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PURIFIED CENICRIVIROC AND PURIFIED
INTERMEDIATES FOR MAKING CENICRIVIROC
CROSS-REFERENCE TO RELATED APPLICATION
1861 This application claims the benefit of priority to U.S. Provisional Patent Application
No. 62/352.885 filed June 21, 2016, the disclosurcs of which is hereby incorporated by

reference in its entirety for all purposes.

FIELD
{002} The present disclosure relates to punfied compounds having CCRS and/or CCR2

antagonism, or a salt thereof, and purified intermediates for making the compounds.

BACKGROUND

[803] 1t is known that cenicriviroc (CVC) mhibits CCRS and CCR2 receptors and prevents
viras from entering into a human cell, such as the HIV viras (U.S. Pat. No. 8,183,273}, The
synthesis of TV is also previcusly disclosed in U.S. Pat. Appl No. 10/506,955 and Int. Pat.
Pub. No. WO 2001017947,
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[004] The present disclosure provides for purified CVC, CVC salts, including CVC methane
sulfonic acid salt, or related analogs, and purified intermediates for preparing the aforesaid.
[665] Conventional methods of synthesizing CVC, CVC salts, and related analogs, resulted
m the presence of undesirable wmpurities. Thus, there 18 a need for highly pure CVC, purnified

mtermediates thereto and process of making the same.

SUMMARY OF THE DISCLOSURE
[8066] This disclosure is directed to lghly purified Compound i, a racemuc or optically pure
form of OV, and the formation of its methane sulfonic acid salt (Compound -MsOH) and

highly punfied micrmediate compound I useful for preparing Compound I, and the process
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for making them. In some embodiments, Compound  and Compound I-MsOH are racemic. In
other embodiments, Compound I and Compound -MsOH comprises an optically active

sultoxide, such as the (S)-isomer denoted as (3)-Compound I-MsOH.
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[0887] Compound 1 is synthesized by a reaction between Compound I and Compound Hi:
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[668] wherein R: is selected from the group consisting of H, OH, i, Br, ORz, OCOR,, and
NHRz; and
{869] wherem Rs is selected from the group consisting of H, alkvl, substituted alkyl, aryl, and
substituted arvl.
{18] Compound I 15 synthesized by a reaction between Compound I where Ry = OH
{Compound H-0OH) and Compoand 111
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[611] Compound {-OH 15 synthesized by a reaction between Compound [V and Compound

VY and/or Compound V-3:
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[312] wherein R3 is Ar or ORs; Rais A or ORe; and Rs, and Ke are independently selected
from the group consisting of H, alkvl, and substituted alkyl: or Rs and Rs together forms an
optionally substituted alky! or an opticnally substituted arvl, An and A are mdependently
arvl or substituted arvl.

[613] In some embodimenis, B3 and R4 are both OMe or both OH for Compound V, which
are denoted as Compound V-OMe or Compound V-OH. respectively.

[614] In some embodiments, Compound V is synthesized from Compound VL
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[315] This disclosure is divected to a process route to minimize impuritics represented by

Compounds -MsOH-A, EMsOH-B, [-MsOH-C,) -MaOH-D, -MsOH-E, (R)-I-Ms(OH, VIL

VHE IX, and mesylate esters resulting from MsQOH.

\

(I-MSOH-C) N (I-MsOH-D)
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V1) OnBu (villy

(i)nBu (i)
[816] The present disclosure mcludes a process for preparing highly purified 8-(4-(2-
butoxyethoxyphenyl)- L-isobwtyI-N-{4-{({(} -propyl-1H-imidazol-5-
vhmethyhsulfinviphenyvi)-1,2,3 4-tetrahvdrobenzo{blazocine-3-carboxamide
methancsulfonate (Compound [-MsOH). For example, the synthesis of Compound [-MsOH
mcludes formation of dimethyl {(4-(Z-butoxvethoxyphenyDboronate (Compound V-0OMe)
which is subsequently used in formation of highly pure 8-(4-(2-butoxvethoxviphenvij-1-
isobutyl-1,2,3.4-tetrabyvdrobenzo{bjazocine-5-carboxylic acid (Compound 1-OH).
[817] Compound I-MsOH is prepared from  (4-(2-butoxyethoxy)phenyliboronate
(Compound V-OMe} and/or (4-(2-butoxyethoxyiphenyliboronic acid {Compound V-0OH)
and/or 2.4, 6-tris{4-(2-butoxyethoxy jphenyl}-1,3.5 2 4 6-trioxatribormane {Compound V-3).

Compound §-MsOH is prepared from Compound V-0OH and/or Compound V-3. Compound 1-

(v
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MsOH 1s prepared from Compound V-OH and/or Compound V-3 which is essentially free of

Compounds V-A, V-B, and/or V-C:

O/\/OE’{ Q/\ -
) ®
> (N~
Ry R, Ry TRy
(V-A) (V-C)

wherein Rz and R4 are both OMe or OH.

{818] In some cmbodiments, Compound V is prepared by a) activating magnesium in
tetrabydrofuran (THF) with heating, b) initiating Grignard formation by the addition of a
portion of 1-bromo-4-(Z-butoxyethoxybenzene (Compound VI) to a mixture of step a) with
heating, ¢} contimuing to add the remaining Compound V1 slowly with heating, d) cooling the
mixture of step ¢} to about -25 °C and slowly adding trimethoxyborane, and ¢) sturing the
mixture of step d at about -25 °C for about | hour and then warming up the reaction to about
20 °C for about 1 hour.

{819] In some embodiments, the molar ratic of Compound VI and tnmethoxyborane used is
about 1:1.

[020] In some embodiments, neat Compound VI is used in steps b) and/or ¢). In other
embodiments, step ¢) requires reaction to stir at about 55 °C for about 3 hours to about 3 hours.
{021} Compound V svnthesized as described herein, in one coibodument, is then utilized
the synthesis of Compound I-OH. In some embodiments, Compound H-OH 1s prepared by a)
forming a biphasic mixture by adding a basic agqueous solution to a solution of Compound V,
b} adding a catalyst and a ligand to mixture of step a}, ¢} adding 8-bromo-1-isobutyl-1,23 4-
tetrahvdrobenzoiblazocine-3-carboxvlic acid (Compound 1V) to the mixture of step b) and
heating the reaction mixture, and d} acidifying the mixiure of step ¢). The base used in step a),
i some embodiments, is selected from the group consisting of potassium phosphate, potassium
carbonate, potassium acetate, potassium fluonde, potassium bvdroxide, potassiom ferr-
butoxide, sodium carbonate, sodium phosphate, sodium hydroxide, sodium ferf-butoxide,
sodium brearbonate, cestum carbonate, cestom Huonde, and a combination thereof. In some

embodiments, the catalyst used in step b} is selected from the group consisting of palladium
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acetate, tetrakis(triphenviphosphing)  palladiom, t{dibenzyvhideneacctone)dipalladium,
palladivim chloride, palladium acetviacctonate and a combination thereof In some
cmbodiments, the ligand used in step b} is selected from the group consisting of tri{o-
tolvlphosphine, triphenyiphosphine, tri{(#butvi)phosphine, tricyclohexylphosphine, pynidine,
bipynidine, 2,2"-bis(diphenviphosphinge)-1, I'-binaphthy] and a combination thercof. In another
embodiment, the catalyst system of step b} comprises palladium acetate and tri{o-
tolyhphosphine.

[822] In some embodiments, the ratio of catalyst to ligand 1s about 1:2. In other embodiments,
the catalyst used in step b} 18 in an amount from about 0.001 equevalents (eguiv) to about 2.500
equiv with respect to Compound IV, In a further embodiment, the catalyst is used in an amount
of about 0.001 equiv to about 0.005 equiv with respect to Compound [V, In some embodiments,
nitrogen is bubbled into the reaction after siep a) ap to step d) or during any steps a) through
d}.

1023] In some embodiments, Compound V is used in an amount of about 1.3 equiv to about
2.2 equiv with respect to Compound IV in the formation of Compound H-OH. In another
embodiment, the heating of step ¢} 1s mamtained at <63 °C for about 2 hours to about 6 hours
and ensured high conversion to Compound H-OH.

[024] In other embodiments, during purification step after step d), charcoal is added, with or
without Celite® to the reaction mixture containing Compound H-OH. In another embodiment,
the mixture containing charcoal and/or Celite® and Compound {-OH is stirred, and then
filtered. In one embodiment, the ratio of charcoal to Celite® is about 1:2.

[825] In another embodiment, during punification step after step d), Celite® 1s added to the
reaction mixture contaiming Compound H-0OH, stirred, and then filtered. In one embodiment,
dunng the purification step afier step d), the reaction mixture is filtered to remove any solid
particulates.

[26] In some embodiments, purificaton of Compound H-OH involves an antisolvent
recryvstailization and/or a hot recrystallization. In some embodiments, the antisolvent used in
the antisolvent recrystallization is heptane, to obtain a crude matenal. In other embodiments,
hot recrystallization involves the steps of 1) dissolving crude material obtammed from antisolvent
recrystallization with a non-protic polar solvent and a short-chain alcohol at about 70 °C, u)
reducing the temperature of the mixture of step 1) to about 20 °C over a period of about 3 hours
to about 7 hours, and i11) stirring the mixture of step 11} at about 20 °C for about 2 hours to about
6 hours. In one embodiment, the non-protic solvent is ethyl acetate. In another embodiment,

the short-chain alcohol is isopropanol.
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[827] The present disclosure firther describes the process for the preparation of 8-(4-(2-
butoxyethoxy yphenyl-F-sobutyl-N-(4-({ (1 -propyt-1H-1mudazol-3-
vhmethyhsulfinviphenvi)-1.2,3 4-tetrahvdrobenzolblazocine-3-carboxamide
methanesulfonate (Compound I-MsOH). The disclosed process for synthesizing Compound -
MsOH  involves &)  reacting  Compound U with  4-(((1-propyl-1H-imidazol-5-
yvhmethyDsolfinyBambine {Compound I} m the presence of a base to form 3-(4-(2-
butoxvethoxyiphenvl)- F-isobutvl-N-{4-({{(1 -propyi-1H-1midazol-5-
vhmethyDsulfinvlphenyi}-1,2,3 d-tetrahvdrobenzolblazocine-S-carboxamide (Compound I),
b} guenching step a) with an aqueous solution, ¢} adding methangsulfonic acid, and d)
crystallizing Compound I-MsOH. In some embodiments, Ri of Compound I 13 selected from
the group consisting of H, OH, CL, Br, ORz, OCORy, and NHR>, and R of Compound I is
selected from the group consisting of H, alkyl, substituted alkyl, arvl, and substituted aryl.
1028] In some embodiments, R: of Compound H 1s €l In one embodiment, synthesis of
Compound I mvolves the steps of 1) dissolving Compound 1i-OH 10 a solvent and 11} adding a
chlormating reagent to the mixture of step 1). In some embodiments, the chlorimating reagent
is selected from the group consisting of thionyl chlornide, phosphorous trichloride, phosphorus
peniachloride, phosphorus oxyehloride, oxalyl chiornide, phosgene, and a combination thereof.
In one embodiment, the chlorinating reagent 1s thionyl chionde. In some embodiments, the
chlorinating reagent is used in about 1.0 equiv to about 1.2 equiv with respect to Compound
U-OH.

[029] In some cmbodimenis, step a) of the synthesis of Compound I-MsOH wuses
dichloromethane as the solvent. In other embodiments, step a) svnthesis of Compound [-MsOH
ases pyridine as the base. In another embodiments, step a} synthesis of Compound [-MaOH
uses optically pure (8}-Compound Hi as Compound HL

[338] In some embodiments, the amount of Compound [T used is about 1.0 equiv to about
1.2 equiv with respect to Compound [I-OH. In some embodiments, the amount of methane
suffonic acid used is about 0.97 equiv to about 1.02 equiv with respect to Compound [I-OH. In
other embodiments, the ratio of methane sulfonic acid and Compound II-OH is about 1:1.
[631] In some embodiments, siep b) of the synthesis of Compound I-MsOH uses atric acid
as the aqueous solution. In other embodiments, step b} of the svnthesis of Compound I-MsOH
further comprises extracting Compound I and dryving the extracted solution with 3 A molecular
sieves.

[832] In some embodiments, pure sample of Compound -MsOH 1s used {o seed mn the

crystatlization step d) of the synthesis of Compouvnd I-MsOH. The seeded crystallization
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solution of step d), in some embodiments, comprise further steps of stirring at about 0 °C to
allow crystallization, collecting formed crystals, and washing collected crystals with chilled
cthyl acetate. In one embodiment, the formed crystals are coliected by filtration.

[833] In other cmbodiments, further purification 1s required by employing hot
recrvstallization after step d). The hot recrystallization of Compound I-MsOH involves 1)
dissolving crude crystals of Compound I-MsOH obtained in step d) in acetonitrile at about 70
°C, 1) reducing the temperature of the mixture of step 1) to about 50 °C to about 55 °C over
about | hour, 111) seeding step 1) with Compound I-MsGH, 1v) stirring at about 50 °C to about
55 °C for about 6 hours, v} reducing the temperature of the mixture of step 111 to about 20 °C,
vi} stirring at about 20 °C for about 8 hours, vit) collecting crvstals of Compound [-MsOH by
filtration, and viii) washing crystals with cold acetonitrile.

{834] The present disclosure describes 8-(4-(2-butoxyethoxy)phenvl)-1-isobutyl-1,2.3 4-
tetrahydrobenzolblazocine-S-carboxylic acid (Compound H-OH), which can be characterized

by its purity and by the amount of impurities. In one embodiment, Compound {1-OH comprises

ong or more of the following: {a) about <0.50% to about >0.30% or about <0.01% of 8-(4-(2-
cthoxyethoxy)phenyl}-1-isobutyl-1.2.3 4-tetrahvdrobenzoblazocine-3-carboxylic acid

{Compound H-OH-A);, (b} about <0.50% to about >0.30% or about <0.01% of 1-isobutvl-8-
(4-(2-propoxyethoxyiphenvl)-1,2,3 4-tctrahydrobenzol blazocine-5-carboxylic acid
(Compound [I-OH-B}; (¢} about <0.50% to about >0.30% of 4, 4'-bis(2-butoxyethoxy Ybiphenyl
{Compound VI and {d} about <0.50% to about >0.30% or about <0.01% of §,8-{4-(2-
butoxvethoxy)-1.3-phenviene pbis(i-isobutyl-1,2.3 4-tctrahvdrobenzolblazocine-3-carboxylic
acid) (Compound VIIT}; and optionally further comprises one or both of about <0.50% of 8-(4-
butoxyphenvyl)-1-tsobutyl-1,2.3 4-tetrahydrobenzofblazocime-5-carboxvlic  acid (Compound
H-OH-C),  and  about <0350% of &-{4-(2-butoxyethoxyiphenyl}-1-butyl-1,23 4-
tetrahvdrobenzoiblazocime-5-carboxylic acid {Compound IX).

[8353] In one embodiment, Compound I-OH compnises one or both of {a) about <0.50% to
about >0.30% of Compound H-OH-A; and (b} about <0.50% to about >0.30% of Compound
H-0OH-B; and optionally further comprises about <0.50% of Compound H-OH-C. in other
embodiments, Compound 1I-OH comprises: {a) about <0.50% to about >0.30% of Compound
E-OH-A; (b} about <0.509% to about >0.30% of Compound H-OH-B; and {c) about <0.50% of
Compound I-OH-C.

[336] In one embodiment, Compound H-OH comprises one or both of: (a) about <0.01% of
Compound H-OH-A; and (b} about <0.01% of Compound -OH-B; and optionally further

comprises about <0.10% of Compound H-OH-C. In some embodiments, Compound 1H-OH
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comprises (a) about <0.01% of Compound H-OH-A; (b) about <0.01% of Compound H-OH-
B; and (¢} about <0.10% of Compound H-OH-C.

[837] In one embodiment, Compound H-OH comprises one or both of (a) about <0.50% 10
about >0.30% of Compound VII; and {b) about <0.50% to about >0.30% of Compound VIi;
and optionally farther comprises about <0.350% of Compound IX. In other embodiments,
Compound H-0H comprises {a) about <0.50% to about >0.30% of Compound VIL; (b) about
<0.50% to about 20.30% of Compound VI and {¢) about <0.50% of Compound IX. Inn some
embodiments, Compound II-OH comprises about <0.01% of Compound VI, and optionally
further compnses one or both of (1) about <0.05% of Compound VH, and (11) about <0.13% of
Compound IX. In further embodiment, Compound H-OH comprses: (a) about <0.05% of
Compound VII; (b} about <0.01% of Compound VI and (¢} about <0.15% of Compound IX.
[838] In one embodiment, Compound H{-OH compnises about <0.50% 1o about >0.30% of
Compound H-0H-A. In some ecmbodiments, Compound H-OH comprises <0.61% of
Compound H-OH-A.

10391 In one embodiment, Compound [I-OH comprses about <0.50% to about >0.30% of
Compound H-OH-B. In some embodiments, Compound H-OH comprises <0.01% of
Compound II-OH-B.

[348] In one embodiment, Compound {-OH compnses about <0.50% 1o about 20.30% of
Compound VIL In one embodiment, Compound [I-OH comprises about <0.50% to about
>0.30% of Compound VUL In some embodiments, Compound I--OH comprises <0.01% of
Compound VIIL

10411 In some embodiments, Compound H-OH has about 295 .0% to about <96.0% purity. In
another embodiment, Compound H-OH has about >97.0% purity.

1042] In some embodiments, Compound H-OH has about 2935 0% to about <96 0% purnty and
coraprises 4.4-bis(2-butoxyvethoxy)biphenyl {Compound VII) m 0.20% or less. In some
embodiments, Compound H-OH has about >95.0% to about <96.0% purity and comprises §,8'-
{4-(2-butoxyethoxyy-1,3-phenvienc)bis{ 1 -isobutyi-1,2,3.4-tetrahydrobenzolblazocine-5-
carboxvlic acid} {Compound V) in 0.30% or less. In one embodiment, Compound H-OH has
about >95.0% to about <96.0% purnty and comprises 8-{4-(2-butoxyethoxy)phenyi)-1-butyl-
1,2,3 d-tetrahydrobenzolblazocme-S-carboxyhic acid {Compound IX) in 0.50% or less.

{043] In some embodiments, Compound H-OH has about >93.0% 1o about <96 0% purity and
coraprses 4,4 -bis(2-butoxyethoxvibiphenvl {Compound VI tin 0.10% or less; or 8,8'-(4-(2-
butoxvethoxy}-~1,3-phenyiene)bis{1 -isobutyvl-1,2,3 4-tetrabvdrobenzolblazocime-S-carboxvlic

acid) (Compound VHE in 0.10% or less; or 8-(4-(2-butoxyethoxyphenyly-1-butyl-1.23 4-
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tetrahydrobenzoiblazocine-3-carboxylic acid {Compound IX}) in 0.15% or less. In other
embodiments, Compound H-OH has about >95.0% to about <96.0% purity and comprisgs ong
or more of the following: (a) 0.50% or less of 8-(4-(2-ethoxyethoxyiphenvi)-1-isobutyi-
1,2,3,4~tetrahydrobenzolblazocine-3-carboxylic acid (Compound H-0OH-A), (b) 6.50% or less
of T-isobutyl-8-(4-(2-propoxyethoxyiphenyl)-1,2,3 4-tetrahvdrobenzolblazocine-S-carboxylic
acid (Compound H-OH-BY (¢} 0.50% or less of &-{4-butoxyphenyl}-1-isobutyl-1.23 4~
tetrahydrobenzolblazocine-5~carboxylic acid (Compound H-OH-C); (d) 0.50% or less of &,8'-
{4-(2-butoxyethoxy)-1,3-phenylene}bis(1-isobutyi-1,2,3,4-tetrahydrobenzolblazocme-5-
carboxylic acid) (Compound YV}, and/or {¢) 0.50% or less of &-(4-(2-butoxyethoxy phenyl}-
1-butyl-1,2,3.4-tetrahvdrobenzolblazocine-S-carboxvlic acid {Compound 1X).

[844] In one embodiment, Compound H-OH has about >93.0% to about <96.0% punty and
comprises Compound H-OH-A i 0.10% or less. In other embodiments, Compound H-0H has
about >95 0% to about <96 0% purity and comprises Compound H-OH-C in 0.10% or less. In
some embodiments, Compound [I-OH has about 2295 0% to about <96.0% purity and comprises
Compound VHIin 0.10% or less. In a further embodiment, Compound [I-OH has about >93.0%
to about <96.0% purity and comprises Compound IX i 0.20% or less.

{0451  In other cmbodiments, Compound [I-OH has about 295.0% to about <96 .0% purnity and
coraprises one or more of the following: (a) 0.05% or less of 8-(4-(Z-cthoxvethoxyiphenyl)-1-
isobutyl-1,23 d-tetrahvdrobenzolblazocine-S-carboxyhic acid (Compound H-OH-A), (b)
$.05% or less of 1-isobutyi-8-(4-(2-propoxyethoxyiphenyvi)-1,2,3.4-
tetrahvdrobenzolblazocine-5-carboxylic acid (Compound H-0H-B); (¢} 0.05% or less of 8-(4-
butoxyphenvl)-1-isobutyl-1,2,3 4-tetrahydrobenzofbjazocine-3-carboxylic acid (Compound
H-OH-C); (d) 0.05% or less of 8,8'-(4-(2-butoxyethoxy -1, 3-phenviene}bis(1 -isobutyl-1,2 3 4-
tetrahydrobenzoiblazocing-3-carboxylic acid) (Compound VU and/or (e} 0.15% orless of &-
(4-(2-butoxyethoxy)phenvi)-1-butyl-1,2,3 d-tetrahyvdrobenzoblazocine-S-carboxvlic acid
{(Compound [X}.

