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PROCESS FOR THE PREPARATION AND ISOLATION OF THE INDIVIDUAL
STEREOISOMERS OF 1-AMINO, 3-SUBSTITUTED PHENYLCYCLOPENTANE-
CARBOXYLATES

CROSS REFERENCE TO RELATED APPLICATION

This application claims priority to U.S. Provisional Application Senal No. 60/376,251 filed on

December 21, 2006, the contents of which are incorporated herein.

BACKGROUND

1-Amino, 3-substitutedphenylcyclopentanecarboxylates are important intermediates for

the preparation of a useful class of biologically-active molecules. The processes disclosed in the
art for the preparation of these compounds do not address the isolation of stereoisomers with
enriched diastereomeric and/or enantiomeric excess. As such there is a need for the development
of a process that addresses the isolation of material with diastereomeric and enantiomeric
enrichment.

In contrast to previously known processes the present invention discloses an ettective
method for the preparation and isolation of (1R,3R)-methyl 1-aﬁ1ino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1R,3S)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1S,3S)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1S,3R)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1R,3R)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate, (1S,3S)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate which is high yielding and provides for enrichment 1n
both diastereomeric and enatiomeric excess.

These compounds are intermediates in the synthesis of other compounds that possess
pharmacological activity. In particular, these other compounds include but are not limited to S1P1
agonists such as those described in WO 2007089715 A2, WO 2006088944 A1 and other
publications. S1P1 agonists are useful, e.g., in the treatment of inflammatory diseases and

conditions, and in the treatment of other diseases and conditions.

SUMMARY OF THE INVENTION

The present invention relates to the efficient and effective synthesis and isolation of

(1R,3R)-methyl I-amino-3-(4-bromophenyl)cyclopentanecarboxylate, (1R,3S)-methyl 1-amino-
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3-(4-bromophenyl)cyclopentanecarboxylate, (1S,3S)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1S,3R)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate, (1R,3R)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate, (1S,3S)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate with greater than 90% de and ee.

In a first embodiment the invention provides a process for the preparation of the

mixture of a compound of Formulas 2a and 2b

N
R ,{//N R\O\O///
. NH2 + WNHz
Formula 2a Formula 2b

comprising the steps of reacting a compound of Formula 1

R
O
Formula 1

with ammonia and a cyanide salt until the reaction is substantially complete to form the mixture

of a compound of Formulas 2a and 2b

N N
R Y R /
NH, + “NH,

Formula 2a Formula 2b

wherein R 1s Br or methoxy.
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In a second embodiment, the invention provides a process for isolating the compound of

Formula 2b

Formula 2b

wherein R is Br or methoxy, comprising the steps of forming a salt with L-tartaric acid and

separating the diastereomeric salt mixture based on differential solubility in a solvent.
In a third embodiment, the invention provides a process for the preparation of a compound

of Formula 3 comprising the steps of reacting a compound of Formula 2b

R /

“NH

2

Formula 2b

with aqueous HCI and dioxane until the reaction is substantially complete to isolate a compound

of Formula 3

Formula 3

wherein R is Br or methoxy.
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In a fourth embodiment, the invention provides a process for preparing a compound of

R x 5
Ci
Formula 4

Formula 4

comprising the steps of reacting a compound of Formula 3

R ®
~

Cl
Formula 3

with methanol and thionyl chloride until the reaction is substantially complete to form a

compound of Formula 4

O v
R 0O
~

Cl
Formula 4

wherein R is Br or methoxy.

In a fifth embodiment, the invention provides a process for preparing a compound of

R
(e

Formula 5

Formula 5

comprising the steps of reacting a substituted arylboronic acid and a rhodium catalyst with (R)- or
(S)-BINAP in an organic solvent, water that is degassed with nitrogen and adding a cyloalkanone

of the formula
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r°
until the reaction is substantially complete to form a compound of Formula 5

R\Om.go

Formula 5

wherein R i1s Br or methoxy.
In a sixth embodiment, the invention provides a process for the preparation of a mixture

of compounds of Formula 6a and Formula 6b
Br\© \H\{/O Br\© O\\\‘l&l
NCNH  + e N
/‘—’\ ) Q\N/‘§ O
O H

Formula 6a Formula 6b

comprising the steps of reacting a mixture of ammonium carbonate and a cyamde salt in water

with a compound of Formula 5

R\Qm..go

Formula 5
wherein R is Br, until the reaction is substantially complete to give a mixture of compound of

Formula 6a and Formula 6b
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: O
’Ip,’ <" , .:::' N
O\r'\'” * R A
N O
O H

Formula 6a Formula 6D

In a seventh embodiment, the invention provides a process for the preparation of a

mixture of compounds of Formula 7a and Formula 7b

H O
B‘\@ N~(O Br\© U
”:.O'?)/ N 1., .‘? l
~ + i 7‘N O
® H

Formula 7a Formula 7b

comprising the steps of reacting the mixture of compounds of Formula 6a and Formula 6b
O
Ol O
l1,,, N > N
Q\,/NH * O\ PN
N~ O
O H

Formula 6a Formula 6b

with potassium carbonate and an alkylating agent until the reaction is substantially complete to

give a mixture of compounds of Formula 7a and Formula 7b
Br\O N—g® Br\© A
T RS

O

Formula 7a Formula 7b

In an eighth embodiment, the invention provides a process for isolating a compound of

Formula 8
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Formula 8

comprising the steps of dissolving the mixture of compounds of Formula 7a and Formula 7b
Br\O \H.__(O Br\O O\\\“N/
’e . N 1, ~
OZ{’ ST ka 0

Formula 7a Formula 7b

in hot acetonitrile and then cooling the solution until the reaction is substantially complete to give.

