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The configuration of 2-subst i tuted 1,3-diazabicyclo [3.1. 0]hexanes was studied by means of 
PMR spectroscopy.  When R ~ R ' ,  it was proved that they exist in endo and exo forms,  and 
equil ibrium between both forms was detected in solutions in the case of 2-ary l - subs t t tu ted  
derivatives.  Conversion of the endo to the exo fo rm is observed in c rys ta ls  under the in- 
fluence of x - r a y  irradiation.  

The present  communication is devoted to a more  detailed study of the s t e r eochemis t ry  of new bicycl ic  
sys tems  - s ubst[tuted 1,3-diazabicyclo [3.1.0]hexanes [2, 3] - by means of PMR spectroscopy.  

"~4end~ H 

14 e H endo 

N ~ 1 H exo 

R 

The parameters of the PMR spectra of 1,3-diazabieyclo[3.1.0]hexane (1) and its substituted derivatives 
are presented in Table I. The PMR spectrum of unsubstituted bicyclic I is analyzed relatively simply. The 
H6_ex o and H6_endo protons resonate at strongest field, and their spin-spin coupling constants (SSCC) are 
extremely characteristic for 1,2-disubstituted ethyleneimines (2j < 0.5 Hz and 3Jci s > 3Jtran s [4]). The typi- 
cal values of the chemical shifts for the remaining protons and the application of double-resonance methods 
(collapse and INDOR) make it possible to make further assignments. The theoretical PMR spectrum of I 
calculated with a computer coincides satisfactoryly with the experimental spectrum (Fig. 1 and Table 1). 

Signals corresponding to two configurational isomers that differ with respect to the orientation of the 
substituents in the 2 position and their relative percentages in the mixture are detected in the spectra of 
all of the unsymmetrically substituted 1,3-diazabicyclo[3.1.0]hexanes. The SSCC for both isomers differ 
only slightly from the values in the spectrum of unsubstituted I. It can therefore be asserted that the pri- 
mary conformation of the molecule remains unchanged both in the endo and exo forms when a substituent is 

introduced. The Hendo- C 4- C 5 - H (70 ~ and Hex o- C 4- C 5 - H (5 0 ~ dihedral angles calculated from the Kar- 
plus equation [5] correspond to a skew boat conformation for the investigated bicyclic compounds. This 

*See [I] for communication IX. 
Deceased. 
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TABLE 2. Contributions of an Aromat i c  Solvent [Ar = r Coi ls -  "r CC14 
(ppm)] to the Shielding of the Protons of Substituted 1 ,3 -D[azab icy -  
c lo  [3.1.0]hexanes 

Compound ktl6-endo] klI!-igrldo AII4-eXO AR' 

I 
II 

llI 
IV 
V 

VIA 
VIB 

VIIA 
VilB 

VillA 
VIIIB 

IXA 
IXB 
XA 
XB 

XIA 
XIB 

XIIA 
XIIB 

Xllih 
XIIIB 
XIV-~ 
X1kB 
XVA 
XVB 

XVIA 
X\'! B 

X\IIA 
XVIIB 

XVIIIA 
XVI I 1 I3 

XIXA 
XIXB 
XSA 
XXB 

XXIA 
XXIB 

XXI I,\ 
XXIlB 

XXIIIA 
XXlll B 
XXIVA 
XXIVB 

Alls-eX 0 

0.06 0,40 
, 0115 0,17 
i 0,13 0,27 

0103 0.17 
0,08 0,27 
0,04 025 
0.02 0,28 

056 0% 
I o,37 0,77 

0.17 0127 
0.20 0,47 
0,14 0,25 
0,15 0,39 
0.I9 0,31 
0121 0,38 
0,17 0,34 
0,18 0,50 
0.17 0,23 
0,19 0,46 
0,C6 0,15 
0,09 0,36 
0,0'2 0,07 
0.04 0.22 
0,,61 0.05 
0.06 0,37 
0.02 --0,03 
0,02 0,3! 
0.O9 0.17 
0,14 0,41 
0,04 0,36 
0,04 0,36 
0.35 0.56 
0,45 0,60 
0,15 0,22 
0.t5 0,44 
0,I4 0.23 
0,14 0,35 
- -  0.25 
- -  0.25 

