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ABSTRACT 

The Saudi Arabian compositae Rhantfcrium epapposa 

has been found to contain the following compounds: the 

sodium salt of scopoletin (7-hydroxy-6-methoxycoumarin), 

a wax ester, a hydrocarbon (n-nonacosane ̂ 29), and another 

coumarin. The petroleum ether extract contained the wax, 

the hydrocarbon and a coumarin. The ethanol extraction of 

the plant was found to contain the salt of scopoletin. 

These compounds were identified on the basis of spectral 

evidence. 

x 



INTRODUCTION 

Rhanterium epapposa is a member of the genus 

Rhanterium which belongs to the Helianthacea, one of thir

teen tribes which comprise the compositae family of flower

ing plants."'" Some of the Saudi Arabian desert plants such 

as Rhizia stricta, Peganum harmala, and Melia azedarach 

have been investigated and their chemical components were 

identified. Other plants such as Achillea santolina, Aerva 

tomentosa, Calotropis procera, Pegularia tomentosa, and 

Peripluca aphylla were used in Folk medicine (Table 1). 

Rhanterium epapposa has previously been investigat-

2 ed, and the extraction procedure was described, but the 

chemical components have not been identified. 

Rhanterium epapposa is a compositae native of the 

Arabian Peninsula, grows almost anywhere, but mostly on 

the open plain. However, the plant which was provided for 

this investigation was collected from the Noairiah desert 

in north east Saudi Arabia in July 1981. The shrub is 

30-60 cm high with whitish stems, containing a few linear 

leaves and bright yellow flowers with a strong aromatic 

smell. It has a long tap root which goes straight down 

20-30 cm in search of water. During che hot dry season 

the bushes become dry but a thread of living tissue 

1 



Table 1. Some Saudi 
Values 3 

Arabian Plants and 

2 

Their Medicinal 

The Plant Family Usage 

Aloe avera (Apiaceae) used in the treat
ment of gout 

Ammi visnage (Liliaceae) treatment of asth
ma, and angina 
pectoris 

Anagallis arvensis 
var. caerulea 

(Primulaceae) used to relieve 
itchy skin, snake 
bites, and rheuma
tism 

Calotropis procera (Asclepiadacea) treatment of syph
ilis, leprosy, 
elephantiasis, and 
rheumatic pains 

Cupressus 
sempervirens 

(Pinaceae) its oil used as 
cure of whooping 
cough 

Echium horridum (Boraginaceae) helps urine com
plaints and gives 
relief from fever 

Peganum harmala (Zygophyllaceae) a stimulant to the 
central nervous 
system 

Pergularia 
tomentosa 

(Asclepiadacea) its milky juice 
used to treat asth
ma and the external 
use of the juice is 
also good for 
rheumatism 

Periploca 
amphylla 

(Asclepiadacea) it has cardiotonic 
qualities 
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Table 1.--Continued 

The Plant Family Usage 

Rhazya stricta (Apocynaceae) useful for venereal 
diseases, and 
syphilis 

Teucrium polium (Libiateae) used as purgative 
and useful in the 
treatment of both 
malaria and cholera 
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survives in root stock ready to expand when the conditions 

are favorable again. A waxy bloom covers most of the 

4 plant to give it more protection in the dry, hot season. 

A preliminary examination of Rhanterium epapposa extract 

in this laboratory revealed an intensely fluorescent sub

stance, which was later identified as scopoletin (see 

Results and Discussion). This coumarin has been the subject 

of many chemical and pharmacological studies, 

Scopoletin has been studied extensively in tobac

co. It was synthesized in high yield by D. G. Crosby"' and 
£ 

S. H. Wender in 1960. Scopoletin like other coumarins 

was found to possess three properties. First, it shows 

cytotoxicity and antitumor activity.^ It was found to have 

inhibitory activity against cells derived from human ear-

8 9 cinoma of nasopharynx (KB). ' Scopoletin was tested 

among other coumarins, and found to be lethal to laboratory 

mice (Mus musculus) when injected intraperitoneally at a 

dosage of 2 g/kg body weight. Second, it has been re-

11 12 13 ported that coumarins are photosensitive; ' ' 

a, Direct irradiation of coumarins in polar solvents 

produced the head to head syn dimer Ila, 



Irradiation of coumarins in the presence of a 

sensitizer (benzophenone) produced the head to 

head anti dimer lib, 

Irradiation of coumarins in non-polar solvents 

afforded neither dimeric product. 

