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PROCESSES TO PRODUCE ELAGOLIX

BACKGROUND OF THE INVENTION

1. Field of the invention

The present invention relates to process for preparing the compound of formula III, compound of
formula IV, compound of formula V, compound of formula VI, compound of formula VIII,
compound of formula IX, compound of formula XIV, compound of formula X, compound of
formula XII, compound of formula XIII, and elagolix sodium, a gonadotropin-releasing hormone
(GnRH) receptor antagonist indicated for the management of moderate to severe pain associated

with endometriosis.
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2. Description of the Related Art

Orilissa  (elagolix sodium; previously known as NBI-56418 or ABT-620) is
a gonadotropin-releasing hormone antagonist (GnRH antagonist) medication which is used in the
treatment of pain associated with endometriosis in women. Orilissa is also under development for
the treatment of uterine fibroids in women.

Orilissa was approved by the FDA for the treatment of endometriosis-associated pain in the United
States on 23 July 2018. It was the first new medication to be approved by the FDA for the
treatment of endometriosis in more than a decade. Elagolix is the first and currently the only
marketed member of a new class of GnRH modulators, which is described as "second-generation"
due to their non-peptide and small-molecule nature and oral activity.
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The preparation of elagolix was disclosed in International Patent Application WO2005/007165
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Compound V, IX, XII and XIII are key intermediates for the preparation of elagolix. Another
synthetic route to the Compound XIII from the Compound XXII was also disclosed:
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In WO2005/007165 Al, the technical solution for the preparation of compound V requires the use
of the expensive starting material XVIII, as compound XVIII is not a commercially available
bulk material. For the preparation of compound IX, compound V reacts with urea to produce
compound XIX; compound XIX is treated with 15 equivalents of acetyl ketene, sodium iodide,
and chlorotrimethylsilane; the yield of compound IX from compound V is 58%, resulting in an
uneconomic synthetic process. For the preparation of compound XIII, two routes were disclosed.
Both of the routes start from compound XXII, requiring a large amount of catalyst for the Suzuki

coupling reaction.

Another route for the preparation of elagolix was disclosed in W02009/062087 Al:

In WO02009/062087 Al, the preparation of compound V 1is same as the method in
WO02005/007165 Al. For the preparation of compound IX, the compound XIX reacts with
tert-butyl acetoacetate catalyzed by p-toluenesulfonic acid. The yield of compound IX from
compound V 1s 46%, which is undesirably low. For the preparation of compound XII, compound
X reacts with compound XXV, the byproduct of which is methanesulfonic acid. The residue of
methanesulfonic acid may lead to the formation of methanesulfonic acid ester, which is a potential
genotoxic impurity. For the preparation of compound XIII, methanesulfonic acid is also used,
which may bring the same potential genotoxic impurity problem.



WO 2019/112968
CF,
NC BH, -THF /j@
F
xvil
XV
o F  MeO B(OH),
HNJ\N/jij __F .
P
OJYKFQC
XV
o
Ph‘*‘v‘%\u OMe EtO o
e
NH, | F \ﬂ/\/\
(o N
F
FsC

PCT/US2018/063682

CF o o XXIiv
3 [+} F
_Urea, HOI HN/\© )J\/U\OBU‘ HNJ\N/T) icl
ZNAO OM
F FsC
XIX
OMe xxv o
F BocHN (R)
N oms  Pha i~y | OMe
Ph
. /L BocHN o)\N F MeOH
F
o o d
FsC
X X

Elagolix

Technical Problem: The current processes to the intermediates of elagolix, compound V and
compound IX require high raw material costs, and results in low yield. For compound XII and
compound XIII, the process cost is high and there is the problem of a genotoxic impurity. A

scalable preparation route i1s needed to overcome these problems for large-scale production.
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SUMMARY OF THE INVENTION

It is the object of the present invention to provide a cost effective and scalable process for the
preparation of elagolix and the seven intermediates: compound of formula ITI, compound of
formula IV, compound of formula V, compound of formula VIII, compound of formula IX,
compound of formula XIV, compound of formula X, compound of formula XII, and compound of
formula XIII.

One purpose of the present application is to provide a preparation of compound III, compound IV
and compound V.

A further purpose of the present application is to provide a method to prepare the compound VIII
and compound IX.

A further purpose of the present application is to provide a method to prepare the compound X.

A further purpose of the present application is to provide a method to prepare the compound XII
and compound XIII.

A further purpose of the present application is to provide a process to prepare of elagolix and

elagolix sodium.

