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PART I.

CHEMICAL TESTING OF KICOTINE DUSTS

INTRCDUCTION

5 very important advance in the use of nlcotine prepara-

_ tions as an insecticlide was the commercial introduction of

nicotine dqusts in about 1917. They consist of a very finely
ground inorganic carrier such as kaolin or calecium carbonate
with whieh is incorporated nicotine or nicotine sulfate. The
use of these dusts has become quite extended in a comparative-
ly short period of time.

| Among the carriers used are hydrated lime, gypsum, cal-
cilum carbonate, dolomite, sulfur and various dlatomaceous
earths. These were found to vary in effectiveness and 1t
gscon became evident thalt there were a number of important fac-
tors which contributed to the insecticidal valué of the dust.
smong the more important are the rate of evolution of nicotlne
from the dust and its decomposition in the dust during stor-
age.

De Ong (1) 2s a result of his work on volatility and
toxicity of nicotine in sprays and dusts has concluded "that
the volatilization curve of nicotine ls almost an exact paral-
lel of the curve of toxieclity both of fﬁmigation and spraying.

Dust carriers follow the same law." Thus the dust which vola-

(1) de Ong, J. Zcon. Entomol. 16:486 (1923)..
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tilizes the largest amount of nicotine within a specified
time is the most effective as an ingectlcide,

Smith (é)'appears to be the first investigator to test
the ef?ieiency of various carriers. He concluded that the
toxieity of the dust is influenced by the nature and amount
of nicotine present and by the diluent or carrier.

The most extensive work on the volatilization of nico-
tine from dusts is due tc Thatcher and Streeter (3). They
divide the carriers for anicotine sulfate into three groups:
"pAdsorbent substences" such as tale and kieselguhr which tend
to prevent volatilization, "inert substances” such as calcium
sulfate and sulfur which have no effect other than to expose
large surfaces for evaporatlon, and "active substances” such
as calcium hydroxide and carbonate whlch increase the vola-
tility of mnicotine by changing the sulfate into the free base.
They divide the carriers for nicotine into two groups, "inert"
end "adsorbent”, the former being the most desirable for the
preparation of active dusts.

Headlee and Rudolphs (4) and Rudolphs (5) have also
tested the volatiliiy of nicotine from severzl carfiers and
find indications of adsorption by the carriers which are col-
Smithg Calif. Aesr. Exp. Sta. Bull. 366 (1921).

Thatcher and Streeter, N. Y. Azgr. Exp. Bull. {(Geneva)
501 (1923). |

Hezdlee and Rudolphs, J. Zegn. Entomol. 15, 75 (1922).
Rudolphs, J. Econ. Entomol. 15, 421 (1922).

~ o~
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loidal wather thar crystalloidal in character. They state
thet for cardiers impregnated with nicotine sulfate the evo-
lution ofAnicﬁtine is mainly dependent upon chemical reaciion
(decomposition of nicotine sulfazte) but that physicel factors
only détermine the evolution of the free base from carriers.

The volatility of nicotine from a Jdust must mecessarily
be limiied by the vapor pressure of pure nicotine. The rate
of attainment of equilibrium between the vapor and liguid
nicotine or the carrier will alsoc be a factor in volatiliza-
tion. In commercial practice, dusting is carried out vhen
there 1s as 1little air movement as possible, Under these con-
ditiong, the vapor concenbtrations in the vieciniiy of the dust
should closely approach the equilibrium values of the dust.

Yo guantitative dzta are available upon vepor concertrations
obtzined from pure nicotine or from dusts impregnated with
nicotine.

EcDonnell and Young (6) have deterrtined the loss of nico-
tine from various dusts during storzge. They report a wide
varlation in loss depending upon the type of contziner used.
The work of Thatcher and Streeter {3) partizlly substantiates
these results. De Ong {1) has reported decomposition of nico-

tine in the vapor phase. The failure to establish equilibrium

(6) ¥cDonnell and Young, U. S. Dept. Agr. Bull. 1312 (1925).

B O g e st s o
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under conditions similar to those used in determiningAvapor
pressure by the dynamic method lead Hixon and Drake (7) to
suppose that décomposition wWas occurring in.duStsb

The purpose of the Tollowing experﬂmentaljﬁork was 1o
determine the vapor concentrations over pure nicotine and
over representative dusts*and to investigate the nature of the
decomposition and adsorption of nicotine by various carriers.
The concentrations of nicotine vapor in equilibrium with pure
nicotine have been determined by the air-bubbling dynamic
method at 25°, 309, 359, and 40°C., this range including
temperétureS'usually met in fumigation. The vapor concentra-
tions of ricotine over 2 nieotine—hydrated lime dust and 2
nicotine-bentonite dust have zlso been determined.

(7) Hixon and Drake, Iowa Sitate Colleme J. of Sci.
(1o27). '

ft-

» 513
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EAPERIHENTAL

The apparétuS-consisted of a Hohr-Geissler potash bulb,

a large tesi-tube tightly packed with glass—wool, and ar ab-
sorption itrain consisting of itwo bubblers. Rubber connectlons
were intentionzlly avolded to prevent adsorption of nicotine

“ by ‘the rubber.

Heasured guantities of dry air were saturated with nico-~
tine vapor by bubbling the air through pure nicotine -conbained
in the HNohr-Geissler potash bulb and & 20 cm. test~tube tight-
1y packed with glass-wool thoroughly meoistened with nicotine,

T Was necessary to pass the alr szturated with nlcotine
through glass-wWool to eliminate the spray which passed over
from the Mohr-Geissler bulb.

The nicotine vapor Was‘a&sorbed by washing the gases with
a series of bubblers containing 28 sulfuric acid. Analysis
| was made by precipitaiing the sclution with silico-tungstic
acid, igniting and weighing the residue according to the A. O.
Ae C. {8) methods. '

The volumes of air passed through the nicotine were
measured with a calibrated flow meter. The rate was varled
from 5 to 10 liters per hour, constant results being obtained
showing that equilibrium had been;atiained. Temperature con-

{8) A. 0. A. C., "¥ethods of Analysis" (Assceciation of 0Of-
ficial Agricultural Chenmists, 1925) 67.
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trol was mainbained by an air thermostat to.x.0.5°C.

From the weight of nicotine obitained in the absorption
train énd the QOlume of air passed through, the concentra-
tions-of‘nicotine vapor were éalculated in milligrams ver ten
liters of aif and aléo in paris of nicetine per million of
air assuming the ideal gas law for nicotine vapor., The baro-
metric pressure was 740 mm. These data are reported in Table

T

Rt 4

Table I

Vapor Concentrations of Hicotine

e oo

——
——

:Temperaturetiir Passed: Nicotine : Concentration H
:  oC H cver @ Cbtzined : ng./l : :
: : Nicotine :+ (gram) : liters of ¢ F.p.m. 3
: : {liters) = H air : :
: 25 60 s 0.01106 .+ 1.8 s 28.5 :
: 25 : 60 : 0.01056 : 1.76 : 27.3 :
H 30 H 60 : 0.01635 = 2.75 i 43.0 :
H 30 2 60 + 0.01596 2.66 s 41,9 :
: 35 : 30 : 0.01250 : 4.17 < 66.8 :
: 35 : 30 = 0.01232 : 4,11 1 65.9 :
: 40 : 30 T 001723 1 B, T4 T G4.3 :
-5 2ide) : 30 : 0.01812 6.04 T 99.2 :

it

The vapor pressure may be approximately'calculated from
the data given in Table I, but for practical purposes the con-
centrations as given in the table are more convenient for this

type of work.
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Volatility of Nicotine in Lime and Bentonite Dusts

-~

The apperatus consisted of a humldity conirol, mixing
bottle, and flow meters to regulate the volume of air passed
over, being esserntially the apparatus described Dy Hixon and
Drake (7).

