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The Crystal Structure of N-Acetyl-N’-phenylselenourea

By M. PerEZ-RODRIGUEZ AND LOPEZ-CASTRO

Division de Ciencias Matemdticas, Médicas y de la Naturaleza,
C.S.I.C. Departamento de Optica, Universidad de Sevilla, Spain

(Received 5 March 1968)

The crystal structure of N-acetyl-N’-phenylselenowmea, CsHs.NH.CSe.NH.CO.CH3;, was determined
by single-crystal methods. The monoclinic unit cell is, a=10-22, b=22-42, ¢=9-33 A, p=113-40, Z=8,
space group P2;/c. The structure was determined by three-dimensional Patterson and Fourier syntheses
from visual inspection of intensity data made with Cu Ka radiation. Isotropic and anisotropic refinement
was carried out by differential syntheses, as far as is reasonable with the existing data. The final R value
is 0-116. Each molecule consists of three planar parts, the SeC(NH)> group, the acetyl group and the

phenyl group.

Introduction

The crystal structure of N-acetyl-N'-phenylselenourea,

NH.CO.CH;

/
Se=C

AN
NH.CsH;

study of selenourea and some N-substituted seleno-
ureas. The principal aim of the investigation was to
obtain information about the carbon double bond.

Work was first begun on selenourea and the location
of the selenium atoms was under way when Dr C.
Calvo, Canada, informed us of his investigation of this
compound, which was almost complete. Attention was
therefore turned to other compounds such as N-phenyl-
N'-benzoylselenourea (Perez-Rodriguez & Cubero,
1963; Hope, 1965) and N-acetyl-N'-phenylselenourea.

, was determined as part of a

Experimental

The crystals of N-acetyl-N'-phenylselenourea were sup-
plied by Dr Pino, University of Seville. They were pre-
pared according to the procedure given by Douglas
(1928). Yellow prismatic crystals were obtained after
recrystallization from alcoholic solution.

The unit-cell dimensions were measured from
oscillation and Weissenberg photographs. For the in-
tensity measurements a crystal of 0:15x 0-12 x 0-16 mm
was used. Equi-inclination multiple-film Weissenberg
photographs were taken from the zero to the fourth
layer about the ¢ axis and at the zero level about the
a axis. Out of 2641 non-symmetry related reflexions
accesible to film observation, 1275 reflexions were ob-
served. The intensities were corrected for Lorentz and
polarization effects in the usual way. No absorption
correction was made (#=53-6 cm™1). The non-equa-
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Fig.1. The structure of N-acetyl-N’-phenylselenourea pro-
jected down [001].

Fig.2. The structure projected down [010].

torial intensities were corrected for spot extension fac-
tors (Phillips, 1956). For the hkO reflexions the ap-
proximate scale factor was obtained by Wilson’s (1942)
method and the remaining observations were correlated
with these. During refinement the scale factor was one
of the parameters and in the last calculation the scale
for the different layers was adjusted to allow compari-
son between calculated and observed structure factors.

Crystal data
a=1022+0-03, b=22-42+0-06, c=9-33+003 A, f=
113-4+0-5°, V'=1962:1 A3, F(000)=960. Z=8, D,=

a.sinf

Fig.3. Electron density sections g¢(x,y,z;), for various levels
z) containing maxima, projected parallel to c. Contours are
drawn on an arbitrary scale. Intervals for the light atoms are
one fifth those for selenium. The final locations for the atoms
are indicated by crosses.

Table 1. Final atomic coordinates and standard deviations (A)

