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Table 3. Selected bond lengths (A), angles (°) and

torsion angles (°) involving non-H atoms

()
(4) (B) (a) )
o(1)—C(1) 1366 (3)  1:371(3) 1-364 (4) 1:374 (5)
O(1)—C(9) 1444 (3)  1-435(3) 1-438 (4) 1-436 (6)
N—C(7) 1464 (3)  1-469 (4) 1-475 (4) 1-467 (4)
N—C(11) 14485 (3)  1-458 (3) 1-462 (4) 1481 (4)
C(1)—C(6) 1401 (3)  1-384(4) 1-389 (5) 1-389 (5)
C(6)—C(7) 1495(3)  1:523(3) 1-518 (4) 1:513 (5)
C(7)—C(8) 1523(3)  1:525(4) 1-538 (5) 1:519 (5)
C(8)—C(9) 1498 (4)  1:505(5) 1-526 (4) 1-508 (5)
C(8)—C(10) 1:523(3)  1-546 (4) 1:541 (5) 1:536 (4)
C(10)—C(11) 1621 (3)  1-569 (4) 1-578 (4) 1-592 (5)
C(1)—O(1)—C(9) 1199(2)  1136(3) 1144 (3) 1151 (3)
C(N—N—C{(11) 1047(2) 1080 (2) 109-5 (2) 1088 (2)
O(1)—C(1)—C(6) 1242(2)  1227(2) 1224 (3) 1236 (3)
C(1)—C(6)—C(7) 1166 (2)  1216(2) 12i-2 (3) 1208 (3)
N—C(7)—Cl(6) 1184(2)  1145(2) 1121 (2) 110-5 (3)
N—C(7)—C(8) 1045(2)  1018(2) 107:5 (2) 1060 (2)
C(6)—C(T)—C(8) 1089 (1)  111:7(2) 1136 (3) 1118 (2)
C(1)—C(8)—C(9) 10912  1117(2) 118 (2) 1118 (3)
C(7)—C(8)—C(10) 1022(1)  1058(2) 1043 (3) 1041 (3)
C(9)—C(8)—C(10) 185(2)  1137(3) 1109 (2) 1141 (3)
0O(1)—C(9)—C(8) 1104 (2)  1117(2) 112:0 (2) 1119 (3)
C(8)—C(10)—C(11) 1018(2)  1048(2) 10211 (2) 104-4 (2)
N—C(11)—C(10) 1064 (2) 1024 (2) 1050 (2) 1057 (2)
C(1—0(1)—C(9)—C(8) -272(3) -549(3)  ~556(3) 487 (4)
C(11)—N—C(7)—C(6) -1620(2)  —781(2) 1234 (3) 922(3)
C(11—N—C(7)—C(8) -406(2) 426 (2) -20(3) -291(3)
C(7)—N—C(11)—C(10) 1942)  -383(2) 21 (3) 1211 (3)
N—C(7)—C(8—C(9) 1724 (2)  -1526(2) 100-6 (3) 1576 (3)
C(6)—C(7)—C(8)—C(9) -60-1(2) -300(3) —240(4) 37:1 (4)
N—C(7)—C(8)—C(10) 46-1(2) -284(3) -193(3) 340 (3)
C(6)—C(7)—C(8)—C(10) 1736 (2) 942(3) -1440(3) -865(3)
C(7)—C(8)—C(9)—O(1) 580 (2) 584 (3) 528(3) -578(4)
C(10)—C(8)—C(9)—O(1) 1743 ()  -612(3) 1688 (2) 599 (4)
C(71)—C(8)—C(10—C(11) -317() 64 (3) 313(3)  -257(3)
C(9)—C(8)—C(10—C(11) —1516(2)  1294(2) -892(3) -1478(3)
C(8)—C(10)—C(11)—N 84 (2) 182(2) -331(3) 90 (3)

hindrance between the methylene C(9) of the benzo-
pyran ring system and H(C8) in the course of the
cycloaddition. Thus, the chances of cycloaddition are
considerably reduced as shown by the low yield
(15%) (Tuge, Ueno & Ueda, 1981). The resultant
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isomer (A4) shows an abnormally long bond length
for C(10)—C(11) [1-621 (3) A] due to the steric hin-
drance between the methoxycarbonyl group and the
phenyl ring bonded to C(10).

