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By means of the addition of thiocarbonyl ylides to dimethyl acetylenedicarboxylate, a series of 2,5-dialkyl- 
substituted 2,5-dihydrothiophenes (4) was prepared. These compounds were also oxidized to the respective sul- 
foxides (20) and sulfones (19). The compounds 4 undergo ring contraction on irradiation, producing vinyl episul- 
fides. These on desulfurization afford dienes. The sulfoxides 20 provide the same dienes on either irradiation or 
thermolysis. The only exception is the 2,2,5,5-tetramethyl derivative (20b), which gives a complex mixture of 
products on thermolysis. The sulfones 19 also yield dienes on either irradiation or thermolysis. The stereochem- 
istry of all these reactions has been determined. In complete accord with earlier work, the sulfone thermolyses 
are completely stereospecific and follow expectations from orbital symmetry considerations. All other reactions 
studied exhibit lessened stereoselectivity and this is construed as evidence for the intervention of biradical in- 
termediates. In the photochemical reactions of 4 both cisoid and transoid forms of the allylic portion of the 
biradical formed on cleavage of a carbon-sulfur bond are involved. Related mechanisms are thought to be in- 
volved in the photochemical reactions of 19 and 20. Arguments are advanced that the thermolysis of 19 and 20 
involve different mechanisms because the reaction coordinate for the latter reaction cannot be symmetrical; 
this forces the reaction into a nonconcerted pathway. 

Imagine a generalized five-membered heterocycle 1 de- 
rivable in principle through a 1,3-dipolar cyc1oaddition.l 
Routes i-iii (eq 1) all have adequate precedent. Nearly 

a-b 
+ d  e 

+ 1 or 

unanimously these reactions involve 1,3-dipole and dipo- 
larophile in their ground states. Excited states of 1 could 
conceivably fragment through one of these pathways. This 
seems not to be common, however.2 Although the detailed 
explanations differ widely from compound to compound, a 
rationale might be that excited states of 1 must attain a 
sterically unfavorable antarafacial-suprafacial geometry 
to fulfill orbital symmetry demands for fragmentations 
through paths i-iii.3 

The number of examples is limited, but path iv, a vinyl 
cyclopropane-like rearrangement,4 and path v appear to 
be possible for both ground and excited states. Photo- 
chemical examples are restricted chiefly to fragmentations 
of l.5-7 In these cases orbital symmetry considerations 
place less stringent steric requirements on the required 
transition states. 

More complete descriptions of the extent to which or- 
bital symmetry factors control these types of reactions, 
especially those involving excited states, should be forth- 
coming from stereochemical studies. Such investigations 

require in practice systems in which carbon atoms with 
their unique stereochemical properties are present a t  
points at which bonds are made or broken. The common 
philosophy is that if a given reaction leads to only one of 
several possible geometrical isomers, all of which are ac- 
cessible through stereochemically acceptable transition 
states, and if the isomer formed is that predicted by orbit- 
al symmetry factors, this can be considered ipso facto as 
evidence for orbital symmetry contr01.~ We offer here the 
descriptive aspects of the photo- and thermochemistry of 
2,5-dihydrothiophenes 4 and their sulfoxide and sulfone 
 derivative^.^^^ This is a limited study of only one com- 
pound type. We hope nevertheless that the results ob- 
tained are not only interesting in their own right but lend 
also some insight into the broader problems hinted at  in 
eq 1. 

Results 
A. Thermochemistry and Photochemistry of 4. The 

genesis of compounds 4 lies in the thermally induced ste- 

A 
3 

n 
L 

n 

3 4 

a, R, = R4 = t-C(CH&; R2 = R3 = H 

c, R,=R,=CH,; R z = R 3 = H  
d, R1=R3=CH3; R z = R q = H  
e, R, = R, = C2H5; R2 = R, = H 

b, R,=Rz=Ra=Rq=CH3 

f .  R, = R3 CZHj; R2 = R4 = H 
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reospecific addition of thiocarbonyl ylides 3 to dimethyl 
acetylenedicarboxylate (eq 2) .g 

No significant thermochemistry of cycloadducts 4 is ob- 
served up to 500" save that 4d and 4f dehydrogenate, af- 
fording thiophenes 5a and 5b, respectively. 

5a, R =CH, 
b, R C,H, 

In contrast, these compounds proved to be very photola- 
bile. The reaction of 4a serves as an example. On irradia- 
tion in degassed solution using a high-pressure mercury 
lamp, 4a provided two products in a ratio of about 4:l  as 
determined by gas-liquid partition chromatography (glpc) 
using copper columns. A small amount of a third com- 
pound was also observed. These three products were iso- 
lated and were identified as dienes 6 @,E, major prod- 
uct), 7 (E,E, minor product), and 8 (Z,Z, trace product). 

6 5 7 2  
b H  6a1.22 

K A f i ' i  CH302C> 

7 
No ambiguity exists in stereochemical assignment of 6 
owing to the nonequivalence of the vinyl and tert-butyl 
protons in the pmr spectrum (cc14). Assignment of the 
various protons can be made with confidence, for carboal- 
koxy groups exert a stronger deshielding effect than either 
vinyl or alkyl groups on cis-oriented vinylic protons.1° 
These same shielding arguments allow assignment of E,E 
and Z,Z configurations to 7 and 8, respectively. 

Monitoring of the reaction of 4a using either pmr spec- 
troscopy or glpc on glass columns showed that 6-8 are not 
primary photochemical products. Two unstable com- 
pounds, 9 and 10, in the same ratio as 6 and 7 were seen 
in the glpc traces (a precursor to 8 was never detected, 
perhaps because of its low concentration). On glpc with 
copper columns, or on standing a t  room temperature, 6 
and 7 were formed. By careful preparative glpc small 
samples of 9 and 10 (contaminated with about 20% of 6 
and 7, respectively) were isolated. Mass spectrometry 
(glpc coupled directly to mass spectrometer) established 
that 9 and 10 had the same molecular composition 
(C16H2604S) as starting material. Osmometric measure- 
ments demonstrated that the compounds were monomer- 
ic. The infrared spectra showed carbonyl absorptions a t  
1720 (sh) and 1739 cm-l whereas 6 and 7 have a single 
carbonyl absorption a t  1720 cm-l. On treatment with tri- 
phenylphosphine 9 and 10 were converted quantitatively 
to 6 and 7, respectively. On the basis of the above coupled 
with the pmr absorptions (eq 3) 9 and 10 must be as- 
signed vinyl episulfide (thiirane) structures. 

