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ABSTRACT

An efficient one-step synthesis of 2,4-diazabicyclo[4.2.0]octa-1(6),2-dien-5-ones 3 from methyl 2-chloro-2-cyclopropylideneacetate (1) and amidines
2a−c as well as N,N-dimethylguanidine (2d) is described. Similar to the benzocyclobutenes, the cyclobutene-annelated pyrimidones 3 undergo
thermal ring opening and the resulting o-quinodimethane analogues readily cycloadd dienophiles to yield tetrahydroquinazolone derivatives.

Recently we reported a versatile method for the synthesis
of spirocyclopropane-annelated thiazoline-4-carboxylates and
thiazinones proceeding via a Michael addition of thioamides
onto the reactive Michael acceptor methyl 2-chloro-2-
cyclopropylideneacetate (1) with subsequent ring closure by
intramolecular nucleophilic substitution.1 It was conceivable
that amidines would react by the same mode to yield
spirocyclopropane-annelated imidazoline-4-carboxylates and
dihydropyrimidones, i.e., potential precursors to compounds
with biological activities.2,3 Therefore it was of interest to
study the addition of amidines to1.

When a mixture of methyl 2-chloro-2-cyclopropylidene-
acetate (1) and formamidine (2a) in dioxane in the presence

of 4 equiv of triethylamine was stirred for 2 days at ambient
temperature, instead of the expected imidazoline derivative,
the 2,4-diazabicyclo[4.2.0]octa-1(6),2-dien-5-one (3a) was
isolated in 57% yield (Scheme 1). The structure could be
assigned on the basis of its1H and13C NMR as well as MS
data, and it was rigorously proved by an X-ray crystal
structure analysis (Figure 1).4

† Part 75 in the seriesCyclopropyl Building Blocks for Organic Synthesis.
For part 74, see: Emme, I.; Redlich, S.; Labahn, T.; Magull, J.; de Meijere,
A. Angew. Chem., Int. Ed.2002,41, 786.
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Benzamidine (2b),p-methylbenzamidine (2c), andN,N-
dimethylguanidine (2d) under the same conditions gave the
corresponding pyrimidinones3b-d in yields ranging from
57 to 84%, whereas the reaction with unsubstituted guanidine
(2e) led only to decomposition (Table 1).

Obviously the primary Michael adducts4, resulting from
the addition of amidines2 onto 1, under the employed
conditions more rapidly rearrange to cyclobutenecarboxylates
6 than cyclize to yield a five-membered heterocycle by
intramolecular nucleophilic substitution, as the primary

adducts of1 and carboxamides5 and thiocarboxamides do
under basic conditions.1 The cyclobutenecarboxylates6 then
undergo, by an intramolecular attack of the amino group on
the methyl ester moiety, cyclization leading to the pyrimi-
dinones3. This type of rearrangement encountered for4 has
previously been observed for adducts of benzophenoneimine6

and secondary as well as primary amines.7 It is rationalized
as occurring by way of neighboring group participation to
form the stabilized aziridinium ion5 which rearranges via
cyclopropylcarbinyl to cyclobutyl cation ring enlargement
(Scheme 1).8

Since oxygen substituents are less effective neighboring
group participants than nitrogen-centered groups, the addition
of N-hydroxyamidines7 instead of amidines2 to 1 was
expected to proceed without rearrangement, because they
would add with the more nucleophilic hydroxy group
attacking on1.9

Indeed, when a mixture of methyl 2-chloro-2-cyclopropyl-
ideneacetate (1) andN-hydroxybenzamidine (7a) in methanol
was stirred for 24 h at ambient temperature, the Michael
adduct methyl 2-chloro-2-(phenylcarboximidoylaminooxy-
cyclopropyl)acetate (8a) was isolated in 67% yield. When
8a was deprotonated with sodium hydride in acetonitrile at
0 °C, 9-chloro-6-phenyl-5,7-diaza-4-oxaspiro[2.6]non-5-en-
8-one (9a) was formed by attack of the amide on the methyl
ester moiety (Scheme 2). Neither intramolecular nucleophilic

substitution of the chlorine atom nor rearrangement was
observed. The structure was assigned on the basis of its1H
and 13C NMR as well as MS data, and it was rigorously
proved by an X-ray crystal structure analysis of9a (Figure
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7 pp. Cont.-in-part in U.S. Ser. No. 2,502, abandoned. CODEN: USXXAM
US 5457112 A 19951010. Application: US 93-165648 19931213. Prior-
ity: FR 92-15038 19921214; US 93-2502 19930106. CAN 124:117321 AN
1995:913758.

