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The Crystal Structure of an Adduct of o-Nitrobenzene-

selenenyl Thiocyanate with Thiourea

ROLF ERIKSEN* and SVERRE HAUGE

Chemical Institute, University of Bergen, N-5000 Bergen, Norway

o-Nitrobenzeneselenenyl thiocyanate has been found to react with
thiourea to give an adduct. The crystal structure of the adduct has
been determined by X-ray methods, and refined by full-matrix least
squares analysis. The crystals are monoclinic, space group C2/c (No.
15) with a = 34.360(18) A, b=5.095(2) A, c=14.589(6) A, f=98.44(5)°,
and eight formula units per unit cell.

The structure shows that the thiourea group has replaced the
thiocyanate group, and a salt is formed. The cation has the benzene
ring, the nitro group, the selenium atom, and the sulphur atom of
the thiourea group in nearly the same plane. The angle between this
plane and a plane through the thiourea group is 92.8°. A loose five-
membered ring is formed by the selenium, atom, one oxygen atom and
the nitrogen atom of the nitro group, and two carbon atoms of the
benzene ring. The distance between the selenium atom and the oxygen
atom in this system, is 2.505(8) A. The selenium-sulphur bond length
in the cation is 2.189(3) A.

o-Nitrobenzeneselenenyl compounds, like o-nitrobenzenesulphenyl com-
pounds, are usually found to be more stable than the unsubstituted com-
pounds. This feature of the ortho-substituted compounds is probably, judging
from the crystal structures of o-nitrobenzenesulphenic acid methyl ester ! and
of bis(o-nitrophenyl) disulphide,? due to the formation of a five-membered ring
system, comprised of the sulphur atom, one oxygen atom and the nitrogen
atom of the nitro group, and two carbon atoms of the benzene ring, and
involving a close S---O approach.

The present work on the adduct of o-nitrobenzeneselenenyl thiocyanate
with thiourea, has been carried out mainly to study the influence of a short
Se---O distance on the Se —S bond length.

Preparative and crystallographic data on the adduct have been reported
earlier.?

* Present address: Department of Biochemistry, University of Bergen, N-5000 Bergen,
Norway.
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CRYSTAL DATA

The adduct of o-nitrobenzeneselenenyl thiocyanate with thiourea forms
long, yellow, monoclinic prisms elongated along the b axis, with a =34.360(18)
A, b=5.095(2) A, c=14.589(6) A and f=98.44(5)°. The unit cell dimensions
were determined from 67 reflections on zero-layer Weissenberg photographs
around the b and ¢ axes, and evaluated by means of a least squares program.

There are eight formula units per unit cell; density, calc. 1.76, found 1.77
g/em3. The space group, from systematic absences and subsequent structure
analysis, is C2/¢ (No. 15).

Intensities were estimated visually from integrated Weissenberg photo-
graphs around the b and ¢ axes, taken with CuK« radiation using the multi-
film technique.

Three different crystals were used. Crystal No. 1, used for the collection
of the A0l — k2l data, had the following dimensions, from an arbitrarily chosen
origin to the crystal faces: to (100) and (100), 0.021 mm; to (010) and (010),
0.066 mm; to (101) and (10T), 0.031 mm. The corresponding dimensions of
crystal No. 2, used for the k3! data, were 0.012 mm, 0.047 mm, and 0.024 mm,
respectively, and the dimensions of crystal No. 3, used for the k0 and hkl
data, were: to (100) and (100), 0.031 mm; to (001) and (001), 0.0563 mm; to
(T12) and (112), 0.077 mm; to (110) and (012), 0.126 mm; to (112), 0.125 mm.
The linear absorption coefficient, y¢="74.5 cm™1.

The structure was solved from the A0l and hkO data. The three-dimensional
refinement was based on 255 out of 307 20, 441 out of 613 hll, 410 out of 563
h2l, 296 out of 480 h3l, 82 out of 125 k0, 134 out of 199 Akl reflections, in all
1618 observed hOl—h3l and hk0—hkl reflections out of 2287 accessible with
CuKa radiation.

THE STRUCTURE ANALYSIS

The approximate position of the selenium atom in the b-axis projection
was found from the Patterson map. A structure factor calculation based on
the selenium position gave signs to 81 of 255 hO! reflections. The positions of
the sulphur atoms were found from the subsequent Fourier map. A new struc-
ture factor calculation, based on the positions of the selenium and sulphur
atoms, gave signs to 165 reflections. The carbon, nitrogen, and oxygen atoms
were placed partly on the basis of subsequent Fourier maps, and partly from
the known dimensions of the benzene and thiourea groups. Least squares
refinement, with isotropic temperature factors, brought the reliability index,
R, down to 0.091.

The approximate y coordinates of the atoms in the c-axis projection were
found from Patterson and Fourier maps, and from considerations of the
packing of the molecules in the unit cell.

The three-dimensional refinement was carried out on an IBM 360/50H
computer using a full-matrix least squares program minimizing the function,
r= >W(F,| —K|F,)? where K is the scale factor, and W= 1/[(Ka,)® +
(asF 2/4W_]. The weight, W,, is based on the estimated reliability of the
film readings. The constants a, and @, were both given the value one. Unob-
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served reflections with calculated structure factors, |F |, greater than the
threshold value, F,, were included in the refinement with F_ equal to F,.
Refinement with isotropic temperature factors brought the reliability
index, R, to 0.13. The intensities were then corrected for absorption by the
method of Coppens et al.* A sub-division of 4, 12, and 8 Gaussian points along
the a, b, and c axes, respectively, was used for crystals Nos. 1 and 2, and 4, 14,

Table 1. Atomic coordinates in fractions of monoclinic cell edges. Standard deviations
from least squares are given in parentheses.

