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 E.BH WEEK AZDT648 FEAZXTE LR 20, A FF 200K 0 Y IR R M 5T 3B Ak 4-28 F g e -5 - FH ik
e B 3, 4- " WENE [ 4,5-d | WEIE2 (1H) -BH2E DNA-PK #8015, FE TP S M sy . i L 2-404-
[ (DUS-2H-NE I -4 ) 0 ] W -5 - R R MBS 4R JFORE | 2 BE A4 & F1 Buchwald-Hartwing {HBE 2 5 5N 15204k
AW HAL ~ HAG; L 2-F i 3 4-[ (WUE2H-MEM-4-3) S35 ] e -5-F iR L le M in 5ok} 8k 5 &5
Bt Bk R A 4 5 RV EE A Y HAT ~ HA9; UL 4-50-2- T B L ms g -5 - F s SR A 4G TR k), 48 55 4%
Bt b TN L P 3R SR AR SR B/ Suzaki 18 EX 6 4B )W 15 )4k 4 ¥ HB1 ~ HB7,, 2% J1] ADP-
Glo 1, L AZD7648 g F % BE 2552t H ARk & % DNA-PK BYHDHIE 1, %0 MTT 2, LI AZD7648 4
P R Z5 IR AL HB1 . HB4 HBS5 7F 50 25 12.5 wmol-L ™" =MYEEE T X A %5 i 4 ffd 2 HCT-116 (4L
WP TEE . BR LG 16 DR SCIGE LAY, A4S Z ' H-NMR | " C-NMR \MS §§#F, BEG H
IREERE W RATF RIS S B9 4- 2L mEBE-5- P UL A ) (HAL ~ HA9) i 16 £ 55 T4 ISR i 8 1
BN 3,4- S MERE I [4,5-d] WERE2 (1H) -l 254k 5% (HB1 ~ HB7) , H.rf {k &5 % HB1 HB4 HB5 5
AZD7648 TEEAY AN TS IR LS R, e i = A A % HCT-116 40 2R B v S50 B (0 Bt
HAFEAE R T PHYEXT I8 AZD7648 ., 2518 WIRR T AZDT648 B 45 H i X DNA-PK 1 il 1% 4 A 5 i,

A J5 &k DNA-PK #5650 A9 T & 2558 T At

X 4R : DNA-PK 1 H15] ; AZD7648 ; 471 I J8d 176 1 5 235 440 ol 3

FESES R4 MRS A

IEE AR N2 32 24 F iy U521
AMEPED 2 T 05 & DNA Fi5 i AR i it
DNA 51473 5 241 DNA 451473, Bl 7R 40 i 2 715
R RN, B0 F P UG S e S R AR TR Y
A BEPE It 2 3 K, i 2 9K B0 bR G kA
DNA < #i & 1 4 i ( DNA-dependent protein
kinase , DNA-PK ) J&& DNA 573 v 216 & 38 fi% () ¢
ST F2) . DNA-PK BRI UL 3 WmAH
SR FE [ R 2% 1 B DR, B DNA A S B3
FEE B B (Ku70/Ku80) 41 1%+ . DNA-PK
BRSBTS ME G T DNA i Ak 7 B 1 3 45 52
TBRIKEE A TR DNA XURE W 2L R A 55
DNA AL 547 K H % . DNA-PK £
Pl N #2185 %, H DNA-PK 7£ DNA i
P02 HLA 22 sOVEAR T T b n] s 2 R
PRI R R e T A iR & AR R R
Hr g SEER R P O, AL, DNA-PK B Hi i

s B HA 2025 - 02 - 25

T 2 R AR THRRE

Y1 % B DNA-PK 351 39047 76 16 PEAR K
Ve 22 DI ROGT [ R B e B AR A B iR
e BRI BIF5E R A )R A I T 4544 1)
YPEIRNE  JT & — & 51 DNA-PK /N34l
Hil7F, Hoh, AZD7648 J&—Ff i DNA-PK il
w3, HA LS B PR T, B RO A T
AR R UE T, B AT IEAL T I A 2R RS
NERIGIR T/ 10 a $I8F5E, AZD7648 (1 R Y7
SO ZE 4R L 245 B0 20 B0 IF | 2% B 1L By
AL R T S i o AT i ) (H A B
B AZD7648 T3 HA 25 WAt 8l ) 2 1 i AS {46
I E

R, A SCVE# LA AZD7648 2S5,
TESC I % AT W 5 L Ak I, 3 T AZD7648 5
DNA-PK 3t Fh&5 0 it A T 9 A4 4-& s
WE-5-F BEREEAL &4 (HAL ~ HA9) | R B 288K
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MG A T A 3,4- AW EI[4,5-d ]
WEWE-2 (1H)-FRAH A7 A9 (HB1 ~HB7) , &
TEIREAL S W% DNA-PK B30 616 P |, 351k &
Y15 DNA-PK & FH A BAEF
1 Bk &whyigit

J T kM AZD7648 1 DNA-PK
M, A SCHE# 40 Bf DNA-PK 5 AZD7648 E &

AZD7648

Trp-3805

YA Es R (B 1) VO R, =k 4 EUR T
5 Asp-3941 JE S, =mRIFALNE | 7 {7 35
e-3756 JE i /K AE AT, 5 e 1/ NH 5 Glu-3804
TE AR 5 DO SO 454 5 B ATP 454 1148
(AN DX 3, WM& R 4 o 8 Trp-3805 4 2 SE 1R
TV R 38 1F TR i 7K 4% A0 B 4l %, IF 5 Trp-
3805 [KIEIRIE MM A m-m A HAEH

Glu-3804

' Asp-3941

Leu-3806 ° @74

Figure 1 Structure of AZD7648 and binding mode of AZD7648 with DNA-PK (PBD:70TW)

FHLEY) ADZ7648 1Y N i £ 4% Bk = 7]
DLt —2E 5] ABURIERIO B, BB Z IR
I Sl b S R LR TR - R R T4 B B S
Js ) DRI T R o A T A IO S T Gl
ZA RS SE AR, BT ASCE
NG TR ) T IR T IR R A T S
JECH B R 25 M AR IR G 4 | O 1ot e e 5 |

AAS TR Y AR S i — 28 (5 45 o Trp-3805 45
BRI FIC MK 142, 55007 B Y R R 5k
FIE OB R AR AR R, 5T BT
A BEUGEEACE Y 80 25 A B Ak i, B
BT 4-5 5w hE-S - 2R AL 5 ) HAT ~
HA9(¥2),

Q 0
0
N N2\ Q HN Y
/NﬁN |N _N — R | SN |N 7
/)\ G N/)\N 7
NN N
H
AZD7648 HA1 - HA9
HAL: R= o HA4: R=. | HAT: R=%N  N-sF0
T T e NG PR T NS N S‘O
H N
HA2: R=3N HAS: R = %] \,/ HAS8: R=-$N 0
H R 2 0.~§9
. - . — . = N
HA3: R= 5N HA6: R="*% O HA9: R =N ~

Figure 2 Design and structures of HA series compounds

LAEE Y HA9 0K 5 DNA-PK & 11T
SRR (B 3) , 45 R E I, H 5 AZD7648
FIVERIR R, =m b4 AR FSEANE
FEIR A% L Asp-3941 JE AV, D5k I NH 5

pEA

Glu-3804 J& il &t ; PO S ML &8 5y 5 4l ATP 4565
FIAS AR X 38, W IE 1 2 1) 2R T 5 Leu-3806
TERLEHE T IR E S5 I T2 mERE AR R T
—A~5 Trp-3805 RIIE ) w-m M EAEH , 5
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JE AR 2 9 AR I 0 4% 19F — 25 5 4% T i Asn-3808
ER AR EK 4% Horp  WEREEERY NH 5 Leu-