The present application provides a process for the preparation of compound I, compound IV and

compound V:
F F F F
F F OHC
3C RO.\7 BocHN H,N
—_— _
F;C FsC ’ FsC FsC
| n m v v

wherein R is a substituent selected from the group consisting of H, methyl or ethyl.
In a specific embodiment, the reaction conditions for each reaction step are detailed below:

Synthesis of the compound of formula III from the compound of formula I and compound of
SO0 "
FiC

1 [} m

formula IT:

Compound I is a commercially available bulk material, and the compound III can be prepared
efficiently by continuous reaction without separation of compound II.

The compound I reacts with DMF in an organic solvent in the presence of organolithium reagents
and amine additives to prepare compound II. Preferably, the organic solvent is selected from
tetrahydrofuran, methyl tetrahydrofuran, n-heptane, n-hexane, toluene, xylene and mixtures
thereof. Preferably, the solvent is tetrahydrofuran. Preferably, the amine additive is one or more of
tetramethylethylenediamine, diisopropylamine, diethylamine, di-sec-butylamine or
pentamethyldicthylenetriamine. Preferably, the amine additives are tetramethylethylenediamine
and diisopropylamine. Preferably, the organolithium reagent is one of n-butyl lithium, tert-butyl
lithium, isobutyl lithium, lithium diisopropylamide, lithium bis (trimethylsilyl) amide. Preferably,

4
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the organolithium reagent is n-butyl lithium. Preferably, the reaction temperature is -60~-80 °C.
The compound II reacts with alkoxy amine or hydroxylamine hydrochloride at 10~30 °C in the
presence of a base to prepare compound III. Preferably, the base is selected from sodium
hydroxide, potassium hydroxide, tricthylamine, N N-diisopropylethylamine, sodium carbonate,
potassium carbonate, and sodium bicarbonate. More preferably, the base 1s sodium bicarbonate.

Because of the low boiling point and volatility of compound II, it 1s used in the preparation of
Compound III directly without separation from the solution.

Synthesis the compound of formula IV from the compound of formula III:

F F
RO, N* BocHN
—_—
F3C F3c
1] v

The compound I1I reacts with di-tert-butyl dicarbonate in an alcoholic solvent at 10~70 °C in the
presence of a transition-metal catalyst under hydrogen atmosphere to prepare compound IV.
Preferably, the alcoholic solvent is selected from methanol, ethanol, isopropanol and mixtures
thereof. Preferably, the solvent is methanol. Preferably, the transition-metal catalyst i1s selected
from Raney Ni or Pd/C. More preferably, the transition-metal catalyst is Raney nickel, and the
hydrogen pressure is 0.1~5.0 MPa, more preferably, the hydrogen pressure is 0.2~0.5 MPa.
Preferably, the reaction temperature is 20~40 °C.

Synthesis the compound of formula V from the compound of formula IV:

F F
BocHN/t© HzN/j(j
—_—
FsC FsC
v v

The compound 1V reacts in the presence of an acid at 10~70 °C to prepare compound V or its salt
compound VI. Preferably, the acid is hydrochloric acid. Preferably, the reaction temperature is

20~40 °C.
F
*HCI
%0
F;C

3
VI
The compound III can be reduced directly with Raney Ni and H» to prepare compound V.
However, such a process leads to the formation of impurity A. It is found that the addition of
di-tert-butyl dicarbonate can effectively control the formation of impurity A. Further, we
unexpectedly found that this method can effectively control the formation of impurity B. Impurity
B has similar structure with compound V, which has a greater adverse impact to the final product
quality. This improved method can effectively improve the final product quality by reducing the
presence of impurities A and B.
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CF; CF;

saseolliae

3

A B
Compared with the prior art, the method has the following advantages:
1. The reaction conditions are mild. The explosive reagents such as boron hydride or Zn powder
are not needed, so it is more environmentally-friendly and safe.
2. Continuous reaction reduces the loss of product resulting from product separation, and increases
production efficiency.
3. Impurity formation is effectively reduced.
4. Inexpensive commercially available starting material is used in the process, resulting in reduced

raw material cost.

The present application provides a process for the preparation of compound IX from compound
VIII:

In a specific embodiment, the reaction conditions for each reaction step are detailed below:
Synthesis the compound of formula IX from the compound of formula VIII:

OH CF, j)\ F
HNTXY SN . HNTON
o)\s O F OM
FaC
vl IX

The compound VIII reacts in an organic solvent at 50~200 °C to prepare compound IX.
Preferably, the organic solvent is selected from dimethylformamide, dimethylacetamide,
acetonitrile, n-butanol, tert-butanol, 1,4-dioxane, dimethyl sulfoxide, N-methylpyrrolidone,
sulfolane and mixtures thereof. Preferably, the organic solvent is dimethylformamide,
N-methylpyrrolidone. More preferably, the organic solvent is dimethylformamide. Preferably, the
reaction temperature is 80~160 °C.

