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CONFORMATIONAL STUDIES OF 1-(2'-HYDROXYTHIOBENZOYL)PIPERIOINE AND 

4- (2 '  -HYDROXYTHIOBENZOYL)MORPHOLINE BY HIGH RESOLUTION N.M.R. SPECTROSCOPY 

Keywords: D is to r ted  i n te rconver t i ng  cha i r  forms, in t ramolecu la r  OH.-.S 
hydrogen bond. 

Peter J .  Krueger* and Adr ian 0. Fulea**, 
Department o f  Chemistry, 

Un ive rs i t y  o f  Calgary, 
Calgary, Alberta,  Canada T2N 1N4 

Cornel i a  Ful ea and Fel i c i a  Cornea, 
Facu l ty  o f  Chemistry, 

Un ive rs i t y  o f  Bucharest, 
Bucharest, Romania 

ABSTRACT 

The 220 MHz IH nmr spectra o f  the t i t l e  compounds (b) and (2). re -  

spec t ive ly ,  a t  low temperature i n  CDC13 so lu t i on  a r e  i n te rp re ted  i n  terms 

o f  two in te rconver t i ng  c h a i r  forms w i t h  unequal populat ions (Ke = 1.17, 

A G O  a70 c a l s / m l e  f o r  l,a and Ke = 1.8, A G O  a0.2 kcal/mole f o r  

A strong in t ramolecu la r  OH.*-S hydrogen bond i n  both compounds reduces the  

number o f  degrees o f  freedom o f  the  bulky N-thiobenzoyl subs t i tuent ,  which 

near ly  ec l ipses  the  equator ia l  a-CH2 hydrogen atoms i n  both comformations. 

S t e r i c  i n te rac t i ons  between the  6 '  phenyl proton and the  he tero- r ing  a-CH2 

protons trans t o  the th iocarbonyl  group are  d i f f e r e n t  i n  the two conforma- 

t i o n s  o f  12 and 9. 

a t  -3OOC). 
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KRUEGER ET AL. 

INTRODUCTION 

N.m.r. s tud ies  o f  t he  fo l l ow ing  compounds i n  CDC13 so lu t i on  a t  

temperatures below t h a t  where r o t a t i o n  about the  C-N bond i s  f rozen ou t  

i nd i ca te  t h a t  l,a and 9 have unique conformational p roper t ies :  

bSQsR = ?-OH l_d,2dsR = H l ~ S 9 s R  %-NO2 

',b,2_b,R = pNMe, l e , R  = p C l  lJs2h,R = e-NO2 

',c,B,R = pOMe ',,R = 0 4 1  2,i ,R = pNHCOMe 

From i.r. and U.V. data i t  can be i n f e r r e d  t h a t  t h e  in t ramolecu la r  

OH...S hydrogen bond i n  l,a i s  a l i t t l e  stronger than i n  P 2 s 3 .  
p a i r  e lec t rons  remain i n  cross-conjugation w i t h  the  n-electrons o f  t he  

th iocarbonyl  group, s ince  the  coalescence temperature f o r  r o t a t i o n  around 

the C-N bond on the  220 MHz nmr scale i s  near 18OC f o r  13 and somewhat 

lower f o r  2. 

The N l one  

RESULTS AND DISCUSSION 

I n  l,a the  C 2  and c 6  proton s igna ls  a re  s p l i t  i n  t he  220 MHz nmr 

spectra a t  -40" and -50°C (F ig .  1 ) .  

',b-lJ have a broad t r i p l e t  a t  T $5.7 ppn (C2 protons), the broadening 

being due t o  v i r t u a l  coup l ing  w i t h  the  C 4  protons, and a sharp t r i p l e t  a t  

T b6.5 ppm (c6 protons) i n  CDC13 s 0 1 u t i o n . ~  

are  s p l i t  a t  -20°C o r  lower (F ig .  2). 

Under the  same cond i t ions  compounds 

I n  3 the  C 3  proton s igna ls  

A t  18°C r o t a t i o n  around the  C-N 
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1- (2'-HYDROXYTHIOBENZOYL)PIPWIDINE 

(2) 
n 5.0 6.0 70 8.0 9.0 

ea I\ M 

I 1 I 
I 

I 1 

6.0 7.0 8.0 9.0 z 
FIG. 1 

'H 220 MHz n.m.r. spectra of piperidine protons of in CDC13 solution. 
Internal TMS reference. The notation "equatorial" refers to the proton 
which statistically spends more time in the equatorial position than in 
the axial position; similarly for the "axial" assignment. 
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KRUEGER ET AL. 
- .  
1 "  

I 
I '  I 

I 
I 

(3) equatorial (3) axial 

- 

I . .  t I .  I I 1 I 
I I I 

5.0 5.5 6.0 6.5 z 
FIG. 2 

'H 220 MHz n.m.r. s p e c t r a , o f  morpho l i ne  p ro tons  o f  9 i n  CDC13 
s o l u t i o n .  For o t h e r  d e t a i l s  see c a p t i o n  t o  F i g .  1. 
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1- (2'-€MJROXYTHIOBENZOYL) PIPERIDINE 

bond i s  observed and t h i s  k i n e t i c  phenomenon a lso  produces the  broadening 

observed a t  -20°C. 

