
This article was downloaded by: [Tomsk State University of Control Systems and Radio]
On: 19 February 2013, At: 11:37
Publisher: Taylor & Francis
Informa Ltd Registered in England and Wales Registered Number: 1072954 Registered
office: Mortimer House, 37-41 Mortimer Street, London W1T 3JH, UK

Molecular Crystals and Liquid Crystals
Incorporating Nonlinear Optics
Publication details, including instructions for authors and
subscription information:
http://www.tandfonline.com/loi/gmcl17

Transition-Metal 1,2 Diheterolenes
and Polyheterotetra-heterafulvalenes:
Precursors of Conducting Solids
G. C. Papavassiliou a , V. C. Kakoussis a , D. J. Lagouvardos a & G. A.
Mousdis a
a Theor.Phys.Chem.Institute, NHRF, 48, Vas.Constantinou Ave.,
Athens, 116/35, Greece
Version of record first published: 22 Sep 2006.

To cite this article: G. C. Papavassiliou , V. C. Kakoussis , D. J. Lagouvardos & G. A. Mousdis (1990):
Transition-Metal 1,2 Diheterolenes and Polyheterotetra-heterafulvalenes: Precursors of Conducting
Solids, Molecular Crystals and Liquid Crystals Incorporating Nonlinear Optics, 181:1, 171-184

To link to this article:  http://dx.doi.org/10.1080/00268949008036002

PLEASE SCROLL DOWN FOR ARTICLE

Full terms and conditions of use: http://www.tandfonline.com/page/terms-and-conditions

This article may be used for research, teaching, and private study purposes. Any
substantial or systematic reproduction, redistribution, reselling, loan, sub-licensing,
systematic supply, or distribution in any form to anyone is expressly forbidden.

The publisher does not give any warranty express or implied or make any representation
that the contents will be complete or accurate or up to date. The accuracy of any
instructions, formulae, and drug doses should be independently verified with primary
sources. The publisher shall not be liable for any loss, actions, claims, proceedings,
demand, or costs or damages whatsoever or howsoever caused arising directly or
indirectly in connection with or arising out of the use of this material.

http://www.tandfonline.com/loi/gmcl17
http://dx.doi.org/10.1080/00268949008036002
http://www.tandfonline.com/page/terms-and-conditions


Md. C y s t .  Liq. Cyst., 1990, VOI. 181, pp. 171-184 
Reprints available directly from the publisher 
Photocopying pemiitted by license only 
0 1990 Gordon and Breach Science Publishers S .A .  
Printed in the United States of America 

TRANSITION-METAL 1,2-DIHETEROLENES AND POLYHETEROTETRA- 
HETERAFXJLVALENES: PRECURSORS OF CONDUCTING SOLIDS 

G.C.PAPAVASSILIOU, V.C.KAKOUSSIS, D.J.LAGOWARDOS AND G.A.MOUSDIS 
Theor.Phys.Chem.Institute, NHRF, 48, Vas.Constantinou Ave., Athens 1 16/35, 
Greece 

Abstract. Methods for synthesis and properties of oxygen-, sulfbr-, selenium-, and 
nitrogen-containing transition-metal 1,2-diheteroIenes and polyheterotetrahetem- 
fulvalenes are described. Also, the prepamtion and properties of some conducting 
salts based on these compounds are briefly discussed. 

INTRODUCTION 

During the last ten years a number of conducting solids based on transition-metal 1,2- 

diheterolenes and polyheterotraheterafulvalenes have been reported.le4 In this paper we 
describe the preparation of some oxygen-, sulfur-, selenium- and nitrogen-containing 
metal 1,2-diheterolenes and tetraheterafulvalenes. Also results on the preparation and 
properties of their conducting salts are briefly discussed. Metal 1,2-diheteroIenes and 
tetraheterafulvalenes were prepared by procedures of Schemes 1- 10. Starting from vi- 
nylene trithiocarbonate ( 1)5, vinylene triselenocarbonate (3)6, 1,3-thiaselenole-2- 

