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The spa t ia l  s t r u c t u r e  of  the g e o m e t r i c  i s o m e r s  of  some  1, 2, 5 - t r i m e t h y l - 4 - h y d r o x y p i p e r i d y l - 4 - c a r b i n o l s  
is  inves t iga ted  with the aid of IR spec t roscopy ,  and t h e i r  spa t i a l  conf igura t ions  and conformat ions  a r e  
explained by ana lys i s  of the i n t r a m o l e c u l a r  hydrogen bonding. 

The object  of th is  work  was to examine  the spa t i a l  conf igura t ions  and conformat ions  of the s t e r e o i s o m e r i c  1, 2, 
5 - t r i m e t h y l - 4 - h y d r o x y p i p e r i d y l - 4 - c a r b i n o l s  (Ifl, 7 -VII I f l ,  T) which we had p rev ious ly  p r e p a r e d  [1]. These  d i f fe red  in 
the spa t i a l  o r ien ta t ion  of the subs t i tuents  on C-4 of the p ipe r id ine  r ing,  and also,  in s e v e r a l  c a se s ,  in the spa t i a l  
conf igura t ion at the a s y m m e t r i c  carb ino t  cen te r  in the  s ide  chain.  The spa t i a l  s t r uc tu r e  of I f l , ~ - V I I I f l , y  was 
de t e rmined  by the conf igurat ions  and conformat ions  of the s t a r t i ng  c~-ketots and a - h y d r o x y e s t e r s ,  which have been 

de t e r mined  by IR spec t ro scopy  [2, 3]. 

Off OH -- O~ OH 

H H~ I~Io~CH~ 

C H ~ ' ~ ' ~ C F I ~ I ~ - V I I  I~ C H ~ ~ I " C I ' ~  

I..R- W = I'I; II R=Cffs, R'=H; Ill R=C~Ii s, R'=H; IV R=CH a, R'= C~Hs; 

VI I I  R = R' = C~H~ 

The mos t  p robab le  spa t i a l  d i spos i t ion  of the subs t i tuen ts  at the a s y m m e t r i c  c en t e r  in the s ide  chain in the 
d i a s t e r e o i s o m e r i c  g lycols  IIfl, 2 / -VIIf l ,~ /was  e s t a b l i s h e d  p rev ious ly  [1] by the ru le  of a s y m m e t r i c  induction [4] on the 
b a s i s  of the s t e r e o s p e c i f i c i t y  of the mode of syn thes i s  of these  compounds.  

It was n e c e s s a r y  to conf i rm the va l id i ty  of the conclus ions  concern ing  s t e r e o c h e m i s t r y  which were  a r r i v e d  at in 
[1], and to examine  the conformat iona l  p r o p e r t i e s  of the molecu les  in ques t ion in connection with the spa t ia l  
o r ien ta t ion  and mutual  pos i t ions  of the t h r e e  functional  groups .  

Much in format ion  on the conf igura t ion  of the a s y m m e t r i c  ca rb ino l  c e n t e r s  in the g lyco l s  I I f l , T - V I I f l , 3 / i s  
obtained by examina t ion  of  the IR s p e c t r a  of t he i r  so lu t ions  in the va lency v ib ra t iona l  reg ion  of the hydroxyl  group. It 
is known [5-7] that  the d i a s t e r e o i s o m e r i c  ( e r y t h r o -  and t h r e o - )  a - g l y c o I s ,  and re l a t ed  compounds with v ic ina l  
functional groups ,  for  example  f l -amino  a lcohols  [6], d i f fe r  cons ide rab ly  in t he i r  IR s p e c t r a  in th i s  region,  the t h r e o -  
i s o m e r s  usua l ly  being c h a r a c t e r i z e d  by more  s tab le  hydrogen bonding. On the other  hand, the spa t i a l  or ien ta t ion  and 
mutual  d i spos i t ion  of the functional  groups  in the mo lecu le s  of the g lyco l s  I f l , y - V I I I f l , ' / m u s t  have a subs tant ia l  effect  
on the na ture  of the  i n t r a m o l e c u l a r  hydrogen bonds in  t hese  compounds.  Vte t h e r e f o r e  m e a s u r e d  the tR s p e c t r a  of 
solut ions  of the g lyco l s  I~-VIII7  and I f l -VIII f l  in the 3100-3700 cm -t region,  in concent ra t ions  f rom 10 -3 to 5 ' 10 "~ 
m o l a r  to exclude the p o s s i b i l i t y  of in t ' e rmolecu la r  a s soc i a t i on  ( m e a s u r e m e n t  of the re la t ionsh ip  between the obse rved  
bands  and concent ra t ion  showed that,  in the range  of concent ra t ions  f rom 10 -2 to 10 -4 M, no change occu r r ed  in the 
r e l a t ive  in t ens i t i e s  of the bands due to 'bound'  and ' f r e e '  hydroxyl  groups) .  The r e s u l t s  of these  m e a s u r e m e n t s  a r e  