hv 

ethanol 
no sensitizer v-v 

Ila 

hy 

benzophenone 
ethanol 
or benzene 

lib 
+ 

lie 
(Trace) 



Third, coumarins and furocoumarins have been used since 

ancient times as dermal photosensitizing agents for the 

treatment of various skin pigmentation disorders. The 

photosensitizing activity is dependent upon exposure to 

the near-UV li^ht (300-380 nm) and is known to involve 

photochemical addition of the DNA of the target tis-

14 15 sue. ' This addition to cellular DNA involves both 

monoaddition and interstrand cross-linking. For example 

the photoreaction between psoralens and DNA can be divided 

17 into three steps: (1) Formation of anon-covalent complex 

with DNA; (.2) Photoreaction between the psoralen and a 

pyrimidine base to yield a monoadduct; (3) Absorption of 

a second photon to yield an interstrand cross-link. 



RESULTS AND DISCUSSION 

Fractional Extraction of 
Rhanterium epapposa 

Plant material was collected in July 1981 during 

the dry season. The isolation scheme employed is shown in 

Figure 1. The stems (with leaves) were ground in a Wiley 

mill. Ground plant material (250X4) was placed in a 

soxhlet extractor and subjected to sequential extraction. 

The extractions were complete in 24 hours. Removal of sol

vents left the following fractions: 

Solvents Weight Description 

Petroleum ether 3.5 gm Green oil material 

Ethanol 25 gm Dark oily material 

The material from each extract was investigated 

and the chemical compounds were identified. 

Treatment of the Extracts 

Petroleum Ether 

The green oily material was chromatographed on 

silica gel plates using hexane-ether (9:1) as a solvent 

system. Thin layer chromatography of the petroleum ether 

extract did indicate the presence of several components 

7 



8 

Rhanterium epapposa 

(Ground plant) 

Ext. with Pet. ether (Soxhlet) 

Solution 
(oily green material) 

separation by 
column chromatography 

Cjg hydrocarbon coumarin 
I 
solution 

Residue 
(plant material) 

extract with echanol 

Residue 
plant material 

;1. Evaporate to dryness 
j (an oil) 

12. Triturate with acetone 

yellow powder (Al) 

0:41.8, H:5.5, N:1.72, Na:1.3 
Ash:1,75, S - 0.00 

1 darkens on 
(standing to 

Acetone Soln (Bl) 

1. Chromatograph on thick 
SiOj plates 

2, Scrape of fluorescent 
band 

A2 

C:45.39, H:6.45, N:l,86, 
Na:0.13, Ash:0.00 
Volatizes rapidly 

1. Hydrolyzed in IK HC1 

2. Extract with ether 

Blue fluorescent band 
in MeoH (Bl) 

Analysis by 
IR, NMR, MS, UV and 
elemental composition 

The blue fluorescent band was 
identified as the Sodium Salt of 
Scopoletin 

1 
other bands 

ether soln 

blue fluorescent band 
(Identical to Bl 
and other bands) 

aqueous 

jext. with 
[chloroform 

chloroform soln AQ. 

blue clean fluorescent band 
identical to Bl 

Figure 1. Extraction scheme for Rhanterium 
epapposa 



(Figure Al). The green mixture was then subjected to 

fractionation by column chromatography in an effort to 

isolate these components in pure form. This method of 

analysis led to the isolation of a waxester, a C2g hydro

carbon, and a coumarin. 

Column Chromatography. Eluting with petroleum 

ether — benzene (3:1) afforded 100 mg of waxy solid, 

m.p. 65°. This wax was identified as the mixture of C^g 

wax esters. The molecular ion of the wax ester appeared 

in the mass spectrum (Figure A2) m/e 844 suggesting 

the composition of 

0 

R - C - 0 - R' 

where R and R' are saturated linear hydrocarbon chains. 