thi0ne(2)~, 1,3-dithioIe-2-selone ( T ) ~ ,  1,3-dithiole-2-one(4)*, 1,3-thiaselenole-2- 
one( 5)9, and 1,3-diseIenole-2-one(6) 9, a number of zinc 1,2-diheterolenes (1)-(VI), nic- 

kel-, palladium-, etc-analogs can be obtained1' by the procedure of Scheme 1. For the 
preparation of (IA), (IIIB) and (II),altemative methods based on the chemical or electro- 

chemical reduction of CS2, CSe2 and CSSe have been described in the 

Purification of (I), (IIIB) and conversion from Zn to another metal (M) or from Bu4N to 

another cation (Z) were performed by a several( 1,2,3)-steps sequence1°-15 according to 
Scheme 2. Treatment of (IA), (IB), (IIIB) with an alkyl halide l6  gave the corresponding 
1,3-dithiole-2-thione(7),(9), or 1,3-diselenole-2-selone (1 1). These compounds were 

transformed to the corresponding -2-ones (8),( lo),( 12) by treatment l 6  with mercuric 
acetate according to Scheme 3. The alloys (II), (IIIA), (IV)-(VI) gave by similar proce- 
dures a number of mixtures (see for example Scheme 3). After chromatography separa- 
tion, the compounds (13),( 14) were obtained in a pure form. Compounds (7c)- (7g), 
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172 G.C.PAPAVASSILIOU et al. 

2 
I =S& ( B U ~ N ) ~ Z ~  

LiY S 
(1) 

“‘IS> 
(1) 

i=I)LDA, 2)Y; (A):Y=S,(B):Y=Se, ii=Bu4NBr, ZnCI2 

Q \=se I 
S’ 

i, LiY Liy,y>=X X ii > ( B U ~ N ) ~ Z ~ C I > = X ) ~  

(II):alloy 

(Bu4NI2Zn (1 x\ ./=y) 2 4 NaY 
(JA),(INIIIB) (PA) ,( I’B) , (III’B) 

2 

4 )  

m X 
(VII) 

i= l)PhCOCI, 2)NaOC2H5; ii=ZBr, M++; Z=Me4N, Et4N etc., 
m,n=O, 1,2 ...; x=2(under Ar), x=l (under air) 

SCHEME 2 
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I ,2-DMEXEROLENES AND TETRAHmEFUFULVALENES 173 

(IB) or (PB)--b 

RSe 

RSe S' 

(rIA)-% (7)  + 

Rs 

RS Rs se 
,=S 

RS 

RS 
i=CH31, CH2Br2 etc in acetone 
or BrCH=CHBr in CH3CN 
ii=Hg(OAc)2 in CH3COOH-CH2C12 
(a): R=CH3, (b):2R=CH2, (c):2R=CH2CH2, (d):2R=CH2CH2CH2,(e):2R= 
CH( CH3)CH2, (f):2R=CH( CH3)CH( CH3), (g):2R=CH=CH, (h):2R=C=O 

SCHEME 3 

(7h), (8h), (912) can be transformed to the corresponding metal 1,2-diheterolenes by two- 

steps sequences according to Scheme 4. 4,5-Ethylenedioxo- 1,3-dithiole-2-one (25) 
was obtained from 2,3-dichlorodioxane (19) by a six-steps 
Scheme 5. Pyrazino-, dimethypymzino- 1,3-dithiole-2-one and selenium analogs (29) 

have been prepared23 from 2,3-dichloropyrazine and 5,6-dimethyl-2,3-dichloropyra- 

according to 
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174 G.C.PAPAVASSILIOU et al 

zine, respectively, according to Scheme 6. Cross-coupling of (8) and (10) with (25) via 
triethylphosphite gave the corresponding unsymmetrical tetrathiafulvalenes (30) and 
(31) according to Scheme 7. Cross-coupling of (8),( lo), (12) and (25) with (19) via tri- 

ethyl phosphite gave23924 the corresponding unsymmetrical tetmhetemfulvalenes (32) 
according to Scheme 8. The unsymmetrical compounds (35) were prepared from (8), 
(lo), (12),(25) and (33) by a two-steps 
tetmhetemfulvalenes based on ( 1 3 ,  (18) and (25) (X=Se) as well as metal 1,2-dihet- 

erolenes based on (25) and (29)23 were not prepared yet in a pure form. Also oxygen 
addition (Scheme 1, Y=O) is possible but the corresponding dioxolenes were not pre- 
pared yet. Metal 1,2-dithiolenes (X) and polyheterotetmheterafulvalenes (381, (39) were 
prepared by similar 
dihe terolenes (VII, O<x<l), charge transfer complexes and cation mdical salts of (30)- 

