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(57) Abstract:  The present invention relates to
processes for preparing certain piperidine derivatives,
including fexofenadine (F) (see Scheme), the active
ingredient in the non-sedating antihistamine sold in the
U.S. under the designation "Allegra®". This invention
also relates to novel synthetic intermediates usefo] in the
processes of the present invention.




processes for preparing certain piperidine derivatives, including

f exof enadine (F) (see Schene), ~t he active ingredient instheenderposedat i ng
anti hi swawene7sol d in the U S. under the designation "AbCegeef/@usd”. This
invention also relates to novel synthetic internmedi ates useful in the

~ processes of the present invention. [efr] 15 Decenber 2005 WO 02/102776
PCTI EPO2/ 06424 | Descri ption PROCESS FOR THE PRODUCTI ON OF THE PI PERI DI NE
DERI VATI VE FEXCFENADXNE' 5 BACKGROUND OF THE I NVENTI ON The present

i nventhé&dtripebat es to ' processes for preparing certain piperidine
derivatives, including fexofenadine (F), the active ingredient in the

non- sedat i ng anti histamne sold in the U S. under the designation
"Allegra(r)". This invention also 10 relates to novel synthetic

i nt-er mediPAPERSS E@R (HE] ARQLWET PIt0 OB SHES PGPERTIAND ri¥BEVRTIVENEAXOFENINEF) N CH
/[---\ CH3" (CHI)3 H-(\ / CO2H \

5 ) BACKGROUND OF THE INVENTION

7 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

L e

OH

invention.

N OH CH.

! i 3 |
| (CHz)rﬁ@COZH |

CH,

SUMMARY OF THE INVENTION
i5 )
A first aspect of the invention provides a compound of the formula

0 H,
HO,C— (CH,); CO,alkyl

CH,
wherein alkyl is 1-6 carbon atoms.

A second aspect of the invention provides a compound of the formula.




"CH3 SUMVARY OF THE | NVENTION 15 A first aspect of the invention provides a
conpound of the formula wherein alkyl is 1--6 carbon at ofBecesbesERONd aspect
of -the invention provides a conpound of the formula. 15 Decenber 2005 O X+
- 011 --(CH2 .wherein X+ is a Lewigiamd and alkyl is 1-6 carbon atons. A
third aspect of the invention provi & a cormpound of the fornula N_ OCH 3
J (CH ~~/ cQatkyl  wherein aékyl i,.s 1.6 carbon atons CH3 A fourth aspect
of the invention prqgyides a fgrocs fol preparing a piperidine derivative
conpound of Xhe f (GH,);C08 @ HCIE 3tkvtherei n al kyl is 1-6 carbon
~atons con prising providing a conpoundcgf the formula: wherein alkyl is 1-6
carbon atons and converting the. conpound to the piperidine '

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

A third aspect of the invention provides a compound of the formula

OH
N 0] CH,
)—{CHZ)Z‘“—Q—FCOZN!{W
O

CH,

wherein alkyl is 1-6 carbon atoms.

A fourth aspect of the invention provides a process for preparing a

piperidine derivative compound of the formula

- N Q . CH '
| %(CHZ)?[L@_{fcozalkyt
o

_CH,

wherein alkyl is 1-6 _carbon atoms comprising providing a compé;und of the formula:

H, -
HO I I (CHz)z CO,alkyl
CH

3

wherein allyl is _1 -6.carbon atoms and converting the compound to the pipéridine |

derivative compound with'a piperidine compound of the formula:




derlvatlve conmpound with a piperidine conpound of -the formula: 15 Decenber
2005 1b H A fifth aspect of the invention provides a propessbeagmwerdi ng to
the fourth aspect, wherein said providing conprises: a) acylating a
starting conpound of the formula: wherehp alkyl is 1-6 carbon atons with a
conpound of the formula O o p under conditions effective to produce-a

m xture of regioisomers of the formula’ wherein alkyl is 1-6 carbon atoms;
and b) recovering fromthe m xture of regioisonmers the conmpound of the
fornula: 0 0, ,3 H{CH}2 <L~ Coal kyl CH3 wherein alkyl. is 1-.6 carbon
atons. 15 Decenber )] xth aspect of the invention provides a
process according h - aspect, wherein said recovering conprises
crystal lizing a regioisofepc salt of the formula: wherein alkyl is 1-6

[ ewi s acid. '

A fifth aspect of the invention provides a process according to the

fourth aspect, wherein said providing comprises:
-a) acylating a starting compound of the formula;

‘ CH3
Q—‘—-Cozalky!

CH,

wherein alkyl is 1-6 carbon atoms with 2 compound of the formula
| o)

‘under conditions effective o produce-a mixture of regioisomers of the formula:

o ' CH

- CO.alkyl
HO" 22

~wherein alkylis 1-6 carbon atoms; and

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

0 0 - CH,
HO‘—ll—(CHZ)rL@—T—COgalkyl .

CH,

formula:

- wherein alkyl is 1-6 carbon atoms.




A seventh aspect of the invention provides a process according to the

si xth aspect, wherein said recovering conprises crystal i Bécaghen2005

regi oi sometic salt of the formula: 0 CH2)2-NH, + 0_ CH2)2 wherein alkyl is
1-6 carbon atoms. 0 An eighth aspect off@dhe invention provi des a process
for-preparing a conpound of the formula off /---\ CH3 (CH)3 /) ~R, CH3
wherein Ris COOH or' COCal kyl and al kyl is 1-6 carbon atoms conprisi ng :
reducing a 20 conpound of .the fornula: Id 15 Decenber 2005 A ninth aspect
of the invention Ry bgﬁéct%f@ﬁ@ﬁﬂ/%ﬁui)ﬁrpr@iégg@@ pocess prpeding tetheediftivat i ve

conpound of the formula
‘aspect, wherein said recovering comprises crystallizing a regiocisometic salt of

the formula:

o X O—IJ—-{CH2)2 \ , C zaikyl

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

A seventh asbect of the invention provides a process according to the
“sixth aspect, wherein said recovering comprises Cwsfallizing a regioisometic
salt of the formula: '
| O 0 H,

@__(CHZ)[NH; B O—”—(CH2)2 I ’,/ \‘, T CO,aliyt

—  CH

wherein alkyl is 1-6 carbon atoms. i

An eighth aspect of the invention provides a process for preparing a

compound of the formula

OH

N OH CH

[ 3
(CH2)3—I—< H—- R

| CH, _
-wherein R is COOH or COOalkyl and alkyl is 1-6 carbon atoms comprising reducing a

" 20 compound of the formula:

CO,alkyl -




H3 wherein alkyl is 1-6 carbon atons conprising providing a conpound of the
formul a: wherein alkyl is 1-6 carbon atons and converti ngekebgeogound to
the piperidine derivative compound widh a piperidine conpound of the
formula A tenth aspect of the invention provides a process according to the
ni nth aspect wherein said providing conprises a) acylating a starting
.conpound of the formula: C H3 CQRal kyl CH3 |le 15 Decenber 2005 wherein

al kyl is 1-6 carbon atonms with a conpound of the formula O O p under

condi ti ons Ahidbtaspect of thedduertian prideea droeess for Poeratndo® t he fornul a:

~HO 0 wher.el | kyl. is 1-6-carhaon: : db ing f th i xt
of 1 egostang Bl Sngrr Rt PRI a: b 0o s o 1r (a3
"}- CQRal kyl wherein alkyl is 1-6 carbon atons.

1;1 OH CH,
(CHZ)3—J—-<- - :)-—1—002!4

CH,

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

0 : 0 H,
Ho——”——(CHz)z CO,alky!

- CH,

wherein alkyi is 1-6 carbon atoms and converting the compound fo the piperidine

derivative compound with a piperidine compound of the farmula:
OH
"N
e

A tenth aspect of the invention provides a process according to the
ninth aspect wherein said providing comprises:
a) acylating a starting conipound of the formula:
| CH,

@——l-'cozalkyr -

CH,




CH3 An el eventh aspect of the invention provides a process according to
the tenth aspect wherein said recoverijpg conprises crystllccaibag0ss
~regioisonetic salt of the formula: O,.3 X} 0 (CH2)2 , CQRal kyl CH3
wherein alkyl is 1-6 carbon atons and X{ is a Lewis acid. A twel fth aspect
of the invention provides a process according to the eleverith aspect
wherein said recovering conprises crystallizing a regioisonetic salt of

the formula: 0 0 ~ - -(CH2)2- -- ~~ ~ CQRafkyl .o wherein alkyl is 1-6
carbon at owderdif a6yl e d efrbarb@0S6rA whh it eenpbuadpg the Ghrokdlg | Nvent i on
provi des a process for preparing conpound of the formula wherein alkyl
Is 1-6 carbon atons conpri si Chg a starting conpound of the

formul a: CH3 CQal kyl
under conditions effective to produce a mixture of regioisomérs of the formula:

o) CH,

HO~
wherein atkyl is 1-6 carbon atoms; and
b)  recovering from the mixture of regioisomers the compound of the

e e} H,
|- L7 N\
HO (CH,); CO,alkyl

CH,

formula:

wherein alkyl is 1-6-carbon atoms.

An eleventh aspect of the invention provides a process according to
the tenth aspect wherein said recovering comprises crystallizing a
regioisometic salt of the formuia:
i
Xt O—“——(Cl—iz)2 CO,alkyl

CH,

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

A twelfth aspect of the invention provides a process according to the
eleventh aspect wherein said recovering comprises crystallizing a

regioisometic salt of the formula:

e _ "0 CH,
Q_(CHQzNHlf O_JJ_(CHZ)Z —CO,alkyl

- CH,
wherein alkyl is 1-6 carbon atoms. ‘




CH3 wherein alkyl is 1-6 carbon atons wth a conmpound of the formula: 0 O
0 under conditions effective to prodyce a m xture of regsoeeapenesof the
formula: HOO wherein alkyl is 1-6 carbon atonms; and b) recovering from
the m xture of regioisoners the conpound of the formula: 1g 15 Decenber
2005 wherein alkyl is 1-6 carbon atoms; c) converting the conpound of step
b) to the piperidine derivative conpound of the fornmula: wherein alkyl is

1-6 carbon agtgrms wWi.th a pi i di ne conmpound of the formula: and d).

r educi ng ch‘ &ﬁ%‘?’?thﬁ?@egﬁe‘?ﬁetfﬁst'ﬂwﬁ@@rﬂf@umspa Bwesd fonprepapndg A

f our t eediripoapBesith®@forii@ai nvention provides a process according to the -
thirteenth aspect wherein said recovering of step b) conprlses
crystallizing a regi salt of the fornmula: O0'C _ (CH2)2---"- ('
~---1- CQal kyI

N “OH cH,
(CH2)3—'—< :)—<{‘002alkyi .
CH,

wherein alkyl is 1-6 carbon atoms corhprising

a) acylating a starting compound of the formula:

. CH3
O CO,alkyl
CH,
wherein alkyl is 1-6 carbon atoms with a compound of ithe formula:

* under conditions effective to produce a mixture of regioisomers of the formuia:

O CH,
CH, :
O
wherein alkyl is 1-6 carbon atoms; and

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

formula:



X+ 0 1h wherein alkyl is 1-6 carbon atons and X+ is a Lewis acid. 15
Decenber 2005 A fifteenth aspect of t ihlnvention pr ovi deBecdmif BWES S
according to the fourteenth aspect whefein said recovering of step b)
conprises crystallizing a regioisonmeric salt of the formula Nt D Oil--a
(~H3 \co2al kyi CH3 :wherein alkyl is 1-6 carbon atons A sixteenth aspect of
the invention provides a process for preparing a conpound of the formul a

N OHf--\ CH3 (CH2)3 / CI)ZH} conpri si acylating a starting .
conmpound of the fornul a: C4Hal , *wherein alkyl is 1-6 carbon
atoms with a conpound Hngﬁé“(?:ﬁ:r)a“ru a COalkyl ,

CH,

wherein alkyl is 1-6 carbon atoms;

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

CO,alkyl

‘wherein alkyl is 1-6 carbon atoms with a piperidine compound of the

formula:
OH
NH ;and
_d). reducing the piperidine derivative compound prepared in step c).

A fourteenth aspect of the invention provides a process according to
the thirteenth aspect wherein said recovering of step b) comprises |

crystallizing a regioisomeric salt of the formula:-
' 0

o CH,
X* _O—U—'—(Cﬁz)z l f_\/_\ T CO,alkyl

3




15 Decenber 2005 1li under conditions effective to produce a m xt ure of
regi oi somers of the fornmula: HO O g/nerei n al kyl is 1-6i1£B&hase A0ONMS; D)

. . 1 .
recovering fromthe m xture of regi'0i somers the conpound of the fornula:
HO2C O3 (CH2)2 ~CQ2al kyl CH3 c) converting the conpound of step b) to the
pi peridine derivative conpound of the formula: N' O~ -:~ CH3 CQ2al kyl CH3
wherein alkyl is 1-6 carbon atoms with a piperidine conpound of the '

- for nuivdtiereth ajkyllis Pecgirben a26Ms alid Ké(hlaleywsmml peridi ne derivative
~ conpound of step c) to provide a piperidine derlvatlve of the formul a:

| Wwherein alkyl is 1-6 carbon atoms; and , _
A fifteenth aspect of the invention provides a process according to the

fourteenth aspect wherein said recovering of step b) comprlses crystallizing a

regioisomeric salt of the formula

O ooy CO,alkyl
R © CH,

- .wherein alkyl is 1-6 carbon atoms.

