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A’non-exclusive, irrevocable,. royalty-free license in the

: invention herein. described, for alligovernmental: purposes,

throughout the world, 'with the power to grant sub-licenses
for such purposes, is hereby granted .to. the: Government
of the United.States of America.

We hereby dedicate the invention:herein-described to
the free use of the People in the territory of the United

“States.

This invention relates to insecticides, 'in ‘particular’ to
the 'so-called “organic phosphate” insecticides, such “as
parathion.

These -organic "phosphates “are ‘'known 'to “be “toxic to

‘warm-blooded animals in that they will lower. the ‘¢holine-
-sterase ‘content of the blood by 'absorption:through the
*§kin, by inhalation or by ‘oral ingestion. ‘
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‘The present invention accomplishes an increasing 6f/the .

toxic actionto - insects “by ‘including “certain ‘non-toxic
materials which are themselves not insecticides but which
act ‘as synergists'when mixed with the organic phosphates
in‘an amount ranging about from .025% to .05% of the

‘synergist' to *1/10 thereof; that is,. .0025% .to .005%,re-
-spectively, of the organic phosphate. These synergists are
‘1,2 < methylenedioxy-4-[2-(octylsulfinyl }propyl] . benzene

(known as sulfoxide) and the alphaisopropylpiperonyl es-
ter of chrysanthemum monocarboxylic acid. "Tn this man-
ner it is possible to use the organic phosphates at a suffi-
ciently low concentration as to be relatively non:toxic to
warm-blooded animals and yet obtain"a mikture of high
insecticidal potency.

The invention is applicable  to a"nuniber “of “organic
phosphates which may be generally described by the

“formula:

Rz—'O\Isl
PO~
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wherein R; and R, are identical alkyl radicals selected

-from- the- group -consisting of methyl and-ethyl,’and Ryis

a member of the group consisting.of hydrogen and ¢hlo-
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rine. “Examples of ‘such; phosphates and their: structural

formulae are:

0,0:diethyl O:4-methylumbelliferone thiophosphate

‘"These compounds were tested in admixture with a vari-
ety of .synergists and When compared with other phos-
.phates, also tested in admixture with a variety of.syner-
gists, it was fourld that the combination of each of the said
compounds with each of 1,3-methylenedioxy-4-[2-(octyl-
-sulfinyl) propyl1benzene or alphaisopropylpiperonyl ester
of chrysanthemum monocarboxylic. acid as a.synergistic
agent gave highly superior.results. " The data on these.tests
.are given in Tables'I to .V, inclusive, hereinafter. .Some
-of "the other phosphates tested and their structural.for-
“mulae are given hereafter:
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Testsreported herein were 'made with' the:human body
louse, Pediculus -humanus humanus (Deg:), as- the - test
insect, the chemical mixiures. being. used: as:cloth impreg-
-nants:and-as. powders.

:In.the impregnation. tests- the.mixtures: were-dissolved
.in-acetone-at the desired concentration-and 0.7 ml. of the
“test'solution was added by pipette to circular cloth patches
-1.5 -inches' in diameter. ‘The treated patches were: sus-
.pended..on. pins-and allowed . to..dry. for: about:an hour,

C:H;s0

o after-which -each pad was placed in-a:50-ml.;beaker and

20 adult lice (10 of each sex) introduced. For testing,
‘the beakers were held in an incubator at 30° C, and mor-~
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tality records were made after 24 hours. For aging, the
treatments were held indoors at room temperature.
In the powder tests, the mixtures were applied to small
balbriggan cloth patches and the insects were confined on
the treated cloth. Examinations were made at various

Table 1.—Results of beaker tests with umbelliferone phos-
phate compounds at low concentrations alone and com-
bined with a synergist, 1,2-methylenedioxy-4-L2-(octyl-
sulfinyl) propyl}-benzene. (Ratio of toxicant to syner-

gist 1:10; 20 adult lice (10 of each sex) exposed for

time intervals to determine their toxicity to the insects. 24 hours.)

