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SYNTHESIS OF BETA-ARYL LIGNIN MODEL COMPUJNDS 

R. G. Rise*, C.-L. Chen and J. S. Gra tz l  
Department of Wood and Paper Science 

North Carolina S t a t e  Univers i ty  
Raleigh, North Carolina, USA 27695-8005 

ABSTRACT 

A Claisen-Schmidt type a l d o l  addi t ion  reac t ion  w a s  used to 
synthes ize  erythro- and threo-ethyl-3-hydroxy-3-(4-benzyloxy-3- 
methoxyphenyl) -2-phenylpropanoate ( 3 8  Ib) and erythro-2,3-bis (4- 
hydroxy-3-methoxyphenyl) -183-propanediol (2) . The key a l d o l  addi- 
t i on  s t e p  w a s  f a c i l i t a t e d  by adding a molar equiva len t  of Zn (11) 
ca t ions  to s t a b i l i z e  the  addi t ion  product,  t hus  inh ib i t i ng  the 
reverse  a l d o l  reac t ion .  This allowed the  reac t ion  to be ca r r i ed  
o u t  a t  moderate temperatures (-20 to O°C) and ra ther  short reac- 
t i o n  times (10 to 20 minutes). The 6-alpha--8-beta coupling con- 
s t a n t s  i n  the  pMR spec t ra  were used for  assignment of the s te reo-  
isomers. 

With about 16-209 of the monomeric l i g n i n  u n i t s  l inked by 

carbon-carbon bonds f r m  the  @-carbon of t he  p r o w l  s ide  chain to 

e i t h e r  C-1 (6-1 type) or C-5 (0-5 type) of the aromatic r ing  of 
another u n i t ,  t hese  subs t ruc tures  represent  a major por t ion  of 

s t r u c t u r a l  elements of soft- l i gn ins . lp2  

Present address: Westvaco Corporation, Charleston Research 
Center,  Box 5207, North Charleston, SC 29406. 

Paper No. 9433 of the  Journal S e r i e s  of t h e  North Carolina 
Agr i cu l tu ra l  Research Serv ice ,  Raleigh, NC 27695-7601. 
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380 HISE, CHEN, AND GRATZL 

Previous work  on phenylcoumaran models f o r  8-5 subs t ruc tu res  

has shown t h a t  the  carbon-carbon i n t e r m i t  l inkages  a re  v i r t u a l l y  

s t a b l e  under conventional soda and k r a f t  pulping m n d i t i o n s ,  while 

carbon-carbon bonds along the  p r o w l  side chain su f fe red  minor 

f r a g n ~ r i t a t i o n s ~ ~ ~ ~  

dance, one may assume t h a t  carbon-carbon linked subs t ruc tu res  

place c e r t a i n  r e s t r i c t i o n s  on r a t e  and ex ten t  of l i g n i n  removal 

and may be i n  p a r t  respons ib le  f o r  the ra ther  incomplete de l ign i -  

f i c a t i o n  i n  conventional a l k a l i n e  pulping processes.  

M o d e l  studies performed i n  our labora tory  on soda- 

anthraquinone (AQ) pulping demonstrated c l e a r l y  t h a t  hydroxyl 

groups i n  a and y positions i n  side chains a r e  oxidized to the  

corresponding carbonyls and thus  f a c i l i t a t e  base-catalyzed hydro- 

l y t i c  carbon-carbon bond cleavage.’ 

the  specula t ion  t h a t  such oxidative-hydrolytic s p l i t t i n g  may con- 

t r i b u t e  t o  the  s u b s t a n t i a l l y  enhanced fragmentation and removal of 

l i g n i n  in  a l k a l i n e  pulping i n  presence of AQ. In  order to ga in  a 

more d e t a i l e d  understanding of the  p r inc ipa l  mechanisms involved, 

w e  have selected C-1 type models fo r  fu r the r  i nves t iga t ions .  The 

canpounds o f f e r  the  advantage of avoiding complications one would 

expect to encounter from models with a ry l e the r  l inkages  due to 

their  i n s t a b i l i t y  towards base catalyzed s p l i t t i n g  reac t ions .  