The dusts were prepared with hydrated lime and bentonite
as Carriers. These materisls were sieved, thal portion being
used which passed a 1l00-mesh and was retalined by a 200-mesh
sieve. The size of particles of 2 carrier undoubtedly in-
fluences the rate of attaimment of eguilibrium of the vapor
vhase with the liquid phase on the dust particles but should
not influence the walue of this equilibrium unless there 1is
not sufficlent nicotine present to completely teke care of
the adscrption by the dust and leave unadsorbed liguld nito-~
tine on the surface of the particles.

The bentonite was a commercial product having the Tollow-~
ing analysis:

SI‘LOQ » . ° - e - 601 64‘%
a&.l 303 e & - -« 23 * 26
FQQOQ « o =T ® a 3 » 92
Ti@g - - - - - - Oa 12
03{3 L] = o e - - 9' 59
Hﬂo ° - . - L 2.19
Hao ¢ o @ . . - 00 37
.ﬂ&ag * @ o o e = 4 > 3
HSO Bt s o - - - 21‘ 8? .
Totel . . . 98.25%

Pure nicotine was used for the preparation of the dustis,

s
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analyses showing 2.97 per cent nicotine in the hydrated lime
dust and 2.99 per cent nicotine In the bentonite dust.

| Heasv*ed'quantitiesﬂof air were passed ovér a sufflcient
quantity {20 to 30 grems) of the dust to give eguilibrium
conditions., No consistent variation in results was oblained
by passing 2ir over the dust at different rsies (5 to 10
liters per hcur) showing that the nicotine vapor was in equi-
ibrium with the licuid nicobine on the dust. The data on

the nicotine-hydrated line dusts is given in Table II.

Table IT

Yanor Concentrations 2.97 Per Cent of
nicotine~-hvdrated Lime Dust at 35°C.

s Number : Air rassed : Nicotine : Concentration e
: : Over Dust ¢ Cbitained : ng./10 @ :
: : {liters) : (grem) :1iters sir : P.p.m. :
s 1 H 60 s 0.01971 = 3.28 H 52.5 ‘s
: 2 : 30 : 0.C0940 : 3.13 2 5C.1 :
s 3 H 30 : 0.01025 : 242 2+ 54,8 H
: 4 : 30 2 0.00892 : 2,97 =+  47.6 :

These measurements were made at different times over a
period of three months. The values are considerably less than
those for pure nicotine at the ssme temperature as a compari-
gson of Tables I and II will show.

Similar meazsurements made on the‘2.99 per ccrnt nicotine-

bentonite dust revezled a concentration of nicotine ‘oo small




to determine, only the slightest trace of nicotine vapor be-
ing detected on passing alr over the dust. This is in accord

with the strong adsorptive properties exhibited by bentonite.

Adsorption of Nicotine by Bentonlte

Previous 10 preparing 2 dust, the bentonite was extract-~
ed with ether to remove any ether~soluble material which it
might contain. The nicotine was & colorless oil having a
boiling point of 2470C. at 730 mm. and a density of 1.Cl0 at
20°%¢.

A dust containing 3 per cent nicotine was prepared and
samples allowed to remain exposed to the alr for several days
(nicotine is comparatively non-volatile from bentonite, the
odor of nicoiine completely disappearing in three days in
closed conbainers) while other samples were kept in tightly
stoppered botiles.

The samples of nicotine-bentonite dust were then ex-
tracted with ether for twenty~four hours in a Soxhlet ex-
tractor. In both the dusts exposed 10 the air and those in
stoppered containers only 10% to 204 of the nicotine origi~-
nally present was obtained by exiraction for fority-eight
hours with ether. An examination of this ether extract failed
to réveal'any deccmposition products of nicotiné, The ether

soluble oil.re?orted by Hixon znd Drake (7) was found to have




B
come from oubtside contaminatlion durling the extrazctions.

The ether-extracted dust was steam distilled and in all
cases the remainder of the nlcoline was quantitatively re-
covered. An examination of the steanm distillate showed no
decomposition pfoducts.

The amount of nicotine adsorﬁed dr held by bentonite is
appréiimategy a constant amount régardless of the concentra-
tion of nicobine in the dust. In a 3% dust 12% of the nico-
tine is extracted by-eﬁher, in a 6% dust 4% is extracted and
in o 147 qust 804 is extracted; that is, in a 3% qust 0.026%
gn. of nicotine is retained per gram of bentonite, in a 6%
dust 0.0276 gm. is retzined and In a 14% dust 0.0280 gm. is
retained., These data were obtained by extrzeting the nicotine~
bentonite dusts for twelve hours in a Soxhlet extrzetor. The
addition of hydrated lime {10% to 20%) increases the amount
of nicotine extracted by ether.

Very little nicoilné is obtalned in the filtrate when a
34 nicotine or nicotine sulfaﬁe-bentonite dust 1s washed with
water. It is azlso noteworthy that considerable heat is evolv-
ed when pure nicbtine is added to bentoniie whicnh is indica-
tive of zn adsorpiion or union between the bentonite and nico~
tine. -
Bentonite and hydrated lime dusts have shpmh no signifi-
cant loss of nicotine (less than 0.1%) when kept in tighily
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stoppered bottles for s;x months. It should be pointed out,
however, thaﬁ the gilico-tungstic zcid method of analysis is
a poorvcriterion Tor decomposition of nicotine. Any com-
pound which is vclatile with steam and similar in structure
to ricotine such ac meﬁanicotine will De precipitated zlong
with nicotine by silico-tungstic acid. Thus only radical
changes in the nicobine molecule {which are improbable in
dusts) or the formation of compounds non-volatile with steam

w1ll be noted by the present anzlytical methods.

Adsorntion of Hicotine in Vanor Staie

It is stated by De Ong (1) that as nicotine wapor 4if-

Puses in the zir it is soon oxidized. As evidence of thils

he cites an experiment in which alr was aspirsted through =z
nicotine sclution and the nicotine vapor passed through two
or three feet of rubber tubing. Only =z trace of nicotine
vapor was recovered in the washing solution zt the end of
the tube, while a2 clése:correlation was found between the
amount of nicotine recovered st the top of the tube and the
concentration of the original solution.
Chemically nicotine is comparatively stable towerds

weak oxidizing agepnts. It is 2 common chazracteristic of

many nitrogenous bases with 2 pyridine mueleus to darken when

€Xpoged to light or air without any appreciable decomposltion

taking place. Nicobtine is oxidized to oxynicotine by a 2-1/2%




i
solution of HgzOp (9)}(1C). This is the most legleal oxida-
tion product of nicotine with air acting as the oxidizing
é media. No tracé of this compound hes been foukd in dusis
exposed to the air or in nicotine vapor-alr mixtures.

Nicotine vapor from a nicotine-hydrated lime dust {us~-
ing apparatus described by Hizon and Drake (7) was passed
through a series of 3-2 liter glass bottles. These bottles
were closed with rudbber stoppers with an inlet and outlet
glass tube, these tubes being comnected together wifh rubber
tubing. 2ir was passed over the dusts at six liters per
hour; Cne hour would then elspse from the time the nicotine
entered the series of bobtles unvil it was absorbed for araly-
sis by washing the gases in 2N HpS0, with a series of bubblers.
Time was allowed in all cases for any ordinary adscrpilion on
the walls of the bottles to take plsce before any anzlyses
were made. Analyses of the nicotine concent:ation wvere made
before and after the vapor had passed through this series'of_
bottles. A large decrease in concentration was always noted.
Thie difference in nicotine concentration was also noted bio-
logically. Rice weevil (Calerdra oryzaze L.} were placed in

each of the bottles in the series. Huch larger kills were

(9) Pinner and Tolffenstein, Ber. g&;.61 {1891).
(10} Auerbach and TWolffenstein, Ber. 34, 2411 (1g0l}.
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1 always obtained in the botiles nearest the source of nico-
tine vapor. |

These observations sre in harmony with de Ong's con-
clusions mentioned sbove but when an entire glass traln with
no rubber stoprers or connections was inserted no such 4dis-
crepancies were found. In Table III data are given upocn

vwhich these statemenis are bazed. In numbers 1 and 2 the

nicotine vapor vas passed through a traln containing rubber
conneciions wWhile in numbers 3, 4, and 5 the vaper was passed
through an entire glass train. One hour was required for the
nicotine vapor to pass through the train in experimenis rum-
ber 1 and 2 while only forty minutes were required in numbers

3, 4, and 5.

