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ABSTRACT

(-)-sclareol

A new route toward puupehenone-related bioactive metabolites from (

of a drimenylphenoal, is described. Utilizing this, the first enantiospecific synthesis of the antitumor and antimalarial (
+)-puupehenone, ( +)-puupehedione, and ( +)-15-cyanopuupehenone, were accomplished.

together with improved syntheses of (

(-)-15-oxopuupehenol

—)-sclareol, based on the palladium(ll)-mediated diastereoselective cyclization

—)-15-oxopuupehenol,

An important group of biologically active natural products,
many of marine origirt,is based on a sesquiterpene unit

All of these compounds display a wide range of important
biological properties, including antitumét,¢9i antiviral 5

joined to a phenolic moiety. The series includes puupehenoneantimalarial antibiotic® antituberculosi§!' antioxidant

(1a),%2 puupehedione2@),?® 15-cyanopuupehenoB),® 15-
oxopuupehenol@),* the halopuupehenonésand6,?¢-2and
15-cyanopuupehenone?)(®® More recently, two puupe-
henone-related compounds, UPA008B4nd UPA00449),
have been reported.

T Universidad de Alméa.
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Figure 1. Examples of puupehenongd)-derived marine sponge
metabolites.

lipoxygenasé? further heightening the interest in this class

of compounds.

to create the carbon skeleton lies in the reaction aba
drimane anion with a protected polyhydroxybenzaldehyde;
this procedure was utilized by Banerjee et al. to pregarb,
which lack the chirality on C-&°

The construction of the C pyrane ring constitutes the
second phase in the complete synthetic sequence. The
stereoselectivity of this process determines the C-8 stereo-
chemistry, affording the natural (@8Me) compounds or
their epimers. Different methodologies have been utilized
to elaborate the pyrane ring. Electrophilic acid cyclization
of a drimenyl phenol, similar to compounéda,b was first
utilized by TrammeP2 Our further studies of these processes
revealed a low degree of stereoselectivity, with the 8-epideriv-
ative found to be the major isom&which is quite different
from the previously reported resufis!? Electrocyclization
of a conjugated tetraenone, similar 18a,b also allowed
the present authors to prepare 8-epipuupehed@ne’{the
same strategy was followed by Banerjee éP dahe obtention
of natural 8-epimers, such as-)-puupehenonel@) and
related compounds, starting from drimenyl phenols, was
accomplished by thg-attack of the phenol hydroxyl group
on ana-seleno- ora-oxacyclopropane generated from the
carbon-carbon double bond; am-selenocyclopropane was
utilized in our synthesis of-+)-puupehenone1@).t® An
o-oxacyclopropane was the intermediate in our synthesis of

The unique structural features and biological activities of (+)-puupehedione 2g),°* this latter strategy also being
these compounds have prompted chemists to study theirutilized by Tadano et al. in synthesizirgand 9.> More

synthesi$:®11 Most current approaches to this type of

recently, Quideau et al. synthesizéd, starting from an

compounds are based on a strategy involving the initial 8-hydroxydrimane with a suitable configuration on C-8, by

formation of a suitably functionalized bicyclic terpenoid unit,

attack onto an oxidatively activated 1,2-dihydroxyphenyl

with the pyrane ring being generated late in the sequence.unit

Two strategies have been devised to elaborate the carbon Following our research into the synthesis of puupehenone-
skeleton of these compounds. The first involves the reactionrelated compounds based on homochiral synthons obtained
of an aryllithium derived from a suitably protected phenolic from natural sources, we are interested in developing a new

unit with an acyclic (farnesane derivative) or bicyclic
(drimane derivative) electrophifé€ 1! The drimane synthon,
an 8-oxygenated aldehy#e®% or an 8,9-epoxyaldehyéle
or an unsaturated aldehy#&.! possesses the correct chirality

route to this type of compounds utilizing alternative synthons
and cyclizing reagents. We focused on 15-oxopuupehenol
(4a), an antitumor and antimalarial metabolite, which has
not been synthesized hitherto. The 15-oxopuupehenol deriva-
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was actually the non-natural 8-epirtfeas is shown in the
present paper. Our planned synthesiglais based on the
benzylic oxidation of a tetracyclic advanced intermediate,
which will result from a diastereoselective cyclization of a
drimenylphenol precursor, itself derived from a condensation
between a suitably protected trihydroxyaryllithium with
drimenal (5).*?