In 10 the episulfide linkage is perforce a t  a potentially E 
double bond. In 9, however, the episulfide linkage could 
be at either potentially E or Z double bond positions. The 
former assignment is made since the vinylic proton is 
shifted upfield relative to 10, indicating a change in con- 
figuration about the double bond; also, the chemical shifts 

of the methine protons in both 9 and 10 are similar, indi- 
cating the same configuration about the episulfide ring. A 
vinyl episulfide 11 is thought to be a precursor of trace 

4a - h 

+ 111; (3) 

product 8, but the amount was too small to allow detec- 
tion. Conversions are quantitative providing that the solu- 
tions are well degassed; otherwise some oxidation to a 
thiophene occurs. 

Evidence was also accumulated for the presence of vinyl 
episulfide intermediates in the photochemically induced 
reactions of 4b-f. This is described in the Experimental 
Section. Compound 12a was observed by nmr spectrosco- 
py as the product of irradiation of 4b. This was converted 
to diene 13. Treatment of 13 with m-chloroperbenzoic 
acid (eq 4) led to vinyl epoxide 12b with pmr spectral 
characteristics closely resembling those of 12a, which was 
too unstable to be isolated. 

H ,C 

" -  
\ 

6H3 
12b 

Test reactions demonstrated that desulfurization of the 
intermediate vinyl episulfides with triphenylphosphine 
occurred with retention of configuration. The same was 
true if the vinyl episulfides were desulfurized by contact 
with a metal injector port in the glpc. For stereochemical 
investigations one or the other of these techniques was 
used and the resulting diene isomers were examined. To 
establish stereospecificities the diene ratios were deter- 
mined a t  various levels of conversion and extrapolated 
back to zero time. Up to about 20% conversion there was 
no significant deviation in the ratios. For cis isomers 4d 
and 4f fewer checks were made owing to a shortage of ma- 
terial; these isomers could be purified only by tedious pre- 
parative glpc. Both compounds contained about 5% thio- 
phene arising from frustratingly facile dehydrogenation 
during isolation. 

The results of the stereochemical investigations are 
compiled in Table I. The stereochemistries of the dienes 
were assigned on the basis of the shielding arguments de- 
veloped previously. Cis,trans pair 4c,d proved most trac- 
table to work with and data obtained for these two com- 
pounds are most accurate. Trans isomers 4c and 4e under- 
went during irradiation isomerization to cis isomers 4d 
and 4f, respectively. This is illustrated in eq 5 for 4c. The 
amount of trans-cis isomerization was 25-35% that of ring 
contraction. Accurate determinations of the exact amount 
of isomerization were difficult because of the error in ex- 
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Table I 
Stereochemistry of Dienes Obtained on 

Desulfurization of Primary Photoproducts from 
2,Fi-Dihydrothiphenes 4 

Compd - - - - D i e n e a  (yield, 70)----- -r 
~~ 

E,E 2, 2 
4a 5 (65) 6 (31) 7 (4) 
4Ch 14 (50) 15 (50) 16 (1) 

4e * 17 (96) 18 (4) c 
4f 17 (50) 18 (50) C 

4d 14 (30) 15 (60) 16 (10) 

Yields account quantitatively for consumed starting 
material. b Undergoes isomerization; see text. c Not detected. 

Table I1 
Results of Photochemical Experimentsa with 19 

------- Dieneb (yield, %)----- -7 

Compd Z, E E 3  Z,Z Other 

19a 5 (72) 6 (10) 7 (18) 

19c 14 (58) 15 (29) 16 (13) 
19d 14 (64) 15  (36) 16 (0) 

19b 12 (100) 

aReactions run in CDIOD at room temperature with 
analysis by nmr; essentially the same product distribution 
is obtained using diethyl ether. All consumed material 
accounted for as diene. 

trapolation back to zero time. This mechanistically signif- 
icant process is within experimental error irreversible; no 
trace of cis to trans isomerization of the dihydrothio- 
phenes was ever observed. 

see Table I 
for diene ratios 

H 
14 

+ 

H CH, 
16 15 

Some quenching and sensitization studies were carried 
out,with 4b. This isomer was most suitable for study be- 
cause oxidation to a thiophene derivative is impossible. 
This problem complicated investigation of 2,5-dialkyl de- 
rivatives. Benzophenone (ET 69.3 kcal/mol) and aceto- 
phenone (ET 73.6 kcal/mol) both sensitized ring contrac- 
tion; phenanthrene (ET 64 kcal/mol) had no effect. This 
brackets the triplet level of 4b between 64 and 68 kcal/ 
mol, a conclusion that would agree also with a weak, 
structureless phosphorescence emission observed from 4b 
with a maximum at 540 nm (66 kcal/mol).12 Somewhat 
surprisingly, the ring contraction of 4b brought about with 
300-nm excitation was only weakly quenched by 1,3-pen- 
tadiene. A maximum of 20% retardation was observed 
with 2.5 X 10-2 M 4b 0.1 M in diene (highest concentra- 
tion used). 

Table I11 
Results of the Thermolysis of 19a-d 

------Diene (yield, Yo) ---------- 
Compd 2, E E,E 2, Z, Other 

19a 5 (100) 6 (0)  7 (0)  
19b 12 (100) 
19c 14 (100) 15 (0) 16 (0)  
19d 14 (0)  15 ( 0 )  6 (100) 

B. Photochemistry and Thermochemistry of 2,5- 
Dihydrothiophene S-Dioxide Derivatives. The sulfones 
19a-d were prepared by oxidation of 4a-d with 2 equiv of 

19a, R, = R4 = t-C(CH,),; R2 = R3 = H 
b, R1 =R2 =R3 = R4 = CH, 
c, R1=R4=CH3;  R 2 = R 3 = H  
d, R1=Rg=CH3; R 2 = R 4 = H  

m-chloroperbenzoic acid. On irradiation they cleanly lost 
sulfur dioxide, yielding dienes. No other products were 
detectable. The relative thermal instability of the sulfones 
made glpc analysis impossible; reactions were monitored 
in a quartz nmr tube using a high-pressure mercury lamp 
as light source. The results of this investigation are as- 
sembled in Table 11. About 20% conversions were neces- 
sary to obtain nmr spectra that could be integrated well. 
The dienes did not isomerize appreciably during the irra- 
diation times used. No cis-trans or trans-cis isomerization 
was detected with 19c,d. 

