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Successive conversion reactions of methyl aziridine-2-carboxylate have been used 
to prepare novel azabicyclic derivatives, namely, 2-carbamoylmethyl-l,3-diazabi- 
cyclo[3.1.0]hexan-4-one and 2,2-dimethyl-i,3,4-triazabicyclo[4.1.0]heptan-5-one, 
whose structures were established unequivocally by x-ray structure analysis. 

Derivatives of aziridine-2-carboyxlic acid are 0f interest both from a biological [1-3] 
and chemical point of view [4, 5], since they may be regardedas analogs of naturally occur- 
ring ~-amino acids. The presence of two reactive sites in these molecules opens up a wide 
range of synthetic possibilities, among them the synthesis of novel bicyclic systems contain- 
ing an aziridine ring and a bridging nitrogen atom. Only a few reports have appeared concern- 
ing the preparation of these types of structures [6, 7], and only one report has dealt with 
x-ray structure analysis for structure proof of a diazabicyclic derivative [8]. 

We have examined [5, 9] the feasibility of synthesizing novel heterocyclic systems con- 
taining an aziridine fragment in two ways, by the reaction of the hydrazide of aziridine-2- 
carboxylic acid with acetone, and by successive reactions of the methyl ester of azirldine-2- 
carboxylic acid with methyl propiolate and ammonia: 
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According to a published report [I0], the imine group in hydrazides is the most �9 reactive 
site in hydrazide derivatives of acyclic amino acids; we have come to the opposite conclusion 
on the basis of NMR spectral analysis, which showed that, for the reaction of hydrazide II 
with acetone, only structure III, and not IV, is obtained [9]. In this reaction , then, the 
carbonyl component reacts with the amine nitrogen atom of the hydrazide derivative. An x-ray 
structural analysis was carried out on compound III in order to verify this conclusion. A 
three-dimensional representation of a molecule of III, with atomic designations, hond length 
values (A), and bond angles (degrees), is shown in Fig. i. The six-membered ring in III oc- 
cupies a half-chair conformation. The deviations of atoms C(~) and N(3) from the average 
plane of the remaining four atoms are 0.276 and 0.342 A, in opposite directions, respectively. 
N(3) is bent away in the direction of C(7~ in the aziridine ring. The dihedral�9 angle between 
the three-membered ring and the average plane of the six-membered ring is 83.70. The endo" 
cyclic bond angles around atoms N(1) and C(6~ in the six-membered ring are similar in value to 
the corresponding bond angles in non-condensed aziridine derivatives [ii, 12]. N(3) adopts 
a pyramidal configuration, with the pyramid height equal to 0.673 A. The C(2)-N(I~ bond is 

�9 �9 �9 �9 - T o ~ ~ -- 
b e n t  away from the plane of the azlrldlne rlng (9) by 59.0 . The sum of the bond angles 
around N(1) is 293.2 ~ . The geometric parameters of the cis-amide group in iII overlap those 
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Fig. 2. Geometric parameters of a molecule of VI. 

TABLE i. 
Structures III and VI 

Stm~ure IAtomX [AtomY 

X--H-..Y Hydrogen Bond Parameters in 

III N(,~) 0 

!VI N(~) O(,) 
N(s) O(2, 
N(2) N,,) 

X �9 �9 - Y ,  

3.00 
2.91 

2.90 
2.93 
2.95 

H �9 �9 �9 Y ,  

"A 

2,12 
1,95 
2,14 
2,05 
2,12 

A X - - H  �9 �9 �9 Y ,  

deg 

167,8 
167,7 
159,2 
173,2 
154,2 

found in the cis-peptide bond in cyclic dipeptides [13]. The N(4)--C(5) bond [1.325(7) A] has 
one and one-half bond character, whereas the other C--N bond is a single bond. In the crystal- 
line state molecules of III are associated via a system of intermolecular hydrogen bonds, the 
parameters of which are given in Table i. 

