wo 2010/049293 A2 |0 FE 0000000 OO A O

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

VAP,
(2215 1 0 0 OO O

g %
(10) International Publication Number

(19) World Intellectual Property Organization
International Bureau

(43) International Publication Date

6 May 2010 (06.05.2010) PCT WO 2010/049293 A2
(51) International Patent Classification: (71) Applicant (for all designated States except US): ZACH
CO7C 209/68 (2006.01) CO7C 215/30 (2006.01) SYSTEM S.P.A. [IT/IT]; Via Lillo del Duca, 10, I-20091
CO7C 209/70 (2006.01)  CO7C 225/16 (2006.01) Bresso (Milano) (IT).
C07C 211/30 (2006.01) (72) Tnventors; and
(21) International Application Number: (75) Inventors/Applicants (for US orly): CATOZZI, Nicola
PCT/EP2009/063603 [IT/IT]; Via 4 Novembre 111, I-36050 Sovizzo (Vicenza)
. - IT). FOLETTO, Johnny [IT/IT]; Via Molinazzo, 34/a,
(22) International Filing Date: %-3;040 Arcole (Verona)y (IT). FORCATO, Massimil-
16 October 2009 (16.10.2009) iano; Via Porto 25/B, I-35030 Galzignano Terme (Pado-
(25) Filing Language: English va) (IT). GIOVANETTI, Roberto [IT/IT]; Via L. da
c . Vinei, 121, 1-36015 Schio (Vicenza) (IT). SORIATO,
(26) Publication Language: English Giorgio [ITAT]; Via delle Terme, 22, 1-37042 Caldiero
(30) Priority Data: (Verona) (IT). VERZINI, Massimo [IT/IT]; Via Terme,
08167762.7 28 October 2008 (28.10.2008) EP 10, I-37042 Caldiero (Verona) (IT).

[Continued on next page]

(54) Title: PROCESS FOR PREPARING CINACALCET
(57) Abstract: A process for preparing N-[(1R)-1-(1-naphthyl)ethyl]-3-[3-

(trifluoromethyl)-phenyl [propan- 1-amine of formula (I) i.e. Cinacalcet and
- its intermediates of formulae (V), (Va) and (Vb).
N
A

M

)
(Va)

l|3n
N
FyC
[e]

(Vb)



WO 2010/049293 A2 I W00 )00 U0 0L

74

31

84)

Common Representative: ZACH SYSTEM S.P.A.;
MORELLI Roberta, Patent Office, Via Lillo del Duca, 10,
1-20091 Bresso (Milano) (IT).

Designated States (unless otherwise indicated, for every
kind of national protection available): AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TJ, TM, TN, TR, TT,
TZ,UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

Designated States (unless otherwise indicated, for every
kind of regional protection available): ARTPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,

TM), European (AT, BE, BG, CH, CY, CZ, DE, DK, EE,
ES, FL, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU, LV,
MC, MK, MT, NL, NO, PL, PT, RO, SE, SL SK, SM,
TR), OAPI (BF, BJ, CF, CG, CL, CM, GA, GN, GQ, GW,
ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

as to the applicant's entitlement to claim the priority of
the earlier application (Rule 4.17(iii))

of inventorship (Rule 4.17(iv))

Published:

without international search report and to be republished
upon receipt of that report (Rule 48.2(g))



10

15

20

25

30

WO 2010/049293 PCT/EP2009/063603

PROCESS FOR PREPARING CINACALCET
Description
The invention relates to a process for preparing the active product ingredient
Cinacalcet, its intermediates and its pharmaceutically acceptable salts, especially the
hydrochloride salt.
Cinacalcet (CNC), namely N-[(1R)-1-(1-naphthyl)ethyl]-3-[3-(trifluoromethyl)-

phenyl]propan-1-amine of formula (1)

H
/@\/\/ N O
F,C O

M
is used in therapy as hydrochloride salt.
The hydrochloride salt of Cinacalcet (CNC.HCl), marketed as MIMPARA™ in the
European Union, is a calcimimetic agent that decreases the secretion of parathyroid
hormone by activating calcium receptors.
MIMPARA™ is approved for the treatment of secondary hyperparathyroidism
(SHPT) in patients with chronic kidney disease receiving dialysis and for the
treatment of primary hyperparathyroidism (PHPT) in patients for whom
parathyroidectomy is not clinically appropriate or contraindicated.
US patent No. 6,011,068 discloses a class of arylalkylamines comprising generically
Cinacalcet and salts thereof.
US patent No. 6,211,244 describes specifically Cinacalcet or a pharmaceutically
acceptable salt or complex thereof as the compound 22J. US patent No. 6,211,244
also discloses synthetic methods for preparing calcium receptor-active molecules,
such a those having analogue structure of Cinacalcet, by a reductive amination
approach comprising the condensation of the appropriate aromatic aldehyde or
ketone with the suitable aryl amine followed by reduction with sodium

cyanoborohydride (NaBH3CN) or sodium triacetoxyborohydride, or by a diisobutyl
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aluminium hydride (DIBAL-H) mediated condensation of an aromatic amine with an
aryl nitrile, followed by the reduction of the intermediate aluminium-imine complex
with sodium cyanoborohydride or sodium borohydride. The method for condensing a
nitrile with a primary or a secondary amine in the presence of diisobutyl aluminium
hydride to form the corresponding imine was generically disclosed in the US patent
No. 5,504,253.

The preparation of Cinacalcet, described in Scheme [ of Drugs of the Future 2002,
27(9), 831-836, (2002), comprises the reaction of 1(R)-(1-naphthyl)ethylamine (R-
NEA) with 3-[3-(trifluoromethyl)phenyl]|propionaldehyde by means of titanium
tetraisopropoxide (Ti(O-i-Pr)4) to give the corresponding imine, which is finally
reduced with sodium cyanoborohydride in ethanol, as depicted in the following
Scheme 1:

Scheme 1

Ti(O-i- Pr)4

NﬂHﬁCN CNC

Tetrahedron letters, (45), 8355-8358, (2004) footnote 12, discloses the preparation of
the starting material 3-[3-(trifluoromethyl)phenyl]propionaldehyde by reduction of 3-
(trifluoromethyl) cinnamic acid to the corresponding alcohol followed by oxidation
to give the desired aldehyde, as depicted in the following Scheme 2:

Scheme 2

COOH
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According to Synthetic Communications, 38: 1512-1517 (2008), the above synthesis
of Cinacalcet involves the use of reagents such as Ti(O-i-Pr)s; and DIBAL-H, which
have to be handled in large volumes because the Cinacalcet has to be prepared on
commercial scale and the handling of this moisture-sensitive and pyrophoric reagents
on a large scale makes the synthesis more strenuous.

International patent application WO 2008/035212 discloses an alternative process for
preparing  3-[3-(trifluoromethyl)phenyl]propionaldehyde, which comprises the
oxidation of 3-[3-(trifluoromethyl)phenyl]propan-1-ol.

