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ABSTRACT

The conformational p-operties of I,1'-carbonyibisaziridine (2} bave been studied by
MNDO czlculations. A structure witk C.-symmmety has been found as the most stab’e con-
former. {0, -structures correspond to conformers of higher energy. The X-ray swructure
enzlysis confirmed the theoreticat resnlts. The following structural parameters have been
found: C=0 1 221(2}, C—N 1 389(*), N—C{ring) 1.455(2) and 1.460(2),C—C 1.£85(2)4,
O—C—N 123.5(1), C—N—C(ring} 120.2(1} and 121 6(1)°, torsional angle w = 83 8{1).
Substituert eifects on the structure of the 1ziridine ring are iscussed

INTRODUCTION

The bonding system of vurea and 1ts simple derivatives, O=C{NK,)., may be
described as an acceptor {C=0) bound to two dono groups (NR;). Whule the
parent cormmpound, urea, O=C(NH;),, is planar in the crysualline state [2], the
molecule probably has a nonplanar structure in the gas phase [3]. Although
NE.-groups shew an enhanced donor capacity, a nonplanar structure can be
expected for tetraalkyl denvatives due o steric repulsion of the substituents.
Accordingly, an electron diffraction analysis of tetzamethylurea (1) revealed
a suructure of C;-symmetry with pyramdal amine groups [4].-

Vibrational spectroscopy combined with a normal coordinate analysis led

*Author to whom coxespondence should be addressed.
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Spell znd Laane tc suggest Cro-structure 2a for 1,1 carbonyl-bisaziridine (2)
i£1, Although the relative low donor capacity of the aziridine ring is well
known [B1, a structure such as 2a with complately removed r/r-conjugation
-s unlikely. Therafore, we stndied the conformational properties of 2 by
TLUNDO [?7] ealculaticns and determined the molecular ssructure by X-ray
ditiraction.

EXPERIMENTAL

General

The H-NMR spectrum was run on a Hitachi/Perkmn-Elmer R24 spacirom-
eter with tetramethylsilane as internal standard. For the mass gpectrum a
Fimgan MAT312 was usad. The elemental analysis was carried out on a
Heraeus EA301 C,d N-analyzer. The melting point is uncorrected.

Synthesis of 2

17.0 g (172 mmol) phosgene in 150 ml abs. toluene ara added dropwise to
a stirred solution of 12.0 g (372 mmol) aziridine and 86.5 g (800 mmol) tri-
ethylamime 1n 150 ml abs.-faluenie. The temperature of the solunion is main-
tained below —5°C. After stitring for an additional 3 b at rcomr temperature,
the solution is Niltered and distilled under reduced pressure. Yield 13.1 g {68%)
M p. (from n-pentane) 39—40°C (lit. [8] 39—41°C). Found: C 53.48, H 7.09,
N 25.10%, cale for CsHzIN.O" € 53.56, H 7.19, ¥ 24 §3% *H-NMR (CLCCly):
5§ =23 ppms MS:m/z=112, 70, 6, 42,

X-ray structure anelysis™

Due to the low melting point of 2, the X-ray analysis was executed at 2
temperature of —103°C. The crystals have monochnic symmetry and belong
to space group C2/c. A crystal of 2, with the dimensions 0.51 X 0.44 X
0.40 mm, sealed in a glass capillary, was measured cor a Syatex four-circle
diffractometer using graphite monochromized MO-K_, radiwation Twenty re-
flections have been mdexed by an autoindexing methed using the Nicolet-
P3-program. Umt cell dimensions: ¢ = 8285(2)Y &, b = 11.14B(4) A, ¢ =
6.L66(2) A, a=7=90% 8=114.54(3)°. Volume of the un:t cell- 576.9{4) 43,
D . =113gcm>,Z=4.

