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Combinations of compounds which have a higher biological activity than the sum of the 
activities of the individual components are said to be synergistic. Numerous syner- 
gistic combinations involving a halogenated insecticide and/or a halogenated synergist 
have been discovered in the laboratory. Such combinations have been used in the field 
against agricultural pests and insects of importance in disease control. These latter 
cases of synergism are reviewed by tabulating the various combinations with respect to 
the chemical constitution of the components, the type of formulation, the method of applica- 
tion, and the degree of enhanced activity. Attempts were made to account for the 
potentiation in the activity of the mixture on the basis of the physical properties, chemical 
behavior, or biological activities of one or more of the components. Lastly, the synergists 
which potentiate DDT and certain related insecticides against resistant houseflies are 
listed and discussed. 

YNERGISM, literally a “working to- S gether,’’ is a cooperative action en- 
countered in biologically active combina- 
tions in which the combined activity of 
two like-acting components exceeds the 
sum of the activity of the components 
used alone. Hence, synergism is the 
opposite of antagonism, a phenomenon 
encountered when an  organism is treated 
with combinations of substances with 
similar biological activities. Synergism 
may be operative in combinations in- 
volving more than two components. 

Synergism has been advantageously 
used in combinations involving antioxi- 
dants (34, 767), drugs (24, 737), viro- 
cides ( 7 7 7 ) ,  plant hormones (56, 768, 
257), and the economic poisons including 
fungicides (9, 40, 722, 799), herbicides 
(49, 770, 727). insect attractants (59. 
742, 743), insect repellents (60, 730, 739. 
253, 269), fumigants (73, 79, 80. 73-7. 
277), and insecticides. Numerous exam- 
ples of synergism are found among the 
insecticides. 

Detection, Measurements, and 
Definitions of Synergism 

In  all these fields synergistic combina- 
tions have obvious advantages. The 
higher and/or prolonged activity of the 
combination permits the use of smaller 
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amounts of the agents; the activated 
mixture can overcome a natural or an  
acquired resistance to chemical control, 
thus extending its use in areas in which 
the individual components are less ac- 
tive; and the mechanism of biological 
activity, usually the most obscure factor, 
can be elucidated. These applications 
appear to warrant further investigations 
of known synergistic combinations and 
to stimulate searches for new ones. 
Finally, an exploration for synergists 
invariably discloses strong antagonists 
for the biologically active chemical in 
question and throws additional light on 
the mechanism of action. 

A 500-page volume on economic 
poisons, published in 1913 (76), makes 
no direct reference to synergism but men- 
tions soap as a strengthening agent for 
some six insecticides. The function of 
soap here can be attributed to a number 
of factors. Rodda (222) believes that 
the addition of rotenone to pyrethrum 
in a kerosine spray is the first example of 
a synergized insecticidal combination. 
The industry became aware of the value 
of synergists for insecticides in the early 
1930’s. h-Isobutylundecylenamide (77), 
the first important synergist commercial- 
ized for pyrethrum, was introduced in 
1938. Piperonyl butoxide. of more re- 
cent origin, is widely used as a synergist 
for pyrethrum preparations. Several re- 
views (79, 700, 776) on pyrethrum syner- 
gists have been prepared. usually as a 
portion of a more comprehensive treatise. 

DMC [l,l-bis-(b-chlorophenyl)etha- 
nol] was patented in Italy (703) as a 
synergist for DDT. DDT-synergist com- 
binations have been employed in the 
field, usually with varying success. Since 
1945, numerous publications have re- 
ported synergists for the halogenated 
insecticides and there are earlier reports 
of the use of halogenated synergists with 
nonhalogenated insecticides, mainly of 
botanical origin. 

Thus, the commercial developments in 
the use of synergists are more advanced. 
and hence more fruitful, with pyrethrum 
than with the newer halogenated insecti- 
cides. Whether this is due to the novelty 
of the halogenated insecticides or to 
their failure to lend themselves to useful 
synergistic combinations remains to be 
seen. 

The existence of synergism is not al- 
ways clear cut. Synergists have a high 
degree of specificity depending on the 
insecticide involved (99), the insect to 
be controlled (99), the type of formula- 
tion used, and the manner in which the 
contact is made between the insect and 
the synergized agent. This has led to 
disagreement as to the prevalence of 
synergism and in the terms used to de- 
scribe it (47, 99, 774, 738, 25). 

Recognizing the need for clarification 
in describing and measuring the activity 
of combinations, Bliss (73) describes the 
insecticidal activity of discrete agents. 
used jointly, as follows: 
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Table 1. Potentiation of Insecticidal Activity of DDT by Miscellaneous Halogenated Hydrocarbons 
Insecticide, 

Parts 

DDTb, 25 
DDT, - 

DDT, - 

DDT, - 

DDT, 1 

DDT, 10 
DDT, 4 
DDT, 4 
DDT, 1 
DDT, 1 
DDT, 15 

DDT, 7 
DDT, 1 

DDT, - 

Synergist, Parts 

1 ,I-Bis-(p-chlorophenyl) ethane, 1 
2,2-Bis(p-ethvlphenyl)-l, 1 ,I-trichloroethane, - 
2,2-Bis(p-fluoropheny1)-1,1,1 -trichloro- 

2,2-Bis(3-fluoro-4-methylphenyl)-l ,l,l-tri- 
ethane, - 

chloroethane, - 
Lindane: 1 

BHC, 1 
BHCf, 1 
BHC, 1 
BHC. 0 ,551  
BHC; 1 
BHC, 1 

Chlordan, 1 
Chlordan, 1 

M-410’, - 

DDT, - Aldrin, 1 
DDT, - 2,6-Dichlorocamphene, - 
DDT, - 2,6-Dichlorocymene, - 

Formulaiion and 
Application 

Emulsions 

Spray. residual 

Dust, field 
Dust. field 
Emul., field 
Dust, field 
Dust, field 
Soh. ,  topical 

Soh.,  topical 
Soh. ,  space 

Insect 

Orchard insects 

Housefly“ 
Mosquitod 
Gladiolus thripse 
Cabbage mothu 
Cabbage aphid’ 
Bollwormz 
Cotton aphid) 
Grasshopper 

Grasshopper 
Houseflyc 

Aciivitf 

+ + 
+ 
+ 
+ + + + + + + + + ++ + 

spray 
Soh.,  topical Grasshopper + (267) 

. .  . . .  + (58)  
. . .  . . .  + (58) 

a Increase in activityover that obtained withinsecticide alone; +, 1 to 99%; ++, 100 to299%: +++, 300 to 399%: and ++++, 
400 -yo. 

2,2-Bis(p-chlorophenyl)-l,l ,I-trichloroethane. 
Musca dompstica L. 
Not specified. 

e Taeniothripr simplex (Mor. ). 
f BHC = hexachlorocyclohexane (benzene hexachloride 1. 

0 Pieris rapae (L.). 

The proportionate amounts given in this table and subsequent tables refer 
to the amount of actual gamma-isomer present. 

Brevicoryne brassicae (L.) .  
Helzothis armigera (Hbn.).  

.MPlanophs diyerentialis (Thos.). 
j Aphis gossypii Glov. 

‘ Octachloro-4,7-endomethylenetetrahydrohydrindene. 

1. Independent Joint Action. Poisons 
act independently and differently, and 
susceptibility to them may or may not be 
correlated. Toxicity of the mixture can 
be predicted from dosage-mortality curves 
for each used alone and with the correla- 
tion in susceptibility to the two poisons; 
the observed toxicity can be computed on 
this basis whatever the relatibe proportions 
of the components. 

2. Similar Joint Action. Poisons pro- 
vide similar but independent effects, so 
that one can be substituted in constant pro- 
portions for the other. Variations in 
individual susceptibility to the two com- 
ponents are parallel. The toxicity of a mix- 
ture is predictable directly from that of the 
components if their relative proportions 
are known. 

3. Synergistic Action. Toxicity of the 
mixed components cannot be measured 
from that of the individual components but 
depends on a knowledge of their combined 
toxicity when used in different proportions 
in which one component may synergize or 
antagonize the activity of the other. 

Other methods of detecting synergism 
(766. 787), and measuring it (267), in 
some instances by the application of 
statistics (77, 208, 260), have been ad- 
vanced since the appearance of Bliss’s 
paper (73). 

As Wadley (267) pointed out, a marked 
activity over and above that predicted 
from separate or joint actions must pre- 
vail to prove the existence of synergism. 

Very few claims of synergism are based 
on controlled tests and even fewer have 
been subjected to statistical analyses. 
In  recognition of these inadequacies and 
in order to report all possible instances of 
synergism. the statement “the combina- 
tion had a higher toxicity than either 
component used alone“ is used through- 
out this revieiv as a minimum require- 
ment for synergism. T h e  term “potenti- 
ation” is employed to describe this con- 
dition and is used interchangeably Fvith 
“synergism” in both tables and text. 

Mechanism of Action 

The  discovery and development of 
synergists (or antagonists) for insecticides 
can clarify or reveal their mechanism of 
action. The manner in which the syner- 
gist operates is necessarily based more on 
speculation than on knowledge (723). 

Attempts to explain the action of 
synergists may be classified as follows : 

1. Physical Properties. Agents-e.g., 
surfactants-which increase coverage (65, 
89), thereby promoting contact between 
the poison and the insect, have been 
credited with synergistic activity. Ad- 
juncts which reduce evaporation (53), pre- 
vent crystallization (278), provide ad- 
hesiveness (55), and aid in distribution 
(57) or suspension (4) also increase the 
toxicity of insecticides. The size (76, 263, 
276) and the shape (757, 258) of the par- 
ticles of solid toxicants have an influence 

on their activity both as contact and stom- 
ach poisons. 

2. Chemical Action. By the use of 
appropriate chemicals, it is possible to re- 
lease certain insecticides, such as nicotine 
(729), in an active form, stabilize a number 
of others, such as pyrethrins (66) ,  DDT 
( 7 0 7 ,  704), and parathion (481, and to 
bring still others, such as nitrocresols (763), 
to a pH optimum for toxicity. 

3. Permeability of Insect Cuticle. 
Increasing the penetration of the insecti- 
cide into the cuticle by the simultaneous 
application of other agents has been cited 
more than any other mechanism to account 
for synergism. A study (265) of 20 mis- 
cellaneous high-boiling solvents as syner- 
gists for diphenylamine against the sheep 
ked showed that the following properties 
were critical: rapid penetration of bees- 
wax; high partition coefficient of solvent 
between beeswax and water; and high 
solubility of the insecticide in a solution of 
the solvent in water. Volatility of the sol- 
vent and solubility of the insecticide in the 
solvent were contributing factors. The 
penetration of ethyl alcohol into blowfly 
larvae was increased by adding kerosine, 
an apolar solvent (726) .  Certain pyre- 
thrum synergists are said to function by 
forming surface complexes with the insecti- 
cide at the peripheral nerve sheath ( 796). 
Benzyl alcohol (758) increased the pene- 
tration of dodecyl thiocyanate and azo- 
benzene into red spider mite eggs with 
concomitant increases in mortality. A 
number of surface active polyethylene gly- 
cols (256) increased the toxicity of nico- 
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tine toward Aphis crumicis when applied 
locally. This increased activity was attrib- 
uted to greater penetration of the cuticle 
by the nicotine, since these glycols did not 
increase the toxicity of nicotine when in- 
jected into Oncopeftus faciatus. 

4. Physiological Effects. Among the 
simplest applications are the use of auxil- 
iary materials to attract (278), repel (57), 
or alter the knockdown rate (53) of insects, 
thereby forcing them into more prolonged 
contact with the more lethal chemical. 
In  a histological study, two major pyre- 
thrin synergists ( 7 72), piperine and sesame 
oil, were found to augment the attack of the 
pyrethrins on nerve fibers and cells. A 
similar mechanism was postulated for the 
activity of piperonyl cyclonene (746) with 
the same insecticide. In  a less direct appli- 
cation, a pyrethrum-sodium fluoride com- 
bination kills the cockroach by a with- 

drawal of water by the pyrethrin which 
dissolves and facilitates absorption of the 
salt (764). Potassium chloride ( 745) 
markedly reduced the paralytic threshold 
of the cockroach toward nicotine and this 
must be due to a role of the potassium ion, 
probably in a transmission of the nerve 
impulse ( 702), since sodium chloride used 
in a similar manner was without effect. 

The protective stupefaction induced in 
red scale by hydrogen cyanide is offset by 
trichloroacetonitrile, the combination thus 
providing a degree of control not obtain- 
able with hydrogen cyanide alone (25). 
Nicotine is not fatal to the poppy weevil, 
but a combination of nicotine-chloropicrin 
is, the enhanced activity being credited to 
the catabolic action of the latter compound 
(252). The volume of oxygen consumed 
by the larvae of Chiio simplpx decreased in 
direct ratio to their exposure to chloropic- 

rin ( 2 ) .  A German patent claims that a 
combination of two alkaloids, a paraly- 
zant and a stimulant, augment each other 
in killing insects (87). This claim receives 
some support from a report ( 723) that syner- 
gism is more likely to result from unlike 
substances which act on different parts of 
the body. 

