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ORGANIC PREPARATIONS AND PROCEDURES I N T .  16(3-4), 149-153 (1984) 

SYNTHESIS OF (+)-EREMOFRULLANOLIDE - 

* 
P. A. Z o r e t i c  , R. J. Chambers and C. Bhakta 

Department of Chemistry 
East Caro l ina  Un ive r s i ty  

Greenv i l l e ,  North Caro l ina  27834 

(+) -Eremofru l lanol ide  I, which causes  poten t  a l l e r g e n i c  con tac t  

1 d e r m a t i t i s ,  has  r e c e n t l y  been i s o l a t e d  from F r u l l a n i a  d i l a t a t a  by 

Asakawa and co-workers. The g ross  s t r u c t u r e  and s t e reochemis t ry  of I 

were deduced from chemical and spec t roscop ic  da t a .  Recent ly  w e  r epor t ed  

a s y n t h e t i c  s tudy  r e l a t i n g  t o  t h e  s y n t h e s i s  of (2) -duges ia lac tone ,  a 

proposed double bond isomer of (2) -e remofru l lanol ide  I. 

culminated i n  a r ev i sed  s t r u c t u r e  f o r  n a t u r a l  duges i a l ac tone .  I n  rela- 

2 

This  s tudy  

t i o n  t o  c h i s  work, w e  were i n t e r e s t e d  i n  v e r i f y i n g  t h e  s t e reochemis t ry  

dep ic t ed  i n  (+) -eremofru l lanol ide  1. Here in  w e  r e p o r t  t h e  f i r s t  syn- 

t h e s i s  of (2) -e remofru l lanol ide .  

Reac t ion  of k e t o  e s t e r  112 with  L-Selec t r ide  i n  THF a t  -78' f o l -  

lowed by a c i d i f i c a t i o n  and subsequent chromatography gave t h e  =-lac- 

tone  111 (55%, mp. 105-107°). I r r a d i a t i o n  of t h e  v i n y l  pro ton  i n  111 

caused t h e  apparent  t r i p l e t  a t  64.96 t o  c o l l a p s e  t o  a double t  w i th  J 

= 5 Hz. The coupl ing  cons t an t  is  i n d i c a t i v e  of t h e  a s s igned  r i n g  

j u n c t u r e  s t e reochemis t ry  i n  111. React ion  of l a c t o n e  111 wi th  LDA at  

798 

-78* followed by t r app ing  t h e  r e s u l t i n g  e n o l a t e  wi th  gaseous f ormalde- 

hyde3 a f fo rded  t h e  a-hydroxymethylene l a c t o n e  IV (53%, mp. 128.5-130'). 

Treatment of IV wi th  methanesulfonyl c h l o r i d e  i n  methylene c h l o r i d e  i n  

t h e  presence  of t r i e t h y l a m i n e  gave mesylate V (79%, mp. 131-13Z0). Re- 

'1984 by Organic Preparations and Procedures Inc. 
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ZORETIC, CHAMBERS AND BHAKTA 

1 I1 111 

I V ,  R = H 
v ,  R = M s  

a c t i o n  of V w i t h  DBU i n  benzene a t  room t e m p e r a t u r e  and s u b s e q u e n t  chro-  

matography a f f o r d e d  a n  88% y i e l d  of ( 5 ) - e r e m o f r u l l a n o l i d e  I. The spec-  

t r a  of s y n t h e t i c  (+>-I were i d e n t i c a l  w i t h  t h o s e  of n a t u r a l  (+>-ereme 

f r u l l a n o l i d e  I . 4 

EXPERIMENTAL 

The nmr s p e c t r a  were r e c o r d e d  on a Bruker  Model WM 250 and on a V a r i a n  
Model EM 360 s p e c t r o m e t e r  a t  250.13 and 60  MHz, r e s p e c t i v e l y ,  (TMS as  a n  
i n t e r n a l  s t a n d a r d ) .  The h i g h - r e s o l u t i o n  mass s p e c t r a  d a t a  were o b t a i n e d  
on a VG Micromass 70-70F s p e c t r o m e t e r .  I n f r a r e d  s p e c t r a  were d e t e r m i n e d  
on a Perkin-Elmer Model 727B s p e c t r o m e t e r .  The r a t i o  of s i l i c a  g e l  G t o  
compound w a s  a p p r o x i m a t e l y  12 : 1. 

( 3 a  ~ , 4 a ~ , 5 a , Y a ~ ) - 3 a , 4 , 4 a , 5 , 6 , 7 , 8 , 8 a , 9 a - O c t a h y d r o - 4 a , 5 - d i m e t h y l n a p h t h o -  

[2,3-b]-furan-2(3H)-one(III).- K e t o  e s t e r  I1 (2 .06 g ,  8.24 mmol) i n  15 

m l  of d r y  THF was c o o l e d  t o  -78 . A THF s o l u t i o n  of 1 M  L - S e l e c t r i d e  

( 9 . 0 6  ml, 9.06 mmol) was added via a s y r i n g e  over  a 15 min p e r i o d .  

