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ABSTRACT

ortho-Lithiophenyl isocyanide has been generated from ortho-bromophenyl isocyanide and successfully employed toward the synthesis of
2-substituted phenyl isocyanides as well as 2,3-disubstituted 3H-quinazoline-4-ones and 3H-quinazolin-4-thiones.

Isocyanides have found a wide range of applications in
organic synthesis,1 particularly in the synthesis of hetero-
cycles.2 The electron-withdrawing effect of the isocyano
group enhances the acidity of R-C,H bonds, and this was

first exploited by Schöllkopf and Gerhart3 (Figure 1) in 1968.
Since then, R-metallated isocyanides have been shown to

participate in various types of cocyclizations leading to
different nitrogen-containing heterocycles.4 Conversely, the
synthesis of indoles by the cyclization of ortho-methylphenyl
isocyanides metallated at the benzylic position has been
reported by Ito and Saegusa et al.5 and later was carried out
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A., Eds.; Wiley: New York, 2002.

(2) For some recently reported syntheses of heterocycles from isocya-
nides, see: (a) Fujiwara, S.-i.; Asanuma, Y.; Shin-ike, T.; Kambe, N. J.
Org. Chem. 2007, 72, 8087–8090. (b) Gilley, C. B.; Kobayashi, Y. J. Org.
Chem. 2008, 73, 4198–4204. (c) St. Cyr, D. J.; Martin, N.; Arndtsen, B. A
Org. Lett. 2007, 9, 449–452. (d) Winkler, J. D.; Asselin, S. M. Org. Lett.
2006, 8, 3975–3977. (e) Kanazawa, C.; Kamijo, S.; Yamamoto, Y. J. Am.
Chem. Soc. 2006, 128, 10662–10663. (f) Kamijo, S.; Kanazawa, C.;
Yamamoto, Y. J. Am. Chem. Soc. 2005, 127, 9260–9266. (g) Larionov,
O. V.; de Meijere, A. Angew. Chem. 2005, 117, 5809–5813; Angew. Chem.,
Int. Ed. 2005, 44, 5664-5667.
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Figure 1. Different types of metallated isocyanides.
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employing transition metal catalysts.6 We envisaged that
ortho-metallated phenyl isocyanides which, to our knowl-
edge, are not known7 could also be versatile precursors for
certain types of heterocycles.

In particular, 3H-quinazolin-4-ones, some derivatives of
which occur as natural products8,9 (Figure 2), might be

accessible by reactions of such ortho-metallated phenyl
isocyanides with isocyanates. This would be extremely
useful, as 3H-quinazolin-4-ones have been reported to
possess a vast range of biological activities, including
analgesic, anti-Parkinsonian, CNS depressant, and CNS
stimulating as well as tranquilizing, antidepressant, and
anticonvulsant effects. Some of these compounds also act
as psychotropic, hypnotic, cardiotonic, and antihistamine
agents10,11 and possess cardiovascular activity as well as
antiinflammatory activity.10,12 Quinazolinones also inhibit
monoamine oxidase, aldose reductase, tumor necrosis factor
R, thymidylate synthase, pyruvic acid oxidation, as well as
acetylcholine-esterase activity and are antitumor, antiulcer,
antiplatelet aggregation (glycoprotein IIb/IIIa inhibitors),13

and hypoglycemic agents.10,14 They are also potent antibac-
terial, antifungal, antiviral, antimycobacterial, and antima-
larial agents.10 Therefore, not surprisingly, they have been
included in the list of molecules with “privileged structure”15

for combinatorial chemistry, capable of binding to multiple
receptors with high affinity.16 Many of the numerous reported
syntheses of these heterocycles start from anthranilic acid
or its derivatives, but none of them use the advantages of
isocyanide chemistry.17,18

