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ABSTRACT

Herein we report the formal total synthesis of (+)-discodermolide in 21 steps (longest linear sequence) from commercially available Roche
ester. This synthesis features the assembly of Cq_15 and Cyg—»4 fragments via a metal-chelated aldol coupling reaction.

(+)-Discodermolide (1) is a potent microtubule stabilizing that features a novel assembly of & and Ggy—,4 fragments
agent isolated from the Caribbean sporigiscodermia via a metal-chelated aldol coupling reactfon.

dissoluta® Discodermolide is a potent inhibitor of tumor cell

growth in vitro and is not cross-resistant with paclitaxel or || NNGNNNEEGEGEGEGEEEEEEEE
epothilone-resistant ceffDiscodermolide also demonstrates Scheme 1

significant human tumor growth inhibition in hollow fiber
and xenograft mouse models (including paclitaxel-resistant
tumors)3 Discodermolide is currently undergoing Phase 1
clinical trials. Drug supply needs have been met using total 1
synthesis. To address the drug supply needs of advanced
clinical trials, further synthesis refinements are necessary.
Herein we describe a hybrid of several reported syntheses

(1) Gunasekera, S. P.; Gunasekera, M.; Longley, R. E.; Schulte, G. K.
J. Org. Chem1990,55, 4912. Additions and corrections: Gunasekera, S.
P.; Gunasekera, M.; Longley, R. E.; Schulte, G.XXOrg. Chem1991,
56, 1346.

(2) (a) Jordan, M. ACurr. Med. Chem.Anti-Cancer Agent2002,2, 1.
(b) Altmann, K. H.Curr. Opin. Chem. Chem. BioR001,5, 424. (c) He,
L. F.; Orr, G. A.; Horwitz, S. BDrug Discovery Today001,6, 1153. (d)
He, L.; Chia-Ping, H. Y.; Horwitz, S. BViol. Cancer Ther2001,1, 3. (e)
Kowalsky, R. J.; Giannakakou, P.; Gunasekera, S. P.; Longley, R. E.; Day,
B. W.; Hamel, E.Mol. Pharmacol.1997,52, 613.

(3) Kinder, F. R., Jr.; Bair, K. W.; Chen, W.; Florence, G.; Francavilla,
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Palermo, M. G.; Paterson, |.; Pomponi, S.; Ramsey, T. M.; Rogers, L.;
Sabio, M.; Sereinig, N.; Sorensen, E.; Wang, R. M.; WrightAAstracts
of Papers, 224th National Meeting of the American Chemical Society, L . . .
Boston, MA, August 1822, 2002; American Chemical Society: Wash- Key synthesis disconnections as outlined in the retrosyn-
ington, DC, 2002; MEDI-236. thetic analysis ol (Scheme 1) include formation of the bond
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@ Reaction conditions: (a) Crgl(1-bromo-2-propenyl)trimeth-
ylsilane, THF, 0°C — rt, 18 h; then 6 M KOH, methanol, 25,
1 h, 57%. (b) DDQ, water, rt, 1 h, 81%. (c) Deddartin
periodinane, DCM, rt, 4 h, 73%.

at Gs—7 via chiral boron-mediated aldol reaction with the
corresponding aldehyde prepared fr@rand ketone3 as
described by Patersénintermediate2 was prepared by
elaboration of the metal-chelated aldol (vide infra) product
from ketone4 and aldehydé. Both intermediate8 and4
were prepared from aldehyd@ via common stereotriad
intermediatel3 (see Scheme 3). The remarkably stable
aldehyde5 was prepared in three steps from aldehyde
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aReaction conditions: (a}0, toluene, 4 A molecular sieves,
—78°C, 18 h. (b) TBSOTf, 2,6-lutidine, THF, €C, 1.5 h, 95%.
(c) (i) MNO, OsQ, acetonef-BuOH, water, rt, 18 h; (ii) Nal@
water, THF, rt, 2 h, 71%. (d) RREtl, BuLi, 0°C, 10 min; then
0.1 M I, in THF, =78 °C, 15 min; then NaHMDS, THF-23 °C,
10 min; thenl3, —33 °C, 30 min, 36%. (e) R)-(+)-3-Methoxy-
2-methyl-3-oxopropylzinc bromide, Pd(Ph THF, rt, 18 h, 87%.
(f) N,O-Dimethylhydroxylamine hydrochloride, toluene, 2.0 M
AlMes in hexanes, 0C, 30 min; thenl5 in toluene, 80°C, 2 h,
91%. (g) EtMgBr, THF, 0°C, 1 h, 75%. (h)N,O-Dimethylhy-
droxylamine hydrochloride, EtMgBr, THF;10°C — rt, 2 h, 90%.

