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SUMMARY

Vanillin and p-dimethylaminobenzaldehyde were found to be the most useful
of several benzaldehyde and benzoic acid derivatives for the detection of sesquiter-
pene lactones and polyacetylenic compounds on thin-layer chromatography (FLC).
Colors produced with these two reagents and with 70 sesquiterpene lactones and 25
polyacetylenes were of all shades of the spectrum and were specific for individual
compounds. Therefore these reagents can be used as an aid in the identification of
these compounds on TLC. These spray reagents are the most sensitive of all
reagents which have so far been used for the detection of sesquiterpene lactones or
polyacetylenes on TLC.

INTRODUCTION

The Asteraceae (Compositae) family of plants characteristically contain two
biologicalily active types of secondary metabolites, namely scsquiterpene lactones and
polyacetylenes!. In spite of an increasing interest in the cytotoxic, antibiotic, photo-
toxic and antineoplastic activities of these compounds®® satisfactory reagents for
their visualization on thin-layer chromatograms have not been reported. The tech-
niques generally used for the detection of sesquiterpene lactones on thin-layer
(TLC) or paper chromatography (PC) are UV light*-5, exposure to iodine vapours®’?,
spraying with a solution of KMnO, or with concentrated H,SOZ, followed by
heating®. These methods are generaily uaspecific giving the same color reaction with
almest all unsaturated compounds. Acid catalyzed color reactions of certain ses-

* To whom camespoadence should be addressed.
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quiterpene lactones have been described®'%, but the technique is restricted to those
lactones which form color complexes in acidic solution. Polyacetylenic compounds are
often identified by their highly characteristic UV spectra™ but, with the exception of
thiophenes'?, no simple reliable method for the visualization of these compounds by
TLC or PC has been described.

We report here the use of several acidic reagents containing either vanillin or
related benzaldehyde or benzoic acid derivatives which are highly sensitive for these
compounds and which give characteristic colors with individual sesguiterpene
lactones or polvacetylenes after TLC visualization on silica gel.

Spray reagents containing vanillin in mineral acids are commonly used in the
detsction of steroids?*>15, higher alcohols, phenols, essential oils!®, catechols, ketones®s
and cannabinoids (Duquenois reageni'’). An acidic solution of p-dimethylamino-
benzaldehyde is 2 well-known spray reagent for azulenes, indole derivatives, urea
and ureides, and nitro compounds!®. Other structurally similar benzaldehydes have
also beer: reported for use as spray reagents although mostly for steroid and zalkaloid
detection®s.

EXPERIMENTAL
Chemicals
Sesqeuiterpene lactones, melcanthin-B, confertiflorin, cinerenin, melampodin-A
and -E, enhydrin and melampodinin were kindly provided by Dr. N. H. Fisher
(Louisiana State University, Baton Rouge, La., U.S.A.), helenalin, cumanin, eupa-
toriopicrin and santamarine by Dr. A. Romo de Vivar (Universidad Nacional
Autonoma de Mexico, Mexico), ambrosin, damsin, tenulin, isotenulin, tetraneurin-A,
-B, -D and -E, conchosin-B, and hymenin by Dr. E. Rodriguez (University of
Caiifornia, Irvine, Calif., U.S_A)), glaucolide-A, -B, -D, -E, -F and -G and mar-
_ginatin by Drs. T. J. Mabry and M. Betkouski (University of Texas, Austin, Texas,
U.S.A), quadrone by W. R. Grace & Co. (Columbia, Md., U.S.A)) and fruilania
lactone by Dr. G. Ourisson (University of Strasbourg, France). Alantolactone and
isoalantolactone (as a mixture “Helenin™) were purchased from Sigma (St. Louis, Mo.,
U.S.A.)and santonin from Fluka, (Buchs, Switzerland). All other sesquiterpene lactones
were provided by the late Professor T. A. Geissman (University of California, Los
Angeles, Calif., U.S.A.) or were previously isolated in our Iaboratory (University of
British Columbia) from various plant sources. Methyl 2-thienyl ketone was purchased
from Eastman-Kodak (Rochester, N.Y., U.S.A)) and thiophene from ICN Pharma-
ceuticals (Cleveland, Ohio. U.S.A.). All sesquiterpene lactones and polyacetylenes
were used without further purification. Other chemicals which were used as standards
or in spray solutions were obtained from common commercial sources and were used
without further purification. Polyacetylenes were isolated from various plant materials
by one of us (I.L.).

