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“Click it or ticket.”

B Sd4Z (Click chemistry) : Xk “gEths .

By e & LRt SRET NSRS, SRR E S TS
SharplessBERIBB T L EHXS . EAERBTERUR-RRETR (C-X-C) SRR

BUEFEFTE, FHEUXLERNREESIIRED FEHFIE.
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2.1.1 copper(l)-catalyzed azide—-alkyne cycloaddition (CUAAC)

Huisgen. Angew Chem Int Ed Engl. 1963, 2, 565-598.

Huisgen’s 1,3-dipolar cycloaddition
3 . .
et i . N=N « RNRES;
“siow 4 -4 iR,
high temperature

Z\Z N

1,4-isomer 1 B-i
CuAAC reaction ,5-isomer

- S
C 1 e
P\ Lo PIY
Fast <
low temperatuee
1,4-isomer only

Drug Discovery Today

> BB E—HERL, 4-BUREI=F MG,
> RRMIRZERKIEH;
> CUAACR M= BRIERAmRAI ZHN Rt ERN.

@ Tian Group Peng Zhan, et al. Drug Discov Today. 2016;21(1):118-132.
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2.1.1 copper(l)-catalyzed azide—-alkyne cycloaddition (CUAAC)
ME: RNBERPEFEERITCUETFMRESFEERANATEEBEI

n=N

‘N-R2 .
R‘J%\/ i e [Cul?

> SEHESR()REAL AT U 3 — L S A M B S R — 1 4521
> O ALISSREFWERER, FENENEREBMOEEERE,
@) Tian Group B BL T SR F Ak 2R

¢
V V Fokin, et al. Science. 2013;340(6131):457-460. ‘)
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2.1.1 copper(l)-catalyzed azide—alkyne cycloaddition (CUAAC)
> Beic4iBIRICUAACKR K (FKiAMEEC )
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IR fe RIIR R ;
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@ Tian Group - BEHTHEREFIC.

Jason W Chin, et al. Chem Rev. 2014;114(9):4764-4806.
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2.1.1 copper(l)-catalyzed azide—alkyne cycloaddition (CUAAC)
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N
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Outside
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PRIME ligase Cu(l)
'”5“""9 cell (WsTVLplA) + ATP BTTAA or THPTA

- BEEMES ERNREFESHET, RARNMSHNAEIAETRE;
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-+ BEBSKRMEIESTERAERKAR, #—DEARNIE;

« ERTEABRANEYIK T FIRIC.

@ Tian Group Alice Y Ting, et al. Angew Chem Int Ed Engl. 2012;51(24):5852-5856. 11
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2.1.2 Strain-promoted Azide — Alkyne cycloaddition (SPAAC)
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Jason W Chin, et al. Chem Rev. 2014;114(9):4764-4806.
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'. 2.2 Sulfur(V1) Fluoride Exchange (SUFEX) I, Y o 45k 4 5

( )
SDEFE [ba“ﬂﬂn}
Ar-OH » Ar-OSO,F
0.5-1M Dbase, solvent, RT, 2-6 h
G J
4 )
0
RLNH SO,F, (9) _ R~N:\S’,~F
R?  DMAP (0.5-1.5 equiv) a2
EtzN (2 equiv)
L CH,Cl, RT,6-18h stable
"G N
SO.F; (9)
Arl-O-SiR, » Arl-OSO,F
DBU (10 mol%)
CH3CN, RT
\ y

vatio
Shar

B (Sharpless & Jiajia Dong, 2014)

-

.

. N/j R_. RS ap
Ar-0-SiRg N A-Q—Si { o

+ o P 0=8:0
Ar2-0SO0,F Ar2-0-S—F 0
N-Me 00 Ar2
5eng-1-BU
Vg
MeNEt2
(cat.)

SiR3 = SiMe; (< 4 h, RT); SiR3 = SiMe,tBu (4-18 h, RT to 80°C)

solvent: polar aprotic (CH;CN, DMF, NMP)
catalyst: DBU (10-30 mol%), BEMP (2-10 mol%)

J/

> TR BYAr-0-SO,- 15 B A RIFHY
REM, XK MZIKT
i G N

6
K. Barry Sharpless, et al. Angew Chem Int Ed Engl. 2014;53(36):9430-9448. l 3



'. 2.2 Sulfur(VI) Fluoride Exchange (SUFEX) TRY e i se

O SUFEXR M ZEM BRI FEMEAR A (Valery V Fokin & Jiajia Dong, 2014)

vV SINEELY: BmEE. s/CmERh
v O. NFEZINF: KEp. ﬂgfﬂﬁiﬁk

12-10 13C-1

BEMP
(cat.) lRef. 7

n

bisphenol A polysulfate
0.5 mol, 144 g, >99% yield
MW =120 - 160 kDa

> W (FERMERE) N (FERERER) ShED FESMEBRREREY,
> ZRMNSIFEEREERE, FERTHEE(EERMSTHK.

