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ABSTRACT 

The low-frequency (100--400 c m - ' )  Raman  spectra  of  liquid (at 300 K) and solid (at 
130 K) veratrole (o-d imethoxybenzene) ,  and its methyl  deutera ted  analogues, have been 
measured. The  methy l  and m e t hoxy l  torsional transit ions have been identified, and the 
corresponding rotat ional  barriers have been determined.  The  interpreta t ion of  the spectra 
points  to a conformat iona l ly  mLxed si tuat ion for  solid veratrole,  in which both  planar 
and non-planar  conformers  may  co-exist. 

I N T R O D U C T I O N  

C o n s i d e r a b l e  e x p e r i m e n t a l  [ 1 - - 1 9 ]  a n d  t h e o r e t i c a l  [ 1 5 - - 2 3 ]  e f f o r t  h a s  
b e e n  e x e r c i s e d  o n  t h e  p r o b l e m  o f  t h e  c o n f o r m a t i o n a l  p r e f e r e n c e  o f  m e t h o x y l  
g r o u p s  in  o r t h o - d i m e t h o x y b e n z e n e  ( v e r a t r o l e )  a n d  i t s  d e r i v a t i v e s .  T h e  t h e o -  
r e t i c a l  i n v e s t i g a t i o n s  s p a n  a r a n g e  f r o m  e a r l y  n - e l e c t r o n  [ 2 0 ,  2 1 ]  a n d  Z D O  
c a l c u l a t i o n s  [ 2 2 ]  t o  m o r e  r e c e n t  S T O - 3 G  a b  i n i t i o  [ 1 7 ]  a n d  I N D O  M O  
F P T  c a l c u l a t i o n s ;  t h e  l a t t e r  c o m b i n e d  w i t h  m a g n e t i c  r e s o n a n c e  s p i n - - s p i n  
c o u p l i n g  r e s u l t s  [ 1 8 ] .  

I n d i r e c t  e x p e r i m e n t a l  i n f o r m a t i o n  a b o u t  t h e  c o n f o r m a t i o n  o f  v e r a t r o l e  
h a s  a c c u m u l a t e d  f r o m  m e a s u r e m e n t s  o f  d i e l e c t r i c  [2 ,  4]  a n d  s p i n - - l a t t i c e  
[ 1 1 ]  r e l a x a t i o n  t i m e s ,  f r o m  s t u d i e s  o f  t h e  t e m p e r a t u r e  a n d  s o l v e n t  d e p e n -  
d e n c e  o f  t h e  d i p o l e  m o m e n t  [ 1 - - 3 ] ,  a n d  f r o m  U V -  [7 ,  1 9 ] ,  N M R -  [5 ,  ,5, 8, 
12 ,  13 ,  1 8 ,  1 9 ]  a n d  P E - s p e c t r o s c o p i c  [ 1 4 - - 1 7 ]  i n v e s t i g a t i o n s .  A d i s c u s s i o n  
o f  e a r l y  r e s u l t s  o b t a i n e d  w i t h  t h e  a b o v e - m e n t i o n e d  r n e ~ h o d s  m a y  b e  f o u n d  
in  r e f s .  1 7  a n d  22 .  B o t h  t h e o r y  a n d  e x p e r i m e n t  h a v e  g e n e r a l l y  l ed  t o  c o n -  
t r o v e r s i a l  c o n c l u s i o n s  r e g a r d i n g  t h e  p l a n a r i t y  o r  n o n - p l a n a r i t y  o f  t h e  m e t h -  
o x y l  g r o u p s  in v e r a t r o l e .  R e c e n t l y ,  a r g u m e n t s  f o r  c o - p l a n a r i t y  o f  t h e  O C H 3  
g r o u p s  w i t h  r e s p e c t  t o  t h e  r i n g  h a v e  b e e n  p r e s e n t e d  f o r  v e r a t r o l e  in  s o l u t i o n  
[ 1 1 ,  1 8 ] ,  as w e l l  as f o r  so l i d  s t a t e  v e r a t r o l e  a n d  f o r  a m a j o r i t y  o f  s o l i d  
v e r a t r o l e  d e r i v a t i v e s  [ 2 3 ] .  T h e s e  a r g u m e n t s  c a n n o t ,  h o w e v e r ,  b e  e a s i l y  
r e c o n c i l e d  w i t h  t h e  m e a s u r e m e n t  o f  t h e  e x p l i c i t  t e m p e r a t u r e  d e p e n d e n c e  o f  
t h e  d i p o l e  m o m e n t ,  as r e p o r t e d  b y  M i z u s h i m a  e t  al.  [ 1 ]  f o r  v e r a t r o l e  in 
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so lu t ion ,  and  b y  R o b e r t i  and  co -worker s  [3] fo r  l iquid  ve ra t ro le  and  vera- 
t ro le  in d i f f e r e n t  solvents .  Non-p lana r  m e t h o x y l  c o n f o r m a t i o n s  have  been  
suggested,  m a i n l y  on  the  basis o f  STO-3G ca lcu la t ions  c o m b i n e d  wi th  PE- 
spec t roscop ic  m e a s u r e m e n t s  [16,  1 7 ] .  The  STO-3G ca lcu la t ions  were ,  how-  
ever, d o n e  e i ther  w i th  a s t anda rd  g e o m e t r y  or  a pa r t i a l ly  o p t i m i z e d  g e o m e t r y ,  
t r ans fe r r ed  f r o m  an anisole  s t ruc tu re ,  a fac t  w h i c h  s o m e w h a t  weakens  t he  
a r g u m e n t s  p resen ted .  

