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INSECTICIDAL ACTION IN THE NITROGEN HETEROCYCLICS

INTRODUCTION

In the field of organie insecticides nicotine hes
long stood as one of the few compounds having marked insec~
ticidal properties. Ths sctive principles of the other
important organie insecticides which are extracts of pyree~
thrins from pyratkram.fzgwers and rotenone from derris root
do not contaln nitrogen. HNicotine is sccordingly the only
compound in the nitrogen heteroceyclics that has been widely
used as an insecticide.

Studies undertaken to determine the atomic linkage
responsible for the high toxielity of nicotine have been
without success and chemists as well as entomologists have
come %o believe that the high $oxicity of nicotine 1s due
to the peculiar molecular structurs of the compound as a
vhole rather than %o any single atomic linkage or grouping.
This idea is based on the fact that the few compounds close-
1y related to nicotine which have been investigated for
insecticidal properties and which appear from a purely
structural stendpoint to be only slightly different from
nicotine, have been of a low order of toxiciity.

Even if this concept were correct one would expsect
the existence of a series of compounds of gradient toxicity

approaching and even surpassing that of nicotine. Up to the
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ceity then nicotine as tested by C. He HRicharde
ammx%‘% but & higher toxleity than other simple pyridine
homologs. ﬁam’ﬁm&‘waﬁ not able $o aseribe ss high & rela-
tive toxicity to this compound when extreme care was taken
Yo rewmove all unchanged nicotine from the metenicotine. The
Lollowing pyridine derivaiives wers prepared by la Farga*
and kasﬁaé'ﬁy Richardaon snd Jhepard.

Gy, CHg CHz—CH,

AN | | A | | A '
¢ G— CHe, C C—Cf Sy © \?—-ﬂﬁi‘-ﬁﬁ |
s;ll 1 %g/ | c c ¢ a

on end

They were all found to have a relatively lovw order of toxi-
clity which indicated that the pyridine nuecleus was not the
main grouping responsible for the toxicity in nicotine. The
ing prrrolidine

same suthors prepaved and tested the follow

derivatives:

£ ©» He Richardson and He He Shepard, J. Apr. Hes., 40,

1007 {1950]). , 7

$ Harlan, Studies on lHicotine (Fh.D. thesis) Iowa 3tate College.
- Unpublished ¥+, ‘ ’ .

4 LaForge, J. Am. Chem. Soc., 50, 2471 (1928).
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Gﬁr!?& K/Cﬁ, GH;—CKK FHg
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CH,

Tinding them of a low order of toxicity although tests om
these compounds were made on the hydrochlorides. Harlen
and also Richardson and Emlths found hexahydronicotine to
be of a low order of toxicity. This evidence would support
the conclusion that the seat of toxieity in nicotine does
not lie In the pyrrﬂliaina ring. .

From these studies Harlan suggastad that the high
toxicity might be due Yo an accumulation of toxiaikiss Trom
the pyridine ring and the pyrrolidine ring as both are
known to have a certain degree of taxieity although he be-
lieved a greater part of the toxicity to lie in the pyrroli-

dine mucleus.

5 Richardson snd Smith, United States Dept, of Agriculture
Bulletin No., 1180. (1923).



The conclusions drawn from the two series of com=
pounds studied are in agreement with Tattersrields® idea
that the whole makeup of the nicotine molecule including its
spatial arrangement contribute to its potency.

The following investigation was undertaken on the
assumption that if & series of pyrrmiiéina ﬁ$rivativas were
prepared and their dissociation constents measured as well
as their toxicity to insects, a gradient correlation would
be found between the two sets of data. The dissoeiation cone-
stants would be expected to correlate with the former rela-
tionship reported by Hizon end Johns' between the orgeanic
amines and aclds and would be a éiﬁtinet eontribution in the
chemicel field even if it feiled to throw light on the cause
of the high toxleity in nicotine since the majority of the

compounds have heretofore not been prepared.

6 Tattersfield and Giminghem, Ann. Appl. Biol., 14, 217.(1927),
7 Hixom emd Johns, J. Am, Chem. Soc., 49, 1786 (1927},



CHEMICAL STUDIES

PYBROLE. Fyrrole is a constituent of coal tar and
is also present in bone eil. The separation and purifica=-
tion from either of these sources ls difficult and if chem~-
feally pure pyrrole is desired,synthetie methods of prepara=
tion are preferable. Of the several known syntheses of
pyrrole the only one worthy of mention is the convenient pyro-
genic synthesis from dry ammonium mucate which was first
discovered by SchwanertS. | |

Bell and Lepper® found that the synthesis could also
be accomplished by using ammonium saccharate instead of its

optical isomer, ammonium mucate. In these studies it was
found that the synthesis from ammonium saccharate is much
more troublesome as the neutral ammonium salt is very soluble
in water and practically impossible to obtain crystalline.
When a distillation of the viscous residue remaining upon
gvaporating its sq;utien was attempted the undecomposed mater-
ial largely came over into the receiver as a result of foam~
ing. Reduced pressure only increased this effect.

Goldschmiatt® was able to incresse the yield in the
distillation af-amﬁ@niﬁm;mnaate'%ﬁ forty or fifty percent of
“B Sohwanert, Ann., 116, 267 (1860).

9 Bell and Lapgar, Ber,., 10, 188l {1877}, ‘
10 Goldschmidt, Z. Chem., 280 (1867)% Khatinsky, Ber s 48,

2506 {1909).




the theorstical by the use of glyeerine as & solvent in the
distillation. The function of the glycerine is prﬂbabzy

in offering a means of even distribution of heat throughe
out the mixture. Goldschmidt®s method is slow and trouble=-
some end when the relative prieces of mueie acid and glyeerine
are considered, is no¥ es suiteble for the leboratory syn-
thesis as the direct heating of the dry salt,

Although the sxact mechanism of this pyrogenic re~-
action is not known, it was thought that heating under pres-
sure in en atmosphere of ammonia would inerease the yleld
of pyrrole. Accordingly 50 g. of the dry salt was heated
in a bomb to 240® Tor three hours under approximately lé@
1b. pressure of ammonia. The material was carbonized but
no pyrrole could be isolated. Evidently 1f the pyrrole was
formed, it decomposed at the temperature used.

The most convenient method of synthesis was the
following: 500 g. of mucle aclid was converted to the neu-
tral ammoniws salt with excess ammoniam, then filtered and the
moist residue subjected to dry distillation in an iron retort.
The pyrrole was extracted from the distillate with ether,
the ether evaporated off and the residue distilled. TFifty
cc. of a fraction boiling at 125«130° was oblained. The
yield was 32% of the theoretical.
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complete. The distillate was extracted with ether, dried
over potassium hydroxide, then fractionated. A yield of
33 g. bolling at 110-11R° was obtained. 35 g. N-methyl-
pyrrole~A-garboxy~-methylamide remained as a by product.
This compound was first reported by Bell snd Lapper.

- N-NORMAL~BUTYLPYRROLE. The method of preparation
was that of Rei@hstainxx‘&xcapt that mucle acid was used
instead of sesccharic. To 86 g. of mﬁaia‘aﬁid in enough
water to make a thin paste, 60 g. bgtylaminaréggﬁadﬂea,

Upon c¢ooling,the raaetien mixture salidzfiad. It was trapns~
ferred to a 500 oc. Claisen flask and subjected to distilla-
tion under reduced pressure (35 mm.)}. The distillate con-
tained 35 g. of an oil which was extracted with ether, dried
and fractlonated; 13.5 g. of oil distilled at a temper-
ature of 165~180°. The yield was 26% of the theoretical.

On a following run,aaing 200 g. mucic acid, the same proce-
dure was used except that the distillation was carried out
at atmospheriec pressure. 17 g. eru&a»ﬁmbﬁtylgyrrela~was
obtained in this case or & yield of 14% of the theoretical.
13 g, of the crude produect was\rafraetionate& and 11 g. of
oil distilling at a temperature of 166~168° collected, It

was & colorless oil with e very sharp disagreeable odor.

11 Reichstein, Helv. chim. acta., 10, 387 (1927}.
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N~BUTYLPYRROLE-o~CARBOXY~BUTYLAMIDE." The high
boiling residue from the above original distillation {21.5 g.)}
was subjected %o distillation under xﬁﬁﬁcaé preasure (155~
170° at 10~12 mm.}. The colorless distillate solidified.

It melted at 57° and eorystallized in needles from sn alcoholw
water mixture. ‘

An attempt teo hydrolyze the substituted acid amide
by refluxing over sirong caustic was unsuccessful as was
also en attempt using alooholic potash at 130°, The com-
pound was finally hydrolyzed by heating ten grams of the
amide for ten hours, at 200° in an alccholic solution con~
teining 8 g, of potassium hydroxide in 4@ ce. of 954 alechol.
After being heated, most of the alcohol was distilled off
and water added to the residus. Fractlonation of this mix-
fure by solubility in ether, aeid solution and basie solu~
tion yielded about one grem unchanged amide, N~butylamine
and an acid fraction. The oily acid fraction which was
Ne~butylpyrrole-o~carboxylic acld was finally characterized
by conversion to the acid amide., It was soluble in all
organic solvents end insoluble in water. The Ca, Ba and Ag

_salts were too soluble %o crystallize. 6 g. of the free

+ Reichstein reported a compound whieh eorresponded to the
above, as N-butylpyrrole-~q-iscbutylamide. No doubt it
is a typographical error since normal butylemine was
used in the synthesis of his compound.
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acid was subjected to distillation under € mm. pressure.
From the distillate 2 g. of an alkall insoluble oil was ob-
tained that distilled et 165~168° and had all the charaecter-
izties of §~buty1@yrxala., £ g. of the original acid was
present in the distillate., Evldently carbon dioxide splits
off guite readily from this acid. ‘ | |
N~BUTYLPYRROLE=o(~C ARBOXY~ACID AMIDE. To one cc.
of the free acid, an exceas of thionyl chloride was added.
After heating, as much of the exeess thionyl chloride was
evaporated as possible using r@éﬁaed pressure and heating
on the water baths The residue was dropped inte cold con-
centrated ammonia and the resulting oily mess extracted with
ether. The ether extract was evaporated to dryness and the
residue crystallized from hot weter, The vield is low.
M. P. 108°, o o o
Anal. Caled, for CgHigN,0: C, 64.9: H, 8.99.
Found: O, 64.98, 65,003 H, 8.52, 8,88,
N-PHENYLFPYRROLE. The method of preparation was
essentiaslly that af’Feistxa
ed with constant stirring, to an excess of aniline heated

s 200 ge of mucic acid was adde

to a temperature Jjust below boiling. This mixture was then

pleced in an iron retort and heated till no more liquid came

12 Peist, Ber., 35, 1655 (1302).
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over. The distillate was extracted with ether and the ani-
line removed by washing with a dilute solution of hydro-
ehloric meid. After evaporating off the ether, the residue
was distilled under reduced graaaﬁze; the yield was 25% of
the theorstical. N-phenylpyrrole colors slightly on stand-
ing. It erystallized from g&%:aiaahml in lustrous leaves,
melted at 60-61° and bolled at 234° as reported in the liter-
ature. ' |

A-SUBSTITUTED PYRROLINES. In the past & general
method of synthesis for d-subsiituted pyrra&&naa has not
been known., Clokel® described e rearrangement of r-chloro-
propylketimines to pyrroline &eri?a%ivgs and proposed this
as a convenient synthesis of -substituted pyrrolines. His
work wes devoted chiefly %o a study of the mechanism of the
reaction. The yields of pyrroline compounds formed were
particularly diseppolnting for the preparation of the ali-
phatic substituted pyrrolines. With a view to increasing
the yields, a study of his remction was underisken.

