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ENYNONES IN ORGANIC SYNTHESIS. I. SPIROANNULATION BY TANDEM OXY-
COPE REARRANGEMENT-ELECTROCYCLIC RING CLOSURE

Peter A. Jacobi*, Lisa M. Armacost, Joseph I. Kravitz, Michael J. Martinelli and Harold G. Selnick
Hall-Atwater Laboratories, Wesleyan University
Middletown, Connecticut 06457

Summary: Bis-acetylenic alcohols of proper design undergo a facile oxy-Cope
rearrangement to afford mixtures of E- and Z-enynones. These latter compounds
afford methylenecyclopentenones upon enolization and electrocyclic ring closure.

During the course of studies directed toward the total synthesis of gnididione (4),12 we briefly explored the
possibility that dehydrognididione ketal (3) might be derived from the acetylenic enone 2-Z by a straightforward
extension of the oxazole-Diels-Alder methodology which we have employed for the synthesis of various
furanosesquiterpenes (Scheme 1).I' This approach was attractive because it offered the possibility that 2-Z might be
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Scheme 1

conveniently prepared by an oxy-Cope rearrangement of the tertiary alcohol 1,2 itself available in multigram quantities
from the corresponding ester. In fact, thermolysis of 1 provided an excellent yield of the expected mixture of 2-Z and
2-E at temperatures between 80 - 900 C. At higher temperatures, however, we were surprised to find that 2-Z gave none
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of the desired furan 3, but rather was cleanly converted to the spirocyclic methylenecyclopentenone 5, which was isolated
as an equilibrium mixture of E- and Z-isomers (E:Z ~1:1, >90% yield, 1100 C, toluene, reflux).3 Acetylenic enone 2-E,
in contrast, was totally unreactive at temperatures up to 160° C and slowly decomposed at temperatures above 2000. At
the time, transformations of the type 2-Z ---> 5 were unprecedented, although Dreiding et al. have since reported on
similar conversions occurring in low yield in the vapor phase at 600-8000,4 and Agosta et al. have described a related
photochemical reaction of mesityl ketones.>

The cyclization of 2-Z to § is not inhibited by radical scavengers, and most attempts at acid or base catalysis caused
extensive decomposition (see below, however). These observations, taken together with the unreactive nature of 2-E

»

are strongly suggestive of a mechanism involving a thermal 1,5-prototropic shift to give the enolized species 6, which
might then equilibrate to the more stable enol 7 (Scheme 2).5b Enol 7, in turn, could afford 5-E via a concerted
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(s + 02s + nt2a) electrocyclic reaction, a pathway which would be facilitated by the nucleophilicity of the terminus of the

Scheme 2

dienol and the electrophilicity of the acetylene.® In support of the concerted process, in model studies we have shown
that the E-methylenecyclopentenone is the product of kinetic control, with the Z-isomer forming by equilibration.”
However, we should caution that the kinetic bias in the cyclization 2-Z ---> 5 could not be determined, due to rapid
equilibration of 5-E and 5-Z under the reaction conditions employed.

As predicted by the electrocyclic mechanism, the in-plane orbitals of the acetylene are required for spiroannulation
(¢f. transition state 8). Thus, alkene 10, derived by chemoselective oxy-Cope rearrangement of the tertiary alcohol 9,18
showed no inclination for undergoing conversion to the ethylcyclopentenone 11, in contrast to the results obtained with
the closely related species 2-Z. Finally, an alternative mechanism, involving an ene reaction of the fully conjugated
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dienone 12, has been ruled out on the basis of results obtained with the closely related dienone 14 (Scheme 3, following
page), as well as studies described in the paper which follows.” Thus, 14 reacted exclusively through conformation 14b
to afford the pyran 15, the product of 6x-electrocyclization, and no trace of the methylenecyclopentenone 16a could be

detected.8
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That conversions of the type 1 ---> 5 are reasonably general in nature is indicated by the examples given in Table 1.
Thus, cyclopentene derivatives 17a and 17b gave mixtures of the corresponding enynones 18-E (15-25%) and
spirocyclic methylenecyclopentenones 16 (35-45%) upon heating in toluene or mesitylene at 2500 C for 12-16 h
(conditions @). Under these conditions, little if any of the isomeric enynones 18-Z could be isolated. In identical
fashion, cyclohexene derivatives 17¢ and 17d afforded the methylenecyclopentenones 16¢ (18%) and 16d (29%),
together with the enynones 18-Ec¢ (10%) and 18-Ed (17%). Some degree of latitude was also possible in the nature of
the acetylenic substituent R. For example, 17e (R = Ph) gave a 9% yield of 16e after 6 h at 2309, in addition to 18% of
recovered starting material. However, the terminal acetyler{ic derivative 17f gave only trace amounts of the
spiroannulation product 16f, apparently due to decomposition during the oxy-Cope process.

dV\ - °
R - \
Y = s
R
17 18-E 18-2 16
a:X=CH,R'=H,R=Me (25%)2 (0%)P 0% (43%)2 (81%)P
b : X=CH,R'=Me,R=Me (14%)2 (0%)P 0% (37%)2 (79%)P
¢ : X=(CHyp R'=H,R=Mo (10%)2 (0%)P 0% (18%)2 (55%)P
d : X=(CH,), R'=Me,R=Me (17%)2 (0%)P 0% (29%)2 (66%)°
e : X=CH, R=HR=Ph (00%)2 (0%)P 0% (09%)2 (70%)°
f:X=CHy,R'=HR=H (00%)2 (0%)P 0% (<1%)® (<1%)P

(a) toluene or mesitylene A. (b) toluene, A, 4-t-butylcatechol.
Table 1

Interestingly, both the yield and rate for the conversions of 17 to 16 were substantially increased in the presence of
excess 4-t-butylcatechol (TBC). Catalytic activity was roughly proportional to the concentration of TBC. Thus, 17a
gave an 81% yield of 16a after 6 h at 250° with 1.1 eq of TBC (0.05 N) (conditions b), while the same reaction required
12 h to give a 43% yield of 16a in the absence of TBC (conditions a). Also, enynone 18-Ea was totally consumed.
Similar results were obtained with acetylenic alcohols 17b - 17e, with 17e providing a particularly dramatic contrast
between conditions a and b (9% vs 70%). In part, these rate enhancements are probably due to TBC functioning as a
mild acid catalyst in the enolization of both 18-E and 18-Z which is required for spirocyclization (¢f. Scheme 2).
However, it is also possible that more substantive effects are involved, as discussed in the paper which follows.”:
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