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The emergence of the epothilones as promising new anticancer
agents has led to a worldwide effort to synthesize new analogues,
and to establish their SAR with a view for identifying and
developing later generation agents for clinical evalutidttuman
clinical trials seeking to assess issues of toxicity, optimal dosage,
and likely efficacy of several epothilones as drugs are well
underway? For instance, 12,13-desoxyepothilone B (cf. inter
alia (dEpoB or EpoD)), initially developed in our laboratory via
total synthesis, is now undergoing human clinical trials following
highly favorable findings in various in vivo animal settings (Figure
1)3 generation of tubulin directed anticancer drugs.

It mlght have been thOUght that given the massive effort which The Synthesis of the RCM precursors commenced with the
has already been expended on the epothilones, there is little to bepreparation of acyl sectdrl (Scheme 1). Ketong’¢ was subjected
gained from still another such exploration in search of new to an aldol reaction with the readily available aldehyfeUpon
congeners. We show below that this need not be the case. In seekingjeprotonation and reaction of “lithid8 with 6, smooth condensa-
to deepen our grasp of the epothilone SAR estate, we initially tion gave rise to aldol produc?, with acceptible diastereo-
undertook the preparation of 12,13-desoxyepothilone analoguesselectivity (dr, 5.7:1). Protection of the;@lcohol as a TBS silyl

12,13-desoxyEpoB (1) (E)-9,10-dehydro-12,13-desoxyEpoB (3)
26-F4-12,13-desoxyEpoB (2)  26-F3-(E)-9,10-dehydro-12,13-desoxyEpoB (4)

Figure 1. Structures of epothilones.

as well as highly encouraging pharmacokinetic properties, rendering
them exciting prospects for advancement to become the next

containing a 12-trifluoromethyl group (cf2). Our menu of

ether followed by hydrolysis of the diisopropyl acetal group afforded

epothilone synthesis strategies, then in existence, failed to encom+eto aldehyde, setting the stage for the second aldol reaction.

pass this goal. The problem arose from a breakdown in the
feasibility of ring-forming olefin metathesis in a context where we
were trying to form a g—C;; olefin with a Ck; group in place at
C12 (case 1) Earlier, we had demonstrated that viability for RCM
is restored when there is a carbon spacer between they©bp
and the RCM reaction center (case®Z)f course, this resulted in
formation of a 17-membered macrolide. We wondered whether we
could reach the 16-membered ring by moving the acyl side vinyl
group to G (see projected case 3).

To explore this new ring-forming strategy (vide infra), we also
targeted E)-9,10-dehydro-dEpoB, that is, compouBidAt the time
we undertook this effort, it was thought that it was a known
compound, indeed with a disappointing early in vitro screening
profile.® Hence efforts directed t8 were viewed solely from the
perspective of it functioning as a synthetic intermediate to validate
the feasibility of RCM in the context of establishing a-€Ci,
double bond. Of course, if all went smoothly, selective reduction
of the 9,10-double bond &might constitute an even more efficient
route tol than is currently practicédvide infra).

The key findings disclosed herein are as follows. (i) A highly

concise route to reach the synthesis targets has been accomplished;

(i) contrary to our expectationspmpound had actually not been
prepared beforgthis family of epothilones is new; (iii) moreover,
early indications suggest that several n&y9,10-dehydro-dEpoB
congeners exhibit highly promising in vitro and in vivo potencies
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Following the previously practiced “titanotert-butyl ester
method’¢ with the new aldehyd® as the coupling partner, aldol
product9 was obtained in high diastereoselectivity and high yield
(dr > 20:1). Protection of the £alcohol of 9 with a TES silyl
group was followed by deprotection of the benzyl ether. The
remaining straightforward steps id are shown in Scheme 1.

Esterification of the resultant hydroxyketo&® with the G—

Cy acid fragmentl1 provided the corresponding RCM cyclization
precursorl4in 81% yield (Scheme 2). The ring-closing metathesis

Case 1

Case 2
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Scheme 1. Synthesis of Acyl Sector 112 Table 1. In Vitro Cytotoxicities (ICsp) with Tumor Cell Lines?
Oi-Pro a Oi-PrO H b o O TBS CCRE CEM(C) CIVBL CTaxol
. —_ —_— - 100 axol
"Pro%/ 78% Pro)><kl/?\§ﬂ08n 950 OBn compound (uM) (uM) (uM)
o
5 7,dr.,85:
HJ\/\OBn ., 85:15 8 1 (dEpoB) 0.0036 0.016 0.0046
: 2 0.0041 0.080 0.018
3 0.0009 0.0042 0.0012
o OH O oTBS , o % ores 4 0.0035 0.0210 0.0057
c = =
—— g — N
86% rBUOWOBn 60% Rowl)\é/\ aXTT assay following 72 h inhibition. CCRF-CEM is a human T-cell
9,dr.20:1 10, R= +Bu acute lymphoblastic leukemia cell line. The CCRF-CEM/\fRicell line
Ao j e is resistant to vinblastine, and CCRF-CEM/Taxaol is resistant to taxol.

aReagents and conditions: (a) LDA, THF90 °C (78% based on 120 -

aldehyde); (b) (i) TBSOTHf, 2,6-lutidine, Gi€l2, —40 to—20°C, 97%, (i) 100 4

p-TsOHH,0 (cat.), THFH,0 (4:1), 64°C, 98% (two steps, 95%); (c) E —e—Ept
t-butyl acetate, LDA, CpTiCI(OR)(R = 1,2:5,6-diO-isopropylidenea- E 804 = Epoz
L-glucofuranos-32-yl), Et,O, —78 °C, 86%, (dr> 20:1); (d) (i) TESCI, S a0l ——Cpo 3
imidazole, DMF, 0°C to room temperature, 98%, (ii)2HPd/C (10%), g —%—Epo 4
EtOH, 83%, (iii) TPAP, NMO, CHCl,, 95%, (iv) MePPH, n-BuLi, THF, g 4

o

—78 to—5 °C, 78% (four steps, 60%); (e) TESOT, 2,6-lutidine, £Hp, 20
0 °C to room temperature.