given in the Table .  

F r o m  the gene ra l  p r i n c i p l e s  of conformat ional  ana lys i s ,  and inves t igat ions  of the conformat ion  of the s t a r t i ng  
e~-ketoalcohols and a - h y d r o x y e s t e r s  [2, 3], the g lyco l s  I~-VII7  mus t  be r e l a t ed  to eonformat iona l ly  s i m i l a r  
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IR Absorption spectra of stereoisomeric 
i, 2, 5-trimethyl-4-hydroxypiperidyl-4- 
carbinols. 1) 1, 2, 5-Trimethyl-4- 
hydroxypiperidyl-4-carbinol (I~/); 2) i, 2, 
5- Trimethyl-4-hydr o• 
carbinol (Ifl); 3) 1, 2, 5-Trimethyl-4- 
diphenylcarbinol (VIII~/); 4) i, 2, 5- 
Trimethyl- 4-hydroxypiperidyl-4- 
diphenylcarbinol (VIII~); 5) threo-l, 2, 5- 
Trimethyl- 4-hyd roxypiper idyl-4- 
ethylphenylcarbinol (VIT); 6) threo-1, 2, 5- 
Trimethyl-4-hydr oxypiperidyl-4- 
ethylphenylcarbinol (VIIfl); 7) erythro-1, 2, 
5- Trimethyl- 4-hydr oxypiperidyl-4- 
ethylphenylcarbinol (VIIT); 8) erythro-1, 2- 
5- Trimethyl- 4-hydroxypipar idyl-4- 

ethylphenylcarbinol (VIfl). 
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compounds. 

Comparison of molecular  models shows that, in compounds of this type, the formation of in t ramolecu la r  
hydrogen bonds is possible  by the in terac t ion  of the vicinal  hydroxyl groups, and also of one of the hydroxyl groups 
with the neighboring phenyl group, as in the O H . . .  ~ in teract ion investigated in [7, 8] in the case of f l -vinyl  and fl- 
arylethanols.  

The spect ra  of the glycols IT-VIIIT (see figure) show valency vibrat ional  bands due to the free hydroxyl groups 
at 3605-3650 cm -1, and wide, somet imes  weakly split,  bands due to the bound hydroxyl groups at 3560-3595 cm -1. 
The regular  reduct ion in the frequency of the valency vibra t ional  bands in the glycols IT (3647 cm -1), IIT, IIIT (3630- 
3635 cm-1), and IVT-VIIIT (3605-3620 cm -l)  allows these bands  to be assigned to the vibrat ions  of the pr imary ,  
secondary,  and t e r t i a ry  hydroxyl groups, respect ively,  on the carbinol  carbon atom in the side chain (a s imi l a r  
regular i ty  in the change in frequency of the vibrat ional  bands due to free hydroxyl groups has been observed [9] in the 
p r imary ,  secondary,  and t e r t i a ry  cyclohexanediols).  Consequently, in the formation of in t ramolecular  OH.. .  OH 
hydrogen bonds in these compounds, the proton donors must  be predominant ly  the axial hydroxyl groups at C-4 of the 
piperidine ring. 

