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An acetone extract dflelichrysum italicumssp.microphyllumafforded the phloroglucinak-pyrone arzanola) as a

potent NF«B inhibitor. Arzanol is identical with homoaren®4), whose structure should be revised. The phloroglucinol-
type structure of arzanol and the 1,2,4-trihydroxyphenyl-type structure of the base-induced fragmentation product of
homoarenol could be reconciled in light of a retro-Fries-type fragmentation that triggers a change of the hydroxylation
pattern of the aromatic moiety. On the basis of these findings, the structure of arenol, the major constituent of the
clinically useful antibiotic arenarin, should be revised fr@mto 1b, solving a long-standing puzzle over its biogenetic
derivation. Ana-pyrone (micropyrone?), the monoterpeneac-E-w-oleoyloxylinalol (L0), four known tremetone96—

d), and the dimeric pyrone helipyron8)(were also obtained. Arzanol inhibited HIV-1 replication in T cells and the
release of pro-inflammatory cytokines in LPS-stimulated primary monocytes, qualifying as a novel plant-derived anti-
inflammatory and antiviral chemotype worth further investigation.

Helichrysum italicunG. Don. is one of the best known medicinal Results and Discussion
plants from the Mediterranean are@he strong and persistent smell An acetone extract oH. italicum ssp. microphyllumshowed
of H. italicum is reminiscent of that of curry and combines with  tent NF-kB-inhibiting activity (1Go ~ 25ug/mL) in a luciferase
the long-lasting bright yellow color of its flower heads to make gene reporter assay, where the amount of the Iuciferase gene product
the plant a veritable icon of the Mediterranean environment. In the 5 related to the extent of NEB transcriptional activatiofi.The
Greek-Roman system of medicirt¢, italicumwas used as an anti- - acetone extract was separated by solid-phase extraction into three
inflammatory and anti-infective plaftand both uses are still well  ractions (petroleum ether, EtOAc, and acetone). The active EtOAc
rooted in folk medicine toda¥ Systematic clinical studies on the  gjyate deposited a pale yellow precipitate when dissolved in
anti-inflammatory properties ofl. italicum were carried out by petroleum etherEtOAc (1:1) (ca. 0.05% from the dried plant
Santini, an ltalian physician, in the 194bBespite the promising material). This compound, arzanb#,1° showed powerful NFeB-
results optained, these.invle.stigations were Iargely overlooked, bUtinhibiting activity (ICso ~ 5 ug/mL), superior to that of all the other
the demise of COX-2 inhibitors and the current interest in new prodycts obtained by bioassay-directed fractionation of the mother
antl-_lnflammatory agents have led to a belated recognition of their liquors by gravity column chromatography. HR-MS established the
seminal relevance. _ . molecular formula GH,cO;, while the IR spectrum showed

Plants from the genusielicrysumare prolific producers of  eyidence of hydroxy (3329, 3300 ci) and conjugated carbonyl
secondary metabolitésand anti-inflammatory properties have been (1671, 1626 cm?) groups. ThéH NMR spectrum (@Dg) showed
described for some constituentstdf italicum” However, the low a series of simple spin systems corresponding@ymenyl group
isolation yield and the overall modest activity of these compounds (55,12, br t,J = 7.1 Hz, 1H; 3.39, br dJ = 7.1 Hz, 2H; 1.54 and
make it likely that more potent, specific, and still unidentified anti- 1 50, pr s, 2x 3H), an ethyl groupd 2.04, q,J = 7.6 Hz, 2H;
inflammatory agents occur in this plant. Since the ethnobotanical o g5 1, j = 6.7 Hz, 3H), a methylene singled 3.62, s), and two
use and the clinical efficacy ¢1. italicumas an anti-inflammatory  geshielded methyls)(2.55 and 1.62), one of which) (2.55) was
agent are clearly documented, we have started a systematic StUdBéharp and presumably bound to a carbonyl. FEsNMR spectrum
of this plant as a source of new pharmaceuticals. Inhibition of the (c,p¢) showed two carbonyl singlets, of the ketone and ester type
transcription nuclear factorB (NF-«B) served as the end-point, (5 204.4 and 169.6, respectively), as well as five deshielded
and the subspeciesicrophyllum(Willd.) Nyman, a plant endemic  aromatic singlets typical of polyhydroxylated phenolic or enolic
to Sardinial was used as starting material. NB-is a validated carbons § 167.5, 162.1, 161.2, 161.0, 159.1). These spectroscopic
target for inflammatior¥,and there is also growing awareness that features are typical of phloroglucinat-pyrones, characteristic
its malfunctioning or disregulation is involved in several other compounds from plants of the gentdslicrysum'! HMBC experi-
pathologies, including cancer and AIDSherefore, leads identified  ments established the location of the various substituents on the
in this investigation might have broad pharmaceutical application. aromatic ring and the pyrone moiety. Especially revealing were
the HMBC correlations between the protons of the methylene bridge
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Scheme 1.Proposed Mechanism for the Formation of the 1,2,4-Trihydroxyben2dram the Treatment ola with Base (KOH)
OH

