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ABSTRACT

Attempts were made to prepare a series of compounds 
which contained the five-membered dithiole ring and could be 
used for the possible preparation of polymers. Attempts to 
prepare these compounds from the substituted acetylenes with 
carbon disulfide, tri-n-butyl phosphine, and benzaldehyde 
failed. Therefore, dimethyl 2-(benzylidene)-1,3-dithiole-
4,5-dicarboxylate was used to prepare possible monomers.
2-(Benzylidene)-4,5-bis(hydroxylmethyl)-1,3-dithiole was 
prepared by the reduction of the diester with lithium 
borohydride in tetrahydrofuran. 2- (Benzylidene)-1,3-
dithiole-4,5-dicarboamide was prepared by a reaction of 
concentrated ammonium hydroxide with the diester. Attempts 
to reduce the diamide to the diamine failed. The reaction 
of methyl magnesium iodide with the diester yielded 2- 
(benzylidene)-4,5-(isopropyl)-1,3-dithiole. Attempts to 
dehydrate this compound to 2-(benzylidene)-4,5-bis- 
(isopropene)-1,3-dithiole failed.

Low molecular weight polyamides were prepared by the 
condensation of the diester with 1,6-hexanediamine. When 
this reaction was catalyzed with titanium isopropoxide, a 
high molecular weight, insoluble polyamide was prepared.



INTRODUCTION

In 1969, Huning et al, (1) reported the preparation
of a cation-radical of tetrathioethylene. The method in
volved the reversible oxidation of Compound _1 to Compound 2_ 
using polarography. Further oxidation to the dication. 
Compound 3_, was also accomplished. Neither cation was 
isolated.

3

Isolation of this type of cation did not occur until 
19 70 when Wudl, Smith, and Hufnagel (2) reported the 
preparation and characterization of Compounds 6_ and 1_, 
Tetrathiafulvalene, TTF, Compound £, was prepared by the 
deprotonation of 1,3-dithiolium hydrogen sulfate (3) with 
triethylamine in acetonitrile. Tetrathiafulvalene proved 
to be readily photo-oxidized in air to Compound 5.

1
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HS04e 4 5

Utilizing chlorine in carbon tetrachloride, Wudl 
was able to prepare Compound 6_, It was necessary to add 
stoichiometric amounts, because with an excess of chlorine,

the dication, Compound 7_ arose. The chemical reduction of 
Compound 6_ to Compound 7_ was afforded with sodium hydrogen 
sulfite.

It was in 1972,that Wudl, Wobschall, and Hufnagel
(4) reported that initial resistivity measurements on
tetrathiafulvalene indicated it to be a semiconductor at

12room temperature in the dark with a resistivity of 10 
ohm-cm. This was later shown to be incorrect; the con
ductivity of this tetrathiafulvalene resulted from con
tamination with the cation, Compound 6_. Ultra-pure tetra
thiafulvalene did not show this conductivity.

Compound £, however, proved to be an organic solid- 
state semiconductor at room temperature with a resistivity

1/2 Cl 2

NaHS03 Eq. Ill



of 3,7 ± 1 ohm-cm. This measurement was made on a pressed 
pellet, rather than a crystal of Compound 6_, so the 
resistivity could actually be lower.

In 1973, Farraris et a l . (5) reported the prepara
tion of a 1:1 complex of tetrathiafulvalene and tetracyano- 
guinodimethane (TCNQ), This complex showed a semiconductor 
to metal transition at 66°K. The complex showed a con
ductivity of 1.4 7x10^ ohm ^cm at this temperature, while
conductors such as copper show a conductivity of 6x10^

X Xohm cm at room temperature (298°K) ,
TCNQ has been reported to form complexes with 

metals.(6). In these complexes, TCNQ forms a highly con
ducting radical anion, where the groups are stacked face to 
face with conductivity in one dimension„

Microscopic viewing of these (1:1) TTF-TCNQ complex 
.crystals showed them to be olive-green under transmitted 
light and containing steps and striations which run across 
the plates. Cleavage parallel to the plates occured easily 
suggesting a weak interaction between the layers.

The TTF-TCNQ complex has been viewed as an electron 
transfer complex which is stabilized by the aromatic 6tt-  

electron systems as illustrated below:
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Also in 19 73, Heeger et al, (7) reported the prep
aration of a TTF-TCNQ complex, which showed superconducting 
properties at 58°K. The crystals showed a conductivity of 
over 500 times that at room temperature. The "supercon
ductivity" of this complex has been disputed (8). Of 
seventy crystals prepared by Heeger, only three showed 
superconductivity. It has been suggested (8) that the 
"perfect" crystal was formed in Heeger1s work, but no one 
has been able to reproduce these results.

In 1976, Garito, Spenser, and Cava (9) reported the 
preparation of the unsymmetrical tetrathiafulvalene, 
Compound 8.

Compound 8̂ showed a marked decrease in conductivity, 
3x10  ̂ ohm ^cm ^, compared with the usual conductivity of a
TTF-TCNQ complex.



Wudl, Kaplan, and Hadden (10) reported the prepara
tion of Compound 9_. It was hoped that with two TTF units, a

marked decrease in resistivity would occur in a complex. 
The 1:1 complex with TCNQ showed, instead, an increase in 
resistivity from that for TTF-TCNQ. The resistivity was 
approximately 10 times that of the TTF-TCNQ comples.

In 1971, Hartzler (11) reported the preparation of 
dimethyl 2-(benzylidene)-1,3-dithiole-4,5-dicarboxylate, 
Compound IjO. The method of preparation is illustrated by 
the scheme below:

e
r 3 p ,  c s2 —  n3p - c  —  r3p - c  Eg IV

I n'CECR'
/S^p/R @  ©  yS^p/R

^ < s2 n. "  R3 --C .s,g ,R,

II

ArCHO
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10
R ^ C O o C H t, 
A r = C 6H5
R —  n -buiyl

The presence of the electron-withdrawing carboxylate
functionalities promotes this reaction by increasing the 
susceptibility of the acetylene to attack by the carbon 
disulfide-tri-n-butyl phosphine complex. The ylide,
Compound 1JL, reacts immediately with an aromatic aldehyde. 
The high reactivity of ylides (12) , such as Compound l̂ L, has 
been attributed to the "antiaromaticity" of the 1,3-dithiole 
ring. With the presence of the negative charge on C-2, it 
is not delocalized over the five-membered ring, so as a 
result, C-2 is a strong nucleophile.

In 19 74, Chang (13) prepared two 1:1 1,3-dithiole: 
TCNO complex. Compounds 12a and 12b.



Resistivity measurements were made using a two probe method 
on a single crystal= Resistivity for Compound 12b was 
measured in the range of lÔ -lO"*""*" ohm-cm. This high 
resistivity may have been the result of the method of 
measurement which is not as reliable as the four probe 
method usually used.

