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The metabolism of 0,Sdimethyl propionyl- and hexanoylphosphoramidothioate wa+s in- 
vestigated in the white mouse and house flies. Compared to the hexanoylphosphoramidothioate, 
the propionyl analog is approximately 35fold more toxic to house flies and is IO-fold less toxic 
to mice. On a percentage basis, substantially larger amounts of methamidophos were detected 
in house flies treated topically with the propionylphosphoramidothioate than in flies treated 
with the hexanoyl derivative. The reverse was evident in the case of the mouse where much 
larger amounts of methamidophos were formed after oral treatment with the hexanoylphos- 
phoramidothioate. Minor amounts of other metabolic products also were detected, including 
an unknown from the hexanoylphosphoramidothioate. Metabolism of the S-methyl moiety 
to carbon dioxide appeared to be a major pathway for metabolic degradation of both com- 
pounds in both the white mouse and house fly. The difference in toxicity of the two acylphos- 
phoramidothioates to the mouse and house fly is at,tributed to difference in the amounts of 
methamidophos formed in the animals. 

O,S-Dimcthyl phosphoramidothioate 
(mcthamidophos) is an outstanding in- 
secticide which is currently being marketed 
as a broad spectrum insecticide. Although 
methamidophos has many virtues as an 
insecticide, unfortunately it is also some- 
what toxic to warm-blooded animals (oral 
rat and mice LDb0 are 20 and 14 mg/kg, 
respectively) (1). In cont,rast, the N-acetyl 
(acephat.e) and N-propionyl derivativrs of 
mcthamidophos, while still retaining the 
good insecticidal and acaricidal properties 

1 This investigation was supported in part by 
Federal funds from the Environmental Protection 
Agency under Grant No. 1~801837 and by a 
Research-Training Grant from the Rockefeller 
Foundation, N. Y. The contents do not, necessarily 
reflect the views and policies of the Environmental 
Protection Agency, nor does mention of tradenames 
or commercial products constitute endorsement or 
recommendation for use. 

of mct’hamidophos, arc of low mammalian 
toxicity (rat oral LD50 of 900 and >lOOO 
mg/kg, respectively). Selectivity, however, 
is reversed when t.he atyl chain length is 
increased, and the hexanoyl derivative, 
with a mouse oral LD,, of 35 mg/kg, is 
slightly more toxic t,o the mouse than it is 
to house flies (1). 

Owing to the int,erest,ing contrast in 
insecticidal activit,y and mammalian toxic- 
it#y between the hcxanoyl derivat’ivc and 
t,hc smaller chain acyl derivat,ivcs, a study 
of the comparaGve metabolism of these 
compounds in a mammal and insect was 
undertaken t#o establish t,he basis for their 
toxicological properties. This report is con- 
cerncd with the met,abolism and mode of 
action of O,S-dimet.hyl propionyl- (I) and 
hexanoylphosphoramidothioatc (II) in t.he 
white mouse and house fly. 
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MATERIALS AND lIETHOI)S 

In general, the procedures described 1~~ 
Magee (1) for t#hc synt,hesis of acylphos- 
phoramidot,hioatcs were used t#o prcparc 
O,S-dimethyl propionyl- (I), hexanogl- 
phosphoramidot,hioate (II), and rrl,ated 
derivabives. They arc described brkfly as 
follows. 

0, 0 - Dimethyl ProZ,iolbylphosphoral,l ido- 
thioate 

A mixture of 14.1 g of O,O-dimet,hyl 
phosphoramidot,hioatc (Z), 13.5 g of pro- 
pionic acid anhydride, 0.25 ml of phosphoric 
acid (ES%), and 30 ml of dry mct,hylene 
chloride was stirred under rkogen for 
24 hr at room temperature. The mixture 
was added to 15 ml of sat.urat,ed aqueous 
ammonium chloride cont8aining 7 g of ice, 
and 1.5% ammonium hydroxide \vas added 
to neutralization (25 ml). The organic 
phase was separated and t,hr aqueous phase 
was extracted twice wit#h methylem 
chloride. The combined organic extract was 
washed with saturated ammonium chlorid(b, 
dried over anhydrous magnesium sulfate, 
and the product, O,O-dimethyl propiongl- 
phosphoramidot,hioatc, \vas distill(ld by 
falling-film distillation at, a wall tempcra- 
t,ure of 60°C (0.05 mm), n1)25 1.4998. The 
product gave th(h following pm? signals 
(6, 60 MHz, CIX&, TMS) : triple%, 1.0-I .3 
(3H, CH,) ; quartc%, 2.S2.7 (2H, CH,) ; 
doublet,, 3.7-3.9 (CiH, OCHZ, ,J = 12 Hz); 
and doublet, 7.X-S.l (lH, KH). 

0, 0 - Dimethyl Ne.c~arro~lphosp~l(~~*al~~ irlo- 
fh ioate 

An equimolar mixture of 7.0 g of O,O- 
dimethyl phosphoramidothioate and 6.7 g 

z Abbreviations used: pmr, proton magnetic: 
resonance; T&IS, tetramethylsilane; J, spin-coupling 
cwnstant; tic, thin-layer chl,onlat,ogl:rph~; AChE, 
acetyl cholinesterase. 

of hf~x:tnoyl ctilorid~~ irr. 2.5 1111 ot I~lr$llyl(~Ilc~ 
c*hlorid(l \VWS hwtcd at wflux t’or L’ hr. Thc~ 
nlixturc iv;ts \vashrd with \vatcnr, with 
saturatcbd aquwus sodium chlorid(b, and 

dritkcl over mngncsium sulfatcx. Falling-film 
distillation at :i \\nll t8enipcwturc of 126- 
130°C (0.05 mm) gawk 5.6 g of product., 
nDz5 l.dS22. The pmr spwtrum sho\vcld a 
t8ripl(bt, at 0.9-1.1 (ZH, CII,), broad muhi- 
plct, at 1.1-1.9 [6H, (C’H,),], triplet :Lt; 
2.4-2.7 (“H, OC:(:Hs), and Ci(JUblPt, at 

