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Enyne[3]cumulene. Synthesis and Mode of Aromatization
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Summary: The noncyclic cross-conjugated diene-diyne
system 4 undergoes the thiol-triggered vinylogous pro-
pargylic rearrangement (vinylogous Sy2’ reaction) in the
presence of amine leading to isolable enyne[3}cumulene
5, which is capable of not only Bergman-type cyclization
but also [2 + 2] cycloaddition reaction to produce benzo-
cyclobutane derivative 14 when heated.

Enyne[3]cumulene derivative 2 is a proposed interme-
diate! leading to dehydroindene 8 through Bergman-type
cyclization? in the aromatization of chromophore 1 of an-
titumor neocarzinostatin (NCS);? diradical 3 is believed
to abstract hydrogen from deoxyribose backbone of DNA
strand (Scheme I).* While the intermediacy of 2 was
supported by low-temperature 'H NMR measurements?®
and the related enynallene system has been recently syn-
thesized and characterized,?® there is no precedent for a
conjugated enynecumulene system. We report herein the
first synthesis of such a compound, 5, and its thermal
behavior.

Cross-conjugated dienediyne 47 was designed as a
precursor to 5 that was expected to undergo a vinylogous
propargylic rearrangement.!»? Preliminary experiments
indicated that the dimethyl substituents on C11 are nec-
essary to prevent direct Sy2 reaction at C11.1° Synthesis
of 4 was carried out by employing standard methodology™®
as shown in Scheme II.  Silylation of alcohol 672 (92%),
metalation, and condensation with acetone gave alcohol
8 in 91% yield. Its palladium-mediated coupling®!! with
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%Reagents and conditions: (i) TESOTS (1.3 equiv), 2,6-lutidine
(2.5 equiv), CH,Cl,, 0 °C, 1 h; (ii) EtMgBr (1.8 equiv), THF, 50 °C,
50 min; then acetone (3.0 equiv), room temperature, 100 min; (iii)
TMSC=CH (1.5 equiv), n-BuNH, (2.0 equiv), Cul (0.3 equiv),
Pd(PPhy), (0.05 equiv), 40 °C, 36 h; (iv) (NO,),C¢H,COCI (1.3
equiv), DMAP (2.0 equiv), CH,Cl,, 0 °C, 25 min; (v) n-Bu/NF (3.2
equiv), CH;CO,H (4.0 equiv), room temperature, 58 h; (vi) MsCl
(10 equiv), DMAP (2 equiv), EtsN (20 equiv), CH,Cl,, 0 °C, 5 min.
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%Reagents and conditions: (i) HSCH;CO,CH; (1.5 equiv), Et;N
(1 equiv), CH,CN, 25 °C, 2 h.

(trimethylsilyl)acetylene afforded 9 (89%), which was es-
terified to 3,5-dinitrobenzoate 10 in 98% yield, and its
silyl-bearing atoms were deprotected to 11 (96%). Deh-
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ydration according to Wender’s procedure® yielded E olefin
4 exclusively (61%)!? as an air-sensitive pale yellow oil.”

Although the reaction of 4 with methyl thioglycolate in
chloroform in the presence of triethylamine at room tem-
perature under an argon atmosphere did not proceed, in
DMSO it quickly gave 12, a formal Sy2 product, surpris-
ingly. In acetonitrile, however, the desired vinylogous Sy2’
product 5 as a colorless liquid, was isolated in 46% yield
together with a 15% yield of 12 after 2 h (Scheme III),
while the yield of 12 increased when the reaction was
prolonged.’® The enyne[3]cumulene 5 exhibiting char-
acteristic downfield resonances (*3C NMR) of the inner
carbons (C9, 3 160.2; C10, & 151.8)!4 is air-sensitive but
seems to be rather stable at room temperature (¢, ~ 2
days in CDCl; with air) compared with tetramethyl{3]cu-
mulene, 159

Thermolysis of 5 in deoxygenated 1,4-cyclohexadiene
(0.003 M) at 80 °C showed its first-order decay (k = 1.8
X 1087, t;; = 1.1 h)!® and yielded styrene derivative 13
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J = 15.1 Hz, SCH,), 3.74 (8, 3 H, OCH,), 4.15 (br 4, 1 H, J = 9.0 Hz, HY,
6.34 (br s, 1 H, H®); 1*C NMR (150 MHz, CDCly) & 24.46 (CH;, C'?), 25.32
(CH;, C'%), 31.00 (CH,, C"), 31.67 (CH,, C®), 32.49 (CH,, SCH,), 52.31
(CH,, OCHy,), 53.86 (CH, C%), 79.22 (C, C?), 85.28 (CH, C'), 98.30 (CH,
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1738, 1620, 1549, 1437, 1350, 1282, 1207, 1129, 1011, 756 em™; UV (cy-
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(19%) and benzocyclobutane derivative 14 (21%), pre-
sumably through Bergman-type cyclization® leading to
diradical intermediate 15 (path a) and through [2 + 2]
cycloaddition!” leading to diradical 16 (path b), respec-
tively, in addition to polymeric materials (Scheme IV).
These putative radical intermediates were supported by
deuterium incorporation at the relevant positions. In
1,4-cyclohexadiene-dg (96.6% deuterium contents at allylic
positions)!® deuterium was incorporated at C2 and at C10
of 13 (16% yield) to the extent of 90% and 91%, respec-
tively, and at C1 (>85%) and at C9 (92%) of 14 (16%
yield).!6®  When benzene was used as cosolvent with
1,4-cyclohexadiene (10:1, 80 °C),'6 13 was poduced in much
less yield (4%), while the yield of 14 did not change vir-
tually (18%). This may reflect the longer lived o,7-di-
radical intermediate 16 effected by both benzylic reso-
nance® and steric hindrance due to the gem-dimethyl
group. Furthermore, 5 appears to be thermally less re-
active than related acyclic enynallenes such as (Z)-3,5,6-
octatrien-1-yne (k = 3.2 X 1078 571, at —78 °C) 5820

In conclusion, we have demonstrated that the noncyclic
cross-conjugated diene-diyne system 4 can undergo the
thiol-triggered vinylogous propargylic rearrangement®
(vinylogous Sy2’ reaction) in the presence of amine leading
to enyne[3]cumulene 5 that constitutes a simulation ex-
periment on the proposed mechanism of thiol-triggered
aromatization of neocarzinostatin chromophore 1,! and
disclosed that 5 is capable of not only Bergman-type cy-
clization? but also [2 + 2] cycloaddition reaction to produce
a benzocyclobutane derivative.
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Summary: Oxidation of catharanthine by DDQ leads to
formation of products resulting from fragmentation of the
C16-C21 bond as well as C3 and C5 dehydrogenation.
Among the products are compounds containing a cyclo-

propane ring formed by bonding between C14 and C16.
Cyclopropane ring formation can be also be observed from
the intermediate generated by Potier-Polonovski frag-
mentation of catharanthine N-oxide.
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