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A33TRACT

SOVE CHEM CAL O {'OTI TUEI TO OF
ARTE '13.10 REMAN

by
M doat Asghedom

Research O!visor: . Dr. 3orhanu Abcgaz

Artemisia rehan, GChiov (1), known by the |ocal
name M itj' is an endemc plant to Ethiopia, An in
vitro antimlarial test of the crude extract gave an

-1
I Cgq of 50 ug m™ -,

Artenptin and a sesquiterpene |actone were iso.
lated from the aerial parts of the plant, irtenetin
was identified by its melting point -nd spectral data
M5, IR, NWR and 13 MR IR, ME 13c. R and che.
m cal studies vifiro carried out to elucidate the struc-
ture of the" sesquiterpene. Vulgarin, a Conpound that
was previously isolated from the sanme plant was anal yzed
by two di mensional 4 and 13c. NWR i ncl udi ng COLOG spec.

troscopi ¢ techni ques.




1. | NTRODUCTI ON

The genus Artenisin is one of the |argest and nost
widely distributed of the nearly sixty genera in the
tribe Anthenidae ( comositae) (2). it has about 400
species and is found predoninantly in the northern
tenperate region of the world (3,49. This genus has
been extensively studied particularly for its sesqui.
terpene lactone content ( 5,6)., However, isolation of
other inportant class of conpounds, e, g. flavonoids (7)),

coumarins and acetyl enes have also been reported ( 8),

Many species 0of Artemnisia have been reported to
show bi ol ogi cal activity, Artensinin, ( ginghousu, OHS,
arteannuiri) a potent antimalarial drug was isol ated

from Artenmisia annua, a herb that has been used in Chi.

nese folk nedicine for treatnent of malaria (9). M-
laria, one of the mpst hazardous tropical diseases
termed as "the King of diseases" has been the cause of
many deaths in the world ( 10). Though consi derabl e
efforts viere made to eradicate nalaria, there still are
150 mIlion new cases each year, 1In 1980, it wasS re.
ported that there wore nore than 5.5 million coses of
malaria in Africa, 3 million in the Indian continent
and nore than 4 million in E. Asia and China( 11). Re.
si stance of Pl asnodi um species to chenotherapeutic age.
nts such as chloroquine is a serious problem This |

unsual sesquiterpene |actone that contains on endonero.




xi de noi ety showed an inhibitory action against the

chl oroqui ne resistant strain Plasmodi um fal ci parum

Treat ment of 140 cases of cerebral nalaria with OVB has
resulted in 128 cure cases ( 91. 49%.

H, «
*ir C‘- :O- .F\\‘j'/ﬂlh *
- i |
O . a‘]

UXIF \ | Artensinin

Vul garin has been isolated from Artenisia rohan,

Chiov (1), A Canarionsis,. Lees(12), A Wulgaris L
(13) A_harrelieri, Besser (14, A. judoica, L (15, A
tauricry Viilld (116) and some other Artemisia species, It

has been shown to have an oral hypogl cemi c agent, pre.
limnary study of the effects produced in the |ipid
fraction of several organs of rat after administration
of vulgarin, showed that it induced sone decrease in
liver lipid levels(17). It increased the anplitude and
decreased the frequency of cardiac contractions when in-
jected i.v, at 1 ng/kg into cats or rabbits, Wen

adm ni stered orally at lo ng/kg to rats, 44%i ncrease
in diuresis was observed ( 18), Both vulgarin and san.
tonin were reported to be powerful central nervous

system stinulants, and convul sant poisons in toxic



doses. 'LD&)(ﬁ vul gorin vos 4,927 mykg in mce, 7.94
my/ kg in rots arid 14.60 my/ kg in toads ( 19), However,

no antimcrobial activity was exhibited by vulgorin

when tested against the following strains of bacteria
( 20).

a§<
b,

Ce

St aphyl ococcus_aureus ps 8o - 81 ( Gram positive),

s

Escherichia coli ATCC 12765 ( Gram nogntivo).

Oneillus subtills PCl ( Gram nositive).

Sal monel | a onteritidis ATCC 13076 ( Gram negative),

Kl ebsi el | a pneunoni as ATCC 13883 ( Gram negati ve).

From this data one® studies on other sesquiterpenes,

it has been reported that antimcrobial activity is

likely to be possessed by beta unsubstituted enone

systemwith a five menbered ring, as the six membered

sesqui terpene lactones like vulgorin, which are chem .

cally less reactive towards M chael addition, were antia

mcrobially inactive.

o Vul garin




Artemisia iiriJentote subspecies tridentota ond A.

pnniculta have antibacterial activity (21,22). The |

essential oil of A._monosperma was shown to have insect-
icidal activity against housefly, cotton leaf worm and
the rice weevil (23), Esculetin, 6,7-dimethylether and

esculetin 6 and 7=methyl ethers isolated from A, capi=

e s 8

gic (24,25) as observed in the increase of bile pro-

duction in dogs.