a compound of Formula 8
Bf\@ \K}‘fo
O

Formula 8

In a ninth embodiment, the invention provides a process for the preparation of a

compound of Formula 9

R O NH,
"Q)’OH
0

Formula 9

comprising the steps of hydrolizing Formula 8
BF\Q J;}"fo
A
O

Formula 8
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with an aqueous base until the reaction is substantially complete to give a compound of Formula

9

Formula 9

In a tenth embodiment, the invention provides a process for preparing a mixture of

compounds of Formula 10a and Formula 10b

O
Br\O NH, Br\O \\_ O
NH,
O
Formula 10a Formula 10b

comprising treating the mixture of compounds of Formula 6a and 6b
O
Br\Q ‘H\{O Br\O \\\__H
m@\r’\’“ * S
N- O
O H

Formula 6a Formula 6b

with an inorganic base until the reaction is substantially complete to form a mixture of

compounds of Formula 10a and 10b
Br\@ N B’\Q O\:}-OH
O}f“ " A

Formula 10a Formula 10b

In an eleventh embodiment, the invention provides a process for preparing a mixture of

compounds of Formula 11a and Formula 11b
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O
Br
\Oun :‘NH‘? Br §‘O/
Oye. “COF
N NH,
O

Formula 11a Formula 11b

comprising reacting the mixture of compounds of Formula 10a and Formula 10b
0
BrO NH, Br\O \\‘OH
h.mOH + t,, >
O "NH,
O

Formula 10a Formula 10b

with thionyl chloride and methanol until the reaction is substantially complete to form a mixture

of compounds of Formula 11a and Formula 11b

Br Q
\O N, B o’
Ryow = S (OF
h NH,
O

Formula 11a Formula 11b

In a twelfth embodiment, the invention provides a process of isolating a compound of

Formula 11a

Formula 11a

comprising the step of filtering the mixture of compounds of Formula 11a and Formula 11b

Br Q
N NH,
O

Formula 11a Formula 11b
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to 1solate a compound of Formula 11a
B’\O NH,
O
Formula 11a
DETAILED DESCRIPTION
ABBREVIATIONS
ACN Acetonitrile
de diastereomeric excess
DIEA N,N-Diisopropylethylamine
DMA N,N-Dimethylacetamide
DMF N,N-Dimethylformamide
DMSO Dimethyl sulfoxide
ee enantiomeric €Xcess
EtOACc Ethyl acetate
HPLC High Performance Liquid Chromatography
LiOH Lithium hydroxide
MeOH Methanol
MgSO, Magnesium sulfate
NaHCOx Sodium bicarbonate
NaOH Sodium hydroxide
Rh Rhodium
R, Retention time
(R)-BINAP (R)-(-)-2,2’-Bis(djphenylphosphino)-1,1’—binaphthalene
(S)-BINAP (5)-(-)-2,2’-Bis(diphenylphosphino)-1,1’-binaphthalene
TLC Thin layer chromatography

10
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ANALYTICAL METHODS

Analytical data is defined either within the general procedures or in the tables of
examples. Unless otherwise stated, all 'H or '>C NMR data were collected on a Varian
Mercury Plus 400 MHz or a Bruker DRX 400 MHz instrument; chemical shifts are
quoted 1n parts per million (ppm). High-pressure liquid chromatography (HPLC)

analytical data are either detailed within the experimental or referenced to the table of HPLC

conditions, using the lower case method letter, in Table 1.

Table 1. List of HPLC methods
HPLC Conditions

Method Unless indicated otherwise mobile phase A was 10mM ammonium acetate,

mobile phase B was HPL.C grade acetonitnle.

a 5-95% B over 3.7 min with a hold at 95% B for 1 min (1.3 mL/mun flow
rate). 4.6 X S0 mm Waters Zorbaz XDB C18 column (5 pum particles).

Detection methods are diode array (DAD) and evaporative light scattering

(ELSD) detection as well as pos/neg electrospray ionization.

98% heptane:2% i1sopropanol:0.006% diethylamine (flow rate of 0.8

mL/min), column temperature of 20C, injection volume of 10 uLL on a

Daicel ChiralPak AD-H 250 mm x 4.6 mm. UV detection at 222 nm.

GENERAL SYNTHETIC SCHEMES

The general synthetic schemes that were utilized to construct the majority of compounds

disclosed in this application are describe below (Schemes 1-3)

Scheme 1. Route to (1R,3R)-1-amino-3-(4-methoxyphenyl)cyclopentanecarboxylate via the -
aminonitrile

The process for the synthesis and isolation of (1R,3R)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate is shown in scheme 1. One skilled in the art should
recognize that this process could also be applied to the synthesis of (1S,3S)-methyl 1-amino-3-(4-

bromophenyl)cyclopentanecarboxylate.

11
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3 N
)
O
Br O /
- o "'N — - ’
OH O k NH,
: CiH
O OH
Scheme 1

Scheme 2. Route to (1R,3R)-1-amino-3-(4-methoxyphenyl)cyclopentanecarboxylate , (1R,3S)-1-
amino-3-(4-methoxyphenyl)cyclopentanecarboxylate, (1S,3R)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate and (1S,3S)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate via the corresponding hydantoins.

The process for the synthesis and isolation of (1R,3S5)-methyl 1-amino-3-(4-
bromophenyl)cyclopentanecarboxylate 1s shown in scheme 2. One skilled in the art should

recognize that this process could also be applied to the synthesis of (1S,3R)-methyl 1-amino-3-(4-

bromophenyl)cyclopentanecarboxylate.