3.7-4.0 (tiH! OCH,, .J = 12 Hz). 

th ioate 

.I mixture of 7.88 g (of O,O-dimethyl 
propionylphosphoramidothioat(>, 13.6 g of 
wbut8anct8hiol, 2 g of sodium hydroxid(l, 
and 25 ml of methanol was heated at, reflux 
under nitrogen for 3 hr and allowcld to 
strand owrnight8. The productS which wpa- 
rated was collect,cd and rcwystallized from 
a&onitrile, mp 116-llX”(~. The> pmr spw- 
t,rum talican in DnO gave a t8ripltht at l.O--l.:J 
(3H, CNa), quark% at 2.S2.7 (L’H, (‘HZ), 
and doublet, at. 3.G3.S (3H, OCHy, 
J = 1” Hz). 

O-d/ethyl S-Sodio He.r,a,loylplrosph/l,,a,,l ido- 
th ioate 

This compound \I-as made in thcx sanl(~ 

nlanncr as that propionyl analog, csxwpt 
sodium clthyl xanthatc \vas uwd as thca 
drallcylat,ing agrnt and mc$hyl kc+oncl as 
t,hcl solwnt. The product8 n-as wcrystallizchd 
frOll1 a&onit,rilc, mp 9:!-94°C’. ‘I’h(> pm1 
npclctrum (DZO) showed a tripkt at 0.9-l. 1 
(3H, CH,), broad mult,iplet at, 1.1-1.9 
[GH, (CH,)3], t,riplct, at 2.1~~2.7 (ZH, 
OCCH,), and douhlct, at, X.1 -4.0 (3H, 
OC’HI). 

0, S - Dimethyl I’ropiori ylphospho,al,l ido- 
th ioate (I) 

12 mixt,urcl of 0.28 g of met~h>~l mc~t8hanc~- 
aulfunat’ca, 0.6 g of 0-mc+hyl %sodio 
propionylphosphoramidothioatc, and 10 ml 
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of acetonitlrile was hcat,ed at reflux for 3 hr. 
The mixt,ure was filtered, concenbratcd, 
and t,he residual product was recrystallized 
from ether-hexane, mp 47-49°C. Elemental 
analysis. C5H12N03PS requires (%) : C, 
30.46; H, 6.09; found: C, 31.12; H, 6.27. 
The pmr sprct,rum (CDCl,) showed a 
triplet at 1.0.-1.3 (3H, CH,), doublnt, at 
2.3-2.5 (3H, SCHS, J = 14 Hz), qua&t at 
2.3-2.7 (2H, CH,), and doublet, at 3.7-3.9 
(3H, OCWI, J = 12 Hz). The product 
showed tic properties identical to a sample 
obtained from the Chevron Chemical 
Company, Ort#ho Division, Richmond, 
Calif. 

0, S - Dimethyl He.ra,zoylphospho~a,,zido- 
thioafe (II) 

This compound was prepared similarly 
t.o t,hc propionyl analog. Purification was 
achieved by column chromat80graphy using 
SilicAIt CC 7 Special (Mallinckrodt, St,. 
Louis, Mo.) and acetone-hexane (2 : 1, v/v) 
as the elut,ing solvent. The product, an oil 
(llDZ5 1.4S353, gave the following pmr 
signals: t#riplct., 0.8-1.1 (3H, CH,) ; broad 
multiplet, 1.2-1.8 [6H, (CH,),]; doublet, 
2.3-Y..‘, (3H, SCH3, J = 14 Hz); triplet, 
2.2-2.6 (ZH, OCCH2) ; and doublet,, 3.5-4.0 
(3H, OCHB, J = 12 Hz). Elemental analysis. 
Calcd for C8H&03PS : C, 40.17; H, 7.53; 
found: C, 40.88; H, 7.46. 

thioafe 

,4 mixt’uro of 0.2 g of 0-mct,hyl S-sodio 
propionylphosphoramidothioate, 0.17 g of 
methyl iodide, and 10 ml of acct’onc was 
stirred at room temprrat,ure for 24 hr. 
Removal of the solvent gave the solid 
product which was recrystallized from 
accbonit8rile, mp 130-132°C. The pmr spcc- 
t,rum (DZO) shelved a triplet at 1.0-1.3 
(3H, Ca,), doublet at 2.1-2.6 (3H, SCHS, 
J = 14 Hz), and quartet at 2.3-2.7 (2H, 
CHJ. Elemental analysis. Calcd for 
CIHSNKa03PS: C, 23.41; H, 4.39; found: 
C, 23.7%; H, 4.38. 

S-Methyl 0-So&o Heranoylphosphoramido- 
thioate 

This compound was prepared in the same 
manner as the propionyl derivative. The 
product,, recryst’allized from acetonitrile, 
mp 129-13O”C, gave the following pmr 
signals: trip& 0.8-1.2 (3H, CHJ ; broad 
multiplet, 1.2-1.8 [6H, (CH2)3]; triplet, 
2.3-2.7 (2H, OCCH,) ; and doublet, 2.1-2.4 
(3H, SCHS, J = 14 Hz). Elemental analysis. 
Calcd for C7H16NNa03PS : C, 34.01; H, 
6.07; found: C, 33.40; H, 6.32. 

O,S-dimethyl phosphoramidothioate 
(met8hamidophos) (3), O,S-dimet,hyl phos- 
phorot,hioic acid (4), and S-methyl 0-sodio 
phosphoramidothioate (5) were prepared 
by literature metshods. 