US patent No. 7,250,533 discloses another process for preparing Cinacalcet, which
comprises converting the hydroxyl moiety of 3-[3-(trifluoromethyl)phenyl]propanol
into a good leaving group and combining the resulting compound with (R)-(1-

naphthyl)ethylamine preferably in the presence of a base, according to the following
/O\/\ @\/\
F;C OH F;C X
/©\/\ * ‘ —  » 9
F,C X HN l

According to US patent No 7,294,735, Cinacalcet carbamate may be formed in

Scheme 3:

Scheme 3

X= good leaving group

various amounts while using different solvents during the synthesis of Cinacalcet as
described in the above US patent No. 7,250,533. US patent No 7,294,735 discloses a
process for the preparation of Cinacalcet hydrochloride, containing Cinacalcet
carbamate in an amount of about 0.03 area percent to about 0.15 area percent as
measured by a chromatographic method, comprising the steps of (a) dissolving

Cinacalcet, containing Cinacalcet carbamate in an amount of about 3 area percent to
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about 6 area percent as determined by a chromatographic method, in acetone, a linear
or a branch-chain C, g ether, mixtures thereof or with water; (b) adding hydrogen
chloride to obtain a precipitate; and (c) recovering the Cinacalcet hydrochloride.

US patent application No. 2007/259964 provides a process for preparing Cinacalcet
comprising reducing  3-(trifluoromethyl)cinnamic acid to obtain  3-(3-
trifluoromethylphenyl)-propanoic acid, optionally converting 3-(3-
trifluoromethylphenyl)-propanoic acid into a suitable acid derivative and combining
the 3-(3-trifluoromethylphenyl)-propanoic acid or, if the case, said derivative with
(R)-(1-naphthyl)ethylamine = to  give  (R)-N-(1-(naphthalen-1-yl)ethyl)-3-(3-
(trifluoromethyl)phenyl)propanamide  and  reducing  (R)-N-(1-(naphthalen-1-
yl)ethyl)-3-(3-(trifluoromethyl)phenyl)propanamide to Cinacalcet, according to the

@\/\
CooH F,C coon
COOH F3C/©\/\COX
R-NEA
R-NEA ‘
—>

Red
O’ [ ] CNC

Tetrahedron letters, (49), 13-15, (2008), discloses a synthetic sequence to Cinacalcet

following Scheme 4:

Scheme 4

F,C

F;C

P%T%D

F;C

Iy

X= carboxyl, alkoxy, halogen or sulfonyl

hydrochloride comprising reduction of 3-(trifluoromethyl)cinnamic acid in the

presence of palladium hydroxide to obtain 3-(3-trifluoromethylphenyl)-propanoic
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acid, which is coupled with (R)-1-(1-naphthyl)ethylamine to the corresponding
amide. The amide is then reduced in the presence of boron trifluoride-THF and
sodium borohydride as reducing agents. After complete conversion, the resulting
amine—borane complex is hydrolyzed by the addition of water and the crude
Cinacalcet extracted into toluene is reacted with hydrochloric acid to give Cinacalcet
hydrochloride, according to the following Scheme 5:

Scheme 5

F;C COOH F;C COOH

R-NEA
F;C COOH  F;C
R-NEA
—» (CNC.HCI
FC
o}

In patent application No. 2007MUO00555 and Synthetic Communications, 38: 1512-

Zm

1517 (2008) is disclosed another process for preparing Cinacalcet hydrochloride, via
(R)-N-(1-(naphthalen-1-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)propanamide.

US patent No. 7,393,967 discloses a process for preparing Cinacalcet via coupling of
3-bromotrifluorotoluene with allylamine (R)-N-(1-(naphthalen-1-yl)ethyl)prop-2-en-
I-amine in the presence of a catalyst and at least one base to obtain (R,E)-N-(1-
(naphthalen-1-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)prop-2-en-1-amine (CNC-ene)
and reducing the unsaturated Cinacalcet to obtain Cinacalcet, as depicted in the

following Scheme 6:
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Scheme 6

+ —_—
5 EC Br /\/
o (NC
Y N
FiC
10

The present invention provides a novel and cfficiont process that leads to Cingealest,

praes)

its pharmacentically acceptable salts and intermediates thereot, which is convenient
15 for the industrial scale and provides the desired product in good yields. In particular,
the fnveotors Tound that the complete scattold of Cinacaleet can be build up in one or
few symthetic steps, which comprise a multi-component Manrich-type reaction,
starting from commercial, readily avatlable, cheap and safe starting materials.
Accordingly, it 13 an object of the present invention fo provide a method for
20  preparing Cinacalcet and its salts, particularly the bydrochloride salt, and
mtermediates thereof, which can be used for mass production,
In oue embodiment, the present invention provides a process for the preparation of

{Cinacalcet intermediate of formula {V)

25

FC

(V)
30 comprising the stop of!

el

a} reacting 3-{(triflucromethyhacetophonone of formula (1)
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F5C

(i
with (R)-(1-naphthyl)ethylamine of formula (III)

LN

iy
in the presence of formaldehyde,
Alternatively, the preseot mvention provides a process for the preparation of the
compound of formuls (V, comprising the steps oft
b} reacting the compound of formula (i) as defined above
{1} with a componnd of formula
HNR R,
wherein By and Ry represent, ndependently, hydrogen or £-Cs alkyl, provided
that when one of By and Ry 1s hydrogen, the other 1s not hydrogen; or
wherein Ry and Ry together form g C-Cor-alboviene bridpe, so that with the
inchision of the nitrogen atorn to which they are lnked form a heterocyele,
wherewn one -CHy- group of the Cp-Cr—alkylenc bridge, cau be replaced by -0,
in the prosence of formaldehyde; or

{11} with a M-methyi-MN-methylenemethanaminium halide of formula

wheretn Hal is a halogen atom,

¢ obtain the compound of forauda (IV})
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Ry
N
F;C \Rz
(@]
V3

wherein By and Ry are as defined above

¢} atkylating the corapound of formula (IV) with an alloylating agent sclected from
the group of compounds of formmla:
Ba-X, CO{OR:),  SO{ORs), PO{ORsh,  CHRPOOR:) and
{(4-NOCeHGOWPO{OR ), wheretn Baie C-Cahaliyt and X s | By, QSO CF; or

OSOHF, to obtam a compound of formuls (IVa)

FsC | R,

{1Va}
wheretn Y=X as defined above or RaOCO,, RO80,, (RaORPG,, CHPOG,0R,,
{4-NO-CHOWPO,0R,; and
d} coupling g coropound of formula {IVa) with (R)-(1-naphthyl)ethylamine of
formula (III).
The compound of formula (V) can then be used for preparing Cinacalcet.
The term C;-C, alkyl, wherein n may have a value from 1 to 5, represents a saturated,
linear or branched hydrocarbon chain with 1 to n carbon atoms and which is attached
to the rest of the molecule by a single bond. Examples of such groups include methyl,
ethyl, n-propyl, 1-methylethyl (isopropyl), n-butyl, n-pentyl, 1,1-dimethyethyl (t-
butyl), and the like.
In a preferred aspect of the present invention, formaldehyde reagent is provided as

