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Abstract: Photolysis of 5-phenyl-1,2,3,4-thiatriazole leads to phenyl isothiocyanate (4.8-7.6%), benzonitrile (65-76%), sul-
fur, and nitrogen. Product formation takes place from the excited singlet state. Population of the triplet state by energy
transfer from excited triplet state benzophenone does not lead to chemical conversion. *N-labeling experiments show that
the extruded nitrogen originates from the N(2)~N(3) positions and that nitrogen scrambling prior to extrusion does not take
place. The chemical yield of phenyl isothiocyanate is almost the same in different solvents and over the temperature range
300 to 193 K. At 85 K, photolytic formation of pheny! isothiocyanate is observed without indication of an intermediate (uv
and ESR spectroscopy). On the basis of this and the solvent effect. thiobenzoylnitrene is excluded as precursor for the iso-
thiocyanate. Benzonitrile sulfide was trapped during photolysis at room temperature as a cycloaddition product with dimeth-
yl acetylenedicarboxylate in 9% yield. On photolysis in EPA at 85 K, a compound is formed which exhibits a uv absorption
spectrum and thermal and photochemical properties identical with those of the compound generated from 4-phenyl-1,3,2-
oxathiazolylio-5-oxide and assigned the structure of benzonitrile sulfide.! 5-Phenyl-1,3,4-oxathiazol-2-one behaves similarly
upon photolysis, giving rise to the same transient absorptions at 85 K. On room temperature photolysis of the latter, benzoni-
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trile sulfide was trapped as a cycloaddition product with dimethyl acetylenedicarboxylate in 22% yield.

Photolysis of heteroaromatic thiatriazoles was first re-
ported by Kirmse.? Irradiation of 5-phenyl-1,2,3,4-thiatria-
zole (I) with uv light afforded benzonitrile (66%), sulfur
(76%), and phenyl isothiocyanate (7.3%). Recently Okazaki
et al. reported the formation of triplet sulfur atoms on irra-
diation of thiatriazoles.> A scheme for the formation of
atomic sulfur was proposed involving primary formation of
a thioacylnitrene (I1). A thioacylnitrene as intermediate in
the formation of isothiocyanate has been proposed for cer-
tain thermal processes.*> However, decisive evidence for
this type of intermediate has not yet been obtained.®

This paper addresses itself primarily to the question of
transients in the photolysis of thiatriazoles. First we will ex-
plore the formation of benzonitrile and compare the results
with its origin from similar heterocyclic systems. Secondly
we will consider the photogeneration of phenyl isothiocya-
nate. Important in these respects is the question of where
the individual ring N atoms appear in the respective prod-
ucts.

Results and Discussion

States of Excitation. The photoreduction of benzophe-
none in isopropyl alcohol” is effectively quenched by addi-
tion of 5-phenyl-1,2,3,4-thiatriazole (see Experimental Sec-
tion). Energy is therefore transferred (benzophenone, E1 =
287 kJ/mol’) with formation of triplet thiatriazole, but
analysis showed that all the thiatriazole could be recovered
from the photolysis mixture. We can thus conclude that the
main route for photolytic product formation goes via the
singlet excited state.

Lack of Ring Transposition and Extrusion of Nitrogen,
An analytical method based on '*N magnetic resonance
spectroscopy was developed which makes it possible to fol-
low nitrogen scrambling at the different positions in the thi-
atriazole ring. Thus '>N>, '*N3, and '$Ny labeled 5-phenyl-
1,2,3,4-thiatriazoles were alkylated by means of triethylox-
onium tetrafluoroborate to 3-ethyl-5-phenyl-1,2,3,4-thia-
triazolium tetrafluoroborates. The >N chemical shifts for
the three different nitrogen atoms N,, N3, and N4 could
then be determined from the '"H NMR spectra by means of

heterodecoupling to be =31 + 2, =91 £ 2, and ~73 £ 2
ppm, respectively.® The signals from these compounds in a
mixture are well separated, and detection of ring transposi-
tion products is possible if only 2% !N interchange has
taken place during photolysis (see Figure 1).

