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Compounds Which Selectively Modulate The CB2 Receptor

APPLICATION DATA

This application claims benefit to US provisional application serial no. 61/100,077 filed
September 25, 2008.

BACKGROUND OF THE INVENTION
1. TECHNICAL FIELD
The present invention relates to novel compounds which modulate the CB2 receptor and their

use as medicaments.

2. BACKGROUND INFORMATION

W02008014199, WO2008039645 discuss the CB2 receptor, and the therapeutic uses of the
CB?2 receptor agonist compounds disclosed therein. It is believed that the highly selective
activation of the CB2 receptor with an agonist may offer avenues of harnessing the beneficial
effects while avoiding the adverse effects seen with dual CB1/CB2 cannabinoid receptor
agonists (see e.g. Expert Opinion on Investigational Drugs (2005), 14(6), 695-703). It is

desirable therefore to provide agonists of CB2 with minimized CB]1 activity.

WO02008014199, W0O2008039645 and WO 2009061652 disclose sulfone derivatives having
CB2 agonist activity. The compounds of the present invention differ structurally from the
above disclosed compounds, for example the present R’ in the formula (I) disclosed
hereinbelow. Additionally, the compounds of the present invention have lower CB1 activity

than the compounds disclosed in the cited art.
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BRIEF SUMMARY OF THE INVENTION

The present invention provides novel compounds which bind to and modulate the CB2
receptor and have lower CB1 receptor activity. The invention also provides methods and
pharmaceutical compositions for treating inflammation by way of the administration of
therapeutic amounts of the compounds of the invention. Lastly, the invention provides a
method and pharmaceutical compositions for treating pain by way of the administration of

therapeutic amounts of the compounds of the invention.

DETAILED DESCRIPTION OF THE INVENTION

In the broadest generic embodiment 1, the invention provides compounds of the formula

R

4
2 Rs E
R1—(ﬁ>H2>n -5
° D

wherein:

Het is a 5-membered heteroaryl ring optionally substituted by C,.s alkyl;

R! is Cy-y0 alkyl, Cy-10 alkoxy, Cs.1o cycloalkyl, 3-10 membered saturated heterocyclic
ring, 5-10 membered mono or bicyclic heteroaryl ring or phenyl each optionally independently
substituted with 1-3 substituents chosen from C,_g alkyl, C,4 alkoxy, Cs_1o cycloalkyl, Cs_19
cycloalkylC, s alkyl, C;.4 alkylsulfonyl, C,4 acyl, oxo, cyano, phenyl, hydroxyl and halogen;

R? and R? are C;-Cy alkyl or hydrogen with the proviso that both R* and R’ cannot be
hydrogen; or R* and R” together with the carbon atom to which they are attached form a 3- to

6-membered cycloalkyl or heterocyclic ring;
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5
R* is hydrogen or methyl;
R’ is chosen from
R
R R 7
/g(\/)/o R \WO-R(S B O_Rﬁ
\\ = 6 AN m _ N
S m , ~cycloalkyl—0-R; R
R, R . 0
O
7 K ]
'y N(Rs)
O-R6 S(O)z'Re g 672 O—C—R;
5 RSO ) R "
10 , : , 8 :
O-R R, O
A R |
' Re O-R6 N—C—R;
8 8 8
R @)
R iy
(~), Re s{0)
R, R{ 2 5 .
and or R” is a 3-10 membered saturated
heterocyclic ring optionally substituted with 1-3 Cy.4 alkyl;
misO0,1,2or3;
15

each R® is independently hydrogen, C; alkyl, 3-10 membered saturated heterocyclic ring,

aryl, benzyl or -(CH»),-3-O-(CHz)o.1-X wherein X is aryl or CH3 each heterocyclic, benzyl or

aryl ring is optionally substituted by one or more C,.4 alkyl, C, 4 alkoxy or halogen;

wherein R” and R® are each independently hydrogen or C;_4 alkyl with the proviso that both
20 R’ and R® cannot be hydrogen, and wherein R’ and R? optionally can cyclize to form a Cs;

cycloalkyl ring;
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Ry is C;_4 alkyl which replaces a methylene hydrogen on -(CHb»),- or is absent;
nis0, 1or2;

wherein any carbon atom on the formula (I) or any R substituent listed above is optionally

partially or fully halogenated where possible;

or a pharmaceutically acceptable salt thereof.

In another embodiment 2, the invention provides compounds of the formula (I) according to
any of the preceding embodiments described above, and wherein

Het is

\ Ny
psf HT R K Tl Tk

or

R!
cyclooctyl, tetrahydrofuranyl, tetrahydropyranyl, azetidinyl, piperidinyl; benzoxazolyl,

is Cy alkyl, phenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,

benzothiazolyl, benzimidazolyl, dioxalanyl, dioxanyl, oxazolyl, isoxazolyl, thiazolyl,
pyrazolyl, pyrrolyl, imidazolyl, thienyl, thiomorpholinyl, 1,1-Dioxo-1 X6—thiomorpholinyl,
morpholinyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, pyrrolidinyl,
piperazinyl, purinyl, quinolinyl, Dihydro-2H-quinolinyl, isoquinolinyl, quinazolinyl,

indazolyl, indolyl, benzofuranyl, benzopyranyl or benzodioxolyl each optionally substituted
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5 by 1-2 substituents chosen from halogen, C,. alkyl, hydroxyl, C;_4 alkoxy, C;_4 alkylsulfonyl,
Cs.10 cycloalkylCy.s alkyl or oxo;

R? and R® are independently methyl, ethyl, n-propyl, isopropyl, or hydrogen with the
proviso that both R* and R* cannot be hydrogen; or R* and R’ together with the carbon to

10 which they are attached form a cyclopropyl, cyclobutyl, or cyclopentyl ring;

R’ is chosen from
0 O-R

R, R, | | R, 6

SO N K
Rg Ry R,

R,

o™
"Ry , .
15 wherein Ar tetrahydropyranyl or tetrahydrofuranyl each optionally

substituted by C,; alkyl,

7 R,
2O-Rg O\/\O/Rm

Rs , Re wherein Ry is hydrogen or methyl,

R, O
J o) R, | 4 | R,
’><,O7’)<S/\/XF WN_C_R6 \A(V)N(R(s)z
g O FF Trghie ‘R,"
, 8 and 8 ,

orR® is tetrahydropyranyl or tetrahydrofuranyl each optionally substituted by C;.3 alkyl;
20
R® is hydrogen, benzyl, phenyl or C,_4 alkyl, each benzyl or phenyl ring is optionally

substituted by one or more C,_4 alkyl, C,.4 alkoxy or halogen;
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R” and R® are each C,.; alkyl or Cs.6 cycloalkyl wherein R’ and R? optionally can cyclize to
form a Cs¢cycloalkyl ring.

In another embodiment 3, the invention provides compounds of the formula (I) according to

any of the preceding embodiments described above, and wherein

R is Cys alkyl, phenyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, cycloheptyl,
tetrahydrofuranyl, tetrahydropyranyl, dioxalanyl, dioxanyl, azetidinyl, piperidinyl,
benzimidazolyl, pyrrolyl, pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, pyrrolidinyl or
piperazinyl, each optionally substituted by 1-2 substituents chosen from halogen, C,.¢ alkyl,
C\.4 alkylsulfonyl, Cs.¢ cycloalkylC,_s alkyl, hydroxyl, C, 4 alkoxy and oxo;

R? and R® are independently methyl, ethyl, n-propyl, isopropyl or hydrogen with the
proviso that both R* and R* cannot be hydrogen; or R?and R® together with the carbon to
which they are attached form a cyclopropyl, cyclobutyl or cyclopentyl ring;

nisQorl;
R’ is chosen from
@) O-R
R7 R7 | R7 6
MO' R6 O' R6 \\\ O_C_ RG \\\ R6
\ Rs " \ Rs " \ Rs
I:{7
‘\ O-Ar
\ R m

wherein Ar tetrahydropyranyl or tetrahydrofuranyl each optionally
substituted by C,; alkyl,
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7 I:{7
/(’HmO'R mo ~Rio
\ R ° * R m \/\O

, wherein R is hydrogen or methyl,

orR® is tetrahydropyranyl or tetrahydrofuranyl each optionally substituted by C;.3 alkyl;

R® is hydrogen, benzyl, phenyl or C,_4 alkyl, each benzyl or phenyl ring is optionally

substituted by one or more C;_4 alkyl, C,4 alkoxy or halogen;

R” and R® are each C,.; alkyl or Cs.6 cycloalkyl wherein R’ and R? optionally can cyclize to
form a C;¢cycloalkyl ring.

In a another embodiment 4, the invention provides compounds of the formula (I) according to

any of the preceding embodiments described above, and wherein

Het is
H D N
! S\P‘/\ 1 h 1 \\‘ 'E_<\ {\I \ N— : -:_</ {\l
WSS A A = O G VR A "N
N-N oN N-O AU W

R'is phenyl or benzimidazoyl each optionally substituted by 1-2 substituents chosen from
halogen, C, alkyl, C,4 alkylsulfonyl, Cs. cycloalkylC, .5 alkyl, or oxo;

or R'is Cy.s alkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, tetrahydropyranyl,
tetrahydrofuranyl, azetidinyl, pyrrolidinyl or piperidinyl each optionally substituted by a
substituent chosen from by halogen, C,_4 alkyl, C,.4 alkoxy, C,.4 alkylsulfonyl or oxo;

R? and R’ are independently methyl, or R* and R together with the carbon to which they are
attached form a cyclopropyl or cyclobutyl ring
R’ and R® are each C)- alkyl wherein R” and R® optionally can cyclize to form a Cs.¢

cycloalkyl ring.
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In another embodiment 5, the invention provides compounds of the formula (I) according to

any of the preceding embodiments described above, and wherein

Het is

\ ;N P NN
v rere Bl Rl
"oN " NO IS UN o HY

In another embodiment 6, the invention provides compounds of the formula (I) according to

any of the preceding embodiments described above, and wherein

R'is phenyl or benzimidazoyl each optionally substituted by 1-2 substituents chosen from
halogen, C, alkyl or Cs_s cycloalkylC,_3 alkyl;

or R'is Cy.s alkyl, cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, tetrahydropyranyl,
tetrahydrofuranyl or piperidinyl each optionally substituted by a substituent chosen from by

halogen, C,.4 alkyl, C;4 alkoxy or C,4 alkylsulfonyl.

In another embodiment there is provided a compound of the formula (II)

4
Rz RS Fli
N
oY
° (I1)
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5
wherein
R R’
_(C|>H2)n /,S\\ ‘
R,
of the formula (I) is chosen from column A1 — A11 in Table I, and
IT{4
)
5
10 O R

of the formula (I) is chosen from column B1 — B35 in Table I,

Table I
Al BI
0. ¢ e
s . / N\ " 0_0
o_ )0 )L N"oN 7Y
A2 QSQ\\ B2
) @)
C(j/x \)LN/[/\-\&O O
TNt L
A3 B3 OH
YN
H
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B35 OH

B36 —

5  or a pharmaceutically acceptable salt thereof.

In another embodiment, the invention provides made compounds in Table II which can be

made in view of the general schemes, examples and methods known in the art.

10 Table 11

jo)
x""f
Ir=z

O

-15-
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OH
OH
or a pharmaceutically acceptable salt thereof.
Of the above compounds, the following are preferred CB2 agonists:
Table 111
Compound CB2 CB1
ECso ECso
(nM) (nM)
O i //\\N)ﬁ 0.0 42 | >50000
Y > N“oN 7Y
O
O
OS’
\
QL A 50 | 50000
SN
O

20
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In all the compounds disclosed hereinabove in this application, in the event the nomenclature
is in conflict with the structure, it shall be understood that the compound is defined by the

structure.

The invention also relates to pharmaceutical preparations, containing as active substance one
or more compounds of formula (I), or the pharmaceutically acceptable derivatives thereof,

optionally combined with conventional excipients and/or carriers.

Compounds of the invention also include their isotopically-labelled forms. An isotopically-
labelled form of an active agent of a combination of the present invention is identical to said
active agent but for the fact that one or more atoms of said active agent have been replaced by
an atom or atoms having an atomic mass or mass number different from the atomic mass or
mass number of said atom which is usually found in nature. Examples of isotopes which are
readily available commercially and which can be incorporated into an active agent of a

combination of the present invention in accordance with well established procedures, include
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isotopes of hydrogen, carbon, nitrogen, oxygen, phosphorous, fluorine and chlorine, e.g., °H,
3H, 13C, 14C, 15N, 18O, 17O, 31P, 32P, 358, 18F, and 36Cl, respectively. An active agent of a
combination of the present invention, a prodrug thereof, or a pharmaceutically acceptable salt
of either which contains one or more of the above-mentioned isotopes and/or other isotopes of

other atoms is contemplated to be within the scope of the present invention.

The invention includes the use of any compounds of described above containing one or more
asymmetric carbon atoms may occur as racemates and racemic mixtures, single enantiomers,
diastereomeric mixtures and individual diastereomers. Isomers shall be defined as being
enantiomers and diastereomers. All such isomeric forms of these compounds are expressly
included in the present invention. Each stereogenic carbon may be in the R or S

configuration, or a combination of configurations.

Some of the compounds of formula (I) can exist in more than one tautomeric form. The

invention includes methods using all such tautomers.

All terms as used herein in this specification, unless otherwise stated, shall be understood in
their ordinary meaning as known in the art. For example, “C;4alkoxy” is a C;_salkyl with a
terminal oxygen, such as methoxy, ethoxy, propoxy, butoxy. All alkyl, alkenyl and alkynyl
groups shall be understood as being branched or unbranched where structurally possible and

unless otherwise specified. Other more specific definitions are as follows:

Carbocycles include hydrocarbon rings containing from three to twelve carbon atoms. These
carbocycles may be either aromatic either aromatic or non-aromatic ring systems. The non-
aromatic ring systems may be mono- or polyunsaturated. Preferred carbocycles include but
are not limited to cyclopropyl, cyclobutyl, cyclopentyl, cyclopentenyl, cyclohexyl,
cyclohexenyl, cycloheptanyl, cycloheptenyl, phenyl, indanyl, indenyl, benzocyclobutanyl,
dihydronaphthyl, tetrahydronaphthyl, naphthyl, decahydronaphthyl, benzocycloheptanyl and
benzocycloheptenyl. Certain terms for cycloalkyl such as cyclobutanyl and cyclobutyl shall
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be used interchangeably.

The term “heterocycle” refers to a stable nonaromatic 4-8 membered (but preferably, 5 or 6
membered) monocyclic or nonaromatic §-11 membered bicyclic heterocycle radical which
may be either saturated or unsaturated. Each heterocycle consists of carbon atoms and one or
more, preferably from 1 to 4 heteroatoms chosen from nitrogen, oxygen and sulfur. The
heterocycle may be attached by any atom of the cycle, which results in the creation of a stable

structure.

The term “heteroaryl” shall be understood to mean an aromatic 5-8 membered monocyclic or

8-11 membered bicyclic ring containing 1-4 heteroatoms such as N,O and S.

Unless otherwise stated, heterocycles and heteroaryl include but are not limited to, for
example benzoxazolyl, benzothiazolyl, benzimidazolyl, tetrahydropyranyl, dioxanyl,
dioxalanyl, tetrahydrofuranyl, oxazolyl, isoxazolyl, thiazolyl, pyrazolyl, pyrrolyl, imidazolyl,
thienyl, thiadiazolyl, triazolyl, thiomorpholinyl, 1,1-Dioxo-1 ?f—thiomorpholinyl, morpholinyl,
pyridinyl, pyrimidinyl, pyridazinyl, pyrazinyl, triazinyl, pyrrolidinyl, piperidinyl, piperazinyl,
purinyl, quinolinyl, Dihydro-2H-quinolinyl, isoquinolinyl, quinazolinyl, indazolyl,
thieno[2,3-d]pyrimidinyl, indolyl, isoindolyl, benzofuranyl, benzopyranyl and benzodioxolyl.

The term “heteroatom’ as used herein shall be understood to mean atoms other than carbon

such as O, N, S and P.

In all alkyl groups or carbon chains one or more carbon atoms can be optionally replaced by
heteroatoms: O, S or N, it shall be understood that if N is not substituted then it is NH, it shall
also be understood that the heteroatoms may replace either terminal carbon atoms or internal

carbon atoms within a branched or unbranched carbon chain. Such groups can be substituted
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as herein above described by groups such as oxo to result in defintions such as but not limited

to: alkoxycarbonyl, acyl, amido and thioxo.

The term “aryl” as used herein shall be understood to mean aromatic carbocycle or heteroaryl
as defined herein. Each aryl or heteroaryl unless otherwise specified includes it’s partially or
fully hydrogenated derivative. For example, quinolinyl may include decahydroquinolinyl and
tetrahydroquinolinyl, naphthyl may include its hydrogenated derivatives such as
tetrahydronaphthyl. Other partially or fully hydrogenated derivatives of the aryl and heteroaryl

compounds described herein will be apparent to one of ordinary skill in the art.

As used herein, “nitrogen” and “sulfur” include any oxidized form of nitrogen and sulfur and
the quaternized form of any basic nitrogen. . For example, for an -S-C,¢ alkyl radical, unless

otherwise specified, this shall be understood to include -S(O)-C; alkyl and -S(O),-C alkyl.

The term “halogen” as used in the present specification shall be understood to mean bromine,
chlorine, fluorine or iodine, preferably fluorine. The definitions “partially or fully
halogenated”; partially or fully fluorinated; “substituted by one or more halogen atoms”,
includes for example, mono, di or tri halo derivatives on one or more carbon atoms. For alkyl,

a nonlimiting example would be -CH,CHF,, -CF; etc.

The compounds of the invention are only those which are contemplated to be ‘chemically
stable’ as will be appreciated by those skilled in the art. For example, a compound which
would have a ‘dangling valency’, or a ‘carbanion’ are not compounds contemplated by the

inventive methods disclosed herein.
The invention includes pharmaceutically acceptable derivatives of compounds of formula (I).

A "pharmaceutically acceptable derivative" refers to any pharmaceutically acceptable salt or

ester, or any other compound which, upon administration to a patient, is capable of providing
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(directly or indirectly) a compound useful for the invention, or a pharmacologically active
metabolite or pharmacologically active residue thereof. A pharmacologically active
metabolite shall be understood to mean any compound of the invention capable of being
metabolized enzymatically or chemically. This includes, for example, hydroxylated or

oxidized derivative compounds of the formula ().

Pharmaceutically acceptable salts include those derived from pharmaceutically acceptable
inorganic and organic acids and bases. Examples of suitable acids include hydrochloric,
hydrobromic, sulfuric, nitric, perchloric, fumaric, maleic, phosphoric, glycolic, lactic,
salicylic, succinic, toluene-p-sulfuric, tartaric, acetic, citric, methanesulfonic, formic, benzoic,
malonic, naphthalene-2-sulfuric and benzenesulfonic acids. Other acids, such as oxalic acid,
while not themselves pharmaceutically acceptable, may be employed in the preparation of
salts useful as intermediates in obtaining the compounds and their pharmaceutically acceptable

acid addition salts. Salts derived from appropriate bases include alkali metal (e.g., sodium),

alkaline earth metal (e.g., magnesium), ammonium and N-(C;-C, alkyl) 4"' salts.

In addition, within the scope of the invention is use of prodrugs of compounds of the formula
(). Prodrugs include those compounds that, upon simple chemical transformation, are
modified to produce compounds of the invention. Simple chemical transformations include
hydrolysis, oxidation and reduction. Specifically, when a prodrug is administered to a patient,
the prodrug may be transformed into a compound disclosed hereinabove, thereby imparting

the desired pharmacological effect.

The compounds of formula I may be made using the general synthetic methods described

below, which also constitute part of the invention.

GENERAL SYNTHETIC METHODS
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The invention also provides processes for making compounds of Formula (I). In all methods,
unless specified otherwise, Rl, Rz, R3, R4, Rs, n and Het in the formulas below shall have the
meaning of Rl, R2, R3, R4, R’ , n and Het in Formula (I) of the invention described herein

above.

Optimum reaction conditions and reaction times may vary depending on the particular
reactants used. Unless otherwise specified, solvents, temperatures, pressures, and other
reaction conditions may be readily selected by one of ordinary skill in the art. Specific
procedures are provided in the Synthetic Examples section. Typically, reaction progress may
be monitored by thin layer chromatography (TLC), if desired, and intermediates and products

may be purified by chromatography on silica gel and/or by recrystallization.

The examples which follow are illustrative and, as recognized by one skilled in the art,
particular reagents or conditions could be modified as needed for individual compounds
without undue experimentation. Starting materials and intermediates used, in the methods
below, are either commercially available or easily prepared from commercially available
materials by those skilled in the art. Synthetic methods disclosed in W(O2008098025,
WO02008014199, W0O2008039645, and WO2009061652 may also be used in preparing

compounds of the invention.

Compounds of Formula (I) may be synthesized by the method illustrated in Scheme 1
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Scheme 1
As shown in scheme 1, reacting the acid of formula II or IIA with a reagent such as thionyl
chloride or oxalyl chloride, provides the acid chloride which is then reacted with an amine of
formula II1, in a suitable solvent, in the presence of a suitable base, to provide a compound of
formula (I) or IA. Alternatively, the acid of formula II or ITA may also be coupled with an
amine of formula III under standard coupling conditions, to provide a compound of formula
(D) or IA. Standard peptide coupling reactions known in the art (see for example M.
Bodanszky, 1984, The Practice of Peptide Synthesis, Springer-Verlag) may be employed in
these syntheses. An example of suitable coupling conditions is treatment of a solution of the
carboxylic acid in a suitable solvent such as DMF with EDC, HOBT, and a base such as
diisopropylethylamine, followed by the desired amine.
Oxidation of the compound of formula IA, under standard reaction conditions, using standard

reagents, provides a compound of formula (I).

