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Data collection

Enraf-Nonius CAD-4 Rin = 0.008
diffractometer Omax = 24.9°
020 scans [width (0.60 + h=0-— 22
0.35tanf)°] k=0- 12
Absorption correction: 1=0-10
1 scans 3 standard reflections
Tiuin = 0.908, Trax = frequency: 120 min
0.998 intensity variation: < 2%

1587 measured reflections
1474 independent reflections
875 observed reflections

[ > 2.00(D]

Refinement

Refinement on F (A/0)max = 0.135

R = 0.037 Apmax = 0.350 ¢ A3
wR = 0.028 Apmin = —0.520 e A3
S=228 Extinction correction: none

875 reflections

137 parameters

Weighting scheme from
counting statistics

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1IV)

Table 3. Fractional atomic coordinates and equivalent

isotropic displacement parameters (A?) for (2)

Beq = 87%/3)L,X;Ua} a’ a;.a;.
z B,

x y
Br 0.43730 (4) 0.20775 (8) 0.07844 (8) 3.4§q(4)
N(1) 0.4331 (3) 0.1087 (5) —0.2289 (6) 2.6 (3)
N(2) 0.5418 (3) 0.1553 (6) —0.1225 (6) 2.8(3)
C(1) 0.4763 (4) 0.1506 (7) —0.1111(7) 2.5(4)
C(2) 0.3576 (4) 0.1137 (7) —0.2185 (8) 2.2(3)
C(3) 0.3184 (4) 0.2056 (8) -0.2935 (8) 274
C(4) 0.2466 (4) 0.2061 (9) —-0.2715 (9) 324
C(5) 0.2125 (4) 0.1172 (8) —0.1817 (8) 24(4)
C(6) 0.2522 (5) 0.0235 (9) —0.1085 (9) 3.14)
C(7) 0.3250 (4) 0.0222 (9) —0.1280 (9) 32@4)
C(8) 0.1031 (6) 0.031(1) —-0.092 (2) 4.7(6)
(o] 0.1409 (3) 0.1279 (5) —0.1723 (6) 3.8(3)

Table 4. Selected geometric parameters (A, °) Jor (2)
N(1a) at (0.5669, 0.1087, —0.2711) and N(2a) at (0.4582, 0.1553,

—0.3775).

Br—C(1) 1.880(7) N(2)—C(1) 1.247 (9)
N(1)—N(2a) 1.443 (8) C(5—0 1.366 (9)
N(H)—C(1) 1.370 (9) C@®—0 1.41(1)
N(H)—C2) 1.436 (9)

N(2a)—N(1)—C(1) 1103 (5) N()—C(1)—N(2) 123.4 (6)
N(2a)—N(1)—C(2) 111.9(5) N(1)—CQ)—C(3) 122.6 (6)
C(1)—N(1)—C(2) 122.7(5) N(1)—C(@2)—C(7) 117.4 (7)
N(1a)—N(2)—C(1) 112.7(5) C(4)—C(5—0 116.9 (7)
Br—C(1)—N(1) 120.0(5) C(6—C(5—0 1250 (7)
Br—C(1)—N(2) 116.6 (5) C(5—0—C(8) 118.4(7)

The structure was solved by the heavy-atom method. The H
atoms of the phenyl groups were calculated after isotropic
refinement; the others were found in difference Fourier maps
and refined. The molecules of compound (2) possess a
crystallographic twofold axis. NRCC SDP VAX (Gabe & Lee,
1981), ORTEP (Johnson, 1965) and the Enraf~Nonius (1979)
Structure Determination Package were used in this work.

The authors thank the National Science Council for
financial support.
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Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and complete geometry have been deposited with the IUCr
(Reference: AL1011). Copies may be obtained through The Managing
Editor, International Union of Crystallography, 5 Abbey Square, Chester
CH1 2HU, England.
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Abstract

The substituted aminoethylenic group in the title
compound, CyH,sN;0,, is approximately coplanar
with the heterocyclic plane [dihedral angle 16 (2)°]
and the a-C atom C(23), is disordered between two
well defined sites. This disorder originates from a
flipping of the aminoethylenic moiety around the
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C(6)—N(5) bond. The phenyl rings at C(2) and C(3)
are twisted out of the plane of the quinoxaline ring
system by 46.7 (8) and 38.0 (9)°, respectively.

Comment

The overall conformation of the title molecule (I)
and the numbering scheme are shown in Fig. 1. The
dihedral angles that the phenyl groups make with the
planar quinoxaline moiety in the title compound
[46.7 (8) and 38.0 (9)°] agree with those observed
previously for 2,3-diphenylquinoxaline in a benzene
solution (ca 39°; Hurley & Le Fevre, 1967). A greater
difference in these angles [22.1 (1) and 48.1 (1)°]
has been reported for the crystal structure of
6,7-dimethyl-2,3-diphenylquinoxaline (Wozniak,
Krygowski & Filipek, 1991).

