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Ahdnwt-A nitromethanasoluble residue from the neutral fraction of c&arette smoke was resohed into a 
number of components by column and gas chromatooraphic methods. Spectral analysis (i.r., U.V. and muss) 
indicated the praxnce of belzyl hulzoate, benzyl ci lulamate, myristia cinnamonitrile. aubazole, indola 
and skatole. Some evidence was obtained for the prance of other aromatic ester% a halo8cnatcd aromatic 
hydrocarbon and certain substituted indolca and carbazoles. 

INTRODUCI’ION 

E~TRA~~I~N of the neutral fraction of cigarette smoke with nitromethane removes a sub- 
fraction rich in polynuclear aromatic hydrocarbons (PAH).’ In view of the known character- 
istics of the tumor-initiating activity of smoke,2 it is probable that the bulk of such activity is 
found in this nitromethane-soluble fraction. Also, since the observed tumor-initiating 
activity cannot be accounted for by the known PAH content of smoke,3 it is possible that 
other unidentil%d carcinogenic compounds occur in this fraction. Although the neutral 
substances of smoke have been investigated extensively,2* 4 no compositional information on 
the nature of the nitromethane-soluble substances was available prior to the initiation of the 
present work. Since then, preliminary reports s* 6 have appeared on the isolation of several 
aromatic compounds from this fraction. The present report describes the isolation of other 
components from this fraction and gives details not provided in the prehminary publications. 

RESULTS AND DISCUSSION 

Smoke condensate was separated into acidic, basic and neutral fractions in the conven- 
tional manner (Fig. 1). The neutral fraction was further separated into substances soluble 
in cyclohexane, methanol-water (4: l), and nitromethane. 

Resolution of the nitromethane-soluble extract was achieved by initial column chromato- 
graphic separations on silicic acid. Fraction A was eluted from silicic acid with 1: 1 n-hexane- 
benzene and showed i.r. spectral characteristics of amino and/or hydroxyl, carbonyl, and 

1 D. HOFFMANN and E. L. WYNDER, Anal. Gem. 32,295 (1960). 
2 E. L. WYNDER and D. HOPPMANN, Mvan. cancer Res. 8,249 (1964). 
3 E. L. WYNDER, Acla Med. SW&., Suppl. 36!l,63 (1961). 
4 R. A. W. JOHN~~~NB and J. R. PLIMMER, Chem. Rev. 59,885 (1959). 
5 I. !?CHMELTZ, R. L. STEDMAN, W. J. CHAMBERLAIN and C. D. m CXem. Ind. (London) #K)9 (196%. 
6 I. SCHMELTZ, R. L. STEDMAN. J. S. ARD and W. J. CHMcBanuIN, scfence lsl. 96 (1966). 
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aromatic groups. Gas-liquid chromatographic (GLC) analysis of this fraction on SE-30 
indicated the presence of at least twenty components. Infrared spectral analysis of selected 
GLC peaks showed the probable presence of oxygenated aromatic compounds, indoles and 
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carbazoles, Further purification of the silicic acid elate by coiumn chromatography on 
alumina and GLC analysis of the ahunina coh.unn eluates resolved the fraction into aromatic 
esters, an aromatic ether, indoles and carbazoles. 

Identification of the components was made in each case by collection of the GLC peak, 
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assignment of general structural features by i.t. and U.V. spectral analysis, and confirmation 
of the structure by mass spectral examination. When authentic compounds were available, 
confirmation of identity was made by GLC and spectral comparisons of known compounds 
and the isolated substances. In this manner, the presence of benzyl benzoate, hem@ &ma- 
mate, myristicin, skatole, indole and carbazole in Fraction A was demonstrated. When 
authentic compounds were unavailable for comparative purposes, an evaluation of probable 
structure was made on the basis of i.r., U.V. and mass spectral considerations. Thus, the 
presence in Fraction A of a methylindole (other than skatole) and a methylcarbazole was 
indicated, but the o~en~tion of the methyl group in either case was not determined. The i.r. 
and mass spectra of other components in this fraction showed the probable presence of 
alkyl-substituted indoles and carbazoles, the exact structures of which were not determined. 

Fraction B was eluted from silicic acid by 1: 1 hexane-benzene subsequent to Fraction A. 
Further separation of this eluate on alumina yielded a fraction containing several components 
among which were benzyl benzoate and benzyl cirmamate. One of the remaining components 
was identified as cinnamonitriie by gas chromatographic, i.r. spectral and mass spectral 
characteristics. Conclusive identities of the other substances could not be established. One 
of these had i.r. spectra suggestive of aromatic esters with strong absorption at 6.12 p and 
major fragment peaks at 250,131 and 103 corresponding to the parent ion and possibly to 
cinnamoyl and styryl ions. To our knowledge, the existence of styryl cinnamate has never 
been shown either by isolation from a natural source or by synthesis. A second unknown 
compound gave similar absorption at 6.12 p, a parent peak at mass 264 and a major 
fragment peak at mass 117, in addition to other unidentified peaks. Cinnamyl cinnamate 
has a molecular weight of 264 and should fragment to yield cinnamyl ion, mass 117. 

