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SYNTHETIC COMMUNICATIONS, 22(2 I), 304 1-305 1 (1992) 

STEREOSELECTIVE SYNTHESIS OF METHOXY SUBSTITUTED 
2,3-DIBENZYLBUTYROLACTONES VIA ORGANIC PHOSPHONATES 

Reinaldo S .  Compagnone” and Alfrica Sugrez 

Centro de Quimica Orgsnica, Escuela de Quimica, Facultad 
de Ciencias, Universidad Central de Venezuela, Apartado 
4 7 1 0 2 ,  Caracas, Venezuela. 

Abstract: 

A highly convergent, short and stereoselective synthesis 
of a series of methoxy substituted 2,3-dibenzylbutyro- 
lactones was achieved using a Morner-Wadsworth-Emmons 
(HWE) reaction as the key step in overall yields above 
32%. 

The chemistry of butanolide lignans has been the focus 

of special *attention for many years due to their biolog- 

ical properties, especially their activity as antitu- 

morals . The natural occurrence of lignans characterized 
I -  

I -  

by the presence of a dibenzylbutyrolactone has been 

z widely keported . Extensive efforts has been directed 
towards the total synthesis of these lignans3. Recents 

approaches include: conjugated-addit ion methods4 and 

phenylpropionic acids dianion coupling . Because of long 5 

~~ 

-’. To whom correspondence should be addressed. 

3031 
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30-12 COMPAGNONE AND SUAREZ 

synthetic sequences and low overall yields, further im- 

provements in synthetic approaches of these lignas would 

be welcome. 

In this communication we describe an efficient, highly 

convergent route for the stereoselective formation of 

methoxysubstituted dibenzylbutyrolactones using organic 

phosphonates a s  key intermediates. Our strategy was 

based in the early formation o f  the carbon skeleton of 

the target molecules using a HWE reaction6 as the key 

step for various methoxyarylphosphonate ester and 

r n e t h o x y b e n z y l h y d r o x y m e t h y l  ketone combinations 2. Once 
the carbon skeleton of the molecule was formed, depro- 

tection of the hydroxymethyl group and lactonization was 

carried out. The stereochemistry of the two chiral 

centers C - 2  and C - 3  of the target molecules was develop- 

ed in t'hs last,-step, by a catalytic hydrogenation of 

the butenelactone 5,to give the cis lignans 7-. The de- 

velopment of the relative stereochemistry in the late 

. -  

stage of the synthetic sequence,represents a practical 

improvement in methodology applied to the synthesis o f  

lignans natural products. From the cis isomess,trans 

lactones may be obtained by epimerization of the C - 2 ,  

according to reported methods'. 

IGlyconitrile A was protected in excellent yield as the 

tetrahydropyranyl ether 2 .  Subsequent treatment of 2 
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2.3-DIBENZYLBUTYROLACTONES 3043 

with a series of methoxy substituted arylmagnesium 

bromides gave the ketones 3- in good yields. F o r  this 

reaction, use of stoichiometric excess of the nitrile 

was necessary to avoid the formation of the correspond- 

ing tertiary alcohol. Phosphonates & were prepared in 

high yields from dimethoxy and trimethoxy benzyl alcohols 

by first converting them to the corresponding bromides 

with P B r 3  , followed by alkylation with triethyl 

phosphonoacetate in potasium hydride. HWE reaction between 

phosphonates ft. and the protected ketones 2 afforded a 
7 5 ~ 2 5  mixture of Z/E isomers of the olefins 2 in approx- 
imately 70% yield. The Z olefins 2 were deprotected with 
pyridine-p-toluensulphonate and inmediately converted, 

by treatment with base, to the unsaturated lactones 2 
in approximately 90% yield. Catalytic hydrogenation of 

the unsaturated lactones 2, with 5 %  Pd on C, gave the 

title cob-pounds in near quantitative yields as a racemic 

8 

mixture'of the cis lactones 7 .  The remaining E olefins 

N .  5 'were .readi,ly isomerized photochemically to the Z 

olefins 2, and then converted near quantitatively to the 

desired compounds 2 and 2 .  

