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A formal total synthesis of the sesterterpenoid (+)-dysidiolide (1), a structurally novel sponge metabolite that inhibits the cdc25A protein
phosphatase, and approaches to the syntheses of (+)-15-epi- (34), (+)-6-epi- (36), and (+)-6,15-bisepidysidiolide (39) are described.

In 1996, Gunasekera, Clardy, and their co-workers repbrted first reported total synthesfsas well as that described in a
the isolation of ¢)-dysidiolide from the marine sponge very recent report, produced (—)-dysidiolide and thus
Dysidea etheriade Laubenfels. It was showiy an X-ray established that the natural product hasghsoluteconfig-
crystallographic study that this natural product is a consti- uration displayed iri. Boukouvalas et &constructed (+)-
tutionally unusual sesterterpenoid and that it possesses thalysidiolide (the enantiomer df), while two group4® have
relative configuration indicated in structural formuléa described syntheses of the racemic versioh dfiterestingly,
(Figure 1)? Interestingly, the X-ray investigation showed that,
in the crystalline form, dysidiolide exists in a conformation
in which both of the “floppy” side chains at C-6 and C-15
are axially (or pseudoaxially) oriented (see Figure 1). It was
also establishédthat 1 is a cdc25A protein phosphatase
inhibitor and, consequently, that this substance “may have
utility in the treatment of cancer and other proliferative
disorders.”

Because of its atypical structure and its potentially
important physiological activity,dysidiolide has attracted
considerable attention as a target for total synthe<gighe

o] dysidiolide (1)

(1) Gunasekera, S. P.; McCarthy, P. J.; Kelly-Borges, M.; Lobkovsky,
E.; Clardy, JJ. Am. Chem. S0d 996,118, 8759. .
(2) The numbering system shown in structural formuia that proposed Figure 1.
in ref 1.
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four of the five reported syntheses employed Digddder
reactions (either intet>” or intramoleculd) as key trans-

reoselectively, alcohd,° which was readily transformed,
via the corresponding-methoxybenzyl (PMB) ethet, into

formations in the overall synthetic pathways. On the other cyclohexanoné (73% from 2). Sequential treatment &

hand, the synthesis reported by Corey and Robinslved

with potassium hexamethyldisilazide (KHMDS) and triiso-

the transformation of a known, enantiomerically pure bicyclic propylsilyl triflate (TIPS-OTf) gave, in essentially quantita-
ketal enone into the target substance. We report herein artive yield, a mixture of the positional isome8sand7, in a

alternative synthesis oft{)-dysidiolide (1) via an approach
quite different from those described previously.

The initial portion of the synthesis, involving conversion

of the known ketone?® into the bicyclic alcoholl16, is
summarized in Scheme 1. Reduction2ovith lithium tri-
sec-butylborohydride (L-Selectrideprovided, highly ste-
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a Reagents and conditions: (a) L-Selectride, THF¥8°C, 2 h;
H,0,, NaOH, HO, rt, 16 h (99%); (b) NaH, DMF, OC; BwNI
(catalytic amount), PMB-CI, 0 to 58C, 3 h; (c) conc hydrochloric
acid, acetone, rt, 30 min (74% froB8); (d) KHMDS, THF,—78
°C, 1 h; TIPS-OTf, BN, THF, —78°C, 1 h (99%6:7 ~1:3.3) (€)
PhlO, TMS-N;, CH,Cl,, —25 to —18 °C, 15 min; TBAF, THF,
—10°C, 10 min (8: 20% fronmb; 9: 59% fromb5); (f) reagentll
(3.0 equiv), TMS-Br, pentane—fd, —78 °C, 2 h; NH;, NH,CI,
H,O (pH 8); TBAF, EtO, rt, 1 h (84%); (g) @ solvent red 23,
2:1 CHCl,—MeOH, —78 °C; Me,S (75%); (h) NaOH, MeOH,
reflux, 48 h (77%); (i) DIBALH, THF, —98 °C, 1 h; solid
NaS0O,-10H,0 (15: 46%;16: 47%); (j) PhP, DEAD, PhCGH,
THF, 0°C to rt, 6 h; LiAlH,, ELO, 0°C (72%).
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ratio of ~1:3.3, respectively. Reaction of this mixture with
iodosobenzenetrimethylsilyl azide in dichlorometharié,
followed by treatment of the resultaptazido TIPS enol
ether intermediates with tributylammonium fluoride (TBAF)

in THF ! furnished a mixture of enoné@sand9. Chromato-
graphic separation of these materials gave the required isomer
9 in 59% vyield from5.

