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Abstract—Heating of 6-aryl-1,5-diazabicyclo[3.1.0]hexanes in the presence of N-arylmaleimidesrigges

to 2,9-diarylperhydropyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-diones. It is presuhedhermal cleavage

of the G-N bond in the diaziridine fragment of thé-aryl-1,5-diazabicyclo[3.1.0]lhexanes results in
formation of labile azomethinimines tha¢actwith N-arylmaleimides to afford the products of 1,3-dipolar
cycloaddition. The rate chccumulation thereof depends only on tteracter osubstituents in tharomatic

ring of the 1,5-diazabicyclo[3.1.0]hexanes and is independemhakimide. The thermal isomerization of
6-aryl-1,5-diazabicyclo[3.1.0]hexanes without 1,3-dipolarophiles yields the corresponding 2-pyrazolines.

Reactions of N,N-dialkyl-substituted diaziridines
proceed with the cleavage of the diaziridineg at R
N-N or C-N bonds. Monocyclic 1,2-disubstituted NH, R )\
diaziridines that exist mainly as trans-isomers react <:
with activated olefins to afford addition products by
cleavage of the NN bond [1, 2]. However the
presence at the diaziridine carbon of two stabilizing R
substituents, i.e. in 3,3-dialkyl-1,2-disubstituted )\
diaziridines results in opening of the-@ bond [3]. NaClO N—/=N
In the transformations of bicyclic diaziridines where " aoH k) FRISNTNASN R
the nitrogen atoms are connected by a trimethylene

bridge also prevail those with the cleavage of the Ia-e IIb—d
C-N bond: Thus formedazomethinimine undergoes
further stabilization through rearrangemerjt], R = Ph @), 4-MeOGH, (b), 4-MeGH, (c),

proton transfer [5] or elimination of various moieties  4-cicH, (d), 3-NO,CH, ().

[6]. The azomethinimine formation is especially

favored by the presence of an electron-withdrawing 1 5-Diazabicyclo[3.1.0]hexane$a, b were de-
group at nitrogen atome.g. in 1,5-diazabicyclo- scribed before [10]compoundsic-e were obtained
[3.1.0]hexan-2-ones [7, 8]. We showed formerly thatfor the first time; their structure and composition was
the thermolysis of 1,5-diazabicyclo[3.1.0]hexane andonfirmed by spectral data (Table 1) and elemental
its 6-methyl and 6-phenyl-substituted analogs [10fanalyses. In theéH NMR spectra of 6-aryl-1,5-di-
resulted in the corresponding 1-alkyl(aryl)-2-pyr- azabicyclo[3.1.0]hexanes appears a singlet from the
azolines, and in the presenceNfarylmaleimides the methine proton of the diaziridingng in the s 3.00-
products of 1,3-dipolacycloaddition were obtained: 3.4 ppm region and also two multiplets corresponding
cis and trans-isomers of 2-arylperhydropyrazoloto the axial and equatorial protons of the GN
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione [10]. groups at 2.84.0 ppm. Thepreparative yield of di-

d azabicyclohexanes-d amounted to 4333%, that of

We report here on the study of tiedfect produce diazabicyclohexande to 20%.

by substituents in position 6 of 1,5-diazabicyclo-
[3.1.0]hexaneda-e and in N-arylmaleimideslla-e Alongside  6-aryl-1,5-diazabicyclo[3.1.0]hexanes
on the direction and rate of the reaction. Compounds$b-d in the reaction under consideration arideN'-
la-e were obtained by condensation of an aromatidis(arylmethylene)-1,3-diaminopropanék -d. The
aldehyde with 1,3-diaminopropane followed bypresence in the reaction mixtures of compounds
oxidation with sodium hypochloritglL1]. lllb -d was revealed byH NMR: in the spectra were
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observed a singlet &.28-8.30 ppm,signals of the absence of the dipolarophile) ankl(4.2+0.6)x
aromatic protons irv.20-7.70 ppm regionfriplet at 10 s (in the presence of the dipolarophile).
3.66-3.70 ppm, andguintet at2.00-2.13 ppmwith
intensity ratio 1:4:2:1. The spectral characteristicsSti
of N,N'-bis(4-chlorophenylmethylene)-1,3-diamino-
propane Kld ) were identical to those of the com

The mechanism of reaction between2-disub-
tuted diaziridines with compounds containing
activated double bond®.g.,with ketenes oaryl and

. ” "~ aroyl isocyanates) assumed in [1] includeg@ramary
pound obtained under the other conditiddg]. The  ,dlegphiiic attack of the nitrogefrom diaziridine

H NMR spectra of the reaction mixtures show thaty, ‘the carbon atom with the least electron density
1,5-diazabicyclo[3.1.0]hexaneth-d and N,N'-bis-  (carhonyl carbon in the above examples). However
(arylmethylene)-1,3-diaminopropariélb —d form in e first order of the thermal transformation of 6-aryl-
the course of process in approximately equah s giazabicyclo[3.1.0]hexanes and unchanged value
amounts. However the latter compounds were nogf the rate constant at addition df-arylmaleimide
isolated in pure formbecause they easily hydrolyzed gyggest that 6-aryl-1,5-diazabicyclo[3.1.0Jhexanes

to the corresponding aldehydes during the separatiofla—e) do not directly react with the dipolarophile.
of the reaction mixture by chromatography on silica ,
gel. The data obtained show that the electron-donor

substituents in the aromatic riragcelerate the thermo-

The heating of compoundfc-e in p-xylene at |ysjs and theelectron-withdrawing substituents retard
135-140°C for 20-35 min afforded 1-arylmethyl-2- it Therewith the best correlation exists with the

pyrazolinesVa-c isolated in 6875% yield[10]. The  Hammetts s-constants:
conversion into 2-pyrazolines is due to cleavage of

the G-N bond in the diaziridine fragment and sub- logk/k, = -(0.36+0.03)5 + (0.025+0.009)
sequent stabilization of the intermediate through
proton transfer. n 5, r 0.990.
R R In [7] was demonstrated that the rate of opening at
)\ < heating of the diaziridine fragment in the 1,5-diaza-
N—=N A N—N bicyclo[3.1.0]hexan-2-ones correlates with the
p_XyT’ \ o' -constants with the value around-2. We believe
that the change in the correlation type and the reduced
Ih—e IVa—c sensitivity to the substituents in the 1,5-diazabicyclo-
[3.1.0]hexanes isaused by the presence in th&-di-
R = 4-MeGH, (a), 4-CIGH, (b), 3-NO,C,H, (c). azabicyclo[3.1.0]hexan-2-ones of the oxo group that

increases the positive charge on the ylide moiety by

The structure of the first synthesized 2-pyrazolinesgonjugation effect and thus increases its electro-
IVa-c was proved by spectral data. A characteristidehilicity. In agreement with this reasoning in [7] was
feature of the'H NMR spectra of the N-substituted observed the dependence of the process on the
2_pyrazo|ines is the Sing|et from a proton of themedlum polarlty (for mSta.nce, in acetonitrile the rate
N=CH group that appears ir5 6.80-6.95 ppm Was by an order omagnitude greater than in non-
region, andalso a singlet belonging to the benzyl Polar solvents).
protons atd 4.18-4.26 ppm.

