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Recent advances in the biological activities of 1,3,5-triazine derivatives
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Abstract: As a prominent class of nitrogen-containing heterocycles, 1,3,5-triazines are characterized by their
rigid, symmetrical structures, ease of functionalization, exceptional biological activities, making them a privileged
scaffold in medicinal chemistry. This paper provides a systematic review of the research progress on 1,3,5-triazine
derivatives over the past five years (2021-2025), covering their structure-activity relationships and mechanisms of
action. Results indicate that 1,3,5-triazine compounds exhibit promising antimicrobial activity against methicillin-
resistant Staphylococcus aureus, drug-resistant Escherichia coli, and Candida albicans. Furthermore, certain 1,3,5-
triazine compounds target PD-L1, PI3K/mTOR, or EGFR, thereby inducing apoptosis or cell cycle arrest and
inhibiting tumor cell growth. In addition, these compounds also have anticonvulsant, neuroprotective, antimalarial,
antihyperglycemic, and anti-inflammatory properties. However, several 1, 3, 5-triazine compounds lack clear
mechanisms and possess unsatisfactory efficacy, requiring further in-depth research to develop new chemical
entities.
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Figure 1 Chemical structures of triazine isomers
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1.1 IEEM 2021 4 Green FMHRTE T 1-HUAHL
W -2-%-1,3,5- = AL S DI BT RO BT T (1
2)o RIS G AT 4 B €076 % BR B, ELAE T FHY 42078 A
4 75 5 %] % BRI (methicillin-resistant Staphylococcus
aureus, MRSA), I R 47 . L&Y 1aX] £ MRSA
PR 5 A7 9 R ), B KA R K (minimum inhibi-
tory concentration, MIC) >4 0.95 umol-L", 1b fl 1¢ 7F 1x
A 4XMIC I BE 2 25 1 1l MRSA A2, ORI 6]
KRB, B BT IAMER . MR E
B, ROV B A A TP s 1 R 97 ocEib
TR AT TLIs B\ TT AR IR R, BRI AR 2
PRI VE R SCBRE, 7 70 7 v 5 A UK I ERCAC U 35 A4
o 22 T71H, WE PR A i 2 A, Jo B S I
TERT . ZRACE PR P A4 3 500 25 206 5 Ja
2022 4 Xia S BT X 4 15 DNA [0 e g, BT &
T RB R E M-I -1,3,5- =R G, (A2
Rl (1C,, = 1.62 umol L™, & 2), St Sk 8 1E 5 fiif 24 14
CREC106 [f) MIC 4 1.95 pg-mL", 5¥4EFRMY.
RORFR R, ZRIRR AL T NG S0 A i 55 T r, 1 5 4]
(electron-withdrawing groups, EWGs) 7% 4 1 T B & .
FRAUE PR R 55 45 fL 7 [4] (electron-donating groups,
EDGs). fE CREC106 55 [ /)y bR B Sk Ju i AU oh ) Ak
B2 e 245 3 IR AT 5 B MR A ek 0K B e 4 T 0
HARN ORI BOR « % AR 9 R I i AU 24 1)
PURE 259, SRt 7k &M, MR BN 11221253

RGPV F i — PR .

2022 4 Dhiman S5 EF 0 22 8 /)2 iR 24 4 21 B
B, KA % % (tobramycin, TOB) AP £ (cipro-
floxacin, CIP)- | 4 V- &5 4f ff i 8 ) 254, 1@ 3 1,3,5-
SRINEROE T SR G PR REN . (hEY3
(TOB-TOB-CIP, & 2) i& P 5 AL, 7R 71 g CIP e U9
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2), X & B MIC 9 50 pg-mL™, 3 X5 11 7R 43 B9 H4 98t
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Y. WEY)Sa~d (E2) hREIZRM R, 0.5 pgrmL ' 7%
TR MIC KT 64 pg-mL™" f£ 42 0.5~2.0 pgrmL",
B AR 73 B30 B UK B2 $8 8 (fractional inhibitory concentra-
tion index, FICI) ¥0.016. Sc B FH s 37 74 R R i At
TH A ER B Y R B SR AN H R (MIC < 0.125 pgrmL™).
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N 8~16 pg-mL", HHU %), X #i &k P
AER A 6N S R B S R A Bk B S R R A R R
A%, MIC H4~8 ug'mL". 67F 1~4 pg-mL" T Al 44
P BR824 T k. AL 72 R B, 6 76 N\ 6 40 filg v
1 1) £ R4 prohibitin 2% 1 (PHB1.PHB2), {H [ & %k B
PHB1/PHB2 H/X/ = FAG bk v id 1 5 B A A — 3, H
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5a, R = 2-Cl; 5b, R = 4-CF,
5¢, R = 4-CN; 5d, R = 4-NO,

® 2-Cl, 4-CF3, 4-CN, 4-NO, improve activity
® Thiosemicarbazides moiety is crucial for synergistic antifungal activity
® Semicarbazide or cyclization of thiosemicarbazides moiety diminishes efficacy

sl f ey °'Y”\Y“7©[°> ®
N
— et e X

® 5-NO, conmbutes to better activity

® 2-OH substitution (a salicylaldehyde hydrazone)
moiety is essential for antifungal activity

® Morpholino substitution decreases potency

N
8 B
® ],3-Benzodioxole is beneficial
for activity o

® 2-OH substitution (a salicylaldehyde hydrazone)
moiety is essential for anti-SARS-CoV-2 activity

® Morpholine disubstitution is beneficial for antiviral
activity and increases water solubility, reduces
cytotoxicity and improves membrane permeability

Figure 2 Chemical structures and structure-activity relationships of compounds 1-9
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LA . BT (B 2) 55 R e X g R e
i 24 9 2 2R B 38 B0 M 9 P 5] 2508, FICT 2 0.094~
0.38, 7] K F R e (1) MIC MUK T 64 pg-mL" B %2 1.0~
8.0 ngrmL". FHIIS, 7 Xt 24 11 3 BR A H- S Bk B A
fIMIC A 1.0~16.0 pg-mL", HACEEE ), XF 357 5 fa ek

TR M O BR A B SR BR R A5 3 MR R (MIC =
0.5~16.0 pgrmL™"). 77F2 ug-mL" A 301 4 & 2k 5
B 22T, 4 ng-mL i BE 2 25 401 AR g AR . W
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U o A G AR IR BT B A A SR 2 VP AT
FRRANF AL o

2025 4 Jiang &M % H 1,3,5- =L &1 8 (A
2), Ho 55 50 R ID6 B R TR 24 1 2R B R A 3 I 1
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7 (AR I 7 SCARACL, (R 3 B = e REAZ AR R 41, 7E AL 2%
SER) X B K . RT-PCR 5256 27, 156 ) 41, 1) 40 i B
ALK WSCI WSG2FKS1 R & W E Fi. &Y
HL B T T DO IR A 2L L RO VA A, A R R 24 i
ik, T B P 24 AR O 4 R RE S 4 P, LR AL
TE/N R ARG B 2 R B e 2 L 8 5 50 R eIt
REk /N R E, BFRRE I E R . 8 5 H R M Ik
FAS N S B R 4l AN R A% [ W 4 B A
R AL
1.3 PREFEM 2022 4F Cesarini V& T £ &
ANRREEM I 1,3,5-ZATAEY . &9 (B12) 351k
X SARS-CoV-2 [ IC,, 7% 12.1 pmol-L™, H.4H il #
PEAK . MR R EoR, =R X0 Ik EUAR 5 7K 4 g
FR g R P AR YU R TS MR I OO HE . AR H ML S 4 )
A RNA fif Jig B DDX3X A % (IC,, = 6.6 pmol-L™"), i%
s 2 595 2 2 It B2 . ADME T2 89, 9 K i M o,
JIE5 38 375 1 R, HLAE N PSR 4 A il S Hh A e MR AR 7
HABAT AT W BT SARS-CoV-2 3F 1 . %Ak & ik
W2 A fr it — 2 0P .
1.4 T iBmmMEMEM 2022 4 Noureen 25" & B T
PR I e -1,3,5- = WAk & ) 10a 1 10b (B13). A
WIRE A FRAH TR R FT B Ak B AT B TR e BR A
) 2% {1 B T TR ) PN R b TR (R i R T R I8 R )
FEPH A A R P . PUBE T T, 10a T A
IR AR A A B 28 mm, AT EERE 2 10b XK
Jip KT T 1R 40041 BB A 35 mme. U ELBE 7 00, 10b X 38
ZURE T B MIC 150 pg-mL”!, f0 T RUBEME. WAL &
Vv L2, 54 135 B B B ARZEAR BAE L, vl RE RS
IS . ZIAE YR RO R M N 245 ORI L 2
PETR B 5 8 AL

2023 4= Murhekar 25" DA N-(HE R -2-38)-1,3,5-
SR E BRI A Y Na~c (K3) HitsEEtE. Bt
B9 TR, 1a X6 K A B R 2 3 (B B8l 13 mm), X
DB B M B AN 4 0 8 R A BRI B AE TR M 11b X
KGFFEA R e THUHE G . PLEE T H, =&H%
X Bk A PR AR (B0 RE 12~ 13 mm), Xf 2
B IR . PO T, a EHUR RIS PE, 11b 5T
A BN I B R (B B 19 mm), X R EE R
HEETETE, e Bt SR 8 8RSt (B B 20 mm).
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1,3,5- =R AT ALY, VAN L BUi A M s v 2 AR L
&P 12a~c (K 3) Wl PEE AR, X 4 08 6070 21 BK B A
LR AR B R TR 1R A5 22 P MR B A MIC R 7.81~
62.5 pg-mL", A1 12b % i 5 Ok T 1) MIC AL T8 %
%, 12a~c X & ERE I MIC N 7.81~62.5 png'mL™", 1

