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Fluorinated Sulfonamides

A New Class of Delayed-Action Toxicants
for Fire Ant Control

Robert K. Vander Meer, Clilford S. Lofgren, and David F. Willlams

Agricultural Research Service, U.S. Departiment of Agriculture, Insects
Affecting Man and Animale Ressarch Laboratory, P.O. Bax 14588,
Galneaville, FL 32004

Fluorinated sulfonaridea were discovered to have the
delayed toxic activity required to control the fire ant,

Invicta, a medical and agricultural peat
ant species. Tha large number of fluorinated
sulfonamide analogues and derivativea avaflable offer
a wide varlety of activiilies (delayed and rapid) ard
solubilities (water to soybean ofl). These caapourds
vere effective against fire ants in labaratory and
fleld tests and one of the ccnpounds is being
camercialized, Certain carpounds have been
demonstrated to be good control agents againat other
ant species, cockroachas, and moequitoces.

The fire ants, Solancpais richteri and §, {nvicta, were
accidentally lmported from Scuth America, (probably through the
port of Buenoe Alree) into tha Moblle, Alabama area arcund 1910
Fire ants normally infest new areas
through mating flights during which the qQueens may fly up to 12
niles (1). However, it was evident from early surveys (2) that
spread of the fire ants was accelerated greatly by man through the
transportation of nursery stock. Sofl on plants harbored new
queana or inciplent colonies and those were throughout
the scuthern United States. Once isolated populations were
eatablished they spread locally through mating flights until all
the infestationg coaleaced. S richteri proved to be lees
oampetitive or adaptable than 8, invicta and now ocouplea only a
small enclave in northeastarn Missisaippl and northwestemn
Alabama. In splte of fedaral-state quarantines, recent
discoveries of 3, invicta infestations in Ternessee, Oklahcma and
New Mexico highlight the fact that this fire ant has not yet
reachad the limit of its northern or westarn expanaion (Homar
Collina, APHIS, USDA, personal ocomunication, 1987).
carplicating factor in de the fire ant's sproad was the
discovery of hybridization between the two brported fire ants (3).
The reproductively viable hybrid has a large, but as yet
undefined, rarge in northern Mississippl, Alabama, and Georyglia
(Ross, K. G., Varnder Meer, R. K., Fletcher, D. J. C., and Vargo,E.
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L., Evolution, in press: and #Diffie, S., +Vander Moer, R. K., and
*fass, M. H., *University of Geargia and +USDA}. MHow the hybrid
strain will affoct the limits of fire ant expangion is under
investigation.

. Flmantshaveboenlikenedtoweedssirmt}wy
have a high reproductive capacity amd their ecology and biology
are ideally suited to take advantage of disturbed ecosystems (4).
Since man is the greatest disturber of tha enviromment, it follows
that man-ant interactions are inevitable. Essentially, everywhare
man lives and plays (backyards, playgrounds, parks, golf oourses,
atc.) or works (gardens and al)l types of agriculture) becane
disturbed habitats. The fact that a mound way contain as many as
230,000 warkers, and many infested areas ccomonly have 125 to 150
mounda per hectare insures that there will always be a great deal
of contact batween fire ants and pecple in the infested areas (5).

The common name “fire ant” is derived froa ite painful
sting, which causes a buming sensation followed by the formation
of a starile pustule within 24 hours. Approximately 30t of the
paopleinmlnfestadamsmsumbytmantsinagivm
year (6) and of these 0.61% experience systemic anaphylaxis (7).
The vencm of fire anta is composed primarily of 2-methyl 6-alkyl
or alkenyl piperidine alkaloids (8). These alkaloids cause
pustule formation becanse they are necrotode but they also have
many other physiological effects (9). Lees than 1t of the venom
upmmmtd\hmllmmtcanwmmnlhrqic
reactions and oocasicnally death (s5,7,10).

