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ABSTRACT

ws98858

WS9885B promotes the assembly of microtubules in vitro and displays cytotoxicity as potent as paclitaxel against several cancer cell lines.
In this Letter, we propose a biogenesis for this architecturally complex bacterial metabolite from a much simpler, polyunsaturated precursor.
We also present significant progress toward a convergent, enantioselective synthesis of WS9885B. Our work features a chemoselective palladium-
catalyzed cross-coupling of two advanced building blocks and an uncommon Claisen-like cyclization.

Scientists from the Fujisawa Pharmaceutical Company powerful incentive for research in organic synthesis. An
recently described the constitution, relative stereochemistry, enantioselective synthesis bfwould establish its absolute
and pronounced cytotoxicity of WS9885B (1), a substance stereochemistry and permit a systematic study of the
isolated from the fermentation broth &treptomycesp. relationship between its constitution and microtubule-
N09885! This compound possesses an unprecedented hexastabilizing properties and cytotoxicity.
cycli.c architecture, a bridgehead glkepe, and 12 stereqcenters. While the biosynthesis df is not yet knownywe propose
Agamst_ s_everal cancer cell I|r_1es in vitro, WS9885B dlsplays that the architecturally and stereochemically complex struc-
cytotoxicity as potent as Pac"‘?‘xe' (Taxol®), an esta_bllshed ture of WS9885B couldwelve from a substantially less
d;%%tgetlgiti:giﬂjg; ?eﬂﬁ?;:a;ii?gtfgﬁiiei Cj{:ie‘;ﬁ% complex substance by spontaneous intramolecular reorga-
\[/)varrants ’serious attention as a potential chemotherapeutic}[1 izatior:hThg e_ssttra]nzt:e oftourtbiogefrleg;go?ulatela)\nd Eltr?]tegy
or synthesis is that a structure of tyB¢Scheme 1), whic

agent for the treatment of cancer. . . . ! .
9 could arise via an intramolecular Diels—Alder reactiof
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Scheme 1. Postulated Biogenesis of WS9885B) (
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2, may be well-suited for a Knoevenagel cyclizatidta a of the allylic alcohol to bromide6 was then smoothly
structure of typet. In the particular context of, proximity achieved as shown in Scheme 2.

between electron-deficient 4and electron-rich 28ystems In the course of our recent synthesis of fumagitfolye

is a circumstance that may well favor the occurrence of a benefited from Corey’s outstanding one-flask method for the
transannular inverse electron demand Digddder reaction
to give WS9885B 1) directly or in protected forrf!

Our goal is to test the chemical basis of the hypothesis Scheme 2. Synthesis of Vinyl Bromided®
put forth in Scheme 1, and we set compouldor a HO Br
sufficiently stable surrogate—as a preliminary objective for
synthesis. In this disclosure, we describe a convergent, | a-c |
enantioselective synthesis of tetraeh&lby a pathway that Me Me
features a chemoselective palladium-catalyzed cross-coupling OH 0
of appropriately functionalized C1—-C8 and C9—C20 do- Ho” ™ Me oj
mains. We also show that a Claisen-like cyclization of an Me
acetate ester potassium enolate provides a reliable solution 5 6
to the problem of constructing f&keto lactone of the type
found in 2. de
From the abundant terpene geraniol, we have established  Br o o
an expeditious eight-step synthesis of vinyl brom@jean Me N MeQL L Br
advanced intermediate comprising carbon20 (see Scheme LY
2). Although standard dihydroxylation of geraniol is not | B Me™ ™S
highly site-selective, Sharpless and co-workers have shown Me 8 |
that triol 5 can be prepared efficiently by asymmetric OAc Me
dihydroxylation of geraniot. Reaction of5 with sodium %47 o g H
periodate supported on silica §erovided an aldehyde that Me B
was immediately protected as a dioxolane acetal. Conversion o%Nj " ©
9 0 7
(5) For reviews of the Knoevenagel reaction, see: (a) Jone§rG.
React. (N.Y.}967 15, 204. (b) Tietze, L. F.; Beifuss, U. l@omprehensie “ Reagents and conditions: (a) NalOySiO, CH.Cl, 100%.
eg?ﬁn'lgg{?{?;_s’;TrgS;;llB_‘ M., Fleming, I., Eds.; Pergamon Press: New ) \iy 10 OH, CSA, CHaCly, 83%. () EtgN, MsCl, THF, 45 °C;
(6) For an excellent review of inverse electron demand and hetero-Diels  then LiBr, THF, 0 °C, 83%. (d) acetone 2,4,6-tri-isopropylbenzene-
e, e e e eSS, 5, sulonyycrazone, SBul (222 squ), THF, 78 C; hen 6, Bul
p 451. (1.1 equiv); -78 — 0 °C; Br(CHo)Br, -78 °C, 51%. (e) p-TsOH,
(7) The concept of performing tandem Knoevenagrtero Diels-Alder acetone/H0, reflux, 100%. (f) 8, Bu,BOTf, EtgN, CHoClp, 0 °C; 7,
reactions derives strong precedent from the substantial studies of Tietze
and co-workers. For reviews, see: (a) Tietze, LJFHeterocycl. Chem. -78 °C, 89%. (g) AcsO, EtgN, DMAP, CH,Cl,, 100%. CSA =
1990,27, 47. (b) Tietze, L. FChem. Re. 1996,96, 115. camphorsulfonic acid; MsCl = methanesulfonyl chloride; pTsOH =
(8) Xu, D.; Park, C. Y.; Sharpless, K. Betrahedron Lett1994, 35, . " . -
2495, ptoluenesulfonic acid; DMAP = 4-(dimethylamino)pyridine.