This paper deals with the study of an endemic

plant, Artmisia rohan. It is odorous and grows widely

in the Gthio:ian highlands, A bioassay of the crude
extract for antimalarial and antibacterial activity was
carried out for the first time. |In the antimalarial
test, based on the inhibition of incorporation of (°H)-
thymidine into Plasmodium falciparum (K-I cbloroguine

resistant strain), *n IC,, value of 50 ug mi~1 was

obtained. Where as for Artemisia annua this value is

3.9 ug mi™1 (11). However, no conclusive results were
obtained as to whether artemsinin is present Oor not by
TLC analysis, since the extract is made up of a number
of complex components. No nntibactsrial activity was
shown against the six strains of bacteria tested:

S._aureus, Oacillus subtils, £. coli, ohigela soni and

Pseudomonas geroginosa, Furthermore Arternetin and a

sesejuiterpene |actone were ijsolated from the aerial

parts of the plant for the first time.,



previous studies on the plant include analysis of
the essential oil (1) and reinvestigation of the struc.
ture of vulgnrin isolated from the chloroform extract
(26), However, the quantity of vulgarin and experi.
mental details of its isolation have not been reported,
These are now included in this paper, Purthernore the
sanple is rigorously studied by a hoteronucleor shift
correlated two-dimentional experiment and the results
of our two.dimensional COLCC experinent confirm the

orientation of the enone chronophore,




BACK GROUND

7.2 Claeaiflcytion of Flavonotda

FiLnvonoido contain » O-

which the ©, unit iinks tvs» oromdtlo groups (27, £8),

The oxidation Moz«
SUe it is involved in,

1 carbon sko?eton in

of the C, fragment and the ring
form the basis for the elssel=

fierition of flnvonolLFo to the motor classes, ouch a«

c»techine, FJLavononee,

Flavones etc,

The wolor c&essefd.

going from the |lesftt to the moot oxidised, are given ih .

tho tahlo hit3ovs,
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2.4

Extraction

In general, the flavonoid comrounds nf fresh
or dessicnted plant meaterinls can be extracted by
menns of athanol or methanol, The »atroleum
cther extraction, in some inst-nces is nn impo-~
rFtant step as it romoves o number of non-flavonoid
constituants such as fats and cnloronhyl,

The selective precipitation of flavonoid consti-
tuents ns lesd s~1lts usually using lead acctate is
often advantageous (22, 29,30,31) ., The resulting
precipitate may be freed of lead with hydrogen

sulficde,

Thin Layer Chremntography (TLC)

It is suitnhble for the sepsration nnd datew

ction of flavonoiris in crude nlant extracts, Adso-

C

rbents most commonly used for TLC of Tlavonoids

are silicn gel, polyamide and cellulose,

Rocent reports indicate thot high performance
thin layer cnrom~tography (MPTLC) c¢-n provide much
better separations than TLC of coemplex flavonoid
mixture, HPTLC is a develorment of TLC carriad
out using smsll particles, usunlly about 5 Hm

in diametcr, 211 of » closely similar size,

Column Chromatogranshy

Is a methed of choice for the nreliminary




rurificstion or for preparative scole sen-ration
o largur guantities of flavonoid from crude plant
extracts, DPncking materisls used are nolyamide,

silica qgoel,

Other chremastogronhic methords emnloyod vor
separ-tion or purificeation of flavonoids include

parer chromntography and reverse phnse columns,

fhorneterizotion

Clossically, many different color reactions
nd solubility roporties were used to characte-

rize the ificrent classce of flavonoid pigmonts,

sxnosure of the Jdried TLC chrom~togroms to
NHB fumes couscs marked color chongas in most of
the flavonoid compounds, particularly whon the
chromningrmms, usunlly paper, are viewed under
vltra-viclet (3660 2). From this rel-tionship
hatvicen spot color and flavonoid structura can be
made (32, If 2n aqueous nigment extract is made
alkaline varicus color chmnges may bhe observed
although the chanjes in one nigment may mask in

another (27,




Table 2: Color Nlenctions of Flavonoids in Alkaline

Solution
Flavonoid Color chonge observed
Anthocyanins Purple-blue
Flavones, flavonols Yellow
Flavanonas Colorless, becoming

orange red (1if hented)
Cholcones ~and aurones Immediate red-purple

Flavanols Crange brown

Concentrated sulfuric acid dissolves many flavonoid
compounds with the preduction of colored solutions,
the propertics of vhich are often of diagnostic value
in structure analysis (29), Flavones and Flavonnls
dissnlve in H,50, vo give intensely yellow sclutions
which contain the oxonium (flavylium) salts of the

following eneral structure,

He ‘ia ) W = 0 + \
CF® — Q0 QYOm0
oM 0 ,2 O I o

H
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Some classes of, flavonoids give charactarstic
colors on reduction with Mg and HC1 (Shinodo (1928)
test), An athanolic solution of AlCL, (5%) is a spe-
cific rengent for flavonoids, For sesquitaerpenes this
reactionfviolet or brown ecolor an the nlate, or yellow,
bfown and green fluorescence under UV light at 366 nm)
is evirdent only 10 - 15 min. after heating at 120°C,
while for the flavonoids a yellow or Drown fluorascence

appaars immediately (23).

The nbove color enctiosn combined with spectro-
nhotometric methods will make possibhle o positive iden-

tification of a flavenoid in all its structural detail,

" 2,6 prhysiologicsl Activity of Flavoncids

2.,6,1 Ultraviclat Patterning

Cartnin flavonoid types »re renorted to act
as noectar guide components in flowers of various
plants ( 34,35,36), The flqvohoids involved in
nectoar chemistry are yellow flavonols, 2-hydrow
xyflﬁvones and anthochlors., These compounds
absorb UY liaht and apnear dark or "bee rurnle”
to the eye of the pollinators., Nectar guiie
compounds often occur in association with caro-
tenoids which in reflecting UV and yellow wava-
lengths provide a back ground agzinst which the

nectar guide is wvisible,
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2,6,2 Antifungal and Antibacterial Activity

Flavonoids nlay a significant role in the
protection of plants from infection by fungnl and
hacterial dJdiseases, Specinl isoflavonoids are

synthesized in the leaf of peas and

beans which
inhibit the growth of diserse causing organisms

(37).

|
Quercetin showed antibactorial activitYe. At |
!
pH 6.5 and in concentrations of 0,075 to 0.1 mg/ j
ml it produced comrlete inhibition of Staphylo~ . :

coccus_aurcus, 5. albus, ‘grobacillus polymixa and

DQrucella abortus,

2,6,3 nlaod Conqulation

Rutin hnas Heen used with benefit in the
congulation of blood, It has shown therapoutic
effect Tor certoin persons with thrombocytonenic
purrura, In rats there was »n avidence that
rutin tends to increase prothrombin consumption

(38).

