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Abstract  - A  new route  t o  const ruc t  the carbon ske le ton of Haagenolide i s  

desc r i bed  where in  t h e  13-membered d i a l l y l i c  e t h e r 1 7 ,  - prepared by t h e  

cyanohyd r i n  methodology, undergoes [2.31-Wittig rearrangement t o  g i ve  the 

ten-membered carbocycles. 

Previous at tempts a t  macrocarbocyclic const ruc t ion  invo lve  most ly  i n d i r e c t  approaches such as r i n g  

expansion2 [o r  cleavage3) and d i r e c t  macrocycl izat ion methodologies." However, i f  macrocarbocycles 

are e a s i l y  prepared, t h e i r  cont rac t ions  t o  medium-membered r i n g s  can be considered as the  t h i r d  

methodology5 which can simultaneously const ruc t  the carbon ske le ton o f  macrocycles and induce the 

requ i red stereochemistry. This type of stereocontrol  might  o f f e r  good methodology f o r  syntheses of 

a  l a r g e  number o f  b i o l o g i c a l l y  a c t i v e  sesqu i t e rpene  lac tone^,^ i n c l u d i n g  haageno l ide  (i), 
eucannab ino l i de  (21, and e l e p h a n t o p i n  (21. I n  t h i s  communicat ion  we w ish  t o  r e p o r t  t h e  s te reo -  

se lec t i ve  synthesis of haagenolide as ou t l i ned  i n  Scheme 1. Key steps i n  t h i s  synthesis are the 

[Z ,31 -Wi t t i g  rea r rangemen t7  o f  13-membered d i a l l y l i c  e t h e r  t o  c o n s t r u c t  t h e  ten-membered r i n g  

(5 - T - 4a). the in t ramolecu lar  a l k y l a t i o n  o f  the pro tec ted ~ y a n o h y d r i n ' . ~ ~  t o  g i ve  the macrocyclic 

e the r  (6 -5). and the reg iose lec t i ve  a l l y l i c  ox ida t i on  of the isopropenyl group o f  the rearrange- 

ment product (2-9. Success o f  t h i s  macroring con t rac t i on  approach9 necessi tates the fo l lowing 

Hoosenolide (1) Eucannobinolide (2) 
I T  E lephan to~ in  (5 )  

HO 
W: X = H  
Q: X = O H  



t h r e e  s e l e c t i v i t i e s  i n  t h e  12 ,31 -Wi t t i g  rear rangement ;  ( 1 )  t h e  p e r i s e l e c t i v i t y ,  (21 t h e  r e g i o -  

s e l e c t i v i t y  l a  v s a ' l i t h i a t i o n l  i n  the e the r  A, and (3) the remote con t ro l  o f  s te reose lec t i v i t y  by 

t h e  C ( 9 1 - s i l y l o x y  group [ r e l a t i v e  s t e r e o c h e m i s t r y  among C(61, C(71. and C(911, as  w e l l  a s  t h e  E- 

geometry o f  C(4.5)-olefin i n  the rearrangement product 9. 
Thus the 13-membered d i a l l y l i c  e ther  was our i n i t i a l  synthet ic  t a r g e t  and i t s  preparat ive method 

i s  summarized i n  Scheme 2. The a l l y l i c  a lcohol  1 was e a s i l y  prepared from geranyl acetate i n  th ree 

steps 1  S ~ O ~ - ~ - B U O O H , ~ ~  Me3CCOC1/Py, K2C03/MeOHI. 0 -a l ky la t i on  of 1 w i t h  the bromide 8, reduct ion  

of the es te r  9, ace ty la t i on  o f  the r e s u l t a n t  a l l y l i c  a lcohol ,  and removal o f  the tetrahydropyranyl  

group, gave t h e  a l c o h o l  - 10 i n  57% o v e r a l l  y i e l d .  The a l l y l i c  c h l o r i n a t i o n  198% y i e l d )  o f  10, 

methanolysis of the acetate 11, and ox ida t i on  o f  the r e s u l t a n t  a l l y l i c  a lcohol  12 gave the enal 13 
i n  69% o v e r a l l  y i e l d  f r o m  11; l ~ - n m r  lCDC13), 9.38 (b rs ,  1H1, 1.76 (b rs ,  ZxMe), 1.70 l b r s ,  Me). 

