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Abstract: (NH,);[Ruy(hedp),|-2H,O (hedp=1-hydroxyethylidenediphosphonate) with --BuOOH as oxidant is proved

to be highly effective in the catalytic oxidation of alcohol, such as secondary alcohol and long-chain aliphatic

alcohol, in aqueous solution at room temperature. The phase-transfer catalyst is not necessary. The acid or the

coordinated base inhibits ketone production, while the base improves the reaction selectivity and the yield. The

mechanism is proposed as a peroxometal pathway. The UV-Vis spectra prove that the key intermediates Ru,-

00OBu is formed.
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Fig.1  Structure of building block [Ru,(hedp),]*” in
(NH,)s[Ruy(hedp),]- 2H,0

1 SLIEES

1.1 EEAni

LKHNETE F E = LRt UV759S LAk —7 I
e A e S S E PR R R B GC5890 R
AH TSI A

SRR TAE 50 . % A L SE-30, A% . 0.32
mmx30 mmx0.25 wm; FEAEREE 250 °C, K
300 C(AXNA), HEAHIRE 110~160 COAHE YA
] i 4y, SUSHERT R 0.15 MPa, 25 SHERTJE 0.15
MPa, Z“CHHTE 0.30 MPa,

AL A P (NH,)3[ Ruy(hedp),] - 2H,0P, Nay[Ru,(hedp),
(H,0)C1]", K5[Ruy(hedp), - 2H,0] - 6H,014% JH 2 2% ¢
R0 5 A B, FEAh R e R R SE

e A W) 7K 7 W . FR B (NHL); [Ruy (hedp),] -
2H,0(695 mg, 1.0 mmol) & T 90 mL /K# W SR 5
B S b, A SE R R 250, o008, 15
B FRLL M W KW, ARG 245 2 100 mlL, 3815
0.01 mol - L™ FE& WI/K WA, TE R WA Wk B
ANEEIT 0.02 mol - L7, 75 W B 0] BCE: A ¥
FEARHT
12 EURNIESE

I 0.01 mol - L™ AEALFIKIE W 0.5 mL, K
Wi BE 2 2 mL, 4% L BRI A HLIE Y (0.5 mmol)
AALFN(1.5 mmol), 7EZ T BRI 75 i) 2 £
PR AEAY  — 5 BTG A AR IO B85 |
SRIEBUR AW 100 L & T 1 mL S H L, imA
TR BRR A TR BRI K 43, RO 5wl 7EASAH
EREAL, AT A5 SR A AR I TS W T R S
Y & i IR AL R R

2 ZER5iTig

2.1 ENFIFER S F I

58, W T AN [ el R T A URZ 7 i A 751 R 4
A T 26 R R SR AR I SE R, SE IR SRR R . 0.5
mmol FY 28 I BEAE R, AL 54 19%(n/n) , B 2
mL 7K, R 1 h, EAEFIEEEN 30% 1 H,0, %
W 70% 1) -BuOOH /KWK N-SEALMEBE 4,47 -HK %
AL K R R &4 1.5 mmol .,

SRR BS TR NR L ATESR ESHA4E
JBAEALT ST HL0,, AL ML RE | R 5 4 Sy A
R AR R 3% o4 Jm AL ) AU -
BuOOH 1E A %Ak I, 4 F B A 325K 8% ;i fim A
S EAEAA, DL -BuOOH 15y 4l Ak 57 B | 2% FH it
bR B B $2 5 . Lh Nay[Ruy(hedp), (H,0)Cl], K;[Ru,
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Table 1 Oxidant optimization

Oxi, H,0

r.t., cat.

©/\OH
_—

CHO COOH
(j (j

Entry Catalyst Oxidant Conversion / % Yield of aldehyde / %  Yield of acid / %
1 — -BuOOH 8 5 3
2 (NHa)j{Rus(hedp),] - 2H,0 -BuOOH 82 64 18
3 Nay Rus(hedp),(H,0)Cl] -BuOOH 32 22 10
4 Ky[Rus(hedp),-2H,0]- 6H,0 -BuOOH 46 35 11
5 (NH4)3[Rus(hedp),] - 2H,0 H,0, 2 1.5 trace
6 NayRus(hedp),(H,0)Cl] H,0, 2 trace trace
7 Ky Ruy(hedp),-2H,0]-6H,0 H,0, 3 2 trace
8 (NH4)3[Rus(hedp),] - 2H,0 pyridine N-oxide <1 <1 trace
9 NayRus(hedp),(H,0)Cl] pyridine N-oxide <1 <1 trace