The acid fragments found at m/e 313 (C2q) , m/e 341 (^22)1 

m/e 369 (C24)> m/e 397 (&26^ can ̂ e» ôr example: 

+ 
OH 

CH, - (CH,) - C - OH, 
3 2 24 

Alcohol fragments were found at m/e 297 (^9)> m/e 395 

Ĉ26^ ' and m/e 409 ^27)"-

0 

CH3 - (CH2)25 - 0 - C + 
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The two fragments depicted could come from an ester of 

m/e 760, which was found. The ion observed at m/e 844 sug

gested the following structure instead: 

0 

CH3(CH2)24  - c - O(CH2)31CH3 

The infrared spectrum of the wax (Figure A3) was taken using 

a disc. The spectrum showed bands at: 2940 (yas CHg), 

2900 (yas CH2), 2830 (ys CH3>, 1730 (C = 0 stretch), 1450 

(6as CH3), 1400 (6s CH2>, 1250 cm"1 (C - 0 stretch). The 

pmr spectrum (Figure A4) of the wax in CDC!3 showed: Trip

let (6H) 6 .89 (CH3 attached to methylene groups), singlet 

0 

6 1.25 (many CH2's), triplet (2H) 5 2.3 (- CH2 - 0 -), 

triplet (2H) 6 4.03 (- CH£ - 0 -). 

Eluting the remaining petroleum ether extract from 

the column with benzene — petroleum ether (3:1) afforded 

300 mg. of white solid, m.p. 38°. This white solid has 

been identified as the C29 saturated straight chain hydro-

carbon (n-nonacosane). The molecular ion of the hydrocarbon 

appeared in the mass spectrum at m/e 408, suggesting the 

composition ^29^60' âss spectrum (Figure A5) : m/e 408 

(M+), 397 (M-29), 351 (M-57), 323 (M-85), 295 CH-113), 

267 CM-141), 239 (M-169), 211 (M-197), 183 (M-225), 155 

(M-253) , 127 (M-281), 99 (M-309), 71 (M-337). The infrared 

spectrum of the hydrocarbon was obtained utilizing a 
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potassium bromide pellet. The spectrum (FigureA6) showed 

bands at: 2940 (yas CH^), 2920 (yas CI^) , 2900 (ys CH^), 

2835 (ys Cl^), 1565, 1450 (6s, 6as CH^), 1460 (6s Cl^), and 

790 cm ^ (C*^) • The pmr spectrum (Figure A7) of the hydro

carbon in CDClg showed: Triplet (6R) 6 0.88 (CH^), singlet 

(54H) 1.25 (27 CH2's). 

The third compound was eluted from the remaining 

petroleum ether extract with acetone, and 50 mg. of white 

solid was collected. This white solid m.p. 180°, was iden

tified as a coumarin. It was subjected to TLC, and a blue 

fluorescent spot (R^, 0.71) was observed under UV light 

using acetone — benzene (2:1) as the solvent system. The 

molecular ion of this coumarin did not appear in its mass 

spectrum. Some of its fragment ions appeared (Figure A&)at 

m/e 177, 149, 121, 69 and 43. The infrared spectrum of the 

coumarin (KBr) (Figure A9) showed bands at: 3300 (OH), 

2900 (aliphatic CH), 1720 (unsaturated lactone), and 

1630 cm ^ (olefin). The pmr (Figure A10) showed: Singlet 

(3H) 6 2.09 (CHg attached to carbonyl group), singlet (3H) 

3.35 (CHg attached to aromatic system), singlet (IH) 7.95 

(olefinic proton at C^). 

From the blue fluorescent color under UV and the 

pmr come the conclusion of the basic structure of a 

coumarin with a lot of substitution, a lot of alkyl groups, 

only one vinyl proton at C^, one acetyl, and no methoxyl 
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groups present. Because of the very small amount of 

sample, it was not possible to complete a C-13 NMR spectrum. 

Ethanol. The dark oily material was chromatographed 

on a silica gel plate (TLC) using chloroform-methanol (9:1) 

as the solvent system. TLC of the ethanol extract did not 

indicate the presence of many components; a yellowish green 

spot (Rp 0.66), bright blue fluorescent under UV light, was 

the most prominent. The ethanol extract dissolves partial

ly in acetone to give a green soluble fraction and a yellow 

solid. The acetone soluble fraction was chromatographed 

on silica gel plates using chloroform — methanol (9:1) or 

acetone — benzene (5:4) as the solvent systems; a bright 

blue fluorescent spot was visible under UV light, whereas 

when the yellow solid was chromatographed, poorly defined 

spots were observed using the same solvent systems. 