As a consequence of t h e i r  s t a b i l i t y  and abun- 

This observa t ion  led us to 

The ob jec t ive  of the  present  study w a s  t o  develop a procedure 

whereby s i g n i f i c a n t  q u a n t i t i e s  of B-1 model compounds could be 

synthesized. When t h i s  work began, t h ree  syntheses fo r  B-1 d i o l s  

had been published.6p7r8 

reported.  lo , The procedure described in  the  following repre- 

s e n t s  an attempt to shor ten  and simplify the  method by Nakatsubo 

and Higuchi’l by incorpora t ing  a modification published by 

Since then, t h ree  o the r s  have been 

DISCUSSION 

A n  a l d o l  type  add i t ion  c o n s t i t u t e s  t he  key s t e p  i n  almost a l l  
of the  syntheses known f o r  6-1 d i o l  model compounds. The bas ic  

d i f f e rences  among the  procedures a r i s e  from the techniques used 
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LIGNIN MODEL COMPOUNDS 38 1 
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382 HISE, CHEN, AND GRATZL 

f o r  s t a b i l i z i n g  the  i n i t i a l l y  formed addi t ion  product, which is 

genera l ly  less s t a b l e  than e i t h e r  reac tan t .  Various means f o r  

d i sp lac ing  the  unfavorable equi l ibr ium t h a t  e x i s t s  between the 

forward and reverse reac t ions  have been employed. A t  s u f f i c i e n t l y  

low temperatures and i n  non-polar so lvent  systems it has been 

shown t h a t  a metal ca t ion  can form a r a the r  s t a b l e  che la t e  with 

t h e  addi t ion  product,  t hus  i n h i b i t i n g  the reverse  reaction." 

Nakatsubo and Higuchi' employed this concept by pre-forming the 

eno la t e  with a l i th ium amide base and then adding the  e l ec t ro -  

p h i l i c  carbonyl unnponent very s l a r l y  a t  -7OOC. 

duc t  repor ted ly  formed a six-member cyclic metal che la t e  with the  

l i th ium ca t ion  (Figure 1) leading to high y i e lds .  Following t h i s  

procedure on a l a rge r  scale and wi th  4-benzyloxy-3-methoxybenz- 

aldehyde (3, ra ther  than rl-benzyloxy-3,5-dimethoxybenzaldehyde 

The addi t ion  pro- 

a s  the carbonyl component (Figure 2 ) ,  we obtained only  very 

poor y i e lds .  Since the  che la t e  forming proper ty  of metal ions 

improves with increased charge to mass r a t i o ,  ca t ions  with small  

i on ic  r a d i i  (around 0 . P A )  such as Mg* and Zn* a re ,  according to 

House,'* even more e f f e c t i v e  than Li' a t  trapping the  adduct. 

employing ZnC12 we were able  to c a r r y  o u t  t he  synthes is  a t  s o m e -  
what m r e  d e r a t e  temperatures (-20-O°C) and d r a s t i c a l l y  sho r t e r  

r eac t ion  times (10 minutes versus 5 hours).  The y i e l d s  obtained 

were still ra ther  moderate. 

By 

House e t  a l l 2  found t h a t  the  maximum number of subs t i t uen t s  

on the  intermediate six-member cyclic metal che la t e  tend to occuw 

e q u a t o r i a l  pos i t i ons .  

predominate f o r  these  model compounds on thermodynamic considera- 
t i o n s  alone. 