Table III

Experimeni?ﬂoﬁ;..Nicotine
F¥umber :at beginning of:at end of {trazin

sCone. Nicotine % Nicotine

not accounted

: : train : 2 for :
: : mz./10 L. air : mg./10 L. air = :
2 1 v 2.56 : 1.52 : ~50.6% :
: 2 : 1.56 : 0.90 . ~42,39 s
3 3 s 2.67 2 2.66 : - 0.4% :
: L : 2.99 s 2.97 s - 0.6% *
2 5 : 2.76 s 2.78 : + 0.7% :

i
F

e ——

These experiments were duplicated using pure nicotine as

the source of nicotine vapor in place of the dusts with simi-




-]
E lzr results. These datz show that there is no repid oxida-
% tion of nicotine vapor as suggested by de Ong, his conclusions

§ being due to the adsorption of nicotine by rubber.
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DISCUSSION OF RESULTS

Lvidence has been presented which shows that bentonite
adsorbs nicotine so firmly that it cannot be guantitatively
extracted from the dust with eitkher ether or water. t ecan,

however, be quantitatively recovered by direct steam distil-

SR

lation of the dust. The fact that the vapor pressure of
nicotine over a bentonite dust is so slight, the fact that
there is no verceptible odor of nicotine in a 3% nicotine-
bentonite dust two or three days after preparation when kept
in tightly stoppered bottles, and the fact of the relatively
large heat of adsorption when pure nicotine 1s added to
bentonite, together with the insolubilitiy of nicotine in
ether and water indicate that the degree of adsorption is so
great that it approaches s loose chemiceal union,A

It would appear that much of the evidence presented for
decompogition of nicotine in dusts and in the vapor state
might be due to adsorption by different materials. 4iny ex-
perimental method which permits the corntact of nicotine vapor
with rubber (i.e. the storage of nicotine dusts in rubber
stoppered bottles) or which reports the anslysis of a2 dust
by extraction with either water or ether without quantitative
recovery cannot be interpreted as due to decomposition with-

cut further evidenceé.




1l. The vapor concentration of nicotine over the pure liquid
increases from 1.76 ng. pér 10 liters of air abt 25°C. to 6.0%

zg. at 40°C.

2. The vapor concentration of nicotine over a 2.97 per cent
nicotine-nydrated lime dust lies between the limits of 2.97
to 3.42 mz. per 10 liters of air at 35%C. The corresponding

value for the pure licuid is 4,14 mg. per 10 liters.

3. The vapor concentration of nicotine over a 2.44 per cent
nicotine-bentonite dust was too small to measure, only slight

anounts of nicotine being detected in the vapor phase.

4, A chemical study bas failed to reveal sny decomposition

of nicotine in dusts or in the vapor phase,

5. Carriers such as bentonite adsorb nicotine so strongly

that it cannct be extracted by water or ether..

6. Rubber shovws very high adsorptive powers toward nicotine
and must be elimineted from all portions of the experimental

apparatus.
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PART II.

TOXICITY OF NICOTINE AWD RELATED DERIVATIVES

INTRODUCTION

Insecticides are usually divided into two main groups:
Stomach poisons which are introduced by way of thé-alimentéry
cznal and contact poisons which are introduced through the
resplratory tract or cuticle. This divisioﬂ is arbitrary =as
many insecticides are both stomach and contact poisons, e.g.,
nicotine. Jannisch (11), while admitting the practical utility
of this classification, considers it misleading on z physio-
logicel basis, his view being that there is little difference
in physiological action between stomach and contact poisons,
dezth or narcosls being due to an alteration of the colloidal
cordition of the protoplasts of the cell.

Contact insecticldes may be used either as sprays or fumi-
gants. The latter has much application in greenhcmses or any
closed space. Certaln classes of contact polsons even when
Sprayed are said to act chlefly in the vapor state. MNeIndoo
(12) claims that nicotine when sprayed gains entraﬁce in this
way and that its toxielty is primarily due to the‘vapof.

De Cng (31)(13) has shown that the toxicity and volatility
(11) Jannisch, Centr. £f. Bakt 2, Abt. 61, 10 (1o2%).

(12) ¥eIndoo, J. Agr. P s. 7, 89 (1916).
(13) de Ong, Ind. Eng. Chem. 16, 1275 (1924).
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curves of nicotine parallel one gnother very closely.

It is surprising considering the large nunber of both
synthetic and natural compounds tested as contact poisons
that so few have been found with really outstanding toxic
action upon insecfs. It would appear that nicotinse, the
pyrethrins and rotenone (from derris) are in az class by them-
selves in this respect. These compounds are cf & widely dif-
ferent nature, nicotine being an alkalold, the pyrethrins are
both complicated esters containing = mumber of unsaturated
bonds and asymmetric carbon atoms. The constitution of rote-
none has not been determined as yet..

it hzs genérally been conceded that a substance having a
high toxic effect upon the higher animals would act ecually
well as an insect poison. For this reason most insecticides,
especially the stomach poisons, have za2lmost always consisted
of inorganic metalllic compounds, particularly compounds of cop-
per, lead and calcium combined with arsenic in some form. It
is uncertain whether tﬁe toxic action of chemicai individuals
upon insect metabolism is similar to the results obltalned in
memmalian toxicology. Investigztions have been published from
time to time showlng that a particuler material may be highly
toxic to insects and nave a2 low order of toxlice action on the
higher animals or conversely be highly'toxic to the higher

enimals and of low toxicity to inseets. Thig, however, hss
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not widely recogniged in insecticidal research.
Nicotine was first isolated from the leaves of the tobacw
co plant in 1828 by Posselt and Reimann (14) and the empiriecal
Pormala was establi 28 C1oHigNg by Helsens in 1849 (15).

The quantity found in tobacco varies from 0.6 per cent to 10

Nicotine is a colorless oil which boils withoul decompo-

9

itlon at 2450 but Goes nob solidify at -30°C., its specific
gravity being 1.010 at 20°C. In the pure condiition it is al-
most odorless bubt acquires the tobaeco-like odor afier stand-
ing Tor sometime. The free alkaleid is strongly laevo-rotatory,
[x]a° = 168.2°, but its salts are dexbro rotatory. Through
heating the mono-hydrochloride or sulfate of nicotine at 180~
250°¢, for several hours, inaciive nicobtine resulte which

of the

possesses all of the chemical and physical propertiec

-

6]

naturally ocecurring base other than optical activity.

The consu tuulon cf the z2lkalold was first established by
Pinner (16) as&f-pyridyldbﬁ~methyl pyrrolidine, after many
yesrs of controversial resesrch. His structure was confirmed
by the synthesis of lnsctive nicotine by Fictet {(17) in 1904,

Nicotine isg one of the nmost deadly and rapid voisons known,
(1&) Posselt u. Reimann, Magazin f. Phaymezie 24, 138 (1828).
{15) Helsens, Ann. 49, 353 (lSEQT

(16) Pinner, Ber. 26, 292 (1893).
(17) Pictet and Rotschy, Ber. 37, 1225 (1904).
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Solimen (18) states thet the vapor arising from a glass rod
placed near the beak of 2 small bird causes it vo drop dead
at once, and two drops placed on the gums of a dog may cause
2 similar resuli. On account of its nigh toxicity tc insects
it has come to be used as the standard contact insectiecide.

