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Drug discovery from viewpoint of medicinal chemists
GUO Zong-ru’

(Institute of Materia Medica, Chinese Academy of Medical Sciences and Peking Union Medical College,
Beijing 100050, China)

Abstract: Taking patient needs as the core and realizing clinical value as the guidance are the purpose and
path of drug discovery. Whether the first-in-class drug or follow-on drugs are all to meet the demands of patients
for drugs that are not treatable or more safe and effective. In order to realize clinical value, innovative drugs driven
by basic biological research include three elements: understanding the molecular mechanism of pathogenesis;
Grasping the microscopic features of the disease; clarifying the mechanism of action of drugs. The interrelation
among the three is the translational medicine, and the medicinal chemistry plays an important role in the transla-
tions. That is, based on the results of basic research in biology/medicine, knowledge of the molecular mechanism
of disease depends upon the establishment of various in vitro/in vivo models to find the key node and molecular
regulation for the treatment of disease. Combined with the knowledge of gene deletion and variation, proteomics,
epigenetics and other technologies, the molecular mechanism of disease provides multi-molecular information on
the level of gene, proteins, enzymes, receptors, ion channels and signal transduction for molecular drug design.

Insight into the microscopic characteristics of diseases would deepen the understanding of the molecular mechanism
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of the pathogenesis, as well as provide a feasible scientific path for the creation of new drugs. When the molecular

mechanism of disease and the action mechanism of drugs are clarified, we have a deeper and wider understanding of

the application of existing drugs (or active compounds), and may offer new ideas for drug design and application.

In this translational process the medicinal chemistry plays a key role which requires medicinal chemists to break

through the habitual thinking and working mode, backtracking (upstream) to basic research and its achievements

and applying to the direction of creating new drugs in time, as well as paying attention to the clinical requirements

(downstream) and implementing the specific content of the transformation process for the R&D of innovative

drugs.
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Table 1 New chemical entities discovered in China and approved by NMPA during 2001-2021
No. Name Structure Target Company Approval Indication
01 Bicyclol ot Unknown Beijing Union 2001-01 Reducing
<° Pharmaceutical transaminase in
= 5 o Factory hepatitis patients
o OCH;
I
O‘cHa
02 Epristeride -~ o Steroid type II Sa- Jiangsu Lianhuan 2001-01 Benign prostatic
/(:Egj\); CHs reductase inhibitor ~ Pharmaceutical Co. hyperplasia
Hooc”
03 Butylphthalide CHs Double pore China Shiyao 2002-09 Acute ischemic stroke
©i§°_/ potassium channel Pharmaceutical
% inhibitor Group
04 Sodium o{%ﬁ Unknown Guangzhou 2002-11 In radiotherapy for
glycididazole RNV LifeTech solid tumors
Dokl Pharmaceuti
o —N__\ utic Co.
</ ba
05 Hematoporphyrin ”3;\(‘2* oy Photosensitizer Chongqing 2003-09 Mouth, bladder and
= ¢ N,'/:Lf/%—(c“z Huading Modern other superficial
ch~\\/‘(;‘ N o Biopharmaceutics tumors
{ /i/&/J\CHJ Co.
COOH K/—COOH
06 Tribendimidine HiC, N‘QN\ y we o Unknown Shandong Xinhua 2004-04 Broad-spectrum
H;c’N%CHs \_Q_\“‘Q N% Nas Pharmaceuticals Co. intestinal anthelmintic
07 Boanmycin HaN DNA dependent Dikang Yaoye 2004-06 Head and neck cancer
OVNHEQN:‘/NHZ ﬁ/LNWN RNA polymerase
%[ o i inhibitor
N CHs o I ;\
o \CH | ° OHO \0( rkNH b/‘{ :
H il N~ CH HO™ CHy K/ks
H& H
W 5Oy
HOW o=
o
Q)\NHZOH
08 Allomatrine T/@ Unknown Zhongsheng 2005-08 Malignant
N
CN HVJ Phamaceutical Co. trophoblastic tumor
-}
09 Antofloxacin c 1T oo Topoisomerase 11 Anhui Globe 2009-04 Bacterial infections
a8 inhibitor Pharmaceutical Co. caused chronic
(\N/g/LN ..
H3C/N\) Od\cna bronchitis
10 Icotinib CWCN EGEFR inhibitor Betta 2011-04 Advanced or
— HN Pharmaceuticals Co. metastatic NSCLC
io 0. - ‘N
OLJ N
11 Imrecoxib 5% - COX-2 inhibitor Jiangsu Hengrui 2011-05 Osteoarthritis pain
e \©?7 Pharmaceuticals Co.
N o
K/CH]
12 Iguratimod R 7 NF-«B inhibitor Sincere 2011-08 Nuclear factor
N. o]
©/ > NF-«B activation
HN o . g s
& cu, inhibitor
13 Nimorazole o orON DNA synthase Jiangsu Hansoh 2014-02 Suppurative
inhibitor Pharmaceutical appendicitis
S Group Co.
14 Allisartan CHa i )‘;_(C] Angiotensin 11 Shanghai Allist 2012-07 Mild to moderate
isoproxil e e e e receptor antagonist ~ Pharmaceuticals Co. essential hypertension




