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1. POREWORD AND ACKNORLEDGEMENTS

In*saﬁat in certain phosphorus noid esbers as inseuticides and
aoarioides has developed gquite rapidly in the United States sinee the boxic
ingredient of the German nicotine substitute Sladan, waa raported %o be hexaethyl
tetraphosphate (Anonymous, 19h3). In_part, this intersest has besn due to the
pewd for a nicotine subatitute in this country (Bishopp, 19ibe) sincs the present
émsi exceeds the awvallable supply. Alsa, & considerable degree of conbrol of
aarﬁin agwin of phytophagous nites of counsiderable sconomie importence is
sbtained »”é;r the use of sither of the three phosphorus acid esbers now ia
c@ni&i ., production. ,:

* The purposs of this iavestigation was to determine the imsectiocidael
pwéértéifés éaf s relabively large group of phosphorus acid esters in order te
obtain an ig&igaﬁiea us to tho asope of thelr toxicities and possible usefulness,
and 8o that an sttempt may be made to relate their toxicity %o chemical structure.

This investigation was sonducted under the able and invaluable guidence
of Dre 0« %. Kearas of the Department of Entomology and Dr. 3. C. Bgeka»r of the
Illinels fiatural History Survey, #rs. Jeans U. Warner ran the contact spray
tests against the house fly and gave ﬁluahh'aésismaa iz other phases of the
investigation. The onsanto Chemioal Company supperted the project and furnished
the great majority of the materials tested., The author expresses his gratitude

to thess persons for their aid and aeunsel.



I1X. INTRODUCTIOR

Pollowing the end of hostilities in Europe im 1945, various Allied
seientific investigation teams entered Germeny to obtain all manner of teshnical
information and deta. As a result of these activities numerous reports have
been issusd by the British and United States governments on all phases of
German scientific endeavor before and during the war. Among these wers imdluded
reports on Uerman inseoticide research and development {m&u and Curtis, 191;5-.
Hall, 1945, Eilgors, 19l5a). Additional information is given by Eilgore (19&%,
15i6a,b) on Gormen 'i;méwiciﬁm and insestioide testing. He found German testing
methoda to be gquite orude and haphazard as nﬁww& to our PesteGrady and other
methode.

Among the insecticides reported, Bladan, s formulsted nicotine
substitute, attracted considerable sttention because its sctive ingredient,
hexaethyl tetraphosphate (HETP), was a unique aynthetio orgenie inseoticide.
This ohemical was dissovered and patented by Schrader (392, 19L3). Bishopp
{1945b) mentioned that HETP was claimed to bs an excellent substitute for
nigotine im the contro) of aphids, but in this sountry little else was known
regarding its inssetiocidal propertiss until the flow of information from
saurmnt'agmaiu increased, iuﬂ the reporting of lnseoticidal tests began.
Later Bishopp (15l6m) reported on preliminary results with the materisl sgainet
several insects and pointed out that it hydrolysed resdily in water, was highly

 %oxio to warmeblooded animels, that it was somewhat disagreeable to apply end
- that concentrated formulations might produce plant injury. Subsequently,

‘Blauvelt (1947) found that 1t oaused an injury to rose bloems called "bull



headedness” and warned growers to exercise sauntlon when using the materisl.

Hoark (1947) swmariszed the information available on hexsethyl tetra-
phosphate to April, 1947. His summery covered its preparation, physical and
chenical properties, manufaoture, formulationm, s%mb»ﬂity_, effect on metals,
sffect on plams;’ toxieity to mmls, paﬁnta, and insestiocidal value.

Ludvik and Decker (19L7) csc;nsmormg the uniqueness of hexaethyl
ﬁutnpmspmu as an ‘eeammie polson, undertook a study of warious phosphorus
aoid nuelei with differing substituent groups in an effort %o circumsoribe the
toxioity of organioc phosphorus compounds im gemeral. Their work resulted in
the disoovery of seven phosphorus asters exceeding nisctine in w;ieity. Two
of ’ci;uu, batraoth&l pyrophosphate and ’h@‘&ﬁﬁﬁ-pl‘?pyl pyréphwpmtq, oxceeded
hexasthy] tstraphosphate in boxioity. Imterest Lmmedistely developed in the
inwgtiuidﬂ pojhoswialwiw of tetrasthyl pyrqphaxp%&%. It ahs@ul& be ggiutnd
out that Scbrader (1947) had prepared and 1&%&@&@5@6 the ix;%etiaidnl |
properties of tetraesthyl pyrapé;aﬂphaka but that the results of his work were
not released by the British Intelligence Objectives SubeCommittes until after
the work of Ludvik snd Decker appeared, The physics and chemistry, inueﬁei-dgl
and phytetoxic properties, toxicity to higher Mma.la » and lsffaum on nanﬁainars
and arqni'pmnt of tetraeothyl pyrophosphets have been r@ﬂaﬁé by ﬁll‘"‘!‘i! (A9LT) .

The f’i«.ratl:&aaﬂmﬁ ?ublieatien on &iskhylfg-nﬁmpﬁanyi ‘bhiugﬁmpkata
is that of Gleissner (1947) which outlines its comparative toxioity, physieal
and chemical properties, insectieidsl activity, and toxisity te warmeblooded
animals,.



I3, GRVISN OF THR LITBRATUEE

A« CHEMISTRY

That hexasthyl Setraphosphate actuslly consists of a mizture of
ohesioals, ths toxie ingredieut being tetraethyl pyrophosphste, was reported by
Hensen {1547w,b). Hall and Jucobson (19la) made detuiled ohecical studies on
hexasthyl tetrsphesphate whiaeh confirs Hanazen's report. Subsequently, Rohwer
and Haller (1948) in reporting om industry-government cooperative sbtudies on
tetrasthyl pyrophospbate, briefly outline its chemistry, toxisology, labeling,
naning, and tentablive proosdures for its anelysis. The deslision was made that
naterials conbtaining up to 20 W ocent of the active ingredient would be
desigrated nexasthyl tatraphosphate, while materiale containing more than 35 per
sant would be desipgnated tetrasthyl pyrophosphate (TEPP), with the stipulation
that the per owst of active ingredisnts be clearly indicated on the peskags
iabsl.

Frobably the most important single ssocunt to dete of research on the
cheui stry of phosphorus seid esters snd their luseeticidal properties is that
of Gehreder (1947). It 18 & summary of bhis nwuu;cwa done in Germany, largely
during the period 1938<35L5, and covers the thrse phosphorus aolid ssters now
quite well known €0 Americsn ecaonomic entomologists; hessstbyl letraphosphate,
tetraethyl pyrophosphate, and diethyl penltroghenyl thiophosphate (parathion).
Undoubtedly, several more Gersan sompounds will receive considersable attension
from Amerisan entomologists and chemista.

Pronsen and Hall (19i6) bave reported on the praparation and properties
of hexasthyl betraphosphate, but the most lmportant and detailed scecunt +o
date of the ehemlstry of hexasthyl Gsbraphosphute and tetrasthyl pyrophosphate
13 that of Hall and Jaoobava (19L8). They show that the lather chemioal 1s the
inssotioldally astive ingredisnt of the forwer, They found ethyl .metaphosphate



and triethyl orthophosphate to be present in hexsethyl tetraphosphate and

suggest that pentaethyl triphosphate may be anether constituent of the mixture,
Mothods for the preparation of hexasthyl tetrephosphate (I) and

tetrasthyl ?yrephésg@f‘m; (11) are 1::41.@9.%3& by the following equations:

Pocl; «g 3 (sgsg)gmh. i, 3 Cgligll § (CgHg)oRlO ; (1) (sebrader, 15L2)

L Pocly 4 9 CHOH 59 HOL § ¢ oL (©Hg)6R0yx (1) (Thurston, 1516)

@ (CpBg)sPOL # P05 . (CgHg)EPUOy; (1) (Woodstock, I96)

5 (Ogfg)yP0h + POCL, 3 Oghigtl 4 3 ﬁcaﬂa}l‘?g% (11) (mall, 1548a)

b (ogig)Pol § PaOg | 3 (0glig)ipa0y (11) (Weodstook, 19l)

lriﬂaﬁsﬂiaml * {Sgli5)zP0k — S L 4 (CoHg)ly0y (11) (Hall, 1GiBe)

A0 40y { i, (CH0)F0 § ar

(G 0)F )L 4 H0P(0) (o) ¢ m__ |

(caa_ﬁa)aﬂmﬂﬂa}cmasﬁ)g (jgs:}% Qﬁ.*ﬁcl {Toy, 19i8)

Schrader. (1347) preparad ‘az_ﬁ?ﬂf—aumpmnyz thiophosphate (II1)

as indisated by the following equations

2 %@gg tPS0Ly s (0 B0) P(8)CL 4 2 mx |

aauQGHa + (CHPIPEIL chﬂga)gy(ﬂzo@xﬁg (III) + HaCl
Gormen activity in this field n»tm from research on a‘rgmn

fluorine eompounds having sulfur ez the central atom, The possibilities,

acoording to Schrader, of preparing new compounds were exhausted when the

. following linkages wers sxplored: N8, C-8, and 0-8, as typified by (CH,),NS0.F,

ﬁﬁjﬁﬂak. and @5’&5%%?. 8ince phosphorus is m;;}amt to sulfur in the periedie

table of elements, the decision was made to use phosphorus as a new scentral

atom and to investigate the properties of a series of eompounds similar to

thowe studied with sulfur, The compound (a%}amza. anslogous to (cnﬁ)aﬂsaay.

wae converved to (@%}aﬂg?awhmh aimwea mild inseeticidal aotion. This led to

a study of compounds of the btype (asa)aw(m(mlma.



