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INTRODUCTION

The object of this project was to isolats, serarate, and identify
the polyphenols in tobacco. Following this, the alm was to develop 2
method for the guantitative determination of the major golyghenols in
tobacco.

Existing methods for the determination of polyphenols in tobacco
involve lengthy procedures which are concerned with one or two of the
polyphenols rather than the complete class of compounds. The methods
conslst of exhaustive extraction procedures, lengthy chromatographic
procedures, and numerous methods of identification.

Extensive research on the determination of polyphenols by
chromatography has been carried out in the field of tobacco and in
cther fields. It was the desirs of the author to apply a4 combination of
chromatography and spectroscopy to the determination of polyphencls
in tobacco. |



HISTORICAL

Polyphenolic substances have been known to oceur in tobacco
for over 50 years. In 1884, Savery (77) detected an unidentified sub-
stance which e called "tobaccotannic acid" and which might have
been chlorogenic acid. Later (1909), in a distribution survey of this
caffetannin in plants, Gorter {28) found that Nicotiana tabucum con-

tained chlorogenic acid, although some doubt of the specificity of the
color reaction employed was subsequently eited. In 1900, Loew (44)
found that when the cells of the tobacco leaf die, the polyphencls
produce an ozidation product which acquires s red-brown color and
which ls mainly responsible for the color changes taking place in the
leaf during curing. It is known that the enzgyme, polyphenolase; which

occurs in green tobacco is able to bx.’gdim certain polyphenols; this
was shown by Mason (46) in 1055, Neuberg and Kobel {(68-80) {n
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1935 and in 1236, suagested that the development of brown plgment in
the tobacco leaf during curing is due to the enzymic oxldation of rutin.
Frankenburg (21), in 1950, showed that similar reactions between
oxldized polyphenols and amino aclds occur during the curing process.

The importance of polyphenols in influencing tobacco quality
was shown by Shmuk and Semenova (82), in 1927. They concluded
that polyphenol and carbohydrete fractions contribute to color and
quality of tobacco. Later, Koenig and Dorr (41), in 1933, isclated
chlorogenic acid and concluded that it is responsible for the aroma in
tobacco. In 1960; Frankenburg (21) concluded that polyphenols are
important because they contribute towards the flavor of tobaceo during
smoking. Bruckner (7), in 1038, concluded from his studies that the
amount of the polyphenocls present in tobaceo is proportional to the
quality of the tobecco. In 1931, Shmuk (80} proposed a polyphenol
index en phenol coefficient for use in the chemical evaluation of
tobacco qualities. In 1954, Wilkinson, Phillips, and Bacot {94) showed
that the chlorogenic acid content of flue~cured tobacco is directly
related to quality as shown by U. 8. D. A. grades.

“The tmportance of fluorescent compounds in determining the
quality of tobacco leaf was shown by Johanson {38), in 1953, He found
that normal tobaceo leaves, cured or wncured, fluoresced with a

brilliant bluish white, tinged with green when exposed to ultraviolet
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radiation. Cn the other hand, fully trashy leaves, whether cured or
uncured, remained dull showing only a reddish brown ¢olors Johasnson
{39), 101851, showed that the fluorescence of tobacco leaf is the
resultant of four major components, one of which was shown to be
ascopoletin. The amount of fluorescent material present was found to
decrease with increasing trashiness and there were indlcations that
the relative amounts of the four components change as the fluorescence
diminished.

Although marked variations in composition among different
types of tobaceo exist, the major polyrhenolic and related substances
of pertinent Nicotiana species have been isclated and identified. Among
these substances are coumarins, caffetanning, flavonoid, anthocyanins,
and hydroxylated cycloalkanes occurring as free aglycones or combined
with sugars as glycosides. The presence of simply hydrosylated benzene
derivatives has been claimed, but few of these compounds have been
identified. An array of minor polyphenolie substances have been
detected, but thelr conclusive identification has been lacking in most
instances (92).

Coumaring

To date, scopoletin (G-methoxy~7-hydroxy-coumarin} is the
only coumarin which has been isolated from tobacco.
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Seopoletin

In 1944, Best {5) isolated scopoletin from tobaccs plants which
had been Infected with tomato spotted wilt virus; the same substance
was 1solated by Mizukami (53), in 1951, from tobacco roots. Tryon
(88) reported that scopoletin was present in cultured tobaceo tissue.
Akaike (1), in 1955, isolated scopoletin from an ethanol extract of
tobacco leaf. More recently, 1956 & and b, Refd {71, 72) established
the presence of free scopoletin, seopelin, and unknown scopoletin-
lke substances in flue-cured South Carolina tobacco.

Acecording to available data, it appears that free scopoletin,

a glycoside of scopoletin {scopolin), and at least three unidentified
coumarin-like substances are present ag minor polyphenolic sub-
stances in flue-cured tobacco.

Reid {73), in 1958, showed that scopoletin is directly derived
from phenylalanine or a Cg - C3 unit produced from it. Findings
confirm that phenylalanine is directly incorporated into catfeic acid.
Both scopoletin and caffeic acid may derive from a common Cg ~ C3
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unit. The studies confirm that acetate 1s not utilized in either case,
and that phenylacetic acid 1s a poor precursor. Yang etal (68), in
1958, presented & quantitative chromatographic procedure for deter-
mining scopoletin in cigarette smoke and in tobacco. Later, In 1988,
Yang (99) isolated four specific blue~-fluorescent compounds from an
alcoholic axtract of tobaceo leaves. Two of these were identified as
scopoletin and chlorogenic acid. The third was & coumarin glycoside,
scopoletin-7-rhamnoglucoside, and the fourth was not identified.

Dicterman et al (19), in 1959, isolated esculetin from an
extract of tobacco; esculetin has similar properties to those of
scopoletin and it is very difficult to resolve the two compounds,
Separation was accomplished by paper chromatography using a
solvent system of nitro-methane-benzene-~vater {2:3:5 v/v).

Tanning and Thelr Hydrolytic Products

From the variety of tanning found in nature, only certain
caffetanning have been isolated from tobacco. In all but one instance,
the isolated substances have been shown t0 be chlorogenic acld, its
isomers, and its hydrolytic products, caffeic and quinic acids.

OH 2’_’_”’_
\ce ddo /A BN ACH
HC C=C-CO= Ko #~on

OH H
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Chlorogenic Acld (Caffeoylquinic Acld)
In 1930, Shmuk (80) and Shmuk and Piatnichi (81) isolated a

depside of caffelc and quinic acld from Samsun tobacco which they

presumed to be chlorogenic acid. Later, Koenig and Dorr {41)

isolated free caffelc and quinic acids from & hydrolysis mixture and

indicated that the aclds were hydrolytic products from combinations

of chlorogenie acid and terpene compounds. In 1951, Roberts and Wood

{76) 1solated three substances (positive Hoepfner test) from extracts

of Pennsylvania Seed Filler tobaces by paper chromatography. Cne

of these substances was identified as chlorogenic acid; the other two

gave an atypical color reaction and were assumed to be isomers of

chlorogenic acid. This same type of investigation was carried cut

on a South African tobacco by Pearse and Nervellie {65), in 1853;

this work duplicated that of Roberts and Wood, and thus, the identity

of chlorogenic acid was confirmed. In 1955, Phillips {88} developed

a new isolation method for obtalning chlorogenic acid after the pro-

cedure of Koenly and Dorr was found unsatisfactory. Dawson and

Wada (18}, in 1957, studled the flavonoid and depside of shade-grown

and sun~grown green clgar tobaceo, and reported the qualitative and

quantitative differences; chlorogenic acid was not isolated in their work.
It should be emphasized that at least three isomers of chloro-
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genic acid are knovn. Ths most common isomer, chlorogenic acld,
has a depside linkage at the 3-hydrozyl group of quinie acid which is
cis to the carbozyl. Iso-chlorogenic acid has the linkage at the
5~position and is trang; this lsomer has not been crystallized - Barnes
et al (3). Weochlorogenic acid has been crystallized, but the position
of the caffeoyl linkage 13 not known (Corse) (13). Izolation and identi-
fication studies by Williams (05}, in 1955, and by Roberts {75), in
1958, showed that chlorogenic acid undergoes inversion on paper
chromstograms and that lactonization or hydrogen bonding occurs
during the analyses for chalorogenic acld.

Reid {72), in 1957, found chlorogenic acid and many related
substances in both the lead acetate-precipitated material (major
fraction) and in the supernatant of the extract after precipitation
{minor fraction). He felt that some of these substances represented
the products of the inversion of chlorogenic acld and its lsomers which
occur during a chromatographic separation. Mikhailou {47), in 1056,
obtained the same type of results for his work with ehlorogenic as
those of Reid in his work on fermented Bulgarian tobacco; he felt that
he obtained geometric isomers of chloregenic acld.

Glovannozzi - Sermannt G. {27), in 1958, showed that the
tobacco with the highest chlorogenic acid and caffelc acid contents
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was theixr Itallan "Bright." They also demonstrated that topping in-
croases the caffeic acid content while chlorogenic acid remains un-
changed. The hydrolyzing activity characterizing the curing processes
also acts on chlorogenic acid, while caffeic acid is not subject to
variations.. In 1957, Weaving (01} found that rutin and related com-
pounds interfere with the alkaline hypolodate determination of
chlorogenic acid. Later, in 1958, Weaving (92) detected chlorogenic
acid, neo-chlorogenic, rutin, scopoletin, and scopolin by two-
dimensional paper chromatography. In alr-cured and fire.cured
tobaccos it was found that most of the major polyphenols except
scopoletin and scopolin had been destroved and there was an increase
in the amount of a dark brown material

Frey-Wyssling and Babler (23), in 1957, showed that tobacco,
cultivated under glass, does not produce any rutin and only sbout &
seventh of the normal amount of chlorogenic acid. Ultraviolet treat-
ment increases the formation of chlorogenic acld up to the normal
level, whila the synthesis of rutin cannot be stimulated. In 1857,
Wada et al {90) worked on the enzymic oxldation of chlorogenic acid
alone and in the presence of nornicotine, nicotine, glyclne, and
proline under the influence of tobacco polyphenoloxddase. Nornicotine
leads to the formation of a characteristic red color during the reaction,
whereas nicotine and the two amino acids do not substantially influence
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the color changes as obgerved with chlorogenic acld alone. Caffeic
acld produced a red color on enzymic oxidation only in the presence
of nornicotine, The chemical nature of the red pigment formed is
still obscure. |
In 1958, MNagasawa and Taguchi {55), studies of chlorogenic
acid in the leaf during flue~curing showed that the acid increases
about nine times as much as that of its content in the fresh leaf.
Stedman and Rusaniwsky] (85), in 1958, observed altered Ry
values for chlorogenic acid on §" x 5.5" papers versus 18. 25" x
22.50". This behavior is due to the presence of inorganic salts.
Sisler and Evans (83), in 1958, compared chlorogenic acid
and catechol as substrates for the polyphenol oxidase from tobacco
and mushroom. Evidence obtained from purification experiments
indicate both mushroom and tobacco contain mors than one enzvme
capable of catalyzing the oxldation of polvphenolic compounds.
Zagorulko and Asmaw {100), in 1956, showed that polyphenoloxidase
activity is decreased most during sun curing due to enzyme decompo-
sition as a direct effect of sun action, and in cellar curing due to
inactivation of oxidation and accumulation of oxidation products.
Curing at higher temperatures usually causes inactivation or even
destruction of the enzyme, which makes the tobacco incapable of
fermentation. Martin (45), in 1958, made a comparative study of the
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activity of polyphenol ozldase in healthy and virus-inoculated tobacco.
He concluded that there was an accumulation of phenolic compounds in
the infected plant.

Jean and Reid (37), in 1989, showed that chlorogenic acld plus
three Isomers were present in green leaves of tobacco. In 1953,
Emka {40), showed a relationship betwsen the degradation (by
autoxidation: or separation of its aqueous solution) products of chloro-
genic acid and the browning process; over & period of one year, | 48. 6%
of chlorogenic acid was involved in the browning process.

