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The Crystal Structure of 2,3-Dimethyl-

By D. Rabinovich, Department of X-Ray Crystallography, Weizmann Institute of Science, Rehovoth, Israel

The crystal structure of 2,3-dimethyl-1,4-benzoquinone has been analysed from photographically recorded partial
three-dimensional data. Comparison of the (chemically equivalent) bond lengths indicates an accuracy of 0-02 A

in C—C and C—0 bond lengths.

THE structure analysis of 2,3-dimethy!-1,4-benzoquinone
(I) forms part of our programme on the topochemical
control of solid-state reactions. The interpretation of
the photochemistry of p-quinones, including (I), in terms
of the now available crystal structures will be given in
Part XV.2
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2,3-Dimethyl-1,4-benzoquinone (I). The numbering of atoms used
in the present analysis.

EXPERIMENTAL

2,3-Dimethyl-1,4-benzoquinone (I) was prepared by
oxidation of vic-xylenol (m. p. 75°) with Fremy’s reagent,®
and purified by sublimation at 30°/25 mm. Crystals were
grown both by sublimation and by recrystallisation from
slowly cooled solutions in methyl acetate. Powder patterns
of crystalline materials obtained from thermally quenched
solutions in methyl acetate or from rapidly evaporated
solutions in diethyl ether were identical with those obtained
from crushed single crystals. The cell dimensions deter-
mined from zero-level Weissenberg and precession photo-
graphs are listed in Table 1.

TABLE 1

Crystallographic constants of 2,3-dimethyl-1,4-benzo-
quinone. CyHO,, M 136-1; m. p. 55°

9-01 a(a) = 0-01 B =118-0°  o(p) = 0-2°
1238 o(b) = 0-01

736 A o) = 0-02A

Systematic absences: hOl absent for I odd; 00 absent for %
odd.

Space group: P2fc; V = 124-9A48%; d (calc) (n = 4) =
1-25 g./em.3.  F (000) = 288.

a
b
c

(]

The Bkl (I = 0, 1, 2, 3, 4) intensities were recorded photo-
graphically with Ni-filtered Cu K« radiation from a crystal
sealed in a Lindemann-glass capillary, and processed as
described previously.* The structure was solved from the
sharpened Patterson projection SP (¥y); ¢ the z parameters
were established from a trial model built from the x,y
parameters after their refinement from the 240 data to » =
0:04. The Akl levels were assigned individual scale factors
and the merged data refined by the full-matrix least-

1 Part XIII, D. Rabinovich, G. M. J. Schmidt, and E. Ubell,
preceding Paper.

2 D. Rabinovich and G. M. J. Schmidt, following Paper.

3 H.-J. Teuber and W. Rau, Chem. Ber., 1953, 86, 1036.

4 D, Rabinovich and G. M. J. Schmidt, J. Chem. Soc. (B), 1967,
127.

squares programme until the shifts in all parameters,
including the five scale factors, had become smaller than
one-sixth of their e.s.d.; at this stage #[= Zw(k2F,? —
|Fo|?)?/ZwhkiFo*] and R[= Z|kF, — |F,||/ZkF,] stood at
0-024 and 0-073, respectively. Hydrogen atoms which
had been inserted in chemically reasonable positions were
refined isotropically throughout. In view of the individual
scale factors of the 4/ levels the value of u,, includes an
arbitrary constant. Observed and calculated structure
factors are listed in Table 2. Standard deviations of all
parameters were estimated as described in Part XII1,% with
n (= 771) the number of reflections included in the last
refinement cycle, and s (= 127) the number of parameters
adjusted. The following scattering-factor curves were
used: fg,o, Berghuis ef al.,5 f, McWeeny .

DISCUSSION

Table 3 lists the co-ordinates, in &, of all atoms in the
asymmetric unit referred to the unit cell axes, together
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2,3-Dimethyl-1,4-benzoquinone. Bond lengths and angles
averaged in accordance with molecular symmetry mm

with their e.s.d. and the experimental atomic co-ordinates
in the system of molecular axes L,M,N ; these axes. which
coincide with the principal axes of inertia of the heavy-
atom skeleton of the molecule, have been computed by
a modified Schomaker et al. procedure;? the com-
ponents of the three unit vectors L,M,N, referred to the
reciprocal cell edges a*,b*,c* are listed in Table 3. The
more conventional representation of the ‘“ best plane "’

5 J. Berghuis, 1J. M. Haanappel, M. Potters, B. O. Loopstra,
C. H. MacGillavry, and A. L. Veenendaal, Acta Cryst., 1955, 8,
478.

