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New Metal-assisted Synthesis of 
Tetra ki s ( t  r i f I u o romet h y I )tetra t h i af u Iva I ene 
Claudio Bianchini and Andrea Meli 
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0. Guerrazzi, 27, 50732 Firenze, Italy 

del C. N. R., Via 

Replacement of the 1,3-dithiolium carbene ligand by CO or F3CC-CCF3 in the complex 
[ (triphos) Ni{CS2C2(CF3)2)] [triphos = 1 ,I ,I -tris(diphenylphosphinomethyl)ethane] affords the complexes 
[ (triphos) Ni( CO)] or [(triphos) Ni( F3CC=CCF3)], whereas the 1,3-dithiolium carbene dimerizes to 
tetrakis(trifluoromethy1) tetrathiafulvalene. 

Since the discovery that tetrathiafulvalene (TTF) and its 
derivatives can act as 7~ donors in the preparations of organic 
charge-transfer salts having metallic properties,l increasing 
attention has been directed to their synthesis by both organic 
and organometallic chemists. A number of synthetic routes 
are now available,, including some metal-promoted  reaction^.^ 

We report here a new and efficient synthesis of the known 
tetrakis(trifluoromethy1)tetrathiafulvalene (1) through a pro- 
cedure whose individual steps are unusual and significant 
examples of organometallic chemistry (Scheme 1). 

On allowing a tetrahydrofuran (THF) solution of the 
complex [(triphos)Ni(q2-CS2)]* (2) [triphos = 1 ,l,l-tris- 
(diphenylphosphinomethyl)ethane] to react with a slight excess 
of hexafluorobut-Zyne at 0 "C, a dark red solution results. 
Elimination of the solvent under reduced pressure gives 

the (1,3-dithiol-2-ylidene)nickel complex [(triphos)Ni {CS2C2- 
(CF,),}]? (3), as a red brown solid in 95% yield. 

Addition of carbon monoxide to a THF solution of (3) at 
room temperature results in the displacement of the 1,3- 
dithiolium carbene ligand with consequent formation of 
yellow crystals of the complex [(triphos)Ni(C0)I5 (4). The 
1,3-dithiolium carbene in turn dimerizes to give the tetra- 
thiafulvalene (1) in 62 % yield, 

t Satisfactory elemental analytical data were obtained; i.r. 
(Nujol): 1585(C=C), 1250, 1165, 1125 cm-1 (CF); 31P{1H} n.m.r. 
(CDC13, 20 " C ) :  8.24 p.p.m. (s), this pattern is consistent with 
rapid intramolecular exchange of the three phosphorus atoms of 
triphos around the nickel atom. The complex is fairly stable both 
in the solid state and in solution in an inert atmosphere. 

Pu
bl

is
he

d 
on

 0
1 

Ja
nu

ar
y 

19
83

. D
ow

nl
oa

de
d 

by
 U

ni
ve

rs
ity

 o
f 

Il
lin

oi
s 

at
 C

hi
ca

go
 o

n 
29

/1
0/

20
14

 2
1:

45
:0

9.
 

View Article Online / Journal Homepage / Table of Contents for this issue

http://dx.doi.org/10.1039/c39830001309
http://pubs.rsc.org/en/journals/journal/C3
http://pubs.rsc.org/en/journals/journal/C3?issueid=C31983_0_22


1310 J.  CHEM. SOC., CHEM. COMMUN., 1983 

I F3c\ 

( tr iphos) N iCO 

(4) 

+ 

F3 
I 

I 
CF3 

i;; 
C 

(triph 0 s  )N i = C 

CF3 
( 3 )  

I 
F3 

Since the starting q2-CS, complex (2) can be easily re- 
generated by treatment of an acetone solution of (4) with 
CS,, and since the direct synthesis of (1) from CS, and 
F,CC-CCF, requires more drastic reaction conditions with 
minor yields,s the present route to (1) could be considered a 
'catalytic' process where the (triphos)Ni moiety acts as the 
catalyst . 

Alternatively, TTF derivative (1) can be synthesized in 50 % 
yield by reaction of a THF solution of (3) with a large excess 
of hexafluorobut-2-yne. In this case, the 1,3-dithiolium 
carbene is replaced by a nbonded alkyne molecule to  form 
the yellow complex [(triphos)Ni(n-F,CC=CCF,)I:: (5), where 
triphos acts as a bidentate ligand with an unco-ordinated 
phosphorus atom. 

( 5 )  
Scheme 1 

__________ ~~ ~~ 

$ Satisfactory analytical data could not be obtained since (5) is 
always accompanied by some side-products, which so far we have 
not succeeded in separating from (5). However, the given struc- 
tural formulation is strongly supported by its spectroscopic data, 
which agree with those reported for other metal complexes 
containing triphos or different tertiary phosphines and n-bonded 
hexafluorobu t-2-yne7 or tetrafluoroethylene.8 Moreover (5) can 
be synthesized directly by reaction of Ni(cod), (cod = cyclo- 
octa-l,5-diene) with hexafluorobut-2-yne in the presence of 
triphos: i.r. (Nujol): 1790 (C=C), 1265, 1230, and 1129cm-l 
(CF); 31P {'H 1 n.m.r. (CDCI,): together with signals at ca. 26 
and 22 p.p.m. which we assign to side products; the spectrum at 
-55 "C shows two signals at 14.50 and -25.50 p.p.m. At 
30 "C these two bands disappear, whereas a broad band at ca. 
5 p.p.m. is present. The pattern of the bands as well as their 
temperature-dependence are in line with those previously reported 
for other fluxional triphos cornplexe~.~ 

+ 

The very mild reaction conditions, the good yields, and the 
possibility of recycling the (triphos)Ni moiety could make the 
present route to TTF derivatives preferable to some of the 
previously reported methods, which particularly for (l), 
require drastic conditions (Carius tube, 100 "C, 4 days), 
giving yields below 50%. 
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