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PROCESS FOR PREPARATION OF ERIBULIN AND INTERMEDIATES THEREOF

INTRODUCTION
Aspects of the present application relate to a process for preparation of 4-
Methylene tetrahydrofuran compound of formula I, which is useful as an intermediate
for the preparation of halichondrin B analogues such as Eribulin.
The drug compound having the adopted name Eribulin, is a synthetic analogue
of halichondrin B, and is represented by structure of formula I.

Eribulin is a microtubule inhibitor indicated for the treatment of patients with
metastatic breast cancer who have previously received at least two chemotherapeutic
regimens for the treatment of metastatic disease. U.S. Patent No. 6,214,865 discloses
eribulin and its pharmaceutically acceptable salts. A 4-methylene tetrahydrofuran
compound of formula Il is used as an intermediate for the preparation of halichondrin
B analogues such as Eribulin.

wherein P, is H or an alcohol protected group; P2 is H or an alcohol protected group or
—-SOy(R); wherein R is selected from straight or branched C;-Cio alkyl or optionally
substituted Cs-C+2 aryl or optionally substituted aralkyl; X is halogen.

Processes for the preparation of a 4-methylene tetrahydrofuran compound of
formula Il have been disclosed in PCT application No. 2005/118565A1, J. Am. Chem.
Soc., 1992, 114, 3162 and Org. Lett, 2002, 4, 3411-3414. The reported processes
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suffer from major disadvantages, including use of highly expensive reagents, large
amounts of catalysts, low temperature and longer reaction time.

Hence, there remains a need to provide an alternative process for the
preparation of 4-Methylene tetrahydrofuran compound of formula Il which is simple,

economic and industrially viable, which in turn can be converted to Eribulin.

SUMMARY
In the first embodiment, the present application provides a process for

preparation of 4-Methylene tetrahydrofuran compound of formula Il

X
OoP,

wherein P4 is H or an alcohol protecting group; P2 is H or an alcohol protecting group
or —SOz(R); wherein R is selected from straight or branched C1-C+o alkyl or optionally
substituted Cs-C12 aryl or optionally substituted aralkyl; X is halogen;
which includes one or more of the following steps:

(a)  reacting acetylene compound of formula Il with vinyl halide compound of
formula IV to provide compound of formula V;

Ry
R
! OP, I
P,0 ” X LG "oy
Ox ,  + Mom _— e oF,
I v
%

wherein P, is an alcohol-protecting group; Ry is H or trialkyl silyl protecting group; LG
is —OSO02(R); wherein R is selected from straight or branched C;-Cio alkyl or optionally
substituted Cs-C12 aryl or optionally substituted aralkyl;

(b)  optionally deprotecting compound of formula V to provide dihydroxy
compound of formula VI;
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(c) optionally protecting dihydroxy compound of formula VI to provide

o, |
o,
}Oj/\/\

compound of formula VII;

Y04 OP;

VI
wherein P4 is an alcohol-protecting group;
(dy  converting compound of formula VI or formula VIl to provide compound
of formula VIII;

Vil

wherein P, is H or an alcohol protecting group and X is halogen, preferably lodine;
(e)  converting compound of formula VIl to a compound of formula II.
In the second embodiment, the present application provides a process for

preparation of acetylene compound of formula Ill,
R1

o |

1]
wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
which includes one or more of the following steps:

(a) treating crotonaldehyde IX with acetylene compound of formula X to provide
compound of formula XI;
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R4
R4 I
O
| — 1§
X

IX

N 10y

X
wherein R+ is H or trialkyl silyl protecting group;

(b) reacting compound of formula XI with (+)-B-allyldiisopinocampheylborane to
provide hydroxy compound of formula XII;

on
& “
XII
wherein R+ is H or trialkyl silyl protecting group;
(c) optionally protecting hydroxy compound of formula XlI to provide a compound
of formula XIII;

o |
& o
Xl
wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
(d) converting compound of formula XlII to provide compound of formula XIV; and

o |
HO

2 4,

XIV
wherein P, is an alcohol-protecting group; R, is H or trialkyl silyl protecting group
(e) converting compound of formula XIV to compound of formula Ill.
In the third embodiment, the present application provides a process for
preparation of an acetylene compound of formula Il
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wherein P+ is an alcohol-protecting group; Ry is H or trialkyl silyl; which includes one
or more of the following steps:

(a) treating a compound of formula XV with an acetylene compound of formula X to
provide a compound of formula XVI;

R4
X OH R4 OH Il
AP+ ||| — °
XV X XVI

wherein R+ is H or trialkyl silyl; P4 is H or an alcohol-protecting group; X is halogen;

(b) optionally deprotecting a compound of formula XVI to provide a compound of
formula XVII;

Ry
on Il
HO
XVII
wherein Ry is H or trialkyl silyl;

(c) converting a compound of formula XVI or compound of formula XVII to a
compound of formula XVIII;

L

OH

HO

XVl
wherein Ry is H or trialkyl silyl;

(d) protecting a diol compound of formula XVIII to provide a compound of formula
XIX;

OP,

P,0O

XIX

wherein Ry is H or trialkyl silyl; P4 is an alcohol-protecting group; P. is hydrogen or an
alcohol-protecting group;



WO 2017/064627 PCT/IB2016/056097

(e) optionally deprotecting a compound of formula XIX to provide a compound of
formula XIV;

o
HO

7 ",

XIV
wherein Ry is H or trialkyl silyl;
(f) converting a compound of formula XIV to a compound of formula Il1.

In the fourth embodiment, the present application provides a process for
preparation of a compound of formula 1V;

X LG
MOP1
v

wherein Py is an alcohol-protecting group; LG is —OSO»(R); wherein R is selected
from straight or branched C;-C+, alkyl or optionally substituted Cs-Cs aryl or optionally
substituted aralkyl; X is halogen, preferably bromine;
which includes one or more of the following steps:

(a) reacting an epoxide of formula XX with a compound of formula XXI to
provide a compound of formula XXII;

o R, R, OH

=, s

AP + /\X _— /\/\/\,OFH
xX XX XX

wherein R; is trialkyl silyl; P+ is an alcohol-protecting group; X is halogen, preferably
bromine;

(b) converting a compound of formula XXII to a vinyl halide compound of

formula XV;
X OH
AP
XV

wherein P4 is an alcohol-protecting group; X is halogen, preferably bromine or iodine;
(c) converting a compound of formula XV to a compound of formula IV.
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In the fifth embodiment, the present application provides a compound of
formula V or isomers thereof.
Ry

o |
O

h,'}j/\/\o P ;

\

wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
In the sixth embodiment, the present application provides a compound of

formula VI or isomers thereof.

on |

o, t,

”"}Oj\/\OH

\

In the seventh embodiment, the present application provides a compound of

oP, |
ey
}i?/\/\

formula VII or isomers thereof.

Yoes OP,

VI
wherein P, is an alcohol-protecting group;
In the eighth embodiment, the present application provides a compound of

formula VIII or isomers thereof.

Vil

wherein P4 is H or an alcohol protecting group and X is halogen.
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In the ninth embodiment, the present application provides a compound of
formula Il or isomers thereof;

Ry
o |

A 1y

Ox

1]
wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group;

In the tenth embodiment, the present application provides a compound of
formula IVa or isomers thereof.

iPr

iPr iPr
X Q,802
MOP

IVa
wherein P is an alcohol protecting group and X is halogen;

In the eleventh embodiment, the present application provides a compound
having the following formula or isomers thereof.

TIPS TIPS TIPS
OH l | TBSO | I TBSO I |
y oy P g o HO "y o
TIPS TIPS
Me;Si OH Jl\/(_)i/y | | OH
/\/’\/\/OTBS - OTBS -
or or

OH

In the twelfth embodiment, the present application provides a process for

preparation of eribulin or a pharmaceutically acceptable salt thereof comprising

synthesizing eribulin or its pharmaceutically acceptable salt from one or more
compounds of first embodiment to eleventh embodiment.
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DRAWINGS
Figure 1 is powder X-ray diffraction ("PXRD") pattern of compound of formula
VI.
DETAILED DESCRIPTION
In the first embodiment, the present application provides a process for
preparation of 4-methylene tetrahydrofuran compound of formula Il

X
OoP,

0 ",

'y, O

I
wherein P4 is H or an alcohol protecting group; P2 is H or an alcohol protecting group
or —SO(R); wherein R is selected from straight or branched C+-C+q alkyl or optionally
substituted Cs-C; aryl or optionally substituted aralkyl; X is halogen
which includes one or more of the following steps:
(a) reacting acetylene compound of formula Il with vinyl halide compound of
formula IV to provide compound of formula V;

N

PO I X

nr_

®
s

$

Ox

+
@]
R
Yg
QO
R

I Vi

wherein P+ is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group; LG
is —OSO2(R); wherein R is selected from straight or branched C+-Cig alkyl or optionally
substituted Cs-C1 aryl or optionally substituted aralkyl;

(b)  optionally deprotecting compound of formula V to provide dihydroxy
compound of formula VI;
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(c) optionally protecting dihydroxy compound of formula VI to provide

o, |
o,
}Oj/\/\

compound of formula VII;

Y04 OP;

VI
wherein P4 is an alcohol-protecting group;
(d) converting compound of formula VI or formula VIl to provide compound of
formula VIII;

Vil

wherein P, is H or an alcohol protected group and X is halogen, preferably lodine; and
(e) converting compound of formula VIl to compound of formula Il.
Step (a) involves reacting acetylene compound of formula Il with vinyl halide
compound of formula IV to provide compound of formula V;

Ry
R
! oP, I
P40 I X LG “
O\ ""I + M/\/OP»] ——— I',' O OP
1
1 v
\Y

Suitable reagents that may be used in step (a) include, chromium chloride and
optionally a ligand such as ‘(R)-N-(2-(4-isopropyl-4,5-dihydrooxazol-2-
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yl)phenylymethanesulfonamide and the like, nickel chloride and optionally a ligand
such as 2,9-dimethyl-1,10-phenanthroline and the like or any other suitable catalyst or
ligands known in the art used in Nozaki—Hiyama—Kishi (NHK) reaction.

Suitable bases that may be used in step (a) include, sodium hydride, potassium
tert-butoxide, sodium methoxide, lithium hexamethyldisilazide, sodium amide, 1,8-
bis(dimethylamino)naphthalene (Proton-sponge) and the like; other organic bases,
such as for example, N-methylmorpholine, N-methylpyrrolidine, pyridine, 4-(N,N-
dimethylamino)pyridine, morpholine, imidazole and the like or any other suitable base
known in the art.

