. PQRSe3e78l 75| ~6Tl V26 JUNE 2002 E, 1 DESCRI PTI ON PROCESS FOR PRODUGIENGIEE 2002
- HAROGENO- a - AM NO- CARBOXYLI C ACI DS AND PHENYLCYSTEI NE DERI VATI VES AND

| NTERVEDI ATES THEREOF TECHNI CAL FI ELD The present invention relates tofl &~
met hod of producing a S -hal ogeno- a -am nocarboxylic acid or a salt '
thereof, which is useful as a raw mategial for the production of

nmedi ci nal s, anong others. The invention also relates to a nethod of

produci ng an optically active N-protected S-phenyl-L-cysteine or a salt

t hereof, which is useful as an i j of nmedicinals, in particular
anti-AIDS drugs, and to a nethodnégégﬁg%ﬁiﬁﬂg an internedi ate thereof.

BACKGROUND ART The fol |l owi ng nethods, anpng others, are known for producing
or 12l 09I ATERATHARING pAHAIRIGEND- J DEMTRDOCARUBK TR IE WIS RRD

derivatizing a ~- oXYy-rX_-am nocar ic acid into e correspondi ng
i hy dr oSN F R BRR VAR L AN | TN HERMERT AT T FRESRe hy dr oxyl
group thereof with a phosphorus halide to give the correspondi ng

~- hal ogeno- a- am nocar boxylic acid ester, and hydrolyzing the ester group
usi ng a hydrohal ogenic acid to give the objective

~i - hal ogeno- a- am nocar boxyl i c dRGINISAei FIJAP |y, serine is derivatized

into serine mehind feekehdvAcRioH de1atle e8! 8 methbal SetPESuidaRs ed with
phosphorus pentachlforide to give a-am no-~-chloropropionic acid nethyl
ester hydr BrgRNOWh-eRingcREPOKy igydcotlyord wadl hhereehl dfichci d.

The resulity HGeFuaNhB0a raw M IOPIfAH €hachdobMet 6h! O iklediSinsId at ed by
concentratlggkt reach#gn nléIuEe to grﬁnesi, fol | owed b& crystallization
of the r &% % 51 it REurBVEPEEOBr B8R0l CARG SRy GPohEHPE%R8Ed [e. g.
CHI RALI TYriutdh60 qptogs) 11y andive N2BrdthEL24G2> phenyl-L-cysteine
or a salt thereof, which is useful as an intermediate of
medicinals, in particular anti-AIDS drugs, and to a method of

producing an intermediate thereof.

BACKGROUND ART

The following methods, among others, are known for
producing B-halogeno—-e«-aminocarboxylic acids:
(1) The method which comprises derivatizing a 8-hydroxy-a«
—aminocarboxylic acid into the corresponding f-hydroxy-a-
aminocarboxylic acid ester, then halogenating the hydroxyl
group thereof with a phosphorus halide to give the corresponding
B -halogeno-a—-aminocarboxylic acid ester, and hydrolyzing the
ester group using a hydrohalogenic acid to give the objective
B-halogeno—-a-aminocarboxylic acid. Specifically, serine is
derivatized into serine methyl ester hydrochloride, the ester
salt is then treated with phosphorus pentachloride to give
a-amino-f ~chloropropionic acid methyl ester hydrochloride,
which is further hydrolyzed with hydrochloric acid. The
resulting a-amino-f~chloropropionic acid hydroéhloride is
isolated by concentrating the reaction mixture to dryness,
followed by crystallization of the residue from a mixture of
l1-propanol and hydrochloric acid ({e.g. CHIRALITY, 8:197-200
(1996)1; and
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(2) The nethod which conprises treating ~ -phenyi serine nonohydr at e28MJURE 2002
t hi onyl chloride and then with concentrated hydrochloric acid to give s

-chl oro-~i -phenyl al anine [Gazzetta Chinmica Italiana, ~ (1989) p. 215J.
However, in the above nethod ( 1 ) , the hal ogenation of the hydroxyl group
in S position usually involves three reaction steps, nanely protection of

t he carboxyl group, hal ogenation of the hydroxyl group in ~ position and
deprotection of the carboxyl group. In this case, many difficulties are

encountered, f exa e | tiplicity, of steps re uir rocedur al
conplexitggénd??% Eg?gswg ﬁHU 556§85nﬁfﬁ6§1?§ gﬁ@Fﬁéﬁ?tles ari se
as the usmoubhyﬂmaM¢lwahhothdenyh th1931denmmdstﬁen Wiltth someetnd rsetece al so
as a solv r t i n a . result of
Mvesti gl areeRablS SER e BGRTR - L AN R PRI (R Bt ¢ ne
net hod i sChardrs éﬁﬁﬂ#@&@kelﬂg-ﬂH@B@HIerﬁéﬁlon of serine, threonlne or the
| i ke. Thus, no abﬁeeaentlﬁ Q@I@n@ﬂ)@w n{mdaﬁcw)es&ra;bhaibg@nﬁﬁﬁoar@ﬂltméﬂg ~

- hal ogeno-: nocar box c_acids on a ICI e. On the other
nand. "SUCHYRECRERSTER Py bhull RESEhEPRAMYA LY Vo SLYAR SR C Lon

deri vat i veteps, meane dbyeprbetoinvianeo kndvn darhdwy lagroupehievagiepattiiom fr om
serine> 1) T n a ri i nal the
oresonce OF ?%p R RS T e E%Web%‘t@cﬁ% S RSl ves
| act oni zaFRBROBYLadEerPre HeriRbs i Gesei theRn &y B ealbEes 3% aci d ester [J.

Am Chem eS86unte#88p, f&ﬁ'exéﬂﬂlepthéjdﬁitﬁﬁMﬂdhtﬁjﬁﬁﬂé%eﬁséQQQHﬁY@H 25 f
roxyl group o

(16], p. 2475% 3% The t og sing.c gvertlng t he

an N-prot BEPEadUE }nﬁoﬂgigfl &r t#QE gbeg Sal f onyl oxy group and
substituting a Ihidphabdvgmredhodhd2éet osu¢hH el ¥ afisckoni detaris€l 987 theol . 28,
p. 6069; ll.lgé%f 2} %%YylVEhlo%édepan %%%%oél&he sa&ﬁe )‘%:B_'I\_Igegggz 3

<Derivatization om’st artln% conpounds other than serine> 4 t hod
conpri si n3lFRastd 8§ lypstaand thetre sl dHay rara: éar tindsass ofip¥peedutsence of

a copper R@ljé rfe]suﬂ &£ Ghgrast i on/sﬁlmaa%BbypthéZE.%bseg);dTﬁeeﬁebbed .
conprising,_deriv in ro zitidin ci [iv in the
presence g‘? "5%?0 @??ﬁ?‘f@ea&% Ithg (ret(? Ise aFg VI ap g% % ®Jpn,

| 983, voIth56¢hbor£ﬁ@¢1on6¢fThern39hodhceq@1n3|og teactikg. cystelne W th

i odobenzene in j f‘?ﬁp Aori GRRRIOIA! HAlIBEon oo BT snd80Rar Vol

38, p. 899]; met o conpr|5|n% eactin anine wt
chiral nﬂék@qiu@mlﬂexhﬂmemeer@mn omllmac:tﬁs %eﬁommercml

scale.

On the other hand, such methods of producing optically
active S-phenylcysteine derivatives as mentioned below are
known in the art:
<Derivatization from serine>
1) The method comprising reacting serine with thiophenol in
the presence of tryptophan synthase (EP 754759);

2) The method which involves lactonization of a serine
derivative with an azodicarboxylic acidester (J. Am. Chem. Soc.,
1985, vol. 107, p. 7105; Synth. Commun., 1995, vol. 25 (16),
p. 2475];

3) The method comprising converting the hydroxyl group of an
N-protected serine ester derivative to a sulfonyloxy group and
substituting a thiophenyl group therefor [Tetrahedron Lett.,
1987, vol. 28, p. 6069; ibid., 1993, vol. 34, p. 6607; EP 604185
Al];



Since optically active serine, in particular L-serine, is a readily26 JUNE 2002
avai |l abl e conpound, a practical nethod would be provided if the starting
material L-serine could be converted efficiently to an optically active

S- phenyl cyst ei ne derivative_ However, the nethod 1 ) , in which a
particular enzyme is utilized, and the yrethod 2) , in which a | actone
derivative is used as an internediate,:%ave probl ens fromthe vi ewpoi nt of
operability, productivity, safety in reagents handling, and econony, anong
others. The nethod 3), in which the hydroxyl group of an N-protected serine
ester der i <Pgrivatigatdoredired &g HEIF soprovndyr efhedhd-hate sassidied ng
product i 9)t heRe SHtB68ohPr SEDAYI FbteAngeagbteMngswAght R sodi um sal t of
athiol in NhN—gLneth{IfornﬁFide, is_also disagvanta equs ﬁg E&atbecause it
i nvol ves PHEDYIEIGEORIPI- ANt TbthG PECFEBFF P COPESTaRarE, L 0% kcanpl e
sodi um hychiege , 01 9p6t assillun2Bydpi.dd251d ;a base, it does not always give the
desired r t - ph LN Ny i ield and, in
particul2$?_t_§§d%€F§%§ %ﬁ%#%%é%gbdggfgggéé?ﬂgg ?ggﬁaﬁéd by a study nade by
t he presefgiradénespsboxphichacsthder AHAHLVEhED iU SENEAUHPLPR  whi ch
conpri se d@&EYﬁbE&ﬁELEBhPQOEtHéBeéoﬁb@ékiDEuEDﬂﬂQﬂﬁﬁS $dan {5/ | n@gcannot
be said to 2: ngustrégl y advant ageous, either, since, for exanple, the
wast e treXPhenf sPrroaBlésome, 26 JUNE 2002 4 materials requiring
caution i fA) harige imetlord exxpensiisdsngratestd t@lrgy aryes tedesk awidtit Hedpibelnd eaved
producti viiy e ke 2V e jof ar t;.gqtche pri mary
obj ect of Htlhtéﬁ%r Jég%lv?n{:%véé%t%{vo%gqﬁs&teo proalg%asq;d rrJgt ﬁ%lge?ndf' &rgg(?dcivg)&'s

-hal ogeno38a PanBA8tarBBdylic acids in an industrially advantageous manner

?nd a rr;s_t hpld e ate_@eluai APl 4 Gy Eﬁa&tih\gaéélxﬁw! alqy%?@m%hot%h}i%ﬁlves
rom optica active serjn i,ch is_r [ avai l abl e rcially, in
an indust??ﬁk%% 8898ﬁ?§gétﬁ§tﬁ§€ﬂ599’SB@%&RYV%#'T 'IﬁVEﬁ%ﬂgHEAs a result
pf t hei r i nt ens$ vece nvesicaybly (Htstimdesdnim dmt papt itoldevélepriane,

i ndustri a%gya agyany ez?&%‘ T Ne¢ HpAnLeducd ?}-} 2299623 w uld be

- am nocar boxyli ¢ acids, He present: 1 nvento sah_ave surprisi ngPy ound an

i ndust ri aPr9vidednt Biddwus tprédogt neherdahok-seebreliany kb behirehrverhatogeno-
a am _nocaébewiéﬁt@gitdﬁa&@at%aﬂgtx@@ia@é-bﬂeaple%i;@iiﬁ@tdéﬁmaﬁ_xm-
treating B -h%dr XY - -am%noc.ar Xﬁbl C aC|:d OL a salt thereaf with an

aci d wit RQVR%E gé&f?ﬂ‘%‘%‘%‘b At AEHPLHE HPAEFLRRAYT SOF Y& 18 iy S5l oduci ng
opti cal | yamdttihe n&ghlven ) ¢y st eftmieclder ilaattionesdér bvabprecas luseatbisvenseri ne,
nanely v-; L pe, j hS A% : i L Lyfrom
docr easi nhe ThEa L Ee e B e T e S ORGERLRELELY Lol
active sePFPRUBLivbRVertdiRfy d8 ReagsRyF Rprvdblid &Nk 8FPREMYr 08BN The

present isveatol s tHwouwghthddha) t her evnitH e Hkroxasisiditdug Yo ofarat t ai ni ng

t he aboveﬁgbiect i n,an industriallé advant agepus manne %hkle preventi ng

F acen 2t P TOGHCA dugtTe 5o SEt | S8E L EAF Boky| T UET Heer PVaLi ve coul d be
synt hesi zadl fonyd opy iggaldpy aact the sesiuheihy moidud! iusg thlee Hyldjexiyeédgr oup
t hereof in,t P i . hephenyl at i uld be
realized %f%%ﬁ%ﬂﬁgé _ oﬂnlr}gh?‘{ssqm%?%t ﬁ%r?%pﬁlg%ggﬁee%nédgﬁ?ﬁ?eﬁgi ve

i nvest i gdfi%rdinghyhsogmanidg + 1sfalpe disadveptiggrty bifihad pecause

- cthlho;I Oa:cﬂtﬂiiﬁgoQ%sbﬁlé xllr&,tefkeﬁ iazﬁgaé{éh@'}quftii@:e%}tdi%ﬂi%}\l %&?%%ﬁ%l@bp\ée _
met hod o roduci ng ~- hal ogeng- a- am nocar boxylic acids is
T 11 7eq. FOhErRamie A0a3pRrYar LO¢ HBRpe SPaUBHRYEr Sie s A daPPAG t Rt

opti cal | yd@ed intt alwalkilsog bad attideleGdrdoeNppodteetedys ahhiecyl yysté bié nat i ng
optically I Vs rine. a_salt.thereof . .The rel evant. t hQd. .
producti6ﬁ%%%:f%h§%ﬁgv¥ﬂg&?na% it dint %C%&ﬁgif&ﬁﬁdogﬁéfgﬁhgﬁgﬁ?;cﬁfly
active -chtorosseni as péved hedbyre shedyboade bantter prasebd toyeetees.- to an
opticall'y acti v N¥ Qg2 Gart,” GHORA RIS DUl RAJENE, Wirtdlian

am no-protecting agent and that salid conpound can be converted to an

opti cal | yCIRE Ve NI bt e 2tk BPh ey yRkhe 1 eS R gk tSomRPRES t Hi¥phenol
under a t@eﬁﬂﬁle:,oedghbarbe Balsactcgaetphwe; @mbl gwaﬁvahnﬁb@@as,t@f%mesent

i nvention_has now been c t.ed. rticul ar en t he apove three-step
process i% Used, OO'thG?’Eaa{WOJy@’,ag’itﬁewﬁ Tt o'fréec%‘bé-/%tphlesnyq%%/%tfa%%%m%'eri vatives
can be produced in an industrially advantageous manner w thout any
substantial reduction in the optical purity of the starting material,

nanely optically active L- or D-serine.



Thus, the present invention relates to a nmethod of producing a p- hak®g&Np-2002
a- am nocar boxylic acid or a salt thereof which conprises hal ogenating the
hydr oxyl group of a S -hydroxy-~-am nocarboxylic acid (in which the

basicity of the amino group in a -position is not masked by the presence of

a substituent on said am no group) or g salt thereof with an acid by
treating the same with a hal ogenati ng agent. The present invention al so
relates to a nethod of producing an optically active

N- pr ot ect ed- S- chl.or oal ani ne of the geneyr al or mul a t thereof
emor i e T g 1 So e e RE At T D atabanrl S G5 kaEnS v hars “Og

JUNE 2002 afrewnsieel andl theprdsdnt sarah gmudm:tm\dttqctam Iwup and R
represent s @ M9L0080, AL apl gk Uk OOTNER LD Bhe BB AILDGRSLECH nO

group, namely by preparing an o active s -ch
formul a (o)X diheapsalsenth@neehtlblnalbkt&b rtdyide omeatlopd i eflpnodsting

serine or A B Lgdher §hmWnt8BhAG1%c acids in an industrially
advantageous manner and a method of producing optically active
S-phenylcysteine derivatives from optically active serine,
which is readily available commercially, in an industrially

advantageous manner.

SUMMARY OF THE INVENTION

As a result of their intensive investigations made in an
attempt to develop an industrially advantageous method of
producing fB-halogeno- a-aminocarboxylic acids, the present
inventors have surprisingly_ found an industrially advantageous
production method according to which B -halogeno-a-
aminocarboxylic acids can be synthesized in an efficient manner
by treating af-hydroxy-e«-aminocarboxylic acid or a salt
thereof with an acid with a halogenating agent.

On the other hand, in efficiently producing optically
active S-phenylcysteine derivatives from optically active
serine, namely L- or D-serine, the point is how to prevent the
optical purity from decreasing in thiophenylating the activated
compound derived fromoptically active serine by converting its
hydroxyl group to a leaving group. The present inventors
thought that there would be the possibility of attaining the
above object in an industrially advantageous manner while
preventing racemization if an adequately activated carboxylic
acid derivative could be synthesized from optically active
serine by activating the hydroxyl group thereof in the form of
a leaving group and if the thiophenylation could be realized
efficiently. Basedon thiswayof thinking, they made intensive
investigations and, as a result, found that optically active
i —-chloroalanine can be synthesized in an efficient manner when

the above method of producing f-halogeno-a-aminocarboxylic



and then treating the sane with an am no-protecting agent. The pres2htJUNE 2002
i nvention further provides a nethod of producing an optically active

N- pr ot ect ed- S- phenyl cystei ne of the general formula (3) or a salt thereof:
ROI OHS (a) wherein RL represents an am no-protecting group and R
represents a hydrogen atom or, taken tggether with RL, an am no-protecting
group, which conprises preparing an optically active Nprotected- S

-chloroal anine or a salt thereof according to the 26 JUNE 2002 7
production nethod nentioned above and then reacting the same with

t hi oghenoRCdfgedsaubadigedondTebn. 2a¥% AL FIRT Wi tnd indigst@adhdmg s

descri bedin sq%tgasltmQEIAgltE@p@l%@u@@Ua%t%eTmC_ém@mmar@eca% gy dr oxy-

a -am nocar boxyl'i.c._aci d practice of the invention is not
ar £ 1 cul aPFpaben bR etr st Y iR et igt iR OREL GRELE a6 1Y RS e ne
its basicht$awmthhﬂtebelngThaskeﬂebanthﬁepheseotepﬁédacsmbﬁt1Euenﬁsthereon
for exanphg an acyl type am no-protecting group. The basic skeleton of the
above S groxy a -am nocarboxylic acid is a -am no-S-hydroxypropionic
acid (also call &d sddihdypn, ahdwaaefound thaththe eptinalikreethyerbgen

atoms on thaieabheAnshai BbELMAEAL hﬂntﬁéloé‘@o@é idhaidih Yy doaxklrtand
car boxyl groups of ,the_basic, skeleton na ubsiltuted w th anot her group

or other §Po@PsCBhLeaLI¥hachivgy¥RREPERC @Qc TR AR R \PAf f ect ed.
Furt her, btmeatmettwwidfh dhenmiydr-qoert et oimng efenltcarad the taga b cgmpopnday be

SUbSt't“tSQn“%%hcﬁn?EPééhtES”EnOE EEéihguﬁgkiv%e 9pr§%5¥ke agal kyl, aryl,

etc.) unless ogenat i on rea tion i verse affected and unless the
basi ci ty phenpdcuatasngrbupresciépgaritheyhinpheppilcandexagpbasief the ~3

-hydr OXY- «6&diBIbROCHDRY 4 Bicdshb érﬂ?r&tﬁ@ﬁ/ an&rfrﬁ}é ongyls ﬁf@sr&@t hers,
serine, threonlne aIIothreonlnengsﬁgp enyl seri.ne an t he The salt of

i
the ~ -hyHPX?9 éoaﬁFﬁbBQVHBﬁﬁPﬁ%’ %ﬂtlw Panticbdard viphe é#F%éHP&?ly
restrict ethreetheep bnbcessludeasednnogtmthény,asumhesHFp30&ecseﬁ+se

hydr ochl a al
ade?Cphe hgﬁg ﬂggﬁf%$§¥%¥orldf¢é§he a égéaﬁﬁggHﬂ?a%y9§§%§F§%5
i sol at ed aﬂVéEVQQQQUSdmawnﬁmlniﬁhQﬂﬁuﬁﬂY|&vﬁﬁﬁﬁwﬁkﬁh|n9¢u@§§§@|1grth@rn9d

during reaﬁt:iem Mhedt§ hesethe- Byﬂf@xmamaa&m@marb@m&kycop\@iémwe used,
t he produ are_S-hal ogeno; a -am nopropionic acids (i.e. haloal ani nes ) ,

~3 - halog%ﬁglvﬁ Lan?ﬁo u????%ea0|ds ~ -hal ogeno( 3- phenyl - a- ami nopr opi oni ¢
acids (i.e. Q -Taksphehny|mtanemesinvenCiohtresabesutd ea nétloodrese that the
above S‘HBP&SééinS a B-halogeno-c-aminocarboxylic acid or a salt
thereof

which comprises halogenating the hydroxyl group of a 8
~hydroxy-a—-aminocarboxylic acid (in which the basicity of the
amino group in a-position is not masked by the presence of a
substituent on said amino group) or a salt thereof with an acid
by treating the same with a halogenating agent.

