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Total synthesis of glycinoeclepin A 
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Abs t r ac t  - A t o t a l  syn thes i s  of g lyc inoec lep in  A ,  a n a t u r a l  
ha tch ing  s t imulus  f o r  t he  soybean c y s t  nematode, i s  descr ibed .  
The syn thes i s  involves  32 s t e p s  and the  o v e r a l l  y i e l d  i s  0 . 4 %  
from (5) - ( - )  -carvone. The ha tch-s t imula t ing  a c t i v i t y  of t h e  
s y n t h e t i c  sample w a s  found t o  be i n d i s t i n g u i s h a b l e  from t h a t  
of t he  n a t u r a l  sample. 

INTRODUCTION 

Glycinoeclepin A ,  i s o l a t e d  from the  aqueous e x t r a c t s  of d r i ed  r o o t s  of kidney 
bean (Phaseolus v u l g a r i s  L.), i s  a n a t u r a l  ha tch ing  s t imulus  f o r  t he  soybean 
c y s t  nematode (Heterodera g lyc ines )  ( r e f .  1). This compound s t imu la t e s  t he  
ha tch ing  and emergence of l a rvae  i n  v i t r o  i n  h ighly  d i l u t e d  aqueous solu-  
t i o n s .  The molecular s t r u c t u r e  (1) of the  compound has  been confirmed by t h e  
X-ray d i f f r a c t i o n  a n a l y s i s  ( r e f .  z). The h ighly  b i o l o g i c a l  importance and 
the  unusual s k e l e t a l  a r r a y  of 2; as w e l l  a s  t he  lack  of a s a t i s f a c t o r y  n a t u r a l  
amount have prompted us t o  i n v e s t i g a t e  t h e  chemical syn thes i s .  The uns t ab i l -  
i t y  of 1 seemed t o  be a t t r i b u t e d  t o  the  presence of a cross-conjugated moiety 
inc luding  i n  t h e  C and D r i n g s .  Accordinqly,  w e  planned t o  d isconnec t  t h e  
t a r g e t  molecule (1) i n t o  two fragments (2) and (3)  a s  revea led  below, recon- 
n e c t  them, and f i n a l l y  c o n s t r u c t  t he  cross-conjugated system i n  ques t ion .  We 
desc r ibe  he re in  the  f i r s t  t o t a l  syn thes i s  of t h e  t i t l e  t a r g e t  ( r e f .  3 ) .  

1 ,  R = H  
la, R = CH2COCgHqBr  2 3 

CHIRAL SYNTHESIS OF THE A RING FRAGMENT 

The syn thes i s  of t h e  A r i n g  p a r t  of 1 s t a r t e d  wi th  enzymatic reduct ion  of 
2,2-dimethylcyclohexane-l, 3-dione (4-7 with  bake r ' s  y e a s t  (Scheme 1) . The re- 
s u l t i n g  (2) -2,2-dimethyl-3-hydroxycyclohexan-l-one ( 5 )  ( r e f .  4) (94.3% ee) w a s  
converted i n t o  t h e  corresponding ethoxyethyl  d e r i v a t r v e  (5a)  , which on suc- 
ces s ive  t rea tment  wi th  Bredereck 's  reagent  ( r e f .  5)  and w x h  d i i sobuty la lumi-  
nium hydride produced a ,B-unsaturated ketone ( 6 ) .  The enone 6 was reduced 
wi th  sodium trimethoxyborohydride,  g iv ing  a l l y 1  a lcohol  ( 7 )  as a s o l e  product  
which was transformed on a c i d  hydro lys is  i n t o  t h e  (+ ) -o l eT in ic  &-glycol 
( 8 ) .  Treatment of 8 with  E-iodosuccinimide i n  a c e t o n i t r i l e  (MeCN) i n  t he  
dark e f f e c t e d  smooth c y c l i z a t i o n  t o  g ive  iodomethyl oxabicycloheptane a lcohol  (z), which on simple r e c r y s t a l l i z a t i o n  a f forded  an o p t i c a l l y  pure sample. 
Oxidation of 9 gave r ise t o  (1R,4S) -3,3-dimethyl-l-iodomethyl-7-oxabicyclo- 
[ 2 . 2 . 1 ]  heptan-2-one (2) . This-synthesis involves  8 s t e p s  from 4- i n  2 7 . 6 %  
o v e r a l l  y i e l d .  Compound 2 w a s  f u r t h e r  reduced wi th  sodium borohydride t o  
g ive  exc lus ive ly  the  i somer ic  ( 2 5 )  -a lcohol  (lo) . 
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Scheme 1 
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a)  Baker 's  y e a s t ,  D_-glucose, KH PO4 ,  MgS04, aq DMF, 2 4  O C ,  7 2  h ;  E tOCH=CH2,  
PPTS (65% " 9 4 % " ) :  -b) DMF-dimetiyl a c e t a l ,  1 1 0  O C ,  2 d ;  D I B A H ,  THF, -78 + 23 
O C ,  1 h ( 6 3 % ) :  c )  N a B H ( 0 M e )  ( 8 7 % ) :  d)  H C 1  ( 9 9 % ) :  e )  N I S I  MeCN, 20  O C ,  1 6  
h ( 7 9 % ) :  f )  Jones oxid .  ( 9 8 2 ) :  g )  NaBH4 ( 9 4 % ) .  