Suitable solvents that may be used in step (a) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, nitriles, polar aprotic solvents or
mixtures thereof.

The reaction mixture obtained from step (a) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (a) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (a), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (b) or it may be isolated and further purified.

Step (b) involves optionally deprotecting compound of formula V to provide
dihydroxy compound of formula VI;

Suitable reagents that may be used in step (b) include, hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid, acetic acid, formic acid,
phosphoric acid, methanesulfonic acid, p-toluenesulfonic acid, tetra-n-butylammonium
fluoride (TBAF), tris(dimethylamino)sulfonium difluorotrimethylsilicate, ammonia,
sodium hydroxide, potassium hydroxide, sodium methoxide, potassium t-butoxide,
sodium t-butoxide, sodium carbonate, potassium carbonate, sodium bicarbonate,



WO 2017/064627 PCT/IB2016/056097
12

potassium bicarbonate, and the like; ion exchange resins, such as: resins bound to
metal ions, including lithium, sodium, potassium, and the like; and resins bound to
acids, including phosphoric, sulfonic, methanesulfonic, p-toluenesulfonic, and the like
or any other suitable reagents and mixtures thereof.

Suitable solvents that may be used in step (b) include water, alcohols, ketones,
ethers, aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.

Suitable temperature that may be used in step (b) may be less than about
100°C, less than about 70°C, less than about 40°C, less than about 30°C, less than
about 10°C, less than about 0°C, less than about -10°C, less than about -20°C, or any
other suitable temperature.

The reaction mixture obtained from step (b) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (b) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (b), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (c) or it may be isolated and further purified.

Step (c) involves optionally protecting dihydroxy compound of formula VI to
provide compound of formula VII;

o |

(N 1,

4, O
}j/\/\()ln1

VI

wherein P, is an alcohol-protecting group;

Suitable bases that may be used in step (c) include, alkali metal or alkaline
earth metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium
hydroxide, calcium hydroxide; carbonates such as sodium carbonate, potassium
carbonate, cesium carbonate, calcium carbonate, magnesium carbonate, sodium
bicarbonate, potassium bicarbonate, alkoxides such as sodium methoxide, potassium
methoxide; organic bases, such as for example, triethylamine, tributylamine, N-
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methylmorpholine, N,N-diisopropylethylamine, N-methylpyrrolidine, pyridine, collidine,
4-(N,N-dimethylamino)pyridine, morpholine, imidazole, 2-methylimidazole, 4-
methylimidazole and the like or any other suitable base known in the art.

Suitable solvents that may be used in step (c) include ketones, esters, ethers,
aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.

The reaction mixture obtained from step (¢) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (¢) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (c), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (d) or it may be isolated and further purified.

Step (d) involves converting compound of formula VI or formula VII to provide
compound of formula VIII;

Suitably, step (d) may involve reduction followed by halogenation,
hydrohalogenation or any other suitable method known in the art.

Suitable reducing agents that may be used in case of reduction in step (d)
include, sodium borohydride, lithium aluminum hydride, sodium trimethoxy
borohydride, Lithium borohydride, acetoxyborohydride, cyanoborohydride, sodium
dihydro-bis-(2-methoxyethoxy) aluminate solution (VITRIDE®), diisobutyl aluminium
hydride, 9-borabicyclo(3.3.1)nonane (9-BBN), catecholborane, pinacolborane,
diiasamylboirane, cyclohexylborane silanes such as triethylsilane, triphenylsilane and
tributyltin hydride, tin-aluminium reagents such as diethyl(tributylstannyl)aluminum and
the like or any other suitable reductants known in the art. Suitable catalysts that may
be used in said reduction in step (d) includes, compounds of or complexes of nickel,
ruthenium, palladium, copper, molybdenum and the like or any other suitable metal
catalysts known in the art.

Suitable halogenating agents that may be used in step (d) include, N-
halosuccinimides such as  N-Chlorosuccinimide, N-Bromosuccinimide, N-
lodosuccinimide or any other suitable agents known in the art; 1,3-Dihalo-5,5-
dimethylhydantoin such as 1,3-Diiodo-5,5-dimethylhydantoin and the like; halides such
as iodine, bromine or any other suitable agents known in the art. Suitable agents for
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halogenation or hydrohalogenation include, hydrogen halides such as hydrogen
chloride, hydrogen bromide, hydrogen iodide or any other suitable agents known in
the art.

Suitable solvents that may be used in step (d) include alcohols, ethers,
aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents or mixtures thereof.

The reaction mixture obtained from step (d) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other suitable
techniques for the removal of solids. The product of step (d) may be isolated directly
from the reaction mixture itself after the reaction is complete in step (d), or after
conventional work up with techniques such as filtration, quenching with a suitable
reagent, extraction, or the like. Optionally, an obtained crude product may be directly
used for step (e) or it may be isolated and further purified.

Step (e) involves converting compound of formula VIl to compound of formula

Conversion of compound of formula VIII to compound of formula Il may involve
(i) deprotecting both primary and secondary alcohol protected compound of formula
VI, (ii) optionally protecting primary alcohol with suitable alcohol protecting group
preferably using pivaloyl chloride and protecting or activating secondary alcohol with a
suitable protecting group or leaving group preferably using mesyl chloride or tosyl
chloride.

Suitable reagents that may be used in step (e) for deprotecting both primary
and secondary alcohol protected compound of formula VIII, include, hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid, acetic acid, formic acid,
phosphoric acid, methanesulfonic acid, p-toluenesulfonic acid, tetra-n-butylammonium
fluoride (TBAF), tris(dimethylamino)sulfonium difluorotrimethylsilicate, ammonia,
sodium hydroxide, potassium hydroxide, sodium methoxide, potassium t-butoxide,
sodium t-butoxide, sodium carbonate, potassium carbonate, sodium bicarbonate,
potassium bicarbonate, and the like; ion exchange resins, such as: resins bound to
metal ions, including lithium, sodium, potassium, and the like; and resins bound to
acids, including phosphoric, sulfonic, methanesulfonic, p-toluenesulfonic, and the like
or any other suitable reagents and mixtures thereof.
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Suitable solvents that may be used in step (e) include water, alcohols, ketones,
ethers, aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane and mixtures thereof.

Suitable bases that may be used in step (e) for protecting the primary alcohol,
for protecting or activating secondary alcohol include, alkali metal or alkaline earth
metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide,
calcium hydroxide; carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, calcium carbonate, magnesium carbonate, sodium bicarbonate,
potassium bicarbonate, alkoxides such as sodium methoxide, potassium methoxide;
organic bases, such as for example, triethylamine, tributylamine, N-methylmorpholine,
N,N-diisopropylethylamine,  N-methylpyrrolidine,  pyridine,  collidine,  4-(N,N-
dimethylamino)pyridine, morpholine, imidazole, 2-methylimidazole, 4-methylimidazole
and the like or any other suitable base known in the art.

Suitable solvents that may be used in step (e) include ketones, esters, ethers,
aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.

Optionally steps (a) to (e) or any two or more steps may be carried out in-situ
i.e. without isolating the intermediates in each stage.

In the second embodiment, the present application provides a process for

preparation of acetylene compound of formula Ill,
R4

ol
Ox

o, 1,

1]
wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
which includes one or more of the following steps:
(a) treating crotonaldehyde IX with acetylene compound of formula X to provide

compound of formula XI;

(PN

=0

R4
B

<

IX X

wherein R+ is H or trialkyl silyl protecting group;
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(b) reacting compound of formula XI with (+)-B-Allyldiisopinocampheylborane to
provide hydroxy compound of formula XIl;

Xl

wherein R+ is H or trialkyl silyl protecting group
(c) optionally protecting hydroxyl compound of formula Xl to provide compound of
formula XIlII;
R4

o |
Z o
Xl
wherein P, is an alcohol-protecting group; R, is H or trialkyl silyl protecting group

(d) converting compound of formula Xlll to provide compound of formula XIV; and
Ry

o |
HO

XIV
wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group;
(e) converting compound of formula XIV to compound of formula I11.

Step (a) involves treating crotonaldehyde IX with acetylene compound of
formula X to provide compound of formula XI;

R4
it I
o o)
—
U ||| d
IX X X

Suitable reagents that may be used in step (a) may include rhodium(l) catalyst
precursors such as hydroxy(cyclooctadiene)rhodium(l) dimer and the like; bulky
diphosphine ligands such as (S)-(+)-5,5"-bis[di(3,5-di-tert-butyl-4-
methoxyphenyl)phosphino]-4,4'-bi-1,3-benzodioxole ((S)-DTBM-SEGPHOS) and the
like or any other suitable catalyst or ligands known in the art.
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Suitable solvents that may be used in step (a) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, polar aprotic solvents or mixtures
thereof.

The reaction mixture obtained from step (a) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (a) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (a), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (b) or it may be isolated and further purified.

Step (b) involves reacting compound of formula XI with (+)-B-allyldiisopino
campheylborane to provide hydroxy compound of formula XII;

on
&7 o
XII
wherein R+ is H or trialkyl silyl protecting group

Suitable solvents that may be used in step (b) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, polar aprotic solvents or mixtures
thereof.

The reaction mixture obtained from step (b) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (b) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (b), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (c) or it may be isolated and further purified.

Step (c) involves optionally protecting hydroxy compound of formula XII to
provide compound of formula XIIl;
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Xl

wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group

Suitable base that may be used in step (c) include, alkali metal or alkaline earth
metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide,
calcium hydroxide; carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, calcium carbonate, magnesium carbonate, sodium bicarbonate,
potassium bicarbonate, alkoxides such as sodium methoxide, potassium methoxide;
organic bases, such as for example, triethylamine, tributylamine, N-methylmorpholine,
N,N-diisopropylethylamine,  N-methylpyrrolidine,  pyridine,  collidine,  4-(N,N-
dimethylamino)pyridine, morpholine, imidazole, 2-methylimidazole, 4-methylimidazole
and the like or any other suitable bases known in the art.

Suitable solvents that may be used in step (c) include ketones, esters, ethers,
aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.

The reaction mixture obtained from step (¢) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (¢) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (c), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (d) or it may be isolated and further purified.