In order  to determine the e ry thro-  and threo-conf igura t ions  in the d i a s t e reo i somer ic  pa i r s  of glycols IVT, VT 
and VIT, VIIfl, the absorpt ions in the valency vibra t ional  region of the bound hydroxyl groups were examined. The 
configurations at the a symmet r i c  carbinol  cen te rs  were de termined by the mutual posit ions of the hydroxyl groups, 
and the subst i tuents  with the grea tes t  effective volume [1]. 

.H--O .." �9 

H ~ C H  3 H -- O-"' C6H. 

7-er yt hro -isomers 

:lt--O 

HO": R 

B CH3 

'~-t hreo -isomers 

The spectroscopic  method for the identif icat ion of the erythro  and threo-conf igura t ions  in a se r ies  of 
d i a s t e reo i somer i c  s -g lyco l s  and f l -amino alcohols has previously  been based on a compar ison of the shift in frequency 
of the bound hydroxyl bands (AvOH_thre o > AvOH_erythro) [5, 6], or the rat io between the molar  extinction coefficients 
of the bound and free hydroxyl bands (ebound/ef ree) threo-  > (ebound/efree)  e ry th ro-  [7]. Neither of these methods is 
of un iversa l  applicability, and the i r  use becomes very  difficult in complex sys tems  which are  capable of various 
modes of in t ramolecu la r  interact ion.  Our compounds may be said to belong to such systems.  Their  spect ra  typically 
show a complex curve in the OH vibrat ional  region, with the bands due to the free and bound hydroxyl groups 
in te rsec t ing  to a grea te r  or l e s s e r  extent, thus render ing  ext remely  unre l iab le  any measu remen t  of the 
above-ment ioned p a r a m e t e r s .  

It is also well known that the nature  of the in t ramolecu la r  hydrogen bonds is usual ly reflected fairly c lear ly  in 
the values of the integral  in tens i t ies  of the bands due to the bound hydroxyl groups [10]. When significant  in te rsec t ion  
of the curves  for the free and bound hydroxyl groups occurs,  the only pa rame te r  which can be measured  re l iably  is 
the total in tegral  intensity.  It may therefore  be suggested with a considerable  degree of confidence that an increase  in 
the re la t ive  intensi ty of the band due to the bound hydroxyl groups must  be accompanied by an increase  in the total 
integral  intensi ty.  

Inspection of molecular  models  of the glycols IVT-VII T shows that the formation of both possible types of 
in t r amolecu la r  hydrogen bonds (OH.. .  OH and OH.. .  Ph) is more  p re fe r red  in the t h r eo - i somer s ,  other things being 
equal. Consequently, in each pai r  of e ry th ro -  and t h r e o - i s o m e r s ,  it is to be expected that there will be significant 
differences in the values  of the total integrated in tens i t ies  of the valency vibra t ion bands of the OH group. Our 
measu remen t s  (see table) fully confirm this assumption.  I somers  IVT and VIT, which were assigned the th reo-  
configuration according to Cram ' s  rule [1], actually show large values  for the total integral  in tens i t ies  in compar ison 
with the corresponding e r y t h r o - i s o m e r s  VT and VIIT, and their  analogs IIT and IIIT. 

Amongst compounds IT-VIIIT, the spect rum of the glycol VIIIT is especial ly  noteworthy in that it shows an 
anomalous broad band due to the hydroxyl group, with maxima at 3565 and 3520 cm -1. The absorpt ion at 3520 cm -1 
may be assigned to v ibra t ion of the OH. . .  N bond, by analogy with the related s imi l a r  band (3539 cm -1) in the spect ra  
of 3-piper idols  [11] in the "chair" conformation. The formation of bonds of this type in the glycol VIIIT could occur as 
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a r e s u l t  of s u b s t a n t i a l  d e f o r m a t i o n  of the  v a l e n c y  a n g l e  at  C-4,  b r i n g i n g  the  r i n g  in to  a m o r e  p l a n a r  " c h a i r "  
c o n f o r m a t i o n  [9], and f a v o r i n g  the  a p p r o a c h  of the  n i t r o g e n  a t o m  and  t he  h y d r o x y l  g r o u p  in  the  s i de  cha in .  Such a 
d e f o r m a t i o n ,  of c o u r s e ,  would  b e c o m e  p a r t i c u l a r l y  a p p a r e n t  in t he  g lyco l  VIIIT, in  t he  s e r i e s  IT-VII I% s i n c e  it  
p o s s e s s e s  a bu lky  d i p h e n y l c a r b i n o l  s u b s t i t u e n t  on t he  C-4  of the  p i p e r i d i n e  r i n g .  