1346] The present disclosure describes 8-(4-(2-butoxyethoxyphenyl)-1-isobutyl-N-(4-(2-(1~
propvl-1H-imidazol-5-vhacetvliphenyi}-1,2,3 4-tetrabydrobenzol blazocine-3-carboxamide
methanesulfonate {Compound I-MsOH), which can be characterized by its purity and by the
amount of impurities. In one embodiment, Compound [-MsOH, or an enantiomer, a
stereoisomer, or a combination thereof, with a purity of >96.0% or >98 5% or higher, wherein
said compound comprises one or more of the following: (a) about <0.50% to about 2:0.30% of
3.8'-(4-(2-butoxvethoxy)-1,3-phenviene)bis( I -isobutyl-1,2,3 4<etrahydrobenzofblazocine-3-

carboxvlic acid) {Compound VHI), (b) abowt <030% to about >030% of 8-{4-(2-
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butoxyethoxyphenvl}-1-butyl-1,2.3 4-tetrahydrobenzol blazocine-5-carboxylic acid
{Compound IX}; (¢} about <0.350% to about >030% of 8-{4-(Z-cthoxyethoxy)phenyl}-1-
isobutvi-N-{4-(({ 1 -propyi- 1 H-imidazol-3~vDmethylsulfinyhphenyi)-1,2.3.4-
tetrabvdrobenzoiblazocine-3-carboxamide methanesulfonate (Compound [-MsOH-A}Y, (d)
about <0.50% to about >0.30% of Il-sobutyl-8-(4-(2-propoxyethoxy)phenyl}-N-(4-({{1-
propyl-1H-imidazol-3-yDmethyvhsulfinylyphenvi)-1.2,3 4-tetrahvdrobenzofbjazocine~5-
carboxamide methancsulfonate (Compound I-MsOH-B); (¢} about <0.30% to about >0 45% of
8-(4-butoxvphenvl)-1-sobutyl-N-(4-({{ I-propvl- 1 H-imidazol-5~yDmethy Dsulfinyhphenyi)-
1,2,3 4-tetrahydrobenzofblazocine-5S-carboxamide methanesulfonate (Compound I-MsQOH-C);
{f) about <0.530% to about >0.43% of 8-{(4-(2-butoxyethoxviphenyl)-1-isobutyl-M-(4-(({1-
propyl- 1A -imidazol-3-yDmethylthio)pheny)-1,2,3 4-tetrahydrobenzo[bjazocine-35-
carboxamide methanesulfonate (Compound I-MsOH-E); (g) about <0.50% to about 20.45% of
8-{4-(2-butoxyethoxyphenvi)-1-botvi-N-(4-{{{1 -propvi-1H-imudazol-5-
vhmethyhsulfinvhphenyvi)-1,2,3 4-tetrahvdrobenzo{blazocine-3-carboxamide
methanesutfonate {(Compound I-MsOH-F}); and (h) about <0.50% to about >20.45% of §,8'-(4~
{2-butoxyethoxy)-1,3-phenviene Ybis{ 1 -iscbutyl-N-(4-({{ 1 -propyl- L H-imndazol-5-
vhmethyhsulfinyiphenvi)-1.2,3 4-tetrahvdrobenzolblazocine-5-carboxamide)
dimethanesulfonate (Compound I-MsOH-G}.

[847] In one embodiment, Compound I-MsOH, or an enantiomer, a stereoisomer, or a
combination thereof, with a purity of >96.0% or >98.3% or higher comprises <1.0% of 8-{4-
(2-butoxyethoxyphenvi)-1-isobutvi-1,2.3 4-tetrahydrobenzol blazocine-5-carboxylic acid
{Compound 1I-OH). In another embodiment, Compound [-MsOH, or an enantiomer, a
sterecisomer, or a combination thereof, with a parity of >96.0% or >98.5% or higher comprises
2000 ppm or less of 4-({{1-propyvl-1H~imidazol-5-yhimethyDsulfinvianiiine (Compound IH).
In some embodiments, Compound {11 1s present in 1500 ppm or less.

[348] In one embodiment, Compound I-MsOH, or an enantiomer, a stereoisomer, or a
combination thereof, with a purity of >96.0% or >98.3% or higher comprises <2.0% of 8-{4-
(2-butoxyethoxy jphenvl)-1-isobutv -N-(4-(({ 1 -propyi- 1 H-imidazol-5-
vhmethyDsulfonvlipheny!)-1,2,3 4-tetrahydrobenzolblazocine-5-carboxamide
methanesulfonate (Compound [-MsOH-D). I some embodiment, Compound -MsOH-D is
present in <1.0%.

[049] In onc cmbodiment, Compound I-MsOH, or an cnantiomer, a sicreoisomer, or a
cornbination thereof, with a purity of 296.0% or 298.5% or higher comprises <0.10% of 8,8'-

{4-(2-butoxyethoxy)-1,3-phenviene)bis{1-isobutyi-1,2,3 4-tetrabydrobenzof bjazocing-5-
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carboxylic acid) (Compound VI, provided that there is present one or more of: (b) about
<0.50% to about >0.30% of Compound IX; {¢} about <0.50% to about >0.30% of Compound
I-MsOH-A; {d) about <0.50% 1o about >0.30% of Compound I-MsOH-B; (¢} about <0.50% 10
about >0.43% of Compound I-MsOH-C; (f) about <0.50% 1o about >0.45% of Compound -
MsOH-E; (g) about <0.50% to about >0.45% of Compound I-MsOH-F; and (h) about <0.50%
to about >0 .45% of Compound I-MsOH-G.

{0561 In onc cmbodiment, Compound I-MsOH, or an enantiomer, a stereoisomer, or a
combination thercof, with a punity of >296.0% or 298 3% or higher comprises <0.10% of 8-(4-
(2-butoxyethoxyphenyiy-1-butyl-1,2 3 d-tetrahvdrobenzolblazocine-5-carboxylic acid
{Compound 1X}, provided that there is present one or more oft {(a) about <0.50% to about
>0.30% of Compound VI, (¢} about <0 50% to about >0.30% of Compound I-MsOH-A; {d)
about <0.50% to about >0.30% of Compound [-MsOH-B; (e} about <0.50% to about >0.45%
of Compound I-MsOH-C; (£} about <0.50% to about >0.45% of Compound I-MsQOH-E; (g}
about <0.50% to about >0.45% of Compound I-MsOH-F; and (h) about <0.50% to about
>0.45% of Compound I-MsOH-G.

[851] In one embodiment, Compound -MsOH, or an enantiomer, a stercoisomer, or a
combination thereof, with a purity of 296.0% or 298 5% or higher comprises <0.10% of 8-(4-
(2-butoxvethoxy)phenyl)-1-butyl-1,2,3,4-<tetrahvdrobenzolblazocine-5-carboxylic acid
{(Compound IX)}, provided that there i1s present one or more oft (a) about <0.50% to about
>0.30% of Compound VHI; (b) about <0.50% to about 20.30% of Compound [X; (d} about
<0.50% to about 20.30% of Compound I-MsOH-B; (¢) about <0.50% to about >0.45% of
Compound {-MsOH-C; (f) about <0.50% to about >0.45% of Compound I-MsOH-E; (g} about
<0.50% to about >0.45% of Compound I-MsOH-F; and (h} about <0.50% to about >0.45% of
Compound I-MsOH-G.

[852] In one embodiment, Compound I-MsOH, or an cnantiomer, a siereoisomer, or a
combination thercof, with a purity of 296.0% or 298.3% or higher comprises <0.15% of 1-
isobutyl-8-(4-(2-propoxyethoxy yphenyD-N-(4-{{{1-propyl-1H-imidazol-5-
vhmethyhsulfinviphenyvi)-1,2,3 4-tetrahvdrobenzo{blazocine-3-carboxamide
methanesulfonate {Compound I-MsOH-B), provided that there 1s present one or more of: {(a)
about <0.50% to about 20.30% of Compound VHI; (b) about <0.50% to about >0.30% of
Compound IX; (d) about <0.50% to about >0.30% of Compound I-MsOH-B; (c) about <0.50%
to about 20.30% of Compound [-MsOH-A: (¢) about <0.50% to about >0.45% of Compound
I-MsGH-C; () about <0.50% 1o about >0.45% of Compound -MsOH-E; {g) about <0.30% 1o
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about >0.45% of Compound I-MsOH-F; and (h} about <0.50% to about >0.45% of Compound
I-MsOH-G.

[053] In one cmbodiment, Compound I-MsOH, or an cnantiomer, a sicreoisomer, or a
combination thereof, with a purity of 296.0% or >98 5% or higher comprises <0.30% of 8-(4-
butoxyphenvl}-1-isobotyl-N-(4-({({ 1 -propvi- 1H-imidazol-3-ylimethy Dsulfiny Dphenyt)-

1,2.3 4-tetrahydrobenzofblazocine-5S-carboxamide methanesulfonate (Compound I-MsOH-(),
provided that there 1s present one or more of {a) about <0.50% to about >0.30% of Compound
VI (b) about <0.50% to about >0.30% of Compound X (d) about <0.50% to about >0.30%
of Compound I-MsOH-B; (¢} about <0.50% to about >0.30% of Compound -MsQH-A; (d)
about <0.50% to about 20.30% of Compound [-MsOH-B; (f) about <0.50% to about =0.45%
of Compound -MsOH-E; (g) about <0.50% to about 20.45% of Compound I-MsOH-F; and
(h) about <0.50% to about >0.45% of Compound -MsOH-G.

1054] In one embodiment, Compound I-MsOH, or an ¢nantiomer, a stereoisomer, or a
combination thercof, with a purity of 296.0% or 298 .5% or higher comprises <0.30% of §-(4-
(2-butoxyethoxy jphenvi)- I-sobutvl-NV-(4-(({1 -propyl- 1 H-imidazol-5-yhmethvi}thio)phenyi)-
1,2,3 d-tetrahydrobenzolblazocme-S-carboxamide methanesulfonate (Compound I-MsOH-E),
provided that there is present one or more oft (a) about <0.50% to about 20.30% of Compound
VI (b) about <0.50% 1o about 20.30% of Compound IX; (d} about <0.50% to about >0.30%
of Compound I-MsOH-B; (¢) about <0.30% to about >0.30% of Compound I-MsOH-A; (d)
about <0.30% to about >0.30% of Compound [-MsOH-B; (e} about <0.50% tc about >0 45%
of Compound [-MsOH-C; (g) about <0.50% to about >0.45% of Compound I-MsOH-F; and
{h} about <0.50% to about 20.45% of Compound I-MsOH-G.

[855] In one embodiment, Compound -MsOH, or an enantiomer, a stercoisomer, or a
combination thereof, with a purity of 296.0% or >98.5% or higher comprises <0.20% of 8-(4-
(2-butoxyethoxy jphenyi}-1-butyl-N-(4-(((1-propyl- 1 H-imidazol-5-
vhmethvDisulfinyDphenyly-1.2,3 4-tetrabydrobenzoiblazocine-5-carboxamide
methanesulfonate {(Compound I-MsOH-F), provided that there is present one or more of {a)
about <0.50% to about =0.30% of Compound VHI; (b) about <0.50% to about >0.30% of
Compound IX; {d) about <0.50% to about 20.30% of Compound I-MsOH-B; (¢} about <0.50%
to about >20.30% of Compound I-MsOH-A; (d) aboat <0.50% to about >0.30% of Compound
I-MsOH-B; (¢} about <0.50% to about >0.45% of Compound I-MsOH-C; {f) about <0.50%to
about 20.45% of Compound I-MsOH-E; and (h) about <0.50% to about 20.45% of Compound
{-MsOH-G.
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[856] In one embodiment, Compound -MsOH, or an enantiomer, a stercoisomer, or a

-4

combination thereof, with a purity of 296.0% or >98 5% or higher comprises <0.15% of 8 &'-
{4~-(2-butoxyethoxy}-1,3-phenylene)bis( | -isobuty-N-(4-{{{1 -propyl-1H~imidazol-5-
vhmethyhsulfinylphenvi)-1,2,3 4-tetrahvdrobenzolblazocine-3-carboxamide)
dimethanesulfonate (Compound -MsOH-G), provided that there is present one or more of: (a)
about <0.50% to about >0.30% of Compound VHI (b) about <0.50% to about >0.30% of
Compound {X; {d} about <0.50% to about >0.30% of Compound [-MsOH-B; (¢} about <0.50%
to about 20.30% of Compound I-MsOH-A; {d) about <0.50% to about 20.30% of Compound
I-MsOH-B; {¢) about <0.50% to about >0.45% of Compound [-MsOH-C; {f} about <0.50%to
about 20.45% of Compound I-MsOH-E; and {(g) about <0.50% to about 20.45% of Compound
-MsOH-F.

[857] In one embodiment, Compound I-MsOH, or an enantiomer, a stereoisomer, or a
combination thereof, with a purity of >96.0% or >98.3% or higher comprises one or more of
the followmng: () <030% of  8-(4-(2-butoxyethoxyiphenvi)-1-isobutvi-1,2,3 .4~
tetrahvdrobenzoiblazocine-3-carboxylic acid (Compound [{-OH); (1) <0.05% of 8.8'-(4-(2-
butoxyethoxy)-1,3-phenvienebis(l-isobutyl-1,2 3 4-tetrahvdrobenzolblazocine-5-carboxylic
acid) (Compound Vi), and (111} <0.053% of 8-(4~(2-butoxyethoxy jphenyly-1-butyl-1,2,3 4-
tetrabvdrobenzoiblazocine-3-carboxylic acid (Compound 1X), provided there is present one or
more of compounds: {¢} about <0.50% to about 20.30% of Compound E-MsOH-A; (d) about
<0.50% to about 2>0.30% of Compouvnd I-MsOH-B; () about <0.50% to about >0.45% of
Compound {-MsOH-C; (f) about <0.50% to about 20.45% of Compound {-MsOH-E; {g) about
<0.50% to about >0.45% of Compound I-MsOH-F,; and (h) about <0.50% to about >0.43% of
Compound I-MsOH-G.

{058] In one cmbodiment, Compound I-MsOH, or an cnantiomer, a stercoisomer, of a
cornbination thereof, with a purity of 296.0% or 298.3% or higher comprises one or more of
the following: (1) 1300 ppm or less  wherein  4-({(Q-propyl-1H-tmidazol-5-
yvhmethyhsalfinyBaniline {(Compound HI}; (1) <0.10% of &-{4-(2-ethoxyethoxy)phenylh)-1-
1sobutyl-N-(4-({(1-propyl-1H-imidazol-5-vUmethy DsulfinyDiphenyi)-1,2,3,4~
tetrahvdrobenzojblazocine-3-carboxamide methanesulfonate (Compound -MsOH-A}), (1)
<0.10%  of  l-isobutvl-8-(4-(2-propoxyethoxyiphenyy-N-(4-({(1-propyl- LH-imidazol-5-
vhmethyhsulfinyliphenyi)-1.2,3 d-tetrahvdrobenzolblazocine-5-carboxamide
methanesulfonate (Compound -MsOH-B); (iv) <0.20% of 8-(4-butoxyphenvl)-1-isobutvl-N-
(4-(((1-propyl- IH-imidazol-3-yDmethvDsulfinviiphenyi)-1,2,3,4-tetrabydrobenzo[blazocine-

S-carboxamide methanesulfonate (Compound [-MsOH-C) (v} <080% of 8-{4-(2-
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butoxyethoxy)phenviy-T-isobutyl-N-(4-({ (1 -propyl-1H-tnudazol-3-
yhmethyhsulfonviiphenyl}-1,2,3 4-tetrabydrobenzolblazocine-5-carboxamide
methanesulfonate {Compound I-MsOH-D); (vi) <0.20% of 8-(4-(2-butoxyvethoxy)phenyl)-1-
isobutyl-N-(4-({(1-propvl- LH-midazol-3-vDmethythio)phenyi)-1,2,3,4-
tetrahvdrobenzolblazocine-S-carboxamide methanesulfonate (Compound -MsOH-E};, (vii)
<0.15% of 8-{4-(2-butoxyethoxy jphenvi}-1-butyl-N-{4-({(1-propvl-1H-imidazol-5-
viimethyDsulfinvbphenyl}-1,2,3 4-tetrabvdrobenzo{blazocine-3-carboxamide
methanesulfonate (Compound I-MsOH-F); and (viii) <0.10% of §,8'-(4-(2-butoxyethoxy)-1,3~
phenvienehbis{1-isobuty -NV-(4-({ {1 -propvl- 1 H -imidazol-5-ylimethyhsulfinvDphenyl}-1,2,3,4-
tetrahvdrobenzoiblazocine-3-carboxamide) dimecthancsulfonate {(Compound [-MsOH-G),
provided there is present one or more of compounds (a} about <0.50% to about 20.30% of
Compound VI and (b} about <0.50% to about >0.30% of Compound IX.

1059] In one embodiment, Compound I-MsOH, or an ¢nantiomer, a stercoisomer, or a
combination thereof, with a purity of 296.0% or 298 3% or higher comprising mesylate ester
resulting from MsOH in 0.001% or less, or 10 ppm or less.

860] In one cmbodiment, Compound -MsOH as disclosed herein 15 (3)- 8-(4-(2-
butoxyethoxv)pheny - F-isobutyl-N-(4-({(1 -propyvl-1H-imidazol-5-
vhmethyhsulfinylphenvi)-1,2,3 4-tetrahvdrobenzolblazocine-3-carboxamide
methanesulfonate {((S)-Compound -MsOH). In some embodiments, (8)-Compound I-MsOH
comprises <0.5% of {R)-8-{4-(Z-butoxyethoxyphenyh-1-isobutyi-N-(4-({{1-propyl-1H-
mudazol-5-vhmethvhsulfinyliphenyl)-1.2,3,4-tetrahvdrobenzolblazocing-5~carboxamide
methanesulfonate ((R)-Compound {-MsOH). In some embodiments, (S)-Compound -MsOH
comprises <0.2% of (#3-Compound I-MsQOH.

1061] In some embodiments, (8)-Compound I-MsOH comprises 5.0% w/w or less or 2.0%

wiw or less water content.

BRIEF DESCRIPTION OF THE FIGURES

[062] FIG 1. shows a proton NMR {nuclear magnetic resonance spectroscopy) spectrum of
{3)-Compound H-0OH.

1863] FI{ 2. shows a proton NMR spectra of Compound V-3 (top}, Compound V-3 with 3,0
{middie), and Compound 1I-OH (bottom}.

[064] FIG 3 shows an expansion of the aromatic region of the NMR spectra of FIG 2.
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DETAILED DESCRIPTION OF THE DISCLOSURE

Definitions

[365] While the following terms are believed to be well understood by one of ordinary skill
in the art, the following definitions are set forth to facibitate explanation of the presently
disclosed subject matter.

{066 Theterm “a” or “an” refers to onc or more of that entity; for example, “a halogen™ refers
to one or more halogens or at least one halogen. As such, the terms “a” {or “an™), “one¢ or more”
and “at least one” are used interchangeably herein. In addition, reference to “an alkyl group”
by the indetinite article “a” or “an” does not exclude the possibility that more than one of the
alkyl group is present, unless the context clearly requires that there is one and only one of the
alkyl groups.

1367]  As used herein, the verb “comprise” as is used in this description and in the claims and
its conjugations arc used 1n s non-limiting sense to mean that items following the word are

mehuded, but items not specifically mentioned are not excluded.

1068} As used herein, the phrase “alkvi group™ refers io a straight chain, a branched chain or
a cyclic hydrocarbons having from | up to about 10 carbon atoms. Non-limiting examples of
an atkyl group tncludes C1-C10 alkyl group such as methyl, ethvl, propyl, isopropyl, butyl,
isobutyl, sec-butyl, rer-butyl, pentyl, isopentyl, neopentyl, hexyl, heptyl, octyl, nonyl, decyl,
and the like.

[669] As used herein the phrase “arvl group” refers to an aromatic group having from 6 up to
14 carbon atoms. Non-Emiting examples of an aryl group mchides phenyl, naphthyl, anthrvl,
fluorenvl, and the like.

[378] As used herein, the phrase “substitueni(s)” in the optionally substituted alky! group and
the optionally substituted arvl groap mcludes a halogen atom {¢.g., fluorime, chloring, bromineg,
todine, €ic.}, a nitro group, a cyanc group, an optionally sobstitited hydroxy! group {e.g., a
hydroxyl group, C1-C4 alkoxv, ¢ic.). an optionally substituted thiol group (c.g., thiol, C1-C4
alkvlthio, etc.), an optionally substituted anuno group (e .g., amino, mono-C1-C4 alkviamino,
di-C1-C4 alkylamino, a 3- or 6-membered cyclic amino group such as, pyrrolidine, piperazine,
piperidine, morpholine, thiomorpholine, pyrrole and imidazole, etc.), an optionally esterified
or anidated carboxyl group {e.g.. carboxyl, C1-C4 alkoxycarbonyl, carbamoyl, mono-C1-C4
alkyicarbamoyl, di-C1-C4 alkvilcarbamovl, etc.), an optionally halogenated C1-C4 alkoxy

group (e.g., methoxy, ethoxy, propoxy, butoxy, trifluoromethoxy, trifhicrocthoxy, etc.), an
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optionally halogenated C1-C4 alkoxy-C1-C4 alkoxy group (e.g., methoxymethoxy,
methoxyethoxy, ethoxvethoxy, triffucromethoxyethoxy, trifluorocthoxyethoxy, ete ), a formyl
group, a C2-C4 alkanoyl group (¢.g., acetyl, propionyl, etc.) and a C1-C4 alkvisulfonyi group
{¢.g., methanesulfonyi, ethanesulfonyi, etc.).