If we accept the mechanism given by Cloke for the
formation of the d~substituted py:rciinﬂsvaa indicated by
either or both of the following equationsg -~




w},:ﬁu

S
C1OHCH 4CH®C-R __ —s &/ (L.R
/ N oy’ ‘fﬁ

GlCH,CHgGﬁ:ﬁ*R

3:%}% \
cﬁ———cﬁ, » , fi}H-a——- CH

"K,f‘ﬁ ' ‘»ﬁﬁ

B c1 cY

v
<3
(Y
3
=

then it would seem that ring closure could be effected by
raising the temperalure of the reaction mixture containing
the addition product of the y-chlorobubtyronitrile with the
Grignard reagent without going through the steps of forming
the ketimine itself, The reactlon would them go according
to either or both of the following equations =-

C1CH,CH s
1CH,CH,CH=C-R
e —> i‘z{ o R+ HeEC
NHMgBr
G105 OF s Cily-F
Kugdr
1 |
ﬁ\ L « uemroy 5> CHg_

Agcordingly an experiment was performed in which
the ether was removed by distilletion from the phenylmagne~
siumbromide~nitrile addition product, and dry xylene added,



Suteq sumyos oY) ‘JJO [TASTP 03 POKOTIR JIOY3® oY} PUS postea
~o1 USY} SVA IOSUCPUOO XNTISXL UL °*SINOY OM3 JOF POXNTIOI
seM SINYXTW SYJ °*poOPD® UeSq PBY STLIITU SYL JO ISOW ueys
pegestdrosad sonpoad UOTLIPPR PIVUITAH GYL *PEpPRR SBA JOYle
Jo emmypoa Tenbs we UL STIIFTUCILANGOIOTUO=A Jo *F QT 81U
©J *euszueqoWOXq Jo *F 9G pue unIseudsm JO *3 9*g ‘Ieyje
mﬁﬁhﬂhﬁﬁw Jo o0 omﬁ pouTetues UoOTuUs pexedesd sea apIwOIq
~umiseudourfueyd Jo UOTINTOS ¥V  *ANTTOHYAITANHHI=)O
| . *gIH3 JO OSI0A0I OUY B DPBATIOD
ole Loyl YOTYA TOIJ sjuedusd pavudray ou) JO A4IATsoved Jo
J0pI0 8l *TROIZ&IO6Y] 8yl JO @ﬁﬂ pue g% *ag L1earroedsex eaw
outTosafdrLzusq-yp pus TAYe~-p ‘Thuoud-p JO SPTOIL oI *Ioges
ut £9TTIQNTOS 04 FULPIOOOE JISULe UM UOTIOBISXe IO UOTS
-eTTE}SID Wwess Joysle Aq eINIXTW ol WOXI POAOWSI o LTTIUe
ued surTeaxid eyz @v asjaoyus oeTe 81 sanpecosd eyl *suLieN
Furpuodsslrod BYY 0 SUTWIISYN 5y} Jo siefroxply Terssed g3
eJsl] SOUTS SOUTWILSY oyg yInory) Fuissed Aq peuIwiac oIE
ueys SPIeIL Ietteq usnw oeald eInsoTo FULI JO poUsew STUrL
sopImosqumisendewiteyd soa0oxs ou) UIIA eulToriid peany
~-13Eqns~-p ou3 JO UCTIoBeX £q pduzoj Futoq punodmod ISIIBT OUL
f opTmoIqUNTE SUB PU-N-ouL TOLL LA T Ausyd- 0 pUe TOIESH JO SINIXTH ®
A7qeqoxd ses YOTUM TBIJIOGBE SUIITR4eilolues $NOOSTA ¥ 8ATY
03 pejoes: ATUEpPNS BINIXTU SUL ‘ouTAX JuTIToq Jo WY DO

~yorosdde eanjexsdwes oUL WeUY *4UBISUCO SWATOA oY) Fuydesy

- wﬁf



- 15 =

maintained constant by sddition of xylene dried over sodium.
When the sther haed practically 21l distilled over, the mix-
ture suddenly reacted to give a solid semi~-crystalline mass.
The mixture was then treated with s solution of mmmonium
chloride and the xylene layer removed, The aqueous layer
was extracied once with ether and the ether extract added to
the xylene solution. The X-phenylpyrrolidine was extracted
frem the organle solvenis with & small volume of hydrochlorie
acid, the hydrochloric acid layer washed once with ether to
remove xylene and heated to remove the ether. If was $hen
treated wlth excess strong caustic solution, the oily layer
dried over solid potassium hydroxide end distilled; 11 g.
distilled at 120~130° under 18 mm. The yield was 55% of the
theoretical. Several grams of a high boiling residue were
left. The picrate melted at 158° as was reported by Gabriel
and Galaman;&,

A~ETHYLPYRROLINE. A Grignard reagent was prepared
from 8.6 g, magnesium, 38 g. ethylbromide and 150 cc.
anhydrous ether. To this was added 15 g. Y-chlorobutyro-
nitrile in an equal volume of ether, The mixture wae reflux-
ed for two hours, then the ether removed by distilletionm,
anhydrousg xylene being added to replace it as a solvent.

14 Gebriel and Colsman, Ber., 41, 517 (1908).
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After the mixture had reacted it was treated with 50 co.
water and the xylene decanted. The residue was treated with
caustie solution and steam distilled., After adding 15 ce.
concentrated hydrochloric acid to the distillate, it was
shaken in a separatory funnel with the xylene layer. The
acld layer was washed once with ether and concentrated to
a volume of approximetely 50 ce. It was then treated with
strong caustie, the oily layer drawn off and dried over
solid potassium hydroxide. The oil, emounting to 11 ce,,
was distilled; 6,5 g. of distillate came over under a temper-
ature of 140°, The yield was/éﬁﬂ of the theoretieal. It
gave a picrate which melted at 87° when crystallized from
absolute él&ahel‘ The gold chloride could be erystallized
from water strongly acidified with hydrochloric acid and
melted at 122%, 4 sample for enalysis was dried in a vacuum
&es&;aatar at room temperature. o=Ethylpyrroline was first
prepared by Baanat@atlﬁ‘hut the only derivative reported
was the chloroplatinate. N , A |

Anal. Caled. for C.H, NHAuCl,: Au, 45.21,

Found: Au, 45.21, 45.30.

A sample of the free oil with a constant boiling
point was obitained by recrystallizing the picrate and regener-

15 Dennstedt, Ger. 137,086, C., 1902, I, 338.
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ating, 12 g. of distillate and zﬁvg, of pleric acid were
added to 300 ce. @f'abaalute'aleshai‘ The alcochol was heat-
ed to effect solution and sleﬁly’aoalaa to the temperature
of ice water; 24 g. of crystalline pierate, melting at_&ﬁA
86° was filtered off. The whole was treated with 50 cc.
water containing 15 cc. concentrated hydrochloric acid,
heated to boiling, cooled, thaﬁ‘filtered and the picric acid
washed with a small volume of water, The filtrste was then
treated with strong caustic, the oil separating dried over
80114 potassium hydroxide and distilled. It distilled entire~
1y at 125-126° and welighed 5.5 g. It was a colorless oil
with a foul musty odor and did noi color on standing. It
is interesting to note that Hielsecher 16 was not able to
distil pure v -methylpyrroline arcvagathyl~ﬂ~maﬁhylyyrrolina
without aeeam@aaiti@n.’ Thaxa was no sign of daeompesition
during the distillation of pure &-ethylpyrroline.

In the literature it is reported’’ that oz-mthylpym-
line end compounds of like structure exist in water solution
in a state of eguilibrium, a molecule of &-substituted pyrro-
line reacting with one of water to form v-aninopropyl-substi~
tuted ketones. FPure t~sthylpyrroline, dissolved in a small
volume of wata:,dia'nat r@aat‘wit&~aithgr-phenylhy&razine"«

18 ﬁialsﬁhaz; Ber., 31, a77 (l&983¢
17 Lipp and Widnmenn, Ann., 409, 80 (lﬁlﬁ).
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or phenylsemicarbazide in the cold. However, when wermed
in a small volume of water for one héur‘ea the water bath,
equivalent quantities of X=ethylpyrroline and phenylsemi-
earbazide hydxeﬁhlériﬁa fommed a white s0lld which was
inscluble in water and elcohol and melted at 2&49,
X~BENZYLPYRROLINE, A Grignard Teagent was pre-
pared from 8.6 g. of magnesium, 45 g. of begzylghler;é@ and
220 ce, of amhydrous ether, 15 g. of r-chlorobutyronitrile
was slowly added and the mixturs refluxed for two hours.
The ether wes then removed by distillation and replaced as
a solvent by xylene. A4s aas)thsraase with the other two
derivatives prepared, there was no sudden separation of
solld material., When all the ether had volatilized, the
mizxture was heated for one-hslf hour and the X-benzylpyrro-
line recovered in the same manner as was X~phenylpyrroline.
3 g, of distillate boiling at 126~128° under 15 mm. pressure
was obtained. The yleld was 13% of the theoretical. It
was a colorless oil which repidly colored in air and was
soluble in all organic solvents bul inscdluble in water. A
pierate crystallized from an alcohol~-water mixture strongly
acidified with hydrochlorie acid, melted with ﬁecampésitien
et 125°, A sample was dried in a vacuum dessicator at room
temperature and immediately analyzed as 1t showed some signs

of decomposition.
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Anal. GCaled. for C, H, NHAuCl,: Au, 39,50,

Found: Au, 39.45, 359.43.

