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scal e hydrogenation a paratus and a hydrogenating process exploiting
35 such an apparatus. The apparatuses concerned conprise a reservoir
t hat stores flhe mobsmaspssidly sbrengly arises in the field of combinatorial chemical syntheses,

30 where a relatively fast and automated synthesis/derivatisation, as well as analysis of molécules of
a whole library is needed.

U.S. Patent No. 6,156,933 and International Publication No. WO 03/099743 both disclose
a flow-type laboratory scale hydrogenation apparatus and a hydrogenating process exploiting
35  such an apparatus. The apparatuses concerned comprise a reservoir that stores the substance to be
hydrogenated or its solution (from now on, the sample solution), a feed pump in communication
with the reservoir, a mixer connected to the feed pump by one of its inlets, a hydrogen source
connected to a further inlet of the mixer through a compressor, a hydrogenation reactor connected
to the outlet of the mixer, a heating/cooling means and a pressure reduction unit connected to the
40  outlet of the reactor. A catalyst is arranged within the reactor for effecting the hydrogenation
reaction. The pressure reduction unit comprises a valve and has at least two outlets. The valve’s
task is to control the flow rate measured in the reactor, and thereby the pressure prevailing within
the flow path of the apparatus.



hydr ogenated or its solution (fromnow on, the sanple solution), a
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t hat hapkocess. As shown in Figure 1 of the document atissue, a feed stock also containing the sample to
30 be hydrogenated is supplied by means of a HPLC pump into the flow path of the setup from a
reservoir storing the feed stock as a mixture of a solvent and the sample. Supercritical conditions

required for the reactions are provided within the reactor, wherein the catalyst arranged in the

reactor is previously subjected to a careful pre-treatment process.

35 International Publication No. WO 2004/014542 describes a method and a device for
conducting batch-type, i.e. non-continuous laboratory scale chemical experiments involving first
and second reactants, wherein the first reactant is provided as a liquid mixture of a solvent and a
sa:mpIe material in a reation vessel, and the second reactant is formed in particular by a catalyst
that is preferably pre-treated under certain conditions before being introduced into the reation
40  vessel for achieving the reaction of the first reactant.



not been consuned in the reaction are sinply let off to the
surroundi ngs or circul ated back to their sources for recycling
purposes. 25 Furthernore, U S. Patent No.5, 725, 756 di scl oses a
continuous | aboratory scale hydrogenation process to be carried out
strictly under supercritical conditions.” Said U.S. patent al so
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as a result of in-situ hydrogen production, on the other hand even a library amount of molecules
30 canbe derived in a fast and automated manner.

In one aspect of the present invention, hence there is provided a flow-type laboratory
scale hydrogenation apparatus, wherein the feed pump is a pump generating a constant volume
rate and the reservoir contains at least a solvent, as a base solution, of the sample to be

35 hydrogenated, and wherein the hydrogenation reactor is joined into the flow path via detachable
connections and is formed as a replaceable cartridge which contains in its inner space a packing
increasing the flow resistance and facilitating the mixing of liquid and gaseous components, and
wherein the pressure-adjusting unit is provided with an electrically controlled regulation having a
control range of a ratio of at least 1:6 and maintains a given pressure in the flow path, said



to performthe hydrogenation, besides the final product, undesired
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wherei n the reservolr S8 vent of the sanple to be
hydrogenated 10 The h drogenatron apparatus according to the
i nvention pr dsagsnationy dppagains according to the invention preferably

30  compriscs a heatmg/coolmg means inserted between the outlet of the collecting element and the
inlet of the hydrogenation reactor, wherein the heating/cooling means is electrically connected
with the controlling electronics.

Preferably, the total inner volume measured along the flow path from the feed pump to
35  the pressure-adjusting unit is at most 10 cm’.

In a second aspect of the present invention, there is also provided a laboratory scale
hydrogenation process for hydrogenating a sample in the mixed phase of a gaseous component
and a liquid component, said sample being present in a solvent, comprising the steps of

40 (i) supplying solvent of the sample to be hydrogenated by means of a feed pump into a flow path;



source generating gaseous hydrogen in-situ, but outside the

hydr ogenati on reactor, wherein the hydrogen source is forned
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Preferably, the packing of the hydrogenation reactor conprises a

catal yst necessary for 15 the hydr ogéﬁati on. Anot her possible

enbodi nent of the hydrogenati on apparatus according to the invention
pr ef er abil)yfeabmphydegenantyl widllowypadf thnyugh ogertat omoa se@motlovascdwfies theasagple
connect ggplyiiPpdshnf | ow path through a sw tchi ng val ve havi ng a

mul t'wgmfpegghgeﬁet 00 0 Ol ACEDLL o8 Jd eé‘auo reqctor

possi bl

Do the MHGEH 2 eapoE PERE RSP e%rﬁ}P.as “%{9 Bt ﬁaﬂ wa@w og%ﬁ:pﬁ R0 A gen
cont &i néedingphsifielsn the outl et of each sanple container is connected
t hr ough(ig) Siintfihg thevikssaret of thé eeasfidiinta igiﬂeﬂ@t*@ﬁure 2ingEh® means of a pressure-

hydrogeggﬁétﬂlguﬁﬂ%% dechE 59' 91 rHJ%% hIQ)é Eea@{o?f erably al so

conpri S? centr cont

| g {eo Cﬂ ?7% connec éie X racl
thr ough CAgHERRe-A Bvdspeste formed wit mere PR @ Pggluct receptacle
pressur éﬂlﬁléft toi the enghpfithaew pad, Wb@éinﬁuﬁbennpm thernore, the

hy dt ©ge dafngosaidgpm (iptrestirgce basdisalyitivn flohesaidsendnt and progefdiagid flgw dQaid base