(T = 5.5-5.6 ppm) and f o r  the  C 2  protons, (T % 6.1 ppm), p lus  a s i n g l e t  

o r  doublet  f o r  the  C5 and C, protons (T 2 6.4 ppm) a t  temperatures down t o  

-60°C. 

i n  r a p i d  cha i r - cha i r  in te rconvers ion  between two equal ly populated con- 

formers down t o  -6OoC, on the 100 MHz t ime scale. 

Compounds Zlb-g e x h i b i t  a t r i p l e t  f o r  t he  C3 protons 

The spectra o f  1J-1)~ and i?J-Li show t h a t  the  hetero-r ings engage 

The low temperature features f o r  12 and 3 i n  Figs. 1 and 2 can be 

assigned t o  two in te rconver t i ng  cha i r s  w i t h  unequaZ populat ions.  

bulky N-thiobenzoyl subs t i tuent  near ly  ec l ipses  the  equator ia l  a-CH, 

protons and the phenyl r i n g  i s  tw is ted  ou t  o f  the plane o f  the  thioamide 

group i n  both conformations5, as shown i n  F i q .  3. 

between the  two conformations i s  the i n t e r a c t i o n  between the  6 '  p ro ton  on 

the  aromatic r i n g  and the  C6 pro ton(s )  o r  the C 5  proton(s) o f  the  hetero- 

r i n g  i n  

C6 proton i n  l,a (o r  t he  C 5  proton i n  ?a) i n t e r a c t s  w i t h  the  phenyl 6 '  

proton, wh i l e  i n  the o ther  conformation (B) both C6 protons i n  5 ( o r  

both C5 protons i n  3) i n t e r a c t  w i t h  the  6 '  proton. 

The 

The p r i n c i p a l  d i f f e rence  

and 3, respec t i ve l y  -- i n  conformation ( A )  on ly  the  equator ia l  

While r o t a t i o n  about 

FIG. 3 
Dreiding models o f  the  two conformations o f  l,a. 
plane o f  the thioamide group and the  thiocarbonyl  S atom i s  no t  v i s i b l e  
s ince i t  i s  d i rec ted  away from the  observer, w i t h  the  C=S bond he ld  by the  
screw i n  the  top  o f  the  support rod. 
s ion.  

The camera i s  i n  t he  

A and B a re  r e l a t e d  by r i n g  inver -  
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KRUEGER ET AL. 

the C-N bond i s  equivalent t o  cha i r -cha i r  interconversion, t he  former 

requ i res  breaking o f  the  OH*.*S hydrogen bond, which i s  slow on the nmr 

time scale. 

The pa t te rn  o f  t he  C2 proton s igna ls  i n  9 are  complicated by v i r t u a l  

The c6 protons each g i ve  r i s e  t o  a q u i n t e t  coupl ing w i t h  the  C4 protons. 

due t o  the  over lapping o f  the  X par ts  o f  two decept ive ly  simple ABX 

spectra6 f o r  which 6AB = 0 and (L/JAB) * 0. 

Using E l i e l ' s  method', t he  chemical s h i f t s  o f  t h e  C2 protons g i ve  the  

r e l a t i v e  populat ions o f  the  two cha i r  conformations o f  t he  p ipe r id ine  r i n g  

i n  3 as approximately 0.54 and 0.46, respec t ive ly ,  a t  -30°C. 

a t  -50°C gives J 

w i t h  the known geminal coupl ing constant i n  p ipe r id ine* ,  thus i n d i c a t i n g  

t h a t  the  HCH angles a t  these two carbon atoms are  no t  d i s to r ted .  The sum 

o f  t h e  coup l ing  constants (JAx + JBx) i s  10.6 and 11.4 cps f o r  the 

"equator ia l "  and " a x i a l "  protons, respec t ive ly ,  a t  C69. 

t o  two different values of 0.7 and 0.4 f o r  p, the  f r a c t i o n a l  popu la t ion  o f  

t h a t  conformer, i f  coupl ing constants f o r  an und is to r ted  cha i r  a re  used i n  

both conformations. This ind ica tes  t h a t  a t  l e a s t  one o f  the conformers i s  

a d i s t o r t e d  cha i r .  

d i s t o r t e d  then a l a rge  d i s t o r t i o n  must be present; using the  Karplus 

equat ionslO, Lambert's R value" f o r  the  trans NCH2CH2 group i s  approxi-  

mately un i t y ,  which appears t o  be cont ra ry  t o  the very small A G O  o f  s70 

cals/mole between the two conformations obtained from Ke = (0.54/0.46) = 

1.17 a t  -30°C.12 D i s t o r t i o n  a t  c6 i n  both conformations i s  l i k e l y  due t o  

s t e r i c  in te r fe rence from the phenyl 6' proton. D i s t o r t i o n  o f  t h e  cha i r  

conformations i s  f u r the r  supported by the  f a c t  t h a t  both sums o f  the 

coup1 ing  constants a t  C6 r e f e r r e d  t o  above have higher values than the 

corresponding sum f o r  the " a x i a l "  cis NCH2 protons i n  3. The f a c t  t h a t  