@ Y 2
Se 0.136790(29) 0.57130(23) 0.00220(7)
S, 0.10049(8) 0.7719(6) 0.09184(18)
S, —0.08373(10) 0.0121(8) 0.16643(26)
0, 0.22542(21) 0.0147(15) —0.0477(5)
0, 0.18415(21) 0.3247(17) —0.0809(5)
N, 0.03952(27) 0.6065(20) 0.1606(7)
N, 0.05215(24) 0.3559(16) 0.0352(6)
N; 0.20161(24) 0.1684(19) —0.0258(6)
N, —0.01562(30) 0.1674(30) 0.1137(10)
C, 0.16627(25) 0.3433(17) 0.0937(6)
C, 0.19464(26) 0.1757(19) 0.0704(6)
C, 0.21614(27) 0.0022(19) 0.1301(7)
C, 0.20907(29) —0.0050(20) 0.2224(7)
C, 0.18126(29) 0.1733(20) 0.2481(6)
Cs 0.15992(28) 0.3470(20) 0.1869(6)
C, 0.06002(28) 0.5486(23) 0.0935(8)
Cq —0.0439(4) 0.1013(25) 0.1393(7)
Table 2. Anisotropic thermal parameters (A2) in the form exp [ — 2a2(h2a™2U  + =+ -+~ +
2hka™07 U gy v )]. The values have been multiplied by 10%. Standard deviations are
given in parentheses.
(J 11 LTZ‘.‘. (’YB:i 0'12 UL'3 LT 13
Se 58.4(6) 56.8(8) 50.5(5) —5.4(6) 5.7(6) 6.1(4)
S, 69.4(17) 49.3(19) 82.8(19) 3.8(16) —-9.7(17)  10.6(15)
S, 90.6(23) 169(4) 111.9(28) 14.0(26) —53.8(29) 22.8(21)
0, 80(5) 93(7) 61(4) —5(5) 17(4) 18(4)
0, 78(5) 100(7) 51(4) —6(5) —6(5) 11(4)
N, 84(7) 115(9) 104(8) -1(7) —30(7) 40(6)
N, 82(6) 31(6) 81(6) ~2(5) —11(5) 3(5)
N, 47(5) 64(8) 56(5) 11(5) 22(5) 13(4)
N, 67(7) 216(15) 196(14) 23(9) —102(11) 2(9)
c, 417(5) 27(6) 48(5) —14(5) —3(5) 5(4)
C, 48(5) 48(8) 44(5) —16(5) —8(5) 15(4)
C, 49(5) 60(8) 61(6) —5(5) 11(6) 3(5)
C, 69(6) 59(8) 57(6) 1(6) 3(6) 14(5)
C, 69(6) 60(8) 51(6) 9(6) 17(6) 13(5)
C, 66(6) 68(8) 45(5) 6(6) 13(6) 12(5)
C, 56(6) 60(9) 77(7) 19(6) 21(7) 20(6)
C, 86(8) 80(9) 64(7) 6(8) —24(7) —4(6)
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Table 3. Observed and calculated structure factors. Unobserved reflections are indicated
by a minus sign on F(0).
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F(c)
~193

H K L FlO)  F(Q) KK

8 0-l6 1

10 o-le 33 1
12 0-l6 3 1
14 0-l6 ELED Y
16 0-16 39 1
18 0-16 41 1
20 0O-l6 11
22 0-16 31
24 0-16 5 1
26 0-1& T 1
2 0-18 9 1

4 0-18 (S

6 0-18 13 1

6 0-18 15 1

10 0-18 JL )
12 0-18 19 1
14 0-18 21 )
16 0-18 23 1
1 10 3 1

310 27 )

5 1 0 2% 1

T 10 31 1

9 1 0 33

1 1 0 35 1
13 1 0 37 1
15 1 0 3% 1
17 1 0 11
19 1 0 31
2L 1 o 5 1
23 1L o 71
2% 1 0 9 1
217 L O 1o
29 3 0 3 1
31 1 0 15 1
33 1 0 17 1
35 1 0 19 1
31 1 0 21 1
39 1 0 23 1
4L 1 O 25 1
43 1 0 21 1
Lt 1 29 1

3 11 i1 1

5 1 1 33 1

T 35 1

9 1 1 T 1

i 11 3% 1
13 11 11
15 1 1 3 1
17 11 5 1
19 1 1 T 1
21 11 s 1
23 1 1 11
25 1 1 13 1
21 L 1 15 1
2% 1L 1 1T 1
i1 1 ) 19 1
3311 2l 1
35 1 1 23 1
31 1} 25 1
39 1 1 27 1
41 11 29 1
11 2 i

3 1 2 33 1

5 1 2 35 1

7T 1 2 ELENNY

e 1 2 11

111 2 31
13 1 2 5 1
15 1 2 11
T 1 2 9 1
19 1 2 1
21 ¢ 2 13 1
23 1 2 15 1
25 1 2 17 1
2T L 2 19 1
29 L 2 21 1
31 1 2 23 1
33 1 2 25 1
35 1 2 2T 1
vt 4 2 29 1
39 1 2 31 1
41 1 2 33 1
113 35 1

3 1 3 L

5 1 3 3 1

7T 1 3 5 1

9 1 3 71

1 1 3 9 1
31 3 1 1
15 1 3 13 1
17 1 3 15 1
19 1 3 171
20 1 3 19 1
23 1 3 21 1
25 1 3 23 1
27 1 3 25 1
13 1
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STRUCTURE OF AN ADDUCT 3157

Table 3. Continued.

