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Zbadano reakcję hydrolizy nadchloranów  2-fenylobenzo-l,3-ditioliow ych 
(7a—b) oraz nadchloranu  2-m etylobenzo-l,3-ditiolowego (5). Stwierdzono, 
że w reakcji soli 7a—b uzyskuje się disulfidy 8a—b, zaś w  przypadku soli 
5 pow staje tiolooctan 10 oraz/lub związek nienasycony 12. P rzedysku­

towano przebieg badanej reakcji.

H ydrolysis of 2-phenylbenzo-l,3-dithiolium  perchlorates (7a—b) and 2- 
-m ethylbenzo-l,3-dithiolium  perchlorate (5) has been investigated. I t  was 
sta ted  th a t salts 7a—b yield disulfides 8a—b and salt 5 produces thiolo- 
acetate 10 and/or unsa tu ra ted  compound 12. The course of the reaction

was discussed.

As we have reported previously 1-3) the reaction of benzo-l,3-dithiolium  
perchlorate (1) w ith  water results in formation of compounds 2 or 3 (de­
pending on the reaction conditions) which contain two or three benzo-1,3- 
-dithiol units, respectively.

Compounds 2 and 3 are products of a further reaction of 2-hydroxy-l,3 - 
-dithiol, the transient formation of which has been confirmed by spectral 
investigations on the reaction m ix tu res3). In the present paper we wish to 
report the results of hydrolysis of benzo-l,3-dithiolium  salts w ith a 
phenyl ring or a m ethyl group instead of a proton at C-2.

The only reference concerning the behavior of 2-phenylbenzo-l,3-di- 
thiolium  salts towards water could be found in the papers by H u r t l e y  
and S m i l e s 4 published as far back as in 1924— 1926. These authors 
believed the reaction product to have the formula C26HiaOS4 and the
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“oxide” structure 4 consisting of two 2-phenylbenzo-l,3-d ith iolyl units. 
This conclusion was based so lely  on elem ental analysis and determination  
of molecular weight.

^  C26H»OS,

The hydrolysis of 2-m ethylbenzo-l,3-dithiolium  salts has not been  
studied as yet. The only reported property of these salts is the unusually  
great m obility of the m ethyl protons at C-2. Taking advantage of this 
property S о d e r and W i z i n g e r 5) have obtained a series of cyanine 
dyes containing the benzo-l,3-dithiolium  system . The enhanced acidity of 
the m ethyl protons at C-2 of the 2-m ethylbenzo-l,3-dithiolium  cation 
(5+) is caused by electron deficiency of 1,3-dithiolium ring as w ell as by 
the resonance stabilization of the so-called “anhydrobase” 6 formed upon 
deprotonation of cation 5+.

5 + 6

RESULTS AND DISCUSSION

Reactions of 2-phenylbenzo-l,3-dithiolium  salts

Our investigations enabled us to establish that the reactions of 2- 
-phenylbenzo-l,3-dithiolium  (7a) and 2-phenyl-5-m ethylbenzo-l,3-d ith io- 
lium  (7b) perchlorate w ith water lead to formation of disulfides 8a and 8b 
instead of “oxides” of structure 4 as suggested by H u r t l e y  and 
S m i l e s 4 .

7a - b  a : R = H , b : R = CH3 8 a - b  0

Disulfides 8a and 8b, the only isolated reaction products, are obtained 
in a good yield independently of the reaction medium (acidic, basic or 
neutral) and of the fact w hether the reaction is carried out in a homo­
geneous or heterogeneous system . The results and the conditions of the 
reactions are listed in Table 1. Disulfides 8a— b obtained in these reactions 
are not the primary products of the hydrolysis of salts 7a— b. The first 
step of the reaction involves almost surely the formation of the corres­
ponding “carbinol bases” 9a— b, as in the case of hydrolysis of benzo-1,3-
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-dithiolium  salts w ith  a hydrogen at C-2 3>. Carbinols 9 are in equilibrium  
with their tautomeric forms 9’a— b which undergo oxidation to corres­
ponding disulfides 8a— b. The oxidation m ay be performed by perchloric 
acid or by its salt.

7 a - b  9 a - b  9 ' a - b

Thus in the course of hydrolysis of 2-phenylbenzo-l,3-dithiolium  salts 
the attack of carbinol 9 (or of the mercapto-ester 9') on C-2 of salt 7 does 
not occur. Such an attack is usually observed in the case of hydrolysis of 
benzo-1,3-dithiolium  salts w ith  a hydrogen at C-2 (1) and leads to forma­
tion of compounds 2 or 3. It should be believed that the difference observed  
in the course of hydrolysis of salts 7 and 1 result from the steric factors, 
as w ell as from the decrease in electrophilicity at C-2 due to the presence 
of phenyl group in this position.

