WD 03/ 078420 PCT/ US03/ 07176 PROCESS FOR MAKI NG CHI RAL 1, 4- DI SUBSTI TUTED
Pl PERAZI NES FI ELD OF THE | NVENTI ON This invention relates to processes for
t he prepawetsorm4od chiral 1,4-disubstituted 5 piperazi ne®CTarsd3/omn76

i nternedi ates useful in such processes. BACKGROUND OF THE | NVENTI ON

Pi perazines of formula AR1 Ar-N NCHCH2 NN 10 A wherein Ris a |ower
al kyl, Ar is an unsubstituted or substituted aryl or heteroaryl, and,Q is
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derivatives that are 15 useful in the treatnent of Central Nervous System

(CNS) di sorders. Piperazine erivatives of fornula A contain an asymetric

carbon so they may exist in tmm forms. It is now well

under st ood thatTtﬂ@&ﬂéht@ﬁi&é@té_@ltagrdc@ssreee&nh@f)_ p@kctiBn i éHial ﬁ@ldisueé%k&élgy and

selectivity, they may have different netabolic fate and produce different
Plaeranipse 08

si de ef¥ec gppterragdintes Use{din palriPgesEenant i oners of pi per azi nes
of formul-a 20 A display inproved 5HTIA binding affinity and bi oaval ability.

Therefore, an efficient, erationally facile, inexpensive and safe
alternative process for na%%ﬂ@gﬂﬂggﬂgiﬁiﬁﬂﬁﬁm¥gﬂl$ﬂ$erazines i s desirable.
WO 9533725 t eachipsragine®bivegnil@A synt hesi zi ng sonme chiral piperazines of
formula A by al kyl ation of the correspondi ng 1-aryl -~pjperazine with
enantionerically 25 pure =
2- (5-nmet hyl -2, 2-di oxi do- 1, 2, 3- oxat hi gzol i di n- 3-yl
conventional approach to creétiny 1,4-disubstitu erazines is via bis-
al kylation of primary amres W t hnbi-sH2--cbH am nes, the so-called
nitrogen nustard gases. A ﬁgﬂ%gﬁtically active\pi perazines, structurally
unrelated to formula A, have been prepared by céhdensation of an

N substg tuted bis(2-chloro-ethyl)amneanth 30 a sel ected chiral am ne
according to Natsuka et al. in J. Med. Chem 1987, 1779 and WO -1

wherein R is a lower alkyl, Ar is an unsubstituted or substituted aryl or heteroaryl, and Q
is a hydrogen, CO-(lower) alkyl, CO-cycloalkyl, or CO-aryl, are potent 5HT1A receptor
binding agents. U.S. Patent No. 6,127,357 teaches such piperazine derivatives that are

76 useful in the treatment of Central Nervous System (CNS) disorders. Piperazine
derivatives of formula A contain an asymmetric carbon so they may exist in two optically
active forms. It is now well understood that enantiomers bind to receptors with different
potency and selectivity, they may have different metabolic fate and produce different
side effects. WO 9703982 teaches that preferred enantiomers of piperazines of formula

20 A display improved 5HT1A binding affinity and bioavalabilﬁy. Therefore, an efficient,
operationally facile, inexpensive and safe alternative process for making these
homochiral piperazines is desirable.

WO 9333725 teaches a method for synthesizing some chiral piperazines of
formula A by alkylation of the corresponding 1-aryl-piperazine with enantiomerically

25  pure 2~(5-methyl-2,2-dioxido-1,2,3-oxathiazolidin-3-yl)pyridine.

One conventional approach to creating 1,4-disubstituted piperazines is via bis-
alkylation of primary amines with bis(2-chloroethyl) amines, the so-called nitrogen
mustard gases. A few optically active piperazines, structurally unrelated to formula A,
have been prepared by condensation of an N-substituted bis(2-chioro-ethyl)amine with

30  aselected chiral amine according to Natsuka et al. in J.Med.Chem. 1987, 1779 and WO
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WO 03/ 078420 PCT/US03/07176 9424115, and wth a natural am no acid
according to Acta Pol.Pharm 1999, 56, p.41; CA 131: 157745. However, there
i S a needwbas/oz4pr ocess to make synthetically useful, chipcalused/omiogen
nmustard nol ecul es. Chem & Pharm Bul | etin Japan 1954, 275 describes a
conversi on of bis(2-chloroethyl)amne into N bis(2-chloroethyl)

am noacetonitrile, and 5 a rel ated paper in Chem& Pharm Bul |l etin Japan
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W th m nor I cati ons % &Wed. Chem Letters 2, 1661,
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SUMVARY CFariifes.| NVENTI ON The present invention conprises a process for the

preparation of r a:B reN N -~ ~ [ 1]

wherei n R and Fﬁﬂéé%c% i %gébg}cﬁﬁiem%é% éée:asgﬁgﬁ %d\)IdfP%%eda4‘RS/ PR, GRCt Ar

r epr esent swith simledichgnttanpamined uoaerivyalden inbempodTox pragéss s atplpgéwﬂol the

optionally it T h to_three. substituent ndependent | y

cbl ectod 1VEIHRRET BLbAR (it Rad o Fambiressn FEG nhp debeg o, gmmetic

tri hal onetfoyrhation @i G(dNLEFGINCMYId BabEn ARG higl d8gree BPasResadctlig) BRy a | a

and a %O”pt?ausndbgjen f %rcggslic?nally used with minor modifications (Quadri et al.,
Biorg.&Med.Chem.Letters 2, 1661, 1992; Taylor et al., Tetrahedron Letters 37, 1297,
1996). Hoffman and Hwa-Ok Kim, Tetrahedron Letters 31, 2953, 1990 replaced triflates

with (4-nitrobenzene)sulfonyloxy esters in a reaction with hydrazines.

