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Platinum oxide (0.2 g.) was added and the mixture hydro-
genated at 700 p.s.i. for two hours. The catalyst was re
moved, methanolic hydrogen chloride added until acid to 
congo red and the methanol evaporated in vacuo. The 
residue was shaken with 25 ml. of water giving a suspension 
of the rather insoluble hydrochloride of IV. I t was con
verted to the base and after recrystallization once from eth-
anol-water and from methanol, 150 mg. of elongated plates 
of <W-ll-methoxyalloyohimbane (IV) was obtained. On 
the hot-stage it melted at 195-198° with a change to opaque 
crystals at 100°. The melting point in an evacuated capil
lary was 203-205°. 

Anal. Calcd. for C20H26N2O: C, 77.38; H, 8.44; N, 9.03. 
Found: C, 76.90; H, 8.22; N, 9.35. 

Methyl Anhydroreserpate (III) from Methyl 3-Isoreser-
pate Tosylate (IX).—A mixture of 2.0 g. of IX , 0.10 g. of 
^-toluenesulfonic acid monohydrate and 12 ml. of collidine 
was refluxed for three hours, the solvent was removed by 
distillation in vacuo and the residue taken up in chloroform 
and water containing ammonium hydroxide. The aqueous 
layer was extracted several times with chloroform, the or
ganic fractions combined, washed neutral with water and 
dried over anhydrous sodium sulfate. After filtration the 
solvent was evaporated and the residue on trituration with 
methanol formed crystals, m.p. 252.5-254.5° d e c , weight 
0.314 g. Recrystallization from methanol afforded 0.270 
g., m.p. 261-262.5° dec. A sample recrystallized from 
ethyl acetate for analysis melted at 267-272° d e c , [a]22D 
- 1 4 3 ° (pyridine), - 1 2 9 ° (chloroform). 

Anal. Calcd. for C23H28N2O4: C, 69.67; H, 7.12; N, 
7.07. Found: C, 69.35; H, 7.22; N, 7.02. 

The infrared spectrum was identical with that of the methyl 
anhydroreserpate obtained by the detosylation of methyl re-
serpate tosylate (X) . 

Oppenauer Oxidation of a-Yohimbic Acid.12—A mixture 
of 3.0 g. of pure a-yohimbic acid (rauwolscinic acid), 15.0 
g. of aluminum phenolate, 75 ml. of freshly distilled cyclo-
hexanone and 75 ml. of dry xylene was refluxed for 40 hours. 
I t then was cooled and extracted with 300-, 150-, 100-, 75-
and 75-ml. portions of 2 N sulfuric acid. The combined 
acid extracts were washed twice with benzene and then 
made alkaline with 40% potassium hydroxide solution. The 
precipitate was filtered, dried, mixed with Hyflo and con
tinuously extracted in a Soxhlet extractor with methanol for 

(12) A. Mookerjee, J. Indian Chem. Soc, 18, 33 (1941). 

In previous publications from this Laboratory,2-4 

dealing with the transformation products of nico
tine present in fermented cigar filler tobacco (U. S. 
Type 41), an oxygen-containing substance, reduci
ble to nicotine, was mentioned. It was tentatively 
assumed to be oxynicotine. This paper deals with 

(1) From a thesis presented to the Committee on Graduate Studies, 
Franklin & Marshall College, Lancaster, Pennsylvania, in partial ful
fillment of the requirements for the degree of Master of Science. 

(2) W. G. Frankenburg and A. M. Gottscho, lnd. Eng. Chem., 44, 
303 (1952). 

(3) W. G. Frankenburg, A. M. Gottscho, E. W. Mayaud and T. C. 
Tso, THIS JOURNAL, 74, 4309 (1952). 

(4) W. G. Frankenburg, A. M. Gottscho, S. Kissinger, D. Bender 
and M. Ehrlich, Anal. Chem., 25, 1784 (1953). 

16 hours. The methanolic extract was concentrated, 
filtered through norite, and the solvent further removed 
until crystals formed on cooling. In this way 0.79 g. of 
material 'was obtained, m.p. 236-239° d e c , [a]25D - 1 5 2 ° 
(chloroform), —97° (pyridine) [reported13 for alloyohim-
bone, m.p. 241-242°, W30D - 1 0 4 ° (pyridine)]. 

