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Structures of the Isomeric Triazene 1-Oxides 3-(4-Ethoxycarbonylphenyl)-1-
methyltriazene 1-Oxide (1) and 3-(2-Ethoxycarbonylphenyl)-1-methyltriazene
1-Oxide (2)
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Abstract.  3-(4-Ethoxycarbonylphenyl)-1-methyltri-
azene l-oxide (1), C,oH3N;05;, M, =223.2, mono-
clinic, P2,/¢c, a=5.5055(13), b=25.2007 (25), ¢ =
8.1241 (19) A, B =100.434 (11)°, ¥ =1108.5 A%, Z =
4, D,=134gcm 3 A(Mo Ka)=0.70926 A, u =
09cm™', F000)=472, T=290K, R=0.044 for
1080 unique observed reflections. 3-(2-Ethoxy-
carbonylphenyl)-1-methyltriazene 1-oxide ),
CoH3N;0;, M, =223.2, monoclinic, P2,/¢c, a=
12963 (9), 5=8.1716(8), c=11212(DHA, B=
110.85(3)°, V=11099 A% Z=4, D,=134gcm ™3,
A(Mo Ka)=0.70926 A, x = 0.9 cm ™', F(000) = 472,
T=290K, R=0.070 for 1192 unique observed
reflections. Both structures adopt the N-oxide tauto-
meric form which is in agreement with spectroscopic
evidence and previously reported crystal structures of
3-(4-carbamoylphenyl)triazene 1-oxides.

Introduction. 3-Aryl-1-alkyltriazene 1-oxides (Ia) are
commonly synthesized by the reaction of an aryldia-
zonium salt with N-methylhydroxylamine (Miesel,
1976) and were originally described as 1-aryl-3-
hydroxy-3-methyltriazenes (15).

H
Ar—NiN:ﬁ<0 Ar—N=N—NioH
R
(Ia) (15)

Infrared (Mitsuhashi, Osamura & Shimamura,
1965) and 'H and '*C NMR data (Giumanini, Las-
siani, Nisi, Petric & Stanovnik, 1983) suggested that
the structure is better described as the 3-aryl-1-
methyltriazene 1-oxide (Ia). The 1l-oxide structure
has been established exclusively by the X-ray
structure of 3-(4-carbamoylphenyl)-1-methyltriazene
l-oxide (Kuroda & Wilman, 1985) and several 3-
aryl-1-aryltriazene 1-oxides (Samanta, De, Sarkar,
Saha & Talapatra, 1985).

Additional interest in these triazene 1-oxides stems
from their observed antitumour activity against the

* Author to whom correspondence should be addressed.
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TLXS lymphoma and the AdjPC6/A plasmacytoma
(Wilman, 1985) and the suggestion that a triazene
1-oxide may be implicated in the metabolism of the
antitumour 1-aryl-3,3-dimethyltriazenes (Vaughan &
Wilman, 1991).

The tautomerism of (Ie) and (Ib) bears some
resemblance to the tautomerism exhibited by 1-aryl-
3-methyltriazenes (‘monomethyltriazenes’). ArN=—
NNHRSArNHN=NR. The monomethyltriazene
tautomerism has been shown to be strongly influ-
enced by the presence of electron-withdrawing
groups in the ortho and para positions of the aryl
group (Hooper & Vaughan, 1981; Vaughan, 1977).
Accordingly we have undertaken to investigate the
structures of some triazene 1-oxides with substituent
variation in the aryl group, and in this paper we
report a comparison of the structures of the isomers
3-(4-ethoxycarbonylphenyl)-1-methyltriazene 1-oxide
(1) and 3-(2-ethoxycarbonylphenyl)-1-methyltriazene
1-oxide (2).

0\ H
\c@-N +/o
/ “N=N
CHg—O NeH
1 0]

Experimental. Compounds (1) and (2) were synthe-
sized by coupling the appropriate aryldiazonium salt
with N-methylhydroxylamine, according to the
method of Miesel (1976): (1) 80% yield, m.p. 422—
425 K (from ethyl acetate); (2) 56% yield, m.p. 394—
395 K (from toluene). NMR and IR spectra and
elemental analysis (C,H,N) confirmed the assigned
structures.