Yamada and Akaike (98), in 1859, {solated chlorogenic acid
from fresh and flue~cured tobacco leaves. Also, they showed that
flue~curing methods cause 8 decrease in the chlorogenic acid content
of tobacco.

Mikhailou (49), in 1068, showed that tobacco polyphenol oxidase
does not attack rutin, isoguercetin, or guercetin, but caffeic acld and
chlorogenic acid are attacked and yield dark products. The unreactive
polyphenols were attacked by HgOg and peroxidase preparation and |
gave dark products. Polyphenols extracted with ether from fresh
tobacco do not undergo axidaxiva changes in the process.

In 1058, Zucker's (101) work showed that the oxidation of
chlorogenic acid by polyphenol oxidase or peroxidase is in large part
_resbonsible for the formation of the brown color of the cured leat,
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This may involve a number of othey leaf components not substrates
for the enzymes themselves and produce major changes in the com-
position of the leaf. Chlorogenic acld has been implicatedasa
respiratory plgment in green leaves and as an inhibitor of indole
acstic acid oxidase and oxidative phosphorplation.

Izard (36), in 1058, identifled chlorogenic acld, rutin, and
scopoletin in . glauca. A polyrhenclase showing high activity
toward chlorogenic and caffeic aclds was isolated.

Penn (86), 1 1958, found that the major polyphenols present
in fresh lsaves of four flue-cured varisties were qualitatively similar
{chlorogenic acid, scopolin, rutin, and scopoletin)e Polyphenolic
constituents were found to increase with maturity. Cnly minor con-
trasts in the polyphenols were noted betwsen flue-cured and burley
when both were cultured and cured alike. Similarly, sir-cured leaves
of either type were lower in polyphenols than thelr ﬂwmé counter~
parts.

Clayton {10), 1969, observed oxidations of catechol, caffeic
acld, and chlorogenic acid when catalyzed by polyphenol oxidase from
tobacco leaf. A caffelc-chlorogenic acid specific oxidase w&s isolated
from leaf exztracts; this oxidase s strongly inhibited by catechol.
Tobacco leaf polyphenol oxidase i5 at least two enzymes. Reid {74),
in 1859, showed that two of the polyphenolase oxidation products of
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chiorogenie acid occur in flue-cured tobaceo. An énzyme prepara-
tion from Pectinol 100D hydrolyzed rutin, scopolin, and chlorogenic
acid.

The presence of free caffeic acid in tobacco has been demon-
strated, but the possible occurrence of free quinic acld has received
less attention. Palmer (84), in 1058, identified free quinic acld in
mature, fresh cigar leaves, and demonstrated that this compound was
lost when the tobacco leaves wers dried at 80°C. Failures to detect
free quinic acid in various types of tobacco could have been caused by
methods of laboratory analyses and by methods of curing the tobaccos.
Nagasawa and Taguchi (56), 1958, reported the content of quinic acld
in flue-cured tobacco as 0.23% of dry matter.

Flavonolds

Rutin ~ Several flavonoids have been isolated from various
positiens of the tobacco plant; such as root, stalk, leaves, flowers,
ete. Glycosides and aglycones belonging to the flavonol (3-hydroxy-
flavone) type of structure have been detected. The most commonly
cccurring flavonoid in tobacco is rutin {(quercetin 3-rhamnosidoginco~
side; quercetin 3-rutinoside; 3-rutinosido-3', 4, 5, 7-tetrahydroxy-

flavone).
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Rutin (R = rutinose {L-rhamnoside-D~glucose)

Charaux (8), 1824, isclated rutin from the flowers of tobacco,
and, in IQSI, Hasegewa {32) extracted rutin from tobacco leaves,
using the lead salt precipitation method. Neuberg and Kobel (£8),
in 1953, duplicated the work of Hasegawa, with some minor analytical
changes, fad showed that the rutin content of 2ichna clgarette tobacco
decreased é&ring {he curing process. Later, in 1838, these sams
workers found that the decrease in rutin resulted from anienzyme;
catalyzed oxidative process in which the rutin was transformed into
slightly soluble brown plgments.

Griffith et al (29), in 1844, reported the valus of rutinesa
medicinal product {strengthen of capillarity associated with hyper~
tenslon). Following this report, a series of articles appeared concern-
ing the isolation of rutin for pharmaceutical purposes. Couch and
¥rewson (14), in 1944, reported the most effective isolation procedures
for rutin, and Badgett et al {2), in 1949, determined the rutin content

of several varieties of Nicotiana rustica and N. glauca. They found
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- that the rutin content fluctuated during the growth of Nicotiana rustica
and that N. glauca contained levels of rutin up to 2% (moisture free
basis). The quantity of rutin in tobacco was found to vary considerably
with Jeaf quality and age, ranging from 0.008 - 0.6} per cent with an
average of 0.4 per cent for good quality tobacco, It was observed that
the decrease in rutln cccurred during alr curing, but not during flue-
curing (2); inferring that the behavior may be & reflection of heat
inactivation of oxidative enzymes.

Iﬁussy {20), in 1947, analyzed ten specles and varieties of
Nicotiang for rutin; he concluded that N, tabacum was a hybrid species.
In 1861, Nio and Wada (61} duplicated Charaux' work by isolating rutin
from the flowers of a tobacco type designated "Bright Yellow.”

Roberts and Wood (76), {n 198] reported the presence of rutin
in fresh dried cigar (Pemnsylvania Seed Flller) and Indian (Harrison
Spacial) tobaceo. The presence of rutin as well as chlorogenie and
caffelc acids in Japanese cigarette tobacco was demonstrated, in 1955,
by skiroya et al.

Reid (69, 70), in 1958 & and b, identified rutin in South
Carolina flue-cured tobacco. In the same year, Mikhalloy (47),
reported that rutin is one of the important polyphenols in Bulgarian
tobaceo.

According to the aforementioned data on rutin, it is clear that
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this flavonoid is cne of the major polyphenols in tobacco, occurring
in the flowers as well as the leaves of the tobacco plant and contri-
buting, in some instances, to the brown coloration which occurs
during alr-curing. The role of rutin is apparently that of a substrate
/ for enzymatic oxldative processes. The percentage of rutin found in
tobacco fluctuates with species, variety, leaf position, age, handling
{curing), and experimental methods used for analyses {86).

Ferguson and Weaving (22), 1n 1059, showed that the rutin
content of tobacco grown in & greenhouse was 0. 23 to 0.43%; whereas,
that from fleld-grown flue-cured tobaceo was 1.0 to 1. 7.

Mikhatlou (52), in 1958, showed the presence of kaempferol
{structurally related to the base structure of rutin-quercstin) in

co. The substance is originally present as a glucoside.

Isoguercitrin. Isoquercitrin is a glucoside of quercetrin

{3,3%, 4', b, 7T-pentahydroxyflavone) having the sugar substituent
at the same position as rutin.

Kurilo (43}, in 1935, isolated a glycoside from tobacco which
upon hydrolysis gave quercetin and D-glucose. Two years later, in
1937, Kourilo {42) izolated and identified isoquercitrin from unfermented
Tyk-Koulak tobacco. The flavonold concentration varied from 0. 25 -
1.7 per cent; the D~glucose was characterized by the mclting polnt of

the methylated derivative.
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In 19560, Howard, Gage, und Wender (34) extracted isoquer-
eitrin from low grade Kentucky Burley tobacco. This was the first
time a flavonoid was extracted from air-cured tobacco.

‘Roberts and Woed (76), in 1861, were unable to detect
isoquercitrin in cigar filler and Indian tobaccos. Reld (72), in 1956 b,
isolated a very minute amount of the flavonoid from flue-cured tobacco;
Nio and Wada {61), in 1951, reported that the flowers of tobacco
contained traces of isoquercitrin. The flavonold was detected by
Mikhailou {47), in 1856, in four classes of fermented Bulgarian tobacco.

The current data indicate that isoguercitrin is a minor poly-
phenol in tobaceo, and that it is present only in some types of tobacco.

Cther Identified Flavonoids and Miscellaneous Phenolie
Or Related Substances

Kaempferol (3-rhamosidoglucoside) was isolated and identified
 from the tobacco plant, in 1952, by Wada. ‘Reid (72), in 1956 b,
isolated a glycoside from flue~cured; hydrolysis of the glycoside gave
kaempferol, rhamnose, and glucoside. From this, he concluded that
it was the same compound which had been reported by Wada. Howard
st al, in 1950, reported traces of quercitrin in Burley tobacco.

- Miscenanéous polyphenolic and related substances identified
to date in tobacco are simple phenolic derivatives, a hydroxylated

cyclohexane compound, and one anthocyanin. Naghski et al (57), in
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1944, studied the volatile phenols obtained frem various fire-cured
and lght air-cured tobaccos. Unfermented Pennsylvania cigar leaf
and Maryland cigarette leaf tobaccos showed a level of 0.01 ~ 0.04
per cent simple phenols. Frankenburg (21), in 1950, duplicated the
results of Naghski.

Fire-~cursed types, Ilncluding Latakis, ylelded larger but variable
amounts of phenols - up to one per cent; they concluded that this was
caused by the smoke {deposition of substances on leaf surface) used to
fire~cure the tobacco.

Epge;;cl, phenol, and gualacol were ldentified in Virginia
tobacco by Cniski and co-workers (62), in 1955 and 1056,

The presence of inositol in tobacco was established originally
by Shumk (81), in 1030 a. . Phillips and Bacot (89), in 1950, isolated
meso-inositol from flue~-cured tobacco, U. 8. Grade B4GF. Melllotic
' acid (2-hydroxyhydrocinnamic acid) was cited, in 1952, by Geissman

(25) as a constituent of Hicotiana.

Unidentified Polyphenolic Substances

The application of chromatographic techniquss has shown a
wide diversity of polyphenolic composition amdhg a vast array '.oz‘:
minor polyphenol substances which are known to exist in tobaceo.

Two rather unusual polyphenolic substances have been reported
in the earller literature. Shmuk {80); 1n 1030 b, isclated & material
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from unfermented Tyk-Kulak tobaces which ylelded rhamnose on
acid hydrolysis; a depside of caffele and quinic é,cids was isolated
from the substances. Evidently, the fraction was a mixture rather
than a single compound. - Possibly the rhamnose was derived from
rutin or quercitrin; the guercitrin point would be questionable since
this has not been isclated from tobacco.

The other unusual polychenocl appearing in the older literature
was deseribed by Yamafuji (97), 1 1932, The isolated substance,
“tobacinin,* was & glycose having certain properties of rutin, but
yielding giucuronic geld on hydrolysis.

Schoulties and Wender (78), 1n 1947, used adsorption techniques
to separate the flavonold substances of tobacco. By using alumina,
Celite, and tale, alone and in combinations, four colored plgments
were isolated from aqueous extracts of Burley lugs. These pigments
were tentatively classified as flavones on the basis of color reactions
ang absorption spectra by Naff and Wender (54), in 1947,

Dussy (20), in 1847, isolated a glycoside differing from rutin
and yielding rhamnose and a yellow, 'amorphous' aglycone on hydrolysis.
In 1958, Wegner (03) reported the appearance of four distinct spots on
papergrams which were not identical with the chlorogenic isomers and
rutin.

The remalning investigations have been more lnformative, and
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regreséent the beginning of exbaustive attempts to complete the picture
of ths polyphenols in tobacco.

Roberts and Wood (78), in 185}, isolated seven constituents from
extracts of filler by two-dimensional chromatography; two of these were
rutin and chlerogenic acid, two were assumed to be isomers of the
caffetannin, and the remainder were unidentitied.

In 1856, Mikhatlou {47) detected eleven flavonold and caffetannin-
like substances in fermented Class II Bulgarian tobacco by papor
chromatography. Flve of these were flavonols, including rutin and
isoquercitrin. Two flavonol glycosides were characterizgd, but not
identified. Neither flavone, lsoflavone, nor flavonone derivatives
was noted. The other siz substances were coumarin-like derivatives.