8 R. McWeeny, Acta Cryst., 1951, 4, 513.

7 V. Schomaker, J. Waser, R. E. Marsh, and G. Bergman,
Acta Cryst., 1959, 12, 600.
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TABLE 2
Structure factors
Total number of reflections estimated, 1021; number of unobserved reflections, 256; unobserved reflections included in refinement,

10; zero-weighted reflections, 4; total number of reflections included in refinement, 771; ‘‘u’’ = unobserved; ‘'z’ = assigned
zero weight.,
Bk k1 Fo Fe¢ h k1 F, Fe R k1 Fo Fe B kR 1 Fo Fg h E 1 F, Fe
0 2 0 3731z 4737 7 40 598 —614 —4 5 1 857 815 2 13 1  142u 021 —7 4 2 572 5-98
4 2091 —23-04 5 291 3-37 6 141 1-84 14 2:63  —1-96 5 2-05u  —0-15
6 371 —374 6 1-64u 0-94 7 2:37  —1-63 15 2:82  —2:26 6 3-25 276
8 422  —431 7 1-58u —0-68 8 1-58u 0-73 3 1 19-69 18-88 7 4-07 428
10 503 5-18 8 1-49u 0-16 9 419 3-78 2 36-48  —36-42 8 419 4-55
12 1-68  —1-22 9 1-36u 0-13 10 1-66u —0-74 3 19-68 19-37 9 1-87u 1-37
14 1-39 1-09 10 1-45 0-50 1 2:56  —2:70 4 10-58 11-60 10 1-69 1-49
1 1 67-561z 6520 11 1-14u —0-01 12 1-84 1-55 5 7-60 7-04 11 180  —1-38
2 17-89  —17-63 8 0 2:02  —0-54 13 1320 —0-06 6 1-43u  —0-83 12 1-39u  —1-32
3 2813  —27-98 1 232 —249 14 130 0-67 7 371 —370 —6 0 592 590
4 12-11 12-38 2 163 —192 —3 1 2161 —20-57 8 2-52 2:09 1 1-75  —1-97
5 1416 15-00 3 1-60u —125 2 3116  —30-73 9 1-64 0-49 2 817 7-71
6 7-54 7-22 4 2:22 248 3 497 4-74 10 1-66u 0-60 3 1-83u 0-80
7 4-94  —4.94 5 214 1-88 4 17-02 18-96 11 1-6lu  —0-03 4 2:30  —1-28
8 2-85 2-29 6 143 0-15 5 625 5-96 12 149u —112 5 673  —644
9 1-89 1-98 7 1-62 1-54 [ 484  —4-86 13 130 =153 6 4-69 4-68
10 1-64u —0-70 8 250 —2:25 7 1-72 1-38 14 1-26u 016 7 891  —8:57
n 2:08 240 9 2-30 1-78 8 7-82 7-90 4 0 3:90 4-06 8 16-50 15-31
12 457  —4-63 10 0:70u  —0-14 9 829  —857 1 924  —836 9 247 234
13 1-57 1-01 9 1 1-38 113 10 874 913 2 11-99 11-66 10 3-31 3-77
14 1-37 0-82 2 2-14 210 11 651  —644 3 6-66 6-99 11 1-74u 1-00
15 2-30 1-73 3 1-31u 0-60 12 1-58u 0-57 4 7:55 7-81 12 1-84u  —0-42
2 0 27-78  —24:90 4 176 0-90 13 3-04 2-42 5 1-49u  —1-23 13 14lu  —0-71
1 505  —5402 5 1-42u 0-29 14 148  —1-17 6 1-55u 137 —~5 1 13-35 —13-54
2 3462 —33-91 6 1-26  —0-36 15 1-05u 0-45 7 739 —686 2 12:10 11-49
3 1-74 1-34 10 0 1-88 213 -2 1 0-71u 0-31 8 4.21 4-35 3 525  —553
4 397 3-53 1 1-07u 0-05 2 7-99 8-27 9 203 167 4 11-24 11-59
