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A Stereoselective Total Synthesis of Bakkenolide-A (Fukinanolide) 
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D e p a r t m e n t  o f  O r g a n i c  C h e m i s t r y ,  I n d i a n  I n s t i t u t e  o f  S c i e n c e  
B a n g a l o r e  - 560 012 ,  I n d i a  

Abstro~t:  A h igh l y  s tereoselect ive synthes is  o f  bakkenol ide-A ( fukinanol ide.  
la) employing the rad ica l  mediated sp i rannu la t ion  methodology is described. 

Bakkanes ,  b i o g e n e t i c a l l y  d e r i v e d  f rom e remoph i l anes ,  a re  an i n t e r e s t i n g  c lass of 

s e s q u i t e r p e n e s  Con ta in ing  an u n i q u e  c t - s p i r o - B - m e t h y l e n e - ~ - b u t y r o l a c t o n e  f used  to  a 

h y d r i n d a n e  f r a m e w o r k .  I and  have  been shown to  possess c y t o t o x i c  and  a n t i f e e d a n t  p r o -  

pe r t i es .  2 The s imp les t  member of  t h i s  c lass, B a k k e n o l i d e - A  a lso known  as F u k i n a n o l i d e  

( l a ) ,  was f i r s t  iso la ted 3 f rom t h e  b u d s  of  the  Petasites japon icus Subsp.  g igantus  Maxim. 

a long  w i th  t h r e e  o t h e r  h i g h e r  o x y g e n a t e d  ana logues .  Desp i te  t h e i r  e s t a b l i s h e d  b io log ica l  

p r o p e r t i e s  and  nove l  s t r u c t u r e ,  b a k k a n e s  have  r e c e i v e d  on l y  l im i ted  a t t e n t i o n  f rom s y n -  

t h e t i c  chemis ts ,  and o n l y  t w o  to ta l  s y n t h e t i c  a p p r o a c h e s  4 to  b a k k e n o l i d e - A  a re  r e p o r t e d  

in t he  l i t e r a t u r e .  Herein we d e s c r i b e  a h i g h l y  s t e r e o s e l e c t i v e  r o u t e  to  b a k k e n o l i d e - A  via 

rad ica l  med ia ted  s p i r a n n u l a t i o n  of  t he  h y d r i n d a n o n e  _2. 

l b  X=OAc, Y ,~  la ~ o 
1(::. X = O H  I Me - -  

i I o l_d x:oA,, Y=oJ.. j 
Me 

For t h e  s y n t h e s i s  of t h e  h y d r i n d a n o n e  2 f i r s t  an i n t r amo lecu la r  d iazo  ke tone  c y c l o -  

p r o p a n a t i o n  s t r a t e g y  was a d o p t e d  as dep i c ted  in t h e  scheme 1. Thus,  r e g i o s p e c i f i c  LiAIH~ 

r e d u c t i o n  of 3 , 4 - d i m e t h y l c y c l o h e x e n o n e  (_3) f u r n i s h e d  a 2:1 eo imer i c  m i x tu re  of t he  a l l y l  

a lcohol  4 in 95% y ie ld .  The o r t h o  es te r  Claisen r e a r r a n g e m e n t  s w i th  t r l e t h y l  o r t h o a c e t a t e  

in t he  p resence  of a c a t a l y t i c  amount  of prop~onic  ac id  fo l l owed by  h y d r o l y s i s  of t he  
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OH o + 
M e ~ 3  , a 

95"/. 
e 

- -  4 

0 + 0 ~ 8 5 ~  

' 8 ( 1:1 ) 2 

b ~ ~ J ~1 ,X O 5. X=OH 
70"/, ~ 6. X=CHN 2 

c ~6 0 "/. 

7 

SCHEME 1: Rea.qents & Cond i t i ons :  (a) L iAIH 4. EtzO. -70"C. 2 h r :  (b )  ( i )  MeC(OEt) a. EtCOOH. 

