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JOHNSTONE AND PLIMMER~ reported no previous literature on the identification of 
polyphenolic acids in cigarette stioke. The recent discovery by YANG et al.” of caffeic 
acid (3,+dihydroxycinnamic acid) in cigarette smoke gave impetus to our belief that 
the smoke likely c,ontained a number of other related phenolic acids. Paper chromato- 
graphic analyses of smoke from regular, market cigarettes commonly used in the U.S. 
have indeed revealed the presence of more than twelve free phenolic acids in the 
smoke condensate. All of these phenolic acids have also been found in the smoke 
from cigarettes especially prepared for us by a reputable cigarette manufacturer so as 
to contain no”flavorings or other common additives. Thus, the phenolic acids did not 
arise solely from the additives usually present in cigarettes bought on the regular 
market. 

Similar studies on the cigarette tobacco itself proved that the same free phenolic 
acids found in cigarette smoke were also present in the tobacco of the cigarettes before 
smoking, with the possible exception of syringic acid (3,5-dimethoxy-4-hydroxyben- 
zoic acid). The phenolic acids ivhich have been identified in the smoke and tobacco. of 
all cigarettes tested thus far include m-hydroxybenzoic, $-hydroxybenzoic, proto- 
catechuic (3,+dihydroxybenzoic), vanillic (3-methoxy-4-hydroxybenzoic), syringic, 
m-hydrosyphenyl-acetic, $-hydroxyphenyl-acetic, o-hydroxyphenyl-acetic, +cou- 
maric (4-hydroxycinnamic), ferulic (3-methoxy-+hydroxy-cinnamic), m-hydroxy- 
phenyl-propionic, and $-hydroxyphenyl-propionic acids. Tentative identification of 
sinapic acid (3,5-dimethoxy-4-hydroxycinnamic 
chromatograms of smoke. 

acid) has been made on paper 

EXPERIAlENTAL 

Pre$aration of the “Acid Fraction-S” from the smoke of regular cigarettes 

Four brands of non-filter, regular-size cigarettes (Camel, Lucky Strike, Philip Morris, 
and Chesterfield) were purchased on the open, retail market. The smoking of these 
cigarettes for phenolic acid analysis was performed by a procedure similar to the one 
previously reported by YANG et al.3 The puff duration, puff interval, and puff volume 
for all cigarettes smoked were kept constant at 2.5 and 60 set and 35 -& I ml, respec- 
tively. Solutions of the trapped smoke obtained from 20 packs of cigarettes (5 packs of’ 
each brand) were combined and then taken to dryness in a rotary evaporator under 
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reduced pressure. The residue was estracted several times with ether. After filtration, 
the ether filtrate wasshaken with 5 y0 sodium bicarbonatesolution, and the bicarbonate 
extracts were chilled. After acidification with concentrated hydrochloric acid, the 
water.layer was saturated with sodium chloride, and shaken several times with ether 
to re-extract the phenolic acids. Ether extraction was continued for another 6, h in a 
continuous extractor, The ether extracts were combined, dried with anhydrous sodium 
sulfate, and concentrated to a small volume..in a rotary evaporator. This fraction 
prepared from smoke condensate of regular market cigarettes was called “Acid 
Fraction-S”. 

Preparation of the “Acid Fraction-I&S” from the smoke of cigarettes with 920 additives 

Forty packs of’ Raleigh cigarettes especially prepared by the Brown and Williamson 
Corp., Louisville, Ky., to contain no flavoring or other common additives were smoked 
under the same conditions as were the regular market cigarettes.‘The “Acid Fraction- 
RS” was obtained from the combined smoke condensate from the”cigarettes with no 
additives by a procedure similar to the one just described above. 

Preparation of the “Acid Fraction-E” from the tobacco of regzcZar cigarettes . . 

