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1. Oxidation of alcohol to aldehyde and ketone
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Oxidation: Transformations that increase the oxidation states of a functional group.

Oxidation states in organic molecules
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a. Swern oxidation DMSO, (COCl)2, Et3N, low temperature

• careful control of T
• work well on both large and small scale (can use excess reagents)
• be careful when concentration is >0.2 M, rxn must be well stirred

b. Moffatt-Pfitzner oxidation DMSO, DCC, pyridine/acid

• works well at RT
• work well on both large and small scale (can use excess reagents)
• use of DCC can be operationwise problematic

Me

Me

O

O

OBn 1) K2OsO4 (cat.),
    NMO

2) (COCl)2, DMSO,
    Et3N, CH2Cl2

Me

Me

O

O
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O

O

Zhang and Gu OL 2016, 18, 5388
(93%)

Ph OH

OPMB

OTBS

    (COCl)2, DMSO,
    Et3N, CH2Cl2,

(98%)
Ph O

OPMB

OTBS
Trost ACIE 2009, 48, 5478
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Me     (COCl)2, DMSO,
    Et3N, CH2Cl2

O
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(98%)

Knölker T 1997, 53, 91
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H H
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DCC, Cl2CHCOOH, DMSO
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N

H H
O

H
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Y. Qin Chem 2017, 2, 803
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H
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(41%)
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H
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O

O

O

O

Bioorganic Med. Chem. Lett. 2014, 24, 2353

A. DMSO mediated oxidation

OH

R’R

O

R’R

Conditions: DMSO, COCl2, Et3N

DMSO, E+, Base

DMSO, DCC, TFA, pyridine

DMSO, SO3•pyr, Et3N

DMSO, Ac2O

Swern

Moffatt-Pfitzner

Parikh-Doering

Albright-Goldman

Mechanism (Swern [O] as an example):

Reviews: Chem. Rev. 1967, 67, 247; Tetrahedron 1978, 34, 1651; Synthesis 1981, 165; Org. React. 1990, 39, 297

Moffatt JACS 1966, 88, 1762

A possible side reaction

A related reaction: Pummer rearrangement

A related reaction: Corey-Kim Oxidation

Mechanism

Me2S, NCS

Mechanism

Mechanism

Corey JACS 1972, 94, 7586

Pummer CB, 1909, 42, 2282

Swern T 1978, 34, 1651

Swern T 1978, 34, 1651
Moffatt JACS 1966, 88, 1762
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c. Parikh-Doering oxidation DMSO, SO3•pyr, Et3N

• typically 0 ℃ to RT
• excess of reagent required
• dump-and-stir
• easy to scale up

d. Kornblum oxidation
O

DMSO

Br
Br

O

Br

O

Kornblum JACS 1957, 79, 6562

Mechanism:

B. Hypervalent iodine mediated oxidation

preparation of reagent

IBX and Dess-Martin Periodinane

OH

R’R

O

R’R

IBX or DMP

a. Dess-Martin Periodinane (DMP) oxidation
● mild
● short rxn time
● acidity can be buffered with NaHCO3 or pyr
● sometimes add H2O or tBuOH to accelerate the rxn

Mechanism

● Addition of H2O or tBuOH can generate of an intermediate that is analogous to II. 
    II decompose more rapidly than I to give the product.

Dess, D. B.; Martin, J. C. JACS 1991, 113, 7277

Me
OHOH

Me

H H
MeHO

MeMe

Me
OO

Me

H H
MeO

MeMe

SO3·pyr, DMSO, DIPEA

(75%)

Carreira, JACS, 2022, 144, 15475

OH

H

OMe
SO3·pyr, DMSO, Et3N

O

H

OMe

Baran, JACS, 2016, 138, 9425

MeO NH2 +

O

Br

K2CO3, O2, DMSO

O

O

H
N

OMe

JOC, 2023, 88, 14847
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N

CO2Me
NH

Me

H
H

1) K2OsO4•2H2O (cat.)
     NMO
2) DMP, t-BuOH, CH2Cl2

N

CO2Me
NH

Me

H
H

OH
O

(68% over 2 steps)

