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ABSTRACT: A highly regioselective base-mediated ring
expansion of 2,4-diiminoazetidines via cleavage of C−N
and C(sp3)−H bonds is achieved for the first time to
afford efficiently 2,3-dihydropyrimidinesulfonamides. The
mechanism of the ring expansion via tandem 4π
electrocyclic ring-opening/1,5-H shift/6π electrocyclic
ring-closing is well confirmed by the trapping experiments
of two key intermediates and deuterium labeling studies.

Aza-heterocycles, such as azetidines (I) and azetidinones
(II), have been extensively studied in the past three

decades because of their great importance not only as
biologically relevant compounds but also in synthetic
applications for the construction of N-containing hetero-
cycles.1−5 The ring-opening of four-membered aza-heterocycles
is a fundamental process for the initiation of their further
synthetic transformation. Azetidines usually undergo the
cleavage of two C−N bonds; however, any of the four single
bonds of azetidinones can be broken in chemical trans-
formation. In contrast, studies on iminoazetidine chemistry are
very limited, probably due to lack of efficient synthetic
methods.6 Until recently, Xu et al reported an efficient
copper-catalyzed three-component coupling of terminal
alkynes, sulfonyl azides, and carbodiimides to give functional-
ized diiminoazetidines (III).7 Up to now, the reaction
chemistry of iminoazetidines still remains unexplored.

We have been interested in metal-promoted reaction
chemistry of carbodiimides.8−10 Various diiminoazetidines
were prepared by the CuI-catalyzed coupling of terminal
alkynes, sulfonyl azides, and carbodiimides for our research.11

Herein, we report a highly regioselective base-mediated ring-
expansion of 2,4-diiminoazetidines to afford exclusively 2,3-
dihydropyrimidinesulfonamides in excellent yields (Scheme 1).
In this process the highly regioselective cleavage of a C−N
bond and 1,5-hydride shift are observed.12 The mechanism of
the ring expansion via tandem 4π electrocyclic ring-opening/
1,5-H shift/6π electrocyclic ring-closing is well confirmed by

the trapping experiments of two key intermediates and
deuterium labeling studies.
Initially, 1a (R = 3-ClC6H4, R

1 = Cy, R2 = 4-MeC6H4, n = 3)
was treated with different bases, such as n-BuLi, lithium
diisopropylamide (LDA), and lithium bis(trimethylsilyl)amide
(LiHMDS), in THF at −78 °C for 1 h, and then at room
temperature for 3 h. After the reaction mixture was quenched
with water, a N-containing compound 2a was obtained in 49%,
25%, and 98% yield, respectively (Table 1). LiHMDS seemed
to be the best choice for the present reaction. The X-ray
structure of 2a revealed the product was 2,3-dihydropyrimidi-
nesulfonamide with a 6,6-spiro skeleton (Figure 1).
In the presence of 1.1 equiv of LiHMDS, a wide range of 2,4-

diiminoazetidines having a cyclic group attached to the nitrogen
atom of the azetidine ring could afford the corresponding spiro-
2,3-dihydropyrimidinesulfonamides 2a−q in good to excellent
isolated yields (Table 1). This ring expansion reaction was
compatible with halo substituents (F, Cl, Br, and I) on the
aromatic ring (2a,c−e). The substitution pattern (ortho-, meta-,
or para-) did not affect the reaction yields. Notably, 2,4-
diiminoazetidine with a cyano group on the phenyl ring (2g)
was also tolerated. Biphenyl (2h) and 6-methoxynaphthalenyl
(2i)-substituted 2,4-diiminoazetidines were both suitable
substrates for this reaction. 2,4-Diiminoazetidines having
heteroaromatic substituents afforded high yields of 2j and 2k,
respectively. The reaction of four different substituted
diiminoazetidines with LiHMDS provided smoothly 2m in
moderate yields. In addition to cyclohexyl group, five- or four-
membered ring-substituted diiminoazetidines in similar con-
ditions provided smoothly 2o and 2p, respectively. Moreover,
the reaction is not only limited to the tosyl 2,4-diiminoazeti-
dine. 2,4-Diiminoazetidine with a 4-acetamidophenylsulfonyl
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Scheme 1. Ring Expansion of 2,4-Diiminoazetidines via
Cleavage of C−N and C(sp3)−H Bonds
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group reacted with LiHMDS to give the desired product 2q as
well.
Summarized in Table 2 are representative results for the

