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THERMAL DECOMPOSITION OF 17O-LABELED t-BUTYL o-METHYLTHIO- AND o-PHENYL-
THIOPEROXYBENZOATES STUDIED BY 170 NMR. THE SULFURANYL RADICAL
STRUCTURE OF THE o-THIOBENZOYLOXY RADICALS
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t-Butyl o-methylthio- and o-phenylthioperoxybenzoates-[C=170] were
prepared and decomposed thermally in chlorobenzene. The oxygen

labels were detected by 17O NMR spectroscopy preferentially at the
carbonyl oxygen of 3,1-benzoxathian-4-one and diphenyl 2,2'-dithio-
dibenzoate, demonstrating the bridged sulfuranyl radical structures

for the o-thiobenzoyloxy radicals.

Bentrude and Martin have proposed that the participation of a neighboring
sulfur atom is responsible for the enhanced rate (by a factor of 104) of the
homolytic 0-0O bond cleavage in t-butyl o-methylthioperoxybenzoate (Ig).l) More
recently we have shown by the CIDNP and CNDO/2 MO studies that, not only in the
transition state for the decomposition but also in the intermediate o-methylthio-
benzoyloxy radical, the anchimerically assisted structure IIa with considerable
spin density at the sulfur atom is preferred to the classical benzoyloxy
radicals.z) However, the possibility of a zwitterionic structure IIIa has not
been rigorously excluded. 17O NMR spectroscopy has now revealed that the identity
of the carbonyl oxygen is rather well kept during the thermal decomposition of
t-butyl o-methylthio- and o-phenylthioperoxybenzoates (Ia* and IQ*), ruling out
the non-bridged structure for the intermediate radicals. We also point out that,
in contrast to the 18O tracer technique widely used to elucidating structures and
reaction mechanisms in organic chemistry, the 174 labeling coupled with 170 NMr
determination has the strong advantage as a non-destructive method; by employing
chemical shifts and integration of signal intensities, the site and distribution
of the isotopes in the product molecules can be determined directly.s)

t-Butyl o-methylthioperoxybenzoate enriched with 170 selectively at the
carbonyl group (Ia*) was prepared by the reaction of 170 1abeled o-methylthio-
benzoic acid (ZY*) with 1,1'-carbonyldiimidazole in THF followed by treatment
with t-butylhydroperoxide at low temperature. 6) t-Butyl o-phenylthioperoxy-
benzoate- [C— O] (Ib*) was prepared similarly. Five and three tenth g of Ia* were
decomposed in 69 ml of chlorobenzene at 76 °C, and 0.327 g of 17O labeled 3 1-
benzoxathian-4-one was isolated. As shown in Figure 1, the 170 NMR spectrum of
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the lactone contained two signals.7) The downfield signal (365 ppm from external
DZO) was assigged to the carbonyl oxygen and the highfield one (159 ppm) to the
ether oxygen. They were found to be in the integration ratio of 66 : 34. The
ratio was 50 : 50 when the 170 NMR spectrum of Y in natural abundance was measured.
Thus the oxathianone-[C=170] (Yf) and -[ether-170] (Yfl) were formed in the ratio
of 66 : 34 when I%f was decomposed under the conditions described above. As shown
in Table 1, the formation of Yf in preference to Yf: is more favored as the
temperature of decomposition is lowered.
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Table 1. Population of the 170 label
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Figure 1. 170 NMR spectrum (10.782 MHz)
of V* and V*' derived from the thermal Thermal decomposition of Ia
decomposition of le at 76.0 °C. produces IVa and V as the escape and

disproportionation products,

respectively, of the primary radical
pair formed by the 0-O bond cleavage of la (Scheme 1).1’2) If the structure of
o-methylthiobenzoyloxy radical is Ila, Y§~can be exclusively formed from decompo-
sition of lg*. Structure IIIa should operationally lead to scrambling of the

label between the two oxygen atoms, although there may be some life-time before
the requisite rotation of the ¢-coé‘ bond takes place. The results in Table 1
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indicate that the identity of the carbonyl oxygen can be kept through the reaction
path to lactone V and that there is a competitive channel available for the
scrambling of the oxygen label which has the higher activation energy of the
reaction than the retentive path by 2.3 kcalmol'l. Therefore we conclude that
the o-methylthiobenzoyloxy radical should be represented as IIa. The scrambling
of the label between the carbonyl and endocyclic oxygens may take place either
before or during the course of the Pummerer-type rearrangement (a or b in Scheme
2). ZIwitterionic radical IIIa is supposedly an intermediate or a transient

species in these scrambling processes.
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A similar study has been carried out on the decomposition of t-butyl o-phenyl-
thioperoxybenzoate-[C=170] (thjs)which gives among many other products diphenyl 2,
2'-dithiodibenzoate VI* as shown in Scheme 3. The contribution of the induced
decomposition which could be another mechanism for the retention of the oxygen
label is negligible in this reaction.l) Here we encountered a typical example
demonstrating the limitation of the 170 NMR method. Due to quadrupolar relaxation
of 170 nuclei, line broadening of the signal gets serious as the size of molecules
increases.s) Whereas the signal due to the 170-1’ich carbonyl oxygen was easily
determined, it was difficult to get a reasonable s/n for the 17O-poor ether oxygen
of VI*. Population of the 170 label was therefore determined on phenyl thio-
salicylate obtained by the cleavage of VI* into two halves by the method of
Overman et al.9 Integration of the peaks at 6 363 and 191 for the carbonyl and
ether oxygens gave a ratio of 71 : 29 for the sample obtained by the decomposition
of Ib* at 52.0 °C. Here again sulfuranyl radical structure IIb* for the o-thio-

benzoyloxy radical was supported.
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