The kinetics of thermolysis of 6-aryl-1,5-diazabi- R’ R
cyclo[3.1.0]hexanesld-d) at 110C was studied by .
means of liquidchromatography. Thevalues found o _/N§(H MRS N \ N2
for the rate constants of thermolysis of 6-aryl-1,5-di- N N T

azabicyclo[3.1.0]hexanesla€) are listed in the

Experimental.
P In the 6-aryl-1,5-diazabicyclo[3.1.0]hexanes the

We established that the thermal transformation ofupture of the GN bond of the diaziridine fragment
6-phenyl-1,5-diazabicyclo[3.1.0]lhexank) is a first causes less pronounced change in the charge distribu-
order reaction and its rate is independent of thetion than in the 1,5-diazabicyclo[3.1.0]hexan-2-ones
presence ofN-phenylmaleimide in the reaction mix- and therefore the influence of substituent in the
ture: the rateconstant isk, (4.2 +0.1)x 107%™ (inthe  former is smaller.
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Table 1. IR and '*H NMR spectra of compounds synthesized

Compd.
no.

IR spectrum, cmt

'H NMR spectrum,3, ppm (, Hz)

IVa

Vb

IVc

Va
Vb
Vi

Vg

Vk
VI
vm

Vn

Vo
Vp
Vq
Vr
Vs

Vit

880, 960, 980, 1025, 1095, 1110, 126
1290, 1310, 1340, 1385, 1455, 1470, 154
1620, 2880,2990 s, 3030 s

870, 969, 980, 1020, 1095, 1250, 130
1340, 1380, 1430, 1450, 1495, 1600, 284
2990 s, 3030 s

920, 940, 965, 980, 1080, 1090, 1110, 124
1280, 1295, 13201355 s,1460, 1490, 1540
1590, 2885, 29602990 s, 3035 s

850, 880, 940, 1000, 1030, 1050, 111
1160, 1260, 1290, 1310, 1360, 1380, 144
1460, 1520, 1580, 1600, 1620, 2830, 293
2990, 3030 s

850, 880, 920, 960, 990, 1160, 1250, 124
1350, 1410, 1440, 1500, 1600, 1630, 284
2930, 3030 s
850, 880, 900, 940, 1000, 1060, 1100, 11]
1250, 1290, 13201350 s,1440, 1485, 1540
1585, 1600, 1720, 1780, 2840, 2938035
1240, 1380, 1500, 160Q,730 s,1790, 2860,
2990, 3040

1040, 1240, 1260, 1300, 1390, 1460, 151
1610, 1730 s, 1790, 2845, 29703040
1040, 1110, 1240, 1260, 1310, 1380, 14]
1520, 16201730 s,1790, 2840, 29803040
1040, 11101260 s,1305, 1390, 1440, 1474
1520, 16101730 s,1790, 2845, 2910, 2940
2970, 3040
1010, 1040, 1100, 1240, 1385, 1500, 16(
1610, 1730 s, 1790, 2860, 29903040
1040, 1110, 1240, 1260, 1300, 1390, 14]
1520, 1680,1730 s, 2845, 2970,3040
1100, 1240, 1380, 1520,730 s,1800, 2860,
2890, 2930, 29903040

1020, 1080, 1190, 1240, 1380, 1495, 154
1730 s, 2860, 2990,3040

°1100, 1240, 1350, 1385, 1540730 s,
2860, 2990,3050

°1040, 1240, 1380, 1500, 160@,730 s,
1790, 2860, 29903040

1040, 1100, 1240, 1260, 1300, 1390, 15(
1520, 1610,1730 s, 2840, 2970,3040
°1020, 1100, 1240, 1380, 1500,
1520, 1730 s, 2860, 2990, 3040
1040, 1080, 1100, 1130, 1240, 1380, 15(
1730 s, 2860, 2990,3040
1100, 1180, 1240, 1300, 1350,

01.90 m (2H), 2.30 s (3H), 2.97 m (2H), 3.22 s (1H), 3.51 m
2H), 7.11 d (2H,7.9), 7.24 d (2H, 7.9)

01.92m (2H), 2.98m (2H), 3.33 s (1H), 3.54m (2H), 7.3%4h1)
O!

50,94 m (2H), 3.18 m (2H), 3.24 s (1H), 3.64 m (2H), 7.52 t
(1H, 7.9),7.70 d (1H,7.9), 8.18 d (1H,7.9), 8.25 s(1H)

02.36 s (3H), 2.65 m (2H), 2.93 m (2H), 4.17 s (2H), 6.83 s
I01H), 7.17 d (2H,7.7), 7.29 d (2H, 7.7)
O!

2,66 m (2H), 2.94m (2H), 4.17 s (2H), 6.84 s (1H), 7.3@4H)
10,

72,70 m (2H), 3.01 m (2H), 4.26 s (2H), 6.88 s (1H), 7.53 m
(1H), 7.76 d (1H,7.4), 8.15 d (1H, 8.2), 8.29 s (1H)

2.25 m (2H), 2.66 m (2H), 3.27 m (1H), 3.45 m (1H), 4.00 m
(2H), 4.70 Yas (1H), 7.307.65 (10H)

’@,23 m (2H), 2.65 m (2H), 3.27 m (1H), 3.46 m (1H), 3.84 s
7.60 d (2H, 7.5)

(2,25 m (2H), 2.60 m (2H), 3.26 m (1H), 3.45 m (1H), 3.83 s
(8H), 3.98 m (2H), 4.67br.s (1H), 6.877.52 (9H)

2.22 m (2H), 2.60 m (2H), 3.27 m (1H), 3.44 m (1H), 3.84 s
(6H), 3.96 m (2H), 4.66or.s (1H), 6.94 d (2H,8.4), 7.00 d
(2H, 8.8), 7.25 d (2H,8.8), 7.51 d (2H, 8.4)

