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Pl PERAZI NES Field of the Invention 5 This invention relates to the field of
pr ocesseswbaB/0g8amt hesi zi ng chiral substituted N aryl pip@caaisagomespounds
to provi de conpounds that bind to the 5HT receptors in the central nervous
system and i nternedi ates therefor. Background of the Invention 10 Sonme N,
N disubstituted piperazines, specifically those with N-aryl substitution,
act on the centralPRNEEISOESR SYSTETAIZENG CHIRALNY-ARYLSMPERRLBEOr S). The J.
Med. Chem  (1995), 38(20), 4044-55 and JP 61152655 teach the conventi onal
approach to synthesize the aryl piperazine core, which involves reacting
anilines with bis(dichloroethyl)amne. The resulting piperazines are

el aborated by al kylating the 15 resulting secondary amine. H N C NH2 cl
cyclization alkylation A "rever spad of@eIhwdhtioh t hi s chem st ry is al so
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attractive. R NH2 1 WO 03/078417 PCT/US03/ 07078 Asymmetric aryl
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broni des. Tetrahedron Letteréﬁ@@é—%@—&@—&ﬁdl cates that yields for
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act on the central nervous system (e.g., bind to 5HT receptors). The J. Med. Chem.
(1995), 38(20), 4044-55 and JP 61152655 teach the conventional approach to
synthesize the aryl piperazine core, which involves reacting anilines with
bis(dichloroethyl)amine. The resulting piperazines are elaborated by alkylating the

15  resulting secondary amine.
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A "reversed" version of this chemistry is also possible. In this approach, an
“aniline mustard-fike intermediate reacts with an alkyl amine, as shown, for example, in
J. Labeled Compounds and RadioPharm. (1986) Vol XXIV, No. 4, 351. However, the

20 commercial availability of bis(2-cholorethyl)amine hydrochloride relative to the general

availability of aniline mustards makes this approach less attractive.
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5 The formati on of piperazines bearing a chiral center directly on nitrogen
is the present invention's focus. Sone nethods for the formation of chiral
N pi per azwoas/ozg4¢7 known. One known nethod is to resol ve &CTASes™78n xt ur e,
whi ch has the disadvantage of wasting half the material. Another known
method is to displace a | eaving group attached to a chiral center 10 with
an aryl piperazine. The barrier to displacenent of the hindered | eaving
group is a problem however. Enhancing the Ieavin&_group's reaﬁ$iv{ty
creates ot her prypImatic arypripgaziexare qleatoaed PR £PUPING piperazines with ary

benzyl - ( S)trrg?aﬁé&”ﬁmfr&ﬁi'deéla*r@tréh@%hie%ﬁsmégéi)?w,xzbm Peficiés Batyieldglov this he
expect ed (ﬁ I soner di splacenent product. The carbonyl group, while

acti vat i ngpregess ar%\mm@@rkﬁubsﬁteéewdeaﬁwqeﬁewﬁﬁé@ o‘%l'he susceptibility of
the adjacent = 15 chiral center towardrR acem zati on under the reaction
conditions. WD 95/33743 reports an al tlernative that elininates the

racem zation problemof activation tiIizingRa chiral cyclic sulfamate
as the reactive al kylating agent. N RJ; N O2H thle cyclic sul famates
react readily with piperazines, the s amat e ui%%ﬂf requires 20 numerous
steps to prepare. In the case where R™= 2-pyridyl Jfor exanple, four
separate chem cal steps or txansformations are required. -2 WO 03/078417
PCT/ US03/ 07078 I n Acta PolL arm, 56 (1 41- 4721999 it is reported that
chiral am no acids reacting fith N nd %ﬁ%-N,N— 2-chl oroet hane). The
carboxylic acid function nakes the chiral cent usceptible to

racem zation both during the reaction .and durin S e ] iC
mani pulfations. B9 PR HIPREFAGSFPArNg al\?gna'alc%eg%r C%g%?(%h H&C}%{]ﬁgﬁé 1987
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anm nes W t fisadfitage @swhsing Gamthpinpsterdeti ne conpounds.

Another known method is to displace a leaving group attached to a chiral center

10  with an aryl piperazine. The barrier to displacement of the hindered leaving group is a
problem, however. Enhancing the leaving group's reactivity creates other problems: JP
01125357 teaches that benzyl-(S)-bromopropionate reacts with 1-benzylpiperazine to
give the expected (R) isomer displacement product. The carbonyl group, while
activating the displacement process, also increases the susceptibility of the adjacent

15  chiral center toward racemization under the reaction conditions.

WO 95/33743 reports an alternative that eliminates the racemization problem of

activation by utilizing a chiral cyclic sulfamate as the reactive alkylating agent.

While cyclic sulfamates react readily with piperazines, the sulfamate itself requires
20 numerous steps to prepare. In the case where R = 2-pyridyl, for example, four

separate chemical steps or transformations are required.



10 To date, nost syntheses of N-aryl N substituted piperazines involve
pre- formng the N-aryl piperazine followed by al kylation on N . This
approach we oap7sificient way to prepare many conpound types/Ushomver, it
is of limted practicality for the introduction of chirality a to the
nitrogen because it relies on chiral alkylating agents that require

mul ti-step syntheses to prepare. 15 Summary of the Invention The present

i nvention conprises a process f reparing.a conpound of. formula VI R Y
"NNOj~YY ApA#gPe RREr-oB% (R P-4 1%@5@@@@#9@ enirgbgMq 8 ¢ - o6
al kyl, C3-r€chtﬁgqhi@ﬁNKﬁéthng,%@-cmmbmhkpxsrhe aarbofVlici &cid function makes
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t hree suHB?i%é‘n?%“t‘?rna%??@é%%t@f geép%%t{ogd cP"Bo ”Irfél @sefﬁ?ctf?&ﬂ&y“””g

hal onet hylsubgédér@hpggﬁméﬁbmaa@u@n&st ri hal onmet hyl, said process conprising: 3
WO 03/078417 PCT/ USQ3/ 07078 a) re 8él ng onpo %15,1 %E formula Ll wth a
chiral 2-ani no-'T-a(‘Qt:k&‘?fB‘?%EPﬁhélM‘?‘ﬁ emp%&é@’ 51 Z)F‘?P@H%Cﬁ@l#%?%%a
conpound ofmih8s FaHcRWY Orrlety F mMusidds, both N-alkyl and N-aryl. The chiral amines

employed were obtained by resolution.

