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SYNTHESIS OF EPOTHILONES, 
INTERMEDIATES THERETO, ANALOGUES 

AND USES THEREOF 

Matter enclosed in heavy brackets appears in the 
original patent but forms no part of this reissue specifica 
tion; matter printed in italics indicates the additions 
made by reissue. 

This application is a continuation application filed under 
37 C.F.R. S1.53(b) of application Ser. No. 08/986,025, filed 
Dec. 3, 1997 now U.S. Pat. No. 6,242,469, the entire con 
tents of which are hereby incorporated by reference, which 
is based on U.S. Provisional Application 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. 

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. 
Additionally, the present invention was Supported in part by 
a fellowship from the United States Army to Dongfang 
Meng (DAMD 17-97-1-7146), and thus the government has 
certain rights in the invention. 

FIELD OF THE INVENTION 

The present invention is in the field of epothilone mac 
rolides. In particular, the present invention relates to pro 
cesses for the preparation of epothilones A and B, desoxye 
pothilones A and B, and analogues thereof which are useful 
as highly specific, non-toxic anticancer therapeutics. In 
addition, the invention provides methods of inhibiting multi 
drug resistant cells. The present invention also provides 
novel compositions of matter which serve as intermediates 
for preparing the epothilones. 

Throughout this application, various publications are 
referred to, each of which is hereby incorporated by refer 
ence in its entirety into this application to more fully 
describe the state of the art to which the invention pertains. 

BACKGROUND OF THE INVENTION 

Epothilones A and B are highly active anticancer com 
pounds isolated from the Myxobacteria of the genus Sor 
angium. The full structures of these compounds, arising 
from an X-ray crystallographic analysis were determined by 
Höfle. G. Hofleet al., Angew. Chem. Int. Ed. Engl., 1996, 
35, 1567. The total synthesis of the epothilones is an impor 
tant 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. 
Georg et 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 stabili 
zation of microtubule assemblies. P. B. Schiff et al., Nature 
(London), 1979, 277, 665. A series of complementary in 
vitro investigations 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. Bollaget al., 
Cancer Res., 1995, 55, 2325. Moreover, the epothilones sur 
pass taxol in terms of cytotoxicity and far Surpass it in terms 
of in vitro efficacy against drug resistant cells. Since mul 
tiple drug resistance (MDR) is one of the serious limitations 
of taxol (L. M. Landino and T. L. MacDonald in The Chem 
istry 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. 

Accordingly, the present inventors undertook the total 
synthesis of the epothilones, and as a result, have developed 
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2 
efficient processes for synthesizing epothilones A and B, the 
corresponding desoxyepothilones, as well as analogues 
thereof. The present invention also provides novel interme 
diates useful in the synthesis of epothilones A and B and 
analogues thereof, compositions derived from such 
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 concen 
trations. 

Remarkably, the desoxyepothilones of the invention have 
exceptionally high specificity as tumor cytotoxic 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 

One object of the present invention is to provide processes 
for the preparation of epothilones A and B, and desoxye 
pothilones A and B, and related compounds useful as anti 
cancer therapeutics. Another object of the present invention 
is to provide various compounds useful as intermediates in 
the preparation of epothilones A and B as well as analogues 
thereof. 
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 compositions 
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. 
A further object of the invention is to provide methods of 

treating Subjects suffering from cancer using any of the ana 
logues of the epothilones available through the preparative 
methods of the invention optionally in combination with 
pharmaceutical carriers. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1(A) shows a retrosynthetic analysis for epothilone 
A and B. 

FIG. 1 (B) provides synthesis of compound 11. (a) 
t-BuMeOTf 2.6-lutidine, CHCl, 98%; (b) (1) DDQ, 
CHC1/HO, 89%; (2) (COCl), DMSO, CHC1, -78° C.: 
then EtN, -78°C.->rt, 90%; (c) MeOCHPPhC1, t-BuOK, 
THF, 0°C.->rt, 86%; (d) (1) p-TsOH, dioxane/HO, 50° C., 
99%; (2) CHPPh.Br. NaHMDS, PhCH, 0° C.->rt, 76%; 
(e) Phl(OCOCF.), MeOH/THF, rt, 0.25h, 92%. 