(9) Zhong, Y.-L.; Shing, T. K. MJ. Org. Chem1997,62, 2622.
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controlled construction of dienyl halides of tyjgé! By this achieve an enantiospecific synthesis of this substance from

procedure and a subsequent deprotection step, large quantitiethe knownp-xylose-derived lactol methyl eth&d!® through

of aldehyde7 were obtained from allylic bromidé. the high-yielding sequence shown in Scheme 4. Compound
While we could not transform aldehydeo 5-keto lactone

10in a stereocontrolled fashion via the catalytic asymmetric

dienolate aldol chemistry of Satd,we found Evans's Scheme 4. Synthesis of Vinyl Stannani4
asymmetric aldol methodolog¥to be optimal for the task Me SEt
of establishing thesyn C16—C17 stereorelationship in a :
rigorous way. As expected, aldehydereacted efficiently BnO Ol -ome ab BnO™ " Y SH
with the boron enolate derived from the known propionimide /\5—7/ - s
814 When the reaction temperature was maintainee 28 Me"  OH tBu” “tBu
°C, we observed a single aldol adduct, which was subse- 1 12
quently acetylated to give imide acet&a excellent yield.

Our intention was to transfor@directly to -keto lactone c-e

10via a somewhat uncommon Claisen-like cyclization (see

Scheme 3}° Gratifyingly, treatment o with 4 equiv of Me
o o . 0.0
Scheme 3. Claisen-like Cyclization of Imide Acetat@ 8l
tBu tBu
13

“ Reagents and conditions: (a) EtSH, HCI, rt, 99%. (b) 2,6-lutidine,

("fg";"c"?ﬂsv) (£BU),SI(OTf)y, CHsCls, 65 °C, 84%. (c) NBS, 2,6-lutidine, MeCN/
—_ H,0, 0 °C, 100%. (d) Ag(0), Et:0; Hp, PA(OH),, EtOH, 100%.
TH'(:ééZ/S °C (6) KzCOs, CHZCOC(N,)PO(OMe),, MeOH, 90%. (f) (COCI),,
DMSO, CH.Cl, -78 °C; EtgN, 100%. (g) NBS, AgNOj3, acetone.
Me N_ _Bn (h) n-BugSnH, (PhaP)4Pd, THF, 80% (two steps). (i} PhsP=CHCHO,
O\V\ j toluene, 70 °C, 62%. NBS = Ntbromosuccinimide.
9 o 10

11is an ideal starting material for a synthesisldfbecause

potassium hexamethyldisilazitteit —78°C led to the rapid  jt possesses the requisite stereotriad and differentiated
expulsion of the oxazolidinone auxiliary, which was recov- oxidation states at its terminal carbon atoms. Reactidriof
ered in quantitative yield, and provided the desired compound wjith ethanethiol in the presence of a catalytic amount of HCI
10in 68% y|e|d fO"OWing mild acidic WOkaﬁ?ThiS reliable gave rise to an acyc|ic 1,3_di0| Wh|Ch was Subsequent'y
and easily executed intramolecular carb@arbon bond- protected as di-tert-butylsilylene ketaR® N-Bromosuc-
forming reaction may prove generally useful for the facile cinimide-mediated hydrolysis of the dithioacetal function
preparation of optically active-alkyl-j-keto-o-lactones. proceeded smoothly, affording the corresponding aldehyde.

As our studies matured, vinylstannabéemerged as an  After treatment with elemental silver to remove residual thiol,
appropriately functionalized GiC8 sector, and we could  the benzyl ether was hydrogenolyzed to produce a mixture
of d-lactol and hydroxy aldehyde tautom&r¢hat reacted
smoothly with dimethyl 1-diazo-2-oxopropylphosphonate in

(10) Vosburg, D. A.; Weiler, S.; Sorensen, EAhgew. Chem., Int. Ed.

