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IMPROVED SYNTHESIS OF AMINE SUBSTITUTED 4.5.6.7-

TETRAHYDROBENZOTHIAZOLE COMPOUNDS

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims the benefit of United States Provisional Application Serial No.

61/579,188, filed on December 22, 2011, the disclosure of which is incorporated herein by

reference in its entirety.

TECHNICAL FIELD OF THE INVENTION

[0002] The present invention is related to an improved process for the preparation of amino-

substituted 4,5,6,7-tetrahydrobenzothiazole compounds of formula I, such as the compound 2-

amino-4,5,6,7-tetrahydro-6-(«-propylamino)benzothiazole. The invention further relates to an

improved synthesis of (R)-2-amino-4,5,6,7-tetrahydro-6-(n-propylamino)benzothiazole. The

invention also relates to the methods and intermediates associated with the synthetic process.

BACKGROUND OF THE INVENTION

[0003] The compound 2-amino-4,5,6,7-tetrahydro-6-(n-propylamino)benzothiazole is a

synthetic aminobenzothiazole derivative whose (6S) enantiomer, commonly known as

pramipexole and commercially available under the Mirapex® name, is a potent dopamine

agonist and thus mimics the effects of the neurotransmitter, dopamine. The (6R) enantiomer,

(R)-(+)-2-amino-4,5,6,7-tetrahydro-6-(n-propylamino)benzothiazole, or "dexpramipexole," is

an effective mitochondria-targeted neuroprotectant that exhibits excellent anti-oxidative

properties, and is currently undergoing clinical development for the treatment of amyotrophic

lateral sclerosis (ALS).

[0004] Synthetic procedures to produce pramipexole/dexpramipexole have been described in

patent and non-patent literature. For example, one synthetic process for the preparation of

pramipexole is accomplished via reductive amination of propanal with 2,6-diamino-4,5,6,7-

tetrahydrobenzothiazole. Another preparation of pramipexole and dexpramipexole has also

been described, where propionic anhydride and 2,6-diamino-4,5,6,7-tetrahydrobenzothiazole

are combined to form the amide intermediate, 2-amino-6-propanoylamino-4, 5,6,7-

tetrahydrobenzothiazole, which is then reduced to pramipexole/dexpramipexole.

Unfortunately, the syntheses described above are not suitable for industrial scale preparation as

the hydride reducing reagents involved are inherently dangerous and often toxic.



[0005] As described in the literature, racemic 2,6-diamino-4,5,6,7-tetrahydrobenzothiazole

can be enantiomerically purified by selective crystallization of the acid addition salt using an

optically active acid, such as tartaric acid, followed by neutralization to the free,

enantiomerically enriched diamine product. However, this method has limitations as to the

optical purity of the resulting 2,6-diamino-4,5,6,7-tetrahydrobenzothiazole product, with

typical maximum optical purities of about 98% - 99% ee.

[0006] Described herein is an improved synthesis of dexpramipexole using a procedure

which includes direct alkylation of 2,6-diamino-4,5,6,7-tetrahydrobenzothiazole with n-propyl

p-toluenesulfonate, followed by the formation of the dihydrochloride salt of dexpramipexole.

The methods described herein provide increased yield and chemical purity as well as increased

enantiomeric purity of the product. Additionally, the methods described herein provide a

process which can be used on an industrial scale.

SUMMARY OF THE INVENTION

[0007] The present invention is related to an improved process for the preparation of

amino-substituted 4,5,6,7-tetrahydrobenzothiazole compounds of formula I . In one

aspect, the invention of formula I(HOTS)

formula I ,(HOTs)

wherein Ri and R2 are each independently hydrogen or Ci_6 alkyl, wherein each

Ci-6 alkyl is optionally and independently substituted with up to 3 occurrences of Ci_6

alkyl, aryl or heteroaryl;

the process comprises contacting a mixture, which comprises a compound of

formula II

formula II

and a solvent, with a compound having the formula , in the

presence of a base, to provide compound of formula I(HOTS), wherein the solvent is



acetonitrile, a mixture of acetonitrile and water, IPA, a mixture of IPA and water, a

mixture of acetonitrile and IPA, or a mixture of acetonitrile, IPA and water.

[0008] In another aspect, the process includes the steps of:

a) forming a mixture comprising the compound of formula I(HOTS), IPA and

water, and heating the mixture to a temperature from about 70 °C to about 85 °C (for

example from about 72 °C to about 83 °C, from about 75 °C to about 80 °C or about 78

°C);

b) cooling the mixture to a temperature from about -10 °C to about 15 °C (for

example from about 0 °C to about 10 °C, from about 3 °C to about 7 °C or about 5 °C);

and

c) isolating the solid Compound 1(HOTS) formed during step b.

[0009] In another aspect, the process comprises producing a compound of formula I

formula I

the process comprising the steps of:

a) forming a biphasic mixture comprising a compound of formula I(HOTS), 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

(for example about 10-14%, about 11-13% or about 12%); and

b) contacting the mixture with a base to produce a compound of formula I .

[0010] In another aspect, the process further comprises preparing a compound of

formula I(2 HCI-H20)

formula I ,(2 HC1-H20)

comprising the steps of:

a) forming a mixture comprising a compound of formula I, 2-

methyltetrahydrofuran and IPA;

b) contacting the mixture with HC1; and

c) isolating the solid compound of formula I(2 HCI-H20) produced in step b.

[0011] In one aspect, the process comprises the steps of:



a) forming a mixture comprising a compound of formula I(2 HCI-H2O IPA and

water;

b) heating the mixture to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 70 °C to about 82 °C or from

about 75 °C to about 80 °C);

c) cooling the mixture to about 35-60 °C (for example, about 40-55 °C, about

44 °C or about 50 °C);

d) removing water from the mixture;

e) cooling the solution to a temperature from about -10 °C to about 15 °C (for

example, from about -5 °C to about 1 °C or from about 0 °C to about 5 °C); and

f) isolating the solid compound of formula I(2 HCI-H20) ·

[0012] In one aspect, the invention includes a process for preparing compound 1(2 HCI-

H20)

Compound l 2 H ci-H20)

wherein the process comprises the steps of:

a) contacting a mixture comprising compound 2

Compound 2

and a solvent, with n-PrOTs and DIPEA to provide Compound 1(HOTS

Compound 1(HOTS)

wherein the solvent is acetonitrile, a mixture of acetonitrile and water, IPA, a

mixture of IPA and water, a mixture of acetonitrile and IPA, or a mixture of

acetonitrile, IPA and water;

b) isolating the solid Compound 1(HOTS) formed in step a ;

c) forming a mixture comprising Compound 1(HOTS) , IPA and water, and heating

the mixture to a temperature from about 70 °C to about 85 °C (for example from about

72 °C to about 83 °C, from about 75 °C to about 80 °C or about 78 °C);



d) cooling the mixture to a temperature from about -10 °C to about 15 °C (for

example from about 0 °C to about 10 °C, from about 3 °C to about 7 °C or about 5 °C);

e) isolating the solid Compound 1(HOTS) formed in step d;

f) forming a biphasic mixture comprising Compound I(HOTS) 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

(for example about 10-14%, about 11-13% or about 12%);

g) contacting the mixture with sodium hydroxide to form Compound 1

Compound 1

h) forming a mixture comprising Compound 1, 2-methyltetrahydrofuran and

IPA;

i) contacting the mixture with HC1; and

j ) isolating the solid Compound 1(2 HCI-H20) produced in step i .

[0013] In one aspect, the process comprises the steps of:

a) forming a mixture comprising Compound 1(2 HCI-H20), IPA and water;

b) heating the mixture to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 70 °C to about 82 °C or from

about 75 °C to about 80 °C);

c) cooling the mixture to about 35-60 °C (for example, about 40-55 °C, about

44 °C or about 50 °C);

d) removing water from the mixture;

e) cooling the solution to a temperature from about -10 °C to about 15 °C (for

example, from about -5 °C to about 1 °C or from about 0 °C to about 5 °C); and

f) isolating the solid Compound 1(2 HCI-H2O>

[0014] In one aspect, the solid Compound 1(2 HCI-H20) isolated from the process is in

the polymorphic Form A.

DETAILED DESCRIPTION OF THE FIGURES

[0015] Figure 1 is an 'H NMR (500 MHZ; DMSO-d 6) spectrum of Compound 1(2 HC O).

[0016] Figure 2 is an XRPD pattern of Compound 1(2 HCI-H2O Form A.

[0017] Figure 3 is an XRPD pattern of Compound 1 dihydrochloride, Form B.



DETAILED DESCRIPTION OF THE INVENTION

[0018] Definitions

[0019] As used herein, the following definitions shall apply unless otherwise indicated. For

purposes of this invention, the chemical elements are identified in accordance with the Periodic

Table of the Elements, CAS version, Handbook of Chemistry and Physics, 75th Ed.

Additionally, general principles of organic chemistry are described in "Organic Chemistry,"

Thomas Sorrell, University Science Books, Sausolito: 1999, and "March's Advanced Organic

Chemistry," 5th Ed., Ed.: Smith, M.B. and March, J., John Wiley & Sons, New York: 2001,

the entire contents of which are incorporated herein by reference.

[0020] As used herein, "KF" is the Karl Fischer method of determining water content, which

is determined by the Karl Fischer Titration (USP <921> Method la), described in detail herein.

[0021] As used herein, the term "brine" is an aqueous salt mixture, wherein the salt is soluble

in water and comprises a metal atom having a + 1 or +2 charge with one or two anions to

balance the overall charge of the salt. Examples of acceptable salts for brine are, but are not

limited to NaF, NaCl, NaBr, Nal, Na2S0 4, NaHS0 4, Na2C0 , NaHC0 , KF, KC1, KBr, KI,

K2S0 4, KHS0 4, K2C0 , KHC0 , CaCl 2, CaBr 2, CaS0 4, CaC0 , and the like. Acceptable

brine solutions can contain from 1-50% salt by weight of the solution (for example about 2-

20%, about 10-14%, about 11-13% or about 12%).

[0022] As used herein, the term "aliphatic" encompasses the terms alkyl, alkenyl, alkynyl.

[0023] As used herein, an "alkyl" group refers to a saturated aliphatic hydrocarbon group

containing 1-8 (e.g., 1-6 or 1-4) carbon atoms. An alkyl group can be straight or branched.

Examples of alkyl groups include, but are not limited to, methyl, ethyl, propyl, isopropyl,

butyl, isobutyl, sec-butyl, tert-butyl, n-pentyl, n-heptyl, or 2-ethylhexyl.

[0024] As used herein, an "alkenyl" group refers to an aliphatic carbon group that contains 2-

8 (e.g., 2-6 or 2-4) carbon atoms and at least one double bond. Like an alkyl group, an alkenyl

group can be straight or branched. Examples of alkenyl groups include, but are not limited to

allyl, isoprenyl, 2-butenyl, and 2-hexenyl.

[0025] As used herein, an "alkynyl" group refers to an aliphatic carbon group that contains 2-

8 (e.g., 2-6 or 2-4) carbon atoms and at least one triple bond. Like an alkyl group, an alkynyl

group can be straight or branched.

[0026] As used herein, an "amino" group refers to -NR XRY wherein each of Rx and RY is

independently hydrogen, alkyl, cycloalkyl, (cycloalkyl)alkyl, aryl, aralkyl, heterocycloalkyl,

(heterocycloalkyl)alkyl, heteroaryl, or carbonyl. Examples of amino groups include



alkylcarbonylamino, alkylsulfonylamino, alkoxycarbonylamino,

(azacycloalkylcarbonyl)amino, heteroaralkylcarbonylamino, heteroarylcarbonylamino,

carbonylamino, (heterocycloalkyl)carbonylamino, (heterocycloalkyl)alkylcarbonylamino,

heteroarylcarbonylamino, arylcarbonylamino, aralkylcarbonylamino,

(cycloalkyl)alkylcarbonylamino, cycloalkylcarbonylamino. When the term "amino" is not the

terminal group (e.g., alkylcarbonylamino), it is represented by -NR X- . Rx has the same

meaning as defined above. Examples of possible Rx and RY include, but are not limited to

sulfonylamino, alkylamino, carbonylamino, carboxy, oxo, hydroxyl, sulfo, mercapto,

alkylsulfanyl, alkylsulfinyl, alkylsulfonyl, aminocarbonyl, alkylcarbonyl, cycloalkylcarbonyl,

cycloalkylalkylcarbonyl, arylcarbonyl, aralkylcarbonyl, heterocycloalkylcarbonyl,

heterocycloalkylalkylcarbonyl, heteroarylcarbonyl, or heteroaralkylcarbonyl.

[0027] As used herein, a "carbonyl" group, when used alone or as part of another structure

refers to -(CO)Rx , where Rx is defined above. When the term "carbonyl" is not the terminal

group (e.g., arylaminoalkylcarbonyl) it is represented by -C(0)R x . Without limitation,

carbonyl groups can include optionally substituted aminocarbonyl, alkoxyalkoxycarbonyl,

alkylaminocarbonyl, arylcarbonyl (e.g., haloarylcarbonyl), heterocycloalkylcarbonyl,

heterocycloalkenylcarbonyl, arylaminocarbonyl (e.g., haloarylaminocarbonyl),

cyanoalkylarylcarbonyl, heterocycloalkoxycarbonyl, alkynyloxycarbonyl,

cycloalkoxycarbonyl, heterobicycloarylcarbonyl, alkylheteroarylaminocarbonyl,

alkoxyarylcarbonyl (e.g., haloalkoxyarylcarbonyl), (alkylheterocyclo)alkenylcarbonyl,

heteroarylcarbonyl, arylcarbonyl, heteroarylcarbonyl, alkoxycarbonyl (e.g.,

haloalkoxycarbonyl), alkylarylcarbonyl, cycloalkylcarbonyl, alkylheteroarylcarbonyl,

arylsulfonylcarbonyl, aminocarbonyl, sulfonylcarbonyl, alkylcarbonyl, alkylsulfonylcarbonyl,

alkylcarbonyl, arylaminocarbonyl, or the like.