5 1068 —10:77 2 208 1-90 3 25-07 27-09 10 1-6la 0-10 5 796 773
6 152  —1-32 3 132 —1-23 4 11-64 —11-66 11 1-61u 0-23 6 17-33  —17-91
7 10-33 —10-22 —10 0 1  4-89 5-06 5 14:86  —1459 12 2:62  —260 7 14-54 13-61
8 2-34 1-91 1 260  —2:56 6 1919 —18-68 13 222 1-74 8 1813 —17-83
9 614 5-99 2 3-02 2:83 7 11-22  —12-59 14 0-89u  —0-59 9 524 558
10 7-81 8:42 3 249  —192 8 2:50  —2:61 5 1 4-47  —~3-96 10 2:02u 0-61
11 1-69 074 4 120 —~017 9 11-18 11-79 2 414 —412 11 1-92u 0-33
12 1-65u 1-55 5 1-04u —048 10 823  —8:84 3 1072 —11-19 12 1-72 1-16
13 162a ~—169 -9 1 151  —0-36 11 599 5-98 4 446  —4-34 13 1-77u 0-67
14 1-60 1-56 2 1-49 1-21 12 324  —3-66 5 831  —770 14 1-27u 0-27
15 1-86 1-52 3 145 149 13 1-50u 0-50 6 349 —347 —4 O 14-54 —13-28
3 1 16-95 1555 4 2-80 2:79 14 242 241 7 724 7-09 1 1-30u 0-41
2 537 —b531 5 1-32u 0-07 15 262 —195 8 419 477 2 6-53  —6:51
3 172 0-87 6 1-23u 036 —1 1 13-62 14-27 9 552 5-54 3 13-87 13-68
4 1624 —16-36 7 1-35u 0-28 2 4-26 4-38 10 1-49 1-88 4 14-49 12-71
5 20-51  —19-69 8 112u 0-96 3 677  —6-72 11 133  —164 5 18-76 1873
6 677 —647 —8 0 1-65u —0-31 4 23-09 —26-02 12 1-36 127 6 16-93 17-25
7 8:-57  —8:67 1 1-65u  —0-09 5 2549 —26-98 13 164 ~1.26 7 6-5¢4  —6-23
8 9-23 9-35 2 2-61 2-66 6 2294 —22-82 6 0 399  —483 8 498  —4-50
9 10-39 10-12 3 1-64 0-27 7 873  —8-29 1 529  —507 9 1157 —11-94
10 5-07 511 4 1-62 0-94 8 446 —4-22 2 963  —9-44 10 895  —9-20
11 3-14 362 5 1-58u 0-84 9 1-87 2:05 3 911 —941 11 2:0lu  —0-45
12 1-59u —0-83 6 1-52u —1-98 10 2-80 —212 4 813  —838 12 1-87u  —0-09
13 143  —1-22 7 1-78 0-91 11 287 —-2:85 5 423 —3-72 13 1-64u 0-67
14 1-46u  —0-28 8 295 276 12 3-08  —340 6 2:02 2-01 14 1-60u 0-22
15 0-98 0-19 9 1-17u 1-27 13 1520 —0-41 7 4-94 499 -3 1 29-76 29-85
4 0 931 9-66 10 2-84 2-09 14 1-33u 0-21 8 1-53 2-09 2 1-82 1-58
1 355 —3-29 -7 1 8:55 8:01 15 1-28 0-45 9 3-47 317 3 12-14 12.71
2 10-13 10-90 32 1042 —10-36 0 0 4269z —17-95 10 199 —142 4 166 0-81
3 1278 —12-96 3 12-55 12-78 1 5-06 5-06 11 1-04u  —0-38 5 331 —347
4 163  —054 4 818  —7-94 2 409 —4.18 7 3 303 —2-85 [ 15:47 16-12
5 3-44 3-72 5 262 2-36 3 412  —4-38 4 1-60u 0-09 7 214 2-81
6 13-39 —13-37 6 3-09 3-22 4 24-23 27-63 5 1-55u 0-96 8 297  —319
7 21-73 20-76 7 4-86  —4-88 5 3418 —36-14 6 1-49u 0-67 9 931  —9-41
8 788  —807 8 5-81 5-58 6 17-46 17-30 7 1-40u  —0-23 10 502  —4-60