Further work led to a patent (German Pat. 155/59, Top Secret) of scmpounds of
the gemeral type R By ] ‘EP{G){@!RE} Aeyl, for inseoticidal purposes (B, i 2 and

Eﬁ are aikyl while the acyl can be an inorganic or orgen. o aeld rea;éue)f Hext,
R (Rr,}KB{Q}E wag converted %o {(?f& )K}&,P {0)F with seversl derivatives showing
congiderable insecticidal aetiwity, when the moleouls {(C‘ﬁ ) 14) ?(@}F was
doubled, the previously unkmown pwneat&r. ({CH ) l%} P(O)m‘ By { (c*i ) )

obtained,

A third group of compounds of general type RLQ Q}’ggm}f* {0)F wae
investigated next, with the dietlyl derivabtive exhibliing remarkable astividy.
Evidently the prepamtian s lzéxmethyl tetrasnido pyrophosphate and the dise
covery of its imseotloldal propertiss led bo the investigation of tetrastihyl
pyrophosphate aad Lo its wono~ and dithioc deriwvatives, all of whieh posgess high
insecticidal wobivity. The replacement of cue oxygen by ons sulfur atom mude
the pyrophosphate ester steble %o water, while the replacsment of both oxygen
‘atoms with sulfur atoms iaparted stability to lime, Substitution of acidie
organic groups ia the radical ("g (..‘) P;ﬂ}n lad to the preparstion of diethyl
peuitrophenyl phosphate (8.4.0),P (0) @ﬂga and its thio derivative

359 )22’ (S)C!-Q;ai{‘ig. 48 with the Pyropnospiate ssver, the sullur atom
provided stability toward lime.

The physioal properties of hexaethyl tetraphospuaie, tetraethyl

pyrophcaphate, aud diethyl- pnitrophenyl thiophosphate are:

Bayy TEeP Parathion
Refractive Index,*nﬁgﬁ 1.4265 13270 1.5360
Bpeeifie gravity, dgg 1.2833 1.1845 1426
Visessity, 25%, 3145 Seld -
Boiling point Vecomposes LOL=110°C. 575%C., 760 mm.

155%, 0.0%mm,



Contrary to reports from German sources, Hall and Jacobson (19l8a)
found that the hexasthyl tetraphosphate mixture hydrolyses toc s mixture of
diethyl and monoethyl erthophosphoric smoids and not to ethanol and orthophosphoric
scid.s Tetrasthyl pyrophosphate hydrolyzes to diethyl orthophosphorie ecid.

Hall and Jecochson (19hL45b) prémm a method of analysis for tetraethyl
pyrophosphate based on i%s hydrolysis ;‘m diethyl plosphoric aeid, which can then
be titrated with standard alkali,

Ayuapowd method for the anelysis of parathion is based om its
reduetion to diethyl- Eﬂummaphsgyl thiophosphate followed by diazotization and
coupling with a chrempimraﬁe ehemical. ﬁolérims‘&rw comparisons sith previously
prepared stahdards e&n then be made to determine the amount of parathion present.
This method iu claimed 4o detect parathion down o a level of C.l ppm. (Averell,

private communieation).

I11. B. INSECTICIDAL RESULYS
Bronson and Hall {1946) published the first data on the insecticidal
aotivity of hexaethyl tetraphosphate. They showed that it was superior to

nicotine against the cvabbage aphid, Brevicoryne brﬁsuicm {L.) and the pea aphid,

Maorosiphum pisi (Kltb.).

Fayette, ot al, (19l5) reported good results from the use of a hexaethyl
tetraphosphate (HETF 1 to 1600 parts of water) spray formulation against the

two-spotted spider mite, Tetranyohus bimaculatus (Harvey) oa roses. They

observed that though some eggs were affected, many subsequently ha.ﬁahed. nevesslie
tating at least two sprays o give satisfastory sontrol.

In experiments with inseoticides on honeybees, Eide (1UL7) found that
a hexaethyl tetraphosphate residue dried for 18 hours possessed considerable
tcxieiiy with some residual activity remeining for at least nine days.

Ludvik and Decker (1947) report that hexasthyl tetraphosphate at 1 to
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10,000 gave a 63 per cent kill of Mysus porosus (Semderson), an aphid infesting

roses, while tetraethyl pyrophosphate at 1 to 40,000 gave a kill of 52 per cent
of the same species., They tested Ll other phosphorus acid ssters against sither
He pwomé or K. persicas (Sulse)s

Hexaethyl tetraphosphate at 1 to 1600 killed 82~98 per cent of pear

psylls nymphs, Psylla pyricola (Foorat} aceording to Hamilton (3947). Treatments

mnade in august, 1946, 4id ua’?: give as good control as nicotine~sulfate at 1 te
800y but later in the ssason when the temperature was lower, the effectiveness

of the two materials was reversed., Conirol of pesr psylle adulbs could be
sffooted only when an oll was added to the spray mixture. Tests by Hamiltom (153
showed during the rénmving season that although spraye of nicotine sulfate,
hexaethyl tetraphosphete, tetraethyl pyrophesphate killsd high,peﬁemga-a of

pear psylla nympha present at the time of application, the populations dbuillt back
rapidly. Parathion, however, exhibited a high _initi.al ¥ill eand also held the
population to a low level for a considerable perioed of time.

Smith, et al, (1947) tested hexaethyl tetraphosphate merosels in greenw
houses., They used a 10 per csnt mixture of commercial grade material im methyl
chloride at dosages ranging from 0.3 %o 6.0 grams of HETP per 1,000 cubie feet
of space. Applications were made at dusk. A dosage of ome gram per 1,000 cubie
fest was found to be toxic to the twowspotted spider mite, the greenhouse white
fly, two species of mealy bugs, and seven species of aphids, but not to the
broad mite, Lower dosages were also effective against aphide and white flies.
During fumigation, the temperature was held at 70°F., and the ventilators were
not opened until the morning following treastment. A varietal suseceptibility to
injury was found with tomatoes and chrysanthemums, with the injury tending to be
nore severe whan treaiments were made at lower btemperatures. Over 130 other

plant species were unaffeoted, however. Smith et al. (198) discues further the



use of hexaethyl tetraphosphate asroscls in the greenhouse and also report on
similar experiments with tetraethyl pyrophosphate. Smith et al. (1948b) have
tested parathion seroscls for this purposs.

Hinman (1947) reports on the use of HETP for the control of grass-
hoppers. Two pounds of HETP in 160 gallons of water per scre gave 100 per cent
kill, but also ssverely burned qnattei:nbluam-stagp alfalfa.

A DDT serosol (1 gallon of 25 per sent im L) gallons of kerosene) was

mors effeotive than an HETP aerosol (1 pint of HETP in 5 gallons of water) against

the melon aphid, Aphis gosaypil (Blov.) in experiments carried out by Weme (15L7),
using & Todd insecticidal fog applicator.
Siegler and Hall {1947) found freshly prepared HE?P solutions %o be

goxis to newly hatched codling moth larvae, Carposepsa pomonells (L.) et

congentrations of one pound and one~half pound per 100 gallons of water, bub
concluded that the material would have little or no practisal uss for the sontral
of this pest bsosuse it lacks necessary residual properties. They also reported
the mortalities produced by HETP on a pumber of aphids and mites.

Lenge and Smith (1947) exposed adult pes leal miners, Liriomysza orboena

(Melg.) to ome, two, and three wmiorogram deposits per 40 square inches of surface
{glaes) of chlordsn, bensane hexaehloride, DDT, and hexaethyl tatravhosphate .
The materials were most affeeti-ve in the order enumerated.

‘ Ivy and Bwing (1947) found 1.25% hexmethyl tetraphesphate dusts to be
axti'amaly effective against cotton mphids. Five per cent HETP in pyrophyllite
wes approximately a® toxio to adult and nyaphal cobbton fleahoppers as 55 DDTw
sulfur, but was ineffective against boll weevils and bollwerms, Gaines and Desn
(3948) report that good control of these aphids was also obtained by the use of
one per cent parathion dust.