F r e q u e n c i e s  and  I n t e g r a l  I n t e n s i t i e s  of t he  V a l e n c y  V i b r a t i o n s  of t he  
Hydroxy l  G r o u p s  in  the  IR S p e c t r a  of  the  S t e r e o i s o m e r i c  1, 2, 5-  

T r i m e t h y l -  4 - h y d r  oxypipe  r i d y l - 4 -  c a r b i n o l  s 

Diast ero- [ 
R R' i somer  

I7 H H -- 3647 3580--3592 
IIy CHs H Eryt hro 3635 3568--3580 

IIIu CsH5 H Erythro 3630 3570--3602 
IVy CH3 C6H5 Threo 3612 3567--3582 
Vy C~Hs CHs Erythro 3617 3566--3579 

V l y  CsH5 C6H5 Threo  3615  3565--3582 
VIIy CsH5 C2H5 Erythro 3620 3568--3580 

Vllli; ~6H~ CsH5 -- ]3605 {}565 broad 
-- 3047 3585--3602 

II~ EH3 H Threo 3634 3581 
III~ EsH5 H Threo 3623 3582 
IV[5 CHz CsH5 Erythro 3631 3580 weak 
V[3 CsH5 CHs Threo , 3612 3550--3565 

VI[~ =2H~ C6H5 Erythro [ 3630 
VII[~ CsH~ C2Hs Threo ! 3615 3550~3566 

VIII~ C6Hs C6H5 -- i3638 3587 
[ 

*A 1 is the  to t a l  in tegra l  i n t ens i ty  o f  the  free and  bou l ld  h y d r o x y l  
reg ion .  

* * A  2 is the  in tegra l  i n t ens i ty  of  the  bands  at 3300  cm -t . 

V i b r a t i o n  f r e q u e n c y ,  cm  ' '  

~, vOH_bound  

i - -  

3520 
broad 

3~5 
3520  

IInt egral int  en- 
sit ies,  1041 �9 
�9 m o l e - I  . 

. ern -2 

A~* A2** 

0,89 -- 
0.90 -- 
0.65 --  
1 .09  - -  

0 . 8 6  --  
1 . 0 2  - -  
0.95 -- 

--  i , 20  - -  
0 . 8 5  

3Eo 0.53 029 
3320 0.79 0.21 
3300 0.52 0.99 
3280 0.71 0.85 
3290 0.42 1.33 
3280 0,65 0,93 
3300 0.74 0,97 

groups  in the  3 5 0 0 - 3 6 5 0  em -1 

In t he  s p e c t r a  of  the  g l y c o l s  I f l -VI I I f l  ( s e e  f igure ) ,  as  a l s o  in t h e i r  e p i m e r s  I~/-VIII7, a r e g u l a r  r e d u c t i o n  in  the  
f r e e  h y d r o x y l  v i b r a t i o n  f r e q u e n c y  is  o b s e r v e d  on p a s s i n g  f r o m  Ifl (3647 c m  -~) to  IIfl, IIIfl ( 3 6 3 4 - 3 6 2 3  c m  -1) and Vfl, 
VIIfl ( 3 6 1 2 - 3 6 1 5  cm- l ) .  In t he  d i t e r t i a r y  g l y c o l s  IVfl,  VIfl ,  and VIIIfl ,  t h e s e  f r e q u e n c i e s  h a v e  s i g n i f i c a n t l y  h i g h e r  
v a l u e s  (3630, 3631, and 3638 c m  -1) t h a n  in  Vfl, VIIfl ,  and  IV~/-VIIIT. 

