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CHAPTER 4

AN ACYLATED PHLOROGLUCINOL WITH
ANTIMICROBIAL PROPERTIES FROM HELICHRYSUM
CAESPITITIUM

Written in the format of and published in Phytochemistry
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Albstract

A new acylated form of a phlorogluand with sgnificant antmmcrobad propertes wes solated by hoacaty  guxlecd
fmctonaton from Helchrpsun  coespiiiun (Asteracess). The structune elicxdation, and confommatson of the new
phloroglucansl, 2-methyl-£-[2° 4 6 -tnhydrony=3 =2-methyipropanoyly phenyl[but-2-enyl acetate, was estabhshesd by hgh field
NME spectroecopec ancd M5 data. The compound mhibites] growth of Bocilfus cereus, B puoriius, B subrille ancd Wicracaccus
kristinae at the very low concentration of L5 pgiml and Srtaphdoraccus aurens st 50 pgml. Six fung tested wen: smalardy
miubated at ko MICs, Asperpdius s and AL ager (1.0 pe'mll ), Cladasparienr dadaspardaides (5 pgmly, C casunerimenr amel
. sphaeraspermrm (0.5 pgiml and Phyraphibara capaer at 1.0 peiml. @) 2000 Ekever Scence L. All nghts reserved.

Ko yrwawaln Me ek ssam e oespliifans, Astemcene; Aniincrobial; Phio roghocinal

1. Initroduction

Many Hellcfrision (Astemcens) species hawe been
cxamined  for  their chemical  components.  These
inchede 38 spocies from South Africa {Jakopovic,
Boubnke, Schuster, Metwally &  Boblmann, 1986
Jakupovie, Fdero, Grene, Taichritzis, Lechmanm,
Hashemi-Mejad, &  Bohlmann,  1989h  Meyer,
Afolhyan, Taylor & Emsms, 1997y acight from
Madagsear | Bandriamimahy, Proksch, Whie &
Wray, 1992, several from Span  (Tomas-Baberan,
Maonthi & Hestettmann, 988, Tomas-Barberan,
Inizsta-Sanmarnin, Tomas-Lomnte, & Rumbero, 1990
and many species from Ausiralia (JTakupovic, Schusier,
Bohlmanmn, Ganzer, King & Bobinson, 198%a) The fact
that different Helfiefrvson species produce different
sccomdary  metabolites  (acetophenoms,  Ravonoids,
phlaraglucingla) as a hischemical defono: mochanism

* e spon cing, o har.
E-macll achedress: o onE sce oo nc s (1 M. Mever).

{chemical barmrier) against hacteria and Tungi is of great
imtereat, since it indicates the we of differem metabaolic
pathways. As part of a programme 1o investigaie the
medicital potential of South African  Hellohepsen
apocies we examined 8. oo spiiinen {DC) Harv, for
possible biological activity. The Southern Sotho inhak
the smoke for reliel of head and chest colds and also
waz il as a desing For open wounds during circumci-
aion ntes, Casspitin (1) was previeusly isolated from
this species (Dekker, Foune, Smyckers & WVan der
Schyf, 1983) and shown o have antimicrohial proper-
tizs. The antimicrobial activity guided fractionation of
ihe acetone exiract of the serial pans of B coeespdi-
rien ded 1o the Bohkhiion of the new phloroglucino
derivative  2-mee thyl-<H{ 27,476 - irihydreeoy-3 4 2-met hiyl-
propanoylFphenyl|bui-2-enyl  acetaie (23 Evaluation
of the antimicrobial aciivity of compound 2 againsi
tem  bacieria  showed significant  hiological activity
agaiml  all  the Gram-positive  bacteria tested.  In
addition, the growth of the s Tungi tested, was
aignificantly inhibited at very low MIC values.

