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SYNTHESIS OF DISCODERMOLIDE AND ANALOGS

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates generally to the synthesis of discodermo-
lide and analogs thereof. More particularly, the present invention involves the
synthesis of three specific precursors of discodermolide which are combined
together using the chelation controlled alkylation reaction to form the final

discodermolide product.

2. Description of Related Art

The publications and other reference materials referred to herein to
describe the background of the invention and to provide additional details
regarding its practice are hereby incorporated by reference. For convenience,
the reference materials are numerically referenced and identified in the
appended bibliography.

The polyhydroxylated lactone discodermolide is a potent microtubule
stabilizing agent showing activity similar to that of taxol. Discodermolide was
first isolated from the marine sponge (Discodermia dissoluta) in the early
1990’s by scientists at the Harbor Branch Oceanographic Institute. Discoder-
molide was initially found to be a promising candidate for immunosuppressive
therapy because of its ability to inhibit the proliferation of cultured lympho-
cytes.

Discodermolide is similar to Taxol (Ref. 1) in that it arrests the cell cycle
at the G2/M boundary (Ref. 2). When breast carcinoma cells were treated with
discodermolide at a concentration of 10nM, extensive microtubule bundling
was observed. To create the same effect, a factor of 100 higher concentration
(1 mM) of taxol was required. Under a variety of other assay conditions,
discodermolide has shown higher potency than taxol. Furthermore, the
toxicity of taxol has been found to be quite high (Ref. 3). The medicinal
potential of discodermolide as an immunosuppressive and antimitotic agent
have made it the object of substantial synthetic interest. The microtubule
stabilizing ability of discodermolide has further intensified efforts to produce
this drug synthetically. Several partial syntheses of discodermolide have been
developed (Refs. 5, 6 and 7). Total syntheses of discodermolide have also been
described by Schreiber and coworkers (Ref. 8) and Smith and coworkers (Ref.
9).



10

15

20

25

30

35

WO 98/48791 PCT/US98/08670

2

In view of the importance of discodermolide as a therapeutic agent,
there is a continuing need to develop procedures for synthesizing this new
drug in large quantities which are suitable for widespread pharmaceutical

use.

SUMMARY OF THE INVENTION

In accordance with the present invention, a method is provided for

synthesizing discodermolide. The invention is based on a highly convergent
strategy for synthesizing discodermolide which involves disconnecting the
carbon backbone of discodermolide at the C-7 to C-8 allylic bond and the C-15
to C-16 allylic bond to provide three subunits which can be synthesized and
combined together to form discodermolide. The present invention is particu-
larly well suited for synthesizing relatively large quantities of discodermolide
for use as a pharmaceutical or investigative agent. The method may be used
to make both the plus and minus enantiomers of discodermolide as well as
numerous analogs thereof.

As a feature of the present invention, a first precursor having the
formula:

OTIPS

Me N Me

9 1
BnO Me 15

is provided for use in synthesizing discodermolide. In addition, a second

precursor having the formula:

OMOMOPMB

Me Me Me

is provided in accordance with the present invention for use in preparing
discodermolide.

A third precursor having the formula:
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is further provided which is combined with the first and second precursors to
form discodermolide.

As an additional feature of the present invention, the first and second
precursors are initially combined to form an intermediate compound having

the formula:

OTIPS

BnO Me otips OMoM OPMB

This intermediate compound is then combined with the third precursor to
form discodermolide.

The highly convergent synthesis of discodermolide in accordance with
the present invention takes advantage of a chelation-controlled alkylation
reaction to achieve high selection in the key bond coupling reaction. The
method and precursors (including analogs) provide an efficient procedure for
making discodermolide and structural analogs thereof.

The above described features and other advantages of the present
invention will become better understood by reference to the following detailed

description when taken in conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a diagrammatic representation showing discodermolide and
the location at which the carbon backbone is disconnected (C-7 to C-8 allylic
bond, C-15 to C-16 allylic bond and C-21 to C-22 alkyl bond) to thus divide
the compound into three key subunit structures which form the basis for
synthesis of the complete discodermolide compound. The three key subunits
are referenced in FIG. 1 as compounds 2, 3 and 4 or, alternatively, subparts

A, B and C, respectively.

FIG. 2 is a schematic representation of the synthesis of a first
precursor (compound 9) which corresponds to subunit B of the discodermolide

compound.

FIG. 3 is a diagrammatic representation of a synthesis protocol for

making an intermediate compound (compound 14) which corresponds to a
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combination of subparts B and C of discodermolide as represented in FIG. 1.

Also, FIG. 3 shows the synthesis of a second precursor (compound 12) which

corresponds to subunit C of the discodermolide compound as shown in FIG. 1.

FIG. 4 is a diagram of the synthesis of a third precursor for use in
making discodermolide which corresponds to subunit A of the total discoder-

molide compound.

FIG. 5 is a diagrammatic representation of the overall synthesis of
discodermolide utilizing intermediate compound 14 (combination of precur-

sors 1 and 3) with the third precursor (compound 17).

FIG. 6 depicts exemplary analogs of (-} or (+)-Discodermolide which

may be made in accordance with the present invention.

FIG. 7 depicts additional exemplary analogs of (-) or (+)-Discodermolide

which may be made in accordance with the present invention.

FIG. 8 depicts exemplary analogs of () or (+)-Discodermolide which

may be made in accordance with the present invention.