Scheme 2

12
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Scheme 3. Route to (1R,3R)-1-amino-3-(4-methoxyphenyl)cyclopentanecarboxylate via the -
aminonitrile

The process for the synthesis and isolation of (1R,3R)-1-amino-3-(4-
methoxyphenyl)cyclopentanecarboxylate is shown in scheme 3. One skilled in the art should
recognize that this process could also be applied to the synthesis of (1S,35)-methyl 1-amino-3-(4-

bromophenyl)cyclopentanecarboxylate.

o,
. >
Y
o--"'"’
O
[I
O.—-""
D
N§ <
+
O.--"""
~ ~
P
NI “

\ N \ '
> o J O OH
—-——-—-—-L—-—b Ho - - OH
“NH, L “NH, CIH

Scheme 3

LIST OF GENERAL PROCEDURES

General Procedure A: Micheal addition to an alpha-beta unsaturated ketone.
General Procedure B: Formation of a hydantoin from a ketone.

General Procedure C: Formation of an N-alkylated hydantoin.

General Procedure D: Resolution of an N-methyl hydantoin

General Procedure E: Hydrolysis of a hydantoin to the corresponding amino acid.
General Procedure F: Formation of an ester from an acid.

General Procedure G: Resolution of an amino-ester.
General Procedure H: Formation of an oc-amino nitrile
General Procedure I: Resolution of o.-amino nitriles

General Procedure J: Hydrolysis of an o-amino nitrile

EXAMPLE OF USE OF GENERAL PROCEDURES
The general procedure letter codes constitute a synthetic route to the final product. A

worked example of how the route is determined is given below using Example ## as a non-
limiting illustration. The synthesis of the example below was completed using general procedure

F as detailed in the General Procedures, 1.e.,

13
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\ O \
O OH (F) O = O/
lt,,, . - ““.d
"NH, ”

NH,

The starting material was prepared using the route (A, H, I, J) (as detailed in the General
Procedures). This translates into the following sequence, where the carboxylic acid starting
material used in general procedure F is the product of following the procedures A, H, I and J, in

the given order.

GENERAL PROCEDURES

The following describe the synthetic methods i1llustrated by the foregoing General Procedures
schemes and are followed by an example of a compound that was synthesized by the General
Procedure. None of the specific conditions and reagents noted in the following are to be construed

as limiting the scope of the instant invention and are provided for illustrative purposes only.

General Procedure A: Michael addition to an alpha-beta unsaturated ketone

A solution of substituted arylboronic acid (1 — 3 equivalents, preferably 1.5 equivalents) and a
rhodium catalyst (such as Rh(NBD), BF,, hydroxyl[{(S)-BINAP]rodium(I) dimer,
Rh(acac)(C,H,)./(R)-BINAP, or acetylacetonatobis(ethylene)rhodium(I) with (R)- or (S)-BINAP,
preferably Rh(NBD), BF, with (S)-BINAP for (S)-product, Rh(NBD) , /BF,; with (R)-BINAP for
(R)-product) (1 — 5 mol %, preferably 1.25 mol %) in an organic solvent (such as tetrahydrofuran,
or dioxane, preferably dioxane) and water is degassed with nitrogen. A cycloalkanone is added to
the mixture. The reaction is stirred at about 20 — 100 °C (preferably about 25 °C) for a period of 1
— 24 hours (preferably about 16 hours) under inert atmosphere with or without the addition of an
organic base (preferably triethylamine). The reaction muxture 1s concentrated under reduced

pressure and the crude product is purified via flash chromatography.

14
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Exemplification of General Procedure A:

Preparation of (S)-3-(4-bromo-phenyl)-cyclopentanone

Br
OF° : \® -
o

Rh(NBD), BF, (22 mg) and S-BINAP (40 mg) are mixed together in degassed 1,4-dioxane (3

mL). The mixture 1s stirred for 2 h at room temperature to give an orange slurry. In a separate
flask, 4-bromophenylboronic acid (1 g, 1.5 eq) is dissolved in dioxane (5.6 mL) and water (1.4
mL) at room temperature, and then transferred into the flask containing the catalyst. The resulting
suspension is degassed with nitrogen and 2-cyclopenten-1-one (0.273 g, 1 equivalent) and
triethylamine (0.336 g, 1 equivalent) are added. The red-orange clear solution 1s stirred overnight
at room temperature. The reaction is separated between ethyl acetate and water, and the organic
layer is washed once with 5% NaCl (aqueous), then concentrated. The crude product is further

purified on silica gel column using 20% ethyl acetate in heptanes.

Alternatively, a 3L three-necked round-bottomed flask equipped with temperature probe and
nitrogen bubbler was charged with 4-bromophenylboronic acid (100 g, 498 mmol) and
hydroxy[(S)-BINAP]rhodium(I) dimer (6.20 g, 4.17 mmol) in dioxane (1667 mL) and water (167
ml.) at room temperature. The resulting suspension was degassed with nitrogen and 2-
cyclopenten-1-one (27.8 mL, 332 mmol) was added in one portion. The mixture was further
degassed for 5 minutes and heated at 35°C for about 16 hours. The reaction mixture was cooled
to room temperature and concentrated. The brown residue was treated with EtOAc (500 mL) and
filtered. The filtrate was washed with a saturated solution of NaHCO; (500 mL) and brine (500
mlL), dned over MgSQO,, filtered, and concentrated to afford a dark brown solid. The crude
reaction product was product was purified by silica gel chromatography (1: 9 EtOAc:heptane as
eluant). Fractions containing product were combined and concentrated to afford (S)-3-(4-bromo-

phenyl)-cyclopentanone (70.4 g, 89 %, 95 %ee as determined by chiral HPLC) as an ivory solid.

