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K = 0.47 exp ( 1.414 x Es )
ki = 9.57 oxp (6.0 x Es)

s5 where Es represents the substituent constant.
' The above and other objects as well as advantageous features and effects of the present invention will
be more apparent upon consideration of the following description of the preferred and exemplary embodi-
ments thereof taken, by way of example only, in conjunction with the accompanying drawings, in which:
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] The time 4 (i = 1.2, ...) for addition of the reagent means a reaction time intervening between the
sequential additions of the reagent, wherein 1, for example, represents a reaction time duration up to a time
point t1 at which the reagent is first to be added, and so forth. Accordingly, the total reaction time T is given
by the following expression:
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such as the substituent constant, in case a given chem cal reaction for.nula
is lacking in the reaction rate rhs%g;d the equilibriumconstant. A
ref erence nuneral 34 denotes an %t ction condition 35 cal cul ating
part which reads out the constant data such as the initial concentration of
the raw material m xture, the concentration of the reagent, the reaction
rate constant, the equi lnl brium constant and others for a designated
chem cal reactipn, for fgom the menory equi pnent 32 fqg,f@neby
cal culating the tin® -raddi ti on of the reagent and the vol une thereof so
t hat. tshe optimal conditions for the synthesis reaction defined by the
forrgta can be realized, wherein the results of the calculation are
suppl i ed t Futtes teysynbe ¥} ®pdsnsrisceime nd)tha pggent touis dtidedat teldh of the rtime fpoints &.
control Agebrdinghnttiedotal vblume Neof teapgent tode added ichrebecaypresspd aslbliowgint hesi s syst em of
the present invention shown in Fig. 1, the synthesis control apparatus 2
recei ves as the par er information indicating chem stry C.gi acteristics
of the synthesi¥% e LoNyto be controlled, the reaction*rat onst ant
[err], the equilibri¥m constant K (=[err]) or the reaction constant and the
substituent constant inputted through the constant data input part 31 and

45 stores th araneter infornption i the nenory. equi t .32. The nenory
caut pifbne e PR bR 1B s §rvoe Yo eepremnendf P B e el at | on
with ID (e.g. identification synbol) attached to each of the chem cal
reaction formul ae so t these constané data can readily be read out in an
arpitrary manner. T l(reagl'iion rlate c(al uf iQWS 33 ser.v'cg§)to

suppl ggrent t he YelcTygn rat é conggant” [gripy and the’ equi [i1brium constant K
for a chem cal reactTol formil a®desi gnated Tor the control, unless these
constant data are 50 available formthe nmenory, by determ ning themon the
basis of the reaction constant and the substituent constant. The opti num
reaction condition calculating part 34 calculates the reaction rate
constasmt [err] and thg—lg'quilibriu cgmgtant K gs well as the initial
concentration ofgthe Law tprialinr'r"i xture u\e;gtirre [err] for addition of
the reagent and the VeARIMe [ er 4] (of -tgoe) ERGent to be added for a cheni cal
reaction formula designa&ed for the processing. 55 The tinme [err] (i =
1,2, ...) for addition of the reagent neans a reaction tinme intervening

bet weéh t he sequenti al addi%’ms of the reagent, wherein to, for exanple,
represents a reaction tine a¥Vjon up to a tinme point [err] at which the
reagent is first to be addedl and so forth.lAccordi ngly, the total reaction
time T is given by ¥nk ¥ & ip#esionﬁ EP 0 335 628 Bl [err]
..... ) Further, the synbol [‘err] repr & the volune of the reagent to
be added at each of the tinme points [err]. Accordingly, the total volune Wt
of the agent to be addeq, o be expressed as follows: 10

(- (2) [err] 15 4 *n the alq_o‘yq(-e%pressi ons (1) and (2) ,[erxk)are given,

respectively, by the olyl aykng ones: [err] 20 25 [err]
30 [ewg] 35 [err] [err] [err] 40 45 where
the synbols used in the expressions (3) to (5) have the contents as
follows: [err]: reaction rate constant (in forward direction), 50 K:
equi | i brium constan®, A ¥, o /K o /K i-1
vi = ( ) ( l - ) 600.-(5)
4 y 1 +4 K 1+ /K

where the symbols used in the expressions (3) to (5) have the contents as follows:
kq: reaction rate constant (in forward direction),

50 K: equilibrium constant,

A: initial concentration of raw material mixture, .
a: ratio of concentration of intermediates as produced to theoretical equilibrium concentration
B: stoichiometrical ratio between the reagent and the intermediate, and

y: concentration of the reagent.

65 Now, an exemplary embodiment of the present invention will be described in detail. Fig. 2 shows in a
block diagram an arrangement of the automated synthesis system for performing a series of synthesis
process steps including the supply of raw materials, reagents and solvents, the synthesis reaction,
purification and fractional exiraction of a product in an automated manner. In the following, individual

6



¥

A initial concentration of raw material m xture, a: rati o of
concentration of internmedi ates as produced to theoretical equilibrium
concentration, B: stoi chionetri 0335628 Blet ween the reagent and the

internmediate, and y concentration of the reagent Now, an _
exenpl ar yy, ﬁ&.@&ﬂbﬁgju 63 lelukiBGedth ﬁé%ﬂfer 6f%‘%&&b&@ nithdrht r%ﬁ%FetoberCLoMam 5t !
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systemfor performng a series o synt esi s process st,eps I ncluding the

suppl y of chdinttOsgubbait 417 €agent s and sol vents, the synthesis reaction,
purificatton and fracrronal extraction of a product I n an aut omat ed manner.
I n tae fol | makidg dath Babh\ss théadonddntrations o RawIndteribid SndErbagdehits,Cd lesdtiod coastint Soltérlt ko be
el uci dat etile isynttiekie rezttibarof odncériyphysidabconstants suoies & kibstitiichbiedngteht b otRdrs) phiay of
conveni enthe reattiod @edndtthe mimimuRayigh tohtst atigiadd at thel indstare dnpitted thy vay of thisldetavepui ous
aprts w | pad. readi | y understood fromthe figure. Constant Data | nput Part
41 5 Desired data such as the concentrations of raw materials and reagents,
a react i ofequenss Tahie InpwtPart4ht to the synthesis reaction of concen, physical
constants such as a substituent constant and others, purity of the reaction
product, thé SPRYANPR,RPY jcantpining,th cordrok prpaodiye dar the whojecgyathesis, gro E'tdt‘e&a"B? ofay
of this dg™" ig PQ '“ﬂ‘i‘d“a!tﬁf’“%?-! rdffiees iy inpptied It%‘ thisy$aauange fable dnpuicnap 42.
table &b n't:'ﬁth?f rrt"raéﬁ"a' d sphnts;gfpn 8 a?ﬁﬂ?“ﬂ'é!’i"bth?) grtification; 1y g
a series B8 s’F’?j’ﬂ‘ﬁ't’ W@“‘Pﬁﬁl vidual control conditions is inputted
t hr ough tmrgo fable input part 42. 15 Further, the names of raw
mat eri al s—r—erggg-gﬁg—&aﬁd solvents are inputted in association with the

| dent i ) cat Hf B SdafipRbr 483k Sohslithed 3G o mq&tao\rrea&ss%%yﬁ soac%
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access ne rD ek A8l DBl cartermidifdn! df A tdw MaRki@ IRxtlls,Vthé BondsHirh mﬁ%f foaldn Y
di sk devi fefctiod cénd@nt] thk QuBtilert RoNsBAt Ardl otfidrdbd W 5&1%\6%‘1996%&1@ i ImaRing BRI €r' S
such as t failabeifdrivBizatidn esiatdsioh realiree] Andextmipl BBthe sdgaéncHtabloUs Showh IMEFig. 3 in the
concents afboinosi aGbquesagimihg chdrfie reacti on constant, the substituent constant
and others as well as the sequence table for maki ng them avail abl e for
utilizat i Seguerms CodrollesAbn requi res. An exanpl e of the sequence table is
shown in Fig. 3 in the 25 formof a sequence/timng chart. Sequence

Cont rol | er J4His Fériuence sonirolins d4 exagutesoihp epntraliprecedure; ardsthe fndividuah contrbls designeted ine
and t heo i felpaapengaiable {ig- Boip dhereby isgpagersgprindingoperatien aopaedice table (Fig. 3) to
t her eby i ssU@er GriveSioiA dPh dnataairaresny ﬂa@QﬁﬁP&'ﬁﬂ’S’"d“\ﬂh@nfh% ifepificagipn ynaber alivfhe
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extt act i Of2cétlank @lthsﬂl n o th SSE ?1
transf g ihjBdtioh bAHS REdctaRt miidde I%QE@§§rfréa%or?¥ﬁﬁHtﬁ exe% @GﬁdeP@orFPr difshibeo ggh
per f or Mangguentiddpd iCaErRRELte GibRiR iilputtdeiom {dab L gl otk Idtatbang)vsbrsrarramg-
raphy) amdqamqaemehaplda@ctﬁglsmatab@cérﬂattoha rbvd bhigisll Ng a corresponding
val ve swtching instruction in accordance with the command. Vol unetric
nmeasur e meRdw, Ma@ialReagean#Solvent Sapply Rexttasact i on of the sol vent and 40 injection
of theseactant mxture into the purification system are executed under
control at uesersditntiesianaldssusd fomeths sdanence spnrolise 44, thesimynnilof a ealition bit thelraivr om
a G L (gargaterialsigympesuigd witil heyaidieftteecsignalyfioms tha Sk sensor \while ¢dntreliing dhe- corrpspanding

i nterf aceval!%?'é?ﬁqpﬂ'@‘}ms‘b?\@eﬂs“f%s%ﬁ't@mrf@n|"t§‘ﬁdl§@}hf9@rf°m flatkher s. Raw

Mat eri al / Rea%ent/SoI vent Supply Part 45
s0 Reaction/Concentration/Exiraction Maneuvering Part 46

Operations for the reaction, the concentration and the extraction are activated in response to the signals
from the sequence controller 44 and a reaction controller 49 (described hereinatter).

