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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 

RUDOLF GOMPPER 
Institut fur Orqanische Chemie der Universitat 
Munchen 

Abstract Reqioselectivities in reactions of ambident 
ions depend on the electronic effects of substituents 
(allopolarization principle). New reactions of thio- 
enolate anions, thioamide anions and l-alkylthio-vin- 
amidinium cations lead to 3,4-bis-dimethylamino- 
thieno(2,3-b) thiophene, diazaquinodimethanes, deri- 
vatives of 2,4-bis-methylthio-benzodiazepine, thio- 
phenes, heterofulvalenes, heterosesquifulvalenes and 
heteroheptafulvalenes. Some of these electron-rich 
compounds form charqe transfer-complexes and radical 
cation salts. 

The objective of the work presented here is the synthesis 
of electron-rich n-systems and of formally antiaromatic 
compounds stabilized by donor and acceptor groups. The 
idea is to prepare new organic materials with interesting 
properties. Electron-rich rc-systems, particularly such 
of the fulvalene series, are important compounds of char- 
ge-transfer complexes having high electrical conductivi- 
ties I, and stable crystalline salts containina antiaro- 

matic ions, i.e., ions with triplet ground states, are 
2 promising candidates for ferromagnetic organic compounds . 

For both classes of compounds, sulphur-containing substi- 
tuents have some unique properties: Groups with bivalent 
sulphur, e.q. alkylthio groups, stabilize positive as 
well as negative charges (Scheme 1 ) .  Furthermore, groups 
with bivalent sulphur are powerful "soft" electron-donors 
and favor as such the formation of cation-radicals and 
CT-complexes. 
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224 R. COMPPER 

Donor 

Acceptor  

Scheme 1 

S t a r t i n g  ma te r i a l s  i n  o u r  s y n t h e t i c  methodology are a m -  

S i d e n t  compounds. I n  t h i s  r e p o r t  r e a c t i o n s  based  on t h i o -  

e n o l a t e  a n i o n s  and th ioamide  a n i o n s  on t h e  one s i d e  and 

on a l k y l t h i o v i n a m i d i n i u m  s a l t s  and d i t h i o l i u m  s a l t s  on 

t h e  o t h e r  s i d e  are d i s c u s s e d .  I t  i s  meant as  a su rvey  of  

newer r e s u l t s  r a t h e r  t h a n  a s  a d e t a i l e d d e s c r i p t i o n  and 

it w i l l  c o v e r  3 t o p i c s :  

1 )  S y n t h e s i s  of h e t e r o c y c l i c  d i amines  a s  p o t e n t i a l  

p ro ton-sponges  and a s  donors  f o r  c h a r g e - t r a n s f e r  

complexes;  

2 )  S y n t h e s e s  and r e a c t i o n s  of new benzod iazep ine  de-  
r i v a t i v e s ;  

3 )  S y n t h e s e s  and  r e a c t i o n s  of s u l p h u r - c o n t a i n i n g  

quinodimethanes ,  f u l v e n e s  and f u l v a l e n e s .  

A t  t h e  o u t s e t  t h e  r e g i o s e l e c t i v i t y  i n  r e a c t i o n s  of ambi- 

d e n t  compounds s h a l l  b e  b r i e f l y  commented upon. T h i s  i s  
a r a t h e r  corr.plex problem. H e r e  o n l y  k i n e t i c a l l y - c o n t r o l -  

l e d  r e a c t i o n s  of i o n s  a re  c o n s i d e r e d .  T o  r a t i o n a l i z e  r e g i o  
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 225 

s e l e c t i v i t i e s  i n  t h i s  f i e l d  w e  p u t  forward  t h e  a l l o p o l a -  

r i z a t i o n  p r i n c i p l e  which i s  based  on t h e  i d e a  t h a t  reac- 

t i o n s  of i o n s  a r e  c h a r g e - c o n t r o l l e d  and t h a t  t h e r e  i s  a 

r e l a t i o n s h i p  between p o l a r i t y  and r e g i o s e l e c t i v i t y .  

Scheme 2 d i s p l a y s  t h e  p e n e r a l  formula 1 of  an ambident 

an ion .  I ts  r e a c t i o n  wi th  an e l e c t r o p h i l e  can  l e a d  t o  two 

p r o d u c t s  11 and 111, t h e  y i e l d  r a t i o  of which de te rmines  

t h e  s e l e c t i v i t y  f a c t o r  ( S f ) .  The p o l a r i t y  ( P )  of t h e  a m -  

b i d e n t  i on  i s  d e f i n e d  as  t h e  r e l a t i v e  cha rge  d e n s i t y .  

