
THE INSECTICIDAL PROPERTIES OF SOME ESTERS 
OF PHOSPHORUS ACIDS

BY

GEORGE FRANKLIN LUDVIK
A.B., University of Illinois, 1941
A.M., University of Illinois, 1947

THESIS
SUBMITTED IN PARTIAL FULFILLMENT OF THE REQUIREMENTS 

FOR THE DEGREE OF DOCTOR OF PHILOSOPHY IN ENTOMOLOGY 

IN THE GRADUATE COLLEGE OF THE 

UNIVERSITY OF ILLINOIS, 1949

URBANA, ILLINOIS



DIVERSITY OF ILLINOIS LIBRARY

Regulations for the Use of 
Manuscript Theses

Unpublished, theses submitted for the Master’s and Doctor’s degrees 
and deposited in the University of Illinois Library are open for inspection, 
but are to be used only with due regard to the rights of the scat hors» Passages 
may be copied only with permission of the authors, and proper credit must be 
given in subsequent written or published work. Extensive copying or publica­
tion of the thesis in whole or in part requires also the consent of the Dean 
of the Graduate School of the University of Illinois.

This thesis by ^udvik ,
has been used by the following persons, whose signatures attest their accept­
ance of the above restrictions.

A library which borrows this thesis for use by its patrons is 
expected to secure the signature of each user.

BORROWING LIBRARY DATENAME AND ADDRESS OF USER

3/s/



433-7
DEMOTE

UNIVERSITY OF ILLINOIS

THE GRADUATE COLLEGE

jAnmry 8»

I HEREBY RECOMMEND THAT THE THESIS PREPARED UNDER MY

SUPERVISION BY-------

ENTITLED.

ACIDS

BE ACCEPTED* AS FULFILLING THIS PART OF THE REQUIREMENTS FOR

THE DEGREE OF

In Charge of Thesis

Recommendation concurred inf

* Subject to successful final examination in the case of the doctorate, 
t Required for doctor’s degree but not for master’s.

Committee

on

Final Examinationf

3M—1-48—37560



OF COÛTAIS

X.

H.

III.

IT*

V.

n.

YTI.

mi.

is.

FOREWORD AND ACKROWLBDGBMENTS . . 

IRTRODDCTIOB ..........................   . .

REVIEW OF TRE LITERATURE . . â . 

A. ÇS8MISTRT #♦«.**•«*:* 

B» INSECTICIDAL RESULTS . . « . 

C. BODE OF ACTIVE « , . * . . . 

D* TOXICITY TO BIGHER AEIÜALS . 

EXPERIMENTAL PROCEDURES . . . » , 

A. TEST INSECTS . . * . . . . . 

B. TESTING TECHNIQUES . . . . . 

EXPERIMENTAL RESULTS « . . . . . 

DISCUSSION ...........

. . . . . . . . . . . . .

BI9LIOGRAPST . . . . . . . . . . 

Ti Ta ..............

• .«••*#•******•» 2 

................

................

.

................ 16

................ IS 

................ IS 

................. 19 

................ RI

e * * • . * *■•»•'»* • • ■ . .

................ 51 

• . » . . . . » » . . . . . . « 55 

................. 6i



1 

I. FOREWORD ABD ACKNOWLEDGMENTS

Interest in certain phosphorus acid esters as insecticides and 

acaricides has developed quite rapidly in the United States since the toxic 

ingredient of the German nicotine substitute Bladan, was reported to be hexaethyl 

tetraphosphate (Anonymous, 1^5)« In. part, this interest has been due .to-the 

need for a nicotine substitute in this country (Mehopp, 1^6a) since the present 

demand exceeds the available supply. Also, a considerable degree of control of 

certain species of phytophagous mites of considerable economic importance is 

obtained by the use of either of the three phosphorus acid esters not la, 

commercial. production.

The purpose of this investigation was to determine the insecticidal 

properties of a relatively large group of phosphorus acid esters in order to 

obtain an indication as to the scope of their tonicities and possible usefulness, 

and so that an attempt may be made to relate their toxicity to chemical structure

This investigation was conducted under the able and invaluable guidance 

of Dr. 0* <* loams of the Department of Entomology and Dr. G. G, Decker of the 

Illinois Natural history Survey. Mrs. Jeans 0, Warner ran the contact spray 

tests against the house fly and gave valuable assistance in other phases of the 

investigation. The Monsanto Chemical Company supported the project and furnished 

the great majority of the materials tested. The author expresses his gratitude 

to these persons for their aid and counsel.
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IX* imtODQCTIO*

Following the eM of hostilities in Europe in 1^5# various Allied 

sol enti fie investigation teams entered Germany to obtain all manner of technical 

information and data» As a result of these activities numerous reports have 

been issued by the British and United States governments on all phases of 

German scientific endeavor before and during the war* Among these were included 

reports on German insecticide research and development (Smadel and Curtis, 1945, 

Ball, 1945» Kilgore, 1945a)* Additional information is given by Kilgore (1945b, 

1946a,b) on German insecticides and insecticide testing* Me found German testing 

methods to be quite crude and haphazard as compared to our Peet-Grady and other 

methods*

Among the insecticides reported, Bladan, a formulated nicotine 

substitute, attracted considerable attention because its active ingredient, 

hexaethyl tetraphosphate (KKTF), was a unique synthetic organic insecticide* 

This chemical was discovered and patented by Schrader (1942, 1945)* Sishopp 

(1946b) mentioned that MW was claimed to be an excellent substitute for 

nicotine in the control of aphids, but in this country little else was known 

regarding its insecticidal properties until the flow of information from 

government'agencies increased, and the reporting of insecticidal tests began* 

later Mshopp (1946a) reported on preliminary results with the material against 

several insects and pointed out that it hydrolysed readily in water, was highly 

toxic to warm-blooded animals, that it was somewhat disagreeable to apply and 

***** concentrated formulations might produce plant injury* Subsequently, 

Blauvelt (1947) found that it caused an injury to rose blooms called 8 bull 
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he&Mtaese* and warned growers to exercise caution wh^a using the material.

Koark (1$47) summarised the information available en hexaethyl tetra» 

phosphate to April, l^. His summary covered its preparation, physical and 

chemical properties, manufacture, formulation, stability, effect on metals, 

effect on plants, toxicity to mammals, patents, and insecticidal value.

Ludvik and Decker (1947) considering the uniqueness of hexaethyl 

tetraphosphate as an economic poison, undertook a study of various phosphorus 

acid nuclei with differing substituent groups in an effort to circumscribe the 

toxicity of organic phosphorus compounds in general» their work resulted in 

the discovery of seven phosphorus esters exceeding nicotine in WxLoity. Two 

of these, tetraethyl pyrophosphate and tetra-n-propyl pyrophosphate, exceeded 

hexaethyl tetraphosphate in toxicity. Interest immediately developed in the 

insecticidal potentialities of tetraethyl pyrophosphate. It should be pointed 

out that Schrader (1947) had prepared and investigated the insecticidal 

properties of tetraethyl pyrophosphate but that the results of his work were 

not released by the British Intelligence Objectives Sub-Committee until after 

the work of Ludvik and Decker appeared. The physics and chemistry, insecticidal 

and phytotoxic properties, toxicity to higher animals, and effects on containers 

and equipment of tetraethyl pyrophosphate have been reviewed by Harris (1947).

The first American publication on diethyl-^-nitr©phenyl thiophosphate 

is that of Gleisaner (1947) which outlines its comparative toxicity, physical 

and chemical properties, insecticidal activity, and toxicity to warm-blooded 

animals.
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A. CWI8TAT

MæaWi^l t#tMipho#ph&t* eoneiet» of a Mxtwe of

oàeMoai®, A# toxic Ingrodioot bolag tetraethyl pyrophoephato. was reported by 

Bmw (lÿHa#b)» Bail and moobeern (l^M) «ode detailed chemical studio» on 

heaaeWyl totra#e»phate which confirm Hansen» s report* Subsequently* Rohmer 

*M Baller (1^) in reporting em IMu»try*gov$rnment cooperative studios ©a 

tetraethyl pyrophosphate# briefly outline it# chemistry, taxi oology# labeling, 

naming, and tentative procedures for its analysis* the dealsion was made that 

materials containing up to 20 per cent of the active ingredient would be 

designated aexaethyl tatraphosphate, while materials containing more them )$ per 

seat would be designated tetraethyl pyrophosphate (^W)# with the stipulation 

that the per cent of active ingredients be clearly indicated on the package 

label.

Probably the most important single account to date of research on the 

chemistry of phosphorus acid esters and their insecticidal properties is that 

of Schrader (lÿtf)» It is a summary of bis research done in Germany, largely 

during the period IBW^W# and covers the three phosphorus acid asters now 

quite well known to Meri can economic entomologist#; hexaethyl tatrmphoephato, 

tetraethyl pyrophosphate, and diethyl paltrepheayl thiopMsphate (parathion). 