(32), (33,  (39) were obtained by chemical or electrochemical 

according to Scheme 9. Similar 

according to Scheme 10. Cation deficient metal 1,2- 

i.ii (7b) > alloy? 

(7h) (1x1 

i=NaOC H or KOH, ii=Bu NBr,  ZnCl , iii=LDA at -7OOC, 

iv=NaOCH (X=O) or electroreduction (X=O,S) 
2 5  4 2 

3 
SCHEME 4 
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1,2-DMETEROLENES AND TETRAHJfTERAFULVALENES 175 

CX2 + W e 2  + NaOH _j Na+-XC(=X)-NMe2 
x=s 1 Bu4NBr 

Bu4Nt-XC(=X)NMe2 (19) 
Ox CI i, ~ OYX-C(=X)NMe2 (Oy X-C(=X)NMe2 ... 

ii, 111 > 
0 c1 0 X-C(=X)NMe2 0 

(20) (21) (2 1') 
Br 

( ~ ~ ~ = N ~ r -  iv +[ I K x \ = N < + (  O x \  o I x , = S e  

X' Br> 
(22) (23) 

(:ax'=O X' (25 )  

i=( 19) in CH3CN, A ; ii=DMSO,llOOC;iii=Br2 in CH2C12,OOC;iv= 1 lOOC, 25 Torr 
v=H2Se in MeOH; ~ i = H g ( o A c ) ~  in CH3COOH-CH2CI2 

SCHEME 5 

(27) (26)  (28) 
NaX R 

R 

R 
(29) 

i=NaS-(C=S)-SNa, ii=C12C=S, iii=C12C=0, i ~ = H g ( o A c ) ~  in CH3COOH-CH2C12 
(a'):X=S, R=H; (b'):X=S, R'=CH3; (c'):X=Se, R=H; (d'):X=Se, R=CH3. 

SCHEME 6 

( 2 5 ) + 0 =  

(8) (30) 

+... 
SeR 

(10) 
i=(Et0I3P, = 15OoC, N2 

SCHEME 7 
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I76 G.C.PAPAVASSILIOU et al 

i=(Et0)3P, CgH6, A ,  N2 

ii=LiBr, HMPA, 15OoC, N2 

(35) 
SCHEME 9 

CN CN 

iii=l)KOH, A ,  2)HCI, 3)DMF, A,  N2. (39) 
SCHEME 10 

EXPERIMENTAL 

PreDamtion of Bis(tetrabutv1ammonium)-bid 1.3-dithiole-2-thione-4.5-dithiolato)-zin- 
cate (IA) l : ( B ~ ~ N ) ~ Z n ( d m i t ) ~ J  and Similar Communds Ol3),(~)-(VI). 

Vinylene trithiocarbonate (1) (5g,37mmol) in THF (70 ml) was converted to (IA) by a 
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1.2-DMETEROLENES AND TETRAHETERAFULVALENES 177 

three-steps sequence 8*26: treatment with lithium diisopropylamide (LDA) (75 mol) at 

-75OC, addition of powdered sulfur (2.4 g, 75 mmol) and treatment with ZnCI2 in 

methanol in presence of Bu4NBr (13g) at room temperature. The solution was poured 

into water and the brown precipitate was filtered, washed with water, ether-isopropanole 
(1: 1, 70 ml), ether, benzene and dried in air. Then, it was dissolved in acetone (150 ml), 

dried over MgS04 and precipitated with isopropanol at -15OC to give 12.5 g of (IA) 

(71% based on (1)). This is a red solid, mp=174 O C  (lit" 177-8 OC); W-visible 

(CH3COCH3 516 nm, CH30H 480 nm: solvent effect). Same procedure was applied 

for the preparation of (IB)", (II)-(VI) and similar compounds with Ni, Pd etc. instead of 
Zn. Preparative data are listed in Table I. Some of these compounds have been pre- 

pared by alternative methods. 259 27 

Preparation of Bis(tet1abutvlammonium)-bis(5.6-dihvdro- 1.4-dithin-2.3-dithiolato)-zin- 
cate (VIIICN:(BU~N)~ Zr~(dddt)~J and Similar ComDounds. 