,X-E //x Z f L  + € @ -  z + z  
\\r %Y ‘Y--E 

X 

I 
”polarity ” 

It III 

” se I ec ti vi t y ” 

S,= Log Q, /Qn 

X 
I‘ 4 I z p  

\‘v Y-R 

P,I > PI : An increase in polarity (polar i ty 

index P) causes an increase in 

charge control - 
favouring at tack of the electrophile 

at the position with the highest 

charge density. 

scheme 2 
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226 R. GOMPPER 

The a l l o p o l a r i z a t i o n  p r i n c i p l e  s t a t e s  t h a t  a change i n  

s e l e c t i v i t y  i s  a f u n c t i o n  of a change i n  p o l a r i t y  of t h e  

ambident  i o n .  T o  p r e d i c t  t h e  s e l e c t i v i t y  of a new sys tem,  
one s imply  h a s  t o  compare i t s  p o l a r i t y  index  w i t h  t h e  

p o l a r i t y  index  of a s t a n d a r d  sys tem whose s e l e c t i v i t y  i s  

a l r e a d y  known. An i n c r e a s e  i n  p o l a r i t y  c a u s e s  s t r o n g e r  

c h a r g e - c o n t r o l  and t h i s  i n  t u r n  l e a d s  t o  a s t r o n g e r  t e n -  

dency f o r  t h e  a n i o n  t o  b e  a t t a c k e d  a t  t h e  p o s i t i o n  wi th  

t h e  h i g h e r  c h a r g e  d e n s i t y .  A d e c r e a s e  i n  p o l a r i t y  c a u s e s  

weaker c h a r g e - c o n t r o l  and t h i s  b r i n g s  a b o u t  a h i g h e r  

r e a c t i v i t y  of t h e  c e n t r e  w i t h  t h e  l o w e r  n e g a t i v e  c h a r g e  

d e n s i t y .  

IYhe a p p l i c a t i o n  of t h e  a l l o p o l a r i z a t i o n  p r i n c i p l e  i s  de- 

mons t r a t ed  h e r e  w i t h  th ioamide  a n i o n s .  Charse  d e n s i t i e s  

of 3 t y p i c a l  t h ioamide  a n i o n s  a r e  shown i n  Scheme 3 .  The 

STO-3G charges (2.) 
in thioarnide anions 

[ react ions with Me,SO, in HMPA] 

$ ( p N / S )  
sA 8"' N H 

-0.736 -0.362 (0.492) 
-0.454 -0.457 (1.007) 

CN 

S & .NH A &  Q 
s ~ N - s  
8 

-0.467 -0.279 (0.597) - - 
-0.223 -0.374 (1.677) -0.369 -0.422 (1.144) 

Scheme 3 
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 221 

STO-3G method g i v e s  s u l p h u r  and  n i t r o g e n  i n  t h e  t h i o f o r m -  

amide a n i o n  r o u g h l y  t h e  s a m e  c h a r g e  d e n s i t y .  S imple  t h i o -  

amide a n i o n s  a r e  S - a l k y l a t e d  t o  form t h i o i m i d a t e s .  T h a t  

i s  t h e  s t a n d a r d  s e l e c t i v i t y  c o n n e c t e d  w i t h  P S / N  = 1 .  An 

e l e c t r o n - w i t h d r a w i n g  s u b s t i t u e n t  on n i t r o g e n  such  as  t h e  

t h i o f o r m y l  g roup  b r i n g s  a b o u t  a s h i f t  of n e g a t i v e  c h a r g e  

towards  t h e  n i t r o g e n  and  t h e  p o l a r i t y  index  i n c r e a s e s  

f rom 1 t o  1 . 7 .  The i n c r e a s e  i n  p o l a r i t y  s h o u l d  induce  

s t r o n g e r  c h a r g e - c o n t r o l  and more N - a l k y l a t i o n  a t  t h e  ex-  

pense  of S - a l k y l a t i o n  i s  t o  b e  e x p e c t e d .  A cyano g r o u p  i n  

p o s i t i o n  2 e x e r t s  a s i m i l a r  however smal l -e r  e f f e c t .  