2,6,4 HMetabolism of Vitamin C

Some flavonoids have the ability to inhi-
Dit the oxidation of ascorbic acid, It was re-
ported that Guinea [igs on Scorbutogenic dict

did not develon scurvy when citrin, hesparidin




and dimefhylhesneriﬁin were added to the diet (38), It
was helieved that the co-existence of 2 or 3 free hydro-
xyls in the ortho positions and the conjugoted double

bond anpenr te be res onsible for this nction (39),

2,7 The 3iosynthesis of Flavonoids

A1l classes of flavoneids are Diogenetically
closely relnted, where the first common intzrmedi-
nte is the chalcone., The flavonoids are raegarded
ns being formed by combinntion of ths shikimic
acid derived Co=Cy fragment with o six carbon unit
formed_via the liner combination of three acctnate
units , It hns been estanlishad thot ring A
is formed by 2 huad-~to-tail condens~tion of three
acetate units and ring O as-well as carben Atoms
2,3 and 4 of the haterocyclic ring C arise from

rhenylalanine (40,41},

2,8 Distribution of Fl-vones in the 3enus Artemisia

Most free =aglycones have been reported so far
from the family Asteraceae (42), Flavonaes and fla-
vonols nre widely present in Asteracenc with addi-
tional substituents in the 6 and or/8 positions,

Flavonoius are usunlly nresent in plants in
the water scluble o~glycoside form (40). Howaver,
with respect to aglyccnes, it is likely that in

most cases they ore formed as artefacts during
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Fig,1 General Phegylpropanocid metabollsm
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the course of cxtraction, since the glycosidases in
living tissucs arg voery active even in high concen-
trotion of oiganic solvents (43), tihere frec aglvco-~
nes are encountared esnecially highly methylated fla-
vonoicds, it is likely that they occur aextarnally, or
are associnted with secretory structures and are co-
rrelated with the prodguction of other lipophilic secon-

dary compounds of tuorpenoid origin (37). This is most
convincingly observed in the Asteraceac, Rutaceaa,

Tetulnceae and the iLLaminceae,

In an attempt to make a correlation bétween the
presence of free aglycones and certain plant struc-
turcs (44), it was pointed out that in relation with
certain metnbolic activities some plonts develop spe-
cinlized anatomical structures in which certain Nro-
ducts (rich in energy) can be secreted, This is more
nronounced esecially with plants prosucing essential
0oils and nossessing the relevant stornge structures;
0il cells, oil cuvities, oil ducts, glandular tri-
chomcs, It was concluded that lipophilic flavonoids
with a low number of OH groups and/or higher nuaber
of mothoxy 7Jroups are encountered especially in plants
with excretion cells or cavities and ns constituents
of waxy layers, Hyidroxy flavonoids with glycosidic
moities can be expected in all olants as vacuolar con-
stituents, Free hydroxy flavonoids are abundant in
woody plante occuring together with glycosidie flavo-

noiis,




Y 2

List of Flavones isolated from some Axrtemisia

Species

subgtitution

Trivial name

plant Spurce

References

Tre ( G) GCen'twanin Artenisia capilla-
ris aerial parts 45
_B-Me () Nepetin {cupnfalin) Artemisia triden
tata epn.ruSe- )
. . Yana . 46 - v
6,3 -di-Me Joegasidin = . Artemigia dgrecu- -
ngglgiigg, gerial
- ports 47 '
6,73 wtri-Mele) cirsilineol rtemi mano -
{ fastigeanim) gpelma 48
anisomelin Artemisia canil_l;_gij:i_s 45
6,41, 5'-1ra-He Artermisiag frigida :
1eef and sténm 49 :
6,7,58,-tri-se Araneol Artemisia fitdavicin B
i ana, stem “ _50 '
%aﬁe(s) 6-tethoxy Kaemp-
+erol Artemisia arbuscula
- whole plants 51
3,6,7-tri-ve tondulatdp Ar temiglyg 55FPwho]e -
- plant : 52
3,6,7-tri-#e(G}  Chrysosplencul-0 Artemisia, '3 Spp
- aerial Darts 51
3,5 ~cdi g Artemis1a nonosparmpe
flower head _48 “.
6,7-0He crismartin
Serophuletin Artemisia eapillaris 45
6,7,3" -0Me cirsilineol Artemisia herba alba 52 N
3-gMe Fransilitin Artemisia transilie-
neis 53__h
3,6-0m1¢ Axillprin r s anf 51
3,6,7,3"-0OMe Chrysosplenetin Artemisia cgna M§4*%
6,7,5 ~0Ne Artemisia c¢apillaries 55__ﬁ

G = occurs in glycosidic combinatiun,
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cem 1B e

Classific~tion of Terpecnoids

Ternenoids are classified broadly into six
major ¢losses based on the number of “isonentenyl™
groups thay are derived from, Monotaernenes have
two scsquitcrpenes, three; diterpenes, four; ses-
ternenes, five; triterpenes, six; and tetraterpe-~

nes, eight such units,

The most important class of terpenoids found
in the family compositae (asternceae) is the ses-
quitermenoids, A recent review of sesquiterpenoid
Iactones list 974 naturally occurring comrounds

(56) .

