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ABSTBACT 

P;robleni 

What correlation e.x.1.sts between chemical structure 

and insecticidal activity? 

Problem anal1s1s . •-The mechanism of insecticidal 

act1.v1ty is a reciprocal function of the compound and the 

particular insect under eoneideration . Gonsequently, the 
I 

followin6 factors must be considered in order· to establish. 

the presence or absence of speci.fic chemical correlation1 

1 . i hat effect does molecular weight exhibit 

in relation to inseoticidt.l activity? 

2. Wb.at efi'eet does substituent radical weight 
1 

exb,1bit in relation to insecticidal activity? 

3 . ~hat effect does the ehemioo•atruotural 

nature of the substituent group exhibit in rela ­

tion to insect1o1dal activity? 

4 • Vihat e.ft'ec t doe a cyclie ea tu ration com­

pared with cyclic unsaturat1on exhibit in relation 

to insecticidal activity? 

The question of why one compound exhibits a hign 

degree of 1nseo:tie1dal activity while another closely re• 

lated compound is completely non- active as an 1nsectio1de 



was considered with the purpose of determining the role of 

chemical structure in relation to insecticidal activity . 

Mortality data were obtained using iusoa domea­

t1ee. L. as the test ins et in conjunction with a simplified 

Kearns wind-tunnel apparatus . 

Of the 22 chemicals teeted, four gave compl ete 

kill; the boiling point of each of the active compounds was 

over 200 degrees, Centi. grade, wh1le their molecular weights 

were all 1n excess of 160 {Figure 7) . Table 2 shows the re­

lation between subst1 tuent radical weight anc1 insecticidal 

act1 vi ty which further substantiates the dependence on the 

boiling point of the compound, influenced by the rad1eal, 

rather than on its chemical ~ompos1tion. 

Statistioe.l correlation, blsed on boiling point , 

molecular weight, and the degree o:f' insecticidal a.otivity, 

of a large number of compounds may further establish the 

dependence of insecticidal activity on the boiling point of 

a compound which 1n turn 1e a!'tected by chemical structure. 

Both TEPP (tet·raethyl pyrophosphate, tb.e active 

component of HETP) and the Parathion conform to the boiling 

point-molecular weight screening curve, Fi gure 7 . It will 

be noted that dicyclohexyl conforms to the screening curve 

but was found to be inactive as a contact insecticide. AO• 

cordi ng to the Szent-G70rgy (17), 1941; and Seaman (16),1948, 

hypotheses, the absence of contact toxicity of dleyclohexyl 

may be attributed to it a particular radiant energy a.bsorp• 



tion and electro~magnet1c orientation. Its close resemblance 

to phenyleyolobexane, insecticidally active, would indicate 

that electromagnetic 11atri buti on e.ff'ected by unsatur$.tion 

is a con tri ru ting factor of contact toxic:1 ty. 

Although additional exeeptlons to this general• 

ized screening eurve w.l 11 be found, .1 t shou ld prove useful 

in indicating those compounds whieh most probably exhibit 

inseotio:ldal aeti vi ty. Appl1cat1 on of tbis screening curve 

to evaluati o11 investigations will, to a large extent, eli• 

mins.te f:ruitleJs, raroom testing ... 

This work is being continued in an effort to also 

correlate .melting point as well as boiling point data wi tb. 

inse~tlcidal activity . In that multiple correlation bJ 

statistical method$ is de pendent to a 10.rie extent upon the 

number of samples, the author 1/ wlll "be very grateful to 

all who may care to submit 1nrormat1on 1n so far as it may 

further correlation of il).seotioida.1 activity with chemical 

structure• 

LIBRA~'r 
CO\ ORI\DO A. & M COLLE<:.l 

• F(N1 COLLINS. COLORADO 

!/ Present address, Department of Chemistry, New York 
Univers ity , New York 3, New York . 
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Onapter I 

INT RO DUCT ION 

No man ean learn what he has not preparation 
for le~rn1ng, however near to his eye s 1 the 
object , • • • Our yea are holden that w cannot . 
see tb1 s that eta.re us 1n tbe taoe, unt1l the 
hour a:rrlv • when tbe mind 1a ripen dJ th n we 
behold , and th time When we saw them not is like 
a dream. 

Ralph ·aldo Em r s on 
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Dur! ng t he last sev n y ar rese rch laboratories 

throughout the country h,a.ve endeavored to deve lop bet ter 

o r ganic 1naeot1c1dea. Some compounds wer found that bave 

oerta1n advantages ov r, DDT, and lso di st1not disadvan­

tage • Actually, only fiv new m•ater1als were brough t to 

l1ght nd have ohieved ao d gree ot econo 1c 1mport nee . 

