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862. The Crystal and Molecular Structure of 3-Methylbenzo-
thiazoline-2-thione.

By P. J. WHEATLEY.

The crystal and molecular structure of 3-methylbenzothiazoline-2-thione
has been determined by two-dimensional X-ray diffraction methods. The
structure proposed previously on chemical and other physicochemical
grounds is confirmed. The.dimensions of the molecule have been deter-
mined and are compared with those in similar molecules.

THE structure of the 3-methylbenzothiazoline-2-thione molecule (I) was determined
chemically by Mills, Clark, and Aeschlimann.! Their conclusions were confirmed and
extended to the isomeric 2-methylthiobenzothiazole (II) by Morton and Stubbs.?
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Nevertheless recent work on the other physical properties of these and related molecules
has led to the belief that the earlier work should be checked. Accordingly a two-dimen-
sional X-ray crystallographic study of the higher-melting isomer has been carried out.
The earlier work is confirmed in every respect.

TaBLE 1.
Fractional atomic co-ordinates.

Atom xla /b zfe Atom  #/a y/b zjc Atom xla y/b zle
S, 0-023 0-404 0-868 C, 0-175 —0-021 0-569 Ce 0535 0:522 0-754
S, —0-159 0-000 0-708 C, 0-226 0-490 0-834 G, 0-481 0-682 0-855
N 0-159 0-150 0-680 Cy 0-280 0-330 0-733 Cq 0-326 0672 0-896
C, 0-008 0-165 0-743 Cy 0-435 0-340 0-693

EXPERIMENTAL

3-Methylbenzothiazoline-2-thione. CgH,NS,. M 181-3. Monoclinic. a = 8:06;, b = 5-67,,
c=916, A, B =98 36’. U =415 A% D, — 144 (by flotation), Z = 2. D, = 1-45l,
F(000) = 188. Space group P2, (C,2, No. 4). Cu-K, radiation (A 1-542 A), single-crystal
rotation and Weissenberg photographs.

The lengths of the crystal axes exclude P2,/m as a possible space group. P2, was assumed
and it is confirmed by the subsequent analysis. Multiple-film Weissenberg photographs were
taken round [b] and [a]. Relative intensities were estimated visually by comparison with

1 Mills, Clark, and Aeschlimann, J., 1923, 2362.
* Morton and Stubbs, /., 1939, 1321.
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standard strips prepared from the same crystals. No correction was made for absorption
(¢ = 521 cm.™). 135 A0/ and 63 0! reflexions were observed to be non-zero. Each projection
was solved from a sharpened Patterson synthesis from which the positions of the two sulphur
atoms could readily be located. Successive Fourier syntheses gave the positions of the lighter
atoms, and each projection was then refined by difference syntheses. The scattering factors
used were those of Berghuis et al.? for the carbon and nitrogen atoms, and that of Tomiie and
Stam ¢ for the sulphur atoms. Hydrogen atoms were ignored. An isotropic temperature
factor B = 4-66 A2 proved satisfactory for each projection. The final agreement index was
R = 10-7%, for the 20/ and R = 10-69, for the 0Ok/ 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 %0/ and

