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(57) ABSTRACT 
The present invention provides convergent processes for 
preparing epothilone A and B, desoxyepothilones A and B, 
and analogues thereof. Also provided are analogues related 
to epothilone A and B and intermediates useful for preparing 
Same. The present invention further provides novel compo 
Sitions based on analogues of the epothilones and methods 
for the treatment of cancer and cancer which has developed 
a multidrug-resistant phenotype. 
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SYNTHESIS OF EPOTHILONES, INTERMEDIATES 
THERETO, ANALOGUES AND USES THEREOF 

0001. This application is based on U.S. Provisional 
Applications Serial Nos. 60/032,282, 60/033,767, 60/047, 
566, 60/047,941, and 60/055,533, filed Dec. 3, 1996, Jan. 
14, 1997, May 22, 1997, May 29, 1997, and Aug. 13, 1997, 
respectively, the contents of which are hereby incorporated 
by reference into this application. 
0002 This invention was made with government support 
under grants CA-28824, CA-39821, CA-GM 72231, 
CA-62948, and AIO-9355 from the National Institutes of 
Health, and grant CHE-95.04805 from the National Science 
Foundation. 

FIELD OF THE INVENTION 

0003. The present invention is in the field of epothilone 
macrollides. In particular, the present invention relates to 
processes for the preparation of epothilones A and B, des 
OXyepothilones A and B, and analogues thereof which are 
useful as highly specific, non-toxic anticancer therapeutics. 
In addition, the invention provides methods of inhibiting 
multidrug resistant cells. The present invention also pro 
vides novel compositions of matter which Serve as interme 
diates for preparing the epothilones. 
0004 Throughout this application, various publications 
are referred to, each of which is hereby incorporated by 
reference in its entirety into this application to more fully 
describe the state of the art to which the invention pertains. 

BACKGROUND OF THE INVENTION 

0005 Epothilones A and B are highly active anticancer 
compounds isolated from the Myxobacteria of the genus 
Sorangium. The full Structures of these compounds, arising 
from an X-ray crystallographic analysis were determined by 
Höfle. C. Höfle et al., Angew. Chem. Int. Ed, Engl., 1996, 35, 
1567. The total synthesis of the epothilones is an important 
goal for Several reasons. Taxol is already a useful resource 
In chemotherapy against Ovarian and breast cancer and its 
range of clinical applicability is expanding. G. I. Georget 
al., Taxane Anticancer Agents, American Cancer Society: 
San Diego, 1995. The mechanism of the cytotoxic action of 
taxol, at least at the in vitro level, involves stabilization of 
microtubule assemblies. P. B. Schiff et al., Nature (London), 
1979, 277, 665. A series of complementary in Vitro inves 
tigations with the epothilones indicated that they share the 
mechanistic theme of the taxoids, possibly down to the 
binding sites to their protein target. D. M. Bollag et al., 
Cancer Res., 1995, 55, 2325. Moreover, the epothilones 
Surpass taxol in terms of cytotoxicity and far Surpass it in 
terms of in Vitro efficacy against drug resistant cells. Since 
multiple drug resistance (MDR) is one of the serious limi 
tations of taxol (L. M. Landino and T. L. MacDonald in The 
Chemistry and Pharmacology of Taxol and its Derivatives, 
V. Farin, Ed., Elsevier: New York, 1995, ch. 7, p. 301), any 
agent which promises relief from this problem merits Serious 
attention. Furthermore, formulating the epothilones for 
clinical use is more Straightforward than taxol. 
0006 Accordingly, the present inventors undertook the 
total Synthesis of the epothilones, and as a result, have 
developed efficient processes for Synthesizing epothilones. A 
and B, the corresponding desoxyepothilones, as well as 
analogues thereof. The present invention also provides novel 
intermediates useful in the Synthesis of epothilones A and B 
and analogues thereof, compositions derived from Such 

May 27, 2004 

epothilones and analogues, purified compounds of 
epothilones A and B, and desoxyepothilones A and B, in 
addition to methods of use of the epothilone analogues in the 
treatment of cancer. Unexpectedly, certain epothilones have 
been found to be effective not only in reversing multi-drug 
resistance in cancer cells, both in Vitro and in Vivo, but have 
been determined to be active as collateral Sensitive agents, 
which are more cytotoxic towards MDR cells than normal 
cells, and as Synergistic agents, which are more active in 
combination with other cytotoxic agents, Such as vinblastin, 
than the individual drugs would be alone at the same 
concentrations. Remarkably, the desoxyepothilones of the 
invention have exceptionally high Specificity as tumor cyto 
toxic agents in Vivo, more effective and leSS toxic to normal 
cells than the principal chemotherapeutics currently in use, 
including taxol, vinblastin, adriamycin and camptothecin. 

SUMMARY OF THE INVENTION 

0007 One object of the present invention is to provide 
processes for the preparation of epothilones A and B, and 
deSOXyepothilones A and B, and related compounds useful 
as anticancer therapeutics. Another object of the present 
invention is to provide various compounds useful as inter 
mediates in the preparation of epothilones A and B as well 
as analogues thereof. 
0008 A further object of the present invention is to 
provide Synthetic methods for preparing Such intermediates. 
An additional object of the invention is to provide compo 
Sitions useful in the treatment of Subjects Suffering from 
cancer comprising any of the analogues of the epothilones 
available through the preparative methods of the invention 
optionally in combination with pharmaceutical carriers. 
0009. A further object of the invention is to provide 
methods of treating Subjects Suffering from cancer using any 
of the analogues of the epothilones available through the 
preparative methods of the invention optionally in combi 
nation with pharmaceutical carriers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0010 FIG. 1(A) shows a retrosynthetic analysis for 
epothilone A and B. 
0011 FIG. 1(B) provides synthesis of compound 11. (a) 
t-BuMeOTf, 2.6-lutidine, CHCl, 98%; (b) (1) DDQ, 
CH.Cl/HO, 89%; (2) (COCl), DMSO, CHC1, -78° C.; 
then EtN, -78° C.->rt 90%; (c) MeOCHPPhCl, t-BuOK, 
THF, 0°C.->rt, 86%; (d) (1) p-TSOH, dioxane/HO, 50° C., 
99%; (2) CHPPhiBr, NaHMDS, PhCH, 0° C.->rt, 76%; 
(e) PhI(OCOCF), MeOH/THF, rt, 0.25h, 92%. 
0012 FIG. 2 provides key intermediates in the prepara 
tion of 12,13-E- and -Z-deoxyepothilones. 
0013 FIG. 3(A) provides syntheses of key iodinated 
intermediates used to prepare hydroxymethylene- and 
hydroxypropylene-Substituted epothilone derivatives. 
0014 FIG. 3(B) provides methods of preparing 
hydroxymethylene- and hydroxypropylene-Substituted 
epothilone derivatives, Said methods being useful generally 
to prepare 12,13-E epothilones wherein R is methyl, ethyl, 
n-propyl, and n-hexyl from the corresponding E-Vinyl 
iodides. 

0015 FIG. 3(B) shows reactions leading to benzoylated 
hydroxymethyl-substituted deSOXyepothilone and 
hydroxymethylene-Substituted epothilone (epoxide). 
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0016 FIG. 4(A) provides synthesis of compound 19. (a) 
DHP, PPTS, CHCl, rt: (b) (1) MeSiCCL, BFOEt, 
THF, -78° C.; (2) MOMC1, I-PrNEt, Cl(CH)C1, 55° C.; 
(3) PPTS, MeOH, rt; (c)(1)(COCl), DMSO, CHCl,-78° 
C.; then EtsN, -78 C->rt; (2) MeMgBr, EtO, 0° C.->rt, 
(3) TPAP, NMO, 4 A mol. sieves, CHCl, 0°C.->rt; (d) 16, 
n-BuLi, THF, -78° C.; then 15, THF, -78° C.->rt; (e) (1) 
N-iodosuccinimide, AgNO, (CH), CO; (2) Cy BH, EtO, 
AcOH; (f) (1) PhSH, BFOEt, CHCl, rt; (2) AcO, 
pyridine, 4-DMAP, CHCl, rt. 
0017 FIG. 4(B) presents synthesis of compound 1. (a) 
11, 9-BBN, 1-THF, rt; then PdCl2(dppf), CsCO, PhAS, 
HO, DMF, 19, rt, 71%; (b) p-TSOH, dioxane/HO, 50° C.; 
(c) KHMDS, THF, -78° C., 51%; (d) (1) HF-pyridine, 
pyridine, THF, rt, 97%; (2) t-BuMe SiOTf, 2.6-lutidine, 
CHCl2, -25 C., 93%; (3) Dess-Martin periodinane, 
CHCl, 87%; (4) HFpyridine, THF, rt, 99%; (e) dimethyl 
dioxirane, CHCl, 0.5 h, -50° C., 45% (220:1). 
0018 FIG. 5 shows a scheme of the synthesis of the left 
wing of epothilone A. 

0.019 FIG. 6 provides a scheme of an olefin metathesis 
route to epothilone A and other analogues. 
0020 FIG. 7 illustrates a convergent strategy for a total 
Synthesis of epothilone A (1) and the glycal cyclopropane 
Solvolysis Strategy for the introduction of geminal methyl 
groupS. 

0021 FIG. 8 provides an enantioselective synthesis of 
compound 15B. 

0022 FIG. 9 shows the construction of epothilone model 
systems 20B, 21B, and 22B by ring-closing olefin metathe 
SS. 

0023 FIG. 10 illustrates a sedimentation test for natural, 
Synthetic and desoxyepothilone A. 

0024 FIG. 11 illustrates a sedimentation test for natural, 
Synthetic and desoxyepothilone A after cold treatment at 4 
C. 

0025 FIG. 12 illustrates (A) structures of epothilones A 
(1) and B (2) and (B) of TaxolTM (1A). 
0.026 FIG. 13 shows a method of elaborating acyclic 
Stereochemical relationships based on dihydropyrone matri 
CCS. 

0.027 FIG. 14 shows the preparation of intermediate 4A. 
0028 FIG. 15 shows an alternative enantioselective syn 
thesis of compound 17A. 
0029 FIG. 16 provides a synthetic pathway to interme 
diate 13C. (a) 1. tributylallyltin, (S)-(-)-BINOL, Ti(Oi-Pr), 
CHCl, -20° C., 60%, >95% e.e.; 2. AcO, EtN, DMAP, 
CHCl, 95%; (b) 1. OsO, NMO, acetone/HO, 0° C.; 2. 
NaIO, THF/HO; (c) 12, THF, -20°C., Z isomer only, 25% 
from 10; (d) Pd(dppf), CsCO, PhAS, HO, DMF, rt. 
77%. 

0030 FIG. 17 provides a synthetic pathway to interme 
diate epothilone B (2). (a) p-TsOH, dioxane/HO, 55 C., 
71%; (b) KHMDS, THF, -78° C., 67%, Cu/B: 1.5:1; (c) 
Dess-Martin periodinane, CHCl; (d) NaBH, MeOH, 67% 
for two steps; (e) 1. HFpyridine, pyridine, THF, rt, 93%; 2. 
TBSOTf, 2,6-lutidine, CHCl, -30° C., 89%; 3. Dess 
Martin periodinane, CHCl, 67%, (f) HFpyridine, THF, rt, 
80%; (g) dimethyldioxirane, CHCl, -50° C., 70%. 
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0031 FIG. 18 provides a synthetic pathway to a pro 
tected intermediate for 8-desmethyl deoxyepothilone A. 
0032 FIG. 19 provides a synthetic pathway to 8-desm 
ethyl deoxyepothilone A, and Structures of trans-8-desm 
ethyl-desoxyepothiolone A and a trans-iodoolefin interme 
diate thereto. 

0033 FIG. 20 shows (top) structures of epothilones A 
and B and 8-desmethylepothilone and (bottom) a synthetic 
pathway to intermediate TBS ester 10 used in the prepara 
tion of desmethylepothilone A. (a) (Z)-Crotyl-B(-)-Ipc, 
-78° C., EtO, then 3N NaOH, 30% H.O.; (b) TBSOTf, 
2,6-lutidine, CHCl (74% for two steps, 87% ee); (c) O, 
CHCl/MeOH, -78° C., then DMS, (82%); (d) t-butyl 
isobutyrylacetate, NaH, BuLi, 0°C., then 6 (60%, 10:1); (e) 
Me NBH(OAc), -10° C. (50%, 10:1 O?3) or NaBH, 
MeOH, THF, 0° C., (88%, 1:1 a? B); (f) TBSOTf, 2,6- 
lutidine, -40° C., (88%); (g) Dess-Martin periodinane, 
(90%); (h) Pd(OH), H., EtOH (96%); (I) DMSO, oxalyl 
chloride; CHCl, -78°C. (78%); (ii) Methyl triphenylphos 
phonium bromide, NaHMDS, THF, 0° C. (85%); (k) 
TBSOTf, 2.6-lutidine, CHCl, rt (87%). 
0034 FIG. 21 shows a synthetic pathway to 8-desmeth 
ylepothilone A. (a) Pd(dppf)2Cl2, Ph-AS, CSCO, H2O, 
DMF, rt (62%); (b) KCO, MeOH, HO (78%); (c) DCC, 
4-DMAP, 4-DMAPHC1, CHCl (78%); (d) HFpyr, THF, rt 
(82%), (e) 3,3-dimethyl dioxirane, CHCl, -35° C. (72%, 
1.5:1). 
0035 FIG. 22 shows a synthetic pathway to prepare 
epothilone analogue 27D. 
0036 FIG. 23 shows a synthetic pathway to prepare 
epothilone analogue 24-D. 
0037 FIG. 24 shows a synthetic pathway to prepare 
epothilone analogue 19D. 
0038 FIG. 25 shows a synthetic pathway to prepare 
epothilone analogue 20D. 
0039 FIG. 26 shows a synthetic pathway to prepare 
epothilone analogue 22D. 
0040 FIG. 27 shows a synthetic pathway to prepare 
epothilone analogue 12-hydroxy ethyl-epothilone. 
0041 FIG.28 shows the activity of epothilone analogues 
in a sedimentation test in comparison with DMSO, 
epothilone A and/or B. Structures 17-20, 22, and 2427 are 
shown in FIGS. 29-37, respectively. Compounds were added 
to tubulin (1 mg/ml) to a concentration of 10 uM. The 
quantity of microtubules formed with epothilone A was 
defined as 100%. 