Single crystals of (1) and (2) were independently
mounted and sealed in separate glass capillaries and
were then optically centred in the X-ray beam on an
Enraf-Nonius CAD-4 automated diffractometer.
The structures were solved by direct methods and
refined using full-matrix least-squares techniques.
Ring H atoms and methylene H atoms were placed
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Table 1. Summary of intensity-data collection and
structure refinement

M ()
Colour Yellow Yellow
Maximum crystal dimensions (mm) 0.15 x 0.30 x 0.60 0.65 x 0.72 x 1.35
Scan type w/28 /20
Radiation Mo Ka Mo Ka
Scan width (°) 0.80 + 0.35tané 090 + 0.35tané
Transmission range 0.816, 0.977 0.579, 0.977
Decay of standards (%) +2 *2
No. of reflections used for 24 24

unit-cell determination*

No. of reflections measured 1611 1513
26 range (°) 2-45 2-45

Range of h, k, 1

—-5,5,0,27; 0,8
No. of unique reflections 1445

—13,13; 0,8; 0,12
1440

No. of reflections observedt 1080 1192
Computer programs} NRCVAXY NRCVAX§
Structure solution Direct Direct
No. of parameters 149 149
Weight modifier, & 0.00001 0.00002
GOF 3.87 8.58

R 0.044 0.070
wR 0.043 0.083
Final difference map maximum (e A~?) 0.13 0.38
Maximum &/o 0.000 0.000

* Least-squares refinement of [(sind)/A]? for 24 reflections with 6 > 18° for
(1) and 6 > 14.5° for (2).

t1>250() for (1) and I>3.00(/) for (2). Corrections: Lorentz—
polarization and absorption (empirical ¢ scan).

} Neutral scattering factors and anomalous-dispersion corrections from
International Tables for X-ray Crystallography (1974, Vol. IV).

§ An interactive program system for structure analysis (Gabe, Le Page,
Charland, Lee & White, 1989).

in calculated positions (C—H = 1.08 A) and assigned
isotropic temperature factors equivalent to those cal-
culated for the C atom to which they are bonded.
Methyl H atoms and the H atom bonded to the N
atom were located via inspection of difference Fou-
rier maps and were fixed to the attached C atoms.
Only the H atoms bonded to N atoms were sub-
sequently refined. Final values of R and wR [w™' =
o’(F,)) + kF,»)] are given with other pertinent data-
collection and structure-refinement parameters in
Table 1.* Final fractional coordinates and equivalent
isotropic thermal parameters for non-H atoms are
given in Table 2 for (1) and (2).

Discussion. The molecular structure of (1) is shown
in Fig. 1, that of (2) in Fig. 2. Table 3 lists molecular
geometry for (1) and (2). The results show that both
molecules adopt the N-oxide tautomeric form (Ia) in
agreement with the spectroscopic evidence and the
previously reported crystal structures of similar com-
pounds. In both molecules, the N(2y—N(3) bond is
shorter than the N(1)—N(2) bond by ca 0.08 A.
The structure of compound (1), illustrated by an
ORTEP (Johnson, 1965) view in Fig. 1, shows that
the four atoms of the triazene N-oxide group, N(1)—

* Lists of structure factors, anisotropic thermal parameters,
H-atom parameters, complete geometry and least-squares planes
have been deposited with the British Library Document Supply
Centre as Supplementary Publication No. SUP 55305 (24 pp.).
Copies may be obtained through The Technical Editor, Interna-
tional Union of Crystallography, 5 Abbey Square, Chester CH1
2HU, England. [CIF reference: BR0018]
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Table 2. Atomic parameters and equivalent isotropic
thermal parameters (A?) for (1) and (2)

B.,is the mean of the principal axes of the thermal ellipsoid.

x y z By
()
o(1) 0.8705 (4) 0.85919 (9) 1.7009 3) 4.70 (13)
o@) 11266 (4) 0.81044 (9) 1.5749 (3) 4.64 (12)
o0 0.3164 (4) 0.94548 (9) 0.6393 (3) 5.16 (12)
N(I) 0.5085 (5) 0.91827 (1) 0.9296 (3) 391 (15)
N@) 0.2988 (5) 0.94732 (10) 0.9143 (3) 3.66 (13)
N@3) 0.2159 (5) 0.95955 (10) 0.7617 (3) 3.56 (13)
C(1) 0.6133 (6) 0.90004 (12) 1.0883 (4) 3.30 (15)
C(2) 0.5079 (6) 0.91192 (12) 1.2270 (4) 3.78 (16)
cE) 0.6180 (6) 0.89372 (13) 13832 (4) 3.82 (16)
C4) 0.8328 (6) 0.86365 (12) 1.4042 (4) 3.20 (15)
C(5) 0.9361 (6) 0.85196 (12) 1.2643 (4) 3.50 (15)
C(6) 0.8284 (6) 0.87000 (13) 1.1068 (4) 3.64 (15)
C(7) 0.9410 (6) 0.84557 (13) 1.5742 (4) 3.76 (17)
C(8) 1.2418 (7) 0.79028 (13) 1.7382 (4) 5.18 (19)
(%) 1.4411 (6) 0.75254 (16) 1.7085 (5) 6.10 (21)
C(10) —0.0118 (6) 0.99109 (13) 0.7298 (4) 3.95 (16)
@
o(l) 0.2219 3) 0.2816 (4) 0.0465 (3) 4.84 (18)
o) 0.12564 (23) 0.4226 (3) 0.1419 3) 430 (16)
03) 0.3886 (3) 0.1864 (4) -0.1478 (3) 5.62 21)
N(1) 0.3304 (3) 0.4431 (4) —0.0754 (3) 4.08 (20)
N@©2) 0.3930 (3) 0.4598 (4) —0.1478 (3) 3.78 (19)
NG) 04181 (3) 0.3233 (4) ~0.1811 (3) 3.68 (19)
c() 0.2932 (3) 0.5882 (5) —-0.0325 (4) 3.17 (20)
C(Q2) 0.2271 (3) 0.5752 (5) 0.0424 (4) 3.20 (21)
C@3) 0.1930 (4) 0.7150 (5) 0.0858 (4) 4.07 (23)
C4) 0.2203 (4) 0.8699 (5) 0.0531 (4) 4.47 (25)
C(5) 0.2839 (4) 0.8809 (5) —0.0235 (4) 4.6 (3)
C(6) 0.3200 (4) 0.7401 (6) —0.0654 (4) 4.34 (25)
< 0.1939 (3) 0.4104 (5) 00757 (4) 3.39 (22)
C@®) 0.0889 (3) 0.2737 (6) 0.1780 (4) 4.68 (24)
C©¥) 0.0202 (4) 0.3162 (6) 0.2548 (5) 533
C(10) 0.4831 (4) 0.3271 (5) —0.2632 (4) 4.29 (24)

