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PROCESS FOR MAKING 5-1 IPOXYGENASE INHIBITORS
HAVING VARIED HETEROCYCLIC RING SYSTEMS

REFERENCE TO COPENDING APPLICATIONS

Reference is made to copending application Serial No. 09)207,342 filed December 8,
1998 (Attomey Docket No. PC8708C); which is a divisional of application Serial No.
09/020,014 filed February 6, 1998 (Attorney Docket No. PC8708B), now U.S. Patent No.
5,883,106; which is a continuation of application Serial No. 08/809,901 filed May 29, 1995
(Attorney Docket No. PC8708A), now abandoned; claiming priority from application Serial No.
PCT/JP94/01747 filed October 18, 1994 (Attorney Docket Nol PC8708), now abandoned; and
a § 371 of application Serial No. PCT/IB95/00408 filed May 29, 1995 (Attorney Docket No.
PCB8708A), now lapsed, and published as WO 96711911 on April 25, 1996, which discloses 5-
lipoxygenase inhibitors useful in the treatment of inflammatory diseases and allergy. Several
processes for preparing said 5lipoxygenase inhibitors are described therein, but nothing that
is disclosed would teach the person of ordinary skill the improved process of the present
invention.

Reference is also made to copending application Serial No. 60/113,221 filed
December 22, 1998 (Aftorney Docket No. PC10097), which discloses a novel process for
preparing  4-{3-[4-{2-methyl-imidazol-1-yl)}-phenyi sulfanyl}-phenyi}-tetrahydro-pyran-4-
carboxylic acid amide methyl sulfonate. However, said disclosed process is not the same as
that of the present invention.

Reference is further made to copending applications filed of even date with the
instant application, Attomey Docket Nos. PC10530 and PC10682, which also involve
processes of making 5-lipoxygenase inhibitors having varied heterocyclic ring systems and
which have some process elements in common with the process of the instant application.

BACKGROUND OF THE INVENTION

There is disclosed in WO 96/11911 a class of novel compounds acfive as inhibitors of
the activity of the S-lipoxygenase enzyme, characterized by the following structural Formula
{(1.1.0)

Y
AU
Ar‘/ \AF/ \Ar3 R R )
(1.1.0)

wherein;
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-A'  is a heterocydic moiety selected from the group consisting of imidazolyl; pyrrolyf;
pyrazolyl; 1,2,3-triazolyl; 1,2,4-triazolyl; indolyl; indazolyl; and benzimidazolyl; bonded to X'
through a ring nifrogen atom; and subsfituted with 0-2 substituents selected from the group
consisting of halo; hydroxy; cyano; amino; (Cs-Cy)alkyl; (CyCy)alkoxy; (Cs-Cy) alkyithio;
{C+C;) halosubsfiited alkyl, (C4-Ci)halo-subsfituted alkoxy; (Cs-C,)aliylamino; and
di{C,-C;) alkylamino;

X' isadiect bond or (C,-Cy) alkylene;

-A*  Is phenylene subsfituted with 0-2 substituents selected from the group consisting of halo;
hydroxy; cyano; amino; (C-Ca) alkyl; (C+-C,) alkoxy; (C1-Cs) alkylthio; (C+-Cy) halo-substituted
alkyt; and (C,-C,) halo-substituted alkoxy;

X Is -A-X~ or -X-A- wherein A is a direct bond or {C4+-C,) alkylene and X is oxy; thio; sulfinyl;
or sutfonyl;

-Ar®  is a member selected from the group consisting of phenylene; pyridylene; thienylene;
furylene; oxazolylene; and thiazolylene; subsfituted with 0-2 substituents selected from halo;
hydroxy; cyano; amino; (C+-C) alkyt; (C+-C,) alkoxy; (C+-Cy) alkyfthio; (C+-C,) halo-substituted
alkyt; (C4+-C,) halo-substituted alkoxy; (C-C,) aliylamine; and di(C+-C;) alkylamino;

R'and R? are each {C-C;) alkyl; or together they form a group of formula: -D'-Z-D? which
together with the carbon atorn to which it is atiached defines a ring having 3 to 8 atoms, wherein
D' and D? are (C4-Cy) alkylene and Z is a direct bond or oxy; thio; sulfinyl; sulfony; or vinylene;
and D' and D? may be substituted by (C,-Cs) alkyl; and

Y is CONR’R*; CN; C{R%)=N-OR*; COOR?®; COR?; or CSNR®R"; wherein

-R*andR*  are each Hor (C;-Cy) alkyl.

With respect to the above-recited compounds, the preferred meaning for (C4-C,) halo-
substituted alkyl is trifluoromethyl; and the preferred meaning for (C-Cq) halo-substituted alkoxy
is trifluoromethoxy. A preferred group of the above-recited compounds consists of those wherein
Ar* is 1,4-phenylene and Ar® is 1,3-phenylene or 5-fluoro-1,3-phenylene. Within said preferred
group, more preferred compounds are those in which Ar' is 2-aliglimidazolyl; X' is a direct bond;
and Y is CONH> and those in which Ar' is pyrroly; X' is CHz; and Y is CONH2.

A particularly preferred embodiment of the above-described class of inhibitory
compotunds is the following compound of Formula (1.0.0): .
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o
YL

CONH,
(1.0.0)

Compounds which inhibit the action of lipoxygenase enzyme are usefu! in the treatment
or alleviation of inflammatory diseases, allergy and cardiovascular diseases in mammals
including humans. Lipoxygenase enzyme aclivity occurs as part of the arachidonic acid
cascade. Arachidonic acid is the biological precursor of several groups of biologically active
endogenous metabolites. Arachidonic acid is first released from membrane phospholipids via
the action of phospholipase A2. Arachidonic acid is then metabolized (7)) by cyclooxygenase fo
give prostaglandins including prostacyclin, and thromboxanes; or (#) by lipoxygenase to give
hydroperoxy fatly acids, which may be further converted fo leukotrienes.

Leukotrienes, in tum, are extremely potent and elicit a wide variety of biological effects,
e.g., peplidoleukotrienes, LTC,, LTD;, and LTE,, are important bronchoconstrictors and vaso-
constrictors, and cause plasma extravasation by increasing capillary permeability. LTB, is a
potent chemotaciic agent which intensifies leukocyte infitration and degranulation at a site of
inflammation. Leukotrienes have been implicated in a number of human disease states including
asthma, chronic obstructive pulmonaty disease, allergic thinitis, rheumatoid arthrifis, gout,
psoriasis, atopic dermatitis, adult respiratory distress syndrome (ARDS), and inflammatory bowel
diseases including. Crohn's disease. An agent which adlively inhibits lipoxygenases, and as a
consequence the production of feukotrienes, will be of significant therapeutic value in treating
acute and chronic inflammatory condifions. See Masamume and Melvin, Annuaf Reports in
Medicinal Chemistry 24, 71-80 (1989). Particular lipoxygenase inhibitors have been disclosed in
EP 0 462 830; EP 0 505 122; and EP 0 540 165.

Several preparation processes for the lipoxygenase inhibitors described in above-
mentioned published application WO 96/39408 are set forth therein. An example of such a
preparation process is the coupling of a compound of Formula (1.2.0) and a compound of
Formula (1.2.1), which may be represented by the reaction scheme set out below:

Y

1
1 / \AF/Q + Q —_— (110)
Ar A RF R

(1.2.0) (1.2.1)
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where Ar' is 2-methylimidazol-1-yl; X' is a direct bond; A and Ar® are both
phenylene; Y is CN; and R' and R? are faken together to form 3,4,5,6-tetrahydro-2H-pyran.
Xis s, resulling in a thioether, and is formed by the reaction of the two Q displacezble
groups, in the presence of thiourea and a suitable catalyst, e.g., tetrakis(iriphenylphosphine)-
palladium, and a reducing agent, e.g., sodium cyancborohydride. Reference is made to
Chem. Leff, 1379-1380 (1986); and US 5,883,106 mentioned further above. Suitable
displaceable groups Q are said to include a halo or sulfonyloxy group.

DESCRIPTION OF THE STATE OF THE ART

The present invention is in the field of methods used for synthetic preparation of
compounds of the fype of Formula (1.0.0), some of which are known compounds, some of
which are novel compounds, and some of which are not in the public domain because they
cannot be obtained using methods of preparation heretofore known in the arl. All of the
compounds, however, possess biological activity as inhibitors of Sipoxygenase.

In order to facilitate a more ready and complete understanding of the preparation
processes of the present invention and their relationship to the state of the art, there follows
Sysnthesis Scheme (10.0.0) which depicts the flow of reaction steps in a simplified manner
and demonstrates the process parameters by means of specific exemplification.

SYNTHESIS SCHEME (10.0.0)

it will be noted from the synthesis scheme which follows that the first step in the
preparation processes of the present invention involves the formation of a thioether by use of
an alkylthio-de-halogenation technique analogous fo the Williamson Reaction for alkoxy-de-
halogenation. This step is catalyzed by a palladium catalyst which is used fogether with a
member from a particular class of bidentate auxiliary ligands, e.g., BINAP.

After this first step, the next two succeeding steps in the preparation processes of the
present invention both involve alternate routes. The second step, in which, e.g., the 2-methyi-
imidazol-1-yl group is attached by fluorine atom displacement, may be carmied out in two
ways, identified in the synthesis scheme as (fi-a) and (ii-b). The first involves the use of
cesium carbonate, Cs,CO,; while the second involves the use of solid sodium hydi"oxige,
NaOH, and optionally a catalytic amount of cesium carbonate, Cs,COs, or of a phase transfer
catalyst such as TBAC. s

The third step involves two different approaches o preparing the mesyfate salt, whlch
are identified as (jii-a) and (ifi-b). The pure final product is then prepared in step (iv).

-
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Pd(PPh,),; KOH
H,0; FPrOH; 80°C

o (17/———~\ F o
auxiliary ligand,
e.g., BINAP S
CN +

CONH,

F ot g1 (20.0)

Cs,CO, DMSO; 130°C

NaOH peliets {2 mol);, \ TBAC phase fransition
DMSO; 100-130°C | catalyst (1% mol)

PURE
FINAL

PRODUCT

(iv) Recrystallization;
MeOH; EtOAc

SYNTHESIS SCHEME (10.0.0)

It is known in the art that compounds of the type in Formula (1.0.0) may be prepared
by a process which initially uses a palladium catalyzed nucleophilic substitution of aryl halides
by thiolate anions or thiols themselves. As in the Williamson reaction, which is the best
general method for preparing unsymmelrical as well as symmetrical ethers, yields are
improved by phase transfer catalysis. For a detailed treatment of the use of phase transfer
catalysis in the preparation of sulfur-containing compounds, see, e.g., Weber; Gokel Phase
Transfer Catalysis in Organic Synthesis, Springer; New York, 221-233 (1977). Further details
concerning the initial stage of the process of the present invention may be found in Migita ef
al., Bull. Chem. Soc. Japan 53, 1385-1389 (1980). Said initial stage may be represented by
the following reaction scheme: ’ .

Ar—X ¥ R—-Se PA(PPha) = Ar—SR + xe ’

where X is | or Br; and R is phenyl or (C,-C,) alkyl.
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The technical literature contains a number of disclosures relating to palladium-
catalyzed synthesis. See, e.g., Brocato ef al, Tetrahedron Leff. 33, 7433 (1992), which
describes ring formation based on the palladium-, especially Pd(PPhs)4,-catalyzed reaction of
bifunctional aromatic compounds with terminal alkynes and carbon monoxide, requiring both
palladium(0) and palladium(il) catalysts.

Arcadi ef al, Tefrahedron Leff. 34, 2813 (1993) discloses synthesis of 2,3,5-
trisubstituted furans from aryl halides and 2-propargyl-1,3-dicarbonyl compounds in the
presence of tetrakis{triphenylphosphine)palladium{0) and KzCO;. The authors observe that
the nature of the base strongly affects the reaction course.

McClure and Danishefsky, J. Am. Chem. Soc. 115, 6094-6100 (1993) discloses
synthesis of 1,5-epoxybenzazocine congeners in 90% vyield wusing catalytic
tetrakis(triphenylphosphine)-palladium{0) in acetonitrile containing triethylamine.

Nuss et al, J Am. Chem. Soc. 115, 6991-6992 (1993) discloses synthesis of
neocarzinostatin chromophore analogs using catalytic tetrakis(triphenylphosphine)-
palladium{0) in THF and alkynyl stannane reactants.

Paquette and Asfles, J. Org. Chem. 58, 165-169 (1993) discloses synthesis of
furanocembranolides with side chain extension mediated by palladium(0) catalyzed coupling
to vinylstannane performed in refluxing benzene or dimethoxyethane. The authors note that
the reaction is solvent-dependent, with a change to chloroform being particularly beneficial.

The use of ligands with palladium catalysts is also described in the technical
literature, e.g., by Backvall, “Metal-Mediated Additions to Conjugated Dienes”, Advances in
Metal-Organic Chemistry, 1, 135-175 (1989), which discloses that the use of menthyl- and
neomenthyi-diphenylphosphine complexes resulted in a low symmetric induction in the
palladium-catalyzed hydrosilylation of cyclopentadiene and cyciohexadiene.

The technical fiterature also contains a number of disclosures relating to the use of
other transition metals in addition to palladium to catalyze reactions. See, e.g., Takagi,
Chemistry Letlers, 2221-2224 (1987), which discioses the use of nickel(0) and palladium(0)
complexes as catalysts in the synthesis of diaryl suffides from aryl halides and aromatic thiols.

An especially important aspect of the preparation processes of the present invention
is the use of a particular class of auxiliary ligand in conjunction with the palladium transition
metal catalyst which is being employed in Step (§). An example of such an auxiliary ligand is
BINAP. Such organic ligands direct the steric course of the reaction which is being catalyzed
by the catalysf with which such organic ligand is associated. Such enantioselective catalysis’
can achieve very high ee (enantiomeric excess) values, e.g., >98% in the case of 22-"
bis(diphenylphosphino)-1,1*-binaphthyl-tuthenium acetate [BINAP-Ru(OAc),] used in the
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asymmetric reduction of B-keto esters. See Noyori ef al, J. Am. Chem. Soc. 109, 5856
(1987).

Asymmetric hydrogenations and other organic reactions have been carried out using
BINAP-derived catalysts. See, e.g., US 4,691,037; US 4,738,084; US 4,739,085; 4,764,629;
US 4,894,607; and US 4,766,277. Published patent applications and references from the
technical literature reporting enantioselective reactions using the BINAP ligand include, e.g.,
Wu, et al.,, Tefrahedron Letfers 34(37), 5927-5930 (1993); Wu, ef al., Tetrahedron Letters 33,
6331-6334 (1992); Tani, et al, J. Chem. Soc. Chem. Commun. 600 (1982); Tani, et al.,
Angew Chem. Int. Ed. Engl, 24(3), 217-219 (1985); Nauta, ef al,, Tefrahedron Lefters 28,
4553-4556 (1987); Hodgson, ef al., J. Organomet. Chem. 325, 627-630 (1987); Hayashi ef
al., J. Am. Chem. Soc. 110, 5579-5581 (1988); Hayashi ef al., J. Am. Chem, Soc. 111, 3426-
3428 (1989); Kollar, ef af, J. Molecular Catalysis 67, 191-198 (1991); Coliman, et al, J.
Chem. Soc. Chem. Commun. 428 {1993); Murakami, ef al. Bull. Chem. Soc. Jpn. 65, 3094-
3102 (1992); Yamaguchi, ef al Tefrahedron Asymmetry 2(7), 663-666 (1991); Burgess, ef al.,
Tetrahedron Asymmetry 2(7), 613-621 (1991); Ozawa, et al, Tetrahedron Leiters 34(15),
2505-2508 (1993); Ozawa, ef al., Tefrahedron Letters 33(11), 1485-1488 (1992); Ozawa, ef
al., Chemistry Letters 2177-2180 (1992); Kagechika, et al, J. Org. Chem. 56, 4093-4094
(1991); Sakamoto, et al.,. Tetrahedron Letlers 33, 6845-6848 (1992); Brunner, ef al, J.
Organometallic Chem. 456, 71-75 {1993); Trost et al,, J. Amer. Chem. Soc. 102, 7932-7934
(1980); Miyashita, et al, Tetrahedron 40(8), 1245-1253; Waldman, ef al, “Selectivity in
Catalysis,” M. E. Davis and S. L. Snib, Eds., ACS Symposium Series 517 (1993); Ozawa, ef
al., “Selectivity in Catalysis,” M. E. Davis and S. L. Snib, Eds., ACS Symposium Series 517
(1993); Chan, et al, “Selectivity in Catalysis,” M. E. Davis and S. L. Snib, Eds., ACS
Symposium Series 517 (1993); Durina, ef al., “Homogeneous Catalysis By the Optically
Active Complexes of Transition Metals and Its Application In the Synthesis of Bicactive
Molecules,” J. Org. Chem. USSR 28, 1547-1600 and 1913-1971; WO 90/15790; and WO
92/09552.

New ligand compositions for use with transition metal complexes have been
developed which may represent suitable replacements for BINAP and related ligands. For
example, new families of amine oxazolinyl ligands for practical asymmetric synthesis are
disclosed in WO 99724410, and include ligands such as those of Formula (1 .0.10):
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(1.0.10)

None of the above-described references, however, discloses or suggests the
particular processes of preparation of the present invention, which are both facile and
§ efficient, while at the same time affording acceptable yields not achievable heretofore.

SUMMARY OF THE INVENTION

The present invention is concerned with processes of preparation where a number of
the ultimate products of said processes are known compounds of demonstrated ufility as 5-
10  lipoxygenase inhibitors. The present invention additionally concems a number of other
ultimate final products of said processes which have not been known heretofore because they
were synthetically inaccessible prior to the avaitability of said processes of the present
invention. These novel final products are also useful as Sdipoxygenase inhibitors, as
described in detail further herein. All of said processes of preparation of the present invention

15  are recited in summary in the paragraphs immediately befow.

A key intermediate used in the processes of preparation of the present invention is
tetrahydro-4-{3-(4-fluorophenylthiolphenyl-2H-pyran-4-carboxamide of Formula (2.0.0):

F\@\ (8]
S
CONH,

(2.0.0)

20 The present invention is thus also concemed with a process for preparing a
compound of Formufa (2.0.0), which may be illustrated by the following SYNTHESIS
SCHEME (10.0.1) e



SYNTHESIS SCHEME (10.0.1)
o)
Br {(C,Ho),PLPd
auxiliary ligand
F CN KOH
t (31.0) #ProH

SH F o
4.0.0) \©\
| s

(2.0.0) CONH,
SYNTHESIS SCHEME (10.0.1)
comprising:
5 -Ha) wtabiishing a reaction mixfure consisting of
—~(1) tetrahydro-4-(3-bromo- or iodo-phenyl)-2H-pyran-4-nitrile of Formula {3.0.0):

O
X
CN
(3.0.0)
where X is bromo or iodo;
10 —and —
—~(2) 44uorothiophenol of Fommula (4.0.0):
E
H
44.0.0)

—{3) ina solvent consisting of a straight or branched chain aliphatic alcohol having a total of

15 from 2 fo 7 carbon atoms, optionally as an aqueous mixture thereof; and more preferably

where said alcohol is a secondary alcohol selected from the group consisting of iso-propyi
alcohol, sec-butyl alcohol, iso-pentyl alcohol, and 2-heptanol, optionally as an aqueous

mixture of said secondary alcohol; ' -
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—{4) inthe presence of strong base of Formula (5.0.0):
M-O-R®
{5.0.0)
where

—M  is an alkali metal, Group 1/la element, selected from the group consisting of lithium, Li;
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs; and

—R® s hydrogen, H; or straight or branched chain (C,-C,)alkyl; preferably a member
selected from the group consisting of fithium hydroxide, LiIOH; sodium hydroxide, NaOH;
potassium hydroxide, KOH; rubidium hydroxide, RbOH; cesium hydroxide, CsOH; Jithium
methoxide, LIOCH3; sodium methoxide, NaOCH;; potassium methoxide, KOCHj3; rubidium
methoxide, RbOCH;; cesium methoxide, CsOCHg; Jithium ethoxide, LIOCHCHg, sodium
ethoxide, NaOCH,CHs; potassium ethoxide, KOCH,CHj; rubidium ethoxide, RbOCH,CHs;
cesium ethoxide, CsOCH-CH,; lithium fert-butoxide, LiOC(CHz)a; sodium feri-butoxide,
NaOC(CHs); potassium fert-butoxide, KOC{CHj)s; rubidium fert-butoxide, RbOC(CHs)s; and
cesium ferf-butoxide, CsOC(CH,)s; including mixtures of the above;

— and further —

—(5) in the presence of a transition metal catalyst comprising a palladium metal complex
which preferably is a member selected from the group consisting of

—tetrakis(triphenylphosphine)palladium(0), [(CeHs)sPl,Pd(0);
—tetrakis(methyldiphenylphosphine)palladium(0), {(CsHs)PCH;LPd(0);
—trans-dichlorobis(methyidiphenyiphosphine)paliadium(ll), [(CeHs)PCHa}PdCl;
-~dichlorobis[methylenebis(diphenylphosphine)jdipaliadium-dichloromethane adduct;
—dichlorobis{triphenylphosphine)paliadium(lf), [(CeHs)sP1PdCh;
—tris{dibenzylideneacetone)dipaliadium(0)-chloroform adduct,
{CeHsCH=CHCOCH=CHC¢Hs):Pd, « CHCI;
~bis{dibenzylideneacetone)palladium(0), (CsHsCH=CHCOCH=CHC4Hs):Pd;
—{1,1*-bis{diphenylphosphino)ferroceneldichioropalladium(il), complex with dichloromethane
—bis[1,2-bis(diphenyiphosphino)ethane]palladium(0); and ’
—{r-allylpaltadium(ll) chioride dimer; -
— and still further —
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—~{6) in the presence of an auxiliary ligand for said transition metal catalyst comprising a
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric
aromatic compound of Formula {5.5.0) or (5.5.1):

B o
arne T Y\-R3 X)WRS
R4

(5.5.0) (65.1)

where

in Formula (5.5.0): W and Y are both phosphotus or are both nitrogen, or taken together
with R", R, R?, and R* are hydrogen phosphate; m and n are independently 1 or 2; R', R%,
R®, and R* are independently selected from the group consisting of hydrogen; (C,-Cy) alky!;
phenyl; naphthyl; biphenyl; tolyl; furyl; pymrolyl; and pyridyl; ARYL' and ARYL? are
independently selected from the group consisting of phenyl; biphenyt; 1- or 2-naphthyi;
pyridyt; and quinolinyl; or ARYL! and ARYL? are taken together to form a phenyt; naphthyl;
biphenyl; pyridyl; quinofinyt; or cyclohexyl group; A and B are both carbon atoms which are
either bonded direclly to carbon atoms identified as 1 and 2, or else are adjacent
constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?, respectively, in which
case the bonds attached to A and B of unspecified orientation are attached to carbon atoms
o to carbon atoms idenfified as 1 and 2; and said bonds of unspecified orientation must
have opposite orientations, whereby said auxiﬁary ligand is axially dissymmetric; and

in Formula (5.5.1):  p and q are independently 0, 1 or 2; R!, R%, R®, and R® have the
same meaning as above selected on an independent basis; Z is —N{R*)— or —(CHz)—
where R® is hydrogen or {C+-C,) alkyl; provided that p and q cannot be 0 when Z is —
N(R%)—; and for the bonds of unspecified orientation attached fo R', R?, R®, and RY, said
bonds of R and R? must have an orientation opposite to that of said bonds of R® and R,
whereby said auxiliary ligand is axially dissymmetric; :

preferably, said auxiliary ligand is {S)«{-)-2,2-bis{diphenyiphosphino)-1,1-binaphthyl (S-
BINAP); T
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— followed by —

b} heating said reaction mixture, preferably at reflux, preferably for a period of from 12 to
36 hours, more preferably from 18 to 24 hours; whereby there is produced said compound of
Formula (2.0.0) which is optionally isolated using conventional separation techniques.