x a(x) o(y) z o(2)
Se(1) 0-2925 0-0020 0-1192 0-0014 0-0778 0-0033
CcQ) 0-4317 0-024 0-0728 0-022 0-2303 0-022
N(1) 0-4241 0-014 0-0105 0-009 0-1834 0-044
N(2) —0-4702 0-010 0-0909 0-008 0-3479 0-017
C(2) —0-4467 0-017 0-1499 0-011 0-3928 0-031
C(3) 0-4599 0-022 0-1825 0-021 0-4469 0-032
C(4) 0-4927 0-023 0-2389 0-021 0-4980 0-052
C(5) —0-3846 0-025 0-2328 0-023 0-0240 0-052
C(6) —0-2866 0-025 0-2336 0-016 0-4726 0-033
C(M —0-3110 0-015 0-1755 0-011 0-4158 0-029
C(8) —0-4885 0-014 -0-0327 0-013 0:2778 0-033
C(9) 0-4837 0-026 —0-0942 0-013 0-1987 0-030
o(l) 0-3985 0-055 0-4749 0-005 0-0954 0-037
Se(2) —0-2050 0-0017 0-0513 0-0015 0-1744 0-0034
C(10) —0-0202 0-017 0-0199 0-011 0-2523 0-028
NQ@3) 0-0079 0-012 0-4651 0-010 0-3041 0-022
N@4) 0-0900 0-011 0-0472 0-005 0-3549 0-010
C(11) 0-0932 0-013 0-1063 0-013 0-4177 0-030
C(12) 0-0516 0-017 0-1540 0-016 0-3181 0-031
C(13) 0-0631 0-023 0-2147 0-022 0-3910 0-048
C(14) 0-1248 0-015 0-2820 0-013 0-0434 0-036
C(15) 0-1689 0-023 0-3310 0-015 0-1488 0-031
C(16) 0-1538 0-016 0-3909 0-015 0-0687 0-026
C7) —0-1136 0-009 0-4315 0-012 0-2640 0-019
C(18) 0-0959 0-020 —0-1315 0-017 0-1651 0-033
0(2) 0-2363 0-020 —0-0529 0-012 0-3417 0-040

AC2B-9
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Table 2. Thermal parameters (A?)

By y:7%3 B3 By By B3
Se(1) 4-52 3-56 323 0-16 —0-38 0-50
CcQ) 4-38 7-41 351 0-60 0-80 1-00
N(1) 377 3-62 6-00 —-0-23 0-50 0-70
N(2) 5-60 6-23 2-70 0 —0-50 0-80
C(2) 4-92 3-57 297 0-08 0-18 1-00
C@3) 4-96 6-64 2:36 0-16 —0-55 0-80
C@4) 7-03 4-43 6-35 0-03 —-0-24 1-33
C(5) 8-70 390 3-85 —-0-50 0-40 1-00
C(6) 9-00 8:00 7-00 —1-00 —0-50 1-00
C() 6-85 4-89 8-38 —-0-50 —0-40 1-00
C(8) 2:41 3-64 1-17 —0-40 —0-80 1-00
C©) 639 474 4-71 —-0-01 —1-00 0-47
o) 5-97 4-95 513 —0-36 —1-07 1-00
Se(2) 3-56 4-51 4-41 0-42 —1-00 1-00
C(10) 3-48 4-53 321 0-59 0-88 1-00
NQ@3) 4-44 4-25 2-38 0-51 0-80 1-00
N@4) 3:33 4-83 0-14 —0-16 —0-80 1-00
can 426 5-15 2-55 0-81 0-86 0-27
C(12) 657 5-27 6:06 0-60 0-80 1-00
C(13) 4-89 516 403 0-80 0-24 1-00
C(14) 5-04 5-09 291 —0-50 0-80 1-00
C(15) 7-37 7-67 2:97 0-15 ’ 042 1-00
C(16) 3-27 585 7-80 —090 —0-60 1-00
can 3-46 4-30 1-:23 —0-51 —0.80 1-00
C(18) 6-29 519 5-23 —0-39 —0-31 0-90
0(2) 5-25 7-56 6°63 0-78 —0-68 0-90

1-63 g.cm™3, Dw=1-7 g.cm™ (flotation). The system- dimensional Patterson synthesis showed outstanding
atic absences are: 0k0 absent for k¥ odd and 40/ for /| maxima, which were attributed to selenium-—selenium
odd, so that the space group is uniquely determined as  vectors.

P2,/c. The absorption coefficient for Cu Ku radiation

is 53-6 cm™1.

