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ABSTRACT 

Several charge transfer complexes were prepared 

using derivatives of dimethyl 2-benzylidene-l,3-dithiole-

4,5-dicarboxylate. Efforts to incorporate such complexes 

in polymers failed. The charge transfer complexes were 

characterized by cyclic voltammetry and compared to other 

conducting complexes. 
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INTRODUCTION 

Since the discovery of tetrathiofulvalene-

tetracy.anoqiiinodimethane (TTF-TCNQ) complex"*" in 1973, 

a great deal of research has been conducted towards 

synthesizing "organic metals". In spite of such efforts, 

the TTF-TCNQ charge transfer complex, whose conductivity 

at 60 K (~6 x 10 ohm cm ) compares favorably with 

that tif copper (-6 x 10^ ohm"^" cm""'") at room tempera

ture remains one of the best, if not the best. Neverthe

less, theories have been proposed for designing molecular 

metals^'^'^. 

In this research several charge transfer complexes 

were synthesized, and their properties compared with TTF 

TCNQ. Efforts were also made to incorporate these C.T. 

complexes into polymers made from donor molecules. 

Before proceeding with the characteristics of 

organic metals, it is important to differentiate between 

an insulator and a conductor in terms of molecular 

orbital theory. In a crystal lattice, each molecule 

has its set of orbitals. Each time two orbitals overlap, 

two new energy levels are created, one below the original 

energy level, the other above it. A series of such 

overlaps creates an energy band where each energy level 

1 



is infinitesimally higher than the previous one. Addi

tionally, each orbital can house a maximum of two elec

trons. Thus depending on the compound, the energy level 

can be either full, partially full, or empty. Figure 1 
g 

is a diagram of energy bands for conductors and insulators . 
2 
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The degree of occupation of the energy bands and the 

gap separating them determines the conducting ability of 

a solid. The electrons in the conduction band are said to 
g 

be delocalized and are free to move throughout the solid . 

It is the net mobility of such electrons in a given 

direction that constitutes an electric current. If the 

energy band is completely filled, then there is no net 

movement. However, if the energy band is partially filled, 

then one can easily move electrons from the occupied to 
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the unoccupied energy level. Hence,electrons are always 
g 

available for conduction . 

The energy band of a conducting charge transfer 

complex is also affected by its lattice architecture. 

Structurally such conductors arrange in segregated donor 

and acceptor stacks. The distance between the monomers 

in a stack is uniform and less than the calculated Van 

3 5 7 der Waals distance 9 9 . Moreover, the interaction between 

stacks is negligible making the compound anisotropic. It 

should be noted that sequestering of donor and acceptor 

stacks ensures a sequence of degenerate orbitals which 

allows the electron to travel along the stack at a minimum 

a w 
cost of energy. Had the arrangement been D A D A , a 

great deal of energy would have been needed to move the 

electron from the acceptor to the donor, and an insulator 

would have resulted. Additionally any non-uniform inter-

monomer spacing within the stacks causes a splitting in 
g 

the energy band, creating a "forbidden gap" between the 

11 12 13 14 occupied and unoccupied levels 9 9 ' This results 

in an insulator. An example of such non-uniform stacking 

is seen in alkali metal salts of TCNQ3'17'18'2̂ , all of 

which are insulators3930'. 

While lattice structure of the complex is important, 

mitigation of Coulombic repulsion experienced by the 

conducting electron is equally important. Primarily, 

this repulsion is reduced for partial charge transfer 



complexes 3,'+, 5,8,10 vis a vis complete charge transfer com 

plexes. Some other factors affecting repulsion are polari 

9 15 16 28 
zability * ' ' , symmetry of monomer, and the size of 

5 16 the donor and acceptor molecules ' 

It has been observed that complexes exhibiting a 

complete charge transfer from the donor to the acceptor 

monomer are insulators and semi-conductors. Compounds 

which show a partial charge transfer are traditionally 

conductors. This fact can be reasoned in terms of the 

Coulombic repulsion experienced by a given electron 

traversing along the stacks. 