Previous ly ,  it  was suggested [ 24] t h a t  t h e  t o r s ion  o f  t he  m e t h y l  g roup  in 
a m e t h o x y l  s u b s t i t u e n t  acts as a sensi t ive c o n f o r m a t i o n a l  p robe .  I f  several 
to rs iona l  t r ans i t i ons  are observed  and  i den t i f i ed  by  selective d e u t e r a t i o n ,  
the  ex i s t ence  o f  d i f f e r e n t l y  o r i e n t a t e d  m e t h o x y l  groups  is ind ica ted .  To  
ob ta in  f u r t h e r  e x p e r i m e n t a l  i n f o r m a t i o n  a b o u t  t h e  c o n f o r m a t i o n a l  behav iour  
o f  t he  OCH3 groups  in vera t ro le ,  i t  was dec ided  to  s t u d y  t h e  l o w - f r e q u e n c y  
R a m a n  spec t r a  o f  l iquid  (300 K) and  solid (130 K) vera t ro le ,  and  its m e t h y l  
d e u t e r a t e d  ana logues .  

EXPERIMENTAL 

Veratrole-d0 (F luka  AG, p u r u m )  was pu r i f i ed  b y  r e p e a t e d  d is t i l la t ion  a t  
r e d u c e d  pressure.  Veratrole-d3 was p repa red  by m e t h y l a t i o n  o f  gualacol  
( F l u k a  AG, p u r u m )  wi th  d imethy l - su lpha te -d6  (Merck AG, degree  o f  deu te ra -  
t i o n  99%). Veratrole-d6 was p repa red  by  m e t h y l a t i o n  o f  ca techo l  (F luka  AG, 
puriss .)  wi th  (CD~)_~SO, in 25% NaOH so lu t ion ,  and  separa ted  f r o m  the  
o t h e r  ma in  p r o d u c t ,  guaiacol-d3, by  c o l u m n  c h r o m a t o g r a p h y  as descr ibed  
e l sewhere  [ 2 5 ] .  The  d e u t e r a t e d  samples  were f u r t h e r  pur i f i ed  by dis t i l la t ion 
at  r e d u c e d  pressure.  The  R a m a n  spec t ra  o f  veratrole-d0,  veratrole-d3 and  
veratrole-d~ were  m e a s u r e d  as r e p o r t e d  p rev ious ly  [ 2 6 ] .  The  samples  were  
fo rced  to crys ta l l ize  rap id ly  by fi l l ing l iquid  n i t rogen  in to  the  l o w - t e m p e r a t u r e  
cell. No glass f o r m a t i o n  was observed.  