paraformaldehyde.
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When, in a compound of formula HNR;R;, R; and R represent, independently,
hydrogen or C;-Cs alkyl, Ry and By can not be hvdrogen at the same time,
When, in a compound of formula HNE;R,, R; and R, are taken together with the
nitrogen atom to which they are linked to form a heterocycle, wherein one -CH»-
group of the C4-Cs—alkylene bridge, can be replaced by -O-, the formed heterocycle
is pyrrolidine, piperidine, oxazolidine or morpholine, preferably morpholine.
A halogen atom Hal is CI, Br, F or I, preferably 1.
According to the invention, the Mannich-type reaction is preferably employed to
achieve the formaldehyde-mediated condensation of the ketone moiety of formula (1)
and the secondary amine of formula (III) by means of a methylene bridge. Typically,
when performing the said coupling reaction under the above step a), the
hydrochloride salt of the amine of formula (II1), which exists in equilibrium with the
free amine, is used. Particularly, the Mannich-type reaction under step a) can be
carried out in acidic medium, for example with an acid selected from HBr, sulphuric
acid, HCl and methansulphonic acid, preferably HCl or methansulphonic acid,
mixing the reactants in a solvent that can be selected from water, acetonitrile, a linear
or branched C;-Cs alcohol, such as, for example methyl, ethyl, n-propyl, iso-propyl,
n-butyl, sec-butyl or tert-butyl alcohol, methyl isobutyl ketone (MIBK) and dioxane;
preferably, the reactants are mixed in an high boiling alcohol, for example, sec-butyl
alcohol, or in neat conditions, i.e. without solvent. The reaction is carried out at
refluxing temperature of the selected solvent that can vary from 25° to 150°C, for
about 1 to about 90 hours, depending on the solvent. The compound of formula (V)
is then precipitated from the reaction medium by cooling or by addition of an anti-
solvent chosen from a lincar or cyclic Cs4-Cs ether such as, for example 1,2-
dimethoxyetane, 2-methoxyethyl ether, diisopropyl ether, dibutyl ether, methyl tert-
butyl ether, tetrahydrofuran (THF) or 1,4-dioxane, a linear or branched Cs-Cg cyclic
or aromatic hydrocarbons, such as, for example pentane, hexane, heptane,
cyclohexane, isooctane, toluene or xylene, preferably toluene; or the compound of
formula (V) is extracted with a suitable organic solvent such as, for example a C4-Cs

cther as defined above, ethyl acetate (EtOAc), DCM or toluene, preferably toluene.
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Alternatively, the formaldehyde-mediated Mannich-condensation can be employed
to form the Mannich base of formula (IV), by coupling the compound of formula (1)
with a suitable compound of formulas HNRR, as defined under (i) in the above step
b), operating at a temperature between 25° and 120°C, depending on the solvent that
can be sclected from water, acctonitrile, a lincar or branched C;-Cs alcohol as
defined above, MIBK and dioxane, more preferably the solvent is an high boiling
alcohol, for example sec-butyl alcohol. The Mannich base of formula (IV) can also
be obtained by reacting the compound of formula (II) with MNe-methyi-N-
methylenemethanaminium halide (Eschenmoser’s salt), preferably indide, as defined
from HBr, sulphuric acid, HCl and methansulphonic acid, preferably HCI or
methansulphonic acid, mixing the reactants in a solvent that can be selected from
water, acetonitrile, a linear or branched C;-Cs alcohol as defined above, MIBK and
dioxane; more preferably, the reactants are mixed in an high boiling alcohol, for
example, sec-butyl alcohol, or in neat conditions, i.e. without solvent. The reaction is
carried out at refluxing temperature of the selected solvent that can vary from 25° to
150°C, for about 1 to about 90 hours, depending on the solvent.

The alkylating reaction performed under step ¢) can be carried out at a temperature
between 0° and 80°C. Typically, the reaction runs at a temperature between 25°C to
40 °C and proceeds to completion within about 1 to 48 hours. Preferably, the
alkyalting agent is a compound of formula R3X as defined above wherein X is
preferably I, more preferably the compound of formula R;X is CHsl.

The coupling reaction performed under step d) can be carried out in an organic
solvent selected from EtOAc, dimethylformamide, acetonitrile and toluene,
preferably acetonitrile or toluene and more preferably toluene, optionally in the
presence of a suitable organic base including an alkali metal carbonate or hydroxide,
for example calcium carbonate, potassium carbonate, sodium carbonate, sodium
hydroxide or potassium hydroxide, preferably sodium or potassium carbonate, and a
Ci-Cs alkylamine, for example tricthylamine or diisopropylethylamine, at a

temperature between 0 to 80°C, over a period of about 2 to 24 hours.
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For clarity’s sake, the above process may be illustrated by the following Scheme 7:
Scheme 7
Ry
N
FiC \
(0]
v
b) I;\ICRHISZH ) alkylating agent
or
MezN CHzHal
Tl
N
N_ Y-
~
FiC | Ry
R
( I
2 d) (IVa)
(II) R-NEA (III) RNEA

F;3C

jas]

O

jas)

o
o

Y‘

In another embodiment, the present invention encompasses a process for preparing

Cinacalcet, by preparing a compound of formula (V) as described above, and

converting it to Cinacalcet.

In another embodiment, the present invention provides the

9

Cinacalcet intermediate of formula (Va)

F5C

¥

(Va)

which comprises the step of:

preparation of a
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¢) reducing the compound of formula (V) in the presence of a reducing agent or by

mean of a catalytic hydrogenation process.
The compound of formula (Va) is obtained under step ¢) as a diastercoisomeric
mixture, i.c. as a mixture of (R)- and (S)- 3-((R)-1-(naphtalen-1-yl)ethylamino-1-(3-
(trifluoromethyl)phenyl)propan-1-ol.
Suitable reducing agents include sodium borohydride, lithium borohydride,
diisobutyl aluminium hydride and 1,1,3,3-tetramethyldisiloxane in combination with
a Lewis acid. Suitable reduction catalysts to be used with gaseous hydrogen, include
Pd/C, PtO; (Adam's catalysts), Raney nickel or PdCl,. The reaction under step ¢) can
be carried out in a solvent selected from, for example water, a C;-C4 alcohol as
defined above, a C4-Cg ether as defined above or a mixture thereof, depending on the
reducing agent, at a temperature between 0° to 40°C, over a period of about 0.5 to 10
hours. When the catalyst Pd/C, PtO, or PdCl; is used, the H, pressure is typically 1
atmosphere. When Raney nickel is used, the H, pressure is moderately high (--1000
psi). Typically, the hydrogenation is carried out over a period of about 5 to about 24
hours.
When the reduction is carried out upon catalytic transfer hydrogenation (CTH)
conditions, suitable hydrogen-bearing feed materials, such as, for example formic
acid, ammonium formate or sodium formate, preferably ammonium formate or
sodium formate are employed. In order to activate the hydrogen-bearing material as
hydrogen donor, a catalyst as defined above is employed: the catalyst promotes the
hydrogen transfer from hydrogen-bearing feed material to the substrate. CTH may be
performed by any method known to a person skilled in the art. In particular, when
CTH techniques are used in the reaction under step ¢), the compound of formula (V)
is dissolved in a solvent selected from for example, toluene, acetic acid and a C;-Cs
alcohol as defined above, preferably ethyl alcohol, in the presence of formic acid,
ammonium formate or sodium formate, preferably ammonium formate or sodium
formate, at refluxing temperature of the selected solvent, over a period of about 5 to
48 hours.

The compound of formula (Va) can then be used for preparing Cinacalcet.
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In another embodiment, the present invention encompasses a process for preparing
Cinacalcet, by preparing a compound of formula (Va) as described above, and
converting it to Cinacalcet.
In another embodiment, the present invention provides the preparation of a

Cinacalcet intermediate of formula (V1)

F;C / I

f) dehydrating a compound of formula (Va) with a dehydrating agent; or,

ZT

(VD)

which comprises the step of:

alternatively,

g) reducing the compound of formula (V) as defined above with Zn, in the presence
of an acid, so obtaining the compound of formula (VI), in a mixture with
Cinacalcet of formula (I).

