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The pre';sent I nvention relates to a mcroencapsulated Lew s
racid where a Lewis acidiis confined in a network of. a polynmer gel. The
m croencapsul ated Lewisiacid is in a condition wherg g Geaf/vigsSaﬁi'Zi -4 § fixed
on the surface or the inside of a polyner capsul e and confined in certain
roomto function as catalyst of organic syntheses. B%%%ND OF THE

| NVENTI ON The deyel of catalys supported om Or 7800 '

pol ymers has hitherto bgenﬁg%WQﬁtﬁwgb organic sygg neses.
The reason for this is that the catal ysts supported on organic polyners
are very econonical in view of the preparation and the separation from
reaction pr%lﬁghs and the _industrial application thereof is expected.

Furt her nore, ngﬁﬁz’swhlﬁm&"at al ysts supported on polyners have been
reported so far, %Fe activity of such caial ysts is l,ow as conpared wth
carrier-free cataP§sPEeSER INKeREPn XeLates T3 MiQroensARsitatedn

organi ¢ pol yners has been very difficult, to reali ze. On the ot her
hand, attenth€3Hs acif, ghery & é‘eﬂ’é\ﬁ acid i coplinnd et PREVERKraEtRri stic

catal ytic activi t)é an selectivity of reactions thereof and in addition,
the Lewis Polymer ge The microencapsulated Lewis acid 1is in 3

condition where a Lewis acid is fixed on the surface or the
inside of a lymer capsule and confined in certain room to

function as catalyst of organic syntheses.

BACKGROUND OF THE INVENTION

The development of catalysts supported on organic
polymers has hitherto been a very important theme of organic
synthesges. The reason for this is that the catalysts supported
on organic polymers are very economical in view of the
preparation and the separation from reaction products and the
industrial application thereof is expected. Furthermore,
although some of catalysts supported on polymers have been
reported so far, the activity of such catalysts is low as
compared with carrier-free catalysts and highly active
catalysts supported on organic polymers has been very difficult
to realize.

On the é)ther hand, attention is directed to Lewis acids
because of the characteristic catalytic activity and

salectivity of reactions thereof and in addition, the lLewis
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thus the Lewi s acids being recognized to be industrially very useful.
»However, the Lewi s aci d$ deconpose in aqueous solutions and are difficult
to recover and recycle, jand these facts are common to Lewis acid catalysts
supported on polyners. For exanple, although an alum num.chloride catal yst
supported on a crosslinked organic polymer is known and can be easily
recovered fromthe reaction system after using_once, the catalyst i

S
difficult tPPSPEPMPESNFRRRIFER N3FtiguE cHPdas dioldesi Feradfte™dr nore to
make the recycli ng t hereof | npossi ble. ) Thus, the conventional Lew s
aci d cat al ystwsyFRe fRvisacids hsing xeegonized ke bechadustoeldy Y56t i on
systens, the separation fromreaction products, and the recovery and
recycling tHERE . HedeYsR al $oe s LeWABorad@sofiRAqTRREe ool §FBPLUS so are
difficult to recaover and recycle to make the use_thereof uneconom c.
The invent i diPtdensrndare difEiqnl totaxesavey and recechfi @4 Eha$® of the
conventional _catal ysts supported on 'cFOl gmars and in addition, at solving
probl ens at tFARKERTS FEMICR 10 ke eid eatalystesiprer ol PR PRl YIRES .
separation from reaction groducts, and the recovery as to the Lewis acid
catal ysts h&emhgxarebe  @ddheugh an akwrinunshloxride cabakysl sHRPORESR |
m croencapsul ated Lewis aci ds supported on polyners and catalysts forned
of these. on a c¢rosslinked organic polymer is known and can be easily
recovered from the reaction system after using once, the
catalyst is difficult to recover from the reaction system after
using twice or more to make tha recycling thereof impossible.

Thus, the conventional Lewis acid catalysts are not
necessarily easy in the preparation of reaction systems, the
separation from reaction products, and the recovery and
recycling thereof, The catalysts supported on organic
polymers also are difficult to recover and recycle to make the
use thereof uneconomic.

The invention, accordingly, aims at overcoming the
technical lin:lit of the conventional catalysts supported on
polymers and in addition, at solving problems attendant upon
the preparation of reaction systems, the separation from
reaction products, and the recovery as to the Lewis acid
catalysts having great industrial usefulness, thus to provide

novel microencapsulated Lewis acids supported on polymers and

catalysts formed of these.
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2 FROY RAEEEEE SUMVARY OF THE | NVENTI ON000% 8F SRk | Tt T:87 EHGHI e d the
first invention a mcroencapsulated Lewis acid characterized in that a
Lewis acid is supported through coordinate bonds on a m crocapsul e forned

of an organic polyner. : In relation to the first invention, the
I nvention also provides a mcroencapsul ated Lewis acid as particles or
aggr egat es t her eof as t he second I nventi on; a

m croencapsul ated Lewi s _acid where the organic polynmer is a substantially
non- cr ossl i ﬁE@HABH%e‘FHEprIé‘E{&PEamBy addition polynerization as the third

I nvention; a mcroencapsul ated Lew,s acid V\:hﬁl’e he or?ani C ﬁol yer s a
substantially nofRer JE¥PREkEY RAYAEPSc A at ané’eﬁsotrra PEEPHHYL &5 the
fourth invention; a mcroencapaul ated Lewi s acid wheye th Qr.ganic pol ymer
is a substaﬁ?PﬁPﬁ?ﬁwlﬁ%ﬁ’%ﬂ@eﬂcﬁgFﬁ?%ﬁ‘ctﬁrﬁe&ﬁﬂ lbafbgﬁ‘?gﬁgq‘rﬁqr?gs as the
fifth invention; a mcroencapsul ajed Lew s, acid ere the Oril%rrx]rise(r;’i pol ymer

