
and including calcium phosphate gel 
treatment could be preserved at 0" in 
0.02.\f phosphate buffer p H  8.2 with no 
loss in activity. \-ariation in the p H  
over the range 8.0 to 8.6 had little effect 
on enzyme stability. Our-side this range 
the rate of inactivation increased. Prep- 
arations after the acetone step in 
purificarion were less stable than those of 
the crude extract. Fc 
sample lost 20cc of its init 
standing se\reral days at 2" C. The 
crude extract and preparations up  to and 
including calcium phosphate gel are 
relatively brat stable foi there is only 
slight destruction of enzyme activit). 
after heating 1.5 minutes a t  65 " C. Heat 
treatment enabled the use of larger 
amounts of acetone without objectionable 
loss of activity in the acetone purification 
step. 

Effect of Metals and  Sulfhydryl 
Compounds. Attempts were made to 
stimulate enzyme activity by the addition 
of metal ions. At 10-3:M, Mg-2. Si+2: 
Pb'?, Lln-2, Fe+2, and Co'2 were with- 
out effect. The enzyme fractions were 
inhibited by 10-2,M p-hydroxymercuri- 
benzoate and iodoacetate. This evidence 
clearly indicates that both enzyme frac- 
tions are sulfhydryl-dependent enzymes. 
In the presence of either inhibitor, ap- 
proximately 20Yc of the enzyme activity 
remained. Also. under anaerobic con- 
ditions and in the absence of glutathione, 
139; of the enzyme activity was present. 
In keeping Lvith these observations, 
glutathione, cysteine, and thioglycollic 
acid stimulated the enzyme activity. 

Discussion 

In the housefly, the only product ob- 
tained from the attack of DDT-de- 

hydrochlorinase on DDT is DDE. The 
human body louse has enzymes \vhich 
produce a number of DDT-degradation 
products. The present results irdicate 
that these native enzymes are a mixture 
of several types. The partial separation 
of these types was effected by the use of 
t-amyl alcohol. Each type apparently 
produces a different metabolite. 
Enzyme fraction A gave a 6:1 ratio of 
neutral to acidic metabolite. The 
neutral metabolite \vas predominantly 
DDE. Similarly. enzyme fraction B gave 
a 1 :1 ratio of neutral to acidic metabolite. 
The neutral metabolite in this case 
was predominantly 4,4'-dichlorobenzo- 
phenone. The acidic metabolite pro- 
duced by both enzyme fractions appears 
to be DDA, since the metabolite has the 
same R ,  value and similar infrared 
spectrum as DDA. 

Additional evidence on identification 
of this metabolite aivaits further purifica- 
tion. The results of the identification of 
metabolites have been significant and 
seem to indicate that the multiplicity of 
enzyme types is the consequence of the 
actual occurrence of various DDT- 
degrading enzymes in the human body 
louse. Each enzyme fraction was 
solubilized by the addition of trypsin. 
This treatment made it possible to use 
organic solvents a t  higher concentration 
than usual thus effecting a greater degree 
of purification. No appreciable purifica- 
tion resulted from the use of acetone be- 
fore trypsin treatment in spite of the 
great stability of the enzymes in the 
presence of this solvent. Like most 
enzymes. DDT-degrading enzymes have 
a narrow p H  range through which they 
exert their maximum effect. This is 
shown in Figures 1 and 2. The crude 
extract is heat stable, although upon 

INSECTICIDE DECOMPOSITION 

Nuclear Magnetic Resonance in the 
Examination of the Thermal Decomposition 
of 0,O-Dimethyl 0-[4-( Methylthio)-3-tolyI] 
Phosphorothioate 

VRISG investigations on the met- D abolic fate of 0,O-dimethyl 
0- [4- (mcthylthio)-3-tol~-l I phosphoro- 
thioate (Baytex) in plants and its 
breakdo\vn on plant surfaces upon expo- 
sure to sunlight and air. it became neces- 
sary to identily some of the products 
\vhich occur under these conditions. 
Becausc heat applied to some phos- 
phorodiioic acid esters often gives the 
same products as does irradiation, the 
effects 01 heat on Baytex ',rere examined. 

Finegold (2) showed that the NMR 

(nuclear magnetic resonance) chemical 
shift values of P31 nuclei are unique for 
each type of phosphorus compound and 
vary markedly. depending upon the 
nature of the group on the phosphorus 
atom. Therefore, P31 N M R  spectra can 
be used to detect and identify the pres- 
ence of various types of phosphorus com- 
pounds in a mixture. provided their con- 
centration exceeds 3 to lO%-the limit 
of the sensitivity of the instrument. 
Holyever, P3I chemical shift values will 
diffrr only \\.hen there is a change in the 