[2-'3N]-5-Phenyl-1,2,3,4-thiatriazole was photolyzed
until approximately 50% of the starting material had been
consumed. The thiatriazole remaining was alkylated with
triethyloxonium tetrafluoroborate and the product analyzed
by the NMR method described. The analysis clearly
showed that all labeled nitrogen atoms remained in the 2-
position,

The nitrogen formed during irradiation of [2-!'5N]-5-phe-
nyl-1,2,3,4-thiatriazole was analyzed by means of high reso-

N—N
CeH —Cll ‘S\N hy CeHe—C=N + CH—N=C=S + "“N=N
€S Ng” (no scrambling) 615 V= 65 = =

lution mass spectrometry. It was found that it originated
exclusively from the N,-Nj positions.

Formation of Benzonitrile via Benzonitrile Sulfide. a.
Trapping Experiments. Benzonitrile sulfide (V) is believed
to be formed in the photochemical reactions of 4-phenyl-
1,3,2-oxathiazolylio-5-oxide (111).!? Thus Gotthardt found
that irradiation of 111 in neat dimethyl acetylenedicarboxyl-
ate (X) afforded dimethyl 3-phenyl-1,2-thiazole-4,5-dicar-
boxylate (V1)® (Scheme I).
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Figure 1. '*N chemical shifts of 3-ethyl-5-phenyl-1,2,3,4-thiairiazo-
lium 1etrafluoroborale. Ammonium nitrale as inernal reference.

We have irradiated 5-phenyl-1,2,3,4-thiatriazole (I) at
room temperature in neat X and found 9% VI among the
products. This strongly suggests the formation of benzoni-
trile sulfide from the thiatriazole (Scheme I).

Preliminary investigations of 5-phenyl-1,3,4-oxathiazol-
2-one (X1) have proved this to be a third precursor for pho-
tolytic formation of benzonitrile sulfide. On irradiation in
methylene chloride, benzonitrile is formed in 60% yield and,
on irradiation through Pyrex glass in neat X, compound VI
is formed in 22% yield:!0

N—S
4 \_ . hv(A2300 nm) —ra—

CeHs—C,__L=0 R CeHs—CmN—28
X1 v

Although the structure of XI may be suggestive of direct
formation of benzonitrile sulfide, the thiazirine IV as inter-
mediate cannot be excluded.

Atomic sulfur formed on photolysis of 1, 111, and X1
could be responsible for the formation of VI by reacting
with one molecule of X and one molecule of benzonitrile,
Strausz and coworkers have shown that triplet or singlet
sulfur generated photochemically from carbonyl sulfide
reacts with two molecules of acetylene to yield thiophene.!!
To investigate whether V1 is formed by a similar mecha-
nism, an exchange experiment was carried out. p-Toluni-
trile was photolyzed together with I in neat X, the rationale
being that dimethyl 3-p-tolyl-1,2-thiazole-4,5-dicarboxylate
(VIID) should be formed along with VI if this mechanism
were operating (Scheme I1). Authentic VII was used as a

Scheme II
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comparison standard but was not found to be present in the
samples taken at different stages of photolysis. We there-
fore discard active sulfur as a source for VI.

Even though the isolation of dimethy! 3-phenyl-1,2-thia-
zole-4,5-dicaboxylate (V1) indicates the presence of benzo-
nitrile sulfide in the room temperature photolysis, the same
product may in principle be formed from the unknown
phenylthiazirine (IV). Dimethyl 2-phenyl-1,3-thiazole-4,5-
dicarboxylate!? (VIII) and dimethyl 5-phenyl-1,2-thiazole-
3,4-dicarboxylate'? (IX) are the two other possible cycload-
dition products of phenylthiazirine with X:

CO\OCH:! /CmCHg
S—C—COOCH; C—
[\ ]
CGHS_C\N/C_COOCH3 CSHS_C\S/N
Vi X
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Figure 2. Uv-visible absorption spectra recorded before and after pho-
tolysis (A 420 £ 14 nm; approximately 85% conversion) of 4-phenyl-
1,3,2-oxathiazolylio-5-oxide (a) (Amax 410 nm (log € 3.95), 256 (4.06);
dioxane®) at 85 K in EPA to benzonitrile sulfide (b).

