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DETERMINATION OF THE CONFORMATION AND ISOMERIC COMPOSITION OF 
L I G N I N  MODEL Q U I N O N E  METHIDES BY NMR 

* 
John Ralph 

Department o f  F o r e s t r y  
and 

Bruce R. Adams 
Eepartment of  Chemistry 
U n i v e r s i t y  of  Wisconsin 
Madison, Wisconsin 53706 

ABSTRACT 

Proton  and "C NMR o f  r e p r e s e n t a t i v e  g u a i a c y l  and s y r i n p y l  
6-aryl  e t h e r  quinone methides  have shown t h a t  gua iacyl  quinone 
methides ,  genera ted  from t h e  cor responding  benzyl  bromides, e x i s t  
as i somer ic  p a i r s  i n  approximately a 70:30 r a t i o ,  t h e  major 
isomer having t h e  3-methoxyl group SJI-I with r e s p e c t  t o  t h e  s i d e  
cha in .  
and t h e  &-isomers r e s p e c t i v e l y  are markedly deshielded by 
s t e r i c  compression e f f e c t s ;  concomitant  s h i e l d i n g  of  t h e s e  r i n g  
carbons i s  observed i n  t h e  C- l j  NMR. Nuclear Overhauser enhance- 
ment experiments  d e f i n e  t h e  major  solution conformation of  t h e s e  
s p e c i e s ,  t h e  conformation be ing  c o n s i s t e n t  wi th  t h e  observed pre- 
dominance o f  th reo-products  r e s u l t i n g  from n u c l e o p h i l i c  a d d i t i o n  
r e a c t i o n s .  

The ring protons  a t  t h e  2- and 6 - p o s i t i o n s  i n  t h e  syn- 

INTRODUCTION 

React ive  quinone methide i n t e r m e d i a t e s ,  formed i n  base from 

Dhenolic lignin s u b u n i t s  possesa ing  an &leaving  group play an 

impor tan t  r o l e  i n  a l l  a l k a l i n e  pulping schemes. Basic s t u d i e s  

* 
P r e s e n t  a f f i l i a t i o n :  New Zealand F o r e s t  Research I n s t i t u t e ,  
P r i v a t e  Bag, Rotorua,  New Zealand. 
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184 RALPH AND ADAMS 

g e n e r a l l y  i n v o l v e  t h e  use of a p p r o p r i a t e  model compounds. A high 

degree of s t e r e o s e l e c t i v i t y  f o r  th reo-adducts  i s  observed i n  

a d d i t i o n  r e a c t i o n s  betweea 8-argl e t h e r  l i g n i n  model quinone 
methides  and anthrahydroquinone,’-’ anthranol , ’ - ’  and amines. 3,4 

A c r i t i c a l  examinat ion of  t h e  conformations of  t h e s e  r e a c t i v e  

s p e c i e s  i n  s o l u t i o n  is now needed. 

from product  a n a l y s i s  and examinat ion of molecular  models, a 

s t u d y  of t h e  i n t e r m e d i a t e s  themselves  by high r e s o l u t i o n  NMX was 

conducted t o  provide a mote complete s t r u c t u r a l  p i c t u r e .  

While much can be i n f e r r e d  

RESULTS AND DISCUSSION 

Quinone methides  L-5 were prepared i n  CDCt  by t reatment  of 7 
t h e  corresponding benzyl  a l c o h o l s  with bromotr imethyls i lane  

followed by s a t u r a t e d  aqueous sodium b i c a r b o n a t e  a s  descr ibed  

previous ly .  4 

6 - 5 - 4 - 
0. R = n b. R z cn, C. R = cn,w d. R = co,on 
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NMR DETERMINATION OF LIGNIN MODEL QUINONE METHIDES 185 

Because some of t hese  quinone methides a r e  uns t ab le  a t  room 

temperature ,  a l l  were s t o r e d  i n  dry i ce / ace tone  u n t i l  needed. 

