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708. The Crystal and Molecular Structure of 2-Methylthiobenzothiazole.
By P. J. WHEATLEY.

The crystal and molecular structure of 2-methylthiobenzothiazole has
been determined by two-dimensional X-ray diffraction methods. The
dimensions of the molecule have been obtained, and are compared with those
of comparable molecules.

RECENTLY the structure of 3-methylbenzothiazoline-2-thione was described.!
paper reports the structure of the isomeric 2-methylthiobenzothiazole (I).

Experimental.—2-Methylthiobenzothiazole. CH,NS,. M = 181-3. Monoclinic. a = 13-57,,
b=549, ¢= 1152, A, B =102° 52. U =837 A%. D,, = 1-44 (by flotation), Z = 4.
D, = 1-439, F(000) = 376. Space group P2/c (C3, No. 14). Cu-K,

s—c” radiation (x 1-542 A), single-crystal rotation and Weissenberg photographs.
M e" \\N Multiple-film Weissenberg photographs were taken round [b] and [c].

Relative intensities were estimated visually by comparison with standard

(I strips. No correction was made for absorption (x = 51:6 cm.™). 147 A0/

and 60 k0 reflexions were observed to be non-zero: Each projection was solved from a
sharpened Patterson synthesis from which thie positions of the two sulphur atoms could be

The present

TasLE 1.
Fractional atomic co-ordinates.
Atom x/a /b zfe Atom x[a y[b zle Atom  x/a /b zfc
ST 0-200 —0-163 0122 C, ...... 0179 —0-067 0262 C4 ...... 0-416 —0-686 0-350
Sy oeeeenn 0-095 0-182 0256 C; ...... 0-288 —0-367 0199 C, ...... 0-359 —0-519 0-396
N ...... 0234 —0-169 0352 C, ...... 0344 —0-539 0-152 C; ...... 0297 —0-357 0-322
Cioennn 0-089 0-154 0412 C; ...... 0407 —0-696 0-227
TaBLE 2.
Observed and calculated structure factors for one asymmetric unit.
Kol F, Fe ol Fo F, Kol Fo Fe Kot Fo, Fe hEO F, F.
0.0.2 3336 —32:02 3 896 —814 11 2:97 332 11 2-29 2:00 0.2.0 11-24 —1148
1 528 —58l 4 525 —593 12 2:73 291 12 229 —268 1 614 —6:65
2 087 —134 5 6-00 566 13 2-71 2:53 13 141 -—118 2 130 —113
3 12-64  10-56 7 464 —486 14 169 —2:35 3 8-32 7-05
4 12-87 1411 9 1-49 1-33 15 239 —330 1073 214 229 4 117 —0-78
5 8-80 966 10 3-05 3-40 16 136 —169 2 4-74 448 6 9-80  10-27
6 1-95 112 11 2-01 2:03 4 3-96 —3-59 8 1-44 175
7 8-26 —8-08 108 1454 —1310 9 242 —266 9 191 —1-85
8 3-48 305 0.010 298 —316 g 1578 —15-40 _8 173 —230 10 629 —627
9 294 246 1 496 —422 3 10-07 972 11 116 1.52
10 447 —493 2 1.79 —099 4 13-99 13-23 12 1-90 2-22 1 4 3.96
11 484 —546 3 3-35 274 5 8-37 6-46 _ .3.0 07 —3
12 384 —372 4 3-81 367 g 4-60 532 1.0I1 304 —319 2 223 —2-49
14 3-13 3-91 9 3.06 287 2 150 —1-68 4 1-65 1-16
15 1-35 163 3.012 166 123 19 246 —348 3 1.01 065 6 1-32 1-33
5 334 —3.48 4 1-72 1-30 g %gg ‘5'?3
) —_Re . pa— Y 6 .81 _0.F3 . .
2 9-09 852 0004 128 —101 12 15 Toa
3 491 352 1 123 081 g4 333 311 RO 040 529 —544
4 3.3¢  —2:82 13 197 j7s 100 392 599 3 233  _a.48
5 1177 —1328 103 311 —298 ¢ 104 —o11 2 20-61 —21-36 b+ 339
6 4921 —480 2 8-81 9-21 3 1g-as —1?-8(9) H 200 251
7 3.79 415 3 10-65 —9-67 4 202 —11-0 : o
12 306 320 4 261 -—174 108 460 420 5 179 171§ e
13 142 125 6 14-83 1375 3 3-890 —323 ¢ 863 —885 g 279 328
14 184 —222 7 639 771 4 119 0-89 7 905 —9:51 o S0 —ai9
15 0-85 —1-01 8 1.31 0-54 9 1-79 0-3¢ g 604 —6-14
9 328 —4.04 6 199 —198 19 10-13  10-35
006 728 —593 10 697 —646 7 686 —623 13 5-31 507 150 277 310
1 551 —545 13 145 —197 8 636 —6-51 13 235 —216 g 181 —1-77
2 265 275 14 271 —243 9 4-51 487 16 167 —197 3 584 —536
3 1-68 142 16 3.73 8.96 10 1-98 194 1 132  —1-40
4 3-26 3-39 11 1-67 171 110 909 —11.04 ¢ 110 1-09
6 5-44 615 101  7-07 8-27 12 3-62 345 3 33-98 3568 ¢ 2.59 9.40
7 6-80 739 2 17-50 1811 13 142 —135 4 1042 1100 19 0-95 053
8 230 —322 3 550 —5-33 . 6 668 —659 17 1-40 1-06
9 3.76 —365 4 1353 —12.97 1010 1-68 109 7 11444 —11-72
10 281 —309 5 12-63 —10-93 3 145 —060 8 256 —2:21
11 141 —148 6 579 —655 4 168 —183 9 117 —146 06.0 564 5-42
7 5-26 687 5 1-33 160 11 369 —312 1 1.23 1-09
0.0.8 11-24 991 8 1-89 297 6 5-17 522 13 5-22 495 2 099 —111
1 5-81 501 9 1408 —365 7 3-87 272 14 1.58 182 6 151 —166
2 373 —379 10 294 336 9 433 —494 15 117 131 7 136 —1.63
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located. Successive Fourier syntheses gave the positions of the lighter atoms, and each
projection was refined by difference syntheses. The scattering factors used were those of
Berghuis ef al.? for the carbon and nitrogen atoms, and that of Tomiie and Stam 3 for the
sulphur atoms. Hydrogen atoms were ignored. An isotropic temperature factor B = 4-47 Az
proved adequate for each projection. The final agreement index was R = 10-2%, for the 40/