Extraction

The law molccular weight terpznes are usua-
1ly separated by simple distillation or steam di-
stillation., Contamination by volstile esters can
be ramoved by saponification. Though there is no
general method of isolaticn aprlicahle to all, a
large number of them are naon-polar, so thﬁt-they
can be separated by non rolar solvents éuch as
netroleum ether, benzene or ether, This is usually
followed by purification hy column chromatography

L)

on Si-gel or alumina,

Characterization

Most compounds could be detcectad by spray
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reasgents, such as vanillin sulfuric acid, How-
ever, thers is no single test which will distin~
auish terpenoids as na group form all other nlant
constituents,
Application of spectroscopic techniques viz-
1, 13, . . . .
IR, "M snd CMMR nre often used in conjunction
with Ricgenztic considarations to elucidnte

structures,

The use of labelled substrates esnccially

=

3

with C and the analysis of the resultant cnrich-

ment and coupling patterns of terpenoid motabo-

]

tites have enabled the determin~tions of various

skelotna,

2,12 Biosynthesis of Tarpenoirs

Isopentenyl myrovhosnhate is the key intcrme-
dinte in the biosynihesis of ternronoids, It is
biosynthesizad from ncotyl coenzyme - / via

mevalonic ncid (sce Fig., 3),
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The gonus Lriemisia has been of intercst for its
sesquiterpene loctone content (5,6), Thae folloviing
biosynthetic pathway wos proposad for the various
classes of sesquiterpene lactones isolated from the

genus “irtemisia (57),

,/“\L/‘\
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Fig, 4, The proposed biosynthetic pathways for the

various structural classes of sesquiternene lactoncs
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in thc gepus ~rtemisia, (Class marked with an

asterisk hoave not yet been discovared in this genus),

)
~

.13

Taxonomy and Chylogeny in the Senus “rtemisin

In relation to its sesquiterpenc lactone
content, the genus 7riemisia is classitiad into
different scctions, the one usually adopted is
that prorosed by “esser and Decandolle in which
four sections nre described (58), CGlassification
is made on the hasis of the difforances in floral
characters, Tssser's classification of Artemisia

wns as tollows -
fie  Mead heterogamous, marginal flowers ristillato,

1, fhrotanum - central flowers fertile, their

achencs normally developed, Roceptacle
not hairy,

2, Adiwsinthium - central flowers fertile,.

their achenes normally developed, Rece-

rtncle lang-hairy,

2, DJrocunculus - Gentral flewers storile,
their achanes aborted,
e %o Berphidium - Heads homogamous, merginal

flowers +-hsant,

Trie classification made Dy Ddesser wns lator

modified in a review made on the phylogeny of
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the four sections (59), It was concluded that, the
section ‘hrotanum ~nd Absinthium could he combined into
the sinjle subyenus Artemisio. The only cdifferance be-
tween th2 two beiny the presence or aYsence of h~ir on
the rescptacle, OQtherwise as far as the chemical data
is concerned thers are several sesquiterpone lactones
common to both anr if the compounds are not idintical,
their biosynthesis is closcly related, The section

Tridentatae was Tound to produce guainolides that -re

idaentieal or structurally related to the sesquitaerpene
lactonos of Abrotanum, Hence, it wes suggested that

the saction Tridentatae originated from “brotanum,

1. SectionAbrotanum: Species in this section produce

most structurally diversified and biosynthetically
advanced sescuiterpcne lactones in the genus, The
most advanced comrounds isolated from Ao vulgaris

are the psilostachyin and prsi‘ostachyin-C,

2. Section Absinthium: They are reported to produce

germacranolides, eudesmanolides with a majority of

sp-ecies carphle of croducing gauianclides. .

3. Section Seriphidium: Most species within this secw

tion produce eudesmanolides, although a few germa-
cronolides, guaionolides and the single elemanolirle

have been reported,

4, Section Iridentatae: roduce cnly germacranalides,

but most can synthesize the more advsnced guainna

lides and eudesmanclides, The matricarin comrounds




isolated from subdgenus Serphidium and Artemisia are

very abundant in the snecies of Tridentatae,

Dracunculus: Inform-~tion available on this enus

is restricted to two species only from which ses-
quiterpane loctones are ranorted, dore information
ie needed to moke any qeneralization about the
tyres of characteristc comrounds ~resent in the

section,
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3, RESULTS AN BISCUSSION

The crude mcethanolic extract of the acrial parts of

N. rehan was tested Tor antibacterial and antimal~rial

T,

activity. No inhibitory effect was obsarved with the

folleowing test orgenisms: Stanhylococcus aureus,ﬂacim

llus subtils, Eschorichia coli, Shigela soni and NGEU-

domonas neroginosa, The test method used for antimnla=

rial activity wns Dy assessing the ability to inhibit

the incorpor: tion of (Bq) - thymidine into plosmodium
r

taleiparium (K-1 chloroguine resistont strain), The

ICg, value of the crude oxtract was found to he 50 Hy

ml_l.

The aurial parts of A, rehan were oxtiracted with
aqueous mathanol, the organic nhase romoved, snd the
ayueous layer wns partitioned between o saries of
organic solvents, Artemetin (Ar-1) and vulgarin (Ar-2)
were isolnted from the chloroform extract. In another
exnariment when the mothanol extract was cxtracted with
organic solvents, tho chloroform axtreact afforded Ar-1,
Ar-2 and a scesgieriterpene lactone Ar-3, The stricture
of Ar-1 was confirmed by its melting noints and snec-
tral spalysis: MG, IR, 1H and 130mNNR. Vulgarin, hed
been ~reviously isolated from the same rlant, snd a
reinvastigoation of its structure was done by spectro-
scopic and X-ray stulies (44). %We hava corried out

. , 1 13 , .
two dimensional T and NMR stuies and hoteronuclear
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COLOC experiments to confirm the site of the anone

13
aroup, W, IR, 1H and

C-NMR annlysis toguther with
chemical studies wore used in order to elucidate the

structure of Ar-3,

Ar-1 was obtained as yellow needlos mpe 157 ~ 15900,
Lit, 158 - 150°C (€5,61). HRMS exhibitcd o molecular
» + v £ p— 'y L y
ion peak M'/Z 388 {1009) for 020H2008 and the relative

abundance of the fragments: 387 (M-H)+ (29%), 373

, + ) n, L Nm :
(1-M0)" (60%) and 345 (M-COMe) ™ (10%). uv - oy 1256,
272, 344: NoOAC 255 (5h), 273, 341, IR v cn~l.

