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Crystal Structure of a Cyclisation Product of
6-Chloropyrid-2-thione (C,;H,N,S,)

P. GROTH

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

The crystals are monoclinic with space group P2,/c, cell dimensions
a=14.21, A, b="7.88; A, ¢=15.20, A, $=119.5,°, and four molecules
in the unit cell. The structure was solved by direct methods and refined
by full-matrix least squares technique to an R-value of
2.89% (Ry=3.4 9%) for 1115 reflections recorded on an automatic
four circle diffractometer. The molecule has a pseudo mirror plane and
the angles between the three ring planes are 66°, 61° and 57°. Average
bond distances and angles are: C—8: 1.780 A, C—N: 1.335 A, C—C:
1.376 A, C—8—C:101.9°, N—-C—8: 117.7°,C —C—8: 118.7°,C—N - C:
116.7°, N—C—C: 123.5°, C—C—C: 118.6° with estimated standard
deviations of about 0.005 A and 0.4° in the individual values. The
average N —N distance across the ring is 2.941 A.

Intermolecular reactions of 6-chloropyrid-2-thione have recently been studied
by Reistad et al.! Such reactions will eventually lead to polymerization or to
cyclisation at some intermediate stage. NMR evidence for the simplest product
is in favour of a cyclic trimeric pyridine with sulphur bridges between the

pyridyl 2,6-positions.

O 10

In order to obtain conformational information of this new 12-membered hetero-

cyclic ring system a crystal structure determination has been carried out.
The crystals are monoclinic with space group P2,/c. The cell dimensions,

determined by a manual four circle diffractometer, with estimated standard
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6 P. GROTH

deviations 2* are: a = 14.217(3) A, b="17.885(2) A, c=15.207(5) A, f=119.57(2)°.
The unit cell contains four molecules (g.,,=1.46 g em=3, g, =147 g cm™3).

1300 reflections were measured on an automatic four circle diffractometer
(20, =45°), using MoKu«-radiation and a highly orientated graphite crystal
monochromator. With an observed-unobserved cutoff at 2.0g(I), 1115 reflec-
tions were recorded as observed. No corrections for absorption or secondary
extinction effects have been carried out.

The structure was solved by direct methods and refined by full-matrix
least squares technique.

Anisotropic temperature factors were introduced for sulphur, nitrogen,
and carbon atoms. For hydrogens only positional parameters (having been
calculated) were refined. The weights in least squares were obtained from the
standard deviations in intensities, o(I), taken as

o(I) = [Ci + (0.02 Cy)*}

where C is the total number of counts, and Cy the net count (peak minus
background). The R-value arrived at was 2.8 9, (weighted value R_=3.4 %)
for 1115 observed reflections. The atomic form factors were those of Hanson
et al® except for hydrogen.*

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

exp ['— (Bllh2 + Bzzkz + B33l2 + B]th + Blahl + B22kl)]

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

Atom x Yy z By By, By, By, By, By
S, 14407 68376 18260 1022 4257 794 1418 1082 1684
8 16 8 11 37 9 33 17 29
S, 20921 48265 54471 704 1988 545 267 660 —~21
6 11 6 8 21 6 22 11 19
S, 40562 16562 36908 1289 1931 1575 692 2131 34
9 13 9 12 24 13 27 22 28
N, 16404 59795 36173 611 1870 625 265 659 187
18 33 18 24 62 21 62 39 60
N, 30400 30038 46072 615 1608 738 170 873 103
19 31 19 63 60 22 62 39 61
N, 28874 43904 27637 640 223 701 — 251 835 — 391
20 35 19 24 67 21 67 39 63
C, 09831 66260 27113 698 1926 651 259 6566 318
25 43 24 31 80 27 81 50 74

* All programs used are included in this reference.
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STRUCTURE OF A CYCLISATION PRODUCT 7

Table 1. Continued.

