
SUMMARY 

Vanillin and ~ethyk+.minobenzaIdehyde were found to be the most useN 
of several beaaldehyde and benzoic acid derivatives for the detection of sesquiter- 
pene lactoues and poiy2cetylenic compounds on thin-layer cbromatograpby (TLC). 
Colors produced with tlrese two reagents and with 70 sesquiterpene Iactones and 25 
polyacetylenes were of all shades of the spectmm and were specik for individual 
compouads. Therefore these reagents can be used as an aid in the identi@ation of 
these‘ coqxmmls On TLC. T&se spray reagents are the most sensitive of a,ll 
reagents which have so fm bees~ usex3 for the detection of sesqtiteqene factones or 
po~ycetylenes on TLC:, 

INTRODUCI’iON 

The Atieracerre fCompositae) famiIy of plants characteristically contain two 
biologically active types of secondary metabboliks, namely scsquiterpene k&ones and 
polyacetytenes~. in spite of zn iaxeasin g interest in the cytotoxic, antibiotic, photo- 
toxic and - antineopktic activities of these compouis2~3 satisfactory reagents for 
their vis&tion 0x1 thin-layer cbromatograms have not been reported_ The tech- 
niques generally used for the detection of sesquiterpene &tones on thin-layer 
(TLC) or paper chromatogmphy (PC) are UV ligl~t?~, exposure to iodine ~apo~rs~*~, 
spraying with a solution of E;Mno,’ or with concen~ted S,SO,” followed by 
heat&&- These methods are generally umpecik giving the same &or reaction with 
dmOsk 4.i tuzsa- cump~nds. Acid cat&ad color reactions of certain ses- 



quiterpene i&tones have been desc~iZ8eds-“~, but Fhe technique is res&kt& to those 
lactones which form color compkxes in acidic solution, PolyaceFy1es.k compounds arc 
often ide&ifIie$ by t&ir bigbly cfiaracteristic W spectra’l but, with tfte exception of 
tbiophenesl2, r;o simpfe rekbfe method for the visualization of these compoun& by 
TLC or PC has been described. 

We report here the use of several acidic reagents containing either va~kilbn or 
related benzaldehyde or benzoic acid derivatives which are highiy sensitive for these 
ccmpcunds and which give cha.racFerkFic colors with individuai sesquiterpcue 
&tones or poIyacetylenes after TLC visualization on silica geL 

Spray reageuts containing vaniilin in mine& acids are wmmonly uss in the 
deFecFion of sFeroi~*s, h@er aIcohoIs, phenols, essentiizI oikzs, caFechois, keFones’5 
and cannabinoids (Duquenois reagcnt’f). Au acidic solution of methyhunko- 
benzaldehyde is a well-known spray reagent for atufenes, indok derivatives, urea 
and ureides, and n&o compounds 26_ OFher struc~uraliy sin&u benzaldehydes have 
also been reported for use as spray reagents although mostly for steroid and aJkaIoid 
deFecFion’5 

Sesquiterpene factones, mefcanthin-B, confertitlorin, cinerenin, melampodin-A 
and -B, enhgdrin and mekunpodinin were kindIy provided by Dr. N_ IL Fisher 
(Louisiana Stale University, Baton Rouge, La_, U.S.A.), heIenalin, cumanin, eupa- 
Foriopicti and santamarine by Dr. A. Romo de Vivar (Universidad National 
AuFonoma de -Mexico, Mexico), ambrosin, damsin, tenuhn, isotenulin, tetraneurin-A, 
-B, -D and -E, ccnchosin-B, and hymenin by Dr_ E_ Rcdriguez (UniversiFy of 
CXifornia, Irvine, Calif. USA_), gia ucoiide-A, -B, -D, -E, -F and -G and mar- 

_ gin&n by Drs. T_ J. Mabry and &f. 3etkouski (University of Texas, Austin, Texas* 
US._A& quadrone by W. R_ Grace & Co. (Columbia, Md., U.S.A.) and fnrlIania 
&Fore by Dr_ G. Omisscn (University of Srasbcurg, France). Ahuttolactone and 
isoafanFofacFone (as a mixture “HeIenin~) were purchased from Sigma (St. Louis, IHo., 
U.SX)and santonin from Ruka, (Buchs, Switzerland). Ah other sesquiterpene h~Fones 
were provided by the late Professor T. A. Geissman (University of California, Los 
Angeks, CaLif., U_S.A_) or were previously isolated in our laboratory (University of 
British Cohxmbia) from vario*s plant sources. Methyl t-tienyl ketone was purchased 
from Eastman-Kodak (Rochester, N.Y., U.S.A.) and thiophene from ICN Fharma- 
ceuticals (Cleveland, Ohio, U.S.A.). AH sesquiterpene factories and poIyacetylenes 
were used without further purification_ Other chemicals which were used as standards 
or iu spray solutions were obtained from wmmon commercial so- and were used 
without further purification. Polyacetylenes were isolated from various plant materials 
by one of us (LL.). 