A set of 660 independent reflections has been collected by the 28:w scan
method, 20n.; = 55°, with variable scan speeds of which 585 were ireated as
chserved (Fy = 35 X o(F,)). The coordinates of 211 non-hydrogen atoms
were determined by direct methods and refined using the SHELXTL pro-
gram system [9] on a NCVA 3712 (Data General} computer. The positions

*Additional material to this pager can be ordered =t the Fachinformationszentrum
Energie-Physik-Mathematik, D-7514 Eggenstein-Leopoldshafen 2, F.R G. Please autote
reference No. CS5D-514%0, the names of the autkors and the title of the pagper.
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of the kydrogen atoms were obtained from a difference Fourier synthesis and
refined with isoiropic temperature factors.

The refinement converged to 8 = 0.036, B, = 0.044, ;' =*(F) + 2.6 X
10 X FZ, The final electron density difference map showed no peaks higher
than 0.85 ¢ A3

MNDO CATCULATIONS

Besides 2a a second cenformation of C,,-symmetry 1s possible, all atoms
except hydrogen atoms being coplanar (2b) In addition two conformations
with pyramidal N-atoms must be congidered: 2¢ has ;- and 2d has C-sym-
metry. The conformations can be characternzed by the angle ¢ giving the tor-
sion of the aziridine rings versus the C=0-bond (Fig. 1). 2a has oz = 0%, in 2¢ ¢
should be close to ~90° and in 2d close to 290°.

The calculated heats of formation for 2a to 2d are summarized i Table 1,
The values refer to structures with completely optimized geometric param-
eters.

Structural parameters calculated for 2c¢ are given in Table 2. The data indi-
cate 2a being the less stable one of the conformations studied. Its energy
excesds 2h, the seconcé conformer of C,,.-symmetry, by 15 kesl mol™. The
conformers of lower symmetry, 2c wnd 2d. have a pronounced higher sta-
budity than 2a and 2b. This is why 2 shculd have lower symmeiry than .,
in contradiction to the previously assumed one [5]. 2c is more stable than
2d by 3.5 kca! mol?, in conjunction with the higher dipole moment and
stronger stenc interacticns mn the C-form Indicated by the MNDO resulis,

gj

Fig. 1 Lefinition of the tormonal angle ;0f 2

TASLE 1

Heats of {fomnaticn a My (keal mol™) and d:peole momenis p (D) of severa! conformations
of 2 calculated by the MNDO method

Coniormer AHy I

2a 4522 3.24
2b 3297 424
2¢ 20680 2.73

2d 24 31 £ 01
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2 _hould preifer a strizcture with high n/r<onjugation which do=ss not differ
substantially from 1. The photos=lscizon spectra of 1 and 2 {10] are in agree-
m ant wath these assumptions.

K-RAY STRUCTURE ANAL VSIS

The bond lengths and angles are given 1n Table 2, the atomic coordinates
are histed in Table 8, The numbering of the atoms is as shown in Fig. 2,

With regard to conformaiion the MNDO resulis are confitmed by the
X-ray analysis: the molecules possess conformation 2c slso in the crystalline
state. The con.ormationzl angle y is 83.8°. The experimenial bond lengths of
the heavy atoms are 1n agreement with the calculated ones within 0.03 A.
However, it should be notea ithat the summarized MNDO bond lengths are
longer than those derived from the X-ray study. Concernirg bond angles, the
differences are 0.6° for O—C—N and zbout 8° for the C—N—C(ring)-angles.
The tozsional angles O—C—N—C({ring) differ by approximateiy 1 and 5°.

