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Structures of Linear Multisulfur Systems. VII. The Crystal
and Molecular Structure of 3,5-Bis(N,N-diisopropylthio-
carbamoylimino) -4-methyl-1,2,4-dithiazolidine, C,,H,,NS,

JORUNN SLETTEN

Department of Chemistry, University of Bergen, N-5014 Bergen, Norway

Crystals of the title compound, C,,H;,NS,, are
orthorhombic, space group Pbcn, with a unit
cell of dimensions a = 25.097(4) A, b=8.451(2) A,
¢=10.679(4) A. X-Ray data were collected on
an off-line four-circle diffractometer. The struc-
ture was solved by the symbolic addition
procedure and refined by full-matrix least-
squares to a final R factor of 0.048. The molecule
lies on a two-fold axis. The four sulfur atoms
are almost collinearly arranged at distances in
the region between single bond and van der
Waals distance, the central S —§ being 2.167 A
and the terminal S—8 distances, related by
the two-fold axis, are 2.763 A.

By autoxidation in solution several 1,1,5-tri-
substituted dithiobiurets form orange com-
pounds which have been identified as 3,5-bis-
(N,N-thiocarbamoylimino)-1,2,4-dithiazolidines
(I).12
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The present compound, however, has been

synthesized according to another method re-
cently published.!
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This type of compounds may possibly possess
partial bonding between all four sulfur atoms in
the row. Such a bonding scheme would be in
analogy with the 8—8 bonding in thiathio-
phthenes (II) 3 and in linear five-sulfur systems

R R
RM&: R
s S§— S—S S S—s§

{1 (1

(III).%® The present structure determination was
undertaken primarily to study the sulfur bond-
ing system.

EXPERIMENTAL

A crystalline sample of the compound was
provided by Dr. J. Goerdeler, University of
Bonn. A single crystal of dimensions 0.20 mm x
0.30 mm x 0.55 mm was mounted along the larg-
est dimension, parallel to the crystallographic c-
axis, and was used for all X-ray experiments.
The space group was determined from Weissen-
berg and precession photographs. Cell dimen-
sions were calculated from diffractometer meas-
urements of setting angles for 12 reflections.
2589 independent reflections with 26< 55° were
recorded on a four-circle diffractometer using
6—26 scan and niobium filtered MoKa radia-
tion. Scan ranges were calculated according to
the relationship 40=A4 4B tan 6, with con-
stants evaluated after scanning a few reflections
manually and recording the widths of the peaks.
Two standard reflections monitored throughout
the data collection indicated no deterioration
of the crystal. S.d. in the intensities were
evaluated as o;=[02+ (0.03N,e)*]}, where o,
is the error due to counting statistics. Standard
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deviations in structure factors were calculated
as op=o07/2(ILp):. 609 reflections had net
counts less than 2¢.. These reflections were
assigned the threshold value 2g. and were
given zero weight in the refinement unless
|F | > |Fipresnotal- Data were corrected for Lo-
rentz and polarization effects according to
standard procedures, and for absorption by the
method described by Coppens et al.”

CRYSTAL DATA

CHyNS;; M.W.=433.73; crystal system
orthorhombic; space group Pbcn; cell dimen-
sions:

a=25.097(4) A, 5=8.451(2) A, ¢=10.670(4) A.
V=2263(1) A%; D,=1.273 g em% D,,=1.268 g
em™; Z=4; Fop=928; pyoxq=4-2 cm™.

