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The influence of the conformation of the geometric isomers of 1-ace- 
tyl-4- tert- butylcyclohexan- t-  ol and of 4- acetyl- 1, 2-dimethyldeca- 
hydroquinoline on the nature of the intramolecular hydrogen bonds 
has been studied by IR spectroscopy, and on the basis of the results 
obtained the configurations and conformations of the geometric iso- 
mers of the 4-aeyl-1,2, 5-tfimethylpiperidin-4-ols have been estab- 
lished. 

Conformational stability of the stereoisomers of ketols of the piperi- 
dine series ha~ been found. 

It has been shown that the geometric isomers of each of the compounds 
studied with axially orientated aeyl groups exist in solutions in the 
form of an equilibrium mixture of two rotameric forms. The enthalpy 
of an intramoleeular hydrogen bond in these compounds is 0.8-0ff keal/ 
mole. 

In r e c e n t l y - p u b l i s h e d  p a p e r s ,  the  s p a t i a l  c o n f i g u r a -  
t ions  of the c i s  and t r a n s  i s o m e r s  of 1 - a e e t y l - 2 -  
m e t h y l c y e l o h e x a n - l - o l  [1], t h e i r  p i p e r i d i n e  a n a l o g s - -  
the e i s  and t r a n s  i s o m e r s  of 4 - a e e t y l - 1 ,  3 - d i m e t h y l -  
p i p e r i d i n - 4 - o l  [2J--and the  t h r e e  g e o m e t r i c  i s o m e r s  of 
4 - a e e t y l - 1 ,  2, 5 - t r i m e t h y l p i p e r i d i n - 4 - o l  [3] have  been  
i n v e s t i g a t e d  by s p e c t r o s c o p i c  m e t h o d s .  

In the p r e s e n t  work ,  u s ing  m e t h o d s  of IR s p e c t r o s -  
copy,  we  have  s tud ied  the  spa t i a l  c o n f o r m a t i o n s  of 4 -  
a e e t y l - l - m e t h y l p i p e r i d i n - 4 - o l  (I) [2], the  g e o m e t r i c  
i s o m e r s  of 4 - a e e t y l - 1 ,  2, 5 - t r i m e t h y l - ,  4 - p r o p i o n y l -  
1, 2, 5 - t r i m e t h y l - ,  and 4 - b e n z o y l - 1 ,  P, 5 - t r i m e t h y l p i -  

p e r i d i n - 4 - o l s  (lice, fi, T, IIIfl ,  T, and IVfi, T, r e s p e c -  
t i v e l y  [3, 41), and of the t h r e e  g e o m e t r i c  i s o m e r s  of 
4 -  a c e t y l - 4 -  h y d r o x y -  1, 2 - d i m e t h y l d e c a h y d r  oqu ino l ine  
(Vce, Vice, fl [5]), w h i c h  w e r e  ob ta ined  by the h y d r a -  
t ion  of the c o r r e s p o n d i n g  a e e t y l e n i e  a l c o h o l s  [5 -7 ] .  

As m o d e l  c o m p o u n d s  we  s tud ied  the s t r u c t u r a l l y  
r e l a t e d  1 - a e e t y l e y e l o h e x a n - l - o l  (VII) [8] and the  e i s  
and t r a n s  i s o m e r s  of 1 - a e e t y l - 4 - t e r t - b u t y l c y e l o h e x a n -  
1 - o l  (VlIIce, fl) and of 1 - a e e t y l - 2 - m e t h y l c y e l o h e x a n - 1 -  
ol (Ixce, 8) [11. 

The s p e c t r a l  m e t h o d  of d e t e r m i n i n g  the  spa t i a I  o r i -  
en ta t ion  of the h y d r o x y l  g roup  in a n u m b e r  of c i s -  and 
t r a n s - a l k y l e y c l o h e x a n o l s  p r o p o s e d  p r e v i o u s l y  [9 -11] ,  
which  is  b a s e d  on a c o n s i d e r a t i o n  of the f r e q u e n c i e s  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 bonds ,  p r o v e d  to 
be i n a p p l i c a b l e  to the  a n a l y s i s  of the s p e c t r a  of the  
compounds  that  we  h a v e  s tud ied .  The  p r e s e n c e  of a 
l a r g e  n u m b e r  of a b s o r p t i o n  bands  in the  f r e q u e n c y  
r a n g e  f r o m  900 to 1100 c m  - i  t o g e t h e r  wi th  the c o m -  
p a r a t i v e l y  w e a k  in f luence  of the  p o l a r i t y  of the s o l v e n t  
on the  sh i f t  of the  f r e q u e n c y  of the  ~C--O v i b r a t i o n s  
does  not  p e r m i t  r e l i a b l e  a s s i g n m e n t s  to be m a d e  in 
th i s  r e g i o n  of the  s p e c t r u m � 9  In addi t ion  to th i s ,  t ak ing  
into accoun t  the  c a p a c i t y  of the  ke to  a l c o h o l s  s tud ied  
f o r  f o r m i n g  i n t r a m o l e c u l a r  h y d r o g e n  bonds ,  the  h a -  

