WD 02/ 102776 PCT/ EP02/ 06424 1 Description PROCESS FOR THE PRODUCTI ON OF
THE PI PERI DI NE DERI VATI VE FEXCFENADI NE 5 BACKGROUND OF THE | NVENTI ON The
present iwoantidznerel ates to processes for preparing cert @Ca/gPopesiedi ne
derivatives, including fexofenadine (F), the active ingredient in the
non-sedating antihistamine sold in thelu S. under the designation

"Allegra(r)". This invention also 10 relates to novel synthetic

i nternedi ates useful in the processes of the present invention. 0 eOH N
OH CH3 Dédtyplion CO2H CH3 SUMVARY OF THE | NVENTION 15 The present
invention relates to processes for the preparation of piperidine
derivatives of the formulas |, Il, VI and VII: WD 02/ 102776 PCT/ EP02/ 06424
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PROCESS FOR THE PRODUCTION OF THE PIPERIDINE DERIVATIVE FEXOFENADINE

BACKGROUND OF THE INVENTION

The present invention relates to processes for preparing certain piperidine
derivatives, including fexofenadine (F), the active ingredient in the non-sedating

antihistamine sold in the U.S. under the designation “Allegra®’. This invention also

10 relates to novel synthetic intermediates useful in the processes of the present

15

invention.
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SUMMARY OF THE INVENTION

The present invention relates to processes for the preparation of piperidine
derivatives of the formulas I, II, VI and VII:



CH3 BD1\ 1 RL (On (Il)
(M) RRNOAGCH3 --(CH2 2
RL (O n WoloR)to27R2 N OH A CH3

1R2 N O
R3 CH3

R1
(O)n
52 m
A
;}1 (l)H CH,
(CH,);—CH R3
CH,
B‘ ‘
R1
(O)n (II)
R2
ITI 0] A CH,
(CH,), R3
CH,

N o A oH,
}—(Cszyj—@—-f—Ra
0o

ACH3 (CH)3 R3 CH3

0 WD 02/ 102776 PCT/ EP02/ 06424 3

(CH2)2 R3 O CH3 wherein PCAIEPODOGH24
2

B ++D R



RI is hydrogen or hydroxy; R2 is hydrogen; Rl and R2 taken together forma
doubl e bond between the carbon atons bearing RL and R2; 10 R3 is COOH,
CQ2al kyl ,wGH2@h37761ydr oxyl , protected hydroxyl, cyano, CONPRTI/EPCINMH2 Kyl or
CON(al kyl' )2, wherein each of the al kyl groups contained in any of them
contains from 1-6 carbon atons A, B, and D may be substituents of their
respective rings in the neta, para or ortho position and which may be
different or the sane and are hydrogen, hal ogens, 15 al kyl, hydroxy, or

al koxy, and pharnmaceutically acceptable salts thereof, with the proviso
that where Rl and R2 are taken together to forma double bond between the
carbon atons bearing Rl and R2 or where Rl is hydroxy, nis 0. 20 The
present invention also relates to novel synthetic intermedi ates for
formulas I1l andBllia, and V| Which are useful in the preparation of the
pi peri di ne derivagl ves oraylas |, 11, VI and VII: WO 02/ 102776

PCT/ EP02/ 06424 4 kEQol(CHZ)Z R3 (Ill) CH3 OOA CH3 X+ 0- '"CH2)2
R3 (Illa) CH3 B R )

R1
(O)n (V1)
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N ~ OH A CH,
)—‘(CHZ)Z“.-—@—}—‘RB
0 CH,
wherein
5 nisOor1;

R1 is hydrogen or hydroxy;

R2 is hydrogen;

R1 and R2 taken together form a double bond between the carbon atoms
bearing R1 and R2;

10 R3 is COOH, CO.alkyl, CH,OH, hydroxyl, protected hydroxyl, cyano, CONHy,
CONHalkyl or CON(alkyl)2, wherein each of the alkyl groups contained in any of them
contains from 1-6 carbon atoms

A, B, and D may be substituents of their respective rings in the meta, para or
ortho position and which may be different or the same and are hydrogen, halogens,

15 alkyl, hydroxy, or alkoxy,

and pharmaceutically acceptable salts thereof,
with the proviso that where R1 and R2 are taken together to form a double bond
between the carbon atoms bearing R1 and R2 or where R1 is hydroxy, n is 0.

20 The present invention also relates to novel synthetic intermediates for formulas
Il and llla, and VI which are useful in the preparation of the piperidine derivatives of
formulas |, 11, VI and Vii:



RR NOACH3 --(CH2)2 R3 0 CH3 .5 wherein A, B, DD RI, R2, R3 and n are
as previously defined and X+ is a Lewws Acid. Although a wde variety of
pi peri di /®odendaraé i ves can be prepared by the process 10Peofi/RPABOq@ERESENt
invention, it is particularly useful for preparing fexofenadine (F), the
active ingredient in the non-sedating arfti histamine sold in the U S. under
the designation "Allegra(r)": 15 WO 02/102776 PCT/ EP02/06424 5 OH (F) N
OHCH3 (CH2)3 HCO2H CH3 10 Thus, particularly preferred novel synthetic
internediates for use in the processes of the present invention which are
useful in the preparation of the dexofnadi ay (F) are conpounds of the
formulas VIIl, Villa, and I XX O O|C 1(QHD) 2 CDZa)IkyI (vitrr)y CH3 _ O

FHOL
O CH3 X+ 0 -11I-(CH2) HO,Coaedl, @ cH3—R3 (11
CH,
O O 2 CH,
X* O—LL—(CHZ)Q—ﬂ—®-—"-R3 ([I1a)
CH,
L0
(O)R1 )
n
VI
Ro (V1)
N o) 0 CH,
}'(CHZ)Z—H—< >——}—R3
O CH,
5
wherein A, B, D, R1, R2, R3 and n are as previously defined and X" is a Lewis
Acid.

Although a wide variety of piperidine derivatives can be prepared by the process
10 of the present invention, it is particularly useful for preparing fexofenadine (F), the
active ingredient in the non-sedating antihistamine sold in the U.S. under the

designation “Allegra®”:

15



15 OH (IX) NO CH3 O0~---(CH2)2 C02al kyl O CH3 wherein alkyl is 1-6
carbon atons and X+ is a Lewis acid. WO 02/102776 PCT/ EPO2/ 06424 6 The

pr ocesseswofoztimy7epr esent i nvention for the preparation of PoirgEPo/aisae
derivatives of the formulas I, Il, VI and VIl conprise: 5 a) acylating a
starting compound of the fornula 19: H33 C HC R3 (19) A with a compound
of the formula 18: O OO T-:T (18) 10 under conditions effective to
produce a m xture of regioisoners of the formula Xi: A OCH3 R3 (XI) HO

CH3 O 15

OH (F)
5
l}l ?H CH,
(CHz)Tﬁ-@_"C%H
CH,
10 Thus, particularly preferred novel synthetic intermediates for use in the

processes of the present invention which are useful in the preparation of the
fexofenadine (F) are compounds of the formulas VIii, Vilia, and IX:

Q CH,

o)
HO—“——(CHZ);—LI—@—l-COZaIkyI (VIIT)

CH,

. CH,
x ol (CH,); ! \ CO,alkyl  (Vllia)
CH,

15

OH (IX)
N o) CH,
//]—(CHZ)Q_U_Q_{_COZalkyI
0 CH,

wherein alkyl is 1-6 carbon atoms and X" is a Lewis acid.



b) recovering fromthe m xture of regioisoners the conpound of the formula
I[11: A OCH3 HXRC(CH2)2-~-11- R3 (Ill) CH3 WD 02/ 102776 PCT/ EP02/ 06424
7 c) conweptienge7the conpound of step b) to the piperidi nePderEPoa0G42£
conpound of the formula VI: BD Rl (On (VI) RR NOACH3 4- R3 OCH3
5 wth a piperidine compound of the forffula 172 B D RL (On JR2 17 NI
H WD 02/ 102776 PCT/ EP02/ 06424 8

The processes of the present invention for the preparation of piperidine
derivatives of the formulas I, II, VI and VII comprise:

5 a) acylating a starting compound of the formula 19:
H,C
H.c——R3
’ (19)
A

with a compound of the formula 18:

O :o: _O -

10
under conditions effective to produce a mixture of regioisomers of the formula
X
A
O CH;,
R3 (X1
HO CH,
O
15

b) recovering from the mixture of regioisomers the compound of the formula
I: '

A
0 CH,

HO,C—(CH,), R3 ()
CH,



d) optionally reducing the piperidine derivative conpound of step c) to
give the conmpound of the formula |l: BJ D (Onl (I) R NOHACH (CH2)3
CH R3 CH3O0ep/1ay7vé onal |y reduci ng the piperidine derivatiweTEmpeidad of
step c) to give the 5 piperidine derivative of the formula VII; Bl D Rl
(On R2 (VMII) NOHACH3 -(CH2)2 R3 d cH3  and f) optionally oxidizing
the piperidine derivative of step d to give the piperidine 10 derivative
of formula Il: WD 02/102776 PCT/EP02/06424 9 B DRL (On J<R2 (I1l) LN
A CH3 c) converting the compound of step b) to the piperidine derivative

compound of the formula Vi:

)

R1
(O)n (V1)
R2
N 0 A CH,
}‘(CHg)z-“-—< >—{——R3
O CH,
5 with a piperidine compound of the formula 17:
)
R1
(O)n
R2 17
N



(CH2)3 R3 CH3 wherein all substituents are as previously defined. I|ncluded
within this process is a process for preparation of fexofenadine (F), the
5 active wogeaa7ent in the non-sedating antihi stam ne sol @CITEPDIIes4Rl S.

under the designation "Allegra(r)", which conprises: a) acylating a
starting compound of the formula 21: CH8 C02alkyl (21) CH3 10 with a
conmpound of the formula 20: OO0 O' ~ (18) under conditions effective to
produce a m xture of regioisoners of the formula 25: HOO 0 o:::co2al kYI
(25) WO 02/ 10@y76 &tiartzy2£066ag thd Qiperidinecdardiating cofpoundeofrstep gy B gile

i Oi th d of t f I Vill: O (V11 HO - (CH2) 2 al kyl
o Er s LR R mpound b the farmula (VI11) (CH2)2 al ky
R1
R2
A
T CH
(CH2)3——CH R3
CH

3

e) optionally reducing the piperidine derivative compound of step c) to give the

5 piperidine derivative of the formula VII;
! ‘
R1
(O)n
(%?2 (VIH
N OH A CH,
}—(CHZ)Z——'—< >—’-—R3
O CH,
and
f) optionally oxidizing the piperidine derivative of step d to give the piperidine

10 derivative of formula ll:



5 c¢) converting the conpound of step b) to the piperidine derivative
conpound of the formula I XX YOHNOICH3 -6(CH2)2 ¢ / -}--C02al kyl CH3

wi th a piwerizdoaree conpound of the fornula 23: OH (23) N FCTHEPOZI)64e£duci Ng
t he piperidine derivative conpound of step c) to provide a piperidine
derivative of the formula 24; 15 WO 02/ 202776 PCT/ EP02/ 06424 11 (2 4) \
eOHNOHCH3 (CH2)3 H _ +C02alkyl CH3 and 5 e) converting the CQal kyl
noi ety of the piperidine derivative of fornula 24 to a CO2H noiety to

produce fexofenading (F) EIIITIIIHITIIIIIH (F)
R1
(O)n
R2 an
[?1 o iA CH,
(CH,); R3
CH,

wherein all substituents are as previously defined.
Included within this process is a process for preparation of fexofenadine (F), the
5 active ingredient in the non-sedating antihistamine soid in the U.S. under the

designation “Allegra®, which comprises:

a) acylating a starting compound of the formula 21:

CH,
/N CO,alkyl (21)
—  CH,
10 with a compound of the formula 20:

under conditions effective to produce a mixture of regioisomers of the formula
25:
O CH,

