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Disulfides bearing (R)-1,1'-bi-2-naphthol ((R)-BINOL) moieties at each terminal position have been successfully introduced on the surface of
Au cluster. Ti-BINOLate complex generated from the obtained monolayer-protected Au cluster (MPC) promoted catalytic asymmetric alkylation
of benzaldehyde with Et,Zn to afford the adduct in up to 98% yield with 86% ee. After completion of the reaction, the BINOL-functionalized

MPC was easily recovered.

Monolayer-protected metal clusters (MPEs) nanometer-

In many cases, polymer-supported catalistsre exhibited

size have attracted much attention due to their diverselower catalyst activity than that of the parent homogeneous

applications in diagnostitelectronic and photonic devices.

catalysts. A possible reason for the low activity of polymer-

In particular, since the design and synthesis of structurally supported catalysts could be the limited access to the catalytic
well-defined Au clusters are relatively simple and easy, a sites, most of which are present deep inside the polymer
large number of functionalized Au clusters have been backbone. When the MPC is prepared with thiols and/or
reportec® However, chemical transformation and/or chiral disulfides containing a chiral ligand moiety, the ligands are
recognition on the surface of MPC has remained a challengereadily exposed on the surface of metal clusters. Therefore,

in fine chemical technolog§.
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the catalysts generated from MPC-supported ligands are
expected to show high catalyst activity, which would be
comparable to the parent homogeneous catalysts, due to the
easy access to active sites on the surface of FP€rein,
we report the first synthesis of MPCs bearing chiral'-1,1
bi-2-naphthol (BINOL) moieties on the Au surface (Scheme
1) and their application to asymmetric reactidns.

Toward the development of new asymmetric catalysts
installed on Au cluster, disulfides bearingr)¢1,1'-bi-2-
naphthol ((R)-BINOL) moieties at terminal positions were

(6) (a) Bell, A. T.Science2003,299, 1688. (b) Rolison, D. RScience
2003,299, 1698.

(7) Recent review on polymer-supported catalysts: (a) Leadbeater, N.
E.; Marco, M.Chem. Re»2002,102, 3217. (b) McNamara, C. A.; Dixon,
M. J.; Bradley, M.Chem. Re:2002,102, 3275. (c) Dickerson, T. J.; Reed,
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With a range of disulfid® in hand, BINOL-functionalized
Scheme 1. Introduction of Disulfide Having Two BINOL MPCs were subsequently synthesized. To a toluene solution
Units. of AuCls~(n-GgH17)4N™ generated in situ by the treatment

of aqueous solution of HAuGIwith tetraoctylammonium
HAUCH,, (-CoHyr)eN'BF bromidé? was added the disulfide consistipg of two R)-
. NaBH, BINOL moieties. Subsequently, the reaction mixture was
S

Pcomasiay treated with NaBH to obtain the BINOL-functionalized
(@ D MPCs 6a, 6b, and 6¢c (n = 4, 5, and 6, respectively)
Disulfide guantitatively (Scheme 3). The amount of disulfide

-
T OO immobilized onto MPC6 was determined by elemental

analysis'3
e

Q

Scheme 3. Preparation of MPCs Bearing BINOL Moieties

selected because BINOL has tremendous applications in
enantioselective catalysi®. The syntheses of BINOL-
terminated disulfides are outlined in Scheme 2. Alkyl chains

Scheme 2
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5 a(a) HAUCl-4H,0 (2 equiv), 0-CgH17)sNTBr= (4 equiv); (b)
ag NaBH, (20 equiv).

aReagents and conditions: (a) AKCIEtO,C(CH,),-,COCI,

CH,Cly; (b) TFA, ESiH, CH.CIy; (c) LAH, THF; (d) PPh, CBry,
THF; (e) (NH,).C=S, DMSO; (f) b, ag NaOH; (g) BBs, CH,Cl,.
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To demonstrate the catalytic activity of BINOL-function-
alized MPC 6, the catalytic asymmetric alkylatih of
benzaldehyde (7) with EZn was examined (Table 13.

In all cases, addition of Ti(O-i-Prto MPC 6 resulted in
heterogeneous Ti—BINOLate complexésThe alkylation

with varying chain lengths were smoothly introduced at the
6-position of the known 2,2'-dimethoxy-1,1'-binaphthalene
(1) by Friedel-Crafts acylation reactidh to afford com-
pound2. Afte,r reduction of ketone_ and ester moietie<2in (8) Introduction of catalysts onto the surface of dendrimers has been
the bromination of the alcohol with PPRCBr, gave the  reported: (a) Seebach, D.; Marti, R. E.; Hintermanni&lv. Chim. Acta
corresponding bromid8. The bromide3 was reacted with ~ 1996,79, 1710. (b) Schneider, R.; Kdliner, C.; Weber, |.; TogniGhem.
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; T SRE ; Astruc, D.; Chardac, FChem. Re»2001,101, 2991. (f) Reek, J. N. H.; De
mixture Was SUbsequently treated with iodine in aqu_eous Groot, D.; Oosterom, G. E.; Kamer, P. C. J.; Van Leeuwen, P. W. N. M.
NaOH. Finally, removal of Me groups on the BINOL moiety Rev. Mol. Biotech2002,90, 159. (g) Arai, T.; Sekiguti, T.; lizuka, Y.;
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terminated disulfide5. Preparation of disulfide$ with Leeuwen, P. W. N. M.: Reek. J. N. KChem. Re»2002,102, 3717.

