Asymmetric Hydrogenation Catalysts @

S- P I CA Cda t . Kanto Reagents

Optically active alcohols, which couldn't be obtained with
previous catalysts, are obtainable with the s-PICA cat.!

R' OH
s-PICA :

z A g,
P\Rlu/
/ | \

H2N /ﬁ

s-PICA cat.

2 Diphosphines x (S,S),(R,R) x 3 Diamines = 12 type catalysts
Ar 3,5-iPr,CgH3 [dipskewphos] 3-(aminomethyl)isoquinoline [3-AMIQ]

Ar = 3,5-Me,CgH; [xylskewphos] 3,5-Dimethyl-2-picolylamine [3,5-DMPICA]
2-Aminomethylpyrazine [AMPZ]

The s-PICA cat. can hydrogenate ketones, which have not been reduced efficiently by the
previous catalysts, to afford optically active alcohols in excellent enantiomeric excess.
The s-PICA cat. can be applied to industrial scale synthesis.

Improved substrate scope

Polysubstituted acetophenones, acetylbenzimidazole, ketoesters and also
simple ketones are hydrogenated in exceIIent enatioselectivity.
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Examples are illustrated at next page.

Industrial scale production

Multi kg-scale synthesis has been achieved.
The reaction proceeds at a substrate-to-catalyst molar ratio(S/C) of >10,000.

Ccl O Cl OH
E s-PICA cat. distillation_ *
+ H, i > >
1 MPa t-BuOK, IPA, 40°C, 20 h
Cl Cl
27 kg
S/C = 10,000 96% isolated yield

98% ee
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® Ss-PICA cat.: The Feature of Ligands
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(S,S)-XyISKEWPHOS (R,R)-XyISKEWPHOS

Diphosphine ligands

Diamine ligands

ligands feature ligands feature
DIPSKEWPHOS better enantioselectivity 3-AMIQ better enatioselectivity
XyISKEWPHOS | better reactivity 3,5-DMPICA | 900d enatioselectivity and reactivity
~ suitable at higher temp.(60-70°C)
el . suitable for heteroarenes

® Examples of reaction

Asymmetric hydrogenation of polysubstituted aromatic ketones!) and other aromatic ketones

R'" O R' OH
RuBr;[(S,S)-dipskewphos](3-ami
~ . H, 2[(S,S)-dip phos]( q) P RS
R Ar t-BuOK, IPA or EtOH, 40°C,8-36 h  R?>—( Ar|
1 MPa
[ketone]p = 0.5-2.0 M
[t-BuOK] = 20-30 mM
Examples : Reaction of polysubstituted aromatic ketones
OH cl OMe OH OH O OH
S
C(k ﬁi“ é(k O
OMe

S/C =500 S/C =2,000 S/C = 1,000 S/C = 1,000 S/C = 1,000

95% isolated yield 99% isolated yield 97% isolated yield 93% isolated yield 99% isolated yield

99% ee 99% ee 99% ee 95% ee 99% ee

Examples : Reaction of other aromatic ketones
OH H - i-Pr OH OH
HO N OH OO
\(>/k @[ r— o T
N SN

S/C = 1,000 S/C = 1,000 S/C = 10,000 S/C = 2,000 S/C = 2,000

99% vyield 99% vyield 99% yield 99% yield 99% vyield

97% ee 95% ee 96% ee 99% ee 98% ee

*[t-BuOK/ketone = 1] *[RuBr[(S,S)-dipskewphos](ampz)]

Comparison of catalysts for the hydrogenation of polysubstituted acetophenone

Cl O Cl OH

Ru cat.
F o H, N F.
t-BuOK, IPA, 40°C, 21 h
cl 1 MPa cl
Ru cat. S/IC yield (%) ee (%)

RuBr;[(S,S)-xylskewphos](3,5-dmpica 20,000 99 98
s-PICA cat. R 5= <Phosl(3,5-dmpica)

