Pakistan J. Sci. Ind. Res., Vol. 26, No. 6, December 1983

367

STUDIES ON PAKISTANI ARTEMISIAS.
Part L. Isolation of a Coumarin from Artemisia elegantissima, and its Structure
Determination
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A coumarin has been isolated from Artemisia elegantissima from Islamabad area in Pakistan. With
UV, IR, NMR and Mass spectroscopic studies, its structure is shown to be 6,7-dimethoxycoumarin.

INTRODUCTION

Artemisia, a very large genus of the compositae family
has about 280 species — small shrubs — growing in the nor-
thern hemisphere in the arrid regions [1], over thirty of
which occur in Pakistan. Of these, Artemisia maritima
assumed a special significance as this plant, growing in the
Kurram Valley, was the richest source in the world (a
variety growing in Russia is reported to be even richer) of
a very potent and hence commercially important anthel-
mintic “santonin” (a sesquiterpene lactone). A factory —
M/s Kurram Chemicals — established nearly 50 years ago
in Rawalpindi, was extracting santonin, for export, and was
earning a substantial amount of foreign exchange for the
country. Lately export of santonin has considerably dec-
reased on account of competition from cheaper and less
toxic synthetic anthelmintics. This has necessitated the
need for finding alternate uses of santonin, or development
of useful products by modification of its structure, as well
as to have look at other species of this plant for discovering
more useful medicinal agents.

Artemisia elegantissima [2] (Syn. Artemisia indica)
occurs in Islamabad, Chitral and Kashmir areas of Pakistan.
As no work has been reported on this species, therefore, this
herb was collected from Islamabad to study its chemical
constituents. The plant extracts were free of santonin.
Extraction of the aerial parts of the herb with ~ chloroform
and concentration of the extract yielded a colourless crysta-
lline material, m.p. 138-140°, which appeared to be the main
product from the plant. High resolution mass spectrum of
the compound gave the molecular ion formulaas Cy 1 H; 004
which was also indicated by its elemental analysis.

The compound burnt with a sooty flame,and showed
very strong absorption in the carbonyl region of its IR
spectrum. It was neutral in character. However, it dissolved
in dilute aqueous alkali, and was reprecipitated on acidifica-
tion which indicated it to be an aromatic lactone, possibly
a coumarin.

The carbonyl stretching frequency in coumarins [3a]

(« pyrones) occurs in the region 1700—1750 ¢cm™! and
absorptions at 1722, 1610 and 1552 cm™! are also
characteristic of coumarins [4]. The isolated compound
also shows strong carbonyl absorption at 1710 cm™! and
absorptions at 1610 and 1560 cm™! further indicated it to
possess a coumarin nucleus.

The NMR spectrum of the compound shows two sing-
lets (3 protons each) at § 3.9 and § 3.92 corresponding to
the two methoxyl groups and two doublets at § 6.27 and
6 7.62, each corresponding to one proton, with the same
coupling constant of 9.5 Hz. In addition, two singlets -
occur, each at 6§ 6.7 and § 6.75. Appearance of a pair of
doublets with a coupling constant of 9.5 Hz, centred at
8 6.1 —64and § 7.5 — 8.3 in the NMR spectrum (record-
ed in deuterochloroform) of a natural product strongly
indicates a coumarin unsubstituted in -the pyrone ring
[3a, 5]: these characteristic signals arise from hydrogens
attached to C-3 and C-4 respectively, and absorption in
the range 6§ 7.5 — 8.3 occurs due to C-4 hydrogen [3b].
Doublets observed thus at § 6.27 and & 7.62 in the isolated
compound appear to be due C-3 and C-4 hydrogens of a
coumarin structure. Lack of the significant splitting of the
two aromatic protons arising near 6 7.0 indicates presence
of hydrogens at the para positions in the aromatic ring at
C-5 and C-8, and is characteristic of a 6,7-di-substituted
coumarin [4]. The two singlets thus at § 6.70 and 8 6.75 in
the isolated compound appear to be due to C-5 and C-8
hydrogens of a coumarin nucleus. Aromatic methoxyl
groups normally resonate in the range § 3.8 — 4.4 in the
substituted coumarins therefore two singlets arising at
6 3.9 and § 3.92 in the NMR spectrum of the isolated
compound appear to be due to the aromatic methoxyl
groups. The NMR spectrum thus indicated strongly 6,7-di-
methoxycoumarin (1) to be the structure of the isolated
compound.

