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a-Bromoacyl chlorides, functioning as 1,2-bielectrophiles, undergo ready reaction in the presence of Et3N with 
several monoprotonic 1,d-binucleophiles to provide an especially convenient synthesis of some five-membered me- 
soionic ring systems containing diverse functional substituents. The anhydro-4-hydroxythiazolium hydroxide sys- 
tem results from N-monosubstituted thioamide derivatives, the anhydro-4-hydroxy-l,3-dithiolium hydroxide sys- 
tem from dithiobenzoic acids, and the anhydro-5-hydroxy-l,3-oxathiolium hydroxide system from thiobenzoic S -  
acids. These ring systems all undergo ready cycloaddition with dimethyl acetylenedicarboxylate to provide a conve- 
nient synthetic procedure for thiophenes containing a variety of substituents in the 2 position. 

The majority of five-membered mesoionic ring systems 
can generally be synthesized2 by one of five synthetic routes 
involving either (1) a cyclodehydration; (2) a cyclization via 
an intermediate isocyanate or isothiocyanate; (3) cyclizations 
involving nitriles; (4) interconversion of other mesoionic 
systems; or (5) dealkylation of suitable quaternary heterocy- 
cles. The cyclodehydrative process has been widely applied 
and, as would be anticipated, an extensive variety of cyclo- 
dehydration agents has been utilized. The synthesis of the 
appropriately substituted carboxylic acid precursor often 
presents difficulties, and in this report we describe a simple 
and effective route to several of these ring systems that not 
only overcomes the above disadvantages but also enables 
functional groups other than the usual alkyl and aryl groups 
to be introduced into the ring system. These syntheses are now 
readily accomplished by using a suitable monoprotonic 1,3- 
binucleophile with a 1,2-bielectrophile such as an a-haloacyl 
halide, and the following applications illustrate this synthetic 
approach. 
anhydro-4-Hydroxythiazolium Hydroxide System. The 

usual method of preparation3a-c of this system involves the 
S-alkylation of N-monosubstituted thioamides with an a-halo 
acid, followed by cyclodehydration of the resulting acid with 
Ac,O/Et3N. This method was often unsuccessful with 
thioamides containing a variety of substituents attached to 
the thioxo carbon atom; e.g., attempted alkylation of the 
thiourea 1 [R = N(CH&] or the dithiocarbamate 1 (R = SR) 
with a-bromophenylacetic acid (2, R1 = Ph; X = Br; Y = OH) 
led to hydrolysis products, while the use of ethyl a-bromo- 
malonate (2, R1 = COOEt; X = Br; Y = OH) as an alkylating 
agent for thiobenzanilide was complicated by concomitant 
decarboxylation. However, the use of an a-bromoacyl chloride 
derivative 2 (R1 = Ph, COOEt; X = Br; Y = C1) allows the 
initial alkylation and subsequent ring closure t o  be accom- 
plished in one step. The intermediate 3 (Y = C1) is most likely 
involved, although the ketene derived from it by loss of HC1 
cannot be definitely excluded. The various substituted de- 
rivatives of 4 prepared by this procedure are described in 

Table I. In this instance the thioamide behaves as a 1,3- 
binucleophile, resulting in the formation of a five-membered 
ring on reaction with the 1,2-bielectrophile. In an earlier 
p ~ b l i c a t i o n ~ ~  the reaction of the thioamide with a 1,3- 
bielectrophile, chlorocarbonylphenylketene, resulted in the 
ready formation of the six-membered mesoionic system, 
anhydro-6-hydroxy-4-oxo-2,3,5-trisubstituted-4H-l,3-thi- 
azinium hydroxide, in excellent yields. 

It is possible for four different intermediates to be involved, 
depending on the site of the initial condensation, but only two 
isomeric reaction products are possible. If reaction had oc- 
curred initially at  the acid chloride function to give the in- 
termediate 5, then ring closure would result in formation of 
the isomeric anhydro -5-hydroxythiazolium hydroxide system 
6. The formation of 6 was excluded in two ways. The inter- 
mediate acid 3 (R = S-alkyl; R1 = Ph; Y = OH) was prepared 
and cyclized with dicyclohexylcarbodiimide to 4 (R = S-alkyl; 
RCSNHPh 
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R1 = Ph) giving products identical with those obtained in the 
direct condensation above. Also on reaction with dimethyl 
acetylenedicarboxylate substituted thiophenes rather than 
pyrrole derivatives were obtained, the latter resulting from 
reaction of the ring system 6 with acetylenic d ip~larophi les .~~ 
These thiophenes are described in Table 11, and, in one in- 
stance, hydrolysis to the corresponding dicarboxylic acid was 
utilized to characterize further the product obtained from the 
cycloaddition. 

