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INSOLUBLE LIGNIN MODELS (1 ) :  SYNTHESIS OF LIGNIN DIMERS 
CONTAINING PROPYL ALCOHOL APPENDAGES 

P a t r i c k  B.  Apfe ld  and Donald R. D i m m e l  
The I n s t i t u t e  o f  Pape r  Chemistry 

P.O. Box 1039, Appleton,  Wisconsin 54912 

ABSTRACT 

Three l i g n i n  model d i m e r s  have  been  s y n t h e s i z e d .  The mode l s  
c o n t a i n  p r o p y l  a l c o h o l  appendages on  C5 o f  r i n g  A (121, C4 of  r i n g  
B (151, and C g  o f  t h e  s i d e  c h a i n  (211,  r e s p e c t i v e l y .  The p r o p y l  
a l c o h o l  appendages w i l l  s e r v e  as "handles"  f o r  b o n d i n g  t h e  models  
t o  a polymer m a t r i x .  
examine t h e  d e l i g n i f i c a t i o n  e f f i c i e n c e s  o f  p u l p i n g  c h e m i c a l s .  

Model 2 1  h a s  a l s o  been  u s e d  t o  d i a g n o s t i c a l l y  

INTRODUCTION 

The random, c r o s s l i n k e d ,  po lymer i c  s t r u c t u r e 1  o f  l i g n i n  makes 

s t u d y i n g  i t s  r e a c t i o n s  d i f f i c u l t ,  p r i m a r i l y  b e c a u s e  t h e  s t a r t i n g  

m a t e r i a l  canno t  be  w e l l  c h a r a c t e r i z e d  and t h e r e  a r e  a m u l t i t u d e  o f  

p r o d u c t s  formed. Consequen t ly ,  r e s e a r c h e r s  have  r e s o r t e d  t o  

s t u d y i n g  r e a c t i o n s  o f  w e l l - d e f i n e d  l i g n i n  r n o d e l ~ . ~ - 5  

g e n e r a l l y  a r e  p a t t e r n e d  a f t e r  a l i g n i n  dimer u n i t  which i s  

b e l i e v e d  t o  be  p r e s e n t  i n  t h e  polymer.  tbwever ,  t h e s e  models  are  

g e n e r a l l y  w a t e r  s o l u b l e  and  t h e i r  r e a c t i o n s  may n o t  a c c u r a t e l y  

r e f l e c t  t h e  c h e m i s t r y  o c c u r r i n g  w i t h  water i n s o l u b l e  l i g n i n  

m a t e r i a l s .  T h e r e f o r e ,  w e  have  begun s t u d y i n g  t h e  s y n t h e s i s  and 

r e a c t i o n s  of h e t e r o g e n e o u s  ( i n s o l u b l e )  l i g n i n  models .  

The mode l s  

T h i s  r e p o r t  d e s c r i b e s  t h e  s y n t h e s i s  o f  t h r e e  l i g n i n  model d i m e r s  

which have  p ropy l  a l c o h o l  appendages ( ' h a n d l e s " ) .  The p r imary  
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462 APFELD AND DIMMEL 

5 a lcohol  handle  w i l l  provide t h e  s i t e  of bonding t o  t h e  polymer. 

The precedence f o r  polymer b inding  t o  a primary a l c o h o l ,  i n  t h e  

presence of  o t h e r  hydroxyl groups, i s  provided i n  s e v e r a l  s y n t h e t i c  

carbohydrate  s t u d i e s .  For example, monosaccharides can  be bound 

t o  polymers a t  t h e  C -primary a lcohol  groups wi th  t r iphenylmethyl  

( t r i t y l )  l inkages .6  S e l e c t i v e  r e a c t i o n s  can then  be  performed on 

secondary hydroxyl groups of  t h e  immobilized Carbohydrates ,  and 

t h e  modif ied carbohydra tes  can be r e l e a s e d  from the  polymers by 

a c i d  t r e a t n ~ e n t . ” ~  

l i g n i n  model compound. 

The p r i n c i p a l  c o n s i d e r a t i o n s  which need t o  b e  addressed when 

6 

S i m i l a r  r e a c t i o n s  should be  p o s s i b l e  f o r  a 
9 , lO 

des igning  a model wi th  a primary a l c o h o l  handle  a r e  ( 1 )  t h e  model 

type,  ( 2 )  t h e  l o c a t i o n  of  t h e  handle ,  and ( 3 )  t h e  l e n g t h  of t h e  

handle .  ’Ihe most d e s i r a b l e  model i s  a 8-aryl e t h e r  type.  A l a r g e  

n m b e r  of mechanis t ic  s t u d i e s  have been done w i t h  t h i s  model type ,  

and d i r e c t  comparison o f  homogeneous E. heterogeneous r e a c t i o n s  

would be very informat ive .  

The length  of t h e  primary a l c o h o l  handle  was chosen t o  be  

t h r e e  carbons (propyl )  because of t h e  e a s e  of s y n t h e s i s  and t o  

provide s u f f i c i e n t  d i s t a n c e  between t h e  r e a c t i v e  p a r t s  of  t h e  

model and t h e  bonding s i te .  Reasonable d i s t a n c e s  a r e  needed t o  

ensure  t h a t  s t e r i c  i n h i b i t i o n  t o  r e a c t i o n  i s  not  a f a c t o r .  

The l o c a t i o n  o f  t h e  handle  (and thus  t h e  polymer l inkage)  

p lays  a r o l e  i n  product  a n a l y s i s .  

c a l  l i g n i n  model f ragmenta t ion  r e a c t i o n .  ’Ihe e x t e n t  of fragmen- 

t a t i o n  i s  g e n e r a l l y  determined by t h e  amount of simple phenol 3 

Equation 1 i l l u s t r a t e s  a t y p i -  

CH,O 

Y1 
CH 

I I1 .̂ .^. . 

OH 0- 

1 2 3 
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INSOLUBLE LIGNIN MODELS. I 4 6 3  

released and not the amount of the styrene product 2.11 
latter is prone to polymerize; consequently, its observed yields 

are often low and do not accurately reflect the extent of reaction. 

A polymer attachment through ring B (i.e., 1, R -attachment) 

'he 

3 
would liberate, upon fragmentation, a styrene product into the 

solution phase which may be difficult to quantitate accurately. A 

better attachment would be through ring A (i.e., 1, R -attachment) 
or the side chain (i.e., 1, R -attachment) so that fragmentation 

would liberate into solution an easily-analyzable phenol ( 3 ) .  We 

describe here the synthesis of three models in which there is a 

propyl alcohol "handle" on the ring A, ring B, and C positions, 

respectively . 

2 

1 

B 

RESULTS AND DISCUSSfON 

A-Ring Eandle Model 
We sought a "generic" procedure, one which would start with 

any of a variety of already conventional lignin dimers and add a 

propyl alcohol handle to it. Portions of a recently described 

coumarin synthesis appeared suitable. 

report that 2,2-diethoxychroman is formed when guaiacol is reacted 

with triethylorthoacrylate. We have found that a diethoxychroman 

can also be prepared from a para-acyl phenol and can be converted 

into a propyl alcohol handle (Fig. 1). 

12 Panetta and Rapoport 

Placing a propyl handle on the A-ring was first attempted with 

the readily available acetoguaiacone (4). 
was formed in excellent yield (ca. 74%) and was subsequently 
hydrolyzed with HC1 to give the ester 7.  

tion of the a-carbonyl and ethyl ester of 7 was effected with 

LiA1H4, giving compound 8 ,  a lignin model monomer with a primary 

alcohol handle. 

by several techniques, 13'14 was subjected to the identical synthe- 

tic sequence. 

in an overall yield of 58% (3-steps, from 9 ) .  

