
366 KHIMIYA GETEROTSIKLICHESKIKH SOEDINENII 

STEREOCHEMISTRY OF NITROGEN-CONTAINING HETEROCYCLES 

XV. S t e r e o i s o m e r i s m  of 2 - M e t h y l o c t a h y d r o - l - p y r i d i n - 4 - o l *  

Z h .  I. I s in ,  B. T.  Sydykov, A. A. Andrusenko ,  and D. V. Sokolev 

Khimiya  Ge te ro t s ik l i chesk ikh  Soedineni i ,  Vol.  4, No. 3, pp.  494-498 ,  1968 

UDC 547. 759.4w822.3:543.422.4:542.  941.7  

The reduction of the ~- and B-isoxncxs of 2-methyl-4-oxoocrahydro- 
1-p]a-indine in the presence of Raney nickel and sodium in elimno] 
has beea ~tudied, and four isomers of 2-methylocrahy&o-l-pyrindin- 
4-ol have been obtained. On the basis of an analysis of IR spee~a, 
has/city co~lstants, and the conditions f~ the reductice of the ketones, 
the most probable spatial structures have been assigned to all four 
piperidols. 

In a p r ev ious  c o m m u n i c a t i o n  [1] i t  was  shown that  
2 - m e t h y l - 4  -oxooctahydro-1  -py r ind ine  (I), obta ined  
by N a z a r o v ' s  method,  cons i s t s  of two i s o m e r s  which 
w e r e  i so la ted  in  the p u r e  s t a te  by co lumn c h r o m a t o -  
graphy on a lumina .  A cons ide ra t i on  of the p h y s i c o -  
chemica l  cons tan t s  of the i s o m e r i c  ke tones  p e r m i t t e d  
them to be  a s s igned  the conf igura t ions  II and HI with 
the ident ica l  c i s - l i n k a g e  of the p ipe r id ine  and c y e l o -  
pentane  r i n g s  but  with d i f fe ren t  o r i en t a t i ons  of the 
methyl  group at  C-2.  The high v a l u e s  of the dipole  
m o m e n t s  [3] of the i s o m e r s  II and HI (3.16 and 2 .9  D, 
respec t ive ly)  in  c o m p a r i s o n  with the r a c e m i c  ke tones  
of the decahydroquino l ine  s e r i e s  (2.6 D) [4] shows that  
the p ipe r id ine  cha i r  in  both p ipe r idones  is  in  the s ta te  
of an unusua l  degree  of f la t ten ing .  
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The p r e s e n t  inves t iga t ion  is  devoted to a s tudy of 
the i s o m e r i s m  of 2 - m e t h y l o c t a h y d r o - l - p y r i n d i n - 4 - o l ,  
u s i n g  as the s t a r t i n g  m a t e r i a l s  the  indiv idual  b i cyc l i c  
p ipe r idones  d e s c r i b e d  above.  F r o m  a ca re fu l  s tudy 
of the compos i t ion  of the p roduc t s  of the r educ t ion  
of the ketones  II and HI, we have obtained,  in  a g r e e -  
m e n t  with theory ,  a l l  four  r a c e m i e  2 - m e t h y l o c t a h y d r o -  
1 - p y r i n d i n - 4 - o l  IV-VII;  t he i r  p r o p e r t i e s  a r e  g iven in  
the tab le .  The r a c e m i c  alcohol  IV was  obta ined with 
a y i e ld  of about  90% by the  hydrogena t ion  of the ~ -  

f o r m  1I in  the p r e s e n c e  of a n icke l  ca ta lys t .  When the 
s a m e  ketone was  r educed  with sod ium in  i sopropano l  

and the  r educ t ion  p roduc t s  w e r e  ch roma tog raphed  
on a lumina ,  in  addi t ion to the r a c e m a t e  IV (60%) we 
obta ined  the e p i m e r i c  p ipe r id ino l  V in  a y ie ld  of 26%- 
The co lumn  chromatography  on a l u m i n a  of the  second  
p a i r  of e p i m e r i c  a lcohols  obta ined  in  the f o r m  of a 
m i x t u r e  by the hydrogena t ion  of the  t - k e t o n e  HI in  
the  p r e s e n c e  of Raney  n icke l  gave 2% of the  p ipe r id ino l  
VI and 78% of the p ipe r id ino l  VII in  the  p u r e  s ta te .  
When th is  ketone was  r e duc e d  with sod ium in  e thanol ,  
the e p i m e r i e  p ipe r id ino l s  VI and VII w e r e  f o r m e d  in  
approx imate ly  equal  amoun t s ;  the f i r s t  of them was  
m o s t  r e a d i l y  i so la ted  in  the f o r m  of the b a s e  and the 
second  in  the f o r m  of the p i c r a t e ,  with y i e lds  of 34 