"he l e a s t  s t a b l e  compounds were 2 and 6a which began t o  poly- 

merize wi th in  30 min a t  room temperature;  however, s o l u t i o n s  of 
- 5b and 6b degassed by t he  freeze-thaw method5 could be kep t  a t  

room temperature f o r  over  a week i n  a s ea l ed  tube. 
1 The H "R s p e c t r a  (Table 1 ,  Fig. 1 )  of t he  monomethoxylated 

quinone methides 1, 2 and 5 revealed t h a t  the products cons i s t ed  

o f  mixtures o f  70% -- and 30% *-isomers (Fig.  2).  The pre- 

f e rence  f o r  one isomer over t h e  o t h e r  i s  presumably e l e c t r o n i c  

r a t h e r  than s t e r i c  i n  o r i g i n  s i n c e  i t  i s  t h e  =-isomer (Fig.  2) 
which predominates. The isomers were assigned on the  b a s i s  o f  

t h e  desh ie ld ing  of H-2 i n  the  m - f o r m  ( r e l a t i v e  t o  H-2 i n  the  

- anti-form) and H-6 i n  the  &-form ( r e l a t i v e  t o  H-6 i n  t he  

=-isomer) due t o  s t e r i c  compression6 by the 0-carbon s u b s t i t u -  

e n t s .  This e f f e c t  i s  a s s o c i a t e d  with protons forced t o  occupy a 
8-1 0 s t e r i c a l l y  crowded environment' and has  been noted r epea ted ly  

f o r  r e l a t e d  s t r u c t u r e s .  In syn-5a (Fig.  3). for example, t h e  Van 

d e r  Waals volumes o f  t h e  0-protons ove r l ap  with t h a t  of H-2. 

Bond l eng ths  f o r  Fig. 3 were determined from Huckel molecular 

o r b i t a l  ca l cu la t ions . '  

ex t ens ive ly  than ca l cu la t ed  h e r e  s i n c e  t h e  H2-H0 d i s t a n c e  (1.53 

A ) ,  and the  c a l c u l a t e d  ang le  between t h e  C2-H2 bond and t h e  H2-H0 

l i n e  (64.4') y i e l d  a p red ic t ed  s h i e l d i n g  of only 0.18 6 from 

Cheney's e q ~ a t i o n , ~  compared with the  observed 0.35 6 .  

I n  f a c t  t he  spheres  may overlap more 

Furthermore, s ter ic  compression on H-2(-) and H-6(*) 

induces an e l e c t r o n  s h i f t  from these  protons onto the co r re s -  
ponding carbon atoms, C-2(=) and C-6(=), r e s u l t i n g  i n  a 

s h i e l d i n g  e f f e c t  a s  i l l u s t r a t e d  i n  Fig.  4 f o r  z. 
approximately 27-fold between t h e  13C and 

ences ( i n  ppm) fo r  the  2-carbon and 2-proton r e s p e c t i v e l y ,  is 

reasonably c l o s e  t o  t h e  20-fold f a c t o r  i nd ica t ed  by the  r e l a t i v e  

dependence of t hese  s h i e l d i n g s  on e l e c t r o n  dens i ty .  

The f a c t o r  o f  
1 H s h i e l d i n g  d i f f e r -  

11,12 
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hl 

I I I I s b  
? . 5  ?.O 6.5 

1 FIGURE 1. Partial H NMR spectra of 6a and 2. 
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188 RALPH AND DAMS 

In  the symmetrically dimethoxylated quinone methides 2 and 1, 
and the unsubst i tuted compound 4, geometric isomers cannot occur, 

but the s t e r i c  compression is s t i l l  encountered a s  can be in-  
fe r red  from the d i f fe rence  i n  chemical s h i f t  between the other- 

wise s t r u c t u r a l l y  i d e n t i c a l  H-2's and H-6's (Table 1 ,  Fig. 1 ) .  
4 S p l i t t i n g  due t o  long-range coupling13 (J < 1 Hz) observed 

between H-6 and H-a i n  the - anti-isomers (Fig. 2) o f  &, 2, &, 
and - 5d (Table 1 )  disappears with a-deuteration. The coupling is 

not c l e a r  i n  symmetrical quinone methides 2, Z a n d  5 due t o  more 
predominant H2-Ha coupling, a s  a l so  observed i n  the =-isomers 

of  5a and z. 
(J < 0.5 Hz) is  manifested by the s l i g h t  broadening of the H-5 
(anti) resonances. 
types have been noted previously.  

