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PREPARATIVE ISOLATION OF [U-14C]SOLANESOL FROM 14C02 -CHAMBER GROWN 
co - 

Saifunnissa B. Hassam 
Philip Morris Research Center, Richmond, Va. 23261 

ABSTRACT 

A method for the preparative isolation of [U-14C]solanesol from 14C02-chamber 
grown tobacco is described. Freeze-dried tobacco leaves were Soxhlet 
extracted with methylene chloride. Fractionation o f  the extract by silica 
gel chromatography yielded crude solanesol. Subsequent purification by 
normal phase high pressure liquid chromatography yielded [U-14Clsolanesol 
with a total activity of 474 pCi, a specific activity of 0.5 mCi/mmol, and a 
radiochemical purity of 95% as determined by RP-HPLC. The chemical purity 
was 97% and the chemical identity of the isolated compound was confirmed by 
co-chromatography with reference materi a1 and by mass spectroscopy. 
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INTRODUCTION 

Solanesol (J) a trisesquiterpene alcohol, was first isolated from 

tobacco in 1956l and its structure reinvestigated and revised in 195g2 to 

(2E, 6E, 10E, 14E, 18E, 22E, 26E, 30E)- 3,7,11,15,19,23,27,31,35-nonamethyl- 

hexatriaconta-2,6,10,14,18,22,26,30,34-nonaen-l-o1. It is one of the major 

isoprenoids of tobacco with the highest levels accumulating in the 

chloroplasts3. One focus of interest has been on elucidating the contribu- 

tion, direct or indirect, of solanesol to the flavor and aroma of tobacco 

smoke". In studying the chemistry of precursor-product relationships in a 

burning cigarette an important tool is the use of carbon-14 labelled com- 

poundsb. Since such studies generally require 14C-labelled compounds of high 

radiochemical purity, it was of interest to develop methodology to isolate and 

analyze uniformly radiolabelled solanesol from ''CO~-chmber grown tobacco. 

In early studies of the biosynthesis of lipids in tobacco, Reid6 reported 

the isolation and purification of '"C-labelled solanesol from tobacco by 
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r e p e t i t i v e  chromatography on alumina. The p u r i t y  o f  the i s o l a t e d  14C-solanesol 

was checked by comparison o f  i t s  i n f r a r e d  spectrum w i t h  au then t i c  solanesol. 

Generally, w i t h  re ference t o  more recent  methods f o r  i s o l a t i n g  un labe l l ed  

solanesol, the compound i s  ex t rac ted  w i t h  hexane7 o r  methylene ch lor ide"  The 

e x t r a c t i o n  i s  f o l l owed  by f u r t h e r  f r a c t i o n a t i o n  by column chromatography on 

s i l i c a 7  3' o r  f l o r i s i 1 4 .  However, solanesol p u r i f i e d  by column chromato- 

graphy, r e c r y s t a l l i z a t i o n  o r  t h i n  l a y e r  chromatography (TLC) remains contam- 

i na ted  by c l o s e l y  r e l a t e d  isoprenoids l i k e  solanesenes and bombiprenone7. 

Preparat ive high-pressure l i q u i d  chromatography (HPLC) r e s u l t s  i n  f u r t h e r  pur-  

i f i c a t i o n ,  as repor ted by Severson 9.', although minor u n i d e n t i f i e d  impur i -  

t i e s  are s t i l l  observed. 

Various methods f o r  assaying solanesol q u a l i t a t i v e l y  and/or q u a n t i t a t i v e l y  

have been reported: i n f r a r e d  s p e c t r ~ p h o t o m e t r y ~  ,lo, t h i n  l aye r  chromatography 

and densitometry" ,I2, gas chromatography (GC)7-9 and HPLC12-'5. O f  

these methods, GC, TLC and HPLC are amenable t o  on- l ine analyses f o r  radiochem- 

i c a l  and chemical p u r i t y .  However, GC analys is  o f  solanesol necessa r i l y  

i nvo l ves  p r e d e r i v a t i z a t i o n  o r  hydrogenation since d i r e c t  GC analys is  o f  solane- 

so l  y i e l d s  thermal dehydration products7. The observed thermal i n s t a b i l i t y  o f  

solanesol makes TLC and HPLC more a t t r a c t i v e  methods f o r  micro-analys is  and/or 

m i c r o - i s o l a t i o n  o f   sol so lane sol. 

