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The three-dimensional  orientation of the hydroxyl group in s t e reo i somer ic  1,2,7- tr imethyl-  
and 1 ,2-dimethyl -7- ter t -butyldecahydro-4-quinolols  and their  4-ethynyl-subst i tuted der iva-  
tives was established by IR spectroscopy.  The possibil i ty of a twist conformation of the 
heteror ing in 1,2,7- tr imethyl-  and 1 ,2-dimethyl-7- ter t -butyldecahydro-4-quinolols  with an 
equatorial  hydroxyl group is shown. 

The present  communication is devoted to the establishment of the orientation of the hydroxyl group in 
s t e reo i somer ic  alcohols I-XVIII. 
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The secondary alcohols were synthesized by reduction of individual 1 ,2 ,7- t r imethyl-  or  1 ,2-d imethyl -7- te r t -  
butyldecahydro-4-quinolones.  Alcohols I and II, III and IV, VI and VII, and VIII and IX (see Table 1)are  epimeric  
pairs  with respect  to the 4 position, each of which was obtained f rom the corresponding individual decahydro-  
quinolone isomer .  Decahydroquinolols V and X were each synthesized f rom ketones of the cis ser ies .  Acet-  
ylenic alcohols XI-XVIII were obtained by ethynylation of the individual ketones or  mixtures  of them, during 
which only one alcohol i somer  is formed f rom each ketone.* 

The bands of the C - O  and O - H  stretching vibrations can be used for  the conformational assignments  
in the cyclic alcohols.  It is known [1] that an equatorial OH group in alicyclic alcohols has a higher Vc_ O 
frequency and a lower VO_ H frequency than an axial OH group. Information regarding the orientation of the 
OH groups in cyclohexanols and other  cyclic alcohols has also been established by analysis of the contour of 
the VO_ H band [2, 3], according to which the OH-s te reos iomer ic  alcohols differ not only with respect  to their  
frequencies but also with respect  to other pa rame te r s  of the band - the half-width, symmetry ,  mola r  extinction 

coefficient, and integral intensity. 

In addition, the three-dimensional  orientation of the hydroxyl group can be established f rom an examina- 
tion of the form of the band of the stretching vibration of the C - O  bond of acetoxy derivatives of cyclic alco- 
hols. As previously shown in [4], one band at 1200-1260 cm -f  was observed in the spec t ra  of acetates of equa- 

*A detailed descript ion of the synthesis of the investigated compounds is given in [9]. 
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TABLE I. 
A l c o h o l s  and VC_ O Bands  of T h e i r  A c e t a t e s  

Alcohol 

B a s i c i t y  Cons t an t s  and VO_ H Bands  of S t e r e o l s o m e r t c  

Isomer m p ,  SC pK Vo m c m  -1 vc o, c m - I  

1,2,7-Trimethyldeca- 
hydro-4-quinolol 

1,2-Dimethyl-7 -tert- 
butyldecafi dro-4- 
quinolol Y 

1,2,7-Trlmerhyl-4- 
ethynyldecatiydro -4- 
quinolol 

1,2 -Dimethyl-7-tert- 
butyl-4-ethynyldeca- 
hydro -4 -qulnolol 

I 
II 

Ill  
IV 
V 

VI 
VII 

VIII 
IX 
X 

Xl 
Xll 

XIIl 
XIV 
XV 

XVI 
XVI I 

XVIII 

155--156 
168--169 

142--143 
I08--109 

167--168 
178--179 
170--171 
I04--105 

126--127 
118--119 
129--130 
109--110 
I02--I03 
99--I00 

107--108 
89--90 

10,54 
9,86 

9,87 
I0,46 

10,06 
9,25 
9,94 

10,43 

9,73 
9,70 
9,71 
9,72 
9,82 
9,80 
9.79 
9,81 

3632 
3628, 3600 
(shoulder) 
3625. 3602 

3632 
3613 
3631 

3628, 3605 
3628, 3605 

3631 
3612 
3615 
3613 
3615 
3614 
3615 
3614 
3615 
3614 

1242, 1263 
1243 

1246 
1225, 1236 

1235 
1234. 1255 

1237 
1237 

1225, 1233 
1235 

1226, 1235 
1224, 1233 
1223, 1232 
1222~ 1233 
1220, 1232 

1220, 1232 
1230, 1260 

1OC 

5C 

E-, 

, , i i , I m i , r , ~ , , , 

31~K) 3600 v I c m  -1 

Fig .  1. C o n t o u r s  of the  uO_ H band c h a r a c t e r i s t i c  fo r  
s t e r e o i s o m e r s  I, IV, VI, a n d I X  (a) and II, III, VII,  and 
VIII  (b). 

