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Investigation on reaction mechanism in the transition state of bifunctional
chiral metal nanoparticle catalysts

Miyamura, Hiroyuki

13,800,000

Rh-Ag
1,4-

Chiral metal nanoparticle catalysts of bifunctional chiral ligand and Rh-Ag
nanoparticles mediate asymmetric 1,4-addition of aryl boronic acid to unsaturated carbonyl compounds
in high yield and enantioselectivity. We hypothesized that the diene structure of the ligand
construct asymmetric environment through interaction with active metal species and the secondary
amide moiety places substrate in appropriate position in the reaction environment through hydrogen
bonding. According to kinetic studies, XPS analysis, SR-MAS NMR analysis, and non-linear effect
analysis provided various information about the active metal species, fashion of interaction between
active metal species and chiral ligand, and transition states of intermediates in the catalytic
cycles.
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Scheme 1. Effect of ligand structure on reactivity and
selectivity in asymmetric 1,4-addition of aryl boronic acid to
unsaturated ester using heterogeneous Rh-Ag nanoparticle
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Scheme 2. Asymmetric 1,4-addition of aryl boronic acid to
unsaturated ester using heterogeneous Rh-Ag nanoparticle
with chiral bifunctional diene ligand (&L 8)
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Figure 1. Confirmation of heterogeneous nature of active
species by hot filtration experiments (F33#%3C 8)
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Figure 2. Reaction profiles of homogeneous Rh complex
systems and heterogeneous chiral metal nanoparticle

systems (FEEHL 8)
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Figure 3. Effect of reductive treatments of chiral metal
nanoparticle catalysts on induction period (F2EH3 8)

N C o LT PERE o A RS & fiR B 5
AL, 2 OUSINA & i 2 T HRE LT
LRIST a7 s A NVEBRILIZEZA, BT
BEOHLT U —LRa s o ik THLHE
L7z A, EAHOHEENBN SN
(Figure 3). 2D Z &G RhF R FIE T8
B Al BE DB\ VIR RE ‘Cl&ﬂtéhﬂmAéb> Jid
RO T Y — LR ue Bk 5T, AN
ORI SNEOIERENAAE T TS Z &#r
BN, 5L, = haTArr ~ORE
L, 4~ FHINEOSIC B W TR, HMRIZET 5



FBIs7w 77 A VEBRLI-EZ A, il
RIGERENME T TDHZ Enborotz. —5T,
FOGEFTR O 6 B oM S it 2 A&, ([
342 &, TR TROGEE D HERF X
nbHZ Eninoiz (Figure 4).

PI/CB Rh/Ag (1/1) (Rh: 1 mol%) Ar
phXx-NO2 4a (0.1 mol%) * N
1a toluene /water, 100 °C, Ar, 6 h pPh N2
(3-OMe)CgH4B(OH), 2a (1.5 equiv) 3aa
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reuse of chiral Rh-Ag nanoparticle catalysts for asymmetric
1,4-addition to nitroalkene (&KL 1)
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catalyst collected by hot filtration (at 1 h) (c) catalyst
collected by hot filtration (at 5 h) (d) catalyst after recovery
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(5) Ero—LEHXSIILERT/HFICE
F5F5IEBMFEEET/ HFOHEEER
D& Al (Step 2)

SR-MAS NMR @ Tk & [diffusion filter] &

lsotropic mixing | & V9 7z 22 5l 2 fH A A
DY, FINVZURNMFEELE—X R
HEFE N7 Rh F ki1 & O EAER 28
L7=. Figure 6 ®()iX¥x 7 /v = VBT 4a
% VAfiE X7 toluene-d® CHZME X 7= Rh-Cell
I Z[EFH NMR O% 7L EICEH AL,

[diffusion filter] % 7MF THEIAIL 7= A ~X27 K
NTHDH. TOFRE, BEFFHEEREFHEEEHRL

TWRWHHBEDOEWS 7)1y U ENL 1
kov—7ITIEFEAEMHELE. —F,
lsotropic mixing ] (Z & ¥ B HEE DKW H ]
TORMEDOBEN D WHE & 72 %5 . Rh-Cell £ Rh
FRA BEICHAEEHL WA T LY
BN FMEHEAEA L TWIUE, Bre—=z |k
DOREH 2 it Lo % T v VRN I B E)
SHDHZETEDAXRT MLEBIEITHZ L
NTEDHLEZBND. [diffusion filter] &
lsotropic mixing | & 7> F THELHI L 7245 525 (b)
ThY, KEO@EY X7y A1 Bk
DODE—I7BNBNT DN TE. ZORKR
I, e —R RICHEESNZ R R &
XTIV RN ORI E BN 22/ BAE
AR5 L aM mBETHHDTHD.

»»»»»»»»»»»»»»»»»»»»

0 ppm

Figure 6. 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 (F&&KHL 6)
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Figure 7. Non-linear effect of homogeneous Rh complex
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in asymmetric 1,4-addition to unsaturated ester (KL
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