Undoubtedly, several more German compounds will receive considerable attention 

from Wrimn entomologists and chemists.

bMuoen and Mil (1^) have reported on the preparation and properties 

of hesawthyl tetraphoepkato# but the most important Md detailed account to 

data of the chemistry of hemsethyl tetraphosphate and tetraethyl pyrophosphate 

is that of MU and Jacobson (%W)* They show that the latter chemical is the 

iMO&tWWly active ingredient of Me former* They found ethyl .metaphosphate
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and triethyl orthophosphate to be present in hsxaet^X tetraphosphate and 

suggest that peataethyl triphosphate may be another constituent of the mixture»

Methods for the preparation of hexaethyl tetrephosphate (l) and 

tetraethyl pyrophosphate (II) are indicated by the following équations* 

KClj 4 3 (CgHgj^U 3 C^jCl f (CgSs^^l? (Sehrader, 1*2)

It NClg 4 y CgHçOH ----------- >9 HCl 4 3 CH Cl 4 (I) (Thurstoa, 1*6)

2 (C^)^ 4 PgOg_______ ». (CgHg)6PWi) (I) (ffoodstocü, 1*6)

5 (C^)^K* 4 MCI __ ____ » JCÿlçCl | 3 (C^s)^ (II) (Hall, l*8a)

4 (C^jKUf ______ ». 3 (C^g^o? (n) (Woodetœk, 1*6)

(CgBçOjgPOCl 4 (C^)^MIt_______». CgH^Cl 4 (C^))#^ (II) (Hall, l*8a) 
(W)2F(6)G1 4 V 4 <Z>(C^O^COCH 4 <^.«51 

(o^O^WJci 4 w(0) (oc^Jg 4^~Ji ,

(C2a5O)2P(O)OP(O) (OCgHçjg #1)4 HCl (Toy, 1*8)

Schrader. (1^7) prepared di ethyl g»ni t ropheny 1 thiophosphate (III) 
%: 

as indicated by the following equations*

2 C^œia 4 PSClj-----------». (CgH5O)2P(S)Cl 4 2 SaCl 

+ (e^)gp(s)ci (c^Q)^(8)c^ y«oa an) 4 Maci

German aetiwity in this field stemmed frw researeh on organic 

fluorine compounds haring sulfur as the central atom* The possibilities,

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

. fellowing linkages were explored* M, 0*8, and 0*8, as typified by (O^)^O^F, 

» aB^ C^S^OBOgF* Since phosphorus is adjacent to sulfur in the periodic 

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

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

Woo studied with sulfur* The compound (aS^OOClg, analogous to (CH^j^MSO^F 

was converted to (^)^NP^ich showed Mid insecticidal action* This led to 

a study of compounds of the type (0)^)0^.
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Further work led to a patent (German Fat. 155/39# Top Secret) of compounds of

the general type (O)(0^) Acyl, for insecticidal purposes

&» are alkyl while the acyl can be an inorganic or organ, o acid residue). Sext,

IL (1^ )®(O)F was converted to ((P )S) P(O)f with several derivatives showing Id 2 G 4
considerable inseoticidal activity. When the molecule ((CH ) %) P(O)F was

z - 3 « «
doubled,the previously unknown pyroester, ((CH ) I) P(0)0P(0)(N(CH ) ) , was

J 2 » ) 2 2
obtained.

A third group of compounds of general type B 0(R O)P(O)P was 

investigated next, with the diethyl derivative exhibiting remarkable activity. 

Evidently the preparation of hexamethyl tetraamido pyrophosphate and the dis* 

covery of its insecticidal properties Led to the investigation of tetraethyl 

pyrophosphate and to its mono- and dithio derivatives, all of which possess high 

insecticidal activity. The replacement of one oxygen by one sulfur atom made 

the pyrophosphate ester stable to water, while the replacement of both oxygen

■at QBS with sulfur atoms imparted stability to lime. Substitution of soldi a

organic groups in the radical (C H Q) P(O)- led to the preparation of diethyl 
2 5 2

p*nitrophenyl phosphate and its thio derivative

As with the pyrophosphate ester, the sulfur atom 

provided stability toward lime.

The physical properties of hexaethyl tetraphosphate, tetraethyl

pyrophosphate, and diethyl- p»aitrophenyl thiophosphate are %

HBTP WP Parathion
Refractive Index, n^ 1*4265 1.4170 1.5360
Specific gravity, d^ 1.2833 1.1843 1.26

Viscosity, 25°C. 5.1
Boiling point Decomposes 

165%.
io4-uo^c.
0.08mm.

375°c., 760 m
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Contrary to reports from Ceman sources, Hall and J&eobson (l^Wa) 

found that the hexaethyl tetraphosphate mixture hydrolyses to a,mixture of 

diethyl and monoethyl orthophosphorie acids and not to ethanol and orthophosphorie 

acid* Tetraethyl pyrophosphate hydrolyses to diethyl orthophospheric acid»

Hall and Jacobson (l^liSb) present a method of analysis for tetraethyl 

pyrophosphate based on its hydrolysis to diethyl phosphoric acid, which can then 

be titrated with standard alkali*

^'proposed method for the analysis of parathion is based on its 

reduction to diethyl p-aminophenyl thiophosphate followed by diazotisation and 

coupling with a ohromphoretie chemical* Colorimetric comparisons with previously 

prepared standards can then be made to determine the amount of parathion present* 

This method is claimed to detect parathion down to a level of 0*1 ppm* (Averell, 

private communication) »

III* B* INSECTICIDAL

Bronson and Hall (1^6) published the first data on the insecticidal 

activity of hexaethyl tetraphosphate. They shewed that it was superior to 

nicotine against the cabbage aphid, Brevicoryns brassicas (L.) and the pea aphid, 

Maorosiphua pl ni (XItb* ).

Fayette, et al, (l^) reported good results from the use of a hexaethyl 

tetraphosphate (HETP 1 to 1600 parts of water) spray formulation against the 

two-spotted spider mite» Tetranyohus bimculatus (Harvey) on roses. They 

observed that though some eggs were affected, many subsequently hatched, neoessi* 

bating at least two sprays to give satisfactory control*

In experiments with insecticides on honeybees, Eide (1^47) found that 

a hexaethyl tetraphosphate residue dried for 18 hours possessed considerable 

toxicity with some residual activity remaining for at least nine days*

Ludvik and Decker (1947) report that hexaethyl tetraphosphate at 1 to
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10*000 gave a 6) per east kill of Myeue porosua (Sanderson), 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 44 other phosphorus said estera against either 

M# porosuB or M. persicae (Suis•)•

Hexaethyl tetraphosphate at 1 to 1600 killed 82-98 per sent of pear 

psylla nymphs, Nylla pyrInola (Foerst) according to Hamilton (1947)• Treatments 

made in August, 1946, did net give as good control as nicotine-sulfate at 1 to 

800, but later in the season when the temperature was lower, the effectiveness 

of the two materials was reversed. Control of pear psylla adults could be 

effected only when an oil was added to the spray mixture. Tests by Hamilton (194$ 

showed during the following season that although sprays of nicotine sulfate, 

hexaethyl tetraphosphate, tetraethyl pyrophosphate killed high percentages of 

pear psylla nymphs present at the time of application, the populations built back 

rapidly, Parathion, however, exhibited a high initial kill and also held the 

population to a low level for a considerable period of time,

Smith, et al, (1947) tested hexaethyl tetraphosphate aerosols in green­

houses, They used a 10 per cent mixture of commercial grade material in methyl 

chloride at dosages ranging from 0.5 to 6,0 grams of HETP per 1,000 cubic feet 

of space « Applications were made at dusk. A dosage of one gram per 1,000 cubic 

feet was found to be toxic to the two-spotted 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 aphids and white flies. 