Case 1. TCNQ" + TCNQ" T — T C N Q °  +  T C N Q 2 "  

Case 2. TCNQ" + TCNQ° * »• TCNQ0 + TCNQ" 

In the ionic compound, Case 1, the TCNQ stack is com

pletely reduced by the donor. Consequently, when the 

electron jumps from one TCNQ to its neighbor, it experi

ences a strong electronic interaction from the electrons 

indigenous to the neighboring TCNQ". However, in the 

partial charge transfer complex, not all the TCNQ 

29 molecules are reduced 



Na- TCN& 
(a) 

TTF- TCNQ 
(b) 

Figure 2. Schematic structures of two types of ionic 
charge-transfer salts with donor (vs/O and 
TCNQ ("V.) molecules: (a) simple salt with 
complete charge transfer: (b) simple salt 
with incomplete transfer. 

Therefore, when an electron moves from a reduced TCNQ. to 

a molecule in its neutral state* it experiences little 

repulsion. Additionally, TCNQ° decreases the repulsion 

between two TCNQ" monomers by increasing the distance 

between the two charges, again facilitating the flow of 

electrons. 

The ability to form a partial charge transfer com

plex is governed by two major forces, the electrostatic 

binding energy [E] and the molecular energy of charge 

19 29 transfer [M] * . Torrance and his colleagues postu

lated that a thermodynamic equilibrium exists between 

the neutral and the ionic state of a C.T. complex. The 

electrostatic force favors a direction to the right, 
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while the molecular energy of charge transfer favors a 

movement towards the left. 

E + _ 
D° + A0 D A 

' M 

One can calculate the electrostatic binding energy 

19 20 21 using lattice measurements of a given C.T. complex ' ' 

The molecular energy of charge transfer, on the other hand, 

a composite of the ionization potential, I, the energy 

needed to oxidize the donor, minus the electron affinity 

22 23 of the acceptor A, can be measured * . Values for some 

29 charge transfer are tabulated in Table 1 . If /E/>M, a 

predominantly ionic compound is obtained, while if M>/E/, 

the equilibirum is not as greatly shifted to the right. 

As a result, some of the reduced TCNQ can transfer the 

electron back to the donor. Consequently, a mixed valence 

stack of monomers is obtained. This mixed valence, as 

mentioned earlier, reduces the Coulombic repulsion and 

enables highly conductive behavior. 

The conductivity of a complex can be enhanced if 

9 15 16 polarizable atoms are used in the monomer ' ' 

Increased polarizability allows better accomodation of 

the conducting electron by reducing the e"- e'repulsion. 

For instance, if the sulfur atom in TTF-TCNQ is replaced 

by selenium atoms the conductivity of the complex is 
Q 

enhanced by a factor of four,, 



Table 1. Properties of some simple TCNQ salts (assuming full charge transfer). 

No. a 

Salt stacks/100 E I-A E + I-A 

Na-TCNQ 2.7 -5.29 eV 
* 

2.3 eV 
>
 

<D o • 

C
O

 1 
Rb-TCNQ (I) 2.5 -4.71 

-4.85 1.4 -3.3 

Rb-TCNQ (II) 2.8 , -4.64 1.4 -3.2 

NH4-TCNQ 2.6 -4.82 

Morpholinium-TCNQ 2.4 

TTF-rTCNQ 1.8 -2.3 4.05b + 1.7 

NMP-TCNQ 1.6 0 3.7° + 3.7 

"TTF-B^ 0" 3.3 -3.9 3. 3b -0.6 

TMPD-I 4.1 -4.27 3.1 -1.2 

aA = 2.8 eV for TCNQ 

bI = 6.85 eV for TTF 

CI = 6.5 eV for NMP 
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Some other factors affecting the conductive property 

of the comples are: symmetry and small size of the 

_ 5 516 monomers. 

As mentioned earlier, a good conductor has a con

stant potential along the stack so that the electron can 

travel via the degenerate orbitals. However, in asym

metric molecules such as N-methyphenazinium cation, (NMP)+, 

there is a variance in potential along the stack. In 

(NMP)+, the positive charge, although delocalized somewhat 

by the ir polarizability, mainly resides between the CN bond 

(sigma bond), where the methyl group is attached to the 

ring. The charge distribution is consequently asymmetric. 

It has been shown that the methyl group doesn't position 

3 2 in a constant direction down the stack . As a result, the 

potential of the stack will vary along the axis of con

duction, thus hampering the flow of electron®. Similarly, 

small size of monomer is essential with good polarizability 

for conductors. The larger, the polarizable molecules, 

5 16 such as dyes, are insulators * 



RESULTS AND DISCUSSION 

.It was found that benzylidene dithioles undergo a 

reversible electron transfer from a ground state to a 

stable cationic radical where the radical is stabilized by 

24 
the 6TT electrons in the dithiole rxng 

— e."^ 

•+ <="* 

It was hoped that modification of th'e molecule could lead 

to new C.T. complexes that could then be incorporated into 

polymers. 