[0028] As used herein, an "aryl" group used alone or as part of a larger moiety as in

"aralkyl", "aralkoxy", or "aryloxyalkyl" refers to an aromatic monocyclic (e.g., phenyl); an

aromatic bicyclic (e.g., indenyl, naphthalenyl, tetrahydronaphthyl, tetrahydroindenyl); an

aromoatic tricyclic (e.g., fluorenyl, tetrahydrofluorenyl, anthracenyl, or tetrahydroanthracenyl);

or a benzofused group having 2-3 carbocyclic rings in which one or more of the rings are

aromatic. For example, a benzofused group includes phenyl fused with two or more C4 _

carbocyclic moieties.

[0029] A "heteroaryl" group, as used herein, refers to a monocyclic, bicyclic, or tricyclic ring

structure having 4 to 15 ring atoms wherein one or more of the ring atoms is a heteroatom



(e.g., N, O, S, or combinations thereof) and wherein one or more rings of the bicyclic or

tricyclic ring structure is aromatic. A heteroaryl group includes a benzofused ring system

having 2 to 3 rings. For example, a benzofused group includes benzo fused with one or two

C4 - heterocyclic moieties (e.g., indolizyl, indolyl, isoindolyl, 3H-indolyl, indolinyl,

benzo[^]furyl, benzo[^]thiophenyl, quinolinyl, or isoquinolinyl). Some examples of heteroaryl

are azetidinyl, pyridyl, lH-indazolyl, furyl, pyrrolyl, thienyl, thiazolyl, oxazolyl, imidazolyl,

tetrazolyl, benzofuryl, isoquinolinyl, benzthiazolyl, xanthene, thioxanthene, phenothiazine,

dihydroindole, benzo[l,3]dioxole, benzo[^]furyl, benzo[^]thiophenyl, indazolyl,

benzimidazolyl, benzthiazolyl, puryl, cinnolyl, quinolyl, quinazolyl,cinnolyl, phthalazyl,

quinazolyl, quinoxalyl, isoquinolyl, 4H-quinolizyl, benzo-l,2,5-thiadiazolyl, or 1,8-

naphthyridyl.

[0030] Without limitation, monocyclic heteroaryls include furyl, thiophenyl, 2H-pyrrolyl,

pyrrolyl, oxazolyl, thazolyl, imidazolyl, pyrazolyl, isoxazolyl, isothiazolyl, 1,3,4-thiadiazolyl,

2H-pyranyl, 4-H-pranyl, pyridyl, pyridazyl, pyrimidyl, pyrazolyl, pyrazyl, or 1,3,5-triazyl.

Monocyclic heteroaryls are numbered according to standard chemical nomenclature. For

instance:

Furan Thiazole Pyrimidine

[0031] Without limitation, bicyclic heteroaryls include indolizyl, indolyl, isoindolyl, 3H-

indolyl, indolinyl, benzo[^]furyl, benzo[^]thiophenyl, quinolinyl, tetrahydroquinolinyl,

isoquinolinyl, tetrahydroisoquinolinyl, indolizyl, isoindolyl, indazolyl, benzimidazyl,

benzthiazolyl, purinyl, 4H-quinolizyl, quinolyl, isoquinolyl, cinnolyl, phthalazyl, quinazolyl,

quinoxalyl, 1,8-naphthyridyl, indolizinyl, imidazopyridinyl, tetrahydrobenzoazepinyl,

tetrahydrobenzooxazepinyl, benzo[l,4]oxazinyl, benzodihydro[l,4]oxazinyl,

benzo[l,3]oxazinyl, benzodihydro[l,3]oxazinyl, fused pyrido[l,4]oxazinyl, fused

pyrido[l,3]oxazinyl, fused pyrido[l,4]dihydrooxazinyl, fused pyrido[l,3]dihydrooxazinyl,

fused pyrimido[l,4]oxazinyl, fused pyrimido[l,3]oxazinyl, fused

pyrimido[l,4]dihydrooxazinyl, fused pyrimido[l,3]dihydrooxazinyl, fused

pyrizo[l,4]oxazinyl, fused pyrizo[l,3]oxazinyl, fused pyrizo[l,4]dihydrooxazinyl or fused



pyrizo[l,3]dihydrooxazinyl or pteridyl. Bicyclic heteroaryls are numbered according to

Quinoxaline

[0032] As used herein, a "halogen" or "halo" group refers to fluorine, chlorine, bromine or

iodine.

[0033] As used herein, a "haloaliphatic" group refers to an aliphatic group substituted with 1-

3 halogen. For instance, the term haloalkyl includes the group -CF3.

[0034] As used herein, a "sulfamoyl" group refers to the structure -S(0 ) 2-NR Ry or -NR -

S(0) 2-R wherein R , Ry, and R have been defined above.

[0035] As used herein, a "sulfamide" group refers to the structure -NRX -S(0) 2-NRYRz

wherein Rx , RY, and Rz have been defined above.

[0036] As used herein, a "carbonylamino" group used alone or in connection with another

group refers to an amido group such as Rx-C(0)-NR x - . For instance an alkylcarbonylamino

includes alkyl-C(0)-NR x -, wherein R has been defined above.

[0037] As used herein, a "aminocarbonyl" group used alone or in connection with another

group refers to an amido group such as N(Rx)2-C(0)-.

[0038] As used herein, an "alkoxycarbonyl" used alone or in connection with another group

refers to a carbonyl group such as alkyl-O-C(O)-.

[0039] As used herein, an "alkoxyalkyl" refers to an alkyl group such as alkyl-O-alkyl-,

wherein alkyl has been defined above.

[0040] As used herein, an "aminocarbonyl" refers to an amido group such as -NRx -C(0)-,

wherein R has been defined above.

[0041] As used herein, an "aminosulfonyl" refers to the structure -N(Rx )2-S(0) 2-, wherein R

has been defined above.

[0042] As used herein, an "oxo" refers to =0.



[0043] As used herein, an "aminoalkyl" refers to the structure N(R ) 2-alkyl-.

[0044] As used herein, a "cyanoalkyl" refers to the structure -alkyl-(CN).

[0045] As used herein, an "alkylsulfonyl' group refers to the structure alkyl-S(0)2-.

[0046] As used herein, a "sulfonylamino" group refers to the structure Rx-S(0)2-N(R X )2-,

wherein R has been defined above.

[0047] As used herein, IPA stands for "isopropanol" or "isopropyl alcohol." As used herein,

DIPEA stands for "diisopropylethylamine" or "hunig's base." As used herein, TEA stands for

"triethylamine." As used herein, 2-MeTHF stands for "2-methyltetrahydrofuran." As used

herein, IPOAc stands for "isopropyl acetate." As used herein, DCM stands for

"dichloromethane." As used herein, n-PrOTs stands for "n-propyltolsylate" or "n-propyl-/?-

toluenesulfonate"

[0048] As used herein, pictured substituents drawn with a single, unattached wavy line drawn

perpendicular to a bond of the substituent is meant to show the attachment point of the

substituent. For example, the pyrrole substituent,

core structure by the ring nitrogen, while the pyrr

to the main core structure by the carbon atom adjacent to the ring nitrogen.

[0049] As used herein, pictured ring structures drawn with a substituent' s bond overlayed on

one of the ring bonds shows that the substituent can be at any substitutable atom of the entire

ring structure, whether the ring structure is monocyclic or multicyclic. For example, the R

substituent on the structure,

and the R substituent on the

benzene ring or piperidine ring.



[0050] As used herein, pictured structures having methyl substituents ar drawn to show

those methyl substituents as an external bond. Specifically, the structure, , is identical to

the structure

[0051] As depicted herein, divalent substituents, such as an amide, shown as -C(0)N(Rx)-,

are meant to include the substituent in both directions. For example, the generic structure

. Some examples of generic divalent substituents include, but not limited to

-CO-, -CS-, -CONRx -, -CO2-, -OCO-, -NRX-, -NRx C0 2-, -0-, -NRx CONRx -, -OCONRx -,

-NRx CO-, -S-, -SO-, -SO2-, -S0 2NRx , -NRx S0 2-, and -NRx S0 2NRx - .

[0052] In general, the term "substituted," whether preceded by the term "optionally" or not,

refers to the replacement of hydrogen radicals in a given structure with the radical of a

specified substituent. Specific substituents are described above in the definitions and below in

the description of compounds and examples thereof. Unless otherwise indicated, an optionally

substituted group may have a substituent at each substitutable position of the group, and when

more than one position in any given structure may be substituted with more than one

substituent selected from a specified group, the substituent may be either the same or different

at every position. A ring substituent, such as a heterocycloalkyl, may be bound to another ring,

such as a cycloalkyl, to form a spiro-bicyclic ring system, e.g., both rings share one common

atom. As one of ordinary skill in the art will recognize, combinations of substituents

envisioned by this invention are those combinations that result in the formation of stable or

chemically feasible compounds.

[0053] The phrase "stable or chemically feasible," as used herein, refers to compounds that

are not substantially altered when subjected to conditions to allow for their production,

detection, and preferably their recovery, purification, and use for one or more of the purposes

disclosed herein. In some embodiments, a stable compound or chemically feasible compound



is one that is not substantially altered when kept at a temperature of 40 °C or less, in the

absence of moisture or other chemically reactive conditions, for at least a week.

[0054] As used herein, an effective amount is defined as the amount required to confer a

therapeutic effect on the treated patient, and is typically determined based on age, surface area,

weight, and condition of the patient. The interrelationship of dosages for animals and humans

(based on milligrams per meter squared of body surface) is described by Freireich et al.,

Cancer Chemother. Rep., 50: 219 (1966). Body surface area may be approximately

determined from height and weight of the patient. See, e.g., Scientific Tables, Geigy

Pharmaceuticals, Ardsley, New York, 537 (1970). As used herein, "patient" refers to a

mammal, including a human.

[0055] Unless otherwise stated, structures depicted herein are also meant to include all

isomeric (e.g., enantiomeric, diastereomeric, and geometric (or conformational)) forms of the

structure; for example, the R and S configurations for each asymmetric center, (Z) and (E)

double bond isomers, and (Z) and (E) conformational isomers. Therefore, single

stereochemical isomers as well as enantiomeric, diastereomeric, and geometric (or

conformational) mixtures of the present compounds are within the scope of the invention.

Unless otherwise stated, all tautomeric forms of the compounds of the invention are within the

scope of the invention. Additionally, unless otherwise stated, structures depicted herein are

also meant to include compounds that differ only in the presence of one or more isotopically

enriched atoms. For example, compounds having the present structures except for the

replacement of hydrogen by deuterium or tritium, the replacement of a carbon by a C- or 4 C-

enriched carbon, the replacement of a sulfur by a S or 5S enriched sulfur, or the replacement

of nitrogen by 5N or N enriched nitrogen are within the scope of this invention. Such

compounds are useful, for example, as analytical tools or probes in biological assays.

[0056] Embodiments of the invention

[0057] In one aspect, the invention provides a process for preparing a compound of

formula I(HOTS)

formula I ,(HOTs)



wherein Ri and R2 are each independently hydrogen or Ci_6 alkyl, wherein each

Ci-6 alkyl is optionally and independently substituted with up to 3 occurrences of Ci_6

alkyl, aryl or heteroaryl;

the process comprises contacting a mixture, which comprises a compound of

formula II

formula II

and a solvent,

presence of a base, to provide compound of formula I(HOTS), wherein the solvent is

acetonitrile, a mixture of acetonitrile and water, IPA, a mixture of IPA and water, a

mixture of acetonitrile and IPA, or a mixture of acetonitrile, IPA and water.

[0058] In one embodiment of this aspect, the solvent is acetonitrile. In a further

embodiment, the solvent is a mixture of acetonitrile and water. In another embodiment,

the solvent is IPA. In a further embodiment, the solvent is a mixture of IPA and water.

In another embodiment, the solvent is a mixture of acetonitrile and IPA. In a further

embodiment, the solvent is a mixture of acetonitrile, IPA and water.

[0059] In one embodiment, the solvent is a mixture of acetonitrile, IPA and water,

and the resulting product compound of formula I(HOTS) obtained at a higher yield

compared to the same process using other solvent systems. In one embodiment, the

yield is greater than 70%. In another embodiment, the yield is greater than 80%. In

still another embodiment, the yield is greater than 83%. In a further embodiment, the

yield is about 83.8%. In another embodiment, the solvent is a mixture of acetonitrile,

IPA and water, and the resulting product compound of formula I(HOTS) obtained in a

more purified state compared to the same process using other solvent systems. In one

embodiment, the chemical purity of the product is greater than 95%. In another

embodiment, the chemical purity of the product is greater than 97%. In another

embodiment, the chemical purity of the product is greater than 98%. In another

embodiment, the chemical purity of the product is greater than 98.5%. In another

embodiment, the chemical purity of the product is about 98.74%.