During fumigation, the temperature was held at 70°F,, and the ventilators were 

not opened until the morning following treatment. A varietal susceptibility to 

injury was found with tomatoes and chrysanthemums, with the injury tending to be 

mom severe when treatments were made at lower temperatures. Over 1)0 other 

plant species were unaffected, however. Smith et al. (1948) discuss further the
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use of hexaethyl tetraphosphate aerosols in the greenhouse and also report on 

similar experiments with tetraethyl pyrophosphate « Smith et al» (1943b) have 

tested .parathion aerosols for this purpose»

Biman (1947) reports on the use of HETP for the control of grass* 

hoppers* Two pounds of ggTP in 160 gallons of water per acre gave 100 per sent 

kill, but also severely burned quarter-bloom-stage alfalfa*

A DDT aerosol (1 gallon of 25 per sent in 4 gallons of kerosene) was 

more effective than an HSTP aerosol (1 pint of HSTP in 5 gallons of water) against 

the melon aphid, Aphis gossypii (Glov*) in experiments carried out by Wens (1947)» 

using a Todd insecticidal fog applicator *

Biegler and Hall (1947) found freshly prepared HEW solutions to be 

toxic to newly hatched codling moth larvae, Garposapsa pomonella (L*) at 

concentrations of one pound and one-half pound per 100 gallons of water, but 

concluded that the material would have little or no practical use for the control 

of this pest because it lacks necessary residual properties* They also reported 

the mortalities produced by HŒ* on a number of aphids and mites*

Lange and Smith (1947) exposed adult pea leaf miners, Uriomysa orbona 

(Heig*) to one, two, and three microgram deposits square inches of surface

(glass) of chlordan, bansans hoxaehloride, DDT, and hexaethyl tatraphoaphate• 

The materials were most effective in the order enumerated «

Ivy and Ewing (1947) found 1*25% hexaethÿl tetraphosphate dusts to be 

extremely effective against cotton aphids* Five per cent HBTP in pyrophyllite 

Was' approximately as toxic to adult and nycphal cotton fleahoppers as 5% DDT- 

sulfur, but was ineffective against boll weevils and bollworms, Gaines and Dean 

(1943) report that good control of these aphids was also obtained by the use of 

one per cent parathion dust*

Zimmerman and Hartsell (1947) reported the toxic effects of hexaethyl 
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tetraphosphate and tetraethyl pyrophosphate to a number of plants. Thermal 

evaporation of both materials caused rose leaves to drop and produce a burning 

and epinasty of tomato leaves. It was assumed that ethylene was- formed upon 

decomposition and that this gas was responsible for the injuries observed* 

Hexamathyl tetraphosphate did not give this injury, presumably because ethylene 

would not be formed upon decomposition. Varying concentrations of the two 

materials when applied to the soil of potted plants produced varying degrees of 

injury.

Gaines (lAT) found parathion to show promise in the control of grass* 

hoppers on cotton.

Questsl and Cosmin (1WÎ) report the translocation of parathion from 

treated soil to the tissues of growing corn seedlings. This plant tissue was 

toxic to newly hatched corn borer larvae, Pyrausta nubilalis (Ba*) for at least 

two weeks. '

Blauvelt and Hoffman (IgW) report parathion to be the most important 

material yet discovered for greenhouse pest control. Aerosols containing 1^ 

parathion by weight and liquified methyl chloride gave the best results when 

applied at the rate of ©ne pound of aerosol to 50,000 cubic feet, and remained 

effective for at least one week both as a contact and stomach poison. This 

aerosol mixture" has proved to be effective against a wide - variety of greenhouse 

pests.

Brett and Rhoades (1^8) report that Wo per cent pa rathi on dust at 

the rate of 10 pounds per acre killed of the grasshoppers in alfalfa in 

sight hours.

Bills and Odland (1^8) have obtained poor results with hexaethyl 

tetraphosphate, and- tetraethyl pyrophosphate against the cabbage maggot.

.. .... - Jonos and Rosentiel (19^3) tested 0.2^ parathion dust against the

Wc*$potW
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spider mite on field grown beans and found it to be highly effective for two days 

but ineffective after 16 days* It was the most toxic of seven materials tested 

against the black bean aphid# Anuraphis persieae-niger Smith. In laboratory 

tests, the cherry fruit fly, Bhagoleti s cingulata Loew*, .was found to be 

susceptible to parathion, also*

guckett(1048) reported hexaethyl tetraphosphate sprays and parathion 

dusts as giving very good control of the two-spotted spider mite on lima beans* 

These treatments also exhibited a minimum degree of bean aphid and Mexican bean 

beetle damage as compared with other materials tested.

According to Barman (1048), two applications of 1^ wettable parathion 

give much better control of second-brood red-banded leafroller on apples than 

do DDT and lead arsenate*

Two applications of l^ wettable parathion likewise gave better control 

of the plum ©urculio, Conotrachelus nenuphar (Ebst. ), than lead arsenate in tests 

made by Dewey and Van Geluwe (10j8)* Snapp (1§W) also found parathion promising 

for the control of thi* ph st*

Anderson and Bofmaster (1048) obtained poor results with both parathion 

and hexaethyl tetraphos^â&te against the pea aphid*

Soil treatments by Sehread (1048) against Japanese beetle larvae showed 

parathion to be more rapid in action than chlordan, bensene hexaohloride, 

chlorinated camphene, and DDT, but the experiment was not of sufficient duration 

to determine the ultimate soil residual toxicities. '

Gersdorff and Nelson (1040) report tetraethyl pyrophosphate to be about 

five times and parathion to be about 17 times more toxic than hexaethyl tetra­

phosphate to the house fly, Musca domeatla L., in contact spray tests* The mean 

concentrations producing mortality are 0.095, 0.0)0, and O*$2 mg./nl*» 

respectively.
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Carruth and Howe obtained effective control of the squash vine

borer, Belittle curourbitae (Harr*), with one per cent parathion dust*

From aerosol tests with hexaethyl tetraphosphate and tetraethyl 

pyrophosphate, Hoffman (1^3) concludes that three grams of each per thousand 

cubic feet is the optimum dose to obtain control of the two*spotted spider mite* 

HOP was found to be about one-third as toxic as TEPP to this species*

Scales and Smith (19^8) report two per cent parathion dust as giving 

a mortality of the tarnished plant bug, bygus oblineatus (Say), on cotton, 

comparable with that of 20^ chlorinated camphene and 2*^ gamma benzene hexa­

chloride*

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

dust against the grape leaf roller, Desmla funeralis (Hbn*), in trials made by 

Frazier and Barnes (l^W*

Eckert (19W) determined the approximate LD-50 of hexaethyl tetra* 

phosphate, tetraethyl pyrophosphate, and parathion to the honeybee to be 0.2?, 

0*075, and 0*07 micrograms per bee, respectively*

Chamberlin et al* (1^8) and Peterson and Sherman (I^W) report that 

hexaethyl tetraphosphate and tetraethyl pyrophosphate give little or no control 

of meadow spittlebug nymphs » Fhilaanug leucophthùlmus (L*)*

Boll weevil larvae developing in cotton squares were unaffected by 5 

per cent parathion dust, according to Gaines and Seales (19^8)*

In experiments on the control of the greenbug, Toxoptera grant num 

(Rond*), Dahms (19^) found gamma benzene hexachloride to give excellent control* 

The initial control obtained with hexaethyl tetraphosphate was good, but after 

three weeks, the infestation was greater than when treatment was made* The yield 

of the treated oats, Waver, was significantly greater than that of the check 
plot»
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Swing and Paranoia (1948) reported that parathi on dust» are ineffective 

against the boll weevil on cotton*

Ginsburg (1948) reports data which indicate that parathion is 

considerably toxic than DDT to Awdes aegypti larvae and pupae .

Jefferson and Pease (1948) report that preliminary tests with parathion 

against the leaf miner, LirioMyga flawola (Fallen), infesting asters show 

sufficient promise to warrant further testing.

Other phosphorus acid esters that have shown considerable insecticidal 

activity are tetra-n-propyl pyrophosphate, tetra-n-butyl pyrophosphate, sym. 

phenyl tetra*n»propyl triphosphate and sym. tetra-n-butyl phenyl triphosphate, 

which were tested by Ludvik and Decker (1947) against the aphid Mysus porosus 

Sanderson.

Wolcott (1947) found triphenyl phosphate to be of considerable interest 

as a repellent for the West Indian drywood termite, Cryptotemes brevis Walker. 

This compound was not toxic to the green peach aphid in the tests of Ludvik and 

Decker.

Tri-o-cresyl phosphate showed only slight effectiveness while tri-n- 

butyl phosphate appeared to be quite promising in small-plot field tests against 

chiggers, according to Linduska, et al (I9W)*

Knipling, et al (1947) report the results of screening tests with some 

7000 chemicals as insecticides, miticides, and repellents. Included are results 

from 57 phosphorus acid esters, one of which, tri-n-butyl phosphate, showed 

cmsiderable promise as an insecticide against the body louse, Pediculus huiaanua 

corporis Dog», showed some promise as a repellent to chiggers and considerable 

promise as a repellent to Aedea aegyptl L. when applied either to the skin or 

clothing.

Schrader (1947) gives chemical preparations for various organic
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phosphates and their insecticidal value insofar as his war-scattered notes 

permit. Further reference will be made to Schrader*s work as it applies to 

certain compounds included in this study.

III G. &QD8 OF ACTION

Present data indicate that the effectiveness of the several organic 

phosphate esters is due to their inhibition of choline esterase, an ensyme 

thought to be intimately concerned with the transfer of electrical nerve impulses 

across neuromuscular synapses.