Isomer (B) has a cis juncture at C(7)—C(8) and
causes a fair approach of the methoxycarbonyl
group to the benzopyran ring system. Isomer (C)
also has a cis juncture at C(7)—C(8). Isomer (C) is
composed of two pairs of racemic molecules. The
conformations of these pairs are considerably differ-
ent as shown in Table 3 and Fig. 1. The difference is
mainly caused by inversions of C(9) and O(1) of the
benzopyran rings and C(10) and C(11) of the pyrrole
rings. Such different conformations of the two pairs
are related to the high yield (30%) and the increased
chance of cycloaddition. The bond lengths C(10)—
C(11) for isomers the increased (B) and (C) are also
unusually long as shown in Table 3. However, these
lengths are shorter than that of isomer (A4).

The variations of torsion angles of the benzopyran
and pyrrole rings are remarkable (Table 3). These
variations are caused by stress or strain in the pyr-
role rings in the course of cycloaddition and by steric
hindrances between the two phenyl rings and
methoxycarbonyl moieties.
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Abstract. C, H4,N,O;, M, =342-36, monoclinic,
P2,/¢, a=7-520 (3), b =36-048 (7), c = 12:801 (3) A,
B =100-51(20°, V=34155A%, Z=8, D,=

0108-2701/91/040845-04$03.00

1-332 gem 3, A(Mo Ka) = 0-71073 A, w=
0-846 cm ™!, F(000) = 1424, T=295 (1) K, R =0-045
for 2796 unique observed reflections with 7> 3-0a(]).
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The two independent molecules in the asymmetric
unit have different conformations with respect to the

Table 1. Atomic coordinates and equivalent isotropic
thermal parameters (A?) with e.s.d.’s in parentheses

orientation of phenyl ring-and. the benzoyl group.