Zimmermen and Hartzell (1947) reported the toxie effects of hexsethyl



tetraphosphate and tetraethyl pyrophosphate to a Mﬂr of plants. Thermal
eﬁp@r&i&m of both materials caused rose leaves &o dmg and producs & burning
-and eplossty of tomato leaves. It was assumed that sbhylene ez fet’%saﬁ'uyan
desomposition and that this gas wna ga-sponsibls for the -mjwiéa.obswuﬁ;
Hexamathyl teﬁraphasphﬁta aid nob giﬁ' this injury, prasumably besause sthylens
would not bs formed upon dse@posi;tia;; Varying éma.e:;‘bratims of the twe
materials when applied to the soil of potted plants produced varying degrees of
injury. |

taines (1947) found parathion to show promise in the control of grass-
happers om cotton,

Questel and Connin (1947) report the translocation of parethion from

treated soil to the tissues of growing oorn seedlimgs. This plant tissue was

toxie to newly hatoched eorn borer larvas, Pyrausta nubilalis (ﬁbn,}’far at least
two weoks. |

Blauvelt and Hoffmen (1508)rsport pam%kﬁan %o be the mert important
naterial yet discoversd for greeuhouse pest cantrol, Aerosols containing 10%
parathicn by weight and 9074 liquified methyl ohloride gave the best resaults when
applisd at the rate of oue pound of aerosol to 50,000 subic feet, and remsined
effective for at lesst one week both as a oontact and stomech poison. This
samgnl mimzva hks: grmred' to be effective against & wide variely 'éf- greanhouse
| Brett nné Ehaaéas (1%15) report that two per cent parathien dust at
tim mﬁg of 10 gauaéa gsr nore killed 95 of the grasahayysr! in alfalia in
eight hmm:,

ﬁiiii‘@éﬁi&iﬁ '7{19145} have obtained poor results with hexaathyl
@e‘kraghmphwba m& %mwhyl pyrophosphate against ¢hé cabbage maggob.

Janu ané 33%&3@& (J@Lﬁ) tested 0.25% parathion dust against the
ﬁ?ﬁ-@@ﬁ%.ﬁ B
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spider mite on field grown beens and found it to be highly effective for two days
but ineffective after 16 days. It was the most toxie of seven msterials tested

sgainst the blmek bean aphid, Anuraphis persicae-niger Smith. In laboratory

tests, the cherry fruit fly, Rhagoletis aingulatg Yloew,, was found toc be
susceptible te parathion, &iao. |

Huokett (1918} reported ham;myl tetraphosphate sprays and parathion
dugte as giving very good control of the two-spotted spider mite on lime beane.
These treatments also exhibited a minimum degres of bean aphid and Hexiean bean
beetle dmmage ae compared with other materials itested.

According to Harmen (1948), two spplications of 15% wettable parathion
give much better control of second-dbrood red-banded leafroller on apples than
de DIT and lead arsenate.

Two applicatione of 15% wettable parathion likewlise gave better control

of the plum ourculio, Conotrachelus nenuphar (Hbst.), than lead arsenate in tests

made by Dewey and Van Geluwe (1948),. Suspp (1948) alse found parathion promising

for the control of this pést.
W PR G e

'Nhy" . ) ity

Anderson md Hormaster ’(1) obteined poor results wiﬁﬁ beth parathion
and hexasthyl teismpﬁespﬁate ‘against the pea aphid.

S0il treatments by Schread (1948) sgaiast Japenose beetle larvee showed
parathion te be more rapid in action than chlordsan, bensene hexachloride,
chlorinated cwaphene, and DDT, but the experiment wes not of sufficient duration
%o determine the ultimate soil residual toxicities. ‘

Gersdorff and Nelson (1948) report tetrasthyl pyrophosphate to be sbout

five times and parathion to be sbout 17 times more toxic than hexaethyl tetra-~

phosphate to the house fly, Musca Gomestie L., in contaet spray tests. The mean
conoentrations produeing 50% mortality are 0.095, 0.030, and 0.52 mg./ml.,

respectively.
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Carruth and Howe (1948) obtained effective coatrel of the squash vine

borer, Melittia curcurbites (Herr.), with one per cent parathion dust,

From asroscl teets with hexmethyl tetraphosphate and tetraethyl
pyrophoaphate, Hoffman (1948) conciudes that thres grams of each per thousand
euble feet is the optimum dose to o’btﬁn control of the two-spotted epider mi'heq
BETP was found to be aboub oﬁa-’bhird ;s toxie ns TUPP 4o this species.

Seales and Smith (1%8‘) report two per cent parathion dust as giving
a mortality of the tarniehed plant bug, Lygus oblineatus {8ay), on cottoen,
comparable with that of 20X chlorinated camphens and 2.5 gemma bensens hexa-
ohioride,

Considerable promise was shown by a one per cent parathion - 55% sulfur

dust ageinst the grape leaf roller, Desmia funeralis {"bn.), in trials made by

Frazier and Barnes (1948).

Eckert (19i8) determined the approximate LD=50 of hexaethyl tetra=
phosphate, tetraethyl pyrophosphate, and parathion to the honeybes to be 0.29,
Q‘O?S, and 0,07 mierograms per bee, respectively.

Chanberlin et sl {19LB) and Peterson and Shermsn (1948) report that
hexasthyl tetraphosphate and tetrasthyl pyrophosphate give little or noc control

of meadow spittlebug nymphs, Philpenus leucophthulrus (La)e

Boll weevil larvae develeoping im cobton squares were unaffected by 5
per esnt parsthion dust, according to Gmines and Sesles (1918).

In experiments on the control of the gresnbug, Toxoptera graminum

(Rond.), Deims {1948) found gemms benzene hexschloride %o give excellent control,
The initial control obtained with hexaethyl tstraphosphate was good, but after
thres weeks, the infestation was greater than when treatmeat was meds. The yleld

of the treated eats, hamwver, was gignificantly greater than thut of the cheek

plot.



13
Ewing and Parencia (1948) reportod: that parathion dusts are ineffective
against the boll weevil on ccetton.
Ginsburg (1948) reports data waich Zndicate that paratnien is

tcasiderably =ore tozie than DT to Asdes asgyptl larwvae and pupae.

Jefferson and Penece (1948) report that prelinioary tests with parathion

against the leaf miner, Liriomysa flaveola {Fellen), infesting asters show

sufficient promise to warrant further testing.

QOther phosphorus acid esters that have shown considerable insecticidel
aativity are tetrajﬁ-prapyl pyrovhosphate , ﬁmtraﬁgnbutyi pyrophosphate, syms
ohenyl tetrafgrpropyl triphosphete and sy, tatrafgfbutyl phenyl “riphosphate,

which were tested by Ludvik and Decker (190,7) against the aphid ¥ysus porosus

Sandersgon.

Wolentt (1947) found triphemyl phosphate to be of eonsidersble interest

as & repsllent for the West Indian dryewood termite, Cryptotermes brevie alker.
This eompound was mot toxlc to the green peach aphid in the tests of Ludvik and
Decker,

Tri-o=cresyl phosphate showed only elight offectivensss while trifﬁf
butyl phosphate appeared to bs gulte promising in smslleplot field tests against
chiggere, acvording to Linduske, st al (198)..

Enipling, et al (1957} report the resulis of soreening teshs with sume
T000 ghemiecals as inssoticides, miticides, and repsllenteg. Included are results
from 37 phosphorus acid esters, ons of which, trisn=butyl phosphate, showed

ccnsiderable promise ms an insecticide ageinst the body louse, Pedioulus humenus

sorporis Dag., showed some promise as & repellent to chiggers and considerable

pronise as a repellent to Aedes aegypbi L. when applied either to the skin or

clothing,

Sehrader (1947} gives chemical preparations for warious orgenie
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phosphates and their inseoticidal value insofer as his war-scatbered uotes
permit, Purthel refersnce will be mede to Sechreder's work as 1% applies to

certein compounds included in this shudy.

III C. HODE OF AGTION

Present data indieate that the effestiveness of the several organic
phosphate esters ig due to thelr inhibition of choline esterase, an ensyme
thought %o be intimately sconcerned with the transfer of electrical perve impulses
SUrOoES nouromuscnlar Synapsss.

Stobts and Hastings {41‘9377) found 6 x 10-7 ¥ pyrophosphate (Hah?aﬁ?.mﬁ;@)
to give a 387 inhibition of the oxidase asetivity of beef heart extract with the
dehydrogenuse sotivity remsining wmaffected. Hedidien and Hosgland (19il) found
however upon buffering the snsyme-substrate solution to pH T.li, that concentra«
tions up to 6.0 x 10”2 ¥ pyrophosphate did not produce inhibitiem of the oxidase
component as indicated by the oxidation of p-phenylenediamine. Lower concentra~
tione of pyrophosphate though, did produce a 90;6' inhibitien of the oxidation of
gsuecinate by the onsyme extracts. Sinee Stobts and Hestings had shown that
pyrophosphate did mot poison the dehydrogensse component, and sinoe the lack of
inhibition of the p-phenylenediamine reaction indicated thet pyrophosphate did
did not poison the oxidese somponent, only ope conclusion ooculd be drawn ~ that
& further step must sxist im the sequence besides the two which imvolve sucgino=-
dehydrogenase and eytochrame~c-cytochrome oxidase in the oxidatlon of sucocinate
to fumarate, Temperature studies of pyrophosphate-poisoned reactions yielded
further support for the presence of this third step. 7The new reaction gave an
Arrheniua u (energy of netiwation} of 17,500 csalories as compared with us of
11,200 and 16,000 for the suecino~denydrogensse and eytoshrone-c-aytochrone
oxidase steps, respectively. These euthors postuluted that pyrophosphate might

#ot on oytoohrome & or b, but did not limit the possibilities to these resctions
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er componants only.