Cuprate reageritl required for conversion of eno®anto
functionalized cyclohexanorE was prepared as shown in
Scheme 1. Thus, treatment of iodidi@ with t-BuLi at low
temperature effected lithiuriodine exchange and the result-
ant lithio reagent, upon reaction with copper(l) cyanide, gave
a solution ofll. Reaction of this reagent with enofién
the presence of trimethylsilyl bromide (TMS-Bfollowed
by brief treatment of the crude product with TBAF, provided
12in 84% yield. Ozonolytic cleavadggof the alkenic bond
of 12 provided dion€l 3, which, upon treatment with NaOH
in refluxing methanol, was transformed into bicyclic enone
14 (58% from12). Reduction (DIBALH) of14 afforded a
1:1, chromatographically separable mixture of diastereo-
meric alcoholsl5 and 16. The unwanted isomet5 was
subjected to the Mitsunobu reaction (triphenylphosphine,
diethyl azodicarboxylate (DEAD), benzoic acid)and the
acquired benzoate was reduced (LiAJHo give an addi-
tional quantity of16. The overall yield ofL6 from 14 was
80%.

Conversion of allylic alcohol6 into the highly function-
alized bicyclic aldehyde32 is outlined in Scheme 2.
Subjection of16 to the EschenmoseClaisen rearrange-
ment® provided an excellent yield of dimethylamidk?,
which, upon reduction with lithium triethylborohydride
(Super-Hydride}$ gave primary alcohal8 (87% from16).
The corresponding aldehydeé® was produced cleanly and

(3) Corey, E. J.; Roberts, B. B. Am. Chem. Sod 997,119, 12425.

(4) Magnuson, S. R.; Sepp-Lorenzino, L.; Rosen, N.; Danishefsky, S. J.
J. Am. Chem. S0d998,120, 1615.

(5) Boukouvalas, J.; Cheng, Y.-X.; RobichaudJJOrg. Chem1998,

63, 228.

(6) Miyaoka, H.; Kajiwara, Y.; Yamada, Yletrahedron Lett2000,41,
911.

(7) Takahashi, M.; Dodo, K.; Hashimoto, Y.; Shirai, Retrahedron Lett.
2000,41, 2111.

(8) Piers, E.; Friesen, R. WGan. J. Chem1992,70, 1204.

(9) Brown, H. C.; Krishnamurthy, Sl. Am. Chem. S0d972,94, 7159.

(10) All new compounds reported herein that were isolated and purified
exhibited spectra in accord with assigned structures and gave satisfactory
elemental (C, H) combustion analyses and molecular mass determinations
(high-resolution mass spectrometry). Substan2ésand 27 were fully
characterized as epimeric mixtures. Each of the intermedéafg22, and
30 was used for the next transformation without rigorous purification and
was not fully characterized.

(11) Magnus, P.; Evans, A.; Lacour,Tketrahedron Lett1992,33, 2933.

(12) Piers, E.; Oballa, R. MJ. Org. Chem1996,61, 8439.

(13) Veysoglu, T.; Mitscher, L. A.; Swayze, J. Bynthesi<€980, 807.

(14) Hughes, D. LOrg. React.1992,42, 635.

(15) Wick, A. E.; Felix, D.; Steen, K.; Eschenmoser, Aelv. Chim.
Acta 1964,47, 2425.