The physiological action of nlcotine has Deen thoroughly
investigated. Greenwood (19) found that the toxic effect of
nicotine on any organism is determined largely by the degree
of development of the nervous system, those in which.the ner-
vous system is only slightly developed being the least af-
fected. Cushny (20) in summarizing its physiologieal action
on man and other memmels asserts that it causes a hot burning
sensation in the mouth, which is followed by salivation, nausea,
vomiting and sometimes purging. EHental confusion, muscular
weakness and giddiness are followed by loss of coordination and
partial or complete unconsciousness. Death 1s caused by the
paralysis of the resplratory center.

Shafer (21) ascertained that nicotine vapor caused insecis
to pass through a stage of excitement, thern through z stage of
depression in which movement is uncertain and finally through
a stage in wanich there was total loss of movement and sensi-
Pility. The last stage was followed rather closely by death.
(18) Sollmamn, A manual.gi Pharmacology (%. B. Saunders Co.

1917} 316.
(19) Greenwood, J. Physiol. 1L, 573 (1890).

(20} Cushny, ZDPharmacology and Theraveutics {Lea & Febriger

1918) 309. -
{21) shafer, Hich. Agr. Exp. Sta. Tech. Bull. 2 (1911).
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MeIndoo (12) concludes that regardless of how nicotine
is zpplied to insects 2= well as other eanimals it kills by
paralysis, préventing the nerve cells from functioning in
their normal manner. The paralysis in insects traveis‘along
the ventral nerve cord from the abdomen to the brain.

A review of the'physiological action of the counstituent
parts of the nicotine molecule is pertinent. Pyridine (22)
has slight effects upon the sensory nerves, respiration, and
heart actlon but it may be considered as being comparativel
non=poisonous. Its activity 1s increased by the additlon of
aliphatlc side chains, especizlly alkyl groups, and its effect
upon the sensory nerves 1s particularly increased (23). In
the series pyridine, picoline (K-methyl pyridine), lutidine
{eky <~dimethyl pyridine), and collidine (2,4,6 trimethyl
pyridine) there is an increase in activity which is manifest
by an intoxicant effect.

The influence of hydrogenization uporn physiological action
1s demonstrated in a marked degree in the cyclic bases. As
we pass from pyridine, a comparatively non~polsonous base to
piperidine (hexahydro pyridine) we find a marked increase in
toxicity (&4). It acts as a cramp-producing polson which
{22} Brunton and Tunicliffe, J. Physiol. 17, 272
§23) Kendrick and Dewar, Proc. Roy. Soc. 22, 432 (1873).

24} Spiegel, Chemical Constltution and Physiological Action
(D. Van Nostrand Co. 1915) 100.
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considersbly incréates the blécd-préésufé and finally causes

m

peralysis of both centrsl and perivheral n . The toxicity
of piperidine &s also markedly increzsed by the subsbtitution
of alkyl-side chains. The toxlic effect rises from piperidine
to pipecoline («~methyl piperidine), to <-ethyl piperidine, to
| coniine {«t=propyl piperidine) in the ratio 1:2:4:8. Ganma
substitution products increase in toxicity in 2 sinilar mamner
up to the propyl derivative, the iscbutyl showing g decrease
and the hexyl 2 stlill greater decrease.

The position in which the radical is substituted in the
micieus glso influences the toxic action. The lethal dose of
8 -propyl piperidine is nearly twice as greszt aé that of
L=provyl piperidine (24), and the lethzal dose of f-ethyl piperi-
dine is twice as great as «L-propyl piperidine {25)(26).

Alkylation on the nitrogen generally resulis in an en-
hanced physiological activity which is even greazter than that
caused by alkylation on a carbon stom. Here ageirn there is a
rise in toxicity up to the propyl radiczl and then & decrease
in the higher homologues.

The derivabives of gquinolire (24) in general héve-a less
toxiec effect than in the corresponding pyridine derivaﬁives.
In other words the condensation of a benzenegring with the

(25) Ehriich and Granger, 3Ber. 30, 1060 (1897)
(26) Gunther, Ber. 31, 2141 (1858).
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pyridine ring lessens its action. Butbt toxicity increases from
guinoline to tetrahydroguinocline to dCcaqu“OQUlﬁO line (27).
The same generélizatio; holds for isoguinoline and 1its hydrogen-
ated bodles.

The influence of hydrogenation of eyclic bases 1ls again

demonstrated in the case of pyrrole., Pyrrole is ltself a2
rcison causing a2 central nervous paralysis (28) which is mark-
edly increased on hydrogenatlon to pyrroline and is still fur-
ther increased in pyrrolidine. Pyrrolidine acts qualitatively
like piperidine and cyclohexamethyleneamine. Quantltatively
cyclohexamethyleneamine is more toxic than piperidine which is
in turn more toxic than pyrrolidine.

Summing up these generalizations for the physioclogical
zsetion of the simpler nitrogen heterocyclic compounds on the
higher animals: toxicity is increased by increasing the size
of the ring, by substitution of z2lkyl groups on both the car-
| bon and nitrogen stoms and by hydrogenailon.

From the limited data avallable on the toxiclity of nitro-
gen heterocyclic compounds as contzet insecticides the gener-
alizatiéns made for the higher animals appear 1O be substan-
tiated with few exceptions. Nelther pyrrole nor pyridine have
(27) Heinz, TVirchow's Arch., 122, 116 (1890).

{28) Spiemzel, Chemiczl Constitution and Ph33101061c al Action
{(D. Vzn Nostrand Co. 1915) 4.
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any marked toxic action (29)(30), but hydrogenation of pyridine
to piperidine and pyrrole to pyrrolidine increases their tox-
icity considérably, both belng relatively highly toxic when
compﬁred to their parent substances. The substitution of al-
kyl‘side chains on the £, 8 , and ¥ carbon atoms increases tox-
icity markedly.

The choline bases of pyridine were more than twice as
toxic as pyridine. 3ubstitutlion of alkyl groups on the nitro-
gen atorn of plperidine, however, did not materially alter its
toxicity. Coniine {KX-propyl piperidine) 2ltnough culite poison-
ous to mammals is only slightly toxic to insects. Guinoline
and isoquinoline are quite toxiec to insects bubt only slightly
so to the higher animsls.

The toxicity of the simpler nitrogen heterocyeclic com-
pounds is in the followinz order {30): pyrrole< pyridinec
ricoline<lutidine<guinoline and isocuinoline<acridine.

From the data available the same generalizations appear
to hold for the toxicity bto insects as to the higher animals,
namely, toxicity is increased by increasing the size of the
ring, by substitution of 2lkyl groups on botih carboﬁ and nitro-
gen atoms {in some cases) and by hydrogenation, although
Richardson and Smith {29) have shown that hydrogenation de-
(298} Richardson and Smith, U. S. D. A. Bull. 1160 (1923).

(30} %atte§sfield and Gimingham, Ann. #ppl. Biol. 14, 217
1927).
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creases toxicity in some cases. ‘

Smith (31),and Richardson and Smith (32) have prepared
and tested a number of the isomeric dipyridyls and £ind the
crude mixture containing prineipally « K} # 4, and # ¥ dipyridyls
more toxic than nicotine to scome species of insects {larvae

of Leptinotarsa decemlineata and Lema trilinezta)but less so

toc 4phigs rumicis. The and/fﬁ'dipyridyls arpeared to Dbe

more toxle than the # # dipyridyl and therY'dipyridyl was much
less toxic than the other three compounds. Tattersfield {30)
hezg found the benzyl pyridines to have a high order of tox-

icity to Apkhis rumicis.

LaForge (33)(34) in an effort to determine whether the
pyrrolidyl or pyrldyl porticn of the nicotine molequle was
responsible for its insecticidal activity has synthesized a
mumber of substituted pyrrolidine and pyridine derivatives.
None of these approach nicotine in toxicity and he concludeé
that from existing data it is impossible to arrange a2 list of
compounds of progressively increasing toxiclity up to nicotine.

