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Abstract

Click Chemistry, proposed by Nobel Chemistry Prize laureate K. Barry Sharpless, is an efficient mod-
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ular synthesis strategy characterized by rapid construction of complex molecules through highly
selective, high-yield chemical reactions. Bioorthogonal Chemistry, pioneered by Nobel Chemistry
Prize laureate Carolyn R. Bertozzi, specifically refers to chemical reactions that occur in biological
systems without interfering with normal physiological processes, featuring good biocompatibility
and high selectivity. These two chemical strategies show unique advantages in drug development:
Click Chemistry provides quick and flexible methods for molecular construction, while Bioorthogo-
nal reactions enable precise chemical transformations in complex biological environments. This ar-
ticle systematically reviews the latest developments of these two types of reactions, focusing on
their innovative applications in drug molecule design, biological labeling, and drug delivery, while
also exploring current challenges and future development directions.
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2.1. CuAAC

ML BB R - BRIEIR N B (Copper-Catalyzed Azide-Alkyne Cycloaddition, CuAAC)S2 & itk 2%
(Click Chemistry) s HARF MM [ S22 — (@4 1), i Sharpless. Meldal #1 Fokin F1BAF 2002 d 57 I
Ko VSR SR IEFRIEAN @ Y, BORE R 1,2,3- =R S IR0 TR, 1RO ) ik
NP HAE 90%, T8RN I [AITE 12~24 h /2 45[3] [4]-

CuAAC
/ 2 4>
R1/ * N~ Ligand N Ro

Figure 1. Copper-Catalyzed azide-alkyne cycloaddition
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2.2. SuFEx

F£T CuAAC [W2ER b, Sharpless BIRAE—PIRFE R I ¥ TR EIBMEACT], m=ka s MERIH 5 s B )
A 8 (Sulfur—Fluoride Exchange, SUFEX). 2014 4% 3 T LA SO.F, SARAE AL 51 45 1R 70 26 — ACIR
AN, ZBRT DBU AR, 125 v 32 ZE N H TR AR T (W1 2) [5]. 2017 4 Sharpless
BB R A SO.F, Sk SUKPEEE IR i #h, VEA— PR € ik s L 1 45k [6]. XMk T SOLF,
AARAEAME R [0 R, 456 5 OB I 980 [ S B P B 2 R BE 3R T, T DLEL3 S — U (-NHo) K 2B J
o PNH IR RS e SN, HAZ G SRR (V)-SR (B BE SR AL (4], R-SORF) 5 28R 26 . iR
L) AN i 8 IR A BE, T RS E R (V- SA B B (VD)- BB A S 7] o Smedle T 78 ) FH ik
Pt S ) SuFEX SR N HEAT AEWIESSBM, JEIR 1128 BEAE BRAA BT T B R FH Ak, FE 25900 R s

KiEI118]-
SO2F»(9)
Ar-O-SiR, » Ar-OSOoF
DBU(10 mol%)
CH4CN, RT
Figure 2. Sulfur-Fluoride exchange reaction
B 2. 8 - fXHmRE
2.3. SPAAC

2000 4, Bertozzi MR LT Staudinger & J7 ) BT & H Staudinger MBI R, BIS % - BEFENE
R, JEAE T A R T A B [9]. 7R (R 2 52 2 A R sE e, A0 AK DA S AR I R v S
HARAE A T H A PR . B S Bertozzi WA 1 B BALMIANFR 2 AT AE VI3 + 213K 1 (Strain-
promoted azide-alkyne cycloaddition, SPAAC)TE A Hl iR AR F A FAEH 25 5 KA (I 3). ik
I FH T3 A0 R VAL S B, A AR AR S A, L R H N 7.6 x 102 M s, 72 Staudinger
L NI 17~63 £5[10]

SPAAC

Ng N strain-promoted N’N
R1/ + a N / /R2

Figure 3. Strain-promoted azide-alkyne cycloaddition
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2.4. IEDDA