The present invention also relates to a method of
producing an optically active N-protected-f-chloroalanine of
the general formula (2) or a salt thereof according to the above

method of production:

e
N
R OH

Cl 2)



26 JUNE 2002 8 ami nocarboxylic acids nmay be used in an optically acbi ¥eNE 2002
form_ The hal ogenating agent to be used in the practice of the invention

i ncl udes, anong others, thionyl halides and phosphorus halides,

specifically thionyl chloride, thionyl brom de, phosphorus pentachl ori de,
phosphorus trichloride, phosphorus oxy~hloride, phosphorus tribromde, etc.
From the viewpoi nt of reaction yield afid ease of handl i ng, however, thionyl
hal i des are preferred, in particular thionyl chloride is nost preferred,

The above hal ogenating agent is used in an anmount of, for exanple 1 to 10
noles, preferably 1 to 4 noles, nore preferably 1 to 2 noles, per nole of

t he substyad i drepyedeaiisnagdb@ns-piotelct idky ardalpt ahereof with an

aci d. Basicalu% t he q?o e anoqu is the qgnber of noles.q{lﬁhe basi c

skel et al AFRYEH e ~-¥f¥‘cﬁ%§&-%-%%ca‘?% Y1 FRIEHY R B c8%es where a
pl ural i t yamofncstpoto st ing kptai@al units as nentioned above are contained in
each ml ecul g, gf. whars s, Angiher, of @l lan SUBSLIJUGNL S, CONSUNE, 1,0e

hal ogenati ng agen YorY P gr%up Sonsumtng €ai agent 1s contai Hed ¥ or

i nst ance,off tthes fgmyiiderdd mices st ttherrafase the anount of the

hal ogenati on agent by the correspondi ng equi val ent anmount. The treatnent

with the hal ogenating agent in the production nethod of the present

invention is giefer ly carried out in a solvent. Preferred as the sol vent

in that case gqre, f
t et rahydr of ur Ah, di
di net hyl er,
di met hyl ether,

exanpl e, 1, 2-di net hoxyet hane, 1, 4-di oxane,
hyl ene gl ycol dinmethyl ether, . triethylene glycol
ene glycol dinethyl ether, polyethylene glycol

nmet hyl ether, dibutyl ether, diethyl ether and
| i ke ether solvents; acetonitrile;, nethylene chloride, ethyl acetate and
ot her aprotic sol s . These may be used singly or two or nore of them
may be used conbi netfl'y. Anpong t¢em ether solvents are preferred and, in
particular, ether solvents mscible with water, such as

1, 2- di net hoxyet hane, 1, 4-di oxane, tetrahydrofuran, diethylene glycol
di met hyl faoean apticdlld eretdvecoergnamhy sethdhenaaf wathyarreigl ycol
26 JUNE 2002 tRedl TRl ndt hele 32chaP Vit Y @RE ndl-yelt ditTRighYyetlther, are

nore preferred, It is of ‘course possible to use another solvent or other
sol trents withFRe PFEEEDN LRVENAPEh THE thgFePEEVEfrece PEtRPEdALed. The

t r eat menpreidult ihldeanlbpta diel lIogaaat vagN-aoedt e Cload b sladt y Bely Stk i nd otthe
presencetgk gg %ggqef%& %lsalg)t%gr%pfaltT?%e%gkge or the salt thereof is
not particul rPy restric eg'éut I'ncludes,” for exarnple, triethylam ne,
trimethyl am ne, diisopropylethylam ne, tetranethylethyl enedi am ne,
pyridi ne, di hyl am nopyri di ne, im dazole, triethylam ne hydrochl oride,
trinmethylam hydfochl ori de, dii sopropyl ethylam ne hydrochl ori de and the
i ke. Anmong em {lertiary am nes such as trinethylam ne and triethyl am ne
or salts phere @weferred. Mre preferred is triethylamne or its

hydr ochl ori de. The above amne or its salt is added preferably in an anount
of O_ 1 to 30 e percent, nore preferably 1 to 10 nole percent, based on
the substrate S -hgdroxy-a-am nocarboxylic acid or a salt thereof. In a
node of practice off the present invention which is nore preferred in
attenpting to attailg a higher reaction yield, the treatment with the above
hal ogenati ng aggft, eferably thionyl chloride, is carried out in the
presence of a hydrog hal i de, preferably hydrogen chloride (gas). The
hydrogen hal i de sed in an ﬁynunt of, for exanple, not |ess than about 1
nol ar equi val ent, preferably % anount exceeding 2.0 nolar equivalents,
nore preferably an anmount of not |ess than about 3 nolar equival ents, based
on t he SwhydedryRh- = moosntoxan | anibaw-thrdenetriald y\grdyp iRt he hydr ogen
hal i de i t_o 3 1Q.no guj S,,ikl, L8 sible to
carry ou?e?gggggggeat%¥§?§§%9 3%?? gﬁﬁo%%%ﬁs Ekégkﬁﬁg gégé %éh??gned above,
it is fup@apenpapkgctihter srove .t hat the anount nentioned above corresponds
to the nU”berwﬁicﬂnhéﬁp%95b¥ab%€%§r@ﬁﬁ hasbptrsksheyahcunit Rt the ~

- hydr oxy- a- am nocar boxyli ¢ acid (the hydrohal ogenic acid salt of g ~

- hydr Oxypgotgﬁfﬁgégrmlﬂqqialanlne or a salt thereof according to the




26 JUNE 2002 10 acid corresponds to the presence of 1.0 nol ar equi 2&l B 2002
t he correspondi ng hydrogen halide relative to the ~ -hydroxy-a

am nocar boxylic acid). The concentration of the hydrogen halide in the
reaction mxture is, for exanple, not |less than ,about 1 nole, preferably
not | ess than about 2 noles, nore preferably not |ess than about 3 noles,
per liter of solvent. The above treatnént can be carried out snoothly at a
hydrogen hal i de concentration not higher than the saturated concentration
in the reaction system The above treatnent may be carried out in the

pr esence pfodirctaimmanedrthad swint idnede afooveReher thag spactingathg sama sinpl e
reaction g aken XU e, si on conposed of a ~
-hydroxyaﬁtgﬁl%cﬁ)rktoxy ilg%%%indﬁ?(e.g_.ceLc-(Zne?ﬁe_ and 1, 4- di oxane, for

i nstance, is allfp§heofotbapibdel Yhe dnrentePiilshdpgardhed thidetakl gas,
thionyl chloride is then added and, after conpletion of the addition, the
m xture is noderaly L ousl ILred._p e roomtenperature to
100 C, nore preferabB@Té#gﬁé ﬁgsébaé}}ﬁ%rgf;eﬁggl 5%&"3&“5 to 30 hours, nore
preferably for The @ 20/dmaus; o tamfhveakbexgoitespbddicn@®pe used in the

oS- chlor g A0 63 PRIV ACeRClch 1% GottpaftRELIA: TENOIOPLOPLET G ACT d
(al so called ~ -chloro-L-alanine)). The s-hal ogeno-a -am nocarboxylic acid
obt ai ned BRFiq9d ldhole oRS WaehatFdRoEsP W resaiasdd HPretci bY@ in t he
next stepdingrmasiediinfd tbd rdsdns@d alfi en.subt ithewne $hdialdge @

- am nocar boxyl.ic acid y__be isal at_eo]I:, f or_.exanpl e, by Eucg a.techni que as
col um c SgPEh Ry Yo h¥R PRSI BL G855 4 OB -no TRE BeSi€aid acid can
be i sol atsa@ligtom sifnmphe abdveff -hiydrbxannermminoddrborthiad ardrt iienad bel ow,

however. _Eqr. isq] ati .S - - a AN Xyl i cidin the
formof a ﬁgrooﬁial o%%%%@é%%%s/rg}?,a%l?r ?ggggrp%el%rgggﬁﬁgyi’d%? a (_aér

conpl et i dWoPrt fBreeaefi bhe BhFeaghV@Teser etomeGpithe icarhem haidesi red
pr oduct I%ftQ&Qef hdﬁ?ﬁnamt dtdﬁe_@flﬁi &ﬁiﬁcﬁ)’&iﬁiﬂﬁ%& e @wggﬁglﬁzgﬂ%l%ﬂ\sfdte N

pr ogr ess e.tre Nt wi e abovye ogenatin ent’, e reaction
6 JUNE. 5062 PRE I RRGTE TR U B PSS EF I s Lic ARy ERS group oF
concent r atther, groupsnuaidkissndlhet hedogenta tion sekicd-ibnguisd aseeansatliyvon, such
as filtratd ce j at | r geosc} e

recover e%tf:#r%%at%\%iér yﬁé#%{gg, tr?lé%ﬂ%]?\e’gﬁﬁ )rélh%rﬁg}h yie ndgt.:%gﬁ%ﬁitéhgtgﬁe%g%f

i sol ati oRRipE gEogp BAYr be subsitBtated rddlice shbsEdkieRt 6F or renove
those relsabisteltyen®w hei.lj.ng1&grpoaeat kyienakpiinged .y hanneast itge m xture
after th?1 Qalo enation reaction, such_as sulflfr gi xi de, tte}e excess

hydr ogen PAAPEGBSEONg PeRChABEan S AASF T RG] VaRd LERE PRI FBASRS! Sh8nat i ng
agent (ebgsithitgnglf hhki de)inoi gradpansejeapeoddizrd.t o need. By
concentrating [ i ] r it s )SSI . the
reaction sol ve%?%)ﬁgfgég%&gﬁp)r%%t g %%%\'?Z @(frﬁoa)ﬁgg%n%ﬁﬁgggﬁﬁﬁggggﬁ&yI iC
aci d_i n PRédsreRCTROMAY PRAGRT HPRIUbXPECPFgC PR hie S8 0ANAPRPAPE  af t er

the hal ogenatheBoheae! i P phen§AREihned aha a8hsal ike Preafiey 3l arséhk sol uble

in an or i c,sol vent and wat gr & g | i.t hi urq}lhal ide.such as lithium

chi ori de) UMY TAsaRLPPEREPREVY 1 BESFCYEF PhRlNRESHpOinEObuch as i thi um
hydr oxi dpaotitiit Brlign cesbohated, forthewst dnce,inalddese abmowng ethhabegenoa

- am nocaghkyLh e¢acidl do AT RIS | ke BHlnkr ATNABCRIARILE, SOI vent,
wat er or a nedi um conposed of "an organi c solvent an ter I'l'e causing

di ssol ut rdhobhrenninbdwdrasidlanisdg aadtf TpheucksamidiahydTpehloride.
subsequehaepsd @b i tURaROba FRSYANEd Al is6hbdahbi fvifhwaRat Aldromay
procedure, such as filtration or centrlffgatlr%r} ves .t he ofes%;r.ed pr oduct
in a si nPPePEARAESHVEhiRt TREAREPD SFRE8L Yo é‘ﬁ%,d”trﬁé‘gc’éﬁé@ $PBn of

aci ds t owhaht shéseppehgidaldxy -G+ &neoQatboRyl he PEbdensee ofis@a} etheit is
desirabl e_t ah}sengt o,reduce the sol ubili t%/1 of the. . _

~- hal 0geRE°AUSH ndE&r BoRALodRO ¢ ~HRi BAPTRPLOUAT 67 SEYF ubt e® coffpound, o,

i n ot herhabod$anines past-bhtogerct pi-taatiomvadmiiyrtic bgidsi n§-hahagenonm sci bl e

organi ¢ sal as. sai k I Th )C -1 SOl or gani c
solgvent ? \éﬁhltycla.ltfygilngrcl%ggé?ggate a@rgrlsoélf?m%?gyd%%%%@dﬁdet éc(;Sx)y’e?hane,
1, 4di oxaﬁg,c -t ekly gy dr gtaftey of e sEhd ity ddie distahy -eydepxy-—o -



26 JUNE 2002 12 triethylene glycol dinmethyl ether, tetraethyl ene gl y60lUNE 2002
di met hyl et her,. pol yethylene glycol dinethyl ether, acetonitrile, nethanol,

et hanol , n- propanol i sopropanol, tert-butanol and acetone, anong others.
Anong t hese, acetone, in partlcular “is preferred fromthe viewpoint of

i ncreased precipitation of water-soluble S -hal ogeno-~ -am nocarboxylic

aci ds, production of crystal shaving go® characteristics, ease of handling
and i nexpensi veness, anong others. Since the above ~ -hal ogeno- a

-am nocar boxylic acid has a high solubility in water, it is desirable, for

at t ai ni ng amicoeasdvxylde pridsimay heousedute athep&ioari yoichaverfomse t he
above water - M SGhbl £ P698RLE 86! 4t Itd BoVeLedEid heOpehclgbel SESHAAN 1

relative to water and naintain"the final coal |ng tenperature at a

| evel , pr dP¥ERELPIINGHIgRSy AFRItEehTer &hdodvdr Mshidest afiher. than 0
C. The SOthlsblhb)tu%f hTaﬂQd%léQV%p'ealfakﬁgﬂh@O-tham@m m%@rr:z@fyl ithijamyd tends
to increa e 1N the nce of m.Cc orrLgde or tne | K€ enc it is

bF T ect] voPEgmIcE  aPRPRBot T PRRA IO ofsr PSBhers (L Syase

maxi m zedphbsphbeust epyolfxladddeg phdashards tthnlbmmnipouetjcf. oanmm\téne i ng
the coexi %&bwgo%ltd ol rtea%ti%t i a% causi B¢ RLAGHA pgt QReQfe L N€ above

S -hal og carboxylic aC| he reaction m xtu i's preférably
adj ust ed thigaxk aeitaﬁiw 3% @é&ﬂeaqriqdy igpeerficalay thhiamel whdiotiide of "t he
i ?]olel ectrig Iﬁ@sﬂtpﬂff%ﬂ‘&clﬁ Pmleogsaee t@al@cjﬂﬂmﬁt%@g&éd& 1@Cu§ed\/ihﬁd%nt he

- hal ogeno- - am nacarboxyl ic .acid is an a-anm no- shal opropi oni or a

- ani no- ~32R8PBEuL Yt i ce%&c?mptll‘lae pEPi % &OZ]T i aglrﬁis.galaﬁ@[y g ‘QB‘(S’ELP S4 to 7.
Speci fi calhbye pme&esabfhyelptocedmbeest akem mslanoéxahpl 3ub’Sd1lt‘aItSO|B&tl ng the
A0OVE. el HOHRHRNS S B A LOGM RN o1 oL d Ll L h U B [9EH 2 B0SR.

rel ativel OW Boilihg conpone mxture "after

t he hal ogBagirahlveakire @fbovgjéﬁougtsm ftzhlle H%R?Hé?f @@é@é‘soﬁﬁﬁ)géﬁlﬁal i de

(e.g. hydgﬁe@etgfil&u@%)f a@Q AR agéﬁy—naiaga%mﬂ%x@qq@ a& £hd t Rihonyl
hal i de), are preferably itlgal n_anmu NE_2002 13" in

advance, FRESpH" ?r{ahénp Bfﬁ af. ﬁuFBmp?ﬁﬁﬁeggFgFBaﬁsPﬂ gﬁ Bsic Iithium

conpound mechiaseHi ahbum hydr omhtleined [int haam watbondeeprpwbberabhy

lTthium hxgéeﬁbgeor%mlsm&@us&ﬂ{sﬁﬁ% F ﬁaﬁb@@w&&}lgosgtégter and
it

the resulting precipitate e.~ - ogeno- a -am nocarbagxyli1 ¢ aci
coIIectedOHs?ﬁﬁxémhﬁapﬁﬁﬂﬁﬁﬂh$%l@dﬁﬁﬂﬂéﬂﬁgcanﬁé%%?dn1%Rﬁlﬂq§t@W§§h sol vent
used as the hahggaaaémﬂeteasaryntsohneaéasereﬁerashbtyna vt ehem sci bl e

et her solve ernatlve d dy e those
el ati vel et sirBat EPRoResRberenr b, cherHFha pher SORLLETP ARUERES orver

t he ha|ogenatloﬁheeaneabmensuwhtbstbﬂlh@loge@&td@g adgenextesshaydr ogen
hal|de (ePrﬁduBg§Bﬂgﬁﬁtﬁghoéfd@%eaﬁgeégﬁtUﬂﬁ@éﬁ%?@nhﬁéogﬁéﬁékﬁﬁlﬁgent (e.

. thiony e reaction solvent is replaced a smalT anount
( pref er abF?rﬁf-ﬁiirﬁPrﬁ aARGUAPY Ve twat BFe ERTECE G ‘E%‘?rﬁé’rlé(te&telﬁﬁiﬂlaq fafBcessary
after t_reate?nfcﬁw éﬁaﬂ?l%lﬂswDeﬂimégﬁbxyiétﬁﬁﬁd;yal?d—@ﬁcbb@ﬂeand/ or f
separatio t i psol u .nmptter by filtration for the purpose o
renovi ng Fﬁ%ﬁ?ﬁ‘ﬁ‘égg%ﬁ%rgagﬁ%}’ﬁ?%i %Li,’c?%eéblfiﬁgygd?gg?gﬁ using a basic
| i t hi um conpetihdlsnehghgcoltdimethytirekhee, otetradthyd eme bohutel preferably

I thi um é[%%;f!llgf &?x%ra ngg:ﬁg%‘ﬂé IR J.e&f‘ﬁ?ét’% X’é‘ﬂﬂé’? aE‘BPﬁll?)?QHWat er,

the precipit eno- -am nocar ylic acrd I's

caused bymebhapl netherusidiautyik abage, V\ﬁ%%Fthi setiee angdahikesefhent

pref erabl yoﬁesﬁege,a@@i&xﬁqldleca&etthwea@ él@E@ifﬁa@ﬂ eﬂrfylcﬁ%%%a\ﬁ’@eéﬁdt he
above ~ -h@ll%geno a-.amn carboxyl ic acid is su (rirltte to the next step

wi thout ¢ A LipER V%P'é‘?rvem}fasl%%a%ol?? (o] REsEYRPE APhG in the
reacti on of xtheremaktles usked dahlogeedl v on Areact tham, stidie nsodwiehirs alrexi de,

t he excess._hydr n, halid 0g hi .

hal ogenat 1;@%’%16%%(? ?ng %héar@jr(ﬁu¥%e)gﬂ5§re %%%ﬂ%%dgg?l%%ﬁ%ggdﬁ##or ehand,
and the r‘e@b@ronS@th@-ﬁtlt%—dmm@ﬁywln@n%tbﬂaﬂl@xdlw tenperature, for

| nstance, ; 8panjto FEESRS A Yo EHIPLOKL | 51 Al st o Uy @tp@§e such as sodium
hydr oxi de or lithium i;jérom her, if necessary a%gent with an

adsor bent tstRbrvtengt 9huEeH %W%W%n%?%?rse‘b%?ﬁ?ghy]o?n? h‘é JUNE 2002
14 insoluble matter by filtration is conducted for the purpose of renoving
impurities and/or decol oration, whereafter the above ~ -hal ogeno- a

-am nocar boxylic acid can be used in the formof an aqueous sol ution.