The presence of 7-methoxycoumarin chromophore
moiety is indicated by UV absorptions [4] near 227, 253,
297 and 327 nm. Scopoletin (6-methoxy-7 hydroxy-
coumarin) (2) and isoscopoletin (6-hydroxy-7-methoxy-
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coumarin) (3), show absorption at 228, 252, 260, 295,
344 nm and 229, 253, 260, 295, 350 nm respectively [3c].
The UV spectra of these compounds are very similar to that
of the isolated compound which shows absorptions at 220,
225, 250, 272, 295, 310 and 340 nm. It is known that
there is a great similarity in the UV spectra between the
hydroxyl derivatives and their ethers [6], and 6,7-dimetho-
xycoumarin shows a more complicated UV spectrum than
that of coumarin [7]. The UV spectrum of the compound

thus also strongly favours 6,7-di-methoxycoumarin struc-
ture.

The high resolution mass spectrum of the isolated
compound shows characteristic peaks at m/e 206 (M';
100 %); mfe 191 (M'—CH; : 46.76 %); m/e 178 (M'—CO;
18.19 %); and m/e 163 (M'—[CO+CH;] ; 30.45 %) corres-
ponding to C;; H;o 04, C;o Hy O4, Cyo Hyp 03 and
Cy H; 03 ions respectively. It is known that compounds
derived from coumarins loose oxygen as carbon monoxide
under electron impact and usually form a stable benzofuran
ion [8]. The high resolution mass spectrum of the ions
shows that they possess the structures 4 to 7.

Thus through high resolution mass spectroscopy giving
very accurate molecular weights of the fragmentation ions,
we have confirmed the earlier observations of Djerassi [9]
who also has reported the mass spectrum of 6,7-dimethoxy-
coumarin (1) and observed the molecular ion peak to be
the most intense (100 %) and for the other ions appearing
at m/e 191, m/e 178 and m/e 163, he suggested the struc-
tures 4 to 7.

The above data thus finally established that the com-
pound, isolated from A. elegantissima of Islamabad area, is
6,7-dimethoxycoumarin (1).

6,7-Dimethoxycoumarin (scoparone [10], esculetin
dimethyl ether [11], 6,7-dimethylesculetin [12]) also
occurs in A. scoparia [10, 13-16] and A. capillaris which
are components of the Chinese drugs [17], Ing. chen-hao
and Inchinko-to respectively which are used for treatment
of jaundice in Chinese medicine. 6,7-Dimethoxycoumarin
(1), a component of these drugs, increased the bile secre-
tion and appeared to be responsible for the therapeutic
activity of the above crude Chinese drugs [17].

6,7-Dimethoxycoumarin (1) also occurs in A. compes-
tris, A. dracunculoides Pursh, A. dracunculus L., A. parvif-
lora, Roxb. and A. tridentata, var. vaseyana (Rydb.) Beetle
[3d].

Recently lot of interest has been shown in the pharma-
cological activity of 6,7-dimethoxycoumarin (1). Besides
possessing Choleretic activity [17, 18], it also shows hypo-
tensive [18—21) activity but its anthelmintic action is
week [22]. It also shows anti-inflammatory and analgesic
properties in addition to choleretic activity [18]. More
work is thus planned on A. elegantissima to develop the
medicinal uses for the crude herb and 6,7-dimethoxycou-
marin (1).
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EXPERIMENTAL

The herb was collected from Islamabad 1-9 area and
Chak Shahdad near the city of Islamabad on the morning
of September 14, 1981. The collected plants were dried in
a shed and the dried stems were removed before extraction
of the remaining powdered aerial parts.

