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INTRODUCTION
DURING

a study of the basic fraction of cigarette smoke (Fig. 4) two strongly fluorescent
compounds were observed on paper chromatograms. These were subsequently identified
as harmane (I) and norharmane (II) by ultraviolet and infrared spectrophotometry. No
reference to these compounds was found in recent reviews of tobacco chemistry.l~*
The isolation of these alkaloids was achieved by the acidic extraction of smoke, followed
by cellulose column chromatography of the free bases and subsequent resolution by paper
chromatography. The isolated compounds gave identical ultraviolet, infrared, and fluorescence spectra with those given by authentic harmane and norharmane.
RESULTS

AND

DISCUSSION

The alkaline

fraction of smoke contained considerable blue fluorescent material, most
of which mmained in the steam pot during steam distillation. Examination of this pot
residue in numerous paper chromatographic systems showed that 15% wt./vol. aqueous
NaCl gave good separation of the slow moving fluorescent material from the faster running
colored pigments and the nicotine alkaloids. The non-steam-volatile basic fraction was
therefore separated on a cellulose column using 15% NaCl to elute most of the latter more
mobile compounds; the blue fluorescent material was then readily eluted from the column
with methanol. A terl-amyl alcohol-acetate but&r system resolved the fluorescent fraction
into several zones, two of which were intensely blue in fluorescence. The elution and
rechromatography of the two blue zones resulted in chromatographically pure alkaloids
for analysis.
The $values of the zones isolated from smoke were shown to agree with those of the
known reference compounds, hat-mane and norharmane, in several solvent systems as
shown in Table 1. The infrared spectra of the compounds isolated from smoke were
determined and shown to agree very closely to the spectra of authentic reference alkaloids,
harmane and norharmane (Fig. 1). The ultraviolet spectra in both O-1N HCl and diethyl
lR.A.W.J~
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ether of the compounds also showed close agreement with the published spectra of the
known alkaloids.=
The fluomscence spectra of the zones isolated from smoke also agteed with the spectra
of authentic harmane and norharmane. The &lomscence excitation spectra of the zones
isolated from smoke agreed with the ultraviolet absorption spectra in all peak positions.
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A
Firstzmefromsmoke

Authentic harmane
Sumndzomfromsmoke

II. 15% NaU water solution
IIL n-butanoLHCl-water (IO : 2 : 3)

A quantitative method was developed to determine the concentration of the harmane
alkaloids in smoke and in tobacco. The results obtained for the amounts of harmane
alkaloids in the smoke of several types of cigarettes and in leafare given in Table 2. Smoke
from burley tobacco was shown to contain more of the harmane alkaloids than the smoke
from bright tobacco; the alkaloid concentration in smoke from the standard commercial
blend closely resembled that of the smoke from the bright tobacco sample. Only traces of
the harmane alkaloids were found to be present in the uncured leaf. Their concentration in
smoke was approximately one hundred times greater than that found in the leaf, and thus,
apparently, they were formed during the bumiug of the cigarette.
Harmane has been prepared by reacting tryptophan and acetaldehyde under oxidative
conditions.B Sincetryptophanandaceta&hydearepresentinthec@retteduringburning,
it seemed likely that tryptophan could be a precursor of the harmane alkaloids. Radioactive
tryptophan was therefore added to tobacco leaf, from which cigarettes were subsequently
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made and smoked. The harmane alkaloids isolated from this smoke were found to be
radioactive. By knowing the amount of radioactivity o&&ally added to the leaf, and by
nwwring the amount present in the harmane alkaloids isolated from the smoke, the
percent conversion of tryptophan to harmane alkaloids during burning was calculated.
Another study was conducted by adding both untagged and radioactive tryptophan to the
tobacco leaf and measuring the total inomase of the harmane alkaloids in the smoke. The
results of both experiments are shown in Table 3. From these data it is seen that the increase
found in the harmane alkaloids in smoke due to the addition of tryptophan to the leaf
agrees quite well with the increase calculated from the radiochemical conversion.
Based on the percent conversion of tryptophan to the harmane alkaloids during burning,
in the tobacco leaf of one cigarette (i.e.
approximately3mgoftrypu@wiswessary
1-Og) to form the amount of harmane alkaloids found in the smoke. The concentrations
of both free tryptophan and protein-bound tryptophan were determined by a microbiological method,s and the results given in Table 4 show that the concultration of
tryptophan in the bright leaf agreed well with the predicted amount neceswy to produce
the harmane alkaloids during burning. The concentration of the harmane alkaloids in
burley smoke, on the other hand, was lower than expected from the conoentration of the
‘RD.~andA.BLAC%J.2#OI.~~mr.156,1(1944).
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tryptophan found in the burley leaf. This difference may bc due to different rates of conversion of protein-bound tryptophan, as the two types of tobacco are different in their
chemical composition and their burning characteristics.
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EXPERIMENTAL