The diethoxychroman 6 

'Ihe simltaneous reduc- 

Similarly, the phenacyl 6-aryl ether 9, which can be prepared 

The desired compound 12 was successfully prepared 

This synthetic 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



464 APFELD AND DIMMEL 

-1 

on 

4, R=H 
9, R-Rq 

cn,n 
I cn,n 

1 H+ + cnl-cn-qoal, - 
El 

5 cn,o n,w+o--Lt 
on 

7, R-H 
Lt 

6, R-H 11, R=R4 
10, R-R4 

dcn, 

8, R=H 
12, R=Rq 

Figure 1. Adaptat ion o f  P a n e t t a  and Rapopor t ' s l*  coumarin 
s y n t h e s i s  f o r  t h e  i n t r o d u c t i o n  o f  a propyl a l c o h o l  
handle  t o  acetoguaiacone (4) and l i g n i n  dimer 9 .  

sequence should be  a p p l i c a b l e  for i n t r o d u c i n g  a primary a l c o h o l  

handle  t o  a v a r i e t y  of o t h e r  l i g n i n  dimers  wi th  d i f f e r e n t  8-aryl 

groups and/or  8-alkyl s u b s t i t u e n t s .  However, problems i n  der iva-  

t i z i n g 5  t h e  A-ring propanol model 10 l e d  u s  t o  seek  a l t e r n a t i v e  

f u n c t i o n a l i z e d  models. 

B-Ring Handle Model 
As mentioned p r e v i o u s l y ,  t h e  a l k a l i n e  f ragmenta t ion  o f  a 

polymer-bound model based on B-ring at tachment  would l i b e r a t e  a 

s t y r e n e  product which may be  d i f f i c u l t  t o  ana lyze  q u a n t i t a t i v e l y .  

A l t e r n a t i v e l y ,  a B-ring handle  model which h a s  an a-carbonyl r a t h e r  
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INSOLUBLE L I G N I N  MODELS. I 465 

t h a n  an  a-hydroxyl c o u l d  b e  a u s e f u l  model;  t h e  a l k a l i n e  deg rada -  

t i o n  of phenacyl  a r y l  ethers has been  s t u d i e d . 1 5  

f r a g m e n t a t i o n  o f  15 bound t o  a polymer a t  t h e  p r o p y l  a l c o h o l  s i t e  

shou ld  l i b e r a t e  a c e t o g u a i a c o n e  ( 4 ) ,  a p roduc t  which s h o u l d  b e  

e a s i l y  q u a n t i f i e d .  

o f  B-bromoketone 1313 w i t h  t h e  sodium s a l t  o f  3-(3methoxy-4-  

hydroxypheny1)-1-propanol (14 )  [Eq. ( 2 1 1 .  The l a t t e r  was p r e p a r e d  

by ( a )  hydrogena t ion  o f  f e r u l i c  a c i d  o v e r  p a l l a d i u m  on ca rbon ,  ( b )  

r e d u c t i o n  o f  t h e  r e s u l t i n g  d i h y d r o f e r u l i c  a c i d  w i t h  borane-THF or 

L i A 1 H 4 ,  and ( c )  t r e a t i n g  w i t h  NaOH. 

a modest y i e l d  (35% a f t e r  chromatography)  w i t h  t r i t y l  p y r i d i n i u m  

t e t r a f l u o r o b o r a t e 1 6  t o  g i v e  15-Tr. 

demons t r a t ed  t h a t  t h e  p r o p y l  OH can b e  s e l e c t i v e l y  f u n c t i o n a l -  

i z e d  i n  t h e  p r e s e n c e  of  a p h e n o l i c  OH g roup  and t ha t  15 c o u l d  

p o s s i b l y  b e  bound t o  a polymer a t r i t y l  e t h e r  l i n k a g e .  

"he a l k a l i n e  

Ketone 15 was o b t a i n e d  i n  r o u g h l y  60% y i e l d  from t h e  c o u p l i n g  

Compound 15 w a s  t r i t y l a t e d  i n  

This l a t t e r  r e a c t i o n  

14-Na s a l t  

Beta-Position Eandle Model 

One way t o  f u n c t i o n a l i z e  the s i d e  chain of a l i g n i n  model is 

a l k y l a t i o n  o f  t h e  B-carbon of an a -ke to  s t r u c t u r e .  For  example,  

16 can  be  a l k y l a t e d  w i t h  me thy l  i o d i d e  or formaldehyde t o  g i v e  17 

o r  18, r e s p e c t i v e l y ;  however,  t h e  a l k y l a t i o n  f a i l e d  w i t h  e t h y l ,  

p r o p y l ,  and benzy l  h a l i d e s . "  We were g r a t i f i e d  t o  f i n d  t h a t  16 
was a l k y l a t e d  w i t h  a l l y l  bromide t o  g i v e  k e t o n e  19 i n  68% y i e l d .  

A p p a r e n t l y ,  a h i g h l y  r e a c t i v e  s u b s t r a t e ,  such as a l l y l  bromide,  

i s  needed f o r  a s u c c e s s f u l  a l k y l a t i o n  of  k e t o n e  16. 

18 
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466 APFELD AND DIMMEL 

I 
CH2-0 
I 
c=o 

CH,O @ 
OH 

The 8-ally 

a lcohol  21 i n  

R=H 
R=C H3 
R'CH2 OH 
R=CH2 CH=C Hp 

CHZO Tr 

C H j  0 JQ 
OH 

21-Tr 

ketone 19 was t ransformed t o  t h e  d e s i r e d  B-propano 

two ways. The two r o u t e s  ( F i g .  2) d i f f e r  i n  t h e  

o r d e r  i n  which fol lowing s t e p s  were performed: 

o f  te rmina l  o l e f i n  with dis iamylborane (DSB) followed by an oxida-  

t i v e  work-up wi th  hydrogen peroxide (0)'' t o  g ive  a t e r m i n a l  

a l c o h o l  and (2)  sodium borohydride r e d u c t i o n  of  t h e  a-carbonyl 

group t o  a benzyl a l c o h o l .  E i t h e r  r o u t e  involves  t h e  i n t r o d u c t i o n  

o f  a second asymmetric carbon ( s t e p  A 

o f  producing mixtures  o f  e r y t h r o l t h r e o  d ias te reomers .  

(1)  hydrobora t ion  

or B ) and t h e  l i k e l i h o o d  2 1 

Route A af forded  a mixture  of  d ias te reomers  of  21 which could  

not be separa ted  by chromatographic techniques.  Route B ,  on t h e  

o t h e r  hand, gave a mixture  of isomers a f t e r  t h e  f i r s t  s t e p ,  which 

could be chromatographical ly  s e p a r a t e d ;  hydrobora t ion  o f  t h e  

major isomer of  a l c o h o l  22 a f forded  one d ias te reomer  of  21 a s  a 

c r y s t a l l i n e  product .  Both r o u t e s  gave t h e  same d ias te reomer  as 

the  major product .  The y i e l d  of  t h e  t h r e e - s t e p  conversion of  16 

t o  21 was 28% (roughly 66% f o r  each s t e p ) .  

The NaBH reduct ion  s t e p s  on e i t h e r  ketone 19 ( s t e p  B or 4 1 
ketone 20 ( s t e p  A ) might be expected t o  show a preference  f o r  one 

d ias te reomer  product  over  t h e  o t h e r ,  s i n c e  t h e  carbon a d j a c e n t  t o  

t h e  carbonyl group under r e d u c t i o n  i s  asymmetric.20 

fe rences  i n  t h e  s u b s t i t u e n t s  on t h e  asymmetric carbon can  some- 

t imes produce high s e l e c t i v i t i e s  f o r  a p a r t i c u l a r  d ias te reomer  

2 

S t e r i c  d i f -  
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INSOLUBLE L I G N I N  MODELS. I 467 

Figure 2. Two r o u t e s  ( A  and B) used t o  reduce t h e  a-carbonyl 
group and conver t  t h e  a l l y 1  s u b s t i t u e n t  t o  a propanol  
subs t i t u e n t  . 

product  . 2 1 ' 2 2  

( a  precursor  of 21) .  Sodium borohydride reduct ion  of 19, g i v i n g  

22, would be expected t o  have a s t e r e o s e l e c t i v i t y  s i m i l a r  t o  t h a t  

observed f o r  reduct ion  of 17, which g i v e s  p r i n c i p a l l y  e ry thro-1  

( R I = C H 3 ,  R =R =H>.23 Based on t h i s  analogy and t h e  observed chem- 

i c a l  s h i f t s ,  

o f  t h e  erychro-type. 