The se compound, in dd1t1on to DDT , r: (1) tbe gamma 

isomer of benzene bexachlo:r1de (BHO), (2) l,2,4,6,6,7,8,8a ... 

oat ehl oro•4,1•me tbano- 3a ,4,7 , 7a• tetrabydro1ndane (Chl or• 

dan ) , ( :5) chlorinated oampben ( Toxaphene), ( 4) hex ethyl• 

tetr phosphat (BETP) , nd (5) o , o- d1etnyl-o, p•n1trophenyl 

thiophos pbate (Thiopbo 3422 Pa r a thion) " 

Some of tbe e compounds are more e:rreotlve on 

certs.in insects or ar l etbal to a greate r ins ct variety 

than 1s DDT . On the other hand , a greater toxicity to warm­

blooded ani ls and a much abort r r a1du l ffect 1a 

noted, 
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Whi l num rou a.nalo s of tb bove- ntioned 

1naect1c1dally ot1ve compound h v been prepared nd 

stud! d, th re ia a yet no agre ment, but r ther abs lute 

confusion r ard1ng the toxicity mecb n 1sm of eonta~t 

in ec t1o 1de • 

V riou cbools of thought reg rdin th probl m 

of ohem1oa.l tru.cture and in etic1dal ct1v1ty include 

such p c1t1c spects a cbem1eal compos1t1on and lectro• 

magnetic or1 ntat1on, s w 11 morpholo J and phy iology. 

Tb1a probl em involve many pertinent var1abl s. 

Cont1ng nt upon furth r knowl dge of ins ct physiolo , 
correlation studies may ventually e tabl1sh the ex ot 

n tur of contact tox1e1ty and its relation to oh m1cal 

atruotur. 

Oftentimes th details of a mosaic thw rt our 

e nest observatl on b cauee of th closeness from wb1 ch 

they are v1ew•d• It may b necessary for us to change our 

p r pe-ct1v and ee k the anewer by a gros er aurv y of tbe 

known feta or 1nvest1gate the co plex realm of electro­

ma et1c pheno non assoo1ated w1tb mol eul r truoture . 

Out of the mor as ot a pparently contradictory 

d ta must volv the baa1c o a1c which 1s neces ry before 

int ll1gent progreaa oan achieve the enduring ystone to 

support both the ento ological and obemical requirements 

of ins cticidal activity. 



Cha t r II 

R VI · F LITA 'l'URE 

In th lit rature on 1nsect1.c1dal ct1v1ty th re 

wer f • r f renoe cone rn1ng the ss nt1al r quir ment 

of a compound 1n order that it w111 po s 1ns ct1c1d 1 

9 

activity. ucb. data a r available h not yet yielded 

to statistical correlation. Th Unit d St te r u of 

Entomolo y and Plant Quarantin, 1n as rle ot articles 

(1, 2, 3 , 18) .from 1942 through 1948, v luated over 7,300 

m t r1 1 nd found that about four per c nt pose sed 

in ct1c1dal ctivity . On t bulation of 1nsect1c1 1 

evaluation t st (18), publish d by th Bur au in September, 

1947 , co ring their ork fro April, 1 42, to Apr i l, 1947, 

including 7,076 compou a, did not attempt any correlation 

what ver. 

Up t.o tb pres nt ti e no on ha succeeded 1n 

con tructln th f undament l ground-work for a hypothesis 

encompaa 1ng th ap o1f1c cbem1o l r quir nta of an in­

eoticid 1 ter1 l . It is not poa 1bl on the b sis ot 

pr nt knowled to y tb s ize, at ra dom, compound 

bicb will b an efficient 1naecti o1de. Tbe order of mag• 

n1tude that n 1nseet1c1d 1 co pound ay be d1acov rd by 

exh u tiv te ts 1 about in the probability of one in 
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10,000. Of eour , th rear numerous compound h1ch 

poses high tox1c1ty, b t for c rta1n r on ar not 

feasible as 1n ct1c1des . Ar common speoif1cat1ons not 

met by such compound include phytotox1c eff ct, tox1o1ty 

to arm-blood d animals, r s1.dual propert1 s, and cost. 

1th th , di cov ry n 1939 of th ins ctloidnl 

ctiv1ty of 2, -b1e( p-chlorop nyl)-1,l,l-t 1chloro thane 

(DIY.r), Unit d Stet P - nt umb r 2 ,329 ,074, vast n w 

fie l d of re earch wn op n din entomology n org nic 

chem1 try. Inten e c ti vi ty 1n th 1nvest1gat1on of eyn-

th t1o org n1c chemic ls as 1n cticld h s produced no 

mor than fiv compound ot comm rc111n ct c idal v lue. 

Chemical correl t1on 

No oonclu 1 e data b ve b en published which 

eati f ctor1ly xpl 1n them ob ni m of 1nsect1o1dal toxi­

city. Ho ever, c rt in correlation studie h v b en in-

tigated in order th t so p ttern may be deduced from the 

gr at we 1th of experiment l d ta alr ady compiled. Frear 

(7), l 47, has attempted to stablish correlation between 

ins cti e ldal tf1c1ency and chem1oal true ture. 

Biological oorrel tion 

Another sur ey, conducted by Friend]/, my 

y Lett r from Ro er B. 1 nd, Cba 1rms.n , Entomology 
su'bcommitte, Cbemical-Biolo ~io l Coord1nat1on Center, 
at1onal Research Council , to Dr . orge M. List, part­

m nt of 'ntomolo y, Color do Agricultur land echan1oal 
College, Fort Collins, Color do, d ted arch 29, 1948 . 
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pro id the neoe sary b1olo 1c 1 correl t1on r quired befonl 

d qu t chemic l corr lat1on en ucc ed • 

. orphology 

Insect morpbolo to al rge extent may be the 

d term1ning r ctor 1n th efficacy of a particular co pound. 