‘Caled. for G;;ﬁl@ﬂ: ¢, 82,8: H, 8.23.

Pound: €, 82,7: H, 8.61.

A reference to this compound could not be found in
the litersture.

 PYRROLIDINE. The methods reported in the literature'®
for the preparation of pyrrolidine sre all difficult amd
taéiaas. During the yr@grass of the studies reported below,
Anderson and MeElvainl® published their work enm the catalybic
reduction of pyrrole, In their work they used specially puri-
fied pyrrole, glacial acetic acid, a large quantity of plati-
nnm§QXiéa'Piazinnm black catalyst and shook the mixture con-
tiﬁﬁeﬁﬁiyifar four to five days.

The catalytic reduction is much more convenient with
the platinum oxide platinum black catalyst if absolute alco-
h&lﬁ&@&t@iﬁiﬁg-a 8light excess over an equivalent of hydrogen
éﬁi@@ﬁéﬁggiﬁ used as a solvent. With the latter solvent
Q,a‘g,;af:catalyﬁt gan be used for three successive reduc-

*”lﬁ Giamaaian and Magnaghi, Ber., 18, 2079 (1885).
Ladenburg, ibid., 19, 780 (1886), 20, 2215 (1887),
%a,i Schafer and Th&ila ibiéu, 38, 4157 (1906},

K&il; ibié., ﬁ%, 36&6 {l%%é).
Putoehin, ibid., 55, 2742 (1922).
Willstatter and Hatt, ibid., 45, 1477 {(1918).
Willstatter and Waldschmidt, ibid., 54, 125 (1921)
Hess, ibid,, 46, 3113 (1913).
19 - Anderson and McElvain, J. Am. Chem. Soc., 51, 887 (1929).
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tione of 10 ce. peortions of pyrrole. The reduction was
complete in six hours and the yleld was 80% of the theoreti-
cal,

Pyrrole, cbtained from Kehlbsum, although eare-
fully distilled, had a different odor from the synthetic and
probably was prepared from bone oili this product could not
be reduced by the above method, Commercial synthetic samples
‘raﬁaeaﬁ equally as well as that freshly prepared from
amionium muceate, Pyrrole not freshly prepared and color-
less reduced slowly if at all, The pyrrole was dried over
anhydrous calelum chloride or solid potassium hydroxide be=-
fore the final distillation.,

The platinum nride platinum black catalyst was pre~
pared asecording to the method of Adams end ShrinerC, The
shaking machine was a modification of that ordinarily used
in that the connections and tubing were all metal with a
rubber gasket for the botile. The reduction was started with
a pressure of approximately 90 1b. o

~ To 100 cc. of absolute aleohel, 0.2 g. of catalyst,
10 ce. of pyrrole, and a slight excess over an equivalent of
concentrated hydrochloric acid (6 cc.) were added. The

pyrrole reduced the catalyst at oncej previous reduction

20 Adams end Shriner, J. Am. Chem. Soe,, 45, 2171 (1923).
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dine derivetlives although several others ars known. They
are the following: f N

1. Reactlon of RX with pyrrolidine.

2. Reduction of N-substituted pyrroles.

3. Condensation of tetramethylene halides with
primary emines. ' | | A

The first method cannot be used for the preparation
of N-arylpyrrolidines, Piperidine when heated in a sealed
tube with bromobenzene to £50~-260°, gives a small yleld of
H*Ph@ﬁ?l?i@&?idiﬂ%zla The analagous synthesis fails with

yrrolidine although reaction takes place at 220°. Apparent-

ly ring ecleavege takes g&a&e under these conditions since a
very stable amine was isolated with too high a ratio between
hydrogen and carbon to permit of its econtaining a benzene
nucleus.

Contrary to the literature®> the first method is
not satisfactory for the preparation of most H-alkyl pyrroli-
dine derivatives, as the yields are low due to the formation
ef quaternary derivatives instead of tertiary. The yields
are influenced somewhat by the solvent.

Catalytic reduction of H-substituted pyrroles
using Adems and Shriner catalyst and alcohol acidified with

21 Lellman and Geller, Ber., 21, 2279 (1888},
22 Schlinck, Ber., B2, 952 (1899),
Clamacian and Magneghi, ibvid., 18, 2079 (18895).



- DR -

hydrochloric acid,as a solvent renders the second method of
preparation of Ne-substituted pyrrolidines very satisfactory
if the elkyl radicel is saturated, However with the aryl
or unsaturated alkyl Ne-substituted pyrroles, the double

bond is r@&ugaﬁ as well as the pyrrole ring. N-phenylpyrrole
was reduced gquantitatively to H~cyclohexylpyrrolidine. The
fact that the intermediate products could not be isolated
pure indicated simultanecus reduction of the two rings. The
N-substituted pyrroles are in general more easily reduced
then pyrrole, probably due to the faect that they are more
stable toward polymerization by ecid and do not thereby ruin
the catalyst as easily. | ‘

Jao P %ibaatgz'and Dedong and %1bautgé were suceess-
ful in eatalytically reducing a number of substituted pyrroles
using glacial acetic acid as a solvent. However thelr reduc-
tion required larger emountis of catalyst and shaking for a
longer period of tinme. _ _

Chemical reduction of pyrroles to pyrrolidines is
difficult although it has been accomplished®S, y

The third method is the only suitsble method of
the three for the preparation of aryl N-substituted pyrroli-

dines, However, it is not perfectly general. The condensa-

23 J. P, Wibeut, Rec. trav. chim., 44, 1101 (1935),

24. DeJong and Wibaut, ibid., 49, 237 {(1930).

25. Cismacian and Magnaghi, Ber., 18, 2079 (1885]).
Ciamacien snd Zemetti, ibid., 22, 659 {1889).
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tion will not take place with compounds of the type of ‘
ortho~toluidine, as is shown by the faﬁt<§ha% the analogous
condensation wi11~n§% teke place with pentamethylene bro-
mide™, Steric hindrance has been offered as the reason
for thisrbehaviar as the condensation will take place with
para~toluidine. , ,
N~METHYLFYREOLIEI§E. ‘The ﬁémeﬁhylpyrrula“wag ra-
distilled before reduction. To 10 cc. of N-methylpyrrole
in 100 cc. of ahso;uﬁe aleakol, 0.2 g,wﬁdgms and Shriner
catalyst and an equivalent of hydrochloric scid was added.
With pyrrole the catalyst was immediately reduced but not
with N-methylpyrrole. Evidenily the N-substituted deriva-
tive 1s more steble toward oxidation than pyrrole. in three
hours, practically the theoretical volume of hydrogen had
been absorbed. The calalyst was filtered off and the alcohol
removed by distillation. The rasidna Waa‘washe& with ether
and treated with solid potessium hydroxide $ill an oil
separated. The oil was dried over solid potassium hydroxide
and distilled almost entirely at 76-78°. A plerate crystal-
~ lized from alcohol melted at 220° as reported by Wibaut.
N-methylpyrrolidine has a stifling odor and a very high

vapor pressure at room temperature. Its vapor pressure is

99 mm. at 25°, This mey account for the emphasis in the

26 Scholtz and Wessermenn, Ber., 40, 857 (1907).
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literature placed on its physiclogieal properties.

N-p«BUTYLEYRROLIDING. To 100 ec, of absolute alco-
hol, 0.2 g. of catalyst, 10 co. of ba%yigyr?gla»ama 7 ©C.
of concentrated hydrochloric acid were added. Because of
the temperature at which butylpyrrole distils, there might
have been some danger of rearrangement, but if that had been
the case the catalyst at this point would have been reduced
since o~ and g-substituted pyrroles are very suscepiable to
oxidation. The catalysi, however, remained in its original
state t1l1l placed in ihe shaker. In five hours 1.35 moles
of hydrogen were absorbed which iz 88% of the theoretical.
The N-butylpyrrolidine was recovered and dried in the same
way as,ﬁumgthyipyrreliéiﬂaa A yield was obtained of 7 E»
eolorless oil distilling at a temperature of 153-153°%. It
is slightly soluble in water and has an odor similar to
pyrrolidine. A patent covering the synthesis of this com~-
pound by ring closure of dibutylamine has been issued to
E. C. Britton®’. 4 picrate erystallized in leaflets from
95% alcohol end showed a constant melting point of 124°,

An attempt was mede to prepare & chloroplatinate
by addition of a solution of chloroplatinic acid to the
hydrochloride of the free base but the salt appeared to be

27 V. S. 1,607,605 Nov. 23, 1917.
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$00 soluble to erystallize. 4 chloroaurate was prepared
by this method using chloroauric acid. It was very soluble
in alcohol but erystallized in yellow leaflsts from hot
water. It melted without decomposition at 78°.

Anal, Caleﬁ; farAﬁéﬁlvﬁﬁﬁnﬂlgz Ad, 42,13

Found: 42.14, 42.08. | |

N-CYCLOHEXYLPYRROLIDINE. As N~phenylpyrrole colors
slightly on standing, it was reorystallized from 95% alcchol
immediately before reduction. A 10 g. sample was dissolved
in 100 e¢c. of absolute aleochol, a slight excess over one
equivalent of concentrated hydrochloric acid and 0.2 g. of
catalyst were added. The reduction was rapid and was com-
plete in two and one~halfl hours, five moles of hydrogen having
been absorbed., The reaction mixiture was colorless and on
recovery in the same way as with pyrrolidine, a constant boil-
ing oil {209-211°) was obtained., The yield was quantitative.
It did not react with phenylisothiocyasnate. It gave a
picrate which on repeated crystallization from aleohol melted
et 163-184°, The hydrochloride was hygroscopic and not suit-
able for & melting point determination.