55 Reaction Speed Calculating Part 47

Upon input of the reaction rate constants (ki) and the equilibrium constants (K = ki/k-1) for a product
corresponding to several substituent constants in the following chemical reaction formula
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45 In response to the signal issued fromthe sequence controller 44, the
anount of a solution of the raw materials is neasured with the aid of the
signal fromthe GL sensor while F@&Wi% t he correspondi ng val ve on/ of f
operation, the nmeasured solution being then introduced to a reaction flask.
50 Reaction/Concentration/Extraction Maneuvering Part 46 Operations for
the reaction, the concentration and the gxtraction are activated in
response to the si ghals fromthe sequenclél controller 44 and a reaction
control ler 49 (described hereingf{eg) —55Reaggti on Speed Cal cul ating Part
47 Upop. I nput of the reaction rate co q?’[err]) and the equilibrium
consant s (K =T[err]) for a product corrdspondi ng to several substituent
constants in the foll ow ng chem cal reaction forrmula 7 EP 0 336 628 B1
[err] t hine physibicahstantsrsachoasttis satidn ddsstinisaand ethars are prithetisdiiy MbBrmined tobdedred ar e
ari t hnet indisd hemathesaquipmentald. Qrothdiasis tobthese physictllvenstaptssitoyed duthé pemery edlibme@3t he
basi s 1of the lvesstanisHy sind & carrespotdingt to astumbediofi the subetitueptrennstands) are waiguisted! Broudt) t he
const ant mveree priceduneitolie suhspqueniystdred dn the memery adminmeptf43t he substi t uent
constants are calculated through reverse procedure to be subsequently
stored i Qrinun Reag adifion SaeuiptingiPart 48t | num Reacti on Condition Cal cul ati ng
Part 48 15 Concentratlon of the reagent (R) for the reaction and the

initidf cor?@@ﬁ?f"faﬁ?'l efrih %W%ﬁ r‘i°%ﬂ°"tfﬁ"9& iFFé’°'H't"% of 18 #Hut

\ttﬁgretegﬁr R *?Fe@%‘?" %{‘g {ot?: t %Wd“etg'gﬂw??{ ;‘m 8 o PS “Silf:‘gz:;added

in the ulf P%’F‘?ﬁ IR &N e eedi ng reaction phase are calculated. 20 M+ R P
React | ,on trgller 49 This reaction controller 49 regul ates the reagent
addition rate by adjusting the opening degree of the 25 correspondi ng val ve
by drivi RgacMdniddnfonsldose-11ke current. For the concentration and the
extracti om—the—executi on command is issued on the basis of the results of
det ecti on G PébcfonXontfolld? 40 sHuRR ErdtrbayBnt SAIA raté Byl adjliving-thé. ofehIRG Aegred BARY/ €T ,

I Nt hes Caw@spdhding vaRa by driving Wit £ pulsdaiRscuRit. .+ equi re such executi on conmand,

t he procesFoifie tohcgnti#tion énd the xtradini, tHeBHALERVA @orBiard.is iSdlied bicthé bAsSI3@F thy/ Bssulty b7
Suppl y PastéctiGrOoutputs efithb eoncandiicnrsemsor and dradl-lasensdr.Howvbvec, il thé eabe ioha eaction ahiprack et
t ube of Udes noteenuire suoh bxeaditn éopmandh ¢hetpeanbssing isjumped ¢d a meyt selvenexcdtep. | N r esponse
to a signal commandi ng the concentration or a signal comrandi ng transfer of
t he s@b uteayGool/¥®uyrh SupplyRadi5Bt ed val ves are opened or closed with a vacuum
punp being driven. Purification Part 51 The purification part includes the
HPLC, CPC, Adwine meriumiong coplantis circyiated thygh %Iac'@bﬂ"%& H e %T%é'?#krf@f “lﬁd‘eéttﬂﬂ Pe m
wher ei n g@!'@étqﬂt?ﬁ of t he HPLC or CPC or Q eratlon of themin the ser

connect i on N ©spopse Fé@“&% (ling th 'P%ﬂ‘tf’&’t‘a"f"ﬂ%ﬁ‘l"tsﬁe'f o de s(fi't'tt"if’art
52 45% e pRegaiet fpives e ipsed 8H%°H't'2"‘ét?pe'°°ti‘8 €®'ed with the aid of

HPLC or GBC. t:ﬁQﬁthgm t hose conponents exhi biting the peaks having a sane

duration ention time of the raw materials are introduced to a

NOR-r eact eqyd %EYgfﬁBigrﬁlncl LiPAPLC TREY 84 nﬁé’tmé%‘e%ﬁ‘sr iefp F@& bilidting The
w N

peak npagufmd SdietidH SMCHPLCSor P 6r7oF erof Brhtuh{?@sbrﬁ Li6 kdhbidtbd19
t he puri ;,&s,agd yi el d of the product aking into consi deratlon magni t ude

of the peak or the relation between t he magni tude of the 50 peak and the
r et ent i ORaw MB@ria/ProdeSiBentmaidA®art pEak nakes appearance in the vicinity of the
former. When The purity and the yield have exceeded the respective desired
val uesgs t heegks otk éffifenicotnpanants are detbater withitte aiddf HBIEIareBPCl whedsirpthasd warhponents
| sol at i oeshibitiag: the Perks havingasatne Gdraori s dhei rterdiom imes pirthd tawm)ateri@s atelimroddche:to dhand,
non-reacted raw material wastage reservoir 53 (described hereinafter).
The peak measured for the product is utilized for arithmetically determining the purity and yield of the
product by taking into consideration magnitude of the peak or the relation between the magnitude of the
s0 peak and the retention time in case another peak makes appearance in the vicinity of the former.
When the purity and the yield have exceeded the respective desired values, the product fraction of
concern is introduced to a product isolationffractionation part 54 (described hereinafter). On the other hand,
when the purity is lower than the desired vaiue, a signal commanding re-purification is issued to the
purification part 51.
55 When the yield is lower than an expected value, the product fraction is introduced to the fractional
extraction part and at the same time a re-synthesis operation start command is issued to the memory
squipment 43.




when the purity is |lower than the desired value, a signal commandi ng
re-purification is issued to the ri%#gﬁhiqn part 51. 55 When the yield
is lower than'an expected val ue, & fraction is introduced to the
fractional extraction part and at the same tine a re-synthesis operation
ggnory equi pnent 43. 8 EP 0 335 628 Bl

start CONNRAEacked Haw MifoHal Whste art _
Non- reactet—Raw—rvht-er-r—aLWst-e—Pa t 53 The raw naterial fraction as

identified B fah)tratoRdl radibe bd BT RY Welrav FEBNABrbdiRL ilighiticRidh barP82 h8 thelwaShing
washi ng  seiukién Bithd &koctalba oW s kdlaff trddubdd iMd B RSerddirdordlattadent r oduced into a
reservair for wastage. 5 Product/Isolation/Fractionation Part 54 The

pr otct f Praduiciisdiiordfractibnationc@6ed | Nt o concentrate reservoirs provided for
every products and Tyophlized. 10 Purification/lsolation Condition

Gener ati ng Peg proBist Gactiofee arb distrogucedl inth @oncertiatet ieganvors providdd toheveyy pexductsaand
mat er i al styophliged.purity and the mnimumyield to be assured for the product
and the@ result of the pur|f| catl on, the conditions for controlling the
puri f i cat Pusificatiofnsolation i Ganerating £artie] er ni ned to thereby generate
appropriate control inf or mat i on. F| . 3 shows an _exanpl e of the seciuence