[871]  Asused herein, the phrase “short-cham alcohol” refers to alcohol containing 1-8 carbon
atorms. Non-limiting examples of short-chain alcohol includes methanol, ethanol, propanol,
isopropanol, butanol, pentanol, hexanol, heptanol, octanol, and the like.

[872] As used herein, the phrase “nonprotic solvent” or “non-protic solvent” refers to an
organic solvent or mixtures of organic solvents that is not readily deprotonated in the presence
of a strongly basic reactant. Non-limiting examples of non-protic solvents include ethers,
dimethyviformamide (DMF), dimethylacetamide (BMAC), 1 ,3-dimethvi-3,4,5,6~ tetrahvdro-
2{(1Hy-pyrimidinone (BMPU), 1,3-dimethyl-2-imidazolidinone {BMI), N-methylpyrrolidinone
(NMP, formamide, N-methylacetamide, N-methyHormamide, acetontrile, dimethy! sulfoxide,
propionitrile, ethyvl formate, methy! acetate, hexachloroacetone, acctone, cthy! methyl ketone,
cthyl acetate, sulfolane, N, N-dimethylpropionamide, tetramethyiurea, nitromethane,
nitrobenzene, or hexamethylphosphoramide, diethoxymethane, tetrahydrofuran, 1 3-dioxane,
1.4-dioxane, turan, diethyl ether, tetrahydropyran, diisopropyl cther, dibutyl cther, cthvienc
glycol dimethyl cther, ethvienc glyveol dicthyl cther, diethylene glveol dimethy! ether,
dicthylene glveol diethyl ether, tricthylene glycol dimethyl ether, anisole, r~butyl methyl ether,
and the like.

{073] Asused herein, the phrase “protic solvent” refers 1o a solvent or solvent roixtures that
is capable of functioning as an acid for purposes of protonating any unreacted, strongly basic
reaction intermediates. Non-limiting cxamples of protic solvents inclade water, methanol,
cthanol, Z-nitrocthansl, 2-fluoroethanol, 2.2, 2-triflucrocthanol, ethylene glycol, 1-propanol, 2-
propanol, 2-methoxyethanol, I-butanol, 2-butanol, i-butyl alcobol, #-butyl alcohol, 2-
ethoxyethanol, diethvlene glyeol, 1-, 2-, or 3~ pentanocl, neo- pentyl alcohol, ~pentyl alcohol,
diethylene glveol monomethyl ether, diethviene glveol monoethyl ether, cvelohexanol, benzyl
alcobol, phenol, glveerol, and the like.

[874] As used herein, the phrase “part{s)” when used to describe volume of a liguid refers to
an approximate estimate of the volume multiplier to a compound, substance, or liquid in which
it refers to or which is stated previously. For example, 50 parts water with respect to Compound
A means water with approximately 30 times the volume of Compound A is used.

[873] As used herein, the symbol “<" means “not more than” or “equal to or less than™; “<

[T

means “less than™; “>7 means “not fess than™ or “gqual to or more than™; and “>" means “more
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than”. Furthermore, the numerical numbers, when used herein in connection with purity or
impurity content, include not only the exact nuraber but also the approximate range around the
number. For example, the phrase “purity of 99.0%” denotes a purity of about 99.0%.
Compounds and Purities/Tmpurities

13876] The compounds of the disclosure, or their pharmaceutically acceptable salts can contain
one or more asvmmetric centers and can thus give rise to enantiomers, diastercomers, and other
stereoisomeric forms that can be defined, i terms of absolute stereochemistry, as (R)- or (5)-.
The present disclosure 1s meant to melude all sach possible 1somers, as well as their racemic
and opticallv purc forms whether or not they are specifically depicted herein. Optically active
{(+) and (-}, or (£}~ and (5}~ 1somers can be prepared using chiral synthons or chiral reagents,
or resolved using conventional techniques, for example, chromatography and fractional
crystatlization,

1077 A “stercoisomer” refers to a compound made up of the same atoms bonded by the same
bonds but having different three-dimensional structures, which are not mterchangeable. The
present mvention contemplates varnous sterecisomers and mixtures thereof and includes
“enantiomers”, which refers to two stercoisomers whose molecules are nonsupenmposable
mirror images of one another. In one embodiment, compounds disclosed hercin nclude
racemic nuxtures, cnantiomers, diastercomers, or enantiomerically or diastenomerically

enriched mixtures.

[678] The disclosed process, in some embodiments, for the synthesis of Compound 1I-OH
provides Compound H-OH in about 293 0% to about £96.0% purity. In another embodiment,
the disclosed process for the synthesis of Compound H-OH provides Compound H-OH in about
> 97 0% purity. In one embodiment, the disclosed process for the synthesis of Compound -
OH provides Compound H-OH in about > 97 5% purity. In ancther embodiment, the disclosed
process for the synthesis of Compound H-OH provides Compound H-0H in about > 98.0%
purity. In some embodiments, the disclosed process for the svothesis of Compound H-OH
provides Compound II-OH in about > 99.0% purity.

1879] In other embodiments, the disclosed synthesis of Compound H-OH results i the
presence of 4,4-bis(2-buioxyethoxy)biphenvl (Compound VI in abouwt <0.50% to about
20.30%. In one embodiment, the disclosed synthesis of Compound H-OH resulis in the
presence of Compound VIH in about <0.20%. In one embodiment, the disclosed synthesis of

Compound [I-OH results in the presence of Compound VIE in about <0.10%. In some
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embodiment, the disclosed svnthesis of Compound 1I-OH results in the presence of Compound
Vi in about <0.05%.

[088] In other embodiments, the disclosed synthesis of Compound I-OH results in the
presence of 8,8'-(4-(2-butoxyethoxv)-1,3-phenyiene)bis{ 1-1sobutyi~1,2,3 4-
tetrahvdrobenzolblazocine-S-carboxyhic acidy (Compound VIHI} in about <0.50% to about
>0.20%. In other embodiments, the disclosed synthesis of Compound H-0OH results in the
presence of 8,8 ~{(4-(2-butoxvethoxy -1, 3-phenviene jbis{ I-isobutvi-1.2,3 .4~
tetrahvdrobenzojblazocine-3-carboxylic acid) (Compound VI in about <0.50% to about
>0.25%. In other embodiments, the disclosed synthesis of Compound H-OH resuits in the
presence of 8.8'-(4-(2-butoxyethoxyv}-1,3-phenylencibis(1-isobutyl~-1,2,3 4-
tetrabvdrobenzoiblazocine-3-carboxylic acid) (Compound VI in about <0.50% to about
>0.30%. In one embodiment, the disclosed synthesis of Compound H-OH results in the
presence of 8.8 -{4-(2-butoxyethoxy}-1,3-phenvienc tbis{1-isobutyl-1,2,3 4-
tetrahydrobenzolblazocine-3-carboxylic acid) {Compound VHI} in about <0.20%. In other
embodiments, the disclosed synthesis of Compound IT-OH results in the presence of §,8'-(4-
{2-butoxyethoxy)-1,3-phenviene)bis{ 1 -isobutyl-1,2 3 4-tetrahydrobenzolblazocme-5-
carboxylic acid) {Compound VIH) o about <0.10%. In one embodiment, the disclosed
synthesis of Compound I-OH results in the presence of 8,8'-(4~(2-butoxvethoxy}-1,3-
phenylene)bis(l-isobutyl-1,2.3 4-tetrahydrobenzofblazocine-S-carboxylic acid) (Compound
Vi in about <0.05%. In some embodiments, the disclosed synithesis of Compound U-OH
results in the presence of 88-(4-(2-butoxvethoxy)-1,3-phenviencibis{l-isobutyl-1,2.3 4-
tetrahvdrobenzoiblazocine-3-carboxylic acid) (Compound V) in about <0.01%.

[881] In other embodiments, the disclosed synthesis of Compound H-OH results i the
presence of  &-{4-(Z-butoxyethoxy jpheay-1-butyl-1,2 3 4-tetrahyvdrobenzo{blazocine-5-
carboxyvlic acid (Compound IX) i about <0.50%. In another embodiment, the disclosed
synthesis of Compound H-OH results in the presence of 8-(4-(2-butoxyethoxy)phenvi}-1-
butyl-1,2,3 4-tetrabydrobenzofblazocing-5-carboxylic acid (Compound [X} 1n about <0.25%.
In one embodiment, the disclosed synthesis of Compound I{-OH resulis in the presence of 8-
{(4-(2-butoxyethoxy )phenyl)-1-butyvl-1,2 3 4-tetrahvdrobenzolblazocine-3-carboxylic acid
{Compound IX} in about =0.15%. In one embodiment, the disclosed synthesis of Compound
1I-OH results in the presence of Compound IX in about <0.10%. In one embodiment, the
disciosed synthesis of Compound [-OH resulis in the presence of Compound IX in about

<0.05%.
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[082] In some embodiments, the disclosed synthests of Compound H-OH result in the
presence of 8-(4-(Z-cthoxvethoxyiphenvl)-1-isobutyi-1,2.3 4-tetrahydrobenzo{blazocine-5-
carboxylic acid (Compound H-OH-A) i about <0.50% to about >0.20%. In some emboduments,
the disclosed synthesis of Compound H-OH resuit in the presence of 8-(4-(2-
ethoxyethoxyjphenyi)-1-iscbutyl-1,2.3 4-tetrabvdrobenzolblazocme-S-carboxylic acid
{Compound H-OH-A} in about <0.50% to about >0.25%. In some embodiments, the disclosed
synthesis of Compound {{-OH result in the presence of &-{4-(2-cthoxvethoxviphenvi)-i-
1sobutvi-1,2,3 4-tetrahvdrobenzo]bjazocine-3-carboxyvlic acid (Compound H-OH-A) in about
<0.50% to about >0.30%. In one embodiment, the disclosed synthesis of Compound II-OH
results  m the  presence  of  §-(4-(Z-cthoxvethoxy)phenvi-1-isobutyl-1,2,3.4-
tetrabvdrobenzolblazocine-S-carboxylic acid (Compound H1-OH-A) in about <0.20%. In other
embodiments, the disclosed svnthesis of Compound H-OH results n the presence of 8-(4-(2-
cthoxyethoxyjphenyi)-1-isobutyl-1,2,3 4-tetrahvdrobenzo|bjazocine-S-carboxylic acid
{Compound I-OH-A) in about <0.10%. In one cmbodiment, the disclosed synthesis of
Compound H-OH results in the presence of 8-{(4-(2-cthoxyethoxyiphenyi)-i-isobutyi-1,2,3 4-
tetrahydrobenzoiblazocine-3-carboxylic acid (Compound 1-0H-A) i about <0.05%. In
another embodinment, the disclosed synthesis of Compound U-0OH results in the presence of 8-
(4-(2-cthoxyethoxvphenvi)-i-isobutyl-1,2 3 4-tetrahvdrobenzolblazocine-3-carboxylic  acid
{(Compound H-OH-A) 10 about <0.01%.

1083] In some embodiments, the disclosed synthesis of Compound H-OH results in the
presence of I-isobutvi-8-(4-(2-propoxyethoxyiphenyl)-1.2,3 4~tctrahydrobenzolblazocine-5-
carboxylic acid {Compound I-OH-B) in about <0.50% to about >0.20%. In some embodiments,
the disclosed synthesis of Compound H-OH results in the presence of T-isobutyl-8-(4-(2-
propoxyethoxy yphenyl)-1.2 3 d-tetrahydrobenzolblazocine-5-carboxylic acid {(Compound H-
OH-B) in about <0.50% to about 20.23%. In some embodiments, the disclosed synthesis of
Compound H-0OH results in the presence of 1-isobutyl-8-(4-(2-propoxyethoxyiphenyi)-1,2.3 4-
tetrahydrobenzoiblazocine-S-carboxylic acid {Compound H-OH-B} in about <0.50% to about
20.30%. In one embodiment, the disclosed synthesis of Compound H-OH results in the
presence of I-isobutyi-8-(4-(2-propoxyethoxyiphenyl)-1,2,3,4~tetrahvdrobenzolblazocine-3-
carboxvlic acid (Compound [-OH-B) n about <0.20%. In one embodiment, the disclosed
synthesis  of Compound H-OH  results in the presence of  I-isobutyl-8-(4-(2-
propoxyethoxyiphenvi)-1.2,3 4-tetrahvdrobenzolblazocine-5-carboxvlic acid (Compound H-
OH-B) m about <0.10%. In one embodiment, the disclosed synthesis of Compound 11-OH

results i the  presence  of  l-isobutyl-8-{(4-(2-propoxyethoxyiphenyi}-1,2,3 4-
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tetrahydrobenzoiblazocine-3-carboxylic acid (Compound [-OH-B) in about <0.05%. In
another embodiment, the disclosed synthesis of Compound H-OH results in the presence of |-
isobutvi-8-(4-(2-propoxvethoxyiphenvi}-1,2,3 4-tetrabvdrobenzofblazocine-5-carboxylic acid
{Compound H-OH-B} in about <0.01%.

[884] In one embodiment, the disclosed synthesis of Compound H-OH results in the presence
of  8-(4-butoxyphenyl}-t-isobutyl-1,2 3 d-tetrahvdrobenzolbjazocine-5-carboxylic  acid
{Compound H-OH-C) 10 about <0.50%. In some embodiments, the disclosed synthesis of
Compound [I-OH results in the presence of B-(4-butoxyphenyi)-i-isobutvi-1,2,3,4-
tetrahydrobenzoiblazocine-3-carboxylic acid (Compound U-OH-C) m about <0.25%. In one
cmbodiment, the disclosed synthesis of Compound [I-OH resulis in the presence of 8-(4-
butoxyphenyl}-T-isobutyvi-1,2,3 4-tetrabvdrobenzolblazocme-S-carboxylic acid (Compound
-OH-C) in about <0.15%. In other embodiments, the disclosed synthesis of Compound 1-OH
results in the presence of &-(4-bwtoxyphenyh-1-isobutyi-1.2 3 d-tetrahvdrobenzo|blazocine-5-
carboxylic acid {Compound U-OH-C) in about <0.10%. In other embodiments, the disclosed
synthesis of Compound 1I-OH results m the presence of Compound II-OQH-C in about £0.05%.
In other embodiments, the disclosed synthesis of Compound U-0OH results in the presence of
Compound -OH-C in about <0.01%.

[0853] In one embodiment, the disclosed synthesis of Compound H-OH results in the presence
of one or more of the following:

{a) about <0.50% to about >0.30% or about <0.01% of 8-(4-(2-
cthoxyethoxyjphenvi)-1-isobutyi-1,2.3 4-tetrahvdrobenzo|blazocine-5-carboxylic acid
{Compound [H-OH-A);

{b} about <0.50% to about >0.30% or about <0.01% of 1-iscbuiyl-8-{(4-(2-
propoxyethoxy yphenyi)-1.2 3 d-tetrahydrobenzolblazocine-5-carboxylic acid (Compound H-
OH-B),

{c} about <0.50% to about 20.30% of 4,4"-bis(2-butoxyethoxy jbiphenyl
{Compound VIiE); and

{d) about <0.50% to about >0.30% or about <0.01% of 8 8'-(4-(2-butoxyethoxy}-
1,3-phenylene)bis{ 1-isobutyl~1,2,3 4-tetrahydrobenzo|blazocine-5-carboxyhic acid)
{Compound VIHI} and optionally further comprises one or both of

(1} about <0.50% of 8~-{4-butoxyphenyly-1-isobutyl-1,2.3 4-
tetrahyvdrobenzoibjazocine-5-carboxyvlic acid (Compound H-OH-C); and
(11} about <0.50% of 8-(4-(2-butoxyethoxy)phenyi)-1-butyi-1,2.3 4-

tetrahydrobenzolblazocine-S-carboxylic acid {Compound IX}.
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Compound 1I-0H-C

{086} The disclosed process, in some embodiments, the synthesis of Compound -MsOH
provides Compound -MsOH or an enantiomer, a stereoisomer, or a combination thereof, in
about >95.0% to about <95.3% purity. In onc cmbodiment, the disclosed process for the
synthesis of Compound I-MsOH provides Compound {-MsOH or an enantiomer, a
stereoisomer, or a combination thereof, in about >96.0% purity. In another embodiment, the
disclosed process for the synthesis of Compound I-MsOH provides Compound 1-MsOH or an
enantiomer, a stercoisomer, or a combination thercof, m about >97.0% purnty. In one
embodiment, the disclosed process for the synthesis of Compound [-MsOH provides
Compound I-MsOH or an enantiomer, a stercoisomer, or a combination thereof, in about
>98.0% purnity. In some embodiments, the disclosed process for the synthesis of Compound I-
MsOH provides Compound I-MsOH or an enantiomer, a stercoisomer, or a combination
thercof, in about >98.5% purity.

{087] In other embodiments, the disclosed synthesis of Compouvad I-MsOH or an enantiomer,
a sterecoisomer, or a combmation thercof, results in the presence of 8-(4-(2-
butoxvethoxyphenyi)--isobutyl-1,2,3 4-tetrahvdrobenzofblazocineg-3-carboxvlic acid
{(Compound H-OH) in about <1.0%. In one embodiment, the disclosed synthesis of Compound
I-MsOH or an enantiomer, a stercoiscmer, or a combination thereof, results in the presence of
8-(4-(2-butoxvethoxy)phenyi)-1-isobutyl-1,2,3 4-tetrabydrobenzofblazocine-S-carboxylic
acid (Compound [-0OH) in about <0.80% or about <0.50%. In some cmbodiments, the

disclosed synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination
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thereof, results in the presence of  8-(4-(2-butoxyethoxy)phenyl)-1-isobutyl-1,2 3 4~
tetrahydrobenzoiblazocine-3-carboxylic acid (Compound H-OH) in about <0.25%.

[088] In other cmbodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stereotsomer, or a combination thereof, results in the presence of 8,8 -(4-(2-butoxyethoxy)-
1,3-phenylene}bis{1-isobutyl-1.2 3 4-tetrahvdrobenzo|blazocine-S-carboxylic acid}
{Compound VHI} in about <0.50% to about >0.20%. In other embodiments, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stercoisomer, or a combination thereof,
results in the presence of 8,8'-(4-(2-butoxvethoxy)-1,3-phenviene s -isobutyvi-1,2,3 4-
tetrahydrobenzoiblazocine-3-carboxylic acid) (Compound VIIE in about <0.50% to about
20.25%. In other cmbodiments, the disclosed synthesis of Compound 1-MsOH or an
enantiomer, a stereoisomer, or a combination thercof, results in the presence of 8 8-(4-(2-
butoxvethoxy}-1,3-phenyleneYbis{1-sobutyl-1,2 3 4-tetrabhvdrobenzolblazocine-S-carboxylic
acid) {Compound VIH} in about <0 50% to about >0.30%. In some embodiments, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stercoisomer, or a combination thereof,
results in the presence of 8,8'-(4-(2-butoxvethoxy)-1,3-phenviene s -isobutyvi-1,2,3 4-
tetrahydrobenzoiblazocine-3-carboxylic acid) (Compound VI in abowt <0.20%. In one
embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stereoisomer,
or a combination thercof, results n the presence of 8,8-(4-(2-butoxyethoxy)-1,3-
phenylene)bis(l-isobutyl-1,2.3 4-tetrahydrobenzofblazocine-S-carboxylic acid) (Compound
Vi in about <0.10%. In one cmbodiment, the disclosed synthesis of Compound -MsOH or
an enaniicmer, a stereoisomer, or a combination thereof, results in the presence of 8,8-(4-(2-
butoxvethoxy)-1,3-phenvieneibis(-isobutyvl-1,2,3,4~-tetrahvdrobenzofblazocine-3-carboxylic
acid) (Compound VHIE} in about <0.05%. In another embodiment, the disclosed synthesis of
Compound I-MsOH or an enantiomer, a sterecisomer, or a combmation thereof, results in the
presence of &, 8'-(4-(2-butoxyethoxy)-1,3-phenylenc)bis{ 1-isobutyl-1,2,3 4-
tetrahvdrobenzolblazocine-S-carboxyhic acid) (Compound VHI) in about <0.01%.

1089  In other embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stereoisomer, of a combination thercof, results i the presence of 8-(4-(2-
butoxyvethosyphenvl)-1-butyl-1,2,3 4-tetrahydrobenzo{ bjazocme-5-carboxylic acid
{Compound IX} in about <0.50% to about >0.20%. In other embodiments, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof,
results n the prosence of &-{4-(2-butoxyethoxvipheuyl)-1-butyl-1,2,3.4-
tetrabvdrobenzoiblazocine-S-carboxvlic acid {Compound IX) mn about <0.50% to about

>0.25%. In other embodiments, the disclosed synthesis of Compound -MsOH or an
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enantiomer, a stereoisomer, or a combination thereof, results in the presence of 8-(4-(2-
butoxyethoxvjphenvi}-1-butyl-1,2,3 4-tetrahy drobenzol blazocine-5-carboxylic acid
{Compound 1X} in about <0.50% to about >0.30%. In one embodiment, the disclosed synthesis
of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof, results in
the presence of 8-(4-(2-butoxyethoxyviphenyiy-1-butyl-1,2.3 4-tetrahydrobenzolblazocine-5-
carboxyvlic acid {Compound FX) in about <0.25%. In one embodiment, the disclosed synthesis
of Compound I-MsOH or an enantiomer, a stercoisomer, or a combination thercof, results in
the presence of 8-(4-(2-butoxvethoxy)iphenyl)-1-butyi-1,2,3 4-tetrahyvdrobenzolblazocine-5-
carboxylic acid (Compound EX) 1n about <0.20%. In one embodiment, the disclosed synthesis
of Compound I-MsOH or an enantiomer, a sterooisomer, or a combination thereof, results in
the presence of 8-(4-(2-butoxyethoxv)phenyli-1-butyl~1,2,3 4-tetrabvdrobenzo{blazocine-5-
carboxyvhic acid {Compound IX) in about <0.15%. In one embodiment, the disclosed synthesis
of Compound I-MsOH or an enantiomer, a stercoisomer, of a combination thereof, resolts in
the presence of 8-(4-(2-butoxyethoxy)phenyly-1-butyl-1,2,3 4-tetrahyvdrobenzolblazocine-5-
carboxvlic acid (Compound [X} m about <0.10%. In some embodiments, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a sterecisomer, or a combination thereof,
results n the prosence of &-{4-(2-butoxyethoxvipheuyl)-1-butyl-1,2,3.4-
tetrahvdrobenzoiblazocine-S-carboxyvlic acid {Compound X} in about <0.05%.