STRUCTURE DETERMINATION,
REFINEMENT AND THERMAL
ANALYSIS

The structure was solved by application of
the symbolic addition procedure using a com-
puter program written by Long.® Signs for 148
reflections were derived. An E-map calculated
from the most probable set of signs revealed all
non-hydrogen atoms. The structure was refined
by full-matrix least-squares, minimizing the

function Jw(|F | —|F.)?, where w=1/cz2 At
an R of 0.15, (R=3||F | —IFJI/Z|F,l), aniso-
tropic temperature factors were introduced. The
hydrogen atoms were localized from a difference
Fourier map; positional and isotropic thermal
parameters were refined. The molecule is lying
on a crystallographic two-fold axis; the axis
going through C(9), N(3) and the middle of the
S(2)—-8(2)" bond (Fig. 1). Thus, the hydrogen
atoms on the methyl group C(9) are disordered.
In the difference map six methyl hydrogen sites
could be distinguished. The three fractional
hydrogen atoms in one asymmetric unit were
included with occupancy factors of 0.5 and
successfully refined. The refinement converged
at an R of 0.048, the weighted R factor is
0.056, and the s.d. of an observation of unit
weight (s=Sw(|F,|— |FJ)2(m—n)}), is 2.86.
At this stage all shifts in non-hydrogen param-
eters were less than 0.2¢, and in hydrogen
parameters less than 0.7¢. By comparing
observed and calculated structure factors, no
evidence of extinction was found.

A residual difference map calculated at the
end of the refinement revealed a region of
electron density 0.32 e A-* between S(1) and
S(2) and another peak of density 0.56 e A-?
between S(2) and S(2)’. The data included

= 2167 ¢
S2) (2160 s2)

Fig. 1. Selected intramolecular distances and angles. Distances corrected for rigid body motion
are shown in brackets. Standard deviations in § —S, S —C and C~ N bonds as calculated from the
least-squares inverse matrix are 0.001, 0.003, and 0.003 A, respectively. Standard deviations in
S:::8—8 and C—S -8 angles are 0.03 and 0.1°% and 0.2° in angles at carbon and nitrogen. Thermal
ellipsoids for the non-hydrogen atoms are drawn at the 50 % probability level. Only one set of
the disordered hydrogen atoms on C(9) are included; the other set is obtained by a two-fold rotation

around the N(3) — C(9) bond.
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extend slightly beyond the limit of the copper
sphere, and in similar compounds where com-
parable or less amounts of data are used, the
residual electron density near the sulfur atoms
is less than 0.2 e A-3. Hence it is unlikely that
the peaks in this case are due to Fourier series
termination errors. One possible explanation
could be that not only the methyl group, but
the whole molecule is disordered around the
two-fold axis. Such a disorder may also explain
the fairly large thermal parameters observed.
Any deviation from exact two-fold symmetry is
too small, however, to be resolved by ordinary
refinement methods.

Atomic scattering factors used were for sulfur,
nitrogen, and carbon those of Hanson et al.’ and
for hydrogen those of Stewart et al.1

Final coordinates and thermal parameters are
listed in Tables 1 and 2. Lists of observed and
calculated structure factors may be obtained
from the author.

The thermal parameters of the 11 atoms in
rings A+ B+ A’ (Fig. 1) were analyzed in terms
of rigid body motion according to the method
of Schomaker and Trueblood.!* The r.m.s. dif-
ference between observed U,;’s and those calcu-
lated from the derived T, L, § molecular tensors
is 0.0026 A2, The maximum angle of vibration
is 7.8°% the principal axis of libration being
approximately parallel to the S(2) —S(2)” direc-
tion. Bond distances corrected according to this
model using the method of Cruickshank 12 are
shown in brackets in Fig. 1. Corrections of bond
lengths involving the atoms in the isopropyl
groups are probably underestimated as these

atoms presumably have additional riding mo-
tion.

All calculations were carried out on a
UNIVAC 1110 computer. The programs, except
when otherwise noted, have been made available
by the Chemistry Department, Weizmann Insti-
tute of Science, Rehovoth, Israel; or have been
written by K. Maartmann-Moe of this Depart-
ment.

RESULTS AND DISCUSSION

In Fig. 1 intramolecular distances and angles
except those involving the methyl and isopropyl
groups, are shown. The remaining bond dis-
tances and angles are listed in Tables 3 and 4.