. . X ¥y z B,
The dihedral angles between the phenyl ring and the  Molecule 4 A
: . : : ; ; . N(1) 0-0055 (5) 0-13879 (9) 0-2991 (3) 385(8)
pyrazine ring in the quinoxaline moiety are 68-6 and B St S S PR ine
107-2° for molecules 4 and B. There are also o) ~0:0270 (4) 011225 (8) 0-3606 (2) 512 (8)
H H ] S 0Q2) 0-0633 (5) 0-22682 (8) 0-1096 (3) 5-98 (9)
differences in the torsion angle about the C—C bond &9 02443 (8 01726 (1) —0:0196 (3 75(1)
linking the benzene and keto groups, C(16)— C(IS)— ) 0-0861 (5) 01716 (1) 03443 (3) 360 (9)
C(3)—C(2): —103-0 (4) and 103-7° (B). & Toomm  owem  oma® s
C4) 0-1089 (5) 0-2016 (1) 0-2802 (3) 38 (1)
C(5) 0-1859 (6) 0-2346 (1) 0-3243 (4) 47 (1)
R X C(6) 0-2400 (7) 0-2366 (1) 0-4319 (4) 54(1)
Introduction. The extensive interest in the chemistry =Y ool 8 ganes 8; O 8 ‘5‘28;
of quinoxaline 1,4-dioxide and over a thousand of its ¢ —0:0964 (6) 00991 (1) 0-1474 (3) 43(1)
: : : : H H C(10) 0-0201 (7) 0-0699 (1) 0-1533 (4) 57 (1)
depvatwes is prompteq by thc;lr. .antlbacterlal and & 00304 (5) 0038 (1) 01161 5 76
animal growth-promoting activities. In the last cq -0204 (1) 00295 (2) 0:0673 (5) 84 (2)
1 1 3 M N C(13) —0:3241 (8) 0-0581 (2) 0:0572 (5) 8:7(2)
decade, quinoxaline 1,4-dioxide and some of its i “ou 00929 () 00970 (4 64(1)
derivatives have also been extensively examined for gg}g; -o0s3s Eg g:gggﬁg 00103 8; ;gg};
mutagenicity (Negishi, Tanaka & Hayatsu, 1980; cus 02251 (6) 01542 (2) - 00243 (8) 53(1)
Beutin, Preller & Kowalski, 1981). As a part of a e O S oo g
systematic investigation we previously reported co) 0-1056 (7) 0-1664 (1) -02387 (3) 52 (1)
photochemical reactions (Yan, Feng, Wang, Zhao, ¢ ~00120 (6) 0-1681 (1) —0-1700(3) 41m
Tan & Xue, 1985; Lin & Wang, 1986a) and crystal Moleoule B
. N o olecule
structures (Lin & Cong, 1987; Cong, Lin' & Wang, o) 04323 (4) 012693 (8) 02188 ) 499 @)
1989; Wang, Wang & Wang, 1990) of several 2,3- o 0704 (9 018106 ©) o6l ) 581§
substituted qu'inoxaline 1,4-dioxides. In the present NE,; 05106 24; 01,3877(&) 03108 8; 3154((2;)
work we describe the crystal structure of 2-phenyl-3- 2‘((?)) e g; gle70 8% gsi02 8; - Eg;
benzoylquinoxaline 1,4-dioxide (PBQO). c@ 05292 (5) 01167 (1) 03978 (3) 3-36 (9)
Go oem®  oims®)  oams(y )
() 0-7167 (6) 0-2255 (1) 0-4306 (4) 49 (1)
Experimental. The title compound was synthesized & o o) 02397 o1 02416 (& 3500
by a method reported previously (Issidorides & c® 05717 (6) 01974 (1) 0-2306 (3) 45 (1)
Haddadin, 1966; Lin & Wang, 1986b). A yellow &, PPN 00543 (1) 03407 b PEEEN
crystal (thin rectangular plate) recrystallized by slow 233 0357 8; ooy 8 03276 % 104 g;
evapor?.t{i)n fr(})lm d.a Sqlutlono 40f Oclhlorogorm— gz:i; gég;g Eg; 88243 g; g.igsg ES; 10-0 (2)
4 x 01 x0- - 0617 (2 4110 (4 67(1)
acetonitr e. wit lme‘nSlOIlS . 0 mm C(15) 0-5968 (6) 0-1110 (1) 0-5997 (3) 4-3(1)
Enraf-Nonius CAD-4 diffractometer with graphite- cqe) 07674 (6) 00948 (1) 06569 (3) 370 (9)
1ot 3 - c(7) 0-9116 (6) 0-0880 (1) 0-6058 (3) 46 (1)
monochromated Mo Ko radiation. Lattice param- o 10666 O 00720 oo P
eters from least-squares refinement of 25 reflections cqo) 10783 (7) 0-0636 (2) 07667 (4) 68 (1)
: o : C(20) 09386 (8) 0-0706 (1) 0-8186 (4) 60 (1)
with 9 < @ < 14°. 6560 reflections measured, 5956 ) 07812 (7) 00856 (1) 07634 (3) 49(1)

unique (R;, = 0-032), using @-26 scan technique
within the ranges 1 = #<25°, 0<h<8§, 0<k <40,
—-15=<1<15, sin6/A =0-5942 A~". Three standard
reflections were measured every hour and showed a
variation of less than 1-0%. 2796 independent reflec-
tions with 7> 3-00(J) considered observed. Data cor-
rected for Lorentz and polarization factors, and
absorption effects using i scans (from 0-909 to 0-999
on ).

The structure was solved by direct methods using
MULTANI11/82 (Main, Fiske, Hull, Lessinger,
Germain, Declercq & Woolfson, 1982). All non-H
atoms were refined anisotropically by full-matrix
least squares on F, minimizing >w(|F,| — |F.|)’. A
difference Fourier synthesis calculated at this stage
of the refinement revealed all H atoms; these were
included at the difference-map positions with arbi-
trary isotropic temperature factors, B=4-0 A?in the

The thermal parameters given for anisotropically refined atoms are the
equivalent isotropic thermal parameters defined as: 4/3[a>B(1,1) + 5B(2,2)
+ ¢2B(3,3) + ac(cosB)B(1,3)], where a, b, ¢ are real-cell parameters and
B(i,j) are anisotropic B8’s.

subsequent calculations, but not refined. Final R =

- 0:045 and wR = 0047 for 469 variables with w =

1/0*(F,) and S= 1438, (4/0)max =002 in final
refinement cycle, the difference electron density map
was essentially featureless with Ap=040e A~