The major isomer f o r  21  mst be  t h e  same as f o r  22  

2 2  t h e  major isomers  f o r  bo th  2 1  and 2 2  appear  t o  be  

The f a c t  t h a t  t h e  propyl  a l c o h o l  handle  can be f u n c t i o n a l i z e d  

s e l e c t i v e l y  i n  t h e  presence o f  secondary benzyl OH group and 

phenol ic  OH group was demonstrated by t r e a t i n g  21  w i t h  t r i t y l  

c h l o r i d e / p y r i d i n e 2 '  and observ ing  t h e  product ion  o f  a primary 
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468 APFELD AND DIMMEL 

t r i t y l o x y  product ,  21-Tr, i n  64% y i e l d .  Such a r e s u l t  s u g g e s t s  

t h a t  21 could be bound t o  a polymer a t r i t y l  e t h e r  l inkage .  5 

SUMMARY 

Three unique l i g n i n  model dimers have been prepared.  Each new 

model i s  s i m i l a r  t o  l i g n i n  models which have been r o u t i n e l y  s t u d i e d ,  

but  unique i n  t h a t  t h e y  a l l  i n c o r p o r a t e  a propyl a l c o h o l  h a n d l e  

onto t h e i r  r e s p e c t i v e  dimer, each a t  a d i f f e r e n t  p o s i t i o n .  The 

s y n t h e t i c  r o u t e s  l e a d i n g  t o  B-aryl e t h e r s  12 and 21 might p o s s i b l y  

be used t o  in t roduce  a propyl  a l c o h o l  handle  t o  a v a r i e t y  o f  a v a i l -  

a b l e  l i g n i n  models. The t h i r d  s y n t h e s i s ,  l e a d i n g  t o  a B-ring handle  

model i s  s p e c i f i c  i n  t h a t  i t  does not involve  adding a propyl 

a l c o h o l  s ide-chain t o  an a l r e a d y  prepared l i g n i n  model dimer. 

S t u d i e s  on t h e  degrada t ion  r e a c t i o n s  o f  models 21, 21-Tr, and 

22 have provided i n t e r e s t i n g  d a t a  on t h e  e f f i c i e n c y  by which 

pulping chemicals (HO-, HS-, and AHQ-2) fragment t h e s e  models. 26 

EXPERIMENTAL 

General Information - Proton and 13C-NMR were recorded on a 

J e o l  FX-100 spec t rometer  u s i n g  CDC13 or  d6-DMSO a s  a s o l v e n t  and 

TMS a s  an i n t e r n a l  r e f e r e n c e .  I n f r a r e d  s p e c t r a  were recorded on a 

Perkin-Elmer Model 700 i n f r a r e d  spec t rometer  and s t a n d a r d i z e d  w i t h  

polys tyrene .  Elec t ron  impact mass s p e c t r a  were obta ined  a t  70 e V  

u s i n g  a d i r e c t  i n s e r t i o n  probe (DIP) with a Hewlett-Packaged 5985 

mass spectrometer .  Elemental ana lyses  were performed by Micro- 

Tech Labora tor ies ,  Skokie, I l l i n o i s .  

A l l  s o l v e n t s  employed, u n l e s s  i n d i c a t e d  o therwise ,  were A.C.S. 

reagent  grade. Reagents and s t a r t i n g  m a t e r i a l s  were obta ined  from 

Aldr ich  Chemical Co., Milwaukee, Wisconsin. A l l  m e l t i n g  p o i n t s  

recorded a r e  uncorrec ted .  

4-Hydroxy-3-e thoxy- @-( 2,6-d hethoxy-4-methylphenory)aceto- 
phenone ( 9 )  - The phenacyl B-aryl e t h e r  9 was prepared accord ing  

t o  t h e  genera l  method of  Miksche;14 i t s  s p e c i f i c  p r e p a r a t i o n  i s  

d e t a i l e d  elsewhere. 
2 6  
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6-Acetyl-2,2-diethoxy-8~1etborychroman (6) - I n t o  150 mL of  

t o l u e n e  was d i s s o l v e d  15.0 g (90.4 mmol) of ace toguaiacone  (41, 
9.2  g (90.4 nnaol) of  p i v a l i c  a c i d ,  and 31.5 g (180.8 m01) o f  

t r i e t h y l o r t h o a c r y l a t e  ( 5 ) . 2 7  

cooled ,  d i l u t e d  w i t h  30 mL o f  e t h e r ,  washed w i t h  12 NaOH, water ,  

and s a t u r a t e d  aqueous NaC1, d r i e d  (Na SO ) ,  and c o n c e n t r a t e d  % 2 4  
vacuo t o  g i v e  a gold o i l  which c r y s t a l l i z e d  upon s t a n d i n g .  

( A c i d i f i c a t i o n  and e t h e r  e x t r a c t i o n  of  t h e  NaOH r e s u l t e d  i n  t h e  

recovery of c a .  0 .9  g of s t a r t i n g  m a t e r i a l . )  R e c r y s t a l l i z a t i o n  

o f  t h e  gold  s o l i d  from hexane gave 19.8 g (74.2%) o f  l i g h t  ye l low 

c r y s t a l s  o f  6 :  mp 81.0-84.O"C; I R  ( m u l l )  cm-l 1680 ( G O ) ;  'H-NMR 

(CDC13) 6 1 .19 ( t ,  J = 7 Hz, 6, OCH CH >, 2.12 ( t ,  J = 7 Hz, 2,  

A r C H  CE 1, 2.55 ( 5 ,  3, Coca3), 2.91 ( t ,  J = 7 Hz, 2, ArCH2), 3 .72 

(4, J = 7 Hz, 2, OCE CH 1, 3.74  (4, 3 = 7 Hz, 2,  OCH2CH3), 3 .85 

( s ,  3, OCE3), and 7.35 ( s ,  2, a r y l ) .  

200 mL o f  e t h e r  was d i s s o l v e d  12.0 g ( 4 0 . 5  mmol) of  6 .  To t h i s  

mixture  was added 200 mL of 10% aqueous HC1 and t h e  two phase mix- 

t u r e  was s t i r r e d  f o r  2.25 h r .  ' h e  phases  were s e p a r a t e d  and t h e  

aqueous l a y e r  e x t r a c t e d  w i t h  e t h e r .  The combined o r g a n i c  l a y e r s  

were washed w i t h  water  and s a t u r a t e d  aqueous NaC1, d r i e d  (Na SO ) ,  2 4  
and evaporated t o  g i v e  11.5 g o f  an o i l  which hardened upon 

s t a n d i n g  t o  orange-gold c r y s t a l s  of 7: mp 64.0-65.O"C; I R  (mull)  

cm 3350 (OH), 1730 ( e s t e r  C=O), 1670 (ke tone  C=O), and 1600 

( a r y l ) ;  'H-NMR (CDC1 ) 6 1.22 ( t ,  J = 7 Hz, 3, CH2CH3), 2.54 ( 5 ,  

3,  ArC0CE3), 2.67 ( t ,  2 ,  ArCE2), 3.08 ( t ,  2 ,  ArCH2CH2), 3.92 ( s ,  

3,  OCE3), 4 .13 (9, 2, J = 7 Hz, COOCE CH 1, 6.59 ( s ,  1, OR), and 

7 .43  ( s ,  2, a r y l ) .  

The mixture  was r e f l u x e d  f o r  24 h r ,  

2 3  

2 2  

2 3  

Ethyl 5-acetyl-2-hydroxy-3-methoxydihydrocinnamate ( 7 )  - I n t o  

-1 

3 

2 3  

l-(3-Hethory-4-hydroxy-5-[y-hydroxypropyl]pheayl) ethanol ( 8 )  

A s l u r r y  o f  0 . 8 6  g (22.7 mmol) of  LiA1H4 i n  35 mL of  d r y ,  f r e s h l y  

d i s t i l l e d  THF was s t i r r e d  whi le  a s o l u t i o n  of  2.0 g (8.8 mmol) o f  

7 i n  35 mL THF was dr ipped  i n  over  1 h r .  ' h e  m i x t u r e  was brought  

t o  and kept  a t  r e f l u x  f o r  1.5 h r  and then al lowed t o  come t o  room 

tempera ture  w i t h  s t i r r i n g  o v e r n i g h t .  The r e a c t i o n  was quenched by 
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470 APFELD AND DIMMEL 

t h e  a d d i t i o n  of s a t u r a t e d  aqueous Na2S04, u n t i l  e f f e r v e s c i n g  

stopped and a n e a r l y  c o l o r l e s s  g r a n u l a r  s o l i d  w a s  ob ta ined .  

mix ture  was f i l t e r e d  and t h e  c o l l e c t e d  r e s i d u e  r i n s e d  w i t h  d r y  

e t h e r .  'Ihe organic  f i l t r a t e  was reduced i n  vacuo t o  g i v e  0.5 g o f  

8 a s  an o i l :  I R  ( n e a t )  cm-' 3350 (broad,  OH), no carbonyl  absor-  

bances,  and 1600 ( a r y l ) ;  'H-NMR (d6-DMSO) 6 1.28 ( d ,  J = 6 Hz, 3, 

C 8 Hz, 2, ArCE2), 3.40 

( t ,  J = 7 Hz, 2, CE20H), 3.76 ( 8 ,  3, OCE3), 4 .58  ( 9 ,  J = 6.5 Hz, 

1 ,  ArCEOH), 5.38 (broad 8 ,  3, t h r e e  OE), 6.64 ( 8 ,  1, a r y l ) ,  and 

6.75 (s, 1, a r y l ) .  