The 1 2 - a d d i t i o n  of t r i m e t h y l s i l y l  cyanide1' t o  the enal 13, removal of the t r i m e t h y l s i l y l  group 

from t h e  adduct, and r e p r o t e c t i o n  o f  t h e  r e s u l t a n t  cyanohyd r i n  w i t h  e t h y l  v i n y l  e t h e r  gave t h e  

pro tec ted cyanohydrin 14 i n  90% ove ra l l  y i e l d .  Cyc l i za t i on  t o  the 13-membered r i n g  15 was e f fec ted 

i n  80% y i e l d  by a d d i t i o n  o f  - 14 10.65 mmol l  i n  THF 110 m11 t o  a  s o l u t i o n  of NaN(SiMe312 13.3 mmol l  

i n  THF (20 m1) over  2  h  a t  6 5 O ~ .  A c i d - c a t a l y z e d  removal  o f  e t h o x y e t h y l  group o f  t h e  c y c l i z e d  

p r o d u c t  15 and subsequent base t r e a t m e n t  o f  t h e  r e s u l t a n t  cyanohyd r i n  gave t h e  enone 16 i n  90% 

o v e r a l l  y i e l d ;  13c-nmr (CDCl31 201.3, 146.0, 135.8, 135.6, 135.3, 126.1, 121.3, 78.7, 69.0, 40.3, 

la)KOH,BUqNI,H20,RT,lh; ( b ) ~ i ~ l H ~ . E t ~ 0 , 0 ' C ;  (C)AC~~,PY.O'C; (d)PPTS,MeUH,IIO~C,3h: (e)PPh3, 
CCIq,76"C, 12h; ( f  )K2C03,MeOH,0'C,30 win; (g)MnO2,hexane,RT,2Oh; (h)Me3SiCN.KCN-18-crown-6, 
0'~,1h; (i)Me3(PhCH2)NF,THF,RT,lh; (j)CH2CHOCH2CH3,~-TsOH,C~l2,0'C,lh;\klNaN(SiNej!2, 
THF,65"C,Zh; (1)PPTS,MeOH,40'C,2h; (n)2%au,NoOH,O-C.1 min; ( m ) ( l - B ~ ) ~ A l H , T H F . - i l O ~ C , 5 m l n ;  
(o)(t-Bu)Me2SiCi,DMF,RT,i.5h 
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38.0, 25.8, 15.0, 14.2. 11.1. The r e d u c t i o n  o f  ke tone  16 and subsequent p r o t e c t i o n  of t h e  

r e s u l t a n t  a l l y l i c  a lcohol  gave the t -bu ty ld ime thy l s i l y l oxy  e the r  17 i n  85% ove ra l l  y i e l d .  

The 12,31 - W i t t i g  rearrangement was ca r r i ed  out  i n  the f o l l ow ing  way. The e ther  17 was metalated i n  

Et20 w i t h  t-BuLi a t  -70°C under n i t rogen and the r e s u l t a n t  y e l l o w  so lu t i on  was s t i r r e d  f o r  another 

24 h a t  -70'~. Then the react ion  mix ture  was a l lowed t o  warm over 30 min t o  room temp and quenched 

w i t h  aq NH4Cl so lu t ion .  A f te r  the usual work-up, a 4 : 1 mix ture  o f  [2,31 -rearrangement products 

18 and 19,12 der ived v i a  a - l i t h i a t i o n ,  was obtained i n  43% y i e l d ,  and the regioisomer &3 via a'- - - 

l i t h f a t i o n  was a l s o  formed i n  47% y i e l d .  None o f  11.21- and l1,4) - rear rangement  p r o d u c t s  was 

d e t e c t e d  i n  a c rude  r e a c t i o n  m i x t u r e  by HPLC a n a l y s i s .  Thus t h e  p e r i s e l e c t i v i t y  and t h e  remote 

s te reose lec t i v i t y ,  except the  reg iose lec t i v i t y ,  were exce l len t .  Consideration o f  a probable tran- 

s i t i o n  State geometry f o r  the  observed remote stereocontrol  by C(9) -s i l y loxy  group suggested t h a t  

the conformer 17-8 having pseudo-equatorial s i l y l o x y  group would be more s tab le  than the conformer 

