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The Structure of 2-Methoxy-4'-Nitrostilbene
William P. Schaefer and Seth R. Marder
Arthur Amos Noyes Laboratory of Chemical Physics

Division of Chemistry and Chemical Engineering

California Institute of Technology

Pasadena, California 91125

Abstract.
The structure of 2-methoxy-4'-nitrostilbene, C;sH;3NOj3, has been determined. It

crystallizes in the orthorhombic system, in space group Pna2;, (#33), with

a=14.422(6)A, b="7.329(2)A, c=12.237(7)A, , volume =1293.4 ( 10)A3; z=4.
Experimental.

A plate-like crystal was cut to size and glued to a glass fiber with epoxy cement.
Preliminary cell dimensions and an orientation matrix were calculated from the
setting angles of 25 reflections with 11°(26 (24°. (Final cell dimensions came from
data on 22 reflections with 20°(26 (23°.) The reflections were broad; the three
independent data sets were collected with omega scans for that reason. The data
were reduced to structure factors, correcting for a minor decay, and the structure was
solved by MULTAN. Least squares refinement was normal; hydrogen atoms were
introduced at calculated positions (C-H = 0.95A) or based on a difference map (C15).
They were assigned thermal parameters 20% greater than the equivalent isotropic
thermal parameter of the carbon atom they are bonded to. The difference map for

C15 showed two orientations of the three hydrogen atoms, so six half-atoms were
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used to model the disorder. The final difference map had several peaks of +0.4 eA-3,

one near the nitro group and two near C9; one hole of -0.4 e&-3 was at C3.

Calculations were done with programs o the CRYM Crystallographic Computing
System and ORTEP. Scattering factors and corrections for anomalous scattering
were taken from a standard reference (International Tables for X-ray
Crystallography, Vol. IV, p. 71, p. 149; Birmingham, Kynoch Press, 1974).
R=Z|F, —|F|//ZF,, for only Fs2>0, and goodness of fit=[Zw(F,2—F.2)2/(n-p)}}
where n is the number of data and p the number of parameters refined. The function
minimized in least squares was Zw(F,2 -F.2)2, where w=1/02(F,2). Variances of the
individual reflections were assigned based on counting statistics plus an additional
term, 0.014I2, Variances of the merged reflections were determined by stancdard

propagation of error plus another additional term, 0.014 <I>2,

Discussion.

The molecule displayé the expected geometry. Carbon-carbon bonds in the
benzene rings average 1.381 (15)A; the external bonds are as expected, also. The
C=C between the ringsis 1.307(11)A, short as is usual in this type of compound. All
bond angles are within normal ranges.

The molecules stack in the cell parallel to the a ¢ plane, with n-m interactions as
short as 3.43A (C6-C13) and 3.45A (C3-03). Most other interplanar interactions are
in the 3.55-3.8A range. The molecules themselves are all nearly parallel, but their
axes meet at angles of about 100°. The a ¢ plane is a polar plane and all the molecules

do have a component of their N-O3 veetor aiigned approximately along c.
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Table S I. Crystallographic Data for
2-Methoxy-4'-Nitrostilbene

Crystal Color: yellow Crystal Habit: plates

a=14.422(6) A

b=7.329(2) A

c=12.237(NA

T = 23°C A =0.71073 A

CAD-4 20 range: 3°-50°

w Octants of data collected: *h k,l; h,-k,l.
Graphite monochromator: yes p =0.99 cm-1

Urmax =0.035

Crystal Size: 0.12 X 0.46 X 0.52mm

Total Number Reflections: 3941

Total Independent Reflections: 1196

GOF for Merging: 1.09

Number of Reflections used in Refinement: 1196
Number of Reflections with F,2>0: 848
Number of Reflections with Fy2>30(F,2): 522
(R for reflections with h Fy2>30(F,2): 0.046



Table S II. Final Heavy Atom Parameters for

Atom

01
02
N
C1
C2
C3
C4
Cs
Cé
cr
Cs8
C9
C1i0
C11
C12
C13
C14
03

C15

a Ueq

2-Methoxy-4'-Nitrostilbene

z,y,z and U.,® x 104

5341(4)
4319(3)
5120(5)
5861(5)
6736(5)
7418(5)
7258(5)
6339(5)
5629(4)
8028(4)
7993(4)
8805(5)
9724(5)
10451(5)
10304(7)
9400(7)
8661(6)
7742(4)

