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This invention relates to a new composition of
matter useful for killing insect pests such as flies,
mosquitoes, moths, roaches and the like,

Most liquid contact insecticide sprays are an
extract of pyrethrum flowers in g diluent vehicle
Such as a petroleum distillate. Such pyrethrum
insecticide confronts a manufacturer with the
necessity of importing, at considerable expense, a
crude botanical, the active ingredients of which
are unstable and variable. Such a hazardous
source of supply, and of quality, coupled with at-
tendant unpredictable fluctuations in price has
been onerous to manufacturers of liquid contact
insecticides who rely on pyrethrum for the prin-
cipal active ingredient of their product. More re-
cently, an insecticidal spray has been prepared
synthetically by diluting a suitable organic thio-
cyanate. This however, introduces undesirable
odors, especially at the higher concentrations now
required for the so-called “high kill” insecticides.

Contact sprays of pyrethrum or of organic thio-
cyanate are of a type to induce an initial paralytic
effect in insects, but they entail a disadvantage in
that at an economic concentration the Pparalytic
effect so produced is only temporary in a large
percentage of cases. Hence, a considerable num-
ber of the insects sprayed with such an insecticide
completely recover.

To avoid this difficulty and obtain the high kill
demanded of a modern insecticidal spray, manu-
facturers have been forced to increase the con-
centration of these paralytic ingredients to a
point where the cost of the spray produces g seri-
ous sales resistance.

* Hence, an object of our invention, is to provide
a chemical that will be compatible with the para-
lytic agents named as well as being capable of
supplementing their insecticidal values. Another
object is to provide chemieals of such insecticidal
activity that a relatively small amount will re-
place a substantial or major amount of the par-
alytic agents now required to produce a satisfac-
tory insecticidal spray. A special object of im-
portance is to supplement paralytic agents of in-
secticidal sprays by new components that are of
high letha] value to insects. More particularly,
an object is to prepare a new insecticide of im-
proved lethal or killing power. A further object
is to provide chemical compounds of high lethal
power, but practical for an insecticide. Alsg an
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object of our invention is to provide a chemical
insecticide synthetically from readily available
raw materials and at economical cost. This will
render its use economically advisable in liquid
insecticides and more particularly effect a sub-
stantial savings in replacing a substantive or
major part of the pyrethrum or of the thio-
cyanate paralytic agents now required. . Another
object of our invention is to produce an insecti-
cidal material that will have also satisfactory
concomitant physical properties, such as freedom
from odor, color, skin irritation and other un.-
toward physiological effects on warm blooded ani-
mals. A special object, further, is the production
of certain new and useful chemical compounds.
These and other objects will appear in the illus-
frated description of this invention more fully to
be set forth, and defined in the appended claims.
Attainment of these cbjects is a resuli of our
discoveries concerning organic chemical com-
pounds of an indandione type. These may be
expressed in terms of their structural formulsa:

i
e o
\CH—(IJ—R
\c/
(l)l

in which R is a hydrocarbon radical. We have
discovered certain new chemical compounds of

- this formula, and also have found that all com-
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pbounds of this type exhibit high lethal power for
insects. Moreover, under this invention, small
amounts of these lethal compounds exhibit such
synergistic effect with the above paralyzing com-
pounds, especially pyrethrum, as to produce ex-
ceedingly useful insecticides, This invention uti-
lizes small quantities of these indandione com-
bounds with dilute solutions of pyrethrum extract
to obtain an insecticide having the combined
properties of rapid paralysis plus high killing
power.