We wished to reduce the ester group on 2-methyl 

benzylidene-1,3-dithiole-4-carboxylate to the alcohol so 

that it could be converted to an acrylate. CttJDOC HOH.C 

H 

9 



Early efforts with a 1:1 ester and LiAlH^ failed to yield 

•+-hydroxy lmethyl. Neither extended reaction time nor an 

excess of LiAlH^ gave the desired product. Moreover, in 

each case, a strong, mercetptous odor was noted which 

indicated the cleavage of the dithiole ring during the 

reaction. Therefore, a weaker reducing agent, lithium 

borohydride was used. Reduction with LiBH^ for one-half 

hour yielded a white solid which was recrystallized from 

chloroform. Chemical analysis as well as spectroscopy, 

particularly a new NMR peak at 64.0 (2 H), confirmed the 

assigned structure. 

On mixing equivalent quantities of 1 TCNQ in 

acetonitrile, a dark purple complex was obtained. It was 

noted, as with other complexes, that it was relatively 

difficult to remove the acetonitrile through vacuum or 

rotoevaporation. The originally pasty substance was 

allowed to sit for two days to allow evaporation of 

acetonitrile. 

K J C  Ar CN 
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S.7.5,S 
-V 

yCH2OH 

SM." ^CafV\3p 

VS 4.4a<* 

^S<.I7,s 

£7.4,6 

9 3.1 ,S 

S6.§,s 6 ^C0LCW5 

& 7.32A 

€3Ms 

H V S.66&,* 5 

CU2OH 

S4-M 

CH,OH 

The NMR peak for the phenyl group on benzylidene 

dithiole shifted downfield from 7.3 to 7.5, while the 

single hyd.rogen peak shifted from 6.5 to 6.9 (see Table 

2 and above figures). According to Hannon and Ashbaugh, the 

TCNQ acceptor peak shift in a complex is determined by two 

factors: first, the ring current of the donor, which makes 

the acceptor protons shift upfield, and second, the altena-

tion of the paramagnetic contribution to the acceptor which 

makes the TCNQ protons shift downfield. The stronger the 

donor-acceptor interaction, the greater the trend towards 

the peak moving downfield. 

Furthermore, I.R. data indicated a shift in the cyano 

peaks from 2225 cm-̂ " to 2250 cm-1. It was therefore 

shown that a C.T. complex had formed and not merely a 

mixture of the two components. This was further substan

tiated by the color change of the compound and also by 

a sharp melting point of 117 - 119°C. Moreover, the 



Table 2. NMR and UV Readings of C. T. Complexes. 

C.T. 
COMPLEX NMR X Max ( E ) 

6 + TCNE -C02CH3C63.85,s) 

<f>,H (67.35,s) 

513.1 

502 
(205^7) 

(20542) 

7 + 'TNF -C02CH3(63.8,S) 

(67.32,d) 

TNF cluster (69,1 to 68.7,q) 

336 (37229) 

6 + p-Chloranil -C02CH3(64.0 to 3.8,q) 

(ji,H (67.6 to 7.4,d) 

612.9 (15111) 

7 + TCNQ -C02CH3(63.8,s) 

<|>,H,H (67.25 to 67.45,d) 

TCNQ (67.7 to 67.9,m) 

495 (9375) 

8 + TCNQ -CH20-( 6 4.32,s) 

H (65.7,s) 

<|> (67.5,s) 

TCNQ (67.7 to 68.1,q) 

480 

390 

350 

(8994) 

(21339) 

(10302) 

1 + TCNQ TCNQ, (67.6 to 67.2) 

H,H (66.8,s) 

-CHjO- (64.2, s) 

602 

564 

(5740) 

(6002) 

^ max (fe) for Donors and Acceptors 

TCNE 397 (398.4) 

TNF 343.9 (8464); 

322 (8399) 

p-chloranil 390 f (704.2) 

TCNQ 750 (560.3) 

350 (760.5) 

6 

7 

8 

383 

455 

and 1 

(1752) 

(7130) 

were clear 

solutions 



UV of the complex had Xmax of 602 nm.which was neither 

observed for the donor, 1, nor for the acceptor, TCNQ. 