An interesting halogen compound was isolated from a silicic acid eluate just prior to 
Fraction A. The i.r. spectrum of the compound was identical to that reported by others for 
l-chloro-2,2-bis(p&lorophenyl)ethylene (TDEE) which has been previously isolated from 
cigarette smoke ‘I*. The mass spectrum showed the presence of three chlorine atoms and 
a molecular weight of 282. TDEE is believed to be a pyrolysis product of the pesticide, 
l,ldic~oro-2,2-bis~hlorophenyl~~~e (TDE), which has been found in harvested 
tobacco.q 

Table 1 lists the substances and approximate levels thereof isolated from the nitromethane- 
soluble residue in the present study. Myristicin, cinnamonitrile and the benzyl esters of 
benzoic and cirmamic acids have not been reported in tobacco smoke or leaf prior to the 
present work. Indole, skatole, me~y~ndoles, and alkylated carbazoles have been rep~rted,‘~ 
but the positions of substitutions were not determined in the last two groups of compounds. 
The levels of the heterocyclic compounds found in the present study vary somewhat from 
those reported by others lo, but none of the studies published to date, including the present 
one, has been quantitative. The presence of myristicin may be of special importance Since 
this compound is believed” to be the component in nutmeg oil responsible for the pharma- 
cological activity of the oil. A closely related compound, safrole, is a weak hepatic carcin- 
ogen.12 The possible presence of elemicin (I), an analog of myristicin, in tobacco leafhasbeen 

7 J. D. MOLD and T. B. WALKER, Tobacco Scl. 1,161(1957). 
8 T. 0. Bowniv, P. E. GATXXSRDAM, F. E. GUTHRIE and R. L. RAEB, J, Agr. Foai Chcm. 13,356 (1965). 
9 T. G. BDWEKY, W. R. EVANS, F. E. GXJTXRIE aud R. L. RABB, J. Agr. Food Gem. 7,693 (1959). 

‘6 A, ROWMAN and L. C. COOK, TMacco Sei. 6, i?6 (1962). 
” A. T. WJXL, &OR. B0rf.q~ 19,194 (1965). 
12 E. L. LONO, A. A. N-N, 0.0. FITZHUGH and W. H. I-Lwse~l, Arch. Pathol. 75,595 (1963) (from Biol 

Abstp. 45,60335 (1964)). 
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indicated by 0nishi,i3 and this compound may serve as a precursor of myristicin (II) by the 
loss of a molecule of methane during pyrolysis. 

Fraction Compound */loo cigarettes 

A 

B 

Skatole 198.8 
Indole 12.2 
Methyli~ole (not Skatole) 18.0 
Substituted indoiest 87@ 
Ckrbazole 206.6 
Methylcarbazole 110.6 
Substituted aubazolest 38.8 
Myristicin 64.0 
Ben& benzoatet 40.0 
Ben& cinnamate# 40.0 
Cin~o~t~le 13.2 

l Levels represent amounts isolated, and do not take into consideration 
operational losses. 

t Substitution may be dimethyl, trimethyl, ethyl, methylethyl or propyl. 
$ These esters were also found in Fraction B. 

CH,O @JH, CH30 - cw4 
A ’ 

(I) (III 

Smoking Conditions 

EXPERIMENTAL 

CommerciaI, U.S. made cigarettes were smoked on an automatic cigarette smoking 
machime under standard conditions radiation, 2 set; puff volume and rate, 35 mljmin). 
The smoke was condensed in traps cooled in dry ice-acetone. The condensate was washed 
from the traps with acetone; the acetone was removed in vacua and the residue was parti- 
tioned14 among several solvents (Fig. 1). 

~ra~tio~tion of Smoke Conahate 

The nitromethane solution from the separation of 1 kg condensate (from 50,000 cigarettes) 
was evaporated to dryness, and the residue (48.6 g) was dissolved in 100 ml of 4: 1 (v/v) 
n-hexane-benzene. This solution was chromatographed on a 60 x 4-4 cm column of methanol- 
washed, activated (150” for 16 hr) silicic acid (906 g). The column was eluted successively 

13 1. ONLW, T. FUKUZIJMI, K. Ynau~aro and H. Twm Jopan. ~~~~I~ Corp. Control Res. Inst. Sci. 
Pupers 103,25 (l%l). 

