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A STUDY OF CERTAIN BLUE-FLUORESCENT POLYPHENOLS IN
TOBACCO LEAVES, FLOWERS AND CIGARETTE SMOKE

CHAPTER 1
INTRODUCTION

The "flavonoid" compounds of plants are so called
because they possess the carbon skeleton of flavone (2-phen-
yl-1l.4-benzopyrone) (Figure 1). All of these compounds are
widely distributed, as a class, in the higher plants, and
probably in all parts of the plant: roots, bark, wood,
stems, leaves, flowers, fruits, and seed. This distribution
suggests that they owe their formation to certain processes
fundamental to most higher plants.

The literature (1, 2, 3, 4, 5) contains extensive
information on the occurrence of flavonoids and related poly-
phenolic compounds in the plant kingdom. Hypotheses comncern-
ing the biogenesis of flavonoid compounds have been postula-
ted (4). Although these hypotheses have not been suffi-
ciently elaborated or substantiated by scientific evidence
to allow their assessment at the present time; it has been
noted recently that the most likely route to the biosynthesis

qf flavonoids is from a cinnamic acid and three acetic acid

I



FIGURE 1

STRUCTURAL FORMULAE OF FLAVONE, CHLOROGENIC ACID,
CAFFEIC ACID, SCOPOLETIN, ESCULIN, AND ESCULETIN
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units (6, 7).

The biological role of the flavonroid pigments as
well as of their closely related polyphenols in higher
plants, however, is for the most part unknown, A cooperative
program was therefore established in 1954 with a group of
scientists at the Argonne National Laboratory, Lemont, Illi-
nois, to study the metabolism and interrelationship of these
polyphenolic compounds in One-~Sucker tobacco, Nicotiana
tabacum, using radioisotope techniques. This program in-
cluded infiltration studies in tobacco of Cl%-labeled radio-
active flavonoid compounds and closely related polyphenols
to determine or trace their metabolic changes in the plant.
Each Cl1%-1abeled radioactive compound to be used for plant
metabolism study was isolated and purified by chromatographic
and partition techniques. Tobacco plants were grown in an
atmosphere of radioactive carbon dioxide, C1402, in the
growth chambers of the Argonne National Laboratory, to serve
as a source for the isolation of the radioactive compounds.

A preliminary study of the polyphenols in tobacco
was made at the Argonne National Laboratory in the summer of
1954. This work indicated the presence of many flavonoid
compounds and a group of compounds of polyphenolic nature
which were blue-fluorescent under ultraviolet light. The
blue~fluorescent compounds present in tobacco have previously
received relatively little attention., Prior to 1954, the

only blue-~fluorescent compounds which had been isolated from
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tobacco and identified were caffeic acid (8, 9) and chioro-
genic acid (8, 9, 10) (Figure 1). A blue-flunrescent sub-
stance accumulating in the roots of decapitated tobacco
plants infected with virus of spotted tomato wilt had been
isolated and identified as scopoletin (11) (Figure 1).

As background information for the planned tobacco
plant infiltration studies using radioactive polyphenols,
it was necessary to isolate and identify as many as possible
of specific polyphenolic compounds. This program, of course,
is so vast, with so many ramifications, that the investiga-
tions of one individual must be limited, for a time, to one
phase of the subject. For this dissertation research special
emphasis has been placed on an effort to separate from to-
bacco, purify, and possibly identify phenolic constituents
which fluoresce a blue color under ultraviolet light. The
corresponding study on the flavonoid type compounds was
carried out in parallel with this work by Edwin L. Murphy
in this laboratory (12). Experimental details of the iso-
lation and identification of these blue-fluorescent poly-
phenols in the tobacco leaves are presented in Chapter I1I.

The flowers of One-Sucker tobacco, Nicotiana taba-

cum, contain a relatively larger amount of polyphenolic con-
stituents than do the leaves. All blue-fluorescent compounds
found in the leaves and described in Chapter II were also

found in the flowers. In addition to these, several unknown

polyphenolic compounds were isolated. The presence of these



compounds in tobacco has mever been previously .vercted in
the literature. Theee new comstituents include polyglyco-
sides of flavonoids and of blue-fluorescent compounds. The
detaile of the experimental studies undertaken on the iso-
lation, identification, and characterisaticn of certain of
these phenclic compounds in tobacco flowere are presented
in Chapter III.

Extracts of the radiocactive tobacco plants grown
in an atmosphere of radioactive carbon dioxide, C1402, in
the growth chambers of the Argonne National Laboratory, were
sent to this laboratory. The isolation of the radiocactive
blue-fluorescent polyphenols was carried out by applying
and extending the techniques learned in the studies described
in Chapters II and III. The experimental results and the
procedures used for the isolation of the radioactive blue-
fluorescent compounds are described in Chapter IV,

A general method for the quantitative determination
of tobacco phenols has iong been needed. For example, the
total amounts of phenolic compounds in tobacco leaves are
still uncertsin. According to Frankenburg (13):

“The main difficulty with the entire class

of phenolic compounds in tobacco is the lack

of satisfactory and dependable analytical

methods that could permit exact determination

of their total quantity and their individual

composition. A fully satisfactory analytical

procedure would have to be based on a quanti-
tative separation of phenols, polyphenols,

and flavonoids from the other leaf components,

and the determination of individual compounds
in this fraction."”
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A spectrophotometric determination has the advantage of
speed and eimplicity when a reliable quantitative separation
of each individual phenolic component has been established.
Such a method has been attempted by making use of extended
mass paper chromatographic separation. The details of the
procedure of this method and the results obtained are pre-
sentad in Chapter V.

Because of the possible effects of tobacco smoking
on health, many investigations have been carried out on to-
bacco smoke condensate (14). These studies, however, have
been centered on carcinogenic polycyclic hydrocarbons or to-
bacco tar and nicotine. No systematic work whatsoever has
been reported in the literature on the fate of the tobacco
polyphenols during smcking. A preliminary study of the iso-
lation and identification of polyphenols and their possible
decomposition products persisting in the mainstream cigarette
smoke was carried out. Cigarettes were smoked using a smok-
ing machine designed to simulate conditions of human smoking,
and the smoke condensates were collected. The experimental
details and the procedure used for the identification of a
blue-fluorescent compound in the cigarette tobacco and smoke

are described in Chapter VI.



CHAPTER Il

ISOLATION AND IDENTIFICATION OF CERTAIN BLUE-FLUORESCENT
COMPOUNDS IN TOBACCO LEAVES

Isolation Process

Anhydrous Isopropyl Alcohol Extraction. Thirteen

hundred grams of dried ground leaves of the One-Sucker to-

bacco plant, Nicotiana tabacum, grown in the greenhouse of

the Argonne National Laboratory were divided into three por-
tions (500 g., 500 g., and 300 g.); each was extracted sep-
arately with about 1 liter of anhydrous isopropyl alcohol.
The mixture of the leaves and isopropyl alcohol was heated
on a water bath, and the alcohol solution was filtered. The
residue was subjected to further extraction repeatedly until
the total volume of isopropyl alcohol solution amounted to
approximately 20 liters. The solution was then concentrated
to 2 liters under reduced pressure at a temperature less
than 55° C.

With the purpose of separating the pentane-insoluble
flavonoid compounds from tke original extracts, a pentane
extraction was undertaken. Each time, approximately 200 ml.

of the concentrate was placed in a 5 liter flask and about

7
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4 liters of dry n-pentane was added to it. The materials
which precipitated out were then washed several times with
fresh dry pentane and further fractionated in dry acetone,
then anhydroms methyl alcohol, and finally water.
85% Isopropyl Alcohol Extraction. The tobacco res-

idues remaining from the previous extraction with anhydrous
isopropyl alcohol were subjected to further extraction with
85% aqueous isopropyl alcohol. The extracts were treated
in exactly the same way as described above and were concen-
trated. About ¢ liters of aqueous concentrates were ob-
tained. After this large amount of water was co-distilled
with isoamyl alcohol, the residue was again treated with
dry n-pentane. The precipitates thus obtained were worked
as before and were extracted by acetone, methyl alcohol,
and water. Figure 2 illustrates the isolation process.

In order to ascertain which fractions contained
blue-fluorescent compounds, a chromatogram was prepared by
spotting approximately 0.2 ml. of each fraction 3 cm. apart
on a line 12 cm. below the top of a sheet of chromatography
paper, 22 by 58 cm., Schleicher and Schuell, No. 589, Red
Ribbon. Other chromatograms were prepared as described a-
bove and each developed in a chromatographic tank with ome
of a series of several different solvent systems by one-
dimensional descending chromatography. The solvent systems
included in this study were 15% aqueous acetic acid, 606%

agueous acetic acid, n-butyl alcohol-acetic acid-water (§:



FIGURZ 2
FLOW-SHEET OF THE OPERATIONS PERFORMED IN
THE EXTRACTION OF TOBACCO LEAVES
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1:2, v/v), and n-butyl aloohol-pyridine-benszene-water (5:
3:1:3, v/v). After drying, each chromatogram was observed
under long wave ultraviolet light, 3660 Angstroms.

Two acetone fractions and two methyl alcohol frac-
tions, obtained in the previous extraction, were found to
contain most of the blue-fluorescent compounds, It was
also found that the n-butyl alcohol-acetic acid-water sys-
tem was the best for initial separation of each individual
blue coapound.

Purification by Mass Paper Chromatography. A
preliminary one-dimensional paper chromatographic analysis

of the four fractions mentioned above indicated that the
blue-fluorescent compounds contained in each fraction were
similar. The main difference between the acetone fraction
and methyl alcohol fraction was that the former contained
more aglycone type blue compounds and the latter more gly-
coside type blue compounds. The latter have smaller Rf
values in the n-butyl alcohol-acetic acid-water system.
Therefore, after the preliminary mass paper chromatographic
separation in the n-butyl alcohol-acetic acid-water system,
the corresponding blue-fluorescent zones from the four frac-
tions were added together and subjected to further purifi-
cation.

For mass paper chromatography, each fraction was
streaked continuously along a line 8 cm. from one end of

_separate sheets of chromatographic paper, Whatman No. 3 MM,
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19 cm. x 46 cm., by means of a pipette. After the spots
had air dried, this group of chromatograms was placed in a
chromatographic chamber containing n-butyl alcohol-acetic
acid-water as the solvent system and allowed to develop un-
til the solvent front had moved 35 or 40 cm. The chromato-
grams were then removed and air dried. Observation under
long wave ultraviolet light showed that the original mate-
rial of each fraction had separated into two main blue
zones, B-I and B-1I (Figure 3).

Purification of B-II. The brilliant blue flucres-

ing zone B-II running far down the paper with the n-butyl
alcohol-acetic acid-water system, was not yet free of some
chlorophyll-like green material. The latter has a very
small Rf value in the 15% acetic acid system. This enabled
one to carry out the purification as follows: The bottom
zone, which contained B-II and green material, was cut off
from each chromatogram and sewed onto a new sheet of Whatman
3 MM paper in such a direction that the B-II zone was now
facing the bottom. The papers thus prepared were run in a
15% acetic acid system, which moved the B-II blue far away
from the green materials. The B-I1 zone was cut off from
the chromatograms, sewed onto another new sheet of paper
and run in the 15% acetic acid system again. After this
chromatographing, the B-1I1 zone was again cut off, sewed
onto a new sheet and run in the n-~butyl alcohol-acetic acid-

water system. The same procedure was repeated on a new



FIGURE 3
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sheet in the 7% acetic acid system. The pure B-1I was
finally cut off from the chromatograms and eluted with 93%
ethyl alcobhol. The alcohol solution was filtered and the
solvent evaporated under reduced pressure.

¥zriouc organic techniques were tried on the resi-
dués to obti:x las snre crystalline B-II. None of thes was
successful in yielding crystals. Tried were fractional re-
crystallization of the compound from the different concen-
trations of the aqueous alcohols and of some other organie
solvents., These procedures failed to remove the paper im-
purities which interfere with crystallization (15, 16).

Nor did B-1I crystallize out from the solution. The solu-
bility of the paper impurities is just so close to that of
the B-II and other polyphenolic compounds that one was un-
able to apply the technique of fractional recrystallization
to LXis problem.

G2¢ ~ther method tried was adsorption chromatography
using a Magnesoi cuvlumn {17). The impurities from paper were
found to be only slightly soluble in absolutely dry aéetone,
wkile th2 B-Ii is quite soluble in dry acetone. A Magnesol
ciluiii vas made by packing the Magnesol powder as a slurry
in dry acetone in a glass column. After washing with dry
acetone, the mixture of B~II and paper impurities in dry
acetone was poured sn top of the Magnesol and the B-II was
moved down the celiumn by the dry acetone. Elution of B-II

was continued until the blue fluorescence of B-II_disappegred
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from the column., Meanwhile, the dry acetone eluates were
collected in several fractions. Evaporation of the acetone
from the eluted fraction left the residue in a fairly clean
form. It was then fractionally recrystallized to remove
the trace amount of paper impurities remaining. The B-II
from tobacco finally began to form a crystalline-like com-
pound. However, it still was not good enough to give the

shary melting point desired.
Recovery of B-1I from the Pentane Solution. In

the process developed for the isolation of polyphenolic
compounds from tobacco leaves, quite a large amount of pen-
tane was used for fractionations. The pentane solution
still contained some B-II, together with some black tar-
like decomposition products. The recovery of B-II from
this dark black solution was effected by using the cellu-
lose column technique. Concentrated solutions of pentane
were poured over cellulose powder (Whatman Standard Grade,
ashless) which then was allowed to stand in a draft for a
few days to obtain complete dryness. This cellulose con-
taining the pentane solubles was then packed in a glass
column by hand on top of some fresh cellulose powder and
the B-II was developed and eluted out from the column with
15% acetic acid solution. The black tar-like impurities
remained on the cellulose. The acetic acid eluates were
concentrated under reduced pressure at room temperature in

a flash evaporator. Further purificat.on of B-II was
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carried out by the method which was described in the mass
paper chromatographic separation of B-II.
Further Separation of B~-I. Another blue-fluores-

cent zone (B-I) of smaller R, value in the n-butyl alcohol-
acetic acid-water system (Figure 3) was carefully cut off
from the chromatograms so that the zone would be separated
from the brown-fluorescent flavonoid zone which ran just
above it. The compounds contained in the zone were eluted
from the paper with 85% isopropyl alcohol and re-chromato-
graphed on Whatman 3 MM paper in the organic layer of n-
butyl alcohol-benzene-pyridine-water (5:1:3:3 v/v) system.
The paper chromatogram developed in this system is shown
in section 6 of Figure 3.

The lower zone which was still poorly separated
from the brown-fluorescent flavonoid zone was called B-I-2,
and the wide upper zone R-I-1. The numbers I-1 and I-2
correspond to the order in which the various zones of B-I
eluates appeared as they moved downward from the origin on
the n-butyl alcohol-benzene-pyridine-water chromatogram.

The zone containing B-I-1 and the zone containing
B-I-2 were each cut from the chromatograms and eluted sep-
arately with 85% isopropyl alcohol. The eluates of B-I-1
and B-I-2 were individually concentrated and subjected to
further purification by mass paper chromatography on S. &
S., No. 589, Red Ribbon filter paper.