c, ~00542 71849 24175 686 2292 744 656 515 648
29 47 30 30 91 27 87 50 84
Qy —04227 70658 30919 619 2509 1010 816 765 610
29 48 30 31 95 35 91 59 94
c, 02298 63329 40171 664 2102 893 356 967 125
26 45 28 32 83 31 86 55 87
Cy 12441 57942 42456 601 1428 625 -85 614  —158
23 39 22 28 66 26 71 46 67
Cy 24538 28969 50687 549 1711 495 27 408 100
24 39 21 27 76 23 77 43 68
c, 21353 13827 52978 1286 1971 817  —130 1323 359
32 48 27 42 86 31 100 63 817
Q4 24332 —00934 50175 1788 1730 1071  —192 1814 243
39 52 33 52 86 36 113 75 91
C, 29948 —00204 45040 1424 1308 1018 232 1281 100
34 45 30 45 76 35 100 67 87
Co 32744 15539 43065 785 1607 741 320 750 —99
26 43 24 32 76 27 82 51 75
(o 38897 38065 33014 719 2148 787 —82 965  —475
26 43 25 32 86 29 817 54 82
Cre 47976 47690 35451 630 3087 1015 —88 817 478
29 58 30 32 110 34 101 57 101
Cia 46588 63945 32083 719 3514 944  —1200 502 440
33 61 32 35 123 34 114 59 112
Cls 36444 70663 26985 1209 2024 738  —1765 964 —~32
34 51 28 42 89 30 101 64 81
C 27814 60284 25057 926 1948 535 —39 871 —143
27 45 22 36 78 31 93 59 87

* For numbering of atoms, see Fig. 1.

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
ones 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 non-hydrogen
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8 P. GROTH

Table 2. Fractional atomic coordinates with e.s.d.’s for hydrogen atoms. The isotropic
thermal parameter is 5.0 A? for all.

Atom @ y z
- H, “":07{;?" o —.7722 B - 1.8(3%
H, - .11:1):; - .74gg - .283%
H, - ‘0082 - .6223 - .45(2)’{
H, —.lﬁ;é —.14:;(15 —.562{
H, —.22§§ —.12:3 —.5138
H, —.32‘1)3 —.10%3 —-.43(2J(7)
H,, - .5433‘ - .433_8’ - .39321)
H,, - .523{) - .70%3 - 33‘8);
5 2
H,, - .35(2)g - .8233 - .25%(15

atoms the value obtained was 0.010 A2, which by no means supports the as-
sumption of regarding the molecule as an oscillating rigid body. The coordinates
were therefore not corrected for librational motion.

Bond distances and angles and dihedral angles are listed in Tables 5 and 6.
The C—S bond lengths, in the range 1.769 A —1.790 A, are not far from a
single bond (1.816 i).“ The fact that there is little conjugation between the
pyridine rings through the sulphur bridges is also indicated by the UV spectra.!
Similar results have been reported for diphenyl sulphides.” As indicated in
Fig. 2, the molecule has a pseudo mirror plane through S,, N;, C;5. The more
symmetrical form with a threefold axis of symmetry is thus not preferred.
Repulsion between the lone pair electrons on the pyridyl nitrogens may
possibly explain this since, in the latter case, the principal direction of all
three orbitals would be towards a common point. The bond distances C— S,
and C—S, seem to be somewhat shorter (mean value 1.774 A) than C-S,
(1.789 A). Also the angle at S, (101.0°) is apparently significantly smaller than
those at S; and S; (102.1°). However, in view of the fact that S; and S5 (but not
S,) have very large thermal vibration amplitudes (see Table 4), the significance
of these differences may be doubted.
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STRUCTURE OF A CYCLISATION PRODUCT

Table 3. Observed and calculated structure factors (on 10 times
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10 P. GROTH

Table 3. Continued.

h k 1 Fo Fe h k Fo Fc h &k Fo h k | Fo h kx t fFo Fc h k 1 Fo Fec
1103 -3 290 s 3 4 e 120 8 91 2 5 -1 250 - 6 % T 187 <150 5 6 -6 19 ez
i3 1 0 -1 3 e 121 128 8 4 261 2 8 0 5 . 8 5 -5 202 -20) 5 & 5 90