0.5 g of vanihin, p-dimethylaminobe&dehyde, phydroxybenzaldehyde, 
sakylaidehyde, m-anisaldehyde, cinnamaidehyde, phydroxybenzoic acid or vanilk 
acid was disscfved in a sokxtion condsting of 9 ml of eFhano1 (95*%), 0.5 ml of 
wncentxated sulphuric acid and three drops of acetic acid_ This reagenE shontd be 
freshly prepared before use_ 
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Silica gel plates, without _msum and with fiuorescent indicator (Polygram; 
Brinkmann, Westbury, N-Y., U.S.A.), were spotted wi-& 5-10 pg of each compound. 
Sesquiterpene la&ones were dissolved in chloroform or acetone, polyacetyl:nes in 
ethanol, other compounds (Table IV) in various solvents. The plates were developed 
in a standard chamber (without chamber saturation) with chloroform-acetone 
(6:l). After chromatography the plates were air dried, sprayed with the reagent 
solution and directly placed on a hot plate (TekRo HeatStir36, Scientific Products) 
and slowly heated (temperature 70”). When vanillm 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 mtment (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 unstable 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 ColonP. 

Reagent senstti~+ty tect 
Each of five sesquiterpene la&ones (Table III), in acetone solution, was 

applied in quantities ranging from 0.05 to 20.0 pg on TLC plates and deveioped 
as described above. Developed plates were visualized under Uv light or exposed 
to iodine vapours or sprayed with a solution of either JLMnO,, vanillin or p-di- 
methylasninobenzzldehyde 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 TabIe II). The sensitivity of isatin was tested 
on the latter compound. The minimum quantities of both polyacetylenes (in ethanol) 
still showing distinct characteristic curyes of their W spectm were recorded 
(Vni~ Sp. 800). 

Test of various reagents for their reactions with sesquiterpene Iactones 

5-10 pg of each of twelve selected sesquiterpene lactones (tamaulipin-A, 
alantolactone, isoalantolactone, pulchellin-C, par&e&, coronopilin, helenalin, 
desacetoxymatricarin, coumambrin-B acetate, tenulin, isotenulic and xantbinin) in 
chloroform or acetone solution were spotted on thirteen silica gel plates. Each plate 
was clirecdy (without developing) sprayed with one of the spray reagents listed above 
or 5% aqueous solution of KMnO,, concentrated &SO,. or ethanol-hydrochloric 
acid (I :I) 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. 

E2EsuLTs 

Of the reagents tested for TLC visualization of sesquiterpene lactones in 
acidic solutions only benzaldehydes and vauillic acid produced distinct colors with 
individually tested compounds. In contrast to tbis other reagents (iodine vapours, 
Khrl[no, solution, concentrated I&SO~ and ethanol with hydrochloric acid) produced 



ody glreyisb to brownish colors with sesq&tex~e 12ctones. me erhano&Hc1 
spay gave &tinct colors with some sesquiterpene lactones, but, however, did got 
give any doi with o’Jrers_ Sesquiterpene lactmes repres-nting alI the basic slceletal 
c!asses (Fig. 1) and a few ma stzqtiterpene lactone~ (attogether 70; Table 3’) 



OlilIegEy 
Gnxisb violet 
Dark ruby 
ViOkGXOVi?l 

Reddish bsown 
Lightimmn 
LigbtbRmm 
Light brown 
Rfxwishbmwn 
Light brown 
Browatcifid 
Reddishbrown 
Reddishbrawn 
Lightbrown 
Li&t brown 
Light brown 
Greykh yellow 
Gnqish yellow 
Yellow 
Yfdlow 
Greyish yeUow 
Gmqish yellow 

Violet-brown 
Greyishmagentra 
Violet-brown 
Gmyisb magenta 
Violet-brawn 
Gem= 
Da&brown 
purplish ghey 
Light brown 
Light brawn 

ck.77 20 

0.18 zl 

as0 20 

0.07 22 

0.75 23 

0.63 23 

0.86 24 

0.70 2s 

0.80 25 

0.74 _ 2s 

0.87 28 

0.59 19 

0.42 19 

0.32 29 

0.14 29 

0.61 29 

0.55 29 

O.&S 19 

0.83 19 

0.43 19 

091 19 

0.91 19 

091 19 

0.51 19 

0.15 19 



0.65 

0.14 

OX 

058 

0.41 

0.89 

0.5&O-49' 

091 

0.63 

0.67 

0.73 

a46 

0.44 

0.44 

025 

O-42 

O-44 

0.09 

0.09 

0.05 

0.42 

O-44 

0.71 

0.59 

0.42 

19 

19 

19 

19 

19 

x9 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 

19 



R&dish brown 

BhlC* 
-3 
Dark yeuOw 
Dapk pEow 
Dark yenow 
Dark yeBow 
Vivid y&ow 

Yellow 

0.07 19 

0.63 19 

0.21 19 

0.43,0.35' 

O-82 

OS? 