The reaction under step f) can be carried out with suitable dehydrating agents

selected from, for example sulfuric acid, phosphoric acid, acetic anhydride, PCls,

toluic acid, camphorsulfonic acid and tosylic acid, at a temperature between 40° to
130°C, with or without a solvent selected from, for example toluene, acetic acid and
mixture thereof, over a period of about 1 to 48 hours.

The reduction under step g) can be carried out in the presence of zinc powder, in an

acidic medium, with the acid selected from, for example HBr and HCI, preferably

HCI, in a solvent selected from, for example water, a C;-Cs alcohol as defined above,

toluene and acetonitrile; preferably, the reduction is carried out in a mixture of

methanol and water, at a temperature between 25° to 80°C, over a period of about 1

to 48 hours. Both Cinacalcet of formula (I) and the corresponding unsaturated

derivative of formula (VI) are obtained from the reaction under step g). Typically,

the compound of formula (VI) is recovered from the reaction by &:1 to 1:8 HPLC
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ratio. In a preferred aspect, the compound of formula (VI) is recovered from the
reaction mixture in 2 to 1 ratio, using a 1:1 methanol/water mixture with an excess of
zinc, operating at a temperature of 25°C.
The compound of formula (VI) can then be used for preparing Cinacalcet.
In another embodiment, the present invention encompasses a process for preparing
Cinacalcet, by preparing a compound of formula (VI) as described above, and
converting it to Cinacalcet.
The present invention further provides the preparation of Cinacalcet of formula (1) as
defined above, which comprises the step of:
h) reducing the double bond of the compound of formula (VI) to obtain the

compound of formula (I).
The reduction of the compound of formula (VI) under step h) can be carried out by
catalytic hydrogenation, i.c. with molecular hydrogen in the presence of a catalyst or,
alternatively, by catalytic transfer hydrogenation (CTH), i.e with hydrogen released
by a hydrogen-bearing material in the presence of a catalyst. CTH may be performed
by any method known to a person skilled in the art. For example, the unsaturated
Cinacalcet of formula (VI) may be dissolved in a C;-Cs alcohol as defined above and
exposed to H, pressure, in the presence of a catalyst such as, for example Pd/C, PtO,
(Adam's catalysts), Raney nickel or PdCl,. When Pd/C, PtO,or PdCl, is used, the H,
pressure is typically 1 atmosphere. When Raney nickel is used, the H, pressure is
moderately high (--1000 psi). Typically, the hydrogenation is carried out over a
period of about 5 to about 24 hours. When CTH reaction conditions are performed,
the compound of formula (VI) is dissolved in a solvent selected from for example,
toluene, acetic acid and a C;-Cs alcohol as defined above, in the presence of formic
acid, ammonium formate or sodium formate, preferably ammonium formate or
sodium formate, at refluxing temperature of the selected solvent, over a period of
about 5 to 48 hours.
The above steps can be combined to obtain a continuous process ending in

Cinacalcet of formula (I).
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This process, when utilizing the above steps a), ¢), f) and h), comprises preparing

H
N
FiC O

)

Cinacalcet of formula (I)

which comprises the steps of:

a) reacting 3-(trifluoromethyl)acetophenone of formula (I1)

(In
with (R)-(1-naphthyl)ethylamine of formula (I1I)

HoN I

(111

in the presence of formaldehyde, to give the compound of formula (V)

F5C
o}

V)
¢) reducing the compound of formula (V) in the presence of a reducing agent or by

mean of a catalytic hydrogenation process to give a compound of formula (Va)
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(Va)

PCT/EP2009/063603

f) dehydrating a compound of formula (Va) with a dehydrating agent to give a

compound of formula (VI)

and

(VD)

h) reducing the compound of formula (VI) to give Cinacalcet of formula (I).

This process, when utilizing the above steps a), g) and h), comprises preparing

Cinacalcet of formula (I)

)

which comprises the steps of:

a) reacting 3-(trifluoromethyl)acetophenone of formula (II)

F5C

(In
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with (R)-(1-naphthyl)ethylamine of formula (I1I)

HoN I

(111

in the presence of formaldehyde, to give the compound of formula (V)

V)

g) reducing the compound of formula (V) as defined above with Zn, in the presence

of an acid, so obtaining the compound of formula (VI)

. /@\/\/NY‘

(VD)
in admixture with Cinacalcet of formula (I); and
h) reducing the compound of formula (VI) to give Cinacalcet of formula (I).
This process, when utilizing the above steps b), c¢) d), ¢) f) and h), comprises

preparing Cinacalcet of formula (I).

)
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which comprises the steps of:
b) reacting the compound of formula (II) as defined above
(1) with a compound of formula
HNRR;,
wherein R; and R, represent, independently, hydrogen or C;-Cs alkyl, provided
that when one of Ry and By 18 hydrogen, the other 18 not hydrogen; or
wherein R; and R; together form a C4-C;—alkylene bridge, so that with the
inclusion of the nitrogen atom to which they are linked a heterocycle is formed,
wherein one -CH,- group of the C4-Cs—alkylene bridge, can be replaced by -O-,
in the presence of formaldehyde; or

(i1) with a N-methyl-N-methylenemethanaminium halide of formula
+
(CH3)2 N=CH, Hal

wherein Hal is a halogen atom,

to obtain the compound of formula (IV)

FsiC R,

(V)
wherein Ry and R; are as defined above;
¢) alkylating the compound of formula (IV) with an alkylating agent selected from
the group of compounds of formula:
R3-X, CO(OR3);, SO2(OR3);, PO(OR3);, CH3PO(OR3), and (4-
NO,CsH40)PO(OR3),, wherein Rj is Ci-Caalkyl and X is I, Br, OSO,CF; or
OSO3F, to obtain a compound of formula (IVa)
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Ry
| .-
N Y
FiC | R,
Rz
5 O
(1va)

wherein Y=X as detined above, BaOCG:, RaO80s, (RaOnpPly, CHAPGL,OR,, or
{4-MNO-CeHaOPO0R 55
d) coupling a compound of formula (IVa) with (R)-(1-naphthyl)ethylamine of
10 formula (III) to give the compound of formula (V)

V)

¢) reducing the compound of formula (V) in the presence of a reducing agent or by

15

mean of a catalytic hydrogenation process to give a compound of formula (Va)

F5C
OoH

(Va)
f) dehydrating a compound of formula (Va) with a dehydrating agent to give a
25 compound of formula (VI)

- /@\/\/NY‘

30 (VI)

and
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h) reducing the compound of formula (VI) to give Cinacalcet of formula (I).