Radiolabels 

S-[14C]Met,hyl O-methyl propionylphos- 
phoramidothioate was prepared in t,he same 
manner as the nonradioactive preparation 
using 5.6 mg (O..i mCi) of p4C]methyl 
mcthantasulfonat8e, and 10.3 mg O-methyl 
S-sodio propionylphosphoramidothioat,(>. 
Because of the sample size, the product was 
purified by preparative t,lc using PQ-1-1000 
plates (Quantum Industries, Fairfield, 
N. J.) and acetonitrile-methylme chloride 
(9: 1, v/v) as the developing solvent. The 
purified product was > 99% radiochemi- 
tally pure and had a specific activity of 
10 mCi/mmol. 

S-[i4C]Methyl 0-met,hyl hcxanoylphos- 
phoramidothioat,c was prepared and puri- 
fied in the same manner. It was >99% 
radiochcmically pure and had a specific 
activit#y of 6.2 mCi/mmol. 

Thin-layer Clh~onla.toyraphy 

Srparatinn and identification of t,he 
metabolitcs of I and II were accomplished 
by tic using 20 X 20-cm QlF Silica Gel 
plates (0.25-mm thickness) purchased from 
Quantum Indust’ries, Fairfield, N. J. R, 
values and the identification of the various 
model metabolites in two solvent systems, 



I 
II 

III 

IV 

v 
VI 

VII 
VIII 

(CH,O) (CH,S)P(O)NHCOCJ& 

(CH,O) (CH,S)P (O)NHCOCsHr,l 

(CH,O,(CH,S)P(O)NH, 

(methamidophos) 
(HO) (CH&P(O)NHCOCzHs 
(I-IO)(CH~S)P(O)NHCOCSH~,-n 
O,S-dimethyl phosphorot.hioic acid 

(HO) (CH,S)P(O)NH, 

Unknown 

-4, acet,one-hcxanc (2: l), and 13, aceto- 
nitrile-methanol-water (6 : 3 : 1)) arc’ given 
in Table 1. AI1 tic solvent,s were AR grade. 

Radioact,ivc spot,s were det’rct’cld b> 
means of a Berthold (Varian Aerograph) 
thin-layer radioscanner (Model LB 2723) 
equipped wit,h a dot printer. Results from 
t,hc radioscanner were confirmed by (3x- 
posing t,he t,lc plaks to Kodak Blue Brand 
No-Screen X-ray film. Radioactive spots 
on tic plates were scraped into counting 
vials and radioactivity was quant’ifitrd in a 
Beckman Model LS-230 liquid scintillatjion 
spectrometer, using scintillation fluid prc- 
pared from 1000 ml of dioxanr, 100 g of 
naphthalcne, 7 g of PPO, and 0.3 g of 
POPOP. Radioactivity was corrwted t,o 
act’ual disintegrat,ions pc’r minuk by USC 
of an external st,andard and convwtc>d t,o 
unit weight, (pg) from th(> knowl spwific 
activity of the parent compound. 

illetaholim in House Flies 

RadioacGve I or II was applied to t,he 
thorax of 3-day-old female susceptible 
house flies (S~A~D~~ &rain) as previously 
described (6). Eighty flies were used for 
each penetration experiment and 200 flies 
were used for each metabolism study. After 
treatment, the flies were placed in a 500~ml 
conical filter flask connected kvith tubing 

for the passage Of air. Air from t,hc affluent 
side was passed through potassium hydrox- 
ide and ascaritc traps, and t)ht effluent, air 
was passed t.hrough a sinterrd glass bubbler 
int,o a carbon dioxide absorption t,owr 
cont,aining 45 ml of p-ph~:net,hJ-lamine, 40 
ml of methanol, and 20 ml of tolucnc~. Fliw 
wtrc sacrificed at 1, 4, 8, and 12 hr for the 
penet,rat,ion study and G hr for the mc+abo- 
lism study by placing them in the dry iw 
chest for 10 min. Analysis for pcnct,ration 
and mct,abolism was conducted immcdi- 
ately upon removal from t#hc chest. 

The frown flies were analyzed as prc- 
viously described (7). Thr flies and holding 
flask were separately rinsed t8hrw tinlw 
caach with 10 ml of awtonc methanol 
(1 : 1, 30 ml total). Radioactivity- rwovc~rcd 
by rinsing t#hr holding vcswl is rclfcarwd to 
as t.hc ca</e-/,&se, and that) obt:~irwd 1~). 

rinsing tlic flicts as body-riusp. ‘l‘lic rinwd 
fliw \v(w homogwized and extract (id t,hrw 
times each with 10 ml of acetone-nlet,hanol 
solvent. The radioact’ivity in t hc combined 
exkacts is wfwred to as the itrtertd extract. 
The individual rinses and cxt,ract,s \vcw 
reduced to near dryness with the aid of an 
Evapo-Mix concentrator (Buchlcr In&u- 
ment,s), and to ultimate dryness under a 
gentle stream of dry nit,rogen. The residue 
was dissolved in a known volume of 
methanol and aliyuots were t#aken for 
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scintillation counting to estimate rccovercd 
radioactivit’y. The remaining sample was 
applied to tic plates, predeveloped with 
n-hexane to remove lipids, and then de- 
veloped with solvent syst’em A, in the 
vertical dir&ion, and solvent system B, 
in the horizont,al direction. 

The residual house fly material remaining 
after solvent extract’ion was air dried, and 
t.hc radi0activit.y present was estimat,ed 
aft,cr combustion of the residue in a 
Packard Model 306 Tri-Carh Sample 
Oxidizer. 