Attempts to  run reactions a t  lower temperatures in the 
hope of trapping ring contraction products failed; in all 
solvents used the starting material precipitated a t  nmr 
concentrations. A vinyl sulfone would be expected to be 
thermally ~ n s t a b 1 e . l ~  

Loss of sulfur dioxide from 19b was sensitized by both 
acetophenone and benzophenone but not by phenan- 
threne. At 300 nm loss of sulfur dioxide was somewhat in- 
hibited by 1,3-pentadiene. A concentration of 0.1 M 
halves the rate of sulfur dioxide loss (2.5 X M in 
19b). 

As expected, thermolysis of 19a-d also led cleanly to 
dienes. In preparative runs yields were >80% and near 
quantitative in small-scale experiments. The reactions are 
a t  least 99.9% stereospecific when pyrolyses were carried 
out a t  250" in a glass-lined injector port of a glpc appara- 
tus. The results are assembled in Table 111. 

C. Photochemistry and Thermochemistry of 2,5- 
Dihydrothiophene S-Oxides. The sulfoxides 20a-d were 

CH30,C CO,CH, 
R 2 a  
R, 

'0 
20a, R, = R, = t-C(CH,),; R2 = R3 = H 

b, R,=R,=R3=R,=CH,  
C, R,=R,=CH,; RZ=Ra=H 
d, R,=R,=CH,; R 2 = R 4 = H  

prepared by careful oxidation of 3a-d with 1 equiv of m- 
chloroperbenzoic acid. The S-0 linkage in 20d (single di- 
astereomer) is tentatively placed anti to the methyl 
groups on the basis of shielding data (Experimental Sec- 
tion) .I4 315 

On irradiation clean conversion to dienes occurred with 
no detectable production of side products. Using the same 
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Table IV 
Results of Photochemical Experiments with 

Sulfoxides 20 
7------ Diene (yield, %) -- 

Compd 2, E E& z,z Other 

20a 5 (57) 6 (25) 7 (18) 

20c 14 (79) 15 (21) 16 (0) 
20d 14 (52) 15 (37) 16 (11) 

20b 12 (100) 

Table V 
Results of Thermolyses of Sulfoxides 20 --- Diene (yield, '%)----- 7 

Compd Z,E E,E 2, z 

20a 5 (75) 6 (12) 7 (13) 
16 (25) 20c 14 (95) 15 (2.5) 

20d 14 (6) 15 (10) 16 (84) 

techniques employed for sulfones 19, the stereospecifici- 
ties of these reactions were determined; the results are 
compiled in Table IV. Irradiations were carried out in per- 
deuteriomethanol. Attempts to identify unstable interme- 
diates, i. e. ,  vinyl episulfoxides, were again frustrated as 
with sulfones 19 by the insolubility of the compounds in 
acceptable solvents a t  low temperatures. At room temper- 
ature no indications of any intermediates were obtained. 
No isomerization of starting material was found. 

Smooth conversion to dienes also occurred on thermol- 
ysis. Pyrolyses were carried out preparatively a t  350-400" 
in a short pyrolysis tube leading to >8O% overall yields of 
dienes. Experiments with 20a,c,d wherein pyrolysis was 
carried out in a glass-lined injector port at ca. 250" led 
only to dienes and no detectable side products. The stere- 
ochemical results are compiled in Table V. 

Attempts to trap sulfur monoxide, presumably pro- 
duced in thermal reactions, were frustrated by the rela- 
tively high temperatures needed for pyrolysis of 20. Some 
experiments with 3,4-diphenylbutadiene as trapping agent 
were carried out, but any addition product, if formed, 
would almost certainly be pyrolyzed again at the tempera- 
tures employed.16 Appropriate conditions could not be de- 
vised for the trapping of sulfur monoxide that might have 
been produced in photochemical reactions. 

The pyrolysis of 20b led to a completely different prod- 
uct distribution than that observed in any other reactions. 
When pyrolyzed under the conditions used for the other 
isomers, 20b gave in ca. 70% overall yield the products 
shown in eq 6, where the percentages (in parentheses) 

CH3 
13 (13%) 21 (19%) 

A (6) 20b -+ 

22 (6%) 23 (62%) 
refer to isomer ratios. The four products were identified 
from analytical and spectroscopic data as described in the 
Experimental Section. 

Discussion 
A. General Points. All the reactions here described, be 

they thermally or photochemically induced, lead ulti- 

mately to loss of the sulfur unit with retention of the car- 
bon skeleton. The pyrolytic results with 20b provide the 
only (partial) exception. Of the possibilities with prece- 
dent outlined in eq 1 (and others are conceivable), paths 
iv and/or v are followed. No hint was ever obtained of the 
operation of paths i-iii to any detectable extent. In the 
case of 4, path i would be a reversal of the route employed 
for synthesis (eq 2). 

Only the thermolyses of the sulfones 19 are distin- 
guished by complete stereospecificity. This agrees in all 
respects with earlier experiments on closely related sys- 

We believe that the present results can be divided 
into two sharply different categories. The sulfone thermo- 
lyses stand apart, representing, as maintained by LemalGb 
and Mock,6a concerted [4s + 2,] reactions in which orbital 
symmetry considerations dictate a disrotatory motion of 
the alkyl groups a t  the 2,5 positions. Steric effects influ- 
ence stereochemistry only in cis isomer 19d by directing 
the reactions into the disrotatory mode that rotates the 
alkyl groups outward leading to Z,Z diene 16. In our opin- 
ion all the other reactions reported here are best inter- 
preted as involving initial fragmentation of a carbon-sul- 
fur bond leading to biradicals 24 that may either undergo 
ring contraction or lose immediately the sulfur segment 
(eq 7 )  -17 Only one of several possible conformations of 24 is 

A or hv - 
24 x = s, so, soz, I, 

indicated. The stereochemistry of the products is deter- 
mined by conformational factors in 24. The pictorial rep- 
resentation 24 does not communicate differences in inter- 
nal energy that likely exist between intermediates formed 
from thermal and photochemical pathways; we intend no 
more than to represent rupture of a CJ bond induced by 
light or heat. Indeed, we make a sweeping generalization 
in lumping photochemical and thermal reactions together; 
this ignores myriad details of exactly how the biradicals 
24 behave dependent on their mode of generation. 

Evidence for biradical intermediates can be found as 
discussed in the following sections. Some guesses con- 
cerning their geometry can be made. 

The stereochemical results could be explained in terms 
of pericyclic reactions invoking either combinations of [,2 
+ =2] reactions or nonlinear chelotropic eliminati0ns.3,~~ 
We are less convinced by such an approach for reasons that 
will become clear in the subsequent discussion. How- 
ever, although the point is well-nigh impossible to 
prove, orbital symmetry might well play a decisive role, 
particularly in the photochemical reactions, by imposing 
on fragmentation pathways i-iii (especially i) of eq 1 a 
sterically difficulty accessible antarafacial-suprafacial ge- 
ometry in the transition state. 