N
S
HN N~ “Ph

Fig. 1. Perspective drawing of the title compound and atom-
numbering scheme. Displacement ellipsoids are drawn at the
40% probability level. Only one of the two disordered sites for
C(23) is shown.
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As a consequence of the disorder of the methylenic
atom C(23), the N(5)—C(231) and N(5)—C(232)
bond lengths are very short, while the C(231)—C(24)
and C(232)—C(24) distances are unusually long
(Table 2). Other bond distances and angles in those
parts of the molecule not affected by the disorder are
quite normal.

The substituted aminoethylenic moiety is approxi-
mately planar with the relevant torsion angles
around the N(5—C(23) bond being C(6)—N(5)—
C(231)—C(24)= —179.2(6) and C(6)—N(5)—
C(232)—C(24)= —179.3 (9)°. Although a fast
rotation around the C(6)—NH bond in several
related compounds has been reported to occur in
solution (Goljer, Milata & Ilavsky, 1989), the occur-
ence of the two conformations of the aminoethylenic
group has not yet been observed in the solid state.

Experimental
Crystal data

C2sH25N304

M, = 461.5

Monoclinic

P21/C

a=17714 (9 A

b=17571(5) A

c=17.974 (10) A

B =103.85 (6)°

V = 2340 (2) A®

Z=4

Dy =1.327 Mg m~?

Dn =133 (1) Mg m™3

Dy, measured by flotation in
bromoform/cyclohexane

Data collection

P2, diffractometer
0/20 scans
Absorption correction:
none
2946 measured reflections
2702 independent reflections
1311 observed reflections
{1 > 20(D)]
Rin: = 0.035

Refinement

Refinement on F

R =0.072

wR = 0.068

§=123

1311 reflections

325 parameters

H-atom parameters not
refined

Mo K« radiation

A=071069 A

Cell parameters from 15
reflections

0 =6-18°

p = 0.084 mm™'

T=293K

Prism

0.35 x 0.20 x 0.15 mm

Brownish yellow

Crystal source: crystalliza-
tion from ethanol

omax=25°
h=0—- 18
k=0->17
|l =-18 — 17

2 standard reflections
monitored every 100
reflections
intensity variation: +4%

w = 1/[0*(Fo) + (0.04F,)’]

(A/0)max = 0.15

Apmax = 023 ¢ A3

Apmin = —0.24 e A3

Atomic scattering factors
from International Tables
for X-ray Crystallography
(1974, Vol. 1V)
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Table 1. Fractional atomic coordinates and equivalent
isotropic displacement parameters (A%)

Beq = (1/3)Xi%Bjja} a’a;.a;.