Synthesis of the compound of formula VIII from the compound of formula V and the compound
of formula VII:

NH, F O OH OH CF3
SR s
FsC o s’&o og\s o F
v viI v

Compound VII can be readily prepared from malonic acid and potassium thiocyanate in acetic
acid and acetic anhydride.

The compound V reacts with compound VII in an organic solvent at 50~200 °C to prepare
compound VIII. Preferably, the organic solvent is sclected from dimethylformamide,
dimethylacetamide, acetonitrile, tetrahydrofuran, methyl tetrahydrofuran, isopropanol, n-butanol,
tert-butanol, dioxane, dimethyl sulfoxide, N-methyl pyrrolidone, cyclobutanone and mixtures
thereof. More preferably, the organic solvent is isopropanol. Preferably, the molar equivalence of
compound VII is between 0.8 and 5. Preferably, the molar equivalence of compound VII is
between 1 and 3. Preferably, the reaction temperature is 80~160 °C.

6
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Synthesis of the compound of formula VIII from the compound of formula VI and the compound

of formula VII:
-HCI
"ﬂ@ X — 2
o

il

The compound VI reacts with compound VII in an organic solvent at 50~200 °C in the presence
of a base to prepare compound VIII. Preferably, the base is selected from sodium hydroxide,
potassium hydroxide, triethylamine, N N-diisopropylethylamine, sodium carbonate, potassium
carbonate, and sodium bicarbonate. More preferably, the base is sodium hydroxide. Preferably, the
organic solvent 1is selected from dimethylformamide, dimethylacetamide, acetonitrile,
tetrahydrofuran, methyl tetrahydrofuran, isopropanol, n-butanol, tert-butanol, dioxane, dimethyl
sulfoxide, N-methyl pyrrolidone and cyclobutanone. More preferably, the organic solvent is
isopropanol. Preferably, the molar equivalence of compound VII is between 0.8 and 5. More
preferably, the molar equivalence of compound VII is between 1 and 3. Preferably, the reaction
temperature is 80~160 °C.

Synthesis of the compound of formula IX from the compound of formula V and the compound of
formula VII:

F O OH o} F
HzN/j© . )ﬁ/f/k NH HNJ\N/\@
FsC o s’go o)\)\ £l
v Vil IX

The compound V reacts with compound VII in an organic solvent at 50~200 °C to prepare
compound IX. Preferably, the organic solvent is selected from dimethylformamide,
dimethylacetamide, acetonitrile, tetrahydrofuran, methyl tetrahydrofuran, isopropanol, n-butanol,
tert-butanol, dioxane, dimethyl sulfoxide, N-methyl pyrrolidone and cyclobutanone. More
preferably, the organic solvent is dimethylformamide, Preferably, the molar equivalence of
compound VII is between 1 and 10. Preferably, the molar equivalence of compound VII is
between 1 and 3. Preferably, the reaction temperature is 100~150 °C.

Compared with the prior art, the method has the following advantages:

1. The process is efficient and atom-economic.

2. The yield of the process is high. The cost of synthesizing elagolix and elagolix sodium is greatly
reduced.

3. The workup of the process is simple, the impurity removal is facile, and the purity of the
product is high.

The present invention provides a process for the preparation of compound X:
In a specific embodiment, the reaction conditions for each reaction step are detailed below:
Synthesis of the compound of formula X from the compound of formula IX:
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MeOQ\B(OH)z OMe
o} F 0 F r F .
HNJ\N HNJ\N XV
o)\)\ - OM\ - d i
FsC i FsC 07N °|=3c
X X1V X
The compound of formula IX reacts with N-iodosuccinimide to prepare the compound of formula
XIV. The compound of formula XIV reacts with the compound of formula XV to produce the

compound of  formula X using methanesulfonato|tri(tert-butyl) phosphine
(2'-amino-1,1'-biphenyl-2-y1)] palladium (II) as the catalyst.

Compared with the prior art, the present method has the following advantages:

1. N-iodosuccinimide is easy to handle in production.

2. Methanesulfonato][tri (tert-butyl) phosphine (2'-amino-1,1'-biphenyl-2-yl)] palladium (II) that is
used as the catalyst is less air and moisture sensitive than the combination of Pd(OAc), and

tri-tert-butylphosphine ligand, which makes the reaction more robust.