In addi t ion ,  H Ha coupling i n  the &-isomers 

Long range couplings i n  s imi l a r  s t r u c t u r a l  

5- 5- 

13  

9' i' 

anti z! - 

FIGURE 2. SJIJ and Anti Isomers of Guaiacyl Quinone Methides. 
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NMR DETERMINATION OF LIGNIN MODEL QUINONE METHIDES 189 

Addit ional  evidence f o r  t h e  assignment of proton s i g n a l s  i n  
1 t h e  

ta ined  from t h e  r e s u l t s  of n u c l e a r  Overhauser e f f e c t  (ROE) 

experiments,  i n  which enhancements i n  t h e  i n t e g r a t e d  i n t e n s i t y  of  

'H  NMR absorp t ions  were induced by i r r a d i a t i o n  ( t o  s a t u r a t i o n )  of 

s p a t i a l l y  c l o s e  protons. 

coupled, energy cannot be d i s s i p a t e d  through the bonds but may 
occur through space by dipole-dipole  i n t e r a c t i o n s .  Therefore ,  

deuterium l a b e l l i n g  a t  t h e  a-posi t ion i n  & was employed t o  
i s o l a t e  the  6 protons.  A 50% enhancement is t h e  t h e o r e t i c a l  

maximum for ' H-'H homonuclear N0E.l I r r a d i a t i o n  t o  s a t u r a t i o n  

o f  the  6-protons i n &  r e s u l t e d  i n  a 25% enhancement of the  H-2 

s i g n a l  i n  t h e  --form and of  the  H-6 s i g n a l  i n  the  *-form, 
whereas the  resonances for H-6(syn) and H-2(*) were not en- 

hanced. 

enhancement. 

H NMR s p e c t r a  of t h e  E- and e - q u i n o n e  methides was ob- 
5 

If t h e  protons i r r a d i a t e d  a r e  not  

S a t u r a t i o n  of the  s i n g l e  8-proton i n  & gave a 33% 

Addit ional  NOE experiments provided evidence regarding the  

o r i e n t a t i o n  of t h e  gua iacyl  (G) s u b s t i t u e n t  i n  quinone methides 2 
(and hence i n  5. a l s o ) .  For r o t a t i o n  about the  0-6 bond (Fig.  5 ) .  
t h e  t h r e e  s taggered rotomers 4, 2 and 

Conformations i n  which 8-subs t i tuents  (H, R or C )  are e c l i p s e d  

with the quinone methide double bond a r e  c l e a r l y  high energy 
t r a n s i t i o n  states because of t h e  severe c lash  between t h e  e c l i p -  

sed s u b s t i t u e n t  and H-2 (syn-isomer) or H-6 (%-isomer) on t h e  

quinone methide r i n g  -- even f o r  R = H i n  the s taggered conforma- 
t i o n  4, t h e  6-protons c lash  with the  quinone methide r i n g  protons 

(Figures  2 and 3) a8 perceived from the  ' H  and 13C NMR chemical 

s h i f t s  and t h e  NOE enhancements. 

represent  energy minima. 

O f  t h e  t h r e e  p o s s i b l e  rotomers i n  Fig. 5 ,  1 would undoubtedly 

be t h e  most l i k e l y  i f  R = H, simply based on s ter ic  requirements.  

However, i f  R is a l a r g e r  group such as methyl or hydroxgmethyl, 

t h e  choice is not  as c l e a r  between A and 2; rotomer 

least  l i k e l y  due t o  e t e r i c  crowding. 

is t h e  
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190 RALPH AND ADAMS 

FIGURE 3. Stereographic  P r o j e c t i o n  of  Quinone Methide 2. 

FIGURE 4 .  13C NMR chemical s h i f t s  of C-2 and C-6 
i n  syn- and an t i -5c .  

The Ha-H coupl ing cons tan ts  do not a l low d i f f e r e n t i a t i o n  
6 

among t h e  t h r e e  p o s s i b l e  rotomers s i n c e ,  f o r  C=CH-CH systems, the 

coupling c o n s t a n t s  corresponding t o  0' and 120' d i h e d r a l  angles  

a r e  very s imi la r .15  

f o r  2 was obtained by NOE experiments involving s a t u r a t i o n  o f  

t h e  2- and 6-protons i n  t h e  quinone methide r ing.  

t i o n  r e s u l t e d  i n  a 15-1 9% enhancement of  the  methyl s i g n a l ,  

i n d i c a t i n g  i ts  proximity t o  these  protons.  In addi t ion ,  t h e  

coupl ing c o n s t a n t s  f o r  t h e  s ide-chain protone were not a f f e c t e d  

by t h e  presence of a c e t i c  a c i d ,  IMSo-d6, or D20, i n d i c a t i n g  t h a t  

the  conformation is not so lvent  dependent. 