(16) Brown, H. C.; Kim, S. C.; Krishnamurthy, 8. Org. Chem1980,

45, 1.
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Scheme 2
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a Reagents and conditions: (a) lie-C(OMelMe, PhMe, 100
°C, 4 h (93%); (b) LiE$BH, THF, rt; H,0,, NaOH, HO, 50°C, 2
h (94%); (c) Dess—Martin periodinane, @El,, rt (99%); (d)
methallyl bromide, indium metal, DMF, ,r2 h 20: 83%;21:
15%); (e) BuLi, THF, rt, 10 min; C§ rt, 1 h; Mel, rt, 30 min
(96%); BuSnH, AIBN, PhMe, reflux, 15 min (82%); (f) DDQ,
18:1 CHCI,—H0, rt, 1 h (97%); (g) [MeSi(MeO)CH]LIi, THF,
—35°C, 1 h; NH,CI, H,0; 1:1:8 CRCO,H—H,0—CHCL, 0 °C, 1
h (88%); (h) (HO—NH)CI, NMP, 75°C, 30 min; 115°C, 3 h
(96%); (i) KDA, THF, —78 °C, 30 min; PMBO—CHCH,—I,
HMPA, —78°C, 10 min (88%); (j) DIBALH, DME, rt, 1 h; citric
acid, HO, 3 h; NaBH, MeOH, rt, 20 min (79%); (k) NaH,
imidazole (catalytic amount), THF, 6TC, 2 h; CS, rt, 1h; Mel,
rt, 30 min (99%); (I) PBSiH,, benzoyl peroxidep-xylene, 15C°C,
40 min; DDQ, 18:1 CHCI,—H,0, rt, 1 h (81%).

quantitatively by oxidation ofl8 with the Dess-Martin
reagent’ Treatment of19 with methallyl bromide and
indium metal in DMF2 followed by chromatographic

(17) Dess, D. B.; Martin, J. Cl. Org. Chem1983,48, 4156.
(18) Araki, S.; Ito, H.; Butsugan, YJ. Org. Chem1988,53, 1831.
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separation of the resultant diastereomeric mixture on silica
gel, provided alcohol20 and 21 in yields of 83 and 15%,
respectively. It turned out that minor isomed, upon
recrystallization from heptane, provided crystals (mp 90—
92°C) suitable for an X-ray crystallographic stuthBy this
means, the relative configurations 20 and21, as well as
those of previous intermediates in the synthetic sequence,
were conclusively established.

Sequential treatment of a THF solution @0 with
butyllithium, carbon disulfide, and iodomethane provided
xanthate22, which, upon reaction with tributylstannane and
2,2'-azobis(isobutyronitrile) (AIBNY in refluxing toluene,
afforded the functionalized bicyc3 (79% from20). In a
similar fashion, minor alcoha1 was transformed int@3
in 77% vyield. Cleavagé of the PMB ether function o023
and Dess-Martin oxidatiort” of the acquired alcohd@4 gave
ketone25in 89% overall yield. Homologation of ketorib
was carried out by use of the MagntRoy protocok? Thus,
reaction of25 with (methoxy(trimethylsilyl)methyl)lithium
in THF at low temperature, followed by treatment of the
resultant tertiary alcohol with aqueous trifluoroacetic acid
in chloroform, provided aldehyd26 (mixture of diastereo-
mers) in 88% yield. Conversion @6 into the corresponding
mixture of nitriles27 was effected in 96% yield by treatment
of the former substance with hydroxylamine hydrochloride
in N-methylpyrrolidinone (NMP) at 75—11%5C 23

Alkylation of the mixture of nitriles27 proved to be
efficient and highly stereoselective. Treatment2afwith
potassium diisopropylamide (KDA) and 1-(pmethoxy-
benzyloxy)-2-iodoethane in THF at78 °C provided a single
alkylated produc®8in 88% yield. Reduction of the latter
substance with DIBALH in DME, followed by immediate
treatment of the resultant aldehyde with sodium borohydride
in MeOH, produced primary alcoh@9, which was readily
converte® into xanthate30 (99% yield). Treatment 080
with diphenylsilane and benzoyl peroxidedsxylene at 150
°C/%% and reaction of the resultant mixtdfevith DDQ,?
provided alcohoB1in 81% yield. Dess Martin oxidatior}”
of 31 gave aldehyd8&2 (95%). The'H and'3C NMR spectral
data derived from the latter mateffahgree very well with
those reported by Corey and Robérsid Boukouvalas et
al. > respectively. Sinc&2 was previously converted into

(19) This study was carried out by Dr. Brian Patrick, Manager, UBC
X-ray Crystal Structure Laboratory. Details will be reported elsewhere.