conpri sesufon R gm hhvif; Fe@RentiNReEdnSEnORINEE hid, REd %Hlﬁ%iwaupgan{}ﬂ@mto
col l ecti n%gel e”ﬁ’n G;a the “inlet of the hydrogenation reac
9

wher ei n*THheKéd cooling neans is electrically connected wth the
controlling electronics. Preferably, the total inner volune neasured

al ong the fliovsaphstep fivbsattieteapepualpe Dbtheaﬁestshne rprngesisiu the-raeswistadivgting
uni 151 sugit siAtanddhsERith [the dase 6l SP D ﬂbhﬁlgpﬂmntthb NY&dr @Nas to
there i g akS0s84 %Yié&%%a& Jf@%ﬁr %QB%e ﬁﬁﬁ}o%gh qg%gkﬁ&fa pProcess for

hydr ogenating a sanple int ase o us conponent and
a liquid conmponent, said sanple belng pr esent |n a sol vent,

conpri si ng tﬁ@fesabé:péhfm‘anwdﬁ tibe hydyegenatedys senpliehintothetflosy Iy&mp‘ll%vqndﬂebeds
hydr ogenat ed by neans of a feed punp into a flow path; -5- (ii)

feeghng hydr AgRRrh A0 Wil hieusRal Eseﬁmsowgéﬁerauv%ﬁep "a@ SEHHEeNand the
di ssol v rg%eﬁﬁtr:% gleﬂer;?%é in rpegglgﬁstéreo ep&ra e&r (ﬂ)@%ﬁt&&{, %lboglment of the
hydr ogePREFS fceadiag dhe invepionegaph samele peded &y 3{5‘@?&?@&@ filtf%épni Rydyogenation

sect i onreaftotshe fl ow path | ocated after the hydrogen 5 feeding
position; (iv) maintaining the pressure of the reaction in a given

Pressure rangg stgl}(npﬁléet% L2 h?&ro%er%e%sﬁ B{e‘?e_rably supplied together with the solvent.

Preferably, in a section of the flow path preceding the hydrogenation reactor the
temperature of the dissolved sample is changed to the prescribed temperature of the reaction.

The invention will now be explained in detail with reference to the accompanied drawings,
30  wherein
Figure 1 is a schematic block diagram of a preferred embodiment of the hydrogenation apparatus
according to the invention;
Figure 2 is a schematic block diagram of another preferred embodiment of the hydrogenation
apparatus according to the invention; and
35  Figure 3 is a schematic block diagram of a further preferred embodiment of the hydrogenation
apparatus according to the invention.

The hydrogenation apparatus 100 shown schematically in Fig. | comprises a reservoir
104 equipped with a feed pump 102, a collecting element 108, a hydrogenation re-
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a progctpigecigept acl e 114, a controlling elec- tronics 116, a valve
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connect eduéshureu@bstiag phipel 2, the valve 120 and the feed pump 102 via electrical leads 117,
118 and 119, respectively. The controlling electronics 116 is electrically connected also
with the heating/cooling means 130 via an electrical lead [31.
20 The reservoir 104 contains the sample solution, that is the substance to be hydro-
genated or the solution thereof. If a homogeneous catalytic reaction is to be performed,
the catalyst, in a suitable form, is admixed to the sample solution, and hence it is also
present in the reservoir 104. The feeding of the sample solution (optionally containing
also a catalyst) into the flow path is effected by the feed pump 102. The feed pump 102 is
25  preferably a HPLC pump capable of providing continuous flow of the sample solution at
a constant flow rate. In practice, the HPLC pump is a precision pump that operates at a
constant rate of feed preset according to needs under the pressure created and continu-
ously maintained by the pressure-adjusting unit 112; here the rate of feed can be, of
course, arbitrarily medified.
30 The collecting efement 108 is preferqbly formed as a T-shaped member. In order
to assist the reaction occurring within the hydrogenation reactor 110, the element 108

blends the sample solution and the pressurized hydrogen which enter through its inlets.



105 to a first inlet of the collecting el enent 108. The hydrogen
source 126 is connected 5 to a second inlet of the collecting el enent
108 through a pipe 121 and the valve 120 in- serted into the pipe
121. The outlet of the collecting elenment 108 is connected through a
pi pe 107 to the inlet of the hydrogenation reactor 110. The outl et of
t he hydrogenation reactor 110 opens into the product receptacle 114
t hrough a pipe 109 and the pressure- adjusting unit 112 inserted into
the pipe 109. As a result of connecting the listed elenents 10 to
each other, the hydrogenati on apparatus 100 according to the
invention will be pro- vided with a continuous flow path extendi ng
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20  erated hydrogen before its feeding into the collecting element 108 is preferably 1 to 500
bar, more preferably 100 bar. Constructing the hydrogen source 126 as electrolytical
cell(s) makes the hazardous operation of handling and storing of hydrogen absolutely
safe. The hydrogen source 126 can also be a hydrogen storing cylinder equipped with a
reductor.

25 The heating/cooling means 130 serves for adjusting the required temperature of
the hydrogen-bubbied sample solution. In its preferred embodiment the heating/cooling
means 130 is constructed as heating/cooling filament(s) wound onto a given portion of
the pipe 107. The heating/cooling means 130 is actuated by the controlling electronics
116 via the lead 131 on basis of the signal of a temperature sensor (not shown in the fig-

30  ures) performing continuous measuring of the temperature within the heating/cooling

means 130.