Atomic scattering factors from International Tables
for X-ray Crystallography (1974, Vol. 1V). All calcu-
lations on a PDP 11/44 computer using Enraf-
Nonius Structure Determination Package (B. A.
Frenz & Associates Inc., 1982) and ORTEPII (John-
son, 1976). :
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Table 2. Bond lengths (A), bond angles (°) and Discussion. Final atomic coordinates and equivalent

selected torsion angles (°) with e.s.d.’s in parentheses

Molecule A Molecule B

N()—O0(1) 1291 (5) 1291 (4)
N@2)—0(2) 1291(5)  1-298 (4)
N(1)—C(2) 1361 (5)  1:355(5)
N()—C(1) 1404 (5)  1:393 (5)
N@2)—C(3) 1341 (5) 1330 (5)
N@2)—C(4) 1403 (5)  1-406 (5)
C(2)—C(3) 1384 (6) 1394 (5)
C4)—C(5) 1389 (6) 1386 (6)
C(5)—C(6) 1367 () 1356 (7)
C(6)—C(7) 1385 (7) 1392 (7)
C(71)—C(8) 1350 (7) 1364 (7)
C(1y—C(8) 1403 (6)  1-398 (6)
C(2)—CO9) 1472 (6) 1471 (6)
C(9)—C(10) 1361 (7) 1355 (8)
C(10)—C(11) 1365(7)  1352(8)
C(11)—C(12) 1358 (9) 1340 (12)
C(12)—C(13) 1365(9) 1338 (11)
C(13)—C(14) 11380 9) 1363 (8)
C(14)—C(9) 1390 (7) 1385 (8)
C3)—C(15) 1518 (6) 1517 (6)
C(15—0(3) 1216 (5) 1213 (6)
C(15)—C(16) 1464 (7) 14478 (6)
C(16)—C(17) 1387 (6) 1387 (7)
CI—C(18) 1369 (8) 1378 (6)
C(18)—C(19) 1371 (7) 1368 (8)
C(19)—C(20) 1370 (7) 1365 (8)
C(20)—C(21) 1357 (1) 1:375(7)
C(21)—C(16) 1-387(5) 1389 (6)
O(1)—N(1)—C(1) 11923 1189 (3)
O(1)—N(1)—C(2) 12144 (3) 1213 (3)
C(H—N(1)—C(2) 119-53) 1198 (3)
N(1)—C(1)—C(4) 1202 (3) 1202 (4)
N(1)—C(1)—C(8) 1206 (3) 12141 (4)
C(8)—C(1)—C(4) 1192 (4) 1187 (4)
C(1)—C(4)—N(2) 1190 (4) 1183 (4)
N(2)—C(4)—C(5) 1202 (4) 1209 (4)
C(1)—C(4)—C(5) 1208 (4) 1208 (4)
C(4)—C(5)—C(6) 118:5(4) 1188 (4)
C(5) C6) C(7) 1207 (4) 1216 (5)
C(6)—C(1)—C(8) 121-5(4)  120-1 (5)
C(7—C(8)—C(1) 1193 (4) 1200 (4)
C(4)—N(2)—0(2) 1200 (3) 1192 (3)
C(4)—N(2)—C(3) 1189 (4) 1193 (3)
0(2)—N(@)—C(3) 12111 3) 1215 (3)
N@2)—C(3)—C(2) 1230 (4) 1230 (4)
N@)—C3)—C(15) 1140 (4) 1144 (3)
C2)—C(3)—C(15) 1228 (4) 1224 (4)
N()—C(2)—C(3) 1190 (4) 1190 (4)
N(1)—C(2)—C(9) 1176 (4) 1186 (3)
C(3)—C(2)—C() 1234 (4) 1224 (4)
C(2)—CO)—C(10) 1209 (4) 1196 (4)
CQ)y—C9—C(14) 12146 (4) 1229 (4)
C(10)—C(9)—C(14) 1175@)  117-5(5)
CO—C(10)—C(11) 1228 (5) 1208 (6)
C10)—C(11)—C(12) 1197 (6) 1221 (7)
C(11)—C(12)—C(13) 1192 (5) 1177 (6)
C(12)—C(13)—C(14) 1213 (5)  122:3(7)
C(13)—C(14)—C(9) 1196 (5)  119:5 (6)
CB3)y—C(15—0(3) 1170(4) 1177 (4)
C(3)—C(15—C(16) 119-5(4) 1194 (4)
0(3)—C(15)—C(16) 1235 4) 1230 (4)
C(15—C(16)—C(17) 1214 (4) 1213 (4)
C(15)—C(16)—C(21) 1197 (4) 1190 (4)
C(17—C(16)—C(21) 1189 (4) 1198 (4)
C(16)—C(17)—C(18) 1191 (4) 1193 (4)
C(17)—C(18)—C(19) 1212(5) 1200 (5)
C(18)—C(19)—C(20) 1200 (5)  121-4 (5)
C(19)—C(20)—C(21) 1194 (4) 1193 (4)
C(20)—C(21)—C(16) 1214 (4)  120-1 (5)
C(16)—C(15—C3)—C(2) —103-0 1037
N(1)—C(2)—C(9)—C(10)  -688 722