Vandewal JACS 2015, 137, 7306

Ph

FmocHN
OH

DMP, wet CH2Cl2 Ph

FmocHN
O

(95%)
99% ee99% ee

Myers TL 2000, 41, 1359

OR HH

Me

Me
Me

CO2Me

Me

R = TMS

DIBAL-H; 
tBuOH, DMP

(93%)

OR HH

Me

Me
Me

CHO

Me

Snyder JACS 2017, 139, 5007

b. o-iodoxybenzoic acid (IBX) oxidation
● mild
● often use DMSO as solvent
● can further oxidize ketone/aldehyde to unsatuated carbonyls
● upon heating, IBX can oxidize benzylic positions and promote cyclizations

N

OH
IBX, DMSO

N

O

(99%) Frigerio TL 1994, 35, 8019

OH

OH

O

O
IBX (6 equiv), DMSO

toluene

(52%)

Nicolaou JACS 2000, 122, 7596

Me

Me
H

Me
MeMe

OH

H
IBX, DMSO

(71%)

Me

Me
H

Me
MeMe

O

H

Snyder Nature 2019, 569, 703

N
OH

IBX (4.0 equiv)

toluene, DMSO N
O

OH
1) IBX
2) K2CO3

3) MeNH3Cl

Me
N

O
Nicolaou JACS 2002, 124, 2245

2) DMP, DCM
Me

Me
H

Me

O
H

Me

S-H, Wang JACS, 2023, 145, 135499

Me

Me
OH

Me
TsN

H

MeO

OTf
H

Me

Me
Me

H

Me

O

H
+

1) CrCl2, NiCl2

1) DMP, NaHCO3, DCM

(83% over two steps)

2) NaBH4

Me

Me
MeTsN
H

MeO

OH

(72% over two steps)

H-B Zhai, ACIE, 2023,62, e202303402

H

O

Me

MeMe OH
1) 2-bromopropene, t-BuLi,
2) TABF, THF
3) IBX, CH2Cl2

O

Me

MeMe OH

(66% in three steps)
Kalesse, JACS, 2023,145, 7021

Me

AcO
MePivO

OH

H

H

1) MeONa, MeOH, then DMP
2) NaClO2, CH3CH=C(CH3)2
3) TMSCHN2

OH
(52% in three steps)

Me

O
MeMeO2C

OH

H

CO2MeH

M-J Dai, JACS, 2023, 145, 53
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tBu

Me

tBu

CHO
IBX (3.0 equiv)

DMSO, 80 ℃

IBX (3.0 equiv)

DMSO, 85 ℃

(95%)

(70%)

N N

O

Nicolaou JACS 2001, 123, 3183

H
N

OMe

DMP, PhH, reflux

O

N
H

H

O

H

(40%)

Nicolaou JACS 2002, 124, 2212

Mechanism

Me

H
N

O

IBX (2.0 eq x 2)

THF, DMSO, 90 ℃
N

O

Me
Nicolaou JACS 2002, 124, 2233

(86%)

Mechanism

C. Cr(VI)-based oxidation

Mechanism:  Using chromic acid-mediated oxidation as an example:

CrO3•2pyr
CrO3•pyr•HCl

Collins reagent
PCC

CrO3•2pyr•HCl PDC
Jones reagentCrO3+H2SO4

A competing radical pathway:

Wiberg JACS 1973, 96, 1884; 1889

OH
Me

Me
Me

CrO3, AcOH, H2O
PhCHO +

Ph tBu

O

yields can vary based on concentration

+ PhCOOH + tBuOH

(<50%)

O OH
Cr

OO

R tBu
H

O

HR
+ tBu++HCrO3

H2O
tBuOH

OH
Me

Me
Me

Cr(IV)
O

Me

Me
Me

PhCHO + tBu
Cr(IV)

tBuOH
H2O

● Oxidation of hindered substrate can lead to low yield and generation of by-product

Westheimer JACS 1955, 78, 306
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a. Collins reagent (CrO3•2pyr)