collecting el enent 108. To decrease the size of the bubbles
(preferably to create mcro- bubbles), the inlet of the collecting

el enent 108 t hrough which hydrogen enters is pro- vided with an end
pi ece made of frit. The el enent 108 can be formed, however, as any 5
ot her nenber which is capable of insuring adequate m xing of the fed
sanple solution and the fed gaseous hydrogen. The val ve 120 i npedes
t he backflow of the sanple solution to the hydrogen source 126. The
valve 120 is preferably an el ect roni&al | y controlled (pressure

regul ati ng) back-pressure valve which is actuated by the controlling
el ectronics 116. The valve's 10 control range, given in terns of the
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means 130nentsgn the reactor 110 at the opposite ends thereof, which filter elements do
mit the medium. Another way for providing immobility of the medium is that it is pro-
20  duced with a spatially contiguous porous geometrical structure, eg. as a web built up of a
plurality of fibers. In case of homogeneous hydrogenation, said medium does not contain
a solid catalyst. In case of heterogeneous reactions, the medium comprises eg. solid
catalyst particles, a web or a mesh of fibers coated with a catalyst or made of a catalyst,
tiny beads coated with a catalyst, or any combination thereof. The catalyst used is chosen
25  in accordance with the actual hydrogenating process to be performed.
The pressure-adjusting unit 112 is an electronically controiled precision motor—
driven pressure regulating valve which is arranged at the end of the flow path and adjusts
the pressure necessary for the hydrogenating process in the flow path and maintains it at
a constant value. Due to its construction, the pressure regulating valve is extremely sen-
30  sitive; it is capable of tuning the value of the pressure in very fine steps, almost continu-

ousty. The operating pressure range of the pressure-adjusting unit 112 extends from 1 to



The hydrogenation reactor 110 is preferably manufactured as a cl osed
(preferen tially cylindrical) cartridge of tubular shape having an
inlet and an outlet. The reactor 110 is joined into a suitably
formed portion of the pipe 109 by neans of detachable connec- tions
in a replaceable way. Accordingly, in a possible enbodi nrent of the
reactor 110 the 5 inlet and the outlet are provided wth threads and
are joined into the pipe 109 by neansy_of a flare joint along with
the use of a proper sealing. O her detachable connecting tech- niques
(eg. a quick connection system made of acid-proof and corrosion

resi st ant b skilled.in the relevant art can
caual |y be EPFEROPIH My OCRE e Bk Trr S 20 THE 8T hE AR b
The i nner cqh@dm{g@[ecgémgsmqsreactor 110 is preferably 5 to 10 tinmes

| arger than the inner diameters of its outlet and inlet. The inner
di amet er of thdhf 8Res H15. 196 109 letremapyfpetunad pycapilipies wih intersall dingt h
is 30 to Jﬂ%te@mng@{gemﬁ @l@bmﬁ‘t@o 1.9 i) pF@i"ErabTﬂ@fG?ﬂﬁﬁ Radd bk SuRHA | Y

appropriate for perform ng honpgenous and heteroge- neous
hydr ogéhatf&#iaisAn i nmobi | i zed nedium (i.e. a medi um bei ng i ncapabl e

of leaving 15§ a@atrf@;wsomelo]j&awggﬁ m@ﬁabmawily 5O hipu eﬂagloﬁgg%

solution) is arranged within the reactor 110 which signifi
i ncr eases PHi diserseqdtin defaiti e of the sanple solution spent in the

reactor 110. Theg.d tF@TH)mrééeﬁéﬁoﬂfapﬁaEﬁum'h'fgrbéeﬁ bgo‘ﬁgﬁ)r% a%pcﬁld u Q%n ds

arranging filter e ment s e reactor eopp0|te
t her eof , i Qﬂﬁhefqorltmélnnge@lmﬁ@mpslkﬁdhﬁ&ed P02 ¢rimimanaes todeid ulm samplst her

way f Ofp Pls a}ﬂuﬁ i ﬂlmprlvhfr ¥4 %ov{%is:l e HiB! 1ht% tfmé-'ﬁ&w é)%th aba Bfe?et %Qn duced

with a spatially contiguous poro trical structure,
web bui |t stapt ffw ate pitielr &lls pyefably bieee. 0.1 ml/@astél@mlhohb@emsme

hydr ogenat i, on, . 5ai &tﬂ?gdn‘&mnﬂg%éct%% csq%\gl@'vglve 5 Oheh LRLALY g{ﬁe%d

case of he%erog%ﬂeous reactil I'um conpriseés eg
cat al yst pupiredenlflows irdo thelflomr pash ﬁemhh&)hydfqgges@r@déﬁehkou\m the aipedfal yst

or made o i t ol any
conbi nat i fgﬂ ptrcf(i"g&reeo O%Ltflhoug gga%éa?qql?? r%é é?ﬁ 'gr e%ors]oéﬁh E‘%ﬁo%n% raance

wi th tihe ammughlthehmtrldgemhlghmghantbn@ﬁ ;iiletsempie spletidroftovedg 1nTthep1pe 103,
pressure- %djc%gttelan esgrr?bed prgsu%'f %ne%‘&sar r tf:l \Aﬁh'dcal | 10%091tt ol évevg:f’l ﬁnCI si on

mot or - dri vén pressure re 15, & end
of the fl| presspatadjuatig wodl 111§ts alsb h@oxpaesmallrd uheccemmdalmg é[exttromhellé -

e T
valve is E}dﬂwﬁn@n;gasmaet&ﬁ)ths |cbiﬂsz3ng eiememmmpahlea moking wiithegwd bigsaal ue
o i AR e Yol b B EhPRRL B P oRBh b 108 o

from | t othe collecting element 108 and the pipe 107 into the hydlogenatlon reactor 110 provided

as a replaceable cartridge, meanwhile under supervision of the controlling electronics

116 the heating/cooling means 130 adjusts the temperature of the sample solution to the

required value. The sample solution fed into the reactor 110 progresses towards the outlet

25  of the reactor 110 through the free (unfilled) space available within the medium arranged

in the reactor 110, and in the meantime it is thoroughly mixed with the hydrogen carried

by it. At the same time, the desired hydrogenating reaction (which is either a homogene-

ous or a heterogeneous catalytic reaction depending on the composition of the sample

solution and that of the medium being present in the reactor 110) takes place within the