A \\ \ N / j
A > L

Leu-3806

Trp-3805,

; N... \
Asn'3808{! Q XO Asp-3941
i

"~

3806 JE A BAH BAEH , BRIt LA R TS
Asn-3808 JE il S AR HAEH

Figure 3 The interaction of HA9 with DNA-PK protein( PBD:70TW) in 3D(A) and 2D(B)

A, 7E AZD7648 5 DNA-PK i) 3 i 45 44
W RATRIR, SRS AL TREUK 480 = e
M B 38401 T -5 465 A 11 4 189 6 K 0 T A7 A 5
TE =W R R g B2 5 | AR, AT e 30 S
Asp-3941 KA A, Bty 7Ok =k It
L I 3508 35 A 0 D) s 7 A0 T P R 5 e, AR SR
X = WA - I S 33— B P P T A T B R A

J5 AR AR R R Ry AN R I I 5 A PR &R | I3 ot
MR C-C ek C-N HEE 3, 4 i — 1 ff, AT
KI5 ATP 454 AR B IR J2 B /K AL 1 T i
FONBA WA ], [R50 e AR R AT
FME K5 AZDT648 rh RS LS4 vh i) TR
R7STOH, BRI A5 Trp-3805 HR IR w-m
MIEAEH, i3 21k 5 4 HB1 ~HB7 (& 4) .

(6}
° LA
yN I,\]’\ scaffold hopping N N
/NﬁN |N A > KﬁN
N/)\NJ/\(\( AR
H H
AZD7648 HB1- HB7
) N CN N= CN A
NN N N;} 5
HB1: R = | HB3: R = | ° HBS: R = HB7: R=
i Jo N \

CN N=

/

\

/
N )
N LN N/ NN
HB2: R= | HB4: R = HB6: R =
2 X X

CN N3\

Figure 4 Design and structures of HB series compounds

L&Y HB1 83 5 DNA-PK & 117
FFXTEME (K 5) , 4R R, 5 AZD7648
B AR A AR 2L, =& 4 M RIEF S
Asp-3941 JE R ESAH BAE R, M 0E 1 457 A&+
55 HE L) NH 435 5 Leu-3806 11 Glu-3804 &
A A AR, e If ke B S Tyr-

3729 fFTEBT KA BAEH 5 DU &L &6 45 o5 4l ATP
SEA CUAS IR NE X 3, 2 B BRAT 9 PR AR 2 3,
4- TR ENETF (4, 5-d ] WENE2 BT o5 P R Trp-
3805 S FEIRTE J 0 38 A TR I 7K 11 4% 10 B <
B, Hgk— 3458 5 Trp-3805 Y m-m A EAEH
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Leu-3806

B

Figure 5 The interaction of HB1 with DNA-PK protein( PBD;70TW) in 3D(A) and 2D(B)

2 HIRUAEWHE ML

HRYE S50 = RIS ) AZD7648 A 2R
ARIAEFH BT T HA R Y0 A 2R,
K6 i, Lh2-5-4-[ (VUE2H-4-5) &
FE ] BERE-S-FRTR (A) MR IR IFAEL, 5 FZET Y
JE Wi e B i A5 3] s (] A1 ~ A6, DL 2-24 k-
4-HIBE-S R BENLIE (1) e b IR, 28 A AL
N AE SR B AR | 43 F IR G T B = e I ik

Ly
O HN

HO Z {\1
\NJ\

A

Cl

H
NH
N 2 i N Vs Ny iii Z> =N
| i | oH i, »
N <
0N oN~ N 0NN
1 2

WERR R AL JFON AR B P ek 4, ik 4
5 Al ~ A6 %4 Buchwald-Hartwing 38 S Bk 52
Fgd C-N 159 31 4- 2 S mE e -5 - e AL &
HA1 ~ HAG6,, 5t T 5050 = Fi X T AZD7648 11y
T AUk ek LA 4-50-2-( F B 3L ) M8 E-S R R
LR (5) IR IFARL, 2B AL N5 77 S5 B
R A 2 a4 8,8 LR K it I 5 AN [a] A 1
SN B 52 0 A5 3] 4-20 B ws g -5-H ke 264k &
¥ HA7 ~ HA9,

3
0 HN
R! | SN
N/)\Cl

Al - A6

3

Ly
O HN

iv AN Al- A6 "\
e /> —_— Rl SN N
N TN P
NN
H
4 HA1 - HAG6
1 H 1 H 1 I._I
HAL:R'= N HA2:R'= 3N_~  HAXR'= 3N~

H H
Rl— of .Rl= =N ri= 2N
HA4:R'= oN_  HA5:R \I/ HA6: R

Reagents and conditions:i) substitued amines, HATU, DIEA,dry DCM, . t. ; ii) DMF-DMA, EtOH, reflux; HONH, - HCI,
MeOH, reflux; iii) T,P, EtOAc,r.t. ; iv) Pd/C,HCOONH, ,EtOH,reflux; v) Pd,(dba),,Brettphos,Cs,CO,,1,4-dioxane,
N,,100 C; vi) tetrahydro-2H-pyran-4-amine hydrochloride ,K,CO, ,MeCN-H, O, . t. ; vii) m-CPBA,EtOAc,t. t. ; viii) 7-
methyl-[ 1,2 ,4 Jtriazolo[ 1,5-a ] pyridin-6-amine , --BuONa, DMSO, 1. t. ; ix) 2 mol-L~' NaOH, MeOH; subsitued amines,

HATU,DIEA,dry DMF, . t. .

Figure 6 The synthetic routes to HA series compounds
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0 (6]
o cCl 0 HN
i O HN ii

vil viii

O = II\I R —— —_— N R
O Z "N
AN o ) N/'k /
N >0
5 6

7
JQN
ix

N
/\O)‘\(Kj\i | N, N )K(KJ\ | N
SN N 7 SN N 7

8 HA7 — HA9
0

Y //O

N\ /_ $ g
HA7: R2= N NS0 pag: R?= -E-N:>=O HA9: R2= SN
© H
Continued Figure 6

PSS F RTINS AZD7648 FEATI T 20 AH 3 CREmEnE 2 7 B AR 3 A A5 3] S g v ] A
kit AR SCEFR VT T HB RGN 3-H3-7-( IR IL ) -1-( DU S 2 H-NE g 4-35) -3,
PRER IR T R, DA 4A-R2-HI RIS ES- G 4- A MENEIR(4,5-d | WEE2 (1H ) -l (B-5) ,B-5
(B) FlIG FR, G U R R TG SRR T 22 BRI EE 2B 07 B SR A% I s A
3N 3 4- A MENEI [ 4,5-d ] WERE2 B3 4 EMENEIR[4,5-d | WERE2 (1H) - 254
(1H)-Fit3#% (B-3) , Bl f5 7Emg v s g i 3 v 51 ZA4/HB1 ~ HB7,

I < BN IR Ve
ﬁks/ Ncﬁx . HzNYx . \ﬁx .

B B-1 B2
SQ JQ
0 0
1w N N \% V1
—_— —_— —_—
= Z "N Z "N
II\I s A pe X J\ R
SNTs” N7 >SS N7ON”
0o H
B-4 B-5 HBI — HB7

N NN CN N

N )
HB3: R— HB4: R =

CN N‘> CN N=\

HBS:R = HB6: R= HB7: R=
X X X

Reagents and conditions:i) K,CO, ,tetrahydro-2H-pyran-4-amine hydrochloride ,MeCN-H, O,r. t. ; ii) LiAlH,,THF,N,,
r.t. ; iii) CDI,DBU,THF,r.t. ; iv) PhMe,N* 1" ,Cs,CO,,MeCN,80 C; v) m-CPBA,CH,Cl,,r.t. ; vi) substituted ani-
line , --BuONa, DMSO,25 C.

