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Synthesis of Dendritic BINAP Ligands and Their Applications in the
Asymmetric Hydrogenation: Exploring the Relationship between Catalyst
Structure and Catalytic Performance

Ma, Baode® Deng, Guojun® Liu, Ji* He, Yanmei” Fan, Qinghua**
(“ Beijing National Laboratory for Molecular Sciences, CAS Key Laboratory of Molecular Recognition and Function,
Institute of Chemistry, Chinese Academy of Sciences, Beijing 100190)
(® Key Laboratory for Environmentally Friendly Chemistry and Application of Ministry of Education, College of Chemistry,
Xiangtan University, Xiangtan 411105)

Abstract Series of chiral dendritic BINAP ligands of different generations and with varied structures have been designed
and synthesized through incorporation of BINAP unit into the core (disubstituted ligand) or the focal point (monosubstituted
ligand) of the Fréchet’s polyether dendrimers. The relationship between catalyst structure and catalytic behavior was explored
by choosing the Ru-catalyzed asymmetric hydrogenation of 2-aryl acrylic acid and Rh-catalyzed asymmetric hydrogenation
of acetamidocinnamic acid as model reactions together with CD spectra analysis. It was found that the disubstituted dendritic
catalysts showed obvious higher activity than the small molecular catalyst, and the reaction rate increased with the increase of
the generation. This rate enhancement became more significant when changing the solvent from toluene/methanol (1/1, V/V)
to neat toluene. While the monosubstituted dendritic catalysts showed similar performance with the small molecular catalyst,
which was due to that the catalytic center located away from the dendritic support. In addition, the disubstituted dendritic
BINAP ligands showed different Cotton effect in CD spectra with regard to the monosubstituted dendritic BINAP ligands
and BINAP itself, suggesting that the microenvironment inside the disubstituted BINAP-cored dendrimer might be influ-
enced by the sterically demanding dendritic wedges. These results indicated that the microenvironment around the catalytic
center created by the dendritic support played an important role in promoting catalytic activity. This positive dendritic effect
was further observed in the Rh-catalyzed asymmetric hydrogenation of acetamidocinnamic acid. Finally, the dendritic cata-
lyst could be easily recycled by solvent precipitation at least three times without any loss of activity and selectivity.
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Scheme 1 The synthesis of dendritic BINAP
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Table 1 Asymmetric hydrogenation of 2-(4-isobutylphenyl) acrylic acid 100+
catalyzed by dendritic catalysts
80 4
/L/©)LCOOH Ru(BINAP), NEt3 /k/@J\COOH < 60
methanol/toluene 5 » Ru(BINAP)
+ (11, VIV) ®
Hy b5 ® Ru(mono-G1)
é 40 A Ru(mono-G2)
Entry Ligand Conversion’/% ee /% © v Ru(mono-G3)
1 BINAP >95 90 204
2 di-G0-BINAP >95 91 -—
3 di-G1-BINAP >95 92 0 2 4 6 8 10
Reaction time/h
4 di-G2-BINAP >95 92
5 di-G3-BINAP >95 92 B 2 i BUREIREIR S THERIREL 2-(4-7 T 2R IR IR I AN
R A A8 AL ST ) 5 (I it} 1= H - 5
6 Ji-G4-BINAP ~95 90 ﬁ‘% S P R AL 1 AL (R AL TR = 100, oAl Jse I 4 A1 ) 3
7 mono-G1-BINAP >95 90 Figure 2 The comparison of catalytic activity in the asymmetric hydro-
3 mono-G2-BINAP ~05 9] genation of 2-(4-isobutylphenyl) acrylic acid catalyzed by the monosub-
stituted dendritic catalysts (substrate/catalyst=100, otherwise under the
9 mono-G3-BINAP >95 91 same conditions in Table 1)

¢ Reaction conditions: 0.1 mmol substrate, catalyst in sifu generated from
[Ru(cymene)Cl,], and di-Gn-BINAP (substrate/catalyst=125, mol/mol), NEt;
(NEts/substrate=3 : 2 mol/mol), 3 mL methanol/toluene (1 : 1, V/V), H, (80
atm), 24 h, r.t.; ® Based on GC analysis and 'H NMR; ¢ Determined by GC
with a Chrompack Chirasil-dex column (25 m X 0.25 mm).
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Figure 1 The comparison of catalytic activity in the asymmetric hydro-
genation of 2-(4-isobutylphenyl) acrylic acid catalyzed by the disubsti-
tuted dendritic catalysts (toluene/methanol=1 : 1, otherwise under the
same conditions in Table 1)
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Figure 4 The CD spectra of (a) monosubstituted dendritic BINAP

ligands and (b) disubstituted dendritic BINAP ligands (1X 10 > mol/L in
THF)
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Table 2 Asymmetric hydrogenation of acetamidocinnamic acid cata-
lyzed by rhodium catalysts

COOH , |4, Rh(BINAP)

N A * COOH

Entry Ligand Conversion”/%  ee/%
1 (R)-BINAP <5 24 (S)
2 (R)-di-G4-BINAP >95 65 (S)
3 (S)-BINAP+(R)-di-G4-BINAP >95 10 (R)
44 (S)-BINAP+G3-COOCH; >95 25 (R)

“ Reaction conditions: 0.05 mmol substrate, catalyst in sifu generated from
[Rh(COD)BF,] and corresponding BINAP ligand (substrate/catalyst = 50,
mol/mol), 1 mL CH,Cl, (DCM), 24 h, r.t; " Based on GC analysis and 'H
NMR analysis of the crude product; © Determined by GC with a CHIR-L-VAL
CP-7495 column (25 mX 0.25 mm). “8 % mol G3-COOCH; was used.
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Table 3 The recycling of the dendritic catalysts

Dendritic Ru(BINAP) .
COOH NEt;3 COOH
Ho

methanol/toluene

Entry Ligand Conversion”/% ee’/%
1 di-G3-BINAP >95(17.2)° 92
2 Cycle 1 >95 (16.8)° 91
3 Cycle 2 >95(17.2)° 92
4 Cycle 3 >95 (16.8)° 91

© 2013 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

¢ Reaction conditions: 0.1 mmol substrate, catalyst in sifu generated from
[Ru(cymene)Cl,], and di-G3-BINAP (substrate/catalyst=125, mol/mol), NEt;
(NEts/substrate=3 : 2 mol/mol), 3 mL methanol/toluene (1 : 1, V/¥), H, (80
atm), 24 h, r.t.; ® Determined by GC with a Chrompack Chirasil-dex column
(25 m X 0.25 mm). © The data in bracket were average TOF at lower than 100%
conversion (after 5 h).
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