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0, O-Dimethyldithiophosphoric acid,
3
P-SH, derived from methanol and PSSy, is an
important intermediate of various organic phos-
phorus pesticides!’. The pK’ value of this acid
is 1,55 (in 7% ethanolic solution)?,
potential has not been reported, but it is supposed
to be considerably negative referred to hydrogen
electrode. In fact, it is easily oxidized to convert to
bis- (0, O-dimethylthionophosphoryl) -disulfide*,
When the disulfide is heated with p-dioxene in
the presence of hydroquinone, it converts to a

(MeO) -

Its redox

pesticide analogous to Delnav®, Some of bis-
(0, O-dialkylthionophosphoryl)-disulfides have
insecticidal activities®,

However, chemical properties of the disulfide

have not been sufficiently clarified®, In particular,

the thermal lability of this compound has not

* Abb.,, The disulfide: bis-(0, O-dimethylthiono-
phosphoryl) -disulfide.

been investigated in detail. The present paper
deals with an investigation of the thermal decom-
position of this disulfide under the anhydrous
condition.

Experimentals

1) Redox potential
The redox potential of a system of the disulfide
and O, O-dimethyldithiophosphoric acid was me-
asured by the polarographical method using 0.1
M, pH 7 phosphate buffer solution containing 25%
S

methanol, 16% ethanol, and (MeO)s-P-SH and

S
[(MeO)¢-P-S-]; (in molar ratio of 1:1). Other
experimental conditions are shown in Fig. 1.
From the results shown in Fig.1, the redox
potential (E;) was calculated as—0.304+0.005V.
vs. normal hydrogen electrode.

21
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Fig. 1. Determination of the redox potential
(E;) of a system of the disulfide and
0, O-dimethyldithiophosphoric acid by
the polarography.

Dumping 25xF, Hg :0.5mg/sec.
Drop time=4.5 sec.

2) Differential thermal analysis

The analysis was carried out using a. thermo-
flex-unit of Rigaku-Denki. The rate of the pro-
Other
conditions are shown in Fig.2. Fig.2 shows that

gramming temperature was 5°C/min,

as the temperature rose an endothermic reaction
occurred at 61°C. An exothermic reaction started
at about 140°C and reached the maximum at
174°C. At this point the weight loss was about
3995. Thus, the disulfide decomposed explosively
at about 140°C and evolved a gaseous mixture,

3) Gas produced by the pyrolysis of the

disulfide

The cxperime'nt was performed in order to
clarify components of the gaseous mixture pro-
duced by the exothermic degradation reaction.
Three grams of the disulfide was weighed into
a bent, narrow-necked glass tube (about 10ml),
then was gradually heated in an oil-bath, The
evolved gas was trapped in a tube cooled by
dry-ice and acetone. - The trapped sample was
examined by gas chromatography-mass spectro-
metry. The results are shown in Table 1 and

22

exothermic peak
174°C

Thermogravimetric ™,

onalysis 3|

Decreose in weight
11.96 mg
(39.1%)

Diff. therm. analysis
141 °c
endolhermic peck S min
| 6/ o’c [ | 1 |
50 100 150 200 250 300
— Temp,

Fig. 2. Differential thermal analysis of the

disulfide,.

Sample wt.: 30.60mg, Std.Sample :
Al, a-Al;0; Atmosphere : air,
Thermocouples : platinel, Temp.
Range : 20mV, Heating rate: 5°C/
min, Range DTA: 5004V, TG :
20mg.

Fig.3. The relative amounts of the products
varied remarkably, depending on the conditions
of the decomposition, but the components con-
tained in the mixture were not changed. The
identification of compounds isolated by gas chro-
matography was performed by comparison of
mass spectra with authentic samples,

Mass spectra were determined at 75 ¢V on an
JEOL OISG instrument with source tempcrature

230°C. As shown in Fig.3, CH;-S-S-CH; (peak

S
2), (CHy0)s-P-S-CH, (peak 4) and (CH;0)s-P-
S-CH; (peak 6) were identified. From the mass
spectrum of the peak 1, CH;-S-CH; (m/e 62) and
CH;3-S* (m/e 47) were recognized (the peak 1
may be due to CH;3;-S-CH; or CH;-SH). Chemical
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composition of peaks other than those mentioned
here still remain to be investigated.