Reld {71}, in 1956, made the most comprehensive study of
polyphenols in tobacco. Reld extracted South Carolina flue~cured
tobacco with 80% ethanol {aqueous) and precipitated the bulk of the

_polyphenols as their lead salts with lead acetate. The solvent from the
suparnatant lquid was evaporated to a residue; the residue was extracted
with disthyl ether, ethyl acetate, n-butancl, and acetone, respectively.
Each fraction was chromatographed on paper and developed in several
~solvent systems. The major polyphenolic components were contained
in the precipitate; in all, 18 components were detected in this fraction.
Rutin, isoquercltrin, kaempferol rhamnogluceside, four chlorogenic
acid-~like zones, and four zoneé closely related to chlorogenic acld
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were detected. The remainder of the zones showed a distinet fluor-
escence. Fifteen subsiances were detected In the minor fraction
{extracts of supernatant); free scopoletin, four spots that might have
been glycosides of scopoletin, two spots with a flesh pink fluorescence
and unknown structure, one zone which was typleal of chlorogenic acid,
one gone which resembled p~coumarylquinie acid but which failed to
yield the corract hydrolysis product, and five unidentified zones were
detected. Anthoxzanthin-like compounds were indicaied by the pale
yellow color of some of the hydrolysis products.

The aforementioned isolation work was extended by Reid
{73) in 1958. . He prepared an enzymatic fraction having significant
polyphenoloxidase activity from the tobacco. Using chlorogenic acld
and cafieic acid as substrates, products of the action of this enzyme
were identified on chromatograms &s being similer 1o certaln of the
zones obtained in the isolation studles. The quercetin-type compounds
showed very little oxidative activity with the enzyme. The enzymological
portion of Reid's work is most Inportant from a standpoint of biesynthetic
studies and determination of the precursors or products of compounds.

Fenn and“@’eybrew (67), in 1868, presented soms factors
affecting the content of the principal polyphenols in tobacco leaves.
They concluded that when two types of tobacco are cultured and cured
alike only minor differences in the principal polyphenols wera noted;
this difference was quantitative rather than qualitative.
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Spondr (84), 1n 1957, showed that the polyphenols content of
tobaceo leaf decreased during fermentation.

Most workers have used various miztures of ethanol~water
for extracting polyphenols from plant materials (18, 22, 34, 47, 7,
72, 73 and 74). The ratios of the ethanol-water mixture were deter-
mined by the objectives of the respective workers. In the course of
the previous discussion, many wgrkars were looking for one or two
polyphenols rather than the entire class of polyphenols, Therefore,
from the aforementioned discussion, it is difficult to say that a par-
ticular ratio of ethanol-water s the proper one to extract the entire
class of polyphenols.

The majority of the workers have employed various combina-
tions of organic solvents for resolving the polyphenols by paper
chromatography, and invariably, each worker concluded that the upper
layer of & mizture of n-butanol-acetic acld-water (4:1:5) is the ideal
solvent mixture |

Again, the developing solvents for paper chromatography
'wera determined by the objectives of the respective workers. For
example, if one was attempting to determine an individual polyphenol
such as rutin, a solvent system of &% HCAc¢ would suffice.

In previous studles, workers have used Whatman Mo. 1 filter

paper almost exclusively, and have varied the solvent; whereas, it



probably would have been more advantageous to have varied the type
of paper.



EXPERIMENTAL
L. Reagents

Ferrlc Chloride, C. P. or equivalent

Sodium carbonate, C. P. or equivalent

Phosphomolybdie acld, C.. P. or equivalent

Aluminum chloride, anhydrous

Acetic acld, glacial, C. P. or equivalent

Acetone, C. P, or equivalent

Ammonia vapors, from C. P. or equivalent ammonium hydroxide
Ammonia, ‘anhydr_ous,}gfaihssan Co.s Inc. |
n-Butyl alcohol, C. P. or equivalent

Ethyl alcohol, 895%

Methyl alechol, C. P. or equivalent
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Ethyl ether, anhydrous Mallinchrodt Chemical Works
Petroleum ether, b.p» 30-60° C.
Folln~Cioealteu Reagent, C. P or equivalent
Trimethylchlorosilane, Dow Chemical Co.
‘Magnesol, 20Ql, Westeraco Chemical Division of Food Machinery
) and Chemical Corp.
. Apparatus

Cary Spectrophotometer, Model 14

Chromatocab (82,2 cm x 61 em x 41 cm)
Chromategraphic Chambers {14 ¢m x 45 ¢m and 28 em x 59 em)
Chromatographic column {2.54 em x 80 cm)

Coarse sintered glass filter B

Glass sprayer or atomizer

Rapid evaporator

Soxhlet extractor {small, medium, and large sizes)
Teio-ounce vials-serew cap

Ultraviolet Mineralight, Model SL 2637

Waring Blendor, capacity - 1 quart

Whatm&ﬂ filter paper, Nos. land 2
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1. Development of Method for Extraction and Separation

A. Paper Chromatography

| Prior to attempts to isolate a:d determine the polyphenols in
tobaceo leaves, it was desirous to learn the best methods for separating
known polyphenols; especially, the ones which we anticipated as being
present in tobacco.

| Paper partiticﬁ ci;romatography is a micro analytical technique
for the separation of closely related compounds in & chemical family.
This technique is based on the relative solubilities of compounds in two
immigclble solvents, l.e., thelr partition coefficients.

In paper chrématdgraphy, the mixture of substances is placed
as a spot on & strip of filter paper (stationary phase); the paper is
placed in a sealed éhamber with one end of the paper immersed in the
solvent (mobile ?hase). A3 the advancing mobile solvent reaches the
mizture of substances é:a the paper, the componants of !.he mixtuie
undergo partitioning between the iwé phases. |

The position occupied by & component on paper, nnless itis
colored, must be located by aid» of an appropriate chromegenic réa;:;'ent,
Under properly controlled conditions, the component can be identified
by its ‘*RF valug” in the particular solvent system used. The Ry value

is expressed as the ratio of the distance moved by the component to the
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distance moved by the advancing front of the solvents The absolute
R values depend considerably on the conditions of the experiment;
therefore it 1s necessary that unknown components be comparad with
known substances on the same chromatogram.

Wheﬁ some of the components of a complex mixture have very
similar partition coefficlents, as in the case of amino acids, over-
lapping of the spots may occur in the one~-dimensional paper chroma-
tography. ,Inﬁthiayc&ae, after components have been partially separated
in one direction, the paper can be dried, rotated 80°, and introduced
into a different solvan_t system s0 that the boundary is made to move
at & right angle to the arlginal direction, The second solvent is chosen
g0 thal the partition coefficlents of those components which overlapped
are sufficlently different to permit better separation. This is called
,“two-dimaﬁsional’_‘ paper chromstography.

Ancther method that can be used sometimes In the case of
components with very similar partition coefficients is based on the
fact that the further the solveat moves, the greater will be the actual
distances the individual components of the mixture move. Although it
‘would be impractical to employ sheets of paper of great length to obtain
s separation, the same resull can be approximated with a comparetively
short length of paper by allowing the solvent to run down the paper by
gravity and then "overflow” for as long a period as necessary. This
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is termed "descending” papsr chromatography.

Since the molvent is allowed to overflow the end of the paper,

Rp values cannot be calculated. Instead, the distance each component
moves in & given period of time 15 measured and used as a means of
dentification; or, the unknown compounds are comparad with known
compomds on the same chromatogram.

In placing 8 ¢compound on & paper chromatogram, the distance
the spot iz placed from the botta:&: of the paper is dependent on the
volatility of the solvent system. The spot in a volatile solvent system
is placed a greater distance from the bottom of the paper so that when
the paper is inserted in & chamber the system will re-equilibrate before
the solvent front reaches the material to be chromatographed.

The chromatographic chambers used in this experimental work
wera 24 inches high by 12 {nches in diameter. The chambers were
éevared with ground glass plates to allow the solvent system to maintain
equilibrium. The polyphenols were spotted on 18. 25 inch by 22, 80 inch
sheets of Whatman Nos. 1 and 2 filter paper, 8 cm. from the bottom of
the sheet in approximataly 10 microgram quantities. The spots were
confined to 0.6 cm. diémeter and spaced 4 cm. apart. The chromatograms
were developed until the solvent front was near the top of the sheet,

In initiating the work to separate polyphenols on paper chroma-
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tograms, & chz?omatcgraphic chamber was equilibrated by placing the
organic phase from a mixture of BuOH-HOAc-H20 {40:10:50) in the

base of the chamber and by placing the aquecus phase in a beaker inside
the chamber. A strip of Whatman No. 1 filter paper was spotted with

10 microliters each of 1% methanolic solutions of caffeic acld, chlorogenic
acld, scopoletin, catechin, epleatechin, rutin, kasmpferol, quercetin,
hydroquinone, resorcinol, phloroglucinel, and gallic acid.

' The spotted paper was set in the base of the chromategraphic
chamber which had been equilibrated, previously., The paper was
developed {overnight), and dried under & hood to remove the orgonic
solvent. The paper was checked under an ultraviolet hand lamp for
fluorescence, aad sprayed with & 1% aqueous phosphomolybdic acid

solution and exposed to ammonta vapors. The Ry values are tabulated
below:

Compound Ry Value
Caffeic acid 0.79
Chloregenic acid 0.54
Scopoletin 0.86
 Catechin 0.87
Eplcatechin 0. 40
Rutin 0.2
Kaempferol 0.48
Quercstin 0.65
Hydroguinone 0.48
Fhloroglucinol 0.7%
Pyrogallol 0.88

Gallic acld - 0.85
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25 Acetic tert. Amyl Alcohol  Amyl Alcchol

Compound Acld__ Acetate buffer = saturated with water
Caffelc acid 0. 32{0. 85) 0.47 0.28
Chlorogenic aeid  0.60 (0.76) 0.01 0.00
Scopoletin 0.4 0. 47 C. 67
Catechin 0.4 0.25 0.38
Eplicatechin 0. 45 0.20 0.13
Rutin 0.35 0.04 0.07
Kaempferol 0.00 0.30 0.1
Guercetin 0.00 0.80 0.46
Hydroquinone 0.34 0. 60 0. 40
Fhloreglueinol 0.68 0.8 0.47
Gallie acid 0. 42 0.27 0.14

For guantitative analysis, the BuCH:HCAc:Ho0 system is recom-
‘mended. The 24 HCAc system has the disadvantage of producing two
zones each for two of the main tobacco polyphenols {caffeic and chloro-
genic aclds); this is probably due to hydrolysis. The amyl alcohol
systems are good for grouping the compounds according to structure,
but both systems gave poor resolution between the two major tobacco
polyphenols (chlorogenic acid and rutin).

B, A Study of Methods of Extraction

Following the work on the establishment of the solvent systems
for resolving known polyphenols on paper, it was necessary to isolate
the polyphenols from tobacco quantitatively. The paper methods
{Section III-A) were used to determine the feasibility of using a

particular solvent.
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1. Soxhlet-tvpe Extraction of Tobacco with 95% Fthanol

‘To determine whether or not ethanol would remove all of the
pélyphenal‘s from tobaceo, & 40 gram sample of finely ground tobacco
was extracted exhaustively with 95% ethanol. The extraction was
continued until the liquid in the extraction thimble gave a negative test
for polyphenols.

The residual tobacco from the ethanol extraction was extracted
further with ethyl etheér. Some colored material was removed with
the ether; but asa spot test on undeveloped paper, this solution gave
& negative test for polyphenols with a phosphomolybdic reagent.

2. Column Extraction of Tobacco with 5% Ethanol

To determine whether or not the heat involved in a Soxhlet-type
eztraction would cause a degradation of the polyphenols, & cold extrac-
tion was carried out.

A 10 gram sample of finely ground tobacco was blended with
95% ethanol in a Waring blender. The mixdure was removed from the
blender and Celite was added to form a slurry; the slurry was mized
thoroughly and poured into & column.. The column was develaped
continuously with 95% ethanol until the eluate showed a negative spot
test for polyphenols. Approximately three liters of ethanol were re-
quired to @xtract the polyphenols from the column. - The volums of

eluate was concentrated (reduced pressure) to 200 ml; this was done
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to convert the 10 gram sample (10 g/250 ml) to the same welght ratio
as for the corresponding hot extraction {40 g/1000 ml).