DETAILED DESCRIPTION OF THE INVENTION

In accordance with the present invention, a method is provided for

synthesizing the immunosuppressive agent discodermolide. The natural form
of discodermolide which is isolated from the sponge discodermia dissoluta is
(+)-discodermolide. The term “discodermolide,” when used in this specification
is intended to cover both (+)-discodermolide and (-)-discodermolide. The
method of the present invention is applicable to synthesizing discodermolide
(i.e., both the positive and negative enantiomers). In addition, the present
invention may be utilized to synthesize analogs of discodermolide. FIGS. 6-8
set forth exemplary analogs of discodermolide which may be made in
accordance with the present invention. The following detailed description will
be limited to demonstrating the synthesis of (-)-discodermolide, with it being
understood by those skilled in the art that the method and precursor
compounds disclosed herein may be modified and adapted using known
procedures to prepare (+)-discodermolide and analogs thereof as exemplified
in FIGS. 6-8.
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Referring to FIG. 1, (-)-discodermolide is shown as compound 1. The

carbon backbone of discodermolide is disconnected to form three target
synthetic subunits (2, 3 and 4) which are alternatively referred to as subunits
“A, “B” and “C,” respectively. The locations where the discodermolide
backbone is disconnected are shown by “aan..” Discodermolide has a carbon
backbone which includes 24 carbon atoms ranging from C-1 to C-24 as best
shown in FIG. 1. In accordance with the present invention, the synthesis
strategy involves making three precursors which correspond to the three
subunits which result from disconnecting the carbon backbone at the C-7 to
C-8 allylic bond and the C-15 to C-16 allylic bond. The C-22 and C-23
backbone positions for discodermolide are added during the synthesis
procedure. Accordingly, the three subunits A, B and C correspond to the C-1
to C-7, C-8 to C-15 and C-16 to C-21 locations on the backbone, respectively.
The basic synthetic process can be viewed as either a combination of the three
precursors (9, 12 and 17) to form the final product or a combination of the
first two precursors (9, 12) to form an intermediate product (14) which is then
combined with the third precursor (17) to form discodermolides and analogs
thereof.

The key coupling reaction (C-15 to C-16) occurs by way of a distereo-
selective alkylation reaction between the anion of ethyl ketone 4 and iodine 3.
A metal-promoted coupling of a C-8 Z-vinyl iodide with a C-7 aldehyde
completes the carbon backbone to form the discodermolide product. The
steps in the method of the present invention are set forth in FIGS. 2-5. The
synthetic procedure is also disclosed in reference 19. An exemplary synthesis
of the first precursor in accordance with the present invention is shown in
FIG. 2. The first precursor (compound 9) is prepared utilizing dihydro-4-
pyrone 7 which is obtained via the diene-aldehyde cyclocondensation reaction
of diene 6 and aldehyde 5 (Ref. 10). Dihydropyrone 7, obtained in greater
than 95% ee {Ref. 11) from homochiral 5, serves as the template for the
establishment of the required Z-trisubstituted alkene of discodermolide.
Reduction of the carbonyl of pyrone 7 is achieved using sodium borohydride in
the presence of cerium trichloride to afford the corresponding alcohol as a
mixture of diastereomers. Sequential treatment of this material with aqueous
p-toluenesulfonic acid followed by lithium borohydride leads to reductive
opening of the resultant hemiacetal to afford the desired Z-allylic alcohol 8 in
62% yield from pyrone 7. Profecting group manipulation and conversion of
the allylic alcohol to its corresponding iodide (PhO)sP/Mel, DMF) (Ref. 11)

produces compound 9 (first precursor) in good yield.
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Referring to FIG. 2, BnO is benzyloxy, TMS is trimethylsilyl, PvCl is

pivaloly chloride and TIPS is triisopropylsilyl.

The second precursor is an ethyl ketone having the formula:

OMOMOPMB

Me Me Me

The second precursor corresponds to subpart “C” and was prepared directly
by aldol condensation of the lithium anion of 3-pentanone and R-3-benzyloxy-
2-methylpropionaldehyde, followed by protection of the resulting alcohol as
the methoxymethyl ether (see FIG. 3) (Ref. 13). The methoxymethyl (MOM)
protecting group for the alcohol B to the ketone promotes the desired chelation
of the metal counter ion of the enolate. In addition, this protecting group
facilitates introduction of the C-19 carbamate function at a late stage in the
synthesis. The second precursor can also be made by diastereoselective aldol
condensation of aldehyde 11 and oxazolidionone 15 followed by protection of
the resulting alcohol as its methoxymethyl ether and homologation to produce
compound 12.

Treatment of the second precursor 12 with lithium diisopropylamide
and tetramethylethylenediamine in THF at -78°C followed by addition of the
first precursor 9 leads to smooth alkylation. The diastereoselectivity of the
chelation controlled alkylation shows a remarkable solvent dependence. For
the coupling of the first precursor 9 and second precursor 12, the diastereo-
selectivity is preferably optimized to a level of 6:1 in the mixed solvent system
45:55 hexanes:THF, favoring the desired diastereomer. Referring to FIG. 3,
chelation controlled reduction of ketone 13 with lithium aluminum hydride
(LAH) and lithium iodide in ether at -100°C establishes the C-17 alcohol
stereochemistry with excellent diastereoselectivity, and facilitates separation of
all minor diastereomers from the major product. Silylation of the secondary
alcohol produces an intermediate product having the formula 14. This
intermediate product is then combined with the third precursor to form
discodermolide as described below.