The present application provides a process for the preparation of compound XII and compound
XIII:

In a specific embodiment, the reaction conditions for each reaction step are detailed below:
Synthesis of the compound of formula XII from the compound of formula X and the compound of
formula XI:

OMe (R) Q
F Ph 0y OH Ph,,}lR) N om
F NHBoc X! J °
AN , BocHN o N
A F
(o] N o]
H F,C
3 F4C
X Xl

The compound of formula X reacts with the compound of formula XI under Mitsunobu reaction
conditions in the presence of an organic solvent to prepare compound XII. Preferably, the organic
solvent 1s selected from dichloromethane, toluene, 1,4-dioxane, tetrahydrofuran, methyl
tetrahydrofuran and mixtures thercof. More preferably, the organic solvent is tetrahydrofuran.

Synthesis of the compound of formula XIII from the compound of formula XII:

OMe OMe

Xl X

The compound of formula XII reacts under acidic conditions to prepare the compound of formula
XIII. Preferably, the acid is selected from methanesulfonic acid, hydrochloric acid, sulfuric acid,
trifluoroacetic acid and mixtures thereof. Preferably, the acid is hydrochloric acid. Preferably, the

8
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reaction temperature is 50~60 °C.

Synthesis the compound of formula XIII from the compound of formula X and the compound of
formula XI:

o
o
OMe Ph,®) ®)
E (" OH Ph, R Pha~N OMe
F X1 N OMe |
NHBoc " //j\ | E NH; N F
Za BocHN o7~N - o F
A, F
0“>N"o
H F3C FiC F4C

X X Xin

The compound of formula XIII can be prepared from the compound of formula X and the

compound of formula XI in telescope or continuous reaction without the separation of compound
XII.

Compared with the prior art, the present method has the following advantages:

1. Simplified reaction process, suitable for large-scale continuous reaction.

2. Avoid the use of potential genotoxic substances in the reaction process, making the process
environmentally greener and safer.
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DETAILED DESCRIPTION OF THE PRESENTLY PREFERRED EMBODIMENTS
Example

Example 1: Synthesis of compound II
F
FsC F OHC
o0
I n
To a round-bottom flask were added compound I (20 g), tetramethylethylenediamine (15.6 g),
diisopropylamine (0.6 g) and THF (200 mL). The mixture was cooled to -60~-78 °C. n-BuLi
solution 1n hexanes (53.5 mL, 2.5 M) was added at -60~-78 °C. The reaction mixture was stirred at
-60~-78 °C for 1h. DMF (13.4 g) was added at -60~-78 °C. After completion of the reaction, the
reaction mixture was quenched with saturated NH4Cl solution (100 mL). The layers were
separated. The organic phase was concentrated under vacuum. The crude material was purified by
silica gel column chromatography eluting with hexane to get compound II as yvellow oil (1.1 g, 4.5%
yield, 99.0% purity).

'H NMR (400 MHz, DMSO-d6) & 10.46 (s, 1H) 7.71 (m, 1H), 7.64 (d, J=7.6Hz, H), 7.44 (t,

J=9.2Hz, 1H).

Example 2: Synthesis of compound III
F F
F3c©/F L oucji> Mo
FsC F\C
1 | ]|

To a 100 L reactor were added THF (25 L), compound 1 (2.5 Kg),
tetramethylethylenediamine (1.95 Kg) and diisopropylamine (77.5 g). The mixture was cooled to
-60~-78 °C. n-BuLi solution in hexanes (4.55 Kg, 2.5 M) was added at -60~-78 °C. After the
reaction mixture was stirred at -60~-78 °C for 1 h, DMF (1.68 Kg) was added at -60~-78 °C. After
completion of the reaction, the reaction mixture was warmed to -40~-20°C. The reaction mixture
was poured into 20% AcOH aqueous solution. The layers were separated. The organic layer was
added hydroxylamine hydrochloride (1.27 Kg) and sodium bicarbonate (1.02 Kg). The reaction
mixture was stirred at 15~25 °C for 1 h. After the completion of the reaction, the reaction mixture

was added HCI solution. The layers were separated. The product was crystallized with EtOH/H>0

to give the product as off-white solid (2.27 Kg, 72% yield, 99.3% purity).
10
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IH NMR (400 MHz, DMSO-d6) § 11.94 (s, 1H), 8.22 (dd, 'J = 4.0 Hz, 2J = 2.0 Hz, 1H), 7.68-7.63