Figure 7 The synthetic route to HB series compounds
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HB R 54 A WK 55 4% PR 48 1) & i
(E18), Lh2-1R4-H 3ks- ﬁﬁ%ﬂtkﬂ;z(m)jﬁg.!z‘*
JERE, 28 Suzuki BRI RS N A5 5] 6-Hft4-H
LN IE -3-JE 2RI T5 A I &%) L1-2a ~ L1-2b; LA

N._Br

| ~N

L1 L1-1a - L1-1b

2-Fi4-H IL-5-FY IR G (L2) A iR JERE, 2805
R B FIA B Rz 107 45 31) 2-B R4 -H 3541 3L
HG 2RO 22 ME &%) 1L2-2a ~ 1L2-2d

N R ,

N\ R N
| Z i | > L1-2a: R IN‘N
—_— 2a:R=
N H,N BERT o

N

N-N
L1-2a - L1-2b L1-2b: R = ,'Hw

/Q/ /Q/ /Q/ L2-2a: R = EN> L2-2c: R = ,Z
r\N

L2-1a - L2-1d

L22b:R= .2 » L22d:R-
“i N

‘HN

L2-2a - L2-2d

Reagents and conditions:i) pyrazole boronic acid pinacol ester, K,CO,,Pd(dppf) Cl,,1,4-dioxane-H,O(V: vV =5:1),
N,; ii) azoles,H,,Pd/C,EtOH; iii) azoles,K,CO,,DMF; iv) H,,Pd/C,EtOH.
Figure 8 The synthetic routes to compounds LL1-2a,L1-2b and L2-2a - L.2-2d

3 EHER

fb2f N UE AR PLOTLC Wi i, "H-NMR FiI
" C-NMR% H Bruker AV —600 #Z#R1Y (Fi+
TN T M, KL TMS R AR 53 % A
Agilent 1100 LC/MSD Trap ( % $ER R ()
ABRATE]) 76 ESI A H I 5 /= 43 HE T R
Agilent 6540 UHD accurate mass Q — TOF MS (‘%
R+ (P E) A BR /A A]) 5 Bruker micro -
TOF - Q(Fii A & 5L /8 7)) 78 ESI AT il %E
oAl i AR X8 SRy 4 B i B A2 2 i 4 T o
FHE 5 2L 4tk
3.1 HA RIMLEUMER
3.1.1 (E)-N-#%-N'-(4-% %
) FIE(2) 898 A%,

¥ 10. 00 g(65. 34 mmol ) 2-% J-4-F L5 -7
FENERE (1) & F 500 mL AREI S, A 100 mL J6
IK A, IR RN 9. 54 mL(71. 82 mmol)
N, N- 5L H it e — W JL 45 % ( DMF-DMA) |, [1]
PRV S h, TLC W5 f2 iy 56 4, RN iR H1 &
65 T, A 5.44 g(78.36 mmol) $h R F2 Mz , 4k &2
Pitt3 h, BHIERR, A KEEENH, 2540 K
T =401 8, K PR BB DF, TR A5 20 B A TR (2)
11.27 g, WeFEH 88.1% ,mp 160.1 ~161.5 C,
ESI-HR-MS m/z; caled. for C,H,N,0O, 197. 0628
[M+H] ", found 197. 0658,

Y A b eg 2-

3.1.2 7-WHRh6-AEL-[1,2,4]=
" (3) 895 %

¥ 10.00 g (51.01 mmol) H Al f& 2 & T
250 mL AIEHLH, 150 mL T4 2 R 2 BR A
fift, EIR T ZIS A 18.2 mL(61. 21mmol ) {AF
SR 50% )V BE IR I (T, P) 1Y LR S e %
W, TLC Woill s )i 58 4 . A 20 mL 700 Fl Bk IR &
FNES VR K N, 43 W, AT WA AT 50 mL 4R F 55
FRERTA R VE R, TR B R A 08 , Wl 1 v 45 , 753

HORER(3)8.91 g, K 98.1 % ,mp 108.5 ~

110.1 C, ESI-HR-MS m/z; caled. for C,H,N,O,
179. 0508 M + H] * , found 179. 0522,
3.1.3 7-FA-[1,2,4] = F[1,5-a]Wrz-6-k
(4) #95P

¥ 6.00 g (33.69 mmol) 1 [H]{& 3 & T
250 mL ARFEH R, 150 mL JC/K 2B R, =
IR INA 0.72 g(6.74 mmol) 10% 4% 5 Fl
10. 61 g (168.50 mmol ) F ik %% , 1 )2 v 2 h,
TLC W5 5z 564, HhuE Vi 4 8 v A 3 1 46 1
B (4)4.63 g, % 92.8%, mp 169.5 ~
170.8 €., ESI-HR-MS m/z; caled. for C,H,N,
149.0721[M + H] *, found 149. 0698,
3.1.4 N-F R 2-84-[ (WA 2H-vh4-2) &
Hh ] 5 B (AD) 89 A,

#40.25 ¢(0.97 mmol) b &Y A & T 50 mL
BB, A1 10 mL 4 — U e i i, R

Zvk 3t [1,5-a]
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A0.44 g(1.16 mmol)2-(7-AZARI =% Mk) -y
L IR 7S R BE B2 iR ( HATU ) | 0.48 mL
(2.92 mmol) N, N-— 5 N % & Fz ( DIEA) Fl
0.098 g (1.46 mmol) I Jii £k & &£, = 18 i #F
0.5 h, TLC ¥l hi 584, B 50 mL
K AR BRI, A IFA U, R A S A A
WD, TOOK BRI 40 T4, W R v 46 4 HLAH , 15
B AL, Zord A ik o B8 44k (AT
k-, KR EE 8 1), 15 % [ {4 [ 1R (A1)
0.12 g, W% 54.7% ,mp 195.7 ~197.3 T, ESI-
HR-MS m/z; calcd. for C,, H,, N,0,Cl 271. 0814
[M+H]*,found 271. 0804,

HhEA A2 ~ A6 ZHE I TIEA N,

3.1.5 N-WH2-[(7T-FA-[1,2,4] ="5[1,5-
almbr-6-24 ) Rk ]4-[ (W E2H-kvh4-4) &
A ) eEvE -5-F B (HAL) 696 1%,

# 0. 04 g(0.27 mmol) FF[a]{A 4 F1 0. 088 ¢
(0. 32 mmol) FIEI{A A1 B F 100 mL XLFH A+,
F15 mL T8 1,4-Z 8N, A 0.18 g
(0.54 mmol ) B g 48, A E# 3 K, A
0.024 g (0.027 mmol ) Pd, (dba), FI 0.029 g
(0. 054 mmol ) Brettphos , &< &4 3 ¥X,100 C %
N4 h, TLC Y5 S h 58 4, R B =\, A
150 mL 7K, FH &2 CBRZEH, & IFA PR, R
FACENS TR, JOOKBRIER 6N T8 U Mk 4 ,
P i 2R A e % 3 5 i Ak ( G Je-H
AL 50: 1) , 45 31 1 4[5 4K (HAL1) 0. 062 g, 4
#57.2%

HAMEA Y HA2 ~ HA6 S %IV EES T,
3.1.6 2-Weikd-[ (WA 2H-wvH4-3) & A ]
vEvE 5-F BR LB (6) B A A%,

#£10. 00 g(43. 10 mmol ) 4-58 -2 - 1 i ik s e -
5-HIRZ M (5) BT 500 mL SifEHi T, H] 200 mL
CHE-K(RFREL 4: 1) AW B, INA5.93 ¢
(43.10 mmol) VS -2 H-ML i -4-Jie Eh iR £k | /34t 5%
A 14. 89 g(107. 75 mmol) BRERSY | 25 IR K
5 h,TLC W W 584s, fli, BR LRI P , e
Wedi SOV, G R SRS Fa A 150 mL 7K,
H R CERAEE, & A WU, R A ahigs i
VeV, TOOKBRRR AN T8, s e e 40 , 15 2132 W IR
Wik (6)12.55 g, W% 98.2% , ESI-HR-MS m/z;
caled. for C,; H,y N;O,S 298. 1121 [M + H] ",
found 298. 1134,