max

1 {(chalatad hyiiroxyl), 1760 cmhl (phcnyl lketone)

3500 cm”
and phenyl absorrtion at 1600 cm“l. In the 1HNMR SNAC~
trum, a one proton singlet ot 6,55 is tyrical for H-8
in 6-mathoxy flavonaos (€45.) . Che proton signals eqach

at 7,72 (s} oand 7.80 (Y can ha asigned to the C2' apd
C6' protons as C2' is ortha substituted, The sinnal

At 12,65 (S,14) correcs-onde to the chalated hyildrogen of
the O aroup at 05, 4,00 (s} M, 3.96 (s) 3 and 3,9
(s) ™ is assigned to fivo OMe groups, while a one

rroton doublet at 7,0 is aAssigned to GC5'.ly,

Further, 1HNMR spactrum of Ar-1 was run in bone
zene in order to dotermine the rositinns of the mcthn-
Xyl 4yrouns (see Tahle 5) . OQur attentinn hns been
dravin by data rublished on benzene induced shifts of
OMe rasonances in flavones by comparison with OMe

rasonances in CDCl3 (63 . The rerorted ( coct. ~
K 3

CeHg) for OMe ot certain positions ara given in
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Table 4. 1HNMR data (ppm} of Ar-1 in Chloroform-d at

Q0 MHZ |
H ppm

c2: 7.72 (35) 1H

C5° 4 7.0 (d) 1M

CE* -t 7.8 (d) 14

C5-0M 12,65 (s) 1M

Go-H 6,55 (s) 14

C3, 7, 4'-0Me 4,00 (s) OH

CH6 - OMe 3,96 (s) 3H

C3' -~ Oite 3.9 (s8) 31

Table 6 whercas the methoxy flavones th=t have been
utilized to nssign Oite shifts by specific deuteration
are givan in Table 7, The Ly spectrum of Ar-1 in
henzene exhibited five methoxyl groups resonating at

od C

senarat. chifts, AllL of the neaks where shifted up-
ficld, However, only three methoxy groups were

distinnuishable in CHel 4.

The benzene induced shifts are accounted for the
intaeraction of benzene\with solute molecules and re-
sulting in the formation of chrrge transfer comnlex
between banzene ond oromatic solute moleculag (g4) .
Methoxy resonances suffer unfiald shifts in bhenzene,

The diamagnetic anisotropy of the disc shaped mole-

cules of banzena in suitable stereochemistry, tend to
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Table S: THMMR Jata  (ppm) of Ar-1 in Cgbg at 50 MHZ

1! nNm (CGDG)
C3..0Me 3,70
CEH~OMe 3,92
C7-0Me 3,24
c3tome 3,55
catoome 3,37

shicld the nearby protons, (65,66). When the MMR srec-

tra of flavonoids is axamined first in CDCl3 and then

in henzene, the solvent shifts A = &CDCI - EC 4. ppm
=3 66

which arc observed can be used to assign shifts of the
methoxy resonances without much ambiguity,

The rerorted benzene induced sclvent shift valuos

. ~1 1 .
for C3, C5, C7, C77 and C47, OMe groups in the ahsence
of ortho methoxy or hyroxyl substitutcents are given in

the tnahle below,

Table 6
Position of OMe Ran-je of valucs
C3 -0,07 to + 0,34
Cc5 +0.,43 to + 0,58
C7 +0,54 to + 0,76
cet 40,46 to + 0,53
i

oA +0.54 to + 0,71
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From this dnta 1t was renorted that, for isclatod
Ome agreups at €5, C7, 621 and 041 the 7N valugs are
always larger than (0.43 ppm) that of the OMe rosonance
of anisole. This has been explnined due to the abhility
of the OMe rrours to conjugate with the carbonyl group.
This will enhance the nssociatinn of benzene with the
oxygen atoms of the 0OMe whose electron density has now

decrensed, with a resultant increase in /3 values,

LAY
\_3\\.( /\, P
by
L 1Y
A5

The flavones and the rerorted henzena induced
shifts of the OMa resononces hy specific dutaration is

given aelow,

The carbons of Ar-1 were assigned by vnroton deco-
13 . C s s . ,
up tad C-MMR and NEPT (s'istortionless anhancamant 2y
nolariz-tion transfer). An important application of
the DEPT wulse train is far the generation of both

> 1. 0] 17
individual proton coupled and proton decoupled ~7C
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4944

methine (CW), meihylene (CH,), and methyl (CH.) sub-
smectra. The carban shift assignment is based on the
use of a flavonae as o model and additive substituent

paramctars Tor henzene, The prescnce of ChH-methoxy
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Table 7:%3enzcn? induced shifts of the flavones 4G, 47,482,490

Compound OMe npm CDCl3 . ppm 0606

6 C5-0rta 3.96 3,35
C7-0bio 3,90 3,29

ca' ~OMe 3,87 3,25

47 C3-0i1e 3.93 3,84
C5-0Me 3.03 3,37

C7-0te 3,03 3,26

Cj;—DMe 3.88 3.52

c4' ~OMe 3,86 %, 37

48 C3-0Me %.84 3.34
C5-0Me 3,97 3.37

- 7-0e 3.82 3,17

c2' -0ile %.80 3,31

Ce. ~OMe 3.77 3,23

ALy C3.0Me 4,00 3,79
CG-0Me 3.95 3.92

C7-0Me A,00 3,28

C3 -Oile 3,80 3,56

04 04z 4,00 7,40

diortho subastituted wns sunported by the 1ECNMR spactrum,
in which the signnl Iue to the 6-mcthoxy an enrad down-
field ot 60,05 ppm, Methory carbons usually reson-

ate in the range between 55 - 56.5 ppm., howavar, a

further downfisld shitte between 57,5 and 63,0 ppm is
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130—?MR Chemic-~l Shift of Ar-1 in Chloroform-d