Neither of the two latter products was observed in the
room temperature photolysis of 5-phenyl-1,2,3,4-thiatria-
zole despite their stability under the photolytic conditions.
Attempts to generate VIII and/or IX from IIl at 85 K
(chosen in preference to 1 because of spectral advantages)
were likewise unsuccessful. VI was obtained in 8% yield as
in the room temperature photolysis.? Failure to find VIII
and IX does not of course imply the absence of an interme-
diate thiazirine.

Support for benzonitrile sulfide as the common interme-
diate in the photolysis of 1, I11, and XI leading to V1 is ob-
tained from recent investigations by Howe and Franz.'* Ki-
netic measurements were reported as evidence for thermal
formation of benzonitrile sulfide at 125°C from S-phenyl-
1,3,4-oxathiazol-2-one (X1). Dimethyl 3-phenyl-1,2-thiadi-
azole-4,5-dicarboxylate (V1) was obtained in 90% yield
when the thermolysis was carried out in the presence of X.
Benzonitrile sulfide thus actually undergoes the cycloaddi-
tion process leading to V1 since phenyl thiazirine is a very
unlikely intermediate in the pyrolysis of XI (vide infra).

b. Low Temperature Absorption Spectroscopy. Previously
we described how the light induced transformations of 4-
phenyl-1,3,2-oxathiazolylio-5-oxide (IIl) at 85 K in EPA
glass'® could be monitored with absorption spectroscopy.!
On irradiation with 420 £ 14 nm light, new absorptions ap-
peared at 335 nm (log € ~ 3.5-4), 324, 313, 295, and 240
(Figure 2). Irradiation of the 335-nm band or warming to
room temperature caused disappearance of the bands with
simultaneous formation of benzonitrile. The bands were
tentatively assigned to benzonitrile sulfide (V) with the ex-
ception of the 324-nm absorption. This was assigned to 2-
(nitrosomercapto)-2-phenylketene.'

The same intermediate (V) was observed as a photoprod-
uct of 5-phenyl-1,2,3,4-thiatriazole (I) at 85 K in EPA glass
as shown in Figure 3. Bands appeared at 335, 313, 295, and
240 nm, identical with those appearing on photolysis of 111.
However, the bands appear weak since they overlap with
those of the starting material. Thus photodegradation of
both starting material and benzonitrile sulfide occurs side-
by-side. The latter leads to benzonitrile. Heating the sample
to the melting point of the glass likewise caused formation
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Figure 3. Uv absorpiion spectra recorded before and after photolysis (A
280 £ 14 nm; almost quantitative conversion) of 5-phenyl-1,2,3,4-thi-
atriazole (a) (Amax 280 nm (log ¢ 4.03)?) in EPA at 85 K to benzoni-
trile sulfide (b), benzonitrile (c), and phenyl isothiocyanate (d).

of benzonitrile. The transient thus exhibits the same char-
acteristics as the transient generated from 111.!

Similarly investigation of 5-phenyl-1,3,4-oxathiazol-2-
one (XI) has demonstrated this to be a third parent com-
pound for the same intermediate. On photolysis in EPA
glass at 85 K, the spectral absorptions were again found at
335, 313, 295, and 240 nm. In this case, peak overlap of the
transient with the starting material is even more disturbing
than in the thiatriazole case, and the absorptions, although
distinct, are very weak (Figure 4).