9 5-20 5-23 9 1-45 0-85 7 387 —323 8 1-80 178 11 4-33  —483
10 1-69u  —0-66 10 1-30 0-61 8 173 —1-84 9 294 —2.79 12 2:39 2-69
11 304 —2:23 11 1-34 1-27 9 305 289 —11 1 2 252 —3-64 13 175 —163
12 149  —070 12 0-95u 0-05 10 256 2-49 2 1-07u 0-61 14 1790 —0-65
13 1290 —024 —8 0 3-27 1-43 11 4-23  —4-39 3 184  —2:00 15 123 —1-53
14 1-22u  —0-03 1 311  —2-88 12 2-00 178 —10 0 163 —200 —-3 1 33-64 30-86
5 1 727 —7-12 3 7-72 7-65 13 1-52u  —0-82 1 162 —1-80 2 516  —500
2 1-99 1-99 3 468  —4-28 14 1-32u  —0-47 2 158 —112 3 343 344
3 397  —3.99 4 14-27 13475 15 1-27u 010 3 2:64  —2:74 4 1-25u 1-50
4 1-50  —093 5 5-53  —5-44 1 1 444  —4-73 4 176  —0-76 5 13-28  —13:00
5 1-56 0-87 6 1-64u —1-18 2 20-11 21-24 5 1-62u 013 6 326  —3.27
6 885 8-86 7 234 255 3 569  —520 6 1-42u 047 7 292  —215
7 992 —10-11 8 985  —9-69 4 6-67 6-56 7 1-08u —0-32 8 3-16 314
8 2-08 2:43 9 378 398 5 2398 2403 —9 1 1-96 1-83 9 308  —3-20
9 752 —7-60 10 1-5lu  —056 6 20-60 —21-31 2 3-07 3-84 10 407  —4-24
10 344  —3.47 11 1-36u 0-82 7 627 597 3 1-9lu  —0-72 11 523 541
11 1-50u  —0-17 12 2-01 1-88 8 4.59 4-60 4 186  —0-90 12 1980 —0-07
12 1-32u 0-85 13 224 1-92 9 466 491 5 308 —3:05 13 1-80 208
13 130  —004 —5 1 757  —685 10 886 951 6 1-67  —1-58 14 217 —274
14 0-59u  —0-51 261  —2:54 11 8-47 8-34 7 1-88 2:43 15 301 —2:54
6 0 507 5-05 3 17-36  —1568 12 303 2-99 8 269 —244 —1 2 19-33 19-30
1 416  —4-13 4 7-35 657 13 1-49u  —0-76 9 170 1-30 3 22-48 21-13
2 8:26  —8.93 5 2:75  —258 14 128 —074 -8 0 2:05  —1-89 4 3-56  —3-84
3 807  —839 6 8-68  —9-31 15 1-20u  —0-85 1 12-16 1256 5 512 551
4 581  —5-28 7 4-08  —385 2 0 37-32 32-27 2 5-81 552 6 3-03 292
5 335  —351 8 2:60 —1-08 1 3320 —33-59 3 14-73 1455 7 7-35 7-07
6 1-69u 0-00 9 262  —281 2 2:57 266 4 2:04u  —0-14 8 1-80u 012
7 293 —2:48 10 1-63u  —0-19 3 1-46 1-85 5 2:01 220 9 306  —2:76
8 310  —3.32 11 2-86 2-60 4 786  —863 6 2:40  —2:21 10 2:03u 0-06
9 404  —3.96 12 1-37 112 5 657 681 7 1-88u —0-32 11 2:05  —1-83
10 179 111 13 214 143 6 207  —168 8 1-74u 116 12 1-99u 0-39
11 1-29u 0-63 14 148 1-16 7 1-4lu  —1-20 9 1-57u  —076 13 1-83u 0-42
12 127 —056 —4 0 1182  —10-59 8 1-51u 1-14 10 164  —1-09 14 1-56u  —0-00
13 0-63 0-48 1 4077 —39-51 9 10-25 10-70 11 1-20u  —0-71 15 2:34  —1-62
7 1 1-69u 1-02 2 27-22  —23-21 10 9-36 959 —7 1 3-09 317 0 0 93-23 —91-84
2 1348 —13-94 3 10-23 9-23 11 369 372 2 9-86 976 1 460 4-64