20 SUMMARY OF THE INVENTION
The present invention comprises a process for the preparation of a compound
of formula {il
RN
Ar—N N‘<
\___/ COOR'

]
wherein R and R’ each independently represents a C;-C; alkyl group; Ar represents a
25 dihydrobenzodioxinyl or benzodioxinyl, or pheny! optionally substituted with up to three
substituents independently selected from halogen, methoxy, halomethyl, dihalomethyl
and trihalomethyl;
said process comprising reacting a compound of formula la and a compound of formula
Ib to form a compound of formula 1,



Ib to forma conmpound of fornmula Il, -2 WO 03/078420 PCT/US03/07176 0 O
/A R-O+J( R-ORNRCOCF3S®BBH Os2CF3 HCI----N~Cl lalb Il and
further rweoBiorgy2d he conpound of formula Il with an aryl agrnsSoyenpound,
Ar-NH2, in which Ar is defined as stated above, to produce a conpound of
formula I'll. 5 Preferably, these steps are perforned in a concatenated
manner to form conpound Il w thout isolating internediate conmpound Il. In
a preferred enbodi nent, the conpound of fornula.la is a single enantioner,
(S) or (R, that Iead@to theC| ormat gpn of a sifjgl e enantioner of a

conpound of forny haV| n mverteoRﬁﬁ?l uration, i.e. (R or (S).
Hydrldereductlono fousnulalll _tpeR pr 6ESUY wi t h

retention of conflgurat on to forlﬂnthe i nterne orrpound of formula
V. The invention furth “Bpri ses the re@etion of ©npound of formula
IVto formthe mterﬁedlate conﬂBunds of formulde V: RCOOKRX R OH Y -
R N hydride X - reduction CN) N reduction + NNNN A Ar Ar Ar LIl 1V
Vv

and further reacting the compound of formula Il with an aryl amine compound, Ar-NH,,
in which Ar is defined as stated above, fo produce a compound of formula Il
5  Preferably, these steps are performed in a concatenated manner to form compound il
without isolating intermediate compound Il
In a preferred embodiment, the compound of formula la is a single enantiomer,
(S) or (R), that leads to the formation of a single enantiomer of a compound of formula I
having an inverted configuration, i.e. (R) or (S). Hydride reduction of compound of
10 formula Il then proceeds with retention of configuration to form the intermediate
compound of formula IV.
The invention further comprises the reaction of a compound of formula IV to
form the intermediate compounds of formulae V:

I v \Y
15 where X is a leaving group such as halo (especially chloro and bromo),
methansulifonyloxy,
p-toluenesulfonyloxy, or p-bromophenylsulfonyloxy.
The invention also comprises the novel compounds represented by formulae 1,
111, iV and V, and the optical isomers thereof.
20 The invention also comprises the following process steps, in which compound V
is used to make compounds VII, VIl and 1X:

treating the compound of formula V with a compound of formula VI in an aprotic solvent



15 where X is a | eaving group such as halo (especially chloro and brono),
nmet hansul f onyl oxy, p-tol uenesul fonyl oxy, or p-bronmophenyl sul fonyl oxy. The

i nvent i ornwealiso7stempri ses the novel conpounds represented gTfusosruiiae ||
111, iV and V, and the optical isonmers thereof. 20 The invention al so
conprises the follow ng process steps, in which conpound V is used to nake

conpounds VII, VIIl and I X treating the conpound of fornula Vwith a
conmpound of formul a VI in an aprotic solvent -3 WO 03/078420
PCT/ US03/ 07176 R RN N (J-- N~ NX CNNNM+) OY@C Al Ar
Ar  V VI V\Qer M i s E%a rrebal , \,,L/gl\an presents a
noi ety sel ect from up con |J;: Jf Cl oX ci¥ce al kyl ,
C3- C7 cycl oal and C3 C7 N_c¥cl odl ko Ntreating the cohpound of for mul a
VI | vvlthapotl acid tq forim a corrpwund of forrrua YH\N (N N |
Ar VI
N
A!’ Alr Ar
v VI

wherein M is an alkali metal (e.g., Na, Li, K) and Y represents a moiety selected from

the group consisting of Ci-Cs alkoxy, C:-Ce alkyl, Cs-C; cycloalkkyl and Cs-Cs

cycloalkoxy;
5 freating the compound of formula VII with a protic acid to form a compound of
formula Vil
]
H
]
N

i
and, treating the compound of formula VIil with an aroyl compound selected from aroy!
chloride, aroyl bromide and aroyl anhydride, in the presence of a base, to form a

10 compound of formula IX

g
[ j o] Ary!

wherein Aryl represents a Cq-C,, 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,

15  frihaloalkyl, nitrile and amido substituents each having no more than six carbon atoms.
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VIl and, treating the conmpound of fornmula VIII with an aroyl conpound
selected fromaroyl chloride, aroyl brom de and aroyl anhydride, in the
presence wh oaogaze, to forma 10 conpound of fornula | X RCT/UuSoMM™76 N O

)---"Aryl N1 Ar I X wherein Aryl represents a C6-Cl2 aromatic group
optionally substituted with up to three substituents independently
sel ected fromthe group consisting of hal ogen atons, al kyl, al koxy,

al koxycarbonyl, nitro, am no, al kylam no, dial kylam no, hal oal kyl,

di hal oal kyl, 15 trihaloalkyl, nitrile and am do substituents each having no
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10 Various aspects of a preferred embodiment of the present invention are shown
in Scheme 1:
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reaction is generally run for 4 6 hours, although prolonged stirring times of up to 18-24
hours are not detrimental. Yields of the corresponding compound of formula i may be
as high as 83%, but more typically, yields are in the range of 50-65%. Tetrahydrofuran
is an optimum solvent, however, it is very sensitive to the presence of traces of triflic
acid or triflic anhydride that may initiate partial tetrahydrofuran polymerization, and the
resulting gelatinous material complicates isolation of the product.

A preferred embodiment of this invention comprises a one-step process wherein
compound Il is prepared in chlorobenzene as a crystalline triflic salt and is used to
alkylate 2,3-dihydro-1,4-benzodioxin-5-amine in chlorobenzene to form compound .
The compound of formula Il may be reacted with 2,3-dihydro -1,4-benzodioxin-5-amine
in refluxing chlorobenzene for a period about 8 to about 18 hours. The formation of the
compound of formuia Il thus may be effected in a concatenated manner by using a
chlorobenzene solvent and continuing without a necessity for interim isolation of the
compound of formula Il.

An aminoester of the compound of formula lIl can be isolated as a free base or
converted to a stable hydrochloride salt. Alternatively, the compound of formula il is
obtained by condensation of 2,3-dihydro -1,4-benzodioxin-5-amine with a free base of
compound of formula Il under similar conditions, and both intermediates Il and il are
used in a crude state in the subsequent steps.

