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Onium Salts for Phase-Transfer Catalyst
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Example of Homogeneous Onium Salt Catalysis
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Example of Homogeneous Onium Salt Catalysis
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continuous participation
in the catalytic cycle

controlling the reactivity
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a new cooperative catalysis of chiral onium salts
possessing an appropriate organic anion



Characteristic Features of Catalyst

Amino Acid Derived
Alkyl Substituent Selective Alkylation

[5,5]-P-spirocyclic Core

Variable Ar Substituents

Anion Recognition via
Double Hydrogen-Bonding

Catalyst Preparation: lon Exchange
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Working Hypothesis
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Effect of Catalyst on Reactivity and Selectivity
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Hydrogen-Bonding Mode of Phosphonlum Salts
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Scope of Imines
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Summary 1
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Preparation and Structure of Phosphonium Phenoxide
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Conjugate Addition of Acyl Anion Equivalent




Effect of Counter Anion Structure on the Selectivity
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Effect of Catalyst Concentration and Cation Structure
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Effect of Catalyst Concentration and Cation Structure
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1P NMR Study 1: toluene, =98 °C
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31p NMR Study 1: toluene, =98 °C
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31p NMR Study 1: toluene, =98 °C
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31p NMR Study 1: toluene, =98 °C
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31p NMR Study 1: toluene, =98 °C
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X-ray Diffraction Analysis
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X-ray Diffraction Analysis
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X-ray Diffraction Analysis
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X-ray Diffraction Analysis
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Effect of the Mode of Self-Assembly
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Plausible Molecular Assemblies
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Substrate Scope of a,p-unsaturated Acylbenzotriazole
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Derivatization of the Product
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(Ar = 3,5-C|2—C6H3)

Summary 2

enantioselectivity.

*All the structural components of catalyst
cooperatively participate in the
stereocontrolling event.

*Increase catalyst loading and decreased
solvent volume further improved the
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Uraguchi, D.; Ueki, Y.; Ooi, T. Science 2009, 326, 120.
Uraguchi, D.; Ueki, Y.; Ooi, T. Angew. Chem. Int. Ed. 2011, 50, 3681.
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Conjugate Addition to Nitroolefin
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Effect of the Mode of Self-Assembly
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Effect of the Mode of Self-Assembly
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Modification of Reaction Conditions
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31P NMR Study 2: THF, =98 °C
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31P NMR Study 2: THF, =98 °C
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31P NMR Study 2: THF, =98 °C
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31P NMR Study 2: THF, =98 °C
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31P NMR Study 2: THF, =98 °C
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Consideration of the Self-Assembled Catalyst Structure
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Consideration of the Self-Assembled Catalyst Structure
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Consideration of the Self-Assembled Catalyst Structure
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Substrate Scope of Nitroolefin

R4

O
1b-[2b]; (2 Mol%) ') Ov*)\/Noz
o + 17X NO:2 >

R
N=/ THF/DMI: (5%)
—60 °C
eO’ : Br- : |
Br
24 h, 93% 18 h, 91% 20 h, 99%
d.r. =>20:1 d.r. =>20:1 d.r. =>20:1
96% ee 98% ee 95% ee
oo ot
|
Me Me O \
12 h, 88% 12 h, 90% 12 h, 99% 12 h, 92%

d.r. =>20:1 d.r. =>20:1 d.r. =>20:1 d.r. = 20:1
97% ee 96% ee 96% ee 91% ee

=N

e
\\N @ N ’IEt

Ph H@H Ph

(ArO)3H2

(Ar = 3,5-C|2—C6H3)

QT Nes
M

24 h, 75% 24 h, 82%
d.r. =>20:1 d.r.=4:1
98% ee 94% ee



Derivatization of the Product
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‘BuOH, H,0, 0 °C, 5 h rt, 5 min
Y

Ph Ph
NHB NHB
MeOzC/'\/ ¢ Meozc/\/'\/ ¢
69% (3 steps) >99% (2 steps)

(93% ee) (92% ee)



Summary 3

I\I/Ie I\I/Ie
EtW " N/, ,N Et
A (Ar = 3,5-Cl,—CgHs) o _
Ph N N Ph Hyghlyselective intermediate
PhoH gp Ph 0 1b [2b]1
3 ArOH 1b-[2b], MO Me
(2b) N=/ Et™ \\\N @ N
Me Me 3 N N
| | Et\ \\\N @ N
Et W ) N,I @ ,N Et //\\ P h I?I I:I Ph
P +2 ArOH Y20
N r Ijl bn A/OH-’ NI
Ph H H Ph ¥ r >
i E /OH_--O\ V/
O 0O, — > Ar Ar N
Ar”H @ H “Ar THF 4
Ar 1b-[2b],
/ 75-99%, d.r. = 4->20:1
91-98% ee for major isomer

H H
— N. N.
OHC/'\/ “Boc O N “Boc MeOgC/k/ Boc MeOZC/\/'\/ Boc

Uraguchi, D.; Ueki, Y.; Ooi, T. Chem. Sci. 2012, 3, 842.



