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Structures of Linear Multisulfur Systems. XIII.
The Crystal and Molecular Structure of 3,5-Bis(V,N-
diisopropylthiocarbamoylimino)-4-isopropyl-1,2,4-

dithiazo]idine, C19H3 5N554

JORUNN SLETTEN and OLE CHR. LOKKE

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

The title compound crystallizes in space group
PI with a unit cell of dimension a=18.726(6) A,
b=8.204(2) A, c¢=8.794(2) A, «=103.08(2)°,
p=81.81(4)°, y=107.12(2)°. X-Ray intensity
data were recorded on a four-circle diffractom-
oter. The structure was solved by Patterson
and Fourier methods and refined by full-matrix
least-squares to an R of 0.035. The four sulfur
atoms are almost collinearly arranged, the
intramolecular S-.-S distances being 2.729(1),
2.161(1) and 2.721(1) A, respectively.

A series of compounds containing almost linear
sequences of four and five sulfur atoms have
been investigated. It has been shown that the
S—8 o-bonding in compounds like I and II

i
R2 NR2
. m

mn

may be described in terms of delocalized 4-
centre-6-electron bonding and 5-centre-6-elec-
tron bonding, respectively.? These weak bonds,
of lengths between & single bond and van der
Waals distance, are easily influenced by intra-
as well as inter-molecular effects. In the present
investigation a compound of type I with re-
latively bulky substituents (R =isopropyl) is
studied.
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EXPERIMENTAL

The crystals grew as orange prisms from
pyridine solution at room temperature. The
space group was determined from Weissenberg
and precession photographs. A crystal of di-
mension 0.27 mm X 0.20 mm X 0.50 mm mount-
ed along ¢* was used throughout the data col-
lection. Cell dimensions were calculated from
the 20-values [A(MoKwx,)=0.70926 A] of 27
reflections with 26 > 36° as measured on a four-
circle diffractometer with an w-scan procedure.?
The intensities of 4892 unique reflections were
recorded on the diffractometer employing the
0—20 scan technique. Scan ranges were cal-
culated according to the Alexander and Smith
equation,® 426 varying between 1.2 and 1.7°.
No sign of crystal deterioration was found by
remeasuring two reference reflections for every
50 reflections recorded. These measurements
were used to bring the data on a common
relative scale. Standard deviations in the
intensities were evaluated as o;=[c2+
(0.01Nnet)?])}, where o, is the error due to count-
ing statistics, Ny is the net count of the re-
flection, and 0.01 is an ‘‘instability factor’
evaluated from the variation in the reference
reflections. 1118 reflections had a net count
less than a threshold value of 2¢;. These re-
flections were assigned an intensity of 2¢; and
coded unobserved, and were later included in
the refinement only if IFCBICI>ItheSh°ldJ. The
data were corrected for Lorentz and polariza-
tion effects according to standard procedures.
Absorption correction was carried out, A*
varying between 1.06 and 1.10.

CRYSTAL DATA

CH; N, 8,;; M.W.=461.78; crystal system
triclinic; space group P1 (or Pl); cell dimen-
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gions: a=18.726(6) A, b5=8.204(2) A, c=
8.794(2) A, «=103.08(2)°, f=81.81(4)°, y=
107.12(2)°. V=1253.5(6) As, Z=2, D,=1.22¢4
gem™3, D, =1.22(1) gem™3, Fooo=496, y(MoKu)
=3.8 cm™.,

STRUCTURE DETERMINATION AND
REFINEMENT

The distribution of E-values clearly indicated
centrosymmetry, thus space group PI was
tentatively selected. The positions of the four
sulfur atoms were derived from a Patterson
map. The remaining non-hydrogen atoms were
located in two subsequent Fourier maps. Full-
matrix least-squares refinement, introducing
anisotropic thermal parameters on all atoms
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in the final cycles, reduced R to 0.067 (R=
SIFol=IFM/Z|Fo|). A difference map cal-
culated at this stage revealed the hydrogen
atoms, which were included in the refinement
with isotropic thermal parameters. The refine-
ment converged at an R of 0.035, the weighted
R, being 0.031. At the end of the refinement
correction for secondary extinction was at-
tempted, the correction gave, however, no
significant changes in F., and was thus abol-
ished. The quantity minimized in the refinement
was Dw||F,|—|F.|[2, where w=1/op% Scatter-
ing factors for non-hydrogen atoms were taken
from Ref. 4, and that for hydrogen was from
Ref. 5. Final atomic coordinates and thermal
parameters are listed in Tables 1 and 2. Lists