Further modification of the initial product of formula (I) by methods known in the art and
illustrated in the Examples below, may be used to prepare additional compounds of this

invention.
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Intermediate acid II or ITA may be made by the method outlined in Scheme 2

RA_ _R° RA__R’
R—(CHn—SH + Br>ﬂf O — R;(?Hz)”\?ﬂf O~
Aa 0O R’ 0
v y vi
RN R’ o | R AR OH
1 -
—_— R_(chz)n\//S?S( ~ R (lcfz)nc)\//s\?ﬁ(
R° O O o R o
viI I
RA_ _R° 1 RA__R’
R;(?Hg)n\?ﬂfo\/ R—(?Hg)n\?ﬂ(OH
I:{9 O R9 O
Vi A

Scheme 2

As illustrated above, reaction of a thiol of formula IV with a bromo ethyl ester of formula V,
in a suitable solvent, in the presence of a suitable base, provides a thioether of formula VI.
Reacting the thioether of formula VI with a suitable oxidizing agent provides the
corresponding sulfone of formula VII. Hydrolysis of the ester group of sulfone of formula VII,
in a suitable solvent, in the presence of a suitable base such as lithium hydroxide, provides the
corresponding acid of formula II.

Alternatively, hydrolysis of the ester group of the thioether of formula VI, under suitable

conditions, provides an acid of formula ITA.

Intermediate acid II or ITA may also be made by the method outlined in Scheme 3
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Scheme 3

Reaction of the starting bromoester of formula V with a reagent such as potassium thioacetate,
in a suitable solvent, provides a thioacetic acid ester of formula VIII. Reaction of the

10 thioacetic acid ester of formula VIII with a bromide of formula IX, in a suitable solvent, in the
presence of a suitable base, provides the corresponding sulfanyl acid ethyl ester of formula VI.
Alternatively, reaction of the thioacetic acid ester of formula VIII with a tosylate of formula
X, in a suitable sovent, in the presence of a suitable base, provides the sulfanyl acid ethyl ester
of formula VI. The sulfanyl acid ethyl ester of formula VI may be converted to intermediate

15 acid of formula IT or ITA by the sequence of steps shown in scheme 2.

Intermediate acid II or ITA may be made by the method outlined in Scheme 4

_©_8020' 0.0 Q

R—(CH)h—OH —s R— (CH)n—0"S —_— RI—(CHZ)n\SJI\
I I I
° X ° o
R R X R
R2 3

Scheme 4
20 Asillustrated in scheme 4, reaction of an alcohol of formula XI with p-toluenesulfonyl

chloride, in a suitable solvent, in the presence of a suitable base, provides a tosylate of formula
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X. Reaction of the compound of formula X with potassium thioacetate, in a suitable solvent,
provides a compound of formula XII. Reaction of the intermediate of formula XII with the
bromoester of formula V, in a suitable solvent, in the presence of a suitable base, provides the
intermediate of formula VI which may be converted to the desired intermediate acid of

formula II or ITA by the reaction sequence shown in scheme 2.

Intermediate acid II or ITA may be prepared by the method outlined in Scheme 5

R
RL— (CH)n—Br — R1_(CH2)n_SJl\ © v - R1_(CH2)n\S><n/OV
k % ke o
IX Xl Vi
Scheme 5

As illustrated in scheme 5, reaction of a bromo compound of formula IX with a reagent such
as potassium thioacetate, in a suitable solvent, provides an acetylsulfanyl compound of
formula XII. Reaction of the compound of formula XII with a bromo ethyl ester of formula V,
in a suitable solvent, in the presence of a suitable base, provides a thioether of formula VI. The
thioether of formula VI may be converted to the corresponding acid of formula II or ITA by the

reaction sequence shown in scheme 2.

Intermediate acid of formula II may also be synthesized as shown in Scheme 6.
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Scheme 6

As outlined in scheme 6, reaction of a bromo compound of formula IX with methyl

10  mercaptoacetate, in a suitable solvent, in the presence of a suitable base and catalyst, provides
a thioacetate of formula XIII. Oxidation of the thio compound of formula XIII with a suitable
reagent such as m-chloroperbenzoic acid, provides the corresponding sulfone of formula XIV.
Alkylation of the sulfone of formula XIV with an alkylating agent, in a suitable solvent, in the
presence of a suitable base, provides a compound of formula XV. Hydrolysis of compound of

15  formula XV, under standard conditions, provides an acid of formula II.

Intermediate amine III may be made by the method outlined in Scheme 7

0 0
_N
RSJ\O— — RSJ\// — RS—@—NHZ RS—(?—NHZ
N—O OR O0—N

XVl Xvil
]]

Het = isoxazole
R4 = hydrogen

20 Scheme 7

As outlined in scheme 7, reaction of an ester of formula XVI with acetonitrile, in the presence

of a suitable base, provides the nitrile of formula XVII. Reaction of the nitrile of formula XVII
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with hydroxylamine, in a suitable solvent,in the presence of a suitable base, provides the
amine of formula ITI, wherein Het = isoxazolyl and R* = H.

Alternatively, adjusting the pH in step 2, provides the 3-amino isoxazole isomer.
Intermediate amine III may be prepared by the method shown in Scheme 8.
S_

HN
©\/o of m ©\/0 N ~|°‘ RPCOOH o) H é

XIX Y ;

0 O NH, O N__R
XVIIl XX \ﬂ/
0
JOL
N
_NH- 5 N
R-NH NH2 R—‘/ /7—H 0 hydrolysis RS_(/ W_NH2
XXI ~N—N
R N—N
XX R

Het = triazole
R4 = hydrogen

Scheme 8
As shown in scheme 8, reaction of benzyl chloroformate with 2-methyl-isothiourea provides a
benzyloxycarbonyl isothiourea of formula XVIII. Reaction of the compound of formula XVIII
with an acid of formula XIX, under standard coupling conditions, provides an intermediate of
formula XX. Reaction of the intermediate of formula XX with a suitable alkyl hydrazine of
formula XXI, wherein R = C;-Cs alkyl, provides a triazole of formula XXII. Hydrolysis of this
triazole, under suitable conditions, provides an amine of formula III, wherein Het = triazolyl

and R* = H.

SYNTHETIC EXAMPLES
The manner in which the compounds of the invention can be made will be further understood by

way of the following Examples.
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Acid Method A:

Synthesis of 2-Cyclopentanesulfonyl-2-methyl-propionic acid

O\S; Br><’fo\/ : \S><H/O\/ : \’S\><”/O\/
0 0 o "o g

PCT/US2009/057777

N

><”/OH
>S5
O O

e}

Step 1: Synthesis of 2-Cyclopentylsulfanyl-2-methyl-propionic acid ethyl ester

Prepared as described by adaptation of the following reference: Brown et al. J. Med. Chem. 1999,

42, 3785-3788.

To a solution of 5 g (48.7 mmol) of cyclopentyl thiol in ethanol (50 ml.) are added 2.7 g (48.75
mmol) of KOH pellets, followed by 9.5 g (48.7 mmol) of ethyl o--bromoisobutyrate. The reaction
1s heated to reflux for 2 h and then cooled to room temperature. The solid (KBr) is separated by
filtration and rinsed with ethanol (20 mL). The filtrate is concentrated under reduced pressure and
the residue dissolved in DCM (50 mL). The organic layer is washed with saturated aqueous
NaHCOs3 solution (50 ml). The aqueous washes are back-extracted with DCM (10 mlL). The
combined organics are washed with brine, dried over Na,SO,. Filtration and concentration under

reduced pressure affords 8.1 g of 2-cyclopentylsulfanyl-2-methyl-propionic acid ethyl ester. Yield:

77%, ES-MS: m/z 217 [M+H]

According to this procedure the following thioethers are synthesized:

Table IV
Structure "H-NMR Yield m/z [M+H]
[%]
CL (250 MHz, CHLOROFORM-d) & | 77 217
s><;r°\/ ppm 1.29 3 H, t, J=7.14 Hz), 1.36
© -1.77 (12 H, m), 1.95 - 2.13 (2 H,
m), 3.08 - 3.26 (1 H, m), 4.18 (2
H, q, J=7.14 Hz)
(400 MHz, CHLOROFORM-d) & | 66 243

ppm 1.22 (3 H, t, J/=7.09 Hz), 1.47
(6 H, s), 4.11 (2 H, q, J=7.25 Hz),
7.01 (2 H, t, J=8.68 Hz), 7.39 -
7.50 (2 H, m)
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O\?ﬁ(o\/

(250 MHz, CHLOROFORM-d) & | 84
ppm 1.16 - 1.42 (9 H, m), 1.49 (6
H, s), 1.58 - 1.78 (2 H, m), 1.81 -
191 (2 H, m), 2.67 - 291 (1 H,
m), 4.15 (2 H, q,J=7.14 Hz)

231

Step 2: Synthesis of 2-Cyclopentanesulfonyl-2-methyl-propionic acid ethyl ester

Prepared as described by adaptation of the following reference:

Aranapakam, V. et al. J. Med. Chem., 2004, 47, 6255-6269.

To a solution of 6 g (27.7 mmol) of 2-cyclopentylsulfanyl-2-methyl-propionic acid ethyl ester in

dioxane/water (4/1, 100 ml) are added in one portion 51.2 g (83 mmol) of potassium

monopersulfate triple salt (OXONE®). The white suspension is stirred at room temperature for 3 h.

The white solid is separated by filtration and washed with dioxane (10 ml.). The filtrate is

concentrated under reduced pressure to remove the organic solvent. The resulting aqueous solution

is extracted with DCM (3 x 40 ml). The combined organic extracts are washed with brine, dried

over Na,SOy and filtered. The filtrate is concentrated under reduced pressure to afford 5.4 g of 2-

cyclopentanesulfonyl-2-methyl-propionic acid ethyl ester. Yield: 78%, ES-MS: m/z 249 [M+H]

According to this procedure the following sulfones are synthesized:

Table V

[j\ e}
//S?ﬁ]/\/
0" T0

O

1.38 (6 H, m), 1.48 - 1.72 (9 H, m), 1.83 -
1.95 (2 H, m), 2.11 (2 H, d, ]=13.94 Hz), 3.45
-3.58 (1 H,m), 4.24 (2 H, q,J=7.17 Hz)

Structure "H-NMR Yield [%] | m/z [M+H]
<1 (400 MHz, CHLOROFORM-d) & ppm 1.32 | 78 249
,Sx(o\/ (3 H, t, J=7.21 Hz), 1.55 - 1.70 (8 H, m), 1.71
0048 -1.86 2 H, m), 1.96 - 2.20 (4 H, m), 3.83 -
3.96 (1 H, m), 4.25 (2 H, q, J=7.09 Hz)
FO (400 MHz, CHLOROFORM-d) 8 ppm 1.15 (3 | 98 275
L{owr | 1, 4 J=7.00 H2), 1.5 (6 1, ), 4.08 2 1, g,
o J=7.17 Hz), 7.13 - 7.22 (2 H, m), 7.78 - 7.86
(2 H, m)
(400 MHz, CHLOROFORM-d) & ppm 1.08 - | 50 263

Step 3: Synthesis of 2-Cyclopentanesulfonyl-2-methyl-propionic acid
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Prepared as described by adaptation of the following reference:

Troeger, Uhde., J. Prakt. Chem. 1899, 59, 320- 349.

To a solution of 5.4 g (21.7 mmol) of 2-cyclopentanesulfonyl-2-methyl-propionic acid ethyl ester
in THF/water (4/1, 60 mlL) are added 2.3 g (56.6 mmol) of lithium hydroxide monohydrate. The
reaction is stirred at room temperature for 18 h. The reaction is further diluted with water (20 ml.)
and then washed with DCM (2 x 15 mL). The basic aqueous layer is cooled in an ice bath and then
acidified with 2M aqueous HCI solution to pH 2. The acidic aqueous layer is extracted with 2-
propanol/chloroform (1/4, 100 mL). The combined organic extracts are washed with brine, dried
over Na,SO, and filtered. Concentration of the filtrate under reduced pressure affords 4.34 g of 2-

cyclopentanesulfonyl-2-methyl-propionic acid. Yield: 92%, ES-MS: m/z 221 [M+H]

According to this procedure the following acids are synthesized:

Table VI
Structure "H-NMR Yield [%] m/z
[M+H]
O\ (400 MHz, CHLOROFORM-d) & |92 221
o‘-3~>($fOH ppm 1.54 - 1.72 (8 H, m), 1.72 -
o 1.88 (2 H, m), 1.98 - 2.22 (4 H, m),
3.87 - 4.00 (1 H, m), 9.26 (1 H, br.
S.)
F\@ (500 MHz, MeOD) & ppm 1.57 (6 | 70 247, 264
o,_g}(&(OH H, s), 7.35 (2 H, t, J=8.85 Hz), 7.94 [M+H,0]
o (2 H, dd, J=9.00, 5.04 Hz)
O\ (250 MHz, CHLOROFORM-d) & | 64 258
//S}ﬁrw ppm 1.11 - 1.49 (3 H, m), 1.53 - [M+Na]
0705 1.79 (9 H, m), 1.85 - 2.00 (2 H, m),
2.06 - 2.22 (2 H, m), 3.37 - 3.56 (1
H, m)

Acid Method B:
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Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic acid

Step 1: Synthesis of (Tetrahydro-pyran-4-yl)-methanol

To a solution of 250 mL of LiAlH, (2.3M solution in THF, 0.575 mol) in THF (200 mL) is added
dropwise a solution of 130 mL (0.974 mol) of tetrahydro-pyran-4-carboxylic acid methyl ester in
THF (900 ml) under nitrogen atmosphere (CAUTION: highly exothermic reaction!). The
temperature is kept at 40-45 °C with an ice-bath. Upon complete addition, the reaction is stirred at
room temperature for 1.5 h. The reaction is cooled in an ice-bath and quenched with addition of
water (22 ml.), 15% aqueous NaOH solution (21 ml) and water (66 ml.). The resulting precipitate
is removed by filtration through Celite® and is rinsed with THF (300 ml.). The filtrate is
concentrated under reduced pressure to afford 102.5 g of (tetrahydro-pyran-4-yl)-methanol as a
clear oil. Yield: 91%; 'H-NMR (400 MHz, CHLOROFORM-d) & ppm 1.20 - 1.39 (2 H, m), 1.56 -
1.83 (3 H, m), 2.03 (1 H, br. s.), 3.29 - 3.52 (4 H, m), 3.89 - 4.05 (2 H, m)

Step 2: Synthesis of toluene-4-sulfonic acid tetrahydro-pyran-4-ylmethyl ester

Prepared as described by adaptation of the following literature reference:

Radziszewski, I.G. et al. J. Am. Chem. Soc. 1993, 115, 8401.

To a solution of 97 g (810 mmol) of (tetrahydro-pyran-4-yl)-methanol in 2-methyltetrahydrofuran
(190 mL) are added 165 mL of 50% aqueous NaOH solution. To this stirred suspension is added
dropwise with cooling a solution of p-toluene-sulfonylchloride (283 g, 1.46 mol) in 2-
methyltetrahydrofuran (280 ml.). The reaction is stirred at 30-35 °C for 18 h. The suspension is
poured into a mixture of ice-water (280 ml.) and aqueous HCI solution (37%, 203 mlL). After
addition of methylcyclohexane (1.4 1.} and further ice-water (0.2 1), the reaction mixture is stirred

for 2 h in an ice-bath. The resulting crystalline precipitate is isolated by filtration and washed with
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methylcyclohexane (0.5 L) and water (0.5 L). Drying under reduced pressure at 40 °C gave 216 g
of toluene-4-sulfonic acid tetrahydro-pyran-4-ylmethyl ester as white crystalline solid. Yield:
99%, ES-MS: m/z 271 [M+H]; "H NMR (400 MHz, CHLOROFORM-d) & ppm 1.19 - 1.35 (2 H,
m), 1.54 - 1.63 (2 H, m), 1.85 - 2.02 (1 H, m), 2.45 (3 H, s), 3.28 - 3.39 (2 H, m), 3.86 (2H, d,
J=6.60 Hz), 3.93 (2 H, dd, I=11.37, 4.52 Hz), 7.35 (2 H, d, J=9.29 Hz), 7.78 (2 H, d, ]=8.31 Hz)

Step 3: Synthesis of Thioacetic acid S-(tetrahydro-pyran-4-ylmethyl) ester

Prepared as described by adaptation of the following literature reference:

Watson, R.J. et al. Tetrahedron Lett. 2002, 43, 683-685.

To a solution of 224 ¢ (0.83 mol) of toluene-4-sulfonic acid tetrahydro-pyran-4-ylmethyl ester in
methyl isobutylketone (1.6 L) are added 189 g (1.66 mol) of potassium thioacetate. The beige
suspension is stirred at 70 °C for 4.5 h. The reaction mixture is cooled to room temperature and
water (1.8 L) is added. The organic layer is washed with 10% aqueous K,COj; solution (1.8 1) and
water (1 L). The organic layer is filtered through celite® (20 g), activated charcoal (20 g) and
Na,SO4 (20 g) and the filtrate is concentrated under reduced pressure. The residual oil is
azeotroped with methylcyclohexane (200 ml.) and n-heptanes (250 ml.) to afford 138 g of
thioacetic acid S-(tetrahydro-pyran-4-ylmethyl) ester as a yellow-orange oil (CAUTION: Stench!).
Yield: 96%; ES-MS: m/z 175 [M+H]; 'H NMR (400 MHz, CHLOROFORM-d) & ppm 1.23 - 1.40
(2 H, m), 1.59 - 1.78 (3 H, m), 2.33 (3 H, d, J=4.16 Hz), 2.82 (2 H, dd, J=6.24, 3.79 Hz), 3.27-
3.39 (2 H, m), 3.88 - 4.02 (2 H, m)

Step 4: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic acid ethyl
ester

A solution of 90 g (516 mmol) of thioacetic acid S-(tetrahydro-pyran-4-ylmethyl) ester in toluene
(500 mL) under nitrogen atmosphere is cooled in an ice-bath. A solution of sodium ethoxide in
ethanol (21%, 231 mL) is added and the reaction is stirred for 50 min. Then 76 mL (516 mmol) of
ethyl o-bromoisobutyrate are added and the reaction stirred for 1 h. To the reaction mixture are
added glacial acetic acid (8.9 ml) and water (500 mL). The organic layer is separated and washed
with water (500 mL). A 3-neck round bottom flask is charged with water (500 mL), oxone® (477

g, 775 mmol) and tetrabutylammonium-hydrogensulfate (5 g, 15 mmol) and the organic layer is
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added. The biphasic reaction mixture is stirred for 2 d at room temperature. The solids are
removed by filtration and the layers of the filtrate are separated. The organic layer is washed with
water (2 x 500 mL). The solvent is removed under reduced pressure and further azeotroped with
toluene to give 125 g of 2-methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic acid ethyl
ester. Yield: 87%; ES-MS: m/z 279 [M+H];

"H NMR (250 MHz, CHLOROFORM-d) 8 ppm 1.32 (3 H, t, J=7.16 Hz), 1.39 - 1.59 (2 H, m),
1.64 (6 H, s), 1.81 - 1.97 (2 H, m), 2.29 - 2.53 (1 H, m),3.15 (2 H, d, J=6.55 Hz), 3.45 (2 H, dd,
J=1.83,0.30 Hz), 3.88 - 4.03 (2 H, m), 4.26 (2 H, d, J=7.16 Hz)

Step 5: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic acid
Prepared as described by adaptation of Method A, step 3.

To a solution of 123 g (0.44 mol) of 2-methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic
acid ethyl ester in THF (450 ml.) are added 663 ml. of 2M aqueous sodium hydroxide solution
(1.33 mol). The reaction is stirred at room temperature for 1 h. To the reaction mixture is added
TBME (1.25 L) and the layers are separated. The aqueous layer is cooled in an ice bath and then
acidified with 37% aqueous HCI solution (123 ml.). The resulting precipitate is isolated by
filtration, washed with water (200 mL) and dried under reduced pressure at 50 °C to afford 101 g
of 2-methyl-2-(tetrahydro-pyran-4-ylmethanesulfonyl)-propionic acid as white crystalline solids.
Yield: 91%; ES-MS: m/z 251 [M+H]; 'H NMR (400 MHz, DMSO-d6) & ppm 1.31 - 1.45 (2 H,
m), 1.49 (6 H, s), 1.70 - 1.79 (2 H, m), 2.13 - 2.28 (1 H, m), 3.24 (2 H, d, J=6.60 Hz), 3.28 - 3.38
(2H, m), 3.76 - 3.85 (2 H, m), 13.65 (1 H, br. s.)

Acid Method C:

Synthesis of 2-Methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid

o}
Y >< o R A o
O [e ENe) 0*Rp
(0] o (0]

Step 1: Synthesis of 2-Acetylsulfanyl-2-methyl-propionic acid ethyl ester
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To a solution of ethyl oi-bromoisobutyrate (62 g, 0.32 mol) in DMF (500 ml) at room temperature
1s added potassium thioacetate (72 g, 0.63 mol). The reaction is stirred for 16 h and then
concentrated under reduced pressure. The residue is diluted with a 2M aqueous HCl solution (500
ml.) and extracted with ethyl acetate (3 x 500 ml.). The organic fractions are combined, washed
with brine (300 ml), dried over MgSQs, filtered and concentrated under reduced pressure.
Purification by chromatography on silica eluting with heptanes/DCM provides 44 g of 2-
acetylsulfanyl-2-methyl-propionic acid ethyl ester. Yield: 73%; m/z 191 [M+H]; '"H NMR (250
MHz, CHLOROFORM-d) & ppm 1.18 - 1.30 (3 H, m), 1.57 (6 H, s), 2.27 3 H, s), 4.19 (2 H, q,
J=7.16 Hz)

Step 2: Synthesis of 2-Methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid ethyl ester

To a solution of 5 g (26.5 mmol) of 2-acetylsulfanyl-2-methyl-propionic acid ethyl ester in ethanol
(30 mL) are added 5.7 g (105 mmol) of sodium methoxide, followed by 4 g (26.5 mmol) of 1-
bromo-3-methylbutane. The reaction is heated to 120 °C for 0.5 h in the microwave. The solvent is
removed under reduced pressure. The residue is dissolved in DCM (50 ml.) and washed with
saturated aqueous NaHHCOj; solution (2 x 20 mL). The aqueous layer is back-extracted with DCM
(2 x 50 mL). The combined organic extracts are dried over Na,SQy, filtered and the filtrate is
concentrated under reduced pressure.