‘The residual tobacco-Celite slurry from the column was
gxtracted further by the Soxhlet-type method with one liter of 95%
ethanol. This gave a negative test for polyphenois, but upon concen-
trating the volume to 250 ml, the solution gave a positive test for =
polyphenols. |

FPaper chromatographic analyses show that the Soxhlet-type
extraction {hot) removes the polyphenols quantitatively with less solvent
than that which was required for the non~quantitative elution of the
phenolic material from the tobacco-Celite column.

.~ The paper work showed that there was a phenollec compound
present in the hot extract which was absent In the cold extract. It was
{elt that the additional zone represented a degradation product of
chlorogenic acid. To prove this point, a 100 ml aliquot of the cold
extract was subjected to a hot-typs extraction. Chromatographic -
analysls of the final extract showed that the additional zone which was
obtained from the original hot extract was present.

3. Petroleum Ether Extraction of Tobacco

To determine if petroleum ether removed any of the phenolic .
material from tobacco, a residue obtained from a petroleum ether -
extract of tobacco was examined chromatographically.
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The residue was dissolved in methanol and chromatographed
two~dimensionally in & system of 2% HOAc. The compound and/or
~compounds were immobile in both directions. The immobile material
was ysllow in visible light and gave a blue color with phosphomolybdic
acid plus ammonis vapors. This was repasted and the paper was
tested by spraying with a sclution of 0,15 FeClg in water; a negative
test for polyphenols was obtained.
The petrolewn ether sxtract was chromatographed in
n-BuCH;HCAc:Ho0 as the first direction, and in £% HCAc as the
se cond direction. In the first direction, the material migrated to an
Ry value of 0. 94; this was yellow in vistble light and possessed a pale
yellow-like fluorescence. The material was immobile in the second
direction. The zone had a blue-green coloration with phosphomolybdic
acid and smmonla vapors; these are not the typlical colors for polyphenols
with this reagent.
Apparently, petroleum ether does not remove a measurable
amount of polyphenols from ground tobacco.
4., Sizty-three Per cent Ethanol Extract of Residual Tobacco

Since 83% ethanol was recommended by Dr W. W. Reid {72)
as being a better solvent for all types of polyphenols than 857 ethanol,
and since petrolsum ether does not remove any of the phenolic material
from tobacco, a 40 gram sample of dry residual tobacco {previously



34.

extracted exhaustively with petroleum ether) was extracied exhaustively
(Soxhlet) with 63% ethanol. . The 63% ethanol was prepared by adding 60 ml.
of 95% ethanol to 36% of water.

The extraction required slightly less than a liter of 83% ethanol;
this was diluted to one liter with the extracting solvent.  The extract
was darker in color than the 95% ethanol extract mentioned earller]
this was due to the increased water content of the eétractmg solvent
which removed the majority of the water soluble compounds.

A 100 ml aliquot of the 837% ethanol extract was reduced toa
10 ml velume to concentrate the minor components. A 16 microliter
application of the 10 ml volume was chromatographed in BuOH:HOAc:Hg0
{overnight) ascending. The paper was dried and developed in 2% HOAc
{descending). ' The extract contained 24 zones as was shown by a com-~
bination of fluorescencs and phosphomolybdic acid plus ammonia vapors.

The aforementioned chromatographic work was repeated in which
the first solvent ratio (40:10:50) was altered to & ratio of {80:10:20); the
second solvent remalned the same.

The papergram contained 13 zones. The n-BuCH-HCAc-Ho({8:1:2)
syétam‘is good for a gross separation, but it does not reveal the minor
components.

The n-BuOH-HOAc-Ho0(40:10:50) system is quite good for re«
‘golving both minor and major components.



35.

Although & Soxhlet-type extraction requires a smaller volume
of solvent to extract the polyphenols quantitatively than does a column-
type extraction, the heat Involved in the hot extraction tends to degrade
chlorogenic acid.

Petroleum ether does not remove a measurable amount of poly-
phenols from ground tobacco; therefore, this solvent can be used to
remove soma of the non~polar compounds from tobacco, prior toa

final extraction with & mixture of ethanol-water.
C. A Study of Additional Methods for Separation

1. Coluron Chromatography of 83% Ethanol Extract

An attempt was made to resolve the phenolic content of the 83%
ethanol extract on & column of Magnesol {magnesium silicate).

Magnesol was mized with acetone to form a slurry; this was
poured into & glass column and packed tightly with the aid of nitrogen
pressure The column ﬁ.?as washed sucaeésively with acetone ami ethyl
acetate.

The elutriant for the column consisted of the organic phase of
ethyl acetate-water; three per cent glacial acetic acld was Incorporated
in the organic phase.

A portion of the 63% ethanol extract of tobacco was evaporated

to dryness (room temperature); the residue was dissolved in ethyl
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acetate; the solution was applied to the Magnesol column. The solution
was allowed to migrate down to the top of the column. The elutriant was
added to the column and almost immediately there were three unresolved
fluorescent bands just below the top of the column. The lowsr band was
quite mobile with ethyl acetate and it moved rapidly down the column.

The first eluate from the column (non-fluorescent) was vellow
in color; the second eluate was less colored than the first. Ths third
eluate containgd the lower portion of the first fluorescent band; eluate
number four contained the maln portion of the first fluorescent band,
and the fifth eluate contained the remsainder of the fluorescent band.

Eluate number gix was an in-between cut: whereas, eluate seven
and eight contained the second fluorescent band.

The top fluorescent band remained stationary during the collection
of the first eight eluates. At this point, the band appeared to be moving
quite slowly, but the flucrescence faded outy two additional cuts were
taken {(numbers nine aad ten) with the acldic ethyl acetate solution.

Since there was no indication of the presence of rutin and of
chlorogenic acid on preliminary papergrams, acstone was applied to
elute the rutin. The acetone removed some of the yellow material from
the top of the column. retroleum ether was used on the column to
desord the porphyrin-type compounds, but this ¢id not remove all of
the colored material from the column. The 83% EtCH was used as the
finsl solvent; this removed all of the visual colored material.
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The fractions obtalned from the Magnesol column were spotted
on paper and examined by two-dimensional chromatography.: The paper
was developed in the first direction in BuOE-HoAc~Hy0 (40-10-50); the
development iIn the second direction {descending) was in 2% HCAc.

Fraction number one was resolved mto two zonss (Ry 0,71 and 0. 90)
in the first direction; the two resolved zones were immoblle In the second
direction. Both zZones were indicative of quercetin or quercetin-type
compounds.

Fractlon number two showed two zones in the first direction,
and this split into slx zones in the second direction, three of which
fluoresced and three of which stained blue with phosphomolybdic acld
plus ammonia vapor, but did not fluoresce. Two of the zones were |
similar to cafieic acld.

Fractions three and four indicated the presence of scopoletin,
This was, algo, true when number four was chromatographed two-
dimenslonally in 2% HCAc.

Fraction number five was resolved iInto two Zones in the first
direction; the zone at Ry 0.79 had a blue fluorescence and this was -
typical of scopoletin in the second direction, The zone at Ry 0,90 had
a rose colored fluorescence, but this was immobile in the second -

- direction; again this zone was indicative of quercetin or a quercetin-
type compounds
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Fraction nomber six contained five unresolved zones; their
fluorescence varied from blue to skin-pink and a combination of the
two colors. All but one of these zones were immoblle in 2% HOAc.

Fraction number seven contained five resolved zones in the
first direction (R 0.04, 0.12, 0. 24, 0,74, and 0.92)., There were
three zones in the second divection; the zone at Rp 0,04 changed to
0.92; the zone &t 0. 24 changed to 0,85, and the zone at 0.74 migrated
to 0.08.

Fraction number elght contained one zone (Rp 0.91) in the first
direction; this changed to 0.94 in the second direction.

Fraction number nine showed one zone (R 0.01) in the first
directlon; this migrated to 0.03 {n the second direction.

Fraction number ten indicated one zone (Rp 0.80) in the first
direction, and one zone (0.1} in the =econd direction.

Fractions eleven and twelve showed the same results as for
fraction number ten.

‘The aforementioned results Indicate that the Magnesol column
has two disadvantages; the individusl components are not eluted quan-
titatively, and some of the compounds are changed on the column.

2. Column Chromatography of 2% HCOAc Immobile Material

The 63% ethanol extract of tobacco was streaked on a large
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number of filter sheets to obtain a workable size sample of the
immobile material. Since the immobile material consists of a
flavonol glycons {quercetin), and other unidentified material, such
as flavone aglycones, flavanone aglycones, and flavone aglycones, it
was felt that this would be a good source for these compounds.

The immobile material was eluted from the paper with methariol;
this volume was reduced to a residue and the residue was dissolved in
ethyl acetate for column chromatography.

The magnesol column and the alutriant were prepared as mentioned
earlier; also, the sample was placed on the column as was shown earlier.

Since the immobile material had a skin-colored fluorescence on
paper, it eould not be followed on the column by efther visual or
fluorescent techniques. Nine cuts were taken from the column, each
cut contained a visual yellowish color, except cut number nine which
was water-clear. There was some colored material left at the top of
the column. At this point, it seemed advantagedus to wash the column
with solvents ranging from non-polar to polar. Benzene was added to
the column; two cuts were taken, the second cut being water-clear. The
column was washed successively with chloroform, acetone, msthanol,
83% ethanol, and water; one cut of each solvent was obtained.

All of the fractions were evaporated to dryness {room temverature)

and each was digsolved In methanol for paper chromatography and
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spectroscopic examination.  Both methods of analyses showed that

the fractions were miztures. Magnesol columns cannot be used in
guantitaﬂve a;xalyses of polyphenola; this is because the polyphenols
undergo degradation on the columms, and the polyphencls are not eluted
quantitatively from the columns.

Since the polyphenols have a tendency to break up during column
chromatography, Ays.n attempt was made to identify them by one-dimensional
paper chromatography, The 63% ethanol extract of tobacco was chroma-
tographed In a solvent system of BuCH~HOCAc-Hz0. Ten individual
zones were detected and eluted from the papergrams. According to
instrumental (ultraviclet) and paper chromatographic analyses, the
axtré.ét contained fructose, nicotine, seven amino acids, rutin, two
forms of chlorogenlc acld, quercetin, scopoletin, and kaempferol.

3. Countarcurrent Distribution {(CCD)

To learn the techniques of CCD, a standard sample (Vitamin Bys)
was carrled through & separational procedure using a micro Craig |
apparats.

CCD Separation (Micro Scale) of 63% EtOH Extract of Tobacco |

An unmeasured volume of & 83’}2’, ethanol extract of tobacco
{aged) was carried through a separational procedure using & micro Cralg
apparatus. The extract was partitioned between petroleum ether and
90% methanol (ag).
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‘The liquid in the gzero tube was siphoned out; the extract was
added and the contents were shaken thoroughly. The emulsion which
formed between the two layers was removed by filtration; the two layers
were re-injected into the zero tube.

The se;:saraticn was carried through 24 tubes; tubes O through 6
contained & light yellow eolor; tubes 8 through 17 were water~clear, and
tubes 18 through 24 contained gradient colors {ysllow to red-orange).

The contents of each tube were evaporated in tared beakers, and
the residual materials were welghed; only tubes 23 and 24 '@nts.ined
¢nough material to be weighed. A weight distribution of the sample was
not obtained because a very small sample was used.

Paper chromatography (Whatma;n No. 1 paper ~ 2% HOAc) of the
contents of tubes 22 through 24 showed st fluorescent zones. Three
of the six zones displayed paper mobllities equal to those for rutin,
chlorogenic acid, and caffelc acid; the remainder of the zones were
not mentifiecz, Tubes 0 through 5 contained pigments, such as earotenoids.

Thé aforsmentioned work showed that the pigments were separated
from more polar compounds, such as polyphenols. This work demon-

strated the necessity for using the large Craig apparatus.

cCp Seraration (Macro Scale) of 835 FtOH Extract of Tobaceo
A measured volume {26 ml = 27. 2555 g.) of a 83% ethanol
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extract of tobacco was partitioned batween petroleum ether and 80%
methanol (macro scale).