Methoxy substituted dibenzylbutyrolactones may be con- 

verted, by non-phenolic oxidative coupling , to the 

corresponding dibenzyloctacyclodiene lactones, which are 

the basic moiety of natural products such a s  stegans, 

10 steganacins and steganols . 

9 
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3044 COhlPAGNONE AND SUAFSZ 
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2,3-DIBENZY LBUTY ROLACTONES 3015 

EXPERIMENTAL : 

Melting points were determined in a Hans Bock Frankfurt 

apparatus and are uncorrected. NEIR spectra were recorded 

on a Brucker WP-80 Spectrometer using TNS as internal 

standard.IR spectra were recorded on a Perkin Elmer 1310 

spectrometer. Reaction products were purified by columm 

cromatography using silica g e l  70-230 mesh. M S  spectra 

were recorded on a HP 8 0 0  spectrometer. Glyme and THF 

were dried under N2 with sodium and benzophenone. Unless 

otherwise noted, all the reactions were carried out 

under N2. 

Protected Glyconitrile & 
Gliconitrile (5 g ,  0.09 m o l )  and 3,4-dihydro-2-pyran 

( 1 5 . 1 2  g ,  0 . 1 8  moll, were dissolved in 100 ml of dry 

CH2C12. The solution was cooled to O"C,and p-toluen- 

sulphonic acid (0.22 g ,  0.0012 moll was added. The 

solution,'~~as stirred at 0 'C for 10 min and for 1.5 h at 

room temp. A solution of 100 mL of 40:40:80 of brine, 

sat. sodium bicarbonate and water was added and the 

resulting mixture extracted with 100 m L  of ether. The 

organic phase was dried and evaporated to give 11.84 g 

(92%) o f  the desired product as a colorless liquid. 

'H NEIR (CDC13) 6 1 . 8  (bs,6H), 3.7 (bs,2H), 4.3 (s,2H), 

4.9 ( s , l H ) .  

1 

Ketone 2-b- (General procedure) 

Magnesium (2.57 g, 0 .106 moll, and 2,4-dimethoxybenzyl- 

bromide (24 g, 0. 106 mol), were suspended in 300 m L  of 
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3036 COMPAGNONE AND SUAREZ 

d r y  e t h e r  a t  room t e m p . A f t e r  t h e  c o n s u m p t i o n  o f  t h e  

m a g n e s i u m ,  t h e  g r i g n a r d  r e a g e n t  w a s  a d d e d  by s y r i n g e  to 

a s o l u t i o n  o f  t h e  p r o t e c t e d  n i t r i l e  2- ( 5 . 2 6  g ,  0.106 moll 

i n  d r y  e t h e r  ( 1 5 0  mL). The m i x t u r e  w a s  e f l u x e d  f o r  2 h ,  

f o l l o w e d  b y  t h e  a d d i t i o n  o f  a w a t e r  i c e  m i x t u r e  (I00 mL) 

a n d  2N s u l p h u r i c  a c i d  s o l u t i o n  ( 5 0  mL).  The r e a c t i o n  

m i x t u r e  w a s  e x t r a c t e d  w i t h  e t h e r  ( 2 5 0  mL) .  The o r g a n i c  

p h a s e  w a s  e v a p o r a t e d  a n d  c h r o m a t o g r a p h e d  u s i n g  9 5 : 5  

CHC13/PleOH, t o  g i v e  La ( 2 4 . 9 9  g ,  8 0 % )  

2: ' H  NPlR (CDC13) d 1 . 3 - 1 . 6  ( m , 6 H ) ,  2 . 0  ( s y 2 H ) ,  2.8 ( s ,2H) ,  

3 . 8  ( s , 6 H ) ,  4 . 2 - 4 . 3  ( m y 3 H ) ,  6 . 6  ( m , 3 H ) .  m/z = 3 2 4 .  