30 reactor 110. The expansion of the reaction to the whole sample solution residing within

the reactor 110 is provided partly by adjusting the temperature of the sample solution be-

fore it enters the reactor 110, partly by setting the retention time (which is accomplished



-9- 500 bar, preferably from80 to 200 bar. The pressure-adjusting
unit 112 is actuated by the <controlling electronics 116. The pi pes
105, 107, 109, 121 are manufactured as capillaries with internal di-
aneters ranging from0.05 mMmto 1.0 nm preferably of 0.5 nm nade of
pressure-tight 5 materials. In what follows, the operation of the

| aboratory scal e hydrogenati on apparatus 100 is discussed in detail.
After the hydrogenation apparatus 10Q,has been brought into action,
upon a sig- nal of the controlling el'ectronics 116 the feed punmp 102
comences to feed the sanple 10 solution fromthe reservoir 104

t hr ough the iipe 105 into the flow path at a preset con stant fl ow
rate whi ch?fEinedhenaskiag defisiy B We s ﬁ@“‘@ ofhe gargt#ee-w peacter 1 & wiflhibe sane

tinme, Uporﬂecﬁ‘uﬁ!:ﬂﬂ@fabﬁéatﬂbﬁ'ﬁro%%@ft}{e&lob ﬁlape.lu%&mmtﬁﬁng»ﬁé ptétﬁt %/f:h'ﬂt@ 120
opens, and_hence gaseous ydr ogen | ows i nto rom-t

hydr ogen si#f 8ah ppéha Pﬁeiﬁﬁﬁtﬁdﬂﬁenaoiﬁﬁ‘e“fz The prpéue;sls@!w@e(the buhiedentous
feed of hy, Q0&H I rough
the pipe 1‘%{1 IS Onéufqglrsgtcglgﬁﬂ% gastgg ugf pﬁ?ﬁ%ﬁ%ﬁ%ﬁ?%ﬁ%ﬁ%@#ﬁ ngfmt% SBIH

t he pi pe 185 traveﬂ@gdhrewbetharqgﬁfe@@mawd withiaghaeectqrrid e egtearthe p‘rmiuct dae
hydr Ogenatc'e}%a}le 11Q|thljg§gh{ h@g\ﬁtgﬁeﬂhe ﬁtegh?or 1P %?esp%e%éghﬁ%b@%g ggtsdéusstl‘ 12 -

al so upon a signa contr ectron|cs

si mul t anecws|ly2.\wWihe th@IheEIb%@lmThmh)dfog@W@ earigvdisch@@ed iMitvetht ecteigtacipll ea
sol ution |
108, wher o e ¢ AE R AARRERE bRk Redr0F e SIMRRLB TR | g
hydr ogen- b\;ubmtettloslvsmptlet@mGdemMSbml%hrough the outlet of the
colle ng ele t j i dro enat i

react gﬁd 110 pr g@?& Ogggggﬂgedr ep Oglé%g %r(e)t%%elal ‘%rggeﬁgwn Tean af"é’“ﬁ%&‘)r
super vi si ¢ infentidre- wimt thotebdrngr Bldéctontmioogdy reﬁﬂl&i witlethaeatple gﬂmmal-j ng
means 130.adjusts the_ t rature of t

requi r ed va%e Y APROPLARS %n?et%so L{trtu%IhS Itm(l(?llmont ‘gfp% ﬂ&gsl? &5@308?’&%1‘6 larger
progressesmbmmards t he outlet 25 of the reactor 110 through the free
(unfilled) spage vai La, Wt hi-n the N rran n the reactor
110, and in t he&édh ?ilsn@us?r 1ejrgo Pﬁtherdﬁe rIr rgfggleﬁﬁsg’ﬁﬂteﬁi?wh Bﬁlﬁé
carridé Impory Ecaleﬁhydtdgenﬂiamap}tajremls actdnangl&nsthe Bﬂelhmdr'ﬂgtenafdgagmmeapt ion

which is eith horm tero ataly
Conceton” BEpim A Sodf TR RE 2 il Blaskeior heHERR P L& R s apo
that of t hﬁmh;&qbpmmmefdig}eﬂmﬁﬁ@ﬁiuch ﬂaatttiﬁ»ﬁs (ceaadt@fstid dPpciilBke sheledite

within the 30 r act e rrP n of thgreactlontothe whol e
S arrpl e s OF?R (?I%?ﬁl 1P1éss &Plﬁt m%oEl 1siry m an automated manner, wherein there is a

need to produce a plurality of quahtatwely different substances in small amounts (j.e.

20 various molecules constituting a whole library).

The hydrogenation apparatus 200 shown in Fig. 2 comprises a reservoir 204
equipped with a feed pump 202, a sample container 240 which provides the substance to
be hydrogenated, an injector 242 connected to the sample container, a collecting element
208, a hydrogenation reactor 210, a pressure-adjusting unit 212, a product receptacle

25 214, a controlling electronics 216, a valve 220 and a hydrogen source 226. The inlet of
the feed pump 202 is in fluid communication with the reservoir 204, while its outlet is
connected through a pipe 205 to a first inlet of the collecting element 208. The inlet of
the injector 242 is in fluid communication with the sample container 240, while its outlet
is joined into the pipe 205 through a pipe 241 and a safety back-pressure valve 246 in-

30  serted into the pipe 241. Furthermore, the hydrogen source 226 is connected to a second
inlet of the collecting element 208 through a pipe 221 and the valve 220 inserted into the
pipe 221. The outlet of the collecting element 208 is connected through a pipe 207 to the



the reactor 110 is provided partly by adjusting the tenperature of
the sanple solution be- fore it enters the reactor 110, partly by
setting the retention tinme (which is acconplished -10- by fixing the
packi ng density used by the filling of the cartridge-type reactor 110
with the mediumin the fabrication process thereof), and partly by
mai ntaining the pressure in the flow path by the pressure-adjusting
unit 112. The product solution (the hydrogenate) whi ch optionally
al so contai ns gaseous hydrogen, belng produced fromthe sanple solu 5
Lion travelling through the nediumarranged within the reactor 1 10
enters the product re- ceptacle 114 through the outlet of the reactor
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sanpl e contai Nefe C%ﬂgmcm a!ng tHetfﬁné?iUB Bpﬁle remaining parts of the hydrogenation ap-

20  paratus 200 is identical to that of the corresponding parts (denoted by similar reference
numbers) of the hydrogenation apparatus 100 shown in Fig. 1, and hence these parts are
not discussed in more detail.

