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A piper idine ring with a hydroxy group in posi t ion 4 is an impor tan t  consti tuent of the molecu les  of 
the alkaloid cocaine and compounds re la ted  to it (ecgonine, t ropine,  etc.) .  

In view of th is ,  the appearance  of biological  act iv i ty  might  be expected in de r iva t ives  of p ipe r id in -4 -  
ol. This  idea has  se rved  as the bas i s  for  invest igat ions concerning the synthes is  of a l a rge  number  of c o m -  
pounds of this  s e r i e s  [1-6]. 

The mos t  widely used method for  obtaining piper id inols  is  the reduct ion of the carbonyl  group of the 
cor responding  piperidinone to a hydroxy group; the spat ial  or ienta t ion of the hydroxy groups  so produced 
m a y  v a r y  according to the nature  of the reducing agent used. 

L i t e r a t u r e  informat ion  on the spat ial  s t ruc tu re  of some of these  compounds,  based as a rule  on the 
r e su l t s  of chemical  s tudies  [1-6], is only of a provis ional  nature  and r equ i r e s  fu r the r  conf i rmat ion.  

This  p a p e r  g ives  the r e s u l t s  of a study of the s t e r e o c h e m i s t r y  of a number  of p iper id in -4-o l  de r iva -  
t ives  (I-VI) by means  of proton magnet ic  resonance  s p e c t r o s c o p y  (PMR). 

The spec t r a  of such de r iva t ives  a re  e x t r e m e l y  suitable for  analys is  because  of the cons iderable  dif-  
f e rence  in the chemica l  shif ts  (CS) of the protons  p re sen t  in the va r ious  posi t ions  of the piper idine r ing.  
The signals  of the H-4 protons  at tached to the ca rbon  bear ing the hydroxyl  group a re  in the weakes t  field 
(5 3-4 ppm),  as a ru le .  The s ignals  of the H-2 and H-6 pro tons ,  occupying the posi t ion (~ with r e spec t  to 
the ni t rogen,  a re  in a s t ronge r  field (5 2-3 ppm) and, f inally,  the s ignals  of the H-3 and H-5 protons  a re  in 
the s t ronges t  field (5 1-2 ppm).  

The s p i n -  spin coupling constants  (SSCC) of the protons  show that the compounds studied are  con- 
fo rmat iona l ly  s i m i l a r  and undergo no convers ions ,  since the values  of the vicinal  SSCC range f rom 10-14 
and 2-4 Hz [7]. The values  of the CS and SSCC of all the compounds studied a re  given in Tab les  1 and 2. 

Resul ts  of an analys is  of the PMR spec t r a  of the s imples t  of them,  1 -me thy lp ipe r id in -4 -o l  (I), c o r -  
re la te  with an equator ia l  or ienta t ion of i ts  hydroxy group. * This is shown by the width of the H-4 signal r e -  
sulting f r o m  a combinat ion of i ts  SSCC with the four neighboring protons .  The magnitude of the sum (27 Hz) 
co r responds  to the split t ing of the H-4 signal by two la rge  {of the o r d e r  of 10 Hz) and two smal l  (about 3.5 
Hz) constants ,  which is poss ib le  only if this proton has an axial posit ion,  i .e . ,  the OH group has  the equa tor i -  
al orientat ion;  this is in ag reemen t  with previous  r e su l t s  [9]. It  was  imposs ib le  to de te rmine  the individual 
SSCC's of the H-4 proton because  of the propinquity of the CS's  of the axial and equator ia l  I t -3 and H-5 
pro tons .  

