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Abstract Enantioselective desymmetrization of diols is an important method for the synthesis of complex enantioenriched
alcohols, which has broad application prospects in medicinal chemistry, total synthesis, and materials science. In recent years,
the use of copper catalysis to achieve diols’ enantioselective desymmetrization has progressed rapidly because copper is in-
expensive and readily available compared with other noble metal catalysts. Besides, copper undergoes a two-electron or sin-
gle-electron transfer process in the catalytic cycle, and the rich oxidation states of copper provides the opportunity to solve
some challenging problems. This review summarizes the research progress in this field according to the types of diols (meso
diol and prochiral diol) and reactions together with a brief perspective.
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Figure 1 Enantioselective desymmetrization reaction
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Figure 2 Desymmetrization of meso 1,2-diols catalyzed by
Cu-dioxazoline catalyst
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Figure 3 Desymmetrization of meso 1,2-diols catalyzed by Cu/chiral
boron-bridged bisoxazoline ligand
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Figure 4 Desymmetrization of meso 1,2-diols catalyzed by Cu/chiral
piperazine ligand
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Figure 5 Desymmetrization of meso 1,2-diols catalyzed by Cu/chiral
bis(imidazoline) ligand
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Figure 6 Desymmetrization of meso 1,2-diols catalyzed by Cu/chiral
diamine ligands that contain a piperazine core
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Figure 7 Desymmetrization of meso 1,2-diols catalyzed by Cu/(+)-
sparteine surrogate chiral diamine
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Figure 8 Desymmetric carbamoylation of meso diols catalyzed by
Cu/chiral BOX ligand
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Figure 9 Desymmetrization of meso diols using 2-pyridyl esters as
acylating reagents
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Figure 10 Desymmetric tosylation of meso diols catalyzed by Cu/chiral
BOX ligand
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Figure 11 Desymmetric oxidation of meso diol catalyzed by Cu/chiral
BOX ligand
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Figure 12 Desymmetric arylation of meso diols catalyzed by Cu/chiral
BOX ligand
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Figure 13 Desymmetric propargylation of meso diols by Cu/borinic
acid dual catalysis
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Figure 15 Desymmetric benzoylation and tosylation catalyzed by
Cu/chiral BOX ligand
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Figure 16 Cu-catalyzed desymmetric benzoylation of 2-substituted
glycerols
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Figure 17 Desymmetrization of 2-substituted glycerols catalyzed by
Cu/chiral imine ligand and its mechanism
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Figure 18 Desymmetric benzoylation of 2-substituted 2-benzamido-
1,3-propanediols catalyzed by Cu/chiral BOX ligand
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Figure 19 Asymmetric synthesis of all-carbon quaternary stereocenters
catalyzed by Cu/Pybox ligand
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B & DAL 75 () % e M (94% ~99% ee)f3 3| T TN
W JGE B P4 26( 1 20).

(0]
fo) R><:OH CuCl,-L15 (5 mol%) BzClI (1.9 equiv.) O)J\NH
PhO»\H OH MeoNBn (1.2 equiv.) Et3N (2.0 equiv.) IR
PhMe, r.t. THF, r.t.
BzO
25 26
13 examples

71% ~ 93%
94% ~ 99% ee

Oﬁo
Ph L15 Ph

120 /1 UGS Ak P i A PR T PR e TR IS AL B T R 5 1
Figure 20 Synthesis of chiral oxazolidinones catalyzed by Cu/chiral
BOX ligand

2019 4, Shimizu SEBOHRIE | — i Hil /=P XUEREIbk
Bk L16 AL 2-f5E-1,3- i 27 1L AR H ISR
RN, TR A BE LA SR A3 ] 66% ee (HTIHE
PR =) 28, 1 H A 0.5 equiv.[IEALFI(E
21).

0
Me Cu(OTH)/L16 (0.5 equiv.) Me  )—NHPh
F’M/F:N)<:OH PhNCO (1.0 equiv) PMP-N. ,—O
V4 OH THF, rt. /\)<:OH

27 28

57%, 66% ee

PMP = p-methoxyphenyl

B 21 5/ OURER R C (AR A 1 1,3- R 20 BRI SR
I

Figure 21 Desymmetric carbamoylation of the 1,3-diol catalyzed by
Cu/chiral BOX ligand

3.2 WEEtRR

2010 4, Onomura Z¢BHRIE | —41 3,3- 8 H I 5
AP RAL B4 29 122 X RRAT HE 2R SE 4k s B2 (1] 22).
Z N LL Cu(OTh), FIF- P XU EERE MR ALK L8 AL,
DA v YA 2 A 75 0 %o W B VR 19 B T R R4 =4 30,
FESEIL T 1% F M A AT ARV = A