and 28%, r e s p e c t i v e l y .  
We have e s t ab l i shed  the  m o s t  p robab l e  spa t i a l  

conf igura t ions  of a l l  four  p i p e r i d i n o l s  on the  b a s i s  
of an  a n a l y s i s  of the c h e m i c a l  and phys i cochemiea l  
data  obta ined in  s tudying  both the a lcohols  t h e m s e l v e s  
and the i s o m e r i c  ke tones  c o r r e s p o n d i n g  to them.  
Thanks  to the equa to r ia l  pos i t ion  of the  me thy l  r ad ica l ,  
the  ca rbony l  group of the  ke tone  II m u s t  be long  to 
the  ca tegory  of % n h i n d e r e d  ~ groups  and, b e c a u s e  
of th i s ,  on ca ta ly t ic  hydrogena t ion  and on r e duc t i on  
with sod ium in  e thanol ,  as  was  a l so  to be  expected 
on the b a s i s  of BartonWs r u l e s  [5, 6], i t  f o r m s  p r e -  
dominan t ly  the  alcohol  IV with an equa to r i a l  hydroxy 
group.  In the ketone III, c o n v e r s e l y ,  the ca rbony l  
group is  s t rong ly  s c r e e n e d  by the  me thy l  at C-2 and 
t h e r e f o r e  i t  hydrogena tes  c o n s i d e r a b l y  m o r e  s lowly 
giving,  in  acco rdance  with the s a m e  r u l e s ,  the  alcohol  
VII with the a x i a l  o r i en t a t i on  of the  hydroxyl  as  the 
m a i n  i s o m e r .  This  a r r a n g e m e n t  of the hydroxy groups  
is  suppor ted  by the f e a t u r e s  of the IR s p e c t r a  [7]. 

Equa to r i a l  C--O bonds  have (see table)  a g r e a t e r  
f r equency  of t h e i r  s t r e t c h i n g  v i b r a t i o n s  than axial  
bonds  [8]. At the s a m e  t i m e ,  a h ighe r  f r equency  of 
the s t r e t c h i n g  v i b r a t i o n s  of the  O--H* bond c o r r e s -  
ponds to a l ower  f r equency  of the C--O v i b r a t i o n s ,  
and c o n v e r s e l y  [91 . T h e s e  r u l e s ,  de r i ve d  by the 
s tudy of a l a r g e  n u m b e r  of s t e r o i d  a lcohols ,  a r e  
t h e r e f o r e  fol lowed a i so  by the hydroxy d e r i v a t i v e s  
of oc tahydropyr ind ine  that  we a r e  s tudy ing  (see a lso  

[9)- 
We expla in  the high f r equency  of the s t r e t c h i n g  

v i b r a t i o n s  of the C--O bond of the alcohol  VII by the  
spec i f ic  s t r u c t u r e  of i t s  b i cyc l i c  s y s t e m .  In p a r t i c u l a r ,  
we a s s u m e  that  the f l a t t ened  c ha i r  con fo rma t ion  of 
the p ipe r id ine  r i n g  in  the  oc t ahydropyr ind ine  s y s t e m  

* F o r  pa r t  XIV, s ee  [1]. 
*The  IR s p e c t r a  w e r e  m e a s u r e d  by O. V. Agasbkin  

and S. S. Chasnikov.  
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C h a r a c t e r i s t i c s  o f  t h e  2 - M e t h y l o c t a h y d r o - l - p y r i d i n - 4 - o l s  

o M p , ' C  

IV ]128--129 
V 160--161 

VI 141--142 
VII 109--110 I 

Yield  o f  alcohols  ] 
under  the  condi-  ] 
t ions  o f  reduc ing  I 
the  ke tones  II and  I 