Evidence t h a t  A remains the  major conformer 

This s a t u r a -  

Hor were t h e  H -H 
a 6  
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NMR DETERMINATION OF LIGNIN MODEL QUINONE METHIDES 19 1 

0 

A B C 

R = H, CH,, Or CH20H 
G =  - O - V  

FIGURE 5. Major rotomers of quinone meth ides .  

coupling cons tan ts  i n  2 temperature-dependent over the range 

-40' t o  +3OoC. 

the  formation o f  almost exc lus ive ly  threo-isomers by nuc leophi l ic  

addi t ion  of E v a r i e t y  of compounds (R2NH , AHQ1-2, and an thra-  

no1 

The predominance of  rotomer A is cons is ten t  with 

4 

1-2 ) t o  t h e  quinone methides,  5b and &. 

EXPEZ IMEXTAL 

Lignin Models: 

l i g n i n  models prepared according t o  l i t e r a t u r e  procedures. 

The y-dideuterohydroxymethyl model (precursor  o f  x) was prepared 

v i a  t h e  y-ester" with l i th ium aluminodeuteride (LAD).  

deutero models were prepared by LAD reduct ion of the  cor res -  

ponding o-ketones. 

Quinone Methides: 

volumes of CDCr? and t r a n s f e r r e d  t o  an NMR tube. 

were found t o  be uncontaminated by products o t h e r  than 

Me SiOSiMe from t h e  bromination r e a c t i o n  and TPIS added a s  

i n t e r n a l  s tandard.  NMR tubes  were s t o r e d  i n  dry ice-acetone 

u n t i l  required.  Samples for ROE experiments were degassed by t h e  

The precursors  of the  quinone methides were a l l  
16-1 9 

A l l  a- 

Quinone methides were prepared4 i n  small  

A l l  e o l u t i o n s  

3 3 
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192 W H  AND ADAMS 

5 freeze-thaw method a t  0.2 t o r r  or lower. 'H s p e c t r a  were 

run on a Bruker WH270 FT spectrometer  u s ing  16K d a t a  po in t s  

( r e s u l t i n g  i n  J va lues  a c c u r a t e  t o  20.4Hz). 
performed under gated cond i t ions  us ing  BK data p o i n t s  ( t o  l e s s e n  

Tl r e l a x a t i o n  e f f e c t s ) .  
by i r r a d i a t i n g  a t  approx. 80% of normal decoupling power f o r  6 
seconds,  normal spectrum a q u i s i t i o n  was c a r r i e d  o u t ,  and t h e  

cyc le  repeated a f t e r  a 6-second (2-3 times T 1 >  de lay  time. 

g r a t i o n s  were compared with those  from a blank experiment run 

with t h e  i r r a d i a t i n g  frequency set t o  an a r e a  o f  t he  spectrum 

con ta in ing  no resonances.  

NOE experiments were 

The a p p r o p r i a t e  protons were s a t u r a t e d  

I n t e -  

The I3C NMR of 70 mg of % w a s  run i n  CDCR3 i n  a 10 mu tube 

on a JEOL FX200 FT instrument  (50.1 MHz) over  3 h. The fol lowing 
3,16 assignments were made by comparison w i t h  l i g n i n  model s p e c t r a  

and from c o r r e l a t i o n  t a b l e s  i n  r e fe rence  20. 

syn-5c: 6 55.2, 56.0 (methoxyls),  64.8 (C-y), 79.8 (C-B), 

128.5 (C-a); 140.9, 104.2, 134.1, 181, 132.6, 153.5 (C-1 t o  C-6 

r e s p . ) ;  151.1, 146.9, 112.6, 124.1, 121.4, 119.5 (C-1' t o  C-6' 

r e sp  . ) . 
ant i -5c:  6 55.2,  56.0 ( m e t h o v l s ) ,  65.1 (C-y), 79.5 (C-B), 

129.7 (C-a); 141.3, 111.8, 134.1, 181, 134.0, 146.8 ('2-1 t o  C-6 

r e s p . ) ;  152.8, 146.9, 112.6, 124.1, 121.4, 119.8 (C-1' t o  C-6' 

r e sp  .) . 
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