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Synthesis and Structural Analysis of a 2,5-Diazabicyclo[4.1.0]heptane
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Synthesis of a new heterocyclic system, 2,5-diazabicyclo[4.1.0]heptane, substituted on nitrogen, has been
achieved by the reaction of the disodium or dipotassium salt of cis-1,2{arenesulfonamido)cyclopropane with
ethylene bromide. Analysis of the 'H magnetic resonance spectrum demonstrated that this bicyclic system ex-
ists as a mixture of interconverting enantiomeric half-chair conformers.

J. Heterocyclic Chem., 20, 815. (1983).

A substituted cis-1,2-diaminocyclopropane has recently
been shown to exhibit anticancer activity (1,2). Another ar-
rangement of a vicinal pair of amine groups that exhibits
physiological activity is found in the seven-membered ring
perhydro-1,4-diazepine (1) (3,4). The diamine elements of
these two ring systems can be combined in the unknown
ring system, 2,5-diazabicyclo[4.1.0}heptane, (2). In order to
explore its physiological properties, we have now prepared
the first examples of the bicyclic system 2.
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Introduction of a double bond or a three-membered
ring into a seven-membered ring alters the conformation
and internal dynamics of the larger ring. The double bond
in cycloheptene prevents pseudorotation and causes the
chair form to be favored. Thus cycloheptene resembles
cyclohexane conformationally (5). The major conforma-
tional process is a relatively high energy chair/chair ring
reversal. On the other hand, the three-membered ring
within a seven-membered framework, as in norcarane,
cyclohexene oxide, or 2, causes the half-chair conforma-
tion to be favored (6). In this sense, the bicyclo[4.1.0]hept-
anes resemble cyclohexene conformationally. Here the ma-
jor conformational process should be a relatively rapid
half-chair/half-chair ring reversal. The dominance of the
half-chair conformation has been well established for
cyclohexenes (7), cyclohexene oxide (8), cyclohexene sulf-
ide (9), and some norcaranes (10).

We report herein the synthesis of the first 2,5-diazabi-
cyclo[4.1.0]heptane systems and the analysis of their 'H
nmr coupling constants, which demonstrate the rapid in-
terconversion of half-chair conformations.

Results and Discussion.

Synthesis of the 2,5-diazabicyclo[4.1.0]heptane was car-
ried out by the sequence shown in Scheme 1. Because of
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the need for basic conditions and because of the instability
of cis-1,2-diaminocyclopropane as the free base, the sulf-
onylation was carried out by reverse addition of the diam-
ine to a chilled solution of the sulfonyl chloride in pyrid-
ine. The disodium or dipotassium salt of the disulfon-
amide reacted smoothly with 1,2-dibromoethane to give
the desired product, 2 (R = SO,Ar).

The structures of 2 and 3 are confirmed by their nmr
spectra. The aliphatic **C nmr region for the monocyclic 3
contained resonances with the appropriate off-resonance
decoupling multiplicities for the CH, CH,, and CH, groups
(see Experimental). The bicyclic compounds 2 in addition
had the resonance for the ethylene bridge. The 'H nmr
spectrum for the monocyclic 3 exhibited a doublet of
doublets for the methinyl proton, unequally coupled to the
two methylene protons, which in turn gave a multiplet.
The 'H nmr spectrum of 2a (Figure 1) contained a similar
doublet of doublets for the CH resonance at 6 2.95. The
CH, protons gave individual doublets of triplets at high
field and the ethylene bridge gave an AA'BB’ spectrum at
8 3.20.

The presence of only one methinyl resonance indicates
that the ring is undergoing a rapid half-chair/half-chair
ring reversal, equation (1). The methinyl protons are un-
equally coupled to the cyclopropyl methylene protons (J
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Figure 1. The 90 MHz 'H nmr spectrum of 2,5-di-p-toluenesulfonyl-2,5-diazabicyclo[4.1.0]heptane (2a).

= 10.0 and 13.9 Hz), the lower value being associated with
the trans vicinal coupling. This difference in magnitude
permits the higher field methylene resonance to be assign-
ed to the proton that is trans to the methinyl proton. This
proton then is the one that is directed toward the inner
part of the molecule and must be subjected to additional
shielding, in comparison with the cis proton. The acciden-
tal equivalence (13.9 Hz) of the cis vicinal coupling and
the geminal coupling causes the lower field doublet of
triplets to have the appearance of a first order quartet.
The coupling constants were determined by computer
simulation.

In summary, we have synthesized the first example of
the 2,5-diazabicyclo[4.1.0}heptane system. The molecule
exists as a rapidly interconverting pair of enantiomeric
half-chairs. The near planarity of the nitrogen center, as
expected for a tosyl- or benzenesulfonyl-substituted amine,
probably lowers the barrier to ring reversal, equation (1).

