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Deprotonative Generation of Cyclohexynes from Cyclic Enol

Triflates Using Aluminate Bases

Yuto Hioki, Taro Yukioka, Kentaro Okano,* and Atsunori Mori

Abstract: Deprotonative generation of cyclohexynes was achieved
by treatment of the corresponding enol triflates with lithium
triisobutyl(2,2,6,6-tetramethylpiperidino)aluminate as a base. Six-
membered enol triflates involving an ester and a cyano groups were
converted to the corresponding cyclohexynes at 60 °C. The reaction
conditions were applied to [3+2] cycloaddition with a nitrone to form
the isoxazoline.

Strained medium-sized cycloalkynes are highly reactive
intermediates as well as arynes, and their generation has thus
been vigorously investigated.!! Compared to isolable
cyclooctynes or larger cycloalkynes, there are fewer reports on
cycloheptynes,”? cyclohexynes, and cyclopentynes."™ These
restriction is attributed to the major drawbacks such as harsh
reaction conditions for generating cyclohexynes and multi-step
preparation of their precursors (Scheme 1). Wittig achieved the
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e 1. Screening of bases for cyclohexyne formation!®

Entry Base Triflate 10a" Cycloadduct 1 2a"

[%] [%]

1 LiTMP <1 14

b Mg(TMP),-2LiCl <1 56"

31 Zn(TMP),-2LiCI-2MgCl, 56 _

4 Et,Zn(TMP)Li <1 6

5 Et;Al(TMP)Li 40 32

6 BusAl(TMP)Li <1 48

[a] Reaction conditions: triflate 10a (1 equiv; 0.30 mmol), base (3 equiv), 1,3-
diphenylisobenzofuran (11) (1.5 equiv), THF, 60 °C, 3 h. [b] The yield was
determined by 'H NMR spectrum of the crude material with 1,1,2,2-
tetrachloroethane as an internal standard. [c] Reaction temperature: —78 °C.
[d] Room temperature. [e] Isolated yield. [f] Reaction time: 19 h. [g] Not
detected in the crude 'H NMR spectra. TMP = 2,2,6,6-tetramethylpiperidyl.
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Figure 1. Structure of amide bases.



were evaluated by the yields of the cycloadduct 12a with 1,3-
diphenylisobenzofuran (11) and cyclohexyne (1), because the
transient intermediate 1 is not isolable. We have reported that,
among the magnesium amides, Mg(TMP),-2LiCI"? proved to be
superior for generation of medium-sized cycloalkynes, whereas
the corresponding lithium amide provided the same adduct in
low yield (Entries 1 and 2).'""" We then performed the reaction
with Zn(TMP),-2LiCI-2MgCl,,""¥ because the base was reported
as a mild base. However, the desired product was not detected
with 56% recovery of the starting triflate 10a even at 60 °C for a
prolonged reaction time (Entry 3). A zincate base,
Et,Zn(TMP)Li,"" was used instead of the zinc bisamide in order
to facilitate deprotonation of the enol triflate. As we expected,
compound 10a was consumed to give the desired cycloadduct
12a, albeit in low yield (Entry 4). We next focused on aluminate
bases, which was used for the formation of benzyne by
Uchiyama and co-workers. The use of Et;AI(TMP)LI" resulted
in significant improvement of the yield of the product (Entry 5).
Compared to EtsAl(TMP)Li, iBusAl(TMP)LI">'®! was superior to
provide the corresponding cycloadduct in 48% yield (Entry 6).

Among the TMP bases tested, Mg(TMP).-2LiClI and
BusAl(TMP)Li provided the cycloadducts in moderate yields,
which demonstrates the importance of controlling the reactivities
of bases or intermediates (Scheme 2). After generation of
cyclohexyne (1) via metalated triflate 13, undesired nucleophilic
addition to 1 by the alkenyl metal species 13, and the TMP bage
(TMP-M) or its conjugate acid (TMP-H) would provide di
species 14 and enamine 15, respectively.'” In the ¢
Mg(TMP),-2LiClI and iBusAl(TMP)Li, the transient anionic
species 13 would have less nucleophilicity, because of
hindrance of the bulky TMP or isobutyl groups atta
metal centers. The lower nucleophilicity of the tran
species preferred smooth generation of cycloh
subsequent cycloaddition to provide 12a.
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Scheme 2. Competing nucleophilic addition of the transient anionic species.
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With the optimal aluminate base for generation of
cyclohexynes determined, the scope of the reaction of triflates
was examined (Table 2). Enol triflgd0b having a benzyl group
was subjected to the established corn® o glve the desired
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[a] Reaction conditions: triflate 10 (1 equiv; 0.30 mmol), base (3 equiv), 1,3-
diphenylisobenzofuran (11) (1.5 equiv), THF, 60 °C, 3 h. [b] Isolated yield. [c]
The ratio of diastereomers was determined by 'H NMR. [d] The reaction was
run on a 0.50-mmol scale.



10c was converted to the corresponding product 12c in 83%
yield. The higher yield of the cycloadduct may be attributed to
the steric effects of the spirocyclic moiety that prevent the
access of these nucleophiles. Enol triflate 10d derived from a-
tetralone also generated the benzo-fused cyclohexyne to
provide tetracyclic compound 12d in 53% vyield. We then
investigated the tolerance of labile functional groups under the
basic conditions. Enol triflate 10e bearing an ester moiety led to
the formation of the desired product 12e in 44% yield (dr = 1:1).
The nitrile group was also tolerated under the established
conditions to provide cycloadduct 12f in 58% yield (dr = 5:3).

We also performed the reaction using enol nonaflate 16
instead of enol ftriflate 10a (Scheme 3). The corresponding
cycloadduct was isolated in 49% with 15% recovery of the
starting nonaflate. The slight increase of the yield can be
rationalized by inhibition of thia-Fries rearrangement of the
sulfonate.['®
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Scheme 3. Generation of cyclohexyne from enol nonaflate.
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Scheme 4. [3+2]-Cycloaddition of cyciglexyne and nitrone.
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Cyclohexynes are generated from the corresponding enol triflates by treatment with
lithium triisobutyl(2,2,6,6-tetramethyl-piperidino)aluminate as a base. Six-membered

enol triflates involving an ester and a cyano groups were converted to the
corresponding cyclohexynes at 60 °C. The reaction conditions were applied to [3+2]
cycloaddition with nitrone to provide the isoxazoline.
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