O

WQO94/24115 teaches the reaction of B-alkyl(and aryl)oxy chiral amines with
mustards to form piperazine compounds.

10 To date, most syntheses of N-aryl N' substituted piperazines involve pre-
forming the N-aryl piperazine followed by alkylation on N'. This approach is an efficient
way to prepare many compound types. However, it is of limited practicality for the
introduction of chirality o to the nitrogen because it relies on chiral alkylating agents that
require multi-step syntheses to prepare.

15

Summary of the Invention

The present invention comprises a process for preparing a compound of

formula VI
| AN
R_ ¥ 7z
Y\N N
P
S

VI
20  wherein
R is C4-Cs alkyl,
Y is C4-Cs alkoxy, C4-Cs alkyl, Cs-C7 cycloalkyl or C5-C; cycloalkoxy, and
Ar is 2,3-dihydro-benzodioxin-5-yl, or phenyl optionally substituted with up to three
substituents independently selected from halogen, methoxy, halomethyl, dihalomethyl
25  and frihalomethyl,

said process comprising:



N |

Ar 1V wherein L represents a | eaving group selected fromd, Br,

nmesylate and 5 tosylate, and * indicates a chiral center; b) converting
t he conpowod3sofs4iprnula IV to a conpound of formula V OHPKTRIS®3/@NI3 N Ar

IV I

Ar VN Ar wherein Xis d, Br, triflate, tosylate or nesyl ate;

c) treating the conpound of formula V with a conpound of fornula Vi
10 aprotic solvent x RI M VI N N Ar Ar R4-~-NANI| VIl V

a) reacting a compound of formula Il with a chiral 2-amino-1-(Cs-Cs)alkanol in a

polar aprotic solvent to form a compound of formula IV

SN
A |

m

wherein L represents a leaving group selected from Cl, Br, mesylate and
5 tosylate, and * indicates a chiral center;

b) converting the compound of formula IV to a compound of formula V

Tj QG

wherein X is Cl, Br, triflate, tosylate or mesylate; and,
c) treating the compound of formula V with a compound of formula Vi in an

10 aprotic solvent
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Ar Ar Ar

VII
v

wherein M is an alkali metal (e.g., Na, Li, K) and Y represents a moiety selected
from the group consisting of C4-Cs alkoxy, C4-Cs alkyl, Cs-C; cycloalkyl and Cs-
C; cycloalkoxy.

and,
in an



wherein Mis an alkali nmetal (e.g., Na, Li, K) and Y represents a noiety
selected fromthe group consisting of Cl-C6 al koxy, Cl-C6 al kyl, C3-C7
cycl oal kywoand7888* C7 cycl oal koxy. -4 WO 03/078417 PCT/ US@8TAB0T&0THI S
invention further conprises a process for nmaking a conpound of formula I X
conprising steps (a), (b) and (c) above plus the steps of: (d) treating the
conpound of forrmula VIl with a protic acid to forma conpound of formul a

Vil I RT ' ~H\N/NIT-- N-- Ar 5 VI| treal t he.conmpound
of formula VT ITHE PKerdien &riher C%?Fﬁ@ﬁﬁcﬂ’r%‘@ﬁ% inpgao%ﬂng}ogg § L‘F?B@ rrgr oyl

brom de a%nﬁﬁ’@MP gbx&)f(b%md {d) abb\@ nmisetﬁ@@té@saf a base, to form a conpound

of formula I Ar | X 10 wherein Ar rese 12 aromatic
group optional I§) sub"éﬁﬁt"f‘%ttaﬂ GRMAQULY of Jorm X/” ¥‘§Bs?|pcr %'d Cf\6dtc fdent | y
sel ected f(gdamobhgogfbﬁﬁ@awnm sting of haI ogen atons, al kyI al koxy,

al koxycarbonyl, nitro, am no, alkylam no, djal kylam no, haI oal kyl ,

di hal oal kyl , trlhaloalkyl nitrile and amdoysubstituents each havi ng no
more than six carbon atonms. 15 Detail ed scriiption of the Invention A
preferred enmbodi nent of the pre&ﬁTa/WEnti oh is a process for making
N-aryl piperazines with chiral 1- [ benzoyl (2- pyri dyl ) am no] - 2- pr opane

si de-chains, which bind at the eceptor. Anot her enbodi nent of this

invention is a process for nmakin i nt ernedi ate compounds therefor. In the
process of this invention, chirallTy is introduced

Ar
5 VI

and, (&) treating the compound of formula VIIf with an aroyl compound selected
from aroy! chloride, aroyl bromide and aroy! anhydride, in the presence of a base, to

form a compound of formula X

g
[ j o Aryl

10 wherein Aryl represents a C¢-C1, aromatic group optionally substituted with up to three
substituents independently selected from the group consisting of halogen atoms, alkyl,
alkoxy, alkoxycarbonyl, nitro, amino, alkylamino, dialkylamino, haloalkyl, dihaloalkyl,

trihaloalkyl, nitrile and amido substituents each having no more than six carbon atoms.

15 Detailed Description of the Invention

A preferred embodiment of the present invention is a process for making N-aryl
piperazines with chiral N'-1-[benzoyl(2-pyridyl)amino]-2-propane side-chains, which bind
at the 5HT receptor. Another embodiment of this invention is a process for making
intermediate compounds therefor. In the process of this invention, chirality is introduced

20 atthe piperazine ring formation step.