The residue is dissolved in a mixture of dioxane/water (4/1, 60 ml.) and 29 g (47.2 mmol) of
oxone® are added. The reaction mixture is stirred at room temperature for 18 h. The solid is
removed by filtration and the filtrate is concentrated under reduced pressure. The residue is
dissolved in DCM (50 ml.) and is washed with saturated aqueous NaHCQOj; solution (20 mL), the
aqueous layer is back-extracted with DCM (3 x 50 mL). The combined organic layer is dried over
Na,SO,, filtered and concentrated under reduced pressure to afford 3.78 g of 2-methyl-2-(3-
methyl-butane-1-sulfonyl)-propionic acid ethyl ester as pale yellow oil. Yield 57%; ES-MS: m/z
251 [M+H];

According to this procedure the following esters are synthesized:
Table VII
| Structure | "H-NMR | Yield[%] | m/z |
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[M+H]

[0
FF Q
A
>Q/\/S o
F 2
[}

(500 MHz, CHLOROFORM-d) 6 ppm 1.32
(3 H, t,J=7.17 Hz), 1.66 (6 H, s), 2.20 (2 H,
quin, J=7.59 Hz), 2.28 - 2.41 (2 H, m), 3.34
(2 H, t, J=7.48 Hz), 427 2 H, q, J=7.17
Hz)

81

291

Q/;'S% o\
0

(500 MHz, CHLOROFORM-d) 6 ppm 1.32
(3 H, t, J=7.17 Hz), 1.63 (6 H, s), 1.82 -
2.07 (4 H, m), 2.18 - 2.33 (2 H, m), 2.92 -
3.07 (1 H, m), 3.32 2 H, d, J=7.32 Hz),
4.26 (2 H, q, J=7.07 Hz)

43

249

S T

(500 MHz, CHLOROFORM-d) o ppm 0.96
(6 H, d, J=6.41 Hz), 1.32 (3 H, t, J=7.17
Hz), 1.66 (6 H, s), 1.69 - 1.84 (3 H, m),
3.17 - 3.26 (2 H, m), 4.27 (2 H, q, J=7.07
Hz)

57

251

S>§(O\/
V/o\” Mo
0]

(500 MHz, CHLOROFORM-d) & ppm 0.42
(2 H, d, J=4.57 Hz), 0.73 (2 H, d, J=7.09
Hz), 1.13 - 1.36 (4 H, m), 1.62 (6 H, d,
J=2.21Hz),3.17 (2 H, d, J=7.25 Hz), 4.19 -
429 (2 H, m)

62

235, 257
[M+Na]

Step 3: Synthesis of 2-Methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid

Prepared as described by adaptation of Method A, step 3.

To a solution of 3.78 g (15.09 mmol) of 2-methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid
ethyl ester in THF/water (4/1, 50 mlL) are added 1.58 g (37.74 mmol) of lithium hydroxide
monohydrate. The reaction is stirred at room temperature for 18 h. The reaction mixture is
concentrated under reduced pressure and the residue is dissolved in DCM (20 ml) and extracted
with water (50 mlL). The aqueous layer is cooled in an ice bath and then acidified with 6M
aqueous HCI solution to pH 1. The resulting precipitate is isolated by filtration, and dried under

reduced pressure at 50 °C to afford 3.35 g of 2-methyl-2-(3-methyl-butane-1-sulfonyl)-propionic

acid as white crystalline solids. Yield: 100%; ES-MS: m/z 221 [M-H].

According to this procedure the following acids are synthesized:

Table VIII

Structure

'"H NMR

Yield [%]

m/z [M-
H]
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(500 MHz, CHLOROFORM-d) &
ppm 1.71 (6 H, s), 2.18 - 2.28 (2 H,
m), 2.30 - 2.42 (2 H, m), 3.38 (2 H,
t, J=7.48 Hz), 6.96 (1 I, br. s.)

76

261

(6] OH

(500 MHz, CHLOROFORM-d)
ppm 1.69 (6 H, s), 1.83 - 2.11 (4 H,
m), 2.18 - 2.38 (2 T1, m), 2.94 - 3.12
(11, m),3.35 21, d, J=7.32 Hz)

90

219

>\\§9‘/\(OH
S

1

0 0

(500 MHz, DMSO-ds) & ppm 0.90
(6 H, d, J=6.56 Hz), 1.47 - 1.54 (6
H, m), 1.55 - 1.77 (3 H, m), 3.24 -
3.30 3 H, m)

89

221

S>§(OH
V/o\” Mo
o

(500 MHz, CHLOROFORM-d) &
ppm 0.42 - 0.52 (2 H, m), 0.75 -
0.82 (2 H, m), 1.19 - 1.31 (1 H, m),
1.70 (6 H, s), 3.21 2 H, d, J=7.17
Hz)

87

205

Synthesis of

EWBr

F

|

2-Methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionic

O
+ )J\S>§(O\/ —_— :2>F(\/\
O

F OH
FMS\\O
F o)

Step 1: Synthesis of 2-Methyl-2-(4,4,4-trifluoro-butylsulfanyl)-propionic acid ethyl ester

S>§(O\/
o)

F O
F O

acid

To a solution of 149 g (0.785 mol) of 2-acetylsulfanyl-2-methyl-propionic acid ethyl ester

(prepared as described in Method C, step 1) in ethanol (1.2 L, degassed under nitrogen for 1 h) are
added 169.7 g (0.105 mol) of sodium methoxide, followed by a solution of 150 g (0.785 mol) of 4-

bromo-1,1,1-trifluoro-butane. The reaction is heated to 85 °C for 3 d. The solvent is removed

under reduced pressure. The residue 1s dissolved in DCM (1 L) and washed with saturated aqueous

NaHCO; solution (2 x 1 L). The organic layer is dried over Na,SOy, filtered and the filtrate is

concentrated under reduced pressure to afford 171 g of 2-methyl-2-(4,4,4-trifluoro-butylsulfanyl)-
propionic acid ethyl ester as a brown oil. Yield: 84%; ES-MS: m/z 259 [M+H]; "H NMR (500
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MHz, CHLOROFORM-d) & ppm 1.29 (3, t, J=7.17 Hz), 1.51 (6 I, 5), 1.76 - 1.86 (2 H, m), 2.12
2227 (2H, m), 2.69 21, t, J=7.17 Hz), 4.18 2 1, q, J=7.17 Hz)

Step 2: Synthesis of 2-Methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionic acid ethyl ester

To a solution of 220 g (0.852 mol) of 2-methyl-2-(4,4,4-trifluoro-butylsulfanyl)-propionic acid
ethyl ester in dioxane/ water (1/1, 4 L) are added 1047 g (1.703 mol) of OXONE® in portions
over 0.5 h at room temperature. The reaction mixture is stirred at room temperature for 18 h. The
solid is removed by filtration and rinsed with dioxane (0.5 1.). The filtrate is concentrated under
reduced pressure to remove the organic solvent. The aqueous residue is extracted with DCM (2 x 1
L). The combined organic extracts are washed with saturated aqueous NaHCO; solution (2 L),
dried over Na SOy and filtered. The filtrate is concentrated under reduced pressure to afford 226 g
of 2-methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionic acid ethyl ester as dark yellow oil.
Yield 92%; ES-MS: m/z 291 [M+H]; '"H NMR (500 MHz, CHLOROFORM-d) & ppm 1.32 (3 H, t,
J=7.17 Hz), 1.66 (6 H, s), 2.20 (2 H, quin, J=7.59 Hz), 2.28 - 2.41 (2 H, m), 3.34 (2 H, t, J=7.48
Hz),4.27 (2 H, q, J/=7.17 Hz)

Step 3: Synthesis of 2-Methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid

To a solution of 170 g (0.59 mol) of 2-methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionic acid
ethyl ester in THF (3.4 L) are added 225.4 g (1.76 mol) of potassium trimethylsilanolate in
portions over 0.5 h. The reaction is stirred at room temperature for 18 h. The reaction mixture is
acidified with 2M aqueous HCI solution (2 1) to pH 2 and extracted with DCM (2 x 2 L). The
combined organic extracts are dried (Na,SO,) and filtered. The filtrate is concentrated under
reduced pressure to afford 143 g of 2-methyl-2-(3-methyl-butane-1-sulfonyl)-propionic acid as
yellow solids. Yield: 93%; ES-MS: m/z 261 [M-H].'"H-NMR (500 MHz, CHLOROFORM-d) &
ppm 1.71 (6 H, s), 2.18 - 2.28 (2 H, m), 2.30 - 2.42 (2 H, m), 3.38 (2 H, t, J/=7.48 Hz), 6.96 (1 H,
br. s.)

Acid Method D:

Synthesis of 2-(4-Methoxy-cyclohexanesulfonyl)-2-methyl-propionic acid
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Step 1: Synthesis of 2-(4-Methoxy-cyclohexylsulfanyl)-2-methyl-propionic acid ethyl ester
Performed according to Step 2 for Method C employing 2.0 eq of NaOMe, 1.5 eq of 2-
acetylsulfanyl-2-methyl-propionic acid ethyl ester 0.3M in EtOH and the crude product is purified

by silica gel column chromatography, yield: 21%;

Step 2: Synthesis of 2-(4-Methoxy-cyclohexanesulfonyl)-2-methyl-propionic acid ethyl ester
Performed according to Step 2 for Method C employing 2.0 eq of Oxone in dioxane/ water 1/2.

Step 3: Synthesis of 2-(4-Methoxy-cyclohexanesulfonyl)-2-methyl-propionic acid

Potassium trimethylsilanolate (3.1 g, 24.65 mmol) is added to a solution of 2-(4-methoxy-
cyclohexanesulfonyl)-2-methyl-propionic acid ethyl ester (3.6 g, 12.3 mmol) in 100 mL of THF.
After stirring the reaction mixture at room temperature for 4 h, the solvent is removed under
reduced pressure, saturated aqueous NalHCOj; solution is added and the mixtures is extracted with
ethyl acetate. The two phases are separated and the aqueous layer is acidified with 2N aqueous
HCI solution and extracted with ethyl acetate; the combined organic extracts are washed with
brine, dried (Na,SO,), filtered and concentrated under reduced pressure to afford 2.6 g of 2-(4-
methoxy-cyclohexanesulfonyl)-2-methyl-propionic acid. Yield: 73%, over two steps. 1H-NMR
(500 MHz, CHLOROFORM-d) & ppm 1.21 - 1.37 (2 H, m), 1.64 - 1.81 (8 H, m), 2.19 - 2.32 (4 H,
m), 3.18 - 3.28 (1 H, m), 3.40 (3 H, s), 3.45 (1 H, tt, J=11.96, 3.53 Hz); ES-MS: m/z 263 [M-H]

Acid Method E:

Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid
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Step 1: Synthesis of Tetrahydropyran-4-ol

To a solution of 75 g (0.75 mol) of tetrahydropyran-4-one in THF (150 mL) is added a suspension
of 28.4 g (0.75 mol) LiAlHs in THF (600 mL) under nitrogen atmosphere maintaining the
temperature below 30 °C with the aid of an ice-bath. Then the reaction is allowed to warm to room
temperature and stirred for 5 h. The reaction is quenched by addition of saturated aqueous NH4Cl
solution until effervescence ceased. The resulting precipitate is removed by filtration through
Celite® and washed with THF (150 mL). The filtrate is concentrated under reduced pressure to
afford 71.1 g of tetrahydropyran-4-ol as a pale yellow oil. Yield: 92%, 'H NMR (500 MHz,
CHLOROFORM-d) 6 ppm 1.54 (2 H, m, J=13.37, 9.55, 9.55, 4.22 Hz), 1.81 - 1.92 (2 H, m), 2.11
(1 H,br.s.),3.38-3.47 (2 H, m), 3.83 (1 H, tt, /=9.10, 4.38 Hz), 3.94 (2 H, dt, J=11.88, 4.15 Hz)

Step 2: Synthesis of Toluene-4-sulfonic acid tetrahydropyran-4-yl ester

To a solution of 133 g (1.31 mol) of tetrahydropyran-4-ol in pyridine (1.5 L) are added 373 g (1.95
mol) of p-toluenesulfonylchloride portionwise at 10 °C. After complete addition the reaction is
allowed to warm to room temperature and stirred for 18 h. The reaction is poured onto a stirred
mixture of aqueous HCl/ice. The resulting precipitate is isolated by filtration and dissolved in
DCM (1 L). The organic layer is washed with 1M aqueous HCI solution (1 L), followed by
saturated aqueous NaHCO; solution (1 L) and is then dried over Na,SO,. Filtration and
concentration of the filtrate under reduced pressure gives 300 g of toluene-4-sulfonic acid
tetrahydropyran-4-yl ester as an orange oil. Yield: 90%, ES-MS: m/z: 257 [M+H], 279 [M+Na]

According to this procedure the following esters are synthesized:

Table IX
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Yield m/z

1
Structure H NMR [%] [M+H]

(250 MHz, CHLOROFORM-d) & ppm 1.66 - 1.96
Q/ 4 1, m), 2.45 3 I, s). 3.47 (2 H, ddd, J=11.76,

Osgg 8.19, 3.50 Hz), 3.79 - 3.95 (2 H, m), 4.69 (1 T, tt, | 90 257
o 0”70 J=8.13, 4.13 Hz), 7.35 (2 H, d, J=8.07 Hz), 7.76 -
7.87 (2 H, m)

(500 MHz, CHLOROFORM-d) & ppm 1.51 - 1.60
0.0 (1 H, m), 1.96 - 2.06 (1 H, m), 2.46 (3 H, s), 2.60 (1
oCﬁ o \©\ H, dt, J=13.58, 6.79 Hz), 3.50 (1 H, dd, J=9.16, | (. 557
5.04 Hz), 3.69 (1 H, q, J=7.68 Hz), 3.73 - 3.83 2 H,
m), 3.89 - 3.95 (1 H, m), 3.97 - 4.02 (1 H, m), 7.36
(2 H, d, J=8.09 Hz), 7.79 (2 H, d, J=8.24 Hz)"

o o (500 MHz, CHLOROFORM-d) & ppm 0.83 (3 H, t,
\)\O;‘s" J=1.48 Hz), 1.26 (31, d, J=6.26 Hz), 1.47 - 1.70 (2 | , (g
\©\ H, m), 2.45 (3 H, s), 4.57 (1 H, sxt, J=6.23 Hz), 01578

7.34 (2 H, d, J=8.39 Hz), 7.81 (2 H, d, J=8.24 Hz);

017575 -12.36 (3, CCLy) (lit. [0]*s75 -10.9 (2-4, CCLy), Allen e al. J. Org. Chem, 2003, 48, 4527-
4530)

#3-tetrahydrofuran carboxylic acid is resolved according to W02007/068739 (Glaxo Group Ltd.)
to afford (3S)-tetrahydro-3-furanylmethanol and (3R)-tetrahydro-3-furanylmethanol, which are
used as the corresponding starting materials.

Step 3: Synthesis of Thioacetic acid S-(tetrahydro-pyran-4-yl) ester

To a solution of 300 g (1.175 mol) of toluene-4-sulfonic acid tetrahydropyran-4-yl ester in DMF
(3 L) are added 268 g (2.35 mol) potassium thioacetate, followed by a catalytic amount of Nal
(0.12 g, 10 mol%) at room temperature. After complete addition, the reaction is heated to 50 °C
for 20 h. The reaction mixture is partitioned between TBME (3 L) and water (3 L), the aqueous
layer is extracted with TBME (2 L), then saturated with NaCl and extracted again with TBME (2 x
2 1L). The combined organic extracts are dried over Na,SOy, filtered and the solvent is removed
under reduced pressure to afford 153 g of thioacetic acid S-(tetrahydro-pyran-4-yl) ester. Yield:
81%; ES-MS: m/z 161 [M+H].

According to this procedure the following esters are synthesized:

Table X

Yield m/z

1
Structure H-NMR [%] [M+H]
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H, m),2.30 3H,s),3.41-3.74(3H,m),3.88 (2 H, | 86 161

S\n/ (250 MHz, CHLOROFORM-d) 6 ppm 1.47 - 1.98 (4
SR
dt, J=11.76, 3.86 Hz)

(500 MHz, CHLOROFORM-d) & ppm 1.57 - 1.69 (1

j]j\ H, m), 2.07 - 2.15 (1 H, m), 2.36 (3 H, s), 2.47 (1 H,
OGAS dt, J=14.00, 6.96 Hz), 2.92 - 3.04 (2 H, m), 3.48 (1 | 81 161
H, dd, J=8.70, 6.10 Hz), 3.77 (1 H, q, J=7.73 Hz),

3.84-3.93 2 H, m)

(500 MHz, CHLOROFORM-d+ residual Et,0) &
\) j\ ppm 0.96 (3 H, t, J=7.40 Hz), 1.29 (3 H, d, J=7.02

s Hz), 1.60 (2 H, quin, J=7.25 Hz), 2.31 (3 H, s), 3.46
- 3.55 (1 H, m under Et,O peak)

76 N/A

Step 4: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-ylsulfanyl)-propionic acid ethyl ester

A solution of 153 g (0.96 mol) of thioacetic acid S-(tetrahydro-pyran-4-yl) ester in ethanol (3.5 L)
1s degassed with nitrogen over 0.5 h and 125 g (2.23 mol) of KOH are added. Then a solution of
250 mL (1.68 mol) of ethyl a-bromoisobutyrate in EtOH (1 L) are added over 0.5 h, during which
the temperature increased to 40 °C. The reaction is stirred for 18 h at room temperature under a
nitrogen atmosphere. The reaction mixture is filtered, the solid is washed with ethanol (0.5 L) and
the filtrate is concentrated under reduced pressure. The crude material is dryloaded onto silica and
purified by dry-flash column chromatography (silica, eluent: n-heptanes, 2-10% ethyl acetate) to
afford 158 g of 2-methyl-2-(tetrahydro-pyran-4-ylsulfanyl)-propionic acid ethyl ester as an
orange-brown oil. Yield: 71%; ES-MS: m/z 233 [M+H]

According to this procedure the following esters are synthesized with the following modifications
to be noted: for 1-(tetrahydro-pyran-4-ylsulfanyl)-cyclobutanecarboxylic acid ethyl ester: ethyl-1-
bromocyclobutane carboxylate is used instead of ethyl o-bromoisobutyrate and the product is

taken to the next step without further purification.

Table XI

Yield m/z

1
Structure H NMR [%] [M+H]
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o (500 MHz, CHLOROFORM-d) 6 ppm 1.28 (3 H, t,
. J=7.17 Hz), 1.52 (6 H, s), 1.56 - 1.67 (2 H, m), 1.85
O/ )%Lo/\ (2 H, dt, J=13.35, 1.64 Hz), 3.04 (1 H, tt, J=10.60, | 76 233
0 420 Hz), 3.40 - 3.49 2 H, m), 3.88 (2 H, dt,
J=11.75,3.81 Hz), 4.14 - 420 (2 H, m)
(500 MHz, CHLOROFORM-d) & ppm 1.25 - 1.35
(3 H, m), 1.51 (6 H, s), 1.59 - 1.68 (1 H, m), 2.03 -
ogﬁ?ﬁ( O~ 1213 (1 I m), 2.37 (1 I, dt, J=14.27. 7.06 Hz), . -
0 2.60 - 2.73 2 H, m), 3.47 (1 H, dd, J=8.70, 6.26
Hz), 3.70 - 3.79 (1 H, m), 3.82 - 3.91 (2 H, m), 4.18
(2 H, q, J=7.12 Hz)

(500 MHz, CHLOROFORM-d) 6 ppm 0.95 (3 H, t,
\).,,,?%o\/ J=7.40 Hz), 1.22 - 1.35 (7 H, m), 1.47 - 1.59 (7 H, 100 205

& m), 2.86 (1 H, sxt, /=6.77 Hz), 4.17 (2 H, q, J=7.12
Hz)

Step 5: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid ethyl ester

To a solution of 158 g (0.68 mol) of 2-methyl-2-(tetrahydro-pyran-4-ylsulfanyl)-propionic acid
ethyl ester in dioxane/water (4/1, 1.6 1) are added 835 g (1.35 mol) of oxone® in portions over 50
min. The reaction mixture is stirred at room temperature for 18 h. The solid is removed by
filtration and washed with dioxane (1 L). The combined filtrates are concentrated under reduced
pressure. The residue is dissolved in ethyl acetate (1.5 1) and washed with water (1 L). The
organic layer is dried over Na,SQ, filtered and the solvent is removed under reduced pressure to
afford 166 g of 2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid ethyl ester as a yellow
oil. Yield: 92%, ES-MS: m/z 265 [M+H], 287 [M+Nal].

According to this procedure the following esters are synthesized:

Table XII

Structure '"H-NMR S?;;I]d [I\I/Ir:/_ f{]
(250 MHz, CHLOROFORM-d) & ppm 1.30
020 7 (3 H, t, J=7.08 Hz), 1.65 (6 H, s), 1.89 - 2.10

>%Lo/\ (4 H, m), 3.34 - 3.51 (2 H, m), 3.72 - 3.90 (1 | 90
o H, m), 4.06 (2 H, dt, J=11.69, 3.60 Hz), 4.24

(2H, q, J=7.16 Hz)

265, 287
[M+Nal]
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(500 M1z, CHLOROFORM-d) & ppm 1.34 (3
H, (, J=7.10 Hz), 1.67 (6 H, s), 1.74 - 1.83 (1 H,
o m), 2.30 (1 H, m, J=12.57, 7.68, 7.68, 4.88 Hz),
OQAo//S\‘o 7291 (1 H, dy, J=1423, 7.15 Hz), 3.35 2 H, d, | o 265, 287
0 J=7.17 Hz), 3.60 (1 H, dd, J=8.85, 6.71 Hz), [M+Na]
3.79 (1 H, q, J=8.14 Hz), 3.91 (1 H, td, J=8.32,
4.88 Hz), 4.05 (1 H, dd, J=8.70, 7.32 Hz), 4.28
(2 H, q, J=7.17 Hz)
(500 MHz, CHLOROFORM-d) & ppm 1.05 (3
\) 5 H, t, J=7.48 Hz), 1.34 (3 H, t, J=7.10 Hz), 1.40 37 259
O/’ }(S( ~ (3 H,d, J=6.87 Hz), 1.62 - 1.70 (7 I, m), 2.06 (1 | 80 [M-;Na]
e} H, ddd, J=13.96, 7.55, 3.81 Hz), 3.54 - 3.63 (1
H, m), 4.27 2 H, q, J=7.17 Hz)

Step 6: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid

To a solution of 166 g (0.63 mol) of 2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid ethyl
ester in THF/water (4/1, 1.66 L) are added 50.5 g (1.26 mol) of NaOH pellets in portions over 20
min. The reaction is stirred at room temperature for 2.5 d. The organic solvent is removed under
reduced pressure and the aqueous residue is diluted with water (2 I.) and washed with DCM (2 L).
The aqueous layer is acidified to pH 1-2 with concentrated HCI and then extracted with DCM (3 x
2 L). The acidic aqueous is further saturated with NaCl and extracted again with DCM (6 x 2 L).
The combined organic extracts are concentrated under reduced pressure to give 123 g of 2-methyl-
2-(tetrahydro-pyran-4-sulfonyl)-propionic acid as a white solid. Yield: 83%, ES-MS: m/z 235 [M-
H]

According to this procedure the following acids are synthesized with the following modification to
be noted: for 1-(tetrahydro-pyran-4-sulfonyl)-cyclobutanecarboxylic acid: and 2-(butane-2-
sulfonyl)-2-methyl-propionic acid, lithium hydroxide monohydrate is used instead of NaOH
pellets.

