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METHODS AND INTERMEDIATES FOR
PREPARING PHARMACEUTICAL AGENTS

Cross-Reference to Related Applications

This application claims the benefit of priority from U.S. Provisional Patent Application
No. 61/594,686 filed February 3, 2012, the content of which is hereby incorporated by reference

herein in its entirety.

Background
International Patent Application Publication Number WO 2008/010921 and International

Patent Application Publication Number WO 2008/103949 disclose certain compounds that are
reported to be useful to modify the pharmacokinetics of a co-administered drug, e.g. by inhibiting
cytochrome P450 monooxygenase. One specific compound identified therein is a compound of

formula L.

International Patent Application Publication Number WO 2010/115000 discloses methods
for preparing the compound of formula I and salts thereof. Two intermediates discussed in these

applications include the compound of formula II and the compound of formula III and salts

thereof.
Ph ~ Ph ~ o
HZN\/\/:\ HZN\/\/:\ /U\ S
: NH, ; N™ O
3 i LY
Ph Ph N
11 111
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European Patent Application EP 486948 discloses a compound of formula IV’ and
International Patent Application Publication Number WO 1994/14436 discloses a compound of

formula V°,

Ph
Ph\_ / o
- BocHN : S
BOCHN\i/\‘ANHZ oc \/\‘/\Hko/\&h
pa OH /" OH N
Ph Phi
v A\

There is currently a need for improved synthetic methods and intermediates that can be
used to prepare the compound of formula I and salts thereof. There is also a need for improved
methods and intermediates that can be used to prepare the compound of formula IT and the
compound of formula Il which are useful for preparing the compound of formula I. The improved
methods and intermediates may reduce the cost, time, and/or the amount of waste or provide an
increased yield associated with the existing methods for preparing the compounds of formula I or

formula II or formula III or salts or protected derivatives thereof.

Summary

A new synthetic processes and intermediates would be useful for preparing the compound
of formula I. In particular, the new synthetic processes and intermediates are useful for preparing
intermediates (e.g. the compounds of formula II and III) used to prepare the compound of formula

L. Accordingly, in one embodiment a compound is selected from:
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Ph
_/Ph :/ _/Ph
1¢| : R1CHN s 1am1b 1¢] :
R HNW\NR1aR1b , NTOYTONRER , RIHN A~ \Riag .
/  OH o’ S %
Ph 2 Ph
R
Ph
70
Ph Ph B
% / R1HN ' S
RIHN s o 1am o RICHN o~ AN s : H \
- NR'aRTe - N~ 0 ) J O0Ls
; L L
Phi Ph \N/
N
oRé :/Ph R :/Ph - :/Ph
1a B 1a : -
R HNNNHRm , R HNW\NHZ and N,
Ph/ Ph/ Ph/
wherein:
R!* and R are each independently an amine protecting group; or R'is an amine protecting
group and R is H;

R'¢is -C(0)O(C;-Ce)alkyl wherein -C(0)O(C;-Cg)alkyl is optionally substituted with one
or more (e.g. 1, 2, 3, 4 or 5) halogen or (C;-Cs)alkoxy;

R? is -SMe or imidazol-1-yl; and

R* is -SO,(C;-Ce)alkyl or -SOsaryl, wherein -SO,(C;-Cg)alkyl is optionally substituted
with one or more (e.g. 1, 2, 3, 4 or 5) halogen, and wherein -SO,aryl is optionally substituted with
one or more (e.g. 1, 2, 3, 4 or 5) halogen, (C;-Cg)alkyl or NOy;

and salts thereof;

provided the compound is not:
/Ph /Ph /Ph

BOCHNNNHBOC ’ BOCHNNNHBOC or BOCHN\/\/\NBOC

P P’ P Ph

In another embodiment there is a method for preparing a compound of formula 1a or a salt

thereof, comprising protecting a compound of formula I'Va:
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Ph
s

R1CHNV\K\
: NH,
S OH
Ph
IVa

or a salt thereof to provide the corresponding compound of formula 1a:
Ph
%

R1°HNN
; NR'laR'lb
~ OH
~Ph |
a

or the salt thereof, wherein R' and R'® are each independently an amine protecting group; or R'*

is an amine protecting group and R'®is H; and R is -C(0)O(Cy-Cg)alkyl

wherein -C(O)O(C;-Cq)alkyl is optionally substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula 2a or a salt

thereof, comprising activating a compound of formula 1a:

Ph
4
R1cHN\:/Y‘\NR1aR1b
/“ OH
Ph
la

or a salt thereof, to provide the corresponding compound of formula 2a:

/Ph
R‘CHN\/\(\
. ; NR1aR1b
S 0SS
Ph b
RZ

2a
or the salt thereof, wherein R and R'® are each independently an amine protecting group; or R
is an amine protecting group and R'®is H; Rl is -C(O)O(C;-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl
is optionally substituted with one or more halogen or (C;-Cg)alkoxy and R? is SMe.
In another embodiment there is a method for preparing a compound of formula 4 or a salt

thereof, comprising deoxygenating a compound of formula 2a:
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/Ph
R1CHNNNR“‘R”’
> 0.__S
A

RZ

2a

or a salt thereof, to provide the corresponding compound of formula 4:
Ph
/

R1CHN\_/\/\NR1aR1b

Ph/ 4

or the salt thereof, wherein R' and R'® are each independently an amine protecting group; or R
is an amine protecting group and R'"is H, R"is -C(0)O(C;-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl
is optionally substituted with one or more halogen or (C;-Cs)alkoxy and R? is SMe.

In another embodiment there is a method for preparing a compound of formula 3a or a salt

thereof, comprising activating a compound of formula 1a:

Ph
7
R1cHN\:/\('\NR1aR1b
/’ OH
Ph
la

or a salt thereof, to provide the corresponding compound of formula 3a:

Ph
R1°HN\/\/?\
; NR13R1b
S 0LS
PH g
R2

3a
or the salt thereof, wherein R' and R'® are each independently an amine protecting group; or R™
is a protecting group and R™®is H; R'is -C(0)O(C;-Ce)alkyl wherein -C(O)O(C;-Ce)alkyl is
optionally substituted with one or more halogen or (C;-Cg)alkoxy; and R* is imidazol-1-yl.
In another embodiment there is a method for preparing a compound of formula 4 or a salt

thereof, comprising deoxygenating a compound of formula 3a:
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Ph
7
R“’HNN
- NR1aR1b
S 0S8
PH h
RZ

3a

or a salt thereof, to provide the corresponding compound of formula 4:
Ph
%

R1CHN\MNR13R1b

Ph/ 4

or the salt thereof, wherein R'* and R'® are each independently an amine protecting group; or R'™
is an amine protecting group and R'®is H; R"is -C(0)O(C4-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl
is optionally substituted with one or more halogen or (C;-Cs)alkoxy; and R? is imidazol-1-yl.

In another embodiment there is a method for preparing a compound of formula 2a’ or a salt

thereof, comprising activating a compound of formula 1a:

_/Ph
R1CHN\;/\(-\NR13R1D
,  OH
Ph
la

or a salt thereof, to provide the corresponding compound of formula 2a:

Ph
R1°HN\/\(?\
: NR1aR1P
/S 0.S
Ph \uf
R

2a'

or the salt thereof, wherein R'® and R'® are each independently an amine protecting group; or R
is an amine protecting group and R'is H; R'¢is -C(0)O(C;-Ce)alkyl wherein -C(O)O(C;-Ce)alkyl
is optionally substituted with one or more halogen or (C;-Cg)alkoxy and R?is SMe or
imidazol-1-y1. |

In another embodiment there is a method for preparing a compound of formula 4 or a salt

thereof, comprising deoxygenating a compound of formula 2a’:
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Ph
7
R1CHN - : NR1aR1b
> 0.__S
pr h
RZ

2a'

or a salt thereof, to provide the corresponding compound of formula 4:
Ph
/

R1CHN\'/\/\NR1aR1b

Ph/ 4

or the salt thereof, wherein R'® and R'® are each independently an amine protecting group; or R*
is an amine protecting group and R'"®is H; R'is -C(O)O(C-Cy)alkyl wherein -C(O)O(C;-Ce)alkyl
is optionally substituted with one or more halogen or (C;-Cs)alkoxy; and R’ is SMe or
imidazol-1-yl.

In another embodiment there is a method for preparing a compound of formula II or a salt

thereof, comprising deprotecting a compound of formula 4:
Ph
/

R1CHNNNR13R1b

Ph/ 4

or a salt thereof, to provide the compound of formula II:
/Ph

HZN\/\/\NHZ

Ph/

i
or the salt thereof, wherein R'* and R are each independently an amine protecting group; or R
is an amine protecting group and R'"is H; and R is -C(0)O(C;-Ce)alkyl
wherein -C(O)O(C-Cq)alkyl is optionally substituted with one or more halogen or (C;-Cg)alkoxy;
provided that R is not -C(=0)O(CH3); when R'® is -C(=0)O(CH3); and R'®is H.
In another embodiment there is a method for preparing a compound of formula 5 or a salt

thereof, comprising deprotecting a compound of formula 4:
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_Ph

R1CHN\/\/\NR13R1b

Ph/ 4

or a salt thereof, to provide the corresponding compound of formula 5

_Ph

RICHN :
~TONH,

P

or the salt thereof, wherein R and R'® are each independently an amine protecting group, or R'®

is an amine protecting group and R'®is H; and R'is -C(0)O(C;-Cg)alkyl

wherein -C(O)O(C-Cg)alkyl is optionally substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula II or a salt

thereof, comprising deprotecting a compound of formula 5:

_Ph

RICHN :
7 NH,

e S

or a salt thereof, to provide the compound of formula II:
Ph

~

HZN\/\/_\NHQ

P

or the salt thereof, wherein R'®is -C(O)O(C;-Ce)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally
substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula 6 or a salt

thereof comprising acylating a compound of formula 5:

_Ph

RHN :
" NH,

Ph/ 5

or a salt thereof, to provide the corresponding compound of formula 6
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—/Ph o

RICHN LN s

2 N
Ph/
6

or the salt thereof, wherein R'® is -C(0)O(C,-Ce)alkyl wherein -C(O)O(C,-Cy)alkyl is optionally
substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula 7a or a salt

thereof, comprising activating a compound of formula Va:

/Ph

o
R1CHN IS S
OH N
Ph
Va

or a salt thereof, to provide the corresponding compound of formula 7a:

Ph :
7 0
1 T
R CHN\i/\(\ﬁ)J\O/\&S/
2 @] N
P’ S

&_KY 7a

or the salt thereof, wherein R'®is -C(O)O(C;-Cg)alkyl wherein -C(0)O(C,-Cy)alky!l is optionally
substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula 6 or a salt

thereof, comprising deoxygenating a compound of formula 7a:

Ph
70
R1CHN L s
Pz O S N
Ph °F

2

or a salt thereof, to provide the corresponding compound of formula 6:
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Ph
70
RICHN._~ A~ L s
SERAY
: H \
Y, N
Ph 6

or the salt thereof, wherein R'®is -C(0)O(C;-Cs)alkyl wherein -C(0)O(C-Cg)alkyl is optionally
substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula III or a salt

thereof, comprising deprotecting a compound of formula 6:

_Ph
7 0
RIHN .~ A s
e
= H \
y N
Ph
6

or a salt thereof, to provide the compound of formula III:

| A
PbN\%/\\/;\NJKO/N\QfW
e ) "
1

or the salt thereof, wherein R'¢is -C(O)O(C;-Ce)alkyl wherein -C(0)O(C-Cg)alkyl is optionally
substituted with one or more halogen or (C;-Cg)alkoxy.
In another embodiment there is a method for preparing a compound of formula 9a,

comprising activating a compound of formula 8a:

_/Ph

1c T
N g
~  OH
Ph

8a

or a salt thereof, to provide the corresponding compound of formula 9a:

OR4._/Ph
1a :
REAN NHR'®

Ph/

9a

10
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wherein R' is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more
(C1-Cg)alkyl or (Ci-Ce)alkoxy; R™is -C(0)O(C;-Ce)alkyl wherein -C(O)O(C,-Ce)alkyl is
optionally substituted with one or more halogen or (C;-Cg)alkoxy; and R* is -SO,(Cy-Cg)alkyl or
-SOsaryl, wherein -SO,(C;-Cg)alkyl is optionally substituted with one or more halogen, and
wherein -SO,aryl is optionally substituted with one or more halogen, (C;-Cg)alkyl or NOs.

In another embodiment there is a method for preparing a compound of formula 10a or a salt

thereof, comprising deprotecting a compound of formula 9a:

Ph
OR* 7/
R'2HN :

NHR'c

Ph/

9a

to provide the corresponding compound of formula 10a:

OR% 7 Ph
R'aHN
- NH,

Ph/

10a

or the salt thereof, wherein R™ is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted
with one or more (C;-Cg)alkyl or (C;-Cg)alkoxy; R'¢is -C(O)O(C;-Ce)alkyl
wherein -C(O)O(C,;-Cg)alkyl is optionally substituted with one or more halogen or (C;-Cg)alkoxy;
and R* is -SO4(C;-Ce)alkyl or -SOsaryl, wherein -SO,(C-Cg)alkyl is optionally substituted with
one or more halogen, and wherein -SO,aryl is optionally substituted with one or more halogen,
(C1-Cg)alkyl or NO,.

In another embodiment there is a method for preparing a compound of formula 11a or a salt

thereof, comprising cyclizing a compound of formula 10a:

OR* _/Ph
R12HN .
. NHs

Ph/

10a

or a salt thereof, to provide the corresponding compound of formula 11a:

11
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Ph
NR'E L
\:>\/\NH2

/

1la
or the salt thereof, wherein R'® is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted
with one or more (C;-Ce)alkyl or (C;-Ce)alkoxy; and R” is -SO,(C;-Ce)alkyl or -SO,aryl, wherein
-SO,(C;-Ce)alkyl is optionally substituted with one or more halogen, and wherein -SO,aryl is
optionally substituted with one or more halogen, (C;-Cg)alkyl or NO,.
In another embodiment there is a method for preparing a compound of formula II or a salt

thereof, comprising ring-opening a compound of formula 11a:

Ph
NR'™  :

or a salt thereof, to a provide the compound of formula II:

/Ph

pry” I

or the salt thereof, wherein R'* is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted
with one or more (C;-Cg)alkyl or (C;-Ce)alkoxy.

In another embodiment there is a method for preparing a compound of formula I:

)
N
Ph
o} H ~ 0
LGN H .2
Nj/ Ph
<

S I

or a salt thereof, comprising converting a compound of formula IVa:

12
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_/Ph

1c 7
RICHN N N,
/  OH
Ph
IVa

or a salt thereof, into the compound of formula I or the salt thereof, wherein R

is -C(O)O(C4-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy,

In another embodiment there is a method for preparing a compound of formula I:

)
N
Ph
o} S~ 0
H s
Me\N/U\N N\./\/\N/KO S
o < : /\[/>

w
ot

or a salt thereof, comprising converting a compound of formula 1a:

Ph
e
R“’HNN
; NR1aR1b
~  OH
Ph
la

or a salt thereof, into the compound of formula I or the salt thereof, wherein R'* and R'® are each
independently an amine protecting group, or R' is an amine protecting group and R is H; and R
is -C(0)O(C1-Cg)alkyl wherein -C(0)O(C;-Ce)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

In another embodiment there is a method for preparing a compound of formula I:

)
p—i

13
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or a salt thereof, comprising converting a compound of formula 2a:

Ph
R“’HN\/\%
- NR1aR1b
o 0SS
Ph \i
R

or a salt thereof, into the compound of formula I or the salt thereof, wherein R'* and R'® are each
independently an amine protecting group, or R' is an amine protecting group and R'™isH; R"
18 -C(0)O(C;-Ce)alkyl wherein -C(O)O(C;-Ce)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy; and R* is -SMe.