5. Detoxification Mechanisms. Cases 
of synergism explainable on this basis are 
more common in those which operate 
against resistant insects. Piperonyl but- 
oxide [( 3,4-methylenedioxy-6-propylben- 
zyl)(butyl)diethyleneglycol ether] (37), defi- 
nitely synergizes the pyrethrins when ap- 
plied prior to or simultaneously with the 
insecticide, which may be partly due to the 
inhibition of lipase, the enzyme capable of 
inactivating the pyrethrins through hydrol- 
ysis (37, 66). 

It  is possible that some synergists may 

Table 11. Potentiation of Insecticidal Activity of DDT by Some Ethers, Quinones, and Esters 
Insecticide, 

Parts Synergist, Parts 

Ethers 
DDT, 50 
DDT, 1 
DDT, 1 
DDT, 1 
DDT, 1 
DDT, 1 
DDT, 8 2 '-Hydroxypentamethyl flavan, 

Cyclohexyl diphenyl ether", 25 
Cyclohexyl diphenyl ether, 1 
n-Amyl 2-naphthyl etherd, 3 
Isobutyl 2-naphthyl etherd, 3 
rlllyl 2-naphthyl ether, 3 
Methallyl 2-naphthyl ether, 3 

1n 

Formulation and 
Applkofion 

Emulsion, spray 
Dust 
Emulsion, spray 
Emulsion, spray 
Emulsion, spray 
Emulsion, spray 
Dust 

Insect 

Greenhouse red spider* 
M e x .  bean beetle lar.c 
Mex. bean beetlec 
Pea aphide 
Potato aphid' 
Potato aphid' 
Rat flea0 

_ -  
DDT, 1 2 '-Hydroxypentamethyl flavan, Spray Oriental fruit moth* 

1.25 

Quinones 
DDT, - 2-Methyl anthraquinone<,?, - Soh.,  residual Mosquitok 
DDT, I Xanthone, 2 Dispersion, spray Codling moth', 
DDT, - Xanthone, - . . .  Mites" 

Esters 
DDT, - Benzoic esters, - 
DDT, 1 OvatranO, 1 

DDT, 1 Ovatran, 8 
DDT, 1 Ovatran, 1 
DDT, 1 Ovatran, 1.25 

DDT, 1 Dimethyl carbates, 1 
DDT, 10 Pyrethrins, 1 
DDT, 1 Piperonyl chrysanthemum car- 

boxylatesY, 5 
DDT, - Pyrethrum, - 
DDT, - Pyrethrins, - 

. . .  
Wettable pwd. Two-spotted spider 

Emulsion, spray Mitesg 
Emulsion, spray Mex. bean beetlec 
Wettable pwd. Two-spotted miteP 

Soln., space spray Housefly' 
Space spray Mosquitok 
S o h ,  space spray Houseflyi 

Emulsion Mosquitow 
Soln., space spray MosquitoZ 

spray mitep 

spray European red mite' 

Activify 

+ + +++ + +++ ++ + 
+ 

+ + + 
+ + 

++++ +++ ++ ++ +" + + 
+ + 

This synergist is claimed to activate certain specified insecticides structurally related to DDT. 

Epilachna varivestas Muls. 
Other low weight alkyl 2-naphthyl ethers were somewhat less active in these tests. 

* Not specified. 

e Macrosiphum pisi. Ketb. 
f Macrosiphum solanifofii (Ashn.). 
g Xenopsylla cheapis Rothschild. 

Grapholttha molesta (Busck). 
a' p-Benzoquinone and benzil are reported to share this activity. 
i DDT residues (56 mg./square foot) were deposited on glass panels in admixture with 2-methylanthraquinone from 2% solutions of the 

~~ . .  
latter. 

Culex fatigans Wied. ' Carpocapsa pornonella (L.). 
m Oriental fruit moth larvae and European red mite were claimed to be controlled by this combination. 

Not specified. 
0 p-Chlorophenyl p-chlorobenzenesulfonate. 
p Tetranvchus bimacufatus Harvev. 
9 Tetran;chus bimaculatus Harve;, Bryobia praetiosa Koch, Paratetranychus pdosus (C.F. ). 
7 Paratetranychuspilosus ( C  & F). 
s Dimethyl ester of cts-bicyclo[2,2,1]-5-heptene-2,3-dicarboxylic acid. 
t Musca domestica L. 
" Both kill and knockdown were increased by this combination. 
u Piperonyl ester of synthetic 2,2-dimethyl-3-isobutenyl cyclopropane-1-carboxylic acid. 
w Cufex pipiens uar. paflens. 

Aedes aegypti (L.). 
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Table 111. Potentiation of Insecticidal Activity of DDT by Some Nitrogen-Containing Compounds 
fnrecficide, 

Parts Synergid, Parts 

DDT, 10 Cyclohexylamine, 1 
DDT, 1 dLThreonine, 10,000 
DDT, 1 N-Heptylacetamide, 50 
DDT, 1 N,N-Diisopropylacetamide, 50 
DDT, 1 N,N-Diisobutylacetamide, 50 
DDT, 1 N,N-Dipropylcinnamide, 50 
DDTd,  1 2,4-Dinitro-6-cyclohexylphenoleJ, 

1 

DDT, 1 Ar-Butylphthalimidei, 50 
DDT, 1 Lethane '4-70, 0 . 5  

DDT, - Physostigmine, - 
DDT, 1 Nicotine', 1 

DDT, 1 Sabadilla, 1 

DDT, - Sabadilla, - 

Culex quinquefasciatus. 
a Psila rosae (F.). 

Formulation and 
Applicafion 

Emulsion 
Mixture, medium 
S o h ,  space spray 
S o h ,  space spray 
S o h ,  space spray 
S o h ,  space spray 
Wettable pwd. 

Soln., space spray 
Powder 

. . .  
Dust 

Insect Activify Reference 

Carrot flya 
Mosquito larvae 
HouseflyC 
HouseflyC 
HouseflyC 
Housefly" 
Peach aphids0 
Mex. bean beetleh 
Greenhouse red spiderg 
HouseflyC 
German roachj 
American roachk 

Melonworm" 
Southern armyworm" 

. . .  

+ 
Houseflyc ' + 

Wettable pwd., Tarnished plant bug" + (775) 

Dust, field Sugarcane froghopper0 + (206) 
film Alfalfa plant bug= 

.Wusca domestica L. 
Certain specified compounds closelv related structurally to DDT were activated bv 2.4-dinitro-6-cvclohexvl~henol. 

, I  , .  
e Cyclohexylamine salt bf this synergist was used and found active in these tests. ' A number of other nitrated phenols and substituted phenols were claimed to share the synergistic activity of 2,4-dinitro-6-cyclohexyl- 

0 Not specified. 
phenol. 

Epilachna tarivestis (Muls. 1. 
.4myl homolog of this compound is active. 

Pmpfaneta americana (L . ) .  
Certain nicotine complexes were active here. 
Diaphania hyafinate (L.). 
Prodenia rridania (Cram.). 

1 Blattelia germanica (L.), 

" Lygus oblineatus (Say). 
1' rldelphocoris lineolatus (Goeze). 

function by more than on? mechanism 
and these mechanisms may not be in the 
same category. Doubtless. other syner- 
gists n i l 1  be found whose mechanisms of 
activity are not covered by the foregoing 
explanations except in a very general 
way. 

An insecticide may be more active in 
a liquid preparation than in a dust (708). 
Too. the activity of a dust may depend 
on a particular solid diluent (777). 
Synergism may not be involved in any of 
the cases. Many improvements through 
formulation changes have been reported, 
but the combinations listed in the tables 
were selected on the basis of an  enhanced 
activity, which is believed to depend on 
synergism. 

The various organic compounds found 
to be active as D D T  synergists are classi- 
fied configurationally into : halogenated 
hydrocarbons (Table I ) ;  ethers, qui- 
nones, and esters (Table 11); nitrogen- 
containing compounds (Table 111); and 
miscellaneous agents (Table IV). The  
use of elemental sulfur with the halo- 
genated insecticides hasgained some popu- 
larity. On the basis of thrir increasing 
chemical complexity the lindane (BHC)- 
synergist combinations (Table V) and 
chlordan-, aldrin-, and toxaphene-syner- 
gist (Table VI)  combinations are re- 
viewed in that order. Table VI1 is de- 
voted to a group of miscellaneous in- 
secticide-synergist combinations in which 

either or both components contain halo- 
gen. The botanical insecticides, pyre- 
thrins and nicotine, and their synergists 
are tabulated in Tables VI11 and IX,  re- 
spectively. Synergized mixtures contain- 
ing a t  least three components, one or more 
of which contain halogen, are listed in 
Table X .  The use of synergistic combina- 
tions against resistant insects makes u p  the 
data for Tables X I  and XI I .  

In tabulating the numerous insecti- 
cide-synergist combinations. it was con- 
venient to select the insecticide of a pair 
on the basis of relative potency in each 
individual situation, the weight ratio in 
those cases where relative potency was 
questionable, and the chlorinated com- 
pounds were given a priority in cases 
where selections could not be made by 
the first two criteria. The ratio of the 
two components, in terms of the techni- 
cal material, is given where known in 
place of the dosage used or the amount 
applied, as it was felt that the proportion 
of the two components is of particular 
interest in synergistic mixtures. 

The type of formulation and mode of 
application or dosing were indicated 
briefly. The species of insect serving as 
the test objects in the laboratory or being 
subjected to chemical control in the field 
were critical in such experiments and 
special care has been given to their 
identification in the tables where such 
information is most useful. 

It was often difficult to express even 
the relative activity of the synergized 
combinations. Activity was based on 
percentage mortality or control in most 
cases and no combinations were included 
unless they were published values or  
statements which a t  least indicated that 
the combination \vas more toxic to a 
given insect than were comparable doses 
of the two components when used alone. 

Some of these values \yere obtained by 
interpolations and extrapolations as 
well as by other methods based on ap- 
proximations. The existence of enhanced 
activity in insecticidal combinations 
can be used as the basis of patent claims, 
and it is only natural that some of the 
results from the mixtures have been 
viewed with charity. 

The insecticide-synergist combinations 
in the several tables are discussed in light 
of the authors' explanations and/or sug- 
gestions for the mechanism of action in- 
volved. Attempts are made to account 
for or to support these action mechanisms 
by citing collaborative evidence with 
full knowledge that some of these ex- 
planations are speculative. 

Any investigation of DDT, particu- 
larly one involving synergism, must take 
into account the fact that technical DDT, 
while composed of approximately 70% 
insecticidally active p,p'-isomer, is a 
mixture of some 1 5  distinct compounds. 
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Table IV. Potentiation of Insecticidal Activity of DDT and Methoxychlor by Some Miscellaneous Organic 
Compounds 

Insecticide, 
Parts Synergist, Parts 

Formulation and 
AppIication Insect Activity Reference 

DDT', - Petroleum oil, - Soln.. film Bedbug ++++ ( 7 1 )  
DDT, - Methylated naphthalenes", - Dust Pea aphidd ++ (68) 

DDT, 1 Velsicol AR-508, 250 Soln., space spray Houseflyh + + + f i  (727) 
DDT, - Halogenated phenol, - . . .  + (278) 

Velsicol .4R-60e, 4 Emulsion, spray Red spiderf ++ 
Methoxychlor, 2,2-Bis(p-ethoxyphenyl)-l,l,l -tri- . . .  Mosquitoj + (270) 
- chloroethane, - Housefly'' + 

Film from oil solution contained 1 mg. DDT/square cm. 
Cimex lectularius L. 
A miuture of di- and trimethylated naphthalenes. 
.l.iacrosiphum pi.ri (Kelt.). 
Methylated naphthalene (boiling point 500' to 550' F.). 

f Tetranvchus telarius. 
Methylated naphthalene (boiling point 450' to 500' F.). 
,Mucsa domrstica L. 
This activity is based on knockdown instead of per cent mortality, and is, at best, an estimate. 

7 Cuiex quinquefasciatus. 
A mixture of methoxychlor, 2,2-bis(p-ethoxy)-l,l, 1 -trichloroethane. 2-(p-methoxyphenyl )-Z-(p-ethor;yphenyl)-l, 1 , l  -trichloroethane, 

and 2-(4-methoxyphenyl)-2-(3.4-methylenedioxyphenyl)-1,1,l-trichloroethane is said to be better than any one of the compounds used 
alone. 

,. , 

One of these, p-chlorophenyl trichloro- 
methylcarbinol, along Lvith the DDT 
isomers? paralyzes houseflies (37). 
Doubtless the other constituents affect 
the biological properties of the technical 
material by an  influence on its physical 
properties. Technical and purified 
D D T  have been biologically compared, 
and the technical was found to have a 
longer residual action against a variety 
of insects (203), a higher knockdown 
against houseflies (790), and an  equal 
toxicity toward cockroaches and bed- 
bugs (724) in spite of its somewhat 
diluted state. These greater effects have 
been attributed to the presence of the 
D D T  by-products. 