)

7556(6

3 z Z [UtJ(

y

1353(9)
1030(8)
1229(9)
1311(10)
1676(9)

1746(10)
1473(10)
1109(10)
1040(9)

1535(11)
1267(10)
1290(10)
1232(10)
1228(11)
1266(11)
1362(10)
1364(11)
1436(8)

1393(13)

z
14222
12946(6)
13266(6)
12436(8)
12756(7)
11992(8)
10890(7)
10598(7)
11355(8
10111(8

9056(8

)
)
)
8307(7)
8681(7)

)

7967(9

6855(10)

6478(8)
7180(7)
6852(6)

5701(8)

)(a, d;))

Ueq
1168(21)

1081(17)

—
©
—

(
820(
593(18)
701(19)
760(23)
600(19)
652(19)
637(20)

726(

22)

1017(29)
882(26)
706(25)
944(17)

1107(30)
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Table S III. Assigned Hydrogen Parameters for
2-Methoxy-4'-Nitrostilbene

z,y and z x 10*

Atom z Y z B
H2 6877 1882 13495 6.9
H3 8035 1989 12241 7.3
HS5 6200 897 9837 6.5
Hé 5009 775 11148 6.6
H7 8617 1801 10405 7.0
HS8 7393 1004 8745 6.5
H10 9834 1235 9444 8.0

H11 11067 1168 8225 9.6
H12 10815 1210 6342 9.8
H13 9293 1457 5700 9.1
H15A 7229 2454 5526 104
H15B 7226 329 5552 10.4
H15C 8151 1381 5365 10.4
H15D 6922 1273 5598 10.4
H15E 7893 388 5425 10.4
H15F 7790 2503 5419 10.4

Table S IV. Anisotropic Displacement Parameters for
2-Methoxy-4'-Nitrostilbene

Atom Ujy, Uss Uja Uis Uas

01 1375(54) 1465(5 664(38 —150(44 204(39 —-27(49
02 766% 2; 1270 44) 12085443 64535; 200}40; 200%41;
N 919(4 9 713(3 827(51 51(48 153(50 44(47
C1 589(4 575(4 614(50 57(43 74(42 23(39
C2 875(5 757(4 472(40 8(45 77(51 —T79(40
C3 721(5 831(5 728(57 -34(41 —81(50 7(50
C4 674(4 542(4 ; 583 51§ 39(45 —55(44 —31(38
Cs 853(5 666(47 437(36 38(49 —100(44 —44(41
of] 676(5 628(47 606(52 —82(38 —46(44 12(46
Cc7 715(5 760(53 704(53 —46(44 6(44 -37(45
Cs8 804(5 559(44 616(51 —9(41 50(40 —38(44
C9 798(5 479(41 689(56 —-3(46 181(46 —76(47
C1o 706(4 790(50 943(57 -10(55 44(53 —-53(57
Cil1 736 52 935(59) 1254(76 —-28(47 223(61 —210(69
C12 1124(71 786(61 1142(78 —-13(61 528(69 —106(68
C13 1228(74 680(51 737(58 —48(61 310(61 69(53
Cl4 995(66 517(50 606(57 —-92(60 177(57 —-11(50
03 1085(43 966(41 782(37 162(39 —87(38 —-38(42
Cls  1686(95) 881(61) 754(55)  23(69) —268(59) —23(60)

U;,; values have been multiplied by 104
The form of the d15placement factor i Js:

exp — 271’ (Unh’a‘ +Unk2b +U33£2 o +2U12hkd‘b‘+2U13h£d‘C‘ +2U23k£b‘ .)



