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diazocyanide
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The crystal structure of o-bromobenzene-diazocyanide,
Br-C,H,-N,-CN, has been determined by X-ray methods, using 1203
reflections with intensities above background level collected by
counter methods. The crystals are monoclinic, space group P2,/c, with
cell dimensions a=4.60, &; b=12.71, A, ¢=13.73, A; p=105.1,%
final conventional R factor 0.059. The molecule is essentially planar
and the configuration is trans with respect to the N —N double bond;
the C—N =N bond angles are 113.6° and 113.0°. The following bond
lengths (corrected for thermal vibration) were found: C —Br, 1.914 A;
C(phenyl) —N, 1.403 A; N=N, 1.276 4; =N-C=, 1.364 4; C=N,
1.142 A; C=0C, 1.380 A. A short inter-molecular contact between the
hydrogen atom in ortho position to the azo group and a nitrile nitrogen
atom indicates the presence of a weak hydrogen bond.

The structure determination of p-chlorobenzene-anti-azocyanide! revealed a
statistical disorder in the crystals resulting in an apparent mirror plane
normal to the molecular plane. The molecular dimensions were accordingly
measured with low accuracy, especially in the most interesting part — the
diazocyanide group. It was assumed that a corresponding compound with
the halogen in ortho position was less likely to exhibit disorder. A crystal
structure determination of o-bromo-benzene-anti-diazocyanide was therefore
carried out.

EXPERIMENTAL

o-Bromobenzenediazonium chloride was synthetized by the Knoevenagel method *
using glacial acetic acid as solvent. The salt was precipitated with an excess of ether and
the synthesis of the corresponding diazocyanide proceeded according to the method given
by Le Fevre and Vine.? Recrystallization from acetone yielded dark orange needle-formed
crystals suitable for the X-ray experiments. (Found: C 40.43; H 1.98; N 18.68; Br 38.91.
Cale. for C,H,N,Br: C 40.03; H 1.92; N 20.00; Br 38.05.)

Oscillation and Weissenberg photographs showed the crystals to have monoclinic
symmetry. The systematic absences are h0l with I odd and 0k0 with k odd, which is
consistent with the space group P2,/c. The crystallographic a axis is parallel to the needle
axis.
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Unit cell parameters were determined from diffractometer measurements for 16
reflections on a Picker diffractometer, using MoK«,, MoK«, and MoK g radiation (4:
0.70926, 0.71354, and 0.63225 A, respectively). The take-off angle was 0.5°. The computer
program used in the least-squares treatment of these measurements as well as programs
used during the subsequent calculations, are described in Ref. 4.

Three-dimensional intensity data were recorded on an automatic Picker diffractom-
eter using Nb-filtered MoK -radiation and a take-off angle of 3°. A crystal with dimensions
0.20 x 0.20 x 0.24 mm? was mounted with the crystallographic b axis along the diffractom-
eter ¢-axis. The w — 20 scan technique with & 26 scan speed of 1° min™ was applied. Back-
ground counts were taken for 60 sec at each of the scan range limits. Reflections for
which the count rate exceeded 10* cps were remeasured with reduced primary beam
intensity. The intensities of three standard reflections were measured for every 50 reflec-
tions of the data set; during the data collection they showed a decrease to 85 9, of the
initial intensity, and the intensities of the reflections were accordingly adjusted. The
estimated standard deviations were taken as the square root of the total counts with
a 2 9 addition for the uncertainty in rescaling. '

Out of the 1667 unique reflections with sinf/A <0.64, 1203 were measured with an
intensity larger than twice the standard deviation. These were regarded as ‘“‘observed”
reflections, whereas the remaining reflections were excluded from the further calcula-
tions.

The intensity data were corrected for Lorentz, polarization, and absorption effects.

Atomic form factors used were those of Hanson et al.® for bromine, nitrogen and
carbon and of Stewart et al.® for hydrogen. ,

CRYSTAL DATA

o-Bromobenzene-anti-diazocyanide, Br-C¢H,-N,-CN, m.p. 109°C, mono-
clinic. a@=4.609(0.001) A; b=12.712(0.002) A; ¢=13.734(0.003) A; f=105.12°
(0.01).

Figures in parentheses are estimated standard deviations. V =1776.9 A3,
M =210.0; F(000)=408; u=>5.564 mm™; Z=4. The density obtained by flota-
tion is 1.76 g em™3, the calculated density is 1.795 g cm™.