This process, when utilizing the above steps b), ¢) d), g) and h), comprises preparing

) O

)

Cinacalcet of formula (I)

ZT

which comprises the steps of:
b) reacting the compound of formula (II) as defined above
(1) with a compound of formula
HNR,R,,

wherein R; and R, represent, independently, hydrogen or C;-Cs alkyl, provided
that when one of Ry and B, 18 hydrogen, the other 18 not hydrogen; or
wherein R; and R; together form a C4-C;—alkylene bridge, so that with the
inclusion of the nitrogen atom to which they are linked a heterocycle is formed,
wherein one -CH,- group of the C4-Cs—alkylene bridge, can be replaced by -O-,
in the presence of formaldehyde; or

(i1) with a N-methyl-N-methylenemethanaminium halide of formula
+
(CH3)2 N=CH2 Hal

wherein Hal is a halogen atom,

to obtain the compound of formula (IV)

FsC R,

(V)

wherein R; and R; are as defined above;
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¢) alkylating the compound of formula (IV) with an alkylating agent selected from
the group of compounds of formula:
R3-X, CO(OR3);, SO2(ORz);, PO(OR3);, CHiPO(OR3), and (4-
NO,CsH40)PO(OR3),, wherein Rj is Ci-Caalkyl and X is I, Br, OSO,CF; or
OSO3F, to obtain a compound of formula (IVa)

F5C

(IVa)
wherein Y=X as defined above, Rz0CO,, R3;0S03, (R30),PO,, CH3PO,0OR3 or
(4-NO,-C¢H40)PO,0R3;
d) coupling a compound of formula (IVa) with (R)-(1-naphthyl)ethylamine of

formula (III) to give the compound of formula (V)
N
F3C/©\H/\/
(6]
V)

g) reducing the compound of formula (V) as defined above with Zn, in the presence

of an acid, so obtaining the compound of formula (VI)

- /@\/\/NY‘

(VD)
in admixture with Cinacalcet of formula (I); and
h) reducing the double bond of the compound of formula (VI) to obtain the

compound of formula (I).
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If desired, the compound of formula (I) is reacted with a pharmaceutically acceptable
acid suitable to form a pharmaceutically acceptable salt thereof.
Suitable pharmaceutically acceptable acids, which can be used to form Cinacalcet
salts can be, for example HCI, HBr, H,SO4, maleic acid and fumaric acid, preferably
HCL
Crnacalcet may be converted e 2 pharmaceuhically acceplable Cinacaleet salt by
any tacthod known to & person skilled m the art. A preferred pharraaceutically
acceptable salt is the hydrochioride salt. For exanple, the hydrochloride salt may be
prepared by a method which comprises reacting Cinacalcet with hydrogen chloride.
Typically, Cinacaleet base s dissolved 1o an organic selvent and combined with
aquecus or gaseous hydrogen chloride to obtain Cinacaleet hydrochlonide. Preferably,
the organic solvent is toluene or ethyl acetate or MTBE.
The starting materials of formula (1Y and (I} are commercially available
compounds or can be prepared according to the lievature available in the prior art,
For exaraplie, 3-(tritluoromcthylisoctophenone of formula (1) can be prepared
following the procedure disclosed in the US patent No. §,420,60K.

It is another object of the prosent mmvention the Cinacaleet intermediate of formmula (V)

Bansae

W)

it is still another object of the present wveotion a Cluacaleet ntermediate of formula

(Va)
H
N
OH

(Va)
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which is a diastereoisomeric mixture of (R)- and (S)-3-((R)-1-(naphtalen-1-
yl)ethylamino-1-(3-(trifluoromethyl)phenyl)propan-1-ol.
According with a further gspect of the present wmvention, it 15 provided the

preparation of a Cinacalcet intermediate of formula (Vb)

(Vb)

wherein Bn is benzyl, which comprises the step of:

1} coupling compound of formula (IVa) as defined above, with (R)-N-benzyl-1-(1-

naphthyl)ethylamine of formula (Illa)

]|3n
HN I

(I1a)

wherein Bn is as defined above.
The compound of formula (Vb) can then be used for preparing Cinacalcet.
In another embodiment, the present invention encompasses a process for preparing
Cinacalcet, by preparing a compound of formula (Vb) as described above, and
converting it to Cinacalcet.
In another embodiment, the present invention provides the preparation of Cinacalcet
of formula (I) which comprises the step of:
k) reducing the compound of formula (Vb) to Cinacalcet of formula (I), and, if
desired, reacting Cinacalcet of formula (I) with a pharmaceutically acceptable acid
suitable to form a salt with the compound of formula (I).
According to this aspect of the invention the alkylated Mannich base (IVa) is coupled
with N-benzyl-(R)-NEA of formula (IIla) under step j), upon analogous conditions
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used for coupling said alkylated Mannich base with (R)-(1-naphthyl) ethylamine of
formula (III) previously reported under step d). The reaction can be carried out in the
presence or not of a base that can be, for example calcium carbonate, potassium
carbonate or triecthylamine, preferably sodium carbonate, in a solvent selected from
EtOAc, dimethylformamide, acetonitrile and toluene, preferably acetonitrile or
toluene, and more preferably toluene, at a temperature between 0° to 80°C over a
period of about 2 to 24 hours.

It 1s another obicct of the prosent invention the Cinacalcet intermediate of fornmla

(Vb

{Vh}

wherein Bn is benzyl.

N-benzyl-(R)-NEA hydrochloride of formula (IIla), either purchased from
commercial sources or prepared on purpose via trivial synthetic steps, is converted
into the free base before being coupled to the alkylated Mannich base of formula
(IVa) by neutralization with an aqueous base selected among sodium hydroxide,
potassium or calcium carbonate, preferably with aqueous sodium hydroxide, and
extracted with a water-immiscible organic solvent chosen from a C4-Cg linear or
cyclic aliphatic ether as defined above, aliphatic or aromatic hydrocarbons as defined
above, preferably toluene, at a temperature ranging from 10° to 40°C, preferably
25°C.

The reduction of the compound of formula (Vb) under step k) can be achieved
thorough a combined carbonyl deoxygenation/N-debenzylation carried out upon
standard catalytic hydrogenation condition, i.e. with molecular hydrogen in the
presence of catalyst, to obtain Cinacalcet of formula (I). The catalytic hydrogenation
may be performed by any method known to a person skilled in the art. For example,

the intermediate of formula (Va) may be dissolved in a C;-C4 alcohol as defined
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above, and subjected to H, pressure in the presence of a catalyst such as Pd/C or PtOs.
When Pd/C or PtO; is used, the Hy pressure is typically 1 atmosphere. Typically, the
hydrogenation is carried out over a period of about 5 to about 24 hours.
The present invention is exemplified by the following examples, which are provided
for ilhustration only and should vot be construed to lunit the scope of the imvention.

Example 1

Synthesis of (R)-3-(1-(naphthalen-1-yl)ethylamino)-1-(3-
(trifluoromethyl)phenyl)propan-1-one hydrochloride salt (V)
Method A

HCI
H
N
F;C
o)

(R)-(1-naphthyl)ethylamine hydrochloride (IIT) (100.0 g), paraformaldehyde (15.9 g),
3-(trifluoromethyl)acetophenone (I1) (135.7 g), 30% w/w aqueous hydrochloric acid
(5.6 g), ethanol (150.0 g) and water (10.0 g) were charged into the reactor and stirred
at reflux for 14 hrs, until satisfactory conversion was observed via HPLC. Then
water (300.0 g) and toluene (305.0 g) were added and the mixture was stirred at 25°C.
The organic and aqueous layers were separated and additional water (200.0 g) was
charged over the organic phase in order to favour the precipitation. The title
compound (95.6 g) was isolated upon filtration at room temperature, washing with
water and methyl tert-butyl ether and exsiccation at 50°C.

NMR of R)-3-(1-(naphthalen-1-yl)ethylamino)-1-(3-(trifluoromethyl)-phenyl)-
propan-1-one hydrochloride salt (V)

'H NMR (400 MHz, DMSO-dg), 8 (ppm, TMS): 10.00 (1H, br s; -NH,-), 9.24 (1H,
brs; -NH,'-), 8.31 (1H, d, J = 8.4; ArH), 8.23 (1H, d, ] = 8.0 Hz; ArH), 8.16 (1H, br
s; ArH), 8.08-7.96 (4H, m; ArH), 7.82 (1H, t, J = 8.0 Hz; ArH), 7.69-7.58 (3H, m;
ArH), 5.47-5.36 (1H, m; -CH(CH3)-), 3.70-3.54 (2H, m; -CH>-), 3.41-3.26 (2H, m;
-CH»-), 1.72 (3H, m, J = 6.4 Hz; -CH(CH>)-).