This fraction was obtained by ether extraction of groun,d tobacco’powder (about 227 g), 
representing a mixture of two packs of each brand: Camel’ Lucky Strike, Philip 
Morris and Chesterfield. Prior to the ether extraction, the tobacco powder was .ex- 
tracted with n-pentane to remove coloring material. Ether extractions, followed by 
ethyl acetate extractions, were carried out using dry, fresh solvent in Soxhlet 
extractors. The bicarbonate extractions of the ether and ethyl acetate solutions were 
made in a separatory funnel. Re-extraction of phenolic acids from, the acidified 
bicarbonate layer with ether and ethyl acetate gave the “Acid Fraction-E” of the 
tobacco from regular cigarettes. 

Preparation of the “Acid Fraction-RE” from the tobacco of cigare&es with SO additives 

Ten packs of Raleigh cigaret.tes with no additives (216 g of ground tobacco powder) 
were used”‘in preparation of “Acid Fraction-RE” by the same extraction procedures 
as have been described for “Acid Fraction-E” above. 

Chromtitbgraph. of the “Acid Fractio&” 
.., 

Descending chromatography with Whatman, No. I .paper was used throughout this 
investjgation. Details ‘of the sewing techniques have been reported previously3. 
Solvent systems employed in this study are benzene-acetic acid-water (6 : 7 : 3, v/v/v 
upper layer) 4, henceforth called BzAW; chloroform-acetic. acid-water (z :.I : I, v/v/.v, 

bottom layer)c, called CAW; aqueous. sodium chloride .(S %)Tglacial ..acetic acid 
(100,: I, v/v)~, called. 8 p/0 N aC1; H;butyl alcohol-ethyl. alcohol-ammonia-ammonium 
carbonate (1.5 N) buffer (40: II : 19, v/v/v, upper layer)‘, called BEB;. n-butyl,alcohol- 
acetic, acid:water2, called BAW ; and 2 y0 aqueous acetic acid solution, called 2 y. 

HOAc. ,. 
An aliquot of each “Acid, Fraction”, was, first subjected to two-dimensional 

chroniatogra_phy, using the BzAW. system for the first ,direction and, the S oh NaCl 
system for ,the -second direction on Jarge sheets .of chromatography. paper (I@/, x 

22Vz in.). Each dried chromatogram was inspected under long wavelength, (3660 A) 
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and short wavelength (2537 A) ultraviolet light, with and without exposure to ammonia 
vapor. The phenolic acid spots thus located were marked on the chromatograms. 
Since chromatograms were prepared in duplicate for each sample, one was sprayed 
with diazotized sulfanilic acids, called DzS, followed by IO o/o sodium carbonate solution. 
The other was sprayed with the stable salt of diazotized $-nitroaniline (Fast Red 
Salt ‘GG)O, called FRS-GG, followed by 10% sodium carbonate solution. 

Tentative identification of phenolic acids present in each “Acid Fraction” was 
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Fig 2’. Two-dimensional chromatogram of the 
“Acid Fraction” from cigarette smoke. 

SPOTS IN FIGS. I AND 2 

S$ot No. Descripticst f 
8' cis-p-Coumaric acid 
9 p-Hydroxyphenyl-propionic acid 

IO Syringic acid 
II Vanillic acid 
12 trans-Sinapic acid 
I3 trans-Ferulic acid 
14 Homoprotocatechuic acid (?) 
15 o-Hydroxyphenyl-acetic acid 
IG o-Hydroxyphenyl-propionic acid 

I 4 

BsAW w-c 1) 

Fig. I. Two-dimensional chromategram of the 
“Acid Fraction' ‘from the extracts of cigarettes. 

IDENTIFICATION OF 

spot No. Description 
r trans-Caffeic acid 
I’ cis-Caffeic acid 
2 Protocatechuic acid 
3 m-Nydroxybenzoic acid 