TR R R Z AW KA S =
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JVERE, BEL T 0 DNA A st R, T 01 200 1 384 2

2024 4F Zala FER R G B, AT R VIR IE
e e B A SR BRI 1,3,5- S AL A . %20 T
5 2% BH/BA M T 1 MIC 5 12.5~500 pg-mL", $T & Bk
[ ] MIC 9 250~1 000 pg-mL", HL 45 4% 7> FoAF i MIC
N 12.5~500 pg-mL"; b &4 13a~c (& 3) X K E 4
DA P R B2 . MRS R EoR, K3 EGIN
SO EA R TR A 1,3,5- = 5 450kt g |
TR IEWE /A B A, PUAH TR CR B A 5 2-F Sk
WE IR HEMEAH A BLEE R T i AR . TR PR
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%I T R R BRI I B R T 1

AN R BB AR R T =R AT AR A A
e, e 52 M &S F4& 4. 2021 4 Soliman %
FERPEAN 5 b i 14 (BPMT, 1 3) 5 = S48k I 8,
A kR (1) B &) [Fe(BMPT)CL(CH,OH)]. %Al A
Wk 4 B €07 A BT IR ZE AT B A R AT B
SERCE MR, KA E RS R S L AR
S BR R B BT R A P S M, MIC R 6.2~
7.9 mmol-L™, {FAF % T 0] S 78 ORI 220 75 AR 1 B A
2023 4F: FathallaZ5/2) 15 (DPMT, I8 3) NECA, & ECT
PR AR (1) Fi2 24 [Ni(DMPT)(H,0),](NO,),-3H,0 Al
[Ni(DMPT)(H,0),](NO,),-H,0. i & Ee A%} FT A Mk 3
AWBITCTEE, TIRC &4 [Ni(DMPT)(H,0),](NO,),-3H,0
FIH — 8 PUB S M, X A 22 B TR R AT T
] Bl Sy 12 mum, % B == B A4 T K A T 16 400 1) B Dy
11 mm, MIC ¥J 4 1 250 pg-mL™", 1B X} 1 #2515 « B & %k
PRI 45 LB % 4 00 0 2 R B AR TR AT B A
FH o 2023 4 Fathalla 250K 15 Hp 10 1 AR A 5 46 IR i
WS FIBLAA 16 (DPPT, & 3), & T R (1) LA
[Ni(DPPT),](NO,),-1.5H,0 fl [Ni(DPPT)(NO,)CI]-EtOH.
Ui B T AR e 1 T TS, T P R G A ) 38 R I I
)L T AR T e, L XS B = O R R B )
RO T H22FIER . BCE%) [Ni(DPPT),](NO,), 1.5H,0
SXof AR T 75 T R 1 A A T 4081 P 43 1) 9 20 121 mm, T
4 [Ni(DPPT)(NO,)C1]- EtOH X i & 2F KT 5 (1) MIC
N 78 wgrmLy T A BR T A ) R T R A
4, MIC #4312 pg'mL.

2025 = Al-Karmalawy £ 17a N6 &9, #it
BT A R R R R R S5 R 1 1,3,5- =L &4
(B13). MHAMLR 25 R BoR, WA 1Tb~d i TR,
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® Sulfonamide- or sulfadiazine-triazine is core skeleton
® (1 group is important for antibacterial activity 14
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® N-(pyrazin-2-yl)-1,3,5-triazine moiety is important for anti-C.albicans activity
® Cl is crucial for antibacterial activity
© 4-OCHj3-aniline substitution is more potent than aniline against Hepatitis B viruses G\‘ N H = N
B N z
T |
N.__N
Cl \/\NK/ Cl_~ @ \r X
Cl N N.__OCH; N N__OCH; N
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NS AN Nk . O\K 16
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HN R 0. [e] H
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® A methoxy group, 1-(2-chloroethyl)piperazine and short peptide are important for antibacterial and O N
antifungal activity 1S

s H N H s H N H N H 7 N
TG SR O NN A —'r
N N\fN _N N NYN = | e |

i N 18a, R = 2-OH
: “CF. : “CFs

18¢c, R =4-F
3

18b, R = 3-NO,
13a 13b 13c

® 4-Aminopyridine-benzothiazole/coumarin-triazine is the most potent for antibacterial
® 2-Aminopyridine-benzothiazole-triazine is the most potent for antituberculosis

© NO, and F are crucial for enhanced
activity

® Morpholinoethoxy moiety increases
anti-HIV activity, reduces cytotoxicity

© CF; improves efficacy

One of amino hydrogens
was replaced by 4-sulfamoyl

henyl moiet
S Oxygen linker was
replaced by hydrazone
'/\ s moiety
Replaced by -H or f
-OCHj to reveal .
activity change

'\~NH2‘? Structural
N /§ optimization

‘\SI'7A©\ ;\‘ _
{ o
Al N)\N/)':\O,‘\N

ipophilicity H (e

upon decreasing
NO,

PR
Replaced by various
aromatic ring

and improves water solubility

o. P R R} R,
HN \@ 17b CH; Br H

17¢ ph H H

Rz\©\ N*N Ry
{
N)\N/)\E"N\\(Q/ 17d Ph H OCH,

® CHj; or Ph enhances antimicrobial activity

® Unsubstituted phenyl or 4-Br-phenyl displays
the best activity

o The lipophilicity, steric, and electronic changes introduced by
OCHj3; don't significantly affect activity

Figure 3 Chemical structures and structure-activity relationships of compounds 10-18

Forp 17b X 42 9 €08 4 BR I 16 MIC N 62.5 pg-mL,
17¢ % 1 28 Bk 1 A 5 1 #1861 MIC 24 62.5 pg-mL™,
17d 5§ 5 H AT B B MIC M 62.5 pg-mL”!, =318 A%
SR . A E BRI R W, A
YInT A B ORE B35 . 2 FRHEE R, 1Tb~d 5
DNA [A] /ig fiff Ser1084 . Argd58 25 5 4 ik FL 1 flt & 4t
n-n MERUE R, 45 G Refase, bR TP AR U s 1 .
EAREERZ, IRREM WAL T I E R &Y T

PURBRNE O, BA T ZAAYE M, (A& A EM
BT BEAS ] o

2025 4F Singh SR IE T MEME ST R EAR 1,3,5- =
AT T A RS TR T . A S 18a (K13)
J9HTHIV-1 5654, tHREHUSHIE SEH 5 HIV-1 8% 5%
fity 4t & Fa e, NS HH EC, 3A 125.1 nmol L™, A& %%
95 5 S, 55 4 A& Y TR AT SARS-CoV-2 & il
EEEANHIEF . PR SL0 R B, S bk 2 S )
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AT A= iE VAR T BRI AT A, B == B
B ) S R 5 T AR S P R . 18b A 18¢ X 4 2R
LR AR ) B A 3 R 4 3R 12.516.25 pg'mL.
Z A A Wi EL P 15 AN P40 B O A, AR 2
RO R T R IR AIE

2 BhEEM

2.1 ERTHBEEERS 2022 4F Shawish 254 %
T E A RIS B 1,3,5- =R A, BEH R
EGFR/CDK2 XU iy 251 . &Y 19a~c (& 4)
P P L, 6 AR/ BT e AS49 20 i AT N TR
JiE MCF-7 40 i i) 1C,, 0N 2.32~3.30 umol L™, X IE# A
S JHk B £F 4 HDF's 41 Jifd 1 1C,, 4 3.78 ~14.00 pmol-L",
BT 2R E. MG ELieRH, 190 X EGFR
IC,, 9 34.1 nmol-L™, Il T-J& & # J&, 10 pmol- L ¥ &
X EGFR A1 CDK2 [ # l) Z2 73 51l 35 93.6% 191.4% o
19bif ik | p53.Bax f Caspase-3/8/9 58k [ARIA, T
W Bel-2 (AN K7, S AS49 4l 12 4> F 082
i 7%, 19b 5 EGFR 1] Met769 1 i &8, 5 CDK2 [
Lys89 JE L &5+~ A BAEH, WNiifRE4si& . 19b
o 33X R ot B 1 D o 4G B S R0 g 5 L ) i M AR DT R,
[ B0 E T A P Um0 1) (4 1 AL

2022 4F Shawish %G B 1 £ 41— F AL ME-1,3,5-
—WERTAEY), B 1EJT K HE1A EGFR/PI3K/AKT/mTOR 15
SRR 2P . TRV MCF-7. N 46 ¥ HCT-
116 A i & HepG2 2 Jitd 35 A 41 il 3 1%, 16 & 4 20
(F 4) E AR, XF HCT-116 . MCE-7 Al HepG2 4H s 1)
IC,, %3129 0.50.4.53 F13.01 pmol-L"'. HLHIHF 72 % B,
20 %} EGFR ] 1C,, >4 61 nmol-L™, 1 T /5% & J&, [Flif
Al 2 3 i PIBK/AKT/mTOR @ %, 1 p53.Bax &
Caspase-3/8/9 315, Nl Bel-2 /K. &AL & Wk
A — P H R,