10

15

20

25

30

WO 2010/049293 PCT/EP2009/063603

-26 -
Method B
(R)-(1-naphthyl)ethylamine hydrochloride (IIT) (1.5 g), paraformaldehyde (0.3 g), 3-
(trifluoromethyl)acetophenone (II) (1.8 g), 30% w/w aqueous hydrochloric acid (0.1
g), ethanol (4.5 g) and water (1.5 g) were charged into the reactor under stirring and
reacted for 5 minutes under microwave irradiation (max 250W), until satisfactory
conversion was observed via HPLC. Then water (10.0 g) and toluene (3.0 g) were
added and the resulting suspension was stirred at 25°C. The title compound (1.6 g)
was isolated upon filtration at room temperature, washing with water and methyl 2-

propanol and exsiccation at 50°C.

Example 2
Synthesis of 3-(dimethylamino)-1-(3-(trifluoromethyl)phenyl)propan-1-one
hydrochloride (I1V)
N.
FC AN

A mixture of 1-(3-(trifluoromethyl)phenyl)ethanone (25.0 g) (II), dimethylamine
hydrochloride (13.0 g), paraformaldehyde (4.8 g), 31%w/w aqueous hydrochloric
acid (0.5 mL) in ethanol (70 mL) was stirred at reflux temperature for 24 hrs, then
cooled down and the solvent flushed with toluene (50 mL). The precipitated pale
yellow solid was then filtrated, washed with toluene and dried to give the title

compound (IV) (28.0 g).

Example 3
Synthesis of 3-(dimethylamino)-1-(3-(trifluoromethyl)phenyl)propan-1-one
hydroiodide (IV)
N
F;C HI\
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A mixture of 1-(3-(trifluoromethyl)phenyl)ethanone (5.0 g) (II), Nemethyi-N-
methylenemethanamivduro iodide (5.4 g), 31%w/w aqueous hydrochloric acid (0.1
mL) in ethanol (7 mL) was stirred at reflux temperature for 24 hrs, then cooled down
and the solvent flushed with toluene (50 mL). The precipitated pale yellow solid was
then filtrated, washed with toluene and dried to give the title compound (IV) (7.1 g).

Example 4
Synthesis of N,N,N-trimethyl-3-0x0-3-(3-(trifluoromethyl)phenyl)propan-1-

aminium iodide (IVa)

BC HIAN

0
A vigorously  stirred  Dbiphasic  solution of = 3-(dimethylamino)-1-(3-
(trifluoromethyl)phenyl)propan-1-one (IV) (15.0 g) in a 1:1 water/toluene mixture
(50 mL) was added over 1 hr at r.t. with 30% w/w aqueous sodium hydroxide until
pH 14. The organic layer was then separated, dried with anhydrous Na,SO4 and
filtered. The mother liquor was then charged in a reactor and added, under strong
agitation, with methyliodide (22.6 g) in 30 min. The mixture was then kept at r.t. for
18 hrs to yield a yellow solid of the methylated Mannich base iodide salt (18.0 g),
compound (IVa), that was filtered, dried and used in the following synthetic step
without further purification.
Example S
Synthesis of (R)-3-(1-(naphthalen-1-yl)ethylamino)-1-(3-
(trifluoromethyl)phenyl)propan-1-one hydrochloride salt (V)

HC1
H
N
F;C
o]

A vigorously stirred suspension of the methylated Mannich base iodide salt,

compound (IVa) (20.5 g), (R)-(1-naphthyl)ethylamine (11.0 g) and potassium
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carbonate (14.7 g) in acetonitrile (50 mL) was kept at refluxing temperature for 8 hrs,
then cooled down to r.t., added with water (20 mL) and extracted twice with ethyl
acetate (25 mL). The combined organic phases were then dried and concentrated to
5 give the crude title compound (V) (20.8 g) as yellow oil. Further purification could
be achieved upon conversion of the compound (V) into its hydrochloride salt and
recrystallization from MTBE.
Example 6
Synthesis of a mixture of (R,E)-N-(1-(naphthalen-1-yl)ethyl)-3-(3-
10 (trifluoromethyl)phenyl)prop-2-en-1-amine (VI) and (R)-N-(1-(naphthalen-1-
yDethyl)-3-(3-(trifluoromethyl)phenyl)propan-1-amine (I)

A suspension of compound (V) as its hydrochloride salt (3.0 g) and zinc powder

(1.42 g) in a 1:1 methanol/water mixture (20 mL) at r.t., was added dropwise in 5 hrs
15 with a 31% w/w solution of hydrochloric acid in water. The reaction mixture was

then partially concentrated, diluted with toluene (50 mL) and the phases separated.

The organic layer was then neutralized with 30% w/w aqueous sodium hydroxide,

dried over anhydrous Na,SO4 and filtrated to obtain a yellow oil (2.5 g) as a mixture

(2:1) of compound (VI) and Cinacalcet compound (I), that can be used in other
20  synthetic steps without further purification.

Example 7
Synthesis of (R)- and (S)-3-((R)-1-(naphtalen-1-yl)ethylamino-1-(3-
(trifluoromethyl)phenyl)propan-1-ol (Va)

» O
H
N
F5C
OH
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(R)-3-(1-(naphthalen-1-yl)ethylamino)-1-(3-(trifluoromethyl)phenyl)propan-1-one
hydrochloride salt (V) (20.0 g) was suspended in methanol (61.9 g) at 5°C and 30%
w/w aqueous sodium hydroxide (6.8 g) was charged dropwise over 15 mins. The
reaction mixture was stirred for 15 mins, then a solution of sodium borohydride (2.2
g) and aqueous soda (30% w/w; 0.7 g) in water (6.1 g) was added slowly. The
suspension was stirred at 25°C for 0.5 hrs, and, once the reaction went to completion
(IPC via HPLC), toluene (84.9 g) and methanol (28.6 g) were charged. Solvents were
distilled off to approximately half volume at 25°-30°C under reduced pressure, the
organic phase was separated and washed with brine. Combined aqueous layers were
extracted with toluene (84.3 g) and the organic phases were distilled off to reduced
volume at 50°C (80-100 mbar). Either the resulting solution was used as such in the
following step or the crude title product (Va) was isolated by further distilling off the
solvent to residue.