Metabolism irL the White Mouse 

Mouse metabolism studies were carried 
out, as previously described (8). Female 
Swiss whit,e mice were t,reat.ed orally v&h 
a solut,ion of radioactive I or II cont,ained 
in 0.1 ml of corn oil. The treat’ed mouse was 
held in a closed all-glass metabolism 
chamber which allowed for t,he separate 
collection of expired carbon dioxide, urine, 
and feces. The totsal urine samples from 
each mouse were reduced in volume by 
means of an Evapo-Mix concentrator, and 
to dryness under a gent.le stream of nit,ro- 
gen, and t#he residual radioactivity was 
dissolved in 1 ml of methanol. Aliyuots 
were taken for assessment of radioactivity 
and for tic analysis. Feces were homogc- 
nizcd in acetone-methanol solvent in an all- 

glass homogenizer, ccnt,rifugcd, and the 
supernatant was concentrated for radio- 
assay and tic analysis. The mouse was 
anesthetized with et,her and the liver, 
kidney, stomach, and other organs were 
wmovcd. The various organs were homogc- 
nizcd in the same solvent mixture and 
assayed for radioactivity in t’he same 
manner as for t#hc feces. 

Aletaholism by Mouse Liver dicrosomes 

Mouse livers taken from three freshly 
sacrificed mice were rinsed, weighed, and 
homogenized in cold 1.15$!& potassium 
chloride solution (20%, w/v). The homoge- 
nate was ccnt.rifuged at 10,OOOy for 30 min 
at 5°C in a Scrvall RC-2B refrigerated 
centrifuge. The supernat#ant was decanted 
and further centrifuged at 100,OOOg for 1 hr 
in a Beckman L2-50 ultracentrifuge to 
provide the microsomal pellet. The pellet 
was suspclnded in l.l5oj, potassium chloride 
as needed (9). 

Radioactive I or II (50 pg) was added 
to 25 ml of reaction mixture made up of 
2 ml of microsomal enzyme preparation 
(0.445 g of livrr/ml), 5 X 1OV’ M phos- 
phate buffer (pH 7.4), 1O-3 M glucose-6- 
phosphat#e, 1O-4 M NADP, 2.5 X 10m3 Jl 
potassium chloride, and glucose-8phos- 
phate dehydrogcnase (2-4 enzyme units). 
The mixt,urc was shaken in an open 

TABLE 2 

Toxicological Properties of 0,SDimetkyE Propionyl- (I), Hexanoylpkospko~amidotkioale (II), 
and Metkamidopkos (111) 

I II III (Rlethamidophos) 

Mouse oral LD,, (mg/kg)a 
Alouse i.p. LD,, (mg/kg) 

House fly LD,,, &AIDM LDso &g/g) 
AChE inhibition, bovine erythrocyte, 

B, (M-l min+) 

AChE inhibition, house fly-head, 
K, (M-l min-I) 

350 3.5 14.0 

92b 2.5” 5.3 
1.1 35 I .20 

<1 <l 1.8 x 103 

1.3 2.4 2.5 x 103 

Q Corn oil was used a+~ the carrier. 
* Compound was dissolved in saline (0.95’% sodium chloride). 

c Compound was dissolved in propylene glycol-saline (1: 1, v/v). 



Ih-lwmlylT flask for 1 hr at, 37..-)Y’, alItI 
the react,ion was tcwninatcbd 1)). t.11~ addi- 
t,ion of 2 ml of 5% aqU?OUS trichloroacetic 
acid. Met.abolic product(s were extract,rd 
into ethyl acct.at8tt and t,hc ctxt#ract, was 
concentrat,ed and cxamincd by t.lc in the 
usual manner. 

Bioassay 

Toxicity of I and II to SNAInbl suscept8ible 
house flies (Ahca domestica) \vas detcr- 
mined by topical applicat’ion as previously 
described (10). Test compounds were 
dissolved in corn oil for t,he determination 
of mouse oral toxicity, and in saline for 
intrapcritoneal toxicit’y. Five mice, 3-4 
months old, were used at each dosage level 
and mice were treakd as previously dc- 
scribed (11). LDbo values were estimakd 
from log-probit plots. Methods t’o dctcr- 
mine anticholincsterase activity have been 
described (12). 

:lfiriclotIiio:ltc~ (II) :~r(’ IJr(wnt(~(l irl ‘I’:IIJI~~ 2. 

I<wult s for n1ouw :wtl IIOUS(~ 11). t c,xicit.J. 
aw in gclnrral agrcwnc~nt~ with those rc- 
portc>d by Magw (1) for t.hc rat and houw 
fly. Compawd to II, I is approximatc~l~ 
3%fold mow t,oxic to SN1ilnll houw flits and 
is lo-fold 1~s toxic to mice (oral). Results 
reported by Magcc showed that, I was 
>7-fold more toxic to house flits and 16- 
to 25fold less t,oxic to rat(s (I,D5” >lOOO 
mg/kg). Evidently I is about :j-fold IllOtT 

toxic to mice than tSo rat,s. 

1tESULTS 

Toxicology 

Toxicological data for O,S-dimethyl 
propionyl- (I) and hexanoylphosphor- 

AIlticholinc~stcrasc~ data in Tahlc 1 shot\- 
that both I and II arc wry poor inhibit.ors 
of housr fly-head (HFAChE) and bovino 
crythrucytc acetylcholinestcrasc (BAChE). 
Conc&rations of I and II as high as 1.0 A/ 
\vcrc rcquircd to obtain mcasurablc rat cs 
of AChE inhibit.ion. For all practical pur- 
poses I and II may be considewd inert to 
these enzymes. Met~hamidophos (III) is 
substantially mow cffectivc as an ant,i- 
cholincsterasc t,han I or II, but is relativel) 
poor compared to other organophosphorus 
cstcrs such as paraoxon and t(+racthyl 
pyrophosphate (13). 