3 b :  ' H  N M R  (CDC13) 8 1 . 3 - 1 . 6  ( m , 6 H ) ,  2 .  I (m,2H), 2.9 (s ,2H),  

3.8 ( s , 9 H ) ,  4 . 2 - 4 . 4  ( m , 3 H ) ,  6 . 4 - 6 . 6  ( m , 2 H ) .  m / z = 3 2 4  

( y i e l d = 8 2 % )  

O l e f i n  ?-d ( G e n e r a l  p r o c e d u r e )  

- 

- 
S o d i u m  h y d r i d e  6 0 %  i n  m i n e r a l  o i l  ( 0 . 3 9 g ,  0 . 0 0 9  m o l )  was  

w a s h e d  w i t h  d r y  h e x a n e  a n d  s u s p e n d e d  i n  g l y m e  ( 2 0  mL). 

To t h i s  m i x t u r e  a t  O'C,was a d d e d  by  s y r i n g e  o v e r  I h ,  

I 

., I 

t h e  p h o s p h o n a t e  4 3  ( 3 . 2 4 8 ,  0 .009  m o l ) .  The m i x t u r e  w a s  

s t i r r e d  a t  room t e m p  f o r  12 h , f o l l o w e d  by  t r e a t m e n t  v i t h  

w a t e r  ( 2 0 0  mL). T h e  s o l u t i o n  w a s  e x t r a c t e d  t h r e e  t i m e s  

w i t h  e t h y l  a c e t a t e  ( 2 0  mL). C h r o m a t o g r a p h y  u s i n g  9 : l  

CHC13/MeOH, g a v e  t h e  p r o d u c t  2 a s  a y e l l o w i s h  o i l  

( 3 . 3 7  g ,  7 5 % ) .  

S a :  ' H  NMR ( C D C 1 3 ) &  1.7 ( m , 6 H ) ,  2 . 3  (m,  I H ) ,  2.4-2.5 (my2H), 

' 3 . 3 - 3 . 5  ( m , 2 H ) ,  3 . 6  (sr2H), 3.8 ( s , 3 H ) ,  3 . 9  ( m ,  1 2 H ) ,  

- 
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2.3-DIBENZYLBUTYROLACTONES 3047 

4 . 1  ( m , 2 H ) ,  6 . 3 - 6 . 5  ( m . 6 H ) ;  I R  (CXC13) 3 0 0 0 ,  2 8 5 0 ,  1 7 4 5 ,  

1 6 1 0 ,  1050 cm-I ;  m / z = 5 0 0 .  

5b: I H  NMR (CDC13)d  1 . 4 - 1 . 6  ( m , 6 H ) ,  1 .7  ( m , I H ) ,  2.5 (s ,2H),  

3 .  1 - 3 . 2  ( m , 4 H ) ,  3 . 5  ( s , 3 H ) ,  3 . 8  ( 5 ,  15H) ,  3 . 9 - 4 . 2  ( m , 2 H ) ,  

6 . 3 - 6 . 5  (m,5H); I R  (CHC13) 3000,  2 8 5 0 ,  1 7 4 0 ,  1 6 0 0 ,  1250, 

I150 em-'; m / z = 5 3 0 ;  ( y i e l d = 7 2 % ) .  

5 c :  I H  NEIR ( C D C 1 3 ) d  1 .6  ( m , 6 H ) ,  1.8 ( m , l H ) ,  3 . 0  ( s , 2 H ) ' ,  

2 . 3 - 3 . 4  ( m , 4 H ) ,  3 . 6  ( s , 3 H ) ,  3 . 8  ( s ,  1 5 H ) ,  4 . 3  ( m , 2 H ) ,  

6 . 4 - 6 . 6  ( m , 5 H ) ;  IR (CHCL,) 3000,  2 8 5 0 ,  1 7 4 0 ,  1 6 0 0 ,  1 2 5 0 ,  

I 1 5 0  crn-l;  m / z = 5 3 0 ;  ( y i e l d = 6 9 % ) .  