A sixteenth aspect of the invention provides a process for preparing a

compound of the formula

Y " OH cH,
(CHz)a_l——(: >—!~—CO,_H
| |  CH,
comprising - S | .
a) acylating a starting compound of the formula:
- — CHy
; @—l——'cozalkyi
. o CH,- |

wherein aikyl is 1-6 carbon atoms with a compound of the formula:




e) converting the CQ2al kyl noiety to a CO2H noiety. A seventeenth aspect of
the invention provides a process according to the sixtegentdm@sp@st wherein
said recovering of step b) conprises oﬁystaII|2|ng a regioisoneric salt of
the formula /7---,\ YH3 } ~ X o0 -(CW)2 u--" -~ 02alkYl CH3 wherein alkyl
is 1-6 carbon atons and X{ is a Lewis acid An eighteenth aspect of the

i nvention provides a process of the seventeenth aspect wherein said
.recovering of step b) conprises crystallizing a regioisoneric salt of the
formula O NN-3+ 0 . (CH2)2 / ~PQ02al kyt CH3 wherein.al kyl is 1-6 carbon

t Di i, A i ded f
o oparat| ouraRFEohEiBhE el 1T ROdERL RIAEE of FrePROors gt tﬁ%?owa i
15 Decenber 2005 WD 02/ 102776 2 |
| | o " CH

CO, alkyl
HO 2alky

wherein alkyl is 1-6 carbon atoms;

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

o H,
HO,C—(CH,); CO,alkyl

CH,

formuta:

c) . converting the compound of step b) {o the piperidine derivative

compound of the formula:

OH

N 0 ~ CH,
)-(CHZ)Z—LQ—K—CO@M:-
o -

‘ . CH, . ,
wherein alkyl is 1-6 carbon atorns with a piperidine compound of the formuia:

"OH




NONOACH3 -2z R3 u CH PCTIEPO2/06 324 3 15 Decenber 2005 WO 02/102776°
PCTI EPO2/ 06424 3 wherein 5 nis 0 or 1; Rl is hydrogen meteddbyidogxy;, R2
is hydrogen; Rl and R2 taken togetherljforma double bond between the carbon
atons bearing Rl and R2; 10 R3 is COOH, CQ2al kyl, CH20H, hydroxyl,
-pr.otect-ed hydroxyl, cyano, CONH2, CONHal kyl or CON(al kyl)2,7 wherein each
of the al kyl groups. contained in any of them contains from1-6 carbon
atoms A, B,dpnd. rdiuiiyg tite pipesidinaldatisatife EBRIpoUnESHRREDP\S t6 p@ddé & the
nmeta, para,or . _ortho position and which may be different or the same and
are. hjﬁﬁ’%fj@ﬁ?.%w@ggﬁﬁf thedommylgl | hydroxy, or al koxy, and pharmaceutically
acceptabl e salts thereof, with the proviso that whefe Rl and R2 are taken
together to forma double bond between the carbon atonms bearing Rl and R2

or where R1l is hydr n i s. ‘

N ~ OH CH,
(CHz)acOZalkyf
| " CH,

3
wherein alkyl is 1-6 carbon atoms; and

e)  converting the COalkyl moiety to a CO,H moaiety.

| A seventeenth aspect of the invention provides a process according fo
the sixteenth aspect wherein said recovering of step b) comprises crystallizing
a regioisomeric salt of the formula '
: 0O H
x o cry——¢ N1 : Oaliyl
: ' CH
mfherein alkyl is 1-6 carbon atoms and X" is a Lewis acid.

3

An eighteenth aspect of the invention provides a process of the
seventeenth éispect wherein said recovering of step b) comprises crystaliizing

a regioisomeric salt of the formuta ,
.9 Q H, o
: NH; _o—”———. (CHZ)COZalkyi
o o o0 CH, . .
waerein_aikyl- is 1-6.carbon atoms. |

Disclosed herein, there may be provided processes for the preparation

of piperidine derivatives of the formulas I, IT, VI and VIL:




Al so di scl osed herein, there may be provided novel synthetic internediates
for formulas Il and Illa, and VI which are useful in thgbpegiegacati on of

t he piperidine derivatives of forrmulas I, 11, VI and VIlI: 15 Decenber 2005
WO 02/ 10Wr@/WembEP02106424 4 Q@ CH3 HQRC- (CH. 2 CH3 XR2 Noowmwemogios24, B, D,
R, R2, R3 and n are as previously defined and X' is a Lewms Acid. Although
a wide variety of piperidine derivative2 can be prepared by the process 10
of the present -invention, it is particularly useful for preparing

f exof enadi ne (F), the active ingredient in the non-sedating antihistam ne
sold. inBthe U S underpthe designation "Allegra(r)": 15 15 Decenber 2005

‘ 06424 5 5 (F) OH

R

(O)n _
R2 (1)

";Iq ?H A  CH,

, (CHz)amCH—@—+R3




CH3 (CH2)3 H\ CO2H ~ + CH3 10 Thus, particularly preferred novel

synthetic internediates for use in the processes of thespigessabogsnvention
whi ch ¥@O04¥376 in the preparation of the fexofenadi nectfroavezeonpounds

of the fornmulas VIll, Villa, and IX: 9H3 HO--- (CH2)2---"--~\

/I N ~CQal kyl (VIl1l1) CH3 (Villa) 15 07-(CH2)2 CQai kyl CH3 wherein al kyl
1-6 carbon atons and X is a Lewis acid. 15 Decenber 2005 WD 021102776
PCT/ EPO2/ 06424 5 5 ' :

" R | )
(Qjn VI
R2
A A - '
N _ OH 7 CH,
}‘(CHQ)‘?‘I—®+R3
O CH,
wherein
5 nis 0or 1;

R1 is hydrogen or hydroxy;
R2 is hydrogen;
R1 and R2 taken together form a double bond between the carbon atoms
bearmg R1and R2; ' '
. 10 R3is COOH, COzalkyl, CH,OH, hydroxyl, protected hydroxyl, cyano, CONHp_,
' CONHalkyl or CON(alkyl),, 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 respecttve rings in the metd, para or.
ortho posmon and which may be different or the same and are hydrogen halogens
15 alkyi, hydroxy, or alkoxy,
' and pharmaceutzcally acceptable salts thereof,
with the prowso that where R1 and R2 are taken fogether to forma double bond
b_etween the carbon atoms beanng R1 and R2 or w_here R1 is hydroxy, nis 0.

Also disclosed herein, there may be provided novel synthetic
intermediates for formulas III and I1la, and VI which are useful in the

“preparation of the piperidine derivatives of formulas I, II, VI and VII:

i's




Di scl osed herein, the processes for the preparation of piperidine
derivatives of the formulas I, I'l, VI and VI may conpriisBeaaydratisng a
starting conmpound of the forrmula 19: (19) with a conpound of the formula.
18: (18) WID0xk§g®E6 conditions effective to produce a m xt uPETEHPOR/OGROI SONMEr S
of the formula Xl: 15 HO b) recovering fromthe. m xture of regioi soners
the conpound of. the fornula I11: 4 /14cH3 R3 (I'1l) CH3 15 Decenber 2005

WO 021102776 PCTI EP02/ 06424 7 converting the conpound of step b) to the
pi peri di ne derivative conpound of the fornula VI: ) NO/~ (CH2

A ,

o] CH,
Hozc-—(CHz)z—”—@l—'Rs (1)

CH,

(Vi)

N’ - . 0 0 CH,
ey
0 ~ CH,
wherein A, B, D, R1, R2, R3 and n are as previously defined and X' is a Lewis

Acid.

‘Allthough 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 -




Ow th a piperidine conpound of the fornula 17: 17 15 Decenber 2005 WO

02/ 102776 8 PCTI EP02/ 06424 d) optionally reducing the piippedesibdaeooderi vative
conpoundwofp2fbeReCc) to give the conmpound of the formula perBedighardd (1)
optional |l y reducing the piperidine derivative conpound of step c) to give
the 5 piperidine derivative of the fornsila Vii; (V1) . and f) optionally
oxi di zing the piperidine derivative of step d to give the piperidine 10
derivative of forrmula 11: 15 Decenber. 2005 WO 02/ 102776 9 wherein al
substituents are as previously defined. PCTJEP02/ 06424 Included within th|s

process is a process prepar.z II on of fexofenadine (F), the

(F)
s -
r;\I ?H ' CH,
(CHZ);—E—Q——“COZH
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 Viil, Vilia, -and IX:

o O CH, |
HO——”——(CHZ)Z—U—@—-I~COZalkyI (V111

CH,

3 -
CO,alkyt  (Vlia)

CH,
15

(IX)

"N K¢ CH,
)‘-(CHz)g—L@_‘l—Cozalkyl
O .

CH,

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




5 active ingredient in the non-sedating antihistamne sold in the US:

-under the designation "Allegra(r)", which conprises: a)sp&¥hedbdg a -
starting _conpound of the formula 2. 1: CH3 Cn2al kyl CH3 10 with a conpound

of the fPHHERTX0: (21) (18) under conditions effective tBCHEPRGE2A

m xture of regioisomers of the fornmula _25: CH3 HO C02al kyi- (25) CH3 15

Decenber 2005 WO 02/ 102776 P. CT/ EPO2/ 066424 10 recovering fromthe m xture

of regioi.soners the conpound of the fornula 0 HO (CH2 0 3 VIl

Disclosed herein, the processes for the preparation of piperidine
derivatives of the formulas L, 11, VI and VII may comprise

5 a) - acylating a starting compound of the formula 19:
H,G
HC-TR3
(19)
A

with a compound of the formuia. 18:

0 0. .0 |
] ] (18)

under conditions effective to produce a mixture of regioisomers of the foﬁnula
Xi: | |

10

15
b) récbyering from the mixture of regioisomers the compound of the formula
I: | ' '
A

, 9 o,
HOzc*(CHz)z‘—“—@—"RB ()

CH,




() C02alkyl CH3 . c) converting the conpound of step b) to the piperidine
derivative conpound of the formula I X: with a piperidi nepeeqgerons of the

formul a ¢ od3d76! O d) reduci ng the piperidine derivati vepifg.@;gﬂ%&gf step

c) to provide a piperidine derivative of the formula 24; nber
2005 WD 02/102776 PCT1EP02/ 06424 11 (24) N OH = CH3 (CH2)3 H --~\
“/\--- f -CQRal kyl and CH3 e) converting the CO2al kyl noiety of the

pi peri di ne derivative of fornmula 24, to a CO2Hnoiety to produce

f exof enadi nec{ F) converting the compound of step b) to the piperidine derivative

‘compound of the formula VI:

)

R1
(Oln (V1)
R2

N o A4 CH,
//‘-(CHZ)L,—“—@—‘-F&
O CH,

5 ,  with a piperidine compound of the formula 17:

17




(F) 10 N OH T=\ CH3 (CH2)3 H\ /)"CO2H 15 .CH3 wherein alkyl is 1-6
carbon atons. 15 Decenber 2005 WD 02/ 102776 PCT/ EPO2/ 0642BeckadbedB0bAl LED
DESCRI PTI ON OF THE | NVENTI'ON The present invention relates to a process for
the prepgy@bi/an7Rf piperidine 5 derivatives of the fornmulmsyxpebhssry! and
VI1: (1) 10 15 .20 15 Decenber 2005 WO 02/102776 PCT/EP02/06424 13 5 10

g _

d) optionally reducing the piperidine derivative compound of step ¢) to give

the compound of the formula I:

0
R
©onm U]
R2 , '
N ?H_ CH;.
(CH,),——CH— R3 o
~ CH, S

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

5 piperidine derivative of the formula VII;
. | 5
' R1
(O)n \
RO Vi) - |

N oH A cH,

© | . CH,
~and ' '

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

10 derivative of formula Ii:



NOCH3 --(CH2)2/ RBLJ 0- CH3INOKHACH (CH2)2 R3 0 CH 3 wherein
nis 0 or 1; 15 Rl is hydrogen or hydroxy; R2 is hydrogenscetler 208l R2 t aken
t oget her oubl e bond between the carbon atons beayj R2; R3
is COO—IW@QP%J{; CH2OH, hydroxyl, protected hydroxyl, cégﬂ@) 2, 20
CONHal kyl or CON(al kyl)2, wherein each of the al kyl groups contained in any
of them contains from1l-6 carbon atons 15 Decenber 2005 WD 02/102776

PCT/ EP02/ 06424 14 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, Ha D ‘ .

()
1;1 Q i CH,
(C**ﬂ% R

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:

CHy -
@—}—Cozalky{ (21)

CH,

10 with a compound of the formula 20:

| OWO o (18)

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

. | 3 |
CO.alkyl (25)
HO « Q z |

CH
s) L8




al kyl', hydroxy, or al koxy, and pharnaceutically acceptable salts thereof, 5
with the proviso that where RI and R2 are taken toget hensbeaefigsmoa doubl e
bond between the carbon atons bearing RI and R2 or where Rl is hydroxy, n
is .0. e wnesent invention also relates to novel intermpgirgipgso@by t Ne
formula I'li, Illa, 10 and VI : HRC (CH - OCH3 x+ 0-- CH2)2 R3 (Mnr) * 20
25 . 30 CH3 15 Decenber 2005 WO 02/102876 PCT/ EP02/ 06424 15 wherein A, B,
D, R, R2, R3 and n are as previously defined and X} is a Lewis Acid.