HO oH (o OH

L. as an inseparable mixture with its homologue (are2io),}2 The place, a reaction reminiscent of some transformations observed in
two compounds could be separated after acetylation, and thethe prenylated phloroglucinol hyperforif.The resulting cyclo-
reported physical (mp) and spectroscopid NMR, IR) data for propanol can then rearrange to an epoxide, eventually turning into
the tetraacetate of homoarenol are identical to those of arzanolthe catechol derivative8 by ring-opening and tautomerization
tetraacetate. The two compounds are, therefore, the same, anqScheme 1}’

homoarenol, a long-standing biogenetic puzzle due to the unnatural  On the basis of these findings, the structure of arenol, the major

1,2,4-trioxygenation pattern of its aromatic moiétyshould be constituent of the clinically useful antibiotic arenatfshould be
revised to a mainstream phloroglucinol derivative. The original revised from2b to 1b. Arenarin is a mixture of phenolic antibiotics
substitution pattern of arenol was established by FraktBrm, from H. arenariumL. and was used as an antiseptic in the former
one of the founding fathers of modern terpenoid chemition USSR!® The long-standing uncertainties about the structure of

sound data. Thus, the spectroscopic analysis of the fragmentationarenol are remarkable, since the first references to arenarin date
product obtained, in unreported yield, by treatment of homoarenol back to the 1950% with over half a century elapsing before the
tetraacetate with bases was correctly formulated@ as the basis  structure of its major constituent could finally be fully elucidated.
of the nonequivalence and the lack of coupling between its two |n arzanol (&) and its peracetate ), the NMR resonances of the
aromatic protons. While the correctness of this assignment is beyondcentral methylene protons and their corresponding carbon (C-7)
doubt, it should nevertheless be noted that it is in principle possible were rather broad, suggesting slow rotation around the carbon
to write a mechanism that couples the formal migration of the bridging the two ring systenis.

oxygen atom adjacent to the prenyl to the loss of the acetyl residue  \vethylation of arzanol with trimethylsilyldiazomethane afforded
(Scheme 1), reconciling the HMBC data of the natural product with the O-methyl derivative4, while treatment with acids afforded a
the structure assigned byofn to the fragmentation product of separable mixture of the benzopyrafsnd 6, the result of the
homoarenol. Thus, retro-Michael fragmentation of the alkylidene- jntramolecular cyclization of the prenyl group ondtsho-phenolic
bis-heteroaryl systeth splits the natural product into its pyrone  hydroxy groups. These observations showed that, unlike other
and phloroglucinol moieties, generating an acetylphloroglucinol phjoroglucinols?® arzanol is amenable to chemical modification and
derivative that might then undergo a cyclopropylogous retro-Fries can therefore act as a starting template for struetacdivity studies.
rearrangement. Overall, carbon-to-oxygen acetyl migration takes |nterestingly, a benzofuran isomericiditalipyrone) was reported
from H. italicum by Bohlmanr?!

The major constituent of the mother liquors from the crystal-
lization of lawas a new pyrone, micropyron@)( This compound
(C14H2004, HRMS) showed no NRB-inhibing properties {ide
infra) and was obtained as a colorless powder. Its gross structure
was deduced from the presence of two well-defined aliphatic spin
systems of protons (aecbutyl and an ethylidene), which were
combined by HMBC correlations to a ketone carbonyl2(0.5,
C-7) and a 3,5-dimethyl-4-hydroxypyrone moiety. Micropyrone is
related to a series ¢f-diketones isolated from the essential oil of
H. italicum, which might well result from its hydrolytic thermal
degradation during steam distillation of the plant mate#al.