Stats and Hastings (1937) found 6 x 10-% pyrophosphate (Ma, P 0„.10M 0) 
■' & f &

to give a 38^ inhibition of the oxidase activity of beef heart extract with the 

dehydrogenase activity remaining unaffected. Hadidian and Hoagland (1941) found 

however upon buffering the enwyme-substrate solution to pH 7*4, that concentra­

tions up to 6.0 x 10*5 m pyrophosphate did not produce inhibition of the oxidase 

component as indicated by the oxidation of p-phenylenediamine» Lower concentra­

tions of pyrophosphate though, did produce a 90$ inhibition of the oxidation of 

succinate by the ensyme extracts. Since Stets and Hastings had shown that 

pyrophosphate did not poison the dehydrogenase component, and since the lack of 

inhibition of the p-phenyleaedi amine reaction indicated that pyrophosphate did 

did not poison the oxidase component, only one conclusion could be drawn - that 

a further step must exist in the sequence besides the two which involve succino­

dehydrogenase and oytochrome-c-cytochrome oxidase in the oxidation of succinate 

to fumarate. Temperature studies of pyrophosphate-poisoned reactions yielded, 

further support for the presence of this third step. The new reaction gave an 

Arrhenius u (energy of activation) of 17,500 calories as compared with us of 

11,200 and 16,000 for the succino-dehydrogenase and cytochrme-c-eytoehrome 

oxidase steps, respectively. These authors postulated that pyrophosphate might 

act on cytochrome a or b, but did not limit the possibilities to these reactions
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or -components only*

Dubois and Mangum (1947) in an attempt to determine the mode of notion 

of hexaethyl tetraphophate, obtained a 50< inhibition of rat brain cholinesterase 

activity from a 1.6 x 10"$ M concentration of hexaethyl tetraphosphate as compared 

to a 6.5 x 10*8 M concentration of di-dso-propyl fluorophosphate. Concentrations 

of 1 x 10*7 % hexaethyl tetraphosphate produced an inhibition of 47$ and $8$ of 

rat brain and cockroach thoracic cholinesterase activity, respectively. Chadwick 

and Hill (1947) have obtained results similar to those of DuBois and Mangun. 

Hansen (1947) speculates from a study (unreported) of a large number of phosphate 

compounds that diethyl phosphoric acid is the break-down product formed in the 

insect body which is responsible for the toxic action of tetraethyl pyrophosphate. 

This conclusion was based on the observation that only those phosphate esters 

having two alkyl groups per phosphorous atom are toxic, while mono- and trialkyl 

compounds are relatively non- toxic. This postulation was not borne out, however, 

in experiments made by the author, who injected and applied topically approxim­

ately one cubic millimeter of diethyl phosphoric acid to a number of male, large 

milkweed bugs, Qnoopeltus fasciatus Dallas. So mortality resulted from either 

treatment, whereas approximately one cubic millimeter of a 5 mg.-per-milliliter 

solution of tetraethyl pyrophosphate produced 100& mortality, unpublished data 

of the author show, however, that diethyl phosphoric acid does exhibit a marked 

is vitro inhibition of Me ri can-roach thoracic and abdominal nerve cord cholin­

esterase. The author is not prepared to explain this apparent discrepancy. This 

Bight tend, however, to support Hansen's postulation that the mechanism of action 

of tetraethyl pyrophosphate may be an interference with a phosphate enzyme similar 

to adenosine triphosphate.
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TH D. TOXICITT TO ANIMALS

Early reports on hexaethyl tetraphoephate stressed that the material 

was highly toxic to higher animal» as well as insects, and that due ears and 

caution should be exercised in handling it# Rohmer (1^47) reported the minimum 

lethal dose by oral ingestion to be as low as five mg,/kg. and the fatal dose to 

rabbits by akin absorption to be 5-10 mg./kg. He described the symptoms of 

poisoning in experimental animals as progressing from gastro-intestinal tract 

upset, anorexia, and severe diarrhea to a characteristic "head-drop", a great 

weakness and apathy, depending on the severity of the poisoning, Rohmer and 

Haller (I^M) report the M) 50 of distilled tetraethyl pyrophosphate to white 

mice as being 0,80 mg,/kg,, but do not give the method of application,

Krop (Iÿ48) reports that 200 to 500 micrograms per kilogram of undiluted 

tetraethyl pyrophosphate dropped into the conjunctival @ae of dogs may be lethal« 

Assuming that conjunctival absorption of and susceptibility to tetraethyl 

pyrophosphate are of the same order of magnitude in man and the dog, 0.015 to 

0*035 cubic centimeters might therefore prove lethal to man,

Lehman (19^8) reports the following data for selected agricultural 

chemicals 1

Oral toxicity (no test animal cited) 

Insecticide Mean Lethal Dose, mg * As *

TBPP 2
Parathion 3«5
B&TP 7
Nicotine 10
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Dermal TeMeity (a© test animal cited)

Skin
Irritation

Dangerous Quantities 
-........—... . .... ...'worn

Quantities dangerous 
to man (Mt*d) 
to®» .......saegs 
Bxpoeure Exposure

Single Exposure 
^ry Solution

Exposure 
Solution

ng./kg* mg*/kg* ae-M- . grand grama/day

aught 10 9 0.6 0*3
.Parathion slight W : 50 5 3 o*5
mm might 5 0.5
Meetly Moderate 6o 50 w 3

Chrenio Toxicity in Rats
Insecticide ' lowest level" producing gross of feet s' Duration " Remarks

Week»
Parathion ... 25 1 4
mm 12 1*000 p*p 

ne effect
HeoUne 60 10........

Pathology la chronically poisoned animals

SP Bnterooolitis and gall bladder necrosis
Parathion ” • " • *
®P Gall bladder neeroois
giootins Inanition

In dise usai ng laboratory toMeologioal testa. Myth .and Carpenter 

(1948) reported that tri* (^ethylhexyl) phosphate when aWni stored tn food to 

groups of 10 rata for 30 days at the rate of 1*55 caused a reduction in

growth* the maximum dose having no effect was 0*10 mge/kg*# and the single 

oral 50 dose was reported as being 37*08 mg*/kg**
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y*« Sulaer

Cultures of the green peach aphid, Mysua■persicae, were maintained on 

potted eggplants grown in the greenhouse. Individual leaves infested with 100 

to 200 aphids of various stages of development were out from the plants and 

sprayed. The stem of the sprayed leaf was inserted through a paper disk, 

wrapped in cotton, and set into a small bottle of water. The unit was then 

placed within a heated wire barrier (Bruce, 1947) to prevent the loss of 

unaffected aphids* 

Mysus porosus Sanderson

Cultures of the aphid Myaus porosus were maintained on potted rose 

plants grown in the greenhouse» Individual leaves infected with approximately 

100 aphids of various stages of development ware cut from the plants and spray­

ed. The petiole of a sprayed leaf was trimmed and inserted into the tube of a 

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

a heated wire barrier.

Attagenus picouS Oliv.

Larvae of the black carpet beetle, Attaganus piwus, were reared in 

the laboratory in a medium consisting of two per cent Brewers' yeast in chick 

starter mash. Larvae about three-eights of an inch in length were selected 

for testing.

Musca dome sties L»

Five day old adults of the standard B.A.I.D.M. strain of the house 

fly. Musca domestics, were used in the present work. The rearing procedure 

used was that described for the Peet-Grady method in Soap Blue Book (1946)*
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ContAGt Spray»

Mygus perslcae# M» poroeua, and Musea dmastlGa were used as test 

inserts for determining the effects of the chemicals as contact sprays* An 

atomiser-type, compressed air paint sprayer of one-pint capacity operating, at 

pressure of 30 pounds per square inch was used to spray excised leaves infested 

with either ^sus persioae or M* porosus. Solutions were prepared by pipetting 

0.1 milliliter of chemical into a measured volume of stock solution containing 

one gram of sodium decylbenzene su l fana te per 5,000 cubic centimeters of distilled 

water. Water insoluble liquids were thoroughly shaken in a graduated cylinder 

to obtain an homogeneous emulsion and sprayed as rapidly as possible so that a 

uniform spray would result. Weighed quantities of solid chemicals were dissolved 

in a known volume of di wane and their subsequent water mixtures handled in the 

Sumner described for water insoluble liquid compounds. In the case of M. 

persioae, tests were made only at a concentration of 0.2 per cent, whereas with 

M. porosus, sufficient subsequent dilutions were made to determine the range of 

effectiveness of the chemical under consideration.

Contact spray tests against adult house flies were carried out in 

accordance with the small chamber method developed by Kearns and March (1$^). 

All materials were tested at a concentration of one per cent by weight in $0 per 

cent benzene * 50 per cent mineral seal oil or in 50 per cent methyl alcohol • 

50 per cent benzene, depending upon the solubilities of the chemicals. Chemicals 

which exhibited toxicity were tested at lower concentrations to determine the 

range of their effectiveness. %ch contact spray test was run five times. 