At the same time, the spectra of glycols IIfl-VIIIfl differ considerably from those of their epimers IIT-VIIIT. 
This difference is related to the appearance in the spectra of IIfl-VIIIfl of strong absorption bands between 3280 and 
3350 cm -I, except in the case of Ifl, where this band is absent. From inspection of molecular models andconsiderationof 
the conformations of the starting ketols of the fi-configuration [2], it may be concluded that compounds IIfl-VIIIfl are 
capable of existing in solution as mixtures of the conformers A, B, and C as a result of rotameric conversions, 
caused by rotation of the carbinol grouping in the side chain around the C-4 to C-7 bond. 

.. 
. ~ C  / R'.-. -*'~C "....... 

d [~R' - -  " ' o  "a \o--~c.~ 
c " ~ ~ \ / c . 3  c"~'~B ~'\~/c"~ c " ~ c .  ~ 

The  s p e c t r a  of IIB-VlIIB shou ld  in p r i n c i p l e ,  t h e r e f o r e ,  show the  t h r e e  t y p e s  of a b s o r p t i o n  b a n d s  due to the  
bound  h y d r o x y l  g r o u p s  p a r t i c i p a t i n g  in  the  O H . . .  OH and O H . . .  Ph  b o n d s ,  the  O H . . .  N bond  in the  " e h a i r "  c o n f o r m a t i o n  
of  the  r o t a m e r  B, and the  O H . . .  N bond  in the  " b o a t "  c o n f o r m a t i o n  of r o t a m e r  C. T h e s e  c o m p o u n d s  do, in  fac t ,  show 
t h e s e  t h r e e  t y p e s  of a b s o r p t i o n  due to t he  bound  h y d r o x y l  g r o u p  ( s ee  f igure ) .  The  b a n d s  at  3 5 5 0 - 3 6 0 0  c m  -1 a r e  v e r y  
s i m i l a r  in s h a p e  and p o s i t i o n  to the  a b s o r p t i o n  b a n d s  of t he  bound  h y d r o x y l  g r o u p s  in  t he  s p e c t r a  of glycols I7-VlII% 
and may ,  t h e r e f o r e ,  be  a s s i g n e d  to t he  s a m e  type  of  v i b r a t i o n s  ( O H . . .  OH and O H . . .  Ph).  The  b a n d s  b e t w e e n  3520 and  
3535 c m  -1 a r e  a s s i g n e d  to t h e  OH--N v i b r a t i o n s  in  t he  " c h a i r "  c o n f o r m a t i o n  [11] of the  r o t a m e r s  B. The  s t r o n g  b a n d  
at  3 2 8 0 - 3 3 5 0  c m  -1 m u s t  a p p a r e n t l y  be  a s s i g n e d  to  t he  v i b r a t i o n  of t he  h y d r o x y l  g r o u p  p a r t i c i p a t i n g  in  the  O H . . .  N 
h y d r o g e n  bond  in  t he  "boa t "  c o n f o r m a t i o n  of the  r o t a m e r s  C. It wi l l  b e  s e e n  f r o m  the  T a b l e  t h a i  g l y c o l s  I l f l -VI I I f l  
e x i s t  as  e q u i l i b r i u m  m i x t u r e s  of t he  c o n f o r m e r s  A, B, and C, w h i l s t  t he  l e s s  s t e r i c a l l y  h i n d e r e d  c o m p o u n d  Ifl e x i s t s  
e x c l u s i v e l y  a s  t he  r o t a m e r  A. It fo l lows  f r o m  m e a s u r e m e n t s  of the  i n t e g r a l  i n t e n s i t i e s  of the  b a n d s  at  3 2 8 0 - 3 3 5 0  c m  -1 
t h a t  as  the  e f f e c t i v e  v o l u m e  of the  s u b s t i t u e n t  on the  c a r b i n o l  a t o m  in the  s ide  c h a i n  i n c r e a s e s  in  t he  s e r i e s  IIIfl, IVfl, 
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Vfl, VIfl, VIIfl, VIIIfl, so does the re la t ive  proport ion of the conformer  C. At the same t ime, compounds IIfl-VIIIfl 
may be divided into two types, according to the nature  of their  spectra.  The spect ra  of compounds of the f i r s t  type 
(IIfl, IIIfl, Vfl, VIIfl) show rela t ively  s t rong bands at 3550-3580 cm -1, but no bands at 3500-3540 cm -i .  The spectra  of 
compounds of the second type (IVfl and VIfl) are charac ter ized  by a substant ia l  reduction in intensity,  or absence, of 
absorpt ion at 3550-3590 cm -1, and the appearance of bands at 3520-3535 cm -1. Since the la t te r  bands have been 
assigned above, it may be concluded that the re la t ive  proport ion of the ro tamer ic  form B in the "chair" conformation 
in compounds of the f i rs t  type is increased  re la t ive ly  to compounds of the second type. The total integral  intensi ty  of 
the bands due to the free and bound hydroxyl groups in the "chair" conformation (3500-3650 cm -1) in compounds of the 
f i r s t  type (0.5-0.8 ~104. I. mole -1. cm -2) is increased  re la t ive ly  to that of compounds of the second type (0.4-0.5 �9 104. 
�9 l .  mole -1 �9 cm-2). At the same t ime as the change in the integral  in tensi ty  of the OH.. .  N band at 3280-3350 cm -1 
occurs  (charac ter iz ing  the contr ibution of conformation C), an inverse  re la t ionship  is observed in the two types of 
compound under  considerat ion (0 .2 -0 .9 .104 .  l .  mole -1. cm-2). These resu l t s  show that both the ro tamer ic  convers ion 
A -~ B, and also the conformational  equi l ib r ium A -~ C and B ~ C, depend to a large extent, not only on the effective 
volume, but also on the spatial  disposi t ion (erythro-  and threo-conf igura t ions)  of the subst i tuents  on the carbinol  atom 
in the side chain. 