1203 <3 1e9 42 3 196 192 A 4 288 208 1 a2 . A5 A 209 <214 5 6 0 13 139
12 3 -7 1Ty - 178 3 . 119 127 LY 120 2 s 2 95 A5 a3 % - 97 s 6 1 202 - 28
1203 <5 118 - 126 ) 4 220 - 2:) A4 e - 2 0% 3 3 . & & 1 138 -1% s 6 2 N 152
123 4 219 -2 3 4 me s oA e 86 2 5 4 21a 9 §-10 A8 + 94 5 6 4 99 - PS5
1203 <3 o1 - 92 & & i 1o A e 113 2 s % 118 . 9 5 -9 152 - 1% % & 5 164 = 153
133 =9 1 - 124 4 4 a6 - Pe 84 135 35 -12 s - 9 5§ <8 106 - 1.3 6 6 =6 131 e
i3003 -7 13 . qm 4 61 56 9 4 45 - 3 5.1l A ° 5 96 100 & 6 -5 140 132
1303 =3 165 - 1ea 4 4 223 - 211 9 4 219 - 305 -6 A0 - 9 5 226 227 6 & -4 208 213
e 4-12 13§ =132 & & a0 - A e s 101 305 <5 19 - 9 5 125 122 6 6 <3 19 -2
L e 157 =152 9 4 182 35 -4 175 - 165 1nt M2 6 6 0 l1a =110
LIS LY 213 231 ° . Los 305 =3 109 - PU } 131 -1 T 6 el0 212 27
L s 1o 4 147 35 -2 a8 oS 1SR 156 7 e <5 1T0 = |77
« P "o 101 - 35 -1 ST . n s 130 172 7 6 -4 221 = 222
. P 10 s - 305 0 149 oS 198 - S8 7 & -1 103 - 113
[l . - . n . 132 - 3 s 2 55 n L3 136 11 T 6 0 S0 = G¢
o s .o 1. 194 = 3 05 3 208 - 0oe an a7 6 3 17 122
o e PR 1 e 195 3 s 5 a7 Y 199 2 A6 9 % 30
v . . ‘. e . 216 . 5 =9 343 - o 6 430 421 L] 6 =5 1ny 18
o e P 10 224 P N e 200 21 A 6 ¢ 152 = 17
[ P [T 124 o 5 -6 127 o o6 as a8 w8 -2 183 - lue
o PO nooe "9 5 w2y 0o e 129 <111 9 6 -9 67 Te
3 - 5 4 1" 4. 278 - « 5 -3 ERTI © ) " - 9 6 <7 N9~ 10
o s A [T 9t ¢ 5 -2 187 = Y oe w1 "9 9 6 <6 BY - T8
0o s 4 12 184 ¢ 5 =1 218 JE 127 176 9 6 <3 109 1S
Y 5 4 12 m o8 0 T2 . 16 =4 174 141 30 6 =n 106 140
1. 5 4 12 . 193 - a5 1 2 16 =3 18T = ls6 g 7 =6 131 172
1 5 4 12 106 45 2 sk 16 =l 210 =218 ¢ 1 2 14k = le2
[ 5 e 1. 14 - ¢ 5 3 a3 16 0 1T e 1e) o7 el 16Y - 1%
Lo 5 4 [ ur - ¢ 5 S a2 16 1 310 «32 ¢ 7 1 158 =ré
1 . s - L] 5 a8 - . 5 r 92 1 L} ? 0 - 70 L] 7 2 18 142
[ 5 4 [ 156 5 510 138 b6 Y 96 - BA 0 7 6 124 = 172
1 5 4 [ 108 5 5 =% 122 . 1 6 4 a2y 126 17 <5 110 14
[ s 4 © 5 102 s 5 <A a8 16 5 s =158 1 7 23 1% 17
1 e 5 4 9 s 354 S 5 <7 100 - 16 6 7 e k41T ) 170 17¢
1. LIS LI} 256 s s -5 167 1 6 A 122 . 104 [ S S (R 0]
L. LI oS 262 - S 8 =4 13 . > 6 R 289 2L 1Y 2 132 .17
1 . L] . L 5 Jan & s -3 mnr ? 6 =5 6 . 78 1 ’ S 140 - 178
e PN t s 99 - s 5 2 a7 2 6 Y 70 - AT 2 7T w2 102 et
1o 6 4 s s 99 s s -1 2198 2 b6 w2 a1 [ T A BT 170
N 6 4 o s a1 s 5 2 125 - ] Ta - T6 2 1 =6 dls =