● hygroscopic, suggested in-situ preparation
● mild basic

O

O
OTBS

Me

Me

1) TBAF
2) Collins reagent

O

O
O

Me

Me
Still JACS 1979, 101, 2493

(81% over 2 steps)

b. Pyridinium Chlorochromate (PCC) (CrO3•pyr•HCl)
● bench stable, not hygroscopic
● DMF, CH2Cl2 as common solvent
● slightly acidic, can be buffered with NaOAc
● Molecular sieves can accelerate the reaction
● work-up simplified by adding powered MS or silica gel

OH

Me

Me
PCC

O

Me

Me

(88%) Correa TA 2003, 14, 3787

OH

Me

Me

Me
PCC (3.1 equiv)

(71%)
36 h

O

Me

Me

Corey JOC 1976, 41, 381

c. Pyridinium Dichromate (PDC) (pyrH+)2Cr2O7)
● bench stable, not hygroscopic
● DMF, CH2Cl2 as common solvent; can impact reaction outcome

OH

R1 R2

O

R1 R2

OH O OH

R

O

R
OH

PDC

DCM 
or 

DMF

PDC

DMF

PDC

DCM 
or 

DMF
R R

OH

R

O

R
H

PDC

DCM
H

HO
PCC

CHO

OH
Me

MeMe

PCC

Me

MeMe

O Dauben JOC 1977, 42, 682

● Tertiary allylic alcohol with PCC afford rearranged enone products

(83%)

(94%)

Me
Me
HO

Me

H Me

OH

H

PCC, CH2Cl2

(90%)

Me
Me

Me

H Me

O

H

O Phillips JACS 2005, 127, 13514

OH

MeO

MeO

OMOM

PCC, CH2Cl2

(81%) OMOM

O

Ar

Ogasawara CC 2001, 1094

Me

O Me

Br
HO

S

S

PDC (7 equiv)
DMF

Me

O Me

Br
O

S

S

Corey TL 1979, 20, 399

(95%)

O O CHO
OH

PDC (1.5 equiv)
DCM

(90%)

OH
C5H11

O
C5H11

PDC (1.5 equiv)
DCM

(70%)

A. Li, JACS, 2019, 141, 13718

OH
H

Me O
O

OH

H

1) LiAlH4
2) Collins reagent

(58% over 2 steps)

OH
H

Me CHO
H

O

O

O

O
HO

Me
Me

Me PCC

(84%)
OH

O

O
HO

Me
Me

Me O

Y-D Zhang, JACS, 2023, 145, 18642

Mechanism
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D. N-Oxoammonium based oxidation

OH

R’R

O

R’R

N
Me

Me Me
Me

O

N
O

ABNO

N
O

TEMPO ADMO

Mechanism

oxidant

● Commonly used R2NO

● Oxidant NaClO, PhI(OAc)2, m-CPBA, NaBrO2, oxone, Cu(I) cat. + O2 (Stahl oxidation)

(cat.)

● The mechanism of oxidation under Stahl’s conditions is different from the oxoammonium-based reactions.
   It likely proceed via a concerted electron transfer-substrate oxidation procss.

Stahl JACS 2013, 135, 2357; 15742

N
Me

Me Me
Me

O

NHAc

N
Me

Me Me
Me

O

NHAc

Bobbitt’s salt

● selectivity can be achieved between primary and secondary alcohols
● when CH3CN was used as solvent instead of CH2Cl2, oxidation of primary alcohol can give acid

R2N O

OH

Me Me

OTBDPS

TEMPO, PhI(OAc)2

Jauch ACIE 2000, 39, 2764

O

Me Me

OTBDPS

Me

Me

TBSO

H

H

TBSO
Me

TMSO
Me

Me

OH
OH Me

Me

TBSO

H

H

TBSO
Me

HO
Me

Me

H
OH

1) K2CO3, MeOH
2) Stahl [O]
3) SmI2, H2O

Reisman JACS 2021, 143, 4187

OH

PhS TEMPO, PhI(OAc)2

O

PhS

TEMPO, PhI(OAc)2

Piancatelli JOC 1997, 62, 6974

CH2Cl2

CH2Cl2
(95%)