FIG. 2 provides key intermediates in the preparation of 
12,13-E- and -Z-deoxyepothilones. 
FIGS. 3(A) and 3(B) provide syntheses of key iodinated 

intermediates used to prepare hydroxymethylene- and 
hydroxypropylene-substituted epothilone derivatives. 

FIGS. 3(C) and 3(D) provide 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. 

FIGS. 3(E) and 3(F) show reactions leading to benzoy 
lated hydroxymethyl-substituted desoxyepothilone and 
hydroxymethylene-substituted epothilone (epoxide). 
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FIG. 4(A) provides synthesis of compound 19. (a) DHP. 
PPTS, CHCHCl, rt: (b) (1) MeSiCCLi, BF.OEt, THF, 
-78° C.; (2) MOMC1, I-PrNEt, Cl(CH)C1, 55° C.; (3) 
PPTS, MeOH, rt; (c) (1) (COCl), DMSO, CHC1, -78° C.; 
then EtN, -78° C.->rt; (2) MeMgBr, EtO, 0° C.->rt, (3) 
TRAP. NMO, 4 A mol. sieves, CHC1, 0° C.->rt,; (d) 16, 
n-BuLi, THF, -78° C.; then 15, THF, -78° C.-ert; (e) (1) 
N-iodosuccinimide, AgNO, (CH),CO; (2) Cy BH, EtO, 
AcOH: (f) (1) PhSH, BFOEt, CHC1, rt; (2) AcO, 
pyridine, 4-DMAP. CHCl, rt. 

FIG. 4(B) presents synthesis of compound 1. (a) 11, 
9-BBN, THF, rt; then PdCl(dppf), CsCO, Ph. As, 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, CHCl, 
–25° C., 93%; (3) Dess-Martin periodinane, CHC1, 87%; 
(4) HF-pyridine, THF, rt, 99%; (e) dimethyidioxirane, 
CHC1, 0.5 h, -50° C., 45% (220: 1). 

FIG. 5 shows a scheme of the synthesis of the “left wing 
of epothilone A. 

FIGS. 6(A) and 6(B) provide a scheme of an olefin met 
athesis route to epothilone A and other analogues. 

FIG. 7 illustrates a convergent strategy for a total synthe 
sis of epothilone A (1) and the glycal cyclopropane Solvoly 
sis strategy for the introduction of geminal methyl groups. 

FIG. 8 provides an enantioselective synthesis of com 
pound 15B. 

FIG. 9 shows the construction of epothilone model sys 
tems 20B, 21B, and 22B by ring-closing olefin metathesis. 

FIG. 10 illustrates a sedimentation test for natural, syn 
thetic and desoxyepothilone A. 

FIG. 11 illustrates a sedimentation test for natural, syn 
thetic and desoxyepothilone A after cold treatment at 4°C. 

FIG. 12 illustrates (A) structures of epothilones A (1) and 
B (2) and (B) of TaxolTM (1A). 

FIG. 13 shows a method of elaborating acyclic stere 
ochemical relationships based on ghydropyrone matrices. 

FIGS. 14(A) and 14(B) show the preparation of interme 
diate 4A. 

FIG. 15 shows an alternative enantioselective synthesis of 
compound 17A. 

FIG. 16 provides a synthetic pathway to intermediate 
13C. (a) 1. tributyl allyltin, (S)-(–)-BINOL, Ti(Oi-Pr). 
CHC1, -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, Ph. As, H2O, DMF, rt. 
770%. 

FIG. 17 provides a synthetic pathway to intermediate 
epothilone B (2). (a) p-TsOH, dioxane/HO, 55° C. 71%; 
(b) KHMDS, THF, -78° C., 67%, o/B: 1.5:1; (c) Dess 
Martin periodinane, CH,Cl; (d) NaBH MeCH, 67% for 
two steps; (e) 1. HF-pyridine, pyridine, THF, rt, 93%; 2. 
TBSOTf 2.6-lutidine, CHC1, -30° C., 89%; 3. Dess 
Martin periodinane, CHCl2, 67%: (f) HF-pyridine, THF, rt, 
80%; (g) dimethyldioxirane, CHCl, -50° C., 70%. 

FIGS. 18(A) and 18(B) provide a synthetic pathway to a 
protected intermediate for 8-desmethyl deoxyepothilone A. 

FIGS. 19(A), 19(B), and 19(C) provide a synthetic path 
way to 8-desmethyl deoxyepothilone A and a transiodoolefin 
intermediate thereto. 