0.042 FIG. 29 shows a high resolution "H NMR spec 
trum of epothilone analogue #17. 

0.043 FIG. 30 shows a high resolution "H NMR spec 
trum of epothilone analogue #18. 
0044 FIG. 31 shows a high resolution H NMR spec 
trum of epothilone analogue #19. 
004.5 FIG. 32 shows a high resolution H NMR spec 
trum of epothilone analogue #20. 
0046 FIG. 33 shows a high resolution H NMR spec 
trum of epothilone analogue #22. 
0047 FIG. 34 shows a high resolution H NMR spec 
trum of epothilone analogue #“24. 
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0048 FIG. 35 shows a high resolution "H NMR spec 
trum of epothilone analogue #25. 
0049 FIG. 36 shows a high resolution "H NMR spec 
trum of epothilone analogue #26. 
0050 FIG. 37 shows a high resolution "H NMR spec 
trum of epothilone analogue #27. 
0051 FIG. 38 provides a graphical representation of the 
effect of fractional combinations of cytotoxic agents. 
0.052 FIG. 39 shows epothilone A and epothilone ana 
logues #1-7. Potencies against human leukemia CCRF-CEM 
(sensitive) and CCRF-CEM/VBL MDR (resistant) sublines 
are shown in round and Square brackets, respectively. 
0053 FIG. 40 shows epothilone B and epothilone ana 
logues #8-16. Potencies against human leukemia CCRF 
CEM (sensitive) and CCRF-CEM/VBL MDR (resistant) 
Sublines are shown in round and Square brackets, respec 
tively. 
0054 FIG. 41 shows epothilone analogues #17-25. 
Potencies against human leukemia CCRF-CEM (sensitive) 
and CCRF-CEM/VBL MDR (resistant) sublines are shown 
in round and Square brackets, respectively. 
0055 FIG. 42(A) shows epothilone analogues #26-34. 
Potencies against human leukemia CCRF-CEM (sensitive) 
and CCRF-CEM/VBL MDR (resistant) sublines are shown 
in round and Square brackets, respectively. 
0056 FIG. 42(B) shows epothilone analogues #35-46. 
Potencies against human leukemia CCRF-CEM (sensitive) 
and CCRF-CEM/VBL MDR (resistant) Sublines are shown 
in round and Square brackets, respectively. 
0057 FIG. 42(C) shows epothilone analogues #47-49. 
0.058 FIG. 43(A) shows antitumor activity of desoxye 
pothilone B against MDR MCF-7/Adr xenograft in com 
parison with taxol. Control (0); desoxyepothilone B (; 35 
mg/kg), taxol (A; 6 mg/kg), adriamycin (X; 1.8 mg/kg), i.p. 
Q2DX5; start on day 8. 
0059 FIG. 43(B) shows antitumor activity of epothilone 
B against MDR MCF-7/Adr xenograft in comparison with 
taxol. Control (0); epothilone B (; 25 mg/kg; non-toxic 
dose); taxol (A; 6 mg/kg, half LDso); adriamycin (X; 1.8 
mg/kg), i.p. Q2DX5; Start on day 8. 
0060 FIG. 44(A) shows toxicity of desoxyepothilone B 
in B6D2F mice bearing B16 melanoma. Body weight was 
determined at 0, 2, 4, 6, 8, 10 and 12 days. Control (A); 
desoxyepothilone B (o; 10 mg/kg QDx8; 0 of 8 died); 
desoxyepothilone B (570; 20 mg/kg QDX6; 0 of 8 died). 
Injections were started on day 1. 
0061 FIG. 44(B) shows toxicity of epothilone B in 
B6D2F, mice bearing B16 melanoma. Body weight was 
determined at 0, 2, 4, 6, 8, 10 and 12 days. Control (0); 
epothilone B (o; 0.4 mg/kg QDX6; 1 of 8 died of toxicity); 
epothilone B (; 0.8 mg/kg QDX5; 5 of 8 died). Injections 
were started on day 1. 
0062 FIG. 43(A) shows comparative therapeutic effect 
of desoxyepothilone B and taxol on nude mice bearing 
MX-1 Xenoplant. Tumor, S.c.; drug administered i.p., 
Q2DX5, start on day 7. control (0); Taxol (O; 5 mg/kg, one 
half of LDso, desoxyepothilone B (A; 25 mg/kg, nontoxic 
dose). 
0063 FIG. 45(B) shows comparative therapeutic effect 
of desoxyepothilone B and taxol on nude mice bearing 
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MX-1 Xenoplant. Tumor, S.c.; drug administered i.p., 
Q2DX5, start on day 7. control (0); Taxol (O; 5 mg/kg, one 
half of LDso, given on dayS 7, 9, 11, 13, 15, then 6 mg/kg, 
given on days 17, 19, 23, 24, 25); desoxyepothilone B (n=3; 
A, X, *; 25 mg/kg, nontoxic dose, given to three mice on dayS 
7, 9, 11, 13, 15; then 35 mg/kg, given on days 17, 19, 23, 24, 
25). 
0064 FIG. 46 shows the effect of treatment with desox 
yepothilone B (35 mg/kg), taxol (5 mg/kg) and adriamycin 
(2 mg/kg) of nude mice bearing human MX-1 Xenograft on 
tumor size between 8 and 18 days after implantation. Des 
oxyepothilone B (O), taxol (A), adriamycin (X), control (0); 
i.p. treatments were given on day 8, 10, 12, 14 and 16. 
0065 FIG. 47 shows the relative toxicity of epothilone B 
(O; 0.6 mg/kg QDX4; i.p.) and desoxyepothilone B (A; 25 
mg/kg QDX4, i.p.) versus control (0) in normal nude mice. 
Body weight of mice was determined daily after injection. 
For epothilone B, 8 of 8 mice died of toxicity on days 5, 6, 
6, 7, 7, 7, 7, and 7; for desoxyepothilone B, all six mice 
Survived. 

0.066 FIG. 48 shows a high resolution "H NMR spec 
trum of epothilone analogue #43. 
0067 FIG. 49 shows a high resolution "H NMR spec 
trum of epothilone analogue #45. 
0068 FIG. 50 shows a high resolution H NMR spec 
trum of epothilone analogue #46. 
0069 FIG. 51 shows a high resolution H NMR spec 
trum of epothilone analogue #47. 
0070 FIG. 52 shows a high resolution H NMR spec 
trum of epothilone analogue #48. 

DETAILED DESCRIPTION OF THE 
INVENTION 

0071 AS used herein, the term “linear or branched chain 
alkyl encompasses, but is not limited to, methyl, ethyl, 
propyl, isopropyl, t-butyl, Sec-butyl, cyclopentyl or cyclo 
hexyl. The alkyl group may contain one carbon atom or as 
many as fourteen carbon atoms, but preferably contains one 
carbon atom or as many as nine carbon atoms, and may be 
Substituted by various groups, which include, but are not 
limited to, acyl, aryl, alkoxy, aryloxy, carboxy, hydroxy, 
carboxamido and/or N-acylamino moieties. 
0072 AS used herein, the terms malkoxycarbonyl', 
“acyl and “alkoxy' encompass, but are not limited to, 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, n-bu 
toxycarbonyl, benzyloxycarbonyl, hydroxypropylcarbonyl, 
aminoethoxycarbonyl, Sec-butoxycarbonyl and cyclopenty 
loxycarbonyl. Examples of acyl groups include, but are not 
limited to, formyl, acetyl, propionyl, butyryl and penanoyl. 
Examples of alkoxy groups include, but are not limited to, 
methoxy, ethoxy, propoxy, n-butoxy, Sec-butoxy and cyclo 
pentyloxy. 
0073. As used herein, an aryl encompasses, but is not 
limited to, a phenyl, pyridyl, pyrryl, indolyl, naphthyl, 
thiophenyl or furyl group, each of which may be Substituted 
by various groups, which include, but are not limited, acyl, 
aryl alkoxy, aryloxy, carboxy, hydroxy, carboxamido or 
N-acylamino moieties. Examples of aryloxy groups include, 
but are not limited to, a phenoxy, 2-methylphenoxy, 3-me 
thylphenoxy and 2-maphthoxy. Examples of acyloxy groups 
include, but are not limited to, acetoxy, propanoyloxy, 
butyryloxy, pentanoyloxy and hexanoyloxy. 
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0.074 The subject invention provides chemotherapeutic 
analogues of epothilone A and B, including a compound 
having the Structure: 

0075 wherein R, Ro, and R' are independently H, linear 
or branched chain alkyl, optionally Substituted by hydroxy, 
alkoxy, fluorine, NRR, N-hydroximino, or N-alkoxy 
imino, wherein R and R are independently H, phenyl, 
benzyl, linear or branched chain alkyl, wherein R" is 
-CHY=CHX, or H, linear or branched chain alkyl, phe 
nyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 4-fura 
nyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyl-1, 
3-oxazolinyl, 3-indolyl or 6-indolyl; and wherein X is H, 
linear or branched chain alkyl, phenyl, 2-methyl-1,3-thiaz 
olinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3-indolyl or 
6-indolyl; wherein Y is H or linear or branched chain alkyl; 
wherein Z is O, N(OR) or N-NRRs, wherein R, R and 
Rs are independently H or a linear or branched alkyl, and 
wherein n is 0, 1, 2, or 3. In one embodiment, the invention 
provides the compound having the Structure: 

0.076 wherein R is H, methyl, ethyl, n-propyl, n-butyl, 
n-hexyl, CHOH, or (CH)OH. 
0077. The invention also provides a compound having 
the Structure: 
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0078 wherein R, Ro, and R' are independently H, linear 
or branched chain alkyl, optionally Substituted by hydroxy, 
alkoxy, fluorine, NRR, N-hydroximino, or N-alkoxy 
imino, wherein R and R2 are independently H, phenyl, 
benzyl, linear or branched chain alkyl; wherein R' is 
-CHY=CHX, or H, linear or branched chain alkyl, phe 
nyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 4-fura 
nyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyl-1, 
3-oxazolinyl, 3-indolyl or 6-indolyl; and wherein X is H, 
linear or branched chain alkyl, phenyl, 2-methyl-1,3-thiaz 
olinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3-indolyl or 
6-indolyl; wherein Y is H or linear or branched chain alkyl; 
wherein Z is O, N(OR) or N-NRRs, wherein R, R and 
Rs are independently H or a linear or branched chain alkyl, 
and wherein n is 0, 1, 2, or 3. In a certain embodiment, the 
invention provides a compound having the Structure: 

0079 wherein R is H, methyl, ethyl, n-propyl, n-butyl, 
n-hexyl or CH-OH. 
0080. In addition, the invention provides a compound 
having the Structure: 

s 
S 

0081 wherein R, Ro, and R' are independently H, linear 
or branched chain alkyl, optionally Substituted by hydroxy, 
alkoxy, fluorine, NRR, N-hydroximino, or N-alkoxy 
imino, wherein R and R2 are independently H, phenyl, 
benzyl, linear or branched chain alkyl, wherein R" is 
-CHY=CHX, or H, linear or branched chain alkyl, phe 
nyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 4-fura 
nyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyl-1, 
3-oxazolinyl, 3-indolyl or 6-indolyl; and wherein X is H, 
linear or branched chain alkyl, phenyl, 2-methyl-1,3-thiaz 
olinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3-indolyl or 
6-indolyl; wherein Y is H or linear or branched chain alkyl; 
wherein Z is O, N(OR) or N-NRRs, wherein R, R and 
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Rs are independently H or a linear or branched chain alkyl, 
and wherein n is 0, 1, 2, or 3. In particular, the invention 
provides a compound having the Structure: 

0082 wherein R is H, methyl, ethyl, n-propyl, n-butyl, 
CH-OH or (CH)OH. 

0.083. The invention further provides a compound having 
the Structure: 

S 

0084 wherein R, R and R' are independently H, linear or 
branched chain alkyl, optionally Substituted by hydroxy, 
alkoxy, fluorine, NRR, N-hydroximino or N-alkoxyimino, 
wherein R and R2 are independently H, phenyl, benzyl, 
linear or branched chain alkyl; wherein R" is 
-CHY=CHX, or H, linear or branched chain alkyl, phe 
nyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 4-fura 
nyl, 2-pyridyl, 3-pyridyl, 4-pyridyl, imidazolyl, 2-methyl-1, 
3-oxazolinyl, 3-indolyl or 6-indolyl; and wherein X is H, 
linear or branched chain alkyl, phenyl, 2-methyl-1,3-thiaz 
olinyl, 2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3-indolyl or 
6-indolyl; wherein Y is H or linear or branched chain alkyl; 
wherein Z is O, N(OR) or N-NRRs, wherein R, R and 
Rs are independently H or a linear or branched chain alkyl, 
and wherein n is 0, 1, 2 or 3. 
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0085. The invention also provides a compound having 
the Structure: 

0086 The subject invention also provides various inter 
mediates useful for the preparation of the chemotherapeutic 
compounds epithilone A and B, as well as analogues thereof. 
Accordingly, the invention provides a key intermediate to 
epothilone A and its analogues having the Structure: 

0087 wherein R is hydrogen, a linear or branched acyl, 
substituted or unsubstituted aroyl or benzoyl; wherein R' is 
hydrogen, methyl, ethyl, n-propyl, n-hexyl, 

~x) 
0088 CHOTBS or (CH), OTBDPS; and X is a 
halide. In one embodiment, the Subject invention provides a 
compound of the above structure wherein R is acetyl and X 
is iodo. 

0089. The subject invention also provides an intermedi 
ate having the Structure: 

0090 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
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benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiaryisilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl; wherein X is oxygen, (OR), (SR), -(O- 
(CH), O), -(O-(CH), S)- or -(S-(CH), 
S)-; and wherein n is 2, 3 or 4. 

0091 wherein R is H or methyl. 

0092 Another analogue provided by the invention has 
the Structure: 

0.093 wherein R is H, methyl, ethyl, n-propyl, n-butyl, 
n-hexyl, CHOH, or (CH)OH. 
0094. Additionally, the subject invention provides an 
analogue having the Structure: 
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0.095 wherein R is H or methyl. The scope of the present 
invention includes compounds wherein the C carbon 
therein possesses either an R or S absolute configuration, as 
well as mixtures thereof. 

0096. The subject invention further provides an analogue 
of epothilone A having the Structure: 

0097. The subject invention also provides synthetic 
routes to prepare the intermediates for preparing 
epothilones. Accordingly, the invention provides a method 
of preparing a Z-iodoalkene ester having the Structure: 

0098 wherein R is hydrogen, a linear or branched alkyl, 
alkoxyalkyl, Substituted or unsubstituted aryloxyalkyl, lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl, which comprises (a) coupling a compound having 
the Structure: 

S 

N N PPh2 
N 

0099 with a methyl ketone having the structure: 

H 
S. 

0100 wherein R' and R" are independently a linear or 
branched alkyl, alkoxyalkyl, Substituted or unsubstituted 
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aryl or benzyl, under Suitable conditions to form a com 
pound having the Structure: 

OR" 

0101 (b) treating the compound formed in step (a) under 
Suitable conditions to form a Z-iodoalkene having the Struc 
ture: 

OR" 

0102) 
ene formed in step (b) under suitable conditions to form the 

and (c) deprotecting and acylating the Z-iodoalk 

Z-iodoalkene ester. The coupling in Step (a) may be effected 
using a strong base Such as n-BuLi in an inert polar Solvent 
such as tetrahydrofuran (THF) at low temperatures, typically 
below -50 C., and preferably at -78 C. The treatment in 
Step (b) may comprise Sequential reaction with N-iodosuc 
cinimide in the presence of Ag(I), Such as Silver nitrate, in 
a polar organic Solvent Such as acetone, followed by reduc 
tion conditions, typically using a hydroborating reagent, 
preferably using Cy BH. Deprotecting step (c) involves 
contact with a thiol Such as thiophenol in the presence of a 
Lewis acid catalyst, Such as boron trifluoride-etherate in an 
inert organic Solvent Such as dichloromethane, followed by 
acylation with an acyl halide, Such as acetyl chloride, or an 
acyl anhydride, Such as acetic anhydride in the presence of 
a mild base Such as pyridine and/or 4-dimethyaminopyridine 
(DMAP) in an inert organic solvent such as dichlo 
romethane. 
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0103) The subject invention also provides a method aring 
a Z-haloalkene ester having the Structure: 

0104 wherein R is hydrogen, a linear or branched alkyl, 
alkoxyalkyl, Substituted or unsubstituted aryloxyalkyl, lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl; and wherein X is a halogen, which comprises (a) 
oxidatively cleaving a compound having the Structure: 

0105 under suitable conditions to form an aldehyde 
intermediate; and (b) condensing the aldehyde intermediate 
with a halomethylene transfer agent under Suitable condi 
tions to form the Z-haloalkene ester. In one embodiment of 
the method, X is iodine. In another embodiment, the method 
is practiced wherein the halomethylene transfer agent is 
PhP-CHI or (Ph-PCHI)I. Disubstituted olefins may be 
prepared using the haloalkylidene transfer agent Ph-P- 
CRI, wherein R is hydrogen, methyl, ethyl, n-propyl, 
n-hexyl, 

~x) 
0106 COEt or (CH)OTBDPS. The oxidative step (a) 
can be performed using a mild oxidant Such as OSmium 
tetraoxide at temperatures of about 0° C., followed by 
treatment with Sodium periodate, or with lead tetraacetate/ 
Sodium carbonate, to complete the cleavage of the terminal 
olefin, and provide a terminal aldehyde. Condensing step (b) 
occurs effectively with a variety of halomethylenating 
reagents, Such as Wittig reagents. 
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0107 The subject invention further provides a preparing 
an optically pure compound having the Structure: 

0108 wherein R is hydrogen, a linear or branched alkyl, 
alkoxyalkyl, Substituted or unsubstituted aryloxyalkyl, lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl, which comprises: (a) condensing an allylic orga 
nometallic reagent with an unsaturated aldehyde having the 
Structure: 

S 

Sk 

0109 under suitable conditions to form an alcohol, and, 
optionally concurrently there with, optically resolving the 
alcohol to form an optically pure alcohol having the Struc 
ture: 

0110 (b) alkylating or acylating the optically pure alco 
hol formed in step (a) under Suitable conditions to form the 
optically pure compound. In one embodiment of the method, 
the allylic organometallic reagent is an allyl(trialkyl)stan 
nane. In another embodiment, the condensing Step is 
effected using a reagent comprising a titanium tetraalkoxide 
and an optically active catalyst. In step (a) the 1,2-addition 
to the unsaturated aldehyde may be performed using a 
variety of allylic organometallic reagents, typically with an 
text missing or illegible when filedallyltrialkylstani 
preferably with allyltri-n-butylstanna, i.e presence of chiral 
catalyst and molecular Sieves in an inert organic Solvent Such 
as dichloromethane. Preferably, the method may be prac 
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ticed using titanium tetraalkoxides, Such as titanium tetra 
n-propoxide, and S-(-)BINOL as the optically active cata 
lyst. Alkylating or acylating step (b) is effected using any 
typical alkylating agent, Such as alkylhalide br alkyl tosy 
late, alkyl triflate or alkyl meSylate, any typical acylating 
agent, Such as acetyl chloride, acetic anhydride, benzoyl 
chloride or benzoyl anhydride, in the presence of a mild base 
catalyst in an inert organic Solvent, Such as dichloromethane. 