003 -S4 20000E - see fromd matter @0 3000 Bleevier Scence Lid. Al rghts reserved.
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2 Resulis aml discussion
2.0 Sinietwre efwcldation of 2

The structure of 2 was estahlished through the wual
specirmeopic technigues including 'H- and “C-NMRE
analysi, With the aid of DEPT, COSY and HETCOR
pulse sequences, the muliiplicity of the proton peaks,
iheir reltionship to one another and the identity of
cach carbon and hydrogen could be established, re-
spectively. The process of identification was Facilitated
by ihe article {Dekker et al, 1983) on ihe compound
cacspiting and the identification of acylphloroglucinals
from Hellcfwvsun spocies (Jakupovie et al, 1989h;
Bohlmann & Mahania, 197%). The presence of a free
phlomglucingl nucleus was suspected on the grounds
of three phenolic carhons being shilfed far downficld
in the YCospoctrum (C-2°, C=° and C-6" at 1640,
Il and 1602 ppm, respectively) The single aro-
matic proton attached 1o C-3, had the anticipated
proton (#5.98) and carbon (5.7 ppm) shifts. The Y-
specirum lefi no doubi thai a carhonyl carbon and
cster carbon were present (2118 and 1736 ppm, Te-
apoctively). B remained to establish what other substi-
tuenis were on the side chains. The 2-methylpropanoy]
meoicty at C-3° showed the anticipated sepiuplet for
the CHMer group (3.9 and the doublet For the gem-
inal dimethyl substituents (#1.17). An initial problem
was posed by the maiure of substitvenis present on C-
17, but a closer examination of the proton MME spoc-
trum revealed that the side chain of 3 was not unlike
that  of  ithe 3 3-dimeihylallyl  group  (Ar-
CHyCH=CMeg,) preseni in the compounds described
by Bohlmamm and Mahama (1979, In case of com-
pound 2, however, the one terminal methyl group had
heen replaced by —CH.OCOCH,. The upficld YC-shift
position of the methylene group at C-4 (benzylic 1o ihe
aromatic ring and allylic to the side chain alkene) ai
215 ppm was unusual, but in kezping with the findings
of Tomas-Barberan et al. (19960, Dekker et al. (1983)
and Bohlmann and Mahania (1979 on similar meoi-
aiics.

2.2 Bignificaese of sivactive

The claim that 2 is a new compound is based on the
finding that {(Jakupovic et al., 1989b) describes an acy-
lated phloroglucing]l with molecular Formula (CypaH 206
bui ascribes an incorrect structure io i oon p. 112X
The siruciure shown in that paper has an s-buiyl
group al C-3° instead of the —COCH Mes group.

23, A fwee rerfal aceivilty

The activity of compound 2 was examined against
1{d bacicria by the agar dilution meibod (Turnbull &

Tahle 1
Amighacienal acthvity of ihe crude acetone eximol of the aenal panis
of MNellehrysm cospidrim and compound ' molvied from ihe
extract

Bacterial species Giram  MICY
(+ =]}

Orude extrant (mg/ml} 2 Gugiml)

Bacillus carens P 0s
8. paailug 1o 0%
8. pubolis Lo [V
Microcosens kel sinae P 0s
Sraphylocoscun aureus 1o o0&
Enerobacter &koacae ] "
Eseherichia coll o n
Klehie la poesmonias i [
P rasckeamsanas aer gl masa 1o i
SEFrarks BN EES SRRE 178 TEL

* Miininurn inhihiory concemrtion.
" Mol aciive.

Krmmer, 1991) The compound significanily inhibiied
the growth of all the Gram-positive hacteria tesied
{Tahlz 1) a1 a concenimiion of between 0.3 and 5 pg'
ml This phloroglucing] had no activity against all ihe
Gimm-negative bacteria tested. These resulis ame inoac-
cordamce with previous reporis (Tomas-Barberan et
al., %KY Dekker et al, 1983) of similar antinicrobial
activity of related compounds against Gram-negaiive
hacteria. Most hacillus species are reganded as having
little or mo  pathogenic  potential, however, both
Bae iy covews and B sabiills have been known o act
as primary invaders or secondary infectious  agenis
in a number of cases and have boen implicated in
some cases of food poisoning (Turnbull & Kmamer,
1991, Stapfoviveoccus awrews, 15 a human pathogen,
whose infoctions are amongst the most difficult 1o
combat with conventional antibiotics (Tomas-Barberan
et al, 9% 1900, This siudy provides a prohable