Cobl o ut i | 1 98 che basie ghthe setertion s of wetearfthrr)rrﬁsserrd AR Yl
the pr RN ?ﬂhtg?r g? pofictphl e 'EPe’ﬂ‘E@’ﬁgg"t th? oY tg e REHICRID g

sol ut | Shs =T Y TN exgutven Ayl ggmg e S piio S e D

(Yr eagent )embogrmentofthe present i n g S e % %J
at the 3rigaér%h's seqﬁ%“’ﬁ/ﬁ‘r"”e”s%"e‘cr |ca F’ f ﬁ:{i‘cﬁ P % y %en?rgvf/mhnﬁla&ep%f'ed ?&' and B
or=A, B an are added with D for reaction to thereby produce an
intermediate X (reaction at the first- stage), being followed by processing
of the internediate by adding F and G (at the second stage), whereupon Y as
derived is added with H and Jf(seagentdher reaction t t{tereb roduce an
end product P (atAth8 +H®d stager—Tm® Xditives®Ht ?'? F#%i'ﬁd J may be
reagents catal yst or soI vent. The product derived at. each stage may be
concentrated at a nor Sq(:<)r 40 reduced pressure, wherein the internediate
remaining within ghe ftt be caused to react ent added
thereto. In Fig. g ™TT NVE ZEer&r]) represents a t?ﬁlrr\qttr‘t‘g ?‘?)Kra'?ﬁeegcontrol and
"STEP" means individual steps included in the synthesis reaction

proces® ng. Furt her, "NE%SURENEI\I‘I’/ CONTROL" represents the content of

measur enent or copt r.QJ_P.f_Lastqd at each "STEP". Sagrithar3znd stage

" CALCULATI O\ DECI SI ON' represents con- 45 tents of the correspondi ng

cal cul ati on/ deci si on steps Fi g. 4 shows a structure of t he control program
for the

routin %s (elﬁ%e S e%ﬁcatélgll % of raw% rials Btean%ré wqa'[)r} lon to
o % UQH# En i Jé sgj of the
condit i Ortﬁte aaar %‘é(agi: i d Srau o od it v
e _consi gt at..an ¥y ko P 56, Far 1OVN
| WFi 9. 2maybelrEdeit 'é&ﬁlyQtQ»PQd hPﬁaQﬁJd@&% fed §tE‘JaI:H %e \y b@&h d bt ddnlybrded
for calg W&a&ﬂr@ Whoréhe i | iMEmbiii&e kéhrdining Qhithih Aene Ry %Btcatis&!i kd roadd Ghith 3
equi | i brirdgemeBdddanttetd and ot hers used as the reaction
In Fig. 3, "TIME (T,)" represents a timing for the control, and "STEP" means individual steps included
in the synthesis reaction processing. Further, "MEASUREMENT/CONTROL" represents the content of
_ measurement or conirol effected at each "STEP". Similarly "CALCULATION/DECISION" represents con-
45 tents of the corresponding calculation/decision steps.
Fig. 4 shows a structure of the control program for the embodiment shown in Fig. 2. Referting to Fig. 4,
a main input routine (I) is provided for inputting various data designating the conditions for the synthesis
process and thus implements the functions of the constant data input part 41 and the sequence table input
part 42 shown in Fig. 2. A reaction condition parameter setting routine (li) is provided for calculating and
50 sefling the reaction rate constant k; and the equilibrium constant K and others used as the reaction
condition parameters for the intended synthesis reaction given by a formula and thus realizes the function of
the reaction rate calculation part 47 shown in Fig. 2. A reaction control information generating routing (lll) is
provided for calculating the reagent addition time t; and the volume V; of the reagent to be added to thereby
generate the control information for the addition of the reagent and thus realizes the function of the optimum
56 reaction condition calculation part 48 shown in Fig. 2. A reaction product purificationfisolation condition
generating routine (IV) is provided for generating the contro! information for the purification and the isolation
in dependence on the desired values of purity and yield of the product derived as the resuit of the synthesis
reaction and thus realizes the function of the purification/isolation condition generating part 55 shown in Fig.
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condition paraneters for the intended synthesis reaction given by a fornula
and thus realizes,the function of the reaction rate calculation part 47
shown in Fig. 2. A reaction contFloP 3PP Bht i on generating routing (l1I11) is
provi ded for calculating the reagent addition tinme [err] and the vol une

f
it of ey caagalind f) Bl ”gg‘?:,%,ﬁ%gp RS fh e IR R B e o1

of the opt gk Rwadf the Halvided rcF&ﬂBQ 1 tb A9 vmuade%:aﬁadmnmaea&a.ﬂ@ BHBRNES tb Rigfllsqy 2. A
reacti omomoduct purification/isolation condition generating routine z Y]

Is previded for generating the control information for the purification and
t hexd-solnadn Iggut Reutiskeyendence on the desired val ues of purity and yield of

t he product derived as the result of the synthesis reaction and thus

real i zes thige 5f(@nshbwoa flof oft thempiniripbti rawine G)which dciutiesosteps @)l tat §-4)ntheg eantantstaf Ng
part 55 whkivam mentioRedgpelo®. EP O 335 628 Bl 2.. A main control routine (V)
serveq t o Aldhetstepl(-1).Hes dajainpubeneration i exscuécwhile watchingt an inpatrimadee THedrputkimage is he
cont r ol Provflest with piompiingt display ypaiens der djeplaying tvaripus fipros glemetng the inpitn@ g data t o
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30 Reaction Condition Paraneter Setting Routine (11) Fig. 5 (B) shows a
f | ow sof Kt=h847 @add.61diFs¢ 0AM3) | o) par aneter setting routine including steps
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i.e. the equilibriumconstant K and the reaction rate constant [err].

Exanpl es of the formulae for the calcul ation are given below 45 K = 0.47
exp (0.614 Es / 0.4343) (6) [errFPO85828BL, (27607 Es / 0.4343) (7) In
t he above expressions (6) and (7), the nunerical values represent the
reaction cgnstants. 50 At the step (11-4), the inputted or calcul ated
paraneters for the reaction condition are set. The cal cul ated reaction
condi ti on RAkRAChAPInBftich GonerkiRg RO(RE @ as the |earned data for storage in
the file for—thepurpose of makimg Tt—possible to utilize themin the
future. sAt tisg. sSfcpbholvd & 164 of d lB&GASINkdI IMdridiio GeRslafigirsutibeinéildinglshps (IBAAS (RN

r at esgonstgihe doftlits ofawhith ble@lesrbsdtbelowent constants Es for the reaction
formul a of cantersepaie),rtdadondants 6fr dhfrdl ls@rebiiih @heSéeqiience] tabllh ecredtdt ahrbugh théd @put
known r eaqirecedurdéfietiod bythaprimanoinput foeting [y arel edatyzed fon the)setjlieatial eymthbsiOproengépant s
for the reachitnstépfii)l dacigién is oradeasrio whsther the reztiiop coritrbl i§ Jequitel et the protes step to
const antes kemexitekesuied indhe seguance gkl dititis teguifed.rthe: $tep (Hied isteienuted.tenwise, thée sep fiter n
are cal cul iseecyiedt he basis of distributions of K [err] and Es for the
known react i 8iheg dennfili3) thegeactionrorglifion Byam%gﬁ)mawg a8 8ot @I9geasELh 0 d of | east
squares. TheAtr‘E% gter -y the (feaders [addifon time i iggalsulatedyarserdipg inthe GXPE‘#?QWS(“EW'(“P'F@ 10
EP 0 335 °" Reaction Contraol |Information Generating Routine I )

Fig. 5 %0 p (50 "%\”"P g&c‘lﬂ“@?n“ﬁ??ﬁ't foote 3dded fercglcr'ad ?F&?’ﬁ?"f’?‘l the
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ot e ,,e gEE, %g% Fri bl 88 R (e i e
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i npwt r Qutds, ) are anal'y sequenti a syn €ss s eps.

At the St ep t]ulelstgﬂ (lll-&eﬁhe%'nﬁg dbédeHBaiiﬁﬁe %p%lﬁ-ﬂ‘ﬁﬁ%%&h@r’?c&nﬁ@% briRBoeSQRY bifldr | S
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If it is %ﬁ,mhﬁ@g.s pgmmsa ep ( clll gem [ sog';ﬁés:ut ed. O h‘tlar‘e,vma se, the stgﬁ‘p%l -

8) is execut githe Aép U1K, sadnarbuwﬂfﬂam&he GLR6nsbrag flch& YolCdhilbring ©d sRis BBIRG QlrBntlk
and [erss| casroiet are read out. At the step (111-4), the reagent addition
time [err] iscalculated according to the expression (4) nentioned

her ei nbef dreactiod Broduct PuiliicaitrdscaittianCdntiitidn-Generatinh ®owtinb (Ve [ err] of the reagent
to be added is calculated in accordance with the expression (5) nentioned
her ei nbef or eFig-A} (Phehows @pfiawl df1 the )reactidneprogueh prifi¢ationisolatien odnditiore genataiing fogtine
addi ti off drcluding sterslyeh to (Vs13) drercorderitecad whiphtiare desgiibed belew.ve on t he basis of
[err] and [ efrthe gep Qiathe pienfign timecof dheapw material pompopnis, the pusity ‘{’1@!93$9°"tR5°d“"t
(111-6) araédg‘?é’E’UP‘é’éiV'&‘Httq he aPﬂ’éﬁde?G’cﬂt fhP(S??P‘EFP"etq‘i’E""F’é%l 36 'fpdoubeen 2

conpl et ed. A %’ée%q 5 "EF'P'P“ igym pther d hecﬂé' ff° ﬁ’f’es? o &8 é'f?'ﬂdl"F potolf it s 5t
t he rea%:tl"B X Stl:'s‘ f?ee(’f “ he"'ﬂf%@ é ?"Scuﬁ?"ocess control s such
?‘2 Bg??opg/ Cﬁ % -g eapt , gtl.lmn veopu,Egpsove taRd %Pr@%gﬁel%@ﬂcsglmﬁ?grged

rom

f et ched for I d. Reaction
brodnet pori A tﬁ%ﬁqw tﬁehﬁawm %he acla&. 5@@0&&%@%&% tt,thz 9\8,) Aot ooy
shows agf | 0WaGHe q,vrﬁq,q;,tgawlmgq,gg“gge ng ;s ,,gé;gu,édon/ I sollation conditi on
generating rAuhd sip [BAB), siops bl prak, HeARiintum\pedR vaue, the phalt @ba arddife BRMAOR Bs ardf
whi ch ar e ribasuwdd, lesbctvelyow. At the step (1V-1), the retention tinme of the
raw mat eri al Ataiengiepuve),, detibien i fatid 35 t0 thetpbsibiigast isbiatsd @itradion bf 1y stodubtaor Wadldgaum
yield to e thesswmetbrigiet Inabsd the isold axtrdctian idds ibe @arforadd)die stere (IV-e@ds @kdcutedit

t he steq (Qtheéndse, theetep dV-B)is resumeedde as to whether the purification process is
to be alter et thorstepdlV-10), theipurity gnduberidaldof dherpyoductiam ealodged. | V- 3) is execut ed.

Qt herwi se, tMehe step (V1. thyoughs camparison avith t@Slesired pogity.t decision ispnede s 39 whegher re-

m xture ré’sﬁlct‘t!%gs NecorRRHE Nob die crIgnthe se-purficatiancig necessary, the step (IV-12) Is executed.
Otherwise, fhe step (IV-13) is executed.

50 At the step (IV-12), through comparison with the desired yield, decision is made as to whether or not
the re-synthesis is required. If it is necessary, the main control routine (V) is executed. Otherwise, the
processing comes to an end.

Main Control Routine (V)

Fig. 5 (E) shows a flow of main control routine including steps (V-1) to (V-15), the contents of which are
described below. In this conjunction, it is assumed that the names of the raw materials, reagents and
solvents, the reservoir identification numbers, the necessity or non-necessity of the extraction process,
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At the step (1V-4), data of the HPLC columm, devel opi ng sol vent and the CPC
devel opi ng solvent are inputted. Eﬁ%ﬁep (I'v-5), the flow lines for the
injection into the purification changed. At the step (IV-6),
signals fromthe detectors of the purification systemare fetched. 40

AL the  sfiaRbnkl lioftHe conbdhfatiBR PRcass. Mad (HeCleBdsBYCH nQ@hd@LQsN & th pSHdjREnent\bs the1©
step (! ¥sistibn asSheflRE the bHIAG r&?@#eenhbﬁtemﬁam@%d{ #gut rduff ?eak area and
the retenti @ ddp"®-13/iRtdIRAGUGIANRL sdofsnBe Bl dekin¥d arkd a blder SoqUendel thhidle.g. dRLT Si ON
I S made stwn InCFid. Bais pdssi bi ity of isolated extraction of the product or
wast age Ofat theetep auae) WatidiE p&rhreters iNpRiRS trdugitethé ROINA (Ipdle endlyba@iCt i on IS to be
per¥oér med At thaetep (\eJ), thd fifst picess Step incdthadequbnceliable Birdad butifer@pmintieing aeqy matdfiab) | s
r esunedmixihg (sspplvirg) eqouénca/- 10), the purity and the yield of the product are
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purity, deéétheistan (V5) theckignalsoutputiediitomhibe Grlesenson isi ibicksdtte ceadurp the emepshefytherr
not . 70 ninjggledsauien.r e- purification i s necessary, the step (1V-12) is

execut ed. “EI“H@PWK‘@@ infprpnatiogcarpmandipg the valyecloss akd he.epmpsitpp is outpatted: he st ep
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Y
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oP~gp- ne(i\@ﬁr%'sie)ﬂ (\sah)tfn@s.&esrsro%aﬁee o RCPRcONtration sensok: G- Oschao? ahP e B1 sepgmand

for  t he a6 QishEatolpalidn elJHARGSFemen Shd dB&sidASS &Sihé brdpridly thbaddr. necessi ty of the

pH adj ust neRkde sdp (/118), B8l redult DN 1RSdeWBIbl isSthediB toDditpaeLth Enfbtakifdn REMManding Ukd ed

al ready oﬁehh@ﬂ@khgtohﬁlvea isrvstopofpuinpdnt Béledtidn) of thlcodlingheatingnedivml) ,

i nitializakthertepl(v-td)cdesision Bieee bstofier dompletiul ofithel reactioh PResss SeqpamBClieit isabt e

(e. g.2s oy coinplemad,i the lsiep.(V-8) isi ssur@tl. When cordjletdd) the sbation( Wedlict pwrificatigisolation

par amet eanditidngeodratipgl routinedivpis attivged: out i ne (1) are anal yzed. At the step

(V-3), thétfhesier (HiOobs ibfomalion ¢ommahdingsthe) riva oestoradf|te valves; purepsnd the gpotors

com‘randfon@eauﬂf'%hpm?é'm ig loutpyitind. ng (suppl yi ng) sequence. At the steg &v 4),

i nf or mat i &% e SiepdYrd®niy istdeeidadwhptierygs oay sgherprecessing %ﬁ??"%f‘%\'ﬁtbe?"sc% sttt ed.

At tHe % 8‘653('\?‘ p“’t’ﬁ‘f‘é'sé' 51 I @&Wd 9 semViThis ’@'Ee%ensor i s fetched to

measur e tn%o ) “glrb v ‘Ft"? Ff e'\/%Yf‘\'? 4 ch?{ﬂmg je the ﬁ@s;@r ‘f‘ ?:gg]

f ' At
: ﬂeoéﬁg} %Pnﬁ,glmpg St % P?g ‘\355(‘0 g8
sequ_%snc e%?cle C ‘%vhl the)%%rd Y‘lg}nhl is vevg A\ e SS
step 1 ”pﬁ:} %e% q%f r c gsg ef:% caFn '
process deC|S|on 'S e as ecessl r

non- necemgy of the reactlon control. Wen the reactlon control S
n\eéessary, the reaction control information generating routine (I11) is

acti gt d.an\dli@matbd syntheddppARGLBEHrédcihd \EgivdnPRodlc cdbrisihg executed. At the
step (V-10) () &epathdsBNprivossingSsppirati® (13 @6t URA6iRing Sa 8drib€ bE Synigsidé PRcdsBIRY! bieps

oper ati on. ®dluding: a Adactioh @nisfoeqarr{idg dut h syrittlesis Riagiombisp, @ stgplyt Un tbr SuppIying & eaw
concentr at i owteda mbdurg, a@agers @mb® sohva@nido thh @sattioh usitang @rpudficatioh ebitciemlritying pret f or m
t he pH- nmeas exteelivg theprrdud essultingdiomaiss syothdsisaeqotiopstepet y t hereof . At the step
(V-125, t he(d ewtriesis géntrolappatatud ) fon conolliigethk exithesis piaceseing adperaius o thahisaidon
commandi ng t4agenbseadfiesidudng the sunthesis vegriios Step 4o gaid yaw tresterialf midurairs amengilirimect i on

of the cool plpiagy pdereip parting  pamponents of said raw material mixiure are in equilibrium with an
intermediate product thereof, to thereby cause said reagent to undergo reaction with said intermedi-

ate product to produce the desired product, and
50 characterized in that the synthesis control apparatus comprises a computer which is programmed
so that said reagent is successively added by the supply unit to the reaction unit at discrete time points
{to, 1)) in amounts (V) determined by the following expressions (i), () and () respectively:
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At the step (V-13), decision is nade as to the conpl etion of

‘process sequence. If it is not 25 yet conpleted, the step. (W'mm""mm””"}
resuned. .Wien conpl.eted, the rgaglispgaggpduct purification/i sol afion *
condition generating routine (IV? I's activated. At the step (V-14), the

I nformati on commandi ng the drive or stop of the valves, punps and the
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added dét hagtephM-18)y Hehresitspf theadacisiom issehegked do gutpul treaipformetien pammaniting thee i n an
equi | ePeringitiesisn b eivan sledfsiap eftpumps andiselagioe eftproeetnadealirg medivmr aw mat eri al
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s 3Br b & QAL Eéa? oL ien ROGARI ée‘ﬂé}a@&sﬂ?? éﬁsg;mame oo

nec es&h&uﬁbn@&: grsynﬁpﬁﬁﬁéthwree&ema REHRAY dafl BRRY gi smﬁ'esﬁ%ae&dn%ma%tanel | as
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At 3¢t hvéin skieigndy Vvilp , mitighltihg @ighificahtlyOthe Qurdel ©nSRE] LLREESY, iwhich & fvaiyRflantgdous pr oper
Sequepattieulériyiwhen & @idg varRtycof Synthésls tebictibn Brocesgesinavedebe fréquently ciiedidde step (V- 2),
various paraireters inputted through the routine (1) are analyzed. At the
step @ein®), the first process step-in the sequence table is read out for
comandi ng a raw material m xing (supplying) sequence. At the step (V-4),

i nfor trath eviondetheyntipsinerparaius/fof Rreducing agiven RePACcaPSidap start is out putt ed:

At the st®p2 YP“I‘PF'S Rreressifiogapapralye (1) et Ragomingns tspries of syr$lagis grrocessinDesteplied t o
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t he step giuiing %& Wrrate
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50 characterized in that the synthesis control apparatus comprises a computer which is programmed

so that said reagent is successively added by the supply unit to the reaction unit at discrete time points
(o, 1)) in amounts (V;) determined by the following expressions (1), {I1) and {lil) respectively:
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the reaction control is necessary, the reaction control inf I I I l
generating routine (I11) is activated it is non- necesa Im“mlllue’“” lIII
(V-10) is executed. At the step (%tpl ?“V%hr on process timersequence is *
altered by the input operation. At the step (V-11), the signals
outputted fromthe concentration sensor G L sensor and the L-L sensor are
fetched to performthe p asur enent decision ags . to the propriety

t hereof . At thg irae K) the rédsult|f ot the dec:f.l. nis checked to

out put the inf Fhat Fon ggigan]d?n ope |ng7clo of val ves, start/stop
of punps and sel ection of"the co /h ing® nedi u At the step (V-13),
deciksion is made as to the conpletion of the reaction process sequence. |f

it is not 25 yet conpleted, the step (V-8) is resuned. Wen conpleted, the
reacti on product purifi ca.yf('on/ sol ati onlc_pqylﬁtr omyenerating routine (IV)

is activated. 1§ heestep(M-14) __the infornmationicanmmanding the drive or
stop ofiothe valves, plunpsaar hey nptors 4 ¢ ) urr fication/isolation is
outputted. At the step (V-15), Tt is decided vvhe or not all the

processi ng operations have been conpleted. If 30 so, the synthesis process
is finished. If not conpletedn the step (V-1) is regained. As wll be
apprecrated fromthe foregoi eVprr tion, according to the present

i nventi’®n, the control{ inforn&elon fo perfornlng a gi n 3yfthesis
reaction is automaticdl ytgemerated f pre thn Uprrngggre ﬂﬂTﬂﬁﬂﬁWéik
sinply by inputting tHe predeVerni ned]| constantl datvK f orls He giwen s
reaction at the start thereof, whereby the synthesis reaction can be
exeeut gg automatically. Thus, there can be attained a high 35 run

ns
t hesi s

‘efficiency while rritigating |f| ntlm burden o) g.pperator, which
is very advant f‘:?ffj;s p@rtr c varr e ynt hesi s reaction
processes have'To be frlequent y car (r)?hgj An aut omat ed

synt hesi s apparatus for produting a |ve uct co | ng: (i) a-

synthesss processing apparatus (1) for perform ng a series of synthesis
processing steps including: a reaction unrt for carrying out a synthesis
reaction stemerea supply unit for supplying a raw material m xture, a
reagent and atsol vepresertsa timredwadioncofitherreagtidnttakem bbfere Bric teadentds inigally added. f or
purifying andtext repespnigm series 9f digerefe time painis atiwhigh paichrepgentds addad ptesfagserobact i on
step, 4% Vo (| irepresonts the.amaynical said @y material mbiyse at the) staripf the &raetoB) | i ng t he
synt hesi s prodessifpps ‘Péﬁ'?j@t%éa"i ¥gagen F‘?j’ qthﬁé:a% $erote timepeintsch raRPPEIMGY-t he
synt hesi s reaétr off ’e in an equilibrium
phase wher ei n*t he ¥
equi l'ibriumwith &99

erial mxture are in

@a | %
g on o) ra ng oflsa:ﬂ%uﬁ] ggi‘f; ro% D:F bri(eofe%la?g u |§num

reagent® to un(':’fergé"':r“:“s'%}a;l A, Sald | Nter mec 0 produce t he
desired produ%t St the stonchro%ﬁé%ﬁ%%%%gd ?ﬁ%%éé'h% stmﬁeﬁe“ LSt r ol
aid$ea8£ gra so that sald reagent is

a paratus conp ris E,ge Edntr

cessrvely added the supply unit tothe reaction unit at discrete tine
por nts 4[er rpln)aurona@ar%%as §ylsBin'ak kiaffRh §F CThiMadcHadactbiBd fnQhdt Said FRBCHBX RIcQBRANS
(1), (I1) angl)hd said 6@MBRAT Eorstant:(K)Dde Heterminedion theIsdbis @RS slibktituent constant (Ey) in
* C L M atcordandeasith] [err] n 15 20 [err] 25 where [err] represents a
time duration of the reaction taken before said reagent is initially added,
[err] reprieseAes B .€9ries of discrete tinme points at which said reagent
i s added aftler GepdRe.B&Y [err],

where A, B, C and D represent constants specific to the reaction.

3. An automated synthesis system as claimed in Claim 1 or Claim 2, characterized in that the data for
50 said time points (lo, 1)) and said amounts (V) calculated in accordance with said expressions (1), (Il) and
(liN) is stored together with identification information for the reaction in a memory of said computer.

4. An automated compound synthesizing system as claimed in any one of Claims 1 to 3, characterized in
that different reagents are added at discrete time points (t;)-
56
§. An automated compound synthesizing method for producing a given product through a series of
synthesis processing steps including: supplying a raw material mixture, a reagent and a solvent; a
synthesis reaction step; a purification step, and a product extraction step,
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30 [err] represents the anount of said raw materi al mi xt;
start of the reaction, [err] & @té{;e anmount of said re mgllnmmﬁ"m"
at said discrete tine points [er%% éisp ely, [err] repres

reaction rate constant specific to the reaction, K represents an

equi i bri um conaiaaliq ?eQEé&l&'a&deEQu&nB%rs%%sls%&udﬁ stop td SR ARl bkiird .ﬁlhrt' al
concent r at | Qpiium$RaE whein TR fdringlcolporbridd & sa|§5aw materlafrhbdlre ard RREGBAGH Hith he
ratio of copGREHnbdib BradERE thedéttho HdteBy BERIH SidEreddormdd!Gderg redctioh R &id iRdrimedi-

equr l'ibri urm&gmﬂbb@aﬁcem,et&%@%du& represents the stoichionetrical

rati o et ween cisaricBridod FORA theudgltidhadr thid BAFRAITEEINRSISd Py © BdiiHuter WHich iy programmed
represgent s doltiat 6did Ragunt i8 siicodssiodly sdalbdlatrdisag@niine péidts (t2,.1) idRMawttsONR tidemmhgdhbhesi s
syst em as cthaoltaihgierpréssiansi(l). Xll) aodail) eespeetivelyed i n t hat said reaction rate
constant ([err]) and said equilibriumconstant (K) are determ ned on t he
basis of a substituent constant‘/%[ err]) in accordance with: [err] = A exp

(B .[epr]) 45 K =C exp (D err]) whker e 1B+@and represent
constants specific trk hébyEactrton. 18, { js system as
claimed in daim1 or aim 2, %‘Hﬁuracté'rr JtrT'atathed a for so

said time points ([err]) and sard anounts ([err]) calculated in accordance
wth said expressions (1), (Il1) and (lI11) is stored together with

i denti’fication information for the reaction in a menory of said conputer.

4. An automated conpound synt hesi zing systemas ¢lainmed in any one of
Clains 1 to 3, characterivied i fi that dif senvt rgdgents are added at

di screte time (IA)nt &, er F4=—55 ound synt hesi zi ng net hod
fof\.«pr ducing a given pr@igt hnomgm A seai ps/Ef| synthesis processing

st eps |ncI udi ng: supplying a raw material m xture, a reagent and a sol vent;
a synthesis reaction step; a purification step, and a product extraction
step, 13 EP 0 335 628 Bl * C L M S * in which said reagent is

added during the synthesis r |on step to said raw material mxture in an
equi | i2bri um phase whe i n th g. corrponents of .s d raw mat er al

m xture are in equili 3' an |§t er nedi at e]pr oduc re(ﬁ ther eby
cause said reagent to ergq,reactr i —Q'T{?' uct to
produce the desired pkoduct, char acteri at ?he ition

of said reagent is controll ed by a conputer which is programred so t hat
sai d rPeéagent is successively added at discrete tinme poi nts ([err]) in

anmounts ([err]) determnedsbykﬁvhe ollawgl[xpress qpﬁ 9-1 (rr)y and (I11)
t

respectively: (¥@x) v, 5 Jerr] J 20 25
[err] [err] 30 35 wheré [err]y reprasan i meduyr g o of the reaction

takena efore said reagent is initially added, [err] represents a series
of discrete tine points at which said reagent is added after | apse of
[err], 40 here [€FT] represents the anmount of said raw material mxture
atd he start €07 tdpRosbrit@f fid dlration of the reaction taken before said reagent is initially added,
= 4 represents a series of discrete time points at which said reagent is added after lapse of {o,
40 Vo represents the amount of said raw material mixture at the start of the reaction,
Vi represents the amount of said reagent added at said discrete time points t; respectively,
ky represents a reaction rate constant specific to the reaction,

K represents an equilibrium constant specific to the reaction,
A represents the initfal concentration of said raw material mixture,
45 a represents the ratio of concentration of said intermediate product to a theorstical equilibrium
concentration thereof,
B represents the stoichiometrical ratio between said reagent and said mtermeduate product, and
y represents the concentration of said reagent.

s0 6. An avtomated compound synthesizing method as claimed in Claim 5 characterized in that said reaction
rate constant (ki) and said equilibrium constant (K) are determined on the basis of a substituent
constant (E;) in accordance with:

ki = Aexp(B.E;)
55 K= GCoxp(D.Ey)

where A, B, C and D represent constants specific to the reaction. 3
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[err] represents the anount of said reagent added at said discrete tine
points t4 respectively, [err] represents a reaction rate co ﬂlmﬂl ul"""l]ll”“l
specific to the reaction, K reprE 08388628 BLtqui | i bri um const

to the reaction, A represents the initial concentration of sai‘d Faw'

materi al mTXt I\ Q.rtom%@d oun@synthe rj;l t? %Iams If{ leos 8‘fCIa|r9 %C qlnt L ar&z' 9 P’l tt?afl
sai d i nternedpgts p,rop dihtd %065. a4 & w. i
t hereof, B e@%£&§ Qlﬁ‘t(ﬁ) ﬁe(fuﬁ iﬂ%&?&&%ﬁ&ﬁdﬂ‘ﬁ& uJeﬁﬁfﬂcéluo offiid na[l i ée of s?d

and sai d | Nt emBMEH ot sBid REMSIALE represents the concentratlon o

said reagent. 50 6. An automat ed corrpound synt hesi zi ng net hod as cl ai ned

i n Chad m 5 schat adntated Z6rpdunid $yithbsizingi mbitio8 a8 EIkiMBd Mah{ onef Slafits th @hdracterigdadn
sai d equi | i bratrifleentséagenits {réaddad 6t diteleRitiMepoiets @ t he basis of a substituent
constant ([err]) in accordance with: [err] =A exp (B . [err]) 55 K C
exp (D. [ ePafentansppiicheA, B, C and D represent constants specific to the
reactione 14 EP 0 335 628 B1 * C L M S* 7. An automated conpound
synt hesi zi g Autametizierig Syethespyoridhting 2@ &rasugen einesYegshendd, Prasktesamiter i zed i n t hat
the data for sdb @ne$ydthessiBearbetungsyar chtuagh (1) sum dusfithrmrainer Bpibe vn) SynthesscBeatbeid

i n accordance Jinefecliipnciasepieglisty;eingsReaktionsenhalt zupyrApsiiren yinegrSynibeserRealtionsepbiither
with identific S (9H‘°"| ﬁFfB'P’?f%heF Sk E‘I'm’I’??ee'F‘?!aB‘thf‘Bﬁ"ﬂ"Wsc&“We (Pies Ropgeggjupd eines

conput er’®5 8. Aff® ﬁt“ﬂ"e%q"‘iq“ 'H'??lt e Raisigen wid Reiephieren s/
one of Cains I:’ e'"g s):g % uew tfefﬁg °“d°’ esé\ a ents are agds%%as

di screte tine

Synt hesevorric y,% w des eag%"s 1 nen er o' f"e':g Tgﬁgrxer
Synt-Hesg, Bear b%rs gﬁ'&ﬂl 9 HP Ie ewﬁ: Js r Re n mit dem

Synt hese- Bear wa.scﬁehm&ﬁ rbh ﬁrnnaeda écﬁ@m% z&‘érafn t Fonsernhel T"'zum
Ausf Uhren el npgushydskérassionied ada ﬁ bie %?r'ft 5-5otertoRiehturiy diteh erry’umei@hﬁértso HidPam-
Zuf Uhren ei neﬁlerRManBeﬂdsahéHg&%h&ﬁf&rweﬁé N8 dbe 2BHBRISInHeR Cbul IRBSGonbihelt an diskreten

Losungsmi t t el Zeitplkkter RGN WSO MQhﬁesélﬂdvnr&lMUrdﬁQild"'l‘olgéHa%G’eﬂﬁIﬁ?én @B bzw. ()
Rei ni gerns und Hestining We@se n des aus dem Synt hese- Reakt i onsschri t

resul tierenden Produktes, (ii) einer Synthese-Steuervorrichtung (2) zum

St euem der Synt hese- Bear bei tungsvorrichtung, so daB das Reagens wahrend des
Synt hese- Reakt i onsschri tt e¥'Kler Rohnat er ifalmksehung i einer QG ei chge-

wi cht sphase zugeséfkt %gr dr—m Ber gsg-cm-g-skon@d— nten -der

Rohmat e® al mi schung nit ei R 20 1+ wiksehenprodut davon i

A ei chgewi cht sind, um dadurch das Reagens zur. Reaktion mt dem.

ZwW schenpr odukt zu bringen und das gewanschte Produkt zu erzeugen, dadurch

gekennzei chnet, daB die syn teuerv rr| iei nen Rechner! auf wei st
der so program nyerf |@t,= Reage fen i se von der i
Zuf ahrei’hhei t zur Reaktlonel q_n.,.d skret@r’fza' punkten (tO, iti) in
Mengen (VI) zugesetzt wrd, d| e urch i e fol gen G ei chungen (1) (rn)
bzw. (I111) 25 besti mm vverden (I) to—- 3 fii+ 30
2ARY  1+a ; + (3*1) --tl . 2AK
35 w~(111) t, = Z{V‘ [ :
i=1 1+ @ t
[ Vo :] 1+ K [ 1-a :I
45
BAV i-1
(III) v, = 2% [ @ JX] aﬁ]
Y 1+ J‘J 1 + VK
50
wobei
to eine Zeitdauer der Reaktion, bevor das Reagens anfangs zugesetzt wird, darstelit,
t; eine Reihe von diskreten Zeitpunkten darstellt, an denen das Reagens nach Ablauf von to
zugesetzt wird, .
55 Vo,  die Menge der Rohmateriaimischung bei Beginn der Reaktion darstellt,

Vi die Menge des an den diskreten Zeitpunkten t; zugesetzten Reagens darstelit,
k1 die flr die Reaktion spezifische Reaktionsrate-Konstante darstelit,
K die flir die Reaktion spezifische Gleichgewichtskonstante darstellt,
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n.i C7V 50 Fl + -- 1n

Ty A 00 D

to eine Zeitdauer der Reaktion, bevor das Reagens anfangs zugesetzt w rd,

darstelit, t,, &Eeﬁl%n%ﬁﬂ(u%&t%m@ch i ﬁn darstellt, an denen

das Reagens rLaCh dépkﬁdé ntr¥isveiRaitid s Siebhelbrbddktes S siner theoref)é@hen (ﬂél Magee der
Rohmat eri al m schyggekiRtionBREn/darsdftr Reaktion darstellt, l\/gnge des

an den di skregen 066 bib EhhoR6BEhe VorhEIBSHRbHh @Bm %@&ﬁ@&ddﬁﬁrﬁm@cﬁdnpmi{dkt darsiing far

di e Regktion spezndi sche Reaktionsrate-Konstante darstellt, K die fU
di e Reakt i on yspezief Kopsdhntation disHaaens ddndteikonst ant e darstel I't, 15 EP O 335
628 Bl 111111111221111221111221111211 A die

Anf angsk @nzaukdmatisieriss Syathesbiybtamtrech Ahsprusic hudegiurdinigekearizbithneta daB die dwaktionsrate-
Konzent r at i Kmstene tkell uneh dis GibishgeRiohtsionsianta (Kiavk Basts einar Suibsiityenteirketstantei (Ed bemiis

d ei chigewi chts- konzentration davon darstellt, p des st6chionetrische
Ver hal t ni s avi dee(B 8 Reagens und dem Zwi schenprodukt darstellt, 5

und y di & =ePPR*ERY | on des Reagens darstellt. 2. Automatisiertes
Synt hesesyst em nach Anspruch 1, dadurch gekennzeichnet, daB die

Reakt i onsra'i""ét'm'RU’ffé‘{earYP ol Ay ) C g P fH‘i die °Bﬁ5‘i§\ﬂl?‘i',‘ A Kastapien daglet- k) auf Basis
ei ner Sut%st tuente natant Eich m 13 §| = A exp (B x. Es), K= C exp
NnNzeic

(D x Es) be e2| sche

kot o %; bl S0 ;ﬂ%xéga@ﬁk:s%gﬁi@g%é e

(()(ii/(zélﬁjagﬁgg {% lch enAl |c ungen

erec eltpunkte (t0, t) und Mengen (VI) zusammen

mt | denty f Alisidugdies Qﬁﬂi’e%&été?ﬁ‘ﬁ‘d%hﬁnklﬁm dérAndgRizké § B8 3! n el nem Spei cher des

Rechner s abgRaBipbdkbbdichist] dA8 RorschiRdehe RO4HbBR ah SkiBsthEZoitIARbI GFRGSEAMBRACH
ei nem der AnsprlUche 1 bis 3, dadurch gekennzei chnet, daB verschi edene

Reagenzi &N Auonthtisidrice Varbindimgs-Prithbdecerialirer Jur RorgiORAg auhesvyageier&n Produktes durch eine
Aut omess i Si eRditesvol/Syhthese Bagseittigsichibe \sisdhiesliohn ZuilihrenHéres RefirhatotigimBCiag, sines
gagebenen PReaganks bisdseinks ILasungsmitals2&nem SyniReselReaktionsschritt;