5 The above-described process of preparation in which the 4-carboxamide portion of
the pyran moiety is formed during the thio-addition step is a preferred manner of carrying out
this portion of the process of the present invention. A useful alternative embodiment
comprises formation of the 4-carboxamide portion of the pyran moiety before the step of thio-
addition is camied out. Said alternative embodiment of this portion of the process of the

10  present invention involves a process for preparing a compound of Formula (2.0.0) which may
be illustrated by the following SYNTHESIS SCHEME (10.1.0):

SYNTHESIS SCHEME (10.1.0)

alcohol; water M-O-RS

o)
(320) CONH,

(3.0.0) CN
[(CeHs)sP1Pd

F auxiliary ligand
KOH
S
{4.0.0)

(2.0.0) CONH,

15
SYNTHESIS SCHEME {10.1.0)
comprising:
+a) establishing a reaction mixture consisting of
—{(1) tetrahydro-4-(3-bromo- or iodo-phenyl)-2H-pyran-4-nitrile of Formula (3.0.0):
0
X .

20

(300)
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where X is bromo or iodo;

—{2) inasolvent consisting of an alcohol as defined above, optionally as an aqueous mixture
thereof; preferably a secondary alcohol as defined above; more preferably iso-propyl alcoho;
oplionally as an aqueous mixture of said secondary alcohol;

5 () n the presence of strong base of Formula {5.0.0):
M-O-R®
(5.0.0)

where M and R® are as defined above; preferably wherein said strong base is sodium
hydroxide, NaOH; potassium hydroxide, KOH; sodium ethexide, NaOCH,CH;; or potassium
10 fert-butoxide, KOC(CH,)s;

— followed by —

~{b)  heating said reaction mixture, preferably at reflux, preferably for a period of from 3 to
8 hours, more preferably from 5 to 6 hours; whereby there is produced a compound of

Formuia (3.2.0):
[~0
15 CONH,
(3.2.0)
where X is bromo or iodo;
— followed by —

~{c) forming a reaction mixture consisting of said compound of Formula (3.2.0) and 4-
20 fluorothiophenot of Formula (4.0.0):

r

4.0.0)

—(1) inasolvent consisting of an alcohol as defined above, optionally as an aqueous mixture
thereof; preferably a secondary alcohol as defined above; more preferably iso-propy! alcohol;
25 optionally as an aqueous mixiure of said secondary alcohol; .
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~(2) inthe presence of a strong base of Formula (5.0.0):

M-O-R®
(6.0.0)

where M and R® are as defined above; preferably wherein said strong base is sodium
hydroxide, NaOH; pofassium hydroxide, KOH; sodium ethoxide. NaOCH.CHa; or potassium
teri-butoxide, KOC{CHs)s;

— and further —

—(3) inthe presence of a transition metal catalyst comprising a palladium metal complex,
which is preferably a member selected from the group consisting of

-—{tetrakis(triphenylphosphine)palladium(0), [(CsHs)sP1sPd(0);
—tetrakis{methyldiphenylphosphine)palladiumn(0), [(CsHs).PCHalPd(0);
——frans-dichlorobis(methyldiphenyliphosphine)palladium(ll), {{CeHs).PCH3l.PdCl;
—dichlorob?s[methylenebis(diphenylphosphine)]dipalladium—didﬂoromethane adduct;
—dichlorobis(triphenylphosphine)patiadium(¥), [(CsHs)sPJ-PdClx;
-—tris(dibenzylideneacetone)dipalladium(0)-chloroform adduct,

{CsHsCH=CHCOCH=CHC¢H;);Pd, « CHCl;;
—bis{dibenzylideneacetone)paltadium(0), (CsHsCH=CHCOCH=CHC¢Hs),Pd;
~—[1,1™-bis(diphenylphosphino)ferrocene]dichloropalladium(ll), compiex with dichloromethane
—-bis[1,2-bis{diphenylphosphino)ethane)paliadium(0); and
——{n-ally)paliadium(ll) chloride dimer;

~— and sfill further —

—(4) in the presence of an auxiliary ligand for said transition metal catalyst comprising a-
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric
aromatic compound of Formula (5.5.0) or (5.5.1):

R 1
n {
A R .
1 0/\\[] ]D 4
z

2 q N
B O
ARYL2 Y-R® zijs
m \R‘ 3
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where

in Formula (5.5.0): Wand Y are both phosphorus or are both nitrogen; m and n are
independently 1 or 2; R, R% R® and R* are independently selected from the group
consisting of hydrogen; (C4-C,) alkyt; phenyl; naphthyl; biphenyl; tolyl; furyl; pyrrolyl; and
pyridyl; ARYL' and ARYL? are independently selected from the group consisting of phenyl;
biphenyl; 1- or 2-naphthyl; pyridyl; and quinolinyl; or ARYL' and ARYL? are taken together
fo form a phenyt; naphthyl; biphenyl; pyridyl; quinolinyl; or cyclohexyl group; A and B are
both catbon atoms which are either bonded directly to carbon atoms identified as 1 and 2,
or else are adjacent constifuent carbon atoms identified as 1 and 2 of ARYL' and ARYL?Z,
respectively, in which case the bonds attached to A and B of unspecified orientation are
attached to carbon atoms o to carbon atoms identified as 1 and 2; and said bonds of
unspecified orientation must have opposite orientations, whereby said auxiliary ligand is
axially dissymmetric; and

in Formula (6.5.1):  p and q are independently 0, 1 or 2; R', R%, R®, and R* have the
same meaning as above selected on an independent basis; Z is —N(R*}— or —(CH,)}—
where R® is hydrogen or (C-C;) alkyl; provided that p and q cannot be 0 when Z is —
N(R®)—; and for the bonds of unspecified orientation attached to R', R?, R?, and R®, said
bonds of R' and R? must have an orientation opposite to that of said bonds of R® and R’,
whereby said auxiliary ligand is axially dissymmetric;

preferably, said auxiliary ligand is {S)-{-)-2,2"-bis(diphenyiphosphino)-1,1*-binaphthyl (S-
BINAPY);

— followed by —

~(d) healing said reaction mixture, preferably at reflux, preferably for a period of from 5 to
15 hours, more preferably from 8 to 10 hours; whereby there is produced said compound of
Formula (2.0.0).

Preparation of the key intermediate of Formula (2.0.0) as described in detail above,
permits the next steps of the preparation processes of the present invention to be carried out,
in accordance with which the desired end product of Formula (1.0.0), and the genus in which
it is contained of Formula ( is produced at high purity levels and in high yield. The above-
mentioned next steps are described in detail in the paragraphs which follow. .

The present invention is stil further concemed with a process for preparing a
compound of Formula (1.3.0):
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CoLar

CONH,

_ (1.3.0
which may be illustrated by the following SYNTHESIS SCHEME (10.2.0):

SYNTHESIS SCHEME (10.2.0)

L
/@j (1.3. 1)

(2.0.0) CONH, NaOH (solid) 2 moles

TBA-Cl catalyst 1% mole
el Ve
S

DMSO 100-130°C
(1.3.0) CONH,

SYNTHESIS SCHEME (10.2.0)
where

-the molety of following Formuta (4 R )

-
10
(13.1)

is an electron deficient monocydlic or benzo-fused bicyclic N-heterocycllc group containing
two nitrogen atoms, of Formula (1.3.2) (1.3. 3), (1.34)or (1.3.5):
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R’
N R7 /N\N — N //LN/*
: A
7 P d
R7 E/ RT R7
(1.3.2) {(1.3.3) (1.3.4) (1.3.5)

where

~*** is a symbol which represents the point of attachment of the moiety of Formula (1.3.2)
(1.3.3, (1.3.4) or (1.3.5);

~R'andR®  are independently selected from the group consisting of H; straight or branched
chain (C+-C,) alkyl; and (Cs-C;5) aryl; wherein said alkyl and ary! groups are substituted by 0
to 2 substituents selected from the group consisting of halo; hydroxy; cyano; amino;
(C+-C4) alkyl; (C4-C,) alkoxy; (Cy-Cy)alkyithio; (C,-C,)halo-substituted alkyl; (C,-Cy) halo-
substituted alkoxy; {C4-C;4} alkylamino; and di{C+-C;) alkylamino;

comprising:
Ha) establishing a reaction mixture consisting of
—(1)  tetrahydro4-{3-(4-fluorophenyl)thiolphenyl-2H-pyran-4-carboxamide of Formula

{2.0.0)
S

CONH,
(2.0.0)
—and —

—(2})  an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two
nitrogen atoms, of Formula {(1.3.6) {1.3.7), (1.3.8) or (1.3.9):

. R®
oo G &
R R R -
(1.3.6) " {(1.3.7) (1.3.8) (1.39)
where R’ and R® have the same meaning as set out above; ,

—@3) in an aprotic solvent, preferably dimethyisulfoxide (DMSO);
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—(4) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionally —

~{5) in the presence of a catalytic amount of cesium carbonate, Cs,COz, or of a phase
transfer catelyst, preferably a wmember selected from the group consisting of
cetyltrimethylammonium bromide (CTMAB); dibenzo-18-crown-6 (DB-18-¢-6); dicyclohexano-
18-crown-6 (DC-18-¢-6); 1B-crown6 (18-¢-6); (—)-N-dodecyl-N-methylephedrinium bromide
{DMCOHY), hexamethyi phosphoric triamide (HMPT); cetylpyridinium bromide (NCPB); N-
benzylquininium chloride (QUIBEC); tetra-n-butylammonium bromide (TBAB); tetra-n-
butylammonium chioride (TBAC); tetra-n-butylammonium hydroxide (TBAH); tefra-n-
butylammonium hydrogen sulfate (TBAHS); tetra-n-butylammonium iodide (TBAl); fetra-
ethylammonium chloride hydrate (TEAC); tri-n-butylamine (TBA); benzyltributylammonium
bromide (TBBAB); hexadecyltributyiphosphonium bromide {TBHDPB);
benzyltriethylammonium bromide (TEBAB);, benzyltriethylammonium chioride (TEBA);
hexadecyltriethylammonium chloride (TEHDAC); tetramethylammonium chioride (TMAC);
hexadecyltrimethylammonium chloride (TMHDAC); and oclyitrimethylammonium chioride
{TMOACY);, and more preferably a quatemary ammonium sait or a phosphonium sait
comprising a member of the above-recited group;

— followed by —

«b) healing said reaction mixture, preferably at reflux, under a nitrogen atmosphere;
whereby there is produced a compound of Formula {1.3.0).

An alternative process to the one described immediately above for preparing a
compound of Formula (1.3.0) may also be used with acceptable results. Said alternative
process may be illustrated by the following SYNTHESIS SCHEME (10.2.1):

SYNTHESIS SCHEME (10.2.1)

L °
131
S (1.3.1) csc0,

2.0.0 CONH .
(20.0) 2 DMSO .

G o

(1.3.0) CONH,
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where

-the moiety of following Formula (1.3.1):

O
(1.3.1)

5 is an electron deficient monocyclic or benzo-fused bicyclic N-heterocyclic group containing
two nitrogen atoms, of Formula (1.3.2) (1.3.3), {1.3.4) or (1.3.5):

R’ N N

N N/ N’*
Z "N NéLN/*
(1*-’;7 \ R,
(132) (1.33) (1.3.4) (1.3.5)

where
10 —** is a symbol which represents the point of attachment of the moiety of Formula (1.3.2) (1.3.3,
(1.3.4) or (1.3.5);

-R and R® are independently selected from the group consisting of H; straight or branched chain
(C-Cq) alkyl; and (Ce-Cyo) aryl; wherein said alkyl and aryl groups are substituted by 0 fto 2
substituents selected from the group consising of halo; hydroxy; cyano; amino; (Cy-Cy)alkyl;

15 (CrCyalkoxy; (Ci-Cy)alkyithio; (Ci-C,)halo-substited alkyl, (Cs-C)halo-substituted alkoxy;
(C+-C,) alkytamino; and di(C -C,) alkylamino;
comptising:
«{a)  establishing a reaction mixture consisting of

—~(1) tetrahydro-4-{3-(4-fiuorophenyi)thioJphenyl-2H-pyran-4-carboxamide of Formula (2.0.0):

L °
s r
CONH, -
20
(2.0.0)
P and —

—{2) an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing twu
nitrogen atoms, of Formula {1.3.6) (1.3.7), {(1.3.8) or (1.3.9):;



10

15

20

25

e gt it A

-20-
Ra
7 ~
N - j‘\ “ NH N"LNH
(%/NH N7 NH
R e R R
(136) (1.3.7) (13.8) (1.39)

where R and R® have the same meaning as set out above;
—(3) inan aprotic solvent, preferably dimethylsutfoxide (DMSO);
—({4} in the presence of a carbonate of Formula (5.1.0):

{M)COs
6.1.0)

where M has the same meaning as defined further above, which is preferably cesium carbonate,
0'52003;

— followed by —

-(b)  heating said reaction mixture, preferably at refiux, under a nitrogen atmosphere; whereby
there is produced a compound of Formula (1.3.0).

The present invention is further concemed with the above-recited method of
preparing a compound of Formula (1.3.0), wherein said compound of Formula {1.3.0) is a
member selected from the group consisting of:

Tetrahydro-4-{3-[4-(2-methyl-1H-imidazol-1-yi}phenyljthio}phenyl-2H-pyran-4-

carboxamide;

Tetrahydro-4-{3-[4-(1H-imidazol-1-yl)phenylJthio}phenyl-2H-pyran-4-carboxamide;

Tetrahydro-4-{3-{4-(1H-benzoimidazol-1-yt)phenylijthiolphenyl-2H-pyran-4-

carboxamide;

Tetrahydro-4~{3-[4-(1H-pyrazol-1-yl)phenylithio}phenyl-2 H-pyran-4-carboxamide; and

Tetrahydro-4-{3-[4-(4-methyl-1H-pyrazol-1-yl)phenyljthio}phenyl-2H-pyran-4-

carboxamide.

The above-mentioned final products have not been known heretofore because they
have been synthetically inaccessible prior to the avaifability of the processes of the p'resent

invention. These novel final products are also useful as S-ipoxygenase inhibitors, and consist
of a member selected from the group consisting of: i

Tetrahydro-4-{3-[4-(1H-imidazol-1-yl)phenyljthio}phenyl-2H-pyran-4-carboxamide;
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Tetrahydro-4-{3-]4-(1H-benzoimidazol-1-yl)phenyi]thio}phenyl-2H-pyran-4-
carboxamide;

Tetrahydro-4-{3-[4-(1H-pyrazol-1-yl)phenyijthio}phenyl-2H-pyran-4-carboxamide; and

Tetrahydro-4-{3-{4-(4-methyl-1H-pyrazol-1-yl)phenyljthio}phenyl-2H-pyran-4-
5 carboxamide.

The present invention is sfill further concemed with a process for preparing a’
compound of Formula (1.0.0):
CH

T

CONH,
(1.0.0)
10 comprising:
«a) establishing a reaction mixture consisting of

—{1) tetrahydro-4-{3-(4-fluorophenyi)thiojphenyl-2H-pyran-4-carboxamide of Fomula

(2.0.0):
S

CONH,

15 (2.0.0)
—and —

—2}  2-methylimidazole;
—(3) Inanaprotic solvent, preferably dimethylisuifoxide (DMSO);

—({4) in the presence of a strong base in solid form selected from the group consisting of
20 sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionally —

—(5) in the presence of a catalytic amount of cesium carbonate, Cs;CO;, or of a phase
transfer catalyst, preferably a member selected from the group consisting of
celyitrimethylammonium bromide (CTMABY); dibenzo-18-crown-6 (DB-18-c-6); dicydohexé;\o-.

25 18-crown-6 (DC-18-c-8); 18-crown-6 (18-c-6); (—)-N-dodecyl-N-methylephedrinium brom_ide:
(DMCOH); hexamethyl phosphoric triamide (HMPT); cetylpyridinium bromide (NCPB); N- _‘
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benzylquininium chloride (QUIBEC); tetra-n-butylammonium bromide (TBAB); tetra-n-
butylammonium chloride (TBAC); tetra-n-butylammonium hydroxide (TBAH); tetra-n-
butylamnmoniurm hydrogen sulfate (TBAHS); tefra-n-butylammonium iodide (TBAl); tetra-
ethylammonium chloride hydrate (TEAC); tri-nbutylamine (TBA); benzyltributylammonium
5 bromide (TBBAB); hexadecyifributylphosphonium bromide {TBHDPBY);
benzytiriethylammonium bromide (TEBAB); benzyliriethylammonium chioride (TEBA);
hexadecylfriethylammonium chioride (TEHDAC); tetramethylammonium chloride (TMAC);
hexadecyltimethylammonium chioride (TMHDAC); and oclyltrimethylammonium chloride
{TMOAC); and more preferably a quatemary ammonium salt or a phosphonium salt
10 oomp_rising a member of the above-recited group;

— followed by —

-(b) heating said reaction mixture, preferably at refiux, preferably from 115° to 145°C,
miore preferably from 125° to 130°C, under a nitrogen atmosphere, preferably for from 12 to
30 hours, more preferably for from 17 to 24 hours; whereby there is produced said
15 compound of Formula (1.3.0).

