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MICROENCAPSULATED LEWIS ACID l 2 AUG 21on 

' I 
i 

i 
FIELD OF THEiINVENT!ON 

The present invention relates to a microencapsulated 

Lewis acid where a Lewis acid is oonfined in a netwo~k of a 

polymer gel • The microencapsulated Lewis acid is in a 

oondition where a Lewis acid is fixed on the surfacQ o~ the 

inside of a t' 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 

syntheses. Tha reason for this is that the catalysts supported 

on organic polymers are very economical in view of the 

preparation and the separation from reaotion products and the 

1naustrial apPlication thereof is expected. Furthermore, 

although some of catalysts suppo~ted on polyme~s 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 diffioul t 

to realize. 

i 
On the ~ther hand, attention is directed to Lewis acids 

because of the characteristic catalytic activity and 

selectivity of reactions thereof and in addition, the Lewis 
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acids promote catalytic reactions under molder conditions, 

thus the Lewis acids being recognized to be industrially very 

useful. Ho~ever, the Lewis acids decompose in aqueous 

' solutions an~ are diffic:ul t to recover and recycle, and these 
I 

faets are cO!Mlon to Lewis acid catalysts supported on polymers. 

For example, although an aluminum chloride catalyst supported 

on a orosslinked organic polymer is known and can be easily 

recovered from the reaction system after using once, the 

catalyst is difficult to recovel:' from the reaction system after 
I 

usinq twice o'r more to make the recycling thereof impossible. 

Thus, the convantion~l 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 rQcover and recycle to make the 

use thereof uneconomic. 

The invention, accordingly, aims at overcoming the 

technical li~it 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 microenoapsulated Lewis acids supported on polyme.r.s amd 

catalysts formed of these. 
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SUMMARY OF THE INVENTION 

The invention provides as the first invention a 

miaroenoapsulated Lewis acid chara.cterized in thats Lewis acid 

is supported through coordinate bonds on a miorocapsule formed 

of an organic polymer. 

In rela~ion to the first invention, the invention also 

provides a microencapsulated Lewis acid as particles or 

aggregates thereof as the second invention; a 

mioroencapsulated Lewis acid where the organic p0lymer is a 

substantially non-crosslinked polymer prepared by addition 

polymerization as the third inventioni a microencapsulated 

Lewis ~eid where the organic polymer is a substantially 

non-orosslinked polymer containing aromatic rings as the 

fourth invention; a microencapsulated Lewis acid where the 

organic polymer is a substantially non-orosslinked polymer 

containing benzene rings as the fifth invention; a 

m1croencapsulated Lewis acid whe~e the organic polymer is a 

substantially non-c:rosslinked polymer containing aromatic 

rings on the side ohains as the sixth invention; a 

microeneapsulated Lewis acid where the o~ganie polymer is a 

substantially non-crosslinked polymer containing benzene 

rings on thQ side chains as the seventh invention; and a 

microenoapsulated Lewis acid where the Lewis acid is 

trifluoromethanesulfonate of a rare earth metal as the eighth 

inv@ntion. 
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The invention further provides as the ninth invention 

Lewis acid catalysts that &re characterized by being formed 

of the aforesaid mioroenca~sulated Lewis acids of the first 

through eighth inventions. 

Furthermore, the invention provides as thQ tenth 

invention a process for preparing a microenoapsulated Lewis 

acid c::ha.t'acterized in that a Lewis acid is supported through 

coordinate bonds on miorocapsules simultaneously on forming 

the microcapsules from an organic polymer by a 

mieroencapsulation process and as the eleventh invention a 

process of preparing the microencapsulated Lewis acid wherein 

tha microencapsulcition process is a phase separation process. 

In the mieroencapsulated Lewis acid supported through 

coordinate bonds on an otganic polyrnat according to the 

inveintion, the Lewis acid is arranged on the surfaces of 

capsules and exposed on the polymer in a oondition where the 

acid is oonr1ned and enveloped in complicated room of tha inside 

of capsules, thus to participate in reactions as a catalyst. 

BRIEF DESCRIPTION OF THE DRAWING 

Fig. 1 is a figure showing comparison of reaction 

activity in Example 15. 
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DETAILED OESCRIPT!ON OF THE INVENTION 

DESCRIPTION OF THE PRE:FERRED EMBODIMEN~s 

The invention possesses the characteristics as described 

above. Next, the embodiments ar9 illustrated below. 

some examples of the Lewis acids supported on polymers 

have been reported so far (Neckers, D. C. , et al. , ~ 

SQQ.., 94. 1 9284 (l972)i Drago, R. s., etal., J. Am. Chent, Spc., 

110, 3311 (1988); Clark, J. B., et al,, J.. Chem. Sgg,, Chem. 