F igure  1 shows the spec t r a  of the three  geomet r i ca l  i s o m e r s  of 2 , 6 - d i m e t h o x y c a r b o n y l - l - m e t h y l -  
p iper id in -4-o l  (IIc~) with mp 92-94°C [10], IIfi with mp 85-88°C, and I Iy  with bp 137-138°C (0.4 ram), each 

*We as sume  the or ienta t ion of the methyl  substi tuent on the ni t rogen a tom to be equator ia l ,  according to 
the r e su l t s  of p rev ious  work [7, 8]. 
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T A B L E  1. C h e m i c a l  Shi f t s ,  6,  p p m ,  of P i p e r i d i n - 4 - o l  D e r i v a t i v e s  

Sub- 
stance 

I 

II~ 
II B 

I11 
I118 
IV~ 
V~ 
V~ 
VI~ 

H - 2  H - 6  

2,o52,,11.51 2,,, 
2,931 - I 2,931 - 
3,391 - 13,39 - 

- a , 8 ° l - I  " -3,8c 
2,0112,861 2,51 3,04 

2,36 2,52 
2,o2p,1o I 1al 1,5, 
2 '441 - I  - - 

2 , 8 2  -- t 2 ; 0  
3,31 --  2,7£ 

H - 3  - -  -:U I H--5 
H - 4  R-1  R - 2  R - 3  R - 5  R - 6  

-- -- 3,78: 
-- -- 3,74 
- -  - -  3 , 7 0  

3,7 -- --  
3,7 -- - -  

3,7 - I27  
3,7 -- 1,11 

- -  , , 9 5  - -  
I 

1 , 3 6  - -  1 , 9 4  

,75i2,171 1,75 2,17 
,8811,991 1,8811,99 

-- 1,61 -- 2,26 

1,70 --1,88 
2,60 - -  - -  2 , 9 1  I 

!,89 2,11 1,77 I 
!,54 i 1,5a 1,751 
~,34[ --  -- 

3,59 
3,78 
4,28 
3,87 
3,74 
4,16 
2,53 
3,81 
4,11 
4,00 

2,22 --  
2,22 3,7~ 
2,26 3,74 
2,39 3,7:: 
2,26 --  
2,3(] --  
1 , 9 9  - -  

2,23 1,2( 
2,27 1,11 

- -  1 , 1 ~  

T A B L E  2. 
D e r i v a t i v e  s 

2 I sra.nce J gem 

I 

II , ,  

II B 
I11 

Ill a 11,0 
IIl~ 
IV~ 12,4 
V~. 

V~ -- 
VI.~ 

S p i n - S p i n  Coupl ing  C o n s t a n t s ,  J (Hz) of  P i p e r i d i n - 4 - o l  

.a I .e I 'al ao J23 J23 Is gem "zs6 J~6 I6 gern 

~--21 
n,21  a,o 

y y l 6  

11,2 4,1 

3;6 
3,0 

11,1 
11,0 

13,0 

I 
aa I ae aa ae J34 J34 J45 J45 

F 

'~,=27 
11,5 -- 11.5[ --  

 =13 I - 
E =15 I --  

12,7 --  10,8 - -  

- -  ~ 4  0 I - -  ] ~ 4 , 0  

3161 11,6] 3,4 
4,0 I~11,ol 3,, 
2,51 - 1 3 ,  5 

2 , 5 1 - 1 3 , °  

13,0 

~11,0] 
13,9] 

~=21  
11,2] 3,0 
~ = 1 6  

I- ,2 3,9 
- -  I 
11,2[ 3.O 
11.01 3,1 
13,51 3,5 
11,0 

I 

N 

11,6 

I1,2: 

12,0 

of  wh ich  w a s  ob t a ined  by  m e t h y l a t i n g  the i s o m e r i c  n o r  compounds  d e s c r i b e d  p r e v i o u s l y  [11]. On c o n s i d e r -  
ing  the  s p e c t r a  of  I I a ,  fi,  T, we s e e  tha t  t hey  have  s t r u c t u r e s  s i m i l a r  to the  c o r r e s p o n d i n g  i s o m e r s  wi th  no 
s u b s t i t u e n t  on the  n i t r o g e n  a t o m .  