O n  the chemical side, technical DDT 
was found to be more resistant to de- 
hydrochlorination by catalyst a t  an  ele- 
vated temperature than was purified 
DDT (78). This might explain the 
longer residual action of the technical 
material. 

Many of the halogenated hydrocarbons 
having synergistic activity for DDT are 
insecticides in their own rights. 1 , l -  
Bis(p-ch1orophenyl)-ethane (63), an ex- 
ception to the foregoing generalization, 
has been patented as a synergist for D D T  
in controlling a variety of orchard and 
garden insects. This activity also ap- 
peared in the resistant housefly. 

Riemschneider (278) cites three D D T  
analogs, two containing fluorine, and 
two polychlorinated bicyclic compounds 
as increasing the knockdown of D D T  
toward the sheep tick and the fruitfly. 
These additives are presumed to func- 
tion by preventing the crystallization of 
DDT. 

The synergism bet\veen DDT-hexa- 
chlorocyclohexane and DDT-lindane 
combinations, cited in Table I, is based 
on percentage mortality (67), life of resid- 
ual deposits (797), or degree of field 
control (74). The  synergism of these 

combinations, weak a t  best. is further 
minimized by failing to operate in a dif- 
ferent formulation or against other spe- 
cies of insects (703). In fact, DDT was 
shown to reduce the activity of hexa- 
chlorocyclohexane against a grasshopper 
nymph (84). Another antagonism be- 
tween D D T  and hexachlorocyclohexane 
is found in warm-blooded animals, two 
species of which tolerated much larger 
doses of the combination than of the 
individual components (774 .  

A DDT-chlordan mixture, used as a 
space spray with the housefly (67) and 
topically applied in an emulsion to the 
grasshopper (Melanoplus differentialis) 
(267), gave more than an additive effect 
on contact and as a stomach poison in 
the latter insect. The ratio of DDT to 
chlordan was critical in the case of the 
grasshopper because a mixture richer 
in chlordan became antagonistic. 

.4ldrin synergized DDT against a 
grasshopper (267): but antagonized it 
against the housefly (67). Dieldrin be- 
haved like aldrin in this respect. Toxa- 
phene. an excellent insecticide per se, 
mav or may not synergize DDT (54). 

The analogous but lesser chlorinated 
hydrocarbons, dichlorocamphene and 
2,6-dichlorocymene (58)? \vhile less po- 
tent than toxaphene, are claimed as 
synergists for DDT. The activity of 
these latter two compounds is presumed 
to be due to their ease of dehydrochlori- 
nation. 

Combinations of DDT, hexachloro- 
cyclohexane, aldrin, toxaphene, etc., 
are routinely used against cotton insects, 
but this practice is probably dictated by 
the need to control a variety of insects 
rather than attempts to realize syner- 
gism. 

Most ethers, quinones. and esters are 
liquids or low melting solids, good sol- 
vents or highly eutectic, lipophilic lvith 
a corresponding low solubility in water, 

and have a high vapor pressure. Chemi- 
cally. members of this group are usually 
stable. In addition to providing insecti- 
cides and synergists for insecticides, nar- 
cotics. anthelmintics. acaricides, and 
insect repellents are frequently found in 
these groups. 

Ethers. particularly those having a 
ring oxygen, are frequently insecticidal 
(83) and this frequency is reflected in 
the number of synergistic ethers, espe- 
cially those having activity Ivith pyre- 
thrins (259). The affinity of ethers for 
nerve tissue is well known and a number 
of theories have been advanced to ex- 
plain the biological effects resulting from 
this affinity? the Meyer-Overton concept 
of narcosis being the best known (744). 

Other ethers, some containing both a 
chain and a ring oxygen, effectively 
inhibit the decomposition of DDT (776), 
which might account for or contribute 
to their synergistic activity for D D T  
and other halogenated insecticides. 

Flavan (2-hydroxypentamethylflavan) 
used alone is a Iveak insecticide, but it is 
structurally related to some, flavones 
(227) and chromones (788) which are 
active in this respect. Pentachloroani- 
sole failed to act as a synergist with nico- 
tine but other halogenated ethers (38): 
especially those containing fluorine (69) .  
appear to be worth a trial, a t  least on a 
theoretical basis. 

The activity of 2-methylanthraquinone 
with D D T  toward the mosquito was dis- 
covered through accident (275). The 
activity of this general group as a DDT 
synergist against resistant houseflies was 
later confirmed. p-Benzoquinone, a pro- 
tein reactant, and benzil, an acaricide 
and chigger repellent, are said to share 
the synergistic property of 2-methyl- 
anthraquinone with DDT. Xanthone 
is listed under the quinones but its car- 
bonyl group is extremely inert from a 
chemical standpoint (784). However, 
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it has a structural resemblance to anthra- 
quinone and has the benzo-7-pyrone 
nucleus found in rotenone. Against the 
California red scale, a n  extract of derris. 
the active principle of which is a quinone, 
was less effective when mixed with DDT 
than \vas derris alone (77). 

Esters of benzoic acid, especially those 
\vith tert-aminoalcohols, are strong local 
anesthetics and. like many insecticides. 
they paralyze fish. Benzyl benzoate is 
bveakly anesthetic but it is employed as 
a n  antispasmotic. a n  indication of its 
neuro effect. 

In  the chemical control of insects. the 
low molecular weight esters of aliphatic 
acids, especially dibasic acids, are toxic 
fumigants, while related esters which 
are less volatile-e.g., dimethyl carbate- 
are repellent to insects. Aryl and aralkyl 
benzoates are repellent and toxic to trom- 
biculid mites. Some alkyl esters of halo- 
genated phenoxyacetic acid are kno\vn 
to temporarily paralyze houseflies. 

Considering repellency a manifesta- 
tion of toxicity, it is seen that the physio- 
logical responses elicited by these esters 
coupled with their physical properties- 
e.g.: solvency for DDT-render them 
likely synergists for this insecticide. In  

fact, benzyl benzoate favored the ab- 
sorption of DDT through the skin of the 
rabbit thereby rendering it toxic. while 
liquid petrolatum solutions of DDT 
were nontoxic to this species (749). 

T h e  pyrethrins synergized DDT only 
slightly but it is significant that this was 
exhibited to\\ard mosquitoes and the 
housefly, insects susceptible to pyrethrin 
alone. 

The  esters of benzenesulfonic acid con- 
taining halogen in both moieties are 
poisonous to spider mites. Mixtures of 
p-chlorophenyl p-chlorobenzenesulfonate 
and DDT gave the most marked syner- 
gism recorded in Table 11, and this was 
seen most frequently against mites. 

I n  speculating on the activating mech- 
anism of the nitrogen-containing com- 
pounds as synergists. insecticides, or in- 
sect repellents. it is interesting to vie\v 
them as analogs of the corresponding 
oxygen compounds. Considering am- 
monia, completely hydrogenated nitro- 
gen (ZZS), as the nitrogen analog of 
water, which is completely hydrogena- 
ted oxygen. this analogy has been ex- 
tended to yield the ammonia system of 
organic compounds (87). Thus the .V- 
substituted amides (.96. 98) and .\-butyl- 

phthalimid (97) lvould correspond to 
esters in the oxygen system. Physostig- 
mine (778) and nicotine (278) Mould 
correspond to ethers and. in part, to 
cyclic ethers. The  esters and ethers, as 
was pointed out in Table 111, have con- 
tributed a number of insecticides and 
synergists for insecticides. This analogy 
between oxvgen and nitrogen compounds 
might be responsible for the fact that 
carbon monoxide (C=O) and the 
cvano group (C=S) are highly toxic. 
both forming a stabk complex with 
hemoglobin. 

Cvclohexi lamine (280). an alcohol in 
the ammonia system. is quite basic, an 
emulsifier, a vasopressor pharmaco- 
logically. a n  insect attractant, and toxi- 
cant. Almost any one of these properties 
could account for the slightly enhanced 
activity ivhich it showed \vith D D T  
against the carrot fly. 

S o  explanation was offered for the 
synergistic effect behveen D D T  and 
dl-threonine (725) against the larval 
stage of a mosquito. Serine and threo- 
nine are antagonistic (279) in bacterial 
growth, and since this synergism was 
operative against larvae, one is tempted 
to look upon df-threonine as serving as 

Table V. Potentiation of Insecticidal Activity of lindane and BHC" by Some Miscellaneous Organic Compounds 
Insecticide, 

Ports 

Lindane, - 

Linda.ie, - 

Lindane. - 

Lindane, 1 

Lindane. 3 
Lindane, 1 

Lindane, - 
Lindane, 1 

BHC 
BHC, - 
BHC, - 
BHC, - 
BHC. - 
BHC, - 
BHC. - 

BHC, - 

Synergist, Parts 

Acenaphthene, - 
p-Dichlorobenzene 

1-bromo-4, - 
Chlorobenzene, - 
Chloronaphthalene, - 
Chlorinated polvphenvls 
Ovatrane, 64 
Ovatran. 2 

Ovatranh, 2 
Ovatran, 0 . 1 2  

Azobenzene. - 
2,4-Dinitro-6-cyclohexyl- 

phenol, 1 

Chloroform, traces 
BHC by-products, - 
Terpincol, - 
Benzoate esters. - 
Phenylisonitril, - 
Thiocyanate". - 
Xa thiocyanate, - 

2,4-Dinitro-6-cyclohexyl- 
phenolr). - 

Formulation and 
Application 

Sprav 
Wettable plvd., sprav 
M'ettable p\\ d. ,  sp: ay 

Wettable pwd., spray 
Concentrate spray, 

wettable pwd. 

ll'ettable pwd., spray 

Soln., residual 
Incense 
Suspension, topical 

Soln.. residual 

\Vettable pwd., dust. 
rmulsion. field 

Insect 

Back swimmer'' 
Mothsc~" 

Mothsc 
Xlothsc 

Southern armywormf 
Mexican bean beetle 

Two-spotted spider mite, 
Two-spotted spider mite' 

Back swimmer 
Mexican bean beetleg 
Southern armyworm' 

Hide beetlej 
Mosquitok 
Granary weevil' 

larvae0 

Cattle tick" 
hlitel, 
Varirtyq 

a Benzene hesachloride, preferably hexachlorocyclohexane. 
.Votonecta sp. 
Not specified. 
Combinations were also active against the larva. 

e p-Chlorophenyl p-chlorobenzenesulfonate. 
f Prodmia eridania (Cram. ), 
Epifnchna varivestis Muls. 

* A similar formulation gave control of European red mite on Jonathan apples in the field. 
' Tftranychus bimacufatus Harvey. 

Drrmestes maculatus Deg. 
Not specified. 
Sfiophilus granarius (L. j. 
Not specified in abstract. 

" Hoophifus annulatus (Say). 
" Not specified. 
p Cyclohexylamine salt used in some cases. 
q Leaf hoppers, aphis, scale. mites, and rusts. 

Other nitrated phenols were active. 

Activity 

+ 
+ 
+ + + 
+ ++++ 
+ + + 
+ + ++++ + + + + 
+ 

Reference 

( 209 ) 

( 205 ) 

(35) 
( 3.35 j 
( 1 3 7 )  

( 1 3 5 )  
(735)  

(209) 

( 750) 

(7801 
(250 1 
(276) 
(7931 

( 7 5 )  
(233)  
( 782) 

(7501 
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an  antimetabolite in this particular ac- 
tivity. 

A Swiss patent (88) claims N,h= 
diethyl-o-chlorobenzamide as a poison for 
certain diptera and it is against species 
of this order that the amides activate 
DDT. 

The synergistic activity of chloropicrin 
(trichloronitromethane) (252) with nico- 
tine was attributed to its capacity to in- 
crease metabolism in the insect. Dini- 
trophenols, kvith one nitro group para to 
the hydroxyl, are known to accelerate 
oxygen uptake (249) and it may be that 
the 2,4-dinitrophenols (757) owe their 
insect toxicity (and synergistic activity) 
to this biochemical effect. This is fur- 
ther supported by the fact that 0- and 
m-nitrophenols, while toxic through a 
different mechanism. are relatively in- 
active in accelerating metabolism and 
are apparently \\ ithout insecticidal ac- 
tivity. Further, the 2,4-dinitrophenols 
are readily absorbed by insect cuticle 
and produce svmptoms suggestive of 
nerve poisons. 

Physostigmine (778). like the organic 
phosphorous insecticides. is a powerful 
cholinesterase inhibitor and has served 
as the Lvorking model for the synthesis 
of a series of compounds (706), some of 
which are very poisonous to the housefly. 
I t  is not known whether this activity of 
physostigmine against the housefly ex- 
plains its synergistic effect with DDT. 

Some nitrogen-containing compounds 
have, in contrast, antagonized D D T  in 
its action on insects. Nicotine-ben- 
tonite with D D T  a t  several ratios in a 
dust formulation was less active in field 
plots to\vard the European corn borer 

larva (255). Barbiturates were anti- 
dotal to DDT in the cockroach (778) 
and Drosophila virilis (74), an  antagonism 
so evident in warm-blooded animals that 
the barbiturates are the antidotes of 
choice in DDT poisoning. 