isotropic temperature factors are listed in Table 1*
and bond lengths and bond angles are given in Table
2. Fig. 1 shows the conformation of the two crystal-
lographically independent molecules, 4 and B, with
the atom-labeling system. The two independent mol-
ecules in the asymmetric unit have different confor-
mations with respect to the orientation of phenyl
ring and the benzoyl group. The phenyl rings in both
molecules are planar. The dihedral angles between
the phenyl ring and the pyrazine ring in the quinoxa-
line moiety are 68:6 and 107-2° for molecules 4 and
B; the torsion angles are —103-0 (4) and 103-7° (B)
for C(16)—C(15—C(3)—C(2) and —68-8 (4) and
72-2° (B) for N(1)—C(2)—C(9)—C(10).

Although the molecules have different conforma-
tions, the corresponding bond distances and angles
for molecules 4 and B are very similar, the mean
differences are 0-008 (7) A and 0-6 (5)° respectively.
Bond lengths involving the C(12) atom in molecule B
are shorter than usual /[K‘C(] D—C(12) = 1-340 (12),
C(12)—C(13) = 1-338 (1) A].

* Lists of structure factors, anisotropic thermal parameters,
least-squares planes and H-atom parameters have been deposited
with the British Library Document Supply Centre as Supplemen-
tary Publication No. SUP 53470 (18 pp.). Copies may be obtained

through The Technical Editor, International Union of Crystallog-
raphy, 5 Abbey Square, Chester CH1 2HU, England.

c(13)

c(12;

c(11)

€{13)

c(21)
c(17
‘)c(zo)
c(18) b
c(19)

Fig. 1. Molecular conformation of 2-phenyl-3-benzoylquinoxaline
1,4-dioxide (molecuies 4 and B) with the atom-labeling system.
Thermal ellipsoids are drawn at the 50% probability level.
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The bond distances in the heterocyclic ring are
similar to the values found in other substituted
quinoxaline di-N-oxides like 6-chloro-3-ethoxy-
carbonyl-2-methylquinoxaline  1,4-dioxide (Mac-
Donald & Arora, 1981), 2-methylcarboethoxy-
quinoxaline 1,4-dioxide (Lin & Cong, 1987), 2-[N-
(2-hydroxyethyl)carboxamide]-3-methylquinoxaline
1,4-dioxide (Bartczak, Galdecki, Wolf & Mak, 1988),
quinoxaline 1,4-dioxide and 2,3-dimethylquinoxaline
1,4-dioxide (Cong, Lin & Wang, 1989), and 2-me-
thyl-3-phenylacryloylquinoxaline 1,4-dioxide (Wang,
Wang & Wang, 1990). The dihedral angles between
the benzene ring and the pyrazine ring are 1-7 and
2-1° for molecules 4 and B respectively, which
indicates that the quinoxaline parts are essentially
planar.

The packing diagram of PBQO is illustrated in
Fig. 2. The crystal structure of PBQO is stabilized by

Fig. 2. Unit-cell packing diagram.

3-BENZOYL-2-PHENYLQUINOXALINE 1,4-DIOXIDE

van der Waals interactions. There are no inter-
molecular distances between non-H atoms less
3127 A.
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