Table 2. Coordinates and thermal parameters of the hydrogen atoms with the corresponding
standard deviations. Thermal parameters are defined by T';=exp(— 872U sin20/4?), and are multi-

plied by 103
Atom X/a Y/b Zle U (&2)
H(5) 0.4312(9) —~ .4359(20) —~ .2465(18) 56(5)
H(61) 0.4232(12) — .4833(28) 0.0027(24) 99(7)
H(62) 0.3902(12) —.3201(29) 0.0725(25) 106(7)
H(63) 0.4732(12) — 12895(26) 0.0023(22) 88(7)
H(T1) 0.3063(12) —~.5076(27) —~ .3095(26) 106(7)
H(72) 0.2824(11) —.4607(25) -.1261(23) 87(6)
H(73) 0.3166(11) —.6157(26) —.1950(24) 93(7)
H(8) 0.4653(11) — .0788(25) —.3770(22) 83(6)
H(91) 0.5531(14) — .0646(34) —.2307(32) 143(10)
H(92) 0.5791(13) —.1344(30) — 14052(29) 116(8)
H(93) 0.5480(14) — .2688(35) — 12938(30) 140(10)
H(101) 0.4523(14) —14245(32) —.4878(28) 124(9)
H(102) 0.4793(12) —.2861(28) —.5949(26) 106(8)
H(103) 0.3923(16) —.3371(35) —.5232(32) 152(10)
H(11) 0.2635(8) —.3118(18) 0.1257(17) 42(4)
H(121) 0.3291(12) — 12053(28) 0.3522(25) 100(7)
H(122) 0.2567(13) — 2143(30) 0.4572(27) 115(8)
H(123) 0.2743(11) —13833(27) 0.3654(23) 92(7)
H(131) 0.1230(11) — .3333(25) 0.2981(24) 89(7)
H(132) 0.1343(11) —~.3677(25) 0.1157(23) 85(6)
H(133) 0.1530(11) —.4932(25) 0.2100(22) 84(6)
H(14) 0.1330(9) — 2245(21) 0.5684(19) 55(5)
H(151) 0.2087(14) —~.1047(33) 0.7807(29) 130(9)
H(152) 0.1359(12) —.1419(27) 0.8973(24) 99(7)
H(153) 0.1636(12) —.3033(29) 0.7872(26) 107(8)
H(161) — .0003(13) —.3125(31) 0.6099(30) 126(9)
H(162) 0.0035(14) —.2904(32) 0.7906(30) 129(9)
H(163) 0.0355(11) —.4319(25) 0.6675(22) 85(6)
H(17) 0.0474(9) —.0234(21) 0.8643(19) 63(5)
H(181) 0.1622(14) 0.2126(31) 0.9166(29) 127(9)
H(182) 0.0900(13) 0.2503(30) 0.9926(27) 113(8)
H(183) 0.1264(13) 0.3297(30) 0.8564(27) 130(9)
H(191) — .0375(13) —.0017(30) 0.7041(26) 115(8)
H(192) —.0316(13) 0.1453(30) 0.8563(27) 112(8)
H(193) 0.0063(12) 0.2008(29) 0.7030(26) 110(8)
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H(183)

H(193)

Fig. 1. Bond distances and angles. Standard deviations in §—8, S—C and C—N(C) distances

are 0.001, 0.002 and 0.002—0.004

, respectively. Standard deviations in angles are: /S-S —8§

0.03°, /C—-S—8 0.1°, angles at C and N 0.1-0.2°. The thermal ellipsoids are plotted at the
50 % probability level; hydrogens are plotted with a fixed, arbitrary set radius.

of observed and calculated structure factors
may be obtained from one of the authors (JS).