C

is a subst AftFURRSFEshthrRall ForErf Nake RAnds BRAPHERRFARSIHE: i ngs  on

the side chains as ,the_ sixth invention; a mcroencapsulated Lew s
aci d where ©Ofe28r GEFRRIGIRMFRT's a substantially non-cr ossl i nked pol ynmer

cont ai ni ng benzene ri ngcs, on the side chains as thehsevent .Lnvention; and
a In relation to the first invention, the invention also

provides a microencapsulated lewis acid as particles or
aggregates thereof as the second invention; a
microencapsulated lLewis acid where the organic polymer is a
substantially non-crosslinked polymer prepared by addition
polymerization as the third invention; a microencapsulated
Lewis 3cid where the organic polymer is a substantially
non-crosslinked polymer containing aromatic rings as the
fourth invention; a microencapsulated Lewis acid where the
organic polymer is a substantially non-crosslinked polymer
containing benzene rings ag the fifth invention; a
microencapsulated Lewis acid where the organic polymer is a
substantially non-crosslinked polymer containing aromatic
rings on the side chains as the sixth invention; a
microencapsulated Lewis acid where the organic polymer is a
subgtantially non-crosslinked polymer containing benzene
rings on the side chains as the sgeventh invention; and a
microencapsulated Lewis acid where the Lewis acid is
trifluoromethanesulfonate of a rare earth metal as the eighth

invention.
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trifl uoromat hanesul fonate of a rare earth netal as the eighth invention.
+3 The invention further provides as the ninth invention
Lew s acid catalysts that are characterized by being formed of the
aforesai d m croencapsul ated Lewis acids of the first through eighth

I nventi ons. Furthernore, the invention provides as the tenth

' ' f I d id
char act or i ieﬁr?ﬁe?ﬁst%’{ a““?aﬁ?é"s%{f%ﬁ FReae O COBY AR bonds

on m crocapsul es 5| n n_form t he rocapsul e

organic polVifeS 2 iﬁ%%&ﬁé&p%’fﬁ f&%fﬁc’ﬁfeﬁ?:%% oy, feiog; ﬁ%n%'?‘:gvent

i nvention a ces arl n t he Cro nca sul at wherein
the mecr oenc%%ﬁ’ﬁa? %%j’tfg ﬁaB‘ﬁ £ Fl%‘ﬁ‘%r 6%,ew§a In the
m croencapsul.at ed. Lew cid s orted through coordi nate bonds on an
organi ¢ poly “gé‘c&i‘ﬁﬁﬁg ’t'bv? “I nvention, the Levm' s acid is arranged on
t he surfaces of g‘Hg ul es and eg osed on the&ft in a condjtiqon where
the acid is conf %ﬁﬁP’iﬁNeF ged“}"ﬁ“t?df?ﬁll éﬁ’elsoo‘?ﬁ ofthenetft de  of

capsul es, thus t articipate in reactions as cat al
P inven ct):xp prgcess for preparing a mgcroenca}/psulated Lewis

acid characterized in that a Lewis acid is supported through
coordinate bonds on microcapsules simultaneously on forming
the microcapsules from an organic polymer by a
microencapsulation process and as the eleventh invention a
process of preparing the microencapsulated Lewis acid wherein
tha microencapsulation process is a phase separation process.

In the microencapsulated Lewis acid supported through
coordinate bonds on an organic polymer according to the
invention, the Lewis acid is arranged on the surfaces of
capsules and exposed on the polymer in a condition where the
acid is conrined and enveloped in complicated room of the inside

of capsules, thus to participata in reactions as a catalyst,

BRIEF DESCRIPTION OF THE DRAWING

Fig. 1 is a figure showing comparison of reactioh

activity in Example 15.
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conpari son of reaction activity in Exanple 15.

4 DETAI LED DESCRI PTI ON OF THE | NVENTI ON DESCRI PTI ON
OF THE PREFERRED EMBODI MENTS The invention possesses the
characteristics as described above. Next, the enbodinments are illustrated
bel ow. Sonme exanples of the Lewis acids supported on polyners have

been reported so far ( r - Soc., 94, 9284
(1972): Drago, R S., ‘gﬁé}e"’% Pgicgﬁ?'&ﬁé%a%oé*’% I@%‘j’&@ﬁ (1988); d ark,
J. H, et al., J. Chem Soc. Chem Comun., 1995, 2037; and ot hers)

Furtherm)re the present inventors also report sone exanpl es (Kobayashi,

Alm’ (e:;[1e?r: 3&3]333%%10?95? F%Q%%E%lggmg% e\t,)\nagazg: dss;shpgt)rflled O‘I?l-
RLTUEL a2 o et B e L i
Merocapsul &g f o M ReRt, i boAiminEs %2t 11135t rated below.
Some examples of the Lewis acids supported on polymers
have been reported so far (Neckers, D, C., et al., J. 2m, Chem.
Soc,, 94, 9284 (1972) ; brago, R. §., et al., J. Am. Chem, Soc,,
110, 3311 (1988); Clark, J, K., et al., J. Chem, Sqgc., Cham.
Commun,, 1995, 2037; and others). Furthermore, the present
inventors also report some examples (Kobayashi, 8., et al.,
J. Org. Chem., 61, 2256 (1996); and Kobayashi, S., et al., J.
Am. Chem, Sog., 118, 8977 (1996)).
These Lewis acidg supported on polymers, however, have
a disadvantage of having only low catalytic activity as
compared with the carrier-free lewis acids.
Microcapsules tormed of organic polymers also are
described in Japanese Patent Laid-Open No. 296855/199%4.
However, the microcapsules have bursting properties to make
the recycle thereof impossible and house Lewis acids just
physically.
On the other hand, the microencapsulated Lewis acids
where Lewis acids are supported through coordinate bonds on

organic polymers as described above are easy in the preparation

and adjustment thareof, surprisingly exhibit high catalytic

(1]
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desifl BREES#I  Japanese Patent Lai d- Oped(NG. SE24AKHS/ 108 7. 0 TEERRAPERLII ML 11
m crocapsul es have bursting properties to nake the recycle thereof

“i npossi bl e and house Lewis acids just physically. On the ot her
hand, the m croencapsul ated Lewis acids where Lewis acids are supported
t hrough coordi nate bonds on organic polyners as described above are easy
in the preparation and adjustnent thereof, surprisingly exhibit high
catal ytic I Vit can be

