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THE STRUCTURE OF TRITHIAPENTALENES AND RELATED COMPOUNDS. 

CARL TH. PEDERSEN 
Department o f  Chemistry, Odense U n i v e r s i t y ,  Odense, Denmark. 

Abst ract  T r i t h iapen ta lene  i s  a rep resen ta t i ve  o f  a l a r g e  group 
o f  compounds where the  th ree  s u l f u r  atoms can be s u b s t i t u t e d  by 
s u l f u r ,  selenium, t e l l u r i u m  or oxygen, and t h e  carbon atoms can 
be s u b s t i t u t e d  by n i t rogen.  

The f i r s t  rep resen ta t i ve  o f  these compounds was prepared i n  
1925 and the  s t r u c t u r e  has s ince  been under debate. 

A b i c y c l i c  naphthalene- l ike s t r u c t u r e  was proposed i n  t h e  
f i f t i e s ,  b u t  t he  quest ion was r a i s e d  whether t h e  observed pro- 
p e r t i e s  were best  expla ined by assuming t h i s  b i c y c l i c  s t r u c t u r e  
or by assuming a tautomeric e q u i l i b r i u m  between two s h o r t l i v e d  
monocyclic tautomers. Dur ing t h e  l a s t  15 years modern physico- 
chemical methods have prov ided answers t o  most s t r u c t u r a l  
quest ions.  Methods such as x-ray c rys ta l l og raphy ,  ESCA spec- 
troscopy, 1-H and 13-C NMR spectroscopy i n  a n i s o t r o p i c  phases, 
mass spectroscopy, microwave spectroscopy and e l e c t r o n  d i f f r a c -  
t i o n  have been used i n  the  s t r u c t u r e  e l u c i d a t i o n .  

corresponding s t r u c t u r a l  problems. 
Analogue compounds w i t h  more than 3 sul fur  atoms r a i s e  

INTRODUCTION 

The h i s t o r y  o f  t r i t h i a p e n t a l e n e s  s t a r t e d  i n  1925 i n  I s t a n b u l  a t  t h e  

t ime when Arndt was a professor  o f  chemistry.  He reacted heptane- 

2,4,6-trione w i t h  phosphorus p e n t a s u l f i d e  ( 1 )  

SCHEME 1 

and assigned t h e  s t r u c t u r e  shown i n  SCHEME 1 t o  t h e  r e a c t i o n  product 
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18 C.TH.PEDERSEN 

based on the  observat ion t h a t  one s u l f u r  atoms was d i f f e r e n t  from 

the  other  two, and t h a t  i t  could be removed by o x i d a t i o n  and i n t r o d u -  

ced again by means o f  phosphorus pen tasu l f i de .  The r e a c t i o n  d i d  n o t  

a t t r a c t  f u r t h e r  i n t e r e s t  u n t i l  t h e  l a t e  f i f t i e s  when s t r u c t u r e s  for 

Arndt 's  two compounds were proposed by an I t a l i e n  ( 2 )  based on x-ray 

s tud ies  and a French group ( 3 )  based on IR-stud ies r e s p e c t i v e l y ,  

SCHEME 2 .  

SCHEME 2 

The problem, however, was t h a t  t h e  x-ray s t r u c t u r e  determinat ions 

showed t h a t  t he  two s u l f u r - s u l f u r  d is tances were equal, and p ro ton  

NMR s tud ies  o f  t he  2,5-dimethyl s u b s t i t u t e d  compound showed equiva- 

l e n t  methyl  groups and methine protons (41, n e i t h e r  o f  which i s  i n  

accordance w i t h  t h i s  s t ruc tu re .  The problem was f i n a l l y  so lved by 

Lozac'h who in t roduced t h e  concept o f  no-bond-single-bond-resonance 

(51, SCHEME 3 .  

s s-s s-s-s s-s s w -  w -  
SCHEME 3 

This d e s c r i p t i o n  i s  cons is ten t  with t h e  observat ion t h a t  t h e  NMR 

spectrum o f  the d imethy l  compound shows two equ iva len t  methy l  groups 

(41, SCHEME 4. 