The introduction of an alkyl- or arylthio group into the 2 
position of 4 was achieved by using the appropriate alkyl or 
aryl phenyldithiocarbamate 1 (R = SCH3, SC2H5, S-n-CsH7, 
and SPh) prepared by treatment of ammonium phenyldi- 
thiocarbamate with excess of the appropriate alkyl (or aryl) 
halide in aqueous solution at  room temperature. Modification 
of the original p r ~ c e d u r e , ~  as described in the Experimental 
Section, results in improved yields of products. Addition of 
a-bromophenylacetyl chloride5 in an inert solvent such as 
benzene, ether, or tetrahydrofuran to the alkyl (or aryl) 
phenyldithiocarbamate in benzene followed by the slow ad- 
dition of Et3N resulted in the separation of triethylamine 
HCl/HBr, and the mesoionic system 4 was obtained by con- 
centration of the filtrate. 2-Bromo-2-ethoxycarbonylacetyl 
chloride6 (2, R1 = COOEt; X = Br; Y = C1) also reacted 
readily, allowing the introduction of an ethoxycarbonyl sub- 
stituent into the 5 position of 4. 

The structures of these anhydro-4-hydroxythiazolium 
hydroxides 4 follow from their spectral characteristics (Table 
I) and their conversion with Meerwein's reagent into the 4- 
ethoxythiazolium salts 7. They also underwent ready hy- 
drolysis7 to the appropriate thiazolidine-2,4-diones 8. Thus 
the anhydro-2-alkylthio-3,5-diphenyl-4- hydroxythiazolium 
hydroxides (4, R = CH& C Z H ~ S ,  n-C3H7S; R1 = Ph) were 
hydrolyzed in boiling aqueous ethanol (1:2) over 3-4 h giving 
3,5-diphenylthiazolidine-2,4-diones (8, R1 = Ph), character- 
ized by two carbonyl absorptions at  171.3 and 169.4 ppm in 
its 13C NMR spectrum. However, the anhydro-2-alkylthio- 
5-ethoxycarbonyl-4-hydroxy-3-phenylthiazolium hydroxides 
(4, R = S-alkyl; R1 = COOEt) required a 7-h reflux in dilute 
HC1 to effect hydrolysis and in this case hydrolysis of the ester 
substituent and subsequent decarboxylation occurred as 3- 
phenylthiazolidine-2,4-dione9 (8, R1 = H) was obtained. 

In the anhydro-2-alkylthio-3,5-diphenyl-4-hydroxythia- 
zolium hydroxides (4, R = S-alkyl; R1 = Ph) the exocyclic 
sulfur atom no doubt contributes to the stability of the system 
by reducing the positive charge on the thioamide portion of 
the nucleus. This was reflected to some degree by the reduced 
yields of the thiophenes obtained from their cycloadditions 
with dimethyl acetylenedicarboxylate. I t  was also of interest 
to study the effect of a 2-alkoxy1 substituent on the stability 
of the ring system and use of an 0-alkyl phenylthiocarbamate 
(1, R = OCH3,OCzHs) in the above reactions should lead to 
the desired product. Reaction with the acid chloride 2 (R1 = 
Ph; X = Br; Y = C1) always led to an oil from which only the 
thiazolidine-2,4-dione 8 (R1 = Ph) could be isolated, indicating 
a marked susceptibility of the ring system to hydrolysis at  the 
2 position when a 2-alkoxy substituent is a t  that position. 

Use of substituted thioureas in the initial condensation 
provides a convenient method for the introduction of a 2- 
disubstituted amino substituent. Thus N- (N-phenylthio- 
carbamoy1)morpholine (1, R = N-morpholino) and a-bro- 
mophenylacetyl chloride in the presence of Et3N gave in good 
yield anhydro-3,5-diphenyl-4-hydroxy-2-morpholinothia- 
zolium hydroxide (4, R = N-morpholino; R1 = Ph). In addition 
to its spectral characteristics (Table I) ,  it was characterized 
by hydrolysis with hot dilute HCl to 3,5-diphenylthiazoli- 
dine-2,4-dione (8, R1 = Ph). Other representatives of 4 with 
2-amino substituents prepared by this procedure are also 
described in Table I and the substituted thiophenes obtained 
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from their cycloaddition with dimethyl acetylenedicarboxy- 
late are reported in Table 11. 

2-Alkylthiothiazoies undergo reaction with primary and 
secondary amines such as methylamine, morpholine, and pi- 
peridine and the 2-alkylthio substituent is replaced by the 
amino group.g However, in this present study replacement of 
the 2-alkylthio substituent in 4 with a 2-morpholino group 
could not be effected under a variety of conditions. I t  should 
also be mentioned that reaction of N -  (N-phenylthiocarba- 
moy1)morpholine ('I, R = N-morpholino) with a-bromo- 
phenylacetic acid did not give the expected intermediate acid 
3 (R = N-morpholino; R1 = Ph; Y = OH). Rather ring closure 
to 4 and concomitant hydrolysis occurred under the reaction 
conditions so that 3,5-diphenylthiazolidine-2,4-dione (8, R1 
= Ph) was obtained. Similar results were observed with 
N,N-dimethyl-N'-phenylthiourea and a-bromophenylacetic 
acid. 