Residual Activity.

Tests for residual activity were made by exposing five day old adult 

house flies for 50 minutes to deposits on glass of $0 milligrams of chemical per 
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square foot of surface area. The flies were reared as described for th® ccmtaot 

spray tests, but the puparia were placed in 7*5 « 7*5 % 1*25 inches wooden 

eages having screen tops and sliding metal bottoms. The sliding bottom 

facilitated removal of the empty puparia, and also allowed the flies to have 

free access to the treated surface during the period of exposure. For exposure, 

the ©age was inverted and covered with a glass plate (treated surface down). 

These unitt were stacked 10 high and the metal slides pulled out for 50 minutes. 

The treated surface was prepared by pipetting two milliliters of an absolute 

ethyl alcohol solution, made up to contain 12.5 milligrams of chemical per 

milliliter, onto a one-half square foot area of a nine inch square glass plate. 

The solution was spread over the surface as evenly as possible with a small 

piece of glass.

Circles of wool (Fletcher, 15^) two square inches in area were 

treated with one milliliter of the solution used for the preparation of the 

glass plates for the house fly tests. After the alcohol evaporated from the 

wool, the circles were placed in 55 * 50 millimeter crystalising dishes and 

manually infested with 10 Attagema ploeus larvae. When all 10 larvae were 

killed by a particular chemical, 10 more larvae were placed upon the wool. 

Three glass plates and three wool circles were prepared for each chemical.

Observations of mortality in all insects except Attagenus plows were 

made the day after treatments or exposures were completed.
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In go far' as powltlo# all eheMoals wore tested as oont&wt sprays 

against the green peach aphid, Mysns persioae, and the house fly, Musou 

domestics. Chemicals which exhibited marked insecticidal activities against 

these two species were subsequently tested to determine the Susceptibilities of 

different species, to establish toxicity ranges, and to investigate residual 

activities* v

Certain data from the work of Ludvik ' and Decker (1^7) are included 

in the presentation of the results of the present study to facilitate the 

comparison of toMcities, and because certain compounds tested by them were 

evaluated against another insect species.

The results of this investigation are presented in the following 

tablest
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Table le Toxicity of certain phosphorus acid esters applied as 

contact sprays to Mysus gersicae, M. porosus, and domestics.
------------------ -----------------------------------------------—---------- -----------------------------------

Compound
Myzusi/ 

. SfiESlW.
Myzusi/ 
BSS2S3M.

Muscat/ 
domestics

Alkyl Acid Phosphate Esterai : _/ 
((HO)eP(O)OB and HOP(O) (OR) b)^

Methyl B « CB.
SI. 4»^

1.3 U)^

Ethyl R « 37.6» 3*2 (W

Propyl R ■ CaH, 56.1» 1.7 (m)

Isopropyl R - (CHe)eOH 73.6® 46.5* 3.4 (m)

Butyl R * C*H, 62.8® 4.6 (*)

Isoamyl R « mixed primary
J C.K1X 56.6# 3.2 (m)

■ Octyl N - ceax. 79.4® 66.0* 9.3

Be cyl N • C^oHai 65.9» 6.0 (m)

Loralkyl R % mixture of 10 
" to 18 carbon 

chains 4.M 8.3

Dialkyl Acid Phosphate Esteras 
(HOP(O) (OR) a)

Diethyl ' R » C»Ha
Diethyl thionothio^ 

B C#B,

13.4

17.2

4.1

6.7

(*)

Dibutyl R • CtHe 22.4 7.8

Trialkyl and Triaryl Phosphate Esteras 
((RO)ePO)

Trimethyl B w C 52.2* 5.3

Triethyl R « C*H* 14.7* 4.9

Triethyl thio- R • CaHe 17.7 0.2

Tri-(2-chlaroethyl)
R ■ C10eHa 45.6* 9.4

Trlpropyl R * CaH? ■ 22.2 5.1



Table 1» continued

Compound
My eus 
Rwsloa*

Myws 
porosus

Musca

Triallyl R = CHa=CHCH# 28.8» 9.9

Trimethallyl H » CHb*C(CH6)CHa 33.8» 2.0 w

Tri-(2,3-dichloropropyl)
R - C10HaCH(Cl)CB, 5 4.2

Tributyl R 88 59*8 6.0

Triisobutyl R " (CHa),CHCM„ 85.7 8.8

Triamyl » ® ® 0*8%% 68.8 7.0

Triisoamyl R « ( CBe),CH(CHe)a 66.0 6.8

Tri-(2-methyleayl) 
R * O,HtCH(CH,)CHa 90.2 9.9

Trl-(2-ethylhexyl)
R - CtH,CH( CaHe) CHe 87.1* 51.1® 4.1

Tridode^yl 41.8 3.7 (m)

Triphenyl R * CeHe 31.8» 3.3

Tricresyl R - CHoCaHt 20.5» 6.6

Trl-( o-chlorophenyl)
R « GlCeH* 5.5* 4.8

Trl-(2,4,6-trlchlorophenyl) 
R * CleCsH, 8.2» 2.6 (»)

Mixed Alkyl-Aryl 
((RO)gP(Q)ORi)

Phosphate Esters:

Diethyl octyl R « CaH, 
8’” 0*81* 97.7 98.9 99.0

Acetyl diethyl R ® CaMa 
B’« CBaOOO 100.0

Diethyl phenyl R » eaHe 
R'« CeH# 99.1 9.8 39.8

Diethyl phenyl thio-
R ■ C,He
R'= CeHe 30.9 6.0



Table 1, continued.

Compound
_ _____JWaR&a&U.... ....Wyaue Mysua Musca 
aersioae B2E28B&

Diethyl ^~nitropheny 1 thio?
B « '

Oa*C«B* 99.8

Diethyl benzyl B * CeBe 
B GBa 24.3 11,7

Di *(2-chloroethyl) Loralkyl
R * 010*8*
R ** mixture of 10 

to IB carbon 
chain* } 40.8 9.7

Dibutyl ethyl R » C<He 
R^ W* 55.1 6.7

Mixed butyl 2*ethylhexyl 95.0 5.6

Dibutyl phenyl R « C*He 
R*» 0,8, 58.7 8.6

Di* (2-ethylhexyl) phenyl

R’« CeHe 80.5 1.4

Methyl diphenyl R * C*H# 
R*# 08* 70.0 11,5

Ethyl diphenyl R m 0,8*
RW 0*1* 27.0 1.2

2-Me thoxyethyl diphenyl 
R * 0*8, 
R*« 01^00*8* 17.0 5.4

2-Butoxyethyl diphenyl 
R » 0,8, 
R#« 0*8,00*14 39.1 5.0

Butyl diphenyl 1 » C*H* 
R** 0,8, 49.1 1.2

5-Butoxyamyl diphenyl 
R * 0.8, 
R*« 0,8,00^. 48.0 6.0



Table 1, continued.

%e@ ia&sa
perBioaa poroaue domestic*Compound

6**M®thylheptyl diphenyl 
R # C,R& 
Rf* (Ga»)aCH(aB«)» 68,1 8$7

Monyl diphenyl R » C«H* 
R'" ^e@ie 74,8 6,0

Decyl diphenyl R * C*B#
69.8 6,9

Decyl diphenyl R * CeRe
R*«= branched C1OHSX 68.7 4.6

Gyelohexyl diphenyl 
R » 0.8, 
R* CaK&i 86,9 3.8

Cresyl diphenyl R * C@%
8,5 8.7

p-tert. Butylphenyl diphenyl 
R # CeH& 
R*« (C%)aCCg^ 7.4 3.7

p-tert, Amylphenyl diphenyl 
R » C«H, 
&*= CaBaC(aB#)aC,H* 10.0 10.0

o-Chlorophenyl diphenyl 
R *® 
R'* C1C&B* 6.6 5.1

Diphenyl o-xenyl
R « C#H# 
R»* CeHgCeH* 6.0 6.4

Butyl dlcresyl R » CHaCeH< 
R*» C&B* 49.9 4.8

Dicresyl 2~ethylhexyl
R * CHaCeH*
R** C#B.WC*K#)C% 30.9 4,8

Phosphonate Esteras ( (RO) #P(O)RO

Diethyl trichloromethane 
R » C^ 
a** ci$c 28.1# 11.3



Table 1* continued*

Oempotmd
ÜCB» toss BSS» 