An  a n a l y s i s  of  the  e x p e r i m e n t a l  r e s u l t s  i n d i c a t e s  s y m m e t r i c a l  s t r u c t u r e s  f o r  the i s o m e r s  I I a  and 
rift wi th  the  d i e q u a t o r i a l  p o s i t i o n  of the  m e t h o x y c a r b o n y l  g r o u p s  and d i f f e r e n t  o r i e n t a t i o n s  of the  h y d r o x y  
g r o u p .  The  s y m m e t r y  of t h e s e  m o l e c u l e s  i s  c o n f i r m e d  by  c o m p a r i n g  the C S ' s  of the  s i g n a l s  of the  p r o t o n s  
of the  COOCH~ g r o u p s  ( s i n g l e t s  in the  3.8 p p m  r e g i o n ) .  

The  e q u a t o r i a l  o r i e n t a t i o n  of  t h e s e  s u b s t i t u e n t s  d e r i v e s  f r o m  the  SSCC' s  of the  H-2 and H-3  (H-5 and 
H-6) p r o t o n s .  In the  s p e c t r u m  of  the  i s o m e r  H a ,  a q u a r t e t  a p p e a r s  in the  2.93 p p m  r e g i o n  (J~aa = 11.2,  
J23e = 3 Hz) wh ich  b e l o n g s ,  a c c o r d i n g  to the  SC, to the  a - p r o t o n s  of the  n i t r o g e n  a t o m ;  the  e x i s t e n c e  of a 
l a r g e  c o n s t a n t  s i m u l t a n e o u s l y  a n s w e r s  the  ques t i on  of the  e q u a t o r i a l  n a t u r e  of the s u b s t i t u e n t s  at  C 2 and 
C 6 of  the p i p e r i d i n e  r i n g .  

The  e q u a t o r i a l  p o s i t i o n  of  the  OH g r o u p  of  t h i s  compound  i s  shown by the  q u a r t e t  s igna l  of the  a x i a l  
g e m  v ic  v ic  

H-3  (H-5) p r o t o n ,  wi th  Jaaae ~ J~a2a ~ Jaa4a = 12 Hz.  The  H-4  s i g n a l  in I I a  c o i n c i d e d  in the  s p e c t r u m  wi th  
the  s igna l  of  the  p r o t o n s  of  the  m e t h o x y c a r b o n y l  g r o u p .  

In  the  s p e c t r u m  of  the  i s o m e r  I I f i ,  the  C S ' s  of  the  s i g n a l s  of the  ax i a l  and e q u a t o r i a l  H-3  and H-5  
p r o t o n s  a r e  v e r y  c l o s e .  C o n s e q u e n t l y ,  f i r s t - o r d e r  a n a l y s i s  of the  s p e c t r u m  of the s y s t e m  of  i n t e r a c t i n g  
p r o t o n s  of  the  m o l e c u l e  cannot  be c a r r i e d  out .  The  H-3  and H-2 p r o t o n s ,  l i ke  the  H-5  and H-6  p r o t o n s ,  
f o r m  a s y s t e m  a p p r o x i m a t i n g  the  A A ' X  t y p e ,  f r o m  the X p a r t  of which  (mu l t i p l e t  of the  a p r o t o n s )  on ly  the  
s u m  of the  SSCC' s  J23a + J23e (and, a n a l o g o u s l y ,  J65a + J65e), equa l  to 16 Hz,  can  be c a l c u l a t e d .  T h i s  a g r e e s  
we l l  wi th  the  ax ia l  o r i e n t a t i o n  of  the  H-2 and H-6 p r o t o n s  (J2aaa = 12 and J2aae = 4 Hz). 

