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Am-By vapour phase chromatography it has been shown that the acids in cigarcIte smoke 
simpler than laurlc contain both even and odd numbers of carbon atoms, and the C,. C, and C,, 
unsatuntcd acids also appear 10 bc prcsenr. A new weak bate has been separated from the hydro- 
chlcjric acid cxtrac~ of the smoke. From the neulnl fraction (MN of Paper I) a number of compounds 
have been isolated by chromatography one of which is low melting and appears to bc C,,iI,,O 

IN Part I, Table I records the results obtained in a preliminary examination of the 
smoke from eight different brands of cigarettes and Table 2 the analysis of the methyl 
esters of the simpler acids in the very complex acid mixture in the smoke. Of the total 
of these simpler acids 30 per cent contain at least I5 acids simpler than lauric, with 
saturated and unsaturated members prcscnt to about the same extent. In view of the 
possible important role the acids might play.1 this 30 per cent fraction has been further 
analysed, through the kindness of Dr. R. V. Crawford+ and shown to be more complex 
than was suggested earlier. 

The bases in cigarette smoke. In addition to those already recorded the hydro- 
chloric acid extract obtained after acetic acid has removed the more strongly basic 
compounds contains a significant amount of a base whose I.R. absorption spectrum 
suggests the prcsencc of a lactam group, and which does not appear to have been 
mentioned previously. A curious point found in working up this material is that 

successive treatments with hydrochloric acid eliminated small amounts of a neutral 
material whose properties and analysis agreed with hentriacontanc (H.T.C.) although 
this dots not form a complex with nicotine itself. 

IM,~. This fraction (Part I. Table 1) contains the neutral compounds including the 
hydrocarbons and the nitrogenous materials not removed by hydrochloric acid, or 
potassium in an inert solvent but arc removed by lithium aluminium hydride. 
Although M, contains a rery small proportion of aromatic hydrocarbons much work 
has been done in recent years on the isolation and identification of any member with 
known carcinogenic action and especially of 3 : 4-benzpyrenc. From spectrographic 
evidence this compound appears to be present to the cxtcnt of about I p.p.m.* and its 
presence appears to have been confirmed since Wynder and Hoffman state that two 
crystals of the compound were obtained by the sublimation of the product from 
200 paper chromatograms.: The M, fraction as a whole appears to be markedly 
terpenoid including steroid in character and only a slight separation can be cffcctcd 

l Part I : G. R. Clcmo, Trtrohrdron 3. 168 (1958). 
? Rcvarch Lkpr.. J. Dlhby and Sons Ltd. 
: Lmukm S,vmprlum July (IY 59). 

‘J. Roy. SW flmlth lY. 74 (lY5Y). 
* H. R. Hcnrlcy and J. G. Hurgan, Ano!vs~ $3, 442 (1958). 
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by distillation in a molecular still at IO A mm. A more complctc separation results 
from chromatography on alumina giving products whose analyses indicate a CISHZJ 
compound with two double bonds. ivhich is thus bicyclic and a C&I,, compound. 
Neither of these combines with malcic anhydridc or has so far given a crystalline 
bromide. An interesting constituent is a low melting compound indicated by analysis 
to bc C,,H,O with 5 double bonds, (although C,,H,O is not ruled out). It is, there- 
fore, probably monocyclic. Rather surprisingly it gives no test for unsaturation with 
tetranitromcthanc but gives a light brown colour in acetic anhydridc and sulphuric 
acid which changes after about 3 hours to a dull purple suggestive of a sterol. It is 
unchanged by rctluxing with acetic anhydridc alone (or in pyridinc) and gives no 
oximc. Its I.R. absorption spectrum shows no ctidencc for carbonyl or conjugation, 
but for a hydroxyl group of uncertain type. This compound comes off the alumina 
column just bcforc the stcrols of which /L and -J-sitostcrol and stigmastcrol have been 
recorded as present recently by other workers. 