In another embodiment there is a method for preparing a compound of formula I:

)
N
Ph .
o) H Y 0

Me\NJ\N N\/\/\NJ\O

H o § i H P
Nj) Ph

—<

S I

or a salt thereof, comprising converting a compound of formula 3a:

Ph
R1°HN\/\/?\
- NR18R1b
~  0.S
Ph \/‘;
R

3a

or a salt thereof, into the compound of formula I or the salt thereof, wherein R'? and R'® are each
independently an amine protecting group, or R'* is an amine protecting group and R'® is H; R'®
is -C(0)O(C;-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy; and R? is imidazol-1-yl.

In another embodiment there is a method for preparing a compound of formula I:

14
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)
N
Ph
0O H Y 0
Me\NJ\N N\/\/\N)J\O S
H o < H W,
Nj) N
— |
S

Ph
or a salt thereof, comprising converting a compound of formula 4:

Ph
/

; :
R CHN\_/\/\NR18R1b

P’ 4

1

or a salt thereof, into the compound of formula I or the salt thereof, wherein R' and R'® are each
independently an amine protecting group, or R' is an amine protecting group and R'®is H; and R'®
is -C(0)O(C,-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Ce)alkoxy; provided that R' is not -C(=0)O(CHs); when R is -C(=0)O(CHa)s
and R'®is H.

In another embodiment there is a method for preparing a compound of formula I:

)
Ph
o) H S0
Me\N/U\N N\./\/\N/“\O
o i, i
N j/ Ph N
— |
S I
or a salt thereof, comprising converting a compound of formula 5:
_Ph

RICHN :
NN,

P~ O

or a salt thereof, into the compound of formula I or the salt thereof, wherein R
is ~-C(O)O(C;-Cy)alkyl wherein -C(O)O(C,-Cq)alkyl is optionally substituted with one or more
halogen or (C;-Ce)alkoxy.

15
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In another embodiment there is a method for preparing a compound of formula I:

Ll

or a salt thereof, comprising converting a compound of formula 6:

ph
I
RIHN .~ L s
: NN
Vi N
Ph 6

or a salt thereof, into the compound of formula I or the salt thereof, wherein R ‘
is -C(0O)O(C-Cg)alkyl wherein -C(O)O(C;-Cq)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

In another embodiment there is a method for preparing a compound of formula I:

o

Ph
1
RTCHN : S
HDE W
i \fs
N
/ 7
\ N a
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or a salt thereof, into the compound of formula I or the salt thereof, wherein R
is -C(0)O(C;-Cg)alkyl wherein -C(O)O(C;-Cq)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

In another embodiment there 1s a method for preparing a compound of formula I:

w
o

or a salt thereof, comprising converting a compound of formula 9a:

OR* 7/ Ph
R128HN -

NHR'e

Ph/

9a
or a salt thereof, into the compound of formula I or the salt thereof, wherein R'* is -C(O)OCH,Ph,
wherein -C(O)OCH,Ph is optionally substituted with one or more (C;-Cq)alkyl or (C;-Cg)alkoxy;
R'¢is -C(0)O(C;-Ce)alkyl wherein -C(0)O(C;-Cy)alkyl is optionally substituted with halogen or
(C-Cg)alkoxy; and R* is -SO,(C;-Cg)alkyl or -SOsaryl, wherein -SO5(C-Cy)alkyl is optionally
substituted with one or more halogen, and wherein -SO,aryl is optionally substituted with one or
more halogen, (C;-Cg)alkyl or NO,.

In another embodiment there is a method for preparing a compound of formula I:

()
N
Ph
0 H Y 0
Me\N/u\N N\/\/\N/U\O s
H o < H L2
N]/ Ph
— |
S I

or a salt thereof, comprising converting a compound of formula 10a:

17
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10a
or a salt thereof, into the compound of formula I or the salt thereof, wherein R'* is -C(O)OCH,Ph,
wherein -C(O)OCH,Ph is optionally substituted with one or more (C,-C¢)alkyl or (C;-Cg)alkoxy;
and R* is -SO5(C-Ce)alkyl or ~-SOsaryl, wherein -SO4(C;-Ce)alkyl is optionally substituted with
one or more halogen, and wherein -SO,aryl is optionally substituted with one or more halogen,
(C1-Cg)alkyl or NO,.

In another embodiment there is a method for preparing a compound of formula I:

)
N
Ph.__
PPNt
Me\N)LN N> o S
Ho 6 < H L2
Nj) Ph N
=
S 1

or a salt thereof, comprising converting a compound of formula 11a:

Ph
N G

or a salt thereof, into the compound of formula I or the salt thereof, wherein R is -C(O)OCH,Ph,
wherein -C(O)OCH,Ph is optionally substituted with one or more (C,-Cg)alkyl or (C;-Ce)alkoxy.

In another embodiment there is a method for preparing a compound of formula I:

)
N
Ph
0 4 Y 0
Me\NJ\N N\/\/\N/U\O
H oo < : L2
N]) Ph N
—< |
S I

18
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or a salt thereof, comprising converting a compound of formula Va:

Ph
2
RICHN - S
VZ OH N
Ph
Va

or a salt thereof, into the compound of formula I or the salt thereof, wherein R
is ~-C(O)O(C;-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

Detailed Description

The following definitions are used, unless otherwise described:

The term “halo” or “halogen” or “halide” refers to fluoro, chloro, bromo, or iodo.

The terms “alkyl” and “alkoxy” denote both straight and branched groups, but reference to
an individual radical such as propyl embraces the straight chain radical, a branched chain isomer
such as isopropyl being specifically referred to. The term “(C;-Cg)alkyl” refers to an alkyl of 1-6
carbon atoms. The term “(C;-Cg)alkoxy” refers to a (C;-Ce)alkyl-O- group.

The term “aryl” as used herein refers to a ring structure of from 6 to 14 carbon atoms in the
ring. Aryl includes a single aromatic ring (e.g. phenyl). Aryl also includes multiple condensed
rings (e.g. bicyclic or multicyclic rings such as naphthyl or anthryl) wherein the condensed rings
may be aromatic, saturated or partially saturated, provided that at least one of the condensed rings
is aromatic. Such multiple condensed rings may be optionally substituted with one or more (e.g.
1, 2 or 3) oxo groups on any non-aromatic portion (i.e. saturated or partially unsaturated) of the
multiple condensed ring. It is to be understood that the point(s) of attachment of a bicyclic or
multicyclic aryl can be at any position of the ring system including an aromatic or non-aromatic
portion of the ring. Exemplary aryls include, but are not limited to phenyl, indanyl, naphthyl,
1,2-dihydronaphthyl and 1,2,3,4-tetrahydronaphthyl.

The term “leaving group” includes any group that can be displaced by a nucleophile (e.g.
an amine or substituted amine, for example, to form a nitogen-carbon bond). In one embodiment
the leaving group is OR*. In another embodiment the leaving group is -OS(O),R", wherein R"is
(Cl-C(,)alkyi or aryl, wherein (C;-Cg)alkyl is optionally substituted with one or more halogen, and
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wherein aryl is optionally substituted with one or more halogen, (C;-Cg)alkyl or NO,.

The term “Boc¢” is -C(=0)OC(CHj3)s.

A protecting group (PG) is a group of atoms introduced into a molecule to prevent it from
undergoing undesired chemical reactions. Chemical protecting groups and strategies for

protection/deprotection are well known in the art. See e.g., Protective Groups in Organic

Chemistry, Theodora W. Greene, John Wiley & Sons, Inc., New York, 1991. Protecting groups
are often utilized to mask the reactivity of certain functional groups, to assist in the efficiency of
desired chemical reactions, e.g., making and breaking chemical bonds in an ordered and planned
fashion. An amine protecting group is a protecting group that is particularly well-suited for
protecting amine groups. Such amine protecting groups are well-known in the art and are

described in Protective Groups in Organic Chemistry, Theodora W. Greene, John Wiley & Sons,

Inc., New York, 1991. Amine protecting groups include but are not limited to carbamates (e.g.
(C-Ce)alkyl and arylmethyl (e.g. benzyl) carbamates each optionally substituted with one or more
(C1-Cg)alkoxy, (C;-Ce)alkyl and halo groups), trityl groups (e.g. C(aryl); or CPh; each optionally
substituted with one or more (C;-Cg)alkoxy, (CI—C6)aIky1 and halo groups), arylalkyl groups (e.g.
arylmethyl and benzyl groups optionally substituted with one or more (C,-Cg)alkoxy, (C;-Cq)alkyl
and halo groups) and silyl groups (e.g. -SiR;3 groups wherein each R’ is independently (C;-Cg)alkyl
or aryl, each optionally substituted with one or more (C;-Cs)alkoxy, (C;-Cg)alkyl and halo groups).

It will be appreciated by those skilled in the art that a compound having a chiral center may
exist in and be isolated in optically active and racemic forms. Some compounds may exhibit
polymorphism. It is to be understood that the following description can encompass processes for
preparing racemic, diastereomeric, optically-active, polymorphic, tautomeric, or stereoisomeric
form, or mixtures thereof, of a compound described herein, it being well known in the art how to
prepare optically active forms (for example, by resolution of the racemic form by recrystallization
techniques, by synthesis from optically-active starting materials, by chiral synthesis, or by
chromatographic separation using a chiral stationary phase).

It is also to be understood that compounds depicted herein may or may not be shown with
absolute stereochemistry. If a compound is drawn with stereochemical bonds it is meant to be the
specific stereoisomer shown (e.g diastereomer or enantiomer). Accordingly, wherein applicable,
in one embodiment the stereoisomer of a compound depicted herein is about >99% enriched in

that stereoisomer. In another embodiment the stereoisomer of a compound depicted herein is

20



WO 2013/116715 PCT/US2013/024431

about >98% enriched in that stereoisomer. In another embodiment the stereoisomer of a
compound depicted herein is about >95% enriched in that stereoisomer. In another embodiment
the stereoisomer of a compound depicted herein is about >90% enriched in that stereoisomer. In
another embodiment the stereoisomer of a compound depicted herein is about >80% enriched in
that stereoisomer. In another embodiment the stereoisomer of a compound depicted herein is
about >70% enriched in that stereoisomer. In another embodiment the stereoisomer of a
compound depicted herein is about >60% enriched in that stereoisomer. In another embodiment
the stereoisomer of a compound depicted herein is about >50% enriched in that stereoisomer.

Specific values listed below for radicals, substituents, and ranges, are for illustration only;
they do not exclude other defined values or other values within defined ranges for the radicals and
substituents.

Specifically, (C;-Ce)alkyl can be methyl, ethyl, propyl, isopropyl, butyl, iso-butyl,
sec-butyl, pentyl, 3-pentyl or hexyl; (C;-Ce)alkoxy can be methoxy, ethoxy, propoxy, isopropoxy,
butoxy, iso-butoxy, sec-butoxy, pentoxy or hexyloxy, heptyloxy.

A speciﬁ.c group of compounds includes compounds wherein R'* and R'® are each
independently -C(0)O-CH,Ph, -C(0)O(C;-Cg)alkyl or Ph-CH,-; or R' is -C(O)O-CH,Ph,

-C(0)O(C;-Ce)alkyl or Ph-CH,- and R'® is H; wherein any C(O)O-CH,Ph, -C(0)O(C;-Cg)alkyl
or Ph-CH,- of R' and R'® is optionally substituted with one or more (C;-Cg)alkyl or
(C;-Cg)alkoxy.

Another specific group of compounds includes wherein R* is -C(O)O-CH,Ph and R™® is
H, wherein -C(O)O-CH,Ph is optionally substituted with one or more (C;-Cg)alkyl or
(C1-Ce)alkoxy.

Another specific group of compounds includes wherein R™ is -C(0)O-CH,Ph and R is
H.

A specific value for R' is -C(0)O-CH,Ph wherein -C(O)O-CH,Ph is optionally
substituted with one or more (C;-Cg)alkyl or (C;-Cq)alkoxy.

Another specific value for R™ is -C(0)O-CH,Ph.

A specific value for R is H.

A specific value for R'%is -C(O)OC(CHj)s.

A specific value for R* is p-tolunesulfonyl.

In one embodiment there is a compound which is:

21



WO 2013/116715 PCT/US2013/024431

Ph
/Ph / ) Ph
R1CHN B R1CHN\/Y\NR1aR1b R1CHN\/\/?\
\:/Y\NR'laR'Ib s E ) - NRTaR’HD;
> OH VAR :
/ Ph i %
Ph R2 Ph
/Pho
Ph Ph :
/ R'HN . /U\ S
oy oy O
1cH : 1¢ - )k S \_/YH O/\&)
RPHN " \yriapib R¥™HN. _~_ -~ =
. NR'8R ’ - N~ O b s O_s
; st T
Ph Ph \Nf
N
Ph Ph Ph
; OR4 -_./ ) OR4 ?/ NR1a E/
a R18HN - g :
REAN NHR'® ; NH, or ! NH,
pr Pt p’
wherein:

R'* and R" are each independently an amine protecting group; or R"*is an amine protecting
group and R™is H;

R is -C(0)O(C-Cg)alkyl wherein -C(O)O(C;-Ce)alkyl is optionally substituted with
halogen or (C;-Cg)alkoxy

R? is SMe or imidazol-1-yl; and

R* is -SO,(C-Ce)alkyl or -SOqaryl, wherein -SO4(C;-Ce)alkyl is optionally substituted
with one or more halogen, and wherein -SOsaryl is optionally substituted with one or more
halogen, (C,-Cg)alkyl or NO»;

or a salt thereof;

provided the compound is not:

Ph Ph Ph
7 7 7

BOCHNW\NHBOC , BocHN NNHBOC or BocHN NNBOC

P P P Ph.

In another embodiment there is a compound which is:
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N 5
/ ’ /
\ N Ph
Ph—\ ®)
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or ! NH,
P

or a salt thereof.

In another embodiment there is a compound which is:
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or a salt thereof.