The present invention is still further concemed with a process for preparing a
substantially pure mesylate salt of Formula (1.0.1):
Cl

H,
O\s@ MeSOH

CONH,
(1.0.1)
20  which may be illustrated by the following SYNTHESIS SCHEME (10.3.0):
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SYNTHESIS SCHEME (10.3.0)

O

CONH,

i) MeOH, MeSO_H/C treatment
ii) EtOAc displacement

i} MeOH/C treatment
i) MeSO,H addition to filtrate
i) EtOAc displacement

comprising:
5 <(a) preparing a compound of Formula (2.0.0):
A0 °
Q7
CONH,
{2.0.0)
comprising:
~(1) establishing a reaction mixture consisting of
10 —) tetrahydro-4-(3-bromo-phenyl}-2H-pyran-4-nitrile of Formula (3.1.0): ,
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(0]
Br

CN
{3.1.0)

—and —

—{i})  4-flucrothiophenol of Formula (4.0.0):
E
H

{4.0.0)

—{iify in a sofvent selected from the group consisting of iso-propyl alcohol, sec-butyl alcohol,
iso-pentyl alcohol, and 2-heptanol, preferably iso-propyl alcohol, optionally as an agueous
mixture thereof;

—() in the presence of a strong base selected from the group consisting of sodium
hydroxide, NaOH; and potassium hydroxide, KOH;

— and further —

—(v} in the presence of a transition metal catalyst comprising a member independently
selected from the group consisting of palladium metal complexes; preferably wherein said
palladium metal complex is a member selected from the group consisting of

—tetrakis(triphenylphosphine)paliadium(0), {(CeHs)sPLPd(0);
~tefrakis(methyldiphenylphosphine)palladium(0), [{(CsHs)PCHalsPd(0);
—trans-dichlorobis(methyldiphenylphosphine)patladium(li), [{CeHs),PCHs].PdCl,;
—~dichlorobis[methylenebis({diphenylphosphine)]dipalladium-dichloromethane adduct;
—dichlorobis(triphenylphosphine)palladium(ll), [(C¢H5);P)PdCl,;
—tris{dibenzylideneacetone)dipaliadium({0)-chioroform adduct,
{CeHsCH=CHCOCH=CHC¢Hs):Pd, « CHCly; -
—-bis{dibenzylideneacetone)palladium(0), (CeHs;CH=CHCOCH=CHCgH5),Pd;
—[1,1*-bis{diphenylphosphino)ferrocene]dichloropalladium(il), complex with dichlorometha};e )
~-bis[1,2-bis{diphenyiphosphinojethane]palladium(il); and
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~(n-aliyl)palladium(ti) chioride dimer;
— and still further —

—{vi) in the presence of an auxiliary ligand for said transition metal catalyst comprising a
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric

aromatic compound of Formula (5.5.0) or (6.5.1):
1

1
/

ARYLY w-R? %?\N

n \

A R
o,
2 z q
=N

B o}
ARYL2 m Y\—Rs Rs
R R*
(5.5.0) 65.1)

where

in Formula (6.5.0): Wand Y are bath phosphorus or are both nitrogen; m and n are
independently 1 or 2; R, R% R?, and R* are independently selected from the group
consisting of hydrogen; (C,-C,) alkyl; phenyl; naphthyl; biphenyi; tolyl; furyl; pyrrolyl; and
pyridyl; ARYL' and ARYL? are independently selected from the group consisting of phenyl,
biphenyl; 1- or 2-naphthyl; pyridyl; and quinolinyl; or ARYL" and ARYL? are taken together
to form a phenyl; naphthyl; biphenyl; pyridyl; quinolinyt; or cyclochexy! group; A and B are
both carbon atoms which are either bonded directly to carbon atoms identified as 1 and 2,
or else are adjacent constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?,
respectively, in which case the bonds attached to A and B of unspecified orientation are
attached to carbon atoms « to carbon atoms identified as 1 and 2; and said bonds of
unspecified orientation must have opposite orientations, whereby said auxiliary ligand is
axially dissymmetric; and

in Formula (5.5.1)::  p and q are independently 0, 1 or 2; R', R% R®, and R have the
same meaning as above selected on an independent basis; Z is —N(R*}— or —(CHz)—
where R® is hydrogen or (C,-C,) alkyl; provided that p and q cannot be 0 when Z is —
N{(R®}—; and for the bonds of unspecified orientation attached to R, R, R®, and R?, said
bonds of R' and R? must have an orientation apposite to that of said bonds of R® and R’,
whereby said auxiliary figand is axially dissymmetric; .

preferably, said auxiliary ligand is ™ (S)-(-)-2,2™-bis(diphenylphosphino)-1,1-binaphthyl (S~
BINAP); s



S

10

15

20

25

30

-26-

— foliowed by —

~{2) healing said reaction mixture at reflux of from 80° to 84°C for a period of from 18 to
30 hours, preferably 24 hours; whereby there is produced said compound of Formula
(2.0.0);

~{b) establishing a reaction mixfure consisting of said compound of Formula (2.0.0) and a
compound of Formula (1.3.10):
N7 NH
=/
(1.3.10)

—(1)  inan aprotic solvent which is preferably dimethyisutfoxide (DMSOY);

—(2) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionally —

—(3) in the presence of a catalytic amount of cesium catbonate, Cs,COj;, of of a phase
transfer catalyst, preferably a member selected from the group consisting of
cetyltrimethylammonium bromide {CTMAB); dibenzo-18-crown-6 (DB-18-¢-6); dicyclohexano-
18-crown-6 (DC-18-c-6); 18-crown-6 (18-c-6); (—)-N-dodecyi-N-methylephedrinium bromide
(DMCOH); hexamethyl phosphoric triamide (HMPT); cetylpyridinium bromide (NCPB);, N-
benzyiquininium chloride (QUIBEC); tetra-n-butylammonium bromide (TBAB); tetra-n-
butylammonium chloride (TBAC); tetra-n-butylammonium hydroxide (TBAH), tetra-n-
butylammonium hydrogen sulfate (TBAHS); tetra-n-butylammonium iodide (TBAI); tetra-
ethylammonium chiloride hydrate (TEAC); tri-n-butylamine {TBA); benzyitributylammonium
bromide (TBBABY); hexadetyitributylphosphonium bromide {TBHDPB);
benzyltriethylammonium bromide {TEBAB); benzyltriethylammonium chloride (TEBA);
hexadecyltriethylammonium chloride (TEHDAC); tetramethylammonium chiotide (TMAC);
hexadecyftrimethylammonium chloride {TMHDAC); and octyltrimethylammonium chioride
(TMOAC); and more preferably a quatemary ammonium saft or a phosphonium salt
comprising a member of the above-recited group;

— followed by —

~(c) heating said reaction mixture at refilux, under a nitrogen atmosphere; whereby there is
produced a compound of Formula (1.0.0): )
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CONH,

(1.0.0)
— followed by —

-«(d) forming a concentrated methanol solution of said compound of Formula (1.0.0) which is
5 then filtered, preferably through activated carbon, after which there is then added fo the filtrate
methanesulfonic acid, MeSO3H; followed by further concentration and the addition of ethyl
acetate ad seratim until a crystalline product is isolated comprising substantially pure mesylate

salt of Formula (1.0.1)

N O
&L

QOS o

CONH,

10 {1.0.1)
-— or, altematively, followed by —

~e) forming a concentrated methanol solution of said compound of Formula (1.0.0) to which
there is then added methanesulfonic acid, MeSO;H; followed by filtering of the mixture,
preferably through activated carbon, after which there follows further concentration and the
15 addition of ethyl acetate ad seriaim untl a crystalline product is isolated comprising
substantialfy pure mesylate salt of Formula (1.0.1)
CH

N§( 3
M eVeV;
S MeSOH

CONH,
(1.0.9)

20 DETAILED DESCRIPTION OF THE INVENTION

The present invention involves an improved process for preparing known compodndg
of demonstrated utility as a 5-ipoxygenase inhibitors, and in particutar the compound of
Formula (1.0.0): -
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CONH,
(1.0.0)

Further, the present invention involves preparation of a number of other compounds
which have not been known heretofore because they were synthetically inaccessible prior to
the avaiiability of the improved process of the present invention. These novel compounds are
also useful as 5-lipoxygenase inhibitors, and include, among others, the following compounds
of Formulas (1.1.1); (1.1.2); (1.1.3); and (1.1.4): '

Tetrahydro-4-{3-[4-(1H-imidazol-1-yi)phenyl}thio}phenyl-2H-pyran-4-carboxamide:

1W<V,

CONH,
(1.1.1)
Tetrahydro-4-{3-{4-(1H-benzoimidazol-1-yljphenyllthio)phenyl-2H-pyran-4-
carboxamide:
N
§‘
o'

S

CONH,
. (1.1.2)

Tetrahydro-4-{3-{4-(1H-pyrazol-1-yl)phenyllthio}phenyl-2H-pyran-4-carboxamide:

G
|V eV/a
S/Qj
: CONH, .
(1.13)
—and —

Tetrahydro-4-{3-[4-(4-methyl-1H-pyrazol-1-yl)phenyfjthic}phenyl-2H-pyran-4-
carboxamide.
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CONH,
(1.1.4)

in order to prepare the above-mentioned compounds of Formulas {1.1.1) ~ (1.1.4)
and similar compounds of this type, it is advantageous to use the following process of the
5 present invention for prepating a compound of Formula (1.3.0):

Cooup
Q.
CONH,

(1.3.0)

where
-the moiety of Formula (1.3.1):

-
10

is an electron deficient monocyclic or benzo-fused bicyclic N-heterocyclic group containing
two nitrogen atoms, of Formula (1.3.2) (1.3.3), (1.3.4) or (1.3.5):

(1.3.1)

3

7 N R
N R 7 "N N )\N PN
Z “N—* /k
N ’d —k
R LJI—" R
R?
15 {1.3.2) {1.3.3) . {1.3.4) {1.3.5)

where
—*** s a symbol which represents the point of attachment of the moiety of Formula {1 3.2)
(1.33, (1.3.4) or (1.3.5);
—R'andR®  are independently selected from the group consisting of H; straight or brancfied
20 chain {C,-C,) alkyl; and (Cs-Cyo) aryl; wherein said alkyl and ary! groups are substituted by 0
to 2 substituents selected from the group consisting of halo; hydroxy; cyano; amino; ’
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{Cr-Cy)alkyl; (C+-Cy)alkoxy; (C+-Cy)alkylthio; (C4-Cy) helo-substituted alkyl; (C+-C,) halo-
substituted alkoxy; (C4-Cs) alkylamino; and di(C-C;) alkylamino.

The above-mentioned embodiment of the preparation process of the present invention
may be fllustrated by following SYNTHESIS SCHEME (10.2.0):

5 SYNTHESIS SCHEME {10.2.0)
+ -
"\O o C )
S (1.3.1)
NaOH (solid) 2 moles
(20.0) CONH, TBA-CI catalyst 1% mole
DMSO 100-130°C

CoLor

(13.0) CONH,

(e

10 (1.3.1)

is an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two
nitrogen atorns, of Formula (1.3.6) {1.3.7), {1.3.8) or {1.3.9), as defined further above.

**+where the reactant of Formula (1.4.0):

Accordingly, the above-mentioned process of the present invention illustrated in
SYNTHESIS SCHEME (10.2.0) may be carried out by:

15 Ha) establishing a reaction mixture consisting of
—(1) tetrahydro-4-{3-(4-fluorophenyljthio]phenyi-2H-pyran-4-carboxamide ~of Formula

(2.0.0):
F. \©\ O 3
S

CONH, _
2.0.0)
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—{2) an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two
nitrogen atoms, of Formula (1.3.6) (1.3.7), (1.3.8) or {(1.3.9):

RB
N
N i? | 7 "NH NékNH
(/:HNH N7 NH
Y = R R
(1.3.6) (1.3.7) (13.8) (1.3.9)

where R’ and R® have the same meaning as set out above;

—3) in an aprofic solvent, preferably a member selected from the group consisting
essentially of hexane; 1,4-dioxane; carbon tetrachloride; benzene; toluene; xylenes; diethyl
ether; chloroform; ethyl acetate; tetrahydrofuran (THF); methylene chloride;
hexamethylphosphoric triamide (HMPT); nitromethane; N N-dimethylformamide (DMF);
acetonitrile; sulfolane; and dimethyisulfoxide (DMSO); more preferably dimethylsulfoxide
(DMSO);

—({4) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionally —

—(5) in the presence of a catalytic amount of cesium carbonate, Cs,CO,, or of a phase
fransfer catalyst, preferably a member selected from the group consisting of
celyltrimethylammonium bromide (CTMABY); dibenzo-18-crown-6 (DB-18-c-6); dicyclohexano-
18-crown-6 (DC-18-c-6); 18-crown-6 (18-c-6); (—)-N-dodecyl-N-methylephedrinium bromide
{DMCOH); hexamethyl phosphoric tiamide (HMPT); cetylpyridinium bromide {NCPB); A-
benzylquininium chloride (QUIBEC); tefra-n-butylammonium bromide (TBAB); tefra-n-
butylammonium chloride (TBAC); tefra-n-butylammonium hydroxide (TBAH), fetra-n-
butylammonium hydrogen suffate {TBAHS); tetra-n-butylammonium iodide (TBAI); tetra-
ethylammonium chloride hydrate (TEAC); tri-n-butylamine (TBA); benzyifributylammonium
bromide (TBBAB); hexadecytiributylphosphonium bromide (TBHDPBY);
benzyltriethylammonium bromide (TEBAB); benzytiriethylammonium chloride (TEBA);
hexadecyltriethylammonium chioride (TEHDAC); fetramethylammonium chloride (TMAC);
hexadecyftrimethylammonium chloride (TMHDAC); and octyltrimethylammonium chioride
(TMOAC); and more preferably a quatemary ammonium salt or a phosphonium ‘,salt
comprising a member of the above-recited group;

— followed by —



10

15

20

25

-32-

-(b) heating said reaction mixture, preferably at reflux, under a nitrogen atmosphere;
whereby there is produced said compound of Formula (1.3.0).

As the person of ordinary skill in the art of preparing organic compounds of the type
with which the present invention is concemed will recognize, displacement of aryl fluoride in
the presence of base by an electron deficient nitrogen heterocycle is a relatively unknown
method of forming carbon-nitrogen bonds, and is clearly one which has not been suggested
heretofore as useful in preparing the types of compounds in question. Normally a strong
electron withdrawing group, e.g., nitro, positioned para or ortho with respect o the fluorine
atom, is required in order to achieve an acceptable level of displacement with a nifrogen
nucleophile in the presence of base. Such displacement reactions typically afford only low
yields, often require elevated temperatures and extended reaction times, and result in
products requiring further purification. See, e.g., Morgan ef al, J. Med. Chem., 33, 1091-
1097 (1990), which discloses a preparation method in which the methyl or ethy! ester of 4-
fiuoro-benzoic acid is reacted with the appropriate imidazole in DMSO using a base such as
K2COs, NaOH, or NaH. The 4-(2-methyl-1H-imidazol-1-yl}-benzoic acid ethyl ester compound
was obtained in only 33% vyield of unrecrystallized product. By contrast, the processes of
preparation of the present invention give high yields, a resulf which is a wholly unexpected
one because the aryl fiuoride reactant in the processes of the present invention has no
electron withdrawing substituents attached to the aryl ring.

The most preferred solvent for use in the above-described process of the present
invention is dimethyisutfoxide (DMSO), although any aprotic solvent is suitable, and those
recited above are preferred. In another preferred embodiment of the process, solid sodium
hydroxide, NaOH, is used in the reaction mixture for which DMSO is the solvent. The strong
base in solid form which is employed in this step of the preparation process of the present
invention, is selected from sodium hydroxide, NaOH and potassium hydroxide, KOH. The
term “solid” used in this connection is intended to refer fo the phase in which the strong base
which is present is to be found in the reaction mixture. Preferably, said solid is used in a sub-
divided as opposed to unitary form, thereby providing a more extensive surface area upon
which the other reactants are able to contact the strong base during the process step
involved. Thus, the strong base in solid form may be used as a powder or as pellets. It is not
necessary, on the other hand, that the solid form of the strong base be finely sub-divided.
The solid forms of the strong base preferably used in the processes of the present inventjon
are readily commercially available.

1t is optional, but preferred, in this aryl fluoride displacement step of the processés of
the present invention that a catalytic amount of cesium catbonate, Cs;CO;, or of a phase
transfer catalyst ("FTC") also be employed. The amount used can vary between 0.5% and
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10% mole, i.e., mole percent, but preferably will be between 1% and 5% mole. The amounts
of catalyst which are suitable for use in the processes of the present invention can also be
expressed as being in the range of from 0.005 to 0.5 equivalents, preferably from 0.01 to 0.1
equivalents, and more preferably about 0.05 equivalents, with reference to the other
participants in the reaction.

Cesium carbonate, Cs,COj3, a material which is used as a catalyst in ethylene oxide
polymerization and other catalyst assisted reactions, has been found to be a useful catalytic
alternative to a phase transfer catalyst, as described herein.

The concentrations of the reactants in the same phase during this step can be less
than optimal for convenient reacfion rates to be achieved, and thus the use of a phase
transfer catalyst can frequently be of benefit in reducing reaction temperatures and times. For
example, when a phase fransfer catalyst is used, the reaction may be carried out at 100°C
with a reaction time of 28 hours. Correspondingly, when the reaction temperature is 130°C
and a phase transfer cafalyst is used, the reaction time is reduced to from 2 to 4 hours, with
from 3 to 4 hours being required when a phase transfer catalyst is absent. It will be
understood, nevertheless, that the present invention contemplates that solid NaOH or KOH
may be used alone, ie., without the tise of a phase transfer catalyst.

There are two principal types of phase transfer catalyst based on their mode of
action. The first type comprises quaternary ammonium salts or phosphonium salts, while the
second type comprises crown ethers and other cryptands. Quaternary ammonium salts may
comprise, in addition to the more fypical aliphatic configurations, compounds in which the
quatemized nifrogen atom is part of a heterocyclic ring system, e.g., a pyridinium or quininium
salts. The first type of phase transfer catalyst, ie., quatemary ammonium salts or
phosphonium salts, are preferred for use as the phase fransfer catalyst in the preparation
processes of the present invention. Of this type, the quaternary ammonium salts are more
preferred, and among these the most preferred phase fransfer catalysts comprise a member
selected from the group consisting of tefra-n-butylammonium bromide (TBAB); tetra-n-
butylammonium chloride (TBAC); tetra-n-bulylammonium hydroxide (TBAH); tetra-n-
butylammonium iodide (TBAI); and tetra-ethylammonium chioride hydrate.

It will be appreciated that, notwithstanding the above-stated preferences as to the
particular phase transfer catalysts which are selected for use in the preparation processes-of the
present invention, that there are a significant number of phase fransfer cafalysts which are
known in the art and which are suitable for use in the present invention. The arfisan will be well
aware of the identity of such phase fransfer catalysts as well as the appropriate steps by which.
their effectiveness in the preparation processes of the present invention may be demonstrated. .
For example, among phase transfer catalysts known in the art, the following are suitable for use
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in the preparation processes of the present invention: cetyltrimethylammonium bromide
(CTMABY); dibenzo-18-crown-6 (DB-~18-c-8); dicyclohexano-18-crown-6 (DC-18-c-6); 18-crown-6
(18-c-8), (—)-N-dodecyl-N-methylephedrinium bromide {DMCOH); hexamethyl phosphoric
triamide (HMPT); cetylpyridinium bromide (NCPB);, N-benzylquininium chioride (QUIBEC);
tetra-n-butylammonium bromide (TBAB); tetra-n-butylammonium chioride (TBAC); tetra-n-
butylammeonium hydroxide (TBAH); tetra-n-butylammonium hydrogen sulfate (TBAHS); tetra-n-
butylammonium iodide (TBAI); tetra-ethylammonium chioride hydrate (TEAC); tri-n-butylamine
{TBA); benzyliributylammonium bromide (TBBAB); -hexadecyiiributyiphosphonium bromide
(TBHDPB); benzyitriethylammonium bromide (TEBAB); benzyliriethylammonium chioride
{TEBA); hexadecyitriethylammonium chloride (TEHDAC); tetramethylammonium chloride
(TMAC), hexadecyltimethylammonium chloride (TMHDAC); and octyitrimethylammonium
chiloride (TMOAC).

The main mechanistic principle of phase fransfer catalysis systems is confinuous
formation of lipophilic lon pairs of desired anions, with lipophilic cations supplied by the
catalysts. The anions are thereby able to enter nonpolar organic media, in which the desired
reaction takes place. Typical sources of lipophilic cations, which can act as catalysts in such
systems, are tetraalkylammonium and other onium salts, crown ethers, cryptands, poly(ethylene
glycol) ethers, and so forth. The fundamental nature of phase transfer catalysis is formation of
lipophific ion pairs, which can be found in nonpolar media. With highly lipophilic cations even
small inorganic anions form such ion pairs. Phase fransfer catalysis can function only in
heterogeneous, mostly two-phase systems. In such systems an organic phase conlains
organic reactants and the catalyst, e.g., a fipophilic tefraalkylammonium chloride, whereas an
aqueous, of in general inorganic, phase contains salts of desired anions or a base which can
generate organic anions from coresponding precursors located in the organic phase.

In these systems catalysis consists of the transfer of the anions from the inorganic
phase, or altematively organic anions generated at the interface, to the organic phase, where
they enter into the desired reaction, whereas the liberated catalyst can bring another anion into
the organic phase. By continuous repetition of this action, 1 mol of the catalyst can promote

~conversion of = 100 mols or reactants. Depending upon the state of aggregation, kinds of

anions, and some other factors, it is possible to differentiate a few variants of the above-
described phase transfer catalytic process. Notwithstanding this, the skilled artisan will be able
to readily adapt the basic requirements for camying out phase transfer catalysis to the
preparation processes of the present invention.

Returning now fo the description of the preparation processes of the pre'senf:
invention, after the above-described reaction mixture is formed, it is heated to reflux undgr a ‘
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nitrogen atmosphere. Under most ambient conditions, the reflux temperature of the reaction
mixture will be from 120° to 140°C, usually from 125° to 135°C, and most usually 130°C.

It is necessary to heat the reaction mixture at the lower above-recited temperatures
for a considerable period of time, from 12 to 30 hours, preferably from 16 to 24 hours, most
preferably 18 to 20 hours. However, at the higher above-recited temperatures, the reaction
proceeds more rapidly, and it is necessary to heat the reaction mixture for much shorter
periods of time, from ¥: to 4 hours, usually % to 3 hours, and most fypically from 1 to 2 hours.