Step (d) involves converting compound of formula XllI to provide compound of

formula XIV; and

HO

%

wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group;
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Suitable reagents that may be wused in step (d) include, 9-
borabicyclo(3.3.1)nonane (9-BBN), borane, bis-3-methyl-2-butylborane,
dicyclohexylborane, boron trifluoride diethyl etherate, or any other suitable reagent
that are known in the art.

Suitable solvents that may be used in step (d) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, polar aprotic solvents or mixtures
thereof.

The reaction mixture obtained from step (d) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (d) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (d), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, an obtained crude product may be directly used for
step (e) or it may be isolated and further purified.

Step (e) involves converting compound of formula XIV to compound of formula
[.

Suitable reagents that may be used in step (e) include, (2,2,6,6-tetramethyl-
piperidin-1-yl)oxyl (TEMPO), pyridinium chlorochromate (PCC), oxalyl chloride &
dimethyl sulfoxide (DMSO), dicyclohexylcarbodiimide & DMSO, Dess—Martin
periodinane, [bis(acetoxy)iodo]-benzene (BAIB) and the like or any other oxidizing
agent known in the art.

Suitable solvents that may be used in step (e) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, polar
aprotic solvents or mixtures thereof.

The reaction mixture obtained from step (e) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (e) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (e), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like.

Optionally steps (a) to (e) or any two or more steps may be carried out in-situ
i.e. without isolating the intermediates in each stage.
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In the third embodiment, the present application provides a process for
preparation of an acetylene compound of formula Il

R
o |
Ox
11

wherein P4 is an alcohol-protecting group; R+ is H or trialkyl silyl; which includes one
or more of the following steps:

(a) treating a compound of formula XV with an acetylene compound of formula X to
provide a compound of formula XVI;

X
nQ
T

Rq
Rq

o |
or v | —/

P,O
XV X

?

XV
wherein R+ is H or trialkylsilyl; P+ is H or an alcohol-protecting group; X is halogen;

(b) optionally deprotecting a compound of formula XVI to provide a compound of
formula XVII;

R1

o |l

HO

XVII
wherein R+ is H or trialkyl silyl;

(c) converting a compound of formula XVI or compound of formula XVl to a
compound of formula XVIII;

N

OH
HO\/\)\/.\
XVIII

wherein R+ is H or trialkyl silyl;

(d) protecting a diol compound of formula XVIII to provide a compound of formula
XIX;
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m=—2x

OP,

%

P,O

XIX
wherein R+ is H or trialkyl silyl; P1is an alcohol-protecting group; P2 is hydrogen or an
alcohol-protecting group;
(e) optionally deprotecting a compound of formula XIX to provide a compound of
formula XIV;
R4
oo, |
HO

XV

wherein R+ is H or trialkyl silyl;

(f) converting a compound of formula XIV to a compound of formula Il1.

Step (a) involves treating a compound of formula XV with an acetylene
compound of formula X to provide a compound of formula XVI;

Ry
X OH R4 OH Il
AP+ ||| — PO
XV X XVI

wherein R+ is H or trialkyl silyl; P1 is an alcohol-protecting group; X is halogen;

Suitable catalysts that may be used in step (a) include, dichloro[1,3-
bis(diphenylphosphino)propane]palladium(ll) ((dppp)PdCly), [1,1-
Bis(diphenylphosphino)ferrocene]dichloropalladium(ll) (Pd(dppf)Cly),
bis(triphenylphosphine)palladium(ll) dichloride (PdCIx(PPhs)z), palladium-
tetrakis(triphenylphosphine)  (Pd(PPhs),), tris(dibenzylideneacetone)dipalladium(0)
(Pd2(dba)s), dichlorobis(tricyclohexylphosphine)palladium(ll) (PdCI:[P(Cy)s]z) and the
like or any other suitable catalysts or ligands known in the art used in said
Sonogashira reaction in step (a).

Suitable bases that may be used in step (a) include, alkali metal or alkaline

earth metal carbonates such as sodium carbonate, potassium carbonate, cesium
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carbonate, calcium carbonate, magnesium carbonate, sodium bicarbonate, potassium
bicarbonate, alkoxides such as sodium methoxide, potassium methoxide; organic
bases, such as for example, triethylamine, tributylamine, N-methylmorpholine, N,N-
diisopropylethylamine, N-methylpyrrolidine, pyridine, piperidine, collidine, 4-(N,N-
dimethylamino)pyridine, morpholine, imidazole, 2-methylimidazole, 4-methylimidazole
and the like or any other suitable base known in the art.

Suitable solvents that may be used in step (a) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, nitriles, ethers, polar aprotic solvents
or mixtures thereof.

The reaction mixture obtained from step (a) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (a) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (a), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, the resulting product may be directly used for step
(b) with or without isolation or it may be further purified, if isolated, to improve the
purity of the product.

Step (b) involves optionally deprotecting a compound of formula XVI to provide

a compound of formula XVII;
Ri

on |l
HO
XVII
wherein Ry is H or trialkyl silyl;

Suitable reagents that may be used in step (b) include, hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid, acetic acid, formic acid,
phosphoric acid, methanesulfonic acid, p-toluenesulfonic acid, tetra-n-butylammonium
fluoride (TBAF), tris(dimethylamino)sulfonium difluorotrimethylsilicate, ammonia,
sodium hydroxide, potassium hydroxide, sodium methoxide, potassium t-butoxide,
sodium t-butoxide, sodium carbonate, potassium carbonate, sodium bicarbonate,
potassium bicarbonate, and the like; ion exchange resins, such as: resins bound to

metal ions, including lithium, sodium, potassium, and the like; and resins bound to
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acids, including phosphoric, sulfonic, methanesulfonic, p-toluenesulfonic, and the like
or any other suitable reagents and mixtures thereof.

Suitable solvents that may be used in step (b) include water, alcohols, ketones,
ethers, aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane and mixtures thereof.

Suitable temperatures that may be used in step (b) may be less than about
100°C, less than about 70°C, less than about 40°C, less than about 30°C, less than
about 10°C, less than about 0°C, less than about -10°C, less than about -20°C, or any
other suitable temperature.

The reaction mixture obtained from step (b) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other suitable
techniques for the removal of solids. The product of step (b) may be isolated directly
from the reaction mixture itself after the reaction is complete in step (b), or after
conventional work up with techniques such as filtration, quenching with a suitable
reagent, extraction, or the like. Optionally, an obtained crude product may be directly
used for step (c) with or without isolation or it may be further purified, if isolated, to
improve the purity of the product.

Step (c) involves converting a compound of formula XVI or compound of
formula XVII to a compound of formula XVIII;

L

OH

HO

XVl
wherein Ry is H or trialkyl silyl;
Conversion of a compound of formula XVI or compound of formula XVII to a
compound of formula XVIII may be carried out using hydrogen and a catalyst;
Suitable catalysts that may be used in step (c¢) include, [((S,S)-
QuinoxP*)Rh(cod)]BF4, [((R,R)-Norphos)Rh(cod)]BF., [((S,S)-Me-BPE)Rh(cod)]BF.,
)

[((R,R)-Et-BPE)Rh(cod)]BF., [((S,S)-Ph-BPP)Rh(cod)|BF., [((S,S)-tBu-
ferrotane)Rh(cod)]BF,, [((R,R)-Me-DuPhos)Rh(cod)]BF,, [((R)-BINAP)Rh(cod)]BF.,
[((S,S)-iPr-DuPhos)Rh(cod)]BF4, [((R,R)-iPr-BPE)Rh(cod)]BF4, [((R,R,S,S)

DuanPhos)Rh(cod)|BF, [RUCI((S)-BINAP)(pi-Cl)s][NHzMe], [(S)-
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SEGPHOS)Ru(OAc).], [(S)-BINAP)Ru(OAc);] and the like or any iridium (Ir)
complexes known in the art used for hydrogenation or any other suitable metal
complexes known in the art.

Suitable solvents that may be used in step (c) include alcohols, ethers, aliphatic
and alicyclic hydrocarbons, halogenated hydrocarbons, polar aprotic solvents or
mixtures thereof.

The reaction mixture obtained from step (¢) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other suitable
techniques for the removal of solids. The product of step (c) may be isolated directly
from the reaction mixture itself after the reaction is complete in step (c), or after
conventional work up with techniques such as filtration, quenching with a suitable
reagent, extraction, or the like. Optionally, the resulting product may be directly used
for step (d) with or without isolation or it may be further purified, if isolated, to improve
the purity of the product.

Step (d) involves protecting a diol compound of formula XVIII to provide a
compound of formula XIX;

]

OoP,

%

P,0

XIX

wherein R+ is H or trialkyl silyl; P1is an alcohol-protecting group; P2 is hydrogen or an
alcohol-protecting group;

Optionally diol compound of formula XVIII may be protected sequentially to
provide a compound of formula XIX or mono protected compound of formula XIV or
compound of formula XXIII may be converted to compound of formula XIX or two or
more compounds mixture of compound of formula XVIII, compound of formula XIV

and compound of formula XXIIl may be converted to compound of formula XIX
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Wherein P1and P; is alcohol protecting group; Ry is H or trialkyl silyl;

Suitable bases that may be used in step (d) include, alkali metal or alkaline
earth metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium
hydroxide, calcium hydroxide; carbonates such as sodium carbonate, potassium
carbonate, cesium carbonate, calcium carbonate, magnesium carbonate, sodium
bicarbonate, potassium bicarbonate, alkoxides such as sodium methoxide, potassium
methoxide; organic bases, such as for example, triethylamine, tributylamine, N-
methylmorpholine, N,N-diisopropylethylamine, N-methylpyrrolidine, pyridine, collidine
4-(N,N-dimethylamino)pyridine, morpholine, imidazole, piperidine, 2-methylimidazole,
4-methylimidazole and the like or any other suitable bases known in the art.

Suitable catalysts that may be used in step (d) include enzymes such as
lipases, esterases, amidases and any other suitable trans esterification enzymes
known in the art, other catalysts such as oxo[hexa(trifluoroacetato)]tetrazinc and the
like or any other suitable catalysts known in the art that are used for selective alcohol
acylation or protection..

Suitable solvents that may be used in step (d) include ketones, esters, ethers,

aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.
The reaction mixture obtained from step (d) may be optionally processed to remove
any insoluble solids, and particles may be removed by methods such as decantation,
centrifugation, gravity filtration, suction filtration, or any other techniques for the
removal of solids. The product of step (d) may be isolated directly from the reaction
mixture itself after the reaction is complete in step (d), or after conventional work up
with techniques such as filtration, quenching with a suitable reagent, extraction, or the
like. Optionally, the resulting product may be directly used for step (e) with or without
isolation or it may be further purified, if isolated, to improve the purity of the product.