t u r e  of wh ich  m u s t  s u b s t a n t i a l l y  depend on the  con-  
f o r m a t i o n  of the  m o l e c u l e ,  we c o n s i d e r e d  i t  d e s i r a b l e  
to m a k e  a m o r e  d e t a i l e d  s tudy of the  s p e c t r a l  c h a r a c -  
t e r i s t i c s  of the  h y d r o g e n  bonds in compounds  I, l i a ,  

8, 7, HI~, T, and IVfl, T. 
The p r e s e n c e  in the m o l e c u l e s  of the  ke to l s  IIce, 8,  

T, IIIfl,  T, and IVfl, 7 of g e m i n a l  c a r b o n y l  and hy -  
d r o x y l  g r o u p s  g i v e s  the  p o s s i b i l i t y  of the  f o r m a t i o n  of 
an i n t r a m o l e c u l a r  h y d r o g e n  bond fo r  both the c i s  and 
the t r a n s  i s o m e r s *  (the c o n f o r m e r s  B, D, and A, C, 
in S c h e m e  1). 
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* T h e  s p e c i f i c a t i o n  of the  c is  and t r a n s  c o n f i g u r a t i o n s  
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acy l  and m e t h y l  g roups  at  the C 5 a t o m  of the p i p e r i d i n e  
r ing.  
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Table 1 

Bands of Stretching Vibrat ions  of the Carbonyl  and Hydroxyl Groups 
of S te reo i somer ic  ~-G• 

Com- 
pound 

I 
lI'~ 
IIa 

IIl'y 
IVv 

m~ 

Va 

Via 

VIfl 

Vll 
VlIIa 
IXa 
vmfl 

Name 

4-Acetyl-I -met hylpiperidin-4-ol 
2e4e5e-4-Acetyl- 1,2,5-trimethylpiperidin-4-ol * 
2a4eSe- (or 2e4eSa)-4-Acetyl-l,2,5-trimethylpi- 

peridin-4-ol 
2e4e5e-4-Propionyl- 1,2,5 -trimethylpiperidin-4-ol 
2e4e5e-4-Benzoyl-1,2,5-trimethylpiperidin-4-ol 
2e4aSe-4-Acet yl- 1,2,5 -trimeth ylpiperidin-4-ol 
2e4aSe-4-Propionyl- 1,2,5-trimethylpiperidin-4-ol 
2e4aSe-4-Benzoyl-1,2,5 -trimet h ylpiperidin-4-ol 
trans-2a4e-4-Acet yl-4-hydroxy- 1,2-dimethyldeea- 

hydroquinoline* * 
trans-2 e4e-4-Acet yl-4-hy dro• 1,2-dim et hyldeca- 

hydroquinoline 
trans-2 e4a-4-Acet yl-4-h y dro xy- 1,2-dimethyldeea- 

hydroquinoline 
1-Acetylcyclohexan- 1-ol 
1 e4e-l-Acet yl-4-t err-but ylcyclohexan- 1-ol 
1 e2e- 1-Acetyl-2-met hylcyclohexan-l-ol 
1 a4e- 1-Acetyl-4-tert-butylcyclohexan- 1-ol 
la2e-l-Acetyl-2-methylcyclobexan-l-ol 

vC=O voH ~ee 

1713 
1712 
1707 

1708 
1669 

1705--1720 3614 
1702--1718 3612 

1687 3608 
1709 

Frequency of the vibrations, cm-1 

"~oH bound 

1711 

3612 

3615 
3612 

1705--1717 

1712 
1710 
1708 

1704--1721 
1704--1718 

*Here and everywhere below, the spatial arrangement of the methyl and acyl (benzoyl) groups is 
indicated. 
**The trans linkage of the cyclohexane and piperidine rings is symbolized. 