purification \vith acetone it loses this 
property. The cause for the change in 
heat stability is not kno\vn. The in- 
fluence of enzyme concentration and 
substrate concentration was like that of 
most enzymes. the rate of activity being 
proportional to enzyme concentration 
and to the substrate concentration up to a 
limiting value ( 9 ) .  Study of the enzyme 
substrate relationships in greater detail 
must a\rait further separation of enzyme 
types ( 9 ) .  
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molecular environment just adjacent to 
the phosphcrus atom-e.g., the isomeriza- 
tion of a phosphorothionate to a phos- 
phorothiolate. and no significant varia- 
tion in the P31 signal is found Lvhen the 
change is t\\o bonds removed from the 
phosphorus atom. Changes in substit- 
uents farther removed from phosphorus, 
houever. can be detected bv proton 
(H') magnetic resonance spectra, and 
both P3I and H' spectra of Bavtex \\ere 
examined after various intervals of 
heating at  different temperatures. 
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The effect of heat on 0,O-dimethyl 0-[4-(methylthio)-3-toIyl] phosphorothioate (Baytex) 
was examined by P3I  and proton magnetic resonance spectra. Proton spectra showed 
an initial formation of a sulfonium ion intermediate which then reacted further to give as 
the primary product the S-methyl isomer, 0-methyl S-methyl [0-4-(methylthio)-3-tolyl] 
phosphorothioate. The formation of the S-methyl isomer from heated Baytex was sup- 
ported by P 3 1  resonance spectra. 

Experimental Procedure 

Baytex of 98.5% purity \cas obtained 
through the courtesy of Gerhard Schra- 
der of Farbenfabriken Bayer, Leverkusen, 
Germany. 

S M R  spectra of Baytex were obtained 
on undiluted samples Lvith a Varian 
V-4302 high resolution N M R  spectrom- 
eter with associated V-4102-SM magnet 
system equipped with a VK-3506 flux 
stabilizer. Proton spectra Tvere obtained 
a t  56.4 mc. with 57’ tetramethylsilane 
(TMS) as an internal standard. Phos- 
phorus spectra Lvere obtained at  24.3 
mc. with phosphoric acid (85%) as an 
external reference in the annulus of a 
precision coaxial cell. All spectra were 
recorded with spinning samples, and the 
chemical shifts reported are the average 
values of a t  least four determinations, 
reproducible to 1 0 . 5  c.p.s. 

The esters were heated in 5-mm. 0.d. 
borosilicate glass tubes, suitable for 
spinning in the spectrometer, in an air 
bath of & l o  C.  The heating was inter- 
rupted at  regular intervals, and NMR 
spectra were recorded. 

Results 

P3I Magnetic Resonance. The PSI 
spectrum of unheated Baytex shows a 
single peak at -65~8 p.p.m. from phos- 
phoric acid. By spinning the sample, 
higher resolution \vas obtained, and this 
peak was split sevenfold because of spin- 
spin interaction with the six protons on 
the t\vo methoxyl groups. This finding 
agrees with earlier \cork in kvhich seven- 
fold splitting of the phosphorus peak was 
found with cis- and trans-isomers of 
methyl 3-(dimethoxyphosphiny1oxy)cro- 
tonate (3) .  The tabulated value for 
compounds of the type (RO)3PS is 
-68.1 rt 1.2 p.p,m. in compounds 
where R is greater than methyl and is 
-73.0 p,p.m. for O,O,O-trimethyl phos- 
phorothioate ( 2 ) .  The value for Baytex 
in which one of the R groups is 4- 
(methylthio)-2-tolyl is, then, consistent 
with these values. 

Heating for 5 hours a t  140’ C. resulted 
in two P3I peaks-the original peak a t  
-65.8 p.p.m. and a new one at a higher 
field of -25.9 p.p.m. The area of the 
-65.8 peak decreased during the heat- 
ing period until it became about one half 
of the area of the new -25.9 peak, 
indicating that a marked change in the 
compound had occurred. Compounds 

Eayiex 
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Figure 1 .  
indicated 

Proton spectra of Baytex and Baytex heated as 

of the type (RO)P(R’S)PO, \$here R 
and R ’  are greater than meth!l. are 
reported to have chemical shifts in the 
region of -26.5 1 0.3 (2) .  .4pparently 
considerable isomerization of the phos- 
phorothionate to the phosphorothiolate 
had occurred 

CHsO S 
\pH CH3 

/ 
CH30’ ‘ O - / ~ - S C H J  (1 ) 

L’ 

In another experiment. Baytex was 
exposed for several days in April sun- 
light, but there was no evidence of an- 
other phosphorus peak, indicating that 
the compound had not isomerized to the 
S-methyl isomer. This finding agrees 
\vith concurrent \cork using P92-Baytex 

in which 2 to 3 days‘ exposure to April 
sunlight of a thin film gave no indication 
of the S-methyl isomer (7). The pB2 
work shoiced. however, that a consider- 
able amount of oxidation had occurred, 
including the oxidation of the thionate 
sulfur to a phosphate ester. This change 
was not evident in the XMR spectrum 
and may be due to the considerably 
greater thickness of the film exposed for 
NMR work necessary because of the 
larger sample needed. 

