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ABSTRACT

A novel and unexpected reaction of 2-alkynylbenzaldoxime with aryne in the presence of silver triflate (10 mol %) under mild conditions is
discovered. This reaction proceeds through 6-endo-cyclization, [3 þ 2] cycloaddition, and rearrangement, leading to 2-oxa-6-aza-
bicyclo[3.2.2]nona-6,8-diene derivatives in moderate to good yields.

Currently, generationofN-heterocycleswith complexity
and diversity is in great demand in the process of drug
discovery.1 Thus, continuous efforts have been devoted to
the preparation of biologically and pharmaceutically im-
portant nitrogen-containing heterocyclic compounds.2 So
far, a variety of efficient and reliable approaches have
appeared in this area. Among the strategies, the tandem
reaction is regarded as one of the most attactive methods
for the formation of N-heterocyclic compounds.3 In the

past few years, we have been involved in the preparation of
natural product-like compounds via tandem reactions.4,5

In our previous reports, 2-alkynylbenzaldoxime was de-
monstrated as a versatile building block for the synthesis of
N-heterocycles.5 In the meantime, aryne as a highly reac-
tive species which could be readily prepared in situ from
2-(trimethylsilyl)aryl triflate, has been extensively utilized
for the generation of a wide range of heterocycles.6

For instance, arynes have served as dipolarophiles with
excellent reactivity in various 1,3-dipolar cycloaddition
reactions.7 The reactions usually proceed under mild con-
ditions, affording a variety of heterocycles in good yields.
Since isoquinoline-N-oxide can be easily formed from
2-alkynylbenzaldoxime via 6-endo cyclization catalyzed
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by Lewis acids or promoted by electrophiles,5,8 we con-
ceived that aryne would be a suitable partner in the
reaction of 2-alkynylbenzaldoxime 1. As illustrated in
Scheme 1, in the presence of a silver(I) catalyst and fluoride
source, isoquinoline-N-oxide A would react with aryne B
via a [3 þ 2] cycloaddition, leading to the corresponding
fused 1,2-dihydroisoquinoline compound C. It is well-

known that 1,2-dihydroisoquinoline as a privileged scaffold
is found in many biologically active natural products and
pharmaceuticals.9 Prompted by the aryne chemistry6,7 and
the previous reports related to 2-alkynylbenzaldoximes,5,8

we started to explore the feasibility of the hypothesis shown
in Scheme 1.
The reaction of 2-alkynylbenzaldoxime 1a with

o-(trimethylsilyl)phenyl triflate 2a was initially optimized
(Table 1). Since silver triflate has been demonstrated as the
most efficient catalyst for isoquinoline-N-oxide formation
via 6-endo cyclization of 2-alkynylbenzaldoxime, the reac-
tion occurred in the presence of 10 mol % of silver triflate
and potassium fluoride in acetonitrile at 50 �C (Table 1,
entry 1). However, only a trace amount of product was
detected. A similar result was observed when the fluoride
salt was changed to LiF or NaF (Table 1, entries 2 and 3).

To our delight, a product was isolated with 30% yield
when the reaction took place in the presence of cesium
fluoride (Table 1, entry 4). However, the structure of this
product was confirmed as compound 3a instead of the
desired one (C1) after structural identification. This inter-
esting result encouraged us to further investigate since
there are few reports for the synthesis of 2-oxa-6-aza-
bicyclo[3.2.2]nona-6,8-diene derivatives.10 The reaction
was complex when silver(I) fluoride was used as a replace-
ment (Table 1, entry 5). Utilization of zinc(II) fluoride or
magnesium(II) fluoride could not improve the final out-
come (Table 1, entries 6 and 7). Gratifyingly, the yield was
increased to 37% when TBAF was employed in the reac-
tion (Table 1, entry 8), which indicated that the solubility
of the fluoride source might improve the outcome of this
tandem reaction. The result could be further improved
when the reaction was performed in toluene (47% yield,
Table 1, entry 9). A similar outcome was displayed when
the reaction occurred at an elevated temperature (70 �C,
Table 1, entry 10). Further screening of solvents indicated
that the reaction worked most efficiently in THF, giving
rise to the corresponding product 3a in 56%yield (Table 1,
entry 11).