Eonomic Tmpoct It:hbalicvndﬂntﬂ.mantdamageto
sricultirnl crops was masked befare thae late 1970's because of
the prior use of reajaual insecticides, such as chlordane for
control of other insect pests. sh\c-theuehmio-l-umhiq\ly
toxic to fire ants, they undoubtedly kept these fields free of
Infestatione (6). OCurrent research indicatea that fire ants cause
sconcmically isportant losses of soybwans, potatoes, citrus,
e«xplants, caa, and other vegetable crops. In addition, fire
ats have killed newborn calves, pigs, and chickens, attacked the
yong or eggs of numarous bird species, amphibisns and rabbits,
dmaged highemys, and elactrical equipment; and cean be a pest in
hamos and hospitala (11).

. Historically, the control of the imported
fire ants, ard 5, richteri, in the United States dates
back to 1928 when calcium cyanide dust treatments were used to

treat individual colonles infeeting agricultural land near Mobile,
AL (12). A concern with fire ants eecalated alorng with their

Ppulation until, in 1957, the United States Congreas appropriated
xney for a Pedaral-Stata Imported Fire Ant Control Program. The
tirst chemicals used in this were residual applications of
heptachlor or dleldrin (13). These toxicants were replaced in

1963 because of ervirormental concerns with s bait toxicant syatem
wing mirex, which required the use of much less active ingredient
(13). Unfortunately, registrations of mirex were cancelled at the
od of 1977 because of reaiduss in envirormental organisms and

Posaible carcinogenicity (14). This requlatary action resulted in
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an intensive search for other toxicanta suitable for fire ant
baits (15). .

The difflculty in finding suitable .insecticides for use in
baits for fire ants is dlirectly related to the behavior and
ecology of the insect. Foraging worker ants represent only a
small fraction of a colony's population. Once a foraging ant
locates food, other workers are recruited to the food source with
the trail phercmone (16). The foraging ante store food in their
crops, and throuch regurgitation and food exchange (trophallaxis),
they quickly disperse the waterial to other menbers of the colony
(5). Because of this system of foocd gathering which is followed
by ingesticn, storage and regurgitation, two major qualifications
for a toxicant become apparent. If the toxicant acts too guickly,
the fornging workers will die befors they can distribute the
material to other membars of the colony and ultimataly to the
queen. Therefore, delayed toxicity is required. Teats with dyed
soybean oil indicated that ocmplets colany distribution is
achieved within 24~72 hr. Secomdly, the procees of trophallaxis
greatly dilutes a taxicant (a mature colony may contain more than
230,000 workesrs) making it neceesary to have delayed toxicity over
a wide range of dosages (preferably > 100) (17).

TARLE 1. Classification System for Dmported Fire Ant
Bait Toxicants

Claaa Dafinition
I Compounds  that give insufficient kill at the
iminary concentrations (lese than 90t at the erd of

prel
the tsst period).

11 Compourdds that kill too guickly at the h.
concentrations but give insufficient xill at the lower
concentrationa, that is, highar concentrations give
15% or more kill after 24 hr and 90-100% at the erd of
the test paricd, but lower concentrations give less
than 90% kill at the end of the tast period.

III Campourds that ehow no greater than a 9-fold difference
betwesn the minimm and maximm concentrations that
whibit delayed toodcity.®

v Ooxpounds that showed at least a 10-fold but not
greater than 99-fold difference between the minimm ard
maximm concentrations that exhibited dalayed toxicity.

v campounda that show at least a 100-fold difference
betweon the minimm and meximm concentrations that
axhibit delayed toxicity.

Apalayed todicity is defined as wortality of leas than
15% aftar 24 hr and more than 89% at the ed of the
teat paricd.

As of the end of 1986, our laboratory had screensd 6,882
chemicals for the delayed toxicity required for fire ant baits.
Tha following procedures ware used: The toxicant was dissolved to
the desired concentration in eithaer soybean oil or honey-water
(1:1) depending on its solublility. Test groups of 20 worker ants
were allowed to feed for 24 hr on cotton swabse saturated with the
formilation. After 48 hr, the ants were fed unadilterated soybean
oil. Mortality counts were made at 1, 2, 3, 6, 8, 10, 14, 17, and
21 days after the initial exposure. Each matarial was tested at 3
ooncentrations: 1, 0.1, and 0.01% (18). .

