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The axially chiral bisphosphine ligand, 2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (binap), was supported on a polystyrene—poly(ethylene
glycol) copolymer (PS—PEG) resin and was used successfully for the rhodium-catalyzed asymmetric 1,4-addition of phenylboronic acid to
o.B-unsaturated ketones in water.

The axially chiral bisphosphine ligand, 2fds(diphenylphos- binap ligand has attracted considerable atterftishich may

phino)-1,1'-binaphthyl (binag)js known to be one of the  provide a solution to the problem of separation and recycling
most effective chiral ligands for asymmetric reactions of this precious chiral ligand. Typical examples are its

catalyzed by late transition metélslt has been used immobilization on polystyrerfeand a silica gef,preparation
successfully for a various kinds of asymmetric reactions of polymerg and dendrimefscontaining the binap unit

represented by rhodium- and ruthenium-catalyzed asym-inside, and introduction of water-soluble functional groups
metric_hydrogenation of olefins and ketones giving the onto the binaiS.On the other hand, we have been using binap
corresponding reduction products with high, usually over |igand for rhodium-catalyzed asymmetric 1,4-addition of

90%, enantioselectivity.Recently, heterogenization of the  organoboronic acids to electron-deficient olefifig? which
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is usually carried out in a solvent system containing a certain
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amount of water. For the separation and recycling of the
rhodium/binap catalyst in the rhodium-catalyzed asymmetric Scheme %
1,4-addition, we chose a polystyrengoly(ethylene glycol)

Br. Br N
copolymer (PSPEG) resin as an immobilization partner OO OO OO
because of its amphiphilic character suitable to the reactions OH a oTf b OTY
in an aqueous solveit.The use of an achiral phosphine OH OTf OTY
ligand supported on PSPEG resin for rhodium-catalyzed OO OO OO
(5)-2 (S)-4

reactions, including the 1,4-addition, has been recently
reported by Uozumi¢ Here we report the preparation of PS (5)3

PEG resin-supported binap ligaddand its successful use NG, HOOC,
for the rhodium-catalyzed asymmetric 1,4-addition of an OO OO
organoboronic acid ta,f-unsaturated ketones in watér. _°. PPhz _d | PPh2
For connection of the axially chiral 1;binaphthyl bis- PPy PPh,
phosphine (binap) unit with the PFEG resin having an OO OO
()5 (S)-6

amino group (PSPEG-NH,) by amide bond formation,

binap-carboxylic acid9)-6, which contains a carboxyl group. aReagents and conditions: (a),T¥, pyridine, CHCl,, 0 °C, 8
at the 6-position, was prepared (Scheme 1). The preparatior, 78%; (b) CuCN, NMP, 180C, 4 h, 73%; (c) NiCi(dppe),
starts with §)-6-bromo-2,2-dihydroxy-1,1-binaphthyl @) HPPh, DABCO, DMF, 100°C, 3 d, 73%; (d) KOH, dioxane/
whose preparation from (S)-2,2'-dihydroxy-1,1'-binaphthyl MeOH/H0, reflux, 24 h, 85%.
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1999,40, 6957. (d) Hayashi, T.; Senda, T.; Takaya, Y.; Ogasaward, M.
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H
PPhy
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Lett. 2002,43, 6155. (e) Pucheault, M.; Darses, S.; Genét, ER. J. EDCI-HCI, HOBt PPh,
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' Table 1. Asymmetric 1,4-Addition of Phenylboronic Acid to
@ ] a,B-Unsaturated Ketones Catalyzed by PS—PEG—(S)-Binap

(2)/Rh in Watet
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entry enone 7 yield® (%) of 8 % ee¢

1 7a 95 (8a) 94 (S)

P S s 2 7b 83 (8h) 97 (S)

3 7c 86 (8¢) 95 (S)

Figure 1. Comparison of théP NMR spectra (at 202 MHz in 4 7d 71 (8d) 96 (S)

THF) of PS-PEG—(S)-binad. and its rhodium complex. (a) PS 5 7e 80 (8e) 91 (R)
PEG—(S)-binafdl: 6 —14.5 ppm (broad s). (b) Addition of Rh- recycle

(acac)(GHa), to (S)-1giving its rhodium complex:d 55.0 ppm 6 firstd 7a 85 (8a) 94 (S)