% 
$,-Hydroxybenzoic acid 
+Hydroxyphenyl-acetic acid 

6 nz-Hydroxyphenyl-acetic acid 

ST 
Scopoletin 
trans-fi-Coum&ic acid 

made by comparing the compounds thereon (Figs. I: and 2 and Table I) .with those on 
“Reference Map” chromatograms prepared by using the same procedure as described 
above on a mixture containing authentic samples of all suspected phenolic acids.. 
Although some differences in detail were found on.the chromatograms of the “Acid 
Fraction” of tobacco extracts as compared with chromatograms of this ‘fraction 
from smoke, the qualitative pattern of free phenolic-acids on chromatograms of both’ 
was somewhat similar:The acids that could be recognized in common on these first 
two-dimensional chromatograms of tobacco and of smoke include caffeic, proto- 
catechuic; $-coumaric, fi-hydroxyphenyl-acetic, $-hydroxyphenyl-propionic, vanillic, 
sinapic, and fei%lic acids. As ~31 be described in later paragraphs, the “Acid Fraction” 
from the smoke contained a relatively higher amount of m-hydroxybenzoic acid than 
of fi-hydroxybenzoic acid, whereas the reverse was the case in extracts of the tobacco. 
The “Acid Fraction! from tobacco extracts also contained on the first chromatograms, 
detectable amounts of %-hydroxyphenyl-acetic acid and melilotic acid : (z-hydroxy- 
phenylipropionic’acid). The’occurrence of melilotic acid in tobacco leaf has been cited 
by GEI.%MAN,AND-HINREINE~ lo. Syringic acid was not detected in the tobacco extract; 
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I;ztrther study of @henoh acids in the “Acid Fractions” after $3veliwGnary sefiaration 

A preliminary separation was carried out by streaking the concentrate of each “Acid 
Fraction” on r8 x 57 cm sheets of chromatography paper and developing each sheet 
in the BzAW system. Each chromatogram was cut into five zones (Table II), and each 
zone was eluted separately with methyl alcohol in an elution chamber at room 
temperature. This paper covers studies on zones I, 3, 3, and 4 only. In addition to the 
compounds identified in these zones, other compounds that probably also are phenolic 
acids have been found in these areas of the chromatograms, but have not yet been 
identified. Studies on these unknowns plus those of zone 5 are in progress. Each zone I 
eluate (“S,“, “EL”, “RS,“, and “RE,“) was again subjected to two-dimensional chro- 
matography in CAW and 8 O/~ NaCl as one solvent system combination and in BAW 
and 2 o/o HOAc as another combination. All other eluates of zones 2, 3, and 4 were 
studied similarly, using CAW and 8 Ok NaCl as one combination, but BEB and 2 O/O 
HOAc as the second combination. Results of these stuclies are summarized in Table II. 

TABLE II 

T\\‘O-DIMENSIONAL CHROMATOGRAPHY OF PHENOLIC ACIDS AFTER PRRLII\?INARY SEPARATION 

I 0.00-0.20 Caifeic acid, protocatechuic acid, and a homoprotocatcchuic acid-like 
compound * 

3 0.30-0.35 +Hydroxybcnzoic acid, In-hydroxybcnzoic acid, and p- and NZ- 
hydroxyphcnyl-acetic acids 

3 0.35-0.50 Scopoletinll, p-hydrosybenzoic acid, m-hydrosybeneoic acid, p-cou- 
maric acid, p- and wz-hydroxyphenyl-acetic acids, p- and nr-hydroxy- 
phcnyl-propionic acids, and o-hydrosyphcnyl-acetic acid 

4 0.50-0.75 Vanillic acid, fcrulic acid, sinapic acid, and syringic acid * * 

* Found only in extract of tobacco. 
* * Found only in smoke. 

FiNal +wification and identification of each +w%.Gdz~aZ @ertoZic acid 

Several phenolic acids found to be present in relatively large quantity were able to 
be isolated individually in paper chromatographically pure form for further proof of 
identity: by comparison studies with corresponding authentic reference samples. 
These acids are protocatechuic, $-hydrosybenzoic, g+hydroxybenzoic, +coumaric, 
and vanillic. The separation and purification of these acids were accomplished by 
zone chromatography on paper with mass paper chromatographic techniques involv- 
ing cutting, sewing, and re-chromatography of each zone in appropriate solvent 
systems. 

