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Triselenathiafulvalenes : a Novel Sulphur-Selenium Interchange on Trimethyl 
Phosphite Coupling of Substituted 1,3-Diselenole-2-thiones 

By EDWARD M. ENGLER* and VISHNU V. PATEL 
( I .B .M.  Thomas J .  Watson Research Centre, York town Heights, ATew Y o r k  10598) 

and ROBERT R. SCHUJIAKER 

( I .B.M. Reseavck Labovatory, Snn Jose, California 95193) 

Summary Coupling using trimethyl phosphite of 4,5-di- 
methoxycarbonyl- and 4,5-ditrifluoromethyl- 1,3-di- fulvalene. 
selenole-2-thiones unexpectedly gave only tetramethoxy- 
carbonyl- and tetratrifluoroniethyl-triselenathiafulvalene 
respectively, while self-coupling of 4,5-dimethyl-l,3-di- 
selenole-2-thione provided a mixture (85:15) of tetra- 

methyltetraselenaf ulvalene and tetramethyltriselcnathia- 

COUPLING of compounds of type (1) using trialkyl phosphites 
is one of the most general methods available for preparing 
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tetrathiafulvalene, its selenium analogues, and their 
substituted derivatives (2) .l For the parent systems 
(R=H), the coupling reaction requires that Y should be Se 
in ( 1 ) . 2  For the substituted dithioles (1, X=S) coupling 
occurs when Y = Se or S, but lower yields are obtained in 
the latter In a study of the cross-coupling reactions 
of dichalcogenole derivatives to 1,3,4,6-tetrathiapentalene- 
2, 5-dioneI4 we discovered an unexpected sulphur-selenium 
interchange when substituted 1 , 3-diselenole-2-thiones are 
treated with trimethyl phosphite. 

( 1  1 ( 2  1 

a; R=C02Me, X=Y=Se a;  R=CO,Me, X=Z=Se 
b; R=CF,, X=Y=Se b; R=CF,, X=Z=Se 
c ;  R=CO,Me, X=Se, Y = S  c ;  R=CO,Me, X=Se, Z = S  
d ;  R=CF,, X=Se, Y=S d;  R=CF,, X=Se, Z = S  
e ;  R=CH,, X=Se, Y=S e ;  R=CH,, X=Z=Se 

f :  R=CH,, X=Se, Z = S  

Treatment of the diselenolethiones (lc) $ or (Id)§ with 
trimethyl phosphite in refluxing benzene for 4 h under 
nitrogen did not provide the expected tetraselenafulvalene 
derivatives7 (2a) and (2b), respectively, but instead the 
triselenathiafulvalene derivatives (2c) and (2d) were 
obtained [(2c) : purple-red crystals (from benzene-MeOH) ; 
m.p. 140-141 "C; i.r. (KBr) cm-1 2960 w, 1750, 1730, 1710, 
1700s, 1570s, 1440s, 1275s,br, and 1235s,br; lH n.m.r. 
(CDC1,) 6 3-74 and 3.78 (two unequal singlets); m / e  460 
(for 8OSe) ; (2d) : red needles (from hexane) ; m.p. 103.5- 
104 "C; i.r. (KBr) 1595s, 1250s,br, and 1165s,br cm-l; l9F 
n.m.r. (CHCl,, relative to CC1,F) 47.0 (3F) and 49.2 p.p.m. 
(1F); m / e  620 (for SoSe)]. Unscrambled products (2a) or 
(2d) were not detected by mass spectroscopy. Interest- 
ingly, both the 1H and the 19F n.m.r. spectra of (2c) and 

(2d), respectively show the inequivalence due to the sulphur 
in the ring. 

In order to study the effect of electron-donating sub- 
stituents on this S-Se scrambling reaction, the 4,5-di- 
methyl compound (le) was prepared.6 Reaction of (le) 
with trimethyl phosphite required refluxing in toluene for 
4 days to effect self-coupling. The product [purple 
needles (from iso-octane) ; m.p. 253-254 "C (decomp.)] 
was analysed by mass spectroscopy, and found to contain 
m/e clusters at  452 and 404 (for Y3e) with relative inten- 
sities of 85 and 15%, respectively. These m / e  values 
correspond to the unscrambled (2e) and scrambled (2f) 
products. 