Acetone Soluble Fraction 

The acetone soluble fraction was chromatographed 

on silica gel plates using chloroform — methanol (9:1) 

as the solvent system; a bright blue fluorescent band was 

observed under UV light, which has phenolic character (it 

gives a green solution in a ferric chloride test). The 

blue fluorescent compound was purified using thick silica 
V 

gel plates and developed with chloroform — methanol (9:1). 

The blue band was scraped from the plates, and dissolved 
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in hot methanol, then filtered. The filtrate was 

concentrated under reduced pressure and afforded a yellow 

solid decomposing at 170°. 

This blue fluorescent compound was identified as 

the salt of scopoletin (7-hydroxy-6-methoxycoumarin). From 

the following data, the elemental analysis of the blue 

fluorescent compound was 

Ml %C m %0 %S % ASH % Na 

0.00 57.0 4.2 20.25 0.00 17.63 11.0 

The molecular ion of the acid hydrolyzed compound appeared 

in the mass spectrum at m/e 192, suggesting the composition 

C10^8^4' âss spectrum (Figures All and A12) : [m/e 192 

(M+), 177(M-15), 164(M-28), 149(M-43), 121(M-71)]. The 

infrared spectrum (Figure A13) showed bands at: 3425 (OH), 

3050 (aromatic CH), 2925 (aliphatic CH), 1720 (unsaturated 

lactone), 1630 (olefin), and 1275 cm"''" (C-0 stretch). The 

pmr spectrum (Figure A14) of this compound was simple and 

displayed the signals characteristic of a substituted 

coumarin: Singlet 5 3.65 (DMSO), singlet (3H) 6 3.75 (OCH^ 

attached to aromatic system). The olefinic protons at C-3 

and C-4 gave doublets at 65.83 and 7.72 (1H each, J « 9.2 

Hz). The aromatic protons appeared as singlets at 66.37 

and 6.90 (1H each), corresponding to the protons at C-8 and 

C-5. The presence of two aromatic protons and their 

observed multiplicity (singlets) led to the conclusion 
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that the protons have a para orientation to one another. 

The fluorescene spectrum showed Xmax Excitation 346, and 

Xmax Emission 422 nm. The ultraviolet spectrum (Figure A15) 

showed Xmax (CH^OH) : 230, 355, and 391 nm before the sample 

was exposed to light. After the sample was exposed to sun

light the spectrum shows absorption at Xmax (CH^OH): 228, 

292, and 350 nm. Irradiating the compound causes a major 

change at Xmax 292 that is attributed to dimerization at 

the double bond. The results of IR, UV, fluorescence, NMR 

and mass spectra were compared with those of authentic 

scopoletin which showed that the two were indistinguishable. 

Properties of the Yellow Solid 

1. Elemental Analysis 

Sample %N %C %H %S % Ash % Na 

Aj_ 1.72 41.8 5.5 0.00 1.57 0.13 

The yellow solid is very sensitive to air; upon 

standing for a few minutes it darkens to form a 

brown tar containing a volatile material. 

Sample %N %C %H % Ash % Na 

A2 1.86 45.39 6.45 0.00 0*13 

The brown tar was highly soluble ?,n water and 

methanol, and forms a fungus at the surface of the 

water that might indicate the presence of a carbo

hydrate in the sample. 
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2. Acid Hydrolysis. 

The yellow solid was hydrolyzed with hydrochloric 

acid, then extracted with ether, and then with 

chloroform. The two extracts were chromatographed 

on TLC plates (silica gel and cellulose plates) 

using different solvent systems (Table 2). The 

chloroform and ether extracts gave a clean spot 

identical to the scopoletin spot, while the un-

hydrolyzed yellow solid gave poorly defined spots. 

This might indicate the presence of a scopoletin 

derivative in the yellow solid. 

Test for Water Soluble 
Carbohydrates (Molisch Test) 

Both fractions A and B (the fraction soluble in 

acetone and the yellow solid) gave a positive Molisch test, 

but the PMR and MS show no carbohydrate present in the 

sample. The positive result in the Molisch test is 

attributed to the presence of phenol next to methoxy groups. 

This test was carried out on some model phenols such as 

catechol and ferulic acid, both of which gave positive 

results in the Molisch test. 

Test for Phenols 
(Ferric Chloride Test) 

Most phenols, enols, hydroxamic and sulfinic acids, 

many hydroxyacids, some ixomes, and enolizable compounds 
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Table 2. Rp Values of Scopoletin, Ether, and Chloroform 
Extracts of the Hydrolysed Yellow Solid 

Solvent Systems Scopoletin 
Ether 
Ext. 

