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Recent Advances in the Enantioselective Copper(l)-Catalyzed
Azide-Alkyne Cycloaddition Reaction

Wang, Cai’ Zhou, Feng™* Zhou, Jian***
(“ Shanghai Key Laboratory of Green Chemistry and Chemical Processes, School of Chemistry and
Molecular Engineering, East China Normal University, Shanghai 200062)
(® State Key Laboratory of Organometallic Chemistry, Shanghai Institute of Organic Chemistry,
Chinese Academy of Sciences, Shanghai 200032)

Abstract As one of the most important click reactions, the copper-catalyzed azide-alkyne cycloaddition (CuAAC) has found
widespread applications. Nevertheless, the exploitation of enantioselective CuAAC remains largely undeveloped. Although the
reaction itself does not generate chiral elements, the enantioselective CuAAC can be realized via the desymmetrization of
prochiral dialkynes or diazides, as well as the kinetic resolution of racemic azides or terminal alkynes. Notably,
enantioselective CuAAC provides efficient access to structurally diverse enantioenriched compounds featuring an azide,
terminal alkyne or 1,4-disubstituted 1,2,3-triazoles, which are valuable structural units in organic synthesis or medicinal
chemistry. Since the first highly enantioselective CuAAC reaction via desymmetrization of prochiral diynes was reported in
2013, substantial progress has been made in this research area. To date, enantioselective CuAAC has been successfully applied
to the construction of central chirality, axial chirality and planar chirality. The recent exciting achievements are summarized,
the challenges in this context are briefly discussed, and the synthetic opportunities for future development are outlined.
Keywords copper-catalyzed azide-alkyne cycloaddition (CuAAC) reaction; desymmetrization; (dynamic) kinetic resolution
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Scheme 5 Desymmetric CuUAAC of oxindole-based dialkynes
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Scheme 9 Desymmetric CuUAAC of phosphole-based dialkynes
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CuAAC AR 1 1 B 5 A ) (Scheme 12).
LS IHAR G KL PyBOX Bk 63 FI(CuOTH),*CeH
AR LS ST, RGO HE 62 5Kk
ZR 12a FIRMNAF, PAEmEIE 76%072 2R F 99%MH] ee
AR T & =B MM TR S B EY) 64.
SN PR BRL = M  L B R AN AR, B R 3.8/1.
R RIS RS E I EH 1 equiv. i NE] 2 equiv.
B, P00 ee (M 80% EF+2 97%, T EE X EL I H 6/1
TNFER] 1/2.8. HEik, VEE ERORIAEARRIFR 20 FRAL 1
CuAAC JBiH, Xof Bge 58P 1 4 ) Tl i A2 23 R Ak A
B J1 254 U R A i fro 425 SR 7,

2.4 EXI#R{k CuAAC MM F

AXFR CuAAC SISt 7T LA T4 7 S 1o 5 1 28,
2019 4, Stephenson 25X HRAE T — KR ATAE IXURAL &
Y 69 S5 FEZE 12a MEXFR CuAAC J ¥ (Scheme
13). fAITRBIAEL Scheme 13 FTaR IR, Py-
BOX 70. BOX 66 Fl[HFPEXUBEEC /A 73 ) REH EUAF
SRR, A OUBRRC AR 73 BTSRRI 4t
FITESRAE S oAb, SRR IR A Hh 3 B 06 s v
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FEPE AL AR BRI R M, KR AL O e
B, HARP IR R ee (I RIREE T FE. 1K
BLZ I B 5 MR E) F7 2237 70 D R BEAT (AL AR, R
EAZINL T R — N R BE RS LTS SR IE#EE, H
FEBE LF- 515 (1 o0 =R R - A K, (HRE R
ARANKITR CUAAC [N A] ARk sl U B B A
PP SRR IR T —MoB E.

3 FAHFIFS CuAAC KK

BT HMH e B B ERBR I (Bh74%) 3l 71 547 43 & L3
AXIFRIE CuAAC ) o — B B RAR, X ITE
B Hop RO BB ) 3h ) 2R 2 RE I — 2 R[]
BAS 2P AT S & TP =2 DL R & FPE
Pz (ELER), BARBEREMM RS JE 50%, H
X T 2R A TG E T Bh; MiEhA3h )15
Iy SIMEERS L 100% R FE 18 77 R A5 2 & T 1) = 2 e
&Y.