[.CMS (Table 1, Method a) R, = 2.81 min; no characteristic mass detected; 'H NMR (400 MHz,
DMSO-ds) 0 7.47 (d, 2H), 7.27 (d, 2H), 3.35 (m, 1H), 2.55 (m, 1H), 2.25 (m, 4H), 1.85 (m, 1H)

15
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Alternatively, the boronate can be formed in situ and used in the rhodium catalyzed addition to an
enone as follows. A 250 mL round-bottomed flask equipped with a rubber septum and nitrogen
inlet needle is charged with 1-bromo-4-octylbenzene (5.77 g, 21.43 mmol) in Et,O (10.7 ml) at
room temperature. The resulting solution is cooled to 0 °C. After 5 min BuLi (8.21 ml, 21.43
mmol) solution is added dropwise via syringe over 20 min. The reaction mixture was allowed to
stir at 0 °C for 30 min. The resulting solution is then cooled to -78 °C. After 10 min trimethyl
borate (2.395 ml, 21.43 mmol) is added dropwise via syringe over 5 muin. The reaction mixture 1s
allowed to stir at -78 °C for 30 min. The reaction mixture is treated with 20 mL of saturated
NH,Cl and 50 ml of toluene. The aqueous phase 1s separated and extracted with two 50-mL
portions of toluene. The organic phases are combined and concentrated. The residue is further
diluted with toluene and concentrated to remove water and then dried in vacuo. The resulting
white pasty solid is used directly in the next transformation. The crude borate is transferred to a
200 m! round-bottomed flask equipped with a reflux condenser outfitted with a nitrogen iniet
adapter while acetylacetonatobis(ethylene)rhodium(I) (0.166 g, 0.643 mmol) and (R)-BINAP
enantiomer (0.480 g, 0.772 mmol) are added in one portion each. The flask is evacuated and
filled with nitrogen (three cycles to remove oxygen). To the solid is added dioxane (40 ml),
cyclopent-2-enone (1.796 ml, 21.43 mmol), and water (4 ml) each dropwise via syringe. The
resulting suspension is heated at 100 °C for 16 h. The resulting orange/brown solution is allowed
to cool to room temperature. The orange/brown solution is concentrated and the brown residue is
taken up in ether and washed with 1N HCI solution. A tan emulsion forms. The emulsified
mixture is separated and extracted with EtOAc. The aqueous phases are also extracted with
EtOAc. The combined organic phases are washed with 10% NaOH and Brine, then concentrated
to afford a brown oil. The crude sample is purified via chromatography on silica gel to atforded

1258 mg of colorless oil.

General Procedure B: Formation of a hydantoin from a ketone

To a mixture of ammonium carbonate (1 — 10 equivalents, preferably 4.5 equivalents) and a
cyanide salt (such as potassium cyanide, or sodium cyanide) (1 — 3 equivalents, preferably 1.1
equivalents) in water is added a ketone (1 equivalent). The reaction mixture 1s heated to reflux for
a period of 2 — 40 hours (preferably 16 hours). The reaction mixture is cooled to room
temperature and the solid is collected by filtration, and washed with water to give the crude

product that can be purified by trituration with ether.

16
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Exemplification of General Procedure B:

Preparation of (5)-7-(4-bromo-phenyl)-1,3-diaza-spiro[4.4]nonane-2,4-dione

Br
Br 'e
T S O
T — NH
O u_&

To a round bottom flask charged with ammonium carbonate (268 g, 2.79 mol) and potassium

cyanide (44.4 g, 0.681 mol) was added water (1500 mL, 82 mol). The mixture was heated at 80

°C and a solution of (§)-3-(4-bromo-phenyl)-cyclopentanone (148.09 g, 0.62 mol) in ethanol
(1500 mL, 25 mol) was added. The reaction mixture was heated to reflux overnight. The reaction
mixture was cooled to room temperature. The crude reaction mixture was filtered and washed
with water. The solid was triturated with ether (1.5 L), filtered, washed with ether and dried under
vacuum to yield (S)-7-(4-bromo-phenyl)-1,3-diaza-spiro[4.4]nonane-2,4-dione (181.29 g, 95 %)

as a 1:1 mixture of diastereomers.

LLCMS (Table 1, Method a) R, = 2.24 min; m/z: 307 (M-H)"; '"H NMR (400 MHz, DMSO-ds) &
110.61 (s, 1H), 8.29 (s, 1H), 8.24 (s, 1H), 7.49 (d, 2H), 7.27 (d, 1H), 7.24 (d, 1H), 3.14-3.35 (m,
1H), 2.45(dd, 0.5H), 1.68-2.27 (m, 5.5H)

General Procedure C: Formation of an N-alkylated hydantoin

To a flask containing the hydantoin (1 equivalent) is added a base (such as potassium carbonate,
or sodium carbonate) (1 — 3 equivalents, preferably 1.5 equivalents) and an organic solvent such
as DMF, or DMA (preferably DMF). The mixture is stirred at room temperature for a period of
10 — 30 minutes (preferably about 15 minutes), then methyl 1odide (1 — 2 equivalents, preferably
1.1 equivalents) is added. The reaction is stirred at room temperature for a period of 24 — 72 hours
(preferably about 48 hours). The reaction mixture is concentrated, cooled down in an ice-water
bath, and water i1s added. The precipitate is collected by filtration to give the crude product. The

two stereoisomers can be separated by crystallization.
Exemplification of General Procedure C:

Preparation of (SR, 7S)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4]nonane-2,4-dio

ne
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Br

Br\© o B 5 @ o & ]
: NH O\ NH - : Q‘ N./

To the flask containing (S)-7-(4-Bromo-phenyl)-1,3-diaza-spiro[4.4]nonane-2,4-dione (1:1
mixture of diastereomers, 180.3 g, 0.583 mol) was added potassium carbonate (120.9 g, 0.875
mol) followed by DMF (1 L). After stirring for 15 minutes at room temperature, methyl 1odide
(39.9 mL, 0.642 mol) was added in one portion. The reaction was stirred at room temperature
over two days. The reaction mixture was partially concentrated in vacuo at 25 °C, removing
approximately 400 mL of DMF and excess methyl iodide. The crude mixture was cooled in an ice
water bath and water (2 L) was added. After stirring for 1 hour the resulting white precipitate was
filtered and rinsed with water (1 L). The filter cake was dried on house vacuum overnight to give
220 g crude (S5)-7-(4-Bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4]nonane-2,4-dioneas as a

mixture of diastereomers.