The purpose of this Investlgation was to determine whether
or not the toxicity of nicotine was due to the special configu-
ration of the nlcotlne molecule or was en accumulation of the
31) Smith, J. Am. Chem. Soc. 47, 414 (1924),

%g) Richardson and Smith, J. Agr. Res. 33, 592 (1926).

} LaForge, J. Chem. Soc. 50, 2471 (1928).
34) LaForge, dJ. Chem. Soc. 50, 2477 {1928).

-&‘ii
Am.
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toxicities of methyl pyrrolidine and pyridine. TFrom the
toxiclty Qf these constituent parits, the greater part of the
toxicity shoﬁld be groured in the methyl pyrrolidine portion
of the moleﬁule rather than in the pyrldine portion. The re-
duction products of nicotine have been rrepared and their
toxicities compered to that of nicotine. 3Several other de-
gradation products of nicotine have algo been vrepared znd

thelr toxicities tested.
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THE CATALYTIC REDUCTION OF NICCTINE

Introduction

Nicotine was first reduced by Liebrechi (35) with sodium
and absolute alcohol. Since he regarded nicotine as a hexa-
hydrodipyridyl he described the product of hisireduction a8
ﬂﬁydipiperdyl,

Blau (36) showed that the majority of the reduction prod-
uct consisted of octohydronicotine (£ -pyridyl F-methyl «<-butyl
amine) with 2 small amount of other nitrogenous bases, one of
vhich he later identified (37) as hexahydronicotine ( 8 =piperi-
dyl <-N-methyl pyrrolidine). Pimner (38) although correctly
establishing the structure of nicotine considered that the
above reduction yielded hexahydronicotine entirely. For this
reason there has been much confusion in the literature regard-
ing the products obteined by the reduction of‘nicgtine with
sodium and alechol.

Blau (37) separated hexahydronicotine in small quantitles
from the octohydrogenated base by steam distillatlon, the for-
mer compound belng much more volatile with steanm than the lat-

ter. It was further purified through fractional crystalliza-

{35) Liebrecht, Ber. 18, 2969 (1885).
(36) Blau, 3Ber. 26, 628 (1893).

(37) Blau, 3Ber. 26, 1029 (1893).

(38} Pinner, Ber. 26, 765 (1893).
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tion of the chloroplatinates and finally of the picrates.
This method of obtaining hgxahydronidotine was too long and
tediocus and it proved practically impossible to prepare suf-
ficient of the compound for toxicity tests.

Catalytic reduction appeared to offer 2 possible solution
of the problem if the reduction could be carried out without
ruptufing the pyrrolidine ring as is the case in the reduction
With sodium and absolute .alcohol,

Hamilton and Adams {39) have reduced pyridine and guino-~
line hydrochloride 1n zbsolute aleohol with hydrogen end plati-
numoxide platimum black. They report umsatisfactory results
with 95% alcohol as a solvent. However, 95% alecohol proved a
very satisfactory solvent for the reduction of nicotine hydro-
chioride. |

For the reduction platinum-oxide platinum black prepared
according to the directions of Adams and Shriner (40) was
used.,

Nicotine hydrochloride was prepared from a commercial 95%
nicotine solution. This was reduced with hydrogen and plati-
mum-0oxide platinum black to glve a mixture of hexahydronico—
tine hydrochloride and octohydronicoﬁine hydrochléride; No
reduction was obtained in a variety of solvents with the free
base, poisoning of the catalyst appareﬁtly taking place.

539) Hamiltorn and Adems, J. Am. Chem. Soc. 50, 2260 {1928).
40) Adams and Shriner, J. Am. Chem. Soc. 45, 2171 (1923).
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Experimental

Hicotine hydrochlorlde was prepared by passing dry hydro-
ghloride into a dry ethereal solutlon of commercial water-free
95 per cent nicotine., A small amount of acetone present served
to 2id erystallization of the nlcotine h&drochloride. After
precipitation was complete, the nicotine‘hydrochloride was rap-
idly filtered on a Buchner furmel and recrystallized from a
mixture of absolute alcohol and acetone. The hydrocaloride
was taken up in a small amount of hot absolute zlecohol and
acetone added while the solutlon was still hot until it just
becanme turbid. Seeding at thls stage 2ids materially in ob-
taining erystals rather than an oil. After cooling the hydro-
chloride was rapidly filtered on a Buchner and agaln recrystal-
lized zccording to the above procedure. The recrystallization
of the nicotire hydrochloride by this method yields a very
pure nicotine.sélt from a commereial product without numerous
1 extractions and distiilations. Becguse of the very deligues-.
cent nature of nicotine hydrochleride it was stored in a desic-
cator over calcium chloride or stick sodium hydroxide, the lat-
ter serving to remove sny occluded hydroger chloride.

Reduction was carried out in an apparatus similar to that

used by Adams and students in their reduction investigations (41).

(41) Adams and Voorhees, QOrg. Syntheses 8, 10 (1928).
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4s a typical run 0.1 mole of nicotine hydrochloride in
150 cc. of 95% ethyl alcohol with 0.2 gm. of the platimm-oxide
platinum blacﬁlfrom C.P. chloroplatinie acid was used; The |
catalyst was added to the reduction solution without preﬁious
reduction with hydrogen in =21l cases., The time recuired for
complete reduction varied from three to four hours.

If the reduction weré allowed to go to completion approzli-
mately four moles of hydrogen were taken up, indicating that
the pyrrolidine ring was ruptured during the reduction. After
removing the catalyst by filiration and evaporating the sol-
vent under reduced pressure, a thick syrup was obtained which
or: taking up in absolute aleohol a2nd acetone similar to the
pProcedure followed for the purification of nicotine hydrochlor-
ide yiél&ed a portion of the reduction products in crystalline
form. This was flltered off and the filtrate evaporated leav-
ing an oily residue. Thls procedure was repeated ﬁith a
smaller yield of crystals. The oily portion which failed to
crystallize is apparently mofe goluble in =z cold alcohol—acé-
tone mixture than in a2 hot one znd consequently may be sepa-
rated from the crysitalline poriion zimost quantltatively. The
erystalline product melted at 202°C. corresponding to‘the hy~
drochloride of octohydronicotine.

The picrate of the oil which failed to crystallize was

Prepared by adding = saturated 95% aleohol solution of picrie
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acid to an alcohol sclution of the oil. An sbundant yield
of a crystalline picrate was obiained which was recrystallized
from 95% alcohol. The picrate melted at 202°C. after repeated
crystallization from both alcohol and water corresponding to
the picrate of hexahydronicotine reported by Blau (37). The
hydrochloride of hexahydroni;;tine is extremely hygroscoplc
and difficult to obiain crystalline.

Any octohydronicotine which was not removed before.making
the picrate may be recovered as the picrate in the combined
filtrates from the erystallization of the hexshydronicotine pic-
rate, the picrate of octohydronlcotine being soluble in alcohol
but insoluble in water, while hexahydronlcotine picrate is prac-

ticalliy insoluble in the cold in both alcohol znd weter.

The reaction basged upon the ylelds is as Tollows:

Another reduction was carried cut in which the reaction
vas stopped after 3 moles of hydrogen had been adsorbed to
determine whether or not the rupture of thé pyrrolidine ring
was taking place before or after hydrogenation of the pyridine

ruclens. The yields of the products isclated were: octohy-
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dronicotine hydrochloride 57.1%, hexahydronicotine hydrochlor-
ide 19.0%, and unchanged nicotine hydrochloride 21.0%. Since
the hexa- and octohydrogenated bases are formed in the same
rztio as in the previous reactlion, rupturing of the pyrrolidine
ring is undoubtedly taking place simuliteneously with hydrogen-
ation. _

In one of the runs where the reaction was sﬁoppe& after
3 moles of hydrogen had been adsorbed a small amount of a pic-
rete melting at 162°C. was obtained. This corresporded to the
plcrate of dlhydrometanicotine and would seem to indicete that
the rupturing of the pyrrolidine ring when it does ftzke place
is the first step in hydrogenation. This could not be
checked in 21l runs, nowever.