The known bis-pyrone helipyron8)g® and four acylbenzofurans,
tremetone®a—d,®2* were also obtained from the mother liquors
of the crystallization ofLa, as well as the optically inactive oleyl
3 4 ester ofE-w-hydroxylinalol (L0). The structure otOwas confirmed
by synthesis from linalol, one major constituent of the essential oil
of H. italicum?® Thus, commercial linalol was stereoseletively
w-hydroxylated® and then acylated with oleic acid to afford a
compound identical, apart from the optical rotation, with the natural
product. Only the dimeric derivative helipyrone) (showed
significant NF«B-inhibing properties (I ~ 8.7 uM), while
micropyrone and all tremetone8g—d) were essentially inactive
5 6 (data not shown).
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R Ry 77 Figure 2. Effects of arzanolXa) on recombinant virus replication.
9a OH H 10 0 Jurkat T cells (1®mL) were pretreated with arzanol at the indicated
gg OO:‘CC OHAc doses and then infected with the VSV-pseudotyped-pNL4-
9d OH OAc 3.Luc.RE~ for 24 h. Results are represented as RIHUSD of

three different experiments.

Since the HIV-1 promoter is highly responsive to TaNfduced
NF-«B pathway, the crude acetone extractd-bfitalicum subps.
mycrophyllumand arzanol were also investigated for their capacity S .
to inhibit TNFe-induced HIV-1-LTR transactivatiomia T cell  2civity (Figure 2).

. . - S . NF-«B is one of the key regulators of genes involved in the
line stably transfected with a plasmid containing the luciferase gene immune/inflammatorv response and is implicated in the reaulation
driven by the HIV-1 LTR promoter. Both the extract ada y esp P 9

RN . . of several factors (cytokines, chemokines, adhesion molecules, acute
inhibited, in a concentration-dependent manner, HIV-LTR trans- hase proteins, inducible effectors enzymes) involved in inflam-
activation (IGo ~ 25 ug/mL and 5uM, respectively, Figure 1). In P P ' y

o . . matory condition$:® To support the idea that arzanol acts as an
order to rule out a nonspecific mechanism of action, arzanol was _ ... .
. anti-inflammatory and as an anti-HIV-1 agent, we therefore
further evaluated in a HeLa Tet-On-Luc assay, a model where the . . . .

X . g measured the levels of pro-inflammatory mediators in primary
luciferase gene is under the control of an artificial promoter human monocytes. The levels of PGE2, |B;1L-6, IL-8, and
regulated by doxycycling. Arzanol (La) failed to inhibit luciferase . yes. oo ' :

- . - " i . TNFa in LPS-stimulated human peripheral monocytes were
activity driven by the tetracycline-sensitive artificial promoter, ruling . S

o . S . determined by ELISA. Arzanol showed potent inhibition of the
out a possible interference with the transcriptional machinery, or roduction of IL-3 and TNR (ICso = 5.6 and 9.2uM, respec-
with thein vitro activity of the luciferase enzyme (data not shown). p %0 ) ' ' P

) ) . g tively) and, to a lesser extent, also of IL-6, IL-8, and RGE s,

To further investigate the anti-HIV activity of arzandgj, Jurkat = 13.3, 21.8, and 18.iM, respectively)
cells were infected with the pNL4-3 HIV-1 clone pseudotyped with k . h h. ' | P hi y .d likitaitali
the VSV envelope, which can bypass the natural mode of HIV-1 Taken toget_ e, the results of t 'S.Stu y validettatalicum as
entry into these cells and supports a robust HIV-1 replicafon a source of anti-inflammatory and anti-HIV compounds and suggest

) S . ) .*that NF«B is one of the major targets of its activity. Although
Upon integration into host chromosomes, this recombinant virus . . .
. . . less active toward this end-point, the numerous compounds ac-
expresses the firefly luciferase gene, and therefore, quferasecom anving arzanol miaht svneraize its activity by acting at other
activity in infected cells correlates with the rate of viral replication. panying ght synerg y by 9

: X . - anti-inflammatory targets. Thus, dual inhibition of arachidonate
In this assay, high luciferase activity levels were detected 24 h after . .
. . . metabolism via COX and LO was demonstrated for some acetophe-
cellular infection with the VSV-pseudotyped HIV-1 clone, and

nones fromH. italicum’ and we are currently pursuing this
attractive hypothesis as a mechanistic rationale for the promising
clinical data reported for the anti-inflammatory activity bf.
italicum.#5

pretreatment of Jurkat cells 30 min prior to infection with increasing
doses of arzanol resulted in a dose-dependent inhibition of luciferase