SCHEME 4 

According t o  t h i s  concept, t he  compounds were c a l l e d  1 ,6 ,6a - t r i t h ia -  

pentalenes i n  analogy with the  ca rbocyc l i c  system pentalene, SCHEME 5. 
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TRITHIAPENTALENES 19 

T hiat hiophthene 
~i.2]Dithiolo[l.S-b~~l.2~Di~hiO~e 
1.6,6a A4 -Trithiapentalene 

S.SS 

SCHEME 5 

Allthough the sulfur-sulfur distances were found to be equal in 

2,5-dimethyl-trithiapentalene, this is not always the case f o r  sym- 

metrical substituted trithiapentalenes, SCHEME 6. In fact, unsymme- 
trical substituted ones may even have equal sulfur-sulfur distances. 

S-S bond length [A1 
left right 

H 3C *CH 3 0 0  2.358 2.358 
2-6S.-s1 

H3Cm3 s-s-s 2.131 2.308 

s-s-s m 2.232 2.131 

SCHEME 6 

The variation of the sulfur-sulfur distance arises from the fact, 
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20 C.TH.PEDERSEN 

that the compounds in the crystalline phase are not really symmetri- 
cal; the structure is distorted due to sterical and crystalline 
forces as shown for the tetraphenyl substituted compound, SCHEME 7 .  

SCHEME 7 

These observations raise the question: are these compounds really 
symmetrical 10-pi electron system such as naphthalene or  have they 
to be described as a mixture of fast interconverting valence tauto- 
mers with a short and a long sulfur-sulfur distance which gives rise 
to an average equal sulfur-sulfur distance, SCHEME 8. Such a situa- 
tion is known to be the case in bulvalene. 

s-s s s-s ws = 
SCHEME 8 

To put it in another way, has the system real CZv symmetry or  not? 
This was the situation when we started our studies of the structure 
of trithiapentalenes. 

Only a few general methods exist for the synthesis o f  trithia- 
pentalenes, SCHEME 9. The yields are very dependent on the substi- 
tuents. Highest yields are obtained when aryl substituents are pre- 
sent. 
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TRITHIAPENTALENES 21 

BrCH,COPh s-s s-s-s 
* R l ~ S , C H 2 ~ - P h , B P  Rl 

R 0 R R 
R' 

R 

SCHEME 9 

MASS SPECTROMETRY 

I f  one looks at the mass spectra o f  trithiapentalenes ( 6 ) ,  SCHEME 10, 

one sees that they look very much like the mass spectra o f  aromatic 

naphthalene-like systems with intense peaks corresponding to molecu- 

SCHEME 10 

P S - B  
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22 C.TH.PEDERSEN 

lar ions. However, the mass spectra cannot give us much information 
concerning our structural problems. 

As the peculiarity of trithiapentalenes is without doubt related 
to the interaction between all 3 sulfur atoms, it could therefore be 
of interest to study a compound with the same structural elements but 
without the interaction between the 3 sulfur atoms. 

In the literature the reaction in SCHEME 11 is described ( 7 ) .  

s-s 
PhC 2 CH + CH3COSH - NaAc Ph+ 

S M A  CH3 

SCHEME 11 

As indicated it is expected that it should give rise to what we can 
call a trans-trithiapentalene. 

Another class of compounds, isomeric with trithiapentalenes, is 
known. These compounds are called iso-trithiapertalenes. They are 
formed from 1,2-dithiol-3-thiones and alkynes (El), SCHEME 12. 

SCHEME 12 

In these compounds no-bond-single-bond-ressonance is also possible, 
SCHEME 13. 

SCHEME 13 

The mass spectrum of such an iso-trithiapentalene is shown in SCHEME 
14. 
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TRITHIAPENTALENES 

100 

50 

23 

2 40 - 
w n  

175 -C&l,CECH 
-SZH k -  - 

342 
M I  + 

11. L 171 
121 132 

SCHEME 14 

The characteristic difference between the mass spectra of these 
compounds and those o f  trithiapentalenes is that in the iso-com- 
pounds the molecular ion is not the base peak. The base peak is a 
peak corresponding to the loss  of HS from the molecular ion ( 9 ) ,  

SCHEME 15. This fragmentation indicates a lower stability of the 
molecular ion in the case of the iso-trithiapentalenes than the 
trithiapentalenes. 