The H-4  s i g n a l  i s  r e p r e s e n t e d  in the  s p e c t r u m  by  a c o m p a r a t i v e l y  n a r r o w  mt t l t i p l e t  wi th  a wid th  of  
13 Hz; s i n c e  the  width  of the s i g n a l  c o r r e s p o n d s  to  the  s u m  of  the  S S C C ' s ,  the  h y d r o x y  g r o u p  in IIfi i s  a x i a l .  
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Fig. 1. PMR spec t r a  of 1) ~ s o m e r  of 2 ,6 -d ime thoxyca rbony l - l -me thy lp ipe r id in -4 -o l ;  
2) the f l - i s o m e r ;  3) the v - i s o m e r .  

Fig. 2. PMR spec t ra  of 1) c~-isomer of 3 - m e t h o x y c a r b o n y l - l , 2 , 6 - t r i m e t h y l p i p e r i d i n - 4 -  
ol; 2) the ~ - i s o m e r .  

In the spec t rum of the i s o m e r  I I~ ,  the s ignals  of the methoxycarbonyl  groups  do not coincide (singlets 
at 3.73 and 3.70 ppm),which shows that these groups  have different spat ial  or ienta t ions .  Here  the pa t te rn  of 
the spec t rum is also compl ica ted  by the close CS's  of the axial and equator ia l  H-3 and H-5 pro tons .  

In the spe c t rum  the H-4 signal is  over lapped by the signals  of the H-2 and If-6 protons .  The c o m -  
bined width of the s ignals  does not exceed 15 Hz, which shows the axial posi t ion of the hydroxy group in the 
i s o m e r  I Iy .  The p r e s ence  of two axial subst i tuents  in the molecule  of I Iy  (the OH group and one of the 
COOCII 3 groups) m a y  appear  unlikely according to the pr inc ip les  of conformat ional  ana lys i s ,  but on examin-  
ing a model of this molecule  it can be seen that such a s t ruc tu re  is capable of being fixed as the r e su l t  of 
an i n t r amolecu l a r  hydrogen bond between the hydroxyl  and the carbonyl  of the methoxycarbonyl  group. IR 
spec t r a  of solutions of I Iy  in CC14 have shown the exis tence of this bond by the p re sence  of two hydroxy-  
group absorpt ion  bands at 3630 and 3480 cm -1 whose intensi t ies  do not change on success ive  dilution (0.1, 
0.01, and 0.003%). The second frequency mus t  obviously be due to the v ibra t ions  of the bound hydroxyl .  The 
l a t t e r  band is  not obse rved  in the IR spec t r a  of the i s o m e r s  IIo~ and I I~ .  

The s ignals  of the protons  of the OH groups  in the three  i s o m e r s  a re  located,  r e spec t ive ly ,  at 2.33 
ppm (c~), 2.57 ppm (~), and 2.97 ppm (y).  The posit ion and width of  the l as t  signal is in ag reemen t  with the 
exis tence  of an i n t r amolecu la r  hydrogen bond in the y i s o m e r .  Thus,  the geomet r i ca l  i s o m e r  IIc~ cons is t s  
of a molecule  with the equator ia l  or ienta t ion of all the subst i tuents;  in the i s o m e r  II~ the hydroxy group is 
axial and the two methoxycarbonyl  groups  a re  both equator ia l ;  while in the i s o m e r  I Iy  one of the COOCH 3 
groups  is equator ia l  and the hydroxyl  and the second COOCII 3 a re  axial .  

The other  p iper id in -4-o l  de r iva t ives  studied, l ike I Iy ,  do not have a s y m m e t r i c a l  s t ruc tu re .  One of 
them,  obtained with a view to the synthes is  of the alkaloid a reco l ine ,  3 - m e t h o x y c a r b o n y l - l - m e t h y l p i p e r i d i n -  
4-ol ,  was  r ep re sen t ed  by two i s o m e r s ,  IIIo~ with mp 95-96°C and IIIfi with mp 84-85°C [3]. The l ow er -  
melt ing of them,  I I Ip ,  was asc r ibed  the configuration with the cis  a r r a n g e m e n t  for  the subst i tuents  at C 3 and 
C4, and the h igh-mel t ing  one, I I I~ ,  the t r ans  configuration,  which is  in ag reemen t  with the behavior  of these  
i s o m e r s  on dehydrat ion with thionyl chloride [3]. 
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The PMR s pec t r a  of the geome t r i ca l  i s o m e r s  III~ and IIIfi conf i rm the i r  suggested s t ruc tu r e s .  