A preferred embodiment for formation of the compound of formula Il from the
compound of formula Il comprises the reaction with amino-benzodioxine as illustrated in

Scheme 1. In another embodiment of this invention, an amino-phenyl is used instead of

an
aces of

al



A preferred enbodi nent of this invention conprises a one-step process

wherein conpound Il is prepared in chlorobenzene as a crystalline triflic
salt and weowmesi2e 0 20 al kyl ate 2, 3-di hydro-1, 4- benzodi opCAASozmIN€ i N
chl orobenzene to form conpound Il11. The conmpound of formula Il may be

reacted wth 2,3-di hydro -1, 4-benzodi oxi n-5-am ne in refluxing

chl or obenzene for a period about 8 to about 18 hours. The fornmation of the
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X@
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Depending on the nature of the leaving group X, acidity of the medium,

Z

lelll

20

concentration, or solvent polarity, these piperazines may exist in an equilibrium with 6-
aza-3-azoniaspiro[2,5] octane species.
The present invention further comprises the novel compounds of formula i1, 1,
25 and IV. Preferred embodiments thereof include:
N,N-bis(2-chloroethyl)-(R)-alanine methy! ester, trifluoromethanesulfonate;

-7-



met hyl ene chloride to produce the intermedi ate conpound of formula V. In an
15 alternative enbodi nent, the al cohol of fornula V or its hydrochl oride
salt is hwetoad7ssea h thionyl chloride in refluxing chloroffecrmsodoralé ai n a
hydrochl ori de salt of the compound of fornmula V. (N) N NN OOOO V 20
Dependi ng on the nature of the |leaving group X, acidity of the medium
concentration, or solvent polarity, these pi perazi nes may exist in an

i1ibriynwith 6 aza:3-azoni Th t
Cvent  on TOVHeREuRERDLETARRLERRILFE, PhudEheRgepRENED. T1° PIPSeNe nd
V. Pref erred-(2stndidrentdehhetiedi- 5-|yr)-©d-me|lhyl -1 plperazmeacetlc acnd ethyl ester;

N, N- bi s(2-chl t hyl R) - al ani. t hyl t t fI t | t
YN0 031 dRsAAe S ST RN B i RS e ST A e ety
ester, tri (H& q%@grﬂ?ﬁﬁa?dwalﬂeh%lﬂ&@a 5-yg oc—methyl -1 plperazmeace’uc acid methyl ester,

(R-4-(2,3 ro-1, 4-benzodi oxi n- ?1 P perazi neacetl c acid
et hyl est e(R)-4-(2 3-dihydro-1,4-benzodioxin-5-yl)- oc-et yl- 1—p|perazmeace ic acid methyl ester;

(6!3 %1;”4 (65,[2 ~4-( %[cﬁhy]dro-1 RENAISHiN-B Bprhet-Chibdhzitedth&Rl;aplineacet i ¢ acid
(R h4I (2, 3(Fiji4h0’£<$t<ﬂhyblrdl4 aesenactiodn-B-yH-Rréthyld-piptrigimeethamoper azi neaceti ¢ aci d
met ester;

(R) - Z (2, 3-di hyg?‘??p‘i”nﬂ Ye b droaastes. Wt} aaCgrpﬁmlmdlOli)lf%rénrugmvrlletgce{ '@ aci d

met hyI est @mpound of formula VII. Y represents a moiety selected from the group consisting of

(&) -G EodboR bt SR G bene ROl H & e GHPN I 1 per asi neet hanol

Corrpound V can be reacked s t,h a conpound of forrrul aVl toforma conpound
of formula VII. Y represe ~a noiety sel ected fromthe group consPsting of
10 A -C6 al koxy, C-C6 alkylg C3-C7 cycl oal kyI C3-C7 cycl oal kcj;g R C

R) ~fl (NNNR [;] \(\ N NNI
o), 1 &R O

N
— e
Ar I
VI Y=0(-Bu) Ar
VIl Y =0(t-Bu)
Vb Y =CH,

VIIb Y =CH;

The aminopyridy! functionality is introduced via displacement. It is not apparent from the
prior art how seriously the side reactions described above can threaten the usefulness
15  of this displacement. Much depends on the specific alkylating reagent. in
W09703982, an aminopyridine Vla, under unspecified conditions, can be treated with
generic compounds Va, where X is a leaving group, to give Vlia. In the course of
developing this invention, we have observed that the anion of N-alkanoyl compounds
(i.e., VIb) reacts with V (X = Cl) to give a significant quantity (ca. 20%) of undesired
20  alkylation on the pyridyl nitrogen, forming compound X. In a preferred embodiment of

the present invention, Y is an alkoxy group, more preferably C,-Cs alkoxy.



Nr N NN(N ~/ Oit (NN OYNNYVHN A VI Y=Qt-Bu) Ar VII1 Y =
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prior art how seriously the side reactions described above can threaten the
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al kyl ati on on nitrogen, formng conpound X. In a preferred
enbodi rrent ofhe U%Opr%@eﬂtamlmﬂ/émdlmﬁa Viyas desgibed kbiys givenien sendapier er abl y

Cl-C6 g ko §esme0%{1ﬁ_aﬁfl3g 'B/%:)T /OPSQ%A%EAJ Gy- T&@t LAY | iRGe iRy itstes a

practi cal Reﬁes IS O glerazm S Wnere chlralty IS introduced at
t he pi per a;zropm‘ucun nlgddsiredreompaurd ¥fl. af$ shomni indhs Preppring issian: the bROE s

| ncor por at ;?rgte;&hr% gﬁibtﬁp s @Sﬁfmr@rlhove (Hﬁé’frﬁéd émﬁ@%a@b@méﬂoac?lﬁfeﬁd' ne, VI, as

described in ention si I cant suppresses the anount (< 79
of anal ogous byThpeughoot tHiersped catmrQ%mmgh@ happepdesh GRAIMSne¥Erl diered

compound Vihensfse RACHEY e teihsRIRSRH A AL IdaNo 7N e and it @fhé NG

group is eaS|Iy renoved an m ne can be then acyl at ed
Thr oughiout alkyhi alkanpealidnoband akexaintlude boHesteaighé ArberapehadrabainalybgioURher e

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.