Spray reagenis

0.5 g of vanillin, p-dimethylaminobenzaldehyde, p-hydroxybenzaldehyde,
salicylaldehyde, n-anisaldehyde, cinnamaldehyde, p-hydroxybenzoic acid or vanillic
acid, was dissolved in a solution consisting of 9 ml of ethanol (95%), 0.5 mi of
coacentrated sulphuric acid and three drops of acetic acid. This reagent should be
freshly prepared before use.
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TLC plates

Silica gel plates, without gypsum and with fisorescent indicator (Polygram;
Brinkmann, Westbury, N.Y., U.S.A.), were spotted with 5-10 ug of each compound.
Sesquiterpene lactones were dissolved in chloroform or acetone, polyacetylenes in
ethanol, other compounds (Table IV) in various solvents. The plates were developed
in a standard chamber (without chamber saturation) with chloroform-acetone
(6:1). After chromatography the plates were air dried, sprayed with the reagent
solution and directly placed on a hot plate (TekPro HeatStir 36, Scientific Products)
and slowly heated (temperature 70°). When vanillin was used as a spray
reagent the background become yellowish and with continued heating slightly
violet. Colors formed by reaction with the compounds tested were recorded at
10 min after this treatment {Table IV) and also 24 h later (Table I). Some poly-
acetylenes changed colors after 48 h (Table II) where there was no change of color
after 24 h. The colors formed are unsiable and change on standing. Some preserva-
tion was achieved by wrapping plates in plastic film (Saran Wrap) and storing
plates in dark. The colors were recorded using the Methuen Handbook of Colour!s,

Reagent sensitivity test

Each of five sesquiterpene lactones (Table III), in acctone solution, was
applied in quantities ranging from 0.05 to 20.0 ug on TLC plates and developed
as described above. Developed plates were visualized under UV light or exposed
to iodine vapours or sprayed with a solution of either KMnO,, vanillin or p-di-
methylaminobenzaldehyde reagent followed by heating. The minimum quantities of
sesquiterpene lactones forming visible spots on the chromatograms were recorded.
In the same way the sensitivities of vanillin and p-dimethylaminobenzaldehyde were
tested with two natural polyacetylenes, phenylheptatriyne (20 in Table II) and the
thiophene derivative, a-terthienyl (25 in Table II). The sensitivity of isatin was tested
on the latter compound. The minimum quantities of both polyacetylenes (in ethanol)
stil showing distinct characteristic curves of their UV spectra were recorded
(Gnicam Sp. 800).

Test of various reagents for their reactions with sesquiterpene lactones

5-10 ug of each of twelve selected sesquiterpene lactones (tamaulipin-A,
alantolactone, isoalantolactone, pulchellin-C, parthenin, coronopilin, helenalin,
desacetoxymatricarin, coumambrin-B acetate, tenulin, isotenulin and xanthinin) in
chloroform or acetone solution were spotted on thirteen silica gel plates. Each plate
was directly (without developing) sprayed with one of the spray reagents listed above
or 5% aqueous solution of KMnQ,, concentrated H,SO,, or ethanol-hydrochloric
acid (1:1) followed by heating to obtain the most intensive colors or was exposed
to iodine vapours. Colors were recorded during first 10 min and after 24 h.

RESULTS

Of the reagents tested for TLC visualization of sesquiterpene lactones in
acidic solutions only benzaldehydes and vanillic acid produced distinct colors with
individually tested compounds. In contrast to this other reagents (iodine vapours,
KMnO, solution, concentrated H,SO, and ethanol with hydrochloric acid) produced
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Fig. 1. Basic skelztal classes of sesquiterpene lactones.

only greyish to brownish colors with sesquiterpene lactones. The cthanol-HCI
spray gave distinct colors with some sesquiterpene lactones, but, however, did not
give any coloi with others. Sesquiterpene lactones representing all the basic skeletal
classes (Fig. 1) and a few modified sesquiterpene lactones (altogether 70; Table I)

TABIEI

COLOR REACTIONS OF SESQUITERPENE LACTONES WITH VANILLIN OR 5-DI-
METHYLAMINOBENZALDEHYDE SPRAY REAGENT

Arrows indicare changes during heating of the plate. First color recorded after 10 min; second after
24h.

Sesquiterpene Reagernt Re Structure
lzctone (chloroform— (ref.)
p-Dimethylamino- acetone,

Vargllire ber=aldehyde 6:1)
Germacranolides

Parth=nolide Drul! blue Greyish ruby 0.83 19
Dull violet Light broewn

Pyrethrosin Dull green Brownish red G.80 19
Light brown QOrange .