[090] Insome embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stercoisomer, or a combination thereof, results 1n the presence of 4-(((1-propyl-1H-imidazol-
S-vimethysuifinvhaniline (Compound Hi) or an cnantiomer, a stereoisomer, or a
combingtion thercof, in about <0.50% to about >0.35%. In one embodiment, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a sterecisomer, or a combination thereof,
resubts in the presence of 4~({{1-propvl-1H-imidazol-3-vUmethyhsulfinyhaniline (Compound
ITH or an ecnantiomer, a stercoisomer, or a combination thereof, in about <0.253%. In one
embodiment, the disclosed svnthesis of Compound I-MsOH or an enantiomer, a stereoisomer,
or a combination thercof results in the presence of 4-{(({(1-propyl-1H-imidazol-5-
vhmethyDsulfinyDaniline (Compound IH) or an cnantiomer, a stereoisomer, or a combination
thercof, m about <0.15%. In another embodiment, the disclosed synthesis of Compound I-
MsOH or an enantiomer, a stercotsomer, or a combination thereof, results in the presence of 4-
{{(1-propvl-1 H-imidazol-3-yDmethyhsulfinvljaniline {(Compound i) or an cnantiomer, a
stercoisomer, or a combination thercof, in about <0.10%.

[091] Insome embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,

a stercoisomer, or a combination thereof, results 1n the presence of 4-(((1-propyl-1H-imidazol-
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S-yDmethvlsolfinyDanilive (Compound HI} or an enantiomer, a stercolsomer, or a
combination thereof, m abowt <2000 ppm. In some embodiments, the disclosed synthesis of
Compound I-MsOH or an enantiomer, a stercoisomer, or a combination thereof, results in the
presence of 4-({(1-propyl- lH-imidazol-3-vDmethylsulfinvhaniline (Compound HI) or an
enantiomer, a stercoisomer, or a combination thereof, 1in about <1750 ppm. In some
embodiments, the disclosed synthesis of Compound -MsOH or an enantiomer, 3 sterecisomer,
or a combination thereof, results in the presence of 4-({(1-propvi-1H-umnidazol-5-
vhmethyDsulfinyDaniline {Compound 1H) or an enantiomer, a stereoisomer, or a combination
thercof, in about <1500 ppm. In some embodiments, the disclosed synthests of Compound I-
MsOH or an enantiomer, a stercoisomer, or a combination thereof, results in the presence of 4-
{(I-propvl-1 H-imudazol-S-yDimethvhsulfinvDanihine (Compound ) or an enantiomer, a
stereoisomer, or a combination thereof, in about <1250 ppm.

1092] In one embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a
stereoisomer, or a combination thercof, results in the presence of (S)-4-(({(1-propyi-1H-
midazol-S-yhmethyhsulfinvDamiine ((53-Compound I} n about <1500 ppm.

[883] In some embodiments, the disclosed svnthesis of Compound I-MsOH or an enantiomer,
a stercoisomer, or a combination thercof, results in the presence of 8-(4-(2-
cthoxyvethoxyphenyi)-1-1sobutyl-N-(4-(({ L -propvi- L H-imidazol-5-
vhmethvDisulfinyDphenyly-1.2,3 4-tetrabydrobenzoiblazocine-5-carboxamide
methanesulfonate {(Compound I-MsOH-A) in about <0.50% to abouwt >025%. In some
embodiments, the disclosed synthesis of Compound 1-MsGH or an enantiomer, a stercoisomer,
or a combination thereof, results m the presence of 8-(4-(Z-ethoxvethoxy phenyl)-1-isobutyl-
N-(4-(({ -propvi-1Hamdazol-3-yDimethyDsulfinyphenyi)-1,2.3 4-
tetrahydrobenzoiblazocing-3-carboxamide methanesulfonate (Compound I-MsOH-A} inabout
<0.50% to about >0.30%. In one embodiment, the disciosed synthesis of Compound I-MsOH
or an enantiomer, a stercoisomer, or a combination thereof, results in the presence of 8-(4-(2-
cthoxyethoxy jphenyi)-1-isobutyl-N-(4-(({ 1 -propvi- 1 H-imidazol-5-
vhmethyhsulfinviphenyvi)-1,2,3 4-tetrahvdrobenzo{blazocine-3-carboxamide
methanesutfonate (Compound I-MsOH-A) 1n about <0.25%. In one embodiment, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof,
results in the presence of 8-(4-(2-cthoxyethoxy)phenyhy-1-isobutyl-N-{(4-(({1-propyl-1H-
imidazol-3-vhmethvsulfinyDpbeny)-1,2,3,4-tetrahydrobenzo{blazocine-5-carboxamide
methanesulfonate (Compound {-MsOH-A) 1 about <0.15%. In another embodiment, the

disclosed synthesis of Compound I-MsOH or an enantiomer, a steresisomer, or a combination
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thereof, results in the presence of 8-(4-(2-cthoxvethoxy)phenvl}-1-isobutyl-N-{4-({{1-propyl-
1H-imidazol-5-vDmethyisoalfinyDphenyiy-1,2,3,4-tetrabydrobenzoiblazocine-5-carboxamide
methanesulfonate {Compound I-MsOH-A) in about <0.10%.

[094] Insome embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stereoisomer, or a combination thereof, results m the presence of 1-isobutyl-8-(4-(2-
propoxyethoxy yphenyl-N-(4-{{(1-propyl-1H-imidazol-3-yhmethysulfinyDphenyi}-1,2.3 4-
tetrahvdrobenzolblazocine-5~carboxamide methanesuifonate (Compound I-MsOH-B) 1n about
<0.50% to about >0.25%. In some¢ embodiments, the disclosed synthesis of Compound I-
MsOH or an enantiomer, a stercotsomer, or a combination thereof, results in the presence of 1-
isobutyl-8-{4-(2~-propoxvethoxyphenyl)-N-{4-({(1-propyl- LH-imidazol-5-
vhmethyhsulfinylphenvi)-1,2,3 4-tetrahvdrobenzolblazocine-3-carboxamide
methanesulfonate (Compound I-MsOH-B) i about <0.50% to about >0.30%. In one
embodiment, the disclosed synthesis of Compound -MsOH or an enantiomer, a stereoisomer,
or a combination thercof, results in the presence of 1-isobutyi-8-(4-(2-propoxyethoxy )phenyi}-
N-{4-({(1-propyi- 1 H-imidazol-5-yvImethvhsulfinyDphenyi)-1,2.3 4-
tetrahydrobenzoiblazocine-3-carboxamide methanesulfonate (Compound 1-MsOH-B) in about
<0.25%. In other embodiments, the disclosed synthesis of Compound I-MsOH or an
enantiomer, a stereoisomer, or a combination thereof, results in the presence of 1-isobuivi-8-
{4-(2-propoxyethoxypheny}-N-(4-{({{} -propyl- 1 H-1midazol-3-yDmethyDsulfinyhphenvl)-
1,2.3 4-tetrahydrobenzofblazocine-5S-carboxamide methanesulfonate (Compound 1-MsQH-B}
m about <0.15%. In one embodiment, the disclosed svnthesis of Compound I-MsOH or an
enantiomer, a stereoisomer, or a combination thereof, resulis in the presence of 1-isobutyi-8-
{4-(2-propoxvethoxyipheny}-N-(4-(((1-propyl- 1H-imidazol-5-yDmethylisulfinyDphenyl)-
1,2,3,4-tetrabydrobenzofblazocine-5-carboxamide methanesulfonate (Compound -MsOH-B)
m about <0.10%.

[993]  In some embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stereoisomer, or a combination thereof, results i the presence of 8-{4-butoxvphenyh-1-
1sobutyl-N-(4-({(1-propyl-1H-imidazol-5-vUmethy DsulfinyDiphenyi)-1,2,3,4~
tetrahvdrobenzojblazocing-3-carboxanide methanesulfonate (Compound I-MsOH-C) 1n about
<0.50% to about >0.40%. In some embodiments, the disclosed synthesis of Compound I-
MsOH or an enantiomer, a stereotsomer, or a combination thereof, results in the presence of §-
{4-butoxyphenvi)-1-isobutyl-V-(4-{(((1-propvi-1 H-imidazol-5-yhmethy sulfinv Dphenvi)-
1,2,3,4-tetrahvdrobenzofblazocine-5-carboxanude methanesulfonate (Compound I-MsGH-C)

i about <0.50% to about >0.45%. In one embodiment, the disclosed synthesis of Compound
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I-MsOH or an enantiomer, a stereoisomer, or a combination thereof, results in the presence of
8-{4-butoxyphenvl}-1-isobutvl-N-{(4-{{{ 1 -propyl-1H-1midazol-5-yDmethy Dsulfinyliphenyi)-
1,2,3,4~tetrahydrobenzofblazocine-5-carboxanmide methanesulfonate (Compound -MsOH-C)
m about <0.40%. In other embodiments, the disclosed svnthesis of Compound I-MsOH or an
enantiomer, a steregisomer, or a combination thereof, results in the presence of &-(4-
butoxyphenyh-1-sobuty-N-{(4-({{1-propyi-1H-1midazol-5-yDmethyDsulfinyljphenyi)-

1,23 4~tctrahydrobenzofblazocine~-5-carboxamide methancsulfonate (Compound -MsOH-C)
m about <0.30%. In one embodiment, the disclosed svnthesis of Compound I-MsOH or an
cnantiomer, a stereoisomer, or a combination thereof, results n the presence of 8-(4-
butoxyphenyl}-1-isobutvl-N-{4-((( 1 -propyi- 1 H-tmidazol-3~vhmethyisulfiny Dphenyi}-
1,2,3,4-tetrahyvdrobenzofblazocine-5-carboxanude methanesulfonate (Compound I-MsGH-C)
n about <0.20% .In ancther embodiment, the disclosed synthesis of Compound I-MsOH oran
enantiomer, a sterecisomer, of a combination thereof, results m the presence of §-{4-
butoxvphenvi}-1-isobutyl-N-(4-({{1-propyl-1 H-imidazol-5-vUmethyDsul fuy hpheny -

1,2,3 4-tetrahydrobenzofblazocine-5-carboxamide methanesulfonate (Compound I-MsOH-C)
i about <0.10%.

{096} In onc cmbodiment, the disclosed synthesis of Compound 1-MsOH or an cnantionier, a
stereoisomer, or a combination thercof, resufts m  the presence of  §-(4-(2-
butoxvethoxyyphenyl}--isobuty I-AN-{4-({((1 -propyl- 1 H-imidazol-5-
yvhmethyhsalfonyDphenyl)-1,2 3 d-tetrahvdrobenzolblazocine-5-carboxamide
methanesulfonate (Compound [-MsOH-D) o about <2.0%. In other cmbodiments, the
disclosed synthesis of Compound I-MsOH or an enantiomer, a sterecisomer, or a combination
thereof, results m the presence of B-(4-(2-butoxvethoxy)phenvl}-1-isobutyl-N-{4-({{1-propyl-
1H-imidazol-5-yhmethy DsulfonyDphenyi}-1.2 3 d-tetrahydrobenzolbjazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-D) in about <1.0%. In one embodiment, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof,
resufts in the presence of 8-{4-(2-butoxyethoxyiphenyh-1-isobutvi-N-(4-({{1-propyl-1H-
mudazol-5-vhmethvhsulfonvhphenyi}-1,2,3 . 4-tetrabvdrobenzolblazocine-3-carboxamide
methanesulfonate (Compound -MsOH-D) in about <0.30%. In another embodiment, the
disclosed synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination
thereof, results in the presence of 8-(4-(2-butoxyethoxy)phenvl)-1-tsobutyl-N-{(4-({({(1-propyi-
1H-imidazol-5-vDmethysolfonvlphenyl)-1.2.3 4-tetrahydrobenzofblazocine-5-carboxamide

methanesulfonate (Compound I-MsOH-D} in about <0.10%.
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[887] In some embodiments, the disclosed svnthesis of Compound I-MsOH or an enantiomer,
a stereoisomer, or a combination thercof, results i the presence of 8-(4-(2-
butoxvethoxy iphenyl}--isobutyl-N-(4-(({1-propyl-1 H-imidazol-5-vUmethylthio)pheny -
1,2,3,4-tetrahydrobenzol blazocine-5-carboxamide methanesulfonate (Compound I-MsOH-E)
i about <0.50% to about >0.40%. In some embodiments, the disclosed synthesis of Compound
1-MsQOH or an enantiomer, a sigreciscmer, or a combination thereof, results in the presence of
&~{4-{2-butoxvethoxy)phenyi}~-1-isobutyl-N-{4-{{(1 -propyl- 1 H-inudazol-5-
vhmethyDithuo)phenvl)-1,2,3 4-tetrahvdrobenzofblazocine~-3-carboxamide  methanesulfonate
{Compound [-MsOH-E) in about <0.50% to about >0.45%. In one embodiment, the disclosed
synthesis of Compound [-MsUOH or an cnantiomer, a stercoisomer, or a combination thereot,
resufts in the presence of 8-(4-(2-butoxvethoxy)phenyh-1-sobutyl-N-(4-{((1-propv]-1H-
tmdazol-5-vimethyhthioyphenyly-1,2.3,4-tetrahvdrobenzolblazocine-5-carboxanude
methanesulfonate {Compound I-MsOH-E) in about <0.40%. In other embodiments, the
disclosed synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination
thercof, results in the presence of §-(4-(2-butoxyethoxyphenvl)-1-isobutyl-N-(4-({(1-propyl-
1H-midazol-S-vDmethyithio)phenyl}-1,2 3 4-tetrahvdrobenzolblazocine-S-carboxamide
methanesulfonate (Compound I-MsOH-E) m about <0.30%. In one embodiment, the disclosed
synthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof,
resufts in the presence of 8-(4-(2-buatoxyethoxyiphenyh-1-isobutyl-N-(4-({(1-propy]l-1H-
imidazol-5-vhimethylthio)phenyiy-1,2.3 4-tetrahvdrobenzoblazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-E) in about <0.20%. In another embodiment, the
disclosed synthesis of Compound I-MsOH or an enantiomer, a sterecisomer, or a combination
thereof, results m the presence of B-(4-(2-butoxvethoxy)phenvl}-1-isobutyl-N-{4-({{1-propyl-
1H-imidazol-S-yhmethyithio)pheayh}-1,2 .3 d-tetrahvdrobenzo|blazocine-5-carboxamide
methanesulfonate (Compound I-MsOH-E) in about <0.10%,.

[098] In some embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stercoisomer, of a combination thereof, results in the presence of 8-{4-(2-
butoxvethoxyphenvl)-F-butyl-N-(4-({{1-propyl-1H -inudazol-3-vlmethvhsulfinylphenvi)-
1,2,3 4-tetrahydrobenzo{blazocine-S-carboxamide methanesulfonate (Compound -MsOH-F)
it about <0.50% to about >0.40%. In some embodiments, the disclosed synthesis of Compound
I-MsOH or an cnantiomer, a stercoisomer, or a combination thereof, results in the presence of
8-{4-(2-butoxyethoxy yphenyh-1-butvl-N-(4-(( (1 -propvi-1H-tmidazol-5-
vhmethyhsulfinylphenvi)-1,2,3 4-tetrahvdrobenzolblazocine-3-carboxamide

methanesulfonate (Compound I-MsOH-F) in about <0.30% to about >0.43%. In one
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embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stersoisomer,
or a combination thereof, results in the presence of 8-{4-(2-butoxyethoxyyphenvi)- I-butyl-N-
{4-(((1-propvi- LH-imidazol-5-vhmethylisolfinyhphenyiy-1,2, 3.4 -tetrabvdrobenzo [blazocine-
S-carboxamide methancsulfonate (Compound I-MsOH-F) m about <0.40%. In other
embodiments, the disclosed synthesis of Compound I-MsQOH or an enantiomer, a stereoisomer,
or a combination thereof, results in the presence of 8-(4-{2-butoxyethoxy)phenyl}-1-butyl-N-
{4-(({ L-propyl-1H-inudazol-S-vUmethyDsulfinyDphenvi)-1,2,3 4-tetrahvdrobenzo | blazocine-
S5-carboxamide methancsulfonate (Compound -MsOH-F) m about <0.30%. In one
embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stersoisomer,
ot a combination thercof, results i the presence of 8-(4-(2-butoxycthoxyphenvi)- 1-butyl-N-
(4-(((1-propyl- IH-imidazol-3-vhmethyDsulfinviiphenyi)-1,2,3,4-tetrabydrobenzo [blazocine-
S-carboxamide mcthanesulfonate (Compound [-MsOH-F} in about <0.20%. In one
embodiment, the disclosed synthesis of Compound -MsOH or an enantiomer, a stereoisomer,
or a combination thereof, results m the presence of 8-(4-(2-butoxyethoxy)phenyl)-1-butyi-N-
{(4-{((L-propyl- 1H-imidazol-S-yDmethylsultinyDphenvi)- 1,23 4-tetrahvdrobenzo[blazocine-
S5-carboxamide methanesulfonate {(Compound -MsOH-F) m about <0.15%. In one
embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stereoisomer,
or a combination thereof, results m the presence of 8-(4-(2-butoxyethoxy)phenyi)- I-butyl-N-
{(4-¢({1-propyvl- IH-imidazol-5-vhmethyDsulfinviiphenyt)-1,2,3 4-tetrabvdrobenzo[blazocine-
S-carboxamide methanesulfonate {Compound I-MsOH-F) in about <0.10%.

{0991 In somc embodiments, the disclosed synthesis of Compound I-MsOH or an cnantiomer,
a stereoisomer, ot a combination thereof, results in the presence of §,8'-(4-(2-butoxyethoxy)-
1.3-phenyvieneibist -isobutyl-N-{(4-(({ 1-propyl- L -imidazol-5-vimethyljsulfinyDpheny )~
1,2,3,4-tetrabhydrobenzo] blazocine-5-carboxamide) dimethasesulfonate {Compound I-MsOH-
G) in about <0.50% to about >0.40%. In some embodiments, the disclosed synthesis of
Compound I-MsOH or an enantiomer, a stereoisomer, or a combmation thereof, results in the
presence  of 8 8-(4-(2-butoxyethoxy)-1,3-phenvieneybis{i-isobutyl-N-(4-({ {1 -propyl-1H-
midazol-5-yhmethvsulfinylphenyl)-1,2,3,4-tctrahydrobenzo| blazocine-5-carboxamide)
dimethanesulfonate (Compound {-MsOH-G} in about <0.50% to about >(.45%. In some
embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stercoisomer,
or a combination thercof, resulis 1n the presence of 8 8'-(4-(2-butoxyethoxy)-1,3-
phenvienehbis{1-isobutyI-N-(4-({(1-propvi- 1 H-imidazol-5-ylmethyDsubfinyDphenyi)-1,2,3,4-
tetrabvdrobenzoiblazocine-S-carboxamide) dimethanesulfonate {Compound I-MsOH-G) i

about <0.30% to about >0.30%. In one embodiment, the disclosed synthesis of Compound -
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MsOH or an cnantiomer, a sterecisomer, or a combination thereof, results n the presence of
8.&'-{4-(2-butoxvethoxy}-1,3-phenylenejbis{ 1 -isobutvl-N-(4-{{{ 1 -propyl- 1/ -imidazol-5-
vhmethyhsulfinyiphenvi)-1.2,3 4-tetrahvdrobenzolblazocine-5-carboxamide)
dimethanesulfonate (Compound I-MsOH-G) n about <0.40%. In one embodiment, the
disclosed svnthesis of Compound I-MsOH or an enantiomer, a stereoisomer, or a combination
thereof, results in the presence of 8, 8'-(4-(2-butoxyethoxy)-1,3-phenyienebis{1-isobutyi-N-{4-
{{{(1-propvi-1H-imidazol-5-vDmethysulfinvlphenviy-1,2,3 4-tetrabvdrobenzofblazocine-3-
carboxamide) dimethanesuifonate (Compound I-MsOH-G) in about <0.30%. In one
embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a stersoisomer,
or a combination thercof, results in the presence of 3.8-(4-(2-butoxyethoxy)-1.3-
phenyleng)bis(l-isobutyI-N-(4-({(1 -propyi-1H-mmidazol-5-ymethvhsulfinyDphenvi)-1,2,3,4-
tetrahvdrobenzolblazocine-S-carboxamide) dimethanesulfonate (Compound -MsOH-G) m
about <0.20%. In one embodiment, the disclosed synthesis of Compound [-MsOH or an
enantiomer, a stercoisomer, or a combination thercof, results in the presence of 8,8-(4-(2-
butoxyvethoxy)-1,3-phenviene bis( 1 -1sobutvi-N-(4-(({1 -propyl- 1 H-imidazol-5-
yhmethyDsulfinybiphenyl)-1,2 3 d-etrahydrobenzolblazocine-S-carboxamide)
dimethancsulfonate (Compound I-MsOH-G) in about <0.15%. The disclosed synthesis of
Compound I-MsOH or an enantiomer, a stereoisomer, or a combination thereof, results m the
presence  of  §.8-(4-(2-butoxyethoxy)-1.3-phenvlencbis{1-1sobutyl-N-(4-({({ L-propyl-1H-
imdazol-S-vhmethyDsulfinyliphenyl)-1,2,3 4-tetrahydrobenzolblazocine-S-carboxamide)
dimethanesulfonate (Compound 1-MsOH-G) i about <0.10%.