Chang also prepared a 2:1 complex of two molecules 
of Compound 10_ to one molecule of TCNQ „ Compound 1£ also 
formed a 1:1 complex with TNF, however, no resistivities 
were given,



RESULTS AND DISCUSSION

In an attempt to prepare monomers, which contained
the dithiole unit and would be usable for polymerizations, 
2-(benzylidene)-1,3-dithiole-4,5-bis(diethyl 4,4'-diphenyl 
dicarboxylate) , Compound 13̂ , was considered.

The carboxylate functionalities not only are sites’ of 
reaction in polymerization, but should also facilitate the 
reaction of Compound 14_with the carbon disulfide-tri-n- 
butyl phosphine complex to give Compound 1_3. Equation V 
illustrates the proposed route for the preparation of 
Compound 13.

s sX
13

(0)h~CH2CH2-<(C^ B r X S ) - C H C H - ( O y - B r
Br Br I I

ch3c o 2h
R e f l  ux NaOEt Eg v 

EtOH
Reflux

8



/ E t O H  
/ I H 2 S O 4  

To luene

1.) n-BuLi, "78°C
2 .) C O 2  5 ether'
3 J  H y H2O

» H 0 2 C - ( ^ ) _ C=C-,( Q ) - C 0 2 H  
15

X E t O H
H 2 S O 4

13

Although Compound 14 has been reported (14), the
specifics of its preparation were not included. Compound 1_5 
has also been reported (15) and a general outline of its 
method of preparation was included, This method was only 
partially utilized because of the availability of materials.

pared by the reaction of bibenzyl in refluxing acetic acid 
with bromine (16). The off-white powdery crystals were then 
allowed to react with sodium ethoxide in refluxing ethanol
(17). The dehydrohalogenation afforded the white crystals 
of bis(£-bromophenyl)acetylene in 70% yield.

pared by reacting bis(p-bromophenyl)acetylene, which had 
been slurried in ethyl ether at -78°C, with n-butyl-lithium '
(18). This salt was not isolated, but rather poured into a 
stirring mixture of a large excess of carbon dioxide (dry

The bis (4-bromophenyl) -1, 2-dibromoethane was pre- >.

The bis(4-lithiopheny1)acetylene salt was then pre-
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ice') in ethyl ether„ A beige solid was recovered after 
acidification of the ethereal slurry„ The diacid was in
soluble in all common reagents and was confirmed by 
spectral, elemental, and physical data„

It was this insolubility of the diacid which pre
sented some problems in the preparation of the diester, 
Compound'14. The diester was finally prepared by refluxing 
the diacid with ethanol in toluene, as a solvent, and a 
catalytic amount of concentrated sulfuric acid (19). This 
was refluxed for one week.

tiaving prepared Compound L4_, it was then used in the 
attempted preparation of Compound 1_3 by the method outlined 
by Hartzler. (11) . All attempts to prepare Compound 1_3, even 
after utilizing conditions differing from those proposed by 
Hartzler, failed and are illustrated by Equation VI.

Initially, the reaction was set up as described by 
Hartzler. . After "no reaction was observed, the conditions 
of the reaction were changed, both in temperature, room 
temperature, and time, five days. This also failed to 
produce any of Compound 13.

In the last two attempts, somewhat more drastic 
steps were taken.

1. Molecular amounts of acid were added in an attempt 
to increase the electron-withdrawing ability of the 
ethyl carboxylate.



14 + C + H'BujP 4- C^H^CHO Eq VI

Ethyl ether 
-20°C 
2 days

Ethyl ether 
R.T.

5 days
Ethyl ether 

reflux 
2 days

Benzene 
Sealed tube 
70 °C 

c h 3c oo h
days

Benzene 
Sealed tube 
BF3*Et20
100°C 

3.5 days

13
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2. The solvent was changed to higher boiling benzene,

so the reaction temperature could be increased.
3. The reactions were carried out in sealed tubes.

As in the previous cases, after removal of the 
volatiles from the tubes, the starting materials, Compound 
14, benzaldehyde, and tri-n-butyl phosphine were recovered.

Since Compound 1_3 could not be prepared, an attempt 
was made to prepare Compound 16, which would have only a
methylene group between the acetylene and the electron- 
withdrawing carboxylate.

Equation VII illustrates the proposed scheme for the prepa
ration of Compound 16.

\

s s

16

C1CH2CeC C H 2C1
C g H ^ C H O Eg VII
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l.)M»,.th«r H°2CH2C?=<CH2C02H „ SOci2
2JC02 ' V  2J EtOH ’ S
3.) H+,H20 H C6h5

It was found that the starting material, 1,4-dichloro-2- 
butyne, would not react under the conditions of the Hartzler 
reaction. Starting material was recovered.

Compound 17a, 2-(benzylidene)-4,5-bis(hydroxyl- 
methyl)-1,3-dithiole, was the next compound looked at, which 
was hoped would provide a suitable monomer.

R 0 C H H 2OR
s S a. R = H
T  Jb R =Ts

H C5 H 5
17

Equation VIII illustrates a possible preparative route.

C S 2 a R = H
R O C H o C = C C H o O n  — —— ~— * 1_7 b R — Ts

- 1 0 — 3  Eq VIII
— '  CQH5CHO

Starting with 2-butyl-1,4-diol, Compound 18a, none 
of Compound 17a was observed. Once again, the compound
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simply did not have the electron-withdrawing capacity for 
reaction under the conditions of the Hartzler method

In an attempt to increase the electron-withdrawing 
ability of the diol, the ditosylate, 2-butyn-l,4-ditosylate, 
Compound 18b, was prepared. Once Compound 17b, 2-(benzyli- 
dene)-4,5-bis(methyl tosylate)-1,3-dithiole was prepared, 
it was thought that hydrolysis of the tosylate would then 
afford Compound 17a.

The ditosylate, Compound 18b, was prepared from 
2-butyn-l,4-diol by the method described by Eglinton and 
Whiting (20). Attempts to prepare Compound 17b failed, 
resulting in recovery of the starting material only.

Since Compound 17a could not be made directly by 
Hartzler1s method, an alternative route could be the re
duction of the diester, dimethyl 2-(benzylidene)-1,3-di- 
thiole-4,5-dicarboxylate, Compound 10.

Vs
H C 5 H 5  

10

Lithium aluminum hydride in tetrahydrofuran (21), 
under a variety of conditions, afforded various colored 
residues which could not be separated or identified.
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In an attempt to utilize somewhat milder conditions, 

a method using sodium in refluxing 1-butanol (22) was tried. 
With this method, only the saponification product was ob
served". Even when this reaction was repeated using care
fully dried 1-butanol, only the disodium salt of Compound 1J3 
was again observed.