20 at the piperazine ring formation step. 5 WO 03/078417 PCT/US03/ 07078 In
a preferred enbodi nent of this invention, the synthesis begins wth the

creation wb oaotimesyl at e conpound of fornula 111 by first pdiraiskybars ng an

aniline of formula I with chioroethanol to formdiol of fornula Il.

Al ternatively, the diol conpound of formula Il is prepared by dialkylation

ﬁfdt he i’inl line with an al kyl hal oacetate followed 5 by reduction. The two
ydroxyl groups are conveniently copverted |nt sui t abl.e IeaV|n roups,

such as nesyl ate 3 ey grBegaeni eI eRies: /E?—isp’”ﬁe?\f bﬁﬁ'nSA"P’ I [EI]
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with a chiral 1- I I
' ot her domuis Fein SioPelan 1 ek o orHe LS eE %ﬁ%aﬁur%af's”e

Eeg\rﬂ 28 | - WR0R! 1l isFresEré@ by dRRDIEAEHObE the Bnifneaitin an JtkEidiydcetatediotawen .
5 by reduction. The two hydroxyl groups are conveniently converted into suitable leaving

II

groups, such as mesylate leaving groups:

| L J
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AT E"3N
HO Ar I
NH, Hunigs Base I
| A
Ar
base [H]
I 0
O /”\/ Br
EtOzc/\N/\COZEt
Ar

The dimesylate reacts with a chiral 2-amino-1-propanol (alaninol) to give the

desired piperazine. In other embodiments of this invention, the chiral amino compound

10 is 2-amino-1-butanol, 2-amino-1-pentanol, or 2-amino-3-methyl-1-butanol. Leaving
groups other than mesylate may be used in the practice of this invention, including
tosylate, chloro and bromo. The chirality of the amine component is preserved in the
process. The alcohol group, which requires no protection during the cyclization, is
poised for further structural elaboration. The resulting primary alcohol is then activated

15  for displacement by, for example, treatment with methane sulfonyl chloride or bromide.
This reaction is believed to form a mesylate which is a transient intermediate, and

resulis in a compound of formula V.



groups other than nmesylate nay be used in the practice of this invention,
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In a preferred embodiment of this invention, the compound of formula V reacts
with the anion derived from 2-(t-Boc)-aminopyridine to introduce an aminopyridy! side

chain and produce a compound of formula VIl.

NH-t-Boc
THF VI

VI

It is also within the scope of this invention to use other groups in place of the tert-butoxy
group; suitable groups include C4-Cs alkoxy, C+-Cs alkyl, Ca-C; cycloalkyl and C3-C;
cycloalkoxy. Where this group is one of the aforesaid cyclic groups, one or more of the
carbon atoms may be outside the cyclic ring, for example, cyclohexylmethoxy or
10  ethylcyclopentyl.

The compound of formula VIl can be further reacted to form compounds of
formulae VIII and 1X. Preferably, the t-Boc protecting group is removed with HC/ EtOH
to form the amine of formula VIIl as an HCIl salt. The salt can be used directly for

functionalization of the free NH group.  While the embodiment illustrated below



R\ NN | IN1 O, --L- OtBu ~N~ | Ar VII 5 VI It is also within the
scope of this invention to use other groups in place of the tert-butoxy
group; suwDablogs4gr oups i nclude Cl-C6 al koxy, Cl-C6 al kyl, PC3ASH3/ees oal kyl
and C3-C7 cycl oal koxy. Where this group is one of the aforesaid cyclic
groups, one or nore of the <carbon atons may be outside the cyclic ring,
;or eranple cycLohﬁxylnethoxy or 10 ethylcyclopentyl The conpound of
ormula VI1 can be further reacted to formc ornulae Vi1l and
| X. Pref eriagieates @pdationpyih sroy SHorAgs: (RtBRIpads d gng8%| Vel n%]yt E’l e HERY M 1o
formthe ayhaReof thishvaatign.VI 11 as an HO salt. The salt can be used
directly for functionalization of the free NH group. Wile the enbodi nent
illustrated below 7 TH V WD 03/078417 US03/ 07078 |nd| at S
acylation with aroyl chlog des ther acy Iderlvatlm Sk in the

practice of t\hTs/\nw ntren. TN x-~N Npoo, NI
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[ ArCOCl

HCl
Ar Ar Ar
vi VI X
5 Since the present synthesis incorporates chirality during the piperazine forming

step, a chiral amine is all that is required. The reaction is surprisingly very efficient even

in the presence of a nearby free hydroxyl group (e.g., Il IV).

E? \
.
Va (X=Cl) \@\ ] Nl)l\

O

VI Y =0(t-Bu) N

VIa Y= —<___> VI Y=0(t-Bu) I
Ar
VIb Y=CH, VIl Y =__<:>

VIb Y=CH, X

10 The hydroxyl group can then be used as a handle to introduce aminopyridyl functionality
via displacement. It is not apparent on the surface or from the prior art how seriously
the side reactions described above can threaten the usefulness of this displacement.
Much depends on the specific alkylating reagent.  In WO9703982, an aminopyridine
Vla, under unspecified conditions, can be reacted with generic compounds Va, where X

15 is a leaving group, to give Vlia. In the course of developing this invention, we observed
that the anion of alkyl acyl compounds (i.e., VIb) when reacted with V (X = Cl) gave a
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significant quantity (ca. 20%) of undesired alkylation on the pyridyl nitrogen, forming
compound X. In a preferred embodiment of the present invention, Y is an alkoxy group.

This invention provides a practical synthesis of N-aryl piperazines where chirality
is introduced at the piperazine ring formation step and 2-aminopyridyl substitution is
incorporated via displacement.

The use of t+-Boc 2-amino pyridine, VI, as described in this invention significantly
suppresses the amount (< 7%) of analogous by-product formed, increasing the
proportion of desired compound Vil.  As shown in the preceding section, the t-Boc
protecting group is easily removed and the freed amine can then acylated.