. 5 t
separ at ed afFH¥EEYeF2Y B9 3FRFERkad 3P pPoTiRES Ty r?%‘é@%‘q ﬂ@?"'\{%"n‘? can be

used for a variety of .organic synthetic reactions. These m croencapsul ated
Lewi s aci ds fg’r“e r%’l!ﬁé’f‘ﬁﬁ?i ahdy c@%/’f #’@ré‘?ﬂe R BNVRRGOh L oPEIRARE Bol yIer -
supported Lew s, acids. . M crocapsul es fornmed of . organi c.polynmers have
hitherto bEVMEBREH HRCHENR: o/ hesP W?&E@&FP@%F%?‘&P%% 5,

presents for_the first tipe_the mcroencapsul ation of Lew s ci ds and
utilization %"ﬁ’é&é&#?@l%a%ﬁ{&ﬁ%@ from c°$“%“'i’ﬁ‘8'}agel?6§ﬁ§ﬁ1=a? ¥ s aci ds
of the invention %gai E’ge‘ rovided as fine particles or aggregates having

particle siSXF®POF t374% nanoneter orders. A Lewis acid is

supported through coordi nate bgnds on an organi c_polymer form ng capsul es
and arranged on tMtcERFIRRHesformed of, prernic PolvReE? fevecRi IR Wor or

exposed and _arranged on the po] yner
P been k%own in thepfig&d of pharmaceuticals. The invention

presents for the first time the microencapsulation of Lewis
acids and utilization thereof to catalysts.

The microencapsulated Lewis acids of the invention can
be provided as fine particles or aggregates having particle
siz2es of micrometer to nanometer orders. A Lewis acid is
supported through coordinate bonds on an organic polymer
forming capsules and arranged on the surfaces of the particles
or aggregates thereof or exposed and arranged on the polymer
in a condition where the Lewis acid is confined and anvaloped
in ¢complicated room of the insides of the capsules. In the
aggregates, the Lewis acid enveloped is found to be exposed
alsoin acondition of theparticles contacting with one another.
In these conditions, the Lewie acid acts and exhibits stable
action and further higher catalytic activity as compared with
the carrier-free Lewis acid.

Both crosslinked and non-crosslinked organic polymers
can be used as the organic polymers as long as the polymers

can underge microencapsulation, but substantially non-
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Conpl i cated room of the insides of the capsules. In the aggregates, the
.Lewis acid enveloped is found to be exposed al so in a condi tion of the
particles contacting with one another . In these conditions, the Lew s
acid acts and exhibits stable action and further higher catalytic activity
as conpared with the carrier-free Lewi s acid. Bot h crosslinked and

non-crossl i nked organic polynmers can be use e orga ners as
l ong as the %8??%&% éc&ﬁlﬂﬁ%? gB*fi B’G@ﬁﬁ’éﬁ uI a gxmeﬁgt rP?ﬁ'ﬁ'gga%t Mially
non- cross|inked p rs are
preferred. a9gdtinm, sp?mwl%ddlaFPonmﬁﬁl yRBPFOBEIRYE - ar e%%r

appropri at e. More concretely, the p ners are substantla%}

non- crossl i tﬂ?@&rebﬁhyrre?%e cRﬂ?tYé’ieI‘?FnQISrﬁ grantialdy nQBSPFERT 'é‘@ﬁ'Zene
rings, inclu polystyrene ene/ac loni ,trj cO oI and
st yrene/ MVAPS ?rf"é?’ktammg ar‘f’g/?tt’-l?ert'é stE‘FHaE{Pb ’Tﬂfgh

coordi nate bon s on m.crocapsules for of an .organic cO tal ni ng
benzene ri lgsludingpal Né&%?ﬂ%&%ﬁ@%@é’t%%&?&&? Yﬂéf

Lewi s acid and [erer ectrons of the benzene rings causes effectlve
catal yti c a&tyggne/! PHY™SFSst ant i al | y non-crosslinked polyners neans

pol ymer s t hat are not subjected to crosslinking reaction b
In the Lewis acid supported through coordinate bonds on

microcapsules formed of an organic polymer ¢ontaining benzahe
rings, it is thought thalt the mutual interaction between the
Lewis acid and n-electrons of the benzene rings causes
effective catalytic action,

The substantially npon-crosslinked polymers means
polymers that are not subjected to crosslinking reaction by
use of crogslinking agents, which does not mean to exclude
polymers where a small number of crosslinking structures are
produced in the course of preparation of the polymers. That
18, the polymars need to contain substantially no crosslinked
polymer gel unhecessary to solvents,

In the organic polymere containing aromatic rings, the
aromatic rings in molecular structure can be thoss forming the
main chain of the polymer or those existing in the side chains.
From the viewpoint of the mutual interaction by coordinate
bonds between a Lewis acid and n-electrons of a benzene ring,
for exampla, in the case of polystyrene or copolymers or block

copolymerg of styrene and another monomer, organic polymers
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usefRoH EREBEENI nki ng agents, which does200k Shehi) tTo! &I Tt EESEI WAELE Wédre
a smal |l nunber of crosslinking structures are produced in the course of
‘preparation of the polyners. That 1$, the polynmers need to contain
substantially no crosslinked polyner gel unnecessary to solvents,

In the organic polyners containing aromatic rings, the aromatic rings in
nol ecul ar structure can be those formng the min chain of the polynmer or

t hose existi in_t Si chai,ns, Fromthe vi.ewpoi pt of the nutual

i nteraction %%85? 'Wg%%ﬁaﬂkéb%‘t mg%riﬁﬁ‘?“a%'f “SRE TR PPFZE Rt r ons
of a benzene_ring, for ex le,.in the case of_pol ystyrene or copol yners
or block co {ﬂﬁ!ﬂ"s '%P 8§t ggﬁ‘éé’d'ffd aArFoPRER %?ﬁ#&?&oygani ¢ pol yﬁerg