CALCULATIONS 

To the  au tho r s '  knowledge ,  no  accura te  s t r uc tu r e  d e t e r m i n a t i o n s  exis t  fo r  
vera t ro le .  A plausible  r e fe rence  g e o m e t r y  (Fig. 1) was t h e r e f o r e  c o n s t r u c t e d  
using s t ruccural  e l emen t s  f r o m  ca t echo l  [ 2 7 ] ,  anisic acid [ 1 0 ] ,  and  2,3- 
d i m e t h o x y b e n z o i c  acid [ 9 ] .  The  r educed  m o m e n t s  o f  inert ia ,  I t ,  fo r  the  
d i f f e r e n t  tops  were  ca lcu la ted  as descr ibed  by  Larsen  and  Nicolaisen [ 2 8 ] ,  
and  in ref.  25. I r fo r  the  OCH3 t o p  in p l ana r  cis - t rans-veratro le  (Fig. 1, using 
the  t e r m i n o l o g y  i n t r o d u c e d  by Curran  [29]  ), is 19.2 a inu  A 2, whereas  t he  
value for  p lanar  t rans- t rans-vera tro le  is 19.6 a inu  A2. A tes t  ca l cu la t ion  us ing 
Pi tzer 's  and  Gwinn ' s  f o r m u l a  fo r  Ir [30 ] ,  gave negligible d i f fe rences  com-  
pared  to  t h e  a f o r e m e n t i o n e d  values. The  to r s iona l  barriers were  o b t a i n e d  by 
solving the  Math ieu  e q u a t i o n  n u m e r i c a l l y  wi th  a c o m p u t e r  p rog ram [26]  
m o d i f i e d  to  search line,-trly fo r  t h a t  t o r s iona l  s -pa ramete r  w h i c h  gives agree- 
m e n t  wi th  the  e x p e r i m e n t a l l y  d e t e r m i n e d  A b-values. The  ini t ia l  s-values were  
t a k e n  f r o m  the  t abu l a t i ons  o f  b fo r  large s-values by  Fa t e l ey  e t  al. [ 3 1 ] .  
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Fig. 1. Reference geometry of  solid state veratrole used in the barrier calculations. Bond 
lengths in pro. 

RESULTS AND DISCUSSION 

T h e  l o w - f r e q u e n c y  R a m a n  s p e c t r a  o f  l i q u i d  v e r a t r o l e - d 0 ,  v e r a t r o l e - d 3  a n d  
v e r a t r o l e - d 6  axe s h o w n  in Fig.  2.  T h e  c o r r e s p o n d i n g  s o l i d - s t a t e  s p e c t r a  a re  
c o l l e c t e d  in Fig .  8. T h e  R a m a n  s p e c t r u m  o f  l i q u i d  v e r a t r o l e  has  b e e n  r e c o r d e d  
p r e v i o u s I y  [ 1,  3 2 - - 3 6  ] ,  a n d  t h e  p r e s e n t  r e s u l t s  e s s e n t i a l l y  c o n f i r m  t h e  ea r l i e r  
f i n d i n g s .  T h e  l o w - f r e q u e n c y  s p e c t r u m  o f  t h e  l i q u i d  s h o w s  severa l  b r o a d  
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Fig. 2. Comparison o f  parts o f  the l iqu id  phase low- f requency  Raman spectra or  veratrole 
and its methyl  deuterated analogues at 300 K: (a) veratrole-d0, slit 2.5 cm- ' ,  2 X 103 
counts-  s- ' ;  (b) veratrole-d 3, slit 2.5 em -~, 5 x 103 counts-  s- ' ;  (c) veratrole-d~, slit 
2.5 cm- ' ,  2 x 10" coun t s - s - ' .  
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Fig_ 3. Compar i son  of  parts  o f  the solid phase low- f requency  R a m a n  spectra  of  verat role  
and its me thy l  deu te ra ted  analogues at 130 K: (a) and (b)  veratrole-d0, slit wid ths  
2_5 c m - '  and  3.2 cm -I, 2 x 103 c o u n t s - s - ' ; ( c )  veratrole-dj ,  slit 2.7 cm -I, 1 x 103 
coun t s - s - '=  (d) and (e) veratrole-d~, slit 2.7 cm -~ and  sensi t iv i ty  1 x 103 coun t s - s  -x 
and  2 x 103 c o u n t s - s  -~, respectively.  

b a n d s  ( h a l f - w i d t h s  - - 2 0  c m  -~) .  T h e s e  b a n d s  a r e  s y s t e m a t i c a l l y  s h i f t e d  t o  
l o w e r  w a v e n u m b e r s  w i t h  i n c r e a s i n g  d e g r e e  o f  d e u t e r a t i o n  ( F i g .  2 ) ,  as  e x p e c -  
t e d  f o r  X - s e n s i t i v e  m o d e s .  T h e  a s s i g n m e n t s  p r o p o s e d  f o r  t h e  l i q u i d  p h a s e  
R a m a n  b a n d s  a r e  g i v e n  i n  T a b l e  1 .  T h e  a n a l y s i s  o f  t h e  v i b r o n i c  s p e c t r u m  o f  
v e r a t r o l e  b y  U r b a  e t  a l .  [ 3 7 ]  l o c a t e s  v i b r a t i o n a l  m o d e s  a t  a b o u t  2 0 0 , 2 7 0  
a n d  3 7 5  c m  -~, w h i c h  c o r r e s p o n d  t o  t h e  m o d e s  1 7 b  a n d  9 a  a n d  t h e  C O C  
b e n d i n g  m o d e  ( T a b l e  1 ) .  

