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Crystal Structure of 3-Methyl-benzoxazoline-2-thione

P. GROTH, K. DAVIDKOV* and D. SIMOV*

Department of Chemistry, University of Oslo, Oslo 3, Norway

The crystals are monoclinic with space group P2,/c and cell
dimensions a=9.24 A, b=6.90 A, c=12.86 A, f=99.0°. There are four
molecules in the unit cell. The structure was solved by direct methods
and refined by full-matrix least squares technique. The final R-value
is 7.7 9 for 674 observed reflections (film data). The molecule is
planar to within 0.02 A with a C=§ distance of 1.62, A and a
C(thionyl) — O distance of 1.39, A.

The interactions of benzoxazolone, benzoxazolethione and their derivatives
with fatty, aromatic and alkylaromatic amines have been studied by
Simov et al.l~¢ The main features are: (1) the heteroatomic ring is opened and
asymmetric di- or tri-substituted ureas or thioureas are obtained; (2) the
products are derivatives of 2-aminobenzoxazole,® (3) no interactions take
place; (4) substitution of H in NH by CH, reduces the interaction rate in the
case of benzoxazolone, while it has the opposite effect for benzoxazolethione.
In order to clarify these and some other characteristics, it is intended to carry
out X-ray crystal structure analyses of some of these compounds. The structure
determination of 3-methyl-benzoxazoline-2-thione is presented in this paper.

The crystals belong to the monoclinic system, the systematically absent
reflections leading to the space group P2,/c. Cell parameters, derived from
Weissenberg and precession diagrams, are: a=9.24 A, =6.90 A, c=12.86 A,
and $=99.0°. The number of molecules in the unit cell are four (g 4 =1.35
gem3, o, . =1.34 g cm~3). Intensity data were obtained (at room temperature)
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by photometric measurements of equiinclination integrated Weissenberg
diagrams corresponding to A0l....,h4l and integrated Okl precession diagrams.
674 independent reflections were strong enough to be measured. No correc-
tions have been made for absorption or secondary extinction effects.

The structure was solved by direct methods ®* and refined by full-matrix
least squares techniques. The positions of the four benzene hydrogen atoms
were calculated assuming C — H bond lengths of 1.03 A, while methyl hydrogen
atoms were localized in a difference Fourier map. Anisotropic temperature
factors were introduced for sulphur, oxygen, nitrogen, and carbon atoms.
Only the positional parameters were refined for the hydrogens. The weighting
scheme in least squares refinemeunt

for F,<FB, W=Al(F,)®
for Fy>FB, W=A2(F,)®?

was adapted by taking A1=10.0, A2=14.0, B1=0.0, B2= —0.5 and FB=2.0.

The atomic form factors used were those of Hanson et al.” except for hy-
drogen.® The R-value arrived at was 7.7 9, for 674 observed reflections. A final
difference Fourier map, calculated with the phases determined by the param-
eters corresponding to R=17.7 9,, contained no density fluctuations larger
than +0.3 e.A-S, : '

Table 1. Fractional atomic coordinates and. anisotropic thermal vibration parameters
with estimated standard deviations (multiplied by 10%).4

Atom z Yy z B, B;, By, B, By, B,,

S 11530 40043 40209 01361 04240 00625 —00290 00731 — 00078
: 23 39 15 37 117 16 74 32 53
o 40122 39217 39546 01533 03199 00494 —00268 00212 — 00043
55 80 36 80 217 32 173 75 115

N . 26381 38567 23825 01084 02475 00427 00051 00133 00066
- 63 87 40 87T 238 36 188 176 126
C, 25757 39080 34273 01147 03192 00470 —00146 00137 — 00271
80 119 . 53 109 319 47 252 97 172

C, 13572 38562 15454 00965 04908 00654 00289 00047 — 00098
91 184 66 114 425 57 311 114 234

C, 49703 38843 31987 01136 . 03016 00670 00695 00506 00196
83 118 59 119 329 54 262 112 189

C, 64928 38828 33850 01304 02475 01045 00123 00104 00392
94 127 78 132 327 78 264 148 297

C, 71244 38289 24900 01469 03946 00883 00176 01096 00259
106 138 75 147 401 73 316 158 243

C, - 62985 37717 15096 02231 01631 01158 00570 01874 00378
: 109 127 82 - 185 349 89 309 199 228
C, 47681 37517 13405 01300 02507 00721 00462 00728 00091
.. 88 118 64 126 316 57 275 122 189
“C, 41075 © 38210 22258 01277 02498 00496 —00315 00575 — 00051

78 111 51- 120 298 45 .. 246 104 166

* All programs used are included in this reference.
4 For numbering of atoms, see Fig. 1.
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Table 2. Fractional atomic coordinates for hydrogen atoms with estimated standard
deviations. Hy, and Hy, , are bonded to Cy,.

