
Tetrahedron Letters,Vol.26,No.5,pp 551-554,1985 0040-4039/85 $3.00 + .OO 
Printed in Great Britain 011985 Pergamon Press Ltd. 

IDENTITY OF COLEONOL WITH FORSKOLIN: STRUCTURE REVISION OF 

A BASE-CATALYSED REARRANGEMENT PRODUCT 

Anil K. Saksena*, Michael J. Green, Ho-Jane Shue, and Jesse K. Wong 

Chemical Research Division, Schering-Plough Corporation, Bloomfield, 

New Jersey 07003, U.S.A. 

Andrew T. McPhail* 

Paul M. Gross Chemical Laboratory, Duke University, Durham, 

North Carolina 27706, U.S.A. 

Abstract: The identity of coleonol and forskolin is shown through structure revision of a 
rearrangement product isolated earlier from coleonol and is confirmed by direct comparison 
of authentic coleonol with forskolin 1; in addition, coleonol-B should be correctly 
represented by structure _4_. 

Forskolin I_, a labdane diterpenoid isolated from an Indian medicinal herb Coleus 

Forskohlii, is central among a group of novel 11-oxomanoyl oxide derivatives isolated at 

the Hoechst Laboratories.' The strongly positive inotropic, antihypertensive, and 

adenylate cyclase stimulant properties of Lhave provided a rich source for pharmacological 

studies. 
2 

More recently, forskolin was shown to lower intraocular pressure 
3a 

and it 

displayed bronchospasmolytic activity 
3b . 

in man suggesting its potential for clinical 

utility. 

Coleonol, which was isolated earlier from the same plant by Tandon et.al. was 

assigned structure & 
4 

This compound elicited similar pharmacology as described above for 

forskolin.5 The only feature where coleonol and related compounds were reported to differ 

from the forskolin group is in the C-7 0x0 substituent having an a-configuration in the 

former.lj A good deal of confusion has arisen since both structures Land 2are based on 

independent X-ray analyses. 497 In addition, a recent comparison of physicochemical 

properties of coleonol and forskolin was claimed to show the non-identity of the two 

natural products.8 We now report our results which unequivocally establish that coleonol 

and forskolin are one and the same entity represented by the common structure 1. -_ 
Vigorous hydrolysis of coleonol with ethanolic KOH has been reported to yield a 

rearrangement product, C20H3206, m.p. 171°, [al, +33.4' (CHC13) to which structure 3_was 

assigned. 
4 

Coleonol-B was also reported to yield the same compound 5' The i.r.. spectrum 

of 3 lacked a carbonyl absorption and its reacetylation gave a monoacetate which was 

different from _2_. While the inverted configuration at C-13 could be rationalized 

(&elimination followed by internal conjugate addition), the hemiketal linkage between the 

C-l hydroxyl (aorp) and the ll-keto group in structure Aappeared quite unlikely to us on 

steric grounds. 

Treatment of forskolin" with KDH as described for coleonol 
4 

gave a single 

crystalline product, C20H3206 (m/e 368), m.p. 176-77', Cal, +35.4' (CHC13). From the 

similarity of the i.r. spectrum and extremely close physical constants to those reported 
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for 3 it appeared that we had obtained the same product as had been obtained from 

coleonol. 
4 

The complete structure and stereochemistry of l,O were established 

unequivocally 
11,12 

by single crystal X-ray analysis. The structure was solved by direct 

methods.13 Atomic positionall and thermal parameters (anisotropic C, Cl, 0; fixed H 

contributions) were refined by full-matrix least-squares calculations to R = 0.096 over - 

2164 [I > 2.00(I)] reflections recorded on an Enraf-Nonius CAD-3 automated diffractometer - - 

(Ni-filtered Cu-5 radiation, A= 1.5418 fi; 9-28 scans, Elmax = 67') as described 

l5 
. 

previously. A view of the solid-state conformation of the hydrogen-bonded 

crystallographically independent pair of molecules in the asymmetric crystal unit is 

provided in the Figure. 

A possible mode of formation of 10 is presumably triggered by an cr-ketol 

rearrangement16 with migration of the 8,9-bond (6 -10). The retro-aldol, aldol process 

would account for inversion at C-l leading to the less-hindered equatorial l&OH. The 

hemiketal formation involving the 7&OH group is preferred over the 6&OH for the latter 

would have given a relatively more strained trans-fused tetrahydrofuran ring. 

We now turn our attention to coleonol. An authentic sample of coleonol 
5b 

was found 

(after purification) 
17 

to be identical in all respects to forskolin & Treatment of 

coleonol with ethanolic KOH as above gave the same rearrangement product l,O that we 

isolated from forskolin. Therefore the proposed structure z4 for the coleonol-derived 

rearrangment product should be corrected to l,O. 

Structure zwas assigned to coleonol-B.' Mild alkaline hydrolysis of both forskolin 

_I_ and coleonol gave the same tetraol s1 Treatment of $-with (Et0)3C.CH3/p-TsOH in DMSOI' 

gave the cyclic orthoester 1,1. Aqueous acid hydrolysis of each sample then gave the same 

6&monoacetate, C22H3407 (m/e 410), m.p. 210' (acetone/n-hexane)' identical in all respects 

to 4_.I8 
20 

As the spectral characteristics for 4 and coleonol-B are the same, we ascribe 

structure Qto the latter. 

