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Figure 1. TFunctionalization of polystyrene with va-

rious ligands. P—| 2 ~20% cross-

linked polystyrene (with divinylbenzene).
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Complex (soluble analog) Support Linking agent Reaction
PhCl (Pg_‘)3) 3 2% PS Phosphine Hydrogentation
Pd (P¢3):Cly 2% PS Phosphine Amination
Pd(OAc)z(Péds)2 " ” Oligomerization
Pd(Pg3)4
RhCI(PR3)3 20% PS Phosphine Hydrogenation
PhCl, (P¢3)3 Hydrosilylation
RhCl, (PR3) (C-Hy) Hydroformylation
Rh (acac) (CO)Pes Crosslinked PS Phosphine Hydroformylation
Rh (acac) (CO)Pgs PVC Phosphine Hydroformylation
Rhg(CO) 16-0 (P3) n, n=1-3, 2% PS Phosphine
RhCl(diop) (CeHpg) 2% PS Phosphine Hydrogenation
Hydrosilylation
Rh(CO) (Pg3) (acac) PS Phosphine Hydroformylation
Rh(CO),(P¢s)Cl ” Phosphine Hydrogenation
Pd (Pé3):Cly " Phosphine Hydrogenation
Pt(Pé3)Lly ” Phosphine
Ni(CO):(Pgs)2 1%,2% PS Phosphine Cyclooligomerization
Ir(Cl) (CO) (Pé3) 2 1%,2% PS Phosphine Hydrogenation
TiCpLCl2 20% PS Cyclopentadiene Hydrogenation
RhCI(CO) (P¢gs)2 5% PS Phosphine Carbonylation
Coz(CO)s PB Phosphine Hydroformylation
RhCl, (PRs) PS Phosphine Hydrosilylation
PtCl,(PR3)2 Hydrogenation
RhCl,(NR3) ‘PS Amine Hydrosilylation
PtClo(NR3) Hydrogenation
RhCl, (RC=N) PS Cyano Hydrosilylation
@20 A 29 A4z 19783 89 169



PtCl;(RC=N),
RhCl, (PR3)
PtClz(PR3),
RhCl, (PR5)
PtCl2(PRs),
RhCl, (NR3)
PtCl, (NR3) 2
RhCl,(RC=N)
PtCl,(RC=N).

Rhg(CO)15(Pds)
Rhy(CO) 11(Pos)
or

Mo(CO)5(Pés) or Mo(CO)4(Pé3) 2

Fe (CO) 4 (P¢3) or
Fe(CO)3(P¢s)2
Mn(CO)2(Cp) (Pgs)
CoClz(Pgs)2

CoClz (Pgs)»

NiCl2 (Pg3)

Ni(CgHiz) (Pés)2

Rh(acac) (CO) (Pés)
RhCl;+iminodiacetic acid
PdCl,-3H,0+iminodiacetic acid

PdCl;(Pg.CH29) 2
Cr(CO)3(75-Cety)
Ni(CO)2(Pés3)2
REH(CO) (P¢s)3
RuCl3(CO),(Pgs)2
Ni(Pg3)2(CO)2
Ni(P¢3)2(CO)2z and
Rh(P¢3)sH(CO)

Ir (CO) (CI) (Pg3)2
Ni(PPhg)2(CO).
(Co(Pg3) (CO)3)2

Rh(CO) (P$:R) (acac),
RhC1(CO)2(NRMe),

RhCI(PPh:0R)

Allyl chloride. Phosphine
PM Phosphine
PM Amine
PM Cyano

29 PS Phosphine
29% PS

2% PS Phosphine
29% PS Phosphine
29 PS Phosphine
PS Phosphine
PVC Phosphine
PB

PVC Phosphine
PS . Phosphine
PVC, PS Phosphine
PS Oxygen
PS Oxygen
PS Phosphine
1% PS Phenyl
1% PS Phosphine
1% PS Phosphine
1% PS Phosphine
1% PS Phosphine
1% PS Phosphine
1%, 2% PS Phosphine
1% PS Phosphine
1% PS Phosphine
PB Phosphine
10%, 15% 25%,40% Amine
50%, 60% SP
Cellulose-Phosphinite

