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o-Thiobenzoquinone methide (1) has been generated by photodesulfonylation of 3H-1,2-benzodithiole 2,2-diox- 
ide (3) in benzene and was trapped with added N-phenylmaleimide as the [4 t 21 (or [8 + 21) adduct (4). The 2,2- 
dioxide 3 was prepared in -10% yield by either oxidation of 3H-1,2-benzodithiole ( 5 )  or oxidative cyclization of 2- 
mercaptomethylthiophenol (7) with m-chloroperoxybenzoic acid (MCPBA). Peroxyacetic acid oxidation of 7 also 
afforded 3 in low yield, along with the monoxides 3a and 6a; under somewhat more vigorous conditions 7 gave 3H- 
1,2-benzodithiol-3-one 1-oxide ( 8 )  in 29% yield. The 1-oxide 8 was also isolated (15% yield) along with a 65% yield 
of the Corresponding 1,l-dioxide 9 from a direct oxidation of 3H-1,2-benzodithiol-3-one with MCPBA. Mild per- 
iodate oxidation of 5 at 24 "C cleanly afforded the monoxides 3a and 6a in a 1:l ratio; brief treatment of this diffi- 
cultly separable mixture with aqueous Na2C03 led to complete disproportionation of 3a to  3 and 5 under conditions 
which l e t  6a unaffected and allowed its isolation and further oxidation with periodate (65 "C) to yield pure 3H- 
1,2-benzodithiole 1,l-dioxide (6). Alternatively, a 1:l mixture of 3 and 6 could be obtained directly from 5 by vigor- 
ous periodate oxidation run at 70 "C and catalyzed by Ip. Irradiation of pure 6 under conditions used for the photol- 
ysis of 3, as well as in the presence of benzophenone as a sensitizer, did not yield any of the desired benzo[b]thiete 
(2), nor was the formation of any adduct (4) of 1 (assuming that a conversion of 2 to 1 might occur) with added N -  
phenylmaleimide observed. 

The original objectives of the research described in this 
report were the generation of o -thiobenzoquinone methide 
(1)2 and a determination of whether or not 1 exists in equi- 
librium with its %valence tautomer, benzothiete (2).3 In 
pursuing these goals we reasoned that photochemically or 
thermally induced extrusion of SO2 from 3H-1,2-benzodi- 
thiole 2,2-dioxide (3) might yield 1 and/or 2 directly4 and that 
1 would be sufficiently reactive toward dienophiles to undergo 
[4 + 21 (or [8 + 21) cycloaddition reactions to yield stable ad- 
ducts (e.g., 4 via condensation with N-phenylmaleimide*), 
thereby demonstrating its potential use in synthesis5 as well 
as providing proof' of its generation in solution. The 2,2- 
dioxide 3 might, in turn, be readily accessible by regioselective 
peroxyacid oxidation of the 2-sulfur atom (i.e., the presumably 
more electron-rich alkyl-substituted sulfur) of 3H-1,2-ben- 
zodithiole ( 5 ) ,  an assumption that we initially felt was war- 
ranted by the results of a model study of the m-chloroperox- 
ybenzoic acid oxidation of benzyl and ethyl phenyl disulfides.6 
In the event that nonregioselectivity proved to be the case in 
the oxidation of 5,:'3 obtention of 6 (and/or 6a) would allow 
us, in addition, to test a direct and previously unexplored route 
to the parent benzothiete system (2) via extrusion of SO2 from 
6.9 

Results and Discussion 
3H-1,2-Benzodit,hiole ( 5 )  was first prepared by slow addi- 

tion of a 2% solution of 2-mercaptomethylthiophenol (7) to 
a 7.5% solution of ferric chloride in acetic acid-methanol a t  
10 "C as described by Luttringhaus and Hagele.lO Attempts 
to improve on their reported 40% yield of 5 led us to develop 
a modified procedure (see Experimental Section) whereby 5 
was eventually obtainable in 81% yield (ca. 85% pure by lH 
NMR assay) by slo'w addition of a 1% alcoholic solution of 7 
to a vigorously stirrled 2% solution of cupric chloride dihydrate 
in either ethanol or methanol a t  24 OC in the presence of air.ll 
As had been observed previously,lO 5 was found to deteriorate 
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rapidly in the absence of solvent, and efforts to purify crude 
5 by distillation in vacuo or by column chromatography (Si02; 
A1203) led to intractable decomposition products. Conse- 
quently, it  was necessary to use 5 directly as obtained (after 
extraction) from the CuCl2-catalyzed oxidation of 7 or to store 
5 at -10 "C as a 2-3% solution in methylene chloride or diethyl 
ether until needed. 