In view of these results, we urge that all the compounds isolated from Coleus 

Forskohlii propounded to have the 7a-0x0 configuration6 be critically examined and their 

structures be revised if necessary. 
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Chemistry of forskolin as reported' and in our own laboratories is in complete 

agreement with the assigned structure I_. I,7 Authentic forskolin was obtained from 

Calbiochem-Behring Corp., San Diego, CA 92112, U.S.A. 

l,o p.m.r. (400 MHz; CDC13): 1.0 (s, Ct13), 1.3 (s, Cti3), 1.52 (s, Cti3). 1.58 (s, 

2Ct13’s), 1.9 (d,J 
gem 

= 14 Hz, 12-i), 3.18 (d, Jgem = 14 Hz, 12-i), 3.78 (d, J7 6 = 2.0 
, 

Hz, 7-L), 4.1 (dd, J6,7 = 2.0 Hz, J6,5 = 4 Hz, 6oI_tl), 4.2 (dd, Ja,e = 6 Hz, Ja,a = 10 

Hz, I&_), 5.1 (dd, Jgem = 1 Hz, Jcis = 10 Hz, vinylic-K), 5.15 (dd, Jgem = 1 Hz, 

J 
trans 

= 17 Hz, vinylic-i), 6.05 (dd, Jcis = 10 Hz, Jtrans = 17 Hz, vinylic-F). 

Crystal Data: C20H3206.0.5CHC13, E = 428.16, orthorhombic, space group P_2I2I2I, 2 =_3 

13.868(l), b = 28.498(3), 4. = 10.633(2) R, c = 4202.3 fi3, 1. = 8, D+alc. = 1.353 g cm . 

P. Main, L. Lessinger, M. M. Woolfson, G. Germain, J.-P Declerq, "MULTAN76, A System of 
Computer Programmes for the Automatic Solution of Crystal Structures," Universities of 
York and Louvain, 1976. 

Atomic coordinates for this work have been deposited with the Cambridge 
Crystallographic Data Centre, Lensfield Road, Cambridge CB2 1EW. 

R.W. Miller and A.T. McPhail, J. Chem. x., Perkin Trans. 1, 1527 (1979). -- -- 

Advanced Organic Chemistry, J. March, McGraw Hill (1968), p. 802; this rearrangement is 
presumably made more favorable by the relief of steric compression of the 1,3-diaxial 
methyl groups at C-8 and C-10. 

The sample of coleonol 
5b 

which contained two minor impurities (-5%), was purified on 

silica gel plates (40% EtOAc/n-hexane) and recrystallized from EtOAc, m.p. 232-33', 

c@ -18.4' (l%, CHC13); forskolin, m.p. 233' (EtOAc), [CV] D 26 -18.7' (1X, CHC13); 

m.m.p. 232-33'. The two compounds had superimposable p.m.r. (400 MHz; CDC13): 1.03 

(s, Cti3), 1.25 (s, Cti3), 1.34 (s, Cti3,, 1.44 (s, Ci3), 1.7 (s, CE3), 2.17 (s, 

O.CO.Cli,), 2.5 (d, Jgem = 17 Hz, 12&i), 3.2 (d, J gem = 17 Hz, 12a-H_), 4.46 (dd, Je e 

= 3 Hz, Je a = 4 Hz, lB+), 4.56 (dd, broad W1/2 = 7 Hz, h-H), 4.98 (dd, Jgem = I Hi, 

J 
cis 

= 10 ;z, vinylic-lj), 5.3 (dd, Jgem = 1 Hz, Jtrans = 17 Hz, vinylic-K), 5.48 (d, 

J 
a,e 

= 4 Hz, ;Icu-E), 5.92 (dd, Jcis = 10 Hz, Jtrans = 17 Hz, vinylic-i), 6.4 (s, C -OH). 

5, m.p. 208-10' has also been isolated as a natural product by the Hoechst group. 9 It 

was correlated with forskolin by A1203 catalysed 7--, 6 acetoxy migration. 
lb 

Ho-Jane Shue, M.J. Green, J. Berkenkoph, M. Monahan, X. Fernandez, and B.N. Lutsky, L 

Med. Chem., 23, 430 (1980). 

flp.m.r. (200 MHz; CDC13): 1.0 (s, Ct13,, 1.08 (s, Cfi3), 1.42 (s, Ci3,,, 1.43 (s, Cy3), 

1.64 (s, Cs3), 1.64 (s, CE3), 2.13 (s, 0.C0.C13), 2.56 (d, Jgem = 16 Hz, 12fl-$, 3.2 

(ds Jgem 
= 16 Hz, 12ol-H), 4.3 (d, Ja e = 5 Hz, 7a-H), 4.7 (broad, W1/2 = 7 Hz, lfl-H), 

5.02 (dd, Jgem = 1 Hz, Jcis = 12 Hz,'vinylic-E), 5.21 (dd, Jgem = 1 Hz, Jtrans = I8 Hz, 

vinylic-H), 5.78 (dd, Je a 
, 

= 4 and 5 Hz, h-y), 6.16 (dd, Jcis = 12 HZ, Jtrans = I8 

Hz), 6.47 (s, Cg-OH). 
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