To a freshly prepared solution of sodium methoxide in methanol 0.4 mol.equiv. of 4 3 -  
ethylenedithio- 1,3-dithiole-2-thione was added and the mixture was heated with stimng 
at reflux temperature for 1 hour under nitrogen atmosphere. Then, the appropriate 

amounts of ZnCI2 and Bu4N Br in methanol were added and the stirring was continued 

for 30 min. The mixture was treated as in the procedure of previous paragraph to give 
(VIIIc) as a yellow-orange solid not isolated in a pure form. 

Similar methods were applied for the preparation of (V1IId)-(VIIIg), (IA), (IB), 
(IX) from (7d)-(7g), (7g), (9c), (9h), respectively, except that LDA at -7OOC instead of 
sodium methoxide was used for the preparation of (IA) from (7g) and KOH instead of 
sodium methoxide for the preparation of ( V I I I ~ ) ~ * * ' ~  from (7g). Also electroreduction 

procedure2* can be used for the preparation of (IX) from (7h) or (8h). Compounds (X) 
were prepared from (36) by a similar method.25 Preparative data are listed in Table I. 
Compound (7b) gave a dark-brown solid (M=Zn, mp=138'C; W-visible: in acetone 
495, 622nm; in methanol 474, 592nm). Perhaps, this is a mixed-ligand complex. 

PreDaration of Tetrabutvlamrnoniurn-bid 1.3-dithiole-2-thione-4.5-dithiolato~-nickelate 

(VII, Z=Bu4N, x= I ,  M=Ni. Y=X=S)f:(Bu4N) !Ni(dmitZ2J and Similar ComDounds. 

To a solution of ( B ~ ~ N ) ~ Z n ( d m i t ) ~  or H g - a n a l ~ g ~ ~ ~ * '  in acetone a solution of NiCI2 in 

methanol was added dropwise with stirring. Crystals were obtained after slow evapora- 
tion of the solvent in air. They washed with water and methanol and recrystallized from 
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178 G.C.PAPAVASSILI0L.J et al 

acetone; black crystals in yield 86%; mp-189OC. They can be obtained by an altema- 

tive method from ( B ~ ~ N ) ~ N i ( d m i t ) ~  after oxidation with the appropriate amount of io- 

dine in an organic solvent. 

The compounds (Bu4N) Ni(d~i t )~,(Bu~N) lNi(dsis) 2,(Bu4N)1 Ni(dmid) 2, 

etc. 13918J9928*29 were obtained by the same procedures. Preparative data are listed in 
Table I. 

TABLE I. Prepamtive data for (I)-(X) and similar compounds 
Compound Yield(%) mp('C) Nnm : (Solvent)* 

( IA):(Bu4N) 2Zn( dmit)2 71 174 516(a) 480(p) 
( lB) : (B~~N)~Zn(ds i t )~  80 163 498(a) 472(p) 
(IW 60 171 542( a) 5 14( fi) ( n w  64 172 5 19( a) 494( p) 
(lIIB):( B U ~ N ) ~ Z ~ (  dsis) 70 178 562(a) 496(p) 

(" 53 2 120 565(a) 516(p) 
(WB) 28 544(a) 488(f3) 
(VA) 33 130 480( a) 4 15( p) 

(MeqN)2Zn(dmi t)2 53 179 508(a) 476(8) 
(Et4N) 2Zn( dmi t)2 61 198 5 12( a) 484( p) 

(vIII~):(Bu~N)~Zn(dddt)~ 48 479(a) 426(p) 
2 30 137 

62 165 
58 2 200 
57 >260 
80 170 
67 21 1 
62 >260 
66 - >210 
86 189 
90 215 
94 >250 
87 149 
85 189 
84 212 