Anal. Calcd. for Ci9H22N2O: C, 77.52; H, 7.53; N, 
9.52. Found: C, 77.49; H, 7.58; N, 9.61. 

The filtrate from the above crystallization was evapor
ated to dryness in vacuo. The residue was dissolved in ben
zene containing 2 5 % chloroform and then chromatographed 
over aluminum oxide (Woelm, Activity II—III). The 
material eluted with 50% benzene-chloroform yielded 0.134 
g. of material, which was recrvstallized from methanol, m.p. 
247-250° d e c , 269-271° (in vacuo), [a]24D +80° (chloro
form). This substance proved to be identical with epiallo-
yohimbone. 

Quaternary Salt from Methyl Deserpidate Tosylate.— 
Methyl deserpidate tosylate (1.0 g.) in 6.0 ml. of collidine 
was refluxed for three hours. After about 1.5 hours a pre
cipitate was formed which was filtered off at the end of tin-
reaction time; m.p. 296-298° d e c , weight 0.283 g. Re
crystallization twice from methanol yielded a substance, 
m.p. 310-312° dec. 

Anal. Calcd. for C29H34O6N2S: C, 64.66; H, 6.30; N, 
,5.20. Found: C, 64.49; H, 6.28; N, 5.33. 

The collidine filtrate after the usual manner of work-up did 
not yield any crystalline material except some unchanged 
starting material. AU attempts to prepare methyl anhydro-
deserpidate gave the above results. 

Quaternary Salt from Methyl 18-Iodo-18-desoxydeserpi-
date.—When 150 mg. of the above tosyl salt was dissolved 
in 50 ml. of acetonitrile and treated with an equivalent of 
sodium iodide in acetonitrile an immediate white precipitate 
of sodium ^j-toluenesulfonate appeared, which was filtered 
off and the filtrate evaporated to dryness. The residue, 
after washing with water to remove any excess sodium io
dide, was twice recrystallized from methanol, m.p. 245.5-
247° d e c , H 2 5 - 5 D +69° (methanol). 

Anal. Calcd. for C22H27N2O3I: C, 53.44; H, 5.51; X, 
5.68. Found: C, 53.54; H, 5.84; N, 5.55. 

(13) A. Le Hir, M. M. Janot and R. Goutarel, Butt. soc. Mm., 20, 
1027 (1953). 

SUMMIT, N E W JERSEY 

the isolation and identification of this compound 
from fermented cigar filler tobacco. 

Oxynicotine, first obtained by Pinner,5'6 is de
scribed by Ciatnician and Silber7 as an amine oxide 
of nicotine with the oxygen attached to the pyr
rolidine nitrogen atom. 

Oxynicotine in Tobacco.—The presence of oxy
nicotine in fermented cigar filler tobacco leaves was 
first suspected when it was found that a nicotine-
free fraction L obtained from a water extract of 

(5) A. Pinner and R. Wolffenstein, Ber., 25, 1428 (1892). 
(6) A. Pinner, ibid., 28, 456 (1S95). 
(7) G. Ciamician and P. Silber, ibid., 48, 181 (1915). 
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An appreciable amount of the nicotine which disappears during the fermentation of cigar filler tobacco appears in the 
fermented leaves as oxynicotine. I t may be isolated as its dipicrate by means of a series of fractionated solvent extrac
tions. Oxynicotine can be determined analytically by reducing it to nicotine. 
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fermented cigar tobacco4 yielded nicotine when 
treated with reducing agents. 

In the stepwise solvent extraction of tobacco, 
first described in 19488 and modified in 1952,s this 
substance I reducible to nicotine was obtained in 
the chloroform extract, fraction 2, and enriched in 
subfraction 2b of that fraction. 