Step (e) involves optionally deprotecting a compound of formula XIX to provide
a compound of formula XIV;
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Suitable reagents that may be used in step (e) include, hydrochloric acid,
hydrobromic acid, hydroiodic acid, nitric acid, sulfuric acid, acetic acid, formic acid,
phosphoric acid, methanesulfonic acid, p-toluenesulfonic acid, tetra-n-butylammonium
fluoride (TBAF), tris(dimethylamino)sulfonium difluorotrimethylsilicate, ammonia,
sodium hydroxide, potassium hydroxide, sodium methoxide, potassium t-butoxide,
sodium tbutoxide, sodium carbonate, potassium carbonate, sodium bicarbonate,
potassium bicarbonate, and the like; ion exchange resins, such as: resins bound to
metal ions, including lithium, sodium, potassium, and the like; and resins bound to
acids, including phosphoric, sulfonic, methanesulfonic, p-toluenesulfonic, pyridinium p-
toluenesulfonate and the like or any other suitable reagents and mixtures thereof.

Suitable solvents that may be used in step (e) include water, alcohols, ketones,
ethers, aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane and mixtures thereof.

Suitable temperatures that may be used in step (e) may be less than about
100°C, less than about 70°C, less than about 40°C, less than about 30°C, less than
about 10°C, less than about 0°C, less than about -10°C, less than about -20°C, or any
other suitable temperature.

The reaction mixture obtained from step (e) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (e) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (e, or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, the resulting product may be directly used for step
(fy with or without isolation or it may be further purified, if isolated, to improve the purity
of the product.

Step (f) involves converting a compound of formula XIV to a compound of
formula Ill.
Suitable reagents that may be used in step (f) include, (2,2,6,6-tetramethyl-

piperidin-1-yl)oxyl (TEMPO), pyridinium chlorochromate (PCC), oxalyl chloride &
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dimethyl sulfoxide (DMSO), dicyclohexylcarbodiimide & DMSO, Dess—Martin
periodinane, [bis(acetoxy)iodo]-benzene (BAIB), manganese dioxide and the like or
any other suitable oxidizing agent known in the art.

Suitable solvents that may be used in step (f) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, polar
aprotic solvents or mixtures thereof.

The reaction mixture obtained from step (f) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (f) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (f), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like.

Optionally steps (a) to (f) or any two or more steps may be carried out in-situ
i.e. without isolating the intermediates in each stage.

A compound of formula XIV can also be prepared by using the (S)-enantiomer
or enantiomerically enriched compound of formula XV. Inversion of the stereocentre
at the secondary alcohol {(S)-enantiomer of a compound of formula XVIII} may be
carried out by employing the Mitsunobu reaction conditions or any other suitable chiral
inversion reaction conditions known in the art.

In the fourth embodiment, the present application provides a process for
preparation of a compound of formula 1V;

X LG
MOP1
v

wherein Py is an alcohol-protecting group; LG is —OSO2(R); wherein R is selected
from straight or branched C;-C+, alkyl or optionally substituted Cs-Cs aryl or optionally
substituted aralkyl; X is halogen, preferably bromine;
which includes one or more of the following steps:

(a) reacting an epoxide of formula XX with a compound of formula XXI to
provide a compound of formula XXII;



WO 2017/064627 PCT/IB2016/056097

28
o Ro R, OH
", H
ISP v AN, ——— OP,
X KX XX

wherein R; is trialkyl silyl; P+ is an alcohol-protecting group; X is halogen, preferably
bromine;
(b) converting a compound of formula XXIl to a compound of formula XV;
X OH
A OP;

XV

wherein P4 is an alcohol-protecting group; X is halogen;

(c) converting a compound of formula XV to a compound of formula IV.

Step (a) involves reacting an epoxy compound of formula XX with a compound
of formula XXl to provide a compound of formula XXII;

o Rz Ry OQH
(/ -
E}\/\/OP1 + /\X —_— ~ OP4
XX
KX XX

wherein R; is trialkyl silyl; P+ is an alcohol-protecting group; X is halogen, preferably
bromine;

Suitable forms of magnesium metal that may be used in step (a) include, any
form of magnesium metal such as magnesium turnings, magnesium beads,
magnesium powder, magnesium chips and the like.

Suitable reagents that may be used in step (a) to activate magnesium include,
alkyl halides such as methyl iodide, methyl ethyl bromide, 1, 2-dibromoethane and the
like, iodine, diisobutylaluminium hydride (DIBAL-H), sodium bis(2-
methoxyethoxy)aluminumhydride (Red-Al), lithium aluminium hydride (LAH) and the
like or any other suitable magnesium activating reagents known in the art.

Suitable solvents that may be used in step (a) include ethers, aromatic
hydrocarbons, or mixtures thereof.

Optionally, step (a) may be carried out in presence of a metal catalyst such as
cuprous chloride, cuprous bromide, cuprous iodide, zinc chloride and the like or any
other suitable metal catalyst known in the art employed for the Grignard reaction.
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The reaction mixture obtained from step (a) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (a) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (a), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, the resulting product may be directly used for step
(b) with or without isolation or it may be further purified, if isolated, to improve the

purity of the product.
Step (b) involves converting a compound of formula XXII to a compound of
formula XV;
X OH
MVOP1
XV

wherein P4 is an alcohol-protecting group; X is halogen, preferably bromine;

Suitable reagents that may be used in step (b) include, bromine, N-
bromosuccinimide,  1,3-dibromo-5,5-dimethylhydantoin,  pyridinium  perbromide
phosphorus tribromide, iodine, N-iodosuccinimide and the like or any other suitable
reagents known in the art.

Suitable solvents that may be used in step (b) include, ethers, aliphatic and
alicyclic hydrocarbons, aromatic hydrocarbons, halogenated hydrocarbons, esters,
ketones, polar aprotic solvents or mixtures thereof.

The reaction mixture obtained from step (b) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (b) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (b), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like. Optionally, the resulting product may be directly used for step
(c) with or without isolation or it may be further purified, if isolated, to improve the
purity of the product.

Step (c) involves converting a compound of formula XV to a compound of

formula IV.
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The compound of formula IV is prepared by treating a compound of formula XV
with sulfonyl halides or esters and the like. Suitable sulfonyl reagents that may be
used in step (¢) include, methanesulfonyl, p-toluenesulfonyl, 2,4,6-
triisopropylbenzenesulfonyl, 4-propoxybenzene-1-sulfonyl, 4-methoxybenzenesulfonyl,
phenylmethanesulfonyl, 2,4-dichloropyrimidine-5-sulfonyl, benzenesulfonyl and the
like.

Suitable base that may be used in step (c) include, alkali metal or alkaline earth
metal hydroxides such as sodium hydroxide, potassium hydroxide, lithium hydroxide,
calcium hydroxide; carbonates such as sodium carbonate, potassium carbonate,
cesium carbonate, calcium carbonate, magnesium carbonate, sodium bicarbonate,
potassium bicarbonate, alkoxides such as sodium methoxide, potassium methoxide;
organic bases, such as for example, triethylamine, tributylamine, N-methylmorpholine,
N,N-diisopropylethylamine,  N-methylpyrrolidine,  pyridine,  collidine,  4-(N,N-
dimethylamino)pyridine, morpholine, imidazole, 2-methylimidazole, 4-methylimidazole
and the like or any other suitable bases known in the art.

Suitable solvents that may be used in step (c) include ketones, esters, ethers,
aliphatic and alicyclic hydrocarbons, halogenated hydrocarbons, aromatic
hydrocarbons, nitriles, polar aprotic solvents, nitromethane or mixtures thereof.

The reaction mixture obtained from step (¢) may be optionally processed to
remove any insoluble solids, and particles may be removed by methods such as
decantation, centrifugation, gravity filtration, suction filtration, or any other techniques
for the removal of solids. The product of step (¢) may be isolated directly from the
reaction mixture itself after the reaction is complete in step (c), or after conventional
work up with techniques such as filtration, quenching with a suitable reagent,
extraction, or the like.

Optionally steps (a) to (c) may be carried out in-situ i.e. without isolating the
intermediates in each stage.

In the fifth embodiment, the present application provides a compound of

formula V or isomers thereof.
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wherein P, is an alcohol-protecting group; R, is H or trialkyl silyl protecting group
preferably triisopropylsilyl ether;
In the sixth embodiment, the present application provides a compound of

formula VI or isomers thereof.

o ||

%,

e
g OH

\

In the seventh embodiment, the present application provides a compound of

o |
"y,
}Of\/\

formula VII or isomers thereof.

e OP,

il
wherein P, is an alcohol-protecting group;
In the eighth embodiment, the present application provides a compound of

formula VIII or isomers thereof.

Vil

wherein P4 is H or an alcohol protecting group and X is halogen.



WO 2017/064627

PCT/IB2016/056097
32

In the ninth embodiment, the present application provides a compound of
formula Il or isomers thereof;

N

1]
wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group;

In the tenth embodiment, the present application provides a compound of
formula IVa or isomers thereof.

iPr

iPr iPr
X Q,802
4J\~/i\¢/\\/op

IVa
wherein P4 is an alcohol protecting group and X is halogen;

In the eleventh embodiment, the present application provides a compound
having the following formula or isomers thereof.

TIPS TIPS TIPS
OH l | TBSO | I TBSO I |
y oy P g o HO "y o
TIPS TIPS
Me;Si OH Jl\/(_)i/y | | OH
/\/’\/\/OTBS - OTBS -
or or

OH

In the twelfth embodiment, the present application provides a process for

preparation of eribulin or a pharmaceutically acceptable salt thereof comprising

synthesizing eribulin or its pharmaceutically acceptable salt from one or more
compounds of first embodiment to eleventh embodiment.
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One or more compounds of first embodiment to eleventh embodiment include
compound of formula Ill, formula IV, formula IVa, formula V, formula VI, formula VI,
formula VIII, formula XI, formula XlI, formula Xlll, formula XIV, formula XV, formula
XVI, formula XVII, formula XVIII, formula XIX, formula XXII and compounds in
eleventh embodiment.

Isomers of one or more compounds of first embodiment to twelfth embodiment
isomers include stereoisomers of formula lll, formula IV, formula IVa, formula V,
formula VI, formula VII, formula VIII, formula XI, formula XII, formula Xlll, formula
XIV, formula XV, formula XVI, formula XVII, formula XVIII, formula XIX, formula XXII
and compounds in eleventh embodiment.