0
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Minutes

Figure 2. Plasma stability of epothilonek—4 murine plasma.

Scheme 2. Synthesis of Epothilone Analogues?

OH

519 —&— Contral

N Epo 3 (3mofko)
R =Me (12)
R =CF3(13) 14 Cl/,H\( o Epo 3 (4mgkg)

—&—Epo 3 (5mykg. v injection)

Tumor Size (mma3)
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aReagents and conditions: (a) EDCI, DMAP, @, 11, 0 °C to room

temperature (81%, starting frodD, two steps); (b) toluene, 11C, 20 Figure 3. Therapeutic effect off)-9,10-dehydro-dEpoB3) in nude mice

min, 78%: (c) (i) KHMDS, 16, THF, —78 to—20°C, 76%, (ii) HF-pyridine, gearin% HCTtlltG xenograft (iv infusion, Q2Dx7 = 3). Arrows indicate
THF, 97% (two steps, 74%); (d) TrisNHNHEtN, CICH,CH,CI, 50 °C, rug administrations.
91%.

compound that possesses substantially improved cytotoxicity rela-

reactiont® of 14 was then carried out in toluene using the recently tive to that of dEpoB I). S N _
described Grubbs catalyStHappily, the reaction afforded exclu- The impressive cell growth inhibition ex_hlblted by epothilones
sively thetransisomer15in 78% yield. Installation of the thiazole ~ 2—4 across a range of various drug-resistant tumors prompted
moiety via the protocd? shown in Scheme 2 was followed by determination o_f the blood plasma stablllty.of these n&wq,10
deprotection of the two silyl ethers with HF-pyridine, thereby CONgeners. Forinstance, the recently describgd.0,11-dehydro-
leading to3. The structure o8 was rigorously corroborated by its ~ dEPOB (of case 1 with a CHgroup at Gz) exhibits very poor
high yielding conversion td.® We note in passing that the total .plasmf’j\. stabllllty with respect to lactone opening. It is this plasma
synthesis ofl has been very substantially simplified relative to :jnétat;“té Wh'Cht hats stifled advanczi_rzetnt (ﬁ){_lo,lll-dehydro-
previously practiced routes. Thus, the use of the readily available obgeorvé q 3{; (r:r?:cLaZIé)vc\)IZre dﬁﬂosgge A daticc))nnz;:ncr;emp :rsen;at,ovgjeE 0B
6, obtained from the chiral pool, is certainly a large improvement : g degrac par P
relative to reliance ong)-2-methyl-4-pentenal, whose synthesis (1) by a factor of 7. This stability constitutes a substantial advance

o . - I ’ from a drug availability perspective relative to dEpoB (Figures 2
requires intervening chiral auxiliaries. The new strategy was then d3)
Sl.Jf::cessfuIIyl applied fo the total synthesis of the corresponding The combination of the cytotoxicity and plasma stability data
i VL\l/c')tLo ana ogued523 ar;d_4. | ruct in hand encouraged us to synthesize substantial amour8s@mtlietermine

i compoun : 0 rlggrousy proven s r.uc ure in hand, we i< in vivo efficacy, in nude mice bearing human tumor xenografts.
were surprised to find that its spectral properties were not congruentha dgirect and high quality total synthesis described:@allowed

with those previously reported for a compound presumed to be the ;s 1o indulge these interestdappily, epothilone8 demonstrated a
same entity. The actual structure of the compound previously markedly improved potency in inhibiting the growth of implanted
assigned a8 has now been reevaluated and will be disclosed in tymors, relative to dEpoB. The improved potency and plasma
short ordef® However, it is clear in retrospect thethad not been  stapility allows very substantial reduction of drug dosiag order
previously prepared and, in fact, the whole family &)-9,10- of magnitud in the context of xenografts &.
dehydroepothilones reported here is a new genus. In summary, delineated above is a powerful stereoselective total
Examination of synthetic analogue+4), in cell culture settings,  synthesis o8 and, following site-selective diimide reduction, dEpoB
revealed stronger inhibitory effects on various sensitive and MDR (1) itself. The described herein strategy was then straightforwardly
tumor cell lines than are exhibited by our clinical entry dEpaB ( applied to the preparation of the corresponding trifluoro analogues
(Table 1). We note thaB is the first 12,13-desoxyepothilone 2 and4. The data reported above in conjunction with the findings
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to be reported in due course point to the emergence of a most
promising new family of anticancer drugs appropriate for further
evaluation en route to the possible advancement to a human clinical
setting. Furthermore, the new synthesis strategy comprises a
significant practical improvement in the total synthesis of dEpoB.
Parenthetically, the study serves to underscore the potential
applicability of target directed total synthesis, even in a multistep
setting, in the quest for new substances of material clinical benefit.
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Note Added after ASAP: In the version of this manuscript
published on the Web 2/06/2003, the phrase “Thus, the use of the
readily availablell...” on the second page was incorrect and should
read “Thus, the use of the readily availaBle”. The final version
published 2/10/2003 and the print version are correct.

Supporting Information Available: Experimental procedures and
characterization data for all new compounds (PDF). This material is
available free of charge via the Internet at http://pubs.acs.org.
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