As shown in FIG. 4, the synthesis of the third precursor corresponding
to the C-1 to C-7 fragment of discodermolide is achieved starting from
aldehyde 11 using the chemistry of allylic boranes developed by Brown and

coworkers (Ref. 13). Thus, treatment of 11 with the E-crotyl borane reagent,
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followed by oxidative work up and silylation produces the crotyl adduct with

excellent diastereoselectivity. It is necessary to install C-5 stereochemistry via
a second addition of an allylic borane to a C-5 aldehyde. A systematic study of
a variety of C-1 functionality revealed that the diastereoselectivity of allyl
boronation at C-5 was highly dependent on the nature of this functionality.
The highest diastereoselectivity (>8:1) for the allylboration was observed for
the C-1 methyl ester. However, following allylboration, the adduct sponta-
neously lactonized. Upon ozonolysis of the alkenelactone, epimerization of C-5
was observed. It was found that the C-1 pivalate afforded the desired adduct
in 5:1 selectivity. In contrast, the C-1 benzyl afforded only ca. 2:1 selectively.
Thus it is necessary, at a minimum, to exchange the benzyl protecting group
at C-1 for a pivaloyl ester. Reductive cleavage of the benzyl ether followed by
pivaloylation and ozonolysis gives 16. Treatment of aldehyde 16 with allyl-bis-
isopinocamphylborane, followed by oxidative work up, provides the homo-
allylic alcohol containing the required C-5 stereochemistry. Protection and
ozonolysis gives the third precursor 17. Third precursor 17 is an aldehyde
which corresponds to subpart A and sets the stage for the coupling of the C-7
to C-8 bond to assemble the complete chiral array of discodermolide.

After extensive investigation into alternative strategies, the Nozaki-Kishi
coupling (Ref. 14) of a C-8 Z-vinyl iodide to the third precursor 17 emerged as
the preferred synthetic route (see FIG. 5). Selective reductive debenzylation at.
C-9 was achieved using Raney nickel and hydrogen in ethanol. Reductive
cleavage of the C-21 PMB ether was minimized under these conditions. No
reduction of the trisubstituted double bond was observed. Oxidation of the
C-9 alcohol was achieved using tetrapropylamonium perruthenate {TPAP) in
acetonitrile (Ref. 15) to afford the expected aldehyde. The vinyl iodide moiety
was prepared from this material by treatment with iodomethlenetriphenyl-
phosphorane (Ref. 16). Oxidative cleavage of the C-21 PMB ether using
dichlorodicyanoquinone (DDQ) proceeds smoothly to afford alcohol 18. After
TPAP oxidation, the Z-diene is prepared following the conditions of Roush (Ref.
17) to afford the desired alkene in >20:1 Z:E selectivity.

Model experiments have shown that catecholboron chloride is the
reagent of choice for the removal of the methoxymethyl ether. This reagent
proved equally effective in the fully elaborated system, affording the desired
alcohol in ca. 60%. A two-step protocol furnishes carbamate 19 in excellent
yield (Ref. 18). The transition metal promoted addition of the vinyl iodide 19
to aldehyde 17 proceeds to afford the C-1 to C-24 fragment of discodermolide

in ca. 50% yield. The balance of the material recovered was starting materials.
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The diastereoselectivity of this coupling process is ca. 2.5:1. As with

diastereoselective alkylation, it is not necessary to prove the stereochemistry
of the major isomer at this point. This sequence completes the installation of
all stereocenters and carbon atoms required for the synthesis of discoder-
molide. Hydrolysis of the silyl ethers and simultaneous lactonization is all
that is required to produce discodermolide. Indeed, when the C-1 to C-24
chiral array (as a 2.5:1 mixture at C-7) is subjected to HF under a variety of
conditions, the major product co-eluted on TLC (10% MeOH in dichloro-
methane) is discodermolide. Optimized conditions (HF/pyridine in aceto-
nitrile) afforded (-)-discodermolide in ca. 60% yield after 36 hours. The
material obtained from this sequence was identical in all respects (!H NMR,
13C NMR, HRMS, TLC) to its enantiomer, (+}-discodermolide (Ref. 19).

The above described total synthesis method is highly convergent and
can be easily modified using known synthetic procedures to synthesize
analogs of discodermolide of the type shown in FIGS. 6-8.

The following specific procedures were followed in conducting the
above-described synthetic procedure. As will be recognized by those skilled in
the art, the specific procedures may be modified, if desired, provided that the

overall synthesis procedure set forth above is followed.

General Experimental: Air- and moisture-sensitive reactions were carried out

under argon atmosphere. When necessary, solvents and reagents were puri-
fied and dried before use by standard methods. Routine monitoring of reac-
tions was performed using precoated silica gel TLC plates (Baker Si250F-254).
Spots were visualized by UV and/or dipping the TLC plate into a vanillin solu-
tion and heating with a hot plate. The normal processing of organic extracts
consisted of washing the extract with saturated NaCl solution, drying over
MgSOs or NasSOs, filtration, and concentration with a rotary evaporator.
Flash chromatography was carried out on silica gel 60 (230-400 mesh Scienti-
fic Adsorbents) according to the method of Still. Preparative TLC was
performed using precoated TLC plates (silica gel F-254, 0.5 mm, Baker). Thin
layer chromatography with Chromatron was carried out on silica gel plates of

various thicknesses (silica gel 60, PF254, containing gypsum).