[166] In anocther embodiment, the disclosed svnthesis of Compound I-MsOH or an
cnantiomer, a stereotsomer, or combinations thereof, results in the presence of mesylate esters,
resulting from MsOH, in about <1.0%. In other embodiments, the disclosed syathesis of
Compound I-MsOH results m the presence of mesylate esters, resulting from MsOH, i about
<0.50%. In one embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a stercoisomer, or combinations thereof, results in the presence of mesylate esters, resulting
from MsOH, in about <0.25%.

[161] In onc embodiment, the disclosed synthesis of Compound I-MsOH or an enantiomer, a
stereoisomer, or combinations thereof, results in the presence of mesylate esters, resulting from
MsOH, in about <20 ppm. In other embodiments, the disclosed synthesis of Compound |-
MsOH results 1 the presence of mesvlate esters, resulting from MsOH, in about <10 ppm. In
one embodiment, the disclosed synthesis of Compound -MsOH or an enantiomer, a

stergoisomer. or combinations thereof, resulis in the presence of mesylate esters, resulting from
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MsOH, in about <5 ppm. In some embodiments, Compound [-MsOH or an enantiomer, a

sterecisomer, or a combination thereof contains 10 ppm megylate ester for a 150 myg dose.

Pr

J N
I-MsOH-G Nf;j
[182] In one embodiment, the disclosed synthesis of Compound -MsOH results in {$)-
Compound -MsOH. In some embodiments, the disclosed synthesis provides (S)-Compound |-
MsOH 1 greater than 96% purity or greater than 98.5% purnity.
[163] In some embodiments, the disclosed synthesis of (S)-Compound I-MsOH results in the
presence  of (R)-8-(4-(2-butoxyethoxyiphenyl}-1-isobatyl-N-(4-({{ 1-propyl- 1 H-imidazol-5-
vhmethyhsulfinviphenvi)-1.2,3 4-tetrahvdrobenzolblazocine-3-carboxamide
methanesulfonate ((R)-Compound I-MsOH) in about <1.00%. In another embodiment, the
disclosed synthesis of (N)-Compound [-MsOH results i the presence of (R3-8-(4-(2-
butoxyethoxyphenyl)-1-isobutyl-N-{4-{{{(1 -propyi-1 H-imidazol-5-
vhmethyhsulfinviphenyvi)-1,2,3 4-tetrahvdrobenzo{blazocine-3-carboxamide
methanesulfonate ((R)-Compound T-MsOH) in about <0.50%. In one cmbodiment, the

disclosed synthesis of (S3-Compound I-MsOH results m the presence of (R)-8-(4-(2-
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butoxyethoxy)phenviy-T-isobutyl-N-(4-({ (1 -propyl-1H-tnudazol-3-
yvhmethyDsulfinyliphenyi}-1,2,3 4-tetrahyvdrobenzoiblazocine-S-carboxamide
methanesulfonate ((R)-Compound I-MsOH) in about <0.25%.

[184] In some embodiments, the disclosed synthesis of Compound I-MsOH or an enantiomer,
a sterepisomer, or a combination thereof, results in the presence of 5.0% w/w or less or 2.0%
w/w or less water content.

[105] In some cmbodiments, the disclosed synthesis of (S)-Compound I-MsOH resulis in the
presence of <3.0% impurity including (R)}-Compound [-MsOH but excluding (33-Compound
I In one embodiment, the disclosed synthesis of (8)-Compound 1-MsOH results i the
presence of <2.5% impurity inciuding (R)-Compound -MsOH but exchuding (5)-Compound
1. In another embodiment, the disclosed synthesis of (3)-Compound -MsOH results in the
presence of <2.3% impurity inchuding (R}-Compound [-MsOH but exchiding (S)-Compound
1. In some embodiments, the disclosed synthesis of (8)-Compound 1-MsOH results in the
presence of <2.0% impurity including (K)}-Compound I-MsOH but exchuding (8)-Compound
L

FProcess for the synthesis of Compound V

[186] Compound V, in some embodiments, represents boronic acids, boronmic esters,
pinacolboranes, boronic acid dimers, boronic acid trimers, mixtures thereof, or the like. It is
commonty understood in the art that Compound V can be presented as various derivatives of
boronic acids.

[167] In some embodiments, dimethyl (4-(2-butoxyethoxyphenyboronate {Compound V-
OMe} 18 prepared by a Grgnard formation of 1-bromo-4-(2-butoxyethoxyibenzene
{Compound V1) and a subsequent reaction with tnimethoxyborane.

[188] It was discovered m a large scale batch that Grignard nstiation was difficult. The
previous process emploved a dilute sclution of Compound VI, approximately 50-70 parts
tetrahvdroforan (THF) with respect to Compound VI The imitiation was very slow in the dilite
solution of Compound VI with isopropyimagnesium chionde (7PrMgCl), which only occurred
after prolonged retlux and addition of increased amounts of Compound VI, bringing the
concentration to approximately 25 parts THF with respect to Compound VI In addition to the
difficultics in mitiating the Grignard, it was found that the use of /PrMgCl had an adverse effect
in the subsequent step (lower conversion of the Suzuki coupling step; see section Process for

the synthesis of Compound H-OH).
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[169] To overcome the Grignard mitiation issues, the activation step of the magnesium
furnings, by heating and agitation, prior to the Grignard formation is necessary. In some
embodiments, magnesium tumings were stirred for about | hour in about 9 pats of an cthereal
solvent, such as THF. Subsequently, the solvent can be reduced to about 3 parts by distitation.
[110] The Grignard intiation challenges, in some embodiments, are solved by using neat
Compound VI to provide a more concentrated solution than the provious methods. In some
embodiments, approximately 20% of the total amount of Compound VI s added veat to the
solution of activated magnesium turnings over a period of at least 15 minutes, while the
exotherm 1s controlled, such that the temperature of the reaction is maintained below the botling
point of the solvent. The resulting solution is heated at or around the boiling point of the solvent
for about | hours to about 4 hours. The reaction mixture is then cooled by about 10 °C and
diluted with the same solvent as used previcusly {5 parts). This disclosed Grignard mitiation
step. 1 some embodiments, results in the complete omission of PrivigCl.

{111} To the hot inttiated Gngoard solution, which is further diluted, the rematning
Compound V1 is slowly added neat over a period of about 30 minutes to about 1 hour. The
addition of Compound VI is exothermic and the reaction mixture 13 carcfully mamtained to be
well below the botling point durning the addition. The resulting mixture is stirred and heated to
temperature below the boiling point of the solvent, for example about 535 °C for THF, for about
3 hours to about 4 hours. The heating time can be extended unti] high-performance liguid
chromatography (HPLC) analysis indicates less than about 1% of Compound V1 is remaining.
It was noted that prolong beating time had no beuneficial effect on the vield of the subsequent
step or in the prevention of key impurnity formations.

[112] Previous process route for the synthesis of Compound V-OMe mvolved cooling the
Grignard muxture to about -135 °C and adding a solution of trimethoxyborane in THF. The
mventors discovered that this temperature range was not optimal and fead to lower vields and
higher impurities. Also, it was found that the reaction was sensitive to the rate of addition of
trimethoxyborang.

[113] Considering the above findings, in some embodiments, Grignard mixture {once
formation is complete) is cooled to about -25 °C and neat trimethoxyborane is added portion-
wise over about 2 hours. The reaction mixture was stirred at about -25 °C for about 1 hour to
about 2 hours upon completion of the trimethoxyborane addition, then warmed up to about 20
°C and stirred for about | hour to about 2 hours to provide Compound V-OMe. In some
embodiments, the neat trimethoxyborane was chilled prior to the addition to the Grignard

mixtare.
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[114] In some embodiments, the ratio of magnesium tuming, Compound VI and
trimethoxyborane is about 1.08:1:1.

[115] In some embodiments, anhydrous solvents are used in the synthesis of Compound V.
In other embodiments, the reaction for the synthesis of Compound V is maintained under
atmospheric pressure of nitrogen or argon and the reaction vessels and equipment are nid of
moistere priot (o use.

{116} In some cmbodiments, Compound VI and tnmethoxyborane is both used as a neat
solution to minimize reactor usage.

[117] It was noted that filtration of the crude Compound V-OMe to remove excess
magnesium and magnesium salts is not nocessary as it had no offect on the subsequent step in

terms of preventing key impurity formation,

Preparation of Compound V-OH

[118] In some embodiments, Compound V is Compound V-OH In one embodiment,
Compound V-OH is synthesized by process known to one skilled in the art. In one embodiment,
commercially available Compound V-OH (CAS No. 279262-28-1) i3 purified to obtain a
crystalline Compound V-OH which is essentially free of Compounds V-A, V-B, and V-C.
[119] In one embodiment, Compound V is Compound V-OH with <0.10% of Compound V-

OH-A, Compound V-OH-B and/or Compound V-OH-C.

- ;
O/\\/O Et Q/\\/O Q/\\’/
o ® ®
&T//j =\’\ I/’/ \T&:’?
HO P oH HO P 0H HO” = “OH
(V-OH-A) (V-OH-B) {V-OH-C)

{12¢] In some embodiments, Compound V-OH is dried such that the loss on drying (LOD) 15
below about 20%, about 19%, about 18%. about 17%, about 16%, about 15%. about 14%,
about 13%, about 12%, about 11%, about 10%, about 9%, about 8%, about 7%, about 6%, or
about 5%. In one embodiment, Compoond V-0OH is dried such that the loss on drying (LOD)
1s about 15%, about 14%, about 139, about 12%, about 11%, or about 10%. In some
embodiment, prolonged drying of Compound V-0OH results m the formation of Compound V-

3.

35



WO 2017/223155 PCT/US2017/038460

[121] In one embodiment, Compound V-0OH is about >85%, about >90%, about >95%, about
>96%, about >97%, about >98%, or about >99% pure.

{122} In other embodiments, dricd sample of Compound V-OH can contain Compound V-3
m about 30%, about 29%, about 28%, about 27%, about 26%, about 25%, about 24%, about
23%, about 22%, about 21%, about 2%, about 15%, about 18%, about 17%, abouot 16%, about
15%, about 14%, about 13%. about 12%. about 119, about 10%, about 9%, about 8%, about
7%, about 6%, about 5%, about 4%, about 3%, about 2%, or about 1%. In one embodiment,
1solated erystalline Compound V-OH comprses Compound V-3 10 less than about 5%, about
4%, about 3%, about 2%, about 1%, or about 0.5%.

[123] In one embodiment, Compound V-3 is about >85%, about >90%, about >95%, about
>496%, about >97%, about >98%, or about >99% pure.

[124] In one embodiment, a mixture of dried Compound V-OH and Compound V-3 can be
used in the reaction with Compound IV. In some embodiments, mixture of Compound V-OH
and Compound V-3 can be in the ratio of about 1:99 to about 99:1. In other cmbodiments, the
ratio of Compound V-OH and Compound V-3 can be about 593 to about 95:5 In one
embodiment, the mixture of dried Compound V-OH and Compound V-3 is essentially free of
Compounds V-A, V-B, and V-C. In other emboduments, the mixture of dried Compound V-
OH and Compound V-3 comprises < 0.10% of Compound V-OH-A, Compound V-OH-B
and/or Compound V-OH-C.

1125] In one embodiment, the mixture of Compound V-OH and Compound V-3 is about

>85%, about >90%, about 295%, about >96%, about 297%, about >98%, or about >99%; pure.

Process for the synthesis of Compound II-OH

1126] In some embodiments, Compound H-OH is prepared by the reaction between
Compound [V and Compound V. In other embodiments, Compound 1I-OH 1s prepared by a
transition metal-catalyzed process, such as a Suzuki couphing reaction, between Compound IV
and Compound V. In one embodiment, the amount of Compound V used is about 1 equivalent
{equiv) to about 3 equiv with respect to Compound 1V, In other embodiments, the amount of
Compound V used is about 2 equiv with respect to Compound 1V,

1127} A previous process for the synthesis of Compound H-OH also mvolved a Suziki
coupling reaction where the reaction nuxture contamning Compound V was charged with
palladim acetate (Pd{OAc)h) catalvst and triphenyiphosphine ligand (PPhs), prior to the

addition of aqueous base solution (water and solid base). This svnthetic route yielded
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Compound H-OH in a moederate yield of about 55% to about 649 vield with purity ranging
from about 92% to about 99%.

[128] It was discovered that, in some embodiments, the addition of the aqueous base solution
to form a biphasic mixture prior to the addition of the palladium {Pd} catalyst and the ligand is
beneticial m reducing Compound VI impurity, resalting from homo-couphing of Compound
V. In some embodiments, a solution of a base in about 6.5 parts water is added to the reaction
mixture contatning Compound V, prepared as described previously. In other embodiments,
base may be selected from the group consisting of alkali carbonates (potassium carbonate,
sodium carbonate, cesium carbonate, etc), alkali metal hydrogen carbonates {potassium
bicarbonate, sodium bicarbonate, ¢tc), alkaline metal acetates (potassium acetate, sodium
acetate, eic), alkaline metal phosphates {potassium phosphate, sodium phosphate, etc), alkali
metal fluorides (potassium fluoride, cestum fluoride, ete}, alkaline metal alkoxides (potassium
tert-butoxide, sodium ferf-butoxide, ete), alkali metal hvdroxides {potassium hydroxide,
sodium hydroxide, etc), and organic bases such as alkyl amines (inethylamine,
ditsopropylamine, dusopropyiethyl amine, ctc) pyndines (pyndine, dimethylaminopyridine,
ctel, eyclic amines {morphobine, 4-methvlimorpholing, eic), and the combmation thereof. In one
crabodiment, the base is potassium carbonate (K2C0s). In some embodiments, the equivalent
of base is about 1 equiv to about 8 equiv with respect to Compound 1V,

[129] The addition of the aqueous base solution, 1 some embodiments, is carried cut over a
period of at least 30 minutes to at least 1 hour. The slow addition of the base solution was found
critical in the vield of the Suzuki coupling reaction. Without being bound to any theory, this is
presumably due to the prevention of salt formation dunng the biphasic mixtare formation.
[130] Previous synthetic routes of the Suzuki coupling reaction raised issues regarding
reaction conversion when carried out in a large scale. It was discovered that purging the
biphasic reaction mixture with nitrogen (M2}, by bubbling N2 directly into the reaction nuxture,
for about 1 hour o rid air content, such as oxygen, provided the desired reaction conversion.
This process is known as the degassing. Degassing the reaction mixture was also found
beneficial in reducing Compound VI mmpunties from the Suzukd coupling step.

[131] In some embodiments, to a degassed biphasic reaction mixture containing Compound
VY, a Pd-catalyst and a ligand is added. Previous synthetic route utilized
tetrakis(triphenviphosphine} palladium (Pd(PPhs)y) catalysi system achieved by adding
Pd{OAc): and PPhs. The vield of the Suzuki reaction using Pd{PPhs)s catalyst system was not
optimal as represented by the moderate vield of Compound H-0OH {about 35% to about 64%
vicld).
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[132] Further optimization of the catalyst system was undertaken to tmprove yields and to
lower Compound VIIE impurity. As described in Example 1 and Table 1, optimization of the
Pd{PPhs)4 catalvst system demonstrated that good conversion was achicved ondy when catalyst
loading was significantly imcreased (from about 2 mol % to about 10 mol %, Table 1 entry 6)
or when the reaction was refluxed substantially longer time {(about 27 hours, entry 5). It was
also noted that when high catalyst loading was emploved, the amount of Compound VIH
mpurity was significantly lower {0.04%, entrv 6); however, high catalyst loading interfered
with the crystallization of the product. Also, lowering the temperature for the Suzuki coupling
reaction showed unsuccessful in preventing Compound VHI impurity,

{133] Next, different catalvst systerns were considered as shown in Example 2 and Table 2.
Removal of the phosphine ligands (Table 2, entry 1} was shown detrimental to the reaction
conversion. The inventors discovered that catalvst svstem of PA(QAch/P{o-tol): mcreased
reaction yield (about 80-853%) and product purity (>99%) compared to the previous PA(PPhs}s
catalyst system. Furthermore, with the newly discovered Pd{OAc):/P(o-tol)s catalyst system,
the catalyst loading could be mininuzed significantly from about 2 mol % to about 0.25 mol %.
It was also noted that with the disclosed catalyst system, degassing the reaction did not affect
conversion rate, punty of the product, or the amount of Compound VI The catalyst
optimization study from Examples 1-2 both ndicate the amount of Compound VI immpurity
has very little to no correlation with the Suzuki coupling reaction conditions.

1134] In some embodiments, Pd-catalyst and ligands are added to the reaction biphasic
reaction mixture containing Compound V. In some embodiments, Pd-catalyst can be a Pd{(0)
species  or a Pd{ll) species. Non-hmuiing examples of Pd-catalyst  include
tetrakis(triphenylphosphine} palladium (Pd{PPhs}s), tri{dibenzvhidencacctone) dipalladium,
bis{tri-r-butyiphosphine}  palladivm,  his|i 2-bis(diphenviphophinojethane]  palladium,
bis(tricyclohexyiphosphine} palladium, palladium acetate (Pd{OAc)), palladium chlonde
{(PdClzy, dichlorobis(inphenviphosphing) palladium, palladium acetvliacetonate, palladium
bromide, palladiom iodide, palladium cyanide, palladium hydroxide, palladivm nitrate,
tetraammine palladiwm(il) chionde hvdrate, dimitrodiamnune palladivm, di-p-chlorobis(n-
allyl) palladium, dichlorobis(benzonitrile) palladium, dichlorobis(acetonitrile) palladium,
palladiim  propicnate, |1, 1-bis{diphenviphosphinoerrocenepalladium(ll}  chlonde,
tetrakis(tri-o-tolyviphosphine} palladium, tetrakis(tri-r-butyiphosphing) palladium, bis{1,2-
bis{diphenviphosphinc)ethane) palladium, bis(1,1'-bis{(diphenyiphosphinojferrocene)

palladium, tetrakis{inethyiphosphite) paliadium, and combinations thereof,
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[135] In some embodiments, the ligand s selected from the group consisting of phosphine
ligands (trifolylphosphine, triphenyiphosphine, trimethviphosphine, tricthyiphosphine,
trimethyiphosphite, tricthviphosphite, tri-n-butviphosphite, tri-rer-butylphosphine, di-fers-
butylmethyliphosphine, etc), nitrogen based higands (pyridine, bipyriding, ete), NHC hgands
(N N'-bis(2,6-diisopropyiphenyimidazol-2-yhidene etc}, and combmations thereof.

1136] In some embodiments, the Pd-catalyst/ligand system 1s PA(OACk/P{o-tol)s. In cther
embodiments, the Pd-catalyst and the ligand are added with continuous degassing of the
reaction mixture.

[137] In some embodiments, the amount of Pd-catalvst used 1s about 0.001 mol % to about
10.0 mol % with respect to Compound V. In one embodiment, the amount of Pd-catalvst used
is about 0.05 mol % to about §.25 mol % with respect to Compound IV,

[138] In some embodiments, the ratio of the ligand to the Pd-catalyst is about 1:1 to about
3:1. In some embodiments, the ratio of the ligand to the Pd-catalyst is about 2:1.

[139] In some embodiments, Compound IV 15 added to the biphasic mixture contaiming
Compound V and Pd-catalyst/hgand system. In one embodiment, Compound I'V 18 added with
continuous degassing of the reaction nuxture.

{140] In some embodiments, the reaction mixture upon the addition of Compound IV is
heated tor about 2 hours to about 5 hours and then cooled to ambient temperature. In some
embodiments, the reaction mixture is heated to no greater than 65 °C. It was noted that Pd-
catalyst becomes nactive when temperature is raised above 65 °C. For example, a Suzuki
reaction set at a temperature of 90 °C did not go to completion. In onc embodiment, the reaction
was heated until HPLC analvsis indicates <2% Compound IV remaming and mdicates
formation of Compound H-OH.

{141] Once the reaction was deemed complete by HPLC, in some embodiments, the reaction
is cooled to ambient temperature and the pH of the reaction muxture was adjusted to about 2.0
to about 3.0 using aqueous acid solutions. In some embodiment, hydrochloric acid (HCl} 1s
used.

{142 In some embodiments, Compound V is Compound V-OMe.