If the reduction was stopped when two moles of
hydrogen wers absorbed,6 cc. of an oil that aii not show &
constant boiling point {206~2347°) was obteined. It was
probably a mixture of N-phenyl and H-cyelohexylpyrrolidine.
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Separation by chemical means Tailed and all attempts at
fractional crysfallization of pierates gave only the
eyelohexyl derivaetive. | 7
The identity of the ayclahaxylpyrrglidina was proven
by a different synthesis as follows: Six ec. of pyrrolidine
and an excess of cyelohexylbromide were refluxed for two
hours,. Two layers were praaant, shewing that a reaction
had taken place., The base when recovered in the usual way
and dried over solid potassium hydroxide gave a small amount
of a high boiling fraetion. A plerate of this, crystallized
from aleohol melted at 163°. Mixed meliing points proved
its ldentity with that from the reduction product of N~
phenylpyrrole. , N
N~-BENZYLFPYRROLIDINE. This compound was first pre-
pared by 8@h1inckg£, He reported a nearly quantitative
vield which could not be duplicated by the same method. To
5 ce. of pyrrolidine, one-half equivalent of benzyl chloride
was added {a full equivelent gave a lawér yisld of N-benzyl-
pyrrolidine than a half). The mixture was warmed for two
hours on a water bath. Dilute hydrochloric acid was added
and the unreacted hallide removed by washing with ether. Upon
addition of caustic solution, an oil separated; when galiﬂ
potassium hydroxide was added, a third layer appeared. The
top layer was érawﬁ of P and identified as N-benzylpyrrolidine,
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It amounted to 4 g. or a yield of 40% of the theoretical,
1ts picrate melted at 128° as reported by Sehlinck. ,

The second layer which was the larger, was viscous,
inscluble in ether, very soluble in water, aﬁd'ragnired a
concentrated solution of potassium hydraxi@a to make it
separate. It could not be prepared in e form suitable Tor
analysis but iis properties are what would be expected of
&iban&?lﬁ?rréli&i&iﬁm,hyﬁrﬁ&&ﬂ&. _

N~-PHENYLPYRROLIDINE. To 8 g. of tetrsmethylene _
ehloride prepared frﬁm«pyrxelidin& according to the directions
of Draun and Baaaﬁkeaﬁ, twaeeéuivalenﬁs of freshly distilled
aniline were added and the mixture kept at 1009 for four
hours. On cooling, the mixture became solid with erystals.

A 41lute solution of hydrochloric acid was added and the
unreacted teitramethylene halide r@mé?aﬁ;by extrgctian with
ether., The free base was liberated by strong caustic and

the two layers separated. The excess aniline was removed from
the oily layer with benzene sulfonyl chloride in dilunte
alkali., The tertiary anmine fraction was axtraetad'with

ether and precipitated with dry hydrogen chloride. The free
base was then recovered and dried with potassium hydroxide.

It had a slight red color and did not resct with acetyl chlor-
ide. When 1t was subjeoted to distilletion at atmospheric

28 Breun and Beschke, Ber., 39, 4118 (1906).



pressure the boiling point did not remain constant, and a
colorless oil distilled over that reacted vigorously with
acetyl chloride. Evidently the p&rrali&ina ring must par-
tially rupture during distillation. The base showed a con-
stent boiling point when distilled under reduced pressure
{2-3 mm.) and 414 not react with acetyl chloride. It formed
a2 ehloroplatinate that crystallized from alechol acidified
with hydrochlorie acid,in yellow needles and melted with
decomposition at 174~175%, varying slightly with the rate
of heating. } o

Anel. Caled. for (8;ﬁﬁ;iﬁ},ﬁ,Ptcln: Pt 27.7.

Founds Pt 27.6, 27.7. -

A crystalline plerate could not be oblailned. Gﬁ
addition of an ether solution of oxalie agid to an ether
solution of the base, a white precipitate formed that could
be recrystellized Trom a mixture of acetone and petrolic
ether:s M.P, 156°, The only oxalate that corresponds to
the analysis is the tetroxalate with one«half molecule of
water of crystallization. 7

~ Anal. Caled. for G;aﬁ;,ﬁw%ﬁ)‘ 1/2 Ha0: C, 49.9,
H, 5.38. | S
Found: G, 50.00, 50.10. H, 5,46, 5.58.
In attempiling to prepare N-phenylpyrrollidine,

several other methods were tried withoui success.
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LB~S@&&?3§ has prepared the compound Nephenyl- & 0f-dicarboxy-
pyrrolidine. This compound evolves carbon dioxide when sub-
Jected to dry distillation under refuced pressure. Small
smounts of N-phenylpyrrolidine are produced but the method
cannot be recommended for purposes of preparation.

DRY EISTIILﬁTlﬁﬁ OF 00 *«DICARBOLY~N-~PHENYLPYRROLT -
DINE. This compound could best be prepared by the method
of LeSeuer. On dry distillation of do*-dicarboxy~N-phenyl-
pyrrolidine under reduced pressure, an oil with a slight
red color distilled over. It gave an oxalate that corre-
sponded with fthat of N-phenylpyrrelidine reported above.
Mixed melting points showed the oxalates to be identical,

REACTION OF PYRROLIDINE WITH BROMOBENZENE. ~ Ten cc.
of pyrrolidine was heated with an equivalent of bromobenzene
in a sealed tube at 220° for six hours. Ixperiment had
shown this to be the minimum temperature at which reasction
takes place. Two layers hed separated in the tube and on
recovery and distillation 6 ce. of 2 very stable oil (B. P.
£250-~256%) was obitained. It reacted vigorously with acetyl
chloride but a erystalline derivative could not be isclated.
It gave a non~hygroscople hydrochloride when dry hydrogen

29 Le Seuer, J. Chem. Soc., 95, 2%3 (1909).
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recrystallized from absolute sleohol and analyzed,
Anal. Found: C, 52.8, 53.1: H, 10.02, 10.05:
Cl, 26.43, 26.46. -

The ratlio of carbon to hydrogen is too high for
this compound to contain a benzene ring. When shaken with
water the free base formed leaf like orystals that melted
B8lightly above room temperature. It also gave & picrate with
a melting point of 155°, | B

N~PARA-TOLYLPYRROLIDINE, To 5 g of tetramethylene
chloride (boiling point 154-164°), 12,6 g+ of para~toluidine
wes added. Upon heating on a steem bath for ten hours, it
formed a solid mass of crystals that entirely dissolved in
dilute hydrochloric acid. The acid solution was washed
with ether, made strongly alkaline and the oily layer run
through a primary-secondary~-tertiary amine separation with
benzenesulfonylchloride. A yield of 4.5 g. of a tertiary
amine was obtained. It was dried over solid potassiunm
hydroxide and distilled at a constant temperature of 120°
under 8 mm., pressure. IV erystallized In leaflets from an
alecchol-water mixture and showed a constent melting point
of 42,5°. I% had e rather pleasant ofor.

A chloroplatinate was prepared in the usual way
but it could only be reerya&allizs&krr@m water containing

eonsiderable hydrochloriec acid as reduction took place in
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water alone. It showed a decomposition point of 175%.
For analysis the materisl was recrystallized and dried at
room temperature in a vacuum dessicator. 7

K -SUBSTITUTED PYRROLIDINES. Four goneral methods
can be given for the preparation of d-substituted pyrroli-
dines although several more are possible. They afe the
following:

1. Reduetion of d~substituted pyrroles.,

2. Reduction of d~substituted pyrrolines.

S5« Condensation of l,4adihai¢gaa~l*subsﬁituted A
butanes with ammonis, primary emines or unsubstituted emides.

4, Ring closure of l-amino-l-substituted-4-halogen
butanes. |

The first method would de very suitable if a satis-
factory method of reductlon was available, as the of~substi-
tubed pyrroles can easily be obtained, In this laboratory
the only derivative on which catalytic reduction was atfempi-
e was a mixture of o~ and p-methylpyrroles. The attempt
was unsuccessful. It is doubtful if any of the w- or 4~
substituted derivatives could be reduced using aleohol acidi-
fied with hydrochloric acid as a solvent. Substitution on
the carbon renders pyrroles more susceptible to acid and
polymerization itakes place %efara~xa&uetiaﬁ or at least far

anaugh te ruin the catalyst. Dedong and %iﬁantgé ware



successful In reducing d~substituted pyrroles to pyrroli-
dines catalytically using glacial acetic acld as a solvpnt
although Anderson and ﬁcﬁlvaiﬂlg were unsuccessful éiiig the
same solvent., If the substituting group contained a benzene
ring it was reduced %0 cyclohexyl.

A -substituted pyrrolines can be reduced both chem-
ically and catalytically to pyrrolidines. If it is desired
to prepare an o-substituted pyrrolidine with a benzene ring,
chemical reduction must dbe used as catalytic re&aﬁtienkﬂsing
aleohol acidified with hydrochloric aeid as a solvent will
also reduce the benzens ring. |

The third method of synthesis of A-substituted
pyrrolidines is perfectly general although synthesis of the
1,4-dihalogen butanes 4§ difficuls®, |

The fourth method is similar to the third. In the
synthesis of a~-substituted pyrrolines by the method of ‘
Cloke, r-chloro-substituted ketimine acetates are formed but
are in solution and are difficult %o isolate due to their
instability. It was thought that perhaps they could be re-
aﬁeaé te the corresponding amine eliher by chemical reduc~
tion by adding megnesium to the acld sclutlion or catalytically
in glaecial scetic seid solution using pletinum oxide platinum

30 Muller and Wacks, Monats., 53 & 54, 420 (1929).
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black catalyst. Both methods of reduetion were successful
in an attempt to synthesize d ~phenylpyrrolidine, the latter
gave & more pure product, The yi@ld,.hawsver, was not as
high as with the synthesis going through o ~phenylpyrroline.,
Hence no attempt was made %o extend the method of prepara- |
tion to dwalkylpyrralidiﬁeay_