Dubeis and ¥angum (1947) in an atbempt to determine the mode of metion
of hexsethyl tetraphophate, obtained s 507 inhibition of rat brein cholinesterase
sotivity from ald x 16“8 ¥ concentration of hexaethyl tetraphoschate as oompared
to s 6.3 x 10"8 i ooncentration of éi;m'iprapyl fluorophoephate. Concenbretions
of 1% 10°7 hexaothyl tatraphosgha’&,aﬁ produced an inhibition of 474 and 534 of
rat brain and cockroach thorasic oholinestersse uaﬁvity, respectively. Chadwiek
and Hill {1947) have obtained results siwmilar to thém of DuBois end angun.
flansen {1947) speculates from a study (unreported) of a large number of phosphate
comppunds that diethyl phesphorie acid iz the breakedown produet formed in the
insect body whioch is responsibls for the ;ba:n'ic aotion of betraethyl pyrophosphate.
This sonclusion was hased on the observation thet only those phosphate esters
having two alkyl groups per phosphorous atom are texic, while mono- and trialkyl
wm&ouﬁd# are relatively non- toxig, This poatulation wes not borus out, however,
in experiments made by the author, who injected and applied topieally approxime
ately cune cubic millimeter of qisthyl phosphoris acld to a number of male, large

milkweod bugs, Onoopeltus fescimtus Dellas. Ho mortality resulted from either

treatment, whereas approximately one eubic millimeter of & 5 mg.-per-milliliter
solution of tetraethyl pyrophosphate produced 1007 mortality. Unpublished data
of the suthor show, however, that ¢iethyl phesphorie acid does exhibit a merked
in vitro inhibitien of Ameriesn-roach thoraeic and abdominal nerve cord cholin-
esterase. The author is not prepared to explain this apparent discrepancy. This
might tend, howevar, to support Hansen's postule—xtion ‘that the mechanism of action
of tetraethyl pyrophosphate may be an interference with & phosphste enzyme similar

tv adenosine triphosphata.
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115 D, TOXICITY TO HTGHER ANIMALS

Early reports on hexaethyl tetraphosphate stressed that the material
was bighly toxic %o higher snimals as well as insects, and that due sare and
caution should be exersised in handling i%., Rolwrer {1947) reported the ﬁinimum
lethel dose by nrailimgasﬁian to be aé low as five mg./kg. and the fatal dose %o
rabbits by skin absorption b be 5~1$1%g./kg. He desoribed the symptome of
poisoning in experimenbal enimals asg progressing from gestro-intestinal tract
upset, anorexia, and severe diarrhea Yo a characteristic "head-drop”, a great
wenkness and apathy, depending én the'baverity of the poisoning. Rohwer and
Yaller (19L8) report the LD 5@ of distilled tetrasthyl pyrophosphete to white
mice as being 0.30 =ng./kg., but do not give the method of‘applioa%ioa.

Hrop (1548) reports that 200 to 500 wierograms per kilogram of undiluted
tetraethyl pyrophesphate dropped inte the conjunmotival sme of dogs may be lethals
Assuming that conjunctival sbeorptien of and susceptibility to tetraethyl
pyrophosphate are of the same order of magnitude in men and the dog,y 04015 to
0.035 eubie centizeters miéﬁt thsrefore prove lethal to man,

Lahman‘(19hﬁ) reports the following daba for selected agricultural
ohegicaley

Oral toxieity (mo test animal cited)

inseoticlide Mean Lethal Dose, mg./fkg.

TRPP 2
Parathion 345
HUTP 7
Hicotine 10




ﬁems,i Toxiolty {ne tast animal eiwé)

o Mgernm @ﬁmﬂhin “Quertities ﬁsngwws

Skin ' ' WaItiple Yo man Eat*a) N
irritation Single Exposure Exposure tagle ST

ry Solutien Boluwtion E:xymuu E:x;wwm
ng.?ﬁs. ‘mg./’kg. g+, R grams gmafa"y

TEPP 811ght 10

. ﬁ agé 13:3

Parathion Slight Lo - 50 5 3 0.3
HETP Slight 5 0.3
Lo 3 2.4

Hleotine  Hoderate éﬁ 7 50

‘ Ghranm '!exiaity in Rem ‘

Ingesticide

Parathion 2o _ E '
BETP iz 1,000 peperna,
no effect

Aestine 6o s

Faﬁkelagy in ahmmeally poimmd mimls

TEPP Em;erocéittis anﬁ gau hladdsr memaiu

Parathion
HETP Gall biadéar neoroeis
mwtim zmniti on

in diaa%sing Mhamtary toxicologionl tests, Smyth and Carpenter
{1948) reperted that tri=(2-ethylhexyl) phosphate when sdministered in food to
groups of 10 rats for 30 days at the rate of 1.55 mg./kg. ceused a redustion in
growth, The maximum dose having ne effect was 0.43 mg./kg., and the single
oral LD 50 dose was reported as being 37.08 mg./kge.
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1V, EXPERIMENTAL FROCEDURES

4. TEST INSECTS

Myzus persicse Sulzer

Cultures of the green peaéi«a aphid, Hysus persicae, were maintained on

potted sggplants grown in the greenhduse. Individusl leaves infested with 100
to 200 aphids of various stages of development were cut from the plants and
sprayed. The stem of the sprayed leaf was inserted through a paper disk,
wrapped in ocotton, and set into a emall bottle of water. The unit was then
placed within a heated wire barrier (Bruce, 1947) to prevent the less of
unaffeoted aphids,

Mygus porosus Sanderson

Cultures of the aphid Hysus porosus were maintained on potted rose

plents grown in the greenhouse, Individual leaves infested with approximately

1o0 gphiaa of various stages of development were cut from the plants and spray-
ed. The petiole of a sprayed leaf was trimmed and insertsd into the tube of a

watering vial described by Ludvik and Decker (1947) end the unit placed within

2 heated wire barrier.

Attagenus piceus ‘33.1"0‘5

>

Larvae of the black sarpst bestle, Attagenus pioeus, wers reared in

the laboratory in & medium comsisting of two per cent Brewers' yeast in ohieck
starter meash. Larvae about three-sights of an inch in length were selected
for testing.

Eﬁawa_ domestioa L,
Five day old adulits of the standard N.A.I.D.}. strain of the house

fly, Muses domssiica, were used in the present work. The resring procedure

used was that desoribed for the Peet~Grady method in Soap Blue Book (15L6).
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IV B. TESTING TECHNIQUES

Contaol Sprays

Mysus persicae, M. porosus, and Husea domestica were ussd as test

insecte for determining the effects of the chemiocals as sontact sprays. An
stomiser-typs, compressed alr paint "apmysr of onewpint eapaeity operating: at
pressare of 30 pounds per square inch was used to zpray exelsed lsaves infested

with either HWysus persicse or M. porosus. Solutiens were prepared by plpetting

0.1 milliliter of chemical inte a mesasursd volume of stook solution containing
one gram of sodium decylbenzenesulfonate per 5,000 sublc sentimeters of distilled
water. Water inscluble liguids were thoroughly sheken im a graduated oylimnder

to obtain an homogencous emulsion and sprayed as rapidly ss possible so that a
uniform spray would result, Weighed quantities of solid chemiosla were dissolved
in & knewn volume of dioxans and their subsequent water mixtures hsndled in the
manner desorived for water insoluble liquid eompounds. In the case of i.
persicae, tests were made only at a conoentration of 0.2 per cent, wheresas with
35." porosus, sufrieisnt subsequent dilutions wers made to determine the range of
uffca’sivﬁmn ol the eiwmieal under coasideration.

Contact spray tests sgainst edult house flies were carried out in
accordanse with the small chamber method developed by Kesrne and iarch (19!;,3%
All materials were tested at a comsentration of one per ceat by weight in 50 per
cent bensens = 50 per cent mineral seal oil or in 50 per sent methyl aleohol «

%0 per sent benzene, depending upon the solubilities of the chemicals, Chemicals
vhich exhibited toxieity were tested at lowor concentrations to determine the

range of their effectiveness. Bach contaoct spray test was run five times.

Residual Activity,

Tosts for residual motivity were made by exposing five day old adult

houss flies for 30 minutes to deposits on glass of 50 milligrems of chemical per
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gquare foot of surface arsa. The flies were reared as desmeribed for the centact
s?aray tests, but the puparia were pladed in 7.5 x 7.5 z 1.2% inches wooden
eages having screen tops ami sliding mebel bottoms. The sliding bottom
facilitated removal of the empty pupsria, and also allowed the flies to have
freo access to the treated surface ﬂugrmg the period of exposure. For axposure,
the eage was inverted and coversd wii‘zh a glass plate (treated surface down).
These uniis were stacked 10 hiph end the metal slides pulled ouk for 30 minutes.
The treated surface was prepared by pipstting two milliiliters of an absolute
ethyl alachol solution, mads up to contain 12.5 milligrams of chemleal per
mﬂl*.-liteé,_ ento & one~half square foot area of & nine inech square glass plate,
The solution was spread over the surface as evenly as possible with a small
piesce of glaas,

Circles of wool (Fletcher, 1943) two square inches in aream were
Sreated with one milli 11£cr of the solution used for the preparation of the
gl_mm plates for the house fly tests. After the -almiml evaporated from “kha
wool, the cireles were plased in 35 x 50 millimeter eiyutazising dishes and

manuslly infested with 10 ittagenus piceus larvae, TWhen all 10 larvae were

klled by = gar%iba}.ar chemiocal , 10 more larvae were placed upon the wool,
Three glass plates and thres wool cirecles wers prepared for each chemicel,

Ubservations of morteliity in all inseots excvept Attagenus piosus were

mede the day after treatments or exposures were completed.