This suggests the erythro-form13 should 

House a l s o  demonstrated t h a t  the  i n i t i a l l y  formed e s t e r  addi- 

t i o n  product (such as -1 and z) , through intramolecular hydrogen 

bonding may a l s o  form a six-member r ing  ( i n  non-polar, a p r o t i c  

so lvent  systems).  The stereochemistry of the  two poss ib le  con- 

f i g u r a t i o n a l  isomers can o f t e n  be assigned based on the  magnitude 

O f  the  v i c i n a l  8-alpha-€I-beta coupling cons tan t s  i n  the  PMR 
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LIGNIN MODEL COMPOUNDS 38 3 

Fiwre 2 .  General Scheme for Synthesis of 8 - 1  Lignin Model 
Compounds. 

spectra. The erythro-isomer (Figure 3) has the vicinal protons 

oriented trans diaxially, giving r i s e  to a coupling constant on 
the order of 6-9 Hz. In contrast, the threo-isomer exhibits a 

much smaller coupling constant (2-4 Hz), as would be expected from 
the cis axial-equatorial interaction. This amcept was employed 

in assigning the configuration of and Ib; overlapping signals 
in critical regions prevented using t h i s  technique for assignment 

of canpound 7, as noted in the Syntheses Section. 

E~yl-3-~ydroxy-3-(4-~nzyloxy-3-Hethoxyphenyl)-2-Phenylpropanoate 
( j J  

This colapound was prepared according to Nakatsubo and 

Higuchi', using ethyl-2-phenylethanoate 2 and 4-benzyloxy-3- 
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384 HISE, CHEN, AND GRATZL 
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R%:oEt R 
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t i -  

t ll 
R' 

R*::oEt H 
i i  

J!!ui2 cry t hro 

J = 0-9 HZ J= 3 5  Hz 

Figure 3.  Rela t ionsh ip  between Arrangement of Hydrogen Atoms on 
Vic ina l  Carbon Atoms and Observed Coupling Constants i n  
PMR Spec t r a .  

methoxybenzaldehyde 2 as s t a r t i n g  ma te r i a l s .  

erythro-isomer &were obta ined  i n  about 15% y i e l d  of t h e o r e t i c a l  

from t h e  crude product a f t e r  f i v e  weeks i n  the freezer. Separa- 

t i o n  of t h e  mother l i quor  on a th i ck  l aye r  silica g e l  p l a t e  

a f forded  a smal l  amount of the  threo-isomer g a s  a syrup. 

- la. Erythro: m.p. 88-9OoC. Elemental analysis: calc. f o r  

g s ( r e l . i n t .  w i t h  r e spec t  to mJe- 243) 406(M+,4), 243 (100) , 
165(12) ,  164(63) ,  151(11) ,  136(21),  107(21) ,  105(18) , 91( l o o ) ,  

C r y s t a l s  of t he  

C25H2605; C%,  73.84, H%, 6.45. Found; C I ,  73-77, H%, 6.48. MS: 
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LIGNIN MODEL COMPOUNDS 385 

77(30) ,  65( 100).  PPlR (CDc13): 6 1.04(3R&, J-8.0 Rz, oCR2C3),  

3.76(1H,d, J4.0 Hz, C-bem-g) , 3.78(3H,zvArOCH3) , 4.01(2II,9r 

Ja8.0 HI, OC$CH3), 5.09(2H,=,Ar"C$OAr)r 5.18(U,&, Ja8.O EZ, C- 

alpha-g) , 6.82 (38,broad s ,Arg-2,5,6) , 7.19-7.43 (10H,~,Ar 'a-2-g-6, 

Ar ' 'g-2-2-6) . 
- l b .  mreo: R4R (CDC13): 6 1.20(3E,L, J4.0 Hz, OCR2ca,3) , 
3 . 7 0 ( 3 ~ , = , ~ r c c 3 ) ,  3.72(UI,d, 513.5 Hz, C-beta-g) I 4.20(2H,9, 

5 1 8 . 0  Hz, OC€&CH3), 5.40(2H,5,Ar"C3OAr), 5.13(18,&, J=3.5 Rz, C- 

alpha-fl) , 6.45-6.71(3H,a,ArH-2-g-6), 7.03-7.37 (10H,m,Arqg-2-g-6, 

A r  ' 'g-2-g-6) . 