Commun~, 1995 1 2037; and others). Furthermore, the present 

inventors also report some examples (Kobayashi, s., et al., 

J, Org. Chem.., 61, 2256 (1996); and Kobayashi, S., et al., J!....... 

Am. Cbem. Soc., 118, 8977 (1996)). 

These Lewis acids supported on polymers, however, have 

a disadvantage of havinq only low catalytic activity as 

compared with the carrier-free Lewis acids. 

Ml.C!t'ocapsules tormed of organic polymers also are 

described in Japanese Patent Laid-Open No. 296855/1994. 

However, the microoapsules 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 desct-ibed above are easy in the preparation 

and adjustment thareof, surprisingly exhibit high catalytic 
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activity, can be sepax-ated and reoovered from reaction products 

for recycling, and can be used for a variety of organic: 

synthetic reactions. These microenoa):'.:>$Ulatad Lewis acids are 

substantially different from conventional organic polymer-

supported Lewis acids. 

Microc=apsules formed of organic polymers have hitherto 

been known in the field of pharmaceuticals. The invantion 

presents for the first time the microencapsulation of Lewis 

acids and utilization thereof to catalysts. 

The microeneapsulated Lewis acids of the invention can 

be provided as fine particles or aggregates having particle 

sizes 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 enveloped 

in compi1catad room of the insides of the capsules. In the 

aggregates, the Lewis acid enveloped is found to be exposed 

al so in a cond1 ti on of the particles contacting with one another. 

In these conditions, the Lewis acid acts and exhibits stable 

aetion and further higher catalytic activity as compared with 

the carrier-free Lewis acid. 

Both orosslinked and non-crosslinked organic polymers 

ean be used as the organic polymers as long as the polymers 

can undargo microencapsulation, but substantially non-
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a.rosslinked polymers are preferred. Polymers formed by 

addition polymerization are more appropriate. More 

concretely, the polymers are substantially non-orosslinked 

polymers containing aromatic rings, desirably benzene rings, 

including polystyrene, styrene/acrylonitrile copolymers, and 

styrene/MMA copolymers. 

!n the Lewis acid supported through coordinate bonds on 

miorocapsules formed of an organic polymer containing benzene 

rings, it is thought that the mutual interaction between the 

Lewis acid and 1t-eleotrons of the benzene rings causes 

effective oat$lytic action. 

The substantially non-cro~slinked polymers means 

polymers that are not subjected to crosslinking reaction by 

US$ of orosslinkinq aqents, 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 

.1$, t'tle polymers need to contain substantially no c:rosslinked 

polymor gel unnecessary to solvents. 

In the organic polymers containing aromatic rings, the 

aromatic rings in molecular structure can be tho1Se 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 x-electrons of a benzene rinq, 

for exampl9, in the case of polystyrene or copolymers or block 

copolymers of styrene and another monomer, organic polymers 
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that are formed by addition poly:MQrization and contain benzene 

rings on thQ side chains are more preferred. 

The orga.nio polymers containing aromatic rings can have 

a variety of molecular structures such as a polyolefin 

structure, a polyester structure, a polyether struat.ure, and 

a polyamide structure as long as the polymers contain aromatic 

rings in structures. or copolymers of various monomers can 

also be included therein. Al though the molecular weiqht 

thereof is not particularly limited, polymers havinq 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 organic polymers can be carried out by various methods. 

Interfacial polymerization, phase sepat'ation Ccoa.oervation), 

and interfaoial precipitation ara known as simpla methods. In 

the invention, the phase separation (coaoervation) is 

preferably applied. 

Lewis acids forming the microencapsulated Lewis acid of 

the invention are those defined as eleot.ron-pair acceptors and 

a variety of Lewis acids ara usable. Al though known Lewis acids 

such as .A1Cl 3 or BFa can also be used, examples of Lewis acids 

used preferably in the invention include organic metallic 

compounds of rare ea.rth metals of scandium (Sc) 1 yttrium (Y'), 

and lanthanide (Ln) series, for example, 

trifluoromathanesulfonates of rare eat'th metals such as 
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scandium trifluoromath~nesulfonate (s~ndiurn triflate), 

yttrium triflate, and lanthanide triflates (Ln =La, Ce, Pr, 

Nd, Sm, Eu, Gd, Tb, Dy, Ho, Er, Tm, Yb, and Lu). Above all, 

scandium compounds that the present inventors have found are 

stable in an aqueous phase and preferably exemplified. Of 

these, a typical Lewis acid is scandium friflate [So(OTf)~J. 