5_d: I H  N?lR (CDC13) 6 1.5 ( m , 6 H ) ,  2 . 6  (m, I H ) ,  3 . 2 - 3 . 4  (m, 

2 H ) .  3 . 5  ( s , 2 H ) ,  3 . 7  ( m , Z H ) ,  3 . 8  ( s , 3 H ) ,  3 . 9  ( s ,  1 8 H ) ,  

4 . 1  ( m , 2 H ) ,  6 . 4 - 6 . 5  ( m , 4 H ) ;  I R  ( C H C 1 3 )  3000,  2 8 5 0 ,  1 7 4 5 ,  

1 6 0 0 ,  1 2 5 0 ,  1150 c m - I ;  m / z =  5 6 0 ;  ( y i e l d = 6 8 % ) .  

D i b e n z y l ' F 2 - b u t e n e l a c t o n e  ka-d- ( G e n e r a l  p r o c e d u r e )  

The Z-E i s o m e r  m i x t u r e  o f  La ( 3 . 5 5  g ,  0 . 0 0 7 1  n o l )  was  

t r e a t e d  w i t h  pyridine-p-toluensulfonate ( 0 . 2  g )  i n  

- 

c 

, -  

e t h a n o l  ( 3 0  mL) a n d  r e f l u x e d  for 3 h .  The s o l v e n t  was 

e v a p o r a t e d  a n d  t h e  r e s i d u e  c h r o m a t o g r a p h e d  t o  g i v e  a 

7 5 : 2 5  m i x t u r e  o f  t h e  Z-E a l c h o l s  ( 2 . 8 7  g ,  9 7 % ) .  The Z-E  

a l c o h o l  m i x t u r e  ( 0 . 7  g ,  0 . 0 0 1 7  m o l ) , w a s  d i s s o l v e d  i n  

e t h a n o l  (15 mL), a n d  t r e a t e d  w i t h  NaHC03 s o l i d  ( 3 0 0  rng) .  

The m i x t u r e  w a s  h e a t e d  a t  50°C f o r  4 h ,  f i l t e r e d  a n d  

d i l u t e d  w i t h  w a t e r  (10  mL). The r e s u l t i n g  a q u e o u s  s o l u -  

t i o n  w a s  e x t r a c t e d  w i t h  e t h e r  (15 mL). T h e  o r g a n i c  p h a s e  

was e v a p o r a t e d  a n d  c h r o m a t o g r a p h e d  t o  g i v e  6 2  a s  a 

y e l l o w w i s h  o i l  ( 0 . 4 6  g ,  7 2 % ) .  
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3018 COMPAGNONE AND SUAREZ 

6 _ a :  I H  NNR (CDC13)&3.0 (s,2H), 3.6 (s,4H), 3.8 (s,12H) 

6.3-6.5 (m,6H); IR (CHC13) 3100, 2850, 1750, 1650, 1300, 

1000 cm-'; m/z=384. 

6b: - 
6.3 (m,5H); IR (CHC13) 3050, 2 8 5 0 ,  1750, 1025, 1000 cm-I 

m/z=4 14; (yield=69%). 

6 _ c :  IH NblR (CDC13)62.3 (m,2H), 3.4 (m,2H), 3.8 (m,ZH), 

3.9 ( s ,  15H), 6.7 (m,5H); IR (CHC13) 3050, 2850, 1735, 

1025, 1000 cm-l; m/z=414; (yield=70%). 

6,d: IH NMR (CDC13)& 2.4-2.6 (m,2H), 3.5 (m,2H), 3.8 (m, 

18H), 4.1 (m,2H), 6.8 (m,4H); IR (CHCL3) 3030, 2850, 

IH NMR (CDC13)&2.8-3.0 (m,4H), 3.8 (m,2H), 3.9 (s,15H), 

1750, 1025, 1000 cm-'; m/Z-444; (yield=73%). 