Preliminary studies on the oxidation of 5 with 2 mol equiv 
of m-chloroperoxybenzoic acid (MCPBA) in CHzCl2 at 25 "C 
afforded small amounts (<lo% yield) of a crystalline solid 
which analyzed correctly for C~H602S2. The product exhibited 
strong infrared bands a t  1150 and 1335 cm-l (-S-SOB-) and 
1H NMR signals at  6 4.70 (s,2) and 7.37 (broad s, 4). The data 
led to a tentative assignment of either 3 or 6 as possible 
structures for the new compound. A distinction in favor of 
structure 3 for the product was allowed by the observation that 
the 13C NMR signal due to the 13CH2 group in the new thiol- 
sulfonate appears at  64.8 ppm downfield from Me,Si, a typical 
value for l3C in the -SS02CHzPh moiety.12 

Closer examination of the 'H NMR spectrum of the crude 
product mixture derived from the oxidation of 5 with MCPBA 
indicated that two other products (which later proved to be 
3a and 6a) were also formed in low yield. However, no im- 
provement beyond the original optimum yield (ca. 10%) of 
isolable 3 could be effected despite considerable efforts in 
varying the reaction conditions. 

A literature report13 describing the peroxyacetic acid oxi- 
dation of the mercaptans RSH, where R = cyclopentyl and 
cyclohexyl, to yield the corresponding thiolsulfonates RSOzSR 
in 34 and 61% yields led us to attempt a direct peroxyacid- 
mediated oxidative cyclization of 2-mercaptomethylthio- 
phenol (7) to 3 and/or 6. Indeed, upon treatment of 7 with 3 
mol equiv of MCPBA in CHzC12 at  0 "C, an 11% yield of 3 was 
obtained. Similarly, treatment of 7 with excess commercial 
40% peroxyacetic acid in CHC13 a t  0-5 "C for 1 h afforded 
what later proved to be (by 'H NMR assay) a 3:6:7 mixture of 
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3,3a, and 6a in about 40% yield. However, a somewhat more 
vigorous peroxyacetic acid oxidation of 7 (1 h at  0 "C followed 
by 3 h a t  24 "C) afforded not 3, but instead a colorless crys- 
talline substance which analyzed for C7H402S2 as the only 
readily isolable product. The structure of this product, which 
was obtained pure in 29% yield, was tentatively formulated 
as 8 on the basis of its infrared and lH NMR spectra (v,,, a t  
1705 and 1095 cm-1; multiplet a t  6 7.7-8.2). 

The formation of 8 via oxidation of 7 was presumed to occur 
via hydride removal from the initially formed and reactive 
3H-1,Z-benzodithiole riystem (5) to yield 3H-1,P-benzodi- 
thiol-3-one,14 followed by subsequent peroxyacid oxidation 
a t  the more electron-rich 1-sulfur. On this basis, a direct 
preparation of 8 was attempted. Treatment of 3H-1,2-ben- 
zodithiol-3-one15 with 2 mol equiv of MCPBA at <-20 "C for 
ca. 1 h was followed by stirring for 24 h a t  20 "C. Two products 
were obtained; the minor product, obtained pure in 15% yield, 
was 8, and the major product, obtained pure in 65% yield, 
analyzed for C7H40& and was tentatively formulated as 9 
on the basis of its IR (u,,, 1710,1335,1168, and 1160 cm-l) 
and 1H NMR (multiplet a t  6 7.7-8.3) spectra.16 

A search for alternative oxidants which might convert 5 
both cleanly and efficiently to, preferably, 3 and/or 6 led to 
a study of periodate oxidation17 of the disulfide 5. In a pre- 
liminary experiment, oxidation of 5 with 1 mol equiv of sodium 
metaperiodate a t  24 "C foj ca. 1.5 h gave a 1:l mixture of the 
two derivatives of 5, one having a 2 H singlet at  6 4.60 and the 
other exhibiting an AB pattern ( J  = 15 Hz) centered at  6 4.91. 
An attempt to separate the components of the product mix- 
ture by alumina chromatography led to a 40% recovery of 