Lithium borohydride has been used in the reduction 
of esters (2 3)» Not being as strong a reducing agent as 
lithium aluminum hydride, it seemed to be an acceptable 
alternative. Kollonitsch, Fuchs, and Gabor reported pre
paring the lithium borohydride in situ at 0°C in ethanol 
from lithium chloride and sodium borohydride„ Temperature 
must be maintained close to 0°C. Below this temperature, 
most esters do not react, whereas above 0°C reaction with 
ethanol occurs, Using this method with Compound 10_ at 0°C, 
resulted in the recovery of starting material.

Kollonitsch et al„ also reported preparing the 
reagent in tetrahydrofuran at 250C from lithium iodide and 
sodium borohydride „ In tetrahydrofuran, Compound was 
reduced in a 42% yield to 2-(benzylidene)-4,5-bis(hydroxyl- 
methyl)-1,3-dithiole, Compound 17a.

However,this reaction works well only on a small 
scale (approximately three mmoles). All attempts to pre
pare Compound 17a on a large scale have resulted in the 
yields of about 12%,



16
Another compound which might be utilized as a 

monomer in the preparation of polyamides is 2-(benzylidene)-
4,5-bis(aminomethyl)-1,3-dithiole, Compound 19.

H 2 N H 2 C ^ = V C H 2 N H 2Vs
HA C6 H5
19

A possible route for the preparation of Compound 19_ is 
illustrated in Equation IX. This route proposes the prepa
ration of 2-(benzylidene)-1,3-dithiole-4,5-dicarboamide, 
Compound 2j0, which could then be reduced to the diamine, 
Compound 19.

9 9 E9Ix
NH40H H2NC~> _ r -CNH2 ReducUon 1012 ̂  Vs '

h^ 6hs

Attempted preparation of the diamide, Compound 2 0 , 
at room temperature (24) resulted in the recovery of the 
starting material, Utilizing the method reported by Kibler 
and Weissberger (25) resulted in the preparation of Compound 
20. The dimaide was prepared by heating the diester at 7 5°C 
in concentrated ammonium hydroxide. A distillation



apparatus allowed for the removal of methanol from the 
reaction flask. The diamide was filtered from the orange 
solution, which was the aequeous solution of the ammonium 
salt of Compound 10y as orange platelets with a metallic 
sheen. Spectral and elemental data confirmed the platelets 
as Compound 20.

Lithium aluminum hydride was used in an attempt to 
reduce Compound 2j0 to Compound 1_9 (2 6) . Again, as with
Compound 10y a viscous oil was obtained which could not be 
separated. Spectral data did not indicate the presence of 
the diamine.

The milder reagent, lithium borohydride in tetra- 
hydrofuran (11), also failed to produce the diamine. In 
this case, only the unreated diamide was recovered.

Fieser and Fieser (27) reported that the reducing 
power of hydride reagents may be increased by the addition 
of pyridine. However, this too resulted only in the re
covery of starting material.

Since direct reduction of the diamide to the diamine 
failed, an indirect method was investigated and is illus
trated by Equation X.

20
Eq X
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The attempt to dehydrate the diamide to 2-(benzyli- 

dene) -4, 5-dicyano-l, 3-dithiole , Compound 2_lf utilized the 
refluxing of the diamide with tosyl chloride and pyridine in 
benzene (28). Dehydration did not occur and starting 
material was recovered.

Turning then to a stronger dehydrating agent also 
failed to produce Compound 2_1. This method, 'involving the 
use of thionyl chloride in N,N-dimethylformamide, was re
ported by Thurman (29) . The crude material, which was 
obtained on workup, proved impossible to separate either by 
thin-layer or column chromatography. The NMR indicated a 
mixture of compounds. It failed to, indicate the presence 
of the vinyl proton, necessary if Compound 2]L was present. 
Infrared indicated the presence of the cyano functionality, 
However, sodium fusion indicated at most, only a trace of 
sulfur. These data seemed to indicate that Compound 2JL 
was not present .-

Utilizing phosphorus pentoxide (24) as the de
hydrating agent resulted in the decomposition of Compound 
20. The dehydration attempt was carried out in a suhlimator 
in hopes that Compound 21̂  would sublime out . No sublimation 
occurred as the mixture of Compound 20. and phosphorus 
pentoxide turned black.

Equation XI illustrates other dithiole monomers, 
Compounds 2 2 and 2_3, which could be useful in preparing 
polymers.



22 2.) NH4CI ' H36 V CH3
H C0H5 
22

c6h6 
Reflux

H oC r̂ C—C Ho
H xC CHt

The preparation of Compound 22̂  was via a Grignard 
reaction of methyl magnesium iodide and the diester,
Compound IjO (30) . Workup was with saturated ammonium 
chloride solution (27, p. 419) to avoid the use of a 
strongly acid medium. After an involved purification pro
cess, Compound 2_2 was obtained in 4 8% yield.

Attempts to prepare the dehydrated product. Compound 
23, failed. After refluxing Compound 22_ for 15 hrs in 
benzene with £-toluenesulfonic acid monohydrate (31), only 
starting material was recovered,

An attempt was made to prepare condensation polymers 
containing the dithiole group, as illustrated in Equation
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15 hrs.
Sealed tube

Ti(OC3H 7)4 
1S0°C 
72 hrs.

Eq XII

9 9N H — (C H2)g,— NH— C ^ _ / C

yH C 6 H5 
24 n

The sealed tube method reported by Speck (32) for 
the preparation of polyamides gave polycondensation product 
which had an inherent viscosity of 0.084 dl/g(DMSO). Infra' 
red indicated the presence of polyamide as well as both 
ester and amine monomer carbonyl stretch. NMR confirmed 
the presence of amide protons as well as amine and methyl 
ester end groups, indicating the low molecular weight of 
the polyamide. Sodium fusion confirmed the presence of 
sulfur in the compound.

Increasing the reaction time of the polymerization 
failed to increase the inherent viscosity.

Attempts were made to remove the methanol as it 
formed, to increase the molecular weight. However, this
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resulted in the sublimation of the diamine and polyamides 
with inherent viscosities in the range of 0.06 dl/g(DMSO).

Utilizing titanium tetraisopropoxide (33), to 
catalyze the reaction, resulted in a dark red, insoluble 
solid. Infrared indicated it to be a polyamide. A DSC on 
the material indicated a T at 225°C with decomposition 
beginning at 300°C, Sodium fusion indicated the presence 
of- sulfur.

Since this material was insoluble in all solvents, 
no attempt was made to form a complex with an electron 
acceptor.

In summary, therefore, it was found that Compounds
13, 16, 17a, and 17b could not be prepared via the Hartzler
method from the respectively substituted acetylenes. One 
reason for this may be that the substituents on the acety
lene were not sufficiently electron-withdrawing, which is 
necessary -for reaction to occur with the carbon disulfide- 
tri-n-butyl phosphine complex.

Preparation of the diol. Compound 17a, was accom
plished by the reduction of the diester with lithium boro- 
hydride. Use of stronger reducing agents, such as lithium 
aluminum hydride, resulted in the decomposition of the 
diester, while milder :reagents, such as sodium in 1 -butanol, 
produced only the saponification product.