0111. The subject invention also provides a method of 
preparing an open-chain aldehyde having the Structure: 

0112 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
benzyl, trialkylsilyl, dialkylaryisilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl, which comprises: (a) cross-coupling a haloolefin 
having the Structure: 

0113 wherein R is a linear or branched alkyl, alkoxy 
alkyl, Substituted or unsubstituted aryloxyalkyl, trialkylsilyl, 
aryldialkylsilyl, diarylalkylsilyl, triarylsilyl, linear or 
branched acyl, Substituted or unsubstituted aroyl or benzoyl, 
and X is a halogen, with a terminal olefin having the 
Structure: 

CHOR") 
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0114 wherein (OR") is (OR), (SR), -(O- 
(CH), O), -(O-(CH), S)- or -(S(CH), S)- 
where Ro is a linear or branched alkyl, Substituted or 
unsubstituted aryl or benzyl, and wherein n is 2, 3 or 4, under 
Suitable conditions to form a cross-coupled compound hav 
ing the Structure: 

0115 wherein Y is CH(OR*) where R* is a linear or 
branched alkyl, alkoxyalkyl, Substituted or unsubstituted 
aryloxyalkyl, and (b) deprotecting the cross-coupled com 
pound formed in Step (a) under Suitable conditions to form 
the open-chain compound. Cross-coupling step (a) is 
effected using reagents known in the art which are Suited to 
the purpose. For example, the proceSS may be carried out by 
hydroborating the pre-acyl component with 9-BBN. The 
resulting mixed borane may then be croSSoupled with an 
organometallic catalyst Such as PdCl2(dppf), or any known 
equivalent thereof, in the presence of Such ancillary reagents 
as cesium carbonate and triphenylarSine. Deprotecting Step 
(b) can be carried out with a mild acid catalyst Such as 
p-tosic acid, and typically in a mixed acqueous organic 
Solvent System, Such as dioxane-water. The open-chain 
compound can be cyclized using any of a variety of non 
nucleophilic bases, Such as potassium hexamethyldisilaZide 
or lithium diethyamide. 

0116. The subject invention also provides a method of 
preparing an epothilone having the Structure: 
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0117 which comprises: (a) deprotecting a cyclized com 
pound having the Structure: 

0118 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiaryisilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl, under Suitable conditions to form a deprotected 
cyclized compound and oxidizing the deprotected cyclized 
compound under Suitable conditions to form a desoxye 
pothilone having the Structure: 

0119) and (b) epoxidizing the desoxyepothilone formed 
in Step (a) under Suitable conditions to form the epothilone. 
Deprotecting step (a) is effected using a sequence of treat 
ments comprising a catalyst Such as HF-pyridine, followed 
by t-butyldimethylsilyl triflate in the presence of a base such 
as lutidine. Dess-Martin oxidation and further deprotection 
with a catalyst Such as HF-pyridine provides the desoxye 
pothilone. The latter compound can then be epoxidized in 
Step (b) using any of a variety of epoxidizing agents, Such 
acetic peracid, hydrogen peroxide, perbenzoic acid, m-chlo 
roperbenzoic acid, but preferably with dimethyldioxirane, in 
an inert organic Solvent Such as dichloromethane. 
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0120) The subject invention further provides a method of 
preparing an epothilone precursor having the Structure: 

0121 wherein R is hydrogen or methyl; wherein X is O, 
or a hydrogen and OR", each Singly bonded to carbon; and 
wherein Ro; R and R" are independently hydrogen, a linear 
or branched alkyl, Substituted or unsubstituted aryl or ben 
Zyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or 
branched acyl, Substituted or unsubstituted aroyl or benzoyl, 
which comprises (a) coupling a compound having the struc 
ture: 

0.122 wherein R is an acetyl, with an aldehyde having the 
Structure: 

0123 wherein Y is oxygen, under Suitable conditions to 
form an aldol intermediate and optionally protecting the 
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aldol intermediate under Suitable conditions to form an 
acyclic epthilone precursor having the Structure: 

0124 (b) subjecting the acylic epothilone precursor to 
conditions leading to intramolecular olefin metathesis to 
form the epothilone precursor. In one embodiment of the 
method, the conditions leading to intramolecular olefin 
metathesis require the presence of an organometallic cata 
lyst. In a certain Specific embodiment of the method, the 
catalyst contains Ru or Mo. The coupling step (a) may be 
effected using a nonnucleophilic base Such as lithium diethy 
lamide or lithium diisopropylamide at Subambient tempera 
tures, but preferably at about -78 C. The olefin metathesis 
in Step (b) may be carried out using any catalyst known in 
the art Suited for the purpose, though preferably using one of 
Grubbs’s catalysts. 

0.125. In addition, the present invention provides a com 
pound useful as an intermediate for preparing epothilones 
having the Structure: 

OR OR" X 

0.126 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
benzyl, trialkylsilyi, dialkylarylsilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl; wherein X is oxygen, (OR), (SR), -(O- 
(CH), O)-, -(O-(CH), S)- or -(S-(CH), 
S)-; wherein R* is a linear or branched alkyl, substituted 
or unsubstituted aryl or benzyl, wherein RB is a linear, 
branched or cyclic boranyl moiety; and wherein n is 2, 3 or 
4. In certain embodiments, the invention provides the com 
pound wherein R' is TBS, R" is TPS and X is (OMe). A 
preferred example of RB is derived from 9-BBN. 
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0127. The invention also provides the compound having 
the Structure: 

0128 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl; wherein X is oxygen, (OR), (SR), -(O- 
(CH), O), -(O-(CH), S)- or -(S-(CH), 
S)-; and wherein n is 2, 3 or 4. In certain embodiments, the 
invention provides the compound wherein R' is TBS, R" is 
TPS and X is (OMe). 
0129. The invention further provides a desmethyl 
epothilone analogoue having the Structure: 

0130 wherein R is H or methyl. 
0131 The invention provides a compound having the 
Structure: 

0132) wherein R is H or methyl. 
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0133. The invention also provides a trans-desmeth 
yldeoxyepothilone analogue having the Structure: 

0134) wherein R is H or methyl. 
0.135 The invention also provides a trans-epothilone hav 
ing the Structure: 

0136 wherein R is H or methyl. 
0.137 The invention also provides a compound having 
the Structure: 

0.138 wherein R is hydrogen, a linear or branched alkyl, 
alkoxyalkyl, Substituted or unsubstituted aryloxyalkyl, lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl; wherein R' is hydrogen, methyl, ethyl, n-propyl, 
n-hexyl, 
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013:9 COEt or (CH)OTBDPS. and X is a halogen. In 
certain embodiments, the invention provides the compound 
wherein R is acetyl and X is iodine. 
0140. The invention additionally provides a method of 
preparing an open-chain aldehyde having the Structure: 

0141 wherein R is a linear or branched alkyl, alkoxy 
alkyl, Substituted or unsubstituted aryloxyalkyl, trialkylsilyl, 
aryldialkylsilyl, diarylalkylsilyl, triarylsilyl, linear or 
branched acyl, Substituted or unsubstituted aroyl or benzoyl; 
and wherein R and R" are independently hydrogen, a linear 
or branched alkyl, Substituted or unsubstituted aryl or ben 
Zyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or 
branched acyl, Substituted or unsubstituted aroyl or benzoyl, 
which comprises: 
0.142 (a) cross-coupling a haloolefin having the Struc 
ture: 

0143 wherein X is a halogen, with a terminal borane 
having the Structure: 

OR OR" Y 

0144) wherein RB is a linear, branched or cyclic alkyl or 
substituted or unsubstituted aryl or benzyl boranyl moiety; 
and wherein Y is (OR), (SR), -(O-(CH), O), 
(O-(CH), -S)- or -(S-(CH), -S) where Ro is 
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a linear or branched alkyl, Substituted or unsubstituted aryl 
or benzyl, and wherein n is 2, 3 or 4, under Suitable 
conditions to form a cross-coupled compound having the 
Structure: 

0145 and 

0146 (b) deprotecting the crossoupled compound formed 
in Step (a) under Suitable conditions to form the open-chain 
aldehyde. In certain embodiments, the invention provides 
the method wherein R is acetyl; R' is TBS; R" is TPS; R* B 
is derived from 9-BBN; and Y is (OMe). Cross-coupling 
step (a) is effected using reagents known in the art which are 
Suited to the purpose. For example, the mixed borane may be 
cross-coupled with an organometallic catalyst Such as 
PdCl2(dppt), or any known equivalent thereof, in the pres 
ence of Such reagents as cesium carbonate and triphenylars 
ine. Deprotecting step (b) can be carried out using a mild 
acid catalyst Such as p-tosic acid, typically in a mixed 
aqueous organic Solvent System, Such as dioxane-water. 

0147 The invention also provides a method of preparing 
a protected epothilone having the Structure: 

0.148 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or text missing or 
illegible when filed unsubstituted ar benzyl, trialkylsilyl, 
dialkyl-arylsilyl, alkyl Sillyl, a linear or branched acyl, Sub 
Stituted or unsubstituted aroyl or benzoyl, which comprises: 
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0149 (a) monoprotecting a cyclic diol having the struc 
ture: 

0150 under Suitable conditions to form a cyclic alcohol 
having the Structure: 

0151 and 

0152 (b) oxidizing the cyclic alcohol formed in step (a) 
under Suitable conditions to form the protected epothilone. 
In certain embodiments, the invention provides the method 
wherein R' and R" are TBS. The monoprotecting step (a) 
may be effected using any of a variety of Suitable reagents, 
including TBSOTf in the presence of a base in an inert 
organic Solvent. The base may be a non-nucleophilic base 
Such as 2.6-lutidine, and the Solvent may be dichlo 
romethane. The reaction is conducted at Subambient tem 
peratures, preferably in the range of -30°C. The oxidizing 
Step (b) utilizes a Selective oxidant Such as DeSS-Martin 
periodinane in an inert organic Solvent Such as dichlo 
romethane. The Oxidation is carried out at ambient tempera 
tures, preferably at 20-25 C. 
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0153. The invention further provides a method of pig an 
epothilone having Structure: 

0154) which comprises: 
0155 (a) deprotecting a protected cyclic ketone having 
the Structure: 

0156 wherein R' and R" are independently hydrogen, a 
linear or branched alkyl, Substituted or unsubstituted aryl or 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, Substituted or unsubstituted aroyl or 
benzoyl, under Suitable conditions to form a desoxye 
pothilone having the Structure: 
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0157 and (b) epoxidizing the desoxyepothilone formed 
in Step (a) under Suitable conditions to form the epothilone. 
In certain embodiments, the invention provides the method 
wherein R' and R" are TBS. Deprotecting step (a) is carried 
out by means of a treatment comprising a reagent Such as 
HF-pyridine. The deprotected compound can be epoxidized 
in Step (b) using an epoxidizing agent Such acetic peracid, 
hydrogen peroxide, perbenzoic acid, m-chloroperbenzoic 
acid, but preferably with dimethyldioxirane, in an inert 
organic Solvent Such as dichloromethane. 
0158. The invention also provides a method of preparing 
a cyclic diol having the Structure: 

0159 wherein R' is a hydrogen, a linear or branched 
alkyl, substituted or unsubstituted aryl or benzyl, trialkylsi 
lyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or branched 
acyl, Substituted or unsubstituted aroyl or benzoyl, which 
comprises: 

0160 (a) cyclizing an open-chain aldehyde having 
the Structure: 

0.161 wherein R is a linear or branched alkyl, alkoxy 
alkyl, Substituted or unsubstituted aryloxyalkyl, trialkylsilyl, 
aryldialkylsilyl, diarylalkylsilyl, triarylsilyl, linear or 
branched acyl, Substituted or unsubstituted aroyl or benzoyl; 
and wherein R" is a hydrogen, a linear or branched alkyl, 
substituted or unsubstituted aryl or benzyl, trialkylsilyl, 
dialkylarylsilyl, alkyldiarylsilyl, a linear or branched acyl, 
substituted or unsubstituted aroyl or benzoyl under suitable 
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conditions to form an enantiomeric mixture of a protected 
cyclic alcohol having the Structure: 

0162 said mixture comprising an O- and a f-alcohol 
component, 

0163 (b) optionally isolating and oxidizing the C-al 
cohol formed in Step (a) under Suitable conditions to 
form a ketone and thereafter reducing the ketone 
under Suitable conditions to form an enantiomeric 
mixture of the protected cyclic alcohol comprising 
Substantially the B-alcohol; and 

0164 (c) treating the protected cyclic alcohol formed in 
Step (a) or (b) with a deprotecting agent under Suitable 
conditions to form the cyclic diol. In certain embodiments, 
the invention provides the method wherein R' is TBS and R" 
is TPS. Cyclizing step (a) is performed using any of a variety 
of mild nonnucleophilic bases such as KHMDS in an inert 
Solvent Such as THF. The reaction is carried out at Subam 
bient temperatures, preferably between -90° C. and -50 C., 
more preferably at -78 C. Isolation of the unnatural alpha 
OH diastereomer is effected by any purification method, 
including any Suitable type of chromatography or by crys 
tallization. Chromatographic techniques useful for the pur 
pose include high pressure liquid chromatography, counter 
current chromatography or flash chromatography. Various 
column media are Suited, including, inter alia, Silica or 
reverse phase Support. The beta-OH derivative is then oxi 
dized using a Selective oxidant, Such as DeSS-Martin perio 
dinane. The resulting ketone is the reduced using a Selective 
reductant. Various hydriddborane and aluminum hydride 
reagents are effective. A preferred reducing agent is Sodium 
borohydride. Treating step (c) may be effected using a 
variety of deprotecting agents, including HF-pyridine. 