Al't hough a wi de 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

ant i hi stam ¥ sol @cpreting fonstheymitdure akreginisomiess fhencompbugd af e foramia s

VHI:
9 o) H N
- 3 VI
-HO-”——(CHz)z——“—@—T—Gozalkyi Vit
. CH,
5 ©) converting the compound of step b) to the piperidine derivative

compound of the formula IX:

O

OH

N T T o CH,
//j'—(CHz)rl’%-Q—‘-COZa[kyl
0 | | CH,

 witha piperidine compound of the formula 23:

: OH
(23)
N
- H
d) reducing the piperidine derivative compound of step ¢) to provide a
piperidine derivative of the formuia 24; -

15




"HC\ C2H N' OH CH3 CH3 (F) Thus, particularly preferred novel synthetic
internmediates for use in the 20 processes of the presensDedmbiaboocon which
are usef i preparation of the fexofenadine (F) ar is of the
formul as .‘?2(?05@?”& and | X: HO CCRal kyl (VI11) 043_00'%13@ 2 (o) 2
~X CQ2al kyl CH3 (Villa) CH3 15 Decenber;;2005 WO 021102776 16 wherein al kyl
is 1-6 carbon atons and X+ is a Lewis Acid. PCT/EP02/ 06424 5 The processes
of the present invention for the preparation of piperidine derivatives of
the formulas I, II, VI and VII conprise: acylating a starting conpound of
"the fornula 19:

QL) e
OH )
N OH GH,
(Cszg-"ﬁ‘@—-"COZaikyl
' - CH, '

and

e) converting the COzalkyl moiety of the piperidine derivative of formt_.lla 24t0a
CO2H moiety to produce fexofenadine (F) '

10 |

OH

N OH CH,
(CHz)rCH}‘©+002H

15 | | CH,

wherein alkyl is 1-6 carbon atoms.

1




(19) 10 wth a conmpound of the fornmula 18: (18) under conditions effective
to produce a m xture of regioisoners of the fornula Xi: 15 b&edhr B®senber
2005 WD 02/102776 PCT/ EPO2/ 06424 HO 17 recovering fromthe m xture of

regi oi SOgRy §yfolegcompound of the fornmula I11: O 9H 3 R3 (Jddppedidizg ©)
converting the conpound of step b) to the piperidine derivative conpound of

-the forrmula VI: NONO CH3 J-(CH2}2 RB20 with a piperidi ne conpound of
the formula 17: CH3 17

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to a process for the prepération of piperidine
5 derivatives of the formulas I, I, VI and VII: | '

0
R
(O)n ;
R2
)
N OH & o,
(CH,);— CH—@—}—R:&

10

15

1?1' o 4.  cH,

.20




N | H 15 Decenber 2005 WD 02/102776 PCTI EP02106424 1S d) optionally
- reduci ng the piperidine derivative conpound of step c) ueoDgenertdoe

conmpoundygfehiftezd ormula is B (1) 5 e) optionally reduci ngcih@ohidss i di ne
derivative conpound of step c) to give the piperidine derivative of the
formula VIl; NOHA CH3 (CH2)2 R3 andi3O - CH 3 10 f) optional Iy oxidizing
t he piperidine derivative of step d to give the piperidine derivative of
formula I'l: 15 Decenber 2005 WD 02/102776 PCT/ EP02/ 06424 19 wherein all

substituents are as previ ously defi ned.

| N™ i CH,
)—(CH2 —“—@—‘-Ra
o |

10 CH,
o
o (O)n (Vll)

Hi L

CH,
O CH,

-‘wherein
nisCor 1;
15 R1 is hydrogen or hydroxy;

R2is hydrogen;
R1 and R2 taken together form a double bond between the carbon atoms
bearing R1 and R2; |
. R3is COOH, COsalkyl, CH,OH, hydroxyl, protected hydroxyl, cyano, CONHg,
20 CONHalkyl or CON(alkyl),, wherein each of the alky! groups contained in any of them

' contains from 1-6 carbon atoms



Included within this process is a.Process for preparation of fexofenadine
(F), the 5 active ingredient in the non-sedating anti hiisbagite®el d in the
U.S. under the designation "Allegrae", which conprises: a) acylating a
starti ngvosepexangd of the fornula 21: CQ2al kyl .CH3 10 wi tHCERKQmpeYNd of
the formula 18: 0 (21) (18) under cog'o_l'{ lons effective to produce a m xture
~of regioisoners of the formula 25: 2af kyl (25) CH3 CH3 15 Decenber
2005 WD 02/102776 PCT/ EPO2/ 06424 20 b) recovering fromthe m xture of
regi oi soners the conmpound of the formula WVIIIl: (Vill) 5 c¢) converting the
conpound of At Dtroay be suibstituedinef Heirireapectve agpinthe roétat, pard or nul a
| X: o . .
: ortho position and which may be different or the same and are hydrogen, halogens,

alkyl, hydroxy, or alkoxy,

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, nis 0.

The present invention also relates to novel intermediates.of the formula i, ilia,

10 and VI :
o A CH,
HOZC—(CHz)z—“—@——"RS
CH,
15 | | ai
0 o A CH, |
X+ o—lL—(CHz)z—lL—@—FRs (Ila)
_ CH,
20
B D
| ‘ R1
- 25 | '(O)n
(Vi)

A

' : N 0 : CHé -
' : . : }—(CHZ)?_,“"‘U__< :)‘—‘i“ R3
“30 0 '

o _ CH,




wi th a piperidine conpound of the formula 23: (23) to d) reducing the
pi peridi ne derivative.-conpound of step c) to provide thespgkperodsne

deri vat |wgog,f102f7% nul a 24; and 15 Decenber 2005 WO 02/ 108446:p55dds
21 (24) N CH3 (GH2)3 H-\ 1 -CO2alkyl CH3 e) converting

§r02106424
he

C02al kyl noi ety on the piperidine deriygtive of formula 24 to a CO2H
moi ety to produce fexofenadine (F) (F) 10 N* OH CH3 (CH2)g H wherein al kyl

is 1-6 carbon atons. 15 CO2H

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®

t0 (F)

15

CH, |
ooy

CH

Thus, particularly preferred novel synthetic intermediates for use in' the
20 processes of the present invention whlch are useful in the preparation of the

fexofenadxne (F) are compounds of the formulas Vlil, Vilia, and IX:

o _‘ CH,
CO,alkyl (VI

- o 3
X+ OL(CHz)%COZaIKyI (Viila)




CH3 Thi s novel process for preparing the piperidine derivatives.of fornulas
I, 11, VI and VIl and novel internediates |11, ifla, andpDWembhiods are ’
useful for preparing piperidine derivatives of fornulas 1, 11, VI, and VI
1s outliWeoDZM2Zeheme A. In Schenme A, all substituents aPEI/EBIZNGEMI Oously
defined unl ess otherw se indicated. 20 15 Decenber 2005 WO 02/ 102776 22
Scheme A purificati oonhecovery step b2 16éonversion to acid step b3 H3C H3C
R3 (19) A step a HOQ (XI) CH3 salt formation

: OH | (1X)

0 CH
2

.
-—“——@——’~cozaikyl

CH,

N
O//L—(CHZ)

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, 11, VI and VII comprise:

a) acylating a starting compound of the formula 19:

H,C

3

(19)

‘with a conipound of the formula 18:

0 0.0 _
TT us
under conditions effective to producé a mixture of regioisomers of the formula Xi: - |
15 | | |




R3 > CH3 step bi OQCH x+ 0- (CH)z r , R3 (Ilia) CH3 R2 (17) |
‘oxidation optional stepf OOH3 HO 1 (CH , R3 (Itl)Déklnberm@doCti On

opt i onalwtyeree7CTI EPO2106424 0 (Xia) (I1) 15 Decenber P%Qﬂ&wy&?pﬂ 102776
PCT/ EP02/ 06424 23 Schene A provi des general synthetic procedures

preparing the piperidine derivatives pf fornulas 1, 11, VI~ and VIl and
novel internediates 111, Ilia, and VI useful for '

A
O CH,
R3 X
o ] X
CH,
0] .

b) recovering from the mixture of regicisomers the compound of the formula Iil:

HO,C—(CH,) —“—@—‘— (1)

5 ¢) converting the compound of step b) to the pipendme derivative compound of the

formula Vi:
D
(O)n (Vl)
R2
N o . cH,
N //‘—(CHz)z—“—@—t—-Rs |
o —7 oH,
with a piperidine compound of the formula 17:
17




preparing piperidine derivatives of fornulas I, 11, VI, and VII. 5 In step
a, a starting conpound of formula (19) is acylated w th iaDeiehisemsaci d
anhydride of formula (18) under standard Friedel-Crafts conditions well
known i nwicherosrrs, to produce a first mxture of regioi sopefrge@fosiar mul a
Xl, typically in a ratio of about 60% para, 40% nmeta isoners. Conditions
for the acylation reaction of step a ajg 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
‘anhydride, or substituted nual efic anhydride. For exanple, the acylation
reacti afy of @tmaﬂylréd@@h@k!y@ﬁiﬂ)ehﬁir@ detWativaé €othpditte of étépi\,?t Ge3hel n an |
anhydrous aprotic solvent such as carbon disulfide, tetrachl oethane,

net hy| GNROHK} pldie farmkisblenzene, or a mixture of anhydrous aprotic
solvents. The reaction is typically carried out for a period of about | to.

about 18 hours, wt . othbout 18 hours being preferred, at a

- tenperature of abouf 0 he reflux tenperature of the solvent
5C being preferred. 20 In step bl; step

b2, and step b3, the Bt-formula Il is recovered from the first

m xture of regioisoners of If@hula ffy Such recovery is carried out by

first, in step bl, formn MAe second nixture of regi oi soneric salts of .

formula Xla: 0 x+ T 011 (GHZe25 wherein X+ is a Lewis acid and R3 and A

are as previously defined,.~econd, in step b2, «crystallizing fromthe.

second m-xture of regioi jc salts of formula X1 a, the salt of fornula

Ilia:
i a A

N oH CH, |
(CHz);—CH—@—!—Rs

CH,

-

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

¢
(O)R 1 | |
n oy
R2 Vi ¥
N~ oH A CH,
}'_ (CHz)%RS
© - | CH,

and

10 bptionally oxidizing the piperidine derivative of step d to give the piperid.ine‘

-derivative of formula Il




15 Decenber 2005 WD 02/102776 PCTI EP02/ 06424 24 OO\ CH3 O0- ---(CH2)2
~\ /) R3 (lila) CH3 wherein X4 is a Lewis acid and A ands Bietisr 285

previ ousyy oglgddsied. Such crystallization 5 is carried oy i onal
crystallization techniques known in the art. Suitable sol &'erﬁ%ﬁoﬁlpﬁﬁl

fractional crystallization include: al gphol solvents, |ike methanol,

et hanol, isopropyl alcohol; ketone solvents, such as acetone or nethyl
ethyl ketone; ester containing solvents, |like ethyl acetate or isopropyl
acetate; ethereal solvents, like tetrahydrofuran; and acetonitrile. The

preferred sol vent Bs |sopropyl

crystal lization ing

the form NR1OR11R1H

apcohol . Suitable 10 salts for fractional
hetal salts or preferably ammonium salts of
R11, and R12 are hydrogen or a straight or
“branched al kyl C aLbon atons whi ch may be substituted at any
position with a phenyl r ngqor a substituted phenyl ring. O the salts of
this form phenethylam ne(®Om preferred. The pure regioisoner is isolated
by filtration and in step]b is converted to 15 the free acid to give the
conmpound of formula Il b -E?%ceduréﬂ)mell known in the art. Typically,
this conversion is don he treatment with acid. In step ¢, the conmpound
of fornmula Ill is couplled tq a plperldlne derivative of fornmula 17 under
conditions effective to e erivatives of formula V.
‘Such couplings are well own i P eral ly, such procedures
i nvol ve 20 activating thegjmg-
1, 3-di cycl ohexyl car bodi m de

m@th reagents such as

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, |
@—f*—coz_alkyl 21)

CH,

10 with a compound of the formula 18:

O e

under conditions effective to produce a mixture of regioisomers of the formula -
25:
O CH,
CO.,alkyl 25
HO CO,alkyl  (25)
: CH

3




(DCC), 2-chloro-4,6-di nmethoxy-1,3,5-triazine (CDMI), paranitrophenol, or as
the acid chloride or m xed anhydride foll owed by addit iomecafbeazops i mary or °
secondary am ne. These reactions are carried out in an anhydrous aprotic
sol vent veyein@sss et hyl acetate, nethylene chloride, tetrgydipaibgan or )
di rethyl formam de with the preferred solvent 25 being tetrahydrofuran. The
reaction is typically carried out for tinme of about 0.5 to about 12
hours, with about 2 to about 12 hours being preferred, at a tenperature of
about OC to about the reflux tenperature of the solvent utilized, with
about 0C to about 25C being preferred. 15 Decenber 2005 WD 02/102776

PCT/ EPO2/ 06424 25 I n optional step d, the am do and keto noieties of the

pi peridine @ri vactcorereh frémminansxivre af redisidonreds tie gbvpolihe ob tirefarnhiuie )
‘derivative of formula |I. Reduction can be carried out with the borane
conpl exes sYéW as, borane- met hyl sul fide, borane- tetrahydrofuran in a
suitable solvent. Alternatively, if-the optically active derivative is 5 .
desired, asynmetric redyction may be erf 4red by addition of the
appropriate catal yst sfich @Eﬂ o>|<|ab N di p€ based c@ll}ysts. The reduction
is carried out in anny 215 aperl c/so|| veleYsuch as tetrahydrofuran or
di oxane. The pref erred solvent ‘is 't ahyeH,of uran. The reduction is
typically carried out at a tenperature of from about 25C to about the
reflux tenperature of the solvent. Typical reaction times are from 10 about
0.5 Bours te) aboebndértirgithe compdunahufutied B) totrebsiperidiBetdusivatibei ng
preferred. The am no- borz&e conpl exes formed during reduction with the

bor aneCeMPABL &Y the myda IXknown in the art and are typically broken by
reaction of the conplex with acid or by addition of TMEDA
(N, NN, N -t et ranmet hyle hyleam ne) to the conplex in ether, RGR.

