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Mechanistic Investigation in the Oxidation of 0,0-Diethyl-S-
Phenyl Phosphorothiolate-'80
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Abstract : 0,0-Diethyl-S-phenyl phosphorothiolate-30 and other related compounds were
prepared and oxidized with m-chloroperbenzoic acid (MCPBA). Each reaction was followed
by *P NMR and the products were analyzed by GC-MS. O,0-Diethyl-S-phenyl phosphoro-
thiolate-*0 was converted to diethyl methyl phosphate in methanol by MCPBA and it
was confirmed to contain **0,; which proved that the originally proposed mechanism of
Segall and Casida operates in the oxidative reaction (Received June 2, 1994; accepted July

5, '1994).

Introduction

The chemistry of phosphorothioates has been the
subject of much attention, particularly with respect
to defining the mechanism of action of insecticidally
active compounds. Of the approximately 106 orga-
nophosphorus pesticides in current use, phosphoro-
thioates account for more than two thirds” and in
biological systems these are converted to metaboli-
tes which can be more toxic or less toxic than the
parent compounds. These processes are termed
“bioactivation” and “detoxification”, respectively. In
many instances, these transformations are oxidati-
vely induced, for example, the insecticide methami-
dophos exhibited high insecticidal activity but it is
a poor anti-acetylchlorinesterase in vitro.? This in-
teresting bioactivation has been studied by many
researchers?™® and the anti-acetylcholinesterase
activity of methamidophos increased substantially
on oxidation with MCPBA.® Based on several evi-
dences these workers proposed that the initially
formed active intermediate was the sulfoxide, O,5-
dimethyl phosphoramidothiolate-S-oxide.

In MCPBA oxidations of a series of S-alkyl phos-
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Fig. 1. Mechanism for the oxidation of thiolate.

phorothiolates (1), Segall and Casida®® reported a
new class of phosphinyloxy sulfonates (2) whose
formation was rationalized by a novel rearrange-
ment process of the phosphorothiolate-S-oxide (3)
(Fig. 1) and further oxidation in various alcohols
was studied.” The oxysulfonate (2) was reported
to give methyl ester (4) in methanol®

In the oxidation of some acyclic phosphorothioa-
tes, however, oxidation of the disulfide (5) in
aqueous acetone gave diethyl hydrogenphosphonate
(6)” as one of the products.
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In view of this observation another possible me-
chanism (Fig. 2) can be postulated in which the
phosphorothiolate S-oxide (3) rearranges to phos-
phite (7). This phosphite (7) would then be oxidi-
zed further to the oxysulfonate (2) which will give
methyl ester (4) in methanol as also shown in Fig.
1. The phosphite ester (8) could be formed by pho-
sphorylating methanol and readily oxidized further
to give the methyl ester (4). In aqueous media the
phosphite (7) may also hydrolyse to produce hyd-
rogenphosphonate (8) which would be relatively in-
sensitive to further oxidation. Thus, the present
study was conducted to distinguish the mechanism
shown in Fig.1 from an alternative in Fig. 2.

Materials and Methods

Synthesis of compounds

For the experiments, starting materials and other
reference compounds were prepared based on the
general procedures in Fig3® All syntheses were
carried out in an inert atmosphere (either nitrogen
or argon ) and solvents were dried before use.

General methods
Melting points (m.p.) were determined on Kofler

RO.__ 0
RO “sr'

RO 0 RO+~
eren_, {R.o\p@} _{ ]
(]

P all o
is R RO L?_R"]
) 5)
)

RO elo} 9
MCPBA ~pF MCPBA |[RO. 0
<MCPBA P ~ .
—R"} {R'O/ \O—g—R“] D \iR.O/P—@-S—R
@

1Meou V leO

RO___0 MCPEA RO\P om RO__.20
- — &
RO “OMe RO RO SN
(4) (8) 9

Fig. 2. Proposed alternative mechanism of the oxida-
tion of thiolate.

Hot Stage Microscope melting point appratus and
are uncorrected. Analytical tl.c. utilized layers of
silica gel GF 254 type 60 (Merk) of 0.25 mm thick-
ness and the plates were visualised either under
U.V. light, with iodine vapour, or for the compounds
containing the P-S linkage by spraying with an aci-
dified (HCI) aqueous PdCI2 solution (0.5%).