B. Photochemical Reactions. Some details of the pho- 
tochemical reactions of 4, 19, and 20 will now be consid- 
ered. 

The most complete information comes from the 2,5- 
dihydrothiophenes 4. Here intermediates, vinyl episul- 
fides, were intercepted. The available data indicate that 
some factor or factors control the stereochemistry of the 
episulfide linkage fairly rigorously. The alkyl groups and 
the carboalkoxy groups are oriented trans, i .e. ,  a poten- 
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27 

t 
28 

t 

4 26a (major) 

CH30pC COpCH3 
H, )=( X2H6 A I  

25a (major) 

tially E double bond (on desulfurization) is generated. 
Stereochemical control is less a t  the vinylic carbon but 
from the trans isomers chiefly Z double bonds are formed. 
There is little tendency for either a cis or a trans isomer 
to yield a Z,Z diene on desulfurization (Table I). 

The strongest evidence in favor of biradical intermedi- 
ates is the observed trans to cis isomerization of 4c to 4d 
and 4e to 4f. This must involve cleavage and recombina- 
tion of a carbon-sulfur bond. This process competes well 
with ring contraction. It is reasonable that isomerization 
and ring contraction are both manifestations of the behav- 
ior of a common precursor. 

A rationalization of the photochemical results illus- 
trated with 4e and 4f is given in eq 8. The most important 
aspect of this fairly complicated scheme is the postulation 
of the cisoid and transoid biradicals, 25a,b and 26a,b. In 
the formalism introduced by ZimmermanlS one represen- 
tation of an excited triplet state of 4 is 29. The sulfur 
atom is positioned for 0-elimination as a thiyl radical; this 
coupled with a turning of the methylene group produces 
cisoid 25a and 25b. This type of @-elimination process has 
much precedent in radical chemistry19a and also in some 
known photochemical reactions.lgb However, the excited 
triplet states of dialkyl maleates, in common with other 
simpler olefins, should twist about the double bond.20 
This motion in excited 29 coupled with breaking of the 

r 0 1 3* 

29 
carbon-sulfur bond leads to transoid biradicals 26a,b. In- 
spection of molecular models leads to the conclusion that 
this twisting motion occurs with the least steric interfer- 
ence by holding substituents on the carbon atom original- 
ly bonded to  sulfur “outside,” leading ultimately to 26a in 
preference to 26b. Ring closure arranging the alkyl and 
carbomethoxy groups trans on the episulfide ring produces 
the observed major products.21%22 

. .  

26b (minor) 

6H3O2C, ,C0,CH3 

CHJOZC COpCH, 
H f i H  

CJ& C& 
25b 

The most reasonable fate of 25a,b is recoupling to form 
4; this process seems to form exclusively cis isomer (with 
the exception of 2,5-di-tert-butyl-substituted 4a, which 
shows no trace of isomerization). We do not have any rea- 
sonable explanation for this selectivity. 

It is interesting that the dihydrothiophenes show no de- 
tectable tendency to make use of the route of eq 9. The 

d 
hv 

4 -  

reactions originate from the triplet state, and reaction 
leading to diene and triplet sulfur, a species well charac- 
terized in the photolysis of carbonyl sulfide,23 should be 
possible through an “allowed” [4, + 2,] reaction. 

The photolyses of sulfones 19 and sulfoxides 20 likely 
involve similar mechanisms. Ring-contracted intermedi- 
ates analogous to those isolated in the photoreactions of 4 
were not identified. Vinyl episulfoxide or episulfone inter- 
mediates should be very unstable, however.13 A ring-con- 
traction step is not mandatory; loss of the sulfur oxide 
from the biradical intermediates in the manner indicated 
in eq 7 (only one possible conformer shown) is a reason- 
able alternative. 

C .  Thermal Reactions. The sulfoxide pyrolyses, with 
the exception of 20b, afford diene with a fairly high ten- 
dency toward disrotatory participation of this component. 
However, in no case do the stereospecificities match those 
observed with sulfones 19. Lemal and Chaol6a.b have 
demonstrated both 1,4-addition of sulfur monoxide to 
2,4-hexadienes and thermal elimination from the respec- 
tive 2,5-dihydrothiophene S-oxides. Reasonable stereospe- 
cificity was observed in the addition reaction but relative- 
ly little in the elimination reaction. A mechanism involv- 
ing biradicals was suggested to account for the experimen- 
tal results. 

On a energetic basis one might anticipate a changeover 
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in mechanism from sulfones 19 to sulfoxides 20. The 
dienes formed are identical but there is a drastic differ- 
ence in the sulfur oxides being eliminated. Oxidation of 
sulfur monoxide to sulfur dioxide by molecular oxygen is 
61 kcal/mol exothermic.24 Sulfur monoxide is a ground- 
state triplet with a singlet state lying 18 kcal/mol high- 
er.Z5 If spin conservation holds the energetically even less 
favorable singlet would have to be formed. Avoidance of 
this difficulty by cleavage of the sulfoxide-carbon bond 
(bond dissociation energy ca. 50 kcal/mol)26 with subse- 
quent fragmentation of the biradical 30 is reasonable (eq 
10). The predominance of diene product formed from a 

C H 3 0 z K ; C H 3  

H H  
+ so R 0 

30 

disrotatory motion of the 2,5-carbon atoms in 20 is readily 
understandable if rupture of the sulfur-carbon bond is ac- 
companied by an outward rotation of the bulky alkyl sub- 
stituent, placing it cis to the carboalkoxy group. Thereaf- 
ter outward rotation of the sulfur unit in cisoid biradical 
30 (a strong driving force for formation of a transoid bira- 
dical as in the photochemical experiments is lacking) con- 
comitant with its departure would produce the observed 
major diene product. 

Possible support for initial rupture of a sulfur-carbon 
bond in the thermal reactions of 20 is provided by Pear- 
son’sZ7 approach to the analysis of orbital symmetry ef- 
fects. For a concerted [49 + 2s] cycloelimination of sulfur 
monoxide to occur, a disrotatory motion of the 2,5 substit- 
uent is required. This means that a (T plane perpendicular 
to the five-membered ring is maintained. In the Pearson 
analysis a reaction can be concerted and subject to orbital 
symmetry requirements only if the total reaction coordi- 
nate is symmetrical. In 2,5-dihydrothiophene sulfones this 
condition is met in a thermal reaction (eq ll), since in the 

C, point group applicable for a disrotatory movement of 
the carbon atoms the breaking u bonds have a’ and a”  
symmetry and the 7~ orbital has a’ symmetry; in buta- 
dienes the filled MO’s are a’ and a” and the filled lone 
pair in sulfur dioxide is a’. The reaction coordinate can be 
totally symmetrical. This is, of course, exactly the conclu- 
sion reached by Woodward and H ~ f f m a n n , ~  who describe 
this as a linear chelotropic reaction. 