Nethoxy substituted-2,3-dibenzylbutyrolactone 7,"-i 

General Procedure 

A mixture of La (0.42 g,0.0011mol) and Pd 5% on C 

in ethanol'anhydrous (20 mL), were hydrogenated in 

Parr r.eaihtor a t  50 p s i  H2 f o r  3h. The solvent was 

15mg) 

a 

evaporated to g i v e  tho saturated lactone 7," (0.41 g ,  98%) 

a s  an oil. 

2: I H  NPlR (CDC13) 2.0-3. 1 (rn,5H), 3.5-3.7 (m,3H), 3.8 

(m, 12H), 6.4-6.8 (m,6H); IR (CHC13) 3000, 1750, 1010 cm-l; 

m/z=386. 

7b: IH NPIR (CDC13) 

(m,15H), 4.0-4.2 (m,ZH), 6.4-6.6 (m,5H); IR (CHC13) 3000, 

1750, 16600, 1250, 1100 cm-l; m/z=416; (yield=96%). 

c: IH NMR62.5-2.6 (m,4H), 2.8-2.9 (rn,2H), 3.8 (m,15H), 

2.5-2.6 (m,4H), 2.9-3.0 (m,2H), 3.8 
N 
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2,3-DIBENZYLBUTYROLACTONE.S 3049 

4.1-4.2 (m,2H), 6.5-6.7 (m,5H); IR (CHC13) 3000,1755, 

1600, 1250, I100 cm-I; m/z=4 16;  (yield=98Z). 

72: 'H NZlR (CDC13) 8 2.4-2.6 (m,4H), 2.7-2.9 (m,2H), 3.8 

(m,18H), 4.2 (m,2H), 6.6-6.8 (m,4H); I R  (CHC13) 3000, 

1750, 1600, 1280, 1100; m/z=446; (yield=96Z). 

Phosphonate 42-i (General procedure) 

Sodium hydride,60Z in mineral oil (0.65 g ,  0.015 moll 

was washed with dry hexane and suspended in dry glyme 

(50 mL). To this mixture at O°C, diethyl methylphosphono 

acetate (3.15g, 0.015 mol) in glyne ( 1 0  mL) was added by 

syringe over 1 h. After 1 h of stirring at room temp, 

3,4-dimethoxybenzylbronide8 (3.40 g ,  0.015 mol), in 

glyne ( 1 0  mL) was added by syringe over I h .  The mixture. 

was stirred at room temp for 12 h, and treated with water 

(40 mL),. and extracted with EtOAc (50 mL). Evaporation 

of the solvent and column chromatography CHC13: EtOAc: 

Hexan'&- 5:2-?3, gave the product La, (4,86g, go%), a s  a 
.. . ,  

yellow oil. 

9.: ,',H NPIR (CDC13) d 1.4 (t,6H), 3.0 (m, IH), 3.2 (m,2H), 

3.6 (S,3H), 3.8 (2s,6H), 4.3 (c,4H), 6.7 (bs,3H); 1R 

(CHC13) 3000, 2850, 1750, 1590, I260 cm-'; m/z=360. 

4b: 'H NMR (CDCl3)6I.4 (t,6H), 2.9 (m, IH), 2.9-3. 1 (m, 
r., 

2H), 3.7 (s,3H), 3.8-3.9 (3s,9H), 4. I (c,4H), 6.4 ( s ,  IH) 

6.6(s,lH); IR (CHC13) 3000, 2850, 1740, 1600, 1260 cm-'; 

m/z=390 (yield=92%). 
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E - Z  o l e f i n  i s o m e r i z a t i o n  ?'+L 
U s i n g  a 100 w a t t  h a n o v i a  l a m p ,  t h e  r e m a i n i n g  E o l e f i n  

( h i g h e r  r f ) ,  was  p h o t o c h e m i c a l l y  i s o m e r i z e d  t o  t h e  2 o- 

l e f i n  2 ( l o w e r  r f ) .  B o t h  i s o m e r s  w e r e  r e a d i l y  s e p a r a t e d  

b y  s i l i c a  g e l  c o l u m n  c h r o m a t o g r a p h y  CHC13:hexane:EtOAc 

5 : 4 : 1 .  
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