2 

'S-S 
H&CH~ CH,C=C-CmS* 

SCHEME 15 

If one looks at the mass spectrum of a trans trithiapentalene, it 
is obvious that it has a strong resemblance to that of an iso- 
trithiapentalene ( l o ) ,  and, in fact the compound is an iso-trithia- 
pentalene, SCHEME 16. 
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24 C.TH.PEDERSEN 

I 1 

SCHEME 16 

The formation of this compound can be explained as depicted in 
SCHEME 17. 

SCHEME 17 

The compound can in fact be synthesised starting from diacetyldi- 
sulfide. 

We were happy finding that the trans-trithiapentalenes were not 
stable isolatable compopunds, as we had observed during a photochemi- 
cal study of trithiapentalenes that upon irradiation trithiapentale- 

nes were transformed into compounds which reversible revert, by a 
dark process, t o  the starting trithiapentalenes (111, SCHEME 18. 
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TRITHIAPENTALENES 25 

s-s-x - s-s x-s-s hv 
X = O  or S 

SCHEME 18 

A t r a n s  s t r u c t u r e  has been ascr ibed t o  the  photoproduct.  Our obser- 

va t ions  are i n c o n s i s t e n t  wi th the  f a c t  t h a t  i t  should be p o s s i b l e  

t o  i s o l a t e  t h e  s t a b l e  t r a n s  compounds. 

NMR-STUDIES 

U n t i l  now i t  has never been p o s s i b l e  t o  de tec t  d i f f e r e n t  NMR s i g n a l s  

from equ iva len t  s u b s t i t u e n t s  i n  symmetr ical  s u b s t i t u t e d  t r i t h i a p e n -  

ta lenes n e i t h e r  by p ro ton  nor by C-13 NMR s t u d i e s  (12). A p r i o r i  i t  

seems r e l e v a n t  t o  use S-33 NMR for t he  study o f  these compounds. 

However, t h e  problem i s  t h a t  we need a method w i t h  h i g h  s e n s i v i t y .  

Due t o  t h e  quadropole moment o f  5-33, SCHEME 19. 

33s 
Spin 312 
Quadropole moment - 6 . h  
Natural abundance 0.76 YO 
Relative sensivity (H=l) 2 . 2 6 ~ 1 0 ' ~  

SCHEME 19 

S-33 spect ra have very broad l i n e s  i n  t h e  range 500-1000 Her t z  

wi th very l i t t l e  f i n e  s t r u c t u r e .  We have, never the less,  t r i e d  t o  

reco rd  the  S-33 spectrum o f  a sa tu ra ted  s o l u t i o n  o f  t r i t h i a p e n t a -  

l ene  bu t  we d i d  no t  o b t a i n  any s i g n a l s  even a f t e r  24 hours. This  

i s  probably due t o  t h e  l ong  r e l a x a t i o n  t ime o f  S-33, which means 

t h a t  t he  d i spe rs ion  s i g n a l  has f a l l e n  t o  zero before  we a r e  ab le  

t o  s t a r t  reco rd ing  a f t e r  t he  pulse. 

We have much s t r u c t u r a l  i n f o r m a t i o n  on t h e  t r i t h i a p e n t a l e n e s  
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26 C.TH.PEDERSEN 

from t h e  c r y s t a l l i n e  phase, b u t  as t h e i r  s t r u c t u r e  i s  s t r o n g l y  depen- 

dent on c r y s t a l  forces,  i t  would be o f  i n t r e s t  t o  have s t r u c t u r a l  

data from other  phases as w e l l .  

By use o f  NMR spectroscopy i n  a non- isot rop ic ,  l i q u i d  c r y s t a l  

phase, we have been able t o  o b t a i n  such i n f o r m a t i o n  f o r  t h e  l i q u i d  

phase. Three p r i n c i p a l  l i q u i d  c r y s t a l l i n e  phases e x i s t s ,  SCHEME 20. 

Fig1. S m a c k  phase (4,4'- 
ethoxycarbonyl-azoxy- 
benzene). 

Fig. 2. Nematic phase (4,6'-  
dimethoxy-azoxybenzene). 

SCHEME 20 

For our s tud ies  (13,14) we used the  nematic phase, which have orde- 

r i n g  only  i n  one d i r e c t i o n .  

