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Development of chiral metal nanoparticle catalysts using biomass as support aiming
carbon neutral

Miyamura, Hiroyuki
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Cellulose-supported chiral Rh nanoparticle (NP) catalysts have been developed.
The Rh NPs, which were well dispersed on cellulose, catalyzed the asymmetric 1,4-addition of arylboronic
acids to enones and enoates, one of representative asymmetric carbon-carbon bond-forming reactions, in
the presence of chiral diene ligands, providing the corresponding adducts in high yields with outstanding
enantioselectivities without metal leaching. The solid state NMR analysis of chiral NP system directly
suggested interactions between the Rh NPs and the chiral ligand on the cellulose. This is the first

example of polysaccharide-supported chiral metal nanoparticles for asymmetric carbon-carbon bond-forming
reactions.
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o Rh-cellulose (Rh: 1.5 mol%) Ph O
/\)K/ + PhB(OH), __chiral diene1 10005 mol%) )\/lk/ "
20equy.  1OlUene/Hz0, 100 °C, 12 h, Ar fullcony. j OR
94% ee _

No Rh leach

Rh-cellulose (Rh: 1.0 mol%)
chiral diene 2 (0.1 mol%) Ar

urea 3 (0.5 mol%) A~
ph)\/NO; NN g

% NO, + (3-OMe)CqH4-B(OH)
Ph 2 JCeHe 2 toluene/H,0, 100 °C, Ar

1.5 equiv.
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Table 1.

.
[

NaBH,  prestirring
THF, rt 2h,rt

reagents
1h,0°C
then 2 h, rt

Rh-Cell or Rh/Ag-Cell
(target for each metal: 0.08 mmol/g)

cellulose

1) MeOH then filtration
2) wash, dry, (heat)

Catalyst Reagents Rh/(Ag) loading
(mmol/g)’
Rh-Cell I Rh,(OAc), in THF 0.0622
Rh/Ag-Cell Rh,(OAc), and AgSbFg in THF 0.0693/0.0672
Rh-Cell Il RhCl3in 1 M NaOH agq. 0.0651
Rh-Cell I 1 M NaOH ag. then Rhy(OAc), in THF 0.0651
Rh-Cell IV H,0 then Rh,(OAc), in THF 0.0554

* Determined by ICP analysis.
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Table 2.

Rh catalyst (Rh: X mol%)
it chiral diene 4a (0.1 mol%) E.h 2
s+ PhBoH),
toluene/H,0 (1/2), Ar, 100 °C, 12 h
1a 2a (2 equiv)

i

diene 4a diene 4b

Entry  Catalyst X (mol%) Yield (%)’ ee(%)” Rh i@ (%)

1 Rh-Cell I 1.5 93 95 ND
2 Rh-Cell I 0.5 95 95 0.27
3 Rh/AgCell 05 54 - 0.30
4 Rh-Cellll 0.5 65 - 3.0
5  Rh-Celllll 0.5 86 96 ND
6 Rh-Celllv 05 84 - 0.78
7 Rh-Cell N 0.5 91 98 ND

* Determined by GC analysis. " Determined by
HPLC analysis. © Determined by ICP analysis
(ND = not detected). Detection limit of Rh
leaching is 0.1% (entry 1), 0.22% (entry 5) and
0.17% (entry 7). [d] Diene 4b (0.05 mol%) was
used instead of 4a.
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BWTIE, TR roOBENEN S, FER
WCRE R DNHEET D ERNbhoTz. 2
@io %/*4%73! WREE U722 & N ERER Y
BUVEMHEIZ SR RN o EZX NS, —T,
W RS TR L7~ Rh-Cell II & Rh-Cell
I 2BV, R+ E et L Tnbd 2
Lotz RthlH'CﬁﬁﬁF EBO
MR R eNTEDITETN AR Tho T2
mHEEZLND. \_@JZOL, rm—A
AL L THWDBICERMESE T T
Rh ¥ D&% T T /Rl 2 G fl -9~ %
FEPRETHDL EVIBMmICE-T-. 20D
WERIL, DRTORY ZAF L UoHkEDOE S %
WD BRI T 2 R R D BRI SR & IR
TEHZLET, @OBOF R TNER SN,
HILFE T R A e R @ OTEE RS S
Nz & LR RERTHD.