Aldehyde7 (Scheme 2), which was obtained from a three-
step procedure from methyR}-3-hydroxy-2-methylpropi-

1234

onate’ was subjected to a one-pot combinafiohNozaki—
Hiyam& and Peterson-type syn eliminatiBreactions, which
gave only theZ)-diene8. This was followed by deprotection
to provide alcohob and a DessMartin oxidatiort! to give
5.

Aldehyde 6 (Scheme 3), obtained from methyl (S)-3-
hydroxy-2-methylpropionate, was subjected to crotyl-bora-
tion? to give 11 (via Roush chiral auxiliary? 10). Silylation
of the alcoholll and oxidative cleavage of the alket2
provided aldehydé&3. Utilizing the chemistry developed by
Zhao and co-worker¥, 13 and ano-iodoalkyl ylide gave
the 2-iodo-2-alkené4. The highZ:E ratio was attributed to
the removal of the iodo-betaine intermediate, which would
ultimately form the E)-olefin, through formation of an
epoxide via a Darzan reactidh A Negishi cross-coupling
of the Riecke organozinc compoufidnd14 gave the methyl
esterl5.

Originally, the ethyl ketonel was synthesized in a two-
step procedure by formation of the Weinreb amides,
followed by nucleophilic attack by EtMgBr. Later, it was
found that this two-step procedure could be easily done in
one pot® using 6—10 equiv of EtMgBr antl,O-dimethyl-
hydroxylamine hydrochloride.

Scheme 4
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a Reaction conditions: (a) LDA, THF-78°C, 2 h; therb, —78
— —19°C, 19 h, 77% (based on 73% recovered starting material).
(b) DIBAL-H, THF, —100°C, 4 h, 88%. (c) 2,2-Dimethoxypropane,
CSA, 11, 5 h, 69%.

19

An aldol coupling with ethyl ketoné (Scheme 4) and
aldehyde5 formed a lithium-chelated six-membered ring
intermediate to give the undesired stereochemisty’iiT he

(6) Paterson, I.; Florence, G. J.; Gerlach, K.; Scott, J. P.; Sereinid, N.
Am. Chem. So2001,123, 9535.

(7) Smith, A. B., lll; Qiu, Y.; Kaufman, M.; Arimoto, H.; Jones, D. R,;
Kobayashi, K. U.S. Patent 6 031 133, 2000.
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opposite stereogenic center afs@as suspected due to the
sluggishness of the aldol reaction, which required an unusu- Scheme 8
ally high temperature and long reaction time. We speculate
that equilibration of theZ)-enolate to theK)-enolate would
give the anti-configuration. To investigate, we performed
reactions that would help identify which stereocenters were
obtained at G and G for compoundl7.

To determine if the anti-relationship was present, the acetal
19 was synthesized (Scheme 4). Through @a-l&§/droxy-
directed reduction, the carbonyl was stereoselectively reduced
to diol 18. The acetal was formed by treatment of the diol

with 2,2-dimethoxypropane and CSA. OTBS
The suspected relationship was determined upon measure- b 22 R=0H
ment of the coupling constants as well as performing a NOE 23 R =OC(O)NH;

experiment. One methyl of the acetal had a NOE with the
C,7 hydrogen, Go hydrogen, and & methyl hydrogens.
Additionally, the other acetal methyl had a NOE with the
Cy5 hydrogen.

To determine the absolute stereochemistry, both (R)- and
(9-Mosher estef8 were synthesized (Scheme 5). Subtraction
of the chemical shifts for eaciid NMR signal in compound
20from that of compoun@1 gave a value for each in hertz.
These values provided evidence to deduce the stereochem-
istry of compoundl?.

Scheme 58

TBSO 2 NH,

PMBO aReaction conditions: (a) LDA, THF-78 °C, 1.5 h; then
OTBS l aorb MgBr,, 5, —78°C, 18 h, 35% (based on 74% recovered starting
6.0 material). (b) Trichloroacetyl isocyanate, DCM, rt, 1 h; then neutral

17 140 340 4gs 17527 alumina, rt, 4 h, 93%. (c) Li{BUO)AIH, THF, —78°C, 1 h, 91%.

(d) 2,6-lutidine, TBSOTf, DCM, rt, 1 h, 93%. () DDQ, water,
DCM, rt, 1 h, 92%. (f) TEMPO, BAIB, 1t, 2 h, 97%. (g)
(CF:CH,0),P(O)CHC(O)OCH;, K,COs, 18-crown-6,—20 °C —
0°C, 2 h, 83%.