(20) Barton, D. H. R.; McCombie, S. W. Chem. SocPerkin Trans.
11975, 1574.

(21) Oikawa, Y.; Yoshioka, T.; Yonemitsu, Oetrahedron Lett1982,
23, 885.

(22) Magnus, P.; Roy, GOrganometallics1982,1, 553.

(23) Sampath Kumar, H. M.; Subba Reddy, B. V.; Tirupathi Reddy, P.;
Yadav, J. SSynthesis999, 586.

(24) Raucher, S.; Koolpe, G. Al. Org. Chem1978,43, 3794.

(25) Huffman, J. W.; Raveendranath, P.JCOrg. Chem1986 51, 2148.

(26) Barton, D. H. R.; Blundell, P.; Dorchak, J.; Jang, D. O.; Jaszberenyi,
J. S.Tetrahedron1991,46, 8969.

(27) The radical deoxygenation step (ref 26) caused partial cleavage of
the PMB ether function to give a mixture 8fL and its PMB ether.

(28) Compound2 (colorless oil): 'H NMR (400 MHz, CDC}) 6 9.90
(t, 1 H,J=3.2 Hz), 5.33 (m, 1 H), 4.67 (s, 1 H), 4.64 (s, 1 H), 2.33 (dd,
1H,J=14.4,2.8 Hz), 2.24 (dd, 1 Hl = 14.4, 3.6 Hz), 2.091.90 (m,
4 H), 1.82—1.76 (m, 1 H), 1.68 (s, 3 H) 1.74.50 (m, 6 H), 1.351.08
(m, 5 H), 1.07 (s, 3 H), 0.99 (s, 3 H), 0.84 (d, 3 H= 6.4 Hz);13C NMR
(100.6 MHz, CDCY4) 0 204.4, 146.2, 145.0, 117.1, 109.7, 47.1, 42.4, 42.0,
40.0, 38.6, 37.6, 37.0, 33.0, 31.6, 29.3, 26.0, 23.0, 22.5, 22.4, 22.3, 14.9.
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Scheme 3

39 (6,15-bisepi-
dysidiolide)

a Reagents and conditions: (a) lie-C(OMelMe, PhMe, 100
°C, 3 h (86%); (b) LDA, THF, HMPA, (°C, 45 min; Mel,—78
°C, 10 min (84%).

dysidiolide3~7 acquisition of this material completes a formal

total synthesis of (£)-1.

2486

It has been suggestethat dysidiolide’s binding to the
cdc25A protein phosphatase, along with its resultant biologi-
cal activity, may be related to the fact that, structurally, the
two floppy side chains at C-15 and C-6 bfproject in a
parallel fashion from one side of the overall plane of the
bicyclic core of the natural product (see Figure 1). Conse-
guently, to determine what effect changes in the configura-
tions at C-15 and C-6 would have on biological activity, it
would be of some interest to synthesize the diasteromeric
substances 15-epi34), 6-epi- 86), and 6,15-bisepidisydi-
olide (39) (Scheme 3). The overall strategy employed in the
synthetic work summarized in Schemes 1 and 2 would appear
to be ideally suited for such an endeavor. Indeed, subjection
of alcohol 15 to the Eschenmoser—Claisen rearrangement
protocol® provided, in 86% vyield, amid&3 (Scheme 3).
The latter substance, which is epimeric with the previously
prepared compounti7 (Scheme 2), would undoubtedly serve
as a precursor for the construction of 15-epidisydioligi)

On the other hand, methylation (LDA, THF, HMPA; Mel)
of nitrile 27 afforded, in 84% yield, the single produ8b,
which should function as a suitable intermediate for the
synthesis of 6-epidysidiolide (36). Finally, methylation of
the nitrile 37 (derivable from33 via a pathway similar to
that outlined in Scheme 2 for the transformatibh— 27)
should give38. It is highly likely that the latter nitrile could
be transformed into 6,15-bisepidysidiolid&j. The results
derived from these ongoing investigations will be reported
in detail in due course.
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