PCT/US2013/024431

Ph
=s
o~ \O _Ph
3 H ?
Ph\/O\”/NVK/\NHz
5
Ph

A compound of formula IV or IVa can be converted to a compound of formula III by the

method outlined in Scheme 1. The conversion of the compound of formula IV to the compound

of formula III includes the activation of the hydroxy group of the compound of formula 1 to

provide a corresponding compound of formula 2 or 3, which can then be deoxygenated to provide

the corresponding compound of formula 4. As the conversion of the compound of IV to 4 results

in the loss of stereochemistry at the hydroxy position, the synthesis of the compound of formula 4

can also utilize the compound of formula IVa (mixture of epimers at the hydroxy position) as the

starting material. In a similar manner the compound related to the compound of formula IV

wherein the stereochemistry at the hydroxy position is “R” instead of “S” can also serve as a

starting material to prepare the compound of formula 4. The compound of formula 4 can be
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converted to the compound of formula II or the compound of formula III either of which can be
converted to the compound of formula I by the methods described in International Patent

Applications WO 2008/010921, WO 2008/103949 and WO 2010/115000 and discussed herein

below.
Scheme 1
Ph
_Ph _Ph e
RIHN : ~ RHN. -~ - . WCHN\/\‘%NRWR1b
Y NH2 ; NR‘]aR’lb E
- ::/\O?\ ;/K\ i OYS
Ph Ph )
R
v ! 2: R2=SMe
3: R? = imidizol-1yl
Ph
_/Ph /Ph :/
RICHN : . RHN : — R1Cl-”\]v\/:\NR“‘R1b
Y NH2 ; NR1aR1b _:_
e s Ph G
Ph Ph )
R
IVa la 2a: R?=SMe
3a: R? = imidizol-1y!
_Ph _Ph

Compounds RICHN : RICHN :
2,2a,3 and 3a > ONRR™ NN, I

Ph/ 4 Ph/ 5

(or a mixture of 4 and 4a)

Ph Ph
/ /
e 70
RIHN. A A g Sy HN A Al 8
: H /\(L,? : H /\QE
P pr

6 m

Preparation of a compound of formula lor la:
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/Ph -/Ph
RI1CHN : . RHN :
\:/\‘/\NHZ \;/Y\NRMR'ID
~  OH ~ OH
Ph v eh 1
_/Ph /Ph
RI°HN : . RIHN :
YT ONH, YO ONRERT
> OH > OH
o i
IVa la

In one embodiment there is a method of protecting a compound of formula IV (or IVa) or
a salt thereof to provide a corresponding compound of formula 1 (or 1a) or a salt thereof, wherein
R' and R' are each independently an amine protecting group, or R™ is an amine protecting group
and R'® is H; and R'is -C(O)O(C;-Cg)alkyl wherein -C(O)O(C;-Ce)alkyl is optionally substituted
with one or more halogen or (C;-Ce)alkoxy.

A specific value for R'is -C(O)OC(CHs)s. A specific group of compounds of formula I
or la are compounds wherein R' or R'® are each independently -C(0)O-CH,Ph,

-C(0)O(C4-Cg)alkyl or Ph-CH;-, wherein any C(O)O-CH,Ph, -C(O)O(C;-Cg)alkyl or Ph-CHj- of
R'% and R is optionally substituted with one or more (C;-Cg)alkyl or (C;-Cg)alkoxy.

Another specific group of compounds of formula I or Ia are compounds wherein R'

is -C(0)O-CH,Ph, -C(0)O(C;-Ce)alkyl or Ph-CH,- and R'" is H, wherein any -C(O)O-CH,Ph,
-C(0)O(C;-Cg)alkyl or Ph-CH,- of R is optionally substituted with one or more (C;-Cg)alkyl or
(C1-Cg)alkoxy. Another specific group of compounds of formula I or Ia are compounds wherein
R'?is -C(0)O-CH,Ph and R'® is H, wherein any -C(0)O-CH,Ph, of R is optionally substituted
with one or more (C;-Ce)alkyl or (C;-Cg)alkoxy. Another specific group of compounds of formula
I or Ia are compounds wherein R' is -C(O)O-CH,Ph and R'®is H. These specific values are also
specific values for the embodiments described herein below for the chemistry of Scheme 1.

The compound of formula IV or IVa, or salts thereof, can be protected by any suitable
amine protecting group (or groups) under standard conditions to provide the corresponding
compound of formula 1 or 1a, respectively, or salts thereof. The amine can be protected with one
group wherein R'is an amine protecting group and R™ is H or the amine can be protected with
two groups wherein R'® and R'® are both amine protecting groups wherein the two groups can be

the same or different. A variety of suitable reagents are readily available to protect the amine of
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the compound of formula IV or IVa to provide the corresponding compound of formula 1 or 1a.
For example, a carbamate group (e.g. a Cbz group) can be introduced by means of a Cbz-halide
reagent and a benzyl group can be introduced by a benzyl halide reagent. The reaction can be
carried out in a variety of suitable solvents or mixtures thereof. Additional reagents may be
suitable for a particular protection step such as the inclusion of a suitable base (e.g. an inorganic
base such as a metal hydroxide or a metal carobonate or an organic base such as a trialkylamine).
The reaction can conveniently be carried out at a temperature from about 0 °C to 25 °C.

In another embodiment there is a method for the conversion of a compound of formula 1
or a salt thereof or a compound of formula 1a or a salt thereof to a compound of formula [ or a salt
thereof comprising:

a) converting the compound of formula 1 or the compound of formula 1a or salts thereof,
to the compound of formula II or the compound of formula III or salts thereof by the steps outlined
in Scheme 1 and described herein below; and

b) converting the compound of formula II or the compound of formula III or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.

Preparation of a compound of formula 2 or 2a:

Ph _/Ph
T 1¢ :
R1cHN\/\‘A‘NRWR1b R HN\;/YNR“"Rm
- o e
/ Ph
Ph R2
1 2:R?=SMe
P /Ph
B R1CHN :
R1CHN\/Y\NR13R1b . NNR13R1b
2 OH v o\fs
/ Ph
Ph R2
la 2a: R = SMe

In one embodiment there is a method for activating a compound of formula 1 (or 1a) or a
salt thereof to provide a corresponding compound of formula 2 (or 2a) or a salt thereof, wherein

R'® and R" are each independently an amine protecting group, or R'*is an amine protecting group
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and R is H; R'®is -C(0)O(C,-Cy)alkyl wherein -C(0)O(C-Ce)alkyl is optionally substituted with
one or more halogen or (C;-Cg)alkoxy; and R? is -SMe.

The compound of formula 1 or 1a or salts thereof can be activated to provide the
corresponding compound of formula 2 or 2a or salts thereof, wherein R? is -SMe, by the treatment
of the compound of formula 1 or 1a with a base (e.g. a metal hydride such as NaH), carbon
disulfide (i.e. CS;) and a methylating reagent (e.g. a methylhalide or methylsulfonate). Suitable
solvents include organic solvents such as polar aprotic solvents (e.g. THF). The reaction can
conveniently be carried out at a temperature from about 0 °C to 25 °C.

In another embodiment there is a method for the conversion of a compound of formula 2
- or a salt thereof or a compound of formula 2a or a salt thereof to a compound of formula I or a salt
thereof comprising:

a) converting the compound of formula 2 or the compound of formula 2a or salts thereof,
to the compound of formula II or the compound of formula III or salts thereof by the steps outlined
in Scheme 1 and described herein below; and

b) converting the compound of formula II or the compound of formula IIT or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

describéd herein below.

Preparation of a compound of formula 3 or 3a:

/Ph _/Ph
< 1c :

: N
R1CHN\./Y\NR18R1b e R™H ; NR1aR1b
z 2 0._.S

/  OH S
Ph R2
1 3: R? = imidazol-1-yl
/Ph _/Ph
: R'™HN '
R1°HNNNR1aR1b — Y Y ORISR
: 2 0._.S
/  OH S A
Ph R2
la 3a: R? = imidazol-1-yl

In one embodiment there is a method for activating a compound of formula 1 (or 1a) or a

salt thereof to provide a corresponding compound of formula 3 (or 3a) or a salt thereof, wherein
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R'*and R'® are each independently an amine protecting group, or R'®is an amine protecting group
and R'" is H; R'°is -C(0)O(C,-Cyg)alkyl wherein -C(0)O(C;-Cg)alkyl is optionally substituted with
one or more halogen or (C;-Ce)alkoxy; and R? is imidazol-1-yl.

The compound of formula 1 or 1a or salts thereof can be activated to provide the compound
of formula 3 or 3a or salts thereof, wherein R? is imidazol-1-yl, by the treatment of the compound
of formula 1 or 1a with thiocarbonyldiimidazole and imidazole. Suitable solvents include organic
solvents such as polar aprotic solvents (e.g. THF). The reaction can conveniently be carried out at
a temperature from about 0 °C to 25 °C.

In another embodiment there is a method for the conversion of a compound of formula 3
or a salt thereof or a compound of formula 3a or a salt thereof to a compound of formula I or a salt
thereof comprising:

a) converting the compound of formula 3 or the compound of formula 3a or salts thereof,
to the compound of formula II or the compound of formula III or salts thereof by the steps outlined
in Scheme 1 and described herein below; and

b) converting the compound of formula II or the compound of formula III or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.

Preparation of a compound of formula 4:

Ph
R1CHN - : NR1aR1b
> 0__S
P’ \i \
R
_/Ph
2:R?=SMe R“HNW:\NRme
Ph / Ph/
K 4
R1CHN - : NR'laR'lb
;7 0__S
P b
RZ
2a: R* = SMe
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In one embodiment there is a method for deoxygenating a compound of formula 2 (or 2a)
or a salt thereof to provide a corresponding compound of formula 4 or a salt thereof, wherein R
and R'® are each independently an amine protecting group, or R' is an amine protecting group and
R isH; R"is -C(0)O(C,;-Ce)alkyl wherein -C(O)O(C-Ce)alkyl is optionally substituted with one
or more halogen or (C;-Cg)alkoxy; and R? is -SMe.

A compound of formula 2 or 2a wherein R? is -SMe or a salt thereof, can be deoxygenated
to provide a corresponding compound of formula 4 wherein R?is -SMe, by the treatment of the
compound of formula 2 or 2a with a hydrogen bond donor (e.g. 1-ethylpiperidine hypophosphate,
diethyl phosphite, tributylboron/water) and a radical initiator (e.g. benzoyl peroxide, air). Suitable
solvents include organic solvents such as polar and non-polar aprotic solvents (e.g. dioxane,
toluene). The reaction can conveniently be carried out at a temperature from about 95 °C to 105
°C.

The conversion of 2 or 2a to 4 as described above can also result in the formation of the
corresponding unsaturated compound of formula 4a, depending on the nature of the protecting

groups on the nitrogen and the reagents/conditions used in the deoxygenation step.

/Ph

R1CHN\/\/\NR13R1b

/
Ph da

The olefin can be separated from the compound of formula 4 and reduced to provide the
saturated compound (i.e. the compound of formula 4) by a variety of well-known hydrogenation
procedures. During the reduction step one or more protecting groups may also be removed. The
reduction of the compound of formula 4a can also be carried out without separating the compound
of formula 4a from the compound of formula 4 (i.e. reducing the mixture of the compound of
formula 4a and the compound of formula 4 to provide the compound of formula 4 or a compound
wherein the olefin has been reduced and one or more protecting groups have been removed).

In another embodiment there is a method for the conversion of a compound of formula 4
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) converting the compound of formula 4 or a salt thereof, to the compound of formula II
or the compound of formula III or salts thereof by the steps outlined in Scheme 1 and described

herein below; and
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b) converting the compound of formula II or the compound of formula III or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.

Preparation of a compound of formula 4:

Ph

R1CHN

0._S |
Ph \i \
R _ph

. 2_ . . :
3: R? = imidazol-1-yl R’CHN\/\/\NRmRm

_Ph / Ph/:

R1CHN\:/\K\NR1aR1b

o’ PP
- R2
3a: R? = imidazol-1-yl

In one embodiment there is a method for deoxygenating a compound of formula 3 (or 3a)
or a salt thereof to provide a corresponding compound of formula 4 or a salt thereof, wherein R"
and R'® are each independently an amine protecting group, or R'*is an amine protecting group and
R'®is H; R'*is -C(0)O(C;-Cg)alkyl wherein -C(O)O(C-Cg)alkyl is optionally substituted with one
or more halogen or (C;-Cs)alkoxy; and R? is imidazol-1 -yl.

A compound of formula 3 or 3a wherein R* is imidazol-1-yl, or av salt thereof, can be
deoxygenated to provide a corresponding compound of formula 4, by the treatment of the
compound of formula 3 or 3a with a suitable radical source and a suitable radical initiator.
Suitable radical sources include trialkyltin hydrides (e.g. tri-n-butyltin hydride), trialkylsilanes
(e.g. triethyl silane), dialkyl phosphites (e.g. dimethyl phosphite, diethyl phosphite, di-t-butly
phosphite, di-isopropyl phosphite and ethylene glycol phosphite), trialkylborons (e.g.
tributylboron) with water, and amine salts of hypophosphorus (e.g. diisopropylethylammonium
salt of hypophosphorus acid). Suitable radical initiators include AIBN, benzoyl peroxide and air.
The reaction can be conveniently carried out in a variety or organic solvents including polar and

non-polar aprotic solvents (e.g. dioxane, n-butyl acetate, di-n-butyl ether, diethyl carbonate,

31



WO 2013/116715 PCT/US2013/024431

diethoxy ethane, toluene, methylcyclohexane and heptanes). The reaction can conveniently be
carried out at a temperature from about 95 °C to 105 °C.

The conversion of 3 or 3a to 4 as described above can also result in the formation of the
corresponding unsaturated compound of formula 4a (as described for the conversion of 2 to 4
above) depending on the nature of the protecting groups on the nitrogen and the
reagents/conditions used in the deoxygenation step. The compound 4a or the mixture of the
compound of formula 4 and formula 4a can be treated in the same manner as described for the
conversion or 2 to 4.

In another embodiment there is a method for the conversion of a compound of formula 4
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) converting the compound of formula 4 or a salt thereof, to the compound of formula II
or the compound of formula III or salts there_of by the steps outlined in Scheme 1 and described
herein below; and

b) converting the compound of formula II or the compound of formula III or salts thereof
o the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.

Preparation of a compound of formula 5:

_/Ph _/Ph

R1CHN\/\/\NR13R1b R RWCHN\/\/‘\NH2

pr” 4 pr” 3

(or a mixture of 4 and 4a)

In one embodiment there is a method for deprotecting a compound of formula 4 or a salt
thereof to provide a corresponding compound of formula 5 or a salt thereof, wherein R!* and R™®
are each independently an amine protecting group, or R' is an amine protecting group and R is
H; and R'®is -C(O)O(C-Cg)alkyl wherein -C(0)O(C-Cg)alkyl is optionally substituted with one
or more halogen or (C;-Cg)alkoxy.

The compound of formula 4 or a salt thereof can be deprotected to provide the
corresponding compound of formula 5 or a salt thereof, by the treatment of the compound of

formula 4 with an appropriate deprotection reagent. For example, when R'is a benzyl carbamate
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amine protecting group the deprotection can be carried out under hydrogenation conditions.
Suitable catalysts include palladium on carbon. Suitable solvents include organic solvents such as
polar protic solvents (e.g. ethanol). The reactivon can conveniently be carried out at a temperature
from about 0 °C to 60 °C.

In another embodiment there is a method for the conversion of a compound of formula 5
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) converting the compound of formula 5 or the or the salts thereof, to the compound of
formula II or the compound of formula III or salts thereof by the steps outlined in Scheme 1 and
described herein below; and

b) converting the compound of formula II or the compound of formula III or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.