EXPERIMENTAL

Proton spectra were recorded on a Varian EM 360 (60 MHz) or a
Bruker HFX-72 (90 MHz) spectrometer. Carbon-13 spectra were record-
ed on the Bruker HFX-72 at 22.63 MHz. Theoretical spectra were com-
puted on a Nicolet BNC-12 microcomputer. Infrared spectra were re-
corded on a Pye Unicam SP 200G spectrophotometer, and mass spectra
were obtained on an LKB 2091.

cis-1,2-Di-p-toluenesulfonylamidocyclopropane (3a).

To a stirred solution of 0.3 mole of arylsulfonyl chloride in 50 ml of
pyridine at 0° was added 2 g (0.014 mole) of cis-1,2-diaminocyclopropane
dihydrochloride (2) in portions. The solution was allowed to stand for 40

hours and was poured onto ice water. The resulting precipitate was
filtered off, dried, and crystallized from methanol, 3.8 g (71%), mp
166-169°; 'H nmr {(deuteriochloroform): 6 0.90 (m, 2H, CH,), 2.25 (d of d
(J = 10, 14 Hz), 2H, CH), 2.43 (s, 6H, CH,), 5.33 (s, 2H, NH), 7.60 (q, 8H,
aryl); *C nmr (deuteriochloroform). 6 13.97 (CH,), 21.58 (CH,), 28.79
(CH), 127.54, 129.88, 136.64, 143.98 (aryl); ir (potassium bromide): 3250
(NH), 1320, and 1160 (SO,) cm™.

Anal. Caled. for C,H,N,S,0,: C, 53.66; H, 5.29; N, 7.36. Found: C,
53.20; H, 5.20; N, 7.49.

cis-1,2-Dibenzenesulfonylamidocyclopropane (3b).

This material was prepared by a procedure identical to that used for
3a, 3.6 g (73%), mp 158-160°; 'H nmr (perdeuterioacetone): & 0.90 (m,
2H, CH,), 2.33 (d of d (J = 10, 14 Hz), 2H, CH), 3.15 (s, 2H, NH), 7.80 (m,
10H, aryl); ir (potassium bromide): 3300 (NH), 1160, and 1315 (SO,) cm™".

Anal. Caled. for C;H,,NyS,0,: C, 51.12; H, 4.57; N, 7.95. Found: C,
51.05; H, 4.24; N, 7.81.

2,5-Di-p-toluenesulfonyl-2,5-diazabicyclo[4.1.0Jheptane (2a).

A mixture of 0.0065 mole of 3a and 0.88 g (0.013 mole) of sodium
ethoxide or 1.45 g (0.013 mole) of potassium t-butoxide in ethanol (S0 ml)
was heated to reflux for 0.5 hour. The solvent was evaporated, and the
dry residue was dissolved in 100 ml of dry dimethylformamide and 80 ml
of toluene. To this solution was added dropwise with stirring and heating
(boiling water bath) 1.22 g (0.065 mole) of 1,2-dibromoethane in 20 ml of
toluene. Stirring and heating were continued for an additional 5 hours.
The mixture was poured onto ice water. The resulting precipitate was
filtered, dried, and crystallized from methanol to give 2a, 1.0 g (38%),
mp 185-187°; 'H nmr (deuteriochloroform): § 0.05 (m, 1H, half of CH,),
0.75(g J = 13.9), 1H, half of CH,), 2.45 (s, 6H, CH,), 2.95(d of d (J = 10
and 13.9), 2H, CH), 3.20 (m, 4H, CH,CH,), 7.40 (q, 8H, aryl); **C nmr (deu-
teriochloroform): 6 10.92 (C7), 21.51 (CH,), 28.34 (C], C6), 43.42 (C3, C4),
127.73, 129.81, 134.75, 144.05 (aryl): ir (potassium bromide): 1320 and
1160 (SO,) cm™.

Anal. Caled. for C,,H,,N,S,0,: C, 56.13; H, 5.46; N, 6.89. Found: C,
56.03; H, 5.73; N, 6.96.
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2,5-Dibenzenesulfonyl-2,5-diazabicyclo[4.1.0Jheptane (2b).

This material was prepared from 3b by a procedure identical to that
used for 2a, 1.0 g (40%), mp 169-171°; *H nmr (deuteriochloroform): &
0.05 (m, 1H, half of CH,), 0.70 (q (J = 14 Hz), 1H, half of CH,), 2.95 (d of
d (J = 10, 14 Hz), 2H, CH), 3.23 (s, 4H, CH,CH,), 7.80 (m, 10H, aryl); ir
(potassium bromide): 1310 and 1160 (SO,) cm™.

Anal. Caled. for C,,H,,N,0,S,: C, 53.95; H, 4.79; N, 7.40. Found: C,
53.85; H, 4.59; N, 7.32.
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