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(54) Title: SYNTHESIS AND USE OF KINASE INHIBITORS

(57) Abstract: An improved synthesis of a class of inhibitor of Focal Adhesion Kinase (FAK) is provided, wherein use of an ex­
pensive palladium-based catalyst is reduced and reaction yields and product purities are improved. Two key reactions of coupling
of aryl halides with anilines are optimized with the surprising discovery that the palladium-based catalyst can be dispensed with
entirely in one of the reactions. The invention also provides the use of the FAK-inhibitory compounds in the treatment of inflam­
matory and immune disorders and of arthritis.
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SYNTHESIS AND USE OF KINASE INHIBITORS

5 CROSS-REFERENCE TO RELATED APPLICATIONS

This application claims the priority of U.S. provisional application Serial 

Number 61/359,942, filed June 30, 2010, which is incorporated by reference 

herein in its entirety.

10 BACKGROUND

Compound SF-1 is disclosed and claimed in the PCT application, 

published as WO 2008/115,369, as a potent inhibitor of Focal Adhesion Kinase 

(FAK). Example 10 of the published PCT application provides the structure and 

a synthesis of compound SF-1, termed compound 6 therein.

15

20

The preparation of SF-1 was carried out in two steps from available 

precursor materials. In a first step 2-chloro-4-iodo-5-trifluoromethylpyridine 

was condensed with the N-methyl amide of anthranilic acid to provide 

intermediate SF-Int2A.

SF-Int2A

In the second step, SF-Int2A was condensed with o-methoxy-p-N- 

25 morpholinoaniline (SM3) to yield SF-1 in free base form.
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The free base form of SF-1 was subsequently converted to a hydrochloride salt 

and purified by recrystallization from dioxane.

Both couplings used the Pd2(dba)3 / xantphos system as catalyst. Pd2(dba)3 is 

tris(dibenzylideneacetone)dipalladium(0). Xantphos is 4,5-bis(diphenylphosphino)-9,9- 

dimethylxanthene.

The efficacy of this exemplary compound as an inhibitor of Focal Adhesion 

Kinase (FAK) has made scaleable, high-yield synthetic routes desirable for large scale 

production of the compound and closely analogous compounds that may also prove to be 

effective inhibitors of FAK.

Any discussion of the prior art throughout the specification should in no way be 

considered as an admission that such prior art is widely known or forms part of common 

general knowledge in the field.

SUMMARY
15 According to a first aspect of the invention there is provided a method of

synthesizing a compound of formula (I)

oct-k 
"" H

&

V-, ,-pYp N
j: \ ■

toW A'

wherein

R1 is independently at each occurrence alkyl, aryl, cycloalkyl, heterocyclyl, aryl,

20 or heteroaryl;
2 3 4R , R and R are independently at each occurrence alkyl, aryl, cycloalkyl, 

heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;
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R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

w is 0 to 8; 

x is 0 to 3; 

y is 0 to 2; and 

z is 0 to 4;

including any stereoisomer thereof;

comprising contacting a compound of formula (II)

h.N,

0

(0¾

ifomndit (ΪΪ)

and a compound of formula (III)

di-hydrochloride salt;

Formula (III)

under conditions comprising:

(a) a solution of compounds (II) and (III) in a liquid hydroxylic solvent of boiling

15 point higher than about 115 degrees C;

(b) the compound of formula (II) being present at a concentration of no less than 

about 0.4 M;

(c) the compound of formula (III) being present at a concentration about 10% 

higher than the concentration of the compound of formula (II);

20 (d) a temperature in excess of about 100°C;

(e) a duration of time of at least about 48 hours;
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(f) an absence of added bases;

(g) an absence of transition metal catalysts;

followed by precipitation of the compound of formula (I) by addition of a hydrocarbon 

to the hydroxylic solvent following cooling of the solvent to ambient temperature, then 

collection of the precipitated compound.

According to a second aspect of the invention there is provided a method of 

preparing a compound of formula (II)

Λ

it))

wherein R3 and R4 are independently at each occurrence alkyl, aryl, cycloalkyl, 

10 heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

y is 0 to 2; and 

z is 0 to 4;

comprising:

15 (a) contacting a compound of formula IV)

V “

.H,

δ

and a compound of formula (V)

Ύ

WN?,

in an ethereal solvent at about 80°C,

20 under conditions comprising:

(a) no more than about 0.5wt% Pd2(dba)3;

(b) no more than about 1.5wt% xantphos;

(c) no more than about 1.1 molar equivalents of Cs2CO3;
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(d) a concentration of the compound of formula (IV) of no less than about 0.5 M;

(e) a concentration of the compound of formula (V) of no less than about 0.5 M;

(f) for a duration of about 2-3 days.

According to a third aspect of the invention there is provided a compound of

5 formula (I) of the first aspect or a pharmaceutically acceptable salt thereof prepared by a 

method comprising the method of the first aspect.

According to a fourth aspect of the invention there is provided use of a 

compound of formula (I) of the first aspect in preparation of a medicament for treatment 

of an inflammatory or immune disorder, or arthritis.

10 According to a fifth aspect of the invention there is provided a method of

treatment of an inflammatory or immune disorder, or arthritis, in a patient comprising 

administering to the patient an effective dose of a compound of formula (I) of the first 

aspect at a frequency and for a duration of time to provide a beneficial effect to the 

patent.

15

20

According to a sixth aspect of the invention there is provided a compound of 

formula (II) when prepared according to the method of the second aspect.

Unless the context clearly requires otherwise, throughout the description and the 

claims, the words “comprise”, “comprising”, and the like are to be construed in an 

inclusive sense as opposed to an exclusive or exhaustive sense; that is to say, in the 

sense of “including, but not limited to”.

Embodiments of the present invention are directed to improved synthetic 

procedures for the preparation of compound SF-Int2A and its conversion to SF-1 

hydrochloride. In various embodiments, the invention provides method of synthesizing a 

compound of formula (I)
J??4’!
V

H
GCH-.

: v H

>*’■ X B..-X’ .p N \
Os,

\ ■JsRri.

wherein

R1 is independently at each occurrence alkyl, aryl, cycloalkyl, heterocyclyl, aryl, 

or heteroaryl;

25
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2 3 4R , R and R are independently at each occurrence alkyl, aryl, cycloalkyl, 

heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl;____
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5

w is 0 to 8;

x is 0 to 3;

y is 0 to 2; and

z is 0 to 4;

including any stereoisomer thereof;

comprising contacting a compound of formula (II)

f'R4'!

and a compound of formula (III)

10

15

under conditions comprising:

(a) a solution of compounds (II) and (III) in a liquid hydroxylic solvent of 

boiling point higher than about 115 degrees C;

(b) the compound of formula (II) being present at a concentration of no 

less than about 0.4 M;

(c) the compound of formula (III) being present at a concentration about 

10% higher than the concentration of the compound of formula (II);

(d) a temperature in excess of about 100°C;

(e) a duration of time of at least about 48 hours;

(f) an absence of added bases;

(g) an absence of transition metal catalysts;

followed by precipitation of the compound of formula (I) by addition of a 

hydrocarbon to the hydroxylic solvent following cooling of the solvent to 

ambient temperature, then collection of the precipitated compound.

20
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15

20

In various embodiments, the invention further provides a method of 

purification of the compound of formula (I), comprising:

(a) first, dissolving and partitioning the compound of formula (I) between 

aqueous base and a water-immiscible organic solvent, then separating a solution 

of the compound of formula (I) free base in the water-immiscible organic 

solvent;

(b) then, adding to the solution silica gel, and optionally anhydrous 

magnesium sulfate, and optionally activated charcoal, then separating the solid 

material from the solvent to provide a purified solution of free base;

(c) then, adding a hydrocarbon to the purified solution to cause 

precipitation of the free base; and

(d) then, collecting the precipitated free base of the compound of formula

(I).
In various embodiments, the invention further provides a method of 

converting the free base of the compound of formula (I) to a hydrochloride salt 

thereof by a process comprising:

(a) contacting a first alcoholic solution of the free base and a second 

alcoholic solution of hydrogen chloride, then

(b) adding a hydrocarbon to precipitate the compound of formula (I) 

hydrochloride salt; then

(c) collecting the compound of formula (I) hydrochloride salt.

