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(—)-Podophyllotoxin 1) acts as an antimitotic, inhibiting
tubulin assembly. Its semisynthetic derivatives, etoposile (
and teniposided), though not antimitotics, are important clinical
chemotherapeutic agerits.Several in witro studies assign
functional roles to ring E in etoposide. For example, etoposide
promotes topoisomerase |lI-mediated DNA scisgiamd ring
E oxygenation may be required for this activityOn the other
hand, etoposide can be “activatetli vitro by dealkylative
oxidation of ring E to produce derivatives (e.g. the semiquinone
or theo-quinone) capable of cleaving DNAor of covalently
binding to protein®:cand DNA%d
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However, it remains uncertain whether the degree of oxy-
genation or the oxidation state of ring E is related to the
oncolytic properties of podophyllotoxin or etoposide,vivo.
Herein we describe the a synthetic approach to thepodo-
phyllotoxin skeleton that is modular in ring E, as a tool for the
study of its functional role. As proof of principle, we report
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the first synthesis and biological characterization o#'%'-
tridemethoxy-{-)-podophyllotoxin ), the ring E deoxygenated
analogue of {)-podophyllotoxin.

Podophyllotoxin has captured the attention of organic chem-
ists for some timé&. Yet only recently have enantioselective
approaches to the natural product appeére®hilosophically,
our approach differs from these syntheses in two fundamental
ways: (1) absolute stereochemistry is introduced catalytically,
by means of an enzyme-catalyzed transformation upon an
unnatural substrafe? and (2) ring E is introduced as late as
possible in the synthesis (Scheme 1).

Among several meso intermediates of the general structure
7, 10 proved to be the most useful as an enzyme substrate.
Diacetatel0 is readily constructed in seven steps (45% yield;
Scheme 2J° The key step is an isobenzofuran Dieklder
reaction in which DMAD serves as both solvent and dieno-
philel! PPL selectively deacetylates tH@{acetoxymethyl arm
of 10 to furnish @)-11 (95% ee) in 83% yield?

Aldehydel2is available froml1 via silylation, deacetylation,
and Swern oxidation (Scheme 3). Acetyl migration is not
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a (@) n-BuLi, THF, (CHO)n, 82%; (b) HOAc, DMAD, 80°C, 92%;
(c) Hy, Pd/IC, 99%; (d) LiAIH, EtO, reflux, 88%; (e) AgO, Pyr, OSEM
DMAP, —5 °C, 100%; (f) PPL, 10% DMSO 50 mM KPbuffer, pH PhMgBr: CuCN o i __CH,OTIPS
8, 66% (83% corr.), 95% ee. (1) ¢ N/ \
; (o)
observed under the silylation conditions nor is silyl migration k. Me,S (3:1) 0O O
observed under the deacetylation conditions as established by © . )
Mosher esterificatiod® Efficient retro-Michael ring openirlg -78°C — - 40°C 15 (78%, single diastereomer)
of 12 unveils the (methylenedioxy)cinnamyl syst&ranvisioned 2 (a) TIPSCI, imidazole, DMF, rt, 100%; (b)&Os, MeOH, rt, 97%;

as a vehicle for the introduction of ring E. Following protection (c) (COCIy, DMSO, CHCl,, NEts, —78°C, 100%; (d) NaOMe, MeOH,

of the G—OH and aldehyde oxidation, the acyl oxazolidinone rt, 90%; () SEMCIj-Pr.NEt, CH,Cly, rt 93%; (f) NaCIQ, NaH,PO;,

functionality is installed. t-BUOH, 2-methyl-2-butene, 100%,; (g) CDI, THF, 100%; teBuLi,
Michael acceptofld was designed to bias the system toward ©0xazolidinone,~78 °C, 60%.

conjugate addition from thee face with the following con-

siderations: (a) the TIPS ether might sterically block approach

from thesiface, (b) the SEM ether could conceivably coordinate OSEM

to copper to directre face attack® and (c) the relatively a O : be o} :
sterically demanding substituents atabd G might be disposed 15 — <Om - + <o 0
pseudoequatorially in the transition state, thereby enfon@ng I%h > R

face addition of the cuprate (pseudoaxial trajectory of approach).

Pleas'ngly’l Cl."mle(i'atedthcoglugag fadd't'og of PhtMgﬁ.r la . 2 (a) TBAF, THF, 50°C, 80%; (b) LDA, —78 °C: then pyr-HClI
occ;;rs exclusively from the desireelface and is quite efficien quench, 94%; 2:1 ratiotfans-cistactone): (c) MgBs, EtSH, E4O—
(78%, Scheme 3). PhH (4:1) 0°C — rt, 17 (32%) and2 (47%).

Only three steps separate conjugate addition pratifrom . . . 18
the t ted | £ ¥-nodophvllotoxin2 (Sch 4). cytotoxic oncolytic etoposide (kg of 1.1uM). An MDR18 cell
e targeted analogue of J-podophyliotoxin2 (Scheme 4) line CEM/VLB100, selected with vinblastine, is 12-fold resis-

Chemoselective TIPS deprotection is effected by careful heating : ) . .

of 15 with TBAF. Following lactonization, epimerization at t@nt to etoposide (I& of 12.9 uM). This resistant cell line
C, using the conditions of Kende et®11¢proceeds smoothly ~ IS; however, nearly as sensitive 10and 2 (ICsos of 11 and
to provide largely theéranslactone. Modified Kim conditions 57 nM, respectively) as is the parent cell litte. Thus 2
(EtSH, MgBR)7 convert the previously inseparaldlis-lactone maintains the favorable MDR profl_le o_f th_e natu_ral product.
16 into the readily separable thioethd7 and effect SEM ~ 1herefore, the degree of oxygenation in ring E is apparently
deprotection of théranslactone to provide the title compound hot a strong determinant of either cytotoxicity or MDR profile
2. The facile and stereocontrolled conversioridfo 2 in just in the (~)-podophyllotoxin series. Its effects in the etoposide
four steps attests to the potential of this synthetic route for the SET€S remain to be investigated.
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