Oxynicotine can be quantitatively reduced to 
nicotine by any of several methods, e.g., zinc and 
hydrochloric acid, zinc and acetic acid, sodium bi
sulfite,6 and Devarda alloy in alkaline solution.9 

By subjecting aliquots of fraction 2b to reduction 
and simultaneous steam distillation in the presence 
of magnesium oxide and Devarda alloy, and by 
measuring the ultraviolet absorption spectrum of 
the nicotine obtained in the distillate, the quantity 
of substance I in fraction 2b was determined easily. 
These reduction experiments showed that the pyri
dine nitrogen of I amounted to 90% of the total py
ridine nitrogen contained in fraction 2b and to about 
50-70% of the total pyridine nitrogen originally 
present in fraction 2.8 

By measuring the ultraviolet absorption spec
trum of the residue of the distillation made in the 
presence of magnesium oxide and Devarda alloy, 
and by graphically subtracting this absorption 
spectrum from that of the same aliquot of fraction 
2b prior to removal of I, a "difference spectrum" 
for I was obtained. I t resembled that of pure oxy
nicotine in that its maximum of absorption was at 
258 ran. 

The possibility that the reducible compound is 
oxynicotine was checked quantitatively by evalu
ating the "difference spectrum" as oxynicotine, 
correcting for background impurities.10 The milli-
moles of I in fraction 2b calculated in this way, 
agreed closely with the millimoles of nicotine found 
in the distillate. 

These spectroscopic studies and the similar be
havior of both oxynicotine and the reducible sub
stance I in fraction 2b toward many different sol
vents, made it very likely that I is oxynicotine. 
Nevertheless, it appeared desirable to isolate I for 
final identification. 

Synthetic Alkaloid Transformation Products.— 
In 1947 and later in 1950, Weil11'12 described cer
tain alkaloid transformation products produced in 
vitro by irradiating, with visible light, an aqueous 
solution of nicotine containing very small quanti
ties of methylene blue as an optical sensitizer. As 
pointed out at an earlier time,8 these photochemical 
products possessed chemical properties13 similar to 
those of the natural alkaloid transformation prod
ucts found in the chloroform extractable portion 
(fraction 2) of certain types of fermented cigar to
bacco. 

Since later work by Weil's associates14 resulted 
in the isolation of oxynicotine from the irradiation 

(8) W. G. Frankenburg, Science, 107, 427 (1948). 
(9) A. Devarda, Chem. Zentr., 61, 1952 (1892). 
(10) C. O. Willits, M. L. Swain, J. A. Connelly and B. A. Brice, 

Anal. Chem., 22, 430 (1950). 
(11) L. Weil, Science, 107, 426 (1948). 
(12) L. Weil and J. Maher, Arch. Biochem., 29, 241 (1950). 
(13) These properties include the composition of their silicotung-

states, the identity of their reduction products and of the colored prod
ucts formed from their reaction with 2,4-dinitrochlorobenzene. 

(14) C. Bad^ett and A. Eisner, private communication. 

products of nicotine, it seemed probable that oxy
nicotine may be one of the components of fraction 2 
obtained from tobacco. 

Isolation of Oxynicotine from Fraction 2b.—Sub
stance I in fraction 2b was purified by a detailed 
procedure and finally isolated as its picrate, m.p. 
167-168°. This picrate changed on standing, inas
much as melting points measured within approxi
mately 24 hours after the preparation of the picrate 
were usually found to have decreased. When the 
fresh dipicrate of I was mixed with a dipicrate of 
synthetically prepared oxynicotine, a mixed melt
ing point of 157-160° was obtained. Elementary 
analysis of the picrate of I showed that its composi
tion was that of oxynicotine dipicrate. 

There is no agreement in the literature on the 
true melting point of oxynicotine dipicrate. The 
values reported range from 154-15806 to 168°7 and 
169°.16 Badgett and Eisner14 reported that an 
oxynicotine dipicrate prepared by them showed a 
melting range of 163-175° with fusion occurring 
first at the lower temperature, but without the 
formation of a meniscus. At the higher tempera
ture the melt cleared up and a meniscus formed. 

Chromatography and Ultraviolet Absorption 
Spectrum.—Both authentic oxynicotine and sub
stance I isolated from tobacco via fraction 2b 
were subjected to chromatographic tests on paper, 
using Whatman No. 1 paper and solvent mixtures 
of ra-butyl alcohol: ethanol: acetate buffer of pH 
5.6 (50:10:40); butyl acetate: methanol: ammonia 
(0.25%) (95:5:25)"; and benzene: methanol ace
tate buffer of pK 5.6 (60:15:25). Both the au
thentic sample and compound I exhibited identical 
Rt values of 0.44, 0.0 and 0.0 in the respective sol
vent systems. 