372(a) 354(p) 
517(a) 485(p) 

615(a) 530(p) 
628(a) 558(p) 

580(a) 528(p) 
580( a) 528( p) 
622(a) 543(p) 

465-505@) 

1 0 30( a) 
1067(a) 
925(a) 

1045( a) 
1040( a) 
1135(a) 

* First low frequency visible-near IR absorption maximum in 
(a)CH3COCH3 and (p)CH30H. See also refs.11-15, 25,27. 
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1.2-DMETEROLENES AND TETRAHETERAFULVALENES 179 

PreDaration of comwunds (7M 18) 

The compounds (7a)-( 7d) were prepared from ( B ~ ~ N ) ~ Z n ( d m i t ) ~  by adaptation of the 

method reported for the preparation of (7e) ', except that silica-gel column chromatog 
raphy was used for the isolation of (7b) from the subproducts. Compound (70 was pre- 
pared by same method and by a method reported in the literature30. Compound (7g) 
was prepared by treatment of (FA) with BrCH=CHBr in a~etoni t r i le~~.  Compound (7h) 
was prepared by treating a suspension of powdered (IA) in benzene with phosgene. 
Compounds (9), ( 1 1 l 3  2 9  were prepared from ( B ~ ~ N ) ~ Z n ( d s i t ) ~  and 
( B ~ ~ N ) ~ Z n ( d s i s ) ~ ,  respectively by adaptation of the method reported for the prepara- 

tion of (9b) lo. Same method was used for the preparation of (13,  (14) as well as (16), 
(17) except that silica gel column chromatography was used for the separation of the 
products. Compounds (8), (lo), (121, (151, (18) were prepared from (7), (9), ( l l ) ,  (14), 
(17), respectively, after treatment with mercuric acetate in CH3COOH-CH2CI2 

(l:l).10911 Preparative data for (11)-(15) are listed in Table 11; (16)-(18) were not pre- 
pared yet in a pure form. 

TABLE II. Preparative data for (1 1)-( 15) 

Compound Yield(%) md°C) UV-visible(h/nm) in CH3CN 

42 
70 
77 
87 
14 
28 
18 
33 
70 - 

182 
113 
160(lit 125)33 
1 IO(Iit 
176 
138 
152 
116 
105 

~ 

214,300-322, 470 
280(w), 306 

250, 288 
270(w), 312(w), 458 
214(sh), 274, 312,442 
269, 288(sh), 430 
274, 300(sh), 407 
230, 270 

208, 242, 302-324, 442 

Premration of 4.5-Ethvlenedioxo- I .3-dithiole-2-one ( 2 5 )  

Tetrabutylammonium N,N-dimethyldithiocarbamate instead of s~d ium-ana log~~  was 
used for the preparation of (24)21. To a concentrated aqueous solution of sodium N,N'- 

dimethyldithi~carbamate~~ obtained from 9.5g (0.2 1 mol) of dimethylamine, a solution 

of Bu4NBr (68g) in water 40 ml was added and the precipitate was filtered, washed 

with a small amount of cold water and air dried to give 50 g (66 %) of (19) (X=S); 

mp=125-127°C; UV(CH3CN):372 nm. To a solution of (19) (15g) in acetonitrile 

(201111) the appropriate amount of dichlorodioxane (20)35 was added and the mixture 
was heated at reflux temperature for I hour. The mixture was cooled at -15OC and the 
precipitate was filtered, washed with a small amount of cold methanol (5ml) and then 
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I80 G.C.PAPAVASSILIOU et al 

with water and air-dried to give 3.5 g (53 %) of (21) (X=S). This is a yellowish solid; 

mp=165-166 OC; UV(CH3CN): 330nm; IR(KBr): 1500cm-'(broad). A solution of (21) 

