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Effect in aqueous media

Background

Jorgensen-Hayashi catalyst

Strength Weakness
« Easily available Ph * Reusability
« Effective for various reactions N Ph *
via enamine or iminium ion H OTMs
+ High stereoselectivity 1

bilization on polymer

Ph
Ph (5 mol%)
° N otums o en
N p-nitrophenol (5 mol%)
H + PR o, — — " NO,
toluene, rt
Me Me

Y. Hayashi et al., Angew. Chem., Int. Ed., 2005, 44, 4212,
Y. Hayashi et al., Helv. Chim. Acta, 2011, 94, 719.

Previous works

(°)

Ph cat.1 = PS Polyacrylate
Ph
N Orms M-A Percas etal, Chem. Eur J. 2011, 17, 1585. T Hansen ot al, . Org. Ghem. 2010, 75, 1620.
polymer cat. PEG
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Chall
EtO,C._ COEt EtO,C.__CO,Et cycle conv. [%]
cat. 1 T ——
+ _— IA 1 93 The reactivity decreases
PN éh, Ph o 2 73 with each reuse of catalyst.
Ph (¢} conv. 3 53
o O Ph cat. x  time conv. [%]

cat. (x mol% - . )
H + AN, #» H)YK/NOZ monomer 5 15min 100 The reactivity of polymer is
Ph time, 1 10 2nh 100 lowerthan monomer.
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Strategy
How to prevent deactivation and improve the reactivity
g N=y
: Ph _N \%
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High reactivity in water
Stronger O- group

0o cat. (5 mol%)

NO. p-nitrophenol (5 mol%) 2 "
H + N2 ————————— NO,
toluene, rt
R R
R cat. yield (%) ee (%) dr R cat. yield (%) ee (%) dr
1 90 99 14:1 1 95 99 11:1
2 98 87 10:1 2 - - -
Bn 3 99 98 11:1 i-Pr 3 97 96 11:1
4 95 96 14:1 4 97 97 20:1
Ph Ph Ph Ph
Ph O—l—Ph O‘I*Ph O‘l—Ph
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cat. N oms N o N oo H O
1 2 3 4

Uozumi's group™)

9 PS-PEG type catalyst accelerates
HN—C—@—PPhQ the reaction in water
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* H,0 98
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Immobilization on polymer

Br.
DIPEA Imidazole 1850,
Ho, socl,  PMBCI TBSCI PhMgBr Ph TBAF
QCQH MeOH CH,Cl, DMF, rt THF, t Q—-’—Ph THF, it
80°C  40°C OH
H PMB
trans-4-hydroxy-L-proline
60% in 4 steps
Br PS-PEG-N3
HO, oh ///\ o, CuS0,
NaH pbQ ; Ph DIPEA
N Ph ol O—I—Ph —— Ph
| OAnt DMF, -20 °C  CH,Cl, / buffer 4:1 N THF/DMF 1:1 PS oh
PMB 0°C H  OAnt 40°C N
96% yield LC
80% in 2 steps o yie

72% in 2 steps PS-PEG type catalyst A
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Catalyst

monomer 1
polymer A
polymer A

Additive screening
o

catalyst (5 mol%) o Ph
p-nitrophenol (5 mol%) NO. N Ph
—_— 2
solvent (1.0 M), it H HoOTMS
time
) ] N=
Solvent  Time Conv.[%] syn:anti ee[%] /N'
=
toluene 15 min 100 15:1 PE|G \/S
Q
toluene 6h 80 71 - Ph
H,0 1h 88 7:1 PS i Ph
H  OAnt
A
polymer cat. A (5 mol%)
acid (5 mol%) Qo Fh
H + Ph/\/Noz - = H NO,
H,0 (1.0 M), rt
time Me

COOH

OH COOH COOH
o e (O
O,N

60 min 60 min 60 min 60 min 30 min 30 min
88% conv. 41% conv. 47% conv. 100% conv.: 77% conv. 78% conv.
pKa: 7.2 pKa: - pK,: 4.8 pKa: 4.2 pKa: 4.4

9 9
COOH COOH
OH OH
o O U
30 min 30 min 30 min 30 min
85% conv. 94% conv. 48% conv. 100% conv.
pKa: 4.2 pKa: 3.9 pKa: - pKa: 3.7
Ho0
toluene i A i monomer 1
cat. A optimized Czlb :
COOH H Ph
[T m— i oh
o SOGRER
HO i
over 6 hours 30 min !! 15 min
Generality
polymer cat. A (5 mol%)
COOH
PhgP:
HJH v RN (5 mol%) Ao
15eq. 1.0eq. H20 (1.0M), rt toluene, rt
time
R? time yield [%] synanti  ee[%)
Ph 30 min 94 5:1 93
Ph 45 min 90 8:1 97
Ph 6h 84 8:1 99
Ph 20h 85 16:1 99
Me 4-Br-CgH 1 40 min 80 8:1 91
Me 4-F-CgH 2l 30 min 76 8:1 90
Me 4-MeO-CgH, 4 1h 80 71 93
Me Ph(CH2), 3h 86 4:1 93

[a] aldehyde = 15 eq.

Reusability

polymer cat. A (5 mol%)

cycles conv. [%]

syn:anti

ee [%]

COOH
1 100 5:1 93
o
o O o) o gy 2 94 741 93
H)H N — — — NO; 3 72 7:1 93
H0 (1.0 M), 1t 4 59 8:1 04
30 min -
Conclusion
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Improvement: Reactivity
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Subject: Reusability