0.165. In addition, the invention provides a method of 
treating cancer in a Subject Suffering therefrom comprising 
administering to the Subject a therapeutically effective 
amount of any of the analogues related to epothilone B 
disclosed herein optionally in combination with a pharma 
ceutically Suitable carrier. The method may be applied where 
the cancer is a Solid tumor or leukemia. In particular, the 
method is applicable where the cancer is breast cancer or 
melanoma. 

0166 The subject invention also provides a pharmaceu 
tical composition for treating cancer comprising any of the 
analogues of epothilone disclosed hereinabove, as an active 
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ingredient, optionally though typically in combination with 
a pharmaceutically Suitable carrier. The pharmaceutical 
compositions of the present invention may further comprise 
other therapeutically active ingredients. 
0167 The subject invention further provides a method of 
treating cancer in a Subject Suffering therefrom comprising 
administering to the Subject a therapeutically effective 
amount of any of the analogues of epothilone disclosed 
hereinabove and a pharmaceutically Suitable carrier. The 
method is especially useful where the cancer is a Solid tumor 
or leukemia. 

0168 The compounds taught above which are related to 
epothilones A and B are useful in the treatment of cancer, 
and particularly, in cases where multidrug resistance is 
present, both in vivo and in vitro. The ability of these 
compounds as non-Substrates of MDR in cells, as demon 
strated in the Tables below, shows that the compounds are 
useful to treat, prevent or ameliorate cancer in Subjects 
Suffering therefrom. 
0169. The magnitude of the therapeutic dose of the 
compounds of the invention will vary with the nature and 
severity of the condition to be treated and with the particular 
compound and its route of administration. In general, the 
daily dose range for anticancer activity lies in the range of 
0.001 to 25 mg/kg of body weight in a mammal, preferably 
0.001 to 10 mg/kg, and most preferably 0.001 to 1.0 mg/kg, 
in Single or multiple doses. In unusual cases, it may be 
necessary to administer doses above 25 mg/kg. 
0170 Any suitable route of administration may be 
employed for providing a mammal, especially a human, with 
an effective dosage of a compound disclosed herein. For 
example, oral, rectal, topical, parenteral, ocular, pulmonary, 
nasal, etc., routes may be employed. Dosage forms include 
tablets, troches, dispersions, Suspensions, Solutions, cap 
Sules, creams, ointments, aeroSols, etc. 
0171 The compositions include compositions suitable 
for oral, rectal, topical (including transdermal devices, aero 
Sols, creams, ointments, lotions and dusting powders), 
parenteral (including Subcutaneous, intramuscular and intra 
venous), ocular (ophthalmic), pulmonary (nasal or buccal 
inhalation) or nasal administration. Although the most Suit 
able route in any given case will depend largely on the nature 
and Severity of the condition being treated and on the nature 
of the active ingredient. They may be conveniently pre 
Sented in unit dosage form and prepared by any of the 
methods well known in the art of pharmacy. 
0172 In preparing oral dosage forms, any of the unusual 
pharmaceutical media may be used, Such as water, glycols, 
oils, alcohols, flavoring agents, preservatives, coloring 
agents, and the like in the case of oral liquid preparations 
(e.g., Suspensions, elixers and Solutions); or carrierS Such as 
Starches, Sugars, microcrystalline cellulose, diluents, granu 
lating agents, lubricants, binders, disintegrating agents, etc., 
in the case of oral Solid preparations are preferred over liquid 
oral preparations Such as powders, capsules and tablets. If 
desired, capsules may be coated by Standard acqueous or 
non-aqueous techniques. In addition to the dosage forms 
described above, the compounds of the invention may be 
administered by controlled release means and devices. 
0173 Pharmaceutical compositions of the present inven 
tion Suitable for oral administration may be prepared as 
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discrete units Such as capsules, cachets or tablets each 
containing a predetermined amount of the active ingredient 
in powder or granular form or as a Solution or Suspension in 
an aqueous or nonaqueous liquid or in an oil-in-water or 
water-in-oil emulsion. Such compositions may be prepared 
by any of the methods known in the art of pharmacy. In 
general compositions are prepared by uniformly and inti 
mately admixing the active ingredient with liquid carriers, 
finely divided Solid carriers, or both and then, if necessary, 
Shaping the product into the desired form. For example, a 
tablet may be prepared by compression or molding, option 
ally with one or more accessory ingredients. Compressed 
tablets may be prepared by compressing in a Suitable 
machine the active ingredient in a free-flowing form Such as 
powder or granule optionally mixed with a binder, lubricant, 
inert diluent or Surface active or dispersing agent. Molded 
tablets may be made by molding in a Suitable machine, a 
mixture of the powdered compound moistened with an inert 
liquid diluent. 
0.174. The present invention will be better understood 
from the Experimental Details which follow. However, one 
skilled in the art will readily appreciate that the Specific 
methods and results discussed are merely illustrative of the 
invention as described in the claims which follow thereafter. 
It will be understood that the processes of the present 
invention for preparing epothilones A and B, analogues 
thereof and intermediates thereto encompass the use of 
various alternate protecting groups known in the art. Those 
protecting groups used in the disclosure including the 
Examples below are merely illustrative. 

EXAMPLE 1. 

0175 THP glycidol: 13: Asolution of (R)-(+)-glycidol 12 
(20g, 270 mmol) and freshly distilled 3,4-dihydro-2H-pyran 
(68.1 g; 810 mmol) in CHCl (900 ml) was treated with 
pyridinium p-toluenesulfonate (2.1 g; 8.36 mmol) at rt and 
the resulting Solution was Stirred for 16 h. Approximately 
50% of the solvent was then removed in vacuo and the 
remaining Solution was diluted with ether (1L). The organic 
layer was then washed with two portions of Saturated 
aqueous sodium bicarbonate (500 ml), dried (Na2SO), 
filtered, and concentrated. Purification of the residue by flash 
chromatography (silica, 25->50% ether:hexanes) afforded 
THP glycidol 13 (31.2 g; 73%) as a colorless liquid: 
IR(film): 2941, 1122, 1034 cm; H NMR(CDC1, 500 
MHz)d 4.66 (t, J=3.5 Hz, 1H), 4.64 (t, J=3.5 Hz, 1H), 3.93 
(dd, J=11.7, 3.1 Hz, 1H), 3.86 (m, 2H), 3.73 (dd, J=11.8, 
5.03 Hz, 1H), 3.67 (dd, J=11.8, 3.4 Hz, 1H), 3.51 (m, 2H), 
3.40 (dd, J=11.7, 6.4, 1H), 3.18 (m, 2H), 2.80 (m, 2H), 2.67 
(dd, J=5.2, 2.7 Hz, 1H), 2.58 (dd, J=5.0, 2.7 Hz, 1H), 1.82 
(m, 2H), 1.73 (m, 2H), 1.52 (m, 4H); 'CNMR (CDC1, 125 
MHz) d 98.9, 98.8, 68.5, 67.3, 62.4, 62.2, 50.9, 50.6, 44.6, 
44.5, 30.5, 30.4, 25.4, 19.3, 19.2; al-+4.98 (c=2.15, 
CHCl). 

EXAMPLE 2 

0176 Alcohol 13a; Trimethylsilylacetylene (32.3 g; 329 
mmol) was added via syringe to THF (290 ml), and the 
resulting solution was cooled to -78 C. and treated with 
n-butyllithium (154 ml of a 1.6M solution in hexanes; 246.4 
mmol). After 15 min, boron trifluoride diethyl etherate (34.9 
g; 246 mmol) was added, and the resulting mixture was 
stirred for 10 min. A solution of epoxide 13 (26 g; 164.3 
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mmol) in THF (130 ml) was then added via a cannula and 
the resulting solution was stirred for 5.5 h at -78 C. The 
reaction was quenched by the addition of Saturated aqueous 
sodium bicarbonate solution (250 ml) and the solution was 
allowed to warm to rt. The mixture was then diluted with 
ether (600 ml) and washed successively with saturated 
aqueous sodium bicarbonate solution (250 ml), water (250 
ml), and brine (250 ml). The organic layer was then dried 
(NaSO), filtered, and concentrated in vacuo. Purification 
of the residue by flash chromatography (silica, 20% ether 
:hexanes) provided alcohol 13a (34 g; 76%). 

EXAMPLE 3 

0177 MOM ether 13b: A solution of alcohol 13a (24 g; 
88.9 mmol) and N,N-diisopropylethylamine (108 ml; 622 
mmol) in anhydrous 1,2-dichloroethane (600 ml) was 
treated with chloromethyl methyl ether (17 ml, 196 mmol), 
and the resulting mixture was heated to 55° C. for 28 h. The 
dark mixture was then cooled to rt and treated with Saturated 
aqueous sodium bicarbonate solution (300 ml). The layers 
were Separated, and the organic layer was washed Succes 
Sively with Saturated aqueous Sodium bicarbonate Solution 
(200 ml) and brine (200 ml). The organic layer was then 
dried (MgSO) and filtered through a pad of silica gel (ether 
rinse). Purification of the residue by flash chromatography 
(silica, 20->30% ether:hexanes) afforded MOM ether 13b 
(23.7 g; 85%) as a pale yellow oil. 

EXAMPLE 4 

0178 Alcohol 14: A solution of THP ether 13b (20 g; 
63.7 mmol) in methanol (90 ml) was treated with pyridinium 
p-toluenesulfonate (4.0 g; 15.9 mmol) and the resulting 
mixture was stirred at rt for 16 h. The reaction was then 
quenched by the addition of Saturated acqueous Sodium 
bicarbonate solution (100 ml), and the excess methanol was 
removed in vacuo. The residue was diluted with ether (300 
ml), and the organic layer was washed Successively with 
Saturated aqueous Sodium bicarbonate Solution (200 ml) and 
brine (200 ml). The organic layer was dried (MgSO), 
filtered, and concentrated. Purification of the residue by flash 
chromatography (silica, 40-50% etherhexanes) provided 
alcohol 14 (13.1 g; 95%) as a colorless oil. 

EXAMPLE 5 

0179 Alcohol 14a: To a cooled (-78° C.) solution of 
oxalyl chloride (24.04 ml of a 2.0 M solution in CHCl; 
48.08 mmol) in CHCl (165 ml) was added anhydrous 
DMSO (4.6 ml; 64.1 mmol) in dropwise fashion. After 30 
min, a solution of alcohol 14 (6.93 g; 32.05 mmol) in 
CHCl (65 ml+10 ml rinse) was added and the resulting 
solution was stirred at -78 C. for 40 min. Freshly distilled 
triethylamine (13.4 ml; 96.15 mmol) was then added, the 
cooling bath was removed, and the mixture was allowed to 
warm to 0° C. The reaction mixture was then diluted with 
ether (500 ml), and washed successively with two portions 
of water (250 ml) and one portion of brine (250 ml). The 
organic layer was then dried (MgSO), filtered, and concen 
trated. 

0180 The crude aldehyde (6.9 g) prepared in the above 
reaction was dissolved in ether (160 ml) and cooled to 0°C. 
Methylmagnesium bromide (32.1 ml of a 3.0 M solution in 
butyl ether; 96.15 mmol) was then added, and the solution 
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was allowed to warm slowly to rt. After 10 h, the reaction 
mixture was cooled to 0 C. and the reaction was quenched 
by the addition of Saturated aqueous ammonium chloride 
solution. The mixture was diluted with ether (200 ml) and 
washed successively with water (150 ml) and brine (150 ml). 
The organic layer was dried (MgSO), filtered, and concen 
trated. Purification of the residue by flash chromatography 
(silica, 40->50% ether:hexanes) provided alcohol 14a (6.3 
g; 85% from 14). 

EXAMPLE 6 

0181 Ketone 15: A solution of alcohol 14 (1.0 g; 4.35 
mmol), 4 A mol. sieves, and N-methylmorpholine-N-oxide 
(1.0 g; 8.7 mmol) in CHCl (20 ml) at rt was treated with 
a catalytic amount of tetra-n-propylammonium perruthen 
ate, and the resulting black Suspension was stirred for 3 h. 
The reaction mixture was then filtered through a pad of Silica 
gel (ether rinse), and the filtrate was concentrated in vacuo. 
Purification of the residue by flash chromatography (silica, 
10% ether:hexanes) afforded ketone 15 (924 mg.93%) as a 
light yellow oil. 

EXAMPLE 7 

0182 Alkene 17: A cooled (-78 C.) solution of phos 
phine oxide 16 (1.53 g; 4.88 mmol) in THF (15.2 ml) was 
treated with n-butyllithium (1.79 ml of a 2.45 M solution in 
hexanes). After 15 min, the orange Solution was treated with 
a solution of ketone 15 (557 mg, 2.44 mmol) in THF (4.6 
ml). After 10 min, the cooling bath was removed, and the 
Solution was allowed to warm to rt. The formation of a 
precipitate was observed as the Solution warmed. The reac 
tion was quenched by the addition of Saturated acqueous 
ammonium chloride solution (20 ml). The mixture was then 
poured into ether (150 ml) and washed successively with 
water (50 ml) and brine (50 ml). The organic layer was dried 
(NaSO), filtered, and concentrated. Purification of the 
residue by flash chromatography (silica, 10% ether:hexanes) 
afforded alkene 17 (767 mg; 97%) as a colorless oil: 
IR(film): 2956,2177, 1506,1249, 1149, 1032,842, cm; H 
NMR(CDC1,500 MHz) d 6.95 (s, 1H), 6.53 (s, 1H), 4.67 
(d, J=6.7 Hz, 1H), 4.57 (d. J=6.8 Hz, 1H), 4.29 (dd, J=8.1, 
5.4 Hz, 1H), 3.43 (s, 3H), 2.70 (s.3H), 2.62 (dd, J=16.9, 8.2 
Hz, 1H), 2.51 (dd, J=17.0, 5.4 Hz, 1H), 2.02 (s, 3H); 'C 
NMR (CDC1, 125 MHz) d 1644, 1525, 137.1, 121.8, 
116.2, 103.7, 93.6, 86.1, 79.6, 55.4, 25.9, 19.1, 13.5; C)=- 
27.3 (c=2.2, CHCl). 

EXAMPLE 8 

0183 Alkynyl iodide formation: To a solution of the 
alkyne 17 (3.00 g, 9.29 mmol) in acetone (100 mL) at 0°C. 
was added NIS (2.51 g; 11.2 mmol) and AgNO (0.160 g; 
0.929 mmol). The mixture was then slowly warmed to rt. 
After 1.5h, the reaction was poured into EtO (250 mL) and 
washed once with sat bisulfite (40 mL), once with sat 
NaHCO, (40 mL), once with brine (40 mL) and dried over 
anhydrous MgSO. Purification by flash chromatography on 
Silica gel using gradient elution with hexanes/ethyl acetate 
(10:1-7:1) gave 2.22 g (64%) of the iodide 17a as an amber 
oil. 

EXAMPLE 9 

0184 Reduction of the alkynyl iodide: BHDMS (0.846 
mL, 8.92 mmol) was added to a solution of cyclohexene 
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(1.47 mL, 17.9 mmol) in Et2O (60 mL) at 0°C. The reaction 
was then warmed to rt. After 1 h, the iodide X (2.22 g, 5.95 
mmol) was added to EtO. After 3 h, AcOH (1.0 mL) was 
added. After 30 additional min, the solution was poured into 
sat NaHCO and extracted with EtO (3x110 mL). The 
combined organics were then washed once with brine (50 
mL) and dried over anhydrous MgSO. Purification by flash 
chromatography on Silica gel eluting with hexanes/ethyl 
acetate (6:1) gave 1.45 g (65%) of the vinyl iodide 18 as a 
yellow oil. 

EXAMPLE 10 

0185. MOM removal: To a solution of iodide 18 (1.45 g, 
3.86 mmol) in CHCl (40 mL) at rt was added thiophenol 
(1.98 mL, 19.3 mmol) and BFEtO (1.90 mL, 15.43 
mmol). After 22 h, the reaction was poured into EtOAc (150 
mL) and washed with 1N NaOH (2x50 mL) and dried over 
anhydrous MgSO. Purification by flash chromatography on 
Silica gel using gradient elution with hexanes/ethyl acetate 
(4:1-2:1-1: 1) gave 1.075 g (86%) of the alcohol 18a as a pale 
yellow oil. 

