; e3elxLLv, 6$TxVi \ - WD 00137457 PROCESS FOR PREPARI NG TRI CYCLI C 7 § MAY 2007
'COMPOUND HAVI NG ANTI HI STAM NI LVITY 5 BACKGROUND OF THE | Nvention This
i nvention provides an i nprove@lﬂﬂ% |m Iiu"mm novel internediates for
preparing anti hi stam nes he process and the internediates
of this inveotwdnsare useful in thelereparati on of | or at aptmessselisscl osed in
U S 4,282,233, and descar boet hoxyl or at adi ne
(8-chloro-6, 11-di hydro-11- (4- pi peridylidene)-SHoenzo[ 5, 6] cycl oheptal 1, 2-b] p
yridine) ("DCL"), disclosed in U S. 4,659,716. U S. 4,659,716 discloses the

fol I owi ng prom;mlgss mmwmglwtwamm@mcdc@@moﬂmns faViNg (1} H3C~ N.
MyCl 1. 2. H30+ r SOC12 MC(‘N QCACII (HS TV 1 COOCZH5 | or at adi ne
decar bal koxyl ation 2 ~" MNAY="S 1 A0 .n?JZ £l 2 8 MAY 203
5
A ND OF THE INVENTI

This invention provides an improved process and novel intermediates for
preparing antihistamines. In particular, the process and the intermediates of this
invention are useful in the preparation of loratadine, disclosed in U.S. 4,282,233, and

10  descarboethoxyloratadine (8-chloro-6,11-dihydro-11-(4-piperidylidene)-5H-
benzo[5,6]cycloheptal1,2-b]pyridine) (“DCL"), disclosed in U.S. 4,659,716.
U.S. 4,659,716 discloses the following process for preparing loratadine and
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.-. WD 00f 37457 PCT/ US99/ 27936 According to this process, the tricycliZz8 MAY 2003
ketone (1) is coupled with Gignard reagent derived from
4- chl or o- N- et hyl pi peridine. The al cohol (2) derived fromthis addition
reactl on i Y ted under acidic conditions to produce, ‘ﬁ"?@ (3).

und (SYB?’E ﬂ‘gn subjected to a Von Braun reaction wt ﬁH-PS%
c hI or of or nat,ecdomlﬁgrtetﬁucﬁro&sk atieatiaytiioketordd@) iseguplee with&jrignad rd:rggent

decar bal koxgéggnimmlﬁl ﬁWNgﬁemyI&gﬁid%o & Bl o7 ictivkd ABndnid iHRRn_ Of

serious dra or O- pi peridjne) required for the
Grignard red€qtisn lwel‘}‘fjfﬂtﬁ‘é“'l@éf #ilic gopylitions to PrQdues qompopsy @ )-pyerapagnd; e
synt hesi s, a@}lisitifenisnisieadd te aa'tontl}tmneemmrrﬂsh ety elomfdymete to predywer at ure. The

react i on of %gasaﬁ,g] 6 bRl BY bR i othodBROMGRIATRGN | o1 e L0 10

produce the tl bout 60% due to
the ocur r enc¥fgss foghs eg of S&Hﬂ‘i'stqrﬁ’%’ l%/ gl‘ Ihiﬂg’ aﬁ‘ﬁfﬁ?" "dine ring) and

reducti on. Trhethyipipymthm ragmiraf fonthe Gmghar@ 2:)action withobleketone dhypoameessibl) is a
sensitive r%@}lb}pz{‘ st@;&" nth%éiﬂ‘%fxd %%étﬁﬂe Qﬁenﬁi&%ﬁé&%o&%}nb%[‘te Etdfure. The Von
Braun reactiQn of CO&@@ ,é ﬁd‘%&'} " ‘L t adi ne @d €S noxi ous

chl or onet hankiedeacgoryatkerne (B, with yp‘Fﬂ’ﬁ ] 3@8%3“5‘@ e oduct nust be
deconposEd  givedvice tielajcohal (rienal ia highayielding wadtion (ahburéS i) duceto tmmeseeq@ﬁ obl ens
are elim nat&%@iigété‘s‘ddﬂfoﬁ%ﬁéﬂt? Y % ihOfng mxomhww&%wm 20 This

i nventi on pr cess ar| avin e for mul a: i
R o0 L0 Dol et Srpa B i e p e h At CORETEbOn g of | ol Kyl

al kEnyI aI kopmplopnda(3y Ean axeal [k Vonyamilmabdcybn ofaxoohpoymll @ptolpyddmbkyl , R bei ng
opti onal | y SlHB%i&%P&@cQ%oﬁH&%ﬂ&bfﬁ&ﬁa%e 29a %ﬁéd%ﬁf’-groﬁﬁ&mrm@h&musg? al kyl)

al koxy, reacting

rocess,h co t ste
2 ket onelhauihic Festpe Tzossd Coemheals blfhe diSssie abF oBoshneb BielS Lsoo) 27930
Cl N1 O wi tiotlerosnar glinoatedby/the gresembinfentionyl a Rz O P- - R3 0 - N RIO ~C-O
wherein R is as defined above, and R2 and R3 are independently sel ected

fromthe 5 group consisting of -OR' and -R') wherein R' is al kyl, phenyl,
substituted phenyl, cycl oaamwﬁibmwﬂg&yl , cycl oal kyl al kyl, or

substituted cycloal kyl al kyl; (b) treating the reaction mxture from step

i . i c
formi a B0 (R B S AP SRR hav 10 1

above; and
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wherein R' is selected from the group consisting of: alkyl, alkenyl, alkynyl, aryl,
aralkyl, cycloalkyl, and cycloalkylalkyl, R' being optionally substituted by substituents
25  selected from halo, -OH, alkyl, alkoxy, or -CF,, said process comprising the following
steps:
(a) reacting a ketone having the formula



,(c) 'thermal |y deconposing the ~i-hydroxy internediate to formthe cor&a%mmm
of formula (1). This invention further provides a process for preparing a

conmpound having the fornula: 3 <y, ~, Z 8 MAY 2003 - WD 00l 37457
PCTNS991279 sai d process conprising the follow ng -y
reacting a Y’?gtqg%@ﬂavi ng the formula G NI _ O5 wth a Eﬁ/gﬁ/izgﬁ havi ng

the formula R2 OAWP/ Ra N R1\ O ~CQO is selected fromthe group
consisting of: alkyl, alkenyl, alAiy W )Claral kyl, cycl oal kyl, and
cycl oal kyl al kyl, R being opti oral | 5 uted by substituents sel ected
fromhal o, -OH, alkyl, alkoxy, o¥ O3 e R2 and R3 are independently 10
sel ected fromthe group consisting of EOR' and -R', wherein R' is alkyl,
phenyl , substituted phenyl, cycl oal kylc)) substituted cycl oal kyl

cycl oal kyl alvdshl 3cathaniot haing thé Remalicl oal kyl al kyl ; (b) treating the reaction
m xture fromstep (a) with a protonating agent to forma p-hydroxy
intermedi ate having the fornmula 4 o.~ 2 8 MAY Z003 - WO 0037457

PCT/ US99/ 27936 OH P(O (R2)(~3) 5 1 R ~(3P=Cﬁ£)

©
N
| |
wherein R’ is as defined above, and R* and R® are independently selected from the
5  group consisting of -OR* and -R*, wherein R* is alkyl, phenyl, substituted phenyl,

cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, or substituted cycloalkylalkyl;
(b) treating the reaction mixture from step (a) with a protonating agent to form a

B-hydroxy intermediate having the formula

P(O)(R?)(R%)