(X~PHENYLPYRROLIDINE. The ccmpound was obtained by
chemical reduction ef‘d~phﬁay1pyrralina according to the
directions of Gabriel and Colemani4, ,1aFarge4.waﬁ unable
to aﬁtain,dupﬁaﬁylyyrraliﬁiaarby this method but synthesizged
ltha compound in another way. » A
’ Five g. of d-phaﬂylgyrrﬁlinﬁ Wa$~§éﬁﬁ& to 37 ce.
of concentrated hydrochloric actd and 27 g. of granulated
tin in en Erlenmeyer flask. As soon as the reaciion had
somewhat subsided, it was placed on the stesm bath for two
hours, The solution was decanted and the residual tin wash-
ed with water. The washings were added to the acid solution,
The solutien was then maede strongly alkaline and steam dis-~
tilled. To the distillate, 10 cc. of concentrated hydro-
chloric acid was added and the solution evaporated to a
syrup, A small amount of water and strong caustic was then
added. The oily layer gaavérigé over solid potassium
hydroxide and distilled; 4.5 g. base distilled at 120° under

20 mm. pressure. A picrate erystallized from alcohol melted
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at 148° as previously reported. A chlorcaurate melted
at 108~109°, .
METHYLATION OF A~PHENYLPYRROLIDINE. In attempting
to prepare duphanylmﬁamﬁthylpyrraliéine.hy methylation of 4
¢-phenyl~-pyrrolidine according to the directions ef’L&Farga*,
it wes found that large éuantiﬁieﬁ of the quaternary deriva-
tive were formed and purification by the Eiaéburg secondary-
tertiary smine separatlon gave a few drops only of a tertiary
amine when 5 g. of starting material were used. A plcrate
- prepared from the tertiary amine melted at 196°, This tert-
ﬁary amine in ether solution reacted with benzoyl chloride
which indieated ring rupture in analogy to nicotine. Puri-
fication of a~phenyl-N-methylpyrrolidine is for this reason
difficult and asnalysis is not sufficiently semsitive to show
the absence of large amounts of «-phenylpyrrolidine in the
¥-phenyl~N-methylpyrrolidine fraction. , ,
REDUCTION OF PHENYL~Y-CHLOROPROPYLKETIMINE., The
phenyl magnesiumbromide addition product of r»chlorobutyro-
nitrile was prepared as in the synthesis of of-phenylpyrroline
the same quantities being used throughout, ‘Glacial acetic '
acid was then slowly added till all the Grignard resgent was
destroyed, the ether decanted and the residue digsolved in
a8 little glacial acetic acid as possible. Af%er adding 0.3
g+ of platinum oxide platinum black catalyst, the solution
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was shaken in an atmosphere of hydrogen. In iwo hours
reduction was complete and the catalyst was filtered off.
Most of the acetic acid was removed by distillation using

a water bath end reduced pressure. The residue was then
made strongly slkeline and steam distilled. Recovery of

the base by making the distillate strongly acid with hydro-
chlorid ecld, evaporating to a small volume, treating with
excess strong caustic and drying over solid potassium hydrox-
ide gave 5 g. of base boiling at izﬁ”‘un&ew 20 mm. pressure.
A picrate melted at 148° as reported by Gabriel and Coleman

for A-phenylpyrrolidine and & mixed melting point confirmed

its identity. It is interesting o note that in this case
the benzene ring was not reduced. | ,
O~ETHYLPYRROLIDINE, This compound was first pre-
pared by Muller and Waaksaﬁ. It was prepared in this ine
vestigation by catalytle reduetion using Adams and Shriner
catalyst and absolute aleohol acidified with hydrochlorie
acid as a solvent. To 100 cc. of absolute alcohsl, 0.2 g.
of catalyst, & g. of N~ethylpyrroline boliling at 135*128?,
and a slight excess over an equivalent of hydrochloric acid
was added. In five hours reduction was complete, the
theorsetical amount of hyﬂrogan}h&ving been absorbed. The
base was recovered as was gyrraiiﬁina~an& &r1a& over solid

potassium hydroxide, It distilled at & consiant temperature
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of 122° and gave a picrate melting at 85° as reported by
Muller and Waecks. » )
A~PICOLYLAMINE. A review of the literature showed
that this compound hed not heretofore been prepared. 4ll
methods by whieh its synthesis was contemplated promised
too many side resctions as a result of the reactivity of
the pyridine nucleus except the method finally adopted which
is long and tedious., The steps are shown in the following

reaction:

c
0 H 1‘30 __H —

NNy c;/ B‘

o==c

N/G”CE 71 ~JH [

Tueaartsl has made a study of o~ and A =~pyridyl alde~

hydes and had carried the above synthesis to that pai;n‘b .

The procedure given here differs only slightly from his.
a(-stilbaéelg was prepared according to directions

of Lenart using 75 g. «-picoline, 110 g. freshly distilled

benzaldehyde and 37 € anhydrous zine ehloyide, Upom

31 Lenart, Ann,, 400, 95 11915).
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distillation of the crude stilbazole 95 g came over at
a temperature of 185~190° under 14 mm. pressure, or a
yield of 67% of the theorstical. The product was almost
colorless, o

For the ozonization &#f a commercial ozone machine
wes used. Oxygen, dried by bubbling through sulfuric acid,
waes ozonized by pessing through the ogonizer at the rate of
ppproximately 60 liters per hour and bubbled through the
solution of 30 g. stilbezole and 300 cc. concentrated hydro-
chlorie acid in an BErlemmeyer flask. The duration of ozon=
ization was 7-B hours. |

The separation and recovery of the aldehyde was
carried out according to Lenarts directions except that
the sldehyde was not recoversd as such, After potassium
carbonate had been added Vo mske the aldehyde separate, an
excess of hydroxylamine hydrochloride (4 g.) was added and
the flask warmed slightly. In ond-half hour the solution
wes cooled and the oxime filtered off end dried. 1In order

to renmove the in@rganie aal%g, the ecrude product was treat-
ed with 30~40 cc. of benzene, the mixture heated to the.
boiling point of the solvent and the benzene layer decanted.
Upon cooling in ice, 3.3 g. oxime was filtered off. TFrom
the reasction products some undecomposed stil&azgie was
recovered. The yleld is 33% of the thegretical. The oxime
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melted on repeated crystallizations at 113° as reported
by Lenart. It is quite soluble in warm water and can
readily be crystallized from this solvent. N

For the reduetion of d-pyridylmethanaldoxime 5 g.
dissolved in 75 ec. of 95% alecohol was treated over a period
of several hours with small portions alternately of glacial
acetic acld and zinc dust until 40 g. of acid and 40 g, of
zine had been added. The flask was allowed to stand 24 hours,
the zinc end zinc acetate were filtered off, and washed with
fresh alcohol. The aleoholic solution was then evaporated
to a thick syrup using a water bath and reduced pressure.
¥ater was then added and the evaporation repeated, after
which more water was added and a third evapgratioﬁvearriad
out in order to remove as much of the acetic acid as was
possible. The residue wes saturated with potassium hydroxide
and the oll coming to the surface drawn aff, The caustic
solution was subjected to steam distillation to recover the
base retained by the viscous solutien, and the base was then
recovered Irom the distillate as above, after adding hydro-
chloric acid. The combined fractions were dried over solid
potassium hydroxide and distilled; 3 g. of Qil distilled
at a constant temperature of 91° under 15 mm. pressure.

The picrate yre#igita%ﬁ@ from ether solubtion was
light yellow in color. On the first crystallization from
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alcohol it melted with decomposition at 156?. On the second
erystallization the compound erystellizing out was an orange
color and began to darken at 156”, finally melting at 190°,
It was unsuitable as a derivative.

The amine formed an oxalate from ether solutlon that
could readily be erystallized from alechol and melied at
167°. | - 4

The base formed & chlorcaurate that crystalilzed
nicely from water acidified with hydrochloric acid. Upon
teking a melting point it began to darken at 170° and
melted with decomposition at 204°., A sample for analysis
was dried in a vacuum dessicator at room temperature.

Anal, Caled. f&r-ﬂé&éﬁéﬂﬁﬁclés Au, 43,9,

Caled. for Cglgp(HAuClg)p: Au, 49.8,
Caled. for CgHgNpAuCl HCl: Au, 40.7.

Found: Am, 40.3, 40.1, 41.2. -

The 3e§aratg analyses d4id not agree very well among thgmn
selves but indicated a mixed hydrochloride-chloroeurate.

As the analysis of the chlorosurate was unsatis-
factory for identification, a chloroplatinate was prepared.
It behaved in solubility like the chloroasurate and was pre-~
pared in the same way. ;

Anal. Caled. for CgHoN-HoPtClg: Pt, 357.7.

Found: Pt, 37.7, 37.7.



O{-picolylamine was a colorless oll that had only a
faint odor and remained colorless for several days but
immediately gave & bright red color when a piece of solid
potessium hydroxide was added to it. It was soluble in
water in all proportions. 7

B -PICOLYLAMINE, A review of the literature showed
that this compound had not heretofore been prepared. Its
synthesis was open to the same difficulties as the synthesis
of its A~ isomer and the yields throughout were lower. The
method of synthesis was essentially the sane, henzaylmstaﬁ
nicotine, prepared from nicotine according to the directions
of Finae?33* being used as s starting point. Thirty g. of
benzoylmetanicotine were dissolved in 300 ce. of 15% hydro-
chloric aeid for ozonization and the synthesis from this
point carried out exactly as that of the o~ isomer. ¥hen
concentrated acid wes used as a solvent for the ozonizatiom,
the yield was lower.

P ~pyridylmethaneldoxime was much less solublc in
benzene than wes its 4~ isomer, It crystallized in needles

from this solvent and could also be arysta}lizaﬁ from water.

On repested crystallizations it melted at 148°, Lenart pre=-
pared the g~pyridyl aldehyde but did not report the oxime.




a total of 6 g, base distllling at a constant temperature
of 112° under 18 mm. pressure was cbiained.

A ohloroplatinate when recrystallized from water
acidified with hydrochlorie scid, 4id net‘mglt_at a temper-
abture as high as 320% although it darkened slightly. Enough
Tor analysis was dried in a vacuum dessicator at room temp-
erature. , _ o |

Anal. Caled. for Gﬁﬁaﬂzﬁgi’tﬁlsz Pt, 37.70.

Found: 37,75, 3%7.70. ‘

A plerate was not very soluble in aleohol but
erystallized nicely in leaves. It melied sharply at 211°
on repeated reerystallization.

’ /Qﬁgiaalylamima was a colorless oil with but a faint
odor. It was soluble in water in all proportions and formed
a solid carbonate when a drop was allowed to stand in the
atmosphere, ‘Unlike its g~ isomer it did not become colored
when potassium hydroxide was added to it.