Tahle 2
Amifungal actvity of the crode acetone extract of the aerial pans of
Halichrpsum caespiritisnm and compound 2 isolated from dhe evirc

Fun gal species M
Cinuce eximaci (mg,/ml } 1 (ugml)

Aspergillus Tavus Lo ]
A. miper (LR} 0
Cladasporivm cladosporiodes 001 L1i]
. s rinam ool 0s
L. splbaer anperam ol o5
Flhypephrhong capeked Lo 1o

* Mimnimum inhih#ory cancemragon.
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scientific explamation for  the therapeutic polency
attributed w K. caespititsen, climed by iraditional
healers in the Free State province of South Africa, for
cxample, during wound ireaiment in male circumeizion
rites.

24, Aniifimgal aetivity

The growih of six Nungi, Aspergillus miger, A, faves,
Cludogporivm ofedosporioides, O cwciomerimom, O
splee rospemman and Phytophitfora capsicd, were signifi-
cantly inhibited at very low MIC's by compound 2
{Table 23 A, Faves and A wiger are some of the maost
impaortam fungi responsihle for human sysiemic infec-
tions. These organisms weme inhibited at 140 pg/'ml T
is= gencrally agreed that at least one acidic hydrmxyl
group and a certain degree of lipophilicity are reguired
for hinlogical activity compound { Tomas-Barberan
al., 1%HN). Lipophilicity is imporiani becauwse many
aniifungal meiabolies exert their toxicity by some
membrane associated phenomenon, and it is kmown
that acidic hydroxyl groups may act by uncoupling
oxidative phasphorylation. In this case, the antifungal
compound isolated from H. coespitfoon bears thres
acidic hydroxyk (phenalic hydroxyls) and lipophiliciiy
{3-isobuiyrylphenyl and but-2-cnyl acctave mesiducs).
Om the other hand, amibacierial activity, againsi
Gmm-positive baciena seems 0 be related 1o the pre-
sence of phenolic hydroxyls (phenol itsell is a well
known antibacienial compound | Tomas-Barbemn el
al., 19,

3. Experimental

a0 Plane Marerid

Shoots of H. caespitfdon were collecied from the
Dmkensherg  in the Mount-auw-Sources  area  in
Crwal)wa, South Africa duning Avgust 1998, A vou-
cher specimen (AMI11) of the spacies was deposited in
the herbarium of the Matiomal Botanical Institute of
South Adrica in Pretoria.

A2 Prepavarion af exivoct

Air dried (20 g) plam material was immesed in
acetone and shaken on a rotary shaker for 5 min with-
oul homogenising it The exiract was filiered and con-
cenirated to dryness under redwced presure at 400
with a rotary evaporator. Aler determining the yield
(64 g (w/wl), the exiract was stored ai 47 until anii-
hacierial assays commenced.

A3, A fae teriad aotivity

An aliquot of the crude exiract of H. coespiiitian
was serially diluted (len-fold) 1o obtain a range of 10—
001 mg/ml in 2% acetone  final  conoonirations.
Compound 2 was diluied o final concenirations of
1000, 100, 5.0 and 005 pg'ml in 2% acctone. The
plamt exiract and isolated pure compound 2 (sierilised
by filering through a .22 pm filker) were added 1o 3
ml af sterilised nuirient agar in Pein dishes and swirled
carcfully  before congealing. The organisms  were
stmaked in radial patiems on agar plates (Mathekga &
Meyer, 1998). Plaics were incubated at 377 in the dark
and examined afier 24 and 48 h. Complkie inhibition
ol growih was meguired for the exiract o he declared
hioactive. The comirals consited of Peiri dishes con-
taiming only nuirikent agar and others conaining nuin-
ent agar in 2% acetone. Each treatment was analysed
in triplicate.

