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The Structure of N-[3-Phenyl-5-(1,2,3,4-oxatriazolio) ]-
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The crystal and molecular structure of the
meso-ionic title compound, C,;H,,N,0, have
been determined by X-ray methods using 2667
reflections above background level collected by
counter methods at 105 K. The crystals are
monoclinic, space group P2,/c, with cell di-
mensions: 2=5.233(2) A; 5=18.846(6) A;
c=11.643(2) A, p=105.71°(2), with 4 molecules
per unit cell. The structure model was refined
to an R-factor of 0.047. In order to reduce the
influence of the valence electrons all reflections
with sin 6/A< 0.5 A~ were excluded in the last
stages of the refinement procedure (leaving 1658
F,’s, R=0.058). The central five-membered ring
is found to be planar and the bond lengths
within this ring indicate a resonance stabilized
system, as has been found for sydnones. The
planes of the two benzene rings are tilted 11.7
and 8.0°, respectively, with respect to the plane
of the central oxatriazolio-ring.

meso-Tonic structures have recently attracted
considerable interest because of their marked
pharmacological activity associated with certain
members of this group of organic compounds.
Among these compounds 0-3-alkyl-5-(1,2,3,4-
oxatriazolio)oxides have been shown to exhibit
& marked hypotensive effect.? Molecular orbital
calculations have been performed on the latter
systems and a successful correlation between the
predicted charge densities in these compounds
and the isoelectronic sydnones, and their hypo-
tensive potency has been obtained.?

Several structure investigations of sydnones
have been reported.»® These five-membered
rings are found to be planar with bond lengths
indicating a conjugated system, except for the
relatively long intraring CO distance (1.40—1.42
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A). Hope and Thiessen * have therefore proposed
I as the best single formula representation of a
sydnone. This structure is in agreement with
experimental evidence that the sydnone ring is
aromatic and emphasize that the exocyclic
C—O bond is of normal double bond length,
whereas representation II °® reflects the low bond
order found for this bond by molecular orbital
calculations using a normal o-skeleton (see Ref.
2 and references therein).

The related 3-substituted N-[5-(1,2,3,4-0xa-
triazolio)]Jamides have attracted less interest,
undoubtedly because until recently only one
example of this class of compounds was recorded
under this formula in the literature. However, it
has been shown that a compound isolated by
Busch and Becker ® in 1896 and analogous com-
pounds isolated by Busch and Schmidt ? in 1929
first described as “‘isotetrazolon” and later as
“azo-1,3-endoxy-hydrazomethylen” are 3-sub-
stituted N-[5-(1,2,3,4-oxatriazolio)]amides. As
a synthetic method for these compounds is now
available * a systematic investigation of the
structural, pharmacological, and physico-chem-
ical properties of these compounds may be
carried out.

In order to establish the constitution rigor-
ously and to investigate the geometry of this
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meso-ionic system a crystal structure investiga-
tion was undertaken. It is of interest to see if
this five-membered ring system has the same
structural properties as the sydnones and to get
evidence about the ‘“‘best” structural formula
representation. These structural parameters
may be helpful in the investigations of other
properties of this class of compounds.

EXPERIMENTAL

The title compound ® was recrystallized by
very slow cooling of a saturated (at boiling
point) solution in benzene:cyclo-hexane 1:2 to

0,

Oscillation, Weissenberg and precession
photographs indicated monoclinic symmetry;
all reflections (A0!) for ! odd and (0%0) for k£ odd,
were systematically absent. This uniquely
defines the space group as P2,/c. _

A computer-controlled Syntex-P1 four-circle
diffractometer with graphite-monochromatized
MoK radiation and equipped with an Enraf-
Nonius liquid nitrogen cooling device (modified
by H. Hope) was utilized for preliminary ex-
periments and for the measurement of diffrac-
tion intensities. The work was carried out using
a crystal of dimensions 0.53 X 0.18x 0.10 mm.
Unit cell parameters were determined by a
least-squares treatment of the angular coordi-
nates of fifteen symmetri-independent reflec-
tions with 20-values from 30 to 40°. The tem-
perature at crystal site was 105 K.

Three-dimensional intensity data were re-
corded using the ®w—20 scanning mode with
scan speed variable from 2 to 12° min™!, depend-
ing on the peak intensity of the reflections.
Background counting time was equal to 0.7 X
scan time. Reflections with 26-values larger than
50° which had integrated counts of less than 8
cps, determined in a 2 s scan over the reflection,
were not measured. The variations in the
intensities of three standard reflections which
were remeasured after every hundred reflections
were random and less than three times their
standard deviations. Accordingly no corrections
were applied for these variations.