In various embodiments, the invention provides a method of preparing a 

compound of formula (II)

(R4h

(R3)v (II)

wherein R3 and R4 are independently at each occurrence alkyl, aryl, 

cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

y is 0 to 2; and

25
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z is 0 to 4;

comprising:

(a) contacting a compound of formula (IV) 

(R4)7

nh2 O

and a compound of formula (V)
Cl

CF3

(R3)v

1010

in an ethereal solvent at about 80°C,

under conditions comprising:

(a) no more than about 0.5wt% Pd2(dba)3;

(b) no more than about 1.5wt% xantphos;

(c) no more than about 1.1 molar equivalents of CS2CO3;

(d) a concentration of the compound of formula (IV) of no less than 

about 0.5 M;

(e) a concentration of the compound of formula (V) of no less than about

1515

2020

(f) for a duration of about 2-3 days.

In various embodiments, the invention further provides recovering the 

compound of formula (II), following heating for a duration of about 2-3 days, 

comprising:

(a) filtering the ethereal solvent; then

(b) washing the filtrate with a water immiscible solvent to provide a 

filtered solution; then

(c) washing the filtered solution with aqueous base; then

(d) reducing the volume of the solution by about 90%; then

(e) adding a hydrocarbon to precipitate the compound of formula (II).

In various embodiments the invention provides a compound of formula

(I), such as SF-1, prepared by a method comprising a method of the invention.
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In various embodiments, the invention provides a use of a compound of 

formula (I) in the preparation of a medicament for treatment of inflammatory or 

immune disorders, or arthritis.

In various embodiments, the invention provides a method of treatment of 

5 malconditions involving inflammatory and immune responses, such as for

instance arthritis in its various forms, such as osteoarthritis and rheumatoid 

arthritis.

DETAILED DESCRIPTION

10 Definitions

As used in the specification and the appended claims, the singular forms 

"a," "an" and "the" include plural referents unless the context clearly dictates 

otherwise.

The term "about" as used herein, when referring to a numerical value or 

15 range, allows for a degree of variability in the value or range, for example,

within 10%, or within 5% of a stated value or of a stated limit of a range.

As used herein, “individual” (as in the subject of the treatment) means 

both mammals and non-mammals. Mammals include, for example, humans; 

non-human primates, e.g. apes and monkeys; and non-primates, e.g. dogs, cats,

20 cattle, horses, sheep, and goats. Non-mammals include, for example, fish and 

birds.

The term "disease" or "disorder" or "malcondition" are used 

interchangeably, and are used to refer to diseases or conditions wherein FAK 

plays a role in the biochemical mechanisms involved in the disease or

25 malcondition such that a therapeutically beneficial effect can be achieved by 

acting on the kinase. "Acting on" FAK can include binding to FAK and/or 

inhibiting the bioactivity of FAK.

The expression “effective amount”, when used to describe therapy to an 

individual suffering from a disorder, refers to the amount of a compound of the

30 invention that is effective to inhibit or otherwise act on FAK in the individual's 

tissues wherein FAK involved in the disorder is active, wherein such inhibition 

or other action occurs to an extent sufficient to produce a beneficial therapeutic 

effect.
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"Substantially" as the term is used herein means completely or almost 

completely; for example, a composition that is "substantially free" of a 

component either has none of the component or contains such a trace amount 

that any relevant functional property of the composition is unaffected by the

5 presence of the trace amount, or a compound is "substantially pure" is there are 

only negligible traces of impurities present.

“Treating” or "treatment" within the meaning herein refers to an 

alleviation of symptoms associated with a disorder or disease, or inhibition of 

further progression or worsening of those symptoms, or prevention or

10 prophylaxis of the disease or disorder, or curing the disease or disorder.

Similarly, as used herein, an “effective amount” or a “therapeutically effective 

amount” of a compound of the invention refers to an amount of the compound 

that alleviates, in whole or in part, symptoms associated with the disorder or 

condition, or halts or slows further progression or worsening of those symptoms,

15 or prevents or provides prophylaxis for the disorder or condition. In particular, a 

"therapeutically effective amount" refers to an amount effective, at dosages and 

for periods of time necessary, to achieve the desired therapeutic result. A 

therapeutically effective amount is also one in which any toxic or detrimental 

effects of compounds of the invention are outweighed by the therapeutically

20 beneficial effects.

A "salt" as is well known in the art includes an organic compound such 

as a carboxylic acid, a sulfonic acid, or an amine, in ionic form, in combination 

with a counterion. For example, acids in their anionic form can form salts with 

cations such as metal cations, for example sodium, potassium, and the like; with

25 ammonium salts such as NH4+ or the cations of various amines, including

tetraalkyl ammonium salts such as tetramethylammonium, or other cations such 

as trimethylsulfonium, and the like. A "pharmaceutically acceptable" or 

"pharmacologically acceptable" salt is a salt formed from an ion that has been 

approved for human consumption and is generally non-toxic, such as a chloride

30 salt or a sodium salt. A "zwitterion" is an internal salt such as can be formed in a 

molecule that has at least two ionizable groups, one forming an anion and the 

other a cation, which serve to balance each other. For example, amino acids 

such as glycine can exist in a zwitterionic form. A "zwitterion" is a salt within 

the meaning herein. The compounds of the present invention may take the form
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of salts. The term “salts” embraces addition salts of free acids or free bases 

which are compounds of the invention. Salts can be "pharmaceutically- 

acceptable salts." The term “pharmaceutically-acceptable salt” refers to salts 

which possess toxicity profiles within a range that affords utility in

5 pharmaceutical applications. Pharmaceutically unacceptable salts may

nonetheless possess properties such as high crystallinity, which have utility in 

the practice of the present invention, such as for example utility in process of 

synthesis, purification or formulation of compounds of the invention.

Suitable pharmaceutically-acceptable acid addition salts may be prepared 

10 from an inorganic acid or from an organic acid. Examples of inorganic acids

include hydrochloric, hydrobromic, hydriodic, nitric, carbonic, sulfuric, and 

phosphoric acids. Appropriate organic acids may be selected from aliphatic, 

cycloaliphatic, aromatic, araliphatic, heterocyclic, carboxylic and sulfonic 

classes of organic acids, examples of which include formic, acetic, propionic,

15 succinic, glycolic, gluconic, lactic, malic, tartaric, citric, ascorbic, glucuronic, 

maleic, fumaric, pyruvic, aspartic, glutamic, benzoic, anthranilic, 

4-hydroxybenzoic, phenylacetic, mandelic, embonic (pamoic), methanesulfonic, 

ethanesulfonic, benzenesulfonic, pantothenic, trifluoromethanesulfonic, 

2-hydroxyethanesulfonic, p-toluenesulfonic, sulfanilic, cyclohexylaminosulfonic,

20 stearic, alginic, β-hydroxybutyric, salicylic, galactaric and galacturonic acid. 

Examples of pharmaceutically unacceptable acid addition salts include, for 

example, perchlorates and tetrafluoroborates.

Description

25 Synthesis ofSF-1

The synthetic pathway to SF-1 that was selected involves two successive 

coupling reactions, as shown:
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Scheme 1: Overall Synthetic Route to SF-1

In the method disclosed in WO 2008/115,369 both coupling steps were 

carried out using the palladium transition metal catalyst Pd2(dba)3 / xantphos.

5 In various embodiments, the present invention provides an improved

method for the final synthetic transformation of a compound exemplary for 

formula (I), termed SF-1 (compound 6 of WO 2008/115,369), shown in Scheme 

2, below.