3 508  —4-91 4 18-35 —17-93 12 157 1-28 3 13-01 1205 2 5-35 5-44
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TaBLE 2 (Continued)
K kI Fo  Fe B k1l F Fe b k1 Fo Fe B k1 Fo Fo A kI
0 32 214 177 —11 3 3 1951 —145 —32 4 3 1235 1179 6 03 28 —L6l -3 6 4
4 549 55 4 1-64u  —114 5 2954 —31-08 1 2870 —043 7
5 854 —822 —10 0 26la 012 6 2094 2214 2 2-84 2-36 8
6 660  —675 1 2590 057 7 1070  —10-55 3 2780 —0-22 9
7 379 —3-92 2 2560 —1-00 8 287 3-36 4 269 2-20 10
8 390 3-94 3 3-50 3-46 9 303 2:96 5 2560 022 11
9 1960 —1-21 4 2:36u  —111 10 309u 074 6 2-30u  —0-57 12
10 499  —545 5 2:20u 219 1 433 —428 7 216u —2:35 13
11 324 334 6 2420 005 12 2-89 265 8 2-89 2:05 14
12 1980 —1-60 7 2:03u 019 13 2560  —194 9 158 —233 —3 1
13 1-80 262 —9 1 3-0lu  —301 14 209u —088 —11 1 4 40%u 354 2
14 152 —187 2 300u —068 —1 1 18-82 1725 2 3.95 3.95 3
15 343  —2.93 3 363  —4-08 2 979 10-80 3 37lu 207 4
11 2248 2070 4 289 170 3 1560 —17-24 4 3.26 216 5
2 191 177 5 2780 160 4 2700 —26-46 5 243 0-97 6
3 1689 1719 6 264 1-63 5 2744 —26:98 —10 0 4-50u —2:48 7
4 431 441 7 2440 —0-26 6 2299 —22-33 1 456  —548 8
5 371 —413 8 217u 155 7 269  —142 2 4-51u  —1-29 9
6 1430 1433 9 543  —443 8 2-87 321 3 437 —370 10
7 280 296 10 139u 156 9 303  —-2:98 4 511 410 11
8 190 171 —8 0 1001  —10-59 10 309u  —0-88 5 390u 107 13
9 786 —T78 1 875  —881 11 433 —453 6 3.540 051 13
10 562  —519 2 1654 —16:28 12 287  —318 7 3-68 3-10 n
1 539  —6:02 3 1352 —13-80 13 2-54u  ~—0-08 8 2050 —336 —1 1
12 193 191 4 1179 —1212 14 2080 000 —9 1 520  —6-67 2
13 172 —090 5 3.06u  —0-85 o 0 581 485 2 2395 —2571 3
14 1740 —0-14 8 5-20 510 1 1246  —10-66 3 509  —6:32 4
15 115 —0-80 7 763 7-80 2 996  11.27 4 11470 —1269 5
2 0 1596 —1571 8 270 319 3 1291 —14-54 5 481 3-87 6
1 421 4-46 9 3.47 413 4 1605 —15-53 6 456  —2:26 7
3 791  —841 10 211 —267 5 1608 1619 7 4230 —0-54 8
3 969 921 11 1981 058 6 1741 —16-23 8 376u 129 9
4 1094 956 —7 1 412 —473 7 6:50 6-36 9 3-84 0-39 10
5 1052 1020 2 721 —1-95 8 294  —2-87 10 3-59 1-65 11
6 1894 1851 3 1523 —16-52 9 1280 —1208 —8 0 749 —781 12
7 326  —2:90 4 743 —7-48 10 1201  —1216 1 1244  —11-60 13
8 198  —182 5 843  —846 11 709  —6-90 2 1637 —15-89 14
9 777 —814 6 311y —104 12 397 -394 3 1247 —1313 0o 0
10 894  —8:93 7 1360 1247 13 2450 —153 4 650  —6:21 1
11 199 —1.98 8 5-20 579 14 2-39 1-52 5 525  —4'53 2