180°C. 48 h r ;  ( i i )  25~ acl. NaOH. HeOH. re f /ux ,  5 h r ;  (c) ( t)  (COCI) 2. C6H 6. RT. 3 h r :  ( i i )  

CHzN z, EtzO. 5 h r ;  ( i i i )  An. CuSO~. c-C6H1z. IV-lamp, re f l ux .  5 ht-; (d )  Li. lict. NH a, 15 mtn. 

resu l tan t  es ter  t r ans fo rmed  the a l ly l  alcohol 4 in to the ene-ac id  _5 in 70% y ie ld .  Treatment  

of the  acid ch lo r ide  de r i ved  from the acid 5 wi th  an excess of e thereal  diazomethane 

generated the diazo ketone 6. Anhydrous  co!ooer su l fa te  cata lysed decomposi t ion ~ of the 

diazo ketone _6 in re f l ux ing  cyclohexane ( tungs ten  lamp) fo l lowed by in t ramolecu lar  inser -  

t ion of the  resu l t an t  ke to -ca rbeno id  in to olef in genera ted the cyc l op ropy l  ketone 7 in 60% 

y ie ld ( f rom acid _5). Regiospeci f ic  r educ t i ve  c leavage of the cyc lop ropane  r i ng  in 7 us ing 

l i th ium in l iqu id  ammonia reduc t ion  cond i t ions  f u rn i shed  a =1:1 m ix tu re  of the  h y d r i n d a -  

nones _2 and 8 in 85% y ie ld ,  which can be separab le  by carefu l  column ch romatog raphy  on 

si l ica gel."  Since none of the in termediates 4-Z were found to be separab le  by con-  

vent ional  ch romatography ,  an a l te rna te  rou te  was develo0ed for  the  hyd r i ndanone  _2, as 

o 

67/. 70Z 

(1:2) 
_9 IO 11 12 

0 ~ -  8 5 Z  o 

SCHEME 2: Reagents  & Cond i t i ons :  (a) ( i )  LI, hcl. NH~, THF. tBuOH. -33°C: ( l i )  CHz=CH-CHzBr. 

5 h r ;  (1_0_:I_1 1:2); (b)  PdCI z, CuC/, 0 z, DPIF. H20. 5 he: (c) IO;~KOH. MeOH. 120"C, 3 h r ;  (d)  

H 2, 10~ Pd/C.  EtOAc, 4 hr .  
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d e p i c t e d  in t h e  scheme 2. The r e q u i s i t e  s t a r t i n g  mater ia l  2 . 3 - d i m e t h y l c y c l o h e x e n o n e  (9) 

was o b t a i n e d  e i t h e r  by  a l k y l a t i o n  of t h e H a g e m a n n ' s  es te r  fo l l owed by  d e c a r b o e t h o x y l a t i o n  7 

or  by  a l k y l a t i o n  of  3 - m e t h y l c y c l o h e x e n o n e  wi th  K ÷ -O- tBu .  tBuOH. Mel. Reduc t i ve  a l k y l a t i o n  

reac t ion  e m p l o y i n g  l i t h i u m - l i q u i d  ammon ia -a l l y l  b romide  t r a n s f o r m e d  the  enone _9 in to  a 1:2 

m i x t u r e  of  c i s -  and t r a n s - a l l y l a t e d  ke tones  .10 and 11 # in 67% y ie ld ,  which was sepa ra ted  

by  s i l i ca  gel co lumn c h r o m a t o g r a p h y .  Ox ida t ion  of the  a l l y l  g r o u p  in the  major  ke tone  11 

us ing  Wacker c o n d i t i o n s  (PdCIz /CuCt /O2/DHF-HzO) 8 f u r n i s h e d  t h e  1 .4 -d i ke tone  1--2 in 70% 

y ie ld .  I n t r amo lecu la r  a ldo l  c o n d e n s a t i o n  (10% aq,KOH-HeOH) of t h e  d ione 1-2 fo l l owed by  

c a t a l y t i c  h y d r o g e n a t i o n  of t h e  r e s u l t a n t  c y c l o p e n t e n o n e  13 f u r n i s h e d  the  h y d r i n d a n o n e  

2" in 64% y ie l d  whose s t r u c t u r e  was con f i rmed  by compar ison  of t he  1H NMR data  w i th  

t h a t  r e p o r t e d  in t h e  l i t e r a t u r e .  4a Radical  cyc l l sa t i on  mediated s p i r a n n u l a t i o n  9 t r a n s f o r m e d  

the  h y d r i n d a n o n e  _2 in to  b a k k e n o l i d e - A  ( l a )  with h igh  deg ree  of  s t e r e o s e l e c t i v i t y  as 

d e p i c t e d  in t he  scheme 3. Thus  Wit t ig reac t ion  of the  h y d r i n d a n o n e  2 wi th m e t h o x y m e t h y -  

l e n e t r l p h e n y l p h o s p h o r a n e  fol loweO by t r e a t m e n t  of t he  r e s u l t a n t  enol  e the r  ]_4 wi th N- 

b r o m o s u c c i n i m i d e  (NBS) in t h e  p resence  of p r o p a r g y l  a lcohol  gene ra ted  the  bromoaceta l  