"he 

) ,  1.64 (m, 2, ArCH2CE2), 2.53 ( t ,  J 83 

The s o l i d  (alumintun s a l t s )  r e s i d u e  from above was d i s s o l v e d  i n  

1 2  H2S04, and t h e  a c i d i c  mixture  was e x t r a c t e d  w i t h  e t h e r .  

e t h e r  e x t r a c t s  were washed wi th  water ,  d r i e d  (Na2S04), and reduced 

i n  vacuo t o  g ive  c a .  0.3 g of  an o i l  w i t h  s p e c t r a  i d e n t i c a l  t o  t h e  

product  8 descr ibed  above. 

The 

-- 

6-(2,6-Dircthoxy-4-~ethylphenoxyl).cetyl-2,2-diethory-8- 
methoxychraan  (10) - Compound 9 was s u b j e c t e d  t o  t h e  i d e n t i c a l  

procedure f o r  prepar ing  diethoxychromans ( a s  d e s c r i b e d  above) wi th  

t h e  fol lowing q u a n t i t i e s :  12.0 g (32.1 mmol) o f  8, 1 .64 g (6 .05  

mmol) of  p i v a l i c  a c i d ,  and 11.2 g (64.2 nnnol) o f  t r i e t h y l  or tho-  

a c r y l a t e .  'Ihe diethoxychroman 10, 17.5 g, was o b t a i n e d  a s  an o i l  

and used without  f u r t h e r  p u r i f i c a t i o n :  I R  ( n e a t )  cm 1690 (C-O), 

and 1590 ( a r y l ) ;  'H-NMR (CDC13) 6 1.19 ( t ,  J = 7 Hz, 6, CH2C3),  

2 . 1 1  ( t ,  J = 7 Hz, 2,  ArCH2CH2), 2.32 ( 8 ,  3, ArCA3), 2.89 ( t ,  J = 

6 . 5  Hz, 2, A r C H  CH 1, 3.44 (m, 4, OCB2CH3), 3.79 (s, 6,  ArOCE3), 2 2  
3 .88 ( 8 ,  3, ArOCll 1, 5.09 (s, 2, ArCOCE2), 6.4 ( 8 ,  2, a r y l ) ,  7.22 3 
(s, 1, a r y l ) ,  and 7.50 (s, a r y l ) .  

Ethyl  5-( 2,6-di~1ethory-4-methylphenoxyacetpl)-2-hydroxy-3- 

-1 

mcthoxydihydrocinnaMte (11)  - A l l  of  t h e  c rude  product  10, from 
t h e  previous procedure, was d i s s o l v e d  i n  100 mL e t h e r  and s t i r r e d  

f o r  3 h r  with 100 mL of 10% HC1. While t h e  r e a c t i o n  proceeded, a 

f i n e  white  powder c r y s t a l l i z e d  out  o f  t h e  e t h e r  phase. 

r e a c t i o n  mixture  w a s  c h i l l e d ;  t h e  whi te  powder was c o l l e c t e d  on 

a f i n e  p o r o s i t y  f i l t e r  funnel  and washed wi th  c o l d  water  and 

'Ihe e n t i r e  
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e t h e r  t o  g i v e  7.1 g of 11. The f i l t r a t e  was s e p a r a t e d  and t h e  
e t h e r  l a y e r  washed w i t h  water and s a t u r a t e d  aqueous NaC1, d r i e d  

(Na SO ) ,  and c o n c e n t r a t e d  on a s team cone u n t i l  s l i g h t l y  c l o u d y ;  
2 4  

upon c o o l i n g  another  3.0 g of  product  was c o l l e c t e d ,  t o  g i v e  a 

t o t a l  o f  10.1 g (72.7% two-step y i e l d  from 9 )  o f  11: mp 111.5- 

113.0"C; I R  (mul l )  cm-l 3400 (OH), 1590 ( a r y l ) ,  1660 (ke tone  C=O), 

and 1710 ( e s t e r  C=O); 'H-NMR (CDC13) 6 1.22 ( t ,  J = 7 Hz, 3, 

C H  CE ) ,  2.32 ( 6 ,  3, ArCE3), 2.64 ( t ,  J = 6 Hz, 2,  CE2COO), 2.99 

( t ,  J = 6 Hz, 2,  CE2CH2COO), 3.80 (s, 6, ArOCE3), 3.93 ( 8 ,  3, 

ArOCH3), 4 .11 ( q ,  J = 7 Hz, 2 ,  CE C H  1, 5.08 ( 9 ,  2, CE20Ar), 6 .40 

( s ,  3, two aryl-l l  and OE), and 7.21 ( d ,  2, a r y l ) ;  13C-NMR (CDCl,) 

ppn 14.2 ( q ,  CH2CH3), 21.8 ( q ,  ArCH3), 25.4 ( t ,  CH2CH2COO), 33.8 

( t ,  CH2COO), 55.9 ( q ,  two ArOCH3), 56.1 ( q ,  ArOCH3), 60.3 (CH2CH3), 

75.1 ( t ,  CH20Ar), 105.8 ( d ,  a r y l  C-3,5),  108.6 ( d ,  a r y l  C-61, 124.0 

( d ,  a r y l  C-21 ,  125.6, 126.9,  133.8, 133.9 ( a l l  d ,  a r y l  C H I ,  146.2,  

148.3,  152.5 ( a l l  s ,  a r y l  C ) ,  172.7 ( 8 ,  COO), and 193.2 ( 9 ,  ArCO); 

MS (DIP) - m/z ( % )  432 (16,  M'), 251 (381 ,  167 ( l o o ) ,  and 77 ( 1 4 ) .  

1-(4-8ydroxy-3-metho.y-5-[ y-hydroxypropyl Ipheayl  )-2-( 2,6-di- 

2 3  

2 3  

methoxy-4-methylphcaoxy1)ethaao1 (12)  - The L i A l H  r e d u c t i o n  pro- 

cedure  used i n  t h e  r e d u c t i o n  of  7 was r e p e a t e d  w i t h  t h e  f o l l o w i n g  

q u a n t i t i e s  and c o n d i t i o n s :  5.0 g (11.6 mmol) of 11 and 1 . 2  g 
(32 .4  mmol) o f  L i A 1 H 4 ;  t h e  mixture  was r e f l u x e d  f o r  21.5 h r .  The 

r e a c t i o n  was quenched by t h e  a d d i t i o n  o f  s a t u r a t e d  aqueous Na SO 2 4  
g i v i n g  a suspens ion  of  g r e y - w h i t e  s o l i d  i n  t h e  THF. The m i x t u r e  

was f i l t e r e d  and r i n s e d  w i t h  c o p i u s  q u a n t i t i e s  o f  e t h e r .  Addi t iona l  

product  was recovered by r i n s i n g  t h e  aluminum s a l t s  w i t h  CH C 1  

The f i l t r a t e s  were washed w i t h  water  and d r i e d  (Na SO ) and con- 

c e n t r a t e d  i n  vacuo t o  g i v e  o i l s  which were c r y s t a l l i z e d  from e t h e r  

t o  g i v e  a t o t a l  o f  3.7 g (82%) of  12: mp llO.O-lll.O°C; IR ( m u l l )  

cm-l 3223, 3450 (OH), 1595 ( a r y l ) ,  and no C=O absorbances ;  'H-NMR 

(d6-DMSO) (60°C) 6 1.69 (my 2, CH2CE2CH2), 2.25 ( 8 ,  3, k C E 3 ) ,  

2.56 ( t ,  J = 7 Hz [ w i t h  f u r t h e r  f i n e  s p l i t t i n g ] ,  2, ArCE2), 3.42 