The separation was carried through 22 tubes; the weight extracted
into each tube and the per cent of total weight in each tube are tabulated
balow:

Tabulation of Weight vs. Tube for CCD

Tube Mo, Welght (qms. ) % Weight
0 14.7938 54. 20
1. 0. 8207 2.30
2 0. 0658 0.24
3 0.0380 0.13
4 0.0250 0.09
b 0.0214 0.07
8 0.0199 0.07
8 0.0240 0.08
9 0.0202 o.n
10 0.0385 0.13
1 0. 0400 0.14
12 0.0337 0.12
13 0.0310 0.1
14 0. 0388 0.13
15 0.0871 0.13 .
18 0.0403 0.14
17 0.0458 0.18 -
18 0.0583 0.23
19 0.0887 0.3l
20 0.1437 0.62
P 0. 2355 0.88
22 | 0. 0787 0.28

Paper chromatographic analyses of the contents from each tube
revealed that the 83% sthanol extract was separated into three main

classes of compounds -- polar (phenolic, sugars, amino aclds, ete.)



43,

compounds, unsaturated hydrocarbons, and pigments plus saturated
hydrocarbons. The phenclic material was confined to tubes #0 and a

very minute amount was in tube #1.

Countercurrent Distribution of Tube O

The material from tube #0 was partitioned between BuCH-HCAc-
Hg0 {40-10-50); vthe separation was carried through 24 tubes. The solvent
{rom each tube was separéted into top and bottom phases, and checked
by the schemes ahcwnlbelc:w:

1. Qualitative Paper Chromatoqraphy

The solutions were spotted enWhatman #1 filter papar
{undeveloped} and eaéiz paper was tested for the presence of alkaloids,
sugars, amino aclds, and polyphenols. The alkaloids reached aa
equilibrium state (toj: <= bottom phases} in tubes 0-12. The sugars
reached a.n equilibrium state (top=2bottom phases) in tubes 0-7. The
amino acids were ﬁiétribuged throughout the phases with the greatest
concentration in tubes 0-10. The phenolic material was distributed
through tubes 10-24.

| 2, Tube Number vs. Weight

Tha topand bottom phase of each tube were combined; the
solvent was evaporated (steam bath), and the residual material from
each tube was weighed.
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* The following tabulation shows the breakdown of tube #0 by
welght with n~BudH-HoAc-Hg0:

Breakdown of Tube #0 by Weight

Tube No. Welght{qrams)
0 0.8260
S 12048
2 1. 4897
3 1. 2257
4 0.9724
8 0.4798
7 0.4133
8 0. 3387
g 0. 3551
10 0.3575
11 0. 3842
12 0. 3842
13 0. 3832
14 0. 4097
16 0.3941
18 - 0.38%4
18 0.3511
18 - 0.3897
20 0.3387
2 0.3179
22 0. 3388
23 0. 3852
24 0. 3431

3. Qualitative Ultraviolet analyses

Each of the solutions {tubes O -~ 24) were checked by
ultraviolet analyses in neutral, acidic, and basic media. Tubes 0 -7

produced normal curves for nicotine~-type alkaloids. The s ectra for
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tubes 8 - § contalned an unidentified peak at 285 millimicrons. Tubes
10 - 24 produced spectra which wers typical of phenoli¢ material.
4. Paper Chromatography of Tubes 10 - 24

The solutions { tubes 10 - 24) were spotted quantitatively
{50 microliters each) on Whatman No. 1 filter paper and developed in
BuOH-HOAc-H,0 in the first direction followed by development in 2%
HCAe or the second direction.

The materials in tubes 10 - 13 were alike with tube #14
being the best representative sample between tubes 10 « 18.

The materials in tubes 20 - 24 were alike with tube #23
being the most representative of this group.

5. Guantitative Paper Chromatography of Tube No. 14

Fifty-four papers (Whatman No. 1 filter paper) containing
50 microliters per paper or a total of 2.7 ml. of the original material
from tube No. 14 were chromatographed two-dimensionally: firstly, in
BuCH-HOAe¢-~-HoD, and secondly in 2% HCAc. Figire No. 1 shows the
positions occupied by the resolved zones.

The fluorescent zones were cut out and eluted with

methanol; the samples (codes), final volumes, and colors are summarized:






sample Voluma Lolor
Blank 1ml ¢lear
A 1ml yeliow
B 1ml pink
c lml pink
D lost-ozidation
E 2ml light yellow
F 2mi light pink
G 3 ml yellow
H 2 ml lght yellow
I 2ml pink
N 2 mi light pink
o 2ml yellow
Samples E, F, G | I were rechromatographed in 2% HOAc.

The wmaterials were detected on paper by their flusrescence, and as:
ferric cyanide complex. The samples underwent further oxidation as
was shown by immobile materials at the baseline of the papergrams.
Compounds A, B, and C were immobile in 2% HOAc; the A zone
was polymeric, and B and C showed a pink fluorescence; all three com-
pounds are unknown. Compound D {unknown) had a skin color fluorescence;
this éoiﬁpdund and compound C {unknown) decreased gradually.
Compound E (rutin) decreased gradually, forming compound .
“As compounds C, D and E decreased, compouad C {polymeric) began
to form and increased gradually until all of compounds C, D, E and W
were used up. Dui"ing'the process, -compound G {chlorogenic acid group)
decreased in fluorescent intensity. Compounds F (caffeie acid group), ®
‘{unknown) and I {unknown) did not appear to have undergone any change.
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8. Ultraviolet Analyses

The compounds from section 5 were concentrated and
analyzed by ultraviolet analyses. The spectral work showed that the
background absorbances contributed by the papers were greater than
the absorbances of the respective polyphenols. Thus, no identification
of the phenolic material could be made by ultraviolet analyses.

An attempt was made to clarify one of the phenolic
materisls by passing it through a column of cellulose. The eluted
eluate contained more of the background material than it did prior to
the column work; this Indicated that the original background was caused
by a cellulose~-type material.

A further attempt was made to clarify one of the samples
by passing it throuéix a column of Magnesol. The solvent (ethyl acetate
saturated with water) which was used to desorb the phenolic material
desorbed the background materisl also.

- The aforementioned analysis demonstrated the great
need for identifying the materials on the filter paper which caused the
high background absorbance.

Filter paper Impurities do not hinder identification of
phenolic components on paper. By paper chromatography, caffele acid
{ciz-trans isomers), chlorogenic acid {plus isomers), rutin, quercetin.
and quercetrin were identified in the No. 14 fraction (section 5).
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7. Quantitative Paper Chromatography of Tube No. 23

Thirty-nine papers {Whatman No. 1) containing 50
microliters per paper or a total of 1. 95 ml of the original material of
tube No. 23 were chromatographed, using the procedurs which was
mentloned in Section 8. Figure 2 shows the arrangement of the zones
on a papergrams.

The fluorescent zones were sectioned out and eluted

from the papers with methanol; the samples (codes), final volumes,

and colors are tahulated:
Sample Volume Color
Blank 2ml pale yellow
J 3ml yellow
¥ 2ml pale yellow
L 2ml pale yellow
M 1 ml pale yellow

Compounds J {quercetin), K (unknown), and L (unknown)
were stable compounds. Compound M (unknown) was not present originally;
this appeared during the early part of the procedure.

As before, because of the high background absorbance
from the filter paper, no identifications could be made by ultraviolet
analyses.

Conclusions on #14 and 23

To identify the phenolic constituents of tobacco {qualitatively
or quantitatively) by paper chromatography combined with ultraviolet



FIGURE 2

Two Dimensional Chromatography
of the Contents of Tube-23 from

Countercurrent Distribution
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spectroscopy, it is necessary that the absorbent material and/or
materials on filter paper be identified. If the impuritles are identl-
fied, they can be removed prior to chromatographic analyses.

8. Conclusions
Countercurrent distribution offers an excellent means
of separatmg ;}alar ccmponnds €po1y@henols) from no:z~—polar compmmds
and pigments. The disadvamage of this methcci 1s that the pelmﬁhewla
are easily exiciimd, even in mi:v:tures, and when thray are separated
from non«pelar compowxczs and pigmenta they are more eaaliy oxiuuzed.
This method ceuld be useci in qualitative wark, but nat in quantitative
meamaments,
IV. Development of Method for Quantitative Determination
of Polyphenols
ﬁ, Preliminary Studies
1. Trimethylsilyl Ether Derivatives

An mzemung and advm:t ageous approach to the polyphenol
problam is the formation of trimethylgﬂyl derivatives of the poly~
phenals. The wimethylsnyl derlvative protects the hydroxyl (CH)
group; the derivatives are thermally stable, thereb; 'y parmitting a
fractional distmation without decomposition oi the individual csmmﬁents.
The derivatives have the same or lower bolling points as those of the
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original hydroxylated compounds. The trimethysilyl group is easily
removed by hydrolysis at room temperature, giving the parent com-
pound plus hexamethyldisilomane. In the formation of the derivative,
there {s a mass increase of 72 for each hydroxyl group. The derivatives
can be identified by the mass spectrometer, utilizing the heated inlet.

Two moles of ethylene glycol were dissolved in one mole
of pyridine; the mixture was placed in a 2-liter, S-neck flask which was
immersed in an ice bath. To the rapidly stirred solution was added,
from a separating funnel, 0.455 mole of trimethylchlorosilane during
40 minutes at 0° to 1.0 C. A stream of nitrogen was passed into the
reaction vessel {(during the reaction) to remove HCl vapors.

(CH4)4 SICL + CHoCHCHgCH (CH )3 8i-0-CHoCHoCH
33 e (Z-t‘?‘imethylsﬂoxym%anol)

- Pyridine was used as & catalyst in the reaction (acid acceptor).
The reaction mixture was allowed to warm up to room temperature, and
finally the mixture was heated to reﬂm: for 10 minutes.

A short, water-cooled, co:a&éxiser was attached to the center
opening of the 3-neck flask (the other two openings were closed with
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ground glass stoppers); the material was distilled direcily from the
reaction mixture (two-phase)s Eight fractional cuts were obtained
over a temperature range of 90°C to 195°C.

Distillate No. 7 {b.p. 180-185°C) and the pot residue were
analyzed in the liquid and in the heated inlet of the mass spectrometer.
Peaks wera obtained which were indicative of the structure (CHg)g Si~0-
CHCHgO0H, Traces of trimethylchiorosilane and pyridine were present.

‘The mass spectrometric éaalyses showed that the mono-derivative
of ethylene glycol was formed; this was as expected since an excess of
the polycl was used. The di-dorivative can be formed by using an excess
of reagent (CHz)z St Cl).

Conversion of Trimethyvlehlorosilane to Hexamethylidisilazane

‘The trimethylchloresilane was reacted with aramonia to form
hexamethyldisilazane (1). The advantages of doing this is that the
hexamethyldisilazane can be used to form derivatives (2) without any
interference from water.

{1} 2CHg); SICl + 3uWHz = (CHg)3 Si-M - SL{CH3)g + 2 1THy C1

H . Hg0={CHg); 81-0-5i (CHz)z ¢ Ny
(2 {c:13>3 81N - & (cagly —
2R0H = 2RO-81-(CHg)g + NHj

- Hexamethyldisllizane 15 a preferred reagent for converting
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hydroxylated compounds to their trimethyluilyl derivatives. No large
amount of precipitate iz handled and the small amount of precipitate
formed in the process of catalysing the reaction is removed during the
course of the reaction by sublimation into the reflux condenser. The
reaction is easily followed by the change {generally a rlse) in reflux
ternperature in the reaction flask or by the evolution of ampionla. The
reagent requires few precautions {do not escessively expose to atmos-
pheric moisture) and {8 not noxlous. The hydroxylated compound need
not ba anhydrous, since water reacts with hexamethyldisliazane to glve
trimethylsilanol and hexamsthyldisiioxane, both of which can be
separated from trimethylsilyl ethers by distillation {89°C and 102°C,
respectively).