Th is  paper describes the  p repara t i ve  i s o l a t i o n  o f  95% radiochemical ly  pure 

[U-14C]solanesol us ing a combination of l i q u i d  chromatography techniques. 

RESULTS AND DISCUSSION 

The l a b e l l e d  tobacco was produced by growing the p lan ts  i n  a 9 0 2  growth 

chamber as described by Bass e t  a1.16 Growing condi t ions were s i m i l a r  t o  those 

p r e v i o u s l y  shown t o  y i e l d  un i fo rm ly  l a b e l l e d  carbon-14 p l a n t  mater ia1 l7.  For 

t h i s  reason the i s o l a t e d  solanesol was assumed t o  be a lso un i fo rm ly  l abe l l ed .  

Freeze-dried leaves from l a b e l l e d  tobacco p lan ts  were ex t rac ted  w i t h  methylene 

c h l o r i d e  i n  a Soxhlet apparatus. Assay o f  the r a d i o a c t i v e  e x t r a c t  by HPLC 

i n d i c a t e d  approxfmately 750 mg o f  solanesol t o  be present, about 0.7% by weight 



[U-'*C]Solanesol from '*CO&harnber Grown Tobacco 1263 

of the freeze-dried leaves. Components eluting earlier than solanesol were 

observed both by refractive index and UV (254 nm) detectlon. Solanesol shows 

no selective absorption at wavelengths >220 nm, 

Flash chromatography fractionation of the crude extract on silica gel 

according to polarity yielded a major solanesol-containing fraction (1.49, 1.2 

mCi). This fraction was further purified by column chromatography on Kieselgel 

60, to give two solanesol-containing fractions: Fr A (175 mg, 167 pCi) and Fr 

B (613 mg, 571 pCi). Both fractions were then purified by preparative HPLC on 

a Whatman Magnum 20 Partisll 10 column. All chromatograms showed two major 

features: (1) The major peak measured by refractive index was that of solanesol 

and (2) the major impurities were UV-absorbing and eluted earlier than solane- 

sol. The chromatograms of Fr A showed relatively greater amounts of the early 

eluting components than Fr B, confirming the results obtained by TLC. Minor 

peaks were observed close to the solanesol peak and as far as practicable, the 

center of the solanesol peak was collected as the purified solanesol fraction. 

The combined fractions yielded solanesol having a total activity o f  474 pCi 

(517 mg, 0.5 mCi/mmol), representing a radioactivity recovery of 64% based on 

the total radioactivity of Fr A and B. The yield based on the total weight of 

Fr A and B was 65%. 

Identification of the HPLC-purified material as solanesol was confirmed by 

mass spectroscopy (m/e 631, M++1, m/e 612, M -H20). Qualitative thin-layer 

chromatography on silica gel of the 14C-solanesol in 4 different TLC solvent 

systems indicated one homogeneous spot, with Rf values in all systems identical 

with authentic solanesol. 

+ 

Thin-layer radiochromatography (TLRC) on silica gel of the 14C-solanesol 

showed one major radioactive peak with 97 to 98% of radioactivity co-chromato- 

graphing with reference solanesol (Rf 0.59). A minor radioactive peak repre- 

senting 1 to 2% of the total radioactivity was evident at Rf 0.4 to Rf 0.5. 

Radioanalysis of a mixture of 14C-solanesol and authentic carrier solanesol 

gave similar results for radioactivity distribution. Uisuallzation of the 
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- 
Retent ion t ime and Ref rac t ive  Index ( A t t  8X) 

Run #* % o f  R a d i o a c t i v i t y  Peak Reten t i  on ti me - 
1 22.4 min, >99% 22.4 min (weak) 

10 min, t r a c e  

2 22.4 min, 95.9% 22.4 min (s t rong)  
15 min, 0.4% 
10 min, 3.8% 

10 t o  15 min (weak) 

3 22.4 min 94.1% 22.4 min (s t rong)  
10.2 min, 3.9% 10-16 min (weak) 
11 t o  14 min, 1.3% 29 min (weak) 
14 t o  16 min, 0.6% 

4 (Reference solanesol) 22.4 min (s t rong)  
38 min (weak) 