For e a r l i e r  s tud ies  t h e  phase EBBA was used, SCHEME 21. However 

t h i s  phase has t h e  disadvantage o f  be ing  o r i e n t e d  p a r a l l e l  t o  t h e  

magnetic f i e l d ,  which means t h a t  t h e  probe cannot be spinned, as i t  

w i l l  change the  o r i e n t a t i o n  o f  t h e  molecules i n  t h e  magnetic f i e l d .  

Without spinning, however, one ge ts  broad s i g n a l s  i n  t h e  spec t ra  (13). 

I n  l a t e r  s tud ies  we have the re fo re  used a phase c a l l e d  XL 1167 which 

o r i e n t s  perpendicu lar  t o  t h e  f i e l d .  The probe can then be spinned 

producing narrow l i n e s  which enables observat ion o f  t h e  C-13 s a t e l l i -  

t e s  i n  n a t u r a l  abundance (14). 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
6
:
0
8
 
2
9
 
J
a
n
u
a
r
y
 
2
0
1
1



TRITHIAPENTALENES 21 

W-@N = C H ~ O C H ~  N C ~ C , H , ~  

EBBA XL 1167 

SCHEME 21 

From these spect ra one can f i n d  t h e  C-13 coup l i ng  constants.  Normal 

sp in-sp in coup l i ng  constants are n o t  d i r e c t l y  r e l a t e d  t o  t h e  d i s t a n -  

ces between the nucleus as these a re  e l e c t r o n i c  t r a n s i t i o n s ,  However, 

the d ipo le -d ipo le  coup l i ng  constants,  which can be obta ined d i r e c t l y  

from the spect ra i n  t h e  a n i s o t r o p i c  phase, a re  d i r e c t l y  r e l a t e d  t o  

t h e  distances, SCHEME 22. 

SCHEME 22 

I f  a molecule has lower symmetry than C 

are needed t o  c a l c u l a t e  the  d is tances between t h e  n u c l e i .  

two o r d e r i n g  parameters 2v 

We have found f o r  t r i t h i a p e n t a l e n e  and 1,6-dioxa-6a-thiapenta- 

lene, SCHEME 23, t h a t  on l y  two o rde r ing  parameters are needed t o  

c a l c u l a t e  t h e  distances. This observat ion g i ves  a s t r o n g  i n d i c a t i o n  

for a s t r u c t u r e  with a r i g i d  C symmetry. 2v 

s-s-s 0-s-0 w w 
SCHEME 23 

I f  a tautomeric e q u i l i b r i u m  were present,  and we assume t h a t  t h e  r a t e  

o f  i n te rconvers ion  is slower than t h e  r a t e  o f  r e o r i e n t a t i o n  o f  t h e  
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28 C.TH.PEDERSEN 

molecules in the nematic phase, we need 3 ordering parameters to re- 
late the values of the dipole-dipole coupling constants to the geome- 
try (14). Our observation that only 2 parameters are needed implies 
that if a tautomeric equilibrium is present the rate of interconver- 
sion between two possible tautomers of the molecule is very high. 
This implies the lifetime of a possible tautomer has to be shorter 
than 10-l' sec. This is equivalent to the statement that the molecule 
has not internal motions other than the normal vibrational displace- 
ments. Since we have included the C-13 couplings in our calculations, 
our system consists of a highly overdetermined set o f  dipole-dipole 
couplings. It therefore seems rather resonable to assume that the it- 
terative fit of the dipole-dipole couplings would not have succeded 
unless the molecule had a rigid C2v symmetry. 

from the dipole-dipole couplings, this calculation is in accordance 
with electron diffraction studies. Unfortunately it has not been 
possible to carry out an x-ray study of the parent compound, but the 
structure found is in agreement with the x-ray structure obtained 
for the dimethyl substituted compound, SCHEME 24. 

We have calculated the geometry of 1,6-dioxa-6a-thiapentalene 

I i i t 1.082 ; , 
11.095 

A k 

k A 

SCHEME 24 
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TRITHIAPENTALENES 29 

The s t r u c t u r e  o f  t r i t h i a p e n t a l e n e  has been s t u d i e d  by means o f  seve ra l  

d i f f e r e n t  methods, SCHEME 25. The methods used g i v e  s l i g h t l y  d i f f e r e n t  

r e s u l t s ,  which i s  no t  unexpected as the  d i f f e r e n t  methods determine 

d i f f e r e n t  f unc t i ons  o f  t he  atomic coordinates.  