A preferred nethod of purifying and isolating the above 26 JUNE 2002
/1 - hal ogeno-a-am nocar boxylic acid is now described. This is a nethod of
purifying and isolating the /S-hal ogeno- aam nocarboxylie acid in its free
form In the nmethod {1) nentioned bel ow, the ~3 -hal ogeno- a

-am nocar boxylic acid can be used and, in the nethod {2) nentioned bel ow,

t he ~3- hal ogenoa- ami nocarboxylic acid®r a salt thereof can be used, and

the salt of the a -hal ogeno- a-am nocarboxylic acid is preferably a

hydr ohal ogeni ¢ acid salt such as hydrochloride. It is of course possible to
use an opilinedhivy elcheyantaped vé thvikend Gla 9l danegenbethermnaneswmtsoxyl i ¢

acid. ( 1brg~°f'e'i&e\ﬁat eft3§s @)EQEQQrgglfy@é‘élﬁi‘Q tfi) %Teeén&ﬁﬁkbé@l%lg@mtc
sol vent as_ a iYSO vent , - ?v(l)geno- m nocarboxylic acid is

caused t8 (’E‘tefsf‘% ?Q'ésdﬁ‘tthllj} j‘f‘@‘rlé_l? bhg vl "Gg@ Hﬁrsﬁn‘?ﬁg‘%‘é‘l‘ bl@xyl ic
acid i s pavsladeta crystal I | ze out froman aqueous solution thereof in the
presence of a e atment with
an adsor bent 33@% ége%'(?: ivat egaga onaﬁgc#l ]fd(iefrpae"tp%oi%gerf%e a|nn§)(()a| ubl e
mat t er maprivé edopist niad therpresence m‘-senoammw Ags & hpuherest andher

decol or agin@fe 62) tl:[ée@éﬂﬁnéh&feéf‘eiéwgﬁaﬁ_{i'éﬂﬂa@rl RUANINGS PRt
hal ogeno- a_-am nocar boxyli¢ acid angyl'l] en_hali ﬁé{iﬂ th a basic lithium

conpoundln§l],tblﬁe§s FPERPERIRY B okFd&t mtEAPESRYLA™IPSy converti ng

t he (hydgakhabpgepitethgidmiinet hﬁet&@dﬂeﬂlﬁymﬁym@dﬁmrwﬁpmﬁamon of the
~- hal oge a ing water as a good
sol vent ggge%h%]?mgﬁﬁf)g%é}dégbrEgggégggh E%?gt{lgﬁg}gg?‘ ®sol vent . Basi cal | Y,

t he abovbmiEm:hémeudeechnilqa‘éhi/bﬂmitgel aydngctlﬂaerlﬁab ogeno- a

- am nOCa&@@é%bkg%@ﬂ?éthﬂainiﬁefﬂﬁ?rcf&fwrffcfgrhha%ﬂ@lPH@natAn%hé eRehl, ON
m xture can |'i zed. Preferabl / 3- hal ogeno- _a - am nocar boxyl i ¢

acid or 5CERLRTYnBRERES S?GhJ@NEtQGB?tﬁSI?BFBFe?QBI9réeﬁpﬁiéﬁ&P8g@ﬁlc aci d
Zal t lsucbaaSS hiyteks ednt erled@):lelférfrleﬁS]E l@@ﬁégfﬁ:iﬁ)ﬁmuﬁ tmghhyméﬁ.ﬁ.ﬁéabl y

i ssol ve uti on of a hydrohal ogenic aci such as
hydrochl%¥|%tgcﬁﬁgggggfoffg "The pH is adjusted generally to 3 or bel ow,
preferably to Pherabevevanime ehelbsosmtt ofs vadded rprefeeabliprin an

fluidi zagh8fnt RS £ienakby38i S0t WdrRientS REeLCHAOEYrab DM 28 10ThENe |
necessary, treatnent with an adsorbent such as activated carbon and/ or

i nsol ubl BeREEREr RafRE 41 dhepyubstiakei ST hyslroa i €aaBLROFBFPPREL pbr pose of
renovi ngaciuott a esabndtieeraetol oration. Wiile adjusting the pH Wth a
basic lithium c i1 hi [ onate, the
ydr ohal ogeni clact A0CE SrbERSEaCh oL U Pt BhyemcloHLATER 08,

i t hi um BAFeHmde rgeidubh e b trenrHel nar garﬁb:t@m et ghewd reacdionantletde S

- hal 0g€nghe atfé‘lﬂhﬂ@&@r\p%ﬁ{' +Ge ASh&kréd %&%@@@aﬁ?n@r%éﬂ:t 315§e f'été‘lQW he
wat er-m sci bl e. organi c, sol vent as a poor, so]l vent whi ve salt is

ab
caused tbr+emal %‘%‘é#eve&sv\ﬁ:?ﬁ’éh?d&‘gcllﬁl FBFlQ)‘heseI‘Pfé? é’aff tae}r‘ygf‘ﬂ‘ée%m dis
recover egla bydea, quweém}@nyalhﬁ@m&:hlam@irs@@a(@mpn mmx:eqwmgeauch as
f||trat|ﬁ)n o centrlfu aglnoa{]m rl'%erna veI E nab ut
-am nocar%oxy?l C am% or 48 sart ﬁet’e (epralq‘perdb y a ydro aI ogenic acid
sal t t hek eodlasesmias gndrogitediemé)l v andegouhtedxraedingd? uth @h@¥ i si ng
vat er oroQii AAUEoLS, $RIAE e rof 2B 10y dhohabegen £ Rt desgUBRaASatiydE ochl oric
aci d, and an organic solvent mscible with water. The pH after djssolution
i s adj ust 8@ 1gEneTal Y3l et 3. baseel onther B BYEBOKYr ¢ RIBINORABIOXThER, | f
necessarygidr ememrtal\Myt,hb@maﬁS@rﬂ@e;whyauobemhacwaaitredmcambt)ﬂta@ﬂ/ or
i nsol ublgbcg@{tfr S(E‘]R)alinat aq:n % Qallte %tl on |_$Lsc (I_’)I’I ?ng%ofé’ar}!} S RHr pose of
renovi ng |rrpur|t|es anoy §eCo1"8rathi-on. ﬁaoeno
- am nocarlivxaihoce aitlrejatlsemauww tsqurtded i tétléceb)th@djqal@ta mentionsd
(conver t4ingyd g cMyelieahalbagRRLG 19Uthed e i FERAL, tﬁ@ahtsgnftqaéw{o@e&a' t)
using a bhasic I um con‘goun | um hydr oxI ['1thium
car bonata g (e res pebesete dite fyEped @flmﬁ%ﬁnelﬂallhv@é%hpa§ P33 um
chl ori dejyd feCAHSGH £ & F SR dh§a%x9d oM oY HE c DR P i Atd Oy (Tﬂ}?é eafter,
the desired acid Is recovere 26" JUNE 2002 16 a conventi onal
sol i d- |.M@w%x%@%%@@kﬁ 5P aBYErPKYae GiRigle s vidati on. The
wat er-m sci bl e organic solvent to be used in the above nethods (1) and (2)
specifically includes, but is not limted to, 1,2-dinethoxyethane,
1, 4-di oxane, tetrahydrofuran, diethylene glycol dinmethyl ether, triethylene
gl ycol dinmethyl ether, tetraethylene glycol dinethyl ether, polyethylene
gl ycol dinethyl ether, acetonitriie, methanol, ethanol, npropanol,
i sopropanol, tert-butanol and acetone, anong others. Anpbng these, acetone,
in particular, is preferred fromthe viewpoint of increased precipitation
of the S hal ogeno- a am nocar boxyl | cr aC| d, which is ‘a water- sol ubI e

o I ) oy o T L S Y



26 JUNE 2002 17 particular lithiumhydroxide, is preferred_ Since tRé &bBva002
S - hal ogeno- a-am nocarboxylic acid is not always stable, care is

preferably taken in contacting the sanme with a base so as to effect
contacting thereof with water or an aqueous medi um approxi nmately under

acidic or neutral conditions, for instante. Generally, the acid is handl ed
preferably under acidic to neutral condt®i ons, for exanple at a pH of not

hi gher than 7, and at |ow tenperatures. According to the nmethod of the
present invention, ~hal ogeno- a -am nocarboxylic acids can efficiently be
synt hesi zedcidorer Besgendx o the prerNGDeLyl | @ Mediadseinivadentmf tde st ep,

and hi gh quglib¥panhdhgIRparsgail NatauRo¥¥hheidel €8 eheSal iy dhihpof —can be
i solated in high bel di,. Fur, ?er, when the above reaction i's carried out
using the SMIRGEREREXVI i AGLE) boXIHT CCHRTTTALIOBRT CHle YIEREPGRR  or m

t he correshanddsginpthe aldactagin we xSurali 6gefior aetampbearax Mess abtiad
havi ng t he onfikqurati h o] e S a obt ai ned
while the’ (é)‘%?lﬁga [;I)‘ﬁl'rllgf yg%fgggﬁgééﬁaﬁ ane%ngt telﬁggl Ial{)gbgu S{ﬂg?%sél f“;s)&g

mai nt ai nedprefhvabliceohpkess tdasubboast parolegermentliidier PEr sedneatti ng

the opticalrhy 6446 ReftNAHOVANbRECAREREACSUE B Ah DPtHCal hydeehbue
serine or g sal.t thereof accordlng 0 the aﬁove roducti on thod fo an
g anEbEFe

optical ly Batide ROPFEREEREHCR- PR Fhan the #eERbatedre conceivabl e,
one conpri ebngehteatientimithle acaation-gysdteact | Mheagjeote tiraldtomeed hyy

t hi ophenyl ati t c L.sl.ng. kreat | }RQs tecting
agent foll %\%\A %grﬁ:?%p eny%ﬁgng%\%\g\?gr?ksﬁ. I es ena%d%gb%gflﬁgkggggégf

i nvent ors reveal Reéfehning hepeei hbea Lhvipk ¢ s nglmpbat react wr hprpcedure

am no- pr ot LPO,agent d,b i y i bS,prefar t he
T ewpor e of T e Saer b | Ty e e e th an
ani no- pr ot éctamHdesgEReRd ioRd t(8i-GphdnyrEingh aBfAndy 4giiexaner sfattory

yi el ds singasthrcopt i sahlyoset b¥ecomphébé Dal satveatsd wasthbhedpagéncul arly
under thio nyl ation copditions, 2 UNE 2 1% The th f the

pr esent inggg?fy‘%ﬁef%?sbrggﬁ%? g?ﬂle°6§?‘%cé?|§*9%%t?§%e ?)rrrlr(gt e%?"é‘gl-c 8

- chl or oal anpmetebionhef geherafddibioml atlie)myxiere abdvisoderabytert her eof
conpri ses p§odychogy a8 PPEEG A LY ELABYE 4B SUPrAAF Y & SRld o her eof
by treating an optical Iﬁyactlve seripe or a salt of an optical |r¥ active
serine wi tHORA RIGILIRRYY 2tcAPor9 Bt thgPaGEREaRAY £REN t7 &t PRGNPRES -
product W ibranpaef&calpl Pt et i INEaddnhouls,t Bbsgpredukéi oor respoddihde
reaction far ohtai n_iO(n_%1 the optically active ~ -chloroalaning or a salt

t hereof cafi Be carried out 4 nxtyt‘}e sare fidr as fentToned above. In the
above generhlofopnepiofy, aRldr bptesembled Anrhdoprolesiangngd dup. As the
am no- pr ot ect i Norgk opPn 5 1 HEERL MR- i IFRUARAEA ilhag8 qdepehiped h) diheodora
W Green: Prot e(itlve G oups In gani ¢ Synt hesi s, edition ohn Wley &

h 2n J
Sons, publ ?RA%Y enQidipialak iz S SOOBRYPT & ﬁg?y%%? Hdhyhe next
met hoxycar Soay| or tiai ¥ - theit exyd aw byt bBesetationosyl, benzoyl, phthal oyl and
the like. The r e qgf chojc | so_includes suc rot.ectivie, QrQuURS. as
(39) t et r ahydr of wg%y%ﬁ&%dé 55%;??6595%7%3&1- e CFIX)X lecnzaocy]1d \?\%a sg)%ydr oxyl
group nmay bpolaved) yfoe exanpbeeddy asich e temigemearcobamryl oxycar bonyl

I's preferreg3PNGy LIRS Scoldbd g ARy 6 o8Renak iher Ao a2ils. Rsgemerally
represents a, hydrogen atom but ray al so_represent "'such an am no-protecting

group as pREHAIN RodaHatad R R SiTRdeapidechfi AbSPE RRRRERP et

cor r espondge t Rod hte @DV AMBEDoW) H@edddrg. group and i ncl udes conventi onal
am noprotecting ents W thout any partigular restrictiaqon. Thus, ntion
mmy b mmde of B LA U0 U A of ohel A0 B IR o
met hyl chlacod oimetlee Lhrm evf -dbuiwd rahakodmmiat escizbnzaoltt, cidorexyplacet yl
chlori de, n i i isde, . :

Ncar boet hol%%ﬁtyﬁgf?%%% }Qlfhtg}lr g%ggggf Eghg?%etq%eﬁ? tQ %g:tl?ﬁél g géng which
(3S) - t et r dERRIrRFeG HP Tt rof diatde s Bref) AN IRt ol1a%G Yr i de

whose hydr exydt 05 OUPr yeYa PP 4 8Nl Yo RScduddjealiath & ghggddde.oAnag t hem

benzyl chloroformate | s . .
y treatment with the above halogenating agent, the reaction



26 JUNE 2002 19 preferred. Wiile the treatnent with the above 26 JUNE 2002
am no-protecting agent may be carried out using an optically active

S-chl oroal anine isolated, it is preferred that the am no group protection

be effected by treating, with the above am no-protecting agent, an aqueous
medi um contai ning an optically active chloroal anine as obtained in the
manner mentioned above. In either casdl a base is used and the base to be
used is, for exanple, sodium hydroxide or potassium carbonate. The above
treatment with an am no-protecting agent nay be carried out in any nmedi um
conpri si MyLxknes shdiudy] eatesh gaiithesolagesuchThe 8bFeenconceerasieni n t hat

case is gl Raklehtdbas |1th§§€rﬁé§{:%xb'slbl%¥1@%ulﬁoé J%@é@i&h such as
1, 2-di met hoxyet hane, 1,4-di 0 gane tetralg%drofuran eth Iene

di net hyl By heration @trhy*?eﬁ‘él Pgasi-of nEbRyEPE G dasdtn 9591:1@% ‘ﬁﬂ‘}/col

di hrret hyl s h&fcoqit?e&tlhylaequi waalp 1& lﬁﬁltrhl}e:(r ehulalehlin heﬁh- bmélﬂllﬂsm?thyl

et her tyl, et e et her_or e ot her.,. et her sol vent
acetonltrqf trﬁﬁﬁ I%ﬁ8iéhﬁépi’de et hcil’? é)certsaet Osé‘sclgtion ° f%‘f‘ﬁcé%eéb‘? a like
ot her aprccnntrerslnlozfémr r?éa:bmgthasbobemajzllmyyaio@nbaslangmmmentshe_
method 1 Qledd i APV ALY HAURPLELAG O b 8o MRS REA d4 &l Jouflescr | bed.

To an aqueous nedi um cont ai ni.ng an optica active ani ne, for

i nst ance,reafiion s sagle@shentFrrcAiexd sy nkhe ?ﬁcaﬁsdmf«@gw mide i ar

qul val enes. g ph@ﬁ&b@léhYCﬁD@ﬂidézlﬁarm;Hﬂfhe eﬁu:eualteat hal@:béhmfiﬂngt;(hgié}ﬂ: 20

substrate t.enper t i ch,the soly not upto

C, nore pQ' e‘fgera r}};ﬁ ratllﬂ' eadnvafncf'ﬁ ghecrecqrn ‘W{ﬁe | nt ai ni ng

t he pH atC®QQntﬂKﬂtlprgeftémb:lqacgilt@ mixtwre prefier @bﬂﬁ'}o QJQSOSlIﬂ-e By addi ng a

base, sughas,SOdigin e d e Arvdit assi um carbonate, and the resul ting

m xture is stirred at a tenperature at which the solvent will not freeze,

up to 30 C, nof@rphspdedting dhea abatisefarha kogRmo N ghBE noRarbexgtic

pr ef er ablaeifdrinl the &thaolfrosrm, |tfheneﬁﬁ3£afqex11§1ﬁrfgeéi@i itie Meddtienmay be

washed wi_t.h .an or?gnlg:I h ‘i SCI bl e vuthlwat er_or ueous
meci um PSP BF GreRALOPSPALIED oAe DR 00T e i 5068 S Werovi ng

t he unr eamee’rérpchmyl arsaft bedmpllechh @amobogante smidverie abylpwaderct(ebenzy|

al cohol . 1R iQpf hcalilie acldny @ MRrelies %‘ﬂxldrﬁ@)oru%%'r@' paRioduced in the

above manner_ can be isolated, fQ exanple by a_conventional extraction

pr ocedur @HEHrGREY ByP2 D] € HrBhaoTHORs SUthe? frek Wl Bt hvkiogideent

i nventi oy f 98 £ RE QRUEE Mo 0P & ,caﬂdxyla@ttbvleel\# ahatecd edhoSeppemulicyehei-nes of
salts thereof ¢ sestre |ng an

t he above general fornu l (32 i

opti cal | y* So1 baceEPTRE by Akl 14 ot d i caTSt SRk R U ReMaren an
acid wit wrzga@hlcosprlammtg wgéetr, orhen meddam wgmphs eched- abt anrg@m@ptl cally
active soq*%'e%rto In@i” LWAR M LR13R 2ERAHR GLiRGLHIME 1898l ARd abykkher

reacting the resulting optically active N-protected-S -chloroal anine or a
salt t her&SPLKiTN $htopRetibth Hﬁééklma bBRE & UPHHUSIENS ePAL ¢ FECRBEFBIgener al
f or mul a @3)onvBnzidnBh abelahalsqam a&ptahatlioan@rlabesipe@ fks(l&h| gsnent i oned
above. th| stproduction %u t e r%%:gl ons C{eo 1 L(;%cttl 10N, of the
opti cal I y agtra\;éoﬁ- BFO?%EFE%I %%Fif FoaPanfhe or & 541 ereo ¢anbe

carri ed edrpile Bhd senwFemipnér nagneent | @nedeab@meerahbyz htlephenyl ati on of
the above QRbheabhyoRCLéY8s N AAGLYs SreibeaBRlaRL AL A NE jakhked out
using an optically active N-protected-~-chloroalanine isolated in the
nmanner nBFESEREE SBovatery ii§ dpsdegdsabiee tPoakbprmpt tRerpruse £he

reacti onsgixbyne t@féﬁrth%”}} ﬂﬁa%@bﬁ%“&%:@ﬂ%@aﬁﬁ&%}ﬁf@ha@%ﬁi&t@@@en0|
dlrectlythereto ag ectln the r actlgpl glsreactlon nhﬁture The
above st @p“gferase Fﬁget REMBRH éal Py adlli 9&Rpr 8?5 edFNCECAER| 61Gai ani ne
wi t h thi ppeedeli taae éneoumndlhy ad ing aatet e el oeilabe argaamic sollvent under a
basi ¢ condi roani | vent is not particularly restricted but

i ncl udesggf %r exog%-%?“? ?ﬁé? §§| vents such as 1, 2-di net hoxyet hane,

1, 4- di oxane, t &heahbdvefwabar- miéﬁhpﬂ@n@rgapéﬁlS@ﬂﬁﬁﬂhyﬁpéﬁhéicallYethyIene

gl ycol dijgethukset BaE. ikehbaethwiena gbycel 2dyrrtbrbelBerangpl yerhyl ene

I coI di net hyl éther, tert-but
gty dloxa¥1e, tetrahydrofura%, diethylene glycol dimethyl ether,