To investigate the possibility of generating ortho-metal-
lated phenyl isocyanide, two possible precursors for
halogen-metal exchange reactions, ortho-bromo- and ortho-
iodophenyl isocyanides 1 and 2a, were synthesized. The iodo
derivative 2a turned out to undergo fast (<10 min) trans-
metallation reactions, when it was treated with n-BuLi,
t-BuLi (-100 °C), or i-PrMgCl·LiCl19 (-78 °C) in THF.
The target ortho-lithiophenyl isocyanide could also be
obtained from the bromo derivative 1, synthesized from
inexpensive 2-bromoaniline. The best and most reproducible
results, in this case, were achieved with n-BuLi in THF at
-78 °C. Different electrophiles were tested in their reaction
with ortho-lithiophenyl isocyanide generated in situ in this
way (Table 1). The respective 2-substituted phenyl isocya-

nides (2) were obtained in high yields (71-88%), except
for 2-formylphenyl isocyanide 2d (55%). The standard
reagent for the electrophilic installation of a formyl group,
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by its ortho-metallation has been reported: Walborsky, H. M.; Ronman, P.
J. Org. Chem. 1978, 43, 731–734.
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Kivlighn, S. S.; Schorn, T. S.; Zingaro, G. J.; Siegl, P. K. S. J. Med. Chem.
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Baldwin, J. J.; Lynch, R. J.; Zhang, G.; Gould, R. J. Bioorg. Med. Chem.
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Figure 2. Some naturally occurring 3H-quinazolin-4-ones.8,9

Table 1. Synthesis of 2-Substituted Phenyl Isocyanides
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dimethyl formamide, in this case led to 2-(formylamino)ben-
zaldehyde 6, which presumably was formed by base-
catalyzed hydrolysis of the initially formed 1,3-benzooxazine
derivative 4 under the aqueous workup conditions (Scheme
1).

The 2-substituted phenyl isocyanides prepared in this way
can be used for many purposes, particularly in multicom-
ponent Ugi-Passerini reactions1b or for the synthesis of
correspondingly substituted anilines, to which isocyanides
can easily be hydrolyzed under acidic conditions.20

When isocyanates and isothiocyanates were employed as
electrophiles, cyclic 3H-quinazolin-4-ones (-thiones) 8 were
formed in high yields (69-91%) (Table 2).

Typically, the reactions with isocyanates were carried out
at -78 °C and quenched with water at the same temperature,

but in the case of isothiocyanates the mixtures were gradually
warmed to -40 °C before quenching. In contrast to these
reactions of a �-lithiated isocyanide, R-lithiated isocyanides

have been reported mainly to give bisadducts with
isocyanates,4aindicating that the metallated five-membered
heterocyclic intermediates formed in that case were much

(15) Evans, B. E.; Rittle, K. E.; Bock, M. G.; DiPardo, R. M.; Freidinger,
R. M.; Whitter, W. L.; Lundell, G. F.; Veber, D. F.; Anderson, P. S.; Chang,
R. S. L.; Lotti, V. J.; Cerino, D. J.; Chen, T. B.; Kling, P. J.; Kunkel, K. A.;
Springer, J. P.; Hirshfield, J. J. Med. Chem. 1988, 31, 2235–2246.

(16) Horton, D. A.; Bourne, G. T.; Smythe, M. L. Chem. ReV. 2003,
103, 893–930.

(17) For reviews, see: (a) Undheim, K.; Benneche, T. ComprehensiVe
Heterocyclic Chemistry II; Pergamon: Oxford, 1998; Vol. 6. (b) Connolly,
D. J.; Cusack, D.; O’Sullivan, T. P.; Guiry, P. J. Tetrahedron 2005, 61,
10153–10202.

(18) For some recently published syntheses of 3H-quinazolin-4-ones,
see: (a) Zeghida, W.; Debray, J.; Chierici, S.; Dumy, P.; Demeunynck, M.
J. Org. Chem. 2008, 73, 2473–2475. (b) Mhaske, S. B.; Argade, N. P. J.
Org. Chem. 2004, 69, 4563–4566.

