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1 Pelorol

A screening program designed to find new antiinflammatery agents has identified the sponge meroterpenoid pelorof (1) a8 an io vitro activator
of the Inositel-5-phosphatase SHIP, Pelorol (1) and several functional group analogues have been synthesized from selareolide {4),

“The phdsphatidylinositol-3-kinase (PI3E) signaling pathway
plays an important role in the reguiation of many cellular -

functians, inchuding survival, adhesion, movesent, prolifera-
tion, diffeventiation, and end cell activation.! A kev second
messenger in lhis pathway is the membrace-associated
phosphatidylinositol-3 4. 5-trisphosphate (P1-3,4,5-P;), which
is present in low levels in unstimulated cells but is tapidly
synthesized froo P1.4,5-P2 by PI3K in response to a diverse
set of extraceliwlar stimudi (Figure 13 To ensure that
activation of the PI3K patloway is appropristely restrained,
the fumor sappressor PTEN hydrolyzes P1-3,4,5-F; back to
P1-4,5.1 and the Sre homalogy 2-containing inositol 5-phas-
phatases SHIP, s8HIP, and SHIPZ hydrolyze it to P1-3,4-P,
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Approximately 50% of lmman cancers contaln biallelic

inactivating mutations of the ubiguitously expressed PTEN,
which iilustrates the impeitance of these plosphatases in

preventing unconfrolled cell growth. Simitar to PTEN, SHIPZ

is expressed in a wide variety of cell {ypes, whereas sEHIP
is resiricted to stem cells apd SHIP is found only in
hemutopoletic (blood) cells.

PI-4,5-Py 43,4, 5P

PLaAP,

Figure 1. Enzymalic synthesis and degradution of P1-3.4,5-F,.




Krystal and cosworkers have generated mice c;’miaini’nb 8
homozygous defetion of SHIP (SHH-/— mice).? Thest
abimals ave viable and fertile but typleally do not survive
bevond 14 weeks becase of a n‘weigpm!iﬁ;*rafiw disorder,
Experiments with SHIP-—/— mice and with SHIP—~/— bong-
marrowederived mast cells (BMBMCy) and macdophages
{(BMmps) chiained rom these mice, have demenstrated that
SHIP i3 g pegative regulator of bonaneglobulin B (IgE) or
Steel ?*“;m?m" fndueed mast cell actvation® n negative
regulator of lipopolysaccharide {(LESY induced macro-
phage activation, and & negative régu dator of psteoclast
formation and resorptive function, As a result of this last
property, SHIP~/— mice suffer from severe osteoporosis,?
There iy also evidonce that SHEP acts g a humor suppressor
in both acure myelogenous leukemia (AML)Y and in chronic
sayelogenous Jeukemda {CML)4
Curent atternpts to develop drugs based on ii’llCl’meﬁl(’m
i sumaling pathways are overwhelmingly blased toward
finding selective kinsse jnhibitors, There has been souis
recent interest in examining the therapentic potenial of
phosphatase inhibitors,” but there has beeh virtually no effort
to explore the uselulness of small-molocule phosphatase
activators. The inportant role of SHTIP as o negative regnlator
of mist eell and nmeropbage activation. osteoelust formution,
and resorptive [unction, as well as in AML and OML,
combined with 8 ocourrence daly 8 hematopoietie cells,
makes U an ativactive drug target, We hypothesized that
selective activators of SHIP would be viefol experimenial
tools gnd potontial drug candidates w provide prool of
principle validation for a new approach o the treatment of
inflammation, osteoporosis, and lewlkemia,
Crude extracts of marine invertebrates were sereoned for
In vitro activation of the SHIP-cutalyzed conversion of
inositol-1,3,4,5-tetrakisphosphate (IP3) to inositol-1,3,4-teis-
‘phosphate {1P;)5 A MeOH extract of the sponge Dactylo-
spongia elegans (Thiels, 189%). collected in Papua New
Cruinga,” showed prowmising activity i the assay. Bioassay-
guided fraciionation of the extract identified pelorol (1} ay
the sple SIIP-activaling component. Three mh%ed THv el

1 13

terpenoids, Hmagainone,” mamanuthaguinone,'t and dae-
tyloguinone A wore also dselated from the D clegans
extract bul were not active n the assay. Pelorol (1) wis

{2y Helgason. €D Damen, L B Rostess. P Grewald, R Sorensen, Py
Chuppel, 5. M. Borowshi, A Heik, oy Keystal, G Huopbsies, B KL Gengs
Sz, 1998, £3, 16101620,

(3) Hbor, M2 Helgason, € 00 Damen, 1 B Lin, L Hamghres, R,
Ko Hrystal, G Proc Nurd deod. Sei, 1,84, 1994, 95, 113011335

(4} Faleashita, 8.0 Mambg, 5.0 Zhuo, BOL Hang, Y Geniang, HL K .‘nlm
ML JL Brods M. D Hv!mwm [N Y [\J;mm:( 1 Rmm M.
Fagrphaeius, B, K, k"x)mﬁ G, uxlt,lb‘.wm 3. L. Boms, F, P, Nt Med,
00208, 945049, )
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undescribed whea {iest solated i our faboratory as a SHIP
activator, but white further biological studies were in progress
it was isolated by Konig™s group, also from D, elegans,”
and by Schunitz's grovp from Petrosaspongio metachromia”
"mctrn«;m')ic data obtsined for pelecol in the current work
was s complete agreement walh be data reported by Konlg
anel Schinitz,

The limited quantity (~10 mg) of 'pe.lumi {8 available
from the souree sponize 1, elegans was nadeqguats fo support
detailed i vitro und in wivo evaluation of s ability
activate SHIP To savsfy the need for additional material,
confitm the absolute configuration of the natural producy,
ami gf:mmi amfﬂguw for %AR tm mm} wmhcam u pumui ‘

np. ﬂwc,d D}' 1.11t,thy, ma Lthyk tb&i_dl,l{,&, WS 1K u,mken,

On the basis of sbund blogenstic arguments, Schnttz
predicted that the absolute configuration of pelarol (1) was
ISRRURING as drawn, Therefore, the starting material
selected for the synthesis of pelorol snd analognes was the
cm"mawwiu%!y available terpenaid {+)-selareolide (4), wizich
has the seme absolute configurations at €5, C-9, and -4
as those predicted for pelorol {13 The synthetio ph:‘s
anticipared that the key reaction woukl lnvelve 1 biotimetia
carbocation-nitialesd eyelization of an intermediate 1 o
generate the C-3/C-21 bend (Scheme 1), Stegic bulk aseoci-

