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ABSTRACT

1,2,3-Benzotriazin-4(3H)-ones and 1,2,3,4-benzothiatriazine 1,1(2H)-dioxide reacted with isocyanides in the presence of a palladium catalyst to
give 3-(imino)isoindolin-1-ones and 3-(imino)thiaisoindoline 1,1-dioxides, respectively, in high yield. An intermediate azapalladacycle was
generated through denitrogenation of the triazine moiety, and an isocyanide was incorporated therein.

Transition-metal-catalyzed annulation reactions trig-

gered by extrusion of gaseous small molecules have

emerged as a powerful strategy for efficient construction

of heterocyclic compounds. A heterometalacyclic inter-

mediate is generated as the key intermediate from an

organic platform and then incorporates an unsaturated

molecule to form a new heterocyclic framework. In

addition to rhodium(II)1 and palladium(0) complexes,2

nickel(0) complexes are also employed3,4 as the precatalyst

for such transformations. For example, phthalimide,3a

phthalic anhydride,3b and isatoic anhydride3c reacted with

alkynes in the presence of a nickel catalyst to give iso-

quinolin-1(2H)-ones, isochromen-1-ones, and quinolin-

4(1H)-ones, respectively, with concomitant extrusion of

CO or CO2. We have recently developed the nickel-cata-

lyzed annulation reactions of 1,2,3-benzotriazin-4(3H)-

ones with unsaturated compounds such as alkynes,5a

allenes,5b 1,3-dienes, and electron-deficient olefins.5c In

these reactions, the triazinone moiety is activated by

nickel(0), and with extrusion of N2, a five-membered

azanickelacycle is generated as the key intermediate.
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Subsequent insertion of a carbon-carbon double or triple
bond leads to the formation of the corresponding isoquino-
lin-1(2H)-one derivatives. As a whole, the NdN moiety of
the six-membered heterocycle is replaced with a two-carbon
unit to give a new six-membered heterocyclic compound.We
next examined the possibility of incorporating isocyanides as
the C1 source.6 Herein, we report that a palladium catalyst
efficiently promotes the annulation reaction of 1,2,3-benzo-
triazin-4(3H)-ones and 1,2,3,4-benzothiatriazine 1,1(2H)-di-
oxide with isocyanides. The reactions present new synthetic
methods for3-(imino)isoindolin-1-onesand3-(imino)thiaiso-
indoline 1,1-dioxides,7 which are substructures found in
bioactive compounds.8

We initiated our study by conducting a reaction ofN-tolyl-
1,2,3-benzotriazin-4(3H)-one (1a) with 2,6-xylyl isocyanide
(2a, 1.1 equiv) in thepresenceof anickel(0) catalyst generated
in situ fromNi(cod)2 (5mol%) andPMe3 (10mol%) in 1,4-
dioxane. No reaction occurred, and the starting substrate 1a
remained intact after heating at 110 �C for 18 h. This
unsuccessful result with the Ni(0)/PMe3 catalyst led us to
examine the use of palladium catalysts.When a palladium(0)
catalyst generated in situ fromCpPd(π-allyl) (5mol%)9 and
PMe3 (10mol%)wasused, the substrate1awasconsumed in
18 h, and after chromatographic isolation on silica gel, the
desired 3-(imino)isoindolin-1-one 3aa was obtained in 94%
yield (eq 1). The following phosphine ligands gave inferior
results: P(n-Bu)3 (92%), PCy3 (92%), P(t-Bu)3 (11%), PPh3
(17%), and Dppf (15%).

We assume the following reaction mechanism which
is analogous to that we previously proposed for the nick-
el-catalyzed annulation reactions of 1,2,3-benzotria-
zin-4(3H)-ones with alkynes (Scheme 1).5a Oxidative addi-
tion of a C(O)N-N bond to palladium(0) prompts
extrusion of N2 to generate the five-membered ring
azapalladacyclic intermediate A. Subsequent insertion of
isocyanide 2a into the palladium-carbon bond results
in a formation of six-membered ring azapalladacyclic

intermediate B.10 Finally, reductive elimination affords
3aa, regenerating the palladium(0) catalyst.
The scope of benzotriazinones 1 was examined in the

reaction with 2a using the CpPd(π-allyl)/PMe3 complex as
the catalyst (Table 1). Substrates 1b-g possessing a variety
of aryl groups on the nitrogen atom reacted nearly quanti-
tatively with 2a to afford the corresponding products
3ba-ga in yields ranging from 95% to 99% (entries 1-6).
Carbamoyl-substituted substrate 1h also participated in