Hydrosilyation
Hydrosilylation

Hydrosilyation
Hydrogenation
Hydrosilylation
Hydrogenation

Hydrogenation

Hydroformylation
Hydroformylation

Hydroformylation
Hydroformylation
Hydroformylation

QOligomerization
Oligomerization
Hydroformylation
Hydrogenation
Selective hydrogenation
of diene
Hydrogenation
Hydrogenation of methyl sorbate
Oligomerization
Hydroformylation
Selective hydrogenation
Oligomerization
Oligomerization
Hydroformylation
Hydrogenation
Oligomerization
Hydroformylation
Isomerization
QOligomerization
Hydrosilylation

Asymmetric hrdrogenation

PS : Polystyrene,

3. BAT mikel #iEst 2o

3-1. #&

BaT e #Eel AsAE
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PVC : Polyvinylchloride,

PB : Polybutadiene, PM : Polymethacrylate.
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Figure 3. Schematic representation of membrane filtra-
tion.
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o] £ = 28 I (early) Aol F
e 23AZ F Aok, FEvtENd S
¥ 7ol EAFd M= CHsFe(CO)HY Cs
HsCo(CO), 5& E9tA3 o #47 (CsHj)oFe,
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Table II. Hydrogenation Rates of Olefins with Titanocene Species.

Rates (ml of Hp/min/ mequiv Ti)

Catalyst precursor Ti (mequiv) Olefin M
Initial Maximum

Nonattached TiCpoCl; 0.05 Cyclohexene 1.16 5.6 28
Attached TiCp:Cl; 0. 031 Cyclohexene 1.16 88.7 Same
Nonground : 0. 002 Cyclohexene 0.25 105. 6 Same
Attached TiCp:Clz ground 0.034 Cyclohexene 1.16 714 Same
before reduction
Benzyltitanocene dichloride 0.2 Cyclohexene 9.5 Same
nonattached
Benzyltitanocene dichloride 0.2 1-Methylcyclohexene Less than 107¢
nonattached
Titanocene dichloride 0.2 Cyclohexene 10 Same
nonattached
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Table III. Relative Hydrogenation Rates of Olefins with Polymer-Bound Catalyst and with RhCl (PhsP)s.

Olefin ‘ Beads rel. rate RhCl1(PhgP)srel. rate
Cyclohexene 1 1.0
. 1-Hexene 2.55 1.4
A2-Cholestene 1/32 1/1.4(1/2.3)
Octadecene (isom mix) 1/2.06 1/1.4
Cyclooctene 1/2. 54 1.0
Cyclododecene (cis and trans) 1/4.45 1/1.5

Table IV. Asymmetric Hydrogenation of Olefins by Polymer-Supported Rh-Catalyst.

CO.H COH
Hy *
RCH=C ——— RCH;—CH
R’ R
R R’
a H NHCOCH
Ph NHCOCH
c H Ph
Substrate Time (hr) Conversion (%) Optical yield(%) Configuraton
a 5 100 52~60(73)* R
12 100 86 (81) R
c ‘ 12 100 58~62(63) S

a. The results obtained using homogeneous Rh-catalyst are shown in parentheses.
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o} A7 & =x=9,/Rhe ¥§, ©A
gz, 5ol webA et & T EEe
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Y Ee Z-FztE FE BEA A, o
£ Wilkinson5o] AF A4 €S AFAL &
9 SEot 20w EAUGE & AL
A 33gge, 943 TAI RhujodA 22
A /Rhe FE34E S99 w27t S7HEl
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BRH ol = Rh FE3 57 2A4 feh
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TEE BAWETE AA £ JH I
AAsHA Hez vedt 2749 Bk HER
o 453 =t

3.5. BATZEME B

FUE el & T o8 FE Ha
AAAN o]F LEHKE (multistep reaction)ol
A48 4 gk, o] 8 A2+ Mosbachel] 2 g
HaxAste] ATl Agor A=A,
2= hexokinase$} glucose 6-phosphate FiE{b
MRS & MY PS ZfEHd ATAAA, 2
23 ¢ ~% glucose 1-phosphate®. =+EF thA]
glucose 6-phosphated A vh, &F Ayl Fat
ol 9% Aol FTHA KES EEol He
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