> P 0 s 159 - £ 05 1 A - 2 6 199 =13 3 T =% 19 e le7
2 4 o o 5 95 s 5 2 1A - 2 6 2 S -5 3 1 =1 11 129
2 e LY [ 1 122 . 5 s 3 29 2 6 3 140 1793 1T 4 g9n 211
2 .o 1. 1ne 5 5 7 119 a E S S P R e S R N I ]
2 PR 1 5 -8 120 6 5 =7 3 36 -l 9 =11 & 7T 22 100 - P2
FR T 16 <6 A9 & 5 <6 321 3 617 105 - dla & T =2 124 128
2 . LY v 5 <5 70 6 5 -8 60 < 3 6 -4 N - die 5T =T 176 - e
2 CIEY 1 S 4 219 - 6 S 143 16 =2 T4 - 78 s 1 e 152 1€3
2 e 68 15 =3 2 6 5 =2 30 . 3 6 =1 19 1 & T 1 amn 17
2 a 7. 15 =1 180 ¢ 5 0 o 36 1 1sa 167 =9 129
2 . T4 1 s 1 140 - 6 5 1 na - 36 2 192 156 & 7 =k A9« 99
P 7. LS 2 a1 6 5 2 17 . 36 Y 2 2 T T AT 102 1%
ES T4 1% 7 21 . 75 -1 17 3 6 S 119 17617 .S ot 12
EETY T4 169 = 176 ) 5 4 2 . T 5 =6 168 . 4 6 % 1an - )] T =2 21 -l
7. 7 e -7 A5 - F9 3} 5 5 111 . T 5 -4 n) 4 6 <6 208 .24 T 7 -l 108« 103
2 . 7 4 =1 1A - 124 1 L] 3 91 - 7 5 el 217 - . [T 121 - 127 © A -3 1" na2
3. 7 4 0 194 <1 1 5 9 Qa1 - TS5 U i . ¢ 6 -3 9 1 n A -2 90 1%
3 4 =3 289 =210 LA S L e 3y s 10 1o TS 121y . A 6 =2 18§ 156 0 & 2 100 10
T4 -7 ‘se o wg T 4 2 100 - 1l6 2 510 136 T8 4 s 4 6 1 w9 19 6 A 3 QI ali2
1 4 1§ = 110 T 4 3 122 =171 2 5 .9 jae NS a2 n - “ 6 2 22 2% 2 8 =2 as - 77
ST 65 < 11 e 4-1d 119 120 2 5 -6 116 . & 51l a2 - 4 6 4 s 14 2 8 -1 121 =110
AR | 190 - 178 A 4 =1 9« ST 2 5 .5 |95 *S eld 176 - 4 6 6 97 93 2 8 121 = 12§
T4 L ks = er N 4 ell 1A 165 3§ .4 g8 A& .9 92 s 6 =7 77 L T B T 14
342 248 .27y A 4 9 A . 315 2§ .3 Al - 8 5 =R 90 5 6 -7 143 127

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, (w2)f & B(Az)

183 .348 .209 .401 12.69
Sy 257 —.066 .021 .256 5.18
.070 —.091 221 216 3.70

137 225 .020 .259 5.29
.226 —.088 183 227 4.07
—.049 .064 173 212 3.54

(2]

311 027 422 .382 11.51
S .136 207 —.073 277 6.04
—.129 131 036 199 3.13
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Table 4. Continued.

N,

N,

N,

C,

C,

Cs

Cll
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127
.046
211

.081
124
.203

117
151
—.171

114
155
.186

.086
165
189

124
.088
.201

178
.028
—.188

.082
211
102

—.095
123
.189

.361
—.016
031

427
—.025
.022

.381
.022
.019

.092
.248
-.101

132
.189
—.143

.208
105
.067

.030
196
.107

.228
136
.006

.201
057
.130

.218
118
.104

174
.205
.082

.078
.239
.057

.076
071
185

153
172
.031

.012
212
.130

.016
120
.200

.027
.001
.201

121
.065
178

190
167
.060

150
223
.033

.287
.007
.063

182
.216
.048

.189
.110
.169

226
118
.150

.305
136
.080

312
.087
.001

.256
.018
.086

115
.046
.207

220
157
150

251
.236
.084

167
302
.009

175
.236
.016

244
165
074

251
.230
.208

.259
.230
.210

279
.236
199

.260
237
222

294
272
.202

318
.283
194

.283
.260
197

.239
214
.208

237
.229
.202

317
.269
213

373
276
222

.333
.292
.202

264
.253
.210

.285
.245
.200



12 P. GROTH

035 251 233 .332 8.72

Ca .095 —.183 .249 .284 6.38
.233 026 056 213 3.57

—.132 .290 154 .381 11.47

o 107 —.137 .283 .283 6.34
212 .089 .083 .205 3.33

.320 ~.145 074 .325 8.34

Oy 124 .082 276 .254 5.10
077 1190 —.068 227 4.08

.306 —.028 161 .268 5.67

Ch .031 .244 —.024 .249 4.88
~.004 031 .190 195 3.00

Table 5. Bond distances and angles with e.s.d.’s. (For numbering of atoms, see Fig. 1.
H,, is bonded to C,.)