2023 4E Tang 2521 DL PI3K #111 1] 7] ZSTK474 N %
S, JF KB B PI3K o 3 B M) 70 o R H A5 HE
H4 ZSTKA474 — ] {1 Wbk A 25 4 Ay Wk e 34, 38 &
Ji 3LE AR i ) N B AT B g 0 1 1 A a2 R
s Bt RiEE— B 5 PI3Ka R A4 &, 5K
K e BR 40 i 5N AR, Bt A 7 TR 1,3,5- =Rk
W SR AT A (B 4). AL AW 21 Xt PI3K e 411 il
IC,, 7% 1.2 nmol-L"', H Xf PI3KA. PI3Kd #i il IC,, K F
50 nmol-L™, BB AR T ZSTK474. 40 S48, 22 %F
HCT-116 A1\ Jii i J5i 8 US7-MG 4 il ¥ 1C,, 43 5 A
0.83 F1 1.25 umol-L"'. &N U87-MG 5 Fli # i /> i %
A, 21 LL40 mg kg B E S 4A 25 16 K, . 3 |
FAEKHLHERE. o0 ER, 208 5
S RIS AR R T 5 PI3Ka 5 5 11 5% JE GIn859

A B, AL S Lys802 T R AL BE, 1E I 5 Val8s]
T A, B R 3 5 Ser773 T BUATUAN A, L [H] 1
MREEASEM N Gk . g5k, 20 AT R T I
PI3K o #1771 FF & i PR 7

2024 4F Sun 25221 PKIS87 A4 S, BEETF K &=
EFEME mTOR #0771 . AR 4% mTOR 45 & N A8 Re %, H
BE X R FO30L 2% A% T i B IR 1) 25 s, W] 25 40 K 2k 1]
BUACHE . JE T ok, {3 B4 PKISS7 (1 e 4k 25 R [B] — 7% %
JIK, TE =R 1) C-4/6 A 51 N BURR 240 ik | FF 35k Hel i 45
Jr B, PLIE S mTOR VAR 2 48 B 2 5 X 1 — H
RAILIRIE 454, 51 A\t 5 mTOR K5 5 1 7% 354 FH A EX
AT, 2R I 4 T Jie 2R I N R S5 FOIR 46 4, 7Y
PN . 20k IRA T AW 22 (K 4), H X mTOR
FRI I 1C 75 1.2 nmol- L™, H. 5%t 22 b 2o Ath i 72 W &
HOHNEE . 22 % MCF-7 48 /il (1) IC,, 24 0.74 pmol-L", fE
JE I H mTORC1/2 3 % 175 5 41 i F W < L G2/M
140 i ) B0 R 00 o) 4 M 3 RS R FE B MR A L, X OE
AT LO2 B M AR 22 B A B4 A P AR it
FasE PE, XF CYP i Al hERG 3 18 B B #0h) . o H
HETNRREAAKEE, 2R3 /1 Z AR UGS . /£
MCF-7 # B S M A i LAY o, 20 mg-kg™ 1) 22 i3 i 44
KA iR A K H0 A1) 2 (tumor growth inhibition, TGT)
15 64.1%, T X825 . 1% 50 N #E W mTOR [ 254
RS Tkt &4 .

2024 4F Zeng %P £ LA PKIS87 AL 54, & it
{5 B XU KR A 1,3,5- = R A% 0, I 25 HE B 4
GINBRIR e M5 B B, B 5 5 SR 1 AR R K
A PR RS D 445 o 5 AR ) PR i R IIR I 5 6 Sy e
MR IGE R T S5 2 PR 1 3R, 3R T O IR AE R FH R AN
R R e . tba923 (K 4) RIHAR, X PI3Ka
mTOR ¥ IC,, 73 711 4 0.45 F12.9 nmol-L™, %} A JE/4H
JiE il 8 HCC-827 40 i (A 4 3% 1k (IC,, = 3.5 nmol-L™)
B F YT 43 £5, H X EGFR i 2 % HCC-827
R (IC,, = 0.16 pmol-L™). 14k, 23 (1254050 /1 44 i
B St — LR . VLRI SR B, 23 R 2 3 4 )
HCC-827 4 Jfd 1 PI3K/AKT/mTOR 3 % 5% 2 £ [ W iR
A, X AR EG AN HIE FH 55, B X CYP B A hERG 51
/N 50 mg-kg! R, 23 HAR4 25 4 HCC-827 # 44
JE ) TGLI& 84.4%. %M 70 R ILH 1,3,5- = Kb &
W 2345 B AN AR /NN T g T T AR E 25

2025 4= Natarajan 25>Vt o SRR A1t ¥ EGFR
5T, T RS A s b T R A 1,3,5- =
&y, th&w24 (B 4) X MCE-7 F1 A549 41 Jifd )
IC,, 43 % 4 8.04 A1 12.24 pmol-L", X EGFR [#] IC,, Ny
4.26 nmol-L", fL T /B & JE. 2475 EGFR (1) Asn842.
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Q. Qs
N

Bioisosteric

N
replacement E
NTSN > NN PeHs
A NS NEN
SaR" OO | e
% 1ob.R=Cl ZSTKA474
N 19¢,R =Br |/\
- H o s o
® No substitution or Cl or Br enhances activity, while Antitumour  R.. LR

OCHj reduces activity

® Amine-pyrazolyl-indole moiety increases while
carbonitrile-pyrazolyl-indole reduces activity

® Morpholine moiety increases while piperidine
moiety reduces activity

Hinge region

7\
N =
e Br () am
)I\ P2 /©/ /Nk e
(NN N NN

o , o |
- OO
H

® 4-Bromoaniline, pyrazolyl and Hinge region .
morpholine groups are the R
optimal substitutions

active fragment )

® Switching the triazine core to pyrimidine decreased the antiproliferative activity
® Two-carbon-atom linker, the carbonyl group of amide and methanesulfonyl are crucial for activity

nity pocket Solvent-exposed area

s

S o\ Structure-based N‘)*N 5
' drug desi >
ool NiaaeB e
N N7 © NJ\N
H | H o H

PKI587 22
® Diaryl urea moiety is a key pharmacophore
© Dibridged morpholine substituents are best for inhibitory activity
® Benzolactone is superior to benzolactam
® ;
N [Nj OCH;,
Ao s Cyclization 1=
N~ ‘N o ! or Bioisosterism NZ°N
N A e \ L i ~
SAac e acw SARe ; i
! ! Improved | R S CN
O\) ‘NJ\Nw ] N PK properties O\) @ Z NN
‘H H! | prop HN < L
,,,,,,,,,,,,,,,,,,,,,,, N N N
o HO H H
PKI587 23, Linker = ;iNJ\Nﬁz R= ;«:\ND 24
H H _— £
® S-Pyrrolidin-2-ylmethanol improves efficacy \g e CHs, OCH% ?thblts better activity tha.n Cl
® Dimorpholino-triazine is core structure for activity e 4—Cyanoal.nlme is better tl}an morpholine
® Cycle linker shows a loss of kinase inhibitory activity ® R-Isomer is better than S-isomer
® Linear chain linker of urea or thiourea is preferred
o}
S ()
= = 26a,R=3-CLLR;=-$N  NH T
1 1 (-
R A 25a, R=CHj,R;= N ) N)§N S8 ‘C;>
NN R- | 26b, R =3,4-diCL, R, = -ngij Fe
N)\N/ R RN N)\N/ R Bt
H T 25b,R=NO,LR;=-4N O H 1 —

® CHj3, F, Cl, NO, enhance while OCHj; reduces activity
® Piperidine and morpholine rings are good for activity

® Cl groups enhance potency

NH,

1
° e il ©\ @
N7 "N R =
Improve potenc: 1
©/ \©\N s ) proveposoy NJ\N o

26¢, R = 2.4-diCL R, = —g-NG

® Pyrrolidine and piperazine moieties are good for activity

N N o
|
LTS
&
27, Linker = ,mﬁ O

© Dimorpholino-triazine is core structure for activity

® A 5-atom-length chain is the optimal linker

® Bulky groups on the linker may be detrimental to activity
® S-Isomer is slightly better than R-isomer

N7ON and selectivi% | .
H Q Rh” \N ngarhead ;{NH ; 5
&
HNL 2 R, = warhead = 'S~
SF N ; o
(e] 2

28a 28b

© 3-Phenoxyphenyl moiety is crucial for activity

® EWGs like CN, CF; on the terminal benzene ring decrease activity
® R-Isomer is better than S-isomer

® Vinyl sulfonamide is the strongest warhead

Figure 4 Chemical structures and structure-activity relationships of compounds 19-28

Thr854 A HE, FI TR e &A= E . MR
R, By IR b A B T v, AR U B AG
P X0 I R i A1 T N R A AR s R- 37 ) A i P L5 3
T S-Stk

2025 4 Canh &2 & B T 7% 9 AN A8 [7) 23 1 #0
AR 211 1,3,5- =R AT £ (K 4). A& 25a3& 1%

A, X MCF-7 40 g IC,, 4 6.54 pmol-L™' /)N B 45 [ I
C26 4l g IC,, v 0.38 umol-L"', 25b i 14 Ff i 41 B IC,,
4391 13.74 F114.66 pmol-L™' . #JREK R EH, R AH
B E VAH AR, R, O IR ER SRR BE BR, T BG 5 BT T
. L&A Lipinski 252525 ML, ADMET 4 i K
Ufo 4y FXTEAIESE, EA1#E S5 EGFR.DHFR.VEGFR2,
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CDK2 Z AP 48 % U B i K AR 4, 4G ok A
SR T IE % B SR X 1825 . [FI4E, Canh SR04k 2 45 1
TuENED, FE T W ERE (K24, hEaYw
26a~c i TEF AT, 26a X C26 41 40 il 35 14 (IC,, =
1.71 pmol- L) L T2 B2 . MR RZE I, R NIEIE
PR EIOUR 58 R HOAR, ¥ VAR T IR E BE | 4- HT R IR IE 2R | e
MRRIA \4- F B UR R PR T — 2 i B HUAR