I t cannot be ov remph s i zed that th XO k 1 t l morpholo 

i s n important factor 1n all 1n ct1c1d l evaluat1~n tests. 

i b1l the a1gn1f1cance of insect morpholo nd physiology 

ar generally r oognized, th re 1 much d1sput reg rd1ng 

th m chani m of contact ins ctlcid l ct1v1ty. In their 

ork with tsetse fll ( Gloa 1na ..!fil>.) Pott nd Vander-

plank (15), 1945, demonstrat d tbat contact ot1v1ty as a 

function of the e gr e pulv1ll rd velopm nt. Cont ct 

activity was more rapid on pec1ea in which th pulv1111 

wer well develop d. 
l 

n tb oth r hand, B1ek1n (9), 1946 1 vigorously 

r fut d tb findi ng of Po tts and V nderpl nk. Ast st 

in ot be us d an1. l lie (Haem top1nus au1 ; Tricho-

d cte latus, am so forth) 1n 1ch contact with the in-

ot1e1d is p act1cally nt1r l y through th tarsi, bee use 

in t he e in eots the pulv1111 r but lightly developed, 

Hi r sults pr d1cat d the conclusion that the relativ 

size of the pulv1111 ha no particular s1gn1f1c nee in the 

mode of aetion of contaot ins ct1oid • 

Hayes nd Liu (8), 1947, establi h d the pre ence 

of obemoreceptive s ne1ll only in the tarsi of houseflies, 
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and found th m to b bent 1n b th the ult G n coo• 

L.), nd the adult xioan bean 

__________ s_t_1_s ...£!._.). Th y al o det rm1ned 

the cuticule r th1ckn of the t rs1 of tbe e 1n ct --

hou efly, 12.s to 25 microns; th 1can bean b etle , 16 

to 40 m1crone; nd th G rman eo roach, 60 to 90 micron . 

Th s d ta em to 1c .t t t po j bly in ct c dnl 

c ivi ty is function of outicul r th ckne e, s1 nee t be 

mort 11 t y of the hou fly to D T 1 v ry bi , h le e 

othe to 1n ot xh1b1t very 10• ortal1ty to DDT . 

Ph:v 1.olog,: 

1k lon1 and rown (12), 1941, established t e 

pr senc of th ao tylcbol1n -cbollneater ae yet min the 

ventral ne rve eord of th oockroacb ( Per1pl 

Th m chanism 1 easenti lly th am as th t atabliahed 

by Loewi (11), l 45, who 1nd1o ted that e.oetylcholin is 

the ob mloal tr amitte - of n rv impulsee in v rtebr te 

an1m l. 

·rr ct of nzym mt boliam are illu tr t d by 

Lau er (10), 19 5, who bowed th t sulfonamide type com­

pound 1 in ff otive on tb clothe moth and to the enzyme 

panor atin in vitro, but acts a tom ch poi on on the 

Th yl e nzym of tbi in ect Color do pot to b etle. 

i s tron ly inhibited. al ode onstrat a that a aulfo-

nice tr typ c ompound inhibit tb panor&ati n nzym of 

the clothe moth but pparently has no rr ct on th 
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amyl e enzym.. 

echanica,. 

By d1ff rent technique 1 1 worth (20), 1942; 

oy and Ohosb ( 16), 1 44; nd Br <1enkamp ( 4), 19 47, arrl ved 

t essenti lly th ame conclusion; namely, that t h mode 

of entrano of cont ct 1ns oti cid 1.s ecban1cal. '1 g l -

worth found an pproxi te 1nver e proportion b tween the 

density of an oil nd !ta outloul r n tratlon sp ed in 

the nse that the 11ght r th oil, the ore r pid 1s it 

abaorption. Roy d Oh h found that pr thrum 1n pry or 

duet tor c nnot penetr t in eot cutiel rapidly. .'hen 

oleic acid as 1nclud d in the m1xtur, rt globul col .. 

l c t d around th tr ch al trun and tb1 would 1nd1c te 

th tr p1d diffu !on f th 011, nd the p~r thrlns dle• 

solv din 1t, would t plac throu b th tracheal wall. 

Bred nkamp c ncluded th t hum1d1 ty and t mper tur ff eted 

th toxicity tim -facto~, but th t th rel tion hip s 

complex. H lao found cone ntra t d p netr tlon 1n o rt 1n 

cut i cular a • Accord1n to Br d nk mp , outieul r p n • 

tr t1on 1e enti r ly a chan1c 1 ph no non. 

Chemic 1 structure 

So e ohemico- tructur 1 rel t ione wer d ter.­

m1n d by Do enJoz (6), 9 6, ho found th at 1nsect1c1dal 

activity ls not r lt d to th ohloropbenyl r ic 1, nor 

do the tricbloroet yl radical aff ct the 11po1d solu-

) 
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bility of the DDT moleoul . This 1s in apparent contra­

diction to L uger •s findings (10), 1945 , wherein h stated: 

· In the DDT group the trlchlorom&thyl group 
is the component ( n aliphatic one) hav1n high 
11po1d solubility. Tb me-1nder or th mol eule , 
namely, th condensed ehlorobenzene ystem, 1 
th toxic component, lt ougb tb aromatic ohloro­
benz ne sy tem h s l:!poid solubility as well . (10:4) 

In their r searcbe on the :rthropod n rve axon 

'e lsh and OordGn (19), 1947, found that those compounds 

(DD-T ,na 1ts analog , p-.C 6R4012 , napthalene, nd so forth} 

having a h1 gh lipide :H20 r tio 11 had similar ao tion on 

nerve -axon of i nsects, and because of th 1r diver e chemi• 

oal structur , their primary aet1on would a ppear to be phy• 

ical, not chemical . Tbey concluded that th1 action 1a 

probably du to phy .1cal int rt r nee at th lipide sur­

fac of the axon. 