2012 4, Onomura F5B2K & 7 NATF14 1,3- 8% 31
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Cu(OTH),/L8 (10 mol%)

OH TsCl (1.2 equiv.) OTs
N K,CO3 (1.5 equiv.) B
Me OH CH,Cl, rt. —OH
o}
29 30

81%, 99% ee

Bl 22 4/ XUGE MR C (A i A R 3,3- i FH RE S A g | Wk 1) 25 X ik
Xof F R P i A S

Figure 22 Desymmetric tosylation of 3,3-bis(hydroxymethyl)oxindole
catalyzed by Cu/chiral BOX ligand

A, 8 I AN AR 2506 TR A SRS ) S 5 A R S A
HITFIEREMEI AL 54 32 IR RCE T . A I R
XIS, BRFERELL>99% ee fELAFEA M T
WEMEIRR =40 32( 1) 23). HLELSCGHF 7T 2 HIWE et 1 i
Wt ) oy, AR Y 33 MR

HE— D HR T EMEIR ) 32 1 ee {H.
2 2
R Cu(OTAL8 (10 mol%) RS R,
HN{\OH TsCl (2.0 equiv.) N)> OH N)i\o-rs
1 B R
R0 OH KZC:)Q, (3.0 equiv.) g O R O
31 BuOH, r.t. 32 33

22 examples
20% ~ 98%, 87% ~ >99% ee

Bl 23 A/ 1k UV ek e A A ) 57 2RI S A oL T PN AR £
A

Figure 23 Synthesis of optically active oxazolines with a quaternary
stereocenter catalyzed by Cu/chiral BOX ligand

£ FIR TAERIFEAE F, Onomura Z8133F 2020 Rk iE
TR = EEAG AV OE B L. TR R N, i
WA 34 AR AL TS kAR A AL S N,
133 (afA 35, Bz AR R A ST N IR B, 15
AT FPEVERE IR — L SV 36, ZAEWIE N TR
1 RERTAA, TEFPEAR AL T S50 B 2R Sk A 2 %)
FRACRBE,  froit B £t A3 2 FPERERRIR =) 37, ee
HE = >99% (& 24). VR @ WU SLIG R 1k 1)
37 TER iR o n] LG B)) ) 53 5315 30 XURE e Ak, R
¥y 38, iiﬁfiu%%ﬁﬂﬁﬁﬁjﬂﬁﬁﬁ WiRE T

OH
Cu(OTf),/L8 (10 mol%)
OH  TsCl (3.0 equiv.) {OTS
'1 OH Na,CO3 (4.0 equiv.)
R X0 CH3CN, r.t.
34
10 examples
75% ~ 92%, 68% ~ >99% ee
Via OH OH
H X R K TOH
C mOTs |
R/goi R)\O
35 36

B 24 A/ LR PR I A P fde B = 5 10 o e R 2 2 AR A
Figure 24 Enantioselective desymmetrization of aminotriols catalyzed
by Cu/chiral BOX ligand
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WK AR
33 RN
2019 4, Onomura ZEBYHE T DL N-JRAT ZBETE A

(NBS)EEALF, =50 H R4 AT M OUE L IR e A4 L8
JIPEAL TSI 2-fice-1,3- A& 39 20 R ALK
(] 25). ZMEGR R AT DA 2 be ks, “REE, OF
FERN 255 FE S AR Y 2-fidk-1,3- %, & LNk
SR R G R HAS B T AR - BRI 22 Z R AT A
) 40.

R _OH

gy (0" R o™y "
o oH MeOH (3.0 equiv.) 0
CHCly, rt. o

39 40
12 examples
NBS = N-Bromosuccinimide 60% ~ 84%, 78% ~ 90% ee

B 25 /TR UEE MR A AL Y 2 -1,3- TR UL E 0 FRAL
SR

Figure 25 Oxidative desymmetrization of 2-amino-1,3-diols catalyzed
by Cu/BOX ligand

2022 4F, Onomura Z5B54k S & AL g 7 X5 b
FERRA R, AEE DL iR i K (DBDMH)AE R 48 A6 571,
A5 FF 37 T 1 OURE R R A L1 7/48 A AL &R, Rl sk
BT 2-BUR-1,2,3- =4 &4 19 BIRTmek Bt Atk &
IRRAK, CLER T 98%I1) ee {Hf 445 3] T AH N H IV ER R
KIfTAEY) 41( 26).