LCMS (Table 1, Method a) R, = 2.50 min; m/z: 321 (M-H); '"H NMR (400MHz, DMSO-d;) &
8.56 (s, 1H), 7.50 (d, 2H, J = 8.42 Hz), 7.27 (d, 2H, J = 8.53 Hz), 3.16-3.31 (m, 1H), 2.84 (s, 3H),
2.46 (dd, 1H, J = 13.62, 8.40 Hz,), 2.02-2.18 (m, 2H), 1.72-1.95 (m, 3H)

General Procedure D: Resolution of an N-methyl hydantoin

A mixture of N-methyl hydantoins is suspended in an organic solvent (preferably actonitnle) at
concentration of approximately 1g per about 1 to about 100 mL (preferably lg per about 23 mL).
The slurry is heated to about 50 to about 100 °C with stirring until the solid dissolves. If there
solution is not homogeneous the solution is filtered hot. The homogeneous solution is then

allowed to cool and aged until significant amounts of solid are present. The solid is collected by

filtration.

Exemplification of General Procedure D:

Preparation of (SR, 7S)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4]nonane-2,4-dione

g Ot o T3
O O — Oy
N
H o ﬁ_&o
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The approx. 1:1 mixture of (SR, 7S)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4 Jnonane-
2,4-dione and (35S, 7S)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4]nonane-2,4-dione (110
g) was suspended in ACN (2.5 L) and heated to 70 °C until near complete dissolution occurred.
The material was filtered rapidly at 70 °C and rninsed with 70 °C ACN (2 x 500 mL). The
combined filtrates (3.5 L total vol.) were reheated to 65 °C with stirring. After a clear solution
was obtained the mixture was allowed to cool slowly to 50 °C at which point matenal began to
come out of solution. The solution was allowed to slowly cool to 30 °C with stirring (100 rpm).
After aging for 2 hours the solution was filtered and the solid was dried at 65 °C under house
vacuum for three hours to give (5R, 7S5)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-
spiro[4.4]nonane-2,4-dione (22.2 g, 12 %).

LCMS (Table 1, Method a) R, = 2.50 min; m/z: 321 (M-H)"; '"H NMR (400MHz, DMSO-d;) &
8.56 (s, 1H), 7.50 (d, 2H, J = 8.42 Hz), 7.27 (d, 2H, J = 8.53 Hz), 3.16-3.31 (m, 1H), 2.84 (s, 3H),
2.46 (dd, 1H, J = 13.62, 8.40 Hz,), 2.02-2.18 (m, 2H), 1.72-1.95 (m, 3H)

General Procedure E: Hydrolysis of a hydantoin to the corresponding amino acid

To a suspension of N-alkylated hydantoin (1 equivalent) in a mixture of water and organic
solvent (preferably water/dioxane or water/DMSQO) is added an 1inorganic base (such as lithium
hydroxide, or sodium hydroxide) (5 — 15 equivalents, preferably about 8 — 10 equivalents). The
mixture is heated to reflux for a period of 16 — 48 hours (preferably 24 hours). After cooling to
room temperature, the reaction mixture is diluted, acidified, and filtered. The filter cake i1s washed
with a suitable solvent (preferably water, ethyl acetate or methanol), if necessary, slurried in

toluene to remove excess water, and dried under vacuum.

Exemplification of General Procedure E:

Preparation of (1R, 3S)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid

Br
O
\©'t,' E
Oy —
N

To a slurry of (OR, 75)-7-(4-bromo-phenyl)-3-methyl-1,3-diaza-spiro[4.4]nonane-2,4-dione (79 g,
0.24 mol) in water (1L) was added 2 M aqueous NaOH (1 L, 2 mol) and dioxane (200 mL). The

resulting mixture was heated to reflux for 24 hours. The reaction mixture was cooled to room
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temperature, diluted with water (2 L) and acidified with concentrated HCI until a precipitate

began to form (about pH 7). Acetic acid (about 20 mL) was added, producing a thick precipitate.
The white precipitate was collected and washed with water (2 x 1L) and EtOAc (1 L). The filter

cake was suspended in toluene (1 L) and concentrated in vacuo at 45°C. This process was
repeated once more. The white precipitate was dried to a constant weight under vacuum to give

(IR, 3S)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid (65 g, 95 %).

LCMS (Table 1, Method a) R, = 1.56 min; m/z: 284/286 (M+H)"; 'H NMR (400 MHz, DMSO-d;)
6 7.55 (d, 2H), 7.3 (d, 2H), 3.3 (m, 1H), 2.65 (m, 1H), 2.3 (m, 1H), 2.1-2.2 (m, 2H), 2.0-2.1 (m,
1H), 1.85 (t, 1H)

General Procedure F: Formation of an ester from an acid

An acid (1 equivalent) suspended in large excess of methanol is cooled in an ice/water bath and
thionyl chloride (5 — 20 equivalents, preferably 8 — 12 equivalents) is added dropwise. The
resulting mixture is heated to reflux for a period of 2 — 48 hours (preferably 24 — 36 hours). The
reaction mixture is cooled to room temperature, filtered and concentrated to dryness. The residue

is triturated with a suitable solvent (such as EtOAc, or ether) and dried under vacuum to give the

desired product.