The free bases may be obtained from the hydrochlorides by
treating with sodium hydroxide arnd exiracting wlth ether. After
eveporating the ether, the free base may be distilled under at~
mospheric or reduced'preSsure. To obtain the free base from
the picrate, the best procedure was found to be to treat the
pierate with a small amount of 20 percent hydrochloric zcid,
which hydrolyzes the plcrate almoat immedizately with the pre-
civitation of 2 large pzrt of the picric acid. This is £il-
tered off and the remginder which’stéys in solution is removed
by extracting the acid solutlon with ether. The solution is

then made strongly basic and the free base extracted with
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ether. The ether is removed by evaporation and the base dis-
tilled under atmospheric or reduced pressure.

In the identification of\compounds, it was not possidble
to take the melting point of the hydrochloride in nmost cases
due to their deliquescent nature. A double salt, usually with
picric acid, was made and the meliing point of this determired.
The boliling points of the free bases were cbtained in all cases
with the exception of dihydrometanicotine.

The constants of these compounds are given in Table IV,

Table IV

Constants of and References t0
Nicotine and EReduced Froducts

¢ Conmpound :HCYL SaltiRef,: Baég—iRef ¢ Derivative :Ref,:
: : ¥.P.%C.: :B.P.%C: : ¥.P.°C. 2 :
10y 0HyaNa. 2HOL: ~-- : %6 (D) :218 (plcrate) (&) :
:C. ouzohg.zﬁCI:'-—~ s 246 {c) :202 (picrate) (c) =
:C10H2aNe: 2HCL: 202 {a) : 259 (a) :144 (dibenzene (c) :
< 2 : : sulfonyl=~ 4
: : : _t chloride) :

(a) Blau, Rer. 26, 628 (1893).

(B) Wolffenstein, Pflanzenalkaloide(verlag von dulius Suanger
3rd ed., 1922} 136.

(e) Blau, 3Ber. 26, 1029 (1893). The base obtalned is a solid
nelting at 36-37°C.

{d) Pinner and Wolffenstein, Ber. 24, 66 (1891).
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IHE CATALY¥TIC REDUCTIOK OF METANICCTINE

Introduction

Metanicotine (/4 -pyridyl-N-methylo -butyl amine) has been
reduced with hydrogen lodide and phosphorus to dihydrometanico-
tine (42)napd with sodium and absolute aleochol to a mixture of
octohydrometanicotine and hexahydromebanicotine (43). The octo-
hydrometanicotine is the same product as is obiained on the com-
plete reductlion of nicobine. |

Hetanicotine may be reduced catalytlcally with hydrogen
and platinum-oxide platinum black with the production of octo-
hydronicotine (octohydrometanicotine) or dihydrometanicotine
depending upen the amount of hydrogen the reduction mixture is
allowed to absorb.

The metanicotlne for the reduction was prepared according
to Loffler and Xober's modification (44) of Pinner's synthesis
(45). This consisis in heating nicotine in o large excess
(1% to 2 times the wéight«of nicotine used) of benzoyl chlo-
ride when benzoyl metanicotine is obtained. After purifica-
tion, the benzoyl metanicotine is npydrolyzed with 20 per cent
hydrochloric acid at 100°C. for twelve to twenty-Tfour hours.
(42) Haass and Zablinski, Ber. 47, 1165 (1914},

(43) Hacss and Hildebrandt, Ber. 3697 (1906)}.

(44) Lofiler and Kober, Ber. 42, 3431 (1909).
(45) Pinner, Ber. 27, 1053 (18%4).
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The separated benzolic acid is removed by filtration and the
filtrate mede stirongly basic. The metanicotine separates znd
is extracted with ether. The ether is vaporiszed and the meta-
nicotine distilled under atmospheric or reduced pressure.
Prepared in this marner, metanicotine is 2 colorless oil boil-

inz at 276°C.

Experimental

For the catalytic reduction of metanicotline, the hydro-
chloride must be prepared as the free base poisons.the cat-
alyst as does nicotine. The hydrochloride was prepared and
recrystallized in a similar» manner to that employed for nico-
tine. The recrystasllization serves to remove any small amounts
of nicotine hydrochloride which might be present. However,
nicotine may be removed fron the benzoyl metanicotine by wash-
ing with water weakly acidified with acetic acid. The azcetic
zeld solution is not acid erough to react with the weakly ba-
sic benzoyl metanicotine.

As 2 standard run 0.1 mole (23.5 gm.) of metanicotine
hydrochloride in 150 cc. of 95% ethyl alcohol with 0.2 gm. of
platinum~oxide platimm black prepared from C.P. chloroplatin~
ic acid was used. The catalyst wes added to the reduction |
mixture without previous reduction with hydrogen. The time
requirgd for reduction to dihydrometanicotine hydrochloride

varied from 20 to 30 minutes, bthe time reguired for complete




-39~
reductlion to octohydrometanicotine varied from three to four

hours. The dihydrogenated compound 1s obteined by stopping

the reduction wher the calculated guantity of by@rogen has been
absorbed. The yields in both reductions were pracﬁically quantl-
tative. |

The reduction may be illustrated structurally:

A
:/f’

—CH, —CH,
,f/ H —Cﬁp'c”y c”" C/{” \cf'%
14 -’C/?/u"/y\‘” = ’
L H=CH-C \cféé p

V-l

_H

A W
B omcHy- CHyCHumCH NYA
v Vs
o e
H-R=cl

H

H- -c/

The reduction to dihydrometanicotine is not particularly
sharp. A small amourt of octohydrometanlcotine may be ob-
tained even though there is still some unreduced metanicotine
present. However, the overlapping of the reduction is very
slight.

The free bases were obtained from the hydrochlorides,
after removal of the catalyst by filtration and evaporating
most of the alcohol, by treating with strong sodium hydroxide
and extraéting with ether. After evaporating the ether the
bases mzy be distilled under atmospheric pressure. |

The following table glves the constants for the reduced

unreduced products togeﬁher with a derivative and references.




:  Compound :=§§dro~ iRef.:Base:Ref.: Derivative <?ﬁef.;
s * :chloridet :B.P.: z u.P.oC. : :
: : 1,2.%.: :9C. : : | : :
ECNHMmB.ech_ D : 276 (b) i255(0hlo:§*onlati~ (b) :
T : : : nate :
1C10H16W2+2HCL ¢ —-- : 259 (c) :199{(Chloroplati-~ (e} :
: : : : nate :
:C1oHopNg.2HCL ¢ 202° (a) : 259 {(a) :12%(Dibenzene (a) :
- o b4 H H sulfonyl :
2 _ _: : : chloride) :
(2) Blaun, 3Ber. 26, 628 (1893).

(b) Pinner, Ber. 27, 1063 (189%%).

(e) Loffler and Kober, Ber. 42, 3431 (1209).

(d) Blau, Rer. 26, 1020 (1893).

The picrates were not used for identification of the re-
duction products as the picrate of both dihydrometanicotine
and metanicotine melt at approximately the some place, 162°
and 16300. The picraté of metenicotine msy be Gistinguished
from that of dihydrometanicotine if both are recrystallized
from water. HKetanlicotine forms a2 hydrated picrate which if
heated repidly melts at 114°C. and then resolidifies and melts
agein at 162°C. Dihydrometznicotine pierate does not form 2
hydrate and conseguenily melis szt 162° without a previous

melting.
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TOXICITY TESTS

Introduction

Two methods have beenlemployéd in the laboratory test-
ing of contact insectlcides when applied in the form of a solu-
tion, one method depending upon dipping the insect in solutions
of varying concentratlon, the other depending upon spraying
the insect with solutions of varying concentration.