10 Kj[Ruy(hedp),-2H,0]-6H,0 pyridine N-oxide <1 <1 trace
11 (NH4)3[Rus(hedp),] - 2H,0 4,4"-bipyridine N-oxide <1 <1 trace
12 (NH4)3[Rus(hedp),] - 2H,0 KIO; 2 1 1

“reaction conditions: benzyl alcohol (0.5 mmol), oxidant

temperature, conversion and yield of aldehyde determined by GC.
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Table 2 Catalytic condition optimization

r.t., cat.

Oxi, H,0
_—

CHO COOH
(j @(

Entry Catalyst loading / % (n/n) CodlCsu Conversion / % Yield of aldehyde / %  Yield of acid / %  Selectivity
1 0 3 8 5 3 1.7
2 0.25 3 39 30 9 33
3 0.5 3 62 48 14 34
4 1 3 82 64 18 3.6
5 1 3 96 74 22 34
6 1 3 98 70 28 25
7 2 3 90 69 21 33
8 4 3 91 67 24 2.8
9 1 1 64 55 9 6.1

10 1 2 75 62 13 4.8
11 1 5 95 53 42 1.3
12 1 8 95 15 80 0.2

“reaction conditions: benzyl alcohol (0.5 mmol), --BuOOH, H,O (2 mL), reaction time (1 h), at room termperature, conversion and yield of

aldehyde determined by GC; selectivity=yield of benzaldehyde/yield of henzoic acid; " reaction time=2 h; ° reaction time=3 h.
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WIF5 4~6 AR AT E 1, BEE B A A e FE 4 0.5 mmol A HLIEY) 1.5 mmol t-BuOOH, 1% (n/
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Table 3 Addition of the additive in the catalytic reaction

OXl H,0 COOH
rt cat.

Entry Additive Conversion / % Yield of aldehyde / % Yield of acid / % Selectivity
1 — 82 64 18 3.6
2 CH;COOH 20 18 2 9.0
3 HCl 27 24 3 8.0
4 Na,COs 96 87 9 9.6
5" NH;-H,0 46 32 14 2.3

“reaction conditions: benzyl alcohol (0.5 mmol), --BuOOH (1.5 mmol), H,0 (2 mL), reaction time (1 h), at room temperature,

conversion and yield of aldehyde determined by GC; selectivity=yield of benzaldehyde/yield of benzoic acid.
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Table 4 Oxidation of secondary alcohol and long-chain aliphatic alcohol by (NH,);[Ru,(hedp),]-2H,O

Substrate Time /h Conversion / % Yield of aldehyde or keone / %  Yield of acid / %
1 10 10 trace
/\/\/\/\OH
4 64 53 8
7 97 72 18
1 2 2 trace
OH
/\/J/\ 4 48 41 5
9 98 72 20
1 4 4
/\/\/Y , " i
OH
9 97 94

“ reaction conditions: substrate (0.5 mmol), --BuOOH (1.5 mmol), H,0 (2 mL), at room termperature, conversion

and yield of product determined by GC.
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i S A A AT R E AL BE AR 77 Ru"-Ru V=0 7]
LA KA BT O, SR A7 240 LT (NH,) Rua(hedp),] -
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Fig.2 Proposed catalytic mechanism of alcohol oxidation

with +-BuOOH by (NH,){{[Rus(hedp),]- 2H,0

1.0

0.8

Absorbance
o
i

<
i
1

0.2

0.0 T T T T T T
200 300 400 500 600 700
Wavelength / nm

Inset: color change from brow-yellow into purple after addition of

-BuOOH to (NH,)j[Ruy(hedp),]-2H,0 aqueous solution for 45 min
3 (NHy)j[Ruy(hedp),]- 2H,0 Fl-BuOOH (¥ 5 i1 1 1L
1:800) J5 137 11 € 51 45 i o ] 25 1l ]

Fig.3 UV-Vis spectral change with time in molar ratio of
(NH,)j[Ruy(hedp),]- 2H,0 and :-BuOOH (1:800, n/n)
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