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Abs t rac t  - Forskolin ( I ) ,  a novel labdane di terpenoid isolated f r o m  Coleus forskohlii,  
possesses, in addition t o  e ight  chiral  cen ters ,  a novel te t rahydropyran-4-one moiety 
fused to a highly oxygenated trans-decalin system. This paper  repor t s  our progress  towards 
t h e  synthesis  of AB ring syst e x  forskolin. 

Forskolin (L), a highly oxygenated labdane diterpenoid isolated f rom Coleus forskohlii ( re f .  1, 2), 
displays a wide var ie ty  of physiological ac t iv i t ies  ( ref .  3), such a s  branchospasmolyt ic ,  ant ihypertensive,  
and inotropic  act ivi ty .  It a lso a c t i v a t e s  adenyla te  cyc lase  and reduces intraocular  pressure in man. 

The interest ing biological propert ies  coupled with t h e  unique s t ruc tura l  f e a t u r e s  of forskolin (L) 
have a t t r a c t e d  much a t ten t ion  of synthe t ic  chemis ts  t h e  worldover ( ref .  5) .  Three syntheses  of 
forskolin (L) have been achieved ( re f .  6-8). Our new approach (ref .  9) is t o  synthesize t h e  AB ring 
skeleton of forskolin (L) by intermolecular  (4+2) cycloaddi t ion (Scheme-1) of diene 3 derived f r o m  
0-glucose and in-situ genera ted  2-methoxycarbonyl-p-quinone (2). 
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The easily avai lable  3-~-acetyl-4,6-~-benzylidene-~-allal 5 ( ref .  10) on  a mercuration-dernercuration 
reac t ion  (ref .  11) afforded t h e  aldehyde 7, which on Wittig olef inat ion gave  diene 3 in quant i ta t ive  
yield. The Diels-Alder reac t ion  of d iene  3 with 2-rnethoxycarbonyl-p-quinol in t h e  presence  of 
silver oxide (ref. 12) (RT, 24 ‘ i r )  furnished lo in 80% yield a s  a crystal l ine compound, mp 224-26”, 

[aI2:-346O (c 0.5, methanol) .  The s te reo-  and regiochemistry of t h e  e - a d d u c t  lo was de termined  by 
decoupling exper iments  which confirmed t h e  assigned s t ruc ture .  Epimerizat ion of lo with basic  

a lumina (ref .  13) furnished =-adduct G in quant i ta t ive  yield. Examination of t h e  ‘H and I3C NMR 

s p e c t r a  of 12 establ ished t h e  s te reo-  and regiochemical  n a t u r e  of t h e  Diels-Alder react ion.  The H 
NMR spec t rum of 12 displayed a doublet  of doublets  cen tered  a t  3.35 ppm (J9 ,L1 = 10.00, J9,8 = 

5.00 Hz)  for  t h e  H-9 proton, and a doublet  of doublets  at 3.06 ppm (J5,6, = 10.00, J5,6,, = 3.50 Hz) for  

t h e  ring junction proton. Such 3 p a t t e r n  is consis tent  only with t h e  s te reo-  and regiochemistry of 12. 
The 13C NMR spec t rum of 12 showed absorpt ions at 204 (carbonyl), 105 (hemiketal)  and 56 ppm for  
t h e  C-10 carbon. Fur ther ,  a n  upfield sh i f t  of 5 to 6 ppm of C-10 carbon in t h e  13C NMR of 12, 13 

1 

+ Dhar and co-workers (ref. 1) f i r s t  isolated coleonol f rom Coleus forskohlii,  subsequently i t s  ident i ty  
with forskolin has  now been establ ished convincingly (ref .r 
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and 14  as compared  t o  ketones 20, 21 and 2 is very much consis tent  with t h e  k e t a l  s t r u c t u r e s  

and supported t h e  assigned regiochemistry.  T r e a t m e n t  of 12 with Zn-AcOH furnished 
hemiketa l  2 in quant i ta t ive  yield a s  a colourless  crystal l ine solid. 

( r e f .  13) 
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a, R e f ,  10; b, Hg(OAc)2, aq. THF, NaCI; c, Q3P = CHZ; d,  AczO, TEA; e, 2-methoxy- 

carbonyl-p-quinol, @H, Ag20;  f ,  Al2O3; g, Zn-AcOH; h, M e I ,  NaOH, TBAI; i ,  Q 3 P  = CH 2 