Carbons Lit ppm Calculate {(ppm)
c2 155,98

c3 138,01

G 178,95

Caa 108,69 105,90

cs 152,84

co 132,34 132.8

c7 158,85 56,3

co a0, 42 93.9

c8a 132,40 1514

c1® 122,08 1248

cz't 110,05 112,6

c3’ 148,89 145,89

ca't 151,34 148.3

cste 111,30 115,4

ce't 122,23 120,3

C3-0Me 60,25

c3’ .ore 5G,15

ca® ~oie 56,41

CH-0Me | 60.95 *
¢7-0Me 56,08 1;
' )

(ppm)
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also observed when the methoxy group is :diortho sub-
stituted by twoe bulky substituents such as OMe, O or

‘a ring iunction (67). It has heen sugoested thaot

staric inhibition te resonance betweaen the methoky
oxygen ang the aromatic ring are res-~ansible for this
(@g). Tt hns been rer rted that maximum overlap of
orhitals of the lone pnir of electrons in oxygen and
the 1 electrons of the afométic ring is {favored when the

mathoxy group lies in the plane of the ring. (69),

Thegméater abundance of M* as Compared'tor(Mm15)+ in that
M+.‘>(M—-15)+ is indicative of S5-hydroxy 6,7 dimaethoxy or
5,7, 8 trimethoxy flavenes (70). The peak intensity
for MY baing (100%) and 60% for M-15 supports the 5-
hydroxy 6,7-dimethoxy substitution oattern-in Ar-1,
3 and/or 5-0tle Tlovones are knovin to display a Mt -1
ion in their mass spectra @1 ). This aganin confirms
“the 3-0Me subatitution of Ar-1 suggested by 1HNMR tata
mentioned above, On the basis of this the following

fragmentation nathways have bheen suqgested for Ar-1,
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The folloviing structure has been established for
) . 13 .
Ar-1, from the v, IR, jHNMR C-NMR and MS snectral
data, This structiure corresronds to™a n-tural product

artemetin that has been isolated from many nlants in

13C—UMR date ro-

. " . 1
the family Asteracea, UY, IR "H »and
ported for this compound are consistont with our
sncctiral data (4,72,73).
Table 9: List of Some "lants from which /rtemetin was
Isclnted

Plant sources Reference
Achillea millofolia (Ast) g4
Artemisia absinthium (Ast) - 75
Artemisia arborescens (Ast) ‘ ' 76
glums arianthes (Ast) ' | 77
Bulmea lacera (ast) - 78
Brickellia chlarolepsis (Ast) 79
Arickellia cycliniraceae (Ast) 79
Brickellia vhrﬁ@q;folgg (Ast) 73
Vitex negunde (verb) : 80
Vitex trifolia (verh) g1

Vulagnrin

Vulgarin recrystnallized as colorless neadles m,p.
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17% ~ 175°C, IR abseptions arer 3480 cm"1 (o),

1770 cn™? (& ~lactons) and 1663 cm™ t (¢ ,B.unsoturated
ketons)., The sannle was rigorously anzlyzaer by two di-
mentional NMR techniques b-sed on COSY (correlation
SpéctrGSCOPyj and 1H-130 heteronuclar corralation
expariments, In the COSY - 45 exneriment the homonuc-
lear corvelated 2DMNMR.3wectra displays all of the
nroton - rroton spin cour'ings on one 2h-polt whare as

i, 13

in the heteronuclea corralated 2D-NMR of the "H-""C

Ccosy, 1H and 130 ara related through sc=lar counling.

1 13 . . . .
H and ¢ chemicnl shift assignments which are

The
based on theose two COSY exieriments were comnarcd to

the data available and the orientation of the gnone
chromophore was confirmed by CDLOC {correlntion
sractroscopy vio lony ranqe counlings; a two dim=znsional
experiment rocently introduced by Kessler ani Coworkers
(82), This mothod employe H,C couplings via two and
three bonds, icnoring short range couplings, ant c¢an be
used with advantage for the assignment of quoternary
carbon atoms, whose anvironment is thus detarminable,

Al though MOE srectra shoew NOE at H-15 and H-14 when

H-3 and H-2 ara, . .
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Table 10: 1HNMR Data (ppm) of Vulgarin in Chloraform-d

H u ppm a | Counling ;;nstﬂnts-". B

;2—H 5,85 (i) Uy 4 = 0.1 7

C3-t 6.57 () J?'3 = 9,1, wank coupling to H-15

C5-H1 2,30 () 35,6 = 11,5

c6-t A,13 (dd) 35,6 = 11,7, 36,7 = 10,6

c7-" 1,65 (m)

C8~H 10:1.95 () 3861 8a, 13, I5a,7 13, HB@,QG 3
Pa: 1,44 (m)

CO-H Re: 1,00 (aidd) 398,06 12, 398’80 3

a: 1.54 (m)

cil-! 2.32 (q)

C13-4  1.21 (s)

Cla-i1 1,17 (s)

CiG-ti 1,52 (s)

P PN s cw g EELTG TS AL RAXaauiaa e
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irradianted the effects are small due to the relatively
larne distmnces. Morecover, the distance diffarences
for 3.4 andi_z with respect H_146n one or Hwl5 on the
other side is not larage enough to allow a structural
assighment with carcful optimization of the gxnoriment,
Thus a method, thnt enables us to astablish nroton
carbon connectivities over larger distance, i1.,¢. over
more than one bond including guaternary carbon atoms is
required,