[143] In some embodiments, Compound V is Compound V-OH. In one embodiment,
commercially available Compound V-OH (CAS No. 279262-28-1) i3 purified to obtain a
crvstalline Compound V-OH which is essentially free of Compounds V-A, V-B, and V-C.
[144] In one embodiment, Compound V is Compound V~OH with <0.10% of Compound V-
OH-A, Compound V-OH-B and/or Compound V-OH-C. In one embodiment, Compound V-
OH comprises one or both of: (a} about <0.01% of Compound H-OH-A; and (b} about <0.01%
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of Compound H-OH-B; and optionally further comprises about <0.10% of Compound H-OH-
€. In another ¢mbodiment, Compound V-OH comprises {a} about <0.01% of Compound Ii-
OH-A; (b) about <0.61% of Compound H-OH-B; and (¢} about <0.10% of Compound H-OH-
C.

[145] In one embodiment, isolated Compound V-0OH is crystalline.

1146] In one embodiment, Compound V-OH comprises less than about 15%, less than about
10%, or less than about 5% Compound V-3.

[147] In one embodiment, Compound V-3 is used mstead of Compound V-OMe or
Compound V-OH. In another embodiment, Compound V-3 is used as a mixture of Compound
V-OH. In one embodiment, Compound V-3 is cssentially fiee of Compounds V-A, V-B, and
V-C. In other embodiment, Compound V-3 comprises < 0.10% of Compound V-OH-A,
Compound V-OH-B and/or Compound V-OH-C. In one embodiment, Compound V-3
comprises one orf both of {a} about <0.01% of Compound [I-OH-A; and (b} about <0.01% of
Compound H-OH-B; and optionally further comprises about <0.10% of Compound B-OH-C.
In another embodiment, Compound V-3 compnises {(a} about <0.01% of Compound H-OH-A;
{b} about <0.01% of Compound IL-O0H-B; and {c¢} about <0.10% of Compound B-OH-C.

[148] In one cmbodiment, dried Compound V-3 comprises less than about 235%, less than
about 209, less than about 1595, less than about 10%, or less than about 5% Compound V-OH.

[149] In one embodiment, isolated Compound V-3 is crystalline.

Purification of Compound H-OH

[156] Previous purification process for Compound [I-OH required two hot recrystallizations
and two charcoal treatments. The disclosed purification progess, in some embodiments,
requires oung charcoal treatment, one anti-solvent recrystallization, andfor ome hot
recrvstallization.

[151] In one embodiment the improvement o purity of Compound H-OH from previous
synthesis methods which ied to redaction number of steps for punfication of Compound 11-OH
18 attributed to the use of isolated Compound V-OH and/or Compound V-3 in the reaction with
Compound [V. In one embodiment, the improvement m purity of Compound [I-OH from
previous synthesis methods which led to reduction of number of steps for purification of
Compound H-OH is atiributed to the use of crystalline, isolated Compound V-OH and/or
Compound V-3 in the reaction with Compound I'V. In a tfurther embodiment, the isolated
Compound V-OH and/or Compound V-3 or the crystalime, isolated Compound V-OH and/or

Compound V-3 is essentially free of Compounds V-A, V-B, and V-C.
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[152] In onc cmbodiment, the improvement in purity of compound IL-OH from previous
synthesis methods which led to reduction number of steps for pusification of Compound {I-OH
is attributed to the use of isolated Compound V-OH in the reaction with Compound IV,

[153] The acidified biphasic reaction mixture containing crude Compound II-0OH is, in some
embodiments, separated into an aqueous layer and an organic layer. In some embodiments, the
resulting aqueous layer is extracted with an organic solvent. In one embodiment, the aqueous
faver is extracted with toluene {about 10 parts).

[154] The volume of the combined organic layers is, in some embodiments, reduced to about
6.5 parts. In some embodiments, the volume of the combined organic layer s reduced by
distillation. The resulting reduced organic laver is, in some cmbodiments, treated with charcoal.
In other embodiments, the resulting reduced organic laver is treated with charcoal and Celite®.
In one embodiment, the ratio of charcoal to Celite® 15 about 1:2 by weight, The reaction
mixture containing charcoal is, in some embodiment, stirred for about 1 hour to about 5 hours
at an ambient teraperature. The charcoal is then, in other embodiments, filtered and the volume
of the reaction 1s reduced to about 3 paris. In one embodiment, the volume s reduced by
distitlation.

[155] In some embodiments, antisolvent recrystallization is used for purification of
Compound H-OH. To the reduced crude mixture, polar solvents, such as isopropano! and ethyl
acetate, 15 added and concentrated to an oil. In one embodiment, a non-polar antisolvent s
added over a period of about 1 hour, portion wise, o the crude oil muxture. The resuhing
suspension was stirred at ambient temperature for about 1 hour to about 8 hours. In some
embodiments, the precipitated crystals are then collected by filtration. In some embodiments,
the mother liguor 15 not recirculated to remove any remaining crystals from the reaction vessels;
mstead multiple solvent wash may be added using fresh solvents.

[156] In some embodiments, the antisolvent i heptanes. In other embodiments, the polar
solvent is 1sopropanol or a mixture of isopropanc! and ethyl acetate. In some embodiments, the
product precipitates without the addition of the antisolvent.

[157] In some embodiments, a hot recrystallization 15 used for purification of Compound -
OH. The crude material containing Compound H-OH or crude crystals of Compound H-OH
are dissolved in polar solvents such as isopropanol and ethyl acetate at an clevated temperature.
The temperature of the solution is slowly reduced to ambient temperature and stirred until
recrystallization is complete and then the crystals are collected by filtration.

[158] In some embodiments, the polar solvent used 1s isopropanol or isopropano! and ethvl

acetate mixture. In some embodiments, the crude Compound H-OH is dissolved m mixtare of
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wsopropanocl and ethyl acetate in about 9:1 ratic at about 70 °C. In other embodiments, the
temperature of the hot solution is decreased by about 10 °C every about 1 hour untd it reaches
ambient tomperature. In some embodiments, once the solvent is cooled to an ambient
temperature, the solution is stirred for about 2 hours 1o about 6 hours. The resulting cryvstals
are, 1 some embodiments, collected by filtration. In some embodiments, the mother liguor 1s
not recirculated to remove any remaining crystals from the reaction vessels; instead multiple
solvent wash may be added using fresh solvents.

[1589] Recrystallization solvent study revealed that when hot recrvstallization 1s carmed out in
wsopropanocl alone, the recovery of Compound H-OH was high (90-93%) and decreased
impurity Compound V1 by about 50-60%. When hot recrystallization is carried out 1n ethvi
acetate alone, the recovery of Compound -OH was lower (70-75%) than isopropanol system
but the reduction in mmpurity Compound VIIE was greater (by 80-83%3. When hot
recrystallization is carried out in a nuxture of isopropanod and ethyl acetate, both high recovery
of Compound H-OH (90-92%) and effective reduction m impurity Compound VHI (by 75-
8% was obtained.

[160] In some embodiments, both antisolvent recrystallization and hot recrystallization is
utilized. In some embodimenis, the combination of antisolvent recrystallization and hot
recrvstallization reduces impurity Compounds VI and IX significantly. In some embodiments,
recrystallization steps can be repeated to reach the desired purity. In one embodiment,
following the disclosed process for the synthesis of Compound H-OH as described herein, the
purity of Compound 11-OH 15 about 295.0% to about <96.0% or >97.0%, with on¢ or both of
about <0.50% to about >0.30% of Compound VI, and about <0.50% to about >0.30% of
Compound VIH, and optionally further comprises about <0.50% of Compound IX. In one
embodiment, following the disclosed process for the synthesis of Compound H-OH as
described herein, the purity of Compound H-0OH is about 295.0% to about <96.0% or >97 0%,
with about <0.50% to about >0.30% of Compound VI, with about <0.50% to about >0.30%
of Compound VHI, and with about <0.50% of Compound IX. In other embodiments, following
the disclosed process for the svuthesis of Compound H~0H as described herein, the purity of
Compound H-OH 15 about >95.0% to about <96.0%, with about <0.20% of Compound VII,
with about <0.20% of Compound VIH, and with about <0.50% of Compound IX. In some
embodiments, following the disclosed process for the synthesis of Compound II-OH as
described herein, the purity of Compound H-0OH is about 295.0% 1o about <96.0%, with about
<0.10% of Compound VI, with about <0.10% of Compound VI, and with about <0.25% of

Compound IX. In one cmbodiment, following the disclosed process for the syathesis of
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Compound [1-0H as described herein, the purity of Compound 11-OH 15 about 295 .0% to about
<96.0%, with about <0.03% of Compound VII, with about <0.05% of Compound Vi, and
with about <0.15% of Compound IX. In onc embodiment, following the disclosed process for
the synthesis of Compound H-OH as described herein, the purity of Compound H-0OH 1s about
>95.0% to about £96.0% or >97.0%, with aboust <0.01% of Compound VIIL and optionally
further comprises one or both of about <0.05% of Compound VI, and about <0.15% of
Compound X In one embodiment, following the disclosed process for the synthesis of
Compound [1-OH as described herein, the purity of Compound 11-OH 15 about 295.0% to about
<96.0% or >97 0%, with about <0.05% of Compound VI, with about <0.01% of Compound
Vil and with about <0.15% of Compound X,

[161] In one embodiment, following the disclosed process for the synthesis of Compound Ii-
OH as deseribed herein, the purity of Compound II-OH is about >95.0% to aboat £96.0% or
>97 0%, with one or both of about <0.50% to about >0.30% of Compound H-0OH-A, and about
<0.50% to about 20.30% of Compound H-0OH-B, and optionally further comprises about
<0.50% of Compound H~-OH-C. In one embodiment, followmg the disclosed process for the
synthesis of Compound H-OH as described herein, the purity of Compound 1I-OH s about
>95.0% to about <96.0% or >97.0%, with about <0.50% to about >0.30% of Compound H-
OH-A, with about <0.50% to about 20.30% of Compound II-OH-B, and with about <0.50% of
Compound H-OH-C. In one embodiment, following the disclosed process for the synthesis of
Compound I-OH as described herein, the purity of Compound I1-OH 13 about 295 0% to about
<96.0%, with about <0.20% of Compound II-OH-A, with about <0.20% of Compound 11-OH-
B, and with about <0.50% of Compound I-OH-C. In another embodiment, following the
disclosed process for the synthesis of Compound I-OH as described herein, the purity of
Compound H-OH is about >95.0% to about <96.0%, with about <0.10% of Compound H-OH-
A, with about <0.10% of Compound II-OH-B, and with about <0.25% of Compound H-OH-C.
In some embodiments, following the disclosed process for the synthesis of Compound H-OH
as described herein, the purity of Compound H-OH is about 295 0% to about <96.0%, with
about <0.05% of Compound H-OH-A, with about <0.05% of Compound [{-OH-B, and with
about <0.15% of Compound [{-OH-C. In some embodiments, following the disclosed process
for the synthesis of Compound H-OH as described herein, the pority of Compound H-OH i
about >93.0% to about <96.0% or >97 0%, with onc or both of abowt <0.01% of Compound -
OH-A, and about <0.01% of Compound I{-OH-B, and optionally further comprises about
<0.10% of Compound H-OH-C. In some embodiments, following the disclosed process for the

synthesis of Compound H-OH as described herein, the pority of Compound H-OH is about
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>95.0% to about <96.0% or >97 0%, with about <0.01% of Compound H-OH-A, with about
<0.01% of Compound H-OH-B, and with about <0.10% of Compound H-0H-C.

Preparation of Compound I

[162] The previous process for preparing Compound [ and subsequently Compound I-MsOH
presented challenges with the presence of Compound H-OH (starting material) in the final
product. It was discovered that the formation of Compound H-OH is dependent on several steps
or features of the reaction. First, the formation of acid chlonde Compound U-C1 {Compound 1l
where Ri = Cl). Second, the solvent choice of the reaction affected the amount of Compound
H-OH prodoced. Third, 1s regarding the salt formation step. The disclosed process, described
herein, addresses these challenges and describes protocols that reduce the formation of
Compound H-OH significantly.

[163] In some embodiments, Compound 1 1s synthesized by a reaction between Compound {1
and Compound 1. In some embodiments, Compound H-OH is reacted with a chlorinating
reagent to form Compound H-Cl In some embodiments, Compound U-Cl reacts with
Compound i to produce Compound 1.

[164] In some embodiments, Compound [I-OH is dissolved i a solvent and a chlorinating
reagent 1s added to vield Compound H-Cl. In some embodiments, the solvent used include, but
are not hmited to, tetrahydrofuran {(THEF), dimethviforamide (DMF), diethviether, and
methylene chlonde (BCM). In one embodiment, the solvent is methylene chloride.

1165] Previous process utilized THF as the solvent for the acid chlonde formation with the
addition of DMF . §t was discovered that the formation of Compound U-OH could be minimized
when DCM is used as the solvent for the acid chlonide formation.

1166] Prior to the addition of the chlorinating reagent, the sohution containing Compound -
OH s cooled below ambient temperature. In some embodiments, the solution containing
Compound [-OH 1s cooled to about 10 °C to about 15 °C. In some embodiments, the
chlorinating reagent is added over about 10 minates to about 30 minutes while the temperature
of the sohution was maintained below ambient temperature. In some embodiments, the mixture
1s maintained at about 10 °C to about 15 °C and stirred for about 2 hours to about 4 hours then
cooled to about 0 °C or below. In one embodiment, the reaction was stirred until HPLC analvsis
mdicated <3.0% of Compound I1-OH is present.

{167} Non-limiting examples of chlorinating reagents include thionyl chloride, phosphorous
trichloride, phosphorus pentachloride, phosphorus oxychioride, oxalyl chioride, phosgene, and
the like or the combinations thercof. In one embodiment, the chlonmating reagent 1s thionyl

chloride. In another embodiment, the chlonnating reagent is used i about 1.0 equiv to about
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2.0 equav with regpect to Compound H-OH. In one embodiment, the chlorinating reagent is
used in about |.0 equivalent to about 1.1 equiv with respect to Compound H-OH. In another
cmbodiment, the ratio of the chlorinating reagent and the Compound H-OH is about 1:1.

[168] In aseparate reaction vessel, Compound I 15 dissolved in a solvent with a base. To the
solution of Compound I and a base, a solution of Compound 1-C1 15 slowly added. In some
embodiment, the solvent used for dissoiving Compound Il can be tetrahvdrofuran,
dimethylforamide, dicthyiether, methviene chloride, and mixtures thercof. In one embodiment,
the solvent 1s methyiene chionde. In some embodiments, the reaction is cooled to about 0 °C
before the addition of Compound HI In one embodiment, the reaction is maintained at about 0
°C for about 3 hours to about 7 hours afier the addition of Compound HI until HPLC analysis
mdicates <0.5% of Compound II-Cl is present. In another embodiment, Compound 111 1s used
in about 1.0 equav to about 1.2 equiv with respect to Compound [1-OH.

1169] In some embodiments, the base is used in about | equiv to about 4 equuv. Non-limiting
example of base mcludes alkali carbonates (potassium carbonate, sodiw carbonate, cesium
carbonate, etc), alkah metal hydrogen carbonates (potassium bicarbonate, sodium bicarbonate,
cte), alkaline metal acetates (potassium acetate, sodium acetate, etc}, alkaline metal phosphates
{potassium phosphate, sodium phosphate, etc), alkali metal fluorides (potassium fluonde,
cesium fluonide, ete), alkaline metal alkoxides (potassium rert-butoxide, sodium feri-butoxide,
etc), alkalt metal hydroxades (potassium hydroxide, sodium hvdrosade, etc), and organic bases
such as alkyl amines (triethvlamine, dusopropylamine, diisopropyicthyl amine, ctc) pyridines
{pyriding, dimethylaminopyrnidine, etc), cvehic amines {morpholine, 4-methvimorpholine, etc),
and the combinations thereof. In one embodiment, the base is pyridine. In some embodiments,
pyridine reacts with Compound H-Cl to form pyridine-HCI salt and vigorous agitation may be
necessary to prevent aggregation of the salt,

[178] Upon the indication of the conversion of Compound H-Cl to Compound I, the reaction
mixture is, in one embodiment, acidified. In some embodiments, citric acid solution 18 used to
acidity the reaction mixture containing crude Compound I In onc embodiment, citric acid is
used in about 1.5 equiv to about 2.0 equiv in about 10 paris water with respect to Compound
II-OH and added over about 30 minutes to about | hour. In one embodiment, a chilled citric
acid agoeous solution is added to a cooled reaction mixture while maintaining an internal
temperature of about 0 °C.

[171] In some cmbodiments, the volatile solvent is removed to provide a total volume of about
13 parts. In other embodiments, a different solvent 1s added (about S parts) to the reduced

reaction mixture, and reduced once again to provide a total volume of about 13 parts. In some
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embodiments, a polar solvent such as ethyl acetate 1s used. In other embodiment, the solvent is
removed under reduced pressure.

{172] The reduced reaction mixture which consists of a majority of an acidic aqueous layer,
m some embodiments, 1s extracted with a polar solvent such as ethyi acetate in about 10 parts.
In some embodiments, the organic laver containing the desired product, Compound 1, 1s washed
with aqueous sohutions several times, for example with a sohution of sodium bicarbonate and
brine.

[173] The stability of Compound I during workup procedure was studied. It was demonstrated
that Compound 1 s not particularly sensitive to light duning workup and the use of clear reaction
vessel or an amber reaction vessel did not display increased hvdrolysis of Compound 1 1o
Compound II-OH. Additionally, Compound 1 was studied in various pH and temperature
during workup procedures; however, no correlation was discovered for increased hydrolysis of
Compound 1 to Compound H-OH. Although it is still a possibility that Compound 1 can
hydrolvze to Compound H-OH during workup, the amide bond is fairly stable under the workup
conditions.

1174} Water content in the organic laver resulting from the extraction workup is found to have
an impact on the overall yield of the salt formation of Compound I (Compound I-MsOH). In
some embodiments, the presence of water during the salt formation increased the hydrolyais of
Compound [ back to Compound II-OH, thus a nigorous drying process is ideal. In some
embodiments, the organic layer. containing Compound I, is dried with 3 A powdered molecular
sicves. In some embodiments, the resulting slurry is stirred for about 15 hours to about 30 hours
at an ambient temperature before the molecular sieves are removed by filtration. The filtered
molecular sieves are washed with a polar solvent such as ethyl acetate. In some embodiments,
the residual water content is determined by titration. In some embodiments, the drying step
using molecular sieves can be repeated until the residual water 1s <2.5%.

{178} Once the organic layer contaming Compound I is dried and determined to be
substantially free of water, i some embodiments, the solvent is removed to give a total volume
of about 3 parts. In some emboduments, the solvent 1s removed by distillation. In other
embodiment, the solution 1s assayed by HPLC before or after the solvent reduction to calculate
the amount of Compound I present.

{176} Alternatively, in one embodiment, Compound 1 is synthesized from Compound I and
Compound I using coupling reaction conditions commoniy known 1n the art, using reagents
meluding but are not limited to carbodiimides, 1-hvdroxybenzotriazole, hydroxy-3,4-dihvdro-

4-ox0-1.2.3-benzotriazine, N-hvdroxysuccinimide, I-hydroxy-7-aza-1H-benzotriazole, 2-(1H-
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Benzotriazol-1-y1}-N N N’ N -tetramethylaminnim tetrafluoroborate/ hexafluorgphosphate, 2-
{6-Chloro-1H-benzotriazol-1-y13-N N N N -tetramethyiamimiom hexafluorophosphate,
and/or 2-(7-Aza-1H-benzotrazol-1-y1)-N, N, N’ N’ -tetramethylammium hexafluorophosphate,

2-propanephosphonic acid anhydride, and 1,1 -carbonyidiimidazole.

Preparation of Compound I-MsOH

11777 To the concentrated crude solution of Compound 1, in some cmbodiments, a solvent is
added i about 4 parts. In one embodiment, the solvent used is acetonitrile. To the solution
containing Compound I, methane sulfonic acid (MsOH) is added. In some embodiments,
MsOH is added i a single portion. In other embodiments, MsOH is used in about .9 equiv to
about 1.3 equiv with respect to Compound [ as deternmuined by the HPLC assay. In one
embodiment, MsOH is used m about 0.97 equiv to about 1.02 equav.

1178] In some embodiments, MsOH is washed to solation containing Compound 1 and
MsOH with additional solvent such as acetonitrile or ethyl acetate. The reaction muxture is
stirred at an ambient temperature for about 30 minutes to about 1 hour. It was discovered that
exeess MsOH had an adverse effect on the formation of Compound U-OH by hydrolysis of the
amide bond of Compound I, therefore an accurate assay of Compound [ s critical to determinge
the exact amount of Compound I present and the exact amount of MsOH required to achieve a
1:1 stoichiometric ratio during salt formation. In one embodiment, Compound 1 and MsOH are
used in 111 ratio to minimize amide bond hydrolvsis.

[179] In one cmbodiment, the solvent used in the step of converting Compound [ into
Compound I-MsOH, 1s free of alcohol solvents. It was discovered that residual levels of alcohol
solvents {e.g., methanol, ethanol, etc.} in the reaction fead fo contamination of Compound I-
MsOH with mesylate esters. These resolting mesylate esters are known mutagens.

{180} In some embodiments, poor to cryvstallization, the reaction mixture was washed with
brine and dried using 3 A molecular sieves. In some cases, it was determined that slight amount
of water present in the reaction muxture could prevent crystallization to occur and/or result in
lower vield of Compound I-MsOH. Not wishing o be bound by any theory, the lower vield
resulted in svstems with higher water content 1s due to ligher hvdrolvsis rate to give Compound
E-OH which was found m the mother hiquor at a higher concentration i a study with higher
water content.