IR. spectra were recorded on a JASCO IR IA spectro-
photometer. UV. spectra were recorded on a Shimadzu
UV-240 spectro-photometer. The NMR spectra were
obtained on Bruker WP 100 SY 100 mHz. FT— '3C and
'H NMR spectrometer. Mass spectra were recorded on a
MAT 312 High Resolution Mass Spectrometer. Microana-
lyses were performed on a Karlo-Erba Elemental Analyser
1106. Melting points were determined on a Gallenkamp
melting point apparatus and are uncorrected. Thin layer
chromatography was carried out on silica gel plates.

Extraction of Artemisia elegantissima Plants. Dried
Artemisia herb (13 g) from Islamabad 1-9 area was ex-
tracted with chloroform (400 ml) in a soxhlet apparatus
for 8 hours. Evaporation of chloroform extract in vacuo
gave a dark green residue. It was dissolved in ethanol
(10 ml) -and then water (50 ml) was added followed by
addition of charcoal (0.9 g). The solution was then refluxed
for a few minutes, cooled to room temperature and filtered.
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The filtrate was extracted with chloroform (3 x 33 ml) and
chloroform extract was dried with anhydrous sodium
sulphate. Evaporation of the dried chloroform extract gave
a colourless solid (190 mg; 1.46 %), m.p. 130—140°. It
was recrystallized from ethanol to obtain pure 6,7-dimetho-
xycoumarin (105 mg; 0.8 %), m.p. 137—-139° (Lit. [23]
m.p. 142—-143°) giving only one spot on thin layer chroma-
tography (chloroform-ethyl acetate, 1:1). It was soluble in
hot water. IR (K Br): 1710(s), 1610(m), 1560(w), 1520(w),
1450(w), 1420(w), 1380(w), 1270(s), 1250(s), 1200(w),
1165(w), 1140(m), 1100(w), 1030(w), 990(w), 840(w),
810(w), 740(w) cm™ ; Appax in MeOH (log €): 220 (4.34),
225 (4.3), 250 (3.95), 272 (3.93), 295 (3.95), 310 (3.95),
340 (4.05) nm; NMR (CDCL,) 6 : 3.9 (S, 3H),3.92 (S, 3H),
6.27 (d, 1H; J = 9.5 Hz), 6.7 (S, 1H), 6.75 (S, 1H), 7.62
(d, 1H, J = 9.5 Hz) MS m/e : 206.0587 (M, 100 %) : C, ,
HlO 04), 191.0343 (M—CH3, 46.76 %, Cl‘() H7 04),
178.0627 (M*—CO, 18.19 %; C,o H;o 03), 163.0392
(M'—CO & CHj, 30.45 %; Co H; O3). Anal. Found : C,

61.46 %; H, 5.15 %; Calcd. for C;; Hyo O4, 0.5 H,0;
C,61.39%,H,5.11 %.

Artemisia elegantissima sample from Chak Shahdad
was also extracted by the same procedure. This sample
(13 g) gave 250 mg, (1.92 %) of colourless crystals on
recrystallization of the residue, obtained on evaporation
of chloroform extract, and this material melted at 133—
136°. Another recrystallization afforded more pure product
(120 mg; 0.92 %), m.p. 138—140°, which shows the same
infrared spectrum as that of 6,7-dimethoxycoumarin from
Islamabad 1-9 area.

Acknowledgement. The authors are grateful to Pakis-
tan Science Foundation for providing a research grant
(project No. S-CSIR/CHEM(105) under which this work
was carried out.