The powders were handled and aged in the same manner

as the cloth impregnants. Percent knock-
Tests against body lice were conducted to determine the Fercent son- m%‘r’t";ﬁt"ya;‘%e .

immediate and residual effectiveness of certain of the or- 10 Toxicant 24 hours

ganic phosphates when mixed with 1,2-methylenedioxy-

4-[2-(octylsulfinyl ) propyllbenzene as the synergist. Pre- Toxi- | Syner- | Knock- | Mortal-

liminary tests were run with the organic phosphates at cant | gist | down | ity

several low concentrations in order to select dosages that ]

would show synergistic action of the 1,2-methylenedioxy- 15 0-000. 1 005 1 %

4-12-( octylsulfinyl) propyllbenzene. 0,0-diethyl O-4-methylumbellifer- |] .00L .01 5 0
Each organic phosphate was tested at a range of three one thiophospRALe. .-.om oo neave. sl B g

concentrations, alone and combined with the synergist. ggé T 108 78

A ratio of 1 part of the organic phosphate toxicant to 10 0025 | 025 100 60

parts of the synergist was used in these tests, although 20 O {3-chloro-4-methylumbelliferone) || 001 | .08 Bl 1

synergism was evident with other ratios. In a second O clethyt thiophosphate..... - T 15

series of tests the phosphates were tested for residual Check—untroated 001 oo 8 8

effect at a concentration of 0.005 percent alone and com- [ R

bined with 0.05 percent of the synergist. In these tests
1-hour knock-down records were taken in the initial expo-
sures and 24-hour exposure tests were conducted twice
weekly for 3 weeks.

In the first series of tests, the results of which are shown -
in Table 1, the synergist caused remarkable increases in
the effectiveness of both phosphates. An 0.005 percent
concentration of the toxicant aione caused cnly 20 and
10 percent knock-down and O and 10 percent kill in 24
hours, while with the synergist the knock-down and kill
were 100 and 90, and 100 and 70 percent, respectively.
Half this concentration of the toxicant was completely in-
effective in both cases, but when combined with the syner-
gist, the knock-down and kill were 100 and 85, and 100
and 60 percent. The synergist namely, 1,2-methylenedi- -
0xy-4-[2-(octylsulfinyl) propyllbenzene (sulfoxide), alone
at 0.05 percent was completely ineffective. The other
synergist, namely, the alpha-isopropylpiperonyl ester of
chrysanthemum monocarboxylic acid, alone at .05% was
similarly substantially complete ineffective.

30

25 t Knock-down also includes those listed as dead.

Seventeen other materials acted as synergists for the
0,0-diethyl O-4-methylumbelliferone thiophosphate, O-
(3-chloro-4-methylumbelliferone) O,O - diethy! thiophos-
phate, and O-(3-chloro-4-methylumbelliferone) 0,0-di-
methyl thiophosphate. 1,2-methylenedioxy-4-[2-(octylsul-
finyl) propyllbenzene was included as a standard of com-
parison. The toxicants were tested at concentrations of
0.005, 0.0025, and 0.001 percent, alone and in combina-
tion with each synergist at a ratio of 1:10. The results
of the tests are presented in Table 2. As can be seen, all
the synergists increased the toxicity of the phosphates.

Further tests were conducted with a concentration of
0.005 percent of the phosphate and 0.05 percent of each

40 synergist to determine the residual effectivencss of the

materials. Results of these tests are presented in Table 3.
All 17 synergists increased or prolonged the tesidual ac-
tion of umbelliferone esters of thiophosphoric acid to a
remarkable degree.

Table 2.—Effectiveness of certain umbelliferone esters of
thiophosphoric acid at different concentrations in com-

bination with various synergists.

(Ratio of synergist

to toxicant 10:1; 20 adult lif;e (10 of each sex) exposed

for 24 hours.)