¥+ EXPERIYENTAL REBULYE

In so far as poasible, all shomieals werse mma as contast eprays

sgainst the green peach aphid, f&ysug persioas, and %ha house fly, Mﬁ
domostlon, Chemicals which exhibited marked insectioidal setivities against
these two species were sabsequently %ested to determine the susceptibilities of
éifferent spacies, to establish toxieclity ranges, and Yo investigabe residusl
activities, o

3&1-%&5::; data from the work of Ludvik and Decker (1947) are ineluded
in the presentation of the rogﬁl‘bﬁ of the present studyts facilitate the
somparisom of téxiciﬁiék, and bevause certain compounds tested by them were
evaluated ageinet enother insect species.

The results of this investigation are pressuted in the following
tables
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?sble 1. Toxleity of certain phospherus acid ssters applied as
econtact sprays to Myzus persicas, M. porosus, and Huscs domestica.

“Per Cenb K1il

Myzﬁ#&/ Myzusd/ Wuscad/
Gempeﬂnd_ , nersicee porosus damgutiag

Alkyl Acid Phosphate Esters: - 3/
((HO) gP(0YOR and HOP(O) (OR) )

4 .
Ethyl R = CgH, 57.8% 3.2 (m)
Propyl R = OyHy 551 1.7 (m)
Isopropyl R = {CHy) oCH 75.6% 48, By 3.4 (m)
Iscamyl ‘R = mixed primary ;
’ L ﬁ,ﬁu 56.6% 3.2 (m)
- Oetyl H = CoHyy To.4% 66,08 9.3
Deaoyl B = Cyoliga 65. 9 6,0 (m)
Loralkyl R = mixture of 10
- to 18 carbon
chaing 4,8 8.3
Dialkyl Acld Phosphate Esters:
(HOP(0} (OR) &)
Dlethyl "R = CgH, 13.4 4.1 (m)
Diethyl thionothio®
R e GQH‘ 17.2 6#?
Dibutyl R = CgHy 22.4 7.8
Trialkgl and Trisryl Phosphate Eaterst
({RO) 4 PO)
Trimathyl B = G‘Ha 52.2% 543
Tristhyl thio- R = CgH, 17.7 0.2
Tri-(2-ohloroethyl)
R = Gicgﬂ‘ 45,64 P.4

Tripropyl R = CyHy - 22,2 B.1



Pabhle 1, continued N
—— T Per Cemt Kiil_
Mysus  Mysus Kusca
Gompound persioms porosus domestica
Triallyl R = CHg=CHCH, 28,84 949
Trimethallyl R = CHg=C(CH,)CHg 53 9% 2,0 (m)
Tri«(ﬂ,&-diahlarngr@pii} ‘ 7
R = €] GH;CE{GI} Gﬁg 348 /4@2
Pributyl R = CoHe 59.8 6.0
Tritacbutyl R = (CHy) oCHCHg 28,7 8.8
Trisayl R = OgHy, 66.6 7.0
Trijiscamyl R = (CHg) oCH({CHg) p 66.0 6.8
?ri-(2-methylamyl)
R = QIH?GE( eﬂa’&ﬁs 99:2 2.9
Trie{2~-ethylhexyl) . '
- R = C HoCH{CoHy) CHy 87.1%  Bl.ls 4.1
Tridodecyl R = Oyolae 41.8 3.7 (m)
Triphenyl R = CgH,y 2l.2% 3.3
Tricresyl R = CHpCoH, 20, 3¢ 6.6
T?i»{gyﬂhioraphenyl)
R = 316,!:1.., 5a3% 4.2
Tri-(2,4,6-trichlorophenyl)
 Mixed Alkyl-Aryl Phosphate Eaters:
{(RO) gP(O)OR™)
Dlethyl oetyli R = CgHyg
R'“ Gegg" 97.7 88,9 89,0
Acetyl disthyl R = CgHg
R1= CHyCO0 100.0
Dlethyl phenyl R = CoHy
Ri= CgH, 99.1 9.8 59.8

Disthyl phenyl thio~
R 1= GGKQ 50'9 5‘0



“Pable 1, contlmed.

¥yzus
Gompound ) persicas x
Diethyl gwnitraphényl thio-
R = CgHg ’ A
Rt= Qnucaﬁi 99.8
Diethyl benzyl R = CgHy . _ .
R’#*GQH‘Gﬁg 4.5 11,7
Di«{2~chloroethyl) Loralkyl
R = ﬁngB H
Ri= mixture of 10
to 15 earbon
chains ! 40.8 g.7
‘Dibutyl ethyl R = C H,
Rt Cgﬂﬁ 55{1 6.‘7
Mixed butyl 2-ethylhexyl 28.0 5.5

Dibutyl phenyl R = CgHg

Di-(2-sthylhexyl) phenyl
R m C H CH(CgH,)CHy
Rt= Qﬂﬁﬁ 80.5 1.4

Methyl diphenyl R = CuH4
Ri= CH, TO0 11.86

Bthyl diphenyl R = CgH,
Ri= G,H, 27.0 1.2

zunethoxyathyl diphenyl
R = QgHy ;
Rt= CH,O0CH, 17.9 B.4

2~Butoxyethyl diphenyl
R “‘gagg
Rim C H 00 H 3941 5.0

Butyl diphenyl K = Colig
Rt= C‘Hg 49.1 1.2

5-Butoxyamyl diphenyl
R = GaHy
Re= G‘KQGGQB;Q 48.0 6.0



Tsble 1, continued,
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Compound

Per Cent Kill

M zua

Wyzus My
persicas porcaus

Kusos

domestica

ﬁ»ﬁathxlhaptyl dgphanyl
CeHy
Rt iﬁﬂb oCH(CHa) 4

Honyl diphenyl R = CgHg
Ri= CgHlyp

Deoyl diphenyl R = QgHg
Rt= CyoHay

Decyl diphenyl R = C.Hy
Rt= branched C, Hg,

Cyelohexyl diphenyl
R = Cgli,
Ris "Cgﬂ;‘ 3

Cresyl diphenyl R = Cg4H,
Ri= QE, {;gﬂ§

p-tert. Butylphenyl diphenyl
R = QgHy
Ri= (CHyg)gCCgHs

g~§er » Amylphenyl diphenyl
R = Cg4Hy
Bi= Cgﬁgﬂ( ﬂﬂg) gcaﬁ‘

g-Chlorophenyl diphenyl
R = Cgl,
R chaH‘

Dlphenyl g-xenyl
R = CgH,
Rt cungcaﬁg

Butyl dieresyl R = CHyCgH,
Bi= 'c‘R‘

Dicresyl 2~-ethylhexyl
R = CHaC Ez
Riw Ggﬁgﬁﬁ Ggﬁg} Gﬁa

Phosphonate Esters: {(RC)aP(OJRY)
Diethyl trichloromsthane

R = Cgly
Rtz ClaC

6241

74.8

659.8

62.7

26,2

8.3

7.4

10.0

6.6

6.0

49,2

30.9

28.1%

8.7

€.0

5.9

4.5

S.8

8,7

3.7

10.0

Bel

6.4

4.8

4.8

11.8



Table 1, continued.

Compound

Triethyl phosphoncacetate
B’ = Gﬁﬁa ’ ‘
Rim GQHQGQGGﬁg 5sg4§ 10.0

Diethyl p~-chlorobenzene
B = G*H
E'”’ngsﬁ4 5540 8.8

:Biethyl 3,4-d1lchlorobenzene
R = CgH,
Ri= Glgauﬁu 86,82 7.4

Bin(2*uhloréath3x}Eﬁﬁhlarogthana
R = Rt= Cl@nﬁ‘ B0.7 7.9

Dibutyl triehloroemethane
R=( H‘
Rim c158 24.05% 12.4

Dibutyl Z2epropene
R = Q. Hy 7
R t= ﬂﬁaMGHCHg T0.9% 9.8

Dibutyl Ze-methyl~2<propens
B = C.Hy
Rte eﬁg“c(cﬁg)aﬂg 761 4.3

Dibutyl p-styrene
" R = c‘ﬁg .
Ri= CgHgCH=CH B0 3% 38,7« 10.%

Di~{2-sthylhexyl) benzens
R = C HaCH{CaHg) CHy
Bim Geﬂﬁ 94.8 5.8

Di-{2~ethylhexyl) toluene
R w C*ﬁgeg(caﬁs) @HQ .
Rtz ﬂHgG¢H¢ 955 B.7

ﬁiw(ﬂnahhylhexyl} ethylbenzene
R = C HoCH{CgH,) CHy
Ri= cgﬁgcgﬂ‘ 85.6 BB

Di-{2~ethylhexyl) p-chlorcbenzene
B = C HoCH(CuHg) CHg
Ri= ClCgH, 85.4 3.7

Di-{2-sthylhexyl) a-toluene
R = C HoCH(CgHy) CHg _
Rt= ColyCHy 96,9 4.7



Table 1, continued,

Compound

Di*{g»ehler@phanyl} ethane

R = C1C4H -
Rim (gHg 26.2%
Dialkyl Acld Phosphite Estars‘a
({RO) o POH)
Plethyl R = CgHy iz.ﬁﬁ
Di~(2-eyancethyl)
R = HCCpH, 12.0
Dipropyl R = CyHy 20.4
Dibutyl R = C.Hg 23.8¢
Trialkyl and Triaryl Phosphite Esters:
{P(OR)4)
Triethyl R = CpHg 187
Tributyl ~ﬁ = CgHg 30.6%
fricyclohexyl R = CgHqyy 8.4
Triphenyl B = CgHy 63.8
Tricresyl B = CHyuCeH, 6%.3
Alkyl and Aryl Phosphonic:Acids:
((HO) g P{O)R)
a~Toluene R = CgHyCHy 548
{(Diphenylmethane)
R = (CgHy)CH
Butane B = C.Hy
Pentane R = CgHyq
Hoxane R = CgHypy
B-Chlorcbenzene R = ClCgH, 6.1
5;4~Dichlorobenzene