The behavior of 2-phenylbenzo-l,3-dithiolium  perchlorates towards 
water is to some extent analogous to the hydrolysis of 2-ph en ylb en zo-l,3- 
-oxathiolium  perchlorate which has been reported in the literature e).

Reactions of 2-m ethylbenzo-l,З-dithiołium  salt

Treating 2-m ethylbenzo-l,3-dithiolium  perchlorate (5) w ith water 
under various reaction conditions w e were able to state that this salt was 
much more susceptible to deprotonation than to hydrolysis. The results of 
the reactions performed are collected in Table 2. It turned out that the 
product of hydrolysis of salt 5, i.e. thiolacetate 10, was formed only when  
the reaction was carried out in a heterogeneous system  in the presence of 
an acid liberated from the salt (reaction D, Table 2). It is probably formed  
in a range of reaction steps analogous to that proposed earlier for the 
hydrolysis of benzo-1,3-dithiolium  salts w ith  proton at C-2 3>. Thus, the 
reaction consists in the attack of water m olecule on the electrophilic center 
of cation 5+, i.e. on C-2, leading to formation of “carbinol base” 11, and 
the subsequent reaction of this carbinol (or its tautomeric form 11') with  
salt 5.

5 11 11'
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On the other hand the treatm ent of perchlorate 5 w ith  water in aceto­
nitrile solution, as w ell in  an acidic (reaction A) as in a neutral (reaction 
B) or in a basic m edium (reaction C), leads generally to formation of an 
unsaturated compound 12 containing two 2-m ethylbenzo-l,3-d ith iol units. 
The same compound is obtained in the reaction of salt 5 w ith triethyl- 
am ine in an anhydrous medium (reaction E).

12

In our opinion compound 12 is formed from salt 5 in a reaction in ­
volving deprotonation of the m ethyl group by water or an amine 
m olecule, this reaction competing effectively  w ith the attack of water 
on C-2, i.e. w ith hydrolysis of the salt. The “anhydrobase” 6 formed by  
deprotonation reacts thereafter w ith  the dithiolium  cation 6+ resulting in  
compound 12.

It m ust be emphasized that 2-m ethylbenzo-l,3-dithiolium  salt (5) 
loses a proton far more easily than the 2-H -benzo-l,3-dithiolium  salt 
(e.g. salt 1). Deprotonation of salt 5 in a homogeneous medium occurs so 
easily  that even in acidic medium and in the presence of a great excess of 
water (reaction A, Table 2) the hydrolysis product (i.e. thioloacetate 10) 
is not obtained, compound 12 being the only reaction product. As was 
stated prev iou sly2’3) 2-H -benzoTl,3-dithiolium  salts under these conditions 
are subject exclusively  to hydrolysis giving the appropriate thioloformate 
2. Despite the great facility  w ith  which salts 1 undergo deprotonation by 
bases in an anhydrous medium (giving bis(l,3-dithiolilidenes-2)) their 
hydrolysis in basic medium in the presence of a reasonable excess of water 
com petes fairly successfully w ith  deprotonation 1).
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It seems that the observed difference in facility  of deprotonation o f  
2-m ethyl- and 2-H -benzo-l,3-dithiolium  salts (5 and 1) is connected w ith  
the relative stability of the conjugated bases derived from the cations 
of those salts.

The lone electron pair on the carbene «-> ylid  13 is to a considerable 
degree localized on C-2 of the heterocycle, whereas in  “anhydrobase” 6 
its electron pair is localized on a carbon in position a to the ring. This 
renders possible the formation of а я bond among C-2 and Ca. Thus “an­
hydrobase” 6 is much more stable than the carbene *-> ylid  13 and,, 
moreover, owing to lesser contribution of dipolar structures, 6 is a less 
nucleophilic agent than 13. Both factors account for the greater C-H 
acidity of cation 5+ than of 1+.

EXPERIMENTAL

IR, !H NMR and mass spectra as well as elem ental analyses w ere perform ed at 
the Laboratory  of Instrum ental Analyses of Polytechnical U niversity, W arszaw a. 
łH NMR spectra w ere recorded on a JNM -C-60-H or a JNM-MN-1000 (Jeol) spectro­
m eters (TMS as in te rnal reference), IR  spectra — on a U R -10 or a Specord 71 IR 
spectrom eters (Zeiss) and mass spectra — on a LKB 900 spectrom eter (at 70 eV). The 
Welting points are uncorrected.