[0060] In another aspect, the process includes the steps of:



a) forming a mixture comprising the compound of formula I (HOTS), IPA and

water, and heating the mixture to a temperature from about 70 °C to about 85 °C (for

example from about 72 °C to about 83 °C, from about 75 °C to about 80 °C or about 78

°C);

b) cooling the mixture to a temperature from about -5 °C to about 15 °C (for

example from about 0 °C to about 10 °C, from about 3 °C to about 7 °C or about 5 °C);

and

c) isolating the solid Compound 1(HOTS) formed during step b.

[0061] In some embodiments, R2 is hydrogen. In some embodiments, R2 is Ci_6 alkyl.

In some embodiments, R2 is methyl, ethyl, isopropyl, n-propyl or benzyl. In some

embodiments, Ri is Ci_6 alkyl. In another embodiment, Ri is methyl, ethyl, isopropyl,

n-propyl, n-butyl, isobutyl, t-butyl, pentyl, hexyl, benzyl, chlorobenzyl, bromobenzyl,

nitrobenzyl or 2-phenylethyl. In a further embodiment, Ri is n-propyl.

[0062] In some further embodiments, the stereochemistry of the carbon atom to which

the -NRi(R 2) moiety is attached is in the (R) configuration. In another further

embodiment, the stereochemistry of the carbon atom to which the -NRi(R 2) moiety is

attached is in the (S) configuration.

[0063] In some embodiments, the base is triethylamine, DIPEA, pyridine or DBU. In

other embodiments, the base is DIPEA. In other embodiments, the base is

triethylamine. In other embodiments, the base is pyridine.

[0064] In one embodiment the process comprises contacting a mixture, which

comprises a compound of formula II

formula II

and a solvent, with a compound having the formula n the presence of a

base, to provide compound of formula I (HOTS), wherein the solvent is acetonitrile, a mixture of

acetonitrile and water, IPA, a mixture of IPA and water, a mixture of acetonitrile and IPA, or a

mixture of acetonitrile, IPA and water. In one embodiment of this aspect, the solvent is

acetonitrile. In a further embodiment, the solvent is a mixture of acetonitrile and water. In

another embodiment, the solvent is IPA. In a further embodiment, the solvent is a mixture of



IPA and water. In another embodiment, the solvent is a mixture of acetonitrile and IPA. In a

further embodiment, the solvent is a mixture of acetonitrile, IPA and water.

[0065] In some embodiments, water is present from about 0% to about 10% by

weight in the mixture of acetonitrile and water. In some embodiments, the ratio of the

mixture of acetonitrile to water is from about 3:1 wt/wt to about 200:1 wt/wt (for

example from about 7:1 to about 79:1, from about 19:1 to about 49:1 or about 39:1). In

another embodiment, the compound having the formula s added

to the mixture with rapid stirring. In another embodiment, the mixture comprising a

II, acetonitrile, water and a compound having the formula

is heated to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 68 °C to about 82 °C or from

about 70 °C to about 80 °C). In another embodiment, the mixture comprising a

Compound of formula II, acetonitrile, water and a compound having the formula

after being heated to a temperature from about 60 °C to about 90

°C (for example, from about 65 °C to about 85 °C, from about 68 °C to about 82 °C or

from about 70 °C to about 80 °C), is then stirred for about 6-16 hours (for example

about 7-10 hours, about 8-10 hours, about 8-9 hours or about 9-10 hours).

[0066] In one embodiment, the solvent is a mixture of acetonitrile, IPA and water,

and the resulting product compound of formula I(HOTS) obtained at a higher yield

compared to the same process using other solvent systems. In one embodiment, the

yield is greater than 70%. In another embodiment, the yield is greater than 80%. In

still another embodiment, the yield is greater than 83%. In a further embodiment, the

yield is about 83.8%. In another embodiment, the solvent is a mixture of acetonitrile,

IPA and water, and the resulting product compound of formula I(HOTS) i obtained in a

more purified state compared to the same process using other solvent systems. In one

embodiment, the chemical purity of the product is greater than 95%. In another

embodiment, the chemical purity of the product is greater than 97%. In another

embodiment, the chemical purity of the product is greater than 98%. In another



embodiment, the chemical purity of the product is greater than 98.5%. In another

embodiment, the chemical purity of the product is about 98.74%.

[0067] In one embodiment, the ratio of IPA to water in step a is from about 2.3: 1 v/v

to about 4.25:1 v/v (for example from about 2.5:1 to about 3.3:1 or about 3:1). In

another embodiment, the mixture in step b is cooled over a period from about 2 hours

to about 5 hours (for example from about 2.5 hours to about 4.5 hours, from about 2.8

hours to about 4.2 hours, from about 3 hours to about 4 hours, 3.25 hours, 3.5 hours or

3.75 hours). In some embodiments, the step of isolating the solid Compound 1(HOTS)

formed during step b is done using filtration. In some further embodiments, the filter

cake is washed once or twice with 2 volumes of IPA.

[0068] In another aspect, the process includes producing a compound of formula I

formula I

the process comprising the steps of:

a) forming a biphasic mixture comprising a compound of formula I(HOTS), 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

(for example about 10-14%, about 11-13% or about 12%); and

b) contacting the mixture with a base to produce a compound of formula I .

[0069] In one embodiment, the ratio of 2-methyltetrahydrofuran to brine in step a is

from about 3:1 v/v to about 1:1 v/v (for example, from about 2.5:1 to about 1.5:1, from

about 2:1 to about 1.6:1 or about 1.8:1).

[0070] In one embodiment, the base used in step b is sodium hydroxide, potassium

hydroxide, sodium carbonate or potassium carbonate. In one further embodiment, the

base is sodium hydroxide. In still a further embodiment, the sodium hydroxide is

present in from about 1.0 molar equivalents to 5 molar equivalents (for example, about

1-4, about 1-3, about 1-2, about 1-1.5, about 1-1.25, about 1-1.10 or about 1.04 molar

equivalents). In another embodiment, the base is added to the biphasic mixture with

rapid stirring. In another embodiment, the base is added to the biphasic mixture as a

1.0 N - 3.0 N solution, for example about a 2.0 N solution. In a further embodiment,

the organic phase of the biphasic mixture comprising the product is used in the next

step of the process without further purification of the product.



[0071] In another aspect, the process further comprises preparing a compound of

formula I(2 HCI-H20)

formula I ,(2 HC1-H20)

comprising the steps of:

a) forming a mixture comprising a compound of formula I, 2-

methyltetrahydrofuran and IPA;

b) contacting the mixture with HCl; and

c) isolating the solid compound of formula I(2 HCI-H20) produced in step b.

[0072] In one embodiment, the ratio of 2-methyltetrahydrofuran to IPA in step a is

from about 3:1 v/v to about 1:1 v/v (for example, from about 2.5:1 to about 1.5:1, from

about 2:1 to about 1.6:1 or about 1.8:1).

[0073] In some embodiments, HCl in a solvent is added to the mixture comprising a

compound of formula I, 2-methyltetrahydrofuran and IPA, in step b. In one further

embodiment, the HCl solution is added with rapid stirring, for example 145 rpm. In

another further embodiment, the HCl is added to the mixture as a solution in IPA. In

still another further embodiment, the HCl solution is produced by diluting concentrated

HCl with IPA to 5-10 times (for example 6-9 times, 7-8.5 times, 7.5-8.0 times, 7.7

times or 7.8 times) the original volume of concentrated HCl. In another embodiment,

the HCl is present in an amount of about 2-4 (for example 2-3, 2-2.5, 2-2.2 or about

2.0) molar equivalents. In some embodiments, the final mixture is held at a

temperature of about 20 °C prior to isolating the solid compound of formula I(2 HCI-H2O>

In one embodiment, the solid compound of formula I(2 HC O) isolated by filtration.

In a further embodiment, the filter cake is washed once or twice with about 2 volumes

of about 3-7 wt wt water in IPA or about 5 wt wt water in IPA.

[0074] In one aspect, the process comprises the steps of:

a) forming a mixture comprising a compound of formula I(2 HCI-H2O IP and

water;

b) heating the mixture to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 70 °C to about 82 °C or from

about 75 °C to about 80 °C);



c) cooling the mixture to about 35-60 °C (for example, about 40-55 °C, about

44 °C or about 50 °C);

d) removing water from the mixture;

e) cooling the solution to a temperature from about -10 °C to about 15 °C (for

example, from about -5 °C to about 1 °C or from about 0 °C to about 5 °C); and

f) isolating the solid compound of formula I(2 HCI-H20) ·

[0075] In one embodiment, the ratio of IPA to water in step a is from about 27: 1 to

about 2:1 (for example, from about 14:1 to about 4:1, from about 9.3:1 to about 6:1 or

about 8:1). In one embodiment, the mixture is heated in step b over a time period of

about 0.5-2 hours (for example, about 0.8-1.5 hours or about 1.0 hours). In a further

embodiment, the heated mixture from step b is stirred for an additional 30-60 minutes.

[0076] In one embodiment, the mixture is cooled in step c over a time period of about

0.5-2 hours (for example, about 0.8-1.5 hours or about 1.0 hours). In a further

embodiment, the mixture is stirred for an additional 25-35 minutes.

[0077] In one embodiment, water is removed from the mixture in step d by azeotropic

distillation of IPA and water. In a further embodiment, the distillation is performed at

reduced pressure. In still a further embodiment, the distillation is performed at a

pressure from about 90 Torr to about 170 Torr (for example, from about 100 Torr to

about 150 Torr, from about 110 Torr to about 130 Torr or from about 120 Torr to about

125 Torr). In another further embodiment, the pressure during distillation is ramped

from about 140 Torr to about 160 Torr in the beginning of the distillation to from about

90 Torr to about 110 Torr at the end of the distillation (for example, about 150 Torr at

the beginning of the distillation to about 100 Torr at the end of the distillation). In

another further embodiment, IPA is added to the mixture during distillation. In some

embodiments, the water content of the solution after performing step d is about 0-20%

(for example, about 1-16%, about 2-14%, about 3-12%, about 4-10%, about 5-8%,

about 5.5-6.5% or about 6%).

[0078] In a further embodiment, step d of the process further includes the steps of :

a) reducing the volume of the mixture by distillation at reduced pressure;

b) diluting the mixture with IPA; and

c) optionally repeating steps a and b one or more times.

[0079] In one further embodiment, the water content of the resulting mixture is about

3-10%.



[0080] In one embodiment, the process further comprises the step of adding a specific

volume of IPA to the mixture to produce a final water content in the supernatant

portion of the mixture of about 6%, wherein the specific volume of IPA is determined

by performing the calculation: Final volume (mL) of IPA to be added to the mixture =

((24 x KF x S)/(l - 6.5 x KF)) - (2.4 x KF), wherein "KF" is the water content as

determined by the Karl Fischer method, and "S" is the weight in grams of starting

compound of formula I(2 HCI-H2O>

[0081] In one aspect, the invention includes a process for preparing compound 1(2 HCI-

H20)

Compound l (2H ci-H20)

wherein the process comprises the steps of:

a) contacting a mixture comprising compound 2

Compound 2

and a solvent, with n-PrOTs and DIPEA to provide Compound 1(HOTS)

Compound 1 HOT )

wherein the solvent is acetonitrile, a mixture of acetonitrile and water, IPA, a

mixture of IPA and water, a mixture of acetonitrile and IPA, or a mixture of

acetonitrile, IPA and water;

b) isolating the solid Compound 1(HOTS) formed in step a ;

c) forming a mixture comprising Compound 1(HOT S) IP and water, and heating

the mixture to a temperature from about 70 °C to about 85 °C (for example from about

72 °C to about 83 °C, from about 75 °C to about 80 °C or about 78 °C);

d) cooling the mixture to a temperature from about -5 °C to about 15 °C (for

example from about 0 °C to about 10 °C, from about 3 °C to about 7 °C or about 5 °C);

e) isolating the solid Compound 1(HOTS) formed in step d ;



f) forming a biphasic mixture comprising Compound I (HOTS) 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

(for example about 10-14%, about 11- 13% or about 12%);

g) contacting the mixture with sodium hydroxide to form Compound 1

Compound 1

h) forming a mixture comprising Compound 1, 2-methyltetrahydrofuran and

IPA;

i) contacting the mixture with HC1; and

j ) isolating the solid Compound 1(2 HCI-H20 ) produced in step i .

[0082] In one embodiment of this aspect, the solvent is acetonitrile. In a further

embodiment, the solvent is a mixture of acetonitrile and water. In another embodiment,

the solvent is IPA. In a further embodiment, the solvent is a mixture of IPA and water.

In another embodiment, the solvent is a mixture of acetonitrile and IPA. In a further

embodiment, the solvent is a mixture of acetonitrile, IPA and water. In some

embodiments, water is present from about 0 % to about 10% by weight in the mixture of

acetonitrile and water. In one embodiment, the ratio of the mixture of acetonitrile to

water in step a is from about 3 :1 wt/wt to about 199: 1 wt/wt (for example from about

7 :1 to about 79: 1, from about 19 :1 to about 49: 1 or about 39: 1). In another

embodiment, n-PrOTs is added to the mixture with rapid stirring. In another

embodiment, the mixture comprising Compound 2 , acetonitrile, water and n-PrOTs is

heated to a temperature from about 60 °C to about 90 °C (for example, from about 65

°C to about 85 °C from about 68 °C to about 82 °C from about 70 °C to about 80 °C).

In another embodiment, the mixture comprising Compound 2 , acetonitrile, water and n-

PrOTs, after being heated to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 68 °C to about 82 °C or from

about 70 °C to about 80 °C), is then stirred for about 6-1 6 hours (for example about 7 -

10 hours, about 8-10 hours, about 8-9 hours or about 9-10 hours).