(dd, Jrn_p = 194 Hz,Jp_p = 64 Hz), 55.3 ppm (ddJrn_p= 193 7 second? 7a 94 (8a) 93 (S)

Hz, Jp_p = 64 Hz). 8 thirdd 7a 94 (8a) 94 (S)

9 fourthe 7a 99 (8a) 94 (S)

. . a8 Reaction was carried out with enoffe(0.20 mmol), phenylboronic
gel-phasé’P NMR studie¥® showed that the resin-supported acid (1.0 mmol), Rh(acac)¢Bl); (3 mol % Rh), and PSPEG—(S)-hinap

-bi i M- i i 1 (1/Rh = 1.5/1.0) in HBO (1.0 mL).PIsolated yield after silica gel
(S)-binap1 coordinates to a rhodium-forming chelating chromatographyt Determined by HPLC analysis with chiral stationary

bisphosphine complex (Figure 1). Two nonequivalent phos- phase columns: Chiralcel OB-H f8a; OD-H for8b—e. @ Reaction mixture
phorus atoms irl appear as a broad singlet-a.4.5 ppm was extracted once with diethyl ether. To the water layer was added enone
. L . 7aand phenylboronic acid, and the next run was carried out under the same
in THF. On addition of Rh(acac)¢@ls). to 1, new signals conditions.® Reaction mixture was filtered, and the resin was washed several
appeared at a lower field as two double doublets (55.0 ppmtimes with diethyl ether.
(dd Jrh-p= 194 Hz,Jp_p= 64 Hz) and 55.3 ppm (ddkn-p
= 193 Hz,Jp-p = 64 Hz)). The chemical shifts and coupling the loss of its catalytic activit$ separation of the organic
constants are quite similar to those of Rh(acac)(binap) product by extraction with diethyl ether always kept the
complex (55.3 ppm (dJrn-p = 193 Hz))!!@supporting that  reusable active catalyst in the water layer. The second run
the PS-PEG resin-supported bindforms a stable chelating  was carried out by addition of enof@ and phenylboronic
complex with rhodium. acid to the catalyst in water and heating the mixture at 100

The rhodium complex of PS—PEG resin-supported binap °C for 3 h. The catalyst was recycled four times during which
1 showed high catalytic activity and high enantioselectivity the yield and enantioselectivity were kept high (entrie®h
in water for the asymmetric 1,4-addition of phenylboronic ~ To summarize, the binap ligand supported on-PEG
acid toa,-unsaturated ketones (Table 1). Thus, a mixture resin was prepared and used successfully for the rhodium-
of Rh(acac)(GH,)2 (6.0 umol) and1 (9.0 umol binap), as catalyzed asymmetric 1,4-addition in water. This amphiphilic
well as phenylboronic acid (1.0 mmol) in THF (0.5 mL), resin-supported binap will find application in many transition
was stirred at room temperature for 3 min. Removal of the metal-catalyzed asymmetric reactions which can be per-
solvent under reduced pressure was followed by addition of formed in an aqueous solvent.
enone7 (0.20 mmol) and water (1 mL). The mixture was
heated at 100C for 3 h. Removal of the catalyst by filtration
and extraction with diethyl ether gave a high yield of 1,4-
addition product8. As shown in Table 1, the 1,4-addition
proceeded in water with high enantioselectivity for both
cyclic enones’a—cand acyclic enonegd,e (entries 1-5). Supporting Information Available: Experimental pro-
The enantioselectivities (9497% ee) observed here are cedures for the preparation df and rhodium-catalyzed
comparable to those reported for the reaction carried out withasymmetric 1,4-addition. This material is available free of
homogeneous (S)-binap in dioxangfH(10/1)a charge via the Internet at http://pubs.acs.org.

The recycle experiments were examined for the reaction o g4g595Mm
of 2-cyclopentenone (7a). Although separation of the PS—

PEG resin-supported catalyst by filtration sometimes caused, (21) Water phase, whichis colorless, did not show any catalytic activity,

indicating that no leaching of the rhodium catalyst to water. The loss of
catalytic activity observed for the resin recovered by filtration is due
(20) Johnson, C. R.; Zhang, Betrahedron Lett1995,36, 9253. probably to a technical problem such as exposure to air.
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