26 JUNE 2002 21 nethyl ether, dibutyl ether and diethyl ether; and 24 bBNE 2002
aprotic solvents such as acetonitrile, nethylene chloride, ethyl acetate,
acetone and tol uene, anong others_ The above thi ophenol is used generally

in an anount of 1 to 5 nolar equivalents, preferably 1 to 3 nolar
equi val ents, nore preferably about 1.5 nolar equivalents, relative to the
optically active N protected-(3-chlorod2anine. For effecting the above

t hi ophenyl ati on under a basic condition, an inorganic base or the like is
preferably added as a base. The inorganic base is not particularly
restrictedrbuthqaﬁnbegl@@blemaﬁnkayls@&mnmihyﬂﬂng@mh@a@h@n@u@coaotassium

hydr ogen iu Iy qn Qr sodi um
hydr oxi deagﬁg%ﬂgéaﬁ ﬁgngipgg%% S&%%e f%(ilty%?% 5]‘g’e %Lte § ‘The anmount of
t he aboveabatenitrhéeusmethapodar Ft@éﬁé’ddl ﬁgP@@Pﬁﬁ@lspéép@gOPH@péof In the

case of Sﬁékﬁﬂbﬁfgh@ﬁ'%%"ce%%@ﬂeu”aﬁéﬁé%ﬁieﬁcs fOE\mbﬂ%HﬁBé?@e lalcelt®ndsed in
an anount of 1 to nol ar. equi val ents, preferably fo 3 nol.ar equi val ent s,

relative t8 Pﬁétéﬁﬁléakl }SaEFie\#érH-eHr SFQE‘t & eS"&ﬁf"’BP&&Itaﬁlfnénc?ﬁésﬁq of the
reaction pritipethsiphedenatar-aiibe tﬂ)—lié-lod-&dﬁ—rastamﬁgb)ér@b& hii e

condi tion he d t.end |de C ter
conpl eti O%C%ﬁ& r% R lloélngft%é}jprodqaﬁ%vgfaﬁ 9100 |cs% r%(%i H‘ tl%?aﬁsﬁéa’ by
aci di fyi ngft hendéangl andniireypengilvhnkgds oéhpcgl etherd; sulfuric acid or
the like, extragijog {he %&@rﬁ-%wﬁéﬂo%%ﬁ&%m@ﬁ@Qcaa LAY/

acetate, concentraling fhe extiract an ectin centrate to colum
chr omat og?th? ﬁeiupﬁé%aﬁcén waEehpovt f‘ﬁl SﬁﬁéHQPa?roﬁOEaﬁtE)élB%cht ed,

for exanplircbyasddipig @i pidser it ta&aﬂxﬁwrt&ﬂa:yaﬁmﬂafandtéﬁdlm ﬁnébonat e
to a sol ut on_conposed. of an_ o ti cal I %Oal% Qr lect edS- chl or.oal @nl ne

and an an% DAY € or2 Vet S T oM € I 591G ma &Fi 31 VLS A 8F BPts to
30~ (W v)lepsethanbl yrataifive 3D W8&ten @ntdneﬁewapmtbeaﬁnyaAdpoqslnghe pH

to 9to 1l o] | ar
equi val eni’L 8pr e{:lg%%b £ %djgul% R}%l p%%&!e\}]aa{%elaﬁgé'@ﬂ?é?%eﬁ tﬁoer@(;btl cally
26 JUNE mgezzraﬁ@raﬂe X pebt bigher th@hl orFal a'ﬁhﬁesol@blbwém of Eherring

pr ef er abl yp&be 3P- BQl@Qen& am&ﬁrﬁ{cﬂﬁ&@lylc‘lgcha Ona& tol Hacedat oh
addi tion &f‘ t he [ eag ent s.restri e _one nti oned

Shove CRofheldrafeRoeTar, | Piitim AR RIASSRE LAAE L iRet MEaRdS TENLGSMSC
base to aﬂf’aqgébms wpluse enetoncacompinedl ppheidatahticaprepiptbdtioncti ve

N- pr ot ect@gyﬁgnhg}gp@i%ne or by adding thi ophenol and a base
si mul t aneously to an a ueous_solution of an optically active N-protectedS

-chl or oal ani ne. I} nf RBAREt I YN MBt TP HFC t he b ER FRAMRRAH TN, by
conduct i nngonwthim_t; tmlmemgstﬁeglmmmmh ehessalhefdim eBostepssimanel y
the step of treatlgg %'glcg égactlir/e serine or. a salt of an P{%lcally
active se?l%%”\j/\?rif?u N1k 8& WPRY ch]i‘% ‘i)(?u%??n ﬁﬁ‘éﬁtocatrl?gxéﬁt feating
t he resul thegemmtiical mjxforeves prtﬁﬂemackw&aﬁdn@s\ﬁﬁﬂhtcarweﬁdﬁ ﬁ@lﬁﬁ‘éye’ml ng

agent anchdber st £py ofsgsaafﬂaglweté stk 1y 191 Pt § G | phactiver Mk at ect ed-
~ -chloroalanine with lh@{)heno under a basic condition, it is p055| ble to

obt ai ned Rh e E ddiso it neaf FPIABPCAE PREYLdCet Eia- S PHIN NG & ei ne

derivati vend rogesd"pRlamand ffboshantc peAders bh bs-aalis-pssible to
conduct, w thout jso]ating anely. the step

themterrredéab hﬁtwo steﬁsﬁg
of treatlt}F@l%ﬁf%’t‘?rbjaﬁli‘F%tqwé’Y%m”b%T SL-QRPHETR L ACEH aFPRPHIrT ect i ng
agent andoidiesiiely oddjwsioed nigo taleoutestl te ng- optical ly active N-protected-

~ -chl oroal ani ng, gﬁ%ﬁ hepal supder ;?rc%‘/:%dxfzre?o@g Ehoty a?{h&z&g&i&a' 'y

active N-protecte enyl’cystei ne obtai om't e correspondi ng
optical |y %tusmmgnéh@ral@p%alﬂ ~habe geno by —EFd necgdberydd crechddiivf t he
present ijwention HaEm ancipdé C@élmwéwaﬁomlmm&&o@o@m@t the step

[ t ificati stal | 1 t Th di t
he. pr escitha tVEH | 4, i G L JORETe At aeiod S S G5 ei ne.

havi ng th&aascaxmarc,olsuoguaatsﬂrﬁasdubaudef emeessjlh@tdraxg@maalbéepm)cmced from

Erg?n?glt Inﬁﬁ}gdl%/%% rdéL}rlaf Igtfée% éév%n?{ f acconﬁj;baa ng s&lbs(%/antlal ey

thionyl hallde), are preferably reduced.ln amount or removed
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N- pr ot ect ed- S- phenyl cysteine, in particular

N- car bobenzyl oxy- S- phenyl - L-cysteine, ‘is a cornpound very useful as an
intermedi ate of HV protease inhibitors (HLO 9532185), for instance. BEST
MODES FOR CARRYI NG QUT THE | NVENTI ON The foll ow ng exanples illustrate the
present invention in further detail. T%%y are, however, by no neans
limtative of the scope of the present invention. Exanple 1 Production of ~
-chl oro-L-al ani ne hydrochloride L-Serine (5.0 g, 0.0476 nol) was added to

50 n of in adwepsandhampd hydikeendiidedatgasl dadamReRiuel Using t he

L ez ul ti ngaﬁlgégig Ol'b.t‘!!iittﬁu sidwjtlﬁm guchogl 1 eARehat cﬁ:oﬁﬁ% gf;t? 1%;?1?%&“0? E Ee
ydrogen ¢ ride in i on,_anoun no . To e
sol ution ﬁé§888858'395ﬁ§§ ET %lﬁg &Ugf é? 7 of gﬂ%gﬁmeGHPGrlde and
t he reactQpreﬁskdblyemmaﬁQUmrammaﬁtoheﬁ adfusl edntioth8 ECesAliténgabout 6
hours of stirrcin this sogp n_ was concentrateg t o,about_. ﬁ alf. the

a

ori gi nal Portmt ga?ﬁé &OﬁCIﬂq%iQQ%&i Cool"adors” 0?3115 aEl nd®50 n of
wat er masca&&edtgdadaahgyasmedsumomﬁhhhyaﬂﬂmpﬁi§lnﬁnpeWétGremIHPEClanalyS|s

of this sekgahﬁe ES!@@héduEQQ Eoremti pR18 eﬁaﬁlsn(PeQéEioHDEbleénE,
-chl oro-L-alani ne_hydrochl ori e 2 Productlon

)
of p- chIoPBeEeE?QﬁVné H?H?BcﬂFﬁFégéeLGEB?FnﬁokgeBtg,Q#QﬁF bY§1¥ms added
to SO mM aftér fediioxageorandmbyiinggén sdvancdethaseweslanivedlyckdwi nto the

resultin tion Wth stirr te [ casion, the
hydrogengt(::'ﬁfc‘)(i)#f1 gomr?%lh nJéséo u%nggﬁc}%lﬁoﬁ%%lf ?83 ?Egﬁem ’gaﬁ%gfftﬁ% Bite ©To the
sol uti on hasogddetishovwegcbiong gechsas ﬁ@l?uédeQXb@?} theoekdessand t he

reactor 'H§698 éﬁ”ﬁglﬁaér?emes E?&Bo@éhuéﬁﬁgrige Safd €$éeﬁn§QQH£e30 hour s
of stirrin %IS sol utlon mas concentrated.to about half the origina

vol une. g%ogw typgagent .g. thionyl halide), the reaction solvént
is replaced with a small amount (preferably minimum amount) of

water at a low temperature and, if necessary after treatment
with an adsorbent such as activated carbon and/or separation
of the insoluble matter by filtration for the purpose of
removing impurities and/or decoloration, the pH is adjusted
using a basic lithium compound such as lithium hydroxide or
lithium carbonate, preferably lithium hydroxide and a small
amount (preferably minimum amount) of water, the precipitation
of the B-halogeno-a-aminocarboxylic acid is fully caused by
combinedly using the above water-miscible organic solvent,
preferably acetone; said acid can then be recovered.

In cases where the above B-halogeno-ea-aminocarboxylic
acid is submitted to the next step without isolation, those
relatively low boiling components remaining in the reaction
mixture after the halogenation reaction, such as sulfur dioxide,
the excess hydrogen halide (e.g. hydrogen chloride) and the
unreacted halogenating agent (e.g. thionyl halide), are reduced
or removed beforehand, and the reaction solvent is replaced with
water at a low temperature, for instance, and, if necessary the
pH is adjusted with a base such as sodium hydroxide or lithium
hydroxide and, further, if necessary treatment with an
adsorbent such as activated carbon and/or separation of the



The concentrate (slurry) was filtered, the cake was washed with 10 26 JONE 2002
1, 4-di oxane and the wet crystals were dried under reduced pressure (40C,

not higher than 10 mmHg) to give dry crystals. HPLC anal ysis of the
crystals obtained revealed that the yield of S -chloro-L-al ani ne

hydrochl ori de as pure substance was 7.2 g (0.0450 nol). The IR 1H NWR and

1' C-NVR data of the /3 -chloro-L-al ani¥t hydrochl ori de obtained were in

conpl ete agreenent with those of the ~ -chloro-L-al ani ne hydrochl ori de
purchased from Al drich Chem cal Co. Exanple 3 Production of S

- chl or o- LlaSahuhéeNﬁ&ﬂ(tlethefélygﬁ‘émn(mqufsﬁ%ezb foy tike gispamed ni ng

3.6 g (0.0285,fR Pyt ABLBEoRURT 8RNI PREAEL £ROL APd ol e

T e

same nmanner as | e 2 wer e added t wat er give a slurry
This sl ur By hadogesim féréquynaf:ggepwalsyaglrevﬁ%ﬁ édﬁilﬁﬁdabbutﬁh? ke of
concentrahﬁdabudbash‘smutlamd To the solution was added 0.1 g of 50~
activated car boig t.he m{%l vas §t ied at rlosoO eﬂpe tur f or about
10 m nutes. The aPc]f‘? e%j &5 p‘r‘li oli‘l(fl & BPeSsur e
and washed ~malvgend- cnf—ammnecarffhsyutta@icé mdowmmcngsbmbt al'llhads wer e

cool ed t0,0nL0Rd8R &r Plfpfnm Slédwéiﬁg te mﬁiﬂm Yeafa) Ly adding a

sat ur at ed agueous. sol ut1on” of i um_hydr ile nel nt ai ni ng that
t enper at u?'éln?‘"oa’@'?‘?’éyhl‘él%ﬁ%? ”Ac%?%ngrfﬂz ?rF‘}‘ V\@grrléﬁjd‘éﬁ Rodigbld to this
slurry t Oméﬂei&:wcémwlguﬁé lﬂ}tmlo@é@& al—taatllzwa:aquoﬁ{mslt@haidtdmx be?ul ting
m xture was Goo to. - t ai t ot t erature for
Pbout 1 1pers e Atk petboek y &l nERkapBedbethuy "She A TRELRERES us
washed wi thabd ndcaghboxydtionecidnar tehe addt tbeygbél saotibalumdi wane theed
under 1 odugpd BF A3IE-a Mlcito - B0brl kel k0BG pPefbyspty. 65 O

of ~ -chlorp-L-alanine as e stals. HPLC an Si s ese cr stals
reveal ed & Bydrejateoepic %CJOCE/ %Léh?u%da% Rydroc a}6¥°5hﬁi% sl of

- chl or 0- Leahbsé nso i 2l S5 L(sﬁa Q2Aléprilckal 1Thactiivehifora- bfathai sieovdt ai ned
had an OpBi_ L purity 26 JUNE 2002. 25 of .not less than 99.9 e.e. as

det er ni ne E’S‘? QLR AT FRTROTAHRIXYHEC Bt i ons shown bel ow. <Anal yti cal
condi ti on(;1>) C@Ia,mm waTesars ISFo@RIscdivemti andla watermmiscibldenpiganbe| e
phase . =To WWA-To e | I t 4 C

Bt act i oroget gt i oot SEAVERE, EnZ FUASTUEnITh L BIPRECL ISy 110

-chl or o- La%}%ﬁﬁrféatgsesi ﬁPﬁr—yS-t@mldfz@-@l‘éf arﬁrr%feF@]rH'ntE%aQTp‘P%l%g‘F’f‘%ductl on
of S -chl aremlinal-arbb&ylliseacna (80cBuged0t3d8bbysnh) 1vae addedrd &0 nl  of

L 4 OxBhgeo AR IMAGER N 4% 983 BRRshALECdECEd A0l Mﬁmﬁg' ting

sol uti on iTring room tenp occasi on dr ogen
chl ori de ¢¥gamic s¥dii¢n. ar’hfume@dSS@rl/SS tregteengs508 tholap. Eﬂ@%ﬂ*ﬂ@@ol ution

was addedsstipw ¥ é’&ﬁragce(d) é’&l&ﬁ)madﬂifr t i DA t LW QS f Dtene aﬂdsdilﬁ)I@aCt or
i nsi de te erature was then ad uste g o 40C. After about 20 hours

stirring,PHeET DAY 8 EP'E}PH}‘;’ V\E%r WP&’F@dolfor%Bﬁfnﬂa]r‘?p‘f%tlo‘?? gi nal
vol ume. Tah&i,&ﬂﬂdﬁttdlaizfat(mmrry) was cooled to O to 10 C, and 200 m of
wat er was,.add radu as to maintain.that tenper.at.ur t her eby
cause di sg%l ut |r8 tB‘F %p?:g‘gl Sqflﬁf)éls fﬁgurtelgﬁll SPRg 2SOt |(§El vvzgg further
concent rahebquto—rat—amlwer:ghbobgd:aneaabduanzotlyglrogen badgidk wdthaetivated
carbon wasadihen jaddesh RRgouRE, MsukUr 8sWas Rkl BPdPbx 188 £ enpe Almir e f or
about 10 minutes. The activated ca bo&1 v(\ﬁis filtered off
carbonate, for converting the (hydrohalogenic) acid to the salt
is combined with precipitation of the f-halogeno-a-
aminocarboxylic acid in its free form using water as a good
solvent and a water-miscible organic solvent as a poor solvent.
Basically, the above-mentioned technique for isolating the B8
~halogeno- a -aminocarboxylic acid in its free form from the
halogenation reaction mixture can be utilized. Preferably,

the B-halogeno-a-aminocarboxylic acid or a salt thereof



under reduced pressure and washed with 10 ml of water. The filtrate2&Qr@NE 2002
washi ngs obt ai ned were conbi ned and further concentrated to ~a wei ght of
about 120 g. This concentrate was cooled to O to 10 9C, and the pH was
adjusted to 5. 5 by gradually adding a saturated aqueous sol uti on of

l'ithium hydroxide while maintaining that tenperature, to give a slurry. To
this slurry was gradual |y added 600 m 18f acetone for effecting sufficient

26 JUNE 2002 26 precipitation of crystals, and the slurry was then cool ed

to -10 to 0 ~C and naintained at this tenperature for about 1 hour . The

pr eci pi tat(@r@fyatazblly wetujﬁdfélhabmgehnéfamdrrﬂ@alrteducbdaqarteg&mdc&ﬂa:ﬁdéje cake

was Washe 251:0 a{ILer t8CE s~ Tvb'ftﬂve féxt:ﬁllzl t(?is&ssgf)i%ﬁ)l W €

dried under uced pressure d glve 32.6

g of Schl @r%’-epﬂél %mlwél%oéray df@b@ﬂ@gmccaﬁhé& ydich a8 hydraghlargc
reveal ed adid,i by abt89.8 me @tddiecj@h@;fapweta- 3 QY ¥adw,al ani ne

ydr oshl GFFGEeBABINT FE 7 5% Hgiow?o%édﬂ%% e, 3t FeE oL For
4- di oxane flandilzndioge npxeferaklby ghss swelditi i ddusrelfé ndlol ¥ el neduled .ng
sol ution ‘ﬁ‘h%%ﬁsﬁ'fr bEQséEr%o'ﬁbg%ﬂ‘éﬁ? With Q@ tagx%g;i%%?ﬁ's%’&?ofa@e hydrogen

chl ori de e So utlon anount e the sol ution
was addedastdwifed. gagben. GSQIOWDFPS@ELUPH@OW{ tem sepgeatind bie reactor

i nsi de tefmetahieneschpeieaduistsd tie ﬁﬁrgosé\fotfefe@@oyﬁg ZepY S e@f
stirring, saol ut | hal f the or pal vol une.

i,s on was concen rat t 0, about [
The conceﬁPBéf’é §F8h?'y”?t\’/\8§ flvlnil §¥%§ttﬁﬂe€ﬂ%sp%‘§h5}a Q\A‘P%s’i‘é m of
1, 4-di oxali&thlidmtdfumpmmmsgshal:slmmmmdrhyettdmdmror addhddmpradsanetd A0 C

t high
(r:]?ystlat?seogt Q?EEH %‘9} edélq} dé Qﬁ%v g%"g E,i?‘!%? {%FHC (%[fi‘ﬁilﬁ?htﬁﬁe
hydr ochl ofPgE a§ butl@l@m@hmledwassozl@be(@dzt@gqma)nlqﬁglm§ 8Bdai ned

chl oro-D- @hﬁakneaﬁa{%@cmﬁaueae%d %@Pﬁé@é‘fbwlid LR 9% &aﬁfs%ci Ran 99. 90
e.e. as determn ntioned in anple 6

B oduct | oR TEF LS CRRPHTIN ThPa e Ryhs SR L BPTAE 5D SPOBE 0476
nol ) was addledntowhilal thé elaoheoi;alhemeaahsed sol vembinsgeéssbieddi n Tabl e

1, and hydtoggne ELQ&?&Q@%X‘BS THULQAHGED, 1D NGy &%S‘é' }ib%r%il' ﬁfy' on

W th Stll‘l‘lng at erature untl saturatlon W t rogen c ori de.
To the soﬁu?P@ﬁe%éoaélble@IO%lr‘éV\}yqudSSQPEGaﬁGQEE ﬁﬁ@ﬁ;edu;zs, JEMNEN 2882 27 of

t hi onyl CE&QEkQEmﬁQﬂr &Qﬁtf@ﬁﬁ&h@ﬂoﬂ’as ﬁﬁ@ﬁﬂ@@l%ﬂ?r thleg caRdbLEEARS shown
in Table 1. The rea t|o m xt ure slu\rﬁeéj \gg} con entrated to about half

the ori gi ﬁ&a‘%ﬂ% oKWY o R ° nFeFEaid 50 M of
wat er washyddebasbgehycsachd salbathenenft hﬁsctleapehaduoehldmde‘aoiat| on

was dissolved in a medium comprising water or an aqueous solution
of a hydrohalogenic acid, such as hydrochloric acid, and an
organic solvent miscible with water. The pH after dissolution
is adjusted generally to 3 or below, preferably to 2 or below.
Then, if necessary, treatment with an adsorbent such as
activated carbon and/or insoluble matter separation by
filtration is carried out for the purpose of removing impurities
and/or decoloration. The B -halogeno-a-aminocarboxylic acid
is caused to precipitate by adjusting the pH (converting the
hydrohalogenic acid, if present, to the form of a salt) using
a basic lithium compound such as lithium hydroxide or lithium
carbonate while the above salt formed (lithium halide such as
lithium chloride) is caused to remain dissolved without
precipitation. Thereafter, the desired acid is recovered by



anal yzed by HPLC and the yield as ~ -chloro-L-al ani ne hydrochl ori déévBsE 2002
determ ned. The results thus obtained are shown in Table 1. Table 1

Reaction Sol vent Reacti on tenperatureReaction tineYieldl, 2-Di net hoxyet hane50
C10 hrs97~Tetrahydrof uran40 9C30 hrs92~Tri et hyl ene gl ycol Di nethyl ether 50
C 10 hrs 93% Exanple 7 Production of ( a S, ~ R - oc -amno- J3
-chlorobutyric ar_,' _d hxdrochl ori de 116Threoni ne (10.14 g, 0.0851 nol) was
added to 100 ml of 1, 4-di oxane, and hydrogen chl oride gas was i ntroduced
into the resulting solution with stirring at roomtenperature. On that

occasi on,a tdwenverdi Dopeanl cdd bid-deiqumid heepatration anooadedet sudb asb ¢

(0.4251 " #ftr%ﬂ;oﬁr] é?ﬁ%rfg?%gélnsded slowy 12.2 g (0. 1022 nol) of

t hi onyl oride, e reac i de tenperature was then adjusted to
50 ~C. After ab8be wetksurdsefibdts origegia Mol wwitutticodperassesbriceritheat ed to

about halfpdhe n%ﬁrm&@'(molm (ihesﬁgafﬁﬂéamg {sltaayy, vesefistgsed, -the
cake was washed mnth 20 |oxani he wet crystals were dried
r4f

under redvddFsst Qsdr@?@kﬂ?§R9x¥ﬁﬁ Hrgh AR*2Be mh i T B ey
cryst al s.diHRiKy Joared ydiyeoaf diiﬂethyysétahérpb:trale’tﬁq(]remeeqﬂqdotlhaiméﬂeyyi el d of
gugsts ancee@vtv}aesl‘h'lzt E?Qa[‘é(qd“b]ﬁ)r%]rg )?&% y&ﬁI&%é?ngQ%tg%PC% @i%g&vgf%r%] ( lit.
[oc] pz +1A Bl dmethyhetdrgr @@%&mwmeﬁs@e@wqmmt}aml
propancl, isopropanol, tert-butanol and acetone, among others.
Among these, acetone, in particular, is preferred from the
viewpoint of increased precipitation of the B-halogeno-a-
aminocarboxylic acid, which is a water-soluble compound,
obtaining crystals with good characteristics, ease of handling
and inexpensiveness, among others.