[ I I I , %  __-- 

H~, Ni etNa~o I 

89,13 I 60.7 
10 ]26.4 

i 34.6 
78 ] 28.8 

RI 

0.57 
0.27 
0.20 
0.10 

Frequency  of  the  v ibra t ions ,  
e m - i  

C--O O--H 

Dissocia t ion  Conf igu-  
. .  c o n s t a n t ) _  r a t i o n - -  

PKa K ' 10 s [ OH CHs CCh 

1040 

1050 
1040 

CHCh CC14 

1035 3625 
996 3528 

1042 3610 
1033 3630 

CHCIs 

3618 
3620 
3630 
3620 

1 
9.11 1.29 [ e 
9.50 3.16 I a 
9.41 2.58 e 
9.62 4.17 a 

* e -equa to r i a l ,  a - ax ia l  

[1] i s  e n h a n c e d  i n  t h i s  e a s e  b y  t h e  p r e s e n c e  o f  a n  

o b l i q u e  i n t e r a c t i o n  b e t w e e n  t h e  m e t h y l  a n d  h y d r o x y  

g r o u p s  p r e s e n t  i n  t h e  1 , 3  p o s i t i o n s  ( m e t a d i a x i a l  i n t e r -  

a c t i o n ) ,  a s  a r e s u l t  of  w h i c h  t h e  h y d r o x y  g r o u p  d e p a r t s  

f r o m  i t s  t r u e  a x i a l  p o s i t i o n .  

T h e  r e s u l t s  of  c o l u m n  a n d  t h i n - l a y e r  c h r o m a t o -  

g r a p h y  e n a b l e  u s  t o  d r a w  a p r e l i m i n a r y  c o n e l u s i o n  

on  t h e  i n a p p l i c a b i l i t y  of  t h e  k n o w n  c h r o m a t o g r a p h i c  

r u l e s  [5 ,  13] t o  t h e  g e o m e t r i c  i s o m e r s  o f  t h e  b a s e s  

o f  t h e  s e c o n d a r y  a l c o h o l s  of  2 - m e t h y l o c t a h y d r o p y r i n -  

d i n e ,  t h e  R f v a l u e s  of  w h i c h  h a v e  t h e  r e v e r s e  m a g n i -  

t u d e s .  

s imilar  results have been obtained in our laboratory in a study of the 
adsorption capacity in a thin layer of alumina of seven diastereo- 
isomeric forms of 4-hydroxy-2-methyldecahydroquinoline,  It has 
been shown that alcohols with an equatorial orientation of the hydroxyl 
possess a lower absorption capacity and, consequently, have a higher 
Rf value than their axial  epimers; the adsorption capacity of the 
N-benzoyl derivatives in some cases proves to be opposite to that 
of the epimeric bases. The results of these investigations are being 
prepared for the press. 

In conc lus ion ,  we m u s t  c o n s i d e r  the  b a s i c i t y  con-  
s t an t s  and t h e i r  dependence  on the  s p a t i a l  s t r u c t u r e  
of the amino  a l coho l s .  It has  been  convinc ingly  shown 
p r e v i o u s l y  in our  l a b o r a t o r y  in the  e a s e  of n u m e r o u s  
i s o m e r s  of the  decahyd roqu ino l i ne  and p i p e r i d i n e  
s e r i e s  [10] tha t  a l coho l s  with an ax ia l  hydroxy  group 
have g r e a t e r  d i s s o c i a t i o n  cons tan t s  than t h e i r  e q u a -  
t o r i a l  e p i m e r s  and that  th is  r u l e  can be  u sed  as the  
b a s i s  of the  s i m p l e s t  me thod  of d i s t i ngu i sh ing  the 
conf igura t ion  of the  hydroxy  g roups  of amino  a lcoho l s  
of ana logous  s t r u c t u r e .  The s a m e  ru l e  has  been  e s t -  
ab l i shed  fo r  the  4 - p i p e r i d i n o l s  having  subs t i t uen t s  
in the c~-position. In p a r t i c u l a r ,  i t  ha s  been  shown 
that  an ax ia l  me thy l  group at  C-2 in the t r a n s - d e c a h y -  
d roqu ino l ine  s e r i e s  i n c r e a s e s  the b a s i c i t y  of the 
e p i m e r i c  a l coho l s ,  whi le  an equa to r iM group de -  
c r e a s e s  i t .  