2025 4 Wang 25718 7 3 8 PI3K 11l 71 4,6- XU
M pk-1,3,5- =k R ERR IR ERAT A T VA RS
TSR . A& W27 (B 4) 6/ R TR 4T1 40
(IC4, = 3.70 pmol-L™") Fl/) i 45 i Je CT26 40 L (IC,, =
1.98 umol-L™") FA s prdf 5 3 4, HO IE 5 /N B £F
Yk 1929 41 f B3 AR, P8 T X 245 . PI3Ko Jl il SE46 1,
27 f11C,, 24 17.44 umol-L"', H G2 i Fenton /2 B 7= 2E
-OH, R AF 4k % 5l 71 %% (chemodynamic therapy, CDT)
RN FROR BB, T KDL S AR 1 B i
B BOA ORI F BT M e m i v . RN SEES
b, 27 FRIBKE SR TT AT R A8 /) B TGLIE 61%, H/b
RAAETLEE TR FESETLHEWERG. % 1T
YESZIL 7 PRK #| 5 CDT YA ¥ G 44, J5 8T
TR P 88 A 85 e . B B T, il — DR LA
NIRRT Ve TR

2025 4 Wang 55%] e 5:4) 28a AT 45 i1, &
A BT BA1,3,5- =88 -2- 1 O B A2 ) E A BMX 11 il
7 (Bl 4). tha%)28b % BMX [ 1C,, A 12 nmol-L”, A
PR IEFEE = . 28b X A H & HGC-27.MGC-803 4l /il
B S S 1 (IC,, 75 58 9.6 14.4 pumol-L™),
5 T G AN A A B A R T AR R I B
Wik 00 200 AR 2 R HE A P, 6 IR 4 EE MRS
BOR RPN, R A 3-2R E ORI 2 P AR TR 1 G s R
g AR P I P R BV MR PR A R, D9 R B e i 4 Lk
N B e AR TR i v . AL TR
28b 1] 5 BMX 1] Cys496 J¥ i 3 A 4k, i3t 1 BH r BMX/
AKT/mTOR {5 5 il i . & 28b AR A4E 90 R FH B 5
i, {H2E WK IA 18.3 ho E HGC-27 #1 f 5 Al B H 1
Arh, 28b L 30 mg-kg-d ! BEEVEST45 245, TGLIA 49.9%,
T HABE, AR SBHBAE TR, SR
ik — 0 M A5 08, TR A 2R3 ) S
22 ERFRUWESES 2023 4F Wang 57 R &
HRBRIT S, TR B 5 e AL A W) 29a 1 IR TN TR
2 A, R v R 4O 1,3,5- =, o TR AL
K /IN53F SIRTS #iil 71) (B 5). HIROR BRI, J5 e
BURAR T e A e, 45 3,5- = AL R I B b &4
29b i HE AR (IC,, = 4.07 pmol-L™"), H.XF SIRT1~3 4!
HE M 55 (IC,, > 100 umol-L™). B 3 12 52 56 3iE

S, 29b O A S B A R R ) s A AR R, A S
NAD il 5c 4. 4> T X, 29b 454 T SIRTS ik
AR LA 48, A Tyr102. Argl05 JE & 1
M EAIER, 5 Glu225 2R & B, 1% S 8E1E A T it
EWEARKYMNE G2 XEE, IR 4 5529
PRANEPEARTT -

2023 4F Jin 2P DL T T R I &L 2 (isocitrate
dehydrogenase 2, IDH2) #I il 71 enasidenib 4 56 5 ¥,
Wit & T £ 1,3,5- = AT AEY . LA 30a Al
30b (& 5) X 47 IDH2MO0 58 4% () N A 1L AM7577
S 310 #61) 2 S 2, 10 pumol- L7 9K R H 2R 4 il oA
66.7% 1 22.6%, 30a [f] IC, 1A 2.55 pmol-L™, ¥ P F
enasidenib. 30a 1 30b ¥ 8 1L /N FRU A= A7 SR Hen
enasidenib, " A7 A A7 73 0 57.57.5 M58 Ko 4y
X 7R, 30a A1 30b il ik — A 5 IDH2 & A
GIn316 J& s A B, 30b i& 55 Val294 JE pR -7 HEARLVE F,
FIF RGBS A % LAE NI A HT 2 IDH2 #1712 it
5%,

2023 4 Khalil %Y [F] #f L) enasidenib 56 34 i
AT, A 31 (B15) % 60 i 4 fitd 1) ~F 25 2E
KA1 5% 66.0%, X A 1ML HL-60 Ak B2 58 SR Al
N i A498 2 L R AE KA 1 2 G, 70 991 9 0.15.0.16
0.14 pumol-L™!, Z 30 HH 38 R3] . 31 % 2848 51 IDH2R!°
[ IC,, ¥ 101.7 nmol-L", X B 4 74 IDH2 1] IC,, N
2928 nmol-L", J& RALHGH 29 f5 . HLHIBEFL R B, 31
Al FF HL-60 40 A BH ¥ T GO-G1 A1 S #, JF i@ i L i
Caspase-3 Al Caspase-9 FiAFE FF T2, 40 T XHEIESL,
318 1,3,5- =R B A E 4 7 5 IDH2M R A J5 1)
GIn316 JE i 3 2% 28, 10 % B A= 28 o vk T m bk 98 et
R T 31 0 RASTG 1) kR

2025 4 Xiao SFPER X LA R 4F &Y IDH (mutant
IDH, mIDH) il 5% 2 5 8 — W ARAE H 5 7= 2L i 2
FATAE 2 4 R 5 1) 3L, 3@ iod A 5 0 P O e 45 21 1,3,5-
—RE 3V 32a, J5 BRI RO RANLAR BN ) 2V AT
Fi, TR H B AL v A 3 B P mIDH1/2 XUHE s 40 1
71 32b (1 5). 32b % £ F mIDH1 1 mIDH2 4% f£ %)
2 P H 58 0 #1135 M (IC,, = 0.021~0.425 umol-L™),
3 A I e 4 B SO AR (R)-2- 7R R R TR
(2-HG) 7K~F. 32b R F)H BE R 4F, ifi fix B s 2
F PR, AR AR E MR . PR SEEG R, 32b LA
25 mg-kg" [ IR &5 24 m] RF A 0] il 988 20 23 2-HG 2 A,
KRR T enasidenib F ivosidenib. 241771, 32b Xt
UGT1A1 i A1 hERG 18 & 40 1 /E F 55, $27% 91 i &
JIE AT 25 HRE RO I AR A . H AT, 32b 1E 4TI IR
I (NCT04272957, NCT04764474, NCT06387069,
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o s o N Scaffold hopping
O GNP NN . —— 5 & NIKN R:f‘@
NN YY) IS N WS O G o
M H H H
Pharmacophore
29a 29b

® Replacing the pyrimidine with triazine yields several low-micromolar inhibitors
® Aniline substitution exhibits better activity than cyclopropylamine, cyclobutylamine, or cyclopentylamine
© 3,5-diOCHj increases activity

o

N7 N
i : 30a,R = Q)(
; NH | [SIAN

-------- J\ Replace pyridine ring with R .
SN amine and chair center )QN HO
s
YN W N ———> » cF, e\?o :
. ho T N 30b,R = LNJ)LN
H
Enasidenib

® An alicyclic amine doesn't significantly enhance activity vs original pyridine
® Five-membered and six-membered rings show little difference
® R/S Configuration changes have no obvious effect on activity

.~ Ho
j/ Structural [Nj
Ay

0] timizat on
N7 NI*N p:lj> R,, )N\/ e
Fio” SN N O N G G
=

g Ny
Enasidenib 31,R—3.Br, X =0, Linker = & NS
® EWGs: 3-Br > 3-Cl > 3-NO, > 3-F
® Morpholine is preferred over piperidine

® Linker: ;H M, ﬁu Tﬂ fN N\\[r‘a «*;N)}fa

R

Potency and /]\
CFs )N\/)IN\ J\ PK improvement  CF )N\/JN\ CFs - E
SOSNTSNN SSNTSNTN R= F
H H H H F OH

32a 3zb

o Cyclohexene ring is the optimal scaffold

® The chirality of 3-hydroxycyclohexene is crucial for activity (S-isomer > R-isomer)

® Introducing F-atoms into cyclohexene further improves metabolic stability

® Lipophilic substituents in the side chain are more favorable for inhibitory activity than polar substituents

Cap Linker ZBG
e —_——

o 4 N
N’N\/\
N HDAC PN =t
N o =44 ,\1>—NH2

H R=
pharmacophore PI3K/HDAC N)\\N/K' -/KNfN\/\
HDAC inhibitor s dual inhibitor, ¢, ] Linkery™ N

o]

A

N 33 . _ (\N N
QNHF Lmker—aN\) H/\Qei

E
: Nék)N\ : —— ® 4-(Trifluoromethyl)pyrimidin-2-amine ring is best for activity
NQ\ N/\ pharmacophore ) © Morpholino-triazine and propyl hydrazide moieties are core skeleton

® Urea and piperazine groups exhibit strong inhibitory potency

PI3K inhibitor: ZSTK474

Figure 5 Chemical structures and structure-activity relationships of compounds 29-33

CTR20240999), 7E #54# mIDH () 2 PE#E & A I B HDAC #1171, %F 1E & A FF40 Mo 0 o B 4n e 2 1. L
H R R IR 2 A v A — o 1T K HIHE 7T R W, 33 W40 PISK/AKT {5 5 % S5 8 25 (4

2025 4F Hou S5 M B PI3K 11 fil] F1] 1) 1 0k -1,3, 5- WAk, BImZH & A H3/H4 Z WAk /KF, T guE &
=B v B, 5 HDAC #7145 & R &, 1 Bel-xL, _E il yH2AX il Caspase-3, i i2F fit J8 44 ff o7
& T PIBK/HDAC XUEE s 41 571 (1 5). 4 &4 33 T=. fE Jeko-1 281, 0.5 pmol- L ¥k FE K 33 % S 1
Fe H )k PI3K 40 1] vE ¥ 5 HDAC W2 B 3% # HE, Xf IR 47%, BFAR T A R BE T PI3K A HDAC 1] 71
MV4-11.Jeko-1.HL-60. MCF-7 2% i 83 41 it 2 Bt} 50 B 2H, B 7 A S RIE o &0 T AR N 253K
RIS M (1C,, = 0.2~1.5 pmol-L™"), 4 T PI3K Al B,
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23 {EATEB-E8MEEAR 20214 Russomanno
ZEBU%F PD-1/PD-L 1 HUAT T IEAFAE I BRAS 5 IR AP A
FH BEARAE 1] 8, % PD-L1 414175 34a (IC, = 22 nmol-L™")
BT S OE, AT R =B R 1,3,5- =
Y (B 6). —HURALA Y 34b K BLEAR, X PD-L1
A B S (IC,, = 115 nmol-L™), H A& 45 & il
98 1 i Rk B PD-L1. 34b 53745 PD-L1 ] PCY.
HCC827 fitiJé 240 i Je 40 & 1L 5./~ 1% PBMC 4 Jfd 3L 55 7%
i, B & 2 2 i PBMC BT PR 5y, 5 5 6 4t i A
Too MIROR RE W, HOREELE 2 456 PD-L1 (1 G4,
AR A A TR 2 T A7 L A AR 7, 0 e ) i 1 5
W &5 AR R 7). RAETEVEAR T 34a, 34b X iR 41

Additional
Biphenyl substituent
group Linker ~
—— (e] H
NTX N/\/N\r( Scaffold hopping
| J H 5 —
=
Aromatic Polar
core tail
34a

® Disubstituted triazine displays better potency than trisubstituted triazines

S oA A BE iR X IE 4 SR BV B A S 2R
ZIPERLN, 3&E A G SR .

2023 4 Brindani 2514t %F CDC42 5% % GTP g 78
g v ik SRR SE KR, BT 0 T 35a IT R 45 M Ui
(E6). N IR, B BRI T HA 1,3,5-
— Ak AW, Horb 35b X A375.WM3248 £ £ Fk e 4h
Ji ELAT SR A M . 35b AERRE 45 A CDC42 %K
R4S, A5 NAD 5% 4+, AR 5 4 PE30 6177 . 35b
KRN 125 2 )5 259K FE IR b, T bR 212, S %
PER . 35b LA 10 mg-kg' &3 H & ki 58, 76 5 Fpf8 i
/N R RS o I R AR, BHCH R . % T
R R B = Vg SR A ) 570 B A R 1R S 7, B B R

(]

N
NN N

[e]
H N
O OYN\\(N\/\NJJ\ \Q\OJ\\NJ\N l % s
SR :
N N OCH3

36, R =4-Br
e Antiproliferative activity: 4-Br > 4-CF; >
4-OCF; > 3-Br > 4-Cl > 4-CH; > 3-CH; >
3-C1>2-Cl>4-F

® Short-chain amides or sulfonamides are suitable for the polar side chain

® Biphenyl ether is crucial for activity

R
N
Scaffold hopping

-~

N ~ NN
X =
N7 /@\ e YJ/L\NJ\H 7 R\Q N‘kN /©/R
s P X
ISa s A,

35b
35a X=N,Y=CH,, 37,R=Br
R =Ph,R; =3-NMe,, R, =H ® Bis-arylether-triazine is core structure
R - ® 4-Br Substituent on the phenyl ring enhances activity
N )\N NN AL ® 2-OH Substituent (a salicylaldehyde hydrazone)
J\ /©/ T \@ﬂz is essential for anticancer activity
W TS SN o >
T H HN. Jel NH,
8 e
38, R = morpholine, R} = H, R, = 4-Cl g
® Morpholine group is essential to induce intracellular vacuolation N™°N “= S
s B . - H | R
® para-Phenylenediamine substituent is a key feature required for activity CN =

® Smaller R; groups, being H, have stronger effects than larger substituents

® para-Position of ring A was identified as a nonessential site for structural

modification
O NH,
NH
NH
_<N_
NH N
o HN S
HL NN va N%HN P
N
R_N_NH NN NH-NH,
R U T \)OL
=IN__N HN N Hj
N HN__N__N _NH
(] T
N Yo
Nl)*N HN\)J\NH—NHZ
R)\N//I\R
39

® Anticancer potency: PEGylated-targeted-HK-hybrids > targeted-HK-
hybrids > HK-conjugated dendrimers > free triazine-based dendrimers

R

FSOND
- N
RN HM"\H/ j)Lo/
O R,
42, R = morpholine, R; = aniline, R, =H,n=1

@ Morpholine ring shows greater activity than piperidine
© Unsubstituted aniline has better activity than substituted aniline

40a, R = 3-F; 40b, R = 4-NMe,
® 1,3,5-Triazine improves potency and selectivity compared to
dihydrotriazine
® Phenyl vinyl group increases potency and selectivity
® EWGs (increases the potency): 3-F > 3-Cl > 4-F >> 3-Br
® EDGs (increases the potency): 4-NMe, > 4-CH;3 >> 4-OCHj
® Free SO,NH, enhances the activity and selectivity

H, H, NH,
\ \ A
G oLt 0
\l\‘l)\N/ R N N“ R \Iil N7 > CysHsq

41a, R=2-OH-Ph 41b, R=2-OH-Ph 41c

® Ortho-hydroxyphenyl substituent shows the greatest cytotoxicity

NH,

NTSN
cl s AL AL
X
u
S
N ©

>‘

\
R,N\)NH 43, R = 4-CF;-Bn, R,

e\j N/\
- K/N‘Bn
@ 2-Mercaptobenzenesulfonamide-triazine moiety is core structure
® R: 4-CF3-Bn > 3,5-diCF;-Bn > 4-F/Br-Bn > Bn > H

® 4-Benzylpiperazin-1-yl substituent plays an important role in the
cytotoxic activity

Figure 6 Chemical structures and structure-activity relationships of compounds 34-43
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NIRYT CDCA2 1 32 1A 8 IB & 2540 -

2024 4F Asghar 5P THA LT & A 3-FH A RE-4-57
R IR R L KR IR Jie Fr B 1,3,5- = IR AT AR,
B 75T R A S IR IR (Capan-1) FIFIHIF . b &9
36 (¥ 6) X Capan-1 ] IC,, 9 1.4 pmol-L", X 1E 5 A Jifi
J AT 4 WI-38 41 i IC,, 4 26.1 pmol-L™, %t HCT-116 %5
2 PRde 4 i A s (IC,, = 7.4~32.0 pmol-L™).
PR RBH, AR R T mig k. i
USR8, 36 e 12 E 45 & KRAS {5 5 18 % 0
% 14 PDES, M i FELIT KRAS 15 538 %, S 300k J6 it v
B e 2 A R A . 2025 4F Asghar P IRIE T £
Fh 2-(2- 0. 75 JE [ 55 )-4,6- X (AR 2R A ) - 1,3,5- = R AT
M. A 37 4R S ME AR, Xt Capan-1 /1 1C,, A
1.9 pmol-L", %t HCT-116HL-60 25 £ il th A5 M HI4F ]
Oy TR, 378 5 PDES & (1% I 4% 45 4, BH
W7 KRAS £ F (1958 52 7 5 30, 401 Capan-1 3554 .
24 EAEATMMERES 2021 4F Zhang SFPVMRIE
TERCIHIE- RN 1,3,5- =R ATEY, L&Y 38
(Kl 6) W& Tt A, 72 N IR J5T BEAH i UST 4 it w15
TEIET (methuosis) FIHRACA K E (KT 10 nmol-L7,
FoF5 S 1 208 T BB AE FH, 1 Sl P o ) s R R
o FETHROR R L0, T3 A XA G A GSE TR
F B, A RURARE R T e BTSSR AT A 1 R 4
oy A G TG S E, UE SO R A 2 RSN
R VERE . A TR ROR, 3818 =B AR 75
W B 1 Arg273 Tyr276 J¥ Sk, 94 1 00 45 7 Bt
L5 Bt 30 B R ke ik 1) A ELAE I AR A I

2021 4F Khalil 57 fift 1 A7 5 57 4 8 & H
(matrix metalloproteinases, MMP) FI ] 771 e #82 [v] 8,
THERT 2 1.3.5-Z% 80 THEaY. SHBEIR
5 I AT A2 0 39 (B9 6) X MMIP 411 1l 3% 4 i A (MMIP-9
IC,, = 0.35 pmol-L"', MMP-2 IC,, = 0.39 pmol-L™"). ¥
ST 5 AEFNEG R A (FLBEER/MIR) & PEG %A,
FRERE I RS, 45 BoR, PEGILHRIEMIS &Y
I 1 B 5, 6F TR Huh-7 41 i 1C,, A 5.54 pmol -1
HepG2 4llfid 1C,, >~ 10.07 pumol-L™, T S RIA 81.5%.
BT AT AW IE H WI-38 41 i 22 45 PEAR T 5 A
PEG )5 & Pt — 427t .