N
1 [
C

R

10  wherein R!, R? and R? are as defined above; and

(c) thermally decomposing the B-hydroxy intermediate to form the compound of

formula (I).
This invention further provides a process for preparing a compound having the
formula:



wheweln R') RZ and R3 are as defined above; (c) thermally deconposing 8 Y 7003
' -3- hydroxy internmediate to forma conpound having the formula i i R ~O-C-O
(I') wherein R is as defined above;. and (d) converting the conmpound of
formula (1) compound of fornmula (1V). In a partic I erred
enmbodi nent Wéﬁw%ggbaring compound (IV) (DCL), R in the ﬁ%ﬁ@ﬁ%wgégérocess

is selected for ease of ‘renoval undg :
preferably al kyl, nost preferabyy

a novel internediate having thg
defined above. Al so provided is

acidic conditions, and is 10
P Jhis invention further provides
@ rein R, R2) and R3 are as
termedi ate having the formula 5
Ry0/ C~O (I1) 2 8 MAY 20&3 - W 37457 R O P/ Rs NI Rl~ O wherein
R, R2, and R3 are as defined abOVr. / US99/ 27936 - DETAI LED DESCRI PTI ON
5 As used herein, the term "al kyl " Wgeaghs strai ght or branched hydrocarbon
chains of 1 to 6 carbon atons. "Alkeﬁyl" refers to straight or branched
hydr ocarbon chains of 1 to 6 carbon atons having at |east one carbon to
carbon doubl e bond. "Al kynyl" refers to strq@ggt or branched hydrocarbon
chains of 1 to 6 carbon 10 atons havi ng at t one carbon to carbon

triple bondsmdl%yéss cd,ﬁjrgfngtﬁaonoﬁag fiegsyclic group having at |east one
aromatic ring (e grcacu% Egtom%cl)\%wm 91'3 u} "Aral kyl" refers to a group
havi ng t he fornu g2 & 'S al kyl. "Cycloalkyl" refers to a
non- aromati c carbocycllc ring of fr to 6 carbon 15 atons.
"Cycloal kyl al kyl " refers to a gpOUR ie fornmula cycl oal kyl -

wherein Ris alkyl. "Halo" refels e, chlorine, brom ne or iodine
radi cal s. N

5  with a carbanion having the formula

0-—-2

wherein R’ is selected from the group consisting of: alkyl, alkenyl, alkynyl, aryl,
aralkyl, cycloalkyl, and cycloalkylalkyl, R' being optionally substituted by substituents
selected from halo, -OH, alkyl, alkoxy, or -CF,; and R? and R? are independently
10  selected from the group consisting of -OR* and -R*, wherein R* is alkyl, phenyl,
substituted phenyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl, or substituted
cycloalkylalkyl;
(b) treating the reaction mixture from step (a) with a protonating agent to form a

B-hydroxy intermediate having the formula



,"Substituted phenyl" refers to phenyl .substituted by substituents seldcHM&d0mN
from 20 halo, -OH, alkyl, alkoxy, or -CF3. "Substituted cycloal kyl" refers
to cycl oal kyl substituted by substituents selected fromhalo, -OH alkyl,

al koxy, or. yefudsaspubstituted cycl oal kyl al kyl" refers to gyglgakkeskal kyl ,
wherein the cyloal kyl portion is substituted by substituents selected from
hal o, -OH, al kyl, al koxy, or 25 -CF3. e present process is a significant

i mprovenent over prior art process Qpaft ng | orat adi ne and rel ated
conpounds. One significant adv@
converted to the desired produt Z 2l adi ne) as a one pot process
(i.e., without isolating the (3-

thermal |y stabl e conpound of formulp (1I|l), which is considerably nore
stable than the thermally |abile 4-ghl ogJo- N-nmet hyl piperidine disclosed in
U S 4,659,716. Mreover, the conmpounly” 6 2 a na~r Zoos - WO 0037457

PCTI US99127936 of formula (l11)}jcan bg obtained frompyridine in tw steps,
in about 70 %yield, whichis Nugh/sﬁhgler preparation than the five
steps required to prepare the 4-ch|%ro-NnethyI pi peridine used in the prior
art processwhbein I, RF sifdealad 3 defikedlabovedre preferably ethyl or t-butyl, nost
preferably, ethyl. 5 R2 and R3 are preferably alkyl, nore preferably,
methyl, ethyl, i&dpespaily deeamposingtheB-hydiogy igimedistdodprb? omgRoRyd . When R,
R2, and R3 jtyted) the nunber of substituents is preferably 1 to
3. The carbgﬁﬁﬁﬁmgagghﬁn step (a) of our process is preferably generated by
treating 10 the compound of for above, with a strong base in a
sui tabl e aprotic organi c sol veny. /)" the base is an organolithium
base. Exanpl es of suitable basel ip 8) _but are not limted to lithium

di i sopropyl amide ("LDA"); n-butyIN|ifhium t-butyl lithium sec-butyl
lithium and lithiumdiethylamde. LBANSs nost preferred. Exanpl es of
suitabl e aprotic organic solvents for generating the carbanion, and for 15
carrying out step (a)) include) but limted to: xylene;
tetrahydrofuran ("THF"); diethyl ,ethel; ethylene glycol dinethyl ether;
tert-butyl methyl ether; diethyFene gl ool di nethyl ether; benzene;

tol uene, ;.and m xtures thereof. Preferably, th® solvent enployed in step (a)
is an etﬁer, nmost_ or ef ra%l , THFE In a particularly preferred enbodi nent,
step (a) is v ogEmRds gidefip %’Wﬁ’ﬂ“hre of an ether solvent with a non-ether
20 sol vent havi n@i) aonviegingthetrompoung of fnrmila (Btaetpe ¢epousd piffefmaria@Vy. carri ed

out at a tenper ain“a[&nﬁlfula‘rl&%&férﬁdt&xgo&neﬁf%r%r%ge{oﬂﬁbﬁ(nd @) ®O0 C  nost
preferably, .-4

0.to =20 C. "Prefe |y, the conmpound af formula (I11), and
Phe. car bant SHISSHSrokERIGerdr eI foncrss o B vrRiodhaeie SR et om 171 o 3
equi val dAt s prefasatdy pikpk mostipraferatly t-butyl. 5 equi val ents, nost preferably, 1.05
to 1.1 equival enfhis ifemion\@rtHePproiGesaio0] Gnterdiediie @Rvifidthe rmOldr process is
carried out by adding a protonating agent to the reaction m xture from step
(a). Wthout being bound by theq I't \s_heligved that the carbanion and
the tricyclic ketone react in g ] the foll ow ng al koxi de
i nternedi ate) which is unstablg 2003 - wo oof 37as7 M = al kal
metal atom e.g., |ithium PCTNSS e ?rptonating agent is addded to
convert this unstable al koxide to thel BBy intermediate. Preferably)
the protonating agent is used in a ranging from1l to 3 equivalents,
pst preferably, 1.05 to 1.1

O
© i)

wherein R', R?, and R? are as defined above.
Also provided is a novel intermediate having the formula



,5 equivalents relative to the ketone. .-The protonating agent is prefefgt&w
wat er or an acid. Wien the protonating agent is an acid, the present 2003
process may be carried out w thout solating the (err)-hydroxy

i nt er nedi at ble acids far use as the protonating but
are not lln\ﬁ)g@%‘;‘éﬁ m neral acids in alcohol (e.g., methanolt scgbgﬁhydrdus
sul furic acid and nethanolic hydrochlogkc acid), sulfonic acids, and Cl to
C6 al kanoic 10 acids. Preferably, OQe, dcid is anhydrous. Acetic acid is
particularly preferred. Once the readt~gh is quenched with acid, preferably
anhydrous acid, the solvent from st a) (preferably a !'ow boiling ether
sol vent) may be renoved by addi ng hi gher boiling solvent and heating the
m xture to a tenperature above thelboi Jing point of the | ower boiling
solvent. The thermal deconpositi on s p (c) can be carried out by refluxing
this 15 m xture, preferably at rature of from110 to 160 C, nore
preferably) 110 to 140 C, nost by 130.to 140 C, to produce compound
(I'). The higher boiling solvent pre erably I a boili ng point of from 110
to 160 C, mypereplief RY, %Pbk?a:l]apdéfﬁae&ﬂ%vg nost preferably 130 to 140 C.

Sui tabl e hi gher boili'ng solvents include, but are not limited to xylene,

chl or obenzene, al kanes, and alcohols Cbnpound (1) is 20 preferably
recovered by distilling of f DiH ik DES( RIOMN| vent) di ssolving the

resi due sn acet ogi Metl'h@mmdlhéie!n'n“hlﬁﬁl“ Hﬁm sir Fﬁ’cro)’%ﬁ&)ed Aytodaftfoh ¥&didd | 1 zi ng
from acetom%([; Iqi hi S recrystal |1zation effectively removes the only
observed cofl %?ﬁtfé" M ch are small 8 1 R~0~~~0 2 E MA's eD03 - WO
001 37457 PCTI USOYAIRSIE Brefersia straight pr orhrshed ydracayon ehaimg of 1 v Gaathone and t he

phosphonatea@fnsm@ﬁ%)m‘ghgt&mlcggomgg,bwd(gﬁwoﬁ&e t he car banl on. If water is
i

used as the proto lSO

(err)-hydroxy 5 i gf&?gs[tgSﬁWﬁteﬁgrﬁ'gi’ﬁ%EVa%%ﬁ%ﬂ‘b&?qsﬁ arr\’o?hus when
wat er iéOaddtemSh@Vinglalmtamtnﬂhonmxmbmetrﬂple(hmd;t ep (a), the resul ting organic
and aqueous phase&yﬁ'@lfeﬁ%ﬁ@&ﬁ&?&lﬁ%m NHdvihp 8 16R1 dnk AWRONNg (e}, er Nedi at e may
be recovered, fr h16 @Sweous phase he recovery is preferably earned out
by treating P‘Wé 8 B ‘'solution with an inorganic salt (e. g., potassium
carbonate) in th‘éM@H@béPfé@ o# grenp bavipgrthefosmnle amyl-Ri, whewsindhistabkel. ( 3- hydr oxy 10
i nt er medi at e i s clalk§r (refed to a ddiFromatit@abetyiclic Mpdifdein 3 bicehmesi at e may be
purlfle ﬁ%rystal |1zation. Step (c) can then be earned out by refl uxing
a suspen5|on of "the purified (3-hydroxy intermediate in a high boiling