EXAMPLE 11 

0186 Acetate formation: To a solution of alcohol 18a 
(1.04 g, 3.15 mmol) in CHCl (30 mL) was added pyridine 
(2.52 mL, 25.4 mmol), acetic anhydride (1.19 mL, 12.61 
mmol) and DMAP (0.005 g). After 1 h, the volatiles were 
removed in vacuo. Purification of the resulting residue by 
flash chromatography on Silica gel eluting with heXanes/ 
ethyl acetate (7:1) gave 1.16 g (99%) of the acetate 19 as a 
pale yellow oil. IR(film): 1737, 1368, 1232, 1018 cm; H 
NMR (CDC1,500 MHz) d 6.97 (s, 1H), 6.53 (s, 1H), 6.34 
(dd, J=17.5, 1.0 Hz, 1H), 6.18 (dd, J=13.7, 6.9 HZ, 1 h), 5.40 
(t, J=6.4 Hz, 1H), 2.70 (s, 3H), 2.61 (m, 2H), 2.08 (2s, 6H). 
'C NMR (CDC1, 125 MHz) d 169.8, 1644, 1522, 1364, 
136.1, 120.6, 116.4, 85.1, 38.3, 21.0, 19.1, 14.7; C=-28.8 
(c=1.47, CHCl). 

EXAMPLE 12 

0187 To a solution of alcohol 4 (2.34g, 3.62 mmol) and 
2,6-lutidine (1.26 mL, 10.86 mmol) in CHCl (23 mL) at 0° 
C. was treated with TBSOTf (1.0 mL, 4.34 mmol). After 
stirrring for 1.5 h at 0°C. the reaction mixture was quenched 
with MeOH (200 uL) and the mixture stirred an additional 
5 min. The reaction mixture was diluted with Et2O (100 mL) 
and washed successively with 1 NHCl (25 mL), water (25 
mL), and brine (25 mL). The solution was dried over 
MgSO, filtered, and concentrated. The residue was purified 
by flash chromatography on Silica gel eluting with 5% Et2O 
in hexanes to provide compund 7 (2.70 g., 98%) as a 
colorless foam. 

EXAMPLE 13 

0188 A solution of compound 7 (2.93 g, 3.85 mmol) in 
CHCl/HO (20:1, 80 mL) was treated with DDQ (5.23 g, 
23.07 mmol) and the resulting Suspension was stirred at 
room temperature for 24 h. The reaction mixture was diluted 
with EtO (200 mL) and washed with aqueous NaHCO 
(2x40 mL). The aqueous layer was extracted with EtO 
(3x40 mL) and the combined organic fractions were washed 
with brine (50 mL), dried over MgSO, filtered, and con 
centrated. Purification of the crude oil by flash chromatog 
raphy on Silica gel eluting with 30% ether in hexanes 
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afforded alcohol 7A (2.30 g, 89%) as a colorless oil: IR 
(film) 3488, 1471, 1428, 1115, 1054 cm; H NMR 
(CDC1,500 MHz) d7.70 (6 H, dd, J-80, 1.5 Hz), 7.44 (9H, 
s), 4.57 (1H, d, J=3.5 Hz), 4.19 (1H, s), 3.67 (1H, d, 8.5 Hz), 
3.06 (1H, dd, 1-11.5, 5.0 Hz), 2.89 (1H, dd, J=11.5, 5.0 Hz), 
2.68 (1H, d, 1-13.5 Hz), 2.59 (1H, d, J=13.5 Hz), 2.34 (1H, 
dt, J=12.0, 2.5 Hz), 2.11 (1H, m), 1.84 (1H, dt, J=12.0, 2.5 
Hz), 1.76 (2H, m), 1.59 (2H, m), 1.34 (3H, s), 1.13 (3H, d, 
J=7.5 Hz), 1.10 (3H, s), 0.87 (9H, s), 0.84 (3H, d, J=12.0 
Hz), 0.02(3H, s), 0.01 (3H, s); 'CNMR (CDC1,125 MHz) 
d 136.18, 134.66, 130.16, 127.84, 78.41, 75.91, 63.65, 
59.69, 45.43, 45.09, 37.72, 30.84, 30.50, 26.23, 25.89, 
22.42, 21.05, 18.40, 15.60, 14.41, -3.23, -3.51; C)=-0.95 
(c 0.173, CHCl). 

EXAMPLE 1.4 

0189 To a solution of oxalyl chloride (414 AL, 4.74 
mmol) in CHCl (40 mL) at -78°C. was added dropwise 
DMSO (448 uL, 6.32 mmol) and the resulting solution was 
stirred at -78°C. for 30 min. Alcohol 7a (2.12g, 3.16 mmol) 
in CHCl (20 mL) was added and the resulting white 
suspension was stirred at -78 C. for 45 min. The reaction 
mixture was quenched with Et N (2.2 mL, 15.8 mmol) and 
the solution was allowed to warm to 0° C. and stirred at this 
temperature for 30 min. The reaction mixture was diluted 
with EtO (100 mL) and washed successively with aqueous 
NHCl (20 mL), water (20 mL), and brine (20 mL). The 
crude aldehyde was purified by flash chromatography on 
silica gel elutin with 5% EtO in hexanes to provide alde 
hyde 8 (1.90 g, 90%) as a colorless oil. 

EXAMPLE 1.5 

0190. A solution of (methoxymethyl)triphenylphos 
phonium chloride (2.97g, 8.55 mmol) in THF (25 mL) at 0° 
C. was treated with KO'Bu (8.21 mL, 1M in THF, 8.1 
mmol). The mixture was stirred at 0° C. for 30 min. 
Aldehyde 8 (3.1 g, 4.07 mmol) in THF (10 mL) was added 
and the resulting Solution was allowed to warm to room 
temperature and Stirred at this temperature for 2 h. The 
reaction mixture was quenched with aqueous NHCl (40 
mL) and the resulting solution extracted with EtO (3x30 
mL). The combined EtO fractions were washed with brine 
(20 ml), dried over MgSO, filtered, and concentrated. The 
residue was purified by flash chromatography on Silica gel 
eluting with 5% EtO in hexanes to yield compound 9 (2.83 
g, 86%) as a colorless foam. 

EXAMPLE 16 

0191) To a solution of compound 9 (2.83 g, 3.50 mmol) 
in dioxane/HO (9:1, 28 mL) was added pTSA.HO (10g, 
5.30 mmol) and the resulting mixture was heated to 50° C. 
for 2 h. After cooling to room temperature the mixture was 
diluted with EtO (50 mL) and washed with aqueous 
NaHCO, (15 mL), brine (20 ml), dried over MgSO, filtered, 
and concentrated to provide aldehyde 9a (2.75 g, 99%) as a 
colorless foam. 

EXAMPLE 1.7 

0192 Methyltriphenylphosphonium bromide (1.98 g, 
5.54 mmol) in text missing or illegible when filedir 
0 mL) at 0° C. was treated with lithium bis(trimethylsily 
l)amide (5.04 mL, 1M in THF, 5.04 mmol) and the resulting 
solution was stirred at 0°C. for 30 min. Aldehyde 9a (2.0 g, 
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2.52 mmol) in THF (5.0 mL) was added and the mixture was 
allowed to warm to room temperature and Stirred at this 
temperature for 1 h. The reaction mixture was quenched 
with aqueous NHCl (15 mL) and extracted with Et2O (3x20 
mL). The combined EtO fractions were washed with brine 
(15 mL), dried over MgSO, filtered, and concentrated. The 
residue was purified by flash chromatography on Silica gel 
eluting with 5% EtO in hexanes to afford compound 10 
(1.42 g, 76%) as a colorless foam. 

EXAMPLE 1.8 

0193 A solution of compound 10 (1.0 g, 1.34 mmol) in 
MeOH/THF (2:1, 13 mL) was treated with bis(trifluoroac 
etoxy)iodobenzene (865 mg, 2.01 mmol) at room tempera 
ture. After 15 min the reaction mixture was quenched with 
aqueous NaHCO (25 mL). The mixture was extracted with 
EtO (3x25 mL) and the combined EtO fractions were 
washed with brine, dried over MgSO, filtered, and concen 
trated. Purification of the residue by flash chromatography 
on silica gel eluting with 5% EtO in hexanes provided 
compound 11 (865 mg, 92%) as a colorless foam: IR (film) 
1428, 1252, 1114, 1075, 1046 cm; H NMR (CDC1,500 
MHz)d 7.61 (6H, dd, J=7.9, 14 Hz), 7.38 (9H,s), 5.47 (1H, 
m), 4.87 (1H, d, 1-10.0 Hz), 4.76 (1H, d, J=15.9 Hz), 4.30 
(1H, d, J=3.7 Hz), 3.95 (1H, s), 3.56 (1 H, dd, 1-7.5, 1.4 Hz), 
3.39 (3H, s), 2.84 (3H, s), 2.02 (1H, m), 1.64 (2H, m), 1.34 
(1H, m), 1.11 (3H, s), 1.02 (3H, d, 7.4 Hz), 0.90 (3H, s), 0.85 
(9H, s), 0.62 (3H, d, J=6.8 Hz), -0.04 (3H, s), -0.05 (3H, s); 
°C NMR (CDC1, 125 MHz) d 138.29, 135.79, 135.04, 
129.86, 127.78, 11498, 110.49, 60.11, 55.57, 46.47, 43.91, 
36.82, 34.21, 26.26, 19.60, 18.60, 17.08, 16.16, 13.92, 
-2.96, -3.84; O.--+1.74 (c=0.77, CHCl). 

EXAMPLE 1.9 

0194 Suzuki Coupling: To a solution of olefin 11 (0.680 
g, 1.07 mmol) in THF (8.0 mL) was added 9-BBN (0.5 M 
Soln in THF, 2.99 mL, 1.50 mmol). In a separate flask, the 
iodide 19 (0.478 g, 1.284 mmol) was dissolved in DMF 
(10.0 mL). CsCO (0.696 g, 2.14 mmol) was then added 
with Vigorous stirring followed by Sequential addition of 
PhAS (0.034g, 0.111 mmol), PdCl2(dppf) (0.091 g, 0.111 
mmol) and HO (0.693 mL, 38.5 mmol). After 4 h, then 
borane Solution was added to the iodide mixture in DMF. 
The reaction quickly turned dark brown in color and Slowly 
became pale yellow after 2 h. The reaction was then poured 
into H2O (100 mL) and extracted with EtO (3x50 mL). The 
combined organics were washed with HO (2x50 mL), once 
with brine (50 mL) and dried over anhydrous MgSO. 
Purification by flash chromatography on Silica gel eluting 
with hexanes/ethyl acetate (7:1) gave 0.630 g (75%) of the 
coupled product 20 as a pale yellow oil. 

EXAMPLE 2.0 

0.195 text missing or illegible when filed 
Hydrolysis of d acetal 21: The acetate 20 (0.610 g, O mol) 
was dissolved in dioxane/HO (9:1, 15 mL) and PTSA-H20 
(0.442 g, 2.32 mmol) was added. The mixture was then 
heated to 55° C. After 3 h, the mixture was cooled to rt and 
poured into EtO. This solution was washed once with sat 
NaHCO, (30 mL), once with brine (30 mL) and dried over anhydrous MgSO. Purification by flash chromatography on 
Silica gel eluting with hexanes/ethyl acetate (7:1) gave 0.486 
g (85%) of the aldehyde 21 as a pale yellow oil. IR (film) 
1737, 1429, 1237, 1115, 1053 cm; H NMR(CDC1,500 
MHz)d 9.74 (1H, s), 7.61 (6H, dd, J=7.8, 1.2 Hz), 7.38 (9H, 
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m), 6.94 (1H, s), 6.53 (1H, s), 5.39 (1H, m), 5.31 (1H, m), 
5.29 (1H, t, J=6.9 Hz), 4.61 (1H, d, J=4.3 Hz), 3.50 (1H, dd, 
J=5.2, 2.6 Hz), 2.70 (3H, s), 2.48 (2H, m), 2.14 (1H, m), 2.09 
(3H, s), 2.07 (3H, s), 1.83 (2H, m), 1.41 (1H, m), 1.18 (1H, 
m), 1.01 (3H, s), 0.99 (3H, s), 0.91 (3H, d, J=7.4 Hz), 0.85 
(9H, s), 0.69 (1H,m), 0.58 (3H, d, J=6.8 Hz), -0.05 (3H, s), 
-0.06 (3H, 5); 'C NMR (CDC1, 125 MHz) d 205.46, 
170.01, 164.49, 152.46, 137.10, 135.60, 134.22, 132.55, 
130.65, 127.84, 123.82, 120.66, 116.19, 81.09, 78.47, 76.73, 
51.66, 43.14, 38.98, 30.99, 30.42, 27.63, 26.10, 21.15, 
20.92, 2005, 19.15, 18.49, 15.12, 14.70, 12.75, -3.25, 4.08; 
C=-18.7 (c=0.53, CHCl). 

EXAMPLE 21 

0196) Aldol: To a solution of the acetate-aldehyde 21 (84 
mg, 0.099 mmol) in THF at -78° C. was added KHMDS 
(0.5M in toluene, 1.0 ml, 0.5 mmol)) dropwise. The resulting 
Solution was stirred at -78 C. for 30 min. Then the reaction 
mixure was cannulated to a short pad of Silica gel and 
washed with ether. The residue was purified by flash chro 
matography (silica, 12% EtOAC in hexane) to give the 
lactone 22 (37 mg of 3-5 and 6 mg of 3-R, 51%) as white 
foam. 

EXAMPLE 22 

0197) Monodeprotection: Lactone 22 (32 mg, 0.0376 
mmol) was treated with 1 ml of pyridine buffered HFpyri 
dine-THF solution at room temperture for 2 h. The reaction 
mixure was poured into Saturated acqueous NaHCOs and 
extracted with ether. The organic layer was washed in 
sequence with Saturated CuSO (10 mlx3) and Saturated 
NaHCO, (10 ml), then dried over Na2SO, and concentrated 
under Vacuum. The residue was purified by flash chroma 
tography (Silica, 25% EtOAC in hexane) and to give diol 22a 
(22 mg, 99%) as white foam. 

EXAMPLE 23 

0198 TBS-protection: To a cooled (-30° C) solution of 
diol 22a (29 mg, 0.0489 mmol) and 2.6-lutidine (0.017 ml, 
0.147 mmol) in anhydrous CH-CO (1 ml) was added 
TBSOTf (0.015 ml, 0.0646 mmol). The resulting solution 
was then stirred at -30° C. for 30 min. The reaction was 
quenched with 0.1M HCl (10 ml) and extracted with ether 
(15 ml). Ether layer was washed with saturated NaHCO, 
dried (Na2SO, and concentrated in vacuo. Purifiction of the 
residue by flash chromatogrphy (silica, 8% EtOAc in hex 
ane) afforded TBS ether 22B (32 mg, 93%) as white foam. 