( t ,  J = 7 Hz, 2, CE20H), 3.6-4.1 (broad s i g n a l ,  1, OE),  3.75, 3.77 

( 2  s ,  6 + 3, ArOCH3), 3.79 ( d  o f  d ,  J = 7.5 and 10 Hz, 1, 

4 

2 2 '  

2 4  
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472 APFELD AND DIMMEL 

CE CH O A K ) ,  3.96 (d of  d ,  J = 4.5 and 10 Hz, 1, CHACEBOA'), 

4.5-4.9 (broad s i g n a l ,  1, O H ) ,  4 .71 (d of  d ,  J = 4.5  and 7.5 Hz, 

1 ,  CHOH), 5.6-7.2 (broad s i g n a l ,  1, OE), 6.47, 6 .48 (2 s ,  1 + 1, 

a r y l ) ,  6.70 ( d ,  J = 2 Hz, 1, a r y l ) ,  and 6.82 ( d ,  J = 2 Hz, 1, 

a r y l ) ;  13C-NMR (d6-DMSO) ppm 21.3 ( q ,  ArCH3), 26.2 ( t ,  CH2CH2CH2), 

32.8 ( t ,  ArCH2), 55.6 ( q ,  ArOCH3) .  55.8 ( q ,  t w o  ArOCH3), 60.5 ( t ,  

CH OH), 71.5 (d ,  CHOH), 78.5 ( t ,  CH20Ar), 106.3, 107.6, 119.7, 

134.5 ( a l l  d ,  a r y l  CH), and 127.9, 131.9, 132.8, 142.9, 146.8, 

152.3, ( a l l  8 ,  a r y l  C); MS ( D I P )  m/z (%)  392 ( 2 ,  M'), 182 (51 ,  168 

(100, ArOH'), and 77 ( 5 ) .  

A B  

2 

- Anal. c a l c d .  f o r  C21H2807(%): 

Found: C ,  63.50; H,  7 . 1 7 ;  0,  28.46. 

C ,  64.27; H ,  7.19; 0,  28.54. 

3-(3+lethoxy-4-hydroxyphenyl)-l-propanol (14) - I n t o  700 mL o f  

a b s o l u t e  e t h a n o l  was d i s s o l v e d  50.0 g of f e r u l i c  a c i d ,  a f t e r  which 

ca .  1.5 g of  10% Pd on carbon was added. 

whi le  hydrogen was s u p p l i e d  t o  t h e  r e a c t i o n  mixture  from a b a l l o o n  

( a t t a c h e d  t o  a 3-way s topcock) ,  which could  be p e r i o d i c a l l y  

recharged wi th  t h e  g a s ;  t h e  r e a c t i o n  was al lowed t o  proceed u n t i l  

no more hydrogen was consuned. The s o l u t i o n  was f i l t e r e d  through 

CELITE,  c o n c e n t r a t e d  i n  vacuo t o  g ive  a l i g h t  brown o i l ,  and c r y s t a l -  

l i z e d  from CH C 1  /hexane t o  g i v e  42.8 g (84.8%) o f  d i h y d r o f e r u l i c  

a c i d  a s  l ight-brown n e e d l e s :  

Dihydroferu l ic  a c i d ,  40.0 g (20.4 mmol), was d i s s o l v e d  i n t o  

The mixture  was s t i r r e d  

2 2  
mp 88.0-90.5'C ( L i t . 2 8  89-9O'C). 

200 mL of  d r y ,  f r e s h l y  d i s t i l l e d  THF; a l l  g lassware  was oven-dried 

and a l l  o p e r a t i o n s ,  u n t i l  t h e  workup, were under d r y  n i t r o g e n .  To 

t h e  d i h y d r o f e r u l i c  a c i d  s o l u t i o n  was added ( i n  5 p o r t i o n s  u s i n g  a 

s y r i n g e )  a t o t a l  o f  245 mL (24.5 mmol) o f  1.OE BH -THF complex. 

A f t e r  ca .  75% of  t h e  reagent  had been added, t h e  r e a c t i o n  mixture  

formed an  u n s t i r r a b l e  g e l .  The mixture  was h e a t e d  a t  r e f l u x  f o r  1 

h r ,  al lowed t o  c o o l ,  and d i l u t e d  w i t h  400 mL water  t o  g i v e  a 

c l e a r ,  yellow-brown s o l u t i o n .  T h i s  quenched r e a c t i o n  mixture  was 

e x t r a c t e d  w i t h  e t h e r  and t h e  e t h e r  e x t r a c t s  were washed w i t h  5% 

aqueous NaHC03, s a t u r a t e d  aqueous NaC1, d r i e d  (Na SO ) and con- 

c e n t r a t e d  i n  vacuo t o  g i v e  31.3 g crude  14 (84% y i e l d ,  ca .  100% 

3 

2 4  
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INSOLUBLE LIGNIN MODELS. I 413 

conversion). From the bicarbonate wash was recovered ca. 8 g 

dihydroferul ic acid. 

Vacuum distillation of 18.9 g of crude 14 yielded 13.2 g of 

purified 14: bp 178-180°C (1 mm Hg); IR (neat) cm-' 3400 (OH) and 
1520, 1600 (aryl); 'H-NMR (CDC13) 6 1.82 (m, 2, CE2CH20H), 2.59 

(t, J = 7 Hz, 2, ArCR2), 3.62 (t, J = 7 Hz, 2, CH20H), 3.76 ( 8 ,  3, 

AKOCA 1, and 6.5-6.9 (multiplets, 3, aryl). 3 
The sodium salt of 14 was prepared by dissolving 5.6 g (30.6 

mmol) of the phenol in 30.6 mL o f  1.001 aqueous NaOH; the water 
was removed in vacuo. Two 50 mL portions of 1,2-dichloroethane 

were added and evaporated in vacuo to remove residual moisture; 

the vacuum was always purged with nitrogen, and the contents 

chilled to ca. 0°C between 1,2-dichloroethane additions. The 

residual sodium salt of 14 was a fluffy off-white solid which was 

desiccated for 24 hr over fresh P 0 before its subsequent use. 2 5  
4-Eydroxy-3-methoxy- &-( 2-methoxy-4- [ y-hydroxypropyl] phenoxy)- 

acetophenone (15)  - The dimer 15 was prepared by the general 
coupling technique of Hosoya, et a1.,13 as modified by Dimmel, et 
- a1.l' Three equivalents of the sodium salt of 14 (30.6 mmol) 

were dissolved in 25 mL dry DMF (dried over molecular sieves) and 

stirred under nitrogen while 2.5 g (10.2 mmol) of B-bromoaceto- 

guaiacone (13) in 25 mL DMF was added dropwise over 1 hr, while 
the reaction mixture was kept at 50'C. Stirring was continued for 

1 hr after complete addition of 13; the mixture was then diluted 

3' 
with 250 mL water, acidified with HC1, and extracted with CHCl 

The organic layer was washed with large amounts of water to remove 

excess DMF. The chloroform layer was concentrated in vacuo; the 

residual syrup was diluted with two 50 mL portions of xylenes and 

concentrated under high vacuum (ca. 1 mm Hg) leaving 6.8 g of 
organic material. 

A portion of the above material (4.1 g) ,  which was a mixture 
of product 15 and excess 14, was subjected to column chromatography 

(silica gel 60, hexane/acetone 1:l) to give a 2.6 g portion of 15, 

a s  a syrup. The syrup was crystallized from i-PrOH to give 1.3  g 
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474 APFELD AND DIMPEL 

(61%) of 15 a s  l igh t -ye l low needles :  mp 94.5-96.O"C; IR (mull)  

cm 

1.65 (broad s, 1, CH20E), 1.84 (m, 2, CEZCH20H), 2.64 ( t ,  J = 7 

Hz, 2, ArCEz), 3.66 ( t ,  J = 6.5 Hz, 2,  CE,OH>, 3.85, 3.92 (2 8 ,  6, 

A r O C  ) ,  5.25 ( 8 ,  2, CE20Ar), 6.36 (broad 8 ,  1, ArOE), 6.6-7.0 (m, 

4,  a r y l ) ,  and 7.58 (m, 2, a r y l ) ;  13C-NMR (CDC13) ppm 31.7 ( t ,  

CHzCHZOH), 34.2 ( t ,  ArCH2), 56.1 (4, two ArOCH3), 62.1 ( t ,  CH20H), 

72.6 ( t ,  CH20Ar) ,  110.6, 113.2, 114.1, 115.6, 120.4, 123.3 ( a l l  d ,  

a r y l  CH), 127.6, 136.2, 145.9, 146.8, 149.7, 151.1 ( a l l  8 ,  a r y l  

C), and 193.2 ( s ,  C q ) ;  MS (DIP) m/z ( X )  346 (26,  M'), 151 (1001, 

and 137 ( 1 4 ) .  

