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ABSTRACT

1. Knoevenagel reaction
2. electrocyclic reaction
3. radical cyclization

0.
Me
0]

14 steps

An efficient synthesis of the pentacyclic framework of cortistatins has been developed. The key strategy comprises assembly of the A- and
the CD-ring fragments by Knoevenagel reaction, facile formation of the pyran ring via electrocyclization, and construction of the seven-

membered B-ring by radical addition to an o,f-unsaturated ketone.

Cortigtatins, which are unique abeo-9(10,19)-androstane-type
steroidal alkaloids, werefirst isolated from the marine sponge
Corticium simplex by Kobayashi et al.! Cortistatin A (1),
the most potent congener, was found to inhibit the prolifera-
tion of human umbilical vein endothelial cells with extreme
selectivity among cell lines.**? Because angiogenesisin solid
tumorsinvolves proliferation of endothelial cells, 1 has high
potential as a selective antitumor agent. As represented by
Baran's excellent synthesis from prednisone, the biological
activity anduniquestructure-includinganoxabicyclo[3.2.1] octene
moiety as well as an isoquinoline substituent-of 1 attracts
synthetic chemists. Herein, we report a stereoselective
synthesis of the ABCD-ring framework of cortistatins.
Asillustrated in Scheme 1, we envisioned the construction
of 1 viathe key intermediate 2 after functionalization of the
A-ring and introduction of the isoquinoline unit to the D-ring.
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Scheme 1. Structure and Synthetic Plan of Cortistatin A (1)
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The pentacyclic 2 would be formed through an electrocyclic
reaction of dienone 3 followed by radical cyclization.
Knoevenagel reaction between diketone 4 and o.,5-unsatur-
ated aldehyde 5 was expected to produce the conjugated
dienone 3.

First, the requisite CD-ring moiety was prepared from
commercially available (+)-Hajos-Parrish ketone 6 (Scheme
2).# Chemo- and stereosel ective reduction of 6 with NaBH,4
in MeOH at low temperature and subsequent TBS protection
of the resulting secondary alcohol produced silyl ether 7 in




Scheme 2. Synthesis of the a,8-Unsaturated Aldehyde 14
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quantitative yield.®> C-alkylation of 7 at the C8-position with
iodide 8 was accomplished under Molander’s conditions
(NaH, DMSO in THF)® to give indanone 9 in 53% yield;
this was stereosdl ectively reduced by NiCl»6H,0 and NaBH,
to give the desired trans-fused ketone 10.°%’ The stereo-
chemistry of 10 was verified by NOESY experiments (see
Supporting Information). Other reductive conditions (H,, Pd/
C; t-BuCuH; or Birch reduction)® did not give 10 as amajor
product.

Regioselective TMS-enol ether formation from 10 fol-
lowed by oxidation under Saegusa conditions® furnished the
C11,12 double bond. Treatment of enone 11 with lithium
diisopropylamide and triflic anhydride resulted in the forma-
tion of dienyl triflate 12, which underwent Pd-catalyzed
methoxycarbonylation to give methyl ester 13.° Finally,
DIBAL reduction and subsequent Dess-Martin oxidation™*
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provided the a,-unsaturated aldehyde 14 in 73% overall
yield from 11.

With the requisite aldehyde 14 in hand, construction of
the oxabicyclo[3.2.1] octene B-ring was pursued (Scheme 3).

Scheme 3. Synthesis of the Framework of Cortistatins
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Treatment of 14 with cyclohexane-1,3-dione (4) (1.5 equiv)
in the presence of piperidine (1.1 equiv) in EtOAc (15 mM)
for 6 h produced the desired pyran 16 along with its C8-
epimer as a 5:1 mixture in one pot (87% combined yield).
Knoevenagel reaction between 14 and 4 gave the condensed
product 15, which underwent spontaneous electrocyclization
to give 16 as a major product.*? Selective TBS removal of
the primary acohol, without affecting the secondary one,
using HFpyridine gave 17, which was treated with |,, PhsP,
and imidazole™® to afford iodide 18 in 87% overal yield (10:1
diastereomeric mixture). Interestingly, when 18 was kept at
—30 °Cfor 12 h, it crystallized, and the 18/C8-epimer ratio
increased to 20:1, as confirmed by NMR in CDCl3. However,
the ratio changed to 7:1 when the mixture was kept for 1 h
in CDCl3, and then became 5:1 after 7 h a room temperature.
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These results clearly indicate that 18 equilibrates with the
C8-epimer viaretrocyclization to the corresponding dienone
in solution.

Finally, formation of the seven-membered B-ring was
achieved by radical cyclization. After a considerable number
of experiments, it was found that treatment of 18 with Et;B
and (TMS)3SiH furnished the most stable conjugated dienone
(19) in 78% yield as the sole product.** The structure of 19,
the key intermediate in the total synthesis of cortistatins, was
unambiguously confirmed by X-ray crystallographic analysis
of the corresponding p-bromobenzoate 20.

In conclusion, we have developed a concise and stereo-
controlled synthetic route to the pentacyclic framework of
cortistatins. The key intermediate 19 was prepared in only
14 steps from the commercially available 6, including (1)
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Knoevenagel condensation, (2) spontaneous electrocycliza-
tion (14—16), and (3) highly chemoselective internal radical
addition (18—19). The strategy developed here will con-
tribute toward the total synthesis of cortistatins, which is
being actively investigated in our laboratory.
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