The amount of a Lewis acid supported on microcapsules 

formed of an organic polymer is not particularly limited and 

can be selected depending upon a Lewis acid used, an organic 

polymer used, the purpo$e of use of a mioroenc:apsulated Lewis 

acid adopted, and a use. For example, when the aforesaid 

polymers having a weight average molecular weight of about 

10, ooo to about 2, 000, 000 are used, the weight ratio of a Lewis 

aoid to an organio 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 m.ioroencapsulated Lewis acids as 

descri.bec:t abOve are used as catalysts for a variety of organic 

synthetic reactions. 

The miaroencapsulated Lawis acids can ba used as 

catalysts in both embodiments of a batchwise reaction systGm\ 

and a flow reaction system, for example, for a variety of 

organic synthetic reactions such as imino-aldol condensation, 

Mannich-type reaction, aldol 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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about high reaction yields (selectivity) as compared with 

single carrier-free Lewis acids. A very significant action 

where the microencapsulatad Lawis acids recovered from 

reaction mixtures also exhibit high reaction activity on 

recycling is confirmed. 

Of course, when the microencapsulated Lewis acids are 

reaovered by separation from reaction products, the recovery 

as a solid (particles) can be very easily c~rried out. 

E~LES 

Th9 embodiments of the invention are illustrated in 

fu~ther detail through the following examples, but these are 

not to be construed as limiting the invention. 

EXAMPLE 1 

A mic:roencapsulated Lewis acid of the invention was 

prepared according to the following prooedurrai. A Phase 

separation (coacervation) microencapsulation process was 

adopted in this procedure. 

First, 1. 000 qram. of polystyrene having a weight average 

molecular weight of 2ao,ooo w;;Ls dissolved in 20 ml of 

cyclohexane at a. temperature of 40°C and subsequently, O. 200 

gram of scandium trif.late [Sc(O'l'f) 3 ] was added to the resulting 

solution. 

The rQsulting mixture separated was stirred at the 
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aforesaid temperature for 1 hour and gradually cooled to 0°C. 

Phase separation (coacervation) ~rose to form a condition of 

aoverinq scandium triflate with polystyrene. Thirty ml of 

hexane was added thereto to harden particle walls of 

microcapsul&s, 

After further stirring for 1 hour, a microoapsule 

particle product was washed with acetonitrile several times 

and then dried at 50°C. 

Binca O.OB gram of scandium triflate was recovered in 

the proc::edure described above, it waES confirmed that O .120 gram 

of scandium triflate was supported on the microcapsules. 

The total weight of the microencapsulated Lewis acid was 

1.167 grams (acetonitrile was contained). 

The IR etbsorption spectrum (Kar) thereof is shown in the 

followinq Table 1. 

Table l 

n. wdpc of tba capnla wa 1.ld'7 I wtdelu:aaclbrd ~ Ill (Dr)~--·-· 

3030 (vCH), 194d. tsn. 180!S <8CHJ. 1601, 1493 (lJea:ene rings}. 12'' CVasSoV. 

1029 (v,SO~). 7j6 (VC..S)1 G96 (V~) cm"l, Ct. Sc(OTQ3: 1259 (VaS02), 1032 

(YiSCh>, 169 (vC..S}, 647 (VS·O) c:m·l; polystylenc: 3062. 3025 (val). l944, 1873, 

1803 (&cH), IS>O,. l491 (bamnc rillp) arJ .. 

on the basis of a s~nning electron microscope (SEM) and 

a scandium energy dispersion X-ray (EDX) map, a microcapsule 

structure was unable to be identified in the etriet sense. It 
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was confirmed, however, that fine particles were in tightly 

collective condition and scandium triflate was arranged on the 

surfaces of polymer miorocapsules. 

EXAMPLE 2 

The mioroencapeulated Lewis acid prepared in !ix.ample l 

was used aa 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 

pa~ticle product containing 0.120 gram of scandium triflate 

(MC Sc(0Tf) 3 ] by a flow process through a circulating column 

in aoetonitrilQ solvent at room temperature for 3 hours. 