12 184u 003 9 568 5-80 11 29:95 —24-42 6 514  —304 3
13 180u 115 10 250u 2116 2 2122 20-86 7 603  —518 4
14 1-53u 060 11 295  —213 3 739 7-07 8 730  —17-88 8
31 851  —860 12 328 252 4 1026  —8-70 9 418 371 6
2 8-46 869 —6 0 2.59 261 5 2580  0-01 10 4370 126 7
3 640  —6-88 1 715 —694 6 275 157 11 323u 057 8
4 540 5-00 2 1794 1699 7 291 337 —7 1 614  —674 9
5 1012 1058 3 273 2-90 8 742 —7-68 2 506 —3-83 10
6 1631 —1664 4 1146  10-59 9 657  —7-02 3 51ldu  —3-44 11
7 1443 1453 5 358  —371 10 870  —8:86 4 6-42 424 12
8 1332 —13-48 6 3.70 3.87 11 718 —7-49 5 5-3lu  —0-03 13
9 324 2-49 7 845  —663 12 267  —273 6 1302 1317 11
10 2:00u  0-30 8 726 7-07 13 226 1-51 7 2383  —21-41 2
11 188u —0-11 9 1-8lu  —0-46 14 2:06u  1-40 8 5:09 514 3
12 1-67u 108 10 289  —183 2 0 2717 —2817 9 1515 —1652 4
13 1-69u 063 1 2620 —0-92 1 3131 2874 10 434n  —2:83 5
14 11lu 058 12 225  —267 2 1818  —19-24 11 371 —074 6
40 5-28 494 13 319 276 3 629 577 12 3-37u  0-52 7
1 288 —184 -5 1 1377 15-50 4 1271 —1216 —8 0 2010 1908 8
2 568 601 3 3381  —34-30 5 885  —854 1 904  —9-86 9
3 230 251 3 3439 3138 6 2920 —073 2 1081 1148 10
4 1930 124 4 8-29 8-08 7 3.03 198 3 2148  —19-69 1
5 391  —345 5 3-83 456 8 379 311 4 492 —196 12
6 592 6-59 6 284u  —0-37 9 437  —3:36 5 622 329 13
7 782 —803 7 2980  —095 10 2980 —197 6 1477  —15:98 2 0
8 9:26 9-80 8 434 381 11 276u 001 7 3028 2942
9 314 2-90 9 31lu 166 13 244u 151 8 1947 ~1772 2
10 1-87 2-30 10 3.03u  —0-44 13 1970  —0:20 9 1150  12-83 3
11 1-67 1-36 11 2-86u  —0-96 3 1 1012 —878 10 481 —347 4
12 1730 027 12 254y —2-42 2 6-56 596 11 431 —2.03 5
13 1-24u  —0-36 13 2120 —195 3 832  —737 12 3-62u  —0-36 6
5 1 200 —0-52 14 175 013 4 774 =767 13 3.04n 045 7
2 7-39 736 —4 0 2516 20-27 5 425 —415 -5 1 395 513 8
3 10-54 997 1 2875 —30-17 6 7:20 726 1042 —10-31 9
4 8-06 821 2 1841 1573 7 3.79  —3-87 3 1283 —813 10
5 2060 048 3 2160 —011 8 308 1-04 4 2571  —25-62 11
6 2050 117 4 231 —338 9 364  —393 5 2046 —18:90 12
7 2-46 241 5 6-81 6-58 10 278  —2:03 6 708 —7-21 3 1
8 3-60 376 6 532  —563 1 2470 218 7 520  —591 2
9 1-80u 085 7 284  —101 12 2.06u  —152 8 2314 2248 3
10 254 2-45 8 7:90 7-40 13 2:20 220 9 1183 1117 4
1 1-66u  —0:07 9 1462 16:50 40 3-68 375 10 722 8-32 5
12 117 =125 10 1115 1123 1 523 563 11 575 650 6
6 0 503 —509 11 423 459 2 885 980 12 4120 —143 7
1 7-54 7-68 12 2730 111 3 573 623 13 398u  0-04 8
