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The configuration of 2-substituted 1,3-diazabicyclo[3.1.0lhexanes was studied by means of
PMR spectroscopy. When R #R', it was proved that they exist in endo and exo forms, and
equilibrium between both forms was detected in solutions in the case of 2-aryl-substituted
derivatives. Conversion of the endo to the exo form is observed in crystals under the in-
fluence of x-ray irradiation.

The present communication is devoted to a more detailed study of the stereochemistry of new bicyclic
systems — substituted 1,3-diazabicyclo[3.1.0lhexanes [2, 3] — by means of PMR spectroscopy.

. Hendo

The parameters of the PMR spectra of 1,3-diazabicyclo [3.1.0]hexane (I) and its substituted derivatives
are presented in Table 1. The PMR spectrum of unsubstituted bicyclic I is analyzed relatively simply. The
Hg_exo and Hg_endo protons resonate at strongest field, and their spin—spin coupling constants (SSCC) are
extremely characteristic for 1,2-disubstituted ethyleneimines (J < 0.5 Hz and *Jcig > *Jtyans [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[3.1.0lhexanes. 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 Hgpdo~Cy—Cs—H (70°) and Hyy ,=Cy—C5;—H (5 0°) dihedral angles calculated from the Kar-
plus equation [5] correspond to a skew boat confor.nation for the investigated bicyclic compounds. This

*See [1] for communication IX.
+ Deceased.
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TABLE 2. Contributions of an Aromatic Solvent [AT =7 H,~ T CCl,
(ppm)] to the Shielding of the Protons of Substituted 1,3-Diazabicy-

clol3.1.0)hexanes

Compound ’ AHs5.ex0 l A“&endo! Allyendo| AHs-exo AR AR’
I 0,06 0,40 0.26 0,12 —0,14 +0,06
11 0,15 0,17 0,25 0.13 —-0,02 0,01
111 0,13 0.27 0.31 0.20 —0.10 {CHy) 0,09 (CHj)
8% 0.03 0.17 0.15 0,03 — —
v 0,08 0.27 0,13 0,13 — —

VIA 0,04 0.25 0,13 0.06 —0,09 +0,03

VIB 0.02 0.28 0,11 0,06 —0.08 0
VIIA — — 0.28 0.08 —0.11 -
VilB — — .23 0,08 — +0,04
VIIA 0.36 0.50 0,64 0,42 +0.21 —
VIIB 0,37 0,77 0,70 0,29 - +0,59

INA 0,17 0.27 0.40 0.20 0 —
INB 0.20 0,47 0,48 0.15 — +0,27
XA 0.14 0,25 0,33 0.17 ~0,05 —
XB 0,15 0,39 0.41 0,12 — +0.19
NIA 0,19 0.31 0,37 0.19 —0,01 —
NIB 0.21 0.38 0,41 0.08 — +0.30

XI1A 0.17 0,34 0,42 0,24 —0.07 —

NIiB 0,18 0.50 0,47 0,19 — +0.20
NIIIA 0.17 0.23 0.35 0.16 —0.t1 —
NIHB 0.19 0.46 0,41 0,09 — +0,17

NIVA 0.6 0.15 0.28 0,14 —-0,19 —
XIVB 0,09 0.36 0.35 0.07 — +0,06

Ava 0,02 0.07 0,22 0.04 —0.20 —

VB 0.04 0.922 0.27 ~0.2 — —0,02
NVIA 0.01 0.05 0.23 0,05 -0.33 —
X\IB .06 0.37 028 | —003 — —0.06

NVITA 0.02 —0.03 0.26 0.12 —0.11 —
XVIIB 0.02 0.31 007 | —0.13 — +0.02
NVITIA 0.9 0.17 0.33 0.16 —0,16 —
NVIIIB 0.14 0.41 0.28 0.11 — 0,06

XINA 0,04 0.36 0.25 0135 —0.09 —

NINB 0,04 0.36 0.25 0.12 — 0,05

XNA 0.35 0.56 0.55 0.52 0.09 —

XXB 0.45 0.60 0.32 0.28 — 0,38
XXIA 0.15 0.22 0.40 0,40 —0i2 —

NXNIB 0.15 0.44 0.40 0,16 — 0.09
XXIIA 0.14 0.23 0.39 0.14 —0.06 0,05 (CHy)
XXIIB 0.14 0.35 0.37 0,13 ~0.05 (CH,) 0,11

NXTHA — 0.25 0.23 0,23 —0,10 —
XXIIIB — 0.25 0.23 0,23 — 0,16
NNIVA 0.12 0.29 0,25 0.25 —0.04 —0,09 (a-H)
XXIVB 0.15 0.40 025 0.25 —0,26 (2-H) 0,10
4
=
ppm
0,6
I
0,44
x i
LM 0,24 /%
M [¢] v
R
7 8 97, ppm 0,5 G
’ | [ m -0,24
Fig. 1 Fig. 2

Fig. 1. Experimental and theoretical PMR spectra of 1,3-diazabicyclo[3.1.0lhex-
ane in D,0.

Fig. 2. Relationship between AT =T CeHg~T CCly for the 2-H proton and the Ham-
mett o constants: I) exo isomer; II) endso isomer.
result is not expected, inasmuch as the boat form is extremely characteristic for bicyclic compounds of
the [3.1.0] type (for example, see [6]).
The assignment of the lines of the spectra to the resonance of protons of a definite isomer (XIIA or

XIIIB) was made on the basis of an evaluation of the contributions of the anisotropy of the phenyl ring to the
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Yield, %

BEXILBLIEE

— o ot —

Calc., %

..........