Example 8
Synthesis of (R,E)-N-(1-(naphthalen-1-yl)ethyl)-3-(3-
(trifluoromethyl)phenyl)prop-2-en-1-amine (VI)

F;C

The diastercoisomeric mixture of (R) and (S)-3-((R)-1-(naphtalen-1-yl)ethylamino-1-
(3-(trifluoromethyl)phenyl)propan-1-ol was charged into the reactor as a toluene
solution (33.7 g). Acetic acid (76.9 g) and concentrated sulphuric acid (96% w/w;
49.0 g) were then added slowly at 25°C, the reaction mixture was heated at 110°C
for 1 hr, then cooled down to 5°C. The mass was diluted by addition of toluene (85.0
g) and, dropwise, water (50.0 g), then stirred at 25°C for few minutes. The organic
and aqueous phases were separated and the toluene layer was cooled to 5°C and
neutralized by addition of aqueous ammonia (28% w/w; 40.0g) up to pH 10. Once

room temperature was reached, water (30.0 g) was added in order to solubilise salts,



10

15

20

25

30

WO 2010/049293 PCT/EP2009/063603

-30-

the phases were separated and the solvent was removed form the organic layer via
reduced pressure distillation. The crude title compound (VI) was obtained as a pale
yellow oil (17.7g).
NMR of (R,E)-N-(1-(naphthalen-1-yl)ethyl)-3-(3-(trifluoromethyl)phenyl)prop-
2-en-1-amine (VI):
'H NMR (400 MHz, CDCl3), 8 (ppm, TMS): 8.21-8.17 (1H, m; ArH), 7.92-7.86 (1H,
m; ArH), 7.78 (1H, d, J = 8.0 Hz; ArH), 7.72 (1H, d, J = 7.2 Hz; ArH), 7.58-7.45
(6H, m; ArH), 7.43-7.37 (1H, m; ArH), 6.48 (1H, d, J = 16.0 Hz; -ArCH=CHCH>-),
6.39 (1H, dt, J = 16.0, 6.0 Hz; -ArCH=CHCH,-), 4.76 (1H, q, J = 6.6 Hz; -CH(CH3)-
), 3.46-3.33 (2H, m; -CH,-), 1.57 (3H, d, J = 6.6; -CH(CHx)-).

Example 9

Synthesis of Cinacalcet free base (I)

A mixture of compound (VI) (3.0 g), PdCl, (0.01 g) in ethanol (10 mL) was heated
up to reflux temperature and added in 5 hrs with formic acid (0.3 g). The mixture
was then cooled down, diluted with toluene and washed with 30% w/w aqueous
sodium hydroxide until neutrality. The organic layer was dried and concentrated to
give Cinacalcet free base, compound (I) (2.0 g).

Example 10

Synthesis of Cinacalcet free base (I)
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A mixture of compound (VI) (3.0 g), PdCI, (0.01 g), in methanol (10 mL) was
pressurized with 1 bar hydrogen and stirred for 10 hrs at +25°C. The mixture was
then filtered through a Celite® pad and concentrated to give Cinacalcet free base,
compound (I) (2.0 g).

Example 11
Synthesis of ((R)-3-(benzyl(1-(naphthalen-1-yl)ethyl)amino)-1-(3-
(trifluoromethyl)phenyl)propan-1-one (Vb)

(R)-N-benzyl-1-(1-naphthyl)ethylamine hydrochloride (8.0 g), toluene (51.6 g), 30%
w/w aqueous sodium hydroxide (20.4 g) and water (14.5 g) were charged into the
reactor and stirred at r.t. for 0.5 hrs. The organic phase was separated and charged
into the reactor over potassium carbonate (6.2 g). The mixture was then heated up to
80°C and a suspension of methylated Mannich base iodide salt (IVa, where
Alk=R;=R,=Me, Y=I) (7.0 g) in acetonitrile (76.4 g) was added dropwise over a
period of 20 mins. The mass was stirred at 80°C for 14 hrs, then water (60.0 g) was
added and the two layers were separated. The organic layer was washed with 10%
w/w aqueous hydrochloric acid (50.0 g) and the crude title compound (7.1 g) was
obtained in the hydrochloride form as an off-white powder upon reduced pressure
solvent removal. The free base was obtained by suspending the hydrochloride salt
(7.1 g) in toluene (85.0 g) and water (46.0 g) and treating with 30% w/w aqueous
sodium hydroxide (27.6 g) at r.t. Phase separation and solvent removal afforded the
crude title compound (6.5 g) as a yellow oil.

NMR of ((R)-3-(benzyl(1-(naphthalen-1-yl)ethyl)amino)-1-(3-trifluoromethyl)-
phenyl)propan-1-one (Vb)

'H NMR (400 MHz, DMSO-dg), & (ppm, TMS): 8.19 (1H, d, J = 8.4 Hz; ArH), 7.92—
7.86 (3H, m; ArH), 7.86-7.83 (1H, m; ArH), 7.74 (1H, d, J = 8.4 Hz; ArH), 7.64-
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7.56 (2H, m; ArH), 7.45-7.36 (3H, m; ArH), 7.20-7.19 (4H, m; ArH), 7.19-7.11 (1H,
m; ArH), 4.69 (1H, q, J = 6.8; -CH(CH3)-), 3.73 (1H, d, J = 14.0 Hz; PhCH>-), 3.58
(1H, d, J = 14.0 Hz; PhCH,-), 3.24-3.01 (2H, m; -CH,-), 3.00-2.89 (2H, m; -CH,-),
1.48 3H, d, J = 6.8; -CH(CH>)-).
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1. Cinacalcet intermediate having the following formula (V)

H
N
Fgc)@\’(\/
(6]
2. Cinacalcet intermediate having the foliowing formula (Va)

Bassae

3. Cinacaicet intermadiate having the hllowing formula (Vh)

D,

-33 .

CLAIMS

V)

(Va)

PCT/EP2009/063603

which is a diastereoisomeric mixture of (R)- and (S)-3-((R)-1-(naphtalen-1-

yl)ethylamino-1-(3-(trifluoromethyl)phenyl)propan-1-ol.

wherein Bn is benzyl.

in claim 1, comprising the stop of

a) reacting 3-{rifluoromethyijacetophenone of formula (1D

FC

{(Vh)

1)

. A process for the preparation of Cinacaleet intermediate of formula (V) as defined
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with (R)-(1-naphthyl)ethylamine of formula (III)

H,N.

()
in the prosence of formaldehyde, to give the compound of formula (V).
5. A process for the preparation of Cinacaleet intermediate of formula (V) as defined
in claim 1, comprising the steps of

by reacting 3-{tnflooromethylacctopbonoue of formula 3D

F5C

(an
(i) with a compound of formula
HMNER,

wherein By and Ro represent, independently, bydrogen or -Cs alkyl

provided that when one of Ry and R 18 hydrogen, the other 18 not hydrogen;

ot

wherein Ry and R, twpether form a Cp-Cr-alkylone bridge, so that with the

mclusion of the nitrogen atom to which they are linked form a heterocycle,
wherein one -UHy- group of the Up-Or—alloylene bridge, can be replaced by -
(-, 1 the presence of forraaldehyde; or

(i1} with g N-methyl-N-methylencmethanamintum halide of formula

wherein Hal is g halogen atom,

to give the compound of formuala (IV}



10

15

20

25

WO 2010/049293 PCT/EP2009/063603

_35.
R,
N,
FiC \R2
(@]
avy

wheren Ry and R are as defioed above;
¢y alkvlating the compound of formula (IV) with an slkylating agornt selected
from the group of compounds of formula:
Ra-X,  CO{OR:),  SOH0R:,  PO{OR:),  CHPO{OR: and {4~

NOLCHLOWO{UR ), wheretn Bats C-Caalkyt and X s 1 Br, OS0,CF; or

OSOLF, to give a compound of formula (1Va)

F5C | “r,
0
{fVa}
wherein Y=X as defined above or RyOU0,, RyO80;, (0RPO,, CHAPO,0R,,
{4-MNO - HLOPOH0R s and
dy couphng a compound of formula (IVa) with (R)-(1-naphthyl)ethylamine of
formula (II)

H,N

(111

to give the compound of formula (V).

6. A process for preparing Cinacalcet of formula (1)
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H
N
F3C O

@
comprising preparing Cinacalcet intermediate of formula (V) according to claim 4
or 5, and converting it to Cinacalcet of formula (I).
A process for the proparation of Cinaceleet intermediate of fornmla {(Va) as
defined in claim 2, which comprises the step of:
¢) reducing the compound of formula (V) as defined in claim 1, in the presence of
a reducing agent or by mean of a catalytic hydrogenation process, to give the
compound of formula (Va).
A process for preparing Cinacalcet intermediate of formula (Va) according to
claim 7, comprising preparing the compound of formula (V) according to claim 4
or 5.