The v a l u e s  of the  d i s s o c i a t i o n  cons tan t s  of the 
amino  a lcohols  IV-VII  given in the t ab le  a r e  in ful l  
a g r e e m e n t  with the  r u l e s  d e s c r i b e d  above and thus 
s e r v e  as  an i m p o r t a n t  c o n f i r m a t i o n  of the c o r r e c t n e s s  
of the  s p a t i a l  conf igura t ion  a s s u m e d  fo r  t h e s e  c o m -  

pounds .  

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

The a -  and 13-isomers of 2-methyl -4-oxooctahydro- l -pyr indine  
II and III were obtained as described previously [1]. The Raney nickel 
catalyst was prepared from nicke l -a luminum alloy by a published 

method [11]. 

Hydrogenation of the a - fo rm of 2-methyl -4-oxooctahydro-1-  
pyrindine (II) in the presence of Raney nickel catalyst.  Preparation 
of 2-methyloctahydro-l-pyrindin-4-ol(IV).  Ten grams (~0.15 mole) 
of the a -ke t0ne  II with bp 82 ~ C (2 ram), d~ ~ 1.0289, n~  1.4940, 
in 80 rnl of anhydrous ethanol was hydrogenated in the presence of 
the nickel catalyst prepared from 10 g of alloy. The calculated 
amount of hydrogen (1.46 l ) had been. absorbed in 2 hr. The catalyst 
was filtered off and washed with hot ethanol, and after the ethanol 
had been distilled off to dryness in a moderate vacuum,  the solid 
residue was repeatedly recrystallized from ether. This gave 9.1 g 
(89.13%) of the raeemate  IV in the form of a white powder with 
mp 128~ ~ C, RJ 0.57 (a lumina--e ther  system). Found, 07o: 
C 70,13, 70.25; H 11.24, 11.21; N 9,25, 9.30. Calculated for 
C~ITNO, % C 69.63; H 11.04; N 9.02. The hydrochloride was 
obtained by neutralizing an ethanolic solution of the piperidinol 
IV with the calculated amount of an alcoholic solution of hydrogen 
chloride; silvery plates with mp 253~ ~ C (from ethanol), Found, 
%: N ?.58, 7.48. Calculated for C�HI~NO. HC1, %: N 7.30. Picra te--  
small  yellow crystals with mp 158~ ~ C (from methanol).  Found, 
07c: N 14.16, 13.82. Calculated for C�H37NO'Cc~HaNaO7, %: N 14.57. 

Reduction of the a - fo rm of 2-methyl -4-oxooctahydro- l -pyr indine  
(II) with metal l ic  sodium in isopropanoL Racemates of 2-methyloc-  
tahydro- l -pyr indin-4-ol  IV and V, In a current of argon, 10 g 
(~0.15 mole) of the a -ke tone  II in solution in 15 ml  of dry toluene 
and 12 ml  of anhydrous isopropanol were added dropwise over 20 
rain to a suspension of 5 g of meta l l ic  sodium in 38 ml  of d~y toluene 
[12]. The mixture was boiled for 2 hr 30 rain, after which 7.5 ml  
of isopropanol was added and it was heated for another hour. The 
cooled solution was treated with 25 ml  of water and the reaction 
products were extracted with benzene and dried. The dry crystalline 
residue, amounting to 10.2 g obtained after the distillation of the 
solvent, was studied in two ways. 

a) Fractional crystallization of the mixture of isomers from ether 
gave 0.91 g (95) of the racemate  of 2-methyloctahydro- l -pyr indin-  
4-ol  (V) in the form of coarse bars with mp 180"-161 ~ C, RJ 0.27 
(alumina, ether). A mixture with the piperidinol IV gave a de- 
pression; mp about 117~ ~ C. Found, ~o: C 70.49, 70.17; H 11,88, 
11.27; N 9.16, 9.46, Calculated for CsHtTNO, %: C 69.63; H 11.04; 
N 9.02. Hydrochloride of the piperidinol V - -  small  colorless 
crystals with mp 207 ~ 208 ~ C (by reprecipitation from ethanol with 
ether); a mixtuxe with the hydrochloride of the piperidinol IV gave 
a depression, mp about 191%198 ~ C. Found, %; N 7.28, 7.35. 
Calculated for C~-t17NO -HC1, %: N 7.30. Pierate - -  yellow crystal- 
line powder with mp 185%188 ~ C (by reprecipitation from methanol  
with ether); a mixture with the picrate of the piperidol IV mel ted 
at 152~ ~ C. Found, %; N 15.13, 15.11, Calculated for 
C�HIzNO �9 Cd%NsOT, %: N 14.57. The remainder of the mixture of 
isomers was converted into the hydrochlorides by the usual method, 
and the fractional crystallization of these from ethanol gave 3.07 
g (25~ of the hydrochloride of the alcohol IV, showing no de- 
pression of the melt ing point (252~ ~ C) in admixture with the 