W K L FlO) O H K L FlO) F(cr H X L FtO) F(c) H K L FlO) [414) LI N S 4]
S 1 & 228 -~z15 13 116 121 -l0@ 25 1 -5 248 236 29 1-10 166 ~119 5 =11 ~-135
31 1 & =130 -8 15 1 16 191 -201 2T 1 -5 «147 58 31 1-10 162 =162 T 1-17 ~138
22 1 ¢ 193 a7 1 117 =121 n 29 1 -5 =-153 =18 33 1«10 265 229 9 l-l'i(r"l“
5 1 & eT  -119 3 117 -116 31 1 -5 =159 52 35 1-10 =137 -5 1 1=-17
11 5 361 221 5 117 -109 ~126 33 1 -5 ~163 -59 371 1-10 202 ~213 13 1-17
21 8 306 247 T 117 -101 35 1 -5 ~lei “144 39 1-10 173 173 15 1-17
5 1 ¢ =-120 -124 9 11T -88 a0 3t 1 ~S 282 216 1 1-11 344 2356 1T 1-17
7T 1§ -124 ~35 1 118 135 -130 39 1 -3 135 103 3 1-11 720 T22 19 1-17
s 1 S 220 1€7 3 118 149 174 41 1 -5 =112 =111 5 1-11 2T4 =212 21 =17
i 1S 162 ~113 1 1-1 163 «176 11 T 1=-11 555 ~521 1 i-18
12 1 ¢ -13¢ -4 3 L ~-1 1476 1702 31 9 1-11 ~i38 3 1-18
15 1 ¢ 410 356 5 1-1 1 156 s 1 i1 1-11 240 176 5 1-18
17 1§ -l42 .2 7 1 -1 1151 ~122¢ T 1 13 1-11 141 ~-108 T 1-18
19 1 9 29¢ -2 9 1-1 136 T44 9 1 15 LI=11l ~=l44 ~108 9 1-18
<« 1 s 313 -256 1 1 -1 422 383 1 1 17 1-11 252 216 11 1-18
23 1 ¢ 274 242 13 1 -1 272 228 13 1 19 1-11 299 ~249 13 1-18
FE S 340 El«} 15 1 -1 663 6TL 15 1 2l 1-11 ~156 ~166 13 1-18
21 1 s 245 -233 17 1 -1 202 186 17 1 23 i-11 485 438 ¢ 2 0
as 1§ =132 =75 19 1 -1 450 ~AC4 19 1 25 1-11 =167 127 2 2 0
21 1 S =116 122 21 1 -1 567 ~483 2L 1 27 1-11 287 =222 4 2 0
3 1 s =93 =26 3 1-1 666 657 23 1 29 1-11 ~-163 =145 6 2 0
11 =790 25 1 =1 382 351 % 1 31 1-11 190 118 x 2 0
21 tes 21 1 -1 8 -7C5 2T 3 33 1-11 ~-142 52 1 2 0
s 1 17 29 1 -1 254 ~232 29 1 35 1-11 152 ~119 2.2 0
71 -4€3 1 1 -1 276 <25 a1 37 1-11 ~100 -6 4 2 ¢
s 1 169 33 1 -1 -160 14¢ 33 1 1 1-12 636 ~652 16 2 0
11 ksl 35 1 -1 ~l61 ~52 35 1 3 1-12 645 620 18 2 0
121 =234 27 1 -1 ~153 ~-58 37 1 5 k=12 =144 119 20 2 0
15 1 ~653 39 1 -1 -138 8 39 1 T =12 114 “685 2 2 0
171 295 41 1 =1 ~114 ~s7T 41 1 9 1-12 ~]4A5 -64 24 2 0
19 1 278 43 1 -1 -85 =11 11 no1-12 889 L12] 26 2 0
1 -225 1 1 =2 2135 ~2410 1 13 1-12 =149 28 2 0
23 1 =126 3 1=2 208 ~150 5 1 15 1-12 526 ~527 30 2 0
51 216 s 1 =2 127 19 71 17 1-12 ~-155 28 32 2
a1 12 T 1 =2 1%38 ~-leed 9 1 19 1-12 294 267 4 2
s 1 ~228 9 1=2 145 169 i1 21 1-12 380 =324 36 2
21 41 11 -2 1857 19¢8 13 1 23 t-12 203 =205 38 2
11 271 13 1=2 484 ~4%3 s 1 25 1-12 am 298 40 2 0
31 %0 15 1 =2 1700 ~-l8le 17 1 27 1=12 =163 114 0 2 1
€1 25 17t -2 674 CEb 19 1 29 1-12 308 -236 2 2 1
71 ~hER 19 1 =2 886 1012 21 1 31 1-12 -~143 -97 4 21
AR 223 21 1 =2 383 ~3e3 23 1 33 k-l2 268 211 6 2 1
1o 172 23 1 =2 662 -657 25 1 35 1=12 ~106 14 s 2 1
12 1 ~335 25 1 =2 506 508 2T 1 1 1-13 ~154 10 o 21
15 1 237 2T 1 =2 ~l44 -59 29 1 3 1-13 306 277 12 21
17 1 €2 29 1 =2 449 ~451 2 1 5 1-13 =153 ~30 14 2 1
LA | ~222 21 1 =2 154 141 33 1 T 1-13 ~153 -39 16 2 1
PRI 28 33 1 =2 433 3€3 35 1 9 1-13 244 17 18 2 1
FEE ) 158 35 1 =2 ~l61 -€3 EX AN Y il 1-13 ~156 -13 20 2 L
25 1 £2 37 1 =2 467 =434 3s 1 13 1-13 ~-150 =104 22 2 )
21 % =157 39 1 =2 -139 T4 al 1 15 1-13 =160 12 24 2 1
s 1 -8 41 1 =2 216 168 i1 17 1-13 ~-143 1046 26 2 1
11 =124 1 1-3 382 =371 31 19 1-13 261 ~189 286 2 1
1 514 3 1 -3 1164 1 5 1 2L 1-13 203 =215 3c 2 1
£l =1¢5 s 1-3 952 ~633 11 23 1-13 203 163 32 2 1
71 =366 T 1 -3 290 =226 9 1 25 1-13 257 204 34 2 1
9 1 -127 9 1-3 302 262 n o1 27 1=13 =154 -L08 3¢ 2 1
1 1 656 11 1 =3 1604 ~1592 13 i 29 1-13 22¢ ~157 38 2 1
121 ~1&8 13 1 -3 n2 -4 15 1 31 i-13 ~-127 9 4C 2 1
15 1 =304 15 1 =3 S60 985S 17T 1 33 1-13 =108 3 0 2 2
171 189 17 1 -3 44 56T 19 1 1 1=14 401 ~303 2 2 2
15 1 it 19 1 -3 ~-117 -4 [N 3 i-14 3ol 242 4 2 2
a1 -e8 a1 1 -3 [ od ) ~894 23 1 5 1=-14 219 233 6 2 2
a2 1 =202 23 1 -3 210 195 25 1 T 1-14 494 ~434 8 2 2
2t 1 280 25 1 -3 523 562 a1 1 9 l-14 =162 ~-107 10 2 2
a1 9 27 1 -3 428 ~431 29 1 Il 1=14 430 38l 12 2 2
1 326 29 1 -3 220 =253 31 1 13 1-14 ~lo4 -42 e 2 2
2 15¢ 31 1 -3 ~1i55 30 33 1 15 1-14 493 =359 16 2 2
5 1 -259 23 1 -3 ~lel =19 35 1 1T 1-14 ~-16% 35 18 2 2
71 -172 35 1 =3 =162 -23 EX A 19 1-14 547 495 2 2 2