y

254 - 2% %R Acta Pharmaceutica Sinica 2022, 57(2): 251 —264

Continued

No. Name Structure Target Company Approval Indication

15 Apatinib VEGFR-2 inhibitor  Jiangsu Hengrui 2014-12 Advanced gastric

AP
o . .
Pharmaceuticals Co. adenocarcinoma
N 7
H J
| H
N _~

16 Chidamide 9 HDAC inhibitor ChipScreen 2014-12 Peripheral T cell
Wumnﬁ Biosciences lymphoma
I
[e]
'
17 Nemonoxacin ke © coon Topoisomerase 11 Zhejiang Medicine  2016-05 Bacterial pneumonia
55, o m inhibitor Co.
(‘\/ OCH;;A
NH2
18 Hemoporfin re Jon i Photosetical Shanghai Fudan- 2016-12 Nevus flammeus
NP sinsitizer Zhangjiang
=N H Biopharmaceutical
in € o Co.
CHs
COOH COOH
19 Anlotinib 7 { o VEGFR/PDGFR/ Chia Tai Tianqing 2018-05 Advanced NSCLC
o~ FGFR inhibitor Bio-Pharmaceutival
Hac/om F Group Co.
o N/
NH
20 Albuvirtide 1 ou HIV fusion inhibitor Frontier 2018-05 Aids

Tip Arg. _Tle. A Thr
Pasg Cast T

O HC” 'Tp Gld ©Gig st g

4 H o
gﬁ\/\r(N\/\o/\/O\)kN
0 o H
Leu,
NH

Biotechnologies Inc.

~. Aso_ Ser  Glu  Leu His
GIi  Gli Gl iLé Gli ll¢

Gy Asn_ Gln_ Ley _NH,
GinLyd ois Gl Le

21 Danoprevir Y Q5 NS3/4A protease Ascletis Pharma Inc. 2018-06 Hepatitis C

LA

S NH inhibitor

oo
CHs [ . N )
el ot N T
o Lom L]

0—
o

22 Pyrotinib a D\@ HER2, EGFR dual  Jiangsu Hengrui 2018-08 Metastatic breast
/@( L inhibitor Pharmaceuticals Co. cancer
HN
oty
! o
O oo N
23 Fruquintinib 2 ’N/CHS VEGFR inhibitor HutchMed 2018-09 Colorectal cancer
o o
H3C\o N/)
24 Benvitimod ™ e Cytokine receptor Zhonghao 2019-06 Topical treatment of
O cHy antagonist Pharmaceutical Co. psoriasis vulgaris
‘ = OH
25 Carrimycin /VQ/N(CH”Z 50S subunit Tonglian Group 2019-06 Upper respiratory
9 N ey L . .
CHs bacterial ribosome tract infection
[ o NCHy),  OH
ot
g . /Kcﬂl 3 \ﬂ/\l/CH3
0 CH
26 Sodium n[Naooe, 24 OH Intestinal flora Green Valley 2019-11 Mild to moderate
. o O—~"%coona T
oligomannate n Alzheimer's disease
H ‘m COONa
n=1-9, m=0,1 or 2, m'=0 or 1
27 Flumatinib YY) Y Ber-Abl inhibitor Hansoh Pharma 2019-11 Philadelphia
HBC,N\‘) A n\/f\\/n\/N\ AN
T T chromosomal

