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chromatographed on a column of silicic acid. 
Elution with hexane yielded a mixture containing 
principally saturated aliphatic hydrocarbons. After 
precipitation of the paraffins from chilled acetone, 
there remained an oily liquid whose ultraviolet 
spectrum*-maximum 225 mp, log E 4.23 (in iso- 
octane)-indicated the presence of a monosubsti- 
tuted acyclic conjugated diene. Evidence for a con- 
jugated diene was substantiated by a 6 . 2 4 ~  band 
in the infrared spectrum. The infrared spectrum 
also indicated the nature of the alkene groups con- 
stituting the conjugated system; the 1 0 . 0 7 ~  and 
11 .08~  bands [R-CH=CHp] and the 11 .22~  
band [R-C(R)=CH2]. The spectroscopic evi- 
dence pointed to the presence of a beta substituted 
butadiene, CH2=C(R)-CH=CH2. The infrared 
bands a t  7 . 2 4 ~  and 7 . 3 0 ~  [CH,-], 8 . 5 4 ~  [CH3- 
C(CH,)H-J, 13 .56~ [(CHJ. with n = 2 or 31, and 
the shoulder a t  8 . 6 5 ~  [R-C-C(C)--C-R], 
offered evidence of multiple methyl branching in 
the beta substituent of the butadiene system. The 
mass spectrum showed a parent peak a t  278. 
The catalytic hydrogenation product, phytane 
(3,7,11,15-tetramethylhexadecane), gave a parent 
peak a t  282, indicating the presence of only two 
double bonds in the original molecule. From the 
foregoing data and the elemental analysis, i t  was 
concluded that the unsaturated hydrocarbon iso- 
lated from aged burley tobacco was a phytadiene, 
7,11,15-trimethyl-3-methylene -1-hexadecene. 

As this work was being completed, Rowland4 
described the isolation and identification of the 
same phytadiene from flue-cured tobacco and as- 
signed the name neophytadiene. Within a very short 
time, Onishi, et u Z . , ~  reported the identification of the 
same diene iii aged Japanese burley and flue- 
cured tobaccos, naming the compound y-phyta- 
diene. Thus thtl phytadiene was isolated from cured 
tobaccos, and its structure determined, as a result 
of three, almost simultaneous, independent in- 
vestigations. The name neophytadiene is used in 
this paper because of its prior assignment by Row- 
land. 

In  addition to its identification in aged burley 
tobacco, neophytadiene was identified in the main- 
stream smoke of domestic cigarettes. 

EXPERIMENTAL 

h'eophytadiene f rom aged burley tobacco. A 150-g. sample of 
aged burley tobacco, U. S. type 31, 1953 crop, 7% moisture, 
was extracted with pentane in a Soxhlet apparatus for 8 
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hours. During the course of the extraction the solvent was 
changed every hour. The final accumulated volume of pen- 
tane wa8 6 1. The extract vas  concentrated to a small volume 
by evaporation at reduced pressure. The concentrated ex- 
tract was chromatographed on 200 g. of silicic acid in a 600 
x 40 mm. column. The silicic acid (Mallinckrodt AR, 100 
mesh) had been previously dried at 100" for 16 hours. The 
hydrocarbons were eluted from the column with 1250 mi. 
of hexane (b.p. 65-67') a t  a flow rate of 5 ml. per minute. 
The eluate was concentrated to a volume of 5 ml. Warm 
acetone (20 ml.) was added, the solution was cooled in an 
acetone-Dry Ice bath, and the precipitated paraffins were 
removed by cold filtration. The paraffins were dissolved 
again in warm acetone and precipitated as above. The fil- 
trates were combined and dried over anhydrous sodium 
sulfate. Vacuum distillation of the solvent mixture left a 
residue of neophytadiene. A small quantity of residual paraf- 
fins was removed by precipitation from cold acetone. A 
yield of 139 mg. of neophytadiene was obtained in this 
manner corresponding to 0.10% of the dry weight of the 
tobacco. Neophytadiene is a colorless oil, soluble in organic 
solvents and devoid of a characteristic odor. The product is 
levorotatory [ C Y ] ;  -1.66' b.p. 171" a t  7 mm., n y  1.4632. 

Anal. Calcd. for CzoHa8: C, 86.25; H, 13.75. Found: C, 
86.33; H, 13.59. 

Neovhutadiene in cioarette smoke. The smoking technioue 
was tdatdescribed b y  Bradford, Harlan and H&mer,B ch- 
lecting the smoke of domestic cigarettes in 0.1 N sulfuric 
acid. The hexane-soluble portion of the chloroform-soluble 
resins from the smoke collection media was chromatographed 
on a column of silicic acid. Elution of the column with 
hexane, followed by concentration of the eluate and removal 
of the paraffins by precipitation with acetone, yielded an oil 
whose ultraviolet and infrared spectra showed the presence 
of neophytadiene. Based on the absorbance a t  225 mp, the 
amount of neophytadiene corresponded to ca. 0.2 mg. per 
cigarette. 
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During recent investigations on the chemistry of 
the formation of a water-soluble, nitrogenous red 
pigment in Southport White Onion Tissue,* we 
discovered that pigment formation was accentuated 
in rate and extent by an  impurity in the glacial 
acetic acid initially added to the onion puree. 
Addition ofracetic acid prepared from sodium 
acetate and sulfuric acid did not produce pigmenta- 
tion as rapidly or in concentrations approaching 
those produced by addition of an equivalent amount 
of reagent grade acetic acid. The presence of the 
impurity was followed by the chromotropic acid 
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color test.3 That the impurity is formaldehyde was 
shown by the procedure below. 