10 Scheme 2: Optimized Synthesis ofSF-1

ri"'% m
A Γ ::i «

I' X 

f V "
°

Ίϊ 4

.
j 2m

sngfiux 2-3day& I w Λ rLw Q

• a,

Y "<r

7727 J J J ,

I I 7

3) HEp&gte-BOAc

sr-»t2A ast-a
X-J s

SF-1 free bsse

Wt · 323.73
Gj
&8ot. Wt: 281.18

4) f.4-<taane
recrvsteSiEaScf; 3^5¾

SjteLWt: 501.50

In various embodiments, the invention provides a method of synthesizing 

a compound of formula (I)
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5

10

(R4)7

wherein

R1 is independently at each occurrence alkyl, aryl, cycloalkyl,

heterocyclyl, aryl, or heteroaryl;
2 3 4R, R and R are independently at each occurrence alkyl, aryl, cycloalkyl, 

heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

w is 0 to 4; 

x is 0 to 3; 

y is 0 to 2; and 

z is 0 to 4;

including any stereoisomer thereof; 

comprising contacting a compound of formula (II)
CR4!

15 and a compound of formula (III)

di-hydrochloride salt;

under conditions comprising:

(a) a solution of compounds (II) and (III) in a liquid hydroxylic solvent of 

boiling point higher than about 115 degrees C;
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(b) the compound of formula (II) being present at a concentration of no 

less than about 0.4 M;

(c) the compound of formula (III) being present at a concentration about 

10% higher than the concentration of the compound of formula (II);

5 (d) a temperature in excess of 100°C;

(e) a duration of time of at least about 48 hours;

(f) an absence of added bases;

(g) an absence of transition metal catalysts;

followed by precipitation of the compound of formula (I) by addition of a 

10 hydrocarbon to the hydroxylic solvent following cooling of the solvent to

ambient temperature, then collection of the precipitated compound.

For example, the hydroxylic solvent can be //-butanol, methoxyethanol, 

or ethoxyethanol. More specifically, the hydroxylic solvent can be //-butanol.

In various embodiments, the concentration of the compound of formula 

15 (II) can be about 0.5 M.

In various embodiments, the temperature can be about 118-166°C, i.e., at 

or near the boiling point of a hydroxylic solvent such as //-butanol, 

methoxyethanol, or ethoxyethanol. In various embodiments the reaction can be 

carried out at the reflux point of the hydroxylic solvent chosen.

20 Various hydrocarbons can be used to bring about precipitation of the

reaction product. For example, the hydrocarbon can be heptane.

In various embodiments, the yield of the compound of formula (I) can be 

at least about 75%. In various embodiments, the purity of the compound of 

formula (I) can be at least about 98%.

25 More specifically, the compound of formula (I) can be a compound of

formula

Accordingly, the compound of formula (II) can be a compound of 

formula
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or the compound of formula (III) can be a compound of formula

Coupling of the 2-chloropyridine derivative SF-Int2A with aniline 

5 derivative SM-3 (in the form of a stoichiometically defined dihydrochloride salt)

yields SF-1 hydrochloride, which is recovered as the free base form following 

workup. The free base was obtained in greater than 70% yield of 99% pure 

material prior to the final step of recrystallization from 1,4-dioxane. 

Recrystallization yielded material of greater than 99.5% purity in greater than

10 85% yield. Conversion to the HC1 salt was then carried out to provide the active

pharmaceutical ingredient in the form of a pharmaceutically acceptable salt.

Optimization of various parameters for this coupling reaction was studied. 

The art coupling reaction used the transition metal catalyst Pd2(dba)3 / xantphos 

in 1,4-dioxane solvent in the presence of Cs2CO3 base. The inventors herein

15 have unexpectedly discovered that use of an alcoholic solvent, rather than an 

ethereal solvent such as 1,4-dioxane, can bring about the coupling reaction in 

good yield and purity in the complete absence of any catalyst, particularly in the 

absence of the expense palladium transition metal catalyst Pd2(dba)3 / xantphos.

Investigation of alcoholic (hydroxylic) solvent with a range of boiling

20 points in excess of 100°C was investigated. Alcohols such as n-butanol, 

methoxyethanol, ethoxymethanol, n-hexanol, and cyclohexanol, and non­

alcohols DMF, DMSO, and diethyleneglycol dimethylether were investigated as 

reaction solvents. The SF-Int2A and SM-3 reagents were dissolved in the 

solvent at approximately 0.5 M concentration, with a 10% molar excess of the

25 SM-3, and the solvents were heated to reflux except in the cases of DMSO and
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DMF, where the reactions were heated to 135°C. Results are shown in Table 1, 

below.

Table 1: Study of solvent on yield of SF-1
Si) ia~! iA^S

$3s$4i Ss&s&re- fcSxfcx* SiSiiiSG SWA gSSiKSSSi
υλ-iS’ri N/A N/A N/A

2 135 5 2. ? «.BS 5: 24 21.12 ?§.? 19.29 0 / .Vi
3 124-325 35.57 77 34 3 63 4.3 S.7.17 7//O37A ■ua:
4 i? -Euisnei 3652 17.1.5 42.76 g 5 j· SI 46 isitaass 77ΪΟ777 r >«

DMF 153 3544 Is/ A 39 45 "5 ? T\'/A 3S5 11.44 in/A 36.56

5

10

15

20

25

30

As seen in Table 1, the three most favorable solvents were found to be n- 

butanol, 2-ethoxyethanol, and 2-methoxyethanol. In another experiment using 

cyclohexanol, n-hexanol, and diethyleneglycol dimethyl ether, lower yields were 

observed. In a separate experiment, little or no product was observed to be 

formed in DMSO or DMF. In the alcohols, there was no significant difference 

in product yield when the reaction was carried out under ambient atmosphere or 

under nitrogen gas atmosphere.

The reaction in n-butanol was carried out on a 40 gm scale; see Example 

1, below.

In various embodiments, the invention provides a method for further 

purification of the compound of formula (I), comprising:

(a) first, dissolving and partitioning the compound of formula (I) between 

aqueous base and a water-immiscible organic solvent, then separating a solution 

of the compound of formula (I) free base in the water-immiscible organic 

solvent;

(b) then, adding to the solution silica gel, and optionally anhydrous 

magnesium sulfate, and optionally activated charcoal, then separating the solid 

material from the solvent to provide a purified solution of free base;

(c) then, adding a hydrocarbon to the purified solution to cause 

precipitation of the free base; and

(d) then, collecting the precipitated free base of the compound of formula

(I).
In various embodiments, the aqueous base comprises aqueous carbonate, 

for example, 10% aqueous potassium carbonate. In various embodiments, the 

water immiscible solvent can be ethyl acetate, dichloromethane, or any mixture 

thereof.
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5

In various embodiments, separating the solid material (silica gel, charcoal, 

magnesium sulfate) can be carried out by a process comprising filtration or 

centrifugation, or both.

In various embodiments, the purified free base can be precipitated from 

the solution by addition of a hydrocarbon, such as heptane. The precipitated 

purified free base can be collected by a process that comprises filtration or 

centrifugation, or both.

In various embodiments, the free base of formula (I) is a compound of 

formula

10

15

20

In various embodiments, the yield of the compound of formula (I) can be 

at least about 70%, and the purity of the compound of formula (I) can be at least 

about 98%.

Accordingly, further purification of the crude reaction product, in 

particular to remove color bodies, can be carried out by treatment of a solution of 

SF-1 free base with solid absorbents. As shown in Scheme 1, below, a flow 

chart of an optimized synthetic process for decolorized SF-1 free base, the 

product resulting from the above-described reaction, believed to be a 

hydrochloride salt of SF-1 as existing in the reaction solvent due to the 

formation of an equivalent of HCI from the reaction, can be converted to free 

base form by partition between a water-immiscible organic solvent, e.g., ethyl 

acetate, and an aqueous base such as carbonate solution. The SF-1 free base, or 

the corresponding free base of a compound of formula (I), partitions into the 

organic phase. The aqueous phase can be backwashed with the same or a 

different water-immiscible organic solvent, e.g., dichloromethane (DCM).