S tarting  m aterials

2 - M e t h y l b e n z o - 1 , 3 - d i t h i o l i u m  p e r c h l o r a t e  (5) was prepared  
according t o 5); it was recrystallized by dissolution in slightly w arm ed glacial acetic 
acid containing a few drops of 70% HCIO4 and followed, a fte r cooling, by addition of 
d ry ether. The yield was 50.8%; yellow crystals, m.p. 140—143°C (Lit.5): m.p. 128°C).

NMR (CF3CO2H), 5: 3.6 (s, 3H, CH3), 7.8—8.5 (m, A A 'B B', 3H, arom atic); IR 
(Nujol), cm -»: 1090 (CIO4).

2 - P h e n y l b e n z o -  1 , 3 - d i t h i o l i u m  p e r c h l o r a t e  (7a). A m ix tu re  of 
o-benzenedithiol (2.86 g, 0.02 mole), benzoic acid (4.9 g, 0.4 mole) and POCI3 (50 ccm) 
was refluxed for 10 m in w ith  stirring . The ice-cooled and stirred  solution was then 
trea ted  dropwise w ith glacial acetic acid (50 ccm), w ater (50 ccm) and 72% НСЮ 4 
(20 ccm) successively. A fter stirring  for a fu rth e r 15 m in the reaction  m ix tu re  was 
slowly poured into 350 ccm of cooled, d ry  ether. The precip itated  crystalline product 
was filtered  off, w ashed w ith  ether and dried in  vacuo  over K O H . The yield of 
2-phenylbenzo-l,3-dithiolium  perchlorate (7a, yellow; m.p. 226—229°C) is 5.9 g (89%). 
The product obtained was sufficiently pure for fu rth e r purposes. A sam ple for 
analysis (0.6 g) w as purified by dissolving in w arm  C H 3C N  (5 ccm) containing 2 drops 
of 72% HCIO4, cooling and addition of ether (8 ccm); pure compound (0.56 g, m .p. 
228—231°C) was obtained.

»H NMR (CF3CO2H), 6 : 7.70—8.53 (m, arom atic); IR (KBr), cm -i; 1090 (C104).
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Analysis:
For C13H 9S2CIO4— Calcd.: 47.5% C, 2.7% H, 19.5% S;

found: 47.3% C, 2.7% H, 19.3% S.
2 - P h e n y l - 5 - m e t h y l b e n z o - l ,  3 - d i t h i o l i u m  p e r c h l o r a t e  (7b) 

was p repared  according t o 7) w ith  55.2% yield; orange crystals, m.p. 154—156°C (Lit.5): 
m-p. 150°C).

*H NMR (CF3CO2H), S: 2.68 (s, 3H , CH3), 7.76—8.50 (m, 8H , arom atic); IR (KBr), 
cm -»: 1090 (СЮ4).

Hydrolysis of 2-phenylbenzo-l,3-dithiolium salts (7a—b)

R e a c t i o n s  A a n d  B. To a s tirred  solution of perch lo ra te  7a or 7b (1.2 
mmole) in CH3CN an  appropriate  portion of w ater was dropped slowly; in reaction  
A afte r ca. 10 m in an  additional portion of w ater w as dropped un til a  slight tu rb id ity  
is produced; in reaction  В Et3N was added dropwise. S tirring  w as continued for 1 h r 
and the reaction m ix tu re  w as poured into w ater, the precip ita te  w as filte red  off, 
Washed w ith  w ater and dried.

R e a c t i o n s  С a n d  D. A solution of 7a in CH3CN was dropped slowly to 
w ater or to aqueous 0 .5  n  NaOH w ith  stirring . A fter 4 0  m in the prec ip ita te  was 
filtered off, w ashed w ith  w ate r and dried.

R e a c t i o n s  E a n d  F. A suspension of perchlorate 7a or 7b in w ater or in 
5% aq. NaOH was shaken in a separatory  funnel w ith  CCI4 for 0.5 hr. The organic 
ex tracts w ere w ashed th ree tim es w ith  w ater, dried over MgS04 and the solvent was 
removed on ro ta to ry  evaporator to give the crude product.

The quantities of reagents and solvents used in the reactions A—F as well as the 
yields of reaction products are enum erated in Table 1.