s 1 “es 37 1 =3 =154 es 39 1 21 1-14 303 =195 2 2 2
o1 =24 39 1 -3 =139 11 41 1 23 1-14 ~158 =164 26 2 2
121 -222 41 1 -3 -117 =34 11 25 1-14 238 168 26 2 2
s 1 122 1 1 -4 1437 =-1573 31 21 1=i4 =138 43 28 2 2
171 -2 3 1 -4 1763 1914 5 1 29 1-14 213 ~155% 30 2 2
i -¢2 5 1 -4 1011 1126 T 1 31 1-14 ~-305 -9 32 2 2
1 S4 T 1 =4 1421 ~15¢5 9 1 1 1-15 =165 -60 34 2 2
1 il 9 1 -4 €34 ~955 n 1 3 1-15 326 225 36 2 2
1 ~1¢8 11 1 -4 112 1144 13 1 5 1-1% 201 ~126 38 2 2
1 AS7 13 1 -4 T 322 15 1 T 1=15 =164 23 40 2 2
1 1£0 15 1 -4 1012 ~l1021 17 1 9 1-15 282 230 e 2 3
1 ~4Cs 17 1 -4 1025 ool 19 1 11 1=-15 281 ~163 2 2 3
1 -57 19 L -4 21 284 «l 1 13 L~15 230 -183 4 2 3
1 232 il 1 -4 1C55 =-1227 23 1 15 1-15 =161 T4 6 2 3
) ~1l¢6 23 1 -4 822 ~905 25 1 17 1-15 224 170 ¢ 23
1 -211 25 1 =4 €07 5¢0 27 1 19 1-15 =15% 18 10 2 3
1 1:8 27 L -4 436 417 29 1 21 1=15 257 =198 12 2 3
1 &2 29 1 -4 239 -220 i1 23 1=15 =141 -16 14 2 3
1 ~1€9 31 1 -4 =157 45 33 1 25 =15 240 192 16 2 3
1 =110 33 1 -4 467 432 35 1 2T 1=-15 =116 -5 18 2 3
1 246 35 1 -4 -l62 -£5 31 1 29 1=15 -96 =37 20 2 3
1 -1C5 37 1 -4 348 ~341 39 U 1 1-1é 189 ~157 22 2 13
1 ~182 39 1 -4 239 176 1 1-10 3 =16 311 233 24 2 3
1 48 41 1 -4 -116 e 3 1-10 5 1=l6 329 247 26 2 3
1 1¢3 1 1 -5 364 3%3 S 1-10 T 1-16 384 ~333 28 2 3
1 13 3 1-5 291 -264 7 1l=10 9 1-lé 245 =204 3 2 3
1 ~1€7 5 1 -5 s82 ~984 9 1-l0 I 1-1é 322 2% 32 2 3
1 33 7 1 -5 212 3c2 11 1-10 13 1-16 =151 -8 34 2 3
1 (34 9 1 -8 189 1€6 13 1-10 15 1-16 253 ~230 3 2 3
1 42 n 1 -t 486 ~467 15 1-10 17 i-l6 225 157 38 2 3
1 - 188 13 1 -5 893 ~910 17 1-10 19 1~l6 269 214 0 2 4
1 2%6 15 1 =% =106 -65 19 1-10 21 1-16 221 ~176 2 2 4
1 71 17 1 -5 ain uces Zl1 1-10 v 23 1=l6 -117 -9 4 2 &
1 ~243 19 1 -8 256 ~217 23 1-10 25 1-16 =101 60 6 2 &
116 ~122 14 21 1 =5 4c9 ~838 25 1-10 L 1=17 =132 116 e 2 4
1 1¢ 233 209 23 1 =5 194 l1ée 27 1-10 3 1-1T -134 3 10 2 4
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H K FLO) F K L FilO) L2141} H XK L Fio) F{C) H K FLC) H K L FlO)
12 2 -126 2 < ie 116 ~-313 2 3-2 1133 ~-11%¢ 6 2 -838 16 2-13 220
4 2 3e3 4 210 244 ~228 4 2 =2 1483 ~-1337 8 2 =191 18 2-13 ~137
16 2 -357 6 a10 alT 420 6 2 -2 1%03 1432 20 2 22 20 2-13 218
1e 2 -£69 8 210 482 527 8 2 -2 1899 1915 22 2 230 22 2-13 189
0 2 290 10 210 445 - 16 10 2 -2 1013 =937 24 2 =371 24 2-13 281
%2 2 563 12 210 407 -4 34 12 2-2 $37 -911 26 2 72 26 2-13 -120
24 2 -1¢3 14 2 1o 133 209 14 2 -2 -89 10 28 2 443 20 2-13 173
6 2 -£50 16 410 133 117 16 2 =2 458 629 30 2 -7 30 2-13 135
8 2 &5 18 210 194 -216 13 2 -2 -99 26 32 2 -20% 2 2-14 168
30 2 349 20 2 10 =135 =81 20 2 ~2 ~ICs =13 34 2 s 4 2-14 406
2z 2 =34 2 210 160 179 22 2 =2 444 450 36 2 106 6 2-14 335
24 2 ~118 4 210 -2 -42 24 =2 azs =313 38 2 -166 . 2-14 358
36 2 26 26 2 1¢C 1o =142 26 2 2 2 ~165 10 2-14 ~-136
38 2 ~19 28 210 "% 92 28 2 4 2 =810 12 2-14 3o
[ 149 30 2 1¢ -74 37 30 2 6 2 ELd 14 2-14 -135
2 2 =141 0 211 ~-119 145 32 2 8 2 424 16 2-14 =134
4 2 §37 2 21 449 ~4EN 34 2 w2 ~246 18 2-14 ~132
6 2 566 4 211 -123 &4 36 2 12 2 =105 20 2-14 =128
8 2 -57¢C 6 211 Abh 417 38 2 2 AT2 22 2-14 151
10 2 -$E9 8 21 134 ~571 40 2 16 2 24 2-14 115
14 2 ~134 1 211 292 =367 2 2 18 2 =869 26 2-14 194
" 2 224 12 a2 1n 338 357 4 2 20 2 222 28 2-14 143
e 2 -~T68 14 211 249 241 6 2 22 2 547 2 2-15 21
18 2 15 6 211 239 =275 a8 2 24 2 “104 4 2-15 =132
<0 2 161 18 2 11 -113 =35 16 2 26 2 ~417 6 2-15 331
2 2 -2¢ 20 211 362 318 12 2 28 2 =33 8 2-15 =131
o2 =37 a2 11 -120 -89 14 2 30 2 269 10 2-13 nr
“ 2 104 24 211 188 ~200 18 2 32 2 149 12 2-15 =129
it 2 304 26 211 =953 113 18 2 34 2 =112 4 2-15 -127
3 2 =222 a8 211 =7 15 20 2 36 2 i 16 2-15 ~=123
2 2 =216 0 212 -127 156 22 2 3w 2 -43 18 2-15 ~119
34 2 168 2 212 243 246 24 2 2 2 -655 20 2-19 114
El 2t 66 4 212 3ls =310 26 2 4 2 =63 22 2-1§ 106
€ 2 & 1634 1€14 6 212 =133 49 28 2 6 2 2% 24 2-15 189
2 2 ¢ 218 =1€C 8 212 136 154 30 2 2 -5 26 2-15 -8t
4 2 ¢ 1337 =13es 10 12 135 -3 12 2 10 2 =T22 2 2=16 =11}
& 2 ¢ 265 i1e 12 212 =-t37 ~-37 34 2 12 2 642 4 2-16 240