@ Tian Group Valery V Fokin, et al. Angew Chem Int Ed Engl. 2014;53(36):9466-9470. 14
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8% 2.2 sulfur(v1) Fluoride Exchange (SUFEx)

& N  EETEERS

O —ffa E R mEEEERMEL, 1A “F-SO,* 4k (Sharpless & Jiajia Dong, 2017)

Previous work:

ﬂ'. AI'_O_302F ¢

R-NH
——2 R-NH-SO.F %

- Excellent performance
with phenols

* Hard to operate in lab

+ No sulfamoyl fluoride
formed with primary amines

R'R2NH R
> éN—SOzF & * Sluggish reactivity
R towards secondary amines
This work:
J\ 3 Ar-OH _ Ar—0-50,F
. N“'NH |10 +A =
\—/ @l GFl_RNHy o oo > EEENEETEEH
SO,F; ~N7 N g 2F S = RE e
i). meots | N_N O o R RGEMERIBEIRTT.
1R2
N R RN . "'N-SOF ¢
R2
Gas » Solid——— Fluorosulfonation
- Easy to scale up * Shelf-stable

* Surrogates to SO2F;
for the reaction with phenols

. Overwheming performance with
primary and secondary amines

b
Jiajia Dong, et al. Angew Chem Int Ed Engl. 2018;57(10):2605-2610. l 9
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Innc
\ar

O SOF, T+ SMSUFEXR B (Sharpless, 2017)

SO,F,:SOF, F~S

\

o

EtsN (3 mol equiv)

1-26 CH3CN, r.t. <hd

90%, 2.48 g
light yellow solid
mp: 50 °C
@) N. F

HO NHy  same conditions o=‘é"o ‘,,S~F
& 2L

1_27 2'27
93%, 2.54 g
yellow liquid

> SOF MEEEERENRMEEETAE, NSRS —MRziRI7 iR,
> SESOFSIEFEENEEERENE, AL ESYIRIE(ZIT.
@ Tian Group K. Barry Sharpless, et al. Angew Chem Int Ed Engl. 2017;56(11):2903-2908. 16
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O Modular SuFExable hubs for click chemistry.

O, F Q, F 1 F
Sa S 0=S.
R0 F o Er
1 2 3
Sulfonyl Fluorides Sulfuryl Fluoride  Thionyl Tetrafluoride
(RSO,F) (SOzF») (SOF,)
Q
O W F
) ,F S'
N W\
\/S\\O \/ ®)
Br
4 5
Ethenesulfonyl Fluoride 1-Bromoethene-1-sulfonyl Fluoride
(ESF) (BESF)

SENNEH (RE. aF) &z, TUSMIhEes

S5CuAACHELY,, SUFEXERESEBRM TR, ?‘E%%ueﬂ%?ﬁfﬂﬂEPEE%%JEEE’\J%%S&;
S5CuAAC FERAY 1,4-=FMNEEAELL, BT SUFEX EZEENEREEEINSEW,
FEZYIARIL. EMESLNRR SRR ZE S BN BRI 2.

@ Tian Group J E Moses, et al. Chem Soc Rev. 2019;48(17):4731-4758. l 7

YV V V V



'. 2.2 Sulfur(VI1) Fluoride Exchange (SUFEX) TRY e i o s i

THERARERENE %Wi HY 52
O (VD) ﬁﬂ:%fiiﬁﬂﬁ,m HERAREHERESIM A FRIM AT
_______________________________________________________________ N
OH SuFEx LN
—> R¢ J d0©
Phenols or phenol's Arylfluorosulfates
precurors
O. //
O\\S,o OH o " “F
F \b \(:E/\/\/ /\\/ = ™ //
(0) F // ~0
OH
Compd 1 Compd 2 Compd 3
MIC: 3 uM(0.9pg/mL) MIC: 3 uM(1.2pg/mL) MIC: 3 pM(1.1pg/mL)
Against MRSA Against MRSA Against MRSA
\_ J

> BA5RERAE, SS(VI)-F-B e S RERESEAEIENE, AheFE s == KRt EE A E
MR, FEARIMIAARZER R RIFRIMEEIE;

> S(VD-FEH, HhIRASERNEREE, A{FASIIREED W T EHAD FHTHIBSUEAIEYDE M.