The diequatorial  or ienta t ion of the methoxycarbonyl  and hydroxy groups  in I I I~ de r ives  f r o m  the 
SSCC's of the octet  signal (J32a ~ J34a ~ 12 Hz, J32e = 4.1 Hz) at 5 1.66 ppm due, according to the CS and 
the r e su l t s  of double r e sonance ,  to the H-3 proton.  
shows the equator ia l  or ientat ion of the OH group.  

RI 

AFoR~c~:~...-C143 
e,=. ; ~=o. (I]],~1 
R,=o.;Re. (]lip) 

The width of the H-4 signal ,  approx ima te ly  25 Hz, also 

H 

HsC N ~ ~ 3 

R~ 
~=cooc, 3 ~=H ~ (]Y,~) 
R,=~ ; R~COOCH3~p) 

The spec t rum of the i s o m e r  III~ is v e r y  compl ica ted  because  of the propinquity of the CS's  of the 
r ing protons  (except for  H-4). 

The width of the H-4 mult iplet  signal (12 Hz) shows its equator ia l  or ientat ion.  Consequently,  the 
hydroxyl  in compound IIIfi is  axial .  The methoxycarbonyl  group in this i s o m e r  must  be equator ia l ,  since a 
diaxial  a r r a n g e m e n t  of the subst i tuents  at C 3 and C 4 is energe t ica l ly  unfavorable ,  and in this case  the r ing 
would be inver ted  into the conformat ion  with the diequator ia l  or ienta t ion of these  subst i tuents .  Since I I I~ 
and IIIfi d i f fer  in the i r  p r o p e r t i e s ,  the l a t t e r  mus t  contain the COOCH 3 group in the equator ia l  posit ion; it 
is  the cis  i s o m e r .  

S imi lar  in s t ruc tu re  to these  compounds III a re  the i s o m e r s  of 3 - m e t h o x y c a r b o n y l - l - m e t h y l - 4 -  
phenylpiperidine IV~ and IVfi, the m o r e  stable of which was asc r ibed  the t r ans  configuration and the l e s s  
s table  the cis configurat ion [4]. 

An ana lys i s  of the PMR s p e c t r u m  of the i s o m e r  IVfi is bes t  begun with a considera t ion of the signal 
at 5 3.1 ppm,  ass igned to the equator ia l  H-2 proton and consis t ing of an octet  in which J2a2e = 12.4, J2e3e = 
3.5, and J2a6e = 1.5 Hz. The l a t t e r  SSCC is due to long- range  coupling of the diequator ia l  ~ pro tons  [12]. 
The signal of the H-2 axial  proton,  identified by double resonance ,  has ,  toge ther  with the geminal  SSCC, the 
constant  J2a3e = 3.6 Hz, which shows the axial  or ienta t ion of the COOCH 3 group in the i s o m e r  IVfi. This  is  
conf i rmed  by the na ture  of the spli t t ing of the H-4 signal ,  containing one la rge  SSCC, J45a = 11.6 Hz, which 
d e t e r m i n e s  the axial  posi t ion of the methoxycarbonyl  group at C3, and the equator ia l  posi t ion of the phenyl 
group in posi t ion 4 and, t he r e fo re ,  the cis  configurat ion of this i s o m e r .  

The spec t rum  of the t r ans  i s o m e r  of this compound (IVy) could not be analyzed because  of the o v e r -  
lapping of the s ignals  for  the pro tons .  If we think that the diaxial  or ienta t ion of the subst i tuents  at C 3 and 
C 4 does not exist  because  of energe t ic  unsui tabi l i ty ,  the diequator ia l  a r r a n g e m e n t  of these subst i tuents  is  
pe rhaps  m o r e  l ikely for  the i s o m e r  IVy.  

