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The 1,3-dipolar cycloaddition of diazomethane to 1-(4-R-phenyl)-5H-pyrrolidin-2-one was investigated. Some 
properties of the triazabicyclo[3.3. O]octenes, including the results of an x-ray diffraction analysis, were studied. 

In a continuation of our study of 1,3-dipolar cycloaddition in the pyrrolidinone series [1] we studied the reaction of 

1-(4-aryl)-5H-pyrrolidin-2-ones Ia, b with diazomethane. The cycloaddition proceeds regioselectively to give adducts IIa, b, 

which correspond to the "normal" relative orientation of the enone and the dipole in which the methylene groups always reacts 
with the most electron-deficient t-carbon atom of the dipolarophile [2, 3]. 
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The regiospecificity corresponds to concerted 1,3-dipolar cyeloaddition [4]. 
The reaction is distinguished by cis stereospecificity. The 5-H methylidyne proton shows up in the PMR spectrum of 

adduct IIa in the form of a multiplet at 5.7 ppm. The second 1-H methylidyne proton also shows up in the form of a multiplet, 

but it is located at stronger field (2.94 ppm, J15 = 9.5 Hz) with a cis orientation of the 5-H and 1-H protons. 

It was established by double resonance that the 1-H proton couples with the two 2-H methylene protons 012 = 9.5 
Hz ,  J12 --- 4 , 0  HZ), as well as with the 8-H proton 018 = 8.5 Hz, J18 = 5.0 Hz). All of the methylene protons are chemically 
nonequivalent and resonate in different regions [2-H 1 at 4.12 ppm, 2-H 2 at 3.60 ppm (2j = 10.5 Hz), 8-H 3 at 4.92 ppm, and 
8-H 4 at 4.74 ppm (2j = 18.5 Hz)]; this is due to the asymmetry of the molecule. 

The stereochemical characteristics of the bicyclic system are controlled chiefly by two factors: repulsion of the electron 
shells of the covalently nonbonded atoms and the effects of n--Tr conjugation. Thus in the crystalline IIa molecule (Fig. 1) 
the pyrazoline ring has an "envelope" conformation with a deviation of 14 ~ with respect to the C(s)-C 0 2) axis, and the 
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(3) H(3) Hc21 

Fig. 1. X-ray diffraction pattern of crystalline IIa. 

TABLE 1. Bond Angles in Structure IIa 

A n g l e  

O(I)N(1)O(2) 
O(21N(1)C(I) 
C(4)N(2)C(lo) 
N(4)N(3)C(s) 
No)C(t)C(2) 
C(21C01C(61 
C(2)C(3)C(4) 
N(21C(4)C(5) 
C(4)C(5)C(6) 
O(3)C(7)N(2) 
N(2)C(7)C(8) 
N(3) C(8)C(9) 
C(8)C(91C0o) 
C(10) C(91C(111 
N(4) C(11)C(9) 

u), ~ 

128,8(31 
i 18,8(2) 
120,3 (2) 
11 1,5 (2) 

I l 9,5(2) 
121,7(21 
119,3(21 
118,8(21 
120,8(2) 
126,7(31 
108,1 (2) 
105,7(21 
105,2(21 
115,6(21 
105,6(21 

Angle 

O(I)Nu)C(1) 
C(,1)N(2)C(7) 
C(7)N(3)C(lo) 
N(s)N(4)C(11) 
N(t)C(L)C(6) 
C(I)C(21C(31 
C(2)C(4)C(3) 
C(3)C(4)C(51 
C(1)C(6)C(5) 
0(3)C(7)C(8) 
N(3)C(8)C(7) 
C(71C(8)C(91 
C(8)C(9)C(111 
N(21C(10)C(9) 

o), ~ 

118,4(21 
126,3(21 
113,1(21 
112,5(31 
118,7(21 
119,7(21 
121,7(31 
119,5(31 
118,8(21 
125,2(3) 
109,3(21 
107,5(21 
102,6(2) 
105,3(2) 

TABLE 2. Bond Lengths in Structure IIa 

Bond ~ Bond d 

O(l)--N(t) 
O(3)--C(71 
N(21--C(4) 
N(z)--C(to) 
N(3)--C(81 
C(I)--C(2) 
C(2)--C(3) 
C(4)--C(s) 
C(7)--C(s) 
C(9)--C(to) 

1,217(21 
1,215(3) 
1,411 (4) 

1,473(31 
1,500(4) 
1,376(41 
1,389(51 
1,389(41 
1,508(4) 
1,535(4) 

O(2)--N(t) 
N(t)--C(I) 
N(2)--C(7) 

N(3)--N(41 
N(4)--C01) 
C(1)--C(6) 
C(3)--C(4) 
C(s)--C(6) 
C(8)--C(9) 
C(91--Co1) 