3.1.7 2-WEkBEAA-[ (W A2H-whvh4-2) &
e 5. R LES(T) 494 %
#0. 15 g(0. 50 mmol) FFE]{A 6 B T 100 mL

IEH T, FH 20 mL R L BRI, N A 0.26 g
(1.51 mmol) 8] G it 2 2K H IR (m-CPBA) , & il
Pi$k 3 h, TLC Wil J2 b 56 4%, JA 10 mL 8 F
TRTRENVA W K g, 164 10 min, A 50 H b
(30 mL x3) Z 1, A FFA HLAH , 40 H K A Fn
FACEIA WO, TR B R A0 T, Wl ke 4, 15
FHAE AR (7)0. 18 g, 0% 92. 1% ,mp 172.3 ~
173.8 C, ESI-HR-MS m/z; caled. for C,; H,,
N,0,S 330. 1014[ M +H] * , found 330. 1022, 'H-
NMR (600 MHz,CDCI, )6:8.82(s,1H) ,8.52(d,
J=7.7 Hz,1H) ,4.34 ~4.30 (m,2H) ,4.29 ~
4.24(m,1H),3.92 ~3.89(m,2H) ,3.51 ~3.46
(m,2H),3.21(s,3H),1.97 ~1.93 (m,2H),
1.59 ~1.53(m,2H),1.33(t,J=7.1 Hz,3H) ,
3.1.8 2-[(7-FHA[1,2,4] =7 5F[1,5-a]wz-
6-2) BAE4-[ (WA 2H-h4- 1) B AL ] ez -
5-WBR TB5 (8) 894 Ak,

#0. 15 g(0. 45 mmol) H[E{A7 & TF 100 mL

HTEH R, FH 20 mL T84 — H L1 ( DMSO)
WA 0. 08 g(0. 54 mmol) H[E] {4 4 F10. 87 g
(0.90 mmol) BT FE4h, Z N 4 h, TLC Wil
R SE 4, W5 RO IR A 150 mL K H ) $E E
30 min, 42 OB A B, A I A P, FHAR AT
AR R VE U, JCK BRI T, W v 4, A5
HHL A 2B A € 3% 0 1 4l A ( — 0 P - F 2, 1
B 100: 1), B EER B A FE K (8)0. 14 g, %
80.5% ,mp 234.1 ~235.4 T, '"H-NMR(600 MHz,
CDCL,)8:9.59 (s, 1H),8.67 (s, 1H),8.46 (s,
1H),8.27(s,1H),7.58 (s,1H),7.26 (s, 1H),
4.35 ~4.31 (m,2H),4.26 ~ 4.22 (m, 1H),
4.01 ~3.98(m,2H),3.63 ~3.61 (m,2H),2.51
(s,3H),2.06 ~2.02(m,2H),1.68 ~1.60 (m,
2H),1.39(t,J=7.1 Hz,3H) ,
3.1.9 {2-[(7-F&-[1,2,4] =" 5f[1,5-a] "
vE-6-3) A A ]4-[ (W ER2H-whrh4-3%) Bk
vES5-A | [4-(WAREBL AL ) vkde-1-2L ] TV BR (HA7)
AR,

# 0. 12 g(0.3 mmol) H[E]1A& 8 & F 100 mL
SN, 15 mL FF RS, A 1 mL ¥R E N
2 mol - L' B S EAL SR W, FHIR E 50 C WL
8 h, TLC M5 s N 58 4, [ W iR H1 2 = I, Ik
FEUR AR R 2SR5 70, 4 ) i A T mol-L !
ERERIHTT pH HE 5.0 ~ 6.0, A FEAN H, Hhk,
THE SRR AR, BT 100 mL A,
A 20 mL T4 % DMF ¥% %, il A 0.14 ¢
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936 &

(0.32 mmol) HATU #1 0.2 mL (0.78 mmol )
DIEA , % i35+ 5 min, JIA 0. 06 g(0.26 mmol)
1-HRS IR SE R , = iR 1 S 3 h, TLC WS 2
N5E 4, B R CE A 200 mL K Y, B
30 min, LR LBEZEHL, B IFA AR, A L
ENS I, JOK B RR BN T8, W VR 4, TS AL
ok A (3 0 B Al (S - H e KRR I
20:1) SR E O A (HAT)0.06 g, K 43.1%

&Y HAS Fl HA9 Z2% k4 .
3.2 HB RILEWHIERK
3.2.1 2-Faik4-[ (wA-2H-wwh4-2) F A ]
EVE 5- W (B-1) %94 A%,

#5.00 g(26.94 mmol ) 4-58-2- F B 4k w5 g -
5-HE(B) & T 500 mL AT, /100 mL 2
R (R 4:1) 3, KR IN A 3.89 g
(28.28 mmol) DY Z-2H-Mk Wg-4-f £ Bz Eh A
9.31 g(67.33 mmol) ik FREF, % i L 5 h, TLC
WIS W58 4, FUE B Je e R B0, 9 R vk 40 S i
W, 100 mL &FR LMY, A 100 mL 7K, H]
TR BRI, G I A PUAR , R vR A S T h s i vk
U, TR B R BN T v 4i A HILAE , 15 3137 WY i R
WK (B-1) 6.25 g, I % 92.8%, 'H-NMR
(600 MHz, DMSO-d, ) 8:8.42 (s, 1H),7.99 (d,
J=7.6 Hz,1H) ,4.26 ~4.20 (m, 1H),3.89 ~
3.86(m,2H),3.38 ~3.34 (m,2H), 2.46 (s,
3H),1.76 ~1.73(m,2H) ,1. 71 ~1.64(m,2H) .
3.2.2 S5-(RAETHL)-N-(w A 2H-wbvp4-4)-
2-W B -mEvE 4-Fi (B-2) 894 A,

# 3.00 g(11.99 mmol) H Al {& B-1 & T
100 mL B P, B 15 mL 108 DO 4 ok il v i
RAE 3 W, W& T koK E R4
3 min, %M1 35 mL &7 0.91 g(23.99 mmol) IY
SRR PO S K A, Z IR ON 12 h, TLC
MR 5E4, 0 T ZBIMAS g T/KATEREN,
oE g UE U A Rk, A I A LA, D
FEH 4 , 2 rk A (a3 oy B il ( — S P Be- B,
TR 40: 1) , 15 8 ¥ A [E {4k (B-2)2. 10 g, 1%
69.1% ,mp 195.5 ~196.7 C, ESI-HR-MS m/z:
caled. for C,,H,,N,OS 255. 1214[M + H] * , found
255.1208, 'H-NMR (600 MHz, CDCI, ) §: 7. 81
(s,1H),6.68(d,J=7.3 Hz,1H) ,4.11 ~4.02
(m,1H),3.81(t,J=7.1 Hz,2H),3.68 ~ 3.6l
(m,1H),3.55 ~3.48(m,2H) ,3.45 ~3.40 (m,
2H),3.34 ~3.29(m,1H),2.56 (s,3H),1.96 ~

1.87(m,2H),1.75 ~1.66(m,2H) .
3.2.3 7-WaA-1-(w A 2H-wvh4-55)-3,4-=
BT [ 4,5-d]"E 2 (1H) -FA ( B-3) #94-%,