REFERENCES

1. The Wealth of India (C.S.I.R., India Publication,
Delhi, 1948), p. 120.

2. R.R. Stewart, An Annoated Catalogue of the Verna-
cular Plants of West Pakistan and Kashmir (Fakhri
Printing Press, Karachi, 1972), p. 716. ‘

3. R.DH. Murray, J. Mendez and S.A. Brown, The
Natural Coumarins (John Wiley and Sons Ltd., New
York, 1982), (a) p. 34, (b) p. 35, (c) p- 30, (d) p. 482.

4. JP. Kutney, AK. Verma and R.N. Young, Tetrahed-
ron, 28, 5091 (1972).

5. B.E. Nielsen and J. Lemmich, Acta Chem. Scand. 19,

10.

Il

1

13.

14.

15.

16.

1177,

18.

19:

20.

218

22,

23.

369

601 (1965).

R.H. Goodwin and B.M. Pollock, Arch. Biochem.
Biophys., 49, 1 (1954); Chem. Abstr., 48, 6827 g
(1954).

T. Nakabayashi, T. Tokoroyama, M. Miyazaki and
S. Irono, J. Pharm. Soc., Japan, 73, 669 (1953); Chem.
Abstr., 47,10348 d (1953).

C.S. Barnes and J.L. Occolowitz, Aust. J. Chem., 17,
975 (1964); Chem. Abstr., 61, 12774 h (1964).

R.H. Shapiro and C. Djerassi, J. Org. Chem., 30, 955
(1965); Chem. Abstr., 62, 13016 d (1965).

R.S. Thakur, M.P. Jain, P.R. Rao, Res. Ind., 20, 129
(1975); Chem. Abstr., 85, 142951 q (1976).

S. Sera and C. Shibuye, J. Agr. Chem. Soc. Japan, 6,
600 (1930); Chem. Abstr., 24, 57429 (1930).

Y. Johji, F. Youichi, S. Tokounosuke, F. Hajime,
Shoyakugaku Zasshi, 35, 108 (1981); Chem. Abstr.,
95,197103 b (1981).

Jun-Sheng Hu, Pao-Chen Li and Mei Chen, Yao Hsueh
Hsueh Pao, 12, 289 (1965); Chem. Abstr., 63, 6021 b
(1965).

G. Singh, G.V. Nair and K.P. Agarwal, Chemistry and
Industry, 1294 (1954); Chem. Abstr., 49, 13236 d
(1955).

M. Tomova, Formatsiya, 14, 18 (1964); Chem. Abstr.,
61,11959 e (1964).

M. Stefanovic, K. Krstic and S. Mladenovic, Phyto-
chemistry, 12, 2996 (1973); Chem. Abstr., 81, 1278 f
(1974).

A. Masaki, S. Hiroshi and H. Masatoshi, Yakugaku
Zasshi, 96, 147 (1976); Chem. Abstr., 85, 56660 n
(1976).

Y. Joji, M. Hisashi, S. Tokunosuke, M. Hiroyuki,
F. Hajime, Yakugaku Zasshi, 102, 285 (1982); Chem.
Abstr., 96, 210458 p (1982).

K.S. Jamwal, M.L. Sharma, N. Chandhoke, B.J.R.
Ghatak, Indian J. Med. Res., 60, 763 (1972); Chem.
Abstr., 77, 160212 (1972).

U. Zutshi, P.G. Rao, A. Soni, C.K. Atal, Indian,J. Expl.

Biology, 16, 836 (1978); Chem. Abstr., 89, 173347 j

(1978).

R.S. Thakur, S.C. Bagadia and M.L. Sharma, Experien-
tia, 34, 158 (1978); Chem. Abstr., 88, 163896 ¢
(1978).

K. Ishifuku, H. Sakurai, H. Okaomoto and S. Sato,
J. Pharm. Soc., Japan, 73, 332 (1953); Chem. Abstr.,
48,2695 e (1954).

R.T. Alpin and C.B. Page, J. Chem. Soc. (C), 2593
(1967).