specimen described above. 
b) 1.5 g of the mixture of piperidinols IV and V in 2 ml  of ethanol 

was transferred to a chromatographic column (70 c m x  3 cm)f i l led  
with 600 g of alumina of activity grade II moistened with ether. 
After etutton with ether for 4 t~, thirteen fractions (of 25 ml  each) 
of the pure piperidol IV were collected (the individuality of the 
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isomers was checked by thin-layer chromatography on alumina,  the  
substances being revealed with iodine vapor), and then 25 fractions 
of a mixture of  isomers, after which the piperidol V began to be 
elated. After the solvent had been distilled off, 0.91 g (60.7%) of 
the piperidinol IV with mp 128"-129 ~ C tR~f 0.57), 0.39 g (26.40]o) 
of  the piperidinol V with mp  160"-161" C (R~ 0.27). and 0.27 of an 
unresolved mixture of  isomers were obtained. 

Hydrogenation of the  B-form of 2-methyl-4-oxooctahydro-1-  
pyrindine ~II) in the presence of a n ickel  catalyst .  Racemates of 
2 -methy loc tahydro- l -pyr ind in-4-o lVI  and VII. The hydrogenation 
of 10.36 g (0.15 mole) of the B-ketone III with bp 105 ~ C (5 mm) ,  
d~ ~ 1.0463, n~  1.4985 in 80 ml  of ethanol was carried out in the 
presence of the nickel catalyst prepared from 10 g of alloy. The 
calculated amount  of hydrogen (1.51 t) bad been absorbed after 
3 hr. The reaction products were isolated in the usual way. The 
mixture of pipetidinols (2 g) was chromatographed on alumina in 
a column as described in the preceding experiment.  After the 
el imination of the ether l iom the identical  fractions, 0.04 g (g~) 
of the racemic  alcohol VI with nap 141~ C, R# 0.20; 0.31 g 
(15.5%) of  a mixture of isomers VI and VII; and 1.5 g (78%) of 
the alcohol VII with mp 109~ ~ C, Rf  0.1, were obtained. 

The r acemate  of 2-methyloc tahydro- l -pyr indin-4-ol  (VII) with 
mp 109~ . C consisted of small  colorless crystals, and mixtures 
of i t  with the other alcohols IV, V, and VI gave marked depressions. 
Found, %: C 69.50, 69.87; H 10.40, 10.90; N 8.32, 8.44. Calculated 
for C#tt~NO, 0]0: C 69.63; H 11.04; N 9.02. Hydrochloride - -  micro-  
crystalline powder with mp 189~ ~ C (by reprecipitation from 
ethanol with ether). Found, %; N 6.82, 6.84. CaIculated for 
CgHI~NO -HC1, 0]0: N 7.30. Picrate - -  smal l  yellow crystals with 
mp 181~ ~ C (from ethanol). Found, 0]0: N 14.63, 14.71. Cal -  
culated for CaHI~NO- C6H3N307, %: lq 14.57. 

Reduction of the B-farm of 2-met l lyl -4-oxooctahydro- l -pyr indine 
(III) with meta l l ic  sodium in isop~opanol. The B-ketone HI (4.6 g; 
~0.3 mole) was reduced in isopropanol as described above. This 
gave 4.65 g of a mixture  of isomeric alcohols from which by fractional 
crystallization from petroleum ether (bp 60"-70" C) we obtained 1.3 
g (28.30] 0 of the  piperidol VII with mp 109~ C, giving no 
depression of the  mel t ing  point in admixture with the specimen 
described in the preceding experiment.  The residual isomers were 
converted into the picrates, and the fractional crystallization of 
these from ethanol gave 3.95 g (34.6~ of the picrate of  the pipe- 
tidinol VI with mp 201~ C (from ethanol by precipitation with 
ether). Found. %: N 14.09, 14.23. Calculated for CgHuNO-C#taNaO~. 
%.- N 14.57. 