TABLE 3 Jletabolisw it! House Flies 

Distribution of Radioactivity in House Plies 
(S,YA~LJ&~) after Topical Application of 0.535 fig/g of 

S-[W]Methyl O-Methyl Propionylphosphorami- 

dothioate (I) and 20.78 pg/g of S-[W]Mefhyl 
O-Methyl Hexanoylphosphoramidothioate (II) 

l>istribut,ion Recovery (To) of applied 
radioactivity at indicated 

t,ime intervnl (hr) 

Compound I 

co2 
External 
Internal 
Total 

Compound II 
co2 
External 
Internal 
Total 

1.0 4.0 8.0 12.0 
-___ 

0.62 4.1 6.7 17.8 
75.3 64.5 42.2 33.7 
19.6 23.5 39.6 33.8 
9.3.5 92.1 xx.5 85.3 

0.54 7.4 16.4 11.2 
90.6 60.5 39.3 40.6 
13.2 29.8 28.9 36.1 

104.3 97.7 84.8 87.9 

For t hc penetration, distribut.ion, and 
metabolism studies, house flies n-we treated 
t*opically with approximately one-half the 
LD50 values of I or II. Radioactive I was 
applied at. a dosage of 0.535 pg/‘g and II 
at 20.78 pg/g. At, thrsr dosages the flits 
showrd signs of hypcrexcitability but no 
mort,ality \vas obscwcd at, (i hr. Table 3 
gives dat,a for the distribut.ion of radio- 
aCtivit!y after differcwt time intervals (up 
to 12 hr) following topical t.watment, wit#h 
I and II. In gross aspc&, little diffcrcncc 
is obsrrwd in the distribution of radio- 
activit,y hctn-ten t,hc t,\vo compounds. 
Pcnctration, as estimated by the amount 
of rccovrred external radioactivit,y, ap- 
peared to be slightly faster initially (1 hr) 
for I, but was virtually the same as II aft#rr 
longer time intervals. Based on the data, 
it is unlikely that diffcrencw in t,oxicit,y 
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TABLE 4 

M&~/&iv Prod~tcts Rurorlewd front House Flies 6 hr affw ?‘opical Application OJ” O.&X rg/y 

S-[W]Methyl O-Methyl Propionylphosphoramidothioate (I) 
- 

Lletaholite Recovery 

J<quivalenta Itecovered Applied 
of 1 (I%/!& radioactivity radioact,ivity 

(%) (%I 

Cage rinse 
I Parent compound 0.023 4.6 4.3 

IV 0-Demethyl-I 0.004 0.8 0.7 

Body rinse 
1 Parent compound 0.170 34.1 31.7 

ITT JIethamidophos 0.018 3.7 3.4 
IV 0-I>emethyl-I 0.011 2.2 2.0 

Internal exkact 
I Parent compound 0.064 12.9 12.0 
III Met.hamidophos 0.116 23.3 21.6 

IV 0-l)emethyl-I 0.005 1.0 0.9 

TTnextract,able 0.050 10.1 9.4 
CO2 0.036 7.3 6.8 

Total 0.497 100 92.8 

may be attribut,ed to differences in penc- 
tration rates. Tot,al recovery of applied 
radioactivity in t#hese studies ranged from 
85-1047~. 

Results for the metabolism of I in SNAInar 
flies are prrscnt,ed in Table 4 and those for 
II in Table 5. The parent compound and 
only two metabolit’es were isolated from 
flies treated with I. These were met’hamido- 
phos (III, O,S-dimet,hyl phosphoramido- 
thioate) and t#he 0-demet#hylat#ed derivative 
of I (IV! hydrogen S-metshy propionyl- 
phosphoramidothioat,r). Of the t,hree com- 
pounds found in the internal extract, 
met,hamidophos (III) was by far t’he most 
prominent, representing approximately 
23% of the recovered or 22y0 of the applied 
radioactivity. Owing t,o the substantially 
higher anticholincstcrasc activit#y of III 
compared to I, it, is probable that III is the 
agent responsible for int80xication. 

Significant amour& of what appeared to 
be 14C02 were ret’ained in the phenct,hyl- 
amine t,rap at’tached to the effluent side of 
t#he fly metabolism chamber. In a separate 

experiment with [14C]acephate (O,S- 
dimethyl acrtylphosphoramidothioate) the 
effluent air from the chamber was passed 
into a sat,urat#ed solution of barium hy- 
droxide (14). Barium carbonate which 
precipitated was collect,ed, dried, and 
counted for radioact,ivity. The radioactivity 
trapped by this procedure corresponded 
with that obtained using the phenet.hyl- 
amine trap. Evidently, t#he methyl group 
atkached t#o t’he sulfur atom in acephate, 
and presumably in I and II, is met.abolized 
to carbon dioxide. 

Compared t#o I, t#hc met,abolism of II in 
t’he house fly is more complex and at least 
five metabolitrs, in addition to the parent 
compound, were isolated. The met’abolites 
were methamidophos (III), the O-de- 
methylated derivative of II (V, hydrogen 
X-methyl hcxanoylphosphoramidothioat8e), 
0-demcthylatcd methamidophos (VI, hy- 
drogen S-met,hyl phosphoramidothioate), 
0,X-dim&hyl phosphorothioic acid (VII), 
and an unknown (VIII) of similar but 
slightly diffrrcwt chromatographic propcr- 
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tic5 :\s mc~t~1~:t~~~itlr~~,Ilc,s (Ii1 : sc~lvc~1~1 s\,?;tcw 
A, 0.26; solwrrt systcw~ 13, O.i-4). ;\ nlinor 
amount of a highly polar material, which 
remained at, t#hc origin aft,cr dcvclopmcntS 
wit(h bot,h solventP syst,cms, was dctccttd 
and this is labeled as a conjugat8(J in t#he 
t’able. All six compounds, including t,hc 
parent, mat’erial II, were detected in the 
internal extract and, as in tht> c:tsc of I, 
mcthamidophos was most prominent al- 
though on a percentage basis less was found 
than with I (4.55T0 of recovcwd radio- 
activity compared to 23.3% for I). How- 
cvcr, owing to the 39-fold larger dosage 

FUKUTO 

Of II c’Olll~MY’~1 t.IJ 1, .i.i-folcl 1110rc ttlc’th- 

nmidophos was dcatcctcd in thr~ I’/ti~r,r/c~l 
traction of flits treated nith 11 (after 
wrrccbiorl for molecular weights). 