sol vent . Conpound™YcloplkylaHol Helsrsiea gwep @P‘@thW@Wi%ykﬂewg@P\?ent by
distillatioRisalkgl.recrystallizing froma suitable solvent (e.g.,

acetonitrile). %M@%fc%ﬂh&n&eb&l&h%iﬂrgxﬁ: P%H%L}adkchs”ay be prepared by

carrying out the oregm n npound of formula (1), and
converting the comysipad B‘Fenf"of‘?fifﬁéf’K‘F?ylﬁﬁpsmﬁdﬁys‘éﬁwmﬁe@ﬁtﬁﬁffﬁ@ans For
exanpl e 20t héalooi@Qrbuaticyl,alikdxpy oruCH,. (1) can be coverted to DCL by treating it
with a strong basgpsutd cy cﬁgﬂ PrreR by cR)BJkgi' shbktiffed 'sgostlﬁeﬂs selec}ed

trlfluoroaetlcaﬁmg alﬂglgo suf |c acid, or para-toluene sulfonic acid.
20 When DCL&Hom halg -{Hsp PHu bkt is preferably selected for ease of
removal under act Silbstltctcdlchrdqa&mblkybtmfensso @chohliylalsyly whdréiy the cpioalkylpr ef er abl y

t-butyl. Thﬁoﬁﬁﬂﬁ%‘dﬂﬂmﬁéd E}Dsruﬁmnfénfslskllsc)ted ﬁoxH'hﬁQa-b?ﬁ aﬁ?ll ﬁﬁ%ox‘ n the
f ol I ow gg scglgme ~~dY - WO 0037457 COORS R2 2. R40 ~
Pi

The present process is a significant improvement over prior art processes for
preparing loratadine and related compounds. One significant advantage is that the
starting ketone can be converted to the desired product (e.g., loratadine) as a one pot

process (i.e., without isolating the f8-hydroxy intermediate) with high yield and purity.

30  The carbanion used in the present process is derived from the thermally stable
compound of formula (III), which is considerably more stable than the thermally labile
4-chloro-N-methy! piperidine disclosed in U.S. 4,659,716. Moreover, the compound



,PCT/"US99/27936 2 RO-P~Ra NJ NP(OR2Rs 1 COORS COOR (fit) H2 I szgr\@‘yzgm
/R NJ COORL (111} ~~ P(OR2R3 COORL ($) (7) As shown above, pyridine Is ‘
sequentially treated with a chloroformate, O -COOR , where R is as defined

above, in_ ' | e solvent (preferably acetonitrile)) f
o P:d&i@ P%Lrh% g%g%?/ 5 ‘and

treatment w conpound ~ , wherein R2 and R3 are as define

R4 }S al léyl %{]ﬁhﬁﬁlﬁtml?tk% HEQibl &medmnqiyﬁmhr zjd/tivbhteﬁé, iydbolweiong yiedd, wmzlul arly

preferred. The sequentia . | S. cO ~ 3N ] anmount

bt compound e g fpalhArbaF AL ol SR eaiOB8 B e WA RIE | 8

cat al yti c hijnsthyhriperidingrpsed igitheprigr atprogiss-e netal catal yst, preferably

pal | adi um to prRUyprfdritly alkgd] mea peaderpisly atlylak -baty)mtos prdféradly Aamigyl.smal |

anounts gf conp 3, '%S;p n f . riula (1),

Corrpoundg{l 1) ggﬁg'g%“&%r#“%gbby d?"s°?%?'%%ﬁb§‘%“?‘§9¥ gth \’/‘eng%S’érﬁ’od&Ed 8, which

has a | ower B} padymespreferably ethfle desired conpound of fornula (111) has an

R group that isWhenRl, R vadRdaeatbstijtddsthi yoknbeg enaibstiroentsis pefaatdtpipound can

be preparedt(j?oma conmpound of forrmula (I11) wherein R is ethyl, by

decar boet hoxyTation with either acid or base, and reacting the resulting

com_ pound with BhecHitapion geedn #5p @bofaur progsss is preiaribhysengrated b fedMER  group.

Conpound® WiHelzbipbund of Eopineladlil)cabops) sitt a sfong basedn @ stiitable apiverganial | y

avai |l abl e, : nmet hods. |f
961v&'i.ep%fégao ,gﬁ%&pgﬁr&ﬂﬁf&hﬁﬁr{a '?a?? hﬁé%{ais?:gfreé )%Psuﬂx?%ggé%@@

t he substituents . o a.are. .the 1] sucl conmpound may
be prepar edMsipde-Lutars pej ligpied pditkiug diisopropylgpidsg LD HPYRdIEPe of et hanol
or net hanol t-batyditsipinasee-bi] lithianinaidd@la‘pmgtedupmidd: h.D2eis noxypreferregdt hoxy, and
then sequenghalbys Jre@itdhleiBrdiib Brghfis WHtdniGor Rneratthgnd caftiioh AR s 00f 37457
PCT/ US99127936 ,corlgounglj chﬁ h ci}rlllg nol q of .al cohol” or |ﬁg nar“q,ﬁﬁgagent to
sequent ital | §AEHIREAMEL 3EP (@ dnciuds, Qubarg nt limgyjted 10: Xylene: &FB‘&Y?E" AR (G THRS) desired R2
and R3 gr oupgithyldiertethiybene glycol dimethybetberptert-butylomethy) ehers disthpiaye digcopr epar ed
0S4, og, JREn e SAGU: Glchbtndiaurt (oot Bl hIy Hie 40 S5 publ | shed
et ober 10, BT PR (I NI TRy T NG R R £par od
accordi ng t embérimény] stepuip)igcandieonin amixtureof-an kihaf spye with\wpoefhei7 457

PCT/ 1 JS98/ 2¢836nt having a higher boiling point. Step (a) is preferably carried out at a temperature

of -150° to +10° C, more preferably, -80° to -10° C, most preferably, -40° to -20° C.

Preferably, the compound of formula (III), and the carbanion generated therefrom, are
used in amounts ranging from 1 to 3 equivalents, more preferably, 1 to 1.5 equivalents,
most preferably, 1.05 to 1.1 equivalents relative to the ketone.

25 Step (b) of our process is carried out by adding a protonating agent to the
reaction mixture from step (a). Without being bound by theory, it is believed that the
carbanion and the tricyclic ketone react in step (a) to form the following alkoxide
intermediate, which is unstable:



a-#3 NH2'i, ( CH3 | ~Br + ~'- N-O 1l palladiumcatalyst ~ NH i strong Mysen
~|1 COCl strong base U~ 1 I U=Br or 1 C I Ol HNCH3I O 1~~ 1~ O
H3C-N 1 Gignard reagent j ~ CI N O As shown in the schene above, the
pyridine conpound 9 is reacted with aniline in the presence of a palladium
catal yst, ~ewg.op3R8i( OAc) z or PdC 2) carbon nonoxi de) a basRCTAHIB27G36,

1, 8-di azabi cycl o-[5. 4. 0] undec-7-ene ("DBU"') or diisopropyl ethylam ne, and

an et her selected from gThyl ene gl ycol di nethyl ether, 2-methoxyethyl

ether) and triethylene glycol gwgthyl ether} to formam de conpound ~. The
reaction to form 12 2| E A~ 8O3 O 0Pl 37457 PCT/ US99/ 27936 am de
conpound ,~ 0 is preferalfly carnd t a tenperature of about 45 Cto
90C, and a pressure of fabout A Q@=/psi, |n a suitable solvent, e.qg.,

t ol uene or chl orobenzeng. ' PoireR8 10 | s reacted with an

| odo-substituted compoupd 11 ip-t™NQe presence|lof a strong base) e.g.,
“lithiumdiisopropylamde, in d suifable solvent, 5 e.g., THF, to form
conpound ~. Conpound 12jis reagted/with CH3I|land a base, e.g., NaH to form
met hyl at ed conpound ~. Conmpound N~ is cyclizpd to formthe desired ketone

by reaction with a Gighayd reagent, e.g., 2fnethoxyphenyl magnesi um

brom de. Alternatively, |t e\uisz%rdc ket onel may be prepared according to
the followi ng 10 schene|l 13 %8 M!1;" ?20~~- WD Q37457 CH3 N O + NH
X=Hord X C U _ -