__ Purification of B-I-2. The concentrate of B-I-2
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was placed on 60 sheets of S, & S., No. 589, Red Ribbon
filter paper (19 cm. x 58 cm.) and each paper was developed
in the 15% acetic acid system. This procedure moved the
B~-I-2 blue far away from the brown-fluorescent flavonoid
compounds. The zone containing B-I-2 was cut off from the
chromatograms, sewed onto another new sheet of S. & S.
paper and run in the n-butyl alcohol-acetic acid-water sys-
tem again., After this chromatography, it was again cut
off, sewed onto a new sheet and run in the 15% acetic acid
system. The same procedure was repeated again on a new
sheet in the n-butyl alcohol-acetic acid-water system. The
pure B-I-2 was finally cut off from the chromatograms and
eluted with 50% ethyl alcohol. The alcoholic extract was
reduced in volume ito approximately 50 ml. and placed in a
refrigerator to await further examination for purity and
identity.

Separation of B-I-1 into B-I-la and B-I-1lb and the

Purification of Each New Compound. The concentrate of B-

I-1 was placed on separate sheets of S. & S., No. 389, Red
Ribbon paper (19 cm. x 58 cm.) by streaking, and each paper
was developed for 20 to 26 hours in the n-butyl alcohol-
benzene-acetic acid-water system. When the developed
chromatograms of the B-I-1 zone were studied, it was observed
that this zone could be resolved into two zones by develop-

ment in the n-butyl alcohol-benzene-pyridine-water system

_above. These two zones were called B-I-la (}qugugf_valnel.

[ — [
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‘and B-I-1b (higher R, value), respectively (Figure 3).
- Further purification of each zone was achieved by cutting
out the zone and sewing it onto a fresh S. & S., No. 589
:paper separately, using the techniques of mass paper chro-
‘natography.

Solvents used were a combination of the n-butyl
‘alcohol-acetic acid-water and 15% acetic acid systems for
B-I-la and the n-butyl alcohol-berrene-pyridine-water and
15% acetic acid systems for B-I-1b. Each purified compound
thus obtained was finally eluted from the respective paper
by diluted alcohols. Both pure B-I-la and B-I-1lb were
~eluted with difficulty from the paper with cold 95% ethyl
jalcohol and various dilutions of cold ethyl alcohol. The
.alcoholic extracts from each compound were combined and
‘placed in the refrigerator to await further tests for pu-
‘rity and identity.

The Identification of the Blue-Fluorescent
Compounds Irom lobacCo Leaves

At this point, each of the zones isolated from
~the alcoholic extract of tobacco leaves could be considered
'a chromatographically pure compound in the solvent evstems'

. employed for their separation. In order to test their pu-:

érity further as well as to characterize each isolated hlue%

fluorescent compound for comparison with the available lit-

. erature for possible identification, the R¢ value (Table 1)
{ 1}

|
|
| was obtained for each blue-fluorescent compound isolated |




TABLE 1
CHROMATOGRAPHIC R, VALUES*

f
Compound Solvent Systems
15% Acetic  60% Acetic n-butyl alcohol- n-butyl alcohol
Acid Acid acetic acid-water benzene-pyridine~

(6:1:2) water (5:1:3:3)
B-1I1 0.32 0.75 0.84 0.86
Oat-Root Scopoletin 0.32 0.75 0.84 0.86
Synthetic Scopoletin 0.33 0.75 0.84 0.87
Esculetin 0.31 0.70 0.81 0.86
B-I-2 (B-3) 0.42 0.77 0.42 0.63
Esculin 0.40 0.71 0.45 0.63
B-I-la {8-4 0.13 0.56 0.23 0.35
B-I-1b (B-5 0.81 0.83 0.60 0.61
Chlorogenic Acid 0.31 0.60 0.38 0.47
Isochlorogenic Acid 0.12 0.27 0.24 0.70
Neochlorogenic Acid 0,32 0.61 0,30 0.45

* Paper-Schleicher and Schuell, No. 589 Red Ribbon; Temperature 28° - 30° c.

81
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from tobacco leaves in a series of solvent systems by the |
imethods of Gage, Douglass and Wender (18) and of Swain (l9i.
‘Further, the color was recorded for eauch untreated compound
-in visible and long wave ultraviolet light and with a seriés
of chromogenic sprays which produce characteristic colors
that can be used for qualitative identification of the blue-
fluorescent compounds (Table 2).

Studies on Compound B-II. Corresponding data found

in the literature (19) for (6-methoxy-7-hydroxy-coumarin)
(Figure 1) were found to be very similar to those obtained
with this compound.

In that the compound B-II appeared to be scopoletin,
:some authentic scopoletin was sought for comparisen in final
identification studies. Goodwin and co-workers (20) have
Teported the isolation of scopoletin and its glycoside from

roots from oat seedlings, Avena sativa. Therefore, such

an isolation to obtain scopoletin for comparison with the
compound B-II from tobacco was undertaken.

Scopoletin from Oat Roots. 0Oat seeds were ob-

tained from the Argonne National Laboratory and irsated as:

described below, The extraction method finzlly used was |
{

ihased on a modification of Goodwin's work as suggested by

'Mr. Will Chorney and Mr. Ronald Watanabe of the Argonne
‘National Laboratory.
| Dry oat seeds were soaked in tap water for about

hours, then spread on a moisture-saturated thick filter

|
|9




TABLE 2.
COLORS PRODUCED WITH CHROMOGENLIC SPRAYS

Compound
1% sodium
nitrite + Saturated 1% ethanolic
1 N sodium ammonium  aluminum
Untreated NHz vapor Ahydroxide molybdate chloride
\J gy Vv Uy \i Uy v UV \i Uy
B-I1 G de C dB C dB C dB C dB
Oat-Root Scopoletin C anB C dB C daB C daB C aB
Synthetic Scopoletin C d3 C dB C dB C dB C dB
Esculetin C ] Y Y R* Y Y pY C dB
B-I1-2 (B-3) G dB C aB C dB C dB : dB
Esculin C B c B c B C B C B
B-I-la C B Y gY R Bk brY Bk C B
B-I-1Db C B Y gY R Bk brY Bk C B
Chlorogenic Acid C B Y gY R Bk brY Bk C B
Isochlorogenic Acid C B Y gY R Bk brY Bk C B
Neochlorogenic Acid C B Y gY R Bk brY Bk c B

02

V =« visible light, UV = ultraviolet light, C = colorless, B = blue,
Y - yellow, Bk =« black, R = red, d - deep, g = greenish, p = pale,
br = brownish,

* on standing, changed to orange.
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paper. Fresh tap water was supplied to the seeds from time
to time to keep them from becoming dry. After 2 to 3 days,
the roots started to sprout. As soon as the roots started
to grow, one could observe in the dark room a beautiful
violet-blue fluorescence under the ultraviolet light. After
S days, all of the roots were cut away from the seeds, and
extraction of the roots with 85% isopropyl alcohol was
started by placing the roots in the solvent and setting
them aside at room temperature for about two weeks. VWith
the aid of ultraviolet light, one could observe that by this
time all of the fluorescence had left the roots and entered
the alcohol solution., The resulting fluorescent solution
was separated from the root residue by filtration, and its
volume reduced at room temperature.

One-dimensional paper chromatography of the con-
centrated oat-roots extract and the scopoletin-like compound
from tobacco (B~-II) revealed that one spot of the oat-roots
extract gave the same Rf value and similar blue fluorescence
as did the compound B-II. This was the case in three dif-
ferent developing solvents used, namely, 15% acetic acid,
60% acetic acid and n-butyl alcohol-acetic acid-water (6:1:
2 v/v). Of these solvents tested for the first step in th;
separation of the blue-~-iluorescent compounds present in thé
;oat-roots extract, distilled water proved to be the bsst :

;developing system. VWith water, the extract was separated

{on one phase paper chromatograms into four hlne-fluorescend

\
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sones. That sone whioh corresponded with the tobacco sco- |
poletin was the third sone from the solvent head., This
sone was cut out from the paper, extracted with acetone,
and re-chromatographed in the 15% acetic acid system. The 5
resulting purified zone was again extracted from the paper,
and its Rf values compared, through co-chromatography, with
those of scopoletin from tobacco in three solvent systems.
They were the same in the 15% acetic acid (BR; - 0.32), 60%
acetic acid (0.75) and in the n-butyl alcohol-acetic acid-
water (6:1:2) (0.84). S. & S., filter paper No. 589, Red
Ribbon was used at a temperature of 28.6° C. An attempt to
obtain pure crystalline scopoletin from oat-roots was not
successful because the amount of roots started with was too
small., Oat-roots contain more than a dozen blue-fluorescent
compounds., Some paper-chromatographically pure scopoletin
in alcohol solution was obtained from oat-roots.

Ultraviolet Absorption Spectra of Tobaccc Scopoletin,

Qat-root Scopoletin, Esculin, and Esculetin., As soon as

the sample of pure scopoletin was available from oat-roots,
a comparison of its ultraviolet absorption spectrum with

that of scopoletin from tobacco leaves was undertaken, In%
iaddition, absorption spectra of esculin and esculetin weref
jalso studied, since their structures are closely related ;
ito that of scopoletin, ;
! Pure esculetin was obtained by the hydrolysis of %
Eagnlig_liih_zﬁ_gqgggus sulfuric acid solution. Both tggmj
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parent glycoside, esculin, and the aglycone, esculetin,
were purified by mass paper chromatography in a combination
of 15% acetic acid and n-butyl alcohol-acetic acid-water
(6:1:2) systems.

A pure sample of each compound whose ultraviolet
absorption spectrum was to be studied, namely the scopoletin
from oat-roots and scopoletin from tobacco leaves, esculin,
and esculetin, was streaked across Whatman No. 1 paper (19
cm. x 46 cm.) for mass paper chromatography. The amount of
material put on each sheet was judged by the blue fluores-
cence under ultraviolet light and adjusted so as to be of
nearly equal concentration. After the material streaked
on paper was dried, the chromatograms were developed in a
system of 15% acetic acid together with a blank sheet at
the same time. Each blue-fluorescent compound developed
as a narrow sharp zone of about the same width. The Rf
values of scopoletin from oat-roots and scopoletin from
tobacco leaves were the same. Now each zone of the blue-
fluorescent compound was cut off from the respective chro-
matograms. The blank sheet was cut off in such a way that
the width and location of paper was exactly the same as
that of the zone containing scopoletin from oat-roots,
These strips were then eluted in an elution chamber with
80% ethyl alcohol solution at the same time, until the
blue fluorescence disappeared from the paper.

The absorption spectrum of each compound was taken
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with the Beckman DU spectrophotometer in 80% ethyl alcohol |
;aolntion between the wave lengths of 220-400 millimicrons :
with the eluate of the blank sheet as blank. The close
structural relationship of oat-roots scopoletin, esculetin,
and esculin is shown in their absorption spectra in Figure
4, The absorption spectrum of scopoletin from tobacco
leaves compared very well with that of scopoletin from oat-

roots in Figure S.

Synthesis of Scopoletin
In order to confirm the identification of tobacco
scopoletin, the synthesis of scopoletin by the method of
Aghoramurthy and Seshadri (21) was undertaken. Figure 6
illustrates the reaction scheme for this preparation.

Esculetin (II) from Esculin (I). Three and two-

fifths grams (0.0l mole) esculin (L. Light & Co. Ltd.,
England) was suspended in 120 ml. of 7% agueous sulfuric
acid. A 500 ml, round-bottom flask equipped with an air
condenser and containing the mixture was heated on a steam
ath for 3 hours, The glycoside, esculin, went into solu-~ -
iion as soon as the mixture was heated. As the reaction
proceeded the solution became yellow and the aglycone, ‘
escnletln, precipitated out as fine needles. The reaction%
prodncts were placed in an ice box overnight, then collected
on a glass filter and were finally dried in a desiccator i

1
| !
under reduced pressure. About 1.9 g. of flne yellow prisms!
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ABSORPTION SPECTRA OF TOBACCO-~LEAF SCOPOLETIN AND OAT-ROOT SCOPOLETIN

FIGURE 5

Scopoletin from Tobacco Leaves (in 80% Ethyl alcohol-Water)
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FIGURE 6
REACTIONS ILLUSTRATING THE SYNTHESIS OF SCOPOLETIN

H H H
c 0 C 0 C 0
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fveré"bhtaihéa.Amfﬂéégvé}fgials sinter-d at 268° C, and de- '

'colposed at 270° C. (uncorrected).
7-Benzyl-Esculetin (III). A solution of 1.8 g.
esculetin (0.01 mole) and 2.6 g. benzyl chloride in 70 ml.

of ethyl alcohol was treated with 1.9 g. solid sodium bi-
carbonate and refluxed for 12 hours on a steam bath. The
reaction yprcducts finally became orange yellow in color,

The alcohol was removed under reduced pressure, and the
residue was treated with a small amount of chloroform.
Chloroform was now removed under reduced pressure so as to
remove the trace amount of alcohol completely. After this,
200 ml. of chloroform was added to the residue. The un-
reacted esculetin remained insoluble in the chiorcform and
was separated from the solution by filtration. The chloro-
form solution was then shaken with 100 ml. of 10% aqueous
potassium carbonate solution, followed by shaking with 200
ml. of 1N sodium hydroxide solution., The 7-benzyl-esculetin
precipitated out from the sodium hydroxide solution on acid-
ification with 1IN hydrochloric acid and was left to stand
overnight in an ice box. The by-product, dibenzyl-esculetin,
remained in the chloroform solution., The 7-henzy1-esculetin
‘was collected on a gliss filter and 2issolved in acetone. |
‘The acetone solutiou was treated with sctive charcoal for
%several times and then iiie acetone was removed in vacmo.
%The products were finally recrystallized from 1, 2-dichlo-§

roethane as colorless prisms, which melted at 292-93° C.
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(uncorrected). The yield was about 0.325 g.

Scopoletin-benzylether (IV). A mixture consisting
of 0.325 g, of the 7-benzyl-esculetin (III) and 0.3 ml. of
dimethyl sulfate in 20 ml. dry acetone was treated with 0.$
g. of anhydrous potassium carbcnate and refluxed.for 6 hours
on a water bath. The potassium salts were filtered off and
washed with hot acatone. Evaporation of the acetone solu-
tion left a residue which crystallized from alcohol as col-
orless prisms melting at 123-27 ° C. (uncorrected).

Scopoletin (V). The foregoing benzylether (IV),
0.02 g. was dissolved in 1 ml, glacial acetic acid, and
0.5 ml. of concentrated hydrochloric acid was added to it.
The mixture was heated on a steam bath for 30 minutes. The
acetic acid, benzyl chloride, and hydrochloric acid were
completely removed under reduced pressure, and the residue
was washed with a small amount of petroleum ether to remove
the last traces of benzyl chloride. The solid on recrystal-
lization from 95% ethyl alcohol came out as colorless nee-
dles melting et 206-07° C. (uncorrected).

