Short Synthesis of (—)-Cephalotaxine

Using a Radical Cascade
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The short total synthesis of (—)-cephalotaxine is described. The concise construction of the pentacyclic core of this alkaloid was achieved by

a radical cascade involving 7-endo and 5-endo cyclizations.

Cephalotaxus alkaloids are a class of cytotoxic natural
products first isolated from Asian plum yews Cephal otaxus
drupacea and Cephalotaxus fortunei.» Cephalotaxine (1)
has attracted much attention from many chemists due to a
combination of its fascinating pentacyclic structure (ABCDE
ring system in Figure 1) and the antileukemic activity of its
ester derivatives such as harringtonine (2)* and homohar-
ringtonine (3).3 Since the first total synthesis of (4)-
cephal otaxine by Weinreb* and Semmelhack,®> a number of
approaches to the synthesis of this compound have been
reported, and several efforts have culminated in a total
synthesis of a racemic mixture® of optically active’ cepha-
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Figure 1. Cephaotaxine and its ester derivatives.

lotaxines. One of the most frequently used strategies is
C4—Cy3 bond formation, i.e., formation of the C-ring of the
cephal otaxine structure.

In a previous paper, we reported the concise construction
of a cephalotaxine skeleton 6 using aradical cascade®® that
involved BusSnH-mediated 7-endo-selective aryl radical
cyclization of enamide 4 followed by a 5-endo-trig cycliza-
tion of the resultant a-amidoyl radical intermediate 5
(Scheme 1).2° A characteristic feature of the reaction is
simultaneous construction of the C and D rings of the
caphal otaxine skeleton. Herein, we report an application of
this method to a short synthesis of (—)-cephalotaxine.
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Scheme 2 shows the preparation of the key, optically active
cyclopentanone 12. Diethyl p-(—)-tartrate was converted into
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trifrate 8** viatosylate 7,2 and the reaction of 8 with lithium
phenylacetylide afforded compound 9. Bromination of to-
sylate 9 with lithium bromide followed by removal of the
acetonide group afforded compound 10. Compound 10 was
then subjected to BusSnH-mediated radical cyclization to
give fiveemembered product 11 in 53% vyield from 7.
Protection of two hydroxyl groups of compound 11 with
TBDPSCI followed by ozonolysis afforded the desired
cyclopentanone 12.%3

Condensation of amine 13* with cyclopentanone 12 in
the presence of Ti(OiPr), afforded an imine, which was
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acylated with acryloyl chloride to give enamide 14in 50%
yield (Scheme 3). When enamide 14 was treated with
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BusSnH in the presence of 1,1'-azobiscyclohexanecarbonitrile
(ACN) in boiling chlorobenzene, a radical cascade reaction
occurred to give desired pentacyclic compound 15 in 27%
yield. The *H NMR spectrum of 15 [0 2.81 (1H, d, J= 9.8
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Hz, H-4), 441 (1H, td, J = 11.6, 7.3 Hz, H-2), and 4.56
(1H, dd, J = 9.8, 7.3 Hz, H-3)] showed it to be a single
isomer having the stereochemistry depicted in Scheme 3.
Removal of the two TBDPS groups of 15 with TBAF gave
diol 16 in 96% vyield. A successive oxidation of 16 with
TFAA, DM SO, and triethylamine afforded compound 177¢
in 55% yield. At this stage, a formal total synthesis of (—)-
cephalotaxine (1) from compound 17 was accomplished,
whereas, since a specific rotation of 17 was not indicated in
the literature, ketone 17 was treated with methoxytrimeth-
ylsilane to give methoxy ketone 18 by using the known
procedure.” Finally, two carbonyl groups of 18 were reduced
with alane to give (—)-cephalotaxine (1), [a]p —185 (c =
0.175, CHCl3) [lit.* [a]p —188 (c = 0.5, CHCl3), lit.”® [a]p
—182 (c = 0.21, CHCI3)]. The other spectral data were in
accord with the literature values.

In summary, we achieved arapid total synthesis of (—)-
cephalotaxine (1) using a radical cascade as the key step.
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The use of aradical cascade involving two endo-selective
cyclizations allowed us to create the pentacyclic skeleton of
1 in one step. Further studies directed toward improvement
of the yield of the radical cascade product and toward the
synthesis of other cephalotaxus akaloids using this strategy
are now in progress in our laboratory.
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