
Tetrahedron Letters,Vol.27,No.51,pp 6249-6252,1986 0030-4039/86 $3.00 + .OO 
Printed in Great Britain Perqamon Journals Ltd. 

OXIDATION/REDUCTION STUDIES WITH FORSKOLIN 

Y. Khandelwal*, G. Moraes, N. .I. de Sousa 

Centre for Basic Research, Hoechst India Limited, Bombay 400 080, INDIA. 

and 

H. W. Fehlhaber, E. F. Paulus 

Hoechst AG., 6230 Frankfurt CM)-80, West Germany. 

Abstract : Oxidation/reduction reactions were carried out with forskolin and its 
derivatives. The structures of the skeletally rearranged products obtained are 
reported. 

Forskolin' cl), a labdane diterpenoid isolated from an Indian plant Coleus forskohlii 

in our laboratories, displays interesting biological properties 2,3 . In continuation 

of our studies on structure-activity relationships 
4 
, we desired to investigate the 

influence of the stereochemistry of the hydroxy groups on biological activity. In this 

paper we report the resuIts of oxidation/reduction reactions carried out with forskolin, 

1-acetylforskolin (21, and 1,6-diacetyl-7-deacetylforskolin lb (2,. 

Jones oxidation of 3 at 0" gave two products, to which the structures 5 (1,6- - 

diacetyl-7-deacetoxy-7-oxoforskolin, m/z 450, mp l56-158°C) and 2 5 (mp 150-151"C), a 

rearranged compound, were assigned. In the PMR (CDC13) spectrum of 5, 6a-CK and 5a-C& 

appear as singlets at 65.80 and 63.5 respectively. 15-CH (trans) and 15-CH (cis) - - 

appear at 65.88 and 55.17, in contrast to the resonances at 65.28 and 65.0 respectively 

for the same protons in 4. This result may be rationalized through a shielding effect - 

of the 7C=O group. The assignments for 5 were further confirmed by NOE studies. On - 

irradiation of 5a-GE, positive NOE effects on 6a-CH and 4a-CH3 were observed, while 

irradiation of lOR-CH _3 showed positive NOE effect on lfl-CE, 5(z-Cg (indirect effect 

because the irradiation of IOH-Cg3 effected also 3OY-CH) and 413-Cg3. NOE effects of 4a- 

CH3 were observed on 5a-CH and 6a-CH, and NOE effects of 4R-Cl13 were observed on 6a-CE - 

and IOS-Cg3. The stereochemistry of the B/C ring junction could not be assigned at 

this stage. 

Reduction of the rearranged product 5 (m/z 450) with one equivalent of sodium boro- - 

hydride in pyridine at 0°C yielded two products 6 
6. tmp 218-220, - m/z 452) and L7 (mp 199- 

201, m/z 450) respectively. The PMR spectrum of 6 showed a triplet at 63.96 for 7-C5, - 

which collapsed to a doublet (J=4Hz) after D20 exchange. The 6-CH proton appeared as - 
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a doublet at 65.92 (J=4Hz) and the 5a-GE as a singlet at 63.36, suggesting a e 

relationship between protons 5 and 6 and a trans-relationship between protons 6 and 

7. The features were confirmed by an X-ray analysis of 6, which further showed the 

stereochemistry of the B/C ring junction. Surprisingly, an X-ray analysis of 7_, while 

confirming the assignments made for 6(L-CH and 5a-CH based on NMR decoupling experiments 

and NOE effects between 4GCH3, %I-Cz, and 6a-c&, showed that the B/C ring junction was 

different from that in 6 _* 

9 
The results for 6 are in contrast to those reported by Saksena et al. wherein the B/C _ 

ring junction in the rearranged product obtained by them has a stereochemistry opposite 

to that seen in 6. it may be assumed that the B/C - Since 6 is a reduced product of 2, - 

ring junction in 5 has the same stereochemistry as that in 6. - - 

Reduction of 4 (m/z 450) also yielded two products 7 (m/z 450) and 8 (rap 140-142", - - 