Results for the metabolism of 1 in a 
single whit.e mouse 6 hr after oral treat,ment 
at a dosage of 50.16 mg/kg arc presentrd 
in Table 6. At t,his time, about two-t#hirds 
of the administered radioactivity was 
eliminated from the mouse as urinary, 
fecal, and rwpiratory (presumably as rar- 

TABLE 5 

Metabolic Products Rerotlered jrom House Flies 6 hr after Topical Application of 20.78 pg/g 

S-[W]MethyZ O-Methyl Hexanoylphosphoramidothioate (II) 
-~-___ 

Metabolite Recovery 

Equivalents Kecovered Applied 

of 11 Wd radioartivity radioactivity 

(%) (%I 

Cage rinse 

II Parent compound 0.99 3.7 4.5 
III Methamidophos 0.07 0.4 0.3 

V O-Demethyl-II 0.13 0.9 0,s 

VI (CH,O) (CH$)P(O)OH 0.02 0.1 0.1 
VII (HO) (CH,S)P(O)NH, 0.04 0.2 0.2 

VIII Unknown 0.06 0.4 0.3 
Conjugates 0.01 <O.l <O.l 

Body rinse 
II Parent compound 8.65 49.6 41.7 

III Methamidophos 0.15 0.9 0.8 
V O-Demethyl-II 0.61 3.3 3.0 

VI (CH,O) (CHsQP(0)OI-I 0.16 0.9 0.X 
VII (HO)(CH,S)P(O)NH, 0.14 0.8 0.7 

VIII Unknown 0.16 0.9 0.x 
Conjugates 0.03 0.1 0. I 

Internal extract 

II Parent compound 2.54 14.5 12.2 
III hlethamidophos 0.79 4.6 3.x 

V O-Demethyl-II 0.34 1.9 I.6 
VI (CH,O) (CH$)P (0)OH 0.07 0.4 0.3 
VII (HO) (CH,S)P(O)NH, 0.04 0.2 0.2 

VIII Unknown 0.39 2.3 1 .9 
Conjugates 0.03 0.1 0.1 
Unextract,able 0.36 2.1 1.7 
cot 1.65 9.4 7.9 

Total 17.45 100.0 84.2 
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TABLE 6 

Metabolic Products Recovered from the 617hite Mouse 6 hr aster Oral Administration 01 
50.16 mg/kg S-[K’]Methyl O-Methyl Propionylphosphoramidothioate (I) 

-~ 

hIetabolite Recaovery 

Equivalents 1:ecovered Applied 

of 1 w!d radioactivity radioactivity 

(%) (%) 

Urine 

I Parent compound 13.03 305 26.0 
III Methamidophos 0.94 2.2 1.9 
IV 0-Demethyl-I 1.24 2.9 2.5 

Feres 

I Parent compound 6.10 14.2 12.1 

III Methamidophos 0.35 0.8 0.7 
IV 0-Demethyl-I 0.43 1.0 0.9 

co2 11.31 26.5 22.B 

Remaining in mouse tissuea 9.36 21.9 18.7 

Total 42.78 100 85.4 

a See Table 7 for identity of tissues. 

bon dioxide) products. Another 18.70/, of 
applied radioactivity was present in various 
mouse tissues indicated in Table 7. Total 
recovery of radioactivity was 85.4%. 

As in t,he case of house flies, I and only 
two mctabolites were recovered from the 
mouse after keatment with I. These were 
present as bot,h urinary and fecal products 
and were methamidophos and IV. Of the 
radioactivity isolated, I was present in 
greatest abundance with a combined total 
of more than 38% of the applied dosage 
present in urine and feces. Methamidophos 
was the least abundant met#abolite, t.otaling 
about 2.5% in urine and feces. Thus, it 
appears t,hat I is quite stable to metabolism 
and over a t.hird of the applied dosage 
passed t#hrough the mouse unchanged. This 
may be attribut#able to the high water 
solubility of I. The most significant path- 
way for the rnet#abolism of I appears to be 
through a process leading to the generation 
of carbon dioxide (approximately 23% of 
the applied dosage). 

Relatively large amounts of radioactivity 
(18.7%) remained in different tissues of 
the mouse (Table 7). Of the radioactivity 

detected in these tissues, the largest 
amounts were present in the gut. However, 
distribution of radioactivity was wide- 
spread and significant’ amounts were present 
in the blood and liver. Owing to the low 
levels of radioactivit#y in t.hc various tissues, 
tic analysis of t,he tissue extract,s was not 
carried out. 