(19) (a) Krasovskiy, A.; Knochel, P. Angew. Chem. 2004, 116, 3396–
3399; Angew. Chem., Int. Ed. 2004, 43, 3333-3336. (b) Ren, H.;
Krasovskiy, A.; Knochel, P. Org. Lett. 2004, 6, 4215–4217.

(20) Schöllkopf, U.; Henneke, K.-W.; Madawinata, K.; Harms, R. Justus
Liebigs Ann. Chem. 1977, 1, 40–50.

(21) (a) Murdoch, R.; Tully, W. R.; Westwood, R. J. Heterocycl. Chem.
1986, 23, 833–841. (b) Chenard, B. L.; Welch, W. M.; Blake, J. F.; Butler,
T. W.; Reinhold, A.; Ewing, F. E.; Menniti, F. S.; Pagnozzi, M. J. J. Med.
Chem. 2001, 44, 1710–1717. (c) Bilokin, Y. V.; Kovalenko, S. M.
Heterocycl. Commun. 2000, 6, 409–414.

(22) (a) Bowman, W. R.; Elsegood, M. R. J.; Stein, T.; Weaver, G. W.
Org. Biomol. Chem. 2007, 5, 103–113. (b) Tangirala, R.; Antony, S.; Agama,
K.; Curran, D. P. Synlett 2005, 18, 2843–2846. (c) Kaneko, C.; Kasai, K.;
Katagiri, N.; Chiba, T. Chem. Pharm. Bull. 1986, 34, 3672–3681.

(23) Perdicaro, A.; Granata, G.; Marrazzo, A.; Santagati, A. Synth.
Commun. 2008, 38, 723–737.

Scheme 1

Table 2. Synthesis of 3H-Quinazolin-4-ones
3H-Quinazolin-4-thiones 8

RNCX

R X product yield (%)

Ph O 8a 91
4-MeC6H4 O 8b 89
4-CF3C6H4 O 8c 69
4-FC6H4 O 8d 75
PhCH2 O 8e 74
iPr O 8f 81
cPr O 8g 70
cPr S 8h 71
cHex S 8i 78

Table 3. Synthesis of 2,3-Disubstituted 3H-Quinazolin-4-ones 8
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more reactive than the lithiated derivatives of type 7 formed
from the �-lithiated isocyanide. This makes it possible to
further diversify the 2-substituent of the 3H-quinazolin-4-
ones (-thiones) 8 by trapping the intermediate 7 with a second
electrophile El2X in the same flask.

Various 2,3-disubstituted 3H-quinazolin-4-ones 8j-o could
thus be conveniently prepared from 2-bromophenyl isocya-
nide 1-Br in a three-step one-pot sequence (Table 3). 2-Halo-
3H-quinazolin-4-ones of type 8m have been reported to
undergo substitution with nucleophiles21 and also participate
in different radical cyclization processes,22 which opens
access to a large variety of substituted 3H-quinazolin-4-ones.

Copper-catalyzed couplings of aryl thioethers of type 8k
with aryl iodides have also been reported.23 Quenching of
the lithiated intermediates of type 7 with electrophiles can

also occur intermolecularly, when the initially employed
isocyanate already contains an appropriate functional group.
Thus, 3-iodopropyl isocyanate and methyl 2-isocyanatoben-
zoate in one step gave 3H-quinazolin-4-ones 8n and 8o in
72 and 85% yield, respectively. Both deoxyvasicinone 8n24

and tryptanthrine 8o25 are naturally occurring alkaloids with
important biological activities.

In conclusion, 2-substituted phenyl isocyanides are easily
obtained by halogen-lithium exchange of ortho-bromophe-
nyl isocyanide and subsequent trapping of the thus generated
ortho-lithiophenyl isocyanide with electrophiles. This strategy
has been effectively employed for the new three-step one-
pot synthesis of substituted 3H-quinazolin-4-ones (-thiones)
including the naturally occurring alkaloids deoxyvasicinone
and tryptanthrine.
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(25) For recent syntheses of tryptanthrine, see: (a) Jahng, K. C.; Kim,
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