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cyclizations of 2-(dichloroisocyanido)benzonitrile
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Abstract—The one-pot cyclization of 2-(dichloroisocyanido)benzonitrile with 1,4-dinucleophiles, such as a-aminoketones, afforded
5H-oxazolo[2,3-b]quinazolin-5-imines and related quinazolines.
� 2004 Elsevier Ltd. All rights reserved.
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Domino and sequential reactions of dinucleophiles with
dielectrophiles allow an efficient synthesis of heterocyclic
frameworks.1 In recent years, we have reported a num-
ber of one-pot cyclizations of dinucleophiles with oxalic
acid-bis(imidoyl)dichlorides—useful 1,2-dielectrophiles,
which can be regarded as imino derivatives of oxalyl
chloride.2 Dichloroisocyanides represent imino deriva-
tives of phosgene and have been reacted as 1,1-dielectro-
philes with a variety of nucleophiles.3 Recently, Pazdera
et al. have reported an efficient synthesis of 2-(dichloro-
isocyanido)benzonitrile.4 This compound represents an
interesting 1,1,5-trielectrophilic building block, which
combines the functional groups of a dichloroisocyanide
and of a nitrile.5 Herein, we wish to report what are, to
the best of our knowledge, the first one-pot cyclizations
of 2-(dichloroisocyanido)benzonitrile with a-amino-
ketones, carboxylic hydrazides and 1,2-diamines. These
transformations allow a convenient synthesis of phar-
macologically relevant oxazolo[2,3-b]quinazolin-5-imi-
nes6 and imidazo[2,1-b]quinazolin-5-imines.7 The
products prepared represent analogues of cytotoxic,
DNA intercalating natural products, such as luotonine
A and B, desoxyvasicinone and camptothecin.7a Benz-
imidazolo[2,3-b]quinazolin-5-ones have been shown to
possess immunosuppressive activity, again due to their
DNA intercalation properties.7b,c

The reaction of the hydrochloride of phenacyl amine
(2a) with 2-(dichloroisocyanido)benzonitrile (1) afforded
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the 5H-oxazolo[2,3-b]quinazolin-5-imine hydrochloride
3a (Scheme 1). The best yields were obtained when a
CH2Cl2 solution of the starting materials was stirred
at 20 �C for 10min, heated at reflux for 1h and subse-
quently heated at reflux in i-PrOH for 6h.8 The hydro-
chloride 3a was transformed into the free base 4a by
treatment with sodium bicarbonate. The structures of
N
4

Scheme 1. Synthesis of 3 and 4. Reagents and conditions: (i) 2equiv

NEt3, CH2Cl2, 20�C, 10min; (ii) reflux, 1h; (iii) i-PrOH, reflux, 6h; (iv)
NaHCO3, H2O, i-PrOH, 20�C, 4–12h.
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Scheme 3. Cyclization of 1 with ethyl glycinate. Reagents and

conditions: (i) 2equiv NEt3, CH2Cl2, 20�C, 20min; (ii) reflux, 1h;

(iii) separation of precipitate, i-PrOH, reflux, 1h.
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heterocycles 3 and 4 were confirmed by spectroscopic
methods with comparison of known compounds.9

The formation of 3a can be explained by attack of the
amino group of 2a onto the dichloroisocyanide to pro-
vide intermediate A, subsequent cyclization by attack
of the nitrogen onto the nitrile to give intermediate B
and subsequent attack of the oxygen onto the imidoyl
chloride (Scheme 1).10 Alternatively, the cyclization
could proceed by attack of the oxygen atom onto the
imidoyl chloride of A and subsequent attack of the
nitrogen atom onto the nitrile. Three new bonds were
formed in this one-pot reaction. To study the prepara-
tive scope of the reaction, the a-aminoketone was varied
(Scheme 1, Table 1). The cyclization of 1 with 2b–e
afforded the methyl-, methoxy-, bromo- and chloro-sub-
stituted 5H-oxazolo[2,3-b]quinazolin-5-imines 3b–e and
4b–e.

The cyclization of 1 with acetic hydrazide (5) gave the
5H-oxadiazolo[2,3-b]quinazolin-5-imine 6 (Scheme 2).
The formation of 6 can be explained by a mechanism
related to that depicted in Scheme 1. The formation of
an isomeric triazolo[1,5-c]quinazoline was excluded by
comparison of the spectroscopic data of 6 with those
of independently prepared triazolo[1,5-c]quinazolines.11

The reaction of 2-(dichloroisocyanido)benzonitrile with
ethyl glycinate hydrochloride (7) resulted in the forma-
tion of the 2,3-dihydro-2-oxo-imidazo[1,2-c]quinazoline
8 rather than the expected ethoxy-substituted 5H-ox-
azolo[2,3-b]quinazolin-5-imine (Scheme 3).12 The forma-
tion of 8 can be explained by attack of two molecules of
7 onto the dichloroisocyanide to provide intermediate C,
attack of the nitrogen atom onto the nitrile to provide
intermediate D and final cyclization by attack of the
imino nitrogen onto the ester group. In fact, the best
yields of 8 were obtained when 2equiv of 7 were
employed.
Table 1. Products and yields

3, 4 R 3a (%) 4a (%)

a C6H5 44 83

b 4-MeC6H4 50 68

c 4-(MeO)C6H4 28 63

d 4-BrC6H4 32 65

e 4-ClC6H4 47 63

a Isolated yields.
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Scheme 2. Cyclization of 1 with acetic hydrazide. Reagents and

conditions: (i) CH2Cl2, reflux, 6h; (ii) i-PrOH, reflux, 8h.
The reaction of 2-(dichloroisocyanido)benzonitrile with
1,2-diamines was studied next. The one-pot cyclization
of 1,2-diaminobenzene (9) with 1 afforded, under condi-
tions related to those employed for the synthesis of 3,
the benzimidazo[2,1-b]quinazolin-5-imine 10. A possible
mechanism for the formation of 10 is depicted in Scheme
4: attack of 9 onto the dichloroisocyanide gave inter-
mediate E and subsequent cyclization afforded inter-
mediate F. The product was finally formed by attack
of the amino onto the imidoyl chloride group.

The cyclization of 1 with 1,2-diaminoethane afforded
2,3-dihydro-5H-imidazo[2,1-b]quinazolin-5-imine
hydrochloride (12) (Scheme 5).13

The preparative scope of the new one-pot cyclization
reactions will be investigated in future studies.
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Scheme 4. Cyclization of 1 with 1,2-diaminobenzene. Reagents and

conditions: (i) CH2Cl2, 20�C, 10min; (ii) addition of NEt3 (1equiv),

reflux, 4h; (iii) addition of NEt3 (1equiv) and of i-PrOH, reflux, 6h.
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Scheme 5. Cyclization of 1 with 1,2-diaminoethane. Reagents and

conditions: (i) CH2Cl2, 20�C, 10min; (ii) reflux, 1h; (iii) addition of

i-PrOH to the solution, reflux, 6h.
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