Absent reflections: 0! for  odd and 0k0 for k odd; space group P2,/c.

STRUCTURE DETERMINATION

The position of the bromine atom was determined from standard Pat-
terson methods. A Fourier map based on signs given by the bromine position
revealed all non-hydrogen atomic peaks; structure factor calculation with a
common isotropic temperature factor yielded a conventional R-factor of 0.15.
The refinement of the structure model proceeded by least-squares methods to
an R-value of 0.127; anisotropic temperature factors were introduced, and
further refinement brought R down to 0.067. Introduction of hydrogen atoms
in fixed positions (C—H=1.03 A, B for H atoms 3.5 A2%) gave R=0.062.

The agreement between observed and calculated structure factors seemed
to be poorer for the low angle data than for the rest of the reflections, the
observed values being systematically higher than the calculated structure
factors. This may be caused by too low background counts at the lower 20
scan limit, which may happen at low scattering angles if the cut-off in intensity
due to the pg-filter falls within the scan range. Least-squares refinements
omitting the 131 innermost reflections lowered the conventional R-factor to
0.059 as well as the weighted R-factor (to 0.050) and also the estimated stand-
ard deviations. There was no indication of secondary extinction.
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BROMOBENZENE-DIAZOCYANIDE

Table 1. Observed and calculated structure factors (x10).

hkl § R h k
“5 8 S 78 ae -4 6 5
=5 7 3 82 « 81 -4 6 4
-5 7 2 116 « 120 -4 6 3
-5 7 1 66 = 57 -4 6 1
«5 T 0 137 -152 =4 6 0
-5 6 0 8 85 =4 7T 0
=5 6 2 85 ~ 15 -4 7 2
“5 6 4 145 = 142 -4 7 3
-5 6 7 78 n 4 T 4
“5 6 8 99 103 -4 75
=5 5 7 113 1290 =% T 6
“5 5 3 106 = 98 -4 77
-5 5 2 9 86 -4 7 8
-5 4 9 &5 65 -4 T 1y
-5 4 1 61 66 -4 711
-5 4 2 101 = 111 -4 8 ]1
-5 4 3 55 60 -4 8 9
=5 4 & 137 ~139 -4 8 7
-5 4 9 79 58 -4 8 6
5 & 10 69 - S4 -4 8 S
-5 .3 6 137 < 148 -4 B &
«5 3 4 126 « 116 -4 8 2
=5 3 2 157 151 =4 8 1
«5 3 0 14 144 -4 8 g
-5 2 1 27 128 -4 9 2
-5 2 2 8 T4 “4 9 3
-5 2 3 98 - 77 % .9 6
-5 2 4 158 153 -, 9 7
-5 2 S 18¢ - 191 -4 911
“5 2 9 9% 94 <410 B
5 112 86 «~ 50 -4 10 7
-5 1 7 86 - T4 410 o
-5 1 6 89 - 93 -4 10 2
~5 1 3 69 15 ~4 10 1
-5 1 2 89 87 “4 10 0
=5 0 0 197 - 198 -4 11 ¢
-5 0 2 9% 82 -6 11 1
-5 0 4 69 84 -4 11 3
-5 0 6 139 - 134 -4 11 4
-5 0 & 82 - 102 -4 11 7
=5 012 Te 39 =313 6
-4 012 61 - 85 -3 13 2
-4 0 8 259 269 -313 1
-4 0 6 122 115 =313 o
-4 0 & 26p o 267 =312 ¢
-4 0 2 141 =139 =312 1
-4 0 0 19¢ 189 =312 4
-4 1 0 78 - 78 =312 5
=6 1 2 144 - 147 “312 9
-4 1 3 327 - 328 =311 9
- 1 4 56 sl ~311 8
-4 1 5 121 =129 =31 7
-4 1 6 117 157 =311 5
“4 1 7 155 159 =311 &
-4 1 9 8 9l =311 3
4 111 197 =112 =311 1
-4 215 75 72 =311 0
~4 214 T4 = 67 =310 0
-4 213 122 134 =310 2
- 212 75 - 5¢ =310 3
-4 2 9 156 =63 =310 ¢
“-“ 2 71 82 a2 =310 7
-4 2 5 223 230 -310 B
- 2 4 102 - 101 -3 1012
-~ 2 3 56 17 9 10
- 2 2 66 - 46 -3 9 7
<4 2 1 258 < 259 -3 9 &
- 3 0 9% - 98 -3 9 4
-4 3 2 170 - 183 -3 9 3
-, 3 3 191 193 -3 9 2
w4 3 A 14T 144 -3 9 1
-t 3 5 T4 59 -3 9 ¢
-4 3 6 256 267 -3 8 ¢
-4 3 7 75 - 76 -3 B 1
-4 3 8 7 -7 =3 8 3
“4 3 9 56 24 “3 8 4
-4 3 16 153 - 176 -3 8 5
-4 412 49 107 -3 8 6
- 4 9 95 = H4 -3 8 7
-4 & 8 144 ~ 137 -3 8 9
- 4 7 96 104 =3 811
-4 4 6 92 - 91 =3 714
-4 4 S5 133 132 =3 713
-4 4 4 133 134 -3 712
-4 4 3 194 = 200 =3 710
-4 4 2 21 210 -3 19
-4 4 37) - 369 -3 7 8
- 5 Tno- 82 “3 7 7
-4 5 2 63 - &7 =3 7 6
-4 5 3 196 202 “3 75
-4 5 5 65 61 -3 7 4
-4 5 7 157 = 149 -3 73
-4 S5 9 93 - 99 3 7 2
=4 510 65 = 4l =3 71
<4 511 77 70 =3 7 0
. 6 Y Te 8y -3 6 @
“4 6 B J4s - §52 =3 61
-~ 6 6 9T -~ 2 -3 6 2
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Table 1. Continued.
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BROMOBENZENE-DIAZOCYANIDE 3265

