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RECONSTITUTION OF FORSKOLIN FROM A RING C
DIHYDROPYRAN-4-ONE DEGRADATION PRODUCT THEREOF
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Abstract: Dihydropyran-4-one 2b, derived from the known
degradation product 2a of forskolin 1, has been successfully
converted into forskolin by a photochemical route.

Forskolin (1)! has been the subject of intense interest among synthetic organic
chemists? owing to its significant physiological activity.3 Our synthetic efforts in this
area have been directed toward a ring C dihydropyran-4-one of generic structure 2,
which was anticipated to undergo conjugate addition of a vinyl anion equivalent. Thus,
we were disheartened when a report from the Schering Laboratories appeared noting
that dihydropyran-4-one 2a, prepared by degradation of forskolin, failed to react with
(CHy=CH);Cu(CN)Liy.4 Cuprates have been added successfully in a conjugate fashion to
monocyclic dihydropyran-4-ones,> and recently lkegami has succeeded in adding
(CH»=CH),Cu(CN)Li, to the model system 3 with a-face attack.2f In the interim, we have

developed a photochemical route to forskolin from dihydropyran-4-one 2b.6

1 2a,R, =CO, R, = Ac 3
b, R, =CO, R, =H

Irradiation of dihydropyran-4-one 2b in the presence of allene’ (450W-Hanovia
lamp, Pyrex filter, 1:1 Et;O/THF, Nj, -55°C, 3.5 h) provided a single photoadduct 4a (96%
yield; NMR (250 MHz, CDClj, partial) 8 5.05 (m, 2H, vinyl H), 1.57, 1.52, 1.51, 1.28, 1.06
(s, 5 x 3H); IR (CHCl3) 3587, 1746, 1719 cm-l; HRMS (EI) m/z 406.1989 (calcd,
406.1992)). While neither the regiochemistry nor the stereochemistry could be

assessed at this juncture,8 the former was established by chemical transformation. The
vicinal diol 4a was protected as its cyclic carbonate (COCl,, CHyCly, pyridine, cat. DMAP;
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0°C, then 25°C for 14 h) affording bis-carbonate 4b (IR (CHCl3) 1811, 1758, 1719 cm-1)
in 97% yield. Ozonolysis of 4b (O3, CH,Cl,, PhCH,OH, -78°C; DMS) gave rise to a mixture
(~10:1) of cyclobutanone 5§ (NMR (250 MHz, CDClj partial) 3 3.88 (dd, 1H, Jop ox=18.9,
2.0 Hz, Cy4-H), 3.31 (dd, 1H, Jop Bx=18.9, 3.9 Hz, C14-H)) and benzyl ester 6a.% Haller-
Bauer cleavagel0 of diketone 5 (CH,Cl,, pyridine, DMAP, 250°C, 3.25 h) gave benzyl ester
6a (NMR (250 MHz, CDCls, partial) 8 5.32 (d, 1H, Jop=12.2 Hz, benzylic H), 5.12 (d, 1H,
Jap=12.2 Hz, benzylic H), 3.55 (d, 1H, J=16.1 Hz, Cy,-H), 2.91 ( (d, 1H, J=14.2 Hz, Cy4-H),
2.69 (d, 1H, J=14.2 Hz, Cy4-H), 2.61 (d 1H, J=16.1 Hz, C{,-H); IR(CCl,) 1815, 1771, 1729
c¢m-1)) in 60% yield. The choice of a benzyl group in ester 6a was dictated by a need to
have functionality at Cjs5 that could be reduced to a primary alcohol in the presence of
the Cj; carbonyl group. Attempts to hydrolyze selectively methyl ester 6b were

accompanied by removal of the carbonate protecting groups, while thiolester 6¢
underwent preferential reduction of the Cy; carbonyl group with LiAl(tert-BuO)3H.

a,R,=CO,R,=H
b, Ry =R, =CO

The cleavage reaction established the regiochemistry of the photoaddition, but the
issue of stereochemistry required transformation to forskolin for confirmation.
Accordingly, benzyl ester 6a was hydrogenolyzed (Pd/C, EtOAc, 25°C, atm. pressure) to
afford crude carboxylic acid 6d (IR (CHCl3) 1810, 1751, 1729 cm-l) which was
selectively reduced (BH3-THF, 25°C, 11.5 h) to alcohol 6e (IR (CHCl3) 3563 (br.) 1811,
1748 cm-l; HRMS (EI) m/z 438.1901 (calcd, 438.1890)) in 41% yield for the two steps.
Elimination of the elements of water from the B-hydroxyethyl side chain of alcohol 6e
was accomplished by the Grieco protocol using 0-NO,PhSeCN/n-Bu3zP (19 h, 250C; 30%
H,0,, THF, 9.5 h, 25°C) with the proviso that pyridine, and not THF,!1 be used in the
derivatization reaction. The resultant bis-carbonate 7alb (NMR (250 MHz, CDCls,
partial) & 6.07 (dd, J=17.2, 10.7 Hz, vinyl H), 5.28 (d, J=17.2 Hz, vinyl H), 5.11 (m, 2H, C¢-
H, vinyl H); IR (CHCl3) 1810, 1757, 1730 cm-1) served as an initial point of comparison
with forskolin. A sample of forskolin (containing 25% of 9-deoxyforskolin) was
deacetylated (K,CO3/MeOH, 0.75 h, 250C) affording 7-deacetyl forskolin 7b, which was
readily separated on silica gel from 7-deacetyl-9-deoxyforskolin. Treatment of 7-
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deacetyl forskolin with phosgene/pyridinel® provided bis-carbonate 7a that was
identical (tlc, 250 MHz NMR) with the material from the photochemical route.
Moreover, the sample of the bis-carbonate from the photochemical route gave upon
hydrolysis (NaOH, MeOH, 25°C, 12 h) 7-deacetyl forskolin which was converied inio

forskolin by selective acetylationl2 (Ac,0, pyridine, 25°C, 15 h, 88%).

6a, R, = R, = CO, Ry = CO,CH,Ph
b, R, = R, = CO, Ry = CO,Me
¢, R, =CO, R, = H, Ry = COSPh
d, R, = R, = CO, Ry = COH
e, R, =R, = CO, Ry = CH,OH
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