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The 2-phenyl-1,3-diazabicyclo[3.1.0lhexane molecule was subjected to conformational anal-
ysis within the framework of the Westheimer method. The optimum conformations of two
of its possible stereoisomers (endo and exo) were found, and the equilibrium concentrations
of the latter were calculated and found to be 62 and 38%, respectively. The results of the
calculations are in good agreement with the PMR spectroscopic data.

2-Substituted 1,3-diazabicyclo[3.1.0]hexanes (I) were recently synthesized [1], and some of their prop-
erties were studied. The I molecule is a new heterocyclic system containing condensed three-membered
and five-membered rings with a nitrogen atom in common.
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The conformational rigidity of bicyclic I ensures the existence of its 2-substituted derivatives in two
isomeric forms (endo and exo), which can be easily distinguished by PMR spectroscopy [1, 2]. For some
I, specifically, I (R =CyHg), the isomers can be isolated in pure form by repeated recrystallization [2].
However, crystals of 2-substituted I undergo reversible isomerization in solution or upon x-ray irradiation,
as a result of which equilibrium is established between both forms [2]. The isomer ratio during equilib-
rium in solutions and the rate of establishment of equilibrium (the half-time of the transformation is tens
of hours in solution) is determined by the nature of substituent R and the solvent. The results of a study
of the mechanism and kinetics of the endo=sexo isomerization of I will be published separately.

The aim of the present research was the exposure of the most stable conformations of I in the endo
and exo forms and the determination of the equilibrium percentages of both stereoisomers by calculation
within the framework of the Westheimer strain-energy method [3]. As the subject of our investigation we
selected 2-phenyl-1,3-diazabicyclo[3.1.0]hexanes (Ia, R = CgH,), for which the isomerization and the confor-
mational peculiarities have been studied in detail by PMR spectroscopy [2], which insures mutual checking
and the supplementation of the results obtained by theoretical and experimental methods.

The calculations were made with a special program that permits fixing of any internal coordinates of
the molecule. The optimization was accomplished by the fastest-descent method with variation of the tor-
sion and valence angles. The interaction of the valence-nonbonded atoms was extrapolated with the exp-6
potential, The electrostatic interactions were disregarded. The parameters of the angles and the bond
lengths of the three-membered ring of the molecule were assumed to be equal to the values for ethylene-
imine [4].

* Deceased.

Institute of Organic Chemistry, Academy- of Sciences of the USSR Siberian Branch, Irkutsk. Institute
of Organic Synthesis, Academy of Sciences of the Latvian SSR, Riga, Translated from Khimiya Geterotsik-
licheskikh Soedinenii, No. 7, pp. 936-939, July, 1975. Original article submitted September 25, 1974,

©1976 Plenum Publishing Corporation, 227 West 17th Street, New York, N.Y. 10011. No part of this publication may be reproduced,
stored in a retrieval system, or transmitted, in any form or by any means, electronic, mechanical, photocopying, microfilming,
recording or otherwise, without written permission of the publisher. A copy of this article is available from the publisher for $15.00.

821



TABLE 1. Torsion Angles for the Most Stable Conformer of the
Endo Form of Ia
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Fig. 1. Dependence of the conformation

energy on €: I) endo isomer; IT) exo iso-
mer.

In fact, this means a decrease in the conformational energies of the endo and exo forms of Ia to an
identical strain energy of formation of the three-membered ring, which should not have a significant effect
on the fundamental conclusions of this study.

For the remaining portion of the molecule all of the equilibrium valence angles were considered to
be tetrahedral, except for the C—C~C angle, which is 112° [5]. The benzene ring was considered to be
planar. The bond lengths corresponded to the generally accepted values [6]. The force constants of the
deformation vibrations and the parameters of the functions that determine the van der Waals interactions
of the nonvalence-bonded atoms were borrowed from the literature data [7-9], as were the barriers to rota-
tion relative to the C—C and C—N bonds [10]. Inasmuch as accurate allowance for the interaction between
the unshared electron pairs is impossible within the framework of the mechanical model, these interactions

were disregarded.

According to preliminary calculations, the skew boat conformation is energetically more favorable by
1.5-2 keal /mole than the chair conformation for both forms of 2-phenyl-1,3-diazabicyclo [3.1.0lhexane.
This is due to the appearance of additional strain in the Ia molecule in the chair conformation associated
with deformation of the C¢C4Cy; and N,CH; angles and also to the decrease in the distance between the H;Hy;
and HgH; atoms.* Consequently, both the endo and exo forms of Ia should exist primarily in the skew boat
conformation, and this is eonfirmed by PMR spectroscopic data.

In our search for the optimum conformation of the Ia molecule in both forms we established a depen-
dence of the strain energy of the bicyclic compound on the angle of rotation of the benzene ring relative to
the N4C4Cy, plane. Angle 6 was varied from 0 to 180°. The dependences obtained are presented in Fig. 1.

. For the most stable rotational conformers of the endo form of Ia the strain energies are 5.08 and 3.87
kecal/mole, and the angles are 0 and 120°, respectively. The barriers to interconversion are less than 2.5
kecal /mole, which is in agreement with the PMR regarding the rapid rotation of the benzene ring relative to

the CZ —'C14 bond.

The calculated valence angles of the most stable configuration of the endo form (6 =120°) are pre-
sented in Fig. 2. The torsion angles are presented in Table 1.

The most characteristic features of the three-dimensional structure reduce to the following: the C¢Cy
bond makes an angle of 3° with the plane of the C,N,C, atoms, and the Cgq— Cy; bond makes an angle of 35°
with the plane of the N;C.Cq atoms. The spatial orientation of the benzene ring is determined by the angle
between the plane of the N;C,N, atoms and the C,C,, bond, which is 120°.

* The numbering of the atoms is shown in Fig. 2.
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Fig. 2. Calculated geometry for the most stable
conformation of the endo form.

A similar analysis of the calculated values for the exo form of Ia indicates the presence of two stable
conformers with angles of rotation (6) of 60 and 120° separated by a barrier of less than 2.5 kcal/mole
(Estr =4.20 and 5.88 keal /mole, respectively). The geometry of the bicyclic framework of this isomer is
extremely close to the gecometry of the endo form. The greatest difference between them consists in an in-
crease of 3° in angle CgH,yHy; for the exo form.

In order to determine the equilibrium percentages of the endo and exo forms of 2-phenyl-1,3-diaza-
bicyclo[3.1.0]hexane in solution we estimated their average strain energies. Statistical averaging over all
of the conformation gives 4.01 kcal/mole for the endo form and 4.29 keal/mole for the exo form.

The difference in energies is due to the small change in most of the components. In particular, addi-
tional (as compared with the endo form) repulsions between the Cy, Cyy, and Hy; and the Hy and Cyy atoms
appear in the exo form.

Using the Boltzmann distribution and the above-indicated calculated strain energies of the endo and
exo forms we showed that the equilibrium mixture should contain 62% of the former and 38% of the latter.
Allowance for the entropy of mixing does not affect the equilibrium percentage. The results are in agree-
ment with the PMR data [2]. Under equilibrium conditions (at 36°), the experimentally determined percent-
ages of the endo and exo forms are 54% and 46%, respectively.

Thus the use of the Westheimer method for the establishment of the most favorable configuration of
the 2-phenyl-1,3-diazabicyclo[3.1.0lhexane molecule proved to be extremely fruitful. The results constitute
a basis for a deeper understanding of the experimental and, above all, spectroscopic data. However, the
final conclusion regarding the details of the three-dimensional structure of I can be drawn on the basis of
x-ray diffraction studies, the results of which will be published in the future.
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