(m, 3H).
Mass: [M+H]": 208.1;

Example 3: Synthesis of compound IV

F F
HO. y = BocHN
— =
FsC FsC
In v

To a 20 L reactor were added MeOH (7.1 Kg), Raney Ni (100 g), di-tert-butyl dicarbonate (1.06
Kg) and compound III (500 g), the reactor was degassed three times and refilled with H, (0.3
MPa). The mixture was stirred at 20~40 °C under H; (0.1-0.3) MPa. After completion of the
reaction, the reaction mixture was filtered to remove Raney Ni. 1/25 of the filtrate was
concentrated to dryness. The crude product was purified by silica gel column chromatography
cluting with heptane/EA to give the product as a white solid (19.01 g, 95.05% vield).

'H NMR (400 MHz, CDCls) & 7.47 (d, J = 8.0 Hz, 1H), 7.43-7.38 (m, 1H), 7.32-7.29 (m, 1H),
456 (d,J=6.8 Hz, 1H), 1.45 (s, 9H).

Mass: [M-Bu+H]*: 238.1;

Example 4: Synthesis of compound VI

F F F
Ho -HCI
‘N7\/© BocHN H N
—_— —_—
F;C FsC F,C
m v vi

To a 20 L reactor were added MecOH (7.1 Kg), Raney Ni (100 g), di-tert-butyl dicarbonate
(1.06 kg) and compound III (500 g). The reactor was degassed three times and refilled with H»
(0.3 MPa). The mixture was stirred at 20~40 °C under H, (0.1~0.3 MPa). After completion of the
reaction, the reaction mixture was filtered to remove Raney Ni. The filtrate was concentrated to
1.5 L, and then added 30% HCI in EtOH (535 g). The mixture was stirred at 30~40°C for 3 h.
After the completion of the reaction, the solvent was exchanged to IPAC. The resulting suspension
was filtered to give the product as a white solid (482 g, 87% vyield). HPLC showed the ratio of

compound VI, impurity A and impurity B was 99.9: 0.1: 0.
Mass: [M+H]™: 194.1;

Example 5: Synthesis of compound V
11
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F F
-HCI
H,N H,N
F4C F3C
Vi v

To a mixture of H,O (2 L), MTBE (1.5 L) and compound VI (475 gin a 5 L reactor was
added 25% NaOH (331 g) dropwise. After the reaction complete, the layers were separated. The
aqueous layer was extracted with MTBE (1.5 L). The combined organic phase was washed with
H»0 and concentrated to dryness. The product was obtained by vacuum distillation as colorless oil
(367.9 g,92.1% yield).

Mass: [M+H]™: 194.1;

Example 6: Synthesis of compound V

F F
HO. = H,N
_—
FsC FiC
m v

To a 2 L reactor was added MeOH (1 L), Raney Ni (40 g) and compound III (200 g). The
reactor was degassed three times and refilled with H» (3.0~4.0 MPa). The mixture was stirred at
60~70 °C under H, (2.0-3.5 MPa). After completion of the reaction, the reaction mixture was
filtered to remove Raney Ni. HPLC showed the ratio of compound V, impurity A and impurity B

was 90.2: 0.9: 8.9.

Example 7: Synthesis of compound V

F F
oy
—_—
F,C FiC
]1] \"/

To a 250 mL reactor was added MeOH (100 mL), Pd/C (1 g), HCI (8 mL) and compound III
(10 g). The reactor was degassed three times and refilled with H>. The mixture was stirred at
60~70 °C under H, (2.0~3.0 MPa). After completion of the reaction, HPLC showed the ratio of

compound V, impurity A and impurity B was 97.7: 0.1: 2.2.

Example 8: Synthesis of compound VIII

E O OH OH CF;
S
HN™ N
FiC 0- 8" o 0~ "8 "0 F
\' Vil viil

12
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To a 100 mL round bottom flask was added isopropanol (50 mL), compound V (5 g) and
compound VII (5.33 g), the reaction mixture was heated to 80~90 °C for 3 h. After completion of
the reaction, H,O (100 mL) was added to the reaction mixture. The mixture was extract with DCM.
The organic phase was concentrated. The crude product was purified by silica gel column
chromatography to give the product as a yvellow solid (9.2 g, 98% vield, 98.0% purity).
1H NMR (400 MHz, DMSO) 6 12.91 (s, 1H), 11.66 (s, 1H), 7.73 (dd, J = 7.4, 4.5 Hz, 3H), 4.94 (d,

J=5.0 Hz, 2H), 2.69 (s, 3H).