Having shown that CT interaction occurs, it was 

hoped to incorporate 1 in a. polymer by reacting 

the compound with acrylolyl chloride. 

The reaction was first conducted by adding 

acrylolyl chloride to 1 in the presence of triethylamine. 

However, the reaction proceeded vigorously, and 2 quickly 

polymerized. Compound 1 was obtained at the end of the 

reaction. Apparently, the heat of the reaction was 

polymerizing 2. It was hoped, therefore, that lowering 

the temperature and using a bulky base would be advan

tageous. Nevertheless, even at 0 to 3°C, 2 polymerized, 

and 1 was obtained as starting material. 

CH2OH \ c 

CKZ 
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It was, therefore, decided to test our technique 

by trying to make an ester of 1 with benzoyl chloride. 

H 

;-ti 

The reaction proceeded well, and a white powdery 

substance was obtained as the final product, 2-benzylidene 

4-benzoyloxymethyl 1,3-dithiole. A large broad peak at 

1700 - 1715 cm"1 (IR) indicated the presence of an ester. 

It was, however, noted that 1 and its derivatives were 

unstable even under nitrogen atmosphere, at room temper

atures as indicated by the sulfurous odor which developed. 

The sodium salt of 1 was prepared as shown in the 

equation below. 

Ar 
1 •+ |SlcL 

HcJDUf 

- 5  

5 + 2  
CHJ=CHC 

*\_yA 

OHjC' 



In reaction 5^, equimolar quantities of sodium sand 

and 1 was stirred in hot acetonitrile. A beige-white 

powder was obtained, 5; however, reaction of 5 with 

acrylolyl chloride did not yield the desired product. 

While attempting to synthesize 3, charge transfer 

complexes of benzylidene dithiole derivatives were also 

prepared with various acceptor molecules. Tetracyanoethy-

lene (TCNE), a strong acceptor, was complexed with dimethyl 

2rrbenzylidene-l, 3-dithiole-4, 5-dicarboxylate, 6, pro-
• 

ducing a maroon colored compound. Similarly, p-chloranil 

was complexed with 6 to produce a pale, beige complex 

UV analysis of the latter complex indicated a shoulder 

at 479 nm with an absorbance of 0.1. 

Complexes of 7, methyl 2-benzylidene-1,3-dithiole-

4-carboxylate, with TCNQ and TNF (trinitrofluorenone) were 

obtained. TNF and 7 were dissolved in warm ethanol, and 

after cooling, a dark green complex was obtained. Again, 

the benzylic H of 7 in the NMR shifted downfield to 67.3. 

The peak group of TNF shifted upfield by almost 0.4 ppm. 

Such a shift was also observed for 1 and TCNQ complex. 

However, the upfield shift is much weaker in this case 

(0.2 ppm). A similar complex is produced when TCNQ is 

allowed to form a complex with 8, 2-benzylidene-4,5-bis 

hydroxylmethyl-1,3-dithiole. The phenyl group peak of 

8 shifts down to 67.5. 



One can describe the ir - it charge transfer complex 

in simple MO theory. The electron is transferred from 

the highest occupied molecular orbital (HOMO) of the donor 

to the lowest unoccupied molecular orbital (LUMO) of the 

acceptor. 

In order to measure the ability of an acceptor to 

proceed from 

A + e~ t > A7 E^A 

A? + e~ * A2" E2A 

one can perform cyclic voltametry. Such measurements 

provide E°, the redox potential; 

NC' 

q 10 

o 



Acceptor E1A (Volts) 

10, TCNQ 
+ 
0.127 {Ref 5} 

9, TCNE 
+ 
0.140 {Ref 3,5} 

11. p-chloranil 
+ 
0.240 

12 TNF " 0 . 2 2  

From the data collected above for acceptor molecules, it 

can be deduced that in order to achieve a high electron 

affinity and a low Coulombic repulsion, the electron 

withdrawing functionalities should be as far apart from 

each other as possible. These data and conclusions can 

be further corroborated by the work of Heeger5. Note 

that TCNQ has the lowest value of E^, indicating that 

it can most easily accomodate the electron from the donor. 

Conversely, the much higher E ̂  value for p-chloranil 

indicates that the molecule is less able to accept the 

extra electron. Similar measurements were also conducted 

on the donor molecules. 