R = ﬂlaagﬂs 4.8%

11.8

1.8
B3

10.3
5.1 {m)
4.6
T2
7.6

ﬁqﬁ (m)

2.8 (m)
0.8 (m)
1.4 (m)
1.0 (m)
6.8 (m)

9.3 (m)
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_Per_Gent Fill

Myzus Mysus  Nusea

Compound persicae porosus domestica
Tetraalkyl ?ﬁroph@apha%a and Related

Esters: ((ROC)gP(OYOP(OY(OR) )

Ethyl butanspheosphonodletboxy

nhosphine oxide,

Callg0(C o Hg) P(O)YOP(0) (0CaER) o 29,2

Ethyl 2~sthylhexsnephosphonodl-

sthoxy phosgphine oxide,

CalaO{ CoHoCH{CgH ) CHg) P{O) OP{0) ~

{0CaHa) 100.0 20.4 18.5

Ethyl p-chlorobenzenephosphonedi-
ethoxy phosphine oxide,’
CaHgO{CL0GH,) F(O)OP(0) {0CH) o

unsym. Diethyl dipbenyl pyro-

phoaphate,
(CaHgD) g P{0OYOP(0) (OC Hg) &
Tetrabutyl B = Qg Hy

Ethyl tributyl pyrophosphate,
CaHgO{ G E 0} P{O) OP(0) (0C Hg) g

Butyl butanephosphonocethoxybutoxy
phosphine oxide,
CallgO{C HgY P(0)OP{ 0} (OCHg) OC Hy

Getamethyltetraamido pyrophosphate,
{ (CHg) oM} xP(0) OP(0) (N{CHy) o) n - |

Diethoxyphosphino ethyl aeid
phosphate, {CaHg0)oPOP{0) (OH) OCLH,

Alkyl Amido Phosphats Hstera:
Hexamethyl phosphoramids,((CHg)oB)aP0 10.5
Ethyl tetramethyldiamido phosphate,

CaHgOP({O) H{CHZ) o) n 5.0
Dieﬁhyl N, Hedimethylamido
phoaphate, {CoHL0) 4P(OYN{CH,) g 8.1

Diethyl N-ethylamido phosphate,
(CaHy0) g P{O) RHCoH, 8.7

B8%.8
86,7
97.6

91.9

81.0

98.4 9.7

8.7
2.6
3.1

348

{m)



Table 1, continued, 29

Per Gent KL1L

Myzus Myzus Muges
Compound pergicae porosus domeastios

bis-(2-Methoxyethyl} HN,HN~
diethylamido phosphate,
(CHaOCgH 0) a P{OY N{CqHgla  _ 6.5 4.4

Tatraalkjl~&ryl Triphoaphatse Esters:
({RO} aP(0)OP(0) (OR ') OP( Q) (OR) &)

Phenyl tetrapropyl

B = sa}gg
- Ri= CuHg 24.1
Tetrapropyl p-cresyl
R = caﬁf’
Ris GH@,C:‘K& 9.5 Bud

Miscellansoua Compounds:

Ethyl metaphosphate, CgHgOP(0)O 87.8 69,4 (m)
Poly~{divutoxyphosphonitrile},

- Tetraphenyl dlethyleneglycol di- v
phesph&’ﬁﬁ, (&Ggﬁse)g?ielﬁcaﬂ.‘)gg 33.8% 305
Di~{ cyclohexylamine) -phosphonitrila,

NaP{ ﬁﬁﬂaﬁ;x) e 5.1
Triphenyl phosphine, (CeHg)al 1.6 6.6

_Tri«{p-chlorophenyl) phosphine
Qﬁd" (ﬁlceﬁ.‘}a?g 13,4 4#7
Triphenyl phosphine sulfide,

{Coliyg) s PS : 5.9
~ Differsnece required for signi- ; ,
ficance at the five per cent level 28.8 9.4 8.2
50% Benzene«50% mineral seal oll 8;33/
E0% Benzene-50% methyl alcohol 2,68/
8odium decylbenzenesulfonate at 0.082% 7.12/ ?.1&9/
2 ; O
i/

At concentrations of G.2 per cent,



Table 1, concluded.

Compound

g/kt concentrations of one per cent.

é/ﬁgmmsraial products conteining a conatant ratio of the di-
to the mono-ester.

éxﬁata from Ludvik and Decker {1@4?}*|

Q/Cm) indlcates that the compound was soluble in 60% benzene-
50% methyl alcchol.

§f&btaimed frem Victor Chemicel Works, Chicago, Illiinois.
E/Average of 143 tests. ‘

§/QVQraga of 286 tests.

Q/Average of 31 tests.

%g/&veraga of 37 tests.
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, 37
Table 4., 24 Hour mortallty of Husca domestica after
exposure to aged treated surfaces.

Two  Five Tan
~Compound ~ Hours Days Days

Trialkyl Phosphate Esters: ((RO)gP(O}OR")

Diethyl cctyl R = CpHg

Ri= QgHyy 62.7 74
Diethyl acetyl R = CuH,

Rt'= CHyCOO 54.4 4.8

Dialkyl-Aryl Phosphate Esters: ((RO)gP(O)OR?)

Plethyl phenyl R = CpHy
Rtm CyuHg 2.2
Disthyl p-nitrophenyl R = CgH, i/
Rt= OyNCgH, 99,4  95.7  86.4
Dlethyl p~nitrophenyl R = Cply )
Rt= OgNCqH, 100,0  100,0 1@@.03/
Diethyl p-nitropbenyl thio
R = CgHy 3

Tetraalkyl Pyrophosphate and Related Esters:
{ (RO) g P{0) OP{0) (OR) »)

Tetrasthyl R = CgH, 97.5 2.2
Tetreethyl monothie R = CgHy 100.0 2.8

Ethyl methenephosphonodiethoxy phosphine ,
oxide, CguH,0(CH,)P(0)OP(0){0CsHs) g 61.8 1.4

Ethyl ethanepheosphonodlethoxy phosphine 7
aﬁﬁ‘, Ggﬁgﬁﬁ Gﬁgg} F( 93 G?(Gj £Gcgﬁg)a GEQB Q.9

Ethyl butanephosphonodiethozxy phosphine

Ethyl bsnzensephosphonodisthoxy phosphine

Ethyl p-chlorobenzenephosphonodiethoxy
phosphine oxide,

CalgO C1CgH, ) P{0) OP(0) (0CoHs) g 72.3 1.0

Wngym, Dlethyl dibutyl pyrophesphate
Ghﬁgﬁ3ngﬁ}QP{G)(GC¢H¢§g ’ 92.7 3.5



Tgble 4, coneluded

G@mpeund

2 5iethyl ﬁi»(ﬁwethylhaxy13 pyro-

phesphate,
tc.aaalgﬁtoiﬂpfs}{acﬁgcﬁ{cnﬁaﬁcﬁﬁﬁ 81:3 2.8
, ﬂieﬁhyl dzphnnyi pyr@phaaphaﬁa,
f@traprmpyl - R = CyxHy 68,2 3.5
Petraisopropyl R = (CHy)aCH 100.0 74,0 1.2

Di“(iagprufoxy}yheaphina diisopropyl phoaphate,
{{CHy) gCHO SPOP(Q)iﬂcﬁiﬁﬁa)a)s £22.6 31

Tetrabutyl R = Q.Hy 87.8 0.7

Ethyl tributyl pyrophosphate
Gﬁ&W&ﬂWWWHMW&&M,& 78.6 2.0

Butyl butanapheaphﬂnaethoxybutoxy phogphine. ,
exide, G*ﬁg@{ﬂ*ﬂg}P(ﬁ}GP(o}(QCQH&}GG*K, 65.6 B8

Diethoxyphosphine ethyl secld phosphate,
(ﬁgﬁﬁﬂ}PﬁPie)(ﬂﬁiﬁﬂgﬁn 0«0

Tetraalkyl-Aryl Triphosphate Esteri
( (RO} ,?(8)@?(0)(ﬂ&’}@?(ﬁ}(ﬁﬁ3g7

Phenyl tetrapropyl R = CyHe
Rt= Cglig 0.8
Alkyl Metaphosphate Ester; (ROP{0O)0)
Ethyl R = CpHg 34.2 2.8
Bthyl Alechol, Absolute 0.0 0.7 0.6

