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Aerobic Oxidation of Alcohols to Aldehydes or Ketones
Directed to Green Sustainable Chemistry
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Abstract:

The selective oxidation of primary and secondary alcohols to the corresponding aldehydes and ketones, respectively, is
a ubiquitous and pivotal reaction in organic synthesis and the chemical industry. Zerovalent ruthenium complex,
Ru(cot)(dmfm), (cot = 1,3,5-cyclooctatriene, dmfm = dimethyl fumarate), which is synthesized originally by our group,
showed high catalytic activity and high selectivity for a simple and practical aerobic oxidation of alcohols to aldehydes
or ketones under 1 atm of O or air. Our original novel ruthenium(0) complexes, Ru(cot)(dmfm)(N-N) (N-N =
2,2’-bipyridine or 1,10-phenanthroline) and Ru(cot)(dmfm)(N-N) (cod = 1,5-cyclooctadiene) also showed the catalytic

activity for these oxidations.
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Scheme 1. Syntheses of a series of novel zerovalent ruthenium complexes 1—4 and p-oxo complex 5.
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PRI LN, ZDOZ e, 3K 1137V a— L OZKBICMBETEEZ AT 50, BT LHK

JEHREAR S U CEMA S 2R L TV ADOTIERNE WD Z LRyt
@_\ Air, 4 mol % Ru catalyst1 ©_<\H "

OH 1,4-dioxane, 100 °C, 4 h 0

1.0 mmol 44% (without H,0)
16% (H,0 0.1 mL)
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EMICHLREETHY, ZHXAXF LT Y — 27 I A M) OB DITHE LRV, £ZT, @0
IRV Cd 5 1,4-2 A4 F 2 O(CH,CH,),0 (#5101 °C) & MR Cdr 5 b CeHsCHs (i
S C) ZHWTRIGEIT- 7 (eq.4) » 851K 1 7213 3a 2V, 14-UAFH o Fid vz, 80 °C
T 24 B, N UNT N a— VOGN EIT> T8 25, 8581, $&K 3a DWWz AVW=EHEes,
ML TR EAT S T2 D TR AT VT b ROWRNE -T2, ZOFMIE, 14-V4F3 0k
MISEE TH LT NV a— RN T =0 LEERDOEFEYEN R NS DD, 14-T4F V0 OBRIRFHLVT =
LB L, ICHEINL 2O TH S LSS,
@_\ Air, 2 mol % Rucatalyst1or3a @_{' A
OH 14-dioxane, 80°C, 24h 5 @
1.0 mmol 31% (catalyst 1, in 1,4-dioxane)
44% (catalyst 1, in toluene)
38% (catalyst 3a, in 1,4-dioxane)
72% (catalyst 3a, in toluene)
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37 b DOHTHY, BROICERLRISHEST LT,
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<, 90 CTAURRMKGIED E, XUXT T E K CHsCHO 28 2% TR Hive, SRR % 48 ¢
(HEIES &, IR 97%I2 1A B L7z, £72, 80 CT 48 B SE-HAICH, XU AT AT RiE 96%
IWERTH LN, $i14 2a,2b, 3a 1X, S5 1 LV OMEMDRE DD DD, 90 CTR KIS SED &%
IEI89%, 82%, 96%ILZE TR X7 LT b R LIVE, $5K 3b & HWAa12lE, K% 100 ‘CT
179 EUEE T1% TR XTIV T /B RPELIL, 85K 2b L RIFREOIEERH S O EHERI S D, SOSIRE
%90 Clz biF 5 &, $4K1,2a,2b 2 AV 5A12IE, IRbmE L, S SICRSREZ 100 ‘Cic iP5
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90 CTITO DR EEZ HILD,

BB T NV a— LT D 1-7 ==L X ) —)L CsHsCH(CH3)OH DZER AL TIE, #8511 OIEMEM
BbHE<, 90 CTAHHISSEDE, 7T N7 =/ CHCE=O) CH; WERMIZE DN, A2 Bk
W31L, R T 0OTEENEL LN, BIERTTE M7= U RSN, R T L a— L OS
R0, SER2b B LU 3a Z W EAICIE, ROSREE 100 Clo BTy, IREm E L, 72ds, 84
K2b 2V, 13,5-hU AFARCBUEZREELE LT 40CTRIGESED L, TR M7=/ U 9%IET
Boni, EXY, 2-7==Ax ¥ ) — VL OZEEIRNIE, 140 ‘CLLT O#IFATIE, FOSIREED @ 3L
EBREHWNE-RDbN S,

NERAEE— kT Va2 — LT D 1-4 7 ¥/ —)b CHy(CHy)sCH,0H DZEKIRILICE N T, $5AK 1 OfFEMED
RbmEm<, 90 ‘CT48 KIS &/ 5 & 1-4 2 Z F—/L CH3(CH,)CHO 2NN SN b 0D, IR
A7% TH > T IERMEVERD 1 D& LT, RUDATINa—AR -7 =)L ¥ ) — VOIS T,
HERIBR B VB EIE LTIV R = MEEMR LN DI L, -4 7 % ) — /L ORRIC L 0 AR
B 1-F 0 ZF—IHBAE AW TRV E WD T ERNRTF END, $5K 2 B IO 3 IRIEMEAMEL, SUSIRE 80
~100 °C, 24 FEEOSIER T BB AP OULHRIT 21~33% LK<, SRR Z 48 FERIZIEIZ L CTH, I
RIXFEA L E Lotz 85K 2b 2 AW T 140°C TS SH T, 1-4 7 X F— L OULRIT 27% & 1K<,
FOREE 2 EiF CTHUIEED R BIZR 6otz

NENIESS —#% T Va3 —)LCdh b 2-4 2 ¥/ —)b CHy(CH,)sCH(OH)CH; D225 b b RIERIZ, S5 1 Offk:
Db E D> T208, 90 °C, 48 FEEOIGT, 2-4 7 # /> CH3(CHy)sC(=0)CH; DI 40% & HF 0 &<




Table 1. Ruthenium complex-catalyzed aerobic oxidation of alcohols to aldehydes or ketones."