The drimane synthoh5is easily prepared by the oxidation
of (—)-drimenol (4).*** Scheme 1 shows a new and
efficient synthesis o015 from (—)-sclareol (0), the key step
being regioselective dehydration of di#, by treatment with
DEAD and PPhin benzene; this finding resulted from our
investigation into the synthesis of carbonyl compounds under
the Mitsunobu condition®¥ The drimane precursor is the

(12) Scher, J. M.; Speakman, J.-B.; Zapp, J.; BeckeRMytochemistry
2004 65, 2583-2588.

(13) Isolated from the bark dd. winteri. See: Appel, H. H.; Brooks, J.
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Scheme 1 Scheme 2
o ! r R R
/ Ref. 16 /  t-BuOK CICONEY NBS, CCly
"OH . '0Ac ——— -
(3 steps, pyridine, retiux, silica gel, r.t., Br
75%) DMSO, Hﬁo* 2 OH  24h(89/92%) OCONEt, 1h (93/90%) OCONEt,
1 r.t., 6h (85%) 12
10
16a R: Bn 17a R: Bn 18a R: Bn
B,Hg, THF, 0°C, 2h; 16b R R: -CH,- 17b R,R: -CH,- 18b R R: -CHy-
NaOH, H,0,, EtOH,
H,0, rt., 12h (94%)
cHo OH oxy)phenol16&°18in a two-step sequence in 83% overall
DEAD. PPh yield (Scheme 2). Compount6a was obtained from 3,4-
Pee T dihydroxybenzaldehyde in a three-step sequence in 84%
CH,Cly, r.t., benzene, rt., overall yield®'® The sesamol derivativd8b was also

Th (71%) 1h (92%) prepared to complete the acid cyclization study.

Finally, let us consider the coupling @b and18a,b and
further cyclization (Scheme 3). The treatment of aryllithium
. . ) _ derived from18a,b with drimenal (L5) in THF at —80 °C
iodoesterl1, which was obtained in a three-step sequence g6 the enoné9a,b which resulted in condensation with
from 10 in 75% overall yield'® The treatment ofL1 with simultaneous carbamate elimination. Reductiohdz, bwith
t-BuOK in DMSO-H,0 gave alcoholl2,'” which leads to  Raney Ni gave phendl0a,h?® Cyclization of 20a,b under
diol 13'“cby oxidative hydroboration. Subsequentlﬁwas different acid conditions gav@la,h? with the C§-Me
dehydrated td4 and then converted intd5. configuration being the main epimer. After trying new cycli-

The efficiency of strategies for synthesizing these types zation reagents as an alternative to selenium derivatives,
of compounds depends strongly upon the careful choice of we found that palladium(il) can induce cyclization with com-
protective groups bearing the aromatic synthon. Trammel plete diastereoselectivity, providing the desiredoc8e
utilized sesamol X6b) to achieve the first approach to epimer; the most satisfactory results were obtained by treating
puupehenonel@);® Plumet et al. also made use of the with PdCL and catalytic Pd(OAg)in MeOH—H,0 (99:1).
methylene group to protect the 1,2-dihydroxy fragment in Thus,20awas transformed in high yield int2, which after
preparing the methylenedioxyderivatives of 15-oxopuupe- catalytic hydrogenation gave puupehen2B)(®®> The con-
henol, which could not be deprotect¥din view of the figuration on C-8 can be unequivocally established by
difficulty in deprotecting the methylenedioxy group, which analyzing the benzylic protons pattern in thtNMR spectra
our previous studies also reveaRédye proposed the use of  of the corresponding 8-epimetsThus, in the spectrum of
the more easily removable benzyl grodp® With respect ~ 2lathese protons appear as a doublet(8.2 Hz) at 2.52
to the protection of the 4-hydroxy group, thert-butyldi- ppm, whereas foR3 they give rise to a doubletl(= 17.5
methylsilyl group, first utilized in our synthesis a8 Hz) at 2.48 and a double doublét£ 17.5, 8.0 Hz) at 2.65
was found to be a very suitable protective group. However, ppm.
our recent investigations have revealed that the carbamyl PuupehenolZ3) was the starting material for the prepara-
group is a more effective one. Besides being cheap, its usetion of (—)-15-oxopuupehenol4@) and the other puupe-
does not require anhydrous conditions, most importantly, it henone-related metabolites. The benzylic oxidation of diac-
is removed under basic condensation conditions. Therefore etate 24 led to 25, which after hydrolysis under mild
we prepared the new Synthdﬁafrom the 3,4-bi5(benzy|- conditions produceda, together with a small quantity of

