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Abstract Carboxylic acids are inexpensive, readily available, stable and functionally diverse molecules, and alcohols are
used as important functional molecules in a variety of applications. Therefore, decarboxylative hydroxylation of carboxylic
acid provides a direct and rapid route to important alcohol molecules from stabilized and easily obtainable carboxylic acid
feedstocks through benign single carbon excision reductions, which is a very important and useful transformation in organic
synthesis and nature. The research progress on decarboxylative hydroxylation reactions to obtain the corresponding primary,
secondary and tertiary alcohols, mainly in terms of transition metal catalysis, photocatalysis, electrocatalysis and other types of
catalysis, is highlighted with an emphasis on the possible mechanisms and applicable scope of these different reactions. Among
them, transition metal catalysis emerged earlier and produced tertiary alcohols in higher yields, but with less universal sub-
strates, whereas photocatalysis is a mild reaction with low environmental pollution and is suitable for the production of prima-
ry, secondary and tertiary alcohols.
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Possible mechanism
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Scheme 1 Oxidative decarboxylation and mechanism of pivalic acid with oxygen catalyzed by Mn(III)

Ag'(bipyridine),-2NO5™ (2.0 equiv.)

R—COOH

R—OH + R-H + R-OCR
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Scheme 2  Silver(Il) catalyzed oxidative decarboxylation and mechanism of carboxylic acids
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~ 30% H,0-CH,CN N
20 90 C, few min 21
R | D [ ONo
X X
22 23

B3 AlAV)REABCIR 2RI S AR N
Scheme 3 Cerium(IV) catalyzed oxidative decarboxylation of
substituted phenylacetic acids
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phenoxy R R 5

R2 = CHj, H R =H
24 25 26
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Scheme 4 Oxidative decarboxylation of a-aryl carboxylic acids
catalyzed by iron porphyrin-iodosylbenzene system
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Scheme 5 Oxidative decarboxylation of a-aryl carboxylic acids
catalyzed by M"(tpp)Cl/BusNIO4
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Scheme 6 Oxidative decarboxylation of carboxylic acids with
sodium periodate catalyzed by Mn(I1I)-salophen
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24 25 26 6

B 7 [Mn(NH.TPP)-CMP{# b FRTR 5 i B ER AN 1) S AL 72
SR

Scheme 7 Oxidative decarboxylation of carboxylic acids with
sodium periodate catalyzed by [Mn(NH.TPP)-CMP]
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AL R R R 1 2007 7%(Scheme 9), FF#hE T I
TERIR =PRI 2590 50 T A0 22 B 1 I A Th e A6 (1)

OH
Ar<
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31

Possible mechanism

COOH
AN CAN
A CHRCN-H,0

33
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Scheme 8 CAN mediated decarboxylative hydroxylation and mechanism of N-aryl-y-lactam-carboxylic acids
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Proposed reaction mechanism
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Ag,CO3 + L { [LAg(l)]'NOy =————=—=—== RCOO-Ag(I)L }
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. co
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R-OH <> — RN R L
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Scheme 9 Synthesis of benzyl alcohols and its reaction mechanism
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Scheme 10  AgNOs3/K2S20s-mediated decarboxylative nitration and hydroxylation and mechanism of carboxylic acids
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Scheme 11 Decarboxylative oxygenation of pivalic acids catalyzed by cerium(IV) carboxylate
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Decarboxylative hydroxylation and mechanism of carboxylic acids with N-hydroxypyridine-2-thione
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hv (100 W mercury lamp)
acridine (0.2 ~ 1.0 equiv)

Me,S (1 mL)

RCOOH ROO" ROH + CO
0y 2~4h MeOH (10 mL) 2
10 toluene (60 mL) 1h 11 6
Possible mechanlsm
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07 R 1 16
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ROO’ ROO
60 65
| MePh

\
) X
N+ _
N
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ROOH —————— ROH
61 MeOH

T

B 13 e

SRR B FRIR RO A RS L S AL B

Scheme 13 Decarboxylative photooxygenation and mechanism of free carboxylic acids mediated by acridine

OH
0 N _EDCI _ OJ<
RJ\ /Es DMAP \[ s
10 66 67

t-dodecanenethiol PPh;
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visible light
30 ~ 120 min

61 11

B 14 RIS N-FRFk-4- F L 2-WE M e it R ) A D' 5 - R e A S o
Scheme 14 Visible light-induced decarboxylative hydroxylation of carboxylic acids with N-hydroxy-4-methylthiazolidine-2-thione
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% 69; O,k T 3k B IE B 7 76 4, g N2 —FhE
A, F TR G AL ) R AE R A (Acr -Mes) 7 A6 R 2
(Acr'-Mes).