1’ I. ~TZ, C. D. STILU, W. 3. C -N and R. L. STEDMAN, Anal. Cltem. 37, 1614 (l%S). 
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with 95: 5 and 1: 1 n-hexan*benxene (5.9 and 6-O l., respectively), benzene (45 l.), 3: 1 and 
1: 1 benzene-ethyl ether (6.0 and 35 l., respectively), ethyl ether (15 I.), 95: 5 and 9: 1 ethyl 
ether-methanol (2-O and 3.0 l., respectively) and methanol (3-O 1.). Generally, O-5 1. fractions 
were collected, evaporated to dryness, weighed and screened by i.r. spectral analysis. Individ- 
ual fractions were pooled on the basis of residue weights and i.r. spectral characteristics. 

Fraction A 

The first 3 1. of the 1: 1 n-hexane+benxene eluate yielded 4.8 g of a dark-brown oil. Gas 
chromatography of a portion of this oil on a column (l-2 m x 064 cm) packed with glass 
beads containing O-25 % SE-30 (programmed from 65’ to 300” at 4”/min, injector: 325”, 
detector : 3 15”, bridge current : 150 mA, helium flow rate: 60 ml/min) indicated the presence 
of at least twenty components. Two major peaks eluting at 141” and 180” were collected in 
glass U-tubes cooled in dry ice-acetone, and were shown by spectral analysis to be skatole and 
benxyl benxoate, respectively. other collected gas chromatographic peaks showed i.r. 
spectral characteristics of indoles and carbaxoles. 

Two grams of Fraction A were placed on a 14 x 2.2 cm column of methanol-washed, 
activated (170” for 16 hr) neutral alumina (50 g). The column was eluted successively with 
petroleum ether (O-1 l.), 95: 5 and 1: 1 petroleum ether-benzene (O-1 and O-8 l., respectively), 
benxene (O-5 l.), 3: 1 and 1: 1 benzene-ethyl ether (O-5 and O-3 l., respectively), ethyl ether 
(O-3 l.), 95:5 ethyl ether-methanol (0.3 1.) and methanol (0.3 1.). One hundred milliliter 
fractions were collected, dried, weighed, screened by i.r. spectroscopy and pooled on the basis 
of superl%zially similar chara&ristics. 

The fractions thus obtained were chromatographed (2.4 m x 064 cm column of 20 % 
SE-30 on Chromosorb W, detector : 325”, injector : 325”, flow rate: 60 ml heliun@in, column 
temperature: 180” for 15 min and then programmed at 8”/min to 265”). Identities of the 
substances isolated from the pooled fractions, were as follows (retention times in paren- 
theses) : 

Fractions l-3: aliphatic hydrocarbons 
Fractions 4-5 : benzyl benxoate (25.8 min) 
Fraction 6: myristicin (13.3 min), benxyl benxoate and benxyl cinnamate (34.0 min) 
Fractions 7-10: methylindole (not skatole) (7.6 mitt), another substituted indole 

(11-O min) and benxyl cinnamate 
Fraction 11: indole (5.8 min), skatole (9.8 min) and a substituted indole (13.9 min) 
Fraction 12: skatole 
Fractions 13-l 5 : carbaxole (27.5 min) 
Fractions 16-17: carbaxole (10-O min) and substituted carbaxoles (14.0 and 18.5 min) 

Pooled fractions 1617 were gas chromatographed under the following conditions: 
3-l m x 064 cm column of 20 % SE30 on Chromosorb W, detector: 290”, injector: 260”, 
flow rate : 60 ml/min, column temperature: 240”. 

Fraction B 
The hal3 1. of the 1: 1 n-hexane-benzene eluate off the silicic acid column gave 2.6 g of a 

dark-brown oil. Chromatography on alumina and development by the flowing technique 
yielded a fraction which was eluted with 1: 1 petroleum ether-benxene. This fraction contained 
eleven peaks on GLC analysis (2.4 m x 064 cm column of 20 % SE-30 on Chromosorb W, 
detector: 325”, injector: 325”, flow rate: 60 ml/mm, column temperature: 165” for 15 min 
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and then programmed at 4”/min to 280”) having identities or structural chamc~istics as 
follows : 

GLC Retention 
time (min) Identity 

- -- 

397.6 
Cinnamonitrile 
Benzylbenzoate 

52.0 Bemy1 cinnamate 
59-o Compound resembling styql chnamate 

A fraction eluting subsequent to the above yielded a compound having the ix. spectrum and 
molecular weight of cinnamyl cinnamate. The retention time, at twice the above programming 
rate, was 46.5 min. 
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