The estimated standard deviations were taken
as the square root of the total counts with a
2 % addition for experimental uncertainties. Of
the 3196 symmetry-independent reflections
measured (20,,,=2380°), 2667 had intensities
larger than twice their standard deviations.
These were regarded as “‘observed” reflections,
and the remaining reflections were excluded
from further calculations. The intensities were
corrected for Lorentz and polarization effects.
The computer program used, as well as programs
subsequently employed, is part of a local
assembly of computer programs for CYBER-74
and is described in Ref. 10.

The atomic scattering factors used were those
of Doyle and Turner ! for carbon, oxygen and
nitrogen, and of Stewart et al.** for hydrogen.

CRYSTAL DATA

N-[3-Phenyl-5-(1,2,3,4-oxatriazolio) Jphenyl-
amide, C,;H,N,O, monoclinic. Cell dimensions
at 105 K:

a=15.233(.002) A; b=18.846(.006) A;
c=11.643(.002) &; p=105.71(.02)°.

Figures in parentheses are estimated standard
deviations.

V=1105.2 A3, M —238.2 amu; Z—4;

D 1o=1.431 g/em®; F(000)=496.

Absent reflections: (h0l) for I odd; (0k0) for k&
odd; space group P2,/c.

STRUCTURE DETERMINATION AND
REFINEMENTS

The phase problem was solved by a computer
procedure ** based on direct methods utilizing
tangent refinement.

The structure model was refined to a con-
ventional R of 0.11. At this point the hydrogen

1397(3)

Fig. 1. Bond lengths (A) with estimated stand-
ard deviations (A X 10® in parentheses), and
bond angles (°). E.s.d.’s in bond angles are 0.2°.
Structure model obtained using high-angle data
only in the refinement.
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Structure of C,,H; N,0
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Table 2. Fractional atomic coordinates (X 10%)

and isotropic thermal parameters with esti-

mated standard deviations for hydrogen atoms.

(I:llesults from the refinement using all observed
ata.

Atom =« y z B
H19 643(4)  868(1)  987(2) 2.6(5)
H20 1012(4)  805(1) 1105(2) 2.4(4)
H21 1292(4)  741(1) 1018(2) 2.1(4)
H22 1218(4)  742(1)  810(2) 2.1(4)
H23 843(4)  802(1)  690(2) 2.7(5)
H24  —254(4) 1058(1)  877(2) 2.3(4)
H25  —614(4) 1136(1)  799(2) 2.4(4)
H26  —762(4) 1160(1)  598(2) 1.9(4)
H27  —533(4) 1109(1)  467(2) 2.5(4)
H28  —163(4) 1033(1)  544(2) 2.3(4)

atoms were placed in calculated positions and
anisotropic thermal parameters for all nonhy-

drogen atoms were introduced. Full-matrix
least-squares refinement of all positional param-
eters, anisotropic thermal parameters for non-
hydrogen atoms and isotropic thermal param-
eters for hydrogen atoms using all observed
reflections converged to a weighted Ry, of 0.047
and a conventional R of 0.054.

Earlier structure determinations 4-'* have
indicated that structural parameters found for
molecular systems like the present one are
significantly influenced by the asphericity of the
valence electron densities. By a systematic
variation of the lower sin 6/4 cutoff for reflec-
tions used in the refinement, it was found that
this asphericity had little or no effect when all
reflections with sin 6/4 < 0.5 were excluded from
the refinements. This is in agreement with
earlier results.!!” Least-squares refinement of
all parameters (s) involving non-hydrogen atoms
using the 1658 observed reflections (m) with
sin 6/A> 0.5 resulted in a conventional R of
0.058, an Ry of 0.055, and an R-factor for the
total data set of 0.063. The ‘“‘goodness of fit”
{ISw(F,—|F )2/ (m—s)}) is 1.20. Atomic
parameters for non-hydrogen atoms, obtained
in this refinement are listed in Table 1, and
parameters for hydrogen atoms, from the refine-
ment using all observed reflections, are given in
Table 2. A listing of observed and calculated
structure factors is available from the authors
upon request.*

* Also available from Department of Chemistry,
University of Oslo, Oslo 3, Norway.

Standard deviations in molecular parameters
were calculated from the correlation matrix
ignoring standard deviations in cell parameters.

The r.m.s. difference between the observed
Uji’s and those calculated from the “rigid body”’
model * is 0.0014 A2, However, the corrections
in atomic positional parameter for the libratio-
nal motion are extremely small, giving maxi-
mum corrections in bond lengths of 0.001 A;
these corrections are, therefore, not included.