Svnthesis of Intermediate Compound 14: To a flame dried 250 ml round

bottom flask equipped with a magnetic stir bar and rubber septum was placed
lithium hexamethyldisilazide (solid, 97% Aldrich, 820 mg, 4.68 mmol) inside a

Ny atmosphere dry box. The round bottom flask was sealed and removed from
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dry box before adding THF (5 mL) and hexane (5 mL). The reaction flask was

placed on -78°C bath before adding dry (2 x 3 mL benzene azeotrope) ketone
12 (second precursor) (1267 mg, 3.75 mmol) in THF (4 mL, followed by 2 x 1
mL THF rinses) dropwise over 15 minutes. The reaction mixture was stirred
at -78°C for 45 minutes before adding tetramethylethyllenediamine (0.850 mlL,
5.63 mmol) in THF (3 mL) dropwise over 5 minutes. The resulting reaction
mixture was allowed to stir for 30 minutes at -78°C before adding dry (3 x 3
mL benzene azeotrope) allyl iodide 9 (first precursor) (1020 mg, 1.875 mmol)
in hexane (5 mL, followed by 2 x 1 mL hexane rinses and 1 x 1 mL THF rinse)
dropwise. The reaction mixture was stirred in the dark at -78°C for 49 hours
and then quenched by addition of aqueous NaHCO3 (1M, 50 ml). The
resulting mixture was extracted with diethyl ether (4 x 50 mL). The combined
organic layers were washed with sat. NaCl and dried with MgSO4. The dried
organic was filtered through a short plug of silica gel and concentrated in
vacuo providing a colorless, viscous oil. The crude material was purified by
column chromatography (20 cm silica gel on a 3 cm diameter column, 7% EA
in hexane) providing clean intermediate compound 14 (980 mg, 1.30 mmol) in

70% yield as ca. 6:1 ratio of epimers at C-16. Rr= 0.5 20% EA in hexane.

Synthesis of Compound 18: To a stirred solution of C-16 isomers 14 (300 mg,
0.398 mmol) in dry diethyl ether (5 ml) at 0°C, was added Lil (532 mg, 3.98

mmol) in diethyl ether (5 mL). The solution was stirred until the Lil was
completely dissolved. The mixture was then cooled to -78°C for 10 minutes. A
fresh solution of LAH in THF (1.0M, 4 mL, centrifuged) was added dropwise.
The stirring was continued at -78°C for 30 minutes, and then sodium
potassium tartrate solution (1N, 30 mL) was added. The mixture was stirred
at room temperature for 30 minutes, and the phases were separated. The
aqueous layer was extracted with EtOAc (4 x 30 mlL). The combined organic
extracts were then washed with sat. NaCl (100 mlL), dried (NaxSOas), filtered,
and concentrated. The material was purified by column chromatography (20
cm silica gel on 3 cm diameter column, 8% EtOAc in hexanes). Concentration
in vacuo of the appropriate fractions provided a chelation controlled alcohol
(240 mg) in 80% yield as pale yellow oil. Additionally, the non-chelation
isomer at C-17 was isolated (30 mg) in 10% yield.

To a stirred solution of the yellow oil (2050 mg, 2.71 mmol) in CH2Cl,
(17 mL), was added excess triethyl amine (0.84 mL, 6.0 mmol), Tips-OTf (1.0
mL, 4.0 mmol), and catalytic 4-dimethylamino pyridine (ca. 20 mg). The

stirring was continued at room temperature for 48 hours, at which time
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NaHCO; (1 M, 20 mL) was added. The phases were separated and the

aqueous layer was extracted with CHCl; (5 x 20 mL). The combined organic
extracts were then washed with sat. NaCl (200 mL), dried with Na2SOa4 filtered
through plug silica gel and concentrated in vacuo to provide crude residue
(2.95 g) as a viscous oil. The resulting residue was used in the following
procedure.

To the solution containing the residue from the preceding procedure in
absolute EtOH (20 mL) was added 2-day old W - 2 Raney Ni (400 mg). The
mixture was stirred at room temperature under 1 atmosphere of Hz for 24
hours. The Raney Ni was then removed by filtration. The filtrate was concen-
trated in vacuo. Flash chromatography (10% EA in hexanes) of the residue
gave a clear oil (1.59 g, 1.93 mmol) in 75% yield from the yellow oil.

Dry benzene (3 mL) was added to the clear oil (540 mg, 0.657 mmol) in
a 50 ml round bottom flask equipped with a magnetic stir bar. To remove
water azetropically, the solution was concentrated in vacuo. To the dried
alcohol were added CH2Clz (4.5 mlL), acetonitrile (0.7 mL) and 4A molecular
sieves (powdered, 330 mg). After allowing the solution to stir for 5 minutes,
anhydrous 4-methyl morpholine n-oxide (130 mg, 1.11 mmol) was added in
one portion, followed by tetrapropylammonium perruthenate (10 mg, 28
ummol), causing an instant color change from colorless to green. The oxida-
tion reaction was stirred for 2 hours, during which time the color changed
from green to black. At that time, the reaction was judged to be complete by
TLC (10% EtOAC in hexanes). The crude mixture was then concentrated in
vacuo. The crude residue was purified by column chromatography (4 cm silica
gel on a 3 cm diameter column, elute CH2Cl). The eluate was concentrated in
vacuo providing clean aldehyde (475 mg) which was dried azeotropically with
benzene (1 x 3 mL) in vacuo and then dissolved in THF (10 ml). This solution
was immediately used in the following procedure.