The spat ial  s t ruc tu re  of the geome t r i ca l  i s o m e r s  of 3 - m e t h o x y c a r b o n y l - l , 2 , 6 - t r i m e t h y l p i p e r i d i n - 4 - o l  
(V~ and Vfl), whose benzoates  a r e  the "open" analogs of cocaine and p o s s e s s  an anesthet ic  action,  has  not 
hi ther to been es tabl ished.  However ,  it has been suggested that the initial piperidinone mos t  p robab ly  has 
the c i s -d iequa tor ia l  a r r a n g e m e n t  for  the methyl  groups  at C2 and C G and an equator ia l  methoxycarbonyl  
group [5]. Then the reduct ion products  would dif fer  by the or ienta t ion of the hydroxy group with an equa-  
torial[ a r r a n g e m e n t  for  the subst i tuents  in posi t ions  2, 3, and 6. 

According to the PMR s pec t rum  (Fig. 2), in the i s o m e r  V~, the hydroxy group occupies  the equator ia l  
posi t ion.  This  is  shown by the width of the H-4 signal ,  pa r t i a l ly  over lapping the signal of the protons  of the 
COOCH 3 group.  This  width (not l e s s  than 20 Hz) shows that the signal contains at leas t  one l a rge  SSCC (of 
the o r d e r  of 10-12 Hz) which, in i ts  turn ,  de t e rmines  the axial or ienta t ion of the H-4 proton.  

The equator ia l  a r r a n g e m e n t  of the hydroxyl in V~ is also conf i rmed by the SSCC's of the H-5 axial  
proton (Jsase ~ Jsa4a ~ Jsa6a ~ 11 Hz). The exis tence of a l a rge  SSCC Jsa6a shows the equator ia l  or ienta t ion 
of the methyl  group at C G. 

The H-3 signal ,  whose posi t ion in the s p e c t r u m  was shown by s implifying i ts  mult iplet  by means  of 
double r e sonance  ( i r radia t ion with the H-2 signal) is  p r e sen t  at 2.89 ppm and contains no la rge  SSCC, which 
shows the equator ia l  or ienta t ion of the H-3 proton,  i .e . ,  the axial  or ienta t ion of the methoxycarbonyl  group.  
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The nature  of the split t ing of the signal of the H-2 pro tons ,  e x p r e s s e d  by a doublet of over lapping 
quar te ts  (J3eCH 3 = 7.0, J23e = 3.0 Hz) ag r ee s  with the equator ia l  posi t ion of H-3.  It is imposs ib le  f rom the 
spec t rum to de te rmine  the or ientat ion of the H-2 proton and, consequently,  of the methyl  group at C 2. It 
can only be a s sumed  that the or ientat ion of CH3-2 is  s im i l a r  to that in the i s o m e r  Vfi, i . e . ,  as  shown below, 
it is  equator ia l .  

The spec t rum  of the i s o m e r  V/3 shows the axial  posi t ion of the OH group,  since the signal of the H-4 
pro ton  is  a mult iplet  with a width of 12 Hz. 

The signal of the H-3 proton,  spli t  into a quar te t  with l a rge  (J3a2a = 11.1 Hz) and smal l  (J3a4e = 2.5 
Hz) constants  shows the axial  or ienta t ion of H-3,  and of the H-2 proton adjacent  to it. 

The exis tence  of two SSCC's of the o rde r  of 13 Hz (one of which is the coupling constant  of the gemin -  
al protons ,  Jsase) and one smal l  SSCC, Jsace = 3.5 Hz, in the axial  H-5 proton shows the axial posi t ion of 
one of the neighboring pro tons ,  i .e . ,  H-6.  Consequently,  both the CH3-2 and the CH3-6 methyl  groups  in the 
i s o m e r  Vfi a re  equator ia l .  