/U\/\[@—“‘Cozalkyl (25)
HO CH,

O



10 CH3 (CH2)3 H ~CO2H 15 CH3 wherein alkyl is 1-6 carbon atons. WO
02/ 102776 PCT/ EP02/ 06424 12 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The
present iwWOeatdxne rel ates to a process for the preparati omCofEPp/paed di ne
derivatives of the fornulas I, an VII BD I \/ 1 RL((On R
(1) NO—lACI—B(CI—lZ)SCI—lRSCI—B 1OB (On 15 R2 (I1) NOA CH3
(CH2)3 R3 20 CH3 WD 02/102776 PCT/ EPO2/ 06424 13

b) recovering from the mixture of regioisomers the compound of the formula

Vil
i & Vil
Ho—L (CH,); @—T-cozalkyl Vit
CH,
5 c) converting the compound of step b) to the piperidine derivative

compound of the formula IX;

0 &

OH

N o CH,
//L—(CHZ)Z—-“—-Q—i'COZalkyI
0

CH,

with a piperidine compound of the formula 23:

(O L

OH
(23)

Iz

10
d) reducing the piperidine derivative compound of step c) to provide a

piperidine derivative of the formula 24;

15

5



BD/\1 RL 5(0n(VI) R NOACH3 --(CH2)2 R3 10 OCH3 BI D R1
(On (M1) R .6 HACH3 (CH2)2 R3 OCH3 wherein nisOorl; 15 Rl is
hydr ogen wo obgo7oxy; R2 is hydrogen; Rl and R2 taken togeCh@aprot/od a
doubl e bond between the carbon atons bearing RL and R2; R3 is COCH,

CQ2al kyl, CH2OH, hydroxyl, protected hyél?oxyl, cyano, CONH2, 20 CONHal kyl
or CON(al kyl)2, wherein each of the al kyl groups contained in any of them
contains from 1-6 carbon atonms WO 02/ 102776 PCT/ EP02/ 06424 14

O D e

OH

N OH CH,
(CHQ;—-&—@—,—COZaIKyI

CH,

and

e) converting the COalkyl moiety of the piperidine derivative of formula 24 to a
CO2H moiety to produce fexofenadine (F)

O L) e
10 |

OH
N on CH,
<CH2>rg‘@—FCOZH
15 CH,

wherein alkyl is 1-6 carbon atoms.



A, B, and D may be substituents of their respective rings in the neta, para
or ortho position and which may be different or the sanme and are hydrogen,
hal ogens,woakhk9d776 hydr oxy, or al koxy, and pharnaceuti cal | pCamprepo@l e salts
thereof, 5 with the proviso that where Rl and R2 are taken together to form
a doubl e bond between the carbon atons Beari ng Rl and R2 or where Rl is
hydroxy, n is 0. The present invention also relates to novel internedi ates
of the formula Il1l, Ilia, 10 and VI : OA CH3 HXRC (CH2)2 R3 CH3 15
(rrr)y 00 ACH3 X+ 0-11--(CH2)2 4 ) R3 (Illa) CH3 20BDf~ ~ 25 (0)n

R (M) NOA)+-." ggmé%%)ﬁEgéquﬁbﬁWW%m@@/ EP02/ 06424 ~ 15

wherein A, B, D, RI, n are as previous efined and X+ is a
Lewi s Acid.

The present invention relates to a process for the preparation of piperidine
5 derivatives of the formulas I, II, VI and VII:
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Al though a wide variety of piperidine derivatives can be prepared by the
process 5 of the present invention, it is particularly useful for

pr epar i ngwbezobé®nadi ne (F), the active ingredient in the momAEPededizng
antihistamne sold in the U S. under the designation "Allegra(r)": 10

it deltiriti (F) NOHCH3 15 (CH2)3 1# co2H “cH3 Thus, particularly
preferred novel synthetic internediates for use in the 20 processes of the
present invention which are useful in the preparation of the fexofenadine
(F) are conpounds of the formulas VIII, Villa, and I XX O HO CH3 Y I

Co2al kyl (VI11) C)B}B O0 CH3 Xp O --II-(CH2)2 CRal kyl (Villa) CH3 WD
02/ 102776 PCT/ EP02/0632 H IX) NO CH3 (CH2) 2 C02al kyl CH3 wherein
al kyl is 1-6 carbo is a Lewis Acid. 5 The processes of the
present invention f tion of piperidine derivatives of the

formulas I, I, WV | QTPri se:
> (V1)
0O A CH,
2)2—“—< :)——"R3
10 CH,
! ‘
R1
(O)n (Vi)
R2
N OH A CH,
o CH,
wherein
nisOor1;
15 R1 is hydrogen or hydroxy;

R2 is hydrogen;
R1 and R2 taken together form a double bond between the carbon atoms
bearing R1 and R2;
R3 is COOH, COsalkyl, CH,OH, hydroxyl, protected hydroxyl, cyano, CONH,,
20 CONHalkyl or CON(alkyl),, wherein each of the alkyl groups contained in any of them

contains from 1-6 carbon atoms



a) acylating a starting conpound of the formula 19: H3C HC R3 (19) A 10
with a conpound of the formula 18: 0 0 O 'Ey (18) under conditions
ef fecti vewDe2poduce a m xture of regioi sonmers of the for®ar&rPK/o64245 WO
02/ 102776 PCT/ EPO2/ 06424 17 Al 0 CH3 (XI') HOCHO 3 b) recovering
fromthe m xture of regioisoners the cotipound of the formula Il1l: 0 A CH3
HO2C- (CH2)2 )+R3 (Ill) CH3 5 c¢) converting the conpound of step b) to the
pi peri di ne derivative conmpound of the formula VI: BD RL (On (M)

A, B, and D may be substituents of their respective rings in the meta, para or

ortho position and which may be different or the same and are hydrogen, halogens,
alkyl, hydroxy, or atkoxy,
and pharmaceutically acceptable salts thereof,
5 with the proviso that where R1 and R2 are taken together to form a double bond
between the carbon atoms bearing R1 and R2 or where R1 is hydroxy, n is 0.

The present invention also relates to novel intermediates of the formula Ui, llla,
10 and VI : ’
O i CH,
Hozc—(CHz);—u—@—f—Ra
CH,
15 (tH)
0 0] A CH,
X+ O—“—(CH%-“—@—**R3 (ITTa)
CH,
20
Y]
R1
25 (O)n
R2
(V1)
A

N 0 CH3
30 'e)

CH,



R2 NOACH3 (CH2)2 R3O0 CH3 wth a piperidine compound of the formula
17 BD RL (On R2 17 N | H W 02/102776 PCT/ EP02/ 06424 18 d)

opt i onal Iwyoreedwsierg t he pi peridi ne derivative conpound of PETEPOTY642H Qi ve
the conmpound of the formula l: BID (Onl (I} R2NIOHACH3 (CH2)3 CH
R3 CH3 5 e) optionally reducing the piperidine derivative compound of step
c) to give the piperidine derivative of the formula VII; BD RL (On

(VI 1)

wherein A, B, D, R1, R2, R3 and n are as previously defined and X" is a Lewis Acid.

Although a wide variety of piperidine derivatives can be prepared by the process
5 of the present invention, it is particularly useful for preparing fexofenadine (F), the
active ingredient in the non-sedating antihistamine sold in the U.S. under the

designation “Allegra®”;

‘ SUS RN

OH

NT oH CH,
15 (CHZ);-(H3—®—“COZH

CH,

Thus, particularly preferred novel synthetic intermediates for use in the
20 processes of the present invention which are useful in the preparation of the
fexofenadine (F) are compounds of the formulas VIii, Villa, and IX:

0]
CH,
HO
CO,alkyl (V1)
0] CH,

0 Q CH,
X+ o——“——(CHz)z—-”—< >—{—Coza|ky| (Villa)

CH,



R NOHACH3 (CH2)2 R3 OCH3 and 10 f) optionally oxidizing the

pi peridi ne derivative of step d to give the piperidine derivative of

formul a IWO 0026 102776 PCT/ EP02/ 06424 19 B ID Rl (O mCTRP0£/0d424 N O A
CH3 (CH2)3 R3 CH3 wherein all substituents are as previously defined.

I ncluded within this process is a proced8 for preparation of fexofenadine
(F), the 5 active ingredient in the non-sedating antihistamne sold in the
U.S. under the designation "Allegra(r)", which conprises: a) acylating a
starting conpound of the formula 21: CH3 (02alkyl (21) CH3 10 with a

conpound of the a 18 0 O (18)

OH (IX)

N 0 CH,
)__ (CHz)z—-u_—@__’— COzalkyI
0]

CH,

wherein alkyl is 1-6 carbon atoms and X" is a Lewis Acid.

5 The processes of the present invention for the preparation of piperidine
derivatives of the formulas 1, II, VI and VII comprise:

a) acylating a starting compound of the formula 19:

H,C
’ (19)

10
with a compound of the formula 18:

OO _0
U (18)

under conditions effective to produce a mixture of regioisomers of the formula XI:
15



under conditions effective to produce a m xture of regioisoners of the
formula 25: OCH3 ,(C02alkyl (25) HO- CH3 0 WD 02/102776 PCT/ EP02/ 06424
20 b) recwoeritmy7é romthe m xture of regioisoners the compoumPovbesehe
formula WVII: H3 (VIIl) HO (CH2)2-L CRalkyl CH3 5 c) converting the
conpound of step b) to the piperidine dEfivative conpound of the fornmula
I X: YOH (I X) OCH3 N (CHZ) zZz CRal kyl O CH3 wth a piperidine conpound

of the formula 23: I~ ~I OH (23) ANH

W 1)

b) recovering from the mixture of regioisomers the compound of the formula I1i:

o A CH,
Hozc-—(CHz);ﬂ—Q—{—m (i
CH,

5 c¢) converting the compound of step b) to the piperidine derivative compound of the

formula VI:
B <
(O)n )
R2
N @ A CH,
j ) =
o) CH,
with a piperidine compound of the formula 17:
2y
R1
(O)n
R2 17



d) reducing the piperidine derivative conpound of step c) to provide the
pi peridi ne derivative of fornula 24; and WD 02/ 102776 PCT/ EP02/ 06424 21 (2
4) YOH NWOH2@»376 (CH2) 3 H CQR2al kyl CH3 e) converting t heCT@®Pat/bosk4 noi ety
on the piperidine derivative of formula 24 to a CO2H noiety to produce
fexofenadine (F) S clliitirritrrirri?H (A8 10 _ CH3 (CH2)3 H -f-CO2H CH3
wherein alkyl is 1-6 carbon atons. 15 This novel process for preparing the
pi peridi ne derivatives of fornulas I, Il, VI and VII and novel
internediates I1l, Illa, and VI which are useful for preparing piperidine
derivatives of formulas I, 11, VI, and VII is outlined in Schenme A In
Schenme d), aldptionbby rediminigsiher gipeddipe elerivative/coimpburd ofistepses) totding thiese

i ndi cated. 20 ¥¥%'t/%02776 PCT/ EP02/ 06424 22

compoun rmula I
> D
(O)n
0 CH,
CH2)3——CH—®——1‘R3

5e) optionally reducing the piperidine derivative compound of step c) to give the

piperidine derivative of the formula Vli;

¢
(O)” 0
. CH,
/}—(CH —-‘—@—F%

CH,
and ‘

10 f) optionally oxidizing the piperidine derivative of step d to give the piperidine

derivative of formula Ii:



Scheme A H3C H3r' R3 \ (19) ACHO ACH3 OOA/ O/ \ 3R3 salt format x+
-{-R3 yu~ 3 (18) step a HOO CH3 step bl OO0 CH (XI) (Xla) 0 0 ACH3 Ot
R3 (Il ia)wopanofireati on/ recovery x+ OL(CHZ)Z step b2 CH3 POT/EROA0AIRB
conversion to acid HO-11 -(CHZ)z R3 (1l1l) step b3 - CH3 DB D (ORL Onil
nRR2 RA OCH3 H(17) /~-(CH)Z R3 (&) OCH3 step c

)
R1
(O)n
R2 (i
N o A cH,
(CH2)3%R3

CH,

wherein all substituents are as previously defined.