These p r e d i c t i o n s  a r e  conf i rmed  by t h e  e x p e r i m e n t s  5 

sodium salts + (CH,),SO, in HMPA 

X 

Q- ie 
S 

x=o ,s  

S 

S 

X 

S 
x = o , s  

0 

4 N  t- 
Xye 

X 0, S ,  NR 

s s S -  

OH 

Scheme 4 
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228 R. GOMPPER 

summarized i n  Scheme 4 .  L ike  s imple  a l i p h a t i c  t h ioamide  

o r  t h i o u r e a  a n i o n s ,  h e t e r o c y c l i c  d e r i v a t i v e s  are normal ly  

S - a l k y l a t e d .  Compounds of  t h e  succ in imide  o r  p h t h a l i m i d e  

t y p e ,  however, are prone  t o  N - a l k y l a t i o n .  I n  t h i s  series 
of  t h ioamides ,  S - a l k y l a t i o n  o c c u r s  o n l y  when t h e  accep-  

tor e f f e c t  i s  o f f s e t  by a donor-group. 

I n  e n o l a t e  a n i o n s  (Scheme 5 )  C - a l k y l a t i o n  p redomina te s .  

Scheme 5 

I n  t h i o e n o l a t e  a n i o n s ,  however, S - a l k y l a t i o n  i s  p r e f e r r e d  

and t h i o e n o l e t h e r s  and k e t e n e  mercaptals a r e  formed. W e  

used  t h i s  t y p e  of r e a c t i o n  when w e  s t u d i e d  new p e r i d i -  

amines (Scheme 6 )  . 
Bis-dimethylamino-naphthalene i s  known as pro ton-  
sponge b u t  it h a s  found o n l y  l i t t l e  i f  any p r e p a r a t i v e  

u s e .  4-Dimethylaminopyridine i s  a ve ry  e f f e c t i v e  a c y l a -  

t i o n  c a t a l y s t  '. W e  set  o u t  t o  s y n t h e s i z e  a combina t ion  

of t h e s e  t w o  compounds t o  g e t  i n f o r m a t i o n  a b o u t  t h e  i n -  

f l u e n c e  of ring-N-atoms on proton-sponge q r o p e r t i e s .  

A s u l p h u r  ana logue  of t h e  proton-sponge i s  t h e  t h i e n o -  
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 229 

Me2N 

I (12.34) (6.99) I 
Me2N NMe2 Me2N NMe2 

N a  yHxy N\ ON \ /  

(6.971 Me2N NMe2 
(5.111 

Me2N ‘N N NMe2 

Me2N ge2 
(3.80) 

NMe2 

(3.70) 

Scheme 6 

thiophene shown in Scheme 6. It can be prepared in the 
following way (Scheme 7). 
Malononitrile reacts with carbon disulfide in the pre- 
sence of sodium methoxide to the disodium salt of a di- 
thiocarboxylic acid which on treatment with methyl chlo- 
roacetate gives rise to a ketene mercaptal and this can 
be cyclized to a diaminothienothiophene ’. This COmpQund 
can be methylated to give its bis-dimethylamino deriva- 
tive and this in turn yields 3,4-bis-dimethylamino- 
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230 R. GOMPPER 

1. NaOMe, CS, 

Nc> NC 2 CICH,E - 
I 

3. NaOMe 

L NaH 
I L  DMS 

scheme 7 

t h i e n o  ( 2  , 3-b) th iophene  6 .  Some t y p i c a l  e l e c t r o p h i l i c  

s u b s t i t u t i o n  r e a c t i o n s  of  t h i s  t h i e n o t h i o p h e n e  a re  de-  

p i c t e d  i n  Scheme 8 ( o n l y  r e a c t i o n s  t h a t  are  of  r e l e v a n c e  

t o  ambident  r e a c t i v i t y  and t o  e l e c t r o n - t r a n s f e r  p rope r -  

t i e s  -of o u r  new compounds a re  mentioned i n  t h i s  r e p o r t ) .  

Coupl ing w i t h  diazonium sa l t s  l e a d s  t o  a z o  d y e s t u f f s .  

