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Synthesis of the cyclic sulfate and its reaction with nucleo-
piles have been known for a long time,' especially in the
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field of carbohydrate chemistry.? Recent works by Sharpless
et al. have provided an easier access to cyclic sulfates and
have shown their usefulness in organic synthesis.®> We have
also employed the cyclic sulfates for the efficient synthesis
of Ara-U! We further investigated the reaction of cyclic sul-
fates with certain nucleophiles and have found that the reac-
tions of dimethyl L-tartrate 2,3-cyclic sulfate(1) with dimethyl
sulfide and with pyridine give unusual products. Herein we
report the preliminary results.

Reaction of cyclic sulfate 1 with dimethyl sulfide in xylene
at 80-85C for 3 days afforded an equal amount of dimethyl
2-(methylthio)maleate(2)° and dimethyl 2-(methylthio)fuma-
rate(3)® in 40% yeild. Prolonged reaction time, higher reac-
tion temperature, or reactions in different solvents did not
improve the yield. Reaction of 1 with ethyl pheny! sulfide
also afforded 2 and 3 though in low yield, but the reaction
using #-butyl methyl sulfide did not proceed. The assignment
of E- and Z-isomers, 2 and 3 was made on the basis of
NOE experiments. Upon irradiation of the vinyl proton, NOE
was observed on methyl protons of methylthio group in E-
isomer, 2 but not in Z-isomer, 3. Although the reaction mech-
anism is not clear, the first step might be the sulfate ring
opening by dimethyl sulfide.”
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Since the product mixture was quite acidic, the effect of
base on this reaction was examined. The reaction of cyclic
sulfate 1 with dimethyl sulfide in the presence of pyridine
afforded unexpected hexamethyl mellitate 4. However, it was
found that dimethyl sulfide did not actually participate in
the formation of 4. Heating of cyclic sulfate 1 in refluxing
THF in the presence of one or two equivalents of pyridine
for 10 hr afforded 4 in 49% yield. Higher reaction tempera-
ture and different amount of pyridine did not improve the
yield of 4. Although N,N-dimethylaminopyridine was as effec-
tive as pyridine for the formation of 4, the reaction did not
occur with other bases such as triethylamine, DBU, potas-
sium carbonate, and potassium {-butoxide.

At room temperature, on the other hand, the reaction of
1 with pyridine in THF gave pyridinium salt 5 in 82% yield.
Salt 5 was very hygroscopic and could not be completely
purified, while N,N-dimethylaminopyridinium salt 6 was sta-
ble solid and fully characterized by NMR2 Heating of salt
5 or 6 in various solvents gave only very small amount of
mellitate 4 even in the prolonged reaction time. We exam-
ined the possibility of involvement of dimethyl acetylenedica-
rboxylate(DMAD) as an intermediate although trimerization
of DMAD to mellitate 4 is known to require special condi-
tions.’ Attempts to detect or trap DMAD during reaction
employing various methods were not fruitful.
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The present reactions of cyclic sulfates 1 with dimethyl
sulfide and with pyridine are very special ones. Other cyclic
sulfates never showed same reaction patterns as 1. Further
studies are required for the elucidation of the reaction mech-
anisms.
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The photochemistry of a-diketones has been a subject of
interest for a century. Since the appearance of comprehen-
sive review articles'? in 1969 and 1972, activity in this area
has continued with investigation of a number of new sys-
tems.> " The classical photochemistry of saturated and aryl
diketones is well known. It has been known that irradiation
of benzil in solution gives rise to a variety of reaction prod-
ucts, such as benzaldehyde, benzoic acid, benzoin, benzil pi-
nacol and benzoin benzoate.?”?* Irradiation of benzil in ethyl-
ene glycol gave a,a’-dihydrostilbene.''*s Irradiation of benzil
in cyclohexane yielded benzoic acid, benzoin, desyl benzoylo-
xydesyl ether and unknown compound.® When 2-propanol
is used as the solvent, a new product appears which is most
probably the dimer of ketyl radical which is formed when
an excited benzil abstracts a hydrogen atom.? Irradiation
of benzil in tetrahydrofuran gave a mixture of product con-
taining benzaldehyde, a small amount of benzoin and uniden-
tified photoproduct.*

We have reported that irradiation of benzil in methanol
gave the unexpected photoproduct, i.e., xanthone derivatives
in 18% yield.” Here we now describe the photochemical for-
mation of xanthone derivatives from a-diketones, such as
benzil 1Y, 4,4"-dimethylbenzil 2 and 4-chlorobenzil 3 in meth-
anol (Scheme 1).

Normal scale preparations of the new photoproducts were
conducted in a photoreactor composed of water-cooled pyrex
reaction vessel, which is equipped with a nitrogen gas inlet.
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Scheme 1.