The combinations li3ted in Table IV 
are borderline cases of synergism a t  
best. In  addition to the possible syner- 
gists listed in Table I\', some pyrethrin 
synergists (27) and a diary1 sulfide (239) 
have been advanced as D D T  synergists 
against the body louse and the housefly, 
respectively. 

Glycerol, glycerol dichlorohydrin, 
phenylbiguanide, and picolinic acid 
(705) are known to retard the dehydro- 
chlorination of D D T  and some of these 
have been suggested as D D T  synergists 
on this action. Pentaethylene penta- 
sulfide also has a negative action here 
and reduced the toxicity of D D T  toward 
the Colorado potato beetle larvae (740). 

Lindane, the insecticidally active 
gamma isomer of hexachlorocyclohexane? 
and BHC (hexachlorocyclohexane), a 
complex mixture containing principally 
the alpha, beta, gamma, delta, and epsilon 
isomers of this compound. \cere separated 
in Table V for convenient reference. 
They are treated jointly ivith respect to 
the discussion of their synergists. 

The hydrocarbon acenaphthene (209), 
was found to be an active synergist for 
BHC but no mechanism of activity \vas 
suggested. Acenaphthene is toxic to cod- 
ling moth larvae (?&) and its eutectic 
properties may well favor its activity Lvith 
lindane against the Sotonecta species. 

Two of the synergists for hexachloro- 

cyclohexane were halogenated hydro- 
carbons and their activity has been ex- 
plained. The enhanced activity of the 
hexachlorocyclohexane-chloroform mix- 
ture (789) was attributed to traces of 
chloroform which remained in the de- 
posits. The high lipoid solubility of 
chloroform and its selective high sol- 
vency for the gamma isomer of hexa- 
chlorocyclohexane support this explana- 
tion. Chlorinated biphenyls (36) were 
presumed to act by delaying the crystal- 
lization of lindane, to which eutectic 
mixture the chlorinated biphenyls may 
lend their own contact toxicity, albeit a 
weak one. The fumigant, lipoid solu- 
bility, and nerve-poisoning effect of the 
dichlorinated benzenes, especially the 
p -  isomers, and that of the monochloro- 
naphthalenes contribute to their syner- 
gism with lindane. 

Terpineol (276), a terpene tertiary 
alcohol with a lilac odor, is attractive to 
the oriental fruit moth and it is toxic to 
Aphis r u m i m  (82). Its synergism with 
hexachlorocyclohexane for the granary 
weevil is one of the strongest yet en- 
countered, but whether this can be at- 
tributed to the physical, chemical: or 
physiological properties of this alcohol 
was not specified. 

Benzoate esters (793) and p-chloro- 
phenyl p-chlorobenzenesulfonate (735), 
both active as DDT synergists, exhibit 
the same activity with lindane. The 
latter synergized lindane against a mite, 
toward Ivhich the synergist itself is toxic. 
Hoxcever, this same activity \vas seen 
with other arthropods for Lvhich the 
synergist has little or no toxicity. 

Phenylisonitrile (231) was active with 

Table VI. Potentiation of Insecticidal Activity of Chlordan, Aldrin, and Toxaphene by Some Miscellaneous Organic 

Insecticide, 
Ports 

Chlordana, 1 
Chlordan, 1 
Chlordan, - 
Chlordan, 20 
Chlordan, 1 
Chlordan, 40 

Compounds 
Formulation and 

Synergist, Parts Application Insect 

DDT, 1 Spray Argentine ant 
DDT, 1 Emulsion, residual HouseflyC 
Chlordan by-products, - Soh. ,  space spray Houseflyc 
Rotenone, 1 Dust Mex. bean beetle larvad 
Nicotine, 1 Dust Bean aphide 
Parathion, 1 Solution, residual Weevils' 

Aldrin, 7 DDT, 3 
.Aldrinh, 1 Ovatran', 8 

Toxaphene, 7 DDT, 3 
Toxaphene', 2 Chlordan, 1 
Toxaphene Thaniten 

Ovatran, 1 

Solution, space spray HouseflyC 
Wettable pwd., de- Southern armyworm7 

Solution, space spray Houseflye 
Dust Pea weevilm 

posit Spider mitesk 

. . .  Variety" 
1,2,4,~,6,7,8,8-0ctachloro-2,3,3a,4-7,7a-hexahydro-4,7-methanoindene. 
Iridomyrmex humilis Mayr. 
Musca domstica.  
Epilachana varivestis Muls. 

e Aphis fabae Scop. 
f Caiendra granaria (Gyll. ). 
0 This enhanced activity was seen only in older deposits, 45 days or more. 

Sitophilus granarius (L.). 

1,2,3,4,10,1 O-Hexachloro-1,4,4a,5,8,8a-hexahydro-l,4,5,8-dimethanonaphthalene. 
fi-Chlorophenyl p-chlorobenzenesulfonate. 
Prodenia eridania (Cram. ). 
Tetranychus bimaculatus Harvey, Bryobia praetiosa Koch. and Paratetranychus piiasus (C. &. F. ). 

1 Chlorinated camphene (67-69 '% chlorine). 
,\-eerara viridufa (L.), Euschistus servus (L.), and Bruchuspisnrum (L. ). 
Isobornyl thiocyanoacetate. 

O Mexican bean beetles, tobacco horn worm, flies, clothes moths, roaches, and cotton insects. 

Activify 

+ + + + + 
++++Q 

+ ++ ++ 
+ + + 
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Table VII. Potentiated Insecticidal Combinations with a Halogenated Insecticide and/or a Halogenated 
Synergist 

Insecticide, 
Parts Synergid, Ports 

Formulation and 
Applicafion Insect Activity Reference 

Hexachloroethane, 49 Acetone-chloroforma, 1 . . .  Moths (butter- + + + + c  (204) 
flies)b 

Hexachloroethane, - l-Bromo-4-chlorobenzene, . . .  Moths (butter- + ( 205 
- flies)b 

Hexachloroethane, 4 Chloronaphthalene, 1 . . .  Moth larvae + (205) 
p-Dichlorobenzene, 19 Hexachloroethane, 1 . . .  Moth wormsh ++++ ( 204 ) 
@-Dichlorobenzene, 99 1 -Bromo-4-chlorobenzene, . . .  Moth wormsb +++ (203) 

p-Dichlorobenzene, 9 .I\cetone-chloroform4, 1 . . .  Moth wormsb + + + + c  (20-1) 
2-Chloroacrylonitrile~ 1 2,2,3-Trichlorobutyro- Soln., fumigant Stored grain in- + ( -15 1 
p-Dichlorobenzene Thymol", 1 . . .  Moth wormsb +++ (204) 

HCN, - Trichloroacetonitrile, - Fumigant Calif. red scaleg + (25) 

1 

nitrile, 1 sectsd 

Carbon disulfide, - p-Dichlorobenzene!, - Soln., fumigant Cane grub/ + ( 786) 

Phenothioxin, 2 Di-( 4-chlorophenoxy ) Variety Variety* + (64 )  

1,1,1-Trichloro-2-methyl-2-propanol. 
Not specified. 
This mixture in slightly different proportions was equally as active against moths (butterflies). 
Six species. 

methane, 1 

e This mixture in slightly different proportions was equally as active aqainst moth worms. 
1 ,&Dichlorobenzene was reported earlier to activate carbon disulfide toward the beet weevil larva (224). 
0 Aouidie/la aurantii (h.iask. ). 

Isothymol is also active 

hfites, thrips, scale, aphis, moths, etc. 

hexachlorocyclohexane in a residual de- 
posit in \vhich the synergist was said to 
produce adhesiveness. The synergist, 
with a nauseous odor and a high mam- 
malian toxicity, was found to be only 
slightly toxic to the codling moth 1753). 
bvhile its isomer is not a contact poison 
because of poor absorption. The  low 
toxicity of phenylisonitrile toward in- 
sects thus supports an explanation of this 
synergism Lvhich is based on adhesiveness 
or some other favorable physical property 
of the hexachlorocyclohexane-phenyl- 
isonitrile mixture. 

Azobenzene (209), an  acaricide: in- 
creases oxygen consumption in insects and 
apparently produces decomposition prod- 
ucts: -~ e.g.. smokes--\vhich have an  
insect toxicity. 

The two dinitrophenols (750), both 
easily absorbed by insects which are 
poisoned through a nerve effect, are 
thought to act as synergists by accelerat- 
ing metabolism, which may account, a t  
least in part, for their toxicity when used 
alone. 

The  knockdoLvn and contact activity 
of the organic thiocyanates, especially 
those with ether and ester functions, 
might account for the unexpected ac- 
tivity of the hexachlorocyclohexane-thio- 
cyanate (23.4, but there is even less on 
which to base use of sodium thiocyanate 
(782) for this purpose. Potassium thio- 
cyanate and thiourea (78): both with a 
potential -S-C=N linkage (270)> 
are two compounds, out of a number 
tested. capable of breaking the diapause 
of the walnut fruit fly. At the moment, 
any relationship between this action of 
potassium thiocyanate and its action 
in accelerating the effect of hexachloro- 
cyclohexane against ticks and lice is a 
matter of conjecture. 

Hexachlorocyclohexane by-products 
(250). presumably lesser chlorinated 
molecules. ivhen mixed LYith hexachloro- 
cyclohexane gave an  incense more 
poisonous than that obtainable with or- 
dinary hexachlorocyclohexane toward 
mosquitoes. The increased toxicity of 
the incense from hexachlorocyclohexane- 
hexachlorocyclohexane by-products 
could, of course. br  due to a single com- 
pound from the by-products mixture 
which, on volatilization ivith partial 
decomposition, yields a vapor highly 
toxic to mosquitoes. Octachlorocyclo- 
hexane (209). a more highly chlorinated 
compound than hexachlorocyclohexane. 
\vas found to increase the lethal effects 
of hexachlorocyclohexane toivard Daph- 
nia, a water flea. 

These instances of synergism between 
hexachlorocyclohexane and closely re- 
lated compounds are not accompanied by 
reports of antagonisms, at least as far 
as insects are concerned. I t  is known, 
however. that the several isomers of 
hexachlorocyclohexane are antagonistic 
in warm-blooded animals. y-Hexa- 
chlorocyclohexane. ivhich stimulates the 
central nervous system. was found to be 
antagonized by the beta and delta iso- 
mers when given to the dog (759). 
Pretreating white rats with the alpha or  
beta isomers markedly reduces y-hexa- 
chlorocyclohexane toxicity but leaves 
intact the protective action of the gamma 
form for metrazole-induced convulsions 
(45). @-Hexachlorocyclohexane pro- 
tects rats against Lethane (organic thio- 
cyanates) (&). 

Table VI is concerned with the poly- 
chlorinated bicyclic hydrocarbon insecti- 
cides. Of the 12 synergists listed in 
Table VI, 10 are definitely insecticidal 
when used alone, but not necessarily 
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against the particular insect susceptible 
to the listed combinations. 

DDT-chlordan combinations were 
listed in Table I as being synergistic to- 
ward a grasshopper (267) and the housefly 
(67). The chlordan-DDT pairs in Table 
VI, active against the Argentine ant  
(798) and the housefly (792), are re- 
versed and placed in Table VI on strength 
of the author's conclusions that the chlor- 
dan synergized the DDT. The basis of 
these conclusions was not given but it 
is known that chlordan is active against 
both the ant and the housefly and pro- 
vides a fumigant action which D D T  lacks. 
D D T  has entered into synergistic com- 
binations with lindane, hexachlorocyclo- 
hexane. chlordan, aldrin, and toxaphene 
in 15 instances, involving the housefly 
five times, a grasshopper three times. and 
aphids twice. None of these synergisms 
reached a potency greater than (+), and 
probably reflect the widespread use of 
these insecticides, particularly DDT, 
rather than a tendency for them to enter 
into strong synergistic combinations. 

The chlordan-chlordan by-products 
(97) mixture was included on the author's 
statement that technical chlordan was 
more toxic than crystalline chlordan was 
to houseflies. The composition of the 
reference crystalline chlordan was not 
given but chlordan yields several crystal- 
line analogs. especially heptachlor. which 
show marked but wide differences in their 
toxicity to insects (728, 755). 

Two quinones ( 7 ,  86. 275), were 
found to be active with DDT, but this is 
the first time that rotenone (243) has 
been found among the synergists for 
halogenated hydrocarbon insecticides. 

The marked synergism obtained from 
the chlordan-parathion deposits (48) 
was not evidenced until after some aging. 
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Table VIII. 
Insecticide, 

Parts 

Pyrethrum, - 
Pyrethrins, 1 
Pyrethrins, 1 
Pyrethrins, - 
Pyrethrins 
Pyrethrum, 1 

Pyrethrins, 1 

Pyrethrins, 1 
Pyrethrins, 1 

Pyrethrum, - 
Pyrethrins, - 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrum, - 
Pyrethrins, 1 

Allethrin, 1 

Pyrethrins, 1 
Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, - 
Pyrethrum, - 

Cimex lectularius L. 

