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INTRODUCTION

The obJect of this work was to develop a procedure for
the quantitativé detérmination of solanesol in the petroleum
ether extract of tobaceo, 'The amount of tobacéo extracted
into peﬁféiéam'éthéf'1b“foutinél&’uaed5tb?diéféréhtiéée tobacco
types. The extraction procedures have been extensively
studied by the Asgoclation of Official”Agricultural Chemists
(A0AC) (20) and reported in’ the United Staééé}nepérfﬁéné“ch”
Agpiculture (USDA) Technical Bulletin # 1186 (11).

© 2 There is at present no method for the quantitative
determination of solanesol, One proéedure (1),,wh10h comes
closest, involvés an infrared measurement of the tobacco
extract. Because of the presence of othér bands, the results
are reported as "solanesol-like substances” rather'then -
golanesol. The reported valuea are conslderably higher than
estimates obtained from large scale 1solatlion of solanesol

from tobacco.



HISTORICAL

Solanesol. wes firat, isolated and nsmed by Rowlend,.
Latiner, end Gilea (13). They wrongly cherroterized 1t _
a8 8 pentaterpene alcohol. FErickson et al. (3) showed .
that solenesol vas sotuslly composed of nine isoprene
gnitg,?fﬁgptgmgﬁ;gg‘pq.qse_}tﬂto synthesige déenzyme QlO‘
Using solanesol they produced coenzyme 0 (16) and retmvesti-

gation showed solanesol to be 0y H;.0. Struecturally, = .

M P N S

3013n$§°1.1$5-, P

o -The structure was conflrmed by.Ruegg<et¢algu(14);whc¢,

did a complete synthesis . .of solanesol.
I. Measurement Procedures
Methods to determine solanesol were examined: Bilinsky
ind’ Stedman’ (1) ‘used the infrared 10 and 12 micron vands. ™ They

reported high values for the solanesol content of tobscco and
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felt that other substances were present which could absorb
at 10 &nd 12 mlcrons and therefore give higher results. -
Ruegg et al. (14) reported an a and p form of solanesol, The
& form does not have an absorption band at 12 microns in-@
nujol suspension, - casting further ‘doubt on the reliability
of the infrared procedure. R e

‘Von Plante (19) reported that molanesol did not have any‘
ultraviolet ‘bands and only end sbsorption at 1965&. '
- Othér procedures that could be spplied to ‘solanesol,
vaded upon 1ts chemical structure, include cerium nitrate
odﬁpléx’{&};*aiéohci‘plus‘ﬁéniiiin‘iﬁiconcentrated sulfuric
acid {?}Q*halogéhaﬁiéﬁiof‘tﬁé”ddubieiﬁéhdé (9 and various
colovimetric methods (8, 17).

© A'colorimetric brocedure developed by Johnson and

Critchfield (8) for primary and secondary maﬁohydrcxy‘alégh01s
has been applied to C,-C,q 8lcohols but has not been applied
to polénesol. The alcohol 1s reacted with 3,5~dinitrobenzoyl
¢hloride in pyridine, The ester is extracted from a water
solutioh into hexane. * The ester produces & red quinoidal ion
heving a maximum absorpﬁion at 525 mu An dimethyl fcrmamide o
made basic with propylenediamine :

II. Separation Prceedures

Becauae tobaccc ia a complicated,mixture of many chemical

[N

constituents, considerahle separation of the tohaccc extract
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_constituents was required to isclate solanesol, Rowland et al.
-(13) ;extracted tobaceo with methanol end then with ether. The
-comblned residues were extracted with ether from a water
solution. ,The,etharialfresidue:was partitioned betweenzgo%
-methanol in.water and hexane.. .The hexane solutlon wes. ,
;chromatcgraphed on.a ailica_gel column and eluted with hexane,
-carbon tetrachloride, and benzene.. A specific fraction of the
-henzene eluate wag chromatographed.on an alumina.column and
treated with 2:1 benzene-chloroform end then 1:2 benzene- .,
teh}qrofq:m, ~Other methods of purlfilcetlon are also described
using celite, Florisil and carbon, (13)..
- . Bilensky et al (1) soxhlet extracted tobacco with
5Skellyaclve B... Tpe,ﬁke}lysqlvg,g_res;ﬁueiwag,d;ssglved:;n
60% benzene in petroleum ether.
.. . The solution wasvthcmatographedAop;gluming and developed
‘with pure benzene. |
Carruthers and Johnatone (2) chromstographed the crude
.solanesol fractions from green tobacco.on alumina and eluted
_8olanesol from the column with ether.
Grossman et al (6) extracted tobacco with petroleum ether.
The etherésclgt;oqdwas#washgd_w;ghilo%?byd:ocnlopic,gciq,gnd
‘_5%.sodium hydpoxide,M,The?eyﬁe:_was_evapqra?eqhgff,and‘the
-resldue disgolved in hot acetone, . The. acetone solution was
~cooled to 4°cf;q remove waxes, The dewaxed solution waa

. eoncentrated to 8. syrup and the syrgp?waa.distillediinag
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molecular still }éhé“8§iéh9361 &és?aié¥iiied §€J355°é and
100~200 u oressure. Solanesol was iaolated by precipitation
from an ethsr-methaﬁol mixture at 4° R

Stevenson et al (18) extracted solanesol from a water
solution of tobacco by adding ethanol and extracting with ether,
The ether residue was dissolved in petroleum ether and
chromatographed on an alumina column. The solanesol was
eluted from the column with 8% diethyl ether in petroleum
ether, The eluate was further chromatographed on silicae gel
¢ thin-layer plates.