The product of the reaction of aziridine-2,carboxylic acid hydrazide with acetone has 
thus been shown to be 2,2-dimethyl-l,3,4-triazabicyclo[4.1.0]heptan-5-one. 

We have also previously demonstrated that ammonia reacts readily with diester V [5]. N-MR 
structure analysis of this reaction led to the conclusion that compound VI was formed as the 
reaction product. X-ray structural analysis of this reaction product was carried out in order 
to select unequivocally between the two structural possibilities, VI and V!I. A three-dimen- 
sional representation, with atom designations, bond lengths (A), and bond angles (degrees) is 
shown in Fig. 2. The five-membered ring present in molecule VI adopts an envelope conforma- 
tion. The deviation of N(2) away from the strict planarity (• A) of the C(~)C(2)C(~)N(z~ 
fragment is 0.ii0 A in the direction of C(4) of the aziridine ring. The substituent a~tachld" 
to C(~) occupies a pseudoequatorial orientation. The angle between the planar (• A) C(x)- 
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TABLE 2 .  Atomic Coordinates of Nonhydrogen Atoms in 
Structures III and VI (• a) 

atOffl 

Cfll 

C:(~l 
C~s) 
CI~,) 
Ccr) 

Ni3) 
N,4) 
O 

4229 17) 
3780 (4) 
5615 (6) 
1150 (5) 

0903 (5) 
(}130 {5) 
2255 (4) 
3067 (4) 
2235 (4) 
0452 (4) 

Structure III 

y 

1872 (~)) 1562 (7) 
3206 (6) 2674 (5) 
4120 (8) 3184 (7) 
4984 (6) ! 4538 (6) 
4850 {6) 19[l (5) 
:'~5(;4 (6) {)777 (fi) 
3927 (6) : 0902 (4) 
2895 (6) 4876 (,i) 
4041 (6) ! 5820 (4) 
5971 (6) 5445 (5) 

Structure V1 
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i 
(695 (I) 7094 (2) 
o154(]i 19(5 (2) 

I lO0(2) I 4623(3) 
0780 (2) -0429(3)  
O863 (2) 3600 (:3) 
147,1 (2) 5978 (3) 
1616 (2) 5864 (3) 
2157(2) ] 4500 (4) 
1109(2) I 1867(3) 
0+;34 (e) ] tl20 (3) 

c ~ fragment and the average plane of the five-membered ring is 52.2 ~ . The crys- 
tai-(~)C~6)O(2)N(o~structure 2-p-bromphenyl-l,B-diazabicyclo[3.1;0]hexane has been studied [8]; in analogy 
with compound VI, this molecule possesses condensed aziridine and imidazoline rings. The de- 
viation of the aziridine ring from the average planarity of the five-membered ring is identi- 
cal in the two structures, close to 75 ~ . The endocyclic bond angles around atoms N(1) and C(~) 
in the five-membered ring are similar in values to those in corresponding bicyclic derivatives, 
and are 7-12 ~ less than those in noncondensed aziridineoderivatives [ii, 12]. N(x) adopts a 
pyramidal configuration with a pyramid height of 0.747 A. The C(1)-N(1) bond forms an angle 
of 65.0 ~ with the plane of the aziridine ring (~'). The crystal packing of molecules of III 
is stabilized by a system of three hydrogenbonds, whose parameters are given in Table i. The 
other intermolecular contacts are within the sum of van der Waals radii of the respective 
atoms incontact [14]. An interesting characteristic of these Structures is the involvement 
of the aziridine ring nitrogen atom in intermolecular hydrogen bond formation. 

EXPERIMENTAL 

2,2-Dimethyl-l,3,4-triazabicyclo[4.1.0]heptan-5-one (III) was prepared according to [i0], 
and 2-carbamoylmethyl-l,3-diazabicyclo[3.1.0]hexan-4-one (VI) according to [5]. 