material which consisted of a ca. 1:l mixture of 5 and the un- 
changed oxidation product of 5 exhibiting the AB pattern 
centered at d 4.91. The reappearance of the disulfide 5 and the 
loss of the periodate oxidation product of 5 having the 2 H 
singlet a t  6 4.60 led us to believe that the latter, possibly a 
thiolsulfinate (3a or sa), had undergone disproportionation 
on the column to the disulfide 5 and either 3 or 6. Subse- 
quently, we also observed that when an aqueous acetonitrile 
solution of a similar 1:l mixture of periodate oxidation 
products of 5 was shaken vigorously with an aqueous sodium 
carbonate solution for several minutes, and the solution was 
then extracted immediately with methylene chloride and 
assayed (lH NMR), the final mixture was found to consist of 
5,3, and the (unchanged) periodate oxidation product of 5 
exhibiting the AB pattern at  6 4.91 in a ratio of 1:1:2, respec- 
tively. The result clearly suggested that, at  least in this ex- 
periment, a selective disproportionation of the periodate ox- 
idation product having the 2 H singlet at  6 4.60 was indeed 
occurring, and the result was rationalized as being in apparent 
analogy with a similar disproportionation of the thiolsulfinate 
10, which has been reported by Oae and co-workersla to occur 
upon attempted alkaline hydrolysis of 10 to yield the disulfide 
11 and thiosulfonate 12. This explanation led to the conclusion 

10 11 12 

that both of the original periodate oxidation products derived 
from 5 must necessarily be thiolsulfinates (i.e., 3a and 6s) by 
virtue of the presence of magnetically nonequivalent geminal 
protons (AB pattern, J = 15 Hz, at  6 4.91) in the remaining 
unaffected periodate oxidation product. I t  remained then only 
to assign a precise structure, 3a or 6a, to each of the two 
thiolsulfinates since without a knowledge of the precise 
mechanism for the thiolsulfinate disproportionation the 
location of the sulfur-bound oxygen atoms in the final thiol- 
sulfonate product (3) could not serve as an indicator for the 
location of the oxygen in the thiolsulfinate precursor of 3. 

Column chromatography (Sios) of the total product ob- 
tained from the disporportionation experiments described 
above led to isolation of 30% of pure 3 (based on the weight of 
the starting 1:l mixture of 3a and 6a and the stoichiometry 
assumed for the disproportionation in the above discussion) 
and 48% of the pure unaffected periodate oxidation product. 
In agreement with its formulation as a thiolsulfinate (3a or 
6a), the compound analyzed correctly for C7H60S2 and ex- 
hibited, in addition to the AB pattern at  6 4.91 ( J  = 15 Hz) in 
its lH NMR spectrum, an infrared urnax a t  1080 cm-l (-S- 
S(0 ) - ) .  The choice of 6a as the correct structure of this 
thiolsulfinate was made possible by the observation that 
further oxidation of the pure thiolsulfinate with potassium 
metaperiodate in aqueous acetonitrile at  higher temperatures 
(65-68 "C) afforded a new compound ( C ~ H ~ O ~ S Z ) ,  isomeric 
with the thiolsulfonate 3, in nearly quantitative yield. In 
support of its structural assignment as the remaining thiol- 
sulfonate (6), the product exhibited strong IR Y,,, signals a t  
1315 and 1160 cm-l (-S-SOp) and lH NMR signals a t  6 4.78 
(s, 2) and 7.4-7.9 (m, 4). 

The quantitative formation of 6 by periodate oxidation of 
the thiolsulfinate having an AB pattern centered a t  6 4.91 
suggests that (in the simplest case) the latter is 6a and that 
the thiolsulfinate found earlier to readily disproportionate 
preferentially over 6a while in contact with aqueous sodium 
carbonate is 3a. Support for this scheme comes from the ob- 
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servation that in a periodate oxidation of 5 also run at  70 "C 
a 1:l mixture of 3 and 6 was obtained, presumably via a 
straightforward and approximately quantitative oxidation 
of 3a to 3 and 6a to 6 in a reaction mixture in which the max- 
imum amounts of 3a and 6a that ever form as intermediates 
are also in a ca. 1:l ratio (the ratio expected based on the re- 
sults of the separate NaI04 oxidation described earlier in 
which 1:l formation of 3a and 6a occurred upon oxidation of 
5 with NaI04 at 24 "C). Consequently, it was concluded that 
of the two thiolsulfinates, 3a and 6a, that were formed in a 1:l 
ratio in the periodate oxidation of 5, it was 3a which, on brief 
treatment with aqueous sodium carbonate, disproportionated 
to 5 and 3 in a 1:1 ratio (under conditions which left 6a unaf- 

Qpfl s' \-) + 
- 

5 
3 3a 

fected). These conclusions of course rely on the basic as- 
sumption that further periodate oxidation of 3a yields 3 and 
of 6a yields 6.19 

With pure samples of both 3 and 6 in hand, it remained only 
to test our assumptions regarding their suitability as precur- 
sors for the generation of o-thiobenzoquinone methide (1) and 
benzo[b] thiete (2). 