MEASUREMENT OF DISSOCIATION CONSTANTS

INTRODUCTION

In reviewing the various metheds given in the '
literature for the determination of dissociation eonstants,
it was evident that the most accurate methed was that
deseribed by Carcthers, Biekford and ﬁﬁrwitzaag By this
method the dissociation constant was calculated from the
hydrolysis constant whiech is squal to the hydrogen lon con-
centration when the base is half neutralized. The hydrogen
ion conecentration can be best determined throughout a series
of compounds, which will give et partial neutralization
solutions warying from basic to acidic, by a hydrogen elect~
rode. B | |

, In attempting to mecsure the &issaai&tien constants
of N~phenylpyrrolidine and N-p~tolylpyrrolidine 1t was found
impossible to use the method of half neutralizetion. Both
compounds are very weakly basic and very inscluble in water.
It was impossible to get them in solution by any amount of
a¢id less than an equivalent. In these cases, affer adding

an exect equivalent of hydroehloric aeild to the free base,

38 Carothers, Bickford end Hurwitz, d. Am. Chem, 8&c.,ié§;'
2308 (1e27).
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the soclution was mwwawmm.wa a known volume and the pH
measuraed. If the weight of base added and the volume is
known, the total concentiratior of base existing as free
base and as salt could be caleulated. From these data the
dissociation constant was caloulated as follows: If the
equilibrium expression for the hydrolysis of the neutral
salt is writben we obtain

B'C1” + H,0 & — BOH + HoL” or

(Cpar) (o*)(Cga-) Ko
TCB*)1(Co1-) (Cn,0) Kpva =l

The concentration of chloride ion is constant, that of water
essentially one and the concentration of hydrogen ion ob-
tained by awmms&mﬁmﬁa‘ From the w%&aawww»m equetion the cone-
centration m% free base is the same as that of hydrogen ion
and of unhydrolyzed base equal to the total concentrationd
base minus the hydrogen lon cencentration. The above k
exprassion is then

(g . . Emo
(Cpase~CH+) “aya B
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EXPERIMENTAL

For measurement of dissociation constants it was
neaa#aary to obtain the compounds in a high state of purity.
Ho steps were faken to specially purify pyrrolidine,
a-ethylpyrrolidine, a-phenylpyrrolidine, a-picolylemine and
A-picolylamine other than thet already reported in their
synthesis. They were all prepered by one step synthesis
from pure compounds. The tertiary amines, Nephenylpiperidine,
Necyelohexyl, N-benzyl, N-methyl, N-butyl, N-phenyl and Nep=
tolylpyrrolidine were all run through a Hipsberg primary-
secondary-tertiary amine separation. «&-ethyl-pyrroline waes
especially purified as described under its preparation.
Nicotine was purified by erystallizetion of its hydrochloride
Tfrom absolute alechol-acetone as deseribed by Harlen and
ﬁix@aaém From the hydrochleride the free base was regener=
ated. All eompounds messured showed an sbsolutely constant
boiling point.

Swall smpules wers filled by distillation of from

5 te 15 ce. of the purified compound as described by Wareoo,

34. Harlan and Bixﬁn, J. Am, Chem. 3&@., 53, 5388 {1930}).

35 Were, The Eleciron Sharing 4Ability of Organie Redicals~
Orthochlorohenzyl Radiesl, Ph. D, thesie, Iowa State
College. Unpublished M. 3.



The Tirst compound measured was gyrralidine, It
was found necessary in order to remove zll traces of water
from the base, to add small strips of metallic sodium to
it in the distillation flask and after allowing it to
stand in contact with the.soﬁium for several hours, to distil
directly into the receiver. Solid pptassium hydroxide fail-
ed to remove as much as two p@fﬁ@n@fﬁ&%&r from the bﬁsa',
This method of drying was used in all the other derivatives
measured. -

In the case of the pyridine derivatives,sodium |
polymerized the matverial guite badly, and they were not allow-
ed to stand in contact with it long. However the material
which distilled over showed a high degree of purity. In the
case af<¥*pieelyiamina, the distillate was slightly colored.
A second distlllation was run in which the material was drled
over solid potassium hydroxide only and distilled perfectly
colorless. Electrometrie titration ahcwaa'bath rns to be
sgually pure. 7 /

Befors distilling, in order to ascertain if the
system was air tight, it was evacuated with an oll pump.

The air in the system was dried by passing through concen-
trated sulfuric acld. After distillation the ampules were
sealed as quickly as possible. To prepare for sealing the

bulb of each smpule was ﬁmarsaé in warm water and then in
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c¢old, The expansion and contraction removed the free base
Tfrom the mouth of the ampule end allowed it to be sealed
easily. After being saala@, sach bulb was washed first in
aleochol and then in ether. Each fraction was tested for
purity by titrating against 0,0655 normal hydrochloric acid
standardized against sodium carbonate using sodiun alizarin
sulfonate as indicator, If the purity fell below $9,7% the
compound was rejected. o ,

Very weakly basiec compounds such as N-~phenylpyrroli-
dine which are also very insoluble in water will‘aah give &
satisfactory end point in titration. No check could be made
on the purity of these compounds except that they showed a
very eonstant belling point. A color change sharp enough for
a satisfactory enaslysis of nicotine, f~picolylamine and
A-picolylemine could not be obtained. This behavior is pe-
culier as aniline, a weaker base and less soluble, will give
a sharp end point, The purity of these three compounds was
proven by electiromeiric titration.

| Before the hydrogen ion concentration of a solu~
tion was determined the hydrogen electrode was always check-
ed by messurement of the pH of a 0.05 normal standard
potassium acid phthalate bulfer solution. The velue of the
solution was alweys checked by duplicate clecirodes agalnsi

both 0.1 normal potassium chloride and saturated potassiunm



chloride calomel half cells. The temperature was maintaine
ed constant by use of an air bath with a variation of not
more than plus or minus 0.2° or a watéer bath with the same

variation,
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Pyrrolidine
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108.1
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1/2
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if@ equive
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1
1/2

1/2
ﬁqni"i? '
1/2

4768

‘113 equiv.
sqniv;\
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1/2 equiva
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eqaiv;v

aq&i%;

lag x IGF&

il

% lﬁ“ﬁ

1.5 x 10

2,3 x 10

1.1 x
X

1 equiv.

1x 10
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DISCUSSION OF RESULTS

‘The data are shown in Table I. The method for
measuring dissociation constante leaves much to be desired
yet it is the most acourate method in use at present. 1In
measuring the pH of some of the solutions the E.M.F. soon
reached a maximum snd then showed a gradual drop ia&iﬁating
electrode poisoning. However, the results eould Qas&l? be
dupliceted on another g@iﬁti@n of the samé h&ae»éﬂé the
slectrode showed the correct value when placed in the standard
phthalate buffer solution immediately after use. The solu-
tions in general did not accurately follow Gstwal&%rﬁilu~
tion law for those that wers one~halfl neutralized showed
some change inVKh when measured at different dilutions.

| The accuracy of Gar@%hﬁr&.m@ﬁ&oﬁ of determining

dissociation constants depends to a large extent on the fact
that at partisl neutralization the free base acts as a
buffer and small errors in the smount of acid added are
negligible, When it was necessary to completely neutralize
the base in order %o get it into solution it is evident that
tﬁﬁ accuracy is much less sinece by the method of calcula-
tion the error made in measuring the hydrogen lon concentra~
tion is squared. ; e

| In the firé#wggg§?.éfliﬁﬁAééfiés ﬁy Hixon and Jchn$56
36 Hixon and Johns, J. Am. Chem, Soc., 49, 1788 (1927).
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the avalladble data in the literature were collected and a
mathematical relationship pointed out between the dissocia=~
tilon constants and between the free energles of tonization

of the five series R(NH,), R(COCH), R{CH,COO0H), R{CH,CH,COCH),
and R{OH}., In PFig. 1 the data are presented graphically to
show that the same relationship holds for the N-substituted
pyrrolidine series R{Géﬁaﬁ); The values of electron sharing
ability plotted on the abscissa are obtained from the literw
ature as described by Hixon and Johns. The only poor
agreement between the wvalues for the radicals given in the
listerature and those obtained by the pyrrolidine series is
that of the %&diaal/paratmlyibwhiﬁh is not significant

when the acocuracy of the value given for the dissociation con-
stent of N-p-~tolylpyrrolidine is considered. It is a compound
very insoluble in water end weakly basic, Hence it was
necessary to completely neutralize the base and to use a
larger volume of water in order to get it in solution. I%
had been predicted that the value of the aieetven sharing
ability of hydrogen as shown by pyrrolidine would not be the
same as that shown by the primary amine series since in the
acid serles formic acid shows a dissociation constant not to
be expected from the primary amines. This vari&tieﬁ iﬁ
hydrogen can best be atiributed to its small size and mess.

In organic chemistry the first member of a hamologous series
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is ordinarily comsidered abnormal.

On the greph an examination will show thaet there
are valuasrlaaking between the value for p-tolyl and benzyl
or dissocistion constants between approximately 5 x 10~
and 5 x 19*3; The primary amine curve can be practically
superimposed on this curve amd a survey of the litsrature
shows that there are few dissociation constants which will
have a value in this range., The scarclty of data may indicate
thet amines of this type are difficult to synthesize due to
instabllity., It is known thai the terpene amines are unstable
end upon distillation split out ammonia. From their structure
it may be predicted that they would have a disscclation con-
stant falling in this range. Glucose amine, an unstable
emine, has & dissociation eonstant of 107 . Nicotine, having
a dissccliation constant of 9 x l@f’, is a very reactive com-
pound and difficult to synthesize. If such a range exists
for sach series of compounds whether it be an unstable range
or not, it will fall when plotted as the pyrrolidine series
waé plotted, in spproximately the same place with slight
deviations either te the right or to the left.

The chemistry of the tetrshydropyridines and pyrrow-
ltnes is interesting in the light of a postulated unstable
range as we substitute inereasingly negative groups on the

nltrogen. The only compound of these series of which a
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dissociation constant is measured iso.~ethylpyrroline, It
has a value 2.7 x lﬁ“' and is quite a reactive compound.