Potentiation of Insecticidal Activity of Pyrethrins by Some Halogenated Organic Compounds 

Synergist, Parts 

Pentachloroethane, - 
x-Diethyl-x-chloronaphthalene *, 178 
2,2'-Dichlorodiethyl ether, 20 
Di-(p-bromophenyl)-ether, - 

2-Methoxy-3,5,X-trichlorodiphenylf, 

1 -Ethoxy-2-bromodihydroisosafroteo, 

Isosafrole dibromide, 80 
2-( 3,4-Methylenedioxyphenyl)-4- 
chloromethyl-l,3-dioxaneh, 20 

Terpene esters wth halogen*, - 
Bis(2-chloroethyl)-l,2,3,4-tetrahydro- 

3-methyl-6,7-methylenedioxy-l,2- 
naphthalenedicarboxylate, - 

34  3,4-Methylenedioxyphenyl)-propyl- 
o-chlorobenzylsulfide), 16 

l-Methyl-2-( 3,4-methylenedioxy- 
phenyl)-ethyl 2-(p-chlorobenzyl) 

K-383E, - 
50 

80 

. .  
ether, 16 

pheny1)ethyl 2-(p-chlorophenoxy)- 
ethvl sulfide. 16 

1 -Methyl-2-( 3,4-methylenedioxy- 

. .  
ether, 16 

pheny1)ethyl 2-(p-chlorophenoxy)- 
ethvl sulfide. 16 

1 -Methyl-2-( 3,4-methylenedioxy- 

34  3,4-Methylene-dioxyphenyl)- 
propyl o-chlorobenzyl sulfonek, 16 

1 -Methvl-2-( 3,4-methylenedioxy- 
pheny1)ethyl p-chlorophenyl 
sulfone, 16 

imine, - 
(less than 2) 

10 

~V-3,3,5-Trimethy1cyc1ohexy1c hloral- 

,V-( o-Chlorophenyl)piperonylamideL, 

o-Bromopheny1)piperonylamide m, 

2'-Bromobenzaniliden, 20 
p-Chloroacetophenone semicar- 

.V-Am yl-p-bromobenzenesulfon- 

.V-Propyl-p-bromobenzenesulfon- 

1,2-Dibromo-2-nitroethylbenzene, - 
1-( 2-Thiocyanoethyl)-l-( 2'-chloro- 

ethoxy)-2-methylpropane, - 

bazone, - 

amide, 20 

amideo, 20 

Formulation and 
Application 

Soh. ,  space spray 
Soh. ,  deposit 
Space spray 

S o h ,  Peet-Grady 

Soh. ,  Peet-Grady 

Soln., Peet-Grady 
Soln., Peet-Grady 

Soln., Peet-Grady 

Soh.,  Peet-Grady 

Soh. ,  Peet-Grady 

S o h ,  Peet-Grady 

Soh. ,  Peet-Grady 

Soh. ,  Peet-Grady 

Soln., Peet-Grady 

Soln., turntable 

Soln., turntable 

S o h ,  turntable 

Soh.,  turntable 

Soh. ,  turntable 

Soln., turntable 
Powder, space 

Insect 

Bedbugsa 
HouseflyC 
Corn earwormd 
HouseflyC 

HouseflyC 

Houseflyc 

Houseflyc 
Houseflyc 

, . .  

Houseflyc 

HouseflyC 

HouseflyC 

Houseflyc 

Houseflyc 

Houseflyc 

Houseflyc 

Houseflyc 

Houseflyc 

Housefly" 

Houseflyc 

Houseflyc 

Houseflyc 
Fliesp 
Mosquitoesp 
Roachesp 

Acfivify 

+ ++ + + + + 
++ 
+ + 

* +  + 
+ 
+ 
+ 

++++ 
++++ 

+ 
+ 

+++ 
+ + 

++ 
+ 
+ + + 
L 

.4 different mixture of isomers and an x-isopropyl-x-monochloronaphthalene were even more active in comparable but separate tests. 
'Musca domestica L. 
Heliothis armigera (Hbn.). 

Certain other ethers of this phenol were active. 
The LV-butyl homolog was as active. 
Probable structure. 

RCO0R'-X, R = reduced allo-ocimene crotonaldehyde condensate, R '  = aralkyl, X = halogen. 

The 2,4- and the 3,4-dichlorobenzyl analogs were slightly less and more active, respectively. 
The bromo analog at 10 parts was definitely synergistic. 
The m-isomer, o-chloro-, and m-chloro analogs had (++) activities. 
The 2'-chloro and 2',5'-dichloro analogs were less synergistic. 
The ,V-propyl and ,\'-butyl homologs had (+ + ) and (+) activities, respectively. 

" 2-Chloro-2 b-(2,4,6-trichlorophenoxy) diethyl ether. 

.4n analogous compound, 2-( 2-bromo-3,4-methylenedioxyphenyl)-4-dimethyl-6-dimethyl-l,3-dioxane, was slightly 
more active. 

j The @-chloro isomer of this compound was equally as active. 

The@-bromo andp-chloro analogs at 2.5 parts had (+) activities. 

p Not specified. 

This led the author to the belief that the 
chlordan preserved the parathion against 
decomposition or that a decomposition 
product of the parathion synergized the 
chlordan. The potential acidity of 
chlordan would retard the hydrolysis of 
parathion (72), and a t  least one of its 
decomposition products, p-nitrophenol, 
is known to synergize DDT and hexa- 
chlorocyclohexane against a variety of 
insects. Obviously, these mechanisms 
are mutually excluding. 

The toxaphene-thanite pair (32) was 
recommended on the basis of the residual 

activity of the former and the knockdown 
capacity of the latter. 

The  20 synergistic combinations in 
Table 1-11 include principally contact 
poisons and fumigants. Sixteen of these 
combinations are cited in support of 
patent claims. The  various combina- 
tions (204, 205) prepared from hexa- 
chloroethane, dichlorobenzene. l-bromo- 
4-chlorobenzene, chloronaphthalene. 
1,1,l-trichloro-2-methyl-2-propanol, and 
thymol contain relatively small amounts 
of the synergists. The increased efficacy 
of these combinations \\as based on the 

greater speed with Ivhich they killed the 
insect used in the tests. This would indi- 
cate a more rapid penetration by the 
mixture and possibly an increased toxic- 
ity as !\ell. The high vapor pressure, 
mutual solubility, and lipophilic nature 
of these compounds, with the attending 
potential for narcosis is well known. p- 
Dichlorobenzene is a n  established insec- 
ticide and hexachloroethane is some- 
times substituted for it, particularly 
against the clothes moth, itch mites, cer- 
tain weevils, and flies. Mixed halo- 
genation of benzene has generally led to 
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compounds with increased activity to- 
ward insects (39), but contrary to ex- 
pectation 1 -bromo-4-chlorobenzene (765) 
proved to be an  exception in that it is less 
toxic. 

.ketone-chloroform (1,l , I -trichloro-2- 
methyl-2-propanol) is a solid halogenated 
alcohol having a camphoraceous odor 
like that of hexachloroethane. i\ce- 
tone-chloroform has a trichloromethyl 
group which is frequently found in 
powerful insecticides. ..icetone-chloro- 
form readily volatilizes to vapors which 
produce excitation, ataxia. spasms, and 
eventually death in the housefly (720). 

Thymol. 2-isopropyl-5-methyIphenol~ 
it-hile unhalogenated, is soluble in or 
rutectic \vith the halogenated com- 
pounds listed above. Thymol is a 
general anthelmintic and has been found 
toxic to blowflies. mosquitoes: and moths 

The alkenyl and alkyl nitriles, Lvith or 
ivithout halogens, are very toxic to all 
forms of life and are \videly used as in- 
sect fumigants and occasionally as sprays, 
depending on their volatility. Syner- 
Tism is easily demonstrated among the 
fumigants and mixtures are more com- 
monly used than individual compounds 
in the insect control by fumigation. The 
adjuncts serve as diluents and control fire 
hazard, etc., but it is very likely that they 
favorably alter the evaporation rate and 
provide synergism through an alteration 
in physiological action. The mixture 
of 2-chloroacrylonitrile and 2.2.3-tri- 
chlorobutyronitrile (46)  might be ex- 
pected to provide synergism as both cya- 
nides and halogenated hydrocarbons con- 
tain toxophoric groups. Halogenated 
nitriles can activate other insecticides 
and trichloroacetonitrile is said to in- 
crease kills of scale insects by hydro- 
cyanic acid through a reduction of a pro- 
tective stupefaction (2.5) Lvhich occurs 
\\.hen cyanide is used alone, 

Phenothioxin. its oxide. dioxide: and 
nuclear-substituted derivatives of these, 
were employed with the di(p-chloro- 
phenoxy)-methane ( G I ) .  but no explana- 
tion \vas given for their high activity 
against household and agricultural pests. 

( S) . 

Halogenated Hydrocarbon Insecticides 
And Inorganic Synergists 

.A number of insecticide-synergist com- 
binations consisting of a halogenated 
organic insecticide and an inorganic 
synergist (163.229) have been discovered. 
The most prevalent combination in this 
series are the insecticide-sulfur pairs and 
D D T  is the insecticide most frequently 
encountered. Based on insect mortality, 
loirered insect population, or increases in 
crop yields, DDT-sulfur combinations 
arc claimed to be superior to either agent 
alone against bees (7 I S ) .  suckflies (268); 
caterpillars (7). bfexican bean beetles 
(261). milkweed bugs (261): pea aphids 
(257). thrips (70. 711. 273). pea leaf 

miners (23.3), tomato russet mites (274)> 
chiggers (27), and rat mites (783). 

Addition of 2 parts of sulfur to 1 
part of lindane extended the infestation- 
free period of red ants from less than 4 
weeks to 12 weeks (254). Mixtures of 
chlorinated camphene and sulfur were 
more active against red spiders than were 
mixtures of chlorinated camphene with 
other diluents (85). The insolubility of 
sulfur and its activity, either mechani- 
cally or through its conversion to sulfur 
dioxide or hydrogen sulfide, probably 
explains Ivhy the more po!verful insecti- 
cides were applied frequently \vith sulfur 
rather than as a substitute for it. No 
mechanisms for this synergism have been 
postulated. Most of the insects and 
related organisms listed are those against 
which sulfur was used, often alone, before 
the availability of the modern halogen- 
ated insecticides. This, linked with sul- 
fur's abundance, its useful physical 
properties-e.g., solid state: water in- 
solubility, etc.-has led to the practice 
of using sulfur-clay diluents as a vehicle 
for the modern halogenated insecticides. 

The use of synergists tvith the pyre- 
thrins is the rule rather than the excep- 
tion in the application of this insecticide. 
A41though a number of outstanding pyre- 
thrin synergists are used routinely, the 
halogenated synergists are generally 
inferior with this insecticide. Carson 
and Eddy (29) tested several hundred 
compounds as synergists for pyrethrum 
against the body louse, but among the 
best 23 found none contained halogen. 
A comprehensive and recently published 
list of allethrin svnergists (227) contained 
no halogenated compounds. Tivo halo- 
genated sulfones (248) proved to be 
strongly synergistic with the p)-rethrins 
and hence constitute exceptions to the 
general rule that the best pyrethrin 
synergists are found among nonhalo- 
genated compounds. 

Groupwise. the best synergists for the 
pyrethrins are certain alcohols, ethers, 
and esters derived from terpene, com- 
pounds bvith the methylenedioxyphenyl 
grouping: and some N-substituted amides 
as well as certain compounds containing 
both of the latter functions. 

The synergism or the terpene alcohols is 
attributed to properties other than 
physiological ones and it is possible that 
other synergists for pyrethrins may func- 
tion in this ivay (.52), However, some 
halogenated counterparts of the more 
active pyrethrin synergists are available 
and these, along with other halogenated 
compounds. are listed in Table VIII. 

Three DDT-pyrethrin combinations, 
listed in Table 11. were found synergistic 
toward tlvo common diptera. Penta- 
chloroethane (225) Xvith pyrethrum ex- 
terminated bedbugs, against Lvhich pyre- 
thrum alone is not a persistent insecticide. 
The dialkylchloronaphthalene (67) did 
not increase the knockdovm of pyrethrin 
to\vard the housefly but the kills Ivei-e 

definitely higher. This is the expected 
action from pyrethrins and aryl halides 
possessing neurotoxic effects. The rela- 
tive effectiveness of the alkyl and aryl 
halide cannot be compared because dif- 
ferent insects were used in those cases 
Lvhere comparisons could have been 
made. 

Except for dichlorodiethyl ether (70), 
itself a fair substitute for the pyrethrins, 
all the pyrethrin-haloether pairs in 
Table VI11 were tested as space sprays 
against the housefly. 