OH Air, Ru catalyst _ 0
R1J\R2 toluene, 80-100 °C, 24-48 h - R1JLR2
yield/%?
alcohol Ru cat. 80 °C 80 °C 100 °C
24 h 48 h 24 h 48 h 24 h 48 h

1 44 96 92 97 - -

<i:::>__ﬂ\ 2a 72 - 78 89 — —

OH 2b 52 — 69 82 57 71

3a — - 84 96 41 49

benzyl alcohol 3b — — — — 58 71
S 1 o 66 81 9 - —_

<::::>>__<{ 2a — - 52 63 — —

OH 2b - — 80 69 63 94

3a — — 56 — 85 68

1-phenylethanol 3b — — — — 86 —
o ~— 1 5 4 47 - —_

OH 2a 29 — 33 34 — -

1-octanol 2b 24 — 25 27 23 26

3a — — 25 — 24 25

3b — — — — 21 -
S 1 4 38 40 - -

/\/\/\Oc 2a — — 12 14 15 17

2b - — 20 28 20 24

2-octanol 3a — — 17 — 19 24

3b - — — — 35 33
S 1 % 30 300 - - —_

<:>~0H 2a — — 16 16 — —

2b — — 16 18 13 —

cyclohexanol 3a — — 9 — 18 —

3b — — 13 — 15 —

1) Alcohol, 1.0 mmol; Ru complex, 0.020 mmol (2 mol %), toluene, 1.0 mL; 80—100 °C; 2448 h; in a test tube. 2)
Determined by gas chromatography.

X720ty ZOHED, IERMENERO® 120, AR D 2-octanone IFIHEZ LA TRV E WD Z &N
FIFoND, A2 BION3 I, IEEAMELS, SUNRE 90~100 C, 24 RO L TE LD AR DIL
T 12~35% LK<, SOGRERZ 48 BERNICIEIE L CH, PEROM RXIEE AR oT2,
HEERAE T L — LT D7 m~FH ) —/L CHy(CH,),CHOH DZEMEALIZ I T h, SR 1 DIF
PEASE: & o 7228, 90 C, 24 BEHIDRIET, v 7 a4 o CHy(CH,),C=0 DILEIT 30% & I T
Botm. A2 BIOBIHEIENES, T a—LOSKBEERKE L 2oT- 2 & PIERIE TOEKTH 5
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U EDORERNS, BREMS T TOLT =0 AMllEDO T L a2 — L OZ8F BRI T AIEHITEEE 1 23 5 b
El, A2 BLUOBITIIREARETA LN o7, ZOFHIE, $5A 2 36 L OBHA 3 (213%E3E JERMT
FTHDH22E Y HDHNNELI0-T7 =S b ) UNENL L TWB 8, il EHITEmE D OO,

Table 2. Ruthenium complex-catalyzed oxidation of alcohols to aldehydes or ketones.

OH 0,, Ru catalyst _ 0
R1J\R2 toluene, 80-100 °C, 6-18 h - R1JLR2
yield/%?
alcohol Ru cat. temp/C
6h 12h 18h
1 80 97 100 100
<z::>}__\ 2a 80 76 89
OH 2b 80 65 80 91
3a 80 66 71 76
benzyl alcohol 3b 80 73 83 87
””””””””””””””””””””” 1 8% 100 100 100
<z::>>__<{ 2a 90 55 64 79
OH 2b 90 45 52 62
3a 90 39 49 58
1-phenylethanol 3b 90 48 54 64
""""""""""""""""""""" 1 %0 %0 - =
@1 2b 100 96 — —
OH 3a 100 96 — —
2-phenylethanol 3b 100 97 — -
Co—— 1 w0 s %16
OH 2a 90 40 42 44
1-octanol 2b 80 29 35 38
3a 80 22 30 32
3b 90 31 36 38
””””””””””””””””””””””””””” 1 9% & 6 15
w 2a 90 26 36 44
OH
2b 90 21 30 40
2-octanol 3a 90 14 24 34
3b 90 6 16 33
"""""""""""""""""""""" 1 100 4 45 4
QOH 2b 100 22 30 26
3a 100 21 27 29
cyclohexanol 3b 100 13 20 24

1) Alcohol, 1.0 mmol; Ru complex, 0.020 mmol (2 mol %), toluene, 1.0 mL; 80-100 °C; 2448 h; in a 50
mL sealed tube connected oxygen balloon. 2) Determined by gas chromatography.
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TV T =0 MIER LRI NG L CT v a s s RN AERT 5 (stepa) , 7/ U8ER1E, BT
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Scheme 2. Plausible catalytic cycle for ruthenium complex catalyzed aerobic oxidation of alcohols.
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