OMe

OH

n-Bu OMe

O

n-Bu

CH2Cl2
(70%)

(98%)

OH OH

OH
MeMe

Me

Boc
N

O

Me
Me

TEMPO, PhI(OAc)2

O O

OH
MeMe

Me

Boc
N

O

Me
Me

Forsyth TL 2003, 44, 57

(95%)

O

OH

Me

OHTBDPSO

TEMPO, PhI(OAc)2

(87%)

O

O

Me

OTBDPSO

OH
TEMPO, PhI(OAc)2

O
CH3CN,/pH 7 buffer

(95%)

THPO THPO

O O

O

Me Me

TEMPO, PhI(OAc)2

B

O O

O

Me Me

B
HO

HO2C
B = ABz
         A
         U
       C
       G

(70%)
(90%)
(76%)
(72%)
(75%)

Widlanski JOC 1999, 64, 293

CH3CN/H2O 1:1

Mechanism
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E. Hypohalite

NaOCl, HOAc      NBS, DME, H2O      (Bu3Sn)2O, Br2      NIS, Bu4NItypical conditions:

● selectively oxidize secondary alcohols in the presence of primary ones
● may be less tolerant towards other functional groups compared with methods A-D
● primary alcohols react slowly to give esters in lower yields

Mechanism

MeHO

OH

Me
MeHO

O

Me
NaOCl, HOAc

(85%)

Stevens JOC 1980, 45, 2030

Me
OH

Me OH

NaOCl, AcOH

(91%)

Me
OH

Me O
Stevens TL 1982, 23, 4647

H

H

Me
HO

Me
Me

OH

Me

NBS, DME, H2O
H

H

Me
HO

Me
Me

O

Me(98%)

Corey TL 1979, 20, 2745

O
O

O

OO

O
O

Me HO

HO H

tBu
H

H

Br2, AcOH

NaOAc

O

O

OO

O
O

Me HO

HO H

tBu
H

H

O
HO

(51%)

Crimins JACS 2000, 122, 8453

OO
O

O Sn
O

Me

N
OH

N

OH

Bu Bu

Me

Me Me

Cbz

Br2

Bu3SnOMe OO
O

O OH

Me

N
OH

N

OH

Me

Me Me

Cbz

(70%)
Hanessian JACS 1979, 101, 5839
for a review, see: T 1985, 41, 643

typical conditions:

F. tetra-n-Propylammonium Perruthenate (TPAP)          Ley oxidation

● mild, fast and clean
● molecular sieves can accelerate the rxn
● easy work-up
● detailed mechanism not clear

RuCl3•nH2O + NaBrO3 Na[RuO4]
nPr4NOH

preparation of catalyst

Reviews: Synthesis 1994, 639; Aldrichmica Acta 1990, 23, 13

HO
Me

O

Me
OTBDPS

O
Me

O

Me
OTBDPS

TPAP, NMO

OBz
MeO OBz

OBzBzO
OH

(Swern [O]: 35%)
(70%)

OBz
MeO OBz

OBzBzO
O

TPAP, NMO

(Swern [O]: 10%)
(70%)

Ley Synthesis 1994, 639

HO
O

OO

O

O

O O
OO

O

O
TPAP, NMO

(Swern [O]: 0%)
(PCC: 45%)

(DMSO, SO3: 71%)

(70%)

O

O

OEt

Me
H

H
OH

O
O

Me TPAP, NMO

(50%) O

O

OEt

Me
H

H
CHO

O
O

Me

Ziffer Labelled Compd Radio 1991, 14, 1293

O

CO2MeHO

OBn

BnO
TPAP, NMO

(44%)