Among the halogenated ethers. one 
simple ether (go) ,  two mixed ethers 
(3, 13). and three methylenedioxyphenyl 
ethers (277:  273): the last of varying 
complexity. showed synergism with the 
pyrethrins. The most active of the short 
series was an ether with an alkyl-0-aryl 
linkage plus a methylenedioxyphenyl 
group (277). Significantly enough. the 
introduction of a second 1,3-dioxo link- 
age in a methylenedioxyphenyl ether 
failed to increase activity in the one trial 
reported (273). The brominated iso- 
safroles were more active than the cor- 
responding safroles. The halogenated 
isosafroles in Table \'I11 (277) were out- 
standing among some 17 related ma- 
terials, some of which even reduced fly 
mortalities by the pyrethrins. Two addi- 
tional ethers, I-chloro-2- [2-(2.3,4,6,-tet- 
rachlorophenoxy)ethoxy]ethane and 2- 
(p-chlorophenoxy) -2  '- (2-iodoethoxy) di- 
ethyl ether, (220) are active pyrethrin 
synergists, a t  least by implication. 

The halogenated terpene ester (75) 
was patented as a synergist for the pyre- 
thrins and rotenone. The claim with 
respect to the pyrethrins agrees with the 
observations that terpenes even \vith 
several different types of functional groups 
are active ivith the pyrethrins. The 
bis(2-chloroethyl) - 1,2,3,4, - tetrahydro-3- 
methyl-6,7-methylenedioxy-l,2-naphtha- 
lene dicarboxylate (247) has ether and 
ester groups which are frequently 
found in insectotropic compounds. The 
corresponding ethyl ester was more ac- 
tive in its effects Jvith pyrethrins but the 
2-chloroethyl ester was more active than 
the corresponding tetrahydrofurfuryl 
compound. Thus the halogenated com- 
pound is intermediate in activity. Di- 
(2-chloroallyl) succinate (220) is a sim- 
pler ester ivith a 2-chloroalkenyl radical 
which has been mentioned also in con- 
nection with pyrethrin synergists. 

The mixed thioethers n i th  methylene- 
dioxyphenyl substituents (272) lvere toxic 
to the housefly both as knockdoirn and 
lethal agents. They were also synergis- 
tic Irith the pyrethrins in that they per- 
mitted the use of less p>-rethrins without 
reduction in mortality rates. The oxida- 
tion of the sulfide to the corresponding 
sulfone further increased the effective- 
ness of this class of compounds. The 
presence of halogen in these molecules 
had no marked effect in either increasing 
or decreasing their synergistic activity. 

V O L .  2, NO. 6, M A R C H  17, 1 9 5 4  319 



The sulfo esters have exhibited syner- 
gistic activity with DDT, lindane, and 
aldrin. The activity of the sulfones, 
which may be regarded as representing 
an  intermediate stage between the sul- 
fides and the sulfo esters, suggest the test- 
ing of the sulfones with halogenated 
insecticides and the sulfo esters \vith the 
pyrethrins. The high activity of the sulf- 
oxides (248) with the pyrethrins has a 
bearing on the relationship between the 
structure and biological effect of this 
group of compounds. Chloromethyl p- 
chlorophenyl sulfone is said to be more 
toxic than D D T  to body lice and bed- 
bugs. 

12'- 3,3,5 - trimethylcyclohexylchlorali- 
mine may be considered the Schiff base 
of chloral. This compound has an azo- 
methine linkage which is found in some 
insect toxicants (26). This synergist is 
easily hydrolyzed to yield a primary 
amine and trichloroacetaldehyde, both 
of which are narcotic toward some in- 
sects. 

The amides without N-substitutions 
are nerve sedatives in humans but ap- 
pear to be generally devoid of contact 
activity in insects. Perhaps this is due 
to poor absorption. Substitution on 
the nitrogen atom of amides increases 

their local effects on insects and some of 
these are excellent lousicides (20). The 
best pyrethrin synergists are the N,N- 
disubstituted amides. Apparently this 
effect is carried over into amides with a 
chlorinated AY-aryl substituent (93, 94). 
The contribution of the methylenedioxy- 
phenyl radical is also in evidence here. 

2'-Bromobenzanilide (779), an  analog 
of the halogenated N-substituted amides, 
was nontoxic to houseflies. As a syner- 
gist for the pyrethrins, this compound 
was slightly less effective than the 2'- 
chloro and the 2 ',5 '-dichloro analogs. 
Other isomeric halogenated benzanilides 
were even less active. 

Table IX. 
Insecticide, 

Parts 

Nicotine, - 
Nicotine, - 
Nicotine, - 

h'icotine, 1 
Nicotine, - 

Nicotine, 1 

Nicotine, - 

Nicotine, - 
Nicotine, - 

Nicotine, - 

Nicotine, - 

Nicotine, - 

Nicotine, - 

Nicotine, - 
Nicotine, 1-2.5 
Nicotine, 1 
Nicotine, 1 

Nicotine, 1 
Nicotine, 1 
Nicotine, - 

Nicotine, - 

Nicotine, - 

Nicotine, - 

Potentiation of Insecticidal Activity of Nicotine by Some Halogenated Organic Compounds 

Synergist, Parts 

Pentachloroethane, - 
p-Dichlorobenzene, - 
Pentachlorocumene, - 
.4roclor 1232, 2 . 5  
Pentachlorophenol, - 

2,2'-Dichloroethyl ether", 1 

Pentachlorophenyl methyl ether, - 
p-Chlorophenyl dodecyl ether, - 
Pentachlorophenyl octadecyl 

Pentachlorophenyl dodecyl 

Pentachlorophenyl 2,4-dinitro- 

2-Chlorallyl lactate, - 

ether, - 

ether, - 

phenyl ether, - 

Formulation and 
Application 

Dust, foliage 
Dust, foliage 

Dust, foliage 
Dust, foliage 

Dust! 

. . .  

. . .  

Dust, foliage 

lnrect 

Melon worma 
Southern armywormb 
Southern armywormb 
Southern armyworm 
Beet armywormC 
Diamond-back mothd 
Melon worm" 
Southern armyworm 
Cucumber beetleQ 
Harlequin bugh 
Elm beetlei 
Southern armywormb 
Pea aphidi 
Melon worm'" 
Southern armywormb 
Southern armywormb 

Southern armywormb 

Southern armywormb 

Melon worma 
Southern armywormb 
Diamond-back mothd 
Pea aphidi 

Dock beetle' 
Di-(p-chlorophenyl) sulfide, - Dust, foliage Calif. oakwormk 

Activify 

+ 
+ + 
+ 
+ +++ +++ 
+ + + + + 
+ 
+ 
+ + ++ ++ + (777) + 

Di-(p-chlorophenyl)sulfide, - 
Di-(p-chlorophenyl)sulfide, 1 
Di-(p-bromophenyl)sulfide, 2 . 5  
Di-(p-chlorophenyl)disulfide, 4 

2-Chlorodihenzothiophene, 2 , 5  
4-Chlorovaleronitrile, 2 . 5  
p-Chloroacetophenone semicar- 

p-Bromobenzenesulfonamide, - 

'V- butyl-p-bromobenzenesulfon- 

Chloropicrin, - 

hazone, - 

amide, - 

Dust 
Dust, foliage 
Dust, foliage 

Dust, foliage 
Dust, foliage 

, . .  

. .  

Dust 

Armyworm" + 
Bean aphid" 
Southern armywormb + (770) 
Varietyo + to +++ (277) 
Pea aphid' + (772) 
Armyworm + (773) 
Diamond-back mothd 
Diamond-back mothd + (772) 
Pea aphidj + (772)  

. . .  + (92) 

Southern armywormb + 
Variegated cutwormp + (770) 
Southern armywormb + (770) 

Poppy weevile + (773) 
Diaphania hyalinuta (L.). 
Prodenia eridania (Cram. ) (B. ), 
Laphygma exigua (Hbn.). 
Plutella macullpennis (Curt.). 

e A ratio of 2 parts nicotine to  1 part synergist gave comparable results. ' Liquid formulations were active also. 
0 Diabrotica Soror. 

Murpentia histrionica (Hahn). 
Haltica bimarginata. 

Phryganidia californica (Pack). 
Gastrophysa cyanea (Melsh.). 
Cirphis unipuncta (Haw. ). 
Aphis fabae (Scop.). 
Diamond back moth, alder flea beetle, armyworm, pea aphid, greendock beetle and California oakworm 

j Macrosiphum pis i  (Keth.). 

p Peridroma margaritosa (Haw.). 
q Ceuthorrhynchus macu[a-a/ba Hbst. 
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Table X. Potentiated Insecticidal Combinations with Three Active or Activating Components, One or More of 
Which Contain Halogen 

Insecticide 
or Synergist, 

Parts 

p-Dibromo- 
benzene, 1 

Insecticide, 
Parts 

p-Dichloro- 

P-Dichloro- 
benzene, 98 

Formulation and 
Application 

, . .  

Synergist, Parts 

.4cetonechloroform, 1 

Thymol, 0 .75  

lnsect 

Mothsa 

Moths, butterfliesn 

Activity Reference 

+++ (204) 

++ (20-1) .ketone- 
benzene, chloroform, 
98.5 0 75 

Toxaphene, 3 DDT, 1 
DDT, 40-50 BHC, 10-15 

. . .  

Camphor, 40-50 
Sulfur, 8 

Piperonyl butoxide, - 

+ ( 7 9 5 )  + (.??I 
+ ( 752j 

. . .  
Salt marsh cater- 

pillars 
. . .  DDT, - Pyrethrins, - Wettable pwd., 

dusting pwd., 
soln. 

Soln., space spray DDT, 10 Pyrethrins, 1 1 -( 3,4-Methylenedioxy- 
phenyl)-2-methyl-l,3- 
epoxypropanec, 100 

methyl-4-oxo-2-cyclo- 
hexene-1 -carboxylatec, 
100 

Ethyl 6-iso-propyl-2- 

Piperonyl butoxide, - 
Benzal 3-5-xylidineh, 50 
S,.V-Diisopropyl-3-hy- 

droxy-3-methylvaleram- 
idee, 100 

N,A'-Diethyl-I -cycle- 
hexoxyacetamide", 100 

Allyl N,N-diisopropyl- 
succinamatec, 100 

Ca-N-dodecvl-N-( 2-hv- 

Housefly d 
Mosquito" 

Houseflyd 
Mosquitoe 

++++ (747)  ++++ 
++++ ( 7 4 7 )  ++++ Soln., space spray DDT, 10 Pyrethrins, 1 

DDT, - Pyrethrins 

Pyrethrins, 6 
Pyrethrins, 1 

Wettable pwd. 

Soln., NAIDMn 
Soln., space spray 

Horn flied 
Stable flies0 
Houseflyd 
Houseflyd 
Mosquitoe 

Housefly d 
Mosquitoe 
Houseflyd 
MosquitoC 
Houseflyd,? 

Housefly 

+++ ( 7 5 4 )  

DDT, 25 
DDT. 10 

+ (2.30 ++++ (7m ++++ 
++++ (747)  ++++ ++++ ( 7 4 7 )  

++ (237)  

+ ( 7 73) 

DDT, 10 

DDT? 10 

DDT, - 

DDT, 80 

Pyrethrins, 1 

Pyrethrins, 1 

Pyrethrins, - 

Pyrethrins, 1 

S o h ,  space spray 

Soln., space spray 

S o h ,  space spray 
tei droxypropy1)phthalama 

(2.2,1)-5-heptane-2,3- 
carboximidek, 40 

N-( 2-Ethylhexyl)bicyclo- 

Malhaute "El, 5 Soln. 

Chloropicrin, - Dust 

DDT, 1 

Derris, - 

Turpentine, 

Pyrethrum 
2 . 5  

Anopheline larvaa 

Greenhouse white 
fly 

a Not specified. 
* EstigmPne acrea (Drury). 

This synergist is one of the five most active compounds found among. some 3800 tested for synergistic activity toward the housefly and 
In general, the most active compounds were found among the thiocyanate esters, glutaric acid derivatives, amides, cinnamic 

The mosquito showed susceptibility to more of these 
mosquito. 
acid derivatives, and compounds containing the methylene-l,2-dioxyphenyl group. 
combinations than did the housefly. 

.Musca domestica L. 
e Anopheles quadrimacuiatus (Say). 
f Siphona irritans (L.). 
0 Stomo.rys calcitrans (L.) .  

Furfural-aniline, benzal-aniline, and cinnamyl-aniline were slightly less active. 
Data indicate synergism Lvith DDT alone. 

Substituting chlordan for DDT gave an active combination. 
Presumably an emulsifier. 

National Association Insecticide and Disinfectant Manufacturers. 

j Claimed to be active against "silver fish, ants, bedbugs, and the like." 

Sodium sulforicinate is said to give the same results (28). 
m Triallurodcs uaporariorum. 

The  semicarbazones of aldehydes and 
ketones have been tested against numer- 
ous insects, but generally Lvith disap- 
pointing results. Probably, the most 
toxic of those tested is the semicarbazone of 
p-chloro-benzaldehyde (95).  This supe- 
riority is reflected in its activity as a syn- 
ergist in which capacity it serves pyreth- 
rum, derris nicotine. and the arsenical in- 
secticides. 

Esters of benzenesulfonic acid were 
found to synergize both halogenated in- 
secticides and the pyrethrins against 
certain insects. Sulfides. sulfoxides, and 
sulfones, especially the sulfones, gave 
even more effective combinations with 
the pyrethrins. 