3485 
3485 
3485 

348O 
3465 
3478 
3474 

3472 

3480 

3474 

3485 
3489 
3480 
3490 
3480 

Table 2 

~H for an In t r amolecu l a r  Hydrogen Bond 

Corn- Name ( Abound]~free~t I d (  -Af~ e e -t ~H, 
pound ~ Ab~ ! kcal]mole 

Z3 ~ fi8o 

lxfl 

vifl 

Iifl 

IiIfl 

la2e-l-Acetyl-2-met hylcyclohexan- 1-ol 

trans-2 e4a-4-Acet yl- 1,2-dimethyldeca- 
hydroquinoline 

2e4aSe-4-Acetyl-1,2,5-trimethylpiperi- 
dine-4-ol 

2e4a5e-4-Propionyl-1,2,5-trimethylpi- 
peridin.4-ol 

0.64 

0.50 

0.70 

0.33 

0.72 

0.56 

0.79 

0.38 

0.53 

0.51 

0.55 

0.64 
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However, s imple  ideas based on a cons idera t ion  of 
molecu la r  models  pe rmi t  the conclusion that in the 
case of the con fo rmers  B and C with the axial acyl 
groups, the format ion  of i n t r amo lecu l a r  hydrogen 
bonds is energe t ica l ly  less  favorable,  because  of s te r ic  
h indrance  and the mutual  repuls ion  of the R 2 radical  
and the axial meta  hydrogen atoms of the p iper id ine  
r ing  in B (the axial methyl  group in C), which approach 
to a dis tance cons iderably  less  than the sum of the Van 
der  Waals radii .  In the case where R2 = C~Hh, the de-  
c r ea se  in the s te r i c  effect des tabi l iz ing  the hydrogen 
bond mus t  lead to ' a  d i s tu rbance  of the coplanar i ty  of 
the carbonyl  group at the phenyl r ing  and to a loss  of 
resonance  energy connected with it. Since in the con-  
f o r m e r s  D the s te r i c  h indrance  ment ioned is absent ,  
the convers ion  t r ans i t i on  B ~ D must  cor respond to a 
s tabi l iza t ion of the i n t r amo lecu l a r  hydrogen bond. Con- 
sequently,  geomet r ic  i s o m e r s  with the cis a r r a n g e -  
ment  of the acyl  and the C~-methyl group may in p r i n -  
ciple be regarded as conformat ional ly  mobi le  com-  
pounds. Conversely ,  the cor responding  t r ans  i s o m e r s  
mus t  have conformat ion A p re fe ren t i a l ly ,  which co r -  
responds  not only to g rea t e r  thermodynamic  s tabi l i ty  
of the r ing  but also to the format ion  of more  s table  
i n t r a m o l e c u l a r  hydrogen bonds prevent ing  the conver -  
sion t r ans i t ion  A --  C. 

On the bas is  of these cons idera t ions  i t  could have 
been expected that the conformat ional  differences in 
the spec t ra  of the geometr ic  i somer s  studied should 
be shown most  d is t inct ly  in the region of the s t r e t ch -  
ing v ibra t ions  of the hydroxyl and carbonyl  groups r e -  
sponsible  for the format ion  of the hydrogen bonds. 

The spec t ra l  m e a s u r e m e n t s  that we have per formed  
(Table 1) have in fact enabled these d i f ferences  to be 
c lear ly  observed.  Thus, in the spec t ra  of solut ions of 
the compounds I and VII and the geomet r ic  i som e r s  
II~, 7, IIIT, and IVT, measu red  at a concent ra t ion  of 
5 �9 10 -~ mo le / l - -wh ich  excludes the poss ib i l i ty  of the 
format ion of i n t e rmo lecu l a r  hydrogen bonds*-- in  the 
region of the s t re tch ing  v ibra t ions  of the hydroxyl 
groups only one band of a bound hydroxyl at 3465-  
3485 cm - i  and a s y m m e t r i c a l  carbonyl  band in the 1669-  
1713 cm -1 region are  observed.  For  the spec t ra  of 
compounds IIfi and IIIfl under  the s ame  condit ions of 
measu remen t ,  the exis tence of a spli t  band of the 
s t re tch ing  v ibra t ions  of the carbonyl  group with two 
max ima  in the 1702-1720 cm -1 and of two bands due 
to the s t re tch ing  v ibra t ions  of both bound (3474- 
3478 cm -l)  and free (3612-3614 cm -i)  hydroxyl groups 
is cha rac te r i s t i c .  

The cons idera t ions  expounded above give every r e a -  
son for  es tab l i sh ing  the p redominance  of the conforma-  
t ion with the equator ia l  acyl (benzoyl) group in com- 
pounds I, VII, IIa ,  7, III7, and IV7, which give spec t ra  
of the f i r s t  type, and a sc r ib ing  IIT, IIIT, and IV7 to 

*The m e a s u r e m e n t s  of the spec t ra  of the solut ions 
showed that, at leas t  beginning f rom a concent ra t ion  
of 1 �9 10 -2 mole / / ,  there  a re  no changes in  the f r e -  
quencies  and re la t ive  in tens i t i es  of the bands of the 
OH vibra t ions  with the dilution of the solutions.  

the geometr ic  i somers  of the t r ans  se r ies .*  In their  
turn,  compounds IIfl and IIIfl, which give spec t ra  of 
the second type, should be ass igned to the geometr ic  
i some r s  of the cis se r ies .  