Exemplification of General Procedure F:
Preparation of (IR, 35)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid methyl

ester; hydrochloride

Br Br
O: o " \O..:
NHOH NHO

The (IR, 35)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid (79 g, 0.28 mol)
suspended in MeOH (1.8 L) was cooled in an ice/water bath and thionyl chlonde (178 mL, 2.44

mol) was added dropwise. Following the addition the reaction was heated to reflux. After 2 days

the reaction mixture was cooled to room temperature, filtered, and rinsed with MeOH (2 x 200

mL). The filtrate was concentrated in vacuo to provide a white solid. The white solid was

triturated with EtOAc (1L), collected by filtration, nnsed with EtOAc (2 x 500 ml.), and drnied
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under vacuum to give the (IR, 3S5)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid

methyl ester; hydrochloride as a white solid (79 g, 96%).

LCMS (Table 1, Method a) R, = 1.80 min (ELSD); m/z: 198 (M+H)*; '"H NMR (400 MHz,
DMSO-dg) 0 7.55 (d, 2H), 7.35 (d, 2H), 3.82 (s, 3H), 3.3 (m, 1H), 2.65 (m, 1H), 2.3 (m, 1H), 2.1-
2.2 (m, 3H), 1.95-2.05 (t, 1H). Chiral HPLC (Table 1, Method b).

General Procedure G: Resolution of an amino-ester.

To a mixture of the amino acids (about 1 equivalent) suspended in large excess of methanol is
cooled in an ice/water bath and thionyl chloride (5 — 20 equivalents, preferably 8 — 12
equivalents) is added dropwise. The resulting mixture is heated to reflux for a period of 2 — 48
hours (preferably 24 — 36 hours). The reaction mixture is cooled to room temperature,
concentrated and is suspended in about 5-25 volumes (preferably 15 volumes) of a solution of
about 1 to 15% (preferably 5%) water in an organic solvent (preterably DME). The mixture 1s
heated to about 30-100 °C (preferably 50°C) for about 3hrs. After cooling to about room
temperature the mixture is filtered. The procedure is repeated about 1 to 5 times (preferably 1

time) to provide the desired methyl ester with about >95% ee and about >95% de.

Exemplification of General Procedure G: Isolation of (1R,3S)-methyl 1-amino-3-(4-

bromophenyl)cyclopentanecarboxylate hydrochloride

Br Br Br
\O 0O \© G \O 0~
C NHOH C NHOH C NHO

The crude mixture of (/R, 35)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid methyl
ester; hydrochloride and (7S5, 35)-1-amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid
methyl ester; hydrochloride (from General Procedure F) (approx. 2.6 mol) was combined with 15
L of aqueous 1,2-DME solution (4.8% water content). The slurry wais mixed for 3 h at 50 °C,
allowed to cool to room temperature and mixed at room temperature for 15 h. The

) resulting mixture is filtered and dried in vacuo at 60 °C to provide (IR,3S)-methyl 1-

amino-3-(4-bromophenyl )cyclopentanecarboxylate hydrochloride hydrate as a white solid
(332 g, 36% yield). Chiral HPLC (Table 1, Method b).R,= 19.9 min., LCMS (Table 1, Method
a) R, = 1.80 min (ELSD); m/z: 198 (M+H)".
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General Procedure H: Formation of an a-amino nitrile

A solution of a ketone (1 equivalent) in methanolic ammonia is treated with sodium cyanide (1-4
equivalents, preferably about 2 equivalents) and ammonium chlonde (1-4 equivalents, preferably
about 2 equivalents), and the mixture is allowed to stir at room temperature for 12-72 hours.
Solvents are removed under reduced pressure and the residue 1s treated with an aqueous base
such as sodium carbonate or sodium bicarbonate and the aminonitrile 1s extracted with an organic

solvent such as ethyl acetate or methylene chlonde and concentrated.

Exemplification of General Procedure H:

Exemplification H1: Preparation of (IR,3R)-1-Amino-3-(4-methoxy-phenyl)-
cyclopentanecarbonitrile and (15,3R)-1-Amino-3-(4-methoxy-phenyl)-cyclopentanecarbonitrile

|
O

11111 s

A solution of (R)-3-(4-Methoxy-phenyl)-cyclopentanone (11.0 g, 57.9 mmol) in 7M methanolic
ammonia solution (120 ml) was treated with ammonium chlonde (6.21 g, 116 mmol) and sodium
cyanide (5.68 g, 116 mmol). The reaction was stoppered and stirred at room temperature for 2
days. The reaction was concentrated, treated with saturated NaHCO; solution (80 ml) and
extracted with CH,Cl, (2 X 100 ml). The CH,Cl, extracts were washed with water (40 ml), dried
(MgSO0O,) and concentrated to yield a mixture of (/R,3R)-1-Amino-3-(4-methoxy-phenyl )-
cyclopentanecarbonitrile and (1S,3R)-1-Amino-3-(4-methoxy-phenyl)-cyclopentanecarbonitrile
as an o1l (12.4 g) which was used in the resolution without further punfication. LCMS (Table 1,
Method a) R, = 2.17 min; m/z: 217.1 (M+H)";

Exemplification H2: Preparation of (1R,3R)-1-Amino-3-(4-bromo-phenyl)-
cyclopentanecarbonitrile and (1S,3R)-1-Amino-3-(4-bromo-phenyl)-

cyclopentanecarbonitrile
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A solution of (R)-3-(4-Bromo-phenyl)-cyclopentanone (21.5 g, 90.0 mmol) in 7M methanolic
ammonia solution (220 ml) was treated with ammonium chloride (9.63 g, 180 mmol) and sodium
cyanide (8.82 g, 180 mmol). The reaction was stoppered and stirred at room temperature for 3
days. The reaction was concentrated, treated with saturated NaHCO; solution (400 ml) and

extracted with EtOAc (400 ml). The EtOAc layer was washed with saturated NaCl (300 ml) and
used in the resolution step without further purification. LCMS (Table 1, Method a) R, = 2.61 mun;
m/z: 265.1/267.1 (M+H)"

General Procedure I: Resolution of o-amino nitriles

The crude product from General Procedure H is re-dissolved in a suitable organic solvent such as
methanol or ethyl acetate and treated with a methanolic solution of either D-Tartaric acid or L-
Tartartic acid. The precipitate is washed with a solvent (water, acetonitrile, methanol, ethanol,
acetone, or aqueous mixtures of miscible organic solvents) to remove the more soluble

diastereomer.

