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Abstract: A functionalizedpolymer-lnmndRh6 cluster complex showed high catalytic activity for
chemoselectivereductionof aldehydesin the presenceof CO and H20. The reactionsystemconsistsof
the triphase,whichmakeswork-upprocedoresimple.O 1997Elsevier ScienceLtd.

Immobilization of metal cluster complexes onto organic or inorganic polymers has been extensively

developed for preparation of new type catafysts, which has been expeeted to show novel catalysis based on

interactions between supports and metals.1 We found that homogeneous catalyst systems consisting of

Rh6(CO)16and amines had high activities for the water-gas shift reaction (WGSR), reduction of aldehydes, and

deoxygenation of various N-O bonds under the WGSR conditions.’ Recently, it is very interesting for organic

syntheses to use water as a hydrogen source in place of molecular hydrogen, since water is a safety and cheap

materiaL3 Using aminated polystyrene, the above Rh6(CO)16-aminesystems could be heterogenized to form

polymer-bound Rb cluster complexes. ’ Selective reduction of one carbonyl group in the presence of other

functional groups isafundamental process inorganic syntheses. Here, wewishtoreportthe highlychemoselective

reduction of aldehyde function catalyzed by a polymer-bound Rh6 cluster complex (Eq. 1). The above

catalytic reduction can be achieved by some of metal hydrides and hydrogen transfer reagents as stoichiometric

materials To our knowledge, few examples of the selective reduction of aldehyde using catalysts were

reported.6

,1~~ + CO + H@
10-15 atm, 80‘C OH

*> + co&l (1)
Polymer-boundRh6duster RI H

We have already reported that a catalyst system of Rh6(CO)16and N,N,N’,N’-tetramethyl-l,3-propane-

diamine chemoselectively reduced aldehyde function in a,~unsaturated aldehydes using CO and H20 as a

reducing agent, where 2-ethoxyethanol was a good solvent. In order to heterogenize the Rh catalyst, the

amine additive, and the solvent, a multifunctionalized polystyrene having 2-(dimethylamino)ethoxy moieties

was synthesized according to the modified literature procedure.’ Bulk pcdymerizationofp-(chloromethyl)styrene

and divinylbenzene (98/2, whv) was carried out using AIBN, followed by amination with (2-(dimethylamino)-

ethoxy)ethanol (DMAEE) (Eq. 2). The obtained amino-substituted poIymer displayed a 9070 degree of the

amination of chloromethyl moieties (Anal. Found: C, 78.77; H, 9.01; N, 5.70; Cl, < 0.03).
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Reduction of l-naphthaIdehyde was carried out as a typical example. A stainless steel autoclave

containing Rh&CO)lc(0.010 mmol) and the aminated polymer (40 mg, 0.18 mmoI of N) was evacuated and

flushed three times with CO. A benzene (3.0 mL) solution of the substrate (1.5 mmol) and H20 (80 mmol)

were added successively. The reaction mixture was stirred at 80 “C under 15 atm of CO. After 24 h,

brownish violet solid was filtered (IR: 2075 w (sh), 2066 w, 2035 s, 1992 s (br), 1970 s (br), 1803 w (sh),

1769 s (br) cm-’; Nujol mufl).g The filtrate was then extracted with ether, followed by concentration, and the

residue was subjected to short-path column chromatography on silica gel with a 10:1 mixture of n-hexane and

ethyl acetate, which gave l-naphthafenemethanol (0.200 g, 85 %). IH NMR (CDC1~,270 MHz): 5 1.73 (s,

IH, OH), 5.12 (s, 2H, CHJ, 7.39-7.56 (m, 4H), 7.78-8.12 (m, 3H). M.p. 64.0 “C.’

Results of the reduction of various afdehydes using Rh,JCO)lGand the aminated polymer are shown in

Table 1 with those of the comparative homogeneous system using triethylamine. Many aromatic aldehydes

were reduced to corresponding alcohols in high yields under 10-15 atm of CO in benzene solvent at 80 “C.

Generally, introduction of substituents into thepcma position of benzafdehyde retarded the reduction rate. In

the case of aliphatic aldehydes, corresponding alcohols were also obtained, but l-oetanal and 2-ethylbutanal

showed relatively low reactivities (Runs 12and 13). An intermolecular competitive reduction of benzaldehyde

and acetophenone gave only benzyl alcohol without formation of I-phenylethanol from acetophenone (@. 3).