The diol, Compound Z2, was prepared by the reaction
of methyl magnesium iodide with the diester, Compound 10.
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Attempts to dehydrate Compound 22. to the alkene, Compound 
23, failed.

Both Compounds 17a and 23̂  are light sensitive and 
changed colors from light yellow to yellow-brown and red, . 
respectively. NMR on these colored compounds indicated no 
apparent change in the structure.

Preparation of the diamide was accomplished by the 
reaction of the diester, Compound 10_, with concentrated 
ammonium hydroxide. Attempts to reduce this diamide to the 
diamine, Compound 1J9, or to dehydrate it to the dicyano 
compound failed.

Preparation of some low molecular weight polyamides 
was accomplished by the reaction of the diester. Compound 
10, with 1,6 -hexanediamine. Catalyzing the reaction with 
titanium tetraisopropoxide yielded an insoluble polyamide.



EXPERIMENTAL

Instrumentation 
Melting points were determined on a "Mel-Temp" 

apparatus and are not corrected. Infrared spectra were 
determined on a Perkin-Elmer 337 Grating Infrared Spectrom
eter. Polystyrene was used as a standard for calibration.
A Varian T-60 (60 MHz) Nuclear Magnetic Resonance spectrom
eter was used to determine the NMR spectra. Chloroform-d^, 
unless otherwise specified, was the. solvent, with tetra- 
methylsilane as the internal standard. The DSCs were 
determined on a Perkin-Elmer Differential Scanning Calorim
eter, DSC-lB. Mass spectra were recorded on a Hitachi 
Perkin-Elmer model RMU 6 -E mass spectrometer at an ionizing 
current of 70 ev. Fenske viscometers were used to deter
mine the inherent viscosities. The inherent viscosities 
(dl/g) were determined on 0 .5 % solutions.

Elemental Analysis 
Elemental analyses were determined by Huffman 

Laboratories, Inc., Wheatridge, Colorado, and Chemalytics, 
Inc., Tempe, Arizona.

Materials
Benzaldehyde (Aldrich Chemical Go.) was washed five 

times with 10% sodium bicarbonate. After drying over sodium
23
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carbonate and filtering, it was distilled under reduced 
pressure under nitrogen.. 2 -Butyl -1, 4-did.l (Aldrich 
Chemical Co.) was recrystallized from ethyl ether. Tosyl 
chloride (Matheson, Coleman, and Bell) was dissolved in a 
minimum amount of chloroform. To this, petroleum ether 
(30-60°C) was added until no further precipitate was ob
served. The solution was filtered, concentrated, and pre
cipitated. Tetrahydrofuran (Mailinckrodt, Inc.) was 
freshly distilled before each use from lithium aluminum 
hydride. 1-Butanol (Mailinckrodt. Inc.) was distilled from 
sodium-. Dimethyl sulfoxide (Aldrich Chemical Co.) was dis
tilled from calcium hydride before each use. Pyridine 
(Mallinckrodt, Inc.) was distilled from calcium hydride 
before each use. 1,6 -Hexanediamine was recrystallized from 
ethyl ether.

Bibenzyl, tri-n-butyl phosphine, dimethyl acetylene 
dicarboxylate, and methyl iodide (Aldrich Chemical Co.) 
were used without further purification. Glacial acetic 
acid, chloroform,ethyl ether (anhydrous), lithium chloride, 
N,N-dimethylformamide, and carbon disulfide (Mallickrodt, 
Inc.) were used without further purification. Lithium 
iodide, n-butyl lithium, lithium aluminum hydride, and 
bromine (Alfa Products) were used without further purifica
tion. Sodium borohydride, boron trifluoride etherate, and 
phosphorus pentoxide (Matheson, Coleman, and Bell) were used 
without further purification. p-Toluenesulfonic acid
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monohydride (Eastman Organic Chemicals) was used without 
further purification.

Chloroform-d, dimethylsulfoxide-d^, deuterium oxide, 
and tetramethy1si1ane (Aldrich Chemical Co.) ,were used as 
NMR solvents.

Experimental Procedures

1,2-bis(4-Bromophenyl)-1,2-dibromoethane
Into a round bottom flask equipped with a condenser, 

addition'.funnel, and a magnetic stirring bar, 52.9 g (0,291 
mol) bibenzyl was placed. Then 300 ml of glacial acetic 
acid was added. The solution was stirred until the bibenzyl 
dissolved. A solution of 22 ml of water and 58 ml of 
bromine was added over a 5 min period. The entire solution 
was then heated to reflux for 0.5 hr.

While still hot, the white powdered crystals were 
filtered, washed with 100 ml of glacial acetic acid, 150 ml 
of ethyl ether, and dried, yielding 44.9 g (31%) of product, 
mp 245-8°C dec.; Lit. m p : (16) 235-45°C dec. . NMR:7,26,
quartet (4H), 2.956, singlet (2H). IR: 1610 (m), 1475 (s), 
1080 (s), 1 0 1 0  (s), 600 (s) cm”1 .

bis (p>-Bromophenyl) acetylene
In.a round bottom flask, 13 g of sodium was dis

solved in 300 ml of absolute ethanol. T<b. this solution,
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with stirring, 40 g (0,08 mol) of 1,2-bis(4-bromophenyl)-
1,2-dibromoethane was added. This was heated to reflux for 
5 hrs. The dull, light orange solution was poured onto a 
mixture of 100 ml of water and 500 g of ice. The slurry was 
filtered and the shiny, cream-colored powder was recrystal
lized from chloroform, yielding 19.8 (70%) of product, mp 
185-5°C; Lit. mp (17) 182-4°C. IRs 1610 (m) , 1480 (s) ,
1073 (s), 1005 (s), 828 (s), 822 (s) cm"1 .

4,4'-Diphenylacetylene Cicarboxylie Acid
In a round bottom flask under nitrogen, equipped 

with a condenser, nitrogen inlet, and a magnetic stirring 
bar, 17 g (0.05 mol) of bis(p-bromophenyl)acetylene was 
placed. To this 300 ml of dry ethyl ether was added. This 
did not totally dissolve the acetylene, but the slur try was 
cooled to -78°C. Using a syringe, a solution of 30 ml of 
ethyl ether and 62 ml (0.158 mol) of n-butyl lithium was 
added over 15 min. This was allowed to stir for an addi
tional 15 min at -78 °C and allowed to wa-rm up to room 
temperature. Stirring was continued for an additional 2 
hrs under nitrogen.

The solution was then poured into a dry ice-ethyl 
ether slurry and stirred overnight.