O Nan .. .
’ positive chronic

myeloid leukemia
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Continued
No. Name Structure Target Company Approval Indication
28 Remimazolam ch\(\ﬂN GABAA receptor Jiangsu Hengrui 2019-11 A sedative for routine
/@Nww/ coon antagonist Pharmaceuticals Co. gastroscopy
By =N
é
29 Coblopasvir j H oon Hoo N i NSS5A inhibitor Beijing Kawin 2020-02 Chronic hepatitis C
’ \ICH?O/Q/\p OH:sC’\/CHg/Ns Technology Share- in adults
%N - Ny .
Hﬁ\)w,h Holding Co.
30 Benzoquinonium ZE‘J o M cholinergic Silver Valley 2020-03 Rhinitis-caused
bromide Qj OH receptor antagonist ~ Pharmaceutical Co. runny nose, nasal
° congestion, nasal
itching and sneezing
symptoms
31 Almonertinib (\\ EGFR inhibitor Jiangsu Hansoh 1020-03 Advanced or
O ~
“ZC/:E f N\\Q/NA Pharmaceutical metastatic NSCLC
CHy e sk e
. C/"\‘\f/\NLIO b“‘\) Group Co.
CHy CHa
32 Zanubrutinib @ BTK selective BeiGene 2020-06 Chronic lymphocytic
o S .
inhibitor leukemia
N NH2
o N o
Hzc:}w NH
33 Ravidasvir 7 o b NSS5A inhibitor Ascletis Pharma Inc ~ 2020-07 Chronic hepatitis C
)_(N\“/\ HCTY CHs
W ey ° A genotype 1B
o CHKI
HN_O \ {
oS CHs
34 Edaravone A HaC_ CHe Free radical Simcere 2020-07 Acute ischemic,
dexborneol QC’“[ cHy scavenger stroke
SR p:
35 Ensartinib F o ? o ALK inhibitor Betta 2920-11 Advanced or
o, 7 0 ; T, Pharmaceuticals Co. metastatic NSCLC
PR SN
36 Fluzoparib ? PARP inhibitor Jiangsu Hengrui 2020-12 Recurrent ovarian
‘ /EH Pharmaceuticals Co. cancer, fallopian tube
i N cancer
O F bN\N%CFS
37 Ciprofol THs OH. GHs GABAA receptor Haisco 2020-12 General anesthetic
H“C% agonist Pharmaceutical
Group Co.
38 Yimitasvir @ NSS5A inhibitor Sunshine Lake 2020-12 Chronic hepatitis C
/A Phama Co.
We0atals L
= E !
¢ o~
39  Orelabrutinib 2 BTK inhibitor InnoCare 2020-12 Adult mantle cell
/\/‘\NH
] ? lymphoma
N R
ATTOL0
o
40 Surufatinib /Ovo\\ o GHa VEGFR and HutchMed 2020-12 Neuroendocrine
- N .
i ”)N\ N e FGFRI inhibitor tumors of non-
N NTSN . ..
chwo ) pancreatic origin
41 Savolitinib i (Z 7 —_ Met inhibitor HutchMed 2021-06 NSCLC
N / )\L /Nj/i\vN\Cw
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Continued
No. Name Structure Target Company Approval Indication
42 Pamiparib N PARP-1 and -2 BeiGene 2021-04 Ovarian, fallopian
Hacj;j\ inhibitor tube or primary
NUSN
H»:\\ 7<\NH peritoneal cancer
F
43 Furmonertinib \7 ) o EGEFR intibitor Shanghai Allist 2021-03 NSCLC
{ “SCHy .
NN R Pharmaceuticals Co.
HoC ] cHy
SN oSy N‘/\/N\CH3
e CHa
44 Utidelone Promote tubulin Beijing Biostare 2021-03 Breast cancer
polymerization and
stabilize
microtubule
structure
45 Levornidazole ﬁ’z _c Anti anaerobic Yangyze River 2021-05 Bacterial infection
3 I_ONa
disodium N/— Mo ona bacteria Pharmaceutical
CHa Group Co.
46 Contezolid PN Inhibition of 70S MicuRx 2021-06 Complex skin and
Cj/ He QNQNQ(O initiation complex soft tissue infections
.
47 Donafenib s - 0 PDGFR, Raf, Suzhou Zelgen 2021-06 Unresectable
C'Wij(“Tn - VEGFR inhibitor Biopharmaceuticals hepatocellular
e o Co. carcinoma
48 Herombopag S Non-peptide Jiangsu Hengrui 2021-06 Primary immune
N/ S o” “cooH TPO-R agonists Pharmaceuticals Co. thrombocytopenia
o
49  Tenofovir - @ Nucleoside reverse  Jiangsu Hansoh 2021-06 Chronic hepatitis B
amibufenamide N/' ’ N & R i transcriptase Pharmaceutical
N N\> o/ o inhibitors Group Co.
ey
“CHs O/<CH3
50 Hybutimibe e OH Selective Zhejiang Hisun 2021-06 Hypercholesterolemia
/@L/ /D/@ cholesterol Pharmaceutical Co.
G 7 N\@\ absorption inhibitor
F
51 Ainuovirine e ot Non-nucleoside Jiangsu Aidea 2021-06 HIV-1 infection in
HM reverse Pharmaceutical adults
N CN .
L ! transcriptase Group Co.
CH3 . s
inhibitor
52 Azvudine R, oA Nucleoside reverse ~ Henan Genuine 2021-07 HIV-1 infection
N=N=N . .
/(\N/EROH transcriptase Biotech Co.
o inhibitor
53 Chiglitazar i PPAR agonist ChipScreen 2021-10 Type 2 diabetes
o
o Biosciences
NaO M ‘ >
g T
NN N ‘ CHs
54 Olverembatinib o Ber-Abl™" Ascentage Pharma ~ 2021-11 CML
) inhibitor

2 HEEEX MG
21 EHYASHEHZE

BT 25 a2 T e B BN (first-in-class, FIC),

JRIDERR T 8, IR HR T2 R B R . E QL2
SR RSEAR K, T AU A #E AR R AR AT 2544 (undrug-
R gability), £E M & 5 SR b R SEELIR IR (A KR
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f) FAK-YAP i % 52 KRASC"C 411 #1) 751 72 A= i 245 1 FH )
HEEFEC, 8 CESEE KR FI - E T g =Tl
RIS . It AEI R T a0 e A 2 A A BRI PR AT
KIRE