Throughout this specification and in the appended claims, except where
otherwise indicated, the terms halogen and halo refer to F, Cl and Br, and the terms
alkyl, alkane, alkanol and alkoxy include both straight and branched chain alkyl groups.

The following examples are presented to illustrate certain embodiments of the

present invention, but should not be construed as limiting the scope of this invention.

Example 1
2-[(2,3-Dihydro-benzo[1 ,4]dioxin-5-yl)-(2-hydroxy-ethyl)-amino]-ethanol (ll)

2,3-Dihydro-benzo[1,4]dioxin-5-ylamine (31.1 g, 0.2 mol) is mixed with 2-
chloroethanol (210 mL, 3.1 mol) and Hunigs base (105 mL, 0.6 mol). The resulting dark
solution is heated to 120°C and stirred at this temperature with continuous monitoring
by HPLC. After 12.5 h, the reaction is stopped. Ethyl acetate (300 mL) is added and
the solution is washed with diluted brine (1 X 250 mL) followed by brine (2 X 75 mL). All
aqueous layers are combined, the pH adjusted to 7 with K,COs, and solution is back-
washed with ethyl acetate (2 X 100 mL). All organic layers are then combined and
extracted with 2N HCI (3 X 150 mL). The resulting aqueous solution is neutralized with
solid K,COjs to pH 7 and extracted with ethyl acetate (3 X 100 mL). The organic phase is
dried with MgSQO,, concentrated and chased with toluene (2 X 50 mL) to remove
residual chloroethanol. 39.6 g (80%) of crude product is obtained as a dark oil of 94
area % (LC-MS) purity. "H NMR (CDCl;) § 6.88-6.70 (m, 3H), 4.34-4.22 (m, 4H), 3.54
(t, J = 7.5Hz, 4H), 3.18 (t, J = 7.5Hz, 4H).

N



VIl 'Y = Qt-Bu) VIb Y=CH3 VIla Y= N VIIb Y=CH3 X 10 The hydroxyl group can
then be used as a handle to introduce am nopyridyl functionality via
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reacted with generic conpounds Va, vvherE %( 15 is a leaving group, to give
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Exanple 1
2-[(2, 3-Di hydro benzo[ 1, 4] di oxi n- 5- [y,kam@ashydroxy et hyl ) - am no] - et hanol

(1) 20 2, 3- dro-benzo[ 1, 4] di oxi n- ~ylam is mxed
with 25 chl or &f%@rﬁ:ﬁ)lhwmbmzot‘aﬂf"??ﬂm'ﬁ Vé)rmpﬁ&m éy‘igg@*’(‘ﬁégw 0.6 mol).
The resul ting d§ffsylate IIt (67.0 g, 0.17 mol), D-alaninol (14.0 g, 0.19 mol), lithium bromide
(31.0 g, 0.35 mol), and potassium carbonate (74.8 g, 0.54 mol) are mixed together with
acetonitrile (750 mL). The resulting suspension is refluxed (82°C) for 27 h with
monitoring by HPLC. The reaction mixture is cooled, filtered, and insoluble residue
20 washed with acetonitrile. Mother liquor is concentrated to a small volume, filtered
through 200 cm® of silica gel, and eluted with 1.5 L of MeOH 10% in EtOAc. After
removing solvent on rotary evaporator, the residue is redissolved in EtOAc (200 mL).
This solution is washed with water (2 X 50 mL), dried with MgSO,4 and concentrated to
produce IV as thick golden oil that slowly crystallizes upon standing; yield 29.4 g (63%)
25 and purity 88.3 area % (LC-MS). Melting point = 91 - g2°C. "H NMR (CDCl;) § 6.78 (t,
J = 7.5Hz, 1H), 6.55 (m, 2H), 4.29 (m, 4H), 3.45 (dd, J = 11, 5Hz, 1H), 3.38 (t, J =
11Hz, 1H), 3.10 (br m, 4H), 2.86 (m, 3H), 2.63 (m, 2H), 0.96 (d, J = 7.5Hz, 3H).

Example 4
30 6-(2,3-Dihydro-benzol[1,4]dioxin-5-yl)-1 -methyl-6-aza-3-azoniaspiro[2.5]octane
chloride (V)
Crude compound IV (29.4 g, 0.106 mol) and triethyl amine (16.2 mL, 0.116 mol)
are dissolved in CH,Cl, (150 mL) and to this solution is added a solution of mesyl
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solution is heated to 120C and stirred at this tenperature wth conti nuous
nmonitoring by HPLC. After 12.5 h, the reaction is stopped. Ethyl acetate
(300 mM -)wpsmatkderl and the solution is washed with dil ut @dThrsosrerofd X 250
m-) followed by brine (2 X 75 nL). Al 25 aqueous |ayers are conbi ned, the
pH adjusted to 7 wth K2CO3, and solution is back- washed w th ethyl
acetate (2 X 100 nL). Al organic layers are then conbined and extracted

ith 2N HCl (3 X 150 nL ) t) | d
Wt sol fhlofgetys o BT etk cRdn ket o e BB b AR o)
Thf or ga?'zsﬁlrrihga@%ohﬁquea rovefhightt tah alvipRRE terasenateret reatitny émdeah@deblution.h
t ol uene

oOom- 30 09 f
crude pr odis sqlutiopys &'%%%e{ﬁ’e‘fi vga@éi({(zs) q%u%l') @QA gé’(r)%y@kﬁ{% (1:\?/%% q%urnlg y. g 1&
ZI%R ( gD%?d%n%.ﬁe&ﬁq;@omaf/ém m Sa%@é%h;éd&ﬁthggﬁlzglﬂ? xsso l). Qrganid Iaye|r7s65;z
Met hanésula’f%ﬁ'l"%d with MaSOp ?@%Wﬂ%?%%ﬁ%fg rgéj ﬂ %%%@W

th l1 4H)| 32T gmadBiplduti N
?39 gne:su L%Mhﬁoms BY.76 @n 8915 BEMH), @5@(m( )1912 Qma plauti om ),