Table S V. Complete Distances and Angles for
2-Methoxy-4'-Nitrostilbene

Distance(A)
01 -N 1.216(9
02 -N 1.228(9
N -Ci1 1.475(11
Cl -C2 1.347(11
Cl -Cs 1.379(11
C2 -C3  1.359(11)
C2 -H2 0.939
C3 -C4 1.382(11)
C3 -H3 0.957
C4 -C5 1.398(11
C4 -C7 1.464(11
C5 -Cs6 1.381(10
C5 -H5 0.966
C6 -H6 0.949
C7 -C8  1.307(11)
C? -H7 0.943
c8 -C9 1.488(11)
C8 -HS 0.964
Cc9 -C1o0 1.403(11
C9 -Ci4 1.396(11
C10 -C11 1.366(12
C10 -H10 0.946
C11-C12  1.378(13)
C11 -H11 0.943
C12-C13  1.385(14)
C12 -H12 0.968
C13-Cl4  1.369(13)
C13 -H13 0.967
C14 -03 1.385(11
03 -Ci15 1.435?11;
C15 -H15A 0.934
C15 -H15B 0.931
C15 -H15C 0.952
C15 -H15D 0.926
C15 -H15E 0.945
C15 -H15F 0.946

02
C1
C1
C2
Cé6
Ce
C3
H2
H2
C4
H3
H3
C5
c7
c7
Csé
HS
HS5
Cs
Hé
H8
Cs8
H7
H7?
C9
HS
H8
C10
Cl4
Ci4
C11
H10
H10
C12
H11
H11
C13
H12
H12
C14
H13
H13
Ci13
03
03
C15

Angle(°)

-N -01
-N -01
-N -02
-C1 -N
-Cl1 -N
-C2
-C1
-C1
-C3
-C2
-C2
-C4
-C3
-C3
~-C5
-C4
-C4
~-C8
-C1
-C1
-C5
-C4
~-C4
-C8
-C7
-C7
-C9
-C8
-C8
-C9 -C10
-C10 -C9
-C10 -C9
-C10 -C11
-C11 -C10
-C11 -C10
-C11 -C12
-C12 -C11
-C12 -C11
-C12 -C13
-C13 -C12
-C13 -C12
-C13 -C14
-C14 -C9
-C14 -C9
-C14 -C13
-03 -Ci14

H15A -C15 -03

124.1(6
118.0(7
117.8(7
119.0(7
118.6(7
122.4(7
119.0(7
121.1
120.0
123.0(7)
117.4
119.6
115.8(7
120.2(7
123.9(7
122.5(7)
118.4
119.1
117.2(7)
120.9
121.8
127.6(7)
116.2
116.3
125.2(7)
117.0
117.8
122.9(7)
119.4(7
117.7(7
121.1(7
118.7
120.1
120.9(8)
120.6
118.5
118.4(9)
121.5
120.2
121.6(9)
118.8
119.6
120.2(8
115.5(7
124.3(8
117.6(7
107.5

I-4- M



Table S V. Complete Distances and Angles for
2-Methoxy-4'-Nitrostilbene (con’r)

Angle(°)

H15B -C15 -03
H13C -C15 -03
H15D -C15 -03
H15E -C15 -03
H15F -C15-03
H15B -C15 -H15A
H15C -C15 -H15A
H15C -C15 -H15B
H15E -C15 -H15D
H15F -C15 -H15D
H15F -C15 -H15E

107.8
104.8
108.7
105.7
105.8
113.2
111.4
111.6
112.7
112.6
110.9
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Table S VI. Observed and Calculated Structure Factors for

