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Abstract: The reported cycloaddition reaction of isocyanates and
symmetric carbodiimides is reinvestigated in the presence of pyri-
dine. The Huisgen zwitterion generated by the 1:1 addition of pyri-
dine to arylsulfonyl isocyanate is trapped by dialkyl carbodiimide to
obtain symmetrical 1,3-diazetidin-2-ones via a novel intramolecu-
lar rearrangement.
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1,3-Diazetidin-2-ones exhibit activities including
antibacterial1 and anti-inflammatory2 activity. Recently,
they have been found to be potent serine peptidase,
transpeptidase, and b-lactamase enzyme inhibitors.1,3,4

1,3-Diazetidinone derivatives are also used in polyester
polyurethane resins which offer good abrasion resistance5

and heat resistance.6

Despite their applications, to our knowledge there are
only a few methods for the preparation of 1,3-diazetidin-
2-ones; these include carbonylation of diaziridines by Pd
or Co complexes,7 addition of isocyanates to imines pref-
erably activated with an electron-donating group such as
OMe (imino ethers),8 photolytic reaction of chromium
carbene complexes with azobenzenes,9 photolysis of the
pyrimidin-2-one derivatives,1,10 and base transformation
of N-(chlorocarbonyl)guanidine.11

The [2+2]-cycloaddition reaction of heterocumulenes,
such as carbodiimides, isocyanates, and isothiocyanates,
is well-known for the preparation of 1,3-diazetidinones.12

These studies began in 1957;13 then, in 1962, Neumann
and Fischer investigated the reaction of different types of
aryl isocyanates and symmetrical diaryl or dialkyl carbo-
diimides and obtained unsymmetrical carbodiimides via
1,3-diazetidine-2-one intermediates under thermal condi-
tions.14 Finally, Sayigh15 and Ulrich16 identified 1,3-diaz-
etidine-2-one 1 as the main product of the cycloaddition
reaction of arylisocyanates 2 and carbodiimides 3
(Scheme 1).17 They also investigated the regioselectivity
of the reaction in the case of unsymmetrical carbodiimides
and reported that steric hindrance and electronic effects
could influence the product distribution.18 In later studies
it became evident that a considerably more complex reac-

tion pattern emerges in the reaction of dialkyl carbodiim-
ide with arylsulfonyl isocyanates.

Scheme 1 The reaction of aryl isocyanate and carbodiimides

Based on the studies of Ulrich, the polar cycloaddition re-
action of arylsulfonyl isocyanates 4 with dialkyl carbo-
diimides 5 gave rise to three six-membered ring
cycloadducts 7, 8, and 10. However, it is important to note
that 1,3-diazetidinone intermediate 6 was not isolated, but
simultaneous occurrence of the exchange reaction to form
7 and especially product 8 and 10 support the intermedia-
cy of 6.19 This evidence was also confirmed by IR analysis
of the reaction mixture at the beginning of the reaction
(Scheme 2).19,20

Scheme 2 The reaction of arylsulfonyl isocyanate and dialkyl car-
bodiimde
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Cognizant of the potential synthetic interest and pharma-
cological activities of 1,3-diazetidinone and also consid-
ering the above history of the cycloaddition reaction of
dialkyl carbodiimide and isocyanates, we decided to apply
pyridine as a reagent in this reaction to prevent the further
cyclization toward heterocyclic compound 7, 8, and 10
and permit isolation and characterization of the symmetri-
cal 1,3-diazetidinone 11.

Thus, in a continuation of our efforts directed toward the
synthesis of N-containing heterocycles,21 dialkylcarbodi-
imide 5 was subjected to reaction with arylsulfonyl isocy-
anate 4 in the presence of an equimolar amount of
pyridine. The reaction proceeded smoothly in CH2Cl2 at
room temperature for 12 hours. As outlined in Scheme 3,
surprisingly, despite our expectation of a [2+2] product
from this reaction, symmetrical 1,3-diazetidine-2-one 11
was obtained instead of unsymmetrical 1,3-diazetidine-2-
one 6.22

To evaluate the vital rule of pyridine in the formation of
symmetrical 1,3-diazetidine-2-one 11, two different reac-
tions were designed and performed under conditions sim-
ilar to the initial reaction. Firstly, the reaction of p-
toluenesulfonyl isocyanate and diisopropyl carbdiimide
was performed without pyridine for 12 hours. In the other

experiment, the reaction of p-toluenesulfonyl isocyanate
and diisopropyl carbdiiimde after 12 hours was subjected
to the equivalent amount of pyridine for 5 hours. Both of
the reaction mixtures were analyzed by 1H NMR spectros-
copy. As expected, product 1,3-diazetidine-2-one 11b
was not present, even in trace amounts (Scheme 4).