TABLE 7 

Distribution of Radioactivity in Various Tissues of 
the White Mouse 6 hr after Oral Administration of 
60.16 my/kg S-[K’]Methyl O-Methyl Propionyl- 
phosphoramidothioate (I) 

Tissue 

Brain 
Blood 
Liver 
Heart 
Lung 
Stomach 
Large-intestine 
Small intestine 
Kidney 
Bladder 
SIhXl 

Total 

Recovery 

Equivalents Recovered Applied 

of 1 (PPiP) radio- radio- 
activity activity 

(%) (%) 

0.36 3.9 0.7 
1.07 11.4 2.1 
1.77 18.9 3.6 
0.61 6.5 1.2 
0.20 2.1 0.4 
0.82 8.8 1.6 
1.40 15.0 2.8 
2.18 23.3 4.4 
0.46 4.9 0.9 
0.19 2.0 0.4 
0.30 3.2 0.6 

9.36 100 18.7 



fi hr after treatment at 18.5 mg/kg 
IJrine 

II Parent Compound 0.10 

III A’Iethamidophos 2.X 

v O-I)emet.hyl-I I 0. I9 
VI (CH,O) (CH~S)P(O)OH r).on 

VII (HO) (CH:<S)P(O)NHz 0.20 
VIII Iinknown 0.61 

Stomarh 

II Parent compound 4.W 

III 3Iethamidophos 0.3 1 

V O-I)emethyl-II 0.44 
con 4,.x 

Remaining in mouse tissue 1 .Ol 

Total I ti.02 

24 hr after treatment at 14.88 mg/kg 

Urine 

II Parent compound 0.07 

III Methamidophos 2.72 
V O-Demethyl-II 0.10 

VII (HO) (CH,S)P(O)NH, I .Kf 

VIII Unknown 0.76 
Conjugat,e 0.01 

Feces 
II Parent compound 0.0.5 

III Methamidophos 1.11 
v O-Demethyl-II 0.10 
VII (HO) (CH,S)P(O)NH, 0.0:3 

VIII Unknown 0.ri.i 

Conjugate 0.3 1 
coz .i.X.i 

Total 12.x’s 

1.2 1 .o 
I.i.8 1:3.7 

1.2 1 .o 
O..i O..i 

1 3 1.1 
:i.s :j.:; 

31.1 27.0 

I.9 1.7 
2.8 2.4 

2X..i 24.7 

I I .!I 10.3 

100 Hi.7 

O..i O..i 

21.1 ix.:i 
1 ..i I .:I 

x.0 fi.!) 

.Y.!) .i.l 

0.1 0.1 

0.4 

8.6 

0.x 
0.:3 

.i.o 
2.4 

45.4 

100 

0.:; 

7.4 

0.7 
0.2 

4.4 
2.1 

:;o:: . 

8fi.A 

Data for the mct,abolism of II in whitme of metabolic products was conducted 24 hr 
mice t,reated at dosages of 18.50 and 14.88 after tJreat~mrnt.. At, 6 hr, only 20% of the 
mg/kg arc prescnt,ed in Table S. Compared applied radioact.ivit,y was eliminated via 
t.o I, eliminat,ion of radioactivit,y after t.he urine and, surprisingly, no radioactivit.y 
treatment, with II was slow, and substant,ial was present, in the feces. However, Sly0 of 
amounts of radioactivity remained in the t’he applied radioact,ivit,y still remained in 
mouse st#omach 6 hr aft,er treatment with the st’omach and almost 25% was expired 
18.50 mg/kg of II. Because of t#his, another as carbon dioxide. At, 24 hr following t,reat- 
mouse was dosed (14.9 “g/kg) and analysis mcnt w&h 14.88 mg/kg II, about, S7y0 of 
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t8he applied rndioact8ivity n-as eliminated in 
t’hc cxcrc%:t or as carbon dioxide. 

At, the 6-hr period the metabolism of II 
in the mouse was qualit,at,ively similar to 
t’hat in house flies. The same five mct#abo- 
lites, mcthamidophos, V, VI, VII, and t,hc 
unknown VIII, were isolat,cd as urinary 
products. In cont#rast to I, where meth- 
amidophos was a minor mrtabolit~c, meth- 
amidophos was t,he major met8abolit8e prcs- 
em in urine after t,reatment, with II and 
amounted to 13.7yc of the applied dosage. 
In t’rrms of actual quant.it,y, the amount of 
mc%hamidophos isolated from t,he mouse 
(urine and st,omach) treated wit8h II was 
1.68 mg/kg. This is substantially more than 
0.92 mg/kg, t.hc amount, of mct,hamidophos 
isolat,ed from t,he mouse treatsed with 50.16 
mg/kg of I. Thus, even though t.he dosage 
of II on a weight. basis was 2.7-fold less 
than I, almost, Z-fold more methamidophos 
was recovered from the mouse treated 
wit,h II. 

The 24hr dat,a largely supported the 
6-hr results, although t,here were minor 
diff errnces. Mct,abolit,e VI (O,S-dimet,hyl 
phosphorot,hioic acid) was not detected but 
this was of minor significance even in the 
6-hr analysis. Met8abolism t,o carbon 
dioxide, accounting for 39% of t,he applied 
radioactivity, was by far the most im- 
portant pathlvay of degradation. Substan- 
t,ially more mct8hamidophos, amounting to 
25.7% of the applied radioactivit,y, was 
drt,ect,cd in the 24-hr urine and feces. In 

actual aniourit.s this corrc~sl~onds to 2.2S 
mg/kg of mc~thamidopltos. 

While I passed t,hrough t#he mouse rapidly 
and large amount,s were recovered un- 
changed in t#hc urine, this was not the case 
wit,h II. This differonce in behavior bc- 
tncrn I and II may be at,tributable t80 
differences in t,hrir water solubility and 
lipid-water partiGoning properties. The 
part,it,ion constant,s for I and II bct,wwn 
oct,anoll\vater arc 0.53 and 6.45, 
respectively. 

The greater susceptibility of II to 
mct,aholism is also evident, in their irz vitro 
met,abolism in t,hc presence of mouse liver 
microsomrs (Table 9). Alt#hough recovery 
was poor, the bulk of t,he radioactivit,y 
recovered after incubation of I w&h liver 
microsomes was unchanged I, but signifi- 
cant amount,s of II were converted t’o 
met,hamidophos and 0-demet’hylated II 
(V) under the same conditions. 