Finally, the t fundameintal nd mo t complex 

int r pr t t1on of the correl tion betwe,en 1nsect1c1dal 

ct i vi ty and o em1e l structure w a p:resented by Campbell \ 

and e •s t (5), 1945, and S aman (18), H148. C rnpbell and _ 1 

----
st concluded that th volutio 0£ HCl b DDT may be a 

s condary etf ct accomp nyin tbe fundament l alt ration of 

til electromagnetio pat.tern of' the tricb1oro tbyl radical. 

They be 1 ved th t the Cl ato y be essentially sterie, 

and that the three beta-Cl atoms are required to impart 

optimal lnsect1o1dal act1v1ty to DDT , probably due to a 

certain aterte orientati on req 1rement which reaches 

maximum wh n the remaining Cl toms are ln tbe - pos1 tlon . 
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Se-a nan ·(1 6 ), 194 8 , forwarded the hypothesis that 

11 1nsect1o1d l aet1v1ty phenomenon y ultimately be re-

solved on the b a:L o tbe distribution and orientation or 
th el otro gnetio 1 lds a soo i t within the inseot1-

o1de olecule and aub tituent rad1oals, sup rimposed 1n 

rel tion to ymp thetio or r sonant mol cules and subst1-

tu nt radicals existing 1n in eot n rve t1 ues and en&'J]Jlea. 

Summarz 

In bis correl t1on tud1 s Fr ar (7), 1947, b 

apparently de no ditf rent1at1on b tw n ch mlo 1 compo­

sition and obemioal structure. Furth r, lt 1s qu stion­

abl whether bis o 1t1 e mort llty 1nde, based on 10 p r 

o nt n t toxicity, 1s sufficiently high to arrant a com-

po nd oontainin oerts.io elem nt and dical rou s to be 

ol s1.f1.ed · 1th ut r g rd to iso r1sm. o c1 t one out ­

st ding exce t1 on t o hi correl tlon based on ohem1 cal 

stru-oture, all the be.xachloroo clobexa.ne isome rs should 

po sa a hi h d re o insocticid 1 ao tiv ty, when ctu-

ally only the l", ... ....,.,. .... 1 o r complies. ce numerous eon• 

t 1 utor b ve suppl 1 d much f h s t, ny different 

test 1 at d · eo uos rnr om loye , , and it w uld be 

a x oeedi ly difficul t deri any rel1a le oorrelatlon. 

f th 6,156 co ound r port d , some had as few as 10 

t st , while others had as I ny a s 2,467. Th1 cla 1f1oa .. 

tlo1 h s ltttle 1ntr1n oval e and c n.not be cons idered 

mor than a atarti point fo r more .reciae corre l ation 
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studies . 

or some time the mod: of contact 1.ntox1oat1on of 

DD'l' bas been considered s due to th substituent ohem1eal 

eo osition of the molecule , u er, tl !!_., (10), 1945. 

Howev r, Domenjoz (. ), 1946, a. y r later, concluded that 

1nsecti c1dal power ls not rel t t- d to the chlorob nzene 

r dieal , nor does th triobloroethyl r dical condition 

lipo1d solub1lity 01' tb I moleoule . 

Pott and Van e:rplan ( l~), 1945, e&tabli h d tb.e 

rel tion bet en th speed f ctlon of DDT nd the degree 

of pulvillar development . Following this ¥Ork liickt n (9), 

194 6, pointed out that pulv1llar development had no special 

significance in the peed of action of DDT . He based hia 

eon.elua1ons on results obt.ained with animal 11ce as test 

1n ects on wb1eh the pulv1111 are but slightly developed. 

In v1 of the foregoing eomments, 1t sh uld be 

readily app rent that tbe problem of ins ot1c1d l activity 

in re l at1o to chemical · tructure la 1n a st te of' continu­

ous turmoil• 

s -
\lrt oorre at on studi s of bot' c e rnical 

s tru-0 ture and irusee t m rpbolo y nd 

t h key to in o-tio1 d 1 a ct-1 vl'l:y . 

ysiology may yield . 

rg 1. zed now edge y even tu lly enabl one to 

synthesize at will co ounds which poss ess high specific 

e.otivity to any in ect wb1 ch 1 desired to be eff ectively 
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controlled or eradicated . 

A fundamental knowledge of the mechanism of the 

oontaot toxicity n ch ni sm wou l d ma a posslble the control 

of conomic ir ect pests nd fo ster th d velopment of 

eret1 c 1al ins et • 

Th know led e would 'b nef1 t 11 the p ople of 

th orld for it could 11 v i t and o ■ ibly eliminate all 

dis ses of in ,ct rigln, nd spont an ously m t :rially 

increase th prod'ucti -n pot.ential of all culti vated and 

n tural food r source . 
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Chapt r III 