{181} To crvstalize Compound I-MsOH from the reaction mixture, in some embodiments, a
pure sample of Compound -MsOH is used as a seed. The solution, with or without sceding, 1s

i some embodiments, stirred at an ambient temperature for about 6 hours to about 10 hours.
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Additionally, in some embodiments, the solution is stirred at about 0 °C for about 6 hours to
about 10 hours. The precipitated crystals are, in some embodiments, collected by filtration. In
some embodiments, the crvstals are washed with cold solvent such as ethyl acetate to obtain
crude Compound I-MsOH.

[182] The crude crystals of Compound I-MsOH are, in some embodiments, further purified
using hot recrystallization technique. In some embodiments, crystals of Compound -MsOH
arc dissolved in solvents (about 10 parts) at an clevated temperature. In other embodiments,
crvstals of Compound -MsOH are dissolved in acetonitrile at about 70 °C. The hot solution of
Compound I-MsOH was slowly cooled to about 50 °C to about 35 °C over a peried of about 1
hour. In some embodiments, the sohution of Compound I-MsOH was sceded with pure sample
of Compound [-MsOH at about 50 °C to about 55 °C. The solution, with or without seeding, is
stirred at about 30 °C to about 55 °C for about 4 hours to about 8 hours, in some embodiments.
The hot sclution s, in some embodiments, cooled to an ambient temperature over about 1 hour
and stirred at an ambient temperature for about 6 hours to about 10 hours. In one embodiment,
hot recrvstallization of Compound I-MsOH from acetoniirile reduces contamination, including
mesviate esters.

{1831 The precipitated crvstals of Compound -MsOH, i some embodiments, arc collected
by filtration. In other embodiments, the filiered crystals of Compound I-MsOH are washed
with acetonitrile. In one embodiment, the filtered crystals of Compound I-MsOH are washed
with cold acetonitride. The purity of the crystals is assayed by titration and HPLC. I necessary,
hot recrystallization can be repeated until the desired purity is obiained. In some embodiments,
the filtered crystals of Compound I-MsOH are dred under reduced pressure. In other
embodiments, the dried crystals are further pulverized by a powder mill and a jet mill or the
hike.

[184] The study of the Compound I-MsOH crystals under a microscope revealed that the
surface of the crystals became otly with time, which 1s identified as a result of hydrolysis on
the surface of the crystals. Acetonitrile was found to be a solvent that Compound H-OH is more
soluble 10 than Compound [-MsGOH. Theretore, upon recrystallization, it is beneficial to wash
the filtered crystals with acetonitnile. Due to Compound I-MsOH also being soluble n
acctonitrile to some degree, in some embodiments, cold acetonitrile should be used to wash the
crystals, and the volume and the frequency of the wash should be limited to about twice with
about 2 parts volume to about 3 parts volume.

[183] The hydrolysis of Compound I or Compound [-MsOH is susceptibie in the presence of

water or acid. [n some embodiments, the reaction mixture should be substantially tree of water
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prior and dering purification steps of Compound I-MsOH. In other embodiments, the reaction
mixture should be substantially free of aqueous acid prior and during purification steps of
Compound I-MsOH. o some embodiments, gentle agitation should be maintained through the
salt formation and purification steps of Compound {-MsQOH.

[186] In some embodiments, Compound HI used in the reaction to obtam Compound | or
Compound [-MsOH is optically pure. In which case, it will resolt in an optically pure
Compound I or opticaliy pure Compound I-MsOH. In one embodiment, Compound Hi is {8}~
Compound . In another embodiment, Compound -MsOH s (5)-Compound I-MsOH.

[187] The disclosed process of the synthesis of Compound H-OH and its subsequent use in
the disclosed process of the synthesis of Compound I-MsUOH, m some embodiments, results in
highly pure Compound -MsOH that is substantially free of Compounds I-MsOH-A| I-MsOH-
B, I-MsOH-C, I-MsOH-D, I-MsOH-E, I-MsOH-F, I-MsOH-G, H-0H, HI, VI, VII, VH]I, IX,
and mesylate esters resulting from MsOH. In some embodiments, Compound I-MsOH e g,
synthesized by the disclosed process, disclosed herein will result in >96% purity. In other
embodiments, Compound I-MsOH, ¢.g., synthesized by the disclosed process, disclosed herein
will result in >97% purity. In one embodiment, Compound I-MsOH, ¢.g., svnthesized by the
disclosed process, disclosed herein will result in >98% punty. fn another cmbodiment,
Compound I-MsOH, ¢.g., synthesized by the disclosed process, disclosed heremn will result in
>99% purity.

1188] The disclosed process of the synthesis of Compound H-OH and its subsequent use in
the disclosed process of the synthesis of Compound I-MsOH, in some embodiments, results in
highly pure (S)-Compound I-MsOH that is substantially free of (R)-Compound {-MsOH, R or
S versions of (I-MsOH-A, I-MsOH-B, I-MsOH-C, I-MsOH-D, I-MsOH-E, I-MsOH-F, I-
MsOH-G), H-0OH, I, VI, VI, VI IX, and mesylate esters resulting from MsOH.. In some
embodiments, ($)-Compound I-MsOH, e.g., synthesized by the disclosed process, disclosed
herein will result in >96% purity. In other embodiments, (8)-Compound I-MsOH, ¢g.,
synthesized by the disclosed process, disclosed herein will result 1 >97% purity. In one
embodiment, (5)-Compound I-MsOH, ¢.g., synthesized by the disclosed process, disclosed
herein will result in >98% purity. In another embodiment, (3)-Compound I-MsOH, ¢.g,
synthesized by the disclosed process, disclosed herein will result in >99% purity.

{189] In other embodiments, Compound I-MsOH, ¢ g., synthesized by the disclosed process,
will contain <0.2% of cach mipunties including Compounds I-MsOH-A, I-MsOH-B, I-MsOH-
C, I-MsOH-F, I-MsOH-G, VI, VIH, and IX. In other embodiments, Compound I-MsOH, ¢.g.,

synthesized by the disclosed process, will contain <1.0%, <0.8%. <0.6%, or <0.4% of cach
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mnpurities including -MsOH-D and Compound H-OH. In other embodiments, Compound I-
MsOH, ¢.g., synthesized by the disclosed process. will contain <1,500 ppm of Compound HI
In another embodiment, Compound [-MsOH, ¢ g, synthesized by the disclosed process, will
contain <0.3% of cach impunties including Compounds I-MsOH-C, I-MsOH-E, and I-MsOH-
F. In some embodiments, Compound I-MsOH, ¢.g., svnthesized by the disclosed process, will
contain <0.002% (20 ppm) mesylate ester resulting from MsOH. In some embodiments,
Compound -MsOH contains <0.002% {29 ppm) mesylate ester for a 130 mg dose. In some
embodiments, Compound I-MsOH contains <13 ppm mesylate ester for a 150 mg dose. In one
embodiment, Compound -MsOH contains <0.001% (10 ppm} mesylate ester for a 130 mg
dose.

[198] In other embodiments, Compound I-MsOH, ¢.g., synthesized by the disclosed process,
will contain <0.3% of cach mmpuritics including Compounds I-MsOH-A, I-MsQH-B, I-Ms(GH-
C, I-MsOH-F, I-MsOH-G, VI, VI, and IX In other embodiments, Compound FMsOH, e.g |
synthesized by the disclosed process, will contain <0.5% of each impuritics mcluding I-MsOH-
D and Compound H-OH. In other embodiments, Compound -MsOH, ¢.g., synthesized by the
disclosed process, will contain <1000 ppm of Compound L In another embodiment,
Compound {-MsOH, e g., synthesized by the disclosed process, will contain <0.15% of cach
mpurities meluding Compounds I-MsOH-C, [-MsOH-E, and I-MsOH-F, VIL VIIL and IX. In
some embodiments, Compound I-MsOH, e.g., synthesized by the disclosed process, will
contain <0.001% {10 ppm) mesylate ester resulting from MsOH.

[191] In other embodiments, Compound I-MsOH, ¢.g., svathesized by the disclosed process,
will contain <0.05% of cach mmpurities inchuding Compounds [-MsOH-A, I-MsOH-B, I-
MsOH-C, I-MsOH-F, I-MsOH-G, VI VIIE and IX. In other embodiments, Compound I-
MsOH, e.g., svnthesized by the disclosed process, will contain <0.30% of cach impuntics
mehuding Compound F-MsOH-D and Compound I-OH. In some embodiments, Compound I-
MsOH, c.g., synthesized by the disclosed process, will contain <0.1% of each impuritics
mcloding F-MsOH-A | I-MsOH-B, -MsOH-C, I-MsOH-F, I-MsOH-G, VH, VL and IX. In
other embodiments, Compound I-MsOH, c.g.. synthesized by the disclosed process, will
contamn <0.15% of each impurities meluding Compound -MsOH-D and Compound H-OH. In
some embodiments, ($)-Compound I-MsOH, e.g., svnthesized by the disclosed process, will
contain <1 0% of (R)-Compound I-MsOH. In another embodiment, (8)-Compound I-MsOH,
c.g., synthesized by the disclosed process, will contain <0.5% of (K)-Compound I-MsOH. In

one embodiment, {S)-Compound I-MsOH, e.g., synthesized by the disclosed process, will
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contain <0.25% of (R)-Compound I-MsOH. In one embodiment, {$)-Compound I-MsOH, e g,
synthesized by the disclosed process, will contain <0.20% of (K)-Compound 1-MsOH.

[192] In some embodiments, {(S)-Compound I-MsOH, ¢.g., synthesized by the disclosed
process, will contain <5.0% w/w water content as measured by U.5. Pharmacopeia (USP)
<921>, method 1C. In some embodiments, (NM-Compound I-MsOH, ¢.g., synthesized by the
disclosed process, will contain <2.5% w/w water content as measured by USP <921>, method
1C. In some embodiments, (8)-Compound I-MsOH, ¢.g., synthesized by the disclosed process,
will contain <Z.0% w/w water content as measured by USP <921>, method 1€ In some
embodiments, (S}-Compound I-MsOH, ¢ g, synthesized by the disclosed process, will contain
<1.0% w/iw water content as measured by USP <921> method 1C.

[193] In some embodiments, {(S)-Compound I-MsOH, e.g., synthesized by the disclosed
process, will contain <20% w/w methanesulfonic acid. In some embodiments, (8)-Compound
1-MsOH, e.g., svnthesized by the disclosed process, will contain <15% w/w methanesulfonic
acid. In some embodiments, (S}-Compound I-MsOH, ¢.g., synthesized by the disclosed process,
will contain <13% w/w methanesulfonic acid. In some embodiments, {(S)-Compound I-MsOH,
¢.g., synthesized by the disclosed process, will contain between about 5% to about 15% wiw
methanesulfonic acid. In some embodiments, {(S)-Compound I-MsOH, ¢.g., synthesized by the
disclosed process, will contain between about 11% to about 13% w/w methanesulfonic acid.
[194] In some embodiments, (S}-Compound I-MsOH, ¢.g. synthesized by the disclosed
process, will contain <500 ppm acctonttrile as residual solvent. In some embodiments, {§)-
Compound I-MsOH, c.g.. synthesized by the disclosed process, will contain <425 ppm
acetonitrile as residual solvent. In some embodiments, {(3)-Compound I-MsOH, eg,
synthesized by the disclosed process, will contain <410 ppm acetonitrile as residual solvent,
In some embodiments, {(S}-Compound I-MsOH, ¢.g., syathesized by the disclosed process, will
contain <350 ppm acetonitnle as residual solvent.

[193] In some embodiments, (S)-Compouand I-MsOH, e.g., synthesized by the disclosed
process, will contain <7500 ppm ethyl acetate as residual solvent. In some embodiments, {§)-
Compound I-MsOH, ¢.g., synthesized by the disclosed process, will contain <5000 ppm cothvl
acctate as residual solvent. In some embodiments, (8)-Compound I-MsOH, e.g., synthesized
by the disclosed process, will contaim <4000 ppm ethyl acetate as residual solvent.

{196} In some embodiments, {($)-Compound I-MsOH, cg., synthesized by the disclosed
process, will contam <300 ppm pyridine as residual solvent. In some embodiments, (5)-

Compound I-MsOH, ¢.g., synthesized by the disciosed process, will contain <200 ppm pyridine
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as residual solvent. In some embodiments, (S)-Compound I-MsOH, e.g., synthesized by the
disclosed process, will contain <100 ppm pyadine as residual solvent.

[197] In some embodiments, {(S)-Compound I-MsOH, ¢.g., synthesized by the disclosed
process, will contain <750 ppm dichloromethane as residual solvent. In some embodiments,
(8)-Compound I-MsQOH, e g, synthesized by the disclosed process, will contain <600 ppm
dichloromethane as residual solvent. In some embodiments, ($}-Compound -MsOH, ¢g.,
synthesized by the disclosed process, will contain <300 ppm dichloromethane as residual
solvent.

[188] In some embodiments, {(S}-Compound -MsOH, ¢.g., synthesized by the disclosed
process, will contain <1.0 ppm elemental impuritics of cadmium as measured by USP <Z32>
and/or <1.0 ppm lead. In some embodiments, (S)-Compound I-MsOH, e.g., synthesized by the
disclosed process, will contain <0.5 ppm elemental impurities of cadmitzm as measured by USP
<232> and/or <0.5 ppm lead. In some embodiments, (3)-Compouvand I-MsOH, ¢ g, synthesized
by the disclosed process, will contain <0.235 ppm elemental impuritics of cadmium as measured
by USP <232> and/or <0.25 ppm lead.

[189] In some embodiments, {(3}-Compound -MsOH, ¢.g.. synthesized by the disclosed
process, will contain <2.0 ppm elemental impurities of arsenic as measured by USP <232> In
some embodiments, (3)-Compound I-MsOH, ¢.g., synthesized by the disclosed process, will
contain <15 ppm clemental mnpunbies of arsenic as measured by USP <232>. In some
embodiments, ($}-Compound I-MsOH, ¢ g, synthesized by the disclosed process, will contain
<1.0 ppm clemental impuritics of arsenic as measured by USP <232>

[266] In some embodiments, {5)-Compound [-MsOH, e.g., synthesized by the disclosed
process, will contam <10.0 ppm elemental impurities of mercury as measured by USP <232>
and/or <10.0 ppm cobalt. In some embodiments, (8)-Compound I-MsOH, ¢ g, synthesized by
the disclosed process, will contain <5.0 ppm clemental tmpurities of mercury as measured by
USP <232> and/or <5.0 ppm cobalt. In some embodiments, (S}-Compound I-MsOH | cg.,
synthesized by the disclosed process, will contain <3.0 ppm elemental impurities of mercary
as measured by USP <232> and/or <2.5 ppm cobalt. In one embodiment, (3)-Compound 1-
MsOH, e.g., synthesized by the disclosed process, will contain <2.0 ppm elemental impurities
of mercury as measured by USP <232> In one embodiment, (S)-Compound -MsOH, e g,
synthesized by the disclosed process, will contain <2.0 ppm clemental impuritics of cobalt as
measured by USP <232>,

[261] In some embodiments, (S)-Compound I-MsOH, e.g., synthesized by the disclosed

process, will contain <20 .0 ppm elemental impurities of vanadiom as measured by USP <232>
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and/or <20.0 ppm palladium. In some embodiments, (5}-Compound [-MsOH, e g, synthesized
by the disclosed process, will contain <10.0 ppm elemental impurities of vanadium as measured
by USP <232> and/or <10.0 ppm palladium. In some embodinments, (5}-Compound {-MsUH,
¢.g., synthesized by the disclosed process, will contain <5.0 ppm clemental impurities of
vanadium as measured by USP <232> and/or <5.0 ppm palladium.

1262] In some embodiments, {(S)-Compound I-MsOH, ¢g., synthesized by the disclosed
process, will contain <30.0 ppm clemental impuritics of micke! as measured by USP <232> In
some embodiments, (S)-Compound I-MsOH, ¢.g., svnthesized by the disclosed process, will
contain <20.0 ppm eclemental impurities of nickel as measored by USP <232> In some
embodiments, (5-Compound I-MsOH, ¢.g., synthesized by the disclosed process, will contain
<10.9 ppm clemental impuritics of nickel as measured by USP <232>.

1283] In some embodiments, (S}-Compound I-MsOH, ¢.g., synthesized by the disclosed
process, will contain <1500 ppm clemental impurities of chromium as measured by USP <232>.
In some embodiments, {(8}-Compound I-MsQOH, ¢.g., synthesized by the disclosed process, will
contain <1250 ppm clemental impurities of chromium as measured by USP <232>. In some
embodiments, (S}-Compound I-MsOH, ¢ g, synthesized by the disclosed process, will contain
<1100 ppm elemental impurities of chromiwm as measured by USP <232> In one cmbodiment,
{3)-Compound I-MsOH, ¢.g., synthesized by the disclosed process, will contain <1000 ppm
elemental impurities of chromivm as measured by USP <232>.

1264] In some embodiments, {(S)-Compound I-MsOH, ¢g., synthesized by the disclosed
process, will contain <500 ppm clemental tupuritics of molvbdenum as measured by USP
<232>. In some embodiments, (3)-Compound I-MsOH, ¢.g., synthesized by the disclosed
process, will contain <300 ppm clemental impurities of molybdenum as measured by USP
<232>. In one embodiment, {$)-Compound I-MsOH, ¢z, synthesized by the disclosed process,

will contain <250 ppm clemental impurities of molvbdenum as measured by USP <232>.

EXAMPLES

[265] Unless otherwise noted, the purity of the compounds was assessed using standard
HPLC analysis. For example, a CAPCELL PAK® C138 column (Shisedo) with the dimensions
of 4.6 ¢cm x 150 om, 5 micron was used with a PIMA 290 nm detector. The column temperature
was set to 40 °C, and the two mobile phases were A: 100% 0.05M NHiOAc in water and B:
100% acetonitrle. The flow rate was set at 1.0 mL/min with the run time of about 45-60

minutes per sample. The mjection volume was 10 ul. In a different system, Clark mstrument
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was used with PDA 293 nm detector. The injection volume was 20 gl and the ran time was
120 minutes per sample.

{206} Example 1: Optimization of Suzuki coupling with Pd{PPh;)s system

2077 Table 1 descrbes the optimization efforts for the Suzuki coupling reaction using
PAd(PPha)s catalyst system between Compound IV and Compound V-OMe. The reaction
represented in Table 1 used Compound IV (5 g, 1 equiv), Compound V-OMe {2 oquiv), and
base (6.3 equiv) in solvent (ratio v/w with respect to Compound V) and heated at reflux. This
series of experiments show varying the reaction conditions did result in some reduction of
mnpurity Compound VIH using the Pd(PPhs)s system, althoagh stalling or falure to

recrystallize product was observed under most conditions.

Table 1
Exp. # Catalyst Base Comments
B Ay Solvents (ratio} i )
7L DY, 2 A0/ A e
PAOAC)/PPL | P 3 b 20% conversion
i 10/8.0mol% THF water 6 h: 75% conversion
T ' (25:8) Compound VI 0.25%
3 Pd(PPhsj T??}ii?ifr 4 h: 65% conversion
2.0 mot % (25 x; ’ Compound VI 0.135%
(A A DD KsP(Oa Grigoard refluxed 27 h
3 gdé(l)g‘ ;) 7 Pl?? , THF water 4 h: 64% conversion
8T ot (25:8) Compound VIIL: 0.22%
PA(OAL)/PPhs KPP Usirg 1 equiv. b()i‘OIi%C ester
4 30/%.0 mol% THF water &l 50% conversion
V784 motso (25:8) Compound VIIT: 0.11%
; KsPOs At 45 °C instead of refluxing 27 h:
5 ‘Ezdé(/)?%);i?i}% THF water 10(% conversion
e ° (25:8) Compound VIIL 0.15%
, e KsPOu 4 h: 100% conversion
SBDh. -
6 1?59%)5‘ S_f;g y THF:water Compound VIIT: 0.04%
AU (25:8) Trituration failed to produce crystals

1208} Example 2: Optimization of Suzuki coupling with Pd catalyst system
{209] Table 2 outlines the optimization cfforts for the Suzuki coupling reaction using
Pd{PPhs}+ catalyst system between Compound IV and Compound V-OMe. The reaction

g, 1 equivy, Compound V-OMe (2 equiv), and

f=3J

represented m Table 2 used Compound IV (&

base (6.3 equiv) i solvent (ratio v/w with respect to Compound IV) and heated at reflux.
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According to the results from Table 2, the PA{OAc)/Plo-tol}s system uses sigmficantly less
catalyst, significantly less phosphing ligand and generally always proceeded to completion
within 2 hours with no stalling observed, cven without degassing. The Pd{OAc)/P(o-tol);
catalvst system produced Compound [I-OH m increased yield and increased purity (>99%)
when compared to the original PA(PPhs)s catalyst system. Additionally, this series of

experiments also show varying the reaction conditions did not result in significant reduction of

mpurity Compound VI compared with the Pd{PPhs}s systers.