Irradiation of solutions of 3 was carried out using a mercury 
lamp and a quartz apparatus. An insoluble solid, presumably 
polymeric, was obtained from photolysis of a methanolic so- 
lution of 3. Subsequent photolyses of 3 were performed in 
chloroform, benzene, and THF and in presence of maleic an- 
hydride or N-phenglmaleimide. Of these solvents, only ben- 
zene finally proved to be a satisfactory one. Generated by the 
photodesulfonylation of 3 in benzene, o -thiobenzoquinone 
methide (1) could be trapped with reasonable efficiency with 
N-phenylmaleimide to afford the adduct 4 in 43% yield. The 
reaction of 1 with maleic anhydride also afforded a similarly 
constituted adduct, but in low yield ('H NMR assay). No 
adduct was formed in the presence of dimethyl acetylenedi- 
carboxy1ate;f~ only an insoluble solid was obtained. In chlo- 
roform and THF solutions, dark-colored products were pro- 
duced and purification of the desired adduct was more diffi- 
cult. In the absence of a trapping agent (e.g., N-phenyl- 
maleimide), polymeric amorphous solids which were insoluble 
in common organic solvents were generally formed. 

Irradiation of 6 in either benzene or diethyl ether solution 
containing added N-phenylmaleimide under conditions 
similar to those used for the photolysis of 3 led to formation 
of an intractable amorphous product; none of the desired 
benzothiete 2 or the adduct of 1 (assuming that a conversion 
of 2 to 1 might occur) was observed. In an attempted sensitized 
photolysis of 6 in benzene solution containing benzophenone 
and N-phenylmaleirnide using Pyrex-filtered ultraviolet light, 
only an insoluble arnorphous solid was obtained. 

Alternative explanations (also suggested by the referees) 
for the formation of the adduct 4 might invoke the stepwise 
addition to N-phenylmaleimide of either the diradical 13 
(with loss of SO2 at an intermediate step) or the triplet di- 
radical 14. Although we have no data which can definitively 

13 14 

rule out these possibilities, the absence (lH NMR assay) of 
any trans-fused 4 in the crude product from which cis- 4 was 
isolated suggests that the product arose predominantly from 
a concerted [4 + 21 cycloaddition of 1 to N-phenylmaleim- 
ide. 

Experimental Sectionz0 
3H-1,2-Benzodithiole-3-thione was prepared in 73% yield by 

treatment of 2,2'-dithiodibenzoic acid with P4S10 in refluxing pyridine, 
as described by E. Klingsberg and A. M. Schreiber.26 
3H-1,2-Benzodithiol-3-one was prepared in 48% yield by addition 

of thiolacetic acid to  a solution of 2-thiolbenzoic acid in concentrated 
HzS04, as described by McKibben and McClelland:15 IR (CHC13) 
1780 (w), 1670, and 895 cm-l; lH NMR (CDC13) 6 7.2-7.7 (m, 3) and 
7.8-8.1 (m, 1). 

2-Mercaptomethylthiophenol (7). Method A. A solution of 46 
g (0.25 mol) of 3H-1,2-benzdithiole-3-thione in 500 mL of anhydrous 
Et20-THF (1:l) was added dropwise during 1.25 h to a stirred sus- 
pension of 20 g of LiAlH4 in 500 mL of Et20 under Nz. The reaction 
mixture was stirred for 16 h a t  25 "C. Unreacted LiA1H4 was decom- 
posed by the addition of 2-propanol (150 mL). The mixture was 
acidified with 450 mL of 10% H2SO4 solution, and the product was 
extracted into EtzO. After washing with brine, the combined extracts 
were dried (MgS04) and concentrated. Distillation of the remaining 
40 g of yellow liquid afforded 36 g (92%) of pure Z-mercaptomethyl- 
thiophenol as a pale yellow liquid: bp 64 "C (0.05 mm) [lit.lo bp 
125-126 "C (12 mm)]; lH  NMR (CDC13) 6 1.83 It, J = 7.5 Hz, l), 3.63 
(s, l ) ,  3.79 ( d , J  = 7.5 Hz, 2), and 7.0-7.6 (m, 4). 