Refrosyntheic Analy.éis of Pelorol {1}
HG ‘CDH
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ated with the O 14 methyt wos expocted 10 cause proforential
approach of the phenyl ting from the bottom fuce of C-8 w
form the required trans B0 ving fision, Synthetic routes ko
both C-8 epimers {5 and 18} of 11 starting from sclareolide
have been reported, and the plan wus o examine both us -

{3) Lue, J-MG Yoshida, M. Koours, 5.0 Ofidshi, 5. Pap, 1. Shigeno,
<L e, Koo lsda 8.5 Uoda, R Maoe, T Akao, Y. Ohoo,
. Ohwishe, Ko Lawhemioc 2003, 17, 18,

(63 Buttier, M. Salpin, Ko Shekbande, G Versa,
Pheselsnwider, L. B Chillind J, B Oweogene (B9, 15, 23710034

{73 el usktev. A Binn AT Ry Sakolf. 1. A. J. Med. Chenr, Eﬁ{}?
45 J IS~ 1478,

(8) The SHIP agsay wan performed in 4 Eran b migeotiive Hates with {0
ag of moombinant SHIP enzyme per well, SR e was incubasad
with extract or DS for 15 min et 23 % Iwiozc addition of W0 mM
inositol-1,3 4 5-1erakisphosphate. The vesciion was altowed to proceed fur
20 min at 270 and the awost of morgatis phosphate released sens then-
ansessed by the additton of Maachie Oreen raugent followed Iv’» 3%
shgorbunee measirement 5l 650 o,

Qry. Left, Vol. 7, No. 8, 2005



AAER L !F#

g7 oD o)

intermediates in the preparation of direct procursors to the

parbocation T and ulthoately cyelized products,
(-+3-8clarenlide (4) was converred 1o the aldehyde &

following the literature procedure (Scheme 2).% Overman

RBeheme 2,

Initist Attempls at Biomimetic Cyclizations

\f\' . OMe IOM&

;z o MeO._A, Weo. A

CHO I*’l “f Hp, PO \L
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E\ S nE
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13 7

m R=OMs (70%) 4+
11 B=EL78%)

showed in his synthesis of adociosulfate that a highly
nueteaphilic aréne was required 0 tae s carboration such
as i in pa eference to proton elimioation 10 give an uneyelizxd
olefin, ' Therefore, nmmhump[mvl!mnumfxu eouiy) was
added to aldehyde 8, followed by hydrogenolysis of the
resulting epimeric benzy! aleobols, 1o give the tertiary alephol
8, Treatment of 8 with SnCl gave the eyclzation produet
16 having the desired stersocheruistry in good vield, Unfor-

tunately, all attempis o transtorny 1,2 4-riatkoxy benzeng

18 or various alky! ether analogues into polorol failed.

s oan attempt to overcome this problem, the coupling
reaction was repeated with dimethoxyethyiphenyliithiun 7
Togive the tertary aleohol 4. Initial resctions of % with SnCh
pave variable vields of the desired product 10 and the
undesired elimination produst 12, while teatmer with the
protic acid PPA gave only the “unanticipated cyclization
product 13, We envisuged that the formation of 12 asd 13
resuited Trom reduction of the pucleophilicity of the arene

(93 A voneeher sumple fns been deposited st the Zoaslagical Museun,
Uniieernity of Arosterdam (ZMA POR, 1539865

(10Y Kwak, J. 15 Setonies, . Le Kally, M2 Mg, Prod. 208, 63, 1154~
A6,

(113 Swersey, L O
1994, 32, 8687 ~H691)
S {12) Mitome, H.; Magasawa, T Mivaoka, Ho Yemada, Y. van Soest,
B WML N Pro. 2001, 64, 1506~ 1 508,

(13) Goelik. B Kontg, G, M. V\'nym A, _) Kardnshy, R, 4 8us Prod,
WG, 63, 1IS0- 11352,

(143 Cuidean, S Lebon, M l,a(fxad;w, A O, iuf/ 182, 4, W
978,

(13) Bogenstactror, M. Limberg, A Gvenman, L. £
A Chen, Soc, 1999, 5 ’/ {26~ 122017,

Ong. Lett, Vol. 7, No. 6, 2005
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Barrows, Lo R, feetand, O ML Tewrahodror Le,

mesx AL S

(R = Bt va R == OMe) making the elimination reaction
leading fo 12 and the Wagner Meerwein rearcangerents
leading to 13 competitive with dircet trapping of the €8
earbocation by the arene tw give the destred product 11. After
aptimization of the reaction conditions, it was found that
the SnClecatalyzed cyclization gave consistently high vields
(~76%) for the conversion of 9 to £,

Although it was possible to oblain 11 via the aldehyde 5
the preparation of § fiom sclarenlide was cumbersome -
hecause it required mulriple chromatopraphic separations and
preparation of' an oxidizing sgent that was not commiercially
available." Therefbte, we tumed our attention 0 the aidebyde
15, having an equatorial O] group at C-8 (Boheme 3.1 {(4)-

Scheme 3.
a- Meld (CF.COLD KOM

4 B0 O, NaHCO; MeOH - -on
I [ " CHCl B &&SH

Syrahesis ol the Cyelized Intermediate 11

Sy {hree steps in one pot) $0% e vl
T ' /A "
T e
/i\@ LOMe

(COG, DMSO _
TEA, T8'Clo 1, iHO j B“\(’”J I
20rnin LA D o Rt HD, s, IN

”WWM‘ 1 Bl WW

L ‘ J\' , . .KH ;,
0% /(*«;_; THF, 78°C (, \% ;