Exemplification of General Procedure 1:

Exemplification I11: Preparation of (1R,3R)-1-Amino-3-(4-methoxy-phenyl)-

cyclopentanecarbonitrile; compound with (2R,3R)-2,3-dihydroxy-succinic acid

O | O '
N + N I
fwi—N T T M =N

The mixture of (IR,3R)-1-Amino-3-(4-methoxy-phenyl)-cyclopentanecarbonitrile and (1S,3R)-1-

Amino-3-(4-methoxy-phenyl)-cyclopentanecarbonitrile (12.4 g), from Exemplification H1, was
dissolved in methanol (100ml) and added to a solution of L-Tartaric acid (8.69 g, 57.9 mmol) in
methanol (100 ml). The resulting solid was filtered off and triturated repeatedly with 80 ml
portions of methanol until the more soluble isomer was very nearly gone as indicated by HPLC

(ThermoQuest 50 X 4.6 mm, 5 u, Hypercarb column, part # 35005-025). The remaining white
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solid was dried to yield 6.0 g (28%) of (1R,3R)-1-Amino-3-(4-methoxy-phenyl)-
cyclopentanecarbonitrile; compound with (2R,3R)-2, 3-dihydroxy-succinic acid. NMR (DMSO-
d6) 7.18 (d, 2H), 6.85 (d, 2H), 4.22 (s, 2H), 3.72 (s, 3H), 3.30-3.41 (m, 1H), 2.10-2.30 (m, 3H),
1.8-2.0 (m, 2H), 1.6-1.75 (m, 1H), LCMS (ELSD) no parent ion, R,. = 2.26 min

Exemplification I12: Preparation of (IR,3R)-1-amino-3-(4-bromo-phenyl)-
cyclopentanecarbonitrile; 2:1 compound with (2R,3R)-2,3-dihydroxy-succinic acid

Br Br Br

The mixture of (I1R,3R)-1-Amino-3-(4-bromo-phenyl)-cyclopentanecarbonitrile and (15,3R)-1-
Amino-3-(4-bromo-phenyl)-cyclopentanecarbonitrile in EtOAc (400 ml) from Exemplification
H2, was treated with L-Tartanc acid (13.5 g, 90.0 mmol) and the EtOAc was removed on the
roto-vap. The resulting white solid was filtered off and triturated with water (9 X 250 ml) until
the more soluble isomer was very nearly gone as indicated by HPLC (ThermoQuest 50 X 4.6
mm, 5 u, Hypercarb column, part # 35005-025). The remaining white solid was dried to yield
14.5 g (47%) of crude (1R,3R)-1-Amino-3-(4-bromo-phenyl)-cyclopentanecarbonitrile; 2:1
compound with (2R,3R)-2,3-dihydroxy-succinic acid. NMR (DMSO) 7.45 (d, 2H), 7.23 (d, 2H),
4.01 (s, 1H), 3.30-3.45 (m, 1H), 2.50 (m, 1H), 2.10-2.35 (m, 3H), 1.8-2.0 (m, 2H), 1.6-1.75 (m,
1H).

General Procedure J: Hydrolysis of an a-amino nitrile

The tartrate salt (or bi-tartrate salt) of an a-aminonitrile is heated with a mixture of 6N HCI and
dioxane at a concentration of about 0.1-0.2 g/ml. The mixture is heated at reflux for 4-48 hours
(preferably about 18 hours), and then allowed to cool to room temperature. The resulting

precipitate is filtered off, washed with water and dried.

Exemplification of General Procedure I:

Exemplification I1: Preparation of (I1R,3R)-1-Amino-3-(4-methoxy-phenyl)-
cyclopentanecarboxylic acid; hydrochloride
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A suspension of (1R,3R)-1-Amino-3-(4-methoxy-phenyl)-cyclopentanecarbonitrile; compound
with (2R,3R)-2,3-dihydroxy-succinic acid (5.0 g, 13.66 mmol) in 6N hydrochloric acid (50 ml)
and p-dioxane (5 ml) was heated overnight under nitrogen at 100°C. The reaction was cooled on
ice and the product was filtered off, washed with water (3 X5 ml) and dried to yield 2.72 g (74%),
of (IR,3R)-1-Amino-3-(4-methoxy-phenyl)-cyclopentanecarboxylic acid; hydrochloride as a
white solid. NMR (DMSO-d6) 13.9 (s(broad), 1H), 8.55 (s(broad), 3H), 7.17 (d, 2H), 6.88 (d,
2H), 3.40-3.52 (m, 1H), 2.28-2.40 (m, 2H), 2.13-2.20 (m, 2H), 1.90-1.99 (m, 1H), 1.74-1.85 (m,
1H). LCMS (ELSD), 236 MH+, R, = 1.43 min.

