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Table 5. Intermolecular contact distances (A) for (I)

and (II)
@ an

I—I- 5.496 (2)*
I"—S(2) 3911 (4) I"—S(2) 3.734(2)
I-—S(1) 4.202 (5) I--S(101)  3.970(-)
I—H(3) 3.04 (13) I"—=H(10) 2.92 (8)
I-—H(5) 3-11(8) I-—N(1) 4-366 (8)
S(1)-S(2)  4-01(1) S(HD-S(3) 376 (3)

S(2)-S(2)  3-70 (4t

* Symmetry operator x, y, | + z.
t Symmetry operator —x, 2 — y, —z.

be found for (I); the shortest, for S(1)-.-S(2), is
4.01 A. For (II), intermolecular contact distances of
3.70 and 3-76 A (see Table 4) are about twice the van
der Waals radii given by Pauling (1969), e.g. 3-70 A
for sulphur in crystalline sulphides.

Molecule-orbital overlap can thus be postulated to a
certain degree, the 7 electrons not being used for the
binding of the S atoms. This means that electron
transfer is much more possible than with compound (I).
Thus the thiophene ring as m-electron donor and also a
stronger intermolecular interaction are both responsible
for a higher electrical conductivity (Table 4).
This effect has been found with several compounds
containing thiophene ring systems (Zobel, 1977; Zobel
& Ruban, 1978) and supported by electrical measure-
ments on single crystals. There it could be shown that
the conductivity in the direction of the shortest
intermolecular S—S distance is significantly higher than
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in other directions. For the title compounds such
measurements on single crystals were not possible
because only very small samples were available.

The authors thank the Deutsche Forschungs-
gemeinschaft for financial support and Professor Dr G.
Kossmehl and Dr P. Bocionek for providing the
crystals.
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Structure of tert-Butyl 2-(tert-Butylthio)-2-(9-thioxanthenylidene)dithioacetate
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Abstract

C,;H,S,, M, = 430-72, is obtained by irradiating a
solution of thioxanthenethione and bis(zers-butylthio)-
ethyne. The crystals are monoclinic, space group

* Author to whom correspondence should be addressed.
0567-7408/81/101871-03$01.00

P2,/n, with a = 10-899 (3), b = 17-052(6), ¢ =
12:304 (6) A, f = 98-40 (4)°, V = 2262 A% Z = 4,
F(000) = 912, D, = 1-265 Mg m~3, u(Mo Ka) =
0-411 mm~', A(Mo Ka) = 0-71069A. R = 0-038 for
2695 reflexions. The ratio thiete/unsaturated dithio-
ester found in solution for xanthenyl and thioxanthenyl
derivatives is apparently governed by ring strain versus
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overcrowding, which strongly depends on the different
curvatures of the xanthene and thioxanthene groups.

Introduction

Brouwer, George, Seykens & Bos (1979) reported the
photoaddition of xanthenethione (1a) to bis(ters-butyl-
thio)ethyne (2) with formation of a red oil. Crystal-
lization of this oil from dichloromethane—pentane
initially only afforded red crystals of dithioester (4a).

S
Il

O |SR O /—\ -
c 3 C-SR
hy — -~
— . 4 s X
X S ¢ Ilél 7530m X %-sn § c
O SR
3)

SR
0 @ @
(-R = —1-C,Hy)
(la) (-X-=-0-) (3a) (- X- = --0-) “a) ( X-. 0
(16) (—X- = -S-) (3b) (-X—= S-) @ (X S )
(3e) —-X—=-HH-) (4¢) (-X- - - HH-)