Under preferred practice of this invention ap-
propriate quantities of these indandione com-
pounds are distributed in a base for contacting
insects. It will be illustrative to refer to py-
rethrum extract dissolved in kerosene as a base,
but without limitation either to pyrethrum or to
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kerosene, as other paralyzing chemicals are being
developed and other solvents or also emulsified
bases. These are typical of a paralyzing insecti-
cide and a volatile solvent well known in this art;
a 2.59% solution in kerosene of a 20:1 pyrethrum
extract serves as an illustrative standard. Ex-
amples will serve to describe various composi-
tions of this invention. In a preferred composi-
tion under this invention the indandione com-
pound, 2-isovaleryl-1 3-1ndand10ne is of out-
standing value. :

These examples are expressed in terms familiar
in the art as “knockdown” and as “kill” power.
They are evaluated according to present stand-
ard procedures, utilizing the so-called Peet-Grady
method. In this a group of 100 flies is released
within a gas chamber 6 X 6 x 6 fect; then 12 cc.
of the solution for test is sprayed into the cham-
ber with a De Vilbiss atomizer, Special No, 5004.
At the end of ten minutes the chamber is venti~
jated and the flies that have been knocked down
are transferred to an observation .cage and sup-
plied with food. At the end of twenty-four hours
the number of dead and living flies are deter-
mined. The number of flies on the floor of the
chamber in 19 minutes will hereinafter be desig-
nated as the “knockdown” and the number dead
at the end of 24 hours as the “kill.”

It is well known that the resistance of house
flies to insecticides varies widely. In order to
compensate for this variation, concurrent checks
in the resistance of the flies to standard py-
rethrum insecticide were run on a group of 1909
fiies from the same cage as those used in testing
the unknown sample. The order of the fest
was such that every unknown sample had a con-
trol group of 100 fiies tested immediately before
or immediately afterit. The standard pyrethrum
insecticide used as a control was the official test
insecticide of the National Asscciation of Insecti~
cide and Disinfectant Manufacturers. This of-
ficial test insecticide represents the average prod-
uet that is obtained by giluting one part of 20:1
pyrethrum concentrate with nineteen parts of a
deodorized kerosene having a boiling range of
approximately 345° to 510° P

The results obtained from a. pair of tests, that
is, one test on the unknown sample and one test
on the official insecticide, were then adjusted
statistically to the basis of a 50% Kkill for the
official test insecticide by the method published
by cne of us in Soap magazine, June, 1937, page
116. Thus, if a pair of tests that were run on
two groups of 100 flies taken from the same cage
gave a 60% Kkill for the O. T. I and 90% kill for
the sample, the adjusted kill for the sample on
the basis of a 50% Kill for the O. T. L would be
859%. °In the following tables all the figures for
per cent kill are so adjusted.

EXAMPLE I

The following table shows the kills which may
be obtained by adding to solutions of 2% % 20:1
pyrethrum concentrate in decdorized kerosene
varicus members of the series—

g
/ \ (ﬁ

v OH—C~R
o
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0

wherein R is a hydrocarbon radical,

10

18

20

25

30

35

40

45

60

55

80

85

70

75

TaBLE I
10 Min.
r;[;?gt Material and Concentration Knock- 2%3’"
No. down il
Percent | Percent
1_..._] 2.5% 20:1 pyrethrum concentrate. ... 99.9 25
2 e 2.5¢, 20:1 pyrethrum concentrate
g./100 ce. 2-A.cetyl-1,3-indandione._ 100 46
[ 2.8% 201 pyrethrum concentrate +D 5
.£./100 ee. 2-propionyl-l,3-indandiene.. .. . 3100 65
= S 2 5%, 20:1 pyrethrum concenttate +05
g /100 cc. 2-[)1114*'1‘«1 1,3-indandione.. .- 100 73
5.....] 2.8% 20:1 pvrethlun concentrate 0.5 5
5,/100 ce. 2-isobutyryl-1,3-indandione.._. 07.5 65
[ 2.5% 20:1 pyrethrum concentrate —+1.0
2./100 ce. 2-isovaleryl-1,3-indandione ... 100 g%
U 8¢, 20:1 pyrethrum concentrate —-0.5
2./100 cc. 2-isovaleryl-l,3-indandione_..__. 100 29
8 .. 2. 5% 20:1 ‘pyrethrum concentrate —+0.25
. £./100 ce. 2-isovaleryl-1,3-indandione_..... 106 687
L 2.5%, .20:1 pyrethrum concentrato +0.5
£./100 ce. Zn-valeryl-1,3-indandione.__... §0. 6 %
A40_ o} 2:5% (200 pyrethrum concentxate —+0.5
€100 cc. 2-trimethylacctyl-] 3-indan-
cione 100 80
Jioo_o) 2% 20 o
4 g (100 ce. -cap'oyll 3-indandione.._._... 100 63
2.1 2. a% 20:1 Dyrethrum concentrate 4-0.5 .
2./100 ce. 2-hexahydrobenzoyl-1,3-indan-
dmne ___________________________________ i00 61
13.._.1 2,6% 20:1 pyrethrum concentrate --0.5
2./100 ce.” 2- (2-phenylethyl)-1,3-indan-
QOO . o 69.6 42
14.__.} 2.5% 201 pyrethrum econcentrate —+0.5
g. /100 ce. 2-benzoyl-1,3-indandione._ . . ___ 106 55
15| 2.5% 201 pyrethrum concentrate +1%
residae obiained from the Claisen con-
densation between dimethyl phihalate
and methylisobutyl ketone as described
in Bxample ITT.. . _ - . ______ 99 9 63
16._-_| 2.0../100 cc. 2-isovaleryl-l,3-indandione.. - g6 96