8 2 ¢ 465 3s8 4 212 440 431 36 2 s 2 271 6 2-16 =112
0 2 ¢ 289 275 16 212 =133 1cr E LI 16 2 -731 8 2-16 189
12 2 ¢ 28¢ -278 18 212 333 =318 40 2 18 2 3t 10 2-16 ~ll6
Mo2 ¢ ans 21¢ 20 412 -117 56 2 2 20 2 36 12 2-16 183
16 2 ¢ ~-115 -63 22 212 =104 sC 4 2 2 2 L 14 2-16¢ =-1l10
e 2 ¢ 398 ~418 24 212 =90 a2 6 2 26 2 =393 16 2-16 <108
0 2 ¢ 181 128 26 212 -63 ~93 8 2 26 2 50 18 2-16 =101
22 2 ¢ 493 17 0 213 =135 -6 1 2 20 2 437 20 2-16 -92
it 2 ¢ 130 - 104 2 213 432 ~434 2 2 30 2 ~19 2 2-17 134
6 2 e =344 4 213 =137 125 14 2 32 2 =Ts 4 2-17 =95
0 2 ¢ 247 218 6 213 256 289 16 2 36 2 -3 6 2-17 154
306 2 € -127 €2 e 213 ase ~3ce 18 2 36 2 50 8 2-11 =95
32 2 ¢ 141 -1%6 10 ¢ 13 136 «160 20 2 2 2*10 300 10 2-A7 =94
34 2 ¢ 14¢C =143 12 213 257 2081 22 2 4 2-10 =386 12 2~-17 111
36 2 ¢ =77 10 14 213 -129 48 24 2 6 2-10 517 14 2-17 -d6
0 2 3 21 308 16 213 291 =323 26 2 8 2-10 =152 13 a =92
2 2 1 1135 -1222 18 213 ~111 30 28 2 10 2-13 =519 3 3 0 =57
4 2 3 1) LN 29 213 218 255 30 2 12 2-10 -312 5 3 0 23
€ 2 889 $34 0 214 33 315 32 2 14 2-10 633 1T 3 0 44l
e 2 796 ~154 2 214 =137 =25 34 2 16 210 158 9 3 0 226
1 2 1 232 -358 4 214 =136 ~144 s 2 18 2-10 ~664 11 3 ¢ ~-l10
e 2 350 340 6 & 14 =134 3 38 2 20 2-10 13 3 0 490
% 2 1 162 162 8 214 =132 65 40 2 22 2-10 154 15 3 0 412
6 2 1 36t -3¢§ 10 2 14 127 -16t 2 24 2-10 -25 17 3 0 =147
e 2 1 -123 =35 12 214 =122 -58 4 2 26 2-10 =109 19 3 0 =i
<0 2 457 485 14 2 14 257 262 6 2 28 210 2 21 3 ¢ 376
22 2 7 -13c -18 16 2 14 =102 -4 8 2 30 2-)0 92 23 3 0 351
4 2 3¢t ~4C0 18z 14 154 ~159 10 2 32 2-10 =123 25 3 0 219
6 2 7 =133 119 20 2 14 -1 50 12 2 34 2-10 =29 21 3 0 =172
86 2 1 223 225 Q 215 -~131 -60 1w 2 2 2=} -19% 29 3 0 2392
30 2 7 239 -23C 2 215 a4 ~244 16 2 4 2-11 -226 i1 3 0 -tvc
32 2 1 1085 =123 4 215 126 133 s 2 6 2-11 loa 33 3 0 195
42 148 184 6 219 122 161 20 2 ¢ 2-11 1 3% 3 0 141
0 2 ¢t €12 €28 8 z 15 143 ~-1€) 22 2 10 2-11 -637 31 3 o 141
a2 2 ¢ 342 =227 10 213 ~tio ~45 26 2 12 2-11 609 ¥ 3 0 =47
4 2 ¢ 637 €19 12 24 113 20¢ 26 2 14 2-11 157 131 T4
4 2 ¢t 734 Te6 14 215 ~89 39 28 2 16 2-11 -492 3 3 1 421
6 2 ¢ Al4 429 16 215 104 =1€4 30 2 18 2-11 =145 5 3 1 T43
10 2 ¢ A85 ~455 0 216 199 213 12 2 20 2-11 250 T A 17
122t (313 -804 2 216 m -4 34 2 22 2-1} % 3 1 1059
2 J2¢ 337 4 216 1£1 ~17% 3 2 24 2-11 ~350 1 3 1 352
e 2 204 263 6 218 =10} 25 38 2 26 2-1L -3 13 3 1 1064
18 2 & -128 =122 8 216 183 173 40 2 28 2-il 245 15 3 1 375
<0 2 €& ~132 o4 10 216 -83 -b6 2 2 30 2-11 ~145 17 3 1 968
@ 2 € =134 18 12 216 -68 A2 4 2 32 2-11 =111 1s 3 1 512
4 2 ¢ 134 -5 0o 217 1o =110 6 2 34 2-1) 106 21 3 1 645
6 2 e 130 -1€3 2 2117 120 -174 2 2 212 93 23 3 4 323
a8 2 ¢ 226 2¢3 4 217 78 102 10 2 4 2-12 =387 2% 3 1 300
i 2 ¢ 133 L] 2 2 -1 597 -642 12 2 . 2-12 191 2T 3 1 296
2 2 ¢ 15¢ -145 4 2-1 1017 1899 s 2 8 2=12 364 29 3 1 174
34 2 ¢ -¢5 -S5. 6 2 -1 1224 11eé 16 2 10 2-12 -378 31 3 1 222
0 2 § ~lce -89 8 2~ 4 ~386 8 2 12 2-t2 =230 33 3 L ~-158
a2 2 ¢ 612 =¢80 10 2 -1 1033 =1031 20 2 14 2-12 294 3% 3 1 136
4 2 s 442 424 12 2 -1 350 520 2 2 16 2-12 267 31 3 1 196
6 2 S 40C 432 4 2 -1 578 539 26 2 18 2-12 =339 13 2 166
¢ 2 S (144 =617 16 2 =1 1054 <1048 26 2 20 2-12 =131 3 32 624
o 2 s 142 -137 18 2 -1 400 -412 28 2 22 2~k 203 5 3 2 276
a2 s ACY 356 20 2~1 828 821 30 2 24 2-12 40 T 3 2 475
4 2 ¢ 383 437 22 2 -\ 310 307 32 2 26 2-32 -5 v 3 2 T40
6 2 S 240 “zl3 4 2 -1 35 -37 n 2 28 2-12 50 1 3 2 ~-i1s
s 2 s 134 -224 26 2 -1 208 159 3 2 3¢ 2-12 12 13 3 2 230
@0 2 S 333 251 8 2 -1 506 524 38 2 32 2=12 =145 5 3 2 421
22 2 ¢ 133 -52 30 2 -1 352 254 2 2 2-13 -439 17 3 2 879
4 2 s ce =238 32 2 -1 266 -225 4 2 4 2-13 1 v 3 2 286
i 2 9 122 147 34 2 -1 219 269 6 2 6 2-13 29 21 3 2 268
. 2 S 110 128 36 2 -1 =124 -7 4 2 8 2-13 ~143 2) 3 2 a7
30 2 S 149 - 149 38 2 -1 267 -206 1 2 10 2-13 -307 25 3 2 ir0
2 2 ¢ =71 -t 40 2 -1 109 =64 12 2 12 2-13 319 2 3 2 246
0 21¢ 134 183 42 2 -1 “ts [} 14 2 -7 ~-101 122 14 2-13 238 228 2% 3 2 A73
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Table 3. Continued.