O

OBn

BnO O

DMSO, Ac2O

(“high yield”)
O

CO2MeO

OBn

BnO

Yamamura TL 1991, 32, 2399

TPAP (cat.), NMO, MS

TPAP
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G. Oppenauer Oxidation

Mechanism

typical conditions:
Reviews: Synthesis 1994, 1007; Org. React 1951, 6, 207

Al(Oi-Pr)3, excess acetone or other ketones

● an equilibrium reaction
● usually take place on secondary and allylic alcohol

HO

OH

Me O

O

OH

Me OAl(Oi-Pr)3, toluene

MeN O

then HCl
Kocovsky TL 1993, 34, 6139

Me

HO Me

MeMe

Al(Oi-Pr)3, toluene
acetone

then HCl

MeMe

COMe
Me

H

Sternbach JOC 1990, 55, 2725

OH

Me

tBuCHO, toluene

B
C6F5

OH

C6F5

(2 mol%)

O

Me

Yamamoto JOC 1997, 62, 5664

Me

Me Me

OH

Zr(OtBu)4, Cl3CHO, CH2Cl2

3Å MS

Me

Me Me

O

Hayakawa Synthesis 1996, 1341

● hydride transfer mechanism can also take place on amines to yield imines

N

N

O

O

O

Mg(OTf)2 (cat.)
ligand (cat.)

H N N

O

O

O

H

H O
O

N N
O

Ph Ph
ligand

(88%)
(74:26 dr)

(94% ee major)
(85% ee minor)

Seidel JACS 2009, 131, 13226

Mechanism

N
H

n-BuLi;
then Ph2C=O; 

then PhLi
N
H

(60%)

n-BuLi;
then PhCOCF3;

then PhLi

(78%)

Seidel NC 2018, 10, 165

N
H

Me N
H

Me

1) n-BuLi;
    then PhCOCF3;
    then LDA, BnBr;
    then NaBH4

(72%)

Seidel NC 2020, 12, 545

N
H

N
Boc

2) Boc2O

    n-BuLi;
    then PhCOCF3;
    then LDA, BnBr;
    then PhLi

(61%)
(6:1 dr)

N
H

N
H

Ph
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H. HAT-based oxidation

OHO
HO

OTBS

HO OMe

C(+)/C(-)
Quinuclidine (0.3 equiv)

HFIP (10 equiv)

Me4NBF4 (1 eq)
CH3CN, 5 mA, 24 h

OHO

OTBS

HO OMeO

Mechanism

Witte, Beil and Minnaard ACS Cat. 2023, 13, 2335

typical conditions: Pd(OAc)2 (5 mol%), pyridine (20 mol%), 3A MS, toluene, O2

● only documented on simple substrates
● Molecular Sieves is important for high yield

ref: Uenura JOC 1999, 64, 6750

Mechanism

I. Pd-O2

J. MnO2

● selectively oxidize allylic/benzylic alcohol to aldehyde or ketone
● very mild, needs special preparation and activation techniques (not all commercial ones works well) 
● mechanism not clear
● in many cases, for cyclic allylic alcohols, only ones at equatorial position can be oxidized.

typical conditions:
Reviews: Synthesis 1976, 65; 133

MnO2 (10 wt equiv.), CH2Cl2 or CHCl3, or benzene

OH

MeMe Me

Me

O

MeMe Me

Me

O

OEtHO

MnO2, CHCl3

8h, 25 ℃
(73%)

OO

OEt

O

HO14 days

OEtMnO2

MnO2

(>95%)
1-kg scale Salman OPRD 2005, 9, 302

Explaination with 3D structures::

O
O O

HO
Ph O

O OPh

O

MnO2, CHCl3

2-3 days , 25 ℃
(73%)

O
O O

OH

PhMnO2

Fraser-Reid Can. J. Chem. 1971, 49, 3038

Fraser-Reid Can. J. Chem. 1973, 51, 3950

Bu3Sn OH
Me

Bu3Sn O
MeMnO2

(89%)
Alvarez TL 1998, 39, 5659

O

O

OMe

N

HO

MnO2 O

O

OMe

N

O

O

O

OMe

N

HO

MnO2

Explaination with 3D structures:

(43%)

Wildman JOC 1961, 26, 881
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2. Oxidation of aldehyde to carboxylate acid