(IX)

N 0 CH,
)—(CHZ)Z—“-—Q—*—CO@IIW!
0

CH,

with a piperidine compound of the formula 23:

OH
(23)

(SR

=

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

piperidine derivative of formula 24; and




or through heating in protic media. This reaction is carried out in alcohol
solvents, |ike 15 methanol, ethanol, isopropyl alcohoThespéehierrms sol vent
i's ethanﬁk”ﬁhgzﬁgactlon is carried out at a tenperature]&ﬁﬁﬁﬁ?gi%60n1250
to the reflux tenperature of the solvent and a reaction tine §¥dut 0.5
to about 24 hours, with about 12 to ab@it 24 hours being preferred. In
optional step e, the keto noiety of the piperidine derivative of formula Vi
~can 20 be selectively reduced without affecting the am de noiety to give
the piperidine derivative of formula Vil. The selective reduction is
typically done with s ofiydri de in | ower al cohol solvents such as,
met hanol , et hanol, ohol . Gﬁ_reactlon is carried out at a
tenperature range of about th Qeflux tenperature of the
solvent. Reaction tine ar‘ Hiﬁlcally about 0.5 hours to about 12 25
hours. In optional step f, |t hydr oxy noi ety of the piperidine derivative

of formula | is oxidized-to~give the piperidine derivative of formula It.
Thi s novel process as appliedjto.the preparation of fexofenadine (F), the
active 30 ingredient in e-non- Egatl ng anhﬁgi stamine sold in the U S

under the designation "Allggrao” o) rmedi ates VIil, VIlla, and

11X is outlined in Schene B(Clm)—Sg P
previ ously defined unless ot hériwi Be i )
02/ 102776 26 H3C H3C Schene B CH,

@sé;kwents are as
15%Detenber 2005 WO

e) cohverting the CQOqalkyl moiety on the piperidine derivative of formula 24 toa
COzH moiety to produce fexofenadine (F)

5
)
10
N e
(CH2>3—-g©—‘LcozH
CH,

wherein alkyl. is 1-6 carbon atoms.
15 |

_ This novel process for preparing the piperidine derivatives of formulas |, 1I, Vi

and VII and novel intermediates I, Ma, and V] which are useful for preparing

' piperidine derlvatlves of fonr!ulas i, N, V_l, and VIl is outlined in Scheme A. In Scheme .

A, all substituents are as previously defined unless otherwise indicated.
.20 | |




purifiicationfrecovery X+ -

CQ2al kyl (21) step a salt formation step bl
CH3 1r O -JL(CH2 2 ~ CQal kyl (Villa) conrersion to aci dsstefpdZned® O HO 1
H2 (25) CH3 + COealkyl .(Vtlt) CH (23) )-(CH CRalkyl (1X) 2z \ 30
3 step wagg}f&tﬂ(pn step d N" 9H rte. CH3 PC'I_'/EPOZ/06424
22
Scheme A
H,C
H:,C R3
(19) o oo,
Qy 0. .0 salt formation ) R3
Y. &2 M@—‘— OMQ‘P;
(8) siep a step b‘l O
(Xa)
el
9 o A cn
purificafionfrecovery < 0——H-—(CH2)2——I-L—@—'—R3 {ina)
pinlaianehdbirtibhnd A _ &,
step b2

conversion to acid

step b3

A

] CH, '
HO-—L(CHZ)Z—H—@—'—RS (i
CHy,

B D B D
R1 i I'R‘
{On R2.
R2
CH,
17,
g ]‘ e, ;JLQ_}_RS o
stepc 7
reduction \feduchon ‘
optionat step d phunal stepe
D

e
N oH B on
SO g S
0 A .

aH,
iy

oxdation -

optionat step f

oD

1
CH




(CH2)a- ~~~ ~~----;~02al kyl (24) CH3 step e (F NOHCH3 (Cl-2 a ~ ~ CO2H
CH3 CH3 CQ2al kyl HO v -K - CHs PCT/ EP02/ 06424 15 Decenbes p2o@&r 2000

02/ 1027 A80RGT62R02/ 06424 27 Schenme B provi des a general q,m?] Y& pr ocedure
for preparing fexofenadine (F), the active ingredient in e non-sedating

anti histamne sold in the U S. under the designation "All egra(r) and

novel intermediates VII11, Villa, and IX. 5 1n step a, a starting conpound
of fornula (21) is acylated with a succinic anhydride of formula (18)
under standard Friedel-Crafts conditions well known in the art, to produce
a first mxture of regioisoners of fornula 25, typically in a ratlo of
about  60% p3ehemedvprmides gmatssyriﬂwmh pno@aaufeyfot-Pﬁega?rlﬂgaﬁ‘lb Ppékagéi on of

Teaot; SRERRESs RN L 1F et oyT 804 oRvelatarmasisps i absacnd Ve aeaiy i by
a Lew spraphfing ,ﬁwlﬁé‘hdu@déﬁ&é‘tﬁ/es'd?f&?nlﬂﬂquf QHSaARRALT C sol vent such as
car bog di suI fide, tetrachl oroethane,

In step a, a starting compound of formula (19) is acylated with a dibasic acid
anhydride of formula (18) under standard Friedel-Crafts conditions well known in the .
art, to produce a first mixture of regioisomers of formula X, typically in a ratio of about
60% para, 40% meta isomers. Conditions for the acylation reaction of step a are

16 those conventionally used in the Friedei-Créfts acylation reactions, Examples of
compounds of formula (18) are substituted succinic anhydrides, glutaric anhydride,
substituted giutaric anhydrides, polymenc anhydrides of hlgher dibasic acids, maleic
anhydride, or substituted maleic anhydride. _

For example, the acylation reaction of step a is catalyzed by a Lewis acid, such

15 as AlCl3, in an'anhydrcius aprotic solvent such as carbon disulfide, tetrachlosthane, )

. methylene chioride, 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

i temperatufe of the solvent utilized, with abdut_ 0°C to about 25°C being preferred,
-20 ) In step b1, step b2, and step b3, the compound of formuia lli is recovered from
the first mixture of reglcnsomers of formula XI. Such recovery is carried out by ﬁrst in

step b1, formmg the second mixture of regioisomeric sa!ts of formula Xla:

A
CH

‘ . N
X ." D—“—(CH2)2 Q ~R3  (Xia)

¥ 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 reglcnsomerlc salts of formula X1a, the salt of
formu!a Hla: ' '




met hyl ene chl oride, nitrobenzene, or a m xture of anhydrous aprotic
solvents. The reaction is typically carried out for a peptesb®bocabout 1 to
. about 18 hours, with about 2 to about 18 hours being preferred, at a

t enper atwf_)e,z@@z-,-@g)out OC to about the reflux 15 tenperat urgeEipd2idg50! vent
utilized,.with about 0C to about 25C being preferred. In step bl, step b2

and step b3, the conpound of fornmula VW4l is recovered-from the first

~m xture of regioisoners of fornmula 25. Such recovery is carried out by
first, in step bl, formng the second m xture of regioisomeric salts of
fornmula 25a; CH3 0 ~ X+ (25a) 20 wherein X4 is a Lewis acid and al kyl is
as previously defined; second, in step b2, «crystallizing fromthe second
m xture of regioisonmeric salts of fornmula 25a, the salt of formula Villa: .
0 x+ O(CH2)2 0 CH3 Cozal kyl. CH3 (Villya) 25 wherein X} is a Lewis acid and

alkyl is as previously @efined. SOch ciystal CHzation is carried out by
fractional cryst aI+I t hni que I n e art. Suitable solvents
15 Decenber 2005 % %? (éﬁg)zég _(F“a)

CH,

wherein X' is a Lewis acid and A and R3 is as previously defined. ,Such cryétallization
5 is carried out by fractional crystallization techniques known in the art. Suitable
solvents for fractional crystéllization include: alcohb_l solvents, like methanol, ethanol,
isopropyi alcohot; ketone solvents, such as acetone or méthyl 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 __sa!ts for fractional crystaliization include alkali metal éa!ts or preferably ammonium
salts of th-e form NR1pR11R12, where Rqg, R44, and Rqz are hydrogeh or a straight or
branched alkyi of 1 to 6 carbon atoms which may be substituted at any position with a
phenyl ring or a substituted phenyl 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 formuia Iil 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 denvatlve of

formula 17 under conditions effective to form the piperidine derivatives of formula V1.
Such couplings are wefl known in the art. Generally, such procedures involve
- 20 activating the free carboxyl group with reagents such as 1 ,3—'dicyclohexylcarbodii’nide

- (DCC), 2-chioro-4,6-dimethoxy-1,3,5-triazine (CDMT), paranitrophenol, or as the acid
chioride or mixed anhydride followéd by addition of a primary or secondary amine.
These reactions are carried aut in an anhydrous aprotic soh-/ent such as, éthyl acetate,
methylene chloride, tetrahydrofuran or dimethylformamide with the preferred solvent

25 being tetra‘hydrofﬁran. The reaction is typically carried out for a time of about0.5t0
about 12 hours, with about 2 to about 12 hours being preferred, at a temperature of

about 0°C to about the refiux temperature of the solvent u_tilized,'with about 0°C to

about 25°C being prefetred.




WO 02/ 102776 PCTI EP02/ 06424 28 for fractional crystallization include:

al cohol solvents, like nethanol, ethanol, isopropyl -al @gmgmbek@bpne
sol vent syo%bl¢dt7as acetone or nethyl ethyl ketone; ester q,t&lq; FI
solvents, |ike ethyl acetate or isopropyl acetate; ethere SO ven% s, like

tetrahydrofuran; and acetonitrile. Thespreferred sol vent _'| S sopropyl _
al cohol . Suitable salts for fractional 5 crystallization include alkali
netal salts or preferably ammoniumsalts of the form NRi OR 1R12, where

Ri R11, ht.. or anched,.a of 1 _to 6

ca(r)bon at oaqﬂvdﬁ% %thgtﬁqug t@%%@?'&? ﬁﬁg? I”%H?/t’ Pdﬂp%“?'ﬂeé\éﬂﬁ‘é"?\‘iﬂorl ng or

- a subsirhulaed areaadlicsd Ry lvgthéfm)éiﬂiiﬁédéﬁvétmesofff@hﬁhlaolh@@ﬂﬁ&l’t)ﬁrﬂdﬁ%éS
preferred, NH3+ -O (25a') O providing compounds of the fornula 25a'

after Ebe%@u%w&h dBerperane epmplexes siiplIag, begng- mea'xyi@uif@e boemes2: 0 |
(CH2) 2 teﬁ-%rgfd}"éﬁTn ) éubt%}{lé {vént' 8 el?lgétﬁterlf ﬂf %scg%'{ecally gg %e g%ﬁ eq{ygylt%he

filtration a 1S conver

conpoﬁlrdbsurédfasymir&tl‘w& tdduayiopmasebe pesfontkl bynaiditiom of i @éﬂropﬁéie'rypl cally,
this con grsmn is done by the treatment with acid.. In step c,

‘conpourf@RlystyichAs oa@bprql@%w%catawﬁtqm Pes resfunsionds msﬂed/@utan an

anhydrous aprotic sofvent, 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 te.mperature 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 complek 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 ethano! The reaction is_
carried out at a temperature ranging from 25°C to the reflux tem__pérature 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, metha-nol, ethanol, or isopropyl alcoho!.
The reaction is carried out at a temperature range of about 25°C to about the reflux
temperature of the soivent. 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 VIli, Villa, and IXis outiihed in Scheme B. In

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




formula 23 under conditions effective to formthe piperidine derivatives of
formula N. Such couplings are well known in the art. GCenesahdeyzoosuch -
procedures involve activating the free carboxyl group with reagents such as
1, 3- di cywloahasytear bodi mi de 20 (DCC), 2-chioro-4, 6-di net hpeyrperkedzat ri azi ne.
(CDMT), paranitrophenol, or as the acid chloride or mxed -anhydride

foll owed by addition of a primary or ségondary ami ne. These reactions are
carried out in an anhydrous aprotic solvent such as, ethyl acetate,

met hyl ene chl oride, tetrahydrofuran or dinmethylformam de with the preferred
solvent Dbeing tetrahyg@refey an. 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 tenperature of WO 02/102776 29 15 Decenber 2005 -

PCT/ EP02/ 06424 ahOwicodfe to about the reflex tenperature of the sol vent
utilized, with abod{ 0C tq abo

BLC bei p@opiual errad eptd, the am do
and ket Q[les e gi per Kdi yreraeri vatiaee Of f&u@ﬁﬁ’émreduced .
to give t pi peridipe d€rivatii ve dft fornula 24. X*R&ductiPn caff be carried
5 out witH® he boreme conpl exés $Uch as, borane-methyl st e,
‘borane-tetrahydrofuran in a suitable sol vent. Alternativel y, if the
optically active derivative is desired, asymmetric reduction nmay be .
perforned by addition of the appropriate catalyst such as, oxaborolidine -
based caTré'Ta@f?‘ﬁ’yT,peor_ggg&i &%‘ggwed out in an anhydrous aprotic ,
sol vent, suetvzas tetrahydrdfur di Oxane. THE' preferred solvent is
tetrahydrofuran. 10 The reduction is typically carried out at a tenperature.
of from about 25C to about the reflux tenperature of t he sol vent. Typi cal
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step b3 . CH,
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48 hours, w th about 12 hours to about 48 hours being preferred. The
am no- bor ane corrpl exes fornmed during reduction wth thesbgrane@onpl exes

are wel |w5’6 ,\1@747(;1 the art and are typically broken by r t he
conpl ex W tg aci d, by addition of TMEDA 15 R RNRs