t o r i a l  1 , 2 , 4 - s u b s t i t u t e d  d e c a h y d r o - 4 - q u i n o l o l s ,  and two o r  t h r e e  b a n d s  w e r e  o b s e r v e d  in the  s a m e  r e g i o n  
in  t he  s p e c t r a  of a c e t a t e s  of a x i a l  a l c o h o l s .  The  noted  d i f f e r e n c e s  w e r e  exp l a ined  by  f r e e  r o t a t i o n  of the  
a c e t o x y  g roup  when it  i s  e q u a t o r i a l l y  o r i e n t e d ,  w h e r e a s  i t s  r o t a t i o n  i s  r e t a r d e d  when i t  is  a x i a l l y  o r i e n t e d  
owing to s t e r i c  i n t e r a c t i o n  with  the  r e c t a - a x i a l  p r o t o n s ,  which l e a d s  to the  e x i s t e n c e  of s e v e r a l  r o t a m e r i c  

f o r m s  [5]. 

In the  p r e s e n t  s t u d y  we a n a l y z e d  the  c o n t o u r s  of the  VO_ H bands  of the  a l c o h o l s  and the  VC_ O bands  
of t h e i r  a c e t a t e s  to  d e t e r m i n e  the  t h r e e - d i m e n s i o n a l  o r i e n t a t i o n  of the  h y d r o x y l  g roup  in 1 , 2 , 7 - t r i m e t h y l -  
d e c a h y d r o - 4 - q u i n o l o l s ,  1 , 2 , 7 - t r i m e t h y l - 4 - e t h y n y l d e c a h y d r o - 4 - q u i n o l o l s ,  and t h e i r  t e r t - b u t y l  a n a l o g s .  Un- 
f o r t u n a t e l y ,  the  a n a l y s i s  of the  vO_ H band r e d u c e d  m a i n l y  to  the  d e t e r m i n a t i o n  of i t s  f r e q u e n c y ,  i n a s m u c h  
as  m e a s u r e m e n t  of the  o t h e r  p a r a m e t e r s  of t h i s  band  did not  enab le  us  to a s c e r t a i n  de f in i t e  p r i n c i p l e s  of 
t h e i r  change  as  a func t ion  of the  o r i e n t a t i o n  of the  OH g roup .  

As  s e e n  f r o m  T a b l e  1, in t he  s e r i e s  of s t e r e o i s o m e r i c  s e c o n d a r y  1 , 2 , 7 - t r i m e t h y l -  and 1 , 2 - d t m e t h y l -  
7 - t e r t - b u t y l d e c a h y d r o - 4 - q u i n o l o l s ,  i s o m e r s  I and IV and VI and IX a r e  d i s t i n g u i s h e d  by  the  h ighe s t  Vo_ H 
f r e q u e n c y  - 3632 and 3631 c m  -~, r e s p e c t i v e l y .  A doub le t  a b s o r p t i o n  band is  p r e s e n t  in the  s p e c t r a  of t h e i r  
a c e t a t e s  in the  r e g i o n  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 .  A l o w e r  VO_ H f r e q u e n c y  (3628 and 
3625 c m  -~) c o r r e s p o n d s  to  a l c o h o l s  II, III, VII,  and VIII, and t h e i r  a c e t a t e s  have  s i n g l e t  vC_ O bands .  On 
the  b a s i s  of t h i s ,  an a x i a l  o r i e n t a t i o n  of the  OH group  should  be  a s s i g n e d  to s t e r e o i s o m e r s  I, IV, VI, and IX, 
and an  e q u a t o r i a l  o r i e n t a t i o n  should  be  a s c r i b e d  to s t e r e o i s o m e r s  II, III, VII,  and VIII .  The  b a s i c i t y  con -  
s t a n t s  ( see  T a b l e  1) a r e  in good a g r e e m e n t  wi th  t h e s e  r e s u l t s ,  and th i s  i s  a l s o  in a g r e e m e n t  with c o n c e p t s  
r e g a r d i n g  the  m o r e  b a s i c  n a t u r e  of an ax ia l  g roup  (see,  f o r  e x a m p l e ,  [6, 7]). 