This situation changes for the same type of concerted 
reaction involving loss of sulfur monoxide; the highest oc- 
cupied MO in sulfur monoxide is antibonding and lies in 
the length of the molecule.28 It has a”  symmetry, forcing 
the total reaction coordinate to be not symmetrical; the 
reaction would be forbidden. This analysis is exceedingly 
simple minded. Detailed examination of the electronic 
structure of sulfur monoxide coupled with an analysis of 
the reaction along the lines developed by KearnsZ9 indi- 
cates that a concerted path is probably available.30 The 
experimental evidence would suggest, however, that  the 
molecules investigated here choose nevertheless to avoid 
concerted decomposition. 

One interpretation of the complicated reaction seen 

31 
-[SO1 1 

13 

32 
-[SO{ \-[CH;SOI 

21 + 22 23 

with 20b is that an intermediate biradical 31 partitions it- 
self between “normal” reaction leading to 13 and intramo- 
lecular hydrogen abstraction producing sulfenic acid 32. 
The latter serves as precursor of the “anomalous” prod- 
ucts 21-23 (eq 12). Although a cyclic pathway, well known 
in simpler sulfoxides,31 provides access to 32, the forma- 
tion of 13 through this route is difficult to explain. 

Experimental Section 
Melting points and boiling points are not corrected. Gas chro- 

matography was done on F & M Models 700 and 810 apparatus; 
for preparative work an F & M 775 was used. Nmr spectra were 
obtained on a Varian A-60 or XL-100 apparatus. Phosphorescence 
measurements were made using on Aminco-Bowman spectrofluo- 
rimeter. Most of the compounds used in this study have been de- 
scribed in ref 9. The properties of the dienes isolated from the 
various photochemical and thermal reactions are compiled in 
Table VI. 

Preparation of trans- and cis-2,5-dimethyl-3,4-dicarbome- 
thoxy-2,5-dihydrothiophene (4c and 4d) was carried out by a 
modification of the procedure described in ref 9. A mixture of hy- 
drogen sulfide (15 g, 0.44 mol) and freshly distilled acetaldehyde 
(39 g, 0.89 mol) was vigorously stirred a t  -90”. To this mixture 
was added over 30 min hydrazine hydrate (20 g, 0.40 mol). After 2 
hr of stirring a white precipitate had formed. The solution was 
warmed to ea. 5”, 100 ml of water was added, and the reaction 
mixture was extracted three times with ether. The ether extracts 
were dried a t  -20” over MgS04. The ether was removed a t  -5”. 
A crude oil (33 g) remained that was dissolved in petroleum ether 
(bp 40-60”) and then immediately cooled to -50”. By this means 
there was obtained 5 g (9% yield) of an unstable white solid that 
was chiefly trans-2,5-dimethyl-l,3,4-thiadiazolidine; nmr (CC14) 6 
1.47 (d, J = ca. 7 Hz, 6, CH3) and 4.63 (m, 2, methine H) (the 
NH resonances were not observed); ir (Nujol) 3250 cm-I. 

The above solid ( 5  g, 42 mmol) and diethyl azodicarboxylate 
(10 g, 57 mmol) were dissolved in 200 ml of ether and stored over- 
night a t  5”. Working at about 5”,  the hydrazo ester was removed 
and the ether solution was washed with 100 ml of a cold aqueous 
solution of 10 g of sodium metabisulfite. The solution was dried 
over MgS04 and the ether was thereafter removed to leave 3.05 g 
of crude trans- (chief product) and cis-2,5-dimethyl-A3-1,3,4- 
thiadiazoline, which was used immediately without characteriza- 
tion. The crude mixture was dissolved in 5 ml of ether and di- 
methyl acetylenedicarboxylate (15 ml, excess) was added. The 
temperature of the solution was gradually raised by distilling off 
the ether; vigorous gas evolution occurred. The temperature even- 
tually reached 120”. Distillation afforded a mixture of 4c and 4d 
(6.5 mmol, 25%), bp 80-110” (1 mm). 

The isomers were separated by preparative glpc using an SE-30 
stainless steel column. Compound 4c had ir (neat) 1050, 1215, 
1375, 1435, 1645, 1720, and 2950 cm-1; nmr (CClJ 6 1.43 (broad 
d, J = ca 7 Hz, 6, CH3), 3.75 (s, 6, OCHs), and 4.52 (complex m, 
2.2 5-H) -, - 2 -  --I - 

Anal. Calcd for CloH1404S: C, 52.16; H, 6.13; S, 13.92. Found: 
C, 51.80; H. 6.13: S, 13.62. 

Owing to a shortage of material no other analyses of any deriv- 
atives or of the cis isomer were carried out. 

Compound 4d had ir (neat) 1020, 1050, 1090, 1200, 1270, 1370, 
1430, 1650, 1720, 2900-3000 cm-l; nmr (CD30D) 6 1.52 (broad d, 
J = ea. 7 Hz, 6, CH3), 3.78 (s, 6, OCH3), and 4.41 (complex m, 2, 
2,s-H). 

cis-2,5-Dimethyl-3,4-dicarbomethoxy-2,5-dihy~othiophene 
S-oxide (20d) was prepared by allowing 4d (50 mg, 0.218 mmol) 
dissolved in 1 ml of cold distilled methylene chloride to react with 
rn-chloroperbenzoic acid (43.3 mg, 0.217 mmol) dissolved in 3 ml 
of methylene chloride. After stirring overnight the solution was 
washed with aqueous N a ~ S 0 3  solution and thereafter with water. 
After drying over MgS04 evaporation of the solvent yielded 53 mg 
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Table VI 

Diene Ir, cm- '  Pmr, S Anal., yo 

6 

7 

8 

13 

1 4  

15 

1 C  

1 7 '  

18 

2900-3000, 1740, 1455, 
1380, 1260, 1220" 