Since radicals and nitrenes can be excluded as intermedi-
ates (vide infra), the fragments common to the three het-
erocycles permit only two alternative transients, IV and V.
In the present study, no new observations have been made
that necessitate revision of the earlier tentative structure as-
signment of the intermediate to benzonitrile sulfide. In sum
our conclusions are based on the isolation of VI via room
temperature photolysis of I, 1Il, and XI in neat X, on the
photochemical and thermal properties of the transient, and
also on the expected properties of the unknown phenylthia-
zirine. This is a so-called antiaromatic compound for which
a high ground state energy can be expected.'® Cyclobuta-
diene, the best known compound of this type, is obtained
photolytically at 8 K but is transformed when heated to 35
K.'7 Similarly trialkylcyclopropenes exhibit the highest pX,
values yet recorded, 62-65, stressing the extraordinary high
energy content of the corresponding antiaromatic cyclopro-
penyl anions.!® In our investigations, the transient obtained
was unchanged in the EPA glass at 85 K for about 3 hr, and
decomposition was observed only when the glass was heated
to its melting point around 140 K. Preliminary photolytic
experiments with 111 in a PVC plastic film has shown that
the uv spectrum of V can be traced even at room tempera-
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Figure 4, Uv absorption specira recorded before and after phoiolysis (A
260 * 35 nm; approximately 50% conversion) of 5-phenyl-1,3,4-oxathi-
azol-2-one (a) (Amax 269 nm (log 3.81); ethanol) at 85 K in EPA. Ben-
zonitrile sulfide (b) is observed at the weak bands a1 335 and 313 nm.

ture when heating from 85 K over a period of 2.5 hr, These
observations rule out phenylthiazirine and strongly support
the structure assignment to benzonitrile sulfide.

Formation of Isothiocyanate. Absence of Radical or Ni-
trene Intermediates. The amount of isothiocyanate formed
on irradiation of S5-phenyl-1,2,3,4-thiatriazole (1) is inde-
pendent of the solvent employed. By means of calibrated
GLC measurements, the yield of isothiocyanate was found
to be between 6.0 and 7.6% in such different media as iso-
propyl alcohol, acetonitrile, methylene chloride, anisole,
and dimethyl acetylenedicarboxylate (X). Yields were in-
sensitive to the presence of oxygen. Further only a slight de-
crease in yield (to 4.6-4.8%) was observed upon lowering
the temperature from 300 to 193 K, using methylene chlo-
ride as solvent.

The insensitivity of the isothiocyanate yield to changes in
the photolytic conditions virtually rules out 11 as an inter-
mediate.

/Nl /N(@ /N'
II: CgHs—C <«+—» (CH—C ; CeHs—C_,
ef s \S] 6''s \S]@ \§l

Nitrenes in general are very reactive substances able to
undergo cycloaddition and insertion reactions.!® Thioben-
zoylnitrene may eventually be less reactive than benzoylni-
trene, but it seems unlikely that 11, if an intermediate in the
formation of isothiocyanate, should not be at least partially
trapped by any of the above solvents. A particularly favor-
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able reaction pathway of nitrenes is intramolecular inser-
tion in a methyl or methylene group leading to five- or six-
membered cyclic products. However, no change in the iso-
thiocyanate yield was observed when photolyzing 5-(2-
methylphenyl)-1,2,3,4-thiatriazole (7.6%).

It was similarly found, by means of TLC, that thiobenza-
mide is not formed on photolysis of I in isopropy! alcohol or
in benzene. N-Phenylthiobenzamide is also absent in the
latter solvent. Furthermore, photolysis of 1 in dimethyl
acetylenedicarboxylate (X) at room temperature or below
does not yield dimethyl 2-phenyl-1,3-thiazole-4,5-dicarbox-
ylate (V111) which would be expected from 11 and X (vide
supra).

Photolysis at low temperature combined with ESR spec-
troscopy served as a supplementary indication for the lack
of thioacylnitrene (11). Measurements were made on the
neat crystals and glassy solutions of I in EPA and MPH?0
at 77 K. No signals were obtained after photolysis of the
frozen EPA solution (except for a low intensity signal
shown to originate from photodestruction of the matrix)
under conditions and concentrations where characteristic
changes in the uv spectrum occurred that are associated
with formation of both isothiocyanate and nitrile sulfide
(vide infra). On the other hand, ESR spectra were obtained
after exposure of the sample in a hydrocarbon glass or as
crystals to Pyrex filtered light. These spectra were identical
and unsymmetrical with broad lines (g = 2.000, g, =
2.024, g5 = 2.040). The radical contains only noninteract-
ing spins, and the signal can be reasonably assigned to that
of a thiyl radical.?! There is no evidence for 11 which would
either be a singlet and not detectable or a triplet and show
up as such, Further information concerning the origin of the
signal came from low-temperature uv experiments with
MPH solutions of I in concentrations as low as a factor of
10 more dilute than those used in the ESR experiments.
These spectra showed that aggregates or crystals of 1 are
formed upon cooling, the absorption bands becoming broad
and flat. We believe that the ESR signals are due to radical
formation within the aggregates but refrain from suggesting
a structure for this oligomer. The possible participation of
the sulfur atom in the radical formation by reaction with
solvent was investigated by photolyzing carbonyl sulfide??
dissolved in EPA or MPH at 77 K. Strong ESR signals
were observed, but neither of the two spectra showed resem-
blance to that obtained from I in MPH.