15
EXAMPLE |
N,N-Bis(2-chloroethyl)-(R)-alanine ethyl ester, trifluoromethanesulfonate

A suspension of bis(2-chloroethyl)amine hydrochloride (0.392 g; 2.1 mmol) in
5N aqueous sodium hydroxide (3 mL) is extracted with ether (2x 10 mL) and the
20 combined extracts are washed with a minimum amount of water and saturated brine.
The ethereal solution is dried quickly over magnesium sulfate and filtered.
Tetrahydrofuran (2 mL) is added to the filtrate, and ether is carefully removed under
reduced pressure on a rotavapor unit without heating. The residue is mixed with a
solution of ethyl (S)-2-(methylsulfonyl)oxy]-propionate (0.5 g; 2 mmol) in
25 fetrahydrofuran (1 mL). After stirring the reaction mixture for 24 hrs at room
temperature, there is no visible precipitate. The volatiles are removed under reduced
pressure and the remaining viscous oil is dissolved in ether (8 mL), and the slightly
turbid solution is filtered after 60 minutes. The filtrate is treated dropwise with n-heptane
to induce crystallization; the final ratio of n-heptane/ ether is 1:3. The crystalline salt is
30 collected by filtration and washed quickly with a small portion of ether. There is obtained
0.653 g (yield 83.3%) of N,N-bis(2-chloroethyl)-(R)-alanine ethyl ester, trifluoro-
methanesulfonate; mp 73-74.5 °C; "H NMR (300MHz, CDCls) 6 1.35 (t, J= 7.1 Hz, 3H),



ot herw se indicated, the terns hal ogen and halo refer to F, d and Br, and
the ternms 10 al kyl, al kane, al kanol and al koxy include both strai ght and
branched wbaBn7sakkyl groups. The foll owi ng exanpl es are pPETAISIFWITO
illustrate certain enbodi nents of the present invention, but should not be
construed as limting the scope of this invention. 15 EXAMPLE I

N, N- Bi s(2-chl oroethyl )-(R)-al ani ne et hyl ester, trifIuoronethanesulfonate A

suspensi on i s | 950 f = ,gBol) in
5N aqueous12§é§)ufnﬂ2 e :S?Ji) g%liié,ln)ﬁm Q?Ogﬁgrzglgtﬂe?%dtghegt%r& 2% 1 rrL) and
the 20 co?rﬁlH?elebﬁtqQéb,tH")are washed with a nini num anount of water and
saturated brine. The ethereal solution is dried quickly over nagnesi um
sulfate and filtered. Tetrahydrofuran (2 nm) is added to the filtrate, and
ether is carefully renoved under r@éﬁﬂéﬂ_ﬁressure on a rotavapor unit

wi t hout; heat ;}F‘g‘f}#g '@.eb. §&.iodfa -HenzBUitsh- me@tu ﬂ\etﬁgmbip‘éi‘aﬂﬁeagzgwlacid

(S)-2- [(rreth onyl ) oxy]- propi onat e
tetrahydrofuran (1 nmL). After stlrrﬁﬂylﬁh@rreactlon mxture for 24 hrs at

room tenper at uy\esm&t@ﬁf& 23.d¥Rdrs 5140 @zea.sma%e 0B ¥0bab!hAw)ahe

renoved under reduce ressure an remai nin scou |ssolved
in ether (8himopenzang (t2thk lis ghded, to pusddutipnsefi NN- bﬁ(z @wlmoethabéla) a&aﬂlée 60

m nut es. g@o&t’e[ ﬁfnﬂ?érgnvl%ﬂ%?\%&ﬂfog‘[ OvahsﬁltWotéBo”?ﬂ%fefgﬁnol)t & 'trLbd%&r%e

crystalliz tro o ane/ er

cryst ali® i neolgentt(2i mL13Jheditirmedtreaction mixtttmas heated i Ve85 ke for di&i loaurs, et h a
smal | port i

NN bi 5 2- AR i By folebad At (F Compedin ooy 'S?a"“t%ﬁem”%”

met hanesul ﬂ@%a&oehunnrplca@cmateﬁﬂ@mLIHnNWG(FSQW exttBCis e ®/aghagbwith briges 7. 1

HZ 3H) BG4S ﬁm’rs\'gf §5ﬂf§87(m
4. 00 gﬁe fﬁg&%ﬁ% gﬁétg Q@d ﬁgé'rgg l_;)r e Z&géﬂforﬁm)'s 0 ma 0 9 02
( b 1 H) . BEXAMPEdEluct Wwith Re 0.15, (R)-4-(2,3-dihydro-1,4- benzodloxm 5—yl)-oc-methyl 1-
(R -4-(2, 3-Di_hydr n i Q%] Nn-5- - t By r n i€ acid
(R0 58, pRAPUHRBeAaHEORY) o oo ar iy Al gcelys o
2.16 mol ) dihgdroshi-benheizans-y()2 atpethgl-Bpidechzineacetsol adid oathgf ester is
N, N-bi s(2- ¢l or 08t ik 1 RlocRloBRL Wit that is collected by filtration; 0.615 g (80%), mp
168-171° C. The salt can be recrystallized from ethanol-ether, or acetone-ether. H
NMR (300MHz, DMSO-ds) & 1.25 (t, J= 7.1 Hz, 3H), 1.58 (d, J= 7.2 Hz, 3H), 3.16 (m,
20  2H), 3.36 (m, 2H), 4.23 (m, 4H), 4.26-4.38 (m, 3H), 4.48 (b, 4H), 6.52 (d, J=7.9 Hz,

1H), 6.57 (d, J=8 Hz, 1H), 6.76 (t, J= 8 Hz, 1H), 11.3 (b, <1H).

EXAMPLE Ill
(R)-4-(2,3-Dihydro-1,4-benzodioxin-5-yl)-B-methyl-1-piperazineethanol
25 The hydrochloride salt made by Example 1l (1.07 g; 3 mmol) is suspended in
5% aqueous sodium bicarbonate (6 mL) and extracted with ether. The organic phase
is separated, washed with brine, dried quickly over magnesium sulfate and filtered.
The filtrate is added to a stirred suspension of lithium aluminum hydride (0.34 g; 9
eq) and the mixture is heated to a mild reflux for 3 hours. After cooling, it is
30 decomposed with water (1 mL) and 0.5N hydrochloric acid (7 mL). The aqueous
layer is separated, basified with 10% sodium bicarbonate and re-extracted with ether.
The combined extracts are washed with small amounts of water and brine, dried over

magnesium sulfate, filtered and evaporated. The oily product (0.69 g; yield 82%)
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ethyl ester (trifluoronethanesulfonic acid salt; 0.850 g; 2.16 mmol) in the
sane 10 solvent (2 nmL). The stirred reaction mxture is heated at 130 C for
15 hour s,wbha/0784200 ati | es are renoved on a rotavap, and theczarso3/enlé d
residue is partitioned between 10% sodi um bi carbonate (15 nL) and et her.
Organic extracts are washed with brine, dried over magnesium sul fate, and
filtered. TLC (chloroform shows formation of a new product with RF 0.15,

R) - 4- (2, 3-di.hyd t
bord et hy Sy St BERF MM S %ﬂib“%%a'*zéf R pAgaRRaRel | ¢
d| hydro- 1 hﬂapbe&tezmb 82| @ dnantipmetis rmenﬂy;ﬂ&% ;H EMR&@QQ tQQC'écfi a. 08t@yl est er
h | \L ti
0616 (sioh it AR PR Seile 38U (ol 332B LT RIERRIASY e At on:
et hanol - etJaﬂmHzon =8He} tie4esh@ym rbHAHNEREY B:DCJMZ@ HDMBO: a6} (8, 4-72% Ha , J=