B% T Fokin Z ™) FLHATR R A1, Fossey Z5PU1E 2015
SEFIF A G/ INELBIT R R IR OB 26 A, 23R T XA e 3-
FN A5 74 1)3) /1774757 (Scheme 14a), {HI245
RIAERE, BRI 50%H0T, JERL 75 GELL 81% ee
B ML RAEA N %Iy, 724 76 A HEELS 80%
i) ee 8. BEJm, fbAI118 F BINOL fi74E (B ER S 80 15 N
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R1 R1 R1
O 63 (20 mol%) O O .
= N CuOTf),+CgHg (10 mol% N N °N
=z N L ogen, ( )2*CeHe ( 0)= v N N \ ( !
OO CH,CICH,CI, -15°C, 3 h r;l e }N O “Bn
64/65 = 1.4/1 ~ 3.8/1 Bn Bn
R2 12a 12 examples, 54% ~ 76% R2 R2
62 (1.0 equiv.) (1.5 equiv.) 78% ~ 99% ee 64 65

] N

\ OW)Q(O bt
I \ O 2 PPh
},N N—/ S,N N\,) ( O O‘ 2

OTBS 63 TBSO 66 67 68

67%, 79% ee 34%, 10% ee 62%, 3% ee 20%, 14% ee

B 12 BT HO7 R £ FRE CuAAC S
Scheme 12 Desymmetric CuAAC of biaryls-derived dialkynes

N
o
=
o
0o

O

Bn
4
It i
Il N/
R
| < BN 70 (20 mol%), CuCl (10 mol%) R R
+ NNz > ] + |
Fe ™S CH,Cly, 25°C, 24 h Fe N/ N-Bn Fe N/ N-Bn
< 71/72 = 1/2.4 ~ 6/1 | N=N I N=N
= =
, 12a 10 examples, 19% ~ 60%
69 (1.0 equiv.) (1.5 equiv.) 24% ~ 97% ee (Rp)-T1 72
Substrate screen (with 70 as ligand)
R CH,OH CH,OMe CH,0OBn CO,Me CO,Bn
71:72:69 42:49:-- 47:49:-- 51:32:8 51:30:17 34:47:1
ee of 71 97% 52% 42% 31% 38%
Ligand screen (R = CH,OH)
(R,R)-Ph-PyBOX (Rp)-Xyl-PHANEPHOS

A Me_ Me

o | o OMO
&’ N ‘Q S/N NJ
N N 4 Q
§ Ph Ph 1_
h 70 Ph 66 . R =
R%P 73

42% yield, 97% ee 11% yield, > 99.5% ee 32% yield, 97% ee
71/72 = 42/49 71/72 = 11/67 71/72 = 32/49

AR 13 T R SR CuAAC SR
Scheme 13 Desymmetric CuAAC of bisalkynylferrocenes
FYEE, B9 T FHIRWIE SR8, ERIE 2019 4 Topczewski ZPME I 1.25 mol%[f) PyBOX
PV im0 4.1 (Scheme 14b)2L Al 138 243 88/Cu() 45 WAL, TEAMETR _HBH 86 5 K
TAMHEBEHE 74 FOHME IES 1 FAXTFR CuAAC KB HE 87 BIAXIFR CuAAC i, BELARIA 97%H /=2
ML TN 36%IT, BELL 84 116 I dr 15 % 90%[H) ee F1 94% ee (152 & FPEM =% 14 89 (Scheme 15). Bf
EHAERHIMLEY) 85, TonpeiEI XK CuUAAC B IR 25 74 1) 7118 Tie B BAG A WD I IO 45 RAR T HEFRIR
R AT 0 (Scheme 14¢)?). [, SR U ERH) ee {EATIANBEAR.
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Fir5iHRE
| X
a
(a) o 7 o
| \
\ N N \Z —
Me PA 13(15mol%) Ph - Me
CuCl (12.5 mol%) o *
O + BnN3 > N
E‘n 2,5-hexanediones, 0 °C, 96 h Bn Bn
_ . §=22.1405 7S 76