-1 3400 (OH), 1665 (C=O), and 1590 ( a r y l ) ;  'H-NMR (CDC13) 6 

83 

4-Hydroxy-3-.metho.y- B-( 2-ethoxy-4-[ 6-trityloxypropyl]phcnoxy) 
acetophenone (15-Tr) - T r i t y l p y r i d i n i u m  t e t r a f l u o r o b o r a t e  reagent  

(TPFB) was prepared accord ing  t o  t h e  method o f  Hanessian and 

S t raub. l6  

d isso lved  0.5 g (1 .44  mol) of 15 and 0.9 g ( 1 . 5  equiv . )  o f  TPFB. 

The s o l u t i o n  was kept  a t  55-60°C and a f t e r  24 h r  t h e  r e a c t i o n  

progress  seemed s l u g g i s h  (by t l c ) ;  two more 0.5 g p o r t i o n s  o f  TPFB 

were added on success ive  days.  A f t e r  5 days t h e  e n t i r e  r e a c t i o n  

mixture  was evaporated t o  dryness  i n  vacuo and t h e  s o l i d  r e s i d u e  

was e x t r a c t e d  w i t h  CHC12. 

wi th  water ,  d r i e d  (Na SO ), and concent ra ted  i n  vacuo t o  g ive  an 2 4  
o i l y  r e s i d u e  which was v i s u a l l y  contaminated w i t h  t r i t y l  a l c o h o l  

c r y s t a l s .  

(Alumin-AR CC-10, CH C 1  /methanol 40: l  t o  20 : l )  t o  g i v e  a 0.3 g 2 2  
f r a c t i o n  (35%) o f  15-Tr a s  a c o l o r l e s s  o i l :  I R  ( n e a t )  cm-' 1690 

( P O ) ,  and 1595 ( a r y l ) ;  'H-NMR (CDC13) 6 1.87 (m, 2, CE2CH20R), 

2.66 ( t ,  J = 7 Hz, 2,  ArCE2), 3.10 ( t ,  J = 6 Hz, 2, CH20Tr), 3.80, 

3 .90 (2 s, 6, ArOCE3), 5.21 (s, 2, CB20Ar), 6.5-7.0 (m, 2, a r y l ) ,  

and 7.2-7.6 (m, 19, a r y l ) .  

2-(2~ethoxypbeno~1)-1-(3~etho~-4-hydraryphenyl~-4-penten- 
l-one (19) - The fo l lowing  a l k y l a t i o n  procedure17 employed oven- 

d r i e d  glassware,  f r e s h l y  d i s t i l l e d  anhydrous s o l v e n t s ,  and 

n i t r o g e n  atmospheres. 

I n t o  25 mL o f  s p e c t r o s c o p i c  grade  a c e t o n i t r i l e  was 

The chloroform e x t r a c t s  were washed 

'Ihis c rude  product  w a s  chromatographed on alumina 

To 150 mL o f  ice-cooled THF w a s  added 224 
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mL (0.347 mol) o f  1 .555  n-BuLi i n  hexane and 35.1 g o f  d i i s o p r o p y l -  

amine. A f t e r  s t i r r i n g  15 min, t h e  s o l u t i o n  was c o o l e d  t o  -70°C 

and 25.0 g (86.7 mmol) of  3-methoxy-4-hydroxy-fi-(2'-methoxy- 

phen0xy)acetophenone d i s s o l v e d  i n  150 mL THF was added 

dropwise.  The s t i r r e d  m i x t u r e  was t h e n  al lowed t o  w a r m  t o  room 

t empera tu re  f o r  1 h r ,  fol lowed by c o o l i n g  a g a i n  t o  -70°C; t o  t h i s  

m i x t u r e ,  42.0 g (0.347 moll  of  a l l y l  bromide ( d i s s o l v e d  i n  100 mL 

THF) was added dropwise.  

bromide, t h e  m i x t u r e  was a l lowed  t o  warm t o  room tempera tu re  and 

s t i r r e d  f o r  s e v e r a l  hour s .  The r e a c t i o n  m i x t u r e  was quenched by 

t h e  a d d i t i o n  o f  0.5N H SO 

t h e  aqueous l a y e r  was e x t r a c t e d  w i t h  e t h e r .  The combined THF/ether 

e x t r a c t s  were e x t r a c t e d  w i t h  1N NaOH; t h e s e  NaOH e x t r a c t s  were 

a c i d i f i e d  and e x t r a c t e d  w i t h  CH C 1  The C H  C 1  e x t r a c t s  were 

washed w i t h  w a t e r  and s a t u r a t e d  aqueous N a C l ,  d r i e d  (Na SO 1, and  

c o n c e n t r a t e d  i n  vacuo t o  g i v e  ca .  30 g o f  a brown o i l .  The o i l  

was chromatographed ( s i l i c a  g e l  60, CHCl /E tOAc  6 : l )  t o  g i v e  19.4 

g (68 .1%)  o f  19 a s  a go ld  o i l :  I R  ( n e a t )  cm-l 3400 (OH), 3190, 

and 1635 (CH=CH2), 1670 (C-O), and 1590 ( a r y l ) ;  'H-NMR (CDC13) 6 

2.81 ( t ,  J = 7 Hz [ w i t h  f u r t h e r  f i n e  s p l i t t i n g ] ,  2, CE2CH=), 

3.77, 3.87 (2 s, 6, ArOCE3), 5.0-5.4 (m, 3, CHOAr and =CE2), 

5.8-6.2 (m, 1, -CH=), 6.39 (s, 1, OH), 6.85 (m, 5, a r y l ) ,  and 

7.70 (m, 2, a r y l ) ;  13C-NMR (CDC13) ppm 37.7 ( t ,  CH2CH=), 55.6 

( 9 ,  ArOCH 1, 81 .4  ( d ,  CHOAr), 113.9 ( t ,  'CH2),  132.7 ( d ,  CH=CH2), 

110.7,  112.4,  116.1, 117.6, 120.5,  122.1, 123.8 ( a l l  d ,  a r y l  CHI, 

126.9,  146.5, 146.8,  149.5, 150.8 ( a l l  s, a r y l  C) ,  and 196.1 ( a ,  

(2-0); MS (DIP) -- m/z (%)  328 (24,  M'), 205 (101,  177  ( 1 5 ) ,  151 

( l o o ) ,  123 (15 )  and 7 7  (111,  

A f t e r  complete  a d d i t i o n  o f  t h e  a l l y l  

The o r g a n i c  l a y e r  was s e p a r a t e d ,  and - 2 4 '  

2 2 '  2 2  

2 4  

3 

3 

2-(2~ethoxyphenoxy)-l-~3-methoxy-4-hydroxyphe~~l~-4-pentcn- 
1-01 (22) - I n t o  300 mL o f  a b s o l u t e  E t O H  was d i s s o l v e d  20.0 g 

(60.9 mmol) o f  19. 

d i s s o l v e d  in 150 mL w a t e r / 5 0  mL E t O H  and added d ropwise  t o  t h e  

s u b s t r a t e  s o l u t i o n .  