Chloroform 
Ext. 

Acetone-benzene 
(5:4) 

0. 62 0.62 0.63 

Chloroform-methanol 
(9:1) 

0.71 0.71 0.71 

157o Acetic acid 0.53 0.49 0.53 

Color under UV 
light Bright 

B.F. 
B.F. Bright 

B.F. 
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in which the enolic structure is present to the extent of 

5 percent react with ferric chloride to produce colored 

complexes. Upon testing the salt of scopoletin, the wax, 

the * hydrocarbon, and the coumarin only two compounds 

gave i rsitive results: the salt of scopoletin and the 

coumarin in the petroleum ether extract gave a green color 

which indicates the presence of phenolic groups in the two 

compounds. 



EXPERIMENTAL 

Extraction Procedures 

Two kilograms of air dried stems (with leaves) of 

Rhanterium epapposa were ground to fine powder in a Wiley 

mill. The ground material (250X4) was placed in Soxhlet 

extractor and extracted with petroleum ether (b.p. 60-80°) 

followed by extraction with ethanol. Each extraction was 

completed in 24 hours. Removal of the solvents afforded 

the following fractions. 

Solvents Weight Description 

Petroleum ether 3.5 gm. Green oily material 

Ethanol 25 gm. Dark oily material 

All fractions were checked with TLC which indi

cated the presence of many components in the petroleum 

ether extract, and only one distinct compound in the etha

nol extract. Petroleum ether refers to a fraction boiling 

at 60-80°, Ether always refers to diethyl ether. All 

melting points were observed using a Fisher Mel-Temp 

apparatus and are uncorrected. 

18 
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Elemental Analyses 

The elemental analyses of the ethanol extract 

fractions were determined using a Perkin Elmer-240 Analyzer. 

Spectroscopic Methods 

Ultraviolet Spectroscopy. UV absorption spectra 

were recorded on a Beckman model 24 spectrometer. 

Mass Spectrometry. Mass spectra (MS) were recorded 

on a Hewlett-Packard Model 5930 quadrapole, and Varian 

Mat 311A, and SS200 data system mass spectrometer. 

Infrared Spectroscopy. IR spectra were recorded 

on a Perkin Elmer-398 spectrometer. 

Proton Magnetic Resonance (Pmr) Spectroscopy. The 

application of pmr spectroscopy for determining the com

pound structure was a routine procedure during this inves

tigation when sufficient amounts (15 mg or more) of a pure 

compound were obtained. The wax ester and the hydrocarbon 

spectra were recorded in CDClg, while the two coumarins 

were recorded in DMSO-dg. Peak positions are expressed in 

parts per million (6) downfield from tetramethylsilane 

internal standard. The pmr spectra were recorded on a 

Bruker WM-250 spectrometer. 
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Separation Procedures 

Column Chromatography. Column chromatography was 

used to isolate the compounds in pure form in order to ob

tain their structure using, NMR, IR and MS data. 

The glass column (3,7 x 75 cm) for 8.5 gm of 

petroleum ether extract contained 260 gm of silica gel 60 

(70-230 mesh) which was packed as a silica gel-petroleum 

ether slurry. After the silica had settled, the petroleum 

ether extract was added to the top of the column. Another 

layer of silica gel was placed on the top of the material 

layer to prevent any disturbance during the elution, A 

number of 200 mL fractions were collected, The operation 

was monitored by checking the fractions from the column 

with silica gel plates (.TLC) using petroleum ether — 

benzene Clrl) and acetone — benzene (2:1) as the solvent 

systems. Fractions 1-10 were eluted with petroleum ether; 

fractions 10.-45 were eluted with petroleum ether containing 

increasing proportions of benzene; fractions 45-75 were 

eluted with benzene containing increasing proportions of 

dichloromethane; fractions 75-100 were eluted with ace

tone, Evaporation of fractions 15-30 gave a white waxy 

residue, which upon crystallization from benzene gave 

100 mg of solid I (C^g wax °ster) mp 65°. Fractions 

33-50 yielded 300 mg of whi^a solid II, which 
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crystallized as granules m.p (38°) from benzene. 

Fractions 80-100 yielded 50 mg of a coumarin. 