Then, the combined organic phases can be dried and decolorized by 

treatment with silica gel, optionally with anhydrous magnesium phosphate, 

optionally with activated charcoal. For example, it was found that on a 40 gm 

scale (i.e., 40 gm of SF-Int2A), addition of about 200 gm of silica to the organic

25



WO 2012/012139 PCT/US2011/042169
15

extract described above, was effective in decolorizing the solution. Addition of 

about 40 gm activated charcoal improved the effectiveness of the decolorization, 

and 40 gm anhydrous magnesium sulfate could be used to thoroughly dry the 

solution. See Example 2, below.

5 An embodiment of an inventive method is shown in Scheme 3, below.

The two reactants are stirred together in a hydroxylic solvent such as n-butanol 

at reflex for 2-3 days. The progress of the reaction can be monitored by HPLC. 

Following completion of the reaction, the reaction mixture is cooled and a 

hydrocarbon such as heptane is added to precipitate the reaction product. The

10 precipitate is filtered, then is partitioned between a water-immiscible solvent 

such as ethyl acetate and aqueous base, such as potassium carbonate, to liberate 

the free base form. The aqueous phase can be further extracted with the same or 

different organic water-immiscible solvent, such as dichloromethane (DCM). 

The combined organic extracts are then treated with silica gel, for example with

15 about 5x the weight of the starting material of silica gel, which is then filtered to 

provide a decolorized solution of the SF-1 free base. Optionally, charcoal, 

and/or anhydrous magnesium sulfate, are added. Then, the solution is filtered, 

for example through Celite, and the solvent(s) removed from the filtrate to 

provide SF-1 free base.

20
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Scheme 3: Flowchart for SF-1 synthesis process

The SF-1 or other compound of formula (I) herein prepared by the

5 inventive method can be further purified by recrystallization. In various

embodiments of the invention, recrystallization is carried out in 1,4-dioxane.

The purification of SF-1 free base by recrystallization from 1,4-dioxane 

was evaluated using various ratios of compound to solvent, with respect to purity 

and yield of the recrystallized product. Individual procedures are shown in

10 Example 3, and Table 2, below, shows the yield and purity of the products 

obtained under the conditions specified in Example 3.

Table 2: Recrystallization of SF-1 free base from 1,4-dioxane
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As can be seen, variations in purity and yield were observed using 

variants of the 1,4-dioxane recrystallization procedures, and a higher purity was 

obtained using somewhat lower concentrations of the crude material in the

5 recrystallization solvent, with only a slight reduction in yield.

Conversion of SF-1 to its hydrochloride salt, and additional purification, 

were achieved according to various embodiments of the inventive method. In 

various embodiments, the invention provides a method further comprising 

converting the free base of the compound of formula (I) to a hydrochloride salt

10 thereof by a process comprising:

(a) contacting a first alcoholic solution of the free base and a second 

alcoholic solution of hydrogen chloride, then

(b) adding a hydrocarbon to precipitate the compound of formula (I) 

hydrochloride salt; then

15 (c) collecting the compound of formula (I) hydrochloride salt.

For example, the first alcoholic solution can be in ethanol, or the second 

alcoholic solution can be in isopropanol, or both. In various embodiments, the 

hydrocarbon can be heptane.

In various embodiments, the hydrochloride salt of the compound of 

20 formula (I) can be a mono-hydrochloride salt, i.e., a stoichiometrically defined

salt of a pharmaceutically acceptable identity.

In various embodiments, the hydrochloride salt of the compound of 

formula (I) can be further purified by recrystallizing the compound, for instance, 

from 1,4-dioxane. The compound of formula (I) hydrochloride salt obtained by

25 a method of the invention can of at least 99% purity, or of at least 99.5% purity, 

such as measured by HPFC area percentage. A recrystallization yield of at least 

about 85% can be obtained. The overall yield of formula (I) hydrochloride salt 

can be at least about 70%, with a purity of at least about 97%. The compound of 

formula (I) can be SF-1 hydrochloride, i.e., a compound of formula
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which is obtained in at least about 99% purity and at least about 60% overall 

yield based upon SF-Int2A.

Example 4, below, provides experimental details for the preparation of a 

5 hydrochloride salt of a compound of formula (I). Scheme 4, below, is a

flowchart of the embodiment of a hydrochloride salt preparative portion of a 

method of the invention.

Scheme 4: Flowchart for SF-1 hydrochloride process

SF-1 fiss base

HCHFA

SS

i He a! to reta

I Cfear so^on

.1
tSSf 15-30 in

Bep&ne Stir

) Cosi to r.t

) Stir 2-3 h

4:1 Heptanfi-BOH

Filter Elhanoi, IPAt Heptane

Wash Heptane-EtOH

Dry
...........

SF-1 HO

10
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Synthesis of SF-1 Analogs

5

In various embodiments, the invention provides a method of synthesis of 

other compounds of formula (I) analogous to SF-1.

For example, the inventive method can be applied to the synthesis of a 

compound of formula SF-2:

10

or any pharmaceutically acceptable salt thereof. More specifically, the synthesis 

of this kinase inhibitor can be carried out as detailed above for compound SF-1, 

provided that for compound SM-1, a compound of the following formula 

replaces SM-1 with SM-1 A in carrying out the first step as shown above in 

Synthetic Scheme 1.
F

H

CH3

nh2 O (SM-1 A)

This starting material can be converted to compound (II) as shown below, 

then converted to a compound of formula SF-2 using the methods disclosed and 

claimed herein.

Synthesis of SF-Int2A

In various embodiments, the invention provides a method of preparing a 

compound of formula (II)

15
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('R4'!

5

(R3)v (II)

wherein R3 and R4 are independently at each occurrence alkyl, aryl, 

cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

y is 0 to 2; and 

z is 0 to 4;

comprising:

(a) contacting a compound of formula (IV)

10

in an ethereal solvent at about 80°C,

15

20

under conditions comprising:

(a) no more than about 0.5wt% Pd2(dba)3;

(b) no more than about 1.5wt% xantphos;

(c) no more than about 1.1 molar equivalents of CS2CO3;

(d) a concentration of the compound of formula (IV) of no less than 

about 0.5 M;

(e) a concentration of the compound of formula (V) of no less than about

0.5 M;

(f) for a duration of about 2-3 days.

For instance, the ethereal solvent can be 1,4-dioxane.



WO 2012/012139 PCT/US2011/042169
21

In various embodiments, the method further comprises recovering the 

compound of formula (II) by a method comprising:

(a) filtering the ethereal solvent; then

(b) washing the filtrate with a water immiscible solvent to provide a

5 filtered solution; then

(c) washing the filtered solution with aqueous base; then

(d) reducing the volume of the solution by about 90%; then

(e) adding a hydrocarbon to precipitate the compound of formula (II).

For example, the water-immiscible solvent can be ethyl acetate.

10 For example, the aqueous base can be aqueous carbonate or bicarbonate.

For example, the hydrocarbon can be heptane.

In various embodiments, the compound of formula (IV) can be

H
N

NH2 O

In various embodiments, the compound of formula (V) can be
Cl I

N
15

20

CF3

In various embodiments, the purity of the compound of formula (II) can 

be at least about 99%, and the yield of the compound of formula (II) can be at 

least about 90%.

Exemplary experimental details are provided in Example 5, below.

In various embodiment, the invention provides a method of preparing a 

compound of formula (II) of the formula:

R5

SF-Int2A

accordingly to the procedures outlined below.
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Ό Psijisfcfi); (8.5

Xaripfios (1.5 snoTS) if'Y
Λ
Ό. + Chi

Y2 O
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T
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'a

2)sq. KaCS, aj. fstaHCQj
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W: 507.44 m.W’ 550. is
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Md. Wt.: 329

It was surprisingly discovered by the inventors herein that the selection 

of base used in the reaction greatly influenced the time to reaction completion. 