M = alkali metal atom,
e.g., lithium

The protonating agent is addded to convert this unstable alkoxide to the B-hydroxy

intermediate. Preferably, the protonating agent is used in amounts ranging from 1 to 3
equivalents, more preferably, 1 to 1.5 equivalents, most preferably, 1.05 to 1.1
5  equivalents relative to the ketone. The protonating agent is preferably water or an acid.
When the protonating agent is an acid, the present process may be carried out without

isolating the B-hydroxy intermediate. Suitable acids for use as the protonating agent

include, but are not limited to, mineral acids in alcohol (e.g., methanolic anhydrous
sulfuric acid and methanolic hydrochloric acid), sulfonic acids, and C, to C; alkanoic
10 acids. Preferably, the acid is anhydrous. Acetic acid is particularly preferred. Once the
reaction is quenched with acid, preferably anhydrous acid, the solvent from step (a)
(preferably a low-boiling ether solvent) may be removed by adding a higher boiling
solvent and heating the mixture to a temperature above the boiling point of the lower
boiling solvent. The thermal decomposition step (¢) can be carried out by refluxing this

15  mixture, preferably at a temperature of from 110° to 160° C, more preferably, 110° to
140° C, most preferably 130° to 140° C, to produce compound (I). The higher boiling
solvent preferably has a boiling point of from 110° to 160° C, more preferably, 110° to

140° C, most preferably 130° to 140° C. Suitable higher boiling solvents-include, but

are not limited to xylene, chlorobenzene, alkanes, and alcohols. Compound (1) is
20  preferably recovered by distilling off the higher boiling solvent, dissolving the residue
in acetonitrile, distilling down to dryness, and recrystallizing from acetonitrile. This
recrystallization effectively removes the only observed contaminants, which are small



. ' Y 2nm
., WU=Br orCl strong base | i NOHNIi X PZGOs / CF3SO3H or PCl5/ AlC13 208r MAY 7003

POC13 / ZznCly \ C r NNI X hydrolysis \ C N O PCT/US99/27936 As shown in
t he schene above, anm de conpound 10a is reacted with conpound ~ in the
presence o ‘ ng base, e.g., lithiumdiisopropylamd | itable
sol vent, SRVe%%?Js?HF to formconpound ], ~. Conpound ~ is(;g;}éjlg?ggzg%ﬂby )
treating i tarNuhid oftthd @RAVMME Alidybik 12808 indhelpifbssioagE olshoshhin ofidp ukkd/ CF3S~3H
or a dehydratig preTelel el i%rl"]d a 14 2 E3 MAY 2D03 - WO 00l 37457

PCTI US99127%38*Tew & 4cid , e.g., PCL5/AlCl~ or POCI 3/ Znd 2, and

hydrol yzing the reaction product 16 to formthe desired tricyclic ketone.
The am de conpo .S 1 ase,
g g O 5 Lot pis O, MAGRARETRAE SRl UQEHEIIRAG TS
N OH chl%r dhermeakiae, whidh.is velry SOBOME in-wdtl. NHARSVERS watgrhieadded or thp reabiicor ophenyl
5 As shown YEfrom iRt Y iR L Qi3 Feadtfel Mgl ' gagic base,
e.g., triethy an%ﬁr%é,S@o(P)?{g\%erg& ;‘Eé)ngag{?i déﬁ‘lle(rgrﬁl (aa,ggeﬁ%d%l,gk %?(a/lg{eo’%ﬂ chl ori'de
or a chl or aheBimim)y étgmediGz MeOEORIcoveretl frors thet agbéons pbdse.e The sarovernss

di chl oronet hane _at a.te ratur.e of about -30C tq OC to give m xed
anhydri de. PFECPRY GRECUPE BYstreatiie CWP?“Sa%“ﬁ%‘W&HB’e%ﬂ?F@‘“Gf“ﬁéSé-to ile

ei ther neatpopdssig® crboRhtb) inOfle ipfeséhcd b a8 rBankO kel i Yhichr e Fohyaidde
conpound 10a. The followi ng exanples illustrate the foregoing invention)

al t hougio sugBrmdmmisadlubleoeled THF). DEhe BrStiFote dninetiaidihdy g pdiied aype of the
invention. Alternative re:(%ents and anal agous processes within the scope of
t he i nvent i6FYHRlliFatige RFPAFLAE then b5 qarpisd ous by | Elgkingna spwensien ofthe O N C |

1 OH 20 PRERARE bW afoxflintbimelbdidh pehWoitfiz GB1veRC 3Bbhbdita BitaPuln be

recovered by removing the solvent by distillation, and recrystallizing from a suitable
solvent (e.g., acetonitrile).

15 When DCL is the desired product, it may be prepared by carrying out the
foregoing process to obtain a compound of formula (I), and converting the compound of
formula (I) to DCL by conventional means. For example, the compound of formula (I)
can be coverted to DCL by treating it with a strong base, e.g., KOH or NaOH, or with an
acid, e.g., trifluoroacetic acid, aqueous sulfuric acid, or para-toluene sulfonic acid.

20 When DCL is the desired product, R' is preferably selected for ease of removal under
acidic conditions, and is preferably alkyl, most preferably t-butyl.

The compound of formula (III) is prepared as shown in the following scheme:



. HN -C To'a suspension of 3-nethyl-picolinic acid (400g; 2.92 nol) nzg Mﬂggqm
di chl ~or onet hane ("DeM') ( 1600 m) is added triethylatnine (406.4 n;

nol). The solution is cooled to - 20 C and ethylchlorofornate (278.8 m,

2.92 nol) dropwi se while maintaining the reactio ure

bet ween -10@8%@9%% C. The reaction mxture is 25 sti rredp(é{{ﬁ{%&;sggg :
tenperature for a further two hours. A solution of 4-chloroaniline (372.1g;
2.92 nol) in dichloromethane (150 m) & t,l’fbn added dropwi se again while 15

2 8 MAy 2003 - OU/ i7&§0§’ﬁ US99/ 2793®~apd nt ai ni ng an i nternal
tenperature 20 C. Sty ng at thy enperature is
r t

continued fo hour ana ’Fhenthe reactli on i,s all d to warmto room
t enper at ur e. reac |s p}ﬁ nched tHe additio {om2RB400 ).
The phases are separa ‘ﬁ ~the or gani c"ﬁ ayer is washied with water (400

m). The reaction 5 mxt a |sF‘concentratcad>nt'o about SR by renoving the
sol vent under vacuum |sopropanol (400 m) is added and one vol une of
solvent is renoved under reduced press(fe. |sopropanol (200 mM) is added
and the solvent is again renoved under reduc pressure, concentrating to
800 m . Isopropanol ( 1200 m) is added and/the m xture heated to between
70 and 80 C. The m xture is cooled to 60 anqh gpgded. 10 The m xture is
held at this tenperature for 30 m nutes,then cooI ed to between 0 and -5 C,
and held at this tenperature for one ur. The product is renoved by
filtration, washing on the punp with chilled isopropanol. The product is
dried at 60 Cin a vacuum overa{zto give 655.8 g of amde 2 (91 %. 15
PREPARATION B CH3 (i) 2.5 \§ THFE NOHNO C 2 (ii) G sC C 0 NHNO

3 Cl To a solution of amide '631509, 0.6]_nmol) in THF (750 nl) at -25 C was
added a solution of 2.5M l'ithium i hgxane (486 m; 1.22 nol), while

mai ntai ning 20 an internall tenperature of etween -20 and - 30 C. The
mxture was stirred for oneyzaOur at -25 fOPPERBY by the dropw se

addi tion of 3-chlorobenzyl dhl or| de over Cééﬂm nut es, again naintaining an
internal tenperature of bet %OOR' - 20 and C. The reaction m xture was
stirred at -25 C for one hour, and then allowed to warmto room
tenperature. Water (300 nl) \KHD added, and t(8 resulting mxture was

stirred for 30 2 nu e _separate e aqueous phase
was extracted fugfi %l’"r\/ﬁg%e Wlﬁ%@f é‘?@yuef‘:?g r‘r‘ﬁ E‘ﬁi’z i ned_or ganic
phase was e@hFOOR' e‘dhqu)Rdlﬁyh@fl@edJM% llvawa\m? sohvent h’éﬁﬂrrél@}’ destondtriledt al | i sed
from i sopr opsilekd bP@EatwEn: W@ c&hﬂ&n&@_ﬁ Sh@eiaR’and Reard ad @%infd abot® 2 ~ r~1~Y

2003 - V\? O%c?K ?ZlkﬁCTIIeP ?%?}l Ztg)?l %r ethyl, with ethyl being particularly preferred. The
sequential treatment yields compound 6, and a small amount of compound 7. The
mixture of compounds § and 7 is then subjected to catalytic hydrogenation, using a
suitable metal catalyst, preferably palladium, to produce the desired compound of
formula (IIT) and small amounts of compound 8, a 1,2-isomer of the compound of

