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Summary: A formal synthesis of forskolin (1) is reported.
A key intermediate, lactone acetonide 2, was prepared by
an efficient functional group transformation of lactol 16,
involving the hydroxyl-directed epoxidation, PCC oxida-
tion, and deoxygenation.

Sir: Forskolin (1), a highly oxygenated diterpene isolated
from the roots of the Indian plant Coleus forskohlii,! has
been shown to activate adenylate cyclase and exhibit a
wide range of physiological effects. These include bron-
chospasmolytic, antihypertensive, antiglaucoma, and
positive inotropic activities. In addition, forskolin has been
demonstrated to inhibit platelet aggregation as well as the
metastasis of tumors.? The considerable therapeutic po-
tential of 1 and its unique structure have spurred intense
synthetic investigations.® Most recently there have ap-
peared three accounts of the total synthesis of (%)-for-
skolin.* The majority of previous studies hinge upon an
intramolecular cycloaddition methodology, in particular
the intramolecular Diels-Alder reaction.®* These recent
reports from other laboratories have prompted us to de-
scribe herein our synthetic studies of forskolin.

As outlined below, the well-known electrocyclization® of
(Z)-hexa-1,3,5-trienes presents itself as an alternate, effi-
cient route to the AB-ring framework of forskolin. In fact,
Frater previously reported such a cyclization of Z/E-
trienecarboxylate 4a to bicyclic farnesoate 5a, along with
its 1,5-shift product.® The application of the Frater
procedure to ester 4b, which was readily prepared from
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the known hydroxy-G-ionone 67 gave cleanly a single
product 5b (60-70%).2° The stereochemical assignment
of the (benzyloxy)methoxy group was based upon the
presence of the diaxial coupling constant (8 3.82 ppm, dd,
J = 11.3 and 4.6 Hz), which clearly indicates H-C(1) to be
in the axial position. As noted by Frater for 5a, the adduct
5b was found to be resistant to the alkaline hydrolysis.®

R, R, COOEL
COOEt
d4a: R, = H Sa: Ry = I
4b: R; = OCH,0OBn 5b: R, = OCH,0Bn

The LiAlH, reduction of ester 5b, followed by the hy-
droxyl-directed epoxidation,!? gave tricyclic alcohol 8 in
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an overall 65% yield (Scheme I). Subsequent conversion
of the latter to ketone 9 (60%), contaminated with diene
10 (15%), was achieved by PCC oxidation.! The selective
reductive cleavage of 9 with sodium anthracenide then
afforded the key intermediate 11 in 50-60% yield (based
on the recovered starting material). On the other hand,
its treatment with Al-Hg in aqueous THF gave a mixture
of 11 and 12.

Having developed an efficient route to a fully func-
tionalized AB-ring unit of 1, we turned our attention to
establishing the correct stereochemistry at the C(1)-OH
group.!? Consequently, deprotection of the (benzyloxy)-
methyl group in 5b was achieved (80%) by W-2 Raney
nickel, without concomitant reduction of the double bond,
to provide 14.12 The PCC oxidation of alcohol 14 followed
by reduction with NaBH, gave, in 80% overall yield, a 3:1
mixture of tricyclic lactone 15, mp 87-89 °C (lit.>® mp
80-82 °C) and lactol 16, mp 112-114 °C. Lactone 15 was
then reduced by LiAlH, (refluxing THF) to the corre-
sponding diol, which did not undergo the transition-
metal-catalyzed epoxidation [VOf(acac),, tBuOOH].
However, lactol 16, which was also readily available (97%)
from 15 [LiAlH,, ether, 0 °C], gave tetracyclic alcohol 17
in 63% yield under identical reaction conditions (Scheme
II). Alcohol 17 was then smoothly converted to lactol 19
(overall 64% yield) by means of our synthetic protocol as
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described for ketone 11. Subsequent PCC oxidation of 19
afforded the corresponding tricyclic lactone 20, mp 117-118
°C (lit.% mp 109-110 °C), in 80% yield. The latter was
then converted, according to the procedures of Ziegler and
Corey,** to lactone acetonide 2, mp 95-96 °C (lit.* mp
99-101 °C), which was found to exhibit IR and 'H and 3C
NMR spectra identical with published data. Since ace-
tonide 2 has previously been converted into forskolin (1),
our work reported herein constitutes its formal synthesis.

It should also be noted that the ready resolution of
a-ionone and related compounds (e.g., cyclocitral and cy-
clogeranic acid) into their antipodes renders our synthetic
strategy potentially enantioselective.!*!®  Studies are
currently in progress to further elaborate 2 to forskolin,
as well as to prepare the initial synthetic intermediate 6
in optically pure form.

Acknowledgment is made to the donors of the Petro-
leum Research Fund, administered by the American
Chemical Society, and to the National Institutes of Health
(Grant GM359586) for support of this research.

Supplementary Material Available: Experimental and
spectroscopic data for compounds 5b, 7, 8, 9, 11, 15, 17-20, and
2 and NMR spectra of 2, 11, and 20 (12 pages). Ordering in-
formation is given on any current masthead page.

(14) The fact that only one diastereomer 5b was obtained in the
electrocyclization reaction demonstrates an efficient stereocontrol by an
allylic oxygen substituent. Furthermore, this indicates the possibility of
achieving asymmetric synthesis of forskolin starting from an optically
active hydroxy-3-ionone 6.

(15) (a) Sobotka, H.; Bloch, E.; Cahnmann, H.; Feldbau, E.; Rosen, E.
J. Am. Chem. Soc. 1943, 65, 2061. (b) Eugster, C. H.; Buchecker, R.;
Tscharner, Ch.; Uhde, G.; Ohloff, G. Helv. Chim. Acta 1969, 52, 1729. (c)
Buchecker, R.; Egli, R.; Regel-Wild, H.; Tscharner, Ch.; Eugster, C. H.;
Uhde, G.; Ohloff, G. Ibid. 1973, 56, 2548. (d) Haag, A.; Eschenmoser, W.;
Eugster, C. H. Ibid. 1980, 63, 10. (e) Bennett, D. J.; Ramage, G. R,;
Simonsen, J. L. J. Chem. Soc. 1940, 418.