O

R

O

OHRH

A. Pinnick oxidation
typical conditions: NaClO2 (1-3 equiv.), 2-methyl-2-butene (10 equiv.), NaH2PO4

● mild
● olefin as HClO scavenger

mechanism

OMe

Me
CHO

H

TBSO

NaClO2, NaH2PO4
2-methyl-2-butene

OMe

Me
CO2H

H

TBSO
Kraus JOC 1980, 45, 4825

(80%)

AcO
H

O
Me

O
O

NaClO2, NaH2PO4
2-methyl-2-butene

CO2H

AcO
H

O
Me

O

Kraus JOC 1980, 45, 1175

Bu3Sn O

Me
O

Me

1) TPAP, NMO

2) NaClO2, NaH2PO4
    2-methyl-2-butene

Nicolaou JCS CC 1999, 809

(52%)OH

Bu3Sn O

Me
O

Me

OHO

(yields not given)

● The two-step approach— first oxidize alcohol to aldehyde, then oxidize to acid via Pinnick conditions)—
    is often used in late-stage natural product synthesis, because conditions that directly oxidize alcohol to 
    acid have relatively limited functional group tolerance.

O
O

OH
HO

HO

OH

Me
Ph

OAc
BzO OBz 1) Swern [O]

2) NaClO2, NaH2PO4
    2-methyl-2-butene

OtBu

NiPriPrHN

3) O
O

OH
HO

HO

OH

Me
Ph

OAc
BzO OBz

(33% over 3 steps) Armstrong JOC 2000, 65, 7020

B. Ag2O

O

CHO

CHO

Me
HO

HO
H

Ag2O, NaOH O

CO2H

CHO

Me
HO

HO
H

Corey JACS 1982, 104, 5551

S
CHO

O
N

OMEM

CO2Me

Ag2O, NaOH

S
CO2H

O
N

OMEM

CO2H

Ovaska CL 1997, 26, 15

HO HO

MeMe
CHO

Me
OH

Ag2O, NaOH
MeMe

CO2H

Me
O Pepperman JOC 1981, 46, 5039

(72%)

then HCl

● Cr-based reagents failed to 
    give the product because of 
    steric hinderance

C. PDC in DMF
● PDC in DMF can oxidize non-conjugated aldehyde and non-allylic alcohol to carboxylate acid

AcO
CHO

BnO Me Me Me

O O

MeMe

1) PDC, DMF
2) CH2N2

AcO
CO2Me

BnO Me Me Me

O O

MeMe

Heathcock JOC 1985, 50, 2095

NH
Me

OH
Me

H H
OTBS

O

PDC, DMF

NH
Me

OH
Me

H H
OTBS

O
O Terashima T 1988, 44, 2149

OBnO
BnO

OBn

SEt
OHC PDC, DMF

6 equiv MeOH OBnO
BnO

OBn

SEt
MeO2C

● In the presence of MeOH, methyl ester can be formed. This is only application to methyl ester because 
   oxidation of MeOH by PDC is slow compared to the oxidation of hemiacetal formation

O’Connor TL 1987, 28, 3235
(71%)

● can oxidize hindered substrate
● conjugated substrates may suffer olefin isomerization due to the basic conditions
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3. Oxidation of aldehyde to ester

A. MnO2, NaCN, ROH

R H

O

R OR’

O

mechanism

Me H

Me Me O

Me OMe

Me Me OMnO2, NaCN

MeOH, HOAc

O
CHO

MnO2, NaCN

MeOH, HOAc

O
CO2Me

Corey JACS 1968, 90, 5616

● mild
● no olefin isomerization on unsaturated aldehyde

MeN
H

H
CN

OMOM

CHO
BocHN

MeN
H

H
CN

OMOM

CO2CHPh2
BocHN

1) TMSCN;
    NH4F

2) DMP;
    then Et3N, H2O
3) Ph2C=N2

Fukuyama and Tan OL 2014, 16, 1646(53% over 3 steps)