2,23 m (2H), 2.35 s (3H), 2.64 m (2H), 3.28 m

(1H), 3.47 m (1H), 3.99 m (2H), 4.6Br.s(1H), 15-7.50(9H)
2,22 m (2H), 2.38s(3H), 2.65m (2H), 3.27m(1H), 3.46 m (1H),
3.84 s (3H), 3.98 m (2H), 4.66r.s (1H), 6.92-7.50 (8H)
2.25 m (2H), 2.33 s (3H), 2.40 s (3H), 2.63 m (2H), 3.27 m
(1H),3.46 m(1H), 3.99 m(2H), 4.6x.s(1H), 7.02-7.50(8H)
2,25 m (2H), 2.38 s (3H), 2.63 m (2H), 3.25 m (1H), 3.45 m
(1H), 3.98 m (2H), 4.64br.s (1H), 7.177.27 (4H), 7.47 d
(2H, 7.9), 7.62 d (2H, 8.4)

2.25 m (2H), 2.39 s (3H), 2.61 m (2H), 3.28 m (1H), 3.47 m
(1H), 4.03 m (2H), 4.47br.s (1H), 7.09-8.37 (8H)

2.26 m (2H), 2.65 m (2H), 3.26 m (1H), 3.47 m (1H), 3.93 m
(2H), 4.60 br.s (1H), 7.05-7.56 (9H)

@,24 m(2H), 2.62m (2H), 3.25m(1H), 3.46 m (1H), 3.84 s(3H),
3.93 m (2H), 4.58br.s (1H), 6.91-7.55 (8H)

2.25 m (2H), 2.40 s (3H), 2.62 m (2H), 3.25 m (1H),
3.47 m (1H), 3.92 m (2H), 4.5%r.s (1H), 7.01-7.56 (8H)
2,25 m (2H), 2.62 m (2H), 3.22 m (1H), 3.46 m (1H),
394 m (2H), 4.57 br.s (1H), 7.10-7.65 (8H)

2.26 m (2H), 2.60br.s (2H), 3.21br.s(1H), 3.44 m (1H),
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Table 1. (Contd.)

Compd.
no.

IR spectrum, cmt

'H NMR spectrum,3, ppm (, Hz)

Vu

Vv

Vw

VX

Vy

Via

Vib

VIf

Vig

VIk

Vil

Vim

Vin

Vlio

Vip

1370, 1500, 1530, 1600,735 s,1800, 2860,
2890, 3040

1010, 1030, 1240, 1350, 1385,
1510, 1540, 1610, 1730 s,
2990, 3045

1040, 1110, 1240, 1260, 1300,
1350, 1390, 1470, 1540, 1610,
1730 s, 2860, 2970,3040
1100, 1240, 1350, 1385, 1540,
1730 s, 2860, 2990,3050

2870,

1080, 1240, 1350, 1380, 1495,
1540, 1730 s, 2860, 2990,3040

1110, 1180, 1240, 13104,350 s,
1370,1510, 1540, 1610, 1740
2860, 2990,3045

SI

1020, 1080, 1110,
1240, 1380, 1495,
12860, 2990,3040

1130, 1190,
1525,1730 s,

3.97 m (2H), 4.58r.s(1H), 7.41 d (2H8.4),7.54 d (2H,8.4),
7.64 d (2H,9.1), 8.37 d (2H, 9.1)

2.25 m (2H), 2.65 m (2H), 3.28 m (1H), 3.49 m (1H),
3.98 m (2H), 4.60br.s (1H), 7.158.47 (9H)

2.25 m (2H), 2.60 m (2H), 3.19 m (1H), 3.48 m (1H),
3.82 s (3H), 3.99 m (2H), 4.6Qr.s (1H),

6.86-8.47 (8H)

2.25 m (2H), 2.39 s (3H), 2.60 m (1H), 2.73 m (1H),
3.18 m (1H), 3.48 m (1H), 3.97 m (2H), 4.6br.s
(1H), 7.018.47 (8H)

2.30 m (2H), 2.57 m (1H), 2.69 m (1H), 3.16 m (1H),
3.48 m (1H), 3.98 m (2H), 4.5Dr.s (1H),

7.04-8.45 (8H)

2.35 m (2H), 2.59 m (1H), 2.7dr.s (1H), 3.18 m (1H),
3.49 td (1H, 9.8, 5.6), 4.00 m (2H), 4.59br.s (1H),
7.64 m (3H), 7.95 d (1H,7.7), 8.24 d (1H, 7.7),
8.38 d (2H, 9.1), 8.49 s (1H)

2.25 m (2H), 2.94 m (2H), 3.27 m (1H), 3.45 m (1H),
3.9 dd (1H, 9.3, 7.5), 438 d (1H, 9.3), 4.40 d
(1H, 7.5), 7.15-7.53 (10H)

2.23 m (2H), 2.94 m (2H), 3.27 m (1H), 3.46 m (1H),
3.80 s (3H), 3.86 d.d (1H,9.4, 7.5), 4.32 d (1H,
9.4), 4.38 d (1H, 7.5), 6.90-7.50 (9H)

2.25 m (2H), 2.91 m (2H), 3.26 m (1H), 3.45 m (1H),
3.80 s (4H), 4.32 d (1H,9.3), 4.39 d (1H, 7.5),
6.87-7.52 (9H)

2.25 m (2H), 2.90 m (2H), 3.27 m (1H), 3.43 m (1H),
3.80 s (7H), 4.33 d (1H,9.3), 4.39 d (1H, 7.5),
6.85-7.35 (8H)

2.23 m (2H), 2.33 s (3H), 2.93 m (2H), 3.28 m (1H),
3.47 m (1H), 3.87 d.d (1H,9.3, 7.5), 4.34 d (1H,
9.3), 4.41 d (1H, 7.5), 7.15-7.50 (9H)

2.22 m (2H), 2.34 s (3H), 2.92 m (2H), 3.27 m (1H),
3.46 m (1H), 3.81 s (3H), 3.85 m (1H), 4.33 d (1H,
9.3), 4.39 d (1H, 7.5), 6.92-7.50 (8H)

2.25 m (2H), 2.33 s (3H), 2.40 s (3H), 2.92 m (2H),
3.27 m (1H), 3.46 m (1H), 3.86 m (1H), 4.34 d (1H,
9.7), 4.40 d (1H, 7.5), 7.02-7.50 (8H)

2.25 m (2H), 2.35 s (3H), 2.93 m (2H), 3.28 m (1H),
3.49 td (1H, 9.3, 3.5), 3.87 d.d (1H, 9.4, 7.5),
4.35 d (1H, 9.4), 4.41 d (1H, 7.5), 7.09 d (2H, 8.2),
7.17 d (2H, 8.2), 7.32 d (2H, 8.4), 7.55 d (2H, 8.4)
2.25 m (2H), 2.36 s (3H), 2.95 m (2H), 3.29 m (1H),
352 td (1H, 9.3, 3.5), 3.92 d.d (1H, 9.3, 7.8),
4.39 (1H, 9.3), 4.46 d (1H, 7.8), 7.18 d (2H, 7.9),
7.30 d (2H, 7.9), 7.45 d (2H, 8.8), 8.29 d (2H, 8.8)
2.26 m (2H), 2.84 m (1H), 2.97 m (1H), 3.26 m (1H),
3.47 m (1H), 3.89 d.d (1H,9.2, 7.7), 4.36 d (1H,
9.2), 4.40 d (1H, 7.7), 7.05-7.56 (9H)
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Table 1. (Contd.)