Synergist Percent knock-down and kill (combined) at indicated concentrations
0,0-diethyl O-4-methyl.| O-(3-chloro-4-methyl- 0-(3-chloro-4-methyl-
umbelliferone ester umbelliferone) 0,0- umbelliferone) 0,0-
Iliif;m Name diethyl ester dimethyl ester
0.
0.005% {0.0025%] 0.001% | 0.005% {0.0025%] 0.001% | 0.005% 0. 0025%| 0.001%
100 100 0 - [N S IS .
100 100 0 100 100 0 100 95 10
100 100 25 - 100 100 0 100 100 .0
100 100 35 100 100 [+ 10 SN U AR,
100 100 30 [N PR P 100 100 50
n-Propy! isome. 100 95 70 100 36 0 -
1,2-methylenedioxy-4-[2-(octylsulfonyl}-propyl] benzene 100 90 [\ 100 75 0 100 95 0
Propionic acid, p-(alpha, alpha-dimethyl-benzyl) phenyl ester. _ 20 90 [} R -
Propionie acid, p-cyclohexylphenyl ester..____ . . ..__._... 100 70 10 |aoeaeoC
Propionie acid, 2,4-di-tert-butyl-6-isopropylphenyl ester.._ - 100 30 [+ 1 T -
alpha-Propylpiperonyl acetate. ..o __._ . . . __l___.___ 100 100 11 2 -
Chbrysanthemummonocarboxylic acid, . alpha-propylpiperonyl
L1 100 100 100 100 95 5 100 100 0
Chrysanthemummonocarboxylic acid, 4-(3,4-methylenedioxy- |
phenyl)-sec-butylester.. ...l ... T _._.i_____ 100 100 L U RSO SNSRI [N ISP AU SRR
Chrysanthemummonocarboxylic acid, —alpha-ethylpiperonyl
ester-...-....---......n_._____: ............................... 100 100 90 100 100 20 100 160 10
5-butyl-5-ethyl-2-(3,4-methylenedioxyphenyl)-m-dioxane. . 100 100 90 100 100 10 100 100 70
-| Fencholic acid, alpha-allylpiperonylester_. .. oo ___.. 100 100 70 100 100 25 100 100 55
Chrysanthemummonocarboxylie acid, alpha-isopropylpiperonyl
[E1517 P N _’ 100 100 100 100 95 0 100 100 25
Toxieant Alome. o - cu oo e e e 15 0 0 15 (11 S 90 10 0




2,826,530

Table 3.——Residual effectiveness of certain umbelliferone
esters of thiophosphoric.acid.at 0005 percent in beaker
Zests in.combination with.0.05 percent.of various syner-
gists. (Twenty adult lice (10 of each sex) exposed 24

Table 4.—Results of beaker tests with selected phasphate
compounds at low concentrations alone and combined
with. a synergist, 1,2-methylenedioxy-4-12-(octylsyl-
finyl)propyllbenzene. (Ratio of toxicant to synergist