(3.5 g) in dimethylsulfoxide (20ml) was heated at 110 OC for 1 hour. The mixture was 
poured into water, extracted with dichloromethane and the organic extract was dried 

over MgS04. After evaporation of the solvent, 2.0 g (91%) of (21') (X=S) were ob- 

tained. This is a white solid; mp=171 OC; W(CH2C12): 244(sh), 279 nm. To a solu- 

tion of (21') (2.0 g) in CH2CI2 (10ml) a solution of bromine (lml) in CH2C12 (10ml) 

was added drop-wise into 15 min with stirring at 0 OC under dry atmosphere. The stir- 
ring was continued for 30 min at room temperature and the solvent was evaporated to 
drynees to give 3.2 g(88%) of (22) (X=S). This is a white solid; m ~ = 1 0 5 ~ C ;  

UV(CH3CN): 202, 218, 240 nm. It was p y r o l i ~ e d ~ ~  at 1 10°C under reduced pressure 

(25 Torr) to give (23) (X=S) as a brown solid; UV(CH2CI2): 270, 360 nm. To a solu- 
tion of (23) in methanol (25 ml) hydrogen selenide carried in a stream of argon to give 
1.8 g of (24) (43%, based on (21)); red needles of mp=151-155 OC; UV-visible 

(CH3CN): 217, 242, 287, 455 (s) nm. To a solution of (24) (lg) in  CH2C12 (200 ml) 

and CH3COOH (250 ml) 2g of mercuric acetate was added and the mixture was stirred 

for 20 min at room temperature. It was filtered and the filtrate was washed with water. 

The organic fraction was dried over MgS04, and the solvent evaporated to give 0.6 g 

(81%) of (25)  (X=S); mp=85-87 O C ;  W(CH3CN): 310 nm. Selenium analogs (24), 

(25)  (X=Se) were not prepared yet by this method.22 

PreDaration of Tetraheterafulvalenes (30)- (32). (35). (391 

Ethylenediselenodithiadiselenafulvalene (EDSDTDSF) (35:X = X 2=Se, X3 = S ; 

2R=CH2CH2), ethylenedioxotetrathiafulvalene (EDOTTF) (35: X =0, X2= X3=S; 

2R=CH2CH2) and ethylenedioxodiselenadithiafulvalene (EDODSDTF) (35: X 1=0, 

X2=S, X3=Se; 2R=CH2CH2) were prepared by adaptation of the method reported for 

the preparation of methylene dithiotetrathiafulvalene (MDTTTF) (35:X 1=X2=X3=S; 

2 R = C H 2 )  and similar corn pound^,^^^^^^^^^^ according to Scheme 9. 

Pyrazinoethylenedioxotetrathiafulvalene (PEDOTTF) (32: X =0, X2= X 3=S; 
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I ,2-DIHETEROLENES AND TETRAHETERAFULVALENES 181 

2R=CH2CH2, R=H),  dimethylpyrazinoethylenedithiotetrathiafulvalene (DMP- 

EDOTTF) (32 :X1=0 ,X2=X3=S;  2R=CH2 C H 2 ,  R'=CH3 ), and  

pyrazinoethylenedioxodiselenadithiafulvalene (PEDODSDTF) (32:X =0, X2= S , 

X3=Se; 2R=CH2CH2, R'=H) were prepared by adaptation of the method reported for 

the preparation of pyrazinoethylenedithiotetrathiafulvalene (PEDTTTF) 
(32:X I=X2=X3=S, 2R=CH2CH2, R'=H) and similar compounds 1 2 3 , 2 4 3 8 3  according 

to Scheme 8. That is cross-coupling of the corresponding 1,3-dichalcogen0-2-ones fol- 
lowed by chromatography separation (silica, dichloromethane). Same method was ap- 
plied for the preparation of ethylenedioxoethylenedithiotetrathiafulvalene 

(EDOEDTTTF) (30:2R=CH2CH2) and ethylenedioxoethylenediselenotetrathia- 

fulvalene (31:2R=CH2CH2) (Scheme 7) except that benzene-cyclohexane was used in- 

stead of dichloromethane. Isothiazoloethylenedioxotetrathiafulvalene (ITAEDOTTF) 
(39:X=O) was prepared by adaptation of the method reported for the preparation of 
isothiazoloethylenedithiotetrafulvalene (ITAEDTTTF) (39: X=S) and similar 
corn pound^^^'^^ according to Scheme 10. However, it was not obtained yet in a pure 
form. Preparative data of these new tetraheterafulvalenes are listed in Table III. It was 
found that half-wave oxidation potential values of (I)-(&) are close to those of 
BEDTTTF. 