Mold and Booth (10) i1solated solanesol from the particulate
matter of smoke by dissolving the particulate matter in diethyl
ether and partitioning the ether residue, betweenrwater and
hexane. The hexane was co-dlatilled with methanol in vacuo;
the material was crystallized from cold methanol, The
preclpltate was chromatographed on alumina and developed with
cyclohexane containing increasing amounts'of methanol, The
crude solanesol wes rechromatographed on alumina and developed
with cyclohexane, petroleum ether, and various amounts of
benzene in petroleum ether,

Rodgman and Cook (12) separated particulate smoke into
various fractions. Solanesol was 1solated by washing the
traps containing particulate matter with methanol, The
methanol solution was acidified and extracted with hexane.

The solutlon was chromatographed on alumina and developed with
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hexane, 15% benzene in hexéne, and methanol. The methanol
eluate was developed on alumina with benzene, 1:1 benzene:
ether, ether, 1:1 ether;ethyl scetate, ethyl scetate, 9:1
ethyb acetate:methanol and methanol., Solanesol wasg eluted
in the ether and 1:1 ether:ethyl acetate fractions. The
crude‘sclanesol was purified with additional chrometography
on alumina and Florisil,



EXPERIMENTAL
I. Resgents

Silica gel, Davison Chemical Corp.
Alumina, neutral, Brockman Grade 1, 80-200 mesh, .
Fisher Scientific Inc.
Alumina, neutral, 8-14 mesh, Ma?é%én, Coleman, and Bell
Petroleum ether, 30-60°C, B & A'Co.
Pyridine, C.P. or equivalent
Dimethyl formamide, C,P, or equivalent
3,5«Dinitrobenzoyl chloride, Distillation Products Industries
1,2-Propane dlamine, Distillation Products Industrles
All other reegents were common laboratory reagents of C. P.

quallty or equivalent.
II. Apparatus

Chromatographic column - 25 ml. buret
Chromatographic column - 4 mm I. D. tubing
Chromatographic column - 2 mm I. D. tubing



Teflon stopcocks

Wiley Mill

Spectrophotnmeter - Bausch and Lomb Ine, Spectronic 20
Goldfisch extraction apparatus

All other equipment was common laboratory equlpment



IIT;--Development of  the Method

A, Colorimetric Procedure
Arfer examining severai proceaures (4, (, 5, 9, 1(), 1t

waa decided to further investigate the procedure of JohnSOn
and Critchfield (8) because it was senaitive, specific Tor
aliphatic alcohols, and had been found to be quantitative
' for C to 020 alcohols.' The procedure consista of reacting
2 mla of a pyrldine solutiOn of the alcohol with 1 ml of a
100 mg/ml pyridine solution of 3 5-din1troben30y1 chloride
for 15 minutes at room temperature.) The reaction 13 stopped
by addition of 25 mls of 2 N HCl. The water also hydrolyzes
the excess 3,5-dinitrobenzoyl chloride to the water soluble
acid and disperaes the ester which 48 then readlily extrected
with two 10~m1 portiona of hexane. The hexane 13 washed with
5 mls of 5 Na2003 to femove excess acid and the hexane i“}”
solution 18 dried by passing 1t through absorbent ¢otton. The
nexane solution 1s dilu‘ced to 20 mls and 1 m1 5_3"édded to 5 mls
of dimethyl formamide. One-half ml of propylene diamine is
added to form a red quinoidal ion Just before reading the
color at 525 nu,on a spectrophotometer. S e

| In attemnting to reproduce the method difficulty waa B
encountered in obtaining any significant color. The difficulty
was traced to the 3 5~d1n1trobenzoyl chloride.' It anparently
had degraded upon standing 4n # sealed bottle and no 1onger a



reacted with klcohols.- Fresh 3,5-dinitrobénzoyl chloride,
ordered from Distilletion Products Tndustriles, gave 8 reactlon
product with alcehols. Another sample of -3,5-dinitrobenzoyl
c¢hloride’ gave a weak color with solanesol.” Examination of
the 3,5-dinitrobenzoyl chloride showed-that the earliey:i '
sample of "3,5-dinitrobenzoyl c¢hloride melted in the proper
range,'6?46é’c,”whilé the latter materiml melted partially

at 67°C, and the remasinder did not melt even at 130°C:
Reerystallization of the 3;5-dinitrobenzoyl chloride from
40-60°C petroleum ether improved the guality of the older
ﬁatérial ﬁuﬁ~di&‘n6t?impr6ve-the‘néwerfﬁmteriéiﬁ, Fresh 3}5Lv5
dinitrobenzoyl chlcoride whose melting point was checked and
stored in & vacium desiccator has Worked Buccessfully for-
many months .

During' the investigations of the colorimetric procedure,
color variability was noticed. Tt was felt that this could
be-due to incomplete reamction between solanesol and 3,5~
dinitrobenzoyl chloride. When performing the reaction in a
70°C water bath, very little color wgé‘dbtained}’

7 Peoause water interferes with the veagtion, particulsr
care was taken to insure that all glssswere wes dry.  As &én
added precaution the pyridine, which had been peédistilled

as recommended by Johnson and Critchfield was stored over 5A

molecular sleves. These precautiéns gave improved precision.:
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"%@Increasing?the:amountiof 3;5+4initrobenzoyl chloride gave
inereased color- at the 150img/ml?level7ﬁuﬁbﬁobyatsthe 200 mg/ml
level.’ Using 200 mg/ml of 3,5~dinitrobenzoyl chloride required
additional pyridine to dissolve the material, ‘additional scid’
to meidify theawaternphaseﬁfandxadditionaeraQCOS&to neutralize
the hexane stlution.: -Therefore, it was declded to.use 150 ng
of 3,5-dinitrobenzoyl chloride;

During the evaluation  of the: 3,;5«<dinitrobenzoyl chloride,
the reagent was reacted with sufficient ﬁolanesol and .ethanol
to give an insoluble precipitate, Theﬁprocedure inﬁShriner,
Fuson, and Curtin (15) was followed. The melting point of the
solanesol derivative was 51-53°C; 1itgpature rgferencg%was
57.,5-59.5°C {(13). The melting point .of the ethanol derivative
was 89~90°C; literature reference was_93°c (15). Low fecoveries
- were gnggntepgd;;n_pegrystallizing ghg&qplanesol def;vative
because .of its alcohol .solubility, Agg@oﬁe appears to.be a
better solvent fog_?he,gecrystalliza?@égéof the solgngéol
derivative. |

Measured amounts of the ethanol and solanesol derivatives
were diasolved in hexane, and the colored quinoidal 1on formed
in dimethyl formamide, The absorptivity,of these compounds.
caléﬁ;ayed‘as_golanesql”wag_somewhatthghé:{ﬁhén that obtained
from solanasol carried through the procedure.