I)ISCUSSION 

Based on t,he data in Tables 4, 5, 6, and 8, 
it, is apparent t,hat the met,abolism of O,S- 
dimet.hyl propionylphosphoramidothioat’e 
(I) in t,he white mouse and house fly is 
qualitZativrly and quant it.at,ively different 
from t,hat of t’hc hcxanoyl analog (II). 
&ualit8at,ive behavior of I and II in the 
mouse and house fly is summarized in t.he 
met,abolic scheme below. According to the 

HO 
’ I’ 

I: 0 IL 
HO 

CHqi ’ ’ 61IC”R CH3S ’ ’ NH, 

scheme, methamidophos and the O-de- t,hioic acid and 0-demcthyl methamidophos 
methyl derivatives are obtained as metabo- are obtained only from II. Furt,her, since I 
lit,es from both I (R = C,Hb) and II and II arc bot#h metabolized to methamido- 
(It = CsH1l), but 0,X-dimethyl phosphoro- phos, it is assumed t,hat O,S-dimethyl 
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Metabolic l’rotluds Obtaind Jronr I),$-Dirwthgl 

Propionyl- (I) and Hexanoylphosphoramidothioate 
(II) Inclrbaterl in the Pwsenre of Mouse Liver 

Microsomes for 1 hr at :CS’C 
~- -- 

3Ietaholite l~ecwvered 
radioactivity 

(%I 
--- 

I (Total recovery = 57.4%) 
I Parent compound 9x..? 

IV O-Demethyl-I I ..-I 

II (Total recovery = 54.5%) 
II Parent compound 72.0 
III Met,hamidophos 17..i 

V 0-Demethyl-II 10.5 

phosphorothioic acid (VI) and 0-dcmethyl 
methamidophos (VII) are generat’ed from 
II and 0-demethyl-II, respectively, and not 
from m&hamidophos. This difference in 
the metabolic behavior between I and II is 
probably att,ribubablc to t,hnir cont’rastSing 
lipophilic or hydrophilic properties, witch I 
favoring water over oct,anol and II favoring 
octanol over water. This is evident, in the 
large amount,s of I (26% of applied dosage 
in t,he urine) which passed through the 
mouse unchanged, compared to subst’an- 
tially lesser amounts for II (1% of applied 
dosage). In cont#rast t#o most organo- 
phosphorus and other organic insect.icides, 
I, owing t#o its high water solubility, may 
pass through t#he mouse unchanged. 

The major difference of significance in 
the metabolism of I and II in t,hc mouse 
appears to be in t,hc larger amount,s of 
methamidophos formed from II compared 
to I. Methamidophos is highly t.oxic t,o the 
mouse (LDM 14 mg/kg), and probably is 
the agent responsible for intoxication when 
t,he mouse is treated wit,h either I or II. 
The small amounts of methamidophos 
formed from I readily account for the 
safety of I to mire. On the same basis, the 
relatively high toxicit,y of II to mice may 
be attributed to the substantial quant,ity 
of methamidophos formed in the mouse 
treated with II. 

Thr s:IIll(’ rwsollirlg nln!’ I)(’ llsc~l to 

account for thca grwtw toxicity (pi’ I ovw 
II t,o houw flicas, although in this case the 
wsults arc not, as clear-cut as in the mousc~. 

While a much smaller pcrccntag(l of applied 
11 was convc~rt~c~cl to nlc~t,hamidc)phcJs corn- 

pared to I, actually largc>r amounts of 
mcthamidophos (5.7-fold) \\-erc present’ in 
the fly owing to the %-fold greater dosagcl 
of II. iYwcrtheless, t,hcrc is no doubt that, 
I has a subst,ant,ially grcat.er t,cwd(bncy t#o 
br convwtcld to Il?ct.hanlidophos in t.hcl 
house fly than II, in line with the gwatcr 
toxicit,y of I to house fliw 

It, is difficult to assess tho rok of the 
unknown mr+abolit,c in t,hc mode of action 
of II since it \vas not, identifkd. Based on 

its R, value using t,he acctonc-hcxanr 
solvent system, it was slight,ly nwrc polar 
t.han mcthamidophos. At,t.chmpts t,o gcncrato 
larger amount,s required for structure detrr- 
minat,ion by incubat,ion of II u-ith mouw 
liver microsomcs in thr usual mannw failed 
t,o produw any of the unk~~ou~~ Other 
oxidizing agents, surh an jr/-chlorop(~r- 
bcnzoic acid, peroxyt,rifluoronwtic acid, 
and Cdrnfriend system (15), also failed tu 
produce the unknown. 

Owing to t.hc rclat,ivcly poor anti- 
cholincstcrase act,ivitg of methamidophos 
and accphat’e, t,he statement has been made 
(16) that both of t’hese compounds require 
met!abolic activation to a more poknt, 
c*holinestt>rase inhibitor. The results from 
this st,udy show that. the propiony1 (I) and 
hr,xanoyl (II) analogs of awphate arc 
activated in the house fly and white mouw 
to mcthamidophos, but at difftwnt ratw 
to account for their difference in toxicity. 
This acbivatSion procrss involvw the hy- 
drolysis of an amide linkage and it is likely 
t.hat an amidase is involved. The presrncc 
of an amidase in mammalian liver, ZiSSO- 

ciat’cd primarily with the microsomal frac- 
t,ion, which cleaves the amide linkage of 
dimethoat’e has been demonstrated (17). 

Insects also are known t)o rxffect this 
hydrolysis (18). 
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Evidence was not obtained for further 
activation of methamidophos, even though 
numerous attempts were made to demon- 
strate the format8ion of an activated product 
by incubating met,hamidophos wit,h a 
variety of oxidizing agents; e.g., m-chloro- 
perbenzoic acid, peroxytrifluoroacetic acid, 
mouse liver microsomal oxidase, and re- 
lated model chemical oxidat’ion systems. 
If an activated product of methamidophos 
is formed, it evidently is highly transitory 
in nature. 
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