This synthetic scopoletin, when co-chromatographed
with authentic scopoletin, had the same Rf values in 15%
‘acetic acid, 60% acetic acid, and n-butyl alcohol-acetic
.acid-water (6:1:2) systems. (Table 1). The blue fluores-j
gcence of the synthetic scopoletin as well as the colors .
%developed with several chromogenic sprays were the same asi

|those of the tobacco scopoletin., (Table 2). _J
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Studies on Compound B-I-2, Compound B-I-2 fluo-
resced a bright blue under ultraviolet light, and tke fluo-
rescence seemed to be intensified by exposure to ammonia
vapors, but without changing color. No change in color was
observed after spraying with 1% alcoholic aluminum chloride
solution (18); with a saturated aqueous solution of ammo-
nium molybdate (22); or with 1% sodium nitrite in 10% acetic
acid solution followed by 1N sodium hydroxide solution (23).
The "B-I-2" was colorless in visible light. The failure of
compound B-]I-2 to give a positive color test with aluminum
chloride, ammonium molybdate, and sodium nitrite followed
by sodium hydroxide indicated that "B-I-2" is neither a
flavonoid type compound, nor a caffeic acid type compound
with two adjacent hydroxyl groups on the aromatic ring, nor
a chlorogenic acid type compound. It appeared most likely
to be a coumarin type compound. This tentative conclusion
was further supported when the ultraviolet absorption spec-
- trum of "B-I-2" was taken. The ultraviolet absorption
spectrum of "B-I-2" exhibited a close relationship to that
of esculin., (Figure 7).

The Bf values of "B-I-2" on Whatman, No. 1 paper
‘are: 0,77 in 15% acetic acid; 0.78 in 60% acetic acid;
0.40 in n-butyl alcohol-acetic acid-water (6:1:2) system;
and 0.60 in n-butyl alcohol-benzene-pyridins-water (5:1:3:
3) system. A very interesting relationship of Ry values

L!gg observed when this compound was co-ch:gggtographgﬁ,gi}ﬁ
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FIGURE 7
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'scopoletin, esculin and esculetin. Tﬂé”ktA¥;Iﬁ;;.bt the
glycoside, esculin and its aglycone, esculetin, respectiveiy
are: (1) 0.73:0.57 in 15% acetic acid; (2) 0.72:0.71 in
60% acetic acid; (3) 0.43:0.78 in n-butyl alcohol-acetic
acid-water (6:1:2) system. The R; values of the "B-I-2"
compared to those of scopoletin are: (1) 0.77:0.59 in 15%
acetic acid; (2) 0.78:0.76 in 60% acetic acid; (3) 0.40:
0.81 in the n-butyl alcohol-acetic acid-water (6:1:2) sys-
tem.

Hydrolysis of a portion of the "B-I-2" concentrate
was carried out for approximately four hours with 2N sul-
furic acid over a hot water bath. The resulting reaction
mixture was extracted several times with ethyl acetate.

The ethyl acetate extracts were combined, filtered, and
concentrated for subsequent study. The aglycone obtained
on hydrolysis of "B-I-2" fluoresced bright blue under ul-
traviolet light. Paper chromatographic comparison of this
unknown aglycone with esculetin and scopoletin in several
solvent systems resulted in a tentative identification of
the aglycone as scopcletin, This was further confirmed by
the identical ultraviolet absorption given by the unknown
‘aglycone and scopoletin,

Before carrying out the paper chromatographic iden- .
tificafion of the sugars present in the hydrolysate of B—Ié
‘2, this acidic solution was treated with an ion exchange ‘

\resin, Amberlite IR-45, to remove the sulfate ion and _n,en:j
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tralise the solution. The resin itself was first converted
into the basic form by treatment with a 2N sodium hydroxide
solution, followed by thorough washing with distilled water
until a neutral reaction was obtained. The resin was then
added in small portions to the flask containing the fil-
trate, and the contents were well mixed. When the solution
gave a neutral reaction to pH paper (Hydrion paper), a
slight excess of resin was added, and the mixture filtered
to remove the resin from the solution. The resin was washed
ten times with distilled water, and the washings added to
the filtrate, to remove as completely as possible any sugar
which might have been trapped in the resin. The filtrate
was then reduced in volume to S ml. or less in a rotating
evaporator, in vacuo, over a warm water bath.

A portion of this concentrate was then spotted on
Whatman No. 1 filter paper, along with known sugars for
comparison, and developed in the n-butyl alcohol-benzene-
pyridine-water (5:1:3:3) solvent system. After drying, the
chromatogram was sprayed with aniline hydrogen oxalate rea-
gent (24), and heated in a drying oven at 110° C., for ap-
proximately 15 minutes. The unknown solution contained two

sugar spots with R, values 0.28 and 0.52. The latter two

f
spots were identical with the authentic glucose and rham-

‘nose, respectively, run as comparison standards. After the
‘identity of the hydrolysate sagars had been established to.

: |
.be_glucose_and rhamnose, a standard solution of glucose and
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'rhamnose mixture in equal molar ratio was made. The con-
centration of this solution was so adjusted that each mi-
croliter of the solution contesined 1 microgram each of glu-
cose and rhamnose. This standard sugar solution was spotted
on Whatman No. 1 filter paper along with the concentrate of
the hydrolysate, developed in the n=butyl alcohol-benzene-
pyridine-water system and sprayed with aniline hydrogen
oxalate reagent. Observation of the size of the spots and
the intensity of the colors developed with aniline hydrogen
oxalate reagent indicated that the ratio of glucose to rham-~
nose in the unknown solution is similar to that of the
standard solution., Since more precise quantitative analysis
was needed for structural determination, further study on
quantitative estimation of the molar ratios of scopoletin,
glucose, and rhamnose was attempted by applying and modi-
fying the existing methods of sugar analysis reported by
Timell, Glaudemans, and Carrie (25). This work is not com-
plete.

The following structure, however, is tentatively
proposed for tobacco leaf compound "B-I-2": scopoletin-7-
rhamnoglucoside.

-

Studies on ComﬁOnnd *B-I-la" and Compound "B-I=-lb,"

'Both compound "B-I-1la®" and compound "B-iI-1b" when developed
-on paper chromatograms have properties similar to those ob-

;served with standard chlorogenic acid. ‘Such properties aré:

i(l) temporary change of blue fluorescence to greenish—yel{§w
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fluorescence under ultraviolet light when these compounds |
are exposed to ammonia vapor; (2) a pink color is develope&
on successive treatment of these compounds with sodium ni-j
trite and sodium hydroxide; and (3) they give a green color
with ferric chloride spray. A saturated solution of ammo-
nium molybdate produced brownish-yellow colors with both
*B-I-1la" and "B-I-1b." These colors in visible light are
characteristic of chlorogenic acid. (Figure 1). The R,
values of neither "B-I-la" or "B-I-1b," however, check with
that of standard chlorogenic acid. Typical Rf values of
*B~I-la,"” "B-I-1b" and standard chlorogenic acid on S. & S.,
No. 589, Red Ribbon paper are: (1) 0.13, 0.81 and 0.31 in
the 15% acetic acid system; (2) 0.23, 0.60 and 0.38 in the
n-butyl alcohol-acetic acid-water (6:1:2) system; and (3)
0.35, 0.61, and 0.47 in the n-butyl alcohol-benzene-pyri-
dine~water (5:1:3:3) system, respectively. The R values
of "B-I-1la" are quite low compared to those of the chloro-
genic acid standard, while the corresponding values of "B-
I-1b" are always higher than those of the chlorogenic acid
standard. The "B-I-la" was ielatively more soluble in di-
lute ethyl alcohol, but "B-I-1b" seemed to be relatively
more soluble in a mixture of ethyl acetate-ethyl alcohol
(1:1). In solubility, "B-I-la" resembled chlorogenic acid
more than did "B-I-1b."

The commercially available samples of chlorogenic

ijkd,_on._Jhansi_LD_eLta__c.hmigal_LQrLs_,_lle_v_.l'.o._x:lskap.Q_L_L_Lj.,glLt_l
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‘& Co., Ltd. England) are very impure. One of the major -
Einpnrities is caffeic acid (Figure 1), which is believed t+
iba derived from the parent chlorogenic acid, and the otherﬁ
:impnrities are unknown compoun.!'s with smaller Rf values |
gwhich fluoresce yellow or green under ultraviolet light.
vThe purification of chlorogenic acid from a commercially
‘available sample was, therefore, undertaken following the
extended mass paper chromatography described in the purifi-
cation of "B-I-la." This involved the separation of chlo-
rogenic acid on S. & S., No. 589 Red Ribbon paper in the
n-butyl alcohol-acetic acid-water, 15% acetic acid, and n-
butyl alcohol-benzene-pyridine-water systems. The chloro-
genic acid, thus purified, was eluted from the paper with
'50% ethyl alcohol. VWhen this was spotted on S. & S., No.
.589 Red Ribbon paper along with "B-I-la"™ and the original
impure chlorogenic acid before purification, and all were
develofed in the several solvent systems described above,
it was found that the B, values of the purified chlorogenic
acid checked favorably with those of "B-I-1a" in all the
systems used. This rather surprising discovery indicated
that apparently some change had happened to chlorogenic
‘acid to slow down its Ry values when it was purified by
éextended mass paper chromatography.

In order to clarify the findings mentioned above,}
|

%a pure sample of chlorogenic acid was sought and finally

purchased from Fluka AG Chemische Fabrik Buchs ISG in
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Switserland. This particular sample probably is the purest
‘chlorogenic acid commercially available today.

A portion of this chlorogenic acid was dissolved
in 50% ethyl alcohol and then spotted on S. & S., No. 589
Red Ribbon filter paper, along with the Light & Co. impure
chlorogenic acid, the Oklahoma purified chlorogenic acid,
and "B-I-la" and developed in several solvent systems sepa-
rately. Observation indicated that the Rf values of pure
chlorogenic acid checked with those of the main spot of im-
pure chlorogenic acid, bnt not with the purified chlorogenic
acid and "B-I-la."™ The Rf values of the latter two are far
small compared to those of pure chlorogenic acid.

Careful observation of the developed chromatograms
revealed that pure chlorogenic acid gave another blue-fluo-
rescent spot of higher Rf value in the 15% acetic acid and
60% acetic acid systems., This additional spot was not ob-
served when the paper wﬁs developed in the n-butyl alcohol-
acetic acid-water and n-butyl alcohol-benzene-pyridine-water
systems. Another portion of pure chlorogenic acid was
streaked on S, & S., No. 589 Red Ribbon filter paper and
. subjected to procedures similar to those mentioned in the |
purification of "B-I-la" and impure chlorogenic acid. Ihen%
@his was done, it was found that pure chlorogenic acid had:
Peen changed to give two blue-fluorescent zones by develop-i

hent in the 15% acetic aciid system. The new zone agaixn has|

L_higha1_Bf;zalna;UMuLJunLJuuuun_znne_in_ihg;L&iJmmj‘
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acid systea. The chlorogenic acid zone thus treated was
eluted from the paper and again compared with *"B-I-1a®" and
the purified chlorogenic acid. Then Rf values checked fa-
vorably in all the systems used.

The original alcohol extract of tobacco leaf was
then spotted on S. & S., No. 589 Red Ribbon filter paper,
along with pure chlorogenic acid and developed in the sev-
eral solvent systems mentioned above. In the two systems,
n-butyl alcohol-acetic acid-water and n-butyl alcohol-ben-
zene-pyridine-water, the Rf value of pure chlorogenic acid
checked favorably with a blue spot from which B-I-la had
been derived.

A solution of purified "B-I-1a" was obtained by
elution from five sheets of S. & S., No. 589 Red Ribbon
filter paper (19 x 58 cm.) with 50% ethyl alcohol, and the
solution was heated on a hot water bath in 3 ml. of 2N so-
dium hydroxide for 30 minutes, Affer acidification with
3.2 ml. of 2N sulfuric acid, ether extraction was carried
out several times with a total of 50 ml. ether. The re-
sulting solid material, after filtration and evaporation of:
the ether, was dissolved in 95% ethyl alcohol. This was
co-chromatographed with known caffeic acid. A blue spot
yas obtained. The Rf values and fluorescence of this com- é
pound correspond to those of caffeic acid. Thus, tobacco ‘

leaf compound "B-I-la" has now been identified as chloro- |

Lﬂnin_acid, . J
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Two other known compounds closely related to chlo-

rogenic acid are isochlorogenic acid and neochlorogenic ac-
id. Isochlorogenic acid, a position isomer of chlorogenic
acid, was first isolated from coffee together with chloro-
genic acid by Barnes, Feldman and White (26) who proposed

a structure for this compound as shown in Figure 8. The
structure of mneochlorogenic acid has not yet been completely
clarified.

Authentic samples of isochlorogenic and neochloro-
genic acid were received from Dr. H, W, Siegelman of the
U, S. Department of Agriculture, Beltsville, Maryland, and
Dr. J. Corse of the Western Begional Research Laboratory,
Albany, California, respectively. When these two samples
were co-chromatographed with purified "B-I-1b" in the sev-
eral solvent systems mentioned above, it was found that the
Bf values of neither isochlorogenic acid nor neochlorogenic
acid checked with those of "B-I-1b." (Table 1). Si;ilar
treatment of "B-I-1b" with sodium hydroxide, as mentioned
in the saponification of "B-I-la" above, gave caffeic acid
by one dimensional paper chromatographic examination.

All attempts to isolate compound "B-I-1b" in pure
prystallina state have so far failed. It appears to isom- é
Prize or to decompose very repidiy, giving rise to two blueé
?lnorescing and two green fluorescing materials when its
| !

#ass paper chromatographic separation was carried vut on S,

@ S., No. 589 Red Ribbon filier paper in 5% acetic acid
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FIGURE 8
STRUCTURAL FORMULAE OF CHLOROGENIC ACID AND ISOCHLOROGENIC ACID
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system. It behaved, however, as a pure single zone on the
same paper in the n-butyl alcohol-acetic acid-water and the
n-butvl alcohcl-benzene-pyridine-water systems. Further
work on identification of "B-I-1b" was nol completed. To-
bacco leaf compound "B-I-1b" appears t. be a new substance
closely related to chlorogenic acid.

Isomerization of chlorogenic acid, isochlorogenic
acid, and neochlorogenic acid by dilute hydrochloric acid
was reported by Dickinson and Gawler (27). According to
these workers, when the solutions of the three acids in n-
propyl alcohol containing 1% hydrochloric acid were concen-
trated by distillation and co-chromatographed in a n-butyl
alcohol-acetic acid-water (63:10:27) system, they all gave
rise to a new fourth spot with a Ry value of 0.01. They

reported that the normal R, values for chlorogenic acid,

f
isochlorogenic acid, and neochlorogenic acid in this system
are 0.71, 0.85, and 0.62, respectively. Similar isomeri-
zation was also observed by the same workers when the three
chlorogenic acids were chromatographed on paper using the
Forestal solventi (28}, hydrochloric acid-acetic acid-water
(3:30:10 v/v).

Mass paper chromatographic separation of "B-I-1la"
and "B-I-1b" on S, & S., No. 589 Red Ribbon paper in agueous
acetic acid systems seemed to effect isomerization or de-

composition of chlorogenic acid and "chlorogemnic-acid-like"

compounds. This has been reported in the above paragraphs.
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The isochlorogenic and neochlorogenic acid samples sent to
this labosatory were found to isomerize under the same con-
ditions. The isomeriszation product of each acid, however,
was not the same, but differs depending on the parent acid.
The evidence available at present is not sufficient to per-
mit a completely satisfactory explanation ¢f these phenom-
ena, It has thus become evident that one should avoid the
use of acidic solvent systems in paper chromatography of
these chlorogenic acids, Likewise, Whatman No. 1 rather
than S, & S., No. 589 paper is definitely recommended for
use with the chlorogenic acids. A new solvent system,
namely 15% tert-butyl alcohol was found to effect no isom-
erization of chlorogenic acids. It has been used in more
recent work to replace the 15% acetic acid system during

mass paper chromatographic separationms.