Protociztechuuic acid. This acid was first isolated from the eluate of zone I by using 
the solvent systems, CAW, BAW,. 2 y. HOAc, and BAW in the order listed. Finalpuri- 
fication was.achieved by developing the partially purified acid twice in both the CAW 
and 2 o/o HOAc systems. The eluate of the pure protocatechuic acid zone checked with 
the reference acid in all the solvent systems used,(Table I) and in its ultraviolet absorp- 
tion spectrum (Table “III). Co-chromatography in the. combination. solvent systems 
CAW-8 ob NaCl: and BAW-2 %, HOAc also confirmed its identity with the reference 
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acid. The spray reagents, I o/0 ferric chloride solution and a saturated solution of 
ammonium molybdate, were found to be useful for studying this acid. 

$-Hydroxybenzoic, m-hydroxyb~nzoic, and $-coumaric acids. These acids were 
isolated in pure form mainly from the eluate of zone 3. Some scopoletin persisting in 
the “Acid Fraction” was first separated from the phenolic acids of zone 3 by 
repeated developments in the CAW system. The eluate containing phenolic acids of 
zone 3 free from scopoletin was then subjected to further purification stepwise, using 
the BEB and BzAW systems to obtain partially purified zones of p-hydroxybenzoic, 
pa-hydroxybenzoic, and +coumaric acids. When separated on paper, these three 
acids can be differentiated from each other by observing them under -both short and 
long wavelength ultraviolet light, with and without exposure to ammonia vapor. 
$-Hydrosybenzoic acid exhibits no fluorescence under long wavelength light, but it 
can be seen as a dark zone under the short wavelength, with or without esposure 
to ammonia. When exposed to ammonia, both wz-hydroxybenzoic and $-coumaric acids 
eshibi t deep purple-blue fluorescence under long wavelength light. The fluorescence of 
In-hydrosybenzoic acid remains unchanged under short wavelength light, but that of 
$-coumaric acid is quenched. 

The final purification of $-hydroxybenzoic acid was completed by repeating the 
chromatographic developments in the BEB, BAW, and BzAW systems. On co- 
chromatography with an authentic reference standard, the purified $-hydrosybenzoic 
acid was found to be identical in the various solvent systems of Table I, including two- 
dimensional chromatography in BEB’ and _ 0 y. HOAc, and in their ultraviolet absorp- 
tion spectra (Table III). 

Further separation of nz-hydroxybenzoic acid was continued by starting with the 
BzAW and 2 y. HOAc systems followed by the BEB, BAW, and BzAW systems as was 
done for the last steps in the purification of $-hydrosybenzoic acid. Using two- 
dimensional chromatography and BEB and 2 y. HOAc as solvent systems, the purified 
nz-hydroxybenzoic acid co-chromatographed with an authentic sample of reference 
m-hydrosybenzoic acid without separation. Both the isolated and reference compounds 
gave the same ultraviolet absorption spectra (Table III). The eluate of partially 
purified +coumaric acid was subjected to further purification in the CAW and 2 y. 

HOAc systems. Due to the separation of cis and Cram isomers, l)-coumaric acid 
appeared in two zones on the last chromatogram. Each eluate of cis- and tram-p- 
coumaric acids was then developed twice in the CAW and BAW systems followed by 
final purification in the BzAW, BAW, and 2 y. HOAc systems. The purified cis- and 
Erafzs-P-couniaric acids were proved to be identical with authentic reference@coumaric 
acid by comparison studies in the various solvent systems listed. The absorption 
spectra of these isolated acids were also identical with the corresponding cis- and 
trarcs-fi-coumaric acids prepared from the authentic $-coumaric acid, using the 2 y0 
HOAc system (Table III). 

Vanillic acid. This acid was isolated and purified first from the eluate of zone 4 
by stepwise chromatography, using the BEB, BAW, and 2% HOAc systems. Final 
purification of vanillic acid was completed by cutting off the impurity from its wide 
zone and by repeated developments in the solvent systems, 2 oh HOAc and Bz,4W. The 
purified vanillic acid and authentic reference vanillic acid co-chromatographed without 
separation on two-dimensional chromatography, using BEB-2 o/0 HOAc as one solvent 
system combination and BzAW-8 O/O NaCl as another. The isolated and reference 