[0083] In some embodiments, the solvent is a mixture of acetonitrile, IPA and water,

and water is present in an amount from about 0 % to about 10% (for example from



about 0.5% to about 5%, from about 1.0% to about 3.0%, or about 1.4%) by weight of

the mixture, acetonitrile is present in an amount from about 0 % to about 50% (for

example from about 10% to about 40%, from about 20% to about 30%, or about 27%)

by weight of the mixture, and IPA is present in an amount from about 0 % to about 50%

(for example from about 10% to about 40%, from about 20% to about 30%, or about

27%) by weight of the mixture. In a further embodiment, the solvent is a mixture of

acetonitrile, IPA and water, and water is present in an amount of about 1.4% by weight

of the mixture, acetonitrile is present in an amount of about 27% by weight of the

mixture, and IPA is present in an amount of about 27% by weight of the mixture.

[0084] In one embodiment, the solvent is a mixture of acetonitrile, IPA and water,

and the resulting product Compound 1(HOTS) obtained at a higher yield compared to

the same process using other solvent systems. In one embodiment, the yield is greater

than 70%. In another embodiment, the yield is greater than 80%. In still another

embodiment, the yield is greater than 83%. In a further embodiment, the yield is about

83.8%. In another embodiment, the solvent is a mixture of acetonitrile, IPA and water,

and the resulting product Compound 1(HOTS) obtained in a more purified state

compared to the same process using other solvent systems. In one embodiment, the

chemical purity of the product is greater than 95%. In another embodiment, the

chemical purity of the product is greater than 97%. In another embodiment, the

chemical purity of the product is greater than 98%. In another embodiment, the

chemical purity of the product is greater than 98.5%. In another embodiment, the

chemical purity of the product is about 98.74%.

[0085] In one embodiment, the ratio of IPA to water in step c above is from about

2.3:1 v/v to about 4.25:1 v/v (for example from about 2.5:1 to about 3.3:1 or about 3:1).

In another embodiment, the mixture in step d is cooled over a period from about 2

hours to about 5 hours (for example from about 2.5 hours to about 4.5 hours, from

about 2.8 hours to about 4.2 hours, from about 3 hours to about 4 hours, 3.25 hours, 3.5

hours or 3.75 hours). In some embodiments, the step of isolating the solid Compound

l(HOTs) in step e is done using filtration. In some further embodiments, the filter cake is

washed once or twice with 2 volumes of IPA.

[0086] In one embodiment, the yield of Compound 1(HOTS) isolated in step e is greater

than 75%. In a further embodiment, the yield is greater than 80%. In a further

embodiment, the yield is greater than 81%. In a further embodiment, the yield is



greater than 82%. In a further embodiment, the yield is greater than 83%. In another

further embodiment, the yield is greater than 84%. In another further embodiment, the

yield is greater than 85%. In another embodiment, the yield is from about 83% to

about 85%. In another embodiment, the yield is about 83.6%. In another embodiment,

the yield is about 83.9%. In another embodiment, the yield is from about 84% to about

85%.

[0087] In one embodiment, the chemical purity of Compound 1(HOTS) isolated in step e

is greater than 90%. In a further embodiment, the chemical purity is greater than 95%.

In a further embodiment, the chemical purity is greater than 98%. In another

embodiment, the chemical purity is about 98.2%. In another embodiment, the chemical

purity is about 97.1%.

[0088] In one embodiment, the enantiomeric excess of Compound 1(HOTS) isolated in

step e is from about 1% to about 15% greater than the enantiomeric excess of the

starting Compound 2. In a further embodiment, the enantiomeric excess is from about

3% to about 13% greater. In a further embodiment, the enantiomeric excess is from

about 4% to about 11% greater. In another embodiment, the enantiomeric excess is

from about 3% to about 6% greater. In a further embodiment, the enantiomeric excess

is from about 4% to about 5% greater. In a further embodiment, the enantiomeric

excess is about 4.2% greater. In another embodiment, the enantiomeric excess is from

about 8% to about 12% greater. In a further embodiment, the enantiomeric excess is

from about 9% to about 11% greater. In a further embodiment, the enantiomeric excess

is from about 10% to about 11% greater. In a further embodiment, the enantiomeric

excess is about 10.1% greater. In another embodiment, the enantiomeric excess is

about 1.21% greater.

[0089] In one embodiment, the ratio of 2-methyltetrahydrofuran to brine in step f is

from about 3:1 v/v to about 1:1 v/v (for example, from about 2.5:1 to about 1.5:1, from

about 2:1 to about 1.6:1 or about 1.8:1).

[0090] In one embodiment, the sodium hydroxide in step g is present in from about

1.0 molar equivalents to 5 molar equivalents (for example, about 1-4, about 1-3, about

1-2, about 1-1.5, about 1-1.25, about 1-1.10 or about 1.04 molar equivalents). In

another embodiment, sodium hydroxide is added to the biphasic mixture with rapid

stirring. In another embodiment, sodium hydroxide is added to the biphasic mixture as

a 1.0 N - 3.0 N solution, for example about a 2.0 N solution. In a further embodiment,



the organic phase of the biphasic mixture comprising the product is used in the next

step of the process without further purification of the product.

[0091] In one embodiment of this aspect, the ratio of 2-methyltetrahydrofuran to IPA

in step h is from about 3:1 v/v to about 1:1 v/v (for example, from about 2.5:1 to about

1.5:1, from about 2:1 to about 1.6:1 or about 1.8:1).

[0092] In some embodiments, HC1 in a solvent is added to the mixture comprising

Compound 1, 2-methyltetrahydrofuran and IPA. In one further embodiment, the HC1

solution is added with rapid stirring, for example 145 rpm. In another further

embodiment, the HC1 is added to the mixture as a solution in IPA. In still another

further embodiment, the HC1 solution is produced by diluting concentrated HC1 with

IPA to 5-10 times (for example 6-9 times, 7-8.5 times, 7.5-8.0 times, 7.7 times or 7.8

times) the original volume of concentrated HC1. In another embodiment, the HC1 is

present in an amount of about 2-4 (for example 2-3, 2-2.5, 2-2.2 or about 2.0) molar

equivalents. In some embodiments, the final mixture is held at a temperature of about

20 °C prior to isolating the solid Compound 1(2 HC O) produced in step i . In one

embodiment, the solid Compound 1(2 HCI-H20) produced in step i is isolated by filtration.

In a further embodiment, the filter cake is washed once or twice with about 2 volumes

of about 3-7 wt wt water in IPA or about 5 wt wt water in IPA.

[0093] In one aspect, the process further comprises the steps of:

a) forming a mixture comprising Compound 1(2 HCI-H2O)>IP and water;

b) heating the mixture to a temperature from about 60 °C to about 90 °C (for

example, from about 65 °C to about 85 °C, from about 70 °C to about 82 °C or from

about 75 °C to about 80 °C);

c) cooling the mixture to about 35-60 °C (for example, about 40-55 °C, about

44 °C or about 50 °C);

d) removing water from the mixture;

e) cooling the solution to a temperature from about -10 °C to about 15 °C (for

example, from about -5 °C to about 1 °C or from about 0 °C to about 5 °C); and

f) isolating the solid Compound 1(2 HCI-H2O>

[0094] In one embodiment, the ratio of IPA to water in step a is from about 27: 1 to

about 2:1 (for example, from about 14:1 to about 4:1, from about 9.3:1 to about 6:1 or

about 8:1). In one embodiment, the mixture is heated in step b over a time period of



about 0.5-2 hours (for example, about 0.8-1.5 hours or about 1.0 hours). In a further

embodiment, the heated mixture from step b is stirred for an additional 30-60 minutes.

[0095] In one embodiment, the mixture is cooled in step c over a time period of about

0.5-2 hours (for example, about 0.8-1.5 hours or about 1.0 hours). In a further

embodiment, the mixture is stirred for an additional 25-35 minutes.

[0096] In one embodiment, water is removed from the mixture in step d by azeotropic

distillation of IPA and water. In a further embodiment, the distillation is performed at

reduced pressure. In still a further embodiment, the distillation is performed at a

pressure from about 90 Torr to about 170 Torr (for example, from about 100 Torr to

about 150 Torr, from about 110 Torr to about 130 Torr or from about 120 Torr to about

125 Torr). In another further embodiment, the pressure during distillation is ramped

from about 140 Torr to about 160 Torr in the beginning of the distillation to from about

90 Torr to about 110 Torr at the end of the distillation (for example, about 150 Torr at

the beginning of the distillation to about 100 Torr at the end of the distillation). In

another further embodiment, IPA is added to the mixture during distillation. In some

embodiments, the water content of the solution after performing step d is about 0-20%

(for example, about 1-16%, about 2-14%, about 3-12%, about 4-10%, about 5-8%,

about 5.5-6.5% or about 6%).

[0097] In a another embodiment, step d of the process further includes the steps of :

a) reducing the volume of the mixture by distillation at reduced pressure;

b) diluting the mixture with IPA; and

c) optionally repeating steps a and b one or more times.

[0098] In one further embodiment, the water content of the resulting mixture is about

3-10%.

[0099] In one embodiment, the process further comprises the step of adding a specific

volume of IPA to the mixture to produce a final water content in the supernatant

portion of the mixture of about 6%, wherein the specific volume of IPA is determined

by performing the calculation: Final volume (mL) of IPA to be added to the mixture =

((24 x KF x S)/(l - 6.5 x KF)) - (2.4 x KF), wherein "KF" is the water content,

expressed as a decimal, as determined by the Karl Fischer method, and "S" is the

weight in grams of starting compound of formula I(2 HCI-H2O>

[00100] In one embodiment, the yield of Compound 1(2 HCI-H20) produced by

crystallization from a solution containing Compound 1(2 HCI-H2O IPA and water is



greater than 80%. In a further embodiment, the yield is greater than 90%. In a further

embodiment, the yield is greater than 93%. In another further embodiment, the yield is

greater than 94%. In one embodiment, the yield is 94-96%.

[00101] In one embodiment, the chemical purity of Compound 1(2 H C O) produced by

crystallization from a solution containing Compound 1(2 HCI-H2O IPA and water is

greater than 90%. In a further embodiment, the chemical purity is greater than 95%. In

a further embodiment, the chemical purity is greater than 98%. In a further

embodiment, the chemical purity is greater than 99%. In a further embodiment, the

chemical purity is greater than 99.5%. In a further embodiment, the chemical purity is

greater than 99.8%. In a further embodiment, the chemical purity is greater than

99.9%.

[00102] In one embodiment, the enantiomeric excess of Compound 1(2 HCI-H20)

produced by crystallization from a solution containing Compound 1(2 HCI-H20), IPA and

water is greater than about 80%. In further embodiment, the enantiomeric excess is

greater than 85%. In further embodiment, the enantiomeric excess is greater than 97%.

In further embodiment, the enantiomeric excess is greater than 98%. In further

embodiment, the enantiomeric excess is greater than 99%. In further embodiment, the

enantiomeric excess is greater than 99.5%. In further embodiment, the enantiomeric

excess is greater than 99.9%. In further embodiment, the enantiomeric excess is greater

than 99.95%. In further embodiment, the enantiomeric excess is greater than 99.99%.

In one embodiment, the enantiomeric excess of Compound 1(2 HCI-H20) produced by

crystallization from a solution containing Compound 1(2 HCI-H2O IPA and water is from

about 98% to about 100%. In one embodiment, the enantiomeric excess of Compound

l(2 Hci-H20) produced by crystallization from a solution containing Compound 1(2 HCI-

H20), IPA and water is from about 99% to about 100%. In one embodiment, the

enantiomeric excess of Compound 1(2 HCI-H20) produced by crystallization from a

solution containing Compound 1(2 HCI-H20), IPA and water is about 100%.

[00103] In one aspect, the solid Compound 1(2 HCI-H20) isolated from the process is in

the polymorphic Form A. In one embodiment, Compound 1(2 HCI-H20) Form A is a

hydrate. In a further embodiment, Compound 1(2 HCI-H20) Form A is a monohydrate. In

one embodiment, Compound 1(2 HCI-H20) Form A is produced by a process described

herein. In a further embodiment, the Compound 1(2 HCI-H20) Form A produced by a

process described herein has a water content of from about 3% to about 10% (for



example, from about 4% to about 8%, from about 5% to about 7%, or about 6%). In a

further embodiment, Compound 1(2 HCI-H20) Form A is produced by crystallization from

a solution containing Compound 1(2 HCI-H20), IP and water. In a further embodiment,

the solution contains greater than 5% water, relative to IPA. In another further

embodiment, the solution contains greater than 6% water, relative to IPA. In still

another further embodiment, the solution contains greater than 7% water, relative to

IPA. In one embodiment, the XRPD pattern produced from a sample of Compound 1(2

HC1 H20) Form A is similar to that shown in Figure 2. In a further embodiment, the

sample of Compound 1dihydrochloride Form A which produced an XRPD pattern

similar to that shown in Figure 2 is produced by a method described herein.