dropwise a d d i t i o n  o f  3 x  HC1, d i l u t e d  wi th  more water, and 

S ix  e q u i v a l e n t s  (13.8 g) o f  NaBH were q u i c k l y  4 

A f t e r  1 h r ,  t h e  s o l u t i o n  was quenched by t h e  
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e x t r a c t e d  with CH2C12. 2 4  
and concent ra ted  i n  vacuo t o  l e a v e  20.4 g o f  a n  o i l .  The c rude  

product  was chromatographed ( s i l i c a  g e l  60, CH C 1  /EtOAc 20: l  t o  

5:1)  t o  g i v e  a major  f r a c t i o n  o f  13.0 g (64.7%) of  22, a s  a 

c o l o r l e s s  o i l :  I R  ( n e a t )  cm 3100 (OH), 1650 (C=C), no  C=O absor-  

bance,  and 1600 ( a r y l ) ;  'H-NMR (CDC13) 6 2.0-2.2, 2.4-2.7 ( 2  m, 1 

+ 1, nonequiv CR CH=CH2), 3.8-3.9 (broad  s i g n a l ,  1, OE) ,  3.87 ( 6 ,  

4.9-5.1 (my 2,  =CH2) ,  5.74 ( 8 ,  1, ArOE), 5.7-6.0 (my 1, -CE=), 

and 6.67-7.13 (m, 7, a r y l ) ;  13C-NMR (CDC13) ppm 32.8 ( t ,  CH2CH=), 

55.7 (9, two ArOCH3), 72.8 (d ,  CHOH), 86.4 ( d ,  CHOAr), 116.7 ( t ,  

=CH ), 131.3 ( d ,  CH=CH ), 109.0, 112.0, 114.0, 119.0, 119.7, 

121.1, 123.1 ( a l l  d ,  a r y l  CH), and 134.8, 144.6, 146.3, 146.9, 

151.1 ( a l l  s ,  a r y l  C); MS (DIP) m/z (%)  330 (10, M+), 206 (151,  

178 ( 5 2 ) ,  1 7 7  ( 2 0 ) ,  153 (1001, 124 (521,  and 137 ( 1 9 ) .  

The o r g a n i c  e x t r a c t s  were d r i e d  (Na S O  

2 2  

-1 

2 
6 ,  ArOCE 1, 4.1-4.3 (m, 1, CEOAr), 4 .80 (d,  J 3 H z ,  1, CEOH), 3 

2 2 

The chromatography f r a c t i o n s  preceding  t h e  main component 

(22) c o l l e c t i v e l y  weighed 1.0 g and, based on NMR a n a l y s i s ,  were 

mixtures  o f  s t a r t i n g  m a t e r i a l  19 and product  22. The f r a c t i o n s  

a f t e r  t h e  main component c o l l e c t i v e l y  weighed 3.0 g and were a 

mixture  of  two isomers  o f  22. A smal l  amount o f  t h e  minor isomer 

was 

and 

= 7  

( 5  Y 

( t  Y 

117 

i s o l a t e d :  

3.88 ( 8 ,  3 + 3, ArOCE3), 4.0-4.2 (my 1, -CEOAr), 4.73  ( d ,  1, J 

Hz, -CEOH), 4.9-5.3 (my 2,  3CH2), 5.7-6.1 (m, 1, -CE=), 5.76 

1,  ArOE) and 6.8-7.1 (my 7,  a r y l ) ;  13C-NMR (CDC13) ppm 35.4 

'H-NMR (CDC13) 6 2.1-2.4 (my 2, -CH2CH=), 3.84 

CH2CH=), 55.7 ( q ,  Ar0CH3) ,  75.8 ( d ,  CHOH), 86.5 i d ,  CHOAr), 

5 ( t ,  =CH2) 133.5 ( d ,  CH=CH2), 109.7, 112.0, 114.2,  118.7,  

120.3,  121.0, 122.7 ( a l l  d ,  a r y l  CHI and 131.7,  145.4,  146.5, 

148.0, 150.4 ( a l l  s ,  a r y l  C).  

Based on a n a l o g i e s  t o  t h e  s t e r e o s e l e c t i v i t i e s  obsersed  f o r  t h e  

4 NaBH 

e r y t h r 0 - C . X .  t h r e ~ - C . , ~ ~  t h e  major  isomer ( >  80%) o f  22 is most 

l i k e l y  e r y t h r o  and t h e  minor isomer t h r e o .  

r e d u c t i o n  o f  1723 and t h e  lower chemical  s h i f t  v a l u e  f o r  

2-( 2-Methoxyphenoxy) - 1-( 3-methoxy-4-hydroxypheny 1) -1,5-pent- 
enediol (21) - A l l  procedures ,  u n t i l  workup, employed oven-dried 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
3
:
1
7
 
2
5
 
J
a
n
u
a
r
y
 
2
0
1
1



INSOLUBLE L I C N I N  MODELS. I 477 

g lassware ,  f r e s h l y  d i s t i l  l e d  anhydrous s o l v e n t ,  and n i t r o g e n  

atmospheres.  I n t o  100 mL o f  THF was d i s s o l v e d  12.0 g (36 .3  mmol) 

o f  30; t h e  mixture  was c h i l l e d  i n  an  i c e  b a t h  and 600 mL (8 .2  

e q u i v )  o f  0.5E d i s i a n y l b o r a n e  (DSB)29 i n  THF was added t o  t h e  

s o l u t i o n  over  1 h r .  The m i x t u r e  was k e p t  a t  c a .  O'C f o r  3 h o u r s ,  

a f t e r  which 130 mL water  was added t o  decompose r e s i d u a l  h y d r i d e .  

The organoborane was o x i d i z e d  i n  s i t u  a t  room t empera ture  by 

adding 200 mL o f  3 2  NaOH, fol lowed by t h e  dropwise a d d i t i o n  o f  183 

mL o f  30% H 2 0 2 .  

t h e  THF l a y e r  was s e p a r a t e d .  The aqueous l a y e r  was t h e n  e x t r a c t e d  

w i t h  a d d i t i o n a l  THF and t h e  combined THF was washed w i t h  s a t u r a t e d  

aqueous N a C l ,  d r i e d  (Na SO ) ,  and c o n c e n t r a t e d  under  h i g h  vacuuu 

( c a .  1 mm Hg) t o  l e a v e  14.7 g of  a c rude  yel low o i l .  The c r u d e  

product  was s u b j e c t e d  t o  t h r e e  s u c c e s s i v e  column chromatographies  

( s i l i c a  g e l  60, CH C 1  /MeOH 50: l  t o  2 0 : l )  t o  g i v e  11.4 g o f  a 

c o l o r l e s s  o i l  which c r y s t a l l i z e d  upon s t a n d i n g  f o r  s e v e r a l  d a y s ;  

t h e  product  was r e c r y s t a l l i z e d  from benzene t o  y i e l d  8 . 1  g (64 .3%)  

o f  compound 21: mp 108.5-109.O"C; I R  (mul l )  cm-l 3450, 3225 ( O H ) ,  

and 1590 ( a r y l ) ;  'H-NMR (CDC13) 6 1.5-2.1 (my 5, CE2CE2 and OE), 
3.55 (broadened t ,  J = 6 Hz, 3, CH OH and OH), 3.81, 3.82 ( 2  s ,  6 ,  

ArOCH3), 4 .25 (m, 1, CHOAr), 4 .80 ( d ,  J = 3 Hz, 1, CROH), 5.74 ( s ,  

1 ,  ArOH), and 6.7-7.1 (m, 7 ,  a r y l )  [ t h e  'H-NMR ass ignments  were 

v e r i f i e d  w i t h  homonuclear decoupl ing  experiments]  ; 13C-NMR ppm 

(CDC13) 24.5, 29.3 (2 t ,  CH2CH2), 56.1 ( s ,  2, ArOCH3), 62.8 ( t ,  

CH OH), 73.1 ( d ,  CHOH), 86.4 ( d ,  CHOAr), 109.5, 112.7,  114.2,  

119.2,  119.4, 121.4, 123.1 ( a l l  d ,  a r y l  C H I ,  and 132.0,  145.0,  

146.6, 147.4, 151.4 ( a l l  s ,  a r y l  C ) ;  MS (DIP) m/z (%I 348 (14,  

M'), 224 (161,  196 (271,  153 (681,  137 (151,  124 (751 ,  and 7 1  

(100) .  

Tne aqueous phase was s a t u r a t e d  w i t h  K C O  and 2 3  

2 4  

2 2  

2 

2 

Anal. ,  c a l c d .  fo r  C H 0 (%):  C 65.50;  H 6 . 9 4 ;  0 27.55. - 19 2 4  6 
Found: C 65.78; H 6.96; 0 27.26 (by d i f f e r e n c e ) .  