That is, 1,167 grams of the aforesaid IMC Sc(OTf) 3 ] as 

a catalyst was placed in a column (l.6 x 15 om) and 10 ml of 

acetonitrila was added thereto. A mixture of 0.50 mmol of 

aldimine and 0. 60 mmol of silyl enolate in 5 ml of acetone was 

aoaed anel the solution was c1rcu.lated at room tQil'lperature fer 

3 hours. 

The solution was recovered and concentrated under vacuum. 

Tha resulting arudc;s prod.uct was purified by chromatography on 

silica 9el. 

The rnieroenaapsulatQd Lewis acid [MC Sc (OTf) 3 ) was 

recovered and recycled to use seven times. 

The yields of reactions also are contained in '!'able 2·. 

12 
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!able 2 

N'Ph Phe ·MC~ 

~ Ph~ 
... 

CH;.CN. r1. 3 h 
Ph "" 

u.a• 1 2 a 4 s 8 1 
VSIJd,% ta IO 18 81 • ae 90 

~ calllpt ... UMd IUOClat...,, (Vu U.'-J 

It was confirmed that the aminoearbonyl compound as a 

reaction product was prepared in very hiqh yields and further, 

recycling of tho catalyst caused no reduction in yields. 

This shows that the catalyst of the invention exerts an 

extremely significant action beyond Qxpectation. 

EXAMPLE 3 

Similarly to Exampla 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. 

Tabla 3 
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EXAMPLE 4 

The microencapsulated Lawis acid [MC Sc (OTf) il prepared 

in Ekample 1 was used as a catalyst and an aldol reaction was 

carried out in a batchwise syStQIR as shown in Table 4. The 

reaction time was 6 hours. 

Table 4 reveals that a hydroxycarbonyl compound was 

prepal:'ed in yields higher than 90 percent and an extremely high 

yield of 95 percent was maintained even after the catalyst was 

used three times through recycling. 

Tabl• 4 

PhCHO. + MCSc(OTIJa 

Ct-faCN. rt, 6 h 

1st US•, 92% yfeld; 2nd I.SH, 97% yield; 3rd 1&S8y 9$% yMIJd 

EXNWI.1i: 5 -·. 

Si!llilarly to Example 4, a Michael reaction was carried 

out according to a batchwise system as shown in 1able 5. 

It was confirmed that use of the microencapsulated Lewis 

aoid cat~lyst 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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Ta'ble S 

EXAMPLE 6 

Similarly to Example 4, a Friedel-Crafts ~c;ylation 

reaction was carried out as shown in TablQ 6. 

The reaotion was oarried out in nitromethane in the 

coexistence of LiC104 at a temperature of 50°C for 6 hours. 

It wes confirmed that a yield of 81 percent wa~ obtained 

even after the catalyst was used three times through recycling 

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

EXAMPLE 7 

MCSC(OTI)s 

CHsNOt, ucro. 
!O-C.8h 

~ 
M.O~ 

An allylation reaction of an aldehyde was carried out 

as shown in Table 7. The reaction was carried out by a batchwise 

system according to the following procedure. 

That is, 1.167 grams of the microenc:apsulated Lewis acid 

15 
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containing 0 .120 gram of scandium triflate [MC Sc (OTf) sl 

prepared in E.kample 1 was used as a catalyst and a mixture of 

0.50 mmol of an aldehyde and 0.30 mmol of tetraallyl tin in 

5 ml of acetonitrile was mixed with the catalyst at room 

temperature. 

The resulting mixture was stirred a.t the same temperature 

for 2 hours. After filtration, the filtrate was concentrated 

under vacuum and the resulting crude product was purified by 

chromatogr&phy on silica gel. 

The catalyst was used three times through recycling. 

The yields of reactions were shown in Table 7. 

'fable 1 

(~Sn 
MC Sc(OTr>:. p~····· PttCHO .... 
~CN, rt,2h 

us.a Yietdt% 

l 9Z 

2 91 
3 90 

It was confirmed that a yield higher than 90 percent was 

maintained in spite of repeated reoyoling. 

EXAMPLE 8 

Similarly to Example 7, a cyanida.tion reaction of an 

16 
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aldehyde was carried out a$ shown in Table 8. 

It was confirmed that the catalyst of the invention 

maintained a hi9h yield in spite of recycling. 

Table 8 

0-CHO + Mes6'CN 
MCSC(QTI)s 

Cf.bCN. rt. 2 h 

Use YfeJd/%. 

f 79 

2 78 
3 74 

EXAMPLE 9 

Similarly to Example 7, a Diela-Alder reaction 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 recyclinq. 