., .Mold and Booth (10) showed. that solenesol was sensitive to
photo oxidation and that the 1nfrared epectrum of the oxidation
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products were similar to that of solanesol except for the
presence of a carbonyl band at 1700 cm*l,(Figure,l)ﬁ Column.
chromatography of solanesol, which will be deseribed in .
section C, gave a product free of the carbonyl band (Figure 2).
This material was used to determine the absorptivity of.

solanesol:; The results are glven.below in Table I, . .

. Tsble-T . .
Solanesol Absorptivity.

, Amount , ,
Sample Reacted, mg Absorptivity
Solanesol 6.0 23.8

3.0 25,0
2.4 eh .0
1.2 24.5.
0.24 29.7
Ethancl derivative . 0,0545.. 26,6
Solanesol derivative 0.335 25.7-
Solanesol derivative 0.134 26.0.

Average for solanesol::24.3 % 0.5 =+ 2% relative error:

The 0,25 mg solanesol sampleqappears;393ba below .the linear
concentratlon range.Johnson and Critchfield.reported-z-linear
range for this. procedure ds 2 to 100 pg hydroxyl concentration,

Hexane has only limited solubility in dimethyl formamide
(about 20%); therefore, only 1 ml of the hexane solutlon of

the-solanesol-B,5~d1n1trobenaoy1=thor1dewreg¢tion product
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cen be dissolved in dimethyl formamide, © However, ‘it ‘was found
thet the ‘solanesol reaction product can be extracted with the
5 mls -of dimethyl formemide from the 20 mls of the héxare
golution with & single extraction. Addition ‘of propyléne
diamine produced & strong color in the dimethyl formamide phase.
A second dimethyl formamide extract did not produce & color -
upori the addition of propylene diamine; The ‘addition of 1 ml
of the extracted hexsne layer t6' 5 mls of dimeéthyl formamide
did not ‘produce any dolor upon the addition 6f propylene
dieming . This 1s one method of inereasing the ‘sensitivity’
of "the procedure twenty-fold, if 'nécessary,’
B.  Extraction of Solanesol

- Many procedures have been described for the extraetion of
solanesol from tobacco (1, 6 13, 18) ‘éolanesol is considered
to be a contributing ‘factor in tobacco flavor (5) and 15 a
constituent of the heutral fraction of tobacoo (1 ,; 13, 17)
The AOAC procedure (20) for petroleum ether extractables attempts
to evaluate tobacco based upon the anount of neutral material
extraeted and 15 routinely used to characterize tobacco. It
was therefore decided to use the petroleum ‘ether extraction
procedure for solanesol

ﬂost of the procedures for the isolation of solanesol

involve extensive seoarations, 1nc1uding several column

chromatogrophic steos. The Grossman ot al procedure previoualy



described in the historical portion of this thesis, appeared
well sulted,

. Thirteen and oneé-half pounds of bright tobacco were soxhlet
extracted with 15 gallons of 30-60° petroleum ether for six
hours. The petroleum ether solution wae concentrated to four
liters with distillation. The solution was filtered. Three
grams of precipitate was discavded."Thé'ether solution was -
extracted three times with 104 HCl, followed by'37water
extractions, then -extracted with '3 portions of 5% NaOH and
then water extracted again until the wster layer wsas neutral.
The petroleum ether layer was filtered through cdotton to"
remove water ‘and evaporated to dryneas;’ The resildue weighed
79.13 grams,

-+ - The yesidue was dissolved in hot acetone; cooled to 4°C
and filtered. 'The precipitate was washed with acetone and

the residue of 16 grams, consisting primarily of waxes, was
discarded, ' The acetone solution wasg concentrated to a volume
of one:liteyr and used as a standard tobaceo ‘extract for future
work.

. Because of the complex nature of the tobaceo extract, it
was felt that misolation of the solanesol fraction would be
helpful, Attempts were made to precipitate solanesol out =

of solution, based upon its relstive solubility from the acetone

solution at -10°C, from &n ether-methanol solution’ at 4°C and
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from an acetone-methanol solution at ~10°C,  These attempts
were unsuccéssful and the .infrared spectra indlceated that -
each gsample was still: a-complicated mixture. -~
.- Solanesol is-water insoluble bhut very soluble in non-polar
and slightly polar solventsj therefore, 1t was. feltf . that the
addition of .water to the acetone solution would increase the
partition cocefficient of solanesol -for the non-polar. solvents,
The 3:1'and 5:1 water-acetone solutions of tobacco extracts
were -serlally extractéd with hexane, benzene; petroleum ether,
and ¢hloroform.: The infrared sgpectra indicated complicated
mixtures. - In. the attempt -to purify them;-the solutlonp: were
evaporatad,to~dryness,»the<residues“disaolved;inieﬁher,-'w~
methanol sdded, and the solutions stored 'in the cold to . -
precipitate solaneaol as described by Grossman et al. (6).
Complicated infrared spectra were still obtained, none of
which were really indlcative of solanesol; - Using the previously
described .colorimetric procedure;, the heaviest concentration
was found in the chloroform extracts. . Extracting 50 mls of
the acetone solution of tobhacco with chloroform after the
addition of water and chromstography of the chloroform extract
on silica gel gave poor results.