Methyl-2- (4-Hydroxy-3-Methoxyphenyl) Ethanoate  (A) 

Commercially a v a i l a b l e  2- (4-hydroxy-3-methoxyphenyl) e t h a n o i c  

a c i d  (5) (2.29, 12.0 s) was e s t e r i f i e d  using 1 4 %  (w/v) BP3-MeOH 

s o l u t i o n  (13.2 m l ,  27.0 g), fo l lowing  a procedure by Hallas14. 

The s o l u t i o n  w a s  r e f l u x e d  f o r  two hours ,  rooled and washed w i t h  50 

m l  saturated NaHC03,  and e x t r a c t e d  w i t h  3 x 20 m l  of d i e t h y l e t h e r .  

After dry ing  the combined o r g a n i c  phase overn ight  with WSO4 and 

f i l t e r i n g ,  t h e  s o l v e n t  w a s  removed under vacuum, l e a v i n g  a l i g h t  

brown syrup  which c r y s t a l l i z e d  s lowly  u n l e s s  seeded. The c rude  

c r y s t a l s  of methyl-2- (4-hydroxy-3-methoxyhenyl) e thanoate  (1) , 
o b t a i n e d  i n  98% y i e l d ,  were s u f f i c i e n t l y  pure  to  be used i n  the 

subsequent  step. MS: mJg(rel.int.) 196(M+,68) , 137(100) ,  

123(23) , 94(18), 43(16) .  108.6(M*,137-122), 95.8(M1,196-137). 

PMR (CD3CocD3) : 6 3.48 (ZH,Z,ArC$COOCH3) 3-58 (3H,srCOOC%l r 

3.68 (3R,=,ArOCI3)  , 5.53 (lR,z,ArOB) , 6.66-6.90 (3H,m,ArlJ) . 

The ester was f u r t h e r  d e r i v a t i z e d  by a s tandard  b e n z y l a t i o n  

procedure:  to a s t i r r e d  s o l u t i o n  of 5.0 g (25.0 e) of t h e  methyl  

ester 4 d e s c r i b e d  above i n  30 ml ace tone  w a s  added ( i n  mal l  por- 

t i o n s )  3.75 g (27.0 e) anhydrous K2C03.  Benzylchlor ide (3.75 g,  

30.0 e) was added dropwise over  a p e r i o d  of one hour and t h e  
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386 HISE, CHEN, AND GRATZL 

s o l u t i o n  was then r e f l w e d  for 6-10 hours. After renoving the  

so lven t  i n  vacuo the  res idue  nas poured i n t o  40 ml of 

sepa ra to ry  funnel. 

s e v e r a l  times with CHCI3 and the  c o n b i n d  organic  p h a s  was d r i ed  

over Na2S04. After f i l t e r i n g ,  t h e  so lven t  w a s  removed under 

vacuum and the r e s u l t i n g  o i l  was c r y s t a l l i z e d  from methanol. 
Yield of  methyl-2- (4-benzyloxy-3-methoxyphenyl) ethanoate (5) was 

619; m.p. 60-62OC. WS: mJc(re1.int.) =(M+,20), 195(7) ,  151(3 ) ,  

107(5 ) ,  91(100), 65(10) ,  5 9 ( 5 ) ,  46.4(M*,91-65). PMR (CDC13): 6 

KOH i n  a 

The mixture was agitated thoroughly, ex t r ac t ed  

3.51(2H,=,AV2%COOCH3), 3.64(3H,E,COOC%) I 3 - 8 4 ( 3 H , s , k w 3 )  8 

5 .10(28 ,= ,Ar1~l i0Ar) ,  6.64-6.87(3A,~,Arg), 7.21-7.46(5H,z,Ar1g). 

CMR (=*a6) : 6 51.5 (3,CW-H3) , 55.5 (3,AroC_a3) , 69.9 (t,C-alpha) , 
113.5(2,Ars-2,5), 121.2(2,Arc-6) 127.1-127.7(2,Ar'c-2 - c-6) 

1 3 7 - l ( ~ , A r ' c - l ) ,  137 .2 (~ ,ArZ- l ) ,  146.6(5,Ar2-4), 1 4 8 . 9 ( 2 , u p 3 ) ,  

171.7 ( ~ , c p o C H 3 )  . 