J. Chromatog., 8 (1962) 82-89 
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vanillic acids also exhibited the same ultraviolet absorption spectra (Table III). 
No solvent system has been found as yet which will completely separate J+- 

hydrosyphenyl-acetic acid from m-hydroxyphenyl-acetic acid in the mixture or which 
will completely separate $-hydroxyphenyl-propionic acid from m-hydroxyphenyl- 
propionic acid in the mixture. Each pair of these acids, however, can readily be shown 
as a partially overlapped spot when developed in the BE%z O/i HOAc combination, 

The mixture of p- and m-hydroxyphenyl-acetic acids contained in the eluate of 
zone 3 was found to move together with the major zone of m-hydroxybenzoic acid in 
the solvent systems employed except one. The 2% HOAc separates the mixture from 
the VB-hydroxybenzoic acid. Further purification of the mixture of hydrosyphenyl- 
acetic acids was carried out by stepwise paper chromatography using the BAW and 

TABLE III 

ULTRAVIOLET ABSORPTIOK SPECTRA OF PHENOLIC ACIDS 

m/1 
.-Id 

fmax amin Amax amin 

Protocatechuic o,sS “-34 291 27s 
+Hydrosybenzoic 0 -2 
wz-Hydrosybenzoic ;334 

333 - - 
261 293 - 

p-Coumaric 
cis- - 243 289 - 
Crans- - 244 300 - 

Vanillic *5S 234 2sg 279.5 

the 2 ob HOAc systems. The &7 values and color reactions of the two acids thus 
isolated agreed with those from the mixture of the authentic samples of $- and m- 
hydroxyphenyl acetic acids prepared under the same conditions in the BEB-2 y. 
HOAc combination. With the solvent systems employed, m-hydroxyphenyl-acetic 
acid alwaysmoved slightly ahead of the $-hydroxyphenyl-acetic acid:By a procedure 
similar to that described above, the mixture of @- and m-hydroxyphenyl-propionic 
acids plus o-hydroxyphenyl-acetic acid was separated from the major zone of fi- 
coumaric acid and purified. Comparison studies of the two-dimensional chromato- 
grams of the puri.Ged acids with those of the mixture of the three authentic reference 
compounds in the BEB-2 y. HOAc combination proved the presence of $- and m- 
hydroxyphenyl-propionic and o-hydroxyphenyl-acetic acids in the eluate of zone 3. 

Ferulic acid completely free of all impurities was not obtained. The presence 
of ferulic acid in the eluates of zone 4 from smoke and extract, however, was proved 
by comparison studies using two-dimensional chromatography in the BEB-2 y. HOAc 
and the BzAW-2 o/o HOAc solvent system combination. Its RF values and the color 
reactions produced by the two diazotized reagents agreed with those of authentic 
reference ferulic acid on the chromatograms prepared under the same conditions. 
Further identification studies on syringic, sinapic, and melilotic acids are in progress. 

U&vavioZet absoq%iolz sfiectra of the fihenolic acich 

The absorption spectrum of each pure phenolic acid isolated from smoke or extract 
was compared with the spectrum of the respective, authentic reference acid, 5 l IO-PM 
solution, in the pH 3.5 phosphate bufferr over the range of 210-360 rnp on a Beckman 
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DK-I recording spectrophqtometer, using I cm silica cells. The concentration of the 
isolated acid in the same phosphate buffer solution was adjusted to that of the reference 
acid solution at the maximum wavelength of the primary band. For every one of the 
compounds thus studied (Table III), the spectra of the reference and isolated com- 
pounds were the same. 
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SUpIf MARY 

The following free phenolic acids have been identified in the smoke of regular market 
cigarettes: nz-hydroxybenzoic, $-hydroxybenzoic, protocatechuic, vanillic, syringic, 
$-hydroxyphenyl-acetic, m-hydroxyphenyl-acetic, o-hydroxyphenyl-acetic, $-cou- 
maric, ferulic, m-hydroxyphenyl-propionic, and $-hydroxyphenyl-propionic acids. 
Theseacids have also been identified in the smoke from cigarettes prepared without 
the usual flavorings or other additives, and in the ether and ethyl acetate extracts of 
the tobacco from both the regular and unflavored cigarettes. Paper chromatography 
separation and identification procedures have been described. 
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