Procedure

‘A l-liter, 3-neck flask was fitted with a stirrer and a ges Inlet
tube (schematlc drawing). A totsl of 375 mi of petroleum ether (b.p.
30-80°C ) was addad to the flask, followed by 800 grams of trimethyl.
chlorosilane (Dow Chemical Co.). Anhydrous ammonia fiom a lecture
bottle was passed through a flow meter into the reaction vessel, The
reaction was spontanecus; the evolution of heat was so great that it
caused the petroleum sther to boil; this was remedied by immersing the
reaction vessel in an ice bath. The reaction was continued until the
escaping vapors (HCI) from the oll trap became basic {1{H3); at this
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point, the evolution of heat had ceased. The reaction required approxi-
‘mately 7.5 hours. -

After completion of the reaction, the reaction mixture was re-
fluxed for one hour; ammonia was passed into the mixture during the
reflux period. -

The inside wall of the reaction flask was covered completely with
ammonium chloride. . The precipitate {NH4Cl) was collected on a Buchner
funnel and thls was washed with successive 200, 100, 100 and 100 ml
portions of petroleum ether.

The petroleum ether was stripped from the filtrate by distillation.
A Vigreaux column was used in the distillation. Petroleum ether distilled
at 30° to 62°C; another fraction distilled at 85°C to 94°C. This fraction
possessed an odor like gasoline. The third fraction distilled at 122°C
t0 126°C, and the final fraction came over at a constant temperature
kof 126°C, The final fraction was analyzed in the mass spectrometer
and found to be hexamethyldisilazane.

Bilyl Ether Derivatives

-8+ Materials
Hexamethyldisilazane was prepared from ammonia and trimethyl-
chlorosilane.
b. Procedure

To 5 grams of resorcinol, 11.5905 gm. (16 ml) of hexamethyl-
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disilazane was added. After one drop of trimethylchlorosilane had been
added, a white precipitate (NH,Cl) formed immediately. The reaction
flagk {micro equipment) was fitted with a condenser and a drying tube
{Drierite) and the reaction mixture was refluxed for nine hours. The
evolution of ammonia began at 43°C. During the refluz period, the
temperature in the reaction flask fluctusted from 158°C to 161°C. A
white precipitate {NH,C1) sublimed out of the reaction flask into the.
condenser, leaving a clear solution. Completion of the reaction was
indicated by a constant reflux temperature taken at the thermometer well.
A more sensitive indication of reaction termination Is the ceszation of
decomposition of indicating Drierite {blue to pink color change) in the
drying tube when no more ammonia is evolved.

The reaction requires an excess of reagent. Neither the reagent
nor the hydroxylated compound needs to be measuraed accurately because
the final product can be measured quantitatively by mass s@ec&ral analyses.
Presence of exceas reagent 1s agsured it no further ammonia evolved
on addition of a few drops of hexamethyldisilazane at completion of the
reaction.

The aforementioned procedure was followed to prepara silyl
ether derivatives of quinic acid, glncosé, water, chlorogenie acid,
and caffelc aclde
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The silyl ether derivative of water remnrad a longer roflux
period than did the other compounds because in the presence of water,
an Intermediate product (alcohol) is formed which reacts further to
form mejcamspogdi;;g ether ;ﬁgriv&tive‘

c. Plgtillation of lg_a;z;i_vaﬁves_

The, gilyl ether derivative of reéorcmal was subjected to dis-
tiliation under vacuura. The micro distillation apparatus, as purchased,
was used with one excepticn. Dr. Lee Harrow made a Vigereau column
which contained more theoretical plates than did the original calum;i
which came with the micro apparatus.

Ho resclution was obtained through distillation. Ths distillation
indicetsed that the derivative did not contaln excess reagent because the
reagent would have distilled at 65°C.

Silyl ether derivatives of quinic acid apd glucose were’axgbje‘c’t.e;i
to the aforementioned distillation pmce\vdurve«v Wi;enmrki_ng with 1;:&1-
v&dually known hydroxylated compounds it is necessary to remove enly
the excsss regqen_t; this permits a sl;crt distillatica period because the
reagent distills at & temperature below that of the derivative.

Due to a change in vapor pressure, the derivatives of water,
chlorogenic acid, and caffelc acld ware freed  of excess reagent by

distillation at standard conditions (1 atmosphere).
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a4 Infrared Analyses
Silyl ether derivatives of resorcinol, quinie acld, gqlucose,
chlorogenic acid, and water were analyzed as thin films. The indl

vidual spectrum did not reveal ths presence of any of the parent
compounds, but the reaction products {derivatives) were indicated.

The reaction products conld not be identified positively bscause of the
lack of reference apactra of the derivatives. All of the derivatives
exhibited the - (CHg)y characteristic band at 766 cm™, 840 em %,
and 1250 cm *k A1l of the spectra except the spectrum of reagent aad
the spectrum of resorcinol exhibited the strong characteristic Si-0
band between 1040 cm ~* and 1000 cm -1, In the spectrum of resorcinol,
the band belleved to be due to Si-0 was at 995 cm ~1; the shift in the
31-0 band is believed to be due to the phenyl group of resorcinol.

- The spectrum of the derivative of chlorogenic acid exhibited the E
characteristic band at 1730 cm =1 due to the (C = 0) group. Bands due
to unsaturation of the phenyl ring and {C = C) were present in the region
1560 em 1 to 1850 cm ~1. The characteristic bands as mentioned for
the cther derivatives wera present in the spectrum of the derivative of
chlorogenic acid.

€. CGas Chromatography

~ Eilyl ether derivatives of resorcinol, quinic acid, chlorogenic
aeid, glucose, and water were chromatographed on & column of poly-
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glycol E-20,000 ~ firebrick at a holium flow rate of 40 ml/min. The
temperature was varied; varicus retentlon times were recorded. The
retention times were indicative of & ¢change in vapor pressure of the
present compounds versus the derivatives.

The gas chromatographic analyses were beneficial in that they
showed that the structures of the parent éompomxd& were changed-

Massg Spectrometric Analyses

The silyl ether derivative of resorcinel was chromatographed
{gas) 38 mentioned previously. The peak at 34' 44" was trapped ab
Hquid nitrogen temperature; this was analyzed by mass spectral
analyses; a good spectrum of the derlvative was obtalned,

The silyl derlvative of \éater,. prior to distillation, was chroma-
tographed; a peak at 7' 13" was trapped for mass spectral analysis.

The spectrum contained the intermediate product--stlancl [CHg); &t of] ,
mass 90.  This was & good reference spectrum.
‘g»-  Hydrolysis -

The silyl sther derivative of resorcinol was hydrolyzed in mild
acid solution {0. 26 N HCI); the aqueous sclution was rewoved by evapora-
tion on a steam bath. The residue {solid) was analyzed as a KBr disc;
the spectrum obteined for the resldue was more corract for rescreinol
than was the spectrum for the parent compound. This shswé that the
hydrozylated compounds can be derlva.tized; the derivatives can be
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hydrolyzed to obtain the parent compound in & pure form.

At this point, it was concluded that a standard silyl ether
derivative should be prepared from a known polyphenol, and the
per cent conversion of the parent compound to the derivative should
be established. - Caffeic acid was chosen to be derivitized because of
its chemical structure {(hydroxyl groups in the orthoand meta positions,

and an alkyl chain attached to a carboxyl group In the para position) -
L 2-dlhydroxyeinnamic acid or éa.ffeic acid. Also, caffelc acld combines
with quinic acid in a ratio of 1:1 to form the major polyphenol of tobacco-
chiorogenie acld.

The derivative of caffelc acid was formed by the procedure
mentioned earlier.

The reaction mixture was subjected to distillation (3. T.P. ‘);
the still-pot temperature rose to 230"0,: but no distillation occurred.
Tha préssui*e was reduced to 320 mm; a small volume of distillate
(approﬁmately 0. B ml) was obta.ined between 30-47 C; or stanaing.
thls material beca.me a semi-solid. The pressure was taken down to
150 mm, no distillate was obtained. Finally, the pressure was reduced
to zero (as measured ona manometer scale); there was a constant
bumping in the stm-pot- the addition of coal did not remedy the bumping.
At this point, it was obvious thai the derivative was non-distillable

wnder the aforementioned conditions.
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The silyl ether derivative of caffeic acld was analyzed as a thin
film. The spectrum showed that none of the parent compound was
present; if any of the reagent was present, i was there al an extremely
low concentration. The carbonyl (-Cs0-) band was pfegént:at 1695 ém“l;
msatumﬂon {-C=C-} was Indicated in the 1650-1670 cm™> reglon. The
characteristic «~ Sie{CEi‘g)g bands were present in the 756,840, and
1250 el positions. A band at 980 em™} was attributed to the P-o-S1 (CHa)g
linkaga. Reference spectra of the allyl ether derivatives are not available,
but based ca the aforementioned information it is cbvious that a reaction

product was formed..

Gas Chromatography

A silyl ether derivative of caffeic acid was dissolved in chloroform
and chromatographed on an 8-foot polyglycol-firebrick column at 200°C
with 8 helium flow rate of 40 ml/min. No peaks {retention) were observed
with the 8-foot column. VWhen the column was shortened to one foot,
chloroform (the selvent) and hesamethyldisilazane peaked immediately
upon injection of the sample. The derivative peaked at 3 minutes at a
temperature of 20_0‘ C. Sevem runs were made callecthfxg (at liquid
nitrogen temperatures) the 3 minute peak for mass spectral; for lnfra.
red, and for ultra-violet analyses.

Mags Spectrometric Analyses

The silyl ether derivative of caffelc acld was confirmed by its



mass ~ 386,

Infrared Analyses
The derivative of caffslc acld was confirmed from the iraction

which was obtalned by gas chromatograghy.

mtravloljet Anplysas

In the ultraviolet region, the silyl ether derivative of caffeic
acid exhibited an 18 millimicron hypsochromic shift in the long wave-
length {325 millimlcrons for caffelc acld). An Il millimieron hypso-
chroraic shift was chserved in the short wavelenath (392 millimicrons
for caffeic acid).. In addition to the hypsochromic shift, there was a
changs in the ratio of the absorbance at the long wavelength to the
absorbance o& the short wavelength; the ratio decreased from 1. 34 for
caffeic acid to 0.90 for the silyl ether derivative.

Hydrolysls

A portion of the 5ilyl cther derivative of caffeic acid was hydrolyzed
in concentrated hydrochioric acid (12:7); the lquid was evaporated off
on'a steam bath, leaving & s0lid material. The residual material was
dried; the melting point range was 120-192°C as versus 195°C for caffeic
acid. The ultraviolet curve was Intermediate between the silyl derivative
and the caffeic acid; the ratio of the 320 millimicron absorbance to the
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200 millimicron absorbance {0. 430/0. 342) was 1. 28 { A millimicrons = 30).
Infrared analysis of the hydrolyzed product showed caffeic acid plus a
compound like hezamethyldislloxane. More than Hkely the additional
compeund was hezamethyldisiloxane since this compound should be
obtalned by hydrolyaing a silyl ether derivative to its parent compound.

Recrystallization

A portion of the silyl ether derivative of caffeic acid was
recryctallized from hot water. The precipitate was filtered off and
dried; t?:aa mamng ;sointwa-s 198°C, versus 105°C for caffeic acid. The
filtrate and the residue were analyzed by ultraviolet and by infrared
analyses. The ultraviolet spectrum of the filtrate was similar to that

of the derivative; whereas, the residue was identified as caffeie actd.

The Infrared spectrum of the filtrate showed a mixture of
derivative and caffele acld; whereas the residue was identifled as
caffeic acid.

The aforementioned results show that the derivative was hydrolyzed
rather than recrystallized. Since the crude derivative was slightly
acidic and at a 100°C recrystallization temperature, it was likely for
hydrolysis to oceur.

The theoretical yield of the derivative of caffele acid was

roughly 73%.
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Mono, DI, and Tri Substitution

Silyl ether derivatives were prepared from phenol (mono-hydroxy)
and phloroguelnol (tri-hydroxy)s A derivative of resorcinol {di-hydroxy)
was prepared, as mentionad previously.

Infrared studies demonstrated that by characteristic fingerprint
regions, one ean distinguish between mono-, di-, and tri-substituted
silyl ether derivatives of hydroxylated aromatic compounds.