Table g 
--~··. 

0 0 ~o ~co + 0 MCSc(OTr>s 

CHiCN1 rt, 3 h co~o 
LJ 

Use YlefcfJ% 

1 n 
2 19 

3 BO 
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EXAMPLE 10 

Similarly to Example 2, a.n Aza Diels-Alder reaction was 

ca~ried out as shown in Table 10. 

Recyloing of the catalyst was found to maintain a high 

yield. 

Table 10 
..... 

N"'"' 0 MCSe(011)3 roo 
Ph.Jl.H 

+ H 
0 CH,CN, rt. 4 h 

N Ph 
H 

Use Y1e~ 

1 80 
2 78 

3 78 

EXAMPLE ll 

Similarly to Example 2, a cyanidation reaction was 

car~ied out as shown in Table 11. 

Recycling of the cata1yst was found to maintain high 

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

+ 

T&bl• 11 

Use 

1 

2 

3 

18 

71 

77 

78 
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EXAMPLE 12 

Similarly to Example 11, a cyanidation reaction wae 

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 

PhCHO + PhNH:i + M.,sicN 

EXAMPLE 13 

Use 

1 

2 

3 

70 

71 

75 

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 recycling. 

19 
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fahl• 13 

J("' + (~Sn MOlc(OTfb Ph.NH 

Ph H CH:.CN, rf, 2 h Ph~ 
Usa• .~ 

1 85 
2 87 
a 13 

EXAMPLE 14 

Similarly to Example 2, Quinoline synthesis was carried 

out as shown in Table 14. 

It was collfirmed that the catalyst was able to maintain 

high reaction yields in spite of recycling. 

'taQl• 14 

PtlCHO + PhN~ + Q MC Sc:(OTf>:a ~ CH,CN, rt, 4 h 

~ 
H 

Use Vfefd/% 

1 68 

2 69 
3 a 

EXAMPLE 15 

In the imino-aldol r~action of Example 2, catalytic 

activity was compared about the microeneapsulated Lewis acid 

20 
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[MC Sc(OTf)!) of the invention and the carrier-free catalyst 

Sc(OTf) ,. 

Tha amounts of Sc(OTf)• in thQ respective catalysts wet.'e 

identically 0.120 gram. 

The relationship betwQan reaction times and yields is 

shown in Fig. l. Fiq. 1 ravaals that the catalyst of the 

invention (A in the fiqure) has hiqh reaction activity and 

allows the imino-aldol reaction to procQadmuch more rapidly 

as compared with the carrier-free catalyst Sc (OTf) 3 (B in tha 

figure). 

As described in detail, in the invention, Lewis aoids 

useful as c:a talys ts for a variety of organic synthetic 

reactions are eupportad 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 

recycling. 
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I lllf 111 llJlll 11111 1111111 1111 
* C L M S * 

WHAT IS CLAIMED IS: 

1. Amiaroencapslllated Lewis aoid characterized in that 

a Lewis acid i$ supported through coordinate bonds on 

mierocapsules formed of an organic polymer. 

2. The microencapsulated Lewis acid of claim 1 which 

exists in particles or aqqreoates thereof. 

3. The microenoapsulated Lewis acid of claim l wherein 

the organic polymer is a substantially non-crosslinked polymer 

foxrned by addition polymeri~ation. 

4. The microencapsulated Lewis acid of claim 1 wherein 

the organic polymer is a substantially non-crosslinked polymer 

containing aromatic rings. 

5. Tha microenoap$ulatad Lawis acid of olaim 4 wherein 

the organic polymer is a substantially non-c:rosslinked polymer 

containing benzene rinqs. 

6. A Lewis 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 orqanic polymer is a substantially non-crosslinked 

polymer containing benzene rings on the side chains. 

8. The microeneapsulated Lewis acid of any one of claims 

1 through 7 wherein the Lewis acid 

isatrifluoromethanesulfonate of a rare earth metal. 
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9. A microancapsulate!!ld Lewis acid catalyst 

characterized by being formed of any one of the 

mieroencapsulated Lewis acids of claims 1 through 9. 

10. A process for preparing a microenca.psulated Lewis 

acid characterized in that a Lewis acid is supported through 

coordinate bonds on microoapsules on forming the microcapsules 

from an organ~c polymer by a microencapsulation process. 

11. The process or claim 10 wherein the 

microencapsulation process is a phase separation process. 
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