SYcx?’CO1l-l@,10 atm, 80 “C, benzene

“o

CH20H

Polymer-bound Rh6duster \ (3)

(95%)

High chemoselectivity of the polymer-bound RhGcluster catalyst could be also confirmed by the following

intramolecular competitive reduction; cis -3-acetyl-2,2-dimethylcyclobutaneacetaldehyde 1 gave exclusively

cfi -3-acetyl-2,2-dimethylcyclobutaneethanol ‘i 2 in 90 % yield (83 70isolated) without products from reduction

of the ketone group (Eq. 4).

o

?

o
Cl+o COM20,15att?l 80 “C,benzene

‘?
CH20H (4)

Polymer-bound Rh6chJster
1 2 (83%)

After the reduction of benzaldehyde, the polymer-bound Rh catalyst was recovered by filtration and

washed with benzene for three times. The recovered polymeric Rh catalyst gave 93 YO yield of benzyl alcohol

without appreciable loss of its activity under the same conditions as in the case of a fresh catalyst.

A corresponding homogeneous Rh system using triethylamine in place of the aminated polystyrene

showed lower activity for aldehyde reductions than the heterogeneous polymeric system using the same

concentration of amine moieties, which might be due to effect of Iigand concentration in polymer matrix.

We think that an active species in the above reduction is ~hc(CO)15H]-. The hydride Rh cluster anion
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Table1.Reduction of Various Aldehydes and Ketones in the Presence of CO and H20 a

Run Substrate Product Pco (atm) Yields (%)b
Hetero.c Homo.d

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

(1
CHO

:1

D CHO
:1

c1

a

CHO
:1

cl

P

CHO
:1

Xl

CHO
:1

o

CHO
:1

MeO

o

CHO
:1

NC

0 ,, CHO
( xl0’

CHO

@
:1 ;

O“’cHo
oCHO

CHO

(1CH20H
:1

.0 CH20H
:1

cl

a

CH20H
:1

c1

P

CH20H
:1

0

CH20H
:1

o

CH*OH
:1

MeO

o

CH20H
:1

NC
CH*OH

(:’

CHZOH

ti
:1 ;

o-’cH20H
oCH20H

o

d’:1

W&
no reaction

10

15

10

15

15

15

15

15

15

10

15

10

10

10

10

% (82)

93 (86)

97 (87)

98 (87)

93 (87)

91 (83)

93 (89)

98 (83)

95 (85)

89 (82)

99 (91)

27

43

0

trace

22

12

22

4

9

14

19

16

20

26

30

22

9

0

0

‘Reactionconditions:substrate1.5mmol,Rh6(CO)160.01mmol,benzene3.0 ml,H20 SOmmol,theaminatedfmlymer
40 mg(0.18mmolof N),80 “C,24h. bYieldsweredeterminedbyW usinginternalstandardtechnique.cValuesin
parenthesesareisolatedyields.In isolationof prmfucts,useof columnchromatographyon silicagel (WakoCMC-200)
witha 10:1mixtureof n-hexaneandethylacetategavepurereductionproducts.dValues are for thecorresponding

homogeneoussystem:NEt30.18mmol,H2040 mmol,l,~dioxane3.0ml,80 “C,24 h.
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[RhJCO)15~- was detected under the WGSR conditions; the Rh cluster anion derived from nucleophilic

attack of OH- on Rh&CO)lb is bound to the aminated polystyrene through ionic bonding with ammonium

cation in the Polymer.’z The same Rh species could be also generated in the aminated polystyrene using CO

and H2,which showed high chemoselectivity for the aldehyde reduction. n

In conclusions, the polymer-bound Rh cluster complex has high chemoselectivity for the reduction of

aldehyde function under the WGSR conditions. Use of the present polymeric Rh reagent forms triphase

system of aqueous, organic phase, and polymer solid,’3which leads to easy separation of both catalyst and

products from the reaction mixture. Furthermore, the above heterogenization makes the homogeneous Rh

catalyst sysytem possible not only to reuse the catalyst, but also to enhance its activity.
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