The above exampies show the use of these
compounds with pyrethrum, except that Exam-
ples 1 and 16 are respectively for pyrethrum alone
and the indandione compound-alone. -The com-
pounds when uséd alone are effective killing
agents but are somewhat delayed in their action.
In the last example, it is to be noted that although
the knockdown was inferior to the samples con-,
taining pyrethrum, the material killed practi-
cally all of the flies that it knocked-down, while
in the first example the 2:5% of 20:1 pyrethrum
concentrate gave a.complete knockdown but 75%
of the fiies recovered. The compounds are more
useful ‘when incorporated with -a material such
as pyrethrum which paralyzesthe flies rapidly.

In these insecticides, lethal effect -is imparted
generally by indandione compounds cf the for-
mula—

i
/C\ 0

‘:C,H-*E»«—LR

wherein R is a butyl group generally; that is,
normal butyl, isobutyl, secondary ‘butyl, or ter—
tiary butyl.

The combination -of these compounds with py-
rethrum produces a synergistic effect, that is to
say, more than the additive effect of the two in-
gredients. This effect may be demonstrated by
using a paralyzing agent other than-the type of
pyrethrum to obtain the rapid knockdown. Thus,
in Table II, we have shown the results of Kill tests
run on compearatively weak solutions of pyreth-
rum extract and p-butoxy-g’-thiocyanodiethyl
ether concentrate, said conecentrate comprising
approximately 509 -of the .active compound in
kerosene. Pyrethrum or g-butoxy-g’-thiocyano-
di-ethyl ether when used by themselves give ap-
proximately -the same kill. However, when an




‘equal -amount +6f .one of “the 2nsmibers sof :ile
series-—

for example 2-isovaieryl
ito ea/ch of the su!ution

case: Gf ‘ ¥
‘killing:strength:o ﬁ&eimnﬁtef&vxsfmenéiy”af&di-
$ive while in thecase 6 ithe:pyréthrum; sewﬁon a
‘synergistic eﬂect Was produced.

TPASLETI

“Synergisticefect-when used- itk pyrothrum

Material and Concentration ; Gt

Percent
25
23

2.5%, pyrethrum coneentrate. o . ool ___....
2‘7 g-butoxy-g'-thiocyanodi-ethyl ether ooncan'trata
2.5% 20:1 pyrethrum concentrate--0.5 g./100 cc: .
3-indandions. ... L U SO
2% B-butoxy-g'-thiocyanodi-ethyl ¢ther: coneentrate -+0.5
2./100 ce. 2-isovaleryl-1,3-indandione.
2.5%, 20:1 pyrethrum concentrnte+0 5g./100 ce. 2 butyryll,
S-indandione_______. .. ___ .. .. ____._____ T T