Preparatory Work on Extracts of Tobacco

All of the work up to this point demonstrated that numerous pre~
liminary separational schemes are necegsary to resolve tha phaﬁanc
materials of tobaceo, prior to the formation of silyl derlvatives.

A 200 ml\aliquct of a 637% ethanol extract of tobacco was reduced
to a resldue by azeatroping off the ethanol and the water Wit’a cbla?oform.
To see if the major portion of the phenolic material could be confined
to one or possibly two solvents, the residue was extracted successively
with benzene, chloroform, ether, acetone, and methanol. The chloroform,
the ether, and the acetone solubles were chromatograrhed in & solvent
system of BuCH-HCAc-Hg0, and ina syét&m of water. Ths major
polyphenols were conﬂnedvto the ether and the acetone solubles as was
shown by peper chromatography.

Since chloroform and acetone form an azeotropic mizture

{maxdmum type curvs), it was advisable to extract the polyphenols
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from tobacco with a mixture of chloroform and acetone plus a low per-
ceatage of ethyl ether.

Two 40 ¢g. grams samples of Type I and Type U tobaccos were
extracted exhaustively with chloroform~ether-acetone { 25%%-5%5-70% V).
A 500 ml volume of extract was obtalned from each type of _tobw.;gc.
The residual tobaccos were extracted with 83% ethanol (aqueous); a
volume of one liter was obtalned for each sample.

The mixdture of chloroforme-ether-acetone did not eziract the
polyphenols quantitatively as was shown by paper chromatography.

The chloroform solubles. the ether solubles, and the acetone
solubles were subjected to the procedure for the formation of silyl
ether derivatives. No derivatives of the polyphenols were isolated
because the fractions were not free of the original 83% ethanol-water
mizture. If the derivatives were formed, they were not detected
because of tae derivatives of water and ethanol.

Although the preliminary work on the silyl ether derivatives
showed excellent promise, this work was terminated because of the
excessive work required on known compounds. Previously, these
types of derivatives had not been prepared from polyphenols,

ULTRAVICLET STUDIES

An attempt was made to measure polyphenols quantitatively by
a combination of paper chromatography and ultraviclet analyses, This
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method required recrystallization of the knowns, extinction coefficient
data, chromatography, elution of the compounds from paper, and a
final measurement by ultraviolet analyses.
Sinee rutin and chlorogenic acid are two of the rxiajer polyphenols
in tobacco, these compounds were used in the ultraviolet studies,
A. Rutin
| 1. Recrystallization of Rutin

Rutin was recrystamzed five times from hot ethanol and hot
water. The product showed an impurity when it was rechromatographed
in 2% HQOAc. The filtrate was chilled and the second precipitate was
filtered out. The second precipitate was free of impurities as was
demonstrated by chromatography in 2% HCAe.

The purified rutin was dried over phosphorous pentoxide (Po0s);
an Abderholden drying pistol was used. The drled product melted at
101-193°C.

2. Specific Absorbance

The purified rutin was weighed and dissolved in methanol
(4. 21 mg/ml = stock solution). The stock solution was d:luted to
contain 0.02mg/ml, 0.042ng/ml, and 0.083mg/ml. The spectro-
photometric analyses {large peak at 358 millimicrons) are tabulated
below:
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Cone. of Sample

Mg/Ml Abs, Max, Abs. Avg. A/Mg/M
1. 0.02 0.65 0. 86 3L.1
10 On 021 Oﬁ 66
2. 0.042 1.42
2, 0.042 1.32 1.34 31,7
2, 0.042 1. 27
3, 0.083 161 .93 30.B
3. 0.063 1.94
Avg. 4.1

The appavrent pH (pH reading in methanol) of the samples varied
between pHE 6.93 ~ 7.03, but the variation in pH was not sufficient to
cause a shift in the absorbance at 3568 millimicrons.

3. Quantification of Rutin

The purified rutin was subjected to a quantitative paper chroma~
tographic proéedare.

Duplicats samples at three levels of concentration (same solution
used for extinction data) were streaked over an 8-inch area on Whatman
No. 1 filter paper. The concentrations of the final solutions {mg/ml
after elution from paper) were calculated so that they would be in the
same order of magnitude as those (solutions) used to establish the
extinction coefficlents. Location zZones were spotted b em from the
outer edges of the papers. |

After the development pariod, the rapers were dried at room
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temperature. The rutin band and loration zones were detected by their
visual yellow color, and by fluorescence (Rp 0.37). The location strips
were tested with phosphomolyhdic acid plus ammonia vapor; these gave
the typical color characteristics of rutin {grey-blue with a tings of
yellow-green).
The rutin bands and corresponding blanks were sectioned out
and eluted with methanol. The elutions were carrled oot overnight;
7 to 9 ml of eluate was collected from each paper strip, and each was
diluted to & 10 ml volume for spectroscopic examination.
The epectrophotometric work consisted of messuring rutin in
methanol versus & methanolic eluate of rutin from paper. A blank
weas included for each determination. For example, the spectrum for
a complete analysis consisted of a measurement of rutin in methanol
(0.02img/ml}, a measurement of rutin eluted from gaper with methanol
{0.02Gmg/ml), and a measurement of the paper blank. This type of
measurement was obtained, also, for the concentrations of 0.04mg/ml
and 0.06lmg/ml, respectively.
The:caimﬂations were cerried out as perthe :olluwing sample
calculation:
A mazx. = 0,85
A min. =0.04
Ant =08
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Net Absorbance = mg/ml
Specific Absorbance

0.6l = 0,02 mg/ml
R 0 mg/’ |

mg/m) found x 100
mg/ml applied

=% recovery

0:020, 11 = aF o7,
——-—-—-——-—0'021 X 100 950 29%

The following tabulation shows the per cent recovery for each individual

Tun:

Amount Used Amount Found % Recovery
D 0.0Amg/m  0.020 mg/ml 95.2
2) 0.02 " 0.020 " 956.2
3} 0.04 . 0.03@ ¢ 95.1
4 o004 " 0.040 " 97.6
5)  0.08 " c.oss " 96.7
6  o.08 " 0.060 96.7

B.  Chlorogenic

1. Quantification of Chlorogenic Acld -

Chlorogenic acld exists in several lsomeric forms; therefore,
all of the experimental studies will be directed toward the measurement
of total chlorogenic acld {chlorogenic acid plus its many isomers).

Previous chromatographic data have shown that chlorogenic acld
can be confined to one zone on paper when developing with either

BuOH-HOAc-Hg0 or BuOAc-HOAc-Hg0.




The stock solution of chlorogenic acid in 83% ethanol contalned
0,74 mg/ml. A total of 340, 38 microliters was applied to & paper
atrip; provided all of the acld was eluted from the paper with 10 ml. of
83% sthanol, the final solution would contain 0.030mg/ml. The paper
was developed in a solvent system of BuOAe~HOAc~Ho0 (40~10~50); the

paper was dried, and the fluorescent band was sectioned out and eluted

with 83% ethancl, A hlank was carried through the entire procedure.

A speciroscople examination showed that the eluted blank versus
63 ethaml contained a large background absorbance. The background
ca.usgd a displacement of tk;e normal peak qf chlorogenic acid. A normal
curve for chlorogenic ac;id wWas _obtainad when the eluted chlorogenic
acid was run versus the eluted blank in the reference cell; homver;,
this method caused approximately 2% loss in total absorbance.

Tha afcrementioned pmcedure was repaated e»:acﬂy with two
emeptions, the paper was develcped in 2% HQAc, and the fluorescent
band was eluted with methanol. The eluted chlorogenic acid was run
versus methanol in the refereace cell and also versus the eluted blank
in the reference cell.

| - The recovery of chlorogenic acld for the two runs could not be
determined because the known cMorpgehic acld (spotting) solution was
not in the same solvent media as that for the eluted material.




89,

A stock solution of chlorogenic acid in methanol was prepared
(1.32 mg/ml). This was chromatographed quantitatively to give a
concentration from paper of 0. Qzlmg/ml.u During the development
period, the chlorogeaic acid bfoicé u{.:v inté ‘two bands; each band (A and B)
was sectioned out and eluted with methanol. A recovery of 52.4% was
obtained from band "A". Band "B" was too dilute to obtain an sccurate
maa.suremant.; /

The chlorogenic acid which was used in the aforementioned
analyses was purchased from Delta Chemical Works. Chromatographically,
the Delta sample has & tendency to break up into two compounds, or
p@saibly’it’eontains two forms of chlorogenic acid.

A sample of chlorogenic acid wag obtained from Aldrich Chemical
Co., Inc. This sample was subjected to the quantitative procedure.
Chro:namgra.phicauy, the Aldrich sample produced one band. A recovery
of 82. 65 was cbtained from the paper analysis.

Since there was a great variation bhetween the specific absorbance
of the old sample of Chlorogenic acld {Delta Chemical Wérks) and the
new sample of Chlorogenic Acid (Aldrich Chemical Works), a new sample
was obtained from Delta Chemical Works.

Two samples of the Delta Chloi'ogenic acid and two samples of the
Aldrich Chlorogenic acid were weighed and dissolved in a mixture of
isopropyl alcohol-water (1:1).{Chlorogenic acld is more soluble in this
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mixture than in methanol). The dilutions of the stock solutions and the
spectrophotometric analyses are tabulated below:

Delta Sample

a} Stock solution = 80.9 mg/60 ml = 1. 62 mg/ml
b " = 0l.4 mg/50 ml = 1.83 mg/m}

Conci of Sample

Mg/ml . Abs. Max.  A/mq/ml
2 D 0.0 0.81 49.9
2) 0.030 1.62 60.0
3) 0.050 042 49.8
SRR 0.020 0.90 49.3
2 0.040 180 49.2

3) 0.050 2.70 493
' Avg. 49.8

Aldrich Samrple

a) &tock solution = 45.9 mg/60 ml = 0.92 mg/ml

By " " = 57,0 mg/B60 ml = 1.14 mg/ml
‘Conc. of Sample
Ma/Ml Abs. Max.  A/mg/ml
a) 1 0.030 1.45 52.6
2) 0.040 .92 52.3

3) 0.020 0.97 52.9



.

Cone. of Sample

Mg/M1 Abs. Max. A/mg/ml
B D 0.0 1.2 52.9
2) 0,030 1.79 5.7
3 0.00 o.a 52. 3
Avg.  b2.8

To study the decomposition of chlorogenic acid in solution,
one Delta sample was malintained at room temperature, and another
Delta sample was left at refrigeration tomperature. After a period
of 22 days, the samples were re~analyzed; the results are tabulated
below:

Specific Abs.  Specific Abs.
Temperature 1/7/68 1/29/59

Refrigeration  50.0 A/mg/ml 48.7 A/mg/mil

Room tempera- y
fure 49.2 " 43.7 n

" At refrigeration temperature the specific absorbance of the
Delta chlorogenic acid in solution decreased significantly.

The decomposition of the Aldrich chlorogenie acld was deter-
mined by the same procedure mentioned for the Delta sample. The
results are tabulated:

Specific Abs. 8pecific Abs.
Temperatura 1/7/99 2/24/59
Refrigeration  52.8 A/mg/ml 51.8 A/mg/ml

' Room tempera- ~
" tre 528 " 49.8
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The chlorogenie acid from Aldrich Chemieal Company was
used in our work because the rate of decompoaition was quite small.
A combination of paper chromatography and ultraviolet analyses
could be used to measure rutin quantitatively, but this procedure pro-

duced low recovery values for chlorogenic acld. ' Since chlorogenic

acid {s the major polyphenol in tobacco and it could not be measured
quantitatively by the aforementioned procedure, another method of

measurement was {avestigated.