R(C2-H2) R(c2-c3) C3A-C3-H3 aA-C3-C2 

NMR (ZL11132) 1.081 A 1.387A 119.L 120.7 
NMR (ZLI 11671 1.082 - 1.391 - 119.L 120.2 
ED 1 . m  - 1.365 - 118.3 119.2 
x- RAY 1.351 - 116 120.3 

SCHEME 25 

I f e e l  t h a t  from what we know today, we can conclude t h a t  t r i t h i a p e n -  

ta lene  i s  a naphthalene l i k e  10-p i  e l e c t r o n  system wi th  a r i g i d  C 

s ymmet r y  . 2v 

MICROWAVE SPECTRA AND ELECTRON DIFFRACTION 

We are no t  i n  possesion o f  much i n f o r m a t i o n  concerning t h e  s t r u c t u r e  

o f  f a m i l i a r  compounds, SCHEME 26. 

x-s-lf X=S, Se, Te, 0 
LZAz,y  Y , Z =  C or N 

SCHEME 26 

But many o f  them probably have C2v symmetry as 

or NR 

w e l l .  We have s t u d i e d  

t h e  1,6-dioxa-6a-thiapentalene and 1,6-dioxa-2,5-diaza-6a-thiapenta- 
lene, SCHEME 27, by microwave spectroscopy (15,16), 

0-s-0 0-s-0 w h m h  

SCHEME 27 
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30 C.TH.PEDERSEN 

and by e l e c t r o n  d i f f r a c t i o n  (17) i n  order  t o  have i n f o r m a t i o n  from 

the  gas phase too. I s h a l l  no t  go i n t o  d e t a i l s  wi th  these s tud ies.  

I f  we take a look a t  t he  p o t e n t i a l  curves for such compounds, SCHEME 

28, corresponds t o  valence tautomerism. I t  i s  p o s s i b l e  t o  f i n d  

d i f f e r e n t  he igh ts  o f  t he  b a r r i e r  u n t i l  we come t o  

on l y  a s i n g l e  m i n i m u m  corresponding t o  one s i n g l e  compound. 

where we f i n d  

SCHEME 28 

Ca lcu la t i ons  based on these observat ions i n  s i t u a t i o n d  are i n  

agreement wi th bo th  the  microwave spectrum and t h e  e l e c t r o n  d i f f r a c -  

t i o n  study. 

We a l so  t r i e d  t o  o b t a i n  a microwave spectrum from t r i t h i a p e n t a -  

lene. However, t he  vapour pressure o f  t r i t h i a p e n t a l e n e  i s  t oo  low t o  

a l l ow  us t o  record the  microwave spectrum a t  room temperature. I n  a 

h o t  c e l l ,  however, o n l y  t h e  spectrum from thiapyrane-4-thione was 

obtained. 

Dur ing our s tud ies  o f  t he  mass spect ra o f  t h e  t r i t h i a p e n t a l e n e s  

(181, we have observed t h a t  they l ose  s u l f u r  i n  t h e  mass spectrome- 

t e r  and form thiapyrane-4-thiones, SCHEME 29. This i s  probably  a 

thermal r e a c t i o n  ca ta l yzed  by meta l  i n  t h e  spectrometer. Th is  reac- 

t i o n  probably occurs i n  t h e  microwave spectrometer too. 

SCHEME 29 

However, when we pump out  t he  content o f  t he  c e l l  we f i n d  t h a t  t h e  

main product was s t i l l  t h e  t r i t h i a p e n t a l e n e .  T r i t h iapen ta lene  has a 

d i p o l e  moment (3.01 D), which i s  necessesary f o r  t h e  observat ion o f  
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TRITHIAPENTALENES 31 

a microwave spectrum. Thus the  o n l y  explanat ion f o r  t h e  absent spec- 

trum i s  t h a t  we have a broad minimum p o t e n t i a l  w i th  many c l o s e  l y i n g  

energy l e v e l s ,  each s i g n a l  i s  then too sma l l  t o  be detected. 