re 3-3[ STEM BF |
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F 200KV X500k 100%
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Rh-Cell III

(3) SR-MAS NMR @ Fik & [diffusion filter
& lisotropic mixing] &\ 9 #7172 22 5905 2 40
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WCBEISESZ L TEDARYT M VAN
THIENTEBLEEZ LN, [diffusion
filter] & Tisotropic mixing] % 77 CTHLMIL
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SR-MAS analysis of the mixture of Rh-Cell
and chiral diene 4a (a) with diffusion filter
and (b) with diffusion filter and isotropic
mixing.
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Table 3.
o Rh-Cell Il (Rh: 0.5 mol%) A O
/\)L ArB(OH) chiral diene 4b (0.05 mol%) H
+ ri
R! R? > toluene/H,0 (1/2), R! R?
1 2 (X equiv) Ar, 100 °C, time 3
3ba: Ar= CgHs 3bd: Ar=(4-OMe)CgH,4

3bb: Ar = (3-OMe)CqH4 3be: Ar = (4-F)CgHy
3bc: Ar= (3 Me)CeHs  3bf: Ar = (4-Ph)CgH,

““ii

Ar = (3-OMe)CgH4 “Ph
3eb 3fa

Entry Product Time(h) X(equiv) Yield (%)* ee (%)
1 3aa 12 2.0 95° 98
2 3ba 12 1.5 95 99
3 3ca 12 1.5 86 98
4 3da 20 2.0 94 98
5 3eb 20 2.0 87 96
6 3fa 20 1.5 90 99
7 3bb 20 1.5 83 99
8 3bc 20 1.5 84 97
9 3bd 20 1.5 89 98
10 3be 20 1.5 86 98
11 3bf 20 1.5 87 99

* Isolated yield. ® Determined by HPLC
analysis. ¢ Determined by GC analysis.

Table 4.
o Rh-Cell lll (Rh: 0.5 mol%) A O
chiral diene 4b (0.05 mol%) H
e + ArB(OH
R’ \)I\ORZ ¢ )_2 toluene/H,0 (1/2), R \)J\ORZ
1 2 (2.0 equiv) Ar, 100 °C, 20 h 3
Ar O 3ga: Ar=CgHs

B 3gb: Ar=(3-OMe)CgH4

OEt 39d: Ar=(4-OMe)CgH4
3ge: Ar= (4-F)C¢Hy4

3gh: Ar = (2-OMe)CgH4

©/ OMe
0}

3ib: R = (4-Cl)C¢H5
3jb: R = (4-OMe)CeH5
3kb: R = 1-naphthyl

A (3_33‘“';e)CGH4 < ;\)LOEt 3Ib: R = 2-furyl
Entry Product Additive Yield (%)* ee (%)°
1 3ga - 96 98
2 3gb - 93 99
3 3gd - 92 98
4 3ge - 81 99
5 3gh 1.0 equiv K,CO; 81 >99
6 3hb 0.1 equiv K,CO; 91 98
7 3ib - 81 99
8 3jb - 91 98
9 3kb - 95 99
10°  3lb 0.1 equivK,CO3 81 98

* Isolated yield. ® Determined by HPLC
analysis. © 4b (0.1 mol%) and IIT (Rh: 1.0
mol%) were used.
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chiral diene 4b (0.05 mol%)
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o [Rh(C2H4)2Cl], (Rh: 0.05 mol%) A O

chiral diene 4b (0.055 mol%) R
x + PhB(OH)
Ar/\)kORz > toluene/H0 (1/2), Ar, 100 °C R '\)kC)RZ
19 2 (2.0 equiv) 3ga

100
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o
L

heterogeneous
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homogeneous
metal complex
20

40 60 80 100

ee ligand 4b (%)
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