(N,NN,N -tetranethylethylenedranrne)zto the conpl-ex in ether, or through
heating in protic media This reaction is carried out in alcohol solvents,
| i ke met hanol, ethanol, isopropyl al cohol The preferred solvent is ethanol.-

The reactio I .ature ng fram 25C to

R T A G W T e D PR
about 2#)hherdutivelifidredRonin e fich-880ang 4nteisizeniRe <o Wﬁ%ﬂﬁ SeeindéPiHah step
e, the ester noiety of the piperidine derivative of fornula 24 is converted

.-to td@@’bﬁﬂ@@i‘ﬁ”egféac’:’|Etmdbjp\¢eélﬂﬁern@ﬁ@§te&ddmp?\/didmcﬂmb§< wel | known to those
in the art to give fexofenadine (F). For exanple, the ester npiety may be
hydrol yzed using a suitable non-nucl eophilic base, such as sodi um

met hoxi de Innr&é@englstﬁng%ohrpamdldrforrheraa@tr)&aﬁéteﬁ%ms%urzamw in the

art for ester cleavage include potassium 25 carbonate in nethanol

met han@nhydagesh fca'mqﬂet(é&)swudﬁrcﬁamﬂrdt@'ieq@ﬁsﬁs mndl’w)ds wvalideovenindhem

hyar oo B X el PSRRI 2 Wblin e et bt

“hydr oxigisipara, am%cmétaalb@ﬁf@é sConditibnBgdeibl abplatiol @eclien ResrD PaRS Bidsed.
The reaction_is typical carried out in an aqueous |ower al cohol

sol ventconé’ﬁﬁho%éi'}’r%&%'ﬁd%e Féﬁdﬁh@!'aﬁﬁ eewatm Fefﬂ@loaﬁcohol n- but anol ,
2- et hgxyet h | )
fr omli]gbout ?F(F)B(;rm erfger atur dﬁg'%(%ﬁﬁén ﬁYéﬂe %\E%‘ég’@){%é‘%&wfs ?15 aﬁ%%‘i)ent
and t heas A, v antdarmwydveus amotrc goivahbstctVas lmmsoﬁ disalfief, tdtfdtnsroethankd
Decenber 2005 02/ 102776 PCTI EP02/ 06424 - 30
methylene chloride, nitrobenzene, or a mixture of anhydrous aprotic solvents. The
reaction is typicaliy 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 belng preferred.
' In step b1, step b2 and step b3, the compound of formula VII! is recovered from
-the first mixture of regioisomers of formu!a 25. Such recovery is carried out by f:rst in

~ step b1, forming the second mixture of regicisomeric salts of formula 25a;

o CH, |
.- CO.alkyl (253)
CH |

O 3

20 wherein X' is a Lewis acid and alkyl is as previously defined; second, in step b2,
| crystallizing from the second mixture of regicisomeric salts of formula 25a, the salt of
formula Villa: |

o} 0  CH,
O (CHZ)Q%COZaIkyE (Villa)
| CH, '

- 25 wherein X' is a Lewis acid and alkyl is as previously defined. Such crystallization is

carried out by fractionat crystallization techn'iques known in the art. Suitable solvents




The foll ow ng exanpl es present typical syntheses as described in Schenes A
and B. These exanpl es are understood to be illustrativeiopi¥m@pshodr e not '
~intended to limt the scope of the present invention in any way. As used
herei n, \WwHe2k8H4oW ng terms 5 have the indicated neani ”gsécf/ﬁﬁozﬁ)%{)ﬁrs to
-grans; "mol" refers to mllinols; "m" refers to mlliliters; "bp" refers
to boiling point; "np" refers to nelting point; "C' refers to degrees

Cel sius; "mmHg" refers to mllimeters of nmercury; refers to mcroliters;
"g" refers to mcrograns; and "M refers to mcronolar. 10 Exanple |I Schene
. B, ste . Br rati.o f . . . .

o a-  ToRlseslHE SRRl tonophie: Rgn9LSoheRss ke meEnBl PRI S PR of

- 4- [ 3- ( hiddHidraretens RoRdnts) siieh g agitbivd br Ryl dthd-ietendudstet €ontamiigy (25)
Met hod 1: Al um num chloride (1449, 1.08 noles) was added to 200 niL of

car bon sphvefitsikei efayl aceiate qr isepropybaceatats; letheieshselventsi e tatwhydsofdrat.ogen

. e . ) ftor . . ‘nie
oy i aos e e prelfied Bhieitis ol alEaeoat gl St 1T tratBRA ©
a, a- 0¥ reydtglliphigary inehid slkak ntbtabsditd orgarbfarabBlambihie saltsf 234 foral es) was
added dropw se over 20 m nutes to the-reaction mxture.. After addition,

t he i c&uhRaswWherd e Bmdant &inke Dydrogges o3 sifgight or heanehed alisboédt 20

t enper r i ' t

i soar ang CoFREn ARSmE ol P S ReGReRRa GhPHOMIGE wiiCa BRERN R &1
concentsudsiititdy ghenyll ring. cOhtHedsA1tE56f thislipranghenethiplztnineds pteféfied) . The
product was extracted with ethyl acetate (2 x 400 nL) and washed with
water (2 x 300 nmL), brineg(1l x 300 ni). e organic |ayer was dried over
anhydr ous magnesi um sul f atle, fil ten P(Ece)iaﬁ&lhyl‘ acetate renoved in 257
vacuo to gi a 60:40 (pata.npeta) X 0 titl oppounds (25) as-«a:
light yell o@c?ﬁ”‘)rw 8 L 2539 : |

3

O R
providing compounds of the formula 25a’ after step b1 and compound of the formula

10 Vllig’ after step b2:

" 0 | Hy

CH Y~ N+ Il ﬁ / \
(CHNHt O (CH,); GO, alkyl
—  CH, :

(Vi)

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.

g

- 15 Typically, this conversion is done by the treatment with acid.
| In step ¢, the compound of formula VIl is coupled toa piperidine derivative of
formula 23 under conditions effective to form the piperidine derivatives 6f formula IX.
Such couplings are well known in the art. Generally, such procedures involve
activating the free carboxyl grou'p with reagents such as 1,3-dicyclohex3dcarbodimide

20 (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 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, ata temperature' of




Met hod 2: Add succinic anhydride (20) (2 g, 0.050 noles) to a stirred
solution of anhydrous nethylene chloride (25 nL) and nifsrhenzensg (5nl)
under a wotmagemn 30 at nosphere. The reaction m xture was ggiigpgfled® 0C 5C
and al um numchloride (20 g, 0.150 noles) was added in 5 g. increnents
over 30 minutes. a,a- Dinethyl phenyl acg®ic acid nethyl ester (21)
(5.69,.0.031 noles) was added dropw se 15 Decenber 2005 WD 02/102776
PCT/ EPO2/ 06424 31 over 20 minutes to the reaction mxture. After 4 hours,

the ic o | ], t t room
terrperg?% fﬁgﬁﬁﬁgﬁﬁgﬁ-ﬁegréﬂ%}gteﬁg tﬁ@eﬁ&ftﬂ s%&ﬁé‘h’ﬁ%@ﬂ@ﬁ‘ %&ﬁ@te@ghfq ng into
concentatadr @5hE biedehpryfegedci d (50 m-) and crushed ice (300 g). Ethyl
acetate (400 nL) was added with stirring. The organic 5 phases were

separat ed arl@ akmﬁe@a/@mmmamd;k@tounmeéle(s S)fkh%p[pemﬁ)ne demivativechf dormala 1X

renpve r o) ueous od| um

bi car bgan%trgm('é&ﬁo {183%{8_? ﬁéﬁ‘?’f’]‘@qﬁﬁ tétor(@ :#’_4? ﬁ gté&ih e \1CYRd \as
aci di §icad vith thebriine RoHTpI®GES Sidh @@Wéﬁé-ﬁﬁ&ﬁy@(ﬂfd@ Mepbh6-t8ehRYy drefirah )
and ice (30Q . The product was  _ recovered fromthe acidified reaction

Wi th et'ﬂ SL& %@@V%@eoﬁ\'?&mahw&hé ibhgeptivaliyectva detiuativalisdasiredat er (400

T soryrhebR Bldeidlihe PR ROXRANE 366 YRSl ot BRER 5°,
1 0.016 ras, exaabomm%t;asekjobatmstsodrrae re@dﬂtlénl@cam@daﬂhmfahd@nr(yﬂﬁo& afrodd60

nol es ) nh rous rbon disulfide 15 (110 mL) with stirring under a
ni t r oget? t'%ﬁ'ﬁ‘é% %er yarQigean Yrflikaier Ehemselered salvent is tetrafydapfgran.
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reflux temperature of the solvent. Typical reaction times are from about 0.5 to about
48 hours, with about 12 hours to about 48 hours‘being preferred. The amino-borane
complexes formed during reduction with the borane complexes are well known in the

~artand are typically broken by reaction of the complex with acid, by addition of TMEDA

15 -(N,N,N’,N’;tetramethylethylenediamine) to the compiex in ether, or through heating in
protic media This reaction is carried out in alcohol solvents, like methanol, ethanol,
isopropyl alcohol The preferred soivent'is ethanol. The reaction is carriéd outata
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
1o the carboxylici 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 é
suitable non-nucleophitic 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, methanbiic ammonia, potassium carbonate, potassium
hydroxide, calcium hydroxide, sodium hydroxide, magnes?um 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

B carried out in an aqueous !ower alcohol solvent, such as methaho!, ethaho{, isopropyl

30 alcohal, n-butanol, 2-ethoxyethanol or ethylene glycol or p‘yridihe, at temperatures
ranging from about room temperature to about the reflux temperature of the solvent,

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




nol es) was added dropwise to the reaction mxture over 30 minutes. After 4
hours, the carbon disulfide was decanted fromthe i nsolisbtemseeambi on
product, which was renpoved 20 and carefully deconposed with concentrated
hydr ochkas dx10atisd (100 nmL) and crushed ice (500 g). EthylcTaretates (600 L),
was added with stirring. The organi c phases were separated and washed with
dilute brine (3 x 400 nmL). The product3thas renoved as its sodiumsalt from
the organic by extraction with saturated aqueous sodi um bi carbonate (2 x
200 nmL) containing brine (50 nL). The aqueous | ayer was acidified by slowy
25 pouring into concentrated hydrochloric acid (100 nL) and ice (600 g).
The product _ was recovered fromthe acidified reaction with ethyl acetate
(300 ni). THEedplRmingsexammplesmiesrid tMP'iJﬂf arteesgpas degoribeq in Beheraes Zoont)

v« REOR! Phed RXARRNE p800MANRCRI %, FRNG: ofh ASaREhyERlor B
yiel d. liB the sB@pe W tihe PESSENNRIIDAAT BhyRISTY. ERS 2seB4eteird ThEfdlionlitg Brhghere.
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M Xt ur degfeck Céisluk; ﬁf@lmprgyfﬁéﬂfebﬂb’hnlﬂlm@él’@%hﬁéﬁmw ‘pherpetels em@?omepg yric -
- acid and of 4-[3-(1-methoxycarbonyl - 1- met hyl - et hyl’) < phenyl ] - 4- oxo- but'yri c.

aci d (28" refaomi@&xsicpigrams; HBdH‘pM”Iefeestba‘u@omxdarn 150 nmL of d| et hyl et her
and cooled to 5C To the solution (assune 100%yield, 62.5g, 0.224 nol es)
was added

10 | Example 1 o X
~ Scheme 'B, step a: Preparation of 4—[4—(1-M'ethoxycarbonyl-‘f-methyl-ethyl)-phenyl]-&
oxo-butyric acid and of 4-[3-(1-Methoxycarbonyi-1-methyl-ethyl)-phenyl]-4-oxo-butyric
acid (25) . |
- Method 1: Aluminum chloride {144g, 1.08 moles) was added to 200 ml. of carbon
15 dlsulf‘ de in a 1 L reaction ketile w:th stirring under a mtrogen atmosphere. The mixture
was chilled to 0°C to 5°C after whlch time succinic anhydride (20) (26.0g, 0.260 molés)
was added in one portion. o.,c-Dimethylphenylacetic acid methyl ester (21) (40.0‘9,.
0.224 moles) was added dropwise over 20 minutes to the-reaction mixture. After
“addition, the ice-bath wes removed and the mixture was allowed to warm to ambient
20 tempereture. After 2.75 hours, the carbon disulfide was decanted and discarded. The )
“firm reaction product was placed (portionwise) into concentrated hydrochloric acid (150 k\}, '
| '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 yeliow .

oil,

Method 2: Add succinic enhyd'ride (20) (2 g, 0.050 mol_ee) fo a stirred solution of
anhydrous methylene chloride (25 mL) and nitrobenzene (5mb) 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 & g increments over 30 minutes. a,a-

Dimethylphenylacetic acid methyl ester (21) (5 89, 0.031 moles) was added dropW|se




phenet hyl am ne (28.5g, 29.5nL, 0.235 noles, 1.05 eq.) dropw se over 10

m nutes. 10 The suspension is placed in the freezer ove[m@hiberz‘bh:e

i nsol ubl e cpapetbyl am ne salt is collected by vacuum fi IM ;3 ARd rinsed
with. 75 nmL of fresh cold diethyl ether to afford 72. Qg (8 y| el d over

two steps-Exanple 1, Method 1 and Exanple 2, Method 1, 94. 7% pure by HPLC)
of the title corrpounds (25a') as a white solid. .15 I\/bt hod 2: To a solution
of the 4-(4-(1-nmethoxycarbonyl -1-nethyl -ethyl)-phenyl]-4-oxo- butyric acid

d of ; - h -4- - j i d
20 Of Budi ReBeRR VAR sHEL NP U s BRETAL b 58 oGy
di et hyI thet ﬂeﬁcttommalsaﬂlide.cédaﬁwi:@eTm e (] tmr?ét&tt&eg‘lolr ﬂﬁtr%ém;., TBe(@84cton es,
1.1 T ubl e ene am ne sa Is collecte vacuu
fi T e s Babhes b iy osBna g teaiatas fyuoryipisacst (abl f8d 30. Og

