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[E]-AZOXYBIS (METHYLENE) BIS(3-CHLOROBENZOATE): POTENT MUTAGEN FROM REACTION OF HEXAMETHYLPHOS-
PHORAMIDE, N-METHYLHYDROXYLAMINE AND [E]-NITROSOMETHANE DIMER WITH 3-CHLOROPEROXYBENZOIC ACID

Ella C. Kimmel, Tan Holden®, Yoffi Segall®, and John E. Casida
Pesticide Chemistry and Toxicology Laboratory, Department of Entomological Sciences
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Summary. [E]-Azoxybis(methylene) bis(3-chlorobenzoate), an exceptionally

potent mutagen (3050 revertants/nmol) in the Salmonella typhimurium (strain

TA100) assay, is formed in trace (<1%) quantity via [E]-nitrosomethane dimer
on treatment of hexamethylphosphoramide or N-methylhydroxylamine with 3-

chloroperoxybenzoic acid.

We recently reportedl that hexamethylphosphoramide (HMPA) Q;,R==NMe2) and some énalogs
upon treatment with 3-chloroperoxybenzoic acid (CPBA) (3-5 equivalents) in acetone at 25°C
undergo N-oxidation and rearrangement to the corresponding P-dimethylaminooxyphosphonous der-
ivatives (2). Further oxidation of 2 yields formaldehyde and [El-nitrosomethane dimer (3) as
the major nonphosphorus-containing products. Similar oxidation of N-methylhydroxylamine (4)
also yields 3. The reaction mixtures of 1-4 and some related compounds with CPBA in acetone?

possess high mutagenic activity in the Salmonella typhimurium mutagenesis assay3 which could

not be attributed to any compounds on the major reaction pathway.l The nature of the mutagen
in these peracid reactions was of interest since HMPA is a carcinogen and oxidatively-activated
promutagen.4 We have now identified the mutagen (5) in these CPBA reaction mixtures (Scheme).
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Scheme. Oxidation of dimethylphosphoramides (1) via P-dimethylaminooxyphosphonous
derivatives (2) and [E]-nitrosomethane dimer (3) to [E]-azoxybis(methylene) bis(3-
chlorobenzoate) (5). [O] = 3-chloroperoxybenzoic acid. Ar = 3-chlorophenyl.
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Careful chromatography5 with fraction monitoring by mutagenesis assays
gle mutagen and led to near quantitative isolation of diester 27 from reaction mixtures of each
of 1, 3 and 4 with CPBA in acetone as colorless plates (benzene/pentane), m.p. 124-126°C.
Tentative identification of 5 was made by normal spectroscopic methods.8 In view of its excep~-

tional biological activity, the structure of 5> was confirmed by X-ray crystallography.9

aCurrent address: Israel Institute for Biological Research, Ness-Ziona, P.0.B. 19,

70450, Israel
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X-Ray Structure of 5

A d 5
Pure 3 is a direct-acting mutagen with anactivity of 3050 revertants/nmol, a potency rarely

encountered and generally associated with highly active carcinogens.lo It is deactivated by
the rat liver S9 fraction and on hydrolysis by butyrylcholinesterase, indicating that an in-
tact ester linkage is required for activity. Clearly 5 is not the mutagen formed on HMPA
bioactivation since it requires abiotic substituents for its formation. Speculation on the
mutagenic mode of action of 5 might include hydrolysis/fragmentation to an alkylating species,
c¢f cycasin analogs.ll Clarification of these points requires synthetic routes to 1,4-disub-
stituted azoxymethanes.
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