Structure determination

Twenty-six atoms other than hydrogen were to be
located, two selenium [designated Se(1) and Se(2)],
four nitrogen N(1)- - - N(4), two oxygen O(1) and 0(2),
and eighteen carbon atoms. The carbon atoms were
designated: C(1) and C(10) the carbon atoms of the
selenourea groups; C(2) and C(11) the carbon atoms
of the two phenyl groups attached to N(2) and N(4)
respectively; C(3)---C(7) and C(12)---C(16) the re-
maining atoms of the two rings; C(8) and C(9) the
acetyl group attached to N(1); C(17) and C(18) the
acetyl group attached to N(3). It proved necessary to
use a three-dimensional Patterson synthesis to obtain
trial coordinates for the selenium atom. The three-

Table 3. Hydrogen atomic parameters

x y z B(A2)
H@3) 0-366 0-167 0-450 300
H(4) 0-408 0-267 0-520 3-00 ,
H(5) 0-615 0-308 0-560 3-00 LoD
H(6) 0-815 0-241 0-500 3-00
H(7) 0-773 0-158 0-390 3-00
HIN(1)] 0340  —0-008 0-150 3-00 )
HIN®2)]  0-605 0-063 0-350 3-00
H(12)  —0-030 0-147 0-140 3-00
H(13) 0-030 0-243 0-320 3-00
H(14) 0-133 0-258 0-590 300
H(15) 0-233 0-183 0-820 300
H(l6) 0-183 0-083 0-630 3-00 (6)
HIN3)] —0067  —0-050 0-100 3-00
H[N@)] 0166 0-023 0-380 300 Fig.4. Bond lengths.
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Table 4. Observed and calculated structure factors
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Table 4 (cont.)

H K L Faps FCalL

n X L FODS FCAL H K L Fons FCAL
10 2 26,5 38,0- -1 s 2
- 1183 1201 1205 -
o3l 113 2 33.9 40,8 -1 8 2
o3nt 114 2 2640 27.2 Il 2
c322 1 115 2 4340 48,3 2110 2
o3l 116 2 2049 2842- -111 2
e 117 2 2049 112 2
cv 120 2 39,5 -113 2
cAa 122 2 24,2 115 2
L 126 2 17.1 2119 2
e 127 2 9e4 -120 2
ce sl 2 2 86,4 -122 2
ettt 21 2 8701 123 2
an i 2 2 2 5. -121 2
ST 2 3 2 16740 -2 2
o8 2 4 2 “Tes 21 2
PEH 2 5 2 3640 2702 2
S P 2 6 2 1642 23 2
Celed 21 2 2043 -2 & 2
P 208 2 63.0 Z2 05 2
il 29 2 2140 -2 6 2
ol 210 2 S4eb -21 2
Iy i 21 2 32.8 -z 8 2
oy 2 212 2 2101 -2 9 2
oy 213 2 2448 -210 2
- 215 2 4901 -212 2
4 } 211 2 15.3 -213 2
21 218 2 2043 221 2
s 1 220 2 3046 -215 2
cy 8 221 2 1643 -211 2
o3 0 2 2 5347 -22 2
P 31 2 15,3 221 2
o121 3 2 2 3647 -222 2
i 33 2 “6e ~221 2
-1 34 2 9443 -3 2
Iin 35 2 8442 -3 2 2
- 36 2 3146 -3 3 2
i n 371 2 9046 -3 4 2
- 38 2 3349 -3 5 2
~ 524 1 3 9 2 2348 -3 6 2
- 1 310 2 2345 ~3 1 2
1in 311 2 2949 236 2
- : 21 312 2 312 -3 9 2
-6 31 313 2 35,5 -310 2
-6 4 1 318 2 21,7 PRI
- 5 1 315 2 3046 -312 2
- 2 6 1 316 2 2043 -315 2
“6 71 317 2 2340 -316 2
318 2 1946 -317 2
tet 322 2 13.3 -320 2
I 323 2 1443 -322 2
cenz 324 2 15.3 —323 2
te 326 2 1049 —321 2
teld PO 86s1 2%
Cels 1 “ 1 2 1443 -4 2 2
cer “ 2 2 62.4 Z4 3 3
b “ 3 2 s1e5 Ta a2
P “ 5 2 3604 S 05 2
z :', 2! 46 2 2147 -4 6 2
A a7 2 5142 ~a 1 2
-7 5 1 4 8 2 19,5 -4 8 2
27161 4 9 2 1848 ) 13 g
-7 11 410 2 3620
4e8 -411 2
-7 8 1 : H H gz.s -412 2
crel 413 2 2640 ) -413 2
cru “1s 2 2942 -418 2
sl 18 2 2746 ~a16 2
s Tis 1 416 2 2049 -417 2
-713 1 417 2 1840 - 418 2
-718 1 418 2 2243 cA2n 2
STl 419 2 2645 -5 2
I 423 2 1741 -5 1 2
- s 2 6649 -5 2 2
-8 61 s 1 2 1403 Zs 03 2
chet 5 2 2 2101 25 a2
- s 3 2 3501 Ze s 2
-810 1 s 4 2 188 S5 7 2
c8la 5 5 2 71.8 258 2
cee s 6 2 1503 -5 9 3
-2 s 1 2 5949 3510 2
-5 5 8 2 2448 s 2
-y 511 2 3002 -s12 2
-9 91 512 2 23,0 -513 2
oy 511 2 18,0 —s1a 2
clo1 1 519 2 18.8 s 1e 2
c10o2 1 524 2 23,0 -511 32
=10 & 1 6 2 4ot -518 2
cla s 6 2 2 2340 - 523 2
=10 14 1 6 4 2 3543 -6 2
c1016 1 6 5 2 3046 -6 1 2
ci1a 6 6 2 2701 -6 2 2
-1 o3 6 1 2 35.3 6 4 2
-1 6 1 610 2 1741 -6 5 2
-1 o9 1 611 2 2140 -6 6 2
2 612 2 27.8 -6 1 2
12 613 2 18.0 -610 2
2 2 616 2 3001 -611 2
3 2 618 2 23.0 -612 2
42 1 2 3146 - 614 2
s 2 112 18.8 -618 2
6 2 T2 2 20, -623 2
T2 T8 2 3245 -7 2
s 2 T T2 3949 -7 1 2
9 2 78 2 1443 -7 4 2
H 710 2 1946 -7 5 2
u 2 T 2 3346 -7.6 2
13 2 712 2 270 -7 1 2
142 720 2 1241 -1 2
15 2 8 2 4346 -7T12 2
16 2 8 2 2 2142 -713 2
18 2 8 4 2 21,2 -714 2
19 2 8 5 2 2346 ~718 2
20 2 811 2 16:3 -123 2
[ 812 2 2642 -8 2
22 2 813 2 1343 -8 2 2
23 2 814 2 1946 -8 3 2
26 2 815 2 1643 -8 7 2
21 2 216 2 1443 -8 8 2
1 2 9 2 2442 -810 2
11 2 9 2 2 1749 - 811 2
1 2 2 9 6 2 171 - 812 2
1.3 2 9 71 2 1643 - 815 2
1 42 -1 2 2 6040 -816 2
152 -13 2 17607 -818 2
1.6 2 ~1 & 2 15944 -9 5 2
192 11 o2 47,7
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Table 4 (cont.) ¥ K
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2244
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2645
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Table 4 (cont.)