DEFINITIONS

The following definitions are used in connection with the present application
unless the context indicates otherwise. In general, the number of carbon atoms
present in a given group or compound is designated “C,-C,”, where x and y are the
lower and upper limits, respectively. For example, a group designated as “C+-Cg”
contains from 1 to 6 carbon atoms. The carbon number as used in the definitions
herein refers to carbon backbone and carbon branching, but does not include carbon
atoms of the substituents, such as alkoxy substitutions or the like.

As used herein, "an alcohol protecting group” is a functional group that protects
the alcohol group from participating in reactions that are occurring in other parts of the
molecule. Suitable alcohol protecting groups that are used in step (a) include, acetyl,
benzoyl, benzyl, B-methoxyethoxymethyl ether, methoxymethyl ether, dimethoxytrityl,
p-methoxybenzyl ether, methylthiomethyl ether, allyl ether, +butyl ether, pivaloyl, trityl,
silyl ether (e.g., trimethylsilyl (TMS), t-butyldimethylsilyl (TBMDS), t-butyldiphenylsilyl
(TBDPS), t-butyldimethylsilyloxymethyl (TOM) or triisopropylsilyl (TIPS) ether),
tetrahydropyranyl (THP), methyl ether and ethoxyethyl ether (EE) or any suitable
alcohol protecting group known in the art.

An “alcohol” is an organic compound containing a carbon bound to a hydroxyl
group. “C4-Cs alcohols” include methanol, ethanol, 2-nitroethanol, 2-fluoroethanol,
2,2,2-trifluoroethanol, hexafluoroisopropyl alcohol, ethylene glycol, 1-propanol, 2-
propanol (isopropyl alcohol), 2-methoxyethanol, 1-butanol, 2-butanol, i-butyl alcohol, t-
butyl alcohol, 2-ethoxyethanol, diethylene glycol, 1-, 2-, or 3-pentanol, neo-pentyl
alcohol, t-pentyl alcohol, cyclohexanol, phenol, glycerol and the like.
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An “aliphatic hydrocarbon” is a liquid hydrocarbon compound, which may be
linear, branched, or cyclic and may be saturated or have as many as two double
bonds. A liquid hydrocarbon compound that contains a six-carbon group having three
double bonds in a ring is called “aromatic.” Examples of “Cs-Cs aliphatic” include n-
pentane, isopentane, neopentane, n-hexane, isohexane, 3-methylpentane, 2,3-
dimethylbutane, neohexane, n-heptane, isoheptane, 3-methylhexane, neoheptane,
2,3-dimethylpentane, 2,4-dimethylpentane, 3,3-dimethylpentane, 3-ethylpentane,
2,2,3-trimethylbutane, n-octane, isooctane, 3-methylheptane, neooctane,
cyclohexane, methylcyclohexane, cycloheptane, petroleum ethers and the like.

An “aromatic hydrocarbon solvent” refers to a liquid, unsaturated, cyclic,
hydrocarbon containing one or more rings which has delocalized conjugated T
system. Examples of an aromatic hydrocarbon solvent include benzene toluene,
ethylbenzene, m-xylene, o-xylene, p-xylene, indane, naphthalene, tetralin,
trimethylbenzene, chlorobenzene, fluorobenzene, ftrifluorotoluene, anisole, Cg-Ci2
aromatic hydrocarbons and the like.

An “ester” is an organic compound containing a carboxyl group -(C=0)-O-
bonded to two other carbon atoms. “Cs-Cs esters” include ethyl acetate, n-propyl
acetate, n-butyl acetate, isobutyl acetate, t-butyl acetate, ethyl formate, methyl
acetate, methyl propanoate, ethyl propanoate, methyl butanoate, ethyl butanoate and
the like.

An “ether” is an organic compound containing an oxygen atom —O- bonded to
two other carbon atoms. “C»-Cs ethers” include diethyl ether, diisopropyl ether, methyl
t-butyl ether, glyme, diglyme, tetrahydrofuran, 2-methyltetrahydrofuran, 1, 4-dioxane,
dibutyl ether, dimethylfuran, anisole, diethylene glycol monomethyl ether, diethylene
glycol monoethyl ether, cyclopentyl methyl ether and the like.

A “halogenated hydrocarbon” is an organic compound containing a carbon
bound to a halogen. Halogenated hydrocarbons include dichloromethane, 1,2-
dichloroethane, trichloroethylene, perchloroethylene, 1,1,1-trichloroethane, 1,1,2-
trichloroethane, chloroform, carbon tetrachloride and the like.

A “ketone” is an organic compound containing a carbonyl group -(C=0)-
bonded to two other carbon atoms. “Cs3-Cg ketones” include acetone, ethyl methyl

ketone, diethyl ketone, methyl isobutyl ketone, ketones and the like.
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A “nitrile” is an organic compound containing a cyano -(C=N) bonded to another
carbon atom. “C,-Cg Nitriles” include acetonitrile, propionitrile, butanenitrile and the
like.

A “polar aprotic solvents” include N,N-dimethylformamide, N,N-
dimethylacetamide, dimethylsulfoxide, sulfolane, N-methylpyrrolidone and the like;

Certain specific aspects and embodiments of the present application will be
explained in greater detail with reference to the following examples, which are
provided only for purposes of illustration and should not be construed as limiting the
scope of the application in any manner. Reasonable variations of the described
procedures are intended to be within the scope of the present application. While
particular aspects of the present application have been illustrated and described, it
would be obvious to those skilled in the art that various other changes and
modifications can be made without departing from the spirit and scope of the
invention. It is therefore intended to cover in the appended claims all such changes
and modifications that are within the scope of this application.

EXAMPLES
Example-1: Preparation of (R)-3-Methyl-5-(triisopropylsilyl)pent-4-ynal.

TIPS
TIPS | I

i
+
—_—— @]
N B4
[Rh(OH)(cod)]> (5.87 g) and (S)-DTBM-SEGPHOS (36.45, 6 mol%) were
partially dissolved in dioxane (732 mL) and warmed to 53 °C. After 1.25 h, the
resulting orange solution was allowed to cool to room temperature. TIPS acetylene

(188 g) was charged to the reaction vessel over 10 min followed by crotonaldehyde
(42.7 mL) was added to the reaction mass via pump syringe over 3 h and the resultant
reaction mass was stirred at 43 °C for 16 h. Reaction mass was concentrated in vacuo
and the obtained compound was purified by wipe-film-evaporation to afford the titled
aldehyde (42.9 g, 170 mmol, 33%) as a pale yellow oil.

Example-2: Preparation of (4R,6R)-6-methyl-8-(triisopropylsilyl)oct-1-en-7-yn-4-
ol.
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TIPS

i

ol

(R)-3-Methyl-5-(triisopropylsilyl)pent-4-ynal (10.77 g) in diethyl ether (50 mL)
was added slowly to the solution of (+)-lpc:B-allyl (1 M in pentane, 51.2 mL) in diethyl
ether (50 mL) at -70 °C. The resultant reaction mass was stirred at -70 °C for 1 hour
30 minutes, warmed to 0 °C and stirred at 0 °C for 1 hour 30 minutes. 3M NaOH (80.2
mL) followed by hydrogen peroxide (30% ag. solution, 33 mL) was added slowly to the
reaction mass at 27 °C and stirred at 27 °C for 17 hours. Reaction mass was passed
through a pad of Celite, washed with MTBE (50 mL). Layers were separated, aqueous
layer was extracted with MTBE (3 x 50 mL) and the combined organic extracts were
dried over MgSO. and concentrated in vacuo. The obtained compound was purified by
flash chromatography (SiO) using 0 to 5 to 10% EtOAc/heptane to afford titled
compound (10.6 g).

Example-3: Preparation of tert-Butyldimethyl(((4R,6R)-6-methyl-8-
(triisopropylsilyl)oct-1-en-7-yn-4-yl)oxy)silane.

TIPS TIPS

OH | | TBSO IEl
—- A
<\/\ <\/\

To a solution of (4R,6R)-6-methyl-8-(triisopropylsilyl)oct-1-en-7-yn-4-ol (126 g)
in DMF (250 mL) was added imidazole (87.6 g) followed by TBSCI (96.9 g). The
solution was warmed to 44 °C and stirred at 44 °C for 18 hours. Methanol (10 mL),

water (250 mL) and heptane (350 mL) was added slowly to the reaction mixture at 27
°C and stirred for 15 minutes. Layers were separated and the aqueous layer was
extracted with heptane (250 mL). The combined organic layers were dried over
MgSO, and then concentrated in vacuo. The obtained crude material was purified by
flash chromatography (SiO;) using (1) heptane (1.5 L); (2) 1% heptane/EtOAc (2 L);
(3) 2% EtOAc/heptane (10 L) sequentially to afford the titled product (159.7 g).

Example-4: Preparation of (4R,6R)-4-((tert-butyldimethyisilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-yn-1-ol.
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TIPS TIPS

TBSO | | TBSO Ill

RN OH

9-BBN-H (0.5 M in THF, 41.9 mL) was added slowly to the solution of tert
Butyldimethyl(((4R,6R)-6-methyl-8-(triisopropylsilyl)oct-1-en-7-yn-4-yl)oxy)silane (5.7
g) and THF (30 mL) at 0 °C. The solution was allowed to warm to 27 °C and stirred at
27 °C for 15 hours. Water (103 mL) followed by NaBO3;.4H>O (10.3 g) was added
portion wise to the reaction mass at 20 °C and the resultant reaction mass was stirred
at 27 °C for 22 hours. Reaction mass was filtered through a pad of Celite, washed with
MTBE (250 mL). Layers were separated, aqueous layer was extracted with MTBE
(250 mL). The combined organic layers were dried over MgSOs and then
concentrated in vacuo. The obtained crude material was purified by flash
chromatography (SiO.) using 0%, 10% and 20% EtOAc/heptane sequentially to afford
titted product (5.45 Q).

Example-5: Preparation of (4R,6R)-4-((tert-Butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-ynal.