Preparation of a compound of formula II:

_Ph

R1CHN\./\/:\NH2 —_—— T

Ph/ 5

In one embodiment there is a method for deprotecting a compound of formula 5 or a salt
thereof to provide the compound of formula II or a salt thereof, wherein R'¢is -C(O)O(C;-Ce)alkyl
wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more halogen or (C;-Cg)alkoxy.

The compound of formula 5 or a salt thereof can be deprotected to provide the compound
of formula II or a salt thereof, by the treatment of the compound of formula 5 with an appropriate
deprotection reagent. For example, when R'® is -OC(=0)O(CHs); the deprotection can be carried
by treatment of the compound of formula 5 with an acid. Suitable acids include mineral acids (e.g.
hydrochloric acid) and organic acids (e.g. TFA). Suitable solvents include organic solvents such
as polar protic solvents (e.g. ethanol) and aprotic solvents (e.g. methylene chloride). The reaction
can conveniently be carried out at a temperature from about 0 °C to 22 °C.

In another embodiment, (subsequent to the conversion of 5 to II), there is a method for the
conversion of a compound of formula II or a salt thereof to a compound of formula I or a salt

thereof comprising converting the compound of formula II or the salt thereof to the compound of
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formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein

below.

Preparation of a compound of formula 6:

Ph
~/F)h :/ e}
RITHN A R*CHN\/\/“\NJ\O s
: NH : H Wi
Ph” P
5 6

In one embodiment there is a method for acylating a compound of formula 5 or a salt
thereof to provide a corresponding compound of formula 6 or a salt thereof, wherein R
is -C(O)O(C;-Cg)alkyl wherein -C(O)O(C;-Ce)alkyl is optionally substituted with halogen or
(C-Cg)alkoxy.

The compound of formula 5 or a salt thereof can be acylated to provide the corresponding
compound of formula 6 or a salt thereof, by the treatment of the compound of formula 5 with a
compound of formula VIIL, or a salt thereof (as described herein below) in the presence of a A
suitable base in a suitable solvent. Suitable bases include carbonate bases (e.g. potassium
carbonate) and trialkylamines (e.g. diisopropylethylamine, or N-methyl morpholine). Suitable
solvents include solvents such as dichloromethane, tetrahydrofuran, 1,2-dichloroethane,
isopropylacetate, and diethylether, and mixtures thereof. The reaction can conveniently be carried
out at a temperature from about 0 °C to 22 °C.

In another embodiment there is a method for the conversion of a compound of formula 6
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) deprotecting the compound of formula 6 or the salt thereof, to the compound of formula
III or the salt thereof by the steps outlined in Scheme 1 and Scheme 2 and described herein below;
and

b) converting the compound of formula III or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 5-12 and described herein below.

A compound of formula V or Va can be converted to a compound of formula 6 by the
method outlined in Scheme 2. The conversion of the compound of formula V to the compound of

formula 6 includes the activation of the hydroxy group of the compound of formula V to provide
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a compound of formula 7 that can then be deoxygenated to provide the compound of formula 6.
As the conversion of the compound of formula V to 6 results in the loss of stereochemistry at the
hydroxy position, the synthesis of the compound of formula 6 can also utilize the compound of
formula Va (mixture of epimers at the hydroxy position) as the starting material. In a similar
manner the compound related to the compound of formula V wherein the stereochemistry at the
hydroxy position is “R” instead of “S” can also serve as a starting material to prepare the
compound of formula 6. The compound of formula 6 can be converted to the compound of
formula III. The compound of formula III can be converted to the compound of formula I by the
methods described in International Patent Applications WO 2008/010921, WO 2008/103949 and
WO 2010/115000 and discussed herein below.
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In one embodiment there is a method for activating a compound of formula V (or Va) or a
salt thereof to provide a corresponding compound of formula 7 (or 7a) or a salt thereof, wherein
R'¢is -C(0)O(C;-Cy)alkyl wherein -C(O)O(C,-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

A specific value for R'¢is -C(O)OC(CHj3)s. This specific value is also a specific value for
the embodiments described herein below for the chemistry of Scheme 2.

The compound of formula V or Va or salts thereof can be activated to provide the
compound of formula 7 or 7a, or salts thereof, by the treatment of the compound of formula V or
Va with thiocarbonyldiimidazole and imidazole. Suitable solvents include organic solvents such
as polar aprotic solvents (e.g. THF). The reaction can conveniently be carried out at a temperature
from about 0 °C to 25 °C.

In another embodiment there is a method for the conversion of a compound of formula 7
or a salt thereof or a compound of formula 7a or a salt thereof to a compound of formula I or a salt
thereof comprising:

é) converting the compound of formula 7 or the compound of formula 7a or the salts
thereof, to the compound of formula III or the salt thereof by the steps outlined in Scheme 2 and
described herein below; and

b) converting the compound of formula IIT or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 5-12 and described herein below.

Preparation of a compound of formula 6:
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In one embodiment there is a method for deoxygenating a compound of formula 7 (or 7a)
or a salt thereof to provide a corresponding compound of formula 6 or a salt thereof, wherein R'®
is -C(O)O(C,-Ce)alkyl wherein -C(O)O(C;-Cg)alkyl is optionally substituted with one or more
halogen or (C;-Cg)alkoxy.

A compound of formula 7 or 7a, or a salt thereof, can be deoxygenated to provide a
corresponding compound of formula 6, by the treatment of the compound of formula 7 or 7a with
a suitable radical source and a suitable radical initiator. Suitable radical sources include trialkyltin
hydrides (e.g. tri-n-butyltin hydride), trialkylsilanes (e.g. triethyl silane), dialkyl phosphites (e.g.
dimethyl phosphite, diethyl phosphite, di-t-butly phosphite, di-isopropyl phosphite and ethylene
glycol phosphite), trialkylborons (e.g. tributylboron) with water, and amine salts of
hypophosphorus e.g. diisopropylethylammonium salt of hypophosphorus acid). Suitable radical
initiators include AIBN, benzoyl peroxide and air. Suitable solvents include organic solvents such
as polar and non-polar aprotic solvents (e.g. dioxane, n-butyl acetate, di-n-butyl ether, diethyl
carbonate, diethoxy ethane, toluene, methylcyclohexane and heptanes). The reaction can
conveniently be carried out at a temperature from about 75 °C to 100 °C.

In another embodiment there is a method for the conversion of a compound of formula 6
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) converting the compound of formula 6 or the salt thereof, to the compound of formula

III or the salt thereof by the step outlined in Scheme 2 and described herein below; and
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b) converting the compound of formula III or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 5-12 and described herein below.

Preparation of a compound of formula HI:

Ph Ph
70 70
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111

In one embodiment there is a method for deprotecting a compound of formula 6 or a salt
thereof to provide a compound of formula III or a salt thereof, wherein R'¢is -C(0)O(C;-Cg)alkyl
wherein -C(O)O(C;-Cg)alkyl is optionally substituted with halogen or (C;-Cg)alkoxy.

A compound of formula 6, or a salt thereof, can be deprotected to provide a compound of
formula III, by the treatment of the compound of formula 6 with an appropriate reagent to remove
the amine protecting group. For example, a compound of formula 6 wherein R'®
is -C(O)OC(CHs;); can be deprotected by treatment of 6 with an acid (e.g. trifluroacetic acid,
hydrochloric acid) either in the presence or absence of a suitable solvent. Suitable solvents include
organic solvents such as (e.g. dioxane, methylene chloride). The reaction can conveniently be
carried out at a temperature from about 0 °C to 22 °C.

In another embodiment, (subsequent to the conversion of 6 to III), there is a method for the
conversion of a compound of formula III or a salt thereof to a compound of formula I or a salt
thereof comprising converting the compound of formula III or the salt thereof to the compound of
formula I or the salt thereof by any of the steps outlined in Schemes 5-12 and described herein
below.

A compound of formula IV or IVa can be converted to a compound of formula 6 by the
method outlined in Scheme 3. The conversion of the compound of formula IV to the compound
of formula 6 includes the conversion of the hydroxy group of the compound of formula IV to a
leaving group (e.g. a corresponding compound of formula 9) wherein the leaving group is
internally displaced to provide the corresponding aziridine compound of formula 11. The
compound of formula 11 can be ring-opened to provide the compound of formula II. As the
conversion of compound of IV to II results in the loss of stereochemistry at the hydroxy position,

the synthesis of the compound of formula II can also utilize the compound of formula IVa (mixture
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of epimers at the hydroxy position) as the starting material. In a similar manner the corresponding
compound of formula IV wherein the stereochemistry at the hydroxy position is “R” instead of “S”
can also serve as a starting material to prepare the compound of formula 12. The compound of
formula II can be converted to the compound of formula I by the methods described in
International Patent Applications WO 2008/010921, WO 2008/103949 and WO 2010/115000 and

discussed herein below.
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Preparation of a compound of formula 8 or 8a:
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In one embodiment there is a method of protecting a compound of formula IV (or IVa) or
a salt thereof to provide a corresponding compound of formula 8 (or 8a) or a salt thereof, wherein
R' is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more
(C,-Cg)alkyl or (C;-Ce)alkoxy; and R'®is -C(0)O(C;-C)alkyl wherein -C(O)O(C;-Ce)alkyl is
optionally substituted with one or more halogen or (C,-Cg¢)alkoxy.

A specific value for R'¢is -C(O)OC(CHs)s. A specific value for R' is -C(0)O-CH,Ph
These specific values are also specific values for the embodiments described herein below for the
chemistry of Scheme 3.

The compound of formula IV or [Va, or salts thereof, can be protected by any benzyl
carbamate protecting group under standard conditions to provide the compound of formula 8§ or 8a,
or salts thereof. A variety of suitable reagents are available to convert the amine of IV or IVa to the
protected amine of compound 8§ or 8a. For example, a benzyl carbamate protecting group (e.g. a
Cbz group) can be introduced by means of an appropriate haloformate reagent (e.g. benzyl
chloroformate). Additional reagents may be required for a particular protection step such as the
inclusion of a suitable base. Suitable bases include organic bases (e.g. amine bases including
alkylamines such as diisopropylethylamine, triethylamine, N-methyl morpholine), metal hydrides
(e.g. potassium hydride), alkoxides (e.g. sodium ferz-butoxide), and carbonate bases (e.g.
potassium carbonate or cesium carbonate). Suitable solvents include aprotic organic solvents (e.g.

pyridine) or mixtures thereof. The reaction can conveniently be carried out at a temperature from

about 0 °C to 25 °C.
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In another embodiment there is a method for the conversion of a compound of formula 8
or a salt thereof or a compound of formula 8a or a salt thereof to a compound of formula I or a salt
thereof comprising:

a) converting the compound of formula 8 or the compound of formula 8a or the salts
thereof, to the compound of formula II or the salt thereof by the steps outlined in Scheme 3 and
described herein below; and

b) converting the compound of formula I or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein below.

Preparation of a compound of formula 9 or 9a:
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In one embodiment there is a method of activating a compound of formula 8 (or 8a) or a
salt thereof to provide a corresponding compound of formula 9 (or 9a) wherein R'®
1s -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more (C;-Cg)alkyl
or (C-Ce)alkoxy; R'¢is -C(0)O(C;-Ce)alkyl wherein -C(O)O(C,-Cg)alkyl is optionally substituted
with one or more halogen or (C;-Cg)alkoxy; and R*is -SO,(C-Co)alkyl or -SO,aryl, wherein
-S0,(C1-Cs)alkyl is optionally substituted with one or more halogen, and wherein -SO,aryl is
optionally substituted with one or more halogen, (C,-C¢)alkyl or NO,.

A specific value for R* is p-toluenesulfonyl. This specific value is also a specific value for

the embodiments described herein below for the chemistry of Scheme 3.
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The compound of formula 8 or 8a, or salts thereof, can be converted to the corresponding
compound of formula 9 or 9a by a variety of suitable reagents available to convert a hydroxy group
to a leaving group. For example, a sulfonate leaving group (e.g. tosylate, mesylate,
trifluromethansulfonate) can be prepared utilizing a variety of sulfonating reagents such as a
sulfonyl halide (e.g. a sulfonyl chloride such as p-toluenesulfonyl chloride) or a sulfonic anhydride
and a base including amine bases (e.g. alkylamines such as diisopropylethylamine, triethylamine,
N-methyl morpholine), metal hydrides (e.g. potassium hydride), tetramethylpiperidides, alkoxides
(e.g. sodium ftert-butoxide), hexamethyldisilazides and carbonate bases (e.g. potassium carbonate
or cesium carbonate). Suitable solvents include organic solvents such as aprotic organic solvents
(e.g. pyridine, tetrahydorfuran and 2-methyltetrahydorfuran) or mixtures thereof. The reaction can
conveniently be carried out at a temperature from about 0 °C to 25 °C.

In another embodiment there is a method for the conversion of a compound of formula 9
or a salt thereof or a compound of formula 9a or a salt thereof to a compound of formula I or a salt
thereof comprising:

a) converting the compound of formula 9 or the compound of formula 9a or the salts
thereof, to the compound of formula II or the salt thereof by the steps outlined in Scheme 3 and
described herein below; and

b) converting the compound of formula Il or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein below.

Preparation of a compound of formula 10 or 10a:

OR* 7/ P OR* 7 il
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In one embodiment there is a method of deprotecting a compound of formula 9 (or 9a) or
a salt thereof to provide a corresponding compound of formula 10 (or 10a) or a salt thereof,
wherein R™ is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more
(C1-Ce)alkyl or (C-Cg)alkoxy; R'is -C(0)O(C,-Cg)alkyl wherein -C(O)O(C;-Cg)alkyl is
optionally substituted with one or more halogen or (C;-Cg)alkoxy; and R* is -SO,(C;-Ce)alkyl or
-SOsaryl, wherein -SOy(C;-Cg)alkyl is optionally substituted with one or more halogen, and
wherein -SOsaryl is optionally substituted with one or more halogen, (C;-Ce)alkyl or NO,.

The compound of formula 9 or 9a, or salts thereof, can be deprotected under standard
conditions to provide the corresponding compound of formula 10 or 10a or salts thereof. For
example, the deprotection can be carried out with an acid such as an organic acid (e.g.
trifluoroacetic acid) or a mineral acid (e.g. hydrochloric acid). Suitable solvents include organic
solvents such methylene chloride and trifluroacetic acid or mixtures thereof. The reaction can be
conveniently carried out at a temperature from about 0 °C to 25 °C. |

In another embodiment there is a method for the conversion of a compound of formula 10
or a salt thereof or a compound of formula 10a or a salt thereof to a compound of formula I or a salt
thereof comprising:

a) converting the compound of formula 10 or the compound of formula 10a or the salts
thereof, to the compound of formula II or the salt thereof by the steps outlined in Scheme 3 and
described herein below; and

b) converting the compound of formula II or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein below.

Preparation of a compound of formula 11 or 11a:
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In one embodiment there is a method of cyclizing a compound of formula 10 (or 10a) or a
salt thereof to provide a corresponding compound of formula 11 (or 11a) or a salt thereof, wherein
R is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more
(C1-Cg)alkyl or (C;-Cg)alkoxy; and R*is -SO,(C1-Ce)alkyl or -SOsaryl, wherein -SO,(C;-Cq)alkyl
is optionally substituted with one or more halogen, and wherein -SO,aryl is optionally substituted
with one or more halogen, (C;-Cg)alkyl or NO,.