7 t hat e fornmed by, addition, polyneri zatLon and cont gi n_benzene
rings on the side ORaPFEANIGLPRLYRERS EPBFgw‘eﬁg./ng aromatiq X1gpg At "B ymer s
containing aromatic. rings can have a variety of npolecular stryctures such
as a pol yol efi PF’%PFMC[‘%r e“,"°65ae aFe S Buchurss fueh £%oky RHIPLIE Ot ure,

) ri ngs

and a polyanjde structure as |ong as the polynmers contain aromati
in structur egl?”‘ﬁ’t%poiayﬂ%lr%esd:lervgﬁ‘b?@’%nén%?]syeé'é‘ﬁr %F’é‘b"wq'm??%ded
ereof is not particula

t herein. Although the nol ecul ar wejght t |
limted, pol 3y YRR RFERRUFGRS 1308 AP HBPLYVIPES “RBIFEHT a&f"“ﬁ%b%t 10, 000

to about 2,000,000 are usable in generfl. .
rings 1n structures. Or copolymers of various monomers can

also be included therain. 2Although the molecular weight
thereof is not particularly limited, polymers having a weight
average molecular weight of about 10,000 to about 2,000,000
are usable in general.

Supporting of the lewis acids on microcapsules formed
of these organicpolymers canbe carried out by various methods.
Interfacial polymerization, phase separation (coacervation),
and interfacial precipitation are known as simple mathods. In
the invention, the phase separation (coacervation) is
preferably applied.

Lewis acids forming the microencapsulated Lewis acid of
the invention are those defined as eledtron-pair acceptors and
a variety of Lewis acids are usable, Although known Lewis acids
such as AlCl, or BF, can also be used, examples of Lewis acids
used preferably in the invention include organic metallic
compounds of rare earth metals of scandium (Sc), yttrium (Y),
and lanthanide (Ln) series, for example,

trifluoromethanasulfonates of rare earth metals such as
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Supﬂﬂ‘r{@‘?mﬁ the Lewi s acids on ni crdﬁfdﬁaﬁ,ﬂl RBSKIAG e Wl T oY/ TEBAIE 350 Nt ¢4
pol yners can be carried out by various nethods. Interfacial

-pol yneri zati on, phase separation (coacervation), andinterfacial
precipitation are knownas sinple nethods. In the invention, the phase
separation (coacervation) is preferably applied. Lew s acids
formng the m croencapsul ated Lewis acid of the invention are those

defined as el ect cceptors and r| e of ., .Lew s acid eusabl e.
AT t houghk novFERALSR| d5+ELHEROBREnaneepL EPpa fe wﬁlu&‘an%ﬁik a5 (sed,
exanpl es of W S acid used preferably I nventi o organi c
metal lic SIF-T‘%&MHS%B?'E}%Y%' e ﬁ @%Frgegﬁ%%#es-) ﬁ’?ﬂ

and | ant hani ser s for exarrpl e, tr| fI uoro an uI fon es of
rare earth ng‘f'al(sg"sﬁ Bh T, Dy, Ho, E¥, Tm, Yb, HE“;] E‘% ot

scandium triflu rorrethanes t scandi um tr|f ttrlum
T e L AfaAH RPHBowH% (tBAL.the prepant ARveRtors Ve foul arg

Dy, Ho, Er, Tm. .Yb, and Lu Above all scandi um conpounds_ .t at t
present inveHtthl® H& @0 3GHEOUS cPhage And me£ﬁra'ahséo‘§£e'mﬁsf E
exenplified. O these, a typical Lews acid s scandi umfrlflate
[Sc(OTf),J. these, aTﬁXPhﬂﬂJrﬁewéﬁ acidiiss sgandiwy fxdfiadeokSWtdebpsul es

formed of an organjc mer is not_ partijcularl limted and
g 5\ gmognt of a LeW:I.E acid suppo;/'ted on microcapsules

ef erably

formed of an organic polymer is not particularly limited and
can be selected depending upon a Lewis acid used, an organic
polymer used, the purpose of use of a microencapsulated Lewis
acid adopted, and a use. For example, when the aforesaid
polymers having a weight average molecular weight of about
10,000 to about 2,000,000 are used, the weight ratio of a Lewis
.ac:id to an organie polymer in general is 1:100 or more, and
preferably from 1:3 or less to 1:50 or more as a standard.

In the invention, the microencapsulated Lewis acids as
described above are used as catalysts for a variety of organic
syntheti¢ reactions.

The microencapsulated Lewis acids canh ba used as
catalysts in both embodiments of a batchwise reaction systam
and a flow reaction system, for example, for a variety of
organic synthetic reactions such as imino-aldol condensation,
Mannich-type reaction, aldel reaction, Michael reaction, and
Friedel-Crafts reaction. In addition, the catalysts of the

invention are found to have high reaction activity and to bring
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carFPB?é a.;si‘eai“-e-'f fied dependi ng upon a Lew 004&i% WRAT: 4R80T JAAEESOBAOGHE P (&eq,
t he purpose of use of a mcroencapsulated Lewis acid adopted, and a use.
-For exanpl e, when the aforesaid polynmers having a wei ght average nol ecul ar
wei ght of about 10,000 to about 2,000,000 are used, the weight ratio of a
Lewis acid to an organic polynmer in general is 1:100 or nore, and

preferably from1l:3 or less to 1:50 or nore as a standard. In the
[ ti I t ed. bed . d
s cat al yst SR TORTERRGE PR CTisEn  laai vl CBE rRfa AR R AN G, 5

| t b d t h d t
of = bat chui SRS é?rsiegyésee% %g’ﬁﬁeﬁg$$%wa§‘e3§?¥ S#dévsfels%n9°%?t ‘2&%1 e,
f t t het
condensat | o4 nﬁ%%a“'wg%ﬁsaﬁﬁ%me@f B4 e B8N, SATEIASE 2520 on, and
Found to haViSHitgR BREUHeac et Apnihie: Bigh Kpnorion aSeavifrbion are

9 aboﬁa .hi gh reac%| on ¥ ields (selectivity) as conpared with
singl e carr i ST TSBI AR €Y A very significant action where the

m croencapsul ated _Lewi s_acid re vered from m xt ures al so
exhi bit high reacpl'k’oﬁ ‘éﬁf?‘\/i% ﬁﬁer%%cﬁ Pisé‘fﬁgﬁ?ofr] cids akt cour se,
when the m Creoc%r{rceax%%%atseedpaligvglgnatcrom rggctlon products, the recovery

as a solid (particles) can be very easily carried out.