DONOR E ID (volts) 

6 Dimethyl 2-benzylidene -1,3-dithiole-
4,5-dicarboxylate 

8 2-Benzylidene-4,5-(bis-hydroxylmethyl)-1,3 
dithiole 

1 2—Benzylidene-H-(hydroxylmethyl)-l,3 
dithiole 

7 Methyl 2-benzylidene—1,3-^dithiole-U 
carboxylate 

+ 0.952 

+0.547 

+0.627 

+0.731 

R1 = R
2 = -CH2OH (8) 

RX = H; R2= CH2OH (1) 

RL= R, = -C02CH3 (6) 
R

1= H; R2 = - C02CH3 (7) R/ v 

Once again the high E0̂  values indicate poor donors. It 

was hard to oxidize the above donors. Furthermore, one 

can calculate which would represent: 



D° + A° fc D+ + A" 

19 

E1A " E1D <volts> 

DONOR TCNQ TCNE TNF p-chloranil 

8 -0.420 -0.407 -0.767 -0.307 

1 -0.500 -0.487 -0.847 -0.387 

6 -0.825 -0.812 ' -1.172 -0.685 

7 -0.604 -0.591 -0.951 -0.491 

Wheland et al. synthesized a number of charge trans
it 

fer complexes and measured their resistivity . "High 

conductivity" (a >_ 1 cm) was associated with 

moderately strong acceptors (-0.02 V <_ E^ <_ 0.35 V) in 

combination with moderately strong donors (0.1 V <_ E^ 

< 0.4 V) so that their redox potentials are closely 

matched ( |E1A - E1D| < 0.25 V). This correlation is, 

however subject to strict requirements of crystal 

structure. 

Furthermore, one can utilize the 

values to calculate the equilibrium constant K 

where: 

log Kc-I_ = {E1A - E1D} /0• 059 * 
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possible 11 1 1 8 8 8 
 ̂ m  ̂

CT pair TCNQ TCNE TNF p- TCNQ TCNE TNF 
chlorinil 

log Kct "8.4-7 "8.25 "14.36 "6.73 "7.12 "6.89 "13.0 

possible 866667777 
<W «W  ̂  ̂

CT pair p- TCNQ.. TCNE TNF p- TNCQ TCNE TNF p-
chlor- chlor- chlor-
inil inil inil 

log Kct "5.20 "13.98 "13.76 "19.86 "11.61 "10.23 "10.01 "16.11 "8.32 

Based on this approximation and the resistivity data of 

Wheland\ one can suggest that strong acceptors which 

0 2 6 show possible complete charge transfer (K = 10 " to 10 ) 

2 -4 are poor conductors, while K values of 10* to 10 

result in highly conductive complexes . This would indi

cate that the above mentioned complexes would result in 

poor conductors since very strong acceptors or conversely 

very weak donors do not give good conducting complexes. 



EXPERIMENTAL 

Instrumentation 

Melting points were obtained using "Melt-Temp" 

apparatus and are not corrected. Infrared spectra was 

determined on Perkin-Elmer 337 Grating Infrared Spectro

meter. Polystyrene was used as standard for calibration. 

Varian T-60 (60 MHZ) Nuclear Magnetic Resonance spectro

meter was used to determine NMR data. Chloroform -dg, 

unless otherwise indicated, was solvent with tetramethyl-

silane as the internal standard. Cyclic voltametric data 

were obtained using gold intrex working electrode, plati

num auxiliary electrode and silver wire reference elec

trode. Ferrocene was standard reference and 0.1 M I 
lithium perchlorate in acetonitrile was electrolyte. All 

values were standardized to Standard Calomel electrode. 

Elemental Analysis 

Elemental Analysis was determined by University 

Analytical Center, University of Arizona, Tucson, Arizona. 

Materials 

Benzaldehyde (Aldrich Chemical Co.) was distilled 

under reduced pressure. Tetrahydrofuran, ethyl ether, 

21 



chloroform and acetonitrile (Mallinckrodt, Inc.) were 

used without further purification. Tri-n-butyl phosphine, 

dimethyl acetylene dicarboxylate, methyl propiolate 

(Aldrich Chemical Company) were distilled, before use. 