"KL rons PCAL H K L rons FCAL
s 65,0~ 6 8 7503 T6e04
PO e} 2501~ 73 33 HH S
4 5 & 2440 2540 8 s 11a1 1846
a8 4 6340 5002 9 8 5Te6 5743~
O 59,7 5605 10 5 3006 31,0~
.8 4 89,4 8342 12 8 390 3548~
410 & 5607 52,6 138 12.0 1340
412 & 174 1162 13 8 1240 843~
424 4 2740 25,8~ 17 8 1806 1849-
420 4 3048 32,2~ 1 5 L790Y 33,3-
s 1 4 87 6148 19 5 148 14,5
5 3 & 148,1 11443 21 s 2640 2543
s 4 & S1.7 38,8~ 22 % 1746 1845
s 5 4 2749 2149 2% s 1806 1546
s 6 4 1543 Ta1 23 5 13.9 12,9-
s 8 4 3248 3246 6 1408 Ao
5 9 & 198 14,0 1 6 1548 1647-
511 & 18.2 1246~ 2 6 1746 22,5
512 4 2644 24,7~ 3 6 15.8 14,0~
$13 4 5248 5042~ 4 6 6907 64l
515 & 5040 AT,0~ 5 6 1945 1840~
& 4 S446 4645 6 6 1846 1243~
6 2 4 8542 72,7 8 6 6947 4849-
6 3 & 2248 2442 10 6 60eh 617~
6 4 & 797 6842 16 1448 1340~
6 8 & 6604 6540- 12 € 1349 1349
610 & 5242 5541~ 13 6 13.0 18,8
611 & 1942 1543~ 18 6 13.0 1246
612 & 1946 940~ 16 6 1.1 948~
613 & 2840 271~ 20 6 4049 3442
615 & 34,7 32,7- 22 & 3543 2940
620 & 4002 3043 17 3346 3749~
7 4 3605 32,4 37 1.8 17,1
71 & 3045 2949~ A7 2749 3le2-
7T 2 s 28,2 28,6 s 7 2749 3646
T 3 S1e2 A846- 6 7 3602 “145-
78 & 18,1 1145~ 8 7 1846 2144
7T 6 & 2146 1941~ 9 7 2142 1946~
7T 8 4 24, 23,0- 10 7 1549 1641
7T 9 & 27,8 2649~ 1 7 Be2 1240
710 & 2442 2547- 12 7 1647 2040
711 4 42,5 34,6- 137 1647 2041
T13 4 25.9 2549 16 7 18 1342
715 4 asol 4047 17 7 13.0 1644~
8 4 4543 4244 21 7 842 948
81 4 2944 2245~ 22 1 11e1 1047~
3 2 & 2409 1548 8 39.0 4045~
8 3 & 2242 1946~ 2 8 1846 1346~
8 & & Adoh 3649 3 8 111 18,7
[ 4leb 34,7- “ 8 1945 2248
8 7 & 3248 2742~ 5 8 15.8 17.7-
8 8 4 35,8 41,3 78 2008 1949~
810 & 2600 2641 8 8 8e3 1041-
820 & 27.0 1845- 9 8 1062 1246
9 4 3006 34,7- 11 8 2649 2845
9 1 & 1949 2241 12 e 2649 29,9
9 3 & 2640 26,7 4 8 17.8 1606
910 & 2502 276 17 e 19.2 743
18 5805 5043 pLI) 111 13,6~
2 s 14,8 1740~ 1 9 12,0 1740~
35 539 5508 2 e 23,2 2640
4 5 5240 6042 7T 9 1846 Te3-