BSESSM

Triethyl phoephonoaeetate 
8 « C*H# 
R*« C»H&OOCCB# 56.4* 10.0

Diethyl ^-chlorobenzene 
R * C#H* 
RW G1C«B+ 55.0® 8.0

"Diethyl 3,4-dl Chloroben zone
R 81

G1*O^# 66 .6® 7,4

Di-(g-chloro©thy1) 8*6hloroethane 
R « R'» C1W* 80.7 7*9

Dibutyl triehloromethane 
a * o*a# 
R#« C1*C 24.3» 18.4

Dibutyl 2-propene
R 88
R«- 0RB*CECEa 70.9# 9*8

'Dibutyl 2»methyl-2-propene 
R *

76.1» 4.3

Dibutyl styrene
R « C*R#
R*$= CgBaCRM3R 90.3® 38*7# 10.7

Dl*( g-ethylhexyl) benzene
R « C*H$CB(C#R»)C%» 
R<* C*H# 94.8 5.8

Dl*(2*ethylhexyl) toluene
R # 0*8,08(0*8») CH#
R** oâ*a,a* 95.6 3.7

Dl*( R-ethylMxyl) ethylbenzene
R « CtR»CR(O,R,)CR* 
B*« C*R#G#R* 85.6 5.5

Di*(2-ethylhexyl) ohlorobenzene
R * C+B#CK(C*8a)a%* 
R** CIC,^ 83.4 3.7

Di *(2-ethylhexyl) a*toluene
R * 8#%*C#(C#Ba)CH* 
R** G*H,CH# 96.9 4.7



Table 1» continued, '

Compound
gms 
peraloae

sraa
poroma pasties

Di-( p*chlorophenyl) ethane 
R # CIC.B,

86*3» 11.6

Dlalkyl Acid Phosphite Esteras 
((BO)aPOH)

Diethyl E • CeHe 12.3» 1.4 (m)

Di-( 2-cyanoethyl)
R « MCCeM* 13.0

Dipropyl R * 20.4 1.3

Dlbutyl R » C*Ha 23.8» 5.3

Trialkyl and Triaryl Phosphite Esteras 
(p(oa)8)

Trlethyl R * CaH6 15.7* 10.3

Tributyl R « C*R, 30.6» 3.1 (m)

Trieyslohexyl R » CgEn 8.4 4.6

Triphenyl R CaHa 63*8 7.8

Trioreeyl R « 6S.3 7.6

Alkyl and Aryl Phoaphônic Acids: 
((HO) ,P(0)R)

««Toluene R * C6ReCHs 5.3 2.3 (m)

( Diphenyleethane)
R « (CeHe)aCH 2.8 (■)

Butane R « c*H* 0.8 (®)

Pentane R « 1.4 (m)

Hexane R * ceHte 1.0 (m)

^Chlorobenzene B « CIO*»* 6.1» 6.8 (m)

4«Diehloroben8ene
R 38 daCaKg 4,8» 9.3 (m)



Table 1» continued. 23

Compound

J..... ' ...... Per: Pent Kill '___
persioae

tes /
.gw.ay.ga

Tetraalkyl Pyrophosphate and Belated 
Esterai ((RO),P(0)OP(O)(OR)e)

Ethyl butanephosphonodiethoxy 
phosphine oxide, 
CbHsO(C*H,) P(O)OP(O)(OC,H,)a 29.2

Ethyl 2*ethylhexanephosphonodi« 
ethoxy phosphine oxide,
0*8*0(a$a,CB(c*H,)on*)p(o)op(o) 
(0C.H,). 100.0 20.4 18.5

Ethyl ahioroben&ewphosphoned! *
ethoxy phosphine oxide* 
C*H*O( C1C*B* )P(O)OP(O}( OC*E*) * 83.8

uneym. Diethyl diphenyl pyro* 
phosphate,
( CSH,O) eP(O) 0P( 0) (OCeH,) a 86.7

Tetrabutyl B « C4H* 97.6

Ethyl tributyl pyrophosphate, 
CeH,O(CeHeO) P(0) 0P(0) ( 0C*Hg) , 91*9

Butyl butenephoephonoethoxybutoxy 
phosphine oxide, 
C*H,O(C*H*) P(O)OP(O) (OC*K*)OC*R* 81.0

Octanethyltetraamldo pyrophosphate, 
((OR,) ,8) ,P(O)OP(O)(H((®e)e)e 12.0

Dlethcxyphosphino ethyl sold 
phosphate, ( CaHe0),POP( 0)(OH)OCeH, 98.4 9.7 (m)

Alkyl Amido Phosphate Esteras

Hexamethyl phosphoramide,((CH,),»), PO 10.6 8*7

Ethyl tetramethyldiamido phosphate, 
C,HeOP(O)H(OH3).)e 5*0 2.6

Diethyl H, B-dimethylamido 
phosphate, (CaM,O),P(O)N(CH,), 9,1 3.1

Diethyl R-ethylamldo phosphate, 
(CaHeO)eP(O)HHCeH, 8,7 3.3



fable 1> continued. a»

At concentrât Ions of 0,2 per cent*

Compound

.................Sent...Kill .
S33M

bi3*(2*^ethoxyethyl) N,#~ 
dlethylamldo phosphate, 
(08*00*8*0)*P(0)8(0*8*)* _ 6,3 4.4

Tetranlkyl-Aryl Triphosphate Esteras 
((R0U?(0)0P(0)(0R')0P(0)(0R)a)

Phenyl tetrapropyl
R 55 C^Hy

_ - R#* 0*8# 24.1

Tetrapropyl ^cresyl .
R * 0*8*

5.5

Miscellaneous Compounds:

Ethyl metaphosphate, 0*8*09(0)0 87.8 69.4 (m)

Poly-(dlbutoxyphosphonltrilel, 
(sspCoca),)^ 48.7# 4.9

- Tetraphenyl diethyleneglycol di- 
phoephata, (lC«H«0)*P(Ô)00*a&)#0 55.8* 3.5

Di-(cyolohexylaelno)-phosphonitrile, 
KePCKHCgHn). 3.1

Trlphenyl phosphine, (CeHe)eP 31.6 6*6

Tri-( £-chlorophenyl) phosphine 
oxide, (ClCeB*)sPO 13.4» 4.7

Trlphenyl phosphine sulfide, 
(0#%*) *98 * 5.9

Difference required for aignl- 
ficanee at the five per cent level 28*8 9*4 8.2

BON Benzene *50# Binerai seal oil 2.32/

50# Benzene-SC# methyl alcohol 2.S§/

Sodium de cylben zone sulf onate at 0.02# 7*1^ 7.112/

nicotine, 95$, at O«O60
9/

42. r
44.1^



fable 1, concluded*

Compound
" Muaw

âs%m&Ü&

** At concentrations of one per cent*

^Commercial products containing a constant ratio of the dl- 
to the mono-ester.

Data from Ludvik and Decker (1947).

indicates that the compound was soluble in 60% benzene- 
50% methyl alcohol.

^Obtained from Victor Chemical Works, Chicago, Illinois.

2/Average of 145 tests.

Average of 25 tests*

^Average of 51 tests.

10/—' Average of 37 tests.
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table 4* 84 How mortality of Wsea dome*tlea 

exposure to aged treated surfaces.
after

of Surface . .

Compound
Twb 

hours
Five
Days

Ten
Da?"

Trialkyl Pheephate Esterai ( (RO),P(O)OR*)

Diethyl octyl R _■* CaHe
R*® C,Hlt 62.7 7.4

Diethyl acetyl R ■ CaH„
R<» 54.4 4.8

Malkyl*Ar yl Phosphate Es tors $ ( ( EO) #P(0) OR •)

Diethyl phenyl R « CeHe
R— C,ge

Diethyl o-nltrophenyl R = C0Ha
R'= OaHOaH* 92.4 95.7 86.4"

Diethyl ^«nitrophenyl R * CeH8
100.0 100.0 100.0^

Diethyl £*nitropheny 1 thio
R 88 OgHy
R»« 100.0 100.0 100.o^/

Tetraalkyl Pyrophosphate and Related Esterai 
( (BO)eP(O)OP(O)(OR)e)

Tetraethyl R « C8H6 97.6 2.2

Tetraethyl mono thio R * CeH8 100.0 2.8

Ethyl m»thanephosphonodiethoxy phosphine 
oxide, C,HeO( CH,) P(O) 0P( 0) (OC,H,)e 61.6 1.4

Ethyl ethanephoephonodiethoxy phosphine 
oxide, CeHeO(C,S,)P(O) 0P(0) (OCaHe)e 68.8 0.9

Ethyl butanephosphonodlethoxy phosphine 
oxide, e*H,O(C,H,)P(0)OP(O)( OC,H#), 0.4

Ethyl benzenephosphonodlethoxy phosphine 
oxide, C,H,0( 0,He) P( 0) 0P( 0) ( OCaHa) a 72.8 3.1

Ethyl p- chlorobenaenephosphonodiethoxy 
phosphine oxide, .

ClC8R8)P(O)OP(O)(0aBRg), 72.5 1.0

Way». Diethyl di butyl pyrophosphate, 
IC^gO) ,P(O)OP(O) (OC,H,)e 92.7 3.5



Table 4, concluded

Compound
. ...............

. Hours.
Five Ten
Davs ... Dars .