Investigating the difficultles with a solanesol sample.
of known composition, it was found that the solanesol formed
a stable emulsion in water and could not be readily extracted

with any of the solvents.
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Rowland et al, (13) partitioned solanesol between 9:1
methanoluwater and hexane. The precedure was attempted but
it was diffioult to separate in the presence of acetone,
Using a 75% methanol in water solution,improveﬁ separation
was obtained although the procedure was still not ideal
since gome emulsion.was formed, . By adding some NaCl to the
acetcne~water—methanol solution (1 2 6) extraction wag
virtually complete with twc hexane extractions and the
emulsion broke rapidly. The-%égéccc solution wes extracted,
and the infrared spectrs’ of the hexane extract strongly
resembled solanesol (Figure IX1).: Spectra of the second,
third, ete. extracts gave increaaingly more complex spectra.

The spectrum of the material remaining in the scetones
water-mathanol phase ccntained ﬁﬁst Of the aicchols of
tobacco (Figure VI).

A Beries of solanesol atandard,aoluticnqlwere extracted

in several ways and the developed color measured on the

Individual samples, The complete extraction procedure is:
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‘petroleum ether solution of #olanesol
‘extracted with 10 HO1

extracted with water

‘extracted with 5% NaOH

filtéred through absorbant cotton
evaporated to dryness

dignolved in acetone

‘stored for 16 hours at 4°C

‘filtered through Whatman #1 filter paper
idiiﬁééd}with methanol and water
extracted with hexane

Tiltered through anhydrous. Na,50,
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The amount of -solanesol regovered.-from the:various portions

of: the extraction procedure are given in Table II below.:
Table IT
Snlanesol Recovery from the Extraction Procedure

Portion of Procedure Used’ % Recovered

1. “Aeid ‘and water washed only 93
. ‘Base and witer ‘washed only 3
§.7"he1d and base washea ' 7 1o

1

2

3

4," "Stored in acetone’at 4°C © 96

5. '3 plus 4 100

6. “Hexane extructed and filtered through Na,80, ~ 100™"

7.7 Entire ‘procedure, 5 plus 6 101
C.'" Golumn’ Chromatography of Solanessi

‘Mot “procedures 'in the 1iteraturé fdﬁﬁiébfééiﬁé‘soiédesol
(Ij’éf‘id,‘lé, 17, 18) ‘used ecolumn chromatography; wany used
8 series’of columns to obtain’solanesol in’a’relatively piire
form.” The ‘column matérials inciuded sillca gel; &lumina,”
Florisil],Celite, and carbon. ‘Several of these procedures were
tested.
: iUejdé”81lica”gei’énéﬁétféﬁbting“td‘chréméfégfabh“théraéétone

Solution, 4t was found that separation ‘could’not be achisved
and 81l of the sample dame thiough in the dcetone effiuvent.

Using the hexane extract, solanesdl from an authentic sample
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was retained on the columri snd & hydroczrbon was éluted off =
With héxane (Figure IV),’ Solanescl did not ¢ome-off with

10, “20, ‘or 504 benzene ‘in hexéne; but did come -of £ When'
éluted with 100% benzenel “'Tobacco extract tréated in a~©
gimlilar mamner gave gomplichted spectra and had strong '
absorption at 1750 em ™+ (Figure V). Thé silica gel used

for these ¢olumns was not heat activated.

Using heat:activated silica gel, the hydrocarbof (Figure IV)
¢amé-through in the héxane wash &nd:50% benzene washi ' 'Nothing
game “over in 100% benzene. One and 10% ether in benzené
extracts’ dild not elute’ any material from the aéolumns.

Acetone extraction of ‘the eolumns gave ‘Gomplicated speatra.

Using ‘activited alumina (Mathson, Coleman, and Bell,

8-14 mésh) and Tollowing a similsar procedure "8s described for
the silica gel ‘tolumn, similar results were obtained. ‘The’
hydrocarbon (Figure IV) was eluted with hexane, benzene, and.
diethyl éther; some came off 4in each of the serial elutions.
An-alcohol, but not solénesol, was eluted off with acetone

and a samplé having & complex spectrun, came off ‘with 'methanol.

Using 10 grams of Broeckman activity grade 1 neutrsl
alumine 80-200 mesh (Fisher Scientific), solsnescl was eluted
of £ with 100% benzene. "A tobacco sample gave the same résults;
however, elution of the solanesol off the columns required

geveral hundred ml 6f bénzene.
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Repesting the previous experiment, 1t was found that the
solanesol from tobacco camé through in the hexane sample while -
1t reiained on the ¢olumn with known golanesol;! One set' of:
eolumna” was eluted with hexane,” 50% benzene, and:100% benzene,
Another set of colunms 'was washed with hexane and 50% ether
in hexane.  Two hundred and F£ifty mgs of known édiéﬁegoifwas'“
added to each column:” Two 'hundred end three mgs of solsnesol
was eluted off with 50% ether (B81.4%) bht*oﬁly’liO&Q*mg'was*‘
eluted off with 100% benzene. *'Additiénal solanesol was -~
eluted off the benzene treated column’ when washed with ether.
The material that was eluted off with 50% ether and 100%-
benzene was used to determine the solanesol sbsorptivity - -
deéscribed in section’ A\

TULUTE was felt that water may have beern present inithe hexane
bxtracts and the extracts were’ therefore dried by filtering
'tﬁéﬁ'thrbﬁgﬁidnhydrbué‘Nééscﬁfahd‘ﬁhé procedure: Wit rvepeated.
The solanesol apparently remained on' the: column although a
‘compound’ did come through with'the hexane- thzt' was similar in’
infrared spectra to solanesol and reverted to the solanesol
spectrum after '8 weeks of standing in ‘a VYscuum desicestor,