Method B. 3H-1,2-Benzodithiol-3-one (41 g) was reduced with 
LiAlH4 essentially as described above for the corresponding 3-thione. 
The combined ethereal extracts were mixed with ice water and ex- 
tracted with 1 L of 6% KOH solution. The aqueous alkali extracts were 
acidified with 10% HzSO4 and extracted with Et2O. The combined 
Et20 extracts were washed with H20, dried (MgSOh), and concen- 
trated in vacuo to yield 35 g of yellow oil. Distillation in the range of 
77-90 "C (0.20-0.25 mm) afforded 24 g of a 3:l  mixture ('H NMR 
assay) of 2-mercaptomethylthiophenol and 2-hydroxymethylthio- 
phenol. The latter compound21 (in CDC13) exhibited 'H NMR signals 
a t  6 2.1-2.8 (broads, l ) ,  3.63 (s, l ) ,  4.67 (s,  2), and 7.0-7.6 (m, 4). 

3H-1,2-Benzodithiole (5). A solution of 5.0 g of pure 2-mercap- 
tomethylthiophenol in 420 mL of CH3OH was added dropwise from 
a Hershberg addition funnel to a vigorously stirred solution of 10.0 
g of CuCl&?HZO in 500 mL of CH30H at 24 "C during 14 h. A slow 
stream of air was bubbled through the reaction mixture during the 
addition and while the mixture was stirred for an additional 3 h. The 
reaction mixture was decanted, diluted with ice water, and extracted 
with EtzO. The combined extracts were washed with water. Partial 
removal of the Et20 in vacuo afforded 200 mL of a dilute (ca. 2%) 
solution of 5, which was dried (MgS04) and stored at ca. -10 OC. 
Complete removal of the solvent from an aliquot (15 mL) afforded 
0.300 g (81%) of crude 5 (ca. 85% pure by lH NMR assay) as a deep 
yellow oil which evaporatively distilled at a bath temperature of 93-95 
"C (3 mm) [lit.lo bp 130-133 "C (12 mm)]: lH NMR (CDC13) 6 4.33 
(9, 2) and 6.85-7.35 (m, 4). 

Reaction of 3H-1,2-Benzodithiole ( 5 )  with m-Chloroperoxy- 
benzoic Acid (MCPBA). A solution of 0.75 g (0.0040 mol) of purified 
MCPBA in 25 mL of CHzClz was added dropwise during 7 min at  24 
"C to a stirred CHzCl2 solution (100 mL) containing 0.61 g (0.0040 
mol) of 3H-1,Z-benzodithiole (5 ) ,  and the reaction mixture was stirred 
for an additional 3 min. Another 0.75 g (0.0040 mol) of MCPBA in 25 
mL of CHzCl2 were added during the next 7 min, and the mixture was 
stirred for 12 h at  25 "C. Removal of the solvent left a pale yellow solid 
which was mixed with anhydrous Et20 and filtered to remove some 
insoluble viscous material. The ether filtrate was washed successively 
with dilute NaHC03 solution and brine and dried (MgS04). Removal 
of the solvent in vacuo afforded 0.41 g of a mixture of products which 
included 3,3a, and 6a in a ratio of 5 2 3 ,  respectively, as determined 
by a lH NMR assay. The mixture was dissolved in CH2C12, washed 
with dilute NaHC03 solution, and dried (MgS04). Evaporation of the 
CH2C12 gave 0.180 g of a white solid. Recrystallization from anhydrous 
Et20 afforded two kinds of visually distinct crystals (plates and 
needles) which were manually separated to yield 0.088 g of bis(m- 
chlorobenzoyl) peroxide, mp 124-125 "C dec (lit.22 mp 125.0 "C dec), 
and 0.069 g (10%) of 3H-1,Z-benzodithiole 2.2-dioxide (3) colorless 
needles: mp 117-118 O C ;  'H NMR (CDC13) 6 4.70 (s ,  2) and 7.37 (m, 
4); IR (CHC13) 1335 and 1150 cm-l; mass spectrum (70 eV), mle 186 
(M+); UV (EtOH) A,,, 205 nm (c  26 3801,237 (93001, and 274 (570); 
I3C NMR (CDC13) 6 64.8 (13CH2) and 125.0-129.6 (l3CsH4). 

An analytically pure sample of 3 exhibited mp 118-119.5 "C. Anal. 
Calcd for C7Hc02S2: C, 45.14; H, 3.25; S, 34.43. Found: C, 45.34; H, 
3.42; S, 34.23. 