Since the B-halogeno—-a-aminocarboxylic acid has a high
solubility in water, it is desirable, for attaining increased
precipitation, to reduce the amount of water, use the above
water-miscible organic solvent in a volume ratio of not less
than 1 relative to water and maintain the final cooling
temperature at a low level, preferably not higher than 10 C,
more preferably not higher than 0 °C. The solubility of the
above B -halogeno—-a-aminocarboxylic acid tends to increase in
the presence of lithium chloride or the like, hence it is
effective to use acetone combinedly so that the precipitation
may be maximized.

In the step of crystallization or precipitation of the
above B -halogeno-a-aminocarboxylic acid, the pH is adjusted
to weak acidity to neutrality, specifically to the vicinity of
the isoelectric point of the B-halogeno-a-aminocarboxylic
acid. When the B-halogeno-a-aminocarboxylic acid is an a-
amino-f -halopropionic acid or e-amino-f-halobutyric acid,
the pH is preferably adjusted to about 4 to 7.

Most preferred as the above hydrohalogenic acid is
hydrogen chloride (hydrochloric acid) and, as the above basic
lithium compound, lithium hydroxide or lithium carbonate, in



26 JUNE 2002 28 Exanple 8 Production of (aS, SR)-a-am no-S-hydr oxyZrutUyNE 002
,acid MIk white crystals [purity 94.9 by weight, containing 5. 0 g ( 0.
0287 nol ) of (a S, /3 R - a-amno- S -hydroxybutyric acid hydrochl oride
] obtained in the same manner as in Exanple 7 were added to 19 m of water
to give a slurry. This slurry was conpletely dissolved by slowy addi ng
about 2.8 g of concentrated hydrochl ot7c acid. To the solution was added
0.1 g of 50~ activated carbon, and the m xture was stirred at room
tenperature for about 10 m nutes. The activated carbon was filtered off
under repacedcplessliiehana hgshedidethifs pirederwatier. The filtrate and

washi ngs obt ai C pned | ed t C.,and_th H was

adj usted to 5. gf‘gﬁggggﬁu%{;eagdiﬂ%‘goﬁgﬁ ur a%é‘g“é%ﬁégﬁ’s‘y%bh?%ﬁ g? | ithium
hydr oxi deohhleayii stk nFanead st BRpErARRLY, takenyi e condlagtiijng kbet one (58

n) was gaRdudtly 2dded 58 4dite slfifety tonthetehy CRussssWiltiiCelbr
precipitation of crﬁstalé the resulti @gﬁm xture was .cool e 10 to 0 C

dto,-
and mai nPhi ABd2GrePHa MediPl, aPRF X4 BRLELYINYeRo8F I d+HeOpr BERHF Rt e
cryst al scondétiohser édroifhstaheecak@enasaWaghethay adid 9i s haidbedt one, and

t he wet ' e, dri r r r , . pot
i gher (REe E0-BhY s el t $§u§‘-‘%? fﬁgé?f%ﬁ% T il o
chl or obuayPHcoficivet abigherethayst al sndHPEClanalgBPsrafuragse crystal s
reveal ed a puriidofhi 9. €30 die WEkENA 208 Eny B85 Ohc PUAFelLfoR, F-R) -
-amno- (i_-chlorobutyric acid of 3 . 74 g ( .. 02272 noi) . np 176 C
(deconp. h3legeno- epguiinocarbgeydids acidmciguief K&kl pe 428- 437

(1ﬁ|61)] bsjnﬁhl@eé&e_:%l‘fi;lbﬂ agdyaaegm %ﬁﬁl@t}iafb@xflﬁc Sacﬁiiﬁ)in @he anm noS
-chl orobutyrjc acid thus .gbt ai ne crystals were in co t e_agreenent
Wi th t hoSEAoH R &Ry o par iThdh filp d by B ayeic e tdmiRERaFBoNERI T i
separ at e2gidy erhesl te fheyepkccar brots bt dAadh bl owelRef er Bacehgkanpl e 1
Al ter natyyén S Nasd e Hedcion & RarAi&lldie: eh] rtqrgl_twh_\;d@&*dﬁt_ 26
JUNE 2002 29 Using thionyl chloride and nethanol, threonine was derivatized
i nto t hr 86RMHECFBTRPK YddCe AHYdAdc Ao PP Cative ROkAY & HoF ™ r &8€ed wi t h
L hijonylhl@@;t@ééﬂmcym@idgﬁ:ia:alarp aet$vehp ehelvigehios o)a€é1diﬂm5lijﬂ>o:e§1ﬂ!i -

ydr oc . [ s. the ] 0. a- - i C aci
ydr ochl S g aﬁ%‘lSyatzﬂ.@n%o%?éﬁﬁéﬁﬁgéh?%ﬁ?f;%fﬁe?%‘éﬁée?é%gnﬁ%-
chl or opripidtiad #hiygr 6BRI opt Hea ek todl Itheegtaningorateidiadly t he
same t ecidli fites 2 RN eed nith i Beanil e h8u t EXa8Bkgaly Phe deh 4 ©4h 0f a -
-chl oro-L-al ani q_re‘rinh%drochl oride L-Serine hydrochloride (6.7 g, 0.0473 nol)
was addetf T 50 MCOf 1, 4-di oxane. To the solution was added slowy 6.8 g
(0.0572 nol) dfort kicomdrtchlgrtitde attiradnht enpeirat B echhodod haniwact or

i nside t r | indNd.ery aboy Sy s of
stirring, t |r2%dsjo u(%(}?éanﬁ Cﬁ?%n%ﬁ%%%dé?so@%b%éﬁt&ﬁaﬁf 't Uﬁe lgh“ gl_ngl vol unme
. The coeENididie taahe gbree Peedu¢bliap methattg@mPPEichal ¥radikisveadded
gradual IN-sifs e el 4B gH e i d i the ArRATP e Wit hddd- G ranatorsdesi wib td)i S _
solution reveal ed the formation of. 4.6 g (0.0287 elég of ~-chl oro-L-al ani ne
Py 0ChIIS GRS 1T B Wi BN RS SH9He (20,0 g
0. 1903 nfixd)1owasd bgdetl dsh ey Ba igi 410 aAH8Thawl theof cohponylingtlrdtdesntand t he
m'xture‘yﬁ_si. Q t] r hour.s. . | ytjon was
hydrol yze a\r,%%[ '[%grﬁ Oa_r‘?%% ytz%e(%{.ignyqS I—Eflﬂr_éé&d&Ool}qqfﬂfd;rtg}iqu%ﬁflﬁ%l@dk was
obser vedlBiaveisaled uglies ager bacthe pregeiphelavienvars omeve ithads were
223 e;ﬂ veethetcalareabatddi@%@ﬁﬁ& %r%altﬁliéart! »gﬁtlﬁ b ngnglﬂpéézzc?ph%; Haegezﬁmadlolte_ol to
of toluepe, ang rogen, chl ori de _gas wa own into the resulting
sol ut i orf AL WRSHPY HBERRRELZI T ISPEREEFERT FoPR RIS ELPHROBRE RE added
37.4 g aAHAQmDbpeehbliniagy| Théoné tieed atsnb hies Nht tirea tagen tt drthvar ned to
80 C and _stir.red for, 2Q .hours

an amino-protecting agent following thiophenylation cannot
give satisfactory vields since the optically active B-
chloroalanine is unstable particularly under thiophenylation

conditions.



26 JUNE 2002 30 This solution was hydrol yzed and then anal yzed by HF.QUNE 2002
Peaks of various inpurities were observed and the peak of S -chloro

-L-al anine corresponded only to a trace anount. (The above reaction m xture
contained a tar-like substance and had a deep bl ack color.) Conparative
Exanple 3 L-Serine (15.0 g, 0.1427 nol) was added to 150 ml of nethyl ene

chl oride, and hydrogen chloride gas was®blown into the resulting sol ution

at roomtenperature until saturation. To this solution was added 37.4 g
(0.3140 nol) of thionyl chloride, and the m xture was then warnmed to 40 ~C
and stirred for The mebhod Bfi $heolpnesemntwdsvgrdrisiy Zwd ampdumimartileyzed by

LG, Pealghtdicaidy) QuE s VEPHILELESHERE RhSRIoiesh PR AP Jcake Horier

-chloro-L ani_ne “correspon trace anopunt he above relactl on
m xture cd@Had (@)t 5I3-vppkéb§HSS?§.n§@lEﬁdtlpl%ﬂe%. dEIP BHERk RIABICHExanpl e

10 Pr Oductalr%ﬁ%fld&lq%f %qulmxéhgﬁbépmm&@ﬁl Qes&l§ethé‘f«‘ecbfd1590h| oride

0.4 2. 84 d f t t ded
4 o ot LA BReOBLICar i HeERYP STHRIS Ofhér SrotuBE b A e
0.67 g (5a8%imenlsprahet Wi bhydn civ it Wdé:lata cbéattlearpenetwent rad mltemogen

gas at erSR:l}F‘eI’aQ:lnqA{:BQE ﬁ&ﬂ%é waknShh raﬁt\lr}g)-%rcﬁgécﬁnf %1e nel Wi &fhjwas

added while mainttaining the reaction mxture insid or beI ow and

t he whol e BRCUG R & edhg HeaGhitd @t tcl!i’rté“F’&P‘lBGhtﬁ pixtdsall

Et ~rther, akti&ed micm&%léﬁﬂr@r&@@tﬁw&fm tearee dahie-iRld @wt 10
and, ther eaf ttzﬁﬁ . 956 5 68 I ) %f b%n%,yl chl or of orhat e was added
dropvm se. Fﬁ‘%{n St gﬁdf‘lﬁ& étonr gom terrperat ure, the reaction

m xture was washed thiet hbetvky geaeenat éormnd agad@eeud’ | myEresdnts red was

cool ed wi th;ince %%e%%'l%f !I;fgu ”hs5Qhe5!aHlniH6'—5réEé9ti‘Hﬁ b S¥hkaet ed

with ethyl acetate. e solven ISt e residue was
purified WYCBIeuFﬁ?—nt1?GG§UNE°?GO§e§fr&PF9W&POJ?‘§Bﬁ’§’rPO Wyi P&e6™3 g (1. 16
mol , 4lgPr@fteN@awbo©mp!$ axyordan thlsghahlesdlsgn? me ediird o, Castno Wenayl oxy- Q

-chloro-Licystel ng 274312801934 Lhen' ' RU091LY MBL3AG. | R data.
ethoxycarbonyl,methoxycarbonyl,tert—butoxycarbonyl,acetyl,
tosyl, benzoyl, phthaloyl and the like. The range of choice
also includes such protective groups as (35)-—
tetrahydrofuranyloxycarbonyl, 3-hydroxy-2-methylbenzoyl
whose hydroxyl group may optionally be protected, and the like.
However, benzyloxycarbonyl is preferred among others.

In the above general formula (2), R’ generally represents
a hydrogen atom but may also represent such an amino-protecting
group as phthaloyl together with R'.

The above amino-protecting agent corresponds to the above
amino-protecting group and includes conventional amino-
protecting agents without any particular restriction. Thus,
mention may be made of, for example, benzyl chloroformate, ethyl
chloroformate, methyl chloroformate, di-tert-butyl
dicarbonate, benzoyl chloride, acetyl chloride, p-
toluenesulfonyl chloride, phthalic anhydride, and N-
carboethoxyphthalimide. The range of choice further includes
(3S) -tetrahydrofuranyl chloroformate, 3-hydroxy-2-
methylbenzoyl chloride whose hydroxyl group may optionally be
protected, and the like. Among them, benzyl chloroformate is



i H NVMR (400 MHz, CDCl 3] 8 (ppm) : 3. 85-4.06 (m 2H) , 4. 80-4.82 Z6nJuiki)2002
5.14 (s, 2H), 5.70 (d, J = 7.8 Hz, 1H), 7.36 (s, 5H iR (neat): 3034, 1720,
1516, 1456, 1203, 1066, 855, 754, 698 Exanple 11 Production of

N- car bobenzyl oxy-S-chl oro-L L-Serine hydrochloride (0.4 g, 2.84 mml) and
0.029 g (0.28 nmol) of triethylam ne were suspended in 4 m of

1, 2di net hoxyet hane. Thereto was addedl®ropwi se 0.67 g (5.68mpl) of thionyl
chloride at roomtenperature in a nitrogen gas atnosphere. After 2 hours of
stirring at 60 9C, 8 mL of water was added while mnaintaining the reaction

m xture pmeifderati.15 C or bel ow, and the whole m xture was stirred at room

tenmperature fog : QL was
added 1o ke FREieHILEESarpBHE 1Rk Che arbad 2101025 ﬁ"%ﬁ%&%ﬁ@
benzyl cmlambewmreemtadw@mq;lra@pmp@caAflweﬂc‘éwent lorgrdiangngt room
t enper at §581atRE, r 8ACLE OPr &FXEHEQ HRSL CION EthiMd @ﬂ&? gﬁ@t@z@tdiofni 8 W th
SQo sul furi.c %m d gﬁ sol ution, @Et neagggys anal tHPLC V\/m ch
reveal ed®fAECESANRY i Tredf R cdth "ﬂ'ﬁ/ oP(’folf StdMIn89FRtA yiel d
of 42~ (anl8queblis. médeumnabytihdalngoadi bpahisal®yeaasishoyn bel ow.

Anal yti Cghlgf’?gighﬂlé s ob a ined in the nt\)a ner r[fentlﬁ_ned above.

(N-car bobenzyl oxy- -ch or o- ani ne/ N-car enz serinej Cof[ .
YMC- Packe&ble R GRs3g32a b2s5e hﬁﬂlﬁeﬂi Fdpelisig B ;Wa%%ed Pﬁos%?éawﬂeer (pH ~

3.0) a%bamuﬁlrw&m;@mél%fb@\@a@%tmm carBofhtaLn 'ﬁﬁemé'b%dent%htﬁanﬁl ze . 20
ul Sarrpl e, ﬁgl vent acetg r| | e Retenti o

h t| e %g di
(N- car b2 \AD PO REQEECE LRI AT R maYz ?u§2”3 gy p[dium
(N-car bobempyisxyngsEernez)xdExarrpheoit@aﬁ’modaolvent of N-carbobenzyl oxy- S

Johlor oL L- Seph Qe AU AON OB IR0t et G 4 B daBdchrocyd ( O -

07 nmmol) of trle ani ne were suspen sol vent
acet oni tF¢$§raﬂ§e@ 111115{1 may lheet RYT eﬁéa'gpiiéol 1d2n@ﬂh€}¢h@¥h©thafmeret o) vvas

added drPPW—éﬁoQa&§7 fe € 2agdPOPh Y a R &ihé@ﬁﬂeﬁ@'@lyé@laauﬁ@@tﬂ@d enper ature

|nan|tro as, pher t|rr| m of
wat er we&t %’ae %ﬂ%en‘gﬁif‘ﬁﬁdﬁt“ﬁéhryga %ﬁ’ E%yﬁgln@ LY rC or
bel ow, a@bhnéhleywmﬂr@rm g@hyettw]sesé |ghye1d>la<ﬂlm®bhny1 ethenrat ueet-ﬂmmt;%Dh

m nut es i n(?‘gl@ e pH
about 10mgt%§feéﬁgﬁeéf 1h9u9 %% e df{%g%@a% %ngggggﬁ %rro ?r%te was
added dreplieet: A@@‘é\fo@l/télfhl‘ghtm%t%hbﬁl% %ftil@é‘eﬁ#ft e@f‘ﬁéﬂat%@%‘iatﬁ% reaction

M Xt ure 1ast&08) e@oméﬁbl&ﬁ angi pEi Gtk edapkdhi S0 Bwddtr i ¢ acid. The
sol uti on obt a| vvas ag bfgzed bé E LF.C by the sane proggdureéh d]j_;rentl oned
in Exanpl e 11 QﬁhCF‘E 88FBEYLREYE-BF R Bhabexanple, the metho

Ncar bobetrize Iab)oyre~ar¢m@|gmomaad>mt®eti¢n asyne¥ gpet-i3dgallyeswmitded . .