TABLE I 

Ass ignment  of low-f requency  l iquid phase (300 K) R a m a n  bands  for veratrole  and  its 
deu te ra ted  analogues ( t rans i t ions  in cm- ' )  

Mode a Veratrole-do Veratrole-d3 Veratrole-d 6 

17a ou t -of -p lane  167 151 143 
out-of-phase  

17b out -of -p lane  205 197 185 
in-phase 

210 

9a in-plane 281 270 256 
out-of-phase 
18a in-plane 319 316 310 

in-phase 
COC bend in~  377 364 346 

aMode n u m b e r i n g  according to Wilson [40 ]  ; ass ignment  according  to  Vars~_nyi [41 ]. 



283 

T h e  so l id -phase  R a m a n  bands  are  m u c h  n a r r o w e r  t h a n  t h o s e  o f  t he  l iqu id .  
T h e r e f o r e  sp l i t t ings  a n d  a d d i t i o n a l  b a n d s  a re  o b s e r v e d  in t h e  so l id - s ta te  
spec t r a  (Fig. 3). T h e  s t r o n g l y  a s y m m e t r i c  2 0 5  c m - '  b a n d  o f  t h e  l i qu id  is 
spl i t  i n t o  a d o u b l e t  w i t h  m a x i m a  a t  200  and  209  c m - ' ,  a n d  t he  b r o a d  wing  
o n  t h e  h i g h - f r e q u e n c y  s ide  o f  t h e  b a n d  reveals  t w o  a d d i t i o n a l  bands  a t  2 4 9  
and  267  c m - ' .  T h e s e  b a n d s  m e r g e  in to  o n e  b a n d  in t h e  s p e c t r u m  o f  vera t ro le -d3  
and  axe a b s e n t  in t h e  s p e c t r u m  o f  sol id veratzole-d6.  T h e s e  b a n d s  a re  
ass igned h e r e  to  t h e  CH3 to r s ions .  F o r  vera txole-d3 t h e  CH3 t o r s i o n  appea r s  
a t  255  c m - '  a n d  t w o  CD3 to r s ions ,  a t  1 8 8  and  173  cm -1, a re  o b s e r v e d .  T h e  
s p e c t r u m  o f  sol id  ve ra t ro le -d6  shows  t h r e e  p a r t l y  o v e r l a p p i n g  bands  a t  163 ,  
172  and  177  c m - ' ,  w h i c h  are  ass igned t o  CD3 to r s ions .  

T h e  m e t h o x y l  t o r s i o n  gene ra l l y  a p p e a r s  c lose  t o  t h e  l a t t i c e  r eg ion  in 
a c c o r d a n c e  w i t h  ear l ier  o b s e r v a t i o n s  o f  s imilar  s y s t e m s  [25 ,  26,  3 8 ] .  F o r  
sol id  ve ra t ro le -d0  t h e  OCH3 t o r s i o n  a t  136  c m - '  is well  s e p a r a t e d  f r o m  t h e  
l a t t i ce  bands ,  as is t he  OCD3 t o r s i o n  a t  130  c m - '  f o r  ve ra t ro le -d6  (Fig. 3). 
Assigning t h e  c o r r e s p o n d i n g  t o r s i o n a l  b a n d  in t h e  s p e c t r u m  o f  ve ra t ro le -d3  is 
m o r e  d i f f i cu l t ,  s ince  t h e  f i rs t  l a t t i c e  b a n d  has s h i f t e d  t o  a h igher  f r e q u e n c y  
c o m p a r e d  to  ve ra t ro le~ lo  and  vera t ro le-d6.  C o n s e q u e n t l y  t he  OCH3 t o r s i o n  
is seen  o n l y  as a s h o u l d e r  a t  1 3 5  c m - ' ,  w h e r e a s  t h e  OCD3 t o r s i o n  is p r o b a b l y  
h i d d e n  u n d e r  t he  l a t t i c e  band .  