TABLE 2

Bond lengths (A) and angles ) of 2 determined by MNDO calcuiations and by X-ray
analysis

Pararmeter X-ray* MNDO
Bord iengths

O(1rC(1) 1211(2) i225
C(1yrNN(1) 1.389%(1) 1.422
N(1)YC(2) 1 260(2) 1.477
N{1}y—C(3) 1.455(2) 1.477
C(2)C(3) 1.485(2) 1.319
C(2y-H(2a) 0.96%(16) 11901
C{2}Y—H(2b) 0.975(15) 1101
C{3)—H(32) 0 937(17) 1,100
C{3)—H(30b) 0.232(13) 1.301
Angles

O(1)—C{1>—N(1) 123.5(1) 122.9
CAF-NAYC(2) 121.8(1) 1272
C(1rN(1Y—C() 120.2{1) 126.4
C(2—N(1)—C(3) 61.2(1) 1.5
N1 —C(1y—N{(19) 11-0(1) 1i2 2
N{(1yC(2Y-H(2=) 115.5{11) 1201
N{1)YyC{2}y-H(2h) 113 8(11) 115.1
N(1)yC(3y—H(33) 112.4{13) 1208
N(1)C{3)—H(3b) 115.4(11) 115.0
H(Za)yC(2)—H(2b) 118.8(12) 33112
H({3a)C{2)—H{3b) 113.6(15) 111.0
C{1)—C{1)y—N(1—C(2) 120.2(1) 121.1
O(1)—C{1)y—N(1)—C(3) AT7.4(1) 43132

v 33 B(1) 8212

*Standard deviations are giveb in parentheses.



TABLE 3

Frzetional coordinates of 22

x/o ¥/b z/z

0(1) 0 0.5554(1) 0.25

C{1) 0 0 2468(2) 0.25

N(i) 0 8565(1) 0.3780{1) 0 1639(2)
c(2) 0.8002{2) 0 2532(1) 0.2947(2;
(5} 0.686372) 0.2053(2) 0.2149(3)
H(Za) 06.7500(23 0.2181(15) 0.225B(25)
H(2b) 0.8837(24) 0.2826(13) 0.4450(26)
H(3a) 0.5883(27 0 4028(14) 2.0942(31)
H(3hb) 0,7169(21) D 1899(186} 0.3202(26)

28tandard deviations are piven in pzrenthesss
ol

E{Ja)

Fig 2

DISCUSSION

It i appropriate to compare the structure parameters of 2 with those of
similar molecules, especially with 1. Since most data to be cited here ars
from electron diffraction or microwave spectroscapy, certain deviations in
the siructure parameters are due to different states of the compounds and
rosthodical effects The C=0 bond in 2 (1.211 A) is shorter than in 1 [4]
(1.240 1) and in N-zcetylazaridine [11] (3, 1.226 A). The same holds for the
C—N bonds between carbony! and amino groups: the corresponding values
for 1, 2 and 2 are 1.397, 1.382, and 1.446 A. The C—N bond lengths in the
azwridine nings of 2 (1.455 and 1.4860 A) are niearly the same as in the dr-
methyiaming grovps of 1 {1.461 A), but should be better compered with
that on= in the three membered rings of 3 {1.485 A), azridine {12] (1.435 A)
or 1,1hisanridine [13] (4, 1.457 &)

The ring C—C bond distance of 2 {1.485 A) is in the same range with the
corresponding values of 3, 4 and azirid:ae: 1.484, 1.500 ané 1 481 A Asa
final example meso-1,4-dizziridinyl-2,3-butarediol {14] (5) is quoted. In an
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X-ray analyss the following bond distances of the aziridine rings have been
found: C—N 1.500 ang 1.510 3, C—C 1.463 A.

There seems to be a correlation of the structural parameters of substituted
azimidines with the elecironic properties of the subhsfituents similar to the
cyclopropane ring {15, 16] . Due to interaction between the Walsh 32"-orbital
of the cyclopropane ring and the n¥-orbital of a substituent, the C(2)—C(3)
bond 15 :shortened and the C(1Yy—C(2) as well as the C(1)—C{3) bond 1s
lengthened. The above-mentioned bond lengths seem to indicate a similar
trend for N-substituted aziridines This becomss guite evident, when the
data of 2 and 5 are compared with those of unsubstituted aziridine, although
the conformation of 2 favours interachion of the double bond with the mtro-
gen electron lone pawr instead of the Walsh orbital [17].
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