Reac t ion  w i t h  Smallcomb's s a l t  l o  g i v e s  rise t o  a t h i e -  

no th iophene  w i t h  f o u r  donor-qroups.  TCNE forms d i f f e r e n t  

p r o d u c t s  depending on t h e  s o l v e n t  used  (Scheme 9 ) .  I n  

Chloroform,  a deep  b l u e  c h a r g e - t r a n s f e r  complex i s  ob- 

s e r v e d .  I n  a c e t o n i t r i l e ,  a r e d  1 , 4 - d i p o l e  can  be  d e t e c -  

t e d  and i n  DMF t r i c y a n o v i n y l a t i o n  t a k e s  p l a c e .  Charqe- 

t r a n s f e r  complexes a re  a l s o  o b t a i n e d  w i t h  t r i n i t r o b e n -  

zene and w i t h  t r i n i t r o f l u o r e n o n e .  I t  i s  remarkable  t h a t  

t h e  b l a c k  complex i n  t h e  l a t t e r  case i s  even formed i n  

a s o l i d  s t a t e  r e a c t i o n  when a mix tu re  of  b o t h  compounds 

i s  p u l v e r i z e d .  

, 
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 231 

Scheme 8 

Me2N @NMe, CN 
W C N  red 

s s NC CN 

TCNE CH3CN 1 
MezN NMe, Me2N NMez 

BDTT-TCNE @ - TCNE DM F W T C N  
NC 

dark red-brown 

i Pr2 NE t blue 

'ma, = 617 nm BDTT 02NyJ .:"::"... hmax = 560 nm 

BDTT TNB BDTT TNF 
b lack  needles dark red, h m a x  = 506 nm 

Scheme 9 
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232 R. GOMPPER 

Another example of ketene mercaptal chemistry is shown 
in Scheme 10 I. Dimethyldithiodiketopiperazine reacts 
with carbon disulfide and sodium hydride followed by 
methyliodide under standard conditions to a twofold 
ketenemercaptal. As a thioamide this can be S-alkylated 
and, in this way, a diquaternary salt of a diazaquino- 
dimethane is formed in high yield. Another diazaquinodi- 
methane can be obtained on heating of the bisimidate 

D 

E t30eBF,e 

EtO 

MeS SMe 
Me30eBFke, MeL$fSMe 

M e S k N \ M e  I fB' 

MeS SMe 

scheme 10 

of diketopiperazine with methylthio-dithiolanylium methyl- 
sulfate. 

Both quinone derivatives show some interesting reactions 
(Scheme 11). The bis-quaternary salt contains two ally1 
cation moieties. Since the amino group is a stronger 
donor than an alkylthio group, a charge distribution re- 
sults as is shown schematically in Scheme 1 1 .  The allo- 
polarization principle predicts the a-position between 
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 233 

MeS .,SMe 

SMe x 

\ 

MeS SMe 

MeS SMe 
MexN V M e  

MeS MeS NC 9 -"M", 
MeS SMe 

Scheme 1 1  

N and S t o  have t h e  h i g h e s t  r e a c t i v i t y  toward charged  

n u c l e o p h i l e s .  I n  f a c t ,  r e a c t i o n s  wi th  m a l o n o n i t r i l e ,  

sodium cyanide  and sodium s u l f i d e  proceed  as  expec ted  

and y i e l d  new methylene p i p e r a z i n e  d e r i v a t i v e s .  

The on ly  e x c e p t i o n  i s  t h e  r e a c t i o n  w i t h  sodium methane- 

t h i o l a t e  which produces  a new d ihydropyraz ine  d e r i v a t i v e .  

The h igh  s t a b i l i t y  of t h i s  compound i s  remarkable  wi th  

r e g a r d  t o  i t s  formal  a n t i a r o m a t i c  n a t u r e .  The d e v i a n t  

cour se  of t h e  t h i o l a t e  a d d i t i o n  might be a consequence 
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234 R. GOMPPER 

n 

TCNE 
TCNQ 

L30 ( 4  851, L13 ( L  801, 
392 (L .  521, 277(3  91) 

, h maxinrn] (IgE) 
r 

1 :I complexes 

I a) 7L5 ( 2  28).  571 (3 .36 )  

435 (4 .82 ) ,  L10 (L.791, 

Scheme 12 

of the lower polarity of the thiolate anion. 
The neutral diazaquinodimethane mentioned in Scheme 10 

is a good electron-donor (Scheme 12). With iodine, ni- 

trosyl tetra-fluoroborate or DDQ it forms stable, dark 

green cation radical salts, with TCNE or TCNQ dark green 

and bluish-black charge-transfer complexes. 
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NOVEL REACTIONS OF AMBIDENT SULPHUR COMPOUNDS 235 