The selection of a suitable temperature and time for camying the reaction to
completion are within the skill of the artisan knowledgeable in methods of organic synthesis.
isolation of the product of the above-described process, e.g., by vacuum filtration, washing
with water, and drying in a2 vacuum oven, is accomplished using convention procedures which
are likewise a matter of ordinary skill in the art. As further guidance for the arlisan, there is
provided herein the following table of values demonstrating different process yield results
which have been obtained with solid sodium hydroxide mediated aryl fluoride displacements
by 2-methylimidazole:

TABLE (11.0.0)
- Reaction ”, 1 % |. "%Purty ‘Isolated % % Residual
Conditions - | Yield |- of (1.0.0)* Yiéld * (2.0.0)
Solid NaOH, powdered; 93 98.9 923 17
TBAC * 5% mole; 100°C
Solid NaOH, powdered; 92 102.7 94.5 0.86
TBAC 5% mole; 130°C
Solid NaOH, pellets; 92 99.9 91.6 0.94
TBAC 5% mole; 130°C
Solid NaOH, powdered; 94 039 88.1 1.26
TBAC 1% mole; 130°C
Solid NaOH, pellets; 130°C 85 87.3 739 0.92
Solid NaOH, pellets; 130°C | 90 99.4 89.9 0
Solid NaOH, powdered; 93 96.2 884 0.43
TBAC 1% mole; water 0.1 4
vol.; 130°C
Solid NaOH, powdered; 90.5 98.0 88.7 046 -
TBAC 1% mole; 130°C
T Al percentages are by weight.
2 Measured by HPLC.

3 HPLC based.
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* TBAC = tetra-n-butylammonium chioride.

An alternative process to that described immediately above for preparing the

compound of Formula (1.3.0) is also an embodiment of the preparation processes of the

5 present invention, although the process described immediately above is the preferred

embodiment of the present invention for preparing the compound of Formula (1.3.0). The
alternative process may be illustrated by the following SYNTHESIS SCHEME (10.2.1):

SYNTHESIS SCHEME (10.2.1)

(e

+
AoBeV
1.3.1
s (-39 CsCO,

2.0.0 CONH
2.0.0) 2 DMSO

So,a

(1.3.0) CONH,

10
where

-the moiety of following Formula (1.3.1):
C

15 is an electron deficient monocyclic or benzo-fused bicyclic N-heterocycdlic group containing
two nitrogen atoms, of Formula (1.3.2) (1.3.3), (1.34) or (1.3.5):

(13.1)
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8

R7 7 N~ * N/t
Qe @« e
NN
\—/ ;
R’ R

(1.32) (1.33) (1.3.4) (1.3.5)

where

~**% is a symbol which represents the point of attachment of the moiety of Formula (1.3.2) (1.3.3,
(1.34)or {1.3.5);

~R’andR®  are independently selected from the group consisting of H; straight or branched chain
(C+-Cs) alkyl; and (Cs-Cyo) aryl; wherein said alkyl and aryl groups are subsfituted by 0 to 2
substifuents selected from the group consisting of halo; hydroxy; cyano; amino; (Cy-C,) alkyl;
(C+-Cq) alkoxy; (C+-Cy) alkytthio; (C4-C4) halo-substituted alkyl; (C4-C,) halo-substituted  alkoxy;
{C1-C,) elkylamino; and di{C,-C,) alkylamino;

compyising:
~(a)  eslablishing a reaction mixture consisting of
—(1) tetrahydro-4-[3-(4-Buorophenyt)thio}phenyl-2H-pyran-4-carboxamide of Formula {2.0.0):

FO o
CONH,

(2.0.0)

—and —

—{2) an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two

nitrogen atoms, of Formula (1.3.6) (1.3.7), (1.3.8) or (1.3.9);

R
N, -

N )R\? O NH NéLNH

R/ \=/ -4 R.’

(1.3.6) 1.3.7) (13.8) (13.9)

where R” and R® have the same meaning as set out above;

—(3)  inan aprotic solvent, preferably dimethylsulfoxide (DMSO);
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~({4) inthe presence of a carbonate of Formula (5.1.0):
{(M):-COs
(5.1.0)

where M has the same meaning as defined further above, which is preferably cesium carbonate,
5 Cs,CO5; '
— followed by —

-{b) heating said reaction mixture, preferably at reflux, under a nitrogen atmosphere; whereby
there is produced a compound of Formula (1.3.0).

It will be noted that in the above-recited processes of the present invention, that one
10  of the key reactants is the compound of Formula (2.0.0):

L °
S
CONH,

(2.0.0)

This compound is also a novel intermediate of the present invention, tetrahydro-4-[3-
{4-fluorophenyi)thiolphenyl-2H-pyran-4-carboxamide. In order fo cairy out the above-recited
15 process of the present invention, it is thus necessary to provide a process by which this novel
reactant/intermediate itself may be prepared. Accordingly, there follows a description of
another process of the present invention by means of which the compound of Formula (2.0.0)

is produced.

The present invention is further concemed with a process for preparing a compound

20  of Formula (2.0.0):
S

CONH,
(2.0.0)
One of the preferred processes of the present invention for preparing the novel

intermediate of Formula (2.0.0) may be fllustrated by the following SYNTHESIS SCHEME
25 (10.0.1); :
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SYNTHESIS SCHEME (10.0.1)
F . . F
o [(CsHs);P1,Pd; alcohol;
water; MORS \©\
+ x > s
CN CONH,
SH (3.0.0) (2.0.0) 2

(4.0.0)

where X, M, and R® all have the same meaning as defined elsewhere herein.

5 Accordingly, the above-mentioned process of the present invention illustrated in
SYNTHESIS SCHEME (10.0.1) may be carried out by:

-{@)  establishing a reaction mixture consisting of
—(1)  tetrahydro-4-{3-bromo- or iodo-phenyl}-2H-pyran-4-nitrile of Formula (3.0.0):

O
" )

CN

10 (3.0.0}
where X is bromo or iodo;
—and —
~(2)  4-fucrothiophenol of Formula (4.0.0);
SH

15 {4.0.0)

—(3) ina solvent consisting of a straight or branched chain aliphatic alcohol having a fotal of
from 2 to 7 carbon atoms, opfionally as an aqueous mixture thereof; and more preferably
where said alcohol is a secondary alcohol selected from the group consisting of iso-propyl
alcohol, sec-butyl alcohot, iso-pentyt alcohol, and 2-heptanol, optionally as an aqueous

20 mixture of said secondary alcohol;

—~(4) in the presence of strong base of Formula (5.0.0):
- MOR
(5.0.0}
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—M  is an alkali metal, Group 1/la element, selected from the group consisting of lithium, Li;
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs; and

—R® is hydrogen, H; or straight or branched chain (C-Cj)alkyl; preferably a member
selected from the group consisting of lithium hydroxide, LiOH; sodium hydroxide, NaOH;
potassium hydroxide, KOH; rubidium hydroxide, RbOH; cesium hydroxide, CsOH; lithium
methoxide, LIOCH5; sodium methoxide, NaOCH5; potassium methoxide, KOCH;; rubidium
methoxide, RbOCH;; cesium methoxide, CsOCHs; lithium ethoxide, LIOCH,CHs; sodium
ethoxide, NaOCH,CHj; potassium ethoxide, KOCH,CHs; rubidium ethoxide, RbOGH,CHs;
cesium ethoxide, CsOCH,CHj; lithium fert-butoxide, LIOC(CHs)s; sodium feri-butoxide,
NaOC(CHs)s; potassium fert-butoxide, KOC(CHs)s; rubidium ferf-butoxide, RbOC(CHs)s; and
cesium ferf-butoxide, CSOC({CHjg)s; including mixtures of the above;

— and further —

—{5) inthe presence of a transition metal catalyst comprising a palladium metal complex,
preferably one which is a member selected from the group consisting of '

—tetrakis(triphenylphosphine)palladium(0), [(CsHs)sPl:Pd(0);
—tetrakis(methyidiphenylphosphine)palladium(0), {(CeHs)-PCHsLPd(0);
—-{rans-dichlorobis(methyldiphenylphosphine)paltadium(il), [(CsHs).PCHs}PdCl,;
-—dichlorobisimethylenebis(diphenyiphosphine)ldipalladium-dichloromethane adduct;
—dichlorobis(triphenylphosphine)palladium(ll), {(CeHs)sP].PdCl2;
~—tris{dibenzylideneacetone)dipalladium{0)-chloroform adduct,

(CsHsCH=CHCOCH=CHC¢H;);Pd, » CHCl,; |
—bis(dibenzylideneacetone)paliadium{0), {CsHsCH=CHCOCH=CHC;Hs).Pd;
—[1,1*-bis{diphenylphosphino)ferrocene]dichioropaltadium(il), complex with dichloromethane
~--bis[1,2-bis(diphenyiphosphino)ethane]paliadium(ll); and
——(m-allyl)paliadium{il) chioride dimer;

— and still further —

~(6) in the presence of an auxiliary ligand for said transition metal catalyst comprising’a
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric
aromatic compound of Formula (5.5.0) or {5.5.1): "
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B 0
ARYLZ YR R’
m \R4 R4
(65.0) (55.1)

where

in Formula (6.5.0): W and Y are both phosphorus or are both nitrogen, or taken together
with R, R?, R®, and R* are hydrogen phosphate; m and n are independently 1 or 2; R', R?,
R®, and R* are independently selected from the group consisting of hydrogen; (Cy-C) alkyl;
phenyl; naphthyl; biphenyl; tolyl; furyl; pyrrolyl: and pyridyl; ARYL' and ARYL? are
independently selected from the group consisting of phenyi; biphenyl; 1- or 2-naphthyi;
pyridyl; and quinotinyl; or ARYL' and ARYL? are taken together to form a phenyl; naphthyi;
biphenyl; pyridyl; quinolinyl; or cyclohexyl group; A and B are both carbon atoms which are
either bonded directly fo carbon atoms idenfified as 1 and 2, or else are adjacent
constituent carbon atoms identified as 1 and 2 of ARYL' and ARYLZ, respectively, in which
case the bonds attached to A and B of unspecified orientation are attached to carbon atoms
a to carbon atoms identified as 1 and 2; and said bonds of unspecified orientation must
have opposite orientations, whereby said auxiliary ligand is axially dissymmetric; and

in Formula (5.56.1):  p and q are independently 0, 1 or 2; R', R? R®, and R’ have the
same meaning as above selected on an independent basis; Z is —N(R*}— or —(CHz)—
where R® is hydrogen or (Cy-Cy) alkyl; provided that p and q cannot be 0 when Z is —
N(R®}—; and for the bonds of unspecified orientation attached to R', R, R®, and R®, said
bonds of R' and R? must have an orientation oppostte fo that of said bonds of R® and R',
whereby said auxiliary ligand is axially dissymmetric; .

preferably, said auxiliary ligand is (S)-(-)-2,2-bis(diphenylphosphino)-1,1*-binaphthyl (S-
BINAP);

— followed by —

-(b)  heating said reaction mixture, preferably at refiux, preferably for a period of from 12 to

36 hours, more preferably from 18 to 24 hours; whereby there is produced said compound of
Formula {2.0.0) which is optionally isolated using conventional separation techniques.
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The above-described process is one which prepares an asymmetrically substituted
diarylether. At the same time, the reaction which takes place also results in the hydrolysis of
the nitrile substituent to the corresponding carboxamide substituent. It has been found that
several factors are important in securing completion of the above-described process with
acceptable yields of the novel intermediate of Formula (2.0.0).

One such factor is the solvent in which the reaction involved is carried out. The solvent
consists of a straight or branched chain aliphatic alcohol having a total of from 2 to 7 carbon
atoms. The alcohol solvent may also be used in admixture with water, ie., as an aqueous
mixture of the alcohol in suitable proportions. While the alcohol solvent and water are miscible
in almost all proportions, it has been found desirable to maintain the volume to volume ratio of
alcohol to water, respectively, in the range of from 25 to 1, to 3 to 1, preferably in the range of
from10tof;to5ta 1.

It has also been found that the most suitable straight or branched chain aliphatic
alcohol having a total of from 2 to 7 carbon atoms, for use as the solvent in the process of the
present invention is a secondary alcohol selected from the group consisting of iso-propy!
alcohol, sec-butyt alcohol, iso-pentyl alcohol, and 2-heptanol. Of these preferred secondary
alcohols, the iso-propyl alcohol is the most preferred. The above-mentioned secondary
alcohols are also optionally utilized as an aqueous mixture, as described in detail above.

it will be appreciated that the reaction temperature employed in the above-described
process of the present invention can be regulated by choosing the alcoholic solvent, depending
in tum on the degree of reactivity of the substrate. For example, for the reactant of Formula
{3.0.0), where X has the meaning iodo, it has been found that the reaction can be carried out
smoothly in refluxing iso-propyl alcohol. For the reactant of Formula (3.0.0), where X has the
meaning bromo, it has been found that the reaction can be carried out smoothly in refluxing sec-
butyt alcohol. [t will also be appreciated that the reaction involving aryl iodide in the above-
described process of the present invention, i.e., where X has the meaning iodo in the reactant of
Formula (3.0.0), proceeds rapidly and can be completed in a period of a few hours’ time. The
reaction involving aryl bromide, on the other hand, ie., where X has the meaning bromo in the
reactant of Formula (3.0.0), proceeds more slowly than the reaction involving aryl iodide, and
heating of the reaction mixture for a significantly longer period of time, more than 10 hours, is
required to complete the reaction. However, prolonged heating of the reaction mixture in the
case of either reaction, does not adversely affect the yield of the resulting diaryt thioether, ie.,
diaryl sulfide..

Ancther such factor is the use of a strong base of Formuia (5.0.0)
M-OR® S
(5.0.0)
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where M is an alkali metal, Group 1/la element, selected from the group consisting of lithium, Li;
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs; and R® is hydrogen, H: or straight or
branched chain (C4-C4) alkyl. Prefered strong bases comprise a member selected from the
group consisting of lithium hydroxide, LIOH; sodium hydroxide, NaOH; potassium hydroxide,
KOH; rubidium hydroxide, RbOH; cesium hydroxide, CsOH; fithium methoxide, LIOCH 3; sodium
methoxide, NaOCH,; potassium methoxide, KOCHjg; rubidium methoxide, RbOCH3; cesium
methoxide, CsOCHj; lithium ethoxide, LiIOCH,CH;; sodium ethoxide, NaOCH,CHjs; potassium
ethoxide, KOCH,CH;; rubidium ethoxide, RbOCH,CH,; cesium ethoxide, CsOCH,CHy; lithium
tert-butoxide, LIOC(CHg)s; sodium ferf-butoxide, NaOC(CHs)s;; potassium ferf-butoxide,
KOC(CHs)s; rubidium ferf-butoxide, RoOC(CH;)s; and cesium ferf-butoxide, CSOC(CH;)s.

The above-mentioned strong bases may be used in the form of mixtures thereof, but it
is preferred to employ only a single strong base, More preferred among the above-recited
strong bases are sodium hydroxide, NaOH; potassium hydroxide, KOH; sodium ethoxide,
NaOCH,CHs; and potassium fert-butoxide, KOC{CHjs)s.

A siill further factor in achieving satisfactory completion of the above-described
process of the present invention is the use of a transition metal catalyst comprising palladium
metal complexes. Included among the palladium metal complexes which are preferred for use
in the process of the present invention, are more preferred species of such catalysts which
are used in the above-described process. Said more preferred species is a member selected
from the group consisting of:

tetralds(triphenyiphosphine)palladium(0): [(CsH5)sPlsPd(0);

tetrakis(methyldiphenylphosphine)palladium(0): [(CeH5),PCH:LPd(0);

trans-dichlorobis(methyldiphenyiphosphine)pafiadium(ii): {{CeHs):PCH4JPdCl,;

dichlorobis{methylenebis(diphenylphosphine)]dipalfadium-dichloromethane adduct of
Formula (6.0.0):

2%

l—Pd—-—Pd—CI - CHCI,
OO

le

dichlorobis(triphenyiphosphine)palladiumfli): [{CeHs)aPJPdCl;

(6.0.0)



T e prra— :
P P s et S,

tris{dibenzylideneacetone)dipalladium(0)-chloroform adduct:
(CsH50H=CHCOCH=CHCsH5)3Pd2 « CHCl3;
bis(dibenzylideneacetone)paliadium(0): {CsHsCH=CHCOCH=CHC¢Hs).Pd;

[1,1"-bis(diphenylphosphino)ferrocene]dichloropalladium(lf), complex with
5 dichloromethane, of Formula (6.1.0):

(6.1.0)

bis[1,2-bis(diphenylphosphino)ethane]palladium(ll} of Formula (6.2.0):

10 {6.2.0)
—and —

(n-allyhpalladium(ll) chloride dimer of Formula (6.3.0):
C
Pd/ \ { CH
Cﬁ N / C

H
(6.3.0)
15 Of the palladium metal complexes described above, the most preferred is

tetrakis(triphenylphosphine)palladium(0), {(CsHs)sP)sPd(0).

The most important factor in achieving satisfacfory completion of the above-described
process of the present invention is the use of an auxiliary ligand for the fransition metal
catalyst comprising a palladium metal complex. it has been discovered that with the selection

20 and use of a particular type of auxiliary ligand, that the efficiency and product yields of the
above-described process can be very substantially improved. The particular type of ligand t9' )
be selected and used is a bidentate, chiral, axially dissymmetric aromatic compound. Such
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an auxiliary ligand operates in conjunction with said transition metal catalyst comprising a
palladium metal complex, to drive and guide the mechanisms through which the reactions in
the processes of the present invention are taking place. More details conceming the actual
and conjectured workings of the auxiliary ligand in the processes of the present invention are
presented further below.

The auxiliary ligand to be selected and used together with the transition metal catalyst
comprising a palladium metal complex in the processes of the present invention is a
bidentate, chiral, axially dissymmetric aromatic compound of Formula (6.5.0) or (5.5.1):

K ’
ARYL! wW-R? ‘:?\N
A" R y ]
P

1 o)
2 z q
B =N
o
ARYLZ YR R’
" \R‘ R
(5.5.0) (5.5.1)

where

in Formula (5.5.0): W and Y are both phosphorus or are both nitrogen, or taken
together with R', R?, R®, and R* are hydrogen phosphate; m and n are independently 1 or 2;
R', R% R® and R* are independently selected from the group consisting of hydrogen;
(Cy-Cs) alkyl; phenyl; naphihyl; biphenyt; tolyl; furyl; pyrolyl; and pyridyl; ARYL' and ARYL?
are independently selected from the group consisting of phenyl; biphenyl; 1- or 2-naphthyi;
pyridyl; and quinolinyl; or ARYL! and ARYL? are taken together to form a member selected
from the group consisting of phenyt; naphthyt; biphenyl; pyridyl; quinofinyl; and 2,2-dimethyl-
1,3-dioxolane-4,5-diyl; A and B are both carbon atoms which are either bonded directly to
carbon atoms identified as 1 and 2, or else are adjacent constituent carbon atoms identified
as 1 and 2 of ARYL' and ARYL? respectively, in which case the bonds attached to A and B of
unspecified orientation are attached fo carbon atoms « to carbon atomns identified as 1 and 2;
and said bonds of unspecified otientation must have opposite otientations, whereby said
auxiliary ligand is axially dissymmetric; and

in Formula (5.5.1): p and q are independently 0, 1 or 2; R', R, R®, and R* have
the same meaning as above selected on an independent basis; Z is —N(R®*)— or —(CHz)—
where R® is hydrogen or (C-C,) alkyl; provided that p and q cannot be 0 when Z is —N{R)—;
and for the bonds of unspecified orientation attached to R', R%, R®, and R®, said bonds of R‘.
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and R? must have an orientation opposite to that of said bonds of R® and R*, whereby said
auxiliary figand is axially dissymmetric,

With regard fo the auxiliary figands of Formula (5.5.0):

R1
! 2
ARYL! W-R
A n
t
2
B

ARYLZ - Y'\-R$
R4

(5.5.0)
the moieties ARYL' and ARYL? are independently selected from the group consisting of
phenyl; biphenyt; 1- or 2-naphthyl; pyridyl; and quinolinyl; while A and B are both carbon
atoms which are either bonded directly to carbon atoms identified as 1 and 2, or else are
adjacent constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?, respectively, in
which case the bonds attached to A-and B of unspecified orientation are aftached to carbon
atoms o to carbon atoms identified as 1 and 2; and said bonds of unspecified orientation must
have opposite orientations, whereby said auxiliary ligand is axially dissymmetric.