[00104] In one aspect, the solid Compound 1 dihydrochloride isolated from the process

is in the polymorphic Form B. In one embodiment, Compound 1 dihydrochloride Form

B is an anhydrate. In a further embodiment, Compound 1 dihydrochloride Form B is

produced by crystallization from a solution containing Compound 1(2 HCI-H20), IPA and

water. In another further embodiment, the solution contains less than 3% water,

relative to IPA. In still another further embodiment, the solution contains less than 2%

water, relative to IPA. In still another further embodiment, the solution contains less

than 0.5% water, relative to IPA. In another embodiment, Compound 1(2 HCI-H20) Form

B is produced by crystallization from a solution containing Compound 1

dihydrochloride and anhydrous IPA. In one embodiment, the XRPD pattern produced

from a sample of Compound 1dihydrochloride Form B is similar to that shown in

Figure 3. In a further embodiment, the sample of Compound 1dihydrochloride Form B

which produced an XRPD pattern similar to that shown in Figure 3 is produced by a

method described herein.

[00105] In one embodiment, Compound 1 dihydrochloride Form B is produced by

removing water from a sample of Compound 1(2 HCI-H20) Form A. In a further

embodiment, water is removed from a solid sample of Compound 1(2 HCI-H20) Form A

by a drying process. In a further embodiment, the solid sample of Compound 1(2 HCI-

H20) Form A is dried in an oven, optionally at elevated temperatures.

[00106] In one embodiment, Compound 1 dihydrochloride Form B is produced by

removing water from a sample of Compound 1(2 HCI-H20) Form A by contacting said

Form A with an anhydrous solvent, such as anhydrous IPA. In further embodiment, a

mixture of Compound 1 dihydrochloride Form B and Compound 1(2 HCI-H20) Form A is



produced by contacting a sample of said Form A produced by a process described

herein with an anhydrous solvent, such as anhydrous IPA. In still a further

embodiment, the Compound 1(2 HCI-H20) Form A filter cake, produced by a process

described herein is rinsed with anhydrous IPA to produce a mixture of Compound 1

dihydrochloride Form B and Compound 1(2 HCI-H20) Form A. In another further

embodiment, the weight percent of Compound 1 dihydrochloride Form B in the

mixture is dependent on the amount of time that a sample of Compound 1(2 HCI-H20)

Form A is in contact with an anhydrous solvent such as anhydrous IPA. In some

embodiments, a mixture of Compound 1 dihydrochloride Form B and Compound 1(2

HC1 H20) Form A is produced by contacting a sample of Compound 1(2 HCI-H20) Form A

with an anhydrous solvent, such as anhydrous IPA for longer than 1 hour (for example,

longer than 1.5 hours, longer than 2 hours, about 2.25 hours or about 5 hours). In other

embodiments, contacting Compound 1(2 HCI-H20) Form A with an anhydrous solvent,

such as anhydrous IPA, for 1 hour or less does not produce any detectable Compound 1

dihydrochloride Form B.

[00107] It is understood that the production of Compound 1 dihydrochloride Form B

from Compound 1(2 HCI-H20) Form A by contacting said Form A with a solvent is a

function of 1) the amount of water in the solvent, and 2) the amount of time said Form

A is in contact with said solvent. The above factors relating to the solvent will, to a

large degree, dictate the ratio of Compound 1 dihydrochloride Form B to Compound 1(2

HC1 H20) Form A in the resulting sample.

FORMULATIONS, ADMINISTRATIONS AND USES

[00108] The present invention includes within its scope pharmaceutically acceptable

prodrugs of the compounds of the present invention. A "pharmaceutically acceptable prodrug"

means any pharmaceutically acceptable salt, ester, salt of an ester, or other derivative of a

compound of the present invention which, upon administration to a recipient, is capable of

providing (directly or indirectly) a compound of this invention or an active metabolite or

residue thereof. Preferred prodrugs are those that increase the bioavailability of the

compounds of this invention when such compounds are administered to a mammal or which

enhance delivery of the parent compound to a biological compartment relative to the parent

species.



[00109] The term "pharmaceutically acceptable carrier, adjuvant, or vehicle" refers to a

non-toxic carrier, adjuvant, or vehicle that does not destroy the pharmacological activity of the

compound with which it is formulated. Pharmaceutically acceptable carriers, adjuvants or

vehicles that may be used in the compositions of this invention include, but are not limited to,

ion exchangers, alumina, aluminum stearate, lecithin, serum proteins, such as human serum

albumin, buffer substances such as phosphates, glycine, sorbic acid, potassium sorbate, partial

glyceride mixtures of saturated vegetable fatty acids, water, salts or electrolytes, such as

protamine sulfate, disodium hydrogen phosphate, potassium hydrogen phosphate, sodium

chloride, zinc salts, colloidal silica, magnesium trisilicate, polyvinyl pyrrolidone, cellulose-

based substances, polyethylene glycol, sodium carboxymethylcellulose, polyacrylates, waxes,

polyethylene-polyoxypropylene -block polymers, polyethylene glycol and wool fat.

[00110] Pharmaceutically acceptable salts of the compounds of this invention include

those derived from pharmaceutically acceptable inorganic and organic acids and bases.

Examples of suitable acid salts include acetate, adipate, alginate, aspartate, benzoate,

benzenesulfonate, bisulfate, butyrate, citrate, camphorate, camphorsulfonate,

cyclopentanepropionate, digluconate, dodecylsulfate, ethanesulfonate, formate, fumarate,

glucoheptanoate, glycerophosphate, glycolate, hemisulfate, heptanoate, hexanoate,

hydrochloride, hydrobromide, hydroiodide, 2-hydroxyethanesulfonate, lactate, maleate,

malonate, methanesulfonate, 2-naphthalenesulfonate, nicotinate, nitrate, oxalate, palmoate,

pectinate, persulfate, 3-phenylpropionate, phosphate, picrate, pivalate, propionate, salicylate,

succinate, sulfate, tartrate, thiocyanate, tosylate and undecanoate. Other acids, such as oxalic,

while not in themselves pharmaceutically acceptable, may be employed in the preparation of

salts useful as intermediates in obtaining the compounds of the invention and their

pharmaceutically acceptable acid addition salts.

[00111] Salts derived from appropriate bases include alkali metal (e.g., sodium and

potassium), alkaline earth metal (e.g., magnesium), ammonium and N+(Ci_4 alkyl) 4 salts. This

invention also envisions the quaternization of any basic nitrogen-containing groups of the

compounds disclosed herein. Water or oil-soluble or dispersible products may be obtained by

such quaternization.

[00112] The compositions of the present invention may be administered orally,

parenterally, by inhalation spray, topically, rectally, nasally, buccally, vaginally or via an

implanted reservoir. The term "parenteral" as used herein includes subcutaneous, intravenous,

intramuscular, intra- articular, intra-synovial, intrastemal, intrathecal, intrahepatic, intralesional



and intracranial injection or infusion techniques. Preferably, the compositions are

administered orally, intraperitoneally or intravenously. Sterile injectable forms of the

compositions of this invention may be aqueous or oleaginous suspension. These suspensions

may be formulated according to techniques known in the art using suitable dispersing or

wetting agents and suspending agents. The sterile injectable preparation may also be a sterile

injectable solution or suspension in a non-toxic parenterally-acceptable diluent or solvent, for

example as a solution in 1,3-butanediol. Among the acceptable vehicles and solvents that may

be employed are water, Ringer's solution and isotonic sodium chloride solution. In addition,

sterile, fixed oils are conventionally employed as a solvent or suspending medium.

[00113] For this purpose, any bland fixed oil may be employed including synthetic

mono- or di-glycerides. Fatty acids, such as oleic acid and its glyceride derivatives are useful

in the preparation of injectables, as are natural pharmaceutically-acceptable oils, such as olive

oil or castor oil, especially in their polyoxyethylated versions. These oil solutions or

suspensions may also contain a long-chain alcohol diluent or dispersant, such as

carboxymethyl cellulose or similar dispersing agents that are commonly used in the

formulation of pharmaceutically acceptable dosage forms including emulsions and

suspensions. Other commonly used surfactants, such as Tweens, Spans and other emulsifying

agents or bioavailability enhancers which are commonly used in the manufacture of

pharmaceutically acceptable solid, liquid, or other dosage forms may also be used for the

purposes of formulation.

[00114] The pharmaceutically acceptable compositions of this invention may be orally

administered in any orally acceptable dosage form including, but not limited to, capsules,

tablets, aqueous suspensions or solutions. In the case of tablets for oral use, carriers commonly

used include lactose and corn starch. Lubricating agents, such as magnesium stearate, are also

typically added. For oral administration in a capsule form, useful diluents include lactose and

dried cornstarch. When aqueous suspensions are required for oral use, the active ingredient is

combined with emulsifying and suspending agents. If desired, certain sweetening, flavoring or

coloring agents may also be added.

[00115] Alternatively, the pharmaceutically acceptable compositions of this invention

may be administered in the form of suppositories for rectal administration. These can be

prepared by mixing the agent with a suitable non-irritating excipient that is solid at room

temperature but liquid at rectal temperature and therefore will melt in the rectum to release the

drug. Such materials include cocoa butter, beeswax and polyethylene glycols.



[00116] The pharmaceutically acceptable compositions of this invention may also be

administered topically, especially when the target of treatment includes areas or organs readily

accessible by topical application, including diseases of the eye, the skin, or the lower intestinal

tract. Suitable topical formulations are readily prepared for each of these areas or organs.

[00117] Topical application for the lower intestinal tract can be effected in a rectal

suppository formulation (see above) or in a suitable enema formulation. Topically-transdermal

patches may also be used.

[00118] For topical applications, the pharmaceutically acceptable compositions may be

formulated in a suitable ointment containing the active component suspended or dissolved in

one or more carriers. Carriers for topical administration of the compounds of this invention

include, but are not limited to, mineral oil, liquid petrolatum, white petrolatum, propylene

glycol, polyoxyethylene, polyoxypropylene compound, emulsifying wax and water.

Alternatively, the pharmaceutically acceptable compositions can be formulated in a suitable

lotion or cream containing the active components suspended or dissolved in one or more

pharmaceutically acceptable carriers. Suitable carriers include, but are not limited to, mineral

oil, sorbitan monostearate, polysorbate 60, cetyl esters wax, cetearyl alcohol, 2-octyldodecanol,

benzyl alcohol and water.

[00119] For ophthalmic use, the pharmaceutically acceptable compositions may be

formulated as micronized suspensions in isotonic, pH adjusted sterile saline, or, preferably, as

solutions in isotonic, pH adjusted sterile saline, either with or without a preservative such as

benzylalkonium chloride. Alternatively, for ophthalmic uses, the pharmaceutically acceptable

compositions may be formulated in an ointment such as petrolatum.

[00120] The pharmaceutically acceptable compositions of this invention may also be

administered by nasal aerosol or inhalation. Such compositions are prepared according to

techniques well-known in the art of pharmaceutical formulation and may be prepared as

solutions in saline, employing benzyl alcohol or other suitable preservatives, absorption

promoters to enhance bioavailability, fluorocarbons, and/or other conventional solubilizing or

dispersing agents.

[00121] Most preferably, the pharmaceutically acceptable compositions of this invention

are formulated for oral administration.

[00122] The amount of the compounds of the present invention that may be combined

with the carrier materials to produce a composition in a single dosage form will vary

depending upon the host treated, the particular mode of administration. Preferably, the



compositions should be formulated so that a dosage of between 0.01-100 mg/kg body

weight/day of the modulator can be administered to a patient receiving these compositions.

[00123] It should also be understood that a specific dosage and treatment regimen for

any particular patient will depend upon a variety of factors, including the activity of the

specific compound employed, the age, body weight, general health, sex, diet, time of

administration, rate of excretion, drug combination, and the judgment of the treating physician

and the severity of the particular disease being treated. The amount of a compound of the

present invention in the composition will also depend upon the particular compound in the

composition.

[00124] Depending upon the particular condition, or disease, to be treated or prevented,

additional therapeutic agents, which are normally administered to treat or prevent that

condition, may also be present in the compositions of this invention. As used herein,

additional therapeutic agents that are normally administered to treat or prevent a particular

disease, or condition, are known as "appropriate for the disease, or condition, being treated."

GENERAL SYNTHETIC STRATEGIES

[00125] A general synthetic strategy to produce compounds of formula II is shown in

Scheme 1.

[001

[00127] A compound of formula A can be brominated using a reagent such as molecular

bromine or N-bromosuccinimide to produce an intermediate of formula B. Intermediate B can

then be contacted with thiourea to provide a tetrahydrobenzothiazole intermediate of formula

C. The intermediate C can be synthesized from A with or without isolation of intermediate B.

Hydrolysis of C to a racemic intermediate of formula II can be performed using basic

conditions such as aqueous NaOH or Na2C0 , or by acidic conditions such as HC1, H2SO4 or



HBr. The intermediate of formula II can be synthesized from A with or without isolation of

intermediate B or C. The steps leading to the formation of a racemic intermediate of formula II

can be performed in separate reaction vessels or one reaction vessel, with or without isolation

of one or more of intermediates A, B or C. A racemic intermediate of formula II can be

enantiomerically enriched by selective crystallization of the acid addition salt of a single

enantiomer using a chiral acid such as tartaric acid.

[00128] A general scheme to produce compounds of formula I(2 HCI-H20) shown in

Scheme 2.

[00129] Scheme 2

formula I 2 HC i-H20)

[00130] A compound of formula II can be treated with an alkylating reagent of formula

G, wherein Ri is an alkyl group and X is a leaving group, according to Scheme 2. The mono-

salt intermediate F, wherein HX is a bound acid such as HC1, HBr, MsOH or TsOH, can be

directly converted to the dihydrochloride salt by ion exchange. Alternatively, F can first be

converted to the free base and then converted to the dihydrochloride salt by the addition of

HC1.