1999,38, 971. . : 4
(11) (a) Corey, E. J.; Dittami, J. B. Am. Chem. S0d.985,107, 256. basic methanét to give terminal alkynel3.
(b) Corey, E. J.; Lee, J.; Roberts, B. Eetrahedron Lett1997,38, 8915. ; ; inati
(c) Corey. E. J.: Roberts, B. Hetrahedron Lett1997,38, 8919. After Swern oxidation of alcoholl3, application of
(12) (a) Sato, M.; Sunami, S.; Sugita, Y.; KanekoH&terocycled995 Pattenden’s two-stage alkyne hydrostannylation procétiure
41, 1435. (b) Sato, M.; Sugita, Y.; Abiko, Y.; Kaneko, Tetrahedron: accomplished the introduction of the desir&g-yinylstan-
Asymmetryl992,3, 1157. ietv. O thesi f Kk int diate
(13) (a) Evans, D. A.; Bartroli, J.; Shih, T. 0. Am. Chem. Sod 981, nane moiety. u'j .Syn eS_|S Of key Intermedi was )
103, 2127. (b) Evans, D. A.; Nelson, J. V.; Vogel, E.; Taber, TIRAM. completed by a Wittig reaction of the alkynyl aldehyde with

Chem. Soc1981,103, 3099. (c) Evans, D. A.; Nelson, J. V.; Taber, T. R. ; ; ;
Top. Stereocheni982. 13, 1. (d) Evans, D. Aldrichimica Actal982, (triphenylphosphoranylidene)acetaldehyde. It is noteworthy

15, 23.
(14) Gage, J. R.; Evans, D. Drganic Synthese®iley: New York, (18) (a) Anderson, C. D.; Goodman, L.; Baker, B.JRAm. Chem. Soc
1993; Collect. Vol. VIII, p 339. 1958,80, 5247. (b) Ireland, R. E.; Liu, L.; Roper, T. Detrahedronl997,
(15) (a) Brandénge, S.; Leijonmarck, Fetrahedron Lett1992,33, 3025. 53, 13221.
(b) Leijonmarck, H. K. EChem. Commur(Stockholm)1992,3, 1. (19) (a) Corey, E. J.; Hopkins, P. Betrahedron Lett1982,23, 4871.

(16) The potassium counterion is important, as lithium and sodium acetate (b) Trost, B. M.; Caldwell, C. G.; Murayama, E.; Heissler, DOrg. Chem
enolates reportedly give 11-membered rings resulting from competitive 1983,48, 3252.
attack on the oxazolidinone carbonyl; see ref 15. (20)H NMR analysis at 28C revealed a ca. 9:1 ratio of lactol:hydroxy
(17) In the base-induced Claisen-like cyclization9f3-elimination of aldehyde tautomers.
the C16 acetate group was not observed. Presumably, transition state 1,3- (21) Mdiller, S.; Liepold, B.; Roth, G. J.; Bestmann, HS¥nlett1996,
allylic strain discourages deprotonation at C17 (see: Evans, D. A.; Kaldor, 521.
S. W,; Jones, T. K.; Clardy, J.; Stout, T.Jl.Am. Chem. S0d.990,112, (22) Boden, C. D. J.; Pattenden, G.; Ye JT Chem. Soc., Perkin Trans.
7001). 11996, 2417.
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that the latter two reactions afforded the desired products asaffords a substance possessing all of the carbon atoms of

single geometrical isomers.

Having defined enantiocontrolled pathways to key inter-
mediates9 and 14, we addressed the task of joining them
through a Stille reactiof® Despite the proven utility of the
Stille reaction, we approached the problem of jointhand
14 through this process with some trepidation becduse

WS9885B (). Incidentally,5-keto lactonel0 and its derived
tert-butyldimethylsilyl enol ether are less stable than acetate
imide 9 and were found to be unsuitable as substrates in
Stille reactions with vinylstannan#4.

In summary, we propose a biogenesis for WS9885bB (
a structurally complex natural product that stabilizes cellular

substance bearing vinylstannane and electron-deficient enamicrotubules and displays pronounced cytotoxicity. On the

moieties, could conceivably react with a transitory organo-
palladium(ll) intermediate via a Stille and/or a Heck reac-
tion?* In practice, however, exposure of a solution of
compounds9 and 14 in THF to Pd(dba} (5 mol %) and
triphenylarsine (20 mol %) at refldxafforded the desired
compoundl5in 58% yield (see Scheme 5); a Heck reaction,

Scheme 5. Chemoselective Cross-Coupling @fand 14
tBu

Bu

Pdy(dba)s (5 mol%),

9 + 14
PhsAs (20 mol%),
THEF, reflux
(58%)

which would have created a bond between C® ahd C3
of 14, was not observed. The chemoselective palladium-
mediated union of compoundsand 14 is most gratifying

basis of our biogenetic proposal and the convergent strategy
described herein, we are seeking an enantioselective labora-
tory synthesis ofl. WS9885B is an ideal objective for
research in organic synthesis because significant questions
about the relationship between its constitution and cytotox-
icity persist.
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