In preferred embodiments, A and B form adjacent constituent parts of ARYL' and
ARYL?, and this requirement results in a configuration in which the aromatic groups which
make up the ARYL' and ARYL? moieties are bound to each other by a carbon-to-carbon
covalent bond. This arrangement of the planar aromatic groups provides additional rigidity,
which is thought to further promote the enantioselectivity facilitated by the opposite orientation
of the bonds on the other side of A and B. Examples of these preferred embodiments, as well
as the fess preferred embodiments wherein A and B are bonded directly to ARYL® and
ARYL?, may be illustrated by the following moieties of partial Formulas (5.6.1) through (5.6.9):

@ ‘4,

(5.6.1) (5.6.2) (5.6.3) (5.6.4) (56.5)
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(5.6.6) (5.6.7) (5.6.8) (5.6.9)

In preferred embodiments of the present invention, both m and n are 1 and both W
and Y are phosphorus or taken together with R', R%, R® and R* are hydrogen phosphate. A
§ preferred hydrogen phosphate species has a 1,1-binaphthyl group and is represented by

Formula (5.7.1):
SeN

N7
LN

0 o~ TOH
O (6.7.1)

Preferred phosphorus species are those wherein R', R, R®, and R* are the same and
10  are phenyl, p-tolyl, or pyridyl. When these preferences are combined with a 1,1*-binaphthy!
group as a preferred embodiment of A and B, and ARYL' and ARYL? the following preferred
species of the auxiliary ligand of Formula (5.5.0) result, as shown in Formulas (5.7.2) through
(5.7.4).
CH,

o To coro” &;
e 5@«

CH,

15
(5.72) (6.73) (5.7.4)

In further embodiments of the auxiliary ligands used in the preparation processes of
the present invention, ARYL' and ARYL? are taken together to form a member selected from
the group consisting of phenyl; naphthyl; biphenyl; pyridyl; quinolinyl; and 2,2-dimethyl-1,3-

20 dioxolane-4,5-diyl. In these embodiments, A and B are adjacent constituent carbon atoms of
said members. Using the preferred bis(diphenyl-phosphino) moiety iliustrated above, e.g., o,
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the species of Formula (5.7.2), the following further auxiliary ligand embodiments of the
present invention result, as shown in Formulas (5.7.5) through (5.7.9):

¢ ¢ ¢
@agg g; 03\55

Po .%o
~ (U eX I,
oYY

(651.8) (5.7.9)

The auxiliary ligand species of Formula (5.7.9) above is (+)-2,3-O-isopropylidene-2,3-
dihydroxy-1,4-bis{diphenylphospino)-butane, which is a commercially avaflable material.

With regard fo the auxiliary ligands of Formuia (6.5.1):

10 -
(5.5.1)

p and q are independently 0, 1 or 2; R', R%, R®, and R* are independently selected from the
group consisting of hydrogen; (C-C,) alkyl; phenyl; naphthyl; biphenyl; tolyl; furyl; pyrrolyt;
and pyridyl; Z is —N(R®%)— or —(CHz)— where R® is hydrogen or (C-Cy) alkyl; provided that p
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and q cannot be 0 when Z is —N(R®)}—; and for the bonds of unspecified ovientation attached
to R, R%, R®, and R, said bonds of R' and R? must have an orientation opposite to that of
said bonds of R® and R*, whereby said auxiliary ligand is axially dissymmetric.

Preferred embodiments of the auxiliary ligands of Formula (5.5.1) include those
where p and q are both 0, Z is CH,, and R', R, R®, and R are all defined as phenyl or R and
R* are hydrogen while R and R® are phenyl. The resulting preferred embodiments are the
species of Formulas (5.8.1) and (5.8.2):

Q 9 &
QX M}-@

(5.8.1) (58.2)
The species of Formula (5.8.1) is 2,2-methylenebis[(4S)4-phenyl-2-oxazoline]; and the
species of Formula (5.8.2) is 2,2-methylenebis[(4R,5S)4,5-diphenyl-2-oxazofine]. Both
species are commercially available materials.

Other embodiments of the auxiliary ligands used in the preparation processes of the
present invention include those where Z is NR® where R® is hydrogen; p and q are both 1; and
R', R% R and R are all defined as phenyl or R® and R* are hydrogen while R! and R® are
phenyl. The resulting preferred embodiments are the species of Formulas (5.8.3) and (5.8.4):

. )\/Hka .3 Y O

(6.8.3) (5.84)

l,'

\“\
]

The palladium catalyzed coupling reaction of thiophenols and aryliodides to yield
diarylthioethers was first reported by Migita, ef al. in Bull. Chem. Soc. Jpn. 53, 1385-1389
(1980). In the Migita reaction as it relates to the preparation processes of the present
invention, the bromo-nitrile is converted into the fluoro-amide, as is flustrated by SYNTHESIS
SCHEME (10.0.1) set out further above and repeated in the discussion immediately below.

The catalytic cycle for the Migita reaction shares some similarities with the chk
reaction in that the active catalytic species is believed to be a 14 electron Pd(0) with two
phosphorus ligands attached. See, e.g., Classics in Total Synfhesis, K. C. Nicolaou and E. J. i
Sorensen, page 567, VCH 1996, Weinheim, Germany, New York, USA, Basel, Switzerland;
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Cambridge, England, Tokyo, Japan. The catalytic cycie of the Migita Reaction is Hllustrated in
the foliowing SYNTHESIS SCHEME (10.4.0):

SYNTHESIS SCHEME (10.4.0)

Ary-Br Starting Material

-L

reductive Aryi-S
elimination
L\ P Aryl
L~ d\s-Ary!
8O
Hartwig type
complex

The discovery and isolation of the palladium-sulfur addition complex derived from the
cotresponding thiophenol and aryliodide starting materials, has been reported by Hartwig, ef
al. in J. Am. Chem. Soc. 120, 9205-9219 (1998). It is conjectured that the Hartwig complex is
the precursor from which fhe diarylthioethers are expelled by reductive efimination and the 14

10  electron Pd(0) intermediate is regenerated to maintain the catalytic cycle. Application of this
catalyzed sequence to the processes of the present invention is illustrated in SYNTHESIS
SCHEME (10.0.1) further above and.repeated here:

SYNTHESIS SCHEME (10.0.1)

15

[(CeHs)sP14Pd; alcohol; F
auxiliary ligand M-O-R5

(4.0.0) (3.0.0)
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As has already been pointed out herein, in addition to the modified Migita reaction,
the reaction in SYNTHESIS SCHEME (10.0.1) also involves simultaneous nitrile info amide
hydrolysis. This is a desired chemical transformation which enhances the elegance and
brevity of the overall synthesis of the compound of Formula (1.0.0), but it is mechanistically
more complicated than the catalyzed sequence without said transformation. In order to
understand the underlying mechanism of action and to assure the reproducibility of the
carbon-suffur reaction behavior and auxiliary ligand effects just described, a more simple
model of the catalyzed sequence was contrived in accordance with the following SYNTHESIS
SCHEME (10.5.0):

SYNTHESIS SCHEME (10.5.0)

Pd(PPh;),
awdliary ligand

FPrOH KOH
ocH,  Br CONH, HSCO\©\
CONH.
S 2

+
310y © @.1.0)

sOk@

(4.1.0)

The model represented by SYNTHESIS SCHEME (10.5.0) was catried out using 1%
mole of the transition metal catalyst compiex, Pd(PPhs),, which contains only 9% paliadium
on a mass basis. This fixed minimal amount of palladium was chosen in order to reduce
costs and to control the amount of residual palladium found in the final product, as well as to
establish a predetermined amount of palladium that had to be removed in downstream
processing. The objective was to determine whether a significant reaction rqte enhancement
could be obtained by the addition of catalytic amounts of auxiliary ligands. For this study 2,2™
bis(diphenylphosphino)-1,1-binaphthyl (BINAP) was selected as the auxiliary ligand, and it
was used at 2% moles. The principal reactants, the thiophenol and the arytbromide, were
reacted together in equimolar proportions, and the catalyst, Pd{(PPhg);, was used at a 1%
mole level. The base, potassium hydroxide, was used af 2 moles relative to the arylbromide.
The solvent used was iso-propanol, and in some instances, 2 moles of water were 'added
relative to the arylbromide. The reactions were carried out at ~82°C.

I

The reactions represented by SYNTHESIS SCHEMES (10.0.1) and (10.5.0) both
showed a yield increase of >10% points of reaction yield, with improvement in the reacfion
rate when an auxifiary ligand was added. The optimum completion time for the reaction of
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SYNTHESIS SCHEME (10.0.1) was estimated at 6-7 hours when {S)-BINAP was used as the
auxiliary ligand, compared to >16 hours when no auxiliary ligand was added. For the reaction
of SYNTHESIS SCHEME (10.5.0) the optimum completion time was estimated at ~ 6 hours
when (S)-BINAP was used as the auxiliary ligand, compared fo >18 hours when no auxiliary
ligand was present. These data are summarized in the following GRAPH (12.0.0) and
GRAPH (12.0.1) and their corresponding TABLE (11.0.1) and TABLE (11.0.2):

GRAPH (12.0.0)

100
90 gts ¢ ©
g ® 3’8” 2 & %
g 038 o 3 a " mE g +Chiral SBINAP
a 7 ot e - .
:.'-l'.’: 60 *® AA - ¢ Chiral R-BINAP
T 50 « ¢ A n © S-BINAP & water
£ 0 A omh ARacermic BINAP
2 0l® o A= No BINAP (std)
= 2l ° :-
10 $ AN
° 3.= +- + + : 4~ po——
0 2 4 6 8 10 12 14 16 18
Reaction Time (h)
TABLE (11.0.1)
“Time(hr) | Chiral (S)- | Racemic | No BINAP [Chiral (R)-
BINAP | BINAP ___1 BINAP
0 0.2 0.7 0.04 0.6
05 5 66 33 53
1 17.6 144 7.0 113
15 323 205 101
2.0 37 258 17.7 220
25 514 280 26.7
30 56.8 334 219 311
3.5 62.4 45.2 32
4.0 69.8 52.5 319 | 417
5.0 773 51.5 412 52.0 .
6.0 824 56.7 454 60.1
7.0 85.9 647 524 67
8.0 85.7 70.6 571 70.0
9.0 83.8 76.8 63.1 71.7
40.0 80.9 7.7 674 76.7
110 82.0 68.2 75.7
130 71.7 74.2
12.0 81.2 76.7
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[ Time(hr) | Chiral (S)- | Racemic ] No BINAP [Chiral (R)-
BINAP BINAP BINAP
16.0 738
17.0 75.2
19.0 732
21.0 675
24.0 73.8
GRAPH (12.0.1)
[—¢— Chiral S-BINAP |
——racemic BINAP
~—i—No BINAP
5 10 15 20 25 30
Reaction Time (h)
TABLE (11.0.2
[ Time{hr) | Chiral (S)-BINAP | Racemic | No BINAP |
BINAP
) 0.2 07 0.04
0.5 5 65 33
1 175 144 7.0
15 323 205
20 T 37 25.8 177
25 514 28.0
30 56.8 334 219
35 624 452
40 698 525 319
5.0 71.3 515 41.2 g
6.0 824 587 454
70 859 64.7 524
8.0 ~85.7 70.6 571
9.0 6338 76.8 63.1
10.0 809 77.7 674
11.0 82.0 68.2
12.0 812
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[“Time(hr) | Chiral (S)}-BINAP | Racemic | No BINAP |
BINAP
13.0 7.7
15.0 738
17.0 75.2
19.0 73.2
21.0 675
24,0 738

The observations made in the course of canrying out the above-described reactions,
which are modifications of the Migita reaction, suggest that the auxiliary ligands used in the
preparation processes of the present invention and defined herein, have applicability to other
palladium catalyzed reactions. it has been found, e.g., that racemic BINAP shows a
significant yleld increase compared fo other phosphorus ligand systems currently available,
and also a significant rate increase, when used in catalyfic levels equat to 2% moles relative
to the principal reactants involved. It is known in the art that in the case of reactions involving
oxygen and nirogen nucleophiles, ligands such as BINAP and DPPF, 1,1-
bis(diphenyiphosphino)-fetrocine, enhance the yield and rate of those reactions. This result
has been attribufed to a modest “bite-angle® possessed by the figands that form the
intermediate complexes involved in the catalytic cycle, which in tum leads to favorable
reductive elimination. DPPF exhibited no such favorable impact, however, on the yields and
rates of the preparation processes of the present invention. It has been surmised, therefore,
that although the “bite-angle” of ligands in general remains important depending upon the
specific stereochemical parameters involved, that it is not a critical feature of the auxiliary
ligand being used in the preparation processes of the present invention,

It has also been discovered that, surprisingly, an enhanced reaction rate and yield are
obtained from the reactions of SYNTHESIS SCHEMES (10.0.1) and (10.5.0) when particular
stereoisomer forms of the auxiliary ligands of the present invention are used instead of the
racemic form. For example, when (R)-BINAP or (S)-BINAP are used individually instead of
racemic BINAP, (rac)-BINAP, in equivalent concentrations, still further improved results are
obtained. For example, the reaction of SYNTHES!IS SCHEME (10.0.1) is optimally completed
in 22 to 24 hours when no auxiliary ligand is used, as compared with completion in 8 to 10
hours when (rac)-BINAP is used. Yet, when (R)- or (S)-BINAP are used, the required
completion time is reduced to from 5 to 6 hours. Similar results have been obtained with
regard to the reaction of SYNTHES!IS SCHEME (10.5.0).

»

The use of optically active, ie., sterecisomeric forms of the auxiliary ligands of the
present invention, e.g., (R)- or (S)-BINAP auxiliary ligand, afford a further unexpected process .
advantage in the preparation processes of the present invention, which is the suppression of
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undesired side reactions. For example, it has been found that when the reaction of
SYNTHESIS SCHEME (10.0.1) is carried out, the main product of the reaction, the fluoro-
amide of Formula (2.0.0), undergoes further conversion to the corresponding fluoro-carboxyfic
acid of Formula (2.2.0), as shown in the following SYNTHESIS SCHEME (10.6.0):

SYNTHESIS SCHEME (10.6.0)
F
|6 s N
CONH > COH
S ®  ProH; KOH S z
(2.0.0) 2.2.0)
0

Where no auxiliary ligand is used in one of the above-described preparation
processes, the typical reaction profile exhibits produciion of several side products, including
the acid of Formula (2.2.0). After about & hours into the reaction, noticeable amounts of the
acid of Formula (2.2.0) are being formed, and this increases to about 10% of vield after 24
hours of exposure to the homogeneous catalytic reaction conditions. By contrast, it has been
found, surprisingly, that when the auxiliary catalysts as herein defined are used in the
preparation processes of the present invention, the side reaction which produces the
carboxylic compotind of Formula (2.2.0) is effectively suppressed, so that significantly more of
the original starting materials are converted to the desired end product of Formula (2.0.0).

These results are illustrated by the data in the following GRAPH (12.0.2)} and GRAPH
(12.0.3) and their corresponding TABLE (11.0.3) and TABLE (11.0.4):
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% Present

GRAPH (12.0.2

——(2.0.0)

—~h—(3.1.0)

——{4.0.0)

—0—(3.3.0)

—O0—{2.1.0)

—B8—(2.2.0)

TABLE (11.0.3)

Time (hr) | {2.0.0)- 1 (31.0)° ] {4.0.0) | 3.3.0) |- (21.0) | (22.0)
0 135 323 51.1 0.2 0 1
0.5 29.7 305 327 14 0 43
10 404 283 19.1 34 0 74
15 458 25.8 10.1 6.6 0 8.8
2.0 37.1 29 6.3 119 0.13 118
25 444 218 21 15.2 0.2 10
3.0 411 260 0.7 215 0.3 9.2
35 39.0 189 0.3 279 06 71
40 355 18.2 0.1 343 09 5.6
5.0 31 162 0.1 416 15 3.1
6.0 27.6 145 04 484 24 2.1
7.0 230 125 04 | 5338 3 14
8.0 18.8 11 0.09 508 38 1
9.0 138 9.0 0.08 66 46 0.8
70.0 85 65 0.03 69.9 4.7 0.7
110 48 6.2 0.02 76 6.2 07
12.0 2 52 0.02 782 6.9 0.6
130 13 47 0.02 774 73 0.6
140 09 49 0.02 775 8.7 06
15.0 0.6 53 0.01 76.6 9.6 0.6
16.0 05 55 0.02 76.2 10.3 0.7
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GRAPH {12.0.3)

100

90
:g ~—&—(2.0.0)
60 —4&—(3.1.0)
50 ——{4.0.0)
40 3 —0—(2.1.0)
30 —B—(2.2,0)
20

10

oR

Reaction Time (h)
TABLE (11.0.4)
[Time (hr)] (4.0.0) | (34.0) | .(2.0.0) 220). | 21.0)
) 27.2 445 12 0 141

0.4 147 139 123 0 40

038 46 1 348 0.2 45

13 14 007 51.6 04 382

1.7 0.4 0.05 615 07 325

2.1 0.09 0.04 684 10 264

256 ND 0.03 127 ) 221

30 ND 0.02 75.7 13 18.7

35 ND 0.02 80.4 14 138

40 ND 0.02 832 16 106

45 ND 0.01 86.0 16 8.0

5.0 ND 0.02 874 18 6.2

55 ND 0.02 886 19 438

6.0 ND 0.02 859 29 54

65 ND 0.01 90 22 28

7.0 ND 0.01 888 30 26

75 ND 0.007 90.4 25 17

8.0 ND 0.007 90.7 29 16
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After the reaction of SYNTHESIS SCHEME (10.0.1) is canrfied to completion, water is
added to the reaction mixture to bring about precipitation and subsequent crystallization of the
coupling product of Formula (2.0.0). The reaction work up conditions are basic, so that any
residual carboxylic acid formed during the reaction is completely eliminated prior to product
isolafion. Consequently, the carboxylic acid purge is a feature of the process of the present
invention which is especially useful, since it effectively removes from the isolated intermediate
of Formula {2.0.0) any confamination by the carboxylic acid compound of Formula (2.2.0).
This is a result of the fact that the carboxylic acid compound remains completely solubilized in
the aqueous guench liquors in the form of carboxylate anion. This useful result is obtained
even where the amounts of carboxylic acid compound contamination are as high as 10% of
the reaction yield. Isolation of pure intermediate of Formula (2.0.0) is thus readily achieved.

It has further been discovered that a reaction path is favored in those cases where an
auxiliary ligand as defined herein is used in the reaction, which is different from the reaction
path that will occur when no auxiliary ligand is used. Thus, it has been found that when a
catalytic quantity of (S)-BINAP is presenf, the reaction proceeds primatily by way of the
fluoro-nitrile infermediate of Formula {(2.1.0):

A

This nitrile intermediate is subsequently hydrolyzed fo yield the desired product of Formula
(2.0.0). However, when no auxiliary ligand as defined herein is present during the reaction, a
significant quantity of the bromo-nitrile starting material of Formula (3.1.0) is hydrolyzed to the
bromo-amide of Formula (3.3.0):

(2.1.0)

Br
CONH,

(33.0)

before coupling with the thiolate anion can occur, The bromo-amide of Formula (3.3.0) once
formed undergoes palladium catalyzed coupling with the thiolate anion to yield the d&sired
product of Formula (2.0.0). The chemical reactions discussed in this connection are
summarized in the following SYNTHESIS SCHEME (10.7.0):
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SYNTHES{S SCHEME {10.7.0)

SIGNIFICANT
PATHWAY WHEN NO
AUXILIARY LIGAND IS PRESENT

Br bromo-nitrite  fluoro-amide. S

CN {3.1.0) (2.0.0) CONH,

fluoro-nitrile
(2.1.0)

S

CN
DOMINATING PATHWAY WHEN A
CATALYTIC QUANTITY OF

CHIRAL BINAP
IS USED

An increase in reaction rate and yield has been observed with the preparation
processes of the present invention when catalyfic quantifies of racemic mixtures of the
auxiliary ligands defined herein, e.g., (rac)-BINAP, are replaced with the comresponding
enantiomerically pure (R)- or (S)- forms of those auxiliary ligands, e.g., (R)- or {S}-BINAP. It
is surmised that these improvements cannot be explained by the previously discussed bite
angle’ in the reactive complex intermediate of the Hartwig type, which in this case would be
(ArS) (Ar) Pd (BINAP). The Hartwig complex formed prior to reductive elimination contains
only one BINAP ligand as does the elimination product Pd{BINAP), so the rate would in that
case be identical for either enantiomer.

There is no intention herein to limit the scope of the present invention by selting forth
details of proposed mechanisms of action which might explain the unexpected increases in
reaction rates and yield which have been obfained with the preparation processes of the
present invention. Such explanations must, in any event, remain hypothetical in nature. The
discussion which is provided here is for the purpose of guiding the arfisan in camying out the
processes of the present invention and adapting them to some particular purpose which_,that
artisan might have.
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The yield and rate amplification phenomenon arising from the catalytic cycle for

bidentate phosphorus ligands which has been discovered with regard to the processes of the

present invention may be fllustrated in SYNTHESIS SCHEME (10.8.0):

SYNTHESIS SCHEME {10.8.0)
L
- L Aryl-Br Starting Material
L.
e
/
L
oxidative
addition
Fitton-Rick
complex .