While the hydrogenation apparatus 200 is in operation, upon a first signal of the
controlling electronics 216, the injector 242 feeds the sample through the pipe 205 and

25  the back-pressure valve 246 into the flow path, wherein the sample dissolves in the base
solution continuously fed by the feed pump 202 which results in the creation of the sam-
ple solution. The feeding of the sample into the flow path is ceased upon a second signal
of the controlling electronics 216 arriving after the elapse of a predetermined period of
time. As a result of the controlled feeding, "columns" of given lengths of the sample and

30 the base solutions travel contiguously after each other towards the reactor 210 in the flow
path. Mixing of the columns of the sample and the base solutions (wWhich actually leads to

a dilution of the sample solution) can be observed merely at the ends of the columus,



is joined into the pipe 205 through a pipe 241 and a safety

back- pressure valve 246 in 30 serted into the pipe 241. Furthernore,
t he hydrogen source 226 is connected to a second inlet of the
col l ecting el enent 208 through a pipe 221 and the val ve 220 inserted
into the pipe 221. The outlet of the collecting elenent 208 is
connected through a pipe 207 to the -11- inlet of the hydrogenation
reactor 210. The outlet of the hydroq nation reactor 210 opens into
the product receptacle 214 through a glpe 209 and the
pressure-adjusting unit 212 in- serted into the pipe 209. As a result
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t ai ner The injector 242
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e Dae B bR B @ iR B Ol B Saidrof fednd Bl et o
and cont r cdtdlgsa). feed| ng. The construction and the function of the
remai ni ng part f the, hydr ena 0 par.atu 00 is identical
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cont i nuousllay arfdeder rélhﬁocfue@ﬁ ifbl A Qb gwhatied appaitls 280 via thd enileRt | On
of t hgo Sajector 242 at a continuous operation of the hydrogenation apparatus 200 after having re-
placed the sample container 240 or having recirculated the hydrogenate to the outlet of
the container 240. This means that it will be possible to subject the obtained hydrogenate
to a second hydrogenation reaction and thus to derive a new substance therefrom. As the
reactor 210 is provided in the form of an easily replaceable cartridge, in case of hetero-
25  geneous hydrogenation it can be replaced with an other cartridge containing a catalyst
selective to the second hydrogenation reaction.
The apparatus 300 shown in Fig. 3 is of particular applicability in performing the
derivation operations of combinatorical chemistry quickly and in an automated manner.
Considering its construction, it is very similar to the apparatus 200 illustrated in Fig. 2.
30  Therefore, only those parts of the apparatus 300 are discussed in detail which differ from
the elements of the hydrogenation apparatus 200, Furthermore, it 15 also noted here that,

for the sake of clarity, those parts of the apparatus 300 which are identical with corre-



pl e solution. The feeding of the sanple into the flow path is ceased
upon a second signal of the controlling electronics 216 arriving
after the el apse of a predeterm ned period of tinme. As a result of
the controlled feeding, "colums" of given |engths of the sanple and
30 the base solutions travel contiguously after each other towards
the reactor 210 in the flow path. Mxing of the colums of the
sanpl e and the base solutions (which actually leads to a dilution of
t he sanpl e solution) can be observed rrerely at the ends of the
colums, -12- since due to -the flow conditions maintained within the
hydr ogenati on_apparatus 200 (a flowrate of 0.1 to 10 m/s) and as a
resul t of PRBIipgplepends efibe aprarafys 9P areqtsiepred tsb tha)same prierensg|nymbers of
the sanpl e;@mehidén Bgse solutions flow in lam nar manner. It is clear
that when the injector 242 is operated continuously the hydrogenation
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cartridge, in case of hetero

a sample info the injector 242 therefrom while keeping the remaining containers 340-1,

.v; 340-n closed.

To facilitate the (identical or different) hydrogenation reactions to be performed
consecutively, the hydrogenation apparatus 300 comprises at least one hydrogenation re-
actor 310-1, ..., 310-m (m 2 2) provided also in the form of a replaceable cartridge. The

25 internal_ structures/packings of the reactors 310-1, ..., 310-m are identical or different; in
case of eg. a heterogeneous hydrogenation the reactors 310-1, ..., 310-m might contain
identical or different catalysts, as it is required. The inlet of each reactor 310-1, ..., 310-
m is connected to a different outlet of an electronically controlled multiway switching
valve 360, The switching valve 360 comprises a single inlet and as many outlets (here m)

30 as the number of the applied reactors 310-1, ..., 310-m. The switching valve 360 is con-

nected to the pipe 207 through its inlet. The outlet of each reactor 310-1, ..., 310-m is



25 geneous hydrogenation it can be replaced with an other cartridge
containing a catalyst selective to the second hydrogenation
reaction. The apparatus 300 shown in Fig. 3 is of particular
applicability in performng the derivation operations of

conbi natorical chem stry quickly and in an autonated manner.
Considering its construction, it is very simlar to the apparatus 200
illustrated in Fig. 2. 30 Therefore ,&nly those parts of the
apparatus 300 are discussed in detail which differ from the el ements
of the hydrogenation apparatus 200. Furthernore, it is also noted
here that, for the sake of clarity, thqgse parts of the apparatus 300
whi ch are foawiedda differantdplet of @nﬁectrgﬁa%n %@tr@leém%ayow@ﬁ@g valve
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reactions c&rﬁroh&g&ﬁcﬁ@ﬁ&eﬁm the injector 242 begins to feed the chosen sample into the

20  flow path, as a result of which a column of the sample solution builds up within the flow
path, Then the hydrogenation takes place in a manner discussed earlier.

