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Development of novel recyclable homogeneous metal complex catalysts
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0s04 immobilized on a poly(benzyl ether) dendrimer with a tertiary nitrogen at its

core position efficiently catalyzed the homogeneous dihydroxylation of olefins with a low level of osmium

leaching. The dendritic osmium catalyst could be applied to the wide range of olefins. Furthermore, the d

endritic osmium catalyst was recovered by reprecipitation and then reused up to five times. Also, in the c

ase of the recycling of the dendritic osmium catalyst, the dihydroxylations proceeded smoothly with low le
vels of osmium leaching.
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Figure 1. Dendritic OsO42 Core Catalyst 1.
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Table 1. Preparation of OsO42” Core Dendrimers 4.
G3[Me]-Br , _
N ; (2.1 equiv.) G3[Me]\ Br  Br /G3[Me]
N[ X]N e EEE— —N*[ X ] N~
/ N DMF, 70°C, 15 h /\_L/ \4_/\
m m
2 3
2a(m=1,X=0) 3a(m=1,X=0) 79% yield
2b (m=1, X=NCHj3) 3b (m =1, X = NCHs): 76% yield
2c¢ (m =2, X =NCHy) 3¢ (m =2, X=NCHa): 76% yield
K20s04 G3M P
(1 equiv) [ e]\ 0sO0y4 /GS[Me]
- —NY[ X ] N~
H,O-CH,Cl, 1) extraction / \
rt,5h 2) evaporation m
4
4a(m=1,X=0)
4b (m =1, X = NCHj3)
4c (m =2, X =NCH,)
...0s content® of 4 (mmolig)
Entry Catalyst Found Calcd®
1 4a 0.14 0.43
2 4b 0.09 0.42
3 4c 0.11 0.41

a Determined by XRF. ® Os content of an ideal catalytic
composition containing a bis(ammonium cation) and an
osmate ion in 1:1 molar ratio, as shown in 4.

€Y

trans-f3-

(Table 2) trans-p-

1 mol%
4
NMO 1.3
(4:1, viv)
4

4a

(Entries 1 and 2)
4b



1 4a

30
(Entry 3)
4c
24
(Entry 4) 1
N,N,N’ N*
(TMEDA) 1 mol%
24
(Entry
5)
2 mol%
(Entry 6)
4c

Table 2. Dihydroxylation of trans-B-Methylstyrene Catalyzed by 1 or 4.2

G3[Me]\ 05042 G3[Me]

// NL@/X%N\*\

1 or 4 (1 mol% Os)

; OH
N NMO (1.3 equiv.) on OH
CH4CN-H,0
rt
Time Yield Os leaching

Entry Catalyst m X (h) (%) (%)°
1 1 0 - 0.5 93 22
2 4a 1 [e] 0.5 92 24
3 4b 1 NMe 0.5 92 1.4
4 4c 2 NMe 24 <1 -
54 1 0 - 24 <1 -
6° 1 0 - 0.5 92 -

2 Reaction conditions: 1 or 4 (1 mol%), olefin (1 mmol), NMO (1.3 mmol),
CH3CN-H,0 (4:1, v/v, 0.25 M based on olefin), carried out at room
temperature for indicated time. ® Determined by integrations of "H NMR
absorptions referring to an internal standard. ¢ Determined by ICP-AES.
9 TMEDA (1 mol%) was added. © Et3N (2 mol%) was added.
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(Entries 1-6)
(Entries 7-11)
(Entries 12-13)
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(Entry 11)

Table 3. Dihydroxylation of Various Olefins Catalyzed by 4b.2

G3[Me] 0sO2 G3Me]
Nt Nt
JANANAN
4b (1 mol% Os)
3 1
ROR MO (1.3 equiv.) HO%_@"
3 1
R/; iRz CHaCN-HO 1t Rl W

Entry Olefin  Time (h) Yield (%)°i Entry  Olefin Time (h) Yield (%)°
LI N 0.5 91 8 ppOxy 2 85
2 PN 05 92 9 CeHy ™ 3 92
3 Ph/K 1 95 10 C7H15/K 3 97

4 Ph/ﬁ/ 1 84 1 Cghg Cao 7 88

5 prCOLH; g 86

@
® Phjij ! % 13 JORE 85

4b trans-f3-

(Table 4)

Table 4. Catalyst Recycling in Dihydroxylations by Use of 4b.2

G3[Me] 0s0,% G3[Me]

~N" N N-
/Nt N\
4b (1 mol% Os) OH
NMO (1.3 equiv.)
Ph " Phi OH
CH3CN-H,0
rt
First Second Third Fourth  Fifth  Sixth
Yield (%)° 92 98 99 96 93 99
Time (h) 0.5 0.5 1 2 3 4
Os leaching (%)° 1.4 13 0.9 0.7 07 04

2 The reaction conditions were the same as in Table 2. ® Determined by
integrations of *H NMR absorptions referring to an internal standard.
¢ Determined by ICP-AES.
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trans-p-
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4b
(DHQ):PHAL
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Table 5. Catalyst Recycling in Asymmetric Dihydroxylations by Use of 4b.?

G3[Me] 05042 G3[Me]

NN NS
/ \_/‘\_/ \
4b (1 mol% Os)
NMO (1.3 equiv.) OH
oy —DHIPHAL (1 mot%) s
CHaCN-H,0 S:
rt OH

OMe

(DHQ),PHAL

First Second Third Fourth  Fifth

Yield (%)° 85 93 91 88 91
Time (h) 0.5 0.5 1 2 3
ee (%)° 88 79 83 79 81

2 Reaction conditions: 4b (0.01 mmol), olefin (1 mmol), NMO (1.3
mmol), (DHQ),PHAL (0.01 mmol), CH3CN-H,0 (4:1, v/v, 0.25 M
based on olefin), carried out at room temperature for indicated
time. P Isolated yield. ° Determined by HPLC.
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