Methyl dl*(2-ethylhexyl) pyro­
phosphate, 
CC*8e0) eP( 0) 0P(0) ( OCHaCH( CaHe) C*H. 81,S 2,8

unsym» Methyl diphenyl pyrophosphate, 
(CaH60) eP(O)OP(O) (0CeHe) 8 98,8 3.0

Tetrapropyl .. R « CaHv 98.2 3.6

Tetraisopropyl B » (CRa)a6B 100.8 74.0 1.2

Di-(iaopropoxy) phosphine diisopropyl phosphate, 
((CHe)eCH0)eP0P(0) (008(88,),), 22.6 3.1

Tetrabutyl H » 97.8 0.7

Ethyl trlbutyl pyrophosphate 
C,H,O(CeH,O) P(O)OP(O)(OC,He), 78.6 2.0

Butyl butanephoaphonosthoxybutoxy phosphine. 
oxide, 0,E.0( C*H,) P( 0)0P( 0) ( 0C,He) OC*H, 63.6 2.8

Diothoxyphosphino ethyl sold phosphate, 
(CeHB0)P01-(0)(0H)0C8He

Tetraalkyl-Aryl Triphosphate Eatert
( (RO),P( 0) 0P( 0)(0H *)0P(0)(6R)e)

0.0

Phenyl tetrapropyl R = C0HT
R'» C,H, 0,8

Alkyl Metaphosphate Ester; (BOF(O) 0)

Ethyl R * C,H, 34.2 2.8

Ethyl Aleohol, Absolute 0.0 0.7 0.6

Untreated Glass 0.7 0.8 1.1

1/
kill after 23 days» and 20# kill after 37 day a.

kill after 86 days.
^56% kill after 29 daya, and 21% kill after 37 days.
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VI, DISCUSSION

In general, the results of the test» against por®ioae revealed 

minor differences in toxicity among the various chemicals. fasts against the 

house fly were essentially quantal at the one per cent concentration, and minor 

differences in toxicity were not apparent. By the methods used, the house fly 

was found to be more resistant to this series of chemicals than was ^sus 

per©sua» Tests against both species showed diethyl p*nitrophenyl phosphate to 

be more toxic than diethyl ^-nitrophenyl thiophosphate, which in turn proved to 

be more toxic than tetraethyl pyrophosphate» Though residues on glass plate® 

of several of the more toxic compounds gave high kills of house flies two hours 

after the plates were prepared, only three compounds exhibited definite residual 

activity. Tetraisopropyl pyrophosphate gave a kill of 74 per cent five days 

after the plates were prepared» this was surprising since this compound would 

be expected to hydrolyse quite rapidly. The relatively high volatility and/or 

rapid hydrolysis of these compounds must be considered as the explanation for 

their lack of residual activity. Diethyl c*nitr ophenyl phosphate and diethyl 

2"Bitrophenyl thiophosphate were 62 per cent effective after 2) days and % per 

cent effective after days, respectively. Diethyl ^-nitrophenyl phosphate 

was $4 per cent effective 86 days following the treatment of the plates.

The following compounds were most effective in protecting wool from 

damage by black carpet beetle larvae in the order enumerated $ diethyl p*nitro* 

phenyl phosphate, diethyl p-nitrophenyl thiophosphate, tetraisopropyl pyro* 

phosphate, diethyl £~nitr©phenyl phosphate, tetraethyl month!©pyrophosphate, 

diethyl octyl phosphate, and tetraethyl pyrophosphate. No apparent feeding on 

the wool occurred 79 days after treatment with the first two compounds. The 

third and fourth compounds permitted only a trace of nap feeding after the 

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



fifth and sixth aempounda, while the seventh, tetraethyl pyrophoaphate, though 

giving high initial protection, permitted definite fiber damage to occur upon . 

subsequent infestation.

As a group$ the alkyl acid phosphate esters tested are non-toxic to 

aphids and the house fly. It is possible that a few isolated species of insects 

might be found which would be highly susceptible to one or more members of this 

serie". this is to be doubted however, since experience with other organic 

phosphates, e.g., tetraethyl pyrophosphate and parathion, indicates a general 

rather than a specific toxicity of these compounds to insects and other members 

of the same phylum. As Yearns and Flint (1937 ) have previously shown with 

other homologous series, the toxicity within the group rises as the number of 

carbon atoms in the aliphatic chain is increased. Maximum toxicity is reached 

with the eight carbon chain, with further increases in length producing lower 

toxicity. This trend is apparent, but significant only between the ethyl and 

the octyl derivatives, in the results obtained against Mysus persioae# go 

support for this trend can be gained from the results obtained against Musca 

domestics.

The dialkyl acid phosphates are likewise non-toxic to aphids and the 

house fly, though the trend of the results against both insects indicates the 

same relationship between length of carbon chain and toxicity. The replacement 

of the acidic oxygen by sulfur and the replacement of the double-bonded oxygen 

by sulfur would beam to increase the toxicity of the diethyl derivative. The 

differences between the results from the three compounds tested, however, are 

too small to permit a valid conclusion to be drawn.

Two compounds in the series of trialkyl phosphate esters studied, 

exhibit considerable toxicity to Mysus persicae, but are non-toxio to Btsca 

domestica. They are the 2-methylamyl and the 2-ethylhexyl derivatives. The



Wc, three * four, five, and twelve carbon atom, straight chain derivatives were 

available for study in this series. Here again there is a trend toward natisa*# 

toxicity as the length of carbon atom chain increases followed by a decrease in 

toxicity as the chain exceeds a certain length. The increase in toxicity 

proceeding from the ethyl and propyl to the butyl and amyl derivatives is 

■WWtiBally significant, while the toxicity of the dodecyl derivative is 

intermediate in relation to those four derivatives» in general, the chemical 

activity of lac-aliphatic compounds closely parallels that of the next lower 

normal (straight chain) homologue. A definite indication that insecticidal 

activity is similarly related to molecular structure is obtained by comparing 

the results obtained against %ysus parales» from tripropyl, tributyl, and 

trilsobutyl phosphate. The differences in toxicity between tri butyl and 

tripropyl, and between tri butyl and tri isobutyl phosphate are statistically 

sightficant, while the values obtained for tripropyl and trilsobutyl phosphate 

are essentially equal. Kearns and Flint found the toxicity of H* substituted 

isopropyl and isobutyl derivatives of ©yelohexylamine to be similar to that of 

the S*n*alkyl derivatives, however. It is difficult to account for the apparent 

high toxicity obtained from tri-(^wethylamyl) phosphate since the difference 

in toxicity between . It and triamyl phosphate is not quite great enough to be 

significant. Unsaturation in an aliphatic chain had little effect on the 

toxicity of the molecules involved, e.g., tripropyl and triallyl phosphate» 

Replacement of hydrogen by chlorine on the number Wo carbon atom of triethyl 

phosphate gave a significant difference in toxicity, while chlorine atoms on the 

Wo and three position» of the propyl group, and chlorine on the ortho position 

of We phenyl group produced a marked but insignificant depression of toxicity. 

Alkyl groups apparently have greater effect upon the toxicity of the compound 

than de aryl groups, sinew the derivatives studied of the latter are relatively 

ncctcxic. The replacement of the double-bonded oxygon by sulfur has very



little effect on toxicity in this group of eonpouMa* , . .

In the light of the result» diaeuwed *Ww, the toxicity of individual 

oMpeunde in the groupe mentioned thus far, must he attributed eeeMtially to 

the effects of the particular subetituenta of the phosphate radicals and not 

to some inherent toxicity in the radical per se.

Exceedingly rwrMbis increases in toxicity result from the substitua 

tien of any acyl, aryl, or larger alkyl group for one of the ethyl groups of 

trlethyl phosphate. The toxicity imparted by such substitution increases from 

phenyl (aryl ) to octyl (alkyl ) to acetyl (acyl) to Mtrophe^l (substituted 

aryl). In general, this conclusion is in good agreement with the work of Sehnder 

(1WT). Schrader proceeded farther* however, in determining the effects of 

various phenyl cubatLtuante* Se found ^nitrophenyl to have a greater effect 

upon toxicity than p*ethyl bens cate which wae.more?aotiwo Wan ^*chlo r ophenyl » 

Mong these .three groups, ortho substitution reduced the toxicity somewhat, but 

m»nitrophenyl imparted only slight toxicity to the molecule, The present 

investigation further demonstrated the same relationship with the two derivatives 

studied. Weever, ^nitrophenyl pho»|Mts was found to be about six times as 

texte té ^çuh^ peroaup as to ^ohreder’S “aphides”, while the ortho compound was 

fonM to be about one*elghth as toxic as Schrader reports# Methyl bensyl 

phosphate was found to be significantly less texts than diethyl phenyl phosphate. 