SN

Hartwig type
complex

It is theorized that the improved results which have been obtained with the present
invention can be explained if the concentration of the coordinately unsaturated 14 electron
reactive species comprising palladium and a single bidentate auxiliary figand as defined
herein, e.g., PA[BINAP], is sustained by an equilibrium between it and a species comprisng
palladium and two bidentate auxiliary tigands, e.g., PA[BINAPL. In this especially preferred
case, the enantiomeric isomers of the palladium complex are Pd[(S)}-BINAP], and Pd[(R)-
BINAP],. The equilibrium between Pd[{S)-BINAP] and Pd[{R)-BINAP] will have an equilibrium
constant Ks and Kg, respectively. Kg and Ky are equal in magnitude because the equilibria
have symmetry as enantiomeric pairs. However, the equilibrium between Pd[(S)-BINAP]I(R)-
BINAP] and Pd[(S)-BINAP] or Pd[{R)-BINAP] will have a different equilibrium constant Ke.e
because this paltadium complex is diasterecisomeric. In accordance with the preSent
invention it has been shown that Kg = R >> K >> Ky for the following reaction equitibria:
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(S)-BINAP
}Pd Ks > (S)-BINAP S)-BINAP
Fast chiral (S)-BINAP <+ + O
BINAP channel (R)-BINAP
}Pd Kr (R)-BINAP. (R)}-BINAP
(R)-BINAP — *
(S)-BINAP
Intermediate }Pd Krac (SHBINAP . (R)-BINAP
rate, racemic (R)}-BINAP —
BINAP channel (R)-BINAP
( }Pd Krac (RMBINAP 4  (S)-BINAP
S)-BINAP —
Slow Migita
channel [(PPhs)e)-Pd —Kiuy  [(PPh)lPd 4 2 PPhy

The most preferred auxiliary figand for use in the preparation methods of the present
invention is (S)-(—)-2,2"-Bis{diphenylphosphino)-1,1*-binaphthyl, which may be illustrated by
Formula (6.7.10):

Yoo
OO "‘@

(5.7.10)

Accordingly, the most preferred auxiliary ligand of Formuta (5.7.10) would be used
with the most prefetred palladium metal catalyst, tetrakis(triphenylphosphine)palladium(0),
[(CeHs)sPl:Pd(0). Such a preferred palladium catalyst and auxiliary ligand as herein defined
willl usually be used without the need for the addition of any further ligand. Occasionally,
however, a further ligand may be employed in addition to the auxiliary ligand, and this
comprises an additional embodiment of the present invention. When such a further ligand is
used with the palladium metal complex, e.g., [(CeHs)sPLPd(0), such ligands are preferably
triphenylphosphine (TPP), ethylenebis{diphenylphosphine), or tri-(2-tolyl)phosphine.

The preferred ratio of catalyst to ligand, whether # is an auxiliary ligand as herein
defined, or a further ligand being employed, is approximately 1:2 molar equivalents, but the
artisan will be aware that the use of excessive amounts of ligand can Jead fo a reduction in
the overall yield of the reaction in which such a ligand is being used. In the same manner, the
other palladium metal complexes used as catalysts in the processes of the present invention- -
are used with an auxiliary ligand as herein defined, and optionally with a further ligand. The
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dramafic impact on reaction rates and yields which the use of such auxiliary ligands has on

the preparation processes of the present invention has already been described in detall
further above.

The use of a further figand, ie., in addition to the auxifiary ligand as herein defined,

would be expected to improve the yield of final product, /.e., the compound of Formula (2.0.0).
Such results are illustrated by the table of values immediately following showing yields from
the above-described process of the present invention where different palladium metal
complexes are used without a ligand or with one of a variety of ligands.

TABLE (1103
Ref. | Palladium Metal Complex “Ligand - Yield of (2.6.0) * * -
No. L. e in-situ- : lIsolated
1 | trans-dichloro-bis{triphenyl- None 57.2% 43.4%
phosphine) palladium(il)
2 Ethylenebis(diphenyl 72.2% 71.3%
“ “ phosphine)
3 “ “ ‘Triphenylphosphine 64.2% 60.9%
4 “ “ Tri-(2-tolyf)phosphine | 53.6% 38.8%
§ | tris(dibenzylideneacetone)- None 7.6% 57%
dipalladium(0) chloroform
adduct.
8 “ “ Ethylenebis(diphenyl 34% 18.3%
phosphine)
7 “ “ Triphenylphosphine 75.1% 69.8%
8 | dichloro[ 1,1-bis{diphenyl- None 46.0% 40.7%
phosphino)ferrocene]
palladium(ll) dichloromethane
adduct _
9 « “ Ethylenebis(diphenyl 64.4% 53.8%
phosphine)
10 “ “ Triphenylphosphine 64.4% 55.0%
11 | bis{dibenzylideneacetone) None 17.5% 12.4%
palladium(0).
12 “ “ Ethylenebis(diphenyl 35.0% 33.0%
phosphine)
13 ¥ S ‘Triphenylphosphine 55.9% 39.0%
14 [ (w-aliyl) palladium(il) chioride { None 14.2% 8.3%
dimer. ‘
15 “ “ Ethylenebis{diphenyl 43.8% 33.3%
phosphine)
16 “ “ Triphenylphosphine 62.4% 53.7% .
17 | tetrakis(triphenylphosphine None 71.7% 71.6%
paltadium(0).
CONTROL
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The above-described ligands as well as others well known in the art may be
employed with the palladium metal complexes used as catalysts in the process of the present
invention.

As pointed out further above, a particular advantage of the ahove-described process
is that in the course of canying out the reaction under the prescribed conditions, whether
these are suitable or preferred, the nitrile moiety on the compound of Formula (3.0.0) is
hydrolyzed to the corresponding carboxamide group which appears on the final product, a
compound of Formula (1.0.0). Nevertheless, the present invention also affords an altemative
process of preparir;g the novel intermediate, a compound of Formula (2.0.0), in which said
nitrile moiety is first hydrolyzed to the corresponding carboxamide, thereby producing a
compound of Formula (3.3.0). After this synthesis step has been catried out, the
carboxamide compound of Formula (3.3.0} is reacted with the fluorothiophenol compound of
Formula (4.0.0) fo produce said novel intermediate of Formula (2.0.0).

it will be further noted that the second step of the above-mentioned altemative
process is carried out in a fashion which is essentially the same as that illustrated in Scheme
2 above.

Consequently, the present invention is also concemed with an alternafive process for
preparing a compound of Formula (2.0.0):

F
: C s
CONH,

(2.0.0)
which may be illustrated by SYNTHESIS SCHEME (10.1.0) as follows:
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SYNTHESIS SCHEME (10.1.0)

alcohol; water; M-O-RS
/—N 0

(0]

CONH, .
X
CN
[(csns)fw alcohol H
VA e

CONH,

where X, M, and R® all have the séme meaning as defined elsewhere herein.

The altemative process of the present invention illustrated in SYNTHESIS SCHEME
(10.1.0) may be carried out by:

{a) establishing a reaction mixture consisting of
~(1) tetrahydro-4-(3-bromo- or iodo-phenyl)}-2H-pyran-4-nitrile of Formuia (3.0.0):

CN
(3.0.0)

where X is bromo or iodo;

—{2) in a solvent consisting of a straight or branched chain aliphatic alcohol having a total of
from 2 to 7 carbon atoms, optionally as an aqueous mixture thereof; and more preferably
where said alcohol is a secondary alcohol selected from the group consisting of iso-propyl
alcohol, sec-butyl alcohol, iso-pentyl alcohol, and 2-heptanol, optionally as an aqueous
mixture of said secondary afcohol;

~{3) inthe presence of strong base of Formula (5.0.0):

M-O-R®
(5.0.0)

where
—M  is an alkali metal, Group 1/la element, selected from the group consistifig of lithium, Li;
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs; and L
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—R® s hydrogen, H; or straight or branched chain (Ci-C,)alkyl; preferably a member
selected from the group consisting of lithium hydroxide, LiOH; sodium hydroxide, NaOH;
potassium hydroxide, KOH; rubidium hydroxide, RbOH; cesium hydroxide, CsOH; lithium
methoxide, LIOCH;; sodium methoxide, NaOCH;; potassium methoxide, KOCH3; rubidium
methoxide, RbOCHj3; cesium methoxide, CsOCH;; lithium ethoxide, LIOCH.CH,; sodium
ethoxide, NaOCH,CHa; potassium ethoxide, KOCHCHs; rubidium ethoxide, RbOCH,CHg;
cesium ethoxide, CsOCH,CHg; lithium ferf-butoxide, LIOC(CHg)s; sodium fert-butoxide,
NaOC{CH;); potassium fert-butoxide, KOC(CHa)s; rubidium ferf-butoxide, RoOC(CHjs)s; and
cesium ferf-butoxide, CsOC(CH;)s; including mixtures of the above;

— followed by —

<b) heating said reaction mixture, preferably at reflux, preferably for a period of from 3 to
8 hours, more preferably from § to 6 hours; whereby there is produced a compound of
Formula (3.2.0):

CONH,
(3.2.0)

where X is bromo or iodo;
— followed by —

-{c) forming a reaction mixture consisting of said compound of Formula (4.0.0) and 4~
fluorothiophenol of Formula (4.0.0):

H
{4.0.0)

—{1}  ina solvent consisting of a straight or branched chain aliphatic alcohol having a total of
from 2 to 7 carbon atoms, optionally as an aqueous mixture thereof; and more preferably
where said alcohol is a secondary alcoho! selected from the group consisting of iso-propyl
alcohol, sec-butyl alcohol, iso-penfyl alcohol, and 2-heptanol, optionally as an aqueous
mixture of said secondary alcohol;

—(2) inthe presence of strong base of Formula (5.0.0):

M-O-R®
(5.0.0). .

where
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--M  is an alkali metal, Group 1/la element, selected from the group consisting of lithium, Li;
sodium, Na; potassium, K; rubidium, Rb; and cesium, Cs; and

—R® is hydrogen, H; or straight or branched chain (C,-Cy)alkyl; preferably a member
selected from the group consisting of lithium hydroxide, LiOH; sodium hydroxide, NaOH;
potassium hydroxide, KOH; rubidium hydroxide, RbOH; cesiurm hydroxide, CsOH; lithium
methoxide, LIOCH,; sodium methoxide, NaOCH,; potassium methoxide, KOCHs; rubidium
methoxide, RbOCH;; cesium methoxide, CsOCHjg; lithium ethoxide, LIOCH;CHs; sodium
ethoxide, NaOCH;CHj; potassium ethoxide, KOCH;CH;; rubidium ethoxide, RoOCH,CH;;
cesium ethoxide, CsOCH,CHg; lithium tert-butoxide, LIOC(CHz)s; sodium fert-butoxide,
NaOC(CH;)s; potassium ferf-butoxide, KOC(CHs)s; rubidium tert-butoxide, RbOC(CHs)s; and
cesium fert-butoxide, CSOC(CH;)s; including mixtures of the above;

— and further —

~{3} in the presence of a transition metal catalyst comprising 2 member independently
selected from the group consisting of palladium metal complexes; preferably wherein said
palladium metal complex is a member selected from the group consisting of

—tetrakis(triphenylphosphine)palladium(0), [(CeHs)sPLPd(0);
—tetrakis(methyldiphenylphosphine)palladium(0), [{CsHs}.PCH:LPd(0);
—{rans-dichlorobis(methyldiphenylphosphine)palladium(lf), [(CsHs).PCHa},PdCl,;
—dichlorobis[methylenebis(diphenylphosphine)ldipalladium-dichloromethane adduct;
—dichlorobis(triphenylphosphine)palladium(ll}, [(CsHs)sPLPdCl; .
—~tris{dibenzylideneacetone)dipaliadium{0)-chloroform adduct,

(CsHsCH=CHCOCH=CHC¢Hs)sPd, + CHCl3;
—bis(dibenzylideneacetone)palladium{0), (CeHsCH=CHCOCH=CHCeHs).Pd;
—{[1,1-bis{diphenyiphosphino)ferrocene]dichloropalladium(ll), complex with dichloromethane
—bis[1,2-bis(diphenylphosphino)ethanejpaliadium(li); and
—(r-ally)paliadium(ll) chloride dimer;

. — followed by — .

~{d) heating said reaction mixture, preferably at refilux, preferably for a period of from 5 to
15 hours, more preferably from 8 to 10 hours; whereby there is produced said compouryd of
Formula (2.0.0).
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One of the key aspects of the preparation processes of the present invention is an
improved means of producing the known 5-ipoxygenase inhibitory compound of Formula
{1.0.0):

CH

Yo

CONH,
(1.0.0)

This improved process involves most of the above-described preferred embodiments of
the present invention, and may be filustrated by SYNTHESIS SCHEME (10.3.0) as follows:
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SYNTHESIS SCHEME (10.3.0)

F 0
o ) [{CsHs);PLPd 0.2% mole
r (S)-BINAP 0.4% mole
CN KOH 2 mole
SH a \-PrOH
i) RX ACOH/H,0
fs {2 moles) 2
N“ "NH

\=—/ + F
b /NaOH (2 moles) \Q\S/Q\JO

TBA-CI catalyst 1% mole
DMSO 100°-1309C CONH,

{f(

i) MeOH, MeSO,H/C treatment
ii) EtOAc displacement

i) MeOH/C treatment
i) MeSO,H addition to filtrate
i} EtOAc displacement

The improved process of the present invention flustrated in SYNTHESIS SCHEME
(10.3.0) is deemed to comprise a fotat of six embodiments of the present invention. The first
embodiment is Step a, which is the first step illustrated in SYNTHESIS SCHEME (10.3.0), and
Is a process for preparing the novel intermediate of the present invention of Formula (2.0.0).
The second embodiment is Step b, which is the second or middie step illustrated in
SYNTHESIS SCHEME (10.3.0), and is a process for preparing the known SHipoxygenase
inhibitory compound of Formula {1.0.0), as the compound per se. The third embodiment is Step
¢ or Step d, which is the last step in SYNTHESIS SCHEME {10.3.0), and is a process for
preparing the mesylate salt of said known compound of Formula (1.0.0). The fourth
embodiment is Step b + Step ¢ or d. The fifth embodiment is Step a + Step b. ’!hesaxth
embodiment is Step a + Step b+ Step cor d.

-

For the sake of brevity, only the second and sixth embodiments are described in detail
below. Accordingly, the second above-mentioned embodiment, Step b in SYN'H-IESIS )
SCHEME (10.3.1), is carried out as follows:
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«a)  establishing a reaction mixture consisting of
—~(1) tetrahydro-4-[3-(4-fluorophenyljthio]phenyl-2H-pyran-4-carboxamide of Formula

(2.0.0):
F\©\ O
S

CONH,

(2.0.0)
—and —

~2) 2-methylimidazole;

~{3) in an aprotic solvent, preferably a member selected from the group consisting
essentially of hexane; 1.4-dioxane; carbon tetrachloride; benzene; toluene; xylenes; diethyt
ether; chloroform; ethyl acetate; tetrahydrofuran (THF); methylene chioride;
hexamethylphosphoric triamide (HMPT); nitromethane; N,N-dimethytformamide (DMF);
acetonitrile; sulfolane; and dimethylsulfoxide (DMSO); more preferably dimethylsulfoxide
(DMSO);

~{4) in the presence of a sfrong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionalfy —

—~5) in the presence of a catalytic amount of cesium carbonate, Cs;COs, or of a phase
transfer catalysf, preferably a member selected from the group consisting of
cetyltrimethylammonium bromide {CTMABY); dibenzo-18-crown-6 (DB-18-c-6); dicyclohexano-
18-crown-6 (DC-18-c-6); 18-crown-6 (18-c-6); (—)-N-dodecyl-N-methylephedrinium bromide
(DMCOHY); hexamethyl phosphoric friamide (HMPT); cetylpyridinium bromide (NCPB); N-
benzylquininium chloride (QUIBEC); tetra-n-butylammonium bromide (TBAB); tetra-n-
butylammonium chloride (TBAC);, tetra-n-butylammonium hydroxide (TBAH); tetra-n-
butylammonium hydrogen sulfate (TBAHS); tetra-n-bufylammonium iodide (TBAI); tetra-
ethylammonium chloride hydrate (TEAC); tri-n-butylamine (TBA); benzyttributylammonium
bromide - (TBBAB); hexadecyttributylphosphonium bromide {TBHDPBY);
benzyitriethylammonium bromide (TEBAB), benzyitriethylammonium chioride (TEBA);
hexadecyttriethylammonium chloride (TEHDAC); tetramethylammonium chiloride (TMAC);
hexadecyitrimethylammonium chioride (TMHDAC); and octyltrimethylammonium chloride
(TMOAC), and more preferably a quatemary ammonium salt or a phosphonium salt
comprising a member of the above-recited group;

— followed by —
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-{b) heating said reaction mixiure, preferably at reflux, preferably from 115° to 145°C,
more preferably from 125° to 130°C, under a nitrogen atmosphere, preferably for from 12 to
30 hours, more preferably for from 17 to 24 hours; whereby there is produced said
compound of Formula (1.3.0).

5 The above-mentioned sixth embodiment, Step a + Step b + Step ¢ of SYNTHESIS
SCHEME (10.3.0), of the present invention is a process for preparing a substantially pure
mesylate salt of Formula (1.0.1);

CH,

N§‘/ 3
Aol °
S MeSOzH
CONH,
{1.0.1)
10 cotmprising:
<a) preparing a compound of Formuta {2.0.0):
At °
S
CONH,
(2.0.0)
comprising:
16 —{1) establishing a reaction mixture consisting of
~—{l) tetrahydro-4-{3-bromo-phenyl}-2H-pyran-4-nitrile of Formula (3.1.0):
O
Br
CN
(3.1.0)
~and —
20 i) 4-fuorothiopheno! of Formula (4.0.0): ,
F
SH

(4.0.0)



10

15

20

25

<71-

—{iify in a solvent selected from the group tonsisting of iso-propyt alcohol, sec-butyl alcohol,
iso-pentyl alcohol, and 2-heptanoi, optionally as an aqueous mixture thereof;

—(iv) in the presence of a strong base selected from the group consisting of sodium
hydroxide, NaOH; and potassium hydroxide, KOH;

— and further —

—(v} in the presence of a catalyst comprising a member independently selected from the
group consisting of the following palladium metal complexes:

—tetrakis(triphenylphosphine)palladium(0), [(CsHs)aP],;Pd(O);.
—tetrakis(methyldiphenylphosphine)paliadium(0}, [{CeHs):PCH:]PA(0};
~—trans-dichlorobis{methyidiphenylphosphine)palladium(ll), [(CeHs):PCH3l,PdCl;;
—dichiorobisimethiylenebis(diphenyiphosphine)jdipaliadium-dichloromethane adduct;
—dichiorobis{friphenyiphosphine)palladium(l), [(CeHs):P)PdCl2;
—tris{dibenzylideneacetone)dipaliadium(0)}-chioroform adduct,

{CeHsCH=CHCOCH=CHC¢Hs)sPd, » CHCl3;
~bis(dibenzylideneacetone)paliadium(0), (CsHsCH=CHCOCH=CHC4H5).Pd;
~—{1,1-bis(diphenyiphosphino)ferrocene]dichloropalladium(il), complex with dichloromethane
-—bis[1,2-bis{diphenylphosphino)ethane]palladium(li); and
—{=-allyl)palladium{il) chioride dimer;

— followed by —

—~(2) heating said reaction mixture at reflux of from 80° to 84°C for a period of from 18 to
30 hours, preferably 24 hours; whereby there is produced said compound of Formula
(2.0.0);

-{b) establishing a reaction mixture consisting of said compound of Formula {(2.0.0) and a
compound of Formula (1.3.10): '
N "NH .
=/
(1.3.10)

—~(1)  in an aprotic solvent selected from the group consisting essentially of tefrahydrofuran
(THF); methylene chioride; N,N-dimethylformamide (DMF); and dimethylsulfoxide (DMSQ): .
more preferably dimethylsulfoxide (DMSO);
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—(2) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

—and optionally —

—(3) in the presence of a catalytic amount of cesium carbonate, Cs,COs, or of a phase
5 transfer catalyst, preferably a member selecied from the group consisting of
cetyltrimethylammonium bromide (CTMAB); dibenzo-18-crown-6 (DB-18-c-6); dicyclohexano-
18-crown-6 (DC-18-c-6); 18-crown-6 {18-c-6); (—)-N-dodecyl-N-methylephedrinium bromide
(DMCOH); hexamethyl phosphoric triamide (HMPT); celylpyridinium bromide (NCPB); A-
benzyiquininium chloride (QUIBEC);, tetra-n-butylammonium bromide (TBAB); tetra-n-
10 butylammonium chloride (TBAC); tetra-n-butylammonium hydroxide (TBAH); tefra-n-
butylammonium hydrogen sulfate (TBAHS); tetra-n-butylammonium iodide (TBAI); tetra-
ethylammonium chioride hydrate (TEAC); tri-n-butylamine (TBA); benzylfributylammonium
bromide (TBBAB); hexadecyliributyiphosphonium bromide (TBHDPB);
benzyltriethylammonium bromide (TEBAB); benzyltriethylammonium chloride (TEBA);
15 hexadecyitriethylammonium chioride (TEHDAC); tetramethylammonium chloride (TMAC);
hexadecyttrimethylammonium chloride (TMHDAC); and octyltrimethylammonium chloride
(TMOAC); and more preferably a quatemary ammonium salt or a phosphonium salt
comprising a member of the above-recited group;

— followed by —

20 o) heating said reaction mixture at reflux, under a nitrogen atmosphere; whereby there is
produced a compound of Formuta (1.0.0):
CH

N§( 3
Yo °
S
CONH,
{1.0.0)
— followed by —

25 Ad) forming a concentrated methanol solution of said compound of Formuta {1.0.0) followed
by filtering of the solution, preferably through acfivated carbon, to the filirate of which there is
then added methanesulfonic acid, MeSOzH; followed by further concentration and the addition
of ethyl acetate ad seriatim until a crystalline product is isolated comprising substantially’pure

mesylate salt of Formula (1.0.1)
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CH

Na( 3
M oBeVs
s MeSO;H

CONH,

(1.0.1)
— or, altematively, followed by —

~{e}  forming a concenirated methanol solution of said compound of Formuta (1.0.0) to which
there is then added methanesulfonic acid, MeSO;H; followed by filtering of the mixture,
preferably through activated carbon, after which there follows further concentration and the
addition of ethyl acetate ad seriatim until a crystalline product is isolated comprising
substantially pure mesylate salt of Formula (1.0.1).