EXMMPLES
The embodiments of the invention are illustrated in
further detail through the following examples, but these are

not to be construed az limiting the invention.

EXAMPLE 1

A microencapsulated Lewis acid of the invention was
prepared according to the following procedure. A Phase
separation (coacervation) microencapsulation process was
adopted in this procedure.

First, 1.000 gram of polystyrene having a weight average
molecular weight of 280,000 was dissolved in 20 ml of

cyclohexane at a temperature of 40°C and subsequently, 0.200
gram of scandium triflate [Sc(OTE),] was added to the resulting

solution,

The resulting mixture separated was stirred at the

10
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r e FRleEREBISEYH separ ati on from react i on2{0BEAIBK 111/ BRTAVAEFAOR4IK4E A 1
(particles) can be very easily carried out. EXAVPLES The

- enbodi ments of the invention are illustrated in further detail through the
foll owi ng exanples, but these are not to be construed as limting the

I nventi on. EXAMPLE 1 A m croencapsul ated Lewis acid of the

I nvention was prepared according to the follow ng procedure. A Phase

o ocedur o, SToresayd MerberSbBe R oo RS P LI (B SRt aver age
nmol ecul ar Lght of 280,.000 was dissalved in 2 of cycl.obe at a
terrpelrjat ur\é\%bgsﬁo’f%l?ﬁaélz?ﬂd (PRe I i v?, 3%9%8:°n%?%aof=¥ggﬁgjd‘%(€%%t riflate
I s
aforesaid t erature f hour _an radpal | ool ed t.a OC. Phase

separ at : on ?@%ﬁ&grgﬂ?i%ﬁe‘%r%ge 8 g%%?ﬁ'éy%ﬁéirgf'ﬁ e f3l38 % i ng scandi um
triflate vvitq Qol Xstﬁene. Thirty ml of hexane was added thereto to harden
particle waM&rgFapsuies,

After further stirring for 1 hour, a microcapsule
particle product was washed with acetonitrile several times
and then dried at 50°C.

S8ince 0.08 gram of scandium triflate was recovered in
the procedure described abova, it was confirmed that 0.120 gram
of scandium triflate was supported on the microcapsules.

The total waight of the microencapsulated Lewis acid was
1.167 grams (acetonitrile was contained).

The IR zbsorption spectrum (KBr) thereof is shown in the

following Table 1.

Iable 1

The weight of the caponies was 1.167 g which contained acotonitrile. IR (XBr) 3062, .
3030 (vCH), 1946, 1873, 1805 (SCH), 1601, 1493 (venzens rings). 1255 (v44S0y),
1029 (v,S042), 756 (VC=S), 696 (vS~0) cmr’}, Cf, Sc(OTy: 1259 (v4,502), 1032
(¥:802), 769 (vC-S), 647 (vS-O) emm!; polystylens: 3062, 3025 (VCH), 1944, 1873,
1303 (5CH), 1600, 1491 (benzena rings) cml,

On the basis of a scanning electron microscope (SEM) and
a scandium energy dispersion X-ray (EDX) map, a microcapsule

structure wag unable to be identified in the strict sense. It

11
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particl e pro‘duct was washed with acetonitrile several tines and then dried

-at 50[err]C Since 0.08 gram of scandiumtriflate was recovered in
t he procedure described above, it was confirmed that 0.120 gram of
scandiumtriflate was supported on the m crocapsul es. The tot al

wei ght of the m croencapsul ated Lewis acid was 1.167 grans (acetonitrile
was cont ai ned). . The IR absorptign spectr KBr) thereqf. ..s shown
in the fol ™ 'ﬁ'@"frhﬂ'l‘%dq?""’e"er' ehiy, Fie ﬁﬁfg’o?%gémé’ef)&[ é’f‘;;e‘sgq'{ﬁaléf 1.167 g
whi ch contain acetonitrile, IR (KBr), 3062 . 3030 (v 94 1873,
1805 (SCH), "ﬁgfﬁgi‘,’e fml}:b@ﬂ?é\ﬁleﬁ%m gﬁ‘z@é"‘ﬁe‘?’?ﬁ ‘("Fga_‘p’ge‘iﬁﬁg‘leerr] 756
(vGs), 6965&\/;2-0) C erri cf SQ%FOTf%éerr . 1259 [err] 1032 [err] 769
(vC-S), 647 BEPE AT PP MY EFPERREVIRTE2 3026 (VCH), |944, 1873.

1803 (SCH), 1600, 1491 )benzene rings) cnferr]. On the basis of a
scanni ng el ectron mcroscope (SEM and a scandi um energy di spersion X-ray
(EDX) map, a m'crocgpsule structure was unable to be identified in the

strict sensé LE 11 was
confirmed, however, that fine Earticl es were in tightl || ective

. C
condition and scandf PhexasPcapaulpted LeyhsAcis PrRkare r‘f‘hgm ol yner

m crocapsul es. L. . )
was used as a catalyst and an imino-aldol reaction was carried

out as shown in Table 2.

The reaction was carried out by use of the microcapsule
particle product c¢ontaining 0,120 gram of scandium triflate
[MC Sc{OTf);] by a flow process through a circulating column
in acetonitrile solvent at room temperature for 3 hours,.

That is, 1,167 grams of the aforesaid [MC Sc(OTf),] as
a catalyst was placad in a column (1.6 x 15 om) and 10 ml of
acetenitrile was added therato, A mixture of 0.50 mmol of
aldimine and 0.60 mmol of silyl enclate in 5 ml of acetone was
added and the solution was circulated at room temperature for
3 hours.

The solution was recovered and concentrated under vacuum,
The resulting crude product was purified by chromatography on
silica gel.

The microencapsulated lewis acid [MC Sc(OTf),;] was
recovered and recyc¢led to uss seven times.