The ethyl ether was removed by evaporation. The wet 
residue was slurried with 200 ml of 10% HCl and filtered. 
Then the solid was dissoved into an exces of 10% HaOH. The



solution was filtered and then extracted four times with 12 5 
ml of ethyl ether„ The aqueous solution was the acidified. 
The solid was collected and dried, yielding 12.4 g (73%) of 
product, mp 398-402oC; Lit. mp (15) 398-402°C. NMR 
(DMSO-dg); 7.406, pair of doublets (8 H), 12.86, broad peak
(2H). IR: 3200 (O-H, wide band), 1690 (C=0, s) cm-^ .
Mol. w t .-(Mass Spec): parent peak 266 mass units,
Elemental analysis: Calcd for c^5Hqo°4: C 72.18%, H
3,80% . Found: C 72.07%, H 4,)08%. .

Diethyl 4,4'-diphenylacetylene 
D.icarboxylate

Into a round bottom flask equipped with a condenser
and a magnetic stirring bar, 4 0 ml of absolute ethanol, 50
i . _3;ml of toluene, and 1.5 g (5.6 x 10 mol) of 4,4'dipheneyl- 
acetylene dicarboxylie aced were placed. The mixture was 
then heated .to reflux for one week.

The clear, yellow solution was poured on ice. The 
toluene was allowed to evaporate and the resulting suspen
sion in the aqueous phase was extracted three times with 
1 0 0  ml of dichloromethane, dried over calcium chloride, and 
evaporated. The diester was then recrystallized from 
acetone, resulting in light yellow crystals, yielding 1.13 g 
(62.4%), mp 146-7°C; Lit, mp (14) 146-7°C. NMR: 7.866, pair
of doublets (8 H) , 4,406, quartet (4H) , 1.456, triplet (6 H). 
IR: 3005 (C-H, m ) , 1720 (C=D, s), 1610 (C=C, s), 1280 (C-O,
s), 1115 (-0 -CH2 -C, s ) cm”1 . Mol. wt. (Mass Spec): parent
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peak 322 mass units. Elemental Analysis; calcd for 
C2 0H18°42 C 75-80%, H 5.60%, Found: C 75.66%, H 5.58%.

Attemted Preparation of 2-(Benzylidene)-
1,3-dithiole-4,5-bis(diethyl 4,4'- 
diphenyl Bicarboxylate)

Via. Into a flame-dried round bottom flask flushed
with nitrogen and cooled in a carbon tetrachloride-dry ice
bath (-23°C), 5 ml of anhydrous ethyl ether was added. With
stirring, 0.1 ml (1.03x10  ̂mol) of carbon disulfide, 0.17
ml (1.03x10  ̂mol) of tri-n-butyl phosphine, and 0.1 ml

_3(1.03x10 mol) of benzaldehyde were also added. Tb this
— 3red-purple solution, 0,33 g (1.03x10 mdl) of diethyl 4,4'- 

diphenylacetylene dicarboxylate in 5 ml of dichloromethane 
(the diester was only very slightly soluble in ethyl ether) 
was added over a 20 min period. An additional 5 ml of di
chlorome thane was added to rinse the addition funnel. After 
1.5 hrs, no apparent reaction occurred, so the solution was 
warmed up to room temperature and allowed to stir for 2  

days.
Upon evaporation of the solvents, the residue was 

fecrystallized. It proved to be the diester. Recovery was 
75%.

VTb. The reaction was run as above except at room 
temperature. The reaction mixture was stirred for 5 days 
and then worked up. After this time, none of the desired 
product was observed.



29
Vic. Again, this reaction was run as above at room 

temperaturee The solution was then warmed up to reflux for 
8 hrs. After work-up, only the starting material was re
covered.

VId. Into a glass tube, flushed with nitrogen, 0.5
ml of benzene was introduced. To this, 0.15 ml (2.7x10-^

-3mol) of carbon disulfide, 0.68 ml (2.7x10 mol) of tri-n-
butyl phosphine, 0.09 ml (9x10  ̂mol) of benzaldehyde, and

-40.10 ml (1.8x10 mol) of the diester in 25 ml of benzene 
was added. The tube was degassed by freezing and evacuating 
three times. It was then sealed and heated at 70°C for 4 
days.

After this time, the tube was opened and the liquid 
portion evaporated. The remaining residue yielded only a 
small amount of unreacted starting material. None of the 
desired product was observed.

Vie. The reaction was set up as above with the fol
lowing exceptions: no acetic acid wastadded, but.instead
0 . 2  ml of BF^'Et^O was substituted, the reaction temperature 
was raised to 100°C, and the time was reduced to 3.5 days. 

Once again, none of the product was observed.

Attempted Preparation of 2-(Benzylidene)-4,5- 
bis(chloromethyl)-1 ,3-dithiole

To a nitrogen flushed round bottom flask, equipped
with a drying tube, addition funnel, septum, and a magnetic
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stirring bar, 1 0  ml of anhydrous ethyl ether was added.
Then 0.6 ml (1x10  ̂mol) of carbon disulfide, 2.46 ml 
(1 x 1 0   ̂mol) of tri-n-butyl phosphine, and 1  ml (Ixio"^ mol) 
of benzaldehyde were added. With stirring at room tempera- 
ture, a solution of 1 ,4-dichloro-2-butyne ( 1  ml, 1 x 1 0 " mol, 
in 5 ml of ethyl ether) was added dropwise over a 20 min 
period, The solution was stirred.

After 1 hr, it appeared that no reaction occurred, 
so the drying tube was removed and replaced with a conden
ser. The solution was heated at reflux for 1 hr with a 
water bath. At the end of this time, still no reaction 
seemed to have occurred. The volatiles were removed by 
evaporation and the residue examined with NMR. No indica
tion of the desired product was observed.

Attempted Preparation of 2-(Benzylidene)-4,5- 
bis(hydroxy1 -methyl)-1 ,3-dithiole

Into a nitrogen-flushed round bottom flask equipped
with an addition funnel, magnetic stirring bar, septum, and
a drying tube, 1 0  ml of anhydrous ethyl ether was placed.
To this, 1.2 ml (2xl<0 2 mol) of carbon disulfide, 5 ml
(2 x 1 0  mol) of tri-n-butyl phosphine, and 2 ml (2 x1 0  mol)

—2of benzaldehyde were added. A solution of 1 g (1.4x10 
mol) of 2-butyn-l, 4-dio.l in 60 ml of ethyl ether was slowly 
added over a 30 min period. The solution was stirred at 
room temperature for 2 hrs after the addition.
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After this time, the volatiles were evaporated„ An 

NMR on the remaining residue indicated only staring material 
and none of the desired product.