The preferred method of mesylate salt formafion is that of forming a concentrated
methanol solution of said compound of Formula (1.0.0) which also contains methanesulfonic
acid, MeSO,4H; followed by fiftration. It has been found that this method results in a significant
reduction In process volumes and a reduction in the amount of residual palladium in the final
product. The primary purpose of the above-described methanol recrystallization during
formation of the mesylate salt of Formuta {(1.0.1) is t6 remove any residual palladium from the
final product that may not have been removed during the filtration step, which is preferably
carried out using activated carbon.

it will be appreciated that the above-described process for preparing the mesylate salt
of the compound of Formula (1.0.0) may be readily adapted using the skills and knowledge
available in the art, to prepare other, analogous sulfonate salts of the compound of Formuta
(1.0.0), espedcially the tosylate salt.

EXEMPLIFICATION OF PREFERRED EMBODIMENTS

The processes, novel intermediate, and novel final products of the present invention
will be better appreciated by their illustration in working examples showing details for carrying
them out. However, the examples of preferred embodiments of the present invention which
follow are intended for purposes of demonstration only, and should not be taken as in any
way limiting the scope of the present invention, for which purpose the claims appended hereto
are set forth. .
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EXAMPLE 1
Synthesis of tetrahydro-4-(3-bromophenyl)-2H-pyran-4-nitrile

COJ °
,[ ] + —_—
Br CN B

CN

3-Bromophenylacetonitrile (20.0 g, 102mmole, 1eq.), commetcially available from
Aldrich Chemical Co., Miwaukee, WI, tetrahydrofuran (120 mil), 40% aqueous sodium
hydroxide solution (180 ml, mmole, eq.), tetrabutylammonium hydrogensulfate (3.46 g,
mmole, 0.1eq:) were stired in a reaction flask set for boiling at reflux. Thereafter, 2,2'-
dichlorodiethylether (13.75 mi, 117.3mmole, 0.1eq.) was added with stiring at room
temperature, 20-25°C. The resultant reaction mixture was boiled at reflux for 58 h at
approximately 64°C. The reaction mixture was cooled to ambient temperature and ethyl
acetate (154 ml) was added. The lower aqueous layer was separated and the organic layer
evaporated down into a red oil. fso-propanol (100 ml) and water (10 ml) were added to the oil
and stirred at 0°C ovemight to yield a crystal slurry. The crystal slurry was vacuum filtered,
washed with isopropanol (2 x 20 ml). The white crystalline solid was dried under vacuum at
40-45°C. Yield 18.57 g (68.4%): mp 82-85°C; m/z 267 (m+1); 'H NMR (300MHz, DMSO) &
7.75(s, 1 H), 7.6 (m, 2 H), 7.44 (t, 1H), 4.02 (m, 2H), 3.66 (M, 2H), 2.14 (m, 4H).

EXAMPLE 2
Synthesis of tetrahydro-4-{3-(4-fluocrophenyl)-thio]-phenyl-2H-pyran-4-carboxamide

! F
o (S)-BINAP \©\ o
+ _
CN SH

CONH,

Propan-2-ol (120 mi); tetrahydro-4-(3-bromophenyl)-2H-pyran-4-nitrile (20.0 g, 75.15
mmole, 1 eq.); potassium hydroxide (976 g 150.30 mmole, 2 eq.);
{triphenylphosphine)palladium(0) (174 mg, 0.150 mmole, 0.002 eq.); (S)}{-)}2,2-
bis(diphenylphosphino)-1,1-binaphthyl {{S)-BINAP, 187 mg, 0.301 mmole, 0.004 eq.}; and 4-
fluorcthiophenol (8.0 mi, 75.15 mmole, 1 eq.) were added to a reaction flask set for bolling at
reflux under a nitrogen atmosphere. The resultant reaction mixture was boiled at refiux for
20-24 h at approximately 82°C. The reaction mixture was cooled to ambient temperature, 20-
25°C, and water (120 ml) was added to obtain a slurry which was stirred for an additional 2
hours. The crude product was isolated by filtration and the wet cake was transferred to a
fiask to which acetic acid (160 ml, 8 vof) was added. The solution was heated to 100°C with _
stiing, and was then vacuum filtered while hot and washed with acetic acid (40 ml). The
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yellow filtrate was heated to 75°C after which water (120 ml) was added over a 15 minute
period. A white precipitate formed and the reaction mixture was allowed to cool to room
temperature and stimed. The reaction mixture was vacuum filtered and the filtrate washed
twice with water {20 ml). The product was dried in a vacuum oven to give a white solid: yield
21.04 g (84.5%). The HPLC isolated yield was 97.1%. The structure of the final product was
confimed by 'H NMR and the concentration of palladium in the final product was determined
to be 88 ppm.

EXAMPLE 3
Synthesis of tetrahydro-4-[3-(4-fluorophenyi-thiolphenyl-2H-pyran-4-carboxamide

T F
Q. Q=0
+ —_— >
Br s
CN SH

CONH,

Propan-2-ol (150 ml, 6 vol.); tetrahydro-4-(3-bromophenyl}-2H-pyran-4-nitrile {24.98
0, 93.9 mmole, 1 eq.); potassium hydroxide {12.12 g, 188 mmole, 2 eq.); water (1.93 g, 188
mmole, 2 eq.); tetrakis (triphenylphosphine)palladium{0) (1.085 g, 0.939 mmole, 0.01 eq.);
triphenyiphosphine (TPP: 0.493 g, 1.88 mmole, 0.02 eq.); and 4-fluorothiophenol {12.03 g,
93.9 mmole, 1 eq.) were added to a reaction flask set for boiling at reflux under a nitrogen
atmosphere. The resultant reaction mixture was boiled at reflux for 20-24 h at approximately
84°C. The reaction mixture was cooled to 70°C, and water {150 ml) was added, after which
the reaction mixture was further cooled to room temperature, granulated for 1 hour and
filtered. The resulting ian filter cake was washed with an iso-propanoliwater solution (60 mi
each). The filter cake was then transferred to a reaction flask to which acetic acid (200 ml),
Darco KB-B brand activated carbon filter aid (1.25 g), and Celite brand silica filter aid (2.5 g)
were added. The reaction flask was warmed fo 100°C and then cooled to 75-80°C, after
which its contents were vacuum filtered and rinsed with acetic acid (30 ml)

The solubility of the product of this reaction was separately determined fo be about 62
mg/mi in acetic acid at room temperature, and to be about 4.5 mg/ml in a 2:1 mixture of acetic
acid and water. The reaction flask was heated to 75C, after which water (150 ml) was added
over a period of 15 minutes, at the end of which crystals were observed to form. The reaction
mixture was cooled to 22°C and granulated for 1 hour. The resulting slurry was then vacuum
filtered and the filter cake was washed twice with water (100 mi). The filter cake (75 g) was
placed in a 50°C vacuum drier with a nitrogen bleed, after which 23.04 g of solid product were
obtained for a yield of 74.0%. HPLC analysis of the Darco cake indicated that 0.263 g of.
product were retained. '
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EXAMPLE 4

Synthesis of tetrahydro4-{3-[4-(2-methyl-1H-imidazol-1-yi}-phenyl]-thio}-phenyl-2H-pyran-4-
carboxamide, Using Powdered NaOH and terf-Butylammonium Chioride

f" Powdered
N7 NH
+ \—/
S
CONH, CONH,

Tetrahydro-4-[3-(4-fluorophenyl}-thio}-phenyl-2H-pyran-4-carboxamide (5.0 g, 15.08

mmole, 1 eq), dimethylsulfoxide (50 ml, 10 vol), 2-methylimidazole (2.48 g, 30.17 mmole, 2.0

eq), powdered sodium hydroxide (1.207 g, 30.17 mmole, 2.0 eq), and fert-hutylammonium

chloride (210 mg, 0.754 mmole, 0.05 eq) were added fo a reaction flask set for boiling at

10  refiux under a nitrogen atmosphere, and the reaction mixture was heated at 130°C for & hours

under nitrogen. The reaction mixture was then allowed to cool to room temperature and

quenched with water (50 ml), which resulted in the formation of a precipitate. An exotherm of

10-15°C was observed during the water addition. The product was isolated by vacuum

fitration and washed with water (50 ml). The product was dried overnight in a vacuum oven

15  at 40-45°C. The amount of product obtained was 5.46 g, which represented a 88% yield.
The structure of the product was confirmed using analytical data.

EXAMPLE §

Synthesis of fetrahydro-4-{3-[4-(2-methyl-1H-imidazol-1-yl)-phenyl}-thio}-phenyl-2H-pyran-4-
20 carboxamide, Using Powdered NaOH and Tetra-{n-Butyl}-Ammonium Chioride

CH Powdered
)\3 Tetra-(n-Buty Na OH
z etra-(n-Bu
N\_N, H Ammonium
+ Chiloride CH
N=( 3
AoV ML °
S SW
CONH, CONH,

Tetrahydro-4-[3-(4-fluoropheny!)-thio}-phenyl-2H-pyran-4-carboxamide (5.0 g, 15.00
mmole, 1 eq), dimethylisulfoxide (50 ml, 10 vol), 2-methylimidazole (2.48 g, 30.17 mmole, 2.Q
eq), powdered sodium hydroxide (1.207 g, 30.17 mmole, 2.0 eq), and tetra(n-butyl)-
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ammonium chloride (210 mg, 0.754 mmole, 0.05 eq) were added to a reaction flask set for
boiling at reflux under a nitrogen atmosphere, and the reaction mixture was heated at 100°C
for 28 hours under nitrogen. The reaction mixture was then allowed to cool to room
temperature and quenched with water (50 ml), which resulted in the formation of a precipitate.
An exotherm of 20-25°C was observed during the water addition. The product was isolated
by vacuum filtration and dried ovemight in a vacuum oven. The amount of product obtained
was 5.54 g, which represented a 88.6% yield. The structure of the product was confirmed
using analytical data.

EXAMPLE &

Synthesis of tetrahydro-4-{3-[4-{2-methyl-1H-imidazol-1-yl}-phenyl]-thio}-phenyl-2H-pyran-4-
carboxamide, Using Solid NaOH and Cs,CO;

F \ Na(
QAT L —Mo o

CONH,

Tetrahydro-4-[3-{4-fiuorophenyl)-thio]-phenyl-2H-pyran-4-carboxamide (25.0 g, 754
mmole, 1 eg), dimethylsulfoxide {250 mi, 10 vol), 2-methylimidazole (12.39 g, 150.9 mmole,
2.0 eq), sodium hydroxide (6.03 g, 150.9 mmole, 2.0 eq), and cesium carbonate (1.23 g, 0.38
mmole, 0.005 eq) were added to a reaction flask set for boiling at reflux under a nitrogen
atmosphere, and the reaction mixture was heated at 125-130°C for 17-24 hours under
nitrogen. After the reaction was completed, it was cooled (<30°C) and quenched with water
(250 ml, 10 vol), which resulted in the formation of a precipitate. An exotherm of 10-15°C was
observed during the water addition. The reaction slurry thus formed was cooled to room
temperature (15-25°C) and then granulated for 1 hour. The product was isolated by vacuum
filtration and washed with water (140 ml, 5.6 vol). The product was dried ovemight in a
vacuum oven at 40-45°C. The amount of product obtained was 29.4 g, which represented a
99% yleld. The analylical data for the product were as follows: mp 198-200°C; m/z 396
(m+1); *H NMR (300MHz, DMSO) 8 7.41 (m, 10H), 7.12 (s, 1H), 6.93 (d, 1H), 3.75 (m, 2H),
3.48 {t, 2H), 248 (d, 2H), 2.3 (s, 3H), 1.75 (m, 2H); IR (drifls) vma 3402, 3301, 3123, 3096,
2971, 2930, 2880, 1680, 1663, 1622, 1593, 1569, 1528. ’
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EXAMPLE 7

Synthesis of tetrahydro-4-{3{4-(2-methyl-1H-imidazol-1-yi)-phenyl]-thio}-phenyl-2H-pyran-4-
carboxamide, Using Solid NaOH and a Phase Transfer Catalyst

CH,

O\ /Q{ JC\H @Os Oﬁjo

CONH,

Tetrahydro-4-[3-{(4-fluorophenyt)-thio}-phenyl-2H-pyran-4-carboxamide (25.0 g, 75.4 mmole, 1
eq), dimethylsulfoxide (250 ml, 10 vol), 2-methylimidazole (12.39 g, 150.9 mmole, 2.0 eq),
sodium hydroxide (6.03 g, 150.9 mmole, 2.0 eq), and fetra-n-butylammonium chioride (TBAC)
(0-210 g, 0.75 mmole, 0.05 eq), were added to a reaction flask set for boiling at reflux under a
hifrogen atmosphere, and the reaction mixture was heated at 125-130°C for 17-24 hours
under nitrogen. After the reaction was completed, it was cooled {<30°C) and quenched with
water (250 mi, 10 vol), which resulted in the formation of a precipitate. An exotherm of 10-
15°C was observed during the water addition. The reaction slurry thus formed was cooled to
room temperature (15-25°C) and then granulated for 1 hour. The product was isolated by
vacuum filtration and washed with water (140 ml, 5.6 vol). The product was dried overnight in
a vacuum oven at 40-45°C. The amount of product obtained was 27.6 g, which represented a
93.0% vield, The analytical data for the product were as follows: mp 198-200°C; m/z 396
{m+1); 'H NMR (300MHz, DMSO) 5 7.41 (m, 10H), 7.12 (s, 1H), 6.93 (d, 1H), 3.75 (m, 2H),
3.48 (t, 2H), 2.48 (d, 2H), 2.3 (s, 3H), 1.75 (m, 2H); IR (drifts) Viex 3402, 3301, 3123, 3096,
2971, 2830, 2880, 1680, 1663, 1622, 1593, 1569, 1528, '

EXAMPLE 8

Synthesis of tetrahydro-4-{3-[4-(2-methyl-1H-imidazol-1-yi)-phenyl]-thio}-phenyl-2H-pyran-4-
carboxamide, Using Solid NaOH Alone

TS Ko o

Q
o
Z
N
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Tetrahydro-4-{3-{4-fiuorophenyi)-thio]-phenyl-2H-pyran-4-carboxamide (6.5 g, 19.6 mmole, 1
eq), dimethyisulfoxide (65 mi, 10 vol), 2-methylimidazole (3.22 g, 39.23 mmole, 2.0 eq), and
sodium hydroxide (1.57 g, 39.23 mmole, 2.0 eq), were added to a reaction flask set for boiling
at reflux under a nitrogen atmosphere, and the reaction mixture was heated at $25-130°C for
4-8 hours under nitrogen, After the reaction was completed, it was cooled (<30°C) and
quenched with water (65 ml, 10 vol), which resulted in the formation of a precipifate. An
exotherm of 10-15°C was observed during the water addition. The reaction siurry thus
formed was cooled to room temperature (15-25°C) and then granulated for 1 hour. The
product was isolated by vacuum filtration and washed with water (80 ml, 12.3 vol). The
product was dried overnight in a vacuum oven at 40-45°C. The amount of product obtained
was 6.98 g, which represented a 90.4% yield. The analytical data for the product were as
follows: mp 198-200°C; m/z 396 (m+1); *H NMR (300MHz, DMSO) § 7.41 (m, 10H), 7.12 (s,
1H), 6.93 {d, 1H), 3.75 {m, 2H), 3.48 (t, 2H), 2.48 (d, 2H), 2.3 (s, 3H), 1.75 {m, 2H); IR (drifts)
Vieax 3402, 3301, 3123, 3096, 2971, 2030, 2880, 1680, 1663, 1622, 1593, 1569, 1528.

EXAMPLE 9

Mesviate salt formation

Methanol {640 ml, 40 vol), tetrahydro-4-[3-{4-(2-methyl-1H-imidazol-1-yl) phenyl]-
thio}-phenyl-2H-pyran-4-carboxamide prepared by the method of Example 3 (16.0 g, 40.7
mmol, 1.0 eq.), activated charcoal, Darco KB-B (0.80 g) and filter aid, Celite (2.4 g) were
added to a reaction flask set for boiling at reflux. The mixture was heated to refiux,
approximately 66°C to dissolve the organic substrate. The contents of the reaction flask were
cooled to the temperature range 55-60°C, and the carbon and filter aid removed by filtration in
the temperature range 55-60°C. The residue was washed with methanol {50 mi) and the
wash combined with the original filtrate. The resultant clear combined filtrate and wash so
obtained was concentrated by distillation at atmospheric pressure to a volume of
approximately 700 mi. Methanesulfonic acid {4.1 g, 42.7 mmol, 1.05 eq.) was added fo the
concentrated methanol solution. The resultant solution was further concentrated by
distillation at atmospheric pressure to a volume of about 250 ml and ethyl acetate (500 ml)
was added in fwo aliquots, the net volume was reduced by distillation to 250 ml after each
ethyl acetate addition. The resultant crystal slurry was cooled to room temperature 15-25°C
and granulated from 4-16 h in the temperature range 15-25°C. The white crystalline product
was isolated by filtration and washed with ethyl acetate (135 ml), and dried under vacuum at
45-50°C. Yield 18.39 g, 92.3%. The salt so produced is characterized by an X-ray povg,der
diffraction pattern with principal peaks set forth in Table 3 below:
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TABLE {(11.0.5
] 65 136 20 24.0 37
2 6.1 9.7 21 245 35
3 133 656 22 254 35
4 142 6.2 23 26.% 34
5 144 6.1 24 26.7 33
6 15.1 59 25 277 32
7 154 5.7 26 28.6 3.1
8 16.0 55 27 293 30
9 16.7 53 28 30.0 30
10 17.2 5.1 29 305 29
11 17.8 50 30 317 28
12 182 48 31 328 2.7
13 16.0 47 32 338 256
14 10.9 44 33 353 25
15 210 42 34 36.0 25
16 22.0 4.0 35 36.7 24
7 223 4. 36 376 24
18 229 3.9 37 392 23
19 236 38
EXAMPLE 10

Recrysiallization of ﬁtrabydroﬁ:i—[:i—(%meﬂyl—‘l H-imidazol-1-vl) phenyijthicjphenyl-2H-
pyran-4-carboxamide

Methanol (3200 ml, 40 vol), tetrahydro-4-[3-{4-(2-methyl-1H-imidazol-1-yi)
phenylthio]phenyl-2H-pyran-4-carboxamide prepared by the method of Example 3, (80.2 g),
acfivated charcoal, Darco KB-B (4.0 g) and filter aid, Celite (10 g) were added fo a reaction
flask set for boiling at reflux. The mixture was heated to reflux, approximately 66°C to
dissolve the organic substrate. The contents of the reaction flask were cooled to the
temperature range 55-60°C, and the carbon and filter aid removed by filtration in the
temperature range 55-60°C. The residue was washed with methanot (300 mi) and the wash
combined with the original filtrate. The resultant clear combined filtrate and wash so obtained
was concentrated by distiliation at atmospheric pressure o a volume of approximately 1000
mi. The methanol concentrate so obtained was cooled to the temperature range 3-7°C to
establish product crystallization and granulated for 6-24 hours in this temperature range. The
white product crystals were isolated by filiration and dried under vacuum at 40-45°C. Yield
70.3 g, 87.7%. mp 198-200°C; m/z 396 (m+1); Spectral data as in Example 3.
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EXAMPLE 11
Synthesis of tetrahydro-4-(3-bromophenyl}-2H-pyran-4-carboxamide

o) 0
Br — B
CN

CONH,

Propan-2-ol (100 mi), tetrahydro-4-(3-bromophenyl)-2H-pyran-4-nitrile (20.0 g, 0.075
mole, 1 eq.), potassium hydroxide (13.74 g, 0.245 mole, 3.26 eq.) were added to a reaction
flask set for boiling at reflux under a nitrogen atmosphere, and the reaction mixture was
heated with stiring at reflux, about 82°C for 56 hours under nitrogen. After reaction
completion, the mixture was cooled (<30°C) and quenched with water (100 mi). The resultant
slurry was filtered and the product residue, washed with water (30 ml), and dried under
vacuurn at 45-50°C to yield a white solid. Yield 19.05 g, 89.2%. mp 245-247°C; m/z 285
(m+1); "H NMR (300MHz, DMSO) 5 7.43 (m, 5H), 7.14 (s, 1H), 3.76 (d, 2H), 3.47 (t, 2H), 2.44
{d, 2H), 1.79 (m, 2H).; IR (drifis) vmex 3363, 3174, 3062, 2973, 2935, 2879, 2828, 1685, 1631,
1588.



e s

| R R

WHAT IS CLAIMED IS:

1. A process for preparing tetrahydro-4-[3-(4-fluorophenyl)thiojphenyi-2H-pyran-

4-carboxarmiide of Formula {2.0.0):
oUW
RV
5 | CONH,
(2.0.0)
comprising:
-(@) establishing a reaction mixture consisting of
~(1)  tetrahydro-4-(3-bromo- or iodo-phenyl}-2H-pyran-4-nitrile of Formula (3.0.0):
0]
X
10 CN
(3.0.0)
where X is bromo or iodo;
—and —
—2)  4-fluorothiophenol of Formula (4.0.0):
F
15 H
{4.0.0)
—(3)  inasolvent consisting of a straight or branched chain aliphatic alcohol having a Eotal of
from 2 to 7 carbon atoms, optionally as an agueous mixture thereof;
—({4) inthe presence of strong base of Formula {(5.0.0): .
20 M-O-R’®