To perform the hydrogenation of a different sample, after having disrupted the
feeding carried out by the injector 242 the switching valve 350, upon a signal of the con-
trolling electronics 216, establishes a flow channel with the sample container storing the

25  desired sample. After having restarted the feeding carried out by the injector 242, the
chosen second sample enters the flow path. If it is desired, the controlling electronics 216
can also effect a change among the reactors 310-1, ..., 310-m simultaneously with the
change of the sample. During that time the continuous flow of the base solution also per-
forms a washover of the flow path.

30 The hydrogenation apparatuses 100, 200, 300 according to the invention are also
equipped with a display unit and a keyboard for data inputting (not shown in the figures)

besides the structural elements effecting the continuous flow hydrogenation.



consecutively, the hydrogenation apparatus 300 conprises at |east one
hydr ogenati on re- actor 310-1, ..., 310-m(rn >_ 2) provided also in
the formof a replaceable cartridge. The 25 internal
structures/packings of the reactors 310-1, ..., 310-mare identical

or different; in case of eg. a heterogeneous hydrogenation the
reactors 310-1, ..., 310-mmght contain identical or different
catalysts, as it is required. The inlgt of each reactor 310-1, ...,
310- mis connected to a different outlet of an el ectroni cally
controlled nul tlvvay switching valve 360. The sw tching val ve 360
conprises a Si t antg many outlets (here n) 30 as the
nunber of the g[pg?filt‘?t%ld" PR c%ﬁ‘@“ ps tow paitgqigthenflowresigharaipiyngaloal ve

360 is conpydageidEen aﬁaiah@esnlopezoaosbotmmgthomhs grtb 1y atthGs GULP €t Of
each reactor 310-1, O-mis -14- connected to" a different
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the swd chingde ¥al¥es gafwchooses one of the sanple containers 310-1,
..., 310- nlglgl%i 1O¥Jff)rms Wi thin the valve body a free flow channel

- that extends fromthe inlet beingg eLiI d conmmunication with the
sanpl e contai ner chosen to the inj ect 242. At the sane tine, the
swi t ching val ve 350 clflbses all its inl ets being in fluid

comuni cation with thalre rral ni ng sanpl e cont ai ners Mor eover, by

properly governing the s g val ves 360HN h the si gnal
sent over the | ead 361, trolling el ect r6 chooses the
de 15 sired reactor fromthe reactors 310-1, ..X3t® m and connects
it into the flow path. Then a flow of the base solution over the
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the flow thpakhe tihkhencatdnat biyﬂ]%gﬁﬂ&ight)ﬁbné alaes pilaaid (PB) & KRB Bicke!
di Scussedwgsffjl arrlralnged within the reactor 110 as the catalyst packing. After this, a flow rate of 0.1
ml/s was set within the apparatus by means of the feed pump 102, while a pressure of 30
20 bar was generated in the flow path by means of the pressure-adjusting unit 112. During
the operation of the apparatus these values were continuously maintained. The produced
hydrogenate, i.e. the 5-aminoindol was collected in the product receptacle 114, and then
was subjected to an analytical assay (HPLC UV, A=254 nm). As a result of the analysis,
we concluded that the collected hydrogenate was of the purity of 99.9%, and the yield of

25  the reaction was about 96%.
According to the literature (see Bioorg. Med. Chem. 8, 2000, 1415-1422), if the

same reaction is performed by means of a traditional hydrogenation apparatus under at-

mospherical pressure and ambient temperature in absolute ethanol, with using a catalyst



To performthe hydrogenation of a different sanple, after having

di srupted the feeding carried out by the injector 242 the switching
val ve 350, upon a signal of the con- trolling electronics 216,
establishes a flow channel with the sanple container storing the 25
desired sanple. After having restarted the feeding carried out by the
injector 242, the chosen second sanple enters the flow path. If it
is desired, the controlling electron” s 216 can also effect a change
anong the reactors 310-1, ..., 310-msinultaneously with the change
of the sanple. During that tinme the continuous flow of the base
solution also per- forns a washover of the flow path. 30 The

hydr ogenat Plor® Bpyeig i d&e sheretstion taes piase it iody itursgandee Yitld of shoah®3%n
are also gquippedsgMth a display unit and a keyboard for data
inputting (not shown in the figures) besides the structural elenments
effecting the continuous flow hydriogemdg? on. -15- The total vol ume of
the contiguous fl ow path of tq§ flowtype | aboratory scale

hydr ogenati on apparatuses 1Q0,7 200, 300 is at nost 10 cnB, preferably
at nost 5 cnB. In the nethod agcording to the inventién a

mo tion @ fhe Tabd ¥ scal e hydrogena- 5
; , 300 akseussed pr sly in detail. The
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oper atison of tig sapRpaNAL Y 101 200houRPRB- X 1L g, not
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of 30 bar was generated in the flow path by means of the pressure-adjusting unit 112.