Table 3, below, shows time points in a comparison study of CS2CO3 and K2CO3

5 (both solid and aqueous) in the coupling reaction of SM-1 and SM-2A.

Table 3: Time course of coupling reaction in presence of various bases

Titse K£0s Α.φ»θβ«$ K;C Oj
Yield) (% Yield) (% Yield)

3 h 06.5 14 24
IS k 100 61.4 49
42 h N/A 92 60
66 h XA 100 69

As can be seen, conversion is surprisingly complete using Cs2CO3 after only 18 

hours, while solid K2CO3 requires 66 hours, and the reaction is only about 69%

10 done after 66 hours with aqueous K2CO3.

Further studies were conducted to example the molar ratio of Cs2CO3

base to starting material SM-1. Tables 4a and 4b respectively show the yield and 

purity of product SF-Int2A at time points 3 hours and 18 hours over a range of 

relative molar quantitites.

15 Table 4a: Conversion of SM-1 at 3 Hours with Various Molar Quantities of 

Base

Earry
Ratio

SU4 : CXiCQs
Reaetia®
iitne (fa)

Pradait <$fc)
SAIA
<«•6)

Imparity

la 3 1,0 3 97 S 1.5 0.65
2a 1 ■> qj 3 97.7 1.0 0.82
3s 1 1.4 3 96.4 0.88 2.20
4a 1 1.-6 3 95.0 1.0 3,11
5a 1 1.8 3 943 0.86 4.85
6a 1 2.0 3 96..2 0.96 2.85
7a 1 2 2 5 93.4 1.47 S.2
8a 1 2.4 3 79 2 0 20.7
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Table 4b: Conversion of SM-1 at 18 Hours with Various Molar Quantities of 

Base

Estry
Ratio Reaction

tiiae (k)
Product

SM-1 Imparity

lb l 1,0 18 95.4 0.45 4.2
2b 1 1.2 18 87.6 0 .12..4
3 b 1 1.4 18 91.15 0 ii :-7-
4b 1 1.6 18 90.18 0 9.82
5b 1 1.8 18 88.89 0 11.11
6b 1 2.0 18 90.67 O 9.32
7b 1 2 2 18 76.47 0 23.52
8b 1 2..4 18 76.48 0 23.52

Experiments were conducted to determine the minimum molar ratio of 

catalyst to reactants under the reaction conditions previously examined.

Referring to Table 5, entries la-5a, and lb-5b correspond with the short time and 

longer time points of reactions in Tables 4a and 4b with varying amounts of

10 CS2CO3 and the mole% of catalyst shown. Time points are at 4 hours and 18 

hours.

Table 5: Screening of Catalyst Mole%

ιιίβιιι Ratio Reaction Product SM-1 Impurity*

S.M-1; Pd catalyst time (li) ί»

iv?· 2 4 96· X L V 0.9
1 mol% 4 84 36 0,7

3s 0..5 inol% 4 63 36 0.7
4s 0,1 4 94** 0

0,05 mol % 4 10 90 0
lb 2 mol % 18 88 0 12
2b 1 mol % IS 95 0 5
3b 0,5 mol % IS 97 0 3
4b 0.1 mol % IS 17** S3** 3.
5b 0,05 mol % IS 137 0 12

*Note: impurity = RS.T 0,77
The conversion was low due to a problem with stirring in this experiment.

In Tables 5 and 6, the second column indicates the mole% of the Pd2(dba)3 /

15 xantphos catalyst system per mole of SM-1.

The results indicate that no significant advantage in yield or purity is

achieved when using in excess of 0.5 mol% of the Pd2(dba)3 / xantphos catalyst 

system in this conversion.
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Table 6 shows a second series of experiments using 0.5 mol% and less of 

the catalyst system in this conversion, using 1 molar equivalent CS2CO3 in 

dioxane.

Table 6: Product Yield and Purity versus Catalyst Ratio

Entry
Rati®

SAI-1? Pd catalyst

Start!®»

time fh)

Pr&dacf
IIB

SM-1

(¼)

Imparity*

{%>

fa 0,50 mol% 14 96,47 2,58 0,94
2;· 0.25 mol% 14 95.46 4.54 X/A
3 a 0.10 % 14 84,69 15.3 X A
lb llllillllll llllllil!
2 b 0.25 mol% 24 98,0 i.88 N/A
3 b 0.30 mo 1 % 24 91,67 8,33 X A

Yields and purities are seen to drop off somewhat when reducing the 

amount of catalyst below 0.5 mol%.

Table 7 shows the results of a solvent selection study.

Table 7: Effect of Solvent Selection on Product Yield and Purity

Eatsy
Reaction

ilj»®· 00

Yield (NO of

FmdseP
llillllllll Iiapttritirs

la 1,4-Dioxaae 3 94 5.8 0
2a «-Butanol 3 79 0 21
3a Efcyiene .glycol 3 0 0 100’
4a DMF 3 65 35 0
5a DMSO- 3 58 25 141
lb 1,4-Dioxane IS 88 0 12
2b «-Butanol 18 2.9 56.5®
3 b Ethylene glycol 18 N/A N/A N/A
4b DMF 18 7S .13 ir
5b DMSO IS 87 0 12

At a 3 hour time point, reaction in dioxane is virtually complete, and is very 

clean, while reactions conducted in solvents //-butanol, ethylene glycol, DMF, 

and DMSO give lower yields and higher levels of impurities.

A detailed synthetic procedure using these parameters is provided in 

15 Example 5, below.

In various embodiments, the invention provides a compound of formula 

(I) of claim 1 or a pharmaceutically acceptable salt thereof prepared by a method 

comprising a method of the invention. For example, an embodiment provides 

the compound of formula
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or a compound of formula
F

or a pharmaceutically acceptable salt thereof. More specifically, the 

5 pharmaceutically acceptable salt can be a hydrochloride salt.

Use of SF-1 and Analogs in Treatment of Inflammatory and Immune Disorders 

and of Arthritis

The inhibition of Focal Adhesion Kinase (FAK) is believed by inventors

10 herein to be an effective therapy in the treatment of an inflammatory or immune 

disorder, or arthritis.

Accordingly, various embodiments of the invention provide the use of a 

compound of formula (I) in preparation of a medicament for treatment of an 

inflammatory or immune disorder, or arthritis.

15 In various embodiments, the invention provides a method of treatment of

an inflammatory or immune disorder, or arthritis, in a patient comprising 

administering to the patient an effective dose of a compound of formula (I) at a 

frequency and for a duration of time to provide a beneficial effect to the patent. 

For example, the compound of formula (I) can be
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Ο

or a pharmaceutically acceptable salt thereof.

5

Examples

Example 1: Synthesis ofSF-1 in n-butanol

©Fifeps? LstS ...«5 SF&SA ϊ???-5$-ί3 ■ξ·\·\'"! s 131.32 4&S&

3 SSl.lS II 115-? st-’s

js-SaisKSil 7*4\'
4 BsSbss 4SS
5 SOAc 183
5· Hsssis&e I®
5 Hcisaae 183
$ ΈίΟΑί. n®
& K.C'2; L-lfr ®SuSI .£4

$ IVsre? IS.-SI
& 5UA 13$ 31 NF.£·»

S: scm sss
bi ίΧκδΐ: NF•fv

is iikiiO) 4®
Silks ;gel

Os&ts
? ? Effik H®
Y? DCSi w
14 sfepfise

Hejssss 583
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Piccwasfe

Op=
1 Charge SF-InilA (40 gv 121 nunoi)., SM-3 (37.52 g., 153 mnsol) saidw-Wfcasscd 040 mL).
.2 Hesi foe ssaixtraste te gentle jeflun for 2-3 <§ays sinder fotween atmasphere.
5 Check tbe readies by HPLC. After ISh, foere war 15.01% SF-Int2A left.