KoK L LIS
o3 s 3 9
3 3 2 73 9
ST I 9 1 9
03 2 1319
13 2 13 3 9
23 3 15 3 9
£ 3 3 17 3 9
13 2 19 3 9
9 3 3 a1 3 9
a3 2 23 3 9
13 3 2 5 3 9
15 3 2 21 3 9
n 33 1t 310
9 3z 3 310
it 3 3 5 310
FERE I 7 310
s 3 9 310
a3 2 1nm 3o
s 3 2 13 3 1¢
21 3 3 15 310
33 2 1T 110
e 3 19 310
103 ¢ i1 110
303« 23 310
€3 4 25 310
703 [SERT
S 3 4 3 31
I3 4 s 311
122 e 7 11
£ 3 o« ¢ 111
3o 13
34 13 311
3 4 15 3111
3 4 AR
3 4 19 311
3¢ 21 311
3 4 a 1
3 e 1312
ER 1312
3 5 312
3 T o312
3 e 9 312
3 ¢ 1 312
L] 13 312
st 15 312
3 s 17 312
3 E 19 3112
FI it o312
F 1313
3 ¢ 30313
3 5 313
3 e 731
s £ 9 2112
P 1 313
3ot 13313
I 15 213
3o 17 313
3¢ 1214
[ 30314
3¢ 50314
3 e 7 314
1ot LEERY
5ot 1314
3¢ 133 14
5 € 1215
3o 30315
3 e 5 315
3¢ T 35
3¢ @ 315
I 1216
1 13 -1
3 e 3 3=l
3¢ )
] 7 3-1
3 9 3.1t
3 13-
39 13 3 -1
E 15 3 -1
30 17 3-1
3 2.
3 13-
31 21 3 -1
3 5 3.t
3 HAER
3 29 3 ~1
e 3 g o3 -
2 3 13 21
s 3 7 3503 -1
203 7 37 3 -1
TR @ 3«1
R I 1 3-2
< 3 e 3 3-2
73 ¢ 5 22
5 3 ¢ 7T 3.2
TEER 9 3 -2
ERE N 1 3-2
163 ¢ 13 3 -2
BEEN 15 3 =2
s 3 @ 17 1.2
it 3¢ 13 3 =2
2 03 ¢ 21 3 -2
i€ 3 ¢ 23 3 -2
21 3 ¢ 25 3 -2
i€ 3 ¢ 27 3 -2
103 ¢ 2% 3 =2
: 3 s 213 -2