FIG. 200A) shows structures of epothilones A and B and 
8-desmethylepothilone and FIG. 200B) shows a synthetic 
pathway to intermediate TBS ester 10 used in the prepara 
tion of desmethylepothilone A. (a) (Z)-Crotyl-B(-)-1 pc, 
-78° C., EtO, then 3 N NaOH, 30% H.O.; (b) TBSOTf, 
2.6-lutidine, CHCl (74% for two steps, 87% ee); (c) O. 
CHC1/MeOH, -78° C., then DMS, (82%); (d) t-butyl 
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4 
isobutyrylacetate, NaH, BuLi, 0°C., then 6 (60%, 10:1); (e) 
Me NBH(OAc), -10° C. (50%, 10:1 C/B) or NaBH, 
MeOH, THF, 0° C. (88%, 1:1 C/B); (f) TBSOTf, 2,6- 
lutidine, -40° C. (88%); (g) Dess-Martin periodinane, 
(90%): (h) Pd(OH), H EtOH (96%); (1) DMSO, oxalyl 
chloride; CHCl, -78°C. (78%); (O) Methyl triphenylphos 
phonium bromide, NaHMDS, THF, 0° C. (85%); (k) 
TBSOTf 2.6-lutidine, CHCl, rt (87%). 
FIG. 21 shows a synthetic pathway to 

8-desmethyiepothilone A. (a) Pd(dppf)Cl. PhAs, CSCO, 
HO, DMF, rt (62%); (b) KCO, MeOH, HO (78%); (c) 
DCC, 4-DMAP 4-DMAPHC1, CHC1 (78%); (d) HFpyr, 
THF, rt (82%), (e) 3.3-dimethyl dioxirane, CHC1, -35°C. 
(72%, 1.5:1). 

FIGS. 22(A), 22(B) and 22(C) show a synthetic pathway 
to prepare epothilone analogue 27D. 

FIGS. 23(A), 23(B) and 23(C) show a synthetic pathway 
to prepare epothilone analogue 24D. 

FIGS. 24(A) and 24(B) show a synthetic pathway to pre 
pare epothilone analogue 19D. 

FIGS. 25(A), 25(B), 25(C) and 25(D) show a synthetic 
pathway to prepare epothilone analogue 20D. 

FIGS. 26(A), 26(B), 26(C) and 26(D) show a synthetic 
pathway to prepare epothilone analogue 22D. 

FIGS. 27(A), 27(B) and 27(C) show a synthetic pathway 
to prepare epothilone analogue 12-hydroxyethyl epothilone. 

FIGS. 28(A) and 28(B) show the activity of epothilone 
analogues in a sedimentation test in comparison with 
DMSO, epothilone A and/or B. Structures 17–20, 22, and 
24-27 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 epothi lone A 
was defined as 100%. 

FIG. 29 shows a high resolution "H NMR spectrum of 
epothilone analogue #17. 

FIG. 30 shows a high resolution 
epothilone analogue #18. 

FIG. 31 shows a high resolution 
epothilone analogue #19. 

FIG. 32 shows a high resolution 
epothilone analogue #20. 

FIG. 33 shows a high resolution 
epothilone analogue #22. 

FIG. 34 shows a high resolution 
epothilone analogue #24. 

FIG. 35 shows a high resolution 
epothilone analogue #25. 

FIG. 36 shows a high resolution 
epothilone analogue #26. 

FIG. 37 shows a high resolution "H NMR spectrum of 
epothilone analogue #27. 

FIG. 38 provides a graphical representation of the effect 
of fractional combinations of cytotoxic agents. 

FIGS. 39(A) and 39(B) show epothilone A and epothilone 
analogues #1-7. Potencies against human leukemia CCRF 
CEM (sensitive) and CCRF-CEM/VBL MDR (resistant) 
Sublines are shown in round and square brackets, respec 
tively. 

FIGS. 40(A) and 40(B) show epothilone B and epothilone 
analogues #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. 

FIGS. 41(A) and 41 (B) show 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. 

"H NMR spectrum of 

H NMR spectrum of 

"H NMR spectrum of 

H NMR spectrum of 

"H NMR spectrum of 

H NMR spectrum of 

"H NMR spectrum of 
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FIGS. 42(A) and 42(B) show epothilone analogues 
#26-34. Potencies against human leukemia CCRF 
CEM (sensitive) and CCRF-CEMIVBL MDR 
(resistant) Sublines are shown in round and square 
brackets, respectively. 