Ex I ~ _
N- ECiiamrjbgb‘%(ﬁzylﬁ oé%ﬁg&é%hﬁgd%@faé&gﬁfﬁg *%X%%g()@@f%yw ét{l?"%vg% di ssolved in
0.5 m cihleiedlamines et oomepeq otler W)af&ie%dbﬁw arbonat e was

added. T&ter@@éf_@fma@e O #£h (eﬁn&fhlfn@f)l OEomnﬂmm&nCé pstded dropwi se at

roomte ture in a ro gas atnp ere. urs of stirring at
60 rC, t f %lf}r%rlak?ﬁl% u]r'e(sg %oef%ﬂl‘ﬁé)ﬁfﬂ? cer ]acf?(l}i %bevmth 1N

hydr ochlsubst st e, adrdt éhparakuractteghivch lthet Syl vadewal & notTheegnéyent was
distill the re5|d ur|f| Iunn ogr to give
0.112 g%{%qﬁ& o rfeu%cmﬁenzyl oxyBérgEure ig_gcys elﬁetatp

conpoundh 3bt afmieke hlwdramlopm%é;hepgﬂl ay Bftnd3./| psefenahl9s8s Eoel.ZlThe
optical more preferably 9 to 10, by adding a base, such as sodium

hydroxide or potassium carbonate, and the resulting mixture is
stirred at a temperature at which the solvent will not freeze,
up to 30 C, more preferably at a temperature not higher than
5 C, preferably for 1 to 30 hours. If necessary, the reaction
mixture may be washed with an organic solvent immiscible with

water or with an aqueous medium, for example toluene, for the



26 JUNE 2002 33 purity was determ ned by HPLC. The anal ytical condi26 omeE 2002
are shown below. Optical purity determ nation conditions

(N-car bobenzyl oxyS- phenyl - L- cyst ei ne/ N- car bobenzyl oxy- S- phenyl =D- cyst ei ne)
Col um : DAI CEL CH RALPAK AS (250 mm X 4.6 mMm) Mbbil e phase .
(hexane/tert-butyl methyl ether/trifluoroacetic acid = 800/200/2): ethanol

= 85:15 Flowrate . 1.2 mM/mn Sanple 3thjection size . 10 ~cl Tenperature .
35 ~C Sanpl e solvent . (hexane/tert-butyl methyl ether/trifluoroacetic acid
= 800/ 200/ 2): ethanol = 80:20 Retention tine . 4.5 mn

(N- car bobpuzpbsxye 5- paeoying- thet ennepcbe@ pontion of benzyl

(N-car bw@@i%g%{@g Den - %&yﬁﬁé‘p’kﬁﬁﬁcg hﬁeﬁ%é?' Lfc&fl%%'f NVR and | R

anal ysis 0 obenzy el né obtai ned were as
foI | ows: 1H NI\/RI‘l(leOQPM«tZalIYXEGEil‘%e(Wotegtediﬁ(-dﬁllo\rmlanine 14 .2 Hz,

, 4. G%rédééeﬁnlnjﬁﬂe e @anrddd @@ ﬁ@ol&ted7 $olZ ex 7-7.355
(m 10H) neat 3036, 1686 1532, 1 arrp e 14

0S9,
Pr oduct i ofh B‘F’nlq’r-‘%é?%%e‘ﬁ& t Lok ko’ BRRG ufe é }%‘P‘ﬁ% I\Péa?%éﬁ’éﬂzyl oxy-S
- chl or o- Lcﬂi:@ﬂim@gfé,b_lﬁ)@l g, 0.35 nmmol) was dissolved in 0.45 m of water

d, then, 77 I dded
'?'Rer eaf '?gr ﬁg%g “gqﬂ‘zf’z% t%}}@ ls‘?%l' opheno 9‘%&\791\2(21 ;%;dtbg‘ptgécg%gvﬁ\ﬁz%aat er oom
t enper at Lmeti@ahlynwf@gem Naeroteobedef eoheybeyoternes of théraboygeat 60
i C, the reacdion fBi‘xﬁd‘I& s &P%&ﬁtéf\ﬂﬁﬁbt&&f %&nﬁ&ié’éé'@ﬂea\tﬂﬂg TaN

hydrochl oric, acid, and then extracted with th%g acetate. The sOl vent was

di still edPREFCHhEY AGE LVESFRELEGLE ST T oF 89 W%%PSH&F&@%Wt 0 give
0 .097 g u(thh 29 aaeid ,wiBdr)a afh N chidohenzydanty, Sphenytedt Dygt€hde. The

pr OdUCt ¢ al nebtr:b]‘.argeci1 tpitéac Yy alxjcgllwye 05 ngiorggfagtfralg 8?%1’1638' as
amino-protecting agent, and further reacting the resulting
optically active N-protected- 8 ~chloroalanine or a salt thereof
with thiophenol under a basic condition. In the above general
formula (3), R® and R! are the same as the R’ and R! specifically
mentioned above. 1In this production method, the reactions for
the production of the optically active N-protected-f -
chloroalanine or a salt thereof can be carried out in the same
manner as mentioned above.

The thiophenylation of the above optically active N-
protected- B ~chlorcalanine can be carried out using an
optically active N-protected-B -chloroalanine isolated in the
manner mentioned above. It is also possible to adjust the pH
of the reactionmixture after amino-protecting agent treatment,
add thiophenol directly thereto and effecting the reaction in
that reaction mixture.

The above step of reacting the optically active N-
protected- 8 -chloroalanine with thiophenol can be conducted in
water and/or an organic solvent under a basic condition. The
organic solvent is not particularly restricted but includes,
for example, ether solvents such as 1,2-dimethoxyethane,
1,4-dioxane, tetrahydrofuran, diethylene glycol dimethyl
ether, triethylene glycol dimethyl ether, tetraethylene glycol
dimethyl ether, polyethylene glycol dimethyl ether, tert-butyl



26 JUNE 2002 34 determ ned by HPLC analysis follow ng the sane procedurmEaz02
in Exanpl e 13. Exanple 15 N-Carbobenzyl oxy- ~ -chloro-L-alanine (0.137 g,
0.53 mmol) was dissolved in 0.68 m of water and, then, 0.58 m of 2 N
aqueous sodi um hydroxi de was added. Thereafter, 0.069 g (0. 63 mmwol) of

t hi ophenol was added dropwi se at roomtenperature in a nitrogen gas
atnosphere . After 2 hours of stirring2ht 60 ~C, the reaction m xture was
cooled with ice and acidified with 1 N hydrochloric acid, and then
extracted with ethyl acetate . The solvent was distilled off and the

resi due waethyiidtlest bylibakyire ttwoantabietiyl bohgryar d0Heg apkcid amol ,
61~) of z y te pr had an
opti cal ’[;%Fgll'?%pl%g %h%‘ a§ BEEE&%E&X% 'm%%h -ei'?glremcﬁgg(iad%H gﬁgﬂal ysis in
t he same #&@ﬁélteasapﬁtendrrpné IQlUE}@&mplaéloPG Pthg¥St-i on of

N-car bobenzyl OX¥h& RREGY! tﬁloﬂﬁé&bﬂelé- P8 r@eﬁy@uplgplﬂ{léiﬁ At @f 70. 6

mmol ) and 073 of triet ssolved in 100 m of
di et %yl ené B‘P E%l&rn%W§Vai?ﬂE?' %‘Fﬁjp%%aﬂgiﬁ 1(£§1 2“°r1]rﬁﬁ )eqblf”’ G

chl ori de maa?eapldededabpw sleomt I odmd perqtival ent sy, mdlradgere gas the

at rmspherg Aft urs s& kg ? c%g&trozaop nn% of water was added

whi | e nai npgilﬁlan yt ﬁe rlggc ow and the resulting
m xture was stlF@édeﬁfeﬁébﬂﬂtE‘h‘%e@%@ﬁ?ethbiaphenbhlﬁﬁ%@§ upderharbasgcg of

pot assi um:saabemah? #ASi EEesh1 @ vEke dheHdH jaheuti s19raférabh§naddéd® 9
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colum chromato rap 37 0
N- car bobenzy! ox 8t "hriebrie bt tprRutRE ik s HSBeRALBE i cal
purity of oﬂothéeS§eth6ﬂ ﬁﬁereoﬁ an dﬂteerdasrtedafbysddﬁhﬁx dnalrysiisde rot he sane

rranner as a Eéﬁ? ro i hlaride ( i5
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ef f ect ed tahe nrebkar crauinglentigas rrediea@bly @ te 5 wohan eaeipplepEsadj ust ed
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solution Qf sodiu glg r oxi or ous StIE {Itaifll ng the

oo et chBRrRN P B hE - eo Giafe Mt Ee F3 8t SERHONTY tOBRhogl L

chl or of or tadier wascaddgda tkahins eoadart ibnsourhaitile I gendsis osdecreage and

then stirgl0g yas £LOLLA ?Elnéor ﬁf@%#réong%%ﬂxg&bw ¢het Qsaet'égk t O

reaction m xture was mal ntalnéed ro W Se a flon of
about 16 Brodugt z@n beispdiajiad, Agtevirdusks by w%#f%w fpehyerekier. The

r eﬁft i onL:m;xt@f@ @g@@h e Ml@xsﬁéYEﬁgll%P:sﬁﬂﬁﬁlgb@b&@%d@ﬁéwﬁe bllke,

-chl oro-L-a] ani pne by ie ereo ) und to_be

(57 8 morstiaelEne thi i iitn e SnPEORBA il LE8REIHPByaF setBt o
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pH of the, by dropw se
addi tion o(?&?% ‘?&2%] %@%ﬁ?iﬁ?@ %qufecc?)rusis)l})%@?rll%% of sodi um

hydr oxi de. | n &Clm tazivg@"l té!tl@@bﬁm’rl@tltoh?eclansbéeeféﬁﬁbﬁdt ufervexampleed to
50 rC a”%* hRidieRF hi PAs e @l hQ"‘@gdi&uFHﬂP&ﬁgldé)%n%l §oBQHﬁlsca%ﬁe{‘tge whi ch

t he pH of the reactjon m xt ur e was rral nt.aj ned 9.7 to_10.3 bé’ dropw se
addi ti _on ARG P o‘?or%P%iﬁd @y ar %50%&%%‘6? NTRFP ST um
hydr oxi deB -tailbkeaneachieoandi ¥hubfonhtabfedatas @gbadiakl y atdedidgopw se
about 20 ﬂa@érfgfcgdﬁcrea}{l?rdation of 5 to 30% (w/v), preferably at 0 to
30C, to thereby preferably adjust the pH to 9 to 11, and further
adding thiophenol in an amount of 1 to 5 molar equivalents,

preferably 1 to 3 molar equivalents, relative to the optically



26 JUNE| 2002 36 hydrochloric acid over 3 hours with vigorous stirri g JE 2002
t hereby adjust .the slurry pHto 3. The resulting precipitate crystals of

N- car bobenzyl oxy- 5- phenyl -L-cysteine were filtered off under reduced
pressure and sufficiently deprived of the liquid reaction nedi um by washi ng
witht 100-m portions of water, géve wet crystals of

N- car bobenzyl oxy- S- phenyl - L- cystelne [ 8 g (89.9 mmul ) as pure

N- car bobenzyl oxy- S- phenyl -Lcysteine]. The optical purity of the

N- car bobenzyl oxy- Sphenyl - L-cyst ei ne obtai ned was 99.9 e.e. Conparative
Exanpl e 4 aptddecN-omoskcseghdhyfblorgalankaes folloygduwbivght)ragbgous

sol ution ereaf@@a 2t Bones od T,2Rode &@%ﬁammﬂ@é atded e Gr¥erd
(0.0088 mo e.was_stirred at oogﬁ%%ggfrature

(0,000 il ok L OLOREORE - SndALe e e Sl SN
(0.0088 nmlehtabnﬁd-@lmmo [Foat amamplamdthattﬂTLomyMI@acanomlmsoeal | owed

i ht at nod SEekedoBY Sty A05uReC 2ol 4R B Ry SRR R S et gnt)
aqueous sctlhappbﬁngﬂ sodi em optherddy. awlﬂ%Nrw@tﬁe@taﬁvﬁure obt ai ned were

added 30 ﬁ‘hl@frob@.bbl@ﬂé,orzgyf’éd&ing\/%hﬁbﬁﬂ@ﬁo&bm a3bgs@fs1ﬁ@r1@@@b@tsqq,
hydrochloric acid in a nli ggen at.nospher e tg t her %_ g§ust the pHto 0.5.
The aqueobS PRyBAUSPEEr SQLPELRRI 8 APoRPLAER }ééﬁp V&Y §fad with
two 30-ni ﬂDflfﬁldm‘tSaIﬁnjtmiuene to renpove the remaining portion of

thy ophenol | 10 ghVEn34808u0t 180 ABURBUSOEOLHE! PReBEnT BRGBKL 1L CYBLEl o

HPLC anaIyS|s o] a ueous sol ution obtaine évealed tha | d as
pure S-pheapHucting: evhbhous dsedagipg. tbesinbermeggdigtgisel dhe Ahmeked
extent of sdg T%Q”D@&hél@rtrfé sty @EOtL»eataﬂgn@nthmﬂy%tﬂwggﬁ_%h&
APPLI CABI LI sent | ven onstituted

possi bl e £ Brﬁﬁﬁ&e L 2RaPBYLhiB- ;yaﬁFﬁ6¥§r58§§PchéEﬁd§n ﬁﬁgghwéFb sef ul

as starti ohlominatahg aqenthetheodueploﬁ bteatiﬁgJUNE Zéeﬁlﬁinged|0|nals
as well a i LV Qi cyst |ne§, are usefu
88%%‘3?& XCEI](C]%e ﬁaIChHO% % ?lt er rrebﬁ'l g& ‘% THY l gh'p

as i nter ned er eo |n G5 %l e,
ef fi ci ent agpat s dihe gltep Qﬁvéﬁéggb@%sthﬁuﬁﬁﬁu%ﬁﬂPQMQRihgﬂhhgrépéﬂvgcale.

N-protected- 8 —-chloroalanine with thiophenol under a basic
condition, it is possible to obtained the corresponding
optically active N-protected-S-phenylcysteine derivative in a
simple and efficient manner. It is also possible to conduct,
without isolating the intermediate, the two steps, namely the
step of treating an optically active f-chloroalanine with an
amino-protecting agent and the step of reacting the resulting
optically active N-protected-f —chloroalanine with thiophenol
under a basic condition.

The optically active N-protected-S-phenylcysteine
obtained from the corresponding optically active serine or a
salt thereof by the production method of the present invention
has an optical purity as high as 98% e.e. at the step prior to
purification by crystallization, for instance. Thus,
according to the present invention, an optically active N-
protected-S-phenylcysteine having the same configuration as
that of the substrate can be produced from the optically active
serine or a salt thereof while substantially maintaining the
optical purity thereof without accompanying substantial

<



26 JUNE 2002 38 CLAIMsS 1. (anended) A nethod of producing a ~ -hol og®nduNE 2002
aam nocarboxylic acid or a salt thereof which conprises hal ogenating the

hydr oxyl group of a -hydroxy-a-am nocarboxylic acid, in which the basicity
of the amno group in a -position is not masked by the presence of a
substituent on said am no group, or a salt thereof with an acid by using a
sol vent containing an ether type solv@dt and treating the sane with a

hal ogenati ng agent. 2. The nethod of producing according to daiml,

wherein the hal ogenating agent is a thionyl halide. 3. The nethod of

produci ngaaeadrzditigri.o C aim 2, wherein the thionyl halide is thionyl

chloride. 4. { n t 0 > tQq daim.l, 2 or
3, wherein theq.rr[% enacgln cg&(%sfe fN-Ej;rg%L% n an%gﬁr)o q‘tyrlq%ys%etldleio ol es per
nmol e of mtsmﬁya@r (bBryFar@O WHeear sosheny ladittysseifgol dted) 6. { anended)
Tthﬁ rret h%@%&@?@@yﬂ%@mr %‘sngitnt q:ﬁﬂtahmdlqteTahrBsf ﬁxﬁp ofﬁmﬁs"eg' n the
et her type. solvent is m wat er : e net ho pr oduci ng
accor di ng™d %élbgi IS d Q/\ﬁgggqﬁ%t)he ¢MEa5%1 e ether type sol vent
conpri ses
BEST MODES FOR CARRYING QUT THE INVENTION
The following examples illustrate the present invention
in further detail. They are, however, by no means limitative

of the scope of the present invention.

Example 1 Production of B-chloro-L-alanine hydrochloride
L-Serine (5.0 g, 0.0476 mol) was added to 50 ml of

1, 4—-dioxane, and hydrogen chloride gas was introduced into the

resulting solution with stirring at room temperature. On that
occasion, the hydrogen chloride in the solution amounted to 14.5
g (0.3977mol). To the solution was added slowly 12.5qg (0.1051
mol) of thionyl chloride, and the reactor inside temperature
was then adjusted to 50 C. After about 6 hours of stirring,
this solution was concentrated to about half the original volume.
The concentrate was cooled to 0 to 10 C, and 50 ml of water
was added gradually so as to maintain this temperature. HPLC
analysis of this solution revealed the formation of 6.9 g
(0.0431 mol) of B-chloro-L~-alanine hydrochloride (yield: 91
mole %).

Example 2 Production of ff-chloro~L-alanine hydrochloride
L-Serine (5.0 g, 0.0476 mol) was added to 50 ml of

1, 4-dioxane, and hydrogen chloride gas was introduced into the

resulting solution with stirring at room temperature. On that
occasion, the hydrogen chloride in the solution amounted to 11.2
g (0.3072 mol). To the solution was added slowly 6.2 g (0.0521
mol) of thionyl chloride, and the reactor inside temperature
was then adjusted to 45 C. After about 20 hours of stirring,
this solution was concentrated to about half the original volume.



at | east one species selected fromthe group consisting of 26 JUNE 2002
1, 2-di net hoxyet hane, 1, 4-di oxane, tetrahydrofuran, diethylene glycol

di met hyl ether, triethylene glycol dinmethyl ether, tetraethyl ene glycol

di nret hyl ether and pol yet hyl ene 26 JUNE 2002 39 gl ycol dinethyl ether. 8.
The net hod of produci ng according to any of Claims 1 to 7, wherein the
treatnent with the hal ogenating agent™1s carried out in the presence of a
hydrogen halide. 9. The nethod of producing according to Claima8, wherein

t he hydr gen hallde I S usg in an a e nmol ar eqU|vaIents

nt exceedi n
el at}vel e M e AR GF (ke s Shadhisd b
prodUC|ngOamboodlng4%@16kane18ndrtﬁe ub9rerysthestweaénﬁnieMAhhdéhe

halogenatln ent_is car out St oml e aturate or al nost
cat urat cHEURE R RE T D oeld 1 et Bir cRaC TR 3 38 83 e
accor di ngrystalai me?LGQa@alygls\m‘eF ﬁrcrtwanlﬁjpbgéhnﬁéln%alsednybaégen

chioridepnd2y; Ig et podnab B-ed4alang nC e9/diodth 162 iddY a8f pr@ ms 1 to 11,
substanée was 7.2 g (0.0450 mol).
The IR, *H-NMR and “C-NMR data of the B -chloro-L-alanine
hydrochloride obtained were in complete agreement with those
of the 8 -~chloro-L-alanine hydrochloride purchased from Aldrich

Chemical Co.

Example 3 Production of f-chloro-L-alanine

Milk white crystals (purity 95.2% by weight, containing
3.6 g (0.0225 mol) of fB-chloro-L-alanine hydrochloride)
obtained in the same manner as in Example 2 were added to 14
ml of water to give a slurry. This slurry was completely
dissolved by slowly adding about 2 g of concentrated
hydrochloric acid. To the solution was added 0.1 g of 50%

activated carbon, and the mixture was stirred at room
temperature for about 10 minutes. The activated carbon was
filtered off under reduced pressure and washed with 1 ml of water.
The filtrate and washings obtained were cooled to 0 to 10 C,
and the pH was adjusted to 5.5 by gradually adding a saturated
aqueous solution of lithium hydroxide while maintaining that
temperature, to give a slurry. Acetone (42 ml) was gradually
added to this slurry to thereby cause sufficient precipitation
of crystals, the resulting mixture was cooled to -10 to 0 C
and maintained at that temperature for about 1 hour. The
precipitate crystals were filteredoff, the cake was washed with
14 ml of acetone, and the wet crystals obtained were dried under
reduced pressure (40 C, not higher than 10 mm Hg) to give 2.65
g of B-chloro-L—-alanine as white crystals. HPLC analysis of
these crystals revealed a purity of 99.9% by weight and a yield
of pure B-chloro-L-alanine of 2.65 g (0.0214 mol).