89

2% p-butoxy-g'-thiocyanodi-ethyl ether concentrate +.5
-£./100 ce:2-butyryl-l;3-indandione, =81
2,59, 20:1 pyrethrum “conceéiitrate )
hydrobenzovL [{3NASHAIONE . _ooe s cm v v =8Y

2%, B-butoxy-g'-thiocyanodi-ethyl éther concentrate 2 s
hexahydrobenzoyl-1,3-indandione

Compounds 6f the type-—

-are.suitably .prepared -by Claisen -cendensation
between “ansester-of ;plithalic acid -andsa méthyl
ketone, -using $he usual ‘condensing -agents for
this Claisen: oondensation 'suchiasia metillic:so-
dium or potassmm or their corresponding alco-
holates.

An illustrative example is:

~COCR:
+ C-Hi‘éeiks’i'—Na r——
—~COOR

0--Na

N

10

A%

=gp -dicate ~that ‘this ‘compound iis “2%dcovaleryl

‘wherein:Rigra’hydrocarbon:radicsland R ds:an
alkyl radical.

For example, we have prepared the compound
2-isovaleryl-1,3-indandione (where R is the iso-
valeryl radical) by the following method:

EXAMPLE:H

A mixture of 194 parts Call parts given by
Wweight) dimethyl phthalate and-100_parts methy!
‘dsebiityl ketone. 1s diluted with 400 jparts of dry
‘penzene and 23 varts-of metallic sodium:is-addsa
insmall.pleces. "When the sodium has dis
‘thetréastion mixture is etracted with waters nd
the aqueous extracts aéidifed. TAyellow hrowa
oil separates and crystallizes “upon -§tanding.
Upon recrystallization ‘Irom stmethanol, a light
yellow-solid, melting at-67, is.obtained, .The:car-
“bonhydrogen analysis: and neutral equivalent:]

73-
Indandione.

‘Corbon-hydrogen -endlysis.—Calctlatéd ifor
C1H140s: ‘carbon "73.00%, ‘hydrogen .6.24¢.
“Found: catbon "73.01%, hydrogen:6.13%.

Molecular weight (Rast) —Calealiated 7230,
“Found "20%.

Neutrdl equivdlent ~calculdted. —"230.
225,229,

“The - structural “formuila '6f "2:isovaleryl=13iin-

Found -

180 - déndione is:

o)
il
a5 CH—&——CH:CH(CH:):
“0 The other members of the series of compounds

under this invention may beiprepared in similar
manner. In some "¢ages, where:ithe final com-
pounds themselves were not.crystalline, they were

. burified by recrystallizing ‘their salts (for exam-

45

ple, sodium salts) and then acidifying.
The following. table Jdists. ﬂlustratlve compounds

| i ‘the serigs—

60

B

zdeseribed ~as  insecticidals: inExample 1T, the tke-
“tanes from “which ‘they 'were 'prepared tand > wthe
‘melting: polnt of the finaliproducts. ‘These:sith-
istantiate:the-broadidesignation 6I°R by the term

180 “hydrocarbon.,

"TTABLE TIT

7| BRbrinG Type
e Horthals

| I Melting

Comipound “Hetone TPoint

NGty - .

Cyclo-GeHyy.o. .
21 CyHsCH;3CH;_ ..
(071 5 ¢ SR

2-acetyl-1,3-indandione. ... .. __.__
Z’proplonyl-l 34ndandiocne.
2-butyryl-1; 3~1ndandmne._.;,-
2- isobutyryl—l 3-indandione
2-n-valeryl-1, 3. ihdandione. ..
2-isovaleryl l.s-mdaudmne
2-trimethylaeetyl-l;3-indandione
2-caproyi-1,3-indan
2-] bexahydrobenzoyl lﬁ—;ﬁdandlonc
2-(2-phenylethyl)-1;3idandione. .
2-] benzoy]-l 3-indandione......._..._.....