RuBr[(S,S)-dipskewphos](3-amiq) 1,000 99 99

RuCl,[(R)-binap][(R,R)-dpen) 1,000 21 15
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Asymmetric hydrogenation of a-aminoketones with DKR

(o] OH
R RuBr;[(S,S)-dipskewphos](3-amiq) R
Ar B Hz Ar
N t-BuOK, IPA, 30°C, 2 h N
0.8 MPa
S/C =500
[substrate]p = 0.2 M
[t-BuOK] = 30 mM
Examples : Reaction of a-aminoketones
OH
F’h OH
L OH OH OH
[ j a NHBoc N| D B
o) NHBz BnO -~ NPhth NPhth
97% isolated yield 95% isolated yield 80% isolated yield 82% isolated yield 82% isolated yield
syn:anti = 96:4 syn:anti = 87:13 syn:anti = 85:15 syn:anti = 99:1 syn:anti = 99:1
99% ee 97% ee 97% ee >99% ee 99% ee
*[RuBry[(S,S)-dipskewphos](ampz)]
Asymmetric hydrogenation of B-ketoesters, amides and analogues
o o 4, RUBI(S,S)-dipskewphos](3-amiq) OH O
+H AN
AM Y {- t-BuOK, IPA or EtOH, 40°C,17h A Y
a
[substrate] = 0.5-1.0 M
[t-BuOK] = 20-50 mM
Examples : Reaction of B-ketoesters, amides and analogues
OH O OH O OH O OH O
P_
Ph OEt wOEt Ph/k/U\NHMe Ph)\/ \OOEEt
S/C = 5,000 S/C =1,000 S/C =500 S/C =500
97% yield 95% yield 97% vyield 98% yield
99% ee 97% ee 96% ee 98% ee
*[60°C]
*[RuBry[(S,S)-dipskewphos](ampz)]
Asymmetric hydrogenation of y-, 3- and e-ketoesters2)
OH
RuBr,[(S, S)-dipskewphos](3-amiq) X -~ OR'
& 2 > Ry —
t-BuOK, EtOH, 25°C, 2-5 h = o
0.8 MPa
(0]
H
(0] OH O 3
/k/\)J\ Ph /k/\/\”/Ot-Bu
Ph OEt
(0]
S/C = 5,000 S/C = 5,000 S/C =500 S/C =500
97% isolated yield 97% isolated yield 99% yield 99% yield
97% ee 99% ee >99% ee 99% ee
Asymmetric hydrogenation of y- and 3-ketoesters to diols?)
OH
RuBr;[(S,S)-dipskewphos](3-amiq) 7 - OH

2
t-BuOK, EtOH, 40°C, 24-40 h

2-5 MPa

[t-BuOK] = 50 mM

OH OH OH OH
Ph/k/\/OH @/‘\/\/OH /@/k/\/OH Ph/k/\/\OH
Cl

S/C = 5,000 S/C = 5,000 S/C =500 S/C =500
97% isolated yield 97% isolated yield 96% isolated yield 96% isolated yield
96% ee 98% ee 95% ee 98% ee



(5 Q Product list

Product Name ‘ Product No. | Package
Dibromo[(S,S)-DIPSKEWPHOS](3-AMIQ)ruthenium(II) é’jﬁr/gr
Dibromo[(25,4S)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane] Ru
(3-aminomethylisoquinoline)ruthenium(II) ;K;,L\N‘ : 10163-68 100 mg

Hy

CAS : 2170985-21-2 FW :1196.24

Ar = 3,5-Pr,CeHs

Dibromo[(R,R)-DIPSKEWPHOS](3-AMIQ)ruthenium(II) i’;’gﬁ'/ar
Dibromo[(2R,4R)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane] Ru

(If:—arminomethylisoquin(lylinel)ruthenlilum(rII)y Y I N K;&lm 10164_68 100 mg
CAS : - FW : 1196.24 P
Dibromo[(S,S)-DIPSKEWPHOS](3,5-DMPICA)ruthenium(II) é’jBr/
Dibromo[(25,4S)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane]