5 22.4 min, 95.7% 22.4 min (s t rong)  
10 min, 4.3% 

chromatograms w i t h  5% anisaldehyde spray showed the  14C-sample t o  consis t  o f  

one major  spot  ( s o l a n e s o l ,  R f  0.59) and two minor spots a t  R f  0.41 and 0.46 

(corresponding t o  the  minor radiochemical impur i t ies ) .  The mixture o f  “C- 

s o l a n e s o l  and c a r r i e r  solanesol showed only  one spot, Rf 0.59, t h e  concentra- 

t i o n  of the minor spots being too d i l u t e  t o  be detected. This  confirmed t h a t  

the  minor i m p u r i t i e s  observed i n  the 14C-sample (and i n  the  reference sample) 

are r e a l  i m p u r i t i e s  and not  a r t i f a c t s  a r i s i n g  from decomposition of  the  solane- 

s o l  dur ing spot t ing  or  development. The chromatogram o f  reference solanesol 

showed, a p a r t  f r o m  t h e  major spot a t  Rf 0.59, minor i m p u r i t i e s  a t  Rf  0.77 and 

R f  0.9. 

Reversed-phase h igh  performance l i q u i d  radiochromatography (RP-HPLRC) 

analyses of the 14C-solanesol were performed using a Waters Radial-Pak” C-18 

I 
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Run # R e f r a c t i v e  Index R.T. ( m i n l  - 
1 (25 w l ,  220 wg)  13 .O 

2 (25 w l ,  220 Pg) 13 .O 

13.1 3 (40 ~ 1 ,  350 Lg) 

c a r t r i d g e  with methanol as the e l u t i n g  solvent. On-l ine r a d i o a c t i v i t y  monitor- 

i n g  was done with a Ber tho ld  Model LB504 HPLC r a d i o a c t i v i t y  monitor. The 

r e s u l t s  are sumar i zed  i n  Table 1. Samples were simultaneously monitored f o r  

r a d i o a c t i v i t y ,  r e f r a c t i v e  index ( R I )  and UV absorption a t  254 nm and 365 nm. 

Comparison o f  r e t e n t i o n  t imes f o r  the 14C-samples and c a r r i e r  solanesol, as 

w e l l  as c o - i n j e c t i o n  w i t h  c a r r i e r  solanesol, c l e a r l y  i d e n t i f i e d  the  major 

r a d i o a c t i v e  peak a t  22.4 min t o  be solanesol. Both reference solanesol and 

14C-solanesol e x h i b i t e d  weak UV-absorbing i m p u r i t i e s  (254 nm) co -e lu t i ng  

p a r t i a l l y  w i t h  solanesol. In t h e  case o f  the 1 4 C  sample the  e a r l y  e l u t i n g  

i m p u r i t i e s  were a lso rad ioac t i ve .  Co- in jec t i on  o f  14C-sample and c a r r i e r  

solanesol showed a composite o f  UV-absorptions o f  both 1 4 C  and reference 

samples, conf i rmfng t h a t  these i m p u r i t i e s  were r e a l  and not  a r t i f a c t s  a r i s i n g  

d u r i n g  chromatography. Based on runs 2, 3 and 5 (Table 1) the  average rad io -  

chemical p u r i t y  o f  t he  HPLC-purif ied 14C-solanesol was 95%. Comparison o f  the 

HPLC and T L C  data showed the  former t o  be a more s e n s i t i v e  method f o r  quan- 

t i t a t  i n g  the  r a d i o a c t i v e  impur i t i es .  

I n  a separate se r ies  o f  runs, simultaneous determinations o f  radiochemical 

and chemical p u r i t i e s  by the  RP-HPLRC method were c a r r i e d  out. The r e s u l t s  f o r  

t h e  chemical p u r i t y  f o r  t he  14C-solanesol sample are sumnarized i n  Table 2. 