$ 2.00 g(7.87 mmol) H[E] & B-2 & T
20mL T4 O A W h, 0 CTAnA 2.55 ¢
(15.74 mol) N, N'-$5 . — wkwk (CDI) 1 0.1 mL
(7.78 mmol) 1,8- " FZWIR[5.4.0] +—FK-7-
J# (DBU) ,0 CK0 3 h, Jak4# 2 &= R v, TLC
WA B2 W 5845 A 8 mlL A 1 S8 Ak e 1 T R K
RN, V65 R 4 2 IV TR, Tl A ) 8 e I A € 1
afifl (A k- R AR L 41 1) 15 3 R
(B-3)1.46 g, ¥ 66.2% ,mp 159.2 ~161.1 T,
ESI-MS m/z:278.1 [ M — H] ., "H-NMR ( 600
MHz,CDCl, )8:8.21(s,1H) ,6.76(d,J =6. 6 Hz,
1H),4.56(d,J=6.6 Hz,1H) ,4.47 ~4.38 (m,
1H),4.21 ~4.11(m,1H),3.88 ~3.76(m,2H) ,
3.70 ~3.54(m,2H),2.56 (s,3H),2.11 ~2.01
(m,2H),1.86 ~1.65(m,2H) ,
3.2.4  3-W R7-W AR H-1-( w9 A-2H-W vh4-
K)3 4-—AEwE [ 4,5-d ] "EvE2(1H)-BA ( B-
4) 694 %,

¥ 1.46 g (5.21 mmol) H A/ & B3 & T
500 mL AiFEHL R, A 150 mL 2B 1 i, 40
A 3.40 g (10.42 mmol ) Bk fig 48 Fl 2.74 ¢
(10. 42 mmol) 7K 3 = B L ptfk £, 80 °C [ Jif
5 h, TLC M S % 58 4>, fin A 50 mL 7K ¥ K
IOL Ul VAR 47 25 B R, AR R T A
A AUAH A S A B IR DR, oK BRI N T8
D W 4, A E) 1,25 g HE R (B4, fioR
81.7% , mp 181.5 ~ 182.7 C., ESI-MS m/z:
205.1[M +H]*, "H-NMR (600 MHz,CDCI, )§:
8.04(s,1H) ,4.97 ~4.93(m,1H) ,4.27(s,2H) ,
4.08 ~4.05(m,2H) ,3.49 ~3.45(m,2H) ,3. 03 (s,
3H),2.93 ~2.87 (m,2H),2.56 (s,3H),1.59 ~
1.57(m,2H) .
3.2.5 3-W A 7-W AR B E-1-( W S -2H-wkh4-
HE)3 4-—EEeg [ 4,5-d ]| Evw-2(1H)-BA ( B-
5) 694 %

PL1.25 g(4.26 mmol) HF A& B-4 UK}
DL AR RIER, S8 3 1.7 TR ik, Hil 1
1,18 g H A E K (B-5), I % 85.2% , mp
200.7 ~ 201.4 T, ESI-MS m/z:327.1 [ M +
H]*, '"H-NMR (600 MHz, CDCI, ) &:8.37 (s,
1H),4.99 ~4.95(m, 1H),4.45(s,2H), 4.08
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(dd,J=11.5,4.6 Hz,2H) ,3.47 ~3.51(m,2H) ,
3.34(s,3H),3.08(s,3H),2.88 ~2.81(m,2H),
1.62 ~1.59(m,2H) .

3.2.6 3-WHET-[(7-WHh-[1,2,4] ="5[1,5-
a]mbeg-6-3 ) AR ] -1-( W A 2H-wvh-4-2 )3 4-
ZAmEeE 5[ 4,5-d ] "5 2 (1H) -BA (HB1) #9874,

# 0.10 g(0.67 mmol) H1[a] {4k 4 F10.24 ¢
(0.73 mmol) H1[E]{A B-5 & T 100 mL #iE T,
i 15 mL T 4 DMSO & fit, it A 0.13 g
(1.34 mmol ) T BEHH, E I 4 h, TLC Wil
RN 5E4s . K ROV IRAEIA 100 mL 7K A I FE
30 min, IR CBRAEI, & I A HUAH, RIS Ak
BN IRGE , TOKBR RGN T8 Rk 4, R &
FEIR AT €833 43 2 2 Ak ( = 50 WY - FH I, IR R I
25:1) 42 E A E AR (HB1)0. 16 ¢, 0% 62.1% .,

1b&% HB2 ~ HB7 (4 S I
3.3 HB RIIEWMEN S
3.3.1 4-FR2-(1-FA-1H-wbvk 43 ) 578 %
b (L1-1a) 69 4%,

#0.25 g(1. 16 mmol ) 2-7R 4-F B-5 Rl i
WE(L1) & T 100 mL XU, A 20 mL 1,4-—
FNFRIK (B 5: 1) IR BV T i, AR Ui A
0.29 g(1.39 mmol) ( 1-H F&-1 H-NLms-4-3E ) i iz
HRMREELRE (0. 32 g(2.32 mmol ) BREREIF1 0. 097 g
(0.12 mmol) [ 1,1-8L( "I fl) — ek ] &1k
HRAE 3 K, 100 CTHEREY 10 h, TLC ¥
WS 58 4, TN 7% 20 2 = i, A 50 mL
K, R CWRAEI, A A WA, R A S Ak
TRV, TOOK BRIR R T4, WU v 48, w42
B €355 43 g Al ( 5P - B AR R L
80:1), 75 %] ¥ {6 [f /& (L1-1a) 0.15 g, Y X
67.5% , mp 170.9 ~ 171.8 C., ESI-MS m/z:
219.1[M +H]*, "H-NMR (600 MHz,CDCI, )é:
9.14(s,1H),8.17(d,J=1.6 Hz,1H),7.87(d,

J=1.6 Hz,1H),7.76(s,1H) ,3.93(s,3H) ,2.71
(s,3H),

LAY L1-1b A S % Ik,

3.3.2 4-F 555 A 2-(1H-whvk-1-22 ) K F %
(L2-1a) %54,

# 0.2 g(1. 11 mmol)2--4- ! H-5-fil§ K
G (L2) BT 100 mL A8, A 15 mL DMF
WM, A 0.18 g (2.66 mmol) LMk F1 0.23 g
(1. 67 mmol) BRFRET ,80 °C K 2 h, TLC Wailll )z
NiSE4: . IASO mL 7K, LR LB, & A
BUAH , AR RN AL MV W e %, To /K B R Ah 1%
VR R A, T A ) 28 e A 3 A3 B Ak (T
Mk - AR 50 1), 45 B 1 A [E K (L2-1a)
0.13 g, x# 54. 1% ,mp 160.5 ~161.7 °C, ESI-
MS m/z:229.1[M +H]*, '"H-NMR (600 MHz,
CDCl,)8:8.51(s,1H) ,8.08(s,1H) ,7.94(q,J =
1.0 Hz,1H) ,7.75(s,1H) ,6.57(s,1H) ,2.63(d,
J=1.1Hz,3H),

&Y L2-1b ~ L2-1d B8 S H I,
3.3.3 4-FH-6-(1-F - 1H-wbrd 438 ) whvg-3-
Bz (L1-2a) #9485,

# 0.12 g(0.55 mmol) 1 [E] f& L1-1a #I
29 mg(0.27 mmol) #8 (¥) & T 100 mL AL Fi
i, 25 mL SEER R, SR 6 I, FHRZ
60 T, FEFE N 2 h, TLC Waill e i 564, 3 g,
PR Ve A D8, 15 8 LB A (L1-2a) 0. 11 g, i
#98.5% ,mp 250.1 ~251.6 C, ESI-MS m/z:
189. 1M +H] ", "H-NMR (600 MHz,CDCl, )§:
8.15(s,1H),8.09(d,J=1.8 Hz,1H),7.87(d,
J=1.8 Hz,1H),7.68(s,1H) ,4.25(s,2H) ,3.93
(s,3H),2.35(s,3H)