A&ea· 4$ how. there was .3.0S% SF-IfolA lefo
4· Coed doww fo 15-25 C., Shr foe mixfore ovarjiight. Charge heptane (4S0 ml ·). Sfar foe .ofoshase

3t rsscm ieraperafors for about 1 how.
S FiiSertes pcssipitets fos'sssed, Wasfr ted» wiih EtOAai'fesgiaa&t l·: L 268sssL) sad ffesss 

hsprsna (ISS mL).
6 CkHge-tee cs&e with 12SS ml. ofESOAc ss4 16% ssj.. KjCGN (SSS mL) to tee issctm·.
7 Sspstato tee htyera. Keep iha sqseoro lars .in tee isaetss..
s Chaigs· 20 § «if KnCO$· ps<wd«r fo fos reactor, Stir wfol shear. CLssge 000 mL of DCM to- the 

reactor.. Sfo foe mhstwre for 10-20 awn.
Separate foe layers, Ctsnfofoe foe organic layers.

•i.G Cherge 40 g of Cfosic&ai and 40 g of MgSO.^. and 200 g of silks gel to foe organic layer.
55 Sfo foe organic layej at gesj.de redrs.x. peer; for ahofo 30 mm.

ijpx QjRfS’ssSsts
•57 Coal foe mixftire dwa to rccas Semperahms sad dlSar through Cefoe pad (50 g). Wash foe cfoe 

with EtOAc.DCM ¢3.2.. 2000 mL),
S3 DhO the ^eSveEt to -266 to 256 mL of tote» left.
14 Ch.jE,se bepfcres (6SS mL) wite sUs.
1.5 Cad. tee ssixtate to rooxa sempeiaim® wite stetx&g. Stir tee j&testsrs si it ovenssgki.
16 Filter foe precipitate fanned and wash foe c.foe wifo heptane: (3 00 mL).
57 Dry foe cake to givarL-e is 44 g (72.5%) sf jeilsiy powder.

HPLC 1779-7&47S: Pwiiy $O%. '

5

gesj.de
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Example 2: Decolorization of SF-1 free base

Procedure A::

Op* Ο'ΡΦϊ'&ίϊΦ'ίδ
1 Charge SF-1 HCI (2 gl, EtGAe (S0 ail. Sample Sore 1779-58-5
·> Charge 30 asL of 10% KjCQ.i aqueoas; solution to the issstos 

’AH& 5&I2BS. CoEtiPUe fo .S&T the STElAie &f 1 to .2 §tott££.
3 Sapasaie As layers. Keep Ae «ggtois foyer ia Ae reactor.
4 Charge 2 g of MgSO4 and 20 g of folnsa gel io Ae resstor.
S Ckapgs AchissrsmeSbase (40 mL) to A« reactor.
6 Heat the tAstore to 58 X' for 30 min.
7 Loxd to 15-25 C.
s FAs? Arasg&Cs&ie (.5 g}. Wash Aecake wife 50 ssL of 

saixtore DCMiEeXAo (2;3).
9 .Distill ik« scdvanS is 5-7,5 naL. Add bsplsas {25-32.5 mL.) io $be 

resd-a?.
3.9 Cool AejsA&se to 15-2.5 ''C. Shrike nActore for 2-3 hours.
Π Filt+r tbs psaespitats formed. Wash dis £5&e with hepSsae {20 

erL;
3.2 Diy Ae safe under vacirere to give 1.0 g of ye&sw solid, yield. 

:575(,. ptaiiv 98.7%.

Roseto B:

Of.= OW'oifoa
1 Charge SF-1 HCI (2 a). 2tOAs (S8 mL). Sample Sore 1773-5S-5

·> Ch.3i’:ge 3$ ml_. of 1 ¢3% KAΌ·; a^oeous: sobaitmi io the raagtsr 
'With. i-OEil3aK5S ίθ :'.'tlT tbit ISITStS&l'S ΪΟΤ 1 2 .b&UT&.

i Separate Ae foyers.. Kesjs the asgardc layer as Ae reaelor.
4 Charge 2 ssfMsSC^ sn-d 2 ,s of oharoo.31 to die tascra?.
5 Heat the mixture to 58· X for 30 min.
6 Ccel Ae reixtore to 15-2:5 X.
7 Filter through Cekta (5 g), Wash Ae cake with EtOAo (SO.asL),.
S Dili A Ae soheni to 5-7.5 mL. Add heptane <25-32.5 mL) fa Ae 

rsaeior.
9 Cool Ae asAdsse to 15-25 "C. Sir the mixture for 2-3 hours.
10 F2te? tbs p-reeipitats iorsiied. WssE die cj&S: with bepSssie {20 

atL)..
11 Day die eabs raider vaeassaa ts ;Eivs i 2 g of yield a-shd, yieJd 

$0¾... jairaity

FroeetoC:

Op* ;ββββββββΒβ·ββββββββ§
1 Class SF-1 HCI ¢2 a).. EiOAs {«δ tot). Ssiiipi* ffi5:Sis I77?-5S-5
7 Charge aOsfLoi i®% Κ£<% .uyaeoii·; sohrirctu to Ae leaefor 

xsA s&rAg. CcAAse to stir tire, sriuSirre for 30 sain to l hoor.
3 ^e-pjfstite- the .layers. Keep die atgasds? lave? ιώ die
4 Charge 2 g ssfhigSOj and 1 g. of charcoal as&s&ca gel (10 g} to 

the rexctor.
S Charge dtsbi-m’-omstksne (40 soL) ts die seaeaos.
6 Fieafc &e laaiaiati'e is 50 *C far f S mro.
■7 Cool Aeresstete to 15-25 X.
s Filter through Celrts <5 g) . Wash. Ae cafe with. 50 AL of 

retotare EiOAe/DCM (3:2)..
9 Si-jtiii Ae sofceai to 5-7.5 mL. Add heptaae (25-32.5 jeL) to Ae 

issctos.
IS €«a®3 Ae mixture to 15-25 X. Sar Ae mixtore for 2-3 hour's.
11 Filter Ae presdprtoto formed. Wash Ae cahe with heptane (2S 

mL).
12 Dry Ae oafce under vesastre to give 1.25 g of gjsy solid, yield 

74%. purity 98,.3%.
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As procedure C was found to be the most effective, it was scaled up for 

further study.

Modified Prseettee € (10 g. scale)

Ops ?<««■

2 Charge SF-I ΐ 1& gs.. ΕίΟΑε sjiL). Sampfa fam S779-58-5
Charge § ?£ a^L sf 13% asyaeoax sahshas;. fea the saastor wife.
:5:&ΪΪ1Ή£.. CoSStaSSJ? r>3 StiS;- the ΙΙϊΐχΠΙΪ € 1 && 2 h'SSSi 'S .

3 Separsle ihs layers. Save fine sigaeis? layer.
4 Charge 5 g of KjC/CC to Sts a^reaste Uyer. Charge dishlor'sunathane 

{20® mL} to she-reactor. Ssh she mixture far IS So 3® raimites.
Separate she teyes;,, and charge fee organic iryes's. to She reactor..

5 Chaigs 1® g of MgSOa and 5 g -of ehaseaal sad xih.c.3 gel (25 g) So 
the comhised organic 'byert in firs reactor.

6 Heat the seosstore to 4® far 3® rssis.
7 Cool &e rsssxtere to 15-25 X.
8 Filter fcosrgh Ceiite (20 g). Wash ihe caifce »*s& 5®® aL of Bssxtooe 

StGAeDCM 0:2(

5

OjWSft'aSiiSK:
8 Distia&e5®ίν®ώ to-25-37.S ssrL. Add heptesre 025-162.5 mLj to

t&s reactor .
1® Cool the rssixtote to 15-25 '42. Stir' the minSme fer 2-3 homy,
IS Filter tire pseeaparaie feynse-L Warn the yreiii Legjbme §8 aaL).

