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INTRAMOLECULAR OH**-S HYDROGEN BONDS AND MOLECULAR CONFORIWTIONS I N  

2 -METHYLMERCAP TOETHANOL 

Peter J. Krueger, Ronald A. Kydd and S u r j i t  Singh* 

Department of Chemistry, Un ive r s i ty  of Calgary,  Calgary,  Alber ta ,  Canada 

T2N 1N4 (*C.I.D.A./N.R.C. Research Assoc ia te .  Permanent Address: Department 

of Chemistry, Ind ian  I n s t i t u t e  of  Technology, Madras 600036, I n d i a ) .  

The i n f r a r e d  abso rp t ion  spectrum of monomeric 2-methylmercaptoethanol i n  

d i l u t e  C C 1 4  s o l u t i o n  e x h i b i t s  fou r  overlapped bands i n  the  fundamental OH 

s t r e t c h i n g  reg ion .  

d i g i t a l  computing techniques [l], and the  r e l a t i v e  band i n t e n s i t i e s  are 

temperature  dependent.  

t o  gauche and t r a n s  o r i e n t a t i o n s  about  t h e  C-0 bond, r e spec t ive ly ,  by analogy 

wi th  similar band components i n  t h e  i n f r a r e d  spectrum of e thano l  i n  d i l u t e  

cc11, s o l u t i o n .  The OH bands a t  3539 and 3446 cm-I  are ass igned  t o  gGt and 

gGg' conformers, r e s p e c t i v e l y ,  each involv ing  an  in t ramolecular  OH***S 

hydrogen bond (conformer n o t a t i o n  r e f e r s  t o  the  o r i e n t a t i o n  about t he  C-0, 

C-C and C-S(CH3) bonds, r e s p e c t i v e l y ) .  A similar i n t e r p r e t a t i o n  of the 

ma t r ix  i s o l a t e d  i n f r a r e d  s p e c t r a  of e thy lene  g l y c o l ,  involv ing  two conformers 

wi th  in t r amolecu la r  OH***O hydrogen bonds and d i f f e r i n g  p r i n c i p a l l y  i n  t h e  

o r i e n t a t i o n  of t h e  proton-acceptor OH group, has  been presented  r e c e n t l y  [2] .  

The microwave spectrum of 2-mercaptoethanol i n  t h e  vapour phase ar ises  from 

an al l -gauche conformation wi th  an in t r amolecu la r  OH= * * S  hydrogen bond [ 31. 

The r e l a t i v e  s t a b i l i t y  of conformers g iv ing  rise t o  t h e  bands observed 

The i n d i v i d u a l  band components were reso lved  us ing  

-1 The "free" OH bands a t  3634 and 3623 cm correspond 

f o r  2-methylmercaptoethanol were e s t a b l i s h e d  t o  be as fol lows i n  t h i s  s tudy:  

"free"  OH(trans) > gGt(OH***S) > "free"  OH(gauche) >> gGg'(OH***S) 

AH(kcal/mole) 0 1.1 2.9 << 3 
-1 The conformer wi th  the  l a r g e s t  OH frequency s h i f t  ( 1 7 7  c m  ) ,  and presumably 

wi th  the  s t r o n g e s t  i n t r amolecu la r  OH***S hydrogen bond, is  the  least s t a b l e  

of a l l  t h e  conformers observed. S t e r i c  hindrance must be a major f a c t o r  

d e s t a b i l i z i n g  t h i s  conformer. 

methyl on s u l f u r  l e a d  t o  t h e  complete absence of t h i s  low frequency OH band 

a t  room temperature ,  whi le  t h e  o t h e r  t h r e e  components remain. 

S u b s t i t u t i o n  of a l k y l  groups l a r g e r  than  

Raman s p e c t r a  of 2-methylmercaptoethanol i n  var ious  s o l v e n t s  and over  a 

temperature range sugges t  t h a t  t h e  C-S s t r e t c h i n g  v i b r a t i o n s  are n o t  s h i f t e d  

s i g n i f i c a n t l y  by in t r amolecu la r  O H * * - S  hydrogen bonding. However, t h e  t r a n s  
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orientation about the C-S bond is more stable than the gauche orientation, in 
contrast to what is observed in ethyl methyl sulfide [41. 

These spectral observations are discussed in relation to conformational 
mobility in ethyl alcohol, ethyl methyl sulfide and ethylene glycol. 
highly significant feature of this study is the demonstration that trans/ 
gauche re-orientation of an electronegative proton-acceptor group involved 

in an intramolecular hydrogen bond can induce substantial changes in the 

character of the intramolecular OH***X hydrogen bond. 

A 
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