@ Tian Group K. Barry Sharpless, et al. Proc Natl Acad Sci U S A. 2021;118(28):e2103513118. l 8
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3.3.11,23-=RMMEAYTE B BE BBV E B FFHEHE
3.3.21.2,3-=RAMME R Z N ERE R T
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3.3.41.2,3-=RMME R 7T FBEREEH

~

335 TRt FHAESUFRTEEME S FRIAIN

336 RUmTHtERTEMEE S THAIN

)

Narayan Rishi, et al. Bioconjug Chem. 2021;32(8):1455-1471.
Peng Zhan, et al. Expert Opin Drug Discov. 2019;14(8):779-789.
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Active Molecules

> BERETUEFER, FHEENTTFSEFES, NMAFIEREAREH;
> B, %R ZNATHRAREMER T REM KA AR EEH .

1
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NP

Reactive group covalent
linking
|:'> ——
Probe added call lysis
to live cells
NP-inspired probe =

N$N\
R m/z
1 Y\N —R5 | @
/

CuAAC covalently
linked probe

R———H "3_" CuAAC

Fluorophore or

— affinity label
N;—R,; SDS-PAGE and in-
— gel fluorescence
+ anaIysus

N=N | |

Enrichment, peptidic
MS-based proteomics digest

S A Sieber, et al. Nat Prod Rep. 2016;33(5):681-708.
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mangiferin ;0" TO }b&

magnitic capture
S OH g P

S

HO___~. --,
Ciade
HO™ ™
/
OH H (0] N Ywhae HSPAS
Qo N S. /&
ERKs , JNlS )
mangiferin-modified MMs MAPK pathway

> HEREA, TRTLXEFERRIFEANESZYwhaeFIHSPAS;
> ELISA FRABE RE BT LA Hspad F1 Ywhae I il MAPK {5 S8 L I AIER .
@ Tian Group Gang Bai, et al. J Agric Food Chem, 2015;63(45):10013-10021. 24
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Copper catalyzed click reaction

ART-ABPPs < Alkyne modified
probes/controls protein(s) "
> ¢ 3 Culh) N -
M‘ NANEN T o .
s A 2 ™
Biotin azide Triazole conjugate Affinity purification
# L
5 @ On-beads ib.
fEeran trypsin digestion
In situ treatment of P ot
n situ treatment 0 -
protein(s) ~ LC-MSMS
s NN
P. falciparum, 3d7 | + " . Protein identification
parasite culture — I
gy \ N : Y e émw [Gene ID] ORF P1 CP1 DM! n P2 P2* B::::Ig emPAI
BHERRITFLR o o : - ’! S
Biotin DIBO Triazole conjugate | : “
Copper free click reaction i
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PERFPERRIC
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Stephen A Ward, et al. Proc Natl Acad Sci U S A. 2016;113(8):2080-2085.
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1 4-BREY-1, 2, 3-=@mm
> fEABME, seBS5ENFREHKEEIER;
> EARFER, BB ATHEMANE, HHFHEEMHENR;
> {ERERER], RWBERANEESFIUEET 5K

Cu(l) N=N
J—N-N:N + =3 > N \//‘ N
- ligand \)/

ZHEMREUFRM (CuAAC)

@ Tian Group Peng Zhan, et al. Expert Opin Drug Discov. 2019;14(8):779-789. 2



=

I3y L

KK

m3F123=

SR E

E 25 R BRI R

‘ st B ELY

| CERE R

|

b2t ) OESEY)

H Q ,o
) o
Cl
~_ CAl Tazobactum
Anti-Cancer agents Anti-bacterial agents
OH

H
N S
° j;N(/ SN
0 \ﬁ NH
0”7 “OH N

Cefatrizine (Antibiotic)

Anticancer activity

J\r J‘Cqus NW
N
S Y,

Hypocholesterolerric activity

NMDA receptor antagonist

fons
OQ

1-A09 (Anti-TB agents)
Clinical Evaluation

N
(CH,)sCOPh

Anti-HIV agent

« L
H NH
N Ic>
N~ 0 N
H

N
_N

Anticancer activity

27
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Figurel: Discovery of selective o(1) receptor ligand
using 1,2,3-triazole as a bioisosteric replacement of
parazole.

> a2 RIS AR E LA 2
BB,

Carmen Almansa, et al. J Med Chem. 2015;58(5):2441-2451.

@ Tian Group

E

R FFHEHE

O ATERRGHEYRFFHH

Figure2 : 1,4-Disubstituted 1,2,3-triazole as a good
bioequivalent surrogate for the amide bond.

LEtfELY

IRI @l ¥i h 2 Wi 5t B

H-bond acceptor H-bond acceptor

7 N
R™ N° R

H§?ﬂ H-bond donor
R-R' distance = 5.0 A
1,4-disubstituted 1,2,3-triazole

Drug Discovery Today

H
Y H-bond donor
R-R' distance =3.9 A
Z-amide bond

> =AW EEEEENEREEEEER
BETILAN EVIIMEISE .