Table 2
Exp. # Catalyst Basg Comments
) } ) Solvents {ratio) i
| Pd{OAch E}E;éfz;’r 27 h: 17% conversion
10.0 mol% e ;‘& v Compound VIIL 0.15%
141 KsPOu 4 h: 100% conversion
3 /
2 i.fé‘%%?ﬁfﬁ‘* THF water Compound VI 0.15%
R 70 {25:8) Trituration failed to produce crystals
, . K20 2 h: 100% conversion
3 Pdg(gﬁ;)g/gg;&ﬂ)j THF watcr Compound VI 0.08%
e 7 (25:8) Compound I-OH? > 99% purity
: : KaoCGs 1 h: 100% conversion
> h/Plo-
g ! di%"‘;;)d; iﬁ‘; E’j’”‘* THF: water Compound VIIE: 0.06%
B {25:8} Compound [I-OH° > 99% purity
, s KaCOs 1009% conversion
5 Pd;%‘%,‘;)g’i(;’;;?}}’ THF:water Compound VIIL 0.15%
T " (25:8) Compound 1I-OH? > 99% purity.
e Kol 1.5 h. 1060% conversion
& T dﬁ‘éﬁ);/i fgﬁ?m THF:water Compound VIIT: 0.13%
i 70 (25:8) Compound H-OH? > 99% purity
, . KaoCOs 2 h: 100% conversion
7 P‘(i)((f;‘/‘gféi’; “;ij.“j THF water Compound VIII: 0.17%. 0.38%!
T "(' (25:8) Compound I-OH? > 99% purity
P OACH o KoCO;5 Reaction wai /degasisea.jor 4h2h
g {(CAK/P(o-tol); THF -water 100% conversion
(.25 /0.5 mol% (”’.3'8)’ Compound VHI: 0.28%
o Compound [-OH? > 99% purity
00 Reaction was not degassed
o PAOACHPlo-oly 3{ ) 2 b 100% conversion
‘ 0.25 /0.5 mol% 03 ?fg ¢ Compound VIIL 0.29%

Compound [1-QH’ > 99% purity

'Showing results of two different triafs. *Compound [I-OH was triturated.
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219] Example 3: Synthesis of Compound {}-OH, with Recrystallization

{211] Anhvydrous tetrahydrofuran {THF, 9 parts) was added to magnesiom {0.185 kg, 2.15
cquivy and the solution was stirred for 1 hour. THF was removed by distitlation until the total
volume of the solution was about 3 parts. To that, neat Compound VI(0.775 kg, 8.4 equiv) was
added and the solution was heated to about 66 °C for 2 hours. The reaction was cooled to about
55 °C and additional anhydrous THF (5 parts) was added. To the hot solution, neat Compound
VI{1.163 kg, 16 equiv) was added over | hour and the mixture was stirred at about 55 °C for
about 4 hours to form the Grignard reagent. After HPLC analysis indicated less than about 1%
of Compound VI was remaining, the reaction migture was cooled to about -25°C. To the cooled
reaction mixture, neat trimethoxyborane (0.739 kg, 2.0 equiv} was added portion-wise over 2
hours. The resulting mixture was stirred at -25 °C for 1 hour then warmed up to about 20 °C
and stirred for 1 hour to vield Compoond V-OMe.

1212] To the reaction mixture containing Compound V-OMe, a solution of potassium
carbonate (3.06 kg, 6.25 equiv) in water (5.5 parts) was portion-wise added over 1 hour. The
biphasic solution was degassed with nitrogen for 1 hour then palladium acetate (6.002 kg,
0.0025 equiv) and tri-o-tolylphosphine (0.0054 kg, 0.0050 equiv) was added, while degassing
continued. Subsequently, Compound IV {1.200 kg, 1.0 cquiv) was added while degassing
continued. The resulting reaction mixture was stitred at or below 63 °C for 4 hours or uniil
HPLC analysis indicated <2% Compound 1V was remaining. Onee the reaction was deemed
complete, 1t was cooled to an ambient temperatire.

1213] The reaction mixture was acidified using aqueous hydrochloric acid until the pH was
adjusted to about 2.0-3.0. Once acidified, the layvers were separated and the agueous laver was
extracted with toluene (10 parts). The combined orgamic layers were distilled to an approximate
volume of 6.5 parts then Celite® (0.6 w/w, 0.720 kg and Draco KBG (0.3 whw, 0.360 kg,
charcoal} were added and stirred for 3 hours at about 20 °C. The charcoal and Celite® were
removed by filtration and the filtrate was concentrated onder reduced pressure to afford a
volume of about 3 parts.

[214] To the reduced solution, 1sopropanol (5 parts) was added and the mixture was again
concentrated to a volume of 3 parts. To the resulting oil, heptanes (12 parts) were added
portion-wise over | hour. The resulting suspension was stirred at about 20 °C for 6 hours and
the crystals were collected by filiration,

[215] The crude crystals collected by the filtration were then dissolved in ethy! acetate (0.4
parts) and 1sopropanol (3.6 parts) at 70 °C. The temperature of the solution was reduced by 10

°C every 1 hour untdl the temperature reached 20 °C. The solution was stirred at 20 °C for 4
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hours and the crystals were collected by filtration and washed with heptanes. Compound II-
OH was dried to vield 0.938 kg of vellow solid (58.5% vield, 99.42% purity).
216} HPLC purity method:

Column: CAPCELL PAK® C18, Shisedo, 4.6x150 cm, 5 micron
Detector wavelength: PDA 290 om
Column temperature: 40 °C

Mobile phase: AL 100% 0.05M NH1OAc in water
B: 100% ACN
Flow rate: 1.0 mL/min
Run time: 45 minutes.
Injection volume: 10 ul
Gradient Table:
Time (min} YA YeB
0 90 10
3 90 10
g 10 80
10 10 80
11.01 90 i0
20 90 G

Compound VI = 8.3 minute

Compound V = 2.3-2.6 mmutes (three species in the muoxture: Compound V-(OMe)2,
Compound V-{OMe)(Ar1), and Compound V-{An}An)}

Compound IV= 3.0 minute

Compound [[-OH = 8.3 minute; purity = 99.42%.

[217] Example 4: Synthesis of Compound {-OH, with fn Site generated Compound V
Versus Crystalline, Isolated Compound V-OH

1218} To the reaction mixture containing either ay 2.0 equiv of 7 sifu solution of Compound
V-OMe or b) 2.0 equiv solution of Compound V-OH in water/THF prepared by dissolving
isolated and crystalline Compound V-OH in water/THF, a solution of potassium carbonate
{3.03 g, 6.25 equiv) m water (5.5 parts) was portion-wise added over 1 hour The biphasic
solution was degassed with nitrogen for | hour then palladium acetate (0.002 g, 0.6023 cquiv)
and tri-o-tolviphosphine (0.0045 ¢, 0.0050 cquiv) was added, while degassmg continued.
Subseguently, Compound IV (1.00 g, 1.0 equiv}) was added while degassing continued. The
resulting reaction mixture was stirred at or below 65 °C for 4 hours or vntil HPLC analvsis
mdicated <2% Compound IV was remaining. Unce the reaction was deemed cornplete, it was

cooled to an ambient temperature.
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[219] The reaction mixture was acidified using agueous hydrochloric acid until the pH was
adjusted to about 2.0-3.0. Once acidified, the lavers were separated and the aqueous layer was
extracted with toluene (10 parts). The combined organic layers were distilled to an approximate
volume of 6.3 parts then Celite® (0.6 w/w, 0.600 kg) and Draco KBG (0.3 w/w, 0.300 g,
charcoal} were added and stirred for 3 hours at about 20 °C. The charcoal and Celite® were
removed by filtration and the filtrate was concentrated under reduced pressure to afford a
volume of about 3 parts.

[226] To the reduced solution, isopropanol (5 parts) was added and the mixture was again
concentrated to a volume of 3 parts. To the resulting oil, heptanes (12 parts) were added
portion~wise over 1 hour. The resulting suspension was stirred at about 20 °C for 6 hours and
the crystals were collected by filtration. Compound H-0OH was dned to vield a vellow solid
{Table 3 shows vield, purity and related substances). The HPLC condition from Example 3 was

used to assess the purity represented in Table 3.

Table 3
Condition In situ Geng—:rated Ciystaﬂine,l isqi,gged
Compound V-OMc Compound V-OH
TN
of c(;xr:;fiéﬁi-@}-i 70 67

Product Analysis by HPLC
Compound [V-OH (% area) (.01 (.00
Compound H-OH-A (% arca) 0.07 0.00
Compound H-OH-B (% arca} 0.05 (.00
Compound H-OH (% arca) 9921 99.71
Compound H-OH-C (% arca} 0.16 .06
Compound VHI (% area) 0.10 (.00

[221] Table 3 indicates that using crystalline, isolated compound V-OH in reaction with
Compound IV reduced the impurities, namely Compound IV-OH, Compound H-OH-A,
Compound H-OH-B, Compound 1{-OH-C, and Compound VU1 In particular, the presence of
Compound IV-OH, Compound H-OH, Compound OH-B, and Compound VI were reduced
below detection. Further, the presence of Compound H-OH-C was also significantly reduced
from (.16% to 0.06%.

[222] Previous svathesis utilized in situ solution of Compound V-OMe i reaction with

Compound 1V to prepare Compound H-OH. This reaction produced impunties of Compound

W
<o



WO 2017/223155 PCT/US2017/038460

IV-OH, Compound II-OH-A| Compound H-OH-B, Compound I-OH-C, and/or Compound
VI, which were very difficult o climinate and necessitating multiple recrystallization
purifications in order to provide Compound H~OH that met the impurity specifications. See,
e.g, WO 2016/103527, the contents of this publication are herein incorporated by reference in
thetr entirety for all intended purposes.

1223] Thuos, by substituting i site sohution of Compound V-OMe with a solution prepared
from a crystatline and isolated Compound V-OH significantly reduced the purification process
for Compound V-OH. In some embodiment, onlv one purification step is required when using
crystalline and isolated Compound V-OH 1n reaction with Compound IV, In one embodiment,
the purity of Compound U-OH 15 higher when prepared from crystalline and isolated
Compound V-OH n reaction with Compound IV when compared trom the purnity of Compound
1I-OH prepared from i sifu solution of Compound V-OMe in reaction with Compound V.
1224] In one embodiment, Compound I-OH prepared from crystalline, isolated Compound
V-0H has about <0.01% of Comapound H-OH-A, about <0.01% of Compound UH-OH-B, and/or
about <0.10% of Compound I-OH-C. In another embodiment, Compound -OH prepared
from crystalline, isolated Compoand V-OH has about <0.01% of Compound H-OH-A| about
<0.01% of Compound H-OH-B, and about <0.10% of Compound {I-OH-C.

{225] Example 5: Compound V-OH and Compound V-3
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1226] Compound V-3 was formed during prolonged drying of Compound V-OH at higher
temperatures, resulting in loss of water. Compound V-3 formation was observed when
Compound V-OH was subject to drving to achicve loss on dryving (LOD) below about 0.5%.
As shown in Figure 2, Compound V-3 (top spectrum) is characterized by a '"H NMR doublet
in the 8.1-8.2 ppm region whereas Compound V-OH (bottom spectrum) is characterized by 'H
NMR doublet in the 7.8-7.6 ppm region. Figure 3 shows the aromatic region of the *H NMR

spectra of Figure 2. The conversion of Compound V-3 to Compound V-OH n the presence of

W
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water was cbserved when D:0 is added to the 'H NMR sample of Compound V-3 (Fig. 2,
muddle spectrum).

[227] As demonstrated above, Compound V-3 readily converts to Compound V-OH uoder
agueous conditions, thus, in one embodiment, Compound V-3 and Compound V-OH can be
used interchangeably or as a mixture in the reaction with Compound IV to prepare Compound
H-OH. In one embodiment, when Compound V-3 is used in the reaction with Compound IV,

about one third molar equivalence {compared to Compound V-0OH) is necessary.

[228] Example 6: Synthesis of Compound I-MsOH

229] Compound H-0OH (34.7 kg, 1.0 equiv) was dissolved i dichloromethane (5 parts) and
cooled to about 10-15 °C. Neat thiony] chlonide (10.1 kg, 1.10 equiv) was added portion-wise
over 10 minutes and the mixture was stirred at about 10-15 °C for 3 hours. After HPLC analysis
mdicated <3% Compound H-OH was remaining, the reaction mixture was cooled to 6 °C. A
solution of (8)-Compound I (21.2 kg, 105 equiv) and pynidine (213 kg, 3.5 cquiv) in
dichloromethane {6 parts) was separately prepared and cooled to 0 °C. To the solution of {5)-
Compound I the acid chlonde solution was slowly added at 0 °C and stirred for 5 hours.
[238] Upon completion of the reaction as indicated by HPLC analysis showing Compound
H-Cl s €0.5%, a clulled solution of citric acid (27.7 kg, 1.7 equiv} in water (10 parts) was
added over 30 mimites while maintaining an internal temperature of 0 °C. Dichloromethane
was removed under reduced pressure to a total volume of about 13 parts then ethyl acetate (5
parts) was added and the volume was again reduced under prossure to abowt 13 parts. The
resulting residue was extracted with ethy! acetate (10 parts) and the organic layer was washed
with agacous sohution of sodium bicarbonate (41.7 kg, 6.45 equiv) 1n water (10 parts} and the
wash was repeated. The organic layer is further washed with brine {10 parts).

{231] To the resulting organic layer was added 3 A powdered molecular sieves (100% wiw,
34.8 kg) and the slurry was stirred for 20 hours then filtered. The filter cake was washed with
ethvl acetate (2 parts). The dried organic laver containing Compound I was assayed by HPLC
to determine the amount present. To the solution, acetonmitrile (4 parts) was added then
methanesulfonic acid (6.9 kg, 1.01 equiv) was added in one portion. Ethyl acetate (1 part) was
ased to transfer all of the methane sulfonic acid. The mixture was stirred at 20 °C for about 30
minutes.

{232] The reaction mixture was then seeded with (5)-Compound I-MsOH and the mixture
was stirred at 20 °C for 8 hours. The precipitated crystals were collected by filtration and

washed with chilled ethyl acetate (1 part). The crude crystals were dissolved in acetounitrile (10
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parts) at 70 °C and the solution was cooled to 50-55 °C over 1 hour and seeded with (8)-
Compound -MsOH. The solution was stirred at 50-55 °C for 6 hours then cooled to 20 °C over
1 hourthen stirred for 8 hours. The precipitated crystals were collected by filtration and washed
twice with chilled acetonitrile (2.5 parts each). The crystals were dried to provide 47.72 kg of
(3)-Compound [-MaQOH as a bright vellow solid {(78% yield, 99.10% purity}. The dried crystals
were then pulverized by a powder mill and jot ouill to give the final product composition.

1233] HPLC punity method:

Column: CAPCELL PAKY C18, Shisedo, 4.6x1350 cm, 5 nicron
Detector wavelength: PDA290 nm
Columm temperature: 40°C
Mobile phase: A 100% 0.05M NH4OAc in water
B: 100% ACN
Flow rate: 1.0 ml/man
Rus time: 60 minutes
Injection volume: 10 ul
Gradient Table:
Time {min) YA V)]
{ 35 45
20 33 45
25 95 5
48 93 3
50 35 45
50 55 45
61 35 45
62 55 45

Compound [[-OH = 18.54 nun
Compound /Compound [-MsOH = 26.03

[234] It should be understood that the above description 1s only representative of illustrative
embodiments and examples. For the convenience of the reader, the above descrption has
focused on a hinuted number of representative examples of all possible embodiments, examples
that teach the principles of the disclosare. The description has not attempted to exhaustively
enumerate all possible variations or even combinations of those vartations described. That
alternate embodiments may not have been presented for a specific portion of the disclosure, or

that further undescribed aliemate embodiments may be available for a portion, 1s not o be
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considered a disclaimer of those alternate embodiments. One of ordinary skill will appreciate
that many of those undescnbed embodiments, involve differences in technology and materials
rather than differences in the application of the principles of the disclosure. Accordingly, the

disclosure is not intended to be himited to less than the scope set torth 1n the following claims.

INCORPORATION BY REFERENCE

1235] All references, articles, publications, patents, patent publications, and patent
applications cited herein are incorporated by reference in their entireties for all
purposes. However, mention of any reference, article, publication, patent,  patent
publication, and patent application cited herein is not, and should not be taken as
acknowledgment or any form of suggestion that they constitute valid prior art or form part of

the common general knowledge in any country in the world.



CLAIMS

What is claimed is:

1. A composition of 8-(4-(2-butoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH), that comprises one or more of
the following:

(a) about <0.50% to about >0.30% or about <0.01% of 8-(4-(2-
ethoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid
(Compound I1-OH-A);

(b) about <0.50% to about >0.30% or about <0.01% of 1-isobutyl-8-(4-(2-
propoxyethoxy)phenyl)-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH-
B);

(c) about <0.50% to about >0.30% of 4,4'-bis(2-butoxyethoxy)biphenyl (Compound
VII); and

(d) about <0.50% to about >0.30% or about <0.01% of 8,8'-(4-(2-butoxyethoxy)-1,3-
phenylene)bis(1-isobutyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid) (Compound
VIII); and optionally further comprises one or both of

about <0.50% of 8-(4-butoxyphenyl)-1-isobutyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-
carboxylic acid (Compound II-OH-C); and

about <0.50% of 8-(4-(2-butoxyethoxy)phenyl)-1-butyl-1,2,3,4-

tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound IX).

2. The composition of claim 1, that comprises one or both of:

(a) about <0.50% to about >0.30% of Compound II-OH-A; and

(b) about <0.50% to about >0.30% of Compound II-OH-B; and optionally further
comprises about <0.50% of Compound II-OH-C.

3. The composition of claim 1, that comprises one or both of:

(a) about <0.01% of Compound II-OH-A; and
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(b) about <0.01% of Compound II-OH-B; and optionally further comprises about
<0.10% of Compound I1-OH-C.

4. The composition of claim 1, that comprises one or both of:
(a) about <0.50% to about >0.30% of Compound VII; and
(b) about <0.50% to about >0.30% of Compound VIII; and optionally further

comprises about <0.50% of Compound IX.

5. The composition of claim 1, that comprises about <0.01% of Compound VIII, and
optionally further comprises one or both of

about <0.05% of Compound VII, and

about <0.15% of Compound IX.

6. The composition of claim 1, wherein the Compound II-OH has about >97.0% purity.

7. A composition comprising 8-(4-(2-butoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH), with >95.0% to <96.0%
purity.

8. The composition of claim 7, wherein 4,4'-bis(2-butoxyethoxy)biphenyl (Compound VII)

is present in 0.20% or less.

9. The composition of claim 7, wherein 4,4'-bis(2-butoxyethoxy)biphenyl (Compound VII)
is present in 0.10% or less; or 8,8'-(4-(2-butoxyethoxy)-1,3-phenylene)bis(1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid) (Compound VIII) is present in 0.10% or less; or 8-
(4-(2-butoxyethoxy)phenyl)-1-butyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid
(Compound IX) is present in 0.15% or less.

10. The composition of claim 7, wherein said composition comprises one or more of the

following:
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(a) 0.50% or less of 8-(4-(2-ethoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH-A);

(b) 0.50% or less of 1-isobutyl-8-(4-(2-propoxyethoxy)phenyl)-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH-B);

(c) 0.50% or less of 8-(4-butoxyphenyl)-1-isobutyl-1,2,3,4-tetrahydrobenzo[bJ]azocine-5-
carboxylic acid (Compound II-OH-C);

(d) 0.50% or less of 8,8'-(4-(2-butoxyethoxy)-1,3-phenylene)bis(1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid) (Compound VIII); and/or

(e) 0.50% or less of 8-(4-(2-butoxyethoxy)phenyl)-1-butyl-1,2,3,4-

tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound IX).

11.  The composition of claim 7, wherein said composition comprises one or more of the
following:

(a) 0.05% or less of 8-(4-(2-ethoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH-A);

(b) 0.05% or less of 1-isobutyl-8-(4-(2-propoxyethoxy)phenyl)-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH-B);

(c) 0.05% or less of 8-(4-butoxyphenyl)-1-isobutyl-1,2,3,4-tetrahydrobenzo[bJ]azocine-5-
carboxylic acid (Compound II-OH-C);

(d) 0.05% or less of 8,8'-(4-(2-butoxyethoxy)-1,3-phenylene)bis(1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid) (Compound VIII); and/or

(e) 0.15% or less of 8-(4-(2-butoxyethoxy)phenyl)-1-butyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound IX).

12. The composition of claim 1, wherein 8-(4-(2-butoxyethoxy)phenyl)-1-isobutyl-1,2,3,4-
tetrahydrobenzo[b]azocine-5-carboxylic acid (Compound II-OH) is prepared by:

reacting (4-(2-butoxyethoxy)phenyl)boronic acid (Compound V-OH) with 8-bromo-1-
isobutyl-1,2,3 4-tetrahydrobenzo[b]azocine-5-carboxylic acid;

reacting 2,4,6-tris(4-(2-butoxyethoxy)phenyl)-1,3,5,2,4,6-trioxatriborinane (Compound
V-3) with 8-bromo-1-isobutyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid; or
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reacting a mixture of (4-(2-butoxyethoxy)phenyl)boronic acid (Compound V-OH) and
2,4,6-tris(4-(2-butoxyethoxy)phenyl)-1,3,5,2,4,6-trioxatriborinane (Compound V-3) with 8-

bromo-1-isobutyl-1,2,3,4-tetrahydrobenzo[b]azocine-5-carboxylic acid.

13. The composition of claim 12, wherein (4-(2-butoxyethoxy)phenyl)boronic acid
(Compound V-OH) is a crystalline form of Compound V-OH.

14. The composition of claim 12, wherein 2,4,6-tris(4-(2-butoxyethoxy)phenyl)-1,3,5,2,4,6-

trioxatriborinane (Compound V-3) is a crystalline form of Compound V-3.

15.  The composition of claim 12, that comprises one or both of:

(a) about <0.01% of Compound II-OH-A; and

(b) about <0.01% of Compound II-OH-B; and optionally further comprises about
<0.10% of Compound I1-OH-C.

16.  The composition of claim 12, that comprises:
(a) about <0.01% of Compound II-OH-A;
(b) about <0.01% of Compound II-OH-B; and
(©) about <0.10% of Compound II-OH-C.
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