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The 2-phenyl- l ,3-diazabtcyclo[3.1.0]hexane molecule was subjected to conformational anal-  
ysts  within the f r amework  of the Westheimer  method. The optimum conformations of two 
of its possible s t e r eo t somer s  (endo and exo) were found, and the equil ibrium concentrations 
of the lat ter  were calculated and found to be 62 and 38%, respect ively .  The resul ts  of the 
calculations are  in good agreement  with the PMR spect roscopic  data. 

2-Substituted 1,3-diazabicyclo[3.1.0]hexanes (I) were recent ly  synthesized [1], and some of t h e t r p r o p -  
er t tes  were studied. The I molecule is a new heterocycl tc  sys t em containing condensed th r ee -membered  
and f ive -membered  rings with a nitrogen atom in common. 
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The conformational r igidi ty of bicyclic I ensures  the existence of its 2-subst i tuted derivatives in two 
i somer ic  forms (endo and exo), which can be easi ly  distinguished by PMR spec t roscopy  [1, 2]. For  some 
I, specif ical ly,  I (R = C6H5) , the i somers  can be isolated in pure form by repeated  reerys ta l l iza t ion  [2]. 
However, c rys ta ls  of 2-substi tuted I undergo revers ib le  tsomertzat ton in solution or upon x - r a y  irradiat ion,  
as a resul t  of which equil ibrium is established between both forms [2]. The isomer  rat io during equilib- 
r i um in solutions and the ra te  of es tabl ishment  of equil ibrium (the half- t ime of the t ransformat ion  is tens 
of hours in solution) is determined by the nature of substituent R and the solvent. The resul ts  of a study 
of the mechanism and kinetics of the endo~-exo isomeriza t ton of I will be published separately .  

The aim of the presen t  r e s e a r c h  was the exposure of the most stable conformations of I in the endo 
and exo forms and the determination of the equil ibrium percentages  of both s t e reo i somers  by calculation 
within the f ramework  of the Westhetmer  s t r a in -ene rgy  method [3]. As the subject of our investigation we 
selected 2-phenyl- l ,3-dtazabtcyclo[3.1 .0]hexanes  (Ia, R = C6H5), for which the [somertzat ton and the confor-  
mational pecul iar i t ies  have been studied in detail by :PMR spec t roscopy [2], which insures mutual checking 
and the supplementation of the resul ts  obtained by theoret ical  and experimental  methods. 

The calculations were made with a special  p r o g r a m  that permits  fixing of any internal coordinates of 
the molecule. The optimization was accomplished by the fas tes t -descent  method with variat ion of the t o r -  
sion and valence angles. The interaction of the valence-nonbonded atoms was extrapolated with the exp-6 
potential. The e lec t ros ta t ic  interactions were disregarded.  The pa ramete r s  of the angles and the bond 
lengths of the t h r e e - m e m b e r e d  r ing of the molecule were assumed to be equal to the values for ethylene- 
imtne [4]. 

* Deceased. 
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TABLE 1. Tors ion Angles for the Most Stable Conformer of the 
Endo F o r m  of Ia 

Atom o. , 3 5 I ~ I 7 1  8 ,o , 

Angle 0 0 254 14 225 [ -15,3 138 258 3 -124 - 3 5  1 
! 

62,4 134 120 0 0 --180 0 -180 Angle I - -180--180 0 1-180 
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Fig. 1. Dependence of the conformation 
energy on 0: I) endo i somer ;  II) exo iso-  
mer .  

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

For the remaining port ion of the molecule all of the equil ibrium valence angles were considered to 
be te t rahedra l ,  except for the C - C - C  angle, which is 112 ~ [5]. The benzene r ing was considered to be 
planar.  The bond lengths corresponded to the general ly accepted values [6]. The force constants of the 
deformation vibrations and the pa rame te r s  of the functions that determine the van der Waals interactions 
of the nonvalence-bonded atoms were borrowed f rom the l i tera ture  data [7-9], as were the ba r r i e r s  to ro ta -  
tion relat ive to the C - C  and C - N  bonds [10]. Inasmuch as accurate  allowance for the interaction between 
the unshared e lec t ron pairs  is impossible within the f ramework  of the mechanical model, these interactions 

were disregarded.  

According to p re l iminary  calculations,  the skew boat conformation is energet ical ly more favorable by 
1.5-2 kcal /mole  than the chair conformation for both forms of 2 -phenyl - l ,3 -d iazab icyc lo  [3.1.0]hexane. 
This is due to the appearance of additional s t ra in  in the Ia molecule in the chair  conformation associa ted 
with deformation of the C6CgCtl and N4C6H 7 angles and also to the decrease  in the distance between the HTH13 
and H3H 5 a toms.*  Consequently, both the endo and exo forms of Ia should exist p r imar i ly  in the skew boat 
conformation,  and this is confirmed by PMR spec t roscopic  data. 

In our s ea rch  for the optimum conformation of the Ia molecule in both forms we established a depen- 
dence of the s t ra in  energy of the bieycl ic  compound on the angle of rotat ion of the benzene ring relat ive to 
the NIC2C14 plane. Angle 0 was var ied f rom 0 to 180 ~ The dependences obtained are  presented in Fig. 1. 

For  the most  stable rotat ional  conformers  of the endo fo rm of Ia the s t ra in  energies are 5.08 and3.87 
kcal /mole ,  and the angles are  0 and 120 ~ respect ively .  The ba r r i e r s  to in terconvers ion are  less than 2.5 
kca l /mole ,  which is in agreement  with the PM1R regarding  the rapid rotat ion of the benzene r ing relat ive to 

the C 2-  C t4 bond. 

The calculated valence angles of the most stable configuration of the endo fo rm (0 = 120 ~ are p re -  
sented in Fig. 2. The tors ion angles are  presented in Table 1. 

The most  charac te r i s t ic  features of the three-d imensional  s t ructure  reduce to the following: the C6C 9 
bond makes an angle of 3 ~ with the plane of the C2N4C6 atoms,  and the C 9-  Cll bond makes an angle of 35 ~ 
with the plane of the N4C6C9 atoms.  The spatial orientation of the benzene r ing is determined by the angle 
between the plane of the.N1C2N 4 atoms and the C2C14 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 la indicates the presence of two stable 
conformers with angles of rotation (0) of 60 and 120 ~ separated by a barrier of less than 2.5 kcal/mole 
(Estr =4.20 and 5.88 kcal/mole, respectively). The geometry of the bieyclic framework of this isomer is 
extremely close to the geometry of the endo form. The greatest difference between them consists in an in- 
crease of 3 ~ in angle CgHIIHI3 for the exo form. 

In order to determine the equilibrium percentages of the endo and exo forms of 2-phenyl-l,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 kcal/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 C9, C14 , and HI6 and the H 5 and CI4 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-l,3-diazabicyclo[3.1.0]hexane 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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