All chemicals tested were classified according to the scheme
shown in Table 1. Class I cospounds are inactive while Class II
ntarhllmqoodtmdcantsmtdomthmt}nmqunddehyod

vide range of conoentrations. the 8,662

As expectsd, most (86.6%) of .
fell intn the non-toic Class
Classes IV ard V.

I categoxy. Lame than 0.5% ware

Flucroalichatic Sulfonanide Ineecticidal Activity
In the search for delayed-action forsulations we exparimented with
several oontrolled releass technigues (19). Ons of theee projects
lrmlvcdpumnttcndcnntJ,lnuhLd\atutwun;hmctich
chemically bonded to a polymer backbone (20). Tha polymer—
wmlmmmmwmwivaum
MMMWWMMWMMMVLA
metabolic processes. Fow insecticidas have functional groups
sultahle for this purpose; however, our screening prograa had
wcovared several flucrinated primary alcohols active against tire
ants (21). One of thess caspaurda was used as a model insecticide
to test the pandant-toxicent technigue. Poor solubllity of the
in soybean ofl led to the use of coamarcially available
fluorinated mirfactants to aid in the dissolution of the pendant-
toxicant. Standard control bioassays uncovered the fact that tha

fluorinated sulfonamides, a new class of insecticlde with the
general structure ReSO,NR1Ry.

Several fluorine ccmt.am}.rq have been shown to have
dalayed-action toxicity againet the fire ant (21,22). Om of
thege, utmwo—s,srdmu\yl-z(m)-mﬂdhm(s—(t-trltlmm-
methylphenyl) ~1- (2= (4~triflucromethyl) pheryl) ethenyl) -2 -properry—
lidena) hydrazone, has been cosmarclalized (23). In ancther
spproach fluoroacetyl derivatives ard analogues were designed as
pro~-insecticides (24). Although there is precedence for delayed-
action fluorine containing insecticides, the discovery of the
fluorinated sulfones provides a class of compounds with tremendous
strucural diversity (25).

this paper were nrdptwhhd'byaﬁmny.mqumnl
cluao:ompouﬂkmnboanbnmtormnyyursmsurhcunu
©(26,27). Tha general synthetic schwme is as follows:
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The amine can be aliphatic or heterocyclic. If one of the R-

grogpe is a hydrogen, then further derivatization can bea made by
reaction of the sulfonamide sodium salt with a halide; l.e.

Lty [T RfSOZFﬁi'RleN(.

1) CHyONa

T O et B HL

R NHRy —~—————————— R NRy CHoCHAOH '
1 1972

2} QLaLOH

The variety of possible reactants provided a large number of
conmpounds far primary screening againat fire ants (28).

Primary Delaved-Action Blonssay Reeults

Over 250 campourds. of the general formila, R , were tasted for
toxicity againat fire ants, where Ry is a fluorcaliphatic radical
and A is any compatible chemical structure. The majority of the
compaunds were fluorinated sulfonamides, ReSO,MRiR;, whare R

Ry can be any compatible structure and Rp = CgFy9.. The faliouing
is a mumary of results for R- groups of like finctionality.
Unleas specified Re was held constant (CgFjyq.).

Alkyl-Substituted Sulforamides. Class III delayed activity wag
observed in the methyl~{II), ethyl-(IXX}, iscpropyl-(IV), and
diethyl-(VI) substituted sulfonamidea; however, the t-butyl-
analog (V) showed no toxicity (Table 2). The cause of its
inactivity is unknown but may be related to increased steric bulk.
The active members of this group ware close to being in the highly
desirable Class IV category.

containinq dcubl.e bcndn wve eit.har faut or dnlayvad action at 1%
concentration (Table 3). Double bonds directly attached to the
nitrogen (phenyl (X) and vinyl (VII)) gave fut: kill at 1%,
whareas ths methylene intsrruptad allyl (VIII), and banzyl (XI)
substituents gave exellent delayed activity. The allyl (VIII)
analog had Clase IV activity.