There is some uncertainty in the literature about the melting points, specific 
rotations and solvent of crystallization of both 1% and y-sitostcrol and whilst some 
workers give 137’ as the m.p. of the &compound, others state that it forms crystals 
with 4 HZ0 with a m.p. of 137.5”. The information on y-sitosterol appears even less 
definite, but it appears to melt at l47.-l48”, although plates with I H,O arc also stated 
to melt at 147-148”. According to Hcilbron et ~1.~ two fully reduced stigmastcrols. 
exist one of m.p. 127’. giving an acetate of m.p. 123’. From the sterol fractions 
coming off the column it is easy to obtain highly crystalline specimens melting at 137’ 
and 147-148” which would appear to be 1% and y-sitosterol rcspcctively, and whilst 
the I.R. absorption spectrum of the substance melting at 137” agrees substantially 
with that of /1-sitostcrol both spectra show peaks at 970 cm l which are characteristic 
of the C 22-23 side chain double bond of stigmastcrol. This would also explain the 
low specific rotations found for the 137” and 147-148‘ materials e.g. [XI,,, .46” for 
the 137” melting material (literature value of 37”). It is stated’ that the side chain 
double bond of stigmastcryl acetate is selectively reduced over palladized charcoal 
in ethyl acetate to give @-sitostcrol acetate and it was hoped to bc able thus to eliminate 
the stigmasterol from the mixture coming off the column and thereby obtain pure /I- 
and ;t-sitosterols. When this cxpcriment was kindly carried out by Dr. F. J. McQuillin 
the analysis of the resulting product indicated a reduction to stigmastanol and the 
1.R. absorption spectrum showed differences from that of fi-sitostcrol. but no material 
is available for a direct comparison. Some of the compounds described above were 
first recorded in an interim report to a committee of the Medical Research Council 
in 1956. 

Although the M, fraction from all the brands of cigarettes mentioned in Table I 
(/a-. cir.) have not been examined in detail it can be stated that all the compounds 
described above have been obtained from the U.S., Kussian, German, and French 
cigarettes referred to. I:unher, in view of the great increase in the use of tipped 
cigarettes it was of interest to examine whether the smoke from such tipped cigarettes 
diffcrcd substantially from the smoke issuing when the tips wcrc removed. Although 
only two brands of popular tipped cigarettes have been so far examined it has been 
found that the tips effect approximately a 7 per cent reduction in the amount of MS 

l Hellbron. Jones. Robcrls and Wdkmson. 1. Chrm. SOC. 344 (IV41 I. 
4 Bernstein and Walhs. J. Org. Chat. 2, 341 (1938). 
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(r_‘r 100 g of tobacco) and that all the neutral compounds described above can be 
isolated from the smoke of the tipped cigarettes. It is of course possible that the tips 

selcctivcly remove some injurious material not so far identified. 

EXPERIMF.NTAI. 

All carbon hydrogen analysts and M.Ws arc by Drs. Wc~lcr and Strauss (Oxford) 1hc oxygen 
dctcrmina1ion.s and most of the double bond c~timaltons have been kindly carried out hy Miss J. 
Cuckncy (Imperial College) the ro1a1ions by Dr. F. J. McQurllin. 

Methyl esrcrs. The ether soluhlc free actd and phcnohc mixture (I 5 g) was sicam distilled givmg 
2.33 g of product and leaving non-vola1ilc matertab- includmg all hydroxy and dicarboxyltc acids. 
of which 1 I.6 g was ether soluble and 0.36 g ether msolublc (cvtdcncc for 1hc prrJcncc of unstable 
compounds). The 2.33 g in c1hcr was thoroughly extracted with sodium carbnatc solution and thus 
.scparatcd in10 phenols (I 61 g) and acids (0.51 g). ‘1% latter were cstcriticd (MeOtt 1 H&So,) and 
on working up the product 0 22 g of wtcrs boiled bctwccn 45 -80 /2 mm (n*O .-: 1.4878). This 
0.22 g was reduced m methanol with PtO,,‘H, (6 cc absorbed m the fiat hour and 7 cc altogether) 
gtvmg a pale yellow 011. b.p. 90-140 ,‘20 mm rtro 1.4846. This simplrficd cstcr mixturc has been 
shown by an cffiient Rcoplcx vapour-phase column to conrain at least 25 dttfercn1 cstcrs. The 
amounts prrqnt from even numbered carbon a~otns is rather small (rrC,,. 2:,; rrC,,, 2%; nC,,. 5 %; 
nC,. 5 T;). A comparison of the curves given by the rT1cr mixture before and after reduction shows 
an increase m the C,. C, and C,, acid ester contcni after reduction. thus pointmg to the unrcduad 
mixture containing unsaturated C.. C, and C,, components. 