Reaction of 2-Mercaptomethylthiophenol with Commercial 
40% Peroxyacetic Acid (CH3COsH) under Controlled Condi- 
tions. Commercial 40% CH&03H23 (0.9 mL) in 5 mL of CHC13 was 
added during 5 min to 40 mL of CHC13 containing 0.2 g of 2-mercap- 
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tomethylthiophenol a t  0 "C. The reaction mixture was stirred for 1 
h at  0-5 "C, washed with water, and dried (MgS04). Evaporation of 
the solvent in vacuo afforded 0.1 g of 3:6:7 mixture of 3 ['H NMR 
(CDC13) 6 4.70 (s, 2) and 7.37 (m, 4)],3a ['H NMR (CDCl3) 6 4.60 (s, 
2) and 7.1-7.6 (m, 4)], and 6a ['H NMR (CDCl3) AB pattern centered 
at 6 4.93 (J = 15 Hz), 7.3-7.7 (m, 3), and 7.7-8.0 (m, l)] ,  respectively 
('H NMRassay). 

Reaction of 2-Mercapitomethylthiophenol with Commercial 
40% Peroxyacetic Acid :Formation of 3H-l,Z-benzodithiol-3-one 
1-Oxide (8). To a solution of 3.50 g of a 3:l mixture of 2-mercapto- 
methylthiophenol and 2-hydroxymethylthiophenol in 50 mL of CHC13 
at 0 "C was added 12 ml, of commercial 40% peroxyacetic acidz3 
during 10 min, and the mixture was stirred for 1 h at  0 "C and for 3 
h a t  24 "C. The reaction mixture was diluted with ice water and ex- 
tracted with EtzO. The organic extract was washed with water and 
dried (MgS04), and the solvent was evaporated in vacuo, yielding a 
brown viscous material which on precipitation from a cold chloro- 
form-hexane solution (-25 ") gave 1.2 g of 3H-1,2-benzodithiol-3-one 
1-oxide (8) as an off-white solid, mp 99-101 "C (39% yield based on 
starting 2-mercaptometh~ylthiophenol). Recrystallization of 0.20 g 
of the crude product from chloroform-hexane afforded 0.15 g (29%) 
of pure 8 as colorless needles: mp 101.5-103 "C; 'H NMR (CDC13) 6 
7.7-8.2 (m); IR (CHC13) 1780 (w), 1705,1095, and 890 cm-l; mass 
spectrum (70 eV), m / e  184 (M+). 

An analytically pure sample of 8 exhibited mp 101.5-103 "C. Anal. 
Calcd for C7H402Sz: C, 4h.64; H, 2.19; S, 34.81. Found: C, 45.61; H, 
2.22; S, 34.92. 

3H-1,2-Benzodithiol-:I-one 1-Oxide (8) and  SH-l,%-Benzodi- 
thiol-3-one 1,l-Dioxide ((9). A solution of 2.20 g of m-chloroperox- 
ybenzoic acid (85%; 0.010 mol) in 35 mL of CHzClz was added during 
0.5 h to a stirred solution of 0.84 g (0.005 mol) of 3H-1,2-benzodi- 
thiol-3-one in 35 mL of ClH&lz at  -20 to -23 "C. Stirring was con- 
tinued below -30 "C for 415 min and at  +20 "C for an additional 24 
h. The reaction mixture was fractionally crystallized several times 
from CC14-EtzO to yield 0.65 g (65%) of 9 as colorless crystals: mp 
70-72 0C;24 'H NMR (CDC13) 6 7.7-8.3 (m); IR (CHC13) 1785 (w), 
1710,1335,1168,1160, and 895 cm-'; mass spectrum (70eV), m/e 200 
(M+). 

An analytical sample of 9, later found to contain ca. 5% of 8 (IR), 
had mp 71-73 "C. Anal. Calcd for C7H403S~: C, 41.99; H, 2.01; S, 32.02. 
Found: C, 42.20; H, 2.17; S, 32.06. Pure 9 exhibited mp 98-99 "C. 

The remaining isolable material (0.15 g, 15%) was 8: mp 101-103 
"C; 'H NMR (CDC13) 6 7.7-8.2 (m); IR (CHCl3) 1780 (w), 1705,1095, 
and 890 cm-1.24 

Reaction of 3H-1,2-Benzodithiole ( 5 )  with Sodium Metaper- 
iodate at 24 "C: Formation of a 1:l Mixture of 3a and 6a. A solution 
of 0.87 g of 5 (ca. 85% pure) in 50 mL of acetonitrile was added drop- 
wise during 10 min to a stirred aqueous solution (100 mL) containing 
1.80 g (0.004 mol) of NaI04 at room temperature (24 "C) and stirred 
for an additional 1.25 h. Thle reaction mixture was washed successively 
with water and brine and dried (MgS04). The solvent was removed 
in vacuo to yield 0.88 g (92'k) of a 1:1 mixture of 3a and 6a (which was 
of ca. 85% purity by a lH NMR assay) based on the relative integrated 
areas beneath a 2 H singlet a t  6 4.60 (due to 3a) and an AB pattern 
centered at 6 4.91 (i.e., consisting of 2 doublets ( J  = 15 Hz) centered 
at  6 4.58 and 5.25 (due to (;a)). 