Table 1. Initial Studies for Silver Triflate-Catalyzed Reaction of
2-Alkynylbenzaldoxime with Benzyne

entry

fluoride

source solvent yield (%)a

1 KF MeCN trace

2 NaF MeCN trace

3 LiF MeCN trace

4 CsF MeCN 30

5 AgF MeCN complex

6 ZnF2 MeCN trace

7 MgF2 MeCN trace

8 TBAF MeCN 37

9 TBAF toluene 47

10b TBAF toluene 48

11 TBAF THF 56

12c TBAF THF 51

13 TBAF DCE 51

14 TBAF DMF 17

15 TBAF DMSO 17

a Isolated yield based on 2-alkynylbenzaldoxime 1a. bThe reaction
was performed at 70 �C. cThe reaction occurred at 30 �C.

Scheme 1. Proposed Synthetic Route for Silver Triflate Cata-
lyzed Reaction of 2-Alkynylbenzaldoxime with Benzyne
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The possible mechanism for the formation of this un-
expected product 3with a 2-oxa-6-aza-bicyclo[3.2.2]nona-
6,8-diene core structure was described in Scheme 2. As
mentioned above, 2-alkynylbenzaldoxime 1 would afford
isoquinoline-N-oxideA in the presence of silver triflate as a
catalyst. In the meantime, aryne B would be produced
in situ when o-(trimethylsilyl)phenyl triflate 2 was treated
with TBAF. Thus, isoquinoline-N-oxide A reacted with
aryne B via a [3 þ 2] cycloaddition reaction, leading to
a fused 1,2-dihydroisoquinoline compound C. The N�O
bond of intermediate C was highly unstable,11 which

would go through cleavage to afford radical D. Subse-
quently, an intramolecular radical addition occurred to
furnish the unexpected product 3.

Scheme 2. Possible Mechanism for Silver Triflate-Catalyzed
Reaction of 2-Alkynylbenzaldoxime with Benzyne

Scheme 3. Silver Triflate Catalyzed Reaction of 2-Alkynylben-
zaldoxime 1 with o-(Trimethylsilyl)phenyl Triflate 2aa

a Isolated yield based on 2-alkynylbenzaldoxime 1.

Figure 1. X-ray ORTEP illustration of compound 3b.

Scheme 4. Silver Triflate Catalyzed Reaction of 2-Alkynylben-
zaldoxime 1 with o-(Trimethylsilyl)aryl Triflate 2a

a Isolated yield based on 2-alkynylbenzaldoxime 1. The ratio was
determined by 1H NMR. bIt is a mixture, which could not be separable.
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Next, we examined the scope of this tandem reaction of
2-alkynylbenzaldoxime 1 with aryne under the optimized
conditions (10 mol % of AgOTf, 3.0 equiv of TBAF,
THF, 50 �C). The results are shown in Schemes 3 and 4.
Scheme 3 summarized the silver triflate catalyzed reaction
of 2-alkynylbenzaldoxime 1 with o-(trimethylsilyl)phenyl
triflate 2a. It seemed that the R2 group attached to the
triple bond was crucial for a successful transformation.
Only aryl groups were tolerated in the reaction. The
structure of compound 3b (Figure 1) was confirmed by
X-ray diffraction analysis meanwhile (see the Supporting
Information). A trace amount of product was formed
when 2-alkynylbenzaldoxime 1 with an alkyl group (such
as cyclopropyl group and n-hexyl group) attached to the
triple bond was employed in the reaction. Reactions of
various 2-alkynylbenzaldoximes 1 with electron-donating
and -withdrawing groups in the aromatic ring were ex-
plored as well. Methyl-, methoxy-, chloro-, and fluoro-
substituted 2-alkynylbenzaldoximes 1 were all good part-
ners for the reaction of o-(trimethylsilyl)phenyl triflate 2a.
In a second set of experiments, the scope of the process

with respect to substituted o-(trimethylsilyl)aryl triflate 2
was investigated (Scheme 4). For most cases, a mixture of
product 3 was generated under the standard experimental

conditions. Among the products obtained, the mixture of
compounds 3r/3r0 could not be separable. Only one isomer
3q0 was obtained (57% yield) when 4-methoxy-2-(trim-
ethylsilyl)phenyl triflate was employed in the reaction of
2-alkynylbenzaldoxime 1a. This high regioselectivity indi-
cated that the electron effect of the methoxy group played
an important role during the process of the [3 þ 2] cyclo-
addition reaction of isoquinoline-N-oxide A with aryne B
(Scheme 2).
In summary, we have described a novel reaction of

2-alkynylbenzaldoxime 1witho-(trimethylsilyl)aryl triflate
2 catalyzed by silver triflate. The reaction works efficiently
to produce the unexpected 2-oxa-6-aza-bicyclo[3.2.2]nona-
6,8-diene derivatives. A possible reaction pathway is pro-
posed, which proceeds through a tandem 6-endo-cycliza-
tion, [3 þ 2] cycloaddition, and rearrangement.
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