Area % 

>99.9 

98.5 

97.8 
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P u r i f i e d  ''C-solanesol was kept  below 0°C i n  hexane s ince the re  are 

r e p o r t s  i n  the l i t e r a t u r e  on t he  decomposition o f  p u r i f i e d  solanesol on stand- 

i n g  a t  ambient temperaturelr6. P r i o r  t o  p u r i f i c a t i o n  a l l  crude f r a c t i o n s  o f  

''C-solanesol were a lso kept  re f r i ge ra ted ,  again because o f  publ ished repo r t s  

on t he  format ion o f  i nso lub le  r e s i n  on standing ' jb  o r  when exposed t o  l i g h t  

and a i P .  Some increase i n  v i s c o s i t y  was observed f o r  crude solanesol F r  A and 

B over a 4-day period. Comparison o f  t h e  radiochemical p u r i t i e s  o f  14C-solane- 

s o l  determined 2 and 7 weeks a f t e r  HPLC p u r i f i c a t i o n  were 95 and 94% respec- 

t i v e l y .  Th i s  suggests t h a t  l i t t l e  o r  no decomposition had occurred over t h i s  

period. I n  contrast, a sample o f  14C-solanesol t h a t  had been stored a t  3-4°C 

in acetonitrile/methanol/methylene c h l o r i d e  about 6 weeks showed a radiochem- 

i c a l  p u r i t y  o f  92%, as determined by TLRC on s i l i c a  gel. The radiochemical 

i m p u r i t i e s  were ev ident  i n  the radiochromatogram. Chemical v i s u a l i z a t i o n  o f  

t he  chromatogram w i t h  5% anisaldehyde spray showed a number o f  minor spots 

c l o s e l y  c o r r e s p o n d i n g  i n  Rf  t o  the  radiochemical i m p u r i t i e s  a l l  w i t h  lower Rf  

on s i l i c a  than solanesol. 

I n  conclusion, p repara t i ve  HPLC was found t o  be an e f f e c t i v e  method f o r  

p u r i f y i n g  14C-solanesol from tobacco leaves. Radiochemical and chemical p u r i t -  

i e s  were e f f e c t i v e l y  determined by RP-HPLC, w i t h  TLC serv ing as a usefu l  

complementary technique. 

EXPERIMENTAL 

- General: A l l  so lvents  were HPLC-grade ( e i t h e r  Baker o r  Burdick and 

Jackson). Hexane and e t h y l  acetate (EtOAc) were r e d i s t i l l e d .  Column chromato- 

graphy was performed on Kiese lge l  60 (230-400 mesh, E. Merck). Stock solanesol 

was obtained from Sigma Chemical Co. High pressure l i q u i d  chromatography 

(HPLC) analyses were c a r r i e d  ou t  us ing a Waters M-6000 pump w i t h  a U6K 

i n j e c t o r .  Preparat ive i s o l a t i o n  o f  14C-solanesol by HPLC was c a r r i e d  out  using 

a Waters M-6000 pump with an extended f l ow  range unit. Waters Model 401 

ref ractometer  was used f o r  solanesol de tec t i on  and Waters Model 440 absorbance 

de tec to r  moni tor ing a t  254 nm and 365 nm f o r  de tec t i on  o f  UV absorbing impur i -  

t i e s .  Radiochemical p u r i t y  was determined on - l i ne  w i t h  a Ber tho ld  Model LB504 
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HPLC Radioactivity Monitor. Chemical purity was determined by on-line integra- 

t ion of the refractometer output u s i n g  a Hewlett-Packard Model 3390 reporting 

integrator. T h i n  layer chromatography (TLC) was carried out on 0.25 mn thick- 

ness s i l i c a  gel 60 F-254 plates from E. Merck. The chromatograms were visual- 

ized e i ther  by charring w i t h  70% sulphuric acid spray, spraying w i t h  5% anis- 

aldehyde (ANS)  spray reagent ( i n  acidified 95% ethanol) or w i t h  3.5% molybdato- 

phosphoric acid spray (MPA) reagent (EM Reagents). Solanesol gives a blue 

spot w i t h  MPA. W i t h  ANS a ser ies  of color changes is observed f ina l ly  t o  yield 

a v i o l e t / b l u e  co lor .  Since R f  values a re  dependent on the ac t iv i ty  of the 

plates,  authentic solanesol was co-chromatographed w i t h  14C-samples for  each 

TLC plate. Thin layer radiochromatography (TLRC) was performed using a 

Berthold Model LB282 TLC Linear Analyzer. 