Included within this process is a process for preparation of fexofenadine (F), the
5 active ingredient in the non-sedating antihistamine sold in the U.S. under the

designation “Allegra®, which comprises:

a) acylating a starting compound of the formula 21:

CH,

@—’L—Cozalkyl (21)

CH,

10 with a compound of the formula 18:

under conditions effective to produce a mixture of regioisomers of the formula
25:

CH

0O 3
J\/\(@—f—cozalkyi (25)
HO SH,

O



reduction reduction optional step d optional stepe \ / \' I 60 Onl 0)nl
R NOHACH3t NOHACH3 (CHZ)3 R3[CHR3 CH3 0 CH3 (1) (M)

oxi dati orwopitae1ad step f B DRL R OnNn NO/ A CH3 (CRCI/EPN2/68324 CH3
(') WO 02/102776 PCT/ EP0O2/ 06424 23 Schene A provides general synthetic

procedures for preparing the piperidine20derivatives of formulas 1, |1, W
and VIl and novel internediates Ill, Ilia, and VI useful for preparing
pi peridi ne derivatives of fornulas I, Il, VI, and VII. 5

b) recovering from the mixture of regioisomers the compound of the formula

VIII:
O 0 H
L /7 N\ _1° (Vi)
HO (CH,); CO,alkyl
—  CH,
5 c) converting the compound of step b) to the piperidine derivative

compound of the formula IX:

0

OH

HS
CO,alkyl
HS

N O =
O}— (CH,); L N4

QO—r0

with a piperidine compound of the formula 23:

OH
(23)

Ir=

10
d) reducing the piperidine derivative compound of step c) to provide the

piperidine derivative of formula 24; and



In step a, a starting conpound of fornula (19) is acylated with a dibasic
acid anhydride of fornmula (18) under standard Friedel-Crafts conditions
wel | knowwoion/1031e6 art, to produce a first m xture of regiPoTEPMEIGE2Df
formula X, typically in a ratio of abogi 60% para, 40% neta isoners.
Conditions for the acylation reaction of"step a are 10 those conventionally
used in the Friedel-Crafts acylation reactions. Exanples of conpounds of
formula (18) are substituted succinic anhydrides, glutaric anhydride,
substituted glutaric anhydrides, polyneric anhydrides of higher dibasic
acids, maleic anhydrq pStit ut ed mal ei ¢ anhydride. For exanple, the
acyl ation reaction of al yzed b{g4a Lewis acid, such 15 as

Al Cl 3, in an anhydrous olvent such as carbon disulfide,
tetrachl oet hane, nethylene [Cithqride, nitrobenzene, or a m xture of
anhydrous aprotic solvents., Jhe reaction is typically carried out for a
period of about 1 to about ours, with about 12 to about 18 hours being
preferred, at a tenperatufe of] about 0OC to about the reflux tenperature of
the solvent utilized, wth™a
step bl, step b2, and step B3, thelconp ormula Ill is recovered
from the first mxture of AE§LbrsETe Q,3kYlsuch recovery is
carried out by first, in step bl, forM psecond m xture of
regioisoneric salts of fornula Xla: A OCH3 x# 0----(CH2)2 / \ R3 (xla) O
CH3 25 wherein X+ is a Lewis acid and R3 and A are as previously defined;
second, in step b2, «crystallizing fromthe second m xture of regioi soneric
salts of fornmula X1 a, the salt of fornula Ilia: WD 02/102776

PCT/ EPO2/ 06424) cafivéring@h8 CO.alkyl moiety on the piperidine derivative of formula 24 to a
CO;H moiety to produce fexofenadine (F)

5
O ‘ (F)
OH
10
N OH CH,
(CHz)rﬁ—@—{~oozH

CH,
wherein alkyl is 1-6 carbon atoms.
15
This novel process for preparing the piperidine derivatives of formulas I, II, Vi
and Vil and novel intermediates I, llla, and VI which are useful for preparing
piperidine derivatives of formulas 1, ll, VI, and VIl is outlined in Scheme A. In Scheme
A, all substituents are as previously defined unless otherwise indicated.
20



X+ 0--~-(CH2)2 R3 (lIlla) CH3 wherein X+ is a Lewis acid and A and R3 is as
previously defined. Such crystallization 5 is carried out by fractional
crystal | iwetoeam7te€chni ques known in the art. Suitable solPecempre2/baes

fractional crystallization include: alcohol solvents, |ike nethanol,
ethanol, isopropyl alcohol; ketone sol%&nts, such as acetone or nethyl
et hyl ketone; ester containing solvents, like ethyl acetate or isopropyl
acetate; ethereal solvents, like tetrahydrofuran; and acetonitrile. The

preferred solvent is isegeapxl alcohol. Suitable 10 salts for fractional
crystallization include alkali metal salts or preferably ammonium salts of
the form NRLIoR11RLZ; where R10, R11, and R12 are hydrogen or a straight or
branched al kyl of wt-t8 6 carbon atons which may be substituted at any
position with a p lnef iNg or a supstituted phenyl ring. Oh the salts of
this forng eth ine is r ef ejredi™ Therpusi@ regi 0i songr Vi-¢—assol at ed
by filtratilon] and Fa—step b3, T tot5t heof Tee g4 tg give the
compound of gormul P11 by proceduses wetl K¥®B%n in the arf. Typically,
this conversion is done by the tggatnment with acid. In st®) c, the conpound
of formula Ill is coupled to a piperidine derivative of formula 17 under
conditions effective to formthe piperidine derivatives of formula VI.

Such couplings are wel| .knpwn i nfit aft. Generally, such procedures

i nvol ve 2UEEREHLi ng t h& 11 €& carhaxyl GrolP with reagents such as

1, 3-di cyci ole®¥y| car bodi m de (DCC), 2- ¢l or 0- 4, 6-di net hoxy-1, 3, 5-tri azi ne
(CDMI), paranitrophenol, or as the acid chloride or m xed anhydri de

fol l oned by addition of a primry o A sespondary amine. These reactions are
carried ou%—u—n—an—»anhydr d@s-uaﬁhze‘t-“i—@l-kemt ®Wuch as, ethyl acetate,

nmet hyl ene cHFYPi de, tetrahydrofuran—or @ net hyl formami de with the preferred
sol vent 25 being tetrahydrofuran. The reaction is typically carried out for
atinme of about 0.5 to about 12 hours, with about 2 to about 12 hours

being prefgrred, at astenpergture of about OC to about the reflux
t enper at ur g\ f sI ized, with about OC to about 25C bei ng
1

preferred. o R
©Oln Rz%"
R2
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¢ R S e
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WO 02/ 102776 PCT/ EP02/ 06424 25 In optional step d, the am do and keto

noi eties of the piperidine derivative of fornula VI are reduced to give

t he pi perwaoiopgoxiesi vati ve of formula |I. Reduction can be Pcampomebsout wth
t he borane conpl exes such as, borane-nethyl sulfide, borane-
tetrahydrofuran in a suitable solvent. ABternatively, if the optically
active derivative is 5 desired, asymmetric reduction may be perfornmed by
addition of the appropriate catalyst such as, oxaborolidine based

catal ysts. The reduction is carried out in an anhydrous aprotic sol vent,

such as tetrahydrofuran or dioxane. The preferred solvent is |
t et r ahydr of uraphemgad pevides ganeral syninetis prpcedurasdgr prgpaiingthedripriidifer e of

react § onceveRas oE il |16 VI e AL AREKE! einfiadtS IRONKCER VSRRt 1,

t o about preparing pipdritimeg deriedtiveseasf.fornililas &i,Nd; bod Mk conpl exes for ned
during reduction with the borane conplexes are well known in the art and
are tyﬁi cally broken by reaction of the conplex with acid or by addition

f TMEDA (N, A\ g t L ax i |5 i ,
gr t hr ougél hgglt\éltﬁglal’ %%%gﬁc%%@ %gh?l?a@tg ? ﬁ\g?ﬁs&%g&?iﬁé%étsmf ﬁélgle::ohol

sol vent sanhydigeid fomnularn(dB) usdénstahdaidsapadaidraéis cohditibas preadifknovadingbevent
[ th l, .Th ti ' i ed. out at t { [ f 5C

to the ot EPrPEGCR AP e dieaRIspaRTS of iR lcbPisay i oo ah8iRo. 5
to aboute@h RH! 0% nbth RBRErs 1 ChidiadRsHor #e BeWBRon PEAGRDNBIAEH Befe | N

optional step e, the keto noiety of the piperidine derivative of fornula Vi
can 40 theseepsrentianajlyusedondhavrindel:Ceafisaanylatipnt reactionsieExamnptes afo gi ve

th [ | di derd | f f La V1. Th I ' duction.j

typi cal 15T S ol Bhle st ShGHiel suoolihaiRuilsss BuLgR Bho it o
net hanol sutsitifase lgiutafic apApangyd, palypedrid anhytiricseAHigut dibasieatidednigicat a
tenperature range of about 25C to about the reflux tenperature of the

sol vent . amyskideoar sybstiutedamelgis anydfidgoout 0.5 hours to about 12 25
hours. For example, the acylation reaction of step a is catalyzed by a Lewis acid, such

15 as AICl3, in an anhydrous aprotic solvent such as carbon disulfide, tetrachloethane,
methylene chloride, nitrobenzene, or a mixture of anhydrous aprotic solvents. The
reaction is typically carried out for a period of about 1 to about 18 hours, with about 12
to about 18 hours being preferred, at a temperature of about 0°C to about the reflux
temperature of the solvent utilized, with about 0°C to about 25°C being preferred.

20 In step b1, step b2, and step b3, the compound of formula 11l is recovered from
the first mixture of regioisomers of formula XI. Such recovery is carried out by first, in
step b1, forming the second mixture of regioisomeric salts of formula Xla:

A

CH,

R3  (Xia)
CH,

o)
X O—“—(CH

25 wherein X" is a Lewis acid and R3 and A are as previously defined; second, in step b2,
crystallizing from the second mixture of regioisomeric salts of formula X1a, the salt of

formuia lila:



In optional step f, the hydroxy noiety of the piperidine derivative of
formula | is oxidized to give the piperidine derivative of forrmula II.

Thi s novewoproexse as applied to the preparation of fexof @cadiPnBod4sd, the
active 30 ingredient in the non-sedating antihistamne sold in the U S.
under the designation "Allegrao" and n¥vel internediates VIII, VIlla, and
| X is outlined in Schenme B. In Schene B, all substituents are as

previ ously defined unless otherw se indicated. WD 02/ 102776 PCT/ EP02/ 06424
26 Schenme 8 H3C H C CQzal kyl 3 CH CH3 salt formation 0 3 O- ~0 ~0 I \
(21) O C02al kyl step bl '~/ \ COzZzalkyl ~(_(Y/ HOFI X+ ' OCH3 (18) step
ab. 0 (25 0 (25a) purification/recovery _ 0 0 CH3 X+ O-11 -(CH2)

CQal kyl (Villa) step b2 - CH3 0 Q CH3A convegrsion to acid HO--- 11 -(CHz
_ Q02al kyl (VII1) step cH3 oH QoH 523) (CH2 2/ \ -1-- (©02al kyl
(1X) NOGCB X 0 (CH,); R3  (la)

CH,

wherein X" is a Lewis acid and A and R3 is as previously defined. Such crystallization
5 is carried out by fractional crystallization techniques known in the art. Suitable
solvents for fractional crystallization include: alcohol solvents, like methanol, ethanol,
isopropyl alcohol; ketone solvents, such as acetone or methyl ethyl ketone; ester
containing solvents, like ethyl acetate or isopropyl acetate; ethereal solvents, like
tetrahydrofuran; and acetonitrile. The preferred solvent is isopropyl alcohol. Suitable
10 salts for fractional crystallization include alkali metal salts or preferably ammonium
salts of the form NR1oR11R12, where Rqp, R11, and Rq2 are hydrogen or a straight or
branched alkyl of 1 to 6 carbon atoms which may be substituted at any position with a
phenyl ring or a substituted phenyi ring. Of the salts of this form, phenethylamine is
preferred. The pure regioisomer is isolated by filtration and in step b3, is converted to
15 the free acid to give the compound of formula [il by procedures well known in the art.
Typically, this conversion is done by the treatment with acid.
In step ¢, the compound of formula Il is coupled to a piperidine derivative of
formula 17 under conditions effective to form the piperidine derivatives of formula VI.
Such couplings are well known in the art. Generally, such procedures involve
20 activating the free carboxyl group with reagents such as 1,3-dicyclohexylcarbodimide
(DCC), 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT), paranitrophenol, or as the acid
chloride or mixed anhydride followed by addition of a primary or secondary amine.
These reactions are carried out in an anhydrous aprotic soh)ent such as, ethyl acetate,
methylene chloride, tetrahydrofuran or dimethylformamide with the preferred solvent
25 being tetrahydrofuran. The reaction is typically carried out for a time of about 0.5 to
about 12 hours, with about 2 to about 12 hours being preferred, at a temperature of
about 0°C to about the reflux temperature of the solvent utilized, with about 0°C to

about 25°C being preferred.