R S

6 A= Me 68%

/‘fﬁ“e’ _ - 18 Al=H 1%
. Me@»\, v Snﬁl A ,Oﬂ
wen L% O

EWOAS, 1 g e 20°0 T

R I [J<

17 = Me 87%

o Tt R=Me R'=Ma 6%
19 R 89% BBt [ g

21 5= E‘ R;:; Me 90%
o o, &' = H B5%
B8y, 1t [ 35 Mo fen oo

Selarcolide (4) was ponverted o the diol 14 in excellont vield
{90%) using a one-pot three-step scquence modifiration of .
the literature procedure.® Swern oxidation ¢leanly oxidized
the diol 14 to the aldehyde 18,97 Reaction of 18 with
phenylithium 7 gave the epimeric benzyl alcohols 16 in good
yisld, Hydrogenolysis of the mixture 16 cloanly removed
the benzylic ajcohols W give 17, Cyelization of 17 using
5uCly as a catalyst gave the desived tetracyclic intermediate
11 in high yield, without any trace of the elmination product
12, Dimethy! ether 11 was converted to the catecho) 21, and
the entire sequence was repeated with phenyilithium 7a to
give the medny! analogue 22 to provide puimal analogues
for SAR,

Reaction of 1§ with PO se lmwdy oxidired the (22
methylene to give methy! k(,mm 23 b reusonable vield
{(Beheme 43 Treatment of 23 with [; i aguecus NaOIl, in

{15y Kuchkovn, K. L; Chumukov, Y. M. Simonoy, Y. AL Bocelli, G
Panasenke, A, A Viad, BT Sinddiesis 1997, 0, 1045~ (0438,
U7y Ongurs, Ko Swews, U, Teirohedron 1978, 34, 1651~ 660,
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%uhame 4. Swvivhests of Pelorol (1)
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S O
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OMe

] !
o 'j,o' NaCH Mol KGO, [:2” R= Mo, A= H
P I3
(_\.J m_< tt DM 1t AR e R Me
PV : -{two steps from 28, 80%)
) ; . : 813,_ Crialol,
,:‘f ("‘, TG, 0.61 1 FeH, R =Me 50%
HO~ ,/*:“J
L @0 4
b A0
b 1 (’
@’u/x Ho(‘a
ST [ 3 §
- H { 4
- RS TN 0
_— : 1 Ow)e. e ) OR .
A 2Ty .
o 171 & o Mo, KzCl [:26 A=H
OMH T3, 1t 263 Fi=Me
L 25 {two steps

from 23, 98%)

an attempt to effect a halofore reaction to give benzoic acid
27, unexpectedly resulted in the near quantitative formation
of the a-ketogeid 26, Thiz anomalous result mighl be caused
by ihe sterie il of the C-8 carbon ortho w the C-22 ketone
preveming the formation of a tilodinated methyl I a
giiodisated methyl ketone 24 45 attacked by bydroxide to
give a tetrahedrad intermediate, the dijodomethy! may not
be a good enough leaving group to depart in the nocral
fashion to give a carboxylic acid, Instead, an intramoleculay
Sn2 displacement of fodide can form an epoxide, which afier

fragmentation as shown in Scheme 4 can lead to the g-keto.

aldehyde 28, Oxidation of 25 vig jodination of the aldehyde
bydrate can generate the final o-ketoacid 26, Simply chang-
ing the halogen to Brp lad tooa clean transformation of methy!
ketone 23 1 the desired benzoic apid 27,

The synthesis of pelocot (1) was completed by esterifica-
tion of 27 with Mel followed by wiCLllH: eleavage of the
phery! methyl dihers with Bl at 78 “C, Synthetic pelorol
{1y was identieal by NMR sl MS comparison with the
natural product. The {otlp bf the synthetic taterial was —~64°

compargd with vaiues ol —069° rparted by Konig and 717

reporied by Schmitz, confirming that the absolutd configu-
ration is SSEROK 105 as prodicted by Schmitz ¥

e

targets SHIP

Hen Supportis

Pelorol (1), dimethyipeloro! (28}, the analogues 21 and
22, the corresponding methyl ethers 11 and 28, the tri-
methoxy petorol analogue 1€, and the uncyclized procursor

19 were tested for in vitro agtivation of SHIP and the ability

m suppress degranulation and tumor necrosis factor
(INFay production in murine mast oolls stimulated with
1gE. "¢ Senthetiv petorof (1), the sthyl analogue 21, and the
methyl anulogue 22 showed significant activity in all three
assnys, bul the methy! ethers 14, 11, 19, 20, and 28 were
inactive, The relative effectiveness of the active eompournds
in the SHIP activation ussay was 22 = 21 = I, showing
that replacement of the methyl ester at C-20 in pdom{ with
& methyl gives enhanced activity. Lack of ac tivity in the
dimethyt ethers 30, 11, and 28 demonstrates that at loast one
phenol is requived for activity,

- Compound 22 was chosen for Hurther evatuation hecause
it showed biologica! nctivity greater than that of pelorol and

“its synthesis was shorter, Side by side svalnation of 22°s

ability w0 suppress degranplation and TNEm relense in
SHIP—i= and SHIP+/+ mast cells showed that it was only
active in the SHIP-+/+ cells, indicating that it selectively
Compound 22 also uh(mmi nositive offecrs
comparable 1o the reference standard dexamethasone i a
standard mouse ear edema assay for topical antiinflammatory
activity wnd in 2 mouse moded of septic shock, ¥

In suoimary, the sponge nersterpencsid pelorol (1) has
b@cm identifiod as an activator of the inositol-S-phosphatose

SHIP, An efficiont synthesis of pelovol (1) and several
mmimg‘,m:.\ has confimed the mmmum and abaolute config-
uretion of the natural product and provided preliminary SAR
for the SHIP-activaring pharmacophore, The C-20 methyl
analogue 22 has shown promising in vive activity in two
mouse models of inflammation, supporting the initial hy-
pothesis that selective smatl-molecule SEUP activators should
LOPIESENE A NEW class of antitntlan mmrmv ARCNIS,