Fig. 1. Plan view of 3-(4-ethoxycarbonylphenyl)-1-methyltriazene
1-oxide (1).

Fig. 2. Plan view of 3-(2-ethoxycarbonylphenyl)-1-methyltriazene
1-oxide (2).

N(2)—N(3)—0(3), are closely planar (y* = 3.2, max-
imum deviation = 0.004 A). The average plane of the
group forms a dihedral angle of 2.58° with the
phenyl ring. Kuroda & Wilman (1985) attributed this
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Table 3. Interatomic distances (A) and angles (°) for

(1) and (2)
(1) (@]

o(1)—C(7) 1213 (4) 1.196 (5)
0(2)—C(7) 1.351 (4) 1.346 (4)
0(2)—C(8) 1.454 (4) 1.417 (5)
0(3)—N(3) 1272 (3) 1.280 (5)
N(1)—N(2) 1.354 (4) 1.344 (4)
N(1)—C(1) 1.391 (4) 1.426 (5)
N@2)—N(@3) 1.279 (4) 1.255 (5)
N@3)—C(10) 1.467 (4) 1.453 (5
C(1)—CQ) 1.390 (4) 1.402 (5)
C(1)—C(6) 1.390 (4) 1.374 (6)
C(2—C@3) 1.382 (4) 1.375 (6)
C(3—C(4) 1.389 (4) 1.398 (6)
C(4)—C(5) 1.392 (4) 1.390 (6)
C@)y—C(7) 1474 (4) -
CQ—C(7) - 1.500 (5)
C(5)—C(6) 1.386 (4) 1.385 (6)
C(’8)—C(9) 1.504 (5) 1.484 (6)
N(1)—H(N1) 0.94 (3) 1.07 (3)
N(1)0(3) 2499 (3) -
N()--0(1) - 2.636 (4)
OG)y—H(N1) 2.08 (3) 2.15(3)
O(1)—H(N1) 1.80 (3)
C(7—0(2—C(8) 1159 (3) 116.6 (3)
NQ)—N(1)>—C(1) 117.9 (3) 117.9 3)
N(1)—N@2)—N(3) 111.60 (24) 111.4 (3)
O(3)—N@G)—N(2) 124.1 3) 123.6 (3)
O(3)—N(3)—C(10) 119.43 (24) 120.3 (3)
N(Q2)—N@)—C(10) 116.4 (3) 116.1 (3)
N(I)—C(1)—C(2) 121.0 (3) 119.4 (3)
N(1)—C(1)—C(6) 118.8 (3) 1209 (3)
C(2—C(1)—C(6) 120.1 (3) 119.7 (3)
C(1)—CR)—C(3) 119.7 (3) 119.4 (3)
C(2—C(3)—C(4) 121.1 (3) 121.1 (3)
C(3)—C(4)—C(5) 118.7 (3) 118.8 (4)
C3)—C@)—C(7) 118.4 (3) -
C(5y—C(4)—C(7) 123.0 (3) -
C(1)—CR)—C(7) - 120.5 (3)
CR—C(2)—C(7) - 120.1 (3)
C(4)—C(5—C(6) 121.0 (3) 120.1 (4)
C(1)—C(6)—C(5) 119.5 3) 120.8 (4)
O(1)—C(7)—0(2) 122.7 (3) 122.6 (3)
O(1)—C(7—C(@) 124.8 (3) -
0O(2)—C(7y—C(4) 112.6 (3) -
O(1)—C(7—C(2) - 125.5 (3)
0(2—C(7)—C(2) - 111.9 (3)
0(2—C(8y—C(9) 106.6 (3) 107.3 (4)
N(1y—H(N1)—0(3) 104.5 (22) -
O(1)—HN—N(1) - 131.7(22)