Thin Layer Chromatography (TLC)t Thin layer 

chromatography (TLC) was routinely used to monitor each 

fraction obtained from the column chromatography, to check 

the purity of each isolated compound, and to determine Rp 

values. Precoated, ready-made plates of silica gel 60 

(E Merck) and cellulose (E Merck) were used. 

Thick Layer Chromatography (PLC). Thick layer 

plates were used for isolation of the salt of scopoletin 

in pure form, and for the purification of the second cou

marin which had been contaminated with chlorophyll. The 

thick layer silica gel plates (1 mm thick) were prepared 

by shaking 130 gm of MN silica gel PLUV^^ in 300 ml of 

water in a 1 liter Erlenmeyer flask for 1 hour, This slurry 

was then applied to 20cm X 20cm plates, 

Test for Water Soluble 
Carbohydrates (Molisch Test) 

Dissolve 20 mg of the compound in 1 ml of water 

and add two drops of 5 percent solution of <=-naphthol in 

methanol. Place 1 ml of concentrated sulfuric acid in 

another test tube and, while holding the test tube at an 

angle, slowly introduce the solution to be tested by 

pipette so that it stratifies on the top of the acid. 
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The development of a violet color at the interface is a 

positive test. All ethanol fractions, the blue fluorescent, 

yellow solid, and the hydrolyzed form of the yellow solid 

gave a positive result to the Molisch test to indicate the 

possibility of sugar presence in the ethanol fraction. 

But, when the test was carried on some phenol models such 

as catechol and ferulic acid, a positive test was obtained 

despite the fact that neither of them contain sugar. 

Test for Phenols q 

(Ferric Chloride Test) 

Dissolve 30-50 mg of the compound to be tested in 

1-2 ml of water or mixture of water and alcohol, and add 

up to 3 drops of 2.5 percent aqueous solution of ferric 

chloride. Any change in the color to red, blue, purple 

or green is a positive result. 

Analysis of Authentic 
Scopoletin 

An authentic sample of scopoletin was purchased 

from Sigma Chemical Company it nas m.p. 204°; IR (KBr) 

(Figure A16) 3260 (OH), 3060 (aromatic CH), 2920 (aliphatic 

CH) , 1690 (C = 0), 1550 (C = C) , and 1275 cm"1 (C - 0 stretch); 

NMR (DMSO Figure A17): 63,82 (3H, s CI^O attached 

to aromatic system), 6.22 and 7.91 (each 1H, d coupled 

vinyl protons), and 6.78 and 7.22 (each 1H, s aromatic 

protons. When a few drops of 5% NaOH were added to the 
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acid form of scopoletin to form the sodium salt of 

scopoletin, the nmr was changed by shifting the peaks up-

field (Figure A18)j NMR (DMSO): 3.80 (3H, singlet CH30 

attached to aromatic system), 6.12 and 7.87 (each 1H, 

doublets, coupled vinyl protons), and 6.69 and 7.14 (each 

1H, singlets, aromatic protons). Mass spectrum (Figure A19) 

showed the molecular ion at m/e 192 (M+), 177 (m-15), 164 

(M-28), 149 (m-43), 121 (m-71). 

Collection of Rhanterium epapposa 

Rhanterium epapposa was collected during the dry 

season from the Noairiah desert in the northeast Saudi 

Arabia in July 1981. The plants were sheared off at 

ground level and placed in a box for air transportation. 

Plant authenticity was verified by Mr. Mohammed El-Shafaai 

of the Faculty of Science, Riyadh University, Saudi Arabia. 



CONCLUSION 

The Saudi Arabian desert compositae Rhanterium 

epapposa has been found to contain the following compounds 

all previously unreported as constituents of the plant: 

the sodium salt of scopoletin (7-hydroxy-6-methoxycoumarin), 

a wax, n-nonacosane, and an unidentified coumarin. The 

petroleum ether extract contained the wax, the hydrocarbon, 

and coumarin. The ethanol extract contained the sodium 

salt of scopoletin. 
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Figure Al. Thin layer chromatography of ethanol extraction 
(a), and petroleum ether extraction (b). 
a, 1 = salt of scopoletin, b. 1 = the cou-
marin; 2 - the hydrocarbon (n-nonacosane); 
3 - the wax ester, 
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Figure A15. UV spectral data for the sodium salt of 
scopoletin, a) before exposing to light, 
b) after UV exposed to light 
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