On & basis of comparison of structure it would be predicted
that other derivatives of pyrroline as well as the tetra-
hydropyridines would have a &is&&ei&tiaﬁ,eanstaﬁt in this

lgFmeﬁhylpFrreline is

range. According to Lipp and Widnmann
not stable as such in aqueous solution but exists in the

following ecuilibriunm -

Substitution on the nitrogen increased the tendency to react
with water, a negative group haviag'mnra influence than a
less negative, An analogous equilibrium was found with the
tetrahydropyridines. It is evident that with these compounds
there is not enough affinity in the nitrogen atom to make
the ring stable.

The evidence at present is not sufficient to say
conclusively that there is an unstable range since the
observations are entirely qualitative in nature. It should
also be emphasized that the emly measure of affinity recog-
nized must be on the basis of free energy. It is impossible

to obtain such & msasure where an irreversible reaction is
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concerned. However, if such en unstable range does exist,
a few cases of so called steric hindrance could be explain-
ed simply on lack of affinity. Fentamethylene chloride will
condense smoothly with aniline to form Nephenylpiperidine
(K = lﬁ”si but if we substitute the more positive radical
orthotolyl for phenyl the condensation will not take place.
On the basis of the electron sharing ability of the radical
orthotolyl 1t would be predicted that the dissociation com~
stant of Neo-tolylpiperidine would be approximately lﬁf'»
The chemistry of nicotine may be considered more

in detail., If has the following structural formula.

. ?ﬁs_;.-g’
W Y "W Wy
Oing

e CHl,

It rescts with benzoyl chloride vigorously at room temper-

ature to form b&ag@ylmataaieatinﬁgi, which 1s3

" Ng—c ¢
| | HE— GeCelly
5 CHa
An analogous reaction tekes place with benzeno-
sulfonyl chloride yet this reagent is used extensively in
orgenic chemistry to separate tertiary amines from secondary
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amines assuming that tertiary amines will either not react
or form only unstable addition products. |
Catalytic reduction of nicotine hydrochlorides at

room temperature yields 72% of octahydrometenicotine which

is:
caﬁggéﬁ*—cﬁ,cﬁacﬁ,cﬁm{; *
CH, CH
W
H

These two reactions show that the most reactive
point in the nicotine molecule is the carbon-nitrogen bond
in the pyrrolidine ring in which the carbon atom 1s substi~-
tuted and is a tertiary cerbon atom.

If the dissociation ecomstant of nicotine whieh is
g x l@”q and the dissociation constant of a~phenylpyrrolidine,
4 x ma“’, are considered, it is evident thet the g-pyridyl
radieal is mueh more negative than the phenyl. An objection
to this statement may be reised that the two are not strict-
1y oomparable since nmicotine has a methyl group on the
nitrogen, yst methylation of pyrrolidine, which has much
less mass than a-phenylpyrrelidine changes the dlssoclation
constant only from 1.3 x 10”7 to 1.5 x 10°. An approxi-
mation of the change in dissoclation constant caused by
- methylation of #-pyridyl- «~pyrrolidine cam be made by com=
parison of the value of benzylamine (2.35 x 19*‘)* and



benzylmethylamine (3.8 x 10~ ).*

Nitrogen 1is ordinarily considered to be positive
in en organical radical and on this basis it has been pre-
dia%aﬁz? that the pyridyl radical would be more positive
than the phenyl. Hawever, it has also been pointed out that
the pyridine ring is very nagativaaaa

A comparison of the dissociation constants shown

in Table II will support the latter conclusion.

CGHOHMNH, 5 x10"

_ lothylamine O HyCHCHNH, 6,78 x 107
Benzylamine Gyl CH, M 2.5 x 107
ﬁ#thaéhlarﬁbﬁ#xyiaminﬁ‘.Qwéiﬁ*gwgg;ﬁg; " ,,6.1 1@;& + 4

e - , e i : : o
A~picolylamine £ -+CoH JNCH NH 1.3 x 10
o=picolylamine A~C yH NCH JNH 5 1 x‘lﬁ

~,
5+

¥ Obtained from the literature.

37 Rath, Ber., 57, 840 (1924}, ‘
58 Marckwald, Ber., 26, 2867 (1893).
++ Values obtained from literature.
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If we plot a curve for the RCH NH, series against
the electron sharing ability of the radicals as determined
by the RNH; series, we obtain a curve which can be extra-
polated to give an approximate value for the electron shar-
ing ebility of the pyridyl radical as shown in Fig. 2. The
slope of the curve when an intervening CH, group is insert-
ed is not as great as the primary amins-&urva due to the
intervening ~-CHy group end hence the sensitivity of the
determination of electron sharing abllity is much less.
Bowever if an attempt were made to locate a pyridyl radical
on the primary amine curve by measurement of the dissocia-
tion constant of pyridylamine, the constent for the substitu~
ting nitrogen would be So near that for the value of the
pyridine nitrogen that the result wéﬁlﬁ ba«ina@nelaﬁivaggt
The curve does show conclusively that the pyridyl radieal is
roughly as much more negative than the phenyl as the phenyl
is more negative than the methyl.

The substitulents on a carbon atam attached to a
negative radloal are generally considersd te be more re~
active. The reactivity of benzyl chloride, bromide ete.,
is explained on this basis. iﬁ'tkg case of nlcotlne,

39 Wibeut and LaBastide, Verslag. ikad. Wetenschappen
Amnsterdam, XXX Mo 6. (1927).
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the carbon atom starred has a very negative group, the
p-pyridyl group, attached to it, en aliphatic group having
some degree of negativity, snd an amine grouping. It is %o
be expected thaﬁ its substitusntis would be very reactive.
This explains the unususal chemiecal reactivity of nicotine
and the ease of rupiure of the carbon-nitrogen linkags.

loreover an amine grouping is not positive in com~
parison to unsubstituted radicals, If the relative dissocia-
tion constants of hydrazine, 2 x 10 =, ammenia 2 x 10™ *
and ethylensdiamine, 8.5 x 10™ *, are comsidered, it is
evident that the direct atiaechment of an NH, grouping lowers
the basicity., In pyrrols if the methylene groups are re-
placed by ~N= groupings the acidity is increased. Tetrazine
is acidic enough to turn litmus red.

From the infarma&iﬁh that the pyridine radical is
extremely negative, ﬁamsffurthsr igteresting‘pyriéina‘ehamw

istry can hﬁ‘axglain%ﬁ"'Xf‘w@‘ﬁﬁﬁﬂiﬂﬁr‘$ha'éiasaaiatiﬂn~'~

+ Values obteined from Landolt Bornstein tables,
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constant of the compound CH,C3CCOCH, we can place a rough
value on the electron sharing ability of the acetylenic
radical, HQsC~, It fells in the same range as the pyridyl
radical. Pyridine on the basis of its structural formla,
contains no ective hydrogen, yet its reaction with metallic
sodium hes long been known®®, Undoubtedly acetylene owes
its ability to faaat with metals to the very negative pro-
perties of the HC=C= radiecal and it is likewlse probable
that pyridine forms the isomeric éiyyriﬁyls through removal
of sodium by oxygen from the compound pyridylsodiwm. The
fact that there is reductlion to the campen&ﬁ‘nagaieetin&4l
during the formation of the dipyridyls indicates liberation
of hydrogen.

_ 1f pyridine chemistry is considered f{rom this stand-
point it is not extreordinary that pyridine forms peculiar
complexes with many mefallic compounds and reacis with the
Grignard reagent althﬂagh”many'ef‘its reactions cen be
explained on the basis of complex ammonium compounds.

From dissociation constants of the two a~s&§stitntaﬁ
pyrrolidines d~ethyl and o~phenyl, which are alsc plotted in
Fig. 8 it is evident that the slope of the curve for d=-substi-
tuted ‘pyrrolidines is identical with that for the ROH.NH,

40 C. H. Smith, d. Am, Chem, Soc., 46, 414 (1929).
41 C. R. Smith, J. Am. Chem. Soe., 53, 277 (1931).



series. It is not surprising when the similar struetures

¢
R = CH, | R - CHy CH,  R=C C
\ s \ / , ‘w

NHg N H

H
are considered although neither the effect of ring formation
nor substitution on the nitrogen in RCH,IH, to make a secondary
amine, has been shown.
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ELECTROMETRIC TITRATION OF NICOTINE, A~PICOLYLAMINE
AND @%PICOLYLAMINE

- In the titration of these compounds using sodium
alizarin sulfonate as inﬁieatar in proving the purity of the
bases before ﬁet@rmining dissoclation constants, a sharp
colof change could not be obtained at the neutralization
point. In the hope that some light would be thrown on the
reason for this and also as g check on the purity of the
semples,electrometric titrations of the three bases were
carried out. The titration curves are showm in Fig, 3.
Pyridine was tiirated also in order that its curve might be
compered with that of nicotine. o |

In earrying out these titrations, an ampule 9:e§araa
as described under the determination of disscelation con-
stents, was broken under water in the titration beaker. The
purity of all the compounds checked the theoretical within
the experimental error if the base was consldered monobasic.

The curves of nicotine, «-plcolylemine end #~-picolyl-
amine are similar in type and are plainly the curves of mono-
acidlic bases. They give absolutely no indication of a second
bresk where a weak break should be sxpecied for the pyridine
nitrogen. Iﬁ is evident when a comparison is made with the

pyridine titration curve that the basicity of the pyridine
nitrogen is lowered by the substitution.
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size, is comparatively long lived and does not reén;ra very
close attention to rear. It does not have pulvilli, which
mekes 1t impossible for the inseet to climb out of a glass
besker or bottle, snd although it has énitﬁ well developed
wings, seldom attempts to fly. |

EXPERIMENTAL

¥ig. 4 1s a drawing of the apparatus used for
toxicity determinations. A and D. ere flowmetersi®
accurately calibrated. Since one flewmeter has only a
limited renge it was necessary %o calibrate enough flowmeters
to measure rates of flow varying all the way from 100 ce. per
hour to 200 lkters per hour. B. and E. are flasks or boitles
of approximately three liter éapaaiay which are smpty but

act as an alr cushion eliminating the fluetuations in the
flowneter reading dus to bubbling. | \

The bases being tasted are quite strong beses and
will absorb carbon dioxide from the atmosphere. They are
algo hygrescopic and will sbsorb water., Hence in order to
get a constant vapor pressure it is necessary %a Iremove

carbon dioxide and water from the gas which bubbles through

43 Craig end Richardson, J. Econ. Entmol., 23, 988-991(1930),
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the absorption bottle. ¥y G end H serve this purpose., F
contains strong saéi@m»hyﬁraxiéa, G is an empty cateh bottle
to prevent explosions if the system should suck back and H
is a ground glass gas abseorption battle eantainingvecnéen~
trated sulfuric acid. I is a three compartment potash
ebsorption bottle containing the pure base. In the calcium
chloride ftube on the side of the absorptlon botile is placed
glass wool to prevent spray from being carried over.