Decoupling 

= 13 cps f o r  both the  C2 and c6 protons, i n  agreement 
9 em 

These sums lead 

I f  i t  i s  assumed t h a t  on l y  one conformer o f  12 i s  
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1-(2'-HYDROXYTHIOBENZOYL)PIPERIDINE 

t h e  average of the  chemical s h i f t  f o r  t he  c 6  protons i n  l,a d i f f e r s  from 

corresponding values i n  o ther  N-thiobenzoylpiperidines' 3, whereas the  C 2  

protons i n  12 have the  same average s h i f t  as those i n  other N-thiobenzoyl- 

p iper id ines ,  may a lso  i n d i c a t e  d i s t o r t i o n  a t  C 6 . l 4  

In Fig .  2 the  "equator ia l "  cis NCH2(C3) proton signal  ( X )  f o r  9 
gives JAx + JBx = 8.2 cps, from which p = 0.64 ( the  f r a c t i o n a l  popu la t ion  

o f  the most populated conformation) around 243K, w i t h  K&iil % 1.8 and AGO 

% 0.2 kcal/mole. 

and 5.32 ppm), 

spec t ive ly ,  i n  the desh ie ld ing  cone o f  s u l f u r .  

argeement w i t h  corresponding N-thiobenzoylpiper id ine values .4 No evidence 

f o r  d i s t o r t i o n  o f  cha i r  conformations could be seen i n  the nmr spectra o f  

2," because t h e  C5 and c 6  proton s igna ls  over lap.  

From the  value o f  p and the observed C 3  T values (5.70 

and are determined t o  be 6.2 and 4.8 ppm. re -  

These values are  i n  good 

Conformational A values have so f a r  been associated w i t h  the  a x i a l -  

equator ia l  preference o f  r i n g  s u b s t i t ~ e n t s l ~ ;  here we demns t ra te  a f r e e  

energy d i f f e rence  between two cha i r  conformations which a r i ses  i n d i r e c t l y  

due t o  the  subs t i tuent ,  but  where the  subs t i tuent  remains i n  the  same 

pos i t i on ,  i .e .  ec l ipses  the equator ia l  protons i n  both conformations. 

F i n a l l y ,  several temperature dependent weaker spec t ra l  features should 

be noted, e.g. those marked w i t h  arrows i n  the  -4O'C spectrum i n  Fig.  1. 

These also appear i n  low temperature 300 MHz spectra, and may be due t o  a 

low concentrat ion o f  another higher energy conformation. 

The co l lapse o f  the  C 2  proton s igna ls  in.12 before those o f  the  c 6  

proton s igna ls  as the  temperature i s  ra i sed  i s  another i n t e r e s t i n g  fea ture  

which w i l l  be discussed elsewhere. 
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i t i e s  w i l l  be presented elsewhere. 

may exper ience  d i f f e r e n t  s h i e l d i n g  f rom t h e  phenyl  r i n g ,  r e l a t i v e  
t o  t h a t  i n  o t h e r  N-thiobenzoylpiperidines. 

14. The o b s e r v a t i o n  o f  h i g h e r  p i p e r i d i n e  CH s t r e t c h i n g  f requenc ies  i n  & 
(Raman, s o l i d :  2951, 2928, 2900, 2865, 2858 cm-'; ir, C C l k  s o l u t i o n :  
2944, 2926, 2858 cm- l )  r e l a t i v e  t o  those found i n  a l l  o t h e r  r e l a t e d  
th ioamides s t u d i e d  (e.9. i n  N-benzoy lp ipe r id ine ,  Raman, s o l i d :  2943, 
2901, 2865 cm- l )  p rov ides  f u r t h e r  ev idence f o r  t h e  s t e r i c  h ind rance  o f  
NCH2 groups (L. S. B a r t e l l ,  J .  Amer. Chem. SOC., a, 3497 (1959); 0. 
K i ve l son ,  S. Winste in ,  P. Euck and R. L. Hansen, c, 83, 2938 (1961)) .  
D e s t r u c t i o n  o f  t h e  l o c a l  symmetry o f  t h e  p i p e r i d i n e  r i n g  due t o  d i s -  
t o r t i o n  may a l s o  be r e f l e c t e d  i n  t h e  i nc rease  i n  t h e  number o f  bands 
observed i n  t h e  CH s t r e t c h i n g  r e g i o n  o f  12. 

Other  p o s s i b l e  e x p l a n a t i o n s  cons ide red  a r e  an i n t e r -  

13. A l t e r n a t i v e l y ,  o r  i n  a d d i t i o n ,  t h e  C 6  p ro tons  i n  con fo rma t ion  B o f  

15. J. A. H i r sch ,  Topics Stereochem., 1, 199 (1967); F. R. Jensen and C.  
H. Bushwel ler ,  Adv. A l i c y c l i c  Chem., 3, 139 (1971) .  
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