As emphasized in the beginning one of the objectives of 
our work is to synthesize stabilized formally antiaro- 

matic species. The example discussed next is based again 
on thioamide anion and thioenolate chemistry (Scheme 13). 
1,2,4,5-Tetrahydro-lt5-benzodiazepin-2,4-dionet on treat- 
ment with Lawesson reagent and subsequently with methyl- 
iodide and potassium carbonate yields 2,4-bis-methylthio- 
benzodiaazepine 1 2 .  With Sutyl-Li the latter forms a 
deep red anion which is formally antiaromatic. It readily 
reacts with methyl iodide and phenylisothiocyanate and 
yields a new type of diazasesquifulvalene on reaction 

with 2-methylthio-4-phenyl-l~3-dithiolium-tetrafluoro- 
borate. 

/ nBuLi  

SMe 

SMe SMe 

Scheme 13 
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236 R. GOMPPER 

Heptafulvalene derivatives can be obtained as well 

(Scheme 1 4 ) .  

fJiSM.e. 
SMe 

Me 

S SMe 
Me 

= 285 nm (4 .461  

@ 
Me2S-SMe BFle 

D 

SMe 
‘SMe 

350 nm (sh) 
290 nm (4 .35)  

Scheme 14 

Under the influence of iodine, the benzodiazepine anion 
dimerizes to a dihydrodibenzotetraazaheptafulvalene. Its 
further oxidation then gives rise to a new dibenzotetra- 
azaheptafulvalene. 
2,4-Bis-methylthio-l,5-benzodiazepine can also be used 
as a starting material for the preparstion of new ketene 
mercaptals (Scheme 15). Treatment of the Li-salt with 
carbon disulfidk yields a dianion of a dithiocarboxylic 
acid and this can be alkylated to form diazaheptafulve- 
nes. With methyl bromoacetate, a ring closure takes place 
after the alkylation step and a thienobenzodiazepine is 
formed in hish yield. A second ring closure can be carried 
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SMe 
1 n B u L i  ~ @&se 
2. cs* S* 

SMe SMe / 

C0,Me 
k 

/ 
Br CH 2C02Me 

/ 
SMe 

SMe 

SMe 

SMe 
t BuOK 

Scheme 15  

out with potassium t-butoxide. 
Further reactions of the benzodiazepin dithiocarboxylic 
acid are shown in Scheme 1 6 .  A trithiole derivative is 
obtained upon treatment with iodine. Sesquifulvalene 

derivatives are formed with dichloronaphthoquinone and 
dichloroquinoxaline. 
The "dimer" of the left hand part of the benzo-quinoxa- 
linodiazadithiosesquifulvalene is listed in Scheme 1 4 .  The 
synthesis l 3  of the correspondins "dimer" of the right 
hand part of this molecule is depicted in Scheme 17. Bis- 
quinoxalino-tetrathiafulvalene is virtually insoluble ' 

in most solvents. 
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SMe 

qp ’ ’ /  
C I  

0 

I2 - 
CI 

\ c ‘  

\ 

= 5dO nm (1.02) 

S c h e m e  1 6  

toluene,  A ( E t O ) ,  P 1 

S c h e m e  1 7  
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Having described reactions of ambident anions leading 
to electron-rich thienothiophenes, to quinodimethanes 
and to fulvenes and fulvalenes of the benzodiazepine 
series, some reactions of sulphur-containing ambident 
cations and related compounds shall be discussed now. 
Target molecules are again electron-rich n-systems, par- 
ticularly thiophenes, thiazoles and dithiafulvalenes. 

As mentioned before, the APP is applicable a l so  to am- 
bident cations. Very useful compounds in this field are 
vinamidinium salts which can be looked at as ally1 ca- 
tions stabilized by two amino groups in 1,3-positions. 

Reactions that are relevant in the context of applica- 
tions of the allopolarization principle are summarized 
in Scheme 18. Electron-withdrawing substituents direct 

14 additions (A) to position 3 , electron-releasing groups 
to position I .  Dealkylations (B) are normally unwanted. 
Deprotonation (C) at position 2 gives rise to electron- 
rich allenes . 15 

