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I Hydrogenation Catalysts

Hydrogenation is a common reaction wherein H, is added
across a double or triple bond, and is widely utilized in the
laboratory and in industry applications. This reaction generally
requires a metal catalyst to proceed, under which it is known as
catalytic reduction or catalytic hydrogenation. These conditions
are also used in the deprotection of benzyl and benzyloxycarbonyl
groups.

Catalysts for hydrogenation also include heterogeneous
catalysts such as palladium/charcoal (Pd/C), homogeneous
catalysts such as Wilkinson’s catalyst, and catalysts for
asymmetric hydrogenation as well, and are used in numerous
settings. This brochure introduces a variety of catalysts for
hydrogenetic reduction.

@ Catalysts for Hydrogenation

Catalytic reduction is widely utilized in the hydrogenation of
carbon-carbon bonds, nitro group reduction, and the removal of
benzyl and benzyloxycarbonyl groups.” Platinum metals are
used in many forms such as Pd/C, and catalysts like Wilkinson’s
catalyst [T0931]>*% and Crabtree’s catalyst [C2824].5 Both
Wilkinson’s catalyst and Crabtree’s catalyst can hydrogenate
alkenes and alkynes selectively. Furthermore, Crabtree’s catalyst
can hydrogenate stereoselectively due to its coordinating
functional groups.®
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1. Shvo Catalyst

Shvo’s group has reported a ruthenium binuclear complex
[H1322] that catalyzes a hydrogenation of carbonyl groups and
olefin moieties.” Formic acid is utilized as the hydrogen
source. When a,B-unsaturated ketones are treated with Shvo
catalyst, the olefin moiety is selectively hydrogenated.
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2, Ruthenium-complex Catalyst

The ruthenium catalyst [R0136] [R0137] can reduce esters to
alcohols. In this condition, wide-ranged solvents can be chosen
and the hydrogenation can proceed even under neat conditions.®
However, benzyl and benzyloxycarbonyl groups, which are
typically removed via conventional condition, are retained.
Furthermore, R0137 can also hydrogenate aldehydes, amides,

and nitriles.?
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3. Manganese-complex Catalyst

Beller’s group has reported that the manganese complex [E5670]
is an excellent catalyst for the hydrogenation of nitriles.”® This
complex can also catalyze the reduction of ketones via a
hydrogen atom transfer from isopropanol."
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4. Rhodium Catalyst for cis-Selective
Hydrogenation of Aromatic Rings
(Cyclohexyl-CAAC)Rh(COD)CI [C3592] is used as an efficient
and selective aromatic hydrogenation catalysts owning from the
strongly o-donating ligand. C3592 can be used for the synthesis
of cyclohexane moieties while still retaining various functional
groups like carbonyls,™ silyls,™ and boryls™ in a single step.
Under these conditions, the cis-configured saturated hydrocarbon

is selectively provided.
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5. Organocatalysts for Metal-free
Hydrogenations

1,8-Bis(diphenylphosphino)naphthalene [B4530] contains two
diphenylphosphino groups and acts as a bulky Lewis base. The
bulkiness of B4530 is also effective for forming unquenched
Lewis acid-base pairs, “frustrated Lewis pairs (FLPs)’, by
treatment with a Lewis acid like tris(pentafluorophenyl)borane
[T2313]. Erker et al. have applied them to activate a molecular
hydrogen and the subsequent metal-free hydrogenations of silyl
enol ethers. In this reaction, molecular hydrogens seem to be

activated by the FLP-induced acid-base cooperation.'
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@ Catalysts for Asymmetric Hydrogenation

Noyori et al. have reported that the metal complex with a chiral
2,2'-bis(diphenylphosphino)-1,1'-binaphthyl (BINAP) ligand can
act as a catalyst for asymmetric hydrogenation of alkene moiety
in high yields and enantioselectivity.'®'” This method has been
utilized in the manufacturing of aroma chemicals and medicines.
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Catalysts with a BINAP moiety have high turnover number (TON)
and some catalysts such as R0138 are able to reach a TON of
100 000."® So far, many types of BINAP analogues have been
developed. The catalyst N1023 is utilized in asymmetric amination

like as well as reduction of ketones and olefins.'®
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Ikariya et al. have reported an asymmetric hydrogenation using
formic acid salt [F1022] as a proton source and ruthenium
catalysts with a chiral diamine ligand [T3077] [T3078].29
Conventional catalysts have often required high pressure
conditions, but these catalysts can hydrogenate substances
under atmospheric pressure requiring no special apparatuses.
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Catalysts for Asymmetric