2 409 423 13 2:36u  —110 4 1235 1194 —4 0 1634z —21-84 9
3 1123 1140 14 3-65  —324 5 5-81 643 1 583  —6-25 10
4 20lu 066 —3 1 621  —626 6 3.00u —0-82 2 1839 —19-22 11
5 197u 137 2 9-79 9-68 7 3-0lu  ~0-19 3 3-84u 089 41
6 190 —2:07 3 279 278 8 843 —873 4 774 —5-44 3
7 180u —1-37 4 6-85 6-96 9 503 —514 5 1606 —15-13 3
8 165u 121 5 2107  18:96 10 2-4lu  —185 6 4760 —174 4
9 179 031 6 2383 —23-37 11 2-47u  —155 7 5:03u —291 5
10 1-46u —0-36 7 1235 1247 12 219 256 8 741 773 6
1 076  —0-84 8 356 3-98 5 1 7-89 6-34 9 1247 1145 7
71 188 0-68 9 8-89 8-59 2 725 8-03 10 1170 1171 8
2 1-86 277 10 1438 1381 3 1149 1143 1 492 —2:88 9
3 1-82u 095 11 912 951 4 774 8-33 12 4-40 373 10
4 175 —019 2 384u 185 5 3-64 413 13 3-65u —131 5 3
5 204 —222 13 2500 ~1:34 6 287u 048 14 2-99 3-36 3
6 190  —229 14 20lu  —147 7 272 —261 =3 1 6324  67-24 4
7 1-70 192 -2 0 1730 —17-83 8 500  —597 2 3133 ~—31-33 5
8 186  —1-56 1 465 437 9 220u  —0-48 3 351y —1-86 6
9 095 0-89 H 1329  —9:98 10 2:2%2u  —165 4 11-36 921 7
~11 1 3 &350 —660 3 896  —844 11 1170 139 5 4-26u 067 8
2 347  —3-53
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TABLE 3
Atomic co-ordinates and standard deviations (in A) referred to axes a,b,c, and L M,N
Atom ¥ ¢ y a z ¢ L M N
o —1-467 (4) —2:190 (3) 1-416 (4) 2.608 —0-523 0-064
c( —0-502 (4) —1-347 (4) 1-717 (5) 1-401 —0-494 0-009
C( —0-877 (4) 0-079 (4) 1-458 (5) 0-659 0-771 —0-002
cf —2:548 (5) 0-398 (9) 0-692 (9) 1-512 2:016 —0-041
c 0-206 (4) 0991 (3) 1-845 (4) —0:665 0779 0-002
C( —0-035 (7) 2-470 (6) 1-672 (9) —1-529 2-000 0-002
c( 1-803 (4) 0-545 (4) 2-573 (5) —1-387 —0-514 0-005
O8)  woiieeeieeinin 2-815 (3) 1-369 (3) 2-987 (4) —2:603 —0-528 0-042
CD) e 2:157 (4) —0-862 (4) 2-760 (5) —0-649 —1-751 —0-044
CI0) covveeeieinneereannn, 1-093 (5) —1-757 (4) 2-372 (6) 0-653 —1758 —0-037
FI(LL) oo, —2:96 (6) —0-49 (5) 0-56 (7) 2.38 1-62 —0-06
H(I12) coeioieeiiieeiieeens —2.68 (12) 0-88 (11) 113 (13) 1-31 2-45 0-49
H(13) oo, —2.72 (7) 1-24 (7) 0-33 (8) 1-02 2.74 —0-28
H(14) oo, 0-90 (9) 2.94 (7) 191 (8) —247 1-78 —013
H15) oeieeeiiineeeiinnnn, —0:13 (6) 2:84 (6) 2:36 (9) —1-67 2.32 075
H16) coovoeeeiiiiieeeennn, —0-91 (7) 2:58 (5) 0-81 {7) —1-08 2:62 —0-48
H7) i, 3:31 (5) —1-13 (4) 3-22 (6) —121 —2:65 —0-09
H(18) wooiioveiiiieeiinenns 122 (3) —2-67 (3) 2-43 (4) 1-20 —2-50 —0-10