Purification of products 8a—b

Disulfide 8a w as purified by crystallization from  ligh t petroleum  (b.p. 40—60°C) 
° r  from  ligh t petroleum  — benzene m ix ture; m.p. 135—137°C.

»H NMR (CS2), 6 : 6.9—7.8 (m, arom atic); IR (KBr), cm -»: 1660 (vc -o), in CC14: 
1687 (vC-o); MS: m /e  = 490  [M+], 385 [M-CeH5CO]+, 280 [385-C6H5CO]+, 245 [M/2] + .

Analysis:
For C?sHi802S4— Calcd.: 63.6% C, 3.7% H, 26.1% S;

found: 63.5% C, 4.0% H, 26.3% S.
Disulfide 8b was purified  by crystallization from  benzene — light petroleum  

(b.p. 40—60°C) m ixture; m.p. 165—169°C.
*H NMR (CS2), 6 : 2.16, 2.25 and 2.37 (three singlets*, 6H, CH3) and 6.8—7.9 (m, 

lbH, arom atic); IR (KBr); cm -»: 1675 (vc -o).
Analysis:
For C28H220 2S4 — Calcd.: 64.9% C, 4.3% H, 24.7»/o S;

found: 65.1% C, 4.3% H, 24.3% S.

Reactions of 2-mcthylbenzo-l,3-dithiolium pcrchloratc (5)

A—C. H o m o g e n e o u s  h y d r o l y s i s .  To a stirred  solution of 5 in CH3CN 
w ater was dropped slowly; in reaction A the m ix ture w as stirred  for 15 m in and in 
reactions В and С Et3N w as added dropwise afte r 5 m in and stirring  w as continued 
£°r 1 hr. The reaction m ix ture was then  poured into w ater and ex tracted  w ith  CC14. 
■Lhe organic layers w ere w ashed w ith  w ater, dried over M gS04 and m ost of 
solvent w as rem oved on ro tato ry  evaporator. The »H NMR spectra w ere m easured 
m  order to estim ate the composition of crude reaction m ixtures.

* The product is probably a m ix ture of th ree isom eric disulfides differing in the 
position of CH3 group in the benzene ring.

8 P o lish  J o u r n a l  o f C h e m is try  7—8—9/82
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D. H e t e r o g e n e o u s  h y d r o l y s i s .  A suspension of 5 in w ater was shaken 
in  a separatory  funnel for-ca. 0.5 hr w ith  CC14. The aqueous layer was ex tracted  w ith 
CC14 and the combined organic layers w ere trea ted  as described for A—C.

E. T r e a t m e n t  w i t h  E t3N in  a n h y d r o u s  CH3CN. E t3N w as added 
dropwise to a stirred  solution of salt 5 in anhydrous CH3CN. A fter stirring  for 1 hr 
the solution was poured into w ater and ex tracted  w ith  CC14. The organic layer was 
trea ted  as in reactions A—C.

The quantities of reagents and solvents used together w ith  the products form ed 
in above reactions of sa lt 5 are shown in Table 2; !H NMR spectral data, w hich have 
been employed for identification of products in crude reaction m ixtures, are contain­
ed in Table 3.

By crystallization of crude product form ed in reaction С from  light petroleum  
(b.p. 40—60°C), w ith  a slight quantity  of benzene added, a sm all quan tity  (ca. 0.1 g) 
of crystalline, yellow compound 12 was obtained; m.p. 75—79°C.

‘H NMR (ССЦ), 6: 2.03 (s, 3H, CH3), 5.50 (s, 1H, =C-H ), 6.8—7.2 (m, 8H, arom atic); 
MS: m/e =  332 (100%, M+).

Analysis:
F or Ci6Hi2S4— Calcd.: 57.8% С, 3.6«/o H;

found: 57.2% C, 3.6% H.
By crystallization of crude product form ed in reaction D from  ligh t petroleum  

(b.p. 40—60°C) some crystalline th io laceta te 10 (ca. 0.18 g, 35%; m.p. 84—90°C) was 
isolated.

‘H NMR (CCI4), 8: 2.10 (s, 3H, ^ C -C H 3). 2.25 (s, 3H, 0 = C -C H 3). 6.80—7.80 (m, 
8H, arom atic); IR (CC14), cm -i; 1710 (vc -o); MS: m/e =  332 (100%, [M — H20]+).

Analysis:
For C16H 14OS4— Calcd.: 54.8% C, 4.1% H;

found: 55.1% C, 4.3% H.
No crystalline products are isolated in  other reactions (i.e. A, В and E).

Received A pril 29th, 1981 
(revised m anuscript March 17th, 1982).
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