METHOOO AND TERIALS 

ll:!!. test insect 

In th1 

was used th 

wor the common housefly (_: . omestlca L,) 

tat insect. 'lb tli w r rear d accor-

ding to the standard method described by oodbury (22), 

1943. It 1 · of cr1t1cal 1mportonoe in comp rat1ve evalu-

t1on tud1e s , conducted over period of several months, 

u 1ng bio- asay t ohn1ques, th t tb flies are of tbe me 

age and vitality . Th larvae popul tion of the culture 

medium jar (Flgur l) nd th a dult fly population in the 

egg-laying c e (Fi re 2) must be ear tully controlled i n 

order that ov rcrowd1ng , resulting in ubsequent dwarfing, 

doe not occur. 'J.lt1e a du lt fly food, mixture of equ 1 

volum a of skim mil an tr, should b changed a bout 

ver y 24 hours to avoid feeding on sour d milk it 1s 

qu e tion ble wb tber ce .ptane of this is a gr at as for 

the fresh mi lk. I t h s l o b en observ d th t gg depo­

s i tion i s e1 gn1f1oantly reduced in th sour d medi um . 

~ l...!,! ap;par tua 

The ppr tu u ed (Figures 3 nd 4) r pr sents 

a furtb r s i mpl1f1ca t 1on of 

pparatus ( igure 6) • '.:tl 

earns' modif1 d i nd-tunnel 

p rtiole alze of t be 1n ect1c1de 
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is automatically maintained by the p cially constructed 

1nj ction nozz l sand by careful regu l ation of the tom­

izing alr•preasure. The apparatus 1s so designed that at 

an 1r•pr s ure of 1 ht pounds p r square inch the 1nsec ­

t1o1de veloc ity tbrougb the t st oage is approximately fi ve 

miles per hour. Thus, by exact pre ssur regu lation alone , 

uniform reproduction of d1sp ra1on and distribution of the 

teat compound 1 a lly , t ta1ned • 

.'.!!!_ ill!_ cbem1eala 

All of the ch mical teated (Fi r 5) wer 

eith r of the c. P. grade or a chemical analysis was pro­

vided by tb ufactur r. The physical constants of the 

te t compounds were obtaine d from s t andard refer nee 

source • Of the 22 compounds tes t ed, all w re liqu i ds at 

room temperature with th s ingle e x.oeption of di phenylamine 

which w s tested a s a 60 p r cen t solution in benzene. 

Procedure 

Four-day-old flies wer tran ferre d from th egg. 

laying cages to the t st oage nd anesthetized in carbon 

dioxide g a for 30 s econds. Thirty f l l s , taken at r andom 

and not sep rate d a toe x , w r used f or all te ta . For 

e ob t st, replicated three tie 1n succession, 0 .6 ml . 

of th teat ch emical was uaed. As a check for co mp r tive 

n t tox1c1ty a nd a lso on th fl y strain t ted two control 

te ts wer include d with each compound; these consisted of 



an untreated check eJil a standard check using o.6 ml. of 

standard Chlord. ne solution { 0 .025 mg./100 ml. D ob a . ). 
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Imm dlately aft r an injection period of 60 sec .. 

onds, •h1cb was found t:o be adequate for compl t injection 

of o.e ml. of eaoh of th te t chemicals, the flie wer 

a ain aneeth t1zed for 30 s cond a and transf rred to a r -

oov r ye containing lump of oellucotton moistened 

with th ski .m.,_1 • at r mlxtUl' . Mortsllty count, not 

including moribund flies,• re made 24 hour later after 

allowing the 11v fll s toe cape . 

All teats w re ad at ate peratur of '15 to 85 

degreea, a.hr nhe1t, r l tive bum1d1ty of 30 to 40 per 

cent, and an atmo pber1c pr sure of 630 to e ,i,) mm. 
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Corr lat1on b tween cbem1 c l structure and insec ... 

t1c1dal aet1v1ty is indirectly indicated on the ba is of 

the moleoula r 

tested. 

1ght and bo111n point of the compounds 

In Table l ar listed tbe chemicals t sted to ... 

getber with eerta1n physical constants. Six of the com-

pounds w rie found to posseae 1nsect1o1dal ac tivity. 1tro-

benzene gav co pl te knockdown in less tban 15 seoonds, 

wh11 nitrocyclobexane required about two minutes . In both 

caeea, hewev l", recover,- was complete within 10 minute • 

Compl t knockdo in leas th n 10 conds th nor cov ry 
t 

(death occurred in l ss than five minutes) was e.ffect d by 

d1cyclob sylam1n, d1pbenylam1ne, phenyloyelohex n, and 

benzotrichlor1d . 

It 1s appar n that those compounds which ave 

complete kill have a moleeular weight of 160 or greater, 
I 

Figure 7 , line ,w., nd all lie bove the arbltrar line 

S ., All the compounds which po sess 1nsect ic1d.al activity 

have boiling point over 200 degrees, Ce,ntigr de, Figure 
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Table 1.-•PHYSICAL co ~sTANTS OF COMPOUUDS TESTED F'OR 
CONTACT I 'SEC TIC DAL ACTIV TY . 

