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Abstract

The proteins PARP1 and CDK2 are pivotal in the progression of cancer, with their excessive activa-
tion being implicated in a wide range of tumors. Targeting and simultaneously inhibiting the activ-
ities of both PARP1 and CDK2 may hold promise as a highly effective therapeutic strategy for the
treatment of breast cancer. In this paper, five PARP-CDK dual-target inhibitors with a novel struc-
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ture were designed and synthesized based on the PARP1 inhibitor Olaparib and the CDK inhibitor
Ribociclib. The molecular docking analysis was used to select the free groups at the molecular tail
as the modification sites. The structures of the inhibitors were characterized by nuclear magnetic
resonance spectroscopy, and their biological activities were evaluated by testing the enzyme inhib-
itory activity and in vitro anti-cell proliferation activity. The results showed that the activity of the
compounds with double heterocyclic linkers was better than that of the single heterocyclic com-
pounds, and the compound 12c¢ with a 3,9-diazaspiro [5.5] undecane linker exhibited good anti-
tumor effects against both PARP1 and CDKