EP O 332 452 Bl Description Field of the Invention: 5 The present
invention generally relates-to an_automated synthesizing apparatus and,

nore particularly, a conputer- assFRP 832 452 Bhat ed synt hesi zi ng apparatus for
the automated synthesis of a plurality of derivatives of particular

chem cal QF'tion such as the synthesis of substituted -

N- (car boxyal Ky §am’ no acids and their derivatives. 10 Description of the
Prior Artggdofddvesiopf prior art are EP-A-0156588 (automated pol ypeptide
synt hesi s apparatus) and GB-A- 2161815 (pol ynucl eoti de synt hesi zi ng
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Al t hough aeiis and treaKibrivatvbsage of research automation utilizing an autonated
bat ch-type reacti on device has been devel oped, it has generally been ained
at autendesaiptiopof thePddnAd:cal e reactions to determ ne the best synthetic
routes or optinmumreaction conditions prior to pilot-scale work. However,
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wi de r@ngee@énh.conpounds and al so of being used for isolation and

purification of the conpounds. In order to acconplish the above descri bed
obj ect, (SUMMARYOFITHEIIMVENTIONN provi des an aut omat ed synthesi zi ng apparat us
whi_ ch conprises a supply unit (6: 6) for supplying raw naterial, reagents
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EP 0 332 452 Bl unit; and said freeze-drying unit conprising a condensing
cont ai ner connect ed through a flowline with the purifying unit for receipt
of a purified product, and freeze- oﬁyPﬁ?ﬁ%‘Pte connected through a fl ow
line with the condensing container for recei pt of a condensed product; 5
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provi ded %&ﬁbn@o‘tﬁ&ﬁlm%% o W;ﬂ% &4l ?sr:m ﬁiﬂ%{hggﬁfﬁrgm ?%EI ﬁo e

dirY,
or cool i Ngplotideanéh taaanp%rag,a@orégetbw@far b entpb.aé '

circulation of the heating nediumor the cool ant The fl ask |s prOVI

with stirrer blades for stirring the reaction liquid wthin the flask and
has an openi ng defined at top thereof fot connection with a pressure
reduci ng neans. A vessel which acts as a concentration sensor having an
openi ng through which a thernocouple is inserted is fitted to the flask. By
heatlng the flask and redu0|ng the pressure- |n5|de the flask the reaction
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portions of the flowlines fromwhich the liquid or air is w thdrawn.

Again, an extracting device‘is préjﬁég,‘pﬁéeggovi ded with a tenporary storage
bottle for the tenporary storage xtraction is repeatedly carried
3 EP 0 332 452 Bl out. Also, in the purification unit, other than HPLC
and CPC, ogn el ectrophoresis device, an centrifugal chromatography or a

recrystal | i gt inofe GRNAcERN Unit, Sotie Hdh NHHLE Oddd taPE! R foleStRPhdARisCABRLS) YaR Coshtifugdh ©
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suppl i ed stppliddb BPEC8hd@PC. According to the present invention, the automated
synt hesi zi nigcadipgtocthel presephipyentinp sthe, agigmatasissyothesizing tapparatus| qqnipnlsgs & Iseries afwnits

mat er i al jnclugding)tha trava metetiab | reagent andipqiiegt supply unit; the reagtion tupib theupwiiicatianueit and the

puri fi catieere-duyingunihend thengorvicep unitealichf Wntmetngan@metwelvyemll@é’y therlomputertp  of

t hose "anieffisienyig| Riguer, Man pEvalves ot gne Particuty %VPQ“H% skusiHsR Wi nponeed) of manual

ef fi ci ent8vep¥¥Bduce many derivatives of one particul ar compound structure

with no need of manual intervention. BRI EF DESCRI PTI ON OF THE DRAW NGS 15

Thi s and%ﬂ@s—%ﬂk—?—@tﬂﬁgs of the present i nvention wll becone

clear fromithe foll ti tae ncor‘ulugctro vmft ahep‘ ferred
.1 her .0 il oar from (s}

erbod retssirrgft; i B T e S SRR

Fig. 11 an a esl zi ng app

the pr ese TWE ékqﬂ'cutthl ram?ofh;? n%ﬁ%%iehuﬁin&'ép%%ﬂ%f DB irvbiffion: L " Uct ure
&-f aw ”ﬁ o i 8 scheh SR AR amMASkinghe/ §biurs UPPla¥ malehidl, reag8nt and Eo'wgm s p\ﬁ

SChe”BJM C FHp.20E §8anskAINidRErain Mowiig thie SuEtfie Of a BadiSHIl ON R A

| ongi t udi Nag. 4588 ich§iiddihal ¥acldiaOioncof b RAGIoh Bk bibvikeK device; Fig. 5 is a

schematic stg 206 atHohai digrai ehowihd 6 btklicRre®k a BorkEMAIRN Iséridbr 16 Be HRAIOhe teactids

fitted to #id8e reaction flask; Fig. 6 is a front el evational view of a

separ at i onFip.eige kront Bl'évational-'diegr. of  separaiondarnaimat i ¢ di agram showi ng t he
structar e Bf. 1k &hdmaticcingrami showir thesstractare bR Cidevick; agr am showi ng t he

struct ur e Bf. 80PCschematicaljagiamephoviing the strugiurh @h@RG devidé:agr am showi ng t he
structure B8 9ds & pehematicqiagiamghening the Siugjure oDa freszexdrgindhenitat i ¢ di agr am showi ng
t he struct Bp-0dfa sehereaiie diagramskpvwingthesiiuqtuigof pchgpting megi '"tﬂrﬂ"td'U"F!’ngP'V it i s a
schefrati c B9 ‘%r‘%%mﬁ {garern ehowing et stipcurg pf avaghysolyens §p rtt“'t'suppl y unit, 30
Fig. 1% isfip<i2dsisapaehemptcdiagpa %@%ﬂmpﬁ@ axpaugidyainpge

exhaust / dr 539 'é aufrﬂ""t °ha'i'—'|sﬁ°w'"f ? gequence Kol Periamed Py § cf’ﬁB“t%’é?.] defumged
trol t ed. t h t
control, peprbree agm 0 Rl ]
ol L wgr e
t he, apparaF" 8 Sta g IS a (?r agramr stratrh‘gy thr |!tuy of
reattd on f $s é)(f.hag?arﬁ fﬁé”s‘ﬁ'&ﬂneg pH ijbstlﬁmsﬁ’b'ﬁﬁe rodttidr it 853 Md hb°paﬂ{us & . 144

Fig. 17 i SFI§ 13 i@ dfGhain| illudfdih@ b BeradtiondiyiRgl kb ialldbd fid B edlfiontuiie elmpiByel liPihe UNI t
used id thgpagRabatigiss,of Fig. 14, Fig. 18 is a diagramillustrating an
extracti onFigriing dibgiaimCitustistidg d noaitdriige HPIEAGEvic® Bdded itd the gaktiav @dit briplbyae indflle
appar at us edpareiuglof Figl14;Fi g. 19 is a diagramillustrating a nonitoring HPLC
devi ce addEg 20ds 4 diggrane diesirating a poifyingeuni bmpieydd imthe dppareiopolifig. 16 of Fig. 14,

Fi g. 20 i sFig. Aiissaydizgnan sHowing thaopnecpl yqutof itifeyappematusrof Figeldpindyed i n t he

appar a#®us b- 2iigg flowpharFshgwing the isequencel okrgecadiresteeniphept bhthe grratstug bf Figbut  of

t he apparatus of Fig. 14 and 45 Frg 22 is a flow chart show ng the
sequence DETAILED DESCHIR THE EMBODIMENT he apparatus of Fig. 14. DETAI LED
DESCRI PTI O\Ieg: QH EI\/BCDI I\/El\ﬂ' Before the descrr tron of the resent

i nventi on osc 'Ftt'° 8“ GPresent {nyerdign P’ﬁ‘aete i't &P?t tﬁ?‘é"‘*ﬂ@é’?
li ke r&f @?? 8% "WP  acp ‘t"@“ga ‘5 t
o et é%é% L ?’i A

be not ed
whi ch |IIu crrcu eprese solenord val ve

and the Lisiredt EnfoBEfSRNt @ gas liquid or l'i qui d | i qui d boundary sensor.
(FirstgPr ergmr ezf?éErrT@ di ?r@gt

An automated synthesizing apparatus according to a first preferred embodiment of the present invention
generally comprises a computer system and a synthesis system. The computer system comprises, as best
shown in Fig. 1, a computer 1 and an interface 2, the said computer 1 being connected with CRT monitor 3
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An aut omat ed synt hesi zi ng apparatus according to a first preferred

enbodi nent of the present inventi o{r;'gg g%#% conpri ses a conputer system
and a synthesis system The conput @g’ﬁ{ l)rrpri ses, as best shown in
Fig. 1, a conputer 1 and an interface 2, the said conputer 1 being

ConneCt ed hd HprdnkT 4 WRildI thehtertacé 2 is cofractdd %%Mcﬁﬂe pWasl séurdds, nter 4 while the
interface 2 itheCRNCassBitbel Q:oﬁﬁpnif&l éystGJnestdistenW@d urﬁ%r;ﬁﬁ:n@b of T8 Gocth® \poferred
described emBIUithéAt ofihS Lprd¥brit Snvehtdd whidR lwally el désbribeld Gatdd) @Atk GEedOh cantfof @@ NArious
preferred quwbiad.nent of the present invention which will be described
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synt hesi zi ageaafigpant7 Uz psiicalion dnit 8Fa geezé-dryigpnil & @deating sledivmycdolingnegliuntcircalatingw
mat eri al , weititfenwashrsdivenbsuppiy unisU@pd gn exhiaust/dgainage wnitd€t i on unit 7, a

purifi cati on luffietfirs jembodiment gtethe] ppsentyinvantian, g finah pladust Divey byeltt eutgnested)| sypipesizing
medi um ¢ r @eRastysrig dirested manly i guagiac: %P'?d?'ﬂdugtﬂﬂ e pRpretug B sonepsigped that various
exhaust / dr &rogedyes iakes Place sequantiakycin pne way in tp Sesie the punplyinib B aetepctiphynitif; then
a final proyifiest '°'g PR apd therHeozerfindngatntt P ©\aive R URLProdyct W'@ﬁbérp&”ﬂ&‘eq gynthesized

directed n#l avvater qube prod ndthe p ratu esl ned
]E hat Yﬂ‘r ! Ogs rm 3 %}?%&qﬁ its can l%gi ollg)gg d ep::a %ﬁ g
i Lgn} r egzz_ am gﬁt 3% %ﬂ% 8 E ich of "E&‘%}; gsathe R diu

i =S re lon
synt he5| ze r|f| Ln t Stﬁ? B&Yrale e hitlc% s£ ioft €
conreft ed, \Elﬁhé 9 I n corrpu er orms a
control Hni t atof gech oﬂﬁe& aeen.emur .ew%raeaﬁbeeqwdgéubed and oper at ed
according to Iibfé?ﬁr@% i) 5t Bl miafdridl, rBdgSit @hd Slveht MapghOuRR 6 Rprses MAGEapLAdte supply
service UNigbices B6Aana0 R6m ARk HifdierTRAW mEBrEIGOpPIBd IRLHIFSRENC brodotthaihed \@IumB) The
10, the wastppiydeVies120ASig ey onddrta phitaligyof] forloRantpie) saven, retemsil3 N taIRAZ fod chntalning
reacti on Umdw métedendh $udie af)Lior dxample,i aminoUsdid ddivatiges, brel the stpply devide t20B aemdespiwb S h
the reachi cesersold RKiirand REZifor containing ravsroatertal B much fas, dorxaphlec ketd-dcidsi Ehetrévematerial A
f r eeze- dr yiisnguaotified tod for 2gample, 5Tihk antkthairéve meteriat &l quéantitiddcto,/far exemple.utd ms. thasb |
now be des oredéterchined disantitiba of the ravketaterial iAnandt B begysupplied tth @ firsh ypaetion daskF1 which
reagent andProdk parhet tha gubsequantfeaction wnifvp Mhesidentieahwplumard thepeesoltipnsag bel awpsseed bpOA

and“~20B fr &wetln-ch different raw material is supplied in a different
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t he f|4s Rrawyiiquid mediyn gupbtas fthe waghieg liaid Bnd/er wiiste gesoe from rthet flow lihesrrenrsdte® wittnitle

t her ef or ¥arioustnts and fig.digchargathe Wale inte @ waste callealing vesseh9hr edet er mi ned vol une by
t he vol unet' PP geauense of\aperating Rreraduses| of sepplying Hievew malpdpl, Teagent ensksolventiitiating ey | t
to be tr S UBHS ‘Eeé‘a'mf Fuifyjeg ?deﬂ?“'ﬂjﬂe reguliant progugt isriustrated in the dlow ahartef Fig. 1Siand | ar
in st Trsbjc sLﬁa o cgﬁ‘%%gqt?é ‘;5 éetf“Pr"é he SAMPURSclirieinafters each of the | saauentiaRplacke nd

RF2 oft HS"P 4y ‘?J%Hssf’ Figs. 4 and 5 and, therefore, like

20 refer s used |n Figs. 4 and 5 are enployed for |ike parts of
t he flasgaﬁﬁfagﬂﬁﬁﬁke sake of breV|ty The solvents contained in the

r eservoi rspﬁfgmp&g iAiRin %amof%?er ae5d a Iumetr
VTS g MR ot tifoo ) <fick ﬁfﬂ?@ &;@L@ %f,ipﬂga“ hﬁ:ﬂ? 1;@11,, '3’PF4
| S concepdeh @tptutbd & ut%mEﬁ.ali yadil 36aéi<f fféhggﬁs The
process is to be termnated is determ ned by the 25 detectlon of the
presence or absence of vapor, with the use of the sensor 43 as hereinbefore
described. The concentrate within the flask is processed through the
filters FL1 and FL2 and is then storeq’ln a trap 63 before it is
subsequently circulated to CPC through the rotary valve RV5 by way of a
line [err]. The flask RF4 is connected through a condenser 65 with a waste
storage vessel 66 for the storage of a waste discharged thereto through the
condenser 65. 30 Even | n CPC deV| ce, aI | flow lines are connected with



transferred to the freeze-drying unit 9, shown in Fig. 9, and are, after
havi ng been introduced into evapor@;gﬁgzi\éﬁéfl s FK1 to FK6 through a line
[err] freeze-dried. Each of the ve o0 FK6 has a 34 stirrer STl to
ST6 positioned therebelow and is connected with a freeze-drier 70. The
heat i ng n@éhhﬁ#&ﬁ&&ub&@ldm@ldm‘(a?l rculating unit 10 is of such a structure as
shown in Fig. 10 and conprises a heating nedi um storage vessel 71 for

cont ai ni ng tihe rumdérs 1vf tHEL@sendirs dordiitigathd row MG rd&eMe and Zoliedts 6 iHpatedi tBQ

t he cool i nepreserd ithsravo maedal réagénts dndabiventst Alcémbikfiontdt ghe r3Bmbietial @bt reazted iand)the he
t enper aé ursequerce tatecspadified CTha tcentemttiinasoivant toktiraatidn ibe usess @breusé bf the gdH adjystiag gem
74 for punpipodgfyiogmetbéd (HREC émdéat CPE) andhitie dieslving golvbit aneshileatefl.r om t he associ at ed
vessel 71 or 72 to the flasks RFl1 to RF4. The wash-sol vent supply unit 11

i s best sﬁmmeiBnclHStg(COmaute;mmemﬁdtlmwis@: wat er tank 80, a nethanol tank 81
and a di aphragm punp 82 for suppl wat er or methanol fromthe associ ated
tank 80"%r gHeivarious gargmgters inputief g Plb(%@@ (1Nend) () gretaY storpd in, e jcpmyRuter Memery ange
exhaust/dﬁﬂl?ﬁ;@ﬂﬁdm&"”hﬂ'ﬁqﬁ“ﬂest shown in Fig. 12 and conprises a di aphragm
punp 90 operable to draw i quid nedium such as the washing |iquid and/or
wast e gas%g %P‘@rﬁ%"éét?’%w | i nes connect ed W|th the various units and to

di schar e th@ ¥¥‘?§ The sequence of

Smnands ofb S & v .ﬁcto'a es? oy
oper ati g pr ﬁ;{g 93\%? ol n%‘ie i ool SRLE 0l
i at i gl B R QZ) raséox. s Wdopeddl s h
product i gyd dth'étd’pét% ) ﬂtké lﬁc ﬁ\&tfon n’d& of @d&ﬁ’on' rratéridf i 'uﬂE’adeHFrom
aceerdi ng teOinsut RECHEH fAED §%§qub‘r&e'dﬂnt¥o ﬁbﬁomb”c&icenﬂdﬁ’&n&hﬁb@fst &fried ¥BE kheAssdcidd
sequent palprogbddfek 1he) s6lenes bl s MiphedOWnSBaRE seNent-briractidd aMd ihb PPEadlisrieHE &6
Data | np%eqﬁ#dﬂ?ksté&}:ftraﬁ’éléfﬁdgﬂﬁﬁld RSJaiB® bt The sel6dtiblofMHPLE NP OB @RI tisselingQsdiveit
each of t leactamnplished by svitchity the sssauipdivalyestabsdrdingacs én ingut Edmntaadist ant s and t he
substituent constants are inputted to the conputer. The physical paraneters
whi ch hav &obmetric Megsubierd amt SupplyBlode): cal |y cal | ed back froma floppy disk.
8 ERsO 332 452 Bl Command, Sequence | nput. Bl.ock (2): The nunbers of the
reservoi rs domsapnse tyysigrals froatwhwaqqemcaIcontnoeageqqtegivanebnmoIaoe pipsureaefethg splaneid ed
to repr esepye aspambliepqspagialed Wil the raw-roateriels reagent and isoleant supphnuritchhasd iherreastionamit 7 he
r aw rmt er jag coptpligsband calsor el ament ¢fithe rew matedal loRedntmduced jflodhe feation fiagks is metered
col€ent rataF‘ﬁﬁ""gé‘bih%%?“té'ﬂ'tat%‘!1“6&33"'9H%b?!‘§€a%?°“?1’6n use of the pH adjusting

tep, t# HPL /or CPC d the di | | vent

Sl oot od. "SHUPRFE t@tqe*%v%s«%%ﬁg%{l -r%m)r)y & Fl oppy 'D-Sit’)v' 0 The

various pa Fa%n% sQ&% rgs fv&l u% I ti()rq' )co%pegtréhﬁ) a%% extlaactlon %%%g%d {pl the
I

conput er Y ’
Bl ock (3{‘}) ::,Em 'f' ds ar'e o %F%Har ggﬁ.g to a seq utg?t
program e nunbers of the reservoirs cont ai ni ng the raw mat eri aI

reagents ﬁnlﬁphgmscoa&@onmakumgthed at the Conmand, Sequence |nput bl ock
(Z)Vt he associ ated supply sequence is skipped to allow the next succeeding

operati on t Ornbadn6wiRy genéral rdddfonGaiik BétiebrdRdsAD € vateif subbiinfehtetondtadst | on nateri al
is uploaded fromthe |Input section into a sequence control table. If no
concentration input is carried out, the associated 20 procedure in the
sequence table is skipped. Were the sol vkgt extraction and the pH

adj ustnent are required, a step Af+tBansferringMli quid is carried out. The
sel ection of HPLC, CPC and t he di ssol vi ngksgl vent is acconplished by

swi tchifhg the associ ated val ves according to an i nput command. Vol unetric
Measur enent and Sup pI& Block (5): 25 1In res onse to signals fromthe
sequence éfd'i'&fntmm"%b Y of reaqt ‘P'\‘/E’ tEFb “ﬁ‘g“ Py eanstad o ko) aRdirgitadathg o
assenbl i eS8 (5’8 ;F\tuent? r“?ea?m'aqeeﬁ'@'é ﬁ‘fe %[Wﬂcaé 8?’\?@1’?? stored i S’l“’

unit 6 anH‘eqﬁl’g 5‘@3 t@eﬁw ?}?FQ;’ p moynt o
CO centr e _ini %ra
raw i g qta;ea %ﬁ“‘t e ﬁmarl %?ﬁ%siﬁ &‘*1 9‘“3' ng
to the Ou | %hﬁg ent( he
Concentrat,éa%n ca, ns assom ate res ec | ﬁ
with the reaction, concentratlon and extractlon in each of the reactlon
unit 7sand,1t=he_mjr|f|cat|on unit 8 are all driven by signals fromthe
sequence control and the 35 reaction control. Optinmum Reaction Condition
Calculation (7): The follow ng general reaction fornula corresponds to a
variety of substituent constants. !



40 [err] 45 If the rate constant [err] of reaction to the product Mand the
equi libriumconstant [err] are i r%ué‘gﬁd t reacti on constant can be

cal cul ated and stored in the stor he physical constants stored in
the nenory, [err] K for the substltuent constants can be cal cul ated. 50
The conc agdclickidonifol Bfocit @ reaction reagent (R), and the initial
concentration and the volune of the m xture of the raw material which have
been speci fTheeatdyt which @EIvBaYEnt i$ HJAEd a5 Atdnninsd &tk Bieck A lid fveRad itopulsb 3igral | N
conbi nat whith Wi ih Rurh @Bdd] 1Bredntté) th Blelioid edhiei 238bmiblyTEhed conteh@atioh iafd thie etracidn0sé t

(R) i ss aedxbeded inrjesygndeie & eawband igesesatatedd a assult lof intogatidn batveses atie contenidation

cal cul at eshsorShe thérmodauple 43) & e BQMI-iHGIA HolndRxyasensonvePeciivelp| In Bheo event &) the The
rate at wheende of the conaagd.fbo ¢optral shifsdo the nele susceedlingblockt t he bl ock (7) is
converted into a pulse signal which is in turn used to control the sol enoid
val ve as Hesting. \pooling & Regiced RrepsureiBlask @d t he extraction are 5 executed in
resporiée to a commndg(!;enerat ed as a result of interro atlon bet ween t he

concent r at i 9f "eiAg g cqding-oftthe- flgsk EPHI" ;J;%W SFF?H'a'!’Héhq l‘ gd"‘P chﬁd’ﬂ?l'ﬂ%\r

IVS

sensor, ok q3eh ef\ e first ged ¢

control gﬁ §°“P?5‘"i“r;g °h¥£'§t"‘°§ b*aa'?enﬁ'rum" Rassp@ﬁﬁé %% - aﬁfge Fﬂz‘e&m
Pressure “EB IRTEPHE '[?'hg or cooling of the flask is carri ed out
by ci reu ating medi um or the cooling mediumthrough the jacket
of each E@Fﬁlt:%gn %'Qér?(s(itﬁand second reaction flasks. In response to a signal

i ndi cative ﬂ%&rﬁ@aﬂ&?ﬂrﬁ&%h@e& APLOdiovicl TPERMAERIN aQlystbr? 6r SRtertrd oM andtddflic or

asseel at gglcs RO bdlustidnt, Gnd@ HPEGTEhY OPE &Rl t2bd StheP Bdloctiefy B IR S8ibsCeohfeeidg ! NJ
punp i ekmisken. 15 Puri fication Bl ock (10): The purification unit conprises

HPLC devi ce, CPC device and a system of concentration and acidic or basic
sol ut i onmawjial &tPrsaindt JudyesledtiBlock @nd CPC can be used either selectively or in
series connected 20 fashion. Material & Product Judgenent Block (11): The
conmponent [Tbekonfonért @eakl afi dhet eluwhiudhgell frano HPLEPOr(CRY is GRYecteds andabeessn@cheainas thée
sane peaketeationt e 6f3he rawtreqwdriabin intioduged fo thén astenvelioainge sactidn. iThe paak hte Eerified 0

t he wast erodust Isaised tn galeninte he purityTind visldzok the forodie by detérininiad therrejationshipi bstwaeretie t o
cal cul at itensit opthe peals, itihete igiaciegk appearingein thedliglizorhogd. anck tee refenfion gime.he

re| af i onshiVWerschaiied tha pudtyi ane Brrsvield exeged aiflasitsd xalue, the resyiiantfrgetionds iteaglced into

ap Ere’ar | n%" fsﬂ'a‘l"ﬁ @ng) 8??%@1"% Segdion- Dadhe pther hag i theopprity; isrlowen, gy the gesired value; #c
puri t y° aff@" t'&“i?@‘éﬂ“rf%deﬂ()%[? E the resul tant fractjion is

i nt r oduced '“ ﬂ? 'gf? ?F’bﬁ‘p%ﬁa‘{gﬁ gj" °°dd’¥° fha dsolstqResPeiRa ng,
if the pf? and |§mF’3WE’r Y8 i gy 'Pe r3pg o & St%{t"?dhesgpta‘?fgl 9POY&nerated to
t he puri wagt?hloap T5;?ect ion for refinenent. If the yield is lower than an
expectsed val ue (t e resultant fraction is introduced into the isolation

section anGye &w hiibriaP #488on. bd'BeterMingd erf'?é blb& ( %5 %%s§ %l\%moﬁ*eﬁﬁlﬁ@fﬂe [

re-start jifd alolf ink¥dik e iwakle BSIBGIRS Sectiohdt Iock (12 5 The raw materi al
fraetion, as determned at the bl ock (11) and t he wash-sol vent for washing

t he fIovwsbmmsmﬁwreezah}ymbmoepﬁ@ged to the waste collecting section.

| sol atse on and Freeze-drying Block (13): 40 The resultant fraction is

i nt r oduced The tesultalitdraction Bdrt@tiucedinaissbmraicnvesscis@nd driéd. her ei nbef or e

descri bed, Asrheteinbeforb|dasdribat éndthe [Hjostratet] Lepparatess pespdclivecsignaly rf@nsthé varioud bensors
vari ous etalied insthé arsodigiddantitd are inbudted togirctompeter sorihat Hhe egnepulen cantcorta the sdghence
conput er oknperafiens aqcprding torpyueatam urigadedimthe gpmpubes sequence of operati ons

accor df ng tibtha apeays:afihe pregen dnertien. shee thorgpmolss for gpptaining the rew materigbaeagels of
the pr esé’ﬁ’t'e?cﬁ?lb??!VP'&ﬁa'°§f“H[9@d1!9° cpratinatios; of dherfisst apdspcend,fiesks RFhand: B2 makessk | al |
r eagent s PeRFRie funeEiprMIhe SygihgsisRracess iclud P igpumnaber gh3h #8881 on of the first
and second '??tﬁeéﬁ’g’d?{ﬁ'f%??ﬁ°ﬂ?a2t?l’dﬁl'et§°§ I8 83JPIO%E0 perform the synt hesis

process i ncl udi ng a maxi mum nunber of six steps. In other words, the steps
of reaction for ttffygtpe(séf IS ps fo&l ow.s.”59" Pirst Step

X —-?-‘-E——Y sssscesseee Second Step

Y ——-’———H J P 000000 Third step

10



A + B+ [err] X [Jerr] 55y [err] 10 EP 0 332 452 B1 The sol ution
reacti on shown by the above gener géﬁng‘;‘%? the raw material A and B or
an internediate X forned by addi ng Dt Lral ity of conpounds A B and C
to react therewith (the first step reaction) is further processed to give F

and G (the sepOSltist Pdbtion Tshwr BF Uhd Abdve Ygehetat rdheRilds,Ninb Ntaw niialJA tAd TR @F tan

t her ew t h idtétRb&ay XidmédDbyadding DA€ a pibialityl ofSdoPdundd R, Brand © ta Redctihgidwith @R Mt\stepNE
of the reagmtidn) isGathad prédosded toaghd Fad\GE(iHe. seddn@ sep)0THebsulkdit Riswided Withahadd JOob

t he st eps reat harawithrtheratiyeol form dhehe akinitssep)) & FCG and J ecly be anypone 95the @eagent] cetalpstbe
r eact eds waed selvent Jhe iptoduct obigidedinteach bicthe 1stepy IsBin@bieatadaumderratmagpheric toh esdided sk .
The fi nal |pyespue andicemibe regntadi whan preaghutis adriad tothe inteimerietd ramainingdothbflaskt | on of
the sol vent ®wtfinaltytriutiied reqelion Reeditct GRCbe rrfinedaty & ¢rowination of-thg solgent sitrediom ¢iPLA
HPLC char tandfPE ard. peshowh inrfFigyil 4 shewing ap HBEC eha of the regetiop mixturq afier e refinemseninthar
can be obtfigd pewdapganibe aktinadPy: deteciingthe egak tof, the reaghiani Rﬁ?ﬂuﬁr%ﬁﬂﬂ’b for &wcapmaegs!

t he raw?neaYBe.Spraagng e kaction and pngiering 1o fepee-dryingiiton and transferring to a

freeze-drying unit. Experinental 1 Synthesis of
N-car boxyrfé?—egmlﬂlphenyl al ani ne Di sodium Salt A solution of L-phenylal ani ne

tert-butyles et te | ! |, ch was stored in the reservoir RAL
of the u °s'°? %‘ ot Q'O eﬁh Sfedet er mi ned vol une (5 [err],

ey S B R g0

uni t 7 t hr,ougbd e ﬁﬁi %ﬁh%&'s r'P81%A¢ W h¥n &dlitto the fide Le%& o flask Fﬁ#'oﬂihbon
of “ghy oxylradenaamnﬁl 71 thtough He2ddlendi® 1ah3 kedembHHOE L, Véfilafl}, A sBRltidnbf bRy icCRI i 80%
RK1, Wa® Guétidhdl,vinRH wad stored nBRkeleSsrbir IRKY), weelquuﬁme& 10a bioBeidrminGd vifned10 AETONES
and was t eimmdlf &naeEBeh intidacst o thé firsttredc@maldk®K1f | ask RKL. Wthin the first
reaction f| awinifRtka first Feaction Madki R, thib XdadloR riidtGre Wab Btirdd af foomOBMpdrAuR a6 ahidli @,

t o whi ch aolstivh wt sailumodyarbetohydhideyid methanobihich was dn the res@tdireRR1| of Weiredationvamits andt he
reser voi r waikiheofquértiifiedr e aec predetermined wlumed(20vare, DHhétng,(RE8iinbl) wes subsemuently added

pr edet e midrpwise inl anrheur(while ednirolied h5Be geedid, vBige NWhard theacomputbrs Aty dhetrbaetionchaidare 25
dr opwi se ihad &eenhaitred foni1P eninutast subdehusrt 19\the Hropwisss alddiion; dhey tsaqiion liquististiedeby the
conput er . dmphragm piep intodee sasendiipaction flasBER- Heévg residue whigh wesr oblained by, grmexing the
subsequentsoent a0 GrungarireducesRipssure and subeeapently. 90ing. PF% lirl'fH°’P%°3‘F°eﬁf'dH¥"'f'91E9°"

di &phr agm 1“ﬁf%§°’t'<r\fe“"s3e°es ﬁ'ePS?"é!a'&‘v thﬂfier‘ ikpfwfm

bq"‘% o et%?”ﬁ i ?%ﬂ“ wgﬁg % %WPW%’;E%
o oo gl {hg&g%iﬁ e S } i a&ﬁ T ;vmveéf%meéz

tenper at Uig,3 ﬁ\%ﬁeé %G&dc&ﬁto%&&d&%r:}%& L3RG a%ﬁa’pﬁr& nﬁH Aﬂé}q Iayer I unﬂ
manner si ikad Béon laflovlel o LtHASH B d ffnef 28SorSdaber4t Hinu rbnl?‘l’lﬁ%ﬂé%ﬁ@ yor [
reskdue Wasiuto a8 dntidbiuch @'t he fdsk HF3 3fee trdt g5 adjuébneh§ rw o 8dedoratRe ﬁaﬂﬁaua

sol uti on ®bundidy SeHLULS. teH the Ml Rallel Rud[RER Adjuswhit€ BH 10,CknB &R&H aSSiigHt &rholirtd of iRyl
reser voir abitde midd fitidminaied Riid Sedipusainby MModiig Ak itd el fByseldifl mites) the tsbidtion was

vol unet r i dntbduoeds tdVErS inftiaitkedVipartition cchpeatographicy coluverr ¢n 86 casedalette tarivative nbe Indkre.
The two- | aliseyssigs Amberlita XAB-2t(25ex S08cwmidvas @sedtandelutbd withkwalltir and)after peks differérafromg
been st i r theda¥w metedal hidbeee solle¢tert and dnaerediriedy 0.83fcg §8.p%) eitN-carpokymethy|-L-Bi®nylaidning a
di aphr agmdisediysn satfhydrate) wes abiginod iayherform dhaipevdend been al l owed to stand in the
separ at¥ng funnel 28 for_several mnutes and had only the aqueous |ayer

solution was introduced to tt\anénkumw&!sa&lc,ﬁcﬁwémnnﬁd)e pH adj ust ment) by

the use of the liquid-If ALY SET$oT - et 1..c pH val ue had
been adjusted to pH 10, ulgeg:a Ziggght grﬁ(ggnt Oih‘jg; | 40 acetate
m xed t£ere| n had been kefdlfad by i nd HF45% o sever al

m nutes, the solution was i ntroduced to an initialized partltlon

chr omat ograpiﬂM% 308H W = 7Hz), 3.25@HSASS3OH.dY REHY.S138(BHDr.Y)e now under di scussi on,
Anber | it e XAMlispdigspRing inSaighitagantips of water ehdzadidificatagtwith 3Mihydrochieticacidunder cadlingthe
peaks di f dispdiym sattolyas Nserbexymethidrl-Bhanyiplanineces psplprlespnaediet ed and freeze-dri ed,
0.838 gs(73.5% of N carboxynethyl-L-phenyl al ani ne di sodi um salt (hydrate)
was obtained in the formof a powder. 45 Elenental Analysis (for [err]

Cal cul at ed: C, 46. 32, H, 4. 60, N; 4. 91 % Found: C, 46. 51,

H;, 4. 52, N, 4.88 %50 NVR 3.03(2H,dJ = 7Hz), 3.25(2H,S), 3.53(1 HdJ =
7Hz), 7.38(5H, brs) After dissolving in a slight quantity of water and
acidificated with 3M hydrochloric acidnder cooling the




di sodi um salt gi ves N-carboxynet hyl - L- phenyl al ani ne as a col orl ess needl e.
55 EP 0 332 452 Bl El enent al [err] Cal cul at ed: C; 59. 19,
H 5.87, N;6.27 % Found: ?@aééﬁl&ﬁ(% N;6.33 %5 [err](C =
0.97, 1 Mchloride) (Uterature +[err] Experlrrental 2 10 Synt hesi s of

N- (1- sodi oxycar bonyl - n- pgRtyH—ti-serevet-re—tert—-btt ster A solution of
L-i sol euci ne tert-butyl e$tpr §l?@?’&?'é"§'¥f'sr§fﬁ't¢ta'f'ﬂeﬂo4)a sof ution of sodium

2- ket ocaproate i n nethan P|Ca|caat8d3| Uisone, Of Hssdd] inv;g.aeopor ohydride in

met hanol and an aqueous $@buddt on PT;50.18M S5 Ui Ng s %wx| de were contained in
t he respectlve reservmrs—WﬁTe ontrofred by the computer, the raw

materi al s Ld ‘M’-ch‘?‘n eg%fndterat% nl&eeq amount with the vol umetric
uc

tube and t n |n Into PRSP reactlon flask RF1. Sodi um

cyanobor%@sol utlon whi ch had been quantified to a predeterm ned
vol une ( T 2.67 rrrml) with the volunetric tube, was added dropw se

to theé?r gapokio b NE1sbdibxgcarnishfin-pbiti)- IS8k LR teﬁ-fbulgylgﬁercormu'[ er at room

t enper at Ure. € reactrion mxture was stirre 20 m nutes at room 20

t enper at ur @ sofiérL6t Li-BRloucing Brt-bagRbthr &8tafin FREBAaCIOREEHOA rs6divml RiksiBcapaae it hen

t he sol v@Bthariols acs6Rfi @ tsbdlumi RERbboFERGMIAE th PBEIBEBLENG. an Tdaeecls SMiBOdi olaMByailinoXxi de
sol uti onh;kumxida Yoo @oiftaitEdcin ths fraspettiveOreservyoir hileecaniraliediby/ thé bomspufet, Ghe vy matetidts t he
use of° t ere ophniifieet 1oi & proddterminads amalait ditit the tvalemetds tutlel@nd Tar introduabd: et thadjseous
sol ut i onreagtien tiasknRA1n Seditne dyanplhorohydride Apibtion] which hedDoe2n oéntified 1 26 predda@dinedr)

and el ut eadume @hmERE7memdlawith |thet volugptie tubd avagiadded dropwisodo the resctish mixture under the

N- ’(~—1-fs odPegi o thisoepiputar Bcraeny tompeaiuens (The, tapetien mibtyre ey §Hired das 20 miptes a8 gedm t wo
fractimp n?mﬁmtuner Aoy the {ipgl adgition 0’0’9"'5'“ vaeb%nﬁidhédd {eefhg selyent iggvaporated under

di astere S“d;) fessugn, /g ) M‘é‘:u | u’f‘b”"f'?] yie hﬂ)(lle?e%r:s%ﬁ%' ‘UHF'E‘?‘:rj%G p’ﬂ"?‘?’g‘t's"‘:ﬁr"%l'd'?‘? on

0
e e T
1600, 15%'6“’?1585‘.9'5";6}“' &@"m °T’Jrh'° ; ggﬁy\e or gﬁ?’} S %;r‘.?ﬁ"*’t J =
6. 85Hz} g% % FEPfbingg). §'?L 2 " ﬂﬂf’(’é
1.40-1.6 m over | apped), 1.50(9H, s) 1 68- 1, 80(1H n) 40 2.93-2.96(1
H, dd, J —F-%l cﬂgﬁld 7.51 Hz) Second Fraction 45 Elenental Analysis (for [err]
Cal cul at e C, 59. 42, H;9.35, N 4.33 % Found: C, 59. 08, H; 9. 07,
N: 229 % 50 | RCKRr): 3420, 3320, 2960 2930 1720, 1580 1145 [err] (C =

095, B20) NWMR (ppmin [ errio—89t3tHt—3=6—76Hz—0—92(St , J=7. 26Hz) ,
'0.91(3H, d, J=6. 78Hz), 1.2p ﬁefa?ﬂ‘f% a!ﬁ's(f‘if% g '??E’f'é’ﬁ“ﬁ?)o er| apped),
1. 48(9H, s) , 1.65-1.80(1 Hopiculded®d( C:5¥bt,, P Ho.46, $oMirt %3] 16(1 H, d,J = 5.11
Hz) 12 EP 0 332 452 BlF¢second Bsebdkr| ekb.spniyadi.nent | The second
preferfed enbodi rrent differs Tromtnhe T1rst preferred enbodi ment in the
fol l ow ng KERRSS 2‘55@1%t{636t15@n{1g§y| ng device is added to the
regction urpjp . @ Faiepery by NY HPLC device is al so added
St NMR (ppm in D,0)3: 0.88(3H,t,J =6.85Hz), 0.90(3H,t,J =7.26Hz), 0.91(3H,d,J =6.42Hz), 1.20-1.40(6H,m),
1.40-1.65(2H,m,overlapped), 1.50(9H,s), 1.68-1.80(1H,m),
40 2.93-2.96(1H,dd.J=6.02
and 7.51Hz)

Second Fraction

Elemental Analysis (for C1sHaoNNaO4)

Calculated: | 5942, | H;9.35, | N4.33%
Found: C;59.08, H;9.07, N;4.29 %

50
IR(KRr): 3420, 3320, 2960, 2930, 1720, 1580, 1145
[«P*p-6.2° (C = 095, H20)
NMR (ppm in D20)s: 0.89(3H,t,J=6 76Hz), 0.92(3H,t,J =7.26Hz), 0.91(3H,d,J =6.76Hz), 1.20-1.40(6H,m),
1.40-1.65(2H,m,overlapped), 1.48(9H,s), 1.65-1.80(1H,m), 2.99(1H,t,J =6.35Hz), 3.16(1H,d,J =5.11Hz)
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From the foregoing description, it has now becone clear that the autonated
synt hesi s apparatus according to :ﬁ}e% 9e‘§§r%1 i nvention is effective to
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the liquid mediumfrom sources of the raw material, the reagent and the
solvent. 35 3 The apparatus as {,&e CI aim1l, wherein each of the
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hiter (ber eine Stronungsleitung verbunden ist; wobei der Rechner nit den
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entre |'unite et |'unite rdactio q%#ﬁgﬁb&ﬁnite de purification conprenant
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outre un dispositif d'introduction du liquide a partir de sources de
mat i bres premeres, de reactif et de solvant. 50 & Appareil selon |a
revendi cation 1, dans |equel chacun des reactours de |'unitWreactionnelle
caonprend un tube de refroidissement (112A, 112B, 11 2C) destine & refroidir
une~vapeur. 4. Appareil solon |a revendication 1, dans |oquel |a

canal i,gation de circuit conduisant a |'exterieur de chaque reactour dans

| "unite reactionnelle pour |'evacuation d un |iquide reactionnel en
provenant 65 conprend un filtre place dans | a canalisation. 5. Apparei
solon la revendication 1, dans | oquol chaque reacteur de |'unite

reactl onnell e conprend un dispositif de detection de condensation. 21
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mut uel | ement par des canalisations de circulation pour |le transport du

| i QUi de d'un r6acteur a un autre. s 7. Appareil selon |a revendication 1,

dans IPquel |a doubl e envel oppe placee | |'exterieur de chaque r6acteur a
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