1,221 (4) 

1,459(3) 
1,367(4) 
1,242(4) 
1,483 (3) 
1,373(3) 
1,398 (4) 
1,383(4) 
1,505 (5) 
1,517(51 

pyrrolidone ring deviates 9.1 ~ with respect to the C(8)-C(1 o) axis. The angle between the flaps of the envelopes with a base 

along the C(81-C(9 ) bond is 58.7 ~ The benzene ring is situated in the plane of the base of the "envelope" of  the pyrrolidone 

ring - -  torsion angle C,7,N,2,c~ C~ 5, is equal to 179 4 ~ The nitro group, in turn, deviates to a small degree from the plane ) ~, 2"-'(4) t ) " " 
of the benzene ring - -  torsion angle C(2)C(1)N(1)O(2 ) is equal to 178.3 ~ The principal bond distances and some of the bond 
angles of structure IIa are presented in Tables 1 and 2. The C--H distances range from 0.93 to 1.92 ~.. There are no 
intramolecular interactions, and the intermolecular interactions are limited to van der Waals interactions. 

We carried out a number of transformations with the pyrazolines obtained. It is known [5] that Al-pyrazolines are 

unstable: Under the influence of acids and bases they are readily converted to A2-pyrazolines. This possibility was checked 
in the case of IIa. Triethanolamine was used as the base, and 4-oxo-3-(4-nitrophenyl)-3,6,7-triazabicyclo[3.3.0]oct-5-ene (III) 
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TABLE 3. Characteristics of the Synthesized Compounds 

Com- 
pound mp, ~ 

IIa 181...183 
II b 156._158 

III 163...165 
IV 161...163 
V 168...169 

TLC, Rf 

0,49 

0,74 
0,58 
0,54 

UV spectrum (in 
ethanol)~ ~max~ nm 
(log 

206(4,16); 312(4,32) 
211(4,07); 270(4,03) 

208(4,22); 316(4,80) 
225(4,89); 321 (4,95) 
225(4,74); 319(4,83) 

IR spectrum, cm "I 

C=O C=N N = H  

1685 
3420 I 

1700 1675 3390 I 
1705 1632 3345 br] 
1705 1638 3350 b r  I 

N = N  

1590 
1590 

TABLE 4. 

Atom 

O(i) 
0(2) 
0 ( 3 )  

N(1) 
N(2) 
N(3) 
N(4) 

CO) 
C(2) 

Coordinates of the Nonhydrogen Atoms (• 104) in Structure IIa 

x 

3861(2) 
527O(3) 
2441 ( 1 ) 
4516(2) 
3888(2) 
2128(2) 
2387 (2) 
4394(2) 
3566(3) 

Y 

72(1) 
698(1) 

2463(1) 
621 (1) 

2905 (I) 
3677(1) 
4097 (1) 
1210(1) 
1131(1) 

z 

4442(3) 
3134 (4) 
8192(2) 
4076 ( 2 ) 
6417(3) 
6693(4) 
5606(3) 
4781(3) 
5876(4) 

Atom 

C(3) 
C(4) 
C(5) 
C(6) 
C(7) 
C(8) 
C(9) 
C(10) 
C(II)  

x 

3397 (3) 
4066(3) 
4912(2) 
5083 (2) 
3090(2) 
3134(2) 
4109(2) 
4514(2) 
3605(2) 

Y 

1689(1) 
2324(1) 
2389(1) 
1832(1) 
2929(1) 
3640(1) 
4058(1) 
3556(1) 
4439(1) 

z 

6469(4) 
5927(4) 
4851 (2) 
4277 (3) 
7453 (3) 
7506(3) 
6516(3) 
5678 (3) 
5442(4) 

was obtained in good yield. In addition, the hydrochloride (IV) and hydrobromide (V) salts of the pyrazole were obtained by 
oxidation of IIa. The oxidation proceeds through the formation of A2-pyrazoline III; this was observed by TLC. 

EXPERIMENTAL 

The UV spectra of solutions of the compounds in ethanol were recorded with a Specord UV-vis spectrophotometer. 
The 1H NMR spectra of solutions in CDC13 and d6-DMSO were recorded with a Bruker WM-250 spectrometer (250 MHz) 
with hexamethyldisiloxane (HMDS) as the internal standard. Thin-layer chromatography (TLC) was carried out on Silufol-254 
plates with acetone--CC14--petroleum ether (4:2:1) as the eluent and development with 2,4-dinitrophenylhydrazine 

hydrochloride. 
The compositions of the compounds obtained were confirmed by the results of elementary analysis with respect to C, 

H, and N. The physicochemical constants of the synthesized compounds are presented in Table 3. 