U 

U 

2900-3000, 1770, 1720, 
1630, 1430, 1210, 1080a 

1240, 1200, 1010, 750" 
2900, 1700, 1620, 1420, 

2900, 1700, 1620, 1420, 

2950, 1710, 1630, 1430, 

1725, 1635, 1220, 1 2 5 0 ~  

1230, 1030, 7600 

1 1 9 0 , 1 0 1 0 ~  

1.12 ( 6 ,  9, (E)-t-Bu), 1.22 (s, 9, (Z)-Bu), 
3.64 (s, 6, 4,s-OCHs) 5.72 (s, 1,3-H), 6.67 
is. 1. 6-H)h 
\ - I  I ~ 

1.09 (s, lB,-iE)-t-Bu), 3.67 (5, 6,3,5-OCH3), 
6.72 is, 2.3.6-H)' 

. .  . .  
5.37 (s, 2,3,6-H)h 

1.68 (s, 6, (E)-CH,), 2.13 (s, 6, (ZI-CH,), 
3.58 (s. 6.3.4-OCHd ~, I I 

1.81 (d, J = 7.5 Hz,-IE)-CHa), 2.18 (d, 
J = 7.5 Hz, 3 (Z)-CH3), 3.72 (s, 6,3,4- 
OCH,),  6.12 (9, J = 7.5 Hz, 1, @)-vinyl 
H ) ,  7.04 (9, J = 7.5 Hz, 1, (2)-vinyl H)d 

6, 3,4-OCH3), 7.15 (q, J = 7.5 Hz, vinyl H) 

3,4-OCH3), 6.29 (q, J = 7.0 Hz, 2, vinyl H) 0 

1.04, 1.07 (overlapping t ,  6, J = 7.0 Hz, 
1,8-CH3), 2.15 (m,f 2,7-CH2), 2.62 (m,f 
2,2-CH2), 3.66, 3.67 (overlapping s, 6, 

1.69 (d, J = 7.5 Hz, 6, (E)-CH3), 3.72 (s, 

2.04 (d, J 7.0 Hz, 6, (E)-CH,), 3.72 (s, 6, 

OCH,),  5.28 (t, 1, J = 7.5 Hz, (E)-H),  
6.75 (t, 1, J = 7.5 Hz, (E)-H)* 

0.94 (t, J = 7.0 Hz, 6,1,8-CH3), 1.95 
(m,f 4, 2,7-CH2), 3.60 (s, 6, 4,5-OCH3), 
6.80 (t,  J = 7.4 Hz, 2,3,6-H) 

Calcd: C, 68.15; H, 9 . 2 9 ~  
Found: C, 67.74; H, 9.07 

C 

C 

Calcd: C, 63.71; H, 8.03 
Found: C, 63.38; H, 8.03 
Calcd: C,  60.59; H,  7.12 
Found: C, 60.53; H, 7.19 

Calcd: C, 60.59; H,  7.12 
Found: C, 60.21; H 7.22 

g 

Calcd: C, 63.69; H ,  8.04 
Found: C,  63.39; H, 8.06 

a Measured deat; 7 and 8 not  determined separateiy. b I n  CCld. Mixture of 6, 7, and 8. In CDCl3. 5 I n  CDSOD. f Con- 
firmed by decoupling experiments. # Not measured separately. 

(0.215 mmol, 99% yield) of 20d as an oil: nrnr (CD30D) 6 1.54 
(broad d, J = 7.5 Hz, 6, CH3), 3.85 (s, 6, OCHs), and 4.01 (com- 
plex m, 2 H, 2,5-H). Only one isomer could be detected; the 
somewhat lower shifts of the methyl groups in 20d compared to 
2Oc (below) as well as the selectivity of oxidation leads to the ten- 
tative conclusion that the sulfoxide bond is located anti to the 
methyl groups. 
trans-2,5-Dimethyl-3,4-dicarbomethoxy-2,5-dihydrothio- 

phen'e S-oxide (20c) was prepared as described for 20d using 4c 
(791 mg, 3.44 mmol). There was obtained 710 mg (2.71 mmol, 
7970 yield) of 2Oc: nmr (CDC13) 6 1.47 (broad d, J = 7.5 Hz, 6, 
CH3), 3.80 (s, 3, OCH3), 3.83 (s, 3, OCH3), and 4.14 (complex q, 
J = ea. 7 Hz, 2 H, 2,5-H); ir (neat) 1070 cm-l. 
cis-2,5-Dimethyl-3,4-dicarbomethoxy-2,5-dihydothiophene 

S-dioxide (19d) was prepared in the same manner as described 
for 20d using 4d (45 mg, 0.195 mmol) and m-chloroperbenzoic 
acid (76 mg, 0.390 mmol) in 1 ml of dry, cold methylene chloride. 
Work-up gave 43 mg (0.165 mmol, 85% yield) of 19d as a white 
solid: nrnr (CD30D) 6 1.43 (d, J = 7.0 Hz, 6, CH3), 3.83 (s, 6, 
OCH3), and 4.14 (9, J = 7.0 Hz, 2, 2,5-H). 
trans-2,5-Dimethyl-3,4-dicarbomethoxy-2,5-dihydrothio- 

phene S-dioxide (19c) was prepared as described for 20d using 4c 
(1.38 g, 6 mmol) and m-chloroperbenzoic acid (2.39 g, 15 mmol). 
There was obtained 1.57 g (6 mmol, 100% yield) of 19c: nrnr 
(CDCld 6 1.52 (d, J = 7.2 Hz, 6, CH3), 3.85 (s, 6, OCHs), and 
4.10 (broad q, J = 7.2 Hz, 2, 2,5-H); ir (neat) 1320, 1135 cm-l. 

Anal. Calcd for C10H1406S: C, 45.79; H, 5.38; S, 12.23. Found: 
C,45.77; H, 5.35; S, 12.24. 

Photochemical Experiments. Most of the photochemical reac- 
tions were carried out using a Rayonet R.P.R. 100 photochemical 
reactor equipped with 16 2537-, 3000- or 3500-A lamps. The reac- 
tion vessels consisted of cylindrical quartz irradiation tubes with 
either 0.25 in. i.d. and 2 ml capacity, 2.05 in. i.d. and 0.5 1. ca- 
pacity, or 3 mm i.d. and 0.5 ml capacity. The latter tube fit in a 
Varian A-60D spectrometer probe and was used for experiments 
in which the instability of starting material or products required 
immediate nrnr analysis. Degassing was accomplished by a t  least 
five freeze-thaw cycles. The irradiated solutions were also moni- 
tored by glpc (6 ft X 0.125 in., 10% Carbowax 20M or 10% SE-30 
on Chromosorb W AW 80-100 mesh at 200"). Some preparative- 
scale reactions were done using a Hanau TQ-81 lamp provided 
with Vycor glass filters. Low-temperature reactions were carried 
out in the quartz nmr tube mentioned above using an adapted 
temperature control unit from an esr apparatus to maintain the 
temperature; the light source was a Philips SP-500 superhigh- 
pressure lamp. Quantum yields were determined using ferrioxa- 
late actinometry. 