N,N'-Diphenylthiourea (1, R = PhNH) and a-bromo- 
phenylacetyl chloride also underwent ready reaction and in 
this case, as the substituent pattern in 1 precluded formation 
of the mesoionic 'system, 3,5-diphenyl-2-phenylimino-4- 
thiazolidone (8a) was obtained. This was hydrolyzed to 3,5- 
diphenylthiazolidine-2,4-dione (8, R1 = Ph) with hot, 40% 
aqueous H2SO4, and its formation provides additional evi- 
dence in support of the general reaction pathway described 
above. 

This present procedure allows considerable diversity in the 
substituents to be introduced into 4. Thus using a variety of 
thiobenzanilides (1, R = aryl) with a-bromophenylacetyl 
chloride or 2-bromo-2-ethoxycarbonylacetyl chloride resulted 
in ready formation of anhydro-4-hydroxythiazolium hy- 
droxide derivatives 4 with additional 2 substituents as de- 
scribed in Table I. Pi11 these underwent ready cycloaddition 
with dimethyl acetylenedicarboxylate to form the corre- 
sponding thiophene except anhydro-2-cyano-3,5-diphenyl- 
4-hydroxythiazolium hydroxide (4, R = CN; R' = Ph), formed 
from 1-cyanothioformanilide'l (1, R = CN) and a-bromo- 
phenylacetyl chloride. In this case, instead of elimination of 
phenyl isocyanate from the intermediate 9, sulfur was lost and 
dimethyl 6-cyano-1,3-diphenyl-2-oxopyridine-4,5-dicar- 
boxylate (10) was formed, although trace amounts of the 

E Ph 

I 

kOOCH, COOCH, 
9 10 

11 

corresponding thiophene were apparently present (TIL) in 
the crude reaction mixture. This is not unexpected as the re- 
action of 4 (R = R1 = Ph) with dicyanoacetylene resulted in 
a mixture of the corresponding thiophene and pyridone."* The 
5-ethoxycarbonyl group apparently reduces the dipolar 
characteristics of the ring system as 4 (R = Ph; R1 = COOEt) 
was recovered in practically quantitative amount from pro- 
longed reflux in xylene in the presence of Z-pyridyl- 
acetylene. 

This procedure is as equally readily applicable to fused 
thiazole systems.'-! Thus 2-mercaptopyridine reacted readily 
with a-bromophenylacetyl chloride in the presence of EtBN 
to give anhydro -3-hydroxy-2-phenylthiazolo[3,2-a]pyridin- 
ium hydroxide ( 1 1 ,  R = Ph) and the corresponding 2-eth- 

oxycarbonyl derivative (11, R = COOEt) was obtained using 
2-bromo-2-ethoxycarbonylacetyl chloride. The ring system 
1 1  did not undergo cycloaddition with dimethyl acetylene- 
dicarboxylate. 

anhydro-4-Hydroxy- 1,3-dithiolium Hydroxide System. 
This ring system has been prepared13 by cyclodehydration of 
thioaroylthioglycollic acids with AczO/Et3N and, like the 
thiazolium system above, is an attractive precursor to sub- 
stituted thiophenes. Reaction of p -methoxydithiobenzoic acid 
(12, R = p-CH30CcH4; X = S) with the above 1,2-bielectro- 
philes now provides an extremely ready entry into the 1,3- 
dithiolium system as the dithiobenzoic acids themselves are 
conveniently prepared14 from aryl Grignard reagents and CS2. 
Thus from 12 (R = P - C H ~ O C ~ H ~ ;  X = S) and a-bromophen- 
ylacetyl chloride, anhydro-4-hydroxy-2-p-methoxyphenyl- 
5-phenyl-1,3-dithiolium hydroxide (13, R1 = Ph) was obtained 

12 13 

\ 
16 

14 15 

in satisfactory yield and the corresponding 5-ethoxycarbonyl 
derivative 13 (R' = COOEt) was prepared using 2-bromo- 
2-ethoxycarbonylacetyl chloride. Although 13 (R1 = Ph) un- 
derwent cycloadditions with dimethyl acetylenedicarboxylate, 
13 (R' = COOEt) did not, no doubt owing to delocalization 
of the negative charge over the 5-ethoxycarbonyl substituent 
which was reflected in the infrared absorptions of the carbonyl 
groups a t  1660 and 1650 cm-l. I t  also did not form a cy7 
cloadduct with 2-pyridylacetylene, a reactive dipolarophile. 
anhydro-5-Hydroxy-1,3-oxathiolium Hydroxide Sys- 