Table 1. Continued.

h [ .
kKt £ R hkt B R hkl E R hxt g
1118 12 - 19 1 2 1, Ses 535 ¢ 13
111 7 130 =139 102 20 64 - 77 2 6 3 224 227 3 4 6 222 =221
111 6 178 )81 12 3§37 hle 2 6 2 251 = 248 3 4 T 201 = 208
111 5 18e 187 1 2 & s6p s 2 6 1 162 149 3 4 8 9% 29
111 3 115 116 1 2 s 45 - 09 2 7 1 15¢ =150 3 410 97 109
1z 122 1% 12 6w 6 212 e il 3 411 (3 14
S ~ 401 2 - (] 208 3 310 120 113
110 ) 77 - 82 } 2 : Sf? - “23 2 7 & 282 248 339 98 81
110 2 121 =120 12 9 9y v 2 7 5 22 241 3 3 8 249 - 245
110 4 269 274 1211 294 pue 2 7 6 191 =199 337 92 =10l
110 5 T4 64 1 212 1 P 2 11 65 s3 33 6 222 ~221
110 6 221 217 1 0214 't on 2 7 8 119 - 112 3 3 5 251 - 262
110 7 162 168 1 215 157 - (a4 2 7 9 14 =124 3 3 4 420 426
110 8 183 <184 1 113 199 180 2 710 153 167 3323 67 o 47
11090 171 - 173 1111 8 a5 2 112 169 95 3 3 2 4lo 433
11011 91 - Sé 1109 391 - 3ue 2 811 143 153 3 2 1 153 158
11012 9 70 11 8 217 =27 2 8 7 286 - 792 3 2 2 123 -127
1 912 9 - 99 11 1 31 <%t 2 85 9 8% 3 2 3 282 293
1910 95 - a0 11 6 543 =537 2 8 4 132 g2 3 2 4 208 20
199 8 - 8 1 1 5 497 439 2 8 3 528 b3 325 49 - 62
1 9 8 19 156 11 & «1 2 8 2 loa 94 3 2 6 14} 139
1 9 ¢ 333 34 11 3 16s 7 2 8 1 13 107 321 21 -2l
1 9 5 218 218 11 2 85g 788 2 9 1 208 216 32 8 8R - 82
194 13 -18 111 7ih = 706 2.9 2 20 elb 3 211 182 14
109 3 134 13 1 0 2 50 - 243 2 9 3 187 .« 13 311 T2 - 69
1 9 2 416 « 408 1 0 4 1023 1006 2 9 5 291 -293 31 9 207 - 201
1 9 1 329 =329 1 0 6 39 e 2 9 6 197 - 196 3 1 8 169 =112
1 8 1 32 =311 1 0 8 617 « 623 2 9 8 119 a1k 317 T 58
1 8 3 446 = 445 1 010 608 - 592 2 9 9 13 20 31 6 131 -2l
1 8 4 51 2n 1 012 117 119 2 910 b6 68 3 1 5 337 339
1 8 5 172 171 1 014 192 190 21010 105 160 31 4 245 248
1 8 6 46 25 2 014 139 <125 210 8 159 152 31 3 18 136
1 8 7 25 261 2 012 126 - 116 210 7 106 - 9 31 2 262 209
1 8 8 51 - 52 2 010 15 151 210 6 74 - 85 3 1 1 340 - 351
1 8 9 117 -2 2 0 8 446 229 210 S 84 = T6 3 0 2 335 = 344
1 810 S8 s 2 0 6 9% - pa 210 4 220 =218 3 0 & 3a 327
1 811 188 =187 5 0 & 620 - 626 210 2 8 84 3 0 6 343 337
1 714 100 67 5 0 2 443 413 210 1 57 49 3 08 192 - 183
1 713 88 - 89 211 e a1l 211 1 217 219 3 010 191 - 183
1 712 182 -7 21 2 51 - 211 5 24n = 241 3 012 94 82
1 71 6] - 40 2 1 3 12n =129 211 9 157 144 4 0 6 172 - 370
1 710 207 216 2 1 5 54n - 542 212 7 13 143 40 4 8% - 67
17 9 137 143 21 6 295 290 212 6 19 - 77 4 0 2 19 202
17 8 222 230 2 1 7T 148 = 14e 212 4 155 = 147 4 1 1 3ln 325
1 7 6 326 -326 301 6 24s 237 212 3 213 -211 4 1 2 146 - 159
1 7 5 3la = 306 2 1 9 esr 212 213 1 55 8 4 1 4 172 - 376
1 7 4 215 - 216 2 110 YA - He 213 2 15) = 164 a4 1 5 198 ‘e 206
17 3 100 - 93 2 112 132 =22 213 6 99 s2 41 6 9 I
1 7 2 480 - 48l 2 113 14> 37 214 3 21 -3 41 8 131 130
17 1 219 223 2 211 27 . 260 214 1 76 - od 4 1 9 87 88