EXAMPLE 24 

0199 Ketone Formation: To a solution of alcohol 22B 
(30 mg, 0.0424 mmol) in CHCl (2.0 mL) at 25 C. was 
added Dess-Martin periodinane (36 mg, 0.0848 mmol) in 
one portion. The resulting Solution was then allowed to stir 
at 25 C. for 1.5 h. The reaction was quenched by the 
addition of 1:1 Saturated acqueous Sodium bicarbonate: 
sodium thiosulfate (10 ml) and stirred for 5 min. The mixture 
was then extracted with ether (3x15 ml). The organic layer 
was dried (NaSO), filtered, and concentrated in vacuo. 
Purification of the residue by flash chromatography (silica, 
8% EtOAc in hexane) provided ketone 22C (25 mg, 84%) as 
white foam. IR(film): 2928, 1745, 1692, 1254, 1175, 836 
cm; H NMR (CDC1,500 MHz) d 6.97 (s, 1H), 6.57 (s, 
1H), 5.53 (dt, J=3.4, 11.1 Hz, 1H), 5.37 (dd, J=16.4, 9.9 Hz, 
1H), 5.00 (d, J=10.3 Hz, 1H), 4.02 (d, J=9.7 Hz, 1H), 3.89 
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(d, J=8.7 Hz, 1H), 3.00 (m, 1H), 2.82 (d, J=6.5 Hz, 1H), 2.71 
(m, 5H), 2.36 (q, J=10.7 Hz, 1H), 2.12 (, 3H), 2.07 (dd. 
J=8.2, 1H), 1.87 (bs, 1H), 1.49 (m, 3H), 1.19 (m, 5H), 1.14 
(s, 3H), 1.08 (d, J=6.8 Hz, 3H), 0.94 (m, 12H), 0.84 (s, 9H), 
0.12 (s.3H), 0.10 (s, 3H), 0.07 (s, 3H), -0.098 (s, 3H); 'C 
NMR (CDC1, 125 MHz) d 218.7, 170.1, 164.5, 152.6, 
137.9, 133.9, 124.8, 119.6, 115.9, 72.7, 53.2, 43.9, 41.0, 
40.3, 32.9, 32.3, 28.4, 27.1, 26.3, 26.1, 26.0, 19.2, 19.1, 18.3, 
18.2, 17.1, 16.0, 15.2, 14.3, -4.2, -4.4, 4.6, -4.8; C=- 
21.93 (c=1.4, CHCl). 

EXAMPLE 25 

0200. Desoxy compound: To a solution of TBS ether 22C 
(27 mg, 0.038 mmol) in THF (1 ml) at 25°C. in a plastic vial 
was added dropwise HF pyridine (0.5 ml). The resulting 
Solution was allowed to stir at 25 C. for 2 h. The reaction 
mixture was diluted with chloroform (2 ml) and very slowly 
added to satured sodium bicarbonate (20 ml). The mixture 
was extracted with CHCl (20 mlx3). The organic layer was 
dried (NaSO), filtered, and concentrated in vacuo. Purifi 
cation of the residue by flash chromatography (silica, 30% 
EtOAc in hexane) provided diol 23 (18 mg, 99%) as white 
foam: IR(film): 3493, 2925, 1728, 1689,1249 cm; H 
NMR (CDC1,500 MHz) d 6.96 (s, 1H), 6.59 (s, 1H), 5.44 
(dt, J=4.3, 10.4 Hz, 1H), 5.36 (dt, J=5.1, 10.2 Hz, 1H), 5.28 
(dd, J=1.7, 9.8 Hz, 1H), 4.11 (d, J=7.2 Hz, 1H), 3.74 (s, 1H), 
3.20 (d, J=4.5 Hz, 1H), 3.14 (dd, J=2.2, 6.8 Hz, 1H), 3.00 (s, 
1H), 2.69 (m, 4H), 2.49 (dd, J=11.3, 15.1 Hz, 1H), 2.35 (dd, 
J=2.5, 15.1 Hz, 1H), 2.27 (m, 1H), 2.05 (m, 1H), 2.04 (s, 
3H), 2.01 (m, 1H) 1.75 (m, 1H), 1.67 (m, 1H), 1.33 (m, 4H), 
1.21 (s, 1H), 1.19 (m, 2H), 1.08 (d, J=7.0 Hz, 3H), 1.00 (s, 
3H), 0.93 (d, J=7.1 Hz, 3H); 'C NMR (CDC1, 125 MHz) 
d 226.5, 176.5, 1711, 158.2, 144.7, 139.6, 1311, 125.7, 
122.0, 84.6, 80.2, 78.6, 59.4, 47.9, 45.4, 44.6, 38.5, 37.9, 
33.7, 33.6, 28.7, 25.1, 25.0, 21.9, 21.7, 19.6; C)=-84.7 
(c=0.85, CHCl). 

EXAMPLE 26 

0201 Epothilone: To a cooled (-50° C) solution of 
desoxyepothilone (9 mg, 0.0189 mmol) in dry CHCl (1 
ml) was added freshly prepared dimethyldioxirane (0.95 ml, 
0.1 M in acetone). The resulting solution was allowed to 
warm up to -30° C. for 2 h. A stream of nitrogen was then 
bubbled through the solution to remove excess DMDO. The 
residue was purified by flash chromatography (silica, 40% 
EtOAc in hexane) and afforded epothilone A (4.6 mg, 49%) 
as colorless Solid and 0.1 mg of cis-epoxide diastereomer. 
This material was identical with the natural epothilone A in 
all respects. 

EXAMPLE 27 

0202 Procedure for Ring-Closing Olefin Metathesis: 
0203) To a stirred solution of diene 24 (5 mg, 0.0068 
mmol) in dry benzene (1.5 mL) was added Grubbs’s catalyst 
(2.8 mg, 0.0034 mmol). After 12 h, an additional portion of 
catalyst was added (2.8 mg). After an additional 5 h, the 
reaction was concentrated. Purification by Silica gel chro 
matography eluting with hexanes/ethyl acetate (11:1) gave 
the lactone 23 (3.5 mg, 94%, 2:1 E/Z). 

EXAMPLE 28 

0204 Preparation of Compound 19: 
0205 Alcohol 2A: A mixture of (S)-(-)-1,1'-bi-2-naph 
thol (259 mg. 0.91 mmol.), Ti(O-i-Pr) (261 uL; 0.90 mmol), 

May 27, 2004 

and 4. A sieves (3.23 g) in CHCl (16 mL) was heated at 
reflux for 1 h. The mixture was cooled to rt and aldehyde 1 
was added. After 10 min. the suspension was cooled to -78 
C., and allyl tributyltin (3.6 mL, 11.60 mmol) was added. 
The reaction mixture was stirred for 10 min at -78 C. and 
then placed in a -20°C. freezer for 70 h. Saturated NaHCO 
(2 mL) was added, and the mixture was stirred for 1 h, 
poured over Na2SO, and then filtered through a pad of 
MgSO, and celite. The crude material was purified by flash 
chromatography (hexanes/ethyl acetate, 1:1) to give alcohol 
2A as a yellow oil (1.11 g; 60%). 

EXAMPLE 29 

0206 Acetate 3A. To a solution of alcohol 2A (264 mg; 
1.26 mmol) in CHCl (12 mL) was added DMAP (15 mg: 
0.098 mmol), EtN (0.45 mL; 3.22 mmol), and AcO (0.18 
mL, 1.90 mmol). After 2 h, the reaction mixture was 
quenched by 20 mL of HO, and extracted with EtOAC 
(4x20 mL). The combined organic layer was dried with 
MgSO, filtered, and concentrated. Flash chromatrography 
(EtOAC/hexanes, 1:3) afforded acetate 3A as a yellow oil 
(302 mg: 96%). 

EXAMPLE 30 

0207 Vinyl Iodide 19: To a solution of acetate 3A (99 
mg; 0.39 mmol) in acetone at 0° C. was added HO (4 
drops), OsO4 (2.5% wt. in butyl alcohol; 175 ul; 0.018 
mmol), and N-methyl-morpholine-N-oxide (69 mg; 0.59 
mmol). The mixture was stirred at 0°C. for 2 hand 45 min 
and then quenched with NaSO. The solution was poured to 
10 mL of HO and extracted with EtOAc (5x10 mL). The 
combined organic layer was dried over MgSO4, filtered, and 
concentrated. 

0208 To a solution of this crude product in THF/HO (4 
mL, 3:1) was added NaIO (260 mg, 1.22 mmol). After 1.25 
h, the reaction mixture was then quenched with 10 mL of 
HO and concentrated. The residue was extracted with 
EtOAc (5x10 mL). The organic layer was dried over 
MgSO, filtered, and concentrated. Flash chromatography 
(EtOAc/hexanes, 1:1) gave a yellow oil (80 mg) which 
contained unidentified by-product(s). This mixture was used 
without further purification. 
0209) To a solution of (Ph-P"CHI)I" (100 mg 0.19 
mmol) in 0.25 mL of THF at rt was added 0.15 mL (0.15 
mmol) of NaHMDS (1M in THF). To the resulting solution 
at -78° C. was added HMPA (22 u : 0.13 mmol) and the 
product from previous step (16 mg) in THF (0.25 mL). The 
reaction mixture was then stirred at rt for 30 min. After the 
addition of hexanes (10 mL), the solution was extracted with 
EtOAc (4x10 mL). The combined EtOAC layer was dried 
(MgSO), filtered, and concentrated. Preparative TLC 
(EtOAc/hexanes, 2.3) afforded vinyl iodide 19 as a yellow 
oil (14 mg, 50% for three steps). 

EXAMPLE 31 

0210. Iodoolefin acetate 8C. To a suspension of ethylt 
riphenylphosphonium iodide (1.125 g, 2.69 mmol) in THF 
(10 mL) was added nBuLi (2.5 M Soln in hexanes, 1.05 mL, 
2.62 mmol) at rt. After disappearance of the Solid material, 
the solution was added to a mixture of iodine (0.613 g, 2.41 
mmol) in THF (20 mB) at -78°C. The resulting suspension 
was vigorously stirred for 5 min at -78°C, then warmed up 
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-20°C., and treated with sodium hexamethyldisilazane (1 M 
Soln in THF, 2.4 mL, 2.4 mmol). The resulting red solution 
was stirred for 5 min followed by the slow addition of 
aldehyde 9C (0.339 g, 1.34 mmol). The mixture was stirred 
at -20° C. for 40 min, diluted with pentane (50 mL), filtered 
through a pad of celite, and concentrated. Purification of the 
residue by flash column chromatography (hexanes/ethyl 
acetate, 85:15) gave 0.202 g (25% overall from vinyl acetate 
10C) of the vinyl iodide 8C as a yellow oil. IR (film): 2920, 
1738, 1234 cm; H NMR (CDC1): 8 6.98 (s, 1H), 6.56 (s, 
1H), 5.42 (dd, J=5.43, 6.57 Hz, 1H), 5.35 (t, J=6.6 Hz, 1H), 
2.71 (s, 3H), 2.54 (q, J=6.33, 2H), 2.50 (s, 3H), 2.09 (s, 6H); 
'C NMR (CDC1): 8 170.1, 1646, 1524, 136.9, 1302, 
120.6, 116.4, 103.6, 40.3, 33.7, 21.2, 19.2, 14.9; C-- 
20.7° (c=2.45, CHCl). 

EXAMPLE 32 

0211 Acetal 13C: To a solution of olefin “7C” (0.082 g, 
0.13 mmol) in THF (0.5 mL) was added 9-BBN (0.5 M Soln 
in THF, 0.4 mL, 0.2 mmol). After stirring at rt. for 3.5 h, an 
additional portion of 9-BBN (0.5 M Soln in THF, 0.26 mL, 
0.13 mmol) was added. In a separate flask, iodide 8C (0.063 
g, 0.16 mmol) was dissolved in DMF (0.5 mL). CSCO 
(0.097g, 0.30 mmol) was then added with vigorous stirring 
followed by sequential addition of PdCl2(dppf) (0.018 g, 
0.022 mmol), PhAs (0.0059 g, 0.019 mmol), and HO 
(0.035 mL, 1.94 mmol). text missing or illegible when 
filed After 6 h, then solution was added to the iodide mixtu. 
MF. The reaction quickly turned dark brown in color and 
slowly became pale yellow after 3 h. The reaction was then 
poured into HO (10 mL) and extracted with EtO (3x15 
mL). The combined organic layers were washed with HO 
(3x15 mL), brine (1x20 mL), dried over MgSO, filtered, 
and concentrated. Flash column chromatography (hexanes/ 
ethyl acetate, 9:1) gave 0.089 g (77%) of the coupled 
product 13C as a yellow oil. 

EXAMPLE 33 

0212 Aldehyde 14C: Acetal 13C (0.069 g, 0.077 mmol) 
was dissolved in dioxane/HO (9:1, 1 mL) and pTSA.H2O 
(0.045 g, 0.237 mmol) was added. The mixture was then 
heated to 55° C. After 3 h, the mixture was cooled to rt, 
poured into EtO, and extracted with EtO (4x15 mL). The 
combined ether solutions were washed with sat NaHCO 
(1x30 mL), brine (1x30 mL), dried over MgSO, filtered, 
and concentrated. Flash column chromatography (hexanes/ 
ethyl acetate, 3:1) gave 0.046 g (71%) of the aldehyde 14C 
as a pale yellow oil. 

EXAMPLE 34 

0213 Macrocycle 15C-(SR): To a solution of aldehyde 
14C (0.021 g, 0.024 mmol) in THF (5 mL) at -78°C. was 
added KHMDS (0.5 M Soln in toluene, 0.145 mL, 0.073 
mmol). The solution was stirred at -78° C. for 1 h, then 
quenched with sat'd NHCl, and extracted with ether (3x15 
mL). The combined organic layers were dried with MgSO, 
filtered, and concentrated. Flash column chromatography 
(hexanes/ethyl acetate, 7:1) gave 0.008 g of the desired 
C-alcohol 15C-(S) and 0.006 g of B-alcohol 15C-(R) (67% 
total) as pale yellow oils. 

EXAMPLE 35 

0214) Macrocycle 15C-(S): To a solution of B-alcohol 
15C-(R) (0.006g, 0.0070 mmol) in 0.5 mL of CH2Cl at rt. 
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was added Dess-Martin periodinane (0.028 g., 0.066 mmol). 
After 0.5 h, an additional portion of Dess-Martin periodi 
nane (0.025 mg, 0.059 mmol) was added. The resulting 
Solution was stirred at rt for additional 1 h, then treated with 
ether (2 mL) and sat'd NaSO/sat'd NaHCO (3 mL, 1:1), 
poured into HO (20 mL), and extracted with ether (4x10 
mL). The combined ether solutions were washed with H2O 
(1x30 mL), brine (1x30 mL), dried with MgSO, filtered, 
and concentrated. To a Solution of crude ketone 15C in 
MeOH/THF (2 mL, 1:1) at -78° C. was added NaBH 
(0.015g, 0.395 mmol). The resulting solution was stirred at 
rt for 1 h, quenched with sat NHCl, and extracted with ether 
(3x15 mL). The organic layers were dried with MgSO, 
filtered, and concentrated. Flash column chromatography 
(hexanes/ethyl acetate, 9:1) gave 0.0040 g (67%) of the 
C.-alcohol 15C-(S) as a pale yellow oil and 0.0006 g of 
f3-alcohol 15C-(R). 

EXAMPLE 36 

0215) Diol 15C": The silyl ether 15C-(S) (0.010 g, 0.012 
mmol) was dissolved in HFpyridine/pyridine/THF (1 mL). 
The solution was stirred at rt. for 2 h, then diluted with EtO 
(1 mL), poured into a mixture of EtO/sat. NaHCO (20 mL, 
1:1), and extracted with EtO text missing or illegible 
when filed(4x10 mL). O solutions were washed with sat 
CuSO, mL), sat NaHCO (1x30 mL), brine (1x30 mL); 
dried with MgSO, filtered, and concentrated. Flash column 
chromatography (hexanes/ethyl acetate, 9:1) gave 0.0066 g 
(93%) of the diol 15C" as a pale yellow oil. 

EXAMPLE 37 

0216) Alcohol 15C": To a solution of diol 15C" (0.0066 
g, 0.011 mmol) in 0.5 mL of CH2Cl at -78 C. was added 
2,6-lutidine (7 ul, 0.060 mmol) and TBSOTf (5 uL, 0.022 
mmol). The resulting solution was stirred at -30°C. for 0.5 
h, then quenched with HO (5 mL), and extracted with EtO 
(4x10 mL). The ether solutions were washed with 0.5 M 
HCl (1x10 mL), sat'd NaHCO, (1x10 mL), dried over 
MgSO, filtered, and concentrated. Flash column chroma 
tography (hexanes/ethyl acetate, 93:7) gave 0.0070 g (89%) 
of the alcohol 15C" as a pale yellow oil. 