The four sulfur atoms are approximately
collinear, the angle S(1)—S(2)—S(2)" being
173.96(3)°. The terminal S---S distances of
2.763(1) A are appreciably shorter than van
der Waals contact of 3.40 A,3 and also shorter
than Huggin’s constant energy distance of 2.94
A4 In comparison the longest S—8 distance
observed in any of the unsymmetrically substi-
tuted thiathiophthenes (II) determined so far,
is 2.56 A.2* The central sulfur-sulfur bond dis-
tance, S(2)—S(2)’ in the dithiazolidine ring, of
2.167(1) A is significantly longer than corre-
sponding distances in unsaturated five-mem-
bered cyclic disulfides like, e.g., the dithiolium
ion (IV), the thiuret ion (V), rhodan hydrate
and xanthan hydride (VI), where bond lengths
in the range 2.00—2.08 A have been found.
S(2) —S(2)’ is also significantly longer than the
accepted single bond distance of 2.10 A.

Table 3. C—C and C—H bond distances with the corresponding standard deviations in parentheses.
C—C bond lengths corrected for rigid body motion are listed in brackets.

(A) (4)

C(3)—C(4) 1.519(6)[1.531] C(6)—H(6)  0.74(5)
C(3)—C(5)  1.516(6)[1.530] C(7)—H(71)  1.03(5)
C(6)—C(7) 1.511(6)[1.524] C(7)—H(72)  0.80(5)
C(6)—C(8) 1.511(8)[1.521] C(7)—-H(73)  0.94(5)
C(3)~H(3)  0.98(3) C(8)—H(81)  0.65(9)
C(4)—H(41)  0.97(5) C(8)—H(82)  0.92(5)
C(4)—H(42) 1.01(4) C(8)—H(83) 0.83(6)
C(4)—~H(43) 1.14(6) C(9)—H(91) 1.17(10)
C(5)—H(51) 1.07(5) C(9)—H(92)  0.90(10)
C(5)—H(52) 0.86(4) C(9)—H(93)  1.07(10)
C(5)—H(53) 1.09(5)
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Table 4. Bond angles in the methyl group and isopropyl groups. Standard deviations in

parentheses.
Angle ) Angle )

N(1)—C(3)—C(4) 112.9(3) N(1)—C(6)—H(8) 105(3)
N(1)—C(3) - C(5) 112.8(3) C(7)—C(6)—H(6) 112(3)
C(4)—C(3)—C(5) 114.8(3) C(8)—C(6) —H(6) 104(4)
N(1)-C(3)—H(3) 107(2) C(6)—C(7)—H(71) 115(3)
C(4)—C(3)—H(3) 108(2) C(6) — C(7) —H(72) 101(4)
C(5)—C(3)—H(3) 100(2) C(6)—C(7)—H(73) 113(3)
C(3)—C(4) — H(41) 106(3) H(71)-C(7)—-H(72)  106(5)
C(3)—C(4) — H(42) 112(2) H(71)-C(7)—H(73)  114(4)
C(3)— C(4) — H(43) 101(3) H(72)-C(7)—H(13)  107(5)
H(41)-C(4)—-H(42) 110(3) C(6)—C(8)—H(81) 114(8)
H(41)—C(4)—H(43)  122(4) C(6) —C(8) — H(82) 109(3)
H(42)—C(4)—H(43)  105(3) C(6)— C(8) — H(83) 115(4)
C(3)—C(5) —H(51) 102(2) H(81) — C(8) — H(82) 97(8)
C(3) - C(5) — H(52) 112(2) H(81)-C(8)—H(83)  115(8)
C(3)—C(5)— H(53) 100(2) H(82)-C(8)—H(83)  104(5)
H(51)—C(5)—H(52)  123(3) N(3)—C(9)—H(91) 107(3)
H(51)—C(5)—H(53)  109(3) N(3)—0C(9) —H(92) 97(4)
H(52)—C(5)—H(53)  108(3) N(3)—C(9) —H(93) 110(6)
N(1)~C(8)— C(T) 112.2(3) H(91)-C(9)—H(92)  109(6)
N(1)—C(6) - C(8) 111.9(4) H(91)-C(9)—H(93)  129(8)
C(7)—C(6)—C(8) 111.5(4) H(92)—-C(9)—H(93)  100(9)

