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Experimental Section 
Polarographic a n d  cyclic vo l tammetr ic  measurements were car- 

r i ed  o u t  with the  a i d  o f  a Pr inceton App l i ed  Research M o d e l  170 
electrochemical inst rument .  Polarograms were measured in the  
conventional manner  before a n d  after add i t i on  o f  known  amounts 
o f  proton donor. 

Cyclooctatetraene was pur i f ied b y  vacuum dis t i l la t ion under  
nitrogen. Purity o f  t h e  other hydrocarbons was assessed by thin 
layer chromatography. I f  more t h a n  one spot was observed, t h e  
hydrocarbon was pur i f ied by column chromatography, subl ima- 
tion, and/or recrystal l izat ion. D i m e t h y l  sulfoxide (Matheson 
Coleman and Bel l )  was used as received. Te t rabu ty lammon ium 
perchlorate (Southwestern Analy t ica l  Labs), t he  support ing elec- 
trolyte, was dr ied in a n  Abderhalden d ry ing  pistol.  
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Recent findings of anti-inflammatory activity in the 
vulpinic acid series1 prompted us to undertake the inves- 
tigation of some thio analogs of this interesting series of 

lichen metabolites.2 One thio analog of vulpinic acid (1) i s  
the thiol ester 2. Since the dilactone 3 is converted to 1 by 

1 2 

reaction with sodium methoxide,2 the reaction of 3 with 
the sodium salt of methyl mercaptan was studied. Two 
products were isolated from this reaction in about 50% 
yield each, both of which analyzed for the expected prod- 
uct. 

3 4 

The structure of 2 was established by comparison of its 
nmr and mass spectra with that of 1. Both 1 and 2 have 
very similar characteristic aromatic proton peaks at  6 7.4 
(8 protons) and 8.2 (2 protons) and enolic protons at  6 13.8 
and 13.65, respectively. The latter indicate chelate-type 
hydrogen bonding between the enol and the ester carbon- 
yl, and provide strong evidence for the stereochemistry 
about the exocyclic double bond. The mass spectra of 
both 1 and 2 show molecular ion peaks, and also strong 
peaks a t  mle 290 corresponding to the mle for 3 formed 
by the primary elimination of the elements of methanol 
and methyl mercaptan, re~pect ively.~ The nmr of 4 
showed a one-proton peak at  6 10.90 characteristic of a 
carboxylic acid, and the mass spectrum, in addition to the 
molecular ion peak, showed a strong peak at mle 294 
which is consistent with the loss of COS from the molecu- 
lar ion. Only a weak peak at  mle 290 was present. 

Another thiovulpinic acid is 5,  in which the lactone is 
replaced by a thiolactone. Since, as shown above, sulfur 
anions can displace the ring oxygen of 3, we attempted to 
prepare 6, which could conceivably be converted to 5 via 
the monothiodilactone 7 by processes analogous to those 
used for the preparation of 1. However, although reaction 
of 3 with hydrogen sulfide in the presence of sodium 
methoxide gave a base-soluble product, on attempted re- 
crystallization from methanol of the crude product ob- 
tained by acidification of the basic solution, only 3 was 
isolated, This suggested that 3 was opened to give the 
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thiol acid 8, which behaves like a mixed anhydride to 
thermally re-form 3. 

In another approach to 6, we repeated (and confirmed) 
the 1894 preparation4 of 10 from 9. We hoped to react 10 
with sodium hydrosulfide in order to displace the chlorine 
with a mercaptan. Reaction of 10 with H2S and sodium 
methoxide gave a single product in 85% yield which has 
been assigned the structure 11. Thus the mass spectrum 

C,H,CH(CN)COCOCH(CN)C6H5 % 
9 

C6H5' 
10 11 

had a molecular ion a t  m / e  292 containing (by isotope ra- 
tios) only one sulfur, the nmr showed as the only nonaro- 
matic protons a single two-proton peak at 6 4.6, and the 
elemental analysis (C, H, S) was correct for C I ~ H ~ ~ S O ~ .  
Apparently sulfur did displace the chlorine either before 
or after reaction with the nitrile, The resultant bicyclic 
product presumably was reduced by the excess hydrogen 
sulfide to the observed product. The reducing properties 
of H2S and its conjugate anions are well known.5 