Mikanolide, dihydro- Bluish grey Brownish orange 0.52 19
Grey Brownish oraage

Chamissonin, diaceto- Blpe Brownish grey 0.83 19
Greyish yellow Brownish grey

Tamaulipin-A Greyish violet Dark brown 0.52 i9
Greenish grey Dark brown

Tamaulipin-B Grey Brown 0.57 19
Grey Light brown

Eupatoriopicrin Dull green Dark brown 0.15 19
Greyists brown Dark brown

Melampodin-A - Dull blue Greyish brown 043 20
Bluish grey - Olive brown

Meclampodin-B Greyish grean Brownish orange 0.60 21
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TABLE I (continued )
Enbydrin Viclet Light brown 0.77 5
Pastel violet Greyish greea
Cinerenin Grey Brownish orange .19 21
. Grey Brownish orange
Melzmpodinin Greyish blue Greyish brown .50 20
Grey Greyish brown
Mcelcanthin-B Duil biue Greyish brown 0.97 22
- Reddish grey Greyish brown
Glaucolide-A Qlive grey Purple—light brown 0.75 23
Greyish violet Brownish grey
Glaucolide-B Olive grey Light brown 0.68 23
Greyish violet Brownish grey
Marginatin Dark ruby Olive brown 0.86 24
Violet-brown Olive brown
Glaucolide-D Dark violet Light brown 0.70 25
Dark violet Light brown
Glaucolide-E Dark violst Light brown 0.80 25
Dark violet Light brown
Glaucolide-F Olive grey Purple—light brown 0.74 28
Greyish violet Brownish grey
Glaucolide-G Dark ruby Olive brown 0.87 28
Vigolet-brown Olive brown
Guaiarnolides
Coumambrin-A Dark blue Reddish brown 0.59 19
Dull green Light brown
Coumambrin-B Greyish turquoise Light brown 042 19
Dull green Light brown
Coumambrin-B, Dark blue Reddish brown 0.32 29
dihydro- Dull green Light brown
Coumambrin-B, Daik blue Brownish red 0.14 29
tetrahydro- Dark purple Reddish brown
Ceoumambrin-B, Greyish turquoise Reddish brown 0.61 29
acetate Dull green Light brewn
Coumambrin-B, Greyish turquoise Light brown 0.55 29
formyl Dull green Light brown
Matricarin Purplish red Greyish yellow 0.84 19
Greyish red Greyish yellow
Matricarin, Greyish ruby Yellow 083 19
desacetoxy- Purplish pink Yellow .
Grossheimin Greyish yellow Greyish yellow 043 19
Greyish yellow Greyish yellow
Eudesmanolides
Alantolactone Dull blue Violet-brown 091 19
Grey Greyish magenta
Alantolactone, Dull blue Violet-brown 091 19
tetrahydro- Blue Greyish magenta
Alantolactone, iso- Dull blue Violet-brown 091 19
Bluish grey Greyish magenta
Ivalin Purples Dark brown 0.51 19
Greenish grey Purplish grey
Ivaspesin Violet-blue Light brown 0.15 19
Greenish grey Light brown