74 (1.0 equiv.)  12a (0.6 equiv.) 50% conv., 81% ee 8% conv., 80% ee

9]
L 78 79 80

NH, N=N
Ph/'\\ ph. A NTBN Ph P
O N \=/ BnNj3 (0.5 equiv.)
83, 23% ee HCI (2 mol/L) N

CuCl (10 mol%)

+ < '-N A -
NH, hydrolysis f O:B/ + f O: B/ KR, s=4.1
s 0 )

F)h/\(\N‘Bn

N=y 82 81
84, 39% ee
9 )
Me N 13 (15 mol%) Me, \:'.“
/1\3 CuCl (12.5 mol%) NY Ph
O + Ph Me > O e
g 2,5-hexanediones, 0 °C, 96 h 'é‘n
n 36% conv., dr = 84:16, 90% ee
74 (1.0 equiv.) 1 (1.0 equiv.) 85

B 14 SN A ANISEBUR I3 112245 7> CuAAC M

Scheme 14 CuAAC based on kinetic resolutions of oxindole-based racemic alkynes

R1 N3 2z \
X P Ar 88 (5.0 mol%) Ar | Ay
| Ay + R// (CuOTf)*PhMe (1.25 mol%) - 89
86 (2.5 equi 87 (1.0 equi PhCF3,-15°C, 72 h 30 examples
(25 equiv.) (1.0 equiv.) (Ar = 4-FCgH,) 37% ~ 97% yield, 58% ~ 94% ee
Selected examples (R = 4-MeCgH,) Gram-scale reaction
R
R R R
N N N ]/ N N \
N N ’ N3
9a 89b 89c 89d R)-86a
90%, 80% ee  96%,62% ee  97%,88%ee 7%, 58% ee 92%, 78% e 89%, 52% ee

B 15 Shiiie — 2 a& R NsI /1577 CuAAC ¥

Scheme 15 CuAAC based on kinetic resolutions of racemic secondary azides
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REVIEW

filhn, 1E# 2R T S R B, BELL 92%[1
FH T8%IH) ee fHMN#H 1.2 g TR =Z ML 89a, [FIHf
L 52% ee fE IR T B %0 86a. 75 B4 2 1% VR
SEARIEPEHEAN A AR K IFETH 23 8], TEATRIER 30 Ml
T, AUE B e B T 90%.

1E 2T B U 1 22 6 B Ak CUAAC J S BL il |-,
JA SN IE— 25 R R TR AN i 2B R SR K Bl
75> CuAAC o7, it fa] H i el AR e e 35 C-4 175K
AIBHE) PyBOX AYECAR IS, THECHR 54 8L 92 5
CuBr HIZ&-EMEALT, W] DA 2 A fb 17 e 5 2 bk
FBEE 90 5B% 12 11 CuAAC NP DL R IF R F5
(1 %oF e 32k % 4 0 A 45 B HL A B T P 1 B 2 bR 3 B AR
(5)-91 A =% M %(R)-93 (Scheme 16). FifG-F-EZhk
F M4 91b 48 Sonogashira 5 HSiCly 14 &, B w43 3
FHELREF BT YRR 94b, HAE N0 77 T IR
ML ARER 95 RUBCISERER 96 HIARKIARIF IR N, FF
HWA5 HR 5 1) 7 S R LI R

F LB A B 1R AR CuAAC [ BB
B A A1 e e A 430 B DR B — R B B T A =
WAL A, PRI IR 100%. K A3E i 5 348 4k
TH R R A W T Ak, HLRREE 5 3l ) F R A R A 4
G, e EMBNES) IF PRI 8. 2019 4F, Topezewski
A DOME S — ARSI T S, AT 0 T 3 B
3,3-Winstein EHEE IRSEIL T 3075 8) 715355 1) CuAAC
J% Ri(Scheme 17). FIFH PyBOX 100/Cu(l)4 &AL,
T O T IR SR P AT B UV A AN Bl ) SR R
MR ZE, 2B LU 99% 177 FE I 999% o] il 126 4
PEAS B A FEBUR 0 T =2 &9 101, BRI,
PyBOX it {4 A % . Ath 8 7Y ) UG AR BB I A%, A SEE IR
SRS AT AR B A T, AR P ARG 1.25
mol%. KRRV E R Lr, BA Rt /St oo
SRR B FEITFEIRE A, W 101a~101e, LA E
A ZAL 0 FEEM IR, W 101f, 3 EA RIFHE
&M, R R T T S FANMA.