A process for preparing Cinacalcet of formula (I)

)

comprising preparing Cinacalcet intermediate of formula (Va) according to claim

7 or 8, and converting it to Cinacalcet of formula (I).

10. A process for the preparation of a Cinacalcet intermediate of formula (VI)

- /@\/\/NY‘

(VD)
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which comprises the step of:
f) dehydrating the compound of formula (Va) as defined in claim 2, with a
dehydrating agent so obtaining the compound of formula (VI); or, alternatively,
g) reducing the compound of formula (V) as defined in claim 1, with Zn, in the
presence of an acid, so obtaining the compound of formula (VI), in a mixture
with Cinacalcet of formula (I).
11. A process for preparing Cinacalcet intermediate of formula (VI) according to
claim 10, comprising preparing the compound of formula (Va) according to claim
7 or 8.
12. A process for preparing Cinacalcet intermediate of formula (VI) according to
claim 10, comprising preparing the compound of formula (V) according to claim
4 or5.

13. A process for preparing Cinacalcet of formula (I)

@
comprising preparing Cinacalcet intermediate of formula (VI) according to claim
10, 11 or 12, and converting it to Cinacalcet of formula (I), by reducing the

double bond of the compound of formula (VI)

- /@\/\/NY‘

(VD)
to give Cinacalcet of formula (I).

14. A process for preparing Cinacalcet of formula (I)
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H
N
FiC O

M
which comprises the steps of:

a) reacting 3-(trifluoromethyl)acetophenone of formula (II)

FsC

(In
with (R)-(1-naphthyl)ethylamine of formula (I1I)

HN |

(111

in the presence of formaldehyde, to give the compound of formula (V)

F5C
o}

V)
¢) reducing the compound of formula (V) in the presence of a reducing agent or

by mean of a catalytic hydrogenation process to give a compound of formula

(Va)
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-39
N
FiC
5 /©\‘/\/
OH
(Va)

f) dehydrating a compound of formula (Va) with a dehydrating agent to give a

compound of formula (VI)

) /@\/\/ O
ro 7 ) O

(VD)
15 h) reducing the compound of formula (VI), to give Cinacalcet of formula (I) and,
if desired, converting Cinacalcet into a pharmaceutically acceptable salt.

15. A process for preparing Cinacalcet of formula (I)

)

which comprises the steps of:
25 a) reacting 3-(trifluoromethyl)acetophenone of formula (II)
FsC

30 (IT)
with (R)-(1-naphthyl)ethylamine of formula (I1I)
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HoN I

(111

in the presence of formaldehyde, to give the compound of formula (V)
N
b OY\/
O
V)

g) reducing the compound of formula (V) as defined above with Zn, in the

presence of an acid, so obtaining the compound of formula (VI)

(VD)
in admixture with Cinacalcet of formula (I);
h) reducing the compound of formula (VI), to give Cinacalcet of formula (I) and,
if desired, converting Cinacalcet into a pharmaceutically acceptable salt.

16. A process for preparing Cinacalcet of formula (I)

H
N
F,C O

M
which comprises the steps of:

b) reacting the compound of formula (II)
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F5C

(1) with a compound of formula
HNR;R,,

wherein R; and R; represent, independently, hydrogen or C;-Cs alkyl,
provided that when one of Ry and R 18 hydrogen, the other is not hydregen:
or

wherein Ry and R, together form a C4-Cs—alkylene bridge, so that with the
inclusion of the nitrogen atom to which they are linked a heterocycle is
formed, wherein one -CHj,- group of the C4-C;—alkylene bridge, can be
replaced by -O-, in the presence of formaldehyde; or

(i1) with a N-methyl-N-methylenemethanaminium halide of formula
+
(CH3)2 N=CH, Hal

wherein Hal is a halogen atom,

to give the compound of formula (IV)

FsiC R,

(V)
wherein R; and R; are as defined above;
c¢) alkylating the compound of formula (IV) with an alkylating agent selected
from the group of compounds of formula:
R3-X, CO(OR3)2, SO2(OR3);, PO(OR3);, CH3PO(OR3), and (4-
NO,CsH40)PO(OR3),, wherein Rs is Ci-Caalkyl and X is I, Br, OSO,CF3 or
OSO3F, to obtain a compound of formula (IVa)
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Ry
|
N
FiC |\R2
R
5 o)
(1Va)

wherein ¥Y=X as defined above, RyDCG,, B08C:, (R0LP0;, CHLPOOR,,
of {4-NO-CeHaOPG0R,;
d) coupling a compound of formula (IVa) with (R)-(1-naphthyl)ethylamine of
10 formula (III) to give the compound of formula (V)

V)

15
¢) reducing the compound of formula (V) in the presence of a reducing agent or
by mean of a catalytic hydrogenation process to give a compound of formula
(Va)
F5C
OH
(Va)
f) dehydrating a compound of formula (Va) with a dehydrating agent to give a
25 compound of formula (VI)

30 (VI)
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h) reducing the compound of formula (VI), to give Cinacalcet of formula (I) and,

if desired, converting Cinacalcet into a pharmaceutically acceptable salt.

) O

)

17. A process for preparing Cinacalcet of formula (I)

ZT

which comprises the steps of:
b) reacting the compound of formula (II) as defined above
(1) with a compound of formula
HNR;R,,

wherein R; and R; represent, independently, hydrogen or C;-Cs alkyl,
provided that when one of Ry and Ry 18 hydrogen, the other 18 not hydrogery
or
wherein Ry and R, together form a C4-C;—alkylene bridge, so that with the
inclusion of the nitrogen atom to which they are linked a heterocycle is
formed, wherein one -CH,- group of the C4-C;—alkylene bridge, can be
replaced by -O-, in the presence of formaldehyde; or

(i1) with a N-methyl-N-methylenemethanaminium halide of formula
+
(CH3)2 N=CH2 Hal

wherein Hal is a halogen atom,

to obtain the compound of formula (IV)

FiC R,
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wherein R; and R; are as defined above;
c¢) alkylating the compound of formula (IV) with an alkylating agent selected
from the group of compounds of formula:
Ri-X, CO(OR3);, SO2(OR3);, PO(OR3);, CH3iPO(ORz), and (4-
NO,CsH40)PO(OR3),, wherein Rs is Ci-Caalkyl and X is I, Br, OSO,CF3 or
OSO3F, to obtain a compound of formula (IVa)

F5C | “r,
0
(IVa)
wherein Y=X as defined above, R30CO,, R30S03, (R30),PO,, CH3PO,0R; or
(4-NO,-CsH40)PO,0R3;
d) coupling a compound of formula (IVa) with (R)-(1-naphthyl)ethylamine of

formula (III) to give the compound of formula (V)
N
F3C/©\H/\/
(6]
V)

g) reducing the compound of formula (V) as defined above with Zn, in the

presence of an acid, so obtaining the compound of formula (VI)

(VD)

in admixture with Cinacalcet of formula (I);



WO 2010/049293 PCT/EP2009/063603

-45 -
h) reducing the double bond of the compound of formula (VI), to give Cinacalcet
of formula (I) and, if desired, converting Cinacalcet into a pharmaceutically

acceptable salt.
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