FIGS. 42(C) and 42(D) show epothilone analogues 
#35–46. Potencies against human leukemia CCRF-CEM 
(sensitive) and CCRF-CEMNVBL MDR (resistant) sublines 
are shown in round and square brackets, respectively. 

FIGS. 42(E) shows epothilone analogues #47–49. 
FIG. 43(A) shows antitumor activity of desoxyepothilone 

B against MDR MCF-7/Adr xenograft in comparison 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. 

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. 

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/kgQDx8; 0 of 8 died); desox 
yepothilone B (O; 20 mg/kg QDX6; 0 of 8 died). Injections 
were started on day 1. 

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 (A); epothilone B (o: 
0.4 mg/kg QDX6; 1 of 8 died of toxicity); epothilone B (O; 
0.8 mg/kg QDX5; 5 of 8 died). Injections were started on day 
1. 

FIG. 45(A) shows comparative therapeutic effect of des 
oxyepothilone 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 (D: 5 mglkg, one half of LDs); 
desoxyepothilone B (A; 25 mg/kg, nontoxic dose). 

FIG. 45(B) shows comparative therapeutic effect of des 
oxyepothilone 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 (D; 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). 

FIG. 46 shows the effect of treatment with desoxyepothi 
lone 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. Desox 
yepothilone B (), taxol (A), adriamycin (X), control (0); 
i.p. treatments were given on day 8, 10, 12, 14 and 16. 

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. 

FIG. 48 shows a high resolution H NMR spectrum of 
epothilone analogue #43. 

FIG. 49 shows a high resolution "H NMR spectrum of 
epothilone analogue #45. 

FIG. 50 shows a high resolution "H NMR spectrum of 
epothilone analogue #46. 

FIG. 51 shows a high resolution "H NMR spectrum of 
epothilone analogue #47. 

FIG. 52 shows a high resolution "H NMR spectrum of 
epothilone analogue #48. 

DETAILED DESCRIPTION OF THE INVENTION 

As used herein, the term “linear or branched chain alkyld” 
encompasses, but is not limited to, methyl, ethyl, propyl. 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

6 
isopropyl, t-butyl, sec-butyl, cyclopentyl or cyclohexyl. 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 substi 
tuted by various groups, which include, but are not limited 
to, acyl, aryl, alkoxy, aryloxy, carboxy, hydroxy, carboxa 
mido and/or N-acylamino moieties. 

As used herein, the terms “alkoxycarbonyl', “acyl and 
“alkoxy encompass, but are not limited to, 
methoxycarbonyl, ethoxycarbonyl, propoxycarbonyl, 
n-butoxycarbonyl, ben Zyloxycarbonyl, 
hydroxypropylcarbonyl, aminoethoxycarbonyl, Sec 
butoxycarbonyl and cyclopentyloxycarbonyl. Examples of 
acyl groups include, but are not limited to, formyl, acetyl, 
propionyl, butyryland penanoyl. Examples of alkoxy groups 
include, but are not limited to, methoxy, ethoxy, propoxy, 
n-butoxy, sec-butoxy and cyclopentyloxy. 

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-methylphenoxy 
and 2-maphthoxy. Examples of acyloxy groups include, but 
are not limited to, acetoxy, propanoyloxy, butyryloxy, pen 
tanoyloxy and hexanoyloxy. 

The subject invention provides chemotherapeutic ana 
logues of epothilone A and B, including a compound having 
the structure: 

wherein R, Ro, 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; where in R" is 
—CHY=CHX, or H. linear or branched chain alkyl, 
phenyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 
4-furanyl 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-thiazolinyl, 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 Hora 
linear or branched alkyl; and wherein n is 0, 1, 2, or 3. In one 
embodiment, the invention provides the compound having 
the structure: 
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wherein R is H. methyl, ethyl, n-propyl. n-butyl, n-hexyl, 
CHOH, or (CH), OH. 
The invention also provides a compound having the struc 

ture: 

s 
S 
Ro 

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 
—OTY=CHX, or H. linear or branched chain alkyl, phenyl, 
2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyl, 
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-thiazolinyl, 
2-furanyl, 3-furanyl, 4-furanyl, 2-pyridyl, 3-pyridyl, 
4-pyridyl, imidazolyl, 2-methyl-1,3-oxazolinyl, 3-indolyl or 
6indolyl; 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: 

wherein R is H. methyl, ethyl, n-propyl. n-butyl, n-hexyl or 
CHOH. 
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8 
In addition, the invention provides a compound having the 