Preparation of 2-Butyn-l,4-ditosylate
To 50 ml of acetonitrile, 5,4 g (6.3x10  ̂mol) of 

2-butyn-l,4-diol was added and dissolved. Then 28 g 
(1.36x10 ^ mol) of tosyl chloride was added, but had not 
completely dissolved when a solution of potassium hydroxide 
(7 g potassium hydroxide in 15 ml of water) was slowly 
added, Initially, the temperature was allowed to rise to 
30°C with the addition of the potassium hydroxide. This 
helped to complete the dissolution of the tosyl chloride.
The mixture was then cooled down to 20°C,

After stirring for 18 hrs, the solution was poured 
into a beaker containing 25 ml of water and 50 ml of ethyl 
ether, The. layers were separated. The organic layer was 
washed with 1 0 0  ml of water? while the aqueous, with 1 0 0  

ml of ether. The two organic layers were combined, dried 
over calcium chloride, and evaporated. The crude, light 
yellow solid was recrystallized from methanol, yielding 8 . 2  

g (30.6%) of product, mp 93-4°C? Lit. mp (20) 94-5°C.
NMR: 7.66, pair of doublets (8 H), 4,66, singlet (4H),
2.456, singlet (6 H ) . Mol. wt. (Mass Spec): parent peak 
394 mass units.



32
Attempted Preparation of 2-(Benzylidene)-4,5- 
bis(methyl tosylate)tl,3-dithiole

To a nitrogen-flushed round flask, 5 ml of anhydrous 
ethyl ether was added, followed by 0.1 ml (2.5x10  ̂mol) of 
carbon disulfide, 0.7 ml (2.5x10 ^;mol) of tri-n-butyl 
phosphine, and 0.3 ml (2.5x10 mol) of benzaldehyde. This 
was cooled to -20°C. Over a 30 min period, 1 g (2.5x10  ̂

mol) of 2 -butyn-l,4-ditosylate in 30 ml of ethyl ether was 
added. The solution was stirred for 2 hrs at -20°C, after 
which time no apparent reaction had occurred, so the solu
tion was allowed to come to room temperature and stirred 
overnight.

After evaporation of the volatile materials, NMR 
indicated the presence of only the less volatile starting 
materials.

Attempted Preparation of 2-(Benzylidene)-
4,5 -bis(methyl tosylate)-1 ,3-dithiole 
Catalyzed by BF3 *Et20

The reaction was set up as.above, but at room 
temperature. Also added to the ditosylate-ether solution 
were 0.25 ml of BF^*Et2 0 „ This was allowed to stir for 10 
min, after which time an orange liquid separated from the 
solution. The orange liquid was removed. The NMR of the 
liquid indicated a mixture of the less volatile starting 
materials and none of the desired product.
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Attempted Preparation of 2-(Benzylidene)-
4,5-bis(hydroxyl-methyl)-1,3-dithiOle with 
Lithium Aluminum Hydride at Reflux

To a round bottom flask, equipped with a magnetic 
stirring bar, addition funnel, and a condenser with a 
calcium chloride drying tube, and containing 2 0  ml of dry 
tetrahydrofuran, 0.2 5 g (1.25x10  ̂mol) of lithium aluminum 
hydride was added„ This was heated to reflux. While still 
hot, 1.0 g (3.25x10.  ̂mol) of dimethyl 2 - (benzylidene)-1,3- 
dithible-4,5-dicarboxylate in 50 ml of dry tetrahydrofuran 
was slowly added, maintaining a reflux. The mixture was 
refluxed an additional 30 min,

After the reflux period, the mixture was cooled down 
and methanol was added to decompose the excess lithium 
aluminum hydride. To this solution saturated sodium sulfite 
was added until granular aluminum salts appeared. This was 
filtered. The filtrate was extracted twice with 150 ml of 
chloroform. The combined organic layers were dried over 
anhydrous sodium sulfate. After removal of the chloroform, 
yellow-brown residue remained. Attempts to separate the 
various materials by column chromatography failed. NMR did 
not indicate any of the desired material.
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Attempted Preparation of 2-(Benzylidene)-
4.5-bis(hydroxyl-methyl)-1,3-dithiole with 
Lithium Aluminum Hydride at .Room Temperature

The reaction was run as above except at room temper
ature. The diester was added to a slurry of lithium 
aluminum hydride in tetrahydrofuran and stirred for 30 min.

Again a brown residue, which could not be separated, 
was recovered on work-up. NMR did not indicate any of the 
desired product.

Attempted Preparation of 2-(Benzylidene)-
4 .5 -bis(hydroxyl-methyl)-1 ,3 -dithiole with 
Sodium in 1-Butanol

Into a round bottom flask, equipped with a con
denser and a magnetic stirring bar, 60 ml of 1 -butanol was

—  3placed. Then 1 g (3.2 4x10 mol) of dimethyl 2-(benzyli
dene) -1 , 3-dithiole-4 , 5-dibarboxylate was added and the 
mixture was heated to reflux. Then over a 10 min period, 
1,50 g of sodium was added. The solution turned a light 
yellow color with a yellow precipitate. The precipitate was 
filtered out. A yield of 0,9 g (85%) was recovered, mp 
328°C dec. NMRfDgO) : 7.2 8 &, singlet (5H) , 6.456, singlet
.(1H),

Attempted Preparation of 2-(Benzylidene)-
4.5-bis(hydroxyl-methyl)-1 ,3-dithiole with 
Lithium Borohydride in Ethanol

Into a round bottom flask, equipped with a con
denser, addition funnel, septum, and a magnetic stirring
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bar, 15 ml of anhydrous ethanol was placed and cooled to 
0°C» To this 0.137 g (3.24x10  ̂mol) of lithium chloride 
and 0.126 g (3.24x10 mol) sodium borohydride were added. 
While at 0°C, the solution was stirred to dissolve the two 
solids„

— 4To the mixture, a solution of 0.2 5 g (8.1x10 mol) 
of dimethyl 2 - (benzylidene)-1 ,3-dithiole-4,5-dicarboxylate 
in 2 0  ml of anhydrous ethanol was slowly added over a 1  hr 
period, maintaining the temperature at 0 °C.

The solution was stirred an additional 1,5 hrs at 
0°C and .5 hrs at room temperature.

The light yellow solution was poured on ice, 
resulting in a white, milky solution which was extracted 
twice with 75 ml of chloroform. The organic layer was dried 
over calcium chloride and evaporated„ The NMR indicated the 
residue to be starting material.

Preparation of 2-(Benzylidene)-4,5- -
bis(hydroxylmethyl)-1 ,3-dithiole with 
Lithium Borohydride in Tetrahydrofuran

Into an argon —flushed round bottom flask, 1.225 g 
(3.24x10  ̂mol) of sodium borohydride, 3.97 g (3.24x10  ̂

mol) of lithium iodide, and 50 ml of anhydrous tetrahydro- 
furan were placed.. Then a solution of 1 g (3.24x10  ̂mol) 
of dimethyl 2 - (benzylidene)-1 ,3-dithiole-4,5-dicarboxylate 
in 1 0  ml of anhydrous tetrahydrofuran was slowly syringed 
in and stirred for 4 hrs at room temperature.•
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Then a mixture of 100 ml of chloroform and 100 ml of 

water was added to the solution. This was poured into a 
separatory funnel and the layers were separated. The 
aqueous layer was washed twice with 100 ml of chloroform.
The combined organic layers were then washed twice with 10 0 
ml of water, dried over calcium chloride, filtered, and 
evaporated. The orange residue was recrystallized from 
acetone with recovery of .34 g (42%) of product, mp 136-7°C. 
NMR(DMSO-dg)s 7.26, singlet (5H), 6.56, singlet (1H),
5.46, triplet (2H)> 4.256, doublet (4H)„ IR; 3225 (O-H, 
broad band), 1605 (C=C, m ) , 1178 (C-H, m ) , 1000 (C-O, s) 
cm **". Elemental Analysis: CalCd for ^2.2^12^ 2^ 2 1 ^ 57.14%,
H 4.76%, S 12.70%, O 25.40%. Found: .C 57.35%, H 5.04%,
S 12.62%, 0 25.25%.