Apparently, only one ring is scrambled in the coupling of 
substituted 1,3-diselenole-2-thiones as judged by mass 
spectroscopy. This suggests a step-wise mechanism, 
involving initial attack of the phosphorus base on the thione 
derivative to give an intermediate which can scramble the 
ring selenium atoms with the carbonyl sulphur. This 
intermediate then attacks unchanged thione to yield 
coupled product. 

Coupling with phosphorus bases of substituted 1,3- 
thiaselenole-396 and 1,3-diselenole-2-thiones' has been 
employed for the preparation of diselenadithiafulvalene 
and tetraselenafulvalene derivatives, respectively. In view 
of this problem of S-Se scrambling, selone coupling is 
required if uncontaminated donors are to be prepared with 
confidence. This has important consequences concerning 
the solid-state properties of conducting charge-transfer salts 
of selenium heterof ulvalene donors prepared from thione 
coupling, since small amounts of donor8 and acceptorQ 
doping are known to produce important changes in intrinsic 
solid-state properties. lo 
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t Alkyl 1,3-dithioIe-Z-thiones require more strenuous conditions for self-coupling and give considerably lower yields than the 
For a convenient procedure for converting these thiones into corresponding selones (E. M. Engler and V. V. Patel, unpublished work). 

selones see: E. M. Engler and V. V. Patel, Tetrahedron Letters, 1976, 423. 

$ Prepared from the corresponding selone (la) (M. V. Lakshmikanthan and M. P. Cava, J .  Ovg. Chem., 1976, 41, 882) using phos- 
phorus pentasulphide in refluxing toluene. 

3 Prepared by the reaction of ethylene triselenocarbonate with hexafluorobut-2-yne which gives the selone (1 b), which is converted 
into the thione on treatment with phosphorus pentasulphide in refluxing toluene. 

7 Self-coupling of (la) gives the tetramethoxycarbonyltetraselenafulvalene (2a). Self-coupling of (1 b) gives the tetratrifluoro- 
methyltetraselenafulvalene (2b) [dark-red needles: m.p. 111-112 "C, 19F n.m.r. (CHCl,, relative to CCI,F) 47-0 p.p.m. ; M :  665.648 
(calc.), 665.647 (found)]. 

1 For a review see: M. Narita and C. U. Pittman, Jr., Synthesis, 1976, 489. 
2 E. M. Engler and V. V. Patel, J .  Amer .  Chem. Soc., 1974, 96, 7376; J.C.S.  Chem. Comm., 1975, 671. 
3 H. I<. Spencer, M. V. Lakshmikantham, M. P. Cava, and A. F. Garito, J.C.S.  Chem. Comm., 1975, 876. 
4 K. R. Schumaker and E. M. Engler, J .  Amer.  Chem. Soc., 1977, 99, 5521. 
5 K. Bechgaard, D. 0. Cowan, A. N. Bloch, and L. Henriksen, J .  Org. Chem., 1975,40, 746. 
6 R. C. Wheland and J. L. Gillson, J .  Amer. Chem. Soc., 1976, 98, 6916. 
7 K. Bechgaard, D. 0. Cotvan, and A. N. Bloch, J .C.S .  Chem. Comm.,  1974, 937. 
* E. M. Engler, B. A. Scott, S. Etemad, T. Penney, and V. V. Patel, J .  Amer.  Chem. Soc., 1977, 99, 5909; R .  A. Craven, Y .  Tom- 

9 E. M. Engler, R. A. Craven, Y. Tomkiewicz, B. A. Scott, K. Bechgaard, and J.  R. Andersen, J.C.S.  Chem. Comm., 1976, 337. 
10 See for example: Y .  Tomkiewicz, E. M. Engler, and T. D. Schultz, Phys. Rev. Letters, 1975, 34, 741. 

kiewicz, E. M. Engler, and A. R. Taranko, Solid State Comm., in the press. 