tem. This ring system has been found to be extremely unsta- 
ble, with a strong electron-withdrawing substituent in the 4 
position of the nucleus being necessary for isolation of the ring 
system. anhydro-2-p-Chlorophenyl-5-hydroxy-4-tri- 
fluoroacetyl- 1,3-oxathiolium hydroxide has been preparedl5 
by cyclodehydration of p-chlorobenzoylthioglycollic acid with 
trifluoroacetic anhydride and it was very susceptible to hy- 
drolysis. Reaction of thiobenzoic S-acid (12, R = Ph; X = 0) 
with a-bromophenylacetyl chloride/Et:3N gave anhydro-5- 
hydroxy-2,4-diphenyl-1,3-oxathiolium hydroxide (14, R1 = 
Ph) which was not isolated but reacted with dimethyl 
acetylenedicarboxylate to form the thiophene 15 (R = R1 = 
Ph). Reaction of 12 (R = Ph; X = 0) with 2-bromo-2-eth- 
oxycarbonyl chloride, however, did not result in formation of 
the ring system. The product obtained was identified as di- 
benzoyl disulfide, apparently formed by oxidation of 12 (R = 
Ph; X = 0) by the 2-bromo-2-ethoxycarbonylacetyl chloride, 
similar oxidations having been observed by other reactive 
bromo compounds.16 A recent communi~a t ion~~  describes the 
preparation of the isomeric system, anhydro-4-hydroxy- 
1,3-oxathiolium hydroxide system 16, by ring closure of a 
thiocarbonyloxyacetic acid with AqO. Like 14, the isomeric 
system 16 was too unstable for isolation but could be trapped 
with acetylenic dipolarophiles, in this case affording a con- 
venient entry into substituted furan systems. 

Experimental Sectionls 
Reaction of N,N-Dimethyl-N'-phenylthiourea and a-Bro- 

mophenylacetic Acid. Attempted Preparation of anhydro-2- 
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Dimethylamino-3,5-diphenyl-4-hydroxythiazolium Hydroxide. 
N,N-Dimethyl-N'-phenylthiourea [ 1, R =, (CH&N] (0.54 g, 0.003 
mol), n-bromophenylacetic acid (2, R' = Ph; X = Br; Y = OH) (0.65 
g, 0.003 mol), and Et&(0.31 g, 0.003 mol) were refluxed in dry ben- 
zene (25 mL) for 2 h. Filtration of the Et3N.HBr and evaporation of 
the benzene gave :1,5-diphenylthiazolidine-Z,~-dione (8, R' = Ph) as 
a yellow solid which crystallized from EtOH as colorless, matted 
needles: 0.18g (22%); 173-175 "C (lit.*mp 172.5-173 "C); IR(KBr) 
3050 (CH), 1750 ( C X ) ) 3 8 0  cm-' (CO); NMR (CDC13) d 5.42 (s , l ,  H5), 
7.43 (s, 10, aromatic); mass spectrum m / e  (re1 intensity) M+. 269 
(90). 

Anal. Calcd for ClsHIIN02S: C, 66,89; H, 4.12; N,  5.20. Found: C, 
66.52; H, 4.02; N, 6.17. 

Similarly 1-morpholinothioformanilide (1,  R = C4HsNO) (0.67 g, 
0.003 mol), a-bromophenylacetic acid (0.65 g, 0.003 mol), and EtnN 
(0.31 g, 0.003 mol) were refluxed in dry benzene (30 mL) for 2 h. Fil- 
tration of the Et:jN.HBr and evaporation of the solveht gave a yellow 
solid which crystallized from ethanol as colorless, matted needles 
identical with 3,5.diphenylthiazolidine-2,4-dione: 0.4 g (49%): mp 
173-175 "C; mmp 173-175 "C. The diode was also obtained in the 
reaction of 0-methyl ( o r  0-ethyl) phenylthiocarbamate and tr-hro- 
mophenylacetic ac.id. 

General  Procedure,for  the Reaction of N-Monosnbstituted 
Thloamides with 1,2-Ihelectrophiles; Preparation-of anhydro- 
2-Dimethylamino-3,5-diphenyl-4-hydroxythiazolium~ Hydroxide 
[4, R = (CH3)zN: R' = Ph]. tr-Gromophenylacetyl chloride (2, R' = 
Ph; X = Br; Y = CI) (0.7 g, 0.003 mol) in CHCls (10 mL) was added 
dropwise to a stirred solution of N,N-dimethyl-N'-phenylthiourea 
[ 1, R = (CH:1)2N) 10.54 g, 0.003 mol) in dry CHCh (10 mL). After 5 
min, Et:,N (0.61 g, 0 . 0 6  mol) in dry CHCl:] (5 mL) was added dropwise 
and the resulting yellow solution stirred for 5 min before being washed 
with two equal portions of H2C). After separation and drying over 
Na2S04, the CHCI:, solution was reduced in volume to 2-3 mL and 
addition of Et20 and scratching induced a yellow solid to crystallize. 
Filtration and washing with Et20 gave yellow, irregular prisms which 
crystallized from acetone as gold needles, 0.52 g (58%), mp 150 "C dec 
(Table I ) .  THF or benzene may also be used as the solvent in the above 
reaction. 