{ Continued on p. 192)
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TABLE I (continzed )
Pipnatifidia - Bluish red—»red Vivid yeliow 0.65 19
Yellowish orange Vivid yellow
Pulchellin-C Brownish red Greyish orange 0.14 19
Greyish ruby Greyish orange
a-Saistonin . Greyish brown— Brownish orange 0.81 19
dull green
. Greyish orange Brownish orange
Ludovicin-A Bluish grey Dark brown 0.58 19
Brownish grey Brownish grey .
Ludovicin-B Bluish grey Dark brown 0.41 19
Brownish grey Brownish grey
Ludevicin-C Dark bize Greyish ruby 0.89 19
Brownish grey Greyich ruby
Reynosia Dull blue Light brown 0.58, 0.49° 19
Viclet grey Light brown
Frullapiz Iactone Dark green ) Greyish magenta 091 19
Olive Purplish grey -
Santamarine Dark bluc Light brown Q.63 19
Dazk violet Light brown
Pserdogunionolides
AmkErosin Ycﬂaw—roranga—md Ligiht orange 0.67 19
Greeaish yeiiow Light orange
Pamsin Vivid vellow Golden yellow 0.73 19
R Yellowish white Golden yellow
Coronopilin Blee Yellow—orangssed 046 19
Greyish magentz Red
Parthenin Bluish green Golden vellow 044 19
Greyish yellow Golden yellow
Hymenin Bluish green Golden yellow 0.44 19
Greyish yellow Golden yellow
Confertiflorin, Greyish yellow Greyish ycHiow 0.25 9
desacetyl- Greyish yellow Greyish veliow
Tetraneurin-A Greyish green Brownish yellow 042 19
Greyish green Brownishk yellow
Tetraneurin-B Blue Brownish red 044 19
) Bluish violet Brownish red
Tetranearin-D DBull green Brownish orange 0.09 19
Olive brown Light brown
Tetraneurin-E Dull green Greyish orange 0.09 19
Olive brown Greyish orange
Conchosin-A Lilac Pink—pastel blue 0.05 19
Greyish blue Pastel blue
Conchosin-B Yellowish green Golden 042 19
Light yellow Golden
Tenulin Orange-red Reddish orange 0.4 19
Brownish orange Reddish crangs
Tenulip, iso- Greyish ycllow Yellow-greyish 0.71 19
crange
Greyish yeflow Greyish orang=
Gaillardilin Brownish grey— Greyish yellow 0.59 19
: dull green
Dudl green Greyish yellow
Helenatin Yellow—reddish Greyish ycliow 0.42 19
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TABLE I (continuwed)
Greyish yellow Greyish yellow
Flexuosin-B Violet-red— Yellow->reddish 0.53 19
- greyish orange golden
Pale yellow Reddish golden
Spathulin Black Golden brown 0.07 19
Brown Golden brown
Balduilin - Olive yellow Yellow 0.63 19
Greyish yellow Yellow
Cumanin Brownish yellow—»  Brownish yellow— 0.21 i9
greyish brown greyish brown
Greyish brown Light brown
Ivalin, pscudo- Vivid vioket— Reddish brown 0.43, 0.35° 26
dark blue
Olive Reddish brown
Other sesquiterpene lactores
Brownish red Vivid yellow 0.82 19
Ruby Orange vellow
Psilostachyin Dull green Grey 0.52 19
Blua Grey
Psilastachyin-C Dull green Blus—grey 0.50 19
Greenish grey Grey
Vemolepin Grey Dark yellow 028 19
Greyish brown Dark yellow
Vernomenin Light brown Dark yellow 0.29 19
Grey Dark yeilow
Quadrone Deep yellow—> Vivid yellow 0.84 27
Hght yellow
Light yellow Yeilow

* Two spots of identical color and intensity.

and 25 polyacetylenes (Table I} were tested with the vanillin and p-dimethyl-
aminobenzaldehyde reagents. Vanillin was chosen because it produces a great range of
colors and p-dimethylaminobenzaldehyde because it gives a different spectrum of
colors when compared with vaniilin. Vanillin was tested with a few representatives
of other classes of compounds (Table IV). Monoterpenes, steroids and carotenoids
gave very bright colors, fatty acids gave greyish colors and some aromatic acids did
not give any color. Flavonoids generally produced yellow colors.

The smallest quantities of sesquiterpene lactones detectable on TLC by various
reagents are shown in Table III. The most sensitive were vaniilin and p-dimethyl-
aminobenzaldehyde which can be used to detect 0.05 ug of certain sesquiterpene
lactones. Dimethylaminobenzaldehyde, in some cases, was even more sensitive than
vanillin. The smallest quantity of a sesquiterpene lactone which can be detected
depends on the brightness and intensity of the colors developed on TLC. Thus
tenulin (I) which produces bright orange-red colors with vanillin and p-dimethyl-
aminobenzaldehyde is detectable on TLC at 0.05 ug while helenalin (II) which gives
a weaker reddish orange color with vanillin and a greyish yellow color with
p-dimethylaminobenzaldehyde is only detectable at 0.5 and 0.1 gg. Parthenin (V)
which forms a bluish green color with vanillin can be detected at 0.5 ug but the
golden yellow color with p-dimethylaminobenzaldehyde is visible at a concentration
ten times lower. a-Ferthienyl (25 in Table II) which gives a very bright color with
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m&n«i QUANTITIES (ug) OF SELECTED stUITERPENE LACI‘ONS AND POLY-
ACETYLENES DETECTABLE WITH VARIOUS REAGENTS
NT = Not tested.