It follows from inspect ion of molecular  models that in the t h r eo - i somer s ,  as a resul t  of the substant ial  
repuls ion  of the bulky phenyl group and the methyl group at C-5, the ro t amer s  B and C are less  favored, and for this  
reason,  in these compounds in t ramolecu la r  hydrogen bonds of the OH. . .  OH and OH.. .  Ph type are formed 
preferent ia l ly ,  leading to the formation of ro t amer  A. At the same t ime, in the e ry th ro - i somer s ,  by the same 
reasoning the formation of OH. . .  N bonds is prefer red ,  giving r o t a m e r s  B and C. 

I I ) I 
CH~ CH 3 CH 3 CH a 

B,C fl-threo-isomers A B,C ~-erythro-Jsomers A 

Thus, the glycols IIfl, IIIfl, Vfl, and VIIfl, which give spec t ra  of the f i r s t  type, are  of course assigned the thre0- ,  and 
compounds IVfl and VIfl, with spectra  of the second type, the e ry thro-conf igura t ions .  This is in agreement  with the 
configurations of these compounds as derived from s te r ic  di rect ivi ty  of the i r  synthesis ,  [1] and from the rule of 
a symmet r i c  induction [4]. 

Comparison of the spect ra  of the s t e r eo i somer i c  glycols I~/-VIII7 and their  ep imers  Ifl-VIIIfl indicates that, in 
the ro t amer i c  convers ion A ~ B ~ C, in none of the glycols Ifl-VIIIfl does conversion of the piperidine r ing  occur. 

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

The spec t ra  of the compounds were measured  on a double beam UR-10 spec t romete r  with KBr optics (400-700 
cm-1), and LiF  (2000-4000 cm-1), in CC14 solution at concentra t ions  of 10 -3 to 5 �9 10 -3 M, and in absorbing l ayers  of 
thickness 0 .5-2  cm. 

The in tegra l  in tens i t i es  of the valency v ibra t ion  absorpt ion bands of the free and bound hydroxyl groups were 
measured  at 23 ~ The scanning speed did not exceed 32 cm-1/min.  The spectra l  s l i t  width in the 3200-3350 cm -1 
region was 3.9 cm -1, in the 3470-3490 cm -1 region 4.5 cm -~, and in the 3605-3615 region 5.7 cm -i. The l inear i ty  of 
the ro t amer ic  scale of the ins t rument  was checked by the method descr ibed  in [12]. The integral  optical densi t ies  were 
calculated by the numer ica l  in tegrat ion of the observed d i spers ion  function D v = ln(I0/I) v =f(v) ,  corresponding to the 
exper imenta l  shape of the band, cut off at the base line. 
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