The yields of reactions also are contained in Table 2.

12
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was used as a catal yst and an i m no-al dol reaction was carried out as
-shown in Table 2. The reaction was carried out by use of the

m crocapsul e particle product containing 0.120 gram of scandiumtriflate
[MC Sc(OTf)[err]] by a flow process through a circulating colum in
acetonitrile solvent at roomtenperature for 3 hours. That is, 1.167
grans of the aforesaid [MC Sc(OTf)[err]] as a catalyst was placed in a
colum (1.6 x 15 cn) and 10 ml of acetonitrile was added thereto. A

m xture of 0.50 mml of aldimne an&mo mmol of silyl enolate in 5 ml
of acetone was added and the soluti circul ated at roomtenperature

for 3 hours. The sol ution was fecovered and concentrated under
vacuum The resulting c e pr eﬁ%ﬁﬁ;d Ly omat ogr aphy on
silica gel. The ﬁoenca at Sc(OTf)[err]] was
recovered and recycl ec se EBVEN ti mEECNAIN elyi® ds of reactions
al so are contained in Feble—2- 12

'ﬁcum 90 90 8 88 & aa so
*Recevered catualyst was uned succesaively (Use 2.3.4..)

It was confirmed that the aminocarbonyl compound as a
reaction product was prepared in very high yields and further,
recycling of the catalyst caused no reduction in yields.

This shows that the catalyst of the invention exerts an

extremely significant action beyond expectation.

EXAMPLE 3

Similarly to Example 2, a Mannich type reaction was
carried out wherein three starting materials were used as shown
in Table 3.

Similarly to Example 2, high yields were obtained as
shown in Table 3. In addition, it also was confirmed that

recycling of the catalyst caused no reduction in yield.

Iable 3

m\
O3iMey . MC &¢(OTNy NH O
PRCHO + PhNH, + ph)\/ CHCN, 1%, 3 PhJ\rlLPh

13t wne, 0% yield: 2nd use, 96% yieid; 3rd use, 5% yieid

13
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89 90 Recovered catal yst was used successfully (use [err]) It was
-confirnmed that the am nocarbonyl conpound as a reaction product was
prepared in very high yields and further, recycling of the catalyst
caused no reduction in yields. This shows that the catal yst of the
I nvention exerts an extrenely significant action beyond expectation.
EXAMPLE 3 Simlarly to Exanple 2, a Mannich type reaction was
carried out wherein three starting materials were used as shown in
Tabl e 3. Simlarly to Exanple 2, high yields were obtained as
shown in TabF%AMPLE 4 addition, it also was confirned that recycling of

the catal yst caused no reduction_in gi el d. . err]
13 The microencapsulated Lewis acid [MC Sc(0OTf);] prepared

in Example 1 was used as a catalyst and an aldol reaction was
carried out in a batchwise system as shown in Table 4, The
reaction time was 6 hours.

Table 4 reveals that a hydroxycarbonyl compound was
prepared in yields higher than 50 percent and an extremely high
vield of 95 percent was maintained even after the catalyst was

used three times through recycling.

'Iilhl.l_i
prc foMe  wosqom MO
HO .+ o
Me  CH,ON.it,6h  Pn OMe

1st use, 92% yield; 2nd yse, 97% yield; 3rd use, 95% yield

EXAMPLE 5
Similarly to Example 4, a Michael reaction was carried
out according to 3 batchwise system as shown in Table 5.
It was confirmed that vse of the microencapsulated Lewis
acid catalyst of the invention makes it possible to maintain
a high reaction yield in spite of recycling of the catalyst

as shown in Table 5,

14
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EXAWLM,;, The ni croencapsul X088 SF SR { %d L8R W7 GBS LA

pr epar ed
.carried out

in Exanple 1 was used as a catal yst and an al dol reac
in a batchw se system as shown in Table 4. The rea

time was 6 hours. Table 4 reveal s that a hydroxycarbonyl
was prepared in yields higher than 90 percent and an extrenely high
yield of 95 percent was mai ntained even after the catal yst was

three tines through recycling. Tahle 4 J[err] 1st use, 92%yi el d;
95% yi ewhﬁ

?]P 20

tion was
ction
conpound

used

2nd use, 97%yield; 3rd use, EXAMPLE 5 Simlarly
to Exanple 4, a M chael reaction was carri ed out according to a
bat chwi se system as 'shown i n Tabl e 5. - It was confirnmed that use

of the m croencapsul a@d Lew s

Cmm yst &f F!"| hgﬁl nvention
it possible to nmainta ' of recycling
of the catalyst Ph a Q\M{m.msg .

14

18t uze, 92% yiekt: 2nd use, 87% yield; 3rd uss, §5% yleid

EXAMPLE 6

Similarly to Example 4, a Friedel-Crafts acylation
reaction was carried out as shown in Table €.

The reaction was carried out in nitromethane in the
coexistence of LiCl0O, at a temperature of 50°C for 6 hours.

It was confirmed that a yield of 81 percent was obtained
even after the catalyst was used three times through recycling

and a high level of vield was maintained as shown in Table 6.

Iabla 6
O

MG Se(OTl)s
@‘OMe + AcQ CH;N% UC!O. IQ)K
MeQ

18t vze, 70% yiekl; 2nd use, 75% yleid: 3rd use, 81% yield

EXAMPLE 7

An allylation reaction of an aldshyde was carried out
as shown in Table 7. The reaction was carried out by abatchwise
system according to the following procedure.