* Refer to diagram for numbering of atoms.

Components of unit vectors L,M,N, referred to the a*,b*,c* axes

Axis a*
) N —6-1068
Moriiiiiieeineennnn —5-4238
Noriiiieeeiienns —3-8042

can be obtained from the components of the unit vector
N: —3-804x + 0-762y + 7-340z 4+ 1-831 = 0 where zx,
v, and z are fractional co-ordinates referred to a,b,c; the
atomic N co-ordinates give the deviations from the
“best plane.” No attempt has been made to analyse

TABLE 4
Experimental bond lengths and angles

Angles
o(1)—C(2)—C(3) ... 121-8°
O(1)—C(2)—C(10) ... 1193
O(8)—C(7)—C(5) ... 1198
O(8)-C(7)—C(9) ... 1202
C(3)—C(2)—C(10) ... 1190
C(5)—C(7)—C(9) ... 120-0
C(2)—C(3)-—C(5) ... 120-7
C(7)—-C(5)—C(3) ... 1189

C(2)—C(10)—C(9) ... 1204
C(7)—C(9)—C(10) ... 121-0
C(2)—C(3)-C(4) ... 1152
C(5)—C(3)—C(4) ... 124-1
C(6)-—C(5—C(3) ... 1256
C(7)-C(5—C(6) ... 1156

H(11)-C(4)—C(3) ... 100

H(12)—C(4)—C(3) ... 109

H(13)—-C(4)—C(3) ... 111
H(14)—C(6)—C(5) e 112

H(15)-C(6)—C(5) ... 114
H(lﬁ )—C( )—C(5) . 106

H(17)—-C(9) 10) 122

H(17)—C(9)-C(7) ... 117
H(lS)—C(lO)-C(2) 113
H(18)-C(10)~C(9) 126

the thermal parameters of the heavy atoms in terms of
rigid-body vibrations because of the indefiniteness
in ug,.

Bond Lengths and Angles—Table 4 gives the experi-
mental bond lengths; the averaged e.s.d. of the bond

b* c*
—8-4650 0-5887
8-9963 —0-0680
0-7623 7:3400

lengths are 0-006 (C-C, C=0) and 0-07 A (C-H); the
e.s.d. of the bond angles are 0-4° (CCC, CCO) and 4°
(CCH). Assuming mm symmetry in the isolated
molecule we have averaged chemically equivalent bond
lengths and angles (Figure). We note that the bond
scatter in the present structure is greater than the e.s.d.
would lead us to expect, and further that the averaged
bond lengths here do not compare satisfactorily with
those of the 2,6-isomer ¢ and of duroquinone.l Also, we
have not been able to locate the hydrogen atoms of the
two methyl groups in reasonable positions, and we must
therefore conclude that the accuracy of this structure

TABLE 5

Intermolecular contacts *

Aggo Kiou A Agpo Eion A
C(4) C(4) 358 H(12) H(14) 2-78
C(4) H(11) 312
B,
Ain H(17) H(15) 2-76
0O(8) H(17) 2-57 _
Bogo
Biie 0(8) C(6) 3-47
o(1) C(6) 349 0(8) H(15) 2-77
O(1) H(13) 3:20
o(1) H(16) 2:65 Boo
_ 0(8) C(10) 3-55
Bigo 0o(8) H(18) 279

o) C(10) 3-39
o(1) H(18) 2.79

* Listed are contacts shorter than 3-6 A forC- -+ C, C
0---0,32AforC---H,0--+H, andzsAforH H

Co-ordinates of equivalent

positions Symbol
xyz A
P22 A
ity 13— B
iy 4+ B

A, denotes fractional co-ordinates p + x, ¢ + y, 7 4 2.
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analysis is inferior to that of the 2,6-isomer in spite of
the greater volume of data. This difference is partly
due to the instability of the 2,3-dimethyl compound
during X-ray photography, and is perhaps also associated
with its low melting point.

Packing  Arrangement.—The molecular packing
arrangement seen along [001] is shown in Figure 2 of
Part XV;1 intermolecular distances <3-6 A are listed in

View Article Online
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Table 5. Contacts betweszn double bonds and their
relation to the photo-behaviour of the solid quinone are
discussed in Part XV.

‘We thank Professor G. M. J. Schmidt for suggesting the
problem, and acknowledge support of this work by The
National Bureau of Standards, Washington, D.C.
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