Remarks on Individuai Irradiations. The spectra of the diene 
products are described in Table VI. In the case of dihydrothio- 

phenes 4 considerable attention was paid to the isolation and 
identification of vinyl episulfide intermediates. (In the irradia- 
tions of compounds 19 and 20, when followed by pmr, no trace of 
an intermediate could be detected. Unfortunately, temperatures 
in solution could rarely be brought lower than about -20" be- 
cause of the tendency of the compounds to precipitate.) The vinyl 
episulfides (spectra given in text) were isolated by carefully con- 
centrating a freshly irradiated solution of 4a in ether and inject- 
ing the solution on a 4-ft glass Carbowax column held at 200". 
The effluent was fed through a 1O:l stainless steel splitter con- 
nected to a heated outlet and a flame detector, respectively. The 
material was essentially blown through the column (retention 
time about 2 min). In this manner about 7040% pure samples of 
9 and 10 were obtained, the pmr spectra of which were obtained 
with aid of a CAT system. In independent experiments 9 and 10 
were shown to be the only products detectable from 4a directly 
after irradiation (nmr and glpc) . On adding triphenylphosphine 
at room temperature desulfurization occurred before nrnr spectra 
could be run; the products, 6 and 7,  were formed in the same 
ratio as 9 and 10. To establish that 9 and 10 were monomeric, a 
200-mg sample of 4c was irradiated to 23% conversion. Determi- 
nation of the molecular weight by osmometry in ethyl acetate 
gave a value of 311.1 f 4.0 for four measurements. The molecular 
weight of 4a (and 9 and 10) is 314. If 9 and 10 were dimeric the 
observed molecular weight would have been 314 + (0.103 X 628) 
= 378. Both 9 and 10 exhibited in the mass spectrum parent 
peaks a t  m/e 314 with a cracking pattern completely different 
from that observed with 4a. 

The vinyl episulfides from 4e were isolated in a manner similar 
to that described above. A reasonably pure (about 70%) sample of 
the precursor to 17 was isolated. Overlap with the absorptions for 
17 prevents complete assignment. The following partial nmr spec- 
trum was obtained: nrnr (CC14) 6 2.57 (9, J = ea. 7 Hz, 2, allylic 
CH&H3), 3.57-3.90 (complex m, 1, methine H on episulfide 
ring), and 6.42 (t, J = 7.2 Hz, vinyl H). From chemical shift con- 
siderations (text) the ethyl group and carboalkoxy group on the 
double bond are considered to be cis. Desulfurization with tri- 
phenylphosphine produced exclusively 17. Although the precursor 
to  diene 18 was clearly apparent in glpc traces, isolation in suffi- 
cient quantities to allow spectral identification was not possible. 
Because of the symmetry of diene 18, there exists no ambiguity in 
the structure of its precursors; the carboalkoxy group and the 
ethyl group on the three-membered ring must be trans. 

A vinyl episulfide (12a) was also detected as an intermediate in 
the photochemical reactions of 4b. This succeeded only in CD30D 
and the intermediate seemed to be quite unstable. A sample of 4b 
was irradiated to 32% conversion and a single new product was 
detected by nmr (94% yield). In CD30D this product had singlet 
absorptions for four different methyl groups a t  6 1.71, 1.91, 1.99, 
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and 2.14. T h e  me thoxy  peaks cou ld  n o t  b e  located wi th cer ta in ty .  
T rea tmen t  w i t h  t r iphenylphosphine i m m e d i a t e l y  gave 13. A sam- 

concerning orientation, see K. N. Houk, J. Sims, R. E. Duke, Jr., R. 
W. Strozier, and J. K. George, J. Amer. Chem. SOC., 95, 7287 
(1973): K. N. Houk, J. Sims, C. R. Watts, and L. J. Luskus, ibid.. 

a le  o f  13 (0.5 g. 2.21 m m o l )  and m-chloroperbenzoic a c i d  (1.0 g, 5 oc mn-1 i i n 7 2 ~  
I*, I d " ,  \ I - , " , ,  

m m o l )  were d k o l v e d  in 90 ml of carbon te t rachlor ide a n d  h e l d  a t  
80" for  20 hr. W o r k - u p  gave 0.69 g o f  crude m a t e r i a l  that was rea- 
sonably pu re  vinyl epoxide 12b. Pur i f i ca t i on  by thin layer  chro- 
ma tog raphy  gave a sample: ir (neat) 2950, 1710, 1620, 1430, 1370, 
1280, 1210, 1060, 1000, 790, a n d  730 c m - l ;  nmr (CC14) 6 1.23 (s, 3, 
CH3), 1.34 (s, 3, CH3), 1.93 (s, 3, CH3), 2.12 (s, 3, CH3), a n d  3.72 
(s, 6, O C H 3 ) .  T h e  close resemblance t o  t h e  spect rum of t h e  v i n y l  
eDisulfide 12a i s  t o  b e  noted.  

(2) I t  is not common that one can reverse a 1,3-dipolar or a Dieis- 
Alder cycloaddition by irradiating the cycloadduct. This generaliza- 
tion is based of course to a great extent on negative evidence, 
since it is hard to document reactions that do not occur. A review 
of this and related matters will appear: R. M. Kellogg, Advan. Het- 
erocycl. Chem., in press. An important exception is found in the 
photochemistry of a five-membered ring system containing several 
heteroatoms; 1,3-dipoiar species are (apparently) sometimes pro- 
duced. It is oossible that the oresence of lone pairs on heteroatoms 

Pyrolysis Reactions. Pyrolyses o n  a gram scale were carr ied 
o u t  in a quar t z  apparatus of s tandard  design consist ing o f  a 
30-cm l o n g  tube  f i l l ed  wi th glass shards and heated by electr ic 
ovens h e l d  a t  t h e  desired temperature.  T h e  t u b e  was connected 
o n  one side t o  a d i s t i l l a t i on  f lask (conta in ing s ta r t i ng  mater ia l ,  
heated by a n  a i r  b a t h )  a n d  o n  t h e  other  side t o  t w o  co ld  t raps  
hooked in series t o  cool t h e  products. T h e  system was evacu- 
a ted  to  0.05-0.1 mm pressure. 