Table XIII

Yield m/z [M-

1
Structure H NMR [%] ]
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o 00 (500 MHz, CHLOROFORM-d) & ppm 1.71 (6
*%OH H, ), 194 - 212 (4 H, m), 347 2 H, td, |
OO/ J=11.41, 2.98 Hz), 3.73 - 3.86 (1 H, m), 4.07 -

1.75 (7 H, m), 1.98 - 2.15 (1 H, m), 3.43 - 3.58 (1
H, m), 6.09 (1 H, br. s.)

235
4.15 (2 H, m), 6.82 (1 H, br. .)
(500 MHz, CHLOROFORM-d) 6 ppm 1.66 - 1.71
(6 H, m), 1.79 - 1.89 (1 H, m), 232 (1 H, m, .
o | J=1261,7.73,7.73, 4.88 Hz), 2.92 - 3.02 (1 11, ]
OQAO/, >§( m), 332 - 338 (1 H, m), 338 - 345 (1 H, m), [ 100|507 "
0 3.72 (1 H, dd, J=9.08, 5.87 Hz), 3.81 (1 H, g, VNl
J=8.09 Hz), 3.97 (1 H, td, J=8.32, 4.88 Hz), 4.03
(1 H, dd, J=8.93, 7.10 Hz)
(500 MHz, CHLOROFORM-d) & ppm 1.06 (3 H,
\)O }(S(OH (, J=748 Hz), 142 (3 H, d, J=7.02 H7), 159 - | 40 07
(@)

Alternative Acid Method E:

Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid

OH oL - 0]
>s<
— o~ o OH
0 0 O//S\\
o)

Step 1: Synthesis of Methansulfonic acid tetrahydropyran-4-yl ester

10 kg tetrahydropyran-4-ol are dissolved in a mixture of 50 L toluene and 10.4 kg

triethylamine. 11.55 kg methanesulfonyl chloride in 100 ml toluene are added while

maintaining the internal temperature below 20°C by cooling, and the addition funnel is rinsed

with 50 ml toluene. The stirring is continued for one hour. The precipitate is filtered and the

filter cake is washed twice with 20 L toluene each. The filtrate is concentrated by vaccum

evaporation (60 L were distilled of), seeding crystals and 50 L methylcyclohexane are added.

The suspension is cooled to 2°C. After 1 h the product is isolated by filtration, washed with 30

L methylcyclohexane and dried at 30°C. 16.6 kg of the product are obtained as a white solid.
Yield: 94%; '"H NMR (400 MHz, DMSO-d6) & ppm 1.62-1.73 (2H, m), 1.92-2.00 (2H, m),

3.19 (3H, s), 3.42-3.49 (2H, m), 3.77-3.83 (2H, m), 4.80-4.88 (1H, m).
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Step 2: Synthesis of 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid

30 g tetrahydro-2H-pyran-4-yl methansulfonate are dissolved in 270 ml degassed ethanol.
19.96 g potassium thioacetate are added and the reaction mixture is stirred at 77°C for 12-18
h. Upon cooling to 20°C, the precipitate is filtered and rinsed twice with 90 ml degassed
ethanol. 6.66 g sodium hydroxide solution (50 %) are added to the filtrate, and the addition
funnel is rinsed with 15 ml water. The reaction mixture is stirred at 25°C for 1 h. 32.47 g 2-
bromo-2-methyl-propionic acid ethyl ester ethyl are added to the mixture, and the addition
funnel is rinsed with 30 ml ethanol. The stirring is continued for 1 h at 25°C. Afterwards, 450
ml solvent are removed by vacuum evaporation. 240 ml toluene are added and 120 ml solvent
are distilled of. 90 ml water are added and the phases are separated. To the organic layer
subsequently 90 ml water, 2.75 g sodium tungstate dihydrate and 2.83 g tetrabutylammonium
hydrogen sulfate are added. The reaction mixture is heated to 85°C and 80.88 g hydrogen
peroxide solution (35%) are added over a period of 1 h. The addition funnel is rinsed with 30
ml water. The stirring is continued for 1 h at 85°C. The reaction mixture is filtered and the
phases are separated. The organic phase is subsequently washed with 12.66 g sodium
metabisulfite dissolved in 114 ml water and again with 126 ml water. 19.98 g sodium
hydroxide solution (50 %) are added to the organic layer and the addition funnel is rinsed with
45 ml water. The reaction mixture is warmed to 50°C for 1 h. The phases are separated. The
water phase is cooled to 5°C and acidified with 27.07 g HCI (37%). The stirring at 5°C is
continued for 1 h. The precipitate is filtered, rinsed with 37.5 ml water and dried at 50°C.
14.03 g of the product are obtained as a white solid. Yield: 35%. ES-MS: m/z 237 [M+H]; 'H
NMR (400 MHz, DMSO-d6) 6 ppm 1.53 (6H, s), 1.62-1.75 (2H, m), 1.85-1.92 (2H, m), 3.39
(2H, dt, “Typ= 2.1 Hz, *Jyu = 11.7 Hz), 3.88-3.98 (3H, m), 13.63 (1H. s).

Acid Method F:
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Synthesis of 2-[1-Cyclopropylmethyl-2-(2,2-dimethyl-propyl)-1H-benzoimidazole-5-

sulfonyl]-2-methyl-propionic acid

H
Br NO, Br NH, Br NH Br N
e — O Ol O
—_—
. NH NH N hiH

~ j\i‘S"O N i
ST e — e
j \\q N\\q N

\\Q
- -

The synthesis of 2-[1-cyclopropylmethyl-2-(2,2-dimethyl-propyl)-1H-benzoimidazole-5-sulfonyl]-
2-methyl-propionic acid is described in WO2007/102059 (Pfizer Inc.).

Step 1 Synthesis of 4-Bromo-N-(cyclopropylmethyl)-2-nitroaniline

A mixture of 4-bromo-1-fluoro-2-nitrobenzene (9.25 g, 42 mmol), cyclopropanemethylamine
(4.49 g, 63.1 mmol) and N,N-diisopropylethylamine (13.5 g, 105 mmol) in ethanol (100 mL) is
stirred at 96 °C for 15 h. After cooling to room temperature, the mixture is concentrated under
reduced pressure. The residue is purified by column chromatography (silica, eluent: ethyl acetate)
to give 11.96 g of 4-bromo-N-(cyclopropylmethyl)-2-nitroaniline. Yield 100%, ES-MS: 271/273
[M-+H].

Step 2: Synthesis of 4-Bromo-N'-(cyclopropylmethyl)benzene-1,2-diamine

A mixture of 4-bromo-N-(cyclopropylmethyl)-2-nitroaniline (11.96, 44 mol), iron (12.3 g, 220
mmol) and ammonium chloride (236 mg, 4.4 mmol) in ethanol (120 ml) and water (40 mL) is
stirred at 100 °C for 3 h. After cooling to room temperature, the mixture is filtered and the filtrate
is concentrated under reduced pressure. The residue is dissolved in ethyl acetate (100 mlL) and

water (50 mL). The organic layer is separated, washed with brine (20 mL), dried over MgSOy,
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filtered and the filtrate is concentrated under reduced pressure to afford 9.6 g of 4-bromo-N'-

(cyclopropylmethyl)benzene-1,2-diamine as an oil. Yield: 90%, ES-MS: 241/243 [M+H].

Step 3: Synthesis of N-{5-bromo-2-[(cyclopropylmethyl)amino]phenyl}-3-3-
dimethylbutanamide

To a solution of 4—br0m0—N1—(Cyclopropylmethyl)benzene—1,2—diamine (9.6 g, 35 mmol) and N,N-
diisopropylethylamine (4.6 g, 35 mmol) in DCM (77 mL) is added tert-butylacetyl chloride (4.7 g,
35 mmol) at 0 °C. The mixture is allowed to warm to room temperature and stirred for 3 d. The
mixture is diluted with ethyl acetate (200 ml.) and washed with saturated aqueous NaHCO;
solution (100 mL x 2) and brine. The organic layer is dried over Na,SOy, filtered and concentrated
under reduced pressure. The residue is triturated with ethyl acetate, filtered and the solid rinsed
with ethyl acetate to afford the title compound. The ethyl acetate washes are concentrated and the
residue treated as above to afford additional crops, which are combined to yield 8.85 g of N-{5-
bromo-2-[(cyclopropylmethyl)amino]phenyl }-3-3-dimethylbutanamide.  Yield 74%, ES-MS:
339/341 [M+H]

Step 4: Synthesis of 5-Bromo-1-(cyclopropylmethyl)-2-(2,2-dimethylpropyl)-1H-
benzimidazole

A mixture of N-{5-bromo-2-[(cyclopropylmethyl)amino]phenyl}-3-3-dimethylbutanamide (8.85
g, 26 mmol) and p-toluenesulfonic acid monohydrate (4.97 g, 26 mmol) in toluene (177 ml) is
stirred at 130 °C temperature for 20 h with Dean Stark apparatus. The reaction is cooled to room
temperature and further to 0 °C. The mixture is concentrated by 3%, diluted with ethyl acetate (150
ml.) and washed with saturated aqueous NaHCOj; solution (100 ml.). The aqueous layer is
extracted with ethyl acetate (100 ml) and the combined organic extracts are washed with brine
(100 mL), dried over Na,SQOy, filtered and the filtrate is concentrated under reduced pressure. The
residue is purified by column chromatography (silica, eluent: heptanes, 0-60% ethyl acetate) to
afford a purple oil, which is taken up in heptanes, filtered and concentrated under reduced pressure
to give 5.82 g of 5-bromo-1-(cyclopropylmethyl)-2-(2,2-dimethylpropyl)-1H-benzimidazole as
purple oil. Yield 69%, ES-MS: 321/323 [M+H]
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Step 5: Synthesis of Methyl {[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-
benzoimidazol-5-yl]thio}acetate

To a solution of 5-bromo-1-(cyclopropylmethyl)-2-(2,2-dimethylpropyl)-1H-benzimidazole (2.95
g, 9.2 mmol) in 1,4-dioxane (18 mlL) is added N,N-diisopropylethylamine (2.38 g, 18.4 mmol),
methyl mercapto acetate (0.98g, 9.2 mmol), tris(dibenzylideneacetone)dipalladium(0) (0.21 g,
0.23 mmol) and 4,5bis(diphenylphosphino)-9,9-dimethylxanthene (0.27 g, 0.46 mmol). The
mixture  1s  stirred  at 115 °C  under nitrogen for 20 h.  More
tris(dibenzylideneacetone)dipalladium(0) (0.06 g, 0.07 mmol) and the reaction is heated for further
24 h. More tris(dibenzylideneacetone)dipalladium(0) (0.06 g, 0.07 mmol) and the reaction is
heated for further 24 h. More tris(dibenzylideneacetone)dipalladium(0) (0.06 g, 0.07 mmol) and
the reaction is heated for further 24 h. After cooling to room temperature, the mixture is filtered
through Celite ® and the filter cake is washed with ethyl acetate. The filtrate 1s concentrated to
dryness and the residue is purified by column chromatography (silica, eluent: cyclohexane, 0-50%
ethyl acetate) to isolate 1.04 g of starting material, 5-bromo-1-(cyclopropylmethyl)-2-(2,2-
dimethylpropyl)-1H-benzimidazole, and 1.91 g of methyl {[I-(cyclopropylmethyl)-2-(2,2-
dimethyl-propyl)-1H-benzoimidazol-5-yl]thio }acetate. Yield: 60% (93% based on recovered
starting material); ES-MS: 347 [M+H].

Step 6: Synthesis of Methyl {[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-
benzoimidazol-5-yl]sulfonyl}acetate

To a solution of methyl {[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-benzoimidazol-5-
yl]thio }acetate (2.2 g, 6.3 mmol) in DCM (50 mL) is added m-chloroperbenzoic acid (3.31 g, 19.1
mmol) portionwise at 0 °C. The mixture is allowed to warm to room temperature and stirred for 3
h. The mixture is quenched with aqueous sodium sulfite solution (75 mL) and extracted with DCM
(50 mL x 2). The combined organic extracts are dried, filtered and the filtrate is concentrated
under reduced pressure. The residue is purified by column chromatography (silica, eluent:
cyclohexane, 30-50% ethyl acetate) to afford 2.01 g of methyl {[1-(cyclopropylmethyl)-2-(2,2-
dimethyl-propyl)-1H-benzoimidazol-5-yl]sulfonyl }acetate. Yield: 84%, ES-MS: 379 [M+H].

-62-



10

15

20

25

30

WO 2010/036631 PCT/US2009/057777

Step 7: Synthesis of Methyl 2-{[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-
benzoimidazol-5-yl]sulfonyl}-2-methylpropanoate

To a solution of methyl {[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-benzoimidazol-5-
ylJsulfonyl}acetate (2 g, 5.28 mmol) in DMF (23 ml.) under nitrogen is added NaH (60%
dispersion in mineral oil, 0.47 g, 11.62 mmol) and methyl iodide (1.65 g, 11.62 mmol) at 0 °C.
The mixture is stirred at room temperature for 6 h. The mixture is quenched with saturated
aqueous NH4Cl solution (200 mlL) and extracted with ethyl actetate (60 ml x 4). The combined
organic extracts are washed with brine (20 mlL), dried over Na,SQO,, filtered and the filtrate is
concentrated under reduced pressure. The residue is purified by column chromatography (silica,
eluent: cyclohexane, 30% ethyl acetate) to afford 1.67g of methyl 2-{[1-(cyclopropylmethyl)-2-
(2,2-dimethyl-propyl)-1H-benzoimidazol-5-yl]sulfonyl } -2-methylpropanoate. Yield: 76%, ES-
MS: 407 [M+H]

Step 8: Synthesis of 2-{[1-(Cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-benzoimidazol-5-
yl]sulfonyl}-2-methylpropanoic acid

To a solution of methyl 2-{[1-(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-benzoimidazol-5-
ylJsulfonyl}-2-methylpropanoate (1.65 g, 4.06 mmol) in methanol (7.5 ml.) and THF (7.5 mL) is
added 2N aqueous NaOH solution at room temperature. The reaction is stirred for 3 h, then
acidified with 2N aqueous HCI solution to pH 4 and concentrated under reduced pressure. The
residue is partitioned between water (75 ml) and DCM (75 mlL). The acidic aqueous layer is
extracted with DCM (50 ml. x 2) and the combined organic extracts are dried over Na,SQOy,
filtered and the filtrated is concentrated under reduced pressure to afford 1.31 g of 2-{[1-
(cyclopropylmethyl)-2-(2,2-dimethyl-propyl)-1H-benzoimidazol-5-yl]sulfonyl }-2-
methylpropanoic acid. Yield: 82%, ES-MS: 393 [M+H]

Acid Method G:

Synthesis of 2-(1-Methanesulfonyl-piperidine-4-sulfonyl)-2-methyl-propionic acid
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Step 1: Synthesis of 4-Bromo-piperidine-1-carboxylic acid tert-butyl ester

To a suspension of 5 g (0.02 mol) of 4-bromopiperidine hydrobromide salt in DCM (35 mL) are
added 7.09 mL (0.04 mol) of N,N-diisopropylethyl amine dropwise at O °C. The reaction mixture
is stirred for 30 min, then a solution of 6.67 g (0.31 mol) of di-tert-butyl dicarbonate in DCM (35
ml) is added dropwise to the reaction mixture. The reaction mixture is stirred for 18 h at room
temperature, then washed with 1M aqueous HCI solution (2 x 30 ml) and brine (30 mlL). The
organic layer is dried over Na,SOy, filtered and the filtrate is concentrated under reduced pressure
to afford 6.9 g of 4-bromo-piperidine-1-carboxylic acid tert-butyl ester as a yellow oil. Yield
quantitative; "H NMR (250 MHz, CHLOROFORM-d) & ppm 1.46 (9 H, s), 1.79 - 2.00 (2 H, m),
2.00-2.16 (2 H, m), 3.31 (2 H, ddd, J=13.67, 7.73, 3.73 Hz), 3.68 (2 H, ddd, J=13.55, 6.85, 3.65
Hz), 4.34 (1 H, tt, J/=7.69, 3.81 Hz)

Step 2: Synthesis of 4-Acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester

To a solution of 6.9 g (0.02 mol) of 4-bromo-piperidine-1-carboxylic acid tert-butyl ester in DMF
(18 mL) are added 5.25 g (0.012 mmol) potassium thioacetate, followed by a catalytic amount of
Nal (0.35 g, 10 mol%) at room temperature. After complete addition, the reaction is heated to 50
°C for 20 h. The reaction mixture is partitioned between ethyl acetate (100 mL) and water (100
ml.). The organic layer is dried over Na,SQOy, filtered and the solvent is removed under reduced
pressure to afford 5.41 g of 4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester as a
brown oil. Yield: 81%; ES-MS: m/z 245 [M+H-CHs], 160 [M+H-CsHy0,]; '"H NMR (250 MHz,
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CHLOROFORM-d) & ppm 1.37 - 1.64 (11 H, m), 1.78 - 1.99 (2 H, m), 2.25 - 2.35 (3 H, m), 3.06
(2 H, ddd, J=13.63, 10.43, 3.05 Hz), 3.61 (1 H, tt, J/=10.28, 4.04 Hz), 3.76 - 3.96 (2 H, m)

Step 3: Synthesis of 4-(1-Ethoxycarbonyl-1-methyl-ethylsulfanyl)-piperidine-1-carboxylic
acid tert-butyl ester

A solution of 5.41 g (0.02 mmol) of 4-acetylsulfanyl-piperidine-1-carboxylic acid tert-butyl ester
in ethanol (50 ml.) is degassed with nitrogen over 0.5 h and 2.34 g (0.04 mol) of KOH are added,
followed by 8.14 g (0.04 mol) of ethyl a--bromoisobutyrate. The reaction is stirred for 18 h at room
temperature under a nitrogen atmosphere. The reaction mixture is concentrated under reduced
pressure. The residue is partitioned between DCM (100 ml) and water (100 ml.). The organic
layer is washed with water (50 ml.), brine (250 ml.), dried over Na,SO, and filtered. The filtrate is
concentrated under reduced pressure and purified by column chromatography (silica, eluent
heptanes, 50% ethyl acetate) to afford 6.05 g of 4-(1-ethoxycarbonyl-1-methyl-ethylsulfanyl)-
piperidine-1-carboxylic acid tert-butyl ester as a brown oil. Yield: 87%; ES-MS: m/z 354 [M+Na],
232 [[M+H-CsHyO,]; "H NMR (500 MHz, CHLOROFORM-d) 8§ ppm 1.25 - 1.35 (3 H, m), 1.46
(9 H,s),1.48-1.53 (2 H, m), 1.55 (6 H, s), 1.88 (2 H, dd, J=13.31, 3.47 Hz), 2.94 - 3.04 (3 H, m),
3.81-392(2H,m),4.19(2H, q, J/=7.10 Hz)

Step 4: Synthesis of 2-Methyl-2-(piperidin-4-ylsulfanyl)-propionic acid ethyl ester
Deprotection of 6.05 g (18.3 mmol) of 4-(1-ethoxycarbonyl-1-methyl-ethylsulfanyl)-piperidine-1-
carboxylic acid tert-butyl ester is achieved by treatment with 4M aqueous HCI solution (9.13 ml.)
in dioxane (40 ml) at room temperature for 18 h. The reaction mixture is concentrated to afford
4.47 g of 2-methyl-2-(piperidin-4-ylsulfanyl)-propionic acid ethyl ester as its hydrochloride salt as
a brown oil. Yield: 92%; ES-MS: m/z 232 [M+H]

"H NMR (500 MHz, CHLOROFORM-d) & ppm 1.21 (3 H, t, J=7.13 Hz), 1.45 (6 H, s), 1.80 - 1.90
(2 H, m), 2.17 (2 H, ddd, J=10.78, 7.31, 3.66 Hz), 2.96 - 3.05 (2 H, m), 3.07 - 3.15 (1 H, m), 3.18 -
330 (2 H, m),4.09 (2 H, q,J=7.12 Hz), 9.44 (1 H, br. s.), 9.54 (1 H, br. 5.)
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Step 5: Synthesis of 2-(1-Methanesulfonyl-piperidin-4-ylsulfanyl)-2-methyl-propionic acid
ethyl ester

To a solution of 4.47 g (16.74 mmol) of 2-methyl-2-(piperidin-4-ylsulfanyl)-propionic acid ethyl
ester hydrochloride salt in anhydrous THF (30 ml) are added 13.45 ml. (77.36 mmol) of N,N-
diisoproylethylamine, followed by 2.98 ml. (38.58 mmol) of methanesulfonyl chloride. The
reaction mixture is heated for 2 d to 60 °C. The mixture is concentrated under reduced pressure
and the residue is partitioned between saturated aqueous NaHHCO; solution (75 mL) and ethyl
acetate (75 ml). The basic aqueous layer is extracted with ethyl acetate (2 x 50 ml). The
combined organic layer is separated and washed with brine (50 mlL), dried over MgSO, and
filtered. The filtrate is concentrated under reduced pressure and the residue is purified by column
chromatography (silica, eluent: heptanes, 30% ethyl acetate) to give 2.17 g of 2-(1-
methanesulfonyl-piperidin-4-ylsulfanyl)-2-methyl-propionic acid ethyl ester as a brown solid.
Yield: 42%, ES-MS: m/z 310 [M+H]; '"H NMR (500 MHz, CHLOROFORM-d) & ppm 1.22 (3 H,
t, J/=7.11 Hz), 1.47 (6 H, s5), 1.59 - 1.69 (2 H, m), 1.92 - 2.00 (2 H, m), 2.70 (3 H, s), 2.90 - 2.99 (3
H, m), 3.39-3.47 (2 H, m), 4.10 2 H, q, J/=7.12 Hz)