HPLC 1779-^9-1 IL ‘
12. Dry She cafes wetor vacssanr to gh« 7.1 g of gray ssh-d. yield 8d%. 

parity 98.751. HPLC: 177M3-22S ’ " '

10
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Example 3: Recrystallization from 1,4-dioxane

Procedure 1. Ratio of 1:2 (w/v) SF-1 free base to 1.4-dioxane

1, Charge SF-1 free base (1 g. 1779-76-17) and 1,4-droxane (2 mL·).
2, Heat the mixture fa SO eC to give a clear solutiaa,
3, Cool the mixture to 15-25 °C and stir at this temperature for 2-3 hours.
4, Filter the precipitate formed.
5, Dry the compound to give a yellow solid (0.98 g, 98%). Purity, 98.32 A%, 

Procedure 2. Ratio of 1:3 (w/v) SF-1 free base to 1,4-dioxane

1. Charge SF-1 free base (2 g. 1779-76-17) and 1,4-dioxane (6 mL).
2. Heat the mixture to SO °C to give a clear solution,
3. Cool the mixture to 15-25 °C and stir at this temperature for 2-3 hours.
4. Filter the precipitate formed. Wash the cake with 1,4-dioxane (6 mL).
5. Dry the compound to give an off-white solid (1.94 g, 97%). Purity, 99.12 A%.

Procedure 3. Ratio of 1:5 (w.M SF-1 free base to 1,4-dioxane

1. Charge SF-1 free base (2 g, 1779-76-17) and 1,4-dioxane (10 mL·).
2. Heat the mixture to SO eC to give a clear solution,
3. Cool the mixture to 15-25 °C and stir at this temperature for 2-3 hours.
4. Filter the precipitate formed. Wash the cake with 1,4-dioxane (19 mL).
5. Dry the compound to give an off-white solid (1.86 g, 93%). Purity, 99.47 A%.

Procedure 4. Ratio of 1:8 (w/v) SF-1 free base to 1,4-dioxane

1, Charge SF-1 free base (1 g. 1779-76-17) and 1,4-dioxane (S mL).
2, Heat the mixture to SO Ύ to give a dear solution.
3, Cool the mixture to 15-25 °C and stir at litis temperature for 2-3 hours,
4, Filter foe precipitate formed. Wash foe cake with 1,4-dioxane (10 mF.).
5, Dry foe compound to give a white solid (0,89 g, 89%). Purity, 99.76 A%,

Procedure 5, Ratio of 1:10 (w/v) SF-1 free base to 1,4-dioxane

1. Charge SF-1 free base (1 g. 1779-76-17) and 1,4-dioxane (10 mL).
2. Heat the mixture to 80 eC to give a dear solution,
3. Cool the mixture to 15-25 °C and stir at this temperature for 2-3 hours.
4. Filter the precipitate formed. Wash the cake with 1,4-dioxane (10 mL)
5. Dry the compound to give a white solid (0,87 g, §7%). Purity, 99,76 A%,

Example 4: Preparation of hydrochloride salt

A 20 gm scale synthesis was conduct by acidification of SF-1 free base

dissolved in ethanol with HC1 dissolved in isopropanol, followed by 

10 precipitation with heptane. The SF-1 HC1 salt product was obtained in 84.8%

yield and 99.5 A% purity as determined by HPLC.
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Of h&tWiai iOwas- mv BiW-1 V StaU
SF-ifeehsse ί 775--57-255 50S.5 i 39.S3 20.00

1 HCi in IPA 1.0 3§.§§
5 EiOH 293
3 HepSasse S0>3

ΕίΟΗ 4C
5 Eeptsae 16-u

Procedure

Op# Opera tie®
1 Charge EtOH i’29S aL) aedHGlin IPA (3.4 N. ILS mL. 1 eq).
-} Charge SF-1 free base <20 ¢, 40 mmtil’i.
3 Heat the naxtBre to· gentle reflux to give a dear solution. Stir the mixture for 15­

30 nain at this p-omt. Charge heptane (500 mL} with stirring.
4 Cool down to 15-25 ®C. Stir the msOure for 2-3 hours.
5 Filter the precipitate fanned. Wash the cake with EOH-heptane (1:4, 200 mL).
δ Drr&e compound. 18.2 g <84.8 % viekfl 39.5 A%
7 Check XSPD (Ϊ 779- 10S-GS)

tianii-

W-

W·

435·

23S-

-|---1-- 1—I--- 1--- 1- T-1-
S •s

“Ί-12 “Ί-IS

5
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Example 5: Synthesis of SF-Int2A

SF-Int2A was synthesized on a 200 g scale. The materials used are listed below. The 
product was obtained in 91% yield wife 99 A% purity.

Kip & Yfa&mi Name innifrl VpaL)
1 SM-1 to/44 I 0.65 200.00
1 SM-2A 150.18 1 0.65 97.70
1 CyCOj 325.82 1 0.65 211.96
1 1,4-di oxime SS ii 1200
7 ?dj5bv. ::>5; .7 0.005 0.003253 2.38
2 578.63 0.015 0.0098 5.65
5 Celite 50.00
5 EtOAc 2400

6,6 18%-NaCi 1200
7, 7 7%NaHCOj 1200

S 10%NaCS 600
10 Heptane 3000
12 Heptane 600

Procedure

Op* Qpmt&tes
1 Charge 200 g (0.65 tad) of SM-L, 97.7 g (0.65 ιππιοΐ) of SM-2A,

‘211.96 g (0.65 mmol) of Cs2CO3, and 1 .,4-dioxane ¢1200 mL).
7 Charge Pd;(dba)5 (2.98 g) and Xastphos (5.65 g).
3 Heat the mixture for 2 - 3 days.
4 Monitor fee reaction wife HPLC. After 45 hours, there was 0.52% of

SM-1 left
5 Coo! fee mixture down to room temperatore. Filter through a pad of

Celite (50 g). Wash the cake wife EtOAc (2400 mL).
6 Wash the organic layer wife 10% NaCl ¢2 x 600 mL).
7 Wash fee organic layer wife 7% NaHCGj (2 x 600 mL).
8 Wash the organic layer wife 10% NaCi (600 mL).
9 Distill the solvent to around a volume esf 350-400 mL- left.
10 Charge 3000 tsL of heptane wife sfirriag.
11 Cool down to room temperature and stir the mixture overnight.
12 Filter fee precipitate formed and wash tire cake wife heptane (650 mL).
13 Dry fee compound under vacuum to give 195 g, yield 91%. Purity 99%

All patents and publications referred to herein are incorporated by

5 reference herein to the same extent as if each individual publication was 

specifically and individually indicated to be incorporated by reference in its 

entirety.

The terms and expressions which have been employed are used as terms 

of description and not of limitation, and there is no intention that in the use of

10 such terms and expressions of excluding any equivalents of the features shown 

and described or portions thereof, but it is recognized that various modifications 

are possible within the scope of the invention claimed. Thus, it should be
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understood that although the present invention has been specifically disclosed by 

preferred embodiments and optional features, modification and variation of the 

concepts herein disclosed may be resorted to by those skilled in the art, and that 

such modifications and variations are considered to be within the scope of this

5 invention as defined by the appended claims.
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CLAIMS

What is claimed is:

5

10

15

20

1. A method of synthesizing a compound of formula (I)

(R4)7

wherein

R1 is independently at each occurrence alkyl, aryl, cycloalkyl,

heterocyclyl, aryl, or heteroaryl;
2 3 4R, R and R are independently at each occurrence alkyl, aryl, cycloalkyl, 

heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

w is 0 to 8; 

x is 0 to 3; 

y is 0 to 2; and 

z is 0 to 4;

including any stereoisomer thereof; 

comprising contacting a compound of formula (II)

I'R4!