CH3
(Lo
NCW N~

CH3

O

\ f
HsC—N
8

2 L9 Bl DR 20 40 5 (SCD) YA T 24 TR W % FE
(10, voxelotor) G, 7RI 1T M AT 5 95 19 7+ Bl
i, 28 43 A B R BRARRAE, 555 2R T 2 R T BL
fF il R X245, T 2019 fEAEHE B TiTR YT SCD. SCD
J& T M40 & (A B 4E 1) Glu6 28 53/ Vale, 751K 4 2 1
N RAEVIRAL, 3R M AR T BRI AR, B E R
i T 40 1155 1 28, 1 RIE MURN 28 B 3208 . IR HE S
A 75 B 5L 2 S S 5-52 H PR IR 8% (9, 5-HMF)
AR ZI . 5-HMF 5 RAS ) L1 8 B 2 S dn ik
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ZE RN R, B2k 5 AR R I N R i Val 1 & 2 45
iR B WAy - e R s N T (AR =i
VUZRAL, /b 1 B JTAR B A A2 B 10 B S SR A F) it
X T R TR R SR R N A P B A

L O M
|
o Ghs
o)
N CH3
9 =N
10

4.2 EIRHVE YR G FAIRAFHE

BT B R R R PR BT 2 BTV, 22 L)
U R DL T IR (HP), M08 T AR SEIR T B R /E
B T 5. 20 40 80 EARLARTIA YT B 4/ 8 5 1
FEFBIE B RO 7] (G AR 7)) ATH2 %2
PR (UnFEskE T 48). 1979 495 B 2% X Warran &
B BEAGATE B R B H E ERA LU R I — A i
ARAH TR, 41 B P 75 2 Jb 40 Mo 26 15 8 2E 98 0, 1982 4tk
5 AHE A= Marshall &1, 4> 85 IF 55 7% H HP &, iiF
BT HP G B 0 2 B0 R A, N B R SR
37 2005 4Fi DUR 2

BRI T HP 2 B R/ =36 %5z 009% R i,
A2 W RIIa T F BOA 3 10k, 0 o F R A7 34
10 PR 52 HP JR R BTG 1R NS W7k, Fa A
i (PR B A B R S PR R AR R (RS
il 7110/ 85 3 T R+ 5 T SR 2 1 = R/ BT i, B
1BIT HP 52 B R b5 .

B A 5 £ (I R R I, 22 56 TR AR AL AR A
L) RRAR R AE I DA SR A, B BE 2 1
wFERR, BAYE T EMRR . NP 00H 1 )2
B, JEBCAAE S T KT (G R B ) #8750 REAE
MNTEBCR . W14 AW R R, 13 ATE RO K
SPAE A2 o B, B s TR i 2k 5 AR S B R 4L
S 2 RMIBAEFE AR, 2 Hr B I KRR I, M
EAE VN N (€ R SR 37 R e S (A ING i B N
BE0T5) 5EMBIKER, NI H 2R 2497
SRR AR A o DR i IR 5 9 9 1D 2 W/ W R
F2 1R R B 43 T BRI 1 SiE 2 AN IR AL, R B B 25 A0
SRR T AT R B 12

151 T e 588 245 0 RO ATT 5 B R AR T 3 1) SR IR
N AASEAE R 100 2 R CRELHEE Y, 1 N 2
PRSI, 7905 — I S0 b B AR A0 A 76 A A A X DA 9%
JIRE F R B o O AR TR ST M OB G 1 2 S I T R
MEFG LR A 10 4N 3L [ (1 RRAE, 3 AT Af] — MR AE #R ]

LR il Jea 40 ik 3 2595 7 AR I B R XK
REAE A - 80 20 P TE 45 1) 1) 23 2845 5 3 I A AR B B0
I e 24 6 ) 92 ) AR O % 5 g 00 1) 75 ) BEL O 5 o
P A R SO R T 2E BG BE AR P PR AR T
(A B T0); SR 45 ) RE B 75 oK 5 2k DR 748 S R AN B2
PE; R B RFSL IS 5 o BT LA BRI A S 2 4 o) B
A SEAR BB I AR VbR B R L RS A B 5 A YA
TR

BRAF & NI EEM FE RN 2 —, LT AT
SO AR b, 4ihY RAF 55 22 2 /05 2 B2 B U,
BRAF & F7£ % MAPK/ERK {5 518 % F A FAEH,
S o 24 RN ok . K2 8% IR & £ BRAF
KA, FEAFNL 5L BRAFYE, R B A T B0 300 45
¥ g A0 IR e o o 1% R 5 80 i MEK-ERK S 5
T BRSO, R T R I AR K I B AR 2R 5 RS, B
DL, BRAFY" S i 28 2 35 980 56 1) H A FH H0A