2008 4F, FOX I [RIFHRIL T —Fh T 06l 5 75 SR IK IR Hr - Bl R 484k 2% (Inverse-Electron-De-
mand Diels-Alder Reaction, IEDDA) AN G H Ji2. 1% B LLAEH RIE A, H ZFr s R 5 50N
2000 % 22,000 M s, X RV IR N WS A AT SRR R 3, IR 22 AT eI
(tnfE 4y [11]. X WAETS Fox M DA SN ) sl 22 IOV, FENG 4B MR , 599 12 Wt J7 1T BN e 34
T TR
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Figure 4. Inverse-Electron-Demand Diels-Alder reaction
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FRAZ[12]0 Ph %2 B PR R 2 T 0 R 032 [ AT R R 46 6 IR R 5 1k (R 7 N 5 e bm i i e, 35 3 7
i e o I R A S M (131 2021 AR AL R ZE RS BIBAF R 1 8 T s i A 2 2K 2 R 2R (Click-ExM)
Click-ExM AR T &G = AT PRl i A bR ic sl 228 e AE ) o 7, i RS IR . 5%
W SN F BB o B UG, HLARAS Z2 bmic FS S BOR SR, SEER I T - R R UsAZ [ 14]. 2024 4F
Dennis PR ZH AR U 5 S R 0 A R A 2 I RS FE O “IESBIEA " MRHE, B0 7]
AR 00 240 A5 200 B D A A PR 757515

ST AR ) IEAZ NI TR RE R R AR I . BRI S AMP HIfEI((AMPylation) & A 2541
e v 3 AL () — R R S B MH(PTM), S 5T RIT S E A R PMAHE K E . Pavel Kielkowski 55 A
WK —Ff pro-NeazA #R%F, 1 AMP 1211 5 18 1 @it SPAAC st k2=t A7 AR R brad (an 1 5),
bt JE 24T 9 RRAR BT o IZARETAH L T AT BRI 2 A 5 AMP AREE, HAMSEMEHLE, Rl HT
A FOIE A A B B 5T AMP AR 16] .
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Figure 5. Schematic representation of chemical proteomic protocol
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AR B IS R NAE 7 5 AR LR, 3t DR R T B A SEBLRR 2 W R 5 .
BWHARBIR T AW IESO6 A PRI (BOUT) EfE , T 1A Py A4 S A W T 58 TR A AL DDA PRVBUAH 5%
SR RO B I POE T o XAMIR G T EADRIIE T AR R Y e e, T L xR
fresEseth, WA 1O AR R LU E I T RE[17].

3.2. REWFAEMERR KT IR HHERIERE

mT A R NAE ER TR, A2 R R USRI 254 Bt R R e v 5 3R . Bk st ik
TEBOVER, A TR AN, RS TRAS . T B AN [ 24 R0 AT R B R s, AT DU R I I
R, IR GEE YA R . ST UG SR 25 MR SE R 1, — AN 25 R0 AT BETH D9 L ) e (n it
Ry ZHK), 75— 2RBINRIT (R . T Y. R SR OR N AR E A RURSHE ARG, D
e R o

2017 SFEREAXHSF AT R T — AL 2B sng, @I Sortase A BN CD20 HFLHT C fE i sl sE
RHE - 8RN, RJ5HT SPAAC BRI B NESE A RERG - Ihhe, DU A2 ST
BRIl 6). B SPAAC PRI - 4B e R 7 L PURS SR 7T, AR BB S
PAZ AR A IS i IR B IR AL 7), AR P A1 S8 v DURUE PR SRR TR Rk o %5 V52— Fif
BARKREEREM TR, HFIPRIUR - 2908 E5 W E A B 18].
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Figure 6. Schematic illustration of the two different strategies to generate homogeneous antibody-drugconjugates (ADCs)

& 6. FEHIBIAAEYEREM(ADCs) IR B TR EE

B TN E B ERE o, Ak 5 PROTAC SRS &R IL T RIFT 2585208 . 2016
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dif ¥ 5 PROTAC HARTF KM HTZ 5, 2025 FAR PS5 N RROTAC [ FHAK IR Bk E 8k, 5
AN T 90K pi i T2 B PROTAC (Nano-CLIPTACS), T4 P A s B4 At i 980 2 11 - A2 SE 1 1= 73 T & PROTAC
H AW RN 2R, et IE I AR IR AT N H H TR D) REVE PROTAC. 245, AL
CLIPTACs R4 5 Al A0 B AE PR RGDFC IRAB I B, 499K CLIPTACs, S ag 8 ) i 12 A
B J5 1 JEAL 42, 76 R 4 A P9 T B PROTACS WZ42, {3 FH G 14 i3 B8 18] 28 4 bk B2 IR0 MR BRH(A LK)
E— B UGIE | Nano-CLIPTACs FEARSMHIR N I BEMERE /1, B0AIE 7 Z KBE I 22 21t . A RLEF “anti-
hook” (4 9) [20].
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®

