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THE SYNTHESES OF (R)-(+)-8-VANILLYL-y-BLIIYROLACTONE 

AND OF CHIRAL LIGNANS THEREFROM 

* 
E r i c  Brown and A l a i n  Daugan 

Labora to i re  de Synthese To ta le  de Produ i ts  Naturels (UA n0482), Facu l t6  des 

Sciences, Route de Laval, BP 535, 72017 Le Mans, France 

Abst rac t  - (R)-(+)-5-vanillyl-y-butyrolactone was obtained i n  4  steps i n c l u -  

ding a  reso lu t ion ,  from v a n i l l i n  and dimethyl  succinate, and was used f o r  

the  t o t a l  syntheses o f  5  n a t u r a l l y  occur r ing  and o p t i c a l l y  ac t i ve  l ignans 

such as ( + ) - i s o l a r i c i r e s i n o l  20. 

We r e c e n t l y  descr ibed e f f i c i e n t  syntheses of the  ( R ) - ( + )  and (S) - ( - ) - lac tones 1 and 2, which are 

1  key-intermediates f o r  b i o l o g i c a l l y  a c t i v e  c h i r a l  l i gnan  derivatives. We now descr ibe here the  syn- 

t hes i s  of t h e  h i t h e r t o  unknown (R)-(+I-5-vanillyl-y-butyrolactone 2 which we used f o r  the  syntheses 

o f  n a t u r a l l y  occurring, and o p t i c a l l y  ac t i ve  l ignans. 

A  Stobbe condensation between v a n i l l i n  and dimethyl succinate cou ld  be c a r r i e d  out  w i thout  p r e l i m i -  

nary  p r o t e c t i o n  of t h e  phenol ic hydroxyl, when using methanolic l i t h i u m  methoxide (2.6 equ.) as a  

base. The r e s u l t i n g  e thy len i c  ha l f - es te r  !, mp 142-144°C (MeOH), was thus obtained i n  90% y i e l d .  

When the same reac t i on  was ca r r i ed  out  by means o f  sodium methoxide, t h e  y i e l d  o f  t h e  ha l f - es te r  

was 20% only.  C a t a l y t i c  hydrogenation (Hz, Pd-C, AcOH) o f  the l a t t e r  gave t h e  racemic h a l f - e s t e r  5, 
mp 91-93'C (85% y i e l d )  which was next t r ea ted  w i th  1  equ. (R)-(+)-a-methylbenzylamine i n  AcOEt. The 

l eas t  so lub le  s a l t  was p u r i f i e d  by r e c r y s t a l l i z a t i o n  g iv ing  f i n e  needles, mp 126-134'C. [ a l k O  +28' 

( c  1, CHCI3) (74% y i e l d ) .  Treatment o f  t h i s  s a l t  w i t h  aqueous HCl nea r l y  q u a n t i t a t i v e l y  afforded 

the pure ha l f -es ter  (R)-(+)-5, mp 97.5-100.5'C (Et20) and [ole +29' ( c  1.2, MeOH). Rec rys ta l l i za -  

t i o n  o f  t h e  more so lub le  s a l t  gave b i g  macles, mp 104-108"C, [ o l D  -12' (c 1.2, CHC13) and i n  68% 

y ie ld .  Ac id ic  t reatment of the  l a t t e r  gave t h e  h a l f - e s t e r  (5)-(-)-5, mp 98-10l°C and [ o l D  -29" 

(C 1.1, MeOH). 

Reduction o f  t h e  potassium s a l t  of t h e  ha l f -es ter  (R)-(+)+ was ca r r i ed  out i n  EtOH f o r  4  days a t  

room temperature (RT) using a  ten fo ld  excess of Ca(BH4)2 as t h e  reducing agent,' thus a f f o rd ing  t h e  

desired B-vanillyl-y-butyrolactone (R) - (+) -2  i n  83% y ie ld ,  mp 119.5-121.5°C (CH2C12/Et20) and [ a l D  

+ loo  (C 1, CHC13). The ha l f - es te r  ( 5 ) - ( - ) - 5  s i m i l a r l y  yielded t h e  lac tone (5)-(-1-2,  mp 119-121°C 

and [ale -10" (CHC13). 