step ¢ reduction stepd n HNOHCH3 (CH2 3 C02alkyl (24) CH3 stepe O
OH (F) NOHCH3 (CH2)3-1- C02H CH3 WD 02/102776 PCT/ EP02/ 06424 27 Scheme
B provi dewoaz2geates al synt hetic procedure for preparing fercfi@raziodqaes (F),
the active ingredient in the non-sedating anti histamne sold in the U S.
under the designation "Allegra(r)" and2hovel intermediates VIII, Villa,
and I X. 5 1n step a, a starting conpound of fornula (21) is acylated with a
succinic anhydride of forrmula (18) under standard Friedel-Crafts

condi tions wejn optitMia step d,tRe afitlo and KO Ehusitias of thetpipéridibé eefiVative of
regi oi somers of formula 25, typically in a ratio of about 60% para, 40%

neta i soffEmgla ha mmgdﬁ@glme@mr&ln@ﬁeﬂw Jfifognulet le fRedugtiontaanske
t F
e, CHTRU LU B ] totfne LOfffRkeGich? Bole AR Porat- 07

such astefiaf@rofiranan saglitablo® yslvent. o&ltecrnaww,rif treuebticadly ativederiativel s de,
t et rachl or oet hane, net hyl ene chl ori de,  nitrobenzene, or a m xture of

anhy dr SudeSiiade @SRRIt seauctignamay bdrisamed by gddiien pf ther aprraPeate for a
et o R 58, SRRk By OB RLSOTHE rydierpRilrdPoltiah el
anhydrous aprotic solvent, such as tetrahydrofuran or dioxane. The preferred solvent
is tetrahydrofuran. The reduction is typically carried out at a temperature of from about
25°C to about the reflux temperature of the solvent. Typical reaction times are from
10 about 0.5 hours to about 48 hours, with about 12 to about 48 hours being preferred.
The amino-borane complexes formed during reduction with the borane complexes are
well known in the art and are typically broken by reaction of the complex with acid or
by addition of TMEDA (N,N,N’,N’-tetramethylethylenediamine) to the complex in ether,
or through heating in protic media. This reaction is carried out in alcohol solvents, like
15 methanol, ethanol, isopropyl alcohoThe preferred solvent is ethanol The reaction is _
carried out at a temperature ranging from 25°C to the reflux temperature of the solvent
and a reaction time of about 0.5 to about 24 hours, with about 12 to about 24 hours
being preferred. |
In optional step e, the keto moiety of the piperidine derivative of formula VI can
20 be selectively reduced without affecting the amide moiety to give the piperidine
derivative of formula VIl. The selective reduction is typically done with sodium
borohydride in lower alcohol solvents such as, methanol, ethanol, or isopropyl alcohol.
The reaction is carried out at a temperature range of about 25°C to about the reflux
temperature of the solvent. Reaction times are typically about 0.5 hours to about 12
25 hours.
In optional step f, the hydroxy moiety of the piperidine derivative of formula | is

oxidized to give the piperidine derivative of formula II.

This novel process as applied to the preparation of fexofenadine (F), the active

30 ingredient in the non-sedating antihistamine sold in the U.S. under the designation

®"

“Allegra™” and novel intermediates VI, Vllla, and IX is outlined in Scheme B. In

Scheme B, all substituents are as previously defined unless otherwise indicated.



15 tenperature of the solvent utilized, with about OC to about 25C being
preferred. In step bl, step b2 and step b3, the conmpound of formula VIII is
recover eawbroem27tde first m xture of regioi sonmers of forneCa/EPB2/063e4h
recovery is carried out by first, in step bl, formng the second m xture
of regioisoneric salts of fornula 25a; @6CH3 x+ - O CO02alkyl (25a) CH3 O
20 wherein X+ is a Lewis acid and alkyl is as previously defined; second,

in step b2, «crystallizing fromthe second m xture of regioisoneric salts

of formula 25a, the salschekeB fornula Villa: - 0 OCH3 x+ O (CH2)2 Q

CQ2al kyl (V11 a) CH3 25 wherein X+ is a Lewis acid and al kyl is as
previously definede Such crystallization is carried out by fractional

crystallization t gwes known in the art. Suitable solvents WO 02/ 102776
PCT/EP02/0642% 28 2j)raetlon cF?staIIe@a@wmn i ngl udey—al ¢ Ol
solvents i ﬁ%Bbylﬂwmlcobeé 0 vents, such
as acetone ket ne, e§ter contalnlng sol Yleniss, i ke ethyI

acetate or Tsopropﬁﬁaacetate et het eal solvents, |ike tetrahydrofuran; and
acetonitrile. The preferred solvent is |sopropyl al cohol. Suitable salts
for fractional 5 crystallization include alkali netal salts or preferably
anmoni um Sé 1 s of the fgrm NRLOR1LR12, where R o, Rl1l, and R12 are

hydr ogen hb_&L@by,-QB;,,tﬁg& of 1 (g 6 carbon atons which may
be substituter? at any posi tion W#thkna phenyl ring or a substituted phenyl
ring. & the salts of this form phenethylamne is preferred, Hs

conversion to acid COzaIkyl VIl

step b3

%
00 ‘ES‘

(23) /}-—(CHZ 2 COzaIkyI (X) )
CH,

xrz

stepc
reduction
step d

'IEOH
(CHZ)S—I—Q—I—— CO,alky! (24)

stepe

;(/ O]

OH
(CHZ)-E—'—Q—{— coH

CH,



CQzal kyl (CHZ)Z NH3+ _O0 CH3 (25a') O providing conpounds of the formula
25a' after step bl and conpound of the formula 10 Villa' after step b2: H3
\' (CHzr - NMB92@A7¢CH~) 2 | H: G021, (Villa') The pure regi oi SeCEEPIF0G42D] at ed
by filtration and in step b3, is converted to the free acid to give the

compound of fornula VIII by procedures @&l| known in the art.
15" Typically, this conversion is done by the treatnment with acid. In step
c, the compound of formula VIIl is coupled to a piperidine derivative of

fornula 23 ungetiemeBlptdvidiss @@bﬁ@teilwnmw@tit@rmédmmcbm@'gg'ﬁﬁgféi@fé:v@dihaes of
formula | X. ~Such coupl |Qr}gs are well known in the art. neral ly, such

pr ocedur &3, the\agtive ingrediertdn e per-sedaling antifisiaminge sols inithe U.Sayedestheuch

SSC?]-I gr g@*@@ﬁﬁ%@%ﬁ%@%ﬁ%ﬁﬁ%’%ﬂ'” gg#a&rﬁqdr%ﬁohenol, or as the

acid chloride or m xed anhydride followed by addition of a primary or
secondary am ne. These reactions are carried out in an anhydrous aprotic
sol venf such lisstepiah @ stadisgaompounst ehfpenelacir pis arylatediwithg gLeeinican or

react i ont IS Pt ihel(B) Bhde et ida et oAl REnp REhE N Bl 1p 2
hours, warthtogiroduce atfirstaiidirelet rbgmsmlv@isrw formmile 25 typicdllydn taematiorof taboat of

WO 02/ 102776 PCT/ E0P02/ 06424 29 about 0C to about the reflux tenperature of
the sol vébt Rara) #9'@dmeld isemassuCanditions fabher acyiatianeisagtion of slepcsarg thoseep

ar e 1 edueeeraoaaEl ed e el Crafts BB o et s 24. “Reducti on can
be carlbi ed For example, the acylation reaction of step a is catalyzed by a Lewis acid, such
as AlCls, in an anhydrous aprotic solvent such as carbon disulfide, tetrachloroethane,
methylene chloride, nitrobenzene, or a mixture of anhydrous ‘aprotic solvents. The
reaction is typically carried out for a period of about 1 to about 18 hours, with about 2
to about 18 hours being preferred, at a temperature of about 0°C to about the reflux
15 temperature of the solvent utilized, with about 0°C to about 25°C being preferred. | |
In step b1, step b2 and step b3, the compound of formula VIii is recovered from
the first mixture of regioisomers of formula 25. Such recovery is carried out by first, in
step b1, forming the second mixture of regioisomeric salts of formula 25a;

o CH,

i CO,alkyl (252)
CH,

)

20 wherein X is a Lewis acid and alkyl is as previously defined; second, in step b2,

crystallizing from the second mixture of regioisomeric salts of formula 25a, the salt of

formula Villa:
0 0] CH,
x* O“U_(CHZ)ZJJ—Q—-*—COzalkyI (Vilia)
CH,

25 wherein X" is a Lewis acid and alkyl is as previously defined. Such crystallization is
carried out by fractional crystallization techniques known in the art. Suitable solvents



5 out with the borane conpl exes such as, borane-nethyl sulfide,
borane-tetrahydrofuran in a suitable solvent. Alternatively, if the

opti cal | ywaoeilem7@eri vative is desired, asymetric reducPCOEPIRY64DE
performed by addition of the appropriate catal yst such as, oxaborolidine
based catal ysts. The reduction is carri®¥ out in an anhydrous aprotic

sol vent, such as tetrahydrofuran or di oxane. The preferred solvent is
tetrahydrofuran. 10 The reduction is typically carried out at a tenperature

of from fabautticiif chastaligatior! neludeefdicondl eaRenty, ke nidthahel, etlanentisoprepyical
reaction times are fromabout 0.5 to about 48 hours, w th about 12 hours

t o aboutalaghelpketonpsiohents, siuehrascacetere anmedh et ketangnestercontainipgd

during r ' ' 0 . I ol d
arc typ S ehl g el SRS BBt o ellobdfyn Bhdafe:
TMVEDA 15aridNabétdnitife: (THe prafdried sblbghteis dsbpropyleicdholt Beitablendatts fonfrattiaral or
through heating in, protic nedia This reaction is carried out in alcohol

sol venpscryptaligatien inghéte alkah meipl salisyireigrablyizsameniumm salis ef BerfeiMs ol vent
is etha . plhe T i IS, .C i : i 25C
to the o ananere Sy Ry Ehd FEg PRt hydooln o B RRIGH Sy BABR AL -5
t o abouttoXlcérbonsgtomistwhiah onady he substithtadt atZzhyhmsitorbwith@ phefyeringdr a20 1 n
step e, the_ester noiety of_.the pj pdine derivative.of .foroula 24 is
conyer : caibsttiteq ABY i oR) I saT ot PR rmhepabyEfee < SElTEy el |

known to those in the art to give fexofenadine (F). For exanple, the ester
moi ety may be hydrolyzed u$éfng a sujtabl €Hon-nucl eophilic base, such as
sodi um et hoxide in nethand] as js { incdhgyart. O her met hods known
in the art f d-oF—Ne)+ e@Vage1 . Jssi um )éS car gl e i n et hanol ,
met hanol i ¢ amToni a, pot assi um carbonate, potassium hydroxide, calcium
hydr oxi de, sodi um hydr oxi de, magné%i um hydr oxi de, 'sodi um

hydr oxi deropiginglcorapbunds bhteoformpta 2628 iatter stepnh tiand icoatpoamdl of dmel farowilaim
hydr oxi i n__agueouys al cohols, w th potassium hydroxi de being preferred.
The réQgﬁ'%’naﬁgr%ﬁBi Ily carried out in an aqueous |ower al cohol solvent,
such as net hanol, ethanol, isopropyl 30 al cohol, n-butanol, 2-ethoxyethanol
or ethylene glycol or pyridine, at tenperatures ranging from about room

tenperature to about theg reflux ¢e at usie of the solvent,
i IN
O—(CHz)z—NH:;"'— O——“———(CH ) CO,alkyl
2 =/ L 7 Villa'
&H, (Villa)