Figure 7. Trafficking and subcellular localization of OFA-GPN-vcMMAE.
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Figure 8. Representative scheme explaining the mode of action of click-formed PROTACs (CLIPTACs)
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Figure 9. Schematic illustration of the Nano-CLIPTAC: strategy for tumor specific protein degradation
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SCHE, X PR 7z R SONAE 2 AR R S A DY R AN 2 R K T R ], S A5 2 4 i 22 5 R TR
NERCATTRE[22]. 2019 A IR TF & T B AE DR AT [ N, RO T RETEAAR PN R OSB3 = 98
IR Wt ke 2 B, SRR HRSHERE I . 1% RS 25V RE S LE /N BRAR N AN BT - 25908 IR b s2 45k
T 45 KRR A 3 (1385 45 A I, Phe-BFs {4 PR Ak S5 W T LAASE 298 K R A3 BB 470 128 38 1k b R T
AL )N IR0 A [23]. 2024 4F Jiraborrirak 25 NGBS PUBE S 2-f¢ IR G R 1) A B
RO R, TR XIORE CPT AR R B 32, 28 ORI 7RG B 22 )50 1 B B (] 10) [24]
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Figure 10. TCO derivatives activated by the tetrazine-appended, bacteria-targeting peptide ubiquicidin (29-41) via a click-to-
release mechanism
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PUEEROR[25] [26]; 0L T-He R 40 fa s v . 75 500 T B | S Il 45 P oRE RO [27] [28]; @ T
P 5 5 R B P B RO [29] 0 d I s A 2% S SR | =S e A S R G i = R A R, R
IR Z Bl SN o

2009 4 Colombano 55 N\ I8 i 4l i 44 BN e S SRR 5 i T 185 A~ NAD & s difilsel, siih&4)
4 ffI 5 1Cs0 4 3.8 nM, NAD JHFE ICso 4 3 nM, JEILH T RIEFHITETE[30]. 2009 4F Lee 6 AFIH sith
22 B, L GalNAc-N3 NERBEH 7 SRR N, S 7 —8ik & Rk . 120l REf & vl 47, 7o%
w JHR THEIR G BV ET T3 1.

4. REUFEYIERRNHERS MW

RS EAS R NAE LT R P R T BRI g, B3N FHAT TG 2 B Pk R . 52 A A B
B Uik . 2T, fEEMEN TR, HTAILE RS E RIS R R — A
R RO S E N - BRI A R MG E YD AT B, (R TR AL S IR 2R T T RE LA
ppm K OREILE =W, X0 T AR A 1 SR 58 B TE R U R AN T 52 1[32]. SPAAC A71EH [ N H 2 1H
R, A R bRic O S BB, SRR R R A I PR BENTE 10 uM BB RCR
A, 100 pM BLEA RREUF IR EAIER . XU T SPAAC {EMIRIR BERS [ S B AR, 1% K KR
Wi 1 HSEPR A [32]. A3 TR 2 ) IEDDA ONVEFRAR R, AV LRy, AR H A () J5ok} s A3
R AT AE R o S M R IR TS 75 2 A R BR 20 A R R B BRI 2 7E 254 nm S LG 7=
Vi, HATHREMR& ST, 254nm B AKEME S EE, HHRRE R b 758 2K E 1 S BT Ak
fERRAE .

sk A S AR T S5 TE NS D DR R0 6 v 7 s I TR 6 AT BOHE EE D7 THT o AT 4 5 i A 22 S
MR, RILEEZE . SRR 5A B s A 5 AR EAE [ K 2 AR B R FH (4 S 11
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ERTRRN L AL SR K 2 2 B IR, H Bt — 2B R B RNA YT . 4RARST I & B B2 i 6
SEU, RO HERE A AN AT SR TR o H AT S R AT R A A /D B X P 5 WAL OK ) )
(USR] . 5 BNk ax (A2 SRS T, U0 e R A IR JE 25 B AR B HOE R 224
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