,4lthough it is not surprising that formaldehyde 
can occur in  reagent glacial acetic acid, apparently 
its occurrence is not generally knowi~ .~  However, 
this small amount is extremely important in caus- 
ing white onion juice to redden, and it is felt that 
i t  might be responsible for other chemical changes 
observed by other investigators where an odd 
specificity for acetic acid is noted. 

EXPERIMEIiTAL 

Five 1. of glacial acetic acid (Baker and Adamson rea- 
gent grade, code 1019) --ere steam distilled in 750-ml. lots. 
The f i s t  150 ml. of each distillate were collected, combined, 
and again steam distilled giving 500 ml. of strongly chromo- 
tropic acid-positive distillate containing @yo acetic acid. 
This was redistilled directly in an all-glass still using a 20-in. 
air condenser filled with Raschig rings as a fractionating 
column. The first 100 ml. of distillate, containing most of 
the chromotropic acid-positive substance, were mixed with 
an excess of dry calcium carbonate and allowed to stand 
overnight a t  room temperature. The mixture was then dis- 
tilled, giving about 50 ml. of distillate containing the im- 
purity in water solution free from acetic acid. The following 
tests were made: 

A modified Schiff’s reagents was prepared containing 0.2 
g. of rosaniline hydrochloride, 2 g. of anhydrous sodium bi- 
sulfite, and 2 ml. of concentrated HC1 in 200 ml. of soh- 
tion. Spot tested at room temperature, the color formed was 
stable for more than 6 hr.-a positive indication of formalde- 
hyde in the presence of other aliphatic aldehydes.6 

Alkaline resorcinol? reacted with the unknown yielding a 
yellow color which changed to  red, giving an indication of 
formaldehyde. 

The albumin-nitrite reagents caused a color change from 
red to violet. 

The unknown solution was compared polarographically 
with a standard formaldehyde solution. As in the procedure 
of Boyd and Bambach,Q the reduction was carried out in 
0.05N LiOH and both solutions exhibited similar waves a t  
about -1.6 volts. 

S o  other waves appeared in either sample. This, in con- 
junction with the chemical evidence above, demonstrated 
that the impurity in glacial acetic acid was formaldehyde. 

A standard curve for quantitative formaldehyde deter- 
mination by the chromotropic acid procedure was prepared. 
Using this method, one can easily, quickly, and accurately 
determine the formaldehyde content of acetic acid. Analysis 
of about 15 different lots of Baker and Adamson reagent 
glacial acetic acid showed a concentration range of 1 to 3 
p.p.m. formaldehyde present. 
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Oxidative degradation with ninhydrin of hexos- 
amines into the corresponding pentoses seems to 
proceed, for each pair of Cs epimers, through an 
intermediate compound. These rather unstable 
substances are detectable with ammoniacal silver 
reagent or aniline hydrogen phthalate on paper 
chromatograms of the reaction mixtures as long as 
the presence of unchanged hexosamine indicates 
that the degradation is not complete. Their Rf 
values are higher than those of the corresponding 
pentoses and depend on the nature of the original 
hexosamine. Consequently, i t  was suggested that 
these “faster moving compounds” are carbohydrate 
derivatives, intermediates in the degradation proc- 
ess, which are ultimately transformed into the 
pentoses. The final formation of pentoses shows 
clearly that deamination and oxidative cleavage of 
the bond between C1 and Cf are essential steps of 
the degradation of hexosamines with ninhydrin. 
On the assumption that hexosamines react iii 
their more stable pyranose form, this degradation 
process could result in the formation of 4-0- 
formyl esters of the corresponding pentoses which 
are further hydrolyzed into formic acid and the 
free pentoses. The observed properties of the in- 
termediates are in agreement with such a structure. 
Further evidence supporting this proposition is 
presented here. 

Formyl esters of pentoses having been postulated, 
and in some cases characterized, as alkali-sensitive 
intermediates in the oxidation of hexoses with 
glycol splitting reagents14 we have compared the 
products of periodic acid oxidation of hexoses with 
the products of ninhydrin degradation of the 
corresponding hexosamines. Thus, glucose, man- 
nose, and galactose were oxidized with periodic acid, 
0.5 mole of oxidant being used per mole of sugar in 
order to stop the reaction in its early stages. On 
the other hand, glucosamine and galactosamine 
were reacted for a short time with ninhydrin in 
neutral aqueous alcoholic solution in order to retain 
the unstable intermediate compounds. The dif- 
ferent reaction mixtures were then analyzed in 
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