Compd.

no.

IR spectrum, cmt

'H NMR spectrum,d, ppm (, Hz)

Viq

Vir

Vlis

Vit

Viu

Viv

Viw

VIX

Vly

2.24
3.46
4.34
2.25
3.25
9.7),
2.25
3.87
(1H,
2.30
3.94
(1H,
2.25
3.49
7.7),
2.25
3.48

441 d

2.27
3.48
7.7),
2.30
3.90
2.35
3.51
7.7),

m (2H), 2.83 m (1H), 2.96 m (1H), 3.25 m (1H),
m (1H), 3.81 s (3H), 3.88 d.d (1H9.7, 7.7),
d (1H, 9.7), 4.38 d (1H, 7.7), 6.91-7.55 (8H)

m (2H), 2.36 (3H), 2.84 m (1H), 2.96 m (1H),
m (1H), 3.47 m (1H), 3.88 m (1H), 4.35 d (1H,
4.39 d (1H,7.2), 7.01-7.56 (8H)

m (2H), 2.84 m (2H), 3.22 m (1H), 3.46 m (1H),
dd (1H, 9.7, 7.7), 4.36 d (1H, 9.7), 4.40 d
7.7), 7.10-7.65 (8H)

m (2H), 2.95 m (2H), 3.25 m (1H), 3.48 m (1H),
dd (1H, 9.2, 7.7), 440 d (1H, 9.2), 4.46 d
7.7), 7.31-8.40 (8H)

m (2H), 2.82 m (1H), 2.99 m (1H), 3.30 m (1H),
m (1H), 3.90 d.d (1H,9.1, 7.7), 4.43 d (1H,
4.47 d (1H,9.1), 7.15-8.47 (9H)

m (2H), 2.60 m (1H), 2.82 m (1H), 3.30 m (1H),
m (1H), 3.77 s (3H), 3.91 d.d (1H9.2, 7.3),
(1H, 7.3), 4.46 d (1H, 9.2), 6.86-8.47 (8H)
m (5H), 2.60 m (1H), 2.82 m (1H), 3.30 m (1H),
m (1H), 3.89 d.d (1H,9.5, 7.7), 4.42 d (1H,
4.46 d (1H,9.5), 7.01-8.35 (8H)

m (2H), 2.85 m (2H), 3.31 m (1H), 3.48 m (1H),
m (1H), 4.45 m (2H), 7.08.45 (8H)

m (2H), 2.86 m (1H), 3.04 m (1H), 3.33 m (1H),
m (1H), 4.03 d.d (1H,9.1, 7.7), 452 d (1H,
454 d (1H,9.1), 7.43-8.34 (8H)

& IR spectrum of a mixture oftrans/cis-isomers Y/VI1).

Z \+ H =—» + H
N/N# N’/N\_(
R R

The heating of diazobicyclohexanda-e in the
presence of N-arylmaleimides lla-e in p-xylene

R ¢}
OO
O
ITa—e Ila—e

yielded the corresponding perhydropyrazolo[1,2-a]-
pyrrolo[3,4-c]pyrazole-1,3-diones as a mixture of
transisomers Va-y and cis—isomers Via-y. Com-
poundsV/Vic, d, e, h, i, j were described before
[10]. The structure andomposmon of the newly pre-
pared compound¥a-y and Vla-y were established
from the IR and*H NMR spectra, and fronelemental
analysis (Table 1 and Experimental).

R O
O
W)
0]

trans-Va—-y cis-VIa-y

Il, X = H (a), OMe ®), Me (©), Br (d), NO, (); V, VI:
R = 4-MeOGH,, X = H (f), OMe (@), Me (), Br (i), NO, (j); R = 4-MeGH,, X = H (k), OMe (), Me (m),
Br (n), NO, (0); R = 4-CIGH,, X = H (p), OMe @), Me (), Br (), NO, (t); R = 3-NOCH,, X = H (u),

OMe

), Me (w), Br (x), NO, (y).

R = Ph, X=H @), OMe (), Me (c), Br (d), NG, (e);
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Table 2. Ratio of trangcis-isomers Y¥/VI) in reaction this signal shifts downfield on introduction of a nitro
products of 6-aryl-1,5-diazabicyclo[3.1.0]hexanes withgroup into the aromatic rintpcated in9 position.

N-arylmaleimides The 'H NMR spectra of the reaction mixtures

Compd. la b Ic d le obtaine_d at boilir_lg diazabicyclohexanea—e_ with
no maleimideslla-e in p-xylene contained mainly the
' signals of isomeric adducts and of trace amounts of
lla 27 18 1.9 23 21 the (_:orresponding 2-pyrazo|in(_es. At it, when the
m 30 1.4 17 18 21 reaction was carried out at_eqwmolar amounts Qf the
e 30 51 55 30 8 initial com_pounds, no signals 'of 2-pyrazolines
Iid 51 17 19 18 16 a_pp_eared in thespectra. The ratio oftrans a_nd
lle 15 13 16 17 15 Cis-isomers forme_d\(/VI_) (Table 2) was determlneq
' ' ' ' from the integral intensity of the broadened methine

proton signal oftransisomerV and of two down-
field signals of methine protons belonging tos-
isomerVI. In some cases thisitio was evaluated also
from the proton signals of methyl or methoxy groups