Thé benzene effluents did not Look Very pure, but the first

50 mls ‘of ether effluent was pure and pave a good infrared
‘spectrun of solasmesol.  Additional washes with ether gave’

‘{nereasingly more complex spectra:
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+:» -The . previous.procedure was sgain repeated but with less
acetone solution of tobacco in order to decrease the overloading
of the column and to obtain better separation of the various
substances, . Known solanesol was 8lso added to the- acetone
solution of tobacco and to the hexane extract of another
sample of tobacco. Solanesol was found 1h the hexane effluent
and ‘heéxane wash of " thé cclumn ccntaining the tobacco aamples.
Tt was felt that the alumina may vary in activity due to
the 'dégreeé of moisture and length of standing. The alumina
was ‘thérefore activated for 16 hours at -140°C and kept in =’
desiceator till cool. Fifteen grams weré weighed out and -
immediately placed in a chromatographic column with hexsne .
The abové 'prodedure was repésted with 10-ml aliquots of the
dcetone solution of tobaced; one 10-ml sample containing
150 mg of -81.4% solanesol ‘added to the Beetone solution,
gnother 10-ml sample contained 150 mg of 81.4% solenesol which
had been added to the hexane extract, snd & third sample
consisted of a 10-ml acetone alliquot only., All hexane extracts
were dried with Na sou After the somples had been eluted
through the columna, the columns were washed with 250-ml
hexané, followed by 250 mls of 50% benzene in: hexane. “Only
carbonyls camé through in the 50% benzene effluent and the
sped¢tra did not resemble Bolsnesol. ' The columns were then
washed with 100% diethyl éther and the weight of the residues

were recorded beforé infrared spectra were run. The ‘results
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are given below in Table IIT,

Table IIT

“ Recovery of Solanesol from Tobacco Extracts

. Tobacco + Solanesol

Tobaeco
+ Solanesol

| 3 Tobacco ~ * Added to the ' - = Added to the
Effluent e Aliqnot On_g g_,Héxane Ex?ract¢ _fAcetoge Solution
First 20 ml ether = 19.9 mg* Spilled* | 38.1 mg*
ext 30w ether 9.9 mer 482 rer 440 mg®
Next 50 ml ether | 75.6 mg#r  142.7 ng#s 120.1 mg#®
Next 50 ml ether  38.8 mg** ?4}.4;mg§f hé.g mg ¥ ¥
NexﬁAﬁﬁ ml ether A’9ﬁ3’mg*? lD.é g # * 13.56 mg*#*
Next 50 ml ether. b3 mgre bk mges 5.5 mge»
Tatal‘gglanésglt_y 128,0’@g,; 2&6 9 Mg 230.1 mg
%:@%W%&&,g‘;,,éamﬁt, ;?93(n%, 68.1%
Expected recovery = 0.3% :‘ _81}&% - 8147
Relative recovery - '97,5% 83.9¢

* Spectra did not resemble scl¢nesol
* Spectra veaembied gsolanesol

The spectra of the ether effluents shown with double

asterisks 1n;Table ITI were npt complicaped and,were 1dentical

tQ aolenesol. The column containing 150 mg of known solanesol

could not bhe eluted with ether.

After the elution with ether, the columns were eluted with
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geetone and 150.2 mg of knovn golanesol was eluted off in the
fipst 30 sl of acetone eluate. Yo sdditionsl materisl wos
eluted off. Solanesol plus other material wos eluted off"
the toboece columns with 3¢ ml of. aaetﬁneg - The weiphts were
gs follows: tobaceo ssuple, 62.1 wgs tobaceo plus solunesol.
added to the hexane extrsct, 60,7 mg; snd tobsced plus
solanesol added to the scetone solution, 75.9 mg. The spectre
were relotively clesn bat dmpuritles could te seen.

.. Speetra of additional seetone eluates dld not resempile
sc*aaesalﬁ in aleohol isslated fyom.these acetone effluents
vos welghed and run bty the colorimetrle pﬁﬂcedura - The
absorpbivity of the resetion product wes one-half of the
ﬁbsarptivity'ﬁf\aalar&aal, 1nﬁ*cating ﬁhat the alechnl had

highar mﬁlea 13r'wﬁ&ghﬁ than aalaaeaal and possible interfererce
hy %hia alcc&sl would be prﬁn:rtzﬁnately &ﬁcreageﬁ

Fram %&& aalawn ehr“matagraﬂhy af t?e ne rolawm ather
extract frﬂm ul grams of ﬁﬁhacee, &% apweareé ﬁha* the canﬁi%i;;%
frr g&paraain$ a«lareﬁsl fram atbér eﬁﬁsﬁitnenta ﬁf tabacce
nad been ac ieved ‘Since the petroleum ether extraction
rrogedure {20} recommends extracting 1 grom of zample ond P
maximum of 2 groms of sarple can bo secommod: ted in the
Goldfiach extraction apparstus, 1t wos decided £o "senle d-wn”
th@ ﬁrcceéare*

Ls%n® 2 grums of &¢tivatnd alnmina in a & e I.D. cmlwnng

exeegniva'holdup“ “nd a great deai Qf éie*hyl atbe waa raquired
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to elute solarezol from the eolurn. One gesm of oluming 414
not give good sopar:tion becpuse of the smell height to
digreter rotio of ‘the eolumn, Uaing 8 vm T.D. eoluvmns and
1 zran of &1uﬁinag pood separstions were obthined. .