AW L1-2b 12-2a ~12-2d & MBS0,

H bR A () B o R i A5 UL 3% 1,

Table 1 Experimental and spectral data of the target compounds

ESI-HR-MS
Compd. mp/C m/z found "H-NMR (600 MHz)é BC-NMR( 150 MHz)§ Purity/%
calcd. for
HA1 247.1-248.9 405. 1768 ©9.17(s, 1H),9.02 (d, J= 7.3 Hz, ©167.6,161.2, 160.9, 99.08
[M+Na]* 1H),8.86(s,1H),8.46(s,1H),8.40 157.0, 154.4, 148.2,
C, H,N,O,Na (s,1H),8.30 —-8.26(m,1H),7.70(s, 139.4, 128.3, 124.2,
405. 1778 1H),3.98 —3.92(m,1H),3.82 -3.78 114.8, 100.9, 66.3

(m,2H),3.32 -3.28(m,2H) ,2.72(d, (2C),46.6,32.9(2C),
J=4.4 Hz,3H),2.39(s,3H),1.89 — 26.2,18.7
1.84(m,2H),1.47 - 1.38(m,2H)

(to be continued)
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Continued Table 1
ESI-HR-MS
Compd. mp/C m/z found "H-NMR (600 MHz)é BC-NMR(150 MHz)8 Purity/%
calcd. for
HA2 252.3-254.3 419. 1932 ©9.18(s, 1H),9.03 (d, J= 7.3 Hz, ©166.9,161.2,161.0, 98.93
[M+Na]l* 1H),8.86(s,1H),8.49(s,1H),8.39 157.0, 154.3, 148.2,
C,H,,N;O,Na (s,1H),830(s,1H),7.69 (s,1H), 139.4, 128.3, 124.1,

419. 1955 3.95(s,1H),3.80(dt,J=11.9,3.6 Hz, 114.8, 100.9, 66.3
2H),3.30(t,J=11.3 Hz,2H),3.25 - (2C),54.0,46.6,34.0
3.20(m,1H),2.39(s,3H),1.86(d,J= (2C),18.7,15.2
12.5 Hz,2H), 1.48 - 1.38 (m,2H),
1.10(t,J =7.2 Hz,3H)

HA3 257.1-258.0 433.2106 ©9.18(s, 1H),9.02 (d, J=7.2 Hz, ©167.1,161.2,161.0, 97.52

[M+Nal* 1H),8.87(s,1H),8.51(s,1H),8.40 157.0, 154.3, 148.2,

C, H,xN;O,Na (s,1H),8.30(s,/=5.6 Hz,1H),7.70 139.4, 128.3, 124.2,

433.2119 (s,1H),3.95(s,1H),3.82 -3.77(m, 114.8, 100.9, 66.3
2H),3.30(t,J=11.4 Hz,2H),3.19 - (2C),46.6,41.0,33.0
3.13(m,1H),2.40(s,2H),1.86(d,J= (2C),22.8,18.7,11.9
13.6 Hz,2H), 1.56 - 1.48 (m,2H),

1.49 - 1.38 (m, 2H), 0.88 (t, J=
7.4 Hz,3H)
HA4  237.7-238.6 397.2011 ©9.17(s,1H),8.75(s,1H),8.00 (s, V168.2,160.6, 159.9, 98.47

[M+H]" 1H),7.70(s,1H),5.76(s,1H) ,4.02 — 156.8, 154.3, 148.2,

CoH;N;O, 3.99(m,1H),3.84 -3.79(m,2H), 139.5, 128.4, 124.1,

397. 2023 3.28(t,J=10.7 Hz,1H) ,2.98(s,6H), 114.8, 103.7, 66.6
2.41(s,1H), 1.83 - 1.78 (m,2H), (2C),55.4,47.0,32.8
1.53 -1.44(m,2H) (2C),18.7(3C)

HA5 243.1-246.0  411.2179 9.19(s, 1H),9.03 (d, J=7.2 Hz, ©166.3,161.2,161.0, 98.11

[M+H]" 1H),8.88(s,1H),8.54(s,1H),8.40 157.2, 154.3, 148.2,

C,,H,;N; O, (s,1H),8.04(d,J=7.6 Hz,1H),7.70 139.3, 128.3, 124.0,

411.2175 (s,1H),4.10 -4.01(m,1H),3.95(s, 114.8, 100.9, 66.3
1H),3.83-3.78(m,2H),3.30(t,J= (2C),46.7,41.0,33.0
11.4 Hz,2H) ,2.41(s,3H) ,1.86(d,J = (2C),22.8(2C),18.7
16.3 Hz, 1H), 1.48 - 1.39 (m,2H),
1.15(d,J =6.6 Hz,6H)

HA6 254.1-258.0 449. 2544 9. 18 (s, 1H),9.03 (d, J= 7.2 Hz, 7166.3,161.2,161.0, 99.01

[M-H]" 1H),8.86(s,1H),8.54(s,1H),8.39 157.2, 154.3, 148.2,

C,,H,0 N, O, (s,1H),8.03(d,/=7.8 Hz,1H),7.70 139.3, 128.3, 124.0,

449. 2548 (s,1H),4.00-3.90(m,1H),3.80(dt, 114.8, 100.9, 66.3
J=11.9,3.6 Hz,2H) ,3.76 —-3.67(m, (2C),48.4,46.6,33.0
1H),3.31(t,J=11.4 Hz,2H) ,2.41(s, (2C),32.9(2C),25.7,
3H),1.86 (d,J=9.2 Hz,2H), 1.76 25.4(2C),18.7
(dd,J=14.7,6.7 Hz,4H) ,1.60(d,J =
14.1 Hz, 1H), 1.47 - 1.39 (m,2H),
1.28(t,J=10.1 Hz,4H),1.16 - 1.08
(m,1H)

HA7 145.8 -146.6 538. 1992 ©9.15(s,1H),8.82(s,1H),8.39 (s, L167.4,160.9,159.7, 98.82

[M+Na]* 1H),7.97(s,1H),7.70 (s, 1H),7.04 157.1, 154.3, 148.2,

C,H,,N,O,SNa (d,J=7.4 Hz,1H),4.04 -3.96 (m, 128.3, 124.4, 114.8

538. 2003 1H),3.82(d,/=11.6 Hz,2H) ,3.59 - (2C ), 103.4, 66.6

3.56(m,4H),3.25 - 3.23(m,2H), (2C ), 60.2, 55.4,

3.17(t,J=5.1 Hz,4H) ,2.90 (s,3H),
2.40(s,3H),1.80(d,J=12.6 Hz,2H) ,
1.53 - 1.46(m,2H)

47.2,45.8,34.6(2C),
32.8(2C),18.7

(to be continued)
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Continued Table 1

ESI-HR-MS
Compd. mp/C m/z found "H-NMR (600 MHz)é BC-NMR(150 MHz)8 Purity/%
caled. for

HA8  88.7-90.1 473.2047  Y9.16(s,1H),8.91 (s, 1H),8.39 (s, ©207.9,167.7,160.8, 95.78
[M+Na]* 1H),8.02(s,1H),7.70(s,1H),7.10 159.7, 156.6, 154.3,
C,H,N,O,Na (s,1H),4.03 -3.98(m,1H),3.85 — 148.2, 139.6, 128.3,
473.2028  3.81(m,2H),3.76 — 3.70 (m,4H), 124.3, 114.8, 103.8,
3.22 -3.21(m,2H),2.47 - 2.46(m, 66.6(2C),47.2,43.7,
4H),2.40 (s,3H), 1.81 - 1.79 (m, 40.8(2C),32.8(2C),
2H),1.51 —1.45(m,2H) 29.5,18.7

HA9 237.5-238.9 497.1721 ©9.16(s,1H),8.95(s,1H),8.88 (d, ©167.4,161.4,160.9, 97.56

[M+Na]* J=7.2 Hz,1H),8.56(d,J=5.6 Hz, 157.4, 154.4, 148.3,

C,H,,N,O,SNa 1H),8.48 (s, 1H),8.40 (s, 1H),7.70 130.1, 128.1, 124.4,

497. 1708 (s,1H),3.79(d,J=11.7 Hz,2H), 114.8, 100.4, 70.2,
3.63-3.59(m,2H),3.50 - 3.49 (m, 66.3(2C),55.4,53.3,
1H),3.35 -3.34(m,2H),3.30 - 3.26 41.3,33.3,32.9,18.7
(m,2H),3.03(s,3H),2.39 (s,3H),