In COLNC experimont the verticel dimension gives
L and the horizontal 136 chemical shifts., For each
cross penk the firsi number indicates the chrbon, the
second the hy'rogen involved in the 130-1H counling,
“neircled peaks refer to one hond couplings, (sce Fig.
). In our expariment the nulse sequence was ontimized
to coun'ings of GH_. 1In contrast to the heteronuclear
correlation spectirum, crdés noaks can he ovserved in
the COLOC snactirum aven for signals of guaternary

carbons, The figure shows, that there are significant

cress neabis incicating vicinal counlings,

The inconsistancies in the snectroscopic data of
vulanrin that haove led to ¢ifferent names of the asame

compound had been sclved by reinvestigation of vulgarin

1

and A-enivulgarin, an epimer differing only in the con-

7
fifquratidéan at C-4 (26), Ly and 1JC~NMR smactra were

. . 1 13
unamirigously assizned based on COSY - o0, Tt - 5

correlation ex-eriments and X-ray study, Fuirthermore,



Tohle 11: 1Scmir Gata of Vulqgarin in d-chloroform

e s nan o aoaes = s 2 arsarzmasa

C ppm

1 201,5
2 125,5
3 151,7
A 70.0

] 54,5
6 70,5
‘7 52,3
3 22,6
S 34,2
i0 46,2
11 40,4
12 178,.1
13 12,4
i4 ia.,7
i5 23,7

the stereochemistry at C-H wass established Hy NOE mea-
surements, However, the MMR technigues mentioned above
ware not able to establish the orientation of the enone
chromophore which is isolated from the rest of the
molacule by two guataernary corbon atoms, Ve have bean

able to established this by the H}SC,COLOC correlation
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330% hatwean C 4 and He 14 Cedand 1 =16 G- 3and .3 as wall

L
-y f

as C=1fand p. 2 Hovwaver, no such neaks can he ohservedd

if the oriantation of tho enone groun is sugrested with

the carbonyl being at C-3 and doule hand hea

tween C. d=nd ¢, ,2

83}
=

Structural Elucidation of Ar-3

Ar=3 15 o yoellow oily sudstance, a single
snot on tlec (“enzene - acetone 9:1, CHCY, ~nd
3
CHC L :580AC 9:1), that turned red when sprayed
with vanillin sulfuric acid and heated, Viith
hydroxylamine - ferric chloride the tle nlaia
turned green like that of vulgarin, a nosiiive
- . 25 Qs
test tor a lactons, It has (3{)U + NNC1,5mg/ml -
CHCLZ) =nd IR spectrum showed ad=orption bands
S -1, -1,
at 3550 cm (Y ~nd 1770 em ( # -lactone), The

156«NMR spectrum ¢goave signals for

proton decounlad
15 cardons suguesting a sesquisternine lactona,
Furthermore, the chemical shifes gave defonitive
information abcut the functional groups, 177,65
(C=0), 133, 121 (C=C) and 75,3 (~04), This
sugnests o sesqguitcernene lactone having an 01 and
one site of unsaturation, From tha 1HNMR the

three proton sinnlet at 0,9 sUgriests o £14-4 at

an angular sosition for an eudesmanolic (83).

From this inform~tion the following structure

could be sugriestod, Based on this structure the
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R=H, R=0OH or

(511
=

R=0H, R'=H

tfollowing assignments woere made from 1HNMR data,

0.8 (35,010-Me), 1,20 (d,C-Me), 1,7 (broad s, C4-Me) ,
3.60 (ad, C1-H), 3.2 (broad t C6-M) and 5,3 (C3-M),
This structure was further supported by DEPT srectrum,
which shows the nresence of 6 mathine (C¥), Z-methylene
(CH2) and Z-mathyl (CH5) grouns, Information concern-
ing the multi~licities of 13 signals were obtained

from nroton off - resonance decoun’ing exncriment.

Table 12: partinl Lapar Chemical shift Data {ppm) in
Chioroform-d at 0C MH._
H (ppm)
1 3.6 (dd)
z 5.3 (hr,t)
2 3.9 (hrt)
13 1.2 (d)
14 0.8 (s)

15 1.7 (hr.s)
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s
Tahle 13: 1JC«NMR Chemical Shift Data 6ppm) in Chloro-

form-c QC MHZ

C ppm

1 75,3 (d)
2 32,8 (t)
3 121,2 (d4)
A 133.6 (s)
5 50,6 (d)
6 81,3 (d)
7 53.6 (d)
8 22,9 (t)
g 34,6 (t)
10 40.3 (8)
11 47.7 (d)
i2 179.7 (d)
13 12,5 (q)
14 11,1 (q)

15 23,3 (q)
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dy  TAPERIMENTAL

General Experimentnl procedure:

Melting points were determined on a Thomas Hoavear
melting point apnoratus and are not correctad, LV
gpectrum were run on UV-Beckman Model 24, 1Infrared
spectra wers determined using a Perkin - Elmer model
7278 grating spectrophotometar, MS, 1HNMR and 1SCuNMR

were determined by Jeol FX 900 FT NMR Spectromaeters,

Analytical thin laver chromatography were run on a
0.25 mm thick layer of silica gel GF25A (Merck)., Adso-
rbent uscd for column chromatography was silica gel