Syringaldhyde was g-benzylated using benzyl ch lo r i de  (EtOH/KI/K2C03, 6  h  re f lux ,  90% y i e l d )  and 

subsequent NaBH4 reduct ion  of the  aldehydic carbonyl q u a n t i t a t i v e l y  a f fo rded the alcohol  L, mp 

47-49T (Et201petroleum ether )  which was descr ibed as an Treatment o f  t h e  l a t t e r  w i t h  PBr3 

i n  ether q u a n t i t a t i v e l y  y ie lded t h e  h i t h e r t o  unknown and unstable bromide 8, mp 40-42'C. Since our 

pre l iminary  attempts f a i l e d  t o  a l k y l a t e  t h e  lac tone (R)-(+I-? a t  C-2 using the bromide 8 and 2.2 

equ. o f  LDA as a  base, we there fore  decided t o  p ro tec t  t h e  phenol ic hydroxyl  o f  (R)-(+I-? by means 

of benzyl c h l o r i d e  (2 equ.) i n  a  s i m i l a r  way as above (Me2C0, 16 h).  The r e s u l t i n g  compound 

(R)-(+)-6 was thus obtained i n  90% y ie ld ,  mp 80-81.5'C and [ o l  +4O (CHC13). 0  

The l i t h i u m  anion of t h e  lac tone (R)-(+)-Lj was generated using LDA i n  THF and was t rea ted  w i t h  t h e  

bromide 8 f o r  3  h  a t  -80DC, thus g i v i n g  t h e  amorphous compound 2, [ a I D  -20" ( c  1, CHC13), i n  78% 

<y ie ld  a f t e r  chromatography. The benzyl groups o f  2 were cleaved by c a t a l y t i c  hydrogenolysis (Hz, 
\ 
3'bars. Pd-C, AcOEt, 15 h )  and ( - ) - t h u j a p l i c a t i n  methyl e the r  10 was thus obtained i n  78% y ie ld ,  

having mp 168-168.5"C (Me2CO/H20) and l o l D  -44' (c 1.1. Me2CO), a f t e r  r e c r y s t a l l i z a t i o n  from 

Me2CO/HZ0. The l i t e r a t u r e 4  i nd i ca tes  mp 167-167.5'C and [ a l D  -48.7' (c 4, Me2CO). 

Formation of the  l i t h i u m  anion of the  lac tone (R)-(+)-6, using l i t h i u m  hexamethyldis i ly lamide 
5  (LHDS) i n  THF a t  -80°C, fo l lowed by  slow add i t i on  of t h e  known bromide fl gave g-dibenzylmataire- 

s inol  12 as a  viscous co lour less  o i l  i n  87% y i e l d  a f t e r  chromatography, having [ o l D  -22' (C 1, 

CHC13). When t h i s  a l k y l a t i o n  reac t i on  was c a r r i e d  out using LDA ins tead o f  LHDS, t h e  r e s u l t i n g  

compound 12 thus obtained was contaminated w i t h  an impur i t y  o f  same Rf, presumably a  d i a l k y l a t e d  

product. The f a c t  t ha t  the  use bf LHDS m~ay lead t o  a  purer  a l k y l a t i o n  product was r e c e n t l y  d i s -  

closed i n  the ~ i t e r a t u r e . ~  C a t a l y t i c  hydrogenation (Hz. Pd-C, AcOEt) of t h e  benzyl groups of 12 
gave na tu ra l  ( - ) -mata i res ino l  12 i n  80% y i e l d  a f t e r  chromatography, mp 70-72°C (EtOH/H20) and [ u ] ~  

-43' ( c  0.84, Me2CO). The l i t e r a t u r e 7  i nd i ca tes  mp 117-l lg°C (CHCI3) and l a l o  -42.8' ( ~ e ~ C 0 ) .  