Tattersfield (46) and co-workers used the dipping method
extensively in their znvestigationAof‘the insecticidel proper-
ties of wvarious contact insecticides; The procedure which
they employed involves the suspension of a definite concentra-
tion of the chemical compound in saponin and water. The in-
sects ere immersed for iten seconds (2 longer time may be used)
in 50 ce. of this solution. They are then repidly transferred
to an open vessel containing a2 piece of filter paper in the %
bottom»to‘removerexcess_liquid from the insect., The appropri-
ate food supply of the particular species of insect is placed
in the vessel. They tabulate the effects of the insecticide
over a period of severzl days under the following four head-
ings: (1) the killed, {2) the moribund, (3) the slightly af-
fected and (4) the unaffected. A similar method has been em-

ployed by Richardson and Smith (32).

(46) Pryer, Stenton, Tattersfield and Roach, Arm. Appn. Biol.
10, 18 ¢15555: . ’
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L spraying method has also been employed by Tattersfield
and ¥orris (47). This consists of an zpparatus designed to
spray a knowﬁ‘velume of liquid wmder constant'pressure over a
constant period of time. After spraying the insects are
placed near their appropriate food supply and the same obser-
vations recorded as in the dipping method previously referred
to.

The spraying method has the advantage over the dipping
method in that it can be used for any type of insect while the
dipping method cannot be used for sucking insects. Tith the
dipping method, the time of immersion must be constant., Uni-

form webtlinz is difficult to obtaln.

Fxperimental

The dipping method was used iIn a2 portion of these inves-
tigations while the spraying method was used in the remainder.
For the spraying test° an apparatus deslgne& by ¥r. Roy ¥elvin,
Zntomology Denartmepu, Iowa State College was used. It con~
sists essentially of = Vilbiss Atomizer Wo. 16 amd = revolving
drum enclosed in a fremework, the sides of which are pane
glass placed in grooveé so that they may be nmoved horizontally'
to open or close the case. The stomizer is connected %o an

alr pressure line or alr pump, the pressure of which may be

(47) ?atg§§sfield and ¥orris, PBull. Entomol. Res. 1%, 223
19 ‘
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varie&; The drum may be revolved at various rates thus giv-
ing a means of comtrolling the volume of spray applled per
unit area. This, of course, may zlso be contrclled by the
pressure on the atomizer, Clamped on the drum are two wooden
strips to which a lezaf with the insects feeding upon it may
be pinned. |

This apparatus eliminates any difficulties vhich may be
encountered in the dipping method due o the variztion in
time of immersion.

Fhen a constant pressure on the atomizer is used and the
drum is rotated a2t the same rate, the volume of spray striking
each individual insect, the size of the individua;‘spray par-
ticles, and the "angle of contact® of the spray with the in-
sect are all constant. These factors must be taken into con-
sideration in toxicity tests.
| For the determination of the relative toxicities of nico-
tine and the several related compounds larvae of the Colorado
potato beetle {Leptinotersa decemlineata Say) were used. A
nnmber'of beetles were ecollected and caged over potatoc plants.
Eggs were collected every twenty-four hours and kept in sepa-
rate containers. An average of four and one-hall days were
required for the eggs to hatch, The larval stazge lasts from
ten to btwelve days. The larvae in 211 of these tests were

used when five days old, this eliminating any blologieal vari-
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ation in individuals due toﬁagé, It 2lso allows sufficient
time before pupation 10 meke observations three or four days
after spreying.

Ten 1arvaé were placed on a potato lesf and imediately
started feeding. This leaf was pinned to the drum, the air
bregsure on the atomizer tw ned on and the drum started at
the same time. The leaf conbtaining the larvae was always
placed on the‘opposite side of the drumhfrom the atomizer so
that no sprey would hit the larvae before the drum began to
rotate. Tne drum was allowed o make a complete revolution
before the pressure on the atomizer was turned off. In 211
tests the rate of revolution of the drum was kept constant
as was the volume of air per unit time passing through the
atomizer.

After spraying the larvae were removed from the sprayed
leaf and placed on fresh foliage. Nortality counts were made
twenty-four and forty-eight hours after spraying. In genersl
these ccunts.showed’thé game percentage mortality. All tesis
were nmade in triplicate at lezast and most of them five or six
times. The average results of these determinations for the

different compounds tested are reported in Teble VI..
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Table VI
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: Nico~sNico=:Nico-
tration 2tine :tine :stine
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P me

¢ 4o Ay o

Heta~:Hexa~:0cto-sPiperi-
nico-:hydroshydro:dine

- -

y

;

s o0 by
ey
i3 N
O =

§
%

3 :Sul- :821li~ :tine :nico-:inico-: : K

Tl :Tate seylate: :tine :tine s : :
TORAI1:9Ki11:% Rill:ZR111:%K111:%K1117 & Kilis% Kili:%Kills

C.2%: 10: 62 10: : : H s : :

0.2 : 40 : 30 : 20 : : : : : :

. C.3 31 60 : 40 : 35 3 2 : 3 : :
H: 04 ¢ 8 : 5% : 40 : : : : : : :
#: 0.5 : 188 : 7O : 50 : 3 : : s :
H: 0.6 :100: 90 : 60: : : 1 : : :
#: C.8 100 :100: 90 : OC 3 : : 5 :
H: 1.0 ¢ . :100: 100 :00 :00 : 2 : :
H: 3.0 = : : : 80 2 5,0: C0O: 0O : : s
4 : 5.0 : : T ¢ 15 :10.0 ¢+ OO C0 =z T :
H: 10.0 @ : : + 40 20,0 10: OO0 : 00 : 00 :
e : 15,0 @ : : : 95 40,0 : s Q0 = :
[ 20.0 : : < : : T 25 10 ¢ 00 = 00
H :¥et con-: : s : : : s : : :
g :trol {(e): O = : : : : : : z :
I :Dry con-: : : : : : t : : :
j ctrol (£)¥: © = : : : 2 : : : :
- o : : 2 - : SR 2 :

Z (2) All concentrations refer to the
i rather than the per cent of the

sulfate per 100 cm..of HyC.

slightly basic to methyl orange.
.{g(c) Nicotine salicylate was made by

4 water solutlon shows a slight

| (4) mwlsion with 0.1% gelatin.

B (£) Mot sprayed.

per cent of active constituent
compound itself, i.e. 0.1% nico-

- tine sulfate solution contains 0.1 gm. of nicotine as nicotine

| (b) Pure nicotine neutralized with HgSO, until zcid to litmus but

precipiteting pure nicoiine in

ether solution with an ether solution of salicyiic zcid. Anzl-
ysis shows 53.34% nicotine corresponding to a momosalicylate.

acid reaction to litmus.

§ (e) Wet control sprayed with disitilled water.
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Table VII illustrates a complete set of data for nico-
tine from which the averages in Table V were cozmpiled. Fhen
three determinations or more checked, the resulis were ex-
pressed in round numbers agreeing with the majority of these
tests rather than as sctusl averages. Concentrabtions are ex-
pressed ss in Table V.

=Concertration: Percentage XKill :
r Nicotine :Pest l:Test 2:Test 3:Tegt 4:Test 5 :Average :
: 0.1 * 1C : 10 s 10 : 10 : CO : 10 3
: 0.2 40 30 : A4(2): 40 1 40 s 40
: 0.3 + 60 : 63(b): 60 3 60 : 66{a) : 60 :
H 0.4 : 88{(a): 70 :8 :8 :77{a) :° 8
3 C.5 100 2100 +100 2 = ! - s 100 :
: 0.6 1100 :100 P em e e + 100 :
H 0.8 1100 $ em L e ! - Fp—. : 100 :

(2} Nine larvae instead of ten.
{b)} Eight larvae instead of ten.

Tests on dihydrometenicotine indicate that it is less

toxic thar metanicotine but more toxie than hexzzhydronicotine.

The data for this compound is limited to two series of tests
end is not iIncluded in Table VI.