900
09

Iethyl ethylXkétone
Methyl propyl ketonel
.| MeéthylisopropyIketone. .

| Methyl p-butybketone. ...
" Mathylisohutyl- ketonﬂ
Pinacolone

dione.

Acetophenoue i o 103"-106"

- 1/Fechnijeal methyl pworyl ‘ketonesed. “Thiy wasamixture of abont 75%

kotone,

m&hyl»n-propyl» ket(mewand-‘%% »dic’tb}t 1
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.. This invention is not restricted to the use ot
pure forms of compounds of the type—

¢
||

¢]
on-b-n’

The crude product obtamed from the Claisen
condensation ‘of a dialkyl phthalate with a methyl
ketone may be incorporated directly in an insec-
ticide without iselating and punfymg the pure
éompound. The following example will show
how this may be done

EXAIVIPLE III1 .

- A mixture of ‘194 parts (all parts given by
welght) of dimethyl phthalate and 100 parts
methyl isobutyl ketone is diluted with 400 parts of
dry bengzene, and 23 parts of metallic sodium are
added in small pieces. When the sodium has
dissolved, . the -reaction -mixture is agitated
thoroughly with a slight excess of dilute acid.
The benzene layer is separated, washed with
water and.the.wet benzene removed under re-
duced pressure. One part of the resulting
brown, sticky residue was shaken with 99 parts of
petroleum distillate containing 2% % 20:1 py-
rethrum concentrate. A small amount of in-
soluble material was filtered out and the result-
ing solution bioassayed by the  Peet-Grady
method. The resulting insecticide gave a 63%
kill,

Furthermore we have found that the com-
pounds of the type—

i
s o
\CH—g—R
o
§

‘wHereil R is a hydrocarbon radical are quite
stable towards sunlight. It is well known that
extracts of botanical insecticides such as py-
rethrum, derris, cubé and the like, are very un-
stable in the presence of sunlight and thelr effec-
tiveness as insecticides is rapidly destroyed. The
following example demonstrates the stability of
our compounds:

EXAMPLE IV

Two hundred cublc centlmeters of deodorized
‘kerosene ‘containing 2. 0 grams of 2-isovaleryl-1,3-
indandione were placed ina bottle made of Corex
glass, @ special glass which transmits a ‘large
percentage of the shorter wave lengths of light
which have been found to be especially. destruc-
tive to pyrethrum and rotenone. The bottle
was .placed outdoors on the south side of the
bu11dmg where it received the direct sunlight
whenever the weather was clear. The bottle was

allowed ‘to remain outside from February 18 to. -
he . & ithis time 21%49% of :
te was added. If o' *
d_ the material would
that it did before being.:
(see .
Actually, it-was. found__ -

March' 20. At ‘en
201 pyrethrum *concen
decomposmon ‘had:oee
haye given the same
exposed to «the sunhght ‘namely,  98%
Example 1, test Ne 6)
to give-a 949 kill.’
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htis;:it-is evxdent thatthese new msectlcidals S

are useful ot only for household iise, but also" 75

out of doors in the sunlight, and for use on plants
or trees where rotenone is unsatisfactory.

In the foregoing description this invention has
been illustrated by compositions in which petro-
leum distillates serve as distributing means or di-
luent for these new insecticidal materials. How-
ever, this invention Is applicable also to use of
other distributing means such as aqueous emul-
sions or organic emulsions, or also powders that
may serve as distributing agents.

While this invention has been described by
illustrative, preferred examples in accordance
with the patent statutes; it will now be apparent
to those skilled in this art that the principles of
this invention may be embodied in other forms
than those specifically set forth, but within the
scope of the appended claims,

What we claim 1s;:

1. An insecticide comprising an insect-paralyz-
ing agent intermixed with a compound of the
type—

i
C .
Wi 2N}
\ SR
- CH—C—R
o/
. (H) .'
wherexn R. 1s a. hydrocarbon radical, the com-
pound serving to 1mpart ‘lethal qualities to the

insecticide.

