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The Molecular Structure of an Unsymmetrical 6a-Thiathiophthen 
By SUZANNE M. JOHNSON, M. GARY NEWTON, and IAIN C. PAUL* 

(W.  A .  Noyes Chemical Laboratory, University of Illinois, Urbana, Illinois 61801) 

and R. J. S. BEER and D. CARTWRIGHT 
(The Robert Robinson Laboratories, The University of Liverpool, Liverpool 7) 

BEZZI et al.,l in reporting the results of a two- 
dimensional X-ray structure analysis on 2,5- 
dimethylthiathiophthen (I), found that (I) crystal- 
lizes in the space group Pnma with four molecules 
per unit cell, and that the molecule occupies a 
position with C,  site symmetry. It was then 
claimed1 that the equivalence of the two S-S 
distances is prima facie evidence for one-bond 
no-bond S-S resonance in (I), involving canonical 
structures (11) and (111). While there is certainly 
additional evidence2$a for resonance of this type 
involving sulphur in related systems, we consider 
the conclusion that the two S-S distances in (I) 

are equal (2.35 A) is open to some question. If 
the true molecular structure of 2,5-dimethyl- 
thiathiophthen were represented by (II), with the 
S-S distances unequal, but indicative of some 
degree of S-S bonding between S(2) and S(3), then 
in view of the overall symmetrical shape of (I), one 
might anticipate the molecule to occupy a site of 
symmetry Cs in the crystal with a 2-fold disordered 
arrangement.* In order to resolve the question of 
equivalence or non-equivalence of the S-S distances 
in the thiathiophthen system, we have undertaken 
a single crystal X-ray analysis of an unsymmetrical 
molecule of this class (IV). During the later stages 
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of this study a preliminary account of an X-ray 
study on another unsymmetrical thiathiophthen 
derivative (V) has a ~ p e a r e d . ~  

s-s-s 

I 6a A 6 6a I 

Ph . 

(V) 

3-Benzoyl-5-p-bromophenyl-2-methylthio-6a- 
thiathiophthen (IV), m.p. 158-159”, was prepared 
from 5-p-bromophenyl- 1,2-dithiol-3-thione6 by con- 
version into 5-p-bromophenyl-3-methylthio- 1,2- 
dithioliuni methosulphate and condensation’ with 
methyl benzoyl dithioacetate. The product had 
the expected n.m.r. spectrum and its electronic 
absorption spectrum (h,,, 269, 320, 350; 505 mp; 
Emax 69,600, 27,700, 8500, 17,000 in methylene 
chloride) resembles that of other Ga-thiathio- 
p h t h e n ~ . ~  

3-Benzoyl- 5-p-bromophenyl-2-niethylthio-6a- 
thiathiophthen (IV), C,,H,,OS,Br, crystallizes as 
fine red needles belonging to the monoclinic system. 
The cell parameters, as determined on a precession 
camera (Mo-K,, h = 0.7107 A), are a = 13.65 f 
0.03, b = 10.42 -& 0.02, c = 27.28 &- 0.03 A, with 

= 98” 30’ f ZO’, while systematic absences 
indicate that the space group is P2Jc. The 
measured density of 1.55 g . ~ m . - ~  requires that 
there be eight molecules of CI9H,,OS,Br in the 
unit cell and hence two crystallographically 
independent molecules in the crystal asymmetric 
unit. -4 total of 3850 independent non-zero 
structure amplitudes was measured from photo- 
graphic data collected by the equi-inclination 
Weissenberg technique (Cu-K, radiation), and the 
structure was determined by the symbolic addition 
procedure.8 Full-matrix least-squares refinement 
on the data has given a present R factor of 0.13, 
with S-S distances i0.007, S-C f0-015, and 

The average bond distances and angles in the 
thiathiophthen nucleus are shown in the Figure. 
The two S-S distances within each molecule are 
clearly unequal, and are both much less than the 

c-c 10.02 A. 

sum of the van der Waals radii (3.70 A).s The 
lengths are similar to the values found in (V) (2.22 
and 2.51 A), although if one considers the 2-phenyl 
in (V), and the fi-bromophenyl in (IV) as common 
reference points in the two ring systems, the 
“short” and “long” bonds are reversed in the two 
compounds. In (IV), there is little conjugation 
between the thiathiophthen system and either the 
p-bromophenyl group (average angle of twist 32”) 
or the carbonyl group (average angle of twist 79”). 
In one of the two crystallographically independent 
molecules, the exocyclic S-CH, group is coplanar 
with the thiathiophthen ring system and the 
“longer” S-S distance is 2.47 A ;  in the other 
molecule the exocyclic sulphur and carbon atoms 
are 0-14 and 0-39 A respectively from the plane of 
the ring and the “long” S-S distance is 2.57 A. 

Comparison of the “short” S-S distances with 
the values (-2-00-2-10 A) found in normal 
disulphide compounds,lO provides evidence for 
significant one-bond no-bond resonance in (IV) 
and (V) . Whether such resonance contributions 
can ever result in equal S-S distances remains an 
open question until X-ray studies are completed on 
a thiathiophthen derivative which has C, molecular 
symmetry but does not use this symmetry in the 
crystal. 

FIGURE. Average bond distances and awgles in the 
thiathiophthen ring system. There is good agreement 
between the two molecules with the exception of the “long” 
S-S distance as noted in the text. 

Examples of the single oxygen (S-S-0) and 
selenium (S-S-Se) analogues of the thiathiophthen 
ring system have also been studied crystallo- 
graphically.ll~12 The S-S distance in the oxygen 
analogue is 2.12 A, reasonably consistent with our 
“short” S-S distance, while the S-S distance in 
the selenium compound is 2-49 A, agreeing well 
with our “long” S-S distance. A review of these 
various distances persuades us that there may be 
a typical “short” S-S distance in the thiathiophthen 
system (i.e., in the 2.12-2-22 A range) and a 
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typical “long” S-S distance (2.47-267 A), and 
seems to cast additional doubt on the interpretation 
of the X-ray results on (I)f@ where a distance of 
2-35 was obtained. 
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