Methyl-3-Hydroxy-2,3-Bis(4-Benzyloxy-3-Methoxyphenyl) 
Propanoate (1) 

The a l d o l  add i t ion  s t e p  was based on a method published by 

House1*, which allowe t h e  r eac t ion  to be performed a t  more con- 
venien t  temperatures and r equ i r e s  less t i m e  than othee methods. 

A l l  r eagents  were c a r e f u l l y  p u r i f i e d  and d r i ed ,  glassware was 

d r i ed  i n  a 100°C oven f o r  two days p r i o r  to use,  and the  r eac t ion  

w a s  conducted under nitrogen. Material t r a n s f e r s  were e i t h e r  v i a  

a double needle technique or done i n  a d r y  box. 

a v a i l a b l e  n-butyll i thium ( i n  n-hcxane) was t i t r a t e d  by the method 

of Jones and Gilman15 and used immediately. 

Coaunercially 

Fresh ly  d i s t i l l e d  diisopropylamine (1.5 ml, 10.7 IPIDDL) and 10 

m l  dry  E t 2 0  were added to a 300 m l  r eac t ion  f l a s k .  

w a s  cooled to -1SoC and 8.5 m l  (10.5 m01) of 1.24 W n- 

bu ty l l i t h ium so lu t ion  was added quick ly  with stirring. After 

s t i r r i n g  f o r  10 minutes, a pre-cooled eo lu t ion  of  3.0 g (10.5 

-1) methyl-2- (I-benzyloxy-3-mcthoxyphenyl) ethanoate (6, i n  75 m l  

d r y  Et20 was added wet one minute to the  -15OC l i th ium 

This so lu t ion  
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L I G N I N  MODEL COMPOUNDS 38 7 

diisopropylamide so lu t ion .  

O°C and s t i r r i n g  maintained f o r  10 minutes. Sa tura ted  (0.69 4 
ZnC12/Et20 s o l u t i o n  (7.6 m l .  10.5 mmol)  was added s l a v l y ,  and the  

temperature  was lowered to  -15Oc. 

(10.5 mmol) 4-benzyloxy-3-methoxybenzaldehyde (2) (Aldr i ch  

Chemical Co.) i n  Et20  turned  t h e  yellow t r anspa ren t  s o l u t i o n  

creamy white  and opaque as the a d d i t i o n  proceeded. Temperature 

was allowed to r i se  to O°C while adding t h e  aldehyde and 

maintained there f o r  f i v e  minutes ,  wi th  s t i r r i n g .  The r eac t ion  

mixture ,  a w h i t e  suspension,  w a s  poured i n t o  100 m l  M 4 C l  ao lu t ion  

( p H  8) a t  O°C. 

separa ted  and t h e  aqueous phase washed twice wi th  75 m l  Et20.  The 

combined organic  phase was washed with s a t u r a t e d  NaCl so lu t ion  and 

dried overn ight  with MgS04. 

erythro-methyl-3-hydroxy-2,3-bis(4-benzyloxy-3-methoxyphenyl)- 

propanoate (3) p r e c i p i t a t e d  and w a s  later separa ted :  y i e l d  was 

20% of  t h e o r e t i c a l .  C r y s t a l l i n e  th reo  isomer *was obta ined  i n  a 

10% y i e l d  from the  yellow o i l  t h a t  remained by d i s so lv ing  i n  

benzene and adding hexane. 

- l a .  Erythro: m.p. 165-167OC. Elem. Analysis :  C a k .  for 

C32H3207; CO, 72.71, HB, 6.10. Found; CO, 72.59, FIB, 6.34. 