Structure: 

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 R are independently H. phenyl, benzyl. 
linear or branched chain alkyl; wherein R" is -CHY=CHX, 
or H. linear or branched chain alkyl, phenyl, 2-methyl-1,3- 
thiazolinyl, 2-furanyl, 3-furanyl, 4-furanyl, 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-thiazolinyl, 
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 particular, the invention 
provides a compound having the structure: 

wherein R is H. methyl, ethyl, n-propyl. n-butyl, CH-OH or 
(CH)OH. 
The invention further provides a compound having the 

Structure: 

wherein R, R and R' are independently H. linear or 
branched chain alkyl, optionally substituted by hydroxy, 
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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, 
phenyl, 2-methyl-1,3-thiazolinyl, 2-furanyl, 3-furanyl, 
4-furanyl 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-thiazolinyl, 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 Hora 
linear or branched chain alkyl; and wherein n is 0, 1, 2 or 3. 

The invention also provides a compound having the struc 
ture: 

The subject invention also provides various intermediates 
useful for the preparation of the chemotherapeutic com 
pounds 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: 

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) 
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. 
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10 
The subject invention also provides an intermediate hav 

ing the structure: 

OR OR" X 

S. 

wherein R' and R" are independently 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: 
wherein X is oxygen, (OR), (SR), —(O—(CH), O)—, 

S) (O—(CH), O 
n is 2, 3 or 4. 

(S—(CH), S)—, and wherein 

wherein R is H or methyl. 

Another analogue provided by the invention has the struc 
ture: 

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

40 
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In some embodiments, an analogue provided by the inven 
tion is a compound of the formula. 

10 

15 

wherein R is other than H. methyl, ethyl, n-propyl, n-hexyl, 
CHOH, (CH)OH, or 

40 
25 

Additionally, the Subject invention provides an analogue 
having the structure: 

30 

35 

40 

wherein R is H or methyl. The scope of the present invention 
includes compounds wherein the C carbon therein pos 
sesses either an R or S absolute configuration, as well as 
mixtures thereof. 

The subject invention further provides an analogue of 
50 epothilone A having the structure: 

55 

60 

65 

The subject invention also provides synthetic routes to 
prepare the intermediates for preparing epothilones. 

12 
Accordingly, the invention provides a method of preparing a 
Z-iodoalkene ester having the structure: 

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: 

with a methyl ketone having the structure: 

wherein R' and R" are independently a linear or branched 
alkyl, alkoxyalkyl, substituted or unsubstituted aryl or 
benzyl, under Suitable conditions to form a compound hav 
ing the structure: 
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(b) treating the compound formed in step (a) under Suitable 
conditions to form a Z-iodoalkene having the structure: 

and (c) deprotecting and acylating the Z-iodoalkene formed 
in step (b) under suitable conditions to form the 
Z-iodoalkene ester. The coupling in step (a) may be effected 
using a strong base Such as n-Bulli 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-iodosuccinimide in the presence of Ag(l), Such as silver 
nitrate, in a polar organic solvent Such as acetone, followed 
by reduction conditions, typically using a hydroborating 
reagent, preferably using CyBH. Deprotecting step (c) 
involves contact with a thiol such as thiophenol in the pres 
ence 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 sol 
vent such as dichloromethane. 

The Subject invention also provides a method of preparing 
a Z-haloalkene ester having the structure: 

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: 

10 
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35 
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under suitable conditions to form an aldehyde intermediate; 
and (b) condensing the aldehyde intermediate with a halom 
ethylene transfer agent under suitable conditions 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=CH1 or 
(Ph-P"CHI)I. Disubstituted olefins may be prepared using 
the haloalkylidene transfer agent PhP–CR'l, wherein R' is 
hydrogen, methyl, ethyl, n-prop-yl, n-hexyl, 

~x) 
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. 
The subject invention further provides a method of prepar 

ing an optically pure compound having the structure: 

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 organo 
metallic reagent with an unsaturated aldehyde having the 
Structure: 
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S 