959 f 3
| (S %5 é@mygﬂsﬁ?g E)Cé éﬁ%)d&)’éggtp ?éﬁéte%%@@%t‘)’%é@aﬂ%e@ it stikifg? Phe Eﬁ%m e
4-[ 4- Glpmaw?tmwmmted amck waghed withl ()thpehbnye](B )(25)04!4’(!»)0 Thetprodactagasl
phenet hyl am sal

Pt e RALeRR etarbant iy diacton i SHiuriee Shtsdts sadium bicaggngte (2
phenet hy hapimie) ssthintifbie §5d ﬁn.? L TABIHRELE3 AR ad a&i&iﬁ@d bnye?élBW! -

- phenyl ] - 4-oxo-butyric "aci d phenethylamne salt” (25a') obtaired from Exanpl e
2, Metpoding In(ccmomggntwded&lygls:tcaldncmnd(mml)zand iceof300cy). | Buppadyict wiasohol

d I t .d, 3 5 9% Id f 91: 9
Cpar & sty Sfectifor oS R oot il o8 e dis 20 bl offe ugarids Word
recr yist whhm@@wuthrmmam fiL ) Orirkog100SARY, e did L evsy antwmo@@kb@ighﬁéuzmte
vacuum filtration. yield 30.0 g (81.3%yield, 42.3% overall yield 15

DecenbeRenpys! OW)B@BMQIETW BEFL@FQEW) eofﬂlﬁzqampounds (25)as a yel!ow oif (4.5¢,
0.016 moies) 80.4% yield.

Method 3: Add succinic anhydride (16 g, 0.0160 moles ) to anhydrbus carhon 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 a'd&ed in18g ihcremen%s
over 30 minutes. o,o-Dimethylphenylacetic acid methy! ester (21) (19.7g, 0.111..
moles) was added dropw_ise to the reaction mixture over 30 minutes. After 4 houfé, the
carbon disulfide was decanted from the insoluble reaction produdt, which was removed
20 and carefully decomposed with concentrated hydrochioric 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) E:ontaining brine (60 mL). The aqueous layer was acidified by slowly
25 pouring into concentrated h'ydrochloric 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 dned over anhydrous
sodium sulfate. Removal of the solvent in vacuo gave the titie compounds (25) as a
~ clear oil (22g, 0.079 moles), 71.2% yield. | | '
30 '




33 based upon the original mxture, 70.4%total recovery of the para
i somer) of 4-[4- (nethoxycar bonyl -1 -nmethyl - et hyl) - phenyk{pdedepzdoyt yric
acid phenethylamne salt (Villa'). (Note: For nmaxi mumyield and speed of

crystal W@ath@nse it is recormended that the solution is sqegepheill pure
material after cooling to anbient terrp%ature and then 5 stored at -10C).

Met hod. 2: The m xture of

4-[ 4-.( 1- met hoxycar bonyl -1 - net hyl - et hyl ) - phenyl ] - 4- oxo- butyric acid

phenet hyl-am ne salt and of 4-13-(1-nethoxycarbonyl-I-nethyl-ethyl)-

phenyl ] -4-oxo-butyric acid phenet hyEaghipe 9alt (25a') obtained from Exarrpl e
2, 10 Method 2 (30.0g) was crystallized from1 liter of hot iso

al cohol Sehame &, isien ég t!}vepa@@go wf il (laMeghoxysaghani- 1 1meluyeAizg f—ph@nﬂ}-%f

Fecrysit P AElsnb ey fing il G ot pbr RIS RS R Py
-vacuum;jhértyﬂa:t. oRH- rj(j@d:[d pl\@ngtrqﬂg(r&ﬁfé yale{zﬁa )34% over aI I y| el d based upon .-
the original mxtu the titl'e conpound mpl e 4 Schene

B, Steépvigthodst eﬁaadﬂime&f 44l4r(d-methaeves Bdﬁﬂhw-eﬂwlhpheréylhg}fgxopheny| j -

4- 0x0 . .

& Dac i S G M 8%9%"3555?‘ RS eyphenyl oo hubiozed
phenet r(sztiaifmrreExalh'mm( V Mleahdd viig disselvetirinrmobxahpifelidhyMthieodnd dosledg) was
di ssol.ved in 800 rmwater-and acidified with concentrat ed

hydr ocH°6ri 0 8¢ aoluBOBmssuméOQe{w@&% 62%292+0.484 f@@t‘?ﬁhﬁ’ﬁécﬁqﬁe@h et hyI. |
B e (TSR R AL AP B E0E Sl Ao bt el R L o
t 0 200 Sthe S8splerfdion 1l glaéed ircihevessiepovemighe Tmemmm m\fent—:-ttﬁﬁamtrleesalt Ty
~ is collected by vacuum filtration and rinsed with 75 mL of fresh cold diethy! ether to s
afford 72.0g (80.5% vyield over two steps—Example 1, Method 1 and Example 2,
Method 1, 94.7% pure by HPLC) of the title compounds (25a’) as a white solid.

15 Method 2: To a solution of the 4-[4-(1-methoxycarbonyl-1-methyl-ethyl)- phenyl]—4-oxo-
‘butyric acid and of 4-[3- (‘I methoxycarbonyl-1-methyl-ethyl)-phenyl]-4-oxo-butyric acid
(25) from Exampie 1, Method 2 (22.0g, 0.0?Qmoles, 1.0eq)i 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 diethyi ether to afford 30.0g (95%) yield of the mixed isomer phenethylamine salts
(252’).

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—fnethyl—ethyl)—phenyl]-4-oxo- _
butyric acid phenethyla'mine salt and of '4-[3-(1-methoxycarbonyM-methyl-ethyl)— :
3 phenyl]-4-oxo-butyric acid phenethylamine salt (253’) 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 (562% vield) of a 91:8 (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




25 compound (VIII1) as a white crystalline solid (99.8% pure by HPLC).
(Note: It is not necessary to isolate the salt as in ExapRtgbedz00dhe crude

oi | frory&¥agphk® | can be dissolved into isopropyl al copgf/pdilicGsd Y.
fol | owed by the addi tion of phenethylamne. Crystalli zatleon occurs at

-10C, with a small reduction in overal33yield.) MH 279.2. 30 Method 2: The
4-[ 4- (1- met hoxycar bonyl - 1- net hyl et hyl)-phenyl]-4-oxo-butyric acid
phenet hyl am ne salt (Villa') obtained from Exanpl e 3, Method 2 (10. 2g9) was

di ssol \t@@ediupoaQﬁerﬁngﬂfakam@@(M‘V@ﬂﬁﬂblﬁéb %?'tHé gQraP%Bﬁ?é?IE J{
hydrochloric acid to pH2. 15 Decenber 2005 02110 776 PCIT/E102106424 34

The aqéBwtROXMgarkon-4dnethyletyephenylldboxatetyriz acndmema}hylﬁmmeosajtam cs

e. d d
¥\/Ie|r te er ggﬁgéﬁpd (\Mcc%)t%cg%h ae{éréu% 317:‘\%acu d @é%ﬁ]&e&é’s% 2(338% '%{Glﬁf)%n?f%ﬁ{in%évﬁlﬁle
- conpouttide 6¥lutibh iveseded Withpuee Imaubiigihafad!dodiing sl aHitienttbAEratire BXaTRee 5
Schene B, step c: Preparation of

2- (4- i@iqeé}%ﬁdﬂ%@)- di phenyl - met hyl ) - pi peri di ne- 1- yl ] -
4- oxo- butyryl }-phenyl)-2-met hyl -propionic acid nmethyl ester (IX) Method 1:
The 4-[4-(1-Methoxycarbonyl -1-net hyl - et hyl)-phenyl ] -4-oxo-butyric acid 10 -

(Viii) M@Ao@@P: TheQhkurawra)] Lmeﬂﬁﬂcy&maanﬁwmémyﬂetﬂy? O;BH& Wl-4Bgodi ssol ved
in 250 L of .anhydrous tetrahydrofuran to which was trleth}/Iamne,

(7.28 §utyrts @benemymgerﬁﬂlteaﬂd ofrf-Bhél -prathoxyeartoryifi-asthydeiidd)-ni ng t he
vas aaabs LA REBHNEE 28 AR sh T SAE 18R SR le Rt b T (60
m) 1 dpethed mero@) wamcwetau&fetie*roraddttet orhot |§¢5prbb9! alcshor snd\eslictiddped to
stir atvagtrjrttj)rh fn trat:on eyngltdu1r2€8£; %3% yreld) of an 85: 105 fpg?'a %étglf Eseomenc mixture.
The collected solid (12.8g) was recrystallized from 375 mL. of hot isopropyl alcohol and
collected by vacuum filiration to yield 10.2 g (80% vield, 34% overall yield based upon
~ the original mixture) of the title compound (Villa"). '
15
‘ Example 4 _
Scheme B, Step h3: Preparat:on of 4-[4~(1 -Methoxycarbonyl 1 -methyi—ethyl)-phenyl]-
~ 4-oxo-butyric acid (VIII) ‘ o :
- Method 1: The 4-[4—(1-methoxycarbonyl-1 -methyl—ethyl)-pheny!]-4—oxo-butyfic acid
- 20 phenethylamin_e salt (Vlila’) abtained 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 ofganics were
-washed with water (1 x 100mL.), brine {1 x 100 mL), dried over MQS'OK;, filtered and
- concentrated in vacuo to 20.5g (98.1% yield for conversion to the free acid) of the title
25 compound (V1) as a white crystalline solid (99.8% pure by HPLC). (Note: Itis not
necesSéry to isolate the salt as in Example 1. The crude oil from Example 1 can be
diséolved 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.-methoxycarb0nyl-1-methyliethylj—phenyl]-4-oxo—butyric acid
phenethylamine salt (Vila’) obtained from Example 3, Method 2 (10.2g) was dissolved
- in 200 mL of warm water and acidified with concentrated hydrochloric acid to pH2.




was added a, a- di phenyl - 4- pi peri di nonet hanol (23) (19.2g, 0.0719 noles) in
THE (120 nl) over 2 mnutes. The m xture was stirred afspiBhsPioos
tenperature for 30 mnutes. The solvent was renoved under vacuum and the
Tesidue wakenotipsi n 600 nL of ethyl. acetate. The organi gStB§Hcyashed ;
~with water (1 x 200 m.), dilute acid (1 x 200m.), 20 1/ saturated potassium
carbonate (2 x 200mL), water (1 x 200 @), brine (1 x 200nL), treated with
-MgSH4, filtered, concentrated. and dried under high vacuumto give the
title" H conmpound (I X) as a white solid (29.2g, 85.6%yield, 98.2% pure by

- HPLC) . "M aqbéBudwad exifichatiwih el acetate (2 x 150 mL). The organics were
4-[ 4- (1- Met hoxycar bonyl - 1- - et hyl - et hyl ) - phenyl ] - 4-oxo0-butyric acid (VIII)

(20. 0g, WeshEd vithyyater bMOnI@& ftrftm (E3%7) |r@L)4drwétom Mg%@drsﬁlter@dm nol es)

(300" m > e eRRER N pc b Gbive o B Bien RO By P s el

(9. 9q, (ﬁﬂﬁrh&hmﬁheﬂ%dvmon sidaidthgt 0 the chilled solution |n one portion. The .
mxture is stirred at OC for 1 hour and 30 then allowed to warmto anbient

: terrpe?ature where the mixture is stirred for 7 hours. After than tine
~azacyclonol (23) (7.1 g, 0.026 nol eg %x gdded to the m xture in one
portion. The mxture is allowed to Strr overn| ght for 15 hours. The

react i oBcheme &, sters clEPerammarof m@&mﬂ%@ﬁhﬂ;@%"pﬁeﬁﬂﬁréﬁ%! Qi@éﬂém%ﬁ ~yl}-
filtere hV\hat 541 paper,to renove ecipitated

1, 3-di c‘ﬁ@?‘%ﬁé&%ﬁ %‘B"qthylt TQP@W'%a%ﬁﬁﬂ'Wﬁﬁﬁr/( IXat urat ed K2CB (3 x
100 ML) MeWRIer L
bri ne %1 x 100 gﬁeﬁ Eiﬁgt me%?%ﬁ)cb%@yl-ﬁcﬁtﬁy} &hﬂgghg}lgﬂﬁ@%&aégﬁra ch to) a
yel | & (Mill) ((ZIJCDQQ@ 0BBYayile) obta:nﬁda‘rmncﬁkarnpﬁe% d¥lethafd 1 wmﬂls&ﬁaipenl irt 258 o

carry f O[V\@ra%h%rous tg?rahygrofuranqo Whith Qv%ssgé?ecf tne?ﬁylg?mgeb t('?ZQ ByGZ mi, -
0.0719 moles) in one portion. The flask containing the solution was placed in an
ambient temperaturé water bath.. To the solution was added ethyl bhloroformate
(7.02g, 6.19 mL, 0.0647 mole) in THF (60 mL) dropwise over 1 minute. After addition,
- 15 the mixture was aliowed to stir at ambient temperature for 15 minutes. To the mixture
was added oc,oc-dipheny{~4~piperiﬂinomethano! (23) (19.2g, 0.0719 moles) in THF (1é0
mL) over 2 minutes. The mixture was stirred at ambient temperature fdr 30 mfnu’tes. “
The solvent was removed under vacuum and the residue taken up in 600 mL. of ethyl.
_ acetate. The organics were washéd with wéter (1x 200 mL.), dilute acid (1x 200mL)
20 Y saturated potassium carbonate (2 x 200mL), water (1 x 200 mL), brine (1 X ZOOmL)
 {reated with. MgSOs, filtered, concentrated and dried under high vacuum to give the titler’
compound (IX) as a white saolid (29 2g, 85 6% vieid, 98. 2% pure by HPLC) MH*
528.4.