TRITHIAPENTALENE HOMOLOGUES 

Tr i t h iapen ta lene  i s  j u s t  one member o f  a g rea t  f am i l y  o f  compounds, 

SCHEME 30. 

SCHEME 30 

A l l  compounds wi th an even number o f  s u l f u r  atoms are c a t i o n s  whereas 

those w i t h  an uneven number are n e u t r a l  compounds such as t r i t h i a p e n t a -  

lene. So f a r  on l y  compounds o f  t h i s  type w i t h  2 t o  5 s u l f u r  atoms i n  a 

row are known. The f i r s t  compound w i t h  4 s u l f u r  atoms was synthes ized 

by Kl ingsberg i n  1966 (191, SCHEME 31. 

s-s s-s s y s  
+ - 

H3C 

SCHEME 31 

The compounds formed i s  a c r y s t a l l i n e  pu rp le  compound. I t  i s  charac- 

t e r i s t i c  f o r  t h i s  type o f  compounds, t h a t  t he  i n t r o d u c t i o n  o f  more 

s u l f u r  atoms i n t e n s i f i e s  the  co lou r  and s h i f t s  i t  towards t h e  b l u e  

end o f  t he  spectrum. D i t h i o l y l i u m  s a l t s  are ye l low,  t r i t h i a p e n t a l e n e s  

orange t o  red, t he  compounds wi th 4 s u l f u r  atoms p u r p l e  and those 

w i t h  5 s u l f u r  atoms deep b l u e - v i o l e t .  
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32 C.TH.PEDERSEN 

D e l o c a l i s a t i o n  o f  e lect rons,  as i t  i s  descr ibed for t h e  t r i t h i a -  

pentalenes by no-bond-single-bond-resonance, cou ld  g i v e  t h e  4 s u l f u r  

compounds a symmetr ical  s t r u c t u r e ,  SCHEME 32. 

s-s s-s w- s-s s-s l&&J 

SCHEME 32 

I n  any case, x-ray data i n d i c a t e s  t h a t  the 

s s-s s -u 
0 

c e n t r a l  s u l f u r  bond i s  

2 03 2.93 ~2.00 s s-s - 
Ph J&&APh 

SCHEME 33 

longer  than t h e  e x t e r n a l  ones (20), SCHEME 33. This  means t h a t  t h e r e  

can on ly  be a weak i n t e r a c t i o n  between t h e  two c e n t r a l  s u l f u r  atoms 

i n  these compounds. 

The f i r s t  compound w i t h  5 sulfur atoms i n  a row was prepared by 

Stavaux and Lozac'h i n  1967 (21), SCHEME 34. 

Ph 

SCHEME 34 
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TRITHIAPENTALENES 33 

Stavaux gave a synthetic proof o f  the presence o f  no-bond-single- 
bond-resonance in these compounds, SCHEME 35. Without a reorganisation 
of the electrons, the two different ketones should give rise to two 
different compounds in the reaction with phosphorus pentasulfide. Ne- 

vertheless, Stavaux was only able to isolate a single product from 
the two different ketones ( 2 2 ) .  

h 

SCHEME 35 

In this case too, x-ray structure determination shows that the sulfur- 
sulfur distances are different (231, SCHEME 36. This means delocaliza- 

2.172 2583 2.58 2.183 

SCHEME 36 

tion, SCHEME 37, as in trithiapentalene, does not exist. It is a pos- 

SCHEME 37 
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34 C.TH.PEDERSEN 

sibility that the difference in sulfur-sulfur distances were caused 
by the cyclohexane ring, however this ring is an necessity f o r  the 
synthesis. Without the cyclohexane ring complications occur ( 2 3 ) .  

I f  the 2 and 3 positions o f  the trithiapentalene nucleus are not 
blocked by a cycloalkane ring, the anion will isomerize to give rise 
to a thiophene derivative, which can be isolated after methylation, 
SCHEME 3 8 .  