.4 series of halogenated benzenesul- 
fonamides has been tested directly 
against the housefly, and only one, +V,dV- 

diethyl - p - chloro-benzenesulfonamide, 
was found to be toxic when used alone. 
At least four members of the series (92), 
and possibly more, proved quite active 
as synergists for pyrethrins against the 
same insect. In  these compounds hav- 
ing sulfur a t  several levels of oxidation, 
halogenation appears to add activity to 
the esters and amides of the arylsulfonic 
acids. Halogenation did not detract 
from the activity of the compounds in the 
other series. 

The  1.2-dibromo-2-nitroethylbenzene 
(756) is structurally related to both tri- 
chloronitromethane and 1,2-dihaloal- 
kanes. Like these latter compounds, 1,2- 
dibromo-2-nitroethylbenzene is a highly 
toxic fumigant for insects. T h e  2-nitro- 
alkylbenzene portion of this synergist re- 

lates it to 2-nitro-l,l-bis(p-chlorophenyl)- 
propane and 2-nitro-l,l-bis(p-chloro- 
phenyl)-butane, both of which have a 
high contact toxicity toward the house- 
fly. T h e  2-bromoalkylbenzene portion 
is suggestive of 2,2-bis-(p-bromomethyl)- 
1,1,1 -trichloroethane whose structural 
and insecticidal similarity to DDT is 
well known. Thus, the synergistic ac- 
tivity of this bromonitrobenzene is not 
entirely unexpected. 

1 - (2-Thiocyanoethyl) - 1 - (2 ' -  chloro- 
ethoxy)-2-methylpropane (787) has a 
thiocyano linkage and a 2-chloroethoxy 
group, both of \\hich are found in com- 
mercially important insecticides. This 
hybrid molecule was cited as accelerating 
the action, increasing the killing po\z.er of, 
and stabilizing several botanical insecti- 
cides, including pyrethrum. 
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Table XI. Potentiation of Insecticidal Activity of DDT Against Resistant Housefiy by Organic Compounds, Classified 
According to Chemical Structure 

Inrecficide, 
Parfr 

DDT, 10 
DDT, 10 
DDT. 5 
DDT, 5 
DDT, 10 
DDT, 5 
DDT, 5 
DDT, 5 
DDT, 5 
DDT, 5 
DDT, 10 
DDT, 10 
DDT", 1 
DDT, - 

DDT, 10 
DDT, 10 

DDT, ?,5 
DDT, 5 
DDT, 5 
DDT? 5 
DDT, 5 
DDT, 10 

DDT, - 

DDT. 1 
DDT, 1 
DDT, 10 
DDT, 5 
DDT, 5 
DDT, 1 
DDT, 10 

DDT, 5 
DDT, 5 
DDT, 5 

DDT, 10 
DDT, 10 

DDT, 10 
DDT, 10 

DDT, 10 
DDT, 10 
DDT, 10 

DDT, 1 
DDT, 1 
DDT, 10 
DDT, 10 
DDT, 1 
DDT? 1 
DDT, 1 
DDT, 1 
DDT, 10 
DDT, 10 
DDT, 1 
DDT, 10 
DDT, 10 
DDT, 10 

DDT/l, 1 

Synergid, Park 

Halogenated Hvdrocarbons 

2,2-Diphenyl-l, 1 ,I-trichloroethane, 1 
2,2-Bis(p,p'-ethylphenyl)-l,l ,I-trichloroethdne. 1 
Bis($-chloropheny1)-methane, 1 
1-(p-Chlorophenylj-1-(m-chloropheny1)-ethane. 1 
1 , l  -Bis(p-chloroFheny1)-ethane, 1 
1,l-Ris($-chloropheny1)-ethane, 1 
1 ,I-Bis(p-chloropheny1)-ethylene, 1 
Bis(p-chloropheny1)-chloromethane. 1 
Bis(p-chloropheny1)-bromomethane, 1 
1,l-Bis(p-chloropheny1)-1-chloroethane, 1 
2,2-Bis($-fluoropheny1)-l,l,l-trichloroethane, 1 
2,2-Bis(p-chlorophenyl)-l,1 .l-tI ihromoethane, 1 
DDT by-productsh, loc 
Lindane, - 

Halogenated Alcohols 
1 -($-Chlorophenyl)-2,2,2-trichloroethanol 
1,l-Bis(p-chloropheny1)-ethanol', 1 
1 ,I-Bi$($-chloropheny1)-ethanol'. - 
1,l -Bis(p-chloropheny1)-ethanol, 1 
1,l-Bis(p-chloropheny1)-ethanol, 1 
l,l-Bis(p-chlorophenyl)-2-propen-l-ol, 1 
l,l-Bis(p-chlorophenyl)-2-propyn-l - o l g ,  1 
1 ,I-Bis( 2,4-dichlorophenyl)-2-propyn-l-ol. 1 
1,l  -Bis(p-fluoropheny1)-ethanol. 1 

Ethers 
Methylallyl 2-naphthyl ether, 20 
n-Amyl 2-naphthvl ether, 20 
Flavanh, 1 
1,l-Bis(p-chloropheny1)-ethyl methyl ether, 1 
Di[l,l-bis(p-chlorophenyl)ethyl] ether, 1 
2.2-Bisib-methoxvLl.l .l-trichloroethaneL. 11 , ,  , , 
2;2-Bis[p-ethoxyphenyl)-l!l ,I-trichloroethane, 1 

Sulfur Compounds 
Dibenzyl sulfide, 1 
Di($-chlorophenyl) sulfide, 1 
Bis($-chlorophenylmercapto) methane, 1 

Carbonyl Compounds 
[-Xylose, 1 
p-Chlorophenyl 1,2-dichloro-2-(p-chlorophenyl)ethyl 

ketone, 1 
Dihydroxyanthraquinonem, 1 
Quinhydrone, 1 

Acids and Esters 
3- Hydroxy-2-naphthoic acid, 1 
3-Bromo-2-nitrobenzoic acid, 1 
2,4-Dichlorophenoxyfumaric acid, 1 
Benzyl benzoate, 2,5 
Benzyl benzoate, 2 , s  
Benzyl $-chlorobenzoate, 5 
Isopropyl 2-naphthoxyacetate, 1 
Di .p-nitrobenzyl terephthalate, 1 
Piperonyl cycloneneq, 10 
Piperonyl cyclonene, 20 
Piperonyl cyclonene, 20 
Lanolinr, 1 
Na 2,6-dichloroindophenol, 1 
p-Chlorobenzaldehyde semicarbazone, 1 
Isobutylundecylenamide, 20 
Malachite green G, 1 
Phenylmercuric salt of 2,4-pentanidone, 1 
2-Hydroxy-l,3,2..benzodioxastibiole, 1 

Formulofion and 
Applicofionr 

Soln., residual deposit 
Soh. ,  residual deposit 
Soln., topical 
S o h ,  topical 
Soln., residual deposit 
Soln., topical 
Soln., topical 
Soln., topical 
S o h ,  topical 
S o h ,  topical 
S o h ,  residual deposit 
S o h ,  residual deposit 
Soln., residual deposit 
Field formulations 

Soln., residual deposit 
Soin., residual deposit 

Spray, deposit 
Soln., topical 
S o h ,  topical 
Soln., topical 
S o h ,  topical 
Soln., residual deposit 

Soln., topical 
Soln., topical 
Soln., residual deposit 
Soln., topical 
Soln., topical 
Emulsionk, residual 
S o h ,  residual 

S o h ,  topical 
Soln., topical 
Soh.,  topical 

Soln., residual 
Soln., residual 

S o h ,  residual 
S o h .  residual 

Soln., residual 
Soln., residual 
Soln.. residual 
Soh.",  residual 
S o h ,  residual 
S o h ,  residual 
Soln., residual 
Soln., reiidual 
Soln., topical 
S o h ,  topical 
Soln., topical 
Soh . ,  topical 
Soln., residual 
Soln., residual 
Soln., topical 
Soln., residual 
Soln., residual 
Soln., residual 

Acfivity 

++ + ++++ +++ ++++ ++++ ++++ ++++ +++ ++++ +++ +++ ++++" + 

++ ++++ + + ++++ ++++ ++++ ++++ ++++ 

+ + ++++ ++++ 
+ ++ 

++$+ 

+++ ++++ ++++ 

++++ ++++ 
++++ ++++ 

++++ ++++ ++++ ++++" ++++ +" ++++ ++++ ++++ ++++ ++++ ++ ++++ ++++ + ++++ ++++ ++++ 
fl'p,$'-DDT. Oily fraction of technical DDT. A ratio of DDT to DDT by-products of 1 to 20 \vas equally as effrctive. This de- 

gree of activity, based on knockdown could not be approached by simply usins technical DDT. e DhlC, Di-($-chloropheny1)-methylcar- 
binol. 0 This compound, melting point 72.5' to 74' C., was slightly less active at lower but 
comparable doses than another sample melting at 61 to 73' C. 2'-Hydroxypentamethylflavan. Methoxychlor. J Combinations with 
smaller proportions kvere active. li Suspensions and solutions were also active. .4s active toward resistant flies as toward normal strains. 

p Gave 
satisfactory control for 2 weeks. q 3-Alkyl. 6-carbethoxy-5-( 3,4-methylenedioxyphenyl)-2-cyclohexen-l -one and 3-alkyl-5-( 3,4-methylene- 
dioxyphenyl)-2-cyclohexen-l -one. 

f Activates insecticides related to DDT. 

Mixture of the 1,5-isomer (65y0) and the 1,8-isomer (35y0). The emulsion is also active. O -4ctivity is based on knockdown. 