STEREOSELECTIVE CONSTRUCTION OF THE C/D  RING FRAGMENT 

The syn thes i s  of another  fragment 11, corresponding t o  the  C and D r i n g  moiety 
of I, commenced wi th  ( g )  - ( - 1  -carvone (12) and involved s t e r e o s e l e c t i v e  con- 
s t r u c t i o n  of fou r  success ive  c h i r a l  c e n t e r s  a s  t h e  key s t e p s  (Scheme 2 ) .  Nu- 
cleophilic/electrophilic carba-condensation of 12 proceeded smoothly wi th  high 
s t e r e o s e l e c t i v i t y ,  g iv ing  a d i a l k y l a t e d  compound 12, which underwent annela- 
t i o n  t o  y i e l d  an a ,%-unsa tura ted  oc ta lone  14. D i f f i c u l t y  was encountered wi th  
in t roduc t ion  of t he  methyl group i n t o  an angular  p o s i t i o n  of 14 by 1,4-conju- 
g a t e  a d d i t i o n  wi th  methylcuprate  complexes under var ious  cond i t ions ,  owing t o  
severe  s t e r i c  hindrance around the  r e l e v a n t  r eac t ion  s i t e ,  mainly due t o  the  
ad jacent  neopentyl  group. This C - 1  u n i t  i n t roduc t ion  was achieved by the  hy- 
drocyanat ion procedure a s  fo l lows .  Hydrocyanation of 14 under k i n e t i c  condi- 
t i o n s  ( r e f .  6 )  e f f e c t e d  predominant formation (63%) of t h e  d e s i r e d  cis-cyano 
ketone 15, accompanied by i t s  t r a n s  isomer 3 (30%) ( r e f .  7 ) .  The configura-  
t i o n  of t hese  ketones w a s  confirmed by t h e  X-ray c r y s t a l l o g r a p h i c  a n a l y s i s  of 
1 5  ( r e f .  8 )  , i n d i c a t i n g  t h a t  s t e r e o s e l e c t i v e  in t roduc t ion  of t he  four  asynunet- 
r i c  c e n t e r s  has been completed a s  a n t i c i p a t e d .  Compound 15 was transformed by 
a usua l  s e v e r a l  s t e p  sequence i n t o  decalone,  which w a s  oxidized with peroxy- 
t r i f l u o r o a c e t i c  a c i d  i n t o  E-caprolactone 16 and then submitted t o  r i n g  opening 
i n  a th ree - s t ep  process  t o  g ive  methoxycarbonyl a c e t a t e  E. Cleavage of the  
two methoxyl groups of 17 w a s  e f f e c t e d  according t o  t h e  F u j i  procedure ( r e f .  
9 )  t o  y i e l d  t r i o 1  monoacetate 5, which on t r i t y l a t i o n  and oxida t ion  a f forded  
acetoxycyclohexanone t r i t y l  e t h e r  11. 
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a )  MeLi ,  CuI, Bu P I  THF, -18 O C ,  1 h and - 4 0  O C ,  4 h ;  HMPA, a l l y 1  bromide, -78 
+ 23 OC, 15 h ( 7 4 % ) :  
THF, 23 O C ,  30 h :  
N H 2 N H 2 * 2 H C 1 ,  t r i e t h y l e n e  g l y c o l ,  1 2 0  'C, 3.5 h;  KOH,  200  O C ,  6.5 h? 0 2 ;  iie S; 
CF C03H; L i A l H  ; Jones oxid . ;  CF CO H ( 1 5 % ) :  
A1i!13, NaI, M e e N ,  0 +. 20 OC, 6 h? Cd,N2 ( 4 9 % ) :  

b)  LDA, MeCOC(TMS)=CH ; NaOMe ( 7 4 % ) :  

e )  KOH; CH N 

c )  HCN,  E t 3 A 1 ,  
d) O s 0 4 ,  NMO; N a I O  ; NaBi4; M e I ,  NaH; DIBAH;  N H  NH - H  0 ,  

Ac 0 ,  D d P ,  E Z  N ;  
f )  T r C l I 2 D & P ,  3 t 3 N ;  PDC ( 9 2 % ) .  