CHAPTER III

ISOLATION AND IDENTIFICATION OF CERTAIN BLUE-~
FLUORESCENT COMPOUNDS AND FLAVONOID
GLYCOSIDES IN TOBACCO FLOWERS

Isolation from Tobacco Flowers

Extraction. The sample of tobacco flowers used

was from One-Sucker tobacco grown in the Argonne National
Laboratory greenhouse., Immediately following their collec-
tion, the flowers were dried in an oven at 110° C., and
ground to a powder. A total of 1.5 kg. of the powdered
tobacco flowers was extracted with 85% aqueous isopropyl
alcohol in Soxhlet extractors until the sample gave no cocl—
oration with fresh solvent. For each Soxhlet extractor,

50 G, of the tobacco flowers was used, and a total of ap-
proximately 1650 ml. of 85% isopropyl alcohol was necessary
over a period of about 12 hours. A hot water bath was used.
The combined alcoholic extracts were concentrated, under
reduced pressure, to a volume of approximately 7 liters.

Solvent Separation. The alcoholic extracts of the

tobacco flowers exhibited some red fluorescence under ultra-

violet light. This was due possibly to "chlorophyll-like"

43
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substances plus resinous materials. It is advisable to
remove these from the alcoholic extracts before the flavo-.
noid glycosides and related polyphenolic compounds are sub-
jected to mass paper chromatographic separation, lest they
interfere with sharp separation on paper chromatograms.

The concentrates of the alcocholic extracts were, therefore,
subjected to extraction with benzene (Figure 9). For each
operation, a 250 ml. aliquot of the concentrate was used
with 200 ml. benzene in a one-liter separatory funnel. The
upper layer of benzene was then re-extracted with 35% iso-
propyl alcohol to recover some of the glycoside-like mate-
rial that had gone into that layer. The alcohol-water layer
and the alcohol solution washings were combined and concen-
trated in vacuo over a hot water bath to a volume of approx-
imately 6.5 liters.

Scopoletin. The benzene fraction obtained after

the extractions was subjected to mass paper chromatography
in the 15% acetic acid system. The organic resinous materi-
als, as well as the "chlorophyll-like" substances, have

zero or very small R; values in this solvent system, and
therefore were readily separated by this procedure from thé
ghlne-flnorescent material, scopoletin. The blue zone, vhiéh
;contained scopoletin, was cut off from the paper chronato-%
%gram, sewed onto a new sheet of Whatman 3 MM paper and run
: !

in the n-butyl alcohol-acetic acid-water system to achieve .

ifnrther separation. Each purified, blue-fluorescent zone |
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FIGURE 9
FLOW-SHEET OF THE OPERATIONS PERFORMED IN
THE EXTRACTION OF TOBACCO FLOWERS AND THE
SEPARATION OF PHENOLIC CONSTITUENTS

Tobacco Flowers (1.5 Kg.)

85% Isopropyl alcohol
extraction

y
Isopropyl soluble

Isopropyl concentrate (7 Liters)

Benzene extraction

Benzgne layer Isopro 7y1 _layer
(Scopoletin)
Ether extraction
“Alcohol—wg;er“ layer Ethegvlayer

Qneréetin)
Kaempferol)

BAW (6:1:2)

Whatman 3 MM paper

36-48 hours

¥ ¥ o y
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was finally eluted with 95% ethyl alcohol. Tho scopolotin
sone thus obtained was found to be idemtical, in all systems
used, with scopoletin from tobacco leaves, scopoletin from
oat-roots, and synthetic scopoletin.

Paper Chromatographic Separations. The concentrate
of alcohol extracts remaining after the benzene extraction
(Figure 9) was found to contain flavonol aglycone compounds
on analysis with paper chromatography and chromogenic
sprays. These were removed by extraction with ethyl ether.
For each operation, a 600 ml. aliquot of alcohol concen-
trate was extracted five times with 250 ml. of ether and
then twice with 200 ml. portions of ether. The combined
ether layers were concentrated and subjected to mass paper
chromatography. Two flavoncl aglycones, namely quercetin
and kaempferol, were purified and identified in this ether
layer by Edwin L. Murphy (12) in this laboratory.

The alcohol, water-rich layers remaining after the
ather extractions, were combined. The total volume of this
concentrate was brought to 1 liter with n-propyl alcohol,
and it was designated as the "Alcohol-Water" fraction (Fig-
ure 9). By developing paper chromategrams of this 'alcohol-
water® fraction on a large sheet of Whatman 3 MM paper |
(46.5 x 57 em.) for 36 to 48 hours in the n-butyl alcohol-
acetic acid-water system, sufficient resolution could be
obtained to observe a minimum of four brown fluorescing

{;onos and four blue fluorescing zones under ultraviolet |
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light (Figures 9 and 10). Figure 10 is somewhat idealised
to emphasize the individual sones. Actually, there is some
overlapping of compounds througiuuv. -'theurh the outlined
separation, in general, can be observ¢, In this figure,
the chromatogram has been cut down the middle. The left
side represents the chromatogram portion which was not
sprayed; the right side represents the portion which had
been sprayed with 1% aluminum chloride in 95% ethyl alcohol.
Compounds "B-1" and "B-2." Both *"B-1" and "B-2"

developed in very narrow zones with the n-bdutyl alcohol-
acetic acid-water system. These two blue-fluorescent com-
pounds did not change their color under ultraviolet light
after spraying with the aluminum chloride solution; with
1% potassium hydroxide solution; or with 1% sodium nitrite
in 10% acetic acid solution followed by 1N sodium hydroxide
solution. It seems unlikely, therefore, thet either 'B—l"
or "B-2" could possibly be a flavonoid glycoside or a chlo-
rogenic acid-like compound. Further characterization and
identification of these two compounds were not completed
partly due to insufficient amount of sample isolated from
the flower extracts. The amcunts of "B-1" and “B-2" pres-
ent in tobacco flowers are very small.

Compound *G-1.* The zone containing "G-1" was
cut off from the paper chromatograms and eluted with 50% |
5ethy1 alcohol-water in an eiwi:is: z:anber. The combined g

iglnates were concentrated unuex raduscd pressure and aga@gj




48

FIGURE 10

CHROMATOGRAM OF THE "ALCOHOL-WATER" FRACTION
AL COHOL-WATER FRACTION
B-A-W (6:1:2) 36-HOURS
COLORS UNDER U.V. BLACKLIGHT

NO SPRAY

AFTER 1% ALCOHOLIC AIC!3 S PRAY

B

RS T T RN ”"‘l"“"n\“‘"“\\”'”"“"""'Il“”, BLUE

B2
ity

Al \
<.o:!hn“\»r:l““ U "\u.h....mwvu.rl"“"“" 10340 ne,

ey NS tevease gty

BLUE= ot

Whibane M
BLUE~ 1\\\\\““"‘ Wiy N}

s, 1\ R COBSIININ I8 L UE

. NERRLTKXY e ) ~Q'o'0"'. .
BROWN— SOV R R R VR RN YY) y l.':“ﬂ.' e 'p'"‘”""‘ E.ow

S— ‘ . | SN T AR € oW
mm!mn'Il)mm\\\\\nm»'l

BLUE ~ ‘m\’

WELLOW

{1 ',."‘ /);’
, I“‘\ ) IH"

/"//;/

P
AN '

/ sl |
| Ry

J

iedly

BROWN-»

O
ol Ea




49

. e cm——

developed in the n-butyl alcohol-acetic acid-water system,
this time for 14 hours. After this second chromatography,
the remaining traces of "B-1" and "B-2" had been removed,
but some "B-3" still contaminated the "G-1" zone. There-
fore, the "G-1" zones were cut off from the paper chromato-
grams and extracted with the 50% ethyl alcohol in an elu-
tion chamber. The concentrated eluates were again streaked
on Vhatman 3 MM paper and this time developed in the 15%
acetic acid system. In this system, the "B-3" moves con-
siderably farther than "G-1," and separation of the two

was almost complete. The "G-1" zones were again cut off,
sewed onto a new sheet of Whatman 3 MM paper, and developed
once more in the 15% acetic acid system to remove the last
trace of the "B-3" blue. The "G-1" was eluted from the
final sheets with 50% ethyl alcohol and concentrated in
Yacuo.

From its behavior during paper chromatography and
from its color on paper under ultraviolet light, with and
without sprays, "G-1" appeared to be a flavonoid-glycoside
containing at least two units of sugar. For example, "G-1"
fluoresces brown under ultraviolet light, and it gave a
zyellov fluorescence under ultraviolet on exposure to ammon%a
fvapors. After being sprayed with 1% alcoholic aluminum .
‘chloride solution, it gave a golden yellow color under nltﬁa-
;violet and in visible light. 1Its Rf values on S. & S., No:

igqg_ggg_gihhon paper were: 0.08 in n-butyl alcohol—acetigj
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acid-water (6:1:2); 0.72 in 60% acetic acid-water; and 0.73
in 15% aeetic acid-water. The lower R, value in n-butyl
alcohol-acetic acid-water and the higher R, value in 15%
acetic acid systems are typical of flavonoid glycosides on
paper. The extremely low Rt value of "B-1" ia n-butyl al-
cohol-acetic acid-water system and its Rf values in all
other systems also indicated that this compound could not
have been one of the three known flavonol (3-Lydroxy-flavone)
glycosides previously isolated and identified from leaf ex-
tracts of the same tobacco. These three flavonol glycosides
are: isoquercitrin (quercetin-3-glucoside) (29); rutin
(quercetin-3-rhamnoglucoside) (30, 12); and kaempferol-3-
rhamnoglucoside (31, 12). "G-1," therefore, is a flavonoid
glycoside isolated from the tobacco flowers for the first
time in these studies.

A portion of the purified "G-1" fraction was hy-
drolyzed for 12 hours with 2N sulfuric acid on a hot water
bath. The resulting yellow aglycone was extracted with
ethyl acetate. The ethyl acetate extracts were combined,
filtered, and concentrated for paper chromatography studies.
The aqueous portions were concentrated, neutralized by
Amberlite IR-45 anion exchange resin, as described in later
‘paragraphs, and analyzed qualitatively for sugar present.

The aglycone obtained on hydrolysis of 'G-r'fluo-;
%resced yellow under ultraviolet light. The yellow tlnores%

I
i
t

| cence was intensified on exposure to ammonia vapors. The
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aglycone gave a greenish-yellow color after being sprayo&_]
with the alcoholic aluminum chloride solution. The fluo- %
rescence color of "G-1" aglycone and its change by the chr&-
mogenic reagents seemed to indicate that it is a flavonol.§
The brightly fluorescent greenish-yellow color of the flav-
onols is attributed to the presence of a free hydroxyl
group at the 3 position of the flavone nucleus (5). If
this group is substituted, as in the case of the flavonol-
3-glycosides, the compound then absorbs ultraviolet radia--
tion and appears as a dull brownish spot on a chromatogram.
The flavones, lacking this hydroxyl group in the 3 pesition,
also fluoresce brown in ultraviolet light. Substitution of
a hydroxyl group in other positions on the quercetin nucleus
seems not to produce this alteration of the fluorescence.
The quercetin-7-glycosides, such as quercimeritrin (quer-
cetin-7-glucoside), fluoresce yellow in ultraviolet light.
The methyl ethers of quercetin such as rhamnetin, isorham-‘
netin and rhamnazin which are substituted in the 3' and 7
positions are yellow under ultraviolet light. According to
the theory discussed above, it seemed to be logical to as-.
sume that "G-1" is a flavonol-3-glycoside. |
The R, values for the "G-1" aglyconme using S. & f
S., No. 589 Red Ribbon paper were: 0.66 in n-butyl alcohoi-
‘acetic acid-water (6:1:2); 0.21 in 60% acetic acid-water;
10.02 in 15% acetic acid-water; and 0.04 in benzene-nitro- %

' methane-water syst:a (3:2:5). The low movement of the
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‘aglycone in the benzene-nitromethane-water system indicates

?that it probably has no methoxyl group present on the nu-
.cleus (32). Co-chromatography of "G-1" aglycone in several
isolvent systems with authentic kaempferol, quercetin, ro-
‘binetin (3, 3', 4', 5', 7-pentahydroxy-flavone), and my-
‘ricetin {3, 3*, 4', 5', 5, 7-hexahydroxy-flavone), revealed
that it was not identical with any of them. The Rf value
-of "G~1" aglycone in the n-butyl alcohol-acetic acid-water
system using S. & S., No. 589 Red Ribbon paper was compared
with those of the four authentic flavonols mentioned above.
These values were: 0.89 for kaempferol; 0.79 for quercetin;
. 0.52 for robinetin; and 0.56 for myricetin. Flavonoid agly-
. cones having the same number of hydroxyl groups have approx-
'imately the same Rf values, varying as a rule between one-
‘third and two-thirds of the increase in R ¢ Value which
‘would result from the loss of this hydroxyl group (33).
Applying this general approximation to the data obtained
Eahove, *G-1" aglycone would possibly be a hexahydroxy-fla-
vone, or pentahydroxy-flavonol. Further paper chromato-
graphic comparison of "G-1% aglycone with a known penta-
‘hydroxy-flavonol, gossypetin (3, 3', 4', 5, 7, 8-hexahy- .
%droxy—flavone) gave an inconclusive result due to the fact%
;that the authentic gossypetin received from Dr. T. R. I
;Seshadri of India had been oxidized or decomposed to give

|
i several spots on chromatograms. Studies on the identity

Lo1_tha_:G=l:_agl;nnna_a:a_haing_continned; E




53

o

| For neutralization of the hydrolysate, as men-
tioned above, Amberlite IR-45 was used. The resin was first
treated with 2N sodium hydroxide solution. The resin was
washed with distilled water until the pH was approximately
S, then washed several times with water-saturated-ethyl
acetate, then with methyl alcohol and isopropyl alcohol,

and finally with distilled water. The concentrated hydrol-
ysate was added onto the resin, and the resulting filtrate
collected in an Erlenmyer flask. This filtrate was again
poured on top of the resin, and this process was repeated
antil the filtrate was about pH 5 (Hydrion paper). After
this, the resin was washed several times with § ml. of dis-
tilled water to remove trace amounts of sugar which might

be adsorbed on the surface of the resin, and the water wash-
ings were combined with the neutralized filtrate. The com-
bined solution was treated several times with Norit and

was finally reduced in volume in vacuo for identification
studies of sugars.

For sugar identification, the organic layer of the
system n-butyl alcohol-pyridine-benzene-water (5:3:1:3) was
‘used, as was the aniline hydrogen oxalate spray. The suga%s
;ohtained from the hydrolysis of "G-1" were glucose and rham-
 nose, by mixed paper chromatography (Rf 0.28 glucose and
;0.52 rhamnose). Quantitative studies to determine the
%ratio of the sugars to each other and to the aglycome have%

!