Aliphatic Alcchol-Subgtituted Sulfonagiden. Several wonchydroxy
aloohwls were tested (Table 4) and gave Class III or IV delayed
activity; however, tha toxicity was delayed to a greater extant
than tha co ing compound without the alochol group.
(Coopare XII with IIT and XIV with 1I). Because of thae
combination of N-alkyl and alcohol subetituents, it was difficult
to draw conclusiona about structure-activity relationships. It
the R-groups contalned two hydroxyls, in any cosbination, activity
was lost (XV). .

Polyather-Substituted sulfonaajdeg. In genaral the polyethar
group, either ending Lnahydzoganormppodvithnnmqum.p
moderated the activity of the analogous unsubstituted oompound in
a way similar to the alcohol~substituted sulfonamides (Table 5).
In ana eampla, activity was diminished from Class III (III) to
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Toxicity of Alkyl Substituted Sulfonanmides

Table 2.

to Fire Ant Workers

e

8 10 14 17 21

]

Conc. % Mortality at specified days®
L3 1.2 3

R2

CgFy9S02RR;Ry
Rl

Corpound

Fluorinated Sy!lqr\amn_g(u wa®

ant omy, e i the -

Ve e 8

7 10 20 23
33 77 92 85 S8
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88 97 98 100
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2
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IX

0 0 0 0 2 2 10 22 50
0 0 2 B8O 97 97 $8 98 100 -
25 100

0.1
1.0

-CyHg 0.01

-H

III

o

s oo

2 2 2 2 3 5 2765
0 0 10 75 $3 98 100
83 97 100

2

-B ~CH(CHa3)3
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.
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0

~C(CB3)3 1.0

-B

0 2 5 10 20 50 60
13 78 92 98 100
30 100

o 0
o 7

\'21

The soybean 0il

control had <15% mortality at the end of the test, and the mirex

standard had normal delayed activity.

31

2percentages are the mean of three replicates.
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Table ), Toxiclty of Unsaturated Sulfonamidas
to Pire Ant Workers
CqF17503MR Ry Cong. T Hortallty at specltled dayas™
c KL A2 11 1 2 ) £ A.10 14 17 21X
VIl ~CHy ~CH=CHj 0.01 0O 0 o0 8 & 1) 2% 27 87
0.1 0 7 231 77 %0 %2 100
1.0 100
VIiiz ~H ~-CH3CH=CH; 0.01 2 2 2 2 2 2 1223778
0.1 3 3 3 4% 40 78 %) %8 100
1.0 1) _5] 40 100
X - =CHyC=CH 0.0} 3 %5 % 3 5 5 1313 30
0.1 2 2 2 2 ) 5 4) 1) 87
1.0 8) 87 eg 3% 37 97 100
x -H ~CgHg 0.0) 9 o © 1 3 > 7 1117
0.1 0 2 2 8 43 70 %) 95
1.0 83 87 a8 93 97 100
X ~CaHg -CHaCgHy 1.0 6 06 06 0 0 3 3 3 3
0.1 o 0 0 2 2 ) & 18 42
1.0 O 0 0 2 42 83 100
S8pusicentagas are tha mean of threa raplicatas. Tha soybsan of)
control had <138 msortality at the and of the tast.
Table 4. Toxicity of Nono~ and Di-alcohol-subatituted
Sulfonamidas to Pire Ant Workers
Cg?y7802HR Ry Cona. Y nortallty at speclfled days?
ol |1 R L 12 1 ¢ 219 14 17 21
XI11 ~CyHg BV T 0,00 0 0 2 2 2 2 2 2 )
0.1 o 0o o ¢ 2 1 8 40 60
1.0 0 O 0 43 €7 B8 %8 10O
X111 ~CyHy =CaH 0K 0.01 0 0 © 0 ©0 0 0 0 1
0.1 o 2 2 3 Yas amn
1.0 o 0o 0 o 0 40 92 98 100
x1v ~CHy ~Cy HyoK 0.01 o0 6 2 3 & 2 &101)
0.1 o o o0 2 330 7% a8 92
1.0 0 2 10 83 83 93 100
XV ~CaH OH ~CyH,0M ¢.0) o 0 o 2 8 10 33
xvi ~City ~CH3CH (OH) CH 0H 1.4 o o o 1 1 1 8

"Sta Tootnote a Table 1.