TABLE 2.
Observed and calculated structure factors for one asymmetric unit.
hol Fo Fe¢ 1ol Fo Fe 1ol F, Fe 101 Fo not Fo Fe
0.0.1 488 639 7 085 1-26 6 111 —136 9 085 8 267 —349
2 5033 —32-93 8 312 2:54 7 13 1-81 10 295 - _
3 092 —131 9 240 2-89 1 084 —08  G.01 264
4 343 —317 7.0.3 629 609 2 727
5 1428 —15.05  3.01 1070  10-92 5 41l —441 3.01 1487 1423 3 082
7 1056  11:26 2 800 8-51 6 110 —1-26 2 797 6-97 5 311
s 212 1-42 3 5928 —597 3 1532 —15-83 6 1.9
11 113 —0-96 4 351 —459 801 204 1-48 4 861 —864 7 425
5 269 —207 5 529 5-40 9 096
1.0.0 1766  15-80 6 356 —317 901 167 1-61 7 292 —258
2 6-49 6-83 7 087 —134 2 199 2-46 8 797 6-48 701 1-50
3 899 —7-90 8 357 421 9 146 1-51 2 752
1 771 6-82 1001 1-75 1-78 10 277 —290 3 212
5 6-63 632 401 1369 1365 1 079  —0-78 4 261
6 1029 1019 2 298 2:87 101 93¢ —972 5 086
7 671 5-66 3 1154 —11-78 2 976 —10-21 7.01 267 1-79 6 144
10 092 —0-87 5 3-23 2:46 3 12118 —10-45 2 742  —7-39 7 331
6 312 —314 4 078 0-78 3 8329 —T66 goo g0
1.01 1078  11-00 7 148 —152 5 264 —202 4 830 —793 02 7
2 232 3-00 8  3-49 412 6 179 1-03 6 355 7 508
3 721 707 7 539 544 7 632 é 172
4 724 —839 501 860 7-38 8 229 2:55 8 433 ‘
5 759 —7-38 3 341 —322 10 108 —1.09 9 200 —104 Ho1 073
7 400 442 5 245 —323 10 209 —2-09 ‘9 1.e7
11 159 —1-66 6 25% —314 301 1308  16-83 11 157 —1-80 3 3.05
7 177 2-34 2 633 —443 5 237
201 419 361 8 191 2:35 3 1660 —16-13 5.01 8325 —8-07 6 135
3 242 —175 4 238 370 2 503 —465
4 1284 —1265  6.0.1 376 3-47 6 235 —358 4 436 —470 T10.01 110
5 321 —286 4 230 —213 7 184 1-74 6 719 6-98 3 136
6 309 3-86 5 406 —414 8 631 7-19 7379 2-30 4 084
0kl F, Ac Be |Fe| Okl Iy |Fel 0kl Fo Ae Be |Fe|
0.2.0 1275 1347 —343 13-90 7 575 5-30 7 18 071 —165 170
4 611 065 —561 586 8 261 1.76 8 196 —187 —106 215
6 407 382 079 390 9 114 1-09 9 158 —126 —065 142
011 1271 1537 432 1597 031 940 9-13 051 45 —226 —314 387
2 9837 —6-29 2641 27-15 2 790 6-89 2 295 300 044  3-04
3 1002 —7-88  7-28 10.73 3 417 379 3 292 236 -—028 238
4 792 517 —797 951 4 359 415 4 218 —118 —1-50 190
5 751 —028 —747 748 5 545 4-86 5 174 —1532 040 157
6 447 —347 067 333 6 697 7-20 6 272 032 287 288
7 305 012 —3-27 327 7 123 0-60
8§ 151 121 —106  1.60 8 168 2:39 061 196 —130 111 186
9 462 078 411 418 9 184 1:90 2 270 —3-07 —037 309
10 137 075 126 147 10 148 095 3 242 228 —0-81 242
4 202 211 —049 217
021 488 —283 —241 372 041 494 —528 474 5 137 —1.37 —043 143
2 569 —5H70 —0-67 579 3 1-87 —0-72 2:20
3 511 —02 425 42 2 431 386 4-56 0.7.1 124 —054 —121 132
4 503 164 353 390 4 67 458 617 2 119 —134 0456 142
5 2.06 —194 124 231 5 186 112 129 3 119 —12¢ 019 126
6 113 —010 091 091 6 106 —098 —069 120

Okl projections, respectively. The molecule which is drawn in corresponds to the co-
ordinates listed in Table 1. Fig. 2 shows the numbering of the atoms, the bond lengths
and the bond angles. The whole molecule is planar within the limits of experimental

3 Berghuis, Haanappel, Potters, Loopstra, MacGillavry, and Vecnendaal, Acta Cryst., 1955, 8, 478.
4 Tomiie and Stam, Acta Cryst., 1958, 11, 126.
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error. The bond lengths and angles in general agree well with the expected values.’
There are, however, some considerable differences between the present lengths and those
found for the parent benzothiazoline-2-thione.® These differences occur round the
nitrogen atom and lead to what appear to be more reasonable lengths and angles in the
five-membered ring. The present results are not in accord with the curve relating C-S
and C-N bond lengths in molecules of this type.? It is doubtful, however, whether the

(a) (b)
Fic. 1. (a) Projection of the contents of the unit cell down [b]. (b) Projection of the
contents of the unit cell down [a]. (The contours are drawn at equal arbitrary
intervals with some of the higher contours in the sulphur atoms omitted.

F16. 2. The numbering of the atoms, the bond
lengths, and the interatomic angles.

proposed relationship could have a very wide validity, particularly as it ignores the accurate
refinement of thiourea by Kunchur and Truter.? There will clearly be some connection
between the lengths of the C-N and C-S bonds, but several factors will probably play a
part. The most important influence is whether the carbon atom Cg is attached to one
or to two nitrogen atoms, but even this can be affected if the nitrogen atoms are involved
in the formation of a ring. There appear to be at present too few structure determinations
to enable the effect of the different factors to be sorted out.

One strange similarity between the results of the present work and those for benzo-
thiazoline-2-thione 8 is the distortion of the benzene ring. The difference between

5 " Tables of Interatomic Distances,”” Ckem. Soc. Special Publ., No. 11.

¢ Tashpulatov, Zvonkova, and Zhdanov, Kristallographiya, 1957, 2, 33.

7 Zvonkova, Astakhova, and Glushkova, Kristallographiya, 1960, 5, 547.
8 Kunchur and Truter, J., 1958, 2551.
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dimensions of the benzene ring shown in Fig. 2 and a regular hexagon are probably within
the limits of experimental error, but the results of the two analyses agree so well in this
respect that it is tempting to believe that the distortion is real.

The intermolecular distances are normal, and there are no close approaches.
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