17-A conta in ing pseudo-axial s i l y l o x y  group (Fig.2). Moreover, the  h igh degree of t rans-se lec t ion  - 
a t  C(6) and C(7) i n  t h i s  rear rangement  can be t e n t a t i v e l y  e x p l a i n e d  as f o l l o w s .  The t r a n s i t i o n  

s t a t e  developed f r o m  t h e  geometry 3 adopts  t h e  un favo rab le  c o n f o r m a t i o n  whfch has t h e  1.2- 

i n t e r a c t i o n  a r i s i n g  from Ci6-5) and C(7-8) C-C bonds, and l i k e w i s e  the 1.3- interact ion between C(6- 

5 )  and C(13)-Me. U h i l e  t h e  t r a n s i t i o n  s ta te ,  fo rmed f r o m  t h e  geometry 17-8'. has none o f  these 

s t e r i c  i n t e r a c t i o n s .  The re fo re  t h e  rear rangement  proceeds i n  such a way t o  make two  a d j a c e n t  

l a r g e r  groups, C(6-5) and C(7-8) C-C bond, i n  t h e  f ive-membered t r a n s i t i o n  s t a t e  t r a n s  t o  each 

o t h e r  iFig.2).  

18 - 43% 19 - ( F i g .  I I , 47% 

The above d i s c u s s i o n  was c o n f i r m e d  by  c o n v e r s i o n  o f  18 t o  M a g e n o l i d e  as f o l l o w s  (Scheme 3). 

A l l y l i c  l i t h i a t i o n  o f  the  isopropenyl moiety i n  18 w i t h  sec-8uLi i n  the presence o f  TMEOA a t  -70% 

i n  Et20, ox idat ion  of the r e s u l t a n t  l i t h i a t e d  species, f o l l owed  by reduct ive  work-up w i t h  Na2S03 

gave t h e  d e s i r e d  a l l y l i c  a l c o h o l  i n  60% y i e l d 1 4 ;  l ~ - n m r  (CDCI3) 5.08 id, 5.12.6, 2H), 4.15 



l b r s ,  2H), 1.65 I s ,  3H), 1.42 Is ,  3H) and no l i t h i a t i o n  o f  o l e f i n i c  m e t h y l s  i n  t h e  r i n g  t ook  

place.'' Based on such r e g i o s e l e c t i v i t y  i n  the l i t h i a t i o n ,  we next  attempted a  one-pot process fo r  

the  12.31-Witt ig rearrangement and a l l y l i c  oxidation. Treatment o f  17 w i t h  sec-BuLi a t  -70°c i n  

Et20, add i t i on  o f  TMEDA, i n t roduc t i on  of oxygen t o  the react ion  mixture,  and f i n a l  reduct ive  work- 

up w i t h  Na2S03 gave the desired d i o l  21 i n  25% overa l l  y ie ld.16 Oxidat ion of - 21 w i t h  Mn02 i n  Et20 

a t  room temp f o r  12 h  gave d i r e c t l y  t h e  a -me thy lene  6 - l ac tone  22 i n  80% o v e r a l l  y i e l d .  

D e s i l y l a t i o n  o f  22 w i t h  Bu4NF gave haageno l ide  11). The nmr s p e c t r a l  d a t a  o f  t h e  s y n t h e t i c  

haageno l ide ;  l ~ - n m r  IPY-d5) 6.34 (d, 5-3.5, IHI, 5.53 ~ d ,  5.3.5, IHI, 4.70 (brd ,  C15), C16)L 

4.41 ldd, J=3.1, 10.8, C19)) and i t s  a c e t a t e  ; l ~ - n m r  ICDCl31 6.30 Id,  5.3.5, lH),  5.56 Id,  

5-3.3, 1H1, 5.22 (dd, J=3, 10, C(9)) ,  4.6 Id ,  J=lO, C15)). 4.56 ldd ,  J=8.5,10,C16)1, 2.06 IS, Me), 

1.73 IS, Me), 1.48 IS, Me); mp 162-16S°C In-hexane-e ther )  were i d e n t i c a l  w i t h  those o f  n a t u r a l  

haagenolide and i t s  acetate.17 

0 s i t  18. 0s i+ O R  

( Scheme 3 - 1 : R Z H  
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