To a flame dried, single neck 500 ml round bottom flask equipped with
a magnetic stir bar and rubber septum were added solid, white idodmethyl-
enetriphenylphosphonium iodide (930 mg, 1.75 mmol) and THF (20 mL) to
give a white suspension. The suspension was placed in a -20°C bath for 10
minutes before adding dropwise a sodium hexamethyldisilazide (solid, 334 mg,
1.85 mmol) solution in THF (10 mL) transforming the white suspension to a
bright yellow solution. Upon completion of the addition of sodium hexa-
methyldisilazide, the reaction mixture was allowed to stir at -20°C for an
additional 5 minutes. The reaction mixture was then placed in a -78°C bath

for 3 minutes before adding the above freshly prepared THF (10 mL) solution
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A
of aldehyde via cannula. Care was taken to cool the aldehyde in THF solution

by passing it down the side of the reaction flask during the addition. The
reaction mixture was stirred for 10 minutes and then quenched by pouring
into aqueous NH4Cl (1M, 50 mL). The resulting mixture was extracted with EA
(3 x 50 mL) and CH2Clz (1 x 20 mL). The combined organic layers were
washed with sat. NaCl (1 x 200 mL) and dried with anhydrous Na2SOs. The
dried organic layers were filtered through a short plug of silica gel and concen-
trated in vacuo to provide the crude product (1.75 g). The crude residue was
purified by column chromatography (20 cm silica gel on a 3 cm diameter
column, 5% EtOAc in hexane) providing clean vinyl iodide as a colorless foamy
oil (500 mg, 0.529 mmol) in 80% from the clean oil.

Final synthesis of compound 18 (see FIG. 5) was accomplished by
adding CH2Clz (10 mL) and H20 (0.5 mL) to a 50 ml round bottom flask
containing the colorless foamy oil (540 mg, 0.571 mmol) and a stir bar was
added. The solution was allowed to stir for 5 minutes before adding DDQ (190
mg, 0.837 mmol) in one portion, causing an instant color change from color-
less to green. The reaction mixture was allowed to stir at room temperature
for 45 minutes before being quenched by pouring into aqueous NaHCOs3 (1M,
100 mL). Upon quenching the reaction, the aqueous layer became burgundy
in color. The layers were partitioned, and the aqueous layer was extracted
with CH2Clz (5 x 30 mL). The combined organic layers were washed with sat.
NaCl (1 x 200 mL) and dried with anhydrous Na2SO4. The organic layer was
filtered and concentrated in vacuo to provide crude product 18 (495 mg) as a
colorless oil. This material was purified by column chromatography (20 cm
silica gel on a 3 cm diameter column, 5% EA in hexanes, gradient to 10% EA

in hexanes) providing clean alcohol 18 (412 mg, 0.500 mmol) in 87% yield.

Synthesis of Compound 19: To alcohol 18 (190 mg, 0.230 mmol) in a 50 mL

round bottom flask equipped with a magnetic stir bar was added CH2Cl2 (4
mL), acetonitrile (0.4 mL) and 4A molecular sieves (powdered, 120 mg). After
allowing the solution to stir for 5 minutes, 4-methylmorpholine n-oxide (40
mg, 0.345 mmol) was added in one portion, followed by tetrapropylammonium
perruthernate (5 mg, 1.42 pmol) which causes an instant color change from
colorless to green. The oxidation reaction was allowed to stir for 40 minutes
and then judged to be complete (TLC, 10% EtOAc in hexanes) over the 40
minutes of reaction time the color turned from green to black. After 1 hour,
the reaction mixture was concentrated in vacuo. The crude residue was puri-

fied by column chromatography (5 cm silica gel on a 2 cm diameter column,
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elute 5% EA in CH:Clz, 100 ml). The eluate was concentrated in vacuo

providing clean aldehyde (170 mg), which was immediately used in the
following procedure.

To the above freshly prepared aldehyde in a 100 m! round bottom flask
was added toluene (3 mL), a stir bar and 4A molecular sieves (powdered, 100
mg). The reaction mixture was placed in a 0°C bath and allowed to stir for 5
minutes before adding (E)-y-(trimethylsilyl) allylboronate (2 mL of a crude ca.
1M solution in toluene) dropwise over 2 minutes. The reaction mixture was
allowed to stir for 1 hour and then judged to be complete by TLC (5% EA in
hexane). At that time, the reaction mixture was purified by column chroma-
tography (20 cm silica gel on a 3 cm diameter column, 5% EA in hexane) by
loading reaction mixture directly to the column. The eluate was concentrated
in vacuo in a 100 mL round bottom flask providing the expected allylboration
adduct, which was immediately used in the following procedure.

To the alloboration adduct in a 100 mL round bottom flask equipped
with a magnetic stir bar was added THF (10 mL). The reaction mixture was
placed in a 0°C bath and stirred for 10 minutes before adding KH (ca. 100 mg,
from 20-25 wt. % dispersion in mineral oil, rinsed and decanted 3 x 50 mL
hexanes). After 10 minutes the reaction was quenched by the addition of
aqueous NaHCOs (1M, 20 mL). The resulting mixture was extracted with
diethyl ether (4 x 20 mL). The combined organic layers were washed with sat.
NaCl (1 x 50 mL) and dried with anhydrous NazSO4. The dried organic layers
were filtered and concentrated in vacuo, furnishing the crude product (172
mg) as a colorless viscous oil. The crude product was further purified by
column chromatography (20 cm silica gel on a 3 cm diameter column, 3%
EtOAc in hexanes). The eluate was concentrated in vacuo providing clean
terminal diene (141 mg, 0.161 mmol) in 70% yield from alcohol 18.