TIPS TIPS

TBSO TBSO I |

OH _0

To a solution of (4R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-yn-1-ol (122 g) in dichloromethane (500 mL) was added TEMPO
(4.47 g) followed by PhI(OAc). (1.2 g) at 27 °C and stirred at 27 °C for 18 hours.
Dichloromethane (500 mL) was added to the reaction mass and the resultant reaction
mass was washed with sat. aq. Na,SO; (500 mL), sat. ag. NaHCO; (500 mL) then
brine (500 mL). The organic layer was concentrated in vacuo and the obtained crude
material was purified by flash chromatography (SiOz, 1.4 kg) with (1) heptane (1 L), (2)
2% EtOAc/heptane (1 L), (3) 3% EtOAc/heptane (3 L) and (4) 4% EtOAc/heptane (3
L) sequentially to afford titled product (98.8 g).
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Example-6: Preparation of tert-butyl(3-((2S,5S)-5-((3R,5R)-3-((tert-
butyldimethylsilyl)oxy)-5-methyl-7-(triisopropylsilyl)hept-6-yn-1-yl)-4-methylene
tetrahydrofuran-2-yl)propoxy)diphenylsilane.

iPr
ligand = TIPS

TIPS g ; 1 % |||
iPr iPr | NgNH N TBSQ
50, TBSO Ll 0, rk/\

Br O . e 0
20
OTBDPS

Aldehyde and vinyl bromide compounds solution preparation: In two separate

500 ml flasks, (4R,6R)-4-((tert-Butyldimethylsilyl)oxy)-6-methyl-8-(triisopropylsilyl)oct-
7-ynal (61.9 g) and (R)-2-bromo-7-((tert-butyldiphenylsilyl) oxy)hept-1-en-4-yl 2,4,6-
triisopropylbenzenesulfonate (124.7 g) were evaporated with toluene (30 mL) three
times to remove any water. The flasks were placed under a flow of nitrogen and
acetonitrile (200 mL) was added to the flask containing bromo compound. After
dissolution of bromo compound in acetonitrile, transferred to the flask containing
aldehyde and stirred for 15 minutes to get clear solution.

A 3L, 3-neck flask equipped with a mechanical stirrer and a nitrogen inlet and a
gas outlet, was dried with a heatgun under a flow of nitrogen for 20 min. It was left
under a nitrogen flow overnight. 1,8-bis(dimethylamino)naphthalene (Proton sponge)
(96.6 @), (R)-N-(2-(4-isopropyl-4,5-dihydrooxazol-2-yl)phenyl)methanesulfonamide
(133.8 g), and CrCl, (55.4 g) were added to the flask. Acetonitrile (600 mL) was slowly
added to the flask and the resultant reaction mass was stirred at 27 °C for 1 hour 30
minutes. NiCl>-2,9-dimethyl-1,10-phenanthroline (2.46 g, 5%), followed by the solution
of aldehyde and vinyl bromide compounds was added to the reaction mass and the
resultant reaction mass was stirred at 27 °C for 20 hours. Ethylenediamine (97 mL)
was slowly added to the reaction mass at below 20 °C and stirred for 10 minutes. The
reaction mass was warmed to 40 °C and stirred at 40 °C for 4 hours. Water (600 mL)
and 2-Me-THF (600 mL) was added to the reaction mass and stirred for 15 minutes.
The layers were separated, the aqueous layer was extracted twice with 2-Me-THF
(600 mL), combined organic layers washed with brine (100 mL) and dried over
MgSO.. The obtained organic layer was filtered, concentrated in vacuo. THF (300 mL)
was added to the crude compound, separated solid was filtered and wet cake was
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washed with THF (300 mL). Acetonitrile (700 mL) and heptane (700 mL) was added to
the wet compound, stirred for 30 minutes and the resultant reaction mass was filtered.
Separated filtrate layers, extracted acetonitrile layer with heptane (3x700 mL).
Evaporated all the heptane layer and the obtained crude material was purified using
column chromatography (Heptane/MTBE (95/5, 2.5 L, then Heptane/MTBE (90/10,
4.51)) to afford title compound (55 g).

Example-7: (3R,5R)-1-((2S,5S)-5-(3-Hydroxypropyl)-3-methylenetetrahydrofuran-
2-yl)-5-methylhept-6-yn-3-ol

TIPS

TBSO IEl OH

h/\ . ﬁ/\
’h}_?/\/\OTBDPS }_7/\/\@4

To a solution of tert-butyl(3-((25,5S)-5-((3R,5R)-3-((tert-butyldimethylsilyl)oxy)-
5-methyl-7-(triisopropylsilyl)hept-6-yn-1-yl)-4-methylene tetrahydrofuran-2-yl)propoxy)
diphenylsilane (27.0 g) in THF (135 mL) was added TBAF (1 M in THF, 209 mL) over
25 min and the resulting brown solution was stirred at 27 °C for 16 hours. MTBE (270
mL) was added to the reaction mass, and the resultant reaction mass was washed
with water/sat ag. NH4Cl (1:1, 270 mL). Aqueous layer was extracted with MTBE (270
mL), combined organic layers were concentrated in vacuo. The obtained crude oil was
dissolved in methanol (270 mL) and conc. HCI (8.1 mL) was added slowly. The
solution was stirred at 27 °C for 2 hours and quenched with solid NaHCO; (7 g). The
resultant suspension was filtered and the filtrate concentrated in vacuo. The obtained
oil was dissolved in MTBE (270 mL) and washed with sat ag. NaHCO; (270 mL).
Aqueous layer was extracted with MTBE (2 x 270 mL), the combined organic layers
were concentrated in vacuo and the obtained crude material was purified by flash
chromatography (SiO;) with: (1) 20% EtOAc/heptane (0.5 L), (2) 60% EtOAc/heptane
(1 L), (3) 80% EtOAc/heptane (2 L) and (4) EtOAc (0.5 L) sequentially to afford
crystalline titled product (7.41 g; dr4:1).

Example-8: Preparation of tert-Butyl(3-((25,5S)-5-((3R,5 R)-3-((tert-
butyldimethylsilyl)oxy)-5-methylhept-6-yn-1-yl)-4-methylenetetrahydrofuran-2-
yl)propoxy)dimethylsilane.
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To a solution of (3R,5R)-1-((2S,55)-5-(3-Hydroxypropyl)-3-
methylenetetrahydrofuran-2-yl)-5-methylhept-6-yn-3-ol (9.85 g) and imidazole (12.6 g)
in DMF (39 mL) was added TBSCI (13.9 g). The resulting reaction mass was warmed
to 47°C and stirred at 47 °C for 16 hours. Methanol (4 mL) was added to the reaction
mass then cooled to 27 °C. Heptane (100 mL) was added to the reaction mass and
washed with water (2 x 200 mL) then sat agq. NH4Cl (100 mL). The organic layer was
concentrated in vacuo, the obtained crude oil was purified by passing through a silica
plug using (1) heptane (200 mL) and (2) 5% EtOAc/heptane (600 mL) to afford the
titted product (17.4 g; dr4:1).

Example-9: Preparation of (3R,5R)-1-((25,55)-5-(3-hydroxypropyl)-3-
methylenetetrahydrofuran-2-yl)-6-iodo-5-methylhept-6-en-3-ol

TBSO Ill

}JA/\OTBS

DIBAL-H (1 M in THF, 1.62 mL) was slowly added to a suspension of NiCl,
(bis(diphenylphosphino)ethylene) (42.7 mg) in THF (0.5 mL) and stirred for 15
minutes. A solution of tert-Butyl(3-((25,5S)-5-((3R,5R)-3-((tert-butyldimethylsilyl)oxy)-
5-methylhept-6-yn-1-yl)-4-methylenetetrahydrofuran-2-yl)propoxy)dimethylsilane (400
mg) in THF (1.5 mL) was added to the reaction mass at 0 °C and stirred at 0 °C for 30
minutes. Reaction mass was warmed to 27 °C and stirred at 27 °C for 4 hours. A

solution of N-iodosuccinimide (364 mg) in THF (1.5 mL) was added to the reaction
mass at -78 °C and stirred at -78 °C for 1 hour. Reaction mass was quenched into sat
ag. Rochelle’s salt (15 mL), extracted with MTBE (2 x 15 mL) and the combined
organic layers were concentrated in vacuo. The resulting crude oil was dissolved in
methanol (4 mL). 37% HCI (0.04 mL) was added to the reaction mass at 27 °C and
stirred at 27 °C for 2 hours. Solid NaHCO; was added to the reaction mass, the
suspension was filtered and the filtrate concentrated in vacuo. To the obtained crude
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material, EtOAc (15 mL) and water (15 mL) was added. The layers were separated
and the aqueous was extracted again with EtOAc (15 mL). The combined organic
layers were dried over MgSO, and concentrated in vacuo. The resulting oil was
purified by fluid chromatography using (1) 5% acetone/heptane (70 mL); (2) 40%
EtOAc/acetone (80 mL) followed by supercritical fluid chromatography (SFC) to afford
the titled product (178 mg).

SFC Method: Column: YMC amylose-C 150 x 4.6, 5 y; Flow: 1 mL/min (Isocratic);
Run-time: 15 minutes; Diluent: acetonitrile; Sample Concentration: 1 mg/mL in diluent;

Mobile phase: acetonitrile and water in 95:5 ratio (v/v)

Example-10: Preparation of 3-((25,59)-5-((3R,5R)-3-Hydroxy-6-iodo-5-
methylhept-6-en-1-yl)-4-methylenetetrahydrofuran-2-yl)propyl pivalate.

OHl\/ OHl\/

;J/\/\OH }JMOPN

A solution of (3R,5R)-1-((25,5S)-5-(3-hydroxypropyl)-3-methylenetetrahydro
furan-2-yl)-6-iodo-5-methylhept-6-en-3-ol (480 mg) in dichloromethane (4.8 mL) was
cooled to 0 °C. Pyridine (296 uL), 4-DMAP (9.6 mg) and then PivCl (157 pL) was
added to the reaction mass. The resultant reaction mass was stirred at 0 °C for 30
minutes then at 27 °C for 2 hours. Dichloromethane (5 mL) was added to the reaction
mass and the obtained reaction mass was washed with sat. ag. NH4Cl (10 mL). The
organic layer was concentrated in vacuo and the resultant crude material was purified
by FC (SiO;) with (1) 20% EtOAc/heptane (60 mL) and 40% EtOAc/heptane (60 mL)
sequentially to afford the titled product (480 mg).

Example-11: Preparation of (R)-7-((tert-butyldimethylsilyl)oxy)-2-
(trimethylsilyl)hept-1-en-4-ol.