Recrystallization of this dithioester yielded yellow
crystals of thiete (3a), whose structure was determined
by X-ray analysis (de Vos, Kroon, Brouwer & Bos,
1981). The above red crystals (4a), after storage at
about 263 K for about one year, had crumbled and
partially turned yellow, because of rearrangement into
thiete (3a). In carbon disulphide at room temperature
(3a) and (4a) appeared to be in fast equilibrium,
showing a simple 'H NMR spectrum at 90 MHz. At
218 K separate signals of (3a) and (4a) (ratio about
60/40) were observed (Brouwer, 1979). The unbridged
dithioester (4¢) (—X— = —H H-—) shows no tendency
at all to be in fast equilibrium with its thiete (3c). As
was inferred from space-filling models, non-bonded
interactions in (4a) could be an explanation for the
difference in behaviour between (4a) and (4¢). For an
insight into these features it would be relevant to
determine the structure of (4a). Unfortunately, crystals
of this compound could not be obtained again. The
same cycloaddition with thioxanthenethione, (15), also
afforded a red oil. Crystallization from dichloro-
methane—pentane yielded red crystals (m.p. 461-462 K
dec.) only. In carbon disulphide solution the ratio
between (3b) and (4b) is now about 30/70 at 188 K.
The availability of these red crystals enabled us to
study the molecular structure of (4b4), the sulphur
analogue of (4a). This paper reports its X-ray structure
determination.

Experimental

Intensities were collected on a Nonius CAD-4
diffractometer with Zr-filtered Mo Ka radiation with a
block-shaped crystal 0-6 x 0-4 x 0-4 mm. Intensities
up to § = 27-5° were collected in the w—26 scan mode

STRUCTURE OF C,;H,S,

with a scan width of (1 + 0-7 tan 8)°. The intensities
were corrected for variation in two reference reflexions
and for Lorentz and polarization effects, but not for
extinction or absorption. 2695 of the non-equivalent
terms measured obeyed the condition 7 > 2-5¢(7) and
were used in subsequent calculations; 2461 reflexions
were considered unobserved.

Structure determination

The S atoms were located from a Patterson synthesis,
and a subsequent Fourier map yielded the complete
non-hydrogen skeleton. In a difference synthesis most
of the H atoms showed up; only H(232) and H(233)
were placed at idealized positions (with C—H =
1.02 A, and the sp?® hybridization state of the carrier
atoms taken into account). The H atoms were assigned
the isotropic temperature factors of their carrier atoms.
During the block-diagonal least-squares anisotropic
refinement their temperature factors remained fixed.
The final R for the observed reflections was 0-038 (R -
= 0:039). A final difference synthesis was essentially
featureless. All calculations were carried out with a
locally adapted version of XRAY 76 (Stewart, 1976).
Scattering factors for S and C were from Cromer &
Mann (1968) and for H from Stewart, Davidson &
Simpson (1965). The final parameters are listed in
Table 1.*

Discussion

A view of the molecule and the numbering of the atoms
are shown in Fig. 1. Bond lengths and angles are given

* Lists of structure factors and anisotropic thermal parameters
have been deposited with the British Library Lending Division as
Supplementary Publication No. SUP 36042 (31 pp.). Copies may
be obtained through The Executive Secretary, International Union
of Crystallography, 5 Abbey Square, Chester CH1 2HU, England.

Fig. 1. Perspective view of the molecule showing the numbering of
the non-hydrogen atoms.
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in Table 2. The H atoms of the rers-butyl groups have
the LEM geometry (Corosine, Crasnier, Labarre,
Labarre & Leibovici, 1973). The curvature of the
thioxanthene group is much more pronounced than
that of the xanthene group in xanthene-9-spiro-2’-

Table 1. Fractional atomic coordinates (x10% for
S x10%; for H x 10%) and isotropic U values (x 10%)

U,, is the average of the three eigenvalues of each anisotropic
vibration tensor. E.s.d.’s in the least significant digits are in

parentheses.