The f-chloro-L-alanine obtained had an optical purity



wherein the treatnent with the chlorinating agent is carried out in2éR&NE 2002
presence of an amne or a salt thereof. 13. The nmethod of producing
according to Claim12, wherein the anine is a tertiary amne. 14. The

met hod of producing according to any of Clains 1 to 13, wherein the
coexisting acid after treatnent with the hal ogenating agent is converted to
a salt formby nmeans of a basic |ithiufPconpound, and dissolved in a nedium
conposed of a water-m scible organic solvent and water while the (3 26
JUNE 2002 40 hol ogeno- a -am nocarboxylic acid is caused to precipitate out
in its fred fiotheskbthénh@®id} . Fhaasrdeltedmahegrioy HPlagangtpsils npdexr A ai m
14, wher eidh o he B8 LLE SEmEHLRNGaNi ¢ sol vent conprises at | east one

speci es selected fromthe group consisting of 1,2-dinethoxyethane,

1, 4-di oxane, tetrahydrofuran, diethylene glycol dinmethyl ether, triethylene
gl ycol di renhylytéicher cohdtitdenkyl ene gl ycol dinmethyl ether, polyethylene

gl ycol di hyl et her cetonitrile t hanol t hanol pr opanol ,
[ sopropan?ﬁﬁ%r t- Eﬁ?%%@l 'F%\lgdé%%e%%%%&RGﬁfT %‘ﬁelfﬂﬁod %?Bpl%guci ng
accor di ngMpbiCeaphr$g, :wher2iM ¢h30napr/avedondlteidiegani8d /&8 vent i s

acet one. %Z)'luﬂletgﬁkgggtﬁi prodygispg according to Caim1l4, 15 or 16,
wherei n t fie Vol ume Fatig of fhe wafer-niscible organic solvent to water is

not | ess Prigctiomgwaygéergthod of>$HrBBuci ng according to any of C ains 14
to 17, whenewnrkke fi nBloGeD/mig tenperature in the step of precipitation
s ol higher, 1han §0,C 15 Jie bo of pr ogugi g, ccording (o any of

B -chloro-D~alanine 7.8 min

Example 4 Production of f-chloro-L-alanine
L-Serine (30.0 g, 0.2855 mol) was added to 600 ml of

1,4-dioxane, and hydrogen cploride gas was introduced into the

resulting solution with stirring at room temperature. On that
occasion, the hydrogen chloride in the solution amounted to
133.1 g (3.6508 mol). To the solution was added slowly 40.8
g (0.3426 mol) of thionyl chloride, and the reactor inside
temperature was then adjusted to 40 C. After about 20 hours
of stirring, the liquid (slurry) was concentrated to about half
the original volume. The concentrate (slurry} was cooled to
0 to 10 C, and 200 ml of water was added gradually so as to
maintain that temperature, to thereby cause dissolution of the
precipitate. The resulting solution was further concentrated
until the weight became about 200 g, 3.0g0f 50% activated carbon
was then added, and the mixture was stirred at room temperature
for about 10 minutes. The activated carbon was filtered off
under reduced pressure and washed with 10 ml of water. The
filtrate and washings obtained were combined and further
concentrated to a weight of about 120 g. This concentrate was
cooled to 0 to 10 °C, and the pH was adjusted to 5.5 by gradually
adding a saturated aqueous solution of lithium hydroxide while
maintaining that temperature, to give a slurry. To this slurry
was gradually added 600 ml of acetone for effecting sufficient



wherein the | ow boiling conponents occurring in the reaction m xturd auee 2002
reduced or elimnated beforehand after treatnent with the hal ogenating
agent but before precipitation of the desired product. 20. The nethod of
produci ng according to any of _ Clainms 1 to 13, wherein, after treatnent
wi th the hal ogenating agent, the 26 ,JUNE 2002 41 S -hal ogeno- a
-am nocar boxylic acid in hydrohal ogenic acid salt formthat has
precipitated fromthe reaction m xture as such or after concentration
thereof is recovered. 21. The net hod of prodycing according to_any of
Clainms 1 REPAPLGHAR F S A Ta@eh AR SR WaFo§BRAt FREL&det®, the
reaction sod \te)ng C sarice plad6ed iteldna vatier's tt@x@ie\t@t@meaﬂ@@catspxﬁ@hmﬁdngﬁ. f
cont ai ni - enQ-a. .« C o]
pr oduci ngl%;lécggtr%‘?lr%@ta&%a%%%t%@aﬁ%%b]?%]}/'_l?él?e@héefgi%%?%%r%@q%%?oxy- a
- am nocarlregaure aridi the sakenwastwaebed el th| I mleodi aeebpne. The
- phenyl sejd therystalnenigt Bedaqhepr Qdwel AgiaacohdbPoréQuéddiprdsumberein
the ~ -hydro§¥- a -am nocarboxylic acid is, serine . .

(40 , not higher than 10 mm Hg) to give 32.6 g of 8-

chloro-L-alanine as dry crystals. HPLC analysis of the
crystals revealed a purity of 99.8% by weight and a yield of
pure B-chloro-L-alanine of 32.5 g (0.2625 mol).

Example 5 Production of f-chloro-D-alanine hydrochloride
D-Serine (5.0 g, 0.0476 mol) was added to 50 ml of
1,4-dioxane, and hydrogen chloride gas was introduced into the
resulting solution with stirring at room temperature. On that
occasion, the hydrogen chloride in the solution amounted to 11.5
g (0.3154 mol). To the solﬁtion.was added slowly 6.2 g (0.0521
mol} of thionyl chloride, and the reactor inside temperature
was then adjusted to 45 C. After about 20 hours of stirring,
this solution was concentrated to about half the original volume.
The concentrate (slurry) was filtered, the cake was washed with
10 ml of 1,4-dioxane and the wet crystals were dried under
reduced pressure (40 °C, not higher than 10 mm Hg) to give dry
crystals. HPLC analysis of the crystals obtained revealed that
the yield of B-chloro-D-alanine hydrochloride as pure
substance was 7.0.g (0.0438 mol). The thus-obtained B-
chloro-D-alanine hydrochloride had an optical purity of not
less than 99.9% e.e. as determined by the same method as

mentioned in Example 3.

Example 6 Production of f-chloro-L-alanine hydrochloride
L-Serine (5.0 g, 0.0476 mol) was added to 50 ml of each
of the reaction solvents specified in Table 1, and hydrogen
chloride gas was introduced into the resulting solution with
stirring at room temperature until saturation with hydrogen
chloride. To the solution was added slowly 12.5 g (0.1051 mol)




24. The nethod of producing according to any of Clains 1 to 23, wh2éUNEt10D2
S -hydroxy- a -am nocarboxylic acid is optically active. 25. The nethod of
produci ng according to Caim23 or 24, wherein the ~ -hydroxy- a

-am nocarboxylic acid is L serine. 26. A nethod of purifying and isolating

a S-hal ogenoa -am nocarboxylic acid which conprises causing a

~- hal ogeno- a- am nocar boxylic acid, ingghich the basicity of the am no group
in a -position is not nasked by the presence of a substituent on said am no
group, to crystallize out using water as a_good solvent and a

wat er - m sdfi Bihd.oswvdarhd ogdigenendsthepsepctdpierias ef Dechedmumbor e 27 .

The net hoohRfi iy ¥h8\9nfi'}fj'rh§%ail NG §ea8€i8§@d19@cun%m(§i?ﬁ§£99>&)’a{§ ¢ acid
according to Claim 26, wherein the water-niscihle qrganic sol vent

acet one. PRCefHEakachd® GPoMk |hfay’1fr1dtl"e?nd)rils%lnc?t]1 ﬁ’é’léme- hafBgenoa

boor g0l \AeHIEAE fla8 (180l 0 o B0TC2dnd PR O g%;?eqn‘gaéaaddagtao =
crystall |S§é)‘*g‘r¥dsﬁr @Eﬁ)‘?g%ﬁ]é&(ﬁhn Qﬁ‘ﬁﬁggefnpggaFHFﬁ f r@ﬂn‘ rg SUS Wi ut i on
resul ti ngrfd1gMdd @3t MPmC @fndarth@qtya@m s B +enlepptpralagihde S - hal ogeno-

a -am “O‘iﬁ%}é}%@ﬁlo“rﬁ%‘ %a%”gaﬁﬁ% %dogeﬁl(g P&élﬁ%t‘."% tﬁlﬁsebﬁa[‘"ir{én& m

conmpound convertin al’ogenr ¢ aci ereoft .
The net hadhoyin [Gay |'ITa$D|l|¢g land i soI ating a /3-hal ogenoa -am nocar boxylic aC| d
according to Caim 26, 27 or 28, '

Table 1
Reaction Solvent Reaction Reaction time | Yield
temperature
1,2-Direthoxyethane 50 C 10 hrs 97%
Tetrahydrofuran 40 C 30 hrs 92%
Triethylene glycol
Dimethylether 50 °C 10 hrs 93%

Example 7 Production of (aS, fR)-a-amino-f8-chlorobutyric
id hvd hlorid
L-Threonine (10.14 g, 0.0851 mol) was added to 100 ml of

1,4-dioxane, and hydrogen chloride gas was introduced into the

resulting solution with stirring at room temperature. On that
occasion, the hydrogen chloride in the solution amounted to 15.5
g (0.4251 mol). To the sclution was added slowly 12.2 g (0.1022
mol) of thionyl chloride, and the reactor inside temperature
was then adjusted to 50 C. After about 10 hours of stirring,
this solution was concentrated to about half theoriginal volume.
The concentrate (slurry) was filtered, the cake was washed with
20 ml of 1,4-dioxane and the wet crystals were dried under
reduced pressure (40 C, not higher than 10 mm Hg) to give dry
crystals. HPLC analysis of the crystals obtained revealed that
the yield of (@S, BR)—-a-amino- f§ —~chlorobutyric acid
hydrochloride as pure substance was 12.2 g (0.0701 mol) . [o]p”
+16.1° (¢ = 1.0, water) (1lit., [a],®® +17.8° (c = 1.0, water)
[CHIRALITY 9, 656-660 (1997)].



wherein the volunme ratio of the water-m scible organic solvent to wad gUNE 002
the step of crystallization is not less than 1. 30 _ The nethod of
purifying and isolating a S -hal ogenoa -am nocarboxylic acid according to
any of Clains 26 to 29, wherein the final cooling tenperature in the step
of crystallization is not higher than 10 C. 31. The nethod of purifying and
I sol ati ng a /3-hal ogenoa -am nocar box §¢ acid accordi ng to any of Cains
26 to 30, wherein the S -hal ogeno-a -am nocarboxylic acid is

Schl oroal anine, ~ -chloro- a -am nobutyric acid or S-chloro- ~ -phenyl-a

- am nopr oBkampbéeadi Pragiuctiien msf hba Seff RUr pamdgonrfi-hvdtex viogtwric

~- hal ogengajgam nocar boxylic acid according to Caim31, wherein the S

- hal ogeno-a -ani npcarboxylic acid iis S.chlgro nine.. . .26 JUNE. 2002 43 33.
The method of - B LY S reeo (RUZAEY. HAr oA g o ERRBOHIRE aci o
accordi ngsto qany .08 aohs &6 (tOS 3B,R)whe Fainhnbh@ -Hydralxpgertoqria acid

- am nocar RoxybL(1 GFLde | SHRBLEA ik 8L athe AdnneENes Thi BtnloPuLLLYI Ng and

i sol ating enopa -am nocarboxyiic acid according to Claim or 33,
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completely dissolved by slowly adding about 2.8 g of
concentrated hydrochloric acid. To the solution was added 0.1
g of 50% activated carbon, and the mixture was stirred at room

temperature for about 10 minutes. The activated carbon was
filtered off under reduced pressure and washedwith 1 ml of water.
The filtrate and washings obtained were combined and cooled to
0 to 10 C, and the pH was adjusted to 5.5 by gradually adding
a saturated aqueous solution of lithium hydroxide while
maintaining that temperature, to give a slurry. Acetone (58
ml) was gradually added to this slurry to thereby cause
sufficient precipitationof crystals, the resultingmixture was
cooled to -10 to 0 C and maintained at that temperature for
about 1 hour. The precipitate crystals were filtered off, the
cake was washed with 19 ml of acetone, and the wet crystals
obtained were dried under reduced pressure (40 °C, not higher
than 10 mm Hg) to give 3.75 g of (aS, BR)-a-amino-f-
chlorobutyric acid as white crystals. HPLC analysis of these
crystals revealed a purity of 99.8% by weight and a yield of
pure (aS, BR)-a-amino-f -chlorobutyric acid of 3.74 g (0.02272
mol). mp 176 °C (decomp.) (lit., mp 176 C (decomp.) [Yakugaku
Kenkyu, 33, 428-437 (1961)].

The IR, 'H-NMR and “*C-NMR data of the (a$S, BR)-a-amino-
B —chlorobutyric acid thus obtained as crystals were in complete
agreement with those of the crystalline (aS, BR)-a-amino-§
~chlorobutyric acid separately synthesized by the method

mentioned below.

Reference Example 1 Alternative synthesis of (aS, BR)-a-

amino-f -chlorobutyric acid




35. A nethod of producing an optically active Nprotected-~-chl or oa6adiNg20d2
the general fornmula (2) or a salt thereof: ROl RlI' NOH O C2) wherein Rl
represents an am no-protecting group and R represents a hydrogen atom or,
taken together with RL, an am no-protecting group, which conprises
preparing an optically active Schlorqgl anine of the followng forrmula (1)

or a salt thereof: HQi OHC c 28 %IUNE 2002 94 from an optically active
serine or a salt thereof with an acid by the nethod of producing according
to CQaiml and then treating the sanme with an am no-protecting agent . 36.
The nethod of Psiguiiciimprk st oide andipetBangher Bhreemingp¥agal |y active

S-chl or ag 2 AL 2 &d ohied Al iihd ke tiBihed tefr Ryaduehneraaeo’ ¢hiht 0 any

of dai nvfl;asz tEI(l)eI%SEreated with thionyl chloride to give a-amino-f-
chlorobutyric acid methyl ester hydrochloride. This was then
converted to a~amino-f -chloropropionic acid hydrochloride by
hydrolyzing with hydrochloric acid. The a-amino-§g-
chloropropionic acid hydrochloride was crystallized and

isolated by the same technique as mentioned in Example 8.

Example 9 Production of f-chloro-L-alanine hydrochloride
L—-Serine hyd;ochloride {6.7 g, 0.0473 mol) was added to

50 ml of 1,4-dioxane. To the solution was added slowly 6.8 g

(0.0572 mol) of thionyl chloride at room temperature, and the

reactor inside temperature was then adjusted to 60 C. After
about 3 hours of stirring, this solution was concentrated to

about half the original volume. The concentrate was cooled to

0 to 10°C, and 50 ml of water was added gradually so as tomaintain
this temperature. HPLC analysis of this solution revealed the

formation of 4.6 g (0.0287 mol) of B-chloro-L-alanine
hydrochloride (yield 61 mole %).

Comparative Example 1
L-Serine (20.0 g, 0.1903 mol) was added to 49.8 g (0.4187

mol) of thionyl chloride, and the mixture was warmed to 60 C
and stirred for 6 hours. This solution was hydrolyzed and then
analyzed by HPLC. No B-chloro-L-alanine peak was observed but
peaks due to unreacted L-serine and various impurities were

observed.

Comparative Example 2

L-Serine (15.0 g, 0.1427 mol) was added to 150 ml of
toluene, and hydrogen chloride gas was blown into the resulting
solution at room temperature until saturation. To this
solution was added 37.4 g {(0.3140 mol) of thionyl chloride, and

the mixture was then warmed to 80 °C and stirred for 20 hours,



37. The nethod of producing according to Caim35 or 36, wherein td6JUNE 2002
am no-protecting agent is benzyl chloroformate and the optically active
N-protected- ~ -chloroalanine is represented by the general formula (2) in
which Ris a hydrogen atomand Rl is a carbobenzyl oxy group. 38. A nethod
of producing an optically active N prot ect ed- S—phenyl cysteine of the

general formula (3) or a salt thereof30 R 01 RI~-N OH S (3) wherein R1L
represents an am no-protecting group and R represents a hydrogen atom or,
taken together with RL, an am no-protecting group, which conprises

prepar i nghas spiuiadn yaschivdeo Ngrodemmedhencanal pabdndiPaC.a Babkst her eof

by the ”ﬁ%[\ﬁ %eno rtgléé?%ﬂé W G- p! nggejyggafzhc?f‘ éeéﬁiégg the

same Wt a basic 26 JUN condition
nmet hod oTLp?%%%P%gC%EE%?W%%e?OO@& Fr?38 trace amount. (The above

reaction mixture contained a tar-like substance and had a deep

black color.)

Comparative Example 3

L-Serine (15.0 g, 0.1427 mol) was added to 150 ml of
methylene chloride, and hydrogen chloride gas was blown into
the resulting solution at room temperature until saturation.
To this solution was added 37.4 g (0.3140 mol) of thionyl
chloride, and the mixtureAwas then warmed to 40 C and stirred
for 16 hours, This solution was hydrolyzed and then analyzed
by HPL.C. Peaks of various impurities were observed and the peak
of B-chloro-L-alanine corresponded only to a trace amount.
(The above reaction mixture contained a tar-like substance and

had a deep black color.)

Example 10 Production of N-carbobenzyloxy—f-chloro-L-
alanine

L-Serine hydrochloride (0.4 g, 2.84 mmol) and 0.029 g
(0.28 mmol) of triethylamine were suspended in 4 m! of
diethylene glycol dimethyl ether. Thereto was added dropwise
0.67 g (5.68 mmol) of thionyl chloride at room temperature in

a nitrogen gas atmosphere. After 2 hours of stirring at 60 °C,
8 ml of water was added while maintaining the reaction mixture
inside at 15 C or below, and the whole mixture was stirred at
room temperature for 30 minutes. Further, 1.6 g of potassium
carbonate was added to make the pH about 10 and, thereafter,
0.956 g (5.68 mmol) of benzyl chloroformate was added dropwise.
After overnight standing at room temperature, the reaction
mixture was washed with ethyl acetate, the aqueous layer
obtained was cooled with ice and acidified with 50% sulfuric
acid and then extracted with ethyl acetate. The solvent was
distilled off and the residue was purified by column



wherein the optically active N-protected- ~ chloroal anine i s obtai rkbJIéNE2002
the nmet hod of producing according to Caim36. 40 _ The nethod of producing
according to Claim38 or 39, wherein the ami no-protecting agent is benzyl
chloroformate and the optically active N protected-S-phenylcysteine is
represented by the general formula (3)_in which Ris a hydrogen atom and Rl

I s a carbobenzyl oxy group. 41. The netﬂ%d of producing according to any of
Clainms 38 to 40, wherein the treatnent of optically active serine or a salt
of optically active serine wiith an_acid wi_th the chlorlnatlng agent, the

t r eat ment CHFeRatRETaRPHoLBr G186 Ong Sgdit- Londmode Hi%dpRdndration are
carried oghrwbbaggylbgqui45&&6{@%me§pg@1mye i nternedi ates. 42. A nethod of

nggaf;n?B?nofpihgi}(xtﬁcﬁ %ﬂzy rot ct %Os-p eg&l%yste|§e Oryagg general
wher ei n RtheeﬁpééewusgaﬁfdﬁﬂhGMpﬁoi%cdah@ group and R represents a hydrogen
atom or, takemk t 083 BBl WddER) - sab ) NG ML Neh,928YP: 4.80-4.82

(m, 1H), 5.14 (s, 2H), 5.70 (d, J = 7.8 Hz, 1H), 7.36 (s, 5H)

IR (neat): 3034, 1720, 1516, 1456, 1203, 1066, 855, 754, 698

(cm™)

Example 11 Production of N-carbobenzvioxy-f-chloro-L-
alanine

L—-Serine hydrochloride (0.4 g, 2.84 mmol) and 0.029 g
(0.28 mmol) of triethylamine were suspended in 4 ml of 1,2-
dimethoxyethane. Thereto was added dropwise 0.67 g (5.68 mmol)
of thionyl chloride at room temperature in a nitrogen gas

atmosphere. After 2 hours of stirring at 60 C, 8 ml of water
was added while maintaining the reaction mixture inside at 15°C
or below, and the whole mixture was stirred at room temperature
for 30 minutes. Further, 1.6 gof potassium carbonate was added
to make the pH about 10 and, thereafter, 0.956 g (5.68 mmol)
of benzyl chloroformate was added dropwise. After overnight
standing at room temperature, the reaction mixture was cooled
with ice and acidified with 50% sulfuric acid. The solution
obtained was analyzed by HPLC, which revealed the formation of
N-carbobenzyloxy- 8 —chloro-L-alanine in a yield of 42% (1.18
mmol). The analytical conditions were as shown below.
Analytical conditions (N-carbobenzyloxy-f-chloro-L-
alanine/N-carbobenzyloxy-L-serine)

Column : YMC-Pack ODS-A A-303 (250 mm x 4.6 mm)