1.0- 
2.CH3I H3CS S - s-s-s 

SCH3 
R 

SCHEME 38 

For many years we have tried to enlarge the family o f  multi-sulfur 
compounds with members containing more than 5 sulfur atoms in a row, 
but without success, partly because o f  the low solubility o f  the com- 
pounds. The synthesis gives low yields and complicated mixtures o f  

compounds, which can only be separated by chromatografic methods. 
If one were able to prepare compounds with long chains o f  sul- 

fur atoms in a row, these compounds could be o f  interest as organic 
conductors. Attempts to prepare such compounds has been made by 
Fanghanel and his group in Merseburg, but without success ( 2 4 ) .  

During our studies to prepare such compounds we found a method to 
prepare 5-sulfur compounds without the central cycloalkane ring in 
the center ( 2 5 , 2 6 ) ,  SCHEME 3 9 .  

SCHEME 39 
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TRITHIAPENTALENES 35 

I t  i s  necessary t o  s p l i t  o f f  t he  r i n g  be fo re  r e a c t i o n  w i th  phosphorus 

pen tasu l f i de ,  as the  compound w i t h  the  c e n t r a l  r i n g  i n t a c t  does n o t  

r e a c t  with phosphorus pen tasu l f i de .  Unfor tunate ly ,  u n t i l  now we have 

no t  been ab le  t o  prepare c r y s t a l s  s u i t a b l e  f o r  x-ray s tud ies ,  b u t  NMR 

and UV data are i n  accordance wi th  t h e  observat ions by Stavaux. 

The method i s  s u i t a b l e  f o r  d i f f e r e n t  subs t i t uen ts .  I t  on ly  f a i l s  

when an a r y l  s u b s t i t u e n t  i s  present i n  p o s i t i o n  3 o f  t h e  d i t h i o l y l i u m  

s a l t s  used f o r  t he  condensation, due t o  i n t ramo lecu la r  c y c l i s a t i o n  

( 2 6 1 ,  SCHEME 40. 

SCHEME 40 

I want t o  mention, t h a t  compounds w i t h  more than 5 s u l f u r  atoms a re  

known i n  t h e  1 ,Z -d i th io le  se r ies ,  b u t  they a re  n o t  l i n e a r ,  and o f  ra- 

t h e r  e x o t i c  character .  

I f  we o x i d i z e  t r i t h i a p e n t a l e n e  e lec t rochemica l l y ,  t h e  f o l l o w i n g  

compound can be i s o l a t e d  ( 2 7 ) ,  SCHEME 41. 

2 w - u  S-S-St s-s 
" \ 

SCHEME 41 

Another dimer can be obta ined from e lect rochemical  d i m e r i z a t i o n  o f  

l , Z - d i t h i o l - 3 - y l i d e n e  ketones ( Z E ) ,  SCHEME 42.  
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s-s 0 

-2c 2 m 
S--s  

Ph 

1 -2H+ Slow 

SCHEME 42 

Another c l a s s  o f  e x o t i c  compounds i n  a coronene analogue (291, SCHEME 

43. 

SCHEME 43 

The l a s t  compound I w i l l  mention i s  t h e  compound i n  SCHEME 44 ( 3 0 ) .  

SCHEME 44 

You have here the  p o s s i b i l i t y  o f  a 10-pi  e l e c t r o n  system w i t h  no-bond- 

single-bond-resonance. However, x-ray s tud ies  o f  t h e  p - t o l y l  compound 

show two d i f f e r e n t  s u l f u r - s u l f u r  d istances. 

The chemistry o f  1 ,2 -d i th io le  compounds shows g rea t  d i v e r s i t y  wi th 
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many i n t r i g u i n g  problems bu t  by t h e  use o f  many d i f f e r e n t  p h y s i c a l  

methods one i s  ab le t o  come t o  a f i n a l  s o l u t i o n  o f  these s t r u c t u r a l  

problems. 

I f  I should answer the  quest ion:  "Has the  f i n a l  s t r u c t u r e  o f  

t r i t h i a p e n t a l e n e  been found?" - t h e  answer i s  yes! I t  i s  my o p i n i o n  

t h a t  t he  quest ion today i s  r a t h e r  a p h i l o s o p h i c a l  ques t i on  than a 

chemical one. The fundamental quest ion i s :  How l o n g  a l i f e t i m e  does 

a s t r u c t u r e  r e q u i r e  i n  order f o r  us t o  c a l l  i t  a compound? 
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