Thermodynamically more  s tab le  herniketal u, with a built-in protect ion of C-1 ke tone  funct ion 
was  chosen for  C-4 alkylat ion s tudies .  I t  fa i led t o  r e a c t  with e thylcyanoace ta te  under various 
modified reac t ion  conditions. I t  a lso fai led to r e a c t  with rnethylenetriphenylphosphorane, while 
forcing conditions led t o  decarboxylat ion.  The fai lure  of t h e  Knoevenagel and Wittig reac t ion  on 
hemiketa l  13 appeared due  to s ide reac t ions  involving t h e  opening of t h e  hemiketa l  funct ion at 
C-I .  I t  was, therefore ,  thought  worthwhile  t o  p r o t e c t  t h e  hemiketal  funct ion with t h e  base s tab le  
pro tec t ing  group. The hemiketal  13 fa i led t o  r e a c t  with ~ - b u t y l d i m e t h y l s i l y l  chlor ide ( re f .  14),  
while convent ional  method (methanol ,  PTSA) also fai led t o  give t h e  methoxyhemiketal  14. The 
pro tec t ion  of t h e  hemiketal  funct ion 13 was then  a t t e m p t e d  under phase t ransfer  ca ta lysed  conditions. 
In t h e  instance,  reac t ion  of t h e  herniketal  13 with methyl  iodide and f inely powdered sodium hydroxide 
in t h e  presence of te t rabuty lammonium iodide furnished methoxyhemiketal  14 in exce l len t  yield 
(97%). After  successfully pro tec t ing  hemiketa l  funct ion in 2, t h e  Wittig reac t ion  was then  employed 
to g e t  a lkylated product. T r e a t m e n t  of 14 with base f r e e  rnethylenetriphenylphosphorane ( t o  suppress  
t h e  enol izat ion and e s t e r  hydrolysis) furnished t h e  required olefin 15 in 67% yield. 

To c i rcumvent  t h e  circui tous synthesis  of hemiketal  14, simultaneously, we  invest igated 2, which 
is avai lable  f rom B-gluca l  16 (Scheme-111). Easily avai lable  e - g l u c a l  16 ( re f .  15) f rom &glucose 
on Perlin reac t ion  ( re f .  16) provided aldehyde 1. Protec t ion  of t h e  hydroxyl funct ion in 
(PTSA) g a e  8. Wittig olef inat ion of 18 furnished diene 19 in quant i ta t ive  yield. The Diels-Alder 
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Scheme 0 Ill a L R  qTHp 
d 

Ac 0 > A c O  > A c O  > 
C H O  

19 
16 R : H  
- b t z  R = T H P  - 

O T H P  QTHP O T H P  

- - 2 2  - 20 21  

@ A C h  > @ M e ,  > &Me - 

- - - - 
H 

25 
2 c  

0 H 0 

- 24 - 

a, 0.02N H 2 S 0 4 ,  Hg(S04)2 ;  b, D H P ,  PTSA; c ,  Q3P = CH2;  d, 2-rnethoxycarbony1-p-quino1, 
@ H ,  A g 2 0 ;  e ,  Al2O3; f ,  zn -AcOH;  g, ,MeOH, PTSA; h,  MeI, N a O H ,  TBAI; 1, O 3  P = C H 2  
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a, NaBH4,  THF; b, MeI, N a O H ,  TBAI; c, 03P = C H 2  
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react ion of d iene  19 with 2-met hoxycarbonyl-p-quinol in t h e  presence  of silver oxide (RT,  8 days) 
furnished 20 in quant i ta t ive  yield. The e - a d d u c t  20 fa i led t o  crystal l ize ,  but on  epimerizat  ion 
over basic a lumina followed by recryst allizat ion (et her-hexane) furnished 21 a s  a pale  yellow 
crystal l ine sold (84%). The react ion of 21 with Zn-AcOH furnished d i k e t n e  2 in quant i ta t ive  
yield. Deprotect ion of THP in 2 (MeOH, PPTS) gave  hemiketal  3. Treat rnent of 3 with methyl  
iodide under P T C  conditions afforded in quant i ta t ive  yield, which on fur ther  reac t ion  with 
met hylenet riphenylphosphorane (base  f r e e )  furnished 3 in 80% yield. 

Our next object ive was  t o  achieve  reduct ion of C-1 carbonyl  f u n a  ion in t h e  presence  of C-4 carbonyl  
funct ion in 2 and 27. Diketone 26 was made avai lable  f r o m  diene  2 s tandard  Diels-Alder, 
epimerizat  ion and reduct ion sequence. Reduct ion of diket ones 26 and 27 with sodium borohydride 
(ref .  17) in THF was  not only chernoselect ive but it furnished alcohols 2 and 2 in a s te reospec i f ic  
fashion in quant i ta t ive  yield. Pro tec t ion  of 2 and 29 with methyl  iodide under P T C  condi t ions 
furnished methoxyherniketals 30 and 31 in excellent yield. Wittig olef inat ion of 30 and 31 with 
met hylenet riphenylphosphorane furnished exornet hylene compounds 2 and ,3 in more t h a n  80% 
yield. 

In conclusion, we  have  synthesized four  key in te rmedia tes  Is, 3, 2 and 21, and t h e i r  fur ther  
invest igat ions a r e  in progress  towards  t h e  t a r g e t e d  t o t  a1 synthesis of forskolin. 
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