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PERACID-MEDIATED N-OXIDATION AND REARRANGEMENT OF DIMETHYLPHOSPHORAMIDES
PLAUSIBLE MODEL FOR OXIDATIVE BIOACTIVATION OF THE CARCINOGEN HEXAMETHYLPHOSPHORAMIDE (HMPA)

*
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Summary Dimethylphosphoramides react with m-chloroperoxybenzoic acid
(MCPBA) 1n anhydrous acetone to yield the previously unknown P-dimethylamino-
oxyphosphonous derivatives via N-oxidation and rearrangement Further MCPBA
oxidation yields formaldehyde and nitrosomethane, 1solated as its trans-dimer
These reactions provide a possible biomimetic model for the metabolic activa-

tion of hexamethylphosphoramide as a mutagen and carcinogen

Hexamethylphosphoramide (HMPA) (lé), an extensively-used solvent 1n organic synthesis, 1s
a powerful rodent carcinogen 1 It 1s detected as a mutagen 1n a cell transformation assay but
2
only when activated by a liver enzyme preparation Metabolism of HMPA 1in rats and liver

preparations 1nvolves N-demethylation with liberation of formaldehyde, possibly via the N-

3’

hydroxymethyl, N-methyl derivative from rearrangement of an N-oxide Analogous reactions

occur on metabolic conversion of the insecticide octamethyldiphosphoramide (schradan) [(MezN)z-
P(0)0P(0) (NMe

3,4

] to a potent cheolinesterase inhibitor These metabolic reactions and

2)2
activation of the i1nsecticide are reproduced in part on oxidation with permanganate or a per-

acid 3,4

The existence of dimethylphosphoramide N-oxides 1s not established despite their
potential 1mportance as bioactivated metabolites or intermediates 1in the biological activity
of dimethylphosphoramides We therefore examined the reactions of HMPA and related compounds
with m-chloroperoxybenzoic acid (MCPBA) as a possible biomimetic model (Scheme)

The reaction of HMPA with MCPBA (> 99%) 1in anhydrous d6—acetone at 25°C was monitored
directly by lH and 13C NMR (internal tetramethylsilane) and 31P NMR [referenced from external
(MeO)3P(O) 1in CDC13] with parallel studies on 225 (which has the advantage of a single di-
methylamine group) and on their possible oxidation products. Treatment of 1lb for 24 hr with

up to two equivalents of MCPBA gave strong 31P NMR (S +3.48) and 1H NMR signals (§ 2 81,

singlet) These chemical shifts and particularly the lack of 3lP—lH coupling 1n the lH NMR
suggested the formation of dimethylaminooxyphosphonous derivative 3b, instead of dimethyl-
phosphoramide N-oxide gg, a speculation confirmed by synthesis and spectral comparlson.6

The analogous product 3a from HMPA was similarly identified 6 Thus, the dimethylphosphoramide
N-oxide (2) 1s strongly implicated as an intermediate undergolng a rearrangement reaction to the

dimethylaminooxyphosphonous derivative (3) /
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Scheme Oxidation of hexamethylphosphoramide (;3) and 0,0-diethyl N,N-dimethylphosphoramide
(1b) to the corresponding P-dimethylaminooxyphosphonous derivatives (3a, 3b) and

nitrosomethane dimer (1ll)

One dimethylamino group of HMPA and this moiety of 1b form two terminal products 1in near
quantitative yield (lH NMR) within 24 hr on treatment of la and 1b with a five-fold excess of
MCPBA. Disappearance of the N,N-dimethyl doublet (lH § ~2 7) 1s accompanied by appearance of
singlets corresponding to formaldehyde (lH § 8.15) and trans-nitrosomethane dimer (11) (1H
§ 3.85). Formaldehyde (steam distillation) was further characterized as its methylene bis-
dimedone derivative (m p 189-190°C) The identity of dimer 11 was confirmed by 13C NMR‘( 8
47.2) and chemical 1onization (methane)-mass spectrometry (CI-MS) (M+l+ 91) on the crude reac-
tion mixture and by preparative TLC 1solation and comparison with synthetic cis- and trans-
dimers 8 Nitromethane (lH 8 4 35) 1s not present 1n the reaction mixture and would be detected

