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Synthesis of B-ring functionalised intermediates for the
preparation of 1,9-dideoxy-forskolin derivatives
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Abstract—Advanced intermediates towards the preparation of 1,9-dideoxy-forskolin derivatives have been synthesised from
larixol; in such derivatives, the B-ring -6 and -7 hydroxyl groups are of the required beta configuration. © 2001 Elsevier Science
Ltd. All rights reserved.

In contrast to forskolin, a natural product with a wide
range of biological activities,'? its 1,9-dideoxy analogue
1, also isolated from Coleus forskolii, has been found to
selectively inhibit glucose transport in rats adipocytes.?
Our interest in such inhibitors* first led us to glucose-
based probes; however, given their millimolar affini-
ties,>¢ 1,9-dideoxy-forskolin derivatives, whose affinities

for the glucose transport protein are expected to be in Forskolin: R = OH
the micromolar range,* have now become attractive 1,9-Dideoxyforskolin (1): R= H
targets.

Larixol (2) 1,9-Dideoxyforskolin (1)
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Scheme 1. (i) RuCl;-3H,0, NalO,, H,O/CH,CN/CCl, (3/2/2), rt, 2 h, 75%; (ii)) 0.3 M CH,N,, Et,0, 0°C, 1 h, 92%,; (iii) NaBH,,
MeOH, 0°C, 40 min, 63%; (iv) 30% NaOMe, dry MeOH, rt to 55°C, 1 h, Ar, 75%; (v) dimethoxypropane, H* cat., 1 day, Ar,

68%.

Previous synthetic approaches to (racemic) 1,9-dideoxy-
forskolin derivatives started from E,E-farnesol,” which
was followed by work focussing on construction of the
C-ring.3'° Our own approach to 1 is based on the
availability!! and chemistry'? of (+)-larixol (2), whose
hydroxyl group at C-6 and double bond at C-8 could
provide suitable synthetic handles for proper function-
alisation of ring B.

For a preparation of 1-deoxy- or 1,9-dideoxy-forskolin,
the preparation of a Ziegler-type intermediate such as 4
became our first target as the so-called Ziegler interme-
diate 3'* has been used for three total syntheses of
forskolin;'* !¢ such methodology could be similarly
applied to 4.

For the synthesis of 4, we built on the recently
described synthesis of uvidin-C (5), which has been
obtained from larixol.!” Thus, 5 was oxidised by RuO,
(catalytically generated in situ from ruthenium trichlo-
ride and sodium periodate) and then esterified to give
keto-ester 6. Regeneration of the 6-hydroxyl group in
the 6B configuration could be effected by sodium boro-
hydride reduction, which yielded 7 (J,;=6 Hz). Open-

ing of the epoxide ring to 8 occurred cleanly, provided
that concentrated solutions of sodium methoxide were
used. Also noteworthy is that when this reaction was
carried out on uvidin C derivatives (i.e. with a CH,OR
group at C-11 instead of an electron-withdrawing group
as in 7), opening of the epoxide was troublesome; this
suggests in the case of 7 participation of a carbanion at
C-9 during opening of the epoxide. The vicinal
hydroxyl groups in 8 were then protected as an acetal,
which afforded the desired Ziegler-type intermediate 3
(see Scheme 1).

We also became interested in B-ring oxygenated lab-
danes, which would avoid a long sequence for shorten-
ing the larixol side-chain; compounds such as 9 could
display interaction with the glucose transporter and
also be amenable to further B-ring modifications (such
as oxygenation at positions -§ and/or -9) to better
mimic 1,9-dideoxy-forskolin.

Towards this goal, hydroxy-enone 10,'® which can be
prepared in two steps from larixol,'® was silylated and
reduced to the 6-B alcohol 11. Epoxidation of the
intracyclic A” double bond provided the B-epoxide 12

Scheme 2. (i) TBDMSICI, imidazole, 5 days, 70°C, 96%; (ii) DIBAH, toluene, 1 h, —78°C to rt, 96%, (iii) TBHP, VO(acac),,
2 h, rt, 34%, (iv) H,SO,, 38%; (v) 2,2,-dimethoxypropane, H*, 96%.
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(Js,="6 Hz). The stereochemical outcome of this epoxi-
dation can be explained by assistance of the allylic
hydroxyl group, similar results being observed in a
related case.® Acidic opening of the epoxide ring
afforded diol 13 (Js ;=4 Hz) which was then converted
to acetal 9, in seven steps from larixol (Scheme 2).

Compounds 4 and 9 bear the 6p and 7 oxygens of the
forskolin B-ring and, besides the synthesis of 1-deoxy
or 1,9-dideoxy-forskolin derivatives in optically active
form, they should be also useful by themselves to probe
structure/affinity relationships for the proteins, which
mediate transport of carbohydrates into the cells.>!>
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All compounds presented analytical data in accord with
the proposed structures; selected data: 4: 'H NMR
(CDCl,, 300 MHz) ¢ 4.6 (dd, Js (=2 Hz, J, ,=7 Hz, 1H,
H-6), 4.3 (d, J, ,=7 Hz, 1H, H-7), 3.7 (s, 3H, OCH,), 1.7
and 1.4 (s, 3H, CH; of acetal); '*C NMR (CDCl,, 75
MHz) 6 170.3 (CO,Me), 141.2 (C-8), 129.7 (C-9), 109.3
(C(CH,),), 77.3 (C-7), 72.5 (C-6). 7: IR (film): v=1740
cm™! (C=0); '"H NMR (CDCl,, 200 MHz) ¢ 4.5 (m, 1H,
H-6), 3.7 (s, 3H, OCH,), 3.2 (d, J,_,=6 Hz, 1H, H-7), 2.4
(s, 1H, H-9); 3C NMR (CDCl;, 50 MHz) 6 171.7
(CO,Me), 65.2 (C-7), 60.9 (C-6), 60.5 (C-8), 54.2 (C-5),
51.4 (C-9). 9: 'H NMR (CDCl,, 300 MHz) § 5.9, 5.1, 5.0
(ABX system, H-14, H-15, -15"), 4.55 (dd, Js ,=6 Hz,
Js ¢=2 Hz, 1H, H-6), 4.3 (d, J, ;=6 Hz, 1H, H-7). 13C
NMR (CDCl;, 75 MHz) ¢ 149.5 (C-14), 143.7 (C-8),
124.6 (C-9), 111.9 (C-15), 108.5 (C(CH;),), 78.9 (C-7),
75.8 (C-13), 72.5 (C-6), 51.75 (C-5), 26.1 and 23.8 (CH,4
of acetal). 12: '"H NMR (C¢Dy, 200 MHz) § 5.95, 5.2 and
5.1 (ABX system, H-14, -15, -15), 4.4 (m, H-6), 2.9 (d,
Jo =06 Hz, 1H, H-7); 3C NMR (C,Dy, 50 MHz) &
145.7 (C-14), 111.9 (C-15), 75.9 (C-13), 65.3, 63.5 (C-6,
C-7), 63.9 (C-8).