The spec t ra l  data obtained unambiguously show the 
conformat ional  s imi l a r i t y  of the model compounds I 
and VII and the i some r s  IIa,  7, IIIT, and IV7 (the A 
conformation) and the absence f rom their  solut ions of 
A ~ -  C convers ion  t rans i t ions .  

The in te rpre ta t ion  of the spec t ra  of the cis i so-  
m e r s  IIfl and IIIfl is fa r  less  c lear .  The s imul taneous  
presence  in them of bands of the s t re tch ing  v ibra t ions  
of f ree  and bound hydroxyl groups, and also the sp l i t -  
t ing of the carbonyl  band can be explained not only by 
the poss ib i l i ty  of the B ~ D convers ion  t r ans i t ion  and 
the incomplete  inc lus ion of the functional  groups of the 
conformer  B in an in t r amolecu la r  hydrogen bond be-  
cause of s te r ic  hindrance,  but also by the exis tence of 
the rotat ional  i s o m e r i s m  B ~ E due to the in te rna l  r o -  
tat ion of the axial acyl groups of the conformers  B 
round the C--C axis. In this case,  the format ion  of the 
s t e r i ca l ly  unhindered and more  favorable r o t a mer  E 
requ i res  the complete rupture  of the hydrogen bond in 
the conformer  B. 

A cons idera t ion  of the spec t rum of the geometr ic  
i somer  IVfl shows that, at least  in this compound, the 
r ing convers ion  B ~ D is  excluded. In actual  fact, the 
p re sence  of the conformat ional  equi l ib r ium B ~=~ D 
should n e c e s s a r i l y  lead to the appearance  in the spec-  
t r u m  of compound IVfi of absorpt ion bands of the s t re tch-  
ing v ibra t ions  of bound hydroxyl (3465 cm -i)  and ca r -  
bonyl (1669 cm -1) groups of the conformer  D, analogous 
to the bands observed in the spec t rum of conformer  A 
and i ts  ep imer  IVy. Actually, in the spec t rum of the 
geomet r ic  i s o m e r  IVfl absorpt ion in the region of the 
s t re tching v ibra t ions  of bound hydroxyl groups is com- 
pletely absent,  and a single band of a f r ee  hydroxyl 
(3608 cm -1) is observed,  while the carbonyl  band with 
a f requency of 1687 cm -~, which is typical  for a ro -  
mat ic  ketones,  has an outline close to that o[ a d i spe r -  
sion band. These resu l t s  show the complete absence 
from compound IVfl of the hydrogen bonds of the con- 
f o r m e r s  B and D and indicate  the exis tence of IVfl in 
the uni ta ry  conformat ion E with a coplanar  benzoyl 
gr cup. 

The stabi l i ty  of the ro tamer  E of compound IVfi 
with an axially or iented voluminous benzoyl grouping 
excluding the poss ibi l i ty  of i ts  s tab i l iza t ion  through 
the format ion  of an in t r amolecu la r  hydrogen bond ap- 
pea rs  somewhat  unexpected. In view of this,  we have 
studied the spec t ra l  cha rac t e r i s t i c s  of the geometr ic  
i somers  of the conformat ionalIy  s table  oxoalcohols of 
the decahydroquinoline s e r i e s  V~ and VIvz, fl, having 
a r igid t r ans  linkage of the cyclohexane and piper idine  
r ings  which definitely exclude the poss ibi l i ty  of the 
convers ion  of the r ings.  In addition to the bieycl ic  ke- 
tols Vo~ and VIol, fl, we also used the cis and t r ans  

*The mutual  a r r a nge me n t  of the acetyl and C5 methyl  
groups in the geomet r ic  i somer  Iloz having the cis a r -  
rangement  of the C2- and C~-methyl  groups cannot be 
es tabl ished in the s ame  way. 
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isomers of l-acetyl-4-tert-butylcyclohexan-l-ol 
Villa, fl* (Scheme 2), as models with a fixed con- 
formation excluding conversion transitions of types 

A ~ C  and B ~ - D .  