(60.0)
where :
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—M s an alkali metal, Group 1/la element, selected from the group consisting of fithium, Li;
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs; and

—R® is hydrogen, H; or straight or branched chain (C;-C,)alkyl; preferably a member

selected from the group consisting of lithium hydroxide, LiOH; sodium hydroxide, NaOH;

5 potassium hydroxide, KOH; rubidiuﬁa hydroxide, RbOH; cesium hydroxide, CsOH,; lithium

methoxide, LIOCH3; sodium methoxide, NaOCHjg; potassium methoxide, KOCH,, rubidium

methoxide, RbOCH;; cesium methoxide, CsOCHg; lithium ethoxide, LIOCH,CH;; sodium

ethoxide, NaOCH,CHjs; potassium ethoxide, KOCHzCHj3; rubidium ethoxide, RbOCH.CHs;

cesium ethoxide, CsOCH,CHg; fithium fert-butoxide, LIOC(CH,)s; sodium {ferf-butoxide,

10 NaOC(CHs)s; potassium fert-butoxide, KOC{CHgs)s; rubidium ferf-butoxide, RbOC(CHj)s; and
cesium fert-butoxide, CsOC(CHs)s; including mixtures of the above;

—and further —
~{(5) ' in the presence of a transition metal catalyst comprising a palladium metal complex;
— and still further —

15 —(6) in the presence of an auxiliary figand for said transition metal catalyst comprising a
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric
aromatic compound of Formula (5.5.0) or (6.5.1):

R' 1
/ 2
ARYL? - W-R v
A R
=
. Z_h;qw
B O -
—R° 3
ARYL2 = Y\R Y\MR
R 4

R

(5.5.0) (6.5.1)

20 where

in Formula (65.5.0): W and Y are both phosphotus or are both nitrogen, or taken together
with R?, R?, R®, and R* are hydrogen phosphate; m and n are independently 1 or 2; R', R,
R®, and R* are independently selected from the group consisting of hydrogen; (C+-Cs) alkyl:
phenyl; naphthyl; biphenyl; tolyl; furyl; pyrrolyl; and pyridyl; ARYL'! and ARYL? are
25 independently selected from the group consisting of phenyl; biphenyl; 1- or 2-naphthyf;
pyridyl; and quinolinyl; or ARYL' and ARYL? are taken together to form a phenyl; naphthyl; .
bipheny!; pyridyl; quinolinyf; or cyclohexyf group; A and B are both carbon atoms which are’
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either bonded directly to carbon atoms identified as 1 and 2, or else are .adjacent

constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?, respectively, in which

case the bonds attached to A and B of unspegified orientation are attached fo carbon atoms

a to carbon atoms identified as 1 and 2; and said bonds of unspecified orientation must
5 have opposite orientations, whereby said auxiliary ligand is axially dissymmetric; and

in Formula (5.5.1)::  p and g are independently 0, 1 or 2; R', R%, R®, and R* have the
same meaning as above selected on an independent basis; Z is -N(R5)— or —(CHz)—
where R® is hydrogen or (C;-C,) alkyl; provided that p and q cannot be 0 when Z is —
N(R®)—; and for the bonds of unspecified orientation attached to R', R?, R?, and R*, said

10 bonds of R! and R® must have an orientation opposite to that of said bonds of R® and R’
whereby said auxiliary ligand is axially dissymmetric;

preferably, said auxiliary ligand is {S)-(-)-2,2™-bis(diphenylphosphino)-1,1*-binaphthyl (S-
BINAP);

— followed by —

15 b} heating said reaction mixture, preferably at refiux, preferably for a period of from 12 to
36 hours, more preferably from 18 to 24 hours; whereby there is produced said compound of
Formula (2.0.0) which is opfionally isolated using conventional separafion techniques.

2. A process for preparing tetrahydro-4-[3-(4-fluorophenyi)thiolphenyl-2H-pyran-

4-carboxamide of Formula (2.0.0):
AL °
s
20 CONH,
- (2.0.0)
comprising:
~(a) establishing a reaction mixture consisting of
—{1)} tetrahydro-4-{3-bromo- or iodo-phenyt}-2H-pyran-4-nitrile of Formula (3.0.0):
(0]
X
(3..0.0}

where X is bromo or iodo;
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—{2) inasolvent consisting of a straight or branched chain aliphatic alcohol having a total of
from 2 to 7 carbon atoms, optionally as an aqueous mixture thereof;

—~(3) inthe presence of strong base of Formula (5.0.0);
M-O-R®
5 _ (5.0.0)

where M and R® are as defined above; preferably wherein said strong base is sodium
hydroxide, NaOH; potassium hydroxide, KOH; sodium ethoxide, NaOCH,CHj; or potassium
tert-butoxide, KOC(CHa)s;

— followed by —

10 +b) heating said reaction mixiure, preferably at refiux, preferably for a period of from 3 to
8 hours, more preferably from 6 to 6 hours; whereby there is produced a compound of

Formula {3.2.0):
(O
X
CONH,
(3.2.0)
15 where X is bromo or iodo;
— followed by —
~{c) forming a reaction mixture consisting of said compound of Formula (3.2.0) and 4-
fiworothiophenol of Formula (4.0.0);
F
H
20 (4.0.0)
—1) inasolvent consisting of an alcohol as defined above; .

~{2) inthe presence of a strong base of Formula (5.0.0):
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M-O-R®
(5.0.0)

where M and R® are as defined above; preferably wherein said sfrong base is sodium
hydroxide, NaOH; potassium hydroxide, KOH; sodium ethoxide, NaOCH,CHj; or potassium
5 tert-butoxide, KOC(CHs)s;

— and further —
—{3) inthe presence of a transition metal catalyst comprising a paltadium metal complex;
— and still further —

—(4) in the presence of an auxiliary ligand for said transifion metal catalyst comprising a
10  palladium metal complex, wherein said figand is a bidentate, chiral, axially dissymmetric

aromatic compound of Formula (5.5.0) or (5.5.1);
1

1
/
ARYL? wW-R? ’Z\N
n
R |
A o)\h

, b
2 Z_ff%ﬁ-
B \ d\
ARYL2 m Y\-fi ‘ R®
(5.5.0) ® ) (55.1)

where

15 in Formula (6.5.0). W and Y are both phosphorus or are both nitrogen; m and n are
independently 1 or 2; R', R%, R®, and R* are independently selected from the group
consisting of hydrogen; (C+-C,) alkyl; phenyl; naphthyl; biphenyi; tolyl; furyl; pyrrolyl; and
pyridyl; ARYL' and ARYL? are independently selected from the group consisting of phenyl;
biphenyl; 1- or 2-naphthyt; pyridyt; and quinolinyl; or ARYL' and ARYL? are taken together

20 to form a phenyl; naphthyl; biphenyl; pyridyl; quinolinyi; or cyclohexyl group; A and B are
both carbon atoms which are either bonded directly to carbon atoms identified as 1 and 2,
or else are adjacent constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?,
respectively, in which case the bonds attached to A and B of unspecified orientation are
aftached to carbon atoms o to carbon atoms idenfified as 1 and 2; and said bonds of

25 unspecified orientation must have opposite orientations, whereby said auxiliary figand is
axially dissymmetric; and .
inFormula (5.5.1): p and q are independently 0, 1 or 2; R, R% R, and R* have the

same meaning as above selected on an independent basis; Z is —N({R*— or —(CHz)}—""
where R® is hydrogen or {C1-C,) alkyl; provided that p and q cannot be 0 when Z is —
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N(R®}—; and for the bonds of unspecified orientation attached to R', R?, R®, and R, said
bonds of R' and R? must have an orientation opposite o that of said bonds of R* and R?,
whereby said auxiliary ligand is axially dissymmetric;

— followed by —

5 <+d) healing said reaction mixiure, preferably at reflux, preferably for a period of from 5 to
15 hours, more preferably from 8 to 10 hours; whereby there is produced said compound of
Formula (2.0.0).

3. A process for preparing a compound of Formula (1.3.0):

CoLar

CONH,

10 . (1.3.0)
where
-the moiety of following Formula (1.3.1):
-

15 is an electron deficient monocydic or benzo-fused bicyclic N-heterocydic group containing
two nitrogen atoms, of Formula (1.3.2) (1.3.3), (1.3.4) or (1.3.5):

(13.1)

R®
7 Ns o * *
N\ . i - 7 "N N/ N~
CA &
R =/ R’ R’
(13.2) (1.3.3) (1.34) (1.3.5)

where

20 -“*“ Is a symbol which represents the point of attachment of the moiety of Formula (1.3.2)
(1.33, (1.34) or (1.3.5);

~R" and R® are independently selected from the group consisting of H; straight or branched
chain (C,-C,) alkyl; and (C¢-Cyo) aryl; wherein said alkyl and aryl groups are substituted by 0
to 2 substituents selected from the group consisting of halo; hydroxy; cyano; amino;
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(Cy-Cg)alkyl; (C+Cy)alkoxy; (C4-Cy) alkytthio; (C4-C,) halo-substituted alkyl; (C4-Cq) halo-
substituted alkoxy; (C4-C4) alkylamino; and di{(C4-C,) alkylamino;
comprising:
-{a) establishing a reaction mixture consisting of

5 1) (tetrahydro-4-{3-(4-fluorophenyl)thiojphenyl-2H-pyran-4-carboxamide of Fomula

(2.0.0).
F
: s

CONH,

(2.0.0)
—and —

10 —2) an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two
nitrogen atoms, of Formula (1.3.6) (1.3.7), (1.3.8) or (1.3.9):

Rs
N,
N /R( . NH NékNH
C';/NH N "NH
7 = R’ Py

(136) (137) (13.8) (1.39)
where R and R® have the same meaning as set out above;

16 —3) inan aprotic solvent;

—4) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;

— and optionally —

—(5) in the presence of a catalytic amount of cesium carbonate, Cs,CO;, or of a phase
20 transfer catalyst;

— followed by —

<{b)  heating said reaction mixfure, preferably at refiux, under a nitrogen atmosphere;
whereby there is produced a compound of Formula (1.3.0). N

4. A process for prepating a compound of Formula (1.3.0):



CONH,
(1:3.0)

where

-the moiety of following Formula (1.3.1):
@3
5

is an electron deficient monocydlic or benzo-fused bicyciic N-heterocyclic group containing
two nitrogen atoms, of Formula (1.3.2) (1.3.3), (1.3.4) or (1.3.5):

(1.3.1)

R®
R7 /N~N/* N)'\N/*
N
20 Y
NN
\—/ R ;
R R
10 (1.32) {1.3.3) (1.3.4) (1.3.5)

where
~"*“ is a symbol which represents the point of attachment of the moiety of Formula (1.3.2)
(133, (1.34) or (1.3.5);

15 -R'andR®  areindependently selected from the group consisting of H; straight or branched
chain (C4-Cy4) alkyl; and (Cg-C1o) aryl; wherein said alkyt and aryl groups are substituted by 0
to 2 substituents selected from the group consisting of halo; hydroxy; cyano; amino;
(CCoallyl; (C1Co)alkoxy; (Cr-Cy)alkytthio; (Cy-Cy)halo-substituted alkyl; (C4-C,) halo-
substituted alkoxy; (C-C,) alkylamino; and di(C-C,)} alkylamino;

20  comprising:

-(@) establishing a reaction mixture consisting of

AR

—(1)  tetrahydro-4-[3-(4-flucrophenyl)thio}phenyl-2H-pyran-4-carboxamide of Formula (2.0.0):

L °
S r

CONH,

- (2.0.0)
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—and —
—{2) an electron deficient monocyclic or benzo-fused bicyclic N-heterocycle containing two
nitrogen atoms, of Formula {1.3.6) (1.3.7), (1.3.8) or (1.3.9):

RB
N,
N _/R( 7 NH .
0t N
\—/ R 7
R R
5 (1.3.6) (1.3.7) (1.3.8) (1.3.9)
where R” and R® have the same meaning as set out above;
—(3) inan aprofic solvent;
—(4) inthe presence of a carbonate of Formula (5.1.0):
(M)-CO;
10 (5.1.0)

where M is an alkali metal, Group 1/la element, selected from the group consisting of lithium, L
sodium,Na; potassium, K; rubidium, Rb; and cesium, Cs;

— followed by —

~{b) heating said reaction mixiure, preferably at reflux, under a nitrogén atmosphere; whereby
15 there is produced a compound of Formula {1.3.0).

5. A process for preparing a substantially pure mesylate salt of Formula (1.0.1):

CH

N 3
Ch ~ .
3/3\% MeSO;H

CONH,
(1.0.1)
comprising:
20 +a) preparing a compound of Formula (2.0.0):
O
IV,

i CONH,

(2.0.0§
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comprising:
~{1) eslablishing a reaction mixture consisting of
—(}} tetrahydro4-(3-bromo-phenyl)-2H-pyran-4-nitrile of Formuia (3.1.0):

O
Br
CN
{3.1.0)
-and -
—(#®) 4-fluorothiophenol of Formula {(4.0.0):
E
H
(4.0.0)

—{fif) in a solvent consisting of a straight or branched chain aliphatic alcohal having a total of
from 2 to 7 carbon atoms, optionally as an aqueous mixture thereof;

—{#v) in the presence of a strong base selected from the group consisting of sodium
hydroxide, NaOH; and potassium hydroxide, KOH;

- and further -

—(v) in the presence of a transifion metal catalyst comprising a member independently
selected from the group consisting of palladium metal complexes;

— and still further —

—{vi) in the presence of an auxiliary ligand for said transition metal catalyst comprising a
palladium metal complex, wherein said ligand is a bidentate, chiral, axially dissymmetric
aromatic compound of Formula (5.5.0) or (5.5.1):
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1
/
ARYL! wW-R? N
A’ R !
O
Z

Jo

(55.0) (5.5.1)
where

in Formula (6.5.0): Wand Y are both phosphorus or are both nitrogen; m and n are
independently 1 or 2; R, R% R® and R® are independently selected from the group
consisting of hydrogen; (C,-C,) alkyl; phenyt; naphthyl; biphenyl; tolyl; furyl; pyrrolyl; and
pyridyl; ARYL' and ARYL? are independently selected from the group consisting of phenyl;
biphenyl; 1- or 2-haphthyl; pyridyl; and quinolinyl; or ARYL' and ARYL? are taken together
to form a phenyl; naphthyl; biphenyl; pyridyl; quinolinyl; or cyciohexyl group; A and B are
both carbon atoms which are either bonded directly to carbon atoms identified as 1 and 2,
or else are adjacent constituent carbon atoms identified as 1 and 2 of ARYL' and ARYL?,
respectively, in which case the bonds attached to A and B of unspecified otientafion are
aftached to carbon atoms o to carbon atoms identified as 1 and 2; and said bonds of
unspecified orientation must have opposite orientations, whereby said auxliary ligand is
axially dissymmetric; and

in Formula(6.5.1): p and q are independently 0, 1 or 2; R', R% R®, and R* have the
same meaning as above selected on an independent basis; Z is —N{R%)}— or —{CHz)—
where R is hydrogen or (C,-C,) alkyl; provided that p and q cannot be 0 when Z is —
N(R®)—; and for the bonds of unspecified orientation attached to R*, R%, R®, and R*, said
bonds of R' and R? must have an orientation opposite to that of said bonds of R® and R*,
whereby said auxiliary ligand is axially dissymmetric;

~ followed by ~

—(2) heating said reaction mixture; whereby there is produced said compound of Formula

(2.0.0); .

«b) establishing a reaction mixture consisting of said compound of Formula (2.0.0} and a

’

compound of Formula (1.3.10):
N NH

\—/

A



R

-93-

{1.3.10)
—{1}  in an aprotic solvent;
~(2) in the presence of a strong base in solid form selected from the group consisting of
sodium hydroxide, NaOH; and potassium hydroxide, KOH;
5 - and optionally -
—(@3) in the presence of a catalytic amount of cesium carbonate, Cs,CO;3, or of a phase
transfer catalyst;
- followed by -

~{c) heating said reaction mixture under a nitrogen atmosphere, whereby there is
10 produced a compound of Formula (1.0.0):
CH

N§f 3
Yo °
S
CONH,
(1.0.0)
- followed by —
<d) forming a concentrated methanol solution of said compound of Formula (1.0.0)
15 contained in said heated reaction mixture;
—(1) wherein said heated methanol solution additionally contains methanéeulfonic acid,
MeSO;H, which is added before, during, or after formation of said methanol solution;

—2) filtering said heated methanol solution while still in a heated condition, and thereafter
concentrating the resulting filtrate solution;

20 —3) inducing crystaliization of said compound of Formula (1.0.0) from said filtrate solution by
displacing residual methanot in said fittrate solution with ethyl acetate; and

—4) thereafter recovering said substantially pure mesylate salt of Formula (1.0.1) in
crystalline form;

-

- or, alternatively, followed by —
25 -He) forming a concentrated methanol solution of said compound of Formula (1.0.0)
contained in said heated reaction mixture; a
—(1) filtering said heated methanol solution while still in a heated condition, and thereafter.
concentrating the resulting filtrate solution; ’
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~(2} ftreating said filtrate solution with methanesulfonic acid, MeSO\H;

—{3)  inducing crystallization of said compound of Formula (1.0.0) from said filtrate solution by
displacing residual methanol in said filirate solution with ethyf acetate; and

~(4) thereafter recovering said substantially pure mesylate salt of Formula {1.0.1) in
crystailine form.

6. A process according to Claim 5§ wherein Step (d) is used to recover said
substantially pure mesylate salt of Formula (1.0.1) in crystalline form, during which said
displacing of residual methanol is carried out by addition of ethyl acetate ad seriatim until a
crysialline product is isolated comprising substanfially pure mesylate salt of Formula (1.0.1).

7. A process according to Claim 5 wherein said palladium metal complex in Step
{aY{1Xv) is a member selected from the group consisting of:

tetrakis(triphenylphosphine)palladium{0), [(CsHs):P1Pd(0);
tetrakis(methyldiphenylphosphine)palladium(0), [(CsHs).PCHslsPd(0);
trans-dichlorobis(methyldiphenylphosphine)palladium(li), [(CsHs).PCHal,PdCl;
dichlorobisimethylenebis(diphenyiphosphine)jdipaliadium-dichloromethane adduct;
dichlorobis(triphenyiphosphine)palladium(l), {(CeHs)sP1.PdCl;
tris(dibenzylideneacetone)dipaliadium{0)-chloroform adduct,
{CeHsCH=CHCOCH=CHC¢Hs);Pd, » CHCl;;
bis(dibenzylideneacetone)palladium(0), (CsHsCH=CHCOCH=CHCgHs),Pd;
[1,1-bis{diphenylphosphino)ferrocene]dichloropaliadium(il), complex with
dichloromethane; '
bis{1,2-bis(diphenylphosphino)ethane]palladium{ll); and

{r-allyt)palladium(ll) chloride dimer.

8. A process according to Claim 5 wherein in Step (b)(1) said aprotic solvent is
a member selected from the group consisting essentially of hexane; 1,4-dioxane; carbon
tetrachioride; benzene; toluene; xylenes; diethyl ether; chloroform; ethyl acetate; tefrahydrofuran
{THF); methylene chloride; hexamethylphosphoric friamide (HMPT); nitromethane; N,N-
dimethylformamide (DMF); acetonitrile; sulfolane; and dimethylsuffoxide (DMSO).

r

9. A process according to Claim & wherein said phase transfer catalyst is a
member selected from the group consisting of cetyltrimethylammonium bromide (CTMAB}); .
dibenzo-18-crown-6 (DB-18-c-6); dicyclohexano-18-crown-6 (DC-18-c-6); 18-crown-6 (18-c-6);
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(—)-N-dodecyl-N-methylephedrinium bromide (DMCOH); hexamethyl phosphoric ftriamide
(HMPT); cetylpyridinium bromide (NCPB); N-benzyiquininium chloride (QUIBEC); tetra-n-
butylammonium bromide (TBAB); tetra-n-butylammonium chloride (TBAC); tetra-n-
butylammonium hydroxide (TBAH); tetra-n-butylammonium hydrogen sulfate (TBAHS); tetra-n-
5  butylammonium iodide (TBAD); tetra-ethylammonium chloride hydrate (TEAC); tri-n-butylamine
(TBA); benzyitributylammonium bromide (TBBAB), hexadecyiiributylphosphonium bromide
{TBHDPB); benzyltricthylammonium bromide (TEBAB); benzyltriethylammonium chloride
(TEBA); hexadecyltriethylammonium chloride (TEHDAC); tetramethylammonium chloride
{TMAC); hexadecyitrimethylammonium chloride (TMHDAC); and octyltrimethylammonium
10 chloride (TMOAC).

10. A process according to Claim 5 wherein said phase transfer catalyst is a
quaternary ammonium salt selected from the group consisting of tetra-n-butylammonium
bromide (TBAB); tetra-n-butylammonium chleride (TBAC); tetra-n-butylammonium hydroxide
(TBAH); tetra-n-butylammonium iodide (TBAI);, and tetra-ethylammonium chloride hydrate

15 (TEAC).