In a flame dried 50 mL round bottom flask equipped with a magnetic
stir bar and rubber septum were placed the clean terminal diene (58 mg,
0.066 mmol) and CH2Cl; (1.0 mL). The resulting solution was placed in a 0°C
bath. In a separate flame dried 100 mL round bottom flask were placed
catecholboron chloride/0.5 eq. H20 that was clear and colorless. This
catecholboron chloride solution (0.5 ml) was added dropwise to the clean
terminal diene over 3 minutes at 0°C. After 30 minutes of reaction time, TLC
analysis showed no reaction occurred and more catecholboron chloride 0.5 eq.
H20 in CH2Cl, solution was added (0.8 mL) and the reaction mixture was
allowed to warm to room temperature. The reaction was monitored by TLC

and periodically (every 12 hours) more reagent (1 mL) was added. The



10

15

20

25

30

35

WO 98/48791 PCT/US98/08670

13

reaction was allowed to stir for a total of 48 hours at room temperature and
then quenched by pouring into aqueous NaHCOs (1M, 20 mL). The layers
were separated and the aqueous layer was extracted with CHCl2 (5 x 10 mL).
The combined organic layers were washed with sat. NaCl and dried with
NazS04. The dried organic layers were filtered and concentrated in wvacuo
providing crude residue (61 mg). The crude residue was purified by column
chromatography (18 cm silica gel on a 2 cm diameter column, 3% EtOAc in
hexanes). The eluate was concentrated in vacuo providing a clean alcohol (28
mg, 0.0336 mmol) in a 51% yield. R¢= 0.2 5% EtOAc in hexanes.

The final synthesis of the carbonate 19 was accomplished as follows.
In a flame dried 50 ml round bottom flask equipped with a magnetic stir bar
and rubber septum was placed the clean alcohol isolated in the previous step
(78 mg, 0.094 mmol) which was then azeotropically dried with benzene (2 x 1
mL). CH2Cl: (4 mL) was added to the dried alcohol, followed by dropwise
addition of trichloroacetyl isocyanate (100 pL, 0.937 mmol) over 1 minute.
The reaction was allowed to stir at room temperature for 30 minutes and then
directly placed on a short pad of Al,O3 (neutral, activity II) that was pre-wetted
with a 1:1 benzene:CH2Cl; solution. The reaction mixture was allowed to soak
on the column of Al,O3 for 30 minutes before eluting with 1:1 benzene:CH2Cl2
solution (60 mL). Concentration of the eluate provided crude residue (88 mg)
which was purified by column chromatography (18 cm silica gel on 2 cm
diameter column, 8% EtOAc in hexanes). Concentration of the eluate in vacuo
provided carbamate 19 (62 mg) as a white foamy solid in 78% yield.

Discodermolide was synthesized as follows: Aldehyde 17 (19 mg, 0.038
mmol) and the vinyl iodide 19 (36 mg, 0.043 mmol) were added to a flame
dried 100 mL pear bottom flask equipped with a magnetic stir bar and a teflon
stopcock vacuum adapter was added. The mixture was azeotropically dried
with benzene (4 x 0.7 mL) and then placed under high vacuum (2 mm Hg) for
30 minutes. At this time the flask was flushed with argon and evacuated for 2
minutes. This process was repeated several times before ultimately leaving
the reaction flask under vacuum while transporting it into an N2; atmosphere
dry box. To the reaction flask was then added dry DMSO {(ca. 0.5 ml) followed
by 1% NiCly/CrClz (ca. 35 mg). After a total of 100 hours the reaction was
quenched by removal from dry box followed by addition of aqueous NH4Cl (1M,
15 mL) and EtOAc (15 mL). The resulting mixture was stirred for 1 hour
before separating layers. The aqueous layer was extracted with EtOAc (5 x 15
mL). The combined organic layers were washed with sat. NaCl and dried with

NazS0s4. The dried organic layer was filtered and concentrated in wvacuo
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providing crude residue (60 mg) which was purified by column chromato-
graphy (18 cm of silica gel on 2 cm diameter column, gradient 6% EtOAc up to
10% EtOAc in hexanes). Concentration of the appropriate fractions in vacuo
resulted in isolation of recovered starting material 19 (11.1 mg, 0.013 mmol)
in 31% yield and clean product ester (19 mg, 0.015 mmol) in a 40% yield as
an approximately 2.5 to 1 ratio of epimers at C-7 Rf = 0.25 (10% EtOAc in
hexanes) as a white, foamy solid. This material was routinely used in its
impure form.

To a clean, dry high density polyethylene vial equipped with a stir bar
was added the ester product of the previous step (15 mg, 12 pumol) as a
solution in CH3Cla. The CH3Cly was evaporated using a stream of air followed
by pumping vial under high vacuum (2 mm Hg) for 5 minutes. To the
resulting white, foamy solid was added 10% aqueous HF in acetonitrile (1.5
mlL). The reaction was allowed to stir at room temperature for 18 hours and
then quenched by pouring into aqueous NaHCO3 (sat. 15 mL). An additional
amount of solid NaHCO3 (ca. 50 to 100 mg) was added to separatory funnel.
The aqueous layer was extracted with EtOAc (7 x 10 mL). The combined
organic layers were washed with sat. NaCl (1 x 30 mL) an dried with NazSOa.
Filtration and concentration of the dried organic layer in vacuo provided a
crude yellowish solid residue (10 mg) that was used directly in the next
procedure.