m/z 452). For compound S, 
11 

a singlet at 63.52 was observed accounting for 9-CHOH, which _ 

on irradiation showed positive NOE effects of la-CH and l?B-CH. - - 

These effects can be interpreted only with the rearranged skeleton in 8*. 'The - 

appearance of 613-C? as a double t at S6.0 (J=6Hz) and 5U-CH as a doublet at 62.48 (J=GHs) - 

indicated that 5-CH and 6-CH are trans oriented. _ _ 

A possible mode of formation of 7 from 4 is proposed in scheme 2. Retro-aldol - 

rearrangement of 4 generates 2, which cyclises to yield the less strained skeleton 5, 

Base-catalysed rearrangement of 5 gives I,which has been experimentally verified by _ 

treatment of 5 with pyridine, and reduction of 5 yields 6. The stereochemistry ,?i the - - 

B/C ring junctions in compound 5 and 8 remains to be unequivocally confirmed. - - 

In contrast to the above results obtained by reduction of a 7-oxoforskolin derivative, 

sodium borohydride-pyridine reduction of the I-oxo-forskolin derivative 9 (mp lj8-16O"C), 
- 

prepared by Jones oxidation of forskolin at O'C and subsequent hydrolysis, resulted in 

the selective formation of 7-deacetylforskolin (10)'~ 

Treatment of the 6-oxoforskolin derivative 11 (mp 148-15O"C), obtained by Jones - 

oxidation of I-acetylforskolin at 28"C, with sodium borohydride in pyridine produced 

a highly complex mixture. Reduction of 11 with sodium borohydride in ethanol, - 
however, resulted in selective reduction of the II-keto function to give the lla- 
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hydroxy forskolin derivative 12 ‘* (mp 227-23CI’C). - In the PMR spectrum of ?, assign- 

ment of the resonance at k4.64 (J,=6Hz, .~~=3.6Hz) was made to 1 ll+CHOH on the basis _ 

of its chemical shift, its coupling constants wi.th IX-CH &:‘_5(dd, J - gem 
=lbHz, J2=6Hz) 

and the singlet peaks observed for 5a-CH (63.36) and Xl-CH (55.5). - _ 

References 

1. (a) S.V. Bhat, B.S. Bajwa, H. Dornauer, N.J. de Souza and H.W. Fehlhaber 

Tetrahedron Lett., 1977, 1669; 
(b) S.V. Ehat, B.S. Bajwa, H. Dornauer and N.J. de Souzn, .JCS, Perkin I, 

1982, 767. 

2. E. Lindner, A.N. Dohadwalla and B.K. Bhattacharya, Arzneim-E’orsch., lY78,28, 284. _- 

3. (a) H. Metzger and E. Lindner, Arzneim-Forsch. 1981, 31, 1245. 
(b) K.B. Seamon, W. Padgett and J.W. Daly, Proc. Natl. Acad. Hci., USA, 1981) 

2, 3363. 

4. (a) S.V. Bhat, A.N. Dohadwnlla, B.S. Bajwa, N.K. Dadkar, H. Dornauer and N.J. 

de Souza, J. Med. Chem., 1983, 6, 486; 
(bj K.B. Seamon , .J.W. Daly, H. Xetzger,N.J. de Souza and J. Reden, J. Fled. Chem., 

1983, 2&, 436. 

3. P>fR (270 MHz, CDCl ): b6.05 
J 

(dd, J =llHz, Jtrans=18Hz, vinylic-H), 5.88 (dd, 

gem 
=lHz, Jtrans= I&, vinylic-H) j”;s (dd, J __ 

gem 
=lHz, Jcis=llHz, vinylic-g), 5.8 

(s, 6-CE), 4.93 (bs, lw&l), 3.5 (s, 5a-CH) 2.91 (d, J =14Hz, 
_ 

gem 
,?a-Ct), 2.09 (s, 

COCH3), 1.96 (d, J 
gem 

=14Hz, IZR-CH), 1.94 (s, CilCH3), 1.68 (s, 1oiwx~3). 1.43(s, __ 

8wx3), 1.4 is, 1313-c~3), 1.15 (s, 4a-cti3), 1.01 (s, 413~CH3). 