s 5 4843 A1e9 10 o 12.0 13,0

12 9 11,1 3.7

13 9 14,8 11,2

310 1746 2446
710 943 4y0-

10 10 10.2 3.1

A three-dimensional minimum function (Buerger,
1951) was then calculated with sections of the vector
Se(1)-Se(1") (28, L&, ). They led to the location of
twelve possible positions for the light atoms. In assign-
ing positions to the light atoms, the criterion was that
the positions were consistent with vectors in the three-
dimensional Patterson function and maxima in the
minimum three-dimensional function, as well as with
the chemical model.

Structure factors calculated for the observed reflex-
ons using the coordinates of two selenium and twelve
light atoms gave R=0-41. Successive three-dimensional

THE CRYSTAL STRUCTURE OF N-ACETYL-N’-PHENYLSELENOUREA

Fourier syntheses and structure factor calculations were
used to locate the remaining atoms and the structure
found is depicted in Figs.1 and 2. For the first calcu-
lation of (hkl) structure factors and the complete
structure, R was 0:36. After coordinate corrections de-
duced from the Fourier syntheses R fell to 0-24. The
temperature factor used for all the atoms was 2-0 A2.
A three-dimensional difference synthesis was calcu-
lated. The results confirmed the previous positions for
all twenty-six atoms. Fig.3 shows the electron density
sections ¢(x,y,z;), for various layers z, containing
maxima, projected parallel to c.

Refinement was carried out by differential syntheses.
When isotropic refinement had been completed the
value of R was 0-16. Anisotropic refinement was then
started and was continued until the largest shift in a
coordinate was less than the corresponding standard
deviation. The value of R at this stage was 0:120.

The atomic coordinates are shown in Table 1, as
fractions of the unit-cell edges with the corresponding
standard deviations. Table 2 shows the thermal par-
ameters.

Positions for the ten hydrogen atoms of the two
phenyl groups and the four attached to the nitrogen
atoms were calculated from the positions of the carbon
and nitrogen atoms, assuming.1-0 A for the C-H and
N-H distances. The hydrogen positions are given in
Table 3. The hydrogen atoms are designated by the
numbers of the carbon atoms to which they are at-
tached. The hydrogen atoms of the two selenourea
groups are H[N(1)], H[N(2)], H[N(3)] and H[N(4)]
respectively, indicating the N atoms to which they are
attached. In the final structure factors calculation these
hydrogen atoms were included with temperature coef-
ficients of 3-0 A2, but no hydrogen parameters were
refined.