Acta Chem. Scand. 26 (1972) No. 8

- L 1 e e e e e e e e e e e e L L e e e e e 0 0 O 0 e e B L e e e

=066

ADDUCT

H

-
@srsvNO®EIND

WWNN NN == -
cnuuw=PREEFRRS3EERT

K L
3-18

ey
egeye

wiw
LU

———

couaw

e e e e e B B e e B B e et B B e B e e P e e e e e e R e e e O 0 0000000000000 000000000000000000000000

MNP ANE PP PP PP PSP 222002200000 ARMUUNBVAANVVVEIF 2200222022272 20000000 PlUuUuRVARRMIARAVNAAIIIILIIIILLP0002000



3160 ERIKSEN AND HAUGE

Table 3. Continued.

2 L FLa) Fece H X L Flo) F(C) K K L FiO) Flo) H X L Fto) F(C} h K F(0) FCr
1 -16¢C -¢6 17 ¢ ~1 =193 A4 a3 5 -1 243 227 4 6 -1 <160 15 12 6
-1 236 ~ztL 19 5 =) 301 ~294 2% 5 -1 -132 149 6 6 -1 =158 3r 14 o
1 =14 129 ¢l =1 =173 6 T 5 -1 145 =115 3 6 ~1 190 -225 16 &
Z 6-1 ~1l81 -1 10 o -1 150 -89 16 o

L

1 =144 a0
1 ~130 126
1 =108 -4%
1 T4 =33

R
I

ERIUREE

i

and 8, respectively, for crystal No. 3. This brought R down to 0.11. The ob-
served structure factors were next corrected for secondary extinction using
the method of Zachariasen,® neglecting the absorption term: F,_ =K F,
(1+ BCI,), where f=2(1+ cos*20)/(1+ cos? 20)%, and C was found to be 1.5 x
10-¢. This brought R down to 0.10. The intensities of reflections that occurred
more than once in the data set were averaged, and such reflections thereafter
included only once.

The final refinement based on the corrected observed structure factors,
and with anisotropic temperature factors, brought the reliability index, R,
down to 0.074, with unobserved reflections included if |F_| exceeds the ob-
servable limit.

The programs used for the least squares refinement and for the absorption
correction were made available by the Chemical Department of X-Ray
Crystallography, Weizmann Institute of Science, Rehovoth, Israel, and modi-
fied for use on the IBM 360/50H computer by Dr. D. Rabinovich. The program
used for extinction correction was written by K. Maartmann-Moe of this
institute.

The calculated structure factors were based on the atomic scattering factors
given in the International Tables (Ref. 6, Table 3.3.1A). The scattering factors
for selenium were corrected for anomalous dispersion, real and imaginary
parts (Ref. 6, Table 3.3.2A), by taking the amplitude of f as the corrected
value.

The final atomic coordinates are listed in Table 1, the temperature param-
eters in Table 2, and structure factors in Table 3.

lﬁb

Bond lengths and angles in the adduct of o-nitrobenzeneselenenyl thio-
cyanate with thiourea, based on the atomic coordinates in Table 1, are listed
in Table 4. The uncertainties in the cell dimensions are taken into account
in the given standard deviations. Drawings of the molecule are reproduced in
Figs. 1 and 2. As seen from the drawings, the thiourea group has replaced the
thiocyanate group, in accordance with the greater nucleophilic reactivity of
thiourea, as compared with thiocyanate ion, toward divalent selenium. A salt
is thus formed.

The selenium atom, the sulphur atom of the thiourea group, the atoms of
the benzene ring, and the atoms of the nitro group, are nearly co-planar. The
largest deviation of an atom from a least squares plane is 0.067 A (cf. Table 5).
The atoms of the thiourea group are also co-planar. These two planes make an
angle of 92.8° with each other.

The cation is a mixed selenide-sulphide. The Se — S bond length is 2.189(3)
A, which is about 0.02 A longer than what has been found for the Se—S

Acta Chem. Scand. 26 (1972) No. 8
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STRUCTURE OF AN ADDUCT 3161

Table 4. Bond lengths (A) and angles (°) in the adduet of o-nitrobenzeneselenenyl thio-
cyanate with thiourea. Standard deviations are given in parentheses.

Distances and angles involving selenium and neighbouring atoms.

Se—C, =1.939(8) £C,—8e—8,; = 98.88(28)
Se—S, =2.1886(30) £C,—8e---0, = 73.87(32)
Se:+-0,=2.505(8) £8,—-8e--0, =172.27(17)
Benzene ring
C,— C,=1.375(13) £Ce—C,—8e=121.1(6)
C,— C3=1.377(13) £Cy—C,—8e=121.3(6)
Cy— C,=1.404(15) £Ce—Cy— C,=117.5(7)
C,— C;=1.408(15) £C,—Cy,—N;=118.4(7)
Cy— Cy=1.388(13) /C3—C,~N,;=116.3(8)
C,— Cy=1.408(13) /.C,—Cy—C3=125.2(8)
C;—N;=1.460(12) £C,—C3—C,=118.1(8)

/. Cy—C,— Cy=117.3(8)
/. Ce—Cy— Cy=123.7(8)
/C,—Cy— C,=118.1(8)

Nitro group

N, —O0,=1.208(12) £.Cy=N;—0,=118.9(7)
N,—0,=1.225(11) /C,—N,—0,=118.8(8)
/0, ~N;—0,=122.2(8)
/N;—0,—Se=107.4(6)

Thiourea group

8, ~ C,=1.799(11) /Se—8,—C,=102.8(4)
C,—N,=1.320(16) /8, —C,—N;=111.5(7)
C,—N,=1.301(14) /8,—C,~N,=123.7(7)

/N,-C,—N,=124.8(9)

Thiocyanate ion

Sy— Cy=1.588(13) /8, —Cy—N,=174.1(10)
C,~N,=1.142(17)

Hydrogen bonding

N, "N, =2.904(15) 2.0, =N, N,= 95.4(7)
N,---N,=2.947(16) /C,~N,;-N,= 93.0(7)
N, 'Sy =3.365(10) /.C,—N,+8,’=117.0(8)

/NN,y -Sy =144.7(4)

S,’ denotes a sulphur atom at (2,1 —y,}—2z), where x, y, z are the S, coordinates of
Table 1.

bonds in selenopentathionates.”,®8 The Se —C bond is 1.939(8) A, the same as
found in the formamidinium diselenide ion ® and in the triselenourea ion.°
The angles C;—Se—S; and Se—S,—C, are 98.88(28)° and 102.8(4)°, respec-
tively, and the dihedral angle C,SeS,/SeS,C, is 95.7°. Thus, the valency angles
of sulphur and selenium and the dihedral angle are in accordance with what
has earlier been found in disulphides and diselenides.?1,12

A loose five-membered ring is formed by the selenium atom, one oxygen
atom and the nitrogen atom of the nitro group, and two carbon atoms of the
benzene ring. The Se..-O distance is 2.505(8) A. This value is about midway

Acta Chem. Scand. 26 (1972) No. 8



3162 ERIKSEN AND HAUGE

Fig. 1. The adduct of o-nitrobenzeneselenenyl thiocyanate with thiourea as seen normal
to a plane through Se, S,, and C,.