7 1 Hz, 3 Hz, 3H), 3.16 20 2H), 3.36 2H), 4. 23
(m 4HP, F?'é)sélggé("(ﬁgwf"% 48 (E? 4H) 6.(?2 (d, 50:7.9 Hz,(ml H)H? 6.57

(d, J=8 Hz, 1 H), 6.76 (t, J=8 Hz, 1 H), 11.3 (b, <1 H). EXAWPLE II]I

(R -4-(2, 3- Di hydr o- 1, 4- benzodi oxi n-5- F)E( - met hyl - 1- pi per azi neet hanol 25
The hydrochl oride salt nade by Exaggﬁﬁ—dlv—&l 07 g; 3 mmol) is suspended in

5% aqueous ﬁpdl(ﬁmmhwobpmﬂeﬂzééiom#wn% et Jﬂmﬁﬂevﬂzmeaebheacmdtaylor gani ¢
phase is separ ated, washed with brine, drie ui ckly over magnesi um

sulfate and filtered. The filtrate i e%Hded to a stirred suspensi on of
l'ithiup alum nug 'mégr bae (& @é(zgchl&roemv)aram@ thaibBiaddins |p®rth|©ﬂingdlt§0 a

mld reflux for 3 hours. After cooling, is 30 deco &y Wbé wat er
m) and 0. Bydreghderisiersalbetvas N agusaup SO*HE‘ '%Yd’(@‘dﬁ?sanq'gg lepg C Bg‘? dt ed,
basi fied wyf harf]a%/g’oﬁgdlhﬁm‘\&' EAMRAN AR %‘rd Exanplet flaqh@dlslﬂatdﬁi @Isl(wbhloroThe
combi ned extracts are washed with snmall amunts of water bri n{e ?d”

over magnebylamisal P94l §-PF ranaly s MPne3dasdra:ea. pOﬁL@SO?\{ey pP%lﬂfu'E 0.69 g;
yield 82% g déoo 38\%&3/ 97%)2@-[(ﬁgﬁﬂé%ﬁ¥3ﬁﬁ%&y]68ro‘§)|dh\é&ey 8y ':‘g a.b8 Zﬁ:&ol)irmn

standi ng, and can be recrystallized fromn anol lp
enant i éer thloiehenzapeg@y m P—I%I\VF@WB@W"U@D&%) regc iorbén')( e 'SJSIVr%forSI-D
2.74 (m 2|'|)addn?or9a72(h'6hrs3tfl)e sofld %cﬁﬂlﬂatéﬁ@)ﬁltel%d‘b?f drid, wakhd whth, alsrhdll vaurbe ( dd

j ]7- 19HZ|-|Z Jg‘écl‘iorﬂpenzgnqjsﬂ’(e(ﬂltrgte-;s gixas w% q_&olutlon (% 2, 3] dlﬂygroqzﬁf benz@dmxm
5-amine (0.46 g; 3 mmol) and the reaction mixture is heated to reflux for 18 hours.
After cooling, the product is rendered basic with 5% aqueous sodium bicarbonate

20 (20 mL) and extracted twice with ether (50 mL). The combined extracts are washed
with water, brine, dried over magnesium sulfate, and fillered. The filtrate is
concentrated in vacuo to give a crude product that can be directly reduced, or passed
tHrough a plug of silica gel in chloroform to obtain compound Il (0.49 g; overall yield
50%). The material is identical to that described in Example II.

25

EXAMPLE V
(R)-4-(2,3-Dihydro-1,4-benzodioxin-5-yl)-B-methyl-1-piperazineethanol
A free base of bis(2-chloroethyl)amine (28.4 g; 0.2 mol) is liberated from its
hydrochloride salt as described in Example IV and mixed with a solution of (S)-2-

30  [(methylsulfonyl)oxy] propionate (20 g; 0.08 mol) in chlorobenzene (150 mL). The
mixture is stirred for 3 hours at room temperature, and the resulting thick slurry is
washed with water (100 mL) and 10% sodium bicarbonate (100 mL). The organic
phase is transferred to a flask containing 2,3-dihydro-1 ,/A-benzodioxin-5-amine (9.6 g;

-11 -



EXAMPLE |V

(R)-4-(2, 3-Di hydro-1, 4- benzodi oxi n-5-yl ) -a-net hyl - 1- pi perazi neacetic acid
et hyl eswero3@®420 free base of bi s(2-chl oroethyl)am ne i sPCrhsoaoads by
partitioning its hydrochloride salt between 5N aqueous sodi um hydroxi de
and net hyl ene chloride, in an anal ogous manner to that used for Exanple I.
The isol ated bis(2 chloro- ethyl)amne (0.94 g; 6.56 mmol) is then added in

two porti 0(5] dk{ﬁ%’rreéc%t‘? rrﬁxtun%tlkrarl&ge@@ I‘érﬂbk)(]p&{ stirrin for 18 hours A
(S)-2- [(rret sulfo propionate (0.82 8 ol )

chl or obenz@h@l (anmouRt 9f ﬁﬂé' OMb (ieGIRIAIR: r 2RNGRES: Trfl'ﬁa "F"é%‘? i '6nC<Pﬁ'§‘<q JPerqoé“ stirred
for —addity Oalt@re%’dra@tatﬁa%ﬁloi dof aHD@&JspéddﬁFrﬁch&thbt‘éQB@% gffér ﬁﬁ@urWaS hed

with a sma | or obenzene. trate i s m xe
sol uti on oTh@OfISJaGIiCH@M@f@Sﬁp@fﬂi%ﬁ'éﬁ@‘@hW@'ﬁﬁP'fﬁie (fiterss!, @ndﬁofﬂﬁ%‘#}a t%‘hd t he

reactign niXLue r-Feh% B&alerR éléédi\ﬁetillh”fetfé?\&dr%ﬁlrmwcﬁmL &hd Q(ﬂdéaocﬁbb\ﬁige id he

product is rende basic wth 5% aqueous_sodi um bi carbonate 20 m -)
and ext r aca stiredsuspension oblithiuim @Igmlrm_n) hydrisle (@ dngi et moRtin detabyario r%s hed