Exemplification I2: Preparation of (I1R,3R)-1-Amino-3-(4-bromo-phenyl)-

cyclopentanecarboxylic acid; hydrochloride

Br

2:1
A suspension of (1R,3R)-7-Amino-3-(4-bromo-phenyl)-cyclopentanecarbonitrile; 2:1 compound

with (2R,3R)-2,3-dihydroxy-succinic acid (14.4 g, 42.4 mmol) in 6N hydrochlonc acid (72 ml)

and p-dioxane (72 ml) was heated 24 hours under nitrogen at 100°C. The reaction was cooled to

room temperature and the product was filtered off, washed with water (2 X 25 ml) and dnied to
yield 7.91 g (58%), of crude (IR,3R)-1-Amino-3-(4-bromo-phenyl)-cyclopentanecarboxylic acid;
hydrochloride. Crude product (6.89 g) was further purified by tnituration with 3 X 25 ml of
EtOAc then re-dried to yield white solid 6.29 g, (53%). NMR (DMSO) 13.9 (s(broad), 1H), 8.5g
(s(broad), 3H), 7.51 (d, 2H), 7.23 (d, 2H), 3.50 (m, 1H), 2.30-2.42 (m, 2H), 2.10-2.26 (m, 2H),
1.90-2.05 (m, 1H), 1.75-1.88 (m, 1H).

The teachings of all references, inc.{ilding journal articles, patents and published patent

applications, are incorporated herein by reference in their entirety.
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What is claimed:

1. A process for the preparation of the mixture of a compound of Formulas 2a and
2b
N
R ~{//N R\O\O//
“NH, t “/NH,
Formuila 2a Formula 2b

comprising the step of reacting a compound ot Formula 1

R
O
Formula 1

with ammonia and a cyanide salt until the reaction is substantially complete to

form the mixture of a compound of Formulas 2a and 2b

N N
“ LT
SNH, T “NH,

Formula 2a Formula 2b

wherein R is Br or methoxy.

2. A process for isolating the compound of Formula 2b
R /
“NH,

Formula 2b
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wherein R is Br or methoxy, comprising the steps of forming a salt with L-tartaric

acid and separating the diastereomeric salt mixture based on differential solubility

in a solvent.

3. A process for the preparation of a compound of Formula 3 comprising the steps of

reacting a compound of Formula 2b
R / A
“NH,

Formula 2b

with aqueous HCl and dioxane until the reaction is substantially complete to

1solate a compound of Formula 3

Formula 3

wherein R 1s Br or methoxy.

4. A process for preparing a compound of Formula 4
Oy ./
3 0
nn
Ci
Formula 4
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comprising the steps of reacting a compound of Formula 3

RQQO)LO
“N
ClI
Formula 3

with methanol and thionyl chloride until the reaction is substantially complete to

form a compound of Formula 4

O v/
R o
n,

Ci
Formula 4

wherein R 1s Br or methoxy.

S. A process for preparing a compound of Formula 5

R
(T

Formula 5

comprising the steps of reacting a substituted arylboronic acid and a rhodium
catalyst with (R)- or (S)-BINAP in an organic solvent, water that is degassed with

nitrogen and adding a cyloalkanone of the formula

GO
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until the reaction is substantially complete to form a compound of Formula 5

o

Formula 5

wherein R 1s Br or methoxy.

6. A process for the preparation of a mixture of compounds of Formula 6a and

Formula 6b
Br\O N—¢© Br\© \H
te, y NH t,,. -.:
OY ’ O‘” A 0O
O

Formula 6a Formula 6b

comprising the steps of reacting a mixture of ammonium carbonate and a cyanide

salt in water with a compound of Formula 5

R

Formula 5

wherein R is Br, until the reaction is substantially complete to give a mixture of

compound of Formula 6a and Formula 6b
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Ot Oy

Formula 6a Formula 6b

7. A process for the preparation of a mixture of compounds of Formula 7a and

\OQY O,

Formula 7a Formula 7b

comprising the steps of reacting the mixture of compounds ot Formula 6a and

Formula 6b

Ol O

Formula 6a Formula 6b

with potassium carbonate and an alkylating agent until the reaction is

substantially complete to give a mixture of compounds of Formula 7a and

Formula 7b
O
Ot Oy
OY QN’\“ 0
H

Formula 7a Formula 7b
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8. A process for 1solating a compound of Formula &

BI’\Q \KI'_{O
RE
O

Formula 8

comprising the steps of dissolving the mixture of compounds ot Formula 7a and

Formula 7b
Oh.. ?N‘{ Br\O §-N
N te,, -
OY ~ T ON A o
O H

Formula 7a Formula 7b

in hot acetonitrile and then cooling the solution until the reaction i1s substantially

complete to give a compound of Formula 8

Formula 8

0. A process for the preparation of a compound of Formula 9

Formula 9
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comprising the steps of hydrolizing Formula 8

Formula 8

with an aqueous base until the reaction is substantially complete to give a

compound of Formula 9

R O NH,
MO)/OH
O

Formula 9
10. A process for preparing a mixture of compounds of Formula 10a and Formula
10b
OYOH ' ONHZ
O
Formula 10a Formula 10b

comprising treating the mixture of compounds of Formula 6a and 6b

- Br

O
RSN A SN
"'%/NH + " N\

Formula 6a Formula 6b
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with an inorganic base until the reaction is substantially complete to form a

mixture of compounds of Formula 10a and 10b

R O s OH
on v SPOR
NH,
O

Formula 10a Formula 10b

11. A process for preparing a mixture of compounds of Formula 11a and Formula 11b
Br\@ NH, B’O O\.}-o’
OZ(O\ ’ MO‘NHZ

Formula 11a Formula 11b

comprising reacting the mixture of compounds of Formula 10a and Formula 10b

Br NH Br 0\..
i1,, < ¢ S‘ OH
NH,
O
Formula 10a Formula 10b

with thionyl chloride and methanol until the reaction 1s substantially complete to

form a mixture of compounds of Formula 11a and Formula 11b

Br Q
\O N o
Ao A)
N NH,
O

Formula 11a Formula 11b
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12. A process of isolating a compound of Formula 11a

Formula 11a

comprising the step of filtering the mixture of compounds of Formula 11a and

Formula 11b

O
Br
\O NHp B >0’
A NH,
O

Formula 11a Formula 11b

to 1solate a compound of Formula 11a

Formula 11a
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