2-Methoxy-4'-Nitrostilbene I-4y- m Cf
. . 3 3
The columns contain, in order, §, 10F,s,, 10F.,;. and 10(—'-“—,—‘-““ aFF ) A minus sign
preceding Fyp, indicates that F2, is negative. o
Methoxy-4'-Nitrostilbene Page 1
5 42 45 -5 10 57 49 23 0 -20 387 -78
0 0 1 7 -22 7 -11 11 -24 14 -19 1 318 319 -4
12 21 28 -6 2 111 108 19
2 919 933 -17 0 8 1 $ 205 212 -380
4 254 262 -29 1 5 1 4 103 101 7
86 138 136 7 0 145 150 -16 5 59 61 -10
8 275 264 30 2 26 36 -11 0 S4 34 0 6 244 238 21
10 49 58 -24 4 31 33 -3 1 109 110 -3 7 45 47 -9
12 39 56 -31 2 53 50 11 8 3 27T -256
14 53 63 -156 1 1 1 S 23 37 -30 9 78 70 13
4 60 59 4 10 78 78 -1
0 1 1 0 109 108 2 5 43 50 -28 11 108 110 -6
1 309 310 -4 6 49 56 -19 12 -81 15 -33
1 141 149 -39 2 97 101 -24 7 -35 0 -44 13 -23 18 -18
$ 358 3683 -32 N 73 78 -22 8 -33 12 -30 14 24 19 3
5 431 434 -6 4 212 217 -21 9 32 268 11
7 211 215 -18 5 171 177 -30 10 40 26 19 2 2 1
9 83 64 0 6 284 281 9 11 25 19 8
11 -43 23 -62 7 T4 75 -4 0 368 351 48
13 -18 24 -19 8 52 54 -9 1 6 1 1 198 184 56
9 51 52 -3 2 170 172 -5
0 2 1 10 42 45 -8 0 209 207 8 S 117 114 13
11 -18 3 -28 1 241 245 -12 4 53 54 -2
0 347 347 0 12 -21 20 -23 2 39 34 9 5 44 45 -4
2 145 139 28 13 -38 14 -37 S -18 26 -24 6 31 27 9
4 1286 125 3 14 -14 20 -18 4 14 35 -29 7 -186 16 -186
8 88 87 8 5 18 38 -39 8§ -11 21 -15
8 10 25 -20 1 2 1 6 54 56 -6 9 22 22 0
10 14 34 -21 7 -9 24 -13 10 44 37 9
12 -20 S1  -43 0 1840 1655 117 8 25 19 5 11 13 14 0
14 11 4 2 1 1740 1624 90 9 19 13 3 12 -13 16 -18
2 393 403 -36 10 -24 11 -18 18 -21 9 -10
0 s 1 $ 155 156 -4 14 -17 7 -6
4 54 58 -18 1 7 1
1 169 168 26 § 148 141 12 2 s 1
S 127 130 -18 6 274 280 -18 0 57 §5 4
5 276 266 28 7 108 111 -17 1 44 43 2 o -17 6 -11
7 115 118 10 8 97 90 S0 2 22 25 -4 1 222 214 27
9 17 31 -21 9 42 42 1 s -27 21 -383 2 233 220 44
11 51 42 24 10 24 41 -23 4 -7 31 -21 3 -10 20 -186
13 -84 15 -29 11 98 100 -5 5 36 44 -11 4 -14 14 -13
12 19 38 -28 8 21 36 -19 5 17 33 -38
0 4 1 18 -27 20 -24 7 8 22 -8 (] 78 74 18
14 20 35 -18 8 -26 5 -18 7 35 48 -30
0 1348 1322 22 8 -35 8§ -36
2 286 270 48 1 3 1 1 8 1 9 47 45 4
4 130 130 2 10 51 44 17
6 36 51 -88 0 85 85 0 0 66 59 20 11 37 49 -20
8 92 94 -9 1 174 171 13 1 11 18 0 12 -10 16 -9
10 19 30 -14 2 142 146 -20 2 22 21 ¢ 13 18 11 3
12 51 49 S $ 137 185 10 3 13 19 -5
4 119 115 22 4 -22 1§ -13 2 4 1
0 5 1 6 174 174 -1 5 8 9 0
6 187 184 11 0 174 164 37
1 96 94 7 7 79 79 0 2 0 1 1 322 301 56
$ 118 110 11 8§ -16 19 -21 2 284 278 17
5 140 142 -8 9 5 $7 -31 0 239 226 48 $ 101 102 -2
7 54 61 -23 10 S 27 -15 1 922 924 -2 4 71 74 -14
9 41 32 18 11 57 62 -13 2 881 938 -75 5 40 45 -186