1.86 - 1. 84(m,2H) ,1.46 — 1.39(m,2H)

HBl 216.4-217.3  417.1778  ©9.40(s,1H),8.26 (s, 1H),7.98 (s, ®159.2,158.4,154.2, 97.33
[M+Na]*® 1H),7.54(s,1H),6.78(s,1H),4.90 - 153.8, 153.1, 148.2,
C,H,N,0,Na 4.85(m,1H) 4.26(s,2H),4.03 -4.01 135.8, 127.8, 121.5,
417.1766  (m,2H),3.50 —=3.46(m,2H) ,3.03(s, 115.9, 104.5, 68.5
3H),2.84 - 2.78 (m,2H),2.48 (s, (2C), 52.6, 46.6,

3H),1.59 - 1.56(m,2H) 36.0,30.1(2C),18.9
HB2 165.9-166.7  457.2109 @8.81(s,1H),7.95(s,1H),7.92 (s, 2158.7,156.9,152.7, 96.84
[M+Nal* 1H),7.90(s,1H),7.35(s,1H),6.84 152.0, 146.8, 144.2,
C,H,,N,O,Na (s,1H),4.84 —4.80(m,1H),4.22(s, 140.3, 136.3, 131.2,
457.2119  2H),4.01 - 3.99 (m,2H),3.94 (s, 127.8, 121.6, 120.1,
3H),3.42 - 3.38 (m,2H),3.01 (s, 102.4, 67.2 (2C),
3H),2.81 = 2.75 (m,2H),2.34 (s, 50.9,45.4,38.2,34.6,
3H),1.55-1.52(m,2H) 28.8(2C),16.9
HB3 171.1-172.6  457.2115  ®9.10(s,1H),7.96 (s, 1H),7.48 (s, 2158.1, 157.0, 152. 97. 63

[M+Na]*® 1H),7.44(s,1H),6.94(s,1H),6.52 151.9, 144.3, 142
C,H,N,O,Na (s,1H),4.90 —4.85(m,1H),4.25(s, 140.1, 138.1, 137
457.2109  2H),4.22 (s,3H),4.03 - 4.01 (m, 132.5, 123.4, 104.
2H),3.46 - 3.42 (m, 2H),3.02 (s, 102.8, 67.2 ( 2C
3H),2.83 - 2.78 (m,2H),2.37 (s, 51.2,45.3,38.3,34.

3H),1.58 - 1.57(m,2H) 28.9(2C),16.8

6,
8,
0,
9,
),
6,

HB4  203.3-204.4  467.1957  28.99(s, 1H),8.31 (d, J=2.5 Hz, ®159.7,157.6, 154.3, 96.85
[M+Na]* 1H),8.13(s,1H) 8. 11(s,1H),7.84 - 153.6, 141.9, 139.3,
C,H,,N,O,Na 7.83(m,1H),7.68(s,1H),6.60(d,J= 138.2, 137.2, 130.8,
467.1980 4.2 Hz,1H) ,4.75 -4.69(m,1H) ,4.26 129.8, 126.5, 117.4,
(s,2H),3.88 —3.85(d,2H),3.30 — 108.4, 104.0, 103.2,
3.26 (m,2H),2.90 (s,3H),2.59 -2.53 67.8(2C),51.5,45.7,
(m,2H),2.39(s,3H) ,1.47 - 1.44(m,2H) 35.5,29.8(2C),18.8

HB5 181.4-182.3  468.1904 @8.64(s,1H),8.01(s,1H),7.90 (s, 2157.3,157.2,152.5, 97.25
[M+Na]* 3H),6.98 (s, 1H),4.93 - 4.87 (m, 151.6, 136.5, 135.3
C,,H,;N,O,Na 1H),4.28 (s,2H),4.09 - 4.06 (m, (2C), 134.2, 132.7,
468. 1915 2H),3.54 - 3.50 (m,2H),3.04 (s, 124.8, 123.7, 116.1,
3H),2.89 - 2.81 (m,2H),2.48 (s, 103.7, 102.1, 67.2
3H),1.62 -1.59(m,2H) (2C), 51.3, 45.3,
34.7,28.8(2C),17.5

(to be continued)
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Continued Table 1

ESI-HR-MS
Compd. mp/C m/z found "H-NMR (600 MHz)é BC-NMR(150 MHz)8 Purity/%
calcd. for
HB6 195.5-196.6 468. 1897 ®8.73(s,1H),8.62(s,1H),8.16 (s, 2157.2,157.1,152.4, 97.58
[M+Na]* 1H),8.01(s,1H),7.60(s,1H),7.11 151.9, 151.2, 142.2,
C,H,N;O,Na (s,1H) ,4.91 —4.87(m,1H) ,4.29(s, 137.3, 133.7, 132.1,
468. 1875 2H) ,4.07(d,J=16.0 Hz,2H),3.52 - 125.9, 124.6, 115.2,
3.48(m,2H) ,3.05(s,3H),2.83 -2.76 103.9, 103.5, 67.1
(m,2H) ,2.48(s,3H),1.60 - 1.57(m, (2C), 51.4, 45.3,
2H) 34.8,28.7(2C),17.5
HB7  209.9 -211.1 467. 1949 29.05(s,1H),8.14(s,1H),8.10 (s, 2158.7,156.4,153.2, 99.06
[M+Na]* 1H),8.04(s,1H),7.59(d,J=5.0 Hz, 152.6, 138.9, 137.9,

C,H,,N,O,Na 2H),7.15 (s, 1H),4.74 - 4.68 (m, 136.7, 133.7, 128.8,

467. 1933

1H),4.26(s,2H),3.86(dd,J=11.3, 127.5 (2C), 119.8,

4.5 Hz,2H) ,3.31 -3.26(m,2H) ,2.90 115.7, 104.2, 102.9,
(s,3H),2.55-2.51(m,2H),2.37(s, 66.7(2C),50.4,44.7,

3H),1.44 —1.42(m,2H)

34.5,28.6(2C) ,17.7

Note : DDMSO-d,, @CDCl,

4 EENE
4.1 B EYHEsE SR

7 384 PP Plate fb& 0% Bt 1 DMSO X
B WA T B F B, i Bcho ( D1 o 2 PR /R R
o al AR R WA ) #4675 0. 05 pL fb&
Y1 & 384 7 W FL AR ( Greiner 784075) H, Hff {4
DMSO &N 1% (WER ), 1] 384 K AL
M4 L A 2.5 L 2X DNA-PK % &,
1 000 r-min~" &.{> 1 min,25 CTHFF 10 min, [7]
L ANA 2.5 pL 2X ATP 5 DNA-PK substrate
YW, 1 000 r-min~' B> 1 min, 25 CHH
60 min, [A]&fLH A 4 wL ADP-Glo Reagent,
1 000 r-min "' Z.0> 1 min,25 CHFH 40 min, [7]
#FL " im A 8 wL ADP-Glo Detection buffer,
1 000 r-min " &.0> 1 min,25 CWFE 40 min, 7F

BMG ( PHERAstar FSX) iR | 32HL RLU ( rela-
tive luminescence unit) {55 (IR & TA/EHE .
DNA-PK 2 nmol-L ™" ATP 15 pumol-L ' DNA-
PK substrate 0. 1 mg-mL "), %4 1% DMSO
it i FL 1 & High Control, %45 1% DMSO %%
MR FLYE A Low Control, 1k & %Ak 2 £L i 41
il & 4 lL #E High Control Fil Low Control Z [A]f5
1tk
RLUHi h Control — RLUsam le
RLUHigh gCQntml - RLULOW czmml x 100%
MZAUE, Lh/No 740 i 7109 B2 B Log 1 R
x Bl YR ES ) A3 B G LA AR R y il AT AR
L4, £ GraphPad prism H' Log ( inhibitor )
vs. response-Variable slope #.7% T8 1C, {H, #]
A T 16 A B As Ak G W E O [F R BE R X
DNA-PK ##iil=3 Bl i3 2,