U JU

x y z (AY
S(DH —9800 (9) 26578 (6) 23616 (9) 47.4 (5)
S(2) 19161 (8) 21190 (5) 19259 (8) 38-4 (5)
$(3) _14343(8) 11194 (5)  11252(8)  39-7(4)
S(4) 10579 (9) —8804 (6) 22275 (9) 47.0(5)
C(1) 991 (3) 821(2) 2830 (3) 31(2)
C(2) 729 (3) 1496 (2) 2268 (3) 32(2)
C@3) —578 (3) 1793 (2) 1957 (3) 34(2)
C(4) —3063(3) 1443 (2) 91(3) 4702
C(%5) —3159 (4) 2159 (3) 54 (4) 65 (3)
C(6) —3655 (4) 739 (3) 156 (4) 77 (3)
C(7) —3640 (4) 1565 (3) 1834 (4) 67 (3)
C(8) 1819 (4) 2086 (2) 411 (3) 48 (2)
c) 2244 (3) 465 (2) 3048 (3) 32(2)
C(10) 3297 (3) 860 (2) 3543 (3) 40 (2)
C(11) 4437 (3) 501 (2) 3686 (3) 50(2)
C(12) 4548 (3) —264 (2) 3348 (4) 55(2)
C(13) 3514 (4) —680 (2) 2911 (3) 48 (2)
C(14) 2366 (3) -323 (2) 2778 (3) 35(2)
C(15) —41(3) —460 (2) 2971 (3) 37Q2)
C(16) —989 (4) —923 (2) 3282 (3) 48 (2)
C(17) —1825 (4) —601 (2) 3885 (3) 53(2)
C(18) —1733 (3) 170 (2) 4193 (3) 47 (2)
c(19) —818 (3) 637(2)  3874(3)  38(2)
C(20) 2303 336(2) 32323 32(2)
C(21) 666 (4) 2478 (3) —167 (4) 70 (3)
C(22) 1904 (6) 1247 (3) 42 (4) 85 (4)
C(23) 2954 (5) 2564 (3) 224 110)
H(51) —-279 (3) 206 (2) —61(3) 61.5
H(52) —-272(3) 257(2) 39 (3) 61-5
H(53) —399 (3) 230 (2) —18 (3) 61.5
H(61) —328 (4) 60 (2) —=51(3) 71-2
H(62) —363 (4) 31(2) 67 (3) 71.2
H(63)  —447(3) 89 (2) ~14(3) 71.2
H(71) -352(3) 109 (2) 220(3) 66-3
H(72) —448 (3) 163 (2) 164 (3) 66-3
H(73) -329(3) 199 (2) 227 (3) 66-3
H(10) 325(3) 138 (2) 377(3) 40-6
H(11) 515(3) 78 (2) 402 (3) 47.5
H(12) 531(3) —48 (2) 349 (3) 52-4
H(13) 357(3) —116 (2) 270 (3) 47.6
H(16) —98 (3) —143 (2) 306 (3) 45.7
H(17) —245(3) —93(2) 411 (3) 52-8
H(18) —225(3) 40 (2) 462 (3) 50-9
H(19) —69 (3) 116 (2) 408 (2) 38-1
H(211) 55 (3) 299 (2) 11(3) 69-8
H(212) —11(4) 221 (2) —18(3) 69-8
H(213) 75 (3) 247 (2) -92(3) 69-8
H(221) 264 (4) 108 (3) 41(3) 84-1
H(222) 197 (4) 124 (3) —-70 (3) 84-1
H(223) 116 (4) 95 (3) 15(3) 84-1
H(231) 366 (4) 234 (2) 58 (3) 71.3
H(232) 302 (4) 252 (2) —56 (3) 71.3
H(233) 280 (4) 309 (2) 48 (3) 71.
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Table 2. Bond lengths (A) and angles (°)

E.s.d.’s are in parentheses. For bond lengths and angles involving
H atoms mean values with their e.s.d.’s in the least significant
digits are given.