EXAMPLES

[00131] Example 1 : (R)-(+)-2-amino-4,5,6,7-tetrahvdro-6-(n-



[00132] Method 1:

[00133] Compound 2 (100 g, 590.9 mmol, 98.8% ee) was charged in a 1 L

reactor equipped with nitrogen inlet, condenser, thermometer and overhead stirrer at

room temperature. Acetonitrile (487.5 mL, 4.875 Volumes) was added to the reactor

and agitation was started. Water (12.5 mL, 0.125 Volumes) was then added to the

reactor, followed by DIPEA (38.2 g, 295 mmol). n-Propyl p-toluenesulfonate (189.9

g, 886 mmol) was then added to the reactor and the reaction mixture was heated to

about 75 to 80 °C with stirring. The reaction stirred at about 75 to 80 °C for 6-16

hours, until complete (typically about 8-10 hours). The batch was then cooled to room

temperature over 2-3 hours and aged at room temperature for additional 1 hour. The

reaction mixture was filtered at room temperature, and the wet cake was washed with

acetonitrile (250 mL) twice and dried to a constant weight to provide the product in

83.9% yield (190.1 g), 98.2% purity (determined by achiral HPLC), and about 100%

ee.

[00134] Method 2:

[00135] Compound 2 (100 g, 591.0 mmol, 98.8% ee) was charged in a reactor

equipped with nitrogen inlet, condenser, thermometer and overhead stirrer at room

temperature. Water (10.0 g) was added to the reactor, followed by acetonitrile (390.0

g), and rapid agitation was started. DIPEA (38.2 g, 295 mmol) was then added to the

reactor, followed by n-Propyl p-toluenesulfonate (189.9 g, 886 mmol) and the resulting

mixture was heated to about 75 to 80 °C with stirring. The reaction stirred at about 75

to 80 °C for 6-16 hours, until complete (typically about 8-10 hours). The batch was

then cooled to about 20 °C over about 3 hours and stirred at about 20 °C for additional

1 hour. The reaction mixture was filtered at room temperature, and the wet cake was

washed with acetonitrile (300 mL) twice, and dried to a constant weight to provide the

product in 84-85% yield, 98.2% purity (determined by achiral HPLC), and about 100%

ee.

[00136] Method 3:

[00137] Compound 2 (1500 g, 8.86 mol, 98.8% ee) was charged in a reactor

equipped with nitrogen inlet, condenser, thermometer and overhead stirrer at room

temperature. Acetonitrile (5752 g) was added to the reactor, followed by water (188 g),

and agitation at 70 rpm was started. DIPEA (572.7 g, 4.43 mol) was then added to the

reactor, followed by n-Propyl p-toluenesulfonate (2848.7 g, 13.29 mol) and the



resulting mixture was heated to about 75 to 80 °C with stirring (jacket temperature was

82 °C). The reaction stirred at about 75 to 80 °C for about 8.5-9 hours . The batch was

then cooled to about 15 °C over about 3 hours and stirred at about 15 °C overnight.

The reaction mixture was filtered at room temperature, and the wet cake was washed

with acetonitrile (3 L) twice and dried to a constant weight to provide the product in

83.6% yield, 97.1% purity (determined by achiral HPLC), and about 100% ee.

[00138] Method 4:

[00139] In an appropriately sized reaction vessel, Compound 2 (10.00 g, 59.08

mmol), Compound 3 (18.99 g, 88.63 mmol), N,N-Diisopropylethylamine (3.818 g,

29.54 mmol), Acetonitrile (25.0 mL, 479 mmol) and Isopropyl alcohol (25.0 mL, 326

mmol) were mixed and heated at 75 °C for 16 hours. The resulting reaction mixture

was then cooled to about 20 °C, filtered, and the wet cake was washed with

Acetonitrile. The product was air dried under vacuum to provide 19.34 g (85.34%)

Compound I (HOTS) having a chemical purity of 98.65%.

[00140] Method 5:

[00141] In an appropriately sized reaction vessel, Compound 2 (10.00 g, 59.08

mmol), Compound 3 (18.99 g, 88.63 mmol), N,N-Diisopropylethylamine (3.818 g,

29.54 mmol), water (1.00 mL; 55.5 mmol), Acetonitrile (25.0 mL, 479 mmol) and

Isopropyl alcohol (25.0 mL, 326 mmol) were mixed and heated at 78 °C for 10 hours,

and then cooled at 20 °C overnight. The resulting reaction mixture was then filtered,

and the wet cake was washed with Acetonitrile (30 mL x 2). The product was air dried

under vacuum to provide 18.99 g (83.80%) Compound 1(HOTS), having a chemical purity

of 98.74%. Method 6:

[00142] In an appropriately sized reaction vessel, Compound 2 (50.00 g, 295.4

mmol), Compound 3 (94.96 g, 443.1 mmol), N,N-Diisopropylethylamine (38.18 g,

295.4 mmol) and Isopropyl alcohol (350.0 mL, 4572 mmol) were mixed and heated

from 25 °C to 80 °C over 60 minutes, and then stirred at 80 °C for 14 hours. The

reaction was then cooled to 20 °C over 1 hour and aged at 20 °C for an additional 1

hour. The resulting reaction mixture was then filtered, and the wet cake was washed

with Isopropyl alcohol (100 mL x 2). The product was air dried under vacuum

overnight to provide 91.72 g (78.12%) Compound 1(HOTS), at 96.5% chemical purity.

[00143] Example 2 : Recrystallization and purification of (R)-(+)-2-amino-4,5,6,7-

tetrahydro-6-(n-propylamino)benzothiazole ^-toluenesulfonic acid salt ( l r v ).



Compound l O T ) Compound 1(HOTS) Recrystallized

[00144] Compound 1(HOTS) (2.7 kg, 7.039 mol) was charged to a reactor at room

temperature followed by 2-Propanol (IPA, 16.97 kg, 8 Volumes) and the mixture was stirred at

100 rpm. Water (7.29 kg, 2.7 Volumes) was then added to the reaction mixture and the

mixture was heated to about 78 °C until a clear solution was observed. The batch was cooled

to about 5 °C over a period of about 4 hours and stirred at 135 rpm for an additional 1 hour.

The batch was then filtered and washed two times with IPA (5.4 L, 2 Volumes). The filter

cake was dried at 60 °C under vacuum to provide the product in 90% yield, greater than 99.5%

purity by HPLC and about 100% ee.

[00145] Example 3 : Synthesis of (R)-(+)-2-amino-4,5,6,7-tetrahydro-6-(n-

propylamino)benzothiazole (1)

Compound 1(HOT S) Recrystallized Compound 1

[00146] Method 1: Recrystallized Compound 1(HOTS) (1.20 Kg, 3.13 mol) was charged

to a reactor, followed by 2-MeTHF (9.6 Kg, 10.8 L, 9 Volumes) and 12% brine solution (6.57

Kg, 6.0 L, 5 Volumes). The biphasic reaction mixture was then stirred at 125 rpm. A 2.0 N

NaOH solution (1.61 L, 1.04 equivalent) was added to the stirred solution and stirring

continued until all solids had dissolved (about 20 minutes). Stirring was then stopped to allow

the layers to separate, and the aqueous layer was drained and extracted once with 2-MeTHF

(3.2 Kg, 3.6 L, 3 Volumes). The combined organic extracts were then washed twice with

water (1.2 L, 1 Volume). The organic layer was washed once with IPA (6.0 L, 5.0 Volumes).

[00147] Method 2: Recrystallized Compound 1(HOT S) (1-20 Kg, 3.13 mol) was charged

to a reactor, followed by 2-MeTHF (9.6 Kg, 10.8 L, 9 Volumes) and 12% brine solution (6.57

Kg, 6.0 L, 5 Volumes). The biphasic reaction mixture was then stirred at 125 rpm. A 2.0 N

NaOH solution (1.61 L, 1.04 equivalent) was added to the stirred solution and stirring

continued until all solids had dissolved (about 20 minutes). Stirring was then stopped to allow

the layers to separate, and the aqueous layer was drained and extracted once with 2-MeTHF



(3.2 Kg, 3.6 L , 3 Volumes). The combined organic extracts were then washed with water (2 x

1.2 L, 2 x 1 Volume).

[00148] Example 4 : Synthesis of (R)-(+)-2-amino-4,5,6,7-tetrahvdro-6-(n-

propylamino)benzothiazole dihvdrochloride (l ci- o

Compound 1 Compound 1 2 HCI-H20)

[00149] The organic solution from Example 3 was charged with IPA (4.75 Kg, 6.0 L , 5

Volumes) and the mixture was stirred. Concentrated HC1 (2 eq.) was diluted with IPA (3.6 L,

3.0 Volumes), and the resulting acid mixture was added to the first mixture containing

Compound 1 over about 1 hour with good agitation. During the addition, the mixture was kept

at a temperature between 20-30 °C. A precipitate formed and the mixture was cooled to about

20 °C and held for about 30 minutes. The mixture was then filtered and the filter cake was

washed once with 2 volumes of a 19:1 wt/wt mixture of IPA to water solution, and then dried

at 45-50 °C under vacuum to give 89% molar yield. The HPLC purity (at 265 nm) of this

dried material was about 100%, with about 100% ee.

[00150] Example 5 : Recrystallization and purification of (R)-(+)-2-amino-4,5,6,7-

tetrahydro-6-(n-propylamino)benzothiazole dihydrochloride (1(2 HCI-H20

Compound 1 2 HCI-H20) Compound 1 2 HCI-H20) Recrystallized

[00151] Method 1:

[00152] Compound 1(2HCI-H20) (700 g) was added to a reaction vessel, followed by IPA

(4354 mL) and water (546 mL). The mixture was stirred and heated to a temperature of about

70-75 °C over 1 hour, and then stirred for an additional 30-60 minutes. The solution was then

cooled over about 1 hour to about 50 °C and the slurry was stirred for 30 - 60 minutes. The

mixture was then connected to a vacuum and distilled while gradually reducing the pressure to

about 150 Torr until the volume of the mixture was reduced by about 50%. IPA (2000 mL)

was added to the mixture and the vacuum step was repeated as above. IPA (2000 mL) was

added and the mixture was cooled over 1 - 1.5 hour to a temperature of about 0-5 °C, stirred

for 30 - 60 minutes and the solid Compound 1(2HCI-H2 O) product was filtered. The filter cake



was washed in two portions with a cold solution containing about 1330 mL IPA and about 70

mL water. The filter cake was then dried to provide the product in 97% yield, about 100%

purity by HPLC and about 100 %ee.

[00153] Method 2:

[00154] Compound 1(2 HCI-H20) (70 g, 1 equivalent) was added to a reaction vessel,

followed by IPA (341.5 g, 435 mL, 6.22 Volumes) and water (54.6 mL, 0.78 Volumes). The

mixture was stirred and heated to a temperature of about 75-80 °C and then stirred for an

additional 30 minutes. The mixture was then cooled over about 1 hour to about 50 °C and

stirred for about 30 minutes. The mixture was then connected to a vacuum and distilled at a

pressure of about 150 Torr at the start to about 100 Torr at the end until the volume of the

mixture was reduced to about 3 volumes. IPA (164.9 g, 210 mL, 3 Volumes) was added at 45-

55 °C over a period of about 10 minutes to the mixture. The amount of final charge of IPA

that leads to a 6% final water content was determined using the equation: Final charge of IPA

= ((24 x KF x S)/(l - 6.5 x KF)) - (2.4 x KF). In this equation, "KF' is the water content as

determined by the Karl Fischer method (for example, if 7.5% water content is measured, 0.075

is the KF value in the equation), and "S" is the weight in grams of starting compound of

Compound 1(2 HCI-H2O The amount of IPA determined from the equation above was then added

to the mixture at 45-55 °C over 8 minutes. The mixture was then cooled to a temperature of

about 0 °C over 2 hours, and stirred at 0 °C for an additional 1-2 hours. The solid Compound

1(2 HC1 H20) product was then filtered and the filter cake was washed with 1 volume of a mixture

containing 5% water in IPA. The filter cake was then dried at a pressure of 30 Torr for 12-16

hours to provide the product as polymorph A in 94-96% yield, with about 100% ee and having

a water content of about 6.0 + 0.2%.

[00155] The product Compound 1(2 HCI-H20) was characterized by NMR, producing a

spectrum consistent with that shown in Figure 1.

[00156] Example 6 : Determination of Compound 1 2 HCI-H20) Polymorphic Form A

[00157] As determined by Solvent/Polymorph screening, Compound 1(2 HCI-H20) Form A is a

monohydrate bis-HCl salt and Compound 1(2 HCI-H20) Form B is an anhydrate bis-HCl salt.

Form A is a thermodynamic hydrate form while Form B is a stable anhydrate form. Form B

converts to Form A under exposure to humidity and/or moisture.

[00158] Two crystallization experiments were carried out using two different rates. One

experiment with a fast cooling, 0.75 C/min from 80 C to 5 C in 100 minutes, and the other

with a slow cooling, 0.15 C/min from 80 C to 5 C in 480 minutes. Solids precipitated



throughout these cooling periods were analyzed by x-ray diffraction (XRPD) to verify the

polymorphic form.

[00159] The crystal Form B, the anhydrate form of Compound 1(2 HCI-H2 O)>i formed when

Form A is in contact with dry IPA. Tables 1A and IB below summarize the results of

experiments showing the conversion of the Compound 1(2 HCI-H20) filter cake from Form A to

Form B upon contact with dry IPA during cake washing.