Further substantiation that the "reducible" al
kaloid transformation product isolated from fer
mented tobacco via fraction 2b is oxynicotine was 
presented by the ultraviolet absorption spectrum, 
which is practically identical with that of pure oxy
nicotine (maximum at 258 nut, minimum at 227 
nut). 

Experimental 
Fraction 2.—Fermented tobacco powder (250 g. of Penn

sylvania Seedleaf, U. S. Type 41) which had been ex
haustively extracted with petroleum ether (giving fraction 
l) s was allowed to stand for several days until the greater 
part of the solvent had evaporated. The sample then was 
extracted with chloroform at approximately the same rate 
as was used for the petroleum ether extraction. Complete
ness of the chloroform extraction was determined spectro-
photometrically.8 

The alkaloid transformation products contained in the 
chloroform extract were transferred into aqueous acid as 
follows: Aqueous hydrochloric acid (0.25 N, 125 ml.) was 
placed in a 500-ml. distillation bulb. To this was added 
the chloroform extract in ca. 250-ml. portions. Each chloro
form portion was distilled off from this mixture. A brown 
resinous solid was filtered off and washed with 0.25 N HCl. 
The combined filtrate and washings comprise the aqueous 
solution of fraction 2.3 

An estimate of the total pyridine nitrogen contained in 
this fraction was based on an evaluation of its ultraviolet 
absorption spectrum. The content of oxynicotine was de
termined by subjecting an aliquot of the fraction to a steam 

(15) C. H. Rayburn, W. R. Harlan and H. R. Hanmer, T H I S JOUR
NAL, 63, 115 (1941). 

(16) W. L. Porter, J. Naghski and A. Eisner, Arch. Biochem., 24, 
461 (1949). 
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distillation in the presence of magnesium oxide and Devarda 
alloy.4 _ 

Fraction 2a.—The aqueous acidic solution of fraction 2 
was concentrated on a water-bath to ca. 200 ml., adjusted 
to p~R 10 with aqueous sodium hydroxide, and then shaken 
out with <-amyl alcohol17 (previously saturated with water) 
12 times, using 80 ml. of alcohol for each extraction. After 
every third extraction the pH of the aqueous phase was re
adjusted to 10 with sodium hydroxide. The combined ex
tracts constitute fraction 2a. 

Fraction 2b.—The aqueous residue of the /-amyl alcohol 
extraction, rich in oxynicotine, was made 1 N with hydro
chloric acid and shaken out with ethyl ether (to remove the 
<-amyl alcohol). The aqueous residue was adjusted to pH 
10 with sodium hydroxide and extracted with ethyl ether in a 
liquid-liquid extraction apparatus. The aqueous residue 
then was adjusted to pH 3 and re-extracted in a liquid-
liquid apparatus with ethyl ether. All the ether extracts 
were discarded The residue of the third ether extraction 
(at pH 3) was fraction 2b. 

Purification of Oxynicotine in Fraction 2b.—After neu
tralizing fraction 2b, it was heated to boiling; 4 g. of bone 
charcoal was added, the mixture shaken, and the charcoal 
was filtered off. The dark yellow filtrate was adjusted to 
p'H 2 with hydrochloric acid, and a 12% solution of silico-
tungstic acid (STA) slowly added until no further precipita
tion occurred. After standing at 6° overnight, the precipi
tate was filtered off, and washed with hydrochloric acid 
(0.01 N). 

The STA precipitate was suspended in water and 0.5 N 
sodium hydroxide was added until solution occurred. An 
excess of solid barium hydroxide was added and the mixture 
agitated intermittently for 6 to 7 hr. After the solids had 
settled, a few drops of supernatant liquid were tested with 
hydrochloric acid. The absence of a precipitate in this 
test indicates complete removal of the STA as the Ba salt. 
If a precipitate formed, the shaking with barium hydroxide 
was continued. When the test was negative, the solids 
were filtered off and discarded. 