T h e  a s s ignment s  o f  t h e  r e spec t i ve  t o r s i o n a l  m o d e s ,  t o g e t h e r  wi th  t h e  cor-  
r e s p o n d i n g  c a l c u l a t e d  ba r r i e r  values ,  are  c o l l e c t e d  in T a b l e  2, w h e r e  t h e  
m e t h o x y l  t o r s i o n a l  bar r ie rs  w e r e  c a l c u l a t e d  w i t h  t h e  r e d u c e d  m o m e n t  o f  
i ne r t i a  f o r  t h e  c i s - t r a n s  c o n f o r m e r .  T o  c h e c k  poss ib l e  c o n f o r m a t i o n a l  devia- 
t ions ,  t h e  OCH3 t o r s i o n a l  f r e q u e n c y  f o r  v e r a t r o l e  was also ca l cu l a t ed ,  us ing  
t h e  t r e n s - t r a n s  I r value  a n d  t h e  ba r r i e r  5 2 6 5  c m - '  (Tab le  2). T h e  resul t ,  
1 3 4 . 5  c m - ' ,  falls wel l  w i t h i n  t h e  o b s e r v e d  t r a n s i t i o n  b a n d  w id th .  A c o m -  
pa r i son  w i t h  p r e v i o u s l y  r e p o r t e d  m e t h o x y l  t o r s i o n a l  f r e q u e n c y  and  ba r r i e r  
values  fo r /3 -phase  gua iaco l  [ 2 5 ] ,  suggests  t h a t  a t  leas t  o n e  o f  t h e  m e t h o x y l  
g roups  in v e r a t r o l e  a d o p t s  a p r e d o m i n a n t l y  p l a n a r  h e a v y - a t o m  o r i e n t a t i o n  
w i t h  r e s p e c t  to  t h e  r ing.  F r o m  t h e  OCH3 t o r s i o n a l  d a t a  a l one  it  is, h o w e v e r ,  
imposs ib l e  t o  d i s t inguish  b e t w e e n  t h e  t w o  poss ib l e  p l a n a r  v e r a t r o l e  c o n f o r m e r s .  

T h e  m e t h y l  t o r s i o n a l  f r e q u e n c i e s  fo r  ve ra t ro le -d0  a n d  veratrole-cl3 given 

TABLE 2 

Assignment of  the torsional transitions (cm-'), and calculated barrier values, V(cm-' ), in 
veratrole and its methyl deuterated analogues 

Assignment Veratrole-d0 Veratrole-d~ Veratrole-do 

Transition V Transition V Transition V 

Methyl torsion 249 
267 

Methoxyl torsion 136 

1481 173(rCD~) 1390 163 
1692 188(~CD3) 1633 172 

255(vCH3) 1550 177 

5265 135 (TOCH3) 5213 130 

1240 
1375 
1453 

5800 
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in T a b l e  2 are  r e m a r k a b l y  c lose  t o  t h e  c o r r e s p o n d i n g  f r e q u e n c i e s  o b s e r v e d  
f o r  t h e  ~- a n d  B-phase  gua iaco l s  [ 2 5 ] ,  w h e r e  t h e  o c c u r r e n c e  o f  t w o  p h a s e s  
was  p r e s u m e d  to  o r i g i n a t e  f r o m  t h e  c o , e x i s t e n c e  o f  p l a n a r  a n d  n o n - p l a n a r  
c o n f o r m e r s  in t he  s y s t e m .  I f  t h e  p r e s e n t  a s s i g n m e n t  is c o r r e c t ,  t h e  t w o  
o b s e r v e d  m e t h y l  t r a n s i t i o n  f r e q u e n c i e s  f o r  ve ra t ro l e -d0  (Tab l e  2), s h o w  t h a t  
t h e  r e s p e c t i v e  m e t h y l  g r o u p s  e x p e r i e n c e  s l igh t ly  d i f f e r e n t  t o r s i o n a l  p o t e n -  
tials. A s t r a i g h t f o r w a r d ,  i f  c o n f o r m a t i o n a l l y  b iased ,  i n t e r p r e t a t i o n  o f  th is  
o b s e r v a t i o n ,  a l lows  e i t h e r  t h e  e x i s t e n c e  o f  o n e  u n i q u e  c o n f o r m e r  ( c i s - t r ans  
or  out -o f -p lane- t rans) ,  o r  t h e  c o - e x i s t e n c e  o f  t w o  or  m o r e  d i f f e r e n t  con -  
f o r m e r s .  In t h e  l a t t e r  case  c o n t r i b u t i o n s  f r o m  cis-trans, trans- trans a n d  o u t -  
of-plane- trans  s t r u c t u r e s  c o u l d  p r o d u c e  the  o b s e r v e d  s p e c t r a l  f e a t u r e s .  F o r  
s y m m e t r y  r e a s o n s  t h e  trans-trans v e r a t r o l e  c o n f o r m e r  w o u l d  give rise t o  o n l y  
o n e  CH3 t o r s i o n a l  b a n d ,  w h e r e a s  t h e  cis-trans or  out -o f -p lane- t rans  c o n -  
f o r m e r s  w o u l d  each  give rise to  t w o  d i f f e r e n t  m e t h y l  t o r s i o n a l  t r a n s i t i o n s ,  
o n e  o f  w h i c h  w o u l d  r e m a i n  u n r e s o l v e d ,  b e c a u s e  it w o u l d  m e r g e  w i t h  t h e  
CH 3 b a n d  f o r  t he  trans-trans c o n f o r m e r .  T h e  i n t e n s i t y  d i f f e r e n c e  b e t w e e n  
t h e  t w o  m e t h y l  b a n d s  in Fig. 3 a  co u ld ,  to  a f i r s t  a p p r o x i m a t i o n ,  i n d i c a t e  
t h e  r e l a t ive  a m o u n t s  o f  d i f f e r e n t  c o n f o r m e r s  p r e s e n t ,  a lso a c c o u n t i n g  
f o r  t he  p o l a r i z a b i l i t y  c h a n g e s  i n t r o d u c e d  u p o n  r o t a t i n g  a m e t h y l  g r o u p  o u t  