2-(Z~ethoryphenoxy~-1-~3-methoxy-4-hydroxyphen~l~-5-tri- 
phenylmethoxy-1-pentanol (21-Tr)  - I n t o  75 mL f r e s h l y  d i s t i l l e d ,  

anhydrous p y r i d i n e  was d i s s o l v e d  1.53 g (4.39 mmol) o f  21 and 2.41 
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g ( 2  equiv . )  of t r i t y l  c h l o r i d e .  The r e a c t i o n  mixture  was main- 

t a i n e d  a t  c a .  50'C f o r  5 days ,  and t h e n  d i l u t e d  w i t h  75 mL water .  
The aqueous p y r i d i n e  s o l u t i o n  was e x t r a c t e d  w i t h  t o l u e n e ,  which 

was i n  t u r n  washed r e p e a t e d l y  w i t h  water  ( u n t i l  t h e  wash was 

n e u t r a l ) ,  washed w i t h  s a t u r a t e d  aqueous NaC1, d r i e d  (Na2S04), and 

c o n c e n t r a t e d  i n  vacuo t o  l e a v e  4.7 g of an o i l .  

was chromatographed on alumina (AluminAR CC-10, CH C 1  /MeOH,  p u r e  

C%Cl, t o  20 : l )  t o  g i v e  2.17 g of a c o l o r l e s s  o i l ,  which was 

c r y s t a l l i z e d  from warm MeOH t o  y i e l d  1.67 g (64.5%) o f  21-Tr: 

mp 109.5-1ll.O'C; IR (mul l )  cm-' 3450, 3270 (OH) and 1600, 1580 

( a r y l ) ;  'H-NMR (CDC13) 6 1.4-2.1 ( m ,  4, CE2CE2), 3.04 ( t ,  J = 6 

Hz, 2, CE20Tr), 3.66 ( d ,  J = 3 Hz, 1, OH), 3.77, 3.84 (2  8 ,  6,  

ArOCE3), 4.13 (m, 1, CEOAr), 4 .76 ( t ,  J = 3 Hz [d a f t e r  D20 wash],  

1 ,  CHOH), 5.65 ( 8 ,  1, ArOE), 6.6-7.0 (m, 7, a r y l ) ,  and 7.0-7.4 (m, 

15, t r i t y l ) ;  13C-NMR (CDC13) ppm 24.2, 26.3 (2  8 ,  CH2CH2), 55.8 

( q ,  two ArOCH ), 62.9 ( t ,  CH20H), 72.6 ( d ,  CHOH), 86.1 ( 8 ,  CAr3), 

86.7 ( d ,  CHOAr), 108.7, 111.9, 114.0, 118.8, 119.9,  121.3, 123.2 

( a l l  d ,  a r y l  CH), 126.6, 127.5, 128.4 ( a l l  d ,  t r i t y l  a r y l  CH), 

144.0 ( 8 ,  t r i t y l  a r y l  C) ,  and 131.4, 144.5, 146.4, 146.8, 151.4 

( a l l  8 ,  a r y l  C);  MS (DIP) m/= (%I 244 ( 2 2 1 ,  243 (100, Tr'), 223 

( 1 7 ) ,  165 (251, and 153 ( 3 6 ) .  

The c r u d e  product  

2 2  

3 

Anal. ,  c a l c d .  f o r  C H 0 (%):  C 77.26; H 6.48; 0 16.25. 38 38  6 - 
Found: C 76.87; H 6.54; 0 16.59 (by d i f f e r e n c e ) .  

5-Eydroxy-2-( 2..methoxyphenoxy)-l-( 3-e thoxy-4-hydroxyphcPpl) - 
l-p-tanonc (20) - The DSB procedure  d e s c r i b e d  above was r e p e a t e d  

w i t h  compound 19, u s i n g  t h e  fo l lowing  q u a n t i t i e s :  4.8 g (14.6 

mmol) o f  19, 88 mL (3  e q u i v . )  of  0.551 DSB, and t h e  a p p r o p r i a t e  

amounts o f  NaOH and H 0 

5 .5  g, was chromatographed ( s i l i c a  g e l  60, CH2C12/MeOH 30: l  t o  

1 O : l )  t o  y i e l d  1.8 g (36%) o f  20 as an o i l :  

( O H ) ,  1670 (C=O), 1590 ( a r y l ) ,  and no C=C absorbances ;  'H-NMR 

d u r i n g  t h e  workup. The c rude  product ,  

IR ( n e a t )  cm-l 3400 

2 2  

(d6-DMSO) 6 1.65, 1.89 (2  m, 4,  CE2CR2), 3.46 ( t ,  J = 6 Hz,  2, 

C E ~ O H ) ,  3.76, 3 .93 (2 8 ,  6, ArOCE3), 4 .48 (broad  s, 1, OE), 5.63 

( t ,  J = 5 Hz, 1, CEOAr), 6.94 (m, 4,  a r y l ) ,  7 .62 (m, 2, a r y l ) ,  and 
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10.15 (broad s ,  1, ArOE); "C-NMR (d -DMSO) ppm 28.2,  29.7 

(CHCH 1, 55.8 (ArOCH 1, 60.4 (CH20H), 80.3 (CHOAr), 112.3, 113.3,  

115.0, 115.4, 120.5, 121.4, 123.1, 126.4,  147.1, 147.3,  149.4,  

151.9 ( a r y l ) ,  and 195.5 (C-0). 

6 

2 2  3 

Colpound 21  (Altern8te Prep8rotiod - The NaBH r e d u c t i o n  pro- 4 
cedure  d e s c r i b e d  above was r e p e a t e d  w i t h  compound 20,  u s i n g  t h e  

fo l lowing  q u a n t i t i e s :  2.9 g (8 .4  mmol) of 20 and 1 .9  g ( 6  equiv . )  

of NaBH4. 

g e l  60, CH2C12/MeOH 50: l  t o  30 : l )  t o  y i e l d  1 .4  g (48%) of  21 as an 

o i l  which was a mixture  of d i a s t e r e o m e r s :  I R  ( n e a t )  cm 3400 

(OH), no C=O absorbance,  and 1595 ( a r y l ) ;  'H-NMR (CDC13) 1.4-2.0 

(my 4, CE CE ) ,  2.10 ( 8 ,  1, OE), 3.60 (t, J = 6 Hz, 2, CE20H), 

3.83, 3.85 (28 ,  6, ArOCH3), 4.1-4.2 (my 1, CEOAr), 4 .74  ( d ,  J 

Hz, 0.3,  CEOH), 4.82 ( d ,  J = 3 Hz, 0 .7 ,  CHOH), 5.29 (s, 1, OE), 

5 . 7 7  (broad s ,  1, ArOH) ,  and 6.6-7.1 (my 7,  a r y l ) ;  13C-NMR (CDC13) 

ppm 24.2,  29.1 (CH2CH2, m a j o r ) ,  27.4,  28.1 (CH2CH2, m i n o r ) ,  55.7 

( 2  ArOCH 1, 62.5 (CH20H), 72.6 (erythroSHOH, m a j o r ) ,  76.1 

(threo-CHOH, minor) ,  86.5 (CHOAr), 108.8,  112.0, 114.0, 118.7,  

119.1,  121.2, 123.0 ( a r y l  CH, m a j o r ) ,  109.4,  117.8, 119.4, 120.7,  

121.0, 122.4 ( a r y l  CH, minor), 131.5, 144.5, 146.3, 146.7, 151.0 

( a r y l  C ,  major ) ,  and 131.8, 145.2, 148.2, 148.1, 150.0 ( a r y l  C ,  

minor) ;  MS (DIP) -- m/z (%I 348 (2 ,  M'), 224 (101,  196 (161,  153 

( 4 6 ) ,  137 (131, 124 (511,  and 71 ( 1 0 0 ) .  The major  isomer h e r e  

matches t h e  one obta ined  by r e d u c t i o n  o f  22, except  t h e  13C-NMR 

s i g n a l s  h e r e  a r e  a l l  l o v e r  by roughly 0.3-0.5 ppm ( i n d i c a t i v e  of  

an  ins t rument  i n s t a b i l i t y  problem).  

'Ihe c rude  product ,  2.8 g, was chromatographed ( s i l i c a  

-1 
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8 
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