The successful preparation of 7 was suggested by the re- 
port6 that thiolacetic acid and pyridine convert certain 
simple butenolides to the corresponding thiolactones. 
Treatment of 3 with 1 mol of thiolacetic acid and pyridine 
in chloroform gave the desired monothiolactone 7; excess 
thiolacetic acid gave the dithiolactone 12. A rationaliza- 
tion of this reaction may be that thiolacetate attacks 3 to 
give both 13 and 14 in a manner similar to the reaction of 3 
with methylmercaptide ion. Since 13 is able to revert 
readily to 3 by loss of thioacetate, no net reaction results. 
However, 14 is unable to re-form 3 readily, and the carbox- 
ylate anion can be acylated either by the adjacent thioa- 
cy1 group or by thiolacetic acid. The mixed anhydride 15 
now can form 7 by a sterically favored cyclization. 

Reaction of 7 with methanolic sodium methoxide gave 
the desired thiovulpinic acid 5. The thiolactone structure 
for 5 was suggested by the presence of carbonyl peaks in 
the ir a t  5.94 and 6.03 CL and the absence of a strong peak 
near 5.65 CL characteristic of vulpinic acids due to the lac- 
tone carbonyl. The cis relationship of the ester and enol is 
most clearly indicated by the chelated OH peak in the 
nmr a t  6 13.97. Prolonged refluxing of 5 during attempted 
recrystallization from methanol or melting at  110" con- 
verted 5 back to 7. Lactonization of 1 to give 3 is not ob- 
served under such mild conditions; so the presence of sul- 
fur in the thiolactone ring greatly increases the rate of 
ring formation of the adjacent five-membered ring, possi- 
bly because the larger size of sulfur in comparison to oxy- 

NaOCH, 1 mol CH,COSH excess CH,COSH 
3 5 - 7  -c-- 

C5H5N C5HbN cH3cos-~ 7 
1 

A 

r 

gen decreases strain energy. Treatment of 12 with sodium 
methoxide formed a soluble salt, presumably 16, but acid- 
ification even at 0" caused recyclization to 12. Presumably 
ring formation is aided by the low strain energy of two 
thiolactone rings and the nucleophilicity of the mercapto 
group. 

Experimental Section 
Melting points (uncorrected) were determined using a Thomas- 

Hoover capillary melting point apparatus. Mass spectra were de- 
termined using a Hitachi Perkin-Elmer RMN-6E spectrometer. 
Nmr spectra were obtained on a Varian T-60 instrument, and ir 
on a Perkin-Elmer 137 Infracord. 

Thiolpulvinic Acid Methyl Ester (2) and 2,5-Diphenyl-4-hy- 
droxy-3-methylthio-2,4-hexadienedioic Acid y-Lactone (4). 
Pulvinic acid lactone (16.0 g, 0.055 mol) was added to a suspen- 
sion of 2.88 g (0.06 mol) of 50% sodium hydride in oil in 100 ml of 
glyme. Methyl mercaptan was bubbled through the solution until 
a clear brown solution was obtained and tlc indicated that no di- 
lactone remained. The reaction mixture was diluted with about 
400 ml of water and extracted with ether, and the aqueous layer 
was acidified with hydrochloric acid to give an oily solid. Recrys- 
tallization from acetone-water gave 7.0 g (37%) of 2 as orange 
needles, mp 156-158". A second recrystallization from the same 
solvent mixture gave 3.87 g of orange needles: mp 165-168"; ir 
(Nujol) 4.3 (broad, chelate OH), 5.65, 6.20, 6.30 p ;  nmr (CDC13) 6 
2.36 (s, 3, SCH3), 7.40 (m, 8 H, 3'-, 4'-, 5'-, 2-, 3-, 4-, 5-, 6-phenyl 
H), 8.14 (m, 2 H, 2'-, 6'-phenyl H), 13.65 (s, 1, OH); mass spectrum 
m/e 338 (M+), 290 (M+ - CHsSH), 263 (M+ - COSCH3), 235, 
207,178,145. 

Anal. Calcd for C19H1404S: C, 67.44; H, 4.17; S, 9.48. Found: 
C, 67.53; H, 4.30; S, 9.28. 