0,12 0.29 
0.15 0,40 

0.26 
0,25 
0,31 
0.15 
0,13 
0.13 
0, I1 
0,28 
0.23 
0,64 
0,70 
0,40 
0,48 
0,33 
0,41 
0,37 
0.41 
<42 
0,47 
0,35 
0,4I 
0,28 
0.35 
0,22 
0,27 
0,23 
0.28 
0,26 
0.07 
0,33 
0,28 
0.25 
0,25 
0,55 
0,32 
0,40 
0.40 
0,39 
0,37 
0,23 
0.23 
025 
0,25 

AR 

0,12 --0,14 
0.13 --0,02 
0,20 -0.10 (CH2) 
0,03 
0,13 
0,06 -0,09 
0,06 -0,08 
0,08 --0.11 
0,08 
0,42 -r 0,27- 
0,29 
0,20 0 
0,15 
0,17 -0,05 
0,12 
0,19 -0,01 
028 
0,24 -0,07 
0,19 
0.16 --0.I1 
0,09 
0,14 -0,19 
0,07 
0,04 --0.20 

--0.2 
0,05 - 0.33 

- -  0.03 
0,12 - 0 . 1 I  

-0,13 
0,16 -0,16 
0.1I 
0.15 --0,09 
0.12 
0.52 0.09 
0,28 
0,40 -0.I2 
0,16 
0,14 --0,06 
0,13 -0.05 (CH2) 
0,23 --0,10 
0,23 
0,25 -0,04 
0,25 -0,26 (z-H) 

+ 0,06 
0,01 
0,09 (CH2) 

+ 0,03 
0 

+0,04 

+059  

+ 0,27 

+0.19 

+0~,30 

+0,20 

+0,17 

+ 0,06 

-- 0,02 

--0..06 

+ 0.02 

0,06 

7,o5 
7,38 
7,09 
0,05 (CH2) 
0,1t 

7,16 
-0,09 (s-H) 

0,10 

7 8 

tl I ,,,,,,,i,,J, d,l  Illl 
F i g .  1 

9 't', ppm 

ppm 
O~6~ 

O~4 

0.2  

O 

-O,2. 

] 
l{  

F i g .  2 

F ig .  1. E x p e r i m e n t a l  a n d  t h e o r e t i c a l  P M R  s p e c t r a  of 1 , 3 - d i a z a b i c y c ! o [ 3 . 1 . 0 ] h e x -  

a n e  in  D20. 

F i g .  2. R e l a t i o n s h i p  b e t w e e n  A,r =,r  C H - , r  CC1 f o r  t h e  2 - H  p r o t o n  a n d  the  H a m -  
6 4 

m e t t  o- c o n s t a n t s :  I) e x o  i s o m e r ;  I-i) e n ~ o  i s o m e r .  

r e s u l t  is n o t  e x p e c t e d ,  i n a s m u c h  as  t he  b o a t  f o r m  is  e x t r e m e l y  c h a r a c t e r i s t i c  f o r  b i c y c l i c  c o m p o u n d s  of  

t h e  [3.1.0] t y p e  (for  e x a m p l e ,  s e e  [6]). 

T h e  a s s i g n m e n t  of  t h e  l i n e s  o f  t h e  s p e c t r a  t o  t h e  r e s o n a n c e  of p r o t o n s  of  a d e f i n i t e  i s o m e r  (XIIIA o r  