16 1 225 =214 2 210 89 n3 215 1 1os - 116 42 8 6 s
1 6 2 349 2337 229 1 ar 213 2 s a3 42 7 157 163
1 6 3 4T3 - 467 2 2 1 &3 619 312 3 91 105 A 26 B9« B4
1 6 4 4T =« 492 2 2 6 222 - 216 312 & 146 137 a2 4 86 - 83
1 6 5 B8R 95 2 2 5 131 123 331 S 135 159 4 2 3 300 -313
1 6 6 261 = 240 2 2 4 217 -217 311 1647 = |5y a2 2 53
1 6 7 175 171 2 2 3 125 -2 310 1 B85 - S1 A 3 2 146 - 148
1 6 8 23 234 2 2 2 =22 171 310 2 192, - 193 4 3 3 73 34
1 610 172 162 2 2 1 439 -4t 310 4 116 119 4 3 & 146 - 155
1 611 92 = 90 2 3 1 25 = 24y 310 6 132 132 4 3 6 98 1¢9
1 612 117 =~116 2 3 2 124 - 724 310 7 7 42 4 3 8 143 143
1 6 14 115 = 96 2 3 3 4G - 39 3 9 8 85 ar 4 &7 ar 102
1 513 173 « 170 2 3 4 335 = 328 3 9 6 154 141 4 4 6 120 126
1 512 99 50 2 3 5 200 195 3 95 ur a0 4 44 9 71
105 9 393 399 2 3 6 4u 390 39 4 137 -39 4 4 3 183 <97
15 7 13% 139 2 3 7 153 )ab 393 5 - 82 442 9% o118
1 5 6 135 =132 2 3.8 120 12° 3 9 2 180 =~ 186 4 S5 1 35 - 386
1 § & 59 - 604 2 310 19 -9 39 1 B4 -an0 A5 3 1lo - 124
1 5 &4 _5 = S0 2 312 156 =~ j49 3 8 1 152 - 156 4 S S 193 197
1 5 3 386 = 239¢C 2 432 11 13 38 2 95 - 91 4 6 6 103 22
1 5 2 286 240 2 e 11 19 =184 3 8 3 261 =269 4 65 o7 32
15 1 115 699 2 410 13w - 13¢ 3 8 7 18 192 4 6 4 122 131
1 &4 1 S39 538 2 4 B 163 - 58 319 7 75 4 b 3 65 17
1 4 2 106 - 75 2 4 7 225 228 3 7 8 157 156 4 6 2 113 ~ o8
1 4 3 55: 567 2 4 6 2316 239 3 7T 6 463 149 4 7 1 7% = 711
1 4 4 747 - 7133 2 4 5 43 = 27 3 75 166« 165 4 7 3 15 1Y
1 4 5 137 =139 2 4 & 313 310 3 7 4 164 173 4 7 4 66 T
1 4 6 263 = 255 2 4 3 327 -3 37 3 129 = N7 4 75 7 94
] 4 7T 408 =418 2 & 2 235 =~ 3e 3 7 2 302 &30 4 776 100 - 84
1 4 8 317 ale 2 & 1 315 e 7 31 95 90 4 8 S5 b1 40
1 4 9 87 84 2 5 1 62 = e2? 3 6 1 202 207 4 8 3 197 205
1 410 218 200 2 5 2 149 = 14e 3 6 2 3t W 4.9 78 77
1 411 216 215 2 5 3 1°3 g2 3 6 3 9 - 104 4 9 2 114 17
1 4 114 = 111 2 5 4 [ 3 6 4 20é =207 4 9 4 1oy icl
1 414 13p =12v 2 S 5 527 529 3 6 5 67 = 64 410 2 12 121
1 314 11p =108 2 5 6 1ar oY 3 6 6 26 =229 410 1 3 62
1 312 203 256 2 5 7 §5 = &7 3 6 7 125 ° 124 411 1 13s 130
131 72 - 58 2 5 9 416 = 412 3 6 8 169 52 5 6 2 65 69
1 31¢ 2713 265 2 S 1t 5% e 52 3 610 141 13y 5 5 1 139 139
1 3 9 49 26 2 513 157 13 3 sn 66 73 S 4 2 92 9r
1 3 8 2328 =338 2 611 92 P 35 9 187 8 5 4 3 9% 96
13 1 13 129 2 61 164 =16l 3 5 6 115 «111 S 3 4 o7 13
1 3 6 453 . 465 2 6 B 197 - )1HY 3 5 5 123 = j1® 5 3 2 86 'rd
1 3 & 45 441 2 6 17 193 - 186 3 5 2 47 52 § 2 3 124 127
1 3 3 65 5n 2 6 6 13% 137 3 5 1 40 %23 s 1 2 59 58
1 3 2 817 RES 2 6 5 11l - §Y 3 4 2 136 145 s 11 120 - 124
1 3 1 387 387 2 6 4 337 327 3 4 3 263 263 S 0 2 139 =182
3 4 4 328 - 325
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3266 Bg, KLEWE AND ROMMING