That ig, 1,167 grams of the microencapsulated Lewis acid

15
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TalfReN BFEMEEE 1st use, 92%vyiel d; 2nd 20008, BRoSBM T 1248k 300/ KBERADIYB9E i ey
EXAMPLE 6 Simlarly to Exanple 4, a Friedel-Crafts acylation
-reaction was carried out as shown in Table 6. The reaction was
carried out in nitromethane in the coexi stence of LidJerr] at a
tenperature of 50[err]C for 6 hours. It was confirned that a
yield of 81 percent was obtai ned even after the catal yst was used

ﬁrglr ﬁf a}[ ngs gtgggggagnéﬁg%{g#)gggam of scaarx!s Sp]h itggf!l.gi\:/g | [ﬁ& Qcﬁb‘i‘f)@ﬁs
0 i S ocobibel i sSAaTh) Gae it N i S Y 2L
U s CRHR 48 Gl d 5t FSH) SEokaRe UL N Y
That i's, 1, 51 %71 goria rgscecgontif%%ig‘iecg‘ggng& 23' \%&&9 egvi gagacli.ygst at room
temperature.
The resulting mixture was stirred at the same temperature
for 2 hours, After filtration, the filtrate was concentrated
under vacuum and the resulting crude product was purified by
chromatography on silica gel.

The catalyst was used three times through recycling.

The vields of reactions were shown in Table 7.

Iable 7
MC Sc{OTT), oM
oy
oo+ ( 4 CH,CN, 1, 2h PM
Use® Yiekd/%
1 92
2 91
3 80

It was confirmed that a yield higher than 90 percent was

maintained in spite of repeated recycling.

EXAMPLE 8

Similarly to Example 7, a cyanidation reaction of an

16
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Sc(OTf)[err]] prepared in Exanple 1 was used as a catal yst and a
-m xture of 0.50 nmmol of an al dehyde and 0.30 nmol of tetraallyl tin
in 5 m of acetonitrile was mxed with the catalyst at room

t enper at ur e. The resulting m xture was stirred at the sane

t enperat ure for 2 hours. After filtration, the filtrate was
concentrat ed under vacuum nd the resul cyude product was
purified byaldehydec‘flﬁ%rf%ﬁr(fd'ﬁgpﬁy o?rgsﬁ ‘T“E’a"@e&aﬂg@ 8. The cat al yst

was used three tines through re% P | e] ds of, reactions
were shown in Tabpé ‘?as contipng t?‘at[ ¢he) catalygl of the inwgniipny, |

92 2 It was confirmed that a
yield hi ghel“‘atlﬁ&ﬁigedp%r‘b’@h Wo&%d 2o spitmioft ZrA¥ELiME spite of repeated
recycling. EXAMPLE 8 Simlarly to Exanple 7, a
Cyani dation reaction of an
Table 8
L - .__m . oM
CHO +  MesSCN . .
O_ CHCON. 1, 21 O)\"“

Use Yigid/*%.

1 79

2 78

3 74

EXAMPLE 9

8imilarly to Example 7, a Diels-Alder resaction was
carried out as shown in Table 9,

The catalyst supported on a polymer of the invention was
found to have excellent catalytic activity and to exhibit

maintenance of the high activity in recycling.
Iable 9

o o . -, -

)L MC Se(OT), £b
MG O wSE AL
' Use

4
2
3

0
0
s/
Yioki%

17
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was confirmed that the catal yst of the invention mai nt ai ned a hi gh

-yield in spite of recycling. Table 8 [err] Use

Yield %1 79 2 78 3 74

EXAMPLE 9 Simlarly to Exanple 7, a Diels-Al der reaction was

carried out as shown in Table 9. The catal yst supported on a

pol ymer of the invention was found to have excellent catalytic

activity and to exhibit mai nt enance of the high activity in recycling.
EXAMPLE 10

Similarly to Example 2, an Aza Diels-Alder reaction was
carried out as shown in Table 10,

Recylcing of the catalyst was found to maintain a high

yield.
Iable 10
Ph
C -0 R
PN’ “H Qo CH;CN. n4h
Use Yield%
1 80
2 78
3 ' 78
EXAMPLE 11

Similarly to Example 2, a cyanidation reaction was
carried out as shown in Table 11,
Recycling of the catalyst was found to maintain high

vields of the same level as that in use of the virgin catalyst.

— i -

Table 11
Ph M;&:(O’m Ph
/{" * M CHLCN, 18, 4 h Hl
Ph : Ph CN
Use Yold/%e

1 T

2 77

3 76

18
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Exanple 2, an Aza Diel s-Alder reaction was carried out as shown in Table

- 10. Recyl cing of the catalyst was found to maintain a high vyield.
Table 10 [err] use Yield %
1 80 2 78 3
78 EXAMPLE 11 Smlarly to Exanple 2, a cyanidation reaction was
carried out as shown in Table 11. Recycling of the catalyst was found
to maintain high
EXAMPLE 12

Similarly to Example 11, a cyanidation reaction was
carried out wherein three starting materials were used as shown
in Table 12,

Recycling of the catalyst gave yields higher than that

in use of the virgin catalyst,

Table 12
PRCHO + PHNHy + MeSIEN —c 00O t-i‘"'
CHiON, 1, 4 1 .
Use Yieiw%
1 70
2 7
3 75

EXAMPLE 13

Similarly to Example 2, an allylation reaction was

carried out as shown in Table 13.

It was confirmed that the catalyst was able to maintain

high reaction yields in spite of racycling.

19
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Table 11 Yield %
‘1 77 2 77 3
76 18 EXAMPLE 12
Simlarly to Exanpl e 11, a cyani dation reaction was carried out
wherein three starting materials were used as shown in Table 12.
Recycling of the catalyst gave yiel i gher than that i n use of
the virgin catal yst. w Tabl e 12 [err]
Use Yi el d% - e 1 70
2 71 Ph TBh. EXAMPLE
13 j‘L P ”gm'"b NH
Ph” M 4 CH,CN, 1, 2h p;,/‘\/\

Use® . Yieldre

1 o5

2 74

a 83

EXAMPLE 14

Similarly to Example 2, Quinoline synthesis was carried
out as shown in Table 14.
It was confirmed that the catalyst was able to maintain

high reaction yields in spite of recycling.

Iakhle 14

- — —

PrcHo + PaNM, + 4 ) MCSAOTh

o CH{ON, 1, 4 h
Use Yieid%

1 (<]

2 89

3 89

EXAMPLE 15

In the imino-aldol raeaction of Example 2, catalytic

activity was compared about the microencapsulated Lewis acid

20
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| si mﬁ%r@ﬁ@ﬁW?Exarrpl e 2, an allylation X8¥ceR Shikds!3/8k7:07/5E88402¢4%8d 00t 6 as

shown in Table 13. It was confirnmed that the catal yst was
‘able to maintain hi gh reaction yields in spite of recycling.