The crude yellowish solid residue from above was dissolved in 10%
MeOH in CH2Cl; and transferred to a high density polyethylene vial equipped
with a magnetic stir bar. The CH2Cla was evaporated using a stream of air
and then the vial was placed under high vacuum (2 mm Hg) for 5 minutes.
The reaction vial and solid was azeotropically dried with benzene (1 x 0.1 mlL)
and then THF (0.3 ml) was added before placing vial in 0°C bath. To the
cooled reaction vial was added 0.2 mL of a pre-mixed solution of 1:1 THF to
HF-Pyr (70% anhydrous HF to 30% anhydrous pyridine). The reaction
mixture was allowed to stir at 0°C for 30 minutes before an additional portion
(0.2 mL) of 1:1 70% HF-Pyr/THF solution was added. The reaction mixture
was allowed to stir at room temperature for 14 hours before another portion
(0.1 mL) of 1:1 70% HF-Pyr/THF was added. The reaction mixture was stirred
a total of 18 hours and then quenched by pouring into sat. NaHCO3; (10 mL}.
Additional solid NaHCO3; was added to the aqueous layer until gas evolution
stopped. The resulting mixture was extracted with EtOAc (6 x 10 mL). The
combined organic layers were washed with sat. NaCl. The sat. aqueous NaCl

was back-extracted with EtOAc (2 x 15 ml). The combined organic layers



WO 98/48791 PCT/US98/08670
15

were dried with NasSQ4. Filtration and concentration in vacuo provided crude
brown, oily residue (14 mg). The crude residue was purified by
chromatography (Pasteur pipet, 5% MeOH in CH3Cl;, 25 drop fractions)
resulting in the isolation of (-)-discodermolide 1 (2.8 mg, 4.7 umol) in 40%
yield from the ester product of the previous step as a white amorphous solid.
Rf = 0.25 10% MeOH in CH2Clz. In addition C-7-epi-discodermolide (1.5 mg
2.5 umol) was isolated in 20% yield.

Having thus described exemplary embodiments of the present
invention, it should be noted by those skilled in the art that the within
disclosures are exemplary only and that various other alternatives,
adaptations, and modifications may be made within the scope of the present
invention. Accordingly, the present invention is not limited to the specific

embodiments as illustrated herein, but is only limited by the following claims.
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CLAIMS
What is Claimed Is:
1. A first precursor compound for use in making discodermolide

and analogs thereof, said first precursor having the formula:

OTIPS
Me S Me
9 Me 15
BnO
2. A second precursor for use in making discodermolide and

analogs thereof, said second precursor having the formula:

QMomOPMB

Me Me Me

3. A third precursor for use in making discodermolide and analogs

thereof, said third precursor having the formula:

4. An intermediate compound for use in making discodermolide

and analogs thereof, said intermediate compound having the formula:

OTIPS

BnO
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5. A method for making discodermolide and analogs thereof which

comprises the steps of:

providing a first precursor having the formula:

OTIPS
\ Me

9 M 15
BnO ¢ I

Me

providing a second precursor having the formula:

; and

combining said first, second and third precursors to form discodermolide.

6. A method for making discodermolide and analogs thereof
according to claim 5 wherein said first and second precursors are combined to

form an intermediate compound having the formula:

OTIPS

BnO

Me Me Me

wherein said intermediate compound is combined with said third precursor to

form discodermolide.
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7. A method for making discodermolide and analogs thereof which
comprises the steps of:

providing an intermediate compound having the formula:

OTIPS

; and

combining said intermediate compound with said precursor to form

discodermolide.

8. A method for making discodermolide and discodermolide
analogs wherein said discodermolide comprises a carbon backbone having
carbon atoms C-1 to C-24, said method comprising the steps of:

providing a first precursors which corresponds to carbon atoms
C-8 to C-15 of said discodermolide carbon backbone;

providing a second precursor which corresponds to carbon
atoms C-16 to C-21 of said discodermolide carbon backbone;

providing a third precursor which corresponds to carbon atoms
C-1 to C-7 of said discodermolide carbon backbone; and

combining said first, second and third precursors to form said

discodermolide.

9. A method for making discodermolide and analogs thereof
according to claim 8 wherein said first and second precursors are first
combined to form an intermediate compound which corresponds to carbon
atoms C-8 to C-21 wherein said intermediate compound is combined with said

third precursor to form discodermolide.