Acknowledgment, Fipancial support was provided by
NCIC (RJA), NEERC (RLAD, and CHER (RALA., AM.,
C.O0LY The authors thank M. Le Blane for assistance with
collecting D, efegans. |

Bupprrilog nfermation Avallatde: T s;n rimental pro-
cedures and spectroscopic data for alt new compounds. This
mgtoriad is awvailable free of oharge via the Internet at
hitp:/pubs.acs.org, '

QLTI 60

{18) Pure componnds wers ie.%‘swd a5 ugimal, In the SHIE assay, 22
showesd > G-fold settvation, whersas T aemd 31 showed ca. 2-fold activation,
infrmanon e expetimental details of the in vive assays.
A complate ripton of the bologleal activity of pelorol snd the syathetic
endopues will b puhhxhcd Ssawhele,

Org. Latt, Vol 7, No. B, 2005
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Experiments! section

General: Smrtmg materials and reagents were obtained from commercial sources and were uSt.,d without further
purification. Dmi’nyimthm {Et,0) and tetr dhydmfuxan (THY) were purified by distillation from
wdium/benmphenone 1mmmdmldy before use. Dichloromethane was distitled from (‘ng under Ar gon.
Mois sture and oxygen sensitive reactions were camgd out-in Hlame-~dried glassware mdu Na. Evaporations were
mnducted under reduced pressure at room temperature. Analytical thin layer chmmdwgmphy was performed on
- silica gel 60 F-254 pre-coated aluminum plates (Memk) Columa chrmmtogmphy was carried out on 70-230
mesh mlma gel and 10 g normal phase Sepaks with the indicated solvents. Proton and mr’hon nuclear magnenc
resonance spwu a were obtained using a Bruker Awmcwiﬂ{) spectrometer. High resolution clectrospray

ionization mass spectra (HRESIMS) were obtained on ESI micromass LOT spectrometer,

OMe .

Br._ O OMe

]
OMe A

IwBromw2,3,Eifmtrinmm«myhezem {(#) was synthesized according to a lierature procedure.!

1-Browme-2,3- dnmeﬁmxy 5 -¢thyl benzene (7) ~bromo-2,3-dimethoxy-5-ctheny! benzene was synthesized
according to literature procedure.” Hydrogenation of 1-bromo-2,3-dimethoxy-3-ethenyl benzene (5.0 2, 20.4
mmol) was carried out overnight in CH,Cl, (15 mL) under H, (3 bars) in the prescrce Of" 3% Ru/C (800 mg).
The mixture was filtered and the catalyst was washed with acetone. The filtrate and acetone washings were
3comb:md evaporated, and dried under hi glz vacunm to afford 4.84 g of 7 (a colorless oil, 96%) which was used
in the next step without purification. H NMR (CDCLY 8 1.20 (t, I= 7.6 Hz, 3H), 2.55 (q,‘ I =79.6 Hz, 2H), 3.81
(8, 3H), 3.83 (s, 3H), 6.66 (d, J= 1.8 Hz, 1H), 6.95 (d, J= 1.8 Tz, 1H); ?C NMR (CDCl,) & 15,4, 28.5, 56.0,
60.5, 111.5,117.3,123.7, 141.4, 144.4, 153 .4; HRESTMS caled for C H .0, " Br 247.0157, found 247.01 57.



OMe

Br.., g, ~Me
L
7a
1-Bromo-2,3-dimethoxy-5-methyl benzene (‘74“} To a stirred bohlllml of 5~ bmmovwd!mldehyde (20g, 87
| mmo]) in 1,2-dichlor oethane (45.0'ml) at ambient tc—.:mpmamm were added zine iodide (3.9 g, 12,2 mmol) and
sodium cyanoborohydride (3.8 g, 61.2 mmol). The reaction mixture was heated under gentle refiux fm* 20 h and
then filtered through celite. The filtrate was evaporated to dryness to afford 1.5 g of Ta (light yellow 011 80%).
'H NMR (CDCL) & 2.26 {5, 3H), 3.80 (s, 3H); 3.92 (s, 3H), 6.63 (d; T = 1.4 £z, [H), 6,92 (d, I = 1.4 Hz, 1HY;
PC NMR (CDCL) & 20.9, 56.0, 60.4, 1 12.6, 117.2, 124.9, .1»5.09 144.2, 153.3; HRESIMS caled for

CoH, O,Na* Br 254.9820, found 254.9830,

Dimethylether (9). A\l.’7 M ?Qlutimnvnf +BuLi in pentane (1.74 mkL, 2.79 mmol) was added slowly to'a %tim&d
solution of 7 ( 627.4 mg, 2.54 mmol) in dry THF ( 20.0 mL) at ’?8"(‘ After stireing for 30 min, a solution of 5
(3(3(}mg, i!%nﬁmo!) in dry THEF (5.0 mL) was added. The mixture was further stitred at -78°C for 2 h after
which H,O (10 O ml.} was addad and the mixture was extracted with E,0 (120 mL, thu:,) ’Thr: combined K, O
extracts were Wa&he,d with saturated bring, dried (MgSO,J and concentrated o give a resufua which was
chr onmtc)gmplmd on a normal phase Sepak (8:2 Hexane/FEIOAc) to give 306 mg of 9a (white solid), ' NMR
(CDCL) 6 0.87 (s, 3H), 0.88 (s, 3H), 1.03 (3, 3H), 1,21 (1, I = 7.6 Hz, 3H), 1.36 (s, 3H), 1.92 (brd, J = i‘?,,ﬁHz,
1H), 2.59 (g, 1 = 7.7 Hz, 2H), 3.77 (s, 3H), 3.84 (s, 3H), 5.49 (s, 1H), 6.63 (d, T = |.7THz, 1H), 7.03 (d,7=17
Hz, 1H); "C NMR (CDCL) 8 15.7, 16.3, 18.4, ’!8.87 ?,1,8, 29.0, 32.8, 33.5, 33.8, 393_, 39.9,41.9, 44,1, 55.6,
SS.‘?, 59.1, 60.0, 69.5, .754 76.7, 71.0, 77.3, 110.0, {18, 9, 139.2, 139.8, 143.3, 151.9; HRESIMS caled for
CostlygO,Na 427.2824, found 427.2828. Hydrogenolysis of 9a ( 202 mg, 0.5 mmol) was catried out overmight i in
EtOAc (B0 mL) undw H, 3 bam) in the presence of 10 % Pd/C (150 mg). The reaction mixture was filtered