N 
N 

O 

under Suitable conditions to form an alcohol, and, optionally 
concurrently therewith, optically resolving the alcohol to 
form an optically pure alcohol having the structure: 

(b) alkylating or acylating the optically pure alcohol 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)Stannane. 
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 organo metallic reagents, typically with an 
allyltrialkylstannane, and preferably with allyltri-n- 
butylstannane, in the presence of chiral catalyst and molecu 
lar sieves in an inert organic solvent such as dichlo 
romethane. Preferably, the method may be practiced using 
titanium tetraalkoxides, such as titanium tetra-n-propoxide, 
and S-(-)BINOL as the optically active catalyst. Alkylating 
or acylating step (b) is effected using any typical alkylating 
agent, such as alkylhalide or alkyl tosylate, 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. 
The Subject invention also provides a method of preparing 

an open-chain aldehyde having the structure: 

wherein R' and R" are independently hydrogen, a linear or 
branched alkyl, substituted or unsubstituted aryl or benzyl, 
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16 
trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or 
branched acyl, substituted or unsubstituted aroyl or benzoyl, 
which comprises: (a) cross-coupling a haloolefin having the 
Structure: 

wherein R is a linear or branched alkyl, alkoxyalkyl, substi 
tuted 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 struc 
ture: 

OR" 

CH(OR") 

Y. 
a. 

—wherein (OR"), is (OR), (SR) —(O—(CH), O)—, 
(O-(CH2), S)— or —(S-(CH2)—S)— where R is 

a linear or branched alkyl, substituted or unsubstituted aryl 
or benzyl; and wherein n is 2, 3 or 4, under suitable condi 
tions to form a cross-coupled compound having the struc 
ture: 

wherein Y is CH(OR*), where R* is a linear or branched 
alkyl, alkoxyalkyl, substituted or unsubstituted aryloxyalkyl: 
and (b) deprotecting the cross-coupled compound 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 hydroborat 
ing the pre-acyl component with 9-BBN. The resulting 
mixed borane may then be cross-coupled with an organome 
tallic catalyst such as PdCl(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-losic acid, and 
typically in a mixed aqueous organic solvent system, such as 
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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. 
The Subject invention also provides a method of preparing 

an epothilone having the structure: 

which comprises: (a) deprotecting a cyclized compound 
having the structure: 

wherein R' and R" are independently 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 conditions to form a deprotected cyclized 
compound and oxidizing the deprotected cyclized com 
pound under Suitable conditions to form a desoxyepothilone 
having the structure: 

and (b) epoxidizing the desoxyepothilone formed in step (a) 
under suitable conditions to form the epothilone. Deprotect 
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18 
ing step (a) is effected using a sequence of treatments com 
prising a catalyst Such as HF-pyridine, followed by 
t-butyidimethylsilyl 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-chloroperbenzoic acid, but preferably with 
dimethyidioxirane, in an inert organic solvent such as 
dichloromethane. 

The subject invention further provides a method of prepar 
ing an epothilone precursor having the structure: 

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 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, substituted or unsubstituted aroyl or 
benzoyl, which comprises (a) coupling a compound having 
the structure: 

wherein R is an acetyl, with an aldehyde having the struc 
ture: 

OR X Y 

R 

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

  

  

  



US RE41,990 E 
19 

(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 catalyst. In a cer 
tain specific embodiment of the method, the catalyst con 
tains Ru or Mo. The coupling step (a) may be effected using 
a nonnucleophilic base such as lithium diethylamide or 
lithium diisopropylamide at Subambient temperatures, 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. 

In addition, the present invention provides a compound 
useful as an intermediate for preparing epothilones having 
the structure: 

OR OR" X 

wherein R' and R" are independently 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: 
wherein X is oxygen, (OR), (SR*) —(O—(CH), , 

(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 bora 
nyl moiety; 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). A preferred example 
of RB is derived from 9-BBN. 
The invention also provides the compound having the 

Structure: 

wherein R' and R" are independently hydrogen, a linear or 
branched alkyl, substituted or unsubstituted aryl or benzyl, 
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20 
trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a linear or 
branched acyl, substituted or unsubstituted aroyl or benzoyl: 
wherein X is oxygen, (OR), (SR), —(O—(CH), O)—, 

(O-(CH2), S)— or —(S—(CH2), 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) 
2 

The invention further provides a desmethylepothilone 
analogoue having the structure: 

wherein R is H or methyl. 

