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1. Cotinine in CHCls, Infrared at 5.93 microns, I mm NaCl Cell. Figure 2. 02 Oxidation of Nicotine at 40°. o = Pure Nicotine; 
x = Added Oxynicotine. 

1 Fisher reagent and diluent were 
hed by Fisher Scientific Com-

~alytical Methods. Co,tinine was 
1mined 1by infrared spectroscopy 
g NaCl optics on a Perkin-Elmer 
el 112 instrument. The strong 6 

ron e.arbonyl band was used. Fig-
e 1 shows the ab-sorhancy vs. con
tration curve used in this work. 
C13 was used as ·solvent since 

cotine-CC4 solutions were ,found to 
unstable. One milliliter of nico

tine was diluted with CHG!, to 25 ml. 
and the absorbancy measured at the 
peak of the 6.0 micron band (11), 
.using an 85 micron slit width and a 
1.0 mm. NaCl cavity cell. Water 
bands were eliminated by flushing 
with dry air. Knowns ,containing 
cotinine, nicotine, and oxynicotine 
were used, and it was ,shown that the 
large excess nf nicotine and the oxy
nicotine do not interfere. Gotinine 
knowns in nicotine-CHClA were an
alyzed from time to time and cheeked 
to within 5% of the amount present. 
We noted that in CCI, solvent the 
cotinine carbonyl maximum was at 
5.86 microns, whereas in CHCl;1 the 
maximum was shifted to 5.93 mi
crons. We suspect a weak H-bond 
complex formed between cotinine 
ca,,bonyl and CHC!,. 

_Water was ,determined by Karl 
Fisher reagent in a Beck.mall Aqua
meter (12) using a diluted reagent 
corresponding to about 2 mg. H 20 
Per ml. reagent. The reagent was 
standardized both with wet methanol 
containing known weights of water 
and with known we-ights of hydrated 
sodium tartrate. The agreement be
tween methods was good and differ,. 
ences were less than 1 % . It was as
sumed that all the water from a 
kinetic run on nicotine oxi,dation was 
in the liquid nicotine since attempts 
to flush out the oxygen burette sys-

tern with dry N, through a weighed 
water-absorption ,tower yielded low 
and erratic results. It was shown that 
Karl Fisher reagent did not react 
with nicotine. In the actual proce
dure, 1.00 ml. of oxidized nicotine 
was quickly added to methanol sol
vent (previously titrated for H,O), 
and the titration was then carried 
out. 

Paper chromatography was used 
both for qualitative and for quanti
tative analyses. Descending chromato
grams were run in all cases. For 
most of our work, two -buffer systems 
were used: A. butanol-ethanol-ace
tate ( 50-10-40 ml. each component) ; 
B. butyl acetate-methano!-0.25% am
monia (95-5-25 ml. each component). 
The experimental Rf values found in 
this work are given in Table 1. Some 
chromatograms were run under pre
purified nitrogen but in no case was 
there any evidence of differences 
from chromatograms run in air. We 
conclude that no oxidation takes 
place during the chromatographic 
separation. 

For qualitative work the solvent 
system also contained a trace of 
p-aminobenzoic acid or its ·ethyl ester 
so that development of Koenig posi
tive spots with CNBr vapor would be 
facilitated. We thauk Dr. E. R. Bow
man for tbis helpful suggestion. For 
the qualitative identification work, 
oxidized nicotine containing 0. 04 
mole or less of 02 per mole nicotine 
-was used. Cotinine and oxynicotine 
were always found in oxidized nico
tine ,samples; in Buffer A, a low Rr 
spot, 0.1-0.2, was observed but not 
identified. The low R, spot appeared 
less at higher temperature (40°) e.nd 
might be a nicotine hydroperoxide. 
Nicotinic acid, nicotinamide, y-(3-
pyri,dyl)-y-methylaminobutyric acid, 
methyl amine, cotinine, oxynicotine, 
myosmine, and 6-hydroxynicotine 

(-Tobacco Science 29) 

were all us-ed as reference compounds 
in identifying the chromatograms. 

The 6.05 micron infrared baud of 
oxynicotine has a much lower absorb
ancy index than the 5.93 micron band 
of -cotinine, and the small quantities 
of oxynicotine present in our oxi
dized nioctine could not be detected 
by infrared. Because Buffer B offers 
wider separation in Rr v;alues, a tech
nique was developed using heavy 
Whatman No. 3 paper and cutting 
out the oxynicotine and eluting in 
0.05 N HC! (HC! gives better elution 
and higher ultraviolet absorbancy). 
The ahsorbancy of the eluate was 
then measured at 258.5 mil1imicrons 
(the experimental maximum) on a 
Beckman DU. The technique was 
worked out with knowns containing 
oxynicotine, cotinine, and nicotine in 
large excess. Although checks with 
knowns agreed to ± 10% of the 
amount of oxynicotine present, we do 
not feel confident of this method. The 
large samples that must be spotted 
to obtain sufficient oxynicotine for 
u.v. measurements are a major pro1b
lem. Although the cotinine and nico
tine ·are dearly separated in devel
oped chromatograms, streaking from 
R, 0.0-0.2 makes it difficult to be 
sure that some other compound is n_o,t 
present with the oxynicotine. In the 
dilute solutions run on Whatman No. 
1 we do not find this problem. 

Some experiments we.re done in 
which nicotine was treated with 
H,O,. An ,amount of H,O, was added 
to provide roughly the same amount 
of 0 2 as used in a typical kinetic ex
periment (i.e., 2 ,ml. nicotine ,and 200 
lambda of 30% by wt. concentrated 
H 20 2 solution, equivalent to about 
20 ml. O, at S.T.P.). Two hours at 
0° C showed no reaction, but ,at 45 ° 
C both oxynicotine and cotinine we,re 
found. 

Paper Chromatograms, showeid coti-
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-studies have· been. r,e
:'\autoxidatioin of ammes. 
:-:ed oxidation of an ali

. 
0 

has been reported by 
,n . h d 

05 ) to take place via Y ro-
forroation on the alpha 

e unstable hy,droperoxide was 
•-not iso1ated. Horner and Knapp 
proposed unstable hydroperox-

from the autoxic1ation- of cli
:vlaniline ,and ,1solat~d- the d1-
ide and its: decampos1twn ,prod-

is literature evidence doe,s s,up
our view of nicotine hy;dro·perox
crmation of the alpha-C. in the 
ethylpyrro-lidine ring. A sug
ed oxi,daition :scheme fa, shown in 
ure 3. F.urther questions. remain 
nswered. The· nicot.ine-H20 2 re
on needs further inves,tigation to 
rmine the ,cotinine and oxynico

ormed 1as a function of reaction 
ditions. It do-es appear that near 
m temperature about 20 % of the 

'Oxygen ;taken up by nicotine is con
'Verte·d to cotinine ( which in turn 
~hould produce H,O equal to 20% of 
!be oxygen), about 20% of the oxy

n goes into -oxynicotine ( which 
also pro,duces. an equivalent 1amount 

;af H,O, 20 % ) , and about 30,% ap
·.pears as H?O. Since the. sum o,f coti
'nine and oX.ynicoitine should appear 
\as H20, our H 20 results ar,e 1so-mei
what low (20 + 20 = 40 % expected 
vs. 30% found). We believe the coti
nine ,and H 20 analyticial data are 
reliable but suspect the oxynicotine 
results are high. Probably the bal
ance of the 0 2 reacts in a complex 
manner producing higher mole,oular 
weight materials. Since tars are pro
duced in the reaction, involvement of 
02 and the proposed diradical seems 
a plaus,ihle expl1anation. 
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