The remaining question is whether photochemically gen-
erated isothiocyanate is formed via an intermediate, differ-
ent from a nitrene, or is formed directly from the excited
singlet state of the thiatriazole. Since an isothiocyanate-
forming intermediate must contain at least one C, one N,
and one S atom, only thiobenzoylazide, benzonitrile sulfide
(V), and phenylthiazirine (IV) need be considered. Photoly-
sis of 111 at 300 or 85 K does not give rise to phenyl isothio-
cyanate. Photolysis of benzonitrile sulfide generated from
11 at 85 K does not lead to phenyl isothiocyanate but pro-
duces benzonitrile exclusively. In contrast, phenyl isothiocy-
anate is formed photolytically from 1 at 85 K along with
benzonitrile sulfide. The latter can therefore be ruled out as
a precursor for phenyl isothiocyanate. Benzonitrile sulfide
apparently differs in its photochemical behavior from nitrile
oxides which in part rearrange to isocyanates.?® Thioacylaz-
ides are unknown, and attempted synthesis at room temper-
ature leads to the isomeric ring-closed thiatriazoles.?*
CNDO calculations in this laboratory suggest that the ring
is ~ 13 kcal more stable than the acyclic form.?3

The thiocarbonyl group is a characteristic chromophore
and thiobenzoylazide is expected to absorb in the visible due
to a n,x* transition and in the vicinity of 300 nm by a =, x*
transition.2® The spectrum of irradiated 1 in EPA at 85 K

(A 280 £ 14 nm) is devoid of absorptions above 335 nm.
Bands can be assigned to either phenyl! isothiocyanate, ben-
zonitrile, or benzonitrile sulfide, and no evidence for the in-
termediacy of thiobenzoylazide is obtained.

In conclusion the overall observations seem to suggest
that the isothiocyanate is formed directly in a concerted re-
action from the exited singlet state of the thiatriazole or
from phenylthiazirine. If phenylthiazirine is an intermedi-
ate in the formation of nitrile sulfide from both I and 111, it
cannot be a precursor for isothiocyanate inasmuch as the
latter is observed from I only.

Experimental Section

Room Temperature Photolysis. In the preparative-scale photoly-
sis at room temperature, a low-pressure Hg lamp (Hanau Q-700)
fitted with appropriate filters was used. Cooling of the photolysis
mixture was ensured by means of tap water. Thin layer chroma-
tography was performed on silica gel. Eluents will be specified.

Low Temperature Uv Spectroscopy. The low temperature uv cell
was constructed by the Inorganic Department of this institute. It is
in principle a three-walled Dewar made of steel. The six quartz
windows are sealed to the steel with indium. The frozen solution is
contained in the inner chamber, while high vacuum is maintained
in the outer jacket. Heat transport is furnished by a helium atmo-
sphere contained in the middle jacket in contact with liquid nitro-
gen as well as with the sample cell. In a typical run, the tempera-
ture was kept at 85 K except for cooling and heating periods. Spec-
tra were recorded on a Cary 14 instrument and irradiations per-
formed outside the spectrograph with a Bausch and Lomb SP-200
mercury point source equipped with monochromator (typical band
width 20 nm).

Electron Spin Resonance, Spectra were obtained on a Japan
Electron Optics Laboratory instrument Model JES-ME-1X, using
a liquid nitrogen Dewar. g values were standardized against Mn2+
in MgO.