All calculations have been carried out on a
UNIVAC 1110 computer utilizing the X-ray
72 system, except when otherwise noted.

RESULTS AND DISCUSSION

Bond distances and angles involving non-
hydrogen atoms are shown in Fig. 1 and in
Table 3 and 4. The C—H bond lengths are in
the range 0.87—1.04 (6=0.01—-0.03) A with a
mean value of 0.97 A. The four sulfur atoms
are arranged in an almost linear row with all

three S---S distances longer than the corre-
sponding bond in isolated cyclic disulfides ®
and shorter than van der Waals distance. The
sulfur sequence has approximately two-fold
symmetry. In the analogous derivatives previ-
ously studied, symmetrical sulfur rows have
been found only when required by crystal-
lographic symmetry.”'® The results of two
previous investigations have shown that there
is a significantly shorter total S.--S sequence in

Table 4. Bond angles in the isopropyl groups.

Angle . ]
Table 3. Bond distances in the isopropyl groups.

§<1)—0(5)—g(6) 113-3(;)
1)—C(5)—C(7 111.9(2)
Bond (4) C((G))- C((5))— C((7)) 1 14.522)
N(1)—C(8)—C(9) 110.6(2)
N(1)—C(8)— C(10) 112.0(2)
C(5) —C(6) 1.513(3) C(9) — O(8) — C(10) 112.3(2)
C(5) —C(7) 1.511(3) N(3)—C(11)~C(12) 111.3(1)
C(8) —C(9) 1.508(4) N(3)—C(11)—C(13) 111.8(2)
C(8) —C(10) 1.514(3) C(12)—C(11)—C(13) 115.7(2)
C(11)-C(12) 1.507(3) N(5) — C(14) — C(15) 111.0(1)
C(11)—C(13) 1.512(3) N(5) —C(14) — C(16) 111.9(2)
C(14)—C(15) 1.512(4) C(15) — C(14) — C(16) 112.7(2)
C(14)— C(16) 1.513(3) N(5)—C(17)—C(18) 113.2(2)
C(17)—C(18) 1.523(3) N(5)—C(17) — C(19) 112.6(2)
C(17)—C(19) 1.523(4) C(18) - C(17)— C(19) 113.7(2)
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(I11) §2———=53
784 21m 2784 £5-5 =773 A

H.C H

C H.
aac&c /NW\\/M\;@
H H

() Si

St §2=——S3

Motlecules: a 2.745 2196 2.676 IS5 =76174
b 2745 2.194 2,697 76%4
¢ 2751 2193 2.675 76194

IV than in III.%* This might possibly be due to
repulsion between the bulky substituent in
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the ‘“upper” part of the molecule, squeezing
the sulfur atoms together. Introducing an
isopropyl substituent at the central nitrogen,
N(3), further increases the crowding in the
“upper” part of the molecule relative to com-
pound IV. However, the results of the present
investigation show that the steric tension has
been relieved through a 180° rotation around
N—C of the isopropyl groups at N(5), (V),

H3C CHy

V " " “3 ;%

”CVYYY Y\‘“

2729 2161 2721 £S 3= 'i,snl

relative to the orientation in IV, and the total
S---8 sequence is not significantly shortened as
compared to IV. The H---H contacts in the
upper part of the molecule are: H(62)---H(11) =
2.37 A, H(72)---H(11)=2.31 A; H(131)---H(14)

c(6)
(15) /- 912

c(12
1143,,C(13)

Fig. 3. Stereoscopic view as seen down the c*-axis; the a-axis runs from left to right, the b-axis

from bottom to top.
Acta Chem. Scand. A 31 (1977) No. 6
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=2.36 A; H(122).--H(14)=2.37 A (¢=0.02—
0.03 4).

Fig. 2 shows the atomic deviations from the
best least-squares plane through rings A+ B+
C. The rings deviate slightly but significantly
from planarity; and the substituents at C(1)
and C(4) are bent out of the plane to one side,
while the N(3) substituent is bent to the op-
posite side.

In Fig. 3 the three dimensional arrangement
of molecules in the crystal is illustrated. There
are no intermolecular contacts shorter than
van der Waals distance.

Acknowledgement. The authors are indebted
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