o f  t h e  p lane .  
F o r  ve ra t ro le -d3  t w o  a d d i t i o n a l  b an d s ,  o n e  in t he  CH3 a n d  t h e  o t h e r  in 

t h e  CD3 r e g i o n  o f  t h e  s p e c t r u m ,  s h o u l d  be  o b s e r v a b l e ,  i r r e s p e c t i v e  o f  w h e t h e r  
o n e  o r  m o r e  c o n f o r m e r s  are  p r e s e n t .  Fig. 3c s h o w s  t h a t  t~vo CD3 t o r s i o n a l  
t r a n s i t i o n s  are  o b s e r v e d  a t  1 8 8  a n d  173  c m  -~ , w h e r e a s  fo r  t he  CH3 t o r s i o n  
t h e  s i t u a t i o n  is less c lea r -cu t .  T h e  ve ra t ro l e -do  b a n d s  a t  2 4 9  and  267 c m  -~ 
s e e m  to  have  m e r g e d  in to  o n e  b r o a d ,  w e a k  b a n d  a t  a b o u t  2 5 5  c m - ' .  T h e  
fa i lu re  to  l o c a t e  t w o  CH3 t o r s i o n a l  t r a n s i t i o n s  in th is  r eg ion  c o u l d  be  b e c a u s e  
t h e  i n t e n s i t y  o f  t h e  s e c o n d  t r a n s i t i o n  is t o o  l o w  f o r  it  to  be  o b s e r v e d  w i t h  
t h e  p r e s e n t  e q u i p m e n t .  D i f f i cu l t i e s  in ass igning the  CH3 t o r s i o n s  a re  a lso  
: ,n t roduced  if  t h e r e  is c o u p l i n g  b e t w e e n  the  m e t h y l  t o r s i o n  a n d  t h e  X-sensi-  
t ive  d o u b l e t  a t  205  c m  -~, a p o s s i b i l i t y  w h i c h  c a n n o t  be  e x c l u d e d  o n  t h e  basis 
o f  t h e  s p e c t r a  in Fig. 3. T h e  d o u b l e t  b a n d  is f u r t h e r  sp l i t  w i t h  increaMng 
d e u t e r a t i o n  (Fig. 3c,  d);  th is  t y p e  o f  c o u p l i n g  was  f o u n d  f o r  an i so le  a n d  

gua iaco l  [25 ,  2 6 ] .  
F o r  vera t ro le -d~ it is seen  (Fig. 3d,  T a b l e  2) t h a t  the  spec t r a l  cha rac t e r i s -  