2018 4 6 A FDA #itifk Array BioPharma 24 & #f &
() PR A BT 4 ) %) R 4% JE Jé (11, Encorafenib, B i
4 Braftovi) ™ F1 [k 22 # JE (12, Binimetinib, 7 i %
Mektovi)™, Bt & B H 6 I7 Jo i ) B 58U # () BRAF
V600E B¢ V600K 2348 BH P ) B R . X2 — Ml
YR T 7 1 LRI T R DS v YR T 2

i
OCH3
11
Br
N NH
¢ H
H N\O/A\V/OH
|
CHs )
12

R 2% 3E JE A& BRAF 3 #0141 771, FH B 7 MAPK/
ERK {5 5 i % ; b 3& & J8 & MEK [ 5 1% 4 1 71,
MEK & /& 32 I8 I MAPK 38 4% A 1) A MK S8, Bir AR
AR JE AN LG 3E B Je kG F 25 1 [F]75 97 BRAF V60OE &,
V600K F74% BH M 2 2 IR VAT o

SR T ZE IR PR Y8 77 BRAFYVOR e Ak A5 S5 (i B 42 25989
gk B b, KA W3 2 5, s BE A 2
Ja, RORAEAR, 2N EIRECE RIS, A S



- 260 - 22224 Acta Pharmaceutica Sinica 2022, 57(2): 251 -264

B 7R KM A K T (EGFR) 015 5385, 7 T4
W2 R R R, DA B AR AR B+ LG 35 B e il
#”. NIk, ¥ EGFR VG % & H41 (cetuximab) 5
RERAEE B3 & B G L, BT, T R 3
$Em, I FDA T 2021 49 A#tHE F R e+ 75 % #
BT R4 A VAT BRAF V600E & A2 78 S 1 45 B e
43 ZHHRERHLE

20 tH 22 80 474X LRI 14 24 4 K #6 /2& 75 2 Jfd B3R A
YRR L RIHI, AR T 2R Y. IE
TR IR PR 0 L SE T LR 2 2 A . B T %
T3 (4 43 - WL AN 25 7 (R U R DL (B2 AR B4 508 1K),
XFREAE 259 (BUE YR A T SEIRZIET
2R, AR T 8 0 LR, K T 2 S B
hiEo ZEBIGNT .
43.1 FIFIREMILEESEAHF 20 #2270 4K
RINARHTHI IR L DR (R E T Vane 3545 1
1982 A1 42), FTJF 1 HELJH AT 28 (1038 U3, I % )5 >k
ROPLR PR A LR 2 T Ag AR S AR BT A 4
(NSAID) Fl COX2 ik 5 11 41 1) 77 (f37] iy €01 245 4 2 ok
AT 13, celecoxib) FIHL R B A T H 1IINIR, W73 T
AKE IR E AT T P02 BUR - B B IE AN BN~ I
BEHEMEZ MK R . B T B H DUARTE B 1E /MR
SRR A% TR R ) T gt

EY CH
S 3
HoN" \Q
N
A\
N\
CF3
13

432 PFEREZE 204 60 FAR—EHIEZEM
ER VR LI (14, thalidomide), K 51 2 /™ 55 ) B iy
VEF T 5 44 WA 3, AELJG SRR B I FE e B A G 145 I
PUAAEFH, LA S i) 107 A= it S Bt ey 4 ), 3 % LA
1) B e Tt D] 7 (1) o e i 5 PN B2 AR KR (EGF) Al
AT 4 41 B K T (FGF), X 28 A K R 7 102 i 5 A= jl
PRI SRR, 3k 8 B 5 A0 B SRR R MRS A, RIS
S, GRS N R AN A . VR TR AR I
M AR BEEFZE 4TS, B ER 54
iR 9% e R AR e R ), DL BT E A T A iR X
Mo HH VDR BE A 1 R 0 B i (15, lenalidomide) A
A 5 B % (16, pomalidomide) 4351 2008 1 2014 4F 4
FDAHLHE 111, V897 2 R MEE RS, B3R T UMt
AR, “PERE R EGNIE K B AR . SERE AT AT

NH

£y . H
©:'/<N—®=O N —0o
o o
14 15
NH.
i /o O\ H
N —0
g

TNIZ R -E AR & 4t (ubiquitin-proteasome system,
UPS) 7 5 B (Rl 22 R BL (S A7 KB #3745 2004 4F i
ULJR AR 2232, UPS H 28 B Ih BE 2 05 I A 3 Bl 1% 4R
1, 8 I B 1 AR A0 2 I, K B R AR /N R, A4
RIS E AR IhAE . XA RRE A, FH6 H FF
R B0 B T AT YR T B, VAR T B 1 PR 1A R
&1 (PROTAC) A . PROTAC &M I/ N1, —
Ui A 2 A TP AR B B DA, 5 — R 2 R R
E3 IRCAR, GG B N B — 47 F- PROTAC )
DIt ML E A S E3 R SR i, KR EA
2 FA, WERD B R AR B AR, AT AR 2 AR S