0.50 

0.2s 

0.29 

0.84 

26 

19 

19 

19 

19 

19 

27 

l Two spnts of identical c&r and intensity_ 

and 25 polyaceeylenes (Tabk II) were tested with the vanillin and methyl- 
aminoknzahiehyde reagents_ Vanillin was chosen beca~ it produces a great range of 
colors and p-dimethylaminober.x&dehyde because it gives a different spectrum of 
colors when compared with vtiHin_ Vardllin was tes%zd with a few representatives 
of other classes of cumpounds Gable IV)- Mo~oterpenes, steroids aad carotenoids 
gave very bright colors, fatty acids gave grayish colors and some aromatic acids did 
not give any color_ Flavonoids generally prodwxci yellow colors. 

The smshuest quantities of sesquiterpesxe iactones detectable on TLC by various 
reagents are shown in Table HI_ The most sensitive were vzmii and pdimethyl- 
aminobenzddebyde which can be used to detect 0.05 pg of certain sesquiterpene 
Iactones. Dimethytaminobenzaldehyde, in some cases, was even more sensitive than 
vanill&. The smallest quantity of a sesquiterpene lactone which can be detected 
depends on the brighttxess and intensity of the colors developed on TLC. Thus 
tenulin (I) which pro&es bright orange-red coks with vaniJ.En and p-dimethyl- 
aminobenzddehyde is detectable on TLC at 0.05 pg while hefenalin (II) which gives 
a wea?~er reddish orange color with vaniUin and a greyish yeliow color with 
p-dim&yiaminobenz;aIdehyde is only detectable at OS and 0.1 pg_ Par&e& (V) 
which forms a bluish green c&x w$k ve cam be detected at OS /rg but the 
goMen yellow color withp-bimethykminobenzaldehyde is visible at a concentration 
ten times lower. a-T&enyl(2!3 in Table n) which gives a very brig& color with 
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Dark mze 0.94 
Darkbiue O-76 
Dark bIrre 0.86 
DaskMuc 0.30 

0.76 
0.76 

Darkbirpt 

-=Y 
Geykb blue 

Y&ow-umllge 
Y&OW+O~ 
Go&n y&ow 
Golden @ow 
Gokkn ycIIow 

0.93 
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0.18 
o-37 
O-00 
0.00 
0.00 

- 
- 
- 
- 

Paaeltikt 
PasttfbIue 
Vivid yd&xv 

0.49 
0.47 
0.42 

0.46 
0.2!J 
0.29 

- 
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vadfii p-dimethyiaminobenzddehyde and isatin has a lower limit of detection of 
0.05 pg. Phenylheptatiyne (20 in Table n) (forming the least inknsive coior of all 
polyaceQlexs we tested) can be detected on TLC plates with vanillin or p-dimethyI- 
am.inobenzMehyde reagent only at the level of 0.5 pg which, however, is still 
loo0 times lower than the minimum amount needed for its detection by UV 
spectrophotometry. 

Some of the reagents which we have tested, particuiar~y acidic sofutions of 
vaniUin and pdimeffiykminobenzaldehyde are most suitable for the identification of 
sesquitespene Iactones and of polyace~Ienic compounds. These reagents produce a 
variety of colors with structurally very diEerent compounds. The diBerences in 
colors produced by various sesquiterpene lacto~es and other compounds allows for 
ffie ready detection of impurities in crystalline preparations. The TLC method can be 
made highly specific by: (I) the use of several reagents that form different colors or 
shades witb the same compound, (2) the use of standard compounds and (3) 
evaluating RF vaks. 

The wide range of colors produced with aiI types of sesquiterpene lactones and 
poIyacef$enes makes it ditkult to assign the formation of a particuk color to a 
chemical s@ucture. This is supported by f&e fact that the struchxally similar sesquiter- 
pene ketones, such as damsin @II), coronopilin (IV) and parttenin or), produce 
quite different coIors with the vanillin reagent (Table Ii) while diastereoisomers 
produce ideratical colors as is the case with @-the& and hymenin (V and VI). 

EEydroxybenzoic acid did not pruciuce clistict colors with sesquiterpene 
htostes but p-hydroxyberza!dehyde formed a large variety of colors. Both vanilk 
acid and vaSEin, on the ot?xx hand, gave a good range of colors. Altbo~gh ffie most 
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distinctive ami vtiabte cotors were produced with p-hy&oxybemAdehyde and 
vimib certain sesqaite~ tactones might be more conveniently dekcted with a 
different !SpPay reagent (C?& +zinnamd&hyde forms a vehy bright st&Ie c&r’ with 
h&SliIl). 

To coaciude, we recommend this TLC teckaique as a simpk, faSr, semi&e zmd 
specifk method that can be used in a p&i&my sear& for sesquitekpene ktones 
and poryacetylenes in crude (plant) extracts of the Asteraceae (Gmrgmsirae~ &d Z&Q 
in the ide&Gcation of individual compounds. R esearch in progress supports the 
pracri-cal application of this method (Picman and Towers, in prepiuaton). 

-. 
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