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High-throughput organic synthesis (HTOS) is a powerful tool Table 1. Solvent Effects in Microencapsulation of Sc(OTf)s

for lead discovery and lead optimization in modern medicinal SC(gT'%memaPs“':g;:ervaﬁon \yiitered  cross-linkin

chemistry. Recently, many methodologies for HTOS, such as solid- 1 ohent poor solvent ~ 2)washed . no solvent

phase syntheses and solution-phase syntheses, using polymer-bound 1 washe o) orane) 120 °C.2h

reagents or scavengers have been repértéds one of the most 2 (foluene, CH,Cly)

efficient methodologies for HTOS, the use of immobilized catalysts —— PlorPMISc(OT,

has also attracted much attentfo@n the other hand, Lewis acid Sc loading

catalysts are now of great interest because of their utility for entry solvent poor solvent (mmolig)

activation of various carbencarbon bond-forming reactions and 1 toluene hexane 0.191
. . . c .

others, and they provide among the most important methods in 2 a"_'b'_az"'ex 1:3) ,\f/‘lgg’j"_r"e ngillgasded

organic synthesesln this context, much effort has been devoted

to the development of solid-supported Lewis acid catalysts for o

HTOS, and some immobilizing methods using organic polymers O A% ol

or inorganic materials as solid supports have been rep@rted. 5 NG

However, activities of such supported Lewis acids are lower in =

many cases compared with those of the original Lewis acids, | e e

presumably because rather strong interactions between the Lewis . -

acid metals and their supports, which work as Lewis bases, result i e.*

in decreasing Lewis acidities. Therefore, development of truly .

efficient and general methods for immobilization of Lewis acids, . e o

which can be applied to many reactions, is desired. We now report A Py

here novel polymer-supported scandium triflate (Sc(g)Thjlizing % * ..‘. .

polymer micelles, which has high activity in several synthetically . . - :‘

useful carbor-carbon bond-forming reactions.

Since Sc(OTH is a water-compatible Lewis acid and is how
one of the standard Lewis acids often used in organic synthesis,
we decided to immobilize this Lewis acid onto polymers. Although Table 2. Comparison of Catalytic Activity of PI Sc(OTf); and PMI
we and other groups have already synthesized some examples ofc(OTf)s in Mukaiyama Aldol Reaction

Figure 1. TEM images ofl—Sc(OTf) solutions in toluene (left) and THF
cyclohexane.

polymer-supported Sc(OTf)and derivativeg, catalytic activity, o OSiMeg  Sccatalyst " OH O

. ; g . P (5 mol%) H
scope of reaction, and/or catalyst loadings are still unsatisfactory PhJ\H + OMe “goventm 3h ph)%we
in most cases. Recently, we developed a new immobilizing (13 equiv)
technique for metal catalysts, a polymer incarcerated (PI) méthod. yield (%)
This method is based on microencapsulation and cross-linking, and enry  soivent Sc catalyst Tt 2nd 3 Scleaching (%)
phosphine-free polym_er incarcerated Pd(0) (Pl Pd) was prepared CHCN Pl Sc(OTR, 85 87 85 ND
from Pd(PPB)4. Since ligand exchanges were used for the prepara- 2 toluene  PI Sc(OT§) 70 64 71 Ng
tion of Pl Pd, it was not clear whether Lewis acids, such as Sc- 2 ggglg EI 3320% gia 83 8 NNDC
(OTf)s, could be immobilized utilizing this method. 5 CHCl, PMISc(OTfy 92 96 94 ND

We first examined several reaction conditions for the preparation . Corrected yield. Half of the crude compound was used for ICP analysis.
of polymer-supported Sc(OTfloased on the Pl method. It was b petermined by XRF analysis (NB not detected in all runs<(2.2%)).
found that choice of solvents at the stage of microencapsulation ¢ Determined by ICP analysis after the first use (NL0.05%).
was key to the preparation (Table 1). While tolueihexane and
THF—cyclohexane-hexane were efficient for immobilizing Sc-  was observed in toluene, spherical micelles were formed in-THF
(OTf); (entries 1 and 2), the catalyst was not loaded at all in cyclohexane, and Sc(Ogfseemed to be encapsulated into these
microencapsulation before cross-linking using CH—MeOH, spherical micelles. These different shapes are ascribed to the polarity
which was efficient for immobilization of Pd (entry 8)These of the solvents. To distinguish these catalysts, the former was named
results suggest that Sc(OTfinay locate in hydrophilic parts of  as polymer incarcerated Sc(O3{PI Sc(OTf}) and the latter as
random copolymet.84101t is noted that the PI method can also be polymer—micelle incarcerated Sc(OEf{PMI Sc(OTf).
successfully used for the preparation of immobilized Sc(@Tf) PI Sc(OTf}y and PMI Sc(OTf) were first used in the Mukaiyama
Moreover, interesting information was obtained by transmission aldol reactiof! to compare their catalytic activity (Table 2). Pl Sc-
electron microscopic (TEM) analysis of the polymer solutions (OTf); worked well in several solvents, and the desired product
(Figure 1). Although random aggregation of copolyrheiSc(OTfy was obtained in good yields (entries-3). Moreover, it was

