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The dipole moments  of N- (2-hydroxy-5-a lky lbenzy l ) -p iper id ines ,  N N ' - b i s - ( 2 - h y d r o x y - 5 - t e r t - a m y l b e n z y l ) -  
p iperazine ,  f l -hydroxyethyl  aryl  sulfides,  and a ry lmercap toace t i c  acids have been de termined  
exper imenta l ly ,  and also calculated by the vec to r  method. On the bas is  of the resu l t s  obtained, and on the 
IR spect ra ,  it is shown that i n t r amolecu la r  hydrogen bonds exis t  in the above compounds, with the 
exception of the a ry lmercap toace t i c  acids. 

In continuation of e a r l i e r  invest igat ions [1-3],  we have examined with the aid of dipole moments  and IR 
spec t roscopy the nature of the hydrogen bonds a r i s ing  in the molecu les  of N-(2-hydroxy-5-a lky lbenzyl ) -p iper id ines  (I), 
NN ' -b i s - (2 -hyd roxy -5 - t e r t - amy lbenzy l )p ipe r az ine  (II), f l -hydroxyethyl  aryl  sulfides (III), and a ry lmercap toace t i c  
acids (IVa-IVd), 

In consider ing the nature  of the hydrogen bonds (HB) which occur  in the molecu les  of dialkylaminomethylphenols ,  
it has been shown [1-3] that these bonds are  i n t r amo lecu l a r  (IHB). We have obtained a s i m i l a r  resu l t  for the N-(2- 
hydroxy-5-a lky lbenzyl ) -p iper id ines  (I, R = CH 3 and tert-C4Ha), and also for the 2, 2 -d imethy l - (d ie thy l )aminomethyl -4-  
te r t -butylphenols  (V), which have not p rev ious ly  been examined in this connection. It is suggested that the occur rence  
of IHB in I and V is due to the format ion of a s table s i x - m e m b e r e d  r ing which is coplanar with the phenyl nucleus 
(form A). The s t ruc tu re s  without IHB are  cons idered  to be of form B, with the oppositely or iented OH group in the p-  
substi tuted phenol moiety.  
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Comparison of the exper imenta l  and calculated r e su l t s  for the dipole moments  (see table) for compounds I and V 
suggests  that they exis t  with the s t ruc tu re  A, with IHB. F r o m  the s t e r i c  point of view there  is no objection, s ince in 
the pyramidal  amino group the unshared e lec t ron  pa i r  on the n i t rogen is d i rec ted  a lmos t  exactly toward the hydrogen 
atom of the hydroxyl group, an angle of 110 ~ being formed with the CHe~N bond [4]. 

Exper imenta l  and Calculated Values for Dipole Moments 

~meanl R, I ~, ~ #cale 
Compound C~mean ^ cm3 p cm3 = Without / With IHB IHB 

N-(2-hy droxyl-5-met hylbenzyl)- 
piperidine (I, R = CH3) 

N-(2-hydroxy-5- tert-butylbenzyl)- 
piperidine (I, R = tert-C4Hg) 

2-Dimethylaminomethyl-4-ter t- 
butylphenol (V, R = CH3) 

2-Diet hylaminomethyl-4-ter t- 
butylphenol (V, R = C~Hs) 

NNe-Bis-(2-hy droxy-5-t er t- 
amylbenzyl)-piperazine 
(II, R = tert-CsH11) 

~-Hydroxyethyl p-tolyl sulfide 
(In, R = CH~) 

p-Tolylmercaptoacefic acid 
(IV, R = CH~) 

4,818 0,376 

4,816 0.408 

4,580 0.225 

4.888 0.208 

2.420 0.965 

3.163 0,459 

2,311 0,630 

61.9 

75.9 

64.0 

73.3 

133,1 

49,6 

49,6 

220,7 

234.3 

217.6 

237.9 

204.6 

150.7 

122.5 

2.74 2,48 

2.75 2.53 

2.71 2.48 

2,80 2,48 

1.78 3.80 

2.19 2A0(IIla) 

1,85 i 3,93(IVa) 

r 0.78 

0,82 

126 

1,06 

1.39 (nlb) 
1.17 (Wh) 
5,16 (IVc) 
2.55 (IVd) 

The IR spec t ra l  r e su l t s  for I and V also support  these  conclusions.  A strong band occurs  at 2500-3200 cm -l 
which does not change in dilute CC14 solution, and is typical  for IHB of the OH. . .  N type [5]. 
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In the  c a s e  of N N ' - ( 2 - h y d r o x y - 5 - t e r t - a m y l b e n z y l ) p i p e r a z i n e  (II), t h r e e  f o r m s  with  IHB would appea r  to be 
capab le  of  e x i s t e n c e ,  d e r i v e d  f r o m  the  t h r e e  f o r m s  of 1, 4 - d i m e t h y l p i p e r a z i n e  having  the CH 2 g roup  on the n i t r o g e n  in 
the  e q u a t o r i a l  (Ha), ax ia l  (~b), and e q u a t o r i a l - a x i a l  (IIc) o r i en t a t i ons .  By analogy with  [6-8] ,  it m a y  be  a s s u m e d  that ,  
in e q u i l i b r i u m  m i x t u r e s  at r o o m  t e m p e r a t u r e ,  o the r  noncha i r  f o r m s  of II a r e  v i r t u a l l y  absent .  