Table 3. Deviations (A x 10%) from least-squares
planes through the three ring systems. The
deviations for those atoms used to define the
plane are given in italicized figures.

Deviations (A x 10?)

Atom Plane A Plane B Plane C
01 5 —291

N2 —5 —262
N3 2 —9
N4 2 —103 197
N& —34 —1

Cé —6 —115

c7 —25 2

C8 -3

Cc9 1

C10 3

Cl11 —4

C12 2

C13 —28 1
Cl4 4
Cl15 —6
Cl6 3
C17 2
C18 -3

Angle between plane A and plane B: 8.0°
Angle between plane A and plane C: 11.7°

Table 4. Selected dihedral angles (°) with
estimated standard deviations. The angles are
positive in a right-hand screw.

Dihedral angle °)

C7—N5—C6—01 1.6(4)
C7—N5—C6—N4 —179.2(2)
C6—-N5—C7—C8 5.8(4)
C6—N5—-C7—Cl12 —173.8(2)
N4—-N3—-C13—C18 —11.3(3)
N2—-N3—-C13—-Cl4 —12.6(3)
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DISCUSSION

Bond lengths and bond angles are given in
Fig. 1, where the numbering of the atoms is
indicated. Deviations from least-squares planes
through the three rings are listed in Table 3 and
some selected dihedral angles in Table 4.

The central oxatriazolio ring is planar while
the two atoms (N5 and C7) bonded to this ring
deviate significantly from the least-squares
plane through the five ring atoms. The planes
of the two phenyl groups are twisted only 8.0°
(C7—C12) and 11.7° (C13—C18) with respect to
the central ring. However, the two bonds
C7—Nb5 and C13—N3 which connect the two
phenyl groups with the central meso-ionic sys-
tem are relatively long (1.402 A and 1.437 A,
respectively) and may indicate that there is
only a small, if any, coupling between the
conjugation in the two phenyl rings and in the
central ring system. Furthermore there is the
“pure’” C6—N5 double bond.

The N—N, N—C, and N—O bonds in the
central ring indicate a conjugated system. They
may be compared with the N—N bond in
pyridazine (1.330 A)1® and s-tetrazine (1.321
A),” the C—N bonds in a series of 3,6-pyridazin-
diones 14-16:% (1.345—1.374 A), and the N—O
bond in 1,2,5-oxadiazole (1.380 A).2 However,
the C—O bond of 1.415 A is very much longer
than that in furan?® (1.36 A), while the exo-
cyclic C=N distance (1.271 A) is close to the
pure C—N double bond of 1.278 A.# A similar
situation is found for the sydnones *»* and in
these compounds are the exocyclic /C—C—0O
opened to about 135—137°. An opening of the
corresponding / N4—C6—N5 is not found in the
present oxatriazolio-amide. The /01—-C6—N5
and the / N4—C6—Nb5 are almost equal (126.9
and 125.8°, respectively). Further, the angles
in the central ring deviate significantly from the
corresponding angles in the sydnones,* e.g.
the angle at Ol is 108° while it is 111° in the
latter structures.

Although the angles around C6 are not
distorted in the same manner as in sydnones,
the long O1—C6 distance and the pure N5=C6
double bond imply an electronic structure close
to that of the sydnones. The ‘best” single
formula representation of the oxatriazolioamide
system is probably IIT in agreement to that
proposed for sydnones * (I). This representation
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is only meant to emphasize that the C=N bond
is of normal double bond length. A formula
representation similar to II will be in sharp
contradiction to this observation. ‘

As was pointed out by Hope and Thiessen,*
a literal interpretation of this formula (III) will
give a net positive charge of 0.8 e on N3 and
an equal negative charge distributed over the
other ring atoms.
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Fig. 2. The crystal structure as seen along the
a-axis.
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The C7—C12 phenyl ring has a mean bond
length of 1.399 A with an r.m.s. deviation of
0.009 A. The two bonds C7—C8 and C7—C12
are slightly longer than this (1.407 and 1.415
A, respectively) and may indicate a distortion
around C7 caused by the amide group. The
opening of /N5—C7—C8 to 126.6° is probably
caused by repulsion between the hydrogen
bonded to C8 (H19) and O1. The other phenyl
ring is normal, mean bond length 1.395 A with
an r.m.s. deviation of 0.004 A.

A view of the molecular packing in the
crystal is given in Fig. 2. The packing is
dominated by van der Waals forces with many
short intermolecular contacts.
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