J

AICIS

COMMUNICATIONS

Published on Web 01/05/2002

Total Synthesis of Ustiloxin D

Bin Cao, Haengsoon Park, and Madeleine M. Joullié*
Department of Chemistry, Unérsity of Pennsylania, Philadelphia, Pennsyania 19104-6323
Received October 10, 2001

In 1992, Iwasaki and co-workers reported the isolation of
ustiloxin A (1) from the water extract of false smut balls on the
panicles of the rice plant caused by the fundistilaginoidea
virens! Later, four other congeners, ustiloxin B, C, B)(and F,
were isolated and characterizzZ@hese natural products are 13-

membered cyclic depsipeptides possessing a unique chiral tertiary

alkyl—aryl ether linkage. Biological evaluation showed the ustilox-
ins to be potent antimitotic agents that strongly inhibit microtubule
assembly by interfering with tubulin polymerizatidiue to the
important role of microtubules in cell mitosis, compounds that bind
tubulin and inhibit its assembly are potential anticancer dfugs.
Ustiloxins have been shown to inhibit the growth of a variety of
human tumor cell lines. To better understand the struetacgvity
relationships of tubulin binding, synthetic efforts by several groups
have been directed toward a series of simplified ustiloxin model
systems, semisynthetic analoguéshe sulfinylnorvaline side chain
of 1,7 and phomopsin & Herein, we describe the first total synthesis
of ustiloxin D 2, Figure 1) in an effort to facilitate analogue
preparation and provide structural variations for investigation of
tubulin binding activity.

The main challenge in the total synthesi2afas the formation
of the chiral tertiary alkyt-aryl ether linkage in the highly
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Figure 1. Retrosynthetic analysis of ustiloxin D.
Treatment of14 with ethyl acrylate under Heck conditiols
afforded cinnamaté5 in 95% vyield. The Sharpless regioreversed

asymmetric aminohydroxylation proto€eVas successfully applied
to afford the desired @3R)-3-hydroxy amino estet6in a single

P = protecting groups

functionalized macrocycle. The key aspects of the synthetic strategystep (58% yield}® After removal of the Boc group, the amine was
were the installation of the ether linkage at an early stage in order coupled with N-Boc+-valine by using the DEPBT reageft.

to circumvent future functional group incompatibility and the
stereospecific generation of tfiehydroxytyrosine moiety in a single
step. The retrosynthetic analysis @f is shown in Figure 1.
Disconnection of the side chain as well as an amide bond within
the macrocycle of2 gave linear precursoB, which could be

Treatment ofl7 with TBSOTTf protected the secondary hydroxyl
group as its silyl ether, as well as transformed tbe-butyl
carbamate to the correspondiregt-butyldimethylsilyl carbamaté:
Basic hydrolysis afforded amino aci®, which was then cyclized
via macrolactamization to afford macrocy@@in 78% yield with

obtained via the regioreversed Sharpless asymmetric aminohy-gpc|—HOBt in a mixed solvent DMFCH,Cl, (1:5)22

droxylatior? of a cinnamate derivative. Further disconnections led
to ether4. A number of methods have been reported for the
synthesis of tertiary alkytaryl ethers, including nucleophilic
substitutiont® palladium-catalyzed cross-couplitbgand Mitsunobu

With the macrocycle in hand, we were able to remove the MOM
group (Scheme 2). To achieve selective methylation on the nitrogen
of the tyrosine moiety, the benzyl carbamate was selectively
removed by catalytic hydrogenolysis in the presence of the benzyl

reactions'? These approaches either failed to give the desired ether ether23 and amine22 was subsequently protected as the 2-nitroben-

in ustiloxin D or were not suitable for the total synthesis. After

zenesulfonamid@3. Sequential treatment of the primary hydroxyl

extensive experimentation, we chose a nucleophilic aromatic group in 23 with Dess-Martin reagent and then with NaCJO

substitution (RAr) approach to construct the ether linkage by
reaction of nitrile-activated aryl fluorid® with tertiary alcohol6.
Compound6 could be prepared from-serine.

The synthesis began with the preparation of amino alcéhol
(Scheme 1). AlcohoB was synthesized from-serine {) in 5
stepst® Removal of the isopropylidene acetal gave a diol in which
the liberated primary hydroxyl group was selectively protected as
its MOM ether* Subsequent removal of the Boc group afforded
amino alcohoB. Treatment oB with 5 and KHMDS successfully
introduced the ether linkage b0 in 78% yield%a15 The amino

afforded a carboxylic acid, which was then coupled with glycine
benzyl ester to giv@4. Selective deprotonation of the sulfonamide
with MTBD?* and subsequent methylatiSrbefore deprotection
of the silyl ether afforded alcoh@5. Removal of the 2-nitroben-
zenesulfonyl group witj§-mercaptoethanol gave a secondary amine.
The final step involved hydrogenolysis with Pd black to remove
both the benzyl ester and the benzyl ether to afford ustiloxi2)D (
in 85% yield. The'H NMR, 13C NMR, HRMS, and optical rotation
of synthetic2 were identical to those of the natural product.

In conclusion, the first total synthesis @fwas accomplished

group was then protected as its Boc carbamate, and Raney nickefrom readily available-serine and aryl fluoride starting materials.

reduction convertedOto aldehydel 1.16 Dakin oxidation converted

The synthesis provides a scaffold upon which we can construct

11 to its corresponding formate, and subsequent hydrolysis gave other congeners and analogues to better understand the tubulin

phenol 137 which was then protected as benzyl ethéd)(
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binding activity of the ustiloxin family of natural products.
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aKey: (a) BoeO, NaHCQ, dioxane-H,O; (b) MeNH(OMe)HCI,
EDCI-HCI, THF—H20, pH 4.5, 4 h, 71% for 2 steps; (c) (Me@Me,,
catalyticp-TsOH, 97%; (d) MeLi, THF,-78 to—65°C, 72%; (e) EtMgBr,
THF, —78 to —20 °C, ds= 9:1, 58%; (f)p-TsOH, MeOH; (g) MOMCI,
i-PNEt, CHCly, 0 °C to room temperature, 71% for 2 steps; (h) TFA,
CHCly, 0 °C, 78%; (i) 4-bromo-2-fluorobenzonitrile5), 1.1 equiv of
KHMDS, THF, 0°C to room temperature, 78%; (j) Bff@, EtN, CH.Cly,
81%; (k) Raney nickel, Na#P Oy, Pyr:H;O:HOAC (2:1:1), 6-55°C, 56%;
() 30% H,O;, 4 mol % bis(2-nitrophenyl)diselenide, GEl,, room
temperature, 24 h; (m) KOH, MeO+H,0, 73% for 2 steps; (n) BnBr,
K2CQs, n-BusNI, DMF, 96%; (0) ethyl acrylate, Pd(OAg)(o-tolyl)sP, EgN,
CHsCN, reflux, 6 h, 95%; (p) NaOH, BnOCONH-BUOCI, Kj[OSOy(OH)4,
(DHQD),AQN, n-PrOH:H:0 (1:1), 20°C, 1 h, 58%; (q) TFA, CKCly, 0
°C; (r) N-Boc+-valineOH, DEPBT,i-Pr,NEt, THF, 81% for 2 steps; (s) 6
equiv of TBSOTT, 8 equiv of 2,6-lutidine, Ci€l,, room temperature; (t)
LiOH, t-BuOH—H;0, 83% for 2 steps; (u) 5 equiv of EDEGICI, 5 equiv
of HOBt, DMF—CH,ClI; (1:5), 0°C to room temperature, 78%.
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