Wi th wat er@ot}ht)“?he tiki6id uQ‘h%éteH%%SCLFHP whﬁrﬁ&é‘s caaédférlot &Rfhpodéeby il trate

is concentrated 1 n vacuo gi ve crud e_l_gro uct that can be directly
[

reduced, odropwl%@ﬂdltlphroé@éfwl acﬁﬁtﬁg@@p rgk ). iTea pgeduct is BrP BRI bt ai n
conpound | ﬁ)@r&&lé}% &l%g?’(fe{f ﬁ‘l_l_l),é%‘nb%éﬁjﬁgﬁg%moﬁh@ WERhEY itieel tndd@Nk k@)l to

that d
4T Shariataui50 Tiia Anérrebeeras bese. i 1 pN.sesiuny hydiogiede szenbettitnol A
free base grfodt?bts\ﬂf%] %nyP%e@%{y zémmenL()Z%é oambihea ésalla):tg §re| WQﬁ{e%it @fh from

its hydrochloride sa escrib in Exanpl e m xed a soI ution
of (S)-2- Bing, dried PWPFSm‘i"@ﬁ)ﬁujf@%/}‘"t?fﬁérﬁnén%’?éor@ﬁﬁ '@ Vem‘uesﬂﬂﬁ)r%s'd%' ol
chl or Obenzaiyétgg] %@soumr) staﬁéisﬁ éﬂdxﬁ"luflfb laﬁal?élé r(étﬁﬂ efc@fatéhsﬁaﬁese, 8 co-988Rs

t enperat ure, resul tlng0 slurry washed with water (100 ml-)
and 10% sowittirheialeahpbakExamp ”hL§PeC'1"ﬁ§CQ5’F°g§ﬁ?can$I‘?ﬁ§%t'qn§ertcr BHEY &ffed to a

fl ask nt i RN
03/ 0784530 I@%T/%g(g%}h%%g gégé g%gén%rr)% aﬁh%?l%ﬁ%ﬁgﬁ%«%@ g?séeolhéﬂgi\éioomed to

ref | ux upodihydrort.4-hgnzagioxires-ABIINSs . A smal | anmount of yellow precipitate
appears. The mi xture is cooled to room

EXAMPLE VI
6-(2,3-Dihydro-1,4-benzodioxin-5-yl)-1-methyl-6-aza-3-azoniaspiro[2,5]octane
20 chloride
A solution of the alcohol made according to Example Il (0.5 g: 1.8 mmol) in
methylene chloride (15 mL) is treated with triethylamine (0.2 g; 1.98 mmol). The
mixture is stirred on a ice bath and a solution of methanesulfonyl chloride (0.24 g; 2.1
mmol) in methylene chloride (2 mL) is added dropwise. After 20 minutes, the ice bath
25 is removed, and the reaction mixture is kept at room temperature overnight. The
resulting solution is washed successively with a small amount of water, 5% aqueous
sodium bicarbonate, and brine, then dried over magnesium sulfate and filtred. The
volatiles are removed on a rotavap to give an oily product (0.5 g). 'H NMR
(300MHz, CDCls) 6 1.55 (d, J= 7.2 Hz, 3H), 2.54 (dd, J= 15Hz, J;= 7.5Hz, 1H), 2.64-
30  2.81 (m, 5H), 3.11 (m, 4H), 4.11 (sym m, 1H), 4.27 (m, 4H), 6.52 (d, J=7.8 Hz, 1H),
6.57 (d, J=8 Hz, 1H), 6.76 (t, J= 7.8 Hz, 1H)
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tenperature and agitated with 10% aqueous sodi um bi carbonate (55 nL) for 1
hour. The organic layer is separated, dried over sodiumsulfate, filtered,
and concewDriaorsaeo 5 i n vacuo. The residue is dissolved i npPrcetusahydrof ur an
(50 m-) and added dropwise to a stirred suspension of l|ithiumalum num
hydride (9.1 g; 0.24 nol) in tetrahydrofuran (50 nL). The m xture is
heated to 40 C for 90 m nutes, cool ed, and deconposed by dropw se addition
of ethyl acetate (200 m.) . The prqglmMpLg\nhen extracted with 2N

hydr ochl ori c aci &500 m.), the aqmlo is washed three tines with
ethyl 10 ac#-@ 3-Diydre-,dbenzosirinddyiad2-chlgre -mesavietAyIRPRTARINS de t o

re-extract the AEB@H&%f t%ta'ibo%lh%éd@s@écﬁ&ﬁg (@Exa%ﬂ&errno 3 §he.08aHkbn ad

extracts are washe brine, dried over sodiumsulfate, filtered and
evapor at ednethyieae ieblortine(5rmk) iuasidied widy glere| Hebsthepsaulieasalulien ind i n

TLC ang ys%\%pgﬁattéw lLnd %R §nfi- d’r‘)fs’fém?e esidlie @rﬁur%ﬁédt\ﬁlth dhéh Aﬁ‘t@ﬁ‘d@aﬁﬁﬁ@ ltheof

Exanpl e 1| pectroscopi ¢ data and enantiomeric yr i t{% e 15 entical to

those preswatesdl brermsialisdeirom|acetopériatatheyi BPRY- % Sﬁléé%é i 3-

di hydro- 1, 1‘?%5%(%\'1Q;’r‘nlo'?ofén‘fi1 tﬁ%ﬁ%'dhﬁ) \ﬂa 0.29)is added and the mixture is
6-(2,3-D hsf/tg?@ 4 benzodrl o>|(<6| n-%— 4 ( 6g aza- 3- azoni asgl ro[2,5]octan

e 20 chl ofubiretex tookiivy ionBdouthd hawewwﬂg md@na%éﬂﬂw%@ g HRHISF@¢ 11 (0.5
g: 1.8 mo| é%‘ndv@d nsﬁf%!s\}{d epa. hb!eLiude i },ﬁlp%d with bluead %dertela fl"LCeEelﬂWI am ne

(0.2 g; m xture Is stirred on a ice h and a solution of
met haneosumm@te hekansy BdéSbQ)NSZHO@*COZOhStaﬁWﬁI”)‘atPW'rPé‘?f’r%WIteHeNM'ﬂ otOONEZ 2 i -)
I's added dppiiM.§§-5 4\“5%@(? 397”H2U:§ﬁ)$ 3498/ 619), BN (MO2HS 4 BEMEH); anel the
reaction mxture’is K room ténperature overni ght. The resul ting

sol uti on i spestrsmealss ah@reesﬁle\/@"eyerwetﬁ the eAifiniuaneReRicsof ThRPEAUCEg8MBRIeOUS
sodi um bi c sul fate and
filtred. ﬁgé&o&ll%lt@{ fggylgp%m&enge’gguony&q E{’S%’/QLH% gﬁgd.'f\’g an oily product
(0.5 g). 1H NWR (300MHz, CDCI3) S 1.55 (d, J= 7.2 Hz, 3H), 2.54 (dd, J=