10 formula (III). Compound (III) can be purified by distillation to remove compound 8,
which has a lower boiling point. If the desired compound of formula (IIT) has an R
group that is sensitive to catalytic hydrogenation, such a compound can be prepared
from a compound of formula (IIT) wherein R’ is ethyl, by decarboethoxylation with
either acid or base, and reacting the resulting compound with a chloroformate,

15 CI-COOR!, having the desired R' group.

Compounds within the scope of compound 6a are either commercially
available, or are known compounds that can be prepared by known methods. If the
substituents of compound 64 are not all the same, such a compound may be prepared
by reacting one mole of PCl, or PBr, with one mole of ethanol or methanol to displace

20  one halogen group with methoxy or ethoxy, and then sequentially reacting the resulting

10



, PREPARATION CCI ONHNC ( 1) PCs, CHzA2 (2) AIC13 C NI NA%
N Cl z0 drolysis 5 To a sol ution of phosphorous pent achl-ori de (95% 82!5 6ﬁﬁ3
0.121 nol) in dichloronmethane (60 M) at 5 C was added a sol uti on of

N- (4-chl or. - 3-[ 2- (3chl orophenyl ) et hyl ] - 2- pyri di ne e (309,
0. 081 nol )O\WB%Q% | oromet hane (60 10 ml ) dropw se over 2 %‘r Sg%(’??“d

resuting m xdieBnd\@fth Sid héle 8f Akohel Jr@nJgQa:@rJagém meqdaﬁmy d¥s & 18 | owed to
warmto roo tem Al um n grlde

67555 ol Rt rSITRGig e EercH s e S SR it ot ey et i e
reaction temsérﬂmlulpef’cb%lw@@r@areﬁhgordm@ttgmthméskrmnnnEhﬂaﬁo¢gobbe hour, then

pour ed ont Othe GR:tHodd AloseiNg UL, QMSQP}QHE(U Banes \es, 6:POP BeblfchGen t he m xture by

15 distill r enai us solution to 80 C
for one oﬁ{r&}&%&%{ CPV%@ Sﬁe%{(?("t Mﬂ? é;&tc@?twfértﬁ?gw?é}ﬁg“mﬁe 2% ol ) was
added fol | omepr%&ﬁca@{dtesmsthefsﬂpwmmmmm de solution ( 10M 140 m) to
adjust the pHto 7. Toluene ( i 50 mM) was added, followed by a solution of
mal efi ¢ anhydride ( 12.0g 0.122 nol) in tol uene (50 m ). The resulting

m xture was stirred for 30 m nutes and the pH of the aqueous phase 20
adjusted to 12 with aqueous sodi um hydroxi de solution ( 10M 60 m ). The

m xture was heated to 70 C and the phases separated. The aqueous phase was
further extracted with toluene (2 x 90 m) and the conbi ned organic |ayers
washed with water (90 m). 17 z a r~~~ zoo3 WD 00/ 37457 PCT/ US99/ 27936
An HPLC assay indicated a solution yield of ketone product of 95% The
product m xture was recrystallised fromtoluene/ hexane to give the desired
tricyclic ketone ( 13.96g, 71 %9 as an off-white solid. 5 ~ ci-c(0)ocZHs N
2. P(O(OCCZHS)3 O~ ~OC2H5 t'' OC2H5 N C(O) OCpHS EXAMPLE 1 O~ , OC2Hs
POC2HS Ni C(OOC2H5 PO OCHN( )~ 2 5)2

11



.gqooc2Hs HZ/ Pd POOCCH( )( z 52-CO0CCpHs 1,2 isoner 1,2 iso”e?ﬂAMAYZOU?
| ~' .~ - thoxvcarbonvl -1. 4-di hvdr ohvri di ne- 4- ~~hosnhonate: 10 15 20 A )

solution of pyridine ( 16.1 L, 0.2-knol ) in acetonitrile ( 160 L ) is

cool ed to.w®eos4s57Et hyl chloroformate ( 19.1 L , 0.2 k”D'pc%is?g/ﬁéﬁed at

such a rate that the tenperature does not rise above 0 C. e suspension is

then stirred at_-10 to O N§ for 2 hours to ensure_ceppl ete N-acylation. The

batch is co Hs0 -30 C '\ahd triethyl phosphatef(|[34.3 L, 0.2 knol } is

added at su ﬂ rate tha‘he tenperaturg does nd Lge above -20 C (

ranging from-3 to *20 @i The solution is stirr in this range for 2

hours, and then warnmed to¥anbi epiadienaealyat ur e Oéﬁ% everal hours (or

overnight). Thé& acetonitrile is ﬁxrhp$ed under i cuumto a tenperature

not exceeding 80 C and the resi’f0% ™% quid is cooled to 30 C.

Di chl oromethane ( 140 L ) is addé® followed by a mixture of water ( 60 L )

and concentrated HOl ( 10 L ) . The mxture is stirjred at anbi ent

tenmperature for 1 hour) and the | ower organic phasq ed to a separate
vessel and washed with water ( 100 L ). After™{#&8sijng k toldhe ori gi nal
( waterwashed ) vessel, it is washed with 1 % potagsilim carbonate sol ution

and finally with water to neutrality. The dichl ororfet hane i 'S "t hen stripped
to | eave crude ( about 92 % pure ) diethyl

N- et hoxycar bonyl - 1, 4- di hydr opyri di ne- 4- phosphonat e
1,2 - isoner and traces of triethyl phosphate ( dati §fixyf correspondi ng
18 2 8 MAY i 003 - WO Qoi 37457 PCT/ 11S99/ 27936 dsphi jRe The yield is
about 48.4 kg of a light yellow |iquid which is stofedjunder nitrogen
because it is slightly unstable to air. B . D ethy%

ainiqg about 25 5%

N- et hoxvcar bon~I pi peri di ne-4 nhosphonate 5 The ab crude phogéhonate ( 24
kg ) is dissolved in nethanol ( 64 L ) and charge a hydrogenator. The
catalyst ( 5% Pd/ C slurry , 3.46 kg ) is then charged in nethanol ( 14 L )
and washed in with 7.5 L solvent. The m xture i$ hydrogenated at 10 bar/ 25
C until uptake is conplete (about 10 hours )~ @@%pr whi ch the hydrogen is
10 vented and purged with nitrogen . The catalyst is filtered and the

catal yst washed with math\ 5 L k. The nethanol is then stripped to

| eave a quantitative yielkd Qf die

N- et hoxycar bonyl pi peri di 7 680 ate ( 5 a ) containing about 5% of the
rified

1,2 -isoner. The mat eriahas__sN by hi gh vacuumdistillation, b.p.
185-90 C 11.5 nbar. The ™7 2)-isoner is concentrated in the distillation
pre-run. 15 EXAMPLE 2 OQ/(@\S P~ 028 1. LDAN~C 2. 1 CZH- ~ ~ONO
v..ynsv 3. acetic acid

Grignard reagent
= Cl
2
N

As shown in the scheme above, the pyridine compound 9 is reacted with aniline in the
presence of a palladium catalyst, e.g., Pd(OAc), or PdCl,, carbon monoxide, a base,
5 eg., 1,8-diazabicyclo-[5.4.0]undcc-7-ene (“DBU”) or diisopropylethylamine, and an
ether selected from ethylene glycol dimethyl ether, 2-methoxyethyl ether, and
triethylene glycol dimethyl ether, to form amide compound 10. The reaction to form

12



_(efrhx ~C'C2HsO O | orat adi ne Loratadi ne: wthout isolation of, (i,~h %y v
roxyphosphonate ir~tgrntedig~e: A solution of n-butyllithiumin hexg eMé:mm
318 nL of 1.6M 0.509 nol ) is added to a 20 solution of diisopropylam ne (

53.1 g, 0.R8%08RL, ) in xylene: THF ( 265: 525 nL ) at -7 desulting
solution is sr?xréh at -70 to -60 C for 1 hour prior to “ﬁgggﬁg???on of a

sol ution of _dieat t bgﬂﬁﬁl [ Ll nes d- e¢50g, 0.489
nol) 19 agﬁ& °B¥‘h‘w’)htfgod§%%% 0/ 3762815,9@4!5%:?# Usggllrg%%ng? egg%/éopur e ; rest
1, 2-isoner) anda pieksareof(abdB@0nd 100, psp irepaitelle sdvmt, digngoltareohe met hod of
Exanpl e 1. ThioRbetefte &R cBsound 1 0 isGehcil withQn ido-sBiRifmdd@bmPournaaur s and

allowed to wvarmto -20_C over the course, of approximately .1 hour. A

Sol uton of 1 105 PEESEIcF GF DIEME e che DB SoR OBy mIde, 5 & suisdblespivest. ) i 1
xyl ene : STHE.g, THOme ford4ompound 12 Gompiaied|12vsoractidovith G5 aibabase, whi | e
keepi ng t he elge MNES Bitknemb@§Rtel BSApouhf 1 3CComPodiArtls i9ERBIITOFodhingn resul ts.