The HCI extracted basic mixture. When I.45 g of this mixture was steam distilled 0.27 g of a 
yellow sweet smelling oil passed over. After treatment with sodium nitrite the maicrial was again 
steam distillc~, dissolved in hydrochloric acid, and freed from tracts of non-basic ma&al by cxtrac- 
tion twice with ether -a yellow mobile oil (0.15 g b.p. 85’12 mm) being obtained. (Found: C. 79.1, 
78.8; II, 7.55. 7.6; N. 9.2. 9.3. 8.4. C,,Il,,ON, requires: C. 77.5: H. 7.5; N. 9.5; C,,fl,,ON,. 
C. 78.X; 11. 7.2; N, 9.1 “:,. No relrahlc M.W. values or a crystalline picratc or picrolonate have 
been ohtaincd. I.R. absorption bands 1700. I450 and 75Ocm ’ suggest the prcscncc of :-NCO. 
> NMe and phcnyl groups. The above non-basic material gave soft prisms from benzene-alcohol. 
m.p. 65” not depressed by admixture with l1.T.C. (Found; C. 85.7; H. 13.9; Calc. for C,,H,,: 
C. 85.3; H, 14.7”,:). 

M,. When the neutral fraction is s1eam distilled 6-7 T, passes over ;LC a mobile camphoraceous 
011 (b.p. 75*;2 mm M.W. about 170). It give the C(NO,), tr% for onsa1uration and catalyttc reduction 
indicates the presence of one double bond but so far no ctystallrne derivative has been obtained. 
The sfcam non-volatile material. dissolved in light petroleum (10 cc, b.p. 680‘). deposits on 
standing an amorphous solid (0.035 g) from which no pure substance has been obtamcd. The hght 
petroleum soluhlc material (2.07 g) in a molecular still (10 ‘mm) gave 0.3 g up to 100. 0.15 g 
100. I50 and 068 g 150-250’. Icaving 0.89 g of r&due. From the first fraction materials corrc- 
spondmg to a and h below can bc ohtaincd hut nothing definite from the rcmaindcr or rcsrduc. 

Se~~arion on alumina. Four separate lots of I g of the light petroleum soluble material m light 
petroleum (IO cc) were chromatographcd on 20 :i 0.8 cm columns of alumina. giving a (0.5 g, 
not adsorbed). Five clutions with light pc1rolcum (10 cc) gave h (I.4 g) from the first washing and 
c (05 g) from the second to fifth (orange colourcd) washings. f’ivc cluttons with light petroleum 
(IO cc) containing IO:/, benzene gave d (0.255 g), five clutinns with 5OY, bcnzcm-light petroleum 
mixture e, (0.1 g) from the first, and e, (0.3 g) from the second to fifth clutions. Five further clutions 
with bcnzcnc (10~) gave /(0.2X g). five with bcnrcnc containing lo”,/, cthcr R (0.29 g). five with 
ether, h (0.35 g), tivc with bcnrcnc containing IO?; ethanol i (0.1 g). and finally ethanol containing 
IO”,; acetic acid clutcd j (0.08 g, bcnrcnc soluble). All weights af1cr cvaporalion included the wctght 
of tracts of porous pot. 

hacrion a. When d&olvcd in a small volume of acetone a [race of H.T.C. separated and by 
chromatographing the soluble material tn light petroleum on alumina a colourlcss peppery smelling 
OII was obtained which nearly all distilled at 80,/Z mm approx (Found: C. 87.8: W7.7; 11. 11.8; 
12.1. M. 199. C,,H,,rcqutrr~: C, X8.2; H. 11.8; M. 204). The oil showed marked unsaturation 
with tctram1romcthanc and catalytic reduction indicated the presence of two double bonds. (Found: 
C, 864; H. 13.0. C,,H,. rcquirlrs: C, 86.5; H, 13.5”;). 
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Frucrion b. When treated as for o gave a thick oil. b.p. 130’/2 mm approx (Found: C, 87.8, 87.8; 
H. 11.9, 11.7; M, 278, 286: C,,il, rcquirec: C. 88.2; H. 11.8X; M, 272.). 