andtrleth am i\n 5 nmethyl ene
chl oride (RED(M4H), %&12@44@, ) §é4|(ﬁdajrr§ée1fg§t At 7 a(ﬂu%@ a sol ution of
mesyl chloride (38 nL, 0.5 nol) in nethyl ene chl orlde (50 nmL). The
addition is carried out over 0.5 h_at tenperature not exceeding 18C. The
ice-bath is renoved and resulting aﬁﬁgﬁgon is stirred at anbi ent

tenperpfure 220 4-(% 3pih{lird-beizof JﬁjaloxTﬂ-@yBE}ﬂpéﬂBle-1 sinprascpywatweat-ance of

starting mat The reaction mxture js x\llth water 10 (1 X 150
nL) and 5% aqueous NaHCO3 s@rbamigacid tegt-hufy ?ﬁf‘)’r(& ed with MyS™ and

ng(élegt rat gdgt O ?(gdc f’éﬁiunlobyrlcﬁn% r(@ﬂ?@ |Oz12Vr|Hc§i9?aNd ebdlurd t-Hitaxide (62%)g, 0.H N$
Ell—l) 2) 9? el ga-mlxe@ug HE (gsq@ﬁ.) and stlrred for 0 5 g”l( R%H&hlonde i (H 6g; 0. T0d - °

2-[4-(2, 3- Rb{%’gg; Gé%Léuéllaelawwnmé erﬂJré)fom@N@Zbyls&hoyKlC(W@aamgmﬂ (1V)
he (

Di mesyl ate | D- al ani no , t hi um
broni d& (®eD0 OW'ﬁureal‘ﬁjLE@ A9 rﬁﬂ‘\"&é@soé%at%%?%u'y%é re%} Wt%l ) are
m xed t 099@9@ ormttﬂ/ T@@ﬁt@ﬂc%kér% é§50/v5713tartlﬂ'@@na’t@r@u tatallyodisapppamsifen i s
refluxed ( m)nltorln %E‘Bk The Lgeacﬁdo thwa{ure is
cool ed, fi®7 bJr ethe r&ﬁ@l‘-@r‘i@'@[ﬁo’ﬁé"’?‘@@ﬁﬁ'ﬂ wi C (400 mL), washed wi

(3 X 150 mL) and brine (1 X 100 mL). Aqueous layers are back-extracted with EtOAc

(2 X 75 mL). The combined organic solution is dried with MgSO, and concentrated to

20 afford 49 g of crude oil containing (LC-MS) 67.9% of Vi (yield — 69%) and 10.8% of V.
"H NMR (CDCls) & 8.35 (m, 1H), 7.66-7.45 (m, 2H), 7.00 (m, 1H), 6.75 (t, J =7.5H, 1H),
6.55 (br d, 1H), 6.4 (br d, 1H), 4.3-4.15 (m, 6H), 3.82 (dd, J = 7, 14Hz, 1H), 2.88 (m,

2H), 2.70 (m, 4H), 2.50 (m, 2H), 1.50 (s, 9H), 0.94 (d, J = 7.5, 3H).

25 Example 6

{2-[4-(2,3-Dihydro-benzo[1,4]dioxin-5-yl)-piperazin-1 -yl]-propyi}-pyridin-2-yl-amine
(\"11)]

Compound VII as a crude oil (49.0 g, 0.106 mol) is dissolved in ethanol (150
mL) and to this solution is added 1N HCI solution in ethanol (212 mL). The resulting
30  solution is refluxed for 18 h, then concentrated in vacuum to a small volume (~ 100 mL)
until product starts to crystallize. Ether (100 mL) is added slowly to resulting slurry, in
portions, and the mixture is stirred at ambient temperature for 2 h. Slightly gray crystals
are filtered and washed with ethanol /ether (50:50) mixture to afford 22.2 g of compound
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20 washed with acetonitrile. Mdther liquor is concentrated to a small
volunme, filtered through 200 cnB8 of silica gel, and eluted with 1.5 L of
MeOH 10% W0 0B®AC? After renoving solvent on rotary evap®Catusn3/otohse
residue is redissolved in EtQAc (200 nmL). This solution is washed with
water (2 X 50 nL), dried wth MgSO4 and concentrated to produce IV as
thick golden oil that slowy crystallizes upon standing; yield 29.4 g (63%

2T P oo Tatial ey AT of Sl G NG 150
i(SHz, 1H) , 420 38cr{dtallizbdFromirhetianol 1130 mi BarkDettiérr (200 mitho, pradiie 108 g 8HYII 2. 63

2H), 0.96 (d. J = 7.5Hz, 3H). Exanple 4
an( 2, ;D Di Wit QQ&W%fH,W%K%% 5%)56 ﬁl%%-n(%a %‘é‘?ﬂay?o &b 239432 /60 B84 dF2. 51 0ct a

ne chlor V%qﬁg).l@(j?p@ ﬁogﬁwqu},\é,&Z(ﬂ],%ﬂgAib @aHyod. o @ndiH)r3.80-00 am ne

(16.2 ni, are dissolved in Cl2 (150 nmL) and to this solution
i s added nsPhutli@(dof = fedya 3HLOMRAG ¥y 0748447 PCT/ US03/ 07078 chl oride (8.6
m., 0.111 nol) in CH2CI2 (50 nlL) under cooling at 5 to 15C over 0.5 h.
Stirring is continued overnight at anbient tenperature resulting in clear
red solution. This solution is waf¥@Rlefh water (1 X 100 nL) and 5% aq.