x y z Beq
N(1) 0.5465 (2) 0.1990 (6) 04560(3)  470(17)
C2) 0.5855 (3) 0.2136 (8) 0.4033(3)  3.95(22)
ce) 0.5574 (3) 0.3366 (8) 03384(3)  4.90(23)
N(4) 0.4891 (2) 0.4177 (7) 03340(2)  3.94(16)
C(5) 03764 (3) 0.4744 (9) 0.3788(3)  4.56(23)
c(6) 03412 (3) 0.4479 (8) 04340(3)  3.83(20)
cm 0.3724 (3) 0.3527 (9) 0.5025(4)  5.93(26)
C®) 0.4440 (3) 0.2750 (9) 0.5086(3)  5.40(25)
c© 0.4791 (3) 0.2945 (9) 04543(3)  4.64(25)
C(10) 0.4482 (3) 0.3894 (9) 03873(3)  431(24)
can 0.6481 (3) 0.0964 (8) 0.3995(3)  3.89(21)
c(12) 0.7036 (3) 0.0755 (9) 04720(3)  4.00(22)
c(13) 0.7651(3)  —0.0379(9) 04779(4)  6.18(26)
C(14) 0.7705(3)  —0.1308(10) 04149(3)  5.99(26)
c(15) 071573)  —0.1190(8) 03470(3)  4.78(24)
C(16) 0.6553(3)  —0.0004 (9) 0.3405(3)  4.49(23)
cQ17) 0.6007 (3) 0.3795 (8) 0.2849(3)  3.67(21)
C(18) 0.5662 (3) 0.4077 (9) 02045(3)  4.76(23)
€(19) 0.6116 (3) 0.4526 (9) 0.1565(3) 551 (24)
C(20) 0.6909 (3) 0.4680 (9) 0.1786(4)  5.99(25)
cel) 0.7247 3) 0.4485 (9) 02575(3)  5.38(22)
C(2) 0.6787 3) 0.4041 (9) 03127(4)  5.79(28)
C(231) 0.2255 (7) 0.5849 (14) 03747(9)  7.53(57)
C(232) 0.2207 (6) 0.5297 (19) 0.4633(8)  7.39(60)
N(5) 0.2643 (3) 0.5178 (8) 04330(4)  8.39(26)
C(24) 0.1457 (4) 0.6389 (11) 04134(4)  7.66(33)
C(25) 0.1073 (4) 07137 (11) 03543(4)  8.39(33)
o(1) 0.1248 (3) 0.7420 (12) 02906 (3) 1679 (37)
0(2) 0.0289 (2) 0.7325 (7) 03454 (3)  8.64(20)
C(26) —0.0224 (4) 0.7977 (14) 02843 (4)  10.07(37)
c@7) —0.0975 (4) 0.7691 (14) 02762(5)  11.47 (40)
C(28) 0.1297 (3) 0.6279 (10) 04857(4)  8.42(31)
0(3) 0.1618 (3) 0.5455 (8) 05431(3)  11.04 (26)
0(4) 0.0668 (2) 0.7201 (7) 04961 (3)  9.32(20)
c(29) 0.0449 (5) 07103 (13) 05744 (4)  11.30(39)
C(30) —0.0272 (5) 07981 (12) 05605(4)  9.79(38)
Table 2. Selected geometric parameters (A, °)
N(1)—C(2) 1304(7)  C(H—C®) 1380 (9)
cR—CR) 1482(8)  C®—C(9) 1.285(8)
CR)»—N(@&) 1342(7)  CON(1) 1390 (7)
N(4)—C(10) 1.348(7)  C(©)—C(10) 1397 (8)
C(10—C(5) 1400(8)  C@—C(11) 1434 (7)
C(5—C(6) 1308(8)  CG3—C(7) 1.404 (8)
C(6)—C(7) 1419@8)  C(6)—N(5) 1457 (8)
N(5)—C(231) 1219(16)  C(231)—C(24) 1767 (15)
N(5)—C(232) 1.051(14)  C(232)—C(24) 1.638 (15)
C2)—N(1)—C(9) 1228(5)  C(5)—C(10»—C(9) 1192 (6)
N(1)—C(2)—C(3) 1192(5)  C(6)—C(5—C(10) 1157 (6)
N(1)—C2)—C(11) 1221(5)  C5)—C(6)—C() 125.4 (6)
C3—C@)—C(11) 1180(5)  C(5)—C(6)—N(5) 1233 (6)
C(2)—C(3)—N(4) U75()  C—CE)—N(G5) 111.3 (6)
C(2)—CG3»—C(17) 1232(5)  C6)—C(7)—C®) 116.4 (6)
N(@4)—C(3)—C(17) 1192(5)  C(7)—C®—C®) 119.6 (6)
C(3)—N(4)—C(10) 121.0(5)  C®—CO—N(1) 119.6 (6)
N(#—C(10—C(5) 1185(6)  C(8)—C(©)—C(10) 123.6 (6)
N@—C(10—C(9) 12196)  N(1)—C(©—C(10) 1163 (5)
C6)—N(5)—C(231)  1197®)  N(—C(31)—C24  95.6(9
C(6—N(5—C(232)  1457(9)  N(5—C(232—C(24)  111.1(10)

There is a twofold disorder at the C(23) atom and occupancy
factors were fixed at 0.50 for both sites, C(231) and C(232),
based on relative heights in a difference Fourier map. Positions
of the H atoms, except those attached to the disordered C atom
and its neighbouring N atom, were calculated and included
in the F, calculation with Bi, set at 0.5 A’ higher than the
Beq value of the parent C atom. The structure was solved
using MULTAN80 (Main, Fiske, Hull, Lessinger, Germain,

©1994 International Union of Crystallography
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Declercq & Woolfson, 1980). All remaining calculations were
performed with a local version of the NRC program system
(Ahmed & Singh, 1973).

Lists of structure factors, anisotropic displacement parameters, H-atom
coordinates and least-squares-planes data have been deposited with
the TUCr (Reference: KA1063). Copies may be obtained through The
Managing Editor, International Union of Crystallography, 5 Abbey
Square, Chester CH1 2HU, England.
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Abstract

The title compound [N,N’-bis(benzoylphenyl)me-
thanediamine, C,,H,,N,0,] was prepared by conden-
sation of 4-aminobenzophenone (ABP) and
formaldehyde at room temperature. In the molecule,
two ABP moieties are linked by a methylene group.
The bond lengths and angles within the two ABP
groups are very similar; however, the dihedral angles
between the sets of ring planes are quite different
[83.1 (5) and 57.5 (3)°].

Comment

Recently, crystals of 4-aminobenzophenone (ABP)
were discovered to be a new and highly effective
non-linear optical (NLO) material (Frazier &
Cockerham, 1987). In an attempt to improve on this
material, we carried out a condensation reaction
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