Synt hese- BesirepeProduvcReinigungsscheth umsl evmohProdulst-Extriktionsschidth) beirem| dag Reagens wéhrend
Rohmat er i al des sSynihesg; Realtinrsgchiiites gan Robmaterialmisshunt ds Leings Bilsichgewichtsphiasee pygesetzt
Synt hese- ReWié; ino#rs skenfysgangskempananten ded Rohmterialmisehimg S cRlpiphapwichi dniteeippamewi-
Pr oduk® - Ext ch¥piodykd daver sind, um ls‘édur‘thé’ﬁ? B%?sefﬁéafg@ﬁ@%aﬂ 1dam dwigehenprodukt zu bringen
Synt hese- Re‘é{'ﬂldwg’(‘,ﬁ‘i?‘?f? terjal mi schung in einer

d ei chgewi ¢ aftda*'w?‘t'sﬁtze’\ qps flepaeps %‘" ﬁg«e s
Roh | BIP n G d9 PQ?BLM
davon Si na. zua%%ﬂ T i g J@f@% biiadh e Q%H'%bemﬂtmdg%heﬁr odukt zu

brlngen

50

55
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und das gewanschte Produkt zu erzeugen, dadurch gekennzeichnet, daB das

Zuset zen des Reagens durch ei nen Rechner gesteuert wrd, der. {””

programmi ert i-st, daB das Reagens Eﬁ%ﬁﬁﬁgla\;’e an diskreten Zei m ,j ,H'"” m,”""
ti) in Mengen (VI) zugesetzt wird, die durch die fol genden Q ei chungén

(rr) bzw. (111) bestlrmt wer den: 35 40 45 50 55 16 nsS.E-—~~~1r+

n () 1t o= ,
1 I 5 ~~~~~~ 2k (I) t = -f-—; ln [& + a’ Rﬂ tl - 1 i
n 15 1 +Y—" : :

1 - 22k, i

r 5 -1+

; JM3in 20 B AVO J_ ! aVI all i- (111) V1
L L yL + /3. + viR 25 wobel to i eine Zeitdauer der Reaktion,
bevor das Reagens anfanggRzugésetzt wi nd+ gFR st eTjit, 30 t ei ne

n.das, Reagensi nach Abl auf

Rei he von di skEy encZed tpunkt ¢n darstel Hr an.de
rialm schung bki Begi nn

von t' ieugesetzt wrd, Vﬂtk,dl e denpge- dex gok

der Reaktion darstellt, Vi e Menge des aniden di skreten Zei tpunkten t4
zugeset zt en Reagens darstel H, Ki die f~r die Reaktion spezifi sche
Reakt i onsr at e- Konstante darshellt, 36° K die fU die Reakt I on

spezi fi sche d ei chgewi chtskgysfame darstellt, A die
Anf angdkonzentrati on{der Rohfimtieri al i schung dargtel I t, 1 .,.das
Konzent rati onsver hl | fnl s+des—ew~schie pr.oq_ukt-es-z-u-e.l-n.er the.o.r.e.u.
G ei chgewi chts- konzgntrati oMgdavon darstel Ity % JK dagy stpchignmetrigche
Verh~ltnis zw schen m Reagens und Tdem Zwi schenpr odukt “darstel | t
une-y di e Kenzentration des Reagens darstelit. 6. Automatisiertes
Ver bi né't’mgs - Synt heseverfahren nach Anspruch 5, dadurch_gekennzei chnet,
daB di e Reaktionsrate- Kons8adt ¥,(ki|) uad/Eijd 4 ei chgeyi®h{skbnstante (K)
auf 45 BaFELki neV; Substitent gnkomstantlel (€] —ogemB k= A exp (B x Es),
K= Cexp (Dx Es) 50 be¥ti mmt war dedlKigbei A BYE_Ind D far die
Reakti gn spezifische Konstanten darstellen. 7. Automatisiertes Verbindungs
- Synt hesever fahren nach Anspruch 5 oder 6, dadurch gekennzei chnet, daB die
Daten far die gemaB den d ei chungen (1), (11) und (111) berechneten
Zei t punkt e (wobeit) und Mengen (VI) zusamen mt Ildentifikationsinformationen
far di e Reakt toon bine Zditd@swer der Reaktion, bevor das Reagens anfangs zugessetzt wird, darstelit,
30 4 eine Reihe von diskreten Zeifpunkien darstellt, an denen das Reagens nach Ablauf von {,
zugesetzt wird,
V, die Menge der Rohmaterialmischung bei Beginn der Reaktion darstelit,
V; die Menge des an den diskreten Zeitpunkten t; zugesetzten Reagens darsteilt,
ki die flir die Reaktion spezifische Reaktionsrate-Konstante darstellt,
35 K die flir die Reaktion spezifische Gleichgewichiskonstante darstellt,
A die Anfangskonzentration der Rohmaterialmischung darstelit,
X das Konzenirationsverhiltnis des Zwischenproduktes zu einer theoretischen Gleichgewichts-
W konzentration davon darstellt,
X das stdchiometrische Verhilinis zwischen dem Reagens und dem Zwischenprodukt darstelit,
40 und
y die Konzentration des Reagens darstellt.

6. Automatisiertes Verbindungs - Syntheseverfahren nach Anspruch 5,
dadurch gekennzeichnet, daB die Reaktionsrate-Konstante (ki) und die Gleichgewichtskonstante (K) auf
45 Basis einer Substituentenkonstante (E;) gemiB

ki = A exp (B x Es),
K = Cexp (D x Es)

50 bestimmt werden, wobei A, B, C und D fiir die Reaktion spezifische Konstanten darstelien.
7. Automatisiertes Verbindungs - Syntheseverfahren nach Anspruch 5 oder 6,
dadurch gekennzeichnet, daB die Daten flir die gem#B den Gleichungen (I), (Il) und (lll) berechneten
Zeitpunkte (1,, t) und Mengen (V;) zusammen mit Identifikationsinformationen flir die Reaktion in sinem
&6 Speicher des Rechners abgespeichert werden.

8. Automatisiertes Verbindungs - Syntheseverfahren nach einem der Anspriiche 5 bis 7,
dadurch gekennzeichnet, da8 verschisdene Reagenzien an diskreten Zeitpunkten (t) zugesetzt werden.
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65 Spei cher des Rechners abgespeichert werden. 8 Aut omat j
Ver bi ndungs - Syntheseverfahren pach ei nem der Anspruche 5 b| UM’ Hﬂl””"
gekennzei chnet’, daB verschi edene ﬁ@a’@éﬁ? BY an diskreten Zelt ’
zugeset zt wer den. 17 -- L M S Revendliatbons 1. Appareil de

synt hbseﬂ&Fﬁoﬁéﬁhhée pour la production d'un produit donne conportant: Q)

un appar el e traitenent de synthese destin4 A effectuer une serie

d’ 4t apesy, d@phafedioh SyfBLe fomatisé pour la pradiBioR BB ploRRRAAsBhporidie UNi te de

rdacti on desg)l jaQRpsteifdd RABHEAK dbl fhiHatARRNME% Efaatidn 3B sEH Fétipod) BS FaitenbftQeUNi T 6

d' al i gent at | §AthsRSThinpRANtAuhd i bd réablion | dbkimBE B offtRtubfinb BiaSsSde R ian HeQFnthdds)

rdadtd f et UmeSudls @BmentationUdbstinge Aefolirfin@h inBRNGL de| Matidxs3i grémistes, [ Nrédctifc@tunon
destinde & psviviaidtieifuniest dearégetibrt i Une uhit darpaalfictktion Idestidd 3 pirifictoet B afradpde ploduit
réacti on de syuitsritbe Bstapbide jéaction appathdsel de commands de | a synt hbse (2)

desti ne & cofinunapeareil deagnpenasdd dedie syntiiésd rdestinédie cdbnander I'appereih bb ysitemaritida quo

| edi t 1or ~act i fynthsetafimpusedit réastifchaib sioyté pendgnt I'dape de ainttion ide denthdgmaudie mélangediet

mel ange de nmetidtes csemidresidens cune chhiese diénuilibrp daes isauplie) lasi qemeosgeip <le| dégare fydit | es
conposant s d®@élengp de matiRiiesi Rromidps Erauiipse avee e’ prp#tetmtemé@a-wﬁtoel&s-p" ael i bre
avoc un prodia¥e s'i‘bt'ft avdiierirdifyng rgrctiono pyee Jedit prodyft; 'H‘efd@d'f“@l P PrAduire legpraguit
reactif, une ?°é n avec ledit | rodwt I nt er medi our prodw re I e

produfl® sou h? ? F?B% 2 ?t(;e le d'sP FBS(EF’B'P?O%;E i %yéth g %‘2
de d&° o | |
o e L Py B R e

d’ allmenta s"’v sr?sg e reactlon & des nonents discrets (to, t,) dens
de\s/ql‘,bantltGS (vi) d6torm n~es par |les expressions (1), (II) et (I11)

sui vantes respectivenent: 20 VK 31 -1 +s (I) to= -

n [|a2Ak|y/f<' 1+||1- 11,.Qa25|f

11' (11) tH{IF tg= +/K 2Ak1 L + (
1+ -a)fj n 35 2Ak, 1r4=g'— 1 - a
+ rlazs[+ -O f+720 (111) B A Va a
a- ty ,1liV- 45 ob to represento
une dur6e de | a rdactio ee avant quo Ied| reactif soit ajout6 pour

|l a prem ere N| S, es nte une S~rH rrents di screts auxquel s

ledit reactif lst ﬁj Gutﬁ‘—a'pr s-t-‘-e'co'u'l-erre-m—?: de to, VO
repre®ente |a quantite @&¥it ahgé Yen®t) prenibres au d~but de la

reaction, vl represente |l a quantlte dudit r~actif ajout~e auxdits nonents
di screts t1 respectivenent, Kk, represente une constanto de vitesse de
r~action specifique de |la ra on, K reprdsente une constants

d equilibre spdcifi de | eaétl n, 55 rdsente I
concefitration initi _qjudl “irel anggq de l;gatl brel's Drem é‘s \/I—?]
1+ JK 1-a