11 28 380 -7 12 15 17 -1 3 351 349 5 6 154 1586 -8
13 -19 13 -13 4 330 320 25 7 87 74 -28
0 6 1 § 130 130 -1 8 29 37 -18
1 4 | 6 418 435 -39 9 -19 21 -19
0 121 126 -24 7 146 149 -11 10 94 88 20
2 54 56 -7 0 308 306 5 8 99 104 -22 11 77 78 -3
4 35 53 -45 1 63 50 51 9 25 27 -2 12 -10 21 -11
6 27 34 -12 2 136 138 -3 10 192 187 17
8 -29 12 -21 3 49 52 -11 11 122 126 -15 2 5 1
10 18 32 -15 4 81 81 2 12 56 50 10
5 39 40 -1 13 16 29 -9 0 59 55 16
0 7 1 6 25 33 -15 14 -29 12 -16 1 104 104 0
7 -18 12 -15 2 11 20 -11
1 41 49 -16 8 10 28 -12 2 1 1 3 18 13 3
S -16 16 -16 9 -25 10 -22 4 62 64 7
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Methoxy-4'-Nitrostilbene Page 2
30 41 -18 11 -256 S -14 6 12 27 -14
95 99 .18 12 56 64 -23 7 -21 8§ -10
-29 16 -31 13 4 22 -11 -19 14 -10
-24 20 -27
23 24 -1 3 s 1 3 8 1
40 45 -9
52 50 3 0 128 128 -1 0 32 30 2
1 86 71 -27 1 22 28 -5
2 6 1 2 170 165 19 2 40 41 -1
3 79 79 0 S 13 18 -3
130 130 -1 4 111 106 29 4 -18 17 -16
7 73 20 5§ 115 117 -8 5 5 11 -1
54 58 -11 6 97 97 0
59 61 -5 7 23 33 -16 4 0 1
-31 20 -50 8 38 43 -14
-26 19 -35 9 72 69 10 0 711 726 -28
-32 5 -34 10 137 130 27 1 358 358 1
-25 7 -15 11 52 44 19 2 67 79 -56
-31 18 -29 12 32 39 .13 S 410 408 4
-20 18 -156 18 -25 12 -18 4 460 453 16
28 30 -1 5 283 237 -18
3 4 1 6 116 120 -18
7 1 7 101 102 -4
0 1831 1286 25 8 145 140 18
-7 3 -1 1 120 122 -8 9 275 278 8
43 43 0 2 144 143 2 10 133 138 S
44 59 -40 b 84 82 13 11 104 105 -5
-25 3 -14 4 50 44 18 12 66 68 -5
17 5 5 5 61 55 28 18 -28 31 -3
-18 10 -13 (:] 47 48 -3 14 -21 1 -11
-24 7 -12 7 -23 18 -25
5 16 -5 8§ -10 30 -33 4 1 1
-17 4 -5 9 22 18 4
10 41 30 14 0 307 298 29
8 1 11 -12 19 -10 1 179 188 -47
12 -29 9 -19 2 100 99 3
4 87 -387 3 58 61 -13
44 56 -19 3 5 1 4 3826 330 -9
33 46 -20 5 101 101 0
-25 11 -15§ 0 40 48 -25 6 111 114 -16
8 2 1 1 97 96 8 7 -28 16 -81
29 8 14 2 105 98 31 8 16 31 -19
b} 63 71 -32 9 200 195 21
1 1 4 -22 7 -18 10 100 99 b
3 51 53 -7 11 46 58 -14
208 204 15 6 40 42 -8 13 29 33 -6
1486 143 14 7 -35 9 -44 13 22 20 1
228 239 -48 8 -24 4 -16 14 -23 13 -14
256 260 -18 9 7 18 -6
114 112 11 10 40 41 0 4 2 1
171 170 S 11 11 15 -3
62 62 -1 0 137 135 8
8 20 -10 3 6 1 1 55 55 -1
25 31 -12 2 87 91 .21
45 58 -23 0 48 45 5 S 66 70 -19
157 149 s1 1 25 28 -5 4 50 44 24
59 61 -4 2 58 51 19 5 238 29 -12
26 87 -16 S -20 20 -19 6 39 44 -16
-31 11 -24 4 -22 12 -21 7 -12 28 -32
-12 10 -5 5 45 59 -39 8 36 43 -15
6 -26 17 .31 9 31 19 15
2 1 7 41 45 -7 10 25 22 S
8 32 44 -9 11 -24 12 -22
217 209 28 9 33 25 9 12 -18 6 -9
182 192 -438 10 72 87 16 18 -25 13 -17