and concentrated to afford a brown oil, which was further purified by silica gel column chromatography (9:1
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‘ Hexane/BtOAC) to give 165 mg of 9 ('cwlprlczé& oil, 85%). "H NMR (CDC1,) 6 0.85 (S, 3HD), 0.87 (s, 3H), 0.90 (s,
3H), 106 (s, 3H), 1.21 (1, T = 7.6 Hz, 3H), 1.73 (dt, J = 13.1, 2.7 Hz, 15, 1.79 (Erd, F= 12,3 He, 1H), 2.57 (4, T
=5 Hz, 2H), 2.60 (dd, T = 15.7, 2.9 Hz, 1H), 2.91 (dd, J=15.7, 7.3 He, 1H), 3.78 (s, 3H), 3.82 (s, 3H'j, 6.54 (d,
J= 1.8 Hz, 1H), 6.63 (d, T = 1.8 Hz, IH); PCNMER (CDCL,) 8 152, 15.8, 18.5, 18.5, 21.9,23.4,28.9,31.6, 334,

33.6, 39.0, 40.0, 42.0, 42.9, 55.6, 56.0, 58.9,.60.6, 73.3‘ 109.0, 120.5, 137.9, 139.7, 144.5, 152.4; HRESIMS

caled for CH,oO,Na 411.2875, found 411.2880. |

Tnmewlmhar (10}, The prc)ccdum for the preparation of 8 was thc, RAME a5 ihat; used i in the pre,pamiaun of 8. It
afforded § (L@Eori%s oil, 20 mg, 60%), which was dissolved in § mL ol CH,CYL, and &»n(l (0.05 miL) was added
Slowiy with stirring at -20° C under argon for 2 min. The resulting mixture was further stirred for 20 min and
then dituted with CH,CL, (10 mL) and poured onto ice, The aquecus phase was extracted with CH,Cl, (two x 10
ml.) and the combined cxtfa«.,ts were washed with saturated NaHCO,, satarated brine, and dried over Mg80,.
thp()rdthl} of the CH,CI, ci}"lki purification of the residue by silica gel c.,hwmatography (4«0 1 Hexane/BEtOAC)
gave the tnmethy]emm 10 (eoim ess oil, 14 mg, 70%). 'H NMR (CDCHL) & 0.84 (s, %H}, 1.01 (5, 3H), 1.06 (s,
3H), 123 (s, 3H), 1.71 (u.i F= 128, 6.1 He, 1H), 2.40 (m, EH), 2.50 (dd, J = 14.7, 12.9 Hz, 1H), 2.69 (dd, T =
14.7, 6.2 He, 1H), 3.74 (s, 3H), 3.76 (s, 3H), 3.82 (5, 3 H), 6.28 (s, 1H); "C NMR (CDCL) & 16.2, 18.4, 19
.20’7 21.1, 259 33.1, 334, 37.0, 38,4, 40.2, 426 46.8, 55.9, 56.3, 57.5, 60.6, 645 96.3, 134.3, 136.8, 139.8,
150.9, 150.9; HRESIMS caled for C,H,,ONa ’%95 2562 found 395,2564.

13

- Tetracycle (13). Dimethylether 9 ( 100 me, 0.26 rumol) was dissolved in 3.0 mL of polyphosphoric acid (PPA)

and the mixture was heated under Argon at 60°C for 30 min, The resulting orange mixture was diluted with ice
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water and extracted repeatedly with Et,Q, The combined extracts were washed with brine and concen.kreited to
give a brown oil, which was further purified 'by silica gel column chromatography (20:1 Hexane/FtOAc) to give
76.3 mg of 13-(80%). The structure of 13 was clucidated by analysis of COSY, HMBC, HMQC, and ROESY
data. "H NMR (CDCL) 8 0.73 (s, 3H), 0.75 (s, 3H), (.82 (s, 3, 099 (d, I = 1.2 Hz, 3H), 1.21 (1, T = 7.5 Hz,
3H), 2.13 (d,J = 18.4 Hz, 1H), 2.61 (m, 2H), 3.08 (m, 1H),3.20 (d,J = 18.4 Hz, 1H), 3.76 (s, 3H), 3.82 (s, 3H),
6.59 (s, 1H); "C NMR (CDCL,) § 14.8, 15.9, 20.6, 21.6,24.4, 26.3, 27.3, 28.8, 30.5, 32.1, 32,0, 33.7,34.7, 37.6,
38.2, 38.9, 42.1, 55.5, 59.8, 1114, 130.2, 132.0, 133.2, 144.4, 149.4; HRESIMS caled for 5,0, Na
393.2770, found 393.2768. '

Diol (16) The procedure fm* the synthesis of 16 from 15 is the same as that-used in the preparation of 9a from 8
and it afforded 16 as a white solid (63%). "H NMR (CDDCL) 6 0.28 (td, J = 13.1, 3.4 Hz, TH), 0.76 (5, 38, 0.81
(s, 3H), 1.03 (s, 31“1_), 1.21 (1, 1 = 7.6 Hz, 3H), 1.54 {s, 301), L.85 (dt, J=12.2, 3.2 Hz, 1H), 2.11 (d, J='8.4 HZ,
1H), 2.60 (4, § = 7.6 Hz, 2H), 3.84 (3, 3H), 3.86 (s, 3H), 5.25 (d, I = 8.4 Hz, 1H), 6.65 (d,J = 1.7 Hz, 1H}, 6.90
(d, J= 1.7 Hz, (H); “C NMR (CDCIA) § 157, 159, 184, 20.0, 21.7, 25.8, 28.9, 33.3, 33.6, 38.9, 40.0, 41.5,
447, 55.7, 56.0, 61.3, 62.7, 69.5, 74.7, 111.0, 119.6, 140.5, 140.6, 143.5, 152.3; HRESIMS caled for
CyHigO,Na 427.2824, found 427.2828, |