{not been performed. , |
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Compounds "C-2° and "G-3." The zones which con-
tained "G-3" were cut off from the chromatograms and eluted
with 50% ethyl alcohol-water in an elution chamber. After
this elution, an exsmination of the paper under ultraviolet
light revealed a yellow fluorescing compound still present.
This compound, designated "G-2," appears to be different
from the main compound "G-3." The "G-2" was easily eluted
from the paper with 15% acetic acid-water or with distilled
water made barely acidic with acetic acid. The "G-2" ap-
pears to be flavonoid, but as yet no defimite facts have
been obtained on its identity.

After elution of "G-3," further purification of
*G-3" was effected by mass paper chromatography in the
various solvent systems mentioned above. Its separation
was tedious and quite difficult. The interfering impurity
which could not be easily separated from "G-3" was a blue

fluorescing compound which had R, values very close to

those of "G-3®" in all solvent sy:tens tried. It could not
be completely removed from "G-3" on eithexr Whatman No. 1
or Yhatman No. 3 MM paper in these solvent systems. The
use of S, & S., No. 589 Red Ribbon chromatography paper
‘and 15% acetic acid-water, however, gave somewhat better
;separ#tion to achieve final purification., The pure “"G-3*" ‘
zvns obtained by cutting the zome containing the "G-3* 1nto§
%tvo portions. The upper portion appeared to be free of thé

iblno impurity.

——
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The pnritied *G-3" was hydrolyzod hy the procednre
described above for "G-1." VWhen spotted on Whatman No. 1
paper, the aglycone fluoresced brown and was not changed to
yellow on exposure to ammonia vapor. This brown spot did
not move in 15% acetic acid-water. When developed in 60%
acetic acid-water, however, some yellow fluorescing material
moved daown the paper to a Rf value of approximately 0.60.
When developed in the n-butyl alcohol-acetic acid-water
system, all the spotted material moved to & spot with a R,
value about 0.83. The aglycone appeared to be flavonoid,
but appeared somewhat unstable with our usual chromatograph-
ic treatment. It is now being studied for possible iden-
‘tification. The sugars need to be investigated further,
although preliminary results indicate the presence of glu-
cose and rhamnose. The presence of these flavonoid glyco—b
side-like compounds, "G-2" and "G-3," in tobacco flowers
have not yet been reported in the chemical literature.

Compounds *$-4" and "G-5." Both "G-4" and "G-35"

were purified by extended mass paper chromatography, alter-
natiag the 15% acetic acid-water and the n-duiyl alcohol-
‘acetic acid-water systems. The purified zone of each com-}
?pouﬁd was cut off, sewed onto new sheets of Whatman No. 3 f
fll paper and developed alternately in the systems mentioned
iin the above sentence. On paper, under ultraviolet llght

hoth pure "G-4" and "G-5" fluoresced brown. This color
Lghanxgﬂ_&g"ygllg!_gg;_g;eenish vyellow, respectively on
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‘exposure to ammonia vapor and after spraying with 1% eth-

anolic aluminum chloride. The Rf values of "G-4" and its
color change by chromogenic spray reagents agreed with
those reported in the literatare for the flavonol glycoside,
rutin. Rutin has been isolated and identified from all spe-
cies of tobacco by numerous investigators and also from

Nicotiana tabacum in this laboratory by Edwin L. Murphy.

Co~-chromatography of "G-4" with authentic rutin in 15% ace-
tic acid-water, 60% acetic acid-water, and n-butyl alcohol-
acetic acid-water systems confirmed that "G-4" is rutin.
By similar studies, "G-5" was proved to be identical with
kaempferol-3-rhamnoglucoside, which has previously been
isolated and identified from the same tobacco by Reagan H.
Bradford (31) in this laboratory.

Compound "B-3." The "B-3" was purified by re- |

peated mass paper chromatography, alternating the systems
15% acetic acid-water, n-butyl alcohol-acetic acid-watex,
and n-butyl alcohol-pyridine-benzene-water. It fluoresced
a bright blue under ultraviolet light, and the fluorescence
seemed to be intemsified by exposure to ammonia vapors with-
out changing color. No change in color was observed after%
gspraying with 1% ethanolic aluminum chleride, with a sat- :
wraled aqoeous solution of ammonium molybdate, or with 1%
%sodium nitrite in 10% acetic acid-water followed by 1N so—%
idium hydroxide solution. After hydrolysis of "B-3," the |

‘aglycone was identified as scopoletin and the sugars as 1
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glucoss and rhamnose. Therafore, "B-3% was chromatographed
with the tobacco leaf compound "B-I-2," described inm the
previous chapter, in 15% and 60% acetic acid-water as well
jas in the n-butyl alcohol-acetic acid-water systems. The
"8—3' compared chromatographically in tkese three solvent
‘systons with compound *"B-I-2." Tobacco flower "B-3" has,

therefore, been identified as scopoletin-7-rhamnoglucoside.

Compounds "B-4" and "B-5." The zone running imme-

diately ahead of "G-4" was a blue fluorescing zone that was
wider than the other zones on the paper chromatogram (Fig-
ure 10). It overlapped "G-5" and extended even further.
‘Separation of "B-4" and "B-5" was achieved using mass paper
chromatography and the n-butyl alcohol-pyridine-benzene-
water system.

The strongly blue fluorescence of both "B-4" and
*B—-5" changed temporarily to a greenish-yellow color when
exposed to ammonia vapors. When sprayed with 1% sodium
nitrite in 10% acetic acid solution followed by 1N sodium
hydroxide solution, both "B-4" and "B-5" produced a reddish
coloration. They both developed a green color with 0.1%
aqueous ferric chloride solution. A saturaied solution of
ianmoninm molybdate produced brownish-yellow colors with ho#h
;'B-4‘ and "B-5." The "B-4* apparently was present in larg;r
iamonnt than "B-5" in tobacco flowers and produced deeper ;
%coloration with the chromogenic sprays just mentioned. :

L, Co-chromatographic studies of "B-4" and "B-5" j
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with tobacco leaf "B-I-1a® and "B-I-1b" in all systems
tried revealed that "B-4" wae identical with "B-I-1a" and
*B-3" with "E-I-1b." The todbacco flower compound, "B-4"
has, therefore, been idantified as chlorogenic acid. The
identification of "B-I-1b" has yet to be accomplished.
Isomerization and decomposition of both "B-4" and "B-5"

on S, & S., No. 589 Red Ribbon chromatography paper in a-
queous acetic acid systems were found to occur in exactly
the same manner as mentioned previously for tobacco leaf
compounds "B-I-1a” and "B-I-1b." They each gave identical
isomerization products. In the case of "B-5," the numbers
and fluorescence colors of the decomposition products were
found to be identical with those derived from tobacco leaf

*B-I-1b."

TTT .




CHAPTER IV

ISOLATION OF RADIOACTIVE BLUE~FLUORESCENT COMPOUNDS
FROM THE LEAVES OF TOBACCO GROWN IN AN
ATMOSPHERE OF CARBON-14 DIOXIDE

Initial Processing of Radioactive Tobacco Leaves

In connection with the plant metabolism studies,

One-Sucker tobacco plants, Nicotiana tabacum, were grown

in an atmosphere of carbon-14 labeled carbon dioxide in
‘the growth chamber of the Argonmne National Laboratory un-
der the supervision of Dr. Nobert J. Scully and Mr. William
Chorney.

Immediately after harvesting, the plants were
‘placed in a deep freeze. The plants were harvested and
stored in separate packages, according to the number of
days of growing time in the radioactive atmosphere, and
‘according to whether the tissues were those of leaves,
jroots, stems or flowers., The leaves were further sub- E
Edivided according to their size and relative position on ‘
Ethe plant. Each package was processed separately. ‘
‘ The general procedure for the leaves was as tollo*s.

|
EThe frozen leaves were partially crushed in their plastic |

Lbaga_md_d:opp&mo_a_h;kaLnLhoiling_&ﬂ_impmp!L__l
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alcohol and the solution was allowed to boil for three min-
utes to inactivate the enzymes. The alcoholic mixture was
then reduced to fine particle size in a Waring Blendor.
This tobacco leaf blend was decanted into a Soxhlet thimble.
By means of a Soxhlet extractor the leaves were extracted
with 85% isopropyl alcohol until no visible color appeared
in the extract. This alcoholic extract was ther added to
the filtered alcoholic extract obtained by decanting through
the Soxhlet thimble. The whole extract was then reduced in
volume on a hot plate to approximately 100 ml. This con-
centrated alcoholic tobacco leaf extract was poured into a
pint wide-mouthed Mason jar, No. 66, and Whatman standard
grade ashless cellulose powder added, while stirring, until
the particles no longer coalesced upon standing. The jar
was placed in an oven and the tobacco leaf extract-cellulose
powder mixture dried at 50° C. until the powder would flow
readily. When all packages had been processed in this man-
ner, they were stored for further investigation. Further
fractionation of each batch on a cellulose column was
carried out as described in later paragraphs.
Isolation of the Radioactive Tobacco Leaf
Blue~Fluorescent Compounds

Preliminary Separation by Cellulose Column Chro-

matography. The jar containing the dry tobacco leaf ex-

tract-cellulose powder mixture, which represented 478 g.
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of main stem tobacco leaves from plants exposed to ditbz
for 43 days, package No. 12, was opened and the whole con-
tents were used for this separation.

A glass chromatographic column, S cm. in diameter
and 58 cm. long, was packed to a depth of 40 cm, with
Vhatman standard grade cellulose powder by adding approxi-
mately 10 g. at a time and tamping it firmly with a ramrod

%tipped with a plastic head. The dried cellulose powder-

alcoholic mixture of the package No. 12 was then packed to
é; depth of approximately 10 c=, =t the top of the columm
éin a similar manner. Additional fresh cellulose powder
Ivas packed on top of the cellulose mixture to a depth of

36 cm, A piece of clean glass wool was placed over the cel-

lulose powder. The column thus prepared was now ready for

development and elution,
% Benzene was placed on the column from a separatory
ifnnnol as the first developing solvent and a dark zone was
observed to move rapidly down the column with the solvent

;front. This dark zone contained "chlorophyll-like" com-

pounds and black tar-like materials., The eluate was suc-
cessively collected in S00 ml. fractions. Benzene develop-
ment was continued until the dark materials had been eluted
from the column (Fractions 1, 2, and 3). The developing
solvent was then changed to anhydrous ethyl acetate in prep

aration for the additiom of the water-saturated ethyl ace-

tate as the major developing solvent (Fractions 4, 5, and 6




62

After nineteen 500 ml. water-saturated ethyl acetate frac-
tions had been collected, the column was washed with 500 ml.
jof 95% ethyl alcohol (Fraction 26), then twice with 500 mi.,
of 50% ethyl alcohol-water (Fractions 27 and 28), and fi-

nally with two 500 ml. of distilled water (Fraction 29 and |

t

30). The fractions were separately concontrated placed in

'50 ml. volumetric flasks and stored in a refrigerator. A
gchron;togran was prepared by spciting 50 microliters of

éeach fraction 3 cm. apart on a line ruled 8 cm. below the
;top of a sheet of S. & S., No. 589 Red Ribbon paper (58 x
%58 cm.). The chromatogram was developed in the solvent

system 15% acetic acid-water, dried and observed under ultra-
violet light for the desired blue-~fluorescemt compounds, !
For detection of the’flavonoid compounds, the developed %
chromatogram was sprayed with the 1% alcoholic aluminum |
chloride and the ye;lov fluorescence of flavonoid-aluminum

chloride complexes wis observed in a similar manner. Since
|

none of the blue-fluorescent compounds was changed by the
ialuninum chloride, the spray reagent did not interfere with
the location of blue-fluorescent compounds under ultraviolet
light,

Isolation by Mass Paper Chroutog_r_um. Observa- |

tion of the 15% acetic acid chromatogram of the column
fractions indicated thai: (1) scopoletin mainly appeared
in column fractioms 17, 14, and 19, altheugh some scopole-
(tin could be detected in fraction S and all the way threugh
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'fraction 22; (2) scopoletin-7-rhammoglucoside was present
'in fractions 17, 18, 19, 20, 21 and 20 together with rutin
%and kaempfoerol-3-rhamnoglucoside; (3) chlorogenic acid was
found in fractions 11, 12, and 13: (4) the "chlorogenic
;acidnliko‘ depside was found in fractions 14, 15, and 16.
5lar1y eluates of the column, namely fractions 1, 2, 3, and
4, contained chlorophylls, tars, and flavonoid aglycone-
Etypo compounds., Later eluates, after fraction 23, contained
%possihly some alkaloids and sugars.

| Scopoletin. Fractions 17, 18, 19, and 20 were
iadded together and their combined volume reduced to SO ml.
;The combined fraction was then streaked continuously across
8 sheets of Whatman No. 3 MM chromatographic paper (46.5 x

ES? cn.) at a distance of 8 cm. from the top. These chro-

matograms were then developed in the n-butyl alcohol-acetic
%acidywater system. After drying, a sharp blue fluorescing
§zone could be seen under ultraviolet light, near the bottom
gon these chromatograms. A narrow strip was cut from ome

;side of the developed chromatogram and run through an ac-
vtigraph to indicate the presence of activity in the bottom
blue zone. The bottom blue zones were cut off from each

|chromatogram and eluted with 80% ethyl alcohol-water. Co-
chromatography of an ethyl alcohol soiution from this blue
zone and of pure authentic scopoletin showed the two to be

identical in the solvent systems, 15% and 60% acetic acid-

water, and the n-butyl alcohol-acetic acid-water. The
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FIE;E.; were then streaked on new sheets of Whatman No. 3
MM paper and again developed in the n-butyl alcohol-acetic
scid-water system. The blue fluorescing zone which son-

tained scopoletin was cut off from the chromatograms and

Eowed onto other new sheets of Whatman No. 3 MM paper and |

his time developed in the 15% acetic acid system. The

Fone containing scopoletin was cut off and the scopoletin %
was eluted from the paper with 95% ethyl alcohol. The elu-
gtes were again streaked on Whatman No. 3 MM paper and de- !
%eloped yet again in 15% acetic acid to remove the last |
race amount of yellow impurity. The pure scopoletin was |
eluted with absolute methyl alcohol in an elution chamber.
1 methyl alcohol eluates were combined and the volume was

ndjusted to 10 ml. in a volumetric flask. Five hundred mi-

Lroliters of this purified scopoletin solution were pipottea
into an aluminum planchet and the radioactivity deternined.F
En the Nuclear Model D47 gas flow counter. The S00 micro-
#iter aliquot registered 2,333 counts per minute (backgronngz
17 eounts per minute). The pure solution was sealed in a
Lyrex tube and sent to Argonne National Laboratory for in-
%iltration study.