Pyrolyses on a m i l l i g r a m  scale c o u l d  m o s t  easily b e  carr ied out 
in tubes, hea ted  in a n  a i r  bath,  or by pyrolysis in a glass i n jec t i on  
p o r t  of a gas chromatograph. 

A l l  diene products  were i den t i f i ed  by compar ison wi th authen-  
t i c  dienes ob ta ined  f r o m  photochemical  experiments. In t h e  case 
o f  20b, for w h i c h  anomalous resul ts  were obtained, t h e  pyrolysis 
was carr ied o u t  wi th 429 mg (1.56 m m o l )  a t  540" (0.1-0.4 Torr ) .  
An o i l  (322 m g )  was col lected in t h e  co ld  t rap .  T h i s  was separated 
into 13 (13%), 21 (19%), 22 (6%), a n d  23 (62%). Compound  13 was 
iden t i f i ed  by compar ison wi th a k n o w n  sample (Tab le  VI). Prod-  
u c t  21 had ir (CClr) 1720, 1650, 1630, 1075 a n d  1035 c m - l ;  nmr 

CH3), 3.70 (s, 3, OCH3), 3.77 (s, 3, OCH3),  a n d  6.86 (q, J = 7 H z ,  
1, vinyl H). These nmr d a t a  can b e  reconci led on ly  wi th 21. T h e  
re la t ive ly  l o w  f i e ld  absorpt ion o f  t h e  v iny l i c  p ro ton  ind icates it as 
being cis t o  t h e  carbomethoxy group. Compound  21 has mass 
spect rum pa ren t  m / e  212 (ca lcd for C11Hl604,212). 

Produc t  22 h a d  ir (CC14) 1710 a n d  1430 cm-1; nmr (CC14) 6 

(s, 3, OCH3),  3.66 (s, 3, OCHs),  a n d  5.93 (9, J = 8 H z ,  1, vinyl 
H ) ;  mass spect rum pa ren t  m / e  212 (ca lcd for  Cl lH1604, 212). 
T h i s  compound  i s  c lear ly  a n  isomer o f  21; t h e  h igher  sh i f t  of t h e  
vinyl p r o t o n  ind icates t h a t  it i s  t rans  t o  t h e  carboalkoxy group. 

C o m p o u n d  23 h a d  ir (CC14) 1740, 1720, 1640, 1090, a n d  1040 
c m - l ;  nmr (cc14)  6 1.78 (s, 6, CH3), 2.02 (s, 3, CH3),  3.62 (s, 3, 
OCHs),  3.65 (s, 3, OCH3),  4.07 (broad s, 1, CH) ,  4.78 (b road  s, 1, 
vinyl H), a n d  4.88 (b road  s, 1, vinyl H); mass spect rum parent  
m / e  226 (ca lcd for  C12H1804, 226). T h e  fac t  t h a t  t w o  apparent ly  
equiva lent  m e t h y l  groups are present was n o t  read i l y  ra t ional -  
ized. However ,  t h i s  was shown to b e  a n  acc ident  of chemical  sh i f t  
by us ing  Eu( thd )a  as sh i f t  reagent. T h e  6 1.78 peak in cc14 in t h e  
presence of 0.3 equ iv  o f  Eu(thd)~ separated i n t o  separate absorp- 
t ions a t  6 1.99 a n d  2.05; t h e  me thoxy  absorptions were a t  6 3.92 
and 4.00. With 0.7 equiv  o f  E u ( T h d ) 3  t h e  6 1.78 peak h a d  sepa- 
r a t e d  i n t o  a doublet  a t  6 2.45 a n d  2.55; t h e  me thoxy  peaks were 
a t  6 4.44 a n d  4.85; n o  other  s ign i f icant  changes occurred in t h e  
spectrum. These d a t a  are a l l  fully consistent with st ructure 23. 
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E q u i m o l a r  amounts  o f  mercaptoacet ic a c i d  a n d  e thaned i th io l  undergo acid-catalyzed condensation t o  pro- 
duce a t r i cyc l i c  o r tho  ester, 1,4-dithiane-2,5-dione bis(ethy1ene thioketal) .  D isso lv ing  t h i s  substance in concen- 
t r a t e d  sul fur ic a c i d  fo l lowed b y  quenching w i t h  water resul ts in format ion  o f  a h igh ly  rearranged t r i cyc l i c  disul-  
f ide. By X - r a y  crystal lography the  structure of t h i s  rearrangement-oxidat ion produc t  was de termined t o  b e  1- 
[2-(1,3-dithiolanylidene)]-2,3,6,9-tetrathiaspiro[4.4]nonane. S i m i l a r  condensation a n d  rearrangement react ions 
were observed w h e n  1,3-propanedi th iol  was used ins tead o f  ethanedi th io l .  A reac t ion  mechan ism invo lv ing  acid- 
catalyzed dissociat ion and recombina t ion  i s  fo rmula ted  to account for  these rearrangements. 

Orthothio esters of several simple carboxylic acids have 
been prepared,l generally by straightforward methods in- 
volving the direct condensation of the acid, an ester, or its 
chloride with 3 equiv of the RSH component. The ortho 
ester 1 of mercaptoacetic acid was described by Backer 
and Wiggerinkz as the product resulting from the conden- 
sation of chloroacetyl chloride with ethanedithiol. 
Schoberl and Wiehler3 prepared symmetrical ortho esters 
of type 3 by treating dithioglycolide (2) with various mer- 
captans. Boron trifluoride catalyzed self-condensation of 
mercaptoacetic acid produced the orthothio ester 3b. 
Schoberl and Wiehler also described an unusual reaction 
of their compounds of type 3, namely their nitration in 
nitric acid which produced the 1,4-dithiin derivatives 4. 

1 2 3a, R = phenyl, 4 
benzyl 

b, R = CH+2OOH 

The possibility of utilizing compounds of type 4 as pro- 
genitors of protected a-mercaptoamino acids evoked our 
interest in the orthothio esters of mercaptoacetic acid. 
During the course of our work with compounds of this 
type, we had occasion to prepare the tricyclic ortho ester 
5,  which is easily done, albeit in modest yield, by the di- 
rect, acid-catalyzed condensation of equimolar quantities 
of ethanedithiol and mercaptoacetic acid. The structure of 
HSCH2CH2SH TsOH 

HSCH,COOH 
-+ ____) 

n 
VK" 
h J ' S  9 S<f3 = 

6 5 
CS 

this high-melting, poorly soluble, colorless substance is 
evident from its nmr and mass spectra. The former con- 
sists of two signals, an AB quartet a t  3.49 ppm ( J  = 6 Hz) 