Step 6: Synthesis of 2-(1-Methanesulfonyl-piperidine-4-sulfonyl)-2-methyl-propionic acid
ethyl ester

To a stirred solution of 2.17 g (7.02 mmol) of 2-(1-methanesulfonyl-piperidin-4-ylsulfanyl)-2-
methyl-propionic acid ethyl ester in acetic acid (20 mlL.) are added 2.39 mlL (35.1 mmol) of 50%
aqueous hydrogen peroxide solution. The reaction is stirred at 80 °C for 1.5 h. After cooling the
reaction mixture is concentrated under reduced pressure to afford 2.91 g of 2-(1-methanesulfonyl-
piperidine-4-sulfonyl)-2-methyl-propionic acid ethyl ester as a white solid, which is used in the
next step without further purification. Yield: quantitative; ES-MS: m/z 342 [M+H]; "H NMR (250
MHz, CHLOROFORM-d) 6 ppm 1.36 (3 H, t, J/=7.14 Hz), 1.70 (6 H, s), 2.06 - 2.27 (4 H, m), 2.83
(3H,s),2.93-3.06 (2H,m),3.75-3.89 (3 H, m), 429 (2 H, q, J=7.13 Hz)

Step 7: Synthesis of 2-(1-Methanesulfonyl-piperidine-4-sulfonyl)-2-methyl-propionic acid
To a suspension of 2.91 g (8.53 mmol) of 2-(1-methanesulfonyl-piperidine-4-sulfonyl)-2-methyl-
propionic acid ethyl ester in THF/water (1/1, 60 ml) are added 2.56 g (34.13 mmol) of lithium
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hydroxide monohydrate. The reaction is stirred at room temperature for 3 d and then concentrated
under reduced pressure. The residue is partitioned between brine (20 ml.) and DCM (20 mL). The
aqueous layer is further acidified with 2M aqueous HCI solution to pH 1 and extracted with DCM.
The combined organic extracts are concentrated under reduced pressure to afford 1.68 g of 2-(1-
methanesulfonyl-piperidine-4-sulfonyl)-2-methyl-propionic acid. Yield 63%, ES-MS: 314 [M+H];
"H NMR (500 MHz, MeOD) 8 ppm 1.66 (6 H, s), 1.86 - 1.97 (2 H, m), 2.24 (2 H, dd, J=13.64,
2.54 Hz), 2.87 (3 H, s), 2.92 (2 H, td, J=12.00, 2.59 Hz), 3.81 (2 H, dt, J=12.45, 3.13 Hz), 3.94 (1
H, t, J/=11.41, 3.79 Hz)

Acid Method H :

Synthesis of 2-{[(2R)-1,4-dioxan-2-ylmethyl]sulfanyl}-2-methylpropanoic acid
Q.0
O~ oS o o o OH
R S JEE— S
[oj/\ \@\ [oj/\ >§O|/ [ojA >§O|/

Step 1: Synthesis of ethyl 2-{[(2R)-1,4-dioxan-2-ylmethyl]sulfanyl}-2-methylpropanoate
To a solution of 0.27 g (1.42 mmol) of 2-acetylsulfanyl-2-methyl-propionic acid ethyl ester in

ethanol (4 mL, degassed) are added 0.31 g (5.7 mmol) of sodium methoxide, followed by 0.39
g (1.42 mmol) of (2R)-1,4-dioxan-2-ylmethyl 4-methylbenzene-1-sulfonate (prepared
according to W0O2008/119663, F. Hoffmann-La Roche AG) under nitrogen atmosphere. The
reaction is heated in a microwave to 130 °C for 0.5 h. The solvent is removed under reduced
pressure. The residue is dissolved in DCM (10 mL) and washed with saturated aqueous
NaHCOj solution (10 mL). The aqueous layer is extracted with DCM (10 mL).The combined
organic extracts are dried over Na,SOy, filtered and the filtrate is concentrated under reduced
pressure. The residue is purified by column chromatography (silica, eluent: heptanes, 20%
ethyl acetate) to afford 0.17 g of ethyl 2-{[(2R)-1,4-dioxan-2-ylmethyl]sulfanyl }-2-
methylpropanoate (UV purity: 77%). Yield: 61%, m/z 271 [M+Na]; 1H NMR (500 MHz,
CHLOROFORM-d) & ppm 1.29 (3 H, t, J=7.17 Hz), 1.49 - 1.54 (6 H, m), 2.59 - 2.66 (1 H, m),
2.70-2.77 (1 H, m), 3.28 - 3.36 (1 H, m), 3.55 - 3.63 (1 H, m), 3.64 - 3.76 (3 H, m), 3.77 -
385(2H,m),4.18 2 H, q,J=7.17 Hz)
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Step 2: Synthesis of 2-{[(2R)-1,4-dioxan-2-ylmethyl]sulfanyl}-2-methylpropanoic acid
To a solution of 169 mg (0.68 mmol) of ethyl 2-{[(2R)-1,4-dioxan-2-ylmethyl]sulfanyl }-2-
methylpropanoate in THF/water (1/1, 10 mL) are added 102 mg (1.36 mmol) of lithium
hydroxide monohydrate. The reaction is stirred at room temperature for 18 d h. Then
additional THF/water (1/1, 10 mL) is added and the reaction is for further 48 h.. The reaction
mixture is concentrated under reduced pressure. The aqueous residue is washed with diether
ether (10 mL), then acidified with 6M aqueous HCI solution and extracted with ethyl acetate
(3 x 10 mL). The combined organic extracts are dried (MgSO.), filtered and the filtrate is
concentrated under reduced pressure to afford 147 mg of 2-{[(2R)-1,4-dioxan-2-
ylmethyl]sulfanyl }-2-methylpropanoic acid. Yield: 86%; ES-MS: m/z 243 [M+Na]; 1H NMR
(500 MHz, CHLOROFORM-d) & ppm 1.55 (6 H, s), 2.65 - 2.72 (1 H, m), 2.73 - 2.81 (1 H, m),
3.32-3.41(1 H,m),3.57-3.64 (1 H, m), 3.68 - 3.77 (3 H, m), 3.77 - 3.86 (2 H, m)

Acid Method 1:
Synthesis of Synthesis of 2-Methyl-2-({2-[(3R)-oxolan-3-yl]ethyl}sulfanyl)propanoic acid

w 8J\ﬂ 81\% 5P
—_— —_— S,
OH OH o~

|
éjj\AS%—OH T &ﬁs%,

0 o)

O,
—

Step 1: Synthesis of 2-[(3S)-oxolan-3-yl]ethan-1-ol

To a solution of 1.20 g (9.22 mmol) of 2-[(3R)-oxolan-3-yl]acetic acid (prepared as described
in Ghosh, A. K. et al. J. Med. Chem. 1993, 36, 2300-2310) in anhydrous THF (10 ml) is added
0.93 ml of borane (14.75 mmol) slowly. The reaction is stirred at room temperature for 4 h,
then 3M aqueous NaOH solution (8 mL) is added and the mixture is stirred for 1 h. The pH is
then adjusted to 11 with 6M aqueous HCI solution and the aqueous mixture is saturated with
potassium carbonate. The basic aqueous solution is extracted with diethyl ether (2 x 30 mL).
The combined organic extracts are dried (MgSO.,), filtered and the filtrate is concentrated

under reduced pressure to give 0.92 g of 2-[(3S)-oxolan-3-yl]ethan-1-ol. Yield: 86%, 'H NMR
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(500 MHz, CHLOROFORM-d) d ppm 1.49 - 1.59 (1 H, m), 1.61 - 1.70 (1 H, m), 2.01 - 2.12
(1 H, m), 2.20 - 2.37 (2 H, m), 3.37 (1 H, t, J/=7.78 Hz), 3.60 - 3.70 (2 H, m), 3.74 (1 H, q,
J=7.88 Hz), 3.85 (1 H, td, J/=8.32, 4.58 Hz), 3.91 (1 H, t, J=7.78 Hz).
2-[(3R)-oxolan-3-yl]ethan-1-o0l is synthesised from 2-[(3S)-oxolan-3-yl]acetic acid (prepared
as described in Ghosh, A. K. er al. J. Med. Chem. 1993, 36, 2300-2310) according to the
above procedure. Yield: 73%:; '"H NMR (500 MHz, CHLOROFORM-d) o ppm 1.47 - 1.73 (3
H, m), 1.98 (1 H, br. s.), 2.02 - 2.12 (1 H, m), 2.31 (1 H, dt, J=14.80, 7.40 Hz), 3.37 (1 H, t,
J=7.78 Hz), 3.59 - 3.79 (3 H, m), 3.85 (1 H, td, J=8.32, 4.58 Hz), 3.91 (1 H, t, J/=7.78 Hz).

Step 2: Synthesis of 2-[(3R)-oxolan-3-yl]ethyl methanesulfonate

To a solution of 1.00 g (0.861 mmol) of 2-[(3S)-oxolan-3-yl]ethan-1-ol in anhydrous THF (1.5
mL) are added triethyl amine (0.13 mL, 0.947 mmol) and methanesulfonyl chloride (0.07 mL,
0.947 mmol) slowly at 0 °C. The reaction is stirred at room temperature for 2 h. The mixture is
diluted with ethyl acetate (20 mL) and washed with saturated aqueous NaHCO; solution (2 x 5
mL) and 1M aqueous HCI solution (2 x 5 mL). The organic layer is dried (MgSO,), filtered
and the filtrate is concentrated under reduced pressure to afford 167 mg of 2-[(3R)-oxolan-3-
yl]ethyl methanesulfonate. Yield: 100%, '"H NMR (250 MHz, CHLOROFORM-d) 6 ppm 1.40
-1.60 (1 H, m), 1.70 - 1.87 (1 H, m), 1.95 - 2.12 (1 H, m), 2.16 - 2.37 (1 H, m), 2.96 (3 H, s),
3.32(1H, dd, J=8.22,7.16 Hz), 3.62 - 3.91 (3 H, m), 4.13 - 4.24 (2 H, m).

2-[(35)-oxolan-3-yl]ethyl methanesulfonate is synthesised from 2-[(3R)-oxolan-3-yl]ethan-1-

ol according to the above procedure. Yield: 100%; 'H NMR (250 MHz, CHLOROFORM-d) &
ppm 1.48 - 1.62 (1 H, m), 1.78 - 1.93 (1 H, m), 2.01 - 2.20 (1 H, m), 2.24 - 2.43 (1 H, m), 3.02
(3H,s),3.40(1 H,t,J=7.69 Hz), 3.73 - 3.99 (3 H, m), 4.26 (2 H, t, /=6.47 Hz)

Step 3: Synthesis of Ethyl 2-methyl-2-({2-[(3R)-oxolan-3-yl]ethyl}sulfanyl)propanoate

To a solution of 1.13 g (5.94 mmol) of 2-acetylsulfanyl-2-methyl-propionic acid ethyl ester in
ethanol (20 mL, degassed) are added 1.28 g (23.7 mmol) of sodium methoxide, followed by
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1.13 g (5.94 mmol) of 2-[(3R)-oxolan-3-yl]ethyl methanesulfonate under nitrogen atmosphere.
The reaction is heated to 80 °C for 16 h. The solvent is removed under reduced pressure. The
residue is dissolved in ethyl acetate (50 mL) and washed with saturated aqueous NaHCO;
solution (2 x 15 mL) and 1M aqueous HCl solution (2 x 15 mL). The organic layer is dried
over Na,SOy, filtered and the filtrate is concentrated under reduced pressure. The residue is
purified twice by column chromatography (silica, eluent: heptanes, ethyl acetate) to afford
0.43 g of ethyl 2-methyl-2-({2-[(3R)-oxolan-3-yl]ethyl } sulfanyl)propanoate (UV purity:
70%). Yield: 21%, m/z 247 [M+H]; 'H NMR (250 MHz, CHLOROFORM-d) & ppm 1.29 (3
H,t,J=7.08 Hz), 1.43-1.81 (9 H, m), 1.95-2.16 (1 H, m), 2.20 - 2.35 (1 H, m), 2.53 - 2.67 (2
H, m), 3.34 (1 H, dd, J=8.38, 7.16 Hz), 3.66 - 3.98 (3 H, m), 4.17 (2 H, q, /=7.06 Hz)

Ethyl 2-methyl-2-({2-[(3S)-oxolan-3-yl]ethyl } sulfanyl)propanoate is synthesised from 2-
[(3S)-oxolan-3-yl]ethyl methanesulfonate according to the above procedure. This intermediate

(67% purity) is taken on in the next step.Yield: 29%; m/z 247 [M+H]

Step 4: Synthesis of 2-Methyl-2-({2-[(3R)-oxolan-3-yl]ethyl}sulfanyl)propanoic acid
To a solution of 0.43 g (1.75 mmol) of ethyl 2-methyl-2-({2-[(3R)-oxolan-3-

yl]ethyl}sulfanyl)propanoate in THF/water (4/1, 6.5 mL) are added 84 mg (3.49 mmol) of
lithium hydroxide monohydrate. The reaction is stirred at room temperature for 18 h. Then
methanol (0.5 mL) is added and the reaction is heated to 45 °C for 16h. Additional lithium
hydroxide monohydrate (83 mg, 3.49 mmol) is added and the reaction is heated to 55 °C for 3
h. The reaction mixture is partitioned between DCM (8 mL) and water (10 mL). The aqueous
layer is cooled in an ice bath, acidified with 6M aqueous HCI solution to pH 1 and extracted
with DCM (3 x 15 mL). The combined organic extracts are dried (MgSO,), filtered and the
filtrate is concentrated under reduced pressure to afford 351 mg of 2-methyl-2-({2-[(3R)-
oxolan-3-yl]Jethyl}sulfanyl)propanoic acid. Yield: 92%; ES-MS: m/z 219 [M+H]; 'H NMR
(250 MHz, CHLOROFORM-d) 6 ppm 1.43 - 1.76 (9 H, m), 1.96 - 2.16 (1 H, m), 2.31 (1 H,
quin, J=7.31 Hz), 2.56 - 2.77 (2 H, m), 3.37 (1 H, dd, J=8.22, 7.16 Hz), 3.68 - 4.05 (3 H, m),
7.62 (1 H, br.s.)
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2-Methyl-2-({2-[(3S)-oxolan-3-yl]ethyl } sulfanyl)propanoic acid is synthesised from ethyl 2-
methyl-2-({2-[(35)-oxolan-3-yl]ethyl } sulfanyl)propanoate according to the above procedure.
Yield: 85%; m/z 219 [M+H]; '"H NMR (250 MHz, CHLOROFORM-d) & ppm 1.43 - 1.73 (9

H, m), 1.98 - 2.15 (1 H, m), 2.31 (1 H, quin, J=7.35 Hz), 2.58 - 2.74 (2 H, m), 3.37 (1 H, dd,
J=8.30, 7.23 Hz), 3.68 - 3.99 (3 H, m), 7.71 (1 H, br. s.)

Amine Method A:

Synthesis of 3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine

/O%OH — /o%o - - N///\[%/o
o (o] O (o] (@]
|tN\1?%W;><V/O
oO—N (@]

Step 1: Synthesis of 2,2-Dimethyl-3-(tetrahydro-pyran-2-yloxy)-propionic acid methyl ester
To a solution of 66.3 ml. (0.51 mol) of hydroxypivalic acid methyl ester in DCM (325 ml.) are
added 95.8 mlL (1.04 mol) of 3,4-dihydro-2H-pyran. The reaction mixture is cooled to 0 °C and
sulfuric acid on silica gel (2.04 g, 0.2 mL sulfuric acid/10 g silica gel) is added and the reaction
mixture is stirred at room temperature for 25 minutes. After this time, the reaction mixture is
filtered and concentrated under reduced pressure to yield 129 g of 2,2-dimethyl-3-(tetrahydro-
pyran-2-yloxy)-propionic acid methyl ester as a yellow oil, which is used in the next step without
further purification. Yield: quantitative; '"H NMR (400 MHz, DMSO-d6) & ppm 1.12 (6H, s), 1.13
(6H, s), 1.4-1.7 (6H, m), 3.3 (1H, m), 3.4 (1H, m), 3.6 (3H, s), 3.65 (1H, d), 3.7 (1H, m), 4.55
(1H, ¢).

Step 2: Synthesis of 4,4-Dimethyl-3-0x0-5-(tetrahydro-pyran-2-yloxy)-pentanenitrile
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A solution of 129 g (0.60 mol) of 2,2-dimethyl-3-(tetrahydro-pyran-2-yloxy)-propionic acid
methyl ester and 44 ml (0.84 mol) of acetonitrile in toluene (250 ml.) is added dropwise to the
refluxing suspension of 33 g (0.84 mol) of sodium hydride (60 % in mineral oil) in toluene (600
ml.) over a period of 2 h. After the addition, the reaction mixture is stirred at reflux for 3 h.
Additional 16.7 g (0.42 mol) of sodium hydride (60% dispersion in mineral oil) and 22 ml (0.42
mol) of acetonitrile are added to the reaction mixture and the refluxing is continued for another 1.5
h. After this time, the reaction mixture is cooled to room temperature and ice water (~ 0.8 L) is
added. The layers are separated and the aqueous layer is neutralized to pH ~ 6-7 by adding 1M
aqueous HCI solution. The aqueous layer is extracted with ethyl acetate (3 x 0.8 L). The organic
layers are combined, washed with brine (1.5 L), dried over Na,SO, and filtered. The filtrate is
concentrated under reduced pressure to yield 137 g of 4,4-dimethyl-3-oxo-5-(tetrahydro-pyran-2-
yloxy)-pentanenitrile as a brown oil, which is used in the next step without further purification. 'H
NMR (400 MHz, DMSO-d6) 6 ppm 1.09 (6H, s), 1.10 (6H, s), 1.4-1.7 (6H, m), 3.3 (1H, m),
3.35(1H, d), 3.4 (1H, m), 3.6 (1H, d), 3.7 (1H, m), 4.2 (1H, s); 4.55 (1H, t)..

Step 3: Synthesis of 3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine

To a stirred solution of 134 g (0.60 mol) of 4,4-dimethyl-3-oxo-5-(tetrahydro-pyran-2-yloxy)-
pentanenitrile and 51.3 g (1.28 mol) of sodium hydroxide in water (1.3 L) are added 48.9 g (0.30
mol) of hydroxylamine sulfate. The reaction mixture is stirred at reflux for 18 hours. After this
time, the reaction mixture is cooled to room temperature and extracted with ethyl acetate (3 x 0.8
L). The organic layers are combined and washed with brine (1 L), dried over Na,SO, and filtered.
The filtrate is concentrated under reduced pressure. The residual brown oil is triturated with
hexanes (0.8 L) while stirring and the resulting precipitate is isolated by filtration and dried in a
vacuum oven for 2 d to yield 85 g of 3-[1,1-dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-
isoxazol-5-ylamine as a yellow solid. Yield 60%; m/z 241 [M+H], 157 [M+H-84]; "H NMR (400
MHz, DMSO-d6) 6 ppm 1.18 (3H, s), 1.19 (3H, s), 1.45-1.75(6H, m), 3.26 (1H, d, ] = 9.3Hz),
3.4 (1H, m), 3.59 (1H, d, J = 9.3 Hz), 3.68 (1H, m), 4.5 (1H, m), 4.88 (1H, s), 6.43 (2H, s).

According to this procedure the following amines are synthesized:
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Structure

'"H-NMR

Yield
[%]

m/z
[M+H]

HZNWX/O
O

O—N

(400 MHz, DMSO-d6) 6 ppm 1.18 (3H,
s), 1.19 (3H, s), 1.45-1.75(6H, m),
3.26 (1H, d, J = 9.3Hz), 3.4 (1H, m),
3.59 (1H, d, ] =9.3 Hz), 3.68 (1H, m),
4.5 (1H, m), 4.88 (1H, s), 6.43 (2H, s).

60

241

0O—N O

Mixture of two diastereomers, (400
MHz, CHLOROFORM-d) & ppm 0.99
(3H, d, isomer A), 1.15 (3H, d, isomer
B), 1.23 (3H, s, isomer B), 1.26 (3H, s,
isomer B), 1.30 (3H, s, isomer A), 1.32
(3H, s, isomer A), 1.43-1.61 (4H,
isomer A+B), 1.61-1.86 (2H, isomer
A+B), 3.42-3.50 (1H, m, isomer A+B),
3.48 (1H, s, isomer A+B), 3.61-3.95
(2H, m, isomer A+B), 4.53-4.57 (1H, m,
isomer B), 4.70-4.74 (1H, m, isomer A),
5.09 (1H, s, isomer B), 5.12 (1H, s,
isomer A).

56%%

255

HZNM»‘O
O0—N O

Mixture of two diastereomers, (400
MHz, CHLOROFORM-d) & ppm 0.99
(3H, d, isomer A), 1.15 (3H, d, isomer
B), 1.23 (3H, s, isomer B), 1.26 (3H, s,
isomer B), 1.30 (3H, s, isomer A), 1.32
(3H, s, isomer A), 1.43-1.61 (4H,
isomer A+B), 1.61-1.86 (2H, isomer
A+B), 3.42-3.50 (1H, m, isomer A+B),
3.48 (1H, s, isomer A+B), 3.61-3.95
(2H, m, isomer A+B), 4.53-4.57 (1H, m,
isomer B), 4.70-4.74 (1H, m, isomer A),
5.09 (1H, s, isomer B), 5.12 (1H, s,
isomer A).

34%#

255

HN—
O-N o)

Mixture of two diastereomers, (400
MHz, CHLOROFORM-d) & ppm (.88
(3H, ¢, isomer A), 0.95 (3H, t, isomer
B), 1.22 (3H, s, isomer A), 1.25 (3H, s,
isomer A), 1.30 (3H, s, isomer B), 1.32
(3H, s, isomer B), 1.19-1.40 (2H, m,
isomer A+B), 1.42-1.62 (4H, m, isomer
A+B), 1.68-1.88 (2H, m, isomer A+B),

16**

269
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3.40-3.55 (2H, m, isomer A+B), 3.85-
4.00 (1H, m, isomer A+B), 4.20-4.42
(2H, br, isomer A+B), 4.42-4.48 (1H,
isomer A), 4.60-4.66 (1H, isomer B),
5.08 (1H, isomer A), 5.12 (1H, isomer
B).