T
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No trends in activity could be distinguished

ciass I (XVIII). firpbieisy

pased on the length of the polyether or
ethoxy or propoxy units.

! Many active sulfonamide
not fall into a convenient t\;nctl:nal group oy

tegory or there were only one or two exasples of a category.
:axlts for several of these are showm in Table 6.

YII to YVI show a diversity of nitrogen ambetitutions

that in most cases gave excellent delayed activity. Oaspound XXV
gave rapid kill at the 1.0 percent level. We view XXII to XXV1 as
load campourds that may be useful in discovering more effective
toxlcants both in terms of delayed action for fire ant control ard
fagt action for the potential control of other incect pesats.
Oarpourd 301 is an intri mnpleumthanluoqmotthe
sulfonamide is utilized directly in the imidazole ring. Many
other darivativee could be prepared that incorporate the
milfonanide nitrogen into a ring system; {.e. comzole, piperidine,
and pyrrole.

derivativea did

. Only a few of the
did not have either delayed-action
7 illustrates sulfonamide nitrogen
abetituents that resulted in inactivity. Subetituents containing
an amino (XXVII), amide (XXVIII), phosphate (X0UX), or an arcmatic
carbaxylic acid (0X) group showed no taxicity.

structural Features Twportant to Toxicity
‘ ; ' Of the compourds

previoualy discussed
or rapid kill. Table

ined when R
ompared to Re = CgFy9-- best activity was cbta ¢
equaled CgFyy= (00AV) or CgFy7~(I). Compound YOOI ghowed some
sctivity, but did not rank higher than No corresponding

were avallablae that had R chaine greater than Cg. When

the fluoraliphatic portion of the molacule was sandwiched between
two wethyl sulfonamides, (Cy «Fa~) 2, activity wes loat,
an Ry group.

LR _Q g _FlUQrocy 3 D A g Molety toO TOX
of R (Table 9) to the toxicity of the fluorinated
-mm:&\mstutedush\qﬂwh}dmgmmalmot
whan the fluorines were replaced by hydrogena (X0XV)
all activity was loat. The activity found in compound X0 was
diminlshed by the resoval of one of tha three fluorines (XOXVI).
Similarly when the sulfone molety was replacad with a carbonyl
group (XOVII), activity was lost. Intereatimgly,
the corresponding sulfonic acid (OOVIII) or {ta potassium salt
(OXIX}) In honey w. sr (required because of a lack of solubility
in soybean oll) gave very good delayed activity. Although these
watar soluble compounds are not suitable for fire ant control,
thay offer potential for the control of other insect peets,
sspacinlly those asecciated with water. These results point out

a0

The importan

sl fonanice
1.
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Table 5, Toxicity of poly-th-r-subltltutad Sulfonamidesx

to Fire Ant Workers

B """"‘c,,'r",'-,éo;nk‘,n, Conc. T Mortallty at speclfled daysr
xviy “Cals - (CaH,0) 3u 0.01 [ ? 7 13
0.1
1.0

0 0 o
o908 .00 03 533
O 0 25287 98 99 590
XVIIL  —cymg =C2H40(CaH¢0) 41 o.01 2806 0 006 9 4,
0.1 000 0 0 0 ¢ I})
1.0 9 0 0 3 5233 44 I
XIx ~CiHg ~C2M 0 (C3H40) 0.01 9 0.2 2 3 53, , 2
0.1 00 00 03 3, ¢
1.0 ® 2 2 2 24047 4 100
xx ~CaMg ~{C2H,0) 5cH, 0.01 22 3 3 5 5,
0.3 35 w1329 2y 4
1.0 2 8 3503837 40 44
xx1 CaHg ~(CaH(0) yycuy 0.01 0 0 o 7 710 13
0. 0 0 o
1. ° 033