C¥hen encugh Bolanessl wag svellable for infrared spectys,
4t appeared thad the polonesol wags being converted $£o &n sold
sE ghovin by the strong bond ot L445 emt.  After much
diligent effort, it wes traced to eontaminution from silicone
stopetck gresce ond not due Yo' any cotelytic comversion, - All
chrom-tographic équlpment wag fittedi with teflon saiopcoooka
and the Zueccceding spectrs of ' the Dolanesol fr . etiona 1ndicoted

that the selonescl wes pure.
TV ﬁhm b&v@laywé ﬁroa&&urm

ﬁ,; w? tlﬁ? sf Feag@&%ﬁ
iizr ﬂiarin» SQ»Q x&ﬁh, Erﬁaww&v acﬁ%vi%g g?aﬁe 1, f?*shnr
urierﬁ%fxa Xnv,}, mﬁs“ be activvﬁeé for at leaﬂﬁ 16 hours in
an Gvan at EQG*G an& aaaleﬁ in @ é»s&ccatﬁr'jﬁat %ef%r& “reparinv
t;h::% 6’; fmgi 2 *3}‘}%‘:1(} cs}lwms .

h The ﬂ&iﬁiﬁ“ ealywﬁ ah uld e wash@ﬁ with lﬁﬁ 1 hexaﬂe
“efw%a Qhrﬁaﬁzagrsp% ng th& u&uﬂlc.' Tbe byriéina aﬁf h&

s

rgd g 11&& ﬁﬁﬁ 5 reﬁ Qve hont a&t?vﬂ»ed fi mjlsvvl B 4 aievéa,

*-

B. ?rﬂcaQa@a fﬂr “en'ra%“~n &n@ Beuer 1na¥1mn 0~.5ﬁ33n9591

3

*ﬁe t%““ne ﬂ&&&l@ﬁ srﬁ gr vﬁé in a %{’&v ili, tg nong

vhraxﬁh & o5 W@ﬂ% abree“, aﬂd 1. “QQ gr T sf tue g?ﬁﬂnﬁ ample
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weighed into & Goldfisch éxtraction thimble., IThe sample is
extradted with 60 ml of petroleum ether 'for 8~ hours. At

the end of the extraction. pericd thé sémple 1s replaced with
& solvent recpvery thimﬁleﬁéndithe“ekﬁﬁacﬁt1éfdistilled L
until free of solvent,  The extract 15ithenvériedftofconstant
weightin a100°C oven éna“céoiedJin“a~éaclé“desiceater. The
welght of the residue is the amount of petroleum ether
extractables

G000 Phe regidue 1s dissolved in 50 ml of warmed petroleum
ether and the solution extracted 3 timés with 10 mls 6F 108"
HCY ‘solution. - The petroleum ether- solutisn is then washed
with 3 'or 4 portions-{10'mi) of water t11l the water wsgh is
neutpal, " The extract: solution I8 then extracted with three
10-ml portions of 5% NaOH sSelution and- again weshéd with *°
water 111 neutral.’ The petroleum ether solution is filtered
through ‘cotton to remove water &nd the semple 18 evaporated
to drynessS on a steam bath under & slight vacuun.

The residue 1is dissolved in 30 ml werm acetone-and the
acetorie solution is stored overnight in a'refrigerator at 4°C°
to precipitate out the waxes. The mcetone solubtion is" "'~
filtered cold through Whatman #1 filter paper &and the beaker
and“precipitate rinsed with cold acetone;

* The acetone solution is reduced to’a volume ‘of 10 ml
bn & steam bath with éiSIigﬁt*Vacuﬁm;*lEighiyfmléﬁbff75%~

methariol in water is added to the acetone solution along with



~27 ~

several hundred mgs of NaCl. The acetone-methsnol-water .
solution is extracted 4 times with 25 mls of hexsene.

The hexane solution is flltered through 2-3 grams of
énhyﬁrous~na280u, The NEESOM is washed with hexane and the
hexsne solutlions are combined.  The hexane®solution is -
percolated through a 1 gram column of alumina An-&8:2 mm I.D.
column fitted with a teflon stopcock,

. The column is rinsed wilth 25 mls of hexane after the
sample has passed through. The column 1s next rinsed with
75 mls of 50% benzene in hexane. The solanesol 1s then eluted
from the column with 200 mls of diethyl ether. -

The diethyl ether solution is evaporated to dryness on
a steam bath under a Blighb vacuum.

One hundred fifty mg. of 3 5~din1trobenzoyl ehloride ig
added to the residue and the acid chloride and reaidue are
then dissolved in 2 mls of redistilled pyridine.’’ The solutisn
18 allowed to stand at room temperaturs for’15 minutes. =

“At the end of that time, 25 mls of 2N HCL is added and
the solution is transferred to a separating,funnel with 10 mls
of hexane. The solanesol ester 1s extracted twlce-wlth the
hexane and an additional 10 mls of hexane The combined hexane
extracts are washed with 5 mls of 5% N82003 and the hexane
solution is then flltered through cotton into a 25 ml stoppered
graduated cylinder. The cotton is washed with additional
hexane and the total volume brought to 20 mls.
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One ml of the hexane*sdlutian is pipetted into & test tube,
5 mlas of dimethg;ffoygamidelig.ggdeﬁ gndrghe test tube 1s shaken.
Just prior td feadiﬁg thé absorb&hceuof the salution 1n a
Bauseh and T.omb Sneatronia 20 anactronhotameter BE gt-1 nu,
0.5 mi of 1 2~propane diamine 13 added and the teat tuba is .
shaken. The absorbsnce of the sample versus a'reagent~blank

18 recorded and the amount of solanesol calculated,

C. Calculations

absorbance of sample

1. Mg of solanesol = P  x 6.5 » 20 (aliquat

T . factor)

Mg of solanesol = absorbarice of samplé ¥ 5.3

absorbance of sample x 6.5 x 20

2. % solanesol in tobacco = —5T.3 % wE, of 55mple (g.)

x 100

absorbance of sample x 530

7 ol =
% solanesol in tobacco = o (mg. )