Tables 1A and IB: Comparison of cake wash using aqueous and non-aqueous (dry) IPA

Table 1A: First Cake Wash

Table IB: Second Cake Wash

[00160] Example 7 : Increased yield of Compound 1(2 HCI-H2 Q Polymorphic Form A by

azeotropic distillation at reduced pressure

[00161] Form A is highly soluble in water and is formed in a solvent system containing water.

Recrystallization of Compound 1(2 HCI-H20) Form A is performed in a binary IPA/H20 system

where IPA is an anti-solvent. A previous recrystallization process yielded about 80% product,

and was carried out in ca. 6.7 volumes of an 8:1 v/v mixture of IPA to water. The amount and

solvent composition were chosen as to prevent product precipitation during the clarifying

filtration step (80-85 C) prior to cooling to 0-5 C. A procedure was developed to increase the



yield (> 90%) and possibly reduce particle agglomeration. The modified procedure involves

removal of water by distillation after initially crystallizing the product from the same 8:1 v/v

IPA/Water composition (-14% w/w).

[00162] Since the product is highly soluble in water, yield improvement can be achieved by

reducing the amount of water from the initial composition (13.8% w/w). This can be

accomplished after first crystallizing the product (to desired Form A) followed by distillation

to remove water from the mixture.

[00163] Thermodynamics of a Binary IPA-Water System

[00164] IPA (2-Propanol) forms an azeotropic composition with water. The mixture of 88%

IPA and 12% water boils at 80 C under atmospheric conditions (1.01325 Bar) and the

distillate (vapor phase) will have the same composition as the boiling liquid phase. The phase

diagram for a binary IPA/water system shows that water can be removed by distillation under

azeotropic conditions at atmospheric pressures starting from about 82% IPA (18% water) and

temperature ranges of 80-82 C.

[00165] The ranges of azeotropic conditions for a IPA-Water binary system under different

pressures, from atmospheric to reduced pressure (vacuum), is tabulated in Table 2. This

azeotropic composition was predicted at selected system pressures using UNIFAC group

contribution with DynoChem software ( DynoChem; 201 1 Version 4.0.0.0; Performance Fluid

Dynamics Ltd.).

Table 2: Predicted 'Azeotropic' Composition in Binary 2-Propanol- Water System Under

Various Total Pressures

[00166] Distillation Procedurefor Adjustment of Water Contents

[00167] Azeotropic distillation for removal of water is performed under reduced pressure to

lower the boiling point of the IPA/water azeotrope to maintain a slurry of Compound 1(2-HCI-

H20) during the distillation and minimize loss of bound water (hydrate).



[00168] At temperatures below 50 C some product crystals (monohydrate, Form A)

precipitate out of solution (13.8% water in IPA). As the volume of the mixture is reduced

during distillation, the remaining product crystals (monohydrate, Form A) also form.

[00169] The crystallization characteristics of Compound 1(2 HCI-H20) in an 8:1 (v/v) IPA to

Water solvent system show that in 7 volumes of a 14% water in IPA solvent system,

Compound 1(2 HC O) can be expected to completely dissolve at temperatures greater than 75

C, and nucleate upon cooling at temperatures between 50-60 C.

[00170] Compound 1(2 HCI-H20) was initially dissolved in 7 volumes of a 13.8 wt% water in IPA

at 80 C and cooled to 50 C to produce some crystals. The pressure was then reduced to about

150 Torr (-200 mBar) and the mixture distilled at 40-45 C. Distillation was discontinued

when the volume of the mixture in the reactor decreased by about half. At this point, the water

content in the mixture remained about 13.8 wt% and more product precipitated out. A

prescribed amount of IPA was then added to the reactor to increase the volume, resulting in a

total water content of about 6-7 wt% in the mixture. This procedure is repeated once to obtain

the final water content 3-5 wt%. Table 3 summarized the results using this procedure.



Table 3: Compound 1(2 HCI-H20) Recrystallization with Distillation

[00171] Table 3 shows that the product met the specification for chemical and chiral purity

and was confirmed as Form A. Some examples resulted in water content below theoretical

level for monohydrate (5.95 % wt) with no indication of a presence of anhydrous crystal Form

B. This material was re-slurried in a solution of 5 wt% water in IPA for 24 hours in order to

bring up the water level.

[00172] An improved recrystallization procedure (Example 5, Method 2) was developed to

improve operational aspects of the distillation process. In this improved procedure, the final

water level in the pot is controlled to be within 5-7% wt.

[00173] Control of Compound 1(2 HCI-H20) Form A by reducedpressure distillation

[00174] The conversion of Form A (hydrate) to Form B (anhydrate) is mediated by exposure

of Form A to non-aqueous 2-Propanol or thermally by heating the solid to around 120°.



[00175] In this process, only crystal Form A precipitates upon cooling a solution of

Compound 1(2 HCI-H20) in 13% aqueous 2-propanol. These crystals of Form A remain in

contact with aq. 2-propanol (7- 13% water) throughout the distillation and are filtered out of a

5-7% aqueous solution after the final water content adjustment by adding 2-propanol.

[00176] In an anomalous case where mixed crystals a forms A & B are produced, they can be

reconverted to Form A completely by re-slurrying in an aqueous 2-propanol solution.

[00177] Example 8 : Improved Enantiomeric purity of the tosylate salt of pramipexole by

precipitation from an ACN:water solution (spiking study) .

[00178] Enantiomerically pure (R)-2,6-diamino-4,5,6,7-tetrahydrobenzothiazole was prepared

through a classical resolution process from the racemate. Therefore, (R)-2,6-diamino-4,5,6,7-

tetrahydrobenzothiazole was expected to contain some of its enantiomeric isomer (S)-2,6-

diamino-4,5,6,7-tetrahydrobenzothiazole as an impurity. To understand the fate of this

impurity, a spiking study was employed. In this study, (S)-2,6-diamino-4,5,6,7-

tetrahydrobenzothiazole was used as the starting material to produce pramipexole p -

toluenesulfonic acid salt, the enantiomeric isomer of Compound I (HOTS) under selected

alkylation reaction conditions. The data are summarized in Table 5. The conclusion from this

study was that (S)-2,6-diamino-4,5,6,7-tetrahydrobenzothiazole with an enantiomeric excess of

89% could be converted to pramipexole p-toluenesulfonic acid salt with an enantiomeric

excess of 98% and (S)-2,6-diamino-4,5,6,7-tetrahydrobenzothiazole with an enantiomeric

excess of 95% could be converted to pramipexole p-toluenesulfonic acid salt with an

enantiomeric excess of 99% by the process disclosed herein. Since Compound 1(HOTS) and

pramipexole p-toluenesulfonic acid salt are enantiomeric isomers, the results should apply to

Compound 1(HOTS) as well. Therefore, (R)-2,6-diamino-4,5,6,7-tetrahydrobenzothiazole with an

enantiomeric excess of 89% could be converted to Compound 1(HOTS) with an enantiomeric

excess of 98% and (R)-2,6-diamino-4,5,6,7-tetrahydrobenzothiazole with an enantiomeric

excess of 95% could be converted to Compound 1(HOTS) with an enantiomeric excess of 99% by

the process disclosed herein.



Table 5: Enantiomeric purity spiking study

[00179] Example 9 : Karl Fischer Titration (USP <921> Method la) [general

description! .

[00180] Principle— The titrimetric determination of water is based upon the

quantitative reaction of water with an anhydrous solution of sulfur dioxide and iodine

in the presence of a buffer that reacts with hydrogen ions.

[00181] In the original titrimetric solution, known as Karl Fischer Reagent, the

sulfur dioxide and iodine are dissolved in pyridine and methanol. The test specimen

may be titrated with the Reagent directly, or the analysis may be carried out by a

residual titration procedure. The stoichiometry of the reaction is not exact, and the

reproducibility of a determination depends upon such factors as the relative

concentrations of the Reagent ingredients, the nature of the inert solvent used to

dissolve the test specimen, and the technique used in the particular determination.

Therefore, an empirically standardized technique is used in order to achieve the desired

accuracy. Precision in the method is governed largely by the extent to which

atmospheric moisture is excluded from the system. The titration of water is usually

carried out with the use of anhydrous methanol as the solvent for the test specimen;

however, other suitable solvents may be used for special or unusual test specimens.

[00182] Apparatus— Any apparatus may be used that provides for adequate

exclusion of atmospheric moisture and determination of the endpoint. In the case of a

colorless solution that is titrated directly, the endpoint may be observed visually as a

change in color from canary yellow to amber. The reverse is observed in the case of a

test specimen that is titrated residually. More commonly, however, the endpoint is

determined electrometrically with an apparatus employing a simple electrical circuit



that serves to impress about 200 mV of applied potential between a pair of platinum

electrodes immersed in the solution to be titrated. At the endpoint of the titration a

slight excess of the reagent increases the flow of current to between 50 and 150

microamperes for 30 seconds to 30 minutes, depending upon the solution being titrated.

The time is shortest for substances that dissolve in the reagent. With some automatic

titrators, the abrupt change in current or potential at the endpoint serves to close a

solenoid-operated valve that controls the buret delivering the titrant. Commercially

available apparatus generally comprises a closed system consisting of one or two

automatic burets and a tightly covered titration vessel fitted with the necessary

electrodes and a magnetic stirrer. The air in the system is kept dry with a suitable

desiccant, and the titration vessel may be purged by means of a stream of dry nitrogen

or current of dry air.

[00183] Reagent— Prepare the Karl Fischer Reagent as follows. Add 125 g of

iodine to a solution containing 670 mL of methanol and 170 mL of pyridine, and cool.

Place 100 mL of pyridine in a 250-mL graduated cylinder, and, keeping the pyridine

cold in an ice bath, pass in dry sulfur dioxide until the volume reaches 200 mL. Slowly

add this solution, with shaking, to the cooled iodine mixture. Shake to dissolve the

iodine, transfer the solution to the apparatus, and allow the solution to stand overnight

before standardizing. One mL of this solution when freshly prepared is equivalent to

approximately 5 mg of water, but it deteriorates gradually; therefore, standardize it

within 1 hour before use, or daily if in continuous use. Protect from light while in use.

Store any bulk stock of the reagent in a suitably sealed, glass-stoppered container, fully

protected from light, and under refrigeration.

[00184] A commercially available, stabilized solution of Karl Fischer type

reagent may be used. Commercially available reagents containing solvents or bases

other than pyridine or alcohols other than methanol may be used also. These may be

single solutions or reagents formed in situ by combining the components of the

reagents present in two discrete solutions. The diluted Reagent called for in some

monographs should be diluted as directed by the manufacturer. Either methanol or

other suitable solvent, such as ethylene glycol monomethyl ether, may be used as the

diluent.

[00185] Test Preparation— Unless otherwise specified in the individual

monograph, use an accurately weighed or measured amount of the specimen under test



estimated to contain 2 to 250 mg of water. The amount of water depends on the water

equivalency factor of the Reagent and on the method of endpoint determination. In

most cases, the minimum amount of specimen, in mg, can be estimated using the

formula:

FCV / KF

in which F is the water equivalency factor of the Reagent, in mg per mL; C is the used volume,

in percent, of the capacity of the buret; V is the buret volume, in mL; and KF is the limit or

reasonable expected water content in the sample, in percent. C is between 30% and 100% for

manual titration, and between 10% and 100% for the instrumental method endpoint

determination.

[00186] Where the specimen under test is an aerosol with propellant, store it in a

freezer for not less than 2 hours, open the container, and test 10.0 mL of the well-mixed

specimen. In titrating the specimen, determine the endpoint at a temperature of 10 or

higher.

[00187] Where the specimen under test is capsules, use a portion of the mixed

contents of not fewer than 4 capsules.

[00188] Where the specimen under test is tablets, use powder from not fewer

than 4 tablets ground to a fine powder in an atmosphere of temperature and relative

humidity known not to influence the results.

[00189] Where the monograph specifies that the specimen under test is

hygroscopic, use a dry syringe to inject an appropriate volume of methanol, or other

suitable solvent, accurately measured, into a tared container, and shake to dissolve the

specimen. Using the same syringe, remove the solution from the container and transfer

it to a titration vessel prepared as directed for Procedure. Repeat the procedure with a

second portion of methanol, or other suitable solvent, accurately measured, add this

washing to the titration vessel, and immediately titrate. Determine the water content, in

mg, of a portion of solvent of the same total volume as that used to dissolve the

specimen and to wash the container and syringe, as directed for Standardization of

Water Solution for Residual Titrations, and subtract this value from the water content,

in mg, obtained in the titration of the specimen under test. Dry the container and its

closure at 100 for 3 hours, allow to cool in a desiccator, and weigh. Determine the

weight of specimen tested from the difference in weight from the initial weight of the

container.



[00190] Standardization of the Reagent— Place enough methanol or other

suitable solvent in the titration vessel to cover the electrodes, and add sufficient

Reagent to give the characteristic endpoint color, or 100 + 50 microamperes of direct

current at about 200 mV of applied potential.

[00191] For determination of trace amounts of water (less than 1%), it is

preferable to use Reagent with a water equivalency factor of not more than 2.0. Sodium

tartrate may be used as a convenient water reference substance. Quickly add 75 to 125

mg of sodium tartrate (C4H4Na20 6-2H20), accurately weighed by difference, and titrate

to the endpoint. The water equivalence factor F, in mg of water per mL of reagent, is

given by the formula:

2(18.02/230.08)(W/V)

in which 18.02 and 230.08 are the molecular weights of water and sodium tartrate dihydrate,

respectively; W is the weight, in mg, of sodium tartrate dihydrate; and V is the volume, in mL,

of the Reagent consumed in the second titration.