various lengths of alkyl chains as spacers<4, 5, and 6) (9) In a remarkable report on similar efforts, Mrksich and co-workers
- . 240 . . applied the Au cluster bearing dihydroquinidine ligands to the catalytic

has been achieved in 31~34% overall yield in seven S"tepsasymmetric dihydroxylation of styrene: Li, H.; Luk, Y.-Y.; Mrksich, M.

starting from (R)-1. Langmuir1999,15, 4957.
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Table 1. Catalytic Asymmetric Alkylation Using MPCs
MPC

o Ti(0-i-Pr) 1 eq H, OH
Ph)J‘H + BeZn CH,Cly, -10°C Ph>\/
7 8

MPC Et,Zn time  yield® ee
entry (mol %) nb  (equiv) (h) (%) (%)
1 6a (10) 4 2 7 92 80
2 6b (10) 5 2 7 98¢ 86
3 6c (10) 6 2 7 >95 72
4 6b (5) 5 2 7 >95 80
5 6b (10) 5 1 16 31 73
6 6b (10) 5 3 3 >95 84
7 BINOL (10) 2 7 >95 90

a As a monomeric ligand? Lengths of alkyl chains as spacefeter-
mined by!H NMR. 9Isolated yield.

of 7 with 2 equiv of EtZn in the presence of 1 equiv of
Ti(O-i-Pr), was promoted by 10 mol %ato give the adduct
(R)-8in 92% yield with 80% ee. The use 6b improved
the enantioselectivity of (R)-80 86% ee (entry 2). The
amount of6b could also be reduced to 5 mol % (entry 4).
Among several chain lengths we examinéd,induced the
best enantiomeric excess oR){8 (entries 1—3). Interest-
ingly, the reaction using 3 equiv of #Zn proceeded
smoothly keeping the high enantiomeric excess Rf-§,
while the reaction using 1 equiv of Zin resulted in reduced
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New York, 1994. (b) Jacobsen, E. N.; Pfaltz, A.; Yamamoto, H.;
Comprehensive Asymmetric Catalysis; Springer: Berlin, 1999. (c) Ojima,
|. Catalytic Asymmetric Synthesis, 2nd ed.; Wiley: New York, 2000. (d)
Shibasaki, M.; Sasai, H.; Arai, Angew. Chem., Int. Ed. Engl997, 36,
1236. (e) Pu, LChem. Rev1998,98, 2405. (f) Kobayashi, S.; Ishitani, H.
Chem. Rev1999,99, 1069. (g) Aspinall, H. CChem. Re»2002,102,
1807. (h) Shibasaki, M.; Yoshikawa, ihem. Re»2002,102, 2187. (i)
Inanaga, J.; Furuno, H.; Hayano, Chem. Re»2002,102, 2211.
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enantiomeric excess (entries 5 and 6). The activity of
heterogeneous MPC catalyst was close to the soluble parent
Ti—BINOLate complexX’ The high catalyst activity of MPC-
supported BINOL catalysts would reflect the naked character
of BINOL moieties on the surface of MPC.

The size of6b was analyzed by transmission electron
microscopy (TEM) and dynamic light scattering (DL'8).
The TEM image, depicted in Figure 1, confirmed the

Figure 1. TEM image of6b.

formation of MPC with a diameter less than 5 nm for the
Au core. The distribution of6b by DLS exhibited the
existence of swollen BINOLate MPC with the following
sizes: 85% of 7.6 nm diameter with ca. 15% of 9.0 nm
diameter. The size obtained by DLS is significantly larger
than that analyzed by TEM. This can be expected because
DLS is more sensitive to larger species than smaller ones in
a MPC-disperse aggregate sample.

As a preliminary result of reuse @b, after termination
of the reaction using 1 N HCBEb was easily recovered by
precipitation from EtOH and the use of recove@dwith
Ti(O-i-Pr)4 resulted in the adduct in 92% yield with 68%
ee. Moreover, after immersingb in 1 N HCI for 3 days,
the recoveredb still promoted the alkylation reaction to
give (R)-8in 75% yield with 62% ee. During the examination
of reuse of the catalysts, no flaked BINOL derivative was
observed in the reaction mixture B NMR and HPLC
analysis. These results suggest that the newly prepared
BINOL-functionalized MPC is stable and reusable.

In conclusion, BINOL-functionalized MPCs were synthe-
sized and applied in the catalytic asymmetric alkylation of
benzaldehyde by forming the TBINOLate complex on the
MPC. The MPC used as the ligand was readily recovered
from the reaction mixture and showed stability under acidic
conditions.

(17) We have previously reported that polystyrene-supported Ti
BINOLate complex, which has a spacer at the 6-position of the BINOL
moiety, promoted the reaction to affo8dn 61% yield with 83% ee. The
present method is obviously advantageous over our earlier method:
Jayaprakash, D.; Sasai, Retrahedron: Asymmetrg001,12, 2589.

(18) Distribution of 6b was analyzed using dynamic light scattering
(DLS) by NIKKISO Co., Ltd.
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