IR spectra were recorded with either an Hitachi
EPI-G grating spectrometer or a Perkin Elmer 580B
spectrometer. 'H NMR and ®C NMR spectra were
recorded either on a Bruker AM 500 (500 MHz for
H or 125.77 MHz for °C), or CXP-300 (300 MHz)
with CDCl; as interal standard unless otherwise
specified. *'P NMR spectra were recorded CXP-300
(121.47 MHz) spectrometer generally with broad
band proton decoupling, and with 85% H;PO, in
D,O as external standard unless otherwise speci-
fied. Mass spectra were taken on a AEI-MS12 spec-
trometer (operating at 70 eV, electron impact mode)
attached to a VG-display digispec data acquisition
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Fig. 3. Synthesis of compounds.
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system computer.

0,0-Diethyl-S-phenyl phosphorothiolate-'®0 (10).

Analysis (C1oH;50,PS®0), Found (%): C, 48.33;
H, 6.25, Calculated (%): C, 48.38; H, 6.09, MS, m/z
(%): 248 (M*, 96), 220 (31), 192 (25), 111 (68), 110
(100), 109 (56), P NMR (EtOAc): & 225, 'H NMR
(CDCly): 6 7.25, 7.34 (m, 5H, aromatic), 4.19 (m,
4 H, CH,CH:0P), 1.30 (d, t, ]=0.98 Hz, 7.07 Hz, 6 H,
CH:CH;OP)., ®C NMR (CDCl,): § 1344, 1344, 129.
20, 1289, 1265, 126.4 (m, SPh), 63.9 (d, J=6.0 Hz,
CH;CH,OP), 159 (d, J=7.0Hz, CH;CH,0OP), IR
(Neat): 3560 (w, br), 3490 (w, br), 2985 (s), 2940
(m), 2910 (m), 1582 (m), 1477 (s), 1442 (s), 1395
(8), 1255 (m), 1225 (s), 1162 (s), 1100 (m), 1020 (s,
br), 970 (s, br), 790 (s, br), 750 (s, br), 702 (s), 693
(s).

5,5-Dimethyl-2-oxo-thiophenyl-1,3,2-ioxaphos-
phorinane (14).

m.p.: 121~122C, Analysis (C;H;s05PS), Found
(%): C, 51.10 :H, 6.05, Calculated (%): C, 51.16;
H, 581, MS, m/z (%): 258 (M™, 52), 246 (38), 218
(40), 190 (39), 110 (87), 109 (100), *P NMR (CH,CI
2): 5 147, '"H NMR (CDCL): & 764, 7.36 (m, 5H,
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aromatic), 4.20 (d, d. J=4.1 Hz, 10.8 Hz, 2 Hax, CH;
OP), 393 (d, d, t. J=11.22 Hz, 23.73 Hz, 1.5 Hz, 2H,,,
CH,OP), 1.28 (s, 3H, CHy), 0.87 (s, 3H, CHjy), BC
NMR (CDCly); & 134.7 (d, J=5.0 Hz), 1295, 129.2,
124.8 (d, ]=6.0 Hz)(m; SPh), 78.2 (d, J=7.3 Hz, CH,
OP), 325 (d, J=65Hz, C,), 22.0 (s, CHy), 204 (s,
CHs), IR (KBr): 3432 (w), 2970 (w), 1478 (s), 1442
(w), 1273 (s), 1052 (s), 997 (s), 975 (s), 846 (s), 786
(s), 755 (s), 564 (s), 493 (s), 482 (m)

Oxidation

Oxidation of Q,0-diethyl-S-phenyl phosphoro-
thiolate-'80 (10) by MCPBA in CH;OH
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Fig. 4. 3P NMR spectrum of O,0-diethyl-S-phenyl
phosphorothiolate-'30 (10).
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Fig. 5. 3P NMR spectrum of reaction mixture from oxidation of '®0-thiolate (10) in CH;OH with MCPBA.
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MCPBA (343 mg) was added to a solution of
thiolate-*0 (10, 123 mg) in CH;OH (0.5m/) and
the reaction was monitored by *P NMR for 10
hours. And then the reaction mixture was analysed
by GC-MS. As a control experiment unlabelled
thiolate (11, 11.7 mg) was oxidized with MCPBA
(35.3mg) in CH;OH with monitoring on P NMR
and after 10 hours the reaction mixture was also
analysed by GC-MS for direct comparision with the
labelled experiment. Another control experiment
carried out with a solution of thiolate (11, 23.6 mg)
in CH:0H (0.5 m/) for 56 hours.