6. PMR (YO Wz CDCL3)&6.14 (dd, Jcis=10.6Hz, Jtrans=17Hz, vinylic-H), 5.92 cd, J= __ 

4Hz, 6a-Cl$, 5.18 (dd, J 
gem 

=lHz, Jtrans=vinylic-g), 4.98 (dd, %J 
gem 

=lHz, Jcis= 

10.8Hz, vinylic-5)) 4.92 (m, IR-CE), 3.96 (t, 7a-CH collapsed to d (J=4Hz) on - 

D20 shake), 3.56 (s, 5’l-($1, 2.86 (d, J 
gem 

=14Hz, 12a-CH), 2.04 (s, COC$)) 2.0 

(s, COCH3), 1.56, i.46, 1.16, 1.12, 0.98 (s, 5 X Cli3'. 

7. PMR (270 MHZ, CDC13)66.35 (d, .J=5Hz 6a-$1, 6.26 (dd, Jcis=lOHz, Jtrlns=17Hz, 

vinylic-E;), 5.32 (dd, J 
gem =lHz, Jtrans =17Hz, vinylic-g), 5.18 (dd, J 

gem 
=lHz. Jcis= 

lOHz, vinylic-E), 4.92 (bs, I&Cg), 3.78 (d, J 
gem 

=liiHz, I 2a-c!) , 3.16 (d, J=iHz 

5a-cg) , 2.17 (s, COcH3), 1.99 (s, COCc3), 1.99 (d, J 
gem 

=14Hz, 12 R-CH) _ ) 1.63 (s, 

1 3R-W3), 1.48 (s, 813~m3), 1.39 (s, lOR-W3), 1.21 (s, 4li-CW3), 1.15 (s, 40(-(X3) 

8. PMR (270 MHz, CDC13): b6.0 (d, J=bHz, 613~Cfi), 5.92 (dd, Jcis=lOHz, .Jtran<=17Hz 

vinylic-H) 5.12 (dd, .J =0.5Hz, - gem 
=0.5Hz, Jtrons =17Hz vinylic-H), 5.03 (dd, J 

gem 
J .s=lOHz), 4.76 (bs, 113~C$, 3.52 (s, 9 -CH) 2.47 (d, .T=hHz, WI-CH), 2.47 id, _ __ 

J 
.wm 

=14Hz, i 2a-cg , 2.22 (d, J 
gem 

=14Hz, l’i3-CN), 2.13 (s, C0CI13), 2.1 (s, COCH$, 

1.48 (s, 8~-CH 
-3’ 

10 R-CH3 ) 131?J-C~3),1.07 (s, 4a-CH.), 1.02 (s, ~!wxJ1~. 
-3 

9. A.K. Saksena, M.J. Green, Ho-Jane Shue, J.K. iv’ong and A.T. ?lcPhail, Tetrahedron 
Lett., 1985, 551-554. 

10. PMR (9OMHz, CDC13):S5.88 (dd, Jtrans=16Hz, Jcis=10.8Hz, vinylic-H), 5.b8 (s, 7U-?H) -. _ 

5.12 (dd, JtrTns=16Hz, J =lHz, ‘ gem 
vinylic-Ei), 4.94 (dd, Jcis=10.8Hz, .Joem=lHz, 

0 

vinyl ic-E) , 4.64 (dd, J1=bHz, J2=3.6Hz, llfi-C$, 4.10 (III, 113-C!), 3.36 (5, 5(X-C$, 

2.5 (dd, J 
gem 

=16Hz, J ,,,, 2=6~z, iza-($1, 2.2 (s, COCKY), 1.72, 1.55, 1.28, 1.18, 1.0, 

11. 
(s, 5 x “?I+ 
A Ij-orlent tlon is not unequivocally assignable to 9-CHOH because of the undefined 
stereochemistry of the B/C ring junction, 

- 

(Received in UK 27 October 1986) 