F16. 1b.

Fi1c. 1. (a) Projection of the contents of the unit cell down [b].
(b) Projection of the contents of the unit cell down [¢].

(Contours are drawn at equal arbitrary intervals.)

and R = 7-29, for the h%0 projection. These agreement indices refer to the observed terms
only.

Results.—The co-ordinates of the atoms are given in Table 1, and the observed and
calculated structure factors in Table 2. Figs. 1 (a and b) show the final Fourier maps
of the 407 and the Ak0 projection, respectively. Fig. 2 shows the numbering of the atoms,
the bond lengths, and the bond angles. For two-dimensional analyses the usual methods

2 Berghuis, Haanappel, Potters, Loopstra, MacGillavry, and Veenendaal, Acta Cryst., 1955, 8, 478,

3 Tomiie and Stam, Acta Cryst., 1958, 11, 126.
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for assessing accuracy are unreliable, especially when one of the projections is poorly
resolved; but it is felt that the C-S distances are valid to 4-0-03 A and the others to
40-05 A. The bond lengths agree well with expected values 4 and with those found in
3-methylbenzothiazoline-2-thione.! There are four C-S bonds in the molecule, all of
which are formally single bonds. They show, however, some interesting differences,
though these differences probably lie within the limits of the experimental error. The
bond C,-S, is a true single bond with a length (1-824 A) agreeing with the estimates by
Huggins 5 and Abrahams.® The other C—S bonds are all shortened by conjugation, strain,
and possibly other effects, but the lengths agree well with those listed by Abrahams, and
those found in 4-methyl-1,2-dithiacyclopentene-3-thione.”

Fic. 2. The numbering of the atoms, the
bond lengths, and the interatomic angles.

The molecule is planar within the limits of experimental error, with the exception of
the S-methyl group, which lies 0-19 A out of the molecular plane. The intermolecular
distances are normal and there are no close approaches.

I thank Dr. R. A. Baxter and K. N. Ayad of Monsanto Chemicals Ltd., Ruabon, for
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