S(1)-C(3) 1-637(4)  S(2)-C(2) 1-772(3)  S(2)-C(8) 1-853 (4)
S(3)-C(3) 1-719(3)  S(3)-C4) 1.847(4) S(4)-C(l14) 1-764(3)
S(4)-C(15) 1-762(4) C(1)-C(2) 1.352(4) C(1)-C(9) 1.483 (4)
C(1)-C(20) 1:481(5) C(2)-C(3) 1.507(5)  C(4)-C(5) 1-516 (6)
C(4)-C(6) 1-524(6) CM4)—-C(1) 1-523(6) C(8)-C(21) 1506 (6)
C(8)-C(22) 1.507(7) C(8)-C(23) 1.525(7) C(9)-C(10) 1-391(5)
C(9-C(14) 1.394(5) CU0)-C(11) 1:373(5) C(11H—C(12) 1-381(6)

C(12)-C(13) 1-373(5)
C(15)—C(20) 1-395(5)

C(13)—-C(14) 1-380(5)
C(16)—C(17) 1.372(6)

C(15)—-C(16) 1-397(5)
C(17)—C(18) 1-369 (6)

C(18)=C(19) 1-377(5) C(19)-C(20) 1:392(5) C(sph~H  0.92 (2)
C(sp’)-H 0-95(1)

C20)-C(1)~C(9) 113-2(3) C(20)-C(1)-C(2) 122:5(3)
C(2)—C(1)-C(9) 124-23) C(1)=CQ)-C3) 122:5 (3)
C(3)-C(2)-S(2) 115.7(2) S(2)-C(2)-C(1) 1217 2)
C(2)-C(3)-S(1) 1207 (2) S(1)-C(3)-S(3) 1295 (2)
S(3)-C(3)-C(2) 109-7(2) C(3)-S(3)-C(4) 1107 (2)
S(3)-C(4)-C(5) 110-8 (3) S(3)-C(4)-C(6) 1015 (3)
S(3)-C(4)—C(7) 110-8 (3) C(5)-C(4)—C(6) 1099 (3)
C(6)—C(4)-C(7) 1101 (4) C(7)—C(4)-C(5) 113-2(4)
C(2)-S(2)-C(8) 106-5 (2) S(2)-C(8)-CQ21) 1125 (3)
S(2) C(8) C(22) 109-6 (3) S(2)-C(8)-C(23) 101-6 (3)
CQD-C(8-CQ22)  111:3(4) C(22)-C(8)-C(23)  112:2(4)
C(23)-C(8)-C(21) 109-4 (4) C(H)—-C9)-C(10) 124-0(3)
C(10—-C(9)-C(14)  118:0(3) C(14)-C(9)-C(1) 117.9 (3)
CO-C10)-C(11)  120:9(3) C10)-(11)-C(12)  120.0(3)
C(11)-C(12~C(13)  120-2(3) C(12)-C(13)-C(14)  119-8 (3)
C(13)=C(14)-C(9)  120:9(3) C(9)-C(14)-S(4) 120-7(2)
C(13)-C(14)-S(4) 118-4 (3) C(14)-S(4)-C(15) 98.9 (2)
S(4)-C(15-C(20)  120-0(3) S(@)-C(15)-C(16)  119.9(3)
C(16)-C(15)-C(20)  120-1(3) C(15)-C(16)-C(17)  119.9 (3)
C(16)-C(17)-C(18) 120-4 (4) C(17)-C(18)—-C(19) 120-3 (4)
C(18)-C(19)-C(20)  120-8 (3) C19)-CQ0)-C(1)  123-0(3)
C(19)-C(20)—C(15) 118-3(3) C(15)—C(20)-C(1) 118-7 (3)
C(sp?)—C(sp)—-H 119-8 (9) C(sp*)—C(sp’)-H 109-9 (11)
H—C(sp)-H 109-2(13)

[3’,4'-bis(tert-butylthio)thiete] (de Vos, Kroon,

Brouwer & Bos, 1981); the acute angles between the
least-squares planes through the phenyl groups are
45.-7 and 9-8° respectively. The torsion angle
C(1)-C(2)—C(3)—S(1) of 58.1° and the intra-
molecular distance S(2)---C(10) of 3-167A are
indicative of severe overcrowding, which would be even
more serious in the case of the xanthene spiro thietes
with their fairly planar xanthene groups. The difference
between the ratio thiete/unsaturated dithioester found
in solution for the xanthenyl and thioxanthenyl deriv-
atives is compatible with this finding. The inter-
molecular packing is limited to van der Waals contacts.
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