6055, (70 - 230 mash) Merck,

Extraction and ~urification

Plant material was collected from the oxperimental
garden of the Department of Chemistry AAU. This was
air dried and powdered prior to extraction. 100 g of
the acrinl parts was extracted with 4 X 500 ml of 80%
and § x 500 m) of 50% aqgueous MeOH. The combined
extracts were concantrated under reduced pressure until
only water remnined, The aqueous layer was extracted
first with hexane’followed by chloroform and finally
with ethylacetate (73). The material from the chloro-
form extract (7.5 g) was chromatographed over Si gel
column packed in the c¢lution solvent. ‘The column was

eluted first with hexana, Polarity of solvent was in-
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creazed by ndding EtOAC until the cclumn was finally
eluted with methanol, Fractions that contained arteme-
tin, vulaarin and two other spots {(detcction in UV
lignt) were mixed, The mixture was further nurified by
prep,. tlc on S5i gel using solvent system bhenzene-nce-
tone (8:2), 53 my of artemetin and 41 mg pure vulgarin
while 44,1 mg of partinlly prurified vulgarin were ohta-

ined, Vulgarin was recrystallized from cold StOAC,

In another experiment 507.,4 g of the dried and
powdered aerial pmrts of the plant was extracted with
MeOH at room temperature, 55,3 g of crude extract was
further extracted with petroleum ether (50u7000) -
MeOH:H20 (9:1) mixture in the ratio 2:1 three times to
remove fats and chlorovhyll, The aqueous layer was
then extracted with chloroform followed by EtOAC,. The
chloroform extroct weighed 30,6 g while +he EtOAC
extract weighed 0,539 g, Marc from the methanol extract
wns extracted with MeOH-H,0 (1:1) and the aqueous layer
was subjected to similar extraction nrocedures menti

onad above,
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Scheme 14:  Experimental "rocedure - 1

Plant mataerial

ayueocus MeQH

Marc

exXtract

aq,{layer

?xtracted with 66H14

¥ i
8. yayer C6”14 extract

1 extd, with CHCL

3
N
ag. layer CHClS axt,
EtOAC CC (sigel)
prep TiLC
|
.s P T

aqg.laver EtOAC Are-1  Ar-%.
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Scheme 3¢ Exnorimental “rocedure =2

Powdered plant mat.rinl
) ]

HMe(H
|
Marc K MaOH ext
MeOH :H,0 peitrol :MeOH(9:11)
141 2:1
ag,layer ng, Laye
CHCI, 07013

; | A a—

CHCl3 axt ag.,loyar CHCL 5 oxt

agilayer

| \ VI.G(31,gel)
EtQAc T EYOA%

— \A.-;"-*:'-N-*A‘“-’—.‘:- r' 7 ‘C} V :-“ b r: ¥ ’ ; ‘ ’ ‘ ‘

qul’jy(’r EtOAC z q-1~-Ve‘ _12{:(;_: Ar-31  Ar=2 Ar-3

25mg  39mg 61mg




nerinl perts of the lont was extracied wich M0 at
roca temporcture, 95,8 g of crude extract wos furthor
extractd with potreleum ether (50~7OOC) = MeDH M0
(2:1) mixture in the ratic 2:1 three times to remove
fats ~ni chlsrochyll, The agqueous layer wis then ex-
tractad with chloraforn followed by Et0OAS. Thz chloro-
form oxtract weighed 30.6 g while the EtOAC extract
wod thed 0,550 g, Marce from the methanol extract Wi
extracted with MeOiH-H,0 (1:1) and the aqueocus layer
was subjectod to similar extrraction DIrocaiures nenti-

oned atove,

4,3 turificaticn hy Vacum Ligquid Chrom-tography

10 g of the chloroform extract wne annlied
over 80 g of Si gol (Merck) packed onm a sintsered
glass funnel, Elution stoarted with "enzene fo-
Lloved by benzene - scetone mixtuic (85:15) ..
Artemetin and = sesquiterpene wore torather with
other imruritics were eluted with hanzone, while
vulgarin eluted when rolarity was increased,
Fractions thnt c;ntained artemetin and the
ternencid were rurified hy VIC on 20 g of prep,
grade 54 gel (Marck), Solvant systom usad was
benzene w\chlernform ~ @thylacetate (5:4:1),.
Artmetin waé purified by chromatography on

microcolumn {(boenzene fo1lwed by henzene -

acetone) o~nd finally by recrystallization with



*

MeQil. iike wise, the terpenoid was purified by renco-
ted chromatograrhy on aisrocolumn (CHCI3) followed by
nurification on serhadex LH-20 (CHClSMeOH) 2:1 and 1:1),
Vulgarin wns racrystallized from cold Zt0AC, Visualiw
zation of the spots was made nossible by snr-ying the

tle plates with vanillin - sulfuriec acid,

Attempted dethylation of Artemetin

24,7 mg of the samrle was dissolved in a minimum
amount of chloroform, To this a few drops Ft,0 mnd
some drops of dinzomethane was added till the vollow
color persisted, Ths solution was kemt on an ice bath
in the hood, MGS0 . was ndded for Hrying, Artmetin
was rocovered unchanged, tlc compﬁ}ison with an authen-
tic samnle (benzenc-zcetone 9:1 ~nd hex-ne~ncetona 8:2)

i

gave szmae I,

Diazomethnane was pPreonred as follows:

12 ml 0% (W/v) of KoM (~queous) was placed in 100
{
ml erlenmeyer flask placed in an ice bath, To this, 40
ml dicthylather wos addaed and also Mitroscmethyl urca

viith shaking (2 gms),
The colar of the ethar Laysr was observed to hange
from co orless to vellov as the rascrion
Cl'fzf'J(NOCOI\iHZ + KOH e CH2N2 + KCHO + 2!’120

This wos inetted out and added te tha saolution
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contsining tho flavonoid,

Bionssay

Test for -ntibacterinl n~ctivity: the ecrude methanol
extract of the dried aerial oarts of ths plant wns tested
by the ‘gar-isc iffusion method. Amount of materinl
used for the test w-s 300 ug/disc., No mntibacterial
activity ogoinst the test organisms was ohsarved, The

following test organisms ware used; 8, aureus, 3acillus

subtils, E, col, Shigela soni, PPseuomonas ucroginosa
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