PCT/US98/08670

177

WO 98/48791

N

..U: v
°N

(1)

W

l 'Old

:m: m

St o




PCT/US98/08670

2/7

WO 98/48791

LT
SN

OSdLL

.cso W

¥ "Old

dt@d) Qo (g
INCHD (q 13y sauor (e 4
HV1'€

VAL ‘J10-S4L T
HO®EN ‘CO%H (g
Ldng-14ne (e 1

AN TRWAY0Ud ¥
oud HVT1'€ HO

Vv3LJ10SdIL T

v31'104ad 'l

N

x

8
N

HO

91

SN

0%

¢

oud

OSdLL

gy
0Ad

]|

*Har (@
HOSL'O'H () 'T

d8(d) (q €0 (= s
dVING ‘VAL'IOAd b G
CHN/MT '€ z

050 "HEEN I

W

VAL J10SdL T e
HO®N ‘20%H (q ugo
Y(odp)g-1£1010-7 (& '

(2995562) L g  (PBSR)S
3| oE SN
SIWLO = _\J
ooww .NGNmu
O AEPTATAN o
SO

SUBSTITUTE SHEET (RULE 26)



€ 9Old

PCT/US98/08670

VL JLO-SdLL T

Do8L- ‘129W12 (ambs ¢) 117 '"HVYT '1

St 1:0°9 st O

0¢ 1T L o € R
R 1 e .#E- GEN ‘TO-IWON T . z/y
" 0 160 (PWORWNIVHCW) ‘T gnao  HO O S
JHL W TH0% 91-D 18 AIARD9[3s509191S o
Cp ST 2 1 P(NE@NI 1 01
A A S B> . WS PN g g-tOa)N 10- WO T RANERA
: ' Do8L- ‘SOURXSH/JHL :
:  VAFIAL ‘SAWNHYT 1 )
ENdOWOND oug TNIONOWO Q8L HL g0

T(YJCoNISINIT 1

WO 98/48791



PCT/US98/08670

4/7

WO 98/48791

X
dH ¢

_ ap10ULLIPOISIP _ -
L (L1

yopAqaple £-D 03 1-D
QOSINd

TDIN ‘U100 °1

G "'Old

W N K

oada v

THO4 (ud) "€
OWN ‘dvdl T
O “INRY T

LUV (9:0=0=N-02fD (¢ ¥
3pUO[Yo U010QIOgoaEed ‘¢

H3 (q
(s1enreyjAdoidostip) g(14ire) (e '
OWN ‘dvdl 1




PCT/US98/08670

577

WO 98/48791

a4 oW

N

N

o

3

iy

I N

T T WA W

o ud 0 1O
o= 0=
r NIl
N - oH ol
W, AN W, AN
o WY AN 0”0 Woay ol o”"o

O 10 0 1O
o= 0w={



PCT/US98/08670

6/7

WO 98/48791

N AN O

1

Z 9Old

%S I

AW AN O

ML N, AN

D0 S

I




PCT/US98/08670

WO 98/48791
7/7

P"CA,,“ OH 0
. T 1@
Discodermolide
HO
Me
HO
e Me N
w'v. 0 HU - %U
= 0 OBn
CH,0H Me  Me OH Tz
HO
¢4
W
M,
110
o
Mz, o
310 (e}
i

CH,011

FIG. 8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT Intemational application No.
PCT/US98/08670

A.  CLASSIFICATION OF SUBJECT MATTER
IPC(6) : A61K 31/35; CO7D 309/30

US CL  :514/459; 549/292
According to Intemational Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

U.S. @ 514/459; 549/292

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the intemational search (name of data base and, where practicable, search terms used)

CAS ONLINE, APS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A US 5,010,099 A ( GUNASEKERA et al) 23 April 1991, see whole | 1-9

document.
A EVANS, P.L. et al. The synthesis of C,-C,; Fragment of| 1-9

discodermolide. Detrahedron Letters. December 1993. Vol. 34, No.
50, pages 8163-8166.

A GOLEC, J.M.C. et al An Approach to the Synthesis of a C4-C,5| 1-9
Fragment of discodermolide. Tetrahedron Letters. December 1993,
Vol. 34, No. 50, pages 8167-8168.

Further documents are listed in the continuation of Box C. D See patent family annex.

. Special categories of cited documents: “T* fater document published after the international filing date or priority
. L . date and not in conflict with the application but cited to understand
A" document defining the general state of the art which is not considered the principle or theory underlying the invention
to be of particular relevance
. . . . X" d i R i i i
"E" earlier document published on or after the international filing date X c:::il::rneld:25:?::?&?:??:;:;i:i}:egl:mi:eowze;u;:::3::';(:;
"L document which may throw doubts on priority claim(s) or which is when the document is taken alone
cited to establish the publication date of another citation or other . . R .
special reason (as specified) 'Y document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
"o document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"p” document published prior to the internavonal filing date but later than  wg» document member of the same patent family

the priority date claimed

Date of the actual completion of the intemational search Date of mailing of the intemnational search report

24 JUNE 1998 0 6 AUG 1398

Name and mailing address of the ISA/US Authoryzey officer i
Commissioner of Patents and Trademarks A@W@ j é; s
Box PCT A &
Washington, D.C. 20231 S NI PADMANABHAN
Facsimile No.  (703) 305-3230 Telephone No. (703) 308-1235

Form PCT/ISA/210 (second sheet)(July 1992)%



INTERNATIONAL SEARCH REPORT

Intemational application No.

PCT/US98/08670
C (Continuation). DOCUMENTS CONSIDERED TO BE RELEVANT
Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
AP HARRIED, S.S. et al Total synthesis of (-) discodermolide: An 1-9

6098-6099.

application of a chelation-controlled alkylation reaction. Journal of
Organic Chemistry. 05 September 1997, Vol. 62, No. 18, pages

A Database WIPDS on STN, London: Derwent Pulication Ltd., 1-9

document.

Accession Number 95-068862, GB 2280677 A, GILLESPIE et al.,
(ROUS) ROUSSEL LAB LTD,, 08 February 1995, see whole

Form PCT/ISA/210 (continuation of sccond sheet)(July 1992)%




	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	SEARCH_REPORT