SiMe;

Br Me;Si  OH

O/,
2", OTBS
NN oTBS

1-bromovinyltrimethylsilane solution preparation: 62.1 g of 1-bromovinyltrimethylsilane
was dissolved in 100 mL THF.
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lodine (1.17 g) was added to the magnesium turnings (9.55 g) at 23 °C and
allowed to stand for 10 minutes. Anhydrous tetrahydrofuran (50 mL) followed by 1-
bromovinylirimethylsilane solution in THF (10 mL) was added to the reaction mass at
24 °C and stirred for 30 minutes. Another lot of 1-bromovinyltrimethylsilane solution in
THF (10 mL) was added to the reaction mass at 24 °C and stirred for 20 minutes.
Anhydrous  tetrahydrofuran (200 mL) followed by  remaining 1-
bromovinyltrimethylsilane solution in THF (~130 mL) was added slowly to the reaction
mass and stirred for 30 minutes. The resultant reaction mixture slowly cooled to 25 °C
and further cooled to -25 °C. Copper () iodide (2.2 g) was added to the reaction mass
at -25 °C under argon and stirred at -25 °C for 45 minutes. (R)-tert-butyldimethyl(3-
(oxiran-2-yl)propoxy)silane solution in THF (50 g in 150 mL THF) was slowly added to
the reaction mass at -25 °C over a period of 1 hour and stirred at -25 °C for 1 hour.
Saturated ammonium chloride solution (200 mL) was added slowly to the reaction
mass at 2 °C and stirred for 10 minutes. Water (200 mL) was added and stirred for 30
minutes, layers were separated. Agueous layer was extracted with ethyl acetate
(2X100 mL), combined organic layer was washed with water (200 mL), brine solution
(200 mL) and dried with anhydrous sodium sulfate (20 g). The organic layer was
concentrated in vacuo, the obtained crude product was purified by using column
chromatography (eluent: EtOAc/hexane) to afford the titled product (68 g).
Example-12: Preparation of (R)-2-bromo-7-((tert-butyldimethylisilyl)oxy)hept-1-
en-4-ol

Measi QH Br OH
: otBs ———— _A _A_~_0TBS

Triethylamine (0.320 g) was added to the reaction mass containing (R)-7-((tert-
butyldimethylsilyl)oxy)-2-(trimethylsilyl}hept-1-en-4-ol (1.0 g) and toluene (15 mL) at -
30 °C. Pre cooled (-30 °C) bromine solution (0.606 g of bromine in 10 mL of toluene)
was added slowly to the reaction mass at -58 °C. Sodium methanolate solution (2 mL;
25 wt. % in methanol) was added at -58 °C and the resultant reaction mixture was
stirred at -48 °C for 5 hours. Methanol (10 mL) was added to the reaction mass at -42
°C and the reaction mass slowly warmed to 28 °C. Solvent was removed under
reduced pressure at 48 °C. The obtained crude compound was dissolved in ethyl
acetate (50 mL), washed with saturated aqueous ammonium chloride solution (10 mL)
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and water (5 mL). The resultant organic layer was concentrated in vacuo at below 48
°C to afford the title compound.

Example-13: Preparation of (R)-2-bromo-7-((tert-butyldimethylisilyl)oxy)hept-1-
en-4-ol

Measi QH Br OH
B oTBS > MOTBS

1 3-dibromo-5 5-dimethylimidazolidine-2 4-dione (10.84 g) was slowly added to
the reaction mass containing (R)-7-((tert-butyldimethylsilyl)oxy)-2-(trimethylsilyl)hept-
1-en-4-ol (10 g) and dichloromethane (150 mL) at -10 °C and the resultant reaction
mass was stirred at -10 °C for 2 hours. Sodium methanolate solution (5.12 g; 30 wt. %
in methanol) was added at -52 °C and the resultant reaction mixture was stirred at -52
°C for 2 hours 20 minutes. Methanol (100 mL) was added to the reaction mass at 0 °C
and the reaction mass pH was slowly adjusted to 6.5 with agueous ammonium
chloride solution. Reaction mass concentrated under reduced pressure, the obtained
crude compound was dissolved in ethyl acetate (100 mL), washed with saturated
aqueous ammonium chloride solution (100 mL) and water (150 mL). The resultant
organic layer was concentrated in vacuo at below 47 °C. The obtained crude
compound was purified by flash chromatography to afford the titled compound (4.88
9)-

Example-14: Preparation of (R)-2-bromo-7-((tert-butyldimethylisilyl)oxy)hept-1-
en-4-yl 2,4,6-triisopropylbenzenesulfonate.

iPr

iPr iPr

Br OH s o502

OT8S /l’\/?\/\/OTBS

4-(Dimethylamino)pyridine (286 mg) and triethylamine (316 mg) was added to

the reaction mass containing (R)-2-bromo-7-({tert-butyldimethylsilyl)oxy)hept-1-en-4-ol
(505 mg) and dichloromethane (5 mL) at 0 °C. Solution of 2,4,6-triisopropylbenzene-1-
sulfonyl chloride (710 mg in 1.5 mL dichloromethane) was added to the reaction mass
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at 0 °C and stirred at 25 °C for 22 hours. Reaction mass was washed with water (2x20
mL) and the resultant organic layer was concentrated in vacuo. The obtained crude
compound was purified by flash chromatography to afford the titled compound (780

mg).
Example-15: Preparation of (R)-1-((tert-butyldimethylsilyl)oxy)-6-methylene-8-
(triisopropylsilyl)oct-7-yn-4-ol.
TIPS
Br OH l

oTBS B

oTBS

A solution of the bromide (100.31 g) in dry DMF (600 mL), dry triethylamine
(130 mL) and (triisopropylsilyl)acetylene (104 mL) was added to the reaction mass
containing [1,1-Bis(diphenylphosphino)ethane]dichloropalladium(ll) (1.793 g) and
copper iodide (1.187 @) under Nz . The resultant reaction mass was stirred at 55 °C for
16 hours. MTBE (750 mL) was added to the reaction mass at 25 °C and stirred at 25
°C for 1 hour. The precipitate was removed by filtration through a pad of silica gel
(100 g), the filter cake was washed with MTBE (250 mL). The combined filtrates were
washed with water (500 mL), sat. NH.Cl sol. (500 mL), water (500 mL) and brine
solution (500 mL). The washed filtrates were dried over MgSO. and then
concentrated under reduced pressure to afford title compound (157.47 g).

Example-16: Preparation of (R)-6-methylene-8-(triisopropylsilyl)oct-7-yne-1,4-
diol.

TIPS TIPS

I o I o

= —— =

oTBS ' OH

12 M HCI (1.5 mL) was added to the reaction mass containing (R)-1-((tert-
butyldimethylsilyl)oxy)-6-methylene-8-(triisopropylsilyl)oct-7-yn-4-ol (157.47 g) and
methanol (750 ml) and the resultant reaction mixture was stirred at 25 °C for 2 hours.
Solid sodium hydrogen carbonate (2.27 g) was added to the reaction and stirred for 1
hour at 25 °C. The solids were removed by filtration and the filtrates concentrated
under reduced pressure. The concentrated residue was dissolved in ethyl acetate
(750 mL), washed with water (500 ml) and brine (500 ml). The resultant organic layer
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was dried over magnesium sulfate and concentrated in vacuo to afford the title

compound (108.7 g).

Example-17: Preparation of (4R, 6R)-6-Methyl-8-(triisopropylsilyl)oct-7-yne-1,4-
diol.

TIPS TIPS

I o I o
' OH : OH
(R)-6-methylene-8-(triisopropylsilyl)oct-7-yne-1,4-diol (1.0 g) and MeOH (10
mL) was charged into 50 mL Parr pressure vessel under a nitrogen atmosphere
containing [((S,S)-QuinoxP*)Rh(cod)]BF, (6.8 mg). The vessel was topped up to 10
bar pressure with hydrogen. Pressure was monitored and when it dropped to 9 bar or
below, the pressure was increased to 10 bar by topping up with more hydrogen.
Reaction mass was stirred until no further hydrogen uptake was observed. Pressure
was released and the resulting solution was concentrated in vacuo to afford the titled

compound (0.92 g).

Example-18: Preparation of (4R, 6R)-4-((tert-Butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-yn-1-ol.

TIPS TIPS TIPS

o | o o |

C/\ OTBS C;\

To a solution of (4R, 6R)-6-Methyl-8-(triisopropylsilyl)oct-7-yne-1,4-diol (274
mg) in DMF (1 mL) was added imidazole (298 mg) followed by tert-Butyldimethylsilyl
chloride (330 mg) and the resultant reaction mass was stirred for 4 hours at 47 °C.
MeOH (150 pL) was added to the reaction mass at 25 °C and stirred at 25 °C for 2
hours. MTBE (20 mL) and water (20 mL) was added to the reaction mass and layers
were separated. Organic layer washed with water (20 mL), dried over MgSO, and
concentrated in vacuo to afford the crude di-TBS protected intermediate (467 mg) as a

pale yellow oil.

To a solution of the crude di-TBS protected intermediate in EtOH (2.8 mL) was
added pyridinium p-toluenesulfonate (21.7 mg) and the resultant reaction mass was
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stirred at 25 °C for 19 hours. Reaction mass was diluted with MTBE (20 mL) and
washed with brine (20 mL). The organic layer was dried over MgSO, and
concentrated in vacuo. The obtained crude compound was purified by flash
chromatography (SiO2) (0:100 to 20:80, EtOAc/heptane) to afforded the titled
compound (214 mg).

Example-19: preparation of (4R, 6R)-4-((tert-Butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-yn-1-ol.

TIPS TIPS TIPS TIPS

. s I s I

feainndeataniion

A mixture of (4R, 6R)-6-Methyl-8-(triisopropylsilyl)oct-7-yne-1,4-diol and
(4R,6 R)-4-((tert-butyldimethylsilyl)oxy)-6-methyl-8-(triisopropylsilyl)oct-7-yn-1-ol  (1.36
g), isopropenyl acetate (0.8 mL) and Novozyme 435 (100 mg) in tert-Butyl Methyl
ether (15 mL) was stirred at 21°C under nitrogen for 18 hours. Reaction mass filtered
through a pad of Celite, washed with MTBE and the resultant filtrate was
concentrated. The obtained crude compound was dissolved in dimethylformamide (4
mL). Tert-butyldimethylsilyl chloride (1.2 g) and imidazole (1.3 g) were added to the
reaction mass and the resulting solution was stirred at 21°C under nitrogen for 16
hours. Methanol (0.5 mL) was added to the reaction mass and the mixture was stirred
at 21 °C for 3 hours. MTBE (30 mL) and water (20 mL) was added to the reaction
mass at 21 °C and stirred for 15 minutes. The layers were separated and the
aqueous layer was extracted with MTBE (30 mL). The combined layer was washed
with water (10 mL) and then concentrated to yield a slightly hazy oil (1.17 g). The oil
was dissolved in methanol (15 mL) and potassium carbonate (100 mg) was added to
the reaction mass. The resulting solution was stirred at 21°C under nitrogen for 5
hours. The reaction mass was poured into a mixture of MTBE (20 mL) and water (30
mL) and layers were separated. The aqueous layer was extracted with MTBE (2 x 20
mL). The combined organic layer was filtered through a pad of magnesium sulfate
and concentrated to afford title compound (750 mg).
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Example-20: Preparation of (4R,6R)-4-((tert-Butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-ynal.