.0 a A
><S'\ 3 20 R=(R)-MTPA
2, 39 =21 R=(S)}-MTPA

rate and hindered the equilibration to th&){enolate.

yl)phenylacetyl chloride, DMAP, pyridine, DCM, rt, 24 h, 86%. Analysis of the new diastereomer by Synth.eSIS of | (
(b) (9-(~)-a-Methoxy-u(trifluoromethylyphenylacetyl chloride, and S)—Mosher esters aqd the acetal dgrlvatlves showed that
DMAP, pyridine, DCM, rt, 24 h, 86%. the desired stereochemistry was obtained.

The reason for the significant amount of recovered starting
material was most likely due to the presence of water in the

An aldol coupling, using magnesium as the chelation metal aldehyde. This was seen in the NMR spectrum5ofin
(Scheme 6), proved to be effective at increasing the reactionaddition, we observed that an increase in the number of
equivalents o resulted in increased recovery of starting

aReaction conditions: (a) {R—)-a-Methoxy-a-(trifluorometh-

gg; E%ggogys'-?n?ﬁgsl?gggghrz f%’”'emg%v 498. material @). The diastereoselectivity of this reaction was 11:

(10) Hudrlik, B F. Peterson. D. Am. Chem. Sod975,97, 1464, 1:0:0, albeit in low overall yield.

83 Dess, D. B Martin, J. G, Org. Chem 983,48, 4158, o The alcohoR2was converted to the carbam&@. Using
112, 6348. T T ' ’ the carbamate as a directing gréiallowed stereoselective

(13) Roush, W. R.; Ando, K., Powers, D. B.; Palkowitz, A. D.; reduction of the carbonyl to the corresponding alcabl
Halterman, R. LJ. Am. Chem. S0d.990,112, 6339.

(14) Chen, J.; Wnag, T.; Zhao, Retrahedron Lett1994,35, 2827.

(15) Arimoto, H.; Kaufman, M. D.; Kobayashi, K.; Qiu, Y.; Smith, A. (19) (a) Ohtani, I.; Kusumi, T.; Kashman, Y.; Kakisawa,JHAm. Chem.
B., lll. Synlett1998, 765. So0c.1991,113, 4092. (b) Dale, J. A.; Mosher, H. $. Am. Chem. Soc.

(16) Available through Aldrich, catalog no. 49,949-8. 1973,95, 512. (c) Sullivan, G. R.; Dale, J. A.; Mosher, HJSOrg. Chem.

(17) Nahm, S.; Weinreb, S. Mietrahedron Lett1981,22, 3815. 1973,38, 2143.

(18) Williams, J. M.; Jobson, R. B.; Yasuda, N.; Marchesini, G.; Dolling, (20) Hung, D. T.; Nerenberg, J. B.; Schreiber, SJLAm. Chem. Soc.
U.; Grabowski, E. J. JTetrahedron Lett1995,36, 5461. 1996,118, 11054.
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aReaction conditions: (a) NaCo NaH,PQ,, t-BuOH, 2,3-
dimethyl-2-butene, rt, 1 h, 91%. (b) 2-Chloro-4,6-dimethoxy-1,3,5-

triazine, NMM, THF, 0°C, 1 h; thenN,O-dimethylhydroxylamine
hydrochloride, NMM, 0°C — rt, 19 h, 87%.

to be accomplished with a 30:1 selectivity. Theg @lcohol
was silylated to provid@5. Subsequent oxidative deprotec-
tion of the G alcohol provided6. Alcohol26 was oxidized"
to aldehyde27, followed by Still—Gennari olefinatich to
give the (2)-olefin2.

To complete the synthesis df ketone3 was prepared
from aldehydel3 (Scheme 7). Aldehydé&3 was oxidized

(21) De Mico, A.; Margarita, R.; Parlanti, L.; Vescovi, A.; Piancatelli,
G.J. Org. Chem1997,62, 6974.
(22) still, W. C.; Gennari, CTetrahedron1983,24, 4405.

1236

to carboxylic acid28, followed by an amide coupling reaction
to obtain the corresponding Weinreb amz& The conver-
sion of 29to 3 has been reported.Completion of the total
synthesis ofl using intermediate® and3 has been reported
elsewhere:*23

In conclusion, we have described a 21-step linear synthesis
(34 total steps) of discodermolide that features a magnesium-
chelated aldol coupling reaction of two major fragments to
establish the carbon—carbon bond ag-Gy Furthermore,
key components of several previously published discoder-
molide syntheses were utilized in the present syntlié%t4.26

Supporting Information Available: Experimental pro-
cedures and spectral data for the preparation of all com-
pounds. This material is available free of charge via the
Internet at http://pubs.acs.org.
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A2 20020214, 2002.

(24) Smith, A. B., lll; Beauchamp, T. J.; LaMarche, M. J.; Kaufman,
M. D.; Qui, Y.; Arimoto, H.; Jones, D. R.; Kobayashi, K. Am. Chem.
So0c.2000,122, 8654.
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