XIIIB) w a s  m a d e  on  t h e  b a s i s  of  a n  e v a l u a t i o n  of  t h e  c o n t r i b u t i o n s  of  t he  a n i . s o t r o p y  of  t h e  p h e n y l  r i n g  t o  t h e  
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shielding of the endo H 6 protons in both fo rms ,  in the calculation of 
which only the most  energet ical ly  favorable conformations of the phe-  
nyl r ing,  exposed by means of conformational  analysis  of XIII by the 
Westheimer  method,* were  taken into account. The resul t s  of the 
calculations show that the resonance of this proton in the spec t rum 
of the endo isomer  should be observed  at s t ronger  field, whereas  the 
resonance  of this proton in the exo i somer  should be observed at 
weaker  field as compared  with the unsubstituted bicycl ic  I molecule. 
Bearing this in mind and also comparing the intensities of the c o r r e -  
sponding signals,  no difficulties are  encountered in the ass ignment  
of the individual lines in the spec t rum to the protons of the endo and 
exo forms of XIII. A s imi la r  p rocedure  was also used for the anal-  
ysis  of the spec t ra  of VIII-XVIII. In the case of 2-methyl -  and 2- 
ethyl-subst i tuted VI and VII, as well as 2,2-disubsti tuted bicycl ic  
compounds XIX-XXIV, the difference in the exo and endo forms is 
distinctly displayed during a study of the shifts induced by an a ro -  
matic  solvent (see below). The cor rec tness  of the ass ignment  was 
confirmed by a study of the dipole moments of the i somers  of X: 
p =2.5 D (as compared with 1.7 D calculated via a vector  scheme) 
for the endo form of X, and p =3.8 D (as compared with 2.8 D cal-  
culated by a vector  scheme) for the exo f o r m  of X. Conf i rmat ionwas 
also obtained by x- ray-d i f f rac t ion  analysis  of the exo fo rm of IX.'~ 

A long-range  SSCC between the 4-exo and 6-exo protons ,  which 
have a W-shaped orientation [7], is distinctly observed in the spec-  
t r a  of the investigated compounds. Somewhat unexpectedly, it was 
found the 2-exo proton in the endo i somers  of VIII-XVIII have a long- 
range SSCC with the 6-endo proton but not with the 6-exo proton. 
The reason  for this may be the effective (with respec t  to s t e r eo -  
chemical  considerations) o--~ conjugation between the C 2-  Hexo bond 
and the p electrons of the N and C atoms of the t h r e e - m e m b e r e d  
ring,  which has been discussed in the case of epoxides and cyclopro-  
panes [8]. 

One's attention is drawn to the fact that the internal chemical  
shift between the 4-H protons in the exo i somers  of VI-XVIII differs 
only st[ghtly f rom that observed for unsubstituted bicycl[c I. In ad- 
dition, for the endo forms of VI-XVIII this value is a lmost  halved. 
Moreover,  the difference in the position of the resonance lines of the 
2-H protons in the exo and endo i somers  of VI-XVIII is considerably 
lower in magnitude and opposite in sign as compared with the difs 
ference in the shielding of the endo and exo 2-H proton in I. Inas- 

much as the anisotropy of the substituent in the 2 position does not 

explain the observed changes in the shielding of 2-H and 4-H, the 
latter are probably due to the different orientation of the unshared 

pairs of the electrons of the N I and N 3 atoms in the exo and endo iso- 

mers of VI-XVIII. Calculations show that the best agreement is a 

achieved if it is assumed that the unshared electron pair of the N 3 

atom in I and exo isomers of VI-XVIII has primarily an endo or[en- 
�9 tat[on and that in the endo isomers it is directed in the opposite di- 

rection, possibly because of repulsion between it and the substituent. 

This result is confirmed by the different complexing constants of the 

endo and exo isomers with tris (d[pivaloylmethanato)europium, which 

will be the subject of a separate communication. The orientation of 

* The results of the eonformational analys is of XIII will be published 

separately. 
The results will be published later. 
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the N i and N 3 e lectron pairs  in I is also not surpr i s ing ,  if one takes into account their  mutual repuls ion (the 
" rabb i t -ea r s  effect" [9]). 

