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with Alkenyllithiums: Enhanced Reactivity of 8 Cyclization
by Acetylating the Intermediary Lithium Tetraenolate
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Various functionalized cyclooctadienones are accessible in
high yields by the reaction of alkenylcyclobutenones with
alkenyllithiums.

We recently reported an approach to eight-membered
carbocycles via ring expansion of dienylbenzocyclobutene or
dienylcyclobutene derivatives (eq 1),""> which could be formally
categorized as [4 + 4] processes.

Reported herein is an alternative synthetic access to
cyclooctadienone derivatives,> which could be viewed as a
[4 + 2 4 2] process* as shown in eq 2. The process relies on the
ability of dichlorocyclobutenone derivatives 1 to accept two
alkenyl anions, same or different, and subsequent consecutive
electrocyclic ring opening and ring closure.

[4+4] approach — previous work

0]
RO
-~ O /= “ — .
o \I U \= o ‘I | o’ ~| 0
RN Yoo It
P R T R T
| ] R il
[4+2+2] approach — this work
(o]
Xx. 0o ,/~ |x 'O
Li =] Ho X
—_— 2
R = R = R
v Vv vi

Thus, the Sy2’ reaction of dichloride 1° by 2-propenyllithium
gave the alkenylated acetal 2, which was hydrolyzed to furnish
ketone 3.° ready for accepting the second alkenyl group.
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Upon treatment with 2-propenyllithium, generated from
CH,=C(CH3)Br and t-C4HoLi, (1.3 mol. amt. and 2.6 mol. amt.
to 3, respectively, in Et;O, —78°C), ketone 3 was quickly
consumed, and direct warming of the resulting lithium alkoxide,
gratifyingly, yielded the ring-enlarged product 5 in 82% yield
(Scheme 1, entry 1). By contrast, when the above reaction was
immediately quenched with H,O at —78 °C (entry 2), the only
product was the ring-opened ketone 4 in 84% yield. These results
gave us a mechanistic insight that the process is comprised of two
consecutive electrocyclic reactions, (1) ring opening of the
dialkenylcyclobutene, and (2) subsequent closure of the resulting
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tetraene, among which the former step is facile, being already
complete at —78 °C.

The procedure was applicable also to cyclobutenone 6 with a
2-buten-2-yl group. Treatment of 6 with 2-propenyllithium at
—78°C followed by gradual warming to 25 °C brought about a
slow, but smooth conversion to ketone 7 in 78% yield. It is notable
that ketone 7 was formed as a single isomer having a trans
relationship of two methyl groups as evidenced by X-ray
analysis.”
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We found that, furthermore, the formation of the eight-
membered rings was facilitated by acetylating the intermediary
lithium tetraenolates. Thus, ketone 6 was treated with 2-
propenyllithium at —78 °C, and the temperature raised to 0°C.
At this stage, Ac,O was added, the temperature further raised to
25°C, where only 3h (cf. eq 4) was required to obtain the
cyclooctatriene 9 as the sole product in 91% yield (Scheme 2).

Relevant to the origin of this enhanced reactivity by
acetylation, the following data are noted. (1) If the reaction was
quenched after the addition of Ac,O at 0 °C, the main product was
tetraene 10, which was gradually converted to cyclooctatriene 9.
(2) If Ac,O was added at —78 °C, the overall process proceeded
more slowly, giving cyclooctatriene 9 in 56% yield along with
cyclobutene 8 in 34% yield (entry 2). (3) Compound 8 was stable
atroom temperature, and was composed solely of the trans isomer
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with respect to two alkenyl groups, as shown by NOE study.

These results are consistent with a mechanistic proposal
summarized in Scheme 3. There exists a seemingly opposite
tendency in the relative reactivities of the alkoxide vs the acetate
in the two electrocyclic processes: The initial ring opening of the
four-membered ring is faster with the lithium alkoxide 11,
whereas the subsequent 877 ring closure of tetraene is faster with
acetate 10 than the corresponding lithium alkoxide 12.3
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This finding was not only mechanistically interesting, but
allowed us to establish a rapid, high-yielding synthetic protocol
for constructing eight-membered ring compounds. Indeed, when
cyclobutenone 14, having a butyl group on the four-membered
ring, was treated with 2-propenyllithium (—78 — 0 °C) followed
by Ac,0 (0 — 25 °C), the ring expansion occurred to give eight-
membered compound 16 in 83% yield (entry 1, Table 1). Undera
similar set of conditions with acetylation, reaction of 3 with cis-2-
butenyllithium and cyclopentenyllithium proceeded smoothly to
give cyclooctatrienes 17 and 18 in 88% and 91% yield,
respectively (entries 2 and 3). Alkenylcyclobutenone 15, with a
cyclic alkenyl moiety, was also a good substrate for the clean ring
expansion (entry 4).

Compounds 16-19 were hydrolyzed by either of two
procedures, (1) K,CO3, MeOH, 0 — 25°C, 2-3h (for 16 and
17), or (2) 2 M NaOH, MeOH, 0 °C, 1 h (for 18 and 19)° to give the
corresponding ketones 20-23 in high yields, respectively.
Compounds 21 and 22 were solely or mainly composed of the
cis isomers with respect to the relation of vicinal dialkyl groups as
evidenced by X-ray analysis.'?
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Table 1.%

Entry Cyclobutene Vinyliithium Time/h Product®  Yield/%
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878 — 0°C, then Acy0, 0 — 25 °C (See text), DAl new compounds were
fully characterized by spectroscopic means and combustion analysis.
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In summary, the present [4 4 2+ 2] approach to the
cyclooctenone derivatives starting from cyclobutenes and dienes
should find utility in natural product synthesis, and further studies
are currently underway in our laboratories.
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