NaHCOB (1 X4 LN-2-[492 80 R Gk cARIBBISA] ftke-5-y )i perbdikt-yipprapyipie h CH2CI 2
(2 X 50 m.)f” ngé *gg’ersl are drPiJ W t h yw&wo‘zeand concentrated to
afford V as thick red oil, ypyridinsylbepzamided¥a) . \vR (cDCI3) 8 6.76 (t,

J = 7-1@ Hz, 1H%%orﬁpo§ﬁd il (18.'7')Jq, %44 Fndi s 2Akd to SolutioMof kb0 (23.214) 0(18  4H)
2.8-2.64 (m 5H), 2.54 (dd, J'=7.5, 15Hz, 1 Hb 1?{/55%?, lgl—%;pEﬁa le 5 10
{2-] 4- (2, 3y inyidr ol BEwais] Mbedavigx9hmb-of | 5IOAE gbP 49 Pz 1Thp1 S Birshs P g%yp“ din-2
-yl - carbapgle,agid &Rkl -BH0H neaht al ¥oilds Wad@Rssdvedn Tiegny rsollitiog ¢i2¢- 7 g,
0.127 nol ) and sodi umt-butoxide (19.3 0.2 |) are m xed with THE (250
m.) and stoyanahgnzeu cljorsien (&8 9r8-04&mMob R BlOAP Q3§I"ﬂ3 V%a,s 251dpg Ve § Wine gt THe
(100 nl) igs_ asfdednd godifG baihiad Bmbod anethelvadioh hikiif @R Jtfdd dorg, h @t 17 15
nol). The reaction mxture is heated to refl ux gg%{%@?ﬁgé-red under refl ux

with 7doniandrientderngerature. The eppplptiongl eeastion was gt material totally
di sappears aft &hgafié l[]e@/er AesdRAfbd SR Whatiednathi waterq@Desh mil) and iethent b0 Et CAc
(400 nlL), washed™w t h wat er )
50 mL). Combined aqueous layers were back-washed with EtOAc (1 X 60 mL).
Combined EtOAc solution was dried with MgSQ, and filtered then refluxed for 0.5 h with
charcoal Darco (2 g) and filtered through Celite. The mother liquor was diluted with
20  heptane (90 mL) and slurried for 2 h with silica gel (20 g). After filtering silica gel off,
filirate was concentrated to afford free base of IXa as thick oil with LC purity 94.5%.
This oil was dissolved in EtOAc (100 mL) and treated with 37 mL of 1.2N HCI
solution in EtOAc at 20-25°C. Hydrochloride precipitated as white solid, was collected
by filtration and dried under vacuum at 50°C to afford IX with yield 20.8 g (91% for this
25  step, 19.4% over 7 steps from I). '"H NMR (CD; OD) & 8.59 (m, 1H), 7.72 (m, 1H), 7.66
(d, J = 8.3 Hz, 2H), 7.53 (d, J = 8.3 Hz, 2H), 7.36 (m, 1H), 7.03 (d, J = 8.3 Hz, 1H),
6.83 (m, 1H), 6.66 (m, 2H), 4.52 (m, 1H), 4.30 (m, 5H), 3.90 (m, 1H), 3.72 (m, 4H), 3.61
(m, 4H), 3.45 (m, 1H), 3.20 (m , 2H), 1.50 (d, J=7 Hz, 3H).
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(3 X 150 nL) and brine (1 X 100 m.). Aqueous | ayers are back-extracted with
EtQAc (2 X 75 nL). The conbined organic solution is dried wwth MpSO4 and
concent r awed3nm420 afford 49 g of crude oil containing (LECVRSOST09806 of VI |
(yield - 69% and 10.8%of V. '"HNWR (CDCI3) 6 8.35 (m 1 H), 7.66-7.45
(m 2H, 7.00 (m 1 H, 6.75 (t, J =7.5H, 1 H), 6.55 (br d, 1H), 6.4 (br
d, 1H), 4.3-4.15 (m 6H), 3.82 (dd, J =7, 14Hz, 1H), 2.88 (m 2H), 2.70
(m 4H, 2.50 (m 2H), 1.50 (s, 9H, 0.94(d, J =7.5 3H. 25 Exanple 6
{2-[4-(2, 3-Di hydro- benzol4d|OX|n I [ 7 . -propyl} pyridin-2
-yl-amne (VII1) CoriMBLE Byhlkylglionof & 106 mol ) is

di ssolved in ethanol (150 nL) and to
solution in ethanol (212 nlL), The/Fé&u
h, then concentrated i n vaculifi?o a s
starts to crystallize. Ether (100 nl)
in portions, and the mxture is stig
Slightly gray crystals are filter
m xture to afford 22.2 g of compou
(49% over 3 steps). The purity is ds ned tg-be 97.9% by LC-Ms. This
batch is then recrystallized from met¥danol 0150 nL) and ether (200 nmL) to
producg 19.3 g of VIII with 99% purity. 1 HNW (CD3 OD) 8 8.01 (m 2H),

7.30 (d, mnx%urb'zof blan'z‘@)dlox%@%nﬂlhe (3079, 20.Mmbl,, ethyl rom6ad@até (7.50nls 68 1 Hz, 1
l(_?j’ 55 936 ng]np&l_li)ltg]lgs bage (%QA:%L 72221@@1)(5@9&%{)'_(%39 28mmol)c)|n toéuelgg(sogrm_) 1. 55
NQ/anode&az% l{elﬂatéléjzto:?eﬂijxg%pi@ﬁnﬂlwg[ré&&bﬂ Inmun\&/flvﬁsydo)f’fqﬂl tpet. aliater ﬂ25yth> pr opyl }
-N pyridin-2-yl-benzam de

added to avasohdgedont *@ftwRé@g% ("gie Ee@r erﬁﬁ‘lufoés é‘ﬂ‘&ﬁ_ %)ft%%eétd i xed

W th 99 ”Hol%néftéé%mt TQe tembiked BPgénroelsyérslwuye Arighaser N efftevasarst i rr ed
for 0.5 until "all solids was %It § ‘?lr{ F{}{}& oI ution_ of 1|_Fp(lfwé)benzoyl
chlori de (Q‘P”Geréfat@ B 48cHRy10) 9y, 6 0{ IS P SR WO’ A5 TR at

