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Letters
Probing competitive pathways in building a hydroazulene moiety by
reductive cyclization
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Abstract—Deuterium tracing and deuterium isotope effects demonstrate competitive pathways for the reduction of vinyl iodide in 3
(in the context of a proximal keto function) en route to guanacastepene.
� 2004 Published by Elsevier Ltd.
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Scheme 1. (i) (a) Ref. 9, 94%, (b) MeLi, THF, 0 �C, 1 h, then 2.5 equiv

of 5-iodo-1-pentene, HMPA, �78 �C to rt, 63–72%, (ii) 5.0 equiv

n-BuLi (inverse addition), 0 �C, THF, 30min, (iii) PCC, MS 4�A,

CH2Cl2, 70–92%.
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Recently, we described the total synthesis1 of the
structurally novel diterpenoid guanacastepene2;3 (1).
Among the issues that had to be addressed was that of
building the hydroazulene (BC) sector. We hoped to
solve the total synthesis problem via the intermediacy of
a hydroazulene (7) with the expectation that the func-
tionality at carbons 13 and 14 could be installed in the
closing phases of the venture. As matters progressed, 7
was obtained by oxidative rearrangement of 6.1a;4 We
hoped to reach compound 6 by reductive cyclization of
3,5;6 presumably via its vinyllithium equivalent 4.7

Compound 3 was to be reached by a stereocontrolled
trans b,a-dialkylation sequence, starting with a-methyl-
cyclopentenone.

The general outline of Scheme 1 was realized.1 Indeed,
this program lent itself to scale-up to the point where it
serviced the total synthesis of 1 (which turned out to be
somewhat complex in its late stages). A weak aspect in
the translation of Scheme 1 to practice arose in the
reductive cyclization step. In practice, the reaction
leading from 3! 6 was always accompanied by sub-
stantial formation of 5, in which reduction had not led
to cyclization. Ultimately, a set of conditions was
devised to provide a 2.5:1 ratio of 6/5 on large scales,
which allowed the synthesis to progress.

Since reductive cyclization of x-halocarbonyl com-
pounds is an important reaction type in organic syn-
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thesis,8 we undertook to explore the features that
influence the ratio of 6/5 arising from the reduction of 3.
The first important observation was that increased
dilution favored reductive cyclization (cf. 6) relative to
reduction (cf. 5). However, the practicalities associated
with scaling up this reaction limited the extent to which
high dilution could be exploited, while still bringing
forward significant sums of material.
3 6 5 8

Scheme 2. (i) 5.0 equiv n-BuLi inverse addition, 0 �C, THF, 30min,

then Ac2O.
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Scheme 4. (i) 5.0 equiv. n-BuLi (inverse addition), 0 �C, THF, 30min.
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Another revealing finding was, that quenching of the
pre-workup reaction mixture, from the reaction of 3
with n-BuLi with acetic anhydride resulted in the for-
mation of significant amounts (ca. 16%) of 8 (Scheme
2).1a Thus, enolate formation accounted for at least half
of the noncyclizing reductive pathway. These results
suggested that exchange between vinyllithium interme-
diate 4,7 and one or both of the protons, to the ketone of
3 were involved in favoring reduction at the expense of
reductive cyclization. The impact of dilution in favoring
reductive cyclization in substrate 3, suggested that there
was a significant intermolecular component in the pre-
mature quenching of vinyllithium reagent (4).

We then examined the consequences of deuteration a to
the ketone in 3, on the reductive cyclization:reduction
ratio. Indeed, when the reaction was conducted on the
bis deutero compound 9, the ratio of cyclization product
versus noncyclizing reduction products was substan-
tially improved from the usual optimal 2.5:1 to ca.
10:1.1c

It was of interest to study the residual noncyclized
reduction product, discerned in the case of dideutero
substrate 9.10 Interestingly, under standard metal–halo-
gen exchange conditions, upon quenching with H2O,
only 30% of the total uncyclized product was deuterated
at the vinylic position (cf. 12). Examination of the 1H
NMR spectrum of the reduction product mixture of 11
and 12 shows that, the deuterium had been introduced
at the vinyl group with retention of configuration. We
emphasize that given the configurational stability of
such vinyllithium species,11 the experiment described
above does not teach whether the vinyllithium! lithio-
enolate exchange is intra- or intermolecular (Scheme 3).

We next focused on the ratio of vinylic deuterated
reduced product 11 and its nondeuterated congener 12,
obtained in this process. Quenching the reaction mixture
with D2O, had only a minor effect on the increment of
deuterium incorporation on the vinylic position (now
the formation of 14 is ca. 40% of the total uncyclized
product) (Scheme 3). Clearly there is very little poten-
tially ‘active’ vinyllithium specie prior to work-up. It
was further found that conducting the reaction in per-
deutero tetrahydrofuran, had no consequences on
incorporation of deuterium in the vinylic position of the
product. Accordingly, we tend to the surmise that the
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Scheme 3. (i) 5.0 equiv n-BuLi (inverse addition), 0 �C, THF, 30min.
premature quenching of the vinyllithium intermediate
15, arises from the n-butyl group, presumably via an E2
like elimination of 1-iodobutane,12 formed as a conse-
quence of the initial metal–halogen exchange reaction of
9 (Scheme 4).

In summary then, the predominant source of nonring
forming reduction, in the nondeuterated series (cf. 3), is
vinyllithium–lithioenolate exchange. As we proceed to
the dideutero substrate 9, this pathway is suppressed
and the ratio of reductive cyclization is sharply
improved at the expense of nonring forming reduction.
Furthermore, in the case of 9,13 E2 elimination becomes
somewhat more prominent as a minor ‘pre-workup’
quenching pathway, relative to vinyllithium–lithioeno-
late exchange (i.e. the ratio of 11/12 starting with 9, is ca.
7:3).

As pointed out earlier, in the end, the synthesis was
accomplished despite the difficulties arising from com-
petitive formation of 5 and 6 from substrate 3. None-
theless the studies described above serve to underscore
the sorts of problems that may beset reductive cycliza-
tion reaction, and the manner in which these problems
can be evaluated in a qualitative fashion, at least.
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