The compound of formula 10 or 10a, or salts thereof, can be cyclized to provide the
corresponding aziridine of formula 11 or 11a, or salts thereof. The cyclization can be carried out
by treatment of the compound of formula 10 or 10a with a base such as a metal hydride (e.g.
sodium hydride, potassium hydride, calcium hydride), metal alkoxide (e.g. potassium
tert-butoxide, sodium, tert-butoxide, lithium zert-butoxide), alkylamide (e.g. lithium
diisopropylamide), hexamethyldisilazides (e.g. lithium hexamethyldisilazide) or carbonate base
(e.g. potassium carbonate or cesium carbonate). Suitable solvents include organic solvents such
as aprotic organic solvents (e.g. tetrahydrofuan, 2-methyltetrahydorfuran). The reaction can be
conveniently carried out at a temperature from about -20 °C to 40 °C.

In another embodiment there is a method for the conversion of a compound of formula 11
or a salt thereof or a compound of formula 11a or a salt thereof to a compound of formula I or a salt

thereof comprising:
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a) converting the compound of formula 11 or the compound of formula 11a or the salts
thereof, to the compound of formula II or the salt thereof by the steps outlined in Scheme 3 and
described herein below; and

b) converting the compound of formula II or the salt thereof to the compound of formula

I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein below.

Preparation of a compound of formula I or la:
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In one embodiment there is a method of ring-opening a compound of formula 11 (or 11a)
or a salt thereof to provide a corresponding compound of formula II or a salt thereof, wherein R
is -C(O)OCH;Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more (C;-Ce)alkyl
or (C;-Cg)alkoxy.

The compound of formula 11 or 11a, or salts thereof, can be ring-opened to provide the
compound of formula II, or a salt thereof. The ring-opening of the compound of formula 11 or 11a
can be carried out under hydrogenation conditions such as those utilizing a hydrogenation catalyst
and hydrogen gas. Suitable hydrogenation catalysts include palladium on carbon (e.g. 10%
palladium on carbon), Raney nickel, and Wilkinson’s catalyst. Suitable solvents include protic
organic solvents such as methanol, ethanol or isopropanol. The reaction can be conveniently

carried out at a temperature from about 25 °C to 40 °C.
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The compound of formula II can be optionally converted to an amine-protected version of
compound I such as a compound of formula 12 or a salt thereof, wherein each R s
independently an amine protecting group. Suitable amine protecting groups include, for example
(C-Ce)alkyl alkyl carbamates and arylmethyl carbamates (e.g. t-butyl carbamate, benzyl
carbamate) wherein the carbamates can be optionally substituted with one or more or more
(C1-Cg)alkyl or (C1-Cg)alkoxy groups. Such protection of the diamine may enhance isolation or
purification. The protection step can be carried out with a suitable reagent to introduce a
protecting group such as a carbamate anhydride (e.g. di-t-butyl dicarbonate) and a suitable base
such as amine bases (e.g. alkylamines such as diisopropylethylamine, triethylamine, N-methyl
morpholine) or an inorganic base such as a carbonate bases (e.g. potassium carbonate or cesium
carbonate). Suitable solvents include aprotic organic solvents such as tetrahydrofuran or
methylene chloride. The reaction can be conveniently carried out at a temperature from about 0 °C
to 25 °C. Such a step can facilitate purification and or isolation. The compound of formula 12 or
a salt thereof can be conveniently converted back to the compound of formula II or a salt thereof
or the compound of formula 6 or a salt thereof by procedures described herein.

In another embodiment, (subsequent to the conversion of 11 or 11a to II), there is a method
for the conversion of a compound of formula II or a salt thereof to a compound of formula T ora
salt thereof comprising converting the compound of formula II or the salt thereof to the compound
of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and described herein
below.

Alternative preparation of the compound of formula 4:
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In one embodiment there is a method of reducing a compound of formula 9 (or 9a) or a salt
thereof to provide a corresponding compound of formula 4 or a salt thereof, wherein R™
is -C(O)OCH,Ph, wherein -C(O)OCH,Ph is optionally substituted with one or more (C;-Cq)alkyl
or (C;-Ce)alkoxy; R'*is -C(0)O(C-Ce)alkyl wherein -C(O)O(C;-Cy)alkyl is optionally substituted
with one or more halogen or (C;-Cg)alkoxy; and R* is -SO4(C;-Cg)alkyl or -SO,aryl, wherein
-SOy(C;-Cg)alkyl is optionally substituted with one or more halogen, and wherein -SOsaryl is
optionally substituted with one or more halogen, (C;-Ce)alkyl or NO,.

The compound of formula 9 or 9a, or salts thereof, can be reduced to provide the
corresponding compound of formula 4, or a salt thereof. The reduction can be carried out by
treating 9 or 9a with reducing agent such as a hydride reducing agent. Suitable hydride reducing
agents include sodium hydride, potassium hydride, and sodium borohydride. Suitable solvents
include ethereal solvents such as tetrahydrofuran, 2-methyltetrahydrofuran, 1,4-dioxane, and ethyl
ether. The reaction can be conveniently carried out at a temperature from about 0 °C to 60 °C.

In another embodiment there is a method for the conversion of a compound of formula 4
or a salt thereof to a compound of formula I or a salt thereof comprising:

a) converting the compound of formula 4 or a salt thereof, to the compound of formula II
or the compound of formula III or salts thereof by the steps outlined in Scheme 1 and described
herein above; and

b) converting the compound of formula II or the compound of formula IIT or salts thereof
to the compound of formula I or the salt thereof by any of the steps outlined in Schemes 4-12 and

described herein below.
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Preparation of the compound of formula I:

The compounds of formula II and III can be converted to the compound of formula I
following procedures described in International Patent Application W02010/115000 (pages
26-32). Schemes 4, 5, 6 and 7 outline these procedures.

Scheme 4
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Preparation of a compound of formula VIII:

51



WO 2013/116715 PCT/US2013/024431

N
>

. e I
OO, — O

2
VIII
The mixed carbonate of formula VIII can be prepared by treating S-hydroxymethylthiazole

with a suitable carbonate or carbonate equivalent having a leaving group adjacent to the carbonyl
carbon, such as phosgene in the presence of a base. For example, suitable carbonates include
bis-(4-nitrophenyl)carbonate and disuccinimidyl carbonate. The reaction can conveniently be
carried out in a suitable aprotic organic solvent, such as dichloromethane, tetrahydrofuran,
1,2-dichloroethane, or diethylether, or a mixture thereof. Suitable bases include trialkylamine

bases, such as diisopropylethylamine, N-methyl morpholine, and triethylamine.

Preparation of a compound of formula Il or a salt thereof
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VI Ph/ I Ph/ I
A compound of formula III or a salt thereof can be prepared from a compound of formula
IT or a salt thereof by treatment with a carbonate of formula VIII or a salt thereof in the presence
of a suitable base in a suitable solvent. Suitable bases include carbonate bases (e.g. potassium
carbonate) and trialkylamines (e.g. diisopropylethylamine, or N-methyl morpholine). Suitable
solvents include solvents such as dichloromethane, tetrahydrofuran, 1,2-dichloroethane,

isopropylacetate, and diethylether, and mixtures thereof.

Preparation of a compound of formula X1:
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Me.

(0] NH
HoN \R
OH 8
L-Methionine X1

A compound of formula XI wherein Rj is H or a salt thereof can be prepared by treating
L-methionine with an alkylating agent in the presence of water and acetic acid. Suitable alkylating
agents include alkyl bromides (bromoacetic acid), alkyl iodides, alkyl chlorides, and dimethyl
sulfate. The reaction can conveniently be carried out in a solvent that comprises an alcohol (e.g.
isopropanol), water, and acetic acid. The reaction can be carried out at a temperature from about
22 °C to about 90 °C. A compound of formula XI wherein Rj is a protecting group (e.g. a
carbamate, amide, or benzyl protecting group) or a salt thereof can be prepared by protecting a
corresponding compound of formula XI wherein Rj is hydrogen to provide the compound of

 formula XI wherein Rs is a protecting group or the salt thereof.

Preparation of a compound of formula XII:

g

N

0 MeHN \ d o

HN_ -

Rs © \—K/S
X1 X

A compound of formula XII can be prepared by treating a compound of formula XI
wherein Rj is H or a protecting group (e.g. a carbamate, amide, or benzyl protecting group), or a
salt thereof with a compound of formula XIX or a salt thereof, in an aprotic solvent at a
temperature from about 0 °C to about 30 °C in the presence of a suitable base and a carbonyl
source, such as CDI. When Rj is a protecting group it can subsequently be removed to provide the
compound of formula XII or the salt thereof. Suitable bases include metal hydrides (e.g. sodium

hydride), and trialkylamines (e.g. diisopropylethylamine, triethylamine, N-methyl morpholine or
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DBU). Suitable aprotic solvents include tetrahydrofuran, 2-methyltetrahydrofuran, and

dichloromethane, and mixtures thereof.

Preparation of a compound of formula XIII:

N
o) RO |
X1 XIIT
A compound of formula XIII can be prepared by treating a compound of formula XII or a
salt thereof with a suitable iodide source (e.g. trimethylsilyl iodide, hydrogen iodide, or sodium
iodide and trimethylsilyl chloride) in an aprotic solvent in the presence of an alcohol ROH to
provide the compound of formula XIII wherein R is (C;-Cg)alkyl. Suitable aprotic solvents

include tetrahydrofuran, 2-methyltetrahydrofuran, dichloromethane, and acetonitrile, and mixtures

thereof. The reaction can typically be carried out at a temperature from about 0 °C to about 22 °C.

Preparation of a compound of formula XIV or a salt thereof:

i \;S
N
) Ve ’)%
N

N
Me\ =
N —_— HN—§
' A2
e} O
Yk/\ RO N
RO ' Q:}
X1 XV O

A compound of formula XIV or a salt thereof can be prepared by treating a compound of
formula XIII wherein R is (C;-Cg)alkyl with morpholine to provide the compound of formula XIV
or the salt thereof. The resulting compound of formula XIV can be converted to a corresponding
salt by treatment with an acid (e.g. an organic acid such as oxalic acid, citric acid, or fumaric acid,

or a mineral acid) in an organic solvent. Suitable solvents include fert-butyl methyl ether,
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methylene chloride, tetrahydrofuran, acetone, acetonitrile, toluene, heptanes, isopropyl acetate,
ethyl acetate and alcohols, and mixtures thereof. The salt formation can typically be carried out at

a temperature from about 22 °C to about 60 °C.

Preparation of a compound of formula X:

. N/ N
Me,
N o)
HN—( Vo /U\N o9
o) O N H ®
0 M

RO N—> /N |

s I

X1V X

A compound of formula X wherein Mis a counterion, or a salt thereof, can be prepared by
hydrolyzing an ester of formula XIV wherein R is (C;-Cg)alkyl or a salt thereof under standard
conditions. For example, the hydrolysis can be carried out in an aqueous solvent (e.g. water and
dichloromethane) in the presence of a base (e.g. potassium hydroxide or lithium hydroxide) at a

temperature from about -10 °C to about 28 °C.

Preparation of a compound of formula I:

)
N Ph\_ .
O HoN A
+ 2 \/\/\N 0O
Me\N)LN oz > N /\[N/> - 1
H o5 M Ph
/N
H ‘ X I

A compound of formula I or a salt thereof can be prepared by coupling an acid salt of
formula X wherein M is a counterion with an amine of formula III to form the corresponding
amide. This amide forming reaction can be carried out under standard conditions. For example,

it can be carried out in a suitable organic solvent (e.g. dichloromethane) in the presence of a
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suitable coupling agent (e.g. EDC*HCI and HOBt). Other suitable amide coupling reagents and
conditions are known in the field. The reaction can typically be carried out at a temperature from
about -30 °C to about 20 °C.

The resulting compound of formula I can be isolated using standard techniques. The
compound of formula I as described here or throughout the application can be isolated employing

a solid support material as described in International Patent Application Publication Number WO

2009/135179

Alternative preparation of the compound of formula I:

()

Ph 5
,?L . HZN\/\/\NJJ\O
H Ph”” |
o)
N
/ .
) <]) Xa I

A compound of formula I or a salt thereof can be prepared by coupling an acid of formula
Xa or a salt thereof with an amine of formula III or a salt thereof to form the corresponding amide.
This amide forming reaction can be carried out under standard conditions. For example, it can be
carried out in a suitable organic solvent (e.g. dichloromethane) in the presence of a suitable
coupling agent (e.g. EDC+HCl and HOBt). Other suitable amide coupling reagents and conditions
are known in the field. The reaction can typically be carried out at a temperature from about -30

°C to about 20 °C.

Alternative preparation of a compound of formula XII:

The compound of formula XII shown in Scheme 5 above can also be prepared as illustrated

in Scheme 7.

Scheme 7
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Preparation of a compound of formula XII

The amine of formula XV .or a salt thereof can be treated with carbonyldiimidazole, in the
presence of a suitable base (e.g. a trialkylamine, such as triethylamine, N-methyl morpholine,
diisopropylethylamine, or DBU; a hydride base, such as sodium hydride; or an amide base, such
as LIHMDS) in an aprotic solvent (e.g. tetrahydrofuran, or 2-methyltetrahydrofuran) to provide the
urea of formula XVI. Alkylation of the urea of formula XVI with a suitable methylating agent (e.g.
methyl iodide) in the presence of a base in an aprotic solvent provides a compound of formula
XVIL Further alkylation with a suitable methylating agent (e.g. methyl iodide) provides a salt of
formula XVIII. Treatment of the salt of formula XVIII with an N-unprotected amino y-lactone of
formula XI or with a corresponding N-protected amino y-lactone (e.g. a carbamate, amide or
benzylamine) in a suitable aprotic solvent (e.g. tetrahydrofuran, or 2-methyltetrahydrofuran) in the
presence of a suitable base (e.g. a trialkylamine, such as triethylamine, N-methyl morpholine,
diisopropylethylamine, or DBU) provides the compound of formula XII. If an N-protected amino
v-lactone is utilized in the previously described step (i.e. Compound XI where Rj is a protecting
group), the resulting protected product can be deprotected to provide the compound of formula

XII

Alternative methods for the preparation of the compound of formula I;
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The compounds of formula II and Il can also be converted to the compound of formula I
following procedures described in International Patent Application Publication Number WO
2008/010921 (pages 212-221) and International Patent Application Publication Number WO
2008/103949 (pages 248-259). Methods I-IV (including Schemes 8-12) and the subsequent

experimental write-ups depicted below describe these procedures.
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Method I:
Scheme 8
NHBoc
N
Hfl}lH +  HCI-HoN OCH, i
S CHs O -
9 50
NHBoc NHBoc
O O
HNI NJ\N OCH3 i >\</N NJLN OH
! H ?
s CH; & O s’ CH, 1 ©
51 52
NHBoc Bh
o) /0
iil N J\ HN J\ S
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2 Ph
g La i8
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o) /0
v N J\ H\/\/\ /U\ S
S CHs o N
[ PH

i) CDI, DIPEA, CH,Cl,; ii) LiOH, THF/H,0; iii) Cmpd of formula I, DIPEA, EDC, HOBt, THF;
iv) a. HCl/dioxane; b. Na,COs; v) (BrCH,CH,),0, NaHCO;, DMF

Compound 50
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Compound 50 is commercially available from Chem Impex International, and was used

without further purification.