The pure regioisomer is isolated by filtration and in step b3, is converted to the free
acid to give the compound of formula VIIi by procedures well known in the art.
15 Typically, this conversion is done by the treatment with acid.
In step ¢, the compound of formula VIl is coupled to a piperidine derivative of
formula 23 under conditions effective to form the piperidine derivatives of formula IX.
Such couplings are well known in the art. Generally, such procedures involve
activating the free carboxyl group with reagents such as 1,3-dicyclohexylcarbodimide
20 (DCC), 2-chloro-4,6-dimethoxy-1,3,5-triazine (CDMT), paranitrophenol, or as the acid
chioride or mixed anhydride followed by addition of a primary or secondary amine.
These reactions are carried out in an anhydrous aprotic solvent such as, ethyl acetate,
methylene chloride, tetrahydrofuran or dimethylformamide with the preferred solvent
being tetrahydrofuran. The reaction is typically carried out for a time of about 0.5 to
25 about 12 hours, with about 2 to about 12 hours being preferred, at a temperature of



and the reaction tinme varies fromabout 1/2 hour to about 100 hours. WO
02/ 102776 PCT/ EP02/ 06424 30 The foll owi ng exanpl es present typical

synt heseswa2dexses i bed in Schenes A and B. These exanpl epCamPoundes st ood
to be illustrative only and are not intended to limt the scope of the
present invention in any way. As used hé?ein, the following terms 5 have
t he i ndi cated neanings: "g" refers to granms; "mmol" refers to mllinols;
"m." refers to mlliliters; "bp" refers to boiling point; "nmp" refers to

Mel i ng FKMA0°C t6 abotit B rdfRix tERPerRErdsl thielplverttilited, rvﬂfrﬁéﬁoﬁtQPC to
mllineters of mercury; "L" refers to mcroliters; "g" refers to

mcrograafdmutz%dC bﬂingpf‘ea‘esredo m cronol ar. 10 Exarrpl e | Schene B, step a:
E)r(gpglrjfl ;L?Q a8 %eéﬁld {s S dE NG ReRMbleties T W pipdtidhe a6 ot formula 1x
4- [ 3- ( 1- Mat leauyedtd ﬂ)é'théy‘;?érmme ééH\Yét)\/eFH’f‘?BNMIa‘Q@XReMﬂHH &n Bé'cgrr(e%S)

Met hod 1: Al um num hor| (144qg, 1. nol es) was added to 200 of
car bon 516utdivithuthte bizrana canplexesswsh a$1 bmamez@wmylrstdfude rhqngnemieahygr@mramgen

oy o sUPR RSN ABEBRlb thd SaliGul Bgtie Sk el el 1ot ©
a,a-Di mééwhrﬁlambvﬂe@ieeﬁm nisy) e PBEOMhe® by edd(tidh)of tHe a99roprf%}t8 S4taNpt @sbhwas

added dropwi se over mnutes to the-reaction m xture. After addition,
the ice- mthahe@hdmob@sﬁchmiams@ nTlxe tedsiohias isicamipgdutdn waranhyereumariatic 20

o sear desbivenusidl pfsditaiiefirast BEERE MBS Th b R TR F S8 g ran.
concenor ghe fediclibAGE |¢élly€bérﬂed bbPat driempardtrewsTiRmn kesuf 5@ Roabodttae

product was extracte ethyl acetate (2 x 400 nlL) and washed with

wat er ( zreﬂuxcb@nﬁeyatum@friée(szpl\aertkoﬁymyl repgton tigws arel fegrarabaat 0. &ii0 apver
vacuo ¢ 6% MR Mt B 12 o bo bBGRASRBu SRR Bl ftES, TB AR 6088,
l'i ght yetdraplexes formed during reduction with the borane complexes are well known in the
art and are typically broken by reaction of the complex with acid, by addition of TMEDA
15 (N,N,N’,N'-tetramethylethylenediamine) to the complex in ether, or through heating in
protic media This reaction is carried out in alcohol solvents, like methanol, ethanol,
isopropyl alcohol The preferred solvent is ethanol. The reaction is carried out at a
temperature ranging from 25°C to the reflux temperature of the solvent and a reaction
time of about 0.5 to about 24 hours, with about 12 to about 24 hours being preferred.
20 In step e, the ester moiety of the piperidine derivative of formula 24 is converted
-to the carboxylic acid by techniques and procedures well known to those in the art to
give fexofenadine (F). For example, the ester moiety may be hydrolyzed using a
suitable non-nucleophilic base, such as sodium methoxide in methanol as is known in
the art. Other methods known in the art for ester cleavage include potassium
25 carbonate in methanol, methanolic ammonia, potassium carbonate, potassium
hydroxide, calcium hydroxide, sodium hydroxide, magnesium hydroxide, sodium
hydroxide/pyridine in methanol, potassium cyanide in ethanol and sodium hydroxide in
aqueous alcohols, with potassium hydroxide being preferred. The reaction is typically
‘\ carried out in an aqueous lower alcohol solvent, such as methanol, ethanol, isopropyl
30 alcohol, n-butanol, 2-ethoxyethanol or ethylene glycol or pyridine, at temperatures
ranging from about room temperature to about the reflux temperature of the solvent,

and the reaction time varies from about 'z hour to about 100 hours.



Met hod 2: Add succinic anhydride (20) (2 g, 0.050 noles) to a stirred
solution of anhydrous nethylene chloride (25 nL) and nitrobenzene (5nlL)
under a rwoOregea7780 at nosphere. The reaction m xture was e@kiriHpeziodses 0C- 5C
and al um num chloride (20 g, 0.150 noles) was added in 5 g increnents over
30 ninutes. a,a- Dinmethyl phenylacetic aé?d methyl ester (21) (5.6g, 0.031
nol es) was added dropw se WO 02/ 102776 PCT/ EP02/ 06424 31 over 20 m nutes
to the reaction mxture. After 4 hours, the ice bath was renoved and the
reaction was allowed to proceed at roomtenperature for 16 hours The
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anhydr oudegreds (Dfalssud; f“atra.Hg"Refars &b rmlhmé’aerssmﬂmemw, r‘fpvamfersgavmcrmms; tle
conpounds (25) as a yellow oil (4. 0.016 noles), 80.4%yield. Method
3: Add sué8clefees imddpo@ans ﬁb"dg}tM) r@%f!étﬁ?rﬂl"é@n)dﬁb anhydr ous’ car bon
disulfide 15 (110 m-) with stirring under a nitrogen atnosphere. The
reaction mxture was chilled to OC -5C and al um numchloride (72 g, 0.540

nol es)iowas added in 18 g increnments Egample?»@ m nut es.

a, a-Di net h Iphenyl acetic acid nethyl ester (21) (19, 79, 111 nol es
added drogiine 3 stame: Féﬁ@@m&ﬁnrﬁfﬁrmr@ -Mgdo zearﬂﬁowl—égnemweﬁhm n)wB 4't he

oo RblARe s RSB SR Do BApL EFId S BhoP Al e
aci d (l0aridi5)and crushed ice (500 g). Ethyl acetate (600 ni-) was added
wth sti Method 1: TR?umm ani hlopg ??349 1.08 moles) was added to 200 mL of carbon
15 disulfide in a 1 L reaction kettle with stirring under a nitrogen atmosphere. The mixture
was chilled to 0°C to 5°C after which time succinic anhydride (20) (26.0g, 0.260 moles)
was added in one portion. o,a-Dimethylphenylacetic acid methyl ester (21) (40.0g,
0.224 moles) was added dropwise over 20 minutes to the reaction mixture. After
addition, the ice-bath was removed and the mixture was allowed to warm to ambient
20 temperature. After 2.75 hours, the carbon disulfide was decanted and discarded. The
firm reaction product was placed (portionwise) into concentrated hydrochloric acid (150
mL.) and crushed ice (1000g). The product was extracted with ethyl acetate (2 x 400
mL) and washed with water (2 x 300 mL), brine (1 x 300 mL). The organic layer was
dried over anhydrous magnesium sulfate, filtered and the ethyl acetate removed in
25 vacuo to give a 60:40 (para:meta) mixture of the title compounds (25) as a light yellow

oil.

Method 2: Add succinic anhydride (20) (2 g, 0.050 moles) io a stirred solution of
anhydrous methylene chloride (25 mL) and nitrobenzene (5mL) under a nitrogen

30 atmosphere. The reaction mixture was chilled to 0°C-5°C and aluminum chloride (20
g, 0.150 moles) was added in 5 g increments over 30 minutes. «,a-

Dimethylphenylacetic acid methyl ester (21) (5.6g, 0.031 moles) was added dropwise



separated and washed with dilute brine (3 x 400 nL). The product was
renoved as its sodiumsalt fromthe organic by extraction with saturated
aqueous swoinamiiear bonate (2 x 200 ml -) contai ni ng bri n@ctiPomags24 The
aqueous | ayer was acidified by slowy 25 pouring into concentrated

hydrochl oric acid (100 nL) and ice (600325.;). The product was recovered from
the acidified reaction with ethyl acetate (300 nL). The organics were
washed with water (2 x 300 nmL), brine (200nl.), and dried over anhydrous
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two steps-Exanple 1, Method and 94. 7% pur e by HPLC)
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(25) fromoEsanples), BO.Matyieild. 2 (22.0g, 0.079nmoles, 1.Ceq) in 100 of
di et hyl et her
Method 3: Add succinic anhydride (16 g, 0.0160 moles ) to anhydrous carbon disulfide
15 (110 mL) with stirring under a nitrogen atmosphere. The reaction mixture was chilled
to 0°C -5°C and aluminum chloride (72 g, 0.540 moles) was added in 18 g incremen%s
over 30 minutes. «,a-Dimethylphenylacetic acid methyl ester (21) (19.7g, 0.111
moles) was added dropwise to the reaction mixture over 30 minutes. After 4 hours, the
carbon disuifide was decanted from the insoluble reaction product, which was removed
20 and carefully decomposed with concentrated hydrochloric acid (100 mL) and crushed
ice (500 g). Ethyl acetate (600 mL) was added with stirring. The organic phases were
separated and washed with dilute brine (3 x 400 mL). The product was removed as its
sodium salt from the organic by extraction with saturated aqueous sodium bicarbonate
(2 x 200 mL.) containing brine (50 mL). The aqueous layer was acidified by slowly
25 pouring into concentrated hydrochloric acid (100 mL) and ice (600 g). The product
was recovered from the acidified reaction with ethyl acetate (300 mL). The organics
were washed with water (2 x 300 mL), brine (200mL), and dried over anhydrous
sodium sulfate. Removal of the solvent in vacuo gave the title compounds (25) as a
clear oil (22g, 0.079 moles), 71.2% yield.
30



was added phenyl ethyl amne (10.5 g, 10.9 niL, 0.087 noles, 1.1 eq.). The

I nsol ubl e phenethylamne salt is collected by vacuumfiltration and rinsed
wi th 25 mvoob/1627eeh 20 di et hyl ether to afford 30. Qg (95%pCyiEPo2ioqR4 t he

m xed i soner phenethyl am ne salts (25a % Exanpl e 3 Schene B, Step b2:
Preparati on of 4-[4-(1-Methoxycarbonyl - nethyl et hyl ) - phenyl ] - 25

4- oxo-butyric acid phenethylamne salt (Villa') Method 1: The m xture of
4-[ 4- (1- met hoxycar bonyl -1 - net hyl - et hyl ) - phenyl ] - 4- oxo- butyric acid
phenet hyl ami ne salt and of 4-[3-(1- néxamm&tarbonyl 1- met hyl - et hyl ) -
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15 Method 2: To a solution of the 4-[4-(1-methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-
butyric acid and of 4-[3-(1-methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-butyric acid
(25) from Example 1, Method 2 (22.0g, 0.079mbles, 1.0eq) in 100 mL of diethyl ether
was added phenylethyl amine (10.5 g, 10.9 mL, 0.087 moles, 1.1 eq.). The insoluble
phenethylamine salt is collected by vacuum filtration and rinsed with 25 mL of fresh

20 diethyl ether to afford 30.0g (95%) yield of the mixed isomer phenethylamine salts
(252a’).