The change in toxicity may be due to the change in molooalar architecture or to 

a change in lipoid solubility.. .Increases in length of the carbon chains of the 

di*substituent groups also decrease the textcity. Marylalkyl compounds like* 

wiss possose only Slight degrees of t^city, though here again* the toxicity 

tende to increase with the length of the normal alkyl chain* Marylalk&ryl 

phosphates-'were found to be iusectieidally inert. The replacement of the 

double*bmded oxygon by sulfur definitely lowers toxicity as shown by the results



UI
obtained with diethyl phenyl phosphate and diethyl phenyl thiophosphate* and 

with diethyl p-nitrophenyl phosphate and diethyl ^nitrophenyl thiephosphate. 

The phosphonate esters, as a group, possess considerable toxicity to 

aphids but not to the house fly» Their toxicity* however, does not approach 

that of the substituted diethyl phosphate esters, The most toxic compound of 

t^* gr^np studied was di-(2-ethylhexyl) a-toluenephosphonate which might be 

compared with the essentially non-toxic diethyl benzyl phosphate • Unfortunately * 

little comparison can be made between this and other groups of compounds since 

the derivatives studied are not parallel in structure* The toxic properties of 

diisopropyl fluorophosphate, which may be considered as a member of the general 

group of phosphonates* have been investigated by MoCembio and Saunders (IgW) 

against mice* Though highly toxic* it does not possess the extreme toxicity 

of diethyl p^nitrophenyl phosphate * for example« These workers found that when 

t was replaced by H* OH, Cl* ethyl, ethoxy, or other groups * the toxicity 

disappeared completely. In the light of the text cities herein reported for this 

group* it might be of interest to investigate several of the analogous derivatives 

which were found to influence the toxicity of the substituted diethyl phosphate 

esters.

The present results indicate that dialkyl acid phosphite and trialkyl 

phosphite esters are essentially non -texte.

The alkyl and aryl phosphoric acids studied proved to be insecticidally 

inert.

The tetraalkyl pyrophosphate group is without a parallel in exhibiting 

high toxicity to insects * However, as the number of carbon atoms in the normal 

chain is increased, decreased toxicity results* As was the case with the tri­

alkyl phosphates, the activity of the iso-derivative studied was equal to that 

of the next lower homologue and greater than its normal derivative. The activity



to

of the unsym *41 ethyl di butyl derivative is of the same order of magnitude as 

tetraethyl pyrophosphate, The ethyl tributyl derivative we found to be even 

less toxic than tetrabutyl pyrophosphate. The activity of unsym «diethyl diphenyl 

pyrophosphate was less than that of tetraethyl pyrophosphate * The phosphono» 

phosphine oxide derivatives are less toxic than tetraethyl pyrophosphate also, 

^ith ^e toxicity decreasing as the site of the substituent alkyl group increases. 

Therefore, the alkyl-O-P linkage mat be of considerable importance to the 

toxicity of these compounds. That the P*O linkage is important can be readily 

seen by a comparison between the results obtained for tetraisopropyl pyrophoe* 

phats and di- (isopropoxy)-phosphino diisopropyl phosphate. Comparison of 

results obtained between tetraethyl pyrophosphate and di ethoxypho s phi no ethyl 

acid phosphate shows that the presence of two alkoxy groups upon the PR) la of 

considerable importance to the toxicity* %e results obtained for ootamethyl- 

tetraamido pyrophosphate tend to support the latter conclusion also. The 

replacement of one of the double-bonded. oxygen atoms by sulfur in tetraethyl 

pyrophosphate definitely depresses the toxicity of the molecule.

The alkyl amidophosphates tested were found to be inactive* Schrader 

(19^7) found that compounds of the dialkyl H,&-dimethylamidophosphate type 

were inactive also*

Phenyl tetrapropyl triphosphate was quite toxic to Myzus poresus but 

not to the house fly.

Bhtyl metaphosphate is another compound which showed some activity 

toward ^sus poreeus and the house fly*

Comparisons of chemical structures in relation to toxicity indicate 

that certain essential chemical components are necessary to impart high toxicity 

in organic phosphate esters* The first of these requirements is that the 

phosphorus atom must be pentavalent, and that two of the valences must be linked 



with those of an oxygen atom. This is shown by Gaspari ng the results obtained 

from tributyl phosphate and tributyl phosphite but is more clearly demonstrated 

in the case of tetraisopropyl pyrophosphate vs. di*(isopropoxy) phosphine 

di isopropyl phosphate, A second requirement is that two of the remaining 

valences must be occupied by OR groups. This is established by the following 

olati onshipa in toxicity: tetraethyl pyrophosphate equal to tetralsopropyl 

pyrophosphate, both being more active than di- (1soprepoxy)phosphino diisopropyl 

phosphate which in turn is more active than di-(ethoxy)phosphino ethyl acid 

phosphate♦ That rigid restrictions as to the constitution of R must be imposed, 

is shown by the relationships existing between diethyl phenyl# dibutyl phenyl * 

diphenyl butyl, and diphenyl ethyl phosphate, and by those between tetraethyl, 

tetraisopropyl# tetrapropyl, and tetrabutyl pyrophosphate, Thereform, R must 

be either ethyl or isopropyl* The third and final necessary component is that 

which must occupy the fifth phosphorus valence » That this valence cannot be 

occupied by a P*R linkage is shown by the relative inactivity of the phosphonate 

esters tested. The previously cited work of KcCombie and Saunders supports 

this conclusion. Further support stems from the comparison of diethyl^p-ehloro- 

benzenephosphonate, as herein reported » with diethyl g-chlorophenyl phosphate.* 

which was reported by Schrader (1^7) as possessing a high degree of activity. 

As illustrated, the P-R linkage is essentially a P-C-R linkage. Evidence that 

the P-R-R linkage is likewise ineffective is demonstrated by the gross inactivity 

of diethyl R#5-dimethylamldo phosphate* Again# Schrader*s work supports this 

conclusion. Consequently, the fifth phosphorus valence must be occupied by an 

0-R grcup. Rowevera certain restrictions must be placed upon the radical 

involved. Tri ethyl phosphate is inactive, so the Rounder present consideration 

must now be designated as E*. Data obtained during the present investigation 

and from the literature (Schrader) indicate that R* may be a relatively large



5* 
(within limits) alkyl group, an acyl groups, an aryl group, or an arylacyl group„ 

the generalised structure necessary for high toxicity in an organic phosphate 

ester is therefore (B0)gP(0)0H*, where % and R* must conform to certain 

designated limits, These conditions account for the toxicity of all highly 

active compounds studied, they do not account however,. for the toxicity of the 

1^*3 active ethyl metaphosphate. Also, tetrapropyl p-aresyl triphosphate should 

be toxic, but is not* The sample tested may not have been pure, or may have 

decomposed before testing was carried out, however*
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152 organic esters of phosphorus acids, namely metaphosphor10, 

orthophospheric, pyrophosphoric, triphosphoric, and phosphorous aeid, were 

examined for possible activity as oohtaet insecticides against the green peach 

aphid, Mysus persicae and the house fly, Mussa domestica* 26 expounds were 

found to possess at least a fair degree of insecticidal activity and were 

tested further as contact sprays against a more resistant aphid, Mygus perosus 

and against the house fly. 24 of these compounds exhibited fair to extreme 

toxicity to Me poresue, while only ly snowed varying degrees of toxicity to the 

house fly. Of the 26, only three compounds proved to be active realdual toxi­

cants to the house fly. Seven compounds were shown to give good to fair protec­

tion of wool from the feeding of the larvae of the black carpet beetle, 

Attagenue picens.

Comparisons-of chemical structures in relation to toxicity indicated 

that certain essential chemical components were necessary to impart high toxicity 

in organic phosphate esters. The first requirement was that the phosphorus atom 

must be pentavalent, and that two of the valences must be linked with those of 

an oxygen atom. The second requirement was that two of the remaining valences 

must be occupied by % groups. The limits of E were established as being ethyl 

or isopropyl. The third and final requirement was that an OB* group must occupy 

the remaining valence. It was shown that £* may be a relatively large alkyl 

group, an acyl group, an aryl group, or an arylacyl group. The generalised 

structure necessary for high toxicity in an organic phosphate ester was therefore 

established as , with definite limits determined for B and R*. This

essential structure accounted for the toxicity of all compounds studied except 

for that of ethyl metaphosphate. Tetrapropyl j»-eresyl tri phosphate should be 

toxic since its structure satisfies the conditions cited above, but was not



5»
found to be so in this investigation* The compound might have undergone deteri­

oration before testing# however* The replacement of P-0 by P*S resulted in 

decreased toxicity of toxic compounds* The toxicity of certain phosphoric 

esters was shown to increase as the length of the normal alkyl chain was in­

creased to an optimum of about eight carbon atoms* Iso-derivatives were shown 

to be of the same activity as their next lower normal homologues «
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