% c 1 " c H a  H~ 
O ' " 

Cg~ ~ 
R R 

u R=RI=H; VIII~ R~/-C.~Hg, Rt~H 
V+IIH1 R=I 'C4Hg'  RI=H; IX~ R--H, R 1 CHx 

IX(g R=H,  Rt=CH 3 

C / C  Hs 
H~  

O 

i "-04, A 

Va R~H, R~CH3; VI~ R=CHa, R+=fl 
rio. R=CH~, RI=H 

As can be seen f rom the resu l t s  of the m e a s u r e -  
ments  (Table 1), in the spec t ra  of the geomet r ic  i so-  
m e r s  Vc G Via,  fl and V]lIo~, fl only the same di f fer-  
ences are  observed as in the spec t ra  of the piper idine 
ketols II~, fl, 7, ]lift, 7, and IVfl, 7. As in the case 
of compounds II~, 7, IIIT, and IV7, an unspl i t  c a r -  
bonyl band in the 1709-1711 cm -1 region and a single 
band in the region of the s t re tching v ibra t ions  of bound 
hydroxyl groups (3472-3489 cm -1) are p resen t  only for 
the t r an s  i somer  VIl'Ia and the geometr io  i s o m e r s  of 
the bicycl ic  ketols Vc~ and Via  with equator ia l ly  or i -  
ented acetyl  groups.  In the i r  turn,  bands of f ree 
(3615 cm -1) and bound (3474-3490 hm -t) OH groups 
were observed exclusively for the cis i somer  VIIIfl 
and the bicycl ic  ketoI VIfl having, like compounds IIfl 
and IIIfl, an axially or iented acetyl  group. Thus, the 
spect ra  of the model compound conf i rmed the con- 
clusion that the cha rac t e r i s t i c  spec t ra l  d i f ferences  of 
the geometr ic  i somers  in all  the cases considered a re  
due not to the convers ion  t r ans i t ions  B ~ D but to the 
rotat ional  i s o m e r i s m  B -~- E. We have observed just  
the same pic ture  in the spec t ra  of the cis and t rans  
i somer s  of 1 - ace ty l -2 -me thy l cyc lohexan - l -o l  (IXfl and 
IXa) (Table 1), the s t ruc tu res  of which were con- 
s idered  previously  [1]. The differences in the hydroxyl 
region of the Raman spec t ra  of the i somer s  IXa, fl 
were explained in this paper  by the ac id-base  p roper -  
t ies  of the equator ia l  and axial hydroxyl groups and 
the more  pronounced tendency to the format ion of a 
hydrogen bond in IXfl. At the same t ime,  the exis tence 
of convers ion  t rans i t ions  of the type A ~- C and B ~ D 
was predicated [1] in solutions of both IX~ and IXfl. 
Actually, as has now become obvious, these differ-  
ences a re  connected with the fact that in solutions of 

*The authors  express  their  deep thanks to V. N. Dob- 
rynin (IOKh AN SSSR [Institute of Organic Chemistry,  
AS USSR]) for kindly providing samples  of these com-  
pounds. 

the cis i s o m e r  IXfl there  is a rotat ional  i s o m e r i s m  of 
the type B ~-~ E which is absent  in the case of IXa, 
exist ing exclusively in conformat ion A. 

The re la t ive  s tabi l i ty  of the ro tamer ic  fo rms  B and 
E of the compounds invest igated can be charac te r ized  
by the value of the enthalpy of the i n t r amolecu l a r  hy- 
drogen bond in the i some r s  IIfl, ]lift, VIfl, VIIIfl, and 
IXfl. With this aim, we measu red  the in tegra l  in tens i -  
t ies  of the ~OH bands of the s t re tch ing  v ibra t ions  of 
the free and bound hydroxyl groups in the spec t ra  of 
some compounds of this type at t empera tu res  of 23 and 
68 ~ C (Table 2). The m e a s u r e m e n t s  were c a r r i e d  out 
at concent ra t ions  of the solutions of 2 - 5 . 1 0  -a mole / l ,  
corresponding to the exis tence of only the equ i l ib r ium 
mixture  of the two rotat ional  i somers  B and E. To a 
f i r s t  approximation* it may be cons idered  that the in -  
tens i t ies  of the absorpt ion bands under  cons idera t ion  
are,  respect ively,  propor t ional  to the mola r  f r a c -  
t ions of these i some r s  (N1 and N2) and the rat io of the 
in tens i t i es  de te rmines  the constant  of the equi l ibr ium 
B ~ E  at the given tempera ture ,  i . e . ,  

[AOHfre%_ Nf. 

The enthalpy of the hydrogen bond was evaluated f rom 
the equation [12] 

As can be seen f rom the figure of Table 2, t h e m a g -  
nitude of the enthalpy of the in t r amolecu la r  hydrogen 
bond in the i some r s  lift, IIIfl, VIfl, and IXfl can be 
evaluated as 0 .5-0 .7  kca l /mole .  