X-~y Structural Analysis. Crystals of 2,2-dimethyl=l,3,4-triazabicyclo[4.1.0]heptan-5- ~ 
one (III) of composition C6H~:N30 were monoclinic: a = 6.681(1), b = 9.874(2), c = 5.731(1) A, 
B = 100.04 ~ , V = 372.3(1) ~3 M = 141,17, dcalc , = 1.26 g/cm a, Z = 2, space group P2~, Fooo = 
152. 

Crystals of 2-carbamoylmethyl-l,3-diazabicyclo[3.1.0]hexan-4-one (VI) of composition Ca- 
HgN302 were monoclinic: ~ = 5.235(1), b = 16.266(3), c = 8.448(1) ~, B = 98.50(2) ~ V = 711.5 
(2) A 3, M = 155.16, dcalc= 1.45 g/cm 3 Z = 4, space group P21/c Pooo = 328 

The intensities of 561 independent reflections for compound III and iiii independent re- 
flection for compound VI were measured on a Syntax P2~ diffractometer (CuK a irradiation, 
graphite monochromator) using 0/20 scan method up to 2ema x = 150 ~ . The structures were solved 
by direct methods using a MULTAN system XTL program and were refined by the method of least 
squaresusing full matrix anisotropic approximations for the nonhydrogen atoms and isotropic 
parameters for the hydrogen atoms; the positions of the hydrogen atoms were obtained by dif- 
ference (Fourier) synthesis. The final R factors were 0.034 for ili and 0.047 for VI. The 
atomic coordinates of the nonhydrogen atoms in compounds III and VI are given in Table 2. 
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NEW EXAMPLES OF THE VINYLATION OF NH-HETEROCYCLES WITH ACETYLENE 

AT ATMOSPHERIC PRESSURE IN THE KOH--DMSO SYSTEM 
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Vinylation of 2-hetarylpyrroles, 4,5-dihydrobenzo[g]indole, and 1,2,3,4-tetrahy- 
dro-y-carbinols at atmospheric pressure in the superbasic system KOH--DMSO at I00- 
120~ has given the corresponding N-vinyl derivatives in yields of 92-99%. 

Until recently, the N-vinylation of heterocycles with acetylene was carried out under a 
pressure of 20-40 atm at 160-200~ In view of the explosive hazards of this reaction, its 
preparative use was extremely limited, and this has substantially retarded the development r 
the chemistry of N-vinylheterocycles. 

It has recently been shown that the superbasic KOH--DMSO catalytic system enables the 
vinylation of alkyl- and arylpyrroles to be carried out at atmospheric pressure and tempera- 
tures as low as 100-120 ~ (see [i] and the citations therein). 

The object of this investigation was to assess to what extent this novel method was suit- 
able for the synthesis of N-vinyl derivatives of other heterocycles. 

The subjects chosen for study were the 2-hetarylpyrroles Ia, b, 4,5-dihydrobenzo[g]indole 
(III), and the 1,2,3,4-tetrahydro-y-carbinols Va,b, 2-phenylpyrrole (Ic) being taken for com- 
parison with the corresponding 2-furyl- (Ia) and 2-thienyl- (Ib) pyrroles. 

R2 Me ~ f - - ~ H  Me 

. . ..... , // Me 

I "N " X_~-~/ N 

' l-lla-c R III,IV 
V-VIs, b 

la--c, III R=H, II~--c, IV R=CH=CH2; I, II a X=O, b X=S, e X=CH=CH; V~,b 
RJ=H, Vh,  bR~=CH=CH~; V, Via  R2=H, bR2=Me 

The reaction was carried out in a glass flask with a stirrer. Acetylene was passed into 
the reaction mixture at atmospheric pressure. When vinylating the 2-hetarylpyrroles Ia,b and 
2-phenylpyrrole Ic, a fivefold exceys of KOH was employed. The progress of the reaction was 
followed by GC. Chromatographically pure N-vinylpyrroles IIa,b were obtained by a single 
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