2022 4F Zain-Alabdeen Z5M R IE T S G 7 Tk i
191,3,5- =B -2- i Jr A =R BT AW, B E R I
1F1) i 98 % 12 T 156 1X (hCA IX) (T RL 31 7). L&
40a 1 I 2 R 55 (K, = 38.8 nmol-L, & 6), 1t T 2t
MR . AEBREEZEAT T, 402 F140b % A FLARE MDA-MB-
468 4L 1) 1C,, 7373 4 1.48 F113.99 umol-L, X A [ L5
R EL CCRF-CEM 4l 1C,, 331 9 9.83 #14.51 pmol-L™'s

MR RZKW, 1,3,5- =B R A =R n] g
5B AR 20 3 P BRI 0 Tk I M T R v
AR KPR b (A 96 S BRI T4
FHHE . 40b 7] BH 7 240 M & 1T GO-G 1 AT S B, Ffd
Caspase-3 1 Caspase-9, 175 5 MDA-MB-468 41l ffl i 7=,
o6 A IE & IR BG B HEK-293 40 i 25 M 5k . 0 7%
2R, 40a F1 40b 38 i KB L L B S hCA IX S P
b Zn® B A, RN B RS 5 GIin67. Pro201
TE R, R AR R IR NI PR s B K 148
2.5 KREBFAPIIEEL S 2021 4F Chalermnon Z5HV4R
BT R51,3,5-ZW-2- A BV HMWE T = RusiE R
4. FAFRE KA A1) 412 F1 410 (K 6) T
PERAR, 4 NG5 i HCT-116 A1 SW620 4 il (1) 1C,, N
20.8~26.3 pmol-L", 5 IEHVEPEAH 2. M RE R K
BH, 7K A i T G R 2 PR M . DR 20 0 K
R 35 UK B Jor 3 AR AT 2R 4 4 e ) 2% A7 A5 TR A5 4 K
WKL RSN ZG W R TS B AIE 52, % 49 K R B pH
ML, BRUEEE FRHOCR B & & T AR, Ll T
Jie i BEEL ] 2 R T o

2021 4 Malebari ™5 1F A Bl T8 8 1K 1,3,5-
SEATAEY . MR B IR, f7 AR W6k N L e 240 0
MR AR T 45 B AN, 1L S 42 (B 6) i MR, YT
MCF-7.MDA-MB-231 Fl HCT-116 ] 1C,, 43 7 4 0.82
9.36 F1 17.89 pumol-L", {5 T-4th 3¢ & 2%, H X} HEK-293
YL 1C,, KT 50 umol- L™ s #JRE R K, R Ak
BARAR TIREE; RN R T B R i . 42 7] 5 3
MCF-7 28 Jf J& I BEL 7 T G2/M 3, Annexin V/PT 42 (% 5.
7~ MCF-7 41 B SR T2 0K 37.4%, & T X FR 2 8.3%

2022 4 Tomorowicz ZEP0E B A5 Pt I e v 14 1 2-
SIS 1,3,5-— B R AR ARMEY. 1k
“ 43 (B 6) I m R A S 1, % HCT-116
MCF-7. \ & %)% HeLa. A IE % £ i HaCaT 41 2 (1)
IC,, 73 1°5/5.0.10.0.8.0.22.0 pmol-L™s &K R R,
R AR, 735N 4- =5 BRI \4-"F FRUR = G A T 42
e, 43 ARSI MDM2 M ps53 & H /K, BLps3 ARk
#8177 SR FEAE ;AR IR P I B A GO/G 1, v vk 52 B BEL
Air G2/M 3, HoH BT AR RURN 5 AR Y pS3 I I R 1215 5
IR
3 HtEWEN
3.1 HUIRBRGEM 2022 4 Alhamzani 2548 B Fb 5h
VIR R AL IT R 25 300 ik . = BUME-1,3,5- =R AT A
44a~e (& 7) KI5 2 BB RS VE, 44d 71 44e (1)
ED,, 7 3128 0.21 10.27 mg-kg”, £ 48 £ T H &R
MR . MBOE RFR Y], RKIF EW 2, W5
S R A R AR I R M, 45 T U PR AR TS



- 2890 - 242 %4 Acta Pharmaceutica Sinica 2026, 61(8): 2879-2896

PE; RO IR AE. > FAMERIR, 44d Fll 44e 3 5
y- 2 3 T R % % 6 Phe401 F1 Ser403 T Ji 5 4% Sl
% WD 2 v P 23T L T W% i = R
B A B = AR SNEE

32 HAKEFEM 20224 Kutaga W45 1 T &5
1,3,5-=M8-2- AT AR, F T HF R o A ) i P 1
5-HT, AR 401575 . 1A 4 45a A1 45b (& 7) %f 5-HT,
ZAREA Sy d s, A S-HT,AL5-HT,A5-HT, & D,
PIEPEVELF o FIROC R, MIWRER 547 RIS
P f A, S BTS2 o — 2R3 EXFAL R, A
T AR S T A, AR EUARTE P BRI,
PR AR B A R IO R K P 52 2% TR AR 3 3800 1k
e, SRR I IR @ /= R I B R AL TR
S5k . 45a 0 45b AR AR E P R 4F, XF CYP3A4 #IHl{F
R854, AXAE 50 pmol-L' LA I %F HepG2 4 Jid 2% B i 44
MREETE. 45b 1O TR VERIME & T 45a, A PETEAR.

2022 4 Kuewaj-Brysz 55" & e & 5-HT/5-HT,,
LA 00 PR A N S 25, BT BT OR IR BR R
(Alzheimer's disease, AD) ¥397 . 54 46 (1 7) *F 5-
HT,R (K, = 11 nmol-L") #! 5-HT,,R (K, = 39 nmol-L")
P B g B, B 5-HT A L5-HT, &% D, % /i %
PER . ADMET WM 27, 46 JELi8 5% P ey ok 14
AU e, To R A 344, A FE 401 CYP3A4.
Py S 58, 1~3 mg-kg! & 11 46 B RF 5 M A
MK-801 ¥ 5 i 12845, SRR T 2 BIRFF. WAL
KARY, ZEEAE KR B R AE A 1 =2 5=k
LA pit HU0 A 1 D O

2024 4= Tamaddon-Abibigloo £ N & AD £ #E
RIRITE), BOHE T RIS RELL R EN 1,3,5-= AT
W, LG 47 (B 7) X LB HIRESRE (acetylcholines-
terase, AChE) F1 T [ JIH Hill I B (butyrylcholinesterase,
BChE) il i ¥ i 2 . B ) /1% K W], 47 %+ AChE

N:N o
CIYN\YNW 44a,R=4-F
| 44b, R = 4-Cl
N HN B ;
o 44c¢, R = 3,5-diF
cl <\ r 44d,R=4-CF;
W 44e, R = 4-NO,

© Triazole-triazine backbone is core structure

® EWGs is preffered over EDGs

e para-Substituted or poly-substituted EWGs on the
phenyl ring increase the activity

NH,
LA'N
X
Ao

46, R = naphth-2-yl, Ry = diMe, X =S

R

® 2-Napthyl moiety is best for 5-HT,,R affinity

® Branched chain: diMe > Et > Me
@ S-linkage is superior to O-linkage

R
A
HOOC\©\N)NI\'\‘/)N\H/Q\CI

H

48a, R = 'E-HNQF
48b, R :-§-HN@Br

H
48¢, R = =N~y

® PABA-triazine is the core backbone
@ Aromatic amines are superior to aliphatic amines,
with para-EGWs substitution being optimal

e Structural NHe
ructura.
JQ

N \w ! modification
! | —
(\N )\N il (\N /)\W

-

50a 50b, R = cyclopentyl,

n=1
® For hH,R affinity: cycloalkyl > cycloalkenyl > straight-chain
alkyl > branched alkyl > small cycloaliphatic > alkenyl

1,3,5-Triazine based antidiabetic

Improves pharmacokinetics

R

NH,
NJ\N g
HN = HJ\\NJ\”/\X = !

® Binding affinity to the 5-HT receptor: F > CH; > Br > Cl > OMe > CN

® [ or Cl substituent is better than OMe substituent, followed by the
substituted position: para > meta > ortho

® Aminoethyl linker is crucial for the activity

R
N
o
|

N-\H 47, R =Bn, R, =2-OMe
AN
| R4
\o/l\\N)\H =

452, R=F,R,=H, X = CH,
45b, R=H, R, =4-F, X =NH

o Isatin-triazine is the core backbone for nteractions
with the AChE and for chelation to biometals

® For AChE and BChE inhibition potency: Bn > Me > H

® ortho-Substitution exhibits the optimal activity

Pyrazole based DPP-4 inhibitor

NH,
Py

N N

N

J\(C% . / - _O)k O
Imeglimin N)\N

Teneligliptin

49, R =3-NO,

® For DPP-4 inhibitory activity: NO, > OH > Cl > CH; > H; Meta > Ortho > Para

=z
w N ]
g \©\ Structural NS \©\
NN coon modification Y N R
O.