Table 2. Fractional atomic coordinates and thermal parameters with estimated standard
deviations (x10°). The temperature factor is given by exp — (B, h%+ B,k? + Bssl® +
B hk + B, shl + Byskl). The numbering of atoms is given in Fig. 1,

Atom z Yy z Bu, B, B B, By, By
Br 47206 40491 61618 5612 608 634 923 = 89 —176
) 14 5 5 44 5 5 23 17 8
N1: 73730 . 19814 57074 3642 452 561 229 887 189
N 98 . 37 36 240 32 32 146 144 51
N2 85429 10993 55999 4826 683 - 706 404 989 146
117 46 42 285 42 37 186 174 67
N3 132057 6167 69156 6449 750 770 1181 978 255
151 48 51 368 42 41 201 214 67
C1 48082 22158 49341 2947 569 517 — 654 798 71
‘ 120 49 44 260 38 37 172 163 63
C2 36763 16156 40822 4583 647 611 —414 884 —140
v 139 53 50 353 44 43 196 208 72
C3 11895 19013 33649 4984 894 508 —1029 526 -112
156 62 51 369 59 40 248 201 78
C4 —2662 28307 34656 3813 943 596 —420 317 483
140 67 55 322 59 44 241 192 20
(6] 8149 34565 428856 4136 742 594 223 471 116
142 56 53 332 49 43 208 194 82
Cé 33425 31501 50242 3239 404 580 - 219 563 91
118 43 45 282 37 38 158 170 59
c7 110857 8950 63413 4461 539 652 623 1251 256