A Aniffungal activity

The acetone plant extract a5 well as compound 2
were subjected 1o the same treatment as noted above
excepl that instead of sireaking bacteria onio the agar,
4% h cultured Tungal imoculum disks were earelully
deposited at the centre of each Peri dish, Plaies were
incubated at 25 in the dark and examined after 24
and 4% h. Compleie inhibition of growih was similarly
required for the exiract to he declared bioactive.
Coniroals were likewise prepamd coniaming only nuin-
cni agar or nuirient agr in 2% acetone. Each ireai-
ment was analysed in inphcate.
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A5, eelatton anad (dest fication of 2

The crude acctone cxiract of H. asespitiiion was in-
itially subjecied to preparative TLC in CHCL-EiQAc
{1:13. The targeted band was recovered and echroma-
tographad by column chromatography  with  1E%,
chloroform on silica gel &0, Ddrect TLC antibacicrial
hipassays of the fmcetions indicated the presence of sev-
cral amibacterial compounds in the extract. The frac-
tiom with the highest antibacterial activity were finally
isolated in a pumre form by HPLC in H,O-EOH (1:1)
on a reverse phase Phenomenex column (230 = 4060
mm; 5 ou). MMR analbsis of DEPT, COSY and
HETCOR specira were obtained wing standard pulse
sequences on a Yarian 200 MHz spactrometer. Mass
specira were meonded on a Hewleti-Packard 5988 GO/
ME instrumeemt. High resolution mass specira were
abiained from a Kmates M5 80 BF douhle-focussing
MAgnClic S60107T MElrument.

54 Comipansd 2
2-Meihyl-4{27, 4", 6 irilyd romy- 34 2-met hylpropa-
noy [phenyl]but-2-enyl acetate mp 140°; 'H-MNMR (200
MHz, CIHCLy & 117 6H, &, J = 67 Hz, CHAg.),
1.73 (3H, 5, CHAC=), 2.12 (3H, 5, CH:C0x), 3.40 {2H,
fed, J = 7.1 Hz, H-4), 396 {IH, septuplket, J = 6.7
Hz CHMes), 4.7% (2H, 5, H-13, 549 (IH, ber, J = 7.1
Hz H-3), 5.98 (1H, 5 H-57, 7.90 (2H, bs, 2 = ATOH),
1290 {1H, fs, ArOH on C-27. PC-NMR (500 MHz,
CDCLy: 198 (diMe, 215 (C-4), 217 (MeC=), 1.7
{CH;005), 39.6 {CHMe, ), 64,8 (C-1), 957 (C-57, 104.5
(037, 1065 (C-17, 1295 (C-3), 1301 (C-3), 160.2 -

47, 16le (C-87, 1640 (C-27, 173.6 (OO0, 2118
(C=0n. GOMS 'z (rel. int) @ 262 (25, M-60), 219
{1, M-s-CHMea), 177 (8), 115 (6, 1 (T, 69 (100,
Preparation of the trimethylsilyl denvative afforded a
small peak (1%5) at sz 322 (M-rimethylsily] ether).
HEMS calculated Tor O Hy00, requires 32214164,
Found 323214363,
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Figure4.1 *CNMR of caespitatein CDCls. MW. 322.14 Ci7H,05
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Figure4.2: COZY of caespitatein CDCl3; MW. 322.14 C17H 2,06
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Figure4.3: DEPT spectrum of caespitatein CDCls;. MW. 322.14 C37H 206
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Fig4.4: HETCOR of caespitatein CDCls. MW. 322.14 C17H20¢
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Figure4.5: H of caespitatein CDCl; MW. 322.14 C17H 2,06
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Figure4.6 GCMS. TM S mass determination of caespitate. MW. 322.14 C17H 2,06



	4.1 Introduction
	4.2 Results and discussion
	4.3 Experimental
	4.4 References
	Figures 4.1-4.6