15HZ 2 i% ( 7.5He a b%r?h%ndsfsélf tﬁg pl%séﬂt ng\}@n;[_iz*%t llﬁlsﬂ%ted ﬂbre‘ﬂ'H)nH oéc:l}:’fo (h%gén m 1

, m 4 1 H, 6.76 (t,
J— 7.8 Hz, skilled)in theparta mwwmmen’@mwse l;rwlrsﬂmth%(mmraew jllustrate and

described herein, but encompasses all the subject matter within the scope of the

appended claims and equivalents thereof.
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(R -4-(2, 3-Di hydro-1, 4- benzodi oxi n-5-yl ) -1-(2-chl oro- 1- net hyl et hyl ) pi per azi
ne A solution of the al cohol nade according to Exanple IIl (0.3 g: 1.08
nmol ) i n woeshydseme chloride (5 nmL) is acidified with ethecaaiSomCiizet he
resulting solution is 5 evaporated, and the sem -crystalline residue
triturated with ether. After decanting, the material is crystallized from
acetonitrile-ether, np 207-210 C. This salt (0.35 g) is suspended in

chl orof or ng( ), thionyl chloride (0.2 g) is added, and the mixture is
subjected to reflux for 8 hours. The resulting solution is allowed to cool,
vol atiles are renoved in vacuo, and the residue is stripped with toluene
and dried. TLC {ethyh piBestier estdresanastiz: Pppayhibansof aeompeundPf st arti ng
naterlal p{gﬁ& b 1H NVR ( 300MHz, DI\/BOdG) 6 1.56 (d, J=7 Hz, 3H), 3.45
(m % 4.75 (m 1 H); the spectrum also shows the presence
of the a2| ridinium speci es. The pr canRoe used directly for

al kyl ation of 2-(tert-butoxycayhopyl - #}l.nmépyrl di ne. 15 Many vari ati ons of
the present invention not illustrated MHerei p/bgl occur to those skilled
in the art. The present invention iS not i m to the enbodi nents
illustrate and described herein, butlenconpasses all the subject matter

wi thin the e~of .the I u r 3 WO
03/ 078420 B@%‘?ﬁﬁ#&ﬁﬁﬁﬁﬁﬁb‘%ﬁ%@@{b%ﬁﬁ%s ‘6ér3 tiﬁ@%t g 2%3’% ifeecszte'?t\%e

pr epar at i odihgdrodeomdfpxingdordfenzédioxinyl, 2or phenyiRopimnally sybstitutet with updorthres | | |
wherein R : t I Ar

r epr esent S%%fnﬁggt?ﬂﬁ%g%@%eﬁ{ﬂ %?%y{eh%rcfnﬁ@%@ o@?tﬁ?/ hégr%”%hﬁ/% I%ﬁ?gﬂal |y
subst i t ut edndnirihklompthylo t hree substituents i ndependent |y sel ected from
hal oge : gmg ' &ggﬁ id
proc esgo cg1s3 n%??&egq@d ﬁ]ﬁ%adﬂ%g%'%ﬁg&w&ffg%ﬂuﬂ Lar% a adquélci) r?{)%’ﬂﬂ‘aaof
formula |1b tqfofmamompcmdplflﬁmrmuw" formula I,

Cl Cl 0
‘h \L J/ ¥—”——§ O—R'
: N . CF3S03H
OS0,CF3 cx—/_ K_C,
Ia Ib i}

and further reacting the compound of formula Il with an aryl amine compound, Ar-NH,,

15  in which Ar is defined as stated above, to produce a compound of formula lll.

2. The process of claim 1 wherein said process is carried out in a

concatenated manner, without isolating the compound of formula l1.

20 3. The process of claim 1 or 2 wherein the compound of formula il is a

substantially pure S-enantiomer.
4, The process of claim 1 or 2 wherein the compound of formula Ill is a

substantially pure R-enantiomer.
25
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Od d O R-O+H~ . CF3S@BH OS®2CF3 C~C lalb Il and further
reacting the conpound of forrmula Il with an aryl am ne conpound, Ar-NH2,

15 in whiwb 031074420 def i ned as stated above, to produce a cecpawsnsionfe f or mul a
[11. 2. The process of claim1l wherein said process is carried out in a
concat enat ed manner, w thout isolating the conpound of formula Il. 20 3.
The process of claiml1 or 2 wherein the conpound of formula Il is a
substantial Iy pyre Srr%’}ﬁ&éése%?én bne Jma.ﬁéqqsasumer%ﬁbm.ﬁg fE r@dl}@h@{ el n the
conmpound of fornula Il ){)stantl ally pure R-enantioner. 25 -14 WO
03/ 078420 @@mwwgmd)qffmmul%llltqﬁéﬁmwn@pf Apulsié of claims 1 to 4
further -conprising the reduction of npoung of formula Il to forma
conmpound of forrmula IV - /~ R Ar N X1111 M HO wherein Ar and R are as
defined in claim1. 5 6. The pr'ocessy of 5 further conprising the
conversion of a conpound of fornula in to compound of formula VR Ar
N Niiii X V wherein X represents a gitabhe | eaving group independently
selected fromthe group 10 consistin of brom ne, chlori ne,

met hanesul Wgigindyygnd R-are pe dafésdin elaim gx and p-

5

6. The process of claim 5 further comprising the conversion of a compound

of formula 1V in to a compound of formula V
R

N NIt
__/ g

X
v

Ar

wherein X represents a suitable leaving group independently selected from the group
10  consisting of bromine, chlorine, methanesulfonyloxy, p-toluenesulfonyloxy, and p-

bromophenylsulfonyloxy, and Ar and R are as defined in Claim 1.