~
— 2
CF3 N
| - R
=

51a 51b, R = 2,6-diCl, R = 4-CF;,
R, =SO,CH;
® EWGs enhance activity, and 2,6-disubstitution is optimal
® para-Substitution (e.g., trifluoromethyl, ethyl, methoxy) is favorable for activity
® Amides/sulfonyl groups are superior to carboxyl group

Figure 7 Chemical structures and structure-activity relationships of compounds 44-51
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AR TE S M) X BChE A3 4 MRS, KA 45 M
0.25M156.25 nmol-L™"e 73T X% WoR, 47 i e 20 v
Bt 5 AChE 71 JE BH 25 747 55 1) Trp286 S5 & S I ik 3 TE
Jil - MERR, 2R g &0 A AR 2 U 5 1B 0 9T B 1 6 A
') Ser203 F1 His477 J¥ &5 15 BChE JE i n-n HEAR V&
BABKIERSE. 4787 A8 S AD X IAEY &R
BF (Zn* .Cu™ \Fe), JLH A Co? B A el i i 35 .
33 HUEEM 2021 4F Kashyap Z"941 4 7 % & 3%
2K H R (4-aminobenzoic acid, PABA) 1&1i i 1,3,5-=
RATAY) (B 7). 48a X & W BUZ PR (3D7) 3 14
5% (IC,, = 4.18 ug-mL™"), %I & M fiif 2 ¥k (Dd2) 19 IC,,
N 10.02 pug-mL"'; 48b X DA2 i1 #il /& F & 5% (IC,, =
8.12 pg-mL™"); 48¢ HA XUEH PR HIIE 14, X 3D7 F1 D2
(R 1C,, 73 519 6.91 F19.50 ug-mL" . #JRE R KW, I7
JEFA b PR R IR A H - AR B R v PR B i O ORE K
B 7 e A ) 2 AR

34 MISIPEEM 2023 4 Gupta 259D — ik 3L kA
4 (DPP-4) 11|71 teneligliptin A 7R J&, ¥it& M 17 &5
IR HEE R B 1) 1,3,5- = R 2- e fiT e . P A&
Y%t DPP-4 B ik £ PE 40|, %} DPP-8 #1 DPP-9 7 B
SANH], AW 49 35 MR (IC,, = 3.2 nmol-L™, 7).
FIRIR R AT R A, ZR3F L A4 R N AE3E R R BURE
By T3 iE 1t o AL SR I8 UE 52, 49 RE 7 & R 5
PEIE %k DPPH Al AL S B B2 . 7E Wistar KX BUBE IR
IR, 49 TIRYA 24 21 K, BT 71 A9 6t 2 P I I
PETH IR 5 2R /K | 5 A T PR R T i AR, (R A
N EH R P AEEE . Sk B SE IR R
FLLD,, KT 2000 mg-kg', B 2&— & MG RHF 5 77 o
35 MAKRERBEM 2023 4F Olejarz-Maciej 25 L
A YU g Ha 32 AR 15 PE ) 50a (K, = 160 nmol-L™") iy
Je W, [ e R 4- FR IR R, %t B B R AT 20,
WA KT R AED . 2 MG N HA Z kA
ARSI, AP 50b V5 AR (K, = 63 nmol-L",
Bl 7). MO8 RR I, G REUR RS = 4]
R R, DL RCE BE b A R TR T S AR SR
177, 50b£E HepG2 1 SH-SYSY 4l ffg b 7¢ WA & 75 1,
HEA R 1 i B B il & P . 50b 78 /N R 98 K
TR i R I 3 PR A RN B KR, R R AL T
I B WL/ A B 70 2H RN S o 5 A R A Y
1, 50b BEA A8 D /N BRANHEAT g, HX 2 fie A 4 ol 1k
S PE AT A F

3.6 BEREKERIATT RORptEHEHEH S %
P P V) B L AT . 2023 4 Lu 5P i@ AL A W i i
93 1,3,5- =B S ¥ 51a, B )5 TF R 5151 (- 7).
51b H A 58 2 30 i 4 L (C,, = 22.9 nmol-L™") H Z

RN ST . MR KRB, R AR THAH
F T $2 i 1 5 R AL L = 380 2 | 23 L AR AR AR
A A A R, A B i BB IR RS AR TR A . S1b DA
50 mg kg JIE v 6 45 2, A8/ R JER 98 RE T 2 PR AR
57%, RN T AR, HEWH BAE TR ST
Mo 4y TR SE, S1b i 5 RORyt JE i & 88 Fl -7
HARTREL S

3.7 ZEEWEM 20214 Sprague FEFNF CXCLI12-
CXCR4 15 5 HhAH ¢ 1Y 9 i A1 e R 256 5, JF K BB 1)
CXCLI12 L& . W 50K mE g 28 58 S 4 52a (K, =
169 pmol-L™) 04k 9 1,3,5- = W5 22 (1 8). HI%E &
oR, RE R G VT AEH], 75 CXCL12 §9 K27 bk
TE R ER M AU FH , SR 2 B30 46y Wi Bk e <5 ik 4]
I R B, J7 B0 R AR (an gy | g
W) TS 52 1 R4, e R R A A A AR T, T K 2 A
Bk L 05 R R B BN TV A S . S2b AR
RAF& P (K, = 133 umol-L™) S5AT4: 7 /11, 52¢ W A5
S5 M 1 25 A TEC AR 250 R I e 1, R 1 R T R B TR
CXCLI12 Zip 4t 18 sk 7 1.

2021 4F Soliman ™1 L 53a (MorphBPT) #1 53b
(PipBPT) A ECA& (B 8) & A 1 W FF o Be AL &4 (1D) B
4 [Co(MorphBPT)CL,] 1 [Co(PipBPT)CL]. ¥if &
Jic A4 JE Bt B 35 2, [Co(PipBPT)CL,] X} 4 B €5 % 4 BR
BRI A R 2 AT BT I 3 A TR AT R A I B RO AR T
[Co(MorphBPT)CL,], H. X i 4% f2 FF B (1) 410 i) Bl ik
30 mm, BT R KE & . [Co(MorphBPT)CL,] HIFTL AL
36 P AR T L & 53a, 1T [Co(PipBPT)CL] 5 H: fic f&
53b LA TE A 2

2022 4F Lee Z:PYR B 45 % 73 H FF B Rv3364c¢ & 1
I 3o N g 7S RS i 3 40 i SNIXO [ BAR 45 44 4k 4
A, T 4] 5 399 P 44 Fh SNIX9 5 p47phox I AH H 1
F, BELWT TLR4 A5 1935 M 507 A2 R0 98 0 R 7R,
TERMEREFREVRIT 29 3R AL T 88 5. B T IR 24 244
FERY BIF T o R LR AN AE R AR A, AR T 1,3,5-=
B AP 54 (K1 8). 54 7R 4ME 1 (IC,, = 10 nmol-L™)
ECREIRSE T 500 i, 8 58 2504 i) SNX9-p47phox #H H.1E
FH J¢ TNF-a.IL-6 734, H BA R IR i e v & 24
REN 12 . FERRERAE /D B AL, 54 LU 10 pg-kg
) S R PR AR AR T AR O I R IR R T
2 000 fi%, [F) B sk 20 103 28 AE DR 7K S F0 2% B 4 2345
i 5410 HA PG, B PRGN N ATP K
RAE W AE FH, XK FF B - 4 5% 6078 %) 2K 1 (1) MIC
N 1.98~4.00 pg-mL", B2 — 2 FIIE R LA H

2022 4= Mikolaichuk 2% 2 U %0 M A BE A 1,3,5-
ZIEATAEN 55 (B 8) HHAT T /K AR AR E 1« LR AR 25 1
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i SN S
N__N__N N__N__N
z Scaffold hoppin N7"N Yor Y i

" — TN NN NN NS
HOY\SJ\\N S/ﬁ]/OH R N R \r \( | N/)\N(RZ
0 o 52b, R = -SCH,COOH, R, = 3-CO,H-Ph [N ] ENJ N
52a &

52¢, R =-SCH,COOH, R = morpholine o 5 o
® Hydrophobic R, substitution and the two carboxyl side chains are critical for CXCL12 53a s53b 54, R=1-Bu,R; = /\E)
binding affinity

Ry= s~ O~ ~_NH; "HCI
® R, modification shows tolerance to aryl and amine groups = o

o rert-Butyl shows the highest inhibitory effect
>< OK/N N n = NHz O/\N N H = OH ® Tetrahydrofurylmethyl > substituted-benzylamine >

[oNe) YOSYON YOSON substituted-arylamine > heterocyclic/alkylamine

N. 0\)\/L N__N N__N © The diaminoethoxy side chain is proper; shortening
@*(’ ':\l/\[( g h S or extending it both reduces activity
N=N [e] NZON N N
X () (/)
N =N N=
w7 ° © NANNN
55 56a 56b T

0”7 "N" o 58b,R= . H 59
————————— poonosoct 4N
fH _ 7 R_N_X R
N)QN 57a,R - benzylamine o NO, and OH substituents on the aromatic ring T~ e \
SN I 57b, R = phenylpiperazine  ¢ppance the anticancer activity N§rN
Improves ¢ N7 N7 TR ® 4-NO,-Ph group showed maximum activity R, N, NH
pharmacokinetics O\) against the tested bacteria, followed by —
Seageet naphthalen-1-ol H N ,N
© Naphthalimide-triazine is the core backbone N’<
® Benzylamine moiety is the most effective substituent for NH;
antibacterial activity 60a, X = NH, R = 4-CIC¢H,NH-, R, = HO(CH,),NH-, R, = H
@ Substitution on the benzene ring of benzylamine reduces activity 60b, X = NH, R = 4-CIC(H;NH-, R = HO(CH,),NH-, R, = 4-CF;
® Phenyl piperazine moiety is conductive to cytotoxicity against o] 60c, X = NH(CH,),NHSO,, R = 4-FC(H,NH-, R = (CH;),NH-, R, = 4-F
cancer cell lines A R 60d, X = NH(CH,),NHSO,, R = 4-FC¢H4,NH-, R| = (CH;),NH-, R, = 4-CF;
® For anticancer activity: both pyrimido[4,5-5][1,4]diazepine-triazine and
HN chalcone-triazine hybrids exhibit potent activity
N*N ® For arlltimic"o!)ial activity: pyrimido[4,5-l?][!,4]diazgpine-tﬁazine hybrids show
/H\ /)\ superior activity compared to chalcone-triazine hybrids
K\ NEN-N CF3 ® 4-F/Cl-aniline substituents have better results than morpholine substituents
o
61
| | }
R NH, R
- N J\N =N
= N‘< | /
H/"t HN HN
N e e
LA 2 QL
Q\l NTON CFs (NN N CF3 Y CFs
o 5 o) H
62a-e 63a-e 64a-e
: OCH,
| R=
: CHs  H,CO OCH;
: CH, F CHs OCH;4
a b c d e