TABLE III. Preparative data of some new tetmheterafulvalenes 

Compound Yield(%) mp('C) UV-visible(h/nm) in CH3CN 
_I--- 

EDSDTDSF(1) 20 
EDOTTF (2) 2.5 
EDoDSDTF(3J <1 
PEDOTTF (4 6 
DMPEDOTTF(2) 4 
PEDODSDTF(6J 5.5 
EDOEDTTTF(Z) 14 
EDOEDSTTF(8) 4.5 

210 
92 

>90 
209 

>280 
210 
192 
187 

240(sh), 297-320(~h),360(~h), 4 8 6 ( ~ )  
246(~) ,  296(~h)-308,483(~) 

240(sh), 294(~h)-3 1 1, 430 
21 8(sh), 238(sh), 290(~h)-3 1 1,402 
218, 244(sh), 298-314(~h), 410 

248(w), 302,492(w) 

220(sh), 3 lO(sh), 324, 445(sh),490(w,br) 
230(sh), 3 IO(sh), 324, 442(sh),486(w,br) 

PreDaration of Conducting Salts 
Using the compounds of Table I (M=Ni, Pd,Pt) and the compounds (30)-(32), (35), (39) 
a number of cation deficient metal 1,2-diheterolenes as well as a number of charge 
transfer complexes and cation radical salts were prepared by chemical (CH) or electro- 

chemical (EL) procedures 1i4,10-12,17,20,22-28i 37-47. Some of the recently prepared salts 
are listed in Table IV. 
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TABLE IV. Some of the recently prepared salts. 

Salt Method Appearence Salt Method Appearence 

CH 
CH 
EL 
CH 
EL 
CH 
CH 
CH 
CH 
CH 
EL 
CH 

black p-crystals (2)x13 CH 
golden needles (6),TCNQ CH 
black needles,plates (6)xIBr2 CH 
black needles &)+I(CN)~ EL 
black p-crystals ($)+I2 EL 
black needles (6)1BF4 EL 
black needles (DTCNQ CH 
black plates (Z),I3 CH 

dark bronze plates (H),TCNQ CH 
black p-crystals CH 

black plates (Z),IBr2 CH 

black needles (H),IBr? CH 

~~ 

golden bronze needles 
black needles 
black plates 
black 1-crystals 

black plates 
black plates 
dark bronze needles 
black needles 
black needles 

black p-cry~tal~ 

gray p- crystals 
gray plates 

RESULTS AND DISCUSSION 

Starting from vinylene trithiocarbonate, dichlorodioxane, dichloropyrazine and similar 
compounds a number of metal 1,2-diheteroIenes (I)-(X) and polyheterotetraheterafulv- 
alenes (32),(35),(39), precursors of conducting salts, were prepared by procedures of 
Schemes 1-10. Salts based on these compounds were found to be in several varying 

chemical compositionslS1 1912i17920*23-29,37-47, crystal  structure^^^‘^^, and physical 
proper tie^!^^^^^-^^ X-ray crystal structure solutions showed strong intermolecular inter 
actions due to S---S, S---N, Se---Se, etc contacts, forming sometimes 2-dimensional net- 
works. (MDTTTF)2A~I is a superconductor (Tc=SK), while (EDTTTF)21Br2, 
(EDTDSDTF)21Br2, (EDTTTF)2Au12, ( EDTTTF)2AuBr2 9 (EDTTTF)2Ag(CN)2, 
(EDTTF)2SbF6 1 (VDTTTF)21Br2, (MDSTTF)2Au I 2  , (Me4N)xPd(dmit)2, 
(BMDTTTF),N~(~c~~)~, (PEDTTTF)313, etc remain metallic down to low temperatures. 

Recently", it was found that there are also strong S - - - 0  (3.02&, Se---S (3.6 A) con- 
tacts in some salts (Table N) based on oxygen-containing tetmheterafulvalens. It is ex- 
pected that these salts will be good conductors. Details on the crystal structure and 
physical properties of these new materials will be published in a future paper. 
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