Compound 51
Compound 50 (7.0 g, 26.0 mmol) was dissolved in CH,Cl, (330 mL) and

1,1-carbonyldiimidazole (4.22 g, 26.0 mmol) was added, followed by i-ProNEt (19 mL, 104
mmol). The solution was stirred at 25 °C for 12 hours. Compound 9 (4.44 g, 26.0 mmol) was
dissolved in 20 mL of CH,Cl, and added to the reaction mixture. The solution was stirred at 25 °C
for 7 hours. The solvent was removed in vacuo and the residue was diluted with ethyl acetate and
washed with water and brine. The organic layers were dried (Na,SOy), filtered, and evaporated.
Purification by Combiflash® (stationary phase: silica gel; eluent: 66-100% EtOAc/Hexane
gradient) gave Compound 51 (7.34 g). m/z: 429.0 (M+H)".

Compound 52
Compound 51 (7.34 g, 17.13 mmol) was dissolved in THF (90 mL) and 1M aqueous LiOH

(35 mL) was added. The mixture was stirred at 25 °C for 0.5 hour. The reaction was quenched with
IM HCI (51 mL) and the mixture was adjusted to pH 2. The mixture was extracted with ethyl
acetate. The organic layers were dried over Na;SOy, filtered, and evaporated to provide Compound
52 (7.00 g). The recovered Compound 52 was used in the next step without further purification.
m/z: 415.0 (M+H)".

Compound Q
Compound 52 (2.57 g, 6.21 mmol) was dissolved in THF (67 mL). compound of formula

I (2.10 g, 5.13 mmol) was added, followed by HOBt (1.04 g, 7.70 mmol), i-Pr,NEt (3.67 mL,
20.52 mmol), and EDC (1.82 mL, 10.26 mmol). The mixture was stirred at 25 °C for 12 hours. The
solvent was removed under reduced pressure. The residue was diluted with ethyl acetate and
washed sequentially with saturated aqueous Na,COs, water, and brine. The organic phase was
dried over Na,SOy, filtered, and evaporated. Purification by flash column chromatography
(stationary phase: silica gel; eluent: 5% iPrOH/CH,Cl,) gave Compound Q (3.02 g). m/z: 806.2
(M+H)".
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Compound R
Compound Q (3.02 g, 3.74 mmol) was suspended in 4.0 N HCl/dioxane solution (30 mL)

and stirred at 25 °C for 3 hours. Solvent was removed under reduced pressure and Et,O was poured
into the reaction mixture. The resulting suspension was stirred vigorously for 1.5 hours. The solid
was allowed to settle and the ether layer was decanted. Washing of the precipitate with Et,O was
repeated two more times. The product was dried in vacuo to afford a white solid (3.18 g,
quantitative yield). Saturated aqueous Na,COs solution was added to above solid (3.18 g) with
stirring until solid disappeared. The aqueous solution was extracted with ethyl acetate. The organic
phases were dried over Na,SOy, filtered, and evaporated to afford Example R as a yellow foam
(2.44¢g, 81%). The recovered Compound R was used without further purification in the next step.
m/z: 706.1 (M+H)".

Compound of formula I
Compound R (1.00g, 1.42 mmol) was dissolved in DMF (20 mL) and bromoethyl ether
(196 L, 1.56 mmol) was added dropwise, followed by NaHCO3 (0.239 g, 2.84 mmol). The

reaction mixture was stirred at 25 °C for 2 hours. The solution was heated to 65 °C and stirred for
12 hours. The solvent was removed under reduced pressure. The residue was diluted with EtOAc
and washed sequentially with water and brine. The organic phase was dried over Na,SO; filtered,
and evaporated. Purification by reverse-phase HPLC (Phenomenex Synergi® Comb-HTS column,
eluent: 5-95% CH;CN/water) gave the compound of formula I (580 mg, 53%)). 'H NMR (CDCl5)
5 8.98 (s, 1H); 7.90 (s, 1H); 7.75 (m, 1H); 7.40-7.00 (m, 11H), 6.55 (brs, 1H); 5.58 (m, 1H); 5.28,
5.19 (dag, J=14 Hz, 2H); 4.70-4.37 (m, 3H); 3.99 (m, 5H); 3.76 (br s, 1H); 3.65-3.30 (m, 3H); 2.97
(m, 5H); 2.90-2.60 (m, 6H); 2.28 (br s, 1H); 1.91 (brs, 1H); 1.60-1.30 (m, 10H). m/z: 776.2
(M+H)"

Method II:
Scheme 9
O o}
Q NalO,, H,0 J/ \L
HO  OH o” Yo
53 54
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Compound 54

Compound 54 was prepared following the procédure described in J. Med. Chem. 1993, 36,
1384 (herein incorporated by reference in its entirety for all purposes).

To solution of Compound 53 (0.550 g, 5.28 mmol) (Sigma-Aldrich) in H,O (8.8 mL) at 0
°C was added NalO4 (1.016 g, 4.75 mmol). The mixture was allowed to slowly warm to 25 °C and
stirred for 12 hours. Solid NaHCOj3; was added to the reaction mixture until pH 7. CHCl; (16 mL)
was added and the mixture was allowed to stir for 5 minutes. The mixture was filtered and the solid
was washed with CHCl; (6 mL). The combined H,O/CHCI; solution was used directly in the next
step without further purification.

Scheme 10

0

N \/\/\/U\ S + (\‘
N"ON : N~ o

>\<// s o H /\[) CHO CHO

S N
R Ph 54
)
N
Ph
NaBH,CN i H H j\
a 3 , M
CH4CN, H,0 N NN NS S>
I ! H z H \ /
S CH, o N
PH I

Compound of formula I

To a solution of Compound R (70 mg, 0.1 mmol) in CH3CN (5 mL) was added sodium
cyanoborohydride (50 mg) in water (5 mL). To the above mixture was added a solution of
dialdehyde compound 54 (0.6 mmol) in CHCl3/H,O) (4 mL/ 1 mL). The mixture was stirred for
12 hours, and basified with saturated Na,COj; solution. The mixture was extracted with EtOAc,
and organic phase was washed with water and brine, and dried over Na,SOs. Purification by
reverse-phase HPLC (Phenomenex Synergi® Comb-HTS column) gave the compound of formula
[ (57 mg).

Method II1
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Scheme 11
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i) TFA, CH,Cls; i) Cmpd 54, NaBH;CN, H,O/CH,CN; iii) LIOH, THF/H,0; iv) empd of
formula ITI, DIPEA, EDC, HOB, THF

Compound 55
Compound 51 (0.28 g, 0.66 mmol) was dissolved in CH,Cl; (4 mL) and TFA (1 mL) was

added dropwise. The reaction was allowed to stir at 25 °C for 1 hour. The solvent was removed

under reduced pressure to afford compound 55 (0.39 g). m/z: 329.0 (M+H)".

Compound 56
To a solution of compound 55 (0.39 g, 0.89 mmol) in CH3CN (45 mL) was added

NaBH;CN (0.45 g, 7.12 mmol) and H,O (45 mL). A solution of compound 54 (0.55 g, 5.34 mmol)
in CHCI3/H,0 (40 mL) was added. The mixture was stirred at 25 °C for 12 hours. The reaction
mixture was made basic with saturated aqueous Na,COs and extracted sequentially with ethyl

acetate and dichloromethane. The combined organic layers were washed sequentially with H,O
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and brine, dried over Na,SQOy, filtered, and evaporated. Purification by Combiflash® (stationary
phase: silica gel; eluent: 0-10% MeOH/CH,Cl, gradient) gave compound 56 (0.17 g). m/z: 399.1
(M+H)".

Compound 57
Compound 56 (377 mg, 0.95 mmol) was dissolved in THF (4 mL) and 1M aqueous LiOH

(1.90 mL) was added. The mixture was stirred at 25 °C for 1 hour. The reaction was neutralized
with 1M HCI. THF was removed under reduced pressure and the aqueous solution was lyophilized
to afford compound 57 (365 mg). The material was used directly in the next step without further
purification. m/z: 385.1 (M+H)".

Compound of formula I

The compound of formula I (185 mg, 57%) was prepared following the same procedure as
for compound Q (method I), except that compound 57 (160 mg, 0.42 mmol) was used instead of
compound 52. mass m/z: 776.2 (M+H)".

Method IV
Scheme 12

o OoH oOHC
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i) a. NaOH/H,0; b. BnBr; ii) SOs/pyridine; iii) morpholine/NaBH(OAc)3; iv) a. NaOH; b. HCI

Compound 59
To a solution of compound 122 (33 g, 112 mmol) (prepared by the method of

W0O2008/010921) in ethanol (366 mL) at 0 °C was added a solution of sodium hydroxide (4.7 g,
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117 mmol) in water (62 mL). The mixture was stirred for one hour at 25 °C, and solvents were
removed under reduced pressure. The mixture was co-evaporated with ethanol (3x400 mL), and
dried at 60 °C for two hours under high vacuum to give a white solid. To the solution of above
solid in DMF (180 mL) was added benzyl bromide (16.2 mL, 136 mmol). The mixture was stirred
for 16 hours under darkness, and was quenched with water (300 mL). The mixture was extracted
with EtOAc (4x300 mL). The combined organic phase was washed with water (5x) and brine, and
dried over Na,SO,4. Concentration gave compound 59 (48 g), which was used in the next step

without further purification.

Compound 60
A mixture of compound 59 (33 g, 74 mmol) in DMSO (225 mL) and Et;N (36 mL) was

stirred for 30 minutes. The mixture was cooled to 0-10 °C, SO;-pyridine (45 g) was added, and the
stirring was continued for 60 minutes. Ice (300 g) was added, and the mixture was stirred for 30
minutes. EtOAc (300 mL) was added and sat. Na,CO; was added until pH was 9~10. The organic
phase was separated from the aqueous phase, and the aqueous phase was extracted with EtOAc
(2x300ml). The combined organic phases were washed with sat Na,COj3 (2x), water (3x), and
brine. The mixture was dried over Na,SO4 and concentrated to give compound 60 (32 g), which

was used directly in next step without further purification.

Compound 61
To a solution of compound 60 (32 g) in CH3CN (325 mL) was added morpholine (12.9 mL,

148 mmol), with a water bath around the reaction vessel, followed by HOAc¢ (8.9 mL, 148 mmol),
and NaBH(OACc); (47 g, 222 mmol). The mixture was stirred for 12 hours. CH3CN was removed
under reduced pressure, and the mixture was diluted with EtOAc (300 mL). Sat. Na,CO3 was
added until the pH was 9~10. The organic phase was separated from the aqueous phase, and the
aqueous phase was extracted with EtOAc (2x300 mL). The combined organic phases were
washed with sat Na,COj; (2x), water (1x), and brine (1x). The mixture was dried over NaySO,.
The resulting residue was concentrated and purified by silica gel column chromatography (EtOAc

to DCM/iPrOH =10/1) to give compound 61 (30 g).

Compound 57
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To a solution of compound 61 (26.5 g, 56 mmol) in ethanol (160 mL) at 0 °C was added a
solution of sodium hydroxide (2.5 g, 62 mmol) in water (30 mL). The mixture was stirred for one
hour at 25 °C, and solvents were removed under reduced pressure. The mixture was diluted with
water (200 mL), and was washed with CH,Cl, (6x100 mL). The water phase was acidified with
12 N HC1 (5.2 mL), and was dried under reduced pressure to give compound 57 (22 g).

Compound of formula 1

Compound 57 was converted to the compound of formula I using the procedure described

in Method 111, above.
The following illustrate non-limiting examples.

Example 1: Preparation of compound 1b (1,6-diphenyl-5S-tert-butoxycarbonylamino- 3§ -
hydroxy-2S-phenylmethoxy-carbonylaminohexane).

Ph Ph

OH OH
: Cbz-Cl, DCM :

HaN- NHBoo - ChzHN
P pyriaine =

NHBoc

Benzyl chloroformate (5.1 mL, 36 mmol) was added by addition funnel over
approximately 10 minutes to a mechanically stirred mixture of aminoalcohol IV” (11.54 g, 30
mmol) and pyridine (2.94 mL, 36 mmol) in dichloromethane (200 mL) at 0 °C. The cooling bath
was removed and the reaction was allowed to warm to room temperature and stirred overnight.
At the end of this period, HPLC analysis showed the presence of <3A% of the starting alcohol IV,

The reaction mixture was filtered and the white residue (amino alcohol IV”) was washed with
dichloromethane (100 mL). The filtrate was transferred to a separatory funnel. The organic layer
was washed twice with cold (0 °C) 5% sodium bisulfate solution (2 x 75 mL), twice with saturated
sodium bicarbonate solution (2 x 100 mL), brine (100 mL) and dried over anhydrous sodium
sulfate. Removal of the solvent in vacuo afforded a white solid which was triturated with hexane
and filtered. The carbamate 1b was obtained as white solid weighing 13.22 g (85%). Thin layer
chromatography (Tlc) assay showed R¢= 0.19 on SiO; using 25% ethyl acetate/hexane as the
eluent or an Ry= 0.75 on SiO, using 50% ethyl acetate/hexane as the eluent. 'H NMR (300 MHz,
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CDCls): 8 7.4-7.05 (m, 15H), 5.09 (m, 1H), 5.05 (s, 2H), 4.5 (br s, 1 H), 3.88-3.74 (m, 2H), 3.63 (br
s, 1H), 2.87-2.85 (d, 2H, J=7.8 Hz), 2.72-2.70 (d, 2H, J=6.3 Hz), 1.63-1.60 (m, 2H), 1.38 (s, 9H).

Example 2: Preparation of compound 2b (3S-dithiocarbonic acid 1,6-diphenyl-5S-zert-

butoxycarbonylamino-2S-phenylmethoxycarbonylaminohexane, methyl ester).

o HsCS
\/(')i/:: O>:S/Ph
CbzHN - 1) NaH, THF z
: NHBoc - CbZHN\/k/\NHBOC
o 2) CSy, CHl :
1b P 2b

Sodium hydride (160 mg, 4 mmol, 60% oil dispersion) was added to a magnetically stirred
solution of the carbamate 1b (2.07 g, 4 mmol) in THF (30 mL) at room temperature. A vigorous
gas evolution occurred. The reaction was stirred at room temperature for 30 minutes and then
carbon disulfide (724 uL, 12 mmol) was added in one portion. The reaction was stirred for 1 hour
to afford a yellow solution. Methyl iodide (274 uL, 4.4 mmol) was then added and the reaction
and allowed to stir overnight. At the end of this period, the reaction was judged complete and the
mixture was transferred to a round-bottom flask and the solvent was removed in vacuo. The
residue was transferred to a separatory funnel with ethyl acetate (300 mL) and pH 6 phosphate
buffer (100 mL). After mixing, the layers were separated. The aqueous layer was re-extracted
with ethyl acetate (100 mL). The combined organic extracts were washed with brine and dried
over anhydrous sodium sulfate. Removal of the solvent in vacuo afforded a thick residue. The
residue was adsorbed onto 20 mL of silica gel with MTBE. The residue was chromatographed on
80 mL of flash silica gel using a hexane to 30% ethyl acetate/hexane gradient to afford 1.79 g
(74%) of the desired xanthate 2b. Tlc assay showed R¢= 0.64 on SiO; using 25% ethyl
acetate/hexane as the eluent. 'H NMR (300 MHz, CDCls): 6 7.4-7.0 (m, 15H), 5.83-5.79 (t, 1H,
J=6.3 Hz), 5.05-4.9 (q, 2H, J=12 Hz), 4.85-4.82 (m, 1H), 4.55-4.2 (m, 2H), 4.08-4.01 (br s, 1H),
2.84-2.6 (m, 4H), 2.56 (s, 3H), 1.8 (br s, 2H), 1.38 (s, 9H).