CH - 

I l a  --CH 2 n b  CH 2 -  U c  

Of the t h r e e  f o r m s  I I a - I I c  m e n t i o n e d  above,  only IIc i s  po la r ,  i ts  d ipo le  momen t ,  c a l cu l a t ed  as the v e c t o r  s u m  of the 

p a i r s  of m o m e n t s  m 1 and m a amount ing  to 3.80 D, whi le  Pl Ia ,  ca lc  and Vl Ib ,ca lc  a r e  equM to ze ro .  

/,~ ~.__4 'cs~x~-m-t 

/ / 

C o m p a r i s o n  of the  e x p e r i m e n t a l  va lue  fo r  the d ipole  m o m e n t  (1.78 D) with the ca l cu l a t ed  va lue  (3.8 D) i m p l i e s  the  
e x i s t e n c e  of a* l e a s t  two (IIa and IIc) of the t h r e e  p o s s i b l e  c o n f o r m e r s  I I a - I I c  in so lu t ion  (the p r e s e n c e  of IIb is  
exc luded ,  a c c o r d i n g  to [8]). It i s ,  t h e r e f o r e ,  i m p o s s i b l e  to d r a w  any conc lus ions  as to the  na tu re  of the  hydrogen  bonds 
in II on the ba s i s  of d ipole  m o m e n t  v a l u e s  a lone.  A c l e a r e r  r e s u l t  is  obta ined  f r o m  the  IR s p e c t r a ,  s i nce  the p r e s e n c e  
of a b road  band at 2700-3200  cm -1 , unchanged  on di lut ion,  i nd ica t e s  the p r e s e n c e  of IHB [5]. 

With r e f e r e n c e  to the  above,  i t  should be poin ted  out that  the r e s u l t a n t  m o m e n t  ( P r e s )  of an e q u i l i b r i u m  m i x t u r e  
of the  two c h a i r  c o n f o r m e r s  IIa and IIc is :  btres2=Nl~2~ia+N2bt2i~B, w h e r e  N1 and N 2 a r e  the m o l a r  p r o p o r t i o n s  of IIa and 

IIc r e s p e c t i v e l y .  Taking  P l I a  = 0, we have  P r e s  2 = N 2 # i i b  2, and wi th  P r e s  = 1.78 D, # I I c  = 3.80 D, then  N 2 = 0.22. 
This  r e s u l t  a g r e e s  wi th  the  high e n e r g e t i c  s t ab i l i t y  of the e q u a t o r i a l  c o n f o r m a t i o n  of the N - a l k y l p i p e r a z i n e s ,  found in 
[8, 9], and does  not  a g r e e  wi th  the  e q u i v a l e n c e  of the e q u a t o r i a l  and axia l  f o r m s  of t he se  compounds  found in [10]. 

E x a m i n a t i o n  of the  f i - h y d r o x y e t h y l  a ry l  su l f ides  III a f fo rds  addi t ional  c o n f i r m a t i o n  of the ab i l i ty  of the su l fu r  
a tom to funct ion as a p r o t o n  a c c e p t o r  in the f o r m a t i o n  of hydrogen  bonds.  

As in the c a s e  of I and V, t h e r e  a r e  two pos s ib l e  s t r u c t u r e s  for  III, one (IIIa) wi th  IHB, and the  o the r  (IIIb) 
without .  The e x p e r i m e n t a l  va lue  of 2.19 D a g r e e s  wel l  with that  c a l cu l a t ed  fo r  the  hydrogen  bonded s t r u c t u r e  IIIa (2.10 
D), and d i f f e r s  c o n s i d e r a b l y  f r o m  that  for  IIIb (1.39 D). It m a y  be a s s u m e d  f r o m  the above that  IHB of the O i l . . .  S type  
a r e  p r e s e n t  in f i - h y d r o x y e t h y l  a r y l  su l f ides .  

..o.% 0.,% 
".$/CIt2 s.-CH~ 

J I 
CH a CH 3 

I l i a  I l l b  

The s a m e  c o n c l u s i o n  is  d r awn  f r o m  the fact  that ,  at c o n c e n t r a t i o n s  c l c s e  to those  used  in the  d e t e r m i n a t i o n  of d ipole  
m o m e n t s ,  III (R = CHa) is  m o n o m e r i c  (#found = 176.5, P c a l c  = 168.3). 

