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Abstract—Our investigation on the reaction of isoquinolinium methylide derivatives with trimethylsilylketene (TMS ketene), giving
[3+2] cycloadducts, pyrroloisoquinolines, is described. TMS ketene is found to function as the C2 unit introducing reagent in the
reaction of isoquinolinium methylide derivatives. Furthermore, the advantage of TMS ketene in comparison with ketene
(CH2@C@O) is shown.
� 2005 Elsevier Ltd. All rights reserved.
Trimethylsilylketene (TMS ketene) occupies an impor-
tant position, most notably in its service as a masked
ketene (CH2@C@O).1 TMS ketene exhibits milder reac-
tivity than labile ketene and is considered to be more
convenient in view of its easy handling and long-term
storable stability. As part of our program2 directed
toward development of new reactions using TMS
ketene, we herein report our investigation on the reac-
tion of isoquinolinium methylide derivatives with TMS
ketene.

We first investigated the reaction with isoquinolinium
salt 1a as shown in Scheme 1. After intensive screening
of reaction conditions,4 the use of 2.4 equiv of TMS
ketene,3 1.2 equiv of i-Pr2NEt as a base and THF as a
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Scheme 1.
solvent was found to be the most effective combination
for obtaining the desired [3+2] cycloadducts, pyrroloiso-
quinolines, 3a and 4a.5

Having the best conditions, we examined the reaction of
several isoquinolinium salts 1b–d, 5 and 8 as shown in
Scheme 2. Isoquinolinium salts 1b–d with electron-
donating and -withdrawing groups on the isoquinoline
ring were found to be employable, giving the corre-
sponding pyrroloisoquinolines in 63–71% yield. Fur-
thermore, isoquinolinium salts 5 and 8 bearing a
sterically hindered tert-butyl ester group and a methyl
group in the a position of the ester gave the correspond-
ing pyrroloisoquinolines 6/7 and 9 in good yields.

In order to demonstrate the advantage of TMS ketene,
we compared the reactivity of ketene (CH2@C@O) with
that of TMS ketene in reaction with 10. The results are
shown in Scheme 3. The use of ketene with 10 has been
reported by Kato,6 giving product 12, which was formed
by the reaction of two molecules of ketene with one mole-
cule of 10. On the other hand, as expected, the use of
TMS ketene gave the desired pyrroloisoquinoline 11 in
63% yield. In this case, Li2CO3 as a base in place of
i-Pr2NEt was the best.7 Taking the experimental results
independently reached by Kato’s group and ours into
consideration, we could conclude TMS ketene was an
effective reagent.

The reaction mechanism8 for the formation of hydroxy-
pyrroloisoquinoline 3a and/or acetoxy-pyrroloisoquino-
line 4a may be considered to be as shown in Scheme 4.
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Nucleophilic attack of carbanion in ylide 2a to TMS
ketene followed by cyclization of the resulting betain
13 produces 14. Desilylation and aromatization and of
14 afford hydroxy-pyrroloisoquinoline 3a. Subsequent
nucleophilic attack of the OH group in 3a to TMS
ketene and then desilylation afford acetoxy-pyrroloiso-
quinoline 4a.

In summary, TMS ketene has been found to function
as the C2 unit introducing reagent in the reaction of
isoquinolinium methylide derivatives.9 Work on other
synthetic reactions using TMS ketene is now in progress.
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Scheme 4. Possible reaction mechanism.
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