This is stirred,in the range of -20 t -10n@?f hour. Jt is.quenched by
Che" addi 1 ofedrd itebs Ey HRRHR pil s Grizgied repgfin,c 2. motiigpleom aehsh
[ di chl or onmebrriide. t ol uene: net hanol : 33% aqueous ammoni a 100: 40:20:1 ] at

thi's point showsAltb@atively; the yribyQic)kelas RRYHrepared acibitling 13 sheFoMIwinganount s of
unreactqg keﬁg%g, 10 (Rg-about 0.2 ). Mre xylene ( 450 nmL ) is added and
solvent 'I's dFStriled off until the solution tenperature reaches 135 to 140
C It is then refluxed for 1 hour, and sanples are analysed by TLC until no
(3 - hydroxyphosphonate is left. The solution is cooled to 60 C and water (
500 nL ) is added. The phases are split and the organic solution is 15
washed with 5% formc acid ( 2 x 200 nL ) and water until neutral. The
solution yield of loratadine ( by capillary GC - HP-5 columm, 80 C/ 3mn.
to 265 C) is about 90% (about 3 to 5% ketone is left, as well as trace
anounts of the al cohol corresponding to the ketone, and sone phosphonate is
al so detected). The xylene is distilled off and the residue is dissolved in
acetonitrile ( 500 nL ) and distilled dowmn to dryness. This is 20 repeated
once to renove any xylene, since xylene solubilises |oratadine. The crude
product ( 204.6 g ) is finally recrystallised fromacetonitrile ( 460 nL )
and dried at 60 Cin vacuo. The yield of pure loratadine is 130.3g ( 74.5 %
) (pure by TLC and 99.99% pure by capillary GC ). A further crop of pure
| oratadine 3.6g, 2.0%) , can be obtained fromthe nother-1liquor by
concentration and cooling. The total yield is 133.9 g 25 ( 76.5 %).
EXAMPLE 3 Loratadi ne: ~so~gtion off the , -(~hvdroxy~rhosl ~honate
internediate The reaction is carried out exactly as described in Exanmple 2,
above on a scale 30 of 150g ( 0.619 nol ) of the tricyclic 8-chloro ketone.
I nstead of an acetic acid quench, the reaction is treated with water (
800nL ) . The phases are separated and the water phase is heated under
vacuum to about 45 C to renove THF' . The solution of the (i -
hydr oxyphosphonate is washed with toluene ( 2 x 200nL ). THF ( 1 L ) was
t hen added, followed by potassium carbonate ( 200 g ) . The
product-contai ning THF 35 | ayer was separated and the solvent distilled off
under reduced pressure to yield 330g of a gunmmy solid which was di ssol ved
in methanol ( 700 nL ). This solution was stirred overnight and cooled to
about -30 C. Filtration gave 187.79 ( 56% ) of white 20 2 ~ wAY 2003

13



.- MD 00i 37457 PCT/ US99/ 27936 ~3- hydr oxyphosphonate. Mre materi al (Z%EHHﬁWB
509 , 15%) can be obtained fromthe nethanol mother-liquor if required.
The tot al isolated yield is about 70% This material contains about 4 - 7%
wat er whi ch,, %1 paciously retained. PYrolvsis of ,a-hhydg 195@@2.9 tﬁnate 5A
suspensi on o e (3 - hydroxyphosphonate |solated accor ing tot
procedure above ( 79 g, 0.147 ngh. ) in xylene % 320 nL ), was refl uxed
under a Dean-Stark apparatus (an 3 m STNRS coIIected The m xture was
further refluxed for 2 hours d ect, conpl 8 t heymml deconposition. The
solution was cooled to 60 C, trgated with 200 nL er and the phases
separated ( the pH of the water ase was about HY=Bre¥! The organi c phase
was washed several tinmes with watefr and the xylene renoved under
reduced pressure. The residual erial |wgg qissolved in acetonitrile ( 200
m. ) and stripped downxtgigrgnesx. 1#i s |was repeated and the residual oi
was finally recrystallised fromacetonifrile ( 270 nL ) and dried at 60 C
in vacuo. The yield of pure |oratadine s 43.44 g ( 80% ex anhydrous (3 -
hydr oxyphosphonate). A second crop 15 ( 3.5 g, 6.4 %) was obtained from

t he not her-1iquor on concentration and cooling. E~c~MPLE 4 O- ~OCH3 p° OCH3
E~+ NCOOR2H 1-d-C(0O OCz : €CH3)s O~ ~OCH3 P* OCH3 N

GO OoC2Hs 20 P O (OCH3) ( 2 HS d POGOCH ( )( e)z C(OOC2H5 1,2
isoner 1,2 isoner A Preparationmf yl

N—ethoxycarbonvl 1. 4-di hydropvridime - 4 phos onate A solution of pyridine (

316g, 4.0 nol ) in acetonitrile ( ii was cooled to O C and et hyl

chl oroformate ( 434g, 4.0 nol dded over about 1.25 hours while
keeping the tenperature less t The resulting yell ow suspensi on v~ras

stirred at 21 2 ~ (~~Y 2007
P,05/ CF;S0;H

or

PCls/ AICl;
or

POC|3 /chlz

= Cl
P
N

N
lé :
X
hydrolysis

= Cl

L .
N

)

As shown in the scheme above, amide compound 10a is reacted with compound 14 in
the presence of a strong base, e.g., lithium diisopropylamide, in a suitable solvent,

5 e.g., THF to form compound 15. Compound 13 is cyclized by treating it with a
dehydrating agent and a super acid, e.g., P,O,/CF,;SO,H or a dehydrating agent and a

14



. WO QUt 37457 PCT/ US99127936 -5C to OC for 1.5 hours. It was then cool %H Wg 2003
-25C and trinethyl phosphate (496.3g) 4.0 nol ) was added over 1 hour,
keeping the tenperature | ess than -20C. It was allowed to warmto anbi ent

t enper at ur ewp\gsRsOht . The sol vent was renpved under redus@gyfbemssre at
t<70C and the resulting oil was dissolved in 5 dichloronethane ( 2.8 L)

and washed Lwivisacidateeg:, RCIZAICL) or BROHAINC],, 21d hydrolyzingiiraesctispipradied 6 1 L ),

and finall Yo jph@Ke desifdd ticychc Rifbreeut raI ity. The solution was then

concentrat ed uniﬁcwﬁggﬁg@%f&surﬁ %%gasﬁow Iblelo&' 6459, 62% ) which by

capillary GC wa ur e of
N- et hoxycar bonyl - 1, 4- di hydropwrgaﬁlbbhevélplmsphonate and di et hyl

N- et hoxycar bonyl i hydr qpyri di ne- 2 phagphonat HThis material was
used directly for thfe %ydroggggtl on bel o ted distillation

| eads to deconpoSiy fheg s P °’i'8"°ﬂﬁrret ox car

onyl pi peri di ne- 4-p~o0 It]onate The alSbve material was hy ogenated in

met hanol ( 1600 ni ) Using 5%‘%‘?"@“‘&53(5‘% of 50%0aatel~yet ) at anbient

tenperature and 15 bar H2. After H% ogenation was conpl et® the solution

was stirred under 15 bar Hz for 20 hours, After venting and purging of the
hydr ogen, the catal yst was filtered andeﬁ@Wtﬂr petarorbesricent r at ed under

reducedspr asSHS, hidvdi sy etﬁylﬁrc%hrm K eaBlod idBh Bibbonic base, c.z.,

N- et hoxycar onyl pIp te an

N- et hoxycaﬂmﬁwfyéﬁlﬂwﬁé’mﬂ 5?16§1Bﬂ'éﬁ?a?é Plﬁaqulahlpngeaqna\ﬁélozﬁowéq d. This
m xture wag.gsERHIGTRA], hiya duitatié soveat such ad dichl@bmerhane at zh&miaerﬁturesaﬁer bei ng
concentr at ed in_the l%d'i%r fracti onswsﬂgt;. EP 130-40C / 1 nbar, . Inthis

way, 130g 8 °‘§83% f9 & Coiominerypixed anh Hsrmirtredeaddad NELR' apSF‘\osphonate was

bt d , ~~ WO 7457 |. LDA
o2 e Sinperdne of A g R S oAt 4 PR LIS sOVER) o

PCT/ US9@/ ZZgﬁﬁdompahﬂmoae Li t hi um di i sopropyl am de ( LDA ) solution was
generated by adding 243 nL ( 0.389 mol ) of 1.6Mn-butyllithiumsolution in
hexane to dii so;}B&)YI am ne 40.89 , 5 0.404 nol ) in xylene: THF ( 210: 360
m. ) at -20 to ollaying pxmm%rlllwgarp thetfpregoinginyeatipn AltioUEE s¥ebur s, t he

di met hyl phoeaphansabad hét bébitted(as 1idfthgthdscdpt bf Helinventich. Jiemétive Was added

in the ran u irred in
this rang egﬁggﬁm@%ﬂ&?ﬁmgg%&& }alte%s O&WQP%%U% of ﬂ#}g‘éﬁ%% &'olrng’ ﬁl c-ketone in
THF ( 9§ odhose gkillpddn ghglarty jn 255 nl ) was added over O. 75 hours in the
range of -30 to -20 C. It 10 was allowed to warmto -10 C over 0.75 hours
bef ore bei ng quenched wth acetﬁg&kﬁ(ﬂ% 0.633 nol ). The yell ow
solution was heated to reflux) Xylene m. ) was added and THF/ hexane
( about 910 nL ) was distilled off to a solution tenperature of 134C Tt
was refluxed fog~l. Schgurs, cooled to 80C) andmatertH{ 340 nL ) was added.
It was refl ux{tia further ﬂ”hogcwnd t he Bs separated ( 22% 15
undeconposed ( dr gxypho meddat glwas.g ecovered fromthe
aqueous phase biN‘ext cécti on V\AE@C@C@hI or onet han¥ )

