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As a first entry into structurally simplified analogues of the anticancer agent laulimalide, 11-desmethyl compounds 2 and 3 were selected by
molecular modeling. The unfavorable diastereoselectivity in the key synthetic step, a Nozaki—Kishi coupling between macrocyclic aldehyde 4
and vinyl iodide 5, was overcome either by use of catalytic amounts of DIANANE-type ligands or L-Selectride reduction of the derived enone.
This methodology should allow modular introduction of other, unnatural, side chains.

By sharing the same microtubule-stabilizing mechanism as In contrast, a limited range of analogues, relying primarily
Taxol and having nanomolar growth inhibitory activity on modifying the hydroxyls, theZ)-enoate, or removal of
against cancer cell lines, including multidrug resistant cells, the epoxide, have been reported to date for SAR studis.
laulimalide @, Scheme 1) presents a promising lead structure Herein, we report the total synthesis of désmethyl-
for development of new anticancer agehtddlowever, in laulimalide (2) and its methyl ethé& by a novel approach,
comparison to Taxol and other known microtubule-stabilizing relying on an asymmetric Nozaki—Kishi coupling of the
agents, laulimalide appears to have a different (and as yetmacrocyclic aldehydé with dihydropyran containing vinyl

undefined) binding site on tubulih.
This unique biological profile, together with the low
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Scheme 1
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iodide 5. Notably, this synthesis design should enable the
modular construction of a wide range of laulimalide ana-
logues with unnatural side chains.

Based on molecular modeling, 11-desmethyl analogues of

laulimalide were chosen as a first, promising series of
simplified structureg.In particular, these were expected to
adopt conformations closely relatedan the presumably
crucial G—C,4 and Gs—Cy regionsa®

To allow for a high degree of convergence, our synthesis
of the macrocyclic ring4 (Scheme 2) was based on
previously establishé8l diastereoselective aldol coupling
using chiral boron enolate methodology of the—Ci,
subunit7 with C;5—C;9 subunit6, followed by a Mitsunobu-
type macrolactonization. Conjugate reduction of en8ne
using Stryker's reagehtand Takai methylenatidnof the

ketone group proceeded smoothly (77%) and allowed the

preparation of building blocl® in a reliable and scalable
process. This was transformed into aldehyidgy selective
deprotection to reveal the primary hydroxyl (TBAF/AcOH)
followed by Swern oxidation (60%).

(7) The 3-dimensional structures bfand 2 were obtained by 10 000-
step Monte Carlo conformational searches with MacroModel 8.0 using the
MM2*-force field and the generalized Born/surface area (CB/SA) solvent
model and the crystal structure data & as input geometries: (a)
Mohamadi, F.; Richards, N. G. J.; Guida, W. C.; Kiskamp, R.; Lipton, M.;
Caufield, C.; Chang, G.; Hendrickson, T.; Still, W. &.Comput. Chem.
1990 11, 440. (b) Still, W. C.; Tempczyk, A.; Hawley, R. C.; Hendrickson,
J. Am. Chem. S0d990,112, 6127. A series of closely related conformers
of 1 and2 were found within 3.00 kcal/mol of the global minima both in
water and chloroform.
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aConditions: (a) [CuHPPJ, benzene (wet), rt; (b) Zn, TMSCI,
CHjyl,, TiCly, Pbb, THF; (c) TBAF/AcCOH (pH 7), THF, O°C to
rt, 72 h, 82%; (d) (COCH(15 equiv), DMSO (30 equiv), Ng(70
equiv), CHCl,, —78 to —10 °C.

Following our earlier rout&? the dihydropyran unit of the
authentic side chain of laulimalide was conveniently prepared
by application of the Jacobsen HDA reacfidof aldehyde
10 and dienell (Scheme 3%¢ After homologation of
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aConditions: (a) KCOs, MeOH; (b) CpZrHCI, CH.CIy; I».

aldehydel2 with the Ohira—Bestmann reaget8* hy-
drozirconation of the derived alkyriel, and trapping of the
organometallic species with iodiféthe vinyl iodide5 was
obtained.

For the pivotal coupling o6 with aldehyde4, we chose
an asymmetric variant of the NozakKishi reaction!®
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Scheme 4
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a Conditions: (a) R,R)-15(10 mol %), CrC} (10 mol %), NiCk (2 mol %), NEg (20 mol %), Mn, TMSCI, THF; (b) TBAF/AcOH (pH
7), THF, 0°C to rt; (c) CrCh, NiCl,, THF/DMF; (d) (COCI}y, DMSO, NEg, CH.Cl,, —78 to —10 °C; (e) L-Selectride, THF;-78 °C; (f)
HF/pyridine, THF; 0°C to rt; (g) L-(+)-DIPT, Ti(OPr), TBHP, 4 A MS, CHCl,, —20 °C; (h) M&OBF,~, Proton Sponge, Cil,.

developed by our groups usir@-symmetric DIANANE- the same sequence after methylation of thglgdroxyl in

type salen ligands (Scheme4Employing catalytic amounts ~ 16. This derivative was selected to mitigate the inherent
of the chromium(ll) complex ofR,R)-15, preformed in situ  intramolecular nucleophilicity of the f&hydroxyl group
using our previously reported protocddt, overcame the  toward the epoxide (leading to isolaulimalide), which will
substrate selectivity in this coupling and gave allylic alcohol be crucial to transform laulimalide into a true drug candi-
16 with the desired configuration and useful levels of datel®

stereoinduction (dr 78:22). In contrast, the matched reaction, In summary, based on conformational analysis, we have
using (S,S)-15, almost exclusively gave the undesired 20-prepared 11-desmethyl analogues of laulimalide representing
epr16 (dr 94:6, not shown). Notably, these addition reactions a structural simplification of this antimitotic macrolide. Our
represent one of the first examples of synthetically useful convergent approach relies on separate construction of the
levels of asymmetric induction being realized for catalytic, macrocyclic core and the side chain and assembly of these
enantioselective NozakiKishi couplings in complex cou-  two units by a Nozaki—Kishi reaction. For this coupling,
pling partners3 With the recently developét efficient use of DIANANE-based salen ligands succeeded in over-
large-scale enantioselective synthesis of the diamine back-coming the undesired substrate facial bias in a mismatched
bone of15 it is very promising to now develop and also situation. This approach established herein should enable the
evaluate structural analogues of these novel salen-typeintroduction of a variety of different side chains.

ligands. For preparative purposes, it proved convenient to

enhance the diastereomeric ratio in favorl&fby a two-
step oxidatior-reduction sequence via enohé Among the
reagents screened, L-Selectride gave optimal results wit
respect to both chemo- and stereoselectiVity Subsequent
TBS deprotection followed by a highly selective Sharpless
epoxidatiof®¢ completed the synthesis of Hesmethyl-
laulimalide Q). Its methyl etheB” was prepared by utilizing
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agreement with the expected selectivity of the Nozddishi reactioi“2 laulimalide; see ref 6b.
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