hours.) 5 1:10; 20 adult lice (10. of each sex) exposed for 24
hours.)
Percent knock-down and mortality (combined) on Percent knock-
indicated day affer treatment Percent concen- down ! and
tration mortality after
Synerglst, 10 Toxicant 4 hours
) :{\trenlx 0,0-diethyl 0-4¢-methylumbelliferone thlophosphate i
o : ; 7 : ; "Toxicant | Syner- | Knock-| ‘Mor-
. tihg-‘ 4 ] 8 (13-14] 18 | 21 § 23 | 26 |28 ]32i38 gist | down j tality
100 85
: 25 15
Tetraethyl dithiopyrophogphate....| 92 378
20 0
] 0
100 55
35 15
Tetrapropyl dithiopyrophosphate.. 88 32
40 15
0 0
o
0,0-diethyl. .O-(2-ethylmereapto)- 0 0
sethyl.thiophosphate.  .e........._ 55 25
15 10
K U SO I N JRORN N 0 ‘o0
Toxica.nt 1gg ;32
alone).{ 15 | ..d s afem
{alone) 0,0-dimethyl dithiophosphate -of. 5 0
dlethyl mercaptosuccinate..... . 70 40
O-(3-chloro-4-methylumbelliferone) -0,0-dlethyl 20 5
thiophosphate 30 0 0
A
Initial | 13 15 19 22 26 29 33 ‘G-(2-chlpro-4-nitropheny) = 0,0-di~ 0 -0
methyl thiophosphate........_... 58 28
100 100 100 0 0
100 100 100 90 55
100 | - 100 95 25 10
100 100 95 0O-¢thyl O-p-nitrophenyl benzene- 0 0
100 100 100 thiophosphonate. _.....__.___.... 40 10
100 |- 100 {100 . 0005 0 0
100 | 100 100 .00025- |- 0 0
100 100 100 Check—untreated....... 5 5
10| 10| 100
Toxicant . 1 Knock-down includes those also listed ag dead,
(alone). 156 [N I SO . 3 B
Table 5.—Residual effectiveness of 0,0-diethyl O-4-meth-
O-(3-chloro-4-methylumbelliferone) O,0-dimethyl ylumbelliferone thiophosphate at 0.025 percent in com-
thiophosphate bination with 0.25 percent of synergist, applied as
45 powders (Pyrax) to cloth patches. (Average of two
Initial 1 9 13 20 23 27 tests with 20 lice in each test, exposed for 24 hours.)
i% %% %% 1% 1% 132 _ 7? Percent knock-down and kill
100 100 %0 20 B o I (combined) on indicated days
100 00| 00| 100 [Tes T Io0 & 50 Synergist
00| 10| 10| B Sl B Il | 3 | 5 | 7 | 10
B | ) e TETS
"""""""""""" Piperonyl butoxide.. . .ceeueooeo.. 100 98 08 68 30
t el el e % e e 1,%-mf)thylenel(]iti)oxy-4 wo!| 100 100 100] 68
nyi)-propyljbenzene ... . ......
(alone).- % B e IRl IEEEERRY [ CREnal GRS 55 1,2-methylenedioxy-4-{2- (octylsul-
o{]onyl)-;%ti(l)pyllbenzene.--.B_.--_ﬁ_. 100 { 100§ 100 | 100 85
5 rysanthemummonocar oxylic
! Names of compounds are given in Table 2, acid, alpha-allylpiperonyl ester._.. 100 93 93 58 25
Alpha-Propylpiperonyl acetate..__.. 100 {1 0 OO SR P
Chri%saxlltlﬁemumulminocarb]o_xytlic o8 .
M i ac; alpha-propylpiperonylester_..} 88 ) 60 [_.. . -foc_f.._._n
Six other phosp}.zates were selected f'or tests similar to 80 Chrysanthemummonocarbosyiic
those above, using 1,2-methylenedioxy-4-[2-octylsul- C?]cid. algﬁaethylpiperonylbesterl-_-_ 100 | - 981 88| 85 48
. san’ !
finyl)propyll-benzene as the synergist. The phosphates agtfg?‘ a1pha-tert-butyipiperonyl ol ol wl ol W
ithi 1thio- (3175 S 1 g T
were tetraethyl dlthlopyrophosphate, tetrapropyl dithio 5-Dutyl 5 ety (i et yloneds
pyrophosphate, 0,0-diethyl = O-(2-ethylmercapto)ethyl oxyphenyl)-m-dioxane... ...._ .. 100 | 80 ..o}l
thiophosphate, 0,0-dimethyl dithiophosphate of diethyl g5 Foage © % dpbwaliylplperonyl |\ b
mercaptosuccinate, O-(2-chloro-4-nitrophenyl) 0,0-di- Chriydsantlh%mqmmono§a€boxy1iti
methyl thiophosphate, and the O-ethyl O-p-nitrophenyl Clé:s"ter’__‘?t.}‘l.’-f'_‘.sf’fr.‘ff’_’f_‘.’.?ff’.f‘l?'_. wo| o8| ss| 75| 8
i ini 1 - rysanthemummonocarboxylic
benzenethiophosphonate. The minimum _effective con acid, alpha-amylptporonyl sstar | o8| 70 | || .
centration of these materials, alone and in combination Chrisc’lsarllt%elgugnlmicmoear%)m%ylic wl =
H H H ac aipha-buty! eronyl ester._. 1 {12 DR I
with the synergist, are shown in Table 4. - 70 Rrvian homummonoomborolic
The residual effectiveness of the various synergistic ma- gslaga-@-methylallyl)plperonyl w!| sl 8| e
terials with the phosphoric acid esters when applied to ﬁlphaé]??lohgx%l-pig)eroilyl acetate. 122 gg gg T B
1 one (Ltoxicant aione). « d9 | 83| | A3 {-oaiaw
cloth has been clearl_y demonstrated. - When apphe:d as Control (Pyrax along) : s 8 1 5
powders, these materials also have a remarkable residual Control (untreated). 3 0 0 0 0
gffectiveness, as shown in Table 5. 75
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We .claim:
1. An insecticide comprising a mixture contalmng as
-a tox1cant an organic phosphate having the formula -