Oxidation of 0,0-diethyl-S-phenyl phosphoro-
thiolate {11) by MCPBA in aqueous acetone

MCPBA (43.7mg) was added to a solution of
thiolate (11, 144 mg) in aqueous acetone [0.5m,
1:1 (v/v)] and the reaction was minitored by %P
NMR for 4 hours and 10 mins. For a control expe-
riment thiolate (11) (23.6 mg) in aqueous acetone
was monitored for 15 hours.

Oxidation. of 5,5-dimethyl-2-S-phenyl-2-oxo-1,3,2-
dioxophosphorinane (14) by MCPBA in aqueous
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acetone

Oxidation of the cyclic thiolate (14) (8.0 mg) with
MCPBA in aqueous acetone was followed by *P
NMR for 11 hours. In a control experiment, cyclic
thiolate (14) (6.0 mg) and MCBA (11.6 mg) was dis-
solved in aqueous acetone and the reaction was
monitored for 11 hours.

Results and Discussion

All compounds were prepared in reasonable yield
and *P NMR chemical shifts are shown in Table
1 for further reference. On *'P NMR 20-thiolate
(10) resonated slightly upper field than unlabelled
thiolate (11) and they were separated by 5.6 Hz
(Fig. 4). The degree of incorperation of 0 was cal-
culated as 88% based on *'P NMR and mass spectra.

Oxidation of ®O-thiolate (10) by MCPBA in CH;
OH gave *O-diethyl methyl phosphate (16) as the
only product (73%) and it was found that 16 con-
tained about 12% of 12 on *'P NMR (Fig.5) and
GC-MS analyses (Fig. 6).

In mass spectra, although the  molecular ion (M*
=170) was not seen, a series of fragment ions were
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Fig. 6. Mass spectra of diethyl methyl phosphate-'80 (16} (Spectrum A} and diethyl methyl phosphate (12)

(Spectrum B).
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Table 1. *'P NMR chemical shifts (5) of the synthesized compounds. (85% H3PO, in D.O as exteral standard)

Compound (10) aan (13 14 (15)
Solvent EtOAc CHCl, CH,Cl, CHCl, CH.Cl; CH,Cl,
8 22.5 23.6 0.7 14.7 -39
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Fig. 7. Possible mechanistic pathway from 7 to 2
for Fig. 2

observed at m/z 143, 115, 97 indicating the prese-
nce of ®O (Fig. 6-A) when compared with diethyl
methyl phosphate (12) which gave fragment ions
at m/z 141, 113, 95 (Fig. 6-B) from a control experi-
ment using unlabelled thiolate (11).

Either possible hydrolysis product 13 or metha-
nolysis product 12 was not observed from other
control reactions. This result suggests that compou-
nds 16 and 12 were oxidatively produced and the
originally proposed pathway in Fig. 1 is followed
because unlabelled diethyl methyl phosphate (12)
would be obtained if the reaction followed the path-
way of Fig. 2.

Further experiments in aqueous acetone were
carried out to investigate the formation of hydroge-
nphosphonate (9) because hydrolysis of key inter-
mediate phosphite (7) would lead to the compound
(9). However, oxidation of thiolate (11) in aq. ace-
tone gave acid 13 as the only product (100%), and
cyclic thiolate (14) also gave cyclic acid (15) only
(86%) in similar reaction condition. Since formation
of acids 13 and 15 was not observed in respective
control reaction it was concluded that those acids
were induced by oxidative processes. Another plau-
sible pathway from 7 to 2 (in Fig. 2) which could
result in 16 was considered (Fig.7) but, it seems
not to work because no hydrogenphosphonate such

as 9 (probably from 7) was found in the oxidation
of 11 or 14 in aqueous media.

These observations could be rationalized in ac-
cord with the earlier work by Bielawski and Casida®
and Yang et al,”® therefore, the acids 13 and
14 should be formed from the hydrolysis of the
reactive sulfoxide such as 3 before the further oxi-
dation of sulfur.
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