TIPS TIPS

TBSO m TBSO |_|

OH 0

To a solution of (4R,6R)-4-((tert-butyldimethylsilyl)oxy)-6-methyl-8-
(triisopropylsilyl)oct-7-yn-1-ol (122 g) in dichloromethane (500 mL) was added TEMPO
(4.47 g) followed by PhI(OAc). (1.2 g) at 27 °C and stirred at 27 °C for 18 hours.
Dichloromethane (500 mL) was added to the reaction mass and the resultant reaction
mass was washed with sat. aq. Na,SO; (500 mL), sat. ag. NaHCO; (500 mL) then
brine (500 mL). The organic layer was concentrated in vacuo and the obtained crude
material was purified by flash chromatography (SiO;, 1.4 kg) with (1) heptane (1 L), (2)
2% EtOAc/heptane (1 L), (3) 3% EtOAc/heptane (3 L) and (4) 4% EtOAc/heptane (3
L) sequentially to afford titled product (98.8 g).

Example-21: Preparation of (3R,5R)-1-((25,55)-5-(3-hydroxypropyl)-3-
methylenetetrahydrofuran-2-yl)-6-iodo-5-methylhept-6-en-3-ol

eSO Sy Mt TBso !

TBSO

—- —-

r‘\/\ 4, O d\o/\ OTBS
,,,,}27/\/\“88 }f\/\oms

BusSn-AlEt, solution preparation: 1.6 M nBulLi in hexanes (8.8 mL) was added

dropwise to the solution containing isopropylamine (1.98 mL) and THF (34 mL) at -10
°C under nitrogen and the resulting solution was stirred at -10 °C for 30 minutes.
BusSnH (3.8 mL) was added to the solution dropwise at below -30 °C and stirred for
30 minutes. 1.8 M Et,AICI in PhMe (7.9 mL) was added dropwise at -40 °C and the
reaction mixture was stirred for 10 minutes at -30 °C.
tert-Butyl(3-((25,5S5)-5-((3R,5R)-3-((tert-butyldimethylsilyl)oxy)-5-methylhept-6-

yn-1-yl)-4-methylenetetrahydrofuran-2-yl)propoxy)dimethylsilane (3.3 g) in THF (17.5
mL) was added to a reaction mass that contained [PhsPCul], (1.28 g) under nitrogen
atmosphere and the resulting suspension was stirred for 5 minutes at 0 °C. The
BusSn-AlEt, solution was added to the reaction mixture and the resultant reaction
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mixture stirred for 1 hour 30 minutes at 0 °C. Sat. ag. NH.CI solution (35 mL) was
added slowly and the resulting mixture was diluted with 2-MeTHF (70 mL) and 20%
w/w aq. Rochelle’s salt solution (70 mL), warmed to room temperature, and stirred
rapidly for 1 hour. The biphasic mixture was transferred into a separating funnel,
further portions of 2-MeTHF (70 mL) and 20% w/w aq. Rochelle’s salt solution (70 mL)
were added and the phases were mixed, separated and the organic layer was washed
with 20% w/w aq. Rochelle’s salt solution (70 mL), brine (150 mL), dried with MgSQO,,
filtered and concentrated to give a colourless oil containing an off-white precipitate.
The oil was solubilised in heptane (150 mL) and stirred for 1 h, the resulting
suspension filtered and the filtrate concentrated to give colourless oil.

The crude material (colourless oil) was dissolved in DCM (170 mL) and cooled
to -40 °C under nitrogen. N-lodosuccinimide (3.18 g) was added and the reaction
stirred for 1 hour. The reaction mixture was quenched with 20% w/w aq. NaS:03 (150
mL) and warmed to room temperature. The layers were separated and the aqueous
layer was washed with DCM (2x 150 mL). The combined organic layers were washed
with brine solution (150 mL), dried with MgSOQs., filtered and concentrated to give 8.02
g pale yellow oil; potency 35.7 wt% for desired a-regioisomer, 2.86 g of title

compound.
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CLAIMS

1. A process for preparation of compound of formula Il comprising one or more of the
following steps:

wherein P4 is H or an alcohol protecting group; P2 is H or an alcohol protecting group
or —SOz(R); wherein R is selected from straight or branched C1-C+o alkyl or optionally
substituted Cs-C;2 aryl or optionally substituted aralkyl; X is halogen;

(a) reacting acetylene compound of formula Il with vinyl halide compound of
formula IV to provide compound of formula V;

—_— v, O
' OP4
I v

wherein P, is an alcohol-protecting group; Ry is H or trialkyl silyl protecting group; LG
is —OSO2(R); wherein R is selected from straight or branched C+-Ci¢ alkyl or optionally
substituted Cs-C2 aryl or optionally substituted aralkyl;

(b) optionally deprotecting compound of formula V to provide dihydroxy
compound of formula VI;

(c) optionally protecting dihydroxy compound of formula VI to provide
compound of formula VII;
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wherein P4 is an alcohol-protecting group;

(d) converting compound of formula VI or formula VIl to provide compound of
formula VIII;

Wil
wherein P, is H or an alcohol protecting group and X is halogen;

(e) converting compound of formula VIl to a compound of formula 1.

2. The process according to claim 1, wherein the compound of formula Ill is

TIPS

TBSO I

20

3. The process according to claim 1, wherein the compound of formula IV is

iPr iPr
iPr iPr iPr iPr
Br 9’802 Br 9’802
M\/OTBDPS M/V
or

4. The process according to claim 1, wherein the compound of formula Ill is prepared
by a process comprising one or more of the following steps:

(a) treating crotonaldehyde IX with acetylene compound of formula X to provide
compound of formula XI;
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0
ot — 7§
IX X
wherein R+ is H or trialkyl silyl protecting group;
(b) reacting compound of formula XI with (+)-B-Allyldiisopinocampheylborane to
provide hydroxy compound of formula XIl;

on
& “
XII
wherein R+ is H or trialkyl silyl protecting group;
(c) optionally protecting hydroxy compound of formula XlI to provide a compound
of formula XIII;

o |
& o
Xl
wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
(d) converting compound of formula XlIl to provide compound of formula XIV; and

o |
HO

2 4,

XIV
wherein P, is an alcohol-protecting group; R, is H or trialkyl silyl protecting group
(e) converting compound of formula XIV to compound of formula I11.
5. The process according to claim 1, wherein the compound of formula Ill is prepared
by process comprising one or more of the following steps:
(a) treating a compound of formula XV with an acetylene compound of formula X to
provide a compound of formula XVI;
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R1

Ry OH I

X
uQ
I

0

D

+
J
O

XV X XVI
wherein R+ is H or trialkyl silyl; P4 is H or an alcohol-protecting group; X is halogen;
(b) optionally deprotecting a compound of formula XVI to provide a compound of

formula XVII;
Ry

on I
HO
XVII
wherein Ry is H or trialkyl silyl;
(c) converting a compound of formula XVI or a compound of formula XVIl to a

compound of formula XVIII;

L

OH

HO

XVl
wherein Ry is H or trialkyl silyl;
(d) protecting a diol compound of formula XVIII to provide a compound of formula
XIX;

=3

OP,

%

P,O

XIX
wherein Ry is H or trialkyl silyl; P4 is an alcohol-protecting group; P. is hydrogen or an
alcohol-protecting group;
(e) optionally deprotecting a compound of formula XIX to provide a compound of
formula XIV;
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HO
XIV
wherein R+ is H or trialkyl silyl;
(f) converting a compound of formula XIV to a compound of formula Il1.

6. The process according to claim 1, wherein the compound of formula IV is prepared
by a process comprising one or more of the following steps:

provide a compound of formula XXII;
0

=7,

(a) reacting an epoxide of formula XX with a compound of formula XXI to

Ro
TN NOP

R,
+ /\X —_—

OP,4
XXI

H
XX

IIIO

XXII
wherein Rq is trialkyl silyl; P+ is an alcohol-protecting group; X is halogen, preferably
bromine;

(b) converting a compound of formula XXII to a vinyl halide compound of
formula XV;

wherein P4 is an alcohol-protecting group; X is halogen, preferably bromine or iodine;

(c) converting a compound of formula XV to a compound of formula IV.
7. A compound of formula V or isomers thereof.

Ry

o |

wherein P4 is an alcohol-protecting group; R1 is H or trialkyl silyl protecting group;
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8. A compound of formula VI or isomers thereof.

on |

0, O
VI
9. The compound of claim 8 in crystalline form.

10. A compound of formula VII or isomers thereof.

o |
O

1, 7

J
OP,4

VI
wherein P, is an alcohol-protecting group;

11. A compound of formula VIl or isomers thereof.

X
OP,
)
O.
OP,

l”,}j/\/\

wherein P, is H or an alcohol protecting group and X is halogen
12. A compound of formula IVa or isomers thereof.

iPr
iPr/(;\iPr
X

S0,

Vil

nQ

)\/\/\/OP

wherein P is an alcohol protecting group and X is halogen
13. A compound of claim 12 having the formula.

PCT/IB2016/056097
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iPr

14. A compound of formula Ill or isomers thereof;

Rq

o |

o ",

Oxn

wherein P, is an alcohol-protecting group; R; is H or trialkyl silyl protecting group;
15. A compound of claim 14 having the formula.

TIPS

TBSO |

20

16. A compound having the following formula or isomers thereof.

TIPS TIPS TIPS
OH I | TBSO I | TBSO I |
z ‘o, or 7 ‘r, or HO ‘", or
TIPS TIPS
MesSi  OH Il OH [ OH
~ OTBS - OTBS R
or or

OH

17. A process for preparation of eribulin or a pharmaceutically acceptable salt thereof
from a compound of any one of claims 1-16.
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Figure 1
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