Peng Zhan, et al. Drug Discov Today. 2016;21(1):118-132.

Peng Zhan, et al. Expert Opin Drug Discov. 2019;14(8):779-789.

28



BR c3 1 123 SEMERSEERANEMRTERE (R oviiin

O ATERREGRE YR FFHHE

Figure 3: Discovery of a new series of potent HIV-1 Vif antagonists, using 1,2,3-triazole as an amide bioisostere.

/
02N—©785 ;—NH o— —p om—@% ?
R A

RN-18 (3) 4
EC50 = 6 uM (H9 cells) EC50 = 1.2 uM (H9 cells)

J

/ 84-member library
o
OzN—@S — —
Ns N \Q

5 0
ECs = 0.01 uM (H9 cells)

> FIACWEMHN RTINS EICRIR D FIIEK, FREEEIGREX—XKD FIINLEYE,
MRS LY THIERINER,
@ Tian Group Tariqg M Rana, et al. J Med Chem. 2016;59(16):7677—7682. 29
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Figure 4: Click chemistry in lead optimization of boronic acids as B-lactamase inhibitors.

s

H N
S N CuAAC <Sj/\n/ Y\N’ 3
N ; N
m]/ r 3 + \\ reaction _ \ | o B. \Qg\
Bl R HO”~ "OH
U OH
(0}
Y,

Fabio Prati, et al. J Med Chem. 2015;58(14):5445-5458.

> SINREANEE T HAEm
At BiRETEKAE

> SEIRERSSHDHIFIRIZ REL,

Figure 5: Discovery of benzofuro[3,2-b]quinolone derivatives as c-myc G-quadruplex-specific stabilizers via click chemistry.

........................

........................

HN/\\\

:>

R
N—N
n
N~
Click
reaction NH
R_N3 \ 0

0

11-triazole benzofuroquinolines

~

J

Tian-Miao Ou, et al. J Med Chem. 2017;60(13):5407-5423.

> EUSEI—ENIWMSITEYD
> EEFAI. IEFEIEFIRRD
HLEIYBRTT
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Figure 6: A click chemistry platform for the discovery of [3-hydroxy-5-(1h-1,2,3-triazol-4-yl)picolinoyl]glycines as orally active
hypoxia-inducing-factor prolyl hydroxylase inhibitors with favorable safety profiles for the treatment of anemia.

..................................................................................................

@Eﬁﬁ“w T g N

FG-4592 (7, Roxadustat)
Phase |||, ECso = 591.4 nM AKB-6548 (8, Vadadustat)  GsK1278863 (9, Daprodustat)

e o e e e meameameana ’ ol ICso= 62 23nM |
Xiaojin Zhang, et al. J Med Chem. 2018;61(12):5332-5349.

Figure 7: Discovery of triazole derivatives that induce Nrf2-dependent gene products and inhibit Keap1-Nrf2 protein—protein
interaction via in silico docking calculations and click chemistry.

E Cl : HOOCOY\N

0 {Q Q . QCOOH > wﬁg[a;m?wé;aa@z
H L =0 Wo, ; 13 IR BB R
i OWH ‘@%T\)\/@ = VEFEFHBREN 2R
N-N Nozi OzN/©\4\ _Q EZRIX.

: N=N
\ Using in silico docking calculations |
""""""""""""""""""""""""""""""""""""""""" 14

@ Tian Group Geoff Wells, et al. J Med Chem. 2015;58(18):7186-7194. 31
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Figure 8: Discovery of novel epoxide-incorporating peptidomimetics as selective calpain inhibitors via click chemistry.

hit-to-lead
H O H Q optimization \I(Q
H,N N N . “COOH
2 \n/ \/\/\H \IKQ ‘COOH @ /\I\,l/\
NH (0] N
S\/N
15 16
potent, non-selective calpain inhibitor potent, selective calpain inhibitor
§ J

Gregory R J Thatcher, et al. J Med Chem. 2013;56(15):6054-6068.

O SINERKBREN=AMEHA TSR

Figure 9: Click-chemistry-mediated synthesis of melanocortin receptors agonist.

> SHEREISEELY,. R N > EILMSTEIX A EHEBRAT0IRIEESHT, M iTDfsE
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Figure 10: Click-chemistry-mediated conjugation of a nonspecific antiviral sapogenin with a HIV fusion inhibitor.
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Figure 11: Click-chemistry-medlated rapid synthesis of bispecific molecules for inducing protein degradation.
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Figure 12: Aclick chemistry platform for synthesis of 1,2,3-triazole as a linker unit of targeting conjugates or probes.
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