During the operation of the apparatus these values were continuously maintained. The
produced hydrogenate, i.e. the 3-ethyl-aminoindo] was collected in the product receptacle
15 114, and then was subjected to an analytical assay (HPLC UV, A=254 nm; mass spec-
troscopy). As a result of the analysis, we concluded that the collected hydrogenate was of
the purity of 97%, and the yield of the reaction was about 94%,
According to the literature (see Helv. Chim. Acta. 2, 1946, 1128), if the same de-
benzylation reaction is performed by means of a traditional hydrogenation apparatus un-
20 der atmospherical pressure and ambient temperature in muriatic ethanol, the yield of the
reaction will be about 95%.

Example 3

SO e

To debenzylate a given model compound (N-benzyl-phenethylamine) in accor-

25  dance with the above reaction scheme (into phenethylamine), the reservoir 104 of the hy-



was arranged within the reactor 110 as the catal yst packing. After
this, aflowrate of 0.1 m/s was set within the apparatus by neans
of the feed punp 102, while a pressure of 30 20 bar was generated in
the flow path by neans of the pressure-adjusting unit 112. During
the operation of the apparatus these val ues were continuously

mai nt ai ned. The produced hydrogenate, i.e. the 5-am noindol was
collected in the product receptacle 114, and then was subjected to
an anal ytical assay (HPLC UV, X=254 ni). As a result of the analysis,
we concl uded that the collected hydrogenate was of the purity of
99.9% and the yield of 25 the reaction was about 96% According to
the liter aﬁ@g@a%/@e"@pgﬁ%rl@o aqepiging (p &1 in@ntioroes, filled Whth1 4203ampid soﬂLhe
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packi n After this c{]o¥l\/ e of 0 /s was set with th

appar atis BiPiRearscolpctidis therg ﬁiﬁeﬂf)’? Iignpdghen prseybigpted tOoif’ln %’@ bar
was gener ayeg dsthyt BL(f:Itpawmwm{a ARapt&AL = Adl st i

unit 112. S(Durlsnéla(?he operation %rfn th@g%pg{y??ﬁ?fﬁﬁ%%@%ﬁfgggmge?e

cont i nuousPyclsd Fehiha é@i ectrd dydipgesaia el ohid ot 9A08%, indehe yiald of the

3- et hyl - amReiNERlWR89 69 | ected in the product receptacle 15 114,
and then was subjected to an anal ytical assay (HPLC WV, X=254 nm
mass spec- troieopig toale diteyaswp|(3ee of Ora’]é'-'hafna‘f%'dp&i 4085 ctbe ptesthe de-t hat

the colsl eqtedahyreQaenake Was 104 waditional hydrogenation apparatus under a pressure
of 3.1 bar and ambient temperature in a 95% by weight ethanol, and the yield of the re-

action is 100%.

From the above examples it is absolutely clear that the hydrogenation apparatuses

100, 200, 300 according to the invention and the hydrogenation processes performed
20  thereby — besides the advantages outlined earlier — provide approximately the same reac-
tion yields that can be achieved by the traditional reactions.

Furthermore, the hydrogenation reactions discussed in the above examples can
also be performed by the hydrogenation apparatuses 100, 200, 300 according to the in-
vention in a fully automated manner, For this, the above three model compounds are ar-

25 ranged in separate sample containers 340-1, 340-2, 340-3 and are supplied in given
amounts successively into the pipe 205 by the sample injector 242, wherein the solvent
of the 1:]1 mixture of EtOAc:EtOH stored in the reservoir 204 is continuously fed into the
pipe 205 by the feed pump 202. The hydrogenation reaction of a certain model com-
pound takes place within that hydrogenation reactor 310-1, 310-2, 310-3 which is filled

30  with a catalyst matching with the model compound concerned (the switching valve 360

provides for the entering of the model compound into the appropriate reactor), and each



the purity of 97% and the yield of the reaction was about 94%
According to the literature (see Hely. Chico. Acta. 2, 1946, 1128),

if the sanme de- benzylation reaction is perforned by neans of a
traditi onal hydrogenation apparatus un- 20 der atnospherical pressure
and anbi ent tenperature in nuriatic ethanol, the yield of the
reaction will be about 95% Exanple 3 To debenzylate a gi ven nodel
conpound (N-benzyl - phenet hyl am ne) iygaccor- 25 dance with the above
reaction schene (into phenethylamne), the reservoir 104 of the by
-17- drogenation apparatus 100 according to the invention was filled
wth, as a le solu- tion, a,stock solution of 1 m xture of
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appar at us fljedre@maoafy grbedesffeetic puasva0Z, thembidi@efatidh @8S1F ei@berdfle bar
was generated i.n tge flom“path by means of the pressure-adjusting

uni t 112, SFRESTVPLoRT RS 165°UPHe sanpl e sol ution was set to 60C by
means of the heating/cooling nmeans 130, and during the operation of
the apparatus these val ues were continuously naintai ned. The
produced hydrogenate, i.e. the pheneth 10 ylam ne was collected in

t he product receptacle 114, and then was subjected to an ana- |ytical
assay (HPLC UV, X=254 rim mass spectroscopy). As a result of the
anal ysis, we concluded that the collected hydrogenate was of  the
purity of 98% and the yield of the reaction was about 99. 9%
According to the literature (see J. Org. Chem 49, 1984, 4076), the
present de- 15 benzylation reaction takes place in a traditional

hydr ogenat i on apparatus under a pressure of 3.1 bar and anbi ent
tenperature in a 95% by wei ght ethanol, and the yield of the re-
action is 100% Fromthe above exanples it is absolutely clear that
t he hydrogenati on apparatuses 100, 200, 300 according to the

i nvention and the hydrogenati on processes perfornmed 20 thereby -
besi des the advantages outlined earlier - provide approxinmately the
sane reac- tion yields that can be achieved by the traditional
reactions. Furthernore, the hydrogenation reactions discussed in the
above exanpl es can



al so be perforned by the hydrogenati on apparatuses 100, 200, 300
according to the in- vention in a fully automated manner. For this,
the above three nodel conpounds are at 25 ranged in separate sanple
cont ai ners 340-1, 340-2, 340-3 and are supplied in given anounts
successively into the pipe 205 by the ganple i njector 242, wherein
the solvent of the 1:1 mxture of EtOAc: EtOH stored in the reservoir
204 is continuously fed into the ﬁg_ by the feed punp 202. The
hydr ogenati on reaction of a certaln com pound takes place
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20  through the reactor (110; 210, 310-1, ..., 310-m) so as to maintain said mixed phase of

said components throughout the hydrogenation.