monoacetat@6; the remaining acetoxyl group was located

(14) —-Drimenol (14) can be obtained in optically pure form from on C-20 on the basis of .the nOe qbserved Wlth H'2.1 (S' 7.40
transtransfarnesol. Resolution of racemie was achieved via chromato- ~ ppm). The spectroscopic properties4af were identical to

graphic separation of the diasteromeric camphonates. See ref 11 and (a ; i -
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from (—)-sclareol through drimenyl acetate in a five-step synthesis with oxidation of23 with the appropriate reagent. The treatment

42% overall yield. See: (b) Barrero, A. F.; Alvarez-Manzaneda, E. J.; . . !
Altarejos, J.; Salido, S.; Ramos, J. Metrahedron Lett1994 35, 2945- of puupehenolZ3) with Ag,O in aqueous THF affordeti;

2948. (c) Barrero, A. F.; Manzaneda, E. A.; Altarejos, J.; Salido, S.; Ramos, 2a resulted after refluxing the diphen@l3 with DDQ in
J. M; Simmonds, M. J. S.; Blaney, W. Metrahedron1995 51, 7435~ dioxane. The latter transformation represents a considerable
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Scheme 3
oR or 15 tBuLi
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-, 5
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DDQ, dioxane,
) PdCly, cat. Pd(OAC),, reflux, 2h (80%)
Camphorsulfonic MeOH-H,0 (99:1), AgsO. THF '
ac., CHyCly, reflux 40°, 48h (91%) ?2”'] 0
(95/89%) rt,
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OBn

Ha, Pd-C

- .
EtOAc, r.t,, 48h™,
(99%) k

Ac,0, pyridine,
) DMAP, r.t, 4h
(95%)

21aR: Bn 22
21b RR: -CHy-

23 RR:H

24R,R: Ac
NayCrOy,
NaOAc,
Ac,0,
benzene, 70°,| OR'
5h (96%)

Ago0, aq. THF, r.t.,
1h 40 min; NaCN, r.t,,
1h (86%)

NaCN, Ag,0,
aqg. THF, r.t.,
45 min. (78%)

1.
25 RR:Ac NaHCO3, DMF,
4a RR: H 80°, 8h (67%)

26 R:H R":Ac

improvement with respect to the synthesis ¢)-puupehe-
dione @a) from (—)-sclareol (0), previously reported by
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our group® that process, based on the dehydration of a
9-hydroxyderivative, takes place in low yield because of
rearrangement side reactions (Scheme 3).

The direct transformation of puupehencR3] into
(+)-15-cyanopuupehenon&)(was finally undertaken. The
treatment of23 with NaCN and AgO in aqueous THF
surprisingly afforded in good yield a cyano derivative that
was identified as 18-cyanopuupeheno2#d(in accordance
with the *H NMR spectrum, which shows two olefinic
protons at 6.54 (d) = 7.1 Hz) and 5.95 (s), assignable to
H-15 and H-21, respectively, on the basis of NOE experi-
ments. The cyano group appears in tf@ NMR at 108.6
ppm. This regioisomer of the natural compound probably
results from the 1,6-conjugate addition to the corresponding
o-quinone. Compound@? was obtained in one-pot reaction
from 23, by treating it successively with AQ in agqueous
THF and NaCN; this sequence involves the first enantiospe-
cific synthesis of {)-15-cyanopuupehenone?)( from
(—)-sclareol (0).

In summary, a new route to puupehenone-related com-
pounds from {-)-sclareol (0) and 3,4-dihydroxybenzalde-
hyde has been developed. Utilizing this, the first enantiospe-
cific synthesis of {)-15-oxopuupehenolg) (19 steps, 14%
overall yield) and improved syntheses df)(puupehenone
(1a), (+)-puupehedioneg), and {+)-15-cyanopuupehenone
(7) were achieved.
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