R In valence bond language this may be depicted

R R H,N. _N_ _NH N by contribution of, e.g., the following resonance

j/®\f ? \|/®\r 2 HZNY Yx forms in which the terminal sulfur atoms are

$—sS $—S§ §$—S negatively charged (VII a —b, and VIIIa—b).
() (V) (vi) This is consistent with the results from
X=0or$S semiempirical molecular orbital calculations by

Evidently, the interaction between S(1) and
S(2) and between S(1)” and S(2)’ is sufficiently
strong to significantly influence the central
S(2)-8(2)" bond. Thus, one may envisage a
sulfur-sulfur bonding scheme with delocalized
o-bonding across all four atoms in the row. It
is possible that the interaction between the
outer sulfur atoms, S(1)---S(2) and S(2)"---S(1)’,
is partly caused by an electrostatic interaction.

R’ R

| |
RN N NN RN__Ny N N
T

Qs——

(Via) {V1Ib)

R’ R’
RN N NN RN__N b N R

NR

SN 7 2 g ]
Y LYY Yy
S s—s s S s—s§ s

(VIila)
Acta Chem. Scand. A 28 (1974) No. 9

(VIIIb)

the CNDO/2 method, in which the terminal
sulfur atoms are found to carry a negative
charge of 0.44 electrons."?

The S—8 distances observed in the present
compound agree well with those found in a
closely related symmetrical dithiazolidine mole-
cule studied by Flippen [2.784(3) A, 2.171(3) 4,
2.784(3) A).*® In another symmetrically substi-
tuted compound where no crystallographic sym-
metry was imposed on the molecule, a slightly
asymmetric arrangement was observed in the
sulfur sequence, the bond distances being
2.742(5) A, 2.161(5) A, 2.785(5) A.1®

The S —Cg* and N —Cgr bond distances are
all in the region between single bonds and
double bonds; indicating =z-conjugation through-
out the system. This is also in good agreement
with findings in the two structures mentioned
above.’® Rings A+ B+ A’ of the molecule may
be considered as a delocalized =-system involv-
ing 14 electrons. As indicated by the short
exocyclic N—Cg bond the two n-electrons on
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DN

Fig. 3. Stereoscopic view of the molecular packing. The a-axis is vertical, top to bottom; the
b-axis is horisontal, left to right; and the c-axis is pointing towards the viewer. Figs. 1 and 3 are

drawn by computer using the ORTEP program.®

each of the atoms N(1) and N(1)’ also participate
in the delocalized =-system giving a total of 18
n-electrons. The average N —Cg bond in the
present structure is 1.470 A (1.480 A after
correction for rigid body motion), and the aver-
age Cyp—Cype bond length is 1.514 A (1.527 A
with RBM correction).

The bulky substituents introduce overcrowd-
ing in the molecule. A best least-squares plane
fitted to the 11 atoms of ring A + B+ A’ shows
that this part of the molecule deviates signifi-
cantly from planarity (Fig. 2). There is a twist
of the molecule around the C(2)---C(2)’ direc-
tion; the dihedral angle between rings A and A’

Acta Chem. Scand. A 28 (1974) No. 9



being 15.5°. The substituent on C(1) is bent out
of the plane of ring A; N(1), C(3) and C(6)
deviating 0.362, 0.419, and 0.603 A, respectively,
from plane A. The double bond character of the
C(1) —N{(1) bond effectively prevents the group
from being twisted around this bond. Despite
the imposed molecular deformation there still
remain some short intramolecular contacts;
S(1)---H(6)=2.55(4) A, H(91)--H(42) =2.13(8)
A, H(91)---H(52)=2.19(8) A and H(93)---H
(42’ =2.06(10) A.

A stereo drawing of the molecular packing in
the crystal is shown in Fig. 3. Molecules related
by the crystallographic c-glide are stacked on
top of one another; partially overlapping at an
interplanar distance of 3.71 A. There are no
intermolecular contacts shorter than van der
Waals distances.

Acknowledgement. The author wishes to thank
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