2. The laboratory scale hydrogenation apparatus (200, 300} according to Claim 1,
characterized in that it comprises at least one sample container (240) containing the
liquid sample or a solution thereof, wherein the sample container (240) is separated from

25  the reservoir (204) and is connected through a dosing injector (242) to a seétion of the
flow path situated between the feed pump (202) and the collecting element (208), and
wherein the reservoir (204) contains only the solvent of the sample to be hydrogenated.

3. The laboratory scale hydrogenation apparatus (100; 200, 300) accordfng to
Claim 1, characterized in that it comprises a hydrogen source (126; 226) generating the

30  gaseous hydrogen in-situ.



the flow resistance and facilitating the mxing of liquid and gaseous
conmponents, and wherein the pressure-adjusting unit (112; 212) is
provided with an electrically controlled regulation having a control
range of a ratio of at least 1:6 and nmintains a given pressure in
the flow path, said pressure is adjustfd sinultaneously with the base
sol ution flow ng 20 through t he reactor (110; 210, 310-1, ..., 310-m
SO0 as to maintai said co oughout t he
hydr ogenat i on. 2 ?he?_'flzlbgll- Igméa%ggl{‘amﬁ i %ratéqug? %?ng%g@)a%c% g {?
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(100; 200, 3009. Hexhboiattgy ts@ale hydrogenation apparatus (100; 200, 300) according to

20 Claim 8, characterized in that it comprises a heating/cooling means (130; 230) inserted
between the outlet of the collecting element (108; 208) and the inlet of the hydrogehation
reactor (110; 210, 310-1, ..., 310-m), wherein the heating/cooling means (130; 230) is
clectrically connected with the controlling electronics (116; 216).

10. The laboratory scale hydrogenation apparatus (100; 200, 300) according to

25  Claim 1, characterized in that the total inner volume measured along the flow path from
the feed pump (102; 202) to the pressure-adjusting unit (112; 212) is at most 10 cm®.

11. A laboratory scale hydrogenation process for hydrogenating a sample in the
mixed phase of a gaseous component and a liquid component, said sample being present
in a solvent, comprising the steps of

30 (i) supplying a solvent of the sample to be hydrogenated by means of a feed pum;ﬁ (102;
202) into a flow path;



Claim1l1, characterized in that it conprises a central controlling
el ectronics (116; 216) which is connected through appropriate

el ectric connections with the valve (120; 220), the
pressure-adjusting unit (112; 212) and the feed punp (102; 202). 9.
The | aboratory scal e hydrogenati on apﬁératus (100; 200, 300)
according to 20 Caim8, characterized in that it conprises a
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12. The laboratory scale hydrogenation process according to Claim 11,

20 characterized in that the sample to be hydrogenated is supplied into the flow path in
given periods.

13. The laboratory scale hydrogenation process according to Claim 12,
characterized in that within successive periods different samples are supplied and the
hydrogenates generated in periods are separately collected.

25 14. The laboratory scale hydrogenation process according to Claim 12,
characterized in that each sample period is hydrogenated in different hydrogenation
reactors (310-1, ..., 310-m).

15. The laboratory scale hydrogenation process according to Claim 11,
characterized in that the sample to be hydrogenated is supplied together with the solvent.

30 16. The laboratory scale hydrogenation process according to Claim 11,

characterized in that in a section of the flow path preceding the hydrogenation reactor



15 in said step (iv) setting the upper value of the pressure range by
the pressure- adjusting unit (112; 212) sinultaneously with the base
solution of step (i) flowng through the reactor (110; 210, 310-1,

., 310-m so as to nmintain said m xed phase of said conponents
t hr oughout the hydrogenation. 12. The2Raborat ory scal e hydrogenati on
process according to Claim11l, 20 characterized in that the sanple
to be hyd e S S | ied into the flow.path jn ive eri ods.
13. The Iggg’rg o?@o'étar’?q IB@/na)r%8etér;{.}la]ﬁr%)tﬁreporfotgeegggsoell‘éegosragllp %glstcga%e%itomﬁjfz
char act er preedibed teiripetatwe bhihe regdeessi ve periods different sanples are
supplied and t d enates generated.in periods are separatel
col l ected. 25 [llfl Tg%efag%B@%tﬁﬁﬁg E‘E‘EJP%GWIS}QH o&@?ﬁi?i?fﬁorﬁfl’(gcé%scglm i,
accor di NgcABRadiblelin that the MbIRBAGT Joh8Ek bftht Bl RACRSBEMLE BRNVoRthd 5
hydrogenated in different hydrogenation reactors 5310-1,
310-m>3 1@?%’#@%@&5@@@@9&/(1&1@%&0Mn@g‘é}ﬂsﬂﬂlon process according to
Claim1ll, characterized in that the sanple to be hydrogenated is
supplied together with the solvent. 30 16. The | aboratory scale
hydr ogenati on process according to Claim 11, characterized in that in
a section of the flow path precedi ng the hydrogenation reactor -22-
(110; 210, 310-1, ..., 310-m the tenperature of the dissolved sanple
is changed to the prescribed tenperature of the reaction. 17. The
| aborat ory scal e hydrogenation process according to C aim 11,
characterized in that the total inner volume of the flow path
together with the volunme of 5 the hydrogenation reactor (110; 210)
is at nost 10 cnB.