Fracrions c. On standing some monrhs in wmtcr this solidified and when cxtracqcd wirh methanol 
gave 0.17 g of nearly while prisms. m.p.ZS-27’, rawd to 27’ by one further crystallization. The melt 
after solidification usually had m.p. 35 -36 . (Found: C. 84.8; I{, 11.2; 0, 3.63; M, 402. 400; 
G,H,,O requires: C. 84.Y; H. 11.2; 0. 3.97;; M. 410 C,,H,.O rcquucs: C. 84.Y; 11, 11.3; 0. 
3.8”’ ,D, M, 423). The compound had only a small. If any spcu~tic rotation [zju ‘- 1.2- and in a catalytic 
reduction 9.299 mg absorbed 2.593 ml H, at N.T.P. which on the basis of C,,H,,O indicated five 
double bonds. 

f+arrfonr d u& c. These were chromatographcd over alumina and only more of the above com- 
pound was obtained. 

Fraction cI. Thhn material in light pctrokum was a&o&d on a IO x 0.8 cm alumina column 
and washed succcssivcly with IO lots of hght pctrokum (10 cc). 5 lots of light pctrolcum containing 
IO:/. bcnzcnc, and in 5 lots of bcnccnc- light pelrolcum mixture when all the mat&al was recovered. 
The first material clutcd gave a tradcz of a soft crystalline solid but that from the 2nd IO 15th washings 
only gums. A brown band was clutcd in the 16th and 17th washings (0.13 g) which gave colourlcss 
prisms m.p. 130 from methanol. 

Fracrionf. This 0.28 g cryslallizcd easily from light petroleum, so it was dissolved in light pet- 
roleum containing IO”, benzene and then chromatographcd as under ct. In this case 100,: ether in 
benzene and finally 10:; ethanol in bcnrtne were nccdcul to clutc the last trace of material. bur 
nothing dcfinitc could bc isolated from the= cluatcs. The last runnings with the IO:/, benzene 
gave IS mg. m.p. 12X I.30 - once crystallized from methanol. whilst the 50:: bcnrcnc runnings gave 
fractions of 006 g. 0,025 g and 0.05 gall of which were sparmgly soluble in, and crystallized well from, 
methanol giving products: m.p.132 - 136 , 135 -137“ and 145‘-,148’ rcsl)ectivcly. All the above 
crystalline fractions gave the usual srcrol colour reacttons and on recrystallization the 135-137’ 
material melted at 137 and rhe 145 148’ gave strlktng prisms m.p. 148 (Found for the 137’ material : 
C. 83%. H, 12.1; and for the 148’ material C, 83.5; H, 11.7. C,,ll,,O requms: C. 84.0; il. 12.1 Tb). 

Accfylurion o& rctlucrion. 0.1 g of the combined crystallmc fractions when rcfluxcd with acetic 
anhydride gave OGY g of colourlcss plates, m.p. 125 ‘. When 83.3 mg wcrc reduced in ethyl acetate 
(IO cc) with palladizcd charcoal/hydrogen. 4.6 cc hydrogen wcrc absorbed at 20’, corraponding to 
145 moks. H, per molt. The reduced product cr;vstallir+d from methanol in prisms. m.p.125 and 
after hydrolysis with mcthanolic potassium hydroxldc 37 mg of prigm$ wcrc obtained from acelone. 
m.p.127’. (Found: C, 82.0; H, 12.7; C,Jl,,O rcquirn: C. 83.6; H. 12.5”,). 

Fractions R, h, i and j have so far given only indefinite results. 
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