Example 3: Preparation of compound 3b (3S-imidazolecarbothioic acid

1,6-diphenyl-5S-tert-butoxycarbonylamino-2S-phenyl methoxycarbonylaminohexane, ester).
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Im
Ph
oH o>:S/ Ph
CbzHN - TCDI, imidazole =
\:/'\/\NHBOC ChzHN._J
- Y NHBoc
~ THF :
Ph >
1b Ph 3b

Thiocarbonyldiimidazole (TCDI) (2.14 g, 12 mmol) was added to a magnetically stirred
solution of alcohol 1b (3.11 g, 6 mmol) and imidazole (408 mg, 6 mmol) in THF (30 mL) at room
temperature. The reaction mixture was stirred for 48 hours and judged complete by HPLC
analysis. The reaction mixture was transferred to a round-bottom flask and the solvent was
removed in vacuo. The residue was dissolved in ethyl acetate (200 mL) and transferred to a
separatory funnel. The organic layer was washed twice with cold (0 °C) 5% sodium bisulfate
solution (2 x 100 mL), saturated sodium bicarbonate solution (100 mL), brine (100 mL) and dried
over anhydrous sodium sulfate. Filtration and removal of the solvent in vacuo afforded 4.1 g crude
semisolid. The crude solid was adsorbed onto 24 mL of flash silica gel and chromatographed on
82 mL of flash silica gel using a 20% ethyl acetate/hexane to 60% ethyl acetate/hexane gradient.
The imidazolide 3b product (Im is imidazol-1-yl) was obtained in 3.5 g (93%) as a white solid
foam. Tlc assay showed R¢= 0.28 on SiO; using 25% ethyl acetate/hexane as the eluent or Ry =

0.80 on S10, using 50% ethyl acetate/hexane as the eluent.

Example 4: Preparation of compound 4b (1,6-diphenyl-5R-fert-butoxycarbonylamino- 2R-

phenylmethoxycarbonylamino-hexane).

H,CS
g S:/ Ph 52,05, P
CbZHN;J\ANHBoc Dno%anet v CbZHNW\NHBoc
o ol
2b 4b

A solution of xanthate 2b (243 mg, 0.4 mmol) and benzoyl peroxide (97 mg, 0.4 mmol) in
dioxane (4 mL) was added over two hours via a syringe pump to a magnetically stirred,
deoxygenated mixture of dioxane (8 mL) and 1-ethylpiperidine hypophosphite (3.6 g, 20 mmol) at
105 °C. After the addition was complete, the reaction mixture was heated at 105 °C for two
additional hours. The reaction was cooled and judged to be complete by HPLC analysis. The

reaction mixture was poured over saturated sodium bicarbonate solution (50 mL.) and extracted
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twice with ethyl acetate (50 mL). The combined organic extracts were washed with brine and
dried over anhydrous sodium sulfate. Removal of the solvent in vacuo afforded a thick oil. The
oil was chromatographed on silica gel (20 mL) with a gradient of 100% hexane to 40% ethyl
acetate/hexane to afford 200 mg (100%) of a white solid (94A% pure). The white solid was
recrystallized from hexane/MTBE (1:5, 15 mL). The product 4b was obtained in 160 mg (80%
yield) in >99A% purity. Tlc assay showed Ry= 0.61 on SiO; using 25% ethyl acetate/hexane as the
eluent.. "H NMR (300 MHz, CDCly): & 7.4-7.1 (m, 15H), 5.049 (s, 2H), 4.48 (d, 1H, J=8.7 Hz),
4.21 (br d, 1H), 3.92-3.7 (br m, 2H), 2.8-2.6 (m, 4H), 1.6-1.4 (br s, 2H), 1.38 (s, 9H).

Example 5: Preparation of compound 4b (1,6-diphenyl-5R-tert-butoxycarbonylamino-2R-

phenylmethoxycarbonylamino- hexane).

Im

=S
o Ph dimethyl phosphite -4 o
: dioxane .
CbZHN\_./k/\NHBoc COZHN._~ A pmoc
= BZZOZ 2
J ~
Ph Ph
3b 4o

A magnetically stirred solution of the thionoimidazolide 3b (2.02 g, 3.2 mmol) and
dimethyl phosphite (14.7 mL, 160 mmol) in dioxane (32 mL) was heated to 105 °C. A solution of
benzoyl peroxide (465 mg, 1.92 mmol) in dioxane (2.3 mL) was added to the heated solution over
6 hours via syringe pump. After the addition was complete, the reaction was heated at 105 °C for
an additional two hours and then allowed to cool overnight. At the end of this period, the reaction
was analyzed by HPLC and found to be complete. The reaction mixture was poured over cold (0
°C) saturated sodium bicarbonate solution. Some precipitate formed. The quenched reaction
mixture was transferred to a separatory funnel and extracted twice with ethyl acetate (2 x 250 mL).
The combined organic extracts were washed twice with water (2 x 200 mL), brine (200 mL) and
dried over anhydrous sodium sulfate. The solvent was removed in vacuo to afforded 2.2 g crude
semi-solid. The crude material was adsorbed onto flash silica gel (14 mL) and chromatographed
on flash silica gel using a 100% hexane to 30% ethyl acetate/hexane gradient. Compound 4b was
obtained as a white solid weighing 1.28 g (80%) at approximately 80% purity by HPLC.
Recrystallization of the solid with MTBE/hexane (5:1, 65 mL) afforded 1.04 g (65%) of 4b in
>99% purity. Tlc assay showed Re= 0.61 on SiO, using 25% ethyl acetate/hexane as the
eluent. "H NMR (300 MHz, CDCl3): & 7.4-7.1 (m, 15H), 5.042 (s, 2H), 4.56 (br d, 1H, J=7.8 Hz),
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4.28 (br d, 1H, =9 Hz), 3.92-3.7 (br m, 2H), 2.8-2.6 (m, 4H), 1.6-1.4 (br s, 2H), 1.38 (s, 9H).

Example 6: Preparation of compound V' (1,6-diphenyl-5S-tert-butoxycarbonylamino-3S-
hydroxy-2S-(5-thiazolemethoxy) carbonylaminohexane).

Ph 0
OH & N\)\/O\( OH Ph
HszK/\ DIPEA, ACN :
; NHBoc HN\)\/\NHBOC

Ph/: ((5-thiazole)methyl)-

4-nitrophenyl carbonate
IVI Ph Vl

To a magnetically stirred mixture of amino alcohol IV’ (3.84 g, 10 mmol) in acetonitrile
(100 mL) at room temperature, was added ((5-thiazole)methyl)-4-nitrophenyl carbonate (3.08 g,
11 mmol). The reaction mixture was stirred for approximately 20 minutes and then was added
diisopropylethylamine (2 mL, 11 mmol). The reaction was allowed to stir at room temperature for
48 hours. At this point, the reaction was analyzed by HPLC and judged to be complete. The
reaction mixture was transferred to a round-bottom flask and the solvent was removed in vacuo.
The residue was dissolved in ethyl acetate and transferred to a separatory funnel. The reaction
mixture was washed twice with cold (0 °C) 5% sodium bisulfate solution (2 x 75 mL), twice with
IM sodium carbonate solution (2 x100 mL), brine (100 mL) and dried over anhydrous sodium
sulfate. The solvent was removed in vacuo to afford 6 g of crude material. The residue was
chromatographed on silica gel (100 mL) using a 20% ethyl acetate/hexane to 60% ethyl
acetate/hexane gradient to obtained 4.97 g (94%) of the desired carbamate V’ as a white solid. Tlc
assay showed R¢= 0.32 on SiO, using 50% ethyl acetate/hexane as the eluent. '"H NMR (300 MHz,
CDCl3): 6 8.79 (s, 1H), 7.84 (s, 1H), 7.35-7.05 (m, 15H), 5.24 (s, 2H), 5.12 (d, 1H, J=9.3 Hz), 4.50
(brs, 1H), 3.9-3.7 (m, 2H), 3.64 (brs, 1H), 2.85 (d, 2H, J=7.5 Hz), 2.73 (d, 2H, J=6.6 Hz), 1.62 (br
s, 2H), 1.39 (s, 9H).

Example 7: Preparation of compound 7b (3S-imidazolecarbothioic acid 1,6-diphenyl-5S-ferf -

butoxycarbonylamino-2S-(5-thiazolemethoxycarbonylaminohexane, ester).
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Im

S _ph

S on £
TCDI, imidazole
S{ N\/'\/\NHBOC /g \/'\/\NHBOC
g h/
V' 7b

Thiocarbonyldiimidazole (TCDI) (1.07 g, 6 mmol) was added to a magnetically stirred
solution of alcohol V’ (1.58 g, 3 mmol) and imidazole (204 mg, 3 mmol) in THF (20 mL) at room
temperature. The reaction mixture was stirred for 48 hours and then determined complete by
HPLC. The reaction mixture was transferred to a round-bottom flask and the solvent was removed
in vacuo. The residue was dissolved in ethyl acetate (200 mL) and transferred to a separatory
funnel. The organic layer was washed twice with cold (0 °C) 5% sodium bisulfate solution (2 x 50
mL.), saturated sodium bicarbonate solution (100 mL), brine (100 mL) and dried over anhydrous
sodium sulfate. The solvent was removed in vacuo and the solids were filtered to afforded 2.2 g
crude product. The crude solid was adsorbed onto 14 mL of flash silica gel and chromatographed
on 40 mL of flash silica gel using a 20% ethyl acetate/hexane to 60% ethyl acetate/hexane gradient
to afford 1.9 g (>99%) of imidazolide 7b (Im is imidazol-1-yl) as a white solid foam in 97A%
purity. Tlc assay showed R¢= 0.32 on SiO, using 50% ethyl acetate/hexane as the eluent.

'"H NMR (300 MHz, CDCl):  8.77 (s, 1H), 8.22 (s, 1H), 7.80 (s, 1H), 7.52 (s, 1H), 7.35-7.1 (m,
15H), 7.03 (s, 1H), 5.77 (m, 1H), 5.18 (q, 2H, J=9 Hz), 4.74 (m, 1H), 4.62 (br s, 1H), 4.45 (m, 1H),
4.2-4.1 (br s, 1H), 2.95-2.6 (m, 4H), 2.0-1.8 (brs, 2H), 1.38 (s, 9H).

Example 8: Preparation of compound 6 (1,6-diphenyl-5S-fert-butoxycarbonylamino-2S-

(5-thiazolemethoxy)carbonylamino- hexane).

Im
S
0__0 o>: _Ph

0._.0 _Ph
Dioxane, Bz,0 S N :
S\ HNWNHBOC 22 L\/\{ H \;/\/\NHBOC
- : — N :

Ph/‘ 1-Ethylpiperidine
b hypophosphite 6

A solution of xanthate 7b (64 mg, 0.1 mmol) and benzoyl peroxide (18 mg, 0.075 mmol)

in dioxane (1.5 mL) was added via a syringe pump to a magnetically stirred and deoxygenated
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mixture of dioxane (3 mL) and 1-ethylpiperidine hypophosphite (900 mg, 5 mmol) at 105 °C over
two hours. After the addition was complete, the reaction mixture was heated at 105 °C for two
additional hours. The reaction was cooled and judged complete by HPLC analysis. The isolated

product mixture contained alcohol V* and compound 6 in a ratio 2:1.

Example 9: Preparation of compound 13 (2R-(2S-t-butoxycarbonylamino-3-phenylpropyl)-
3S-benzylaziridine).

oH /Ph _/Ph
TPP, DIAD HN,
HaN . NHBoc ——————— l/\/\NHBoc
/: toluene /.
Ph v Ph 13

Diisopropyl diazodicarboxylate (17.3 mL, 88 mmol) was added to a mechanically stirred
solution of triphenylphosphine (23.1 g, 88 mmol) in toluene (300 mL) at 5 °C. The temperature
was not allowed to rise above 10 °C during the addition. The solution was cooled back to 5 °C and
then aminoalcohol IV” (30.76 g, 80 mmol) was added portionwise over approximately 10 minutes.
The cooling bath was removed and the resulting suspension was allowed to stir for 48 hours. The
reaction was filtered, washed with 150 mL of cold (0 °C) toluene, and dried afford 35 g of the
white solid. The white solid was recrystallized from a mixture of 130 mL of methanol and 88 mL
of water to afford 18.7 grams (63%) of 13. The recrystallization mother liquors and the filtrate
were added together and concentrated in vacuo to afford 43 g of a yellow semi-solid. The residue
was stirred with 400 mL of a 1:1 mixture of methanol and water overnight to form a white solid
(37 g). This material was chromatographed on C-18 reverse-phase silica gel (1200 g) using a 50%
methanol/water to 90% methanol/water gradient. The fractions containing the product were
combined and the solvent was removed in vacuo to give 13 as a white solid (2.9 g, 10%). The
combined total of the two crops of aziridine 13 was 21.6 g (73%). 'H NMR (300 MHz, CD-OD):
8 7.35-7.15 (m, 10H), 4.0-3.85 (br s, 1H), 2.90-2.6 (m, 4H), 2.35-2.15 (m, 2H), 1.75-1.5 (m, 2H),
1.35 (s, 9H).

Example 10: Preparation of compound 9b (3S-toluene-4-sulfonic acid 1,6-Diphenyl-5S-zert-

butoxycarbonylamino-2S-phenyl methoxycarbonylaminohexane, ester).
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on " TsCL ovrid ots "
sCl, pyridine :
CbzHN . CbzHN A NHBoc

NHBoc

~ ~
Ph 1b Ph 9b

p-Toluenesulfonyl chloride (19.5 g, 102 mmol) was added in one portion to a solution of
carbamate 1b (26.5 g, 51 mmol) dissolved in pyridine (80 mL) at room temperature. A slight
exotherm (~5 °C) was noted. The reaction was stirred overnight at room temperature overnight.
At the end of this period, the reaction was judged complete by tlc assay. The reaction mixture was
poured into water (500 mL) and extracted with 20% ethyl acetate/hexane (1 L). The organic layer
was washed with brine (50 mL), dried over anhydrous sodium sulfate, filtered and concentrated.
The residue was azeotroped with toluene, but after the concentration was complete, the residue
still contained some pyridine. The residue was adsorbed onto 200 mL of silica gel with ethyl
acetate. After removal of the ethyl acetate, hexane was added to the silica gel. Removal of the
hexane afforded free-flowing silica which was loaded on top of a silica gel pad (400 mL). The
silica plug was rinsed with hexane (2 L), 10% ethyl acetate/hexane (4 L) and 20% ethyl
acetate/hexane (4 L). The product eluted with 20% ethyl acetate/hexane. Combination of the
product containing fractions and removal of the solvent in vacuo afforded 25.4 g (74% yield) of the
desired tosylate 9b as a white solid. Tlc assay showed Ry = 0.54 on SiO, using 25% ethyl
acetate/hexane as the eluent. "H NMR (300 MHz, CDCls): & 7.77-7.74 (d, 2H), 7.4-7.0 (m, 19H),
5.0-4.8 (m, 2H), 4.74-4.66 (m, 1H), 4.63-4.60 (m, 1H), 4.42 (br s, 1H), 4.2-4.1 (m, 1H), 4.0 (brs,
1H), 2.65-2.35 (m, 4H), 2.42 (s, 3H), 1.66 (br s, 2H), 1.42 (s, 9H).