The excess barium was removed from the filtrate with 
sulfuric acid. The filtrate was precipitated once more with 
STA and the STA precipitate decomposed with barium hy
droxide as already described. The final filtrate from this 
second purification via STA and barium hydroxide was neu
tralized and evaporated to dryness in vacuo at 40-50°. 
The solid residue was extracted with ethyl acetate. 

Isolation of Oxynicotine as the Dipicrate.—The ethyl ace
tate extract was mixed with a saturated aqueous picric acid 

(17) The use of this solvent for this purpose was called to the au
thors' attention by Dr. A. Eisner, Eastern Utilization Research Branch, 
U. S. Department of Agriculture, Philadelphia 18, Pa. 

The chloroform fraction 2 obtained during the 
successive solvent extractions of fermented cigar 
tobacco leaves1 (Pennsylvania Seedleaf, U. S. Type 
41) contains a large proportion of the degradation 
products of nicotine formed during the fermenta
tion2 process. From the absorbance at ca. 260 m,u 
of the aqueous solution of this fraction 2, it is es
timated that its content of these newly formed pyri-

(1) W. G. Frankenburg, A. M. Gottscho, E. W. Mayaud and T. C. 
Tso, T H I S JOUBNAL, 74, 4309 (1952). 

solution and ethyl acetate was allowed to evaporate off at 
room temperature, leaving yellow crystals in the aqueous 
phase. After standing for at least 24 hr. at 6° , these crys
tals were collected and recrystallized twice from boiling 
water, m.p. 167-168°, mixed m.p . 157-160°. 

Anal. Calcd. for C22H20Oi5N8: C, 41.51; H, 3.17; N, 
17.61. Found: C, 41.76; H, 3.24; N, 17.64. 

Decomposition of Oxynicotine Dipicrate into its Compo
nent Parts.—Six hundred and fifty-one mg. of picrate was 
dissolved in hydrochloric acid (2.5 N) and extracted quan
titatively with ethyl ether in a liquid-liquid extraction ap
paratus. The picric acid was extracted from the ether by 
aqueous sodium hydroxide and its concentration in this 
aqueous solution after acidification was determined spectro-
photometrically. The ultraviolet absorption spectrum of 
the aqueous acidic residue of the liquid-liquid ether extrac
tion was measured. In agreement with the spectrum of 
authentic oxynicotine, it showed a maximum at 258 van, and 
a minimum at 227 niju. From the weight of the original 
picrate taken and the picric acid recovered, the weight of 
oxynicotine in this residue was computed. From this data 
the absorptivity at the absorption maximum of 258 rn.fi of the 
isolated oxynicotine was determined: calcd. from measure
ments of authentic oxynicotine: 31.4; found, 29.8. 

The composition of the picrate was also computed: 
Calcd. for oxynicotine dipicrate, picric acid: 72.0%; 
found, picric acid, 72.4% (average of 2 determinations). 

Reduction of Oxynicotine to Nicotine.—An aliquot con
taining 138 mg. of oxynicotine, evaluated spectrophoto-
metrically, was steam distilled in the presence of magnesium 
oxide and Devarda alloy.4 The nicotine in the distillate was 
determined spectrophotometrically.10 

Calcd. for 100% reducibility of oxynicotine: 125 mg. of 
nicotine; found: 121 mg. of nicotine. 

A picrate of the alkaloid which appeared in the distillate 
was prepared, m.p . 220-221°. A mixed m.p . with authen
tic nicotine dipicrate produced no depression. 
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dine compounds can be as high as 30% of the nico
tine content present in the leaves prior to fermenta
tion.1.2 

The chloroform fraction 2 is fractionated into two 
subfractions 2a and 2b.2'3 Oxynicotine (I), a ma
jor component of fraction 2, is found enriched in the 
subfraction 2b. This paper deals with the further 

(2) W. G. Frankenburg and A. M. Gottscho, lnd. Eng. Chem., 44, 
301 (1952). 

(3) W. G. Frankenburg and A. M. Gottscho, THIS JOURNAL, 77, ,">72S 
(1955). 
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Additional nicotine degradation products formed during the fermentation of cigar filler tobacco are 3-pyridyl propyl ketone, 
nicotinamide and N-methylnicotinamide. An additional and major degradation product of nicotine was detected by paper 
chromatography, but not identified. 
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