® Pyrazoline ring: Enhances activity against Gram-positive bacteria, with the F-substituted derivatives exhibiting the optimal activity
® Pyrimidine ring: Improves antitubercular activity, and the dimethyl-substituted compounds show the best potency

® Benzodiazepine ring: Possesses broad-spectrum activity

® F, Me, and tri-OCHj groups are the privileged substituents

Figure 8 Chemical structures and structure-activity relationships of compounds 52-64

PR S A AT M B P E 7S o 55 7E A P AN B A 5 2022 4F Khalil P98 7 H] FH PR R IE-1,3,5-=
faog, TR 2 KA KR . &Y B3 % fic. /4 56a (DMAT) 11 56b (DMOHT) (& 8), 4 K 3 Ff
AR FH, AN 52 me /N B D s AN LI 2 1 R e ] (1) fid & 90: [Cu(DMAT)(H,0)(NO,)]NO,-C,H,OH.
BB @ Prstinth. 55 2 I 40 M 5T E A R i, [Cu(DMOT)(CH,CO0)] Al [Cu(DMOT)(NO,)]. i &
BTG A H2EEPE . 55%F AS49.HeLa Huh-7. NUPE. PR TCHU B8R, M HC & 903 R B0 51 B id 1k, o
W i IR0 PA-1 55 i 98 40 R 32 A S 4, X HEK-293 4] [Cu(DMOT)(CH,COO)] Ft 1A 1% ™, %o Ak B 25 £ AT B 417
MR R . WL ST 4R, 55 T Reod i 0k SR % ISR e, =8 PR B 2 A B 1 MILC 43311 39.06 4
S FIE S, T HIF-1a 8 A K P24 0 e F4E, 78 39.06F178.125 pg'mL"'s HrE AL 5T, [Cu(DMAT)(H,0)
BA S5 N X HeLa 1 AS49 20 A A 01 375 4 389 5 (NO,)INO,-C,H.,OH [#J IC,, >~ 13.34 pg-mL", 5 Hi 3k I
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FRAH 4, AT HA T &4 S B L AK $i 77 1, [Cu
(DMAT)(H,0) (NO,)]NO,-C,H,OH X} A549 4l g [1] IC,,
H'5.94 umol-L™, A2 A ) 4 1%

2022 4 Refaat 0L 14 NFELAE, A P FHEE (IT) A
AW [Zn(BPMT)(NCS),] A1 [Zn(BPMT)(Br),]. 7 &L
AT W A 0 I, T A (D) Bie & R B0 2 it
ApeEE . PURE 71, BLE4 [Zn(BPMT)(NCS),] i
PR A, X A T ZE SR AT B R 30 AR T AT 1 G MIC 43 51
N2.4H14.8 pgmL, AT PRREEZR, % 4 08 (1 1 BR T
KIGHT A R A6 ZCR; BL5 4 [Zn(BPMT)(Br),]
ACRH A B A R E L, S B TERL. BuE T I, IR A
WIRE A549 2 i I 7 1t Y2 3 R T ECAR, [Zn(BPMT)(Br),]
1 1C,, 2~ 30.23 ug-mL", [Zn(BPMT)(NCS),] #J IC,, N
43.86 pg-mL™", 73 A UiF B ALK Y 12 F0 8 £i%

2023 4 Fathalla 585 F 15 ARCAE, & 83 A K
Bk-1,3,5- =& B A A9 [Mn(DPMT)CL].[Cu(DPMT)
CL]-H,0 fil [Cu(DPMT)(NO,),]. FLH J5TH, Bt &%t
= BH A B A a0 1 T 22 I, DL [Cu(DPMT)
(NO,),] FIHT IR R B £, [Mn(DPMT)CL] X & Bk i#
A GGG L PR 5, AR (D) RS s v T
& (D) /e &% [Cu(DPMT)(NO,),] % HCT-116 (IC,, =
7.78 ugmL™") FITA549 (IC,, = 12.40 pgmL™") FIEE MR 3

2023 4 Gupta G B T R Y ZEBE W Z-1,3,5-—
Ak &) (B 8). A& 57a RILEARL, XF £ B 251
& ¥ {0 % BRI MIC A 1.56 pg-mL™", T 555 & A1
SRR, X 2 B 2 BH M B A SR A . 57a il
T VR 240 A7 40 e 5 B 4, 3 S50 P 1 O AN A 3
WE K, 1B W] 5 DNA TE G 7> + 2 GV G E 6.
Iy FR R R, Hol it S 5 DNA 5 I8 i 5L £2 e 45
T FrARTAEMEHEAT T U s EVEAL, 57b X 60 Fh
N e 240 P 2 B K T U 4 A, U PR AR T S-SR
BEIE . 57a F157b % HEK-293 41 g 5 PRI, 22 &4

2024 4F Akbar S ] % T & A [F] R A = BOR
1,3,5- =& . A& Y% HeLa 40 il B A7 A 7] 7%
JiE F) 40 L 75 1, 58a A1 58b 3% 1 & ik (IC,, = 1.57~
1.85 pmol L™, K 8), #ir £ LA o HriElilrh, 46K
B 53 A B 0T < T €0 7 6] 3K B R DR T A T 35 2 B H 411
i3 1%, S8a 1411 &l e K (26/24 mm).

2024 4 Yousri 2 L 59 (MorphBPT, & 8) ATt
A, A 3 PPk 4 JE B &4 [Co(MorphBPT,)](C10,),-
[Mn(MorphBPT,)](CIO,), fl [Ni(MorphBPT)(H,0),]CL,-
2H,0. 3 FlC &Y 4t Ra g, S B 3l o i A kb
SRR o POV T, %o e AR T AT AT 1 8 A T
K K% &, [Mn(MorphBPT,)](CIO,), #1 #1 & it 29 mm,
[Co(MorphBPT,)](CIO,), % XK i 25 B 1 #0013 12 £ T

i & 1, [Mn(MorphBPT,)](C10,), %} 19 % Bk B 411 il &l
1518 mm. HUMIR 7T, DAER (IT) FC & P03 T d AR, XF
MCF-7 4L [ 1C,, 4 75.3 umol-L™, X A549 4l i ¥ 1C,,
N 40.2 umol-L™, £t F %A

2024 F Moreno S5 11 & B T & F1) £ IR Fil /5
WEJE R E-1,3,5- SR A . KE LA T £ Rl
S 40 M A 2%, G, 7E 0.01~100 wmol-L 2 [f], 5 %%
FAR T 5-FR e, 60a (& 8) Xt A A Il % MOLT-4
40 g GI,, /N T 0.01 umol-L™s HT B 75 i, M5 g 3 — &
-1,3,5- =R ALE W ETEAR, A P A% 5
B AT B % P MIC 4 0.6~5 pg-mL”, 60b #/i MRSA [f]
MIC 4 31.25 pg-mL", 60c¢ 1 itk 5 %5 &% B (1) MIC Ny
0.25 ng'mL", 5F 5 AH M. 60d X 2506k Bt 15 A1
ith 2 45 %%, MIC ¥ 62.5 pg-mL", H Al K 701L &40
AN 2 IR L A 55 BB A L A T

2025 4 Tailor SV DL 5 B /R W v BL i 1,3,5- =6
(61) Sy Al 4k, 8 Ik BRI AR & i = 2R AT AR (B18): &
1- £, T WL PR k- (62a~e) 75 2- 24 JE 5 IE (63a~e). 7
1,5- 7K IF % 5 (64a~e). PLH J7 1M, 62¢.62e.63d.
64a.64d. 64e X 4 ¥ (17 % BR B A IR BEBR B K
FF B 40 S0 R PR M 1 3R L H R S M, MIC O 50~
62.5 pg'mL"; FLE K /7 1H, 62b.63a.63c.64b . 64c X} [
O TRTE R b A R i B AL A MIC 5 K B
B R A R A Y, PUE % 711, 62¢.63a.63d. 64a.
64d T 45 1% 7 BT #0112 85%~95%, MIC Ny 50~
62.5 ugrmL™",
4 REEERE

2% 1, 1,3,5- =W Je AT AR MDTE 2 Ak 23 AT ot
Rz ISR BEREGPUmt 2 P [F) 2570 ol 2
e R I T 2 R Y 2, B SR | 0 a5
e R A - A IAE RS A2 PUN R S A 50
B, TF R R S R R . A Bh AN K d AR Al
KB, 3@ THEYRAHERE R . SRS
O TEREY .5 CDT ML & M2 haen 7, 7
SR T 1,3,5- =R E M RG2S T, 24
YIBerh g R R T A S B AL ERIT R A TR
SEHE B AU B 2 R B T A I 2 s
B LA BLTE I 2 BT SR SR

KBRS ATAEE 1,3,5- =30 5 & R, R
S T IR R PR I A L TR e T S, T R
SRR AR, Ay STy I B @ LR () BEE R, D
053 8 B Bk B AR A I o X e A AT DA — L
A ZHURE R, 1 RT DU A [R5 (4] 2 BUREUAS [F)
FLPRIAE XA . MR RR B, ) R X AT A
TR 5 R OC SRy g A5 M B A, T LR
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