Atom | z y z B (&)

H, 713 .399 418 4.5
8 10 6

H, 825 387 255 4.5
9 10 6

H, .680 .371 .076 4.5
8 10 6

H, .394 .360 071 4.5
8 11 6

H.‘, .185 .356 .082 4.5
8 10 6 :

H,', 071 .495 171 4.5
8 13 6

H,, 057 323 169 45
8 12 6

Final fractional coordinates and thermal parameters with estimated stand-
ard deviations are given in Tables 1 and 2. The expression for anisotropic
vibration is:

exp [ — (Byh% + Byok? + Byl + B yhk + B gkl + B,gkl)]

107.3(6)

/29 o

o

-

f.
4

[ 2

Fig. 1. Schematical drawing of the molecule viewed along [010] showing bond distances
(a) and bond angles (b).
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h k | Fo Fe h k t Fo Fc h k | Fo Fc h k | Fo Fe
] 2 ey - e% 1 3-12 32 - 24 2 yell &6 - M0 3 3-12 sz 59
. 4 717 - T2e 1311 48 bad 2 3 3.l 8 "
o 6 25] - 2% 130 109 - 128 2 3 3 30 1% - z06
0 8 281 a2% [ S o z 3 3 3 9 3~ W
0 12 1eg 162 1oy e 08 o 2 2 3 3 -8 160 =158
0 2 261 %9 - S A 2 2 3 3 -1 157 - s
o 3 3l - 93 L - B H 2 3 3 3 -s 203 289
[] 4 22] a2 . 2 2 2 3 3 3 -8 6 ¢o
0 S 28] « 09 13 6 M 2 3 33 -4 200 09
° ¢ 150 < 150 H 2. o2 2 3 3 -3 01 101
0 T e - %6 1 H - 2 3 3 -2 60 - 18
o s ilg - 110 13- ¢ s 2 3 31 0T o1
] 47 L3} 1oy e z:n . 3.: 3 3 3 o 232 - a%2
0 10 131 - 123 13 1 s = 2 3 3 3 1 69 - 6
[ 1 23 242 13 2 1 0 2 3 33 2 uz2 -aa
0 12 163 162 13 3 & = a8 2 3 3 3 3 6 - S
0 13 6s - €8 1) ¢ 238 e 2 3 03 & 9% w0
] ? 58 - %) 13 5 ie 2 3 3 03 6 132 1
o 2 3 283 3 1 3 ¢ l:’ 1:‘ 2 3 3 8 4 57
o 2 & I3 - 120 13 1 e o FANY 3 3 9 8 s
o 2 S 160 - 168 TR T I A A 2 3 3 10 113 - 106
6 2 ¢ 58 - 97 13 09 5 - 42 2 3 312 2 - @
° $ a0y < 207 1 3 10 33 - 6 2 . 3 412 8 Pt
o 3 n 1y 3 3 2 3 a3 36 < a7
0 31 61 - %8 1 412 29 e [ 3 6 ]
o 1311y 13 1 4.1 88 - 83 2 R 93 = %0
0 2 N2 e 1 4-10 82 - B0 2 4 3 e 168 = 139
o 4 11¢ 18 161 3¢ 2 S I e
° s 11 a7 14 ¢ 0 - 38 2 4 3 e 2 - 6
o ¢ 1T - 1% } ¢ b :7 ] 2 3 s 131 54
. e 108 - N2 TN A 2 3 e 62 S0
] 10 121 -1 1 ¢ <2 23 - 28 T o 3 s 45 .
] 11 110 = 109 1 & <1 87 - s L 3 e 168 183
0 2 266 250 1 4 o 21 250 2 4 3 s 61 « t¢
(] 3 19 93 1 & 1 51 - 9 2 4 3 4 0 2 3
¢ 4 219 1 4 2 251 =an2 2 e 3 4 1 % - 50
3 s 22 - 2 ° 3 0 3 a2 2 - N
0 ¢ 0 I S-S S+ ] 3 3 4 ) . @9
° T 8 -0 1 19«21 3 3 4 4 199 .8
. 0 i1 - 104 1 4 5 105 98 3 3 4 8 8 3
° 2 6 - T0 14 6 206 10 3 3 4 6 e 20
1 2 8) - e2 1 4 7 40 - 3 3 I S A T1 a0
1 o 206 172 1 4 8 2 36 F ] 4 010 263 o 27
1 82 o2 1 e 28 - 29 3 0 4 0 ¢ 208 1B
1 ¢ 132 127 1 6 12 56 = M P & 0 <4 499 IYYS
1 4 365 - 362 2 eclz 154 .82 L] 4 0 -2 30 e 367
H 2 e 2 2 ecl0 193 lee 3 4 0 0 3T -2
1 0 624 = €09 2 ¢ -0 218 204 3 0 o 0 2 28 - 238
1 2 M 789 2 0 -+ 327 - 815 3 e 4 0 4 357 Mo
1 « 30 w2 2 0 2 1 1T 3 4 0 6 163 les
1 6 ale = a27 2 0 0 122 =112 F ¢ 0 10 148 1D
1 g 189 - 138 [ N 3 4 012 a6 - 2
1 191 103 : 0 180 - 1% 3 1 « 1.2 & 15
1 39 - 40 2 0 17 3y 4 1.1l 88 - 7
1 S¢ - 81 HE 2% = 230 3 1 ¢ 1el0 N e
i 134 - 138 H 160 ‘ 3 1 e 1 =9 19 = 157
] 18 200 t 0 40 = o4 3 1 O 1 -8 192 = 15
1 ¢ 1 107 - 109 3 1 6 1 1 108 18
1 ity 101 t ) 126 - 127 N o 1 <6 187 e les
1 19 196 : i T 3 o 1 -8 e 218
1 192 = 1% H 108 111 3 1 a1 es 227 238
1 K i 2 e 128 HEH PO S S 1 S+
1 208 - 208 H Hr -1 s 1 a1 o2 42 2
1 0] o7 2 148 < 14¢ 3 e 1 1 20 -2
1 208 - 269 11 3 a 1 o 208 207
1 43 - 51 eI 41 H FIE e 1 1 329 329
1 99 %08 1 21 - 3% 3 1 O 1 2 1% - 1%
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1 2 2 LI - n 3 2 -2 105 =100 ¢ 2 -1 T2 s
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1 s 2 28 2 2 @t 138 1ol 3 2 2 s a2 3 382 -39
1 s 49 440 2 3 229 222 3 2 3 .27 4 2 & 18 ”
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Table 3. Continued.
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A comparison between observed and calculated structure factors is presented
in Table 3. The principal axes of the thermal vibration ellipsoids were calculated
from the thermal parameters of Table 1. Root mean square amplitudes and
the corresponding B-values for the atomic anisotropic thermal vibration
along the principal axes together with the components of these axes along
the crystal axes are given in Table 4.