Cu(OTf) (10 mol%) o

L17 (12 mol%) om
Ho><:OH DBDMH (2.0 equiv.) Ho,,/,zt e
R OH MeOH (4.0 equiv.) R OH
19 CH,Cl,, 10 °C "
19 examples

37% ~ 79%, 56% ~ 98% ee

Ph Ph

L17

DBDMH = 1,3-dibromo-5,5-dimethylhydantoin

B 26 /T UEXUEMEMRECAGEAL T 2-BUFR-1,2,3- =8 1 E X FREAL

SR
Figure 26 Oxidative desymmetrization of 2-substituted 1,2,3-triols
catalyzed by Cu/chiral BOX ligand

34 BERIN

2015 4F, ZAEUR MBI T 2 FRib sem, $RiE 7
i/ FE H;zﬁm L18 AL WO R 75 2 C—O 1
RN, AT AR IR A A IR RS
43 E’J/:.\EJZTEL\T%ﬁﬁ/%. ZR PGS FVE Tz, AMUE
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EZTN

MR 1,3-Z0, WA 1,5-Z=0, FIN§e
% e R Bt 28 P b A R T 12 0 A B i T
b A 43( 27). (ER—1RMISE, fELZ Rt TRk
T I AL AL 7 P N R O-05 FE AL R ]
SN B2 R e AT S . 1R AR AL Ak R B
SRS IR A R 2 Ab B R TE TR AR R A N
ATt PR LR, T HLAE R Ak A P B A b
AR ek p-EIEBR IR, ST UL TR, 2 a4k
S RIZMEAR RSV, JFT 2017 SFIRIET &
FRFE AR R . AR IR AT 1,4-28 3 sk
LB TAERT,

Cul (10 mol%) R

REARYROH 18 (15 moi%) AN Pon
= OH Cs,CO3 (2.0 equiv.) N o'n

X ( n acetone, r.t. or 50 °C
X=1,Br 43
n=1,2 21 examples
R'=H, alkyl Q O 75% ~ 95%
2 81% ~ 94% ee
NH HN

L18
B 27 /T RECAR AL I T R T C—O R RN

Figure 27 Intramolecular desymmetric aryl C—O coupling catalyzed
by Cu/chiral diamine ligand

3.5 HEEFHOLRIFMZERNENTRR M

I e 2 o R A S s ANAN T DA S ik JiE 1
OFHE, B DM AR T O FHEMAE Y. 2020 4,
A ) SC AR 2 38 R 0 e A R R R R A A B T PO 2R
FESLAR OB WAL A Y 45, AATT AAR/F P g e g
MEIBRECAAC L19 AR, BT AT 2-k-1,3-0
A AW 44 1 2 PRI IR AL S R (] 28). 42 il Sl 56 % B
XL B A Y RN S T, TERA AL AR
A FRIAT R A N, R SFECT =10 ee EAE
AR, ZRNAA T AR .

0
CuBr,/L19 (10 mol%) R
RLSi/_OH RCOCI (1.5 equiv.) R1\S_/—O
- _ j*
RZ DIPEA (1.1 equiv.) 27\
s O CHCly 78°C R OH
45
N 14 examples
| 26% ~ 83%
0 O 0% ~ 78% ee
|
N N—/
Ph L19 Ph

DIPEA = diisopropylethylamine

B 28 /T b A R A e AL B B T2 2--1,3- 0 R G
IR 2R FRIERE AL SR

Figure 28 Desymmetric acylation of prochiral 2-sila-1,3-propanediols
catalyzed by Cu/chiral pybox ligand

2022 &, 7 IR B PR IE T AR/ F P B AR
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RIS X BRIEFEIE & K T FUERERL &) 47(18
29). FEZRNHAA Ha AE N — R, ST 25k
. AR NIRRT FEE B B SR o- B 5 0 iR AR
PRI IX I3 Fek e — I r P T ) DR

Cu(MeCN)4PFg (5 mol%)

L20 (6 mol%) R
R1__OH H,SIR; (1.0 equiv.) S
Sk Rz} OSHR,
R OH BuOLi (20 mol%) OH
46 toluene, -35 °C a7

26 examples
52% ~ 83%, 63% ~ 96% ee

| N | ~ -

Sy cu* Siving_c44F
RZ 1\ (|) CT —> g2\ "0—Cu
OH ) OH! |
Ph,HSI—H

Bl29 /T R A AL I T TR R B I L AR
Figure 29 Desymmetrization of prochiral silanediols catalyzed by
Cu/chiral diphosphine ligand

