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Abstract—The Michael adduct 6 was converted in ten steps with an overall yield of 5.7% into the methyl ester derivative of the
side chain of homoharringtonine, (R)-17. © 2001 Elsevier Science Ltd. All rights reserved.

Homoharringtonine (HHT, 1a), accompanied by sev-
eral congener alkaloids, was isolated from the plumyew
Cephalotaxus harringtonia (Cephalotaxaceae,
Coniferae), an evergreen tree native of the southern
provinces of China.' Research efforts have focused on
HHT, since it is the main natural ester of cephalotaxine
(1b) in the tree, and the most potent in this family of
antitumor drugs. Several teams have investigated the
mechanism by which HHT and related alkaloids exert
their antineoplastic effects; all have concluded that
these drugs inhibit protein biosynthesis in the cell. The
effects of HHT and congeners on protein synthesis are
the breakdown of polyribosomes to monosomes, the
release of completed globin chains, and delayed inhibi-
tion of initiation of protein synthesis without affecting
chain elongation. HHT has been clinically tested in
advanced breast cancer, acute myelogenous leukemia
and myelodysplastic syndrome (MDS), and MDS
evolving to acute myeloid leukemia.? This drug is now
widely used in China as the front-line chemotherapy for
acute myeloid leukemias, particularly in acute promye-
locytic leukemia. In the US, the efficiency of HHT in
the treatment of chronic myeloid leukemia is being
evaluated in a large scale study.?

The structure—activity relationships for Cephalotaxus
alkaloids have been defined. In this respect, it has been
established that the tetracyclic alcohol cephalotaxine
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(1b), although more abundant in C. harringtonia than
HHT and congener esters, per se is devoid of biological
activity; thus, the presence of an ester side chain at C-3
appears to be critical to the antitumor potency of HHT
(and analogs). As a result of nearly 30 years of intensive
research, numerous strategies for the elaboration of the
side chain of HHT, or its cyclic equivalents, have been
developed.* However, there is a marked stereorequire-
ment of the structure of the side chains for both their
antitumor activity and toxicity; thus epi-HHT, which
only differs from HHT in the configuration of the
stereogenic center at C-2’, exhibited no significant anti-
neoplastic activity.!

Reported herein is a highly stercoselective approach to
the methyl ester derivative of the HHT side chain, in
the natural R configuration, exploiting our general
methodology for the enantioselective construction of
quaternary carbon centers.’ The key tactical element in
this synthesis was the enantiopure Michael adduct
(2R,1'R)-6 which resulted from the addition of imine 4,
derived from racemic 2-benzyloxycyclohexanone (2)
and (R)-1-phenylethylamine (3), to 2-acetoxyacryloni-
trile (5)° (Scheme 1).
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Scheme 1.

The conversion of compound 6 into the HHT side
chain would require, in no particular order, three essen-
tial chemical operations, namely the transformation of
the a-acetoxypropionitrile appendage into an acetate
moiety, the regioselective oxidative cleavage of the
cyclohexane ring at the less substituted o-side of the
carbonyl function, and the introduction of two gemi-
nate methyl groups to complete the carbinol termini.

Regeneration of the masked aldehyde function at C-2
was examined first. While basic treatments of adduct 6
furnished invariably undefined compounds, the hemiac-
etal (2R,1aS,3aR)-7 was formed under acidic condi-
tions. The conversion of 7 into lactone (1aS,3aR)-8 has
recently been accomplished;® however, the overall yield
for the process was found to be unsatisfactory (ca.
25%). This troublesome hemiacetalization side-reaction
was circumvented by protecting first ketone 6 as the
acetal 97 (TMSOCH,CH,OTMS, TMSOTf, -78 to
20°C, 80% yield)® (Scheme 2).
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Scheme 2.

Transformation of the protected cyanohydrin moiety of
acetal 9 into a carbomethoxy group now proceeded
straightforwardly, either by basic treatment followed by
the in situ oxidation of the intermediary aldehyde and
esterification of the resulting acid 10 (9 to 10: i: 2.1
equiv. LiOH, THF, 1 h at 20°C; ii: NaO,Cl, NaH,PO,,
2-methyl-2-butene, z-BuOH/H,0O, 16 h at 20°C, 75%

yield;” 10 to 11: CH,N,, quantitative yield), or more
directly by treating 9 with MnO, in MeOH in the
presence of NaCN (72 h at 20°C, 60% yield).'”
Removal of the acetal protecting group (CeCl;-7H,0,
Nal, MeCN, 18 h at 80°C)!" delivered finally the cor-
nerstone ketone (R)-12'> with a 85% yield (Scheme 3).
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Scheme 3.

The oxidative cleavage of the cyclohexane ring of 12
was next undertaken. For this purpose, ketone 12 was
first converted into silyl enol ether 13 (TMSCI, Et;N
MeCN, 20 h at 20°C),"* which was ozonolyzed (i: O,,
CH,CI,/EtOH, -78°C; ii: Me,S) into sensitive aldehyde
14 (not characterized). Slow addition (30 min) of
methyl Grignard reagent to crude 14 (1.95 equiv. of
MeMgBr, THF, —40°C), followed by esterification with
CH,N, afforded an equimolar mixture of epimeric alco-
hols 15 with an overall yield of 35%, calculated from
ketone 12 (Scheme 4).
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Scheme 4. (a) TMSCIl, Et;N; (b) i1 Oy ii: Me,S; (¢) it
MeMgBr; ii: H;0%; iii: CH,N,.

At this juncture, we stood ready to complete the syn-
thesis of the methyl ester derivative of the HHT side
chain. In the event, sequential exposure of alcohol 15 to
pyridinium chlorochromate (CH,Cl,, 16 h at 20°C) and
1 equiv. of MeMgBr (slow addition at —30°C) produced
with a 40% yield carbinol (R)-16, which was finally
transformed by hydrogenolysis of the benzyloxy group
(1 bar of H,, Pd/C, EtOH, 24 h at 20°C, quantitative
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yield) into our goal (R)-methyl 3-carbomethoxy-3,7-
dihydroxy-7-methyloctanoate (17),'* identical in all
respects with the ester deriving from the methanolysis
of natural HHT" (Scheme 5).

Thus, an highly stereoselective synthesis of the methyl
ester derivative of the HHT side chain 17 in the natural
R configuration, has been completed in 5.7% overall
yield from Michael adduct 6 by a linear sequence of ten
chemical operations (mean yield per step: 75%). Studies
directed towards the elaboration of a sterically less
hindered, cyclic form of 17,'¢ suitable for coupling with
cephalotaxine (1b) to produce enantiopure HHT (1a),
are currently under investigation in our laboratory.
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