Evaporation of the mother liquor of the first crystallization 
above gave a red oil which on drying under vacuum and tritura- 
tion with cyclohexane gave 5.0 g of a yellow solid. Recrystalliza- 
tion from benzene gave 1.4 g of 4 as yellow needles: mp 166.5- 
167"; ir (Nujol) 5.7 and 6.0 p; nmr (CDC13) 6 2.08 (s, 3, SCH3), 
7.55 (m, 10, phenyl H), 10.90 (s, 1, OH); mass spectrum m / e  338 

Anal. Calcd for C19H1404S: C, 67.44; H, 4.17; S, 9.48. Found: 
C, 67.53; H, 4.25; S, 9.38. 
3,6-Diphenyl-%H,5H-thieno[3.2-b]furan-2-one (11). A suspen- 

sion of 0.174 g (0.00325 mol) of sodium methoxide in 20 ml of dry 
glyme was saturated with hydrogen sulfide gas and a slurry of 1.0 
g (0.00325 mol) of 4-chloropulvinonitrile in glyme was added in 
portions. After 1 hr a yellow solid had formed. The reaction mix- 
ture was diluted with water and the solid was collected by filtra- 
tion and washed with water to give 0.85 g (90%) of brown-yellow 
needles. Recrystallization from methanol-chloroform and then 
chlorobutane gave golden needles: mp 208.5-210" dec; ir (Nujol) 
5.8 p; nmr (CDC13) 6 4.56 (s, 2, CHzS), 7.37 (m, 6, phenyl H), 
7.76 (m, 4, phenyl H); mass spectrum m/e 292 (M-, isotope peak 
indicates 1 S), 291, 263, 247, 235. 

Anal. Calcd for C18HlZOZS: C, 73.95; H, 4.14; S, 10.97. Found: 
C, 73.89; H, 3.96; S, 10.78. 

3,6-Diphenyl-2H3 5H-thieno [3,2- b]furan-2,5-dione (7). A mix- 
ture of 2.90 g (0.01 mol) of pulvinic acid lactone, 0.76 g (0.01 mol) 
of thiolacetic acid, and 1.01 g (0.01 mol) of triethylamine in 15 ml 
of dry pyridine was stirred at  room temperature for 30 min. The 
reaction mixture was chilled, diluted with water, and acidified to 
give red crystals which were recrystallized from chlorobutane. 
Since previous experience indicated that this product, although 
mostly the desired 7, was contaminated with both pulvinic acid 

(M+),  294 (M+ - COz), 290,279,148 ( C ~ H ~ C E C S C H ~ ~ ) .  

16 

15 14 
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lactone 3 and the dithiolactone 12, it was dissolved in methanolic 
sodium methoxide, cooled, diluted with water, and acidified. The 
crude 5 thus obtained was dissolved in 5% sodium carbonate, the 
insoluble fraction was removed by filtration, and the solution was 
extracted with ether. Acidification gave pure 5, which was dis- 
solved in 50 ml of methanol and refluxed for 35 min to give 1.5 g 
of 7 as long yellow needles: mp 175-176.5"; ir (Nujol) 5.6, 5.9, 6.2 
p;  nmr (CDC13) 6 7.30 (m, 6, phenyl H), 7.80 (m, 4, phenyl H); 
mass spectrum m / e  306 (M+),  278,250. 

Anal. Calcd for C18H1003S: C, 70.57; H, 3.29; S, 10.47. Found: 
C, 70.89; H, 3.41; S, 10.23. 
5-Carbomethoxy-2,5-diphenyl-3-hydroxy-4-mercapto-2,4- 

pentadienoic Acid y-Thiolactone ( E )  (5). A solution of 1.6 g 
(0.00523 mol) of 7 and 1.6 g (0.03 mol) of sodium methoxide in 35 
ml of methanol was kept a t  0-5" for 30 min. The solution was 
treated with charcoal and diluted with water, and the chilled so- 
lution was acidified with HC1 to give a yellow solid. This was dis- 
solved in about 200 ml of 5% Na2C03 and extracted twice with 
ether, and the aqueous layer was acidified in the cold with acetic 
acid to give 1.50 g (84%) of a yellow-orange, flocculent solid: mp 
115-116" (resolidified and remelted at  173-175"); ir (Nujol) broad 
peak at  3.9-4.4 (chelated OH), 5.94 and 6.03 p;  nmr (CDC13) 6 
3.76 (s, 3, OCHs), 7.31 (m, 8, phenyl H), 7.72 (m, 2, phenyl H),  
13.97 (br s, 1, OH); mass spectrum m / e  338 (Mf), 306 (M+ - 