A)

Experimental Section

General Experimental ProceduresIR spectra were obtained on a

2 Shimadzu DR 8001 spectrophotometer. Optical rotations were deter-

10 - mined at 22°C on a Perkin-Elmer 141 polarimeter equipped with a
ol

FOLD INDUCTION

sodium lamp (589 nm) and 10 cm microcét NMR (500 MHz) and
E— N . . . TNF (5 ngimi) 13C NMR (125 MHz) were recorded at room temperature with a Bruker
Helychrysum (ug/mi) DRX500 spectrometer with an inverse multinuclear 5 mm probehead
equipped with a shielded gradient coil. The spectra were recorded in
60 CDCls, and the solvent signal® (7.26 and 77.0, respectively) were
50 used as reference. The chemical shifts ére given in ppm, and the
coupling constants]f in Hz. COSY, HMQC, and HMBC experiments
were recorded with gradient enhancements using sine-shaped gradient
pulses. For the 2D heteronuclear correlation spectroscopy the refocusing
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e delays were optimized fodcy = 145 Hz and'Jcy = 10 Hz. The raw
10 - data were transformed and the spectra were evaluated with the standard
04 -_, Bruker XWIN-NMR software (rev. 010101). Mass spectra (HRESI)
; * * * * :NF 15;-(9/3)') were recorded with a Micromass Q-TOF MICRO instrument and on a
[ 5 10 25 rzanol (ul

Finnigan MAT LCQ ion trap mass spectrometer. Silica gel 6070
Figure 1. Effects of the acetone extract bielychrysum italicum 230 mesh) was used for gravity column chromatography and vacuum
subspmicrophyllumextract and arzanoll@) on NF«B activation. chromatography.

5.1 cells were pretreated with increasing concentrations of the  plant Material. H. italicum was collected near Arzana (NU,
isolated compounds and next treated with BNBr 6 h, after which Sardinia) on June 30, 2001, and was identified by M.B. A voucher
luciferase activity was measured and expressed as an incrementagpecimen (#729) is deposited at the Herbarium, Dipartimento di Scienze
induction. Botaniche, Universitali Cagliari (CAG).
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Extraction and Isolation. Dried, nonwoody aerial parts (leaves and
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eluant) to afford, along with starting material (35 mg), 28 mg5of

flowerheads, 1.0 kg) were extracted with acetone at room temperature(28%) and 18 mg o6 (18%). (b) With HCI: Arzanol (100 mg, 0.25

(3 x 4 L) to give 51 g of a brownish residue. The latter was adsorbed
on silica gel (50 g) and fractionated by vacuum chromatography (200
g of silica gel) into three fractions, petroleum ether (7 g), EtOAc (31

mmol) was added to a cooled {@) solution of HCI in MeOH (obtained
by treatment of 5 mL of MeOH with 10@L of SOCL). After stirring
at 0°C for 1 h, the reaction was left at room temperature overnight

g), and acetone (11 g). The EtOAc fraction was evaporated, redissolvedand worked up as described above. After column chromatography, 29

in warm EtOAc (250 mL), and added to an equal volume of petroleum
ether. After standing overnight at room temperature, a voluminous
yellowish precipitate was formed. This was collected and washed with
ether, to afford 780 mg ofa as a pale yellow powder (0.078%). The

mg of 5 (29%) and 6 mg oB (6%) were obtained.

Cycloarzanol A (5): amorphous foam; IR (KBrymax 3290, 1670,
1626, 1599, 1567, 1445, 1378, 1320, 1115, 1062 %¢itH NMR
(CDCl;) 6 14.11 (s, 1H, 2-OH), 10.50 (s, 1H, 6-OH), 9.20 (s, 1H,

filtrate and the ether washings were pooled, evaporated, and fractionated®-OH), 3.62 (s, 2H, H-7), 2.74 (s, 3H, H-22), 2.65 (br t, 2H+ 6.8

by gravity column chromatography on silica gel (300 g, petroleum
ether-EtOAc as eluant). The following compounds were obtained, in
order of elution: oleyl-hydroxylinalol L0, 19 mg; petroleum ether
EtOAc, 95:5), helipyrone§, 245 mg; petroleum etheiEtOAc, 8:2), a
second crop of arzanoll§, 185 mg; petroleum etheiEtOAc, 6:4),
the tremetone8b (56 mg; petroleum etherEtOAc 5:5),9c (47 mg;
petroleum etherEtOAc, 5:5),9d and9a (120 and 53 mg, respectively,
petroleum etherEtOAc, 4:6), and finally mycropyrone7( 482 mg;
petroleum etherEtOAc, 3:7).