Reactions with Bases / Nucleophiles 

addition t o  C - 3 / C - l  

dealk ylat ion - allenes 

- 1.5-dipoles 
(1.5 -dipolar cyclizat ion) - vinyl carbenes 

4 butadienes 

Scheme 18 
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Deprotonation (DT leads to 1,5-dipoles which in turn 

undergo 1,5-dipolar cyclization I 6 ' l 7 .  If one includes 
2-aza-vinamidinium salts in this kind of reaction, elec- 
tron-rich thiophenes and thiazoles, pyrroles and imida- 
zoles can readily be obtained in high yield. Removal ( E )  

of the acceptor-group yields a nucleophilic vinyl carbe- 
ne 18. Deprotonation (F) of a methyl qroup at C-I  is a 
efficient synthesis of electron-rich butadienes 1 9 , 2 0  

In this report only 1,5-dipolar cyclizations are consi- 
dered. 
Some typical electron-rich 5-membered heterocycles are 
presented in Scheme 19. Thiazoles and imidazoles are 
formed in excellent yields. 

Me 
N y T y R  0 ___) base 

R' '\CH2R 

/ Lo 

Me2N 1N;yNMez 

Me2NQNMe2 'Me 

Scheme 1 9  
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An extension of this synthetic procedure is shown in 
Scheme 2 0  . ZA 

I 

CH2 I 

C02Me 

Scheme 20 

Dimethyl dithiomalonate reacts with methyl bromoacetate 
to a ketene mercaptal. One expects this compound to be 
transformed into a propeniminium salt on treatment with 
dimethylformamidechloride. Instead, dimethyl 5-methyl- 
thio-thiophene-2,4-dicarboxylate is obtained in high 
yield. This is the first case where a 1,5-dipolar cyc- 
lization takes place in the absence of a base. 
Some reactions of electron-rich thiazoles and imidazoles 

22 are summarized in Scheme 21 . 
With TCNQ, black crystals of a radical cation salt are 
formed. With trinitrobenzene, a Meisenheimer complex is 
produced. With silver nitrate, the radical cations formed 
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Me2N 
a : X = S  x)>NMe2 - [hI+TCNQ- 
b :  X =NMe 

2.  NaBF, 
Me )f:h N Me 

N 
A 

APN' 
H 

Scheme 21 

i n  t h e  f i r s t  s t e p  d i m e r i z e  and f u r t h e r  o x i d a t i o n  even-  

t u a l l y  g i v e s  rise t o  f u l v a l e n e  d e r i v a t i v e s .  

A s  s u l p h u r - c o n t a i n i n g  f u l v a l e n e s  are of paramount i m -  
p o r t a n c e  f o r  t h e  p r e p a r a t i o n  of  " o r a a n i c  m e t a l s "  I ,  t h i s  

r e p o r t  s h a l l  be  concluded  w i t h  s o m e  m o r e  remarks  on 

nove l  h e t e r o f u l v a l e n e s .  T r a d i t i o n a l l y ,  f u l v e n e s  as  w e l l  

a s  f u l v a l e n e s  a re  p r e p a r e d  from c y c l o p e n t a d i e n e s  and 

c a r b o n y l  compounds (Scheme 2 2 ) .  An a l t e r n a t i v e  used  f o r  

t h e  s y n t h e s i s  of f u l v e n e s  w i t h  e l e c t r o n  r e l e a s i n g  g roups  

a t  C-6  and f o r  f u l v a l e n e s  i s  t h e  c o n d e n s a t i o n  o f  c y c l o -  

p e n t a d i e n e s  w i t h  s t a b i l i z e d  carbenium s a l t s  and t h e i r  

p r e c u r s o r s  such  as  amide c h l o r i d e s  and amide ace ta l s  o r  
d i t h i o l i u m  s a l t s .  
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- MeSSMe 

Ful venl Ful valen - Syntheses 

Scheme 22 

A useful extension of these methods has now been found 
in the condensation of methylthio-cyclopentadienes and 
related compounds with methylthiosubstituted carbenium 
salts. The driving force of this condensation is the 
elimination of dimethyldisulfide in the second step 
(cf. ref. 23,24) . 
An example for a conventional fulvalene synthesis aimed 
on new fulvalenes with electron-releasing substituents 
is shown in Scheme 23. Tris-rnethylthio-1,3-dithiolium- 
fluoroborate 25 reacts, L i k e  other dithiolium salts, 
with pyrroles to azadithiofulvalenes. Indoles behave 
accordingly. Electron-rich pyrazoles, however, are an 
exception (Scheme 24). Dimethylaminopyrazole and Bis- 
dimethylaminopyrazole react with 1,3-dithiolium salts in 
the normal fashion and  diazadithiafulvalenes are obtai- 
ned. 1,2-Dithiolium salts, however, attack the nitrogen 
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H SMe 