Table 4. Comparison of bond lengths (A) in the four
triazene 1-oxides

(1) )] 3)* @\t
N(1)—N(2) 1353 1.344 1.340 1.383
N@2—N@3) 1.279 1.255 1.271 1.280
NG3)—0(3) 1.270 1.280 1.284 1.259
NG—C(10) 1.463 1.453 1.464 1.470
N(1)—C(1) 1.390 1.426 1.403 1.405
N(1)—HN 0.94 1.07 1.05 -
O()—HN 2.08 215 - -
C—C(M 1.474 1.500% 1.492 1.500
C(—0(1) 1.214 1.196 1.250 1.368
C(N—x 1351 1.346 1317 -
O(1)—HN - 1.80 - -

* Kuroda & Wilman (1985).
T Neidle, Webster, Kuroda & Wilman (1987).
1 C(2>—C(7) in compound (2).

deviation in the analogous amide to repulsion
between H(C6) and H(NI). The N(1) and O(3)
atoms are cis to each other. The O(3)-H(N1) and
0(3)~N contacts of 2.08 (3) and 2.499 (3) A, respec-
tively, are more likely to be of geometric origin than
a result of N—H--O hydrogen bonding. There are
no significant intermolecular contacts (Fig. 2), the

1987

closest being between the ester carbonyl O atom,
O(1), and H(N1) of another molecule (2.50 A). The
atoms of the ethoxycarbonyl group in (1) are highly
planar (x* = 3.6, max. deviation 0.006 A) and subtend
a dihedral angle of 8.57° with the phenyl moiety.
The ortho isomer (2), an ORTEP view of which is
presented in Fig. 2, is somewhat different from that
of the para isomer (1). The most obvious difference is
the strong intramolecular hydrogen bond between
H(NI1) and O(1) of the ester group. The H(N1)---O(l1)
and N--O distances of 1.80(3) and 2.636(4) A,
respectively, are well within the range for hydrogen
bonding (Hamilton & Ibers, 1968; Joesten & Schaad,
1974). The presence of this hydrogen bond had been
suggested from spectroscopy (Cameron, Hooper &
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Fig. 3. Unit cell of structure (1).
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Fig. 4. Unit cell of structure (2).
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Vaughan, 1992). The presence of the O(1)—H(N1)
hydrogen bond manifests itself by giving (2) consid-
erably more planar character compared to (1). For
example, the six atoms O(1)—C(7)—C2)—C(1)—
N(1)—H(N1) are close to lying in a plane (y* = 12.3,
maximum deviation = 0.03 A), as are the N-oxide
group (x*>=2.84, maximum deviation = 0.005 A)
and the ester moiety (y>= 1.5, maximum deviation
=0.005 A). The dihedral angles between planes are
much smaller in compound (2) than in compound
(1): between the N-oxide group-and the phenyl ring
the dihedral angle is 0.71°, and between the phenyl
ring and the ester group the dihedral angle is 3.57°.
There are no short intermolecular contacts or
unusual features in the cell packing (Fig. 4).

% R
H—Pli . N=N\°"
H s
(3) R=H 4) R=Me

In conclusion, it is of interest to compare the
bond-length data for (1) and (2) with the analogous
data previously reported for the amides (3) and (4),
tabulated in Table 4, and there is a considerable
measure of agreement. In all cases, N(2)—N(3) is
shorter than N(1)—N(2), consistent with the mol-
ecules adopting the N-oxide tautomeric form.
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Abstract. C;0HN,O,, M, = 246.2, monoclinic, P2,/c,
a=8259(7), b=13.111(4), ¢c=9.978 4 A, B=
104.90 (5)°, ¥=1044.1 A3, Z=4, D, =157 gcm 3,
Mo Ka radiation, A=0.71069 A, x=12cm™},
F(000) =504, T=293 K, R=10.035, for 1612 reflec-
tions. In the solid-state structure of the title com-
pound, attractive intramolecular interactions in-

* To whom correspondence should be addressed.
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volving donation of electron density from nitro O
atoms to the C(2) atoms of the opposite rings are
more significant than those involving donation of
lone-pair electron density to the nitro N atoms from
ring N atoms.

Introduction. 2,2'-Bipyridine adopts an anti coplanar
conformation (1) in the solid and gas phases
(Chisholm, Huffman, Rothwell, Bradley, Kress &
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