Proton Magnetic Resonance. The 
proton spectrum of unheated Baytex 
shows five peaks-A to E in Figure 1. 
The three aromatic protons resonate a t  
the same frequencv at  3.05 p.p.m. fiom 
TMS (peak A ) .  The six methoxy pro- 
tons, spin coupled kvith the phosphorus 
nucleus, appear as the doublet B-C 
\\ith a separation of 13.0 C.P.S. The 
HI-P31 spin coupling constant in tri- 
methyl phosphate has been reported 
as 11.1 9 rt 0.2 C.P.S. (7 ) .  The remaining 
t\io peaks, D and E. are assigned to 
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CI33 and SCH3 on the aromatic ring. 
Since in the heating experiments peak 
E remained constant and peak D in- 
creased in size relative to the other 
peaks, the more labile SCHI moiety is 
assigned peak D. and more stable CH3. 
assigned peak E. 

At 60’ C., Baytex appears to be quite 
stable, and no change in the proton 
spectrum was observed even after 164 
hours. Heating for 1 hour a t  100’ C. 
resulted in a slight change in the high 
field peaks (D and E)-peak D becoming 
slightly higher than E; no further change 
was noted after 2 .5  hours. At 135’ C., 
the first change. observable after 15 
minutes, \vas also a slight increase in 
peak D .  D continued to grow for 
another 30 minutes, then remained 
steady until the total heating period \vas 
4.5 hours. At 45 minui.i:s, the origin of a 
new peak ( F )  could be detected at  low 
attenuation. F increased in size until it 
\vas about the height of the B-C 
doublet after 13,’4 hours and remained 
at  this size until after 4 l / ?  hours, Xvhen 
it began to increase further. 

‘l‘he H’ spectrum of Baytex after being 
heated for 4]/2 hours at 135’ C. is given 
in Figure 1. The increase in peak D 
and the formation of the new peak F 
is clearly evident. The spectrum is 
surprisingly “clean” at  this point and 
remained so even after 5’/2 hours, ex- 
cept for slight increases in peaks D and 
F. Because of the heightening in peak 
D! this resonance \vas assigned the 
---SCH3 moiety, and the increase is 
probably due to an intermolecular reac- 
tion in Ivhich the sulfoniiim ion is formed. 

CH.40 S 

CH:aO S 

111 

An intramolecular mechanism is possi- 
ble but unlikely because of the low 
probability of a cyclic transition state. 
Intermolecular alkylations of thioethers 
of type depicted in equation 2 are \vel1 
kno\vn and have been described by 
Heath (4)  for 0.0-dimethyl 0- (2-  
ethy1thio)ethyl phosphorothioate. 

Because of the nearness of peak F to 
the phenyl-SCH3 resonance (D-F sepa- 
ration about equal to the B-C doublet), 
F is probably due to the formation of 
the PSCH3 moiety. Support for this 
belief is found in the PS1 spectrum \\.here a 
considerable quantity of the S-methyl 
isomer \vas indicated. The initial in- 
crease in peak D and subsequent forma- 
tion of peak F rvould indicate that the 
isomerization may be proceeding through 
the sulfonium ion. The establishment of 
an equilibrium between the thionate and 
thiolate forms of the intermediate anion 
in equation 2 and subsequent methyla- 
tion of the thiolate form by the sulfonium 
ion would lead to the S-methyl isomer. 

CHqO S 

CH,O 0 

-S’ ‘ O - d - S C H 3  ( 3 )  

I \7 

IV + I1 * 
CH,O 0 

This reaction iq  similar to that between 
metal salts of 0,O-diethyl phosphoro- 
thioic acid and an alkyl halide \vhich 
invariably results in the S-alkyl ester. 
The mechanism suggested here is analo- 
gous to that proposed by Hilgetag et al .  
(5) for the catalytic isomerization of 
0,O.O-trimethyl phosphorothioate by 
dimethyl sulfide. Evidence of decompo- 
sition appeared in the H1 spectrum of 
jl!’? hours a t  135’ C. The aryl proton 
peak A became a doublet. probably due 
to a fission of the P- 0-aryl  linkage. A 
slight shoulder appeared on the loiv 
field side of peak C and became equal to 
C in 5l/2 hours and larger than C in 
6’/? hours. The splitting of C might 

be caused by a slight change in the 
chemical shift in the POCH3 resonance 
due to gross changes in the rest of the 
molecule such as fission of the P- 0 - 
aryl bond. Furthermore: the B-C 
doublet began to decrease until it  was 
smaller than the aryl proton peak A 
at  b1,’2 hours. A concurrent increase in 
the viscosity of the liquid sample caused 
decided loss in the resolution of the 
spectrum. with complete loss a t  7l;‘2 

hours. The increase in viscosity plus the 
loss of methoxy proton resonance Lvould 
indicate that polymerization was taking 
place, probably in the same manner as 
that suggested for methyl parathion ( 6 )  
and 0: 0,O-trimethyl phosphorothioate 
(5). 
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Correction 

The Metabolism of Dimethoate 
by ,Vertebrate Tissues 

In this article by Tetsuo Uchida, W. C. 
Dauterman: and R. D. O’Brien [J. 
AGR. FOOD CHEM. 12, 48 (1964)], the 
guinea pigs \vere incorrectly identified. 
They should be described as male guinea 
pigs. 
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