EXAMPLE 38 

0217 Ketone 16C. To a solution of alcohol 15C" (0.006 
g, 0.0083 mmol) in 0.5 mL of CHCl at rt. was added 
Dess-Martin periodinane (0.030 g, 0.071 mmol). After 1.25 
h, another portion of Dess-Martin periodinane (0.025 mg, 
0.059 mmol) was added. The resulting solution was stirred 
at rt for additional 0.75 h, treated with ether (1 mL) and sat’d 
NaSO/sat'd NaHCO (2 mL, 1:1), poured into HO (20 
mL), and extracted with ether (4x10 mL). The ether solution 
was washed with sat NaHCO (1x20 mL), dried with 
MgSO, filtered, and concentrated. Flash column chroma 
tography (hexanes/ethyl acetate, 9:1) gave 0.0040 g (67%) 
of the ketone 16C as a pale yellow oil. 

EXAMPLE 39 

0218. Desoxyepothiolone B (2C): To a solution of ketone 
16C (0.004g, 0.0056 mmol) in THF (0.35 mL) was added 
HFpyridine (0.25 mL) dropwise over 20 min. The solution 
was stirred at rt for 1.5h, diluted with CHCl (2 mL), poured 
into sat d NaHCO/CHCl (20 mL, 1:1) slowly, and 
extracted with CHCl (4x10 mL). The combined CHCl 
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layers were dried with MgSO, filtered, and concentrated. 
Flash column chromatography (hexanes/ethyl acetate, 3:1) 
gave 0.0022 g (80%) of the desoxyepothilone B2C as a pale 
yellow oil. 

EXAMPLE 40 

0219 Epothilone B (2): To a solution of desoxye 
pothilone B (0.0022 g, 0.0041 mmol) in CHCl (0.25 mL) 
at -50° C. was added dimethyldioxirane (0.1 mL, 0.0095 
mmol) dropwise. The resulting solution was stirred at -50 
C. for 1 h. The dimethyldioxirane and solvent were removed 
by a stream of N. The residue was purified by flash column 
chromatography (hexanes/ethyl acetate, 1:1) gave 0.0015g 
(70%) of epothiolone B (2) as a pale yellow oil which was 
identical with an authentic sample in H NMR, IR, mass 
Spectrum, and C.D. 

EXAMPLE 41 

0220) 8-Desmethylepothilone A 
0221 Crotylation product: To a stirred mixture of potas 
sium tert-text missing or illegible when filed(1.0 M 
soln in THF, 50.4 mL, 50.4 mmol), THF (14 mL), and 
cis-2-butene (9.0 mL, 101 mmol) at -78° C. was added 
n-BuLi (1.6 M, in hexanes, 31.5 mL, 50.4 mmol). After 
complete addition of n-BuLi, the mixture was stirred at -45 
C. for 10 min and then cooled to -78° C. (+)-B-Methoxy 
diisopinocampheylborane (19.21 g, 60.74 mmol) was then 
added dropwise in EtO (10 mL). After 30 min, BF.EtO 
(7.47 mL, 60.74 mmol) was added followed by aldehyde 4D 
(9.84g, 60.74 mmol) in THF (15 mL) generating a viscous 
Solution which could not be stirred. The mixture was shaken 
Vigorously every 10 minto ensure homogeneity. After 3 hat 
-78° C., the reaction was treated with 3N NaOH (36.6 mL, 
110 mmol) and 30% HO (15 mL) and the solution brought 
to reflux for 1 h. The reaction was poured into EtO (300 
mL) and washed with HO (100 mL), brine (30 mL) and 
dried over anhydrous MgSO. The crude material was 
placed in a bulb-to-bulb distillation apparatus to remove the 
ligand from the desired product. Heating at 80° C. at 2 mm 
Hg removed 90% of the lower boiling ligand. Further 
purification of the alcohol 4-D was achieved by flash chro 
matography on Silica el eluting with Et2O in CH2Cl2 (2%- 
4%) to give pure alcohol 4D as a clear oil. The erythro 
selectivty was >50:1 as judged by H NMR spectroscopy. 
The product was determined to be 87% ee by formation of 
the Mosher ester: IR (film): 3435, 2861, 1454, 1363, 1099 
cm; H NMR (CDC1, 400 MHz) & 7.34 (5H, m), 5.80 
(1H, m), 5.09 (1H, dd, J=1.6, 8.3 Hz), 5.04 (1H, d, J=1.6 
Hz), 4.52 (2H, s), 3.51 (2H, t, J=5.8 Hz), 3.47 (1H, m), 2.27 
(2H, m), 1.73 (3H, m), 1.42(1H, m), 1.04 (3H, d, J=6.9 Hz); 
°C NMR (CDC1, 100 MHz) & 141.1, 138.2, 128.3, 1276, 
1127.5, 115.0, 74.5, 72.9, 70.4, 43.7, 31.3, 26.5, 14.6. 

EXAMPLE 42 

0222 TBS ether 5D: Alcohol 4D (5.00g, 21.4 mmol) was 
dissolved in CHCl (150 mL) and 2,6-lutidine (9.97 mL, 
85.6 mmol) was added. The mixture was cooled to 0°C. and 
TBSOTf (9.83 mL, 42.8 mmol) was slowly added. The 
reaction was then warmed to rt. After 1 h, the reaction was 
poured into EtC (300 mL) and washed once with 1 NHCl 
(50 mL), once with sat NaHCO3 (50 mL), once with brine 
(30 mL) and dried over anhydrous MgSO. Purification by 
flash chromatography on Silica gel eluting with heXanes/ 
diethyl ether (97:3) gave 6.33 g (85%) of pure olefin 5D as 
a clear oil: IR (film): 1472, 1361,1255, 1097,1068 cm; H 
NMR (CDC1,400 MHz) a 7.30 (5H, m), 5.81 (1H, m), 4.97 
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(1H, dd, J=1.4, 4.8 Hz), 4.94 (1H, d, J=1.1 Hz), 3.51 (1H, q, 
J=5.1 Hz), 3.41 (2H, dt, J=2.1, 6.6 Hz), 2.27 (1H, q, J=5.5 
Hz), 1.68 (1 h, m), 1.55 (1H, m), 1.41 (2H, m), 0.93 (3H, d, 
16.9 Hz), 0.85 (9H, s), -0.01 (6H, s); CNMR (CDC1,100 
MHz) & 1412, 138.6, 128.3, 127.6, 1274,113.9, 75.6, 72.7, 
70.6, 42.7, 30.1, 25.9, 25.4, 18.1, 15.1, 4.3, -4.4. 

EXAMPLE 43 

0223) Aldehyde 6D: The olefin 5 (4.00 g, 11.49 mmol) 
was dissolved in 1:1 MeOH/CHCl (100 mL). Pyridine (4.0 
mL) was then added and the mixture cooled to -78 C. 
Ozone was then bubbled through the reaction for 10 minutes 
before the color turned light blue in color. Oxygen was then 
bubbled through the reaction for 10 min. Dimethyl sulfide 
(4.0 mL) was then added and the reaction slowly warmed to 
rt. The reaction was stirred overnight and then the volatiles 
were removed in vacuo. Purification by flash chromatogra 
phy on Silica gel eluting with hexanes/ethyl acetate (9:1) 
gave 3.31 g (82%) of the aldehyde 6D as a clear oil: IR 
(film): 2856, 1727, 1475, 1361, 1253, 1102 cm; H NMR 
(CDC1, 400 MHz) & 9.76 (1H, s), 7.33 (5H, m), 4.50 (2H, 
s), 4.11 (1H, m), 3.47 (2H, m), 2.46 (1H, m), 1.50-1.70 (4H, 
band), 1.05 (3H, d, J=7.0Hz), 0.86 (9H,s), 0.06(3H,s), 0.03 
(3H, s); C NMR (CDC1, 100 MHz) & 204.8, 138.3, 128.2, 
127.4, 127.3, 72.7, 71.7, 69.9, 51.1, 31.1, 25.9, 25.6, 17.8, 
7.5, -4.4, -4.8. 

EXAMPLE 44 

0224 Dianion addition product 7D: The tert-butyl isobu 
tyrylacetate (0.653 g, 3.51 mmol) was added to a suspension 
of NaH (60% in mineral oil, 0.188 g, 4.69 mmol) in THF (50 
mL) at rt. After 10 min, the mixture was cooled to 0°C. After 
an additional 10 min, n-Bulli (1.6 M in hexanes, 2.20 mL, 
3.52 mmol) was slowly added. After 30 min, the aldehyde 
6D (1.03 g, 2.93 mmol) was added neat. After 10 min, the 
reaction was quenched with HO (10 mL) and extracted with 
EtO (2x75 mL). The combined organics were washed once 
with brine (30 mL) and dried over anhydrous MgSO. The 
crude reaction mixture contained a 15:1 ratio of diastere 
omers at C5. Purification by flash chromatography on silica 
gel eluting with hexanes/ethyl acetate (9:1-7:1) gave 0.723 
g (47%) of the desired alcohol 7D as a clear oil: IR (film): 
3531, 2953, 1739, 1702, 1367, 1255, 1153 cm; H NMR 
(CDC1, 400 MHz) & 7.33 (5H, m), 4.49 (2H, 5), 3.75 (1H, 
d, J=2.6 Hz), 3.71 (1H, m), 3.62 (1H, d, J=16.0 Hz), 3.53 
(1H, d, J=16.0 Hz), 3.44 (2H, t, J=5.1 Hz), 2.70 (1H, d, J=2.6 
Hz), 1.83 (1H, m), 1.55 (4H, m), 1.46 (9H, s), 1.17 (3H, s), 
1.11 (3H, s), 0.89 (9H, s), 0.82 (3H, d, 7.0 Hz), 0.09 (6H, s); 
'CNMR (CODC1,100 MHz) & 208.9,167.3, 138.4,128.3, 
127.6, 127.5, 81.3, 79.5, 78.7, 72.8, 70.1, 52.4, 47.6, 35.8, 
30.6, 28.2, 25.9, 25.8, 22.6, 20.5, 17.9, 7.05, -4.0, -4.5. 

EXAMPLE 45 

0225. Directed reduction: To a solution of tetramethy 
lammonium triacetoxyborohydride (1.54 g, 5.88 mmol) in 
acetonitrile (4.0 mL) was added anhydrous AcOH (4.0 mL). 
The mixture was stirred at rt for 30 min before cooling to 
-10° C. A solution of the ester 7D (0.200 g, 0.39 mmol) in 
acetonitrile (1.0 mL) was added to the reaction and it was 
stirred at -10° C. for 20 h. The reaction was quenched with 
1N sodium-potassium tartrate (10 mL) and stirred at rt for 10 
min. The solution was then poured into sat NaHCO (25 mL) 
and neutralized by the addition of Solid NaCO. The 
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mixture was then extracted with EtOAc (3x30 mL) and the 
organics were washed with brine (20 mL) and dried over 
any drous MgSO. Purification by flash chromatograpihy on 
Silica gel eluting with hexanes/ethyl acetate (4.1) gave 0.100 
g (50%) of the diol as 10:1 ratio of diastereomeric alcohols. 

EXAMPLE 46 

0226 Monoprotection of the diol: The diol (1.76 g, 3.31 
mmol) was dissolved in CHCl (100 mL) and cooled to 0° 
C. 2.6-lutidine (12.2 mL, 9.92 mmol) was added followed by 
TBSOTf (1.14 mL, 4.96 mmol) and the reaction slowly 
warmed to rt After 1 h, the reaction was poured into EtO 
(300 mL) and washed once with 1N HCl (50 mL), once with 
sat NaHCO (50 mL), once with brine (30 mL) and dried 
over anhydrous MgSO. Purification by flash chromatogra 
phy on Silica gel eluting with hexanes/ethyl acetate (20:1- 
15:1) gave 2.03 g (95%) of the alcohol 8D as a clear oil, 
which was used as a mixture of diastereomers. 

EXAMPLE 47 

0227 C5 Ketone formation: The alcohol 8D (2.03 g, 3.14 
mmol) was dissolved in CHCl (50 mL) and Dess-Martin 
periodinane (2.66 g., 6.28 mmol) was added. After 2 h, a 1:1 
mixture of sat'd NaHCO/sat NaSO (20 mL) was added. 
After 10 min, the mixture was poured into EtO (300 mL) 
and the organic layer was washed with brine (30 mL) and 
dried over anhydrous MgSO. Purification by flash chroma 
tography on Silica gel eluting with hexanes/ethyl acetate 
(15:1) gave 1.85 g (91%) of the ketone (benzyl ether) as a 
clear oil, which was used as a mixture of diastereomers. 

EXAMPLE 48 

0228 Debenzylation: The ketone (benzyl ether) (1.85g, 
2.87 mmol) was dissolved in EtOH (50 mL), and Pd(OH) 
(0.5 g) was added. The mixture was then stirred under an 
atmosphere of H2. After 3 h, the reaction was purged with N 
and then filtered through a pad of celite rinsing with CHCl 
(100 mL). Purification by flash chromatography on silica gel 
eluting with ethyl acetate in hexanes (12%-15%) gave 1.43 
g(90%) of the diastereomeric alcohols as a clear oil. The C3 
diastereomers were separated by flash chromatography on 
TLC-grade SiO2 eluting with ethyl acetate in hexanes 
(15%): 
0229) Alpha isomer: IR (film): 3447, 1732, 1695, 1254, 
1156 cm; H NMR (CDC1, 400 MHz) & 4.24 (1H, dd, 
J=3.6, 5.8 Hz), 3.83 (1H, m), 3.53 (1H, m), 3.06 (1H, t, J=7.1 
Hz), 2.36 (1H, dd, J=3.6, 17.2 Hz), 2.12 (1H, dd, J=3.9, 17.2 
Hz), 1.68 (1H, t, J=5.4 Hz), 1.54 (2H, m), 1.41 (1H, m), 1.37 
(9H, s), 1.31 (1H, m), 1.16 (3H, s), 1.02 (3H, s), 0.99 (3H, 
d, 16.8 Hz), 0.84 (9H, s), 0.81 (9H, s), 0.05 (3H, s), 0.01 (6H, 
s), -0.01 (3H, s); C NMR (CDC1, 100 MHz) & 217.7, 
171.3, 80.57, 73.5, 73.1, 63.0, 53.4, 26.8, 41.2, 32.1, 28.1, 
28.0, 26.0, 25.9, 23.1, 19.8, 18.1 (overlapping), 15.3, -4.0, 
4.3 (overlapping), -4.8. 
0230. Beta isomer: IR (film): 3442, 2857, 1732, 1700, 
1472, 1368, 1255 cm; H NMR (CDC1,400 MHz) & 4.45 
(1H, t, J=5.3 Hz), 3.86 (1H, m), 3.52 (2H, q, 1-5.9 Hz), 3.01 
(1H, m), 2.28 (1H, dd, 1-4.3, 17.1 Hz), 2.16 (1H, dd, 1-5.5, 
17.1 Hz), 1.67 (1H, t, J=5.6 Hz), 1.56 (2H, m), 1.44 (1H, m), 
1.37 (9H, s), 1.34 (1H, m, 1.13 (3H, s), 0.97 (3H, d, J=7.4 
Hz), 0.96 (3H, s), 0.83 (9H, s), 0.79 (9H, s), 0.01 (3H, s), 
0.00 (6H, s), -0.07 (3H, s); C NMR (CDC1, 100 MHz) & 
217.1, 171.2, 80.6, 73.5, 72.1, 62.9, 63.9, 46.4, 41.2, 32.0, 
28.1, 28.0, 26.0, 25.9, 21.5, 19.5, 18.2, 18.1, 15.8, 4.0, -4.3, 
-4.4, 4.7. 
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EXAMPLE 49 

0231) Aldehyde formation: DMSO (0.177 mL, 2.50 
mmol) was added to a mixture of oxalyl chloride (0.11 mL, 
1.25 mmol) in CHCl (15 mL) at -78°C. After 10 min, the 
alcohol (0.531 g, 0.96 mmol) was added in CHCl (4 mL). 
After 20 min, TEA (0.697 mL, 5.00 mmol) was added to the 
reaction followed by warming to rt. The reaction was then 
poured into HO (50 mL) and extracted with EtO (3x50 
mL). The organics were washed once with HO (30 mL), 
once with brine (30 mL) and dried over anhydrous MgSO. 
The aldehyde was used in crude form. 