Carbon disulfide was also distilled before use. Lithium 

aluminum hydride and lithium bobohydride (Aldrich Chemical 

Co.) were used without further purification. Tetracyano-

quinodimethane was recrystallized from acetonitrile; 

Trinitrof3ourenone»p-chloranil and tetracyanoethylene 

(Aldrich Chemical Co.) were all recrystallized before use. 

Acrylolyl chloride and benzoyl chloride (Aldrich Chemical 

Co.) were distilled. 

Experimental Procedures 

2fBenzylidene-H-hydroxylmethyl-l,3-dithiole 

To 15 mis of THF under nitrogen, containing 1.11 g 

— 2 LiBH^ (3.7 x 10 moles) was added dropwise 1.85 gms 

-3 
(7.41 x 10 moles) of methyl 2-benzylidene-l,3-dithiole 

4-carboxylate in 35 mis of dry THF over a period of forty 

minutes. The solution was refluxed and stirred for ap

proximately 1.5 hrs (or until the solution color changed 

from yellow to white). The reaction was then quenched with 

150 mis of distilled water, and extracted with 300 mis of 

chloroform. The chloroform layer was washed once with 50 ml 

of distilled water while the water was washed twice with 

50 ml portion of chloroform. The chloroform potions were 



combined and dried over magnesium sulfate. The chloroform 

was removed with a rotoevaporator> and the white residue was 

recrystallized from chloroform to give 0.80 gms 

-3 
(3.63 x 10 moles) of 2-benzylidene-4-hydroxylmethyl-l,3-

dithiole (49% yield), m-. p. 109 - 111°C. NMR (CDClg) 

7.5 (s. 5H); 6.5 (s. IH); 6.27 (s,H); 4.4 (s, 2H) 

IR (KBr): broad peak 3500 - 3300 cm""*"; 1580 cm"''". Analysis 

calculated for C-^H^gSgO: % C (59.45); % H (4.50) 

Observed: % C (59.56); % H (4.34). 

1:1 C.T. Complex of Tetracyanoethylene (TCNE) and Dimethyl 
2-Benzylidene-l,3-dithiole-4,5-dicarboxylate 

Dimethyl 2-benzylidene-l,3-dithiole-4,5-dicarboxy-
_ll 

late (0.20 g; 6.5 x 10 moles) was dissolved in 15 ml. of 

chlorobenzene.along with 0.083 g (6.5 x 10 moles) of * 

TCNE. The solution was heated at 80°C for 2 hrs. A dark, 

brownish-red solution was obtained, and the solvent was 

removed under vacuum. The residue was dissolved in 5 ml 

of acetonitrile and precipitated into 50 mis of ethyl 

ether. After drying, there was obtained 0.25 g of dark 

browh solid (89%). .m.p. 89°-92°C. NMR (CDClg): 67.6-

7.0 (6H); 6 3.6 (s. 6H). IR (KBr): 17 00 cm"1. Analysis 

calculated for C2qH 2̂N4S204: %C (55.04); %H (2.75); 

observes %C (55.21); % H (3.44); 



1:1 C.T. Complex of Trinitrofluorenone and Methyl 2-benzyli-
dene-1,3-dithiole—4-carboxylate 

Trinitrofluorenone (0.37 gm; 1.16 x 10""^ moles) was 

added to 0.03 g (1.16 x 10~4 moles) of methyl 2-benzylidene 

l,3-dithiole-4-carboxylate in 15 ml of absolute ether and 

refluxed for 4 hrs at 56QC. After the ethanol was removed 

under vacuum the dark precipitate was placed overnight in 

a vacuum desiccator. Weight of product 0.06 gm (96%). 

m.p. 118-120°C. NMR (CDClg): 69.1-8.7 (quintet, 5H); 

67.3 (d, 7H); 63.8 (s. 3H). IR (KBr)t 1523 cm"1; 1350 cm"1. 

Analysis calculated for C2gH 5̂N3S20g: % C (54.64); % H 

(2.73); % N (7.65). Observed: % C (54.03); % H (2.54); 

% N (7.36). 