Untreated Qlass 0.7 OB 1.1

l/gﬂﬁ kill after 23 days, and 20§ kill after 37 days.
gfﬁé% ki1ll after 86 daya.
g/sﬁﬁ kill after 29 days, and R1F kill after 37 dasys.
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¥i. DIBCUSSION

In gemeral, the results of the tests agalnst Hyzus peraicas revealsd

minor differences in toxiecity smong the various chemiscals. Tests against the
house fly wers essentially gusntal at the one per cent éonaammtian, and minoy
differences in toxieity were not apparent. By the wethods used, the house fly
was found to be more resistunv to this series of chemicals than was lyzus
porosue. Tests againet both species showed diethyl p-nitrophenyl phosphate to
be more toxio then diethyl p-nitrophenyl thiophosphate, whieh in turn proved %o
be more toxie than tetrasthyl .}aymphosphate. Though res.dues on glass plates
of several of the more toxiec e;mmnaa gave high kilis of house flies two hours
after the plates wers prepared, only three compounds oxhibited definite residual
sotivity. Tetralsopropyl pyrophosphate gave & kill of T4 per cent five days
efter the plataa:ﬁre prepared., This was surprising since this eompound would
be expected to hydrolyse guite rapidly. The relatively high volatility and/or
rapid hydrolysis of these compounds must Le aoonsidered as the explanation for
their lack of residusl activity. Diethyl o-nitrophenyl phosphate and diethyl
penitrophenyl thiojhosphats were 62 per cent effestive after 23 days and 56 per
cent effective after 4y days, respectively, Disthyl g—-nitamfphamrl phosphate
was 5l per cent effective 86 days fellowing the treatment of the plates.

%The feumﬂ;&?g, compounds wers most effective in prctc&bing woal from
damage by blasck carpet beetle larvae in the order enumerated; diethyl p-nitro-
phenyl phosphate, diethyl g-saitrapkanyl ’Ehi&p_hquha%, tetraisopropyl pyro-
phogphate, diethyl 3—1&1%::‘»9&033& ghaa‘pimta,;;gé‘é&hy; monthl opyrophosphate,
diethyl cetyl phosphate, and tetraethyl pyrophosphate. No apparent feeding on
the weol coourred 79 days after treatment with the first %wo compounds. The
third and fourth compoundsa permitted only a tracs of map feeding after the

same period. Definite nap feeding was spparent on the wool treated with the



bl

fifth and sixth compounds, while the seventh, tetraethyl pyrophosphate, though
glving high initial protection, permitted definite fiber damage to secur upon
subsequent infestation.

4s a group, the alkyl acid phosphate esbers tested are mon-toxiec to
aphide and the house fly. It is possible that e few 1solated specias of insects
might be found whioh would be highly susceptible to cne or more members of this
seriez. %This is to be doubted however, since experiense with other organie
phesphaﬁes, 6¢gs, totraethyl pyrophosphete and parathion, indicates & genersl
rather than a specifie toxicity of these compounds to insscts and other members
of the same phylum. &s Xearns and Flint (1937} have previeusly shown with
other hamalagéuﬁ series, the toxioity wiﬁﬁiﬁjtha group risea as the mumber of
sarbon atoms im the aliphatie chain is increased. Meximum toxieity 1s reached
with the sight earben chain, wgth further inoreasse in lemgth produeing lewer
toxieity. This trend is apparsnt, but significait oaly wetween the ethyl and

the outyl derivatives, in the results obtained kgainut my&us persivae. o

uapparﬁtéggﬂﬁhis trend can be gained from the results obtaeined ageinst iusea
domestiocs.

The dialkyl anid phosphates are likewise non~toxie to aphids and the
house 1y, though the trend of the results against both ineeebs indicates the
same relationship between length of earbon chain and tnxiaity{ The replscement
of the acidiec oxygen by sulfur and the replacement of the double~bonded oxygen
by sulfur would seem to innrdngp!ﬁha toxieity of the diethyl derivative, The
differences between the resulte from the threa aampauaan tested, however, are
too small to permit a valid conclusion to be drawn.

Two ocompounds in the series of trislkyl phosphate esters studied,

exhibit considerable toxieity to Mysus persicae, but are non~toxio %o lusea

domestioca. They are the Z-mebhylamyl and the £-ethylhexyl derivatives. The



two, three, four, five, and twelive oarbon atom, straight shein derivatives were
svailabls for study in this series. Here agsin there is a trend toward maximup
toxicity ss the length of carben atom chein insreases followed by a deorease in
toxieity as the ohain exceeds s certain length. The inoreass iam toxisity
prooseding from the sthyl and propyl o the butyl and amyl derivetives is
statishically sigaificant, while the Sexieity of the dedseyl derivative is.
intermediate in relstion to thess four derivatives. Im general, the chemioal
acbivity of i:ﬁmmphnﬁa sompounds closely parallels that of the next lewer
normel (iﬁnﬁghﬁ ¢hain) hemologue., A definite indieation that iasestioidal
aotivity is similarly related to moleeular struoturs is obtaimed by comparlmg

the results obtained agelust Nysus persions from tripropyl, tributyl, and

triisobutyl phosphate. 7The differenses in toxielty between tributyl and
tripropyl, and hgﬁum Wiw&yxlga& triisobutyl phosphate are statistiecslly
signifiesnt, while the values obtained for tripropyl and triisobutyl phosphate
are sssentlally equal, Kearns end Flint found the toxioity of N~ Sﬂm‘hﬂ:@tm
isopropyl snd isobubtyl derivatives of oyclohexylamine to be similsr to that of
the Feu-alkyl derivatives, however. It is difficult %o ssoount for the appsrent
high toxieity obiained from tri~(2-methylamyl) phosphate since the difference
in toxiaity Wﬁwgit and triemyl phosphate is not quite great enmough to be
significant. Unsaturation ia an aiiphatic chein had little effeot on the
toxioity of the moleoules involwed, e.g., tripropyl and triallyl phosphate.
‘Replacement of hydrogen by chlorime on the number two carbon stom of triethyl
phosphate gave s signifioant difference in toxieity, whils chlorine atoms on the
two and three positions of the propyl group, end chlorine on the orthe positlion
of the phenyl group produced s marked but insignificant depression of toxteity.
Alkyl groups appurently have greater affeet upon the toxieity of the coempound
than do aryl groups, sinee the derivetives studied of the latter are reletively

non~toxie, The replacement of the double~bonded oxygen by sulfur has very
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litdle effsct on toxicity im this greup of compounds. ‘

In the light of the results aiwgmia{& above, the ﬁaﬁnwy of 1@1,1@.:;&1
ecompounds in the groups mentioned thus far, must be aﬁﬁriﬁﬁwﬂ u._-;ﬁw&&sily o
the bf‘feﬂu“ﬁ-f the particular substituents of the phaa;aha'bs x}i@i‘eak& w.é not
%o some inherent toxieity in the mﬁiul ;xar s6. |

Excosdingly remarkable 1mmaua in toxieity result fros tkm substitue
tion of anywmyl, aryl, or larger alkyl group for one of the ethyl groups of
triethyl phosphate. The toxicity imparted by guch m’b‘aﬁxmﬁwn inereases from
phonyl (aryl) to ootyl (tlkyi} ta me!syl (wayl) tfo ai%vmphanyl {whnmwted
‘aryl)s In general , %im @mlaaian {s in gmd agreamnt mth the work of Sehmder
(A54T). Sehrader pmaqnda& fmtur, hmwr s in da%amlnmg the oftﬁe‘bi of
various phenyl substituente. He fwnd Enitmphmtfl w hava & greatsy ai‘tw&a
upon toxieity than 9*0‘&13’1 bengoate whinh e -mm mtim than p-ghlorephenyl.
Anong these thrae groups, prﬁm uubautn%ion mﬁwed the boxicity somewhat, bub
m-ai%raghauyl imperted omnly slight taﬁoi‘k}* o the maleﬁnhu - The present
inyastigetion further demonstrated the same relationship wiﬁh ‘the two derivatives

studied. ?&Wawr, v E&mﬁfaykiﬁéyl phosphate was found to be wbout six bimes us

toxie o ’:ﬁ{u;'m@ i porosus a# to &m—mw& “_‘a-phi:@qﬁ . while the m sompound was
found o be nbéu& oneseighth as toxic as Sehrader reports, Diethyl Msyl
phogphate wes fmﬂ to be signl ﬁ:cm:ty Joss texic tm Mo%ﬁyi ﬁhowx phosphate.
The change in Mx&wity mny be &m %o m uhunm in Rﬂh&ulﬂf architscture or to
a thmgn in lipoid m&mu%ys Imm-aes in 1%% n;;' the carbon ochaing of the
aa.«-mbwmm groups also &a@mm the tmﬁity. mmlalkyl compounds 1ike
’_’"“ possess ouly slight dmmﬂ' of tm.eam f?ziwugh hero: again, the toxieity
tends to lporease with the ungﬁu of the normal alkyl shain. Diarylalkeryl
phawhnhi -'ibm found ’w b& t&i@aﬁamﬂiy inert. ﬁm replasensnt of the

dmﬁb&h&bmﬁaﬁ oxygen by sulfur definitely lewers toxioity as shown by the results
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obtained with disthyl phenyl phospbate and éia{:hyl phienyl thiophosphate, and
with diethyl p-nitrophenyl phosphate and diethyl proitrophenyl thiephosphates

The phosphonate esters, as & group, possess considerabls toxicity te
aphids but not %o the house fly. Their toxicity, howsver, does not approseh
that of the substituted diethyl phosphate esters. The most toxic oempound of
tae group ;»n;tﬂd-ied was ﬁi-(ﬁfhwhylhexyi } astolusnephoaphonate which might be
Qm@wa& with the aaaemialiy'mnwtexio diethyl beaiyl phosphate. Unfortunately,
little comparison can be mude betwesn thie and other groups of compounds since
the derivatives sbudied are not parallsl in structure. The toxie propertiss of
diisopropyl fluorophosphute, which may be considered as a member of the general
group of phosphonates, have been investligated by MeCombie end Ssunders (19456)
againat mice. Though highly toxie, it does not posassss the extroeme {exieity
af‘ diethyl g*aitrophanyl phosphate, for exemple, These worksrs found thet when
P was replaced by #, 63, Cl, ethyl, ethoxy, or other groups, the toxieity
disappeared completely. In the light of the toxicities herein reported for this
group, it might be of interest to inveatigate sc%aral of the unalogous derlvetives
whieh were found to influence the ‘tm:i@i‘hy of the substituted disthyl phosphate
asters.