Example 9: Synthesis of compound VIII

F O OH OH CF3
-HCI X,
HN™ ™~ N
F1C 0~ s~ S0 0~ 8" 0 F
Vi Vil Vil

To a 5 L reactor was added IPA (3.2 L), NaOH (70 g), compound VI (400 g) and compound
VII (358.7 g). The reaction mixture was heated to 80~90 °C for 2 h. After completion of the
reaction, the reaction mixture was cooled to 15~25 °C. The resulting suspension was filtered to

give the product as a light yellow solid (650 g, 104.5% yield, 98.9% purity).

Example 10: Synthesis of compound IX

OH CF, )ol\ F
10 0
o)’\s O F o)\)\
viil X

To a 100 mL round-bottom flask was added DMF (25 mL) and compound VIII (5 g). The
reaction mixture was heated to 120~130 °C for 8 h. After completion of the reaction, H,O (50 mL)
was added to the reaction mixture. The resulting suspension was filtered to give the product as a
light yellow solid (3.44 g, 82.5% yield, 98.0% purity).

'HNMR (400 MHz, CDCl3) 8 9.03 (s, 1H), 7.56 (d, J= 7.8 Hz, 1H), 7.46-7.41 (m, 1H), 7.30-7.25
(m, 1H), 5.61 (s, 1H), 5.38 (s, 2H), 2.17 (s, 3H).

Mass: [M+H]™: 303.1;

Example 11: Synthesis of compound IX

13



WO 2019/112968 PCT/US2018/063682

F O OH JOL F
+ —_—
o
FsC o s’go OMF ¢
3
v Vil IX

To a 50 mL round bottom flask was added DMF (5 mL), compound V (1 g) and compound
VII (1.07 g). The reaction mixture was heated to 140 °C for 0.5 h. After completion of the reaction,
H,0O (15 mL) was added to the reaction mixture at 50~60°C. The resulting suspension was filtered.
The cake was washed with EtOH (1 mL) to give the product as a white solid (1.05 g, 67% vield,

98.6% purity).

Example 12: Synthesis of compound X

B(OH)2

X

To a 50 mL round bottom flask was added AcOH (20 mL), compound IX (2 g) and
N-lodosuccinimide (1.5 g). The reaction mixture was heated to 50 °C for 1h. After completion of
the reaction, H,O (10 mL) was added to the reaction mixture. The resulting suspension was
filtered. The cake was washed with MeOH (4 mL). The solid was slurried with MeOH (20 mL) to
give the product as a white solid (2.3 g, 82% vield, 96.1% purity).

'H NMR (400 MHz, DMSO-d6) 6 11.75 (s, 1H), 77.67-7.61 (m, 1H), 7.59-7.50 (m, 2H), 5.39 (s,
1H), 2.56 (s, 3H).

To a 1.0 L reactor was added compound XIV (30 g), compound XV (13.1 g), acetone (90 mL)
and 14.4% KOH solution (113 g). The reaction mixture was degassed with Ny for 1h.
Methanesulfonato tri(tert-butyl)phosphine (2'-amino-1, 1'-biphenyl-2-yl) palladium (IT) (200 mg)
was added. The reaction mixture was stirred at 50 °C. After completion of the reaction, AcOH (8.4
g) was added. The resulting suspension was filtered. The cake was washed with H>O (60 mL) and
MeOH (120 mL) to give the product as an off-white solid (21.6 g, 72.3% vield, 98% purity).

'H NMR (400 MHz, DMSO-d6) 6 11.59 (s, 1H), 7.67-7.65 (m, 1H), 7.59-7.56 (m, 2H), 7.17-7.13

(m, 2H), 6.76-6.72 (m, 1H), 5.34 (s, 2H), 3.85 (s, 3H), 2.05(s, 3H).

Example 13: Synthesis of compound XII
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OMe (R)
F F (\ OMe
BocHN
Z N + R} OMs ——> o F
/& Ph
o H °F3c F;C
X XXV Xl

To a 50 mL round bottom flask was added DMF (9 mL), compound X (1.5 g), potassium
carbonate (1.22 g) and compound XXV (1.44 g). The reaction mixture was stirred at 55 °C for 16
h. After completion of the reaction, H,O was added to the reaction mixture. The mixture was
extracted with IPAC. The organic phase was concentrated to dryness. The crude product was
purified by silica gel column chromatography eluting with IPAC/heptane to give the product (1.65
g, 86% vield, 92% purity).