Compound Fo=-mula Molecular Substituent 
weight Radie l •ietght 

1 . Benzene 0e 6 78 . 05 ..... .., .... ... ____ 

2 . Benzaldohyde C6H5CHO 106 . 05 • CEO 29 

3 . Toluene C6H5cn3 92 . 06 .... ca~ 15 

4 . m ... Xylena C5S4(CH5 )2 106.08 • (CTI3 )2 30 

5 . Nitrobenzene 06: 5N02 123 . 05 • C6H5 77 

6 . Nitrocyelo- C6 11N02 129 . 10 - C6Hll 83 
hexane 

7 . Chlorobenzene c6n5c1 112.50 - Cl 35 . 5 

a. o ... Dichloroben• C6H4c12 146. 95 • Cl2 70 
zene 

9 , Amino benzene CdI5NH2 93 . 06 • Cefl5 77 

10 . Cyclohexyl• Cefl11NH2 99 . 11 -.Cefl11 83 
amine 

11 •. Dicyclohexyl ... {C 6R11 )2NH 181~12 ... (C5H11 )2 168 
amine 

12 . Diphenyl 1ne (C6H5)2NH 169, 09 -(C6R5)2 154 

13. Ph.enylcyclo- C 15C5H11 160 . 12 - C5H5 77 
hex n.e 

14, Dicyclohexyl C6HllC6Hll 166 .18 ""C5H11 03 

15 . Benzotrichlo• C II5CCl3 195~41 -cc13 118 
ride 

16. Chloroform c·_c13 119 . 38 - rr 1 ~008 

17 . Carbon tetra- CC14 153 . 3 ""Cl 35 . 5 
chloride 



T ble 1 .--PHYSICAL CONSTAlTS OF COMPOUNDS TESTED FOR 
CONTACT I NSECTICIDAL ACTIVITY-•Contlnued . 

Co pound Formula l, olecular Subst1tuont 

29 

we1ght Radical Weight 

18 .. Chloral CCl OHO 147,58 • CHO 29 
3 

19 . Triohloroacetyl- CC1
3

COC1 181 •. 83 -coc1 63 . 5 
chloride ' ) 

20 . Ac tone CH3COCR0 58. 05 
.,. ___ ----

21 . 2- Chlorothio- c
3

H4SCl 118 . 50 -·---- ... -...... 
phene 

22 . Paral dehyde (cn
3
cno)

3
. 132 . 00 -· """-- --.---



30 

Table 1 .... - PffYSICAL C lS'TAJJTS OF COMPOUNDS TESTED FOR 
C0I'TACT INSECTICIDAL ACTIVITY--Cont1nued . 

Compoun Density Boiling Solub ltty in 
(20/4) point water (200) 

1. Benzene 0 . 8941 so .1 0 , 082 

2 . Benz ldehyde l . C504 179. 5 O. 350 

5 . Toluene o. · 660 110 . 8 0 . 047 

4 . :n- Xylene 0 , Ei64l 138 . 8 Insoluble 

5 , tUtrobenz n 1 . 1987 210 . 9 0 . 190 

6 . ?U trooyelo- l . C630 2O3 . O 0 . 002 
hexane 

7 ,, Chlorob nzene 1 . 1066 132 . 0 0 . 049 

• o- chlorobon- 1 . ;:;048 100 . 0 0 . 015 
zene 

9 ., Atn1nobenzene 1 . C'220 184 .• 0 3 , 400 

10 . Cyolohexyl- 0 . 5191 134 . 5 Miscible 
a in 

11 . Dicyclohexyl- 0 .. .,,104 255 , 8 Slightly soluble 
a 1ne 

12 . D1phenylam1ne 1 . 1590 3O2 . O 0 . 000 

1 • Phenylcyclo• o . 944O 237 . 5 I nsolublo 
hexane 

14 . Dicyelohexyl o. 906 214 . 0 Insoluble 

15 . Benzotr1chlo• 1 . 00 214 , 0 Insoluble 
ride 

16. Chloroform 1 , 4985 , 61 . 3 1 . 000 

17 . Carbon tetra- 1 . c:950 76 . O o.oeo 
chloride 



Table 1 .-•PHYS!CAL CONSTANTS OF co~POUNDS TEST~D FOR 
CO TACT INS CTICIDAL ACTIVITY--Continued . 

Compoun Dens1ty Boiling Solubility 1n 
(20/4) point water (20°) 

18 ., Chloral 1 . 6120 98 . 0 Miscible 

19. Trtchloroac~tyl• 1,6290 
chloride 

118. 0 Deco •. po es 

20 . Acetone 

21 . 2- C lorothio• 
phene 

22 . Paraldehyde 

0 .1920 

l.2900 

o. 943 

126. 0 

124 . 0 

0 . 082 

Insoluble 

12.000 

31 
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7, lin .B . P . 

In the auba ti tut d benzen as 11 as th aubati-

tut d trichlorom thyl series (T bl e 2) tber e m to b a 

rel tion bet en radical w 1gbt and 1nseot1c1d l activity. 

Only tho e oo pound oont 1n1ng r die l of high wight 

wer ct1v. An xc pt1on to thte 1s nltrob nzen, but 1ts 

knockdown activity m y be accounted for by tbe Nsonanc of 

the n1tro rad1c 1. The ff ct of the substituted radical 

on the bo111 point mu t also b considered. 

3v Chemic9 ~ tructural nature of ubatituent radical -
Ins ct1c1dal act1v1tz 

Cop rfson of toluene w'ith b nzotr1ohloride woul~ 

indioat th t ehem1o l compo 1t1on w 11 a s truo tu:re 

have ome baring o i ina cti cid 1 activity . 

A b1gb. chlori cont nt 1 not essential for in• 

ot1o1d l ct1v1ty: triohloro oetylchlor1de , % Cl• 78; 

b nzotrichlor1de, Cl• 54 . 5; dlcyoloh xylamin, diphenyl-

min, and phenylcyclob xan cont 1n no chlorine . 