LT
I“‘%ﬁﬁ” -

- 25 Method 2: The 4-[4—(1-Methoxyca'rbony!~‘1-me;thyl-ethyl)-phenyl]-4-oxo_-b'utyric acid
C (viin (20.0g', 0.0719 mole) obtained from Example 4, Method 2 (6.8g, 0.024 fnoles)
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‘99, 0.048 moles) was
added fo the chilled solution in one portion. The mixture is stirred at 0°C for 1 hour and
30 then aliowed 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




crystallization fromacetonitrile (6 m/gramwith -r80% recovery) Exanple 6
Schene B, step d: Preparation of 15 December 2005

4-[ 4- [ 4-Gwidv@dhexyei phenyl met hyl ) - 1- pi peri dinyl]-1- 10 CT/ PO2OG
hydr oxybutyl ] -a, a-di rnet hyl benzeneacetic acid nethyl este ]%?31’53 ﬁ%t hod 1:
The 2-(4--{4-4-(Hydroxy-di phenyl - met hyB}- pi peri di ne-1-y1] - 4 oxo- butyryl }-

phenyl)-2-net hyl -propionic acid nethyl ester (IX) obtained from Exanple 5,
Method | (28.0Qg, 0.0531 nole) was dissolved in 300 nL of dry THF. To the

Sti I r edfilspbdtholg gHaThamidieod PRRRBRITRNILe Bid SreEpitaRIP) X fidiB IRES. |

12.92 nL) dropwi Se over five 15 mnutes. The ‘m xture wds
for 60 W%ﬁ!ﬂr@;ﬁe Endashechwib s éaturatedrf&@@e (3tehf@ ndt) watar(8rx 1D mil)udikge

st 1 ro s P30 mb3 AR EEx Fednh) Brinadt SoAB A et MOS Gt o g1 ve
a whi t fitiepdd dndﬂmﬁcéﬁﬁat@uetomlmém{]% | g5 Qfe18]: ?ﬁﬁg%@dﬂ (€6 sfibaRe!

and heated at reflex for 26 hours hanol” was re I'n vacuo and the
20- r e U I Fady derwisd or Hidesired, @ mererpure semple ea bexotgamedihy The

- organi t, ;. brine.(1 x 200 nL) and
treat 'emg{tﬁh%ﬁ}gﬂ%ﬁ{aﬁ??%téﬁg (§r§]a| @lgﬁkgﬁgrgpgﬂr?wv9%uo to give 26.4g
(96.6% 91.0% pure by HPLC) of the title conpound (24) as a white solid.

MH 516.6. 25 Method 2: The
2- (4-{4-4- (Hydr oxy- di phenyl - net hy| ) Ex@pBle @i ne- 1- y1 ] - 4- oxo- butyryl}

h I | l e 5,
Nt noa SHepEe Bty 8P ebdrafon o AT I LGSt By e Gp RS IFE  he
st i rl@d‘lysmxyﬁmwi] M@Sdlrﬁdﬂ?lﬂ)ehzémtdhd nethjlicdeerqenpl ex (0.027 nol es,
2. 65 ), dropwise over five mnutes. The m xture was heated at reflex for

45 ni nifigidodnd Ther- M%Hv@%mlmnmmbm)@mw@-1w&}mmbmmi}m was
2o e 2 et R 8 R B o et Wb
(28.0g, 0.0531 mole) was dissolved in 300 mL of dry THF. To the stirred solution was
added borane-methyl sulfide complex (0.136 moles, 12.92 mL) dropwise ovér five
15 minutes. The mixture was heated at reflux for 60 minutes and then cooled to ambient
_tempefature 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 {o 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 MgSOy, 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)~piperidiné—i ~yl}-4-oxo-butyryl}- 7
phenyl)—2-methyl~propidnic acid methyl ester (1X) obtained from Example 5, Method 2
| (5.28 g, 0.01 moles) was dissolved in 75 mL of dry THF. To the stirred solution was
added borane-methyl sulfide complex (0.027 moles, 2.65 mL.) dropwié.e 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
B dissolved in ethyl acefate (500 mL) and washed with wat_er-(1 x 200 mL}. Y4 saturated




di ssolved in ethyl acetate (500 nL) and washed with water (1 x 200 niL). ?/
saturated 15 Decenber 2005 WO 02/ 102776 PCT/ EP02/ 06424 18BecekBeB®5(1 x 200 °
m.), water (1 x 200 nlL), brine (1 x 200 nm.), treated with MgSO™, filtered
and concwoteabedsi n vacua to a white solid. The white sol pc/wag/@imsol ved

in 60 nL of nmethanol to which was addgg 30 nL of 37% fornmal dehyde. The

m xture was refluxed for 18 hours. nmet hanol was renbved in vacuo
(alternatively the reaction .5 can be diluted 5 fold with water as a
substitution of nethanol renoval) and the reaction product was extracted

wi t h. etlyTOaCEKR0O rR),watso (‘hk P00 ThE), durigen(t cs20@ el )wrehisd wﬂhﬂ\kg&ﬁh,er' (2 x
100 mL),. brine (1 x 100 and treated. w iltere )
concent TATEd 3 PRCEBTREYPIEHO K 208t pol. T e Vit s0/Ehas arkpoles) "8
white spiidg rﬁéthaﬁanfdwmentwéwéadéa 80 rRI2bf %74 0foMRE erﬂﬁ CZ}

step e: Preparation of 4-[4-[4-(Hydroxydi phenyi net 1- pi peridiny :
hydr oxylefluyed fer, t8 bounst hmeamlmmﬂ@as rensaved ln(vlé)cum(ahematwelmthe reactlon .

i ot RS SSMEEE RIS WA Boie SRS S hrpbiahes reRbvRb B B FpagBin og
0. 0388 mh@’bw%%xﬁhéﬁéﬂwmeth 8@&&1(@-(2’{( 1%tmﬁgmrhe-fﬁ%éﬁés$\ﬂiréwé§héﬁas -

added a sodi um hydroxi de sol ution. (8 The reaction

m xt ur ewitie waber/(2at 100 nalt), brea (1 1&5)(”3!)) mtfﬁe’mde‘dlthﬁ\ﬂg%@h \fitered apdhours,
a0d et aghethd ST G AR B L P8 Ak Mo
t enper aguficiehPpurity o t@gwson&rg}g precipitate was col |l ected by vacuum
filt rl%t i on
Example 7
Scheme B, step e: Preparation of 4-[4-{[4~(Hydroxydiphenylmethyl)-1-piperidinyf]-1-
_hydroxybutyi}-c, oc-dlmethylbenzeneacetic acid (F) |
Method 1: The 4-[4-[4-(Hydroxydiphenylmethyi)-1- plperldlnyl] 1-hydroxybutyl]-on o~
- 15, dmethylbenzeneacetm acid methyl ester of Exampie 6, Method 1 (24) (20.0g, 0.0388
o 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 acidiﬁéd to pH 4-5 with acetic acid (13.8 mL). The mixture was stired at
20 ambient temperature for 1.5 hours. The precipitate was collected by vacu,um‘ﬁ.ltration‘
and dried under vacuum to give 3.30g (85% yield) of the title compound Fexofenadine 3;;
(F) as a white solid. ‘Purity assessment by HPLGC 99.9%. Retention ime and spectral
match by HPLC againét' a fexofenadine standard. MH™ 502.4

25 Method 2: The 4-[4-[4-(Hydroxydiphenylmethyi)-1-piperidinyl]-1-hydroxybutylj-a,c- |
dimethylbenzeneacetic acid methyl ester of Example 6, Method 2 (4.0, 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 for3

- hours, and then cooled to ambient iemperature. The solution was acidiﬁed fopH 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

| filtratidn. The precipitate was dried under vacuum to give 3.3g (85%) of the fitle




and. dri ed under vacuumto give 3.30g (85%yield) of the title conmpound
Fexof enadine (F) as a white solid. Purity assessnent bys biRbdbeD809%

Retenti.qnot{,hm—,@@d spectral match by HPLC agai nst a fexe{ghadh t andar d.
M# 502.4 25 Method 2: The 4-[4-[4-(Hyd roxydiph enyl m CHRL RGP

et hyl) - 1- pi peri di nyl ] - 1- hydr oxybut yI ]-34,a dinethyl benzeneacetic acid
met hyl ester of Exanple 6, Method 2 (4.0g, 0.0078 noles) was dissolved in
80 nmL of nmethanol. To the solution was added a sodi um hydroxi de solution

(2.8 g ¢om@durid-fexbiemsidiig (F)Mes badiitd SulidTi Pty swessiheat B HFLa ebloex for 3
hours, and then cooled to anbi ent te&Ber ature. The solution was aci d| fied

to pH Aetegtionfime ap@sepectalimatchdiv idRed againsta texafanasine standard. MH”

met han(g dhe mxture was stirred at anbient tenperature for 1.5 hours.
- The precipitate was collected by vacuum filtration. The precipitate was
dried under vacuumto give 3.3g (85% of the title 15 Decenber 2005 WO
02/ 102776 PCT/ EPQ2/ 06424 37 conpound fexofenadine (F) was a white solid.
Purity assessngent by HPLC 99. 9% ReX@mpleB tinme and spectral match by HPLC

agai nstgeh f ﬁ?éﬁ? Q4.4 Fﬁg&ﬁ A, optional
. step f: Précengéérg‘at% on 01?5 @5 F4 rﬁy@é’igg%ﬁéﬁy me {Hﬁe%ﬁﬁgﬁgﬁ &
pi per i gripgridinyi}-¢>odobuyi}-o a-dintethpibehybhequetioemicricthd@stemet hyl est er :
4-[ 4- 4- [ﬁbH[vigr oxydi phenyl net hyl ?1 1 p| eridinyl]-1-hydroxybutyl]-a, a-
di met hy exydipherylmeiia %P'Ié%ft yikd-hydgoxybutiBes-nol ) was di ssol ved
in 100 h, t h | u S
e Y O L I T
dr opwd sAL wibtétorerRd ielled irpen Fdesba®. To the solution was added Jones reagent
(Prepared via the method of Feiser and Feiser)' dropwise until a red color persisted.
The reaction was allowed to warm to room temperature and then stirred for 18 hours at
ambient temperature. The mixture was concentrated under vacuum to 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 ireated with MgSQOy, filtered and concentrated in vacuo to give a light green-
solid. Purification via.column chromatography ylelded 1 259g (61 % yield} of the title

compound as a white sofid. MH* 514.6.




The reaction was allowed to warmto roomtenperature and then stirred for
18 hours at anbient tenperature. The m xture was concentpalgsl, thggdler vacuum
to give a green solid. The residue was partitioned between ethyl acetate
(150 nL) wod2mazzee (150 15 nl). The organic | ayer was sepapaiasozvashed
with water (3 x 100 nm.), brine (1 x 100 _nl) and treated with MySH,
filtered and concentrated in vacuo to gi3\§e a light green, solid. :
Purification via colum chromatography yielded 1.25 g (61 %yvyield) of the
title conmpound. as a white solid. M+ 514.6. 15 Decenber 2005 WD 02/ 102776
38 d ai nBlalme conpound of the formula HXRC--- (CU2)2 " -~

")----}--C2al kyl- CH3 5 wherein alkyl is 1-6 carbon atonms. 2. The conpound
of claiml wherein alkyl is nmethyl. 3. The conpound of claiml| wherein,

al kyl . i's1 et hyype cd s thapesnd of the formula n n X* - o-- - -(CH2)?2
/\ ~_002%|°k§1&"”"g43 8 g |

-~ \~
o H3 .
HO,C—— (CH,); CO,alkyl

CH

3

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 alkyf is ethyl.

10 | |

4, The 'combound of the formula

x+ "~ ol (CHz)z—‘l—@—T-COZatkyt

CH,

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

15 5. The compound of claim 4 wherein X is
O
B. The compound of claim 5 wherein aikyl is methyl.
7. The compound of claim 5 wherein alkyl is ethyl.

.20

8. The compound of the formula




wherein X} is a Lews acid and alkyl is 1-6 carbon atons. 15 5. The
conpound of claim4 wherein XF is (CH2)2 NH3+ 6. The conpauagdsLboog! ai m5
wher ei n aV&y1/162876net hyl .. The conpound of clai m5 wherei n padtkplozb&2et hyl .
The conpound of the fornula PCT/EP02/ 06424 15 Decenber 2005 WO 02/102776
PCT/ EP02/ 06424 39 wherein alkyl is 1-6 3&rbon atons. 5 9. The.conpound of
claim8 wherein alkyl is nethyl. 10. The conpound of claim8 wherein alkyl
is ethyl. 11. The process for preparing a piperidine derivative conpound of
the formula 10. 'Wierekd al kyl~i s 1-6 carbon atons conprising providing a
compound of the for CQ2al Eryt CH3 wherein alkyl is 1-6 carbon
atons and converting qupl to the piperidine 15 derivative conpound
wi'th a piperidine conpound he formula: 15 Decenber 2005 WD 02/102776

PCT/ EP02/ 06424
N o CH,
//I'—(CHz)z—u-—< >—{—cO2a1kyl

CH,

wherein alkyl is 1-8 carbon atoms.
9. The compound of claim 8 wherein alkyl is rhethy!.
10. The compoundrof claim 8 wherein alkyl is ethyl.

