in the 1700 cm -i region are 
not present, which is characteristic for the system of 
P- aminovinyl ketones. 

In the NMR spectrum of substance II (Fig. 2, curve 
i) the signal of the proton of an amino group appears 

at 6 5.60 ppm. The s ing le t  s igna ls  with an a r ea  of 
th ree  p ro ton  uni ts  each at 2.37, 2.25, and 1.60 a re  
evident ly  due to the methyl  groups in  pos i t ion  3 ad ja -  
cent  to the keto group,  in  pos i t ion  2 on the double 
bond,  and in  pos i t ion  4 , r e s p e c t i v e l y .  The two s ing le t s  
with 6 1.36 and 1.25 ppm m u s t  be a s c r i b e d  to the s ig -  
na l s  of the two g e m - m e t h y l  groups in  pos i t ion  6. The 
nonequ iva lence  of these  methyl  groups in  the NMR 
s p e c t r u m  may be explained by the d i f ference  in  their  
pos i t ions  in  the f a i r l y  conformat iona l ly  s table  m o l e -  
cule of a subs t i tu ted  t e t r ahydropyr id ine  having an i so -  
t ropic  groupings.  F o r  the same  r e a s o n s ,  the pro tons  
of the me thy lene  group proved  to be nonequiva len t ,  
giving deta i ls  in the 1 .8 -2 .4  ppm region.  In subs tance  
I, in addit ion to the broad  s ignal  with 6 4.97 ppm 
caused by the NH group and also the qua r t e t  at 4.20 
ppm and the t r ip le t  at 1.30 ppm re l a t i ng  to the s ignals  
of the O--CH2 �9 CH 3 group, there  a re  s ing le t  s igna ls  
of the two methyl  groups in  posi t ions  2 and 4 with 
6 2.20 and 1.60, of the two g e m - m e t h y l  groups with 
6 1.36 and 1.23 ppm, and of the pro tons  of the m e t h -  
y lene  group of the he te rocyc le  in  the 1 .8 -2 .1  ppm r e -  
gion. It does not appear  poss ib le  to draw definite con-  
c lus ions  conce rn ing  the na tu re  of the sp l i t t ing  of the 
s igna l s  due to the s p i n - s p i n  i n t e r a c t i o n  of the non -  
equiva lent  gem-p ro tons  of the CH 2 groups in  compounds 
I and II on the bas i s  of the curve  obtained.  By acid 
hydro lys i s  of the n i t r i l e  I it  was poss ib le  to obtain the 
co r r e spond ing  amide  (III). In the p r e p a r a t i o n  of s u b -  
s tance  I, a s ide product  of the r e a c t i o n  is fo rmed  
f rom which i t  can be f r eed  e i ther  by hea t ing  with m e -  
ta l l i c  sod ium,  whereupon this subs tance  is conver ted  
into a spa r ing ly  soluble  r e s i n ,  or by f r ac t iona l  c r y s -  
ta l l iza t ion.  The subs tance  co r responds  to the e m p i r i -  
cal  fo rmula  C11H17N 3 and i ts  IR s p e c t r u m  lacks  bands 
of (3===0 and NH groups and has bands with the f r e -  
quency  2230 cm -~ of a C~N group and a v e r y  weak 
band at 1670 cm -I.  

On the bas i s  of these  data,  we a s c r i b e  to it  the 
f o r mu l a  (IV) and expla in  i ts  f o rma t ion  in  the following 
way: 

(CH~)2C= EHCO EH3 + lIEN 

H2NC(cN)(C~)2 
(CH~)2C--CHo--C= N --C(CH~)~ (c"3h~ -En~c~ -.20 I " I I " " 

CN CN CH~ EN 
IV 

EXPERIMENTAL 

4-Cyano-3-ethoxycarbonyl-2, 4, 6, 6-terzamethyl-1, 4, 5, 6-tr 
hydropyridine (I). The superfluous ammonia was eliminated from a 
mixture of 49 g of mesityl oxide and 70 ml of 27% aqueous ammonia, 
and 65 g of acetoaeetie ester was added to the resulting solution of 
diaeetoneamine. After ~ 16 hr, the oil that had separated out was re- 
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Fig. 1. IR spectra :  1) 4-cyano-3-e thoxycarbonyl-  
2 , 4 , 6 , 6  - t e t r a m e t h y l - 1 , 4 , 5 , 6  - te t rahydropyridine 
(I); 2 ) 3 - ace ty l -4 - cyano -2 ,4 ,6 ,6  - t e t ramethy l -1 ,  
4 ,5 ,6  - te trahydropyridine (II) (UR - 10 ins trument; 

c 0.1 M in chloroform, d 0.1 mm). 