2. An insecticide comprising an insect-paralyz-
ing agent and a compound of the type——

i

~C )
Nz

\c/ »

i
0

—R

wherein R is & butyl group, the compound serving
to impart-lethal quality to the insecticide.

3. An 1nsect1c1de comprising an insect-paralyz-
ing agent and a'compound, of the type— :

(‘?.‘

I
v (¢]

N
 CH=C-R -
¢

I

o

wherein R is the isobutyl group, the compound
serving to impart:lethal. qualit1es to the in-
secticide.

4, An insecticide comprising pyrethrum and
2-isovaleryl-1,3-indandione, the indandione com-
pound serving to impart lethal qualities to the
insecticide. = .

5. An 1nsect1c1da.l comp051t1on of matter com-
prlsmg a compound of the type

wherein R is a butyl group, the-compound serving
to’impart-lethal qualities to the composition.
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6. An insecticidal composition of matter com-
prising a compound of the type:

i
C
/\ (")

CH—C—R
NG

I

0

wherein R is a branched chain butyl group, the
compound serving to impart lethal qualities to
the composition.

7. An insecticidal composition of matter com-
prising 2-isovaleryl-1,3-indandione, the compound
serving to impart lethal qualities to the composi-
tion.

8. An iInsecticidal composition of matter com-
prising 2 - trimethylacetyl - 1,3 - indandione, the
compound serving to impart lethal qualities to
the composition.

9. An insecticidal composition of matter com-
prising a compound of the type:

(o)

4

0
CH—g—R
o
II
[}
wherein R is a butyl group and a carrier therefor,
the indandione compound serving to impart lethal
qualities to the composition,
10. An insecticidal composition of matter com-
prising a compound of the type:
0
i
0

C
7N

CH—C—R
v

If

0
wherein R is a branched chain butyl group and
a carrier therefor, the indandione compound
serving to impart lethal qualities to the composi-
tion.

11, An insecticidal composition of matter com-

prising a compound of the type:

0]

]
V4 o)
N

e
‘g

wherein R is a butyl group, dissolved in kerosene,
the indandione compound serving to impart lethal
qualities to the composition.

12. An insecticide comprising an insect para-
Iyzing agent and 2-trimethylacetyl-1,3-indandi-
one compound serving to impart lethal quality
to the insecticide.

13. An insecticide comprising pyrethrum and
2-trimethylacetyl-1,3-indandione, the indandione
compound serving to impart lethal quality to the
insecticide.

14. An insecticide comprising pyrethrum and
a compound of the type:

1
a
/ o
\oﬁa-(u,—n
g
It
o
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10
wherein R is butyl, the indandione compound
serving to impart lethal quality to the insecticide.
15. An insecticidal composition of matter com-
prising a compound of the type:

1
@‘\H_@_R

wherein R is alkyl containing at least 4 carbon
atoms, the compound serving to impart lethal
gualities to the composition, and a carrier there-
for.

16. An insecticidal composition of matter com-
prising a compound of the type:

wherein R is alkyl containing at least 4 carbon
atoms, the compound serving to impart lethal
qualities to the composition.

17. An insecticidal composition of matter com-
prising a. compound of the type:

1

C
Ve [¢]
AN 1

CH—C—R

¢

I

(9]

wherein R is amyl, the compound serving to
impart lethal qualities to the composition.

18. An insecticidal composition of matter com-
prising, 2-n-cgproyl-1,3-indandione, the com-
pound serving to impart lethal qualities to the
composition.

19, An insecticide comprising an insect para-
lyzing agent and a compound of the type:

wherein R is alkyl containing at least 4 carbon
atoms, the compound serving to impart lethal
qualities to the composition.

20. An insecticide comprising pyrethrum and
a compound of the type:

i
7° o
\ ||
/OH—C—R
~a”
g
wherein R is alkyl containing at least 4 carbon
atoms, the compound serving to impart lethal
qualities to the composition.
LOWELL B. KILGORE,
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JARED H. FORD,
Co-inventor.
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