The invention provides a compound having the structure: 

wherein R is H or methyl. 

The invention also provides a transdesmethyldeoxye 
pothilone analogue having the structure: 

wherein R is H or methyl. 
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The invention also provides a trans-epothilone having the 
Structure: 

wherein R is H or methyl. 
The invention also provides a compound having the struc 

ture: 

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, 

-nk D 
O 

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. 
The invention additionally provides a method of preparing 

an open-chain aldehyde having the structure: 

wherein R is a linear or branched alkyl, alkoxyalkyl, substi 
tuted or unsubstituted aryloxyalkyl, trialkylsily 1, 
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22 
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 
benzyl, trialkylsilyl, dialkylarylsilyl, alkyldiarylsilyl, a lin 
ear or branched acyl, substituted or unsubstituted aroyl or 
benzoyl, which comprises: 

(a) cross-coupling a haloolefin having the structure: 

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

OR OR" Y 

wherein R* B 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-(CH2)—S)— or —(S 
(CH2)—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 having the 
Structure: 

and 
(b) deprotecting the cross-coupled 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(dppf), or any 
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known equivalent thereof, in the presence of Such and 
reagents as cesium carbonate and triphenylarsine. 
Deprotecting step (b) can be carried out using a mild (b) oxidizing the cyclic alcohol formed in step (a) under 
acid catalyst Such as p-tosic acid, typically in a mixed 
aqueous organic solvent system, Such as dioxane-water. 5 

The invention also provides a method of preparing a pro 
tected epothilone having the structure: 

suitable conditions to form the protected epothilone. In 
certain embodiments, the invention provides the 
method wherein R' and R" are TBS. The monoprotect 
ing step (a) may be effected using any of a variety of 
suitable reagents, including TBSOTf in the presence of 

10 a base in an inert organic Solvent. The base may be a 
non-nucleophilic base Such as 2.6-lutidine, and the Sol 
vent may be dichloromethane. The reaction is con 
ducted at subambient temperatures, preferably in the 
range of -30°C. The oxidizing step (b) utilizes a selec 

15 tive oxidant Such as Dess-Martin periodinane in an inert 
organic Solvent Such as dichloromethane. The oxidation 
is carried out at ambient temperatures, preferably at 
20 250 C. 

The invention further provides a method of preparing an 2O 
epothilone having estructure: 

wherein R' and R" are independently hydrogen, a linear or 
branched alkyl, substituted or unsubstituted aryl or benzyl, 25 
trialkylsilyl, dialkyl-arylsilyl, alkyldiarylsilyl, a linear or 
branched acyl, substituted or unsubstituted aroyl or benzoyl, 
which comprises: 

(a) monoprotecting a cyclic diol having the structure: 30 

35 

which comprises: 
40 

(a) deprotecting a protected cyclic ketone having the 
Structure: 

45 N 
under suitable conditions to form a cyclic alcohol hav 

ing the structure: 
50 

55 

60 wherein R' and R" are independently hydrogen, a linear 
or branched alkyl, substituted or unsubstituted aryl 
or benzyl, trialkylsilyl dialkylary 1 sillyl, 
alkyldiarylsilyl, a linear or branched acyl, substituted 

65 or unsubstituted aroyl or benzoyl, under suitable 
conditions to form a desoxyepothilone having the 
Structure: 
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wherein R is a linear or branched alkyl, alkoxyalkyl, 
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 conditions to form an enantiomeric 

10 mixture of a protected cyclic alcohol having the 
Structure: 

15 N 
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 20 
(a) is carried out by means of a treatment comprising a 
reagent such as HF-pyridine. The deprotected com 
pound can be epoxidized in step (b) using an epoxidiz 
ing agent such acetic peracid, hydrogen peroxide, per 
benzoic acid, m-chloroperbenzoic acid, but preferably 25 
with dimethyidioxirane, in an inert organic solvent Such 
as dichloromethane. 