Rz—-O\ﬁ o0 . -
- g
P=0— No=o
Ri—0 C—R;
\Ng7

|

H. . o~

CHr . “10

_wherein R; and R, are. identical alkyl radicals selected
from the group consisting of methyl and ethyl, and Rj is
a member of the group consisting of hydrogen and chlo-

- rine and, as a synergist therefor, a member selected from

. the group consisting of 1,2-methylenedioxy-4-[2-(octyl-;
sulfinyl) propyl] benzene and the alpha-isopropylpiperonyl
‘ester of chrysanthemum monocarboxylic acid, said toxi-

.cant and synergist being present in the proportions of

“about from .0025% to .005% of toxicant to .025% to

.05%, respectively, of the synergist. )

2. The insecticide of claim 1 wherein the synergist is
1,2-methylenedioxy-4-[2-(octylsulfinyl) propyll benzene.

3. The insecticide in -claim 1 wherein the toxicant is
0,0-diethyl O-4-methylumbelliferone thiophosphate and
the synergist is 12—methylened10xy—4 [2-(octylsulfinyl)~
propyl]l benzene.

4. The insecticide of claim 1 wherein the toxicant is
O-(3-chloro-4-méthylumbelliferone) - - 0,0-diethyl  thio-
phosphate and the synergist-is 1,2-methylenedioxy—4-[2
(octylsulfinyl )propyll bénzene.

5. The insecticide of claim 1 wherein the toxicant is
O-(3-chloro-4-methylumbelliferone) - O,0-dimethyl thio-

20

30

25

- 47, No. 1, pp. T2-76.

phosphate and the. synergist is 12-methy1enedibxy—4—f2—

" (octylsulfinyl)propyl]l benzene.

6. The insecticide of claim 1 wherein the synergxst is

~the- alpha-lsopropylplperonyl ester of chrysanthemurn

monocarboxylic acid.
7. The insecticide of claim 1 wherein the toxicant is

- 0;0-diethyl 0-4-methylumbelliferone thiophosphate and

the synergist is the alpha-isopropylpiperonyl ester of
chrysanthemum monocarboxyhc acid.

8. The insecticide of claim 1 wherein the toxicant is
O-(3-chloro- A}-methylumbelhferone) 0,0-diethyl  thio-

_ phosphate and the synergist is the . alpha-isopropylpiper-
- onyl ester of chrysanthemum monocarboxylic acid.

9. The. insecticide .of claim 1 wherein the toxicant is
0—( 3-chloro-4-methylumbelliferone) G,0-dimethyl thio-
phosphate and the synergist is the alpha-iscpropylpiper-

- onyl ester of chrysanthemum monocarboxylic acid.
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