2018 4, Murakami /NHBIWEF T —FpidE S &4 i
1-RUT 48312328 FE[d[1, 2] 2% 450 44 BR TR 4 -3 (1 H) -
(IBB) S8 i A 5 2 2018 Mot 32 SR 3R AS 5 I 0 7 B 1B
J71%(Scheme 16). %A T1EEA RV &AFRA . #AE
6120 ) B Re A 32 VEAr S A S (BRI RN, BARLL
BURF= R 2 HARRE, (HIXFhER. (BRER RN A RIE
T Z P2 IRk Sk BO . X pp v 5 Bt R Ak
PRSI S AR AL, B BT X A (D)7
HEAL AL HT T S L) IBB 1% Ak, ()2 )5 T e (1)
W JFODYR, PR S WA S 2R T O

R 4 S50 25 FEFT JE AT AR IE 4, SR T — R B
NI B2, 55279 5 IBB SN S AL I e
14 82, WUR IR A4 7] (' LB R TR ] 4 82 A= B0
FE TR A AL 83 AR R 2k 84; 83 &8 [y iR S M.
AR R E 2 86, 86 H O, VR K AF ! [al1A 87, M
87 WAL AR 5 I 81, AT 7E S v 25 F TR Ak A 80.
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Scheme 15 Photocatalytic decarboxylative hydroxylation and mechanism of carboxylic acid mediated by catalyst MesAcrClO4 and
molecular oxygen
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Scheme 16 Decarboxylative oxidation and mechanism of arylacetic acids under photoredox catalysis
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Scheme 17 Synthesis and reaction mechanism of aliphatic alcohol under photoredox catalysis
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Scheme 18 Decarboxylative oxygenation and mechanism of carboxylic acids catalyzed by cerium(IV) carboxylate

2020 4E, #hHERBAHLILL O, MO AT,
Cs:COs T, Ir[(dF(CF3)ppy)a(dtbpy)]PFs 't fHE A7,
AT WOEE S ek, TR T s R ER I R
HAL T (Scheme 19). (EAFEREIZE, KBS HEHIIA
NaBH,, HAREE= RN 65%; MR, RNITEEZ BTN
A NaBHa, 77253 99%. ¥ NaBH, LU A7E R A
Fase (i SR v R A, KRR 98 T IRPITa B, AR )
sp® AL E BRI R ThHh AR R Y, B LR
PLI R ER. Hrp R AR BRI PRI LA
TR EURIE B EoR R pi 24, JFH RIS
SR PE RGP, BlansR3E . 3. BB, H
R, HOA, XREFALTE A (R ARUBURER LR
HEAT, MBS Scheme 15 HOGAEALIE R HE AL 71 45
A SN E AR EHLEE LA,

; Ir[(dF(CF3)ppy)2(dtbpy)]PFs (1.0 mol%)
RXCOOH Cs,CO5 (1.5 equiv.), NaBH, (1.2 equiv.) R'__OH

R? R3 0, balloon, DCM Rﬂ;
2 blue LEDs, 40 °C, 40 h o5

BIR 19 R sp® 2805 B AR R I G AR AL I R e Al S o
Scheme 19 Photocatalytic decarboxylative hydroxylation of
different sp? carbon-bearing carboxylic acids

2021 4F, Zbieg K IL[FISHOIFE 1 £ EH 5 /N 55+
A I (HFIP) (78 & 3 77 &R G2 b, A7 i 25 i 4k 771

Chin. J. Org. Chem. 2024, 44, 70~84

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

[Ru(dtbbpy)s](PFs)2 (dtbbpy=4,4'- "] -2, 2"- ML IE)
AT 2-H RS 52,3 - AR i 2 TR T
107 456, MRESFRIR B B4 Bk PH 28 1, Bl Ja 7K 4%
F I R SLILEE A B 77 72 (Scheme  20). X A R H &
VG EIEATIRTT, RIUA ARPFIBORERES nT DL Dy b i
R AE L T, B BB, A RE O] DAFERRUE &4 T B
BRI R R P IRAT, MPRIRCE SRR I I 3R e AL
SN FRIR AT, DA 7= 2 45 3 BT 75 1 e 1f A W 22 3]
AT R EI =Y. XA F7E S SRR Murakami /NH IR
B ITEEMER T ANBOCEN RS, (AR HEBREA
WG A R, BAREEE R R, SR T —RE
i RAER — Bl R RR VIR, AT ft 7 —Fh Az AT
RAFHR IR AT P POE SRR B R R R, X5 SR rIiE
W FEARIF, HEhRHER IR K & R, %A HiE
FAFIRARBEE 75 C. N & X(K58) R TR 4%
A, PASEIU BRI ik — 2% i T A K.