Scheme 1. Proposed Reaction Mechanism

Table 1. Pd(0)-Catalyzed Annulation Reaction of 1,2,3-Benzo-
triazin-4(3H)-ones 1b-n with 2,6-Xylyl Isocyanide (2a)a

aReactions conducted on a 0.2 mmol scale. b Isolated yield. c 130 �C.
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the annulation reaction, giving the product 3ha in 91%
yield (entry 7). However, methyl-substituted substrate 1i

was far less reactive and failed to undergo the annulation
reaction with 2a (entry 8). Benzotriazinones 1j-m having
electron-donating and -withdrawing substituents on the
benzene ring were all competent substrates to afford the
corresponding products 3ja-ma in yields ranging from
93% to 99% (entries 9-12). In addition, thienotriazinone
1n was also converted to the desired product 3na in 90%
yield (entry 13).

Next, various isocyanides 2b-f were subjected to the
annulation reaction of 1a (Table 2). Aryl isocyanides such
as 2-tolyl isocyanide (2b) and 4-methoxyphenyl isocyanide
(2c) were incorporated well to give the corresponding
products 3ab and 3ac in 92% and 89% yields, respectively
(entries 1 and 2). The annulation reaction with aliphatic
isocyanides 2d-f proceeded also cleanly to give the corre-
sponding products 3ad-af in high yield (entries 3-5). It
was interesting that benzyl isocyanide (2d) and cyclohexyl
isocyanide (2e), which are prone to polymerization by
transition metal catalysis,11 were inserted in a desired
manner.
We also examined the use of 1,2,3,4-benzothiatriazine

1,1(2H)-dioxide 4 as the triazo substrate (Table. 3).3f The
same type of denitrogenation reaction took place in the

presence of the CpPd(π-allyl)/PMe3 catalyst. The reaction
of aryl-substituted substrates 4a with 2a afforded the
corresponding products 5aa in 78% yield (entry 1). Unlike
the reaction using 1,2,3-benzotriazin-4(3H)-ones 1, alkyl-
substituted substrates 4b-f including even a tert-butyl-
substituted one could readily participate in the reaction
with 2a (entries 2-6). The sulfone moiety of a highly
electron-withdraing character might facilitate oxidative
addition of the S(O)2N-N bond to palladium(0).
In summary, we have demonstrated that isocyanides are

efficiently incorporated into the skeleton of 1,2,3-benzo-
triazin-4(3H)-oneswith extrusion of a dinitrogenmolecule in
the presence of theCpPd(π-allyl)/PMe3 catalyst. In addition,
an analogous denitrogenation reaction proceeds also with
1,2,3,4-benzothiatriazine 1,1(2H)-dioxides. The annulation
reactions provide unique methods for the synthesis of
3-(imino)isoindolin-1-ones and 3-(imino)thiaisoindoline
1,1-dioxides.
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Table 2. Pd(0)-Catalyzed Annulation Reaction of N-Tolyl-
1,2,3-benzotriazin-4(3H)-one (1a) with Isocyanides 2b-f

a

entry 2 R4 3 yield (%)b

1 2b 2-MeC6H4 3ab 92c

2 2c 4-MeOC6H4 3ac 89c

3 2d Bn 3ad 84c,d

4 2e Cy 3ae 99d

5 2f 1,1,3,3 -Tetramethylbutyl 3af 99

aReactions conducted on a 0.2 mmol scale. b Isolated yield. c 130 �C.
d Including a small amount (<2%) of the hydrolyzed product (N-
tolylphthalimide).

Table 3. Annulation Reaction of 1,2,3,4-Benzothiatriazine
1,1(2H)-Dioxides 4a-f with 2,6-Xylyl Isocyanide (2a) a

entry 4 R5 R6 5 yield (%)b

1 4a Mes H 5aa 78

2 4b Me H 5ba 91

3 4c Bn H 5ca 90

4 4d i-Pr H 5da 98

5 4e t-Bu H 5ea 87

6 4f Me MeO 5fa 93

aReactions conducted on a 0.2 mmol scale. b Isolated yield.
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