A comparison of observed and calculated structure
factors is given in Table 4. The parameters used in the
calculation of the F,’s are those listed in Tables 1, 2
and 3. The R value is 0-116.

The structure factors, differential syntheses and all
Fourier summations were calculated by use of a pro-
gram written for the IBM 7070 computer (The Crystal-
lography Laboratory, University of Pittsburgh). The
atomic form factors were taken from International

Table 5. Interatomic distances

Se(1) —C(1) 1:87+0-03 A
C(1)-——N(1) 1-4540-05
C(1)—N(2) 1:22+0-03
N(2)—C(2) 1-38+0-04
C(2)-—C(3) 1:44 +0-04
C(3)—C(4) 1-34 £ 0-06
C(4)—C(5) 1-34+0-07
C(5)-—C(6) 1:47 +0-06
C(6)—C(7) 1:39+0-04
C()-—C(2) 1-44 + 0-04
N(1)—C(8) 1:37+0-04
C(8)-—C(9) 1:54+0-04
C(8)——0(1) 1:19+0-06
o(1) - *N(2) 2:70 £ 0-06

Se(2) —C(10) 1-87+003 A

C(12)—C(13)

C(10)—N(3) 1:36 +0-04
C(10)—-N(4) 1:30+0-03
N(4)-—C(11) 1-45+0-03
C(11)—C(12) 1:37+ 004
C(13)—C(14) 1:31+0-06
C(14)—C(15) 1-42+0-05
C(15)—C(16) 1-51 £0-04
C(16)—C(11) 1-30 +0-04
N(3)-—C(17) 1-37+0-03
C(17)—C(18) 1-54 +0-04
C(17)—O0() 130+ 0-04
0(2)- - *N(4) 2:73+0-04
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Tables for X-ray Crystallography (1962). The isotropic  The R index is defined by

sin? 9) ZIFol = |Fil|

! R=="%%

temperature factors are of the form: exp (——B

and the anisotropic factors of the form:

Description of the structure
€Xp [—— i‘(B] 1h2(1*2 + Bzzkzb*z + B33126’*2
In Figs. 1 and 2 are shown two projections of the struc-
+2Byohka*b* + 2 ByskIb*c* + 2 Byshla*c*)] . ture along the b axis and the c axis respectively. Fig.3
shows the electron density sections o(x,y,z,), for vari-
ous levels z; containing maxima, projected parallel to
¢. Bond distances are given in Table 5 and Figs.4(a)
and (b), and bond angles in Table 6 and Figs. 5(a) and
).

Each molecule consists of three planar parts, (I) the
selenourea group, (II) the phenyl group and (III) the
N-acetyl group. The parameters defining the three
planes are given in Table 7 together with individual
deviations from the planes for the molecule (a), and
in Table 8 for the molecule ().

Table 7. Coefficients in the expression Ax+ By+ Cz=
referred to crystallographic axes and distances from
planes [molecule (a)]

A B C D
1(a) 0-8605 0-1591 —0-7858 2:4096
1I(a) 0-0713  —0-3787 0-8185 2:1627
111(a) 0-9002 0-1902 —-0-7170 2:7172