Mixture of two diastereomers, (400
MHz, CHLOROFORM-d) & ppm (.88
(3H, ¢, isomer A), 0.95 (3H, t, isomer
B), 1.22 (3H, s, isomer A), 1.25 (3H, s,
isomer A), 1.30 (3H, s, isomer B), 1.32
(3H, s, isomer B), 1.19-1.40 (2H, m,
isomer A+B), 1.42-1.62 (4H, m, isomer
A+B), 1.68-1.88 (2H, m, isomer A+B),
3.40-3.55 (2H, m, isomer A+B), 3.85-
4.00 (1H, m, isomer A+B), 4.20-4.42
(2H, br, isomer A+B), 4.42-4.48 (1H,
isomer A), 4.60-4.66 (1H, isomer B),
5.08 (1H, isomer A), 5.12 (1H, isomer
B).

192#

185 [M-
83]

(400 MHz, CHLOROFORM-d) & ppm
0.93-1.02 (1H, m), 1.13-1.25 (2H, m),
1.4-1.63 (4H, m), 1.65-1.90 (3H, m),
3.4-3.5 (1H, m), 3.8-3.9 (1H, m), 4.83-
4.87 (1H, m), 5.15 (1H, s).

46°*

225

(400 MHz, CHLOROFORM-d) & ppm
0.91 - 0.97 (m, 2H), 1.05 - 1.23 (m, 2H),
1.48 - 1.63 (m, 4H), 1.67 - 1.75 (m, 1H),
1.78 - 1.86 (m, 1H), 3.47 - 3.53 (m, 1H),
3.63 (d, 1H), 3.79 - 3.88 (m, 2H), 4.29
(bs, 2H), 4.67 (dd, 1H), 5.14 (s, 1H)

36%*

261
[M+Na]

(400 MHz, CHLOROFORM-d) & ppm
1.45-1.62 (4H, m), 1.62-1.72 (1H, m),
1.72-1.90 (1H, m), 1.90-2.10 (2H, m),
2.10-2.35 (2H, m), 2.35-2.45 (2H, m),
3.44-3.60 (1H, m), 3.50 (1H, d), 3.75-
3.90 (1H, m), 3.95 (1H, d), 4.50 (1H, ¢t),
5.10 (1H, s)

20°

253

(400 MHz, CHLOROFORM-d) & ppm
1.40-1.90 (12H, m), 1.95-2.10 (2H, m),
3.40 (1H, d), 3.40-3.50 (1H, m), 3.70-
3.80 (1H, m), 3.80 (1H, d), 4.55 (1H, t),
5.10 (1H, s)

32°

265

74
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(400 MHz, CHLOROFORM-d) & ppm
1.20-1.80 (14H, m), 1.90-2.10 (2H, m),
3.25 (1H, d), 3.40-3.50 (1H, m), 3.65- | 16 281

O

I\ 3.75 (1H, m), 3.70 (1H, d), 4.50 (1H, v),
HN™ o 5.10 (1H, s)
5 a) 2.0eq of NaH is used in one portion; 2.0eq of acetonitrile 1s used.
b) 1.4eq of NaH is used in one portion; 2.0eq of acetonitrile is used.
* chromatographic column is performed after the third step
The following amines are synthesized following step 2 and 3 of Method A, starting from the
10 corresponding methyl ester:
Table XV
Yield over two m/z
Structure "H-NMR
steps [%] [M+H]
o]
(400 MHz, CHLOROFORM-d) & ppm | 12
1.73 - 1.86 (m, 4H), 2.83 - 2.90 (m, | (chromatographic | 149
I/ \N 1H), 3.51 (td, 2H), 4.01 - 4.06 (m, | column after first
HN" "0’ 2H), 4.40 (bs, 2H), 5.02 (s, 1H). step)
0 (400 MHz, CHLOROFORM-d) & ppm
1.65 - 1.76 (m, 3H), 2.09 - 2.12 (m, 6
1H), 2.89 - 2.95 (m, 1H), 3.47 - 3.52 (chromatographic
B (m, 2H), 3.92 - 3.95 (m, 1H), 404 - | FOHE SR | 169
.N 4.08 (m, 1H), 4.40 (bs, 2H), 5.03 (s, steps)
HN" O 1H). P
0 (400 MHz, CHLOROFORM-d) & ppm 38
1.97 - 2.13 (m, 3H), 2.23 - 2.32 (m, (chromatographic
7 1H), 3.86 - 3.92 (m, 1H), 3.95 - 4.00 | 7S50 0 193
HN O'N (m, 1H), 4.40 (bs, 2H), 4.88 (dd, 1H), steps)
2 5.14 (s, 1H). P
© (400 MHz, CHLOROFORM-d) 8 ppm | | <
2.02 - 2.11 (m, 1H), 2.27 - 2.36 (m, (chromatographic 177
/ LH), 3.38 - 3.45 (m, 1H), 3.79 (dd, column after first | [M+Na]
HN O'N 1H), 3.85 - 3.90 (m, 1H), 3.98 (ud, step)
2 1H), 4.06 (dd, 1H), 5.04 (s, 1H). P
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0 (400 MHz, CHLOROFORM-d) & ppm
1.53 (s, 3H), 1.85 - 2.02 (m, 3H), 2.42 | 51 (precipitation
7 ~ 2.48 (m, 1H), 3.81 - 3.86 (m, 1H), | after the second | 169
HN O-N 3.93 - 3.98 (m, 1H), 4.43 (bs, 2H), | step)
2 5.13 (s, 1H).

Alternate Amine Method A:

To a mixture of 11.5 kg 3-hydroxy-2,2-dimethyl-propionic acid methyl ester and 80.5 g conc.
HCl in 34.5 L toluene are added 7.48 kg 3,4-dihydro-2H-pyran in 5.75 L toluene during 5 min
at 70°C. The dropping funnel is rinsed with 5.75 L toluene. After 1 h 6.79 kg acetonitrile and
11.5 L toluene are added. 83.49 kg potassium tert-amylate (25% in toluene) are added during
30 min. The dropping funnel is rinsed with 11.5 L toluene. After 2 h the mixture is cooled to
room temperature and 80.5 L water are added. The layers are separated and the organic layer
is extracted with 23 L water. The combined aqueous layers are diluted with 17.25 L water and
7.71 kg hydroxylamine hydrochloride are added. The mixture is stirred for at 80°C for 2.5 h.
80.5 L solvent are distilled of by vacuum distillation and after cooling to 60°C 34.5 L.
methanol are added. Seeding crystals are added and after 1 h the mixture is cooled to 22°C
within 1 h. After stirring for 13 h the suspension is cooled to 1°C. After 2 h the suspension is
centrifuged and the filter cake is washed twice with 23 L. methanol/water (1:1). After drying of
the filter cake at 50°C 15.88 kg are obtained. Yield: 76%. ES-MS: m/z 241 [M+H]; '"H NMR
(400 MHz, DMSO-d6) 6 ppm 1.18 (3H, s), 1.19 (3H, s), 1.36-1.53 (4H, m), 1.53-1.64 (1H, m),
1.64-1.76 (1H, m), 3.27 (1H, d, *Jyu = 9.4 Hz), 3.37-3.44 (1H, m), 3.59 (1H, d, *Jyu=9.2
Hz), 3.64-3.73 (1H, m), 4.50-4.54 (1H, m), 4.88 (1H, s), 6.40 (2H, s).

Amine Method B:
Synthesis of 5-(2-Methoxy-1,1-dimethyl-ethyl)-isoxazol-3-ylamine
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Step 1: Synthesis of 3-Methoxy-2,2-dimethyl-propionic acid methyl ester

3-Methoxy-2,2-dimethyl-propionic acid methyl ester is prepared according to the following
reference:

Johnstone, R. A.W.; Rose, M.E.; Tetrahedron, 1979, 35, 2169-2173.

To a solution of 3.52 g (63 mmol) of powdered potassium hydroxide in DMSO (150 ml.) are
added 2 mlL (16 mmol) of hydroxypivalic acid methyl ester, followed by 3.9 ml. (63 mmol) of
methyl iodide. The reaction mixture is stirred for 0.5 h, then quenched with water (300 mL). The
reaction mixture is extracted with DCM (3 x 300 mL). The combined organic extracts are washed
with water (2 x 150 mL), brine (50 mlL), dried over Na,SO4 and filtered. The filtrate is
concentrated under reduced pressure to yield 1.76 g of 3-methoxy-2,2-dimethyl-propionic acid
methyl ester as a pale yellow oil, which is used in the next step without further purification. Yield:

77%; "H NMR (400 MHz, DMSO-d6) & ppm 1.1 (6H, s), 3.2 (3H, s), 3.3 (2H, s), 3.6 (3H, s).

Step 2: Synthesis of 5-Methoxy-4,4-dimethyl-3-oxo-pentanenitrile

A solution of 1.74 g (12 mmol) of 3-methoxy-2,2-dimethyl-propionic acid methyl ester and 0.9
ml (17 mmol) of acetonitrile in toluene (5 ml) is added dropwise to the refluxing suspension of
0.67 g (17 mmol) of sodium hydride (60 % in mineral oil) in toluene (5 ml.). After the addition,
the reaction mixture is stirred at reflux for 3 h. After this time, the reaction mixture is cooled to
room temperature and neutralized to pH ~ 6-7 by adding 1M aqueous HCI solution. The aqueous

layer is extracted with ethyl acetate (3 x 20 mlL). The organic layers are combined, washed with
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brine (1.5 L), dried over Na,SO, and filtered. The filtrate is concentrated under reduced pressure
to yield 1.69 g of 5-methoxy-4,4-dimethyl-3-oxo-pentanenitrile as a brown oil, which is used in
the next step without further purification. Yield: 91%; "H NMR (400 MHz, DMSO-d6) 8 ppm 1.1
(6H, s), 3.2 (3H, s), 3.3 (sH, s), 4.2 (2H, s).

Step 3: Synthesis of 5-(2-Methoxy-1,1-dimethyl-ethyl)-isoxazol-3-ylamine

To a stirred solution of 1.68 g (10.8 mmol) of 5-methoxy-4,4-dimethyl-3-oxo-pentanenitrile and
0.49 g (11.9 mmol) of sodium hydroxide in water (13 ml.) is added a solution of 0.98 g (5.9
mmol) of hydroxylamine sulfate in water (4 mlL). The reaction mixture is heated to 100 °C for 1.5
h. After this time, the reaction mixture is cooled to room temperature and 0.8 ml. (9.7 mmol) of
37% aqueous HCI solution is added. The reaction is heated to 100 °C for 0.5 h. After cooling, the
pH of the reaction mixture is adjusted to pH~12 by addition of 1M aqueous NaOH solution and
extracted with DCM (3 x 20 L). The organic layers are combined and washed with brine (20 mlL),
dried over Na,SO, and filtered. The filtrate is concentrated under reduced pressure. The residual
brown oil is purified by column chromatography (Biotage, eluent DCM, MeOH) to yield 0.94 g of
5-(2-methoxy-1,1-dimethyl-ethyl)-isoxazol-3-ylamine as a yellow oil. Yield 51%; m/z 171
[M+H]; 'H NMR (400 MHz, DMSO-d6) 8 ppm 1.17 (6H, 2), 3.22 (3H, s), 3.26 (2H, s), 5.40 (2H,
m) 5.53 (1H, s).

According to this procedure the following amines are synthesized:

Table XVI
1 Yield m/z
Structure H-NMR (%] [M+H]
o (400 MHz, DMSO-d6) & ppm 1.17
HN~ ~ (6H, 2), 3.22 (3H, s), 3.26 (2H, s), 36 171
N-O 5.40 (2H, m) 5.53 (1H, s).
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(400 MHz, CHLOROFORM-d) & ppm

H NMO\ 1.02 (3H, d), 1.22 (3H, s), 1.23 (3H, 13 185
2 l\\l o s), 3.30 (BH, s), 3.40 (1H, q), 3.50
(2H, brs), 5.62 (1H, s).

(400MHz, CHLOROFORM-d): 1.29

O~ | (6H,s),3.35 3H, s), 3.50 (2H, 5),

AN

HzNM 0" | 347-3.52 (2H. m), 3.52-3.58 (2H. 15 215
m), 2.58-3.68 (2H. brs), 5.62 (1H. s).

Amine Method C:
Synthesis of 3-[2-(2-Methoxy-ethoxy)-1,1-dimethyl-ethyl]-isoxazol-5-ylamine

/O\H></OH /0%0\/\0/ ///\H></O\/\O/
0 0 N o
HzN\MO\/\O/

O—N

Step 1: Synthesis of 3-(2-Methoxy-ethoxy)-2,2-dimethyl-propionic acid methyl ester

To a solution of methyl 3-hydroxy-2,2-dimethyl-propionate (2.72 ml., 21.28 mmol) in 3 mlL of
DMF is added 60% sodium hydride in mineral oil (1.70 g, 42.56 mmol) in one portion, followed
by the addition of 2-bromoethyl methyl ether (4.0 ml, 42.56 mmol). The reaction mixture is
stirred at room temperature for 3 hs. After this time, the reaction mixture is quenched with
saturated aqueous NH4C1 solution and the product is extracted with DCM twice. The organics are
combined and washed with water 4 times then brine, dried over Na,SOy, filtered and concentrated
under reduced pressure to yield the title compound. Yield: 76%; 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.19 (6H, s), 3.36 (3H, s), 3.48 (2H, s), 3.48-3.52 (2H, m), 3.54-3.60
(2H, m), 3.67 (3H, s).
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Step 2: Synthesis of 5-(2-Methoxy-ethoxy)-4,4-dimethyl-3-oxo-pentanenitrile

A solution of 3-(2-methoxy-ethoxy)-2,2-dimethyl-propionic acid methyl ester (3.08 g, 16.21
mmol) and acetonitrile (1.19 mlL, 22.69 mmol) in toluene (6 ml) is added dropwise to the
refluxing suspension of 60 % sodium hydride in mineral oil (907.6 mg, 22.69 mmol) in toluene
(18 mL). After the addition, the reaction mixture is stirred at reflux for 3 h. After this time, the
reaction mixture is cooled to room temperature and the aqueous layer is neutralized to pH ~ 7 by
adding 1M aqueous HCI solution. The aqueous layer is extracted with ethyl acetate 3 times. The
organic layers are combined, washed with brine, dried over Na,SO, and filtered. The filtrate is
concentrated under reduced pressure to yield the title compound. Yield: 94.2%. 'H NMR (400
MHz, CHLOROFORM-d) & ppm 1.20 (6H, s), 3.38 (3H, s), 3.47 (2H, s), 3.50-3.55 (2H, m), 3.57-
3.62 (2H, m), 3.80 (2H, s).

Step 3: Synthesis of 3-[2-(2-Methoxy-ethoxy)-1,1-dimethyl-ethyl]-isoxazol-5-ylamine

To a stirred solution of 5-(2-methoxy-ethoxy)-4,4-dimethyl-3-oxo-pentanenitrile (3.04 g, 15.27
mmol) and sodium hydroxide (1.31 g, 32.82 mmol) in water (34 ml.) is added hydroxylamine
sulfate (1.25 g, 7.63 mmol). The reaction mixture is stirred at reflux for 18 h. After this time, the
reaction mixture is cooled to room temperature and extracted with ethyl acetate 3 times. The
organic layers are combined and washed with brine, dried over Na,SOy, filtered and concentrated
under reduced pressure. Purification by flash chromatography on silica gel using methanol/DCM
provides the title compound. Yield: 35.8%. "H NMR (400 MHz, CHLOROFORM-d) 3 ppm 1.30
(6H, s), 3.39 (3H, s), 3.50 (2H, s), 3.50-3.57 (2H, m), 3.57-3.62 (2H, m), 3.30-4.50 (2H, br), 5.16
(1H, s).

According to this procedure the following amines are synthesized:

Table XVII

Yield m/z

1
Structure H-NMR [%] [M-+H]
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(400 MHz, CHLOROFORM-d) & ppm
O~ 1.30 (611, 8), 3.39 (311, 5), 3.50 (211, 5),
HZN% © 3.50-3.57 (2H, m), 3.57-3.62 (21, m), | > 215
3.30-4.50 (2H, br), 5.16 (11, s).
(400 MHz, CHLOROFORM-d) & ppm
1.20-1.35 (1H, m), 1.35-1.60 (7H, m),
ath 1.92-2.02 (211, m), 3.33 (31, s), 3.41 | 19 255
HN"S N \o (2H, s), 3.45-3.53 (4H, m), 5.10 (11,
\ S).
o (400 MHz, CHLOROFORM-d) & ppm
H N~ ~ 1.25 (611, 3), 3.31 (311, 5), 3.45 (211, 5), | 39" 171
o-N 4.30 (21, s), 5.05 (11, 5)
(400 MHz, CHLOROFORM-d) & ppm
O~ i~ | 1.20 (3H, 1), 1.29 (6H, s), 3.49 (2], 5),
HZN{fQ © 351 QH, q), 352360 @M, m), 5.2 | = | ¥
(1H, s).
(400 MHz, CHLOROFORM-d) & ppm
HN W( N 3.36 (3H, s), 3.41-3.45 (2H, m), 9 [1\149_9H]
o-N 3.46-3.50 (2H, m), 5.19 (1H, s).
(400 MHz, CHLOROFORM-d) &
o ppm 1.29 (6H, s), 3.44 (2H, s), 3.81
o %)gov(jf (3H, 5), 4.35 (2H, br. s), 446 2H, br. | 29 277
2 /
o-N s), 5.06 (1H, s), 7.22-7.27 (2H, m),
6.86-6.89 (2H, m).

¥4 1equivalents of NaOH and 1.1 equivalent of hydroxylamine sulfate are used, the reaction is run

for 2.5 hours at reflux.

Amine Method D:

Synthesis of N-[2-(5-Amino-isoxazol-3-yl)-2-methyl-propyl]-N-methyl-acetamide
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H o
HNMN\ - \Hg D E— HNM/
— 2 Z
O-N p o] OH
0—N o—N

Step 1: Synthesis of {3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl}-di-
carbamic acid di-tert-butyl ester

Di-tert-butyl dicarbonate (2.27 g, 10.40 mmol) is added to a solution of 3-[1,1-dimethyl-2-
(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine (1.0 g, 4.16 mmol) in pyridine (4.0 mL) at
room temperature, followed by the addition of 4-dimethylaminopyridine (4.0 mg, 0.033 mmol).
The reaction mixture is stirred at room temperature for 4 h. After this time, the reaction mixture is
quenched with 1 M aqueous HCI solution and then extracted with ethyl acetate twice. The
organics are combined and washed with brine, dried over Na,SOy, filtered and concentrated under
reduced pressure to afford the title compound which is used crude in the next step. m/z 441

[M+H].

Step 2: Synthesis of {3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl}-
carbamic acid zert-butyl ester

{3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl }-di-carbamic  acid di-tert-
butyl ester (1.83 g, 4.16 mmol) is dissolved in methanol (10.0 ml.) and 40 % aqueous sodium

hydroxide solution (416.1 mg, 4.16 mmol) is added and the reaction mixture is stirred at room
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temperature for 1.5 h. After this time, the reaction mixture is concentrated under reduced pressure
and then partitioned between ethyl acetate and water. The layers are separated and the organic
layer is washed with brine, dried over Na,SOy, filtered and concentrated under reduced pressure.
Purification by flash chromatography on silica gel using ethyl acetate/hexanes provides 1.15 g of

the title compound. Yield: 81 %. m/z 341 [M+H].

Step 3: Synthesis of [3-(2-Hydroxy-1,1-dimethyl-ethyl)-isoxazol-5-yl]-carbamic acid fert-
butyl ester

A solution of 933.0 mg (2.74 mmol) of {3-[1,1-dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-
1soxazol-5-yl}-carbamic acid tert-butyl ester and 103.0 mg (0.41 mmol) of pyridinium p-
toluenesulfonate in ethanol (8.0 mL) is stirred at 65 °C for 1 h. After this time, the reaction mixture
is concentrated under reduced pressure. Purification by flash chromatography on silica gel using
ethyl acetate/heptane provides 602.0 mg of the title compound. Yield: 85.7 %. 'H NMR (400
MHz, CHLOROFORM-d) 6 ppm 1.3 (6H, s), 1.55 (9H, s), 2.35 (1H, t, J = 8.0Hz), 3.7 2H, d, J =
8.0Hz), 6.5 (1H, s), 7.3 (1H, s).

Step 4: Synthesis of [3-(1,1-Dimethyl-2-oxo-ethyl)-isoxazol-5-yl]-carbamic acid fert-butyl
ester

Dess-Martin periodinane (1.39 g, 3.29 mmol) is added to a solution of [3-(2-hydroxy-1,1-
dimethyl-ethyl)-isoxazol-5-yl]-carbamic acid tert-butyl ester (602.0 mg, 2.35 mmol) in DCM (20
ml.). The reaction mixture is stirred at room temperature for 1 h. After this time, the reaction
mixture is quenched with 50 mL (1:1) of saturated aqueous NaHCO; solution and saturated
aqueous sodium thiosulfate solution and stirred at room temperature for 2 h then extracted with
DCM twice. The organic extracts are combined and washed with brine, dried over Na SOy, filtered
and concentrated under reduced pressure to provide 587.0 mg of the title compound. Yield: 98.3
%. "H NMR (400 MHz, CHLOROFORM-d) & ppm 1.45 (6H, s), 1.55 (9H, s), 6.05 (1H, s), 7.25
(1H, s), 9.65 (1H, s).

Step 5: Synthesis of [3-(1,1-Dimethyl-2-methylamino-ethyl)-isoxazol-5-yl]-carbamic acid zert-
butyl ester
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[3-(1,1-Dimethyl-2-oxo-ethyl)-isoxazol-5-yl]-carbamic acid tert-butyl ester (150.0 mg, 0.59
mmol) is dissolved in THF (1.0 mL) and 2M methylamine in THF (0.35 ml., 0.71 mmol) is
added followed by the addition of MP-triacetoxyborohydride (546.0 mg, 2.70 mmol/g). The
reaction mixture is placed on a shaker for 2 h. After this time, the reaction mixture is filtered and
the filtrate is concentrated under reduced pressure to provide 163.0 mg of the title compound

which is used crude for the next step. m/z 270 [M+H].