The value of 24.3.1s the absorptivity for solanesol found
previously. The absorptivity for ethanol may be substituted,

as seen from the results presented in Table I,

V. Resaults Employing :the Method

One and two-gram gamples of ground bright tobacco were: run
by the standardized procedure, . The results are given in the following
table, -



~Tabls IV

* ‘Results of Tobdcéo Analyses
‘Petroleum © 4 i T
Ether Solanesol Found

Tobaceo  Solanesol Extractables Total Net
Sample # (grams) Added (mg) »_n(%)_f“.;J;(mg)“my(mglgﬁf.%

48 2. . 6 5.8 12,8, 5.8* ..0.49
b9 2 3 5.3 122 B.7% 0.4
50 2 .. 1.5, 5.5 12.2 .10.6% . 0.53
51 2 Lo 5.6 5.6 8.7 0.4y
52. 2 Rl 55 ~5.5...6.0 :..0.30
standard . -« 6. - 7.0 7.0 -~
42 1 3 6.0 14,0 10.3* 1.03
43 1 1.5 5.4 15.3 11.6% 1.16
4h 1 o 5.0 11.5 11.5  1.15
45 1 _ 5.5 . 8.2..8.2.. 0.82
b6 1 o 5.6° 9.2 9.2 0.92
stendard  -- 3 - 3.7 3.7 -

¥ Mg of solanesol:found in’tohacco (after subtracting the: amount
of additional solanesol recovered)

o The °b0ve samples were all extraoted with petroleum ether
at the same time and the 2-gram samples were run lmmedlately
while the 1 gram samples were stored .dry in.a refrigerator for
9.dsys..

The_solanesol was added to the tobaceo as & petroleum

ether golutlion and the petroleum ether was z2llowed toc evapor:te
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before extraction was begun,

Literature values for the expected amount of solanesol
in tobacco are about o. 3%, based upon large scale extraction
of 30 Kg of tobaceo.

Anparently there are aolanesol céﬁpounds in the tobaoco
exﬁract which degraﬁe to free 801&&6861 ugon standing in the
dry state.

A 1 and 2-gram samnle, that had been exﬁraetad at the
same time aa the previous samplas and stored dry in a

refrigerator at 4°C, were analyzed 14 days after extraction,

The results are given belov.
Table V°

Tobhacco Analyses

- @« Tobaceo .. % Petrolevm . . Zolanesol Found
Sample ' Extracted  Ether Extractablea mg. o
w7 2 5.4 11,5 0.58

53 1 5.4 18,4 1:84
- wﬁen theré\was sufficient samplé, infrared spectrs were
run and the materiasl quantitztively rinsed back into the
effluent solution. The infrared spectra of the samples were
indicative of pure solanesol.
Because of the pcof reproducibility within a populétion,
when extracting tobacco with petroleum ether, it was declded

ta try hexane extracticn in the Goldfisch apparztus. The
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results are given below,
:abié VI

Hexane Extrasotion of Tobaceco

- Solsnesol Found

41}f§§g§§iﬁ< v%yﬁﬁtféctables ?g;ii (§§§ g
+ 6.0 5.4  3.9%% 0.39
1 %HG 2 3.3 3.3 0. .33
: - 5.3 B1 k1 o
1.5 mg standard = o R R

* 1.5 nmg solanesol added to the tobacco
#* 3.9 = total solanesol found -1.5 mg (smount of solanesol
. recovered from standard)
From the results, it appears that hexane extract16h 1a
gomewhat better;aﬁ& visual observatiqn Bhowed thst there appeared
to be less materiéi on the column that could 1nterfere with
the determination of solanesol,and the possibility of over-
loading the column is greatly reduced. | o
Investigating the procedure per se without the possible
variability of the petroleum ether extraction step, 10 one-gram
samples of tobacco were extracted in theé Goldfisch extractor.
The solvent was not evaporated off but the solutions were
éomﬁinéd“in‘a 1 ldter volumetric flask and brought to volume

with petroleum ether.
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~Five. 100 ml-samples (equivalent to the extract of 1 gram
of tobacco) were used and 0.98 mg of solanésol standard was
added’ to several samples,

The "proposed: procedure was followed and the results are

glven in Table VII belowW.
Table VII
Analyses of .the Petroleum Ether Solutions of Tobacco.

'Solsnesol Added  Solanesol Found Net Amount Found

Somple # (mg) (mg) . (mg)
0.98 mg std.  0.98 0.86 .
2 10.98 5.31 4.5
3 .0.98 5.02 4.2
4 - 4.86 4.9
5 -~ 4.59 . 4.6
6. - 4ol b9
- Average = U4.6
Ay

20 = 0.6 = 13% rel,

" Visual examination of the chromatographic colum durilng
the chromatographic develooment af ﬁhe pample showed that the
samples from the pe»roleum ether solutjons haad fewer colored
bands than the samples from the petroleum ether residue‘samples.
The depth of the brown band gt the top of the column was smaller

for the solution samples as comnired to the residue samplea
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The golonescl weg elvied off the eolumn cantaining the zolution
sanplew st o fagter, rate then with tho residue semples.