LiAIH4 reduct ion  i n  THF a t  RT of t h e  lac tone r i n g  o f  compound 12 gave the d i o l  3, mp 113-114.5'C, 

[ a l D  -24' ( c  0.9, CHC13) i n  66% y i e l d .  C a t a l y t i c  hydrogenolysis (HZ. Pd-C, AcOEt) of t h e  benzyl 

groups of 1Q afforded na tu ra l  (-)-secoisolariciresinol 15 i n  76% y ie ld ,  mp 112-113.5"C. [ a l o  -32' 

(C 0.8, Me2CO). The l i t e r a t u r e 8  i nd i ca tes  mp 112-114'C, ['I0 -32' (Me2CO). The d i o l  15 was dehy- 

drated and cyc l i zed  by means of HC1D4 i n  r e f l u x i n g  acetone f o r  20 min, thus leading t o  n a t u r a l  

(-)-anhydrosecoisolariciresinol 16, mp 120.5-121.5"C. [ a l D  -62' (c 0.5, EtOH) i n  74% y i e l d  a f t e r  

chromatography. The l i t e r a t u r e  i nd i ca tes  mp 118-118.5'C and l o l D  -58' (EtOH). 

The lactone (R) - ( t ) -L j  was next hydroxyalkylated w i t h  g -benzy l van i l l i n  using LHDS i n  benzene a t  0°C 

for 5  min, g i v i n g  the amorphous mix ture  of epimeric ca rb ino l s  11 i n  87% y i e l d  a f t e r  chromatography. 

The in t ramolecu lar  c y c l i z a t i o n  o f  a lcohols 11 by means of t r i f l u o r o a c e t i c  ac id  i n  t h e  usual way, 

or by means Of H2S04, afforded mixtures conta in ing p a r t i a l l y  debenrylated products.  However t h e  

mixture Of a lcohols 11 was i n t ramo lecu la r l y  cyc l i zed  i n  a  neat fashion using 60% aqueous p e r c h l o r i c  
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acid i n  AcOH/CH2Cl2 f o r  4 h 30 min a t  RT, thus af fording F-d ibenzy l re t rodendr in  18, mp 178-180°C 

(CH2C12/MeOH), [ a ID  -63" ( c  1.15, CHC13) and i n  78% y i e l d  a f t e r  chromatography. LiA1H4 reduct ion  

of the l ac tone  r i n g  of 18 i n  THF a t  RT f o r  1 h gave 5-dibenzylisolariciresinol 19, mp 122-123.5'C 
1 (AcOEt/Et20), CalD + l o  (C 1, CHCl ), and i n  80% y i e l d  a f t e r  chromatography. H-NMR (CDCI3), 3 

6(ppm) : 7.7-7.2 (IOH, m), 6.9 (IH, d), 6.7 (3H, m), 6.3 ( lH, s), 5.16 (ZH, s), 4.86 (ZH, s), 3.83 
(3H, s), 3.71 (3H, s), 3.66 (lH, m), 3.5 (ZH, d), 3.36 (ZH, d), 2.96-2.6 (4H, m), 2.15-1.56 (ZH, 

m). F i n a l l y ,  c a t a l y t i c  hydrogenolysis (Hz 3 atm., Pd-C, AcOEt, RT, 18 h)  of the  benzyl groups o f  

19 furnished na tu ra l  ( + ) - i s o l a r i c i r e s i n o l  20, mp 149-151°C (CHCI3), [.ID +68' ( c  0.84, Me2CO) and - 
9 i n  81% y i e l d  a f t e r  chromatography. The l i t e r a t u r e  i nd i ca tes  mp 155-157Y (CHCI3/MeOH) and [ o l D  

+68' ( C  1, Me2CO). 
1 A l l  the compounds described i n  t h i s  paper were charac ter ized by I R  and H-NMR spectroscopy. The 

twelve new compounds (R)-2, (51-2, !, (R,S)-I, (R)-2, (5)-5, (R)-6, 9, 12, 14, 18 and 19 also gave 

good m ic roana l y t i ca l  r e s u l t s .  

Conclusion 

The present work conf i rms the f a c t  t h a t  r eso lu t i on  o f  o-benzylhemisuccinic es ters  can prov ide an 

e f f i c i e n t  and easy access t o  na tu ra l  l ignans and t h e i r  enantiomers. By t h i s  method, i n  the  present 

work as w e l l  as i n  previous ones,' we were able t o  ob ta in  i n  a prepara t ive  fash ion eighteen 

o p t i c a l l y  ac t i ve  l ignGids, i nc lud ing  ten  na tu ra l  l ignans. 
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