0 )
1 23 310 25 ¢
[ 32 100

“See footnate & Tabla 2,

Table ¢, Toxicity of Some Miscellaneous Active Sulfonamides

to Fire Ant Workers
—r— c.rl-,so,ﬁiz)n, Cona. Rortallty at wpecl?ic ays
[ 23 R’2 z L2 2 s 31034 122

xx1rx ~CH=CHN=CK~ 0.01 23 ) o 8 1) 15 3
(ln.ldnxol‘) 0.1 6 2 3 ;o 10 52 ¢7 go L] ]
1.0 0 2 17 93 100
XXI1y -y CHacHy 0,0y 9 0 06 0 a0 o ¢
~CHgN 0 0.1 2 0 0 0 0 19359,
CHaCHy 1.0 7 33 30 50 32 97 190
XXty ~H4 “C(=0)NHC(Hy, 0.0 8 0 0 2 2 4 44
(oyeallic) 6.1 © 0 o 28 ¢o 40 as
1.0 2 5 1is 42 70 33 100
xxv -3 ~CaleCl 0.01 0 0 o o J 2 5 23 LV
0.1 0 0 2 23 8 35 37 100
l.0 37 27 s loo
xxvy -H -8CCl, 0.01 ¢ o 2 2 2 2 7
0.1 0 2 35 43 43 70 g0
1.0 25 s

? T 100
—‘\\"
*Sea footnota & Table 32,

LS
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Toxlcity of Inactive Substltuted Sulfonamidss

Tavle 7. to Fire Ant Workers

. Hortallty (daysY
cl.i,lh?soz:;lnz co':c I 21 6’ R_10 14
: 2 10

vt “H  CaH NNy 1.0 2 2 2 2 2
S 10

UVIIT  ~CHy  CaH C{=0)NH, 1.0 0 0 0 0 3
310

XX =C3Hg  C3H,0POyH 1.0 2 3 3 3 3
2 2

xxx ~CaHg  CHy=CgH -COM 1.0 0 0 0 0 2

"sea footnots a Table 2.

Effects of Decreasing the Fluorocarbon

fasle 8. Chain Length on Toxicity to Fire Ant Workers
TtTed days?
nec. t Nortallty at apec
d Atnucture CO. ) W S I 1 £.10 14 17 21
o
17
0 0 0 3 3 5 7
a €Fa80aMHy 2'2‘ 3 3 3 5 5 35 1727 88
1:0 2 8 18 33 42 50 &7 73 82
XXXIT  CaPgS0MH, 1.0 317 22 35 40 45 30
a 0 3 > 3 s
XXXITL €y Fp803MHy 0.01 [ .
6 0 o 2 12
TRV CaTysoaiy g.cln 37 7 7 7 17 6377 92
1:0 0 3 30 67 73 87 95 98 100
) 2)
9 6 0 3 7 7 1020
' CoT17802Mz ::‘lu 0 0 0 2 33 77 92 95 98
1.0 4) 43 98 100

43ea footnote a Table 3.
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3
8

t Mortality at specified days?
1l 2

conc.
X

1.

Importance of Pluorocarbon and Sulfone Moiety of
Stcture

Molecules on Toxicity

CgHy7502NH,

Coppound

Table 9.
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that the insecticidal activity of this class of canpounds  resides
in the basic RgSO;A formula, and that the sulfonamide structure
vas useful because it allowed a great deal of structural
variabllity to be bullt into tha molecule.

faboratory Colany and Fiald Evaluaticn

Twelve fluorinated sulfonanides (X, II, III, IV, VI, VII, V11X,

X, X, 0aI, XXV, X{IV) were selected for evaluation against
laboratory colonies of the fire ant. The materials were fed to
queenright colonies formilated in soybean oil absorbed on a ocorn
grit carrier (18). The gqueens in all oolonieas ware either sick or
dead by 21 days, and in moat cases within 7 to 14 days. A1l of
mocq:cudlpzmxxdqooddnhyndkin (1L to 24% after 2 to 3

days) .