4) Mass spectrometry of the disulfide

From the spectrum of the disulfide, the frag-
mentation sequence can be presented as shown in

Table 1. Gas chromatogram* of decomposed
disulfide.
Peak No. Rete?gg:.)time Relativea amount

1 1.4 5.7
2 2.2 13.0
3 3.7 1.0
4 5.1 16.0
5 10.6 1.8
6 12,9 26.9
7 16.7 6.4
8 20.1 0.8
9 24,3 5.2

10 25.9 6.0

11 33.3 1.0

12 38.2 0.6

13 41.8 0.1

14 53.3 15.5

* Gas chromatography was carried out under
following conditions :
Column 3m X 3mm, glass
Packing 3% Silicon SE-30
on Chromosorb W-AW 60-80 mesh
Oven temp. 70-120°C '
Carrier gas He, flow 15ml/min,
Injection temp. 165°C
Separator temp. 150°C
Chart speed 10mm/min.

|

Fig.4. Main processes were the a-and ﬁ—cleava—
ges for the phosphorus atom, corresponding to

S

m/e 125 (CH;0),P*, and m/e 157 (CH,0),PS;*
respectively, Then m/e 157 eliminated sulfur
atoms to form the base ion peak m/e 93(CH;0),
-P*, which was followed by further elimination
to form m/e 63 CH;0-PH. The peak m/e 125
was decomposed into m/e 79 HO-P-OCHj,, then
m/e 47 PO, These fragmentation patterns(shown
by the gothic type in Fig.4) seem to be reliable
by the observation of metastable ions, shown in
Table 2, and by referring to the literature®?®,

5) The change of the disulfide at a relatively

low temperature

After the disulfide sealed in a glass tube was
maintained at 58°C for 5 to 10 hours, it was
examined by means of TLC, IR, NMR and Mass
spectrometry. The results obtained are as
follows :

(a) TLC and column chromatograpy :—After
being heated, the sample was applied to TLC
(Silicagel HF 254), The suitable developing
solvent was n-hexane: tolucne=4: 1 and spots

. were visualized by UV-lamp or spraying 0.5%

PdCl; in 1 N HCI, It was discernible from the
TLC that the disulfide was decomposed by the
mild heating into four main and a few minor
compounds, Rf values of these four main pro-
ducts were 0.44 (), 0.35 (8), 0.30 () and 0.00
(8), while that of the disulfide was 0. 25,

CHy$5-CH,
Mw. 94

—

0
n
(CH;0)7 P-5-CHj

4
l . M.w. 156
[ I
3

6 (CH30)2—P‘S‘CH3

" M.W. 172

50 100 150 200 M

Fig. 3. Mass spectrometry of some peaks of the gas chromatogram.

(Number refers to the peak of Table 1)
Ionizing volt.: 75 eV, Accel, pot.: 3.5 KV, Trap curr.: 60gA,
Sample temp.: 130°C, Chamber temp.: 230°C, Scan speed: 7min.
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Fig. 4. Supposed fragmentation of the disulfide

(Refer to the text as to m/e written by gothic type.)

In order to isolate the reaction products which
were detected by TLC, the column chromatogra-
phy in cquivalent conditions to TLC was carried
out (column : Silicagel, solvent: n-hexane-toluene
=4-1). Among the separated fractions only 7-
fraction was present in sufficient quantity to be
scrutinized.

(b) Analysis of r-fraction:

C.H,zP;S, (314)
C H P S
Caled. 15.28 3.82 19.74 40.76
Found 15.69 3.76 18.95 41.10

(c) IR, NMR and Mass spectra of the r-fraction:

The absorption of P=0 in the IR spectrum of
r-fraction appeared at 1300cm-! %19, There were
some differences from the disulfide in absbrptions

observed at 2980, 2940, 1440 and 1165cm-! (Fig. 5).

NMR spectrum showed a signal due to S-CH; at
J 2.25 ppm
Signal{(é ppm) Assignment N.B.

The 3.68'), 3,93 P-O-CH, coupling
disulfide with P
J=0.25

r-fraction 3.68, 3.93 P-O-CH,
2. 251 S-CH,

24

Table 2.

Metastable ions observed in.mass

spectrum of the disulfide.

Metastable ion (m/e)

Degradation passway

Found Calcd. . assigned
199.0 %:199. 04 m/e 314 ->m/e 250
| 154.4 *(gfg)z =154,14 m/e 314 = m/e 220
2
n2.6 8" 11256 m/e 314~ m/e 188
08.8 _(216‘4LZ= 98, 84 m/e 204 = m/e 142
55.1 — 9% _ 5500 (CH,0 i% CH,0)b
. —i'577—_ . 3 )2_ = ( 3 )3_
.m/e 157 = m/e 93
5.0 9% _ 49,03 (CH,0 ?’ CH,0-P-0
. —1‘25—— . 3 )2' + Jv=i=
m/e 125 — m/e 79
2.6 (%33)2 _ 157 (CHi0); P+ CH,0-P-H

m/e 93 — m/e 63

These results suggest that the p-fraction is a

compound where one methyl group of the

disulfide migrated intramolecularly from 0 to S
(Fig.6, I).
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3500 3000 2500 2000 1800 1600 1400 1200 1000 800 600 400
cml
Fig. 5. IR-spectra of the disulfide (1) and the fraction isolated from

the heated disulfide (2)