Rigid-body analysis of translational, librational, and screw motion ?
gave relatively large r.m.s. discrepancy between atomic vibration tensor
components calculated from the thermal parameters of Table 1, and those
calculated from the rigid-body parameters. By including all 11 atoms, the
value obtained was 0.0080 A2. This number does not support the assumption
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Table 4. The principal axes of the thermal vibration ellipsoids given by the components
of a unit vector in fractional coordinates e,, e,, e,; the corresponding r.m.s. amplitudes,
and the B-values.

Atom e, e, e, (u)? A B (Ay)
012 -.143 .005 .321 8.12

s 1090 017 1054 256 5.16
.061 .004 —-0.58 .196 3.03

.033 —-.138 .002 .280 6.20

(o) .103 .044 -.001 253 5.05
.018 .004 .079 .201 3.18

.005 145 .005 245 4.72

N ~.105 .004 011 216 3.69
.031 —-.009. .078 .186 2.73

007 —.143 012 C.279 6.15

C, .103 .002 —-.014 223 3.92
.036 .022 077 .193 2.93

.007 145 —-.003 .345 9.38

C, —.031 .010 .071 .238 4.48
.105 -.007 .034 197 3.08

.042 131 .021 279 6.16

C, .040 —.051 071 234 4.32
-.093 .037 .026 .201 3.20

—-.015 .037 .073 .302 7.19

C, .059 120 —.004 244 4.70
.091 —-.072 .030 228 4.12

.031 .130 .030 .313 7.75

C, .068 —.065 .058 289 6.59
.080 .004 —.044 .202 3.21

.083 018 .060 .361 10.32

C, 071 .009 -.051 216 3.69
015 —.144 004 .195 2.99

: 073 073 .051 .267 5.62

C, 021 —-.120 .043 .241 4.60
-.079 .035 .042 .202 3.22

.062 -.116 .022 - .253 5.04

C, 079 .087 .037 .232 4.26
.044 .009 - .066 184 2.66

of regarding the molecule as an oscillating rigid body, and the coordinates
were therefore not corrected for librational motion.

Bond distances and angles are presented in Fig. 1. Standard deviations,
estimated from the correlation matrix of the last least squares refinement
cycle, are given in parentheses. The molecule is planar (to within 0.02 A).
The C=S distance of 1.62, A agrees within error limits with values obtained
for 4-methyl-1,2-dithiacyclopent-4-ene-3-thione (1.62, A),}® 2-mercaptobenzo-
thiazole (1.60, A)1' 4,5-dioxo-2-thioxo-1,3-dithiolane (1.60, A)2 and 1,3-
dithiolane-2-thione (1.65, A),1 but is significantly shorter than that of ethylene-
thiourea (1.70, A).14

The opening of the heteroatomic ring occurs at the C, — O bond. Possible
variations of this bond length on substitution of S with O, respectively CHj

Acta Chem. Scand. 26 (1972) No. 5
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with H, may elucidate the difference in interaction rates mentioned above.
In the present compound C,—O is 1.39, A which is somewhat longer than in
1-oxa-azulen-2-one (1.35, A).18

A further discussion of the molecular geometry is postponed until the

analysis of some related compounds are presented.

ol
(=R =R R ] (=205 - QOB

—
—

Pt Pt ok Pk
[« % -t )

No short ¢nter molecular contacts are observed.
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