Thus in thelH NMR spectrum of the mixture of
isomers Vn/VIn the methine protons signals are
observed ind 3.8-4.7 ppm region. Therewith the . g
proton signals of the trans-isomer (one-proton singlef’;g;m that of aromatic protons (determinatieror
at & 4.64 ppm andpoorly resolved two-proton ~ 0).
multiplet ats 3.98 ppm) are broadened due to fast It was shown that the heating of the individual
interconversion of invertomers of the trans-adductrans and cis-isomersV and VI under the reaction
[10]. Thesignals from the cis-isomer are a doublet ofcondition did not lead to theinterconversion. Thus
doublets belonging to methine proton &a position the ratio oftrans (V) andcis- (VI) isomers formed
at 8 3.87 ppm { 9.4, 7.5Hz), and twodoublets of is due to the isomerism of the intermediate ylid#
the methine protons in position® and 3a at & and to the direction of the maleimide approach. The
4.35 ppm { 9.4 Hz) and 4.41 ppmJ(7.5Hz) formation of the isomer adducts aependence on the
respectively. The doublet with the larger couplingconfiguration of the intermediate azomethinimine may
constant was assigned to the protorQiposition for ~be described by the following scheme:

trans-Ylide X cis-Ylide X
0] 0]
N
0] N 0]
R exo- —» trans-Adduct (V) H exo- —» cis-Adduct (VI)
>—H Approach .)>-R Approach
N\§_ :N~§_

0= = — T
endo- ) O endo-
N Approach —> ¢ -Adduct (VI) N Approach —> trans-Adduct (V)

Q 0 o]

X X

Since the molecule ofl,5-diazabicyclo[3.1.0]- We believe that 6-aryl-1,5-diazabicyclo[3.1.0]hexanes
hexane isnonplanar, its 6-substituted derivatives canalso are present as exclusivegkoisomers.

exist as two spatialisomers, €exo and 6endo The calculation of Gxophenyl-1,5-diazabicyclo-
substituted. However analogously to cyclohexane$3 1.0]hexane by MNDGnethod shows that although
the 1,3-spatial interaction in the 1,5-diazabicyclo-the formation enthalpies afis- andtrans-azomethines
[3.1.0]hexanes results iexistence of exclusivelgxo  have close values\@H; < 0.5 kcal mot?) the use as
isomers,e.g., in6-alkyl-substituted compounds [13] reaction coordinate of the increase in theNCbond
or in 6-aryl-1,5-diazabicyclo[3.1.0]hexan-2-ones [14].length results in @arans-oriented azomethine:
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electron-donor substituents in the aromatiog. Next

H H the arising transazomethinimine VIl is rapidly
Ph—< stabilized by formation oN-substituted 2-pyrazolines
- = N—N or reacts with 1,3-dipolarophile to yield a cycloaddi-

’Ni/ U tion product.

Ar H
On the other hand, thheterolytic opening of the )\ A Ar_<
C-N bond and ylide structure formation both in N=—N—ow = N7\~
diaziridines and aziridines involves four electrons, k) U
therefore thermally permissible by symmetry is the La—e VII

conrotatory process. Thanalysis of the conrotatory
opening of the diaziridineing shows that in thigase
in the nonplanar molecule of écphenyl-1,5-di- AT
azabicyclo[3.1.0]hexane the counter-clockwise rota- <
tion of the phenylring providing formation of the Fast N—N
transazomethinimine should occur with the least U
energy consumption since the opportunities to orbitals

rotation in the bicyclic structure are strongly limited Ar

by degrees of freedonBesides therbital of nitrogen EWG EWG

“bearing the electron pair makes a minimalrn to \—/ <:I,\I EWG
take its position in the arisinglide, and the*exempt Very fast N

orbital of carbon immediately interacts with a lone EWG
electron pair of anothenitrogen.

EXPERIMENTAL

IR spectra were recorded on spectrophotometer
UR-20 from 2% solutions of compounds in chloro-
form. H NMR spectra were registered on Bruker
DPX-300 instrument (300 MHzfrom solutions in
CDCl; or (CD;),CO. UV spectra were measured in
dichloroethane solutions on Specord UV-Vis spectro-

. o . meter. HPLCanalysis were carried out on HPP-5001
Therefore we believe that the principglart in

) AN Hnstrument; detector by refraction index RIDK-102,
formation of a definite isomer plays the approach of.,mn Separon SGx CNp533000Tp/m, 150 mm

the dipolarophile to the intermediate trans-azomethinrOng eluent tetrahydrofuramexane, 1:1, flow rate
imine. It may beexpected that the bulky substituents 5 r’nl mirL, sample volume 3. '

in the 2 position of the aromatic ring in thealeimide

would sterically hinder the formation of cis-isomer Kinetic study of 6-aryl-1,5-diazabicyclo[3.1.0]-
with the corresponding increase in the fraction ofhexanes (la-e) thermolysis. Solutions of compounds
transisomer VI. la-e in p-xylene were heated at 190, the samples

taken were fast cooled and analyzed. The rate con-
stants were calculatedrom the decrease in the
concentration of the initial compound determined with
Ghe help of an internastandard. The rateonstant of
She reaction was calculated by the least-mean-squares

Besides thesomer ratio isaffected by activity of
the dipole and dipolarophile. Aseenfrom Table 2,
the electron-withdrawing substituents in the aromati
ring of maleimides in general reduce the proce

selectivity. procedure along the equation
Thus the limiting stage in thermolysis of 6-aryl-
1,5-diazabicyclo[3.1.0]hexane$ate) is the opening In[A] = In[A] - kt ,

of the G-N bond in the diaziridine fragment; there-

with in the transition state on the nitrogen arises awheret is time (s), [A] is the fraction of the initial
partial negative, and on the carbon partial positivecompound at the time momett [Ay] is the fraction
charge. Consequently the processarselerated by of the initial compound at the starting moment 0.
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The [A] value was measured by liquid chromato-
graphy. In thecalculations was used the ratio of the

MOLCHANOQV et al.

General procedure for preparation of 1,5-di-
azabicyclo[3.1.0]hexanes Id, e.To 1,3-diamino-

peak height of the corresponding 1,5-diazabicyclopropane taken i2.4-fold excess at heating on a water

[3.1.0]hexane to thepeak height of an internal
standard. Alkanes G¢H,, or C,;H,, served as

bath (4645°C) was added dropwise adtirring a
solution of an appropriate aldehyde in anhydrous

internal standards. The measurements were carridienzene orether. After completion of addition the

out on solutions 0D.25 g of6-aryl-1,5-diazabicyclo-
[3.1.0]hexanda-ein 11 ml of p-xylene at 11G-1°C.
Time of sampling: 0, 10, 20, 30, 45, 60 and 80n.
Below are givencompd.no., kx 10* s'1, conversion
in 90 min: la, 4.2+0.2, 87;1b, 5.5+0.2, 93;Ic,
5.4+0.1, 90;ld, 3.7+0.1, 81;le, 2.5£0.1, 70.