t ics no  l onge r  s u p p o r t  a d i scuss ion  allox~'ing o n l y  o n e  p r e d o m i n a n t  c o n f o r m e r ,  
unless  t he  t h r e e  b a n d s  a s s igned  as CD3 t o r s i o n s  r ea l ly  c o n s i s t  o f  t w o  CD3 
b a n d s  spl i t  via  c o u p l i n g  to  o t h e r  l o w - f r e q u e n c y  m o d e s  o r  l a t t i c e  ~Abrations. 
T h e  t h r e e  o b s e r v e d  CD3 t o r s i o n a l  t r a n s i t i o n s  in ve ra t ro l e -d6  s u p p o r t  t h e  
h y p o t h e s i s  t h a t  a t  leas t  t w o  d i f f e r e n t  c o n f o r m e r s  c o - e x i s t  f o r  so l id  v e r a t r o l e .  
T h e  f a c t  t h a t  t h e  s p e c t r a l  p a t t e r n  fo r  t h e  m e t h y l  t o r s i o n a l  t r a n s i t i o n s  is m o r e  
r e so lved  fo r  ve ra t ro le~ l~  t h a n  f o r  ve ra t ro le -d0  can  p e r h a p s  be  t r a c e d  to  
e f f e c t s  i n t r o d u c e d  u p o n  d e u t e r a t i o n .  T h e  d e u t e r i u m - s u b s t i t u t e d  i n t e r n a l  
r o t o r  e n e r g y  levels lie b e l o w  t h o s e  o f  t h e  h y d r o g e n - s u b s t i t u t e d  i n t e r n a l  r o t o r .  
C o n s e q u e n t l y ,  t h e  c o r r e s p o n d i n g  m e t h y l  t o r s i o n a l  t r a n s i t i o n s  w o u l d  be  m o r e  
eas i ly  d i s t i n g u i s h e d  in t h e  d e u t e r a t e d  case.  
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T h e  chie£ a d v o c a t e s  o f  t h e  case f o r  n o n - p l a n a r  o - d i m e t h o x y b e n z e n e  s t ruc -  
t u re s  have  b e e n  H o u k  a n d  c o - w o r k e r s  [16 ,  1 7 ] ,  w h o  f o u n d  t h e  o r t h o g o n a l -  
t rans c o n f o r m e r  t o  be  t h e  m o s t  s t ab le  species  in t h e  gas phase  on  t he  basis o f  
S T O - 3 G  c a l c u l a t i o n s  c o m b i n e d  w i t h  i n t e r p r e t a t i o n s  o f  t h e  m o l e c u l a r  PE- 
spec t ra .  Prel imAnary S T O - 3 G  inves t iga t ions  us ing  s u p e r i m p o s e d ,  fu l ly  op t i -  
m i z e d  an iso le  s t r u c t u r e s  w i t h  a d d i t i o n a l ,  e x t e n s i v e  o p t i m i z a t i o n  o f  t h e  sub-  
s t i t u e n t  g e o m e t r y  p a r a m e t e r s  [ 3 9 ] ,  give t h e  t rans - t rans  c o n f o r m a t i o n  o f  
v e r a t r o l e  as t h e  g loba l  e n e r g y  m i n i m u m .  T h e  o r t h o g o n a l - t r a n s  and  t h e  
o r t h o g o n a l - o r t h o g o n a l  ( o p p o s i t e  sides o f  t h e  r ing)  c o n f o r m a t i o n s  lie a b o u t  3 
and  7 kJ  mo1-1, r e s p e c t i v e l y ,  a b o v e  t h e  m i n i m u m .  But ,  t h e  p l ana r  c is - t rans  
c o n f o r m e r  lies o n l y  a b o u t  14  k J  mo1-1 a b o v e  t h e  e n e r g y  m i n i m u m ,  w h e r e a s  
ref .  17 sets th i s  va lue  a t  a b o u t  42  kJ  m o l  -~ f o r  s t a n d a r d  g e o m e t r i e s .  F i r s t ly ,  
t h e  p r e s e n t  c a l c u l a t i o n s  i nd i ca t e  t h a t  o p t i m i z a t i o n  o f  p e r t i n e n t  s t r u c t u r a l  
f e a t u r e s  m u s t  be  a t t e m p t e d  w h e n  e x p l o r i n g  c o n f o r m a t i o n a l  p r e f e r e n c e s ;  
s e c o n d l y ,  a l t h o u g h  c a l c u l a t e d  min imal -bas i s  c o n f o r m a t i o n a l  e n e r g y  dif-  
f e r e n c e s  m u s t  be  r e g a r d e d  as l a rge ly  qua l i t a t ive ,  t h e y  usua l ly  i n d i c a t e  u p p e r  
l imi t  values.  C o n s e q u e n t l y ,  t h e  e n e r g y  d i f f e r e n c e s  o f  t h e  va r ious  c o n f o r m e r s ,  
as r e p o r t e d  above ,  all s h o w  an  o r d e r  o f  m a g n i t u d e  w h i c h  can  eas i ly  be  over-  
c o m e  b y  s o l v a t i o n  o r  p a c k i n g  fo r ce s  in c o n d e n s e d  med ia .  H e n c e  t h e  obse rva -  
t i o n  by  S c h a e f e r  a n d  L a a t i k a i n e n  [ 1 8 ]  and  M a k r i y a n n i s  and  Fes ik  [11 ]  
t h a t  v e r a t r o l e  in s o l u t i o n  exis ts  p r e d o m i n a n t l y  in a p l a n a r  c o n f o r m a t i o n .  
Cai l le t  [ 23]  also c o n c l u d e s  t h a t  t h e  p r e f e r r e d  c o n f o r m a t i o n  o f  a m a j o r i t y  o f  
d i m e t h o x y - s u b s t i t u t e d  c o m p o u n d s  in t h e  c rys t a l  phase  is a p l ana r  one .  T h e  
p r e s e n t  da t a  f o r  t h e  s imp le s t  o - d i m e t h o x y b e n z e n e ,  ve ra t ro l e ,  are  n o t  neces-  
sar i ly in c o n f l i c t  w i th  Cai l le t ' s  resul ts .  R a t h e r ,  t h e  l o w - f r e q u e n c y  R a m a n  
s p e c t r a  o f  v e r a t r o l e  can  be  i n t e r p r e t e d  in f a v o u r  o f  a c o n f o r m a t i o n a l l y  m i x e d  
s i t ua t i on ,  w h e r e  b o t h  p l a n a r  a n d  n o n - p l a n a r  c o n f o r m e r s  co -ex i s t  in t h e  
c rys ta l .  'As Cai l le t  [ 2 3 ]  p o i n t s  ou t ,  d i f f e r e n t  c o n f o r m e r s  can  r e t a in  t h e i r  
s t r u c t u r a l  p r e f e r e n c e  if  su i t ab l e  spacings  pers i s t  in t h e  s t r u c t u r e  u p o n  c ry-  
s t a l l i za t ion .  