PR3 DA LR TR ] 52 HE — AN mT B A L3
FEA] WOGERHE (. LED BN, Ru" Stfifb A mT LLEE S
o —TiC A FEL A7 A B R 2R [R) I, e 0Ok B K T iy —
HABRA*RAL KR Y058 v BEE TR, ()
AT 107 JEATEL SRR TE B I BUR R £5 109 5 1
HALJE, A 109 KA F T E RS A R R H AR 110,
TAEABRATSS B 111; *Ru" B AL MR AL Ry

http://sioc-journal.cn/ 79



BHLE SR 5itR
AcO_ NT:
[Ru(dtbpy)s](PFg)> (2.5 mol%) I—NTs
R%/COOH o 107 (1.0 equiv.) RL_OH o
+
R? R3 2 acetone/HFIP (V:V = 2:1, 0.3 mol/L) R? R3
2 106 Ny, r.t., 20 h, 2 blue LEDs 25
107
possible mechanism
AcO_
|—NTs o
0 o (;r\f
(¢}
[:::T/«tg; 107 S _g + AcOH

108 in situ activation

carboxyllic acid

H,O
water nucleophile

KX 20

Scheme 20 Decarboxylative hydroxylation and mechanism
Ja, I E RN P AR R 110, R
R B AR L P B T rh a4k 112, RN DA Ru' ik
Al Rult B 45 Bl Hh (44 102 7K 43 T3 3k AL R =),

3 mELRRAEEL

Utley 5FP2E 1974 S 9T T 2R SRR B 7R 1H 52 HY
MEE TR Kolbe HLf#, BHARI R EAAT B K HEL.
MAEAE Coll B Co 48 S WAL, 2R BRI 73 fifk R A R
P FI-RRE VR AW, ME3E 8 B 2R H I (V) T RO LR T g 2
TIPS 75 A€ 2 K Z ) R N ECR R AT A )
I 1.

2019 4, Baran Ui ZH B3I DL /S SRS BG DU T AL 4%
("BusNPFo) N LR, 2,4,6-MLmE AT A L, R T
— PSR PR R FELAL 2 SR A I T 1T R 2 28 (Scheme
21). ZRMNAETE R R AT, A S 4 A
EAR, BARYEE . skt s B A
SRSB4 TR B R = B R AR i, Hoe R
MRELL 65% 7= 23k 45 B ARr=4), #E—Puki 7 1%077%
A R . (B — 5 0E, TEIERR 41 T R
B R RIEES . AFE 34T K& WL 5T S

s
=1 Be

80

http://sioc-journal.cn/

(0]
reductant CO, +

© 2024 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

-------------------- 11
: Q
ICIoN
oxidant 110
SET

©/\OH
113
alcohol product

LLIK A SR AZ AR 77 ) 2 PR R it PR B A B S B AL

of benzylic carboxylic acids with water as nucleophilea

B, R T RNV FEIRAVIRE S E T, FRIRERAE I
e b PR et 1L B T 114, B A AR % B i 15 2
W=, K BERT DA 9 i), tmr DRy i3 BF G i
Ji T AERIAR AL IR ).

2,4,6-collidine (1.5 equiv.)

%{amH+HO "Bu,NPFg (0.1 moliL) R%ﬁH
R? R3 2 C(+)/C(-), 10 mA R% R3
Acetone (3 mL), 3 h, r.t.
24 106 25
Plausible: reaction mechanism
1 constant-current R'. RS R! OH
R, -COOH electrolysis ¥ H,O ZX
RZ R3 ] RZ R R3
24 © 114 25
cathodic
e .
B 21 HERER I TR R R

Scheme 21 Electrocatalyzed decarboxylative hydroxylation and
mechanism of carboxylic acids
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Scheme 22 Oxidative decarboxylation-f-iodination and mechanism of a-amino acids
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