General  Procedure for  the Reaction of anbydro-4-Hy- 
droxythiazolium Hydroxides with Acetylenic bipolarophiies. 
P repa ra t ion  of Dimethyl 2-Dimethylamind-5-phenylthio- 
phene-3,4-dicarboxylate [15, R = (CH3)zN; R' = PHI. anhydro-  
'L-I)imethylamino-3,5-diphenyl-4-hydroxythiazolium hydroxide (0.12 
g, 4 x 10-4 mol) and dimethyl acetylenedicarboxytate (0.1 g, 7 X 
mol)  were refluxed in dry benzene (10 mL) under Nz for 6 h. Evapo- 
ration of the solvent gave a yellow oil which when triturated with 
CH:%OH (-1 mL) deposited a cream solid which was isolated by f i l -  
tration. Crystallizath from CH:@H gave cream'plates, 0.09 g (69%), 
mp 108-109 "C ( 'hhle 11). 

In the preparation of dinlethyl 5-ethoxycarbonyl-2-dimethylam- 
inothiophene-:3,4-dicarhoxylate the residue after evaporation of the 
solvent was purified by PLC (1.0 mm, CHCldEtOAc, 9O:lO). 

Dimethyl 6-Cyano-l,3-diphenyl-2-oxopyridine-4;5-dicar- 
boxylate (10). anhydro -2-C~yanc~-3,5-diphenyl~4-hydroxq.thiazolium 
hydroxide (4, R = CN; R '  = PH) (0.28 g. 0.001 mol) and dimethyl 
acetylenedicarboxylate (0.21 g, 0.0015 mol) were refluxed in dry 
benzene (18 mL) under N2 for 24 h. Evapdration of the solvent gave 
an orange oil which upon cooling began to crystallize. Trituration with 
CHsOH (-1 mL) and scratching induced further crystllization. Fil- 
tration and washing with a small portion of cold CH3OH gave cream, 
irregular prisms which, after washing with a small portion of CS2 to 
remove elemental sulfur, crystilllized from ethanol as tiny, colorless 
needles: 0.21 g (53%); mp 168-169 "C; IR (KBr) 2950 (CH), 2230 
(C=N), 1740, 1730, 1670 cm-' (CO); Amax (CH30H) 345 nm (log e 

3, CH3), 7.45 (m, 10, aromatic); mass spectrum m/e (re1 intensity) M+. 
388 (68). 

Anal. Calcd for C22H16N205: C, 68.03: H, 4.15: N, 7.21. Found: C, 
67.57; H, 4.21; N, 7.21. 

Alkyl (or Aryl) P h e ~ y l d h h i o c a r b a m a t e . ~  A stirred suspension 
of ammonium phenyldithiocarbamate in water was treated with an 
excess of alkyl or aryl halide (CH31, EtBr, n-PrBr, or CeHsBr) and 
the mixture stirred a t  room temperature for 6 h. On cooling in a dry 
ice/acetone bath, crystallization was induced by scratching and the 
resulting precipitate was separated and washed with H20. Recrys- 
tallization from benzene or ligroin gave the phenyldithiocarbamate 
as colorless prisms. 

Alternative Preparat ion of anLydro-3,5-Diphenyl-4-hy- 
droxy-2-methylthiothiazolium Hydroxide (4, R = CHIS; R L  = 
Ph).  Methyl phenyldithiocarbamate (1, R = CH3S) (18.3 g, 0.1 mol) 

4.04), 268 (4.01), 204 (4.54); NMR (CDC13) 6 3.62 (s, 3, CHs), 3.96 (s, 

in benzene (150 mL) was treated with a-bromophenylacetic acid (21.5 
g, 0.1 mol) and Et3N (13.0 g, 0.13 mol). After stirring overnight a t  room 
temperature, the precipitate of Et3N.HBr was separated and the 
solvent removed iH vacuo. The oily residue, dissolved in anhydrous 
CH2C12, was treated with an equimolar amount of N,N'-dicyclohex- 
ylcarbodiimide with stirring a t  room temperature. The precipitated 
N,N'-dicyclohexylurea was filtered after 12 h and washed with 
CH2C12, the combined filtrates concentrated in vacuo, and crystalli- 
zation induced by triturating the chilled residue with a small amount 
of anhydrous ether. The orange solid crystallized from benzene 
forming golderi prisms, 17.5 g (50%), mp 158-160 "C (Table I). 