synthesis of various 2,3-dihydropyrimidinesulfonamides 4a−l
showing excellent functional group compatibility as well.
Electron-withdrawing (Table 1, 2f and 2g) or electron-donating
substituents (Table 2, 4a and 4b) on the aromatic ring were
both tolerated. In addition to phenyl groups, naphthalenyl- or
benzothiophenyl-substituted diiminoazetidines also smoothly
underwent this reaction to generate the corresponding products
4c and 4d. This ring expansion reaction was applicable to a
wide variety of aliphatic substituents in 2l (Table 1) and 4e−h
(Table 2). The keto and ester groups in 4i−k survived the
present conditions. 2,4-Diiminoazetidine having two α-H atoms
adjacent to the nitrogen atom of the azetidine ring underwent
similar reaction to furnish 4l.
2,3-Dihydropyrimidinesulfonamides possessing a pyrimidine

ring and “CN2” amidine unit in this skeleton might show
unique biological activity.13 As far as we are aware, our result is
the first example of efficient preparation of well-defined 2,3-
dihydropyrimidinesulfonamides. They are a new type of N-
containing heterocyclic compounds, which cannot be accessed
by other means.
In order to better understand this ring expansion, isolation

and trapping experiments of four- or six-membered inter-
mediates were carried out. 2,4-Diiminoazetidine 1b was treated
with LiHMDS in THF at −78 °C for 1 h, which provided the
four-membered anionic intermediate A. We failed to isolate A
because it was only stable at low temperature and quantitatively
rearranged to six-membered anionic intermediate B when the
temperature was increased from −78 °C to room temperature.
The intermediate A was confirmed by trapping with various
electrophiles such as D2O, iodomethane, and benzoyl chloride
(Scheme 2), yielding the deuterated 2,4-diiminoazetidine 5 and
all-substituted 2,4-diiminoazetidines 6 and 7, respectively. The
D, Me, and PhCO groups were regioselectively attached to the
carbon atom of the azetidine ring. B was trapped with D2O to
quantitatively yield 2b-D. In contrast, trapping B with
iodomethane furnished the product 8. An X-ray analysis of 8

revealed the methyl group was bonded to the exocyclic
nitrogen atom.
To gain further mechanistic insight into the origin of the

hydrogen attached to the carbon of six-membered C4N2 ring,
deuterium labeling experiments were conducted (Scheme 3).
Deuterated 2,4-diiminoazetidine 1n-D was prepared (see
Supporting Information (SI)). When 1n-D was used under
the above ring-opening conditions, the deuterium was
incorporated exclusively to the C-6 position of the product
2n-D. Deuterium-labeling studies unambiguously indicate that
this hydrogen, transferred to the 6-position of 2,3-dihydropyr-
imidinesulfonamides, originates from the α-hydrogen adjoining
to the nitrogen atom of the azetidine ring.
Based on the above observations, a proposed mechanism is

shown in Scheme 4. Reaction of diiminoazetidine with

Figure 1. ORTEP drawing of 2a with 30% thermal ellipsoids.
Hydrogen atoms except those on C2 and N1 atoms are omitted for
clarity. Selected bond length (Å): C1−N1 1.465(4), C1−N2 1.482(4),
C2−N2 1.345(4), C4−N1 1.354(4), C4−N3 1.340(4), C2−C3
1.375(4), C3−C4 1.439(5), C1−C5 1.546(5), C1−C9 1.542(4),
N3−S1 1.589(3), O1−S1 1.465(2), O2−S1 1.456(2), C20−Cl1
1.759(4).

Table 1. Formation of Spiro-2,3-
dihydropyrimidinesulfonamidesa

aConditions: 2,4-diiminoazetidines (1 mmol), LiHMDS (1.1 mmol),
THF (10 mL), unless otherwise noted. Isolated yields are given.
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LiHMDS forms the anionic species A or A′ with the cleavage of
two potential C−N bonds (a or b). In fact, only the cleavage
C−N bond (a) was observed to evolve into intermediate C via
4π electrocyclic ring-opening. The highly regioselective C−N
cleavage is probably because the alkylimino C−N single bond
(a) is weaker than the sulfonylimino C−N single bond (b), due
to the strong electron-withdrawing nature of the sulfonyl group.

This is in agreement with the bond length of the corresponding
C−N bonds. The alkylimino C−N bond (1.427 Å) is much
longer than the sulfonylimino C−N bond (1.358 Å) in 1h (see
SI). C is then converted into intermediate D via 1,5-H shift.
The concurrent 6π electrocyclic ring-closing of D affords the
final products after quenching.
In summary, a highly regioselective base-mediated ring

expansion of 2,4-diiminoazetidines via cleavage of C−N and
C(sp3)−H bonds has been achieved to afford exclusively 2,3-
dihydropyrimidinesulfonamides in excellent yields. The mech-
anism involves tandem 4π electrocyclic ring-opening/1,5-H
shift/6π electrocyclic ring-closing, which is confirmed by the
trapping experiments of two key intermediates and deuterium
labeling experiments.
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