Ficotine tarmate is 2 comparatively inscluble nicotine
salt prepered by adding a water solution of nicotine to a
saturated water solutlion of tannic acid. &nalysis sh9Weé

nicotine corresponding to a ditamnate. % ”1inary”testa

indicate that is may have some value gs s stomach po
is also soluble enough.to retain toxleity as & conbtzet in-
secticide. Thls compound apparently has good sticking proper-

ties which recommend it as a spraying agent.
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Several tests were made to determine the relative tox-
icity of nicotine and nicotine sulfate by the dipping method.
The method of Tattersfield (46) was used with the exception
of the time of immersion, this being increased from ten sec-
onds to,onevminute. Fifty rice weevils (Calendra oryzse L.)
were used in these tests. Hortality counts were made thirtly
hours after dippling.

The results of these tests are shown in Table VIII.

Table VIII

Toxicity of Nicotine and Nicotine Sulfate

vassmtetmpase

“

+Concentration

- Percentage Kill :
sgm./ce.solution:  Nicotine :Nicotire Su fate:
: 0.C01 : 6% : 8% H
: 0.002 H 18 T g 2
: 0.003 : 30 s 17 :
: 0.004 s 55 z 33 2
H 0.C05 : T2 : 50 b4
: 0.006 : 89 H 77 2
: 0.007 : 98 s 95 :
: 0,008 : 100 3 100 :

Fumigation tests were made on the rice»weevil {Calendra
oryzae L.) using several different concentrations of nicotine
vapor; over varying periods of time. The apparatus was simi-
lar to that used in determining vapor concentrations of nico-
tine over a dust. Concentrations were_élteréd by varying the

velocity of the air passing over the dust and by using bento-

e A e R A T A
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nlte to decrease the volatility. The temperature vag malin-
tained at 35°C, and the humidity adjusted to 70 per cent
relative humidity. One hundred to one hundred =nd fifty
Weevils were used in each test.

4Tter exposing the weevils to the vapor fdr the desired
period of time, they were removed to a clean open container.
Hortality counts were made thirty hours after the fumigation.

The data are shown in Table IX. |

Teble IX

Nicotine Fumigation Tests

ﬁp

: Time of : Percentage Kill :
: Ixposure - sConcentration :Concentration @ Concentration :
: __ Hours :1.82 m2./10 L.:2.48 mg./10 L.: 2.67 mg./1C L.:
: 0.5 2 T : 17.0 : 31.0 2
: 1.0 s 12.0 1 25.0 + .0 :
: 1.5 : 1 : 38.0 : : :
: 2.0 : 21.0 = 73,0 : 8.0 :
: 3.0 : 39,0 : 88.0 s 92.0 .
: 4.0 s 55.0 b 94.0 : 96.0 :
: 5.0 : T30 : 99,0 : 10C.0 H
: 6.0 : 80.0 H 106.0 T 100.0 e
: T.0 : 58.0 : : :
T 8.0 :  100.0 H z :
b = ——— e

wnvna. g
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Discussion of Resulis

While both pyrrole and pyridine are relatively non-
toxic to insects, hydrogenation of both moleculés incresgses
their toxicity. However, the hydrogeneted compounds are
distinctly less tokic:than nicotine.

In these studies it has been shown that kydrogenabtion
of nicotine to hexahyaronicbtine decreases toxieity almést
one hundred-fold. Rupture Qf the methyl pyrollidine rihg
without hydrogenetlon (metanicotine) decreased toxicity but
not so markedly as hydrogenation of the pyridine ring. EHy-
drogenation of the double bond in metanicotine decreased
toxicity and Tinally hydrogenation of both the double bbnd and
pyridine ring in metenicotine lowered the toxiciiy still fur-
ther. The order of foxicity as shown in Table VI is nicotine
metanicotine dihydrometanicotine hexahydronicotine octohy-

drometanicotine, o

LaForge {33) reporis pyridine derivatives of the type
of 8 -pyridylbutyl amine to be of a low order of toxicity as
conbact insecticldes. The <-methyl, o, -dimethyl, and L
phenyl pyrrolidines and their ¥-methyl derivatives (34) were
.also of a low order of toxicity ito insects,

From the Toregoing considerations it would =ppear thet

the toxicity of nicotine is intimately bound up in the mole-
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cule as a whole rather than ln any specific part of it. 1In
~ the literature it has been stated that J-nicotine is less
toxic to the higher animals than f-nicotine (17). ¥Nicotine
is peculiar in that the salts of the A-nicotine are dextro-
rotatory while those of A-nicotine are.laevo-rctatony.‘ It
nay be that the toxicity of nicotine is intimately connected
With 1ts spafial configuration as well as its constitution.
Hexzhydronicotine and octohydrométanicotine both contain an
asymmetric carbon atom and should be optically active, al-
though neither has been resolved.

The dissociation constants of some ¢f the substituted
oyridines are reported in the literature (48). TFroz the tox-
icities of the few compounds of this nature reporied there
appears to be z relationship between the ionizatlon constant
of the base snd its toxieity. There is not sufficient data
on either the dissociaﬁion constants or the Loxicity of these
compounde toc warrant any conclusions, However, It is inter-
esting to note that the dissoeciztion constanf-of the pyrrol~
idine nitrogen in nicotine is reported as 7 x 10! (49). There
are practically no dissociastion constants of orgznic nitrogen

6 8

compounds fzlling between 107° and 107~ revorted in the liter-

(48) Scudder, Conductivities and Ionization Constants of
. Organic Compounds (D. Van Nostrand Co., 1914).
(29) Xolthoff, Blochen. Zes 162, 2835 (1925).
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ature; they apnarently being relatively unstable. Rupture
of the pyrrolidine ring by hydrogenetion and algo by benzoyl
chloride or acetyl chloride indicotes the instability of this
portion of the nicotine molecule. This may prove to be sig-
nificant in the physiological action of nicotine.

The relative tbxicity of nicotine sulfate and nicotine
as cqntact insecticides indicates that nicotine may gain en-
trance intc the body of the insect in some other way than as
the vapor. TFhile nicotine sulfa@eg being the salt of a weak
base and @ strong acid, must have a comparatively high hy-
drclysis constant, the volatillty of‘the nicotine from the
sulfate solution, however, ic very lovw comﬁared 0 that from
e free nicotine solution. Host of the work on penetration of
nicotine solutions into the body of insects hag been with so-
lutions of a dilubion of 1:2C0 or greater. I1{ is possible
that after concentration of the nicotine solutions by evapo-
raticn the surface tension would be sc lowered that it might
gain entrance through the tracheae as the liculd rather than
the vapor. Since nicotine has such 2 low vapor pressure at
ordinary temperatures this concentration would take place.
Tests for nicotine ss a residue may be easily obtained upon
allowing a 1:20C solution of nicotine to evaporate under at-
mospheric conditions, It is possible thest nicotine suifate

galins entrance in this way. De Ong (14), however, reports
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a large difference in the minimum lethal dose of nicotine
and nicotine sulfate when administered orally to chickens.

& large variation in the rate of action of nicotine ard
nicotine sulfate is noted in voth the spraying and dipping
tests. In the spraying tests the larvae tested become in-
active after zpproximately one minute while with nicotine
sulfate fivé minutes or longer is required before the same
condition is reached. The same generalization nolds in the

dipping tests.
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SUMMARY

Nicotine has been reduced catalytically with hydrogen
and platinum-oxide platimum black to glve both hexahydro-

nicotine gnd octohydrometanicotine.

Ketanicotine has been reduced catalytically to both di-

hydrometanicotine and octohydrometanicotine,

Hexahydronicotine, octohydrometanicotine, metenicotine and
dihydrometanicotine are much less toxic to insects (Lep-

tinotarsa decemlineata) than nicotine.

There 1s a small difference in toxiclilty between nicotine,
nicotine sulfate, and nicotine salicylate but not suf-
Ticlent to warrant the statement that the toxiecity of nico-

tine as a contact insecticlide is due to the vepor entirely.

The toxiclty of ricotine vapor has been determined for the

rice weevil (Calendar oryzae L.).
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