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Abstract: Both E and Z isomers of 2-triflyloxymethylene cyclopentanone, 1 and 2 respectively, have
been coupled with various functionalized acetylenes in the presence of the Pd/Ag set of catalysts. This
method provides a rapid and stereoselective access to various E or Z 2-(alkynyl)methylene
cyclopentanone derivatives, which are promising and versatile intermediates toward NCS-Chrom and
analogs. © 1997 Elsevier Science Ltd.

Neocarzinostatin Chromophore (NCS-Chrom; Scheme 1) was the first isolated!-2 member of a small
class of antitumor antibiotics.34 The peculiarity of these natural products originates from their unprecedented
mode of action. Indeed, their biological activity is due to a triggered cyclization of a highly conjugated system to
a 1,4-benzenoid diradical, which is believed to occur after binding to DNA. The resulting diradical then
abstracts a hydrogen from the deoxyribosyl moiety of DNA, eventually leading to DNA cleavage.3-5 In NCS-

Chrom, unlike the other members of this family, the reactive part is an epoxydienediyne rather than an enediyne.
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Scheme 1: NCS Chromophore and a retrosynthetic analysis

The potent biological activity of NCS-Chrom and its unique challenging structure have stimulated an ever
increasing effort on the part of synthetic chemists. Although no total synthesis of NCS-Chrom has so far been

described,® several approaches have been experimented,3-4.9 in wich Pd-catalyzed coupling reactions are widely
used.
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Indeed, coupling 1,2-diethynyl oxiranes with a cyclopentanone derivative bearing a suitably
functionalized methylene group might provide a rapid access to NCS-Chrom and analogs (Scheme 1). Although
rather “ simple ”, such disconnection seems to be impeded by the fact that direct coupling of halogenated
alkenes or triflyloxyalkenes with epoxyacetylenes was unprecedented.!0 To overcome this problem, we have
investigated the coupling reaction of a model epoxyacetylene with the 4-tertbutyl cyclohex-1-enyli triflate. This
led us to recently demonstrate that ethynyloxiranes can in fact be directly coupled if a new set of catalysts, based
on silver and palladium complexes, is used.!! In a closer approach toward our goal, we have now investigated
the coupling of vinyl triflates related to the five-membered ring included in the NCS-Chrom structure. Qur
preliminary results are presented in this communication. We show here that the Pd/Ag catalyst mixture can
indeed be employed for the coupling of 2-triflyloxymethylene cyclopentanones.

As mentionned above, 2-(ethynyl)methylene cyclopentanone derivatives might be versatile intermediates
toward NCS-Chrom and analogs.!2 Thus, we have investigated the coupling of both E and Z isomers of 2-
triflyloxymethylene cyclopentanone,!3 1 and 2 respectively, with some functionalized acetylenes in the presence
of the Pd/Ag catalysts (Table 1).

In the conditions we developped for the synthesis of epoxyenynes,!! the TPS derivative of the
commercially available Z 3-methyl pent-2-en-4-yn-1-ol readily coupled with 1 in a very clean reaction. The
yield was excellent and only the Z isomer was observed (Table 1, entry 1). With the corresponding epoxide,
the coupling was still effective leading in a clean reaction to the conjugated epoxyenynone 5 as a single
stereoisomer. The yield was lower but still correct owing to the complexity and the sensitivity of the product
formed (entry 2). Coupling of the same acetylenes with the E triflate isomer 2 proved to be as efficient,
although the corresponding enynones were obtained in slightly lower yields (entries S, 6 vs 1, 2). Such
differences might be accounted for the differences in stabilisation of the vinyl palladium cationic complexes
formed by oxidative addition,!4 an increased stability of the Z complex might be expected due to further
coordination of the electrophilic palladium center by the keto oxygen neighbor. These results show that, as far
as we can judge, the method is highly stereoselective since only one stereoisomer can be detected in each case,
with retention of the stereochemistry of either the E or the Z starting vinyl triflates.

1,5-Diynes could also be cleanly coupled in these conditions with comparable yields (Table 1, entries
3-4). 1,5-Hexadiynes are obvious precursors for the synthesis of the nine-membered cyclic core of NCS-
Chrom., but in order to avoid bis-coupling, one of the acetylenic functions must be protected. Thus, 1-
trimethylsilyl-3-fertbutyldiphenylsilyloxy hexa-1,5-diynel5 was submitted together with 1 to our standard
conditions and the expected enediynone 6 was obtained in an acceptable yield (entry 3). In order to obtain a
more realistic intermediate toward NCS-Chrom for further studies, the 1-fertbutyldimethylsilyl-3,4-epoxy-4-
methyl hexa-1,5-diyne,!6 an epoxy analog, was coupled with the Z isomer of the 1-triflyloxymethylene
cyclopentanone 1 and the expected product 7 was obtained in reasonnable. yields. It is noteworthy that
compound 7 already included all the proper functional groups, especially the epoxy ring, ready for ring
closure.
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(0]
- 9
Table 1: a) our standard coupling conditions (see ref 11) were used: Pd(PPh3)4 10 %, Agl 20 %, DIPEA 1.25 equiv. in DMF:;

b) yields of isolated products.

Thus, we have demonstrated that highly functionalized enynes, and even epoxy enynes, can be rapidly
and stereoselectively elaborated via sp-sp2 coupling using the palladium-silver couple of catalysts. This
reaction could therefore allow for a rapid access to the tricyclic core of NCS-Chrom. and further work is now
in progress to achieve this goal.
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