General procedure for preparation of 1,5-di-
azabicyclo[3.1.0]hexanes lec. To 1,3-diamino-
propane taken in -20% excess at cooling with ice
water was added dropwise whilstirring the ap-
propriate aldehyde maintaining the reaction temper
ture below 48C. On completion of addition the
mixture was stirred for 42 h at 1820°C. Then was
added dropwise alkaline solution of sodium hypo-
chlorite keeping the temperature in the sahmaits,
and again thestirring was carried on for 1 h at

a-

reaction mixture was stirred for 1 more, then the
solvent was distilled off on aotary evaporator, and
to the residue at cooling with ice water was added
dropwise equimolar to diaminopropane amount of
alkaline sodium hypochloriteolution. Then the reac-
tion mixture was stirred for 1 h at 380°C. The
organic layer was separated, the water layer was
extracted with benzene. Combined organic solutions
were dried with sodium sulfate, andenzene was
distilled off on the rotary evaporatonaintaining the
temperature below 5&. The reaction product was
isolated from the residue tYash chromatography on
silica gel L 5/40 p, eluent tetrahydrofurafexane,
1:1. On evaporating the eluent the product was
recrystallized fromacetone with a little hexaredded.

6-(4-Chlorophenyl)-1,5-diazabicyclo[3.1.0]-

18-20°C. The organic layer was separated, the watehexane (Id) was prepared from 5 ml (0.060l) of
layer was extracted with benzene. The combined,3-diaminopropane and.78 g (0.025 mol) of
organic solution was dried with sodium sulfate, and4-chlorobenzaldehyde with subsequent addition of

benzene was distilled off onratary evaporator at the
temperature not exceeding ®D The residue was

27 ml (0.06mol) of 2.2 N solution of sodium hypo-
chlorite.Yield 1.6 g(33%), mp 104105°C (decomp.).

recrystallized from an appropriate solvent to obtainFound, %: C 61.67, 62.09; B.58, 5.72; N 14.36,

colorless crystals.

6-Phenyl-1,5-diazabicyclo[3.1.0]hexane (lajvas
prepared from 10 ml (0.12nol) of 1,3-diamino-
propane and.1.2 ml (0.11mol) of benzaldehyde with
subsequent addition &5.6 ml (0.11mol) of 1.15 N
solution of sodium hypochlorite. Yield 6.5 37%),
mp 93-94°C [10] (from benzene with a little hexane
added).

6-(4-Methoxyphenyl)-1,5-diazabicyclo[3.1.0]-
hexane (Ib) was prepared from 5 ml (0.0610l) of
1,3-diaminopropane (20%xcess and 6 n{0.05mol)
of anisaldehyde with subsequent addition4&.5 ml
(0.05mol) of 1.15 Nsolution of sodium hypochlorite.
Yield 3.8 g (40%), mp 9899°C [10] (from benzene
with a little hexaneadded).

6-(4-Tolyl)-1,5-diazabicyclo[3.1.0]hexane (Ic)
was prepared from 2.5 ml (0.080l) of 1,3-diamino-
propane (20%excess) and 3 mi0.025 mol) of
4-methylbenzaldehyde with subsequent addition o
22 ml (0.025mol) of 1.15 N solution of sodium
hypochlorite. Yield1.85 g (42%), mp 890°C [10]
(from acetonehexane, 2:1).Found, %: C 75.25,
75.43; H 7.97, 8.26; N 16.38, 16.43.;,N,.
Calculated, %: C75.82; H 8.10; N 16.08.

14.35. GH,,CIN,. Calculated, %: G1.70; H 5.70;
N 14.39.

6-(3-Nitrophenyl)-1,5-diazabicyclo[3.1.0]hexane
(Id) was prepared from 5 ml (0.0610l) of 1,3-di-
aminopropane and.78 g (0.025mol) of 3-nitro-
benzaldehyde with subsequent addition of 27 ml
(0.06 mol) of 2.2 N solution of sodium hypochlorite.
On recrystallization yellow crystals were obtained,
yield 1.05 g (20%), mp 10%C (decomp.). Found, %:
C 58.72, 58.86; H 5.33, 5.54; N 20.63, 20.67.
CyoH1iN30,. Calculated, %: C58.53; H 5.40;
N 40.48.

N,N'-Bis-(4-chlorophenylmethylene)-1, 3-di-
aminopropane (llld). To 2.8 g (0.02 mol) of
4-chlorobenzaldehyde in 20 ml of anhydrous benzene
was added dropwise atirring 0.83 ml (0.01mol) of
1,3-diaminopropane. Then the mixture was stirred at
55-60°C for 2 h. Benzene wasvaporated, and color-

ss crystals of compountdld were obtained, mp
5-67°C (from ethanol)[11].

1-(4-Arylmethyl)-2-pyrazolines (IVa-c). 6-Aryl-
1,5-diazabicyclo[3.1.0]hexanes {k&) were heated in

5 ml of p-xylene for 140C for 20, 30, and 35 min.
Compound obtainedIYa, IVb) was distilled in a
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vacuum or separateftom the reaction mixture by
preparative TLC (compounid/c) on silica gel5/40p,
eluent ether.

1-(4-Tolyl)-2-pyrazoline (IVa) was obtained from
0.5 g (2.87mmol) of diazaalkandc. Oily liquid, bp
79-80°C (0.2 mm Hg).Yield 345 mg(69%).

1-(4-Chlorophenylmethyl)-2-pyrazoline  (IVb)
was obtained from 0.5 ¢2.57 mmol) of diazaalkane
Id. Qily liquid, bp 90-95°C (0.2 mm Hg). Yield
356 mg (71%).

1-(3-Nitrophenylmethyl)-2-pyrazoline (IVc) was
obtained from 0.4 1.95 mmol) of diazaalkandd .
Oily liquid. Yield 300 mg (75%).

General procedure for thermolysis of 1,5-diaza-
bicyclo[3.1.0]hexanes in the presence df-phenyl-
maleimides. A mixture of 1,5-diazabicyclo[3.1.0]-

849

69.53, 69.78; H 5.81, 5.75; N 11.55, 12.29.
C,;H,;N50,. Calculated, %: C69.41; H 5.82;
N 11.56.

9-(4-Methoxyphenyl)-2-phenylperhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vf, VIf)
was obtained fron®.209 g (1.1mmol) of diazaalkane
Ib and 0.173 g (Immol) of imidella. On recrystal-
lization from acetone with a little ether we obtained a
mixture oftrans andcis-isomersVf, VIf , yield 0.2 g
(53%). Found, %: C 70.56, 70.18; 6102, 5.89; N
11.92, 11.80. §H,;N,0O,. Calculated, %: (59.41,;
H 5.82; N 11.56.