Irradiation of 5-Aryl-1,2,3,4-thiatriazoles in Different Solvents.
Determination of nitrile and isothiocyanate formed upon irradia-
tion of the thiatriazoles was performed by means of gas chroma-
tography directly on the photolysis mixture after addition of benzyl
cyanide or phenyl bromide as internal standard. The analysis was
carried out on a Pye Unicam 104 chromatograph, dual FID, con-
nected to a Varian aerograph 477 electronic integrator,on a 2 m X
0.25 in. column with 10% SE-30 on Gaschrom Q 100-120 mesh
(Applied Science Lab., Inc.) and with nitrogen as carrier gas. (a)
Approximately 2.5 X 10-2 M solutions of 5-phenyl-1,2,3,4-thi-
atriazole in the appropriate solvent were irradiated at room tem-
perature through quartz until complete transformation (TLC).
Yields of phenyl isothiocyanate and benzonitrile (room tempera-
ture unless otherwise stated): isopropyl alcohol (6.9, 62%); meth-
ylene chloride with oxygen present (7.6, 68%); methylene chloride
without oxygen present (6.6, 76%); methylene chloride with oxy-
gen present at 194 K (6.0, 70%); acetonitrile (6.0, 65%); anisole
(6.4, —%). (b) Photolysis of 5-(2-methylphenyl)-1,2,3,4-thiatria-
zole in methylene chloride yielded 2-methylphenyl isothiocyanate
(7.6%) and 2-methylbenzonitrile (77%).

Sensitizer Experiments with Benzophenone. Three identical
Pyrex flasks containing three different solutions, 1, 2, and 3, were
purged with argon and irradiated through 1-cm acetone transmit-
ting 2330 nm for 3.5 hr. Solutions: (1) benzophenone (25.4 mg) in
isopropyl alcohol (10 ml); (2) 5-phenyl-1,2,3 4-thiatriazole (41.2
mg) in isopropyl alcohol (10 ml); (3) S-phenyl-1,2,3,4-thiatriazole
(41.5 mg) and benzophenone (26.0 mg) in isopropy! alcohol (10
ml). After irradiation, solution | was evaporated to dryness in
vacuo and found to yield 23.1 mg of a solid material which was
identified by means of 'H NMR spectroscopy to consist approxi-
mately of 95% benzpinacol and 5% unchanged benzophenonre. So-
lution 2 yielded 41.3 mg of unchanged 5-phenyl-1,2,3 4-thiatria-
zole (~100%), identified by its ir spectrum. The distillate from so-
lution 3 was collected, benzyl cyanide (25.2 mg) added as internal
standard, and the mixture submitted to GLC as described in the
foregoing section. Benzonitrile was found to be formed in 1.2%
yield. Accordingly, the residue from the evaporated solution
showed only a 3.6 mg loss in weight. 'H NMR spectroscopy of the
residue revealed a virtually unchanged composition of thiatriazole
and benzophenone.
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Irradiation of [2-15N]-5-Phenyl-1,2,3,4-thiatriazole. Loss of Ni-
trogen, {2-15N]-5-Phenyl-1,2,3,4-thiatriazole (22 mg) of 95.0%
isotopical purity [prepared from Na'’NO; (95.0% isotopical pure)
and thiobenzhydrazide according to standard methods®24] was dis-
solved in methylene chloride (2 ml) and placed in a Pyrex am-
poule. After degassing, the ampoule was evacuated (liquid nitro-
gen), sealed, heated to room temperature, and irradiated for 3 hr
(Osram HBO-200 point source equipped with monochromater, X
300 £+ 10 nm). The ampoule was cooled in liquid nitrogen, at-
tached to a mass spectrometer (AEI-MS 902, double focusing,
with a resolution of 10.000), and the nitrogen formed introduced
directly. The mass spectrum showed that the nitrogen contained
95.0% of 'SN!4N (corrected for background) which corresponds to
100.0% loss of nitrogen from position N(2) and N(3).