The various flasks were connected with rubber tubing
~ except from the absorption bottle I to the flask L, Rubber
will ebsorb large amounts of tha‘baaaa;vﬁeaes 1% was necessary
that the gas cmn%aiﬁiﬁg the compound d4id not come in comtact
with the rubber comnections. The joints from I to L were
fitted glass to glass as tightly as possible and the pileces
of rubber tubing covering the Joints dipped in molten
paraffin before being placed over the Joints. It would be
betteﬁ 1f these Jjoints were ground glass. However an analy-
sis of the gas going through L checked quite closely the
- amount lost by the saturating bulb I, when nicotine was used
as the test compound. The vapor was analyzed by allowing
the gas to bubble through hydxﬁehiarig aeié and aaalyaing the
resulting solution by the silicotungstic acid method.

As the gas from I is dry and frae.fr@ﬁ,a&rhan dioxide
meter A

it is necessary to insert the line coming from flow
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which carries air of & known relative humidity in order
that the insects will be exposed to an atmssph&xa not anhyd-
rous but of a constant humidity. The filter flasks ¢, CY
and C" contain sulfuric scid of the correct concentrationd?
to make the gas in M have & relative humidity of sixty per-
cent. _ 7

J is an empty ground glass stoppered gas absorption
botile which acts as a mixer for the gases coming from the
two sources. X i3 & glass T and L is a ground glass stopper=
ed Erlenmeyer of 125 cec. capacity with an inlet and an out-
let glass tube sesled inte 1t. It is the chamber in which
the insects are exposed. N is a filter flask containing
nydrochloric acid to cateh the base after it has served its
purpose, © leads to an ordinery water pump. Since over
Jong: periods of time the wetler pressure changes and thus
alters. the rate of gas which would go through the system,
it was necessary %o insert a device for sutomatically regu-
lating the pressure. The bottle N scts in this capacity. It
is a bottle approximately forty em. in height and is filled
with water. It is fiﬁ%&&-wi%h a rubber stopper through which
passes one arm of a glaess T reaching only barely through the

stopper and three glass tubes of three cm. diameter. The

glass tubes reach to the bottom of the bottle and are open

44 R, . Wilson, Ind. Eng. Chem., 15, 587 (1081).
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in large numbers on a piece of blotting paper. They could
sasily be brushed from the blotter into = beaker with a
cemels halr brush, This method of obtaining a sample gives
a random sample of varying ages. A4 hundred insects gives a
convenient aiz&é sample end was used throughout the experi=-
ments performed.

When the concentration of base desired in L was
obtained by varying the relative rates of flow through A and
D, the clamps were all closed as quickly as possible. The
inseets were dropped through & glass funnel into L and the
glass stopper replaced. The clamps except & were then
opened and the time noted., After the correct time of exposure
clamp 4 was closed to prevent sucking back and clemp & opened
which allowed a fresh current of air to immedistely flow
through L. The insects were placed in a small bottle contain-
ing a little cracked wheat and covered with cheese cloth.

The bottles were kept at a temperature of 30° for several days
and the dead counted. Each day a control was run. 4 con-
trol sample received the same treaiment except that the
inseects were noi exposed to the gas.

Throughout the experiments the time of exposure to
the gas was held constant and the concentration of gas ”
varied. The arbitrary time of 2 hours 38 minutes was select-

ed because the first compound tested, pyridipe, &t a maximum
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concentration gave a fifty percent kill when the insectis
were exposed for that time. o

For each compound tested enough runs were mede,
usually from eight to twelve, to plot a curve showing the
variation of percent kill with concentration, the curve
reaching from the unaffected range to the range where one
hundred percent were killed., From these date the fifty per-
cent kill point was caleulated using the statistical method
of evaluating biologiecal data given by Snedecor and wallacedd,
As the fifty perceat kill point is the most valueble point
stat&stiaally%g for comparative purposes, relative toxi-
cities of the compounds listed are based on it.

45 Correlation and Machine Caleulation, Official Publlication,
Iowa State College, Vol. 23, No. 35, 47 P., {1825},

46 J. 9. Trevan, Proc. Roy. Soe. {London) 101 B, 483~514
{1827). :
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RESULTS

Compound Cone. in g. per liter Dissociation
giving 50% kil dn 2 - Constant
» ] , N, 3'_58 m_{gn*, N
Pyridine L0346 107
Nemethyl : o
Pyrrolidine 0095 1.5 x 107
N-n-butyle : | —
Pyrrolidine 00109 1.5 x 10
N-phenyle- greater than ;
Pyrrolidine .000408 2 x 107°
X~phenyl- ‘ + -
Pyrrolidine , + 000245 4 x 10
Nicotine , 0000306 9 x 107

+ This result is not on the basis of 50% kill but is approxi-
mately correct. At maximum concentration obtalnable a
25% kill was effected in the time allowed, TFor all the
campounds tested the change in the concentration from 25%
to 50% was wery sllight.
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DISCUSSION OF RESULTS

¥hile the method used to determine relative toxieity
is slow and tedious yet comsidering the uniformity of dosage
for each insect it ahualﬂ permit quite accurate duplications
by other experimenters. If & strain of insects of equal
resistance is used the large number of test animals should
promote ageuracy, at least eight hundred insects being used
to test each compound. The chief limitation of the method
is that it can only be used for compounds that show consider-
able vapor pressure or high toxieity,

In any study of toxicity there are three variables
to take into consideration namely, concentration, percent
ki1l and time of exposure. In this study the percent kill
was held constant at fifty percent through the series as this
has been shown to be the most valuable polnt statistically
Tor comparative purposes in evaluasting blologleal data and
with the exception of the rirst compound, pyridine, the time
of exposurs was held constant, the relative toxieitles beling
nade to depend solely on rslative concentrations, While it
is permissible to hold the percemt kill constant at fifty
percent for reasons &tat&&, yet 1t may not be @n£irelyV
permissible to held the time of exposure constant since &

slightly different relative toxicity might be obtained for
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another time of axgaﬁareﬁv. The question involves rates of
penetration, respiration, ete. There are no data at hand

on the question but it seems probable that the same relative
toxieity would be obtained as a gas when the time of exposure
is not too small. | f | ‘

The number of compounds tested is not sufficiently
great to meke any far reaching ﬁtagaments~£a regard to the
relation of structure and insect toxieity, Howsver, it
does suggest a very profitable field in which further research
should be done. It is with this idea in mind that the Tfollow-
ing speeulstions are wade.

‘ Very little is known eoncerning the basic nature of
the cause of high physioclogical aection. Nicotine and related
compounds are thought %o act as poisons through paralysis
of the nervous system. Yet the basic nature of the nerve
stimulus itself 1s not known. As the field is one concern~
ing whiech so little is known the most that we can hope o do
at present is to point out a correlation of effect with some
chemical property or combination of properties.

..Iffthe nerve stimulus is ﬁha%iﬁal in nature it might
be prafitaﬁla to look far.&ﬁmerysinﬁ of unusual ch&micax
reactivity in the nieatins‘malaﬁulea Cn page %Q‘ef the
chemical sﬁaﬁiaﬁ‘it'waS’gaintea'aut’tgat‘thg'mga#'rgact;vaj

47 J.E.Allison, lowa State College J. Sel., Vval. 2, No. 4,
243-252 (1928). -
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point in the nicotine molecule was the C-N linkage starred in
the structural formuls,

Cﬁ H,
e\\c—————s

v
i
e’ g':ﬂ,,

and the explanstion for this high reactivity given that the
A~pyridyl radical is very negative and is able to require a
large amount of the affinity of the carbon atom adjoining 1t
which makes the C~N bond weak and very reactive. In the case
of h&xaphﬁayzathaneés the same condition in a somewhat higher
degree made it posesible to isolate the free ra&icai triphenyl-
metheh$. In this compound both cerbon atoms are attached to
three negative radicals and therefore have very little
affinity for each other. Compounds producing free radicals
easily have been reported to be very reactive physialagie&llyég.

The high chemical r@aetiviﬁy of nicotine would make
1t very easily oxidized or it would have a very low oxidation
potential., This is upheld by the faet that pure nicotine
rapidly becomes colored and absorbs oxygen when exposed té
the atmosphere at room temperaturs. |

Recently Smith, Eieharﬁﬁ@alanﬁ @hagarﬁﬁ
I8 Combere, Bor, 53, B150 (1900).

49 MWef, J+ Am. Chem. Sote, 26, 1549 {19%&), '
50 Smith, Richardsen and Eﬁapar&, de BCOMs . ﬁntamal., 25,

863 {1930).

aynthasizeﬁ
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neonicotine which is g-pyridyl~-a~piperidine and found it to
have a toxicity approximately equalling that of nicotine. A

close examination of its sirueturasl formuls,

, Géfﬁaﬁﬁx

e c:——-a!:}{ 'éﬁ,,

L LY

Qr°
shows that it should have the same reactive carvon-nitrogen
linkege caused chiefly by the g~pyridyl radical.

These authors found a-pyridyl-q-piperidine to be of
a much lower order of toxicity. This fact 1s particularly
disturbling, if we wish to correlate chemical reaetivify with
toxieity, in view of the faet that the dissocliation constants
of -picolylamine and g~picolylamine are so olose together.
Heonicotine should have approximately the same :saativity as
d~pyridyl-t/~piperidine from & aam@a:isan of the negativities
of the radieals, However, catalysis has much to do with
chemical reactiviiy ﬁﬁé concerning this we have no information,
The toxicity of a-phenylpyrrolidine is lower than

that of nicotine and 1t is to be expected that its chemical
reactivily would alsc be lower since the ?hﬁﬂyl radical is
less negative then the pyridyl. Its toxielty is greater than
the other pyrrolidine derivatives and its chemicel reactivity
should be greater. It shows some polymerization when heated
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