Anal. Calcd for C19H1404S: C, 67.44; H, 4.17; S, 9.48. Found: 
C, 67.74; H, 4.29; S, 9.19. 
3,6-Diphenyl-2H,5H-thieno[3,2-b]thiophene-2,5-dione (12). A 

mixture of 5.0 g (0.0172 mol) of pulvinic acid lactone, 4 ml of 
thiolacetic acid, 8 ml of chloroform, and 22 ml of dry pyridine was 
refluxed for 3 hr. Then another 4 ml of thiolacetic acid was 
added, the refluxing was continued for an additional 1 hr, and the 
reaction mixture was allowed to stand a t  room temperature for 18 
hr. This gave 0.90 g (16%) of an orange solid, mp 219-221.5". For 
purification this was dissolved in warm methanolic sodium meth- 
oxide to give a red solution. The chilled solution was diluted with 
water and acidified to give a yellow solid, which was slurried with 
sodium carbonate and washed with water to give 0.65 of a yellow 
solid: mp 221-222.5" dec; ir 5.9 p; mass spectrum m / e  322 (M+).  

Anal. Calcd for ClsHlo02S2: C, 67.06; H, 3.13; S, 19.89. Found: 
C, 67.08; H, 3.32; S, 19.55. 
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The phenomenon of metallic electrical conductivity in 
the complex of tetrathiafulvalene (TTF, 3) with tetracy- 
anoquinodimethane has-recently been a subject of intense 

Extensive physical study of this complex de- 
pends, among other things, upon a reliable source of Tl'F, 
which must be unusually pure.6 In our hands existing 
routes to TTF proved to be tedious and difficult to repro- 
duce, and often gave product of dubious or unsatisfactory 
purity. We now report an improved synthesis of TTF. 

Typical preparative procedures for TTF ultimately rely 
on coupling the 1,3-dithiolium hydrogen sulfate (1) or per- 
chlorate (2)236-8 with a tertiary amine, the thiolium salts 

S 

S 
2( +- = CH,CN (Ix;] 

+ csc1, - "%>s - room NcxsNa 

@SCHJ 2% (I>S - 

1, X = HS0,- 3 
2, x = c10,- 

being obtained by the method of Kl ing~berg .~  The latter 
entails the multistep sequence depicted in transforma- 
tions 4 through 9. 

concd 
HCI 

NC SNa NC temp 

5 4 

HzNCO xIps aq HCI, A , H O O C ~ ~ ~ s  CH,I - 
CH,NO, H,NCO HOOC 

6 7 

CH,CO,H 

8 9 

@"so; - HC'04 @H Clod- 

1 2 
In this sequence we encountered particular difficulty in 

obtaining reasonable yields of thione 9 by demethylation of 
the methiodide 8. This in turn complicated preparing 
pure hydrogen sulfate 1. Furthermore, although the hy- 
drogen sulfate can be directly coupled to TTF without 
conversion to an intervening salt form, the fact that it is 
hygroscopic and difficult to purify seriously compromises 
its use as a coupling substrate. The hydrogen sulfate can 
be readily converted to very pure perchlorate 2, which is 
chemically satisfactory for coupling, but which entails a 
serious explosion hazard particularly if large quantities 
are to be used. 

Our improved procedure begins with the diester 10 pre- 
pared according to the directions of O'Connor and 
Jones.lo 

By this means we have reproducibly obtained recrystal- 
lized 'M% of very high purity in 65% yields based on 
diester 10, or 55% overall yields based on commercially 
available dimethyl acetylenedicarboxylate and ethylene 
trithiocarbonate; the yields cited are reproducible to with- 
in 4~2%. 

In addition to high yields, the main points of advantage 
and novelty in this sequence are (1) a simplified route to 
diacid 7, (2) direct decarboxylation of the diacid to thione 
9 in high yield and purity and consequent improved ac- 
cessibility of the hydrogen sulfate 1, (3) formation of ana- 
lytically pure PF6- salt 11, which is an ideal coupling 
substrate both with respect to the chemistry of coupling 
and safety of handling even on a large scale.ll 

For spectral studies we also required highly deuterated 
Tl'F. By hydrolyzing the ester 10 with a mixture of DC1 
and DOAc in D2O (from acetyl chloride and D20), and 