MS: mJg(rel.int.) 510(M+) (-S20,0.2), 419(0 .2) ,  362(0.4), 

314(1.3) ,  287(35) ,  286(100) ,  243(15) ,  242(79) ,  227(18) ,  195(69) ,  

163(3 ) ,  137(4 ) ,  135(10) ,  107(28) ,  106(11) ,  105(12) ,  91(>100) .  PELR 
(C!X13): 6 3.50(3H,s,COOCz3), 3.78(3H,=,ArOC€&), 

3.82(3H,2,Ar1OCIiJ, 5 . 1 1 ( 4 H , ~ , 2 x A r 1 ' C ~ 0 A r ) ,  6.78-6.87(6A,m,Arg- 

2,5,6,Ar 'g-2,5,6) , 7.20-7.45 (10H,=,2xAr ' '€I-Z--g-6) . (Using double 

i r r a d i a t i o n  techniques and from p e a k  i n t e g r a t i o n ,  it w a s  found 

t h a t  t he  C-alpha pro ton  s i g n a l  l i e s  underneath the  methylene peak 

a t  5.11 d e l t a ,  and the C - b e t a  p ro ton  s i g n a l  is obscured by the 

metlKixy peaks. Exact assignment was no t  poss ib l e . )  CMR 

(CDC13): 6 51.9(~,CooCI&), 55.9(51,ArqJ_B3,Ar'oc_H3), 59.1(fi,c- 

b e t a ) ,  79.9(t,2xArC-H20Ar), 74.8(g,s-alpha) ,  1 1 0 . 2 ( ~ , A r ~ - 2 ) ,  

The temperature  w a s  allowed to  r ise to 

Dropwise add i t ion  Of 2.54 g 

After shaking,  t he  yellow o rgan ic  phase was 

As t h e  so lven t  w a s  removed i n  vacuo, 

112.5(&Ar12-2), 1 1 3 . 6 ( & A r p 5 , ~ r ' c - 5 ) ,  118.8($AK--6), 
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121.3 (Ad,- 'c-6) , 127.1-128.4 (m, 2- I '42-2-6) , 133 - 9 (=,Us- 
l , A r l g - l ) ,  1 3 7 . O ( s , & 1 A r * ~ p l ) ,  147.6 and 1 4 7 . 9 ( ~ , A r g - 4 , A r 1 ~ - 4 ) ,  

149.3 and 1 4 9 . S ( 5 , A r p 3 , A r 8 ~ - 3 ) ,  1 7 2 . 8 ( 5 , c m B 3 ) .  

-- 7b. Threo: m.p. 1lO-llZ0C ( n o t  r e c r y s t a l l i z e d ) .  Elem. 

Analysis :  calc. for c3283207; C%, 72.71, H%, 6.10- Found; Ca 

72.79, 8% 6.25. MS: d = ( r e l . i n t . )  528 ( M + , O . l ) ,  510(0.5) ,  

362(0.5) ,  314(1) ,  286(100) ,  254(17) 8 243(13) P 242(46) r 227(9) ,  

195 (63) , 163 (51) , 151 (12) , 137 (7)  , 135 (11) , 107 (108) , 9 1  (>loo) . 
PMR (CM313): 6 3 . 7 1 ( 9 H , s , C ~ ~ , A r O C ~ r A r 1 O C % )  , 
5 . 0 3 ( 4 A , = , 2 x A r 1 ' ~ ~ O A r ) ,  6.41-6.80(6K,~,Ar~-2,5,6,At'11-2,5,6),  

7.20-7.45(1O~,m,2xAr'~p2-fi-6). 

isomer, t h e  pro ton  s i g n a l s  on C-alpha and C-beta were p r e s e n t  bu t  

d i s t o r t e d . )  CMR (CDcl3): 6 52.1(g,Cooc_I), 

55.8(3,ArOC~,Ar8CCH3),  59.5@,C-beta), 7 0 . 8 ( ~ , 2 x A r " C ~ 8 ~ 0 ~ ~ ) ,  

76 .3(d ,s -a lpha) ,  l lO. l (~&Arc-2) ,  112 .3(g ,Arg-2) ,  113.5 and 

113.7 ( 1 3 A r g - 5 , A r ' p S )  , 118.8 @,Arc-6) , 120.6 @,Ar ' 9 6 )  , 127 .l- 

128.4 (m, 2xAr 'c-2-g-6)  , 133.9 (5, Ars- 1, A r  'c- 1) , 136.9 &2xAr ' 'c- 
11, 1 4 7 . 5 ( s , A r p 4 , A 1 p 4 ) ,  149.2 and 149.3(s,?ug-3,Ar1g-3!, 

(As noted for t h e  e r y t h r o  

173.8 (s,cpoCH3). 