146 = 53 51 329 39 41 218 204 77

A comparison of observed and calculated structure factors is given in
Table 1; the final parameters are listed in Table 2. A difference Fourier map
showed no electron densities exceeding 0.2 e A3,

Magnitudes and directions of the principal axes of the ellipsoids of vibra-
tion are given in Table 3. The r.m.s. discrepancy between the atomie vibra-
tion tensor components arrived at in the structure analysis and those cal-
culated from the rigid-body parameters obtained by analysis of the libra-
tional, translational and screw motion of the molecule, is 0.0042 A2, The corre-
sponding value when omitting the atoms of the =N —C=N group is 0.0031
A2, indicating that the benzene ring and the atoms directly attached to it
may be regarded as a rigid body whereas the ‘“tail”’ of the molecule does not
fit well into this approximation. The L values of the latter model were applied
in the libration corrections of bond distances in this part of the molecule.
The eigenvalues of 7' are 0.22, 0.19, and 0.16 A while the r.m.s. librational
amplitudes are 6.1, 3.4, and 2.5°. The major axis of libration is nearly parallel
to the axis having the least moment of inertia. :

Bond distances, interbond angles, short inéra- and ¢nter-molecular contacts
are given in Table 4. In Fig. 1 bond distances and angles as well as the number-
ing of atoms may be found.

Standard deviations were calculated from the correlation matrix ignoring
the standard deviations in cell parameters. For the C—Br bond the estimated
standard deviation is 0.006 A, for C —C bonds less than 0.011 A and for C—N

Acta Chem. Scand. 25 (1971) No.'9



BROMOBENZENE-DIAZOCYANIDE 3267

Table 3. The root mean square amplitudes of vibration (#?)?% (A) and B-values (A?) along
the principal axes given by the components of a unit vector in fractional coordinates

(x 10).

Atom (a2)} B €y ey e,
.289 6.58 129 36 - 38
Br .218 3.74 126 31 64
.199 3.11 135 —-63 9
232 4.26 61 34 68
N1 .189 2.83 191 24 —-14
181 2.59 101 - 67 30
. .258 5.26 60 41 64
N2 .235 4.36 91 56 —-34
213 3.67 197 —38 19
.284 6.39 152 54 34
N3 .266 5.60 84 1 —60
211 3.50 143 -57 31
.229 4.16 —56 66 30
Cl 212 3.656 100 -27 69
. 153 1.86 194 33 —4
.245 4.756 78 — 55 53
c2 . 225 4.01 —-92 39 48
.206 3.356 190 41 25
.284 6.35 99 -1 5
C3 .226 4.03 1056 21 —52
.199 3.12 173 28 54
.308 7.38 —32 65 37
C4 .206 3.34 51 44 - 54
192 2.91 217 -1 38
252 5.00 9 69 36
C5 .235 4.36 77 35 — b4
199 -3.13 211 —16 39
.233 4.28 -8 18 70
Cé .188 2.79 165 - 52 28
171 2.31 163 67 3
.256 5.19 104 39 63
C1 .207 3.39 138 33 -37
.188 2.79 144 — 60 20

N o/ /
1389 383 122%364‘37MN3 C%Hféx et
cé 12403 £ —Ci199 17§ cﬁj_‘}:’:{z\ ©° N
13N 1396 197 1208 1167
/(:51._33?‘:5 C5-4—{(.C6 1214
1.9%

/ 117.8)&

Br

Fig. 1. Inter-atomic distances and bond angles.

Acta Chem. Scand, 25 (1971) No. 9



3268 Bg, KLEWE AND ROMMING

Table 4. Bond distances, bond angles, intra-molecular contacts, and inier-molecular
distances less than 3.4 A (equivalent position numbers in parentheses as defined below).
Bond distances in parentheses are corrected for anisotropic thermal motion.