The mixture of thiolsulfinates was quite stable under a variety of 
nonbasic conditions: e.g., the mixture was (i) stored for 6 days at  24 
"C in the presence of diffuse light, (ii) heated in an NMR tube (CDC13 
solution) for 13 h a t  50 "C followed by 25 h a t  58-60 "C, (iii) refluxed 
with 3% aqueous acetic acid containing acetonitrile for 13 h, and (iv) 
distilled at reduced pressure, bp 88-96 "C (0.16 mm), without any 
apparent change in every c a ~ e . ~ 5  

Reaction of a 1:l Mixture of 3H-1,2-Benzodithiole 2-Oxide (3a) 
and 3H-1,2-Benzodithiols 1-Oxide (6a) on Alumina. A 1:l mixture 
of 500 mg of 3a and 6a was chromatographed on 10 g of neutral alu- 
mina (Woelm activity gradle 111) using petroleum ether (bp 63-69 "C) 
followed by CH2C12 as eluents to yield 100 mg of crude 5,  purity ca. 
75% ('H NMR assay), and '90 mg of crude 6a, purity ca. 90% ('H NMR 
assay). 

Reaction of a 1:l Mixture of 3H-1,Z-Benzodithiole 2-Oxide (3a) 
and 3H-1,Z-Benzodithiode 1-Oxide (sa) with Aqueous Sodium 
Carbonate: Disproportiionation of 3a to Form 3 and  5. A solution 
of 2.5 g of a 1:l mixture of 3a and 6a in 150 mL of acetonitrile and 65 
mL of water was mixed with 1.1 g of anhydrous Na2C03 in 10 mL of 
water in a separatory funnel and shaken vigorously for 3 min. A deep 
yellow color immediately developed. The reaction mixture was mixed 
with ice, acidified with 5% H2SO4 solution 3 min later, and immedi- 
ately extracted with CH2C12. The combined organic extracts were 
washed successively with brine and water and dried (MgS04). The 

solvent was removed in vacuo, yielding 1.6 g of a mixture of 3,5, and 
6a in a ratio of 1:1:2 ('H NMR assay). The crude product was chro- 
matographed on silica gel (34 9). Elution with 3% Et20 in petroleum 
ether (bp 33-37 "C) gave 0.5 g of a viscous yellow residue containing 
5,  which was discarded. Subsequent elution with a 2:l mixture of 
EhO-CH2C12 afforded 0.50 g of a yellow solid which on crystallization 
from CCh-CHzClz and recrystallization from absolute EtOH afforded 
0.20 g (30%) of pure 3: mp 116-118 "C; 'H NMR (CDC13) 6 4.70 (s, 2) 
and 7.37 (m, 4). 

Further elution with methylene chloride afforded 0.60 g (48%) of 
pure 6a as a bright yellow oil: bp 140 "C (0.06 mm); 'H NMR (CDC13) 
AB pattern centered at  6 4.91 (J = 15 Hz), 7.3-7.7 (m, 3), and 7.7-8.0 
(m, 1); IR (CH2Clz) 1080 and 1055 cm-'; mass spectrum (70 eV), m/e 
170 (M+). Anal. Calcd for C7H6OSz: c ,  49.38; H, 3.55; S, 37.67. Found: 
C, 49.18; H, 3.48; S, 37.77. 

3H-1,Z-Benzodithiole 1,l-Dioxide (6). A mixture containing a 
small crystal of iodine (10 mg), 0.30 g (0.0017 mol) of the pure 1-oxide 
6a, and 0.45 g (0.0019 mol) of KIO4 in 42 mL of water-acetonitrile (5:2) 
was heated to 65 "C during 15 min and maintained at  65-68 "C under 
Nz for 1.25 h. The reaction mixture was cooled, diluted with water, 
and extracted with diethyl ether. The combined ether extracts were 
washed successively with a minimum amount of dilute NaHS03 so- 
lution (to remove iodine) and brine and dried (MgS04). Removal of 
the solvent in vacuo gave 0.30 g of crude 6 as an off-white grayish solid, 
mp 118-121 "C. Recrystallization from CH2ClZ afforded 0.26 g (79%) 
of pure 6 as colorless crystals: mp 121-122.5 "C; IH NMR (CDC13) 6 
4.78 (s, 2) and 7.4-7.9 (m, 4); IR (CH2CIz) 1315,1160, and 1125 cm-'; 
mass spectrum (70 eV), mle 186 (M+); UV (EtOH) A,,, 213 nm (c  
5810), 260 (570), 266 (720), and 273 (620). 