2,9-Bis-(4-methoxyphenylperhydropyrazolo[1, 2-
a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vg, VIg was
obtained from0.209 g (1.1mmol) of diazaalkanéb
and 0.203 g (Immol) of imide IIb. On fractional
crystallization from acetone with a little ether we

hexane (in 10% excess) and of dipolarophile in 6 mlobtained 0.05 g (13%) of trans-isomerVg, mp

of p-xylene was stirred for 20 min (compounds
Ib, ¢), 25 min (compounda), 30 min (compoundd)
or 35 min (compoundle) at 135140°C. The
solvent was distilledoff, the residue was recrystal-

209-210°C, and a mixture of colorless crystals of
trans and cisisomers Vg, VIg, yield 0.228 g.
Overall yield 0.278 g (71%). Found, %for trans
isomer): C67.55, 67.13; H 5.97, 5.91; N 10.84,

lized from an appropriate solvent or separated byl0.81. G,H,3N;0,. Calculated, %: 57.16; H 5.89;
chromatography. The reaction products are colorlessl 10.68.

crystalline compounds.

2-Aryl-9-arylperhydropyrazolo[1,2-a]pyrrolo-
[3,4-c]pyrazole-1,3-diones (Vee, hj, Vic-e, h)

9-(4-Tolyl)-2-phenylperhydropyrazolo[1, 2-a]-
pyrrolo[3,4-c]pyrazole-1,3-dione (Vk, VIk) was
obtained from0.191 g (1.1mmol) of diazaalkanéc

by physical and spectral characteristics correspondesind 0.173 g (Inmol) of imidella. On recrystalliza-
to the previously obtained compounds [10] and werdion from etheracetonemixture, 3:1, weobtained a
isolated in overall preparative yields 73, 68, 53, 75 mixture of trans- and cis-isomergk, Vik, yield

75, and 85% respectively.

2,9-Diphenylperhydropyrazolo[1,2-a]pyrrolo-
[3,4-c]pyrazole-1,3-dione (Va, Vla) was obtained
from 0.264 g (1.65mmol) of diazaalkanda and
0.259 g (1.5mmoal) of imide lla. On fractional
crystallization from acetone with a little ether we
obtained0.11 g (22%) oftransisomerVa, mp 186
182°C, and a mixture otrans and cis-isomersVa,
Vla, vyield 0.245 g (49%).Overall yield 0.355 g
(71%). Found, %{for transisomer): C71.89, 72.15;
H 5.73, 5.97; N 12.74, 13.00. s5H;gN3O,.
Calculated, %: C72.05; H 5.74; N 12.60.

2-(4-Methoxyphenyl)-9-phenylperhydropyr-
azolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vb,
VIb) was obtained from0.264 g (1.65mmol) of
diazaalkanda and 0.264 g (1.3nmol) of imidellb .
On fractional crystallization fronacetone with a little
ether we obtained®.22 g (40%) oftrans-isomeb,
mp 186-187°C, and a mixture otrans and cis-iso-
mers Vb, Vib, yield 0.151 g (28%).Overall yield
0.371 g (68%). Found, %for transisomer): C

0.208 g (60%). Found, %: C 72.44, 72.92;6H11,
6.14; N 12.08, 11.98. GH,;N,O,. Calculated, %:
C 72.60; H 6.09; N 12.10.

9-(4-Tolyl)-2-(4-methoxyphenyl)perhydropyr-
azolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (VI,
VIl) was obtained fron®.191 g (1.1mmol) of diaza-
alkane Ic and0.203 g (1 mmol) of imide Illb. On
recrystallization fromacetone with a little hexane we
obtained a mixture ofrans andcis-isomersVI, VIl ,
yield 0.3 g (80%). Found, %: C 69.72, 69.89; H
6.32, 6.06; N 10.92, 11.16.,6H,5N;05. Calculated,
%: C 70.01; H 6.14; N 11.13.

2,9-Bis-(4-tolylperhydropyrazolo[1, 2-a]pyrrolo-
[3,4-c]pyrazole-1,3-dione (Vm,VIm) was obtained
from 0.191 g (1.1mmol) of diazaalkanelc and
0.187 g (Immol) of imidellc. On fractional crystal-
lization from acetone with a little hexane we obtained
0.05 g (14%) oftransisomerVm, mp 196-191°C,
and a mixture oftrans and cisisomersVm, Vim,
yield 0.25 g (69%) Overall yield 0.3 g(83%). Found,
% (for transisomer): C73.34, 72.94; H 6.62, 6.26;
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N 11.60, 11.68. GH,N,0, Calculated, %:
73.11; H 6.41; N 11.63.

2-(4-Bromophenyl)-9-(4-tolyl)perhydropyr-
azolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vn,
VIn) was obtained from0.383 g (2.2 mmol) of
diazaalkandc and 0.504 g (2nmol) of imide Iid .

C

MOLCHANOQV et al.

mixture of trans and cisisomers Vr, VIr , yield
0.25 g (65%). Found, %: C 66.05, 65.96; 9424,
5.17; N 11.15, 10.85. GH,,CIN;0O,. Calculated, %:
C 66.05; H 5.28; N 11.00.

2-(4-Bromophenyl)-9-(4-chlorophenyl)perhydro-
pyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione

The reaction products were separated by columfVs, VIs) was obtained fron0.21 g (1.1mmol) of

chromatography on silica gel 40/100, substance
to-sorbent ratio 1:50, gradient elution withexane
and hexane-THFmixture, 1:1. translsomer {°),
mp 163-164°C, yield 0.318 g (37%).cis-lsomer
(VI°), mp 208-211°C, yield 0.116 g (14%)Overall
yield 0.434 g (51%). Found, %for transisomer):
C 58.94, 59.11; H 4.74, 4.65; N 9.87, 9.75.
C,1H,BrN;O,. Calculated, %: C59.17; H 4.73; N
9.86. Found, % (for cis-isomer): C59.44, 59.44;
H 4.83, 4.83; N 9.69, 9.77. £H,,BrN;0,. Cal-
culated, %: C59.17; H 4.73; N 9.86.

9-(4-Tolyl)-2-(4-nitrophenyl)perhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vo, Vlo)
was obtained fron®.191 g (1.1mmol) of diazaalkane
Ic and 0.218 g (Immol) of imidelle. On recrystal-

diazaalkandd and 0.25 g (Immol) of imidelld . On
recrystallization fromacetone with a little ether we
obtained a mixture ofrans andcis-isomersVs, VIs,
yield 0.3 g (67%). Found, %: C 53.79, 53.76; H
3.93, 3.74; N 9.40, 9.35. £H;,BrCIN;O,. Cal-
culated, %: C53.77; H 3.84; N 9.41.