Bond distances (A) Bond angles (°)
Br-Cé6 1.906 (1.914) Cl1-C2-C3 122.0
Cl1-C2 1.380 (1.383) C2-C3-C4 119.9
C2-C3 1.352 (1.355) C3-C4-Cs 119.9
C3-C4 1.383 (1.389) C4-C5-Cé 119.7
C4-C5 1.366 (1.371) C5-C6—Cl 120.8
C5-—-C6 1.384 (1.388) C6-C1-C2 117.6
C6—-Cl1 1.388 (1.396) Ni-Cl1-C2 125.7
Cl1-N1 1.400 (1.403) N1-C1-Cé 116.7
N1-N2 1.269 (1.276) C1-N1-N2 113.6
N2-C7 1.362 (1.364) N1-N2-C7 113.0
C7-N3 1.140 (1.142) N2-C7-N3 172.5

Br-C6-Cl1 121.4
Br-C6-Cs 117.8
Intra-molecular
contacts (4) Other contacts (A)
Br-N1 3.04 N1-N3(1) 3.33
C2-N2 2.71 N1-0C5(2) 3.38
Cl1-C7(1) 3.35
I: —~142,9,2 2: 1+2,9,2

and N —N bonds less than 0.008 A. Standard deviations in bond angles are
0.7° or less.

Deviations of atomic positions from two least-squares planes are presented
in Table 5. Fig. 2 is a composite Fourier map as seen along the a axis.

Table 5. Deviations of atoms from two least squares planes (A). Plane No. 1 is through
all atoms and plane No. 2 is through the phenyl group and the atoms attached to it.
Deviations of atoms not defining the plane in parentheses.

Br .002 .001
N1 —.010 (—.008
N2 .050 (.057)
N3 ~.024 (~.018)
cl1 .006 010
c2 —.010 —.004
C3 —.002 .004
c4 —.002 .002
C5 —.011 —.009
cé —.004 —.001
c7 —.006 (:001)
DISCUSSION

The structure of o-bromobenzene-anti-diazocyanide is ordered, and is thus

more accurately determined than the structure of the corresponding p-chloro
compound.!

Acta Chem. Scand. 25 (1971) No. 9



BROMOBENZENE-DIAZOCYANIDE 3269

Fig. 2. Composite three-dimensional elec-

tron density map as viewed along the a

axis. Contour intervals are 1.5 e.A™% for
the light atoms.

As may be seen from Table 5, the molecule is nearly planar. The atoms of
the benzene ring and the Br and N1 atoms are all situated in a distance less
than the estimated standard deviation from a least-squares plane defined by
these atoms. N2 lies on one side of this plane (0.057 A) and N3 on the opposite
side (0.018 A). The dihedral angles C6 —C1 —N1—N2 and C1-N1-N2-C7
are 177.5° and 178.2°, respectively.

The bond lengths and angles observed in the bromobenzene part of the
molecule are in close agreement with the expected values found for instance
in trans-p,p’-dibromoazobenzene.” The slight difference between the external
angles at C6 is probably due to a repulsion between Br and N1, the N1~ Br
separation being only 3.04 A.

The C1 —N1 bond (1.403 A) is found to be approximately the same as in
the p-chloro compound. The value of the C2—C1—N1 angle cis to the N—N
double bond (126°) seems to be normal for this kind of configuration; a similar
effect has been observed in several substituted azobenzenes and has been
ascribed to repulsion between C2 and N2.

The N=N bond length (1.276 A, corrected) is found to be the same as in
trans-p,p’-dibromoazobenzene (1.276 A)” and in p-chlorobenzene-anti-
diazoimidoglyoxynitrile (1.264 A).8 The bond angles at the nitrogen atoms,
113.6° (N1) and 113.0° (N2), are also equal to the corresponding angles in
these compounds, and indeed equal to those found in various trans-azobenzenes.

The N2—-C7 bond length (1.364 A) is 0.04 A shorter than the C1—N1
bond. This is nearly the expected difference between the carbon single bond
covalent radii for sp and sp? hybridized carbon atoms. The corrected C=N
bond length is 1.142 A.

As may be seen from Table 4 the intermolecular contacts are normal.
There is, however, a fairly short separation (3.59 A) between C2 in one molecule
and the nitrile nitrogen atom (N3) in another. This corresponds to a distance
of 2.59 A between the (calculated) atomic position of the hydrogen atom
attached to C2 and the nitrogen atom. A similar somewhat short contact was
observed in the structure of p-chlorobenzene-anti-imidoglyoxynitrile.® The
non-linearity of the N2 —C7=N3 arrangement may possibly be related to
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this weak interaction, the distortion relative to linearity causing the contact
to be shorter. The indicated hydrogen bond links molecules together forming a
centrosymmetrical dimer.
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