Example 3

Scheme B, Step b2: Preparation of 4-[4-(1-Methoxycarbonyi-1-methyl-ethyl)-phenyl]-
25 4-oxo-butyric acid phenethylamine salt (Vilia’)

Method 1: The mixture of 4-[4-(1-methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-

butyric acid phenethylamine salt and of 4-[3-(1-methoxycarbonyl-1-methyl-ethyl)-

phenyl]-4-oxo-butyric acid phenethylamine salt (25a’) obtained from Example 2,

Method 1, (71.0g) was crystallized from 2.1 L of hot isopropyl alcohol and collected by
30 vacuum filtration to yield 36.9 g (52% yield) of a 91:9 (para:meta) isomeric mixture.

The collected solid (36.9g) was recrystallized from 1100 mL of hot isopropy! alcohol

and collected by vacuum filtration to yield 30.0 g (81.3% yield, 42.3% overall yield



collected by vacuumfiltration to yield 10.2 g (80%yield, 34% overall

yi el d based upon the original mxture) of the title conmpound (Villa'). 15
Exanpl e 4wBohaoy7@, Step b3: Preparation of PCT/EP02/06424

4-[ 4- (1- Met hoxycar bonyl - 1- net hyl - et hyl )3£2enyl ]- 4-oxo-butyric acid (VII1I)
Met hod 1: The 4-[4-(1-nethoxycarbonyl - t hyl - et hyl ) - phenyl ] - 4- oxo- butyric
acid 20 phenethylam ne salt (Villa') obtained from Exanple 3, Method 1
(30.09) vvas di ssolved in 800 nL of warmwater and acidified with
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4-[4-(1-met hoxycar bonyl - 1- et hyl - et hyl ) - phenyl ] - 4- oxo-butyric acid
phenet hyW Q?hqfi’eél ‘skhe 'T(IX?UT q af 4-[4Ht-metbaxyoesmemtdnpetd-eth)-pbanydl-¢-ox02g) was

hyar ochiytyiCagibinety AR £} Sha B0 -3 Aot Ry AnG HEAL RN was
ext r act gsheniylj- ekbsﬂuty':rtteé@iﬂ h(eﬂethyﬂdiﬁlnms)alt (Iba)@bmne@ﬁomeaanwﬁed with
wat er dried over filtered and

concerllé JM?’E!'@dl ﬁ%ﬂa@GBW?§ cgya];%lhgecb&opgt%ey,o@ ha¥ 'SQP"QF% a{qompéaa@ gpbegtad v 1 1)
was a cleunPlitratiBh %8 yRid 9idd @34 DRI TraRB 95 (BaiRRER])Ssameric mixture.

The collected solid (12.8g) was recrystallized from 375 mL of hot isopropyt alcohol and
collected by vacuum filiration to yield 10.2 g (80% yield, 34% overall yield based upon
the original mixture) of the title compound (Vlila’).

15

Example 4

Scheme B, Step b3: Preparation of 4-[4~(1-Methoxycarbonyl-1-methyi-ethyl)-phenyi]-
4-oxo-butyric acid (VIII)
Method 1: The 4-[4-(1-methoxycarbonyl-1-methyi-ethyl)-phenyi]-4-oxo-butyric acid

20 phenethylamine salt (Villa’) obtained from Example 3, Method 1 (30.0g) was dissolved
in 800 mL of warm water and acidified with concentrated hydrochloric acid to pH2.
The aqueous layer was extracted with ethyl acetate '(2 x 300mL). The organics were
washed with water (1 x 100mL), brine (1 x 100 mL.), dried over MgSQ,, filtered and
concentrated in vacuo to 20.5g (98.1% yield for conversion to the free acid) of the title

25 compound (VIil) as a white crystalline solid (99.8% pure by HPLC). (Note: lt is not
necessary to isolate the salt as in Example 1. The crude oil from Example 1 can be
dissolved into isopropyl alcohol directly, followed by the addition of phenethylamine.

Crystallization occurs at -10°C, with a small reduction in overall yield.) MH" 279.2.

30 Method 2: The 4-[4-(1-methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-butyric acid
phenethylamine salt (Vilia’) obtained from Example 3, Method 2 (10.2g) was dissolved
in 200 mL of warm water and acidified with concentrated hydrochloric acid to pH2.



Schene B, step c: Preparation of

2- (4-{4-4- (Hydroxy-di phenyl - net hyl ) - pi peri di ne-1-yl]-

4- oxo- butwoykhexhenyl ) - 2- met hyl - propi oni ¢ acid met hyl est eCT(EPX)/0dvet hod 1:
The 4-[ 4-(1- Met hoxycar bonyl -1 - net hyl - et %Q ) - phenyl ] - 4- oxo-butyric acid 10
(Mill) (20.0g, 0.0719 nole) obtained fr Exampl e 4, Method | was di ssol ved
in 250 nL of anhydrous tetrahydrofuran to which was added triethyl am ne
(7.28 g, 10.02 nL, 0.0719 noles) in one portion. The flask containing the
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nL) overoibwhichgodidifietiiepan stendidgwas stirred at anbient tenperature for 30

m nuteg. The solvent was renoved under vacuum and the residue taken up in
600 mL"of ethyl acetate. The organics were washed with water (1 x 200 ni),
dilute acid (1 x 200nL), 20 1/4 sat UERa®@lePBt assi um carbonate (2 x 200m.),

water (1. x 200 nlL), brine (1 x 2 ) treated with filtered
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15 the mixture was allowed to stir at ambient temperature for 15 minutes. To the mixture
was added oc,oc-diphenyl-4—piperidinomethanol (23) (19.2g, 0.0719 moles) in THF (1é0
mL) over 2 minutes. The mixture was stirred at ambient temperature for 30 minutes.
The solvent was removed under vacuum and the residue taken up in 600 mL of ethyl
acetate. The organics were washed with water (1 x 200 mL), dilute acid (1 x 200mL),
20 Y. saturated potassium carbonate (2 x 200mL), water (1 x 200 mL), brine (1 x 200mL),
treated with MgSQy, filtered, concentrated and dried under high vacuum to give the title
compound (IX) as a white solid (29.2g, 85.6% yield, 98.2% pure by HPLC). MH"

528.4.

25 Method 2: The 4-[4-(1-Methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-butyric acid
(VIll) (20.0g, 0.0719 mole) obtained from Example 4, Method 2 (6.8g, 0.024 moles)
and para-nitrophenol (6.7g, 0.048 moles) was dissolved in éthyl acetate (300 mL) and
cooled to 0°C in an ice-bath. 1,3-Dicyclohexylcarbodiimide (9.9g, 0.048 moles) was
added to the chilled solution in one portion. The mixture is stirred at 0°C for 1 hour and

30 then allowed to warm to ambient temperature where the mixture is stirred for 7 hours.
After than time azacyclonol (23) (7.1 g, 0.026 moles) is added to the mixture in one
portion. The mixture is allowed to stir overnight for 15 hours. The reaction mixture is



filtered through What man 541 paper to renove the precipitated

1, 3-dicycl ohexylurea. The filtrate is washed with'/ saturated K2CO3 (3 x
100 nlL), wwatoenox726 x 100 nlL), dilute acid (1 x 100 nl), waCEEP(Z064245 L),
brine (1 x 100 m-) and treated with My , filtered and concentrated to a
yellow oil (10.99, 86%yield). The productt is of sufficient 5 purity to
carry forward or if desired, a nore pure sanple can be obtai ned by
crystallization fromacetonitrile (6 m/gramw th -80%recovery) Exanple 6
Schene Hijltesed thraugiPVéatiman o541 paper to remove the precipitated 1,3-dicyclohexylurea.

4-[ 4- 4- di ph 1)z 1- pipes hdi.nyl ] 5 ds h butyl}<aga-d
vt ny ! DO OB B PASHRY BRh 2 spiutariREcORTEnkidn mi, Wi 1240H0 L) it
2- (4-{ 4-dcid (y dr1ooymi), pirsay [+ REBhL), teineqH XA 0® mi-) nl-tle st e with MgBiIG4,
phenyl)-2-nmet hyl - propionic acid nmethyl ester (IX) obtained from Exanple 5,
Met hod Ifiltered abg concentategdp @) yalow @Yéwg,e&ﬁ%ryl@@)) e prodiroj istefrsuffigienthe

stirre ' Eanex V. {1 I . nol es,

T2, 02" ety by Pt Foviafd £F § RRR7 For R Salielf PR TR BBl at s ot
for 60 rirpstaRizativn froheacstoniteld (6aniigranewith ~8Ospesctveng over 15 minutes.

Met hanol (200 nL) was added (initial 50 nmL dropwi se) and the m xture was
stirred for 30 mnutes. The m xture was concentrated under vacuumto give
a white solid. The residue was diss$%%§q kpGSOO nmL. of denatured ethanol
and heated at reflux for 26 hours. e eP anol was renoved in vacuo and the

20 react$cheme &)stdp dafrepamation of 44t (idydemgdiphenyimethyl)ol -piperidiflyd-1-
organics were washed with water (3 x, 200Q rrL%, brine gél) x 200 m.) and
treat é8 Wydrexyiytdiro.g-dirpathytbengapeacaticaanid metayliesterdedd to give 26. 4g
(96. 6% % au Y APLE) eyl 3 oung: {24 a3, Wi olid .
Vi £1 6!@éthg>§’ f/l;ti—ﬁ%% @ 5#% éH%ch&edlbl’\érlnﬁ mSRTHPEEHAREN A4 BxB bty
2- ((4- { 4-phdnyll)2-methylipropivnic aeit mpethypesier (IX) obtalned frorh Bxamplet §,rivethod 1
phenyl ) - 2- et -propiqnic acid th este I oht aj ned, from Exanpl e 5,
ot hod 25808, 05HY o) Wi BERONES ThP0QE BhiiT HE® tho bR SiinFdraiTcroMaRe
stirred | AR 196 nidiéd, 119802 R WwikeQR/ermRLes,
2.65 nm) réc%u\)m&?g‘%gtr ?@gdg%bnut e){sT(.ti J'fl%e m Xét’l}?gg vvamsmﬁﬁg?egeat rrelfl ux for
45 m ibtreinudesl Themistuwe adsteatediabraflux for 60 minutes and then cooled to ambient

temperature over 15 minutes. Methanol (200 mL) was added (initial 50 mL dropwise)

and the mixture was stirred for 30 minutes. The mixture was concentrated under

vacuum to give a white solid. The residue was dissolved in 300 mL of denatured

ethanol and heated at reflux for 26 hours. The ethanol was removed in vacuo and the

20 reaction product was taken up in ethyl acetate (1 x 500 mL). The organics were
washed with water (3 x 200 mL), brine (1 x 200 mL) and treated with MgSOsy, filtered
and concentrated in vacuo to give 26.4g (96.6%, 91.0% pure by HPLC) of the title

compound (24) as a white solid . MH" 516.6.