0 

The 

r e a c t i o n  m i x t u r e  w a s  s t i r r e d  a t  -78' f o r  2 hrs . ;  methanol  (8.0 m l )  w a s  

t h e n  added and  s t i r r i n g  was c o n t i n u e d  f o r  20 min. The r e a c t i o n  mixture 

was d i l u t e d  w i t h  40 ml of e t h e r ;  40 m l  of 10% H C 1  was added and t h e  re- 
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SYNTHESIS OF (~f-EREMOFRULLANOLIDE 

s u l t i n g  heterogeneous mixture was shaken f o r  20 min. The organic l a y e r  

w a s  separated and t h e  aqueous s o l u t i o n  w a s  ex t r ac t ed  with fou r  40 ml 

por t ions  of e'ther. The combined organic s o l u t i o n  was washed with b r ine ,  

d r i e d  ( M g S O  ) and concentrated i n  vacuo, giving an o i l .  Chromato- 

graphy of the o i l  on s i l i ca  g e l  G and e l u t i o n  with ether-hexane s o l u t i o n s  

gave 992 mg (55%) of 111, mp. 105-107°; 'H nmr (250 MHz, CDC13): 6 

5.55 ( d ,  l H ,  J = 5 Hz), 4.69 (apparent t, l H ) ,  2.85 (dd, l H ,  J = 17 .1  and 

7.8 Hz), 2.55 (my l H ) ,  2.25 ( d ,  l H ,  J = 17.1 Hz), 0.97 ( s ,  3H) and 0.87 

( d ,  2H, J = 6.3 Hz); i r  ( K B r )  1776 cm-'; i r r a d i a t i o n  of t he  v i n y l  p r o -  

ton a t  

doublet  a t  64 .69 ,  J 

m / e  220.1463, found m/e 220.1462). 

Anal. Calcd f o r  C H 0 C, 76.33; H, 9.15 

Found: C,  76.12; H,  9.28 

4 

65 .55  caused t h e  apparent t r i p l e t  a t  64.69 t o  co l l apse  t o  a 

= 5 Hz; mass spectrum, calcd.  f o r  C 14 H 20 0 2 
7Y8 

- 14 20 2 :  

( 3 4 3 a a 4 a c c , 5 a , 9 a  ~-3a,4,4a,5,6,7,8,8a,9a-Octahydro-4a,5-dimethyl-3- 

(hydroxymethyl)-naphtho(2,3-b]furan-2(3H)-one (VI).- Diisopropylamine 

(0.165 g,  1.63 mmol) i n  2 m l  of dry THF was cooled t o  Oo. 

s o l u t i o n  of 2.1 M n-butyl l i t h i u m  (0.78 m l ,  1.63 mmol) was added v i a  a 

sy r inge  under N2; t he  r e a c t i o n  mixture was s t i r r e d  f o r  an a d d i t i o n a l  20 

min and then cooled t o  -78 . Lactone 111 (300 mg, 1.36 m o l e )  i n  4 m l  

A hexane 

- 

0 

of THF was added via a syr inge over a 20 min period and s t i r r i n g  was 

continued a t  - 7 8 O  f o r  a n  a d d i t i o n a l  20 min. The r e a c t i o n  mixture w a s  

allowed t o  warm t o  -20 and was s t i r r e d  a t  -20 f o r  20 min. Gaseous 

formaldehyde, generated from paraformaldehyde t (1 .5  g)  a t  150 1, was 

passed i n t o  t h e  r e a c t i o n  mixture v i a  a N stream over a 2 hr. period. 

The r e a c t i o n  mixture was d i l u t e d  with 40 ml of e t h y l  a c e t a t e  and extrac-  

0 0 

0 

2 

t ed  with 40 m l  of brine.  The aqueous s o l u t i o n  w a s  ex t r ac t ed  with fou r  25 

m l  por t ions  of e t h y l  a c e t a t e .  The combined organic s o l u t i o n  was washed 
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ZORETIC, CHAMBERS AND BHAKTA 

w i t h  b r i n e ,  d r i e d  (MgSO ) and c o n c e n t r a t e d  i n  vacuo ,  g i v i n g  a n  o i l .  

Chromatography of t h e  o i l  on s i l i c a  g e l  G and e l u t i o n  w i t h  e ther -hexane  

s o l u t i o n s  a f f o r d e d  180 mg, ( 5 3 % )  of I V ,  mp. 128.5-130O; 'H nmr (250  MHz, 

CDC13): 

2H), 0.97 ( s ,  3 H )  and 0.88 ( d ,  3H, J = 5.9 Hz); i r  (KBr) 3390 a n d  1 7 4 0  

cm 

250.1588). 