. FThe xyl ene phase was
wat er washed and .t he !sol vent r S eRNRfAniUnger reduced, pressure. The residual

materi al was recrlystg lised fromacetonitrile t® gi ve ( 71%vyield) of
pure loratadine in 2 crops. Wiile the present inventi been descri bed
in conjunction with the specific 20 enbodi nents set fo abgye, many
altern Pi ves, nodifications and vari ati ons thereof will be apparent to
those ot ordinary skill in the art, such alternatives, nodifications
and vari ations Zy @ SHSRERsHe 3t”@FﬂWérP}°°W“f #ih4PPes 298 malin dishormsBienaf t he

present i NEDCMO)(1600 ml) is added triethylamine (406.4 ml; 2.92 mol). The solution is
cooled to - 20 °C and ethylchloroformate (278.8 ml; 2.92 mol) is added dropwise while
maintaining the reaction temperature between -10 and -20 °C. The reaction mixture is
25  stirred at this temperature for a further two hours. A solution of 4-chloroaniline
(372.1g; 2.92 mol) in dichloromethane (150 ml) is then added dropwise again while
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.23 ¢ -24 (i~ 1~1~1~ LUW,i WE CLAIM 1. A process for preparing %8 MAY 2003
conpound having the formula: NI R ~O-C~ O (l) wherein R is selected from
the group consisting of: alkyl, alkenyl, alkynyl, aryl, 5 aralkyl,

cycl oal kyL, wgnglsayc! oal kyl al kyl , R being opti onal | y subs;dﬁ,&@g,g, py
substituents selected fromhalo, -OH alkyl, alkoxy, or -CF3, sai d process

conpri si ng md@aifiak h@Wta@lsetr@mturéa)bema@uomgd 20KRE1 Btireingatvhing t he fornula Cl

O 10 4 th IfARAe I ARKh B b Fol Ll BerEip ngallgrvect rim%mrel R is

-r

as defi ned a aré iIn epen om t he group

consi sting rB‘?m tepymeraging Thereactiprois gpecired by Q‘;‘)‘P" foRLSTA00 13% t ut ed
phenyl , cy@hmk&ybepam&al&hdthetoeginmyaybnahvlamed wmyaJama(%Qhrﬁ} Kihe reactionsubst i t ut ed

cycl oal kyl %mms éoﬁmé a hrt@é’[{?h%otn:ﬂ%y?&ﬁ&&d Qhe ﬂ%wnserfvaamnstep (a) with a

protonati n ent er nmal eco 0SI Ng tonat ed pr oduct
fromstep ( Pé“?‘é‘ﬁm b"aé@’ﬁl;?&ﬁﬁ’éf’ WF““F“O‘? IVeam(SI’?mOVCd “P‘? §r rqducqd . uu3
-25 2. The ppsacesBombpanb00 t]) isnudedand the solvenidl kgain refdoveBhmdgr ocess of claim

L wher ei n el fnelie] cond nuI%tQ%@(?ﬁ?%s@(gﬁh@' Podmifigifhipei s alky!. 5.

The process 0 The process

of claim5s ““W?rh??‘ﬁd Bb}é%‘”%? 79 aed $95°Cy T mixyrgds °°?1°d1‘h@ Sr@éé‘?gé%f claim 6,
wher ei r0t h&he mixramwiioheld & thioremperatoye foe3laninngs, theo cogalmdetvasn Agnd he for nul a

-5 °C, and held at this temperature for one hour. The product is removed by filtration,

washing on the pump with chilled isopropanol. The product is dried at 60 °C in a
vacuum oven to give 655.8 g of amide 2 (91 %).

15 EPARATION
O (i) 2.5M Bulij, THF cl
° - O
" o

N
(i)
HN c Cl N
\@L HN. :

Cl
2 3 cl

To a solution of amide 2 (150g; 0.61 mol) in THF (750 ml) at -25 °C was

added a solution of 2.5M butyllithium in hexane (486 ml; 1.22 mol), while maintaining

20  aninternal temperature of between -20 and - 30 °C. The mixture was stirred for one
hour at -25 °C, followed by the dropwise addition of 3-chlorobenzyl chloride over 55
minutes, again maintaining an internal temperature of between -20 and -30 °C. The
reaction mixture was stirred at -25 °C for one hour, and then allowed to warm to room
temperature. Water (300 ml) was added, and the resulting mixture was stirred for 30

25 minutes. The phases were separated and the aqueous phase was extracted further with
ethyl acetate (150 ml). The combined organic phase was evaporated to dryness under
vacuum and the residue crystallised from isopropanol (900 mi) to give 205.5 g of amide
3 (91%).
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. 02H5 Pw O-ZH5 N C2H5 O with an organolithium base. 10 8. The proces%8$myzm3

claim?7, wherein the organolithiumbase is lithiumdiisopropylamde. 9. A

process for preparing a conmpound having the fonnmula: N H (IV) said process

conprising the followi ng steps: 15 (a) reacting a ketone having the

formul a: CIWQ0Y3767wi t h a car bani on having the formul a: PCT/USPY/279384; | ~~u~

-26 R2 ~~PsR3 0 ° N R1\O C-O wherein R is selected fromthe group

consi sting of alkyl, alkenyl, alkynyl, aryl, aralkyl, cycloal kyl, and

cycl oal kyl al kyl, R being optidﬁﬂﬁ@iﬂéﬁb@éLﬂuted by substituents sel ected

fromhalo, -OH alkyl, alkoxy, or -CF3; and R2 and R3 are 5 independently

sel ected fromthe group consisting of -OR" and -R’, wherein R* is alkyl,

phenyl , substituted phenyl, cycloal kyl, substitutad cycloalkyl
t

cycloalkylalkyl ti cycl oal kyl al | cyl ;
m xture from st '

bacti on
posi ng
ay -

-

protonating agent; .
t he protonated 3 tep (@)p@@cjgcg1a 10
formula mt R\O ~~O[(l) wherein R _is as defined verting
t he conpound of formNa to the conpound of fof . . br ocess
of claim9, wherein R Y | kyl . 18) Al The procefs aim 10, whefein R
is t-butyl. 12. The pro of claim 11, wherein RC%is~alkyl, and stppl (d)
is carried out by treating t conmpound of formulp (1) with aci d. 13| The
process of claim 12, wherein R2 and R are both -OCzHS. 14. A conpound
havi ng the fornul a:

H,0
Hydrolysis

Cl

O

N

To a solution of phosphorous pentachloride (95%, 26.6g; 0.121 mol) in
dichloromethane (60 ml) at 5 °C was added a solution of N-(4-chlorophenyl)-3-[2-(3-
chlorophenyl)ethyl}-2-pyridine carboxamide (30g; 0.081 mol) in dichloromethane (60

10  ml) dropwise over 20 minutes. The resuting mixture was stirred at 5 to 10 °C for one
hour, then allowed to warm to room temperature over thirty minutes. Aluminum
chloride (43.1g; 0.323 mol) was added in four portions over 45 minutes while
maintaining a reaction temperature below 30 °C. The mixture was stirred for one hour,
then poured onto ice (300g). The dichloromethane was removed from the mixture by

15  distillation followed by heating the remaining aqueous solution to 80 °C for one hour.
Citric acid trisodium salt dihydrate (70g; 0.24 mol) was added followed by aqueous
sodium hydroxide solution (10M, 140 ml) to adjust the pH to 7. Toluene (150 ml) was
added, followed by a solution of maleic anhydride (12.0g 0.122 mol) in toluene (50
ml). The resulting mixture was stirred for 30 minutes and the pH of the aqueous phase

20  adjusted to 12 with aqueous sodium hydroxide solution (10M, 60 ml). The mixture
was heated to 70 °C and the phases separated. The aqueous phase was further extracted
with toluene (2 x 90 ml) and the combined organic layers washed with water (90 ml).
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shows the B hydroxyphosphonate as well as small amounts of unreacted ketone.