Total synthesis of glycinoeclepin A 395 

COUPLING OF THE A A N D  C/D RING FRAGMENTS LEADING TO 
SYNTHESIS OF GLYCINOECLEPIN A 

The next  phase of  s y n t h e s i s  was t h e  combination of  t h e  t w o  fragments lo and - 11, one of  t h e  most c r i t i c a l  s t e p s  of  t h e  s y n t h e s i s .  A f t e r  many f r u i t l e s s  a t -  
tempts ,  w e  hoped t o  submit t h e s e  compounds t o  an i n t r a m o l e c u l a r  coupl ing.  
Thus (Scheme 3 ) ,  t rea tment  of 11 wi th  t h e  bromomagnesium thioureide-carbon d i -  
oxide complex ( r e f .  10) , r e s u l t e d  i n  a-carboxylat ion t o  y i e l d  8-ketocarboxyl ic  
a c i d ,  which was immediately r e a c t e d  wi th  lo i n  t h e  presence of d icyc lohexyl  
carbodi imide t o  a f f o r d  $-keto ester 19. F u r t h e r  r e a c t i o n  of 2 with  potassium 
f l u o r i d e  i n  MeCN i n  t h e  presence of  18-crown-6 a t  65 O C  e f f e c t e d  t h e  r e l e v a n t  
coupl ing between C ( 9 )  and C ( 1 9 ) ,  g i v i n g  6- lactone 20  i n  high y i e l d  ( r e f .  11). 
The l a c t o n e  2 0 ,  when t r e a t e d  wi th  sodium a l l y l o x i d e a n d  then  o x i d i z e d ,  was 
t ransformed =to $-keto es ter  21, which was submit ted t o  d e t r i t y l a t i o n  w i t h  
a c i d  and subsequent  o x i d a t i o n  t o  a f f o r d  22 .  Treatment o f  2 2  with potassium 
t -butoxide  i n  dimethoxyethane gave r ise t h e  corresponding a l d o l ,  which was 
ymmediately dehydrated w i t h  2-f luoropyridinium t o s y l a t e  ( r e f .  1 2 )  t o  a f f o r d  
enone 23. The a l ly loxycarbonyl  group o f  2 3  was then  removed according t o  t h e  
procedure of  T s u j i  ( r e f .  13)  , qiv inq  t h e  r e l e v a n t  d i e n o l ,  which was t r e a t e d  
immediately w i t h  sodium hydr ide  and phenyl t r i f l i m i d e  ( r e f .  1 4 )  t o  y i e l d  t h e  
corresponding d i e n y l  t r i f l a t e  2 4  i n  a high o v e r a l l  y i e l d .  The s t a g e  w a s  now 
se t  t o  i n t r o d u c e  t h e  necessaryone-carbon u n i t  a t  t h e  C(8)  p o s i t i o n  of 2. 
This  was accomplished by a modi f ica t ion  of t h e  Ortar method ( r e f .  1 5 ) .  Com- 
pound 3, when t r e a t e d  w i t h  t r i b u t y l a m i n e ,  pal ladium a c e t a t e ,  and l , l ' - b i s ( d i -  
pheny1phosphino)ferrocene i n  a l a r g e  excess  of  water  i n  N_,N_-dimethylformamide 
under a carbon monoxide b a l l o o n  a t  95 O C  f o r  3.5 h ,  was t ransformed i n t o  
ace toxyl  d i c a r b o x y l i c  a c i d  25 i n  4 2 %  y i e l d  ( 8 2 %  based on t h e  recovered 2 4 ) .  
There i s  no exper imenta l  e v 3 e n c e  a v a i l a b l e  t o  d e t a i l  how t h e  compound w a s  
produced under t h e s e  c o n d i t i o n s .  Compound 25 w a s  then  s a p o n i f i e d  and esteri-  
f i e d  smoothly t o  g ive  t h e  correspondinq b is5-bromophenafy l )  ester a l c o h o l .  
The ester t h u s  obta ined  was i d e n t i c a l  i n  every r e s p e c t  ( H NMR, I R ,  MS, C D ,  
HPLC) w i t h  der ived  from t h e  n a t u r a l  sample. The ha tch-s t imula t ing  a c t i v -  
i t y  of  t h e  s y n t h e t i c  sample 1 w a s  found t o  be i n d i s t i n g u i s h a b l e  from t h a t  of 
t h e  n a t u r a l  sample ( r e f .  16): 

Scheme 3 

22. R - 0  23 

24 2 5  

a )  bromomagnesium thioureide-C0 complex, DMF, 20  O C ,  20 h ;  lo, DCC, DMAP, 
CH2CL I 0 -F 20  O C ,  20  h ( 8 4 %  " 9 8 % " )  : b)  KF ( 3  equiv)  , 18-crown-6-ether ( 3  
equiv? ,  M e C N ,  65 O C ,  15 h ( 7 6 %  " 9 4 % " ) :  c )  sodium a l l y l o x i d e ;  Swern o x i d . ;  
PTS; Swern oxid.  ( 6 6 %  " 8 2 % " ) :  
CH C 1 2  (54%) : e) Pd(0Ac) (C6H P,  HCO H ,  E t 3 N ,  THF; (CF5S8 ) NC H N a H  
( 7 8 % ) :  f )  C O ,  Bu3N, Pd(02;) , d8p?, au DiF, 95 O C ,  3.5 h: 3g)2NgOMg ?:6%): 
h) p-BrC6H4COCH2Br ,  (L-Pr) 2 N 2 t ,  MeCN ( 9 9 % )  . 

d)'r-BuOK, DME, -78 O C ;  2-FC H N M e - O T s ,  E t 3 N ,  
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