A. Extraction from ‘“C-Tobacco Leaves 

98.6 g of freeze-dried 14C-tobacco leaves SC 58 were extracted i n  a 

Soxhlet apparatus i n  three portions. Each portion was extracted with 1 l i t e r  

of methylene chloride for  about 23 hours. The combined Soxhlet extracts,  a f te r  

evaporation of solvents under reduced pressure yielded 6.4 g of a green o i l .  

Based on an external calibration table using authentic solanesol as reference, 

normal phase HPLC assay indicated about 750 mg of solanesol t o  be present. 

Micro-collection of the solanesol peak followed by liquid sc in t i l l a t i on  count- 

ing confirmed i t  t o  be radioactive. Radioactivity of the en t i r e  green o i l  was 

estimated a t  8 nCi. 

B. Flash Chromatography Fractionation 

The  green o i l  was redissolved i n  250 ni hexane and fractionated by 

f lash  chromatography on 270 g KIeselgel 60 i n  2 portions. In R u n  b l ,  about 125 

mL of the crude material was layered onto the s i l i c a  gel and eluted w i t h  (1) 

500 ml hexane (2) 400 nL hexane/benzene (3 : l )  ( 3 )  420 ml ether (4 )  420 ml ether 

(5 )  500 mL methanol. In Run 12, the remainder of the crude extract  was 

chromatographed, w i t h  minor mdif ica t ions  in the eluting solvents. Some 

hexane-insoluble material (1.2 9, 0.8 nCi) remained i n  the crude ex t rac t  f lask 

and was not chromatographed. The layered material was eluted w i t h  (1) 500 ni. 
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o f  hexane (2) 300 ml of  hexane/benzene (1:2), (3) 300 mL o f  benzene/ether 

(1:2), plus 100 ml ether  (4)  350 ml o f  e ther  (5) 500 ml o f  MeOH ( 6 )  500 ml o f  

C H Z C l z .  F r a c t i o n s  o f  t h e  same p o l a r i t y  f r o m  each r u n  were combined. TLC 

a n a l y s i s  (10 X 20 cm p l a t e ,  hexane/EtOAc, 4:1, re fe rence solanesol Rf 0.4) 

i nd ica ted  Frac t ion  4 ( e l u t e d  w i t h  e ther )  t o  be the  major solanesol-containing 

f r a c t i o n .  A f t e r  removal o f  solvents under reduced pressure, t h i s  f r a c t i o n  

y i e l d e d  a green o i l  having a t o t a l  a c t i v i t y  o f  1.25 m C i  and weighing 1.489. 

C. Column Chromatography o f  Crude Solanesol 

A 45 cm X 2.5 cm 1.0. glass column was s l u r r y  packed w i t h  50 g o f  

K iese lge l  60 i n  hexane. The crude solanesol was layered onto the column as a 

s o l u t i o n  in hexane and e lu ted  i n i t i a l l y  with 120 ml of  hexane, fo l lowed by 100 

mL each of  mixtures of hexane and e thy l  acetate: (a) 95:5 (b)  9 O : l O  (c)  75:25, 

tw ice (d) 60:40. Frac t ions  were analyzed by TLC. Two solanesol-containing 

f r a c t i o n s  were obtained: F r  A (20 mL) and F r  B (40 ml) (e lu ted  w i th  3:l 

hexane/EtOAc). By TLC F r  A was less pure than Fr  6. A f t e r  concentrat ion under 

reduced pressure and removal o f  t races of  solvent under vacuum (0.1 n Hg) o i l y  

yel low residues were obtained from Fr  A (167 pCi, 175 mg) and F r  B (571 PCi,  

613 mg). 

0. Preparat ive Normal Phase HPLC o f  Solanesol Frac t ions  A and B 

High r e s o l u t i o n  semipreparative HPLC p u r i f i c a t i o n  o f  F r  A and 6 was 

performed on a Uhatman Magnum 20 P a r t i s i l  10 column (50 cm X 2.2 cm 1.0.). The 

samples were i n j e c t e d  as so lu t ions  i n  hexane. F r  6 was p u r i f i e d  i n  s i x  por- 

t i o n s  (70-100 mg each) and F r  A i n  4 por t ions.  The e l u t i n g  so lvent  was 10% 

e t h y l  acetate i n  hexane f o r  Run #1 ( f low r a t e  15 ml/min), 15% e t h y l  acetate i n  