PhMe2Si

Me CH2OH

Me

MnO2, NaCN

MeOH, HOAc PhMe2Si

Me CO2Me

Me
Coleman JACS 2005, 127, 16038

N NH

BnO

Me

BnO

H H

OH

OMOM

O

MnO2, NaCN

MeOH, HOAc N NH

BnO

Me

BnO

H H

OMe

OMOM

O

O

(62%)

Weinreb JACS 2002, 124, 3939

(70%)

● other stronger oxidant can also oxidize cyanohydrin with separate pot operations

B. NHC catalyzed oxidative esterification
● mechanistically similiar to cyanohydrin intermediate
● avoid the use of toxic cyanide
● chemoselectively react with alcohol in the presence of amine

O

HPh

NHC precursor (2 mol%)
DBU (3 mol%), oxidant

THF/MeOH = 4:1
(81%)

O

OMePh

O

HPh

O

OMePh

O

HPh

O

OMePh

N
N

N
I

NHC precursor

NHC precursor (2 mol%)
DBU (3 mol%), oxidant

THF/MeOH = 4:1
(96%)

NHC precursor (2 mol%)
DBU (3 mol%), oxidant

amino alcohol, THF
(82%)

O O

tBu

tBu tBu

tBu

oxidant

NH
HO

amino alcohol

Studer JACS 2010, 132, 1190

O

HPh

O

OMePh

NHC precursor (20 mol%)
DBU (120 mol%), MnO2

5 equiv MeOH, CH2Cl2
(98%)

Scheidt OL 2008, 10, 4331

mechanism

NHC organocatalysis has been developed into a hugh area with a wide range of transformations.
Key reviews:
Enders CR 2007, 107, 5606; Rovis CR 2015, 115, 9307; Bode ACR 2014, 47, 696; Scheidt ACIE 2012, 51, 11686
Reviews on redox NHC catalysis:
De Risi CEJ 2023, 29, e202202476; Studer, ACS Cat 2022, 12, 11984
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4. Oxidation of alcohol to acid

R OH
R OH

O

● typically the reaction proceed via an aldehyde intermediate (may not be observed)

R

OH [O]

R

O

H

OX

R

OH

OX

[O]

R

O

OX
X = H  pdt

X≠H

H2O R

O

OH

A. Jones Oxidation: CrO3, H2SO4

O
Me Me

Me
OH

CrO3, H2SO4

O
Me Me

Me CO2H

Corey JACS 1978, 100, 4618

0 ℃

● acetone as a common solvent
● can cleave acid-labile protecting groups

BnO
OTBS

O
CO2Me

CrO3, H2SO4

−10 to 23 ℃

BnO CO2H
O

CO2Me

Evans, ACIEE 1999, 38, 3175

B. CrO3 (1-2 mol%), H5IO6

(85%)

(88-97%)

● industrial scale
● no racemization

N

O

O

Ph

OH

Me

CrO3 (1.1 mol%)
H5IO6 (2.5 equiv)

0 ℃
(73%)

N

O

O

Ph

OH

Me

O

Zhao TL 1998, 39, 5323

CrO3 (1.1 mol%)
H5IO6 (2.5 equiv)

0 ℃
(73%)

Ph OH
NHCbz

Ph
CO2H

NHCbz

C. TEMPO/Fe(NO3)3•9H2O/MCl (cat.), O2 or air           Ma Oxidation

TEMPO (10 mol%),
Fe(NO3)3•9H2O (10 mol%)

KCl (10 mol%)

slow air flow, DCE, rt, 24 h
(87%)

n-C16H33OH n-C15H31COOH

(240 mmol scale)

OH

OH

TEMPO (10 mol%),
Fe(NO3)3•9H2O (10 mol%)

KCl (10 mol%)

O2, DCE, rt

OHC
CHO

HO2C
CO2H

12 h, 58%

48 h, 86%

TEMPO (10 mol%),
Fe(NO3)3•9H2O (10 mol%)

KCl (10 mol%)

O2, DCE, rt

OH
TMS

OH
TMS

O
(66%)

Ma JACS 2016, 138, 8344

mechanism