7C. The cqelHdi9s Wt‘ﬂ@é1rl-%”ﬂ\4ﬁ_@33®6(ﬁwhﬁ—l)rﬁac4$@ﬂ 1Py UP-2.3n@s 6B1).i rred for 1
h at 15 anbient tenperature he conpl etion of reaction was established by

%L% oI ution is refluxed for 18

- 100 nL) until product
S added sl ovay to resulting slurry,
C ient tenperature for 2 h.
ashed Wi t h et hanol /ether (50:50)
O 03/ Q78417 PCT/ US03/ 07078 VI I |

TLC.
15 . .
EXAMPLE 9: Reduction of Benzodioxane Diester to Diol
HO OH
\/\N/\/
@ioj
0]
v

20

A mixture of diester (24 g, 74.3 mmol) in THF (240 mL) was cooled to 0-5 °C before
LAH pallets (9.9 g, 260 mmol) were added slowly while maintaining reaction
temperature below 10°C. After the addition of LAH, the cooling bath was removed and
stirring was continued at rt overnight. After 18 h of stirring, the reaction mixture was
25 cooled to 0+5°C in dry ice/IPA bath. Water (10 mL) was added to reaction mixture
slowiy, followed by 15% aq, sodium hydroxide (10 mL) and water (30 mL). The resulted
mixture was stirred for 30 min then filtered. The solids were washed with THF (100 ml).
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Organic | ayer was separated and washed with water (1 X 50 m-) and brine (1
X 50 nL). Conbi ned aqueous | ayers were back-washed with EtOAc (1 X 60 nli).
Conbi ned W0@w7s0T uti on was dried with MgSO4 and fil t er ed PCharsos/efolgixed f or
0.5 h with <charcoal Darco (2 g) and filtered through Celite. The nother

i quor was diluted with 20 heptane® (90 nlL) and slurried for 2 h with
silica gel (20 g). After filtering silica gel off, filtrate was

concentrated to afford free base of IXa % gé{ﬁo '{h Ig;lcl uri,ty 94.5%
This oi | wiae fitiatswas eancenfratedifVapuQie 9e) 14m 9(41 A ' om ?\zﬁ‘ ﬁ}' . 2N HCl
solution ig aEB@%‘fQ@%re%G}' ARCiys ek o ANIRIeCDCRPS Bisbat Fi(RSINALE 4 | d, was

col lected® tration and dried under vacuumat 50C to afford |XWlth
yiel d 20. 8mg4l(ID§ Bt dr= 1.9z 401 Sk, J 1 8-5h5 Hler 7 steps from1). 1H NVR
(CD303)6859(m1H) 772(m1H) 766 (dJ 83Hz 2H), 7.53
(d, J =83 H, 2H, 7.36 (m 1 H, : (m 1
H, 6. 66 (m zwanwasanc(rmo?memreseﬂt wefc’fwn @Hﬂ'ust@t@d‘e(r%ﬂ" i ‘P!Bkcq"@tb%se(m 4H)
3.61 8 ehtboditehtdtust@td) and\D

03/ 078417 %@%‘9 Ué[&é%&?@g%g%%ﬁv@@oﬁ@ nc;}%lg‘%t:a%?]o of Benzodi oxane PI line to
Di ester Etoreecrmedlxh@@@abusewmmaswe abthe) sHbigeli BRETSWHND (theisCere 67 J1e 20
nmol ), et nmmol ), Hunig's base (12.5 nL, 72
nmol ) and FP{%&@S%@&%q%&tg}hﬁrﬁl uene (30 nL) was heated to refl ux.
After 23 h, the reaction mxture was cooled to it. Water (25 nL) was
added. The two | ayers were separated. The aqueous |ayer was extracted with
10 toluene (25 nL). The conbined organic | ayers were dried over Na2SO4,
filtered and concentrated in vacuo to give 6.5 g (100% vyield of the

di ester as brown oil. IHNWR (CDCI3) 6 6.70 (t, J=8.1 Hz, 1 H), 6.3-6.6
(m 2H), 4.1-4.3 (m 12H), 1.2-1.3 (m 6H). 15 EXAMPLE 9: Reduction of
Benzodi oxane Diester to Diol HO OH ni IV 20 A mxture of diester (24 g,
74.3 mol ) in THE (240 nm.) was cooled to 0-5 C before
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LAH pallets (9.9 g, 260 mml) were added slowly while maintaining reaction
tenperature bel ow 10C. After the addition of LAH, the cooling bath was
renoved awo 03978417 ng was continued at it overnight. Afte®PCI8Sh3/afo78
stirring, the reaction m xture was 25 cooled to 05C in dry ice/lPA bath.
Water (10 m-) was added to reaction mxture slowy, followed by 15% aq,
sodi um hydroxide (10 nL) and water (30 nL). The resulted m xture was
stirred for 30 min then filtered. The solids were washed with THE (100 m).
-13 WD 03ChAMS7 PCT/ USO3/ 07078 The filtrate was concentrated in vacuo to
give 14.5 g (81 % of diol of formula IV as thick clear oil of 98 area%

(LCM5) purity, 1H N\ﬁo&e@%rg}epﬁriﬁ%g%oﬁp&ﬂﬁc{cbﬂforﬂfd)a.vm. 34-4.22 (m 4H),
3.54 (t, J = 7.5Hz, 4H), 3.18 (t, = 7.5Hz, 4H). 5 Many vari ations of the