13096 = J. AM. CHEM. SOC. 2005, 127, 13096—13097 10.1021/ja053176f CCC: $30.25 © 2005 American Chemical Society
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Table 3. Mannich-type Reaction Using PMI Sc(OTf)s

i PMI Sc(OTf, X,
j\‘J\,X e OSiMe3 (10 nﬁf)l%))a NH O
oYY CHCN R' Y
R'""H R® (15 equiv) sonL R2 RO
entry Rt X R? R3 Y time (h)  yield (%)
1 Ph Ph Me Me OMe 3 9
22 2-thienyl Ph Me Me SEt 4 97
32 PhCHCH, NHBz Me Me OMe 24 80
42 EtO,C NHBz Me Me OMe 24 73
5a Ph Ph H H Ph 3 80

aWwith 5 mol % of PMI Sc(OTf}. ® Corrected yield. Half of the crude
compound was used for ICP analysis. No Sc leaching was observed (ND
< 0.05%).¢ Second use, 99%; third use, 97%.

Table 4. Michael Reaction Using PMI Sc(OTf)s

entry donor acceptor product time (h)  yield (%)
0 ]
COMe
COMe
1 (ﬁ e @d\/\r/ 4 gabe
o]

e}

o o
) coEt AN
o COE
o

o
Ay

9 92
Ph
o
aReaction conditions: PMI Sc(OTf)5 mol %), acceptor (2.0 equiv)
in CHsCN at room temperaturé.Corrected yield. Half of the crude
compound was used for ICP analysis. No Sc leaching was observed (ND
< 0.05%).¢ Second use, 94%; third use, 92%.

3 6 81

o O

confirmed by XRF and ICP analyses that no leaching of Sc
occurred. On the other hand, PMI Sc(Gsfjas found to be more
effective (entry 5). We tested other substrates, and in all cases,
PMI Sc(OTf)% had higher catalytic activity than PI Sc(O3#f The
higher activity of PMI Sc(OTf) compared with that of Pl Sc(OTf)
may be ascribed to construct the larger catalytic surface area in
PMI Sc(OTf) by formation of spherical micelles shown in Figure
1. Moreover, PMI Sc(OTf showed higher activity than MC Sc-
(OTf)3, previously developed by our grolp!?1t is noted that these
catalysts were recovered quantitatively by simple filtration and that
the same levels of yields were obtained even after the third use.
PMI Sc(OTfy was successfully used as a catalyst in other re-
actions, such as Mannich-tyJfend Michael* reactions (Tables 3
and 4). Although it is well-known that most Lewis acids are trapped
and sometimes decomposed by basic compounds, PMI S¢(OTf)
was effective for the activation of imines to form amines, and no
Sc leaching was observed (Table 3). PMI Sc(@Tas also
available for the reaction of less reactive acylhydrazones (entries
3 and 4)¥215Moreover, it was confirmed that PMI Sc(O%fyvas
an effective catalyst for Michael reactions (Table 4), one of the
powerful methods for the synthesis of 1,5-dioxo ufftdn the
presence of 5 mol % of PMI Sc(OEfthe desired Michael reactions
proceeded smoothf#®and again, no Sc leaching was observed.
It is noted that, to our knowledge, the highest catalytic activity in
terms of TON ¢ 7500) has been attained in the Michael reaction.
In summary, we have developed a novel immobilization tech-
nique for Sc(OTf), a polymer-micelle incarcerated (PMI) method.
To the best of our knowledge, this is the first example of
immobilization of Lewis acids utilizing polymer micelles. PMI Sc-
(OTh)3is highly active in several fundamental carbararbon bond-
forming reactions. The catalyst is recovered quantitatively by simple
filtration and reused several times without loss of catalytic activity,
and no Sc leaching was observed in all reaction8.L ppm)!7 In

addition, several solvents are available, and these aspects are suitabl

for HTOS. The PMI method is operationally simple and might be
applied to a wide range of Lewis acid catalysts. Further study into
the immobilization of other Lewis acid catalysts is now in progress.
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