An analytical sample of 6 had mp 121-122.5 "C. Anal. Calcd for 
C7H6OzSz: C, 45.14; H, 3.25; S, 34.43. Found: C, 45.39; H, 3.33; S, 
34.64. 

Reaction of 3H-1,Z-Benzodithiole ( 5 )  with Potassium Meta- 
periodate for a Prolonged Period. A solution of 0.78 g of 5 (ca 85% 
pure) in 55 mL of 1O:l acetonitrile-diethyl ether was added dropwise 
during 25 min and at  20 "C to a stirred aqueous solution (300 mL) 
containing 2.20 g (ca. 0.01 mol) of KI04, and the reaction mixture was 
stirred for an additional 50 h under Nz. The reaction mixture was 
extracted with EtzO, and the combined extracts were dried (MgS04). 
Evaporation of the solvent in vacuo yielded 0.63 g of crude product 
which included 3,3a, and 6a in a ratio of 2:3:3, respectively ('H NMR 
assay). 

Reaction of 3H-1,Z-Benzodithiole ( 5 )  with Potassium Meta- 
periodate at Elevated Temperature. A solution of 250 mg of 5 (ca. 
85% pure) in 12 mL of acetonitrile was added dropwise at  room tem- 
perature to a stirred aqueous solution (70 mL) containing 700 mg (3.0 
mmol) of KI04, and the reaction mixture was stirred for an additional 
0.5 h. One small crystal of iodine (10 mg) was added, and the mixture 
was heated under Nz at  70 "C for 1 h. The reaction mixture was cooled 
and extracted with Et20. The combined Et20 extracts were washed 
with a minimum amount of dilute NaHS03 solution (to remove io- 
dine) and water and dried (MgS04). Removal of the solvent in vacuo 
left 100 mg of a solid residue. Recrystallization from ethanol afforded 
52 mg of a ca. 1:l mixture (mp 88-105 "C) of 3 [IH NMR (CDC13) 6 
4.70 (s, 2) and 7.37 (m, 4)] and 6 ['H NMR (CDC13) 6 4.78 (s, 2) and 
7.4-7.9 (m, 4)]. 

Generation and  Trapping of o-Thiobenzoquinone Methide 
(1): Photolysis of 3H-1,Z-Benzodithiole 2,2-Dioxide (3) in  the  
Presence of N-Phenylmaleimide. A solution of 80 mg of pure 3 and 
120 mg of N-phenylmaleimide in 25 mL of anhydrous benzene was 
irradiated in a standard photolysis apparatus for 5 h using a 450-W 
high-pressure Hanovia Hg lamp and a quartz lamp well. The solution 
was maintained near room temperature by cooling the outer jacket 
of the irradiation vessel in a water bath (20-30 "C). Prior to and during 
the irradiation, argon was slowly bubbled through the solution to aid 
in deoxygenating and to provide agitation. Removal of the solvent in 
vacuo left a solid material which was partially dissolved in a small 
amount of CHC13-CC14, and the suspension was filtered to remove 
colored impurities. The filtrate was concentrated in vacuo to give a 
crude solid material which was chromatographed on silica gel using 
a 1:l mixture of anhydrous benzene-diethyl ether as eluent to afford 
a yellow solid containing unreacted N-phenylmaleimide and the 
adduct 4 ('H NMR assay). The solid was partially dissolved in a small 
amount of petroleum ether (bp 63-69 "C)-diethyl ether, and the 
suspension was filtered to yield 80 mg (ca. 63%) of crude 4 as the re- 
maining insoluble yellow-brown solid, mp 159-164 "C. Recrystalli- 
zation from CHzClZ-hexane yielded 55 mg (43%) of pure 4 as tan- 
colored crystals: mp 166-168 "C (lit.2 mp 167-168 "C); mass spectrum 
(70 eV), mle 295 (M+). The 'H NMR spectrum of 4 in CDC13 was 
identical with that already reported.2 
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