Colorless, transparent, monoclinic crystals with the dimensions 0.35 by 0.30 by 0.10 mm (C 11H1oN403) were obtained 
by crystallization of the compound from ethy! acetate--ethanol (2:1). The cell parameters were as follows: a = 12.957(2) 
A, b = 21.496(3) ,~, c = 8.407(1)/~, 3' = 111.54(1) A, V = 2177.9(5) A 3, space group P2/a, and Z = 8. The experimental 

data were obtained with a Syntex P-1 automatic diffractometer (Mo K s emission,/3 filter, 0/20 scanning up to 20ma x = 48~ 
A total of 977 independent reflections with J _> 3a(J) were obtained. The structure was decoded by the direct method by 
means of a complex of SHELXTL programs [6] with a NOVA-3 computer and was refined within the anisotropic (isotropic 
for the hydrogen atoms) approximation up to divergence factors R = 0.029 and R w = 0.032. The coordinates of the 
nonhydrogen atoms are presented in Table 4. 

4-Oxo-3-(4-nitrophenyl)-3,6,7-triazabicyclo[3.3.0]oct-6-ene (IIa, CllH10N403). An ether solution (100 ml) of 
diazomethane, obtained from 0.1 mole of N-nitrosomethylurea [7], was added dropwise with constant stirring at room 
temperature in the course of 30 min to a solution of 2.5 g (12.5 mmole) of 1-(4-nitrophenyl)-5H-pyrroline-2-one (Ia) in 200 
ml of DMF, after which the mixture was allowed to stand overnight. At the end of the reaction, the solvent was removed by 
distillation in vacuo, and the precipitated crystals were removed by filtration and washed with diethyl ether. The yield was 

2.9 g (96%). 
4-Oxo-3-(4-aminosulfonylphenyi)-3,6,7-triazabicyclo[3.3.0]oet-6-ene (lib, CnH12N403S). The process was carried 

out in the same way as the synthesis of IIa using 2.5 g (10.5 mmole) of 1-(4-aminosulfonylphenyl)-5H-pyrrolin-2-one in 100 
ml of DMF and 100 ml of an ether solution of diazomethane. The yield was 2 g (67%). 
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4-Oxo-3-(4-nitrophenyl)-3,6,7-triazabicyclo[3.3.0]oct-5-ene (lIl, C 11HIoN403). Triethanolamine (0.2 ml) was added 
with constant temperature at room temperature to a solution of 0.5 g (2 mmole) of IIa in 50 ml of DMF. After 5 h, the solvent 

was removed by distillation in vacuo, and the crystals were isolated and washed with ether. The yield was 0.45 g (71%). 

4-•x•-3-(4-nitr•pheny•)-3,6•7-triazabi•y•••[3.3.•]••ta-5•8-dieneHydr••h••ride(IV, C 11HgN403CI). Concentrated 
HCI (0.2 ml) was added dropwise with constant stirring to a solution of 0.5 g (2 mmole) of IIa in 50 ml of ethanol, and the 

mixture was refluxed for 10 min. The solvent was then removed by distillation, and the precipitated crystals were removed 
by filtration and washed with ether. The yield was 0.48 g (86%). 

4-Oxo-3-(4-nitrophenyl)-3,6,7-triazabicyclo[3.3.0]octa-5,8-diene Hydrobromide (CI1HgN403Br). A solution of 
0.16 g (1 mmole) of bromine in 3 ml of chloroform was added dropwise with stirring at room temperature to a solution of 0.5 

g (2 mmole) of IIa in 80 ml of chloroform. At the end of the reaction, a precipitate formed immediately. It was removed by 
filtration and washed initially with chloroform and then with ether. The yield was 0.55 g (85%). 

REFERENCES 

. 

, 

3. 
4. 

. 

6. 
7. 

G. F. Muzychenko, V. G. Kul'nevich, L. N. Zharkikh, V. E. Zavodnik, and V. V. Motalkin, Khim. Geterotsikl. 
Soedin., No. 12, 1675 (1990). 

A. N. Kost, G. A. Golubeva, and I. I. Grandberg, Zh. Obshch. Khim., 26, 1976 (1956). 
L. A. Badovskaya, Doctoral Dissertation, Krasnodar (1982). 

G. Bianchi, C. De Micheli, and R. Grandolfi, The Chemistry of Double-Bonded Functional Groups, edited by S. Patai, 
Interscience, New York (1977), Suppl. A, Part 1, Chap. 6, p. 360. 

A. N. Kost and V. V. Ershov, Usp. Khim., 27, 447 (1958). 
G. M. Sheldrick, Computational Crystallography, Oxford Univ. Press, New York (1982). 
Organikum, translated from German by V. M. Potapova and S. V. Ponomareva, Vol. 2, Mir, Moscow (1979), p. 247. 

745 