Alkyldtion of anLydro-2-Alkylthi0-3,5-diphenyl-4-hy- 
droxythiazolium Hydroxide with Meerwein's Reagent. A stirred 
solution of anhydro-3,5-diphenyl-4-hydroxy-2-methylthiothi~olium 
hydroxide (4, R = CH3S; R' = Ph) (0.73 g, 0.0024 mol) in CH2C12 (10 
mL) was treated with a 10% excess of triethyloxonium tetrafluoro- 
borateIg (0.532 g, 0.0028 mol) and the reaction mixture kept a t  room 
temperatbre fofof. 24 h. On diluting the chilled solution with anhydrous 
ether the solid that separated was collected and recrystallized from 
CHZCI&t20 giving 3,5-diphenyl-4-ethoxy-2-methylthiothiazolium 
tetrafluoroborate (7, R = CH3S: R' = Ph) as colorless prisms: 955 mg 
(9%); mp 199-201 "C; IR (KBr) 3065,2985,2910 (CHI, 1600 (C=N), 
1120-1010 cm-' (BF4-); A,,, (CH30H) 329 nm (log c 4.16), 263 sh 
(3.89), 241 sh (4.02); NMR (CDCIs) 6 7.90-7.25 (m, 10, aromatic), 3.98 

Anal. Calcil for C18H&F4NOS2: C, 52.05; H, 4.37; N, 3.38. Found: 
C, 52.06; H, 4.34; N, 3.46. 

Similarly ~,5-diphenyl-4-ethoxy-2-ethylthiothiazolium tetrafluo- 
roborate (7, R = EtS; R' = Ph) crystallized from CH2C12 as colorless 
prisms (81%): mp 204-206 "C; IR (KBr) 3065,2980,2935 (CH), 1600 
(C=N), 1110-1010 cm-' (BF4-); A,,, (CH3OH) 330 nm (log e 4.17), 
260 sh (3.91), 240 sh (3.99); NMR (CDCI3) 6 7.85-7.30 (m, 10, aro- 
matic), 3.95 (q, 2, OCHzCHs), 3.40 (q, 2,  SCH2CH:,). 1.50 (t ,  3, 

Anal. Calcd for C ~ S H ~ ~ B F ~ N O S ~ :  C, 53.14; H, 4.70: N, 3.26. Found: 
C, 53.09; H, 4.74; N, 3.30. 
3,5-Diphehyl-4-ethoxy-2-n-propylthiothiaolium tetrafluoroborate 

(7,  R = n-CsH7S; R' = Ph) also crystallized from CH2C12 as cream 
prisms (77%): mp 133-134.5 "C; IR (KBr) 3070,2970,2935 (CH), 1600 
(C=N), 1115-1010 cm-' (BF4-); A,,, (CHsOH) 330 nm (log c 4.29), 
260 sh (4.04), 240 sh (4.11); NMR (CDCI:,) T, 7.90-7.25 (m,  10, aro- 
matic),3.98 (4, 2, OCHzCHs), 3.36 (t,  3, S C H ~ C H ~ C H B ) ,  1.95 (h,  2, 

Anal. Calcd for CmHrzBF4NOS2: C, 54.18 H, 5.00; N,  3.16. Found: 
C, 54.35; H, 5.05; N, 3.14. 

Alkaline Hydrolysis of Dimethyl 2-Methylthio-5-phenyl- 
thiophene-3,4-dicarboxylate (15, R = CH3S; rl = Ph).  Dimethyl 
2-methylthio-5-p~enyIthiophene-3,4-dicarboxylate ( 1.5 g, 0.0015 mol) 
in a 1096 NaOH solution of aqueous methanol (1:l) (14 mL) was heated 
under reflux for 4 h. The methanol was removed in vacuo and the 
aqueous solution was acidified with 2 N HCI. Filtration of the pre- 
cipitate and recrystallization from aqueous ethanol gave the corre- 
sponding 2-methylthio-5-phenyIthiophene-3,4-dicarboxylic acid as 
colorless prisms, 0.46 g (low), mp 235-237 "C (Table 11). 
3,5-Diphdnyl-2-phenyliminothiazolidin-4-one (8a). A solution 

of a-bromophenylacetyl chloride (0.7 g, 0.003 mol) in benzene (10 mL) 
was added.dropwise to a stirred solution of N,N'-diphenylthiourea 
(1, R = PhNH) (0.7 g, 0.003 mol). After 5 min at room temperature 
Et3N (0.61 g, 0.006 mol) in benzene (5 mL) was added dropwise, the 
colorless reaction mixture changing to a red color, and stirring was 
continued for an additional 10 min. After removal of Et:,N.HX, the 
solvent was removed under reduced pressure and the oily residue 
triturated with ethanol giving cream prisms which crystallized from 
ethanol as colorless prisms of 8a: 0.63 g (61%); mp 131-132 "c (lit.x 
mp 131-132.5 "C); IR (KBr) 3050 (CH), 1725,1650 (CO). 1600cm-' 
(C=N); NMR (MePSO-de) 6 7.80-6.90 (m, 15, aromatic) 
CH). 
anhydro-3-Hydroxy-2-phenylthiazolo[3,2-a]pyridinium hy- 

droxide ( 1  1, R = CsHs) was obtained from the reaction of 2-mer- 
captopyridine and tr-bromophenylacetyl chloride as described above. 
It crystallized from chloroformiether as reddish-yellow prisms: mp 
182-184 "C (lit.I2 mp 183-185 "C); IR ( K R r )  3100-29950 (CH), 1620 
(CO), 1590 cm-I (C=N). 