10 (Rfabout0.2).
More xylene (450 mL ) is added and solvent is distilled off until the solution
temperature reaches 135 to 140°C. It is then refluxed for 1 hour, and samples are

analysed by TLC until no B — hydroxyphosphonate is left. The solution is cooled to

60° C and water ( 500 mL ) is added. The phases are split and the organic solution is

15  washed with 5% formic acid ( 2 x 200 mL ) and water until neutral. The splution yield
of loratadine ( by capillary GC - HP-5 column, 80° C / 3min. to 265° C ) is about 90%
(about 3 to 5% ketone is left, as well as trace amounts of the alcohol corresponding to
the ketone, and some phosphonate is also detected). The xylene is distilled off and the
residue is dissolved in acetonitrile ( 500 mL ) and distilled down to dryness. This is

20  repeated once to remove any Xylene, since xylene solubilises Joratadine. The crude
product ( 204.6 g ) is finally recrystallised from acetonitrile ( 460 mL ) and dried at 60°
C in vacuo. The yield of pure loratadine is 130.3g ( 74.5 % ) (pure by TLC and
99.99% pure by capillary GC ). A further crop of pure loratadine 3.6g,2.0% ), can be
obtained from the mother-liquor by concentration and cooling. The total yield is 133.9 g

25 (76.5%).
X P 3
Loratadine: jsolation of the B — hydroxyphosphonate intermediate _:

The reaction is carried out exactly as described in Example 2, above on a scale
30 of 150g (0.619 mol ) of the tricyclic 8-chloro ketone. . Instead of an acetic acid
quench, the reaction is treated with water ( 800mL ) . The phases are separated and the
water phase is heated under vacuum to about 45 °C to remove THF. The solution of

the B — hydroxyphosphonate is washed with toluene ( 2 x 200mL ). THF (1L ) was

then added, followed by potassium carbonate ( 200 g ) . The product-containing THF
35 layer was separated and the solvent distilled off under reduced pressure to yield 330g of

a gummy solid which was dissolved in methanol ( 700 mL ). This solution was stirred

overnight and cooled to about -30° C. Filtration gave 187.7g ( 56% ) of white

20
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'D'1z10% 0&ith 20d Y0 Pser(aha Ithﬂpﬂ%’e?é%pﬁrlt’ed ( the pH of the water phase was about 5).
10 The organic l;hase was washed several times with warm water and the xylene removed
under reduced pressure. The residual material was dissolved in acetonitrile ( 200 mL )
and stripped down to dryness. This was repeated and the residual oil was finally
recrystallised from acetonitrile ( 270 mL ) and dried at 60°C in vacuo. The yield of pure

loratadine was 43.44 g ( 80% ex anhydrous B — hydroxyphosphonate). A second crop

15 (3.5g,6.4 %) was obtained from the mother-liquor on concentration and cooling.

EXAMPLE 4
O, OCHa

x 1. CI-C(0)OC,H; ~OCH3
| ] — O (1
N P(O)(OCHa)

2. P(O)OCH,);
C(O)OCQHS C(O)OC2H5

1,2 isomer
H,/Pd

O OCH3

~OCHjg
O (1 P(O)(OCH3)2

C(O)OCsz C(O)OCaHs
1,2 isomer
A. reparation of dime -ethoxvycarb -1.4-dihvdr idine -4-

20  phosphonate
A solution of pyridine ( 316g, 4.0 mol ) in acetonitrile (4.0 L ) was cooled to
0 °C and ethyl chloroformate ( 434g, 4.0 mol ) was added over about 1.25 hours while
keeping the temperature less than 5°C. The resulting yellow suspension was stirred at
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The above material was hydrogenated in methanol ( 1600 mL ) using 5% Pd/C

15  (80g of 50% water-wet ) at ambient temperature and 15 bar H,. After hydrogenation
was complete, the solution was stirred under 15 bar H, for 20 hours. After venting and
purging of the hydrogen, the catalyst was filtered and the solvent concentrated under
reduced pressure to give a 1:1 mixture of dimethyl N-ethoxycarbonylpiperidine-4-
phosphonate and dimethyl N-ethoxycarbonylpiperidine-2-phosphonate in quantitative

20 yield. This mixture was separated by fractional distillation - the 1,4-isomer being
concentrated in the later fractions ( b.p. 130-40°C/ 1 mbar ) . In this way, 130g of
98% pure dimethyl N-ethoxycarbonylpiperidine-4-phosphonate was obtained.
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loratadine

Lithium diisopropylamide ( LDA ) solution was generated by adding 243 mL
(0.389 mol ) of 1.6M n-butyllithium solution in hexane to diisopropylamine ( 40.8g ,
5  0.404 mol ) in xylene:THF ( 210:360 mL ) at -20° to -5°C. After stirring in this range

for 0.75 hours, the dimethyl phosphonate in xylene ( 100g ( 0.377 mol ) in 105 mL )
was added in the range of -30 to -20°C over 0.5 hours. The solution was stirred in this
range for 1.5 hours and a solution of the 8-chloro-tricyclic-ketone in THF ( 85.0g
(0.349 mol ) in 255 mL ) was added over 0.75 hours in the range of -30 to -20° C. It

10  was allowed to warm to -10° C over 0.75 hours before being quenched with acetic acid
(38g, 0.633 mol ). The yellow solution was heated to reflux, xylene ( 170 mL ) was
added and THF/ hexane ( about 910 mL ) was distilled off to a solution temperature of
134°C. It was refluxed for 1.5 hours, cooled to 80°C, and water ( 340 mL ) was
added. It was refluxed for a further 1 hour and the phases separated ( 22%

15 undecomposed B — hydroxyphosphonate intermediate was recovered from the aqueous

phase by extraction with dichloromethane ). The xylene phase was water washed and
the solvent removed under reduced pressure. The residual material was recrystallised
from acetonitrile to give 94.7g ( 71% yield) of pure loratadine in 2 crops.
While the present invention has been described in conjunction with the specific
20  embodiments set forth above, many alternatives, modifications and variations thereof
will be apparent to those of ordinary skill in the art. All such alternatives, modifications
and variations are intended to fall within the spirit and scope of the present invention.
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wherein R is selected from the group consisting of: alkyl, alkenyl, alkynyl, ary],

5 aralkyl, cycloalkyl, and cycloalkylalkyl, R' being optionally substituted by
substituents selected from halo, -OH, alkyl, alkoxy, or -CF,, said process comprising
the following steps: '

(a) reacting a ketone having the formula

Cl

10  with a carbanion having the formula

|

R!

wherein R’ is as defined above, and R? and R® are independently selected from the
group consisting of -OR* and -R*, wherein R* is alkyl, phenyl, substituted phenyl,
cycloalkyl, substituted cycloalkyl, cy'cloalkylélkyl, or substituted cycloalkylalkyl;
15 (b) treating the reaction mixture from step (a) with a protonating agent; and
'~ (c) thermally decomposing the protonated product from step (b) to form the

compound of formula (I).
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with an organolithium base.
10 8. The process of claim 7, wherein the organolithium base is lithium

diisopropylamide.

9. A process for preparing a compound having the formula:

~ ci
\ ~
N
; N
\ H
av)

said process comprising the following steps:

15 (2) reacting a ketone having the formula:
A A
N

with a carbanion having the formula:
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wherein R' is selected from the group consisting of: alkyl, alkenyl, alkynyl, aryl,
_ aralkyl, cycloalkyl, and cycloalkylalkyl, R being optionally substituted by
substituents selected from halo, -OH, alkyl, alkoxy, or -CF,; and R? and R® are
5  independently selected from the group consisting of -OR* and -R*, wherein R* is
alkyl, phenyl, substituted phenyl, cycloalkyl, substituted cycloalkyl, cycloalkylalkyl,
, or substituted cycloalkylalkyl;
(b) treating the reaction mixture from step (a) with a protonating agent;
(c) thermally decomposing the protonated product from step (b) to forma _

10  compound having the formula

Rl\o/ o)

M
wherein R' is as defined above; and
(d) converting the compound of formula (I) to the compound of formula (IV).
10. The pfocess of claim 9, wherein R! is alkyl.
15 11. The process of claim 10, wherein R' is t-butyl.
12. The process of claim 11, wherein R* is alky], and step.(d) is carried out by
treating the compound of formula (1) with acid.
13. The process of claim 12, wherein R* and R? are both -OC,H;.

14. A compound having the formula:
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15. The compound of claim 14, wherein R' is alkyl and R* is alkyl.
16. The compound of claim 15, wherein R' is ethyl and both R? and R® are
10 -OCH,.