'H NMR (400 MHz, CDC13) & 7.58 (d, J = 7.9 Hz, 1H), 7.43 (m, 3H), 7.34 (t, J = 7.4 Hz, 2H),
7.31-7.23 (m, 2H), 7.16 (t, /= 8.0 Hz, 1H), 7.01 (t, /= 8.1 Hz, 1H), 6.86 (t, /= 6.9 Hz, 1H), 5.78
(t,J=8.4 Hz, 1H), 5.62 (m, 1H), 5.45 (m, 1H), 5.13 (m, 1H), 4.37 (m, 1H), 4.13 (m, 1H), 3.92 (s,

3H), 2.10 (s, 3H), 1.37-1.17 (m, 9H).
Mass: [M+H-Boc]" 546.1

Example 14: Synthesis of compound XII

OMe ® o
F Ph,®) P>~ OMe
F " OH )\
A N NHBoc XI BocHN o N
A — -
(o) N 0,
F5C
o FsC
X

Xl

To a mixture of THF (150 mL), compound X (10.0 g), compound XI (6.97 g), and PPhs (9.23
g) in a 250 mL round-bottom flask, diisopropyl azodicarboxylate (7.12 g) was added dropwise at

20~30 °C. After completion of the reaction, HPLC showed the desired product XII formed.

Example 15: Synthesis of compound XIII

OMe
F F PL®
NHBoc X! BocHN o//l\N

“~ "N
/& e —_— F _— F
0~ "N” ~0
FsC
Hoon FsC FsC

X

R
Ph,3 OMe
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To a mixture of THF (3.0 L), compound X (200.0 g), compound XI (139.1 g), and PPhs (184
g)in a 5 L reactor was added diisopropyl azodicarboxylate (142 g) dropwise at 20~30 °C. After 1
h, conc. HCI (187.6 g) was added. The reaction mixture was heated and stirred at 50~60 °C. After
completion of the reaction, the mixture was concentrated to 1 L. IPAC and potassium carbonate
aqueous solution was added. The layers were separated. The organic layer was added HsPO,
solution. The layers were separated. The aqueous phase was washed with TPAC for 3 times. The
pH of the aqueous phase was adjusted to 8~9 with potassium carbonate aqueous solution. The
mixture was extracted with IPAC. The organic phase was concentrated. The crude product was
recrystallized with IPAC/heptane to give the product as a white solid (210 g, 82.1% yield, 99.8%
purity)

'H NMR (400 MHz, DMSO-d6) & 7.67-7.65 (m, 1H), 7.59-7.53 (m, 2H), 7.29-7.25 (m, 4H),
7.20-7.14 (m, 3H), 6.76-6.61 (m, 1H), 5.35-5.33 (m, 2H), 4.12-4.10 (m, 1H), 3.96-3.89 (m, 2H),

3.86 (s, 3H), 2.10 (s, 3H).
Mass: [M+H]" 546.2,
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We claim:
1. A telescope process for the preparation of the compound of formula III from the compound

of formula I,
FaC F OHC I RO‘N¢\/(5

I Il ]

R=H, methyl or ethyl

comprising the steps of formylation of the compound of formula I in the presence of one or more
amines and an organolithium reagent to produce the compound of formula II, and reacting the
compound of formula II with hydroxylamine, O-methylhydroxylamine, O-ethylhydroxylamine or
their salts to produce the compound of formula I1I, wherein R i1s H, methyl or ethyl.
2. The process of claim 1, wherein the amine i1s selected from the group consisting of
tetramethylethylenediamine, diisopropylamine, diethylamine, di-sec-butylamine,
pentamethyldiethylenetriamine and the combination thereof.
3. The process of claim 2, wherein the amines are tetramethylethylenediamine and
diisopropylamine.

4. Aprocess for the preparation of the compound IV from the compound of formula III,

F

.
ROW?]@ _— BocHN/j@
F3C FiC
m

v
R=H, methyl or ethyl

wherein the compound of formula III is hydrogenated in the presence of a transition-metal catalyst
and di-tert-butyl dicarbonate under H, atmosphere to produce the compound of formula IV,
wherein R is H, methyl or ethyl.