MeS 
X f E S M e  

MeS BF,@ 

B F , ~  h max = ~ 7 3 n m  

CH,CN iPrzNEt 
- b o o [  (81%) I 

SMe 

SMe 
B F , ~  max = L6Onm 

h max = GG6 nm 

Scheme 23 

of the pyrazole ring and azoniafulvalenes are formed. 
Interestingly enough, they show a longer-wave-length 
absorption than normal fulvalenes. 
The novel type of fulvalenes synthesis is depicted in 
Scheme 2 5 .  The sodium salt of pentakis-methylthio-cyclo- 
pentadiene has been prepared by Wudl 2 6 .  On acidification 
of the sodium salt, we obtained pentakis-methylthio-cyclo- 
pentadiene 27. When this compound is warmed up with 3 -  

methylthio-5-phenyl-l,2-dithiolium-perchlorate in aceto- 
nitrile solution in the presence of Hunig's base, a pen- 
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takis-methylthio-dithiafulvalene is produced in fair 
2 8  yield . 

Amax (1gt) L L O ( L . 2 5 )  Y LOS(L.391 

Scheme 24 

1,3-Dithiolium salts react accordingly. These dithiaful- 
valenes are hiqhly polar compounds as can be derived from 
their NMR spectra. 
Tris-ethylthio-imidazole (Scheme 26) shows the same type 
of reaction with dithiolium salts. The electrophilic 
attack on the imidazole rinu takes place exclusively at 
position 4. 
Tris-ethylthio-imidazole is also the starting material 
for the preparation of tetraazafulvalenes (Scheme 27). 
The idea was to prepare a tris-ethylthioimidazolylium 
salt (cf. Ref. 29). 
Instead, the intermediate imidazolyl radical dimerized 
and after spontaneous elimination of diethyldisulfide two 
isomeric tetraazafulvalenes were obtained in good yield. 
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MeS 
SMe 

SMe 

MeS 
SMe 

+ 
I 

. . .  
H 

6 = 8.77 

CH3CN iPrzNEt I 
‘Ph 

Me’$+ Ph 

MeS 

6.9.93 
h m a x  = 5L7 nrn 

r Ph 1 

[ l m p h  Ph 6=6.36 S c h e m e  2 5  

Q s-s 
t l e S ~ s ~ p ~  S CH3CN \MeS-(.J, Ph 

2 i P r z N E t  

SE t 
Ph 

SEt 

orange-red violet 

535 n m  ( L .  25) A m o x :  L68 n m  ( L . 5 2 )  
L90 n m  ( L  43,s) 

Scheme 26  
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EtS  

I2 

SEt 

SE t 

H 

+ 
SE t 

hmax = 605,568 n m  

11 lie 

SEt 
576, 5L3 n m  

I1 "@ 

SEt SE t 

"63 SEt 

hmax 660, 621 n m  596, 563nm 

Scheme 27 

In contrast to the condensation shown in Scheme 26, 
coupling takes place here in position 4,4' and 2 , 4 ' .  

Like tetrathiafulvalene ( T T F ) ,  the new azadithiofulva- 
lenes are expected to form charge-transfer complexes 

with TCNQ and other electron acceptors. In most cases 
(Scheme 2 8 ) ,  however, at least with TCNQ, fulvalenium 
salts are formed. Some of these salts are good electri- 
cal conductors 30 (Table 1 ) .  
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TCNQ 

Ph I 

H 

+ 
TCNQ- 

l +  

Ph 
NMe2 

F C N Q T  p:xsMj SMe 

Scheme 28 

Electrical conductivi t v  

- 
TCNQ 

(2-point probe, 1800 Kp/cm2) 

6 Wcm) 

- 
Ph 

M e2 N aHNMe 
N’ 
H 

- 

+ 
E.5 TCNQ]: 6.1 x 

Table 1 
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These r e s u l t s  and r e s u l t s  of  work t h a t  i s  under  p r o g r e s s  

demonst ra te  t h a t  t h e  new diazaquinodimethanes ,  f u l v a l e n e s  

and e l e c t r o n - r i c h  aromatic systems p r e s e n t e d  h e r e  are 
promising models f o r  f u r t h e r  s t u d i e s  i n  t h e  f i e l d  of  or-  
g a n i c  m e t a l s .  
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