We also studied the effect of an a romat ic  solvent on the resonance  of the protons in the PMR spec t ra  
of bicyclohexanes I-XXIV (Table 2). In both i somers  the 6-H endo proton is more  sensit ive than the exo 
proton to the effect of benzene. This is due to the closeness of the lat ter  to the unshared e lectron pai r  of 
the N t a tom [10]. The contribution of benzene to the shielding of the 6-H endo protons for the exo i somers  
considerably exceeds the corresponding contribution observed for the endo i somers .  The reason  for this 
difference may consist  in the g rea te r  s te r ic  hindrance to solvation inherent in the endo form. The effect of 
benzene on the shielding of the 2-H protons is also different:  the endo proton experiences the grea tes t  shift 
to s t rong field, while the signal of the exo proton is only slightly sensit ive to the effect of the solvent. The 
same is valid for the signals of the methyl groups in the 2 position. We used this fact to assign the absorp-  
tion signals to the endo and exo i somers  of VI, VII, and XVII-XXIV. 

It should be noted that the effect of the a romat ic  solvent on the signals of the 2-H protons weakens 
symbat ical ly  with the Hammett  ~ substituent constants of the phenyl r ing  as the e lec t ron-donor  capacity of 
the substituent in VIII-XVIII increases  (Fig. 2). This indicates the e lec t ros ta t ic  nature of the complexes 
for me d. 

Using the different solubilit ies of the endo- and exo-2-subst i tu ted 1,3-diazabicyclo[3.1.0]hexanes,  we 
were  able to isolate the endo-2-(p-chlorophenyl)  derivative containing only t r aces  of the exo isomer .  Pe-  
r iodic  checks of this sample in the course of a month did not reveal  appreciable i someriza t ion when it was 
s tored in the crysta l l ine  form.  However, when the prepara t ion  was dissolved in CClt, appreciable amounts 
of the exo i somer  were detected even after a few hours ,  and equil ibrium is establ ished between both forms 
after 24 h (endo :exo =53 :47  at 36~ It is curious that i r radiat ion with x - r a y  beams (~ 3 nm) for severa l  
days of the equil ibrium crystal l ine  mixture of the exo and endo i somers  of 2 - (p -bromophenyl ) - l ,3 -d iazab i -  
cyclo[3.1.0]hexane leads to an appreciable increase  in the percentage of the exo isomer .  These observa-  
tions graphical ly  demonstrate  the possibi l i ty of in terconvers ions  of one fo rm of the bicyel tc  compounds in- 
vest igated by us to the other.  

EXPERIMENTAL 

The PIVIR spectra of the compounds were obtained with a Perkin-Elmer R 12A spectrometer. The 

chemical shifts were measured with an accuracy of �9 0.5% from the degree of scan. The compounds were 

investigated in the form of 10% solutions in CCI 4 and benzene. The internal standard was tetramethylsilane. 
The spectrum of I was also obtained in D20 with sodium 3-(trimethylsilyl)propanesulfonate as the internal 

standard. The effect of the anisotropy of the benzene ring was calculated by the method in [11]. The theo- 

retical PMR spectra were calculated by means of the LAOCON3 program with an HP 2116C computer. 

The synthesis of I, II, VI, VII, and XIX was described in [3], and the synthesis of VIII-XVI was de- 

scribed in [2]. Bieycl[c XVIII was synthesized by the method in [2]. 

Bicyclohexanes III-V and XX-XXIII (Table 3). A) A 0.1-mole sample of a solution of the appropriate 

ketone in 50 ml of absolute alcohol was added with stirring to a solution of 7.2 g (0.I mole) of 2-(amino- 

methyl)ethylene[mine in 20 ml of absolute alcohol, after which the mixture was refluxed for 2-3 h. It was 
then cooled, dried with calcium hydride, and filtered. The alcohol was removed from the filtrate by dis- 

t[llation, and the solid products were recrystallized from ether or hexane, and the liquids were vacuum dis- 

tilled. 

B) A 0.1-mole sample of the appropriate ketone in 50 ml of absolute benzene was added to a solution 

of 7.2 g (0.1 mole) of 2-(aminomethyl)ethyleneimine in 50 ml of absolute benzene, and the mixture was re- 

fluxed with a Dean-Stark trap until 0.1 mole of water had been removed by distillation. The solvent was 
then evaporated, and the mixture was worked up as in method A. 

The details of the synthesis of XVII and XXIV will be published at a later date. 
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