present invention not illustrated herei n v TR occur to those skilled in
the art. The present invention gssxn lim{ed)to the enbodi nents illustrate
and described herein, but enco ses | ™he subject matter within the
scope of the appended clains and |equi vial ents thereof. WO 03/078417 CLAI M5
1. A process for preparing a co dy formula VIIT R~ 1 N V Nr" N-)
O~-\YY A VII PCT/US03/0707 erein Ris Cl1-C3 alkyl, Y represents a
noi ety selected fromthe group c sting of Cl-C6 al koxy, Cl1-C6 al kyl,
C3-C7 cycl oal kyl and C3-C7 cycl oalllr<oxy, and Ar is
2, 3-di hydr o- benzodi oxi n-5-yl, or 6heny| optionally substituted with up to
t hree . VI
5  wherein
R is C4-C5 alkyl,
Y represents a moiety selected from the group consisting of C4-Cs alkoxy, C4-Cs alkyl,
C5-C; cycloalkyl and C;-C; cycloalkoxy, and
Ar is 2,3-dihydro-benzodioxin-5-yl, or phenyl optionally substituted with up to three
10  substituents independently selected from halogen, methoxy, halomethyl, dihalomethyl
and trihalomethyl,
said process comprising the following steps:
a) reacting a compound of formula lil with a chiral 2-amino-1-(Cs-Cs)alkanol in a

polar aprotic solvent to form a compound of formula \Y
OH

LITJ e
| |

Ar

1
15 v

wherein L represents a leaving group selected from the group consisting of Cl,

Br, mesylate, triflate and tosylate, and * indicates a chiral center,
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10 substituents independently selected from hal ogen, nethoxy, hal onethyl,
di hal onet hyl and tri hal onmethyl, said process conprising the follow ng

steps: a)wpaaotssmy a conpound of formula Il with a chiralPCT/US03/07078
2-am no-1-(C3-C5)al kanol in a polar aprotic solvent to forma conpound of
formula IVOH/L I Ar 15 111 | Ar IV wherein L represents a | eaving group

sel ected fromthe group consisting of C, Br, nesylate, triflate and
tosyl ate, and * .i ndi cat a chiral _.center. WO 03/0 AWS03/ 07078 b)
converting thet@&ﬂﬁﬁﬂﬁﬁﬁ@?C@BP%ﬂﬁéﬁﬁWmP@ng%%ﬁ%ﬁé%%%§%&¥§§%ﬁfa V OHx R
CN) NR-"k rN~ NN XoHAr Ar VIV wherein Xigs C or Br; and, c) treating
t he conpound of folgmng Vwth a corrpoundRof*f rmul a Vi i}g an 5 aprotic

sol vent
N N N X
L] (] ]
N T =
IAr Ar Ar
\
v
wherein X is Cl or Br; and,
c) treating the compound of formula V with a compound of formula VI in an
5 aprotic solvent

R\T/'X R ) /ch i | R\T/\ i |
[Tj SO ™ Ay

JE— .
l

Ar Ar \
v Ar
VI

wherein M is an alkali metal.

2. A process according to claim 1 further comprising treating the compound

10  of formula VIl with a protic acid to form a compound of formula Vi

]
R\fr\m N
]

VII
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X R-

* INI Ar VR4-~ N\N1Il VIl wherein Mis an alkali nmetal. 2. A

process according to claim1 further conprising treating the conmpound 10
of fornulwowBl784Th a protic acid to forma conpound of f @crsas/iors

HN--, I Ar VIII WO 03/078417 PCT/US03/07078 3. A process according to

R~NN

claim2 further conprising treating the conpound of formula VII1 with an
chloride, aroyl brom de or aroyl anhydride in the presence of a base

ar oyl

f , ' - -
ar omt 1 ¢ g1 oup pt | INBIRGstrRetl e P sl TS o bR Rag R el

[ Ingependertiflfcymrﬁ,ﬁ whitwith drr avoyit diorigiepapyldoomidet ar ragoyd Bninalridg éntha tpossencal kyl |
al koxy, al koxycarbonyl, nitro nm n | kyl am no, di al kyl am no, hal oal kyl
bal kyft 2 Da5r [ BaicRYPOLT) ot

_ am do substituents each having no
than six carbon atons. 10 4. A procesg”a¢cording to claim3 wherein
i's 4-cyanophenyl. 5. A proces ccordto any one of clains 1 to 4

hed

di hal
mor e
Aryl

wherein the conmpound of formula

nformed by

o
[Nj Aryl

Ar

IX
5  wherein Aryl represents a Cs-C1, aromatic group optionally substituted with up to three
substituents independently selected from the group consisting of halogen atoms, alkyl,
alkoxy, alkoxycarbonyl, nitro, amino, alkylamino, dialkylamino, haloalkyl, dihaloalkyl,

trihaloalkyl, nitrile and amido substituents each having no more than six carbon atoms.
10 4. A process according to claim 3 wherein Aryl is 4-cyanophenyl.
5. A process according to any one of claims 1 to 4 wherein the compound

of formula Il is formed by
a) reacting a compound of formula | with a 2-chloroethanol in the presence of a

15 trialkylamine base to form a compound of formula Il
HO OH
HO N
AINH, — |
base Ar
I 1l
and,

b) converting the compound of formula 1l to the compound of formuia .

20 6. A process according to any one of claims 1 to 5 wherein Y is a C4-Cs

alkoxy group.
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a) reacting a conpound of formula | with a 2-chloroethanol in the presence

of a 15 trial kylam ne base to forma conpound of fornmula Il HOB OH
HO'' A" ~QGwoAsiir@1base | ~NI-- i |l and, b) converting thecrarspdoumds of
formula Il to the conpound of forrmula 111. 20 6. A process according to any

one of clains 1 to 5 wherein Yis a Cl-C6 al koxy group. -17 WO 03/078417
PCT/ US03/ 07078 7. A process according to any one of clains 1 to 6 wherein Y

is tent-butoxy. 8. A 0L d] . I RB; ] erein
A s 2.3 i hydfo- belraares RRaRo B A 4R AREMNR il udel ore o
claims 1 to 8 wherein the chiral 2- am no-1-(C3-C5)al kanol is

D- 2-am no- 1- proganol apd Rl ScBREY o any one of claims 1 to 7 wherein Ar is 2,3-

dihydro-benzodioxin-5-yl.

9. A process according to any one of claims 1 to 8 wherein the chiral 2-
amino-1-(C5-Cs)alkanol is D-2-amino-1-propanol and R is methyl.
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