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

10

- ‘wherein alkyl is 1-6 _carbon atoms comprising providing a compound of the formulaﬁ

o . o H, -
HO ”_ (CH,); I @—-T‘CO_,_&\IKW

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:




40 12. The process according to claim 11, wherein said providing conprises:
a) acylating a starting conpound of the fornula: 9H3 CQReblyhbttdds wher ei n
alkyl is 1-6 carbon atons with a conpound of the formula O O O under

condi ti oN&0 83/108216 ve to produce a m xture of regi oi soners PEA/ERIPE6RGr nul a:
wherein alkyl is 1-6 carbon atons; and 10 b) recovering fromthe m xture of
regl oi soners the conpound of the formuffa: 0 HO Il -{CH3:)- | _
"}-~C2al kyi CH3 wherein alkyl is 1-6 carbon atons. 15 Decenber 2005 WO
02/ 102776 PCT/ EP02106424 41 13. The process according to claim 12 wherein

said recovering conprises crystallizing a regioisoneric salt of the
for nul a: - O O - ‘

OH

N
H

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

a) acylating a starting compound of the formula:
. CH,
Q—}"Coza!kyl
: 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:

Qo ‘ CHs

HO.

_ wherein alkyl is 1-6 carbon atoms; and
10 | |

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

Q 0 ) H,
HO—U—(CHZ),,_' ‘ COLalkyl

CH,

formula:

wherein alkyl is 1-6 carbon atoms.




wherein alkyl is 1-6 carbon atons and XX is a Lew s acid. 14. The process
according to claim 13 wherein said recovering conprises ispk¥dsbaabdoszi ng a
regi oi SOREH pF1eHet Of - the formula: .10 0\ CO 0 {CH) a;,}gy;Esz,&4g4 wher ei n
al kyl is 1-6 carbon atoms. CHa 15. The %Cocess according to claim1

wherein alkyl is nethyl. 15 16. The pr¥icess according to claim12 V\,herel n
al kyl is ethyl. 17. The process for preparing a conpound of the fornula N
OH CH3 (CH2)3 R CH3 wherein Ris COOH or COCal kyl and al kyl is 1-6 carbon
atonms conprising reducing a 20 conpound of the-fornula:

13.  The process according to claim 12 wherein said recovering comprises

crystallizing a regicisomeric salt of the formula:

_ . . .
X o0 | {CH,); ” @—T-cozatkyr

CH,

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

14.  The process according to claim 13 wherein said recovenng compnses

crystallizing a regioisomeric salt of the formula:

0 -1 i /N e
@—«:szﬂr o (CH,); COjalkyl

CH,

wherein alkyl is 1-6 carbon atoms.
15. The process éccord_ing to claim 12 wherein'a'!kyl is methyi.
15

16.  The process acéording fo claim 12 wherein alkyl is ethyl.

17.  The process for preparing a compound of the formula

wherein R is COOH or COOQalkyl and alkyl is 1-6 carbon atoms comprising 'reduc:ing a

20 compound of the formula:




15 Decenber 2005 WO 021102776 PCTI]~P02/D6424 . 42 O)---(CH2 CQ2al kyl CH3 .
18. The process according to. claim 17 wherein said redm@gnueszoggrrl ed out
usinng borane-nethyl sulfide. 19. The process for preparing a piperidine
deri vati weoegmzaumd of the fornmula wherein alkyl is 1-6 cap®ppr@ivess .
conprising providing a conmpound of the fornmula: 10 O O3 HQ(CH2)2 / °

Q2al kyl wherein alkyl is 1-6 carbon atof® and converting the conpound to

the piperidine derivative conpound with a piperidine conpound of the
formula: N' it CH3 15 WD 02/102776 43 15 Decenber 2005 PCT/ EP02/06424 ' 20.

The process according to claim 19, wherein said providing conprises: a)
acylating a starting conpound of the formula:

O

) - OH

N 0 " CH, ‘
//]v-(CHz)z‘—“-—@—l-—COEalkyl
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

CH,

N oH . CH,
_(CHz)s < > ‘.COZH

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

i/

I
HOJ—(CH

2}2

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

derivative compound with a piperidine compound of the formula:

15




- CH3 CQ2al kyl CH3 5 wherein alkyl is 1-6 carbon atons with a conpound of the
fornmula under conditions effective to produce a. nixturasotchegb@mssoners of
the formWaetdey@ wherein alkyl is 1-6 carbon atons, andpkq,ﬁ),ﬂﬁ(ggpverl ng
fromthe mxture of regioisonmers the conpound of the forrmula: O o J
CHO-(CH2)2 ( \ CRafkyi CH3 wherein alky43is 1-6 carbon atons. 15 .15
Decenmber 2005 WO 02/102776 44 PCTI EPO2/ 064-24 21. The process accordl ng to
claim 20 wherein said recovering conprises crystallizing a regioisoneric
salt of the formula: 0 O '

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

a)  acylating a starting compound of the formula:

E CH,
Q CO,alkyl
-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;

%CO alkyl

, whereln alkyl is 1-6 carbon atoms; and
10 ,
b} recovering from the mixture of regioisomers the corripound of the

formula:

i 3
HO | -(CH,)5 L7 X CO,alkyl

wherein alkyl is 1-6-carbqn atoms.

15




H(CH2)z Ozal kyl" CH3 wherein alkyl-is 1-6 carbon atons and X is a Lew s
acid. 22. The process according to claim 21 wherein sai dismeeaperoo

conprises crystallizing a regioisonmeric salt of the fornula: 3 - 0 OH (/
\4c )z rweomyaltyl 0. (CH), Il i..ri3 wherein alKkyl i sPQrBEP@QHGEIN
atonms. 23. The process according to claim 19 wherein alkyl i's nethyl. 15

24. The process according to claim19 rein alkyl is ethyl. " 26. The
process for preparing a conpound of the formula wherein alkyl is 1-6 carbon
atons conprising 20 acylating a starting conpound of the formula: 15
Decenbe .212005 ha/woess 6eroslingi elrinr Poaberin said recovering comprises

crystallizing a regioisomeric salt of the formula:

- ﬁ Q . H,
X e (CH,); 1 @—;—Cozalkyl

CH,

wherein alkylis 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: -

' | 9. | 0 : GH,
10 O "ol oy -@‘i‘“’z‘”‘"‘“

CH,

wherein alkyl is 1-6 carbon atoms.
- 23. The procesé according to claim 19 wherein alkyl is methyl.
15 24.  The process acdording to claim 19 whérein alkyl is ethyl.

25, The process for preparing a compound of the formula

CH,
; CO,alkyl -
CH,

wherein alkyl is 1-6 carbon atoms comprising
20 _ |
| a)  acylating a starting compound of the formula;




45 CH3 CQ2al kyl CH3 wherein alkyl i's 1-6 carbon atons with a conpound of-
the formula: O O p under conditions effective to produgepaesbesbasse of

regi oi sowas &/wbk74khe formula: 5 HO O wherein alkyl is 1-6pegpghe@bpns; and
b) recovering fromthe m xture of regioisoners the conpound of the
“formula: 10 wherein alkyl is 1-6 carbor#atons; c¢) converting the conpound
--of step b) to the piperidine derivative conpound of the formula: 15
Decenber 2005 WD 02/ 102776 PCTI EP02/ 06424 46 wherein alkyl is 1-6 carbon
atons with a piperidine conpound of- the formula: and 5 d) reducing the

pi peridi ne derivative conpound rep@H(gd in step c).
- CO?_a!kyl

CH,

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

under conditions effective' to produce a mixture of regicisomers of the formula:

3
O ' CH,
—T—CO,alkyl
HO
0 3
wherein alkyl is 1-6 carbon atoms; and
bj recovering from the mixture of regioisomers the compound 6f the
formula: , |
T o9 H, |
HOZC——(CHz)z—”—< };-cozaikyi
i - - CH, :
;10 | '

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




~26. The process according to claim?25 wherein said reducing in step d) is
named out using borane-nmethyl sulfide. 27. The process 1ape@mnirp@st o cl ai m
25 wherein said recovering of step b) conpri ses crystaII|2|ng a

regi oi sonevpe28ed776 of the formula: wherein alkyl is 1-6 carbrer/Er@REsANd X}
is a Lews acid. 28, The process of claimZ27 wherein sal d recovery of step
b) conprises crystallizit a regioisoneri©salt of the fornula: wherein
alkyl is 1-6 carbon atonms. 20 15 Decenber 2005 TWO 02/ 102776 PCT/ EP021 06424
47 29. The process of claim 25 wherein alkyl is methyl. 30. The process of
cl aim 25 wherein al\tvhlerela alitylhyd 1-8Bdarbonhaoptsowith s piperidirepesmpguad of tireund
of the fornul COTT%I’I sing 10 a) acylating a starting conpound of the

f ormul a: kyl CH3 . wherein alkyl is 1-6 carbon atoms with a
conpound of the formula: . :

OH
. - and

5 1 d). reducing the piperidine derivative compouhd prepared in step ¢).

26. - The process according to claim 25 wherein said reducing in step d) is carried

‘out using borane-methyl sulfide.

27. The process according to claim 25 wherem saud recovering of step b) compnses ‘
crystalllzzng a regioisomeric salt of the formula
ol NI
Xt o——(CH,); CO,alkyl
: CH -

3
wherein alkyl is 1-6 carbon atoms and X+ is _a_' 'L_éwis acid.

28. The procéss of claim 27 wherein said re_coVe_ryf of step b) comprises crystallizii

a regioisomeric salt of the formula: V

X
CO,alkyl

Q\/_\Nﬁaf '-O—J'l‘—(CHz)z '

~.wherein alkyt is 1-6 carbon atoms.
20 |




O - "0, _0 15 under conditions effective to produce a m xture of

regi oi somers of the fornmula: 0 wherein alkyl is 1-6 canbDeesbopms CH3 15
Decenber &/ @r#42/ 102776 PCTI EP02/ 06424 48 b) recoveri ngpdt/Rpddes

m xture of regioi somers the conmpound of the fornula: H®2C (CH2)i c¢)
converting the conmpound of step b) to th&7piperidine derivative 5 corrpound
of the formula: N' 0 CH 3 CQ2al kyl - (CH2)2 JL-X-J CH3 wherein alkyl is
-1-6 carbon atons with a piperidine conpound of the fornula: d) reducing the

pi peri difie derhualb¥esLONPANRYSWh&keRPatdl fsquBitgyi de a 10 piperidine
derivative of the fornmula: WO 02/ 102776

30. . The process of claim 25 Wherein alkyl is ethyl.

31 Tbe process for preparing a compound of the formula

. o

QH CH
CH,
| comprising -
10 |
a) _acylating a starling compound of the formula:
.~ .CH,
. CH;- |
wherein alkyl is 1-6 carbon atoms with a cdmpdund of the formula:
15 under conditions effective to produce a mixture of regioisomers of the formula:

OA‘ - CH,

HO"

wherein alkyl is 1-6 carbon atoms;




49 wherein alkyl is 1-6 carbon atons; and 15 Decenber 2005 PCT/EP02106424.
e) converting the CQRal kyl noiety to a CO2H noiety. 5 32151)1'&%@!2@(5%3
according to claim 31 wherein said reducing in step d) is carried out

usi ng borgpapBiAy!l sulfide. 33. The process according to glgigpe3hsiherein
sai d recovering of step b).conpriseE crystallizing a regioisoneric salt of
the: formula: 10 wherein alkyl is 1-6 ca#®on atons and X{ is a Lewi s acid.
34. The process of claim 33 wherein said-recovery of step b)

conpri ses- cr’ystai.l izinc a regioisoneric salt of the fornula: 15 wherein

al kyl - 's 1 T?]car P@éb@rmasfrox%ﬁhem&mé%%@o?éorﬁé@tiﬁb%rﬁ@fuﬁd B fgky! 18

met hyl . e process of clal 31-wherein
: formula:
_ 0 Hy
- HO,C— (CH,); CO,alkyl
| . CH,

¢) . converting the compound of step b) to the piperidine derivative
" 5 compound of the formula: '

OH

N 0 . CH,
)—(CHZ)TJL—@—I—COZaikyI
¢

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

OH

=z

d) reducing the piperidine derivative compound of step c){o provnde a
10 plpendme derivative of the formula: '




15 December 2005
WO 02/102776 PCT/EP02/06424

49

N~ OH CH

| : 3
(CH2)3 CozaIKYI
" CH,

3
wherein alkyl is 1-6 carbon atoms; and

e} converting the COqalkyl moiety to a CO,H moiety.

5 32. The process according to cla!m 31 wherein said reducmg in step d) is carried

out using borane-methyl suifi de

33. The process accordmg to claim 31- whereln sald recovenng of step b). compnsec
crysta!hzmg a regioisomeric sait of the formula
i} ~ 0 'H |
X-l- O ” (CHz)z ” - / \ zalkyl
\ CH3
10 V\?hereir_l alkyl is 1-6 carbon atoms and X' is a Lewis acid.

34. ~ The process of claim 33 wherem said- recovery of step b) comprises crysta}l:zmc

a regioisomeric salt of the fomr\ula
.\/\:«w ‘ —H—~(CHZ)2 CO auqd

where:n atkylis 1-6 carbon atoms
15

35. The process of clairﬁ_ 31-wherein alky! is methyl.

36. The proc‘ess‘of- clairm:31-wherein alkyl is ethyl.