1_55 in 8596 y ie ld .  The 5 - e x o - d i g  rad ica l  c y c l i s a t i o n  of t he  bromoaceta l  1--5 us ing  an in s i t u  

g e n e r a t e d  c a t a l y t i c  t r i - n - b u t y l t i n  h y d r i d e  I° in r e f l u x i n g  t - b u t a n o l  (nBu3SnCI/NaCNBH3) in 

t he  p r e s e n c e  of  a c a t a l y t i c  amoun t  of a z o b i s i s o b u t y r o n i t r i l e  (AIBN) f u r n i s h e d  t h e  s p i r o  

hemiaceta l  16. in 75% y ie ld ,  w i th  h igh  deg ree  of s t e r e o -  and r e g i o s e l e c t i v i t y .  The h igh  

deg ree  o f  s t e r e o s e l e c t i v i t y  can be r e a d i l y  exp la i ned  via the  c y c l i s a t i o n  of t he  less c r o w d e d  

endo rad i ca l  1--7 in p r e f e r e n c e  to  t h e  exo rad ica l  18. F ina l l y  h y d r o l y s i s  of  the  hemiaceta l  

M 

_ I '  

~ 617. 

1._~.a 16 

SCHEME 3: Rea_Gents & Cond i t i ons :  (a) PhaP'CHE-OHe. K+ -O-rainy. THF. RT. 5 h r :  (b)  NBS, 

HC-=CCHeOH. CHzCI 2. -70"C. 0.5 h r :  (c) nBujSnCl, NaCNBH 3. tBuOH. A/BN. re f lux .  2 h r :  (d)  ( i )  

2.5 N HCL THF. RT, 40 h r ;  ( i i )  PCC. CH2CI 2, RT. 3 hr.  

~ e 



7844 

fo l lowed by  ox ida t i on  of t h e  r e s u l t a n t  lactol t r a n s f o r m e d  hemiacetal  16 in to  b a k k e n o l i d e - A  

( l a )  in 61% y ie ld ,  which e x h i b i t e d  t he  ~H NHR s igna ls  [(270 HHz. CDCI 3) $ 5.07 and 4.99 

(C=CH2), 4.75 (O-CH2). 0.97 ( t e r t -Me) ,  0.82 (sec-He.  J=6.6 Hz)] iden t ica l  wi th  those  of  t he  

a u t h e n t i c  sample. 

In conc lus ion ,  we have  ach ieved  a h i g h l y  d ias te reose lec t i ve  ( in t he  =H NMR spec t rum 

s igna ls  due to  t he  sp i r o  ep imer  were not  p r e s e n t )  to ta l  s y n t h e s i s  of  bakkeno l i de -A ,  

C u r r e n t l y  we a re  i n v e s t i g a t i n g  the  ex tens ion  of  t h i s  me thodo logy  fo r  t he  syn thes i s  of 

ch i ra l  bakkeno l i de -A .  

Acknowledgement,  s: We thank  Prof.  A.E. Greene fo r  p r o v i d i n g  the  tH NHR (200 HHz) 
spec t rum o f  Bakkeno l ide-A .  F inanc ia l  ass is tance f rom the  DST. New Delh i  is g r a t e f u l l y  
acknowledged.  TJR, SN a n d  JAS thank  UGC. CSIR a n d  I ISc r e s p e c t i v e l y  fo r  the fe l lowships.  

#All t he  compounds  exh ib i t ed  s a t i s f a c t o r y  spec t ra l  data. Selected data  fo r  _1_1: IR (neat ) :  
3078. 1702, 1638, 910 cm-t ;  tH NHR (90 HHz. CDCI3): $ 5.7 (1 H. m), 5.1 (1 H, m), 4.92 (1 H. 
m), 1.5-2.7 (9 H. m), 1.04 (3 H, s), 0.9 (3 H, d. J=7 Hz). For  _2: IR (neat ) :  1740 cram: 1H NHR 
(90 HHz. CDCI3): ~5 2.4 and 1.9 (2 H, AB q, J=18 Hz), 2.22 (2 H~ d, J=5 Hz), 1.15-1.85 (8 H. 
m). 1.04 (3 H. s), 0.8 (3 H, d. J=6 Hz). fo r  8: IR (neat ) :  1740 cm - t ;  IH NHR (200 HHz, CDCI~): 

2.62 (1 H, dd, J=18.8, 7.2 Hz), 2.29 (1 H. d, J=18.4 Hz), 1.25-1.90 (10 H, m), 1.09 (3 H. s). 
0.87 (3 H. d. J=6.6 Hz). 
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