5. The process of claim 4, wherein the transition-metal catalyst is Pd/C or Raney nickel.

6. A process for the preparation of the compound of formula V or its salt form from the reaction

of the compound of formula IV with an acid,

F F

BocHN/\/© — Hsz
FsC FsC

3 3
v v

7. The process of claim 6, wherein the acid is hydrochloric acid.
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8.  The process of claim 6, wherein the salt form is formula VI having the structure:

F

-HCl
H,N
FsC

3

Vi

9. A compound of formula IV having the structure:

F

BocHN/j@
FsC

3
v

10. A process for the preparation of the compound of formula IX from the compound of formula

VIII in an organic solvent

OH CF, JOJ\ F
HNSY SN — " N/\©
)\ o)\/K

0 8" "0 F FsC
Vil X

11. The process of claim 10, wherein the organic solvent is selected from the group consisting of
dimethylformamide, dimethylacetamide, acetonitrile, n-butanol, tert-butanol, 1,4-dioxane,
dimethyl sulfoxide, N-methylpyrrolidone, sulfolane and mixtures thereof.
12. The process of claim 11, wherein the organic solvent is dimethylformamide or
N-methylpyrrolidone.
13. A compound of formula VIII having the Z- or E- configuration or mixture of them:
OH CF3

70

o)\s 0 F
Vil

14. A process for the preparation of the compound of formula VIII by reacting the compound of

formula VII with the compound of formula V or its salts in a solvent

0 NH; F
Pl LT Eoand
o)
Vil Vil
15. The process of claim 14, wherein the solvent was selected from the group consisting of
dimethylformamide, dimethylacetamide, acetonitrile, tetrahydrofuran, methyltetrahydrofuran,
1sopropanol, n-butanol, tert-butanol, 1,4-dioxane, dimethyl sulfoxide, N-methylpyrrolidone,

sulfolane and mixtures thereof.
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16. The process of claim 15, wherein the solvent is isopropanol.
17. A one-pot process for the preparation of the compound of formula IX by reacting the

compound of formula VII with the compound of formula V in a solvent

o}
O OH NH, F HN
(E} )\ |
=~ “NH + — = O N
PN F
07 s o FsC
Vil v FsC

18. The process of claim 17, wherein the solvent is selected from the group consisting of
dimethylformamide, dimethylacetamide, acetonitrile, tetrahydrofuran, methyltetrahydrofuran,
1sopropanol, n-butanol, tert-butanol, 1,4-dioxane, dimethyl sulfoxide, N-methylpyrrolidone,
sulfolane, dichloromethane and mixtures thereof.

19. The process of claim 18, wherein the solvent is dimethylformamide.

20. A process for the preparation of the compound of formula X from the compound of formula

IX,
o E B(OH)z
oA T Sy

IX
comprising preparing the compound of formula XIV by reacting the compound of formula IX with
N-iodosuccinimide in the presence of acetic acid, and preparing the compound of formula X by
reacting the compound of formula XIV with the compound of formula XV wusing
methanesulfonato[tri (tert-butyl) phosphine (2'-amino-1,1'-biphenyl-2-yl)] palladium (II) as the
catalyst.
21. A process for the preparation of the compound of formula XII by reacting the compound of

formula X with the compound of formula XI in a solvent,

o}
OMe
R) ®R)
F F Pha2~on | Ph.. OMe
NHBoc BocHN )\
ZN
A F
07 N"o
H F3C FsC
X X

22. The process of claim 21, wherein the solvent is selected from the group consisting of
19
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dichloromethane, toluene, 1, 4-dioxane, tetrahydrofuran, methyltetrahydrofuran and mixtures
thereof.

23. The process of claim 22, wherein the solvent is tetrahydrofuran.

24. A process for the preparation of the compound of formula XIII by reacting the compound of

formula XII with an acid

0 [0}
(R) Ph R}
Ph":..'/\N | OMe “N | OMe
BocHN O)\N F NHZO N F
F F
F3C F3C

Xl X

25. The process of claim 24, wherein the acid 1s hydrochloric acid.
26. A one-pot process for the preparation of the compound of formula XIII from the compound

of formula X,

[o]
(o]
OMe Ph,,R) Ph, R}
OH (R) ",
F F » xi Phuo~y OMe " OMe
NHBoc )\ | £ NHz o~ F
A F
0 N o]
H FiC Fﬁ‘b FsC
X Xi X

comprising the Mitsunobu reaction of the compound of formula X and the compound of formula
X1 to produce the compound of formula XII, and an acidic deprotection of the Boc group to
produce the compound of formula XIII.

27. The process of claim 26, wherein the acidic deprotection is conducted with hydrochloric acid.
28. The process of making the compound elagolix or elagolix sodium comprising the steps of

claim 1,4, 6, 10, 14, 17, 20, 21, 24 or 26.
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