r Chiefly cholesteryl and isocholesteryl esters of fatty acids. 

~~~ ~~~~~~~ 
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Sicotine, I-l-methyl-2-( 3’-pyridyl)- 
pyrrolidine, is a naturally occurring alka- 
loid found in several species of tobacco. 
Nicotine, having several sites of activity 
in the nervous system with both a stimu- 
lant and depressant phase, is highly toxic 
in mammals and to lower forms? includ- 
ing insects. Nicotine has been lvidely 
used as a fumigating, contact, and stom- 
ach poison, especially against small, soft- 
bodied insects. This activity of nicotine 
is shared, a t  least in insects, by nornico- 
tine and anabasine, both structural ana- 
logs of nicotine. 

Activating nicotine by releasing the 
volatile alkaloid from its salts and in- 
creasing its coverage, as by soap, was 
mentioned earlier in this paper. 

I n  an  effort to conserve this relatively 
expensive insecticide by extending its 
action, Mayer and his associates care- 
fully screened a large number of com- 
pounds for synergistic action with nico- 
tine. The early discovery of the activity 
of phthalonitrile and di(,b-chlorophenyl) 
sulfide with nicotine Lvarranted the use of 
these as patterns for later selections. 
Compounds listed in Table IX (769, 
770-77.3, 277) ivere taken from their 
reports. 

Mayer et  al .  (773) offered no explana- 
tion for activity of the synergists which 
they found. I t  is known that compounds 
used in conjunction Lvith nicotine, such 
as mineral oil and ethyl ether, can re- 
tard and promote, respectively. its pene- 
tration into and: hence. its toxicity to- 
ward insects (277: 272). I t  has been 
found repeatedly that nvo neurotoxic 
compounds ivhen used jointly can pro- 
vide more or less than the sum of their 
effectsin insects. Thus. the following halo- 
genated individual compounds or series: 
hydrocarbons, ethers. esters, thioethers, 
nitriles. semicarbazones, and amides 
possess properties \vhich make them act in 
either or both of these capacities. The 
nitrated halocompounds have the added 
interest of being catabolic agents in 
insects just as is nicotine. 

The synergistic activity of 2,2’-di- 
chlorodiethyl ether (32) for nicotine and 
its sulfate \vas more specifically attributed 
to the insect-feeding inhibition of the 
combination. This inhibition was speci- 
fied for cucumber beetles on squash and 
aphids on cabbage, but may have been 
seen with other species. Crude 2,2’- 
dichlorodiethyl ether could be employed 
for this purpose but other homologs and 
isomers of this ether lvere less active. 

The natural resistance of tobacco-in- 
festing insects to nicotine has been attrib- 
uted to a nicotine immunity of the 
synape of an  insect Xvhich has recovered 
from an exposure to nicotine (72). Many 
tobacco insects are susceptible to cer- 
tain halogenated hydrocarbon insecti- 
cides. An investigation of the reaction of 
the tobacco insects to nicotine-halo- 
synergist combinations might be helpful 
in understanding the mechanism of the 

synergism exhibited by these compounds. 
The  insecticidal mixtures listed in 

Table X are composed of three com- 
ponents, usually two insecticides and one 
synergist. Among the 19 mixtures, one 
contains halogen in all three components, 
three mixtures contain halogen in two 
components, and 15 mixtures contain 
halogen in only one component. 

Lindquist and coivorkers (747) 
screened some 3800 compounds for their 
potential in increasing the knockdown 
rate and lethal properties of a DDT- 
pyrethrum spray against the housefly and 
mosquito (Anopheles quadrimaculatus). As 
expected, some test compounds reduced 
the effectiveness of the combination while 
others were inactive, only moderately 
toxic: or strongly toxic. The mosquito 
\vas more vulnerable than the fly to the 
various combinations. More compounds 
were synergistic with respect to knock- 
down than to mortality. Only five com- 
pounds were outstanding in both cate- 
gories against these species. These five 
compounds are listed in Table X under 
reference (747).  None of these con- 
tained halogen but they are close struc- 
tural relatives of compounds knoivn to 
synergize both D D T  and pyrethrins, 
especially against the dipterous insects. 

Discussion 

Since negative results are seldom re- 
ported, it is statistically unsound to 
emphasize the tvpe of compound most 
frequently encountered among the more 
active synergists. By the same token, 
it is difficult to say which of the entomo- 
logical characteristics predispose an  in- 
sect to attack by an  activated combina- 
tion. 

The 200 synergists, listed in Tables I 
to X, are distributed among the chemi- 
cal classes as follows: halogenated hydro- 
carbons 60, esters 17. hydrocarbons 13. 
halogenated ethers 13, ethers 10, esters of 
benzenesulfonic acids 10, and amides 10. 
The remainder are scattered among some 
25 chemical classes. 

About one fourth of the 200 synergists 
were found to be active with DDT. 
There were enough halogenated hydro- 
carbons, ethers, quinones, and esters, 
(probably hydrocarbons and possibly 
amides) to warrant setting u p  separate 
tables or sections of tables for these 
groups. The halogenated ethers and 
halogenated thioethers were more active 
ivith pyrethrins and nicotine than tvith 
DDT, lindane, chlordan, aldrin, and 
toxaphene. 

An attempt was made to find some 
correlation bet\veen synergistic activity 
and other biological effects of the listed 
synergists. The syngergists for DDT. 
lindane, chlordan, aldrin. and toxaphene, 
as listed, contain a much larger propor- 
tion of compounds with acaricidal ac- 
tivity than \vould be expected from ran- 
dom distribution. 

There are 229 cases of synergism listed 
in Tables I to X. Of these 205 involve 
insects, 22 involve arachnids (principally 
plant mites), 1 involves a nematode, and 
1 involves a fungus. The  distribution 
of the 205 insects as to orders \vas dip- 
tera 84, lepidoptera 48, hemiptera 39. 
coleoptera 21, and orthoptera 9, with 
the remaining 4 insects falling into 3 
separate orders (785). The distribution 
frequency of these species of insects proba- 
bly reflects the amount of effort which 
has been devoted to their control. es- 
pecially by chemical means. The spe- 
cies of insects found in the tables are 
about equally divided bet\\ een those 
which are known to be important in 
disease transmission and those Lvhich 
cause economic loss by destruction of 
food and clothing. 

Use of Insecticide-Synergist 
Combinations Against Insecticide- 
Resistant Insects 

The marked difference in the capacity 
of different species and of individual sub- 
jects in the same species to itithstand 
challenging doses of active substances are 
termed species tolerance and individual 
tolerance, respectively, and account for 
much of the difficulty in making biologi- 
cal determinations and translating re- 
sults obtained therefrom. 

The phenomena of acquired suscepti- 
bility or especially acquired resistance 
is being met more frequently \ \ i th  the 
increasing exposure of high and 101% 
forms of life to specific chemical agents- 
frequently chemical agents I+ ith PO\\ er- 
ful biological effects. The deLelopment 
of germicide-fast microorganisms. insecti- 
cide-resistant insects, and morphine toler- 
ance in humans can be cited as examples 
of acquired resistance. 

A number of insect species, some in 
both the immature and adult stages, 
have been found to have a resistance to 
insecticides; this can be acquired under 
laboratory conditions or in the field 
From the standpoint of chemical control. 
the development of resistance in muscoid 
flies has presented the greatest problem. 
Resistance of this species is most common 
JLith DDT, but this may reflect its almost 
universal use against the housefly. 

Smith (232), Quayle (27J), hfonro 
(780), Babers (7). Babers and Pratt (A’), 
Metcalf (777).  and Hess ~t ai. (778, 779) 
have reviea ed insecticide resistance. 

The development of resistance in 
harmful insects has necessitated changes 
in control measures. Chemical control. 
the origin of the problem, has been 
strengthened by the use of larger doses 
of the insecticide (23). application of 
insecticide combinations. or substitution 
of other insecticides, preferably of a dif- 
ferent type (266). 

The combinations of insecticides or 
insecticide-synergists, a t  least one of 
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which is halogenated, which have shown 
activity against resistant insects are 
listed in Tables X I  and X I I .  

Of the 55 synergists for D D T  listed in 
Table XI ,  24 \rere reported by this 
author and coworkers (247, 242), 16 
by March and Sletcalf (767), 5 by Reuter 
and Levinson ( 6 ) ,  and 5 by Hoskins et al. 

The testing procedure used by Sumer- 
ford et al .  (247. 242) and by Reuter and 
Levinson ( 6 )  consisted of exposing resist- 
ant  flies for stated periods to Lreighed de- 
posits of the insecticide-synergist on 
posterboard and glass plates, respectively. 
In  sharp contrast to this procedure, 
March and hietcalf (767) and Hoskins 
et al. (200, 202) tested for synergism by 
applying measured amounts of the com- 
binations in solution to the body of the 
fly. Sumerford et al., Rlarch and Met- 
calf, and Hoskins et al. based activity on 
mortality of the female flies. Reuter 
and Levinson used interval and rate of 
knockdown in terms of the age of the 
deposit as criteria of activity. 

Reuter and Levinson ( 6 )  believe that 
the D D T  synergists which they reported 
are dependent for their activity through 
the formation of eutectic mixtures with 
the insecticide. Others have found that 
the physical state of D D T  is a strong 
factor in its toxicity to normal insects. 
Theuseof camphor (795) and polychlorin- 
ated biphenyls (36) were cited as exam- 
ples of compounds which increase the 
toxicity of DDT and lindane by prevent- 
ing its crystallization. Fats and oils 
added to DDT solutions (30) were said 
to make it as toxic to resistant house- 
flies as it formerly was to normal 
strains. 

Hoskins et al .  (200, 202) concluded that 

(200. 202). 

piperonyl cyclonene synergized D D T  in 
resistant houseflies by inhibiting its de- 
toxification to DDE [2,2-bis(p-chloro- 
phenyl)-1,l-dichloroethylene], a reac- 
tion which they (207) and others (238) 
have shown to be readily carried out by 
resistant flies. Piperonyl cyclonene con- 
sists of two molecules, 1,2-methylene-o- 
dioxybenzene substituted in the 4-posi- 
tion by (5-alkyl-cyclohex-4-en-3-one) or 
(2-carbethoxy- 5-alkyl-cyclohex-4-en- 3- 
one) groupings. Thus, these molecules 
taken together possess three chemical 
linkages associated with insecticidal ac- 
tivity: methylenedioxybenzene. cyclo- 
hexenone, and a carbethoxy group. 
Exclusive of piperonyl cyclonene, there 
are 16 synergists listed in Table XI which 
contain either an ether linkage or an  ester 
linkage without the methylene-o-dioxy- 
phenyl group. This conspicuous ab- 
sence is in accord with March’s (767) fail- 
ure to obtain synergistic activity with 
several compounds having the methy- 
lene-o-dioxybenzene nucleus. 

This author and his associates screened 
a large number of chemicals selected a t  
random and uncovered activity in com- 
pounds for which no explanation is 
available a t  this time. These workers 
selected as possible D D T  synergists a 
number of compounds structurally related 
to the insecticide (242). This selec- 
tion was based on the possibility that the 
compound would be absorbed along 
with the insecticide, after which the re- 
sistant insect would preferentially de- 
toxify (probably by dehydrohalogena- 
tion) the synergist and leave some or all 
of the insecticide to exert its toxicity. 
The list of halogenated hydrocarbons 
(particularly the D D T  analogs) indi- 
cates that this was based on something 

more than wishful thinking. The most 
active compound of the group, 1,l-bis(p- 
chloropheny1)-ethanol, also bears a rela- 
tionship to DDT, and its dehydration. 
which proceeds readily, resembles de- 
hydrohalogenation to the extent that 
both reactions consist of removing a nega- 
tive and a positive unit from separate 
carbons of an alkane chain containing 
identical substituents (the chlorine atom) 
on one of the carbon atoms. This 
explanation does not apply to cover the 
activity of the ether (767) of this alcohol 
unless it undergoes a prior hydrolysis, 
which would appear unlikely. Another 
very active synergist, p-chlorophenyl 1,2- 
dichloro-2-(p-chlorophenyl)ethyl ketone 
(247), while neither a halogenated hydro- 
carbon nor a halogenated alcohol, is sub- 
ject to a dehydrochlorination and its 
tendency to undergo such a reaction may 
be optimum for its activity with DDT. 
Neither this ketone nor the 1,l-bis(p- 
chlorophenyl) ethanol were insecticidal 
to the housefly when used alone. 

At 275 mg. per kg. doses, DDT and 
1,l-bis(p-chloropheny1)ethanol gave 60 
and 6% kill, respectively, in white rats. 
A combination of D D T  a t  250 mg. per kg. 
and 1,l-bis(p-chloropheny1)ethanol a t  25 
mg. per kg. gave an  807, kill (775). 
Thus it would appear that this compound 
blocks the rat’s detoxification mechanism, 
the initial step of which may be identical 
with that used by the insect. 

D D T  and many other insecticides are 
thought to owe their activity to the toxic- 
ity of their aryl halide radicals. Of the 
two known detoxification mechanisms 
of the monohalobenzenes in animals, 
one is dependent on the synthesis of a 
mercaptouric acid by this general reac- 
tion (275): 

Table XII. Insecticidal Combinations with a Halogenated Insecticide and/or a Halogenated Synergist Having a 
Potentiated Activity Against Insecticide-Resistant Insects 

Insecticide, 
Parts 

DDDa, 1 
DFDT, 10 
DFDT, 10 
DDT, 10 
Methoxy- 

chlor, 5 
Methoxy- 

chlor, - 
Methoxy- 

chlor, 5 

synergist, Parfr 

Piperonyl cyclonene, 20 
1,l -Bis(p-fluorophenyl)ethanol, 1 
1,l-Bis(p-chlorophenyl)ethanol, 1 
1,l-Bis(p-chlorophenyl)ethanol, 1 
Bis(p-chlorophenyl) chloro- 

Lindane, - 
Bis(p-chlorophenyl)-2-propyn-l- 

methane, 1 

01, l e  
hlethoxy- Piperonyl cyclonene, 20 

Chlordan, DDT, 1 

Parathion, 1,l-Bis(p-chlorophenyl)ethanol, 1 

Chloro- Alkyl sulfate, - 

2.2-Bis(p-chlorophenyl)-l,l-dichloroethane. 
Musca dornestica (L.). 
Organisms with natural rather than acquired resistance. 
Periplaneta americana (L.). 

chlor, 1 

2 

1 

phenol, - 

Formulation and 
Applications 

Soln., topical 
Soln., residual deposit 
Soln., residual deposit 

Soln., topical 

Wettable powder, resid- 
ual deposit 

Soln., topical 

Insect 

Housefly 
Houseflyb 
Housefly 
CockroachC 
Houseflyb 
x x x x  

Housefly* 

Houseflyb 

Activity 

++++ ++++ ++++ 
+++ 

+ 
++ 

, d  + 

Soln., topical Housefly ++++ ( 200 1 

Emulsion-suspension, Houseflyb + (207) 

Wettable powder + Mite9 ++++ ( 794) 
residual deposit 

concentratef 
. . .  Potato root eel + (237) 

wormC, 

6 Lower melting form was about */s as active. 

0 Paratetranychuspilosus (C. & F.). 
Water-wettable powder mixed with an emulsion. 

Hetrodern rmtochiensis. 
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CsHtX + HSCH?CH(NH?)COOH = 

XC:6H,SCH:?CH(NH,)COOH 

This detoxification mechanism, while 
knoivn only in animals, is worth con- 
sidering in light of an observation 
that thiourea completely protected re- 
sistant strains of male and female house- 
flies from any observed symptoms of 
DDT poisoning, although D D T  alone on 
forced contact is still lethal to the former 
and temporarily paralyzes the latter (75). 

March and Metcalf tested almost 100 
candidate synergists of Ivhich many 
icere acti\re. S o  mechanisin of activity 
\cas suggestrd. Hoicever, the com- 
pounds \vex  grouped according to their 
functional groups, and the compounds 
\vithin classes \cere discussed from the 
standpoint of molecular configurations 
\chic11 confer synergistic activity. The  
bis(p-chlorophenyl) structure is fre- 
quently associated ni th  this activit!.? 
especially ichen it is linked through an 
aliphatic group. 

Thc  svnergists active with DDT against 
resistant houseflies were also found active 
\vith closr analogs of DDT against the 
same insect in the few cases in Ichich 
trials \vert> made. 

.4 recent and pertinent paper lists the 
synergistic activity of‘ some 115 com- 
pounds, including bisip-chlorophenyl) 
sulfonamide. for D D T  against resistant 
houseflies (236). 
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