Mystrn#\ the laboratory colony results indicated that all the
campounds warranted field tests, theea teets are expansive, time
coneming, and labor intensive (29), thus, othar factors

to eventual commarcialization, such as oil solubllity, bait
acceptance, ard availability, were considered. Cansequently,
which was not very soluble in soybean oil and showed the
1owest worker wortality was not tested. Coapourd X did not kill
nlotmmmmtmrmpumtuuﬂmnsomitmd.
Pield ansays of the 10 remaining cospounda ware conducted in
Florida and Geargia. All chemicals were dissolved in once~refined
soybean ofl at concentrationa of 1.0-2.3% (w/w). The oil solution
was abaorbed onto pregelled defatted corn grits J0% by weight of
total formulation to yisld baits containing 0.30, 0.60, or 0.75%
active ingredlant (AI). All baits ware applied with a tractor-
manted auger applicator at 3.3, 4.9, or 8.1g Al/ha (29). Amdro
Lire ant balt (0.88% Al) was applied at the label recommsndation
rate of 10.4g AI/ha. Each treatment was replicated 3 times.
mmmpmt-uumtwﬂmdmmnd.utsmdn
wks. The pre-and post treatment population levels ware used to
calculats the percent cantrol. Untreated plots similar in size to
treated plots ware monitored as controls.

The remilts dewcnatrated that several of the fluoro- aliphatic
milfones (I, II, YII, X0V, and X0OOV) are suitable as balt-
toxicants for control of the fire ant and have activity coasparnble
to the anrently available bait toxdicant (Amdxo).

Mtivity Maninst other Insscts

soclal Ingects. The sama raticnale for daelayed-action toxicants
agalnat fire ants can be applied to other social insect pest
speciea., Also, uupotom:ultorthiadmotcawﬂsmtha
control of social insects is enhanced because their structural
variety provides water and oil soluble compounds with a ramge of
activities. Many of the compounds daveloped for fire ant control
have been teated for efficacy against other ant pests (30,31) anrd
several of the fluorinated sulfonamides were tested agalnat the
leat~cutting ant, Acromyrmex octogplnosus Reich. Four of these
latter compourds (I, IV, VIII, and YXXVIII) showed excellent
results in laboratory tests (Kermarrec, A., Centre de Recherchee
Mroncmiques, Petit-Borg, Quadaloupe). Other social insect

18 20 30
2 2

2 13
0 37 62 95 100
2 23 87 100

E

2
o 0 0 2
2

[¢]

1.0
1.0
1.0
1.0

C9Fy5C(=0) NH,

HCF2S0,NH,
Ca Fl',SOJHb

XXXVIII CgFjy750,HP
8see footnote a Table 2
brormulated in boney water.

XXXVI
AXXVII
XXXIX

v
'




238 SYNTHESIS AND CHEMISTRY OF AGROCHEMICALS

pests such as, Pharcah's ants, the Argentine ant, the Farmosan
ternite, and the Africanized honey bee, may be prime targets for
this class of campounds.

Cockroaches. Mosquitoes and llouseflies. Initial tests against the
American (Periplaneta americany) and German (Blattella
cockroaches involved five fluorosul fonamides, (I, IX, ITI, xav,
and XXIT) that gave excellent delayed-action against the fire ant.
The cockroach bait was composed of the toxicant formulated in a
mixture of cormmeal and powdered sugar (32). For the American
cockroach marked delayed activity was cbserved, with a mean
mortality of only 5 pervent after 24 hours, However, by 10 days
all replicates had 100 percant mortality. In contrast, there was
rapid mortality against the Garman cockroach (mean of 85 percent
by the first day, 94 percent at day 2, and 100 percent by day
seven) . lnbothcasesthetrid\lorfmsmmzdgavelooperwm
kill after 24 hours (25). In the control of cockroaches, delayed
activity is not a necessary feature of potential control methoda.
Annngmeunyﬂmtinnudcuq:oumhtwtadmmldispuy-d
rapid ki1l (IV, VIII, X, and XXV) and these compauxda are
currently being teated.