4 SEELZEER B HEXBRIEFE TR R
I~

B T R B A e AT EE S X Rk AL
SN RGBS, 2020 10 TR AR A HOMRTE 1 iE
EEH 2 L3 ST B R AL A AN KRR 2556 B/ Ak 1) OB
TE— 1 0 3 P Bl 15 Bl I 4 A0 T 0 P B0 35 R B P 7 e
HIEHE 1,3- 1% 48 5K, Togni 17750 fl b Fem 1k
FUNTRBEES B R AT, a0 e B 1 A o ek
YRR T &8 2 A FHE O D S 22 & 9.
MMEEE 1,3- 0 R2 UL VAR, LA Togni 714 H H
LRI, Cu0 FIFMERERR CPA 1 K AET- LR IE ML Ak L21
PR RBESS m LR B &2 & H — DR TF
PG, — N RO I DU S PRI AL B Y 49(5 =
>20:1dr,92% ee). MMtk 1,3- % R2 HURIEA REA
i, VR & HIE T CuBr FIFMEWBEER CPA 2 JfiEfk
7, FUGT SR EN E B R AT, R AR DL R e
R PE AR HCL, SEBLT S AT ZR 0 DA
WRIAL A 50 MmO (= >20 1 1 dor, 96% ee).
T B A 2 LA vy A o e 3 438 A RSt Pl e 98 1k SEZ B T P
WE 1,3-ZEEM SRR, M T FHSAMEEY S1(E
30). i Ja /% R R B (DFT) 1 ST 50 3R 1A,
FIERERE 7 B T 543 1,3- R AN R B T R
KL AETF A S TR LSS K nen
A EAE FAE =P ST R B 4t PR 3 7 B e
ITEH.

2023 4, X0 G ERAEAIILE B IS 5 2R
S RIS T 3 — 0 (it e, AR 35 A8 O JE R &
VE RIS B R ATA, 75— U8 AAS [F] = PERC AR 1 i
O, SEELT PR R P 9 i A B R
S R TE AN S B2 (1 31). 1% 5 S AE S e o e s e
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L21 (40 mol%)

AcOPr,

r.t.
21

MRRE
~—OH
\,,. [ \
R1 (@)
49

examples, 65% ~ 84%

13:1 ~>20:1 d.r., 84% ~ 92% ee

CuBr (10 mol%)
CPA 2 (15 mol%)

RfSO,CI (1.2 equiv.)

RZ

AYa s

Ag,CO3 (0.6 equiv.)

CH2C|2, r.t.

CPA 2 (15 mol%)

PPh; (20

Togni's reagent | (1.5 equiv.) EtO,C

mol%)

R1 O
50
18 examples, 46% ~ 96%
CuTc (10 mol%) 6:1 ~ >20:1 d.r., 79% ~ 96% ee

HQ

F3C

cCly,

rt.

51

2 examples, 71% ~ 80%

51~91d.r,90% ~ 96% ee

CPA 1

R = 2,4,6-triisopropylphenyl

CPA 2

Togni's reagent |

B 30 S/ TIERERR AL M AT T A 13- T EE I E X AR
Figure 30 Desymmetrization of prochiral olefinic 1,3-diols catalyzed by Cu/chiral phosphoric acid

Cu(l) (10 mol%)
L22 ~ L25 (10 ~ 15 mol%)
ArSO,CI (1.2 equiv.)

REP(\(:OH
n
R % _on

52

54% ~ 80%
91% ~ 99% ee

0, ,0

\\/,

JAr

1 D
F;)xg,: CCu(inLr
R 0

Ag,CO3 (0.6 equiv.) R
/ w/ or w/o proton sponge (20 mol%) / 53
CHC|3 or CH2C|2 ,
0°Corrt. >50 examples
42% ~ 98%, 79% ~ 98% ee
OPiv
OPlv
R1//<:OSOgAr R1I/<:OSOZAr > 0OSO,Ph
HO™ \_oH CozHN" \_oh 0S0,Ph
OPiv
53a, 9 examples 53b, 11 examples OPiv
47% ~ 86% 53c 53d
86% ~ 95% ee 75%, 97% ee 85%, 93% ee
Z
! PPh,
NH PPh,
|
- | 0=$5-R PPh,
L22: R = 2,3,4,5,6-MesPh
L23: R = 8-quinolinyl L24 L25

Ph
o) (¢}
o]
OTBS
OH
0OSO,Ph
53e
78%, 91% ee

BI31 A/ IO A ) B A 150 R 0 R 9 M 2 S AR I 2 £ S oL
Figure 31 Desymmetric sulfonylation of alcohols catalyzed by Cu/chiral ligands
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5 REERE
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&Fkh, BFHAERFELREILRFRAERTL
BFR A, 2015 SR AR e T 20 k%R, P 245 2018
FR RN TFHFHAHEKRE L RELERFEHASZR), &K
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51 examples
20% ~ 89%, 79% ~ 98% ee
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/
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Pr

B 32 /TR e T s A FA) — A5 D B R I R P 2 X PRI A 2

Figure 32 Enantioselective desymmetric acylation of diols catalyzed by Cu/chiral sulfonamide ligands
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