(4) Crystallographic data for the structures reported in this paper have
been deposited with the Cambridge Crystallographic Data Centre as
supplementary publication no. CCDC-163584 (3a) and CCDC-163585 (9a).
Copies of the data can be obtained free of charge on application to CCDC,
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(5) Nötzel, M. W.; Tamm, M.; Labahn, T.; Noltemeyer, M.; Es-Sayed,
M.; de Meijere, A.J. Org. Chem.2000,65, 3850.

(6) Wessjohann, L.; Giller, K.; Zuck, B.; Skattebøl, L.; de Meijere, A.
J. Org. Chem.1993,58, 6442.

(7) Tamm, M.; Thutewohl, M.; Ricker, C. B.; Bes, M. T.; de Meijere,
A. Eur. J. Org. Chem.1999, 2017.

(8) (a) Mazur, R. H.; White, W. N.; Semenov, D. A.; Lee, C. C.; Silver,
M. S.; Roberts, J. D.J. Am. Chem. Soc.1959,81, 4390. (b) Olah, G. A.;
Jeuell, C. L.; Kelly, D. P.; Porter, R. D.J. Am. Chem. Soc.1972,94, 146.
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Figure 1. Structures of 2,4-diazabicyclo[4.2.0]octa-1(6),2-dien-5-
one (3a) and 9-chloro-6-phenyl-5,7-diaza-4-oxaspiro[2.6]non-5-en-
8-one (9a) in the crystals.

Table 1. Preparation of Cyclobutene-Annelated Pyrimidinones
3 from Amidines2 and Methyl
2-Chloro-2-cyclopropylideneacetate (1)

entry amidine R product yield (%)

1 2a H 3a 57
2 2b Ph 3b 84
3 2c p-Me-Ph 3c 79
4 2d NMe2 3d 59
5 2e NH2 3e a

a Decomposition.

Scheme 2

840 Org. Lett., Vol. 4, No. 5, 2002



1).4 Under the same conditions,N-hydroxy-o-chlorobenz-
amidine (7b) gave8b (57%) which could be cyclized to9b
in 43% yield.

The cyclobutene-annelated pyrimidinones3 resemble
heteroanalogues of benzocyclobutenes, and as such they
should be able to undergo ring opening to heteroanalogues
of o-quinodimethanes which ought to be trapped by dieno-
philes.10 Indeed, when the derivative3b was heated at 170
°C with dimethyl fumarate10c for 8 h, the [4 + 2]
cycloadduct12cof the in situ formed 5,6-dimethylenetetra-
hydropyrimidinone11 was isolated in 84% yield.

A whole series of dienophiles,10a-e, reacted with3b
under the same conditions to give the Diels-Alder adducts
of 11 in 47-84% yield (Scheme 3).11 Dimethyl maleate

furnished a 4.8:1 mixture of thecis- (12d) andtrans-isomer
12c. The unsymmetrically substituted dienophiles methyl
acrylate (10a), acrylonitrile (10b), and methyl cinnamate
(10e) all led to inseparable mixtures of two regioisomeric
cycloadducts12and12′. For12e/12′e the major isomer was

assigned to be12eby an HMBC (heteronuclear multi bond
correlation) 2D-NMR measurement, and for the other
products12a/12′a and 12b/12′b the major isomers were
assumed to be of the same type, i.e.,12a and 12b,
respectively. Diethyl mesoxalate (13) also reacted with3b
at 170°C to furnish a single adduct,14, albeit in moderate
yield (36%). The structure of14 (Scheme 3) was established
on the basis of its HMBC-2D-NMR spectrum.

Thus, methyl 2-chloro-2-cyclopropylideneacetate (1) upon
treatment with amidines2 under basic conditions undergoes
a domino transformation involving a Michael addition
followed by a ring-enlarging rearrangement and cyclization
to afford cyclobutene-annelated pyrimidinones3. On the
other hand,N-hydroxyamidines7 add onto 1 to give
2-chloro-2-cyclopropylacetate derivatives8 which, after
deprotonation cyclize to seven-membered heterocycles9. The
[4 + 2] cycloadditions of dienophiles10 and 13 to 5,6-
dimethylenetetrahydropyrimidinones of type11 in situ gener-
ated from the new cyclobutene-annelated pyrimidinones3
provide easy access to tetrahydroquinazolone derivatives and
heteroanalogues of types12 and14, respectively. This new
route to potentially biologically active heterocycles of types
12 and 14, which are essentially adenosine analogues, is
shorter and provides significantly better overall yields (e.g.,
66 vs 29% for12a, 71 vs 31% for12c) than a previously
published one.11 This chemical utility of compounds3 also
significantly exceeds that of cyclobutane-annelated fluorou-
racils (fluoropyrimidindiones) which are accessible by
photochemical [2+ 2] cycloaddition of certain alkenes to
fluorouracil.12
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Scheme 3

a Mixture of cis- (12d) andtrans-dicarboxylate12c in the ratio
of 4.8:1.bPuretrans-isomer.
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