Scopoletin~glycoside. Fractions 21 and 22 werxe

combined, concentrated and placed on 4 sheets of Whatman 3
MM paper and then developed in the n-butyl alcohol-acetic

gcid—vator system, When observed under ultraviolet light,

hese chromatograms were found to be very similar to those
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of combined fractions 17, 18, 19, and 20. The scopoletin
concentration, however, was found to be very low in frac-
tions 21 and 20. A second blue fluorescing zone, which

developed in the middle of the paper and was partly obscnrJd
by an overlapping brown zone, was found to be present in
lall original fractions 17 through 22, This hlne-flnoreseen%

zone was cut off from each chromatogram and developed in

ltho 15% acetic acid system. After drying, the bottom blue-
lflnoroscent zone which had been separated from the brown

'zone in this solvent system, was cut off from the chromato-
gram and eluted with 50% ethyl alcohol-water. Co-chromato-
graphy of an ethyl alcohol solution from this blue zone and

of the tobacco leaf compound B-I-2 indicated that the two

were identical in all solvent systems tried. Compound B-I-

2 is the tobacco leaf compound for which the structure, |
scopoletin-7-rhamnoglucoside, was proposed in Chapter II.
Further purification of this compound was achieved by the
same techniques of extended mass paper chromatography al-
ternating the n-butyl alcohol-acetic acid-water and the 15%
acetic acid systems twice. The pure scopoletin glycoside
thus obtained was finally eluted from the paper with 50%
Lthyl alcohol-water in an elutien chamber. All ethyl alcohpl
eluates were combined and quantitatively transferred into a
100 ml, volumetric flask. The volume was then adjusted to
the mark with 50% ethyl alcohol.

A 0.5 ml, aliguot of this purified scopoletin
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glyeoside solution was taken from the 100 ml. velumetric
flask and the activity measured in a gas flow sounter. The|
aliquot gave 46,657 counts per minute (hackground: 24 counts
per minute). The pure solution was stored in a pyrex tube
awaiting the infiltration atudies.

Chlorogenic Acid and “Chlorogenic acid-like® Dev-

|
!

iside. The two tobacco leaf blue~fluorescent compounds d--;

'scribed as compound B-I-la and B-I-1b in Chapter I are des{

Eignatod here as chlorogenic acid and "chlorogenic acid—liko%
%depsido, respectively. These two compounds appeared in th;
}iddle of the n-butyl alcohol-acetic acid-water chronatogra%s
of fractions 11, 12, 13, 14, 15, and 14. Tkis middle, wide,
blue—fluorescent zone of combined solution from the column
fractions 14, 15 and 16 had been further purified by streak~

ing on 6 sheets of Whatman 3 MM paper (46.5 x 57 cm.).

This zone on each paper was cut off, sewed onto another
!
sheet of Whatman 3 MM paper, and developed in the solvent |
|
system n-butyl alcohol-benzene-pyridine-water. This system
{

i I
Pnllod out a green-fluorescent zone from the "chlorogemic |

facid—like' blue, but failed to resolve the blue~fluorescent
konponnd. The blue zone was, therefore, cut off fromx each
khronatogra-, sewed onto a fresh sheet of Whatman 3 MM paper
Lnd developed in the 15% acetic acid system. Three blue-
fluorescent zones could now be located. The one with the

shortest Rt value appeared to be identical with tobacco

Egaf compound B-I-1b by co-chromatographing with the latter
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e

in several solvent systeams. Each of the three blue—fluo- ?
rescent sones waa cut off from the paper chromatogram and
separately eluted with dilute ethyl alcohol containing ace-
tic acid (ethyl alcohol: 15% acetic acid-water; 2:5 v/v).
Further purification of the “"chlorogenic acid-like" depside
zone was carried out in a 5% acetic acid-water system, re-
peating this procedure three times. The combined eluates
(ethyl alcohol-15% acetic acid-water; 2:5) were concentrated
under reduced pressure, transferred tc a 10 ml. volnletric‘
flask and made to the mark. gThe activity of 200 miecroliters
of this solution was 225 counts per minute (background: 18
counts per minute). The pure solution was sealed in a pyréx
jtuhe and sent to Argonne. This work had been carried out
before the isomerization of ¢hlorogenic acid and "chloro-
genic acid-like" depside was thoroughly studied. Mass paper
chromatographic purification involving the use of 15% acetic
acid and 5% acetic acid systems, as described above, is no
longer 2 recommended procedure. Tﬁ;se two systems, espe-
cially the latter, were found to cause isomerization and
decomposition of the "chlorogenic acid~like™ depside which
has been reported in Chapter II. Apparently the two blue- E
flnorescent zones, which had been pulled out from the 'chlo;
rogen1c acid-like" blue in the 5% acetic acid-water develop-
Pent were decomposition products derived from the parent
Fchlorogenic acid-like" depside.

l
|
|
[ Isolation and purification of radioactive chloro-;}
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genic acid were, therefore, carried out on Whatman 3 MM and
Whatman No. 1 papers avoiding aqueous organic acid systems,
The concentrated comdined solution of column fractions 11,
12, and 13 was streaked on 2 sheets of Whatmaa 3 MM paper
and first developed in the n-butyl alcohol-acetic acid-water
system, The middle, wide, blue-fluorescent zone, which tem-
porarily changed to a greenish yellow fluorescence under
ultraviolet light, was cut off from each chromatogram, sewed
onto a fresh sheet of Whatman 3 MM paper and developed in
the n-butyl alcohol-benzene-pyridine-water system, repeating
this procedure two times. The blue zone thus obtained was
then sewed onto Whatman No. 1 paper and developed in the
15% tert-butyl alcohol-water system twice. The pure chlo-
rogenic acid was eluted with 50% ethyl alcohol-water in an
elution chamber and the combined eluates were transferred

to a 10 ml. volumetric flask. The volume was then adjusted
to the mark with 50% ethyl alcohol. The activity of 100
microliters of this solution was 16,708 counts per minute
(hackground; 24 counts per minute). The pure solution was

sealed and stored for future infiltration study.



CHAPTER V

A QUANTITATIVE METHOD FOR THE MICROANALYSIS
OF RUTIN AND OF SCOPOLETIN IN THE
LEAVES OF TOBACCO

Quantitative Determination of Rutin

Several methods have been published for the quan-
titative determination of rutin in plant materials. Naghski
ot al. (34) reported a gravimetric method which was used

by Badgett et al. (35) to determine the rutin content of

peveral varieties of Nicotiana rustica and Nicotiana glaucd.

Gage and Wender (36), and Turnmer (37) have published spec-
frophotometric methods for the quantitative determination

of rutin which differ in experimental procedure, but utilizﬁ
the color developed by the rutin-aluminum complex. The
.gravimetric method is not specific for rutin in the presence
of other flavonoid compounds. The spectrophotometric meth%

|

ods have the advantage of speed and simplicity, but the use
| |
Eof aluminum chloride in a quantitative determination of i

;rntin is not specific for rutin. Many other flavonoid com%
| |
ponnds will give similar color under the above conditioms. |
] ’ i

The success of a quantitative determination of rutin, J

69
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theretore.wdepends upon the successful separation and puriq

fication of the compound from other interfering tlavonoids
:and polyphenols of natural procducts, When the need arose
:for a method to determine rutin in the dried tobacco leavee,
Een attempt was made to design a quantitative method which
?would combine the chromatographic techniques for producing
‘a pure rutin sample and the spectrophotometric method for
speed and simplicity. The following method has been found
'to be good for the determination of rutin in dried tobacco
leaves, tobacco flowers, various cured tobaccos, as well
‘a8 commercially used tobacco mixtures in cigarettes. It
can be used for quantitative determination of other poly-
.phenolic compounds.

, Processing of Sample. The sample to be analyzed

.was first dried, cut into small pieces with a blender, and
:then ground into a powder (40 mesh) with a Wiley mill.
The powders analyzed were stored in sealed bottles, from
which approximately 2 g. of the sample was taken and accu- .
rately weighed on a semi-micro balance. For the analyses
‘of various cured tobaccos, the stems were not separated,
hut were ground together with the cured leaves. For the i
|

|ana1yses on commercial cigarette tobaccos, the tobacco was

i
|

'separated from the cigarette paper (and filter, if present]

|:unmediately after each new package of cigarettes was opened.

|The cigarette tobacco was not dried, but was used immedi- |

|
|ately after having ground to a powder. }
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Extraction. The weighed tobacco powder (umeually |

2 g.) was transferred into an extraction thimble ('hatlnn)I
and extracted by 85% isopropyl alcohol-water in a Soxhlet
gxtracto:. The first extraction was started with 250 ml.
of 85% isopropyl alcohol-water for 3 hours, using a hot
water bath (80 - 9G6° C.). After removal of this first ex-
tract, another 250 ml. of fresh 85% isopropyl alcohol-water
was used for the second extraction for another 3 hours when
the sample gave no coloration with fresh solvent. The two
extracts were combined and then reduced in volume in vacuo
to approximately 140 ml. on a warm water bath (40 - 50° C.).
The cooled concentrate was filtered into a 200 ml. volu-
‘metric flask and the filter was washed thoroughly with 85%
isopropyl alcohol-water. The volume of filtrate was then
adjusted to the mark with 85% isopropyl alcohol-water. An
aliquot of this solution was used for separation and puri-~
fication of the individual polyphenol, such as rutin,

Isolation and Purification by Extended Mass Paper

Chromatography. An exact volume of the concentrate was taken

with a 1 ml. pipet each time and streaked onto a sheet of

S. & S., No. 589 Bed Ribbon filter paper (19 x 58 cm.) and |
5air dried. The amount streaked depends on the concentratién
'of polyphenol in the concentrate. The paper chromatogram |
;was first developed in the n-~butyl alcohol-acetic acid—watér
;systen (6:1:2). For analysis of each sample, three papersf

i
|wers usualiy prepared from the concentrate. After J




72

{dévoiopiént;mtiémi:ﬁ;f_;;i'air dried. The zone which conJ}
;tainod the rutin ran about one~third of the distance from :
‘the origin and fluoresced a brownish color under nltraviol%t
flight. In order to locate the rutin zone more readily, th%
‘area containing rutin was exposed to ammonia vapors to maké
5snre that the brown—fluorescent zcne changed to yellow. |
The first development of the paper chromatogram separated
scopoletin and other non-glycosides from rutin as well as
from certain unknown polar compounds. The rutin zone, how=
ever, was still overlapped with several other compounds

such as chlorogenic acid, "chlorogenic acid-like" componnd;
scopoletin glycoside, kaempferol-3-rhamnoglucoside, and |
several unknown compounds.

The rutin zone was cut off from the chromatogram
and sewed onto a new sheet of S. & S., No. 589 paper. By
cutting off tko paper behind the sewed rutin zone, the papér
‘could be developed smoothly for further separation. The |
paper thus prepared was next developed in the 15% acetic
‘acid~water system to remove the scopoletin glycoside. Aftér
‘development, the rutin zone was again cut off, sewed onto
‘another fresh sheet, and developed this time in a system o

In~butyl alcohol-benzene-pyridine-water (5:1:3:3). This

S _ S

%third system separated the rutin from the chlerogenic acid

iand *chlorogenic acid-like" compounds to some extent, but |
! |
%not completely. In order to achieve complete separation, |

ithis procedure was carried out four times by alternating
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‘between the 15% acetic acid-water and n-butyl alcohol- ~—
;bonzono-pyridino-vator systems. The rutin gzone thus ob-
tained was then sewed onto yet another new sheet of paper
and this time developed in the n-butyl alcohol-acetic acid-
water system for 24 - 30 hours to separate the rutin from
‘the kaempferol-3-rhamnoglucoside. In those cases where the
latter compound was present in relatively large amounts, a
repeat of chromatography with n-butyl alcohol-acetic acid-
water and then 15% acetic acid was often necessary to a-
chieve complete separation. Final development of the rutin
zone was carried out in the n-butyl alcohol-benzene-pyridine-
.vater system. |

The Spectrophotometric Determination. The result-

~ing pure rutin zone was sprayed thoroughly on both sides
with 1% alcoholic aluminum chloride solution and then was |
hung overnight for complete development of the rutin-alumi-
num chloride complex. The paper was examined with ultra-
violet light and the yellow complex was cut out for elutionm.
Each such strip was then cut up into small pieces and trani-
ferred into 25 ml., Erlenmeyer flask. Ten ml, of distilled
-water were added and the contents were shaken frequently. ‘
fThe flask was then placed on a warm steam bath and heated i
tfor 30 minutes, with frequent agitation of the contents.
The eluate was filtered through a small funnel into a clean

’heaker. Two additional extractions were made with S ml, §

Lportions of hot distilled water; and finally the papers |
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were placed on the funnel and washed with yet amother S ml,
of hot distilled water. The combined filtrate was trans-
ferred to a 25 ml. volumetric flaek and adjusted to the
mark, This solution was then poured into a 1 cm. silica
cell and the optical density measured at a wave length of
415 millimicrons (Figure 11) using the Beckman model DU
spectrophotometer. An eluate prepared by the same procedure
as above, but using no tobacco, was used as blank. The
present method has some advantages over the previous method
reported by Gage and Wender (36). Such advantages are:
(1) easier location of the rutin zone after spraying the
purified rutin with aluminum chloride; (2) elution of the
‘rutin-aluminum chloride complex with water rather than
elution of free rutin with dilute alcohol. Filter paper
impurities are least soluble in water.

Since the purification of rutin involved extended.
paper chromatographic separation, it was necessary to make
a standard reference curve of rutin with known concentration,
Exactly 10.00 mg. of pure authentic rutin was weighed on a
semi-micro balance and quantitatively transferred into a
10 ml, volumetric flask to make a standard solution of rntin
gvith a concentration of 1 microgram per ml. of solution, %
Four samples of rutin solution, namely 25, 50, 75 and 100 .
znicrograms of rutin wer~ taken from the above solution witﬁ
émicro—pipets. Each was directly streaked ox a sheet of
|

:S. & S., No. 589 Red Ribbon filter paper (19 x 58 cm.)

| S
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‘together with a blank sheet which was streaked with 100 |
, |
microliters of pure ethyl alcohol. The papers were then |

carried through the extended paper chromatographic proce- ;
dures described previously for quantitative separation of j
rutin from dry tobacco samples. The rutin zone on the finil
paper chromatogram was sprayed with 1% alcoholic aluminum
chloride and the developed yellow rutin-aluminum chloride
complex eluted off from each paper with hot distilled water
as described above. Each eluate was then quantitatively
transferred into a z35 ml. volumetric flask, and made up to
the mark with distilled water. The optical demsity was
measured at 415 millimicrons. A standard reference curve
:(Fignre 12) was made by plotting optical density against
the micrograms of rutin originally spotted at the beginning
of the chromatographic separation.