The values of AH found to the same approximation 
for the compounds IIfl, IIIfl, and IXfl and the model 
compound VIfl with a fixed conformation that have been 
studied proved to be ex t remely  close. 

The resul t s  obtained enable the exis tence of IVfl in 
only one ro tamer ic  form, E, to be explained. The s ta-  
b i l iza t ion of the ro tamer ic  form B through the fo rma-  
tion of an i n t r a m o l e c u l a r  hydrogen bond with an energy 
of the order  of 0 .5-1 .0  kca l /mole  in this compound 
does not compensate  the energy of the repuls ion  of the 
voluminous phenyl group by the axial meta hydrogen 
atoms and the loss of delocal izat ion energy connected 
with a d i s turbance  of the coplanar i ty  of the benzene 
grouping which is unavoidable in this case.  The ca l -  
culat ion that we have ca r r i ed  out by the MO method in 
Hi~ckel's approximation has shown that the rotat ion of 
the carbonyl  group re la t ive  to the plane of the phenyl 

*Since, as a rule,  the format ion of an in t r amolecu-  
lar  hydrogen bond affects the magnitude of the in tegra l  
in tens i ty  of the bands of the ~OH vibra t ions ,  the rat io 
AOH,free/AOH,bound is not, s t r i c t ly  speaking, p ropor -  
t ional to the ra t io  of the mola r  f rac t ions  Nt/N2. Be- 
cause the change in the posi t ion of the equi l ibr ium ob- 
served in the range of t empera tu re s  studied is smal l ,  
this contr ibut ion can be neglected. 
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r i n g  by  90  ~ l e a d s  t o  a l o s s  of d e l o c a l i z a t i o n  e n e r g y  b y  

0 .36/3 ,  w h i c h  c o r r e s p o n d s  to  6 ,5  k c a l / m o l e ,  e x c e e d i n g  

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

f o r m e r  B by  a p p r o x i m a t e l y  o n e  o r d e r  of m a g n i t u d e .  In 

v i e w  of t h i s ,  i n  t h e  c a s e  of  t h e  c i s - k e t o l  IVfl  t h e  r o t a -  

m e r i c  e q u i l i b r i u m  B ~ - E  i s  s h i f t e d  c o m p l e t e l y  i n  t h e  

d i r e c t i o n  of t h e  r o t a m e r  E .  

EXPERIMENTAL 

The spectra of the compounds investigated were measured on a 

"Zeiss" UR-10 double-beam spectrometer with KBr (400-700 cm ' l ) ,  
NaC1 (700-2000 cm' l ) ,  and LiF (2000-4000 em "1) optics in solutions 

in CC14 at concentrations of 0.005-0.001 m o l e / l  with absorbing layer 

thicknesses of 0.4-0.04 cm. 
The integral intensities of the bands of the stretching vibrations of 

the free and bound hydroxyl groups were measured at temperatures of 
23 and 68 ~ C using solutions with concentrations of 0.002-0.005 mo le / /  
and absorbing layer thicknesses of 2.00 • 0.02 cm. The measurements 
were carried out in hermetical ly  sealed thermostatted cells and were 

repeated for 4 -5  samples of each compound. The rate of scanning did 
not exceed 32 cm'l/min. The spectral slit width was 8.3 cm "~ in the 
1700 cm -1 region, 4.5 cm "1 in the 3470-3490 cm "1 region, and 

5.7 em "1 in the 3605-3615 em "1 region. The linearity of the photo- 

metric scale of the instrument was checked by a published method 
[13]. The integral optical densities were calculated by the numeri- 
cal integration of the observed distribution function Dv = ln(Io/I)v = 
= J(v), corresponding to the experimental shape of the band cut off 
by the base l ine.  

4 -Aeety l - l -methylp iper id in-4-o l  (I): v.w. 487, w. 565, w. 625, 
w. 960, w. 970, v.w. 980, s. 1060, w. 1080, s. 1115, s. 1160, s. 
1190, s. 1298, v.s.  1370, s. 1387, w. 1440, w. 1455, w. 1475, 
v.s. 1713, v.w. 2680, s. 2700, s. 2745, s. 2768, v.s. 2805, v.s. 
2925, v.s. 2945, v.w. 3400, s.sym. 3485. 

2e4eSe-4-Acetyl-1,  2, 5-tr imethylpipertdin-4-ol  (II7): w. 512, 
w. 570, w. 607, w. 643, v.w. 675, w. 910, w. 932, w. 960, v.w. 

i010, s. 1053, s. 1088, s. 1105, w. 1125, v.s. 1185, w. 1290, w. 