Th ae diff r nos in toxicity may again be oon­

tr1but d to the influence whieh th se f ctore h v on 

bo111 point .• 



~ 

34 

Table 2 .•-SUBST UENT RA CAL WEIGHT AND ! SECTICIDAL 
ACTIVITY . 

Compound 

1. 06H6 

2 . c6H50H3 

3 . c6n5NR2 

4 . C6H5CHO 

6 . C5H4 (CH3 }2 

6 . o6H5Cl 

7 . CH 0 
6 5 2 

a. c6H4Cl2 
9 . C6H6C6Hll 

10 . c6H5NHC 6H5 

11 . c6n5cc13 
12. cc13cir5 
13. cc13coCl 

14 . CC\5Cl 

15. CC1
5

CHO 

16. CCl H 

y : _ NO KILL 

± KNOCKDOWN 

+ KILL 

Radi cal 

-----
• CH3 

· NH 2 

-cno 

-(C 3)2 

- Cl 

- NO 
2 

- Cl 
2 

- C6Hll 

- lIBC6H
5 

- CCl 

- C6H5 

-coc 

- Cl 

.. CHO 

-

eight Eo111ng Activity 
point 

--- 80 . 1 ---
15 110 .. 8 

16 184 .. 0 

29 179 . 5 

30 13 • -
35 +5 132.0 -
46 210 , 9 :t: 

71 180 . 0 

3 237 . 5 + 
92 302 . 0 + 

118,5 214 . 0 1-

77 214 .. 0 + 
63 . 5 118 . 0 

35 . 5 76 . 0 

29 98 . 0 

l 61 . 3 
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The more r pld knockdown action of n1trobenzene 

in comparison with n1trocyclohexan my be due to th un-

aturat d ph nyl radical. Al thou h unsaturation may b an 

easent1al r quire nt f r 1nsect1o1dal act1v1 ty, d1cyclo• . 

hexylam1n would eootr 1 d1cat th1. I t is 1ntereet1ng to 

note that phenyloyclohexane giv • rapid knockdown and kill 

but that dicyclobexyl eauaes no observable toxicity. 

Phenylcyclohexane 1s 1dent1oal to d1cyclohexyl ~cept that 

t h l tter eompc,und is s turat d while pbenylcyclohexane 

is only half turat d. In 11 oases of analogous te t 

chemicals stud1ed , th unsaturated compounds have s1g-

nit1cantly hi er bo111ng point. 

Summarz 

olecular weight, subst1 tuent rad1eal e ight , 

chem1co- tructural n tur of the subatitu nt radical, and 

cyclic unsaturation are ll r lated to 1nsect1c1dal acti v11J 

through one basic, ph7s1eal . conatant; namely, the boiling 

point of the compound. 
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It 1s prob ble th t sol'.JJ3 fundamental eorr la tion 

ex1ats tween ins ctic idal aot1v1ty d the bolling point 

of a compound. Those compounds 1cb have a ol cular 

w 1ght greater than 160 and a bo111 point over 200 degree~ 

Oent1 rade, w re 11 1ne ct c1d 11-y act1v nd gave com• 

pl t k111 1n le a than one minute. 

Tb results here r port d r in agre m nt w1 th 

th. r1no1n s of » lsh nd Gordon (19), 1947, ho hav 1nd1-

c .ted th t bl 11p1d :H20 ratio ls a char cteriatio of 

all 1naect1o1d lly ctive compounds. Th y suggest, 1n view 

or th lmil r action of various 1neeot1c1des f uch di­

ver e chemical structur ·, that their primary action la 

probably a phya1cal int rf r no at tbe lipid surface of 

the axon. 

Since tbe only diff renoe between toluene and 

b · n otr1chlor1de is the replao ment of the hydrogen atoms 

of th m thyl r adical by thre cblorin ato e, the aot1v1ty 

of benzotr1ohlor1de y be due to th alte r tion of tbe 

ba le electro et1c natur or tbe benzyl group . Campbell 

and 'est (6), l 45, discussed the mode of ction of DDT on 

the basis of the sterio orientation and electromagnetic 
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pb no na 

mol cule. 

001 ted 1th the thre b t -Cl tom of tbe 

Tbe ttect ot aubat1tti t 

1na ot1c1d l aottv1ty w atud1 do 

d1cal co po 1t1on on 

th ba 1 or obloral, 

tr1cbloroaoet7lo lor1de, and obloro nzene . on ot these 

co pound produc d an be r abl oont ct to~1c1ty. 11 

ay due to tb 1 w l1p1d 1 2o r t1o of th !1~ t two 

compound, but a not · ooount tor cbloro'benz n. It 11 

obvious, tb for, that in add1t1 to b1gh lip1de:H2o 

r t1o, ao e other f otor 1 lao n ce ary to 1 p rt oon• 

taot 1n ot1c1d l e.ot1v1ty. It the ox,- n a.to ot chloral 

1 replac db two p-ahl roph nyl groupa , D 1 the r • 

ultant co ound . aee on tb forego1 d t, t ae oon-

clue1ona a 1n accord it · njom (6), 1 4, ln th t 

n 1th r th cbl · o h n 1 or tb triobloroeth 1 rad1 oala 

tteot 1ne ct ol l aot1v1ty . Dom nJo t und th t the 

tox1c1 of a o n pound a , 1n o oaee , r l t d to 1t 

a'bll1 ty t 11 .ra Cl .. rlobloroac t l bloride, eaa1 ly 

bydrol z d to lib rt Ol , wa found to be non-t xio, 

wb!tlb is n dd1 tion 1 xc ption to nJo • f1nd1n • 

orr l t1 n b t•• n bo1l1 po1nt and in ot1c1-

dal ct1v1ty 1s indicated nth b a1 of th fo oing 

d ta. To ff .ct a o oompr bene1v 

factor contr1but1n to 1naeot1c1d l 

tudy of the v r1oua 

ct1v1ty, 1t la u -
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ge ted that numerous studies of different s r1 s of organic 