Deviation from plane

Se(1) 0-011 A |

C(1) —0-042 |

N(1) 0-013 |

N(2) 0-018 1

C(2) —0-032 11

C(@3) 0-035 I1

C4) —0-028 II

C(5) 0-018 11

C(6) —-0-017 11

C(7 0-024 11

N(1) 0:002 IIX

(b) C(8) —0-009 III

C(9) 0-002 I11

Fig.5. Bond angles. 0O(10) 0-004 111

Table 6. Bond angles

Se(1)-C(1)-N(1) 111:9+0-2° Se(2) -C(10)-N(3) 115-0+£0-2°
Se(1)-C(1)-N(2) 126:7+0-3 Se(2) -C(10)-N(4) 123-6+0-2
N(1)-C(1)-N(2) 121-0+0-3 N(3) -C(10)-N4) 1214402
C(1) -N(2)-C(2) 1251+ 04 C(10)-N(4) -C(11) 127-0+0-3
N(2)-C(2)-C(3) 122:0+0-3 N@4) -C(11)-C(12) 119:-4+0-2
C(2) -C(3)-C4) 1196+ 0-2 C(11)-C(12)-C(13) 116:9+0-2
C(3) -C(4)-C(5) 1264 +0-2 C(12)-C(13)-C(14) 117:3£0-2
C(4) -C(5)-C(6) 1140+ 02 C(14)-C(15)-C(16) 113-6£0-2
C(5) -C(6)-C(7) 124-:0+0-2 C(13)-C(14)-C(15) 126-3+0-2
C(6) -C(7)-C(2) 116:6 +£0-2 C(15)-C(16)-C(11) 119:3+0-2
C(7) -C(2)-C(3) 118-5+0-2 C(16)-C(11)-C(12) 125:7+02
N(2)-C(2)-C(7) 118:3+0-3 N@4) -C(11)-C(16) 114-1+0-2
C(1) -N(1)-C(8) 122:6 +£0-3 C(10)-N@3) -C(17) 127-0+0-2
N(1)-C(8)-C(9) 112:0+0-2 N(@3) -C(17)-C(18) 116:5+0-2
N(1)-C(8)-0(1) 126-0+0-3 N(3) -C(17)-0(2) 123-7+02
C(9) -C(8)-0(1) 122:0+ 02 C(18)-C(17)~-0(2) 1192+0-2
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Table 8. Coefficients in the expression Ax+ By+Cz=D
referred to crystallographic axes and distances from
planes [molecule (b)]

A B C D
1(b) —0-5070 —0'4365 0-8834 1-:9952
11(b) 0-9964 0-:0834 —0-4105 —0-4286
III(b) —0-5512 —0-3882 0-8967 1-9730
Deviation from plane

Se(2) 0002 A 1

C(10) —0-006 I

N(3) 0-002 I

N(4) 0-002 I

C(11) —0-024 II

C(12) 0-023 I

C(13) —0-025 1I

Cc(14) 0026 I

C(15) —-0-020 I

C(16) 0-021 I

N(3) 0-014 III

C(17) —0-042 111

C(18) 0-012 II1

o) 0-015 111

The observed value, 1-87 A, for the Se-C bond
indicates a considerable contribution by the structure

N+

/
Se—C
\N<

Se-C is 1-94 A for the single bond, and 1-74 A for the

. The sum of the covalent bond radii for
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N
/
double bond Se=C

N

The N(2)-H---O(1) and N(4)-H: - -O(2) hydrogen
bonds, 2-70 and 2:73 A respectively, are consistent with
the assumption of a positive charge placed on the NH
group. It is suggested that the possibility of the NH
group forming a hydrogen bond may account for the
difference between the bond distances C(1)-N(2) and
C(1)-N(1) for the molecule (@) and the bond distances
C(10)-N(4) and C(10)-N(3) for the molecule (b).

We are very grateful to Dr Sagrario Martinez Car-
rera for making crystallographic programs available
to us and also for help in running them. Our thanks
to Dr M. Cubero for her helpful discussions and sug-
gestions during the course of this work.
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The Crystal Structure of Trisethylsulphonylmethane
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Trisethylsulphonylmethane (TESM) crystallizes with six molecules in a unit cell belonging to the

hexagonal system with a=14-97, ¢=9-81

A. The space group is R3c, and the required molecular

symmetry 3. The crystal structure has been determined and refined to R=0-085 for 636 independent
reflexions whose intensities were measured on an automatic diffractometer. The structure resembles
that of trismethylsulphonylmethane (TMSM), but the crystals are not isomorphous. They differ in
the manner of lateral packing of very similar stacks of molecules along c. The crystals of TESM are
also free from the disorder which gives rise to spectacular diffuse scattering from TMSM. These dif-
ferences are discussed. The principal bond-lengths, with standard deviations in parentheses are as fol-
lows: C-S=1-834 (4); S-O (mean)= 1442 (7); S—-CH,=1-785 (10); H.C-CH3=1-496 (15) A.

Introduction

The crystal structure of trismethylsulphonylmethane
(TMSM, I) has been studied by Silverton, Gibson &
Abrahams (1965). This study was motivated not only
by the interesting chemical properties of TMSM, but
also by the remarkable diffuse reflexions observed in

its X-ray diffraction patterns (Abrahams & Speakman,
1956). Dr Gibson presented us with a sample of the
analogous trisethylsulphonylmethane (TESM, II). In-
terest quickened when we found that this compound
crystallizes in the same trigonal space group as TMSM,
with similar unit-cell dimensions, but that its X-ray
photographs were free from diffuse reflexions.