Preparation of 2-(Benzylidene)-1,3- 
dithiole-4,5 -dicarboxyamide

• Into a round bottom flask with a distilling head,
150 ml of concentrated ammonium hydroxide was placed. To 
this, 1.03 g (3.25x10  ̂mol) of dimethyl 2 - (benzylidene)-
1,3-dithiole-4,5-dicarboxylate was added. The flask was 
heated to 7 50C and stirred for 14 hrs.

An orange solid, with a metallic luster was fil
tered out. It was recrystallized from a 1 : 1  mixture of 
acetone:ethanol, yielding .37 g (40%) of product, mp 249- 
51°C. NMR(DMSO-d^): 9.156, broad peak (4H) , 7.256 , 
singlet (5H), 6.656, singlet (1H)„ IR: 3360, 3180 (N-H, s),
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1680 (C=0, s), 1570 (N-H, s), 690 (N-H, s) cm-1„ Elemental 
Analysis: Calcd for C2.2H10N2°2S2 : C 51.80%, H 3.60%, N 
10.17%, Found: C 51.75%, H 3.62%, N 10.36%.

Attempted Reduction of 2-(Benzylidene)-1,3- 
dithiole-4,5-dicarboxyamide with Lithium 
Aluminum Hydride at Reflux

Into a round bottom flask, equipped with a magentic
stirring bar, addition funnel, and a condenser with a

—3calcium chloride drying tube, 0,15 g (7,5x10 mol) and 10 
ml of dry tetrahydrofuran were placed. This was heated to 
reflux and stirred until most of the lithium aluminum

- 3hydride dissolved. Then 0.5 g (1,8x10 mol) of ^-(benzyli- 
dene) -1, 3-dithiole-4 , 5-dicarboxyamide in 50 ml of dry tetra- 
hydrofuran was slowly added and stirred for ,5 hrsv

The solution was then cooled and methanol slowly 
added to decompose the excess lithium aluminum hydride.
Then a saturated solution of sodium sulfite was slowly added 
until the aluminum salts were granular in appearance. These 
were filtered out and the filtrate was extracted twice with 
10 0 ml of chloroform. The organic layers were combined and 
dried over sodium sulfate and evaporated. An orange, oily 
residue remained. NMR indicated a mixture of compounds, 
but they could not be separated by use of thin-layer or 
column chromatography.
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Attempted Reduction of 2-(Benzylidene) r - 1 ,  3- 
dithiole-4,5-dicarboxyamide with Lithium 
Aluminum Hydride at Room Temperature

The reaction was set up as above except that the
lithium aluminum hydride was slurried with the tetrahydro-
furan at room temperature. The diamide was slowly added
and the mixture was stirred for .5 hrs.

After work-up as above, an orange residue was again
recovered„ Once again, NMR indicated a mixture of compounds
which could not be separated. .

Attempted Reduction of 2-(Benzylidene)-1,3- 
dithiole-4,5-dicarboxyamide with Lithium 
Borohydride in Tetrahydrofuran

Into a nitrogen-flushed round bottom flask, equipped
with a magnetic stirring bar and a calcium chloride drying
tube, 0.18 g (6.5x10  ̂mol) of 2 - (benzylidene)-1,3-dithiole-

_34,5-dicarboxyamide, 0.25 g (6.5x10 mol) of sodium boro
hydride, and 0,87 g (6,5x10  ̂mol) of lithium iodide^were 
placed. Then 15 ml of anhydrous tetrahydrofuran was added. 
The solution was stirred at room temperature for 5.3 hrs.

A mixture of 100 ml of water and 100 ml of chloro
form was then added. The layers were separated. The 
aqueous layer was extracted twice with 1 0 0  ml of chloroform 
and the combined organic layers were then extracted twice 
with 100 ml of water. The organic layer was dried over 
calcium chloride, filtered, and the chloroform evaporated. 
The residue was recrystallized from a 1:1 mixture of



39
ethanol:acetone„ NMR on the orange solid indicated starting 
material.

Attempted Reduction of 2-(Benzylidene)-1,3- 
dithiole-4,5-dicarboxyamide with Lithium 
Borohydride in Pyridine

Into a nitrogen-flushed round bottom flask, equipped
with a magnetic stirring bar and a calcium chloride drying
tube, 0.189 g (7x10  ̂mol) of 2-(benzylidene)-1,3-dithiole-

-34,5-dicarboxyamide, 0.21 g (5.25x10 mol) of sodium boro- 
hydride, and 0,7 g (5.25x10 mol) of lithium iodide were ' 
placed. Then 0.5 ml of pyridine and 15 ml of dry tetra- 
hydrofuran were added and stirred for 3.5 hrs.

The clear, orange solution was then poured into 50 
ml of water. An orange precipitate resulted, which was 
•filtered and. washed well with water.. After drying over 
night in a vacuum oven at 50°C, an NMR on the solid indi
cated starting material! 0,17 g were recovered.

Attempted Preparation of 2- (Benzylidene)-4,5- 
dicyano-1 ,3-dithiole

Into a round bottom flask,' equipped with a magnetic
stirring bar and a condenser, 0.91 g (3.26x10  ̂mol) of 2-
(benzylidene)-1,3-dithiole-4,5-dicarboxyamide, 1.14 ml
(1,47x10  ̂ mol) tif pyridine, and 10 ml of benzene were
placed. To this, 1.24 g (6.52x10 - mol) of tosyl chloride
was added, A slight temperature increase was noted. The
solution was then heated at 50°C for 30 min.
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The slurry was cooled, filtered, and the orange 

solid was washed with water. The solid was then dried in an 
oven (80°C) for 3 hrs. An IR of. the solid indicated 
starting material.

Attempted Preparation of 2-(Benzylidene)-
4,5-dicyano-l,3-dithiole

To a nitrogen-flushed round bottom flask, equipped 
with a magentic stirring bar and--a-n- -addition funnel, 0.5 
g (1.62x10  ̂mol) of 2 - (benzylidene)-1 ,3-dithiole-4,5- 
dicarboxyamide and 10 ml of N,N-dimethylformamide were 
added. To this 2 ml of thionyl chloride was slowly added 
with stirring at 0°C. The solution was allowed to come to 
room temperature and stirred for 72 hrs.