In an attempt to extend the scope of this conversion, we
examined phenyl isocyanate and phenyl isothiocyanate
instead of arylsulfonyl isocyanate in the above reaction.
Unfortunately, no desired product was obtained, and the
products were similar to the reported products for the
pyridine-free reactions.23 We also applied other aromatic
N-heterocycles such as N-methyl imidazole and triazine
to evaluate their role compared to the pyridine
(Scheme 5). It was found that neither led to production of
the desired 1,3-diazetidin-2-one 11, and again the prod-
ucts were similar to the reported classic reactions.12–20 All
of our results are summarized in Table 1.

The structures of products were elucidated from their ele-
mental analysis, MS, IR, and high-field 1H and 13C NMR
spectra as described for 11a. However, the mass spectrum
of 11a did not display a molecular ion peak at m/z = 403
but the ion peak at m/z = 322 showed the loss of the cyclo-
hexyl group in the first fragmentation. In the IR spectrum

Scheme 3 Synthesis N1-(1,3-alkyl-4-oxo-1,3-diazetan-2-yliden)arylsulfonamides(4-arylimmino-1,3-diazetidine-2-ones)
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of 11a, two absorption bands at 1866 and 1640 cm–1, re-
lated to C=O and C=N stretching frequencies, clearly in-
dicated the most significant functional groups of the four-
membered ring.

In the 1H NMR spectrum of 11a, 20 hydrogens of two
chemically equivalent cyclohexyl exhibited signals be-
tween d = 1.09–1.97 ppm. This fact is more clear for com-
pound 11b where all four chemically equivalent methyl
groups of the isopropyl substituents appear as a 12-proton
doublet at d = 1.34 ppm (3JHH = 6.6 Hz). A sharp singlet
signal at d = 2.45 ppm arises from the aromatic methyl
group in 11a. The most important signal of compound 11a
is the CH of the two chemically equivalent cyclohexyl
groups which appears as a broad resonance at d = 3.68
ppm. The aromatic hydrogens give characteristic signals
in the aromatic region. The 13C NMR spectrum of 11a
showed 11 distinct signals in agreement with the product
structure. Finally, the structure of 11a was further con-
firmed by a single-crystal X-ray diffraction (Figure 1).

Although no detailed mechanistic studies have been car-
ried out at this point, our postulated reaction pathway is
shown in Scheme 6. No doubt, the first step involves nu-
cleophilic addition of pyridine to the highly reactive aryl-
sulfonyl isocyanate 4 to produce Huisgen zwitterion 12.24

Subsequent trapping of dipole 12 by dialkyl carbodiimide
5 furnishes new pyridine-arylsulfonyl isocyanate–dialkyl

carbodiimide zwitterion 13. Presumably, since the nitro-
gen of NSO2Ar group could stabilize the negative charge
more easily than NR, resulting from the electron-with-
drawing property of the ArSO2, a four-center intramolec-
ular rearrangement converts intermediate 13 into new
zwitterion 14. Finally, intramolecular ring-closure reac-
tion followed by loss of pyridine affords the 4-imino-1,3-
dizaetidin-2-one 11 derivatives.

Scheme 6 Proposed mechanism for the mentioned reaction

In conclusion, we have presented a novel and unprece-
dented one-pot synthesis of symmetrical 4-imino-1,3-di-
azetidin-2-ones from the reaction of arylsulfonyl
isocyanates and dialkyl carbodiimides in the presence of
pyridine. Pyridine has been found to be a vital reagent as,
without it, the reported cycloadducts are formed. Al-
though the yields are relatively low, readily available and
inexpensive starting materials, simple and mild reaction
conditions, and simple purification as well as potential
synthetic and pharmacological interest of the products
make the present procedure an interesting alternative to
the other approaches.

Table 1 All results for Reactions of Isocyanates and Dialkyl Carbo-
diimide in the Presence of Aromatic N-Heterocycles

Entry N-heterocycle Product Z X R Yield 
(%)

1 pyridine 11a 4-MeC6H4SO2 O C6H11 42

2 pyridine 11b 4-MeC6H4SO2 O i-Pr 40

3 pyridine 11c PhSO2 O C6H11 46

4 pyridine 11d PhSO2 O i-Pr 45

5 NMI – 4-MeC6H4SO2 O i-Pr –

6 1,3,5-triazine – 4-MeC6H4SO2 O i-Pr –

7 pyridine – Ph S i-Pr –

8 pyridine – Ph O i-Pr –

9 NMI – Ph S i-Pr –

10 NMI – Ph O i-Pr –

11 1,3,5-triazine – Ph S i-Pr –

12 1,3,5-triazine – Ph O i-Pr –
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