Analytical Besults. Using the procedures descrihad

above, the tobacco from 24 brands of commercial cigarettes
commonly used in the United States were analyzed for their
rutin content. The results obtained are recorded in the
following table (Table 3). Cigarettes included in this
;stndy were: (1) regular: Camel, Chesterfield, Lucky Strik%,
bld Gold, Philip Morris; (2) regular-denicotinized: Sano;%
5(3) mentkol: Kool (both regular and filter), Oasis, Salem,
%Spud; (4) king size: Cavalier, Chesterfield, Herbert :
hareyton, Pall Mall, Philip.lorris, Baleigh; (5) filtsr:

?it Parade, Kent, L.&., Marlboro, 0ld Golé, Vicercy, and

¥inston.
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TABLE 3
RUTIN CONTENT IN TOBACCO OF 24 BRANDS OF CIGARETTES
Tobacco Volume Volume Optical Rutin per Total % Rutin

Cigarette type Weight Extracted Streaked Density aliquot Rutin by
and Brand (g.) _(ml,) (ml,) (25 ml.) (pg.) (pg.) Weight
REGULAR
Cigarette A
Sample 1 2.0009 200 15 0,087 92 1,226 0,061
Sample 2 2,1126 200 15 0.086 90 1,200 0,057
Cigarette B
Sample 1 2,0005 200 15 0.114 120 1,600 0.080
Sample 2 2.0239 200 15 0.123 128 1,707 0.084
Cigarette C
Sample 1 2,0004 200 15 0.109 116 1,547 0.077
Sample 2 2.0698 200 15 0.113 118 1,573 0.076
Cigarette D
Sample 1 2.0008 200 15 0.159 168 2,240 0.11
Sample 2 2.0900 200 15 0.154 162 2,160 0.11
Cigarette E
Sample 1 2.0010 200 15 0.100 10§ 1,400 0,070
Sample 2 1.8493 200 15 0.095 100 1,333 0.072
DENICOTINIZED
Cigarette F
ample 1 2.0003 200 15 0.015 18 240 0,012

Sample 2 2,0007 200 15 0.014 16 213 0.012

8L



TABLE 3 - Continued

Tobacco Volume Volume Optical Rutin per Total % Rutin
Cigarette type Weight Extracted Streaked Density aliquot Rutin by
and Brand (g.) (ml,) (ml,) (25 ml.) (pg.) (pg.) Weight
MENTHOL
Cigarette G
Sample 1 2.0016 200 15 0.038 40 533 0,027
Sample 2 2.0006 200 15 0.031 33 440 0,022
Composite
Sample 1 10.0000 500 10 0.046 48 2,400 0.024
Sample 2 10.0000 500 10 0.048 50 2,500 0,025
KING-SIZE
Cigarette L
Sample 1 1.9999 200 15 0.108 114 1,520 0,076
Composite
Sample 1 10.0000 500 10 0.090 95 4,750 0,048
Sample 2 10,0000 500 50 0,087 92 4,600 0,046
FILTER
Cigarette R
Sample 1 2.0004 200 15 0.076 80 1,067 0,053
Sample 2 2.0005 200 15 0.054 65 867 0,043
Cigarette S
Sample 1 2.0011 200 15 0.0585 58 773 0.039
Sample 2 2.0008 200 15 0.056 60 800 0.040
Composite
Sample 1 10.0000 500 10 0.062 64 3,200 0,032
Sample 2 10,0000 500 10 0.069 72 3,600 0,036

6L
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In the analyses of the last three £§§§3"3fw2i523”f
rettes, a composite was made up of five different brands of
cigarettes belonging Fo the same type. Extraction of a
composite was started with a total of 10 g. of mixed to-
bacco powder, each brand being represented by exactly 2 g.
The weight of the powder from each brand was weighed on a
semi-micro balance.

Four 250 ml. portions of 85% isopropyl alcohol-
water were used fer extraction of each composite and the
volume of combined extracts concentrated to approximately
450 ml. This was filtered into a 500 mi. volumetric flask
and the final volume adjusted to the mark of the volumetric:
flask. A measnred volume (usually 10 ml.) of this concen- |
trated extract was taken from the flask with a 1 ml. micro-

pipet and streaked on each paper to start the extended

chromatographic separation.

Quantitative Determination of Scopoletin

The following paragraphs describe a paper chroma-
tographic and spectrophotometric procedure that has been

successfully applied to the quantitative determination of

micro amounts of scopoletin in various dry tobacco samples.j
| The dry tobacco sample was first ground to a pow- .
der and thoroughly mixed. The procedure is the same as

described above for the quantitative determination of rutin.

it was followed exactly down to the streaking of the oxtracr
a

on paper.
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For analysis of scopoletin, the streaking of oaéij
extract solution was carried out on a 17 cm. long line ruléd
off 8 to 10 cm. below the top of a sheet of chromatographié
paper, 19 x 58 cm., S. & S., No. 589 Red Ribbon. This |
leaves about 1 cm. of unstreaked blank on each side. When
streaked entirely across the paper, the scopoletin often
ran along both edges of the paper further than the main
zone, and often produced some error in the quantitative
determination.. The papers thus prepared were then subjected
to extended chromatographic separation.

The streaked papers were first developed in the n-
butyl alcohol-acetic acid-water system. After drying, the
zone which contained scopoletin was cut off from each of
the developed chromatograms. Each scopoletin zone was sep-
arately sewed onto new sheets of S. & S., No. 58% paper |
(19 x 58 cm.). Sewing here was done in such a fashion thaf
the paper containing the scopoletin zone was turned around
so that the scopoletin zone would face the bottom of the
paper. The extract solution of dry tobacco samples usnallY
contained several compounds which ran in the range of the |
scopoietin Rf value when the first paper was developed in %
the n-butyl alcohol-acetic acid-water system. Some of thesk
;comﬁounds were 50 close to the scopoletin zone on the de- !
%eloped chromatogram that their separation from scopoletin§
éconld not be achieved when the scopoletin zone was cut off§

&rom the paper. The Interfering compounds ran just below
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scopoietin in the n-butyl alcohol-acetic acid-water system
and have zero or little movement in the second solvent sys-
tem to be used, namely 15% acetic acid. Since scopoletin
could not move smoothly through these interfering compounds,
the paper containing the scopocletin zone was inverted and
sewed orto a new shéet for dévelopment in the second solvent
system, After development, the zone containing scopoletin
was again cut off from the chromatogram and sewed onto an-
other new sheet of S. & S., No. 589 paper. Here on the
papers to be sewed onto new sheets are not inverted. The
paper was again developed in the 15% acetic acid system.

As soon as the blue fluorescing scopoletin zone had moved
about 10 cm. beyond the position where the two papers were
sewed together (this can be checked by the ultraviolet light
even when the paper is still running in the development
tank), the papers were taken out from the tank and air dried.
These unfinished chromatograms were then put into the ni-
tromethane~benzene-water system to finish the separation

on the same sheet. Experimentation showed that it was
better to use the 15% acetic acid (or the n-butyl alcohol-
acetic acid-water) system to move scopoletin quantitatively
across the position of sewing and then to subject the paper
to development in the nitrométhane system. The nitromethane
system was found not to move the scopoletir zone across the
sewed line smoothly and quantitatively. Once the zone has

been quantitatively moved onto the new sheet by the 15%



33

acetic acid, where the paper is smooth, the nitromethane |
system can serve satisfactorily for the separation of sco-i
poletin from its impurities in this system. ‘
| The scopoletin zones after development in the ni-;
tromethane system, were again cut off and sewed onto still
other sheets of S. & S., No. 589 paper. These papers were
again developed in the 15% acetic acid system for 12 to 18
hours until the scopoletin zone moved half way down the
paper. At this stage, the scopoletin zone thus purified
"as usually spread out on the paper from 7 cm. to 15 cm.,
depending on the concentration. In order to bring the
scopoletin zone into a narrow zone for elution, each zone
containing scopoletin was again cut off from the paper and
.sewed onto a new sheet of paper and finally developed in
the n-butyl alcohol-acetic acid-water system. Pre-washed
Whatman No. 1 filter paper can be substituted in the last
development of the scopoletin zone, since scopoletin can hé
eluted from this paper much faster than from the S. & S.,
No. 589 paper. The Whatman No. 1 papers used only in the
last development were washed for approximately 24 hours in?
the n-butyl alcohol-acetic acid-water system to remove thei
3fi1ter paper impurities, , é
: Elution of scopoletin was carried out in an elu- ;
‘tion chamber at room temperature with 50% ethyl alcohol- I
éwater, until each eluate amounted to a volume of 8 ml. Asé

isoon as the volume of the eluates reached this value,
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elution was stopped and the eluates were quantitatively )
|

transferred into a 10 ml. volumetric flask. Each container
of eluate was then washed three times with 50% ethyl alco-
hol and all washings added to the volumetric flask. The
volume of each eluate was finally adjusted to the mark with
50% ethyl alcohol. Just before spectrophotometiry, each
eluate was transferred to a 15 ml. centrifuge tube and cemn-
trifuged. The eluate solution was then poured into a 1 cm.
silica cell and the optical density of the solution meas-
ured with the Beckman Model DU spectrophotometer at wave
length 344 millimicrons.

To determine the wave length for measurement of
absorption, a 3.90 x 10-5 molar solution of scopoletin in
50% ethyl alcohol-water (7.5 mg./liter of 50% ethyl alcohol)
was prepared from the synthetic scopoletin (Chapter II).
Its absorption spectrum was taken from wave length 215 to
380 millimicrons in a 1 cm, silica cell with the Beckman
DU spectrophntometer. JSeopoletin exhibited a prominent
absorption maximum at 344 millimicrons (Figure 13). This
absorption maximum was, therefore, selected for the quan-
titative determination of the scopoletin,

A standard reference curve was prepared by using
flve aliquots of a scépoletin solution containing 0.5
mlcrogram per 1 mlcroliter. The five aliquots (10, 25, SO

75 and 100 micrograms) were carried through the proceduros

|described above. The standard curve was obtained by
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Plotting optical density of the eluate solution against the
%nicrograls of scopoletin originally spotted at the hoginniﬁs
lot the chromatographic separation (Figure 14¢]).

Analytical Results, The results obtained from the
24 brands of American cigarettes described in the previous
section of this chapter are reported in ihe following table
(Table 4). The cigarettes designated by the same alpha-
betical letter in both tables ars the same brand cigarette.
The result obtained here, however, was not from the same
package of each brand but from the different packeges pur-

chased at different times.

s e
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TABLE 4
SCOPOLETIN CONTENT IN TOBACCO OF 24 BRANDS OF CIGARETTES

Weight in g, Micrograms of Micrograms of Percentage of
cigarette socopoletin per scopoletin per scopoletin in
Cigarette Type tobacco aliguot (Average 1 g. of ciga- cigarette
and Brand extracted aliquots) rette tobacco tobacco
REGULAR
Cigarette A
Sample 1 2,1542 19.8 123 0.012
Sample 2 2.1187 17.8 112 0.011
Cigarette B
ample 1 2,0634 16.5 107 0.011
Sample 2 2,0581 16,5 107 0.011
Cigarette C
Sample 1 1.9996 16,3 109 0.011
B8ampls 2 2.0009 17.8 119 0.012
Cigarette D
Sample 1 2.0121 12.9 86 0.0086
Sample 2 2,0203 12,7 84 0.0084
Cigarette E
ample 1 2.0546 10.4 68 0.0068
Sample 2 2.0692 10,2 66 0.0066
DENICOTINIZED
Cigarettsy F
Sample 1 2.0142 7.2 48 0.0048
Sample 2 2,3387 7.1 41 0.0041
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TABLE 4 - Continued

Weight in g. Micrograms of Micrograms of Percentage of
cigarette scopoletin per scopoletin per scopoletin in
Cigarette Type tobacco aliguot (Average 1 g. of ciga-~ cigarette
and Brand extracted aliquots) rette tobacco tobacco
MENTHOL
Cigarette C
Sample 1 2,1890 11.6 71 0.0071
Sample 2 2.3815 12,6 71 0.0071
Composite
Sample 1 10,0000 18.4 92 0,0092
Sample 2 10,0000 19,1 96 0.0096
KING~-SIZE
Cigarette L
Sample 1 2.0987 13.3 85 0.008$5
Sample 2 2.1834 17,2 105 0.0105
Composite
Sample 1 10.0000 19.2 96 0.0096
Sample 2 10,0000 18,9 95 0.0095
FILTER
Cigarette R
Sample 1 1.9995 10.8 72 0.0072
Sample 2 1.9996 12,6 84 0.0084
Cigarette S
Sample 1 2.0025 17.4 116 0.012
Sample 2 2.0016 17,7 i18 0.012
Composite
Sample 1 10.0000 15.3 17 0.0077

Sample 2 10,0000 16,5 83 0.0088
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CRAPTER VI

IDENTIFICATION OF SCOPOLETIN IN
CIGARETTE TOBACCO AND SMOKE

In recent years, several papers involving studies
on the chemical composition ofi tobacco smoke by partition
chromatography have appeared in the literature. The com-
pounds hitherto investigated in cigarette smoke are mainly
iow molecular weight aldehydes and ketones (28, 39, 40, 41,
42, 43, 44, 45, 46), organic acids (47, 48, 49), unsatu-
rated and saturated hydrocarbons (44, 50), nicotine (49,
51, 52, 53, 54, 55, 56), and volatile phenols (57, 58).

Since cigarette tobacco is a special product of
tobacco lsaves manufactured through varioazs processes,
including curing, a preliminary survey has been undertaken
to investigate whether or not each of the polyphenolic com-
pounds that has been found in green One-Sucker tobacco
leaves is also present in the cured tobaccos. This study |
~covered the samples sent to this laboratory by Dr. Moseleyi
of the American Tobacco Company of Richmond, Virginia, andi
jwhich were labeied by him as "Maryland," "Burley," "Flue- E
cured * "One-Sucker," "Pennsylvania," and foreign 'Turkzshi
LIt also included samples of "Burley" and domestic 'ankish+
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tobacco sent by Mr. Luther Shaw d2f the Mountain Research
Station, Wayneaville, N.C. Qualitatively, though not quan-
titatively, there appeared to be fair similarity in the
two-~dimensional chromatograms of the various samples sur-
veyed. Scopoletin glycoside could not be detected in any
of these cured tobaccos. Scopoletin, however, was present
in all samples studied.

In view of the above findings on the cured tobacco,
it also appeared important to learn by experimentation
whether or not scopoletin is present in tobacco after curing
and incorporation into cigarettes, and, if so, whether or
not any scopoletin, m.p. 2040, survives the smoking process
to persist in the mainstream smoke from cigarettes.

This study covered tobacco in 29 brands of ciga-
rettes commonly used in the United States, and it was found
that every one tested contained scopoletin. These included
regular size, filter, “"denicotinized," menthol, and king size
cigarettes. It was discovered also that the mainstream smoke
from every cigarette sample tested contained scopoletin,
This was the case under every different smoking condition
that was used on the smoking machine. These di{ferent
smoking conditions will be described in more detail in
later sections of this chapter. The amounts of scopoletin
present in the smoke, however, are apparently different,
and quantitative studies have been undertaken in this

laboratory.
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Scopoletin from Cigarette Tobacco. Each qualita-

itivo analysis on the tobacco was performed separately on ?
Eapproximately 2 g. of cigarette tobacco obtained from cig».-i
frcttes in a freshly opened pack or box, purchased locally :
‘on the open, retail market. The paper from each cigarette
'was removed before extraction of the tobacco. In the case
of filter cigarettes, the tobacco was separated from both
the filter and paper. Each 2 g. extraction was carried out
in a separate Soxhlet extractor, using 200 ml. of 85% iso-
propyl alcohol for approximately 3 hours on a steam bath.