Be Study of Colorimetric Method

The method of Richard W. Keith, Duane Le Tourneau, and
Dennis Maklum as published in The Journal of Chromatography,l,
534-38 (1958) was studied for measuring individual polyphenols. The

colorimsirie procedure depends upon tha reduction of compounds con-
talning sexivalent tungsten and molybdenum to colored compounds.
Standard solutions of caffelc acid, chlorogenic acld, ¢allic
acld, rutin, quercetin, quercitrin, and scopoletin were prepared to
contain 50 my/20 ml of ethanol, or 2.5 mg/ml.
The standard solutions of each compound were diluted s
follows:

Stock Solutions
1. 1M dlluted to 100 Ml = .025 mg/Ml.
2. 2 Ml diluted 10100 M1 = 050 mg/ML
S, 31 diluted 0100 M1 = 075 mg/Mi.
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Twenty ml. (20.) of each stoek solution was pipetted into a
25 ml volumetric flask; 0.5 ml. of Folin~Clocalten (diluted 1:1 with
water) was added; followed with 2 ml of a 20% NagCQO3 solution, and
brought to & £5 ml volume with water. A blank was carried through
the same procedure. This gave final concentrations of: -
1. 500 micrograms/26 ml.

<, 1000 4 /<5 ml.
34 1500 N - /86 ml.
4. 2000 4 /25 ml.

The solutlons were permitted to stand for twe hours, prior to
belng read in the visible reglon of the Cary Spectrophotometer,

In the instrumental analysis, the blank was used in the reference
compartment as wall as in the sample compartment to zero the instru-
ment, At 800 millimlerons, the curve began at an optical density
greater than 0,8. The position in which the curve fell indicated that
the origin of the curve was in the near infrared region. The samples
were re-analyzed; the curve began at 1380 millimierons and extended
down to 380 millimicrons with a broad maximum peak at 6680 millimicrons.
The gpectral work showed that the individual samples were not additive
because of the excessively high concentrations.

Since the original article on the use of the Folin-Clocalten
reagent included a standard curve for gailic acld, an attempt was made

to reproduce the curve.



A standard solution of gallic acld (2.5 mg/ml) was diluted
{1 ml to 100 ml) to contain .026 mg/ml. From this stock solution,
samples were prépared to contaln 25, 75, 125, 187, 250, and 376
micrograms/25 ml respectively. These samples were prepared by
the aforementioned procedure, Instrumentally, at a wavelength of
860 millimicrons, the solutions from 25 micrograms/25 ml through
250 :rﬁ.erag#ams/% ml followed the Beer's law relationship, but
above this concentration, linearity was not obeyed.

The aforementioned solutions were read on the Bausch and
Lomb "Spectronic 20" at 660 millimicrons; the same results were
obtained as thoze mentioned for the Cary Sﬁectrophstamﬁtar. At this
point, it was decided that we could use the "Spectronle 20" advantageously
in this work.

To study the time required for maximum color development,

a new set of samples was prepared and readings were taken every
20 minutes over & tarce-hour period. This showed that one hour was
a sufficient time for obtalning maximum color.

To determine the amount of solvent which could ba added to
the samples, pricr to the addition of the Folin-Clocalten reagent and
sodium carbonate, without affecting the color development, one set was
made up with sample plus reagents and diluted to 25 ml; ancther set was
made up with sample plus 20 ml of water, plus reagents, aad diluted
to 25 ml. The results showed that the water could be added at elther
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polnt mentioned above without affecting the color. It was found that
the reagent must be added prior to the sodium carbonate to obtain
the proper color.

By the aforementioned procedure, standard curves were
‘obtained for caffeic acid, chlorogenic acid, gallic acid, rutin, |
quercetin, quercitrin, and scopoletin.

 To adapt the mathod to samples obtained from paper chroma-
tography, each of the standard solutions were chromatographed on
paper in increments of 80.45, 120.90, and 181.36 microliters.
re‘sg;ectively, and developed with the upper phase of BuOH-HOAc-Hg0.

After freeing the papers of the organic solvent the bands were
located by their fluorescence with a UV hand-lamp. The indlvidual
bands were gectioned out along with an equal size blank; these were
cut into small pleces and placed in a coarse sintered glass filter.
Each sample was washed with two 10-ml portions of hot water into a
26 mi volumetric flask; 0.5 ml of Folin~Clocalteu reagent and 2 ml
of 200 sodium carbonate were added to each flask. The solutions were
read {mmediately, and at 20-mimute Intervals over a period of one hour.
The materials were not removed quantitsatively from the papers as was
shown by the standard curves.

To increase the recovery of the compounds from filter paper,
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the first part of the procedure was repeated, but the exdtraction method
was changed. After cutting the bands of paper into small pleces, these
were placed in screw~cap vials; 10 ml of hot 2% methanol was added
to each vial, and these were allowed to stand for 30 minutes. At this
point; 0.5 ml of Folin-Clocalteu reagent was added to esch vial, and
these were allowed $o stand 10 minutes prior {0 the addition of 2 ml of
20% sodium carbonate, xmmediately aft er adding the reagents, the
solutions were filtered through a'caarsa porosity sintered glass filter
into a 25 ml volumetric flask. Small portions of hot 2% methanol were
added to the vials to remove the materials quantitatively from the papers.
This was continued uatil a total volume of 25 ml was obtained.

- 'The results {average of three ruas at each concentration)
obtained for the various concentrations are tabulated:

Cornpound 60. 45,25/ 120.90,/2%5ml  181.35,/%5 ml

Gallic acid 03.73% £0.00% 96. 857
Scopoletin 98,859 00.00% 93. 30%
Rutin 93, 00% 90. 00% 75. 005 *
Chlorogentc actd  10L.00% 95.00% 95,308
Caffelc acid 94,15% 89. 00% 100.00%
Quercetin 05, 00% 93. 005 91, 00%

* This resull is low because at this concentration, a portion of the
material remalns at the baseline on the papergram.
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At this polnt, an old extract of tobacco was carried through
the aforementioned procedure and was found to work equally as well.
as it did with the known polyphenols.

A 3~gi-am sample_ of ground tobacco was placed in & one-iuch

diameter glass column; 757 ethancl was added 1a small portions, and

the solvent was ger’mi&e&to penetra.{:a the tobacco prior to beling forced
through the colimn with a siveam of nitrogen, This was continued
until the elu&é was almost colorless, giving a negative test for polyphenols.
A final volume of 25 ml wes obtatned, |

By paper chromatography, the aforementioned extract contained
as maay, if ndd more, polyphenols as ald the previously mentioned
methods of extractions.

The advantages of the above extraction are: 1.) small sample
siza, and 2.} small volume of solutlon.

SUMTAry |

From the data established in these preliminary studles, &
quaatitative method for polyphenols was established as shown in
Section V.

In summary, the polyphenols can be measured spactrophoto~
metrically as colored reaction products with Folin-Clocalteu reagent.
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V. Method Developed

Quantitative Determination of the Major Polychenols in Tobacco

The pmpeéed methed, in brief, involves extraction of the
polyphenols from tobacco, paper chromatography of the extract,
elution of the samples from paper, and colorimatric determination.
The colorimetric procedure deps’adgs upon the reduction of compounds

contalning sexivalent tungsten and molybdnenum to colored compounds.

2. Apparatus and Reagents

a) All spectrophotometric measurements were made at
25°C with a Cary Model 14 recording spectrophotometer using 1 em
fused quartz cells, or with a Bausch and Lomb manual "Spectronic 20"
spectrophotometer.

b} Folin-Clocalten Reagent - purchased commercially.
The reagent conslsts of a mixture of 100 grams of sodium tungstate
{Nag Woq - 2 Hg0), 25 grams of sodium molybdate (ag Moy - 2 Hg0),
700 m) of water, 50 ml of 85% phosphoric acid (H3P04), and 100 ml of
coneentrated hydrochloric acld (HC1). For our use the commercial
reagent was diluted 1:1 with water.

¢y 20% Nag CO3 solution (W/V)

d) Chromatography Papers - Whatman grades 1 and 2.
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) Solvent Systems - Crganic phase of butancl-acetic

acid-water {4-1-5 V/V/V}.
8. Frocedure

a.} Eiﬁr&cﬁon

Two grades of ground tobaceo (3 gram samples of each)
were axtracted with 75% ethanol} ancther set of samples was extracted
with 207 ethanol. Each tobacco sample was placed in a glass column;
the solvent was added {n small portions, and the solveat was permitted
to penetrate the tobacco prior to belng forced through the column with
a stream of nitrogen. This was continued until the eluate was almost
colorless. A final volume of 25 ml was obtained.”

4. Paper Chromatography

a) Extracts

The 20% ethanol and the T5% ethanol extracts were
chromatograghed on Whatman No. 2 filter paper {175 microliters per
gapér)‘ "The papers were developed {ascending) ina solvent system
of BuCH-HCAc-Ho0 for 16-1/2 hours.

b} Knowns | o _

To prepare standard curves, 50 mg. of each of the known
polyphenols were dissolved in 20 ml of 85% ethanol. Amounts varying
ﬁ‘ém 25 to 500 micrograms of each substance were streaked (calibrated
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microliter pipette) over a 2.5 inch length on the reference line ot a
strip of filter paper leaving an equal size area for a blank, “ The
papers were developed by the ascending technique, at room temperature,

for 16-1/2 hours in & solvent System of BuOH-HOAe-Ho0 {4-1-5, V/V/V).

¢) Color Development

After development, the papers {containing the tobacco
extracts and the knowns) were freed of the orqanic solvent ina
ventilated hood. The individual bands were located by thelr fluorescence
wnder an ultraviolet kand lamp. The bands were sectionsd out along
with an equal size band for the blank; each band was cut into small |
pleces and placed in a screw-cap vial. Ten milliliters of hot 2%
methanol was added to each vial, and these were permilted to stand
for 30 mimtes. At this point, 0.5 ml of Folin-Ciocalten reagent was
added to each vial, and these were allowed to stand 10 minutes prior
to the addition of & ml of 20% NagCO3. 1t is necessary that the reagents
be added in the order shown to obtain the proper color. Immediately
after adding the reagents, the solutions were filtered through a coarse
pci‘asity siniez;ed glass ﬁlter intoaddbml volurﬁetric flask. Smé.ll
portions of hot %% methanol were added to the vials to remove the
materials quantitatively from the papers. This was continued until a

volume of 25 ml was obtained.




FIGURE 3

Standard Curve of Caffeic
Acid



28,

AUTOBICGRAPHY

I, Marvia Dennis Edmonds, was born on March 23, 199, in
Kenbridge, 'i?irgizﬁa, where I attended elementary school, graduating
in 1034. I graduated from Kenbridge Ligh School in 1038, and from
Richmond Business College &s a Junior Accountant in 1940, I worked
as an écceuatmt until 1843, at which time I served in the U. 8. Navy
{World War II) until 1045, After this, I worked as an accountant until
19%9, and enrolled at the Richmond Frofessional Institute of the
College of William and Mary where I graduated with & B. 3. in Chemistry
in 1958. I worked with the Virginia Department of Agriculture (Division
of Chemistry) until 1053, Since then, I have been working with Philip

Morris Inc. in Richmond, Virginia, as a research chemist.



	University of Richmond
	UR Scholarship Repository
	1960

	A chromatographic study of the polyphenols in cured tobacco
	Marvin Dennis Edmonds
	Recommended Citation


	Page 2
	Page 3
	Page 4
	Page 5
	Page 6
	Page 7
	Page 8
	Page 9
	Page 10
	Page 11
	Page 12
	Page 13
	Page 14
	Page 15
	Page 16
	Page 17
	Page 18
	Page 19
	Page 20
	Page 21
	Page 22
	Page 23
	Page 24
	Page 25
	Page 26
	Page 27
	Page 28
	Page 29
	Page 30
	Page 31
	Page 32
	Page 33
	Page 34
	Page 35
	Page 36
	Page 37
	Page 38
	Page 39
	Page 40
	Page 41
	Page 42
	Page 43
	Page 44
	Page 45
	Page 46
	Page 47
	Page 48
	Page 49
	Page 50
	Page 51
	Page 52
	Page 53
	Page 54
	Page 55
	Page 56
	Page 57
	Page 58
	Page 59
	Page 60
	Page 61
	Page 62
	Page 63
	Page 64
	Page 65
	Page 66
	Page 67
	Page 68
	Page 69
	Page 70
	Page 71
	Page 72
	Page 73
	Page 74
	Page 75
	Page 76
	Page 77
	Page 78
	Page 79
	Page 80
	Page 81
	Page 82
	Page 83
	Page 84
	Page 85
	Page 86
	Page 87
	Page 88
	Page 89
	Page 90