compounds be made e1 -11ar to tb o:rk of Prill, ll!!.•(14), 

1947 . In this work an 1nveet1 ation w s .ade of ome ey­

olie e tal containing the 3,4-methylened1oxypb nyl radi­

o land th 1r , ffeota on the bou efly. 

noth r important pb e of tbia work inelud s th 

concurrent obang in ins cts subjected to v riou,s in eet1• 

o1dea. Accord.1ng to ilson ( 21), l 48, the boueefly 1 

eapabl ot developi , 

reeist nee to DDT. It 

ord1 ted 1nv stigat1on 

itbin several nerat1ons, a marked 

eems neces ary therefor th t eo• 

be de ,10 that biological cbangea 

my be atud1 din the l1gbt of cbem1cal m~chanlam. 

A purely st t1 t1o 1 appro ch, based on boiling 

points of compounds teated for ineecticldal activity, would 

obviate a great deal of fruitless, syste tie testing. 

Since boiling point alon may b the underlying eff ot of 

the 'fl rious, factors studt d , it 1s su ggested that other re­

se rob re in th1 _ field contribute boiling point data. not 

only ot those compounds which were t eated and xb1b1ted a 

high degr e of insecticidal ct1v1ty, but also boiling point 

d t on tho compou da whiob exhibited little or none. 
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The que t1on of trby on compound xhi b1 ts a high 

d gree of 1nseot1c1d l set1v1ty while anoth r elo ely re• 

lated compound 1 co plet~ly non~oet1ve aa an 1 sect1c1de 

a con idered with tbe purpo e o f determ1n1 tb role of 

ohe 1c l structur in rel t1on to insecticidal ct1vlty. 

ortal1 ty d t w r o bta1ned us1n ca dom s-

tica L. th t st in ct in conjunction 1th a 1mpl1f1ed 

Kearns wind-tunn 1 e.pp atue. 

Of th 22 ch 1cals t t ed , fou~ gave co mplete 

1ll J tb boilin point of each of th ct1v compound waa 

over 200 d g ree, Centi de, while thei~ mo l ecular weights 

w r all 1n exoes of 160 (Fi ure 7). Table 2 shows the 

rel tion b tween subst1tuent r dical weight nd 1nsect1o1dal 

ac ti vi ty wh1 oh furtb r uba ts.nt1 tea th dependence on the 

boiling point of the compound , influ need by th radical, 

r ther than on its ob ic l comp e1t1on. 

S,t tist1oal correlation, b sed on bo111ng point, 

mol cul r weight, and the degree of 1neect1cidal activity , 

of lar e numb r of compounds m y furt er t bl1sb the 

depend nee fin ect1c1dal et1v1ty on th b:>111ng point of 

a compound mich in tum 1 arr cted by chemical structure . 
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Botb TEP (tetr th7l p1rophoap at , the ot1ve 

c onent ot HETP ) and ~aratb1 n oontor to th bo111 

point• ol oul r e1 ht a r en1n ourve , F1 re 7. It will 

b not d th t enc olob x l conform to th er en1n ourv 

but a fGun4 to b 1n ctive con t act 1ne ot1c1de. AO• 

c rdin to th aent •Gy6r (17), n ( 16 ),1948, 

bypoth e , tb ba nee ot co tact toxicity ot die cl hexyl 

b ttrlbut d to 1t p rtlcul r r d1ant ner ab orp-

bl nc t ph nyl yclob xan, i et1c1d llJ otlve , would 

aaturatlon 1 a contri bu 1n t"ac tGP of cont o t tox1c1 ty • 

Alth u dd1t1 n l exc pt1on to tb1 en ral-

le d o n1 ourv 111 found , 1t should pro u etul 

1n indlc tln tho e com ou a b1 b o t pro bly fL h1b1t 

in ct1c1dsl ct1v1ty . ppl1c t1on of th ecr nS.n curve 

t alu tion 1nve t1 t1 •111, to larg xtent , ell -

1n t tN1tl aa , r ndom t tin • 

1.'h1a wor 1• be1ng continued i n n ftort to lao 

corr l t ltlng polnt w 11 a bo111n point ta w1tb 

1rut ct1o1dal ot1 1 ty . -nth t mult1pl correl t i n bys 

t1 t1c l tho 1a d ndent to lar xt nt upon t.he 

n b I' of a mple a , th uthor !/ will ver,y grateful to 

ll wbo Y ca t u t any into t1on in o t r 1 t 

.ay furtber crorr lat1on or 1n ott c id 1 ctivlty With ohe 

oal etruc tu • 

nt addr 
3

, pr ment of Chem1stry, 
ew York , ew Yor . 

• York 
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