Arzanol (1a): pale yellow powder; mp 148C (CHCk ether); IR
(KBr) vmax 3229, 1671, 1626, 1597, 1568, 1443, 1368, 1319, 1175,
1082 cmt; *H NMR (CgDg): 0 10.75 (br s, 1H, OH), 9.77 (br s, 1H,
OH), 6.70 (br s, 1H, OH), 5.12 (br t, 1K,= 7.1 Hz, H-17), 3.62 (br
s, 2H, H-7), 3.39 (d, 2HJ) = 7.1 Hz, H-16), 2.55 (s, 3H, H-22), 2.04
(9, 2H,J=7.6 Hz, H-12), 1.62 (br s, 3H, H-14), 1.54 (br s, 3H, H-19),
1.50 (br s, 3H, H-20), 0.85 (t, 3H,= 7.6 Hs, H-13)13C NMR (CsDs)

Hz, H-16), 2.57 (g, 2HJ = 7.6 Hz, H-12), 1.96 (br s, 3H, H-14), 1.88
(t, 2H,J = 6.8 Hz, H-17), 1.48 (s, 6H, H-19 and H-20), 1.21 (t, 3H,
J = 7.6 Hs, H-13);*C NMR (CDCk) é 205.0 (s, C-21), 169.2 (s,
C-15), 167.1 (s, C-9), 162.5 (s, C-2), 161.4 (s, C-11), 158.1 (s, C-6),
155.5 (s, C-4), 107.7 (s, C-10), 106.4 (s, C-1), 104.0 (s, C-5), 102.1 (s,
C-8), 101.1 (s, C-3), 79.1 (s, C-18), 33.4 (q, C-22), 32.2 (7, C-17),
24.3 (t, C-12), 17.6 (t, C-7), 16.1 (t, C-16), 11.5 (g, C-13), 9.4 (q,
C-14); HREIMSm/z 402.1687 [MT (calcd for GoH2¢07, 402.1679).
Cycloarzanol B (6): amorphous foam; IR (KBrymax 3290, 1671,
1626, 1600, 1568, 1445, 1379, 1330, 1123, 1062 %¢crtH NMR
(CDCls) 6 16.03 (s, 1H, 6-OH), 10.50 (s, 1H, 4-OH), 10.04 (s, 1H,
9-OH), 3.61 (br s, 2H, H-7), 2.65 (m, 2H, 16), 2.64 (s, 3H, H-22),
2.55 (q, 2H,J = 7.6 Hz, H-12), 1.95 (br s, 3H, H-14), 1.78 (m, 2H,
H-17), 1.37 (s, 6H, H-19 and H-20), 1.20 (t, 38= 7.6 Hz, H-13);
3C NMR (CDCk) ¢ 203.8 (s, C-21), 169.3 (s, C-15), 167.5 (s, C-9),
161.7 (s, C-4), 161.1 (s, C-11), 160.5 (s, C-6), 156.4 (s, C-2), 108.2 (s,

8 204.4 (s, C-21), 169.6 (s, C-15), 167.5 (s, C-9), 162.1 (s, C-4), 161.2 C-10), 105.0 (s, C-1), 104.8 (s, C-5), 102.3 (s, C-3), 102.2 (s, C-8),

(s, C-11), 161.0 (s, C-6), 159.1 (s, C-2), 136.4 (s, C-18), 122.6 (d,
C-17), 108.3 (s, C-10), 107.5 (s, C-3), 106.9 (s, C-5), 105.9 (s, C-1),
103.1 (s, C-8), 32.2 (g, C-22), 25.8 (g, C-20), 24.6 (t, C-12), 23.0 (t,
C-16), 18.6 (t, C-7), 17.9 (g, C-19), 11.3 (g, C-13), 9.4 (q, C-14);
HREIMS m/z 402.1687 [M] (calcd for GoH2607,,402.1679).
Acetylation of Arzanol. To a solution of arzanol (200 mg, 0.50
mmol) in dry pyridine (2 mL) was added an excess ot@d¢2 mL).