The monotypical  or ienta t ion of these  groups  in the spec t rum of the i s o m e r  Vfi is  a lso shown by the 
a g r e e m e n t  of the CS's  of the s ignals  of the i r  protons  (obviously the influence of an equator ia l  COOCH 3 group 
at C 3 on the CH3-2 proton is too smal l  to cause  the nonequivalence of the methyl  groups  at C 2 and C6). 

Thus,  according to the PMR spec t r a ,  V~ and V/~ dif fer  not only in the or ientat ion of the hydroxy group 
but also in the a r r a n g e m e n t  of the methoxycarbonyl  group at C3. 

The r e su l t s  obtained show a change in the posit ion of the subst i tuents  at the C 3 a tom occurr ing  during 
the reduct ion of the initial ketone which, in i ts  turn,  re fu tes  the prev ious  hypotheses  on the s t ruc tu re  of 
these compounds [5]. 

By the catalyt ic  reduct ion and subsequent deacetylat ion of 1 - a c e t y l - 3 - e t h o x y c a r b o n y l - 2 , 5 - d i m e t h y l -  
p ipe r id in -4 -one ,  Nazarov et al. obtained a mix ture  of three  i s o m e r s  of 3 -e thoxyca rbony l -2 ,5 -d ime thy l -  
p ipe r id in -4 -o l  (Vice, VIfl, and VIy) of undetermined configuration.  

An ana lys i s  of the s pec t rum  of VIfi (the only one avai lable  to us) showed a compara t ive ly  na r ro w  s ig -  
nal due to the H-4 proton in the weak field. I ts  width, not exceeding 6 Hz, shows the axial  or ienta t ion of the 
hydroxy group.  A quar te t  of s ignals  at 5 2.34 ppm,  asc r ibed ,  according to the nature  of the spli t t ing,  to the 
H-3 proton with J2a3a = 11.0 and J3a4e = 2.5 Hz, shows the diaxial a r r a n g e m e n t  of the H-3 and H-2 protons .  
This  is also conf i rmed by the nature  of the mult ipl ic i ty  of the signal of the H-2 axial  proton,  consis t ing of 
a doublet of over lapping quar te t s  (split because  of the protons of the methyl  group and the H-3 proton).  

The t r iplet  signal at 5 2.90 ppm with two la rge  SSCC's,  J6a~e ~ Jmsa  ~ 12 Hz, which we a sc r ibe  to 
the H-6 axial proton,  leads  to the conclusion that the methyl  group at C~ is equator ia l .  Consequently,  the 
i s o m e r  VIfi contains th ree  equator ia l  subst i tuents  at C2, C3, and C 5 and an axial  hydroxy group.  

OH H 
H 

H 

Thus, the PMR spectra that we have obtained in our study of the spatial structure of a number of 
piper id in -4-o l  de r iva t ives  agree  in the main with the s t ruc tu re s  p roposed  for  them,  except for  3 -methoxy-  
c a r b o n y l - l , 2 , 6 - t r i m e t h y l p i p e r i d i n - 4 - o l ,  whose i s o m e r s ,  it has  been shown, differ  by the or ienta t ion of the i r  
hydroxy and methoxycarbonyl  groups .  

EXPERIMENTAL 

The PMR spectra of the compounds studied were taken on a JNM-4H-100 instrument with a working 
frequency Of i00 MHz. 

Chloroform was used as the solvent for all the piperidin-4-ols except for IVy, whose spectrum was 

taken in benzene. The CS values are given in the 6 scale in parts per million, with tetramethylsilane as 
the internal standard. 
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CONCLUSIONS 

The spatial structures of a number of piperidine-4-olderivatives having substituents in the ring such 
as methyl, methoxy- and ethoxycarbonyl, and phenyl groups, have been determined by means of their PMR 
spectra. 
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