R B e (16) /& 12 % E3 3% #2 [ cereblon
(A4, 4% % PROTAC 431 » 7] ¥ Bruton /% 2 FR ¥
fiff (BTK) vz 4k, 12 2L I BTK B 8% [ A4 % i 1 2%
I, DRI 9E 5 B i ] A N i il PROTAC 25 4 1 Je A,
CLYA T B 4 Mtk B8 A8 PR bk B2 (9 g . e At —
2E 25 P& & JE (17, ibrutinib) £ & 2B it 26 74 1 &
R H AN E, X & Y BTK ] Cys481 & K
Serd81, 17 4514 /1 ()14 v /R & A1 K] Cysd81 ANFAE SR 4
P %% B T 2k 22 /6 Y, PROTAC (18) 15 4 BTK [& filt 71,
A ST IR 25 PE . 18 HH VA B B I BRI AR B B R
AW (B w0 /R B ©JE 2, 1A 1R S B AL
5 43 il & B3 2 W cereblon F1EE bR BTK 8 il 1 i
A, 18 F TR 97 XA 8 e Kk AR T 24 1Y) 85 4 B ok 208
RS 3K 2 P

% — A EGFR B A8 Je (19) H TRIT
Ak /)N 20 i fili 95 0T 20 45, VR IT R 2 R g ) S8R, ik iR
] 1 2 2, Cheng S50 35 8 JE 6 Ao B (¥ ) mipk
W (A2 5 R4S G 0 B 2 A1) A8 IR G A ik
1F PROTAC HJEFEAL £, FV B HE /R N B3 i 2 1
cereblon [ 4H 55 3k, 3 id & 48 A 808 R 7L, AL
PROTQC 43 ¥ MS154 (20), Xf 5845 B ff] EGFR™** 45 &
1) K AE 4 3.8 nmol-L™, 20 1% 7 P Hb X} 28 4% ) EGFR %
fige, T 0 B AR AR AR 55, )R T PROTAC 48 71 A
A IK ) L AR5 5 4 SR B R A A S SRR A
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Pomalidomide
binding to E3 lyganse

F
/CE N OCHs
0 HN cl Z

IR 4 (BRD4) 7E 2 Fh iR ik, 2 Mg i I7 it
B AR, MEM =P IF R EAA Y (W OTXO015, 21) 2
BRD4 [ HC K, Lu 550G 5 B2 i 48 58 & Bz, 4K
A9 22 (05 ARV-825) 1] %5 5 2R [ I 4 3k % 1k b %
fi# BRD4 % [, IC,, < 1 nmol-L". 22 ] f&{i Brukitt ik
EL 98T 40 e C-miye 7K, BH W40 i 8 5, F % SR T
A A S B8 N SRR JE i vy BELIKT 22 (9 B RRVE L, 2R
W2 1R TR BE % O T 5 40 14 3 25 5 cereblon, FHIE T
BRD4 [z = ALAEH

DA b5 W D 2 PROTAC 1 1356 1, % Ji
T 12450 B T AL mT LA 6 818 ) v6 97 40
8, F 9 PROTAC 45 Hh 45 & AR B I L mT AT
Z S CH ABUE TS T

Bl Sy TR T 2% B R B e T ST 52 M 52 A
(AR) FEPUAIM &5, Han 55" 75 AR 1) PROTAC [
fiR 7R, LB i AR FE P N 45 & AR I BC 2, 43 BT
T B AER (23) AHAD AR $5 50 5 1E 52 AR 1 3 A 45

\ N o o HsC.__S \7/—}\1
H3C _ /H\N \ /) ':)/
H

Ibrutinib [o}
binding to BTK®4'S

Androgen antagonist
(e] binding to AR receptor

N
20 H

FA), B i i T 25 (1 2R B R [R) 52 Ak Bz e, ERT T DA G A
N A R R 5E B3 R VHL OB AR, X % 3%
SR, 133 7 24, XI5 AR B LNCaP 41 i
[ 1C,, = 2 nmol-L", T %} I ) AR 45 51 71 U & iz 1)
IC,, = 150 nmol-L",
433 BREMERHERK-100RKEL HrEmihsk
HHR 24, S m 25 i AR AR e 1, k2 24 I AR By
IR AR 24 77 20l 2 SR PR A MBI 6 oA FEEEm)
AN A R E B T 2 K R R T
BUTE ST NE B A AT B BE A IEOIE 24 1) GLP-1 28254
e 7 9 AR TT AR A

it v I A R RE AR -1 (25, GLP-1) 42 i N 20 b 1) ik
KWME, AT ANNGFEM LM, GLP-1 G £
Folt 2 B Th A ) ORR B B B A0 R 43 Wl R B 2R, 4 v I
B2 HORE T, AEZ% B AR, DR AR A%, X LRy
7 8 i ] 2 A A0 RS A 1, DRI GLP-1 2 A B I if
TR A PR NIRRT . BT UL, R RE—
JKF ¥ GLP-1, B bR 2 i 2 BB R 0 1) A 20&