Determination of i-r., u.v., andjiuorescence spectra
The infrared analyses of the two isolated compounds were carried out using a PerkinElmer Model 221 double-beam spectrophotometer equipped with a sodium chloride prism.
The samples were examined as micro potassium bromide pellets, l& mm in diameter, with
the Perkin-Elmer 6X microsampling unit attached. Large blanks were observed initially,
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Activity addedhy we of tryptophan to 6Jlex,(mpcbgt)
Activity found in WArmane in the em04 (mpc/cigt)
Activity found in harmane in the smoke, (mpc/cigt)
Pacent activity in nohxmane
Percent activity in hannane

Ias’*
8E
o-47
0.15

Concenh~a~efound
Harmane Norharmane
4.3 pglcigt

11.2 pg/cigt

l 2 pg!cigt of radioactive tryptophan end 820 pg/cigt of
untaggedtryptophanaddedtotheiiner.

and it was found important to clean all glassware by the procedure recommended by
Perkin-Elmer when using the potassium bromide ultra-micro die.lO All ether and distilled
water were redistilled to eliminate solvent impurities.
The chromatographic paper was also found to contain impurities which were eliminated
from the alkaloids by the following procedure: the acid eluant (containing the alkaloids
from the chromatographic zones) was extracted with ether. The solution was then made
basic and the alkaloids extracted into fresh ether. After drying over anhydrous sodium
sulfate, the ether solution was concentrated to O-5 ml just prior to preparing the potassium
bromide micropellet.
The ultraviolet spectra were determined with a Cary Model 14 spectrophotometer.
The
fluorescence spectra were de&mined with an Aminco-Keirs spectrophosphorimeter,
employing a lP21 phototube detector. A 1 cm rectangular quartz cell was used to measure
the 5uorescenc.e. The fluorescence spectra were recorded on an Electra Instruments Model
101 X-Y recorder.
Radioactivity measurements were made in a Liquid Scintillation Counter, model
LSC-IOB, manufactured by Tracerlab Inc.
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Chromatography
The chromatograpbic columns (16x l-5 cm) were packed by adding small amounts of
Whatman cellulose powder at a time, and packing tightly with a tamping rod to prevent
solvent channelling. The column was eluted with 15 % wt./vol. aqueous NaCl, to remove
SEPARATlON
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nicotine and the colored material present in the smoke, and the harmane alkaloids were
displaced with methanol. The isolated harmane and norharmane fraction was resolved
in a system consisting of tert-amyl alcohol saturated with pH 5.7 sodium acetate buffer

II Norharmonr

(O-2M) on Whatman No. 2 paper pretreated with O-2116ammonium tartrate and dried
before chromatography. The harmane alkaloids were located on the paper chromatogram
by U.V.light.
Quantitativedhvmination of the harmanealkaloids
The outline of the quantitative method for the harmane alkaloids in smoke is shown
in Fig. 3. After final paper chromatographic development, the alkaloid zones were cut out
and eluted with l-ON HCl. The HCl was extracted with ether to remove impurities, the
aqueous phase was made alkaline to pH 12, and the alkaloids extracted quantitatively with
one volume of ether. The alkaloids were then re-extracted into 1-ON HCl and made up to
a known volume prior to ultraviolet analysis. . For harmane the peak at 365 w (J$,$, 248)
and for norharmane, the peak at 370 w (I$,,
’ ~6 237) was measured by using a baseline
correction technique drawn from the minimum of each curve to the minimum at 399 mj.4
or 408 mj.4respectively.
Experiments with known quantities of the harmane alkaloids showed that 81 per cent
recovery was achieved with the method. This factor was used to find the correct concentration of the harmane alkaloids isolated from smoke.
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