O n e ' s  a t t e n t i o n  is  d r a w n  to t he  p r e s e n c e  in the  s p e c t r a  of a l c o h o l s  II, III, VII,  and VIII,  which  we 
c h a r a c t e r i z e d  as  e q u a t o r i a l  a l c o h o l s ,  of an add i t i ona l  band o r  a s h o u l d e r  a t  3600-3605 c m  -1 (Fig .  l b ) .  Th is  
fac t  should ,  in o u r  opinion,  be  e x p l a i n e d  b y  the  sh i f t  of the  band at  3628 c m  -1 due to  the  f o r m a t i o n  of a w e a k  
i n t r a m o l e c u l a r  h y d r o g e n  bond b e t w e e n  the  OH g roup  and the  f r e e  e l e c t r o n  p a i r  of the  n i t r o g e n  a t o m .  Th i s  
s o r t  of a s s o c i a t i o n  i s  p o s s i b l e  in t he  t w i s t  c o n f o r m a t i o n  of the  h e t e r o r i n g  of the  t w o - r i n g  s y s t e m ,  which,  
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judging f rom the spectrum,  is in equilibrium with the chai r  conformation. The small shift (Av = 15 cm -I) of 
the band in the spec t rum of 3-fl-granatol was s imi la r ly  explained [2], whereas  the format ion of an int ra-  
molecu la r  hydrogen bond in the same compound in the c lass ica l  boat conformation led to a more  substantial 
shift of the band (Av =238 cm -1) [8] as a resul t  of c lose approach of the atoms making up the bond. It is 
evident f rom an examination of molecular  models that an in t ramolecular  hydrogen bond is possible only in 
the case of an equatorial  orientation of the hydroxyl group. The presence  in the spec t rum of a band or  
shoulder at 3600-3605 cm -1 may there fore  se rve  as an additional indication of an equatorial  th ree -d imen-  
sional orientation of the OH group. 

As we have already noted above, the i somers  of alcohols V and X, in contras t  to other  secondary deca-  
hydroquinolols,  were  obtained f rom the cis-decahydroquinolones.  F rom the singlet fo rm of the band at 
1235 cm -1 in the spec t ra  of the acetates,  an equatorial  orientation of the hydroxyl group should beass igned  
to them. However, a symmet r ica l  Vo_ H band is charac te r i s t i c  for  these alcohols.  It is apparent that the 
form of fusion of the decahydroquinoline ring has a substantial effect on inversion of the heteror ing.  One 
should also note the anomalously low Vo_ H frequency in the spec t ra  of i somers  V and X. 

The s t e r eo i somers  of acetylenic alcohols XI-XVIII differ little f rom one another with respec t  to the 
frequencies of the stretching vibrations of the OH groups (3613-3615 cm-1), whereas  their  corresponding 
acetates are  charac te r ized  by doublet Vc_ O bands, and this makes it possible to ass ign an axial conforma-  
tion of the hydroxyl group to these i somers .  The close basici t ies  may also indicate an identical or ienta-  
tion of the OH groups in alcohols XI-YVIII. 

EXPERIMENTAL 

The spectra of the investigated compounds were measured at room temperature with a UR-20 spee- 

t r o m e t e r  at a scanning rate of 25 em -1. The spectral  slit width at 3600 em -1 was 4.9 cm -1, as compared 
with 4.5 cm -1 at 1250 cm -1. The spect ra  of CC14 solutions of the alcohols (2-3.5" 10 -3 mole / l i te r )  were 
recorded at an absorb ing- layer  thickness of 2 cm; the spec t ra  of the es te rs  of the secondary alcohols were 
recorded in the form of thin fi lms between KBr windows. The spect ra  of CC14 solutions and KBr pellets of 
the es te r s  of the acetylenic alcohols were  recorded.  

The basici ty  constants of the s t e reo i somer ic  alcohols were determined by potentiometric  t i trat ion 
of 0.01 N solutions of the i r  hydrochlor ides  with a 0.5 N solution of NaOH at 25 ~ The accuracy  in the mea-  
surements  was +0.05. 
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