OMe
Mel) /;
0,
3 17

Tertiary alcohol (17), The procedure for the preparation of 17 from 16 is the same as that used in the
preparation of 9 from 9a and it afforded 17 as a colorless oil (87%). 'H NMR (CDCL) 8 0.78 (s, 3H), 0.83 (s,
3H, 0.89 (3, 3H), 1.08 (1d, J = 13.3, 3.8Hz, 1H), 1.19 (1, T = 7.6Hz, 3H), 1.26 (s, 3H), 1.82 (dt, F = 12.5, 3.2Hz,
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1H), 2.54 (q, 3 = 7.6z, 201), 2.81 (dd, T = 14.5, 5.5Hz, 1), 3.81 (s, 6H), 6.54 (d, ] = 1.8Hz, 1H), 6.64 (d, J =
1:8Hz, 1H); "C NMR (CDC1L,) 8 154, 157, 18.6, 20.3, 21.6, 24.3, 25.3, 28.8, 33.3, 33.5, 39.4, 40.3, 41.8, 43.7,
556, 56.1, 60.6, 62.8, 73.7, 109.6, 122.0, 137.6, 140.0, 144.3, 152.3; HRESIMS caled for CoH,,O,Na
4112875, found 411.2871.

Dol (18). The procedure for the pf'&parati{m of 18 from 15 was the same as that used in the pmparation of 9a
from 5 and afforded 18 as a white solid (61%). 'H NMR (CD(“ ) 8 0.27 (id, J = 12.8, 3.1Hz, 1H), 0.75 (s, 3H),

0.80 (s, 3H), 1.02 (s, 3H), 1.53 (s, 3H), 1.84 (dt, T = 12.2, _239 Hz, 1H), 2.10 (4, J = 8.5 Hz, TH), 2.31 (s, 3H),
3.82 (s, 3H), 3.84 (5, 3}41')' 5.26 (d, I'-‘F" 8.5 Hz, 1I), 6.61 (d, ] = 1.5 He, 1H), 6.89 (d, J = 1.5 Hz,.lﬂ)' YC NMR
(CDCL) & 15.8, 184, 20.0, 21.5, 21.6, 25.9, 33.2, 33.6, 38.8,39.8, 41.5, 44.6, 55.6, 55.9, 61 4, 62.6, 69.0), 74’? .
112.1, 120.5,134.1 M() 7‘ 143.3, 152.2; HRESTMS caled for C, )41113041’»}'& 413.2668, fa:-umi 413.2664.

Tertiary alcohol (18), The p’a‘ocedmfe for the prepﬂfaiiwn of 19 from I8 was the same as that used in the
préparation of 9 from 9a and it afforded 19 as a colorless il (89%). ‘H. NMR (CDCLy) 8 ()L?fé {s, 3H), 0.83 (s,
3HD), 0.88 (s, 3H), 1.27 (s, 3H), 1.76 (brd, J = 12,6 Hz, 1H), 1.82 (dt, T = 12.5, 3.2 Hz, 1H), 2.25 (s, 3H), 2.54
(dd, T = 14.5, 4.6 Hz, LH), 2.78 (dd, ] = 145, 5.6 Hz, 1H), 379 (5, 3, 3.80 (5, 3H), 6.52 (d, J = 1.7 Hz, 15D,
6.62 (d, 1 = 1.7 Hz, 1H); "C NMR (CDCL) & 154, 18.6, 20.3, 214, 21.6, 24.3, 25.0, 33.3, 33.5, 39.4, 40.3,
418, 437, 55.6, 56.1, 60.6, 62.8, 73.7, 110.8, 123.1, 129.6, 133.6, 137.7, 152.3; HRESIMS caled for
CoHyO:Na 397.2719, found 3972713, '
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Tetracycle (11). To "d sticred solution of 9 or 17 (38.8 mg, 0. immol ) in CH,CL, (10 ml), SuCl, (0.1mL) was
added slowly at -20° C under argon for 2 min, ’I{‘he resulting mixture was sticred for a further 20 min and then
dilated with CH,CL, (20 mL) and pnumi onto ice. The aqueous phase was extracted with CH LCL, (two % 20 ml.)
and the combmed extracts were washed with saturated NdH:CQ;., brine, and dried over MgSQ,. Iwapomtum of
 the CH Cl, and purification of the residue by m;{xm gel chmmdwgrdphy (20:1 Hexane/BIOAc) gave 11 asa
colorless o (29.5 mg, 76%). 'H NMR (CDCL,) 6 0.85 (s, 6H), 1.02 (s, 3H), 1.08 (s, 3H), 1.22 (t, ¥ =7.6 Hz,
3H), 2.36 (dt, I = 12.0, 3.4 Hz, 1H), 249 (dd, J = 14.5, 13.0 Hz, 1H), 2.56 (dd, T=14.5, 7.5 Hz, 1H), 2.69 (m,
2H), 3.80 (5, 3H), 3.81 (s, 31D, 6.49 (s, 1H); B NMR (CDCL) 8 16.0, 16.1, 18.3, 19.7,21.1,21.3,24.7,25.2, |
33.1, 33.4, 37.1, 39.3, 40.2, 42. 5 479, 55.9, 57.1, 60.4, 64.3, 11 , 1337, 135.8, 143.6, 144.8, 150.3;
HRESIMS caled for C,,H,,0,Na 393.2770, found 393.2768.

Tetmuy{:!é (29). Thé pmcédﬁre for the preparation of 20 from 19 was the same as that used to prepare §1 from
17 and it afforded 20 as a colorless oil (85%). 'H NMR (CDCL) 6 0.85 (s, 6H), 1.02 (s, 3H), 1.06 (s, 3H), 2.24
(s, 3H), 2.32 (dt, F= 117, 3.1 Hz, 1H), 2.49 (dd, T = 14.8, 13.0 ) Hz, 1H), 2.69 (ad, T = 14.8, 6.1 Hz, 1H), 347 (s,
6H), 6.41 (s, 1H); ”CNMR((‘DCi)&lﬁl 18.3,18.6, 19.6, 20.5, 21.1,25.3, 33.1, 33.4, 37.1, 38.8, 40.1, 42.5,
47.6, 55.9, 57.4, 60.4, 64.4, 113.0, 127.1, 135.8, 143.7, 145.2, 150.0; HRESIMS caled for ot 0,Na
379.2613, found 379.2614.