Linker VHL ligand CHs

24
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%o GLP-1 RILT 1984 4F, & & A 30 8 31 N R
[ RE =

AR PR 3L RS A, & — B IF B AT AR B T
REJa, BRI 2R3, DLERE IR ERAS . GLP-1
B PR e B AR I O, Wk IR R IR (DPP-4)
KR, 2R T 2 min, BRI BT V)AL A8 Ala®-GIu’, &
B AR 77 4 55 52 R 1) S R0 ARAIC, BRI 2K 250 12k
AN A R T T R T T R S AR A A
OB SR R A (25 LR FTR), KA H AT DU A El
AR AL R

283 2 5 (R RO R A B A AL H R BB ik
(26, liraglutide), 45 14 /& K Lys34 2% # i Arg34, 1
Lys26 ) &R BEA B AMERE, 5 TNk iERT
GLP-1121fi ik

HEARZIRRNEIZED, TiEHNIEEY R
MEY . Wy T EEERKIEN (R) 5 i
m5 AR AN AR, I REKAE M 28 4 i 17 8 B
V) H AR ' O (0375 Bk o 468 s R T S5 56 A0 K PR F 7,
IE B A 37 & ik B A 5 GLP-1 A/ [H] i 2E B Sh B, 76 1 2%
HhOR) K R AR E 46 A (self association) FF 5 B H
RAEBKIES G, B 5 T 4 DPP-4 Fl N U Y £
EME, M, 11~15 h, B FH R H R3S E
A7 B VRS — IR, mr ) 2 BORE PR B A LB, B
B — /N i N GLP-1 1 % I b 244, 55 5 FDA T
2010 fEfik vk _E . GLP-1%F DPP4 [ AN K& i 2 iy
T Ala®-Glw’ 2 B (1 B ) A7 5, 9 1 42 = X DPP4 (1 £
SE P, TEBHI R H7 & K 1AL RUOG R ER A b, K R hE & ik
(f) Ala® e iR a- 2 2 57 T R Aib®, LARE{IK DPP4 ff)iH 5 F1
BT, AR 48K G B T Lys26 B i 105 8%, SCRIF ) H B
—ARHME 1k R D&k (27, semaglutide)'™. 32 HL#g

DPP 4 Splice site

“o&mo
:oo@oo“

N T CC T C

(e] COOH

27

TRGEIK 27) 5RHEIK (26) 254080 11221557,
2R B RAE I P~ 3 0 R A K 4 %, A
P w1k 94%, 1 B A B AL & ARG —

Table 2

following administration of semaglutide (27, 2 nmol-kg" i.v. or

Pharmacokinetic evaluation in Gottingen mini-pigs

2 nmol-kg" s. c) and liraglutide (26, 0.5 nmol-kg" i. v. or
1.0 nmol-kg™ s.c.)

i.v. Administration s.c. Administration

Compound CL 8 tn - MRT F

/L-h"kg'  /Lkg! /h /h /h /%
Liraglutide 0.003 8 0.0674 124 7 23.0 66
Semaglutide ~ 0.001 6 0.1019  46.1 12 63.6 94

RIOEIKT 2017 SEHL#E LT, 15 36 77 08 R A1
IR 259, A R S B IR 24 1 K, SEBL T K ROR Ty
1815 I PR H bR o 2019 45 8 & ik il 4 B 4k 17
12570, 2020 4 4R 1542300, Ol 7 RIB &Rk,
43.4 FMFPIEBENFAIE  FEHILAE (A, sildenafil)
B R AL AT AW . BV S A | £F X PDES #ILbR
WA R 97 7k o0 5 R Ak 20 ik v 24 40, 7E 11 R THEARAY B,
XA PR 1) 0 B0 R AT SIS VR T LER, S AR
A 12 B TR )RR 28 1k T 0 R I I R A . LA
Osterloh Jy B [ 15 R 5= A= 75 43 BT U 494 16 b 00 = 1 W IR
ROR I, = A R BT M 52 AR 3 R 24 e A A B
IR, PR 5 R ) A OCE . IX AN R IR
306 3 2 W) A T Z I E E ROREBF 9L, TE 1994 4F 5%t
12 446 P S B RS 1) £ 2 EAT T I I R 7L, 45 3 10
Y B HEhEA B . SR IG PRAF 7T, IE S
7 b S AR A S U S MR I T BE, T 1998 4F FDA
HEHEAE AR S 1 259 7, J5 R R IR S 58 7
it 5 ik v AT B AR £ 2k

0 @éoo@@@@.b

NH

ﬁﬁg :oo@@@o@pf
T B A eeacado

26

@.0@@0@0.
NH iNH WN}.Q@@@.@

COOHQQQQQO@@@
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S5 28 R B R AI T A R A Fe 8o, PR 5 1%
R BRT JR ZR 3 BRI AU 7T BEAEAE R SR O R, YONTERT R %K
T B B — A BV BER 21T (cGMP) ZKFRE1I,
F& T PR AR cGMP [ R — 5 5 (PDES) il 2,
76 M AR EF | PDES, 451 cGMP /K- b IR 41 38 410
il -5 WA 1 (1) 3R I FIVE R R B (-8 (AB) AR, I
W PLELEE, JEi5 S AR R KEE TS . PR ARk
I T 8 e 0 2 A [ B A Ao 2 2 LR T S E R