The present reaults indicate that dialkyl aeid phosphite and trialkyl
phosphite esters are essentially aon: ~toxie,

The alkyl end aryl phosphonic aoids studied proved to be insectieldally
insrt.

The tetraalkyl pyrophosphate group is without a parallel in exhibiting
high toxileity %o insects. However, as the number of sarbon atoms in the normal
ohain 18 increased, decreaged toxielty resulte., As was the case with the tri~
alkyl phosphates, {&m aotivity of the iso~derivative studied was equal to that

of the next lower }%mlagus and greamter than its normal derivative. The activity
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of the unsym.diethyl dibutyl derivative is of the seme order ef magnitude as
tetraethyl pyrophosphate, The ethyl tributyl derivative was found to be even
less toxie than tetrabutyl pyrophosphate. The eotivity of unsym.diebhyl diphenyl
pyrophoaphate was less than that of tetrasthyl pyrophosphate. The phosphonos
phosphine exide derivabives are laaaztozim than tetraethyl pyrophosphate also,
wikh *he te#icity decreasing as the size of the substituent alkyl group inereases
Therefore, the alkyl«d-P linkage must be of considerable importanse to the
tozicity of these scompounds, That th@-?ﬁ@x;inkmga is importent oan be vreadlly
acen by a comparison bebween the results obtained for tetralsopropyl pyrophose
phate and di-(isopropoxy)-phosphine diisopropyl phosphate. Comparison of
results obbained beotween tetraethyl pyrophosphate and diethoxyphosphine ethyl
acid phosphate shows that the presence af'hmifﬁﬁggz groups npon the P20 ia of
considerable importance to the toxieity. The ragulka gbtained for octamethylw
tetrasmido pyrophosphate tend to support the latter conelusion also. ?h?
replavement of one of the double~bonded oxygen atoma by sulfur in tetraethyl
pyrophosphate definltely depresses the toxicity of the molegule,.

The alkyl amidophosphates testsd were found to be inastive. Sehrader
{1547) found that eompounds of the dialkyl H,N-dimethylamidophosphate type
were imactive also.

Fhanyl %atraprapjl triphosphate was gquite toxle bo ¥yzus porosus but

not to the houass fly.
Ehtyl metaphosphate is another compound which showed some astlvity

toward Mysus poresus and the house fly.

Comparisens of chemical struotures in relation %o toxzielity indicate
that eertain sesential chemieal components are necessary to lmpart high toxicity
in orgenic phosphats esters, The first of thess requirements is that the

phosphorus atom must be pentevalent, and that two of the valences must be linked
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with thoese of au oxygen atome. This is shown by coemparing the results obitained
from tribvutyl phésghnts end tribubtyl phosphits but is more clearly demonstrated
in the cese of tetraisoprnpyl»pyrcphbephaﬁe‘ng di~ (isopropoxy)} phosphine
diisopropyl phospbate. A second rquirement is thatlgzg of the remeining
valences must be ocoupied by OR gr¢u§a. This is established by the following
:ulattonshipe in tomiclity: tﬁt&&ﬁthgi pyrophosphate equal to %ehv&iaap;epyi
pyrophosphate , both belng wore active thaa.di~(isapr@paxy}phnaﬁhin& diisopropyl
phosphate which in turn is more asctive than di-(ethexy)phosphine ethyl aeid
phosphate., That rigid restrieticés &8 to the onstitutien of R must be imposed,
is shown by the relationships existing between diethyl phenyl, dibutyl phenyl,
diphenyl butyl, and diphsnyl ethyl phosphate, and by those betwsen tetreethyl,
tetraisopropyl, tatr&prﬁpyl, and tetrabutyl pyrophoesphate. Tharefeia, R must
be elther ethyl or isopropyl. The third and final neceasery couwponent is that
which must oceupy the fifth phosphorus wmlenmce. That this valsnoe cammot be
occupled by & P»R linkege 18 shown by the relative inectivity of the phosphonate
estars tested, The previcusly olted work of VeCombie and faunders suppdrts
this conclusion: Purther support stems from the compaurison of &imthyl.gfehloraﬁ
benzenephoephonate, as herein reporied, with dlethyl p-chlorophenyl phosphate,
which was reported by Schrader (1947} as pocsessing & high degres of activity.
As illustrated; the P-R linkage is eagentinlly a P-C-R linkmge: Evidence that
the P=-N-R lin&age is likewise ipeffective is demonstrated by the groes lusetivity
of éiaﬁhyl H,5-dimethylamide pbesphates Again, Schrader's work supports this
counclusions (onsequently, the ifth phosphorus wvalence must be oceupled by an
D=R groupe owever, certailn restrictions must be placed upon the rsdical
involved. Triethyl phosphate is imsctive, sc the E.under present consideration
mzet now bes designsted as E's Data obbained during the present iﬂvaﬁtigatien

and from the literaturs (Schrader) indicate that R! may bs & relatively large
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(sithin limits) elkyl group » &1 acyl group, au aryl group, or an srylacyl group.
The generalized structure mecesssry for high toxiclity im aa organic phosphate
estar is tharefore (EQ)QF(Q)QR' . Whers R and R' must conform to ceriain
deaignated limits. These conditlous acgount for the toxielty of all highly
ective campounds studied. Thay do not aceount however, for the toxieity of the
izs2 2rdive ethyl melaphosphate. Alar; " tat-rapmwl g»g/raayl triphoaphate should
be toxie, but 18 nots The sample tezted may not have heem purs, or may have

decompoged bafore testing was carrlied oud, howsver.
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132 organic esters of phospherus acids, namely metaphosphorie,
orthophosphorie, pyrophosphorie; triphosphorie, and yheiéharaua acid, were
sxamined for possible metivity as contact insecticides agalnst the green peach

aphid, ¥yzus persicas and the house fly, Wusca domestise, 26 compounds were

found to possess at lesst & falr degree of insecticidal aetivity and were

tested further as contaol sprays agaiust a more resistant aphid, Myzus porosus

and against the house fly. &l of these compounds exhibited fair to extreme
toxioity to M. porosus, wihile only 19 showed varying degress of ﬁaxieity to the
houss fly. Of the 25, only t&ree coipounds proved to be active residual toxie
eants to the house fly., Beven compounds were showa to give good te falr protee=
tion of wool from the feeding of the larvae of the blaeck carpet beetle,

Attagenus pioeus.

Comparisons-of chemieal structures in relation to toxieity indiceted
thet eertain eesential chemieal oomponsnts were nnéeaaary to impart high toxioity
in organie phosphate esters. The first requiresent was that the phosphorus atom
nust be pentavalent, and that two of the valences must be linked with thoss of
an oxygen atom. The secovnd requirement was that two of the remaining valences
mist be ceouplsd by OR groups. The limite of K were éa&gbliahs& &8 being sthyl
or isepropyl. The third and fimal requirement was that an OR' group must ocoupy
the remaining velence. It was showa thet K' may be a relatively large alkyl
group, an aoyl group, an aryl group, or anm arylaeyl group. The gensraliszed
structure neocessary for hi;ﬂ toxieity inm an orgenio phospnate ester was therefore
astablisned as (ﬂo)gp (O)ORY, with definite limits determimed for i and R*s This
esseatial astruoture accovunted Ior bthe toxicity of all compounds siudied exvept
for that of ethyl metaphosphate. Tshrlpropyllg-oronyl triphosphate should be

toxic since ite structure ssatleliee the sonditions olted above, but was not
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found to be so in this iav&aﬁi'gaﬁan. The compound might have undergone deteri-
oretion before testing, however. The replacement of Pw0 by PaS resulted in
decrensed toxicity of toxie compounds. The toxiolty of certain phospheris
esters was shown to inerease as the length of the normal alkyl chain was in-
cressed to an optimum of about aighis: carbon atoms. Iso-derivatives were shown

to be of the same activity as thelr ;mxt lower normal homelegues.
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