Erythro-2 ,3-Bis (4-~nzyloxy-3-Hetho~henyl ) -1 ,3-Propanedio l  (3) 

The erythro-isomer of t h e  ester 2 (2.00 g ,  3.8 -1) was 

d i s s o l v e d  i n  60 m l  d r y  THF and added dropwise to a s t i r r e d  solu-  

t i o n  of 11.0 rnl(l2.O rmnol) of 1.1 5 L i A l H 4  ( i n  THF) over  one 

hour. The r e s u l t i n g  s o l u t i o n  was refluxed t h r e e  hours, cooled,  

and e x c e s s  L iA1H4 was decomposed by adding .¶all p o r t i o n s  of THF 
c o n t a i n i n g  10% H20. 

potassium ta r t ra te  s o l u t i o n  was added16 and t h e  two phase system 

w a s  e x t r a c t e d  s e v e r a l  times wi th  Et20 .  

was d r i e d  over  MgS04 and evaporated i n  Vacuo a t  room temperature  

t h e  f o l l o v i n g  day to y i e l d  q u a n t i t a t i v e l y  c rude  c r y s t a l s  of 

erythro-2,3-bis(4-benzyloxy-3-methoxyphenyl)-1,3-propanediol 

(5). 8. Erythro:  m.p. 104-106°C (lit. 106-108°C7) obta ined  i n  

44% y i e l d  by r e c r y s t a l l i z i n g  from CAC13:heptane ( 7 : l ) .  Elem. 

When bubbl ing ceased ,  100 m l  s a t u r a t e d  sodium 

The combined o r g a n i c  phase 
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Erythro-2,3-Bis(4-Hydroxy-3-Methoxyphenyl)-1,3-Propanediol (9, 

The final product was obtained by removing the benzyl pro- 

tecting groups by catalytic hydrogenolysis. 

0.95 m m o l )  was dissolved with mild heating in 130 nl absolute 

ethanol, and shaken for one hour at 60 psig HZ with 0.047 g 10% 

W-C. After removing the catalyst by filtration the solvent was 

evaporated, leaving a clear viscous oil. The oil was taken up in 

ethyl acetate from which crystallized erythro-2,3-bis(4-hydroxy-3- 

methoxyphenyl) -1,3-propanediol (9, in a 76% yield. M.p. 14O-14l0C 

(lit. 146.5-149) '. Elem. Analysis: Cak. for Cl7AZ0O6; C % ,  

63.74, H%, 6.29. Found; C% 63.66, H% 6.25. MS: g=(rel.int.) 

The diolg (0.47 9, 

302(M+- H20,4), 272(46), 167(20) 

107(31), 93(35), 77 (34) 65(44) (CD~COCDJ) : 6 2.82- 

151(27), 150(100), 137(37) t 

3.08(lg,~,C-beta-g), 3.67(3H,s,?uOC3) , 3.7l(3H,2,Ar1OC5) , 3.72- 
3.90 (2H,m1-,C-gamna 5)  , 5.02 (lH,d, J=6Hz ,C-alpha-g) , 6.58- 

beta) , 55.6 (~,A~OCCH~,A~'CX_~~) , 62.8 (t,c-gama) , 72.6 (g,,4aleha) , 
6.72(6H,~,Arg-2,5,6,Ar'g-2,5,6) - (m*d6): 6 55.l(fi,s- 

111.1(~,Ar~-2) 114.2(d,Ar'g-2) r 114.6(fi,Ar-S,Ar's-5) 

118.8(&MS-6), 122.0(~&&'S-6), 131-6(=,M2-1), 136-0(z,h's-l) ,. 
144.7 and 144.9(z,g,Ars-4 and At'c-l), 146.7(=,Ar~-3,&'~-3). 
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