Transposition Experiments. [2-!5N]-5-Phenyl-1,2,3,4-thiatria-
zole (123 mg) dissolved in methylene chloride (5 ml) was irradi-
ated through quartz for 4 hr. Methylene chloride and benzonitrile
were removed in vacuo and the residue (57 mg), consisting of thi-
atriazole and sulfur, was washed with a small amount of hexane.
After dissolving in methylene chloride (0.25 ml), triethyloxonium
tetrafluoroborate (89 mg) in methylene chloride (0.25 ml) was
added and the mixture left for 15 hr at room temperature. The sol-
vent was removed in vacuo and the residue washed with dry ether
and recrystallized from absolute ethanol, yielding 30 mg of 2-
ethyl-S-phenyl-1,2,3,4-thiatriazolium tetrafluoroborate. 1’N NMR
spectroscopy showed that all 1N remained at the 2-position.?

Photolysis of 5-Phenyl-1,2,3,4-thiatriazole in Neat Dimethyl
Acetylenedicarboxylate. 5-Phenyl-1,2,3,4-thiatriazole (974 mg)
was suspended in dimethyl acetylenedicarboxylate (5 ml) in a
Pyrex flask and irradiated. After removal of volatile components in
vacuo, the residue was applied to a preparative TLC plate and de-
veloped with benzene-petroleum ether 1/1. The band correspond-
ing to VI, found on comparison with an authentic sample,® was iso-
lated on elution with chloroform. After evaporation to dryness, the
solid material was taken up in ether, applied to a preparative TLC
plate, and developed several times with ether—petroleum ether 1/2,
until a satisfactorily separated band of VI appeared. On elution
with chloroform, 51 mg of material was obtained. On comparison
with uv, emission, and ir spectra of an authentic sample of VI,
identity was established. V11112 could not be observed despite care-
ful investigations; 40% thiatriazole was recovered. The amount of
VI isolated corresponds to 8.8% based on converted material.

Irradiation of a Mixture of 5-Phenyl-1,2,3,4-thiatriazole and p-
Tolunitrile in Dimethyl Acetylenedicarboxylate. 5-Phenyl-1,2,3,4-
thiatriazole (993 mg) and p-tolunitrile (719 mg) in dimethyl
acetylenedicarboxylate (5 ml) were irradiated through Pyrex for
65 hr. The resulting solution was worked up on TLC plates with
authentic VI and VII® as standards.

Compounds VI and VII could not be satisfactorily separated by
the eluents employed, and the band corresponding to the possible
mixture of these compounds were isolated and analyzed by means
of 'H NMR spectroscopy. On comparison with the 'H NMR spec-
trum of an authentic mixture of VI and VII, it was found that VI
but not VII had been formed.

Irradiation of 4-Phenyl-1,3,2-oxathiazolylio-$-oxide in Dimethyl
Acetylenedicarboxylate at 77 K. To dimethyl acetylenedicarboxyl-
ate (75 ml) contained in a Pyrex tube (inner diameter 2 cm) was
added 0.5 ml of a “stock”™ solution of 4-phenyl-1,3,2-oxathiazo-
lylio-5-oxide (100 mg) in dimethyl acetylenedicarboxylate (10 ml).
After immersion in liquid nitrogen, the sample was irradiated until
the yellow color of the glass had almost disappeared (ca. S hr). The
mixture was heated to room temperature and 0.5 ml of stock solu-
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tion added. After cooling in liquid nitrogen, irradiation was contin-
ued. When all III had been added in this manner, the solvent was
removed in vacuo (0.] mmHg) and the residue applied on a pre-
parative TLC plate. The chromatogram was developed with ether-
petroleum ether 2/3 with authentic samples of V1, VIII, and IX"?
applied on the plate for comparison. Bands corresponding to the
cycloaddition products were collected and analyzed. Only VI was
found, corresponding to 8%. More than ten other products were
observed, but attempts to obtain information as to their identity
was not undertaken,

Photolysis of 5-Phenyl-1,3,4-o0xathiazol-2-one in Neat Dimethyl
Acetylenedicarboxylate, 5-Phenyl-1,3,4-oxathiazol-2-one'® (1.003
g) was suspended in dimethyl acetylenedicarboxylate (5 ml) and
irradiated through Pyrex for 88 hr. Products were obtained by
means of preparative TLC (vide supra). VI was isolated in 22%
yield based on the amount of starting material converted.
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