76.2 (s, C-18), 32.7 (q, C-22), 31.7 (t, C-17), 24.3 (t, C-12), 17.3 {(t,
C-7), 16.8 (t, C-16), 11.6 (g, C-13), 9.4 (g, C-14); HREIMSz
402.1687 [M] (calcd for G,H2¢07, 402.1679).

Micropyrone (7): white powder; mp 97C (ether); i]p?® —21 (c
1.0, MeOH); IR (KBr)vmax 1721, 1689, 1660, 1635, 1576, 1217, 1177,
1128, 1084, 1041 cri; *H NMR (CDCl) ¢ 3.84 (q,J = 6.9 Hz, H-6),
2.58 (m, H-8), 2.02 (s, H-12), 2.00 (s, H-11), 1.60 (m, H.9a), 1.36 (d,

After stirring overnight at room temperature, the reaction was quenched J = 6.7 Hz, H-13), 1.34 (m, H-9b), 0.99 (d,= 6.7 Hz, H-14), 0.81

by the addition of MeOH (0.5 mL) and worked up by dilution with

(t, J = 6.7 Hz, H-10);*C NMR (CDCk) 6 210.5 (s, C-7), 166.2 (s,

H,O and extraction with ether. The organic phase was sequentially C-1), 165.6 (s, C-5), 155.7 (d, C-3), 109.5 (s, C-4), 99.5 (s, C-2), 48.2

washed with 2 N H,SOy, NaHCQ, and brine and evaporated, to give
a residue, which was washed with ether to afford 198 mg (70%) of the
tetraacetatéd.c as a white powder: mp 126129 °C (ether-hexane)

(lit. 130—132°C);*? IR (KBr) vmax 1770, 1749, 1643, 1579, 1430, 1372,
1190, 1165, 1075 cni; *H NMR (CDCl;) 6 4.93 (br t,J = 6.8 Hz,
H-17), 3.60 (br s, H-7), 3.10 (dl = 6.8 Hz, H-16), 2.57 (g) = 6.7

Hz, H-12), 2.41 (s, H-22), 2.25 (s, OAC), 2.22 (s, OAC), 2.22 (s, OAC),
2.18 (s, OAc), 1.74 (br s, H-20), 1.65 (br s, H-14), 1.64 (br s, H-19),
1.21 (t,J = 6.7 Hs, H-13); HREIMSmWz 570.2111 [M] (calcd for
C30H34011,570.2101).

Methylation of Arzanol. To a suspension of arzanol (100 mg, 0.25
mmol) in dry CHCl, (2 mL) was added 2.0 M trimethylsilyldi-
azomethane in hexane (1.24 mL, 2.48 mmol, 10 molar equiv). The
reaction was stirred at room temperature foh and then worked up
by washing wih 2 N H,SO, and brine. After evaporation, the residue
was purified by gravity column chromatography on silica gel (2.5 g,
petroleum etherEtOAc, 7:3, as eluant) to afford 84 mg (78%)dés
a yellowish foam: IR (KBrvmax 1749, 1706, 1649, 1526, 1370, 1352,
1180, 1105, 1015 crd; 'H NMR (CDCls) 6 12.54 (br s, OH), 11.06
(brs, OH), 8.42 (br s, OH), 5.23 (br t, 1d= 6.9 Hz, H-17), 4.17 (s,
3H, OMe), 3.59 (br s, 2H, H-7), 3.34 (d, 2d,= 6.9 Hz, H-16), 2.72
(s, 3H, H-22), 2.68 (q, 2H] = 7.5 Hz, H-12), 1.98 (br s, 3H, H-14),
1.80 (br s, 3H, H-19), 1.70 (br s, 3H, H-20), 1.26 (t, 3H= 7.5,
H-13); 13C NMR (CDCk) 6 204.1 (s, C-21), 182.5 (s, C-9), 162.4 (s,

(d, C-6), 45.3 (d, C-8), 26.9 (t, C-9), 16.1 (g, C-14), 13.3 (g, C-13),
11.5 (g, C-10), 9.9 (q, C-12), 8.7 (g, C-11); HREIMSz 252.1357
[M]™ (calcd for G4HogO7s, 252.1362).