The fragmentation of the mass spectra showed
differences between the disulfide and the pr-
fraction as shown in Table 3. On the spectrum
of the y-fraction, for example, the appearance
of the peak of m/e 236 and the intensity of the
peak of m/e 172 are characteristic,

Cooks and Gerrard'® reported that the mass
spectra of O-methyl-0O, O-diphenyl-phosphoro-
thicate and S-methyl-O, O-diphenyl-phosphoro-
thiolate were characteristic in a relative intensity
between the ion peaks corresponding to M—CHj,
M—PhS and PhS : by electron impact the thlolate
gave a predominant M~ CH; ion along wnth less
intensive ions of M—PhS and PhS, while the
latters were more intensive and the former less

(KBr)

intensive in the thioate. Furthermore, the occur-
rence of PhSMe-* rather than PhSPh-* in the
thiolate served to distinguish it from the thioate
although rearrangements between substituents in
the phosphorothioate and phosphorothiolate gave
rise to both ions,

In the mass spectra of bis-(0, O-dimethylthio-
nophosphoryl)-disulfide and the heated sample,
the splitting of the disulfide bond and/or the
alpha-cleavage of the -P(S)-S- are much predo-
minant as even in the spectrum of ‘the heat-
isomerized disulfide the M—CH; ion is hardly
observed ; many ions were common in both
spectra,

The ion peaks corresponding to (IV), (II) and

Table 3. Differences in fragmentation between the disulfide and the y fraction
isolated from the heated disulfide**

m/e 47 63 79 93 125 157 172 188 220 236 250 314(M*) 316
Disulfide 11.8 15,6 12.5 100 52.0 15.3 6.3 2.1 4.2 8.3 2.1
Heated
Disulfide 125 9.3 83 100 21.3 33 34 25 1.3 0.4 1.8 8.2 2.1

The values of this table are shown in percentage to base ion peak m/e 93.
** Mass spectra were taken under following conditions :

Ionizing volt 75 eV Sample temp. 42°C Scan speed 3 min.
Ionizing curr. 200 A Chamber temp. 157°C Chart speed 0.8 cm/sec.

* Accel, Voltage 6.1 KV
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Fig. 6. Main fragmentation of the disulfide and supposed fragmentation
mechanism of the heat-isomerized disulfide,

especially (III) in Fig.6, however, are considera-
bly more intense in the heat-isomerized disulfide,
suggesting a molecular rearrangement of the
phosphorothicate to a thiolate such as (I)!%,
The ions (II), (IV) and (III) may result from
methyl migration in such inonized phosphoro-
thiolate.
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2o 7RO YV FvELD —Di, methyl-
trans, lrans, cis-10, 11-epoxy-7-ethyl-3,11-dime-
thyltrideca-2, 6-diencate (JH) TH 5. Z D,

H imtk% o4 D& LT, piperonyl butoxide (1),
piperonyl 6, 7-epoxy-3-ethyl-7-methyl-2-noneny!
ether (2), 10, 11-epoxy-N-ethyl-3,7, 11-trimethyl-
2,6-dodecadienamide (3), isopropyl 11-methoxy-
3,7, 11-trimethyldodeca-2, 4-dienoate (4), ethyl 3,
7,11-trimethyldodeca-2, 4-dienoate (5), 2-propy-
nylphenylphosphonate (6) 7z Ed315 1T 2,

—7j, AX A (Manduca sexta), + #f (Prodenia
eridania), /~xw 2 (Schistocerca vaga), = os,<ix
(Sarcophaga bullata), 4+ o o 7T (Hyalophora
cecropia) IKBANT, JH 122 20FFM %2 T dihy-

droxy acid iz {Uah s, —id, %7 esterase
MBPERILT, epoxy acid H3M:RL, ZXWVT epoxide
hydrase H543Ef114 57, iz 3", epoxide hydrase
AL, dihydroxy ester D3RR L, (RN T esterase
YIS IRTH 5.
in vitro TOREBROKE, LITD~E)D{LE&,

RO EVEVEERTTEVI LD, BHITIED
3, JH ofUHEREHEET LI REAT 2 EEA
6h 3,

SUHD P.eridania DWERSTHDY & RS2
"‘3'33"‘(/. zorfi~, 208Fi% YC Ty~ UL JH

RO BN~ g, TLC TIMHTL
7‘:. ZORL, (1) (2) B) ZMA T, epoxy
acid iz, (4) (6) (6) % A 724y £y i dihydroxy
ester {Z radio activity silshits, L3 (1) )
(3) iIL2WTI, epoxy acid O HEROFEESHHZNT

“EHb, (1) (2) (3) 12 epoxide hydrase DFHEH]&

UT, BAERALTOL AT Edbd o1z,
(dbrH)
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