25 Method 2: The 2-(4-{4-4-(Hydroxy-diphenyl-methyl)-piperidine-1-yl]-4-oxo-butyryl}-
phenyl)-2-methyl-propionic acid methyl ester (1X) obtained from Example 5, Method 2
(5.28 g, 0.01 moles) was dissolved in 75 mlL of dry THF. To the stirred solution was
added borane-methyi sulfide complex (0.027 moles, 2.65 mL) dropwise over five
minutes. The mixture was heated at reflux for 45 minutes and then cooled to ambient

30 temperature. Methanol (40 mL) was added (slowly at first) and the mixture was stirred
for 30 minutes. The solvents were removed in vacuo to give a solid, which was
dissolved in ethyl acetate (500 mL) and washed with water (1 x 200 mL). %4 saturated



30 tenperature. Methanol (40 nmL) was added (slowy at first) and the

m xture was stirred for 30 mnutes. The solvents were renpbved in vacuo to
gi ve a sowpd2/1mtieh was dissolved in ethyl acetate (500 mCT)EPanas4nashed
with water (1 x 200 nlL). '/ saturated 02/ 102776 PCT/ EP02/ 06424 36 K2CO3
(1 x 200 nm), water (1 x 200 nmL), brine (1 x 200 nL), treated with MySO4,
filtered and concentrated in vacuo to a white solid. The white solid was
dissolved in 60 nL of nethanol to which was added 30 nL of 37%
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t rtt@t'h n@%m:) ecég? B,
st Iepee§ ﬁ'ﬁ%gpg tl%(k),ni:f Ocﬁd Wip?{%k%ﬁf ot%t)gmbﬂeny gpl ‘1‘% - pl'per |§‘ nyl ﬂqn
Zyd Et exz taprbyt(l;]r:t \gaaiedtr:aeﬂe:dwlnﬂﬁa’lat)wttﬁaete’ite €2r>iag| Sg nilE) Ve baranics were washed
di Eret Lyl‘&ﬁ?@%@ya@é{) @%&S%Hé MP‘ 190pil %ﬁ‘&%ﬂ%ﬁ%ﬁéﬁ‘ &)ﬁ“hg&grf]d( (20 0g,
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added a so wat er) he reaction

m xt ur e gufficied/puarityto catrytfblvardcl ears) was heat ed at refI ux for 3 hours,

and thlﬁn cooled to anbient tenperature. The solution was acidified to pH
h acetic acid (13.8 nL). The m xture was stirred at 20 anbi ent

terrperature for 1.5 hours. The preciBkampke pas coll ected by vacuum

filtration and dried under vacuumto give 3. 3'131(85% leld) of the title

conpoundS¢hsroedhateme: Rrepamtion ofdritd4<blydexydiptienylraebwbstpiperiginyile-c
99. 9% e}t r8>tq'/burtylf-oc o- nqgths eecntz{a%acetlc acid (F)
Method 1: The 4-[4-[4-(Hydroxydiphenylmethyi)-1-piperidinyl]-1-hydroxybutyl}-o,o-

15 dimethylbenzeneacetic acid methyl ester of Example 6, Method 1 (24) (20.0g, 0.0388
mole) was dissolved in 200 mL of methanol. To the solution was added a sodium |
hydroxide solution (8.5 g in 85 mL water). The reaction mixture (cloudy at first then
clears) was heated at reflux for 3 hours, and then cooled to ambient temperature. The
solution was acidified to pH 4-5 with acetic acid (13.8 mL). The mixture was stirred at

20 ambient temperature for 1.5 hours. The precipitate was collected by vacuum filtration
and dried under vacuum to give 3.30g (85% yield) of the title compound Fexofenadine
(F) as a white solid. Purity assessment by HPLC 99.9%. Retention time and spectral

match by HPLC against a fexofenadine standard. MH" 502.4

25 Method 2: The 4-[4-[4-(Hydroxydiphenylmethyl)-1-piperidinyl]-1-hydroxybutyl]-a.,a-
dimethylbenzeneacetic acid methyl ester of Example 6, Method 2 (4.0g, 0.0078 moles)
was dissolved in 80 mL of methanol. To the solution was added a sodium hydroxide
solution (2.8 g in 24 mL of water). The reaction mixture was heated at reflux for 3
hours, and then cooled to ambient temperature. The solution was acidified to pH 4-5

30 with acetic acid, followed by the addition of 40 mL of methanol. The mixture was
stirred at ambient temperature for 1.5 hours. The precipitate was collected by vacuum

filtration. The precipitate was dried under vacuum to give 3.3g (85%) of the title



mat ch by HPLC agai nst a fexof enadi ne standard. M+H 502.4 25 Method 2: The
4-[ 4-[ 4- (Hydr oxydi phenyl net hyl ) - 1- pi peri di nyl ] - 1- hydroxybutyl]-a, a-

di met hyl bwpaenexaceti ¢ acid nethyl ester of Exanple 6, Mt RCU/EP0L/da40y,
0.0078 nmol es) was dissolved in 80 nL og met hanol . To the sol ution was
added a sodi um hydroxi de solution (2.8 Z; in 24 nL of water). The reaction
m xture was heated at reflux for 3 hours, and then cooled to ambi ent
tenperature. The solution was acidified to pH 4-5 30 with acetic acid,

f ol | owedcasppeud fexafenastine(Fagasa Wiitengalida furity rssessment y Wid-C 89:9%.ed at

anbi ent ur e I . reci:piit : b cuum
11t r ati SRonehd iandspaptaltidtch Py EGRRIRY fickotGgi SERER i
the titlsoaM 02/ 102776 PCT/ EP02/ 06424 37 conpound fexofenadine (F) was a
white solid. Purity assessnent by HPLC 99.9% Retention tine and spectral
mat ch by HPLC agai nst a fexof enadi ne standard. M+ 502.4 5 Exanple 8
Schene A, optional step f: Preparati

4-[ 4- [ 3- (Hydr oxydi pheny(met hyl ) - 1- BRaffple 8

pi peri di 8yhe¢mé-Apopltiohxl step fafutepartatigh loédZdHd4Elgtiraxyadiphenyirhéthlyi)elst er
4-[4-[4-(Hydroxydi phenyl met hyl ) - 1- pi peri diny] ]-1-hydroxybutyl]-a, a-

di net hyl Ef@ﬁﬂ@'ﬁ&%ﬂ&X@Wi‘@v%@ﬂﬂ?ﬂhyg@ﬂé@”?%ﬁ AcidmihYesten ) was di ssol ved

added onde o By BRR APRe BNt S or Al K SR g Pe sery
dr opw sedigidthyibénzeéifbaeetieacRemetiil edter (Z106g! 0 DOBOBMBRIWaR! disysided h v@d M t 0
roomtenperature and then stirred for 18 hours at anbient tenperature. The

mi xt url® Whofesatana and ehilled deaner-bath. t o the soldtion was addsid JenesHeagent due

was part jd i t ] The
organic 4%@@%‘%?\’@@52%%5&&6%@& \ﬁggﬁéghgm%h%%\?bg@rp V\?gg}(ﬂqﬁo%‘:eré%élgﬁg) Iél;]sggt%ﬁ x 100
m) and Theasadioniwds MG td Watrarte doamdempetatiare ahd dhém stided dort 18 gows at
light green, solid. Purification via colum chromét ogr aph')'/1 gi el ded 1.25 g
(61 % yi @ngiendfernperatyirg. ¢fhe mixture was concentrated under vactum 1o give a green

solid. The residue was partitioned between ethyl acetate (150 mL) and water (150

15 mL). The organic layer was separated, washed with water (3 x 100 mL), brine (1 x 100
mL) and treated with MgSQy, filtered and concentrated in vacuo to give a light green:
solid. Purification via column chromatography yielded 1.25 g (61% yield) of the title

compound as a white solid. MH" 514.6.



conpound as a white solid. MH# 514.6. WO 02/ 102776 PCT/ EPO2/ 06424 38
Clains 1. The conpound of the formula 3 H2C (CH2)2 al kl H: C02Yl 5 wherein
al kyl i s wos2aea7bon atons. 2. The conpound of claiml wheP€errEPat/bosb4 i s

methyl. 3. The
conmpound of the
is alews acid
4 wherein X+ is
met hyl . ClaimFhe
conmpound of the

conmpound of claim!] wheggi n alkyl is ethyl. 10 4. The
formula 0 O H3 X+ 0--~=2-(CH2)2 CQzal kyl CH3 wherein X+
and al kyl is 1-6 carbon atons. 15 5. The conpound of claim
0-(CH 2)2 NH3+ 6. The conpound of claim5 wherein alkyl is
compound of claim5 wherein alkyl is ethyl. .20 8. The
formula WO 02/102776 PCT/ EP02/06424 39 Y OH N O CH3

--(CH2) 2 ---~-002al kyl
1. The compound of the formuia

o) H,
HO,C— (CH,); CO,alky!

CH,
5 wherein alkyl is 1-6 carbon atoms.
2. The compound of claim 1 wherein alkyl is methyl.
3. The compound of claim 1 wherein alkyl is ethyl.
10
4. The compound of the formula

X+

0 0 H,
] o—U——(CH2)2 CO,alkyl

CH,

wherein X" is a Lewis acid and alkyl is 1-6 carbon atoms.

15 5.  The compound of claim 4 wherein X" is

@—(CHz)Q——NHg

6. The compound of claim 5 wherein alkyl is methyl.

7. The compound of claim 5 wherein alkyl is ethyl.

20

8. The compound of the formula



O CH3 wherein alkyl is 1-6 carbon atons. 9. The conpound of claim8 wherein
alkyl is nethyl. 5 10. The conpound of claim8 wherein alkyl is ethyl. 11.
The procewe okoo27ps epari ng a pi peridine derivative conpoun@CefEPbhies4Ror nul a
Y OHNO CH3 /-(CH2)2 CO02al kyl O CH3 _10 wherein alkyl is 1-6 carbon
atons conprising providing a conpound of9the formila: "O0 H3 HO(CH2) 2 \
C02al kyl 1H3 wherein alkyl is 1-6 carbon atons and converting the
conmpound to the piperidine 15 derivative conpound with a piperidine
conpound of the fornmulas 02776 PCT/ EP02/06424 40 OH N H 12. The
process according to erein said providing conprises: a)
acylating a starting the formula: CH3 (C02al kyl CH3

N 0 CH,
}—(CHZ)Z—“-—Q—‘——COZaIkyl
0

CH,
wherein alkyl is 1-6 carbon atoms.
9. The compound of claim 8 wherein alkyl is methyl.
10. The compound of claim 8 wherein alkyl is ethyl.

11.  The process for preparing a piperidine derivative compound of the formula

OH

N o) CH,
//lv—(CHz)z—‘“-—Q—{‘—COzalkyl
o)

CH,
10
wherein alkyl is 1-6 carbon atoms comprising providing a compound of the formula:

0 o —
HO_“'—(CHz)z ” \/_-\/

T
—COalky
CH,

wherein alkyl is 1-6 carbon atoms and converting the compound to the piperidine

15 derivative compound with a piperidine compound of the formula:



5 wherein alkyl is 1-6 carbon atons with a conpound of the formula 0 0 O
"-C under conditions effective to produce a m xture of regioisoners of the
formul a- wo@R302ORal kyl HO. CH3 O wherein alkyl is 1-6 earhpn2/edons; and
10 b) recovering fromthe m xture of regjoisonmers the conpound of the
formula: O O H3 HO-(CH2)2 CQzal kyl wherein al kyl is 1-6 carbon
atons. WD 02/ 102776 PCT/ EP02/ 06424 41 13. The process according to claim
12 wherein said recovering conprises crystallizing a regioisoneric salt of
the formula: X+ 0 (CHg alkyl j-o+ CH3 5 wherein alkyl is 1-6 carbon
atonms and X+ is a L§ i ¢ The process according to claim13 wherein
sai d recovering cong allizing a regioisoneric salt of the
fornmul a:

N
H

12.  The process according to claim 11, wherein said providing comprises:

a) acylating a starting compound of the formuia:

CH,
@—-‘—Cozalkyl
CH,
5 wherein alkyl is 1-6 carbon atoms with a compound of the formula

under conditions effective to produce a mixture of regioisomers of the formula:

0O CH,
)J\/\r@—kcozalkyl
HO. CH,
o)

wherein alkyl is 1-6 carbon atoms; and
10

b) recovering from the mixture of regioisomers the compound of the

Q 0 H,
HO—-[-[——(CHz)2 CO,alkyl
CH,

wherein alkyl is 1-6 carbon atoms.

formula:



- O~1L Hs 10 CHZ)2 NH3+ O (CH2)2 alkyl 1H C02 whe rein alkyl is 1-6
carbon atons. 15. The process according to claim 12 wherein alkyl is

met hyl . W0 028027The process according to claim12 wherei nprarkipo2/oa@2et hyl .
17. The process for preparing a corrpoung of the formula YO OH N CH _ CH3
(CH2)3 R CH3 wherein Ris COOH or }kyl and al kyl is 1-6 carbon atons
conprising reducing a 20 conpound of the fornula: WO 02/102776

PCT/ EPO2/ 06424 42 0 eOH N O _ CH3 / _(CH2)2 CCalkyl O CH3 18. The
process according to claim17 wherein said reducing is carried out using

bor ane- mp{ hy! L@%bﬁ%&% obitiind 16 cBIR 43 WndRin BLARBELISRy BORBRL e

derivatiVve co
crystallizing a regioisomeric salt of the formula:

- i Hy
Xt o (CH,); / CO,alkyl

CH,

5 wherein alkyl is 1-6 carbon atoms and X" is a Lewis acid.