(£)-w-Oleoyloxylinalol (10): colorless oil; f]p®® ca. 0 € 1.0,
MeOH); IR (KBr) vmax 1736, 1458, 1383, 1265, 1240, 1163, 1119&m
IH NMR (CDCly) 6 5.93 (dd,J = 17.3, 10.1, 1H), 5.49 (br f] = 6.9
Hz, 1H), 5.35 (br s, 2H), 5.24 (d,= 17.3 Hz, 1H), 5.09 (dJ = 10.1
Hz, 1H), 4.45 (br s, 2H), 2.25 (m, 2H), 1.65 (br s, 3H), 0.88(; 6.8
Hz, 3H); HREIMSn/z 434.3769 [M] (calcd for GgHs¢Os, 434.3760).

Synthesis of R)-w-oleoyloxylinalol (10). To a solution ofw-hy-
droxylinalol ([o]p?® —10 (c 1.10, MeOH); lit.—12.8 € 1.08, MeOH)}®
(320 mg, 2.0 mmol) in dry toluene (5 mL) were added oleic acid (625
mg, 2.25 mmol, 1.12 molar equiv), DCC (463 mg, 2.25 mmol, 1.25
molar equiv), and DMAP (10 mg). After stirring 30 min at room
temperature, the reaction was worked up by filtration over Celite and
evaporation. The residue was purified by gravity column chromatog-
raphy on neutral alumina, to afford 332 mg (34%) BJ-10, identical,
except for the optical rotation, with the natural product](f> —6.7 (c
1.30, MeQOH)).

Biological Assays. Cell Lines and Plasmidslurkat cells (American
Type Culture Collection, Manassas, VA) were cultured in RPMI 1640
medium (Invitrogen, Barcelona, Spain), containing 10% heat-inactivated
fetal bovine serum, 2 mM glutamine, penicillin (50 U/mL), and
streptomycin (5Q«tg/mL), and were maintained at 3T in a 5% CQ

C-15), 161.7 (s, C-4), 161.2 (s, C-11), 159.9 (s, C-2), 159.0 (s, C-6), humidified atmosphere and split twice a week. The 5.1 cell line is a
132.6 (s, C-18), 122.9 (d, C-17), 118.1 (s, C-10), 107.2 (s, C-3), 106.0 Jurkat-derived clone stably transfected with a plasmid containing the
(s, C-1), 103.9 (s, C-5), 103.2 (s, C-8), 56.5 (q, OMe), 33.2 (t, C-22), luciferase gene driven by the HIV-LTR promoter and was maintained

25.8 (q, C-20), 24.3 (t, C-12), 21.9 (t, C-16), 17.8 (g, C-19), 16.8 (t,
C-7),11.8 (q, C-13), 9.7 (9, C-14); HREIM&z 416.1830 [MT (calcd
for Cg3Hng7, 4161835)

Cyclization of Arzanol. (a) With CeC}: To a solution of arzanol
(200 mg, 0.25 mol) in dry THF (1 mL) was added Ceg@H,O (100

in complete media supplemented with G418 (2@0mL). The vector
pNL4-3.Luc.RE- from N. Landau was obtained from the AIDS
Research and Reference Reagent Program (National Institute of Allergy
and Infectious Disease, National Institutes of Health, USA) and contains
the firefly luciferase gene inserted into the pNL4-3 nef gene. Two

mg), and the reaction mixture was stirred at room temperature for one frameshifts (5Env and Vpr aa 26) render this clone Enand Vpr.

week. The reaction was then worked up by dilution with EtOAc and
extraction with saturated NaHGOAfter washing with brine, the organic

Luciferase AssaysTo determine NReB-dependent transcription of
the HIV-LTR-luc, cells were preincubated for 30 min with increasing

phase was evaporated and the residue purified by gravity column concentrations of either arzandlg) or theH. italicumacetone extract