A second extraction was made on each sample, using another
‘200 ml. of 85% isopropyl alcohol for another 3 hours. The
%two extracts of the 2 g. tobacco sampic were combined, re-
duced to approximately 150 ml. in vacuo, and the volume was
;then adjusted with 85% isopropyl alcohol to the mark in a
‘200 ml. volumetric flask. Aliquots of this solution were
then taken for one-dimensional and two-~dimensional paper
chromatographic analyses in comparison with authentic sco- .
poletin, and also for additional paper chromatographic
purification for further study on the scopoletin identifi-;
;cation. ;
% For the one-~dimensional paper chromatograms, 0.5 |
%ml. samples of each cigarette tobacco extract concentrate %
%were spotted on S. & S., No. 589 Red Ribbon chromatographi%
}paper next to a similar amount of an authentic sample of |

|
@copoletin. Solvent systems used were 15% acetic acid—vatJr;
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60% acetic acid-water; n-butyl alcohol-acetic acid-water
(6:1:2 v/v); n-butyl alcohol-benzene-pyridine-water (5:1:3:
3 v/v); and nitromethane-benzene-water (2:3:5 v/v). Typical
Rf values for scopoletin in these solvent systems, respec-
tively, using the S, & S., No. 589 Red Ribbon paper for
chromatography at a temperature of 28° + 3° wore: 0.47;
0.74; 0.82; 0.82; and 0.69. After chromatography, the
papers were examined under ultraviolet "black light*
(3660 X). A bright blue fluorescence is exhibited by sco-
poletin,

Although a one-dimensional chromatogram of the
various cigarette tobacco extract concentrates prepared as
just described showed many spots when viewed by ultraviolet
light, the scopoletin spot thereon could be readily detected
and tentative identification made by co-chromatography with
authentic scopoletin. ‘

Two-dimensional paper chromatograms of the ciga-
rette tobacco extract concentrates also wsre made, using
in one group the n-butyl alcohol-acetic acid-water system
in the first direction, then 15% acetic acid-water in the
second direction,

In the second group of experiments on two-dimen-
sional chromatograms, the nitromethane-benzene-water system
was used in the first direction, then 15% acetic acid-water
in the second direction. After chromatography, the scopole-

tin spot could be easily located in every case, even though
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other spots could be seen on the chromatogram under the
ultraviolet light.

By the methods described, the tobacco from 29
brands of cigarettes was examined, and every one was found
to contain scopoletin. Cigarettes studied were: (1) regu-
lar: Camel, Chesterfield, Lucky Strike, 0l1ld Gold, Philip
Morris; (2) regular denicotinized: Sano; (3) menthol:

Kool (both regular and filter), Oasis, Salem, Spud; (4)
king: Cavalier, Chesterfield, Dunhill, Herbert Tareyton,
Pall Mall, Philip Morris, Raleigh; (5) filter: Encore, Hit
Parade, Kent, L & M, Marlboro, 01d Gold, Parliament, Regent,

Tareyton, Viceroy, and Winston.

Scopoletin in Cigarette Smoke. Each cigarette was

smoked on a standard smoking apparatus (Phipps & Bird, Inec.,
Richmond, Virginia! based on a design of the American Tobacco
Company. This smoking machine consists of two units:

The first unit consists of a draft shield (housing
for cigarettes, etc,) with a vent at the top and an ash
drawer at the bottom for cleaning, and a door at one end fof
easy access. On the back are clamps to hold suitable col- -
lection flasks and the remainder of the absorptiom train, '

The second unit consists of a puffing mechanism. .
?his puffing mechanism is designed to give a constani volnm;
puff on each of four cigarettes once each minute. The actnél
?uft is produced by a falling column of water in a burette E

! i
with a ground glass float valve., By meane of a control |
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‘mechanism consisting of cams, timers, and switches, solenoid
‘'valves and a bank of rectifiers, the puff is taken consecu-
tively on each of the four cigareties at fifteen second
intervals., The duration of the puff may be controlled be-
‘tween two and four seconds and the volume is adjustable
from 0 to 60 ml.

The experiments on representative brands and types
of cigarettes indicated that scopoletin was readily detect-
able in the smoke, when 10 individual cigarettes were smoked
under all varying smoking machine conditions tested. Actual-
ly, now that it has been discovered that scopoletin is
present in the smoke, one can easily locate it on a chromato-
gram of the smoke from one individual cigarette. Tried
were a faster smoking rate (3.3 second duration; 54 + 4 ml.
volume; 60 second interval); a mediaum speed (2 second dura-
tion; 35 + 4 ml., volume; 60 second interval); and a slower
speed (1 second duration; 16 + 1 ml. volume; 60 second
interval). Also varied were the cigarette butt lengths;
regular size cigarettes (2, 3.5, and 5 cm.) and king size
and filters (3.4 and 6.5 cm.). (Table 5). All combinations
of the above showed the presence of scopoletin in the smoke.
éApparently, quantitative differences may have occurred, as:
éestimated from gross observation of the size and intensity
éof the scopoletin on the paper chromatograms of the smoke ‘

1 i
obtained under different smoking conditions. The quantita-

—_

itive facts are to be determined by research onr the




TABLE 5

VARIATIONS OF SMOKING RATE AND BUTT LENGTH ON REPRESENTATIVE
BRANDS AND TYPES OF CIGARETTES

(1) Faster speed and medium butt length
Total length

Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camel 7 cm, 3.5 cm, 6 a" 60" $2.8 ml,
Kool (regular) 8.5 4 7 3 60 53.4
Pall Mall 7 3,5 7 3 60 $5.0
Winston 8,5 4 8 3 60 53.4

(2) Faster speed and longer butt length
Total length

96

Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camel 7 cm, 5 cm, 4 3" 60" §1.3 ml.
Kool (regular) 7 5 4 3 60 53.0
Pall Mall 8.5 6.5 4 3 60 33.0
Winston 8,5 6,5 4 3 60 52,3

(3) Medium speed and shorter butt length
Total length

Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camel 7 om, 2 om. 11 2" 60" 35.0 ml,
Kool (regular) 7 2 11 2 60 37.8
Pall Mall 8,5 3 11 2 60 37.0
Winston 8.5 3 11 2 60 37,6




TABLE 5 - Continued

(4) Medium speed and medium butt length
Total length

Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camel T cm, 3.5 om, 9 2" 60" 30,5 ml,
Kool (regular) 7 3.5 7 2 60 35.5
Pall Mall 8.5 4 7 2 60 32,95
Winston 8.5 4 9 2 60 38.5
(5) Medium speed and longer butt length
Total length
Cigarette of cigarette Butt length Puffs Duration_ Interval Volumes
Camel 7 2m, 5 cm, 5 2" 60" 34.3 ml,
Kool (regular) 7 5 5 2 60 31,7
Pall Mall 8.9 6.5 S 2 60 34,3
Winston 8,5 6.5 5 2 60 37.0

(6) Slower speed and shorter huti length
Total length

Cigarette of cigarette Butt length Puffs Duration Interval VYolumes
Camel 7 cm, 2 om, 13 1" 60" 16.0 ml,
Kool (regular) 7 2 14 1 60 16,0
Pall Mall 8.5 3 13 1 60 16.9
Winston 8,5 3 15 1 60 15,0

L6



TABLE 5 - Continued

(7) Slower speed and medium butt length

Total length

Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camal 7 cm, 3.5 cm, 10 1" 60" 16.2 ml,
Kool (regular) 7 3,5 9 1 60 15,6
Pall Mall 8.5 4 10 1 60 16.2
Winston 8.5 4 10 1 60 15.6
(8) Slower speed and longer butt length
Total length
Cigarette of cigarette Butt length Puffs Duration Interval Volumes
Camel 7 cm, ) cm, 6 1" 60" 16.3 ml,
Kool (regular) 7 5 6 1 60 17.0
Pall Mall 8.5 6.5 S 1 60 17.0
Winston 8,5 6,5 6 1 60 14,6
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quantitative aspects now in progress in this laboratery.
In that qualitatively, scopoletin was present under all the
conditions tried for the selected, representative cigarettes,
the following conditions were arbitrarily selected for
smoking all 29 brands: butt length of 2 cm. for regular
size cigarettes and 3 cm. for king size and filters; volume,
54 + 4 ml,.; puff duration, 3.3 + 0.2 second at 60 second
intervals; and one pack or box of 20 cigarettes per sample
for study. (Table 6).

The smoke from each 20 cigarettes of one brand was
trapped, in part, in a 300 ml. Kjeldahl flask, immersed in
a salt-ice mixture (average temperature, -18° C.). Soms
scopoletin was found to escape into a second and into a
third trap, even when a "dry-ice"™ acetone bath was used for
cooling the first two traps. For the identification of
scopoletin as described in this chapter, however, a suffi-
cient amount was obtained in the first Kjeldahl flask, even
with a salt-ice mixture, for clear-cut qualitative analysis.

The trapped smoke, in each case, was dissolved in
dry acetone, To analyze for the presence of scopoletin,
the acetone solution of the smoke was then subjected to both
one—~dimensional and itwo-dimensional chromatography according
to the procedure already described for the extract from
cigarette tobacco. In the case of every one of the 29
brands of cigarettes smoked, a bright blue flvorescent spot

coinciding in color and Ry values with authentic scopoletin



TABLE 6
SMOKING RATE AND BUTT LENGTH OF 29 BRANDS CIGARETTES

Faster speed and shorter butt length

001

Cigarette Total length Butt length Puffs Duration Interval Volume
Regular
Camel 7 cm, 2 cm, 8 3.,320,2" 60" 5444 ml,
‘Chesterfield 7 2 9 3,340.2 60 5414
Lucky Strike 7 2 8 3.310,.2 60 5414
01d Gold 7 2 8 3,340.2 60 5414
Philip Morris 7 2 10 3.3+0,2 60 54+4
Sano 7 2 8 3.31+0,2 60 5414
Menthol
Kool (regular) 7 cm, 2 om, 8 3.340,2" 60" 5442 ml,
Kool (filter) 8.5 3 9 3,3+0.2 60 5442
Oasis 8.5 3 9 3.310,.2 60 5412
Salem 8.5 3 9 3.3+0.2 60 34+2
Spud 8.5 3 9 3.3+0.2 60 54+2
King
Cavalier 8.5 cm, 3 cm, 13 3.3+0.3" 60" 5642 ml.
Chesterfield 8.5 3 10 3.3+0.3 60 56+2
Dunhill 8.5 3 12 3.3+0.3 60 56+2
Herbert-Tareyton 8,5 3 12 3.3+0.3 60 56+2
Pall Mall 8,5 3 12 3.3+0,3 60 56+2
Philip Morris 8.5 3 11 3.3+0.3 60 56+2
Raleigh 8.5 3 12 3.340,3 60 56+2




TABLE 6 - Continued

Cigarette Total length Butt length Puffs Duration Interval Volume
Filter

Encore 8.5 cm, 3 cm, 10 3,3+0,3" 60" 5442 ml.
Hit Parade 8.5 3 7 3.3+0,3 60 54+2
Kent 8.5 3 6 3.3+0.3 60 5442
L&M 8,5 3 10 3.3+0,3 60 54%2
Marlboxro 8.5 3 8 3.3+0.3 60 54%2
01d Gold 8.5 3 9 3,3+0,3 60 54+2
Parliament 8.5 3 9 3.3+0.3 60 54+2
Regent 8.5 3 10 3.3+0.3 60 54+2
Tareyton 8.5 3 11 3.3+0.3 60 54+2
Viceroy 8.5 3 12 3,3+0,3 60 54+2
Winston 8.5 3 9 3.3+0.3 60 S1+2

10T
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was observed. Additional spots, often 10 or more, usually
could be found under the ultraviolet light. Two additional
blue—fluorescent compounds present on the chromatograms
from the smoke are now being investigated by other workers
in this laboratory. In spite of the presence of the other
compounds, and although the scopoletin spot itself was not
completely free of other substances, the scopoletin could
be readily detected on the chromatograms.

However, in order to obtain a pure sample of sco-
povletin from the smoke for further idemtification studies,
the acetone solution of the smoke was subjected to extended
paper chromatographic separation. For this purpose, the
acetone solution of the smoke was streaked across a sheet
of S. & S., No. 589 Red Ribbon chromatography paper, size
19 x 58 cm., and first developed in a 15% acetic acid-water
system for 9 hours by descending chromatography. The de-
veloped chromatograms were taken from the developing tank
and air dried. The zone which contained scopoletin and
fluoresced a bright blue color under ultraviolet light was
cut from the chromatogram and sewed onto a new sheet of the
S. & S., No. 589 paper, 19 x 58 cm, The n-butyl alcohol-
acetic acid-water system was used for 30 hours during this
second chromatograpﬁic step. The resulting scopoletin zone
(Rf of approximately 0.82) was cut from this chromatogram
and sewed onto still another sheet of the S. & S., No. 589

paper. The third chromatographic run involved the use of
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15% acetic acid-water as the developing solvent. The re-

sulting scopoletin zone (R, of about 0.47) was cut, sewed
onto yet another new sheet of the chromatographic paper,
and the n-butyl alcohol-acetic acid-water system was used
for this fourth chromatographic step. After this extended
chromatographic separation, the scopoletin zone appeared to
be completely free of other compounds. It was, therefore,
eluted off the paper with methyl alcohol in an elution
chamber. This eluted scopoletin co-chromatographed with
authentic scopoletin in the solvent systems aiready de-

scribsd.



CHAPTER VII
SUMMARY

Blue-fluorescent compounds present in tobacco have
previously received relatively little attention. Many of
them are phenolic in structure (possibly precursors of
flavonoid compounds), and others are coumarins. To obtain
fundamental, new information on these compounds, studies
_.were undertaken involving the isolation, characterization,
and identification of the blue-~fluorescent compounds in the
tobacco plant.

The existing methods of chromatographic and par-
tition techniques have been applied, modified, and extended
in the isolation and purification of the blue-fluorescent
compounds. Four specific blue~fluorescent compounds were
isolated in pure form from the alcoholic extracts of leaves
and flowers of the One-Sucker tobacco plant. Two of them
were identified as scopoletin and chlorogenic acid. The
third blue-fluorescent compound was found to be a coumarin-
glycoside, which upon hydrolysis with dilute mineral acid
gave scopoletin, glucose and rhamnose. A tentative struc-

ture has been proposed for this glycoside: scopoletin-7-
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rhamnoglucoside, The fourth blue-fluorescent compound has
been characterized to be a "chlorogenic acid-like" depside
by color tests, chromatographic Rf values, and by a saponi-
fication reaction. Its identity has, however, not been
established. Also, three flavonoid glycosides in addition
to isoquercitrirn, rutin, and kaempferol-3-rhamnoglucoside
were isolated from extract of flowers. The former have
been partly characterized.

Tobacco plants grown at the Argonne Natiomal
Laboratory in an atmosphere of radioactive carbon dioxide
were extracted and the alcohol extracts fractionated on a
cellulose powder column, The column fractions were puri-
fied further by mass paper chromatography to obtain the
following radioactive compounds in pure form for planned
metabolic studies: scopoletin, scopoletin—7-rhamnogluco-
side, chlorogenic acid and the “"chlorogenic acid-like"
depside.

A method for the quantitative determination of
polyphenols in dry tobacco sample was developed. Each pure
individual polypherol obtained after extended paper chro-
matography was eluted from the final chromatogram and
spectrophotometrically measured. This quantitative method
was then used to measure the rutin content and scopoletin
content in tobacco of 24 brands of cigarettes commonly used
in the United States,

Scopoletin has been identified in tobacco of 29
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brands of cigarettes commonly used in the United States.
By using a smoking machine designed to simulate conditions
of human smoking, the mainstream smoke from every cigarette
sanple tested also was found, for the first time, to contain

scopoletin,
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