Catechpl {(21). To a stirred éolution of 11 (38.6mg, 0.1mmot) in CH,CI, (1 | ﬁJL) under Argon at 0 C, BBy, in
CH,CL (2.0 mL iMj was added and stirring was continued for 1.5 h at i, The mixture was then poured into
H,0 and extracted with CH,Cl, (three x 50 mL). ;E‘he combined CH,C1, extracts were dried over MgS0,,
filtered, and concentrated. The residue was purified by silica gel flash chromatography (hexane:EtOAc 7:3) to
afford 21 as a w.ia..i.tfz solid (Eng, 90%). 'HNMR (CDCL) & 0.85 (s, 6H), 1.02 (s, 3H), 1.20 (s, 3H), 2.35 (dt, J =
122, 3.4 Ho, 1H), 2.43 (dd, J = 13.9, 13.6 Ha, 1H), 2.57 (m, 2H), 2.61 (dd, I = 14.5, 7.3 Hz, 1), 6.47 (s, 111):
PCNMR (CDCL) § 15.9, 16.1, 183, 19.6, 21.0, 21.3, 24.1, 24.4, 33.0, 33.3, 37.0, 40.1, 42.4, 48.0, 57.0, 64.5,
113.5, 128.4, 130.8, 137.8, 141.3, 144,7; HRESIMS calcd for CyHa,0,Na 365.2457, found 365.2456.

Catechol (22). The procedure for the preparation of 22 from 20 was the same as that used for the preparation of
21 from 11 and it gave 22 as a white solid (85%). 'H NMR (CDCL) & 0.85 (s, 6H), 1.02 (s, 3F1), 1.04 (5, 3H), |
1.74 (dd, T = 12,6, 6.4 Hz, 1H), 217 (s, 3H), 231 (dt, J = 11.6, 3.0 Hz, 1H), 2.43 (dd, ] = 14.0, 12.5 Hz, 1H),
2.57 (dd, J = 14.3, 6.4 Hiz,, 1H), 6.40 (s, 1H);, "C NMR (CDCL) 8 16.1, 182, 18.3, 19.5, 20.5, 21.1,24.5, 33.0,
33.4, 37.0, 38.7, 40.0, 42.5, 47.8, 57.0, 64.6, 115.7, 124.1, 128.7, 138.0, 141.0, 145.2: HRESIMS caled for
€, H,0,N2 351.2300, found 351,303, |
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Methylketone (23). Pyridium chlorochromate (416 myg, 1.92 mmol) was added to 11 (”M‘:ﬁg, 0.2 mmol)
digsolved ih 20 md. of CH,CI,. The mixture was stirved at gentle reflux for 20 h under Argon. After cooling to
tt, the reaction was dituted with Et,0 (80 mL) and the resulting dark solution was filtered thmu gh a pad of silica
gel. Concentration of the filtrates and pun{mdtmn of ‘the residue via silica gel Lhmmdtogmph}, (91
IIexaraC/FtOAL) afforded 40.7 mg (53 %) of 23 as a colorless oil. 'H NMR (CDCL) § 0.82 (s, 3H), 0.84 {5, 3H),
1.03 (s, 3H), 1.22 (s, 3H), 2.31 (dt, J = 12. ‘S 3.THz, 1H), 2.49 (s, 3H), 2.54 (dd, J= 14.9, 12, SHz, 11, 2.69 (dd,
I = 149 6.7Hz, 1H), 3.84 (s, 3H), 3.86 (a, 3, 6.79 (s, LH); BC NMR (CDCI,) § 16.2, (8.3, 19.4, 20.5, 21.1,
252, ’%02 33.1, 33.4, 36.4, 37.1, 40,2, 42.5, 48.0, 56.2, 57.2, 60.4, (’49 110.1, 130.5, 137.4, 147.6, 147.9,
149.6, 201.8; HRESIMS caled for C,5H,,0,Na 407.2562, found 407.2563.