chromatography on silica gel (2.5 g, petroleum etHetOAc, 95:5, as

for 30 min and next stimulated with TNE(2 ng/mL) for 6 h. Cells
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were lysed in 25 mM Tris-phosphate pH 7.8, 8 mM MgCl mM
DTT, 1% Triton X-100, and 7% glycerol. Luciferase activity was
measured using an Autolumat LB 953 (EG&G Berthold, Bad Wildbad,
Germany) following the instructions of the luciferase assay kit
(Promega), and protein concentration was measured by the Bradford
method. The background obtained with the lysis buffer was subtracted
from each experimental value, the Rlud/of protein was calculated,
and the specific transactivation was expressed as fold induction over
untreated cells. All experiments were repeated at least three times.
Production of VSV-Pseudotyped Recombinant Viruses and
Infection Assays. High-titer VSV-pseudotyped recombinant virus
stocks were produced in 293T cells as previously descibBdefly,
the cells were cotransfected with the pNL4-3.LudR plasmid along
with the pcDNA-VSV plasmid by the calcium phosphate transfection
method. Supernatants, containing virus stocks, were harvested 48 h
post-transfection, centrifuged for 5 min at 0@ remove cell debris,
and stored at-80 °C until use. Cell-free viral stock was tested using
an enzyme-linked immunoassay for antigen HIV-1 p24, and cultures
were infected with 200 ng of HIV-1 gag p24 protein as follows: Jurkat
cells (1G/mL in 24-well plates) were pretreated with increasing
concentrations of arzanol for 30 min and then inoculated with the virus
stocks. Twenty four hours later, the cells were washed twice in PBS
and the luciferase activity was measured in the cell lysates. The results

Appendino et al.

(7) (a) Araceli, S.; Recio, M. C.; Giner, R. M.; Maz, S.; Rios, J. LJ.
Nat. Prod. 2001, 64, 1360-1362. (b) Araceli, S.; Recio, M. C.;
Schinella, L. G. R.; Maez, G.; Giner, R. M.; Rios, J.-LJ.
Pharmacol. 2003 460, 219-226. (c) Sala, A.; Recio, M. C;
Schinella, G.; Maez.; Giner, R. M.; Cereda-Nicolas, M.; Rios, J.-
L. Eur. J. Pharmacol2003 461, 53—61.

(8) Hume, D. A.; Fairlie, D. PCurr. Med. Chem2005 25, 2925-
2929.

(9) (a) Karin, M.Nature2006 414, 431-436. (b) Karin, M.; Ben-Neriah,
Y. Annu. Re. Immunol.200Q 18, 621-663.

(10) The name arzanol derives from the Sardinian village (Arzana) where

the plant was collected. Owing to the confusion surrounding the
structure of homoarenol, we propose to replace this name with
arzanol. The carbon atoms of arzanol have been numbered according
to the system proposed by Bohimann for phloroglucinglyrones?

(11) (a) Singh, I. P.; Bharate, S. Blat. Prod. Rep2006 23, 558-591.
(b) Ciochina, R.; Grossman, R. BEhem. Re. 2006 106, 3963-
3986.

(12) Vrkog J.; Dolejs L.; Sedmera, P.; Vagkova S.; Srm, F.
Tetrahedron Lett1971, 247—250.

(13) Bohlmann, F.; Zdero, ®Rhytochemistryi98Q 19, 153-155.

(14) For a short biography of F.ofm, see: http://www.garfield.li-
brary.upenn.edu/essays/v15p051y1992-93.pdf

(15) Appendino, G.; Cravotto, G.; Nano, G. M.; Palmisano, G.; Annun-
ziata, R.Hely. Chim. Actal993 76, 1194-1201.

are represented as the percentage of activation (considering the infected (16) (a) Verotta, L.; Lovaglio, E.; Sterner, O.; Appendino, G.; Bombardelli,

and untreated cells 100% activation). Results represent tastandard
deviation (SD) of three independent experiments.

Isolation of Human Peripheral Monocytes and Determination
of IL-6, TNF- a, IL-1- 3, and PGE,. Primary monocytes from healthy
human donors were seeded in 24-well plates-@)Lx 10° cells/well)
for ELISA analysis ((+2) x 1(° cells/well) and incubated at 3T/
5% CQ. The medium and the nonadherent cells (lymphocytes) were
removed, and fresh RPMI-1640 medium containing 1% human serum
was added. The analysis of IL-6, TNE-IL-1-5, and PGE2 was done
as follows: human peripheral monocytes were preincubated with
increasing concentrations of arzanbd) for 30 min before stimulation
with LPS (10 ng/mL) for an additional 24 h. Then, the culture
supernatants were harvested and centrifuged for 10 min at g0a00
the levels of the cytokines or PGlh the supernatant were measured
by ELISA (IL-6, IL-1, TNF-a: Pelikine, distributed by Immunotool,
Frisoythe, Germany) or EIA (AssayDesign, distributed by Biotrend,
Kéln, Germany) according to the manufacturer’s instructions. All
experiments were carried out with using three buffy coats from different
blood donors in triplicate.
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