(2-aminomethyl-3,5-dimethylpyridine)ruthenium(II) Ar2 10173-68 100 mg
CAS : 2241509-73-7 FW :1174.23 RN

Dibromo[ (R,R)-DIPSKEWPHOS](3,5-DMPICA)ruthenium(II) t’;&B’/
Dibromo[(2R,4R)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane]

(2-aminomethyl-3,5-dimethylpyridine)ruthenium(II) $ Ar2 10181'68 100 mg
CAS: - FW : 1174.23 Ae 351PrzC5H3
Dibromo[(S,S)-DIPSKEWPHOS](AMPZ)ruthenium(II) é’jBr/
Dibromo[(25,4S)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane]

(2-aminomethypyrazine)ruthenium(II) §:Ar2 \N‘/\N 10165-68 100 mg
CAS: - FW : 1147.16 YN

Dibromo[ (R,R)-DIPSKEWPHOS](AMPZ)ruthenium(II) ’;’55'/
Dibromo[(2R,4R)-2,4-bis[bis(3,5-diisopropylphenyl)phosphino]pentane]

(2-aminomethypyrazine)ruthenium(II) § A;.\\)\/} 10166-68 100 mg
CAS: - FW : 1147.16 Ar= 35-Pr.Ceths
Dibromo[(S,S)-XyISKEWPHOS](3-AMIQ)ruthenium(II) é’jBr/
Dibromo[(25,4S)-2,4-bis[di(3,5-xylyl)phosphino]pentane]

(3-aminomethylisoquinoline)ruthenium(II) §:Ar2 @ 11214-68 100 mg

CAS : 1646350-83-5 FW :971.80

Ar = 3,5-Me,CqHs

Dibromo[(R,R)-XyISKEWPHOS](3-AMIQ)ruthenium(II) ’SEB'/

i g s 1121568 | 100 mg
CAS : - FW :971.80 Ar= 35MezCeH3
Dibromo[(S,S)-XyISKEWPHOS](3,5-DMPICA)ruthenium(II) =

ST 0 S s rijay | uzsss | d0oms

CAS : 1646350-81-3 FW :949.80

Dibromo[ (R,R)-XyISKEWPHOS](3,5-DMPICA)ruthenium(II) P
Dibromo[(2R,4R)-2,4-bis[di(3,5-xylyl)phosphino]pentane]

(2-aminomethyl-3,5-dimethylpyridine)ruthenium(II) § Ar2 11219-68 100 mg
CAS: - FW : 949.80 Are 35MezceH3
Dibromo[(S,S)-XyISKEWPHOS](AMPZ)ruthenium(II) é’jBr/
Dibromo[(25,4S)-2,4-bis[di(3,5-xylyl)phosphino]pentane]

(2-aminomethylpyrazine)ruthenium(II) §:Ar2 N \N 11216-68 100 mg

CAS : 1646350-84-6 FW :922.73

Dibromo[(R,R)-XyISKEWPHOS](AMPZ)ruthenium(II) i’;’gﬁ'/ar
Dibromo[(2R,4R)-2,4-bis[di(3,5-xylyl)phosphino]pentane] Ru

(2I—arminomethylpyrazinle)rulthenia(;\(lll) I g K;,L\N‘/\N 11217-68 100 mg
CAS : - FW : 922.73 H

Ar = 3,5-Me;CgH3

We can supply other catalysts for asymmetric hydrogenation or asymmetric transfer hydogenation,
and optically active alcohols that are produced by these asymmetric catalysts.

The ligands such as DIPSKEWPHOS, XyISKEWPHOS and SKEWPHOS are also suppliable.

Please contact us for more information.

Reference
1) ChemCatChem 2018, 10, 1.
2) Angew. Chem. Int. Ed. 2018, 57, 1386

@ Please use the products listed in the catalog as reagents (chemicals used for testing or research purpose).
@ Product information is subject to change without notice. For the latest information, please have a look at our website "Cica-Web".
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