The solution was poured into a mixture (1:1) of 
chloroform and water. The layers were separated and the 
organic layer was washed three times with 1 0 0  ml of water, 
dried over calcium chloride, filtered, and the chloroform 
evaporated. .

An NMR on the crude material was taken, but it could 
not be interpreted. All attempts to separate the various 
substances in the mixture by thin-layer and column 
chromatography failed.

Attempted Reduction of 2-(Benzylidene)-4,5- 
dicyanorl,3-dithiole with Phosphorus Pentoxide

-3Into a sublimation apparatus, 0.5 g (1.62x10 mol) 
of 2 - (benzylidene)- 1 ,3-dithiole-4,5-dicarboxyamide and 1  g
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of phosphorus pentoxide were placed. A vacuum (0.10 mm) was 
applied. The apparatus was placed into a hot oil bath 
(210°C).

Immediately the mixture began to turn black. No 
material sublimed out.

Preparation of 2-(Benzylidene)-
4,5-bis(isopropyl)-1 ,3-dithiole

In a nitrogen-flushed round bottom flask equipped 
with a condenser, septum, magnetic stirring bar, and an 
addition funnel, 0.74 g (3.2x10  ̂mol) of magnesium and 20 
ml of anhydrous ethyl ether were placed. Then a solution 
of 2 ml (4.56 g, 3.2x10  ̂mol) of methyl iodide in 10 ml of 
ethyl ether was slowly syringed in. The flask was cooled 
in order to maintain a gentle reflux of the ether, The 
solution was stirred for 1  hr, after which time no more of 
the magnesium seemed to react.

_3A solution of 1 g (3.25x10 mol) of dimethyl 2- 
(benzylidene)-1,3-dithiole-4,5-dicarboxylate in 40 ml of 
ethyl ether was slowly added over 30 min. The solution was 
then stirred for 4 hrs.

After this time, 2 0 ml of saturated ammonium 
chloride was slowly added with cooling. A yellow organic 
layer separated. The aqueous layer was extracted with ethyl 
ether until it remained clear. The organic layers were 
combined, dried over calcium chloride, filtered, and 
evaporated. A red-brown residue remained.
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This residue was dissolved into benzene and placed 

on a silica gel column (4x25 cm) and eluted with benzene 
until the solution was colorless. Then the solvent was 
changed to ethyl acetate, which removed the yellow-brown 
band remaining in the column„ The ethyl acetate was re
moved. A red-brown residue remained.

This residue was redissolved into chloroform. This 
time' it was placed on a 2x50 cm silica gel column and 
eluted with chloroform until the leading red band just 
separated.from the wide yellow-brown band. The silica gel 
was then removed from:the Column and the yellow-brown band 
was separated from the red band. The yellow-brown- band was 
then removed from the silica gel with ethyl acetate. After 
filtration, the ethyl acetate was evaporated.

The remaining residue was then dissolved into a 
small volume of chloroform. This was heated to boiling. 
Hexane was added until, at boiling, a precipitate occurred. 
Then a small amount of chloroform was added to redissolve 
the precipitate. This was allowed to cool slowly to room 
temperature, Light yellow needles precipitated out, 
yielding .48 g (48%) of product, mp 152-4°C. NMR: 7.256, 
singlet (5H), 6.306, singlet (1H), 5.606, singlet (2H), 
1.656, singlet (12H). IR: 3200 (O-H, broadband), 2960 
(C-H, sj, 1600 (C=C, s), 1180 (C-O, s). Elemental Analysis: 
Calcd for C1 6 H 2 0 O 2 S2 : C 62.34%,H 6.49%. Found: C 62.55%,
H.6.,30%.
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Attempted Preparation of 2 - (Benzylidene)- J
4.5 -bis(isopropene)-1 ,3-dithiole

Into a round bottom flask, equipped with a condenser 
and a magnetic stirring bar, 0 . 1  g (3.2 5x10  ̂mol) of 2 - 
(benzylidene)-4,5-bis(isopropyl)-1,3-dithiole, 0,25 g of 
p-toluenesulfonic acid monbhydrate, and 80 ml of benzene 
were placed. This was heated at.reflux for 15 hrs.

The cooled solution poured into a separatory funnel. 
The benzene layer was washed six times with 100 ml of a 
saturated sodium bicarbonate solution. This was followed 
by three, 100 ml washings with water. The organic layer 
was dried and evaporated.' A small amount of oily, yellow 
residue remained. An NMR indicated it to be starting 
material.

Preparation of Compound 24_ 
in a Sealed Tube

Into a polymerization tube flushed with nitrogen,
1  g (3.25x10  ̂mol) of dimethyl 2 - (benzylidene)-1 ,3-.
dithiole-4,5-dicarboxylate and 0.4 g (3.25x10  ̂mol) of
1.6 -hexanediamine were placed. After evacuating the tube, 
it was sealed and heated for 15 hrs at 125°C. The tube w a s ■ 
opened and a clear liquid was removed. NMR indicated this 
liquid to be methanol. A vacuum was pulled for 45 min to 
remove the remaining methanol, yielding 1.19 g of crude 
product.
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The solid was washed with chloroform until it no 

longer turned yellow. The remaining residue was dissolved 
into dimethyl sulfoxide and precipitated into water twice.
A yellow-brown precipitate, weighing .2 g, (DMSO?
29,8°C) = 0.084 dl/g, was recovered. Infrared and NMR 
indicated a polyamide. Sodium fusion indicated the presence 
of sulfur.

The chloroform washings were taken and precipitated 
into methanol. The golden-brown precipitate was very fine 
and could not be removed by filtration, so no more analysis 
was done on it, •

Preparation of Compound 2_£ Catalyzed by 
Titanium Tetraisopropoxide

In a round bottom flask equipped with a magnetic 
stirring bar, 1 g (3,25x10  ̂mol) of dimethyl 2-(benzyli- 
dene)-l,3-dithiole-4,5-dicarboxylate and 0.38 g (3.25x10  ̂

mol) of 1,6-hexanediamine were placed. After heating to 
melting, 1 0  drops of titanium tetraisopropoxide were added. 
The temperature was brought up to 160°C and stirred for 72 
hr s.

The residue was cooled and washed with hot chloro
form until it no longer turned a yellow-brown color. Then 
the residue was washed with hot dimethyl sulfoxide until it 
too remained clear. The remaining residue was then washed 
again with chloroform to remove any remaining dimethyl 
sulfoxide. On drying, a dark brown residue, with a black
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sheen, weighing 0,73 g was recovered. The material did not 
have a melting point and was only slightly soluble in hot 
HMPT and insoluble in everything else» DSC indicated a 
at 225°C and decomposition beginning at 300°C. IR indicated 
a polyamide. Sodium fusion indicated the presence of 
sulfur.
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