A s o m e w h a t  d i f f e r e n t  r e l a t i o n  is  found fo r  p - t o l y l m e r c a p t o a c e t i c  ac id  (IV, 1R = CH3). it i s  known [4, 11] that  the 
hydroxy l  g roup  of a c e t i c  ac id  does  not l i e  in the  p lane  of the ace ty l  r e s i d u e .  If a s i m i l a r  pos i t ion  of the hydroxy l  is  
a s s u m e d  fo r  IV, then  i t  fo l lows  thas f o r m a t i o n  of s t r u c t u r e  IV is  h inde red ,  the e n e r g y  of the O i l . . .  S bond, which  
usua l ly  amount s  to 1 - 4  kca l  [12], i s  appa ren t ly  i n su f f i c i en t  to de f l ec t  the hydroxy l  group,  r e s u l t i n g  in the absence  of 
IHB. In fact ,  the  e x p e r i m e n t a l  v a l u e  for  the d ipole  m o m e n t  (1.85 D) does  not a g r e e  wi th  that  c a l cu l a t ed  for the 
h y d r o g e n - b o n d e d  s t r u c t u r e  IVa. 

The absence  of IHB in th is  c a s e  is a l so  ind ica ted  by the I1R s p e c t r a .  While  in the  condensed  phase ,  in 
h e x a c h l o r o b n t a d i e n e ,  a s t r o n g  band o c c u r s  at 2300-3000  cm -1, c h a r a c t e r i s t i c  of e a r b o x y l i c  ac id  d i m e r s  [5], in 
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solutions in CC14 an additional, na r row band is seen at 3510 cm -1, due to the free hydroxyl group vibrat ions  [5]. It 
should also be pointed out that the exper imental  dipole moment  values do not agree with those calculated for the 
conformations IVb- IVd. 

"s~CH2 
t 

R 

IVa 

H }t 

o..,c/~O %c/O-,,u ~176 
s/CH2 S/CI12 

�9 ' , �9 �9 
I t 

IVb IVr | V d  

A possible  explanation is that, in solution, a mixture  of conformers  I vb - I V d  exists  together with d imer ic  molecules  of 
IV. This is  confirmed by cryoscopic measurements ,  the molecular  weight of p- to ly lmercaptoacet ic  acid being 
in termedia te  between that of the monomer  and the dimer .  

EXPERIMENTAL 

The compounds were synthesized by previously  descr ibed  methods: I [13], II [14], III [15], IV [16], and V, [17]. 

Dipole moments  were de termined in benzene at 25 • 0.1 ~ [18, 19]. 

Vector moment  calculat ions were ca r r i ed  out by the method in [20], for I on the bas is  of the moments  of the p- 
subst i tuted phenols (R = CH3 - 1.57 D [21], R = tert-C4H9 - 1.62 D [21]), and N-methytpiper idine -0 .95  D [8]. The 
values of the moments  calculated for the axial and equatorial  or ienta t ions  of the CHz---N group for the chair  form of the 
piper idine r ing  [9] did not differ, and are  given in the table.  In the case of NN' -b i s - (2 -hydroxy-5- t - amylbenzyI ) -  
p iperazine  (II), the moment  was der ived from that of N-methylpiper id ine  (0.95 D [8]), directed along the axis of the 
unshared pair  on the ni trogen,  and the moment  of the p-alkylphenol [21]. 

For  III (R = CH3), it was assumed that the formation of IHB was accompanied by the formation of a planar ,  five- 
membered  ring, with angles of 109 ~ (a value of 110 ~ corresponding to the valency angles of sul fur  and oxygen, was 
taken to be without s ignif icant  e r ro r ) .  The following values were used in the calculat ion of the values of the group 
moments:  CAr---CH 3, 0.4 D; C~HsSCH i, 1.27 D, and CH3OH, 1.66 D [22]. The d i rec t ions  of the resu l tan t  moments  of 
C6HsSCH3 and CH~OH re la i ive  to the CAr--S and C--O bonds were taken as 57 and 67 ~ respect ively  [4]. For  p- 
to lylmercaptoacet ic  acid (IV, R = CH3), the calculat ion was based on the addition of the bond (C~O, 2.4 D; C---O, 0.74 D; 
H - - O ,  1.56 D) and group (CAr- -CHs,  0.4 D; CAr--SCH3,  1.27 D) moments ,  The calculat ion of the moments  of the 
dialkylaminomethylphenols  V has been descr ibed previous ly  [1-3].  

IR Spectra were recorded as pas tes  in hexachlorobutadiene, or as solutions in CC14 (c. 10 -3 M), on UR-10 and 

IKS-14 ins t ruments .  
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