.
/,’M‘\%:

/ 3365(10)

2.904 (15)™,

1
“46.7(5)

175.1(9) 02 134.2(10)
1142 (17)
c ) 1741 (10)
1.588 (13)

(%)

Fig. 2. The adduct of o-nitrobenzeneselenenyl thiocyanate with thiourea as seen along a
plane through Se, S,, and C, normal to the bond Se—8§,.

between the sum of the van der Waals radii and the sum of the covalent radii
of selenium and oxygen, and indicates some Se::-O bonding interaction. The
S—8e...0 angle is 172.37(17)° and is, from a geometrical point of view, favour-
able for the use of selenium p and d orbitals in the partial bonding.

The dimensions of the nitrophenyl group are, within the experimental
error, the same as found in the crystals of nitrobenzene.®

Acta Chem. Scand. 26 (1972) No. 8



STRUCTURE OF AN ADDUCT 3163:

Table 5. Distances from least squares planes. The equations of the planes were calculated

with the selenium coordinates given nine times and the sulphur coordinates given thre-

times the weight of the carbon, nitrogen, and oxygen coordinates, and refer to the mono-
clinic axes, with coordinates X, Y, and Z in A.

Plane through Se, S,, and the atoms of the benzene ring and the nitro group:
0.67690 X +0.70393 Y +0.11354 Z—5.24634=0

Se —0.012 A N, 0.004 A ¢, 0.0074
S, 0.011 ' 0, -0.030 ¢, 0.027
0, 0.067 C;  0.004
¢, —0.033
¢, 0.002
C, 0.027

Plane through the atoms of the thiourca group:
—0.50147 X +0.60299 Y —0.54008 Z —0.08361=0

S, 0.000 A ¢, —0.002A N, 0.001 A
N, 0.001

Plane through C,, Se, S;:
0.68022 X +0.70533 Y +0.09757 Z—5.25331=0

Plane through Se, §,, C,:
—0.38966 X +0.46061 Y —0.73169 Z+0.51413=0

The dihedral angle C,SeS,/SeS,C, is 95.7°.

Thus, the formation of the five-membered ring system does not seem to-
influence the structure of the nitrophenyl group, nor does the Se...O interac-
tion influence the structure of the —8e—S— group.

In the crystals of the o-nitrobenzenesulphenic acid methyl ester,! all atoms
in the molecule, with the exception of the methyl group, are coplanar. The
five-membered ring there is established in the same way as in the present
structure. The O —S...0 angle is 177°, the S—OCH, bond length is 1.65 A,
which is in the range given for single S— O bonds, and the nitro O...S distance
is 2.44 A. In the crystals of bis(o-nitrophenyl) disulphide? there are two
crystallographically independent five-membered ring systems, with nitro O...S
distances of 2.636(8) and 2.588(7) A. By taking the difference in the van der
Waals radii of selenium and sulphur to be 0.15 A the Se...O distance of
2.505(8) A indicates a rather stronger Se..-O interaction in the present struc-
ture than the S...0 interactions in the structures mentioned above.

As mentioned earlier, the thiourea group is planar, the largest deviation
of an atom from a least squares plane being 0.002 A (¢f. Table 5). The two C— N
bonds of the group, 1.320(16) and 1.301(14) A, are equal within the error.
The S —C bond length is 1.799(11) A, and the angles S, —C,—N,, S, -C,—N,,
and N, ~C,—N, are 111.5(7)°, 123.7(7)°, and 124.8(9)°, respectively.

The sulphur atom of the thiourea group in the present structure is
covalently bonded to a selenium atom, and accordingly, the S —C bond length
is expected to be longer than in the crystals of thiourea itself,!®* where the S—C'
bond length is 1.720(9) A.

Acta Chem. Scand. 26 (1972) No. 8
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The dimensions of the thiocyanate ion, S—C=1.588(13) A, C=N=
1.142(17) A, and the angle S—C—N=174.1(10)°, are well in accordance with
values recently published for other thiocyanates.16,1?

HYDROGEN BONDING

The amino nitrogen atoms of the thiourea group may be assumed to have
a trigonal-planar bonding system, ¢.e., the hydrogen atoms lie in or close to
the plane through the thiourea group. The nitrogen atom, N, of the thiourea
group forms hydrogen bonds to the nitrogen atom, N,, of the reference thio-
cyanate group, and to the sulphur atom, S, (#,1-y,}—z2), of another thio-
cyanate group. N, is 0.03 A and S, is 0.25 A out of the thiourea plane. The
N,---N, distance is 2.947(16) A, the N,...S,’ distance is 3.365(10) A, and the
C,—N,--N;, C;—N;---S,", and N,...N,...S,’ angles are 93.0(7)°, 117.0(6)°,
and 144.7(4)°, respectively. The nitrogen atom, N,, also forms a hydrogen
bond to N,. The distance N,..-N, is 2.904(15) A and the angle C,—N,..-N,
is 95.4(7)°.

Hydrogen bonding to selenium, N —H...Se, has been found in crystals of
selenourea !® and related compounds.!®2! In the crystal structure reported
here, such hydrogen bonding probably occurs between N, and Se. The sele-
nium atom is 0.535 A out of the thiourea plane. By assuming a trigonal-planar
bonding system at N,, there will be a close contact H...Se of about 2.6 A.
Such a position of the hydrogen atom is in accordance with a peak found in
the difference map.
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