[00192] For the precise determination of significant amounts of water (1% or

more), use Purified Water as the reference substance. Quickly add between 25 and 250

mg of water, accurately weighed by difference, from a weighing pipet or from a

precalibrated syringe or micropipet, the amount taken being governed by the reagent

strength and the buret size, as referred to under Volumetric Apparatus 31. Titrate to the

endpoint. Calculate the water equivalence factor, F, in mg of water per mL of reagent,

by the formula:

W V

in which W is the weight, in mg, of the water; and V is the volume, in mL, of the reagent

required.

[00193] Procedure— Unless otherwise specified, transfer 35 to 40 mL of

methanol or other suitable solvent to the titration vessel, and titrate with the Reagent to

the electrometric or visual endpoint to consume any moisture that may be present.

(Disregard the volume consumed, since it does not enter into the calculations.) Quickly

add the Test Preparation, mix, and again titrate with the Reagent to the electrometric or

visual endpoint. Calculate the water content of the specimen, in mg, taken by the

formula:

SF



in which S is the volume, in mL, of the Reagent consumed in the second titration; and F is the

water equivalence factor of the Reagent.

[00194] Example 10: X-Ray Powder Diffraction Spectroscopy (XRPD) Characterization

of the polymorphic forms of Compound l c i- n

[00195] XRPD studies were performed using a (CubiX-Pro XRD). Samples were

placed on Si zero-return ultra-micro sample holders. Analysis was performed using a 10 mm

irradiated width, and the following parameters were set within the hardware/software:

[00196] X-ray tube: Cu KV, 45 kV, 40 mA

[00197] Detector: X'Celerator

[00198] ASS Primary Slit: Fixed 1°

[00199] Divergence Slit (Prog): Automatic - 5 mm irradiated length

[00200] Soller Slits: 0.02 radian

[00201] Scatter Slit (PASS): Automatic - 5 mm observed length

[00202] Scan Range: 3.0-45.0°

[00203] Scan Mode: Continuous

[00204] Step Size: 0.03°

[00205] Time per Step: 10 s

[00206] Active Length: 2.54°

[00207] Following analysis, the data was converted from adjustable to fixed slits usin

the X'Pert HighScore Plus software with the following parameters:

[00208] Fixed Divergence Slit Size: 1.00°, 1.59 mm

[00209] Crossover Point: 44.3°0mega

[00210] The XRPD pattern of Compound 1(2 HCI-H20) Form A is shown in Figure 2. The

XRPD pattern of Compound 1 dihydrochloride Form B is shown in Figure 3.

OTHER EMBODIMENTS

[00211] All publications and patents referred to in this disclosure are incorporated herein

by reference to the same extent as if each individual publication or patent application were

specifically and individually indicated to be incorporated by reference. Should the meaning of

the terms in any of the patents or publications incorporated by reference conflict with the

meaning of the terms used in this disclosure, the meaning of the terms in this disclosure are

intended to be controlling. Furthermore, the foregoing discussion discloses and describes

merely exemplary embodiments of the present invention. One skilled in the art will readily



recognize from such discussion and from the accompanying drawings and claims, that various

changes, modifications and variations can be made therein without departing from the spirit

and scope of the invention as defined in the following claims.



What is claimed is

1. A process for preparing a compound of formula I(HOTS)

formula I(HO TS)

wherein R i and R2 are each independently hydrogen or Ci_6 alkyl, wherein each

Ci-6 alkyl is optionally and independently substituted with up to 3 occurrences of Ci_6

alkyl, aryl or heteroaryl;

the process comprising contacting a mixture, which comprises a compound of

formula II

formula II

O —

and a solvent, with a compound having the formula 0 n the

presence of a base, to provide a compound of formula I(HOTS), wherein the solvent is

acetonitrile, a mixture of acetonitrile and water, IPA, a mixture of IPA and water, a

mixture of acetonitrile and IPA, or a mixture of acetonitrile, IPA and water.

2. The process of claim 1, further comprising the steps of:

a) forming a mixture comprising the compound of formula I(HOTS), IPA and

water, and heating the mixture to about 78 °C;

b) cooling the mixture to about 5 °C; and

c) isolating the solid compound of formula I(HOTS) formed during step b.

3. The process of claim 1, wherein R2 is hydrogen.

4. The process of claim 1, wherein R i is Ci_6 alkyl.

5. The process of claim 4, wherein R i is n-propyl.

6. The process of claim 1, wherein the solvent is a mixture of acetonitrile and

water, a mixture of IPA and water, a mixture of acetonitrile and IPA, or a mixture of

acetonitrile, IPA and water.

7. The process of claim 6, wherein the solvent is a mixture of acetonitrile and

water.



8. The process of claim 7, wherein water is present from about 0% to about 10%

by weight in the mixture of acetonitrile and water.

9. The process of claim 8, wherein the ratio of the mixture of acetonitrile to water

is about 39:1 wt/wt.

10. The process of claim 6, wherein the solvent is a mixture of acetonitrile, IPA and

water.

11. The process of claim 10, wherein water is present in an amount from about 0%

to about 10% by weight of the mixture, acetonitrile is present in an amount from about

0% to about 50% by weight of the mixture, and IPA is present in an amount from about

0% to about 50% by weight of the mixture.

12. The process of claim 1, wherein the stereochemistry of the carbon atom to

which the -NRi(R2) moiety is attached is in the (R) configuration.

13. The process of claim 1, wherein the base is triethylamine, DIPEA, pyridine or

DBU.

14. The process of claim 13, wherein the base is DIPEA.

15. The process of claim 2, wherein the ratio of IPA to water in step a is about 3:1

v/v.

16. The process of claim 2, further comprising the process of producing a

compound of formula I

formula I

the process comprising the steps of:

a) forming a biphasic mixture comprising a compound of formula I(HOTS), 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

by weight; and

b) contacting the mixture with a base to produce a compound of formula I .

17. The process of claim 16, wherein the ratio of 2-methyltetrahydrofuran to brine

in step a is about 1.8:1 v/v.

18. The process of claim 16, wherein the base is sodium hydroxide, potassium

hydroxide, sodium carbonate or potassium carbonate.

19. The process of claim 18, wherein the base is sodium hydroxide.



20. The process of claim 19, wherein the sodium hydroxide is present in about 1

molar equivalent.

21. The process of claim 16, further comprising preparing a compound of formula

1(2 HC1-H20)

formula I ,(2 HC1-H20)

comprising the steps of:

a) forming a mixture comprising a compound of formula I, 2-

methyltetrahydrofuran and IPA;

b) contacting the mixture with HCl; and

c) isolating the solid compound of formula I(2 HCI-H20) produced in step b.

22. The process of claim 21, wherein the ratio of 2-methyltetrahydrofuran to IPA in

step a is about 1.8:1 v/v.

23. The process of claim 21, wherein HCl in a solvent is added to the mixture

comprising a compound of formula I, 2-methyltetrahydrofuran and IPA.

24. The process of claim 23, wherein the HCl is added to the mixture as a solution

in IPA.

25. The process of claim 21, wherein the HCl is present in an amount of about 2

molar equivalents.

26. The process of claim 21, further comprising the steps of:

a) forming a mixture comprising compound 1(2 HCI-H2 O)> IP and water;

b) heating the mixture to a temperature from about 75 °C to about 80 °C;

c) cooling the mixture to about 50 °C;

d) removing water from the mixture;

e) cooling the solution to a temperature from about 0 °C to about 5 °C; and

f) isolating the solid Compound 1(2 HCI-H2O>

27. The process of claim 26, wherein the ratio of IPA to water in step a is about 8:1.

28. The process of claim 26, wherein water is removed from the solution in step d

by azeotropic distillation of IPA and water.

29. The process of claim 28, wherein the distillation is performed at reduced

pressure.



30. The process of claim 26, wherein step d of the process further includes the steps

of

a) reducing the volume of the mixture by distillation at reduced pressure;

b) diluting the mixture with IPA; and

c) optionally repeating steps a and b one or more times.

31. The process of claim 30, wherein the water content of the resulting mixture is

about 3-10%.

32. The process of claim 30, further comprising the step of adding a specific

volume of IPA to the mixture to produce a final water content in the supernatant

portion of the mixture of about 6%, wherein the specific volume of IPA is determined

by performing the calculation: Final volume (mL) of IPA to be added to the mixture =

((24 x KF x S)/(l - 6.5 x KF)) - (2.4 x KF), wherein "KF" is the water content,

expressed as a decimal, as determined by the Karl Fischer method, and "S" is the

weight in grams of starting compound of formula I(2 HCI-H2O>

33. A process for preparing Compound 1(2 HCI-H20)

Compound 1(2 HCI-H20)

wherein the process comprises the steps of:

a) contacting a mixture comprising Compound 2

Compound 2

and a solvent, with n-PrOTs and DIPEA to provide Compound 1(HOTs)

Compound 1(HOT S)

wherein the solvent is acetonitrile, a mixture of acetonitrile and water, IPA, a

mixture of IPA and water, a mixture of acetonitrile and IPA, or a mixture of

acetonitrile, IPA and water;

b) isolating the solid Compound 1(HOTS) formed in step a ;



c) forming a mixture comprising Compound 1(HOTS), IPA and water, and heating

the mixture to about 78 °C;

d) cooling the mixture to about 5 °C;

e) isolating the solid Compound 1(HOTS) formed in step d;

f) forming a biphasic mixture comprising Compound I(HOTS) 2-

methyltetrahydrofuran and brine, wherein the brine has a salt content of about 2-20%

by weight;

g) contacting the mixture with sodium hydroxide to form Compound 1

Compound 1

h) forming a mixture comprising Compound 1, 2-methyltetrahydrofuran and

IPA;

i) contacting the mixture with HC1; and

j ) isolating the solid Compound 1(2 HCI-H20) produced in step i .

34. The process of claim 33, wherein the solvent is a mixture of acetonitrile and

water, a mixture of IPA and water, a mixture of acetonitrile and IPA, or a mixture of

acetonitrile, IPA and water.

35. The process of claim 34, wherein the solvent is a mixture of acetonitrile and

water.

36. The process of claim 35, wherein water is present from about 0% to about 10%

by weight in the mixture of acetonitrile and water.

37. The process of claim 36, wherein the ratio of acetonitrile to water in step a is

about 39:1 wt/wt.

38. The process of claim 34, wherein the solvent is a mixture of acetonitrile, IPA

and water.

39. The process of claim 38, wherein water is present in an amount from about 0%

to about 10% by weight of the mixture, acetonitrile is present in an amount from about

0% to about 50% by weight of the mixture, and IPA is present in an amount from about

0% to about 50% by weight of the mixture.



40. The process of claim 33, wherein the ratio of IPA to water in step c is about 3:1

v/v.

41. The process of claim 33, wherein the yield of Compound 1(HOT S) isolated in step

e is greater than 80%, the chemical purity of Compound 1(HOTS) isolated in step e is

greater than 95%, and the enantiomeric excess of Compound 1(HOTS) isolated in step e is

greater than the enantiomeric excess of the starting Compound 2.

42. The process of claim 33, wherein the ratio of 2-methyltetrahydrofuran to brine

in step f is about 1.8:1 v/v.

43. The process of claim 33, wherein the ratio of 2-methyltetrahydrofuran to IPA in

step h is about 1.8:1 v/v.

44. The process of claim 33, further comprising the steps of:

a) forming a mixture comprising Compound 1(2 HCI-H20), IPA and water;

b) heating the mixture to a temperature from about 75 °C to about 80 °C;

c) cooling the solution to about 50 °C;

d) removing water from the solution;

e) cooling the solution to a temperature from about 0 °C to about 5 °C; and

f) removing the solid Compound 1(2 HCI-H20) from the liquid phase.

45. The process of claim 44, wherein the ratio of IPA to water in step a is about 8:1.

46. The process of claim 44, wherein water is removed from the solution in step d

by azeotropic distillation of IPA and water.

47. The process of claim 46, wherein the distillation is performed at reduced

pressure.

48. The process of claim 44, wherein step d of the process further includes the steps

of :

a) reducing the volume of the mixture by distillation at reduced pressure;

b) diluting the mixture with IPA; and

c) optionally repeating steps a and b one or more times.

49. The process of claim 48, wherein the water content of the resulting mixture is

about 3-10%.

50. The process of claim 48, wherein the yield of Compound 1(2 HCI-H20) removed in

step f is greater than 90%, the chemical purity is greater than 99%, and the

enantiomeric excess is from about 99% to about 100%.



51. The process of claim 50, wherein the enantiomeric excess of Compound 1(2 HCI-

H20) removed in step f is about 100%.

52. The process of claim 48, further comprising the step of adding a specific

volume of IPA to the mixture to produce a final water content in the supernatant

portion of the mixture of about 6%, wherein the specific volume of IPA is determined

by performing the calculation: Final volume (mL) of IPA to be added to the mixture =

((24 x KF x S)/(l - 6.5 x KF)) - (2.4 x KF), wherein "KF" is the water content,

expressed as a decimal, as determined by the Karl Fischer method, and "S" is the

weight in grams of starting compound of Compound 1(2 HCI-H20).

53. The process of claim 48, wherein the solid Compound l (2 HC O) isolated from

the process is in the polymorphic Form A.

54. The process of claim 53, wherein the water content of the solid Compound 1(2

HC1 H20) in the polymorphic Form A is from about 5% to about 7% as determined by the

Karl Fischer method.
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