Similarly anhq'dro-2-ethoxycarbonyl-:3-hydroxythiazolo[3,2- 
alpyridinium hydroxide (1 1, R = COOC~HS) was obtained from the 
reaction of 2-mercaptopyridine and 2-bromo-2-ethoxycarbonylacetyl 
chloride. I t  also crystallized from chloroform/ether as golden prisms 
(30%): mp 166.5-168 "C; IR (KBr) 3110,3080,29i5,293,5,2900 (CH), 
1725,1650 (CO), 1610 cm-' (C=N); A,,,, (CHnOH) 249 nm (3.90), 270 
(3.76), 401 (4.05); NMR (CDCI:i) 6 8.15-735 (m.  4. aromatic), 4.40 (q, 

(4, 2, OCHZCH~),  2.83 (s, 3, SCHn), 0.93 (t,  3, OCH2CH:j). 

SCHzCHs), 0.95 (t, 3, OCHzCH3). 

SCH2CH2CH3), 1.05 (t, 3, S C H ~ C H ~ C H A ) ,  0.95 (t, 3, 0CHzCH:j). 
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2, C O ~ C H Z C H ~ ) ,  1.39 (t, 3, COzCH2CH3); mass spectrum mle (re1 
intensity) M+- 223 (79). 

Anal. Calcd for C10119N03S: C, 53.80; H, 4.06; N, 6.27. Found: C, 
53.79; H, 3.97; N, 6.22. 

Hydrolysis of anhydro-2-Alkylthio-3,5-diphenyl-4-hy- 
droxythiazolium Hydroxides (4, R = CHaS, C2H& n-C3H,S; R' 
= Ph).  The mesoionic thiazole derivative (200 mg) in ethanol/HzO 
(k2) (15 mL) was refluxed for 3-4 h. Upon cooling, the solid precipi- 
tate was separated by filtration, washed with water, and recrystallized 
from ethanol giving colorless prisms of 3,5-diphenylthiazolidine- 
2,4-dione (8, R' = Ph) in 5841% yields. 

Hydrolysis of anhydro-5-Ethoxycarbonyl-2-ethylthio-4- 
hydroxy-3-phenylthiazolium Hydroxide (4, R = SCpH,; R1 = 
COOEt). The mesoionic compound 4 (R = CzHbS; R1 = COOEt) (0.15 
g, 0.0005 mol) in HzO (10 mL) was treated with about 3 drops of 
concentrated HCl solution and then the reaction mixture was refluxed 
for 7 h. Upon cooling a precipitate separated and it was recrystallized 
from aqueous ethanol giving 3-phenylthiazolidine-2,4-dione (8, R1 
= H) as colorless prisms with physical constants corresponding to 
those reported9Job 0.5 g (56%); mp 146-148 "C; IR (KBr) 3070,2980, 
2930, 1695,1675,1600 cm-l; A,,, (CH3OH) 218 nm sh (log c 3.99); 
NMR (CDC13) 6 7.65-7.03 (m, 5, aromatic), 4.05 (s, 2, CH2); mass 
spectrum m/e (re1 intensity) M+. 193 (68) [M - CO], 165 (3) [M - CO, 
COS], 105 (5). 

Hydrolysis of anhydro-3,5-Diphenyl-4-hydroxy-2-morphol- 
inothiazolium Hydroxide (4, R = N-Morpholino; R' = Ph). The 
mesoionic compound (0.15 g, 0.0004 mol) in ethanol/HZO (1:3) (8 mL) 
containing 3 drops of concentrated HC1 solution was refluxed for 3 
h. Upon cooling, a solid separated and was washed with water. Re- 
crystallization from ethanol gave 3,5-diphenylthiazolidine-2,4-dione 
as colorless prisms, 70 mg (59%), mp 172-174 "C (lit.8 mp 172.5-173 
"C). 
anhydro-4-Hydroxy-2-p-methoxyphenyl-5-phenyl-1,3-di- 

thiolium Hydroxide. a-Bromophenylacetyl chloride (0.7 g, 0.003 
mol) in benzene (10 mli) was added dropwise to a stirred solution of 
p-methoxydithiobenzoic acid (0.552 g, 0.003 mol) in benzene (10 mL). 
After 5 min, Et3N (0.61 g, 0.006 mol) in benzene (5 mL) was added 
dropwise and the resulting purple solution stirred a t  room tempera- 
ture for 10 min. After the separation of the precipitated solid, the 
filtrate was concentrated in vacuo and the oily residue triturated with 
ether/petroleum ether F. The crystals which separated were recrys- 
tallized from CHCls/petroleum ether F giving purple prisms: 0.55 g 
(61%); mp 124-126 "C (lit.13 mp 125-126 "C); IR (KBr) 1575 cm-l 
(CO); NMR (CDC13) 6 3.8 (s, 3, CH30), 7.93-6.97 (m, 9, aromatic). 
anhydro-5-Carboethoxy-4-hydroxy-2-p-methoxyphenyl- 