2-Benzylidene-4-benzolymethyl-l-l,3-dithiole 

-U 
To a solution of 0.05 gm (2.25 x 10 moles) of 

2-Benzylidene-4-hydroxylmethy1-1,3-dithiole in 15 ml of 

anhydrous ether containing triethylamine (2 mis; 0.014 

moles) was added 1.62 ml (0.014 moles) of benzoyl -

chloride dropwise, and the solution was stirred for 

15 minutes. After filteration and evaporation of solvent, 

a white solid was obtained which was recrystallized from 

carbon tetrachloride (0.047 g; 1.44 x 10 moles). 64% 

yield, m.p . 121 - 24°C NMR (CDC13): 68.1 (m. 3H); 

67.59 (d. 2H) ;6 7.31 (s. 5H); 6.43 (s. H); 66.33 ( s. 1H); 



5.06 (s. 2H); IR (KBr) large peak 1715 - 1700 cm""1. Analy

sis calculated for cigHi4S2°2:% C (66»26%)» % H (4.29). 

Observed % C (64.91); % H (4.42). 

1:1 C.T. complex of p-Chloranil and Dimethyl 2-Benzylidene-
1,3-dithiole-4,5—dicarboxylate 

— 4 
p-Chloranil (0.047 g; 1.9 x 10 moles) and 0.059g 

-Li 
(1.9 x 10 moles) of dimethyl 2-benzylidene-l,3-dithiole-

4,5-dicarboxylate were dissolved in 10 ml of hot aceto

nitrile and refluxed at 90°C. The solvent was removed 

under vacuum and a dark, red-brown solid was obtained 

0.089 g (85%). m.p. 176 - 179°C. NMR (CDClg) 67.6 -

7.4 (d, 6H);6U.O - 3.8 (q, 6H); Analysis calculated for 

C2oHi2C14S2°6: % C (43.32); % H (2.16). Observed % C 

(45.68); % H (2.10). 

1:1 C.T. complex of Methyl-2-Benzylidene-l,3-dithiole-4-
carboxylate and tetracyanoquinodimethane (TCNQ) 

Methyl 2-Benzylidene-1,3-dithiole*4-carboxylate 

(0.063 g; 2.5 x 10~4 moles) and 0.051 g (2.5 x 10~4 moles) 

were heated under reflux for 1 hr in acetonitrile. The 

color of solution deepened from light to dark green, and 

the solvent was removed via vacuum; 0.091 g of a dark green 

solid was obtained (79.5%). m.p. 187 - 189°C. NMR (CDClg) 

6 7.3 (d. 7H), 67.8 (m, 4H),63.8-(s. 3H); IR (KBr). 

Large single peak 1700 cm-1, 1560 cm-1. 
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Analysis calculated for : %C (63.44); % H 

(3.08); % N (12.33). Observed: % C (63.66), % H (3.07), 

% N (12.69). 

C.T. complex of Tetracyanoquinodimethane and 2-Benzylidene 
-4,5-bis hydroxylmethyl-1,3-dithiole 

_ll 
Tetracyanoquinodimethane (0.068 g; 3.3 x 10 moles) 

and 0.80 g (3.3 x 10 moles) 2-benzylidene-4,5-bis-

hydroxylmethyl-1,3-dithiole were dissolved in 2 ml aceto-

nitrile and refluxed for 2 hr to give a dark green solution. 

After removal of solvent under vacuum, a green product was 

obtained (0.138 g; 92% yield), m.p. 143 - 146°C. NMR 

(CDClg) 6 8.1 - 7.7 (q, 4H),«7.5 (s. 5H),«5.7 (s. 1H), 

64.3 (s, 4H); IR (KBr>; broad band 3100 - 2800 cm~^; 

2250 cm~^; 1650 cm~^. Analysis calculated for : 

% C (63.15); % H (3.51), % N (12.28): Observed (62.24); 

% H (3.53); % N (12.72). 

1:1 C.T. complex of TCNQ and 2-Benzylidene-4-hydroxylmethyl 
1,3-dithiole 

_li 
TCNQ (0.055 g; 2.6 x 10 moles) and 2-benzylidene 

—4 
4-hydroxylmethyl-1,3-dithiole (0.058 g; 2.6 x 10 moles) 

were dissolved in 10 ml hot acetonitrile. After removal of 

solvent under vacuum, the remaining solid was recrystallized 

from acetonitrile to give 0.087 g (78%). ni,p. 117 - 119°C. 

NMR (CDlj) 66 - 7.2 ( 9H); 66.8 (s,2H), 64.2 (s,2H). .'Analysis cal

culated for C23H14N4S20: % C (64.78), % H (3.28), % N (3.14). 

Observed: % C (63. 39); % H (3.57), %' N (15.11). 
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