Fig. 2. NMR spectra :  1) 3 - a c e t y l - 4 - c y a n o - 2 , 4 , 6 , 6 - t e t r a -  
m e t h y l - I ,  4 ,5 ,6- te t rahydropyr id ine  (II); 2) 4 -cyano-3-e th -  
o x y c a r b o n y l - 2 , 4 , 6 , 6 - t e t r a m e t h y l - 1 , 4 , 5 , 6 - t e t r a h y d r o p y -  
ridine (I) ("Hitachi" ins t rument--H-60,  with a working f r e -  
quency of 60 MHz; in chloroform, 5-scale;  s tandard--hex-  

amethyldisiloxane). 
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moved from the aqueous layer, dried over 20 g of anhydrous magne- 
sium sulfate (~ 16 hr) and decanted from the desiccant. The aqueous 
layer separated off previously was added to this desiccant, leading to 
the separation of a further small amount of oily product which was 
dried as before with the corresponding amount of magnesium sulfate 
and added to the bulk of the reaction product. The crude substance 
A (R = OC2Hs) obtained in this way, amounting to I05.i g, was 

treated with a solution of 18.5 g of hydrocyanic acid in 50 ml of 

methanol and a solution of 1 g of potassium cyanide in I0 ml of meth- 

anol and the mixture was stirred at "20 ~ C for about 2 hr. Then 2 g 

of solid potassium hydroxide was added to it with stirring and the mix- 

ture was left for N 16 hr, after which the addition of an equal volume 

of water precipitated 19.5 g (16.5~ calculated on the mesityl oxide) 

of fairly pure I. It was washed with petroleum ether and recrystallized 

from a mixture of benzene and petroleum ether, mp 132-134 ~ C. 

Found, %: C 66.08, 66.10; H 8.54, 8.50; N II.47, 12.08. Calculated 

for Ct3HmN20 s, %i C 66.07; H 8.53; NII.86. 

4-Carbamoyl-8-ethoxycarbonyl-2, 4, 6, 6-tetramethyl-1, 4, 5, 6- 
tetrahydropyridine (III). A solution of 2.36 g of the nitrile I in 12 ml 
of concentrated H2 SO4 was stirred for ~ 16 hr, poured into ice water, 
and neutralized with ammonia. This gave 1.04 g (41%) of the amide 
IlI, mp 151-153 ~ C (from ethanol). Found, %: C 61.46, 61.48; H 8.81, 
8.79; N 11.20, 11.17. Calculated for CIsHz2NzC h, %: C 61.39; H 8.73; 
N 11.01. IR spectrum (in oil): series of bands in the 3170-3420 
cm -1 region (amino group), 1680 cm "1 (C=O) in COOCzH~), 1655 cm -t 
(C:=O in CONH2), 1560 cm -I (second amide band). 

8-Acetyl-4-cyano-2, 4, 6, 6-tetramethyl-1, 4, 5, 6-tetxahydropyrl- 
dine (II). Fifty grams of acetylacetone was added to an aqueous solu- 
tion of the diacetoneamine from 49 g of mesityl oxide and the mix- 
ture was treated as in the preparation of I. The crude product A (R= 
=CHs; 71 g) was also treated in a similar manner to the preceding 

case. The solid product obtained after dilution with water was washed 
with petroleum ether and recrystallized from ethanol. For purifica- 
tion, the product after drying was heated with 0.5 g of metallic so- 
dium in boiling xylene, the resinous impurities were separated off, 
the xylene was evaporated in vacuum, and the residue was recrystal- 
lized from benzene. This gave 20 g (~ 10%, calculated on the mesityl 
oxide) of substance II, mp 167-168 ~ C. Found, %: C 70.08, 70.25; 
H 8.76, 8.79; N 18.97, 18.85. Calculated for C12HlsN20 , %: C 69.87; 
H 8.79; N 13.58. 

If the cyclization product was not treated with metallic sodium as 
described above but was crystallized from acetone (100 ml of acetone 
for 40 g of mixture), 15.9 g of the tetrahydropyridine II with mp 168- 
169" C was obtained. By evaporating the acetonic mother liquor to 
1/4 of its volume, another 7.8 g of less pure II with mp 162-162 ~ C 
was obtained. The residual mother liquor was evaporated to dryness. 
The resinous residue (14 g) crystallized, and this was recrystallized 
first from ethanol and then from ethyl acetate, to give 4.7 g of sub- 
stance IV, mp 150-152 ~ C. Found, %: C 68.84, 68.77; H 9.19, 

9.04; N 22.22, 22.87. Calculated for CnHITN~, %: C 69.07; H 8.95; 
N 21.97. 
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