- Thepe obpervatlions would tend to indleste thui changes
ocouy, wWith resrect t2 the toboeen extracis, uson drying.
Although the chromotogrephie develommnt of the %@vgﬁﬁ somples
reserbled the chromstogr:phic dovelopment of ‘he ﬁﬁﬁ“ﬁl&ﬁﬁ athe
solutlons, the solanesol wes not eluted at s faster rate., Thesne
ghaervablons would: %gwd to indieute th:t different subs tgnce&
were extragted with hexane then «ith petrolewn ether

VI. Discussion

CFrog the resulis, 1t seresn thet any essron slechol
way be used o5 prepdre 8 stindsPd durve for goslansnol or €
galevlate tha akaorpiivity for solonedol [Ffor dny Inatrummnt
203 ‘optisnl cell eoubinotion emploved. The methad fov o-lenlating
the abaosretivitly of zolanesol from another olecghol imr

roorhones (Rleohol) = 1.4, (nlaohe

hsorptivity oy noluneds N 2
Rosorptivity For 1 “:c SRAeTLIE tIon 6F BIGThBl (F6/AT DFT X 6310

The £31.04 ?}laé,iﬁAﬁhg,ﬁm; wler Vﬁig,“ ~f solonesol, . MW,
gtonds £op molecul » welght,

?a%ralaur gthen ex Rbractlion of tahgeeo apparenily giﬁﬁ;
imyraﬁiza_vyigés_f$r nolnesol and slthough hexane extruchlio
32;?*?” to e ﬂ‘?ﬁﬁh*% better étxgwga,sgggeya\fygx Lnprecision.

It woy be virtuelly imposslble 4o ¢ exiroet golopesol from Sohoeeo

unless 8 mpre drostie d@struction of the individesl eclls of the
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tobaeod leal in employed, - The poor reproducibiilty obtained
%ith the peiroleun ethor extractebles terxis to cunfiprm the
tuopicions of the. ADAC Kethnds Cermittee (20) that further
study ie needed Iin obtuining & reproducidle pethod for nobroleun
ether extractebles in tob.ceon,

Solenesol is spporently extracted s the free aleohol
ond also o readily hydrolyzebhle cumpounds whleh sppesy to
deconpoge on stending in the dry stste in the presence of a
humid etmosphere. High aslmnescl volues w&r@fnéﬁ obtained from
the tobacco extracte stored sa an ocstone polution which was |
used to deyelop the grﬁcedgre, even thoungh 1t wag sever:}
monthes oldey thaon the setroleun ether extyacts of the 1 arnd
2-gron 3&@?1@5 of the sawe bright tobacco. Tt would there-
fore sppesr that there sre readily hyvdrolyzetle golanessl
derivatives In the extricts. This wmy be used to adventape,
in that free and totsl solanesol mey he deterndned si&ul@an&smaly
by controlled hydrolyeis of the residue. |
. Visual exowinstion of the extrecta, visible tands on the
columms snd Infrored spectra world tend to show that hexone
extraction of tobaceo d@gs not rewmove g nminy suhatances as
patroleun ether, 71t moy Rlgo be concluded that avagﬁrahxﬁg
the petroleum sther golutions to drynesns rroduces chemlepl
chonges in the residue @a seen by the inereased nunber and
amount of visible tands on the chromatopraphle columns. The

more rapld slutlion of solanegol {rom the ¢slumng, slthough
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the columns appeared less contaminated, would 1lndicate that
lower molecular welght materlal was present on the column

from the petroleum ether sclution than from the residue.
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A method hng been develoned for the extraction,” ahromatos
gﬁggﬁiﬁﬁéaﬁﬁééﬁi@n“aﬁd~ebiﬁﬂi%%trié'ﬁe“éfﬁ*nétieﬁ“hf snlenenol
1n compler miziuves, The mizture, in an orgonte rﬁlvant*i” o
weshed vith aaia wame and woter to remove polar meterinl.’

The solvent 1z cviporated ond the restdus dicacived 1n meetore.
The noetone zolution 18 cosled o procipitate out the wnxes.
The filternd mcetone nolution iz sdded to & methanol-water
mixture,vhieh is Iksslible in hexane,with the nid of aore
sodium ehloride the Bolsnesol 1s extracted ints the hevane
?ESéétx The hexene solution is dried with some sodium splfote
snd “he solutinn 15 chrom tographed sn sk plurdng  eslusn.
iﬁ§uriﬁité'§ré'réma?éé"by5%a Hing the column With hexane nnd
then with a Tenzens-hexane nduburs . The ‘aclaneacl 13 eluted
fram the c,,s},zz“s, with a4 lethyl ether,

The ﬁiﬁﬁhyl other renidue in dissolved in redistilled dry
pyridine and 2,5-dinftrobenzayl chloride i 2dded and allouwed

to renct ot roon tenreratiire to form the easter derivative,



A hydrocehlorie scid solution is =dded to stop the reaction;
to allow the eater to be extracted into hexsne; and hydrolyze
the aeld chloride to the free acid, The hexane 13 washed with
b:ge €0 neutrslize the solutlon snd dried free of water, An
8liquot of the hexene golution 18 mixed with dimethyl formsmide
and 1s rade beagic with pr0§ylen§fﬂiamine to form the red colored
quinoidal ion, which is read aﬁ é épectrephotmmeter..

" Tt hes been shown that the Johnaon and Critehfield method
' ean be apoiled to a égé aleohol, golenesol, and that the color
produced mpm;métmnﬂ to the molecular welght of the sleshol
and therefore the molar sbsorptivity is the same. A spectro-~
photometer can therefore be crlivrated using 2 common aleohol
without resorting to extensive vze of difficultly obtainatle
slcchols under investigetion.

The results obtained, using the procedure, show that

there 18 unéontrolled veriability in the petroleum ether
extraction procedure.  The presence of suhatances in the
patroleum ether extractsbles of tobsced that can degrede, when
dry, to give free solanesol on standing cen alsc be shown.

. The separation procedire could be vsed for the large scale
1solation of solonesol or £ar the separation of solsnessl

from other eomplex mixtures.
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Figure. III.
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Infrared Spectrum of Hexane Extract of Tobacco Solution
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Figure IV ‘%‘ Infrared Spectrum of Hydrocarbon Impurity in Solanesol
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Figure V. Infrared Spectrum of Chromatographic Column Tobacco Effluent
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Figure VI. Infrared Spectrum of Hexane Insoluble Residue of ‘Tobacco Solut:l_on__,
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