(I)I 54 (18 mol%) 0 92 (18 mol%) O
Il Il
P, CuBr (15 mol%) P CuBr (15 mol%) P_ N
=y - -~ > - <
ROV ; _ R \1\ - _ RTEY N
R R“—=N3 (12, 0.52 equiv.) R R“—N3 (12, 0.48 equiv.) R? N\
(S)91 11 examples (+)-90 12 examples (R}93 R?

42% ~ 48% recovery, 85% ~ 99% ee

A
AT Ar=afFceH,

54:R®= Ph
92: R® = 1-naphthyl

Synthetic application

Phl, Pd(PPhs),, Cul

91a, 42%, 96% ee

L ol
PN PN
Rt zm
Ph =N_ Ph =N_
R R

93a, 94%, 90% ee

82% ~ 94%, 80% ~ 93% ee

91b, 45%, 97% ee

93b, 86%, 90% ee

O wy N Ph

PPhs, HSICl,

9

P.,
L'y
Ph

91b (96% ee)

EtzN, DMF, 50 °C

CO,Et

94b (20 mol%)

\J

P,
A
Ph

94b, 68%, 94% ee

ok Mcoz

toluene, r.t.

Ph/vj\ Ph

95

|

96

toluene, 5 A MS, -20 °C

COPh
97, 63%, 68% ee

B 16 FhHTE T HRIE BRI B) 1548 7> CuAAC [

Scheme 16 CuAAC based on kinetic resolutions of racemic ethynylphosphine oxides
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BIHE
[3.3] 2
N3 4, - = oN R
3/, N —_— = N3 + //
R R R R 99
98 (1.0 equiv.) (1.2 equiv.)

100 (5.0 mol%) _N

R1 N=
(CuOTf),*PhMe (1.25 mol%) . %\‘“\\,\] \)\Rz

DME, 20 ~ 48 h, 40°C

33 examples R R

71% ~99% , 70% ~ 99% ee 101

Ligand screen [98a: R = (CH,);, R' = 4-MeOCgH,4, 99a: R? = CO,'Bu]

| A Me_ Me
0 ~_0O 07)%0
7~ N \J I \J
N N / N N 4
Ar 100 fA\I‘ Bn 102 Bn
Ar = 4-C|C6H4
98%, 99% ee

Selected examples

PMP N=N

WN/—cos8u 0" 101a
: 90%, 70% ee
n

n =0, 101a, 79%, 88% ee
n=1,101b, 95%, 98% ee

n=2,101c, 99%, 80% ee 101e

92%, 72% ee

Ph  N=N
%\‘\\\\ '\Il \/)\COZtBU

l PPh,

67
98%, 4% ee

2z

Bu

¢}
SR &
z (¢}
N \J 0
N
103 E <O

65%, 4% ee

101f
99%, 80% ee

B 17 BT s 9770 1) CuAAC R

Scheme 17 CuAAC reaction by dynamic kinetic resolution

4 GRSRE

2z EPTIR, i3 JUE, ARFR CuAAC B HIHFFT
WA TR EHD, BT LA EN(Eh )3 175
Fhokmg, CRIhREE T — RIS CuAAC B,
& =%, el & & i) oo FrE. T
BT T VAL A Y o O R A, A R e T
CuAAC W [1)87 FH i .

RN, ZAR AT R TAE R BRI R B2
). %, BUA 5 E RS & AN &, BE AT
FRIEALIT CuAAC J SR Ji R 2 FE P R e Bk il % 2
SR PRI = E MR F A H AR ISR 1E
7w, HIR, EREZSFRA A ST FR CuAAC [N, T
A 7 B A pa Xof e i 438 A 11 [0 B 400 1) ok R e I A i Al
PR = AR T A — AN R, Bk, anfa] R P AS 5 B
CuAAC JR PRSNGSR, A T T4
BIBCAED DI REMEL, MR TT R, ARRIX L ), AT
SERKE, KRBT RIEEA TR R R T
FEAGTR. DRI, 383 T v o AR L A A 7R 9 i B[
R, RGN G PR 290 R Ak f
TEN FHANME, ToRE2 X — SR R M. FATHEA
XIFRMEALI CuAAC [ BB BE K IR &, TR
HH R R B R FE R S
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