Hydrogenation
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RuCl[(R)-dm-segphos®][(R)-daipen]
CAS RN: 944450-43-5

R0130*
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RuCl,[(S)-dm-segphos®[(S,S)-dpen]
CAS RN: 944450-46-8

ER 200mg 1g

Me
RuCl[(R)-dm-segphos®][(R,R)-dpen]
CAS RN: 944450-45-7

RO132* 200mg 1g

RuCla[(S)-x Iblnap][(S) daipen]
CAS RN: 220114-01-2

R0133*

200mg 1g

Me

RuCh{(R)-xylbinapl[(R)-daipen]
CAS RN: 220114-32-9

[E 200mg 1g

Me
RuCly[(S)-xylbinap][(S,S)-dpen]
CAS RN: 220114-03-4

RO135* 200mg 1g
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RuCly[(R)-xylbinap][(R,R)-dpen]
CAS RN: 220114-38-5

RO138* 200mg 1g
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(S)-RUCY*-XyIBINAP
CAS RN: 1312713-89-5

RO139* 200mg 1g
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(R)-RUCY®-XyIBINAP
CAS RN: 1384974-38-2

Please inquire for pricing and availability of listed products to our local sales representatives.
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Hydrogenation Catalysts

B2314 100mg

CHs c/Ha_op-;i)/cHa
Q CHS_N’\ = Moo
'Co,
CH?_g\:O/ \o:%_<CH3
CHs CHs

(R)-AMAC
CAS RN: 361346-80-7
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CAS RN: 259259-80-8

B3067 250mg
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[(R)-2,2"Bis(diphenylphosphino)-1,1"-
binaphthyllruthenium(ll) Dichloride
CAS RN: 132071-87-5
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B3068 250mg
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[(5)-2,2"Bis(diphenylphosphino)-1,1*
binaphthyllruthenium(ll) Dichloride
CAS RN: 134524-84-8
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CHy
(R)-Me-CBS Catalyst

DE:AN 19 59

CH,
(R)-Me-CBS Catalyst
(ca. Tmol/L in Toluene)

CAS RN: 112022-83-0

CAS RN: 112022-83-0

D2131 19 59

CHy
(5)-Me-CBS Catalyst
CAS RN: 112022-81-8

D5912 19 59

O
N\?/

CH
(S)-Me-CBS Catalyst
(ca. Tmol/L in Toluene)
CAS RN: 112022-81-8

Products marked with “*” are merchandised under a technical agreement with TAKASAGO INTERNATIONAL CORPORATION. Ru-MACHQ®, RUCY?®,
DENEB® and segphos® are registered trademarks of TAKASAGO INTERNATIONAL CORPORATION.

We offer this product only in

quantities for laboratory use.

Please inquire for pricing and availability of listed products to our local sales representatives.
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Ordering and TCI EUROPE N.V. Tokyo Chemical Industry UK Ltd. Tokyo Chemical Industry (India) Pvt. Lid.

. Tel 1+32 (0)3 735 07 00 Tel 1 +44 (0)1865 78 45 60 Tel : 1800 425 7889 / 044-2262 0909
Customer Service Fax :+32(0)3 73507 01 E-mail : Sales-UK@TCIchemicals.com E-mail : Sales-IN@TCIchemicals.com
E-mail : Sales-EU@TCIchemicals.com
TCl AMERICA TCI Deutschland GmbH BEZ(LB)URILEZRERAR TOKYO CHEMICAL INDUSTRY CO., LTD.
Tel : 800-423-8616 / 503-283-1681  Tel 1 +49 (0)6196 64053-00 Tel : 800-988-0390 / 021-67121386 Tel  :+81 (0)3-5640-8878
Fax  :888-520-1075/ 503-283-1987 Fax :+49 (0)6196 64053-01 Fax  :021-6712-1385 E-mail : globalbusiness@TCIchemicals.com
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® Chemicals itemized in this brochure are for research and testing use only. Please avoid use other than by chemically knowledgeable professionals. ® Information such as listed products and its specifications and so on are subject to
change without prior notice. ® The contents may not be reproduced or duplicated in whole or in part without permission of Tokyo Chemical Industry Co., Ltd.
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