19 Table 13 [err]

Use Yield % 1 85

2 87 3 EXAMPLE 14

Simlarly to [ oI|ne synt hesi s _carr out as
Shown i n’ TalE HFtbfefy OF' B wvteh&é PR gt e S5 as abl e
to naintainSc(OTf), hi gh reaction y|elds |n splte of recycling.

The amounts of Sc(OTf); in tha respective catalysts were
identically 0.120 gram.

The relationship between reaction times and yields is
shown in Fig. 1. Fig. 1 reveals that the catalyst of the
invention (A in the figure) has high reaction activity and
allows the imino-aldol reaction to proceed much more rapidly

as compared with the carrier-free catalyst Sc(OTf), (B in the

figure) .

As describaed in detail, in the invention, Lewis acids
useful as catalysts for a variety of organic synthetic
reactions are supported through coordinate bonds on polymers
to exerts a very significant action that the preparation,
recovery, and recycling thereof are easy, the activity as a
catalyst is high and the high activity is maintained also in

reg¢ycling.

21
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69 3 59

2 EXAMPLE
+15 In the imno-al dol reaction of Exanple 2, catalytic
activity was conpared about the m croencapsulated Lewis acid

20 [MC Sc(OTf)[err]] of the invention and the carrier-free
catalyst SC (OTf ) [err] The ampunts oﬂuﬁm : lnﬂanlmum t he
respective catalysts were identically 0.120 gr# ! :L el ationship
bet ween reaction times and yields is shown in Fig: 1- Fig’ 1'reveal s that

and ol ous YRR (1 523EB] EE.C) on to progeed mich more rapidly as
: : proceed much nore rapidly as
Ao doscri bed i n ddtai h MFHOPRETRUGHAHLAFL Ghrbadteritad fn tha ' ©)-
a Lewis acid is supported through coordinate bonds on
microcapsules formed of an organic polymer,

2. The microencapsulated Lewis acid of claim 1 which
exists in particles or aggregates thereof.

3. The microencapsulated Lewis acid of claim 1 wherein
the organic polymer is a substantially non-crosslinked polymer
formed by addition polymerization.

4. The microencapsulated Lewis acid of claim 1 wherein
the organic polymer is a substantially non-crosslinked polymer
containing aromatic rings,

5. The microencapsulated Lawis acid of ¢laim 4 wherein
the organic polymer is a substantially non-crogslinked polymer
¢ontaining benzene rings.

6. AlLewis acid supported on a polymer of claim 4 wherein
the organic polymer is a substantially non-crosslinked polymer
containing aromatic rings on the side chains.

7. The Lewis acid supported on a polymer of claim 6
wherein the organic polymer is a substantially non-crosslinked
polymer containing benzene rings on the side chains,

8. Themicroencapsulated Lewis acid of any one of ¢laims

1 through 7 wherein the Lewis acid

isatrifluoromethanesulfonate of a rare earth metal.

22
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supported t hrough coordi nate bonds on p exerts a very
significant action that the preparati orm'm'gm!wﬁml&’m recycling thereof
are easy, the activity as a catalyst is«nicggft, Nemmigh activity is
mai ntai ned also in recycling.

21 WHAT IS CLAI MED I S; 1. A mcroencapsul ated Lewi s
acid characterizedgyin th a,Lewis acid_is,supponted throug rdi nate
bonds on i crocapSul es For nEYCETeNGRREMIAGRE p&%/“r r. acld’ g?.ggﬁ%%’

m croencapsul gted Lew s cig of .cLaim 1l which exists in particles. or
aggr egat es tﬁ‘gx S F!te%ze& Y Tﬁglﬂgcr%gﬁ'é‘ﬁ%suf’gt e&“ﬁevﬁ"é‘%aci" of "t aim 1
wherein the qr ' {% r.i.s a _substantial.ly _nog-¢rosslinked pol ymer
formed by ad&“ﬁt‘%@“ﬁ%\% g%%t"te&’ﬁ.s 4328851 T1atnd®1" ERRSToN >
10. A process for preparing a microencapsulated Lewis

acid characterized in that a Lewis acid is supported through

coordinate bonds on microcapsules on forming the microcapsules

from an organic pelymer by a microencapsulation process.

11, The process of e¢laim 10 wherein the

microencapsulation process is a phase separation process.

23
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4. FRO® FESHSEncapsul ated Lewi s aci d of20&0EadfRkiiTer 45k T: 4 THEBE84RG34R9&4%B 12 er
is a substantially non-crosslinked polynmer containing aromatic rings.
-5. The m croencapsul ated Lewis acid of claim4 wherein the organic pol yner
is a substantially non-crosslinked polynmer containing benzene rings.
6. A Lewis acid supported on a polymer of claim4 wherein the organic
pol ynmer is a substantially non-crosslinked polyner containing aromatic

rings on the side chains. 7. The Lewis acid supported on a pol yner
of claim6 wherein the organic polyner is a substantially non-crosslinked
pol ynmer contai ni ng benzene rings on éé%@ﬁ,e chai ns. 8 . The

m cr oencapsul ated Lewi s acid of any cl ai ns t hr ough 7
wher ei n t he Lew s aci d isatrifl uoronet hanesul fonate of a
rare earth netal. 9.

A mcroencapsul a

of any one of t hetﬁ% &PX@%’&[% Lﬁcr&véag%g%%" a@?&?ﬁigé?ﬁ%&%h?%gg f80r e
I that & Lt anar ed a Enh f DR R0 AR e RO
o ccansul e onerm pa AL cLasapel s Lo ocsale Rl by o
wher ei n t has anovel Lewis acid supported on a polymer in order to overcome

the technical limit of conventional catalysts supported on

polymers and in addition, to solve problems attendant upon the

preparation of a reaction systenuand.separ;tion and recovery

from reaction products about Lewis acid catalysts having great

industrial ugefulness.
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