(R3)v

Formula (II)
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1010

1515

2020

and a compound of formula (III)
OCH3

nh2

'x

(R1),

di-hydrochloride salt;

Formula (III)

under conditions comprising:

(a) a solution of compounds (II) and (III) in a liquid hydroxylic solvent of 

boiling point higher than about 115 degrees C;

(b) the compound of formula (II) being present at a concentration of no 

less than about 0.4 M;

(c) the compound of formula (III) being present at a concentration about 

10% higher than the concentration of the compound of formula (II);

(d) a temperature in excess of about 100°C;

(e) a duration of time of at least about 48 hours;

(f) an absence of added bases;

(g) an absence of transition metal catalysts;

followed by precipitation of the compound of formula (I) by addition of a 

hydrocarbon to the hydroxylic solvent following cooling of the solvent to 

ambient temperature, then collection of the precipitated compound.

2. The method of claim 1 wherein the hydroxylic solvent is n-butanol, 

methoxyethanol, or ethoxyethanol.

3. The method of claim 1 wherein the hydroxylic solvent is n-butanol.

4. The method of claim 1 wherein the concentration of the compound of

formula (II) is about 0.5 M.

5. The method of claim 1 wherein the temperature is about 166-118°C.

6. The method of claim 1 wherein the hydrocarbon is heptane.

30
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7. The method of claim 1 wherein the yield of the compound of formula (I) 

is at least about 75%.

8. The method of claim 1 wherein the purity of the compound of formula (I) 

5 is at least about 98%.

10. The method of claim 1 wherein the compound of formula (II) is a 

compound of formula

wherein R5 is methyl, 

or a compound of formula

15
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Λ
F

Η

Cl

CH3

11. The method of claim 1 wherein the compound of formula (III) is a compound of

formula

1010

1515

12. The method of claim 1, further comprising purification of the compound of 

formula (I), comprising:

(a) first, dissolving and partitioning the compound of formula (I) between 

aqueous base and a water-immiscible organic solvent, then separating a solution of the 

compound of formula (I) free base in the water-immiscible organic solvent;

(b) then, adding to the solution silica gel, and optionally anhydrous magnesium 

sulfate, and optionally activated charcoal, then separating the solid material from the 

solvent to provide a purified solution of free base;

(c) then, adding a hydrocarbon to the purified solution to cause precipitation of 

the free base; and

(d) then, collecting the precipitated free base of the compound of formula (I).

13. The method of claim 12 wherein the aqueous base comprises aqueous carbonate.

14. The method of claim 13 wherein the carbonate is potassium carbonate.

15. The method of claim 12 wherein the water immiscible solvent is ethyl acetate,

dichloromethane, or any mixture thereof.



WO 2012/012139 PCT/US2011/042169
38

16. The method of claim 12 wherein separating the solid material comprises 

filtration or centrifugation, or both.

5 17. The method of claim 12 wherein the hydrocarbon is heptane.

18. The method of claim 12 wherein collecting the free base comprises

filtration or centrifugation, or both.

10 19. The method of claim 12 wherein the free base is a compound of formula

20. The method of claim 12 wherein the yield of the compound of formula

15 (I) is at least about 70%.

21. The method of claim 12 wherein the purity of the compound of formula 

(I) is at least about 98%.

20 22. The method of claim 12 further comprising converting the free base of

the compound of formula (I) to a hydrochloride salt thereof by a process 

comprising:
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(a) contacting a first alcoholic solution of the free base and a second 

alcoholic solution of hydrogen chloride, then

(b) adding a hydrocarbon to precipitate the compound of formula (I) 

hydrochloride salt; then

5 (c) collecting the compound of formula (I) hydrochloride salt.

23. The method of claim 22 wherein the first alcoholic solution is in ethanol.

24. The method of claim 22 wherein the second alcoholic solution is in

10 isopropanol.

25. The method of claim 22 wherein the hydrocarbon is heptane.

26. The method of claim 22 wherein the hydrochloride salt of the compound

15 of formula (I) is a mono-hydrochloride salt.

27. The method of claim 22 further comprising, after collecting the 

compound of formula (I) hydrochloride salt, then recrystallizing the compound 

from 1,4-dioxane.

20

28. The method of claim 27 wherein the compound of formula (I) 

hydrochloride salt is of at least 99% purity.

29. The method of claim 27 wherein a recrystallization yield is at least about

25 85%.

30. The method of claim 22 wherein the yield of formula (I) hydrochloride 

salt is at least about 70%.

30 31. The method of claim 22 wherein the purity of the formula (I)

hydrochloride salt is at least about 97%.

32. The method of claim 27 wherein a compound of formula
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is obtained in at least about 60% overall yield and at least about 99% purity.

5 33. A method of preparing a compound of formula (II)
CR4!

(R3)v (II)

wherein R3 and R4 are independently at each occurrence alkyl, aryl, 

cycloalkyl, heterocyclyl, aryl, heteroaryl, alkoxy, aryloxy, or fluoro;

R5 is hydrogen, alkyl, aryl, cycloalkyl, heterocyclyl, aryl, or heteroaryl; 

10 y is 0 to 2; and

z is 0 to 4; 

comprising:

(a) contacting a compound of formula (IV)

O
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in an ethereal solvent at about 80°C, 

under conditions comprising:

5 (a) no more than about 0.5wt% Pd2(dba)3;

(b) no more than about 1.5wt% xantphos;

(c) no more than about 1.1 molar equivalents of CS2CO3;

(d) a concentration of the compound of formula (IV) of no less than 

about 0.5 M;

10 (e) a concentration of the compound of formula (V) of no less than about

0.5 M;

(f) for a duration of about 2-3 days.

34. The method of claim 33 wherein the ethereal solvent is 1,4-dioxane.

15

35. The method of claim 33 further comprising recovering the compound of 

formula (II), following heating for duration of about 2-3 days, comprising:

(a) filtering the ethereal solvent; then

(b) washing the filtrate with a water immiscible solvent to provide a 

20 filtered solution; then

(c) washing the filtered solution with aqueous base; then

(d) reducing the volume of the solution by about 90%; then

(e) adding a hydrocarbon to precipitate the compound of formula (II).

25 36. The method of claim 35 wherein the water-immiscible solvent is ethyl

acetate.

37. The method of claim 35 wherein the aqueous base is aqueous carbonate 

or bicarbonate.

30

38. The method of claim 35 wherein the hydrocarbon is heptane.
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39. The method of claim 33 wherein the compound of formula (IV) is

< '%

O

F

feU ό
y- 'CH-

40. The method of claim 33 wherein the compound of formula (V)

Vl\

CF,

(Vi

5 41. The method of claim 33 or claim 35 wherein the purity of the compound of

formula (II) is at least about 99%.

42. The method of claim 33 or claim 35 wherein the yield of the compound of 

formula (II) is at least about 90%.

43. A compound of formula (I) of claim 1 or a pharmaceutically acceptable salt 

10 thereof prepared by a method comprising the method of any one of claims 1 to 22.

44. The compound of claim 43 of formula

CH·;

.. N l-t 0

■OS'

F

Ass, /K O.·* -ν’·

0..
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or a pharmaceutically acceptable salt thereof.

45. The compound of claim 43 or claim 44 wherein the pharmaceutically acceptable 

salt is a hydrochloride salt.

46. Use of a compound of formula (I) of claim 1 in preparation of a medicament for 

5 treatment of an inflammatory or immune disorder, or arthritis.

47. A method of treatment of an inflammatory or immune disorder, or arthritis, in a 

patient comprising administering to the patient an effective dose of a compound of 

formula (I) of claim 1 at a frequency and for a duration of time to provide a beneficial 

effect to the patent.

10 48. The method of claim 47 wherein the compound of formula (I) is

T

or
F

ecrt;
■X

' "V ,..-¼. .-NH O

iX

or a pharmaceutically acceptable salt thereof.

15 49. A compound of formula (II) when prepared according to the method of any one

of claims 33 to 42.

50. A method of synthesizing a compound of formula (I); a method preparing a 

compound of formula (II); a compound of formula (I) according to claim 43; use of a 

compound of formula (I) according to claim 46; a method of treatment according to

20 claim 47; or a compound of formula (II) according to claim 49, substantially as herein
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described with reference to any one or more of the examples but excluding comparative 

examples.