7. The process of claim 6 further comprising the conversion of a compound

of formula V in to a compound of formula Vi

/ |
R\T/\H Sy
[Nj
T
Ar
15 Vil

wherein Ar and R are as defined in Claim 1, said conversion comprising the steps of:

reacting the compound of formula V with a compound of formula VI in an aprotic solvent

-15-



br onophenyl sul fonyl oxy, and Ar and R are as defined in Caiml1. 7. The
process of claim6 further conprising the conversion of a conpound of
formul a Wornspes4ao conpound of formula VIII RAN H CN) NpCIr/Usas/07116 Vi | |
wherein Ar and R are as defined in Claim1, said conversion conprising the
steps of: reacting the conmpound of formula V with a conpound of formula Vi
in an aprotic solvent -15 WD 03/078420 PCT/US03/07176 X/ RRI R\ \ N
N NNXYNNMY ) (+) VI Arx Ar Ar V VIl wherein Mis an aI| nmet al

and Y representsXa noiety selected fromt gr oup consi stl n of |q Co6
al koxy, C1- al Kyl , C3- g7 scygl oal kyd an C7 cyd] oal ; treat| ng
the conmpound off formula VII] i th a oti dto fo acrrpound of
formula VIIl. & _ The proce gf clai m'y qu’t her corrprN i n t he conver5| on
of a compoun off fornul a@l into a Ntorrpound of rrru £TXR~Y N CN
T VI N
Ar Ar Ar
v Vi

wherein M is an alkali metal and Y represents a moiety selected from the group
consisting of C-Cs alkoxy, C4-Cs alkyl, Cs-C7 cycloalkyl and Cs-C7 cycloalkoxy; and,
treating the compound of formula VIl with a protic acid to form a compound of

5  formula VIIL

8. The process of claim 7 further comprising the conversion of a compound

of formula VIl into a compound of formula EX

g
i :‘ o) Aryl

10 wherein Aryl represents a Cq-Cy, 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,
by treating the compound of formula VIII with an aroyl compound selected from aroyl

15  chloride, aroyl bromide and aroyl anhydride, in the presence of a base, to form a

compound of formula IX.
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[/ OAryl N1 Ar 11X 10 wherein Aryl represents a C6-Cl2 aromatic group
optionally substituted with up to three substituents independently

sel ect ed wpmaiordaeo gr oup consi sting of hal ogen atons, al kylPCT/tshkamnyq

al koxycarbonyl, nitro, am no, alkylam no, dialkylamno, hal oal kyl,

di hal oal kyl, trihaloalkyl, nitrile and am do substituents each having no
nore than six carbon atons, by treating the conpound of fornmula VIII with
an ar oyl conpougd SeA%%B&thrd??Brﬁah%MI 15 chloride, aroyl brom de and ar oyl
anhydride, in the presence of a base, to forma conmpound of fornmula I X
-16 WD 03/ 078420 PCT/ US03/ 07176 RQ. A%®Rpound of formula Il R, ,,/000R
N-(CH2-CH2-CI )2 |l wherein R and each independently represents a | ower

al kyl of Cl1-C3, and opti cal isomer@ (ﬂ_r‘ld ﬁa&l s thereof. 5 10. A conpound
according to claim9 wherein said s SRS CF3-SBH Cl ---N--\--C ||

11. A compound of formula I I | R Ar II\II\ N O 1011l RO

wherein R and R’ each independently represents a lower alkyl of C-Cs,

and optical isomers and salts thereof.

5
10. A compound according to claim 9 wherein said salt is:
0]
R'—o—JK;
=—R . CFsSOzH
N
CI—/_ g
I
11. A compound of formula llI
R
Ar N NIt
0]
10 I R'O

wherein R and R’ each independently represents a lower alkyl of C4-Cs, and

Ar represents dihydro-benzodioxinyl or benzodioxinyl, or phenyl optionally substituted
with up to three substituents independently selected from halogen, methoxy,
halomethyl, dihalomethyl and trihalomethyl,

15  and the optical isomers thereof.

12. A compound according to claim 11 wherein Ar represents 2,3-dihydro-

benzodioxin-5-yl.

20 13. A compound of formula IV
/N R
Ar N NN
v HO
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wherein R and R each independently represents a |ower al kyl of Cl-C3, and
Ar represents di hydro-benzodi oxi nyl or benzodi oxi nyl, or phenyl optionally
substit utwo o3irs4ko up to three substituents independently ®elraso®ariieé om

hal ogen, nethoxy, halonethyl, dihalonethyl and trihal onethyl, 15 and the
optical isomers thereof. 12. A conpound according to claim1l wherein Ar
represents 2 3 di hydro- benzodi oxi n-5-yl. 20 13. A corrpound of formula IV R

Ar NN, ﬁlgseWQ Qﬁgﬁé%ﬁ%d‘f’ﬁy%ﬁ{?ﬂw& @g{ smw%pﬂg@nfsent s

di hydr o- benzo 'oxi h ben i OXI'n thtuted
with up tcswolamteteds:\utbmtcpﬂm@hshfde@emn@mqenﬁxewmt rern Geloaem. derthoxyiret hoxy,

hal omet hy %ﬁ&iyl%ﬁél&%ﬁé %ﬂdttﬁHgPﬂrké{’ﬁWtémlthe G fal G ey, | Somer s

t her eof . oun accor to claim1 ereln represents
2, 3-di hydr o- benzodl oxin-5-yl. 15. A corrpound sel ected fromthe group

consi sty ng of  Jy N-bj 46 0nGIHLLRE 90 ARERE ABIYdseRRLLS-dihydro-
Rothdia NF ylg-

trifluoronmet hanesul fonat or oet -al'ani ne et hyl
ester, t rllﬁdruodlom&ﬁhfchnesul f onat e;

(R -4-(2, 3-di hydro-1, 4- benzodi oxi n-5-yl ) - a- met hyl - 1- pi per azi neacetic acid
et hyl ester;

(R -4-(2, 3- di hyth.o- 1A goippounddietsciad-Bny ik grouptdepsistinggsifper azi neaceti ¢ aci d

et hyl este t
(R -4-(2, BN’d ?1'5@ Chlo{opﬁh@ R al g‘)?lrrr‘letgyl eFSer trlﬂuoromﬁthafe%ﬁxl%g?éaﬂ neacetic acid

met hyl 7est HiN- bls(2—chloroethyl) (R) alanme ethyl ester, tnﬂuoromethanesulfonate

et byl st B0+ Es T (PSS B p R b R A AR © 2t €
- pi per azi ngtdh@rsadihydaod 4-benzodioxin-5-yl)-a-ethyl-1-piperazineacetic acnd ethyl ester;
»E Eza gp'g I2C2 Rd);dgé (5) gyc{ra é?lenz%j |§)grl1 EIyBIer'TQefh(/Ei -Sllpgpézmeagetlg acl th‘? es gp ol and
(R)-4-(2,3-dihydro-1,4-benzodioxin-5-yl)-a-ethyl-1-piperazineacetic acid methyl ester;
15  (R)-4-(2,3-dihydro-1,4-benzodioxin-5-yl)-B-methyl-1-piperazineethanol; and,
(R)-4-(2,3-dihydro-1,4-benzodioxin-5-y!)-B-ethyl-1-piperazineethanol

and the optical isomers thereof.
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