Conwoand UV Eght Iodine KMnO, Vanillin p-Dimethyl- Isatin uv
vapoias (5%, arrETo- (0.4%, conc.  spectrophotom-
warer berzald=fiyde HSO) ety

Parthenin 1.0 1.0 0.5 Q.5 0.05 NT NT
Coronopilic 5.6 1.0 0.s 005 005 NT NT
Teaulin 10 10 o5 0.05 0.05 NTE NT
Heleralin 1.c 1.0 0.5 Qs 0.1 NT NT
Alantolactone 50 1.0 0.5 0.1 0.1 NT NT
a-Tethienyl NT NT NT 0.05 0.05 0.05 2.5 mg/ml
thyﬁ:epta-

@D N NI NT 05 05 NT 0.5 mg/ml
TABLE IV

COLOR REACTIONS OF SOME NATURALLY OCCURRING COMPOUNDS WITH
VANILLIN SPRAY REAGENT

Arrows indicate changes during heating of the plate; — = no color reaction.
Conpoaad Color Ry {chloroform—
acerone, 6:1)

Monoterperes

d-Limonene Dark blue 0954

Citrorellol Dark blue 0.76

Citrogellat Dark blue 0.86

Mecaothol acctate Dark blue 0.99
Steroids

£ hokesterol Purple 0.76

Ergosterol Purple Q.76
Carotencids

B-Carotenc Dark bive 053
Fatty acids

Stearic Grey 0.79

Oleic Greyich blue 0.79
Flavenoids

Quercenn Yellow—orange 0.18

Kaemferol Yellow—>orange 037

Myricetin-3-C-Arab Golden yellow 0.00

Kaemfercl-3-O-Glu Golden yeliow 0.00

Quercetin-3-0-Gin Golden yellow 0.00
Arcematic acids

Amnisic —

p-Hydroxybenzoic —

Vaniilic —_

Caffeic —

Ferulic Pastel violet 049

pCoumaric Pastei Blue 0.47

p-Amincbenzoic Vivid yellow 042
Miscellareous compourds

Catechol Bluish red 046

Resorcino! Vivid red 0.29

Hydroguinone Deep magenta 029

Coumnzirin —
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¥, tenulin TT, helecalin

g /

0ed 0—¢co

III, B=H, dzzain ¥, parthenin
IV, B=Q0H, coronopiliz VI, byzenin,8-C-1-0&

vanillin, p-dimethylaminobenzaldehyde and isatin has a lower limit of detection of
0.05 ug. Phenylheptatriyne (20 in Table II) (forming the least intensive color of all
polyacetylenes we tested) can be detected on TLC plates with vanillin or p-dimethyl-
aminobenzaldehyde reagent only at the level of 0.5 gz which, however, is still
1000 times lower than the minimeum amount needed for its detection by UV

‘spectrophotometry.
DISCUSSION

Some of the reagents which we have tested, particularly acidic solutions of
vanillin and p-dimethylaminobenzaldehyde are most spitable for the identification of
sesquiterpene lactones and of polyacetylenic compounds. These reagents produce a
variety of colors with structurally very different compounds. The differences in
colors produced by various sesquiterpene lactones and other compounds allows for
the ready detection of impurities in cryvstalline preparations. The TLC method can be
made highly specific by: (1) the use of several reagents that form different colors or
shades with the same compound, (2) the use of standard compocunds and (3)
evaluating Ry values.

The wide range of colors produced with all types of sesquiterpene lactones and
polyacetylenes makes it difficult to assign the formation of a particular color o a
chemical structure. This is supported by the fact that the structurally similar sesquiter-
pene lactones, such as damsin (EII), coronopilin (IV) and parthenin (V), produce
quite different colors with the vanillin reagent (Table I) while diastereoisomers
produce identical colors as is the case with parthenin and hymenin (V and VI).

Hydroxybenzoic acid did npot produce distinct colors with sesguiterpene
lactones but p-hydroxybenzaldehyde formed 2 large variety of colors. Both vanillic
acid and vanillin, on the other hand, gave a good range of colors. Although the most
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distinctive and variable colors were prdduwd with | p-hydroxybenmldehyde' and
vanillin, certain sesquiterpene lactones might be more conveniently detected with a
diffarent spray reagent (e.g., cmnamaldehyde forms a very bnght stable color thh

helenalin).

To conclude, we recommend this TLC techmque asa sunple, fzst, sensxtxve and
specific method that can be used in a preliminary search for sesquiterpene lactones
‘aand polyacetylenes in crude (plant) extracts of the Asteraceae (Compositae) and also
in the identification of individual compounds. Research in progress supports the
practical application of this method (Picman and Towers, in preparation).
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