Example 11: Preparation of compound 10b (3S-toluene-4-sulfonic acid

1,6-Diphenyl-5S-amino-2S-phenylmethoxycarbonyl aminohexane, ester).

OTs Ph OTs
: TFA '
CbzHN : NHBoc CbzHN ;
G DCM Ph/_
Sb 10b

Ph

NH,
Ph
Dichloromethane (50 mL) was added to a 125 mL three-necked flask containing tosylate

9b (6.73 g, 10 mmol). The reaction mixture was cooled to -20 °C. Trifluoroacetic acid (20 mL,

260 mmol) was added dropwise via addition funnel over 5 minutes and the resulting mixture was

stirred at -20 °C for 10 minutes and then allowed to warm to room temperature and stir for 45
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minutes. Analysis by HPLC at this point indicated that the reaction was complete.

A mixture of 1.2M (10%) solution of sodium bicarbonate (420 mL) and ice (100 g) was
prepared. The reaction mixture was poured slowly (foaming) into the rapidly stirred mixture of ice
and sodium bicarbonate solution. When all of the reaction mixture had been added, the pH of the
mixture was approximately 8. The two-phase mixture was then poured into a separatory funnel.
The layers were separated. The aqueous phase was washed twice with dichloromethane (2 x 100
mL). The combined organic phases were dried over anhydrous sodium sulfate. Removal of the
solvent in vacuo afforded 5.8 g (100%) of tosylate 10b as a solid foam. Tlc assay showed Re=0.32
on SiO; using 50% ethyl acetate/hexane as the eluent. 'H NMR (300 MHz, CDCls): & 7.85-7.75
(m, 2H), 7.4-7.0 (m, 19H), 5.03-4.8 (m, 2H), 5.1-4.8 (br d, 1H), 3.2-2.8 (m, 2H), 2.8-2.5 (m, 2H),
2.42 (s, 3H).

Example 12: Preparation of compound 11b (2R-(2S-amino-3-phenylpropyl)-3S-

benzylaziridine-1-carboxylic acid benzyl ester).

ots <" KOt-Bu, THF CbzN o
: -bu, /), :
CbzHN ' NH, NNHz
ya s
Ph™ 1ob Ph 11b

A 1M potassium t-butoxide solution in THF (7.4 mL, 7.4 mmol) was added to a solution
of amino tosylate 10b (4.0 g, 7 mmol) in tetrahydrofuran (50 mL) at -20 °C. During the addition,
an exotherm of 2-3 °C was noted. After the addition was complete, the reaction mixture was
allowed to warm to 0 °C. TLC and HPLC indicated that the reaction was complete. The reaction
mixture was poured into 200 mL of pH 6 phosphate buffer to quench the reaction. This mixture
was then transferred to a separatory funnel and extracted with ethyl acetate (2 x 150 mL). The
combined organic extracts were washed with brine (2 x 100 mL) and dried over anhydrous sodium
sulfate. Filtration and removal of the solvent in vacuo afforded 2.91 g (>100%) of the desired
material as a thick liquid. The crude material was chromatographed on silica gel using a 40% ethyl
acetate/hexane to 100% ethyl acetate gradient. The aziridine 11b (2.58 g, 92% yield) was obtained
as a sticky white solid. Tlc assay showed R¢= 0.25 on SiO, using 50% ethyl acetate/hexane as the
eluent. "H NMR (300 MHz, CDCly): & 7.4-7.1 (m, 15H), 5.15-5.0 (q, 2H, J=5.7 Hz), 3.4-3.25 (br
s, 1H), 3.0-2.85 (m, 2H), 2.85-2.65 (m, 2H), 1.8-1.55 (m, 2H), 1.7-1.5 (br s, 2H).
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Example 13: Preparation of compound 12 (1,6-diphenyl-2R-(t-butoxycarbonyl)amino-5R-
carbamic acid, t-butyl ester) and compound 12a (1,6-diphenyl-2R-(t-butoxycarbonyl)amino-

4S-carbamic acid, t-butyl ester).

Ph Ph
ol ~Pn 1) 10% Pd-C, H, - BocHN
" - ethanol BocHN - -
OSSN, NN NHBoe J/\ANHBOC
: 2) Boc,O, THF :
Ph” DIPEA Ph” Ph
11b 12 12a

The aziridine 11b (400 mg, 1 mmol), 10% palladium on carbon (50% water wet) (200 mg)
and absolute ethanol (20 mL) were added to a pressure vessel equipped with a stirring bar. The
vessel was capped and three vacuum purges with nitrogen were performed. Then two vacuum
purges with hydrogen were performed. The pressure of hydrogen was then regulated at 50 psi and
the reaction was allowed to stir overnight. In the morning, the reaction was analyzed by HPLC.
The starting material had been consumed and converted to two products. The reaction mixture
was filtered through a pad of celite. The celite pad was washed thoroughly with ethanol. Removal
of the solvent in vacuo afforded 268 mg (100%) of a clear oil. |

The clear oil (268 mg, 1 mmol) was dissolved in THF (5 mL). Di-t-butyl dicarbonate (655
mg, 3 mmol) and diisopropylethylamine (523 pL, 3 mmol) were added to the reaction. The
reaction was allowed to stir for 48 hours. HPLC of the reaction indicated that the reaction was
complete. The solvent was removed and the residue was chromatographed on silica gel (40 mL)
using a hexane to 30% ethyl acetate/hexane gradient. Two components were obtained. The first
component was identified as 12a and weighed 99 mg (21% yield) (tlc assay showed R¢= 0.30 on
Si0,, 10% ethyl acetate/hexane). 'H NMR (400 MHz, CDCly): § 7.4-7.15 (m, 10H), 4.7-4.6 (brs,
1H), 4.6-4.5 (br s, 1H), 3.8-3.9 (br s, 1H), 3.6-3.75 (br s, 1H), 3.0-2.5 (m, 6H), 1.6-1.4 (br s, 2H),
1.42 (s, 9H), 1.37 (s, 9H). The second component was identified as 12 and weighed 255 mg (54%
yield) (tlc assay showed R¢=0.24 on SiO,, 10% ethyl acetate/hexane). "H NMR (400 MHz,
CDCl3): 6 7.35-7.15 (m, 10H), 4.28 (d, 2H, J=8 Hz), 3.9-3.75 (br m, 2H), 2.8-2.6 (m, 4H), 1.6-1.4
(m, 2H), 1.41 (s, 18H).

Example 14: Preparation of compound Ila (1,6-diphenyl-2R,5R-diaminohexane dihydrochloride).
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-/Ph
OoZHN A iBoc - . .
: P P
ph” 4b Ha, 10% Pd-C : _Hei - :
ethanol HZN\/V\NHBOC isopropanol  CJ| H,N \/\/\KJH or
: - : 3
Ph ~ -
< PR s PA" 1
CbZHN\-/\/\NHBOC
Ph" 4a

10% Palladium on carbon (50 mg) was added to a 40:60 mixture of 4a’ and 4b (285 mg,
0.57 mmol) in ethanol (25 mL) in a thick-walled hydrogenation vessel equipped with a stirring bar.
Three cycles of vacuum purges with nitrogen followed by three vacuum purges with hydrogen
were performed. The internal hydrogen pressure was set at 50 psi and the reaction was allowed to
stir at room temperature for 48 hours. At the end of this time, the reaction was analyzed by HPLC
and found to be complete. The reaction was filtered through a pad of celite. The celite pad was
thoroughly washed with ethanol (25 mL). The solvent was removed in vacuo to afford 223 mg
(~100%) of a clear oil. The oil was chromatographed on silica gel to afford 150 mg (73% yield)
of 5 as a thick oil which solidified on standing.

Compound 5 (100 mg, 0.27 mmol) was added to 5M HCl in isopropanol (3 mL). A
solution formed after approximately 10 minutes and after 30 minutes, a fine, white precipitate
started to come out of solution. The reaction was allowed to stir at room temperature overnight.
At the end of this period, the reaction was judged complete by HPLC analysis. An aliquot (1 mL)
was removed from the reaction and the solvent was removed with a nitrogen sparge. A white solid
formed. Sodium hydroxide (3 mL of a 1N NaOH solution) was added to the solid. An organic
liquid separated which was partitioned into MTBE. The MTBE solution was separated and blown
down with a nitrogen sparge. Compound II (free base of Ila) (19 mg, 28% yield) was obtained as
a clear thick oil after the solvent was removed.

The remainder of the isopropanol/HCI mixture was diluted with diethyl ether (10 mL).
The resulting mixture was cooled to -78 °C in a dry-ice bath and filtered. The white solid was
washed with diethyl ether (10 mL) and dried in a vacuum oven (no heat) at 25 mm Hg vacuum.
Compound Ila (50 mg, 54% yield) was obtained as a white solid.

HPLC analysis of the 50 mg sample of Ila salt and 19 mg of II from the deprotection of 5
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with HCl in isopropanol was performed. The diastereomeric excess of the Ila was >99%. The
diastereomeric excess of Il was 96.3%.

All publications, patents, and patent documents are incorporated by reference herein, as
though individually incorporated by reference. Various embodiments and techniques have been
described. However, it should be understood that many variations and modifications may be made

while remaining within the spirit and scope of the disclosure.
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CLAIMS
What is claimed is:
1. A compound selected from:
Ph
_/Ph :/ _/Ph
: RICHN - R
R1CHNNNR1aR1b ’ WNRMR”J , R1CHNW\NR13R1b’
z v 0.__S z
/  OH Ph i 4
Ph R2 Ph
Ph
_ph _ph - : i s
z z O
1¢ : 1¢ L W\N S \ »
REAN A\ Riar b R¥HN A~~~ S - H
; NR'@R ' ; N~ O » ’ V2 O_s ' N
; L L S
Ph Ph \N/
N
Ph Ph Ph
OR* 7 OR* 7 NR1E <
1a : 1a ? -
R HN\:/K/\NHRm , R HN\:)\/\NHZ and P\/\NHZ
P =g pr
wherein:

R'* and R are each independently an amine protecting group; or R'is an amine protecting
group and R'®is H;

R'¢is -C(0)O(C;-Ce)alkyl wherein -C(O)O(C,;-Ce)alkyl is optionally substituted with one
or more halogen or (C;-Cg)alkoxy;

R? is -SMe or imidazol-1-yl; and

R*is -SO»(C-Cg)alkyl or -SOsaryl, wherein -SO,(C;-Ce)alkyl is optionally substituted
with one or more halogen, and wherein -SO,aryl is optionally substituted with one or more
halogen, (C-Cg)alkyl or NO»;

and salts thereof;

provided the compound is not:
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_/Ph /Ph _/Ph
BocHN : 8 BocHN -
c W\NHBOC , BOCHN\NNHBOC or cl \:/\/\NkBoc
P P P Ph
2. The compound of claim 1 selected from:
Ph
/Ph s _/Ph
R1CHN : R1CHN\/Y.\NR1aR1b R'CHN :
W\NR1aR1b ) 5 s W\NR1aR1by
> OH S OS ;
o Ph e or
R2 h
Ph
70
Ph Ph :
s s R°HN : S
? s A
RIHN SN o tam b RIGHN _~ . JL s : H \
- NR'2R® - N~ 0 VR s O_sg N
; L T
Ph P \N/
N
Ph Ph Ph
OR* 7 OR* 7 NR'E L
RieAN. I A R'eHN. I A and PO
: NHR ’ : NH, : NH,
P P P

and salts thereof.

3. The compound of claim 1 or claim 2, wherein R' and R'® are each

independently -C(0)O-CH,Ph, -C(0)O(C;-Cg)alkyl or Ph-CH,-; or R™ is -C(0)O-CH,Ph,
-C(0)O(C;-Ce)alkyl or Ph-CHa- and R'® is H; wherein any C(O)O-CH,Ph, -C(O)O(C;-Cg)alkyl
or Ph-CHy- of R'™ and R™ is optionally substituted with one or more (C;-Cg)alkyl or
(Cy-Cg)alkoxy.

4, The compound of claim 1 or claim 2, wherein R is -C(O)O-CH,Ph and R'® is H; wherein
any -C(0)O-CH,Ph of R™ is optionally substituted with one or more (C;-Cg)alkyl or
(Cl-CG)alkoxy.
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S. The compound of claim 1 selected from:
Ph
"3
¢ 0 BocHN : ~
BocHN\/Y\N)J\O/\Ph YY\N O~ "Ph
: H /O s ,
~ OH , Ph
Ph
SMe
s
BocHN._~_A A g ~pr BOCHN\E/\/\Q 0" Ph
: H ya :
Ph/ ’ Ph
Ph
70
BocHN AL S O?/S\ o
/ S :
N 0 z
L o’
Ph“\ O
o< _Ph
and : NH
Ph/
and salts thereof.
6. The compound of claim 1, comprising:
4 " 0
BocHN :
oc \:/Y\u)ko/\Ph
/ OH

Ph

or a salt thereof.
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7.

8.

WO 2013/116715

The compound of claim 1, comprising:

or a salt thereof.

The compound of claim 1, comprising:

or a salt thereof.

9. The compound of claim 1, comprising:

/Mo

BocHN\/\/’\N/“\O/\Ph
: H

Ph/

or a salt thereof.

10. The compound of claim 1, comprising:

Ph
70

BocHN\/\/kN)kOAPh
z H

Ph/

or a salt thereof.

11. The compound of claim 1, comprising:
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Ph
70

BocHN\/\/?\N/U\ o/\€7

: H !

N
pr

or a salt thereof.

12. The compound of claim 1, comprising:

/Ph
z O

BocHN \_/\CA)AN/KO/\&SK
P \Nfs
¥

or a salt thereof.

13. The compound of claim 1, comprising:

or a salt thereof.

14. The compound of claim 1, comprising:

or a salt thereof.
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15. The compound of claim 1, comprising:

Ph 0]
ot

or a salt thereof.

16. A method for preparing a compound of formula I:

)
Ph
o) H Y~ 0
Me\NJ\N N\./\/\NJko S
H i H | )
N:(’ Ph N
—< |
S I

or a salt thereof, comprising converting a compound of claim 1.

17.  The method of claim 16 further comprising converting the compound of claim 1 into a

compound of formula III:
Ph

70
WO
: H \ K
Ph” il

or a salt thereof.
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