Inhibition% =

Table 2 Inhibitory activity of target compounds against DNA-PK enzyme

Compd. IC,,/(nmol-L™") Compd. IC,,/(nmol-L™")
HA1 10.18 HB1 3.40
HA2 12. 84 HB2 76.33
HA3 39. 16 HB3 9.15
HA4 >1 000 HB4 1.93
HAS5 73. 66 HB5 4.06
HAG6 >1 000 HB6 44.76
HA7 1 854 HB7 39. 86
HAS 1 420 AZD7648 0.42

HA9 72. 44
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X3 25 . DNA-PK $1#il 3 AZD7648 iAW it & -5 16wkt 23

DNA-PK il 17 14 I 3 245 SR 22 B, I B4 5 s Jr
BT 4-50 56 w5 e -S5-H ki 2K 4k & 9 (HAL ~
HA9) i 5 PSS T4 PR 0 T g it 19 3 ,4-— &
WEFF[4,5-d] BENE-2 (1H) -T2 164 % (HB1 ~
HB7) , = R 1T RE 265 AZD7648 25 4 b 124
FEEAZ B TG T I, RBUL G ER T 5 ATP
SO0 5 Trp-3805 () m-m FHEAE ., H HA &
LA YIS T 5] A BURSEIAR RS K, e B
Pix DNA-PK 18046 16 2 T Bt 4, dlad o
AR R w1 A5 2 1 1k & ) rh, HB1 Al HB4
X DNA-PK ] ICy, {8 53 % 3. 40 nmol - L ™' il
1.93 nmol-L " JEPEELT,

4.2 B EYRIH R E ELR

DL AZD7648 R BAYEXT FE 2y, SR U H A 4
LR (MTT) 05K 16 1064 Ho TG 14 0 1Y)
HB1 HB4 HB5 — 4~ fb& )76 A R ik BT xF
DNA-PK = %35 0 A\ 45 7 i 40 i R HCT-116 1

ARKIRIVER, BARSEES AT .

(1) 40 85 3% . HCT-116 40 il 1% 3% T RMPI-
1640 R, B g2 2 m A 10% (PR3 %0)
PR AT 1 6 4 I3 10 pg - mL ' 0 BE M
100 U-mL ' EHR, 4T 37 CT.5% (FH
4380 CO, M ANV RS B35 F2 40 h 85 9%

(2) A KA S A . B 100 WL Ak F X 4
AR B T 8 x 107 A 1 41 i 2 7 1
A 96 FLAR P, K% 3% 24 h {40 G BEL A A
100 wL Hf Ve B I rll 259, 15 9% 96 h, AL
BIA 50 pL ¥ )k 2 mg-mL ™' i) MTT %, 4k
SEREFE 3 h, 325 96 FLAR P A TR, B AR (R 0 e
PEAR L e e T, BfL A 200 pL ) DMSO,
TR 2 mZ % 10 min, FHEGFRAOM & &L T
570 nm P K AIOERE A R TR BT A
il HAR kA9 A 403G PR 2l S W 3

Table 3 The antiproliferative activities of target compounds against HCT-116 cell lines

Inhibitory rate/ %

Compd.
50 wmol-L ™' 25 wmol-L ™ 12.5 pmol-L ™
HB1 79.00 £1.33 70.03 1. 87 56.11 £3.53
HB4 94.29 +0. 94 90.55 +0. 56 88.14 +0.75
HB5S 93.84 £0.03 88.46 +1.04 81.66 +2.07
AZD7648 78.78 £1.31 69.13 £3.49 51.82+2.13

iR R X =B YR HCT-116 41l &
FOL N b AR BT BG BE AE L, A T BE PR R
AZD7648 . H:h ik &%) HB4 HBS X} HCT-116
4 ZR BTG FE AR A 0 HG i D] AR
IR B EUEE I s T LB Y5 DNA-PK & H
Lys-3753 Z[H A EEH .,

5 RS

ASAEHELT AZD7648 5 DNA-PK (193 5
S5 R ARG Y IR SRS BT IR G L T 16
AR UL SCHR R GE R 4-2 KL R nE-5- TP i 2%
(HA1 ~HA9) } 3 4- A WENEFF[4,5-d ] BEIE-2
(1H)-HdZ% (HB1 ~ HB7) DNA-PK il 5, 454
Y14 "H-NMR , "C-NMR fl MS i #fi i, & H
ADP-Glo ¥l HA &1 fil HB &R %14k & ¥ Xt
DNA-PK [ HiIE 24552, ¥ R 5w fr 15
AW LA T IR SRR 4k A5 4, b ik
&) HB1 1 HB4 %} DNA-PK (400 ] 6 PR 44,
X DNA-PK ] ICy, {8 53 %1 4 3. 40 nmol - L' #l

1.93 nmol-L ™',

W b B bR A A 9 19 4589 % DNA-PK
AR 42515 202 RGP AR R
1) FEERA Tl 2R m] g oAt e AR, Bd
BRG] BB 23 T 4T (1945 43 7€ i F] DNA-PK 1y
WL, LSRR A R 25 A M 52, DT 2 5 1
PEo 2) W5 RUT5 2 B0 85 4 Sy 106 75 2 20 al BRUA R O 20
A2 A Y% DNA-PK (3 H1E 1

AN R MTT 5, LA AZD7648 Sk BH X} I
25003 1k &5 ¥ HB1, HB4 HB5S 7£ 50, 25,
12.5 wmol-L ™" = ANV B R X A &5 7 9 40 il &=
HCT-116 PIHTIEGFEL G, 45 3 8o =AM & Pt
DNA-PK 3 il Za w8 T BH X B 25 AZD7648
25 LIl AR WIPIRE T AZD7648 L5 iitis
55 DNA-PK 0 il i 4 Z 81 /) OC &R, N 5 &k
DNA-PK 1l 51 i I & B T LAt
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Design, synthesis and biological activity of AZD7648
derivatives of DNA-PK inhibitors

LIU Rulong, QIN Huanhuan,CAI Tian,ZHAO Linxiang* ,HUANG Min "
(Key Laboratory of Structure-Based Drug Design & Discovery( Shenyang Pharmaceutical University) ,
Ministry of Education ,Shenyang 110016 , China)

Abstract; In order to investigate the role of AZD7648 scaffold,a series of 4-aminopyrimidine-5-formamides
and 3 ,4-dihydropyrimidinocyclo[ 4 ,5-d ] pyrimidin-2 ( 1 H ) -one derivatives as the DNA-PK inhibitors were
designed and synthesized. The inhibitory activities of the target compounds against DNA-PK were tested by
ADP-Glo method using AZD7648 as the positive control drug. The antiproliferative activities of compounds
HB1,HB4 and HBS against human colon cancer cell line HCT-116 were evaluated by MTT method at the
concentrations of 50 wmol-L ™" ,25 pwmol-L ' and 12.5 wmol-L ™" with AZD7648 as positive control. The
DNA-PK inhibitory activities of compounds HA1 — HA9 were weaker than that of compounds HB1 — HB7,
and the activities of promising compounds HB1, HB4 and HBS were comparable to AZD7648. The MTT
assay results showed that the three compounds showed moderate anti-proliferation effect on HCT-116 cell
line, which were better than that of AZD7648. This study preliminarily investigates the impact of structural
modification of AZD7648 on its DNA-PK inhibitory activity, thereby laying a theoretical and experimental
foundation for the subsequent development of DNA-PK inhibitors.

Key words : DNA-PK inhibitor; AZD7648; antitumor activity ; structural modification