Step 6: Synthesis of {3-[2-(Acetyl-methyl-amino)-1,1-dimethyl-ethyl]-isoxazol-5-yl}-carbamic
acid tert-butyl ester

Pyridine (0.055 mlL, 0.68 mmol) is added to a solution of [3-(1,1-dimethyl-2-methylamino-ethyl)-
1soxazol-5-yl]-carbamic acid tert-butyl ester (150.0 mg, 0.59 mmol) in THF (2.0 mlL.) followed by
the addition of acetyl chloride (0.048 ml., 0.68 mmol). The reaction mixture is stirred at room
temperature for 3 h. After this time, more pyridine (0.028 ml, 0.34 mmol) and more acetyl
chloride (0.024 mL, 0.34 mmol) are added to the reaction mixture and stirred for another 1 h. After
this time, the reaction mixture is quenched with saturated aqueous NaHCOj; solution and extracted
with ethyl acetate twice. The organic extracts are combined and washed with brine, dried over
Na,SOy, filtered and concentrated under reduced pressure. Purification by flash chromatography
on silica gel using methanol/DCM provides 87.0 mg of the title compound. Yield: 47 %. m/z 312
[M+H].

Step 7: Synthesis of N-[2-(5-Amino-isoxazol-3-yl)-2-methyl-propyl]-V-methyl-acetamide

Trifluoroacetic acid (0.108 mL., 1.4 mmol) is added to a solution of {3-[2-(acetyl-methyl-amino)-
1,1-dimethyl-ethyl]-isoxazol-5-yl }-carbamic acid tert-butyl ester (87.0 mg, 0.28 mmol) in DCM (1
ml.). The reaction mixture is stirred at room temperature for 1 h. More trifluoroacetic acid (0.20
ml., 2.59 mmol) is added to the reaction mixture and the reaction mixture is stirred for another
hour. After this time, the reaction mixture is diluted with DCM and quenched with saturated
aqueous NaHCOj solution. The layers are separated and the aqueous layer is extracted with DCM
twice. The organics are combined and washed with brine, dried over Na,SO,, filtered and
concentrated under reduced pressure to provide 28.0 mg of the title compound. Yield: 47 %. LC-
MS Retention time: 0.94 mins. ESI + ion mode. Zorbax SB-C18 column (3.5um, 4.6x30mm).
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5  Gradient: 5% B to 80% B (0 min to 1.7 mins), 80% B to 95% B (1.7 mins to 2 mins), 95% B to
95% B (2 mins to 2.1 mins). Flow rate: 2.5 mL/min. A = (Water + 0.1% Formic Acid) B =
(Acetonitrile + 0.1% Formic Acid). Diode Array Detector; m/z 212 [M+H].

10 Amine Method E:
Synthesis of_1-Ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-ylamine

H —~0

o N 1L
] —_—
YQ LD
N
! f
/
o
\©\r Q \©\4N
/>—NH * /N>_ o —— N P NH,
N N r\N

r N
Step 1: Synthesis of 1-benzyloxycarbonyl-2-methyl-isothiourea
Benzyl chloroformate (100.0 g, 588.0 mmol) and 2N aqueous NaOH solution (882.0 mmol) are
15  added at 0°C to a solution of 2-methyl-isothiourea hemisulfate salt (196.0 g, 705.0 mmol) in DCM
(1.0 L). After stirring the reaction mixture at 0 °C for 1 h, water is added and the two phases are
separated. The organic layer is dried over anhydrous Na,SO,, filtered and concentrated under
reduced pressure to afford the crude product that is triturated with 30% EtOAc/Petroleum ether to
afford 30 g of 1-benzyloxycarbonyl-2-methyl-isothiourea as a white solid. Yield: 30%; m/z 225
20 [M+H].
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Step 2: Synthesis of 1-benzyloxycarbonyl-3-(4-methoxy-benzoyl)-2-methyl-isothiourea
N,N-diisoproylethylamine (57.4 ml., 445.0 mmol), HOBt (54.0 g, 356.0 mmol) and EDC.HCI
(68.0 g, 356.0 mmol) are added at room temperature to a solution of 1-benzyloxycarbonyl-2-
methyl-isothiourea (40.0 g, 178.0 mmol) in DMF (0.4 L) . After stirring the reaction mixture at
room temperature for 14 h, water is added and the mixture is filtered. The filtrate is extracted with
DCM, the combined organic layers are washed with brine, dried over anhydrous Na,SOs and
concentrated under reduced pressure to afford the crude product that is purified by silica gel
column chromatography to afford 14 g of 1-benzyloxycarbonyl-3-(4-methoxy-benzoyl)-2-methyl-
isothiourea as a white solid. Yield: 22%. "H-NMR (400 MHz, CHLOROFORM-d) & ppm 2.51
(3H, 2s), 3.87 (3H, 2s), 5.24 (2H, 2s), 6.90 (1H, d, 8.8 Hz), 7.01 (1H, d, 8.8 Hz), 7.33-7.45 (SH,
m), 7.93 (1H, d, 8.8 Hz), 8.23 (1H, d, 9.2 Hz)

Step 3: Synthesis of [1-Ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-yl]-carbamic acid
benzyl ester

N,N-diisoproylethylamine (9.9 g, 76.8 mmol) is added to a solution of 1-benzyloxycarbonyl-3-(4-
methoxy-benzoyl)-2-methyl-isothiourea (11.0 g, 30.7 mmol) and ethyl hydrazine oxalate (11.6 g,
76.8 mmol) in DMF (110.0 mL) and the reaction mixture is heated at 50 °C for 12 h. Ice and ether
are added to the reaction mixture and the two phases are separated. The organic phase is dried over
anhydrous Na,SOy, filtered and concentrated under reduced pressure to afford 10 g of [1-ethyl-5-
(4-methoxy-phenyl)-1H-1,2,4-triazol-3-yl]-carbamic acid benzyl ester that is used in the next step
without further purification. m/z 353 [M+H].

Step 4: Synthesis of 1-Ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-ylamine and N-[1-
Ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-yl]-acetamide

Hydrobromic acid in AcOH (40.0 mlL) is added to [1-ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-
triazol-3-yl]-carbamic acid benzyl ester (10.0 g, 28.4 mmol) and the solution is stirred for 3 h at
room temperature. The reaction mixture is concentrated and the residue is washed with ether to

afford 7.0 g as a mixture of 1-ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-ylamine and N-[1-
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ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-yl]-acetamide (87% / 13%) that is used in the next
step without any further purification. m/z 219 [M+H]; 261 [M+H].

Step 5: Synthesis of 1-ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-ylamine

Sodium hydroxide (10.7 g, 269.2 mmol) is added to a mixture of 7 g of 1-ethyl-5-(4-methoxy-
phenyl)-1H-1,2,4-triazol-3-ylamine and N-[1-ethyl-5-(4-methoxy-phenyl)-1H-1,2,4-triazol-3-yl]-
acetamide in methanol (100.0 mL) and the solution is refluxed for 12 h. The solvent is removed
under reduced pressure, water is added and the residue is extracted with DCM. The organic layer
is dried over anhydrous Na,SOy, filtered and concentrated under reduced pressure to afford the
crude product that is purified by silica gel column chromatography to afford 1.7 g of 1-ethyl-5-(4-
methoxy-phenyl)-1H-1,2,4-triazol-3-ylamine as an off-white solid. Yield: 25%, over three steps;
m/z 219 [M+H]; 1H NMR (500 MHz, MeOD) & ppm 1.40 (3 H, t, J=7.25 Hz), 3.87 (3 H, s), 4.04
(2H,q,J=7.17Hz),7.04 - 7.11 (2 H, m), 7.49 - 7.57 (2 H, m).

Intermediate Synthesis.
Synthesis of (S)-3-Hydroxy-2,2-dimethyl-butyric acid methyl ester

gl e e
@)

O O
The reaction is carried out in a 100-mL autoclave. 2,2-Dimethyl-3-oxo-butyric acid methyl ester

(4.0 g, 27.8 mmol) is dissolved in 35 mL of degassed methanol under Argon atomosphere.
Dichloro[(S)-(-)-2,2’-bis(diphenylphosphino)-1,1’-binaphthyl]ruthenium (II) (230.0 mg, 0.28
mmol) is added and the reaction mixture is purged with nitrogen twice and once with hydrogen.
The autoclave is pressurized with hydrogen to 500 psi and stirred at 30 °C for 40 h. After this time,
the reaction mixture is filtered through celite and concentrated under reduced pressure to provide

3.8 g of the title compound as a green oil with ee of 98 %. Yield: 95 %. '"H NMR (400 MHz,
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CHLOROFORM-d) & ppm 1.15 (3H, d, I = 6.4Hz), 1.2 (6H, d, ] = 5.2Hz), 2.6 (1H, br. S), 3.7 (3H,
s), 3.9 (1H, q, ] = 6.4Hz).

Synthesis of (R)-3-Hydroxy-2,2-dimethyl-butyric acid methyl ester

@)

O O
The reaction is carried out in a 100-mL autoclave. 2,2-Dimethyl-3-oxo-butyric acid methyl ester

(4.0 g, 27.8 mmol) is dissolved in 35 mL of degassed methanol under Argon atomosphere.
Dichloro[(R)-(+)-2,2’-bis(diphenylphosphino)-1,1’-binaphthylJruthenium (II) (230.0 mg, 0.28
mmol) is added and the reaction mixture is purged with nitrogen twice and once with hydrogen.
The autoclave is pressurized with hydrogen to 500 psi and stirred at 30 °C for 40 h. After this time,
the reaction mixture is filtered through celite and concentrated under reduced pressure to provide
3.8 g of the title compound as a green oil with ee of 96 %. Yield: 95 %. '"H NMR (400 MHz,
CHLOROFORM-d) o ppm 1.15 (3H, d, J =6.4Hz), 1.2 (6H, d, J=5.2Hz), 2.6 (1H, br. s), 3.7 (3H,
s), 3.9 (1H, q, ] = 6.4Hz).

Synthesis of 3-(2-Methoxy-ethoxy)-2,2-dimethyl-propionic acid methyl ester

/O%/OH - . /o%o\/\o/
0

o)
60 % Sodium hydride in mineral oil (1.70 g, 42.56 mmol) is added to a solution of 3-hydroxy-2,2-

diemthyl-proprionic acid methyl ester (2.71 ml., 21.28 mmol) in 40 mlL of DMF, followed by the
addition of 2-bromoethyl methyl ether (4.0 ml., 42.56 mmol) and the reaction mixture is stirred at
room temperature for 3 h. After this time, the reaction mixture is quenched with saturated aqueous
NH4Cl solution and then extracted with DCM twice. The organic extracts are combined and
concentrated under reduced pressure to yield the title compound. Yield: 76%. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 1.2 (6H, s), 3.4 (3H, s), 3.5 (2H, s), 3.45-3.55 (2H, m), 3.55-3.65 (2H,
m), 3.7 (3H, s).
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Synthesis of 1-(2-Methoxy-ethoxymethyl)-cyclohexanecarboxylic acid ethyl ester

OH

O
O O/— O/_
O, e —— O

1-Hydroxymethyl-cyclohexanecarboxylic acid ethyl ester (2.0 g, 10.9 mmol) is added to a solution
of 60 % sodium hydride (0.86 g, 21.7 mmol) in 5.0 mL of DMF at 0°C and the reaction mixture is
stirred for 30 minutes; 2-bromoethyl methyl ether (3.0g, 21.7 mmol) is added over a period of 10
minutes and then the reaction mixture is stirred at room temperature for 14 h. Ice water and 20%
ethyl acetate in petroleum ether are added. The two phases are separated and the organic layer is
washed with water and brine and dried over Na,SOy. After filtration the solvent is removed under

reduced pressure to provide 2.0 g of the title compound as a yellow liquid that is used in the next

step without further purification. m/z 245 [M+H].

The following intermediates are synthesized according to Intermediate Method A:

Table XVIII
Structure Yield [%] m/z
@) /-
0]
O [M+H]
O_
227
/O%O\/\O/\ 65

[M+Na]
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[M+H]

)

Synthesis of 1-Hydroxymethyl-cyclopropanecarboxylic acid ethyl ester
o]

0
—_— /\
o~ O)Xﬁ\ o~ QJX\OH

A solution of lithium aluminum-tri-tert-butoxyhydride 1.0M in THF (28.5ml., 28.5mmol) is added
to a solution of diethyl 1,1-cyclopropanedicarboxylate (2.0 ml., 11.4 mmol) in anhydrous THF
(85.0 mlL). After stirring the reaction mixture for 4 h, 10 mlL of lithium aluminum-tri-tert-
butoxyhydride 1.0M solution in THF is added and the solution is stirred for 18 h. The reaction
mixture is diluted with DCM, washed with 1N aqueous HCI solution, saturated aqueous NaHCO;
solution and brine. After drying the organic phase over anhydrous Na,SO4, removal of the solvent
under reduced pressure affords 1.60 g of 1-hydroxymethyl-cyclopropanecarboxylic acid ethyl ester
that is used in the next step without further purification. Yield: 85%. 'H NMR (400 MHz,
CHLOROFORM-d) & ppm 0.88 (2H, q, ] = 4.1 Hz), 1.21-1.33 (5H, m), 2.59 (1H, t, J = 6.9 Hz),
3.63 (2H,d,J=7.2Hz),4.17 (2H, q, I =7.1 Hz).

Intermediate Method B:

Synthesis of 1-hydroxymethyl-cyclobutanecarboxylic acid ethyl ester
o]

0
/\O/g)LO/\ = /\OJZS\OH

A solution of lithium aluminum-tri-tert-butoxyhydride 1.0M in THF (100.0 ml., 100.0 mmol) is
added at -78°C to a solution of diethyl 1,1-cyclobutanedicarboxylate (10.0 g, 50.0 mmol) in
anhydrous THF (50.0 mL). After stirring the reaction mixture at room temperature for 14 h, 10%
aqueous KHSO, solution is added and the reaction mixture diluted with ethyl acetate. After

separating the two phases, the organic phase is washed with water and brine and dried over
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anhydrous Na,SO,. Filtration and removal of the solvent under reduced pressure affords 5.0 g of
1-hydroxymethyl-cyclobutanecarboxylic acid ethyl ester that is used in the next step without

further purification. Yield: 63%; m/z 159 [M+H].

The following intermediates are synthesized according to Intermediate Method B:

Table XIX

m/z
Structure Yield [%]
[M+H]
O
07 ZS ~OH 63 159
O
/\O)‘é\OH 50 173
O
e OH 50 187

Intermediate Method C:
Synthesis of methyl 2-methyltetrahydro-2-furancarboxylate

Q — Q
TR
o 0
Thionyl chloride (0.15 ml, 2.1 mmol) is added dropwise at 0 °C to a solution of 2-
methyltetrahydro-2-furancarboxylic acid (250 mg, 1.9mmol) in methanol (2.0 ml.). After bringing
the reaction mixture to room temperature, it is heated under reflux for 1 h. The solvent is removed
under reduced pressure, the crude is dissolved in DCM and filtered through a pad of silica.

Removal of the solvent under reduced pressure affords 276.0 mg of methyl 2-methyltetrahydro-2-
furancarboxylate that is used in the next step without further purification. Yield: 93%. 'H NMR
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(400 MHz, CHLOROFORM-d) & ppm 1.49 (3H, s), 1.78-1.85 (1H, m), 1.91-1.99 (2H, m), 2.30-
2.37 (1H, m), 3.75 (3H, s), 3.92-4.02 (2H, m).

The following intermediates are synthesized according to Intermediate Method C:

Table XX

m/z
Structure "H-NMR Yield [%]
[M+H]
(400 MHz, CHLOROFORM-d)
@) d ppm 1.49 (3H, s), 1.78-1.85
\ (1H, m), 1.91-1.99 (2H, m), | 93
0 2.30-2.37 (1H, m), 3.75 (3H, s),
O 3.92-4.02 (2H, m).
o (400 MHz, CHLOROFORM-d)
_ 2.10 — 2.24 (m, 2H), 3.07 - o
0 3.14 (m, 1H), 3.7 (s, 3H), 3.79 | quanttative 131
0 —4.01 (m, 4H)
Amide Method A:

Synthesis of 2-[1-Cyclopropylmethyl-2-(2,2-dimethyl-propyl)-1H-benzoimidazole-5-
sulfonyl]-N-[5-(2-methoxy-1,1-dimethyl-ethyl)-isoxazol-3-yl]-2-methyl-propionamide
(Example 21) .

o @)
s N. 0s .0
N O\S/O H2N Z 0 N \S H N
e — Y '
N (l) N \%(\

Activation of 300 mg (0.76 mmol) of 2-[I-cyclopropylmethyl-2-(2,2-dimethyl-propyl)-1H-

0
I

benzoimidazole-5-sulfonyl]-2-methyl-propionic acid as the corresponding acid chloride is
achieved by treatment with thionyl chloride (1.5 mL) at 75 “C for 2 h. The reaction is cooled to
room temperature and excess thionyl chloride is removed under reduced pressure.

The crude acid chloride is dissolved in anhydrous THF (5 mL) and heated to 50 °C. Then N,N-
diisopropylethylamine (0.16 ml., 0.92 mmol) is added, followed by N,5-(2-methoxy-1,1-dimethyl-
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ethyl)-isoxazol-3-ylamine (156 mg, 0.92 mmol). The reaction is stirred at 75 °C for 18 h. The
reaction mixture is concentrated under reduced pressure. The residue is partitioned between DCM
(10 mL) and saturated aqueous NaHCO; solution (10 mL). The organic layer is washed with 10%
aqueous citric acid solution, dried over Na SO, filtered and concentrated under reduced pressure.
The crude product is purified by column chromatography (silica, eluent: DCM, 0-20% ethyl
acetate) to yield 368 mg of 2-[1-cyclopropylmethyl-2-(2,2-dimethyl-propyl)-1H-benzoimidazole-
S-sulfonyl]-N-[5-(2-methoxy-1,1-dimethyl-ethyl)-isoxazol-3-yl]-2-methyl-propionamide.  Yield:
88%; ES-MS: m/z 545 [M+H]

Compounds in Table XXII, amide method A are made according to this procedure, with the
following modifications to be noted: for Example 19_removal of the tetrahydropyran protecting
group is also achieved under these conditions and the crude product is purified by column

chromatography (silica, eluent: DCM, 0-50% ethyl acetate), followed by trituration with TBME.

Amide Method B:
Synthesis of N-{3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl}-2-methyl-
2-(tetrahydro-pyran-4-sulfonyl)-propionamide (Example 71).

o8 0~ O o

Activation of 103 g (0.44 mol) of 2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid as the
corresponding acid chloride is achieved by treatment with thionyl chloride (63 mlL., 0.88 mol) and
DMF (cat., 10 mol%) in toluene (0.72 L) at 100 °C for 2 h. The reaction is cooled to room
temperature and toluene (0.3 L) is removed by distillation, whilst adding fresh toluene (0.3 L).
This process is repeated once.

This acid chloride solution is added dropwise over (.5 h to a stirred suspension of 70 g (0.29 mol)
of 3-[1,1-dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine and 101 ml. (0.58
mol) of N,N-diisopropylethylamine in toluene (0.28 L) at 35 "C. After complete addition the

reaction is heated to 60 “C for 17 h. The reaction is cooled to room temperature and the solvent is
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removed under reduced pressure. The residue is dissolved in ethyl acetate (2.8 1.) and washed with
water (2 x 2.8 L), brine (2.8 L). The organic layer is concentrated under reduced pressure and the
residue purified twice by dry-flash column chromatography (silica, eluent heptanes, 10-40% ethyl
acetate) to yield 103 g of N-{3-[1,1-dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl}-
2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide. Yield: 80%; ES-MS: m/z 481 [M+Na],
375 [IM+H-C5sH30]

Alternate synthesis of N-{3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-
5-yl}-2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide

3791 g 2-Methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionic acid are suspended in 28.5 L
toluene. 5 L of solvent are distilled of to remove traces of water. After addition of 5 L toluene
and 20 mL dimethylformamide, 1398 mL thionyl chloride are added at 55°C. The mixture is
heated to reflux for 3.5 h. Then 35 L of solvent are distilled of while adding 35 L toluene at
the same time. After cooling the solution to 45°C, 3854 g 3-[1,1-Dimethyl-2-(tetrahydro-
pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine dissolved in 16 L toluene and 3295 mL N,N-
diisopropylethylamine at 70°C, are added during 30 min. The dropping funnel are rinsed twice
with 2 L toluene. The suspension is stirred for 16 h at 30°C. The mixture is added to 20 L
water (rewashed with 1 L toluene). After phase separation, the organic layer is washed again
with 20 L water. The organic layer is transferred back into the reaction vessel (rewashed twice
with 1 L toluene) and 31.5 L solvent are distilled of. To the residue is added 40 L
methylcyclohexane keeping the solution at 54°C. The mixture iscooled to 23°C and seeding
crystals are added. The suspension is stirred for 2.5 h while cooling to 1°C. The suspension is
filtered and the filter cake is washed with 5 L of a 4:1 mixture of methylcyclohexane and
toluene. After drying of the filter cake 6866g product were obtained. ES-MS: m/z 459 [M+H];
'H NMR (400 MHz, DMSO-d6) 8 ppm 1.26 (3H, s), 1.27 (3H, s), 1.68 (6H, s), 1.35-1.72 (8H,
m), 1.78-1.85 (2H, m), 3.32-3.42 (4H, m), 3.60-3-69 (3H, m), 3.84-3.91 (2H, m), 4.52-4.55
(1H, m), 6.35 (1H, s), 11.29 (1H, s).
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Synthesis of N-{3-[1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl}-2-methyl-
2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionamide (Example 36).

F o)
F 0s. .0
0.0 HN— O F)W\)S’ H o
F 57 + \ —_— F N N
E OH \
o o
e

Activation of 72 g (0.27 mol) of 2-Methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-propionic acid as
the corresponding acid chloride 1s achieved by treatment with thionyl chloride (50 mL, 0.55 mol)
and DMF (cat., 10 mol%) in toluene (0.7 L) at 100 °C for 6 h. The reaction is cooled to room
temperature and toluene (0.2 L) is removed by distillation, whilst adding fresh toluene (0.2 L).
This process is repeated twice.