1f formed since 1t 1s resistant to MCPBA oxidation Dimer 1]l and formaldehyde were the princi-

pal terminal products on MCPBA oxidation not only of la and 1lb but also of schradan and tetra-
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methylphosphorodiamidic chloraide [(MezN)ZP(O)Cl] This dimer was not formed from 0,0-
diphenyl N,N-dimethylphosphoramide Phosphorus-containing products from 1b evident by CI-MS
were 8b and 0,0,0,0-tetraethyl pyrophosphate

Potential intermediates 1in the conversion of la and 1b to 11 and formaldehyde were examined
by subjecting them to MCPBA oxidation under the same conditions Dimethylaminooxyphosphonous
derivatives 3a and 3b quantitatively yielded 11 within 2 hr  Other potential organophosphorus
1ntermed1ates9 (12b, 13b and 14b) were treated with excess MCPBA but gave no dimer (11 N-
Methylhydroxylamine (9) (free base 1n acetone) reacted instantaneously with MCPBA, giving an
intense, transient blue flash due to nitrosomethane (ig) and quantitative formation of dimer 11
These findings establish two portions of the pathway in the Scheme, 1 e 1~>2~>3and 9~ 10 ~
li Formaldehyde liberation might involve formation and degradation of the N-hydroxymethyl, N-
methylphosphoramide (13) but this would generate the corresponding monomethylphosphoramide (14)
which was not detected, 14b reacts slowly with MCPBA forming small amounts of 11 but only after
several days indicating 1t 1s not an intermediate in this oxidation The proposed rearrangement
reaction for conversion of 4 to 5 accommodates the subsequent formaldehyde liberation on forming
g and provides for an oxidative pathway in addition to that from initial methyl hydroxylation
The reaction sequence for conversion of 3 to 1l 1s uncertain but clearly requires two further
oxidation steps Alternative pathways are shown in the Scheme, one via N-methylhydroxylamine
Qig) and the other via N-oxide 7, 1n each case with concommitant formation of the appropriate
phosphoric acid or anhydride Qgg or tetraethyl pyrophosphate)

HMPA readily undergoes biological N-demethylation to l4a and formaldehyde 4 Unidentified
metabolites may include some of the compounds shown in the Scheme The carcinogenicity of

formaldehydelO may contribute to that of HMPAll but seems insufficient to account for the high

potency of this phosphoramide  N-Methylhydroxylamine 1s a mutagen12 and might react dlrectly13
or require further oxidation, e g to nitrosomethane (10) Thus, 9 gives 11 with MCPBA (this
study) or cis-11 with perlodateIA Xié-ig Although not an alkylating agent 1tself, nitroso-
methane might be expected to react with nucleophiles at nitrogen Nitrosomethane tautomerizes
to formaldehyde ox1me,15 which might also contribute to the overall biological actavity

We have used the Ames mutagenesis assayl6 with Salmonella typhimurium strain TA-100 to

evaluate the mutagenic activity of all compounds (except 8) indicated without brackets in the
Scheme and also formaldehyde oxime, formaldoxime HCl and nitromethane None of these compounds
was detected as a mutagen (< 0 05 revertants/ug) even on addition of the microsomal activation
system The Ames assay may not be an appropriate indicator of carcinogenicity in the present
serles2 or the ultimate mutagen and carcinogen may be a compound other than those tested, e g.
proposed 1ntermediate S or ig In addition, the reaction mixture of HMPA and MCPBA 1s highly
mutagenic due to a single trace component (~ 7000 revertants/pg) as we will detail elsewhere
Care should therefore be taken in using HMPA with peracids and possibly other oxidants
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