The invention also provides a method of preparing a 
cyclic diol having the structure: said mixture comprising an O- and a B-alcohol compo 

nent; 
(b) optionally isolating and oxidizing the C-alcohol 

formed in step (a) under Suitable conditions to form a 
ketone and thereafter reducing the ketone under suit 
able conditions to form an enantiomeric mixture of the 
protected cyclic alcohol comprising Substantially the 

35 B-alcohol; and 
(c) treating the protected cyclic alcohol formed in step (a) 

or (b) with a deprotecting agent under Suitable condi 
tions 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 subambient temperatures, preferably 
between -90° C. and -50° C., more preferably at -78° 
C. Isolation of the unnatural alpha-OH diastereomer is 

45 effected by any purification method, including any Suit 
wherein R' is a hydrogen, a linear or branched alkyl, substi- able type of chromatography or by crystallization. 
tuted or unsubstituted aryl or benzyl, trialkylsilyl, Chromatographic techniques useful for the purpose 
dialkylarylsilyl, alkyldiarylsilyl, a linear or branched acyl, include high pressure liquid chromatography, counter 
substituted or unsubstituted aroyl or benzoyl, which com- current chromatography or flash chromatography. Vari 
prises: 50 ous column media are Suited, including, interalia, silica 

or reverse phase support. The beta-OH derivative is 
then oxidized using a selective oxidant, such as Dess 
Martin periodinane. The resulting ketone is the reduced 
using a selective reductant. Various hydridoborane 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. 

In addition, the invention provides a method of treating 
cancer in a subject Suffering therefrom comprising adminis 
tering to the subject a therapeutically effective amount of 
any of the analogues related to epothilone B disclosed herein 
optionally in combination with a pharmaceutically Suitable 
carrier. The method may be applied where the cancer is a 
Solid tumor or leukemia. In particular, the method is appli 

65 cable where the cancer is breast cancer or melanoma. 
The Subject invention also provides a pharmaceutical 

composition for treating cancer comprising any of the ana 

30 

40 

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

55 

60 
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logues of epothilone disclosed hereinabove, as an active 
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. 
The subject invention further provides a method of treat 

ing cancer in a subject suffering therefrom comprising 
administering to the subject a therapeutically effective 
amount of any of the analogues of epothilone disclosed here 
inabove and a pharmaceutically suitable carrier. The method 
is especially useful where the cancer is a solid tumor or 
leukemia. 
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 com 
pounds as non-substrates of MDR in cells, as demonstrated 
in the Tables below, shows that the compounds are useful to 
treat, prevent or ameliorate cancer in Subjects Suffering 
therefrom. 

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. 
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, capsules, 
creams, ointments, aerosols, etc. 
The compositions include compositions Suitable for oral, 

rectal, topical (including transdermal devices, aerosols, 
creams, ointments, lotions and dusting powders), parenteral 
(including Subcutaneous, intramuscular and intravenous), 
ocular (ophthalmic), pulmonary (nasal or buccal inhalation) 
or nasal administration. Although the most Suitable 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 presented in unit dos 
age form and prepared by any of the methods well known in 
the art of pharmacy. 

In preparing oral dosage forms, any of the unusual phar 
maceutical 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 aqueous 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. 

Pharmaceutical compositions of the present invention 
Suitable for oral administration may be prepared as 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 emul 
Sion. Such compositions may be prepared by any of the 

10 

15 

25 

30 

35 

40 

45 

50 

55 

60 

65 

28 
methods known in the art of pharmacy. In general composi 
tions are prepared by uniformly and intimately 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, optionally 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 mold 
ing in a suitable machine, a mixture of the powdered com 
pound moistened with an inert liquid diluent. 
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 inter 
mediates thereto encompass the use of various alternate pro 
tecting groups known in the art. Those protecting groups 
used in the disclosure including the Examples below are 
merely illustrative. 

EXAMPLE 1. 

THP glycidol: 13; A solution of (R)-(+)-glycidol 12 (20 g; 
270 mmol) and freshly distilled 3,4-dihydro-2H-pyran (68.1 
g; 810 mmol) in CHCl (900 ml) was treated with pyri 
dinium p-toluenesulfonate (2.1 g; 8.36 mmol) at rt and the 
resulting solution was stirred for 16 h. Approximately 500% 
of the solvent was then removed in vacuo and the remaining 
solution was diluted with ether (1 L). The organic layer was 
then washed with two portions of Saturated aqueous Sodium 
bicarbonate (500 ml), dried (NaSO), filtered, and concen 
trated. 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, 500MHz) 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); 'C NMR (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: C-+4.98 (c=2.15, CHCl). 

EXAMPLE 2 

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, borontrifluoride 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 
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 aque 
ous 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%). 




























