This acid chloride solution is added dropwise over 0.5 h to a stirred suspension of 56 g (0.23 mol)
of 3-[1,1-dimethyl-2-(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-ylamine and 92 ml (0.55 mol)
of N,N-diisopropylethylamine in toluene (0.3 L) at 35 "C. After complete addition the reaction is
heated to 60 °C for 17 h. The reaction is cooled to room temperature and the solvent is removed
under reduced pressure. The residue is dissolved in ethyl acetate (1 I.) and washed with saturated
aqueous NaHCO; solution (0.7 L), brine (0.7 L) dried (Na,SOy4) and filtered. The filtrate is
concentrated under reduced pressure and the residue purified twice by dry-flash column
chromatography (silica, eluent heptanes, 30% ethyl acetate) to yield 85 g of N-{3-[1,1-dimethyl-2-
(tetrahydro-pyran-2-yloxy)-ethyl]-isoxazol-5-yl } -2-methyl-2-(4,4,4-trifluoro-butane-1-sulfonyl)-
propionamide. Yield: 64%; ES-MS: m/z 483 [M-H]; "H NMR (500 MHz, CHLOROFORM-d) &
ppm 1.36 (6 H, d, J=13.12 Hz), 1.45 - 1.73 (5 H, m), 1.74 - 1.87 (7 H, m), 2.15 - 2.25 (2 H, m),
2.27-2.40 2H, m), 3.11 2 H, t, J=7.55 Hz), 3.38 (1 H, d, J=9.31 Hz), 3.46 - 3.53 (1 H, m), 3.75 -
3.84 (2 H, m), 4.59 (1 H, t, J=3.43 Hz), 6.37 (1 H, 5), 9.24 (1 H, s)

Compounds in Table XXII, amide method B, are made according to this procedure with the
following modifications to be noted: for example 72, zinc-dust (0.1 eq.) is added to the reaction
mixture. For Example 82, the reaction i1s performed in THF. Example 56 and 57 are obtained
through chiral chromatography of Example 49 on Chiralpak AD-H preparative column 2 x 25 cm
on Agilent 1100 HPLC systems; mobile Phase: 60% (1:1:1 mixture of
ethanol:methanol:isopropanol):40% heptane; flow: 8ml/min; detector: UV @ 250nm
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According to this method the following amides are made:

Table XXI

Structure

'"H-NMR

Yield
[%]

Approximately  1:1  mixture of two
diastereomers, (400 MHz, CHLOROFORM-d)
o ppm 0.99 (3H, d, isomer A), 1.15 (3H, d,
isomer B), 1.28 (3H, s, isomer A), 1.30 (3H, s,
isomer A), 1.35 (3H, s, isomer B), 1.36 (3H, s,
isomer B), 1.42-1.70 (5SH, m, isomer A+B),
1.73 (6H, s, isomer A), 1.74 (6H, s, isomer B),
1.75-2.03 (5H, m, isomer A+B), 3.30-3.50
(4H, m, isomer A+B), 3.66-3.94 (2H, m,
isomer A+B), 3.99-4.10 (2H, m, isomer A+B),
4.48-4.55 (1H, m, isomer A), 4.68-4.75 (1H,
m, isomer B), 6.29 (1H, s, isomer A), 6.32
(1H, s, isomer B), 9.53 (1H, s, isomer A), 9.54
(1H, s, 1somer B).

87

473
[M+I]

Approximately  1:1  mixture of two
diastereomers, (400 MHz, CHLOROFORM-d)
o ppm 0.99 (3H, d, isomer A), 1.15 (3H, d,
isomer B), 1.29 (3H, s, isomer B), 1.30 (3H, s,
isomer B), 1.35 (6H, s, isomer A), 1.45-1.88
(6H, m, isomer A+B), 1.75 (6H, s, isomer
A+B), 2.10-2.23 (2H, m, isomer A+B), 2.23-
2.40 (2H, m, isomer A+B), 3.10 (2H, t, isomer
A+B), 3.28-3.50 (1H, m, isomer A+B), 3.65-
3.95 (2H, m, isomer A+B), 4.52-4.57 (1H, m,
isomer B), 4.70-4.75 (1H, m, isomer A), 6.33
(1H, s, isomer B), 6.38 (1H, s, isomer A), 9.19
(1H, s, isomer A), 9.20 (1H, s, isomer B).

85

499
[M+I]

Approximately  1:1  mixture of two
diastereomers, (400 MHz, CHLOROFORM-d)
o ppm 0.99 (3H, d, isomer A), 1.15 (3H, d,
isomer B), 1.29 (3H, s, isomer B), 1.31 (3H, s,
isomer B), 1.35 (6H, s, isomer A), 1.45-1.88
(6H, m, isomer A+B), 1.75 (6H, s, isomer
A+B), 2.10-2.23 (2H, m, isomer A+B), 2.23-
2.40 (2H, m, isomer A+B), 3.10 (2H, t, isomer

75

499
[M+H]
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A+B), 3.28-3.50 (1H, m, isomer A+B), 3.65-
3.95 (2H, m, isomer A+B), 4.52-4.57 (1H, m,
isomer B), 4.70-4.75 (1H, m, isomer A), 6.33
(1H, s, isomer B), 6.38 (1H, s, isomer A), 9.19
(1H, s, isomer A), 9.20 (1H, s, isomer B).

.C-MS Retention Time: 1.48 mins.

Quantitat
ive (not
purified)

501
[M+H]

Approximately 1:1.66 mixture of two
diastereomers, (400 MHz, CHLOROFORM-d)
o ppm 0.84 (3H, t, isomer A), 0.93 (3H, t,
isomer B), 1.28 (3H, s, isomer B), 1.30 (3H, s,
isomer B), 1.33 (3H, s, isomer A), 1.36 (3H, s,
isomer A), 1.43-1.61 (7H, m, isomer A+B),
1.73 (6H, s, isomer A+B), 1.77-2.01 (5H, m,
isomer A+B), 3.30-3.60 (5H, m, isomer A+B),
3.79-3.97 (1H, m, isomer A+B), 3.97-4.07
(2H, m, isomer A+B), 4.39-4.45 (1H, m,
isomer B), 4.58-4.64 (1H, m, isomer A), 6.28
(1H, s, isomer B), 6.32 (1H, s, isomer A), 9.51
(1H, s, isomer A), 9.54 (1H, s, isomer B).

57

487
[M+H]

Approximately 1:1.25 mixture of two
diastereomers, (400 MHz, CHLOROFORM-d)
o ppm 0.84 (3H, t, isomer A), 0.93 (3H, t,
isomer B), 1.28 (3H, s, isomer B), 1.29 (3H, s,
isomer B), 1.33 (3H, s, isomer A), 1.36 (3H, s,
isomer A), 1.43-1.61 (7H, m, isomer A+B),
1.73 (6H, s, isomer A+B), 1.77-2.01 (5H, m,
isomer A+B), 3.30-3.60 (5H, m, isomer A+B),
3.79-3.97 (1H, m, isomer A+B), 3.97-4.07
(2H, m, isomer A+B), 4.39-4.45 (1H, m,
isomer B), 4.58-4.64 (1H, m, isomer A), 6.28
(1H, s, isomer B), 6.32 (1H, s, isomer A), 9.51
(1H, s, isomer A), 9.54 (1H, s, isomer B).

59

487
[M+H]

.C-MS Retention Time: 1.55 mins.

81

445
[M+H]

97-




WO 2010/036631

PCT/US2009/057777

Approximately  1:1  mixture of two
diastereomers: (500 MHz, CHLOROFORM-
0, .0 d) dppm 1.02 2 H,d, J=6.10Hz), 1.18 2 H, | 44
/S"\O\ K(H d, /=641 Hz), 1.23 - 1.35 (§ H, m), 1.38 (6
os'o z \//)/g_o H, d, /=290 Hz), 1.42 - 1.89 (26 H, m + 572
N @ water), 1.95 - 2.18 (8 H, m), 2.77 - 2.88 (10 [M+Na]
H, m), 3.27 - 3.39 (2 H, m), 3.48 (2 H, dd,
J=10.53, 4.88 Hz), 3.75 - 3.97 (6 H, m), 4.54
-4.58 (1 H, m), 475 (1 H, s), 6.32 (1 H, s),
6.35(1H,s),9.34(1H, s), 9.47 (1 H, s)
o)
st;éiN /&—K LC-MS Retention Time: 1.57 mins. 80 ?13[3_'_11]
F :
5 a) ESI + ion mode, Agilent Eclipse plus C18 column (1.8um, 3.0x50mm). Gradient: 12% B

to 30 % B (0 min to 0.25 mins), 30% B to 40% B (0.25 mins to 0.30 mins), 40% B to 95%
B (0.30 mins to 1.19 mins), 95% B to 100% B (1.19 mins to 1.75 mins). Flow rate: 1.5
mL/min. A = (Water + 0.1% Formic Acid), B = (Acetonitrile + 0.1% Formic Acid). Diode

Array Detector.

10

Amide Method B1: Deprotection with PPTS

Svynthesis of N-[3-((S)-2-Hydroxy-1,1-dimethvl-propyl)-isoxazol-5-y1]-2-methyl-2-

tetrahydro-pyvran-4-sulfonyl-propionamide (Example 6).

OH
o~ )
o}
Qgp 0 I \N
— YR
H
0

15

A solution of N-{3-[(S)-1,1-Dimethyl-2-(tetrahydro-pyran-2-yloxy)-propyl]-isoxazol-5-yl }-2-

methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide (1.14 g, 2.41 mmol) and pyridinium p-
toluenesulfonate (120.63 mg, 0.48 mmol) in ethanol (11 mL) is stirred at 65 °C for 3 h. After this

time, the reaction mixture is concentrated under reduced pressure and partitioned between ethyl

20  acetate and water. The layers are separated and the aqueous layer is extracted with ethyl acetate
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once. The organic extracts are combined and washed with brine, dried over Na,SOs, filtered and
concentrated. The resulting solid is trituated in ethanol and filtered to yield the title compound.
Yield 76.4%; (400 MHz, CHLOROFORM-d) 6 ppm 1.15 (3H, d), 1.28 (6H, s), 1.72 (6H, s), 1.80-
1.90 (2H, m), 1.90-2.02 (2H, m), 2.26 (1H, d), 3.32-3.43 (2H, m), 3.40-3.50 (1H, m), 3.85-3.93
(1H, m), 4.00-4.10 (2H, m), 6.29 (1H, s), 9.62 (1H, s).ES-MS: m/z 389 [M+H].

Compounds in Table XXII, amide method B1, are made according to this procedure.

Amide Method B2: Deprotection with MP-TsOH
Synthesis of N-{3-[(3S)-3-hydroxy-2-methylbutan-2-yl]-1,2-oxazol-5-yl}-2-(1-

methanesulfonylpiperidine-4-sulfonyl)-2-methylpropanamide (Example 72)
0s,0 |
O Ny o O Ss? AH o
N O NN
~ S,N \ s © © - . \S’N \ ; QH
§o go

A solution of 192 mg (0.35 mmol) of 2-(1-methanesulfonylpiperidine-4-sulfonyl)-2-methyl-N-{3-
[(3S)-2-methyl-3-(oxan-2-yloxy)butan-2-yl]-1,2-o0xazol-5-yl } propanamide in DCM/methanol (1/1,
4 mlL) is treated with 241 mg (1.40 mmol) of MP-TsOH resin (loading 3.3 mmol/g) at room
temperature for 18 h. The resin is removed by filtration and washed alternating with DCM and
methanol. The combined filtrates are concentrated under reduced pressure and the resulting
residue is purified by column chromatography (silica, eluent: heptanes, 50-100% ethyl acetate) to
yield 163 mg of  N-{3-[(3S)-3-hydroxy-2-methylbutan-2-yl]-1,2-oxazol-5-yl}-2-(1-
methanesulfonylpiperidine-4-sulfonyl)-2-methylpropanamide. Yield 78%; ES-MS: m/z 466
[M+H]

Amide Method C:
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Synthesis of N-[1-Ethyl-5-(4-hydroxy-phenyl)-1H-[1,2,4]triazol-3-yl]-2-methyl-2-(tetrahydro-
pyran-4-sulf0nyl)-propionamide (Example 39

O/ ! N O/ >%L N~
-

/O OH

Prepared as described by adaptation of the following reference:

Van Muijlwijk-Koezen et al. J. Med. Chem. 2001, 44, (749-762).

To a solution of 446 mg (1.02 mmol) of N-[1-ethyl-5-(4-methoxy-phenyl)-1H-[1,2,4]triazol-3-yl]-
2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide in ethanethiol (5 mlL) are added 801 mg
(3.01 mmol) of aluminium tribromide. The reaction is stirred at room temperature for 3 h. The
reaction is quenched by addition of 6M aqueous HCI solution (2 mL). The resulting precipitate is
isolated by filtration, washed with methanol and retreteated with 801 mg (3.01 mmol) of
aluminium tribromide in ethanethiol (5 ml.) at room temperature for further 3 h. The reaction is
quenched by addition of 6M aqueous HCI solution (2 mL). The aqueous layer is extracted with
ethyl acetate (3 x 20 mL). The combined organic extracts are dried over Na,SQOy, filtered and the
filtrate 1s concentrated under reduced pressure. The residue is purified by mass-directed
preparative HPLC (neutral method) to afford 110 mg of N-[1-ethyl-5-(4-hydroxy-phenyl)-1H-
[1,2,4]triazol-3-yl]-2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide. Yield: 26%, ES-MS:
m/z 423 [M+H].

Compounds in Table XXII, amide method C, are made according to this procedure with the
following modifications to be noted: for Example 26, 76, 78, 81, 83, 85 and 86 AlCls is used
instead of AlBr;; for Example 22 the compound is purified by column chromatography (silica,

eluent: DCM, 0-50% EtOAc).

Amide Method D:
Synthesis of N-[5-(4-Methoxy-phenyl)-2-methyl-2H-[1,2,4]triazol-3-yl]-2-methyl-2-

(tetrahydro-pyran-4-sulfonyl)-propionamide (Example 20).
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To a solution of 238 mg (0.58 mmol) of N-[5-(4-methoxy-phenyl)-4H-[1,2,4]triazol-3-yl]-2-
methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide (prepared according to Amide Method A) in
anhydrous THF (2 ml.) at room temperature are added 94 mg (2.32 mmol) of sodium hydride
(60% dispersion in mineral oil). The reaction mixture is stirred for 1 h and then 145 pl. (2.32
mmol) of methyl iodide are added. The reaction is stirred at room temperature for 1 h. The
reaction mixture is quenched with saturated aqueous NH4Cl solution (5 ml) and extracted with
ethyl acetate ( 3 x 10 mL). The combined organic extracts are dried over Na,SOy, filtered and the
filtrate is concentrated under reduced pressure. The residue is triturated with methanol and the
resulting precipitate is purified by mass-directed preparative HPLC (neutral method) to afford 90
mg of N-[5-(4-methoxy-phenyl)-2-methyl-2H-[1,2,4]triazol-3-yl]-2-methyl-2-(tetrahydro-pyran-4-
sulfonyl)-propionamide. Yield: 97%, ES-MS: m/z 423 [M+H].

Compounds in Table XXII, amide method D, are made according to this procedure

Amide Method E:
Synthesis of 2-Cyclopropylmethanesulfonyl-N-[1-ethyl-5-(4-methoxy-phenyl)-1H-[1,2,4
]Jtriazol-3-yl]-2-methyl-propionamide (Example 37)

N, o
on 09 HZN\(/ NN AO)’/O
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/

Activation of 0.43 g (2.09 mmol) of 2-cyclopropylmethanesulfonyl-2-methyl-propionic acid as the
corresponding acid chloride is achieved by treatment with thionyl chloride (3 mL) at 50 °C for 3 h.
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The reaction is cooled to room temperature and excess thionyl chloride is removed under reduced
pressure. The crude acid chloride is dissolved in THF (5 mlL) and N,N-diisopropylethylamine
(0.39 mL, 2.25 mmol) solution is added followed by 0.30 g (1.38 mmol) of 1-ethyl-5-(4-methoxy-
phenyl)-1H-[1,2,4]triazol-3-ylamine. After complete addition the reaction is heated to 70 °C for 18
h. The reaction is cooled to room temperature and the reaction mixture is diluted with DCM (20
ml.) and washed with saturated aqueous NaHCO; solution (20 mlL.). The combined organic layers
are dried over Na,SQy, filtered and the filtrate is concentrated under reduced pressure. The residue
is slurried in DCM/ether (1/1, 10 mL) to yield 0.52 g of 2-cyclopropylmethanesulfonyl-N-[1-
ethyl-5-(4-methoxy-phenyl)-1H-[1,2,4]triazol-3-yl]-2-methyl-propionamide. Yield: 92%; ES-MS:
m/z 407 [M+H].

Compounds in Table XXII, amide method E are made according to this procedure, with the
following modifications to be noted: for Example 17 the crude product is purified by column

chromatography (silica, eluent: DCM, 0-30% ethyl acetate)

Amide Method F:

Synthesis of Acetic acid 2-methyl-2-{5-[2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-

propionylamino]-isoxazol-3-yl}-propyl ester (Example 1).

OH O\n/
ISEVR SEYE

Acetic anhydride (24 ul., 0.26 mmol) and a catalytic amount of DMAP are added in sequence to a
solution of N-[3-(2-hydroxy-1,1-dimethyl-ethyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-pyran-4-
sulfonyl)-propionamide (80.0 mg, 0.21 mmol) and pyridine (21 ul., 0.26 mmol) in anhydrous
DCM (2.1 mL). The solution is stirred at room temperature until complete consumption of starting
material. After removal of the solvent under reduced pressure, the crude is purified by silica gel
column chromatography to afford 71 mg of acetic acid 2-methyl-2-{5-[2-methyl-2-(tetrahydro-
pyran-4-sulfonyl)-propionylamino]-isoxazol-3-yl }-propyl ester. Yield: 80%; m/z 417 [M+H].
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Compounds in Table XXII, amide method F, are made according to this procedure with the
following modifications to be noted: for Example 2, 2.3eq of pyridine and 1.5eq of pivaloyl
chloride are added

Amide Method G:

Synthesis of N-[3-(2-Hydroxy-1,1-dimethyl-propyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-
pyran-4-sulfonyl)-propionamide (Example 3)

N —_— N
S =
S><r( V}{ 3o %
00 0 0=y OH O O-N Y H

LM A
ST
00 0 O OH

Step 1: Synthesis of N-[3-(1,1-Dimethyl-2-oxo-ethyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-
pyran-4-sulfonyl)-propionamide

Dess-Martin periodinane (950 g, 2.24 mmol) is added to a solution of N-[3-(2-hydroxy-1,1-
dimethyl-ethyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide (600 mg,
1.60 mmol) (see Amide Method B1 or B2) in DCM (10 mL). The reaction mixture is stirred at
room temperature for 40 minutes. After this time, the reaction mixture is quenched with 50 mL
(1:1) saturated aqueous NaHCO; solution and saturated aqueous sodium thiosulfate solution and
stirred at room temperature for 3 h then extracted with DCM 3 times. The organic extracts are
combined and washed with brine, dried over Na,SQO,, filtered and concentrated under reduced
pressure to provide the title compound. Yield: quantitative. "H NMR (400 MHz, DMSO-d) & ppm
1.4 (6H, s), 1.65 (2H, m), 1.7 (6H, s), 1.8 (2H, m), 3.4 (2H, m), 3.9 (3H, m), 6.4 (1H, s), 9.6 (1H,
s), 11.5 (1H, s).
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Step 2: Synthesis of N-[3-(2-Hydroxy-1,1-dimethyl-propyl)-isoxazol-5-yl]-2-methyl-2-
(tetrahydro-pyran-4-sulfonyl)-propionamide

To a cooled (- 20 °C) solution of N-[3-(1,1-Dimethyl-2-oxo0-ethyl)-isoxazol-5-yl]-2-methyl-2-
(tetrahydro-pyran-4-sulfonyl)-propionamide (792 mg, 2.13 mmol) in DCM (16 mlL) is added
dropwise 1.4 M methylmagnesium bromide toluene/THF solution (75: 25) over 10 minutes. DCM
(7 mL) is added after 1/3 of the addition of 1.4 M methylmagnesium bromide toluene/THF
solution. After the addition, the reaction mixture is stirred in a cold bath and slowly warmed up to
3 °C after 30 minutes. After this time, the reaction mixture is quenched with saturated aqueous
NH4Cl solution and extracted with ethyl acetate twice. The organics are combined and washed
with brine, dried over Na,SOy, filtered and concentrated under reduced pressure. The solids are
dissolved in DCM (30 ml.) and PS-TsNHNH, (200 mg, 0.55 mmol) is added and the mixture is
placed on a shaker for 1 h. After this time, the reaction mixture is filtered and the filtrate is
concentrated under reduced pressure. Purification by preparative HPLC affords the title

compound. Yield: 80 %; m/z 389 [M+H].

Compounds in Table XXII, amide method G, are made according to this procedure. Example 7 has
been obtained through chiral chromatography of Example 3 on Chiralcel OD-H preparative
column 2 x 25 cm on Agilent 1100 HPLC systems; mobile Phase: 85% heptane:15% isopropanol
(with 0.5% diethyl amine); flow: 0.85 ml/min; diode array detector.

Amide Method H:

Synthesis of N-[3-(2-Hydroxy-1,1,2-trimethyl-propyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-
pyran-4-sulfonyl)-propionamide (Example 8)
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Step 1: Synthesis of 2-Methyl-2-{5-[2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-
propionylamino]-isoxazol-3-yl}-propionic acid

Jones reagent (1.28 ml., 10.24 mmol) is added dropwise to a solution of N-[3-(2-Hydroxy-1,1-
dimethyl-ethyl)-isoxazol-5-yl]-2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionamide (560 mg,
1.50 mmol) in a mixture of acetone (4 mL) and dichloromethane (4 mL) at O °C. The reaction
mixture is stirred at O °C for 3 minutes then room temperature for 2.5 h. After this time, the
reaction mixture is diluted with acetone and filtered through celite and the celite is washed with
acetone. The filtrate is concentrated under reduced pressure. The residue is dispersed in water and

filtered to yield the title compound. Yield: 64 %; m/z 389 [M+H].

Step 2: Synthesis of 2-Methyl-2-{5-[2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-
propionylamino]-isoxazol-3-yl}-propionic acid methyl ester
2-Methyl-2-{5-[2-methyl-2-(tetrahydro-pyran-4-sulfonyl)-propionylamino]-isoxazol-3-