hexane f o r  a l l  subsequent runs, a t  f low ra tes  of  9.9 n l /min  f o r  Run #3 and 15 

mL/min f o r  a l l  other runs. The solanesol conta in ing f r a c t i o n s  were combined, 

concentrated under reduced pressure and t rans fer red  q u a n t i t a t i v e l y  with hexane 

t o  a tared v i a l .  Excess so lvent  was then evaporated under a stream o f  n i t rogen 

and the r e s u l t i n g  ye l low o i l  was d r i e d  under vacuum (0.1 mn Hg) t o  constant 

weight t o  y i e l d  a cream-colored so l id ,  517 mg, t o t a l  r a d i o a c t i v i t y  474 pCi. 



[U-’4C]Solanesolfrom “C02-Chamber Grown Tobacco 1269 

Solanesol y i e l d  based on combined weight o f  F r  A and B (788 mg, 738 p C i )  was 

65%, the r a d i o a c t i v i t y  y i e l d  being 64%. The percent y i e l d  based on the weight 

o f  f reeze-dr ied leaves was 0.5%. 

E. Reversed-Phase High Pressure L i q u i d  Radiochromatography Analys is  

o f  EU-14C J Sol anesol 

The HPLC-purif i e d  14C-sol anesol was analyzed by reversed-phase HPLRC 

us ing a Waters Radial-Pak” C-18 car t r idge,  w i t h  methanol as e l u t i n g  solvent. 

Flow ra tes  of  1.25 RL/min and 2.0 M m i n  were u t i l i z e d  i n  separate runs. 

Resul ts  are summarized i n  Table 1 (Results and Discussion Section). The aver- 

age radiochemical p u r i t y  f o r  the  p u r i f i e d  14C-solanesol was 95%. The chemical 

p u r i t y  was determined t o  be ca. 97%. (See Table 2). 

F. TLC o f  “%-Solanesol 

(a) E igh t  5 X 20 cm TLC p la tes  were each spotted w i t h  5 p l  (19 Pg) of 1 4 C -  

solanesol s o l u t i o n  and 5 p l  (50 pg) o f  reference sample. Dupl icate 

p l a t e s  were developed i n  each o f  four  d i f f e r e n t  so lvent  systems. One 

chromatogram o f  each p a i r  was then v isua l i zed  with MPA spray reagent, 

t h e  other w i t h  ANS spray. I n  a l l  instances, one homogeneous spot was 

observed f o r  14C-solanesol w i t h  an Rf i d e n t i c a l  w i t h  t h a t  obtained f o r  

r e f e r e n c e  s o l  anesol .  (1) Hexane, R f  

0.0; ( 2 )  Hexane: lY2-dichloroethane:acetone, 18:2:1, Rf0.19; (3) 

Chloroform, Rf0.36 ( 4 )  Chloroform/ethyl acetate, 9:1, R f  0.73. 

(b) The f o l l o w i n g  so lu t ions  were prepared and analyzed on one 20 X 20 cm 

TLC p late.  For each sample 5 11.1 of  the s o l u t i o n  was spot ted (about 50 

Solvent systems and Rf values: 

11.9). 

(1)  Reference so lut ion,  9.7 mg/mL CH2C12 

(2) 14C-solanesol, 10 mg/mL CH2Cl2 (about 9 nCi/pL) 

(3) Admixture of  0.1 ml each of  14C-solut ion and reference solanesol 

(approximate concentrat ion o f  t o t a l  solanesol 9.75 mg/mL w i t h  r a d i o a c t i v -  

i t y  concentrat ion 4.4 nCi /p l ) .  
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The p l a t e  was developed i n  CHC13/EtOAc (27:3) and then analyzed f o r  rad io -  

a c t i v i t y  d i s t r i b u t i o n  on a Ber tho ld  Model LB 282 TLC l i n e a r  analyzer. 97 

t o  98% o f  the t o t a l  r a d i o a c t i v i t y  o f  14C-solanesol was found t o  be assoc- 

i a t e d  w i th  one peak co -ch romatog raph ing  w i t h  r e f e r e n c e  so laneso l  (Rf 

0.59). V i s u a l i z a t i o n  o f  the chromatograms was done w i t h  ANS spray. 
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