14.  The process according to claim 13 wherein said recovering comprises

crystallizing a regioisomeric salt of the formula:

10 -1 /NI
©_(CH2)2-NH3+ o) (CH,)5 CO,alkyl

CH,

wherein alkyl is 1-6 carbon atoms.

15.  The process according to claim 12 wherein alkyl is methyl.
15

16.  The process according to claim 12 wherein alkyl is ethyl.

17.  The process for preparing a compound of the formula

OH

N OH CH

I 3
(CHZ)S—L—Q_-}-R

CH,
wherein R is COOH or COOalkyl and alkyl is 1-6 carbon atoms comprising reducing a
20 compound of the formula:



OOHOH _ -a CH3 (CH2)3 C2H CH3 wherein alkyl is 1-6 carbon atons
conprising providing a conpound of the fornmula: 10 O 3 HO (CH2)2 (C02al kyl
CH3 wherwDm2abdXkgé is 1-6 carbon atonms and converting thePcampored24 o t he
pi peridine derivative conpound with a lezperi di ne conmpound of the formula:
15 WO 02/ 102776 PCT/ EP02/ 06424 43 OH H 20. The process according to
claim19, wherein said providing conprises: a) acylating a starting
conmpound of the formula: CH3 (02al kyl CH3 5 wherein alkyl is 1-6 carbon
atons with a conmpound of the fornula O O O under conditions effective to
produce a m xture of regioisoners of the fornula: 0 CH3

(O L

OH

N o CH,
}—(CHZ);J@——'—cozalkyl
o)

CH,

18. The process according to claim 17 wherein said reducing is carried out using

borane-methyl sulfide.

19.  The process for preparing a piperidine derivative compound of the formula

OH

N OH CH,
(CHz)s—‘|_< >——~'——COZH

CH,

wherein alkyl is 1-6 carbon atoms comprising providing a compound of the formula:
10

0 o) H,
HO—“—(CH L7 N T CO,alky!
C

2)2 \__/ ~

H,

wherein alkyl is 1-6 carbon atoms and converting the compound to the piperidine

derivative compound with a piperidine compound of the formula:

15



C02al kyl HO CH O3 wherein alkyl is 1-6 carbon atons; and 10 b)
recovering fromthe m xture of regioisoners the conpound of the formula: O
O H3 HOwoHZh@7@&Ral kyl CH3 wherein alkyl is 1-6 carbolCatEPB06426 WO

02/ 102776 PCT/ EP0O2/ 06424 44 21. The process according to claim?20 wherein
said recovering conprises crystallizing a regloisoneric salt of the
formula: 0 0 H3 X+ 0 (CH2)2 CQ2al kyl CH3 wherein alkyl is 1-6 carbon
atons and X+ is a Lewis acid. 5 22. The process according to claim 21
wherein said recovering conpri S« al lizing a regioisoneric salt of
the formula: _ 10 OH3 O... D (CH2)2 CQRal kyl 10 CH3

N
H

20. The process according to claim 19, wherein said providing comprises:

a) acylating a starting compound of the formula:

CH,
@——’—Cozalkyl
CH,
5 wherein alkyl is 1-6 carbon atoms with a compound of the formula

under conditions effective to produce a mixture of regioisomers of the formula:

0 CH,
)j\/\[@—-‘—\COzalkyl
HO CH,
0]

wherein alkyl is 1-6 carbon atoms; and
10

b) recovering from the mixture of regioisomers the compound of the

ﬁ o} H,
oL eI mcozaiky(
—'  CH,

wherein alkyl is 1-6 carbon atoms.

formula:

15



wherein alkyl is 1-6 carbon atons. 23. The process according to claim19
wherein alkyl is nmethyl. 15 24. The process according to claim19 wherein
al kyl i s wDhgl10277€5. The process for preparing a conpoundPofi/EPhRd42¢ mul a
YOH NOH - CH3 (CH2)3 / (C02al kyl CH3 wherein alkyl is 1-6 carbon atons
conprising 20 a) acylating a starting npound of the formula: WO

02/ 102776 PCT/ EP02/ 06424 45 Q0 2alkyl CO'"" CH3 wherein alkyl is 1-6
carbon atons with a conmpound of the fornula: O O 0 under conditions
ef f ecti v&l.t o Phepanesa agcrding totlaine g0ovierglT saidfreconeringreamprisess O CH3 )

recoveri ng 1 rOWTEHET §redERbR R e I ompound of the

9 0 H,
X+ o I (CH,); I @——T—-cozalkyl

CH,

wherein alkyl is 1-6 carbon atoms and X" is a Lewis acid.

22. The process according to claim 21 wherein said recovering comprises
crystallizing a regioisomeric salt of the formula:

Q 0 H,
i Oy~ ooy L YT o

CH,
wherein alkyl is 1-6 carbon atoms.

23. The process according to claim 19 wherein alkyl is methyl.
15 24. The process according to claim 19 wherein alkyl is ethyi.

25.  The process for preparing a compound of the formula

OH

|
(CHZ)S—-L—Q———‘-COZaIkyI

CH,

wherein alkyl is 1-6 carbon atoms comprising
20

a) acylating a starting compound of the formula:



formula: H 3 HRC (CH2)2 CO2al kyl CH3 10 wherein alkyl is 1-6 carbon
atons; c) converting the conpound of step b) to the piperidine derivative
conpound wb oehe7formula: OH N OCH3 /~--(CH2)2 --"- | @0ZaiPkybe4@H3 WO
02/ 102776 PCT/ EP0O2/ 06424 46 wherein %I_{hyl is 1-6 carbon atonms with a

pi peri di ne conpound of the fornula: H; and 5 d) reducing the

pi peri di ne derivative conpound prepared in step c). 27. The process
according to claim 26 wherein said reducing in step d) is carried out

usi ng borane-methyl sulfide. 10 28. The process according to claim26

wherein said recovering of step.b) Qggpri ses crystallizing a regioisoneric
: j %
salt of the fornmula: Oj 0 86225\%)?6" kyl CH3
CH,

wherein alkyl is 1-6 carbon atoms with a compound of the formula:
0]

O

under conditions effective to produce a mixture of regioisomers of the formula:

5
(0] CH,
CO,alkyl
HO CH,
0
wherein alkyl is 1-6 carbon atoms; and
b) recovering from the mixture of regioisomers the compound of the
formula:
0 H,
HOZC—-(CHZ)Z—“—@—i—COZaIkyI
i CHS
;10

wherein alkyl is 1-6 carbon atoms;
c) converting the compound of step b) to the piperidine derivative
compound of the formula:

OH

N 0 CH,

)—(CHZ)z‘LL—@—‘-—COZalkyI
0

CH,



"wherein alkyl is 1-6 carbon atons and X+ is a Lewis acid. 15 29. The
process of claim 28 wherein said recovery of step b) conprises

crystal | iwDrg/102176 egi oi soneric salt of the formula: O C~+P8T/HEN/66424
-0---(CH2)2 CRal kyl CH3 wherein alkyl is 1-6 carbon atons. 20 WO

02/ 102776 PCT/ EP02/ 06424 47 30. The prﬁéess of claim 26 wherein alkyl is

nmet hyl .

31. The process of claim26 wherein alkyl is ethyl. 5 32. The

process for preparing a conmpound of the formrula OH NOH _CH3 (CH 2)3 0
~CO2H CH3 conpriwherpid alky) isat6lcarbomyatonss withienpipeddinewwmmpdurichef ther nul a:
OCH3 (02ai kyijogngg% wherein alkyl is 1-6 carbon atons with a conmpound of

the formul a:

15 under conditions effective to produce a m xture of

regi oi sonmers of the forrmula: O CH3

OH

: and

=z

d) reducing the piperidine derivative compound prepared in step c).

27.  The process according Eo claim 26 wherein said reducing in step d) is carried

out using borane-methyl sulfide.

10 28.  The process according to claim 26 wherein said recovering of step b) comprises

crystallizing a regioisomeric salt of the formula:

-l /N T
X" o (CH,); CO,alkyl
—  CH,

wherein alkyl is 1-6 carbon atoms and X is a Lewis acid.

15 29. The process of claim 28 wherein said recovery of step b) comprises crystallizing

20

a regioisomeric salt of the formula:

0O 0 H,
Q\/\NH;« O-—J-L—(CHg)g CO,alkyl

CH,

wherein alkyl is 1-6 carbon atoms.



COaal kyl HO - CH O3 wherein alkyl is 1-6 carbon atons; WD 02/ 102776

PCT/ EPO2/ 06424 48 b) recovering fromthe m xture of regioisoners the
conmpound wbD oehe&776 ornul a: H3 HORC (CH2)2 O C02al kyl CH3PE)X/EPOMU@ERL | Ng t he
conpound of step b) to the piperidine derivative 5 conpound of the
formula: YOHNO _ CH3 ~-(CHz)2 cozalk¥l O CH3 wherein alkyl is 1-6
carbon atons with a piperidine conpound of the formula: ~r OH H' d)
reduci ng the piperidine derivative conpound of step c) to provide a 10

pi peri di3k deFhevptdcess of cldira Z6wheilein alkgl 82ndiDIr76 PCT/ EP02/ 06424 49 OH N
OH CH3

31.  The process of claim 26 wherein alkyl is ethyl.

5 32. The process for preparing a compound of the formula

(D L

OH

N OH CH,
(CHz)a—J—Q_-{‘COZH
CH,

comprising
10

a) acylating a starting compound of the formula:

CH,
@—FCOzalkyi
CH,
wherein alkyl is 1-6 carbon atoms with a compound of the formula:
15 under conditions effective to produce a mixture of regioisomers of the formula:

®) CH,
% CO,alkyl
HO CH,
0

wherein alkyl is 1-6 carbon atoms;



(CH2) 3 CQ2al kyl CH3 wherein alkyl is 1-6 carbon atons; and e) converting
the CQRal kyl noiety to a CO2H noiety. 5 32. The process according to claim
31 wher eiwogaiiek7reduci ng in step d) is carried out usingPoarERazedet hyl

sul fide. 33. The process according to clgim 32 wherein said recovering of
step b) conprises crystallizing a regi& soneric salt of the fornula: OO
H3 X+ 0 (CH2)2 C02al kyl CH3 10 wherein alkyl is 1-6 carbon atons and X+
is a Lewis acid. 34. The process of claim33 wherein said recovery of step
b) conprises b) yst eddovering from thegmbitarenefrriegicisdmersf theleonipound afth® O H3
NH + 0 (CH2) 2. C02al kyl CH3 wherein alkyl is 1-6 carbon atons. 15 35. The
process of c|f£"m“§% wherein al kyl is nmethyl. 36. The process of claim?29

wherein al kyl is ethyl.
O /, \ H3
HO,C—(CH,); | \/ \/ T CO,alkyl

CH,

c) converting the compound of step b) to the piperidine derivative
5 compound of the formula:

OH

N 0 CH,
//L—(CHZ)Z__JL-_@—{»COZaIkyI
o}

CH,
wherein alkyl is 1-6 carbon atoms with a piperidine compound of the formula:

OH

d) reducing the piperidine derivative compound of step c¢) to provide a
10 piperidine derivative of the formula:



WO 02/102776 PCT/EP02/06424

49
OH
N OH CH,
(CHz)a‘L®—+COZalkyl

CH,

wherein alkyl is 1-6 carbon atoms; and
e) converting the COalkyl moiety to a CO,H moiety.

5 32. The process according to claim 31 wherein said reducing in step d) is carried
out using borane-methyl sulfide.

33. The process according to claim 32 wherein said recovering of step b) comprises
crystallizing a regioisomeric salt of the formula:

- ﬁ 0 Hq
Xt o (CH,); L7 N CO,alkyl

CH,
10 wherein alkyl is 1-6 carbon atoms and X" is a Lewis acid.

34. The process of claim 33 wherein said recovery of step b) comprises crystallizing

a regioisomeric salt of the formula:

] ﬁ 9 H
@\/\w o) (CH,); l mcozalkyl

CH,

wherein alkyl is 1-6 carbon atoms.
15

35.  The process of claim 30 wherein alkyl is methy!.

36. The process of claim 29 wherein alkyl is ethyl.