The same five fluorinated sulfonamides were screenod as mosquito
larvicides against «  Preliminary results
Mmtulofu\ewwwmr, had good to
excallent larvicidal activity. Oampoud I ocompared well with tha
standard larvicide, temephos, with an 10-50 of 0.0029 pym. 1In 24
hour mortality tests, all compounds exvept QI gave 100 percent
il at 10 prm and compound IX gave 78 percent kill at 0.1 pm
(25). In the casa of wosquito larvicide action, water salubility
may be an Irmpartant feature of the toxicant. Again the
fluorinated sulfonic acids amd their salts (0OVIIT and X00OCIX)
have greater water solubility. Tests with theace ocampounds in the
tialdhaveahohmmutammqpamlatmmnndmnrkabu-p-ciu
selectivity (25; Roberts, R., USDA, Gaireeville, Fl).

Crpourds I, IT, III, XXV, ard XX, were testad for
insecticidal activity against houseflies (Muaca_dameatica). The
insecticide-resistant strain of housefly was fed a food bal
containing 1 parcent of the teat ooxpounda. After 3 days,
carpourds II, IIX, and XIV showed no mortality amd compounds I and
XAl gave only 80 and 60 percent mortality, respectively (28). A=
in the case of cockxoaches, the faster acting analogues may
provide a more acceptablae level of contral.

Concluaion

As {1lustrated in the previous discusaion, this new class of
insacticide wes serendipitously discovered to have the very
specialized delsyed-activity ovar a wide range of concentraticns
required for fire ant control. These same proparties may wall
bwmmotﬂmmmmmlotoﬂmmhl
insect pests. The wide range of chemical functional typea, toxic
activity and solub{lities broaden the potential use of this class
of carpourd to a wide variety of ineect pests. Compound IIX is
currently under commercial development by Griffin Corporation,
Valdosta, Ceargia, for fire ant control. If the compound  passes

[
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the strict toxioological requirements of the EPA, the future of
these chemicals for insect control will be very exciting.
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Chapter 22

Synthesis, Insecticidal Activity, and
Anticholinesterase Activity
of Some Oxadiazolones

J. R Sanborn !, Kurt H. Pligram, E. J. Ayen, and Richard D. Skiles

Blological Sclances Research Center, Shell Agricultural Chemlcal
Compsny, Modesto, CA 94333

This report susmarizes the syathesis, {nsecticldal actlvity,
and anticholinestersase activity of some novel N-dihydrobenzo~
furanyl oxadiazolones. The compounds were primarily sphictdes
wlth reduced activity on houseflies, cora earvoras and two-
spotted splder mitees. Some of these _Sonpoundu were potent
anticholineterases (1 0 values 1-10x10 "H) that were slowly
reversible.  There vlsa little relationship between _ln vitro
anticholinesterase sctivity and in vivo activity.

A synthesls program was fnitiated to optimize the tnsecticidal

activity of the following solecules that ave related to kP 32861,
& substance reported to be tnsecticldal sgainst sucking tnsecte(l).

NO; NOz
iy )y N OCH(OH) )z N oty
C ST a
¥y ° FyC N o Q—N}/O
J/ CH30

Housefly TI =6 aphid T1 =4 RP 32861
*
Parathlion T1=100

The new molacules had the following generalized structure(2):
F o
____I
}""
o
Where X = ¥ or CH
Y = M, h-loien or alkyl

2 = alkoxy, aryloxy alkyl or aryl

YCurrent sddses: E. L de Poat de Nemours & Co., Witmington, DE 19898

0097-6156/31/0355-0241306.00/0
© 1987 American Chemical Socicty