1312, v.s. 1365, v.s. 1390, w. 1430, s. 1455, s. 1470, v.s.sym. 

1712, v.w. 2620, v.w. 2660, s. 2770, v.s. 2798, v.s. 2845, s. 

2880, v.s. 2920, v.s. 2940, v.s. 2965, v.w. 3090, v.s. 3400, s. sym. 

3485, v.w. 3730. 

2a4eSe- (or 2e4eSa-) -4-Acetyl-l ,  2, 5-ttimethylpiperidin-4-ol 

(IIa): w. 425, w. 450, w. 483, w. 510, w. 537, w. 589, v.w. 610, 

s. 655, w. 675, w. 912, w. 940, s. 1050, w. 1088, s. 1112, s. 1122, 

v.s. 1160, w. 1198, s. 1310, v.s. 1380, s. 1435, s. 1455, s. 1475, 

v.s. sym. 1707, w. 2770, s. 2805, s. 2835, s. 2880, v.s. 2935, v.s. 

2965, w. 3000, v.w. 3400, s. sym. 3485, v.w. 3730. 

2e4eSe-4-Propionyl-1, 2, 5-tr imethylpiperidin-4-ol  (III7): s. 430, 
w. 515, w. 560, w. 660, w. 920, s. 955, s. 1060, s. 1100, v.s. 
1145, v.s. 1168, v.s.  1312, v.s.  1350, v.s.  1390, s. 1430, v.s. 

1460, v.s. 1472, v.s .sym. 1708, v.w. 2615, v.w. 2655, v.w. 2700, 

v.w. 2725, s. 2770, v.s. 2795, v.s.  2800, s. 2820, v.s.  2845, v.s. 
2880, v.s. 2915, v.s. 2940, v.s.  297% v.s.  2990, s. sym. 3480, 

v.w. 3680. 
2e4eSe-4-Ber~oyl-1, 2, 5-tr imethylpiperidin-4-ol  (IVT): w. 410, 

w. 435, w. 508, v.w. 594, s. 667, w. 900, w. 913, s. 944, w. 960, 

s. 1051, w. 1088, s. 110% s. 1137, v.s. 1165, v.s. 1175, w. 1295, 

w. 1320, s. 1355, v.s. 1389, w. 1436, s. 1459, s. 1472, v.s. sym. 

1669, v.w. 2613, v.w. 2730, w. 2770, s. 2790, s. 2800, s. 2820, 

s. 2844, s. 2880, s. 2935, v.s. 2970, v.s. 2980, v.w. 3029, w. 

3070, w. 3095, s, sym. 3465. 

2e4aSe-4-Aeetyl-l, 2, 5-trimethylpiperidin-4-ol (II~): w. 520, 
w. 560, w. 587, w. 625, v.w. 660, v.w. 675, w. 907, w. 922, w. 

940, w. 950, w. 960, s. 1060, s. 1090, s. 1130, s. 1150, s. 1180, 

w. 1290, w. 1310, s. 1360. s. 1385, s. 1428, s. 1450, s. 1470, s. 

1705, v.s. 1720, s. 2770, s. 2795, s. 2845, s. 2880, s. 2915, s. 

2937, s. 2970, v.w. 3420, w. sym. 3478, w. sym. 3614, v.w. 3720. 

2e4aSe-4-Propionyl-1, 2, 5-tr imethylpiperidin-4-ol  (III8): w. 420, 
w. 510, w. 530, w. 610, w. 620, w. 640, w. 988, s. 918, w. 945, 

w. 960, s. 1052, s. 1093, s. 1125, s. 1165, w. 1195, w. 1293, v.s. 

1368, s. 1420, s. 1440, s. 1468, v.s. 1702, v.s. 1718, w. 2770, 

s. 2790, s. 2845, s. 2880, v.s. 2940, v.s. 2970, s. 3070, w. 3425, 

s. sym. 3474, s. sym. 3612. 

2e4aSe-4-Benzoyl-1,2, 5-trimethylplperidin-4-ol (IVY): w. 420, 
w. 500, w. 510, w. 555, v.w. 590, s. 635, w. 912, s. 940, w. 960, 

s. 1050, w. 1065, w. 1088, w. 1100, s. 1132, v.s. 1150, v.s. 1168, 
v.s. 1190, w. 1290, s. 1345, v.s. 1458, w. 1468, v.s. sym. 1687, 
w. 2770, s. 2800, v.s. 2845, s. 2882, s. 2910, s. 2938, v.s. 2970, 

w. 3070, s. sym. 3608. 