EXAMPLE 50 

0232. Wittig olefination to give 9D: NaHMDS (1.0 M 
Soln in THF, 1.54 mL, 1.54 mmol) was added to a suspen 
sion of methyl triphenylphosphonium bromide (0.690 g, 
1.92 mmol) in THF (20 mL) at 0° C. After 1 h, the crude 
aldhyde (0.96 mmol) was added in THF (5 mL). After 15 
min at 0° C., H2O (0.1 mL) was added and the reaction 
poured into hexanes (50 mL). This was filtered through a 
plug of silica gel eluting with hexanes/EtO (9:1, 150 mL). 
The crude olefin 9D was further purified by flash chroma 
tography on Silica gel eluting with ethyl acetate in hexanes 
(5%) to give 0.437 g (83% for two steps) of the olefin 9D as 
a clear oil: IR (film): 2857, 1732, 1695, 1472, 1368, 1255, 
1156 cm; H NMR (CDC1, 400 MHz) a 5.72 (1H, m), 
4.91 (2H, m), 4.25 (1H, dd, J=3.9, 5.4 Hz), 3.81 (1H, m), 
3.05 (1H, m), 2.38 (1H, dd, J=7.9, 17.2 Hz), 2.12 (1H, dd, 
J=6.6, 17.2 Hz), 2.04 (2H, q, J=7.5 Hz), 1.47 (1H, m), 1.39 
(9H, s), 1.34 (1H, m), 1.20 (3H, s), 1.00 (3H, s), 3.00 (3H, 
d, J=6.7 Hz), 0.85 (9H, s), 0.83 (9H, s), 0.07 (3H, s), 0.00 
(6H,s), -0.05 (3H, s); CNMR (CDC1,100 MHz) & 217.5, 
172.1, 137.9, 114.0, 80.4, 74.0, 73.0, 53.0, 46.9, 41.3, 35.1, 
29.0, 28.1, 26.0, 25.9, 22.8, 20.2, 18.2 (overlapping), 14.9, 
4.1, -4.2, -4.3, 4.8. 

EXAMPLE 51 

0233 TBS ester 10D: The olefin 9D (0.420 g, 0.76 mmol) 
was dissolved in CHCl (15 mL) and treated successively 
with 2.6-lutidine (1.33 mL, 11.4 mmol) and TBSOTf (1.32 
mL, 5.73 mmol). After 7 h, the reaction was poured into 
EtO (100 mL) and washed successively with 0.2N HCl (25 
mL), brine (20 mL) and dried over anhydrous MgSO. The 
residue was purified by flash chromatography on a short pad 
of Silica gel with fast elution with hexanes/ethyl acetate 
(20:1) to give the TBS ester 10D as a clear oil. The 
purification must be done quickly to avoid hydrolysis of the 
silyl ester: IR (film): 2930, 1721, 1695, 1472, 1254, 1091 
cm; H NMR (CDC1, 400 MHz) & 5.73 (1H, m), 4.91 
(2H, m), 4.25 (1H, dd, J=3.8, 5.4 Hz)3.80 (1H, q, J=6.8 Hz), 
3.06 (1H, m), 2.50 (1H, dd, J=3.7, 17.3 Hz), 2.19 (1H, dd, 
5.7, 17.3 Hz), 2.04 (2H, dd, J=7.6, 15.3 Hz), 1.49 (1H, m), 
1.30 (1H, m), 1.21 (3H, s), 1.00 (3H, d, J=6.8 Hz), 0.88 (9H, 
s), 0.85 (9H, s), 0.83 (9H, s), 0.22 (3H, s), 0.22 (3H, s), 0.21 
(3H, s), 0.06 (3H, s), 0.01 (6H, s), -0.05 (3H, s); C NMR 
(CDC1, 100 MHz) & 217.3, 1723, 138.5, 114.4, 74.5, 73.0, 
53.2, 46.9, 41.8, 35.1, 29.0, 26.0, 25.7, 25.5, 22.8, 20.4, 18.2, 
18.1, 17.5, 14.9, -2.9, -4.0, -4.2, -4.3, -4.8, -4.9. 

EXAMPLE 52 

0234 Suzuki coupling: The acetate acid 13D was purified 
by flash chromatography on Silica gel eluting with hexaneS/ 
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ethyl acetate (7:1-4:1). This was further purified by prepara 
tive-TLC eluting with hexanes/ethyl acetate (2:1) to remove 
unreacted vinyl iodide 12D from the acetate acid 13D. 
Isolated yield of the acid was 0.297 g (62% based on 90% 
purity with borane residues). 

EXAMPLE 53 

0235 Hydrolysis of acetate acid 13D: The acetate 13D 
(0.220g, 0.297 mmol) was dissolved in MeOH/HO (2:1, 15 
mL) and KCO (0.300 g) was added. After 3 h, the reaction 
was diluted with sat NHCl (20 mL) and extracted with 
CHCl (5x20 mL). The hydroxy-acid 14D was purified by 
flash chromatography on Silica gel eluting with heXanes/ 
ethyl acetate (4:1-2: 1) to give 0.146 g (70110) of the pure 
hydroxy acid 14D. IR (film): 35102400, 1712, 1694, 1471, 
1254, 1093 cm; H NMR (CDC1,400 MHz) & 6.96 (1H, 
s), 6.66 (1H, s), 5.55 (1H, m), 5.38 (1H, m), 4.38 (1H, dd, 
J=3.4, 6.1 Hz), 4.19 (1H, t, J=7.5 Hz), 3.84 (1H, m), 3.05 
(1H, t, J=7.0 Hz), 2.72 (3H, 5), 2.49 (1H, dd, =3.2, 16.4 Hz), 
2.42 (2H, m), 2.33 (1H, dd, J=6.2, 16.4 Hz), 2.07 (2H, m), 
2.02 (3H, s), 1.33 (4H, m), 1.19 (3H, s), 1.14 (3H, s), 1.06 
(3H, d, J=6.7 Hz), 0.89 (9H, s), 0.88 (9H, s), 0.11 (3H, s), 
0.07 (3H, s), 0.04 (6H, s); C NMR (CDC1, 100 MHz) & 
217.8, 176.6, 1649, 152.5, 141.7, 132.9, 125.0, 119.0, 
115.3, 73.5, 73.3, 53.4, 47.0, 40.1, 35.8, 33.2, 29.8, 27.4, 
26.0, 25.9, 24.5, 19.0, 18.1, 15.2, 14.3, -4.0, -4.2, -4.2, 
-4.7. 

EXAMPLE 54 

0236 Macrolactonization: DCC (0.150 g, 0.725 mmol), 
4-DMAP (0.078 g., 0.64 mmol) and 4-DMAP.HCl (0.110 g, 
0.696 mmol) were dissolved in CHCl (80 mL) at 80°C. To 
this refluxing Solution was added by Syringe pump the 
hydroxy acid 14D (0.020 g, 0.029 mmol) and DMAP (0.010 
g) in CHCl (10 mL) over 20 h. The syringe needle was 
placed at the base of the condensor to ensure proper addi 
tion. After 20 h, the reaction was cooled to 50 C. and AcOH 
(0.046 mL, 0.812 mmol) was added. After 2 h, the reaction 
was cooled to rt and washed with sat NaHCO (30 mL), 
brine (30 mL) and dried over anhydrous NaSO. The 
lactone 15D was purified by flash chromatography on Silica 
gel eluting with hexanes/ethyl acetate (20:1-15:1) to give 
0.014 g (75%): IR (film): 2929, 1741, 1696, 1254, 1097cm; 
H NMR (CDC1, 400 MHz) & 6.95 (1H, s), 6.55 (1H, s), 
5.48 (1H, m), 5.37 (1H, m), 5.16 (1H, d. 19.8 Hz), 4.17 (1H, 
d, J=8.3 Hz), 4.07 (1H, t, J=7.2 Hz), 3.02 (1H, t, J=7.2 Hz), 
2.77 (1H, m), 2.70 (3H, s), 2.64 (2H, m), 2.29 (1H, m), 2.15 
(1H, m), 2.12 (3H, s), 1.92 (1H, m), 1.71 (1H, m), 1.44 (2H, 
m), 1.26 (1H, m), 1.17 (3H, s), 1.12 (3H, s), 1.11 (3H, d, 
J-70 Hz), 0.91 (9H, s), 0.85 (9H, s), 0.09 (3H, s), 0.06 (6H, 
s), -0.04 (3H, s); C NMR (CDC1, 100 MHz) a 215.2, 
1719, 164.5, 152.5, 138.0, 133.5, 123.8, 120.0, 116.7, 79.4, 
76.2, 72.5, 53.5, 47.4, 39.9, 34.5, 31.9, 31.5, 30.2, 27.7, 26.1, 
25.9, 24.1, 23.8, 23.1, 22.6, 19.2, 18.5, 18.2, 16.3, 14.9, 14.1, 
-3.7, 4.2, -4.7, -5.2. 

EXAMPLE 55 

0237 DeSmethyldesoxyepothilone A (16D): To the lac 
tone 15D (0.038g, 0.056 mmol) in THF (2.0 mL) was added 
HFpyridine (1.0 mL). After 2 h, the reaction was poured into 
sat NaHCO (30 mL) and extracted with CHCl (5x20 mL). 
The organics were dried over Na-SO. The crude diol 16D 
was purified by flash chromatography on Silica gel eluting 
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with hexanes/ethyl acetate (3:1-2:1) to give 0.023 g (89%): 
IR (film): 3501, 2933, 1734, 1684, 1290, 1248, 1045 cm; 
"H NMR (CDC1, 400 MHz) & 6.95 (1H, s), 6.59 (1H, s), 
5.40 (2H, m), 5.23 (1H, dd, J=1.4, 9.5 Hz), 4.38 (1H, bd, 
J=11.1 Hz), 3.78 (1H, t, J=6.9 Hz), 3.59 (1H, bs), 3.47 (1H, 
s), 2.99 (1H, q, J=7.0 Hz), 2.68 (3H, s), 2.66 (1H, m), 2.46 
(1H, dd, J-11.4, 14.4 Hz), 2.26 (1H, dd, J=2.2, 14.4 Hz), 
2.22 (1H, m), 2.06 (3H, s), 1.96 (1H, m), 1.49 (3H, m), 1.35 
(3H, m), 1.30 (3H, s), 1.15 (3H, d, J=6.9 Hz), 1.06 (3H, s); 
'C NMR (CDC1, 100 MHz) 8 221.5, 170.3, 165. 1, 151.8, 
139.1, 132.8, 125.2, 119.1, 115.5, 78.4, 72.5, 70.8, 53.8, 
42.7, 39.6, 32.3, 31.8, 28.3, 26.8, 24.8, 23.1, 19.0, 17.2, 16.0, 
11.1. 

EXAMPLE 56 

0238 Epoxide formation: Diol 16D (0.008 g., 0.017 
mmol) was dissolved in CHCl (1.0 mL) and cooled to -60 
C. Dimethyldioxirane (0.06 M, 0.570 mL, 0.0034 mmol) 
was then slowly added. The reaction temperature was slowly 
warmed to -25 C. After 2 h at -25 C., the volatiles were 
removed from the reaction at -25 C. under vacuum. The 
resulting residue was purified by flash chromatography on 
silica gel eluting with MeOH in CHCl (1%-2%) to give a 
1.6:1 mixture of cis-epoxides 3D and the diastereomeric 
cis-epoxide (0.0058 g, 74%). The diastereomeric epoxides 
were Separated by preparative-TLC eluting with hexaneS/ 
ethyl acetate (1:1) after 3 elutions to give pure diastere 
OCS 

0239 Beta epoxide 3D: IR (film): 3458, 2928, 1737, 
1685, 1456,1261,1150,1043, 1014 cm; H NMR (CDC1, 
500 MHz) & 7.01 (1H, s), 6.56 (1H, s), 5.35 (1H, dd, J-2.3, 
9.6 Hz), 4.30 (1H, dd, J=3.0, 5.7 Hz), 3.85 (1H, m), 3.81 
(1H, d, J=5.7 Hz), 3.42 (1H, d, J=2.0 Hz), 3.03 (1H, q, J=6.8 
Hz), 2.97 (1H, m), 2.88 (1H, m), 2.67 (3H, s), 2.46 (1H, dd, 
J=9.0, 14.5 Hz), 2.33 (1H, dd, J=2.6, 14.5 Hz), 2.13 (1H, dt, 
J=3.0, 15.0 Hz), 2.08 (3H, s), 1.82 (1H, m), 1.52 (6H, m), 
1.41 (1H, m), 1.33 (3H, s), 1.21 (4H, m), 1.12 (3H, d, J=7.0 
Hz), 1.06 (3H, s); C NMR (CDC1, 125 MHz) & 221.9, 
170.6, 165.6, 152.2, 138.3, 120.2, 116.6, 77.3, 73.4, 69.9, 
57.7,55.3, 43.7, 39.7, 32.6, 32.0, 29.8, 27.2, 25.7, 24.7, 22.5, 
19.2, 19.0, 15.6, 15.6, 11.5; 
0240 Alpha epoxide: IR (film): 3439, 2918, 1735, 1684, 
1455, 1262,1048, 1014 cm; H NMR (CDC1,500 MHz) 
& 7.02(1H, s), 6.56 (1H, s), 5.62 (1H, d, J=8.1 Hz), 4.33 (1H, 
dd, J=2.7, 11.0 Hz), 3.85 (1H, t, J=5.9 Hz), 3.27(1H, d, =5.3 
Hz), 3.11 (1H, m), 3.07 (1H, d, J=7.0 Hz), 3.04 (1H, s), 2.87 
(1H, m), 2.68 (3H, s), 2.46 (1H, dd, J=11.1, 14.1 Hz), 2.35 
(1H, dd, J=2.3, 14.1 Hz), 2.11 (3H, s), 2.06 (1H, ddd, J=1.9, 
4.5, 15.1 Hz), 1.87 (1H, m), 1.52 (6H, m), 1.38 (2H, m), 1.29 
(3H, s), 1.08 (3H, d, J=6.9 Hz), 1.03 (3H, s); C NMR 
(CDC1, 125 MHz) & 222.1, 1702, 165.3, 1525, 1376, 
119.7, 116.7, 76.7, 72.9, 70.6, 57.1, 55.1, 44.7, 40.0, 32.1, 
31.4, 30.0, 26.6, 25.5, 24.7, 21.3, 19.3, 18.7, 15.7, 11.5. 

EXAMPLE 57 

0241 Experimental Data for C-12 Hydroxy Epothilone 
Analogs 
0242 Propyl hydroxy compound 43: "H NMR (CDC1, 
400 MHz) d 6.96 (1H, s), 6.59 (1H, s), 5.16-5.23 (2H, band), 
4.28 (1H, m), 3.72 (1H, m), 3.63 (2H, t, J=6.3 Hz), 3.17 (1H, 
dq, J=2.2, 0.5 Hz), 3.02 (1H, s), 2.70 (3H, s), 2.65 (2H, m), 
2.46 (1H, dd, J=10.9, 14.6 Hz), 2.29 (2H, m), 1.98-2.09 (6H, 
