Distance A Distance A
8,—C, 1.769(3) C,—C, 1.381(4)
S,—C, 1.778(4) C,—C, 1.376(5)
S, —C, 1.788(3) c.-C, 1.366(5)
S,—C, 1.790(3) Ci—Cy 1.381(4)
Sy—Chy 1.774(4) Cri—Coy 1.380(5)
S,—Cp 1.773(4) Cpa—Chrs 1.358(5)
N,-C, 1.327(4) Cra—Cu 1.363(5)
N,~C, 1.336(4) Coi—Cos 1.381(5)
N,—C, 1.331(4) Ci—H, 0.92(3)
N,—Cs, 1.333(4) Ci—H, 1.00(3)
N;-C,, 1.327(4) C,—H, 0.94(3)
Ny—C,. 1.337(4) C.—H, 1.04(3)
C,-C, 1.385(5) C.—H, 1.03(3)
C,—C, 1.366(5) C.—H, 0.94(3)
Cy—C, 1.373(5) Coy—H,, 0.91(3)
C,—C, 1.373(4) Cra—Cis 0.94(3)

C—Cy, 0.96(3)
Angle (°) Angle (°)

C,-8,-C, 102.4(1) Ca—Cs—C, 118.9(3)

C,—S,—C, 101.0(2) Cs—C,—C, 118.9(3)

Cyy— S —Cn, 101.8(2) C,—C.—C, 117.6(3)

N;—C,—S, 119.4(2) Cy—Cy— G, 119.8(4)

N,—C,—S, 117.9(2) Co—C,—Chy 118.3(4)

N,—C,-S, 118.0(2) Cry—=Cra—Cis 118.4(4)

N,—Cy, — S, 118.0(2) Cra—Cys —Cia 119.8(4)

Ny—Cp—S, 116.8(3) Cra—Cri—Cior 118.0(4)

N;—Cy,—S; 117.6(2) C,—C,~H, 121(2)

Cy—C,—8, 117.3(3) H,—-C,—C, 120(2)

C.—Co—S, 119.0(3) C,— Co—H, 116(2)

Ci—Ci—S, 118.1(3) H,—C,—C, 125(2)

Ci—Cy— S, 118.6(3) Cs—C,—H, 121(2)

Acta Chem. Scand. 27 (1973) No. 1
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Table 5. Continued.

Cro— Cp— S, 119.7(3) H,~C,—C, 120(2)
C.—C1 -8, 118.9(3) C,—C,—H, 119(2)
C,—N,—-C 117.1(3) H,-C,-C, 123(2)
Cy—N,—C,y 117.0(3) C,—Cy—H, 120(2)
Cy —Ny—Cy 116.6(3) H,~C,—C, 121(2)
N,-C,—C,; 123.3(3) C,—C,—H, 121(2)
N,—C,—C, 123.1(3) H,—C,—C,, _ 120(2)
N,—C,—C, 123.8(3) C..—C—Hy, 120(2)
N;—C,,—C, 123.3(3) H,;—C,,—Cys 122(2)
Ny=C11=Chs 123.5(3) C1,=Cps—Hy, 117(2)
N;—C,,—C,, 123.4(3) H,,—C,,—C, 123(2)
C,—C,—C4 118.6(3) Cp—C, —H,, 123(2)

H, -G, —Cy 118(2)

Each of the three 2,6-sulphursubstituted pyridyl groups are planar to
within 0.05 A. The angles between these planes (Fig. 2) are:

/LI1:66.3°, /IIII:61.0°0 /ILIII: 57.1°.

The average bond distances and angles of the pyridine rings agree within
probable limits of error with the micro wave results for pyridine:?

Title compound Pyridine
C-N 1.335 A 1.3402 A
c-C 1.376 A 1.3945 A
C-N-C 116.7° 116° 50’
N-C-C 123.5° 123° 53’
c-C-C 118.6° 118° 26’

In fact the C—C distances seem to be somewhat shorter than the pyridine
value. However, from Table 4 may be seen that the carbon atoms C,, C,,
C,, C, Cy, Cy, Cy,, Cy3 and C, g have relatively large thermal vibration amplitudes
(in the range 6.3 A to 11.5 A). Since no corrections in positional parameters

Table 6. Some dihedral angles with e.s.d.’s.

Angle )

(=

Na‘cu"sl"cl
Nx"Cl"sl—Cu
Ns“cu“ss"clo
Nz—cxo"‘sa—cu
N, —Cy—S;— 8,
N,—Cy—8,—C{

S O = O
RO WoO R
Ut XD
PRy
S
R AR A,
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Fig. 1. Schematical drawing of the molecule Fig. 2.
viewed along [010].

for this motion have been made, the difference cannot with confidence be

regarded as significant.
The N — N distances across the ring correspond to van der Waals contacts:

N,---Ny: 2.962 A; N,..-N,: 2.945 4; N,-..N,: 2.916 A.

No short ¢ntermolecular distances have been found.
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