224 215 33 0 25 31 -6 0 172 170 10
61 69 -37 1 -19 23 .20 1 128 126 8
175 177 -12 2 20 34 -20 2 16 26 -13
178 172 25 3 -21 25 -24 3 82 79 16
78 80 -7 4 -18 16 -i5 4 157 1538 19
243 2383 36 5 38 43 -8 5 98 104 -28
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Methoxy-4'-Nitroatilbene Page L
184 4 8 51 48 7 2 80 82 -8 1 -5 12 -4
144 -14 9 39 41 -3 3 16 20 -b 2 13 27 -11
97 -12 10 12 27 -18 4 48 51 -9 3 22 10 7
176 -15 11 6 12 -2 b 11 16 -6 4 12 7 2
188 (] 6 42 b4 -38 5 9 7 0
68 -12 5 6 1 7 -16 23 -21 6 30 37 -7
85 -17 8 46 58 -14 7 43 36 8
32 0 0 -2 20 -13 9 34 37 -6
110 0 1 35 42 -14 10 -24 .8 -15 6 8 1
139 22 2 41 44 -b 11 -18 10 -11
47 -19 S 58 62 -18 12 -28 7 -17 0 -4 8 -1
40 -3 4 66 72 -18 18 -11 5 -3 1 3 15 -4
8§ -31 5 30 35 -8 2 -13 18 -11
20 -22 6 22 24 -2 6 3 1
7 22 10 7 7 1 1
1 8 37 48 -7 0 12 15 -2
9 42 49 -10 1 67 62 -17 0 11 27 -19
194 31 2 109 107 8 1 134 137 -17
274 13 5 7 1 3 7 69 4 2 165 168 7
293 -7 4 14 23 -9 3 83 61 9
225 0 0 -23 3 -11 5 23 35 -23 4 -23 34 -55
455 27 1 -13 30 -22 6 53 65 -40 6 -25 17 -31
126 4 2 -15 13 -9 7 84 84 2 ) 89 87 5
57 -10 3 27 25 2 8 62 58 9 7 84 88 -8
14 -42 4 40 45 -8 9 28 29 0 8 72 75 -8
56 -21 5 28 18 10 10 49 54 -14 9 24 38 -24
157 168 (] 20 28 -7 11 -32 7 -30 10 -22 14 -20
32 0 7 -10 20 -13 12 -23 13 -16 11 -35 1 -42
46 -18 12 15 16 0
;g g 5 8 1 ] 4 1 13 22 19 2
0 -6 10 -2 0 90 87 14 7 2 1
1 1 10 11 0 1 74 87 312
2 -21 18 -19 2 162 1569 16 0 68 71 -15
53 -55 3 32 18 14 S 208 207 1 1 201 199 11
116 39 4 -29 9 -32 2 308 302 1
94 -186 8 0 1 5 83 84 -4 $ 196 200 -17
97 -14 6 50 50 1 4 116 1186 -3
159 13 0 280 278 7 7 95 89 23 [ 50 52 -5
56 43 1 200 211 -46 8 28 37 -26 6 81 72 -48
99 -11 2 431 457 -58 9 s1 S1 0 7 121 116 22
34 -12 S 535 529 10 10 -17 19 -13 8 163 158 20
84 0 4 35 47 -36 11 -11 11 -6 9 28 31 -3
128 9 5 191 198 -5 10 28 30 -2
24 -11 ) 34 50 -85 (] § 1 11 -82 8 -24
33 -26 7 138 139 -5 12 -31 17 -286
7 -13 8 63 72 -25 0 7 80 -27
9 48 52 -7 1 -85 6 -34 7 S 1
1 10 -31 11 -21 2 72 74 -5
11 7 256 -13 3 45 53 -24 0 17 27 -15
75 5 12 13 19 -3 4 -5 38 -43 1 89 90 -3
82 0 18 -11 28 -22 5 20 39 -34 2 82 84 -11
47 18 6 49 43 11 3 91 87 18
$2 -11 6 1 1 1 50 54 -10 4 -11 24 -24
14 -12 8 78 69 11 5 31 37 -12
$2 0 0 54 60 -25 9 9 18 -8 ) 69 85 17
41 -34 1 S$2 37 -13 10 29 24 4 7 83 81 9
10 -10 2 188 185 12 8 85 91 -22
64 21 S 180 184 -20 6 6 1 9 11 15 -1
48 23 4 19 30 -20 10 -22 1$ -13
31 1 5 62 61 S 0 -34 0 -3¢ 11 -29 5 -22
14 -9 6 1132 111 7 1 -9 22 -15 12 -33 5 -29
10 -2 7 71 15 -18 2 9 32 -28
8 104 105 -5 3 -28 21 -28 7 4 1
1 9 23 30 -10 4 -23 18 -19
10 56 64 -27 5 26 19 b 0 -24 1 -21
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