(III) Vv, =

B AV, [af"\ _aVEk

Y 1+J—J. 1+\/i

ol
to représente une durée de la réaction écoulée avant que ledit réactif soit ajouté pour la
premiére fois,
4 représente une série de moments discrets auxquels ledit réactif est ajouté aprés I'écoulement
50 de to,
vo  représente la quantité dudit mélange de matidres premiéres au début de la réaction,
Vi représente la quantité dudit réactif ajoutée auxdits moments discrets 1, respectivement,
ki représente une constante de vitesse de réaction spécifique de la réaction,
K représente une constante d'équilibre spécifique de la réaction,
56 A représente la concentration initiale dudit mélange de matiéres premitres,
o représente le rapport de concentration entre ledit produit intermédiaire et une concentration
d'équilibre théorique de celui-ci,
8 représente le rapport stoechiométrique entre ledit réactif et ledit produit intermédiaire, et
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M represente | e rapport de concentration entre ledit produit
Interm-diaire et une concentration d' equilibre thdorique de cﬂl!m”ﬂl I ll l”“l
reprdsente |l e rapport st oochi onet rFﬁGe‘gﬁm Bliedit reactif et

internmediaire, et 18 reprdsento | a concentration dudit reactif.

Di spositif de ‘;ynt Y] tcglt"@%t}a%% cﬁ@l &ch; a revendication 1, caractdris6 on
ce quo | adite constanto esse de reaction (ki) et Iadlte constanto

d' 6quilibrg 6iKh.smPhd E&rﬁlonﬁﬁ’s?! Hﬁl 8\ lé t&@@ﬁﬁ@é‘ "y ﬁ
Fogths b oSSl REpRE SR e vy

substitutiony nte-@é nt ‘dstelninded-s

00 A agz C egegabgtﬁm[,@@g%ﬁ&hé gﬁaconstant es sp~cifiques a r~act|on
Di spo-m tif de synthbse autonati sa solon |a revendication 1 ou 2,

caracterise gh=@uexpf®x E$s donnbes rel atives auxdits nonents (to, t) et
auxdi t es quaRt# tdsp Owi B, cal cul eos solon | esdites expressions (1), (I1) et
(I''l) sont enregistreos avec des informations d'identification de |a

reacti on dansei AreCreDrdprésentintides cdrstantes spécifitjuesededairéactidn. Di spositif de
synthese de conposes autonatis6 solon |'une quel conque des revendications 1
a 3, car ack ePiseasitibde sxwthgsecautpinfafisérselon dp rorandicatipn; 1 Dur® carpatsiisioen & dusslegrdnmedess
discrets (t, jolativeg awgits mprornislid, td et andiongaptitésdvicasiopées sslomlasdipraxprogsions Budl) ota
producti on df) rF°ﬁrQ5‘EPa!slfé°a@M??4d°§a’|‘f°'ﬂ’ﬁ*@"% diidetifigation g¢)dasréadion Aas tupprEI¢MolRe dudit
synt hbs® cor‘rﬂ’F@ﬁ%H‘it . | "apport d'un nel ange de mati bres premeres, d'un

reactif et, d.un vant ne et a e de r ac n de nt hbse une, et ape de
our i i cat .40n°'ére°s K ,Emﬁgi g RHelPonae, s feieplstionss i, o
reactif est ‘éﬂﬁﬁ" R ?1?' o s[rg ?8 "Hg'e'lt@ﬂ'f"ﬁ ss )audlt mjl ange de

255+ t
Conposa%f‘sd SH% dBrdE%; 1258 owéeau Eg?ﬁ ﬁ u?%%$du3roﬁ a%ﬁ‘%?od .f’:‘goes uheeijﬂﬁ br e
avec un pr od ,f b SO ab,{e t §d§ |oR esﬂ: hbéb Fon d?hﬂb'sétape%u,d'

r~actif, une Jrﬁ@aggd&rb,m@c edi't produit |nterm |a|re pour produi re

produi t souhai tons leqUeRfokifl Fdasti @s o péidsht Irsiashdid ieadlion dd isynthees Gl m&éﬁf‘ge de
comrandge Pamatidrbs Preidtel fbS urie! ph&ke ABGBIILAL ddn® lah @IS RE Eengdbdits! RFspart RANEMEIings Oi t
Successi Vermreasd majerdst prentidreke sont1® N&jolitre @ves Wh Phddiui inrmédialre 0.Bdux-dic Sin3de faire subir,
gquanti tes ( Vvaipsi,ddditréatifnche 3éaption aleeJedt pREdSIBEMEdiaifel pour prddlie 1@ profuil dodhaid)i vant es
respecti vement cargdtfriséeden ce que l'addition dudit réactif est commandée par un ordinateur progralbme NEY

+ 1 1' 4Qtelle sorte que(lbdit) réactif $oit successivement ajouté B des mamientsi diRreks (b, t) déarls des
1-a) V4 45quantités (v) déterminées par les expressions (I), (Ilyet [Ilf) suivastes respectivement: A | n

-1 [ + r™ 50 1V nl +
L25A BA VO r JrKag 55 (III) Vv, - L 8KV +affe

1+ 55 1 +aj+q 19 C L rto.
represento une (il)re(tode Ia—#-eal:ml oe——avantt (8 J edit r6actif soit
ajoute Pour la premere fa@mg, t, e erk & fhe serig de nonents discrets
auxquels ledit rb6actif est ajoute apres " dcoul enent

e JE 1+ VK i
40 =
et 2Ak,[1+(1-a)\/l_<

% n
iz.___.?iv‘ l1+a ]
+ «+ 1ln
[1 A ‘J 1+\/— l-c
50
B AV, a'/f[ avfk_]”
I V., = =
ol

19



de to, 5 Vo represente | a quantlte dudlt mel ange de
prem eres au debut. de | a reaction

dudit reactif ajout6e auxdits mr#n??%?@@’ets t1 reggggff\? MH"MMHIIHIIII

represente une constanto de vitesse de reaction sp~cifique de |a reaction,

K~ represente & ite? Gl 95[ Qqﬁékéngpg&uﬁé’dﬁ\(&iahi g}égle&i{aréh&f s&?‘%dté’ Enotbph

represento | a COB ﬁ'i’éd’f&lon Inftra e matleres

10 a g T RBRESHRIUS sk doHRRRts dGels Ql%&'e&t AL 2f¥ St Yjdu® Apfag 0 écomérpé#.w t

i nternddi ai re ot g4ge concentration d" equilibre thdorique de colul-ci,
represgnte | & I aRprisdnteSih QRIS BUBRIMéIaAgEIeMUiESs bréfiblos BP@Btide 1DkackigHli T pr OdUI t
i nt éeredi airae, Ctopissents I GRIGS Bitht P5abi ALABE AR Fomeis Bstiét 1, fogEtvbinent, 16 6.
Procl d4 de swnt hepssehts uho BERRAMS déViteSudrib iréathion @pdeifiqleaie nerésiich, cat i on 5,
caractdri se an cCeptisentd und ichratante dBhulibtepébifique deds ssactde r 6acti on (ki) et

| adi t e const ant o regléeants la cdmcentrétidh inftiola dudiGiétange decreatidiesipreimigresase d une

const amt 0 de asubsspiésanta lo mappért Yo cawéntrativn reatret ledit priduit intekmédigire (eBune dengentidiion K
C exp (D x E) oOdAguiigre tiotque P celicesent ent des constantes specifiques de |a
réaction. 7. BProteptgentade wpprriinoehionéirigemenye tedit gactibetdedit duidalpraidipirg, ot

revendi cati o 5 @B’éee"‘ec'ﬁﬁ‘?i'é‘!"é'ﬁtl°§é“‘@rﬁé9€@ quo 25 | es donn6es rel atives
auxdi ts nonents et auxd tes nt I tes (VI ) cal cul eos sel on I esdl tes
expr es’Si Snsprg"f ¥ %? Ffé%“é By GPeuP el

d' i dentifi MY "" "eiﬁ? ‘1“@*”8 Rl 4o (U RS bgse d
Procede de '@ d%l@"b ngP[ seo selon |'une quel conque des
revendi cat i nsAgx BxEs 0 caract6r| se on ce que diffrents reactifs sont
aj butes a tgydi screts (ti). 35 40 45 50 55 20

oll A, B, C et D représentent des constantes spécifiques de la réaction.
7. Procédé de synthdse de composés automatisée selon la revendication 5 ou 6, caractérisé en ce que
25 les données relatives auxdits moments (f, %) ot auxdites quantités (v,) calculées selon lesdites
expressions (1), (I) et (ll) sont enregistrées avec des informations d'ldentlﬂcatlon de la réaction dans
une mémoire dudit ordinateur.

8. Procédé de synthdse de composés automatisée selon I'une quelconque des revendications 5 & 7,
30 caractérisé en ce que différents réactifs sont gjoutés & des moments discrets (t;).
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