4 

6 5.53 ( d ,  IH, J = 4.4 Hz), 4.84 ( a p p a r e n t  t ,  lH) ,  3.98 (m, 

-1 ; mass spec t rum,  c a l c d .  f o r  C15112203 m / e  250.1568, found m / e  

( 3 a ,  3a B,4aa, 5 a ,  9a @)-3a , 4 , 4 a  , 5,6,7,8,8a,9a-Octahydr0-4a, 5-dimethyl-3- 

[ ( ( m e t h y l s u l f o n y l ) o x y ) m e t h y l ] n a p h t h o [ 2 , 3 - b ] f u r a n - 2 ( 3 ~ 1 ) - o n e ( V ) . -  Dry 

t r i e t h y l a m i n e  (87.14 mg, 0.12 ml ,  0.863 mmol) w a s  added v i a  a s y r i n g e  t o  

a l c o h o l  TV (180 mg,  0.719 mmol) i n  3 ml of d r y  CH2C12 at -So t o  -10 

u n d e r  N 2 .  

added dropwise  via a s y r i n g e  over  a 10 min p e r i o d .  The r e a c t i o n  mix- 

t u r e  w a s  s t i r r e d  between 0 

of CH C 1  and washed w i t h  15 ml of ice-co ld  w a t e r ,  15 ml of 10% H C I ,  

15 m l  of 10% NaHCO and 15 m l  of b r i n e .  The organic- s o l u t i o n  was d r i e d  

(MgSO ) and c o n c e n t r a t e d  i n  vacuo t o  a f f o r d  205 mg of a s o l i d .  

T r i t u r a t i o n  of t h e  s o l i d  w i t h  a n  e ther -hexane  s o l u t i o n  gave 186 m g ,  (79%) 

of V ,  mp. 131-132'; 'H (nmr, 60 MHz, CDC13): 6 5.53 ( d ,  l H ) ,  4.83 

(m, l H ,  CHOCO, u n r e s o l v e d ) ,  4.50 ( d ,  211) and 3.04 ( s ,  3H); i r  (KBr) 1780, 

1352,  and 1180 cm-'. The m e s y l a t e  w a s  n o t  c h a r a c t e r i z e d  f u r t h e r ,  b u t  

0 

Methanesul fonyl  c h l o r i d e  (0.061 ml, 90.6 mg, 0.791 mmol) was 

0 and -10' f o r  3.5 h r s . ,  d i l u t e d  w i t h  100 ml 

2 2, 

3 

4 

s u b m i t t e d  d i r e c t l y  t o  t h e  e l i m i n a t i o n  r e a c t i o n .  

(+)-Eremofrullanolide(I).- - DBU (89.1 mg, 0.0875 m l ,  0.585 mmol) w a s  

added via a s y r i n g e ,  over  a 10 min p e r i o d  t o  m e s y l a t e  V (160 mg, 0.488 

mmol) i n  4 ml of d r y  benzene under  N a t  room t e m p e r a t u r e  w i t h  s t i r r i n g .  

The r e a c t i o n  m i x t u r e  was s t i r r e d  f o r  3.5 h r s .  and t h e n  d i l u t e d  w i t h  150 

m l  of e t h y l  a c e t a t e .  The o r g a n i c  s o l u t i o n  w a s  washed w i t h  10 m l  of c o l d  

water,  15 ml of 10% H C 1  and 15  ml of c o l d  water, d r i e d  ( M g S 0 4 )  and 

2 
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SYNTHESIS OF' (?)-EREMOFRULLANOLIDE 

c o n c e n t r a t e d  i n  v a c u o  t o  a f f o r d  a s o l i d .  Chromatography of t h e  s o l i d  

on s i l i c a  g e l  G and e l u t i o n  w i t h  e ther -hexane  s o l u t i o n s  a f f o r d e d  (100 mg, 

88%) of ( 2 ) - e r e m o f r u l l a n o l i d e  I ,  mp. 88-88.5°; l i t . '  mp. of(+)-eremo- 

f r u l l a n o l i d e  82-82.5O; 'H nmr (250 MHz, CDC13): 6 6.19 (d ,  l H ,  J = -1Hz), 

5.62 ( d ,  l H ,  J = -1 Hz), 5.88 ( d ,  l H ,  J = 4.6 Hz), 6 4.66 ( a p p a r e n t  t ,  

l H ) ,  3.02-3.12 (m, l H ) ,  2.20-2.25 (m, 2H), 1.80 ( d d ,  J = 13.4 and 5.3 Hz) 

and 1.71-1.79 (m) [ZH], 1.55 - 1.78 (m, 5H), 1.0 ( s ,  3H) and 0.88 ( d ,  3 H ,  

J = 6.3 Hz); i r r a d i a t i o n  of t h e  v i n y l  p r o t o n  a t  6 5.88 caused  t h e  

a p p a r e n t  t r i p l e t  a t  64.66 t o  c o l l a p s e  t o  a d o u b l e t  a t  

Hz); i r  (KBr) 1770 c m  ; mass spec t rum,  c a l c d .  f o r  C H 0 m/e 

232.1463, found m/e 232.1463). 

4.66 (J7,8 = 5.9 

-1 
15 20 2 

Acknowledgement.- We are i n d e b t e d  t o  Dr. J. R. Hass and M r .  D. Marbury 
of t h e  NIEHS f o r  t h e  h i g h - r e s o l u t i o n  mass s p e c t r a  and D r .  D. Harris of 
t h e  U n i v e r s i t y  of Nor th  C a r o l i n a  f o r  r e c o r d i n g  t h e  250 MHz 
s p e c t r a .  
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