Mobile phase: Phosphate buffer (pH= 3.0):acetonitrile =60:40

Flow rate : 1.0 ml/min
Sample injection size : 20 ul
Sample solvent : acetonitrile

Retention time

6.2 min (N-carbobenzyloxy-f -chloro-L-alanine)
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thereof with an am no-protecting agent and then reacting the thus-prepared
optically active N-protected- ~ -chloroal anine of the general fornula (2)
or a salt thereof with thiophenol under a basic condition, ROI Rl N OH
C (z) wherein Rl represents an am no: gﬁotecting group and R represents a
hydr ogen atom or, taken together wi t h> an am no-protecting group. 43.
The net hod of producing according to Cla|n142, wherein the am no-protecting
agent is_benzyl chloroformate_and the o %ally active
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N-protected S—phenylcystelne are represented by the general fornula (2) and
t he gene 3rng§ drooen atom and RL
is a car i : f : Fottied 2 gto Caim
42 or 43alnhene|n the treatnent mnth am no- protectlng agent and the
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ca]ca]canapnx}cahéatch]eé]cavpcapmapgaruﬁpcan9a nitrogen gas
atmosphere. After 2 hours of stirring at 60 C, 2 ml of water

was added while maintaining the reaction mixture inside at 15C
or below, and the whole mixture was stirred at room temperature
for 30 minutes. Further, 0.4 gof potassium carbonate was added
to make the pH about 10 and, thereafter, 0.239 g (1.52 mmol)
of benzyl chloroformate was added dropwise. After overnight
standing at room temperature, the reaction mixture was cooled
with ice and acidified with 50% sulfuric acid. The solution
obtained was analyzed by HPLC by the same procedure as mentioned
in Example 11, which revealed the formation of N-

carbobenzyloxy-f-chloro-L-alanine in a yield of 34% (0.24

mmol) .
Example 13 Production of N-carbobenzyloxy-S—phenyl-L-
cysteine

N-Carbobenzyloxy- 8 -chloro-L-alanine (0.108 g, 0.42

mmol)} was dissolved in 0.5 ml of water and, then, 0.097 g (0.92
mmol) of sodium carbonate was added. Thereafter, 0.054 g (0.50
mmol) of thiophenol was added dropwise at room temperature in
a nitrogen gas atmosphere. After 2 hours of stirring at 60 °C,
the reaction mixture was cooled with ice and acidified with 1
N hydrochloric acid, and then extractedwith ethyl acetate. The
solvent was distilled off and the residue was purified by column
chromatography to give 0.112 g (0.34 mmol, 81%) of N-
carbobenzyloxy-S-phenyl-L-cysteine. The compound obtained
had an optical purity of not less than 98% e.e. The optical



AB =>%W , - 738 26 JUNE 2002
o| ~egrt} xsmhb] W] ca] caV] ca] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] calcal] ca] ca]calcalca]calca]calti ( *

KSTE &n&{ & & e'mo's' ' ((((#))))))*D*--sll~ytoje_ZU ca]caV]ca]ca]ca]ca]ca]c
a] caD] ca] ca] ca]c

a] ca] ca] ca] ca] ca] c&a] c&a] ca] caU] ca] c@Pca] ca] ca] ca] ca] ca] ca] ca] ca! 111<9C9999
e: =WAJAgAd TI W FQSQVQVWVVBYEYHYaaahbwi i i | w | gb] We_ZU] U] ca] ca] ca] cal] ca] ca]

cal] ca] ca] caV] ca] caV] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] cal] ca] ca] caV] ca]

ca] ca] capurity was determined by HPLC. The analytical conditions are
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Temperature : 35 C
Sample solvent : (hexane/tert-butyl methyl ether/tri-
fluoroacetic acid = 800/200/2) :ethanol = 80:20
Retention time
4.5 min (N-carbobenzyloxy-S-phenyl-L-cysteine)
5.6 min (N-carbobenzyloxy-S-phenyl-D-cysteine)
The results of 'H-NMR and IR analysis of the N-
carbobenzyloxy-S-phenyl-L-cysteine obtained were as follows:
'H-NMR (400 MHz, CDC1,) & (ppm): 3.41 (dd, J= 5.1, 14.2 Hz, 2H),
4.61-4.63 (m, 1H), 5.07 (s, 2H), 5.56 (d, 0 = 7.3 Hz, 1H),
7.17-7.55 (m, 10H)
IR (neat): 3036, 1686, 1532, 1281, 1059, 737 (cm™)

Example 14
r ion of N- n —-S= nyl-1,- i
N-Carbobenzyloxy~ B8 -chloro-L-alanine (0.091 g, 0.35

mmol) was dissolved in 0.45 ml of water and, then, 0.065 g (0.77
mmol) of sodium hydrogen carbonate was added. Thereafter,
0.046 g (0.42 mmol) of thiophenol was added dropwise at room
temperature in a nitrogen gas atmosphere. After 2 hours of
stirring at 60 C, the reaction mixture was cooled with ice and
acidified with 1 N hydrochloric acid, and then extracted with
ethyl acetate. The solvent was distilled off and the residue
was purified by column chromatography togive 0.097 g (0.29mmol,
84%) of N-carbobenzyloxy-S—-phenyl-L-cysteine. The product
obtained had an optical purity of not less than 98% e.e. as
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(0.63mmol) of thiophenol was added dropwise at room temperature

Lal] ca] ca] ca] ca]

in anitrogen gas atmosphere. After 2 hours of stirring at 60°C,
the reaction mixture was cooled with ice and acidified with 1
N hydrochloric acid, and then extracted with ethyl acetate. The
solvent was distilled off and the residue was purified by column
chromatography to give 0.107 g (0.32 mmol, 61%) of N-
carbobenzyloxy-5-phenyl-L-cysteine. The product obtainedhad
an optical purity of not less than 98% e.e. as determined by
HPLC analysis in the same manner as in Example 13.

Example 16 Production of N-carbobenzyloxy-S—-phenyl-I.-
cysteine

L-Serine hydrochloride (10.0 g, 70.6 mmol) and 0.073 g
(7.1 mmol) of triethylamine were dissolved in 100 ml of
diethylene glycol dimethyl ether, and 16.8 g (141.2 mmol) of
thionyl chloride was added dropwise at room temperature in a
nitrogen gas atmosphere. After 2 hours of stirring at 60 C,
200 ml of water was added while maintaining the reaction system
at 15°C or below, and the resulting mixture was stirred at room
temperature for 30 minutes. Further, 50 g of potassium
carbonate was added to make the pH about 10 and, then, 17.9 g
(141.2 mmol) of benzyl chloroformate was added dropwise. After
overnight standing at room temperature, 10 g of potassium
carbonate was again added to make the pH about 10 and, then,
10.7 g (97.1 mmol) of thiophenol was added dropwise at room
temperature in a nitrogen gas atmosphere. After 2 hours of

stirring at 60 C, the reaction mixture was cooled with ice and
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purified by column chromatography togive 8.7 g (26.2 mmol, 37%)
of N-carbobenzyloxy-S-phenyl-L-cysteine. The product
obtained had an optical purity of not less than 98% e.e. as
determined by HPLC analysis in the same manner as in Example

13.

Example 17 Production of N-carbobenzyvloxy-S—-phenyl-I.—

cysteine
 -Chloro-L-alanine hydrochloride (15.7 g, 98.1 mmol) was

added to 160 ml of water and dissolution was effected. The
reactor inside was cooled to 0 to 5 C and the pH was adjusted
to 10 by dropwise addition of about 36 g of a 30% (by weight)
aqueous solution of sodium hydroxide with vigorous stirring.
While maintaining the inside temperature at 0 to 5 °C, 20.5 g
(120.0 mmol) of benzyl chloroformate was added dropwise over
1 hour with vigorous stirring and then stirring was continued
for 4 hours, during which the pH of the reaction mixture was
maintained at 9.5 to 10.5 by dropwise addition of about 16 g
of a 30% (by weight) aqueous solution of sodium hydroxide. The
reaction mixture obtained was assayed for N-carbobenzyloxy-
§ —chloro-L~alanine by HPLC and the yield thereof was found to
be 25.1 g (97.5 mmol).

To the reaction mixture obtained was added dropwise 22.0
g (200.0 mmol) of thiophenol with vigorous stirring. During
the dropping, the pH of the reaction mixture was maintained at
9.7 to 10.3 bydropwise addition of about 26 gof a 30% (byweight)
aqueous solution of sodium hydroxide. Inanitrogen atmosphere,
the inside temperature was raised to 50 C and the reaction was
allowed to proceed for 3.5 hours, during which the pH of the
reaction mixture was maintained at 9.7 to 10.3 by dropwise
addition of about 1 g of a 30% (by weight) aqueous solution of
sodium hydroxide. To the reaction mixture obtained was

gradually added dropwise about 20 g of concentrated
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under reduced pressure and suff1c1ently deprlved of the liquid
reaction medium by washing with two 100-ml portions of water,

to give wet crystals of N-carbobenzyloxy-S-phenyl-L-cysteine

[29.8 g (89.9 mmol) as pure N-carbobenzyloxy-S-phenyl-I-

cysteine]. The optical purity of the N-carbobenzyloxy-S-

phenyl-L-cysteine obtained was 99.9% e.e.

Comparative Example 4 Production of S-phenyl-L-cysteine

A 20% (by weight) acjueous solution of sodium carbonate
(2.23 g, 0.0042 mol) was added to 0.97 g (0.0088 mol) of
thiophenol, and the mixture was stirred at room temperature for
0.5 hour. To this solution was added a solution composed of
1.08 g {0.0088 mol) of B -chloro-L-~alanine and water, and the
reaction was allowed to proceed for 5 hours, during which the
pH of the reaction mixture was maintained at 8 to 10 while adding
5.14 g (0.0097 mol) of a 20% (by weight) aqueous solution of
sodium carbonate. To the reaction mixture obtained were added
30 ml of toluene, 20 ml of water and about 3 g of concentrated
hydrochloric acid in a nitrogen atmosphere to thereby adjust
the pH to 0.5. The aqueous layer after separation from the
organic layer was washed with two 30-ml portions of toluene to
remove the remaining portion of thiophenol, to give 34.3 g of
an aqueous solution of S-phenyl-L-cysteine.

HPLC analysis of the aqueous solution obtained revealed
that the yield as pure S-phenyl-L-cysteine was 0.45 g (0.0023
mol, 26.0% yield). A marked extent of decomposition of B-
chloro-L-alanine was observed.

INDUSTRIAL APPLICABILITY

The present invention, constituted as above, makes it

possible to produce B -halogeno-ea-aminocarboxylic acids, which
are useful as starting materials for the production of =
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medicinals, as well as optically active N-protected-S-
phenylcysteines, which are useful as intermediates of
medicinals, and intermediates thereof, in a simple, efficient

and industrially advantageous manner and on a commercial scale.
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CLAIMS

1. (amended) A method of producing a f-hologeno-a -
aminocarboxylic acid or a salt thereof
which comprises halogenating the hydroxyl group of a 8
~hydroxy—a ~aminocarboxylic acid, in which the basicity of the
amino group in a-position is not masked by the presence of a
substituent on said amino group, or a salt thereof with an acid
by using a solvent containing an ether type solvent and treating

the same with a halogenating agent.

2. The method of producing according to Claim 1,
wherein the halogenating agent is a thionyl halide.

3. The method of producing according to Claim 2,
wherein the thionyl halide is thionyl chloride.

4. (amended) The method of producing according to Claim
1, 2 or 3,
wherein the halogenating agent is used in an amount of

1 to10moles permole of the B -hydroxy-ea-aminocarboxylic acid.

5. (deleted)

6. (amended) The method of producing according to any

of Claims 1 to 4,
wherein the ether type solvent is miscible with water.

7. The method of producing according to Claim 6,
wherein the water-miscible ether type solvent comprises
at least one species selected from the group consisting of
1,2-dimethoxyethane, 1,4-dioxane, tetrahydrofuran,
diethylene glycol dimethyl ether, triethylene glycol dimethyl
ether, tetraethylene glycol dimethyl ether and polyethylene



10°110% & 10TT 10TT 26 JUNE 2002
10TT!' V' M 1090 T& ()-!XxM 1090 T& ()-!i " 1109%T& ()-!i 1109 T& ()-}[<M4 10";
109B& ()- !V S#109BB& ()- 0! x* S#109BB& () - 0! S#109BB& ()-0 109B& ()-'
109B& ()-9 A 10°9: 1 10%& ()-M " 9:110% @& ()-M 10% & ()-L' 10% & ()- 10B
10B 10B#=109B& ()-M zX9. A
10" &L-110% & ()-!x&L-! 10%RR& () -9s! 1848 & ()-!9s! 10%e& ()-! syM 10% " & () -
| #syM 10966&' () - K=j KA 10" &L-! 109%&! 10%&' ()- !'n &s!10%\ & ()-F &s!10% & ()-F
| 10% & ()-&310% & ()- 10" 10"=irs4

glycol dimethyl ether.

8. The method of producing according to any of Claims
1 to 7,
wherein the treatment with the halogenating agent is

carried out in the presence of a hydrogen halide.

9. The method of producing according to Claim 8,
wherein the hydrogen halide is used in an amount
exceeding 2.0 molar equivalents relative to the f -hydroxy-

a —aminocarboxylic acid.

10. The method of producing according to Claim 8 or 9,
wherein the treatment with the halogenating agent is
carried out in a state completely saturated or almost saturated

with the hydrogen halide gas.

11. The method of producing according to Claim 8, 9 or

10,
wherein the hydrogen halide is hydrogen chloride.

12. The method of producing according to any of Claims
1 to 11,
wherein the treatment with the chlorinating agent 1is

carried out in the presence of an amine or a salt thereof.

13. The method of producing according to Claim 12,

wherein the amine is a tertiary amine.

14. The method of producing according to any of Claims
1 to 13,

wherein the coexisting acid after treatment with the
halogenating agent is converted to a salt form by means of a
basic lithium compound, and dissolved in a medium composed of

a water-miscible organic solvent and water while the f-
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hologeno- ¢ —aminocarboxylic acid is caused to precipitate out

in its free form.

15. (amended) The method of producing according to Claim
14,

wherein the water-miscible organic solvent comprises at
least one species selected from the group consisting of
1,2-dimethoxyethane, 1,4-dioxane, tetrahydrofuran,
diethylene glycol dimethyl ether, triethylene glycol dimethyl
ether, tetraethylene glycol dimethyl ether, polyethylene
glycol dimethyl ether, acetonitrile, methanol, ethanol, n-

propanol, isopropanol, tert-butanol and acetone.

16. The method of producing according to Claim 15,
wherein the water—-miscible organic solvent is acetone.

17. The method of producing according to Claim 14, 15
or 16, wherein the volume ratio of the water-miscible organic

solvent to water is not less than 1.

18. The method of producing according to any of Claims
14 to 17,
wherein the final cooling temperature in the step of

precipitation is not higher than 10 C.

19. The method of producing according to any of Claims
14 to 18,

wherein the low-boiling components occurring in the
reaction mixture are reduced or eliminated beforehand after
treatment with the halogenating agent but before precipitation

of the desired product.

20. The method of producing according to any of Claims

1 to 13,
wherein, after treatment with the halogenating agent, the
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wherein the 8 ~hydroxy- e« -aminocarboxylic acid is serine,

threonine, allothreonine or f-phenylserine.

23. The method of producing according to Claim 22,

wherein the f-hydroxy-a-aminocarboxylic acid is serine.

24. The method of producing according to any of Claims
1 to 23,

wherein the f-hydroxy-a-aminocarboxylic acid is
optically active.

25. The method of producing according to Claim 23 or 24,
wherein the f-hydroxy-a-aminocarboxylic acid is L-
serine.

26. A method of purifying and isolating a B -halogeno-
a—~aminocarboxylic acid

which comprises causing a 8 -halogeno-a -aminocarboxylic
acid, in which the basicity of the amino group in a-position
is not masked by the presence of a substituent on said amino
group, to crystallize out using water as a good solvent and a

water-miscible organic solvent as a poor solvent.
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o -aminocarboxylic acid according to Claim 26,
wherein the water—miscible organic solvent is acetone.

28. The method of purifying and isolating a 8-halogeno-

a« —aminocarboxylic acid according to Claim 27,
wherein acetone is used as a poor solvent for causing the

B -halogeno—a-aminocarboxylic acid to crystallize and
precipitate out in its free form from an aqueous soclution
resulting from treatment of an aqueous solution containing the
B -halogeno—-a—aminocarboxylic acid and hydrohalogenic acid
with a basic lithium compound for converting said
hydrohalogenic acid to the salt thereof.

29. The method of purifying and isolating a f-halogeno-

o —aminocarboxylic acid according to Claim 26, 27 or 28,
wherein the volume ratio of the water-miscible organic

solvent to water in the step of crystallization is not less than
1.

30. The method of purifying and isolating a #-halogeno-
a-aminocarboxylic acid according to any of Claims 26 to 29,
wherein the final cooling temperature in the step of

crystallization is not higher than 10 C.

31. The method of purifying and isolating a f-halogeno-
a—-aminocarboxylic acid according to any of Claims 26 to 30,
wherein the f-halogeno-a-aminocarboxylic acid is 8-
chloroalanine, B-chloro—-a-aminobutyric acid or fB-chloro-§8

-phenyl-a-aminopropionic acid.

32. The method of purifying and isolating a 8 -halogeno-
a —aminocarboxylic acid according to Claim 31,
wherein the B-halogeno-a-aminocarboxylic acid is B-

chlorocalanine.
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35. A method of producing an optically active N-

protected—B—chlofoalanine of the general formula (2) or a salt
thereof:

R OH

Cl (2)

wherein R! represents an amino-protecting group and R°
represents a hydrogen atom or, taken together with R!, an
amino-protecting group,

which comprises preparing an optically active f-
chloroalanine of the following formula (1) or a salt thereof:

H O

Cl (1)
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. wherein the optically active f-chloroalanine is
obtainable by the method of producing according to any of Claims
2 to 25.

37. The method of producing according to Claim 35 or 36,
wherein the amino-protecting agent is benzyl
chloroformate ‘
and the optically active N-protected-fi-chloroalanine is
represented by the general formula (2) in which R’ is a hydrogen
atom and R' is a carbobenzyloxy group.

38. A method of producing an optically active N-
protected-S-phenylcysteine of the general formula (3) or a salt
thereof:

R OH

(3)

wherein R' represents an amino-protecting group and R°
represents a hydrogen atom or, taken together with R', an
amino-protecting group,

which comprises preparing an optically active N-
protected- 8 -chloroalanine or a salt thereof by the method of
producing according to Claim 35,

and then reacting the same with thiophenol under a basic
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according to Claim 36.

40. The method of producing according to Claim 38 or 39,

wherein the amino-protecting agent is benzyl
chloroformate

and the optically active N-protected-S-phenylcysteine
is represented by the geﬁeral formula (3) in which R° is a
hydrogen atom and R' is a carbobenzyloxy group.

41. The method of producing according to any of Claims
38 to 40,

wherein the treatment of optically active serine or a salt
of optically active serine with an acid with the chlorinating
agent, the treatment with the amino-protecting agent and the
thiophenylation are carried out without isolating the

respective intermediates.
42. A method of producing an optically active N-

protected-S-phenylcysteine of the general formula (3) or a salt

thereof,

(3)
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wherein R' represents an amino-protecting group and R°
represents a hydrogen atom or, taken together with R!, an
amino-~protecting group,

which comprises treating an optically active 8-
chloroalanine or a salt thereof with an amino-protecting agent

and then reacting the thus~prepared optically active
N-protected-f -chloroalanine of the general formula (2) or a
salt thereof with thiophenol under a basic condition,

il
l,qu
R OH

Cl @

wherein R' represents an amino-protecting group and R°
represents a hydrogen atom or, taken together with R!, an

amino-protecting group.

43. The method of producing according to Claim 42,

wherein the amino-protecting agent is benzyl
chloroformate

and the optically active N-protected-fi-chloroalanine
and optically active N-protected-S-phenylcysteine are
represented by the general formula (2) and the general formula
(3), respectively, in which R’ is a hydrogen atom and R' is a

carbobenzyloxy group.

44, The method of producing according to Claim 42 or 43,
wherein the treatment with amino-protecting agent and
the thiophenylation are carried out without isolating the

respective intermediates.