MeQ \
N

'Kemesmr {26a). Methylketone 23 (15 mg, 0.04 mmol) was dissolved in 20 ml, of stirring NaOH (10%) .
solution (containing 5 mi. THF), Todine (50 mg) was addc:ct and the mi.xium was stirred for an additional 20 min
before being acidified by addition of 30 mL of 10% H,50,. The solution was extracted with 1 50 mL of Et,0,
the Bt,0 was washed with brine and then concentrated to dryness to afford a residue, which was dissolved in 10
mL of DMF. Potassium carbonate (0.5g) anﬂ Mel (1.0 mlL) were added to the DMF solution and stirring was
continued overnight. The reaction was quenched by adding 10 mL of brine and the resulting mixture was
extracted with Et,O. Thce'»EtzO was washed with brine, dried with Mg80O,, and eva‘pomtad to dryness. The
- residue was parified by silica gel chromato‘graphy'(‘}"i Hexane/BEtOAC) to give 15 ‘mg of 26a (95%). "H NMR
(CDCL) & 0.84 (5, 350, 0.87 (s, 3H), 1.19 (s, 38, 141 (s, 3H), 1.79 (dd, } = 11.9, 7.8 Hz, 1ID), 2.41 (brd I
11.9 Hz, 1H), 274 (dd, T = 15.7, 12.5 Hz, 1H), 293 (dd, J = 15.7, 8.1 Hz, 1H), 3.81 (s, 3H), %‘)1(3 3H), 3.93
(s, 3H), 6.93 (s, 1H}"C NMR (CDCL) E) 18.4, 18.5, 21.9, 24.2, 24.5, 30, 1,32.9,33.5, 36.6, 36.7, 38.4, 42.4,
47.9,48.1, 52.8, 53.4, 56,2, 60.4, 63.2, 114, 1, 118.2, 1253, 136.4, 149.4, 150.6, 164.6, 187.4; HRESIMS caled
for C,HyONa 451.2460, found 451.2457.
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Methylester (2‘&)0 A soluiion of 0.21 g of sodium hydmxidﬁ: in 2.0 mb of water was addéd to 0.15 mL of
bromine at O C over 10 minutes, To this solution was added 38 mg (0. Hmmol) of 23 in 1 ml of dioxane. After
stirring at 40" C for 30 min, the yellow solution was quenched by addition of sodium bisulfite. Following
acidification with 10% H,50,, the mtx;tuw was extracted with Bt,O. The Et,(0 was washed with brine and dried
to furnish a residue, which was dsssuivad in 10 mL of DMF. Potasstum carbonate (1.0g) and Me¥ (2.0 ml) were
added to the DMFE solution and &tmmg was continued wengh&: The reaction was quenched by adding 2(} mi.
of brine and the resulting mixture was extracted with Bt, 0. The Bt,0 was washed with brine, dried with MgSO,,
and evaporated (o dryness. The residue was purified by silica gel columan chr omatography (9:1 Hexane/EtOAc)
to give 32 mg y of 28 (80%). ‘o NMR (CDCL) & 0.83 (s, ”éH) (.84 (s, 3H), 1.04 (s, "3H) 122 (s, BII), 244 (de, 1.
= 12.3, 3.4Hz, 1H), 2.54 (dd, I _m 143, 12.9Hz, 1H), 2.69 (dd, J = 14.3, 6.3Hz, 1H), 3.82 (s, 3H), 3.84 (s, 3H),
3.86 (s, 3H), 7.00 (s, 1H); °C NMR (CDCL) 5163, 18.3, 19, 5,199, 2.1, 25.2, 33.1, 33.3, 36.5, 37.1, 40.2,
42.3,48.1, 51.7, 56.1, 57.1, 60.4, 64.8, 111.6; 121.2, 137. 0 148.3, 148 7 149.8,168.3; HRESIMS calcd for
CZJL(, 4N,a 423.2511, found 423, 2:51’%

{-) Pelorol (1). To a solution of methyl ester 28 (5 mg, 0.013 mmot) in 2 mi, of CH,CL, at ~78'C under Argon
was slowly added BY, (60 mg) in 2wl of CH,Cl, and mixture stirted for an additibnaﬁ 0.5 h, The mixture was
then poured into H,0 and extracted &s}ith CH,CL, (two x 50 ml.). The combined CH,Cl, extracts were .drie‘d aver
MgSO,, filteved, and concentrated. The 't'ﬁ)‘%ifillf: was pufificzd by silica gel flash chromatography (4:1
Hexane/EtOAc) to furnish 1 (2.3mg, 50%). [0, =-63.5 (0.06, CHCL); "H NMR (CDCL) 6 0,83 (s, 3H), 0.84
B (8, 3H), 0.97 (1d, J = 12.8, 3.7 Hz, 11, 1.04 (s, 3H), 1.21 (s, 3H), 1.66 (dd, ¥ = 12.5, 6.4 HZ, tH), 2.48 (da, T =
14.6, 12.6 Hz, 1H), 2,51 (m, 1H), 2.60 (dd, J = 14.3, 6.4 Hz, 1H), 3.81 (s, 3H), 7.07 (s, 1HD); *C NMR (CDCL)
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8 16.3,18.4,19.5, 19.8, 21,1, 24.3,33.0, 3.3, 36.5, 37.1,40.2, 42.5, 48.5, 51.7, 57.1, 65.2, 114.8, 118.2, 130.0,
- 140.5, 143.4, 149.5, 168.0; HRESTMS caled for C,,H,,0,Na 395.2198, Found 3952199, |

Protocal for Evaluation of Compound 22 in a Mouse Septicemia Model. Administration of the bacterial cell
wall product, LPS (lipopolysaccharide), into mice results in rapid activation of macrophages (o produce pro-
inflammatory mediators such as TNFa that can be detected circulating in the blood. This is a good model of
human sepsis due to bacterial infeetion, and can be used to assess the ability of test compounds to inhibit
macmyihagwdependent inflammatory processes, Mice are administered the test compound (either intra-
peritoneally or orally) 30 min prior to an intra-peritoneal injection of 20 fng/kg of LPS. Blood is drawn 2 hy
later for determination of plasma TNFa by ELISA, ’ '

Protocael for Evaluation of Compound 22 in & Mouse Acute Anaphylaxis Model. The cutancous
anaphylaxis (or ear edema) model is a siandard modet of Igk (immunoglobulin B) and mast cell-dependent
allergic .inﬂammatmn. Mice are sensitized to the hapten DNFP (dinitroflonrobenzene) by r.:uta:i.eb'us application
of DNFB fo the shaved abdomen of mice for two consecutive days. One week after the first application,
tritiated thymdine (3H-Tdr) is injected inﬁ‘a—pcrii‘.tmealiy.v 24 hr later, test substances are painted on the left ear
while the right ear receives vehicle control. 30 min after drug ‘applicati{)m DNFB is applied to both ears to
induce mast cell degranulation. This results in ederma and neutrophil fnfiliration that can be quantitated by
taking a 6 mm diameter punch from the ear for dissolution and scintillation counting. The ability of test
subsmmcs to inhibit mast cell degranulation is then determined by calculating the ratio of 3H-Tdr in the test
(right) ear vs the contro! (left) ear. One group of mice has DNFB applied only to the left ear leaving the right
ear non-inflamed, o order-to control for basal 3H-Tdr incorporation into ear parenciymal cells.

References: ‘ |

{1} Sanchez, LH., Larraza, M.1.; Basurto, F.; Yaﬁiéz, R,; Avila, 8.; Tovar, R.; Nathan, P.J. Terrahedron, 1985,
- 41,2355.9, ’ ' o

(2) Findlay, J.A.; Dalject, A ; Murray, P.1; Rej, RN. Can. J. Chem. 1987, 65, 427-431,
(3) Lau, C.K.; Dufresne, C; Belanger, P.C.; Pietre, §; Scheigetz, 1. J. Org. Chem. 1986, 31, 3038-3043.
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