ST ER A R AR R T B
WS HE, 97 T CA 4 & . Cheng (FRHE K) 55 H]
THE AR 22 G T B R PR BRI (1 2R ) 5 A% 22 2
P, W R T AR 13 AN REAE 1 Y R A 4% (endophe-
notype network), 2l AL & 35 T AR EH-EH
AHELAE FH B R0 % 18, T 1 600 Fh O N 251040 4 0 28 52
W FERIAME, B 2P PR Be S5 B0 2R 2 BRI 1) 22 P
PR R AR AR . R ILPE RO AR 1353 B (Y — P 2
W, G546 I R TR ¢ P e AR R T DA 2 S5Gs A A Ad A,
P P AR IR T Be s R I ER «  T SR IE P R
Ak 5 B JR I U BRI (AR DM, IR A AT T 35 700 £ 77
N TR 66 0 6 4, A JOLA8E FH 8 s R I 1 53 1 B 75 6 4
Jei AT IR R BRI B 2 R B AR T 73% 0 41 B A= 1 2 1t
TR, FHEFPININE AR A2 TG (52
RET 20 ) JEAT M A1 SIZ 0%, 16 R FUS A BT 3 i v 48 58
A, IR RIS tau 2 I S BERR AL, 150 B G M IS AR AE
Ree AT B JR S ok BRJ DXS: A7 7 £ 1) i
435 EE—RiES—XH Ber-AbLEEGINFIF 15
H AW 2001 4 BT D B JE (28, imatimib) 2 1 H
T Ber-Abl ¥ 16 77 1% MR A G (1 197 1) & 0 M 24
W, BRI RESE 1) 25 40 8 U AR S . RESR 2
B Ber-Abl & 4E 45 55, BBV 1] P 2 ik 1R 5k 5 The3 15
A5 11e315, 15 28 M LL 5 2 45 A Mo/, 2007 4F
LT B ¥ # JB (29, nilotinib) & i H B 1l o IR i 245
PR3 AR i, R A RO R AR I . 29 52811
G5 4 5 L DX 5 2 P A 2R B A] (1 Ji B 4 - HIN-C O-336 [r] 2y
T Jie B -CO-NH-, LA J A5 0 248 34 1 4 0K ) A JE 4],
GER R S B, Tk Jie B AR 1] () 29 SEIE G T [R] R AR Y
Wl R AR A A, 29 WL Yk Ber-Abl A2 53 1) Ba/F3 4
JH v 1 L 28 45 v T 26 £

@
P o o L

\Ha /N\I(H n/fj\,\{/:—\/CHs
I N S ﬁ3 N
28 I A

N 29

2012 4F Ariad A ] 1T IA44 % 2 (30, ponatinib)
Je AR 4 &) 36 T AbI™S1 A8 S5 (R B0 45 4 “ Bk
KRB R E . Thr315 38 524 Tle, 5k JE M &% 1)
CH,OH %% % CH(Me)Et, %k 2 | OH, i g 5 K 3k 2
8] [ -NH-AS A T2 i 08, 28 19-NH-C BT L, i L3R
A2 J5 (1) Te AR AR FI G /K PEHR K T Thr, 751842 /), 30 F kR
FIER AT I, -C=CRFR /N T A7 FHL I R T 5K
g4y, DRI AT AbI AR S R IR PR B S B e s, N
SARIBITIERL L A 25 . R W I 2 AT A 1
GZD824 (31) 2 v A it 24 (1) 37— AR 2590, e R A 0T
TR 24 F i P 86 12 19 L 2 B R R IR T R,

N
LN ]Q/k” CF3™>"~CHs
H3C
30

N
HN%&
-
|
N\
HaC
31

5 5

24 B DL W 2 R LIRS, B E T RN
e, WG PRAR B 9 5 100, B Al B 255 AT A I 52 R R Bl 2
B R, 1 5] S B al A 9 A0 78 R, il k%
AP P (LR 2GR BN 7 S R A
85I R R R 2 1) 2 D) B, SR 2 Bkl
B EIIR B 55 . AR 2 1 454 (NME) 1 291k
S Lo ) E AT (H SR A% O, SEIL P I R AN
B V7 A2 RR 1 75 SR T 2 A H A, BN B 34 B SR 24k
A LS AT (SR RR BT BV AR, M
KL A BE, i Gy S b A 58 B JL Rl S, A 1) 1)
137 23 7 T2 Ak 1) T Ui DGR I R LR, 45 4 e 1Y)
FE AR, 76 SR FE A BRI 2, X T
B2 HIE A R B K AT
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