Decomposition of the  pie.rate with mp 201~ " C.  3.5 g of  
the picrate was txeated with dilute hydrochloric acid (1 : 1), the 
picric acid was extracted with benzene, the aqueous solution of 
the  hydrochloride was saturated with potassi~tm carbonate, the 
liberated base was extIacted with ether, and the ethereal solution 

was dried with calcined potassium carbonate. Distillation of the 
ether yielded 1.29 g (90.2%) of the  piperidinol VI with mp 141~ 
C (from gasoline with bp 80"-90 ~ C). R~ 0.2. Found. %: C 69.94, 
69.80; H 11.43, 11.53; N 9.44. 9.23. Calculated for CgHlTNO, %: 
C 69.63; H 11.04; N 9.02. Hydrochloride - -  smal l  colorless crystals 
with mp  213%Z14 ~ C (reprecipitated from ethanol with ether). 
Found, 0]o:. N 6.91. 7.03. Calculated for Cal l .NO .HC1,  %: N 7.3. 

The basieity constants of the isomers of 2 -methy loc tahydro- l -  
pyrindin-4-ol  (IV-VII) were determined from the pll value at the 
semineutral izat ion point in the potentiometric titration of 0.01 N 
solutions of the  bases with 0.5 N hydrochloric acid at 25 ~ C. The 
accuracy of the measurements  was ~0.03 pH. The titration was 
carded out in a thermostated eel1 in an atmosphere of argon. 
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5 .  D .  H .  R .  B a r t o n ,  J .  C h e m .  S o c . ,  1 0 2 7 ,  1 9 5 3 .  

6 .  W .  H ~ c k e l  a n d  M .  M a i e r ,  A n n . ,  6 1 6 ,  4 6 ,  1 9 5 8 .  

7 .  O .  V .  A g a s h k i n ,  G .  S .  L i t v i n e n k o ,  D .  V .  

S o k o l o v ,  a n d  S .  S .  C h a s n i k o v a ,  Z h O K h ,  3 1 ,  8 6 1 ,  1 9 6 1 .  

8 .  H .  R o s e n k r a n t z ,  A .  T .  M i l h o r a d ,  a n d  M .  F a r b e r ,  

J .  B i o l .  C h e m . ,  1 9 5 ,  5 0 9 ,  1 9 5 2 .  

9 .  M .  I .  B a t u e v ,  A .  A .  A k h r e m ,  A .  D .  M a t v e e v a ,  

A .  V .  K a m e r n i t s l d i ,  a n d  I .  N .  N a z a r o v ,  D A N ,  1 2 0 ,  

779 ,  1 9 5 8 .  

1 0 .  D .  V .  S o k o l o v ,  G .  S.  L i t v i n e n k o ,  V -  I .  A r t y u -  

k h i n ,  a n d  A .  A .  A n d r u s e n k o ,  I z v .  A N  K a z a k h s k ,  S S R ,  

s e r .  k h i m .  n a u k ,  n o .  4 ,  7 3 ,  1 9 6 5 .  

1 1 .  D .  V .  S o k o l o v ,  G .  S .  L i t v i n e n k o ,  a n d  K .  I .  

K h l u d n e v a ,  Z h O K h ,  2 9 ,  3 2 0 4 ,  1 9 5 9 .  

1 2 .  E .  A .  M i s t r y u k o v  a n d  V .  F .  K u c h e r o v ,  I z v .  

A N  S S S R ,  O K h N ,  10 ,  1 8 1 6 ,  1 9 6 1 -  

1 3 .  D .  H .  R .  B a r t o n ,  E x p e r i e n t i a ,  6 ,  3 1 6 ,  1 9 5 0 .  

4 June  1966  I n s t i t u t e  o f  C h e m i c a l  S c i e n c e s  

A S  K a z a k h  S S B ,  A l m a - A t a  