2-(4-Nitrophenyl)-9-(4-chlorophenyl)perhydro-
pyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione
(Vt, VIt) was obtained fron0.21 g (1.1mmol) of
diazaalkandd and 0.22 g (Immol) of imidelle. On
recrystallization from acetone with a little ether
we obtained0.06 g (15%) oftransisomer Vt, mp
190-192°C, and 0.28 g (68%) of aixture oftrans
andcis-isomersVt, VIt . Overall yield0.34 g (83%).
Found, % (for transisomer): C 58.17, 58.28; H

lization from acetone with a little ether we obtained a4-35, 4.30; N 13.42, 13.45. £H,,CIN,O,. Cal-

mixture of trans and cis-isomers Vo, Vlo, vyield
0.255 g (65%). Found, %: C 64.47, 64.60;325,
5.45; N 14.39, 14.29. GH,,N,O,. Calculated, %:
C 64.28; H 5.14; N 14.28.

2-Phenyl-9-(4-chlorophenyl)perhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vp, VIp)
was obtained fron0.21 g (1.1mmol) of diazaalkane
Id and 0.17 g (Immol) of imide lla. On recrystal-

lization from acetone with a little ether we obtained a

mixture of trans and cis-isomers Vp, Vip, yield
0.27 g (73%). Found, %: C 65.21, 65.65; 4473,
4.95; N 11.52, 11.25. £H,sCIN;O,. Calculated, %:
C 65.31; H 4.93; N 11.42.

2-(4-Methoxyphenyl)-9-(4-chlorophenyl)per-
hydropyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1, 3-
dione (Vqg, VIg) was obtained from0.21
(1.1 mmol) of diazaalkaneéd and 0.2 g (1 mmol) of
imide Ilb. On recrystallization fromacetone with a
little ether we obtained a mixture dfans and cis-
isomersVq, VIq, yield 0.27 g (68%). Found, %: C

63.30, 63.60; H 4.96, 4.95; N 10.63, 10.45.

C,,H,,CIN;O;. Calculated, %: 63.40; H 5.07; N
10.56.

2-(4-Tolyl)-9-(4-chlorophenyl)perhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vr, VIr)
was obtained fron0.21 g (1.1mmol) of diazaalkane
Id and 0.19 g (Immol) of imide llc. On recrystal-

lization from acetone with a little ether we obtained aculated, %:

culated, %: C58.19; H 4.15; N 13.57.

9-(3-Nitrophenyl)-2-phenylperhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vu, VIu)
was obtained fron®.226 g (1.1mmol) of diazaalkane
le and 0.173 g (Immol) of imide lla. On recrystal-
lization from acetoneether mixture, 1:2, we
obtained a mixture oftrans and cis-isomers Vu,
Viu, vyield 0.265 g (70%). Found, %: C 63.57,
63.31; H 5.00, 4.90; N 14.77, 14.71,81,gN,O,.
Calculated, %: C63.49; H 4.79; N 14.81.

2-(4-Methoxyphenyl)-9-(3-nitrophenyl)per-
hydropyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1, 3-
dione (Vv, VIv) was obtained from0.226 ¢
(1.1 mmol) of diazaalkande and 0.203 g (Immol)
of imide IIb. On recrystallization from 2-propanol
with a little acetone we obtained raixture of trans
and cis-isomers Vv, Vlv, vyield 0.257 g (63%).
Found, %: C 61.66, 61.76; B.00, 5.04; N 13.64,
13.66. G;H,(N,O;. Calculated, %: B1.76; H 4.94;
N 13.72.

2-(4-Tolyl)-9-(3-nitrophenyl)perhydropyrazolo-
[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione (Vw, VIw)
was obtained fron®.226 g (1.1mmol) of diazaalkane
le and 0.187 g (Immol) of imidellc. On recrystal-
lization from 2-propanclacetonemixture, 2:1, we
obtained a mixture oftrans and cis-isomers Vw,
Viw, yield 0.29 g (74%). Found, %: C 64.22, 64.43;
H 5.19, 5.33; N 14.16, 14.13. §H,,N,O,. Cal-
C64.28; H 5.14; N 14.28.
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2-(4-Bromophenyl)-9-(3-nitrophenyl)perhydro-
pyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione
(VX, VIx) was obtained fron®.226 g (1.1mmol) of
diazaalkande and 0.252 g (Immol) of imide Ild .
On recrystallization from 2-propanol with a little -
acetone we obtained @ixture of trans and cis-
isomersVx, VIx, yield 0.35 g (77%). Found, %: C 3
52.67, 52.63; H 3.90, 3.83; N 11.91, 11.95.
C,oH,/BrN,O,. Calculated, %: C52.53; H 3.75;
N 12.25.

2-(4-Nitrophenyl)-9-(3-nitrophenyl)perhydro-
pyrazolo[1,2-a]pyrrolo[3,4-c]pyrazole-1,3-dione
(Vy, Vly) was obtained fron0.226 g (1.1mmol) of
diazaalkande and 0.218 g (Inmol) of imidelle. On
fractional crystallization from 2-propandcetone
mixture, 2:1, we obtained0.04 g (9%) oftransiso0
merVy, mp 173-174C, and a mixture ofrans and 6
cisisomersVy, Vly, vyield 0.31 g (73%).Overall
yield 0.35 g (83%). Found, %for transisomer): C 7
56.38, 56.82; H 4.13, 4.11; N 16.52, 16.68.
C,oH1/N50. Calculated, %: C56.74; H 4.05; N
16.54.

Characteristics of UV spectra of compounds la,
lla, and their mixtures. The UV spectrum of diaza-
bicyclohexanda contained bands with,,,, at 259nm
(e 508.2 I moft cmY), 265 nm € 472.1 I mot? cmY),
and 271 nm¢ 314.8 I moft cm™). UV spectrum of
N-phenylmaleimiddla contained bands with ., at
318 nm € 457.8 Imottcm™) and 266 nm
490.0 I moftcm™).

UV spectra of compoundsa and lla with con-
centrations (a) 3.08x10° moll? and 2.48
1073 mol I't or (b) 6.29<10° mol I"t and 4.93
10°° mol I"* respectively comprise a superimposed,
individual spectra of compoundk and lla both
immediately after mixing the solutions and in several

days of standing atoom temperature. Nehanges 14.

were found in the spectrum of (b) solution after
4 days of standing atoom temperature.
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