A c c o r d i n g  to  ref .  3, t h e  d i po l e  m o m e n t  o f  l iqu id  v e r a t r o l e  increases  a l m o s t  
l inear ly  wi th  t e m p e r a t u r e  in t h e  range  20 - -160°C ,  w h e r e a s  f o r  v e r a t r o l e  
d i sso lved  in d i f f e r e n t  h y d r o c a r b o n s ,  a level l ing e f f e c t  is obse rved .  T h e s e  
o b s e r v a t i o n s  i m p l y  t h a t  d i f f e r e n t  B o l t z m a n n - w e i g h t e d  c o n f o r m e r s  m a y  also 
co -ex i s t  in l iqu id  ve r a t r o l e ,  a n d  t h a t  s o l v e n t - - s o l u t e  i n t e r a c t i o n s  m a y  selec- 
t ive ly  s tab i l ize  c e r t a i n  v e r a t r o l e  c o n f o r m e r s  in so lu t i on .  :-X se lec t ive  s tabi l iza-  
t i on  m a y  also o c c u r  in t h e  sol id  s ta te ,  d u e  to  t h e  r ap id  c r y s t a l l i z a t i o n  o f  t h e  
samples ,  w h i c h  poss ib ly  " f r e e z e "  i n t o  d i f f e r e n t  con fo rma t ; . ons .  

CONCLUSIONS 

T h e  l o w - f r e q u e n c y  R a m a n  s p e c t r a  o f  v e r a t r o l e  and  its m e t h y l  d e u t e r a t e d  
ana logues  have  b e e n  m e a s u r e d ,  and  t h e  va r ious  m e t h y l  t o r s i ona l  t r an s i t i ons  
have  b e e n  i de n t i f i ed .  T h e  t o r s i o n a l  bar r ie rs  f o r  t h e  m e t h o x y l  and  m e t h y l  
t o r s ions  have  b e e n  e s t i m a t e d  and  c o m p a r e d  w i t h  p r e v i o u s l y  r e p o r t e d  resu l t s  
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for  s imilar m o l e c u l a r  sy s t ems .  T h e  i n t e r p r e t a t i o n  o f  t h e  spectral  f ea tures  
i n d i c a t e  t h a t  t h e  veratro le  spectra  c a n n o t  be  easi ly  ass igned t o  o n l y  o n e  pre- 
d o m i n a n t  c o n f o r m e r .  The  s i t u a t i o n  prevai l ing  in so l id  s tate  veratro le  s eems  
to  favour  t h e  c o - e x i s t e n c e  o f  at least  t w o  d i f f erent  c o n f o r m e r s .  Pre l iminary  
tes t  c a l c u l a t i o n s  o n  the  S T O - 3 G  level  o f  a c c u r a c y  s h o w  t h a t  t h e  m o s t  s table  
gas phase  c o n f o r m e r  w o u l d  be  e x p e c t e d  t o  be  planar,  b u t  t h e  en erg y  dif fer-  
ences  b e t w e e n  var ious  loca l  m i n i m a  and  t h e  g loba l  h y p e r s u r f a c e  en erg y  
m i n i m u m  are o f  an order  o f  m a g n i t u d e  w h i c h  ma k es  in t erp re ta t io n s  based 
u p o n  t h e  e x i s t e n c e  o f  var ious  c o n f o r m e r s  far f r o m  trivial,  e spec ia l ly  w h e n  
l iquid ,  s o l u t i o n  or crysta l  s y s t e m s  are c o n s i d e r e d .  
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