Found, %

Empirical
formula

calc,

found

39,05
72
24
45

0,9577
3
1,0342
1,0297
1,0546
1,5675

a
np?

mp or bp
(mm),
C

1,5029
1,5530
1,5506
1,5390
1,5850
1,5736

3
2)
4)
2)
2)
2)

67—69 (2)

R’

CH;

CH;

CHj;

CH,

CH3CsH;
CH| CHs
CH| H

H

—(CHa)s—

—(CHg)s—

CeHs
p-N 0CeH

CeHzCH,
CeH;CH;CH,
CsHsCH.

CgHsCH
CGH 5CH
2-Furyl

TABLE 3. 2,2-Disubstituted 1,3-Diazabicyclo[3.1.0Jhexanes

Com-
pound

818

111

1V

v
XXI
XX
XXIv

XXII
X1l
xvil
XVII

shielding of the endo H; protons in both forms, in the calculation of
which only the most energetically favorable conformations of the phe-
nyl ring, exposed by means of conformational analysis of XII by the
Westheimer method, * were taken into account. The results of the
calculations show that the resonance of this proton in the spectrum
of the endo isomer should be observed at stronger field, whereas the
resonance of this proton in the exo isomer should be observed at
weaker field as compared with the unsubstituted bicyclic I molecule.
Bearing this in mind and also comparing the intensities of the corre-
sponding signals, no difficulties are encountered in the assignment
of the individual lines in the spectrum to the protons of the endo and
exo forms of XIII. A similar procedure was also used for the anal-
ysis of the spectra of VIII-XVIII. In the case of 2-methyl- and 2-
ethyl -substituted VI and VII, as well as 2,2-disubstituted bicyclic
compounds XIX-XXIV, the difference in the exo and endo forms is
distinctly displayed during a study of the shifts induced by an aro-
matic solvent (see below). The correctness of the assignment was
confirmed by a study of the dipole moments of the isomers of X:
p=2.5 D (as compared with 1.7 D calculated via a veetor 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 form of X, Confirmationwas
also obtained by x-ray-diffraction analysis of the exo form 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-
tra of the investigated compounds. Somewhat unexpectedly, it was
found the 2-exo proton in the endo isomers 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 respect to stereo-
chemical considerations) o-7 conjugation between the Cy—Hexo bond
and the p electrons of the N and C atoms of the three-membered
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 isomers of VI-XVIII differs
only slightly from that observed for unsubstituted bicyclic I. In ad-
dition, for the endo forms of VI-XVIII this value is almost halved.
Moreover, the difference in the position of the resonance lines of the
2-H protons in the exo and endo isomers of VI-XVIII is considerably
lower in magnitude and opposite in sign as compared with the dif-
ference in the shielding of the endo and exo 2-H proton in I. has-
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 Ny and N 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 Ny
atom in I and exo isomers of VI-XVIII has primarily an ende orien-

. tation 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 (dipivaloylmethanato)europium, which
will be the subject of a separate communication. The orientation of

*The results of the conformational analysis of XIII will be published

separately.
+ The results will be published later.



the Ny and Ny electron pairs in I is also not surprising, if one takes into account their mutual repulsion (the
"rabbit-ears effect" [9]).

We also studied the effect of an aromatic solvent on the resonance of the protons in the PMR spectra
of bicyclohexanes I-XXIV (Table 2). In both isomers the 6-H endo proton is more sensitive than the exo
proton to the effect of benzene. This is due to the closeness of the latter to the unshared electron pair of
the N, atom [10]. The contribution of benzene to the shielding of the 6-H endo protons for the exo isomers
considerably exceeds the corresponding contribution observed for the endo isomers. The reason for this
difference may consist in the greater steric 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 greatest shift
to strong field, while the signal of the exo proton is only slightly sensitive 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 isomers of VI, VII, and XVII-XXIV.

Tt should be noted that the effect of the aromatic solvent on the signals of the 2-H protons weakens
symbatically with the Hammett ¢ substituent constants of the phenyl ring as the electron-donor capacity of
the substituent in VIII-XVIII increases (Fig. 2). This indicates the electrostatic nature of the complexes
formed.

Using the different solubilities of the endo- and exo-2-substituted 1,3-diazabicyclo[3.1.0]hexanes, we
were able to isolate the endo-2-(p-chlorophenyl) derivative containing only traces of the exo isomer. Pe-
riodic checks of this sample in the course of a month did not reveal appreciable isomerization when it was
stored in the crystalline form. However, when the preparation was dissolved in CCl,, appreciable amounts
of the exo isomer were detected even after a few hours, and equilibrium is established between both forms
after 24 h (endo:exo=53:47 at 36°). It is curious that irradiation with x-ray beams (~3 nm) for several
days of the equilibrium crystalline mixture of the exo and endo isomers of 2-{p-bromophenyl)-1,3-diazabi-
cyclo[3.1.0]hexane leads to an appreciable increase in the percentage of the exo isomer. These observa-
tions graphieally demonstrate the possibility of interconversions of one form of the bicyclic compounds in-
vestigated by us to the other,

EXPERIMENTAL

The PMR spectra of the compounds were obtained with a Perkin-Elmer R 12A spectrometer. The
chemical shifts were measured with an accuracy of % 0.5% from the degree of scan. The compounds were
investigated in the form of 10% solutions in CCl, and benzene. The internal standard was tetramethylsilane.
The spectrum of I was also obtained in D,O 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 LAOCONS3 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 wasg de-
scribed in [2]. Bieyclic XVII was synthesized by the method in [2].

Bicyclohexanes ITI-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 (0.1 mole) of 2- (amino-
methyl)ethyleneimine 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-
tillation, 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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