5-phenyl-1,3-dithiolium Hydroxide. 2-Bromo-2-ethoxycarbon- 
ylacetyl chloride (4.6 g, 0.02 mol) in benzene (30 mL) was added 
dropwise to a solution a'f p-methoxydithiobenzoic acid,(3.7 g, 0.02 mol) 
in benzene (30 mL) and the reaction mixture was then stirred a t  room 
temperature for 10 rnin. To this stirred mixture was added dropwise 
a solution of Et3N (4.1 g, 0.04 mol) in benzene (20 mL). After 10 min, 
the precipitated Et3N.HX was filtered and the filtrate concentrated 
in vacuo. Trituration of the oily residue with petroleum ether F in- 
duced a red solid which was separated by filtration. Washing with a 
small amount of HzO and crystallization from benzene/petroleum 
ether F gave red prisms: 2.7 g (45%); mp ca. 148 "C dec; IR (KBr) 1660, 
1650 cm-l (CO); A,,, (CHBOH) 495 nm (log c 3.29), 352 (4.50), 252 
(4.11); NMR (CDC:13j 6 8.26-6.80 (m, 4, aromatic), 4.36 (4, 2, 
C02CH2CH3), 3.90 (s, 3, CH3), 1.35 (t, 3, C02CHzCH3); mass spectrum 
m / e  (re1 intensity) M+. 296 (9). 

Anal. Calcd for C.131-11204S2: C, 52.68; H, 4.08. Found: C, 52.48; H, 
3.99. 

Trapping of anhydro-2,4-Diphenyl-5-hydroxy- 1,3-oxathiol- 
ium Hydroxide with Dimethyl Acetylenedicarboxylate. A solu- 
tion of thiobenzoic acid (1.38 g, 0.01 mol) and triethylamine (2.02 g, 
0.02 mol) in benzene (210 mL) was added dropwise to a stirred solution 
of ru-bromophenylacetyl chloride (2.34 g, 0.01 mol) and benzene (20 

mL) over Nz. Dimethyl acetylenedicarboxylate (1.42 g, 0.01 mol) was 
added and then the reaction mixture was refluxed for 24 h. After 
cooling, the Et3N.HX was removed by filtration and the filtrate 
concentrated in vacuo. Trituration of the oily residue with methanol 
induced a colorless solid to crystallize. Filtration and crystallization 
from methanol gave colorless prisms which were identical with au- 
thentic dimethyl 2,5-diphenylthiophene-3,4-dicarboxylate, 0.4 g 
(ll%), mp 166-168 "C (lit.13b 167-168 "C). 

Registry No.-1 (R = CHBS), 701-73-5; 1 (R = EtS), 13037-20-2; 
1 (R = PrS), 14594-43-0; 1 (R = PhS), 27063-57-6; 1 (R = morpholino), 
15093-54-6; 1 (R = (CH3)zN), 705-62-4; 1 (R = CN), 4955-82-2; 1 (R 
= Ph), 636-04-4; 1 (R = p-ClCeH4), 6244-75-3; 1 (R = p-CH30CsH.J, 
26060-23-1; 2 ( R  = Ph; X = Br; Y = OH), 4870-65-9; 2 ( R  = Ph; X 
= Br; Y = Cl), 19078-72-9; 2 (R' = COOEt; X = Br; Y = Cl), 41141- 
81-5; 7 (R = CH3S; R' = Ph), 61522-29-0; 7 (R = EtS; R' = Ph), 
61522-31-4; 7 (R = ~ - C ~ H T S ;  R' = Ph), 61522-33-6; 8 ( R  = Ph),  

= Ph), 32044-03-4; 11 (R = COOEt), 61522-35-8; 12 (R = p -  
CH~OCGH,; X = S), 2168-77-6; 12 (R P h  X = 0), 98-91-9; 13 ( R  

4695-03-8; 8 (R' = H), 1010-53-3; 8a, 4694-99-9; 10,61522-34-7; 11 (R 

= Ph), 21132-27-4; 13 ( R  = COOEt), 61522-36-9; dimethyl acety- 
lenedicarboxylate, 762-42-5; triethyloxonium tetrafluoroborate, 
368-39-8; 2-mercaptopyridine, 2637-34-5. 
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