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Summary: Synthesis of the 10-membered heterocyclic enediyne 4 and its conversion to the
benzenoid adduct 10 via the Bergman reaction are described.

The DNA damaging antitumor antibiotics calicheamicins,! esperamicins,? dynemicin A3 and
neocarzinostatin4 have attracted considerable attention due to their very high biological activity.
Except for neocarzinostatin, the mechanism of action of these antibiotics is believed to be due to the
generation of a phenylene biradical which is responsible for DNA cleavage.’.25 The reactive
biradical intermediate arises thermally from a conjugated enediyne moiety by the Bergman
reaction.6  During the past three years several synthetic investigations of the model compounds”
as well as total synthetic effort8 of the title antibiotics have been reported.  These studies have
stimulated investigations aimed at understanding factors that control biradical formation.® Nicolaou
and coworkers have proposed that a spontaneous conversion of an enediyne system (e.g. 1 - 2)
takes place only over a crucial interatomic cd distance of less than 3.31 - 3.20 A as suggested by
MM2 calculations and the synthesis of 1.8 The same authors showed that the synthetic enediyne
3 (calculated cd distanice is 3.25 A) was sufficiently stable for isolation, but cyclized with a half life of
11.8 h at 37°C and caused scission of double-stranded DNASd  Here we report the synthesis of a
novel thioenediyne system 4 that is relatively stable, crystalline, and undergoes similar
transformation by heating to a benzenoid adduct 10 in 58% yield.10
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a) 3-Butyn-1-ol, Pd(0)(Ph3P)4, Cul, n-BuNH2, PhH, 25°, 4h. b) HC=CCH>OTBS, Pd(0){Ph3P)4,
Cul, n-BuNHp, PhH, 25°, 12h. c¢) MsCl, NEt3, CHaClp, 0°, 0.5h. d) KSCOCHg, acetone, reflux, 2h.
e) IN HC|, acetone, 25°, 2h. f} NaOMe, MeQH, 25°, 36h. g} 1,4-Cyclohexadiene, PhH, 80°, 18h.

Monocoupling of dichloroethylene with 3-butyn-1-ol proceeded by application of the standard
Stephens-Castro procedure'! at room temperature to provide the (Z)-vinyl chloride 5 in 90% yield.
A second coupling of 5 with tert-butyldimethylsilyl propargy! ether furnished the enediyne 6 in 87%
yield. Sulfur was introduced by mesylation of 6 followed by nucleophilic substitution with
potassium thicacetate to provide 7 in 81% overall yield from 6.  Desilylation of 7 under acid
conditions and subsequent mesylation of the resulting alcohol afforded the thioacetate 8 in 87%
yield. Simultaneous slow addition of methanolic solutions of 8 (7.4 mmol) and sodium methoxide
(7.4 mmol} via a syringe pump intc MeOH (500 ml) over a period of 36 h at room temperature gave
the cyclic enediyne 4 in 61% vyield. Purification of 4 by column chromatography furnished the pure
compound in crystalline form (mp 59 - 61°C, from iso-PrOH), which provided us the opportunity to
examine its structure by X-ray crystallographic analysis. The results are shown in Figure 1.

Figure 1. The molecular structure 4: A, top view; B, side view.

The distance between carbons C3 and C8 (cd distance) was found to be 3.30 A,13 which is
very close to our calculated values for 4 by MM210 and falls in the critical range (3.31 - 3.20 A) for
ring closure proposed by Nicolaou.sb It is worthnoting that the bond angles C3-C4-C5 and C6-
C7-C8 (a and b carbons) in 4 are substantially bent, 165° and 163°, respectively, whereas those of
C2-C3-C4 and C7-C8-C9 (c and d carbons) are almost linear, 176°.  This finding (8 ab < 8 ¢,d) is
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the reverse of what was reported for bicyclic 10-membered enediyne antibiotics4 and their model
compounds’c.h. k as shown for 117¢ in Figure 2.

Figure 2. Synthetic enediyne model.
Angles: C5-C6-C7 = 165.7°; C6-C7-C8 = 169.6°
C9-C10-C11 = 168.1°; C10-C11-C12 = 165.4°.

11 OH

Above data strongly suggested that cd bond formation is feasible. Indeed, when the
enediyne 4 was heated in benzene (2 mM solution) in the presence of 1,4-cyclohexadiene at 80°C
for 18 h, isothiochromane 10 was isolated in 58% yield.  Structure proof for this compound was
derived by a synthesis according to literature procedure.?5.16

Current efforts are aimed at designing of 4 that would undergo cyclization at body temperature
and at useful rates to cause DNA cleavage.
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Selected data, 5: IR (CHCI3) 3340, 1800, 1340, 1060, and 850 cm™!; TH NMR (200MHz, CDCl3): 5 2.15 (1H, br),
2.67 (2H, dt, J=6.0 and 1.8), 3.79 (2H, d, J=6.0), 5.88 (1H, dd, J=7.4 and 1.8), and 6.35 (1H, d, J=7.4). 6:1iR
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