2a4e-4-Acetyl-4-hydroxy-1, 2-dimethyldecahydroquinoline (Va): 
w. 431, v.w. 505, v.w. 526, w. 548, w. 600, w. 670, v.w. 910, 
v.w. 960, v.w. 1010, w. 1038, s. 1060, s. 1096, s. 1129, s. 1138, 
s. 1160, s. 1174, s. 1310, s. 1367, s. 1884, s. 1432, s. 1458, s. sym. 
1709, w. 2670, s.w. 2770, v.s. 2799, v.s. 2860, s. 2877, v.s. 2924, 

v.s.  2938, w. 3000, v .s .sym. 3472. 

2e4e-4-Acetyl-4-hydroxy-l, 2-dlmethyldecahydroquinoline (Vhx): 
s. 417, w. 552, s. 625, w. 920, w. 960, w. 990, w. 1040, s. 1097, 
s. 1130, v.s. 1162, s. 1190, w. 1290, w. 1310, s. 1344, v.s. 1369, 

w. 1430, s. 1459, w. 1490, s.sym. 1711, s. 2790, v.s. 2860, v.s. 

2940, s. 2967, s. 2995, s. sym. 3480. 

2e4a-4-Acetyl-4-hydroxy-l, 2-dimethyldecahydroquinoline (VIE): 
w. 416, w. 520, w. 530, w. 540, w. 570, w. 617, v.w. 630, w. 

645, w. 910, w. 932, w. 954, w. 1048, w. 1068, s. 1090, w. 1116, 

s. 1150, s. 1187, w. 1304, v.w. 1320, w. 1340, s. 1360, s. 1378, 

w. 1428, s. 1460, s. asym. 1705, 1717, v.w. 2690, v.s. 2857, v.s. 

2935, s. 2970, w. 2990, v.s. 3474, v.s. 3612, v.w. 3675. 

trans-le4e-l-Acetyl-4-tert-butylcyclohexan-l-ol (VlII~)" w. 
564, s. 486, w. 545, w. 614, w. 632, s. 850, s. 870, w. 935, w. 

i016, s. 1050, s. 1136, s. 1192, s. 1270, w. 1323, w. 1340, v.s. 

1373, s. 1392, s. 1400, w. 1439, s. 1454, w. 1480, v.s. sym. 1710, 

s. 2847, v.s. 2870, v.s. 2960, s. sym. 3489. 

cis-le4a-l-Acetyl-4-tert-butylcyclohexan-l-ol (VIIIB): s. 490, 
w. 540. v.w. 579, v.w. 634, v.w. 637, w. 670, s. 845, w. 923, 

w. 935, w. 1015, s. 1060, s. 1085, s. 1123, w. 1145, s. 1179, w. 
1269, w. 1275, w. 1300, w. 1328, s. 1361, s. 1376, s. 1402, w. 
1428, w. 1442, s. 1460, w. 1476, w. 1489, v.s. 1704, v.s.  1721, 

s. 2846, s. 2870, v.s. 2912, v.s. 2960, v.w. 3420, w. 3490, s. 
3609. s. 3638, v.w. 3720. 

1-Acetylcyclohexan- l -ol  (VII): v.w. 517, w. 608, v.w. 897, 
v.w. 918, w. 970, s. 1048, s. 1160, v.w. 1190, w. 1285, w. 1332, 
w. 1360, w. 1370, w. 1390, w. 1476, s.sym. 1712, s. 2855, s. 
2865, v,s.  2938, w. 3000, w. 3030, v.w. 3400, s.sym. 3485. 

t r ans - le2e- l -Ace ty l -2 -methy lcye lohexan- l -o l  (IXa): v.w. 460, 
w. 475, w. 510, w. 603, v.w. 630, v.w. 635, w. 650, w. 928, 

v.w. 1050, w. 1095, s. 1160, v.w. 1192, w. 1310, w. 1330, v.s. 
1368, s. 1388, s. 1455, v .s .sym. 1708, s. 2860, v.s. 2930, v.w. 
3390, s. 3480. 

c i s - l a2e - l -Ace ty l -2 -me thy lcyc lohexan- l -o l  (IX~): v.w. 490, 
w. 555, w. 595, w. 650, w. 920, w. 938, w. 1000, v.w. 1040, s. 
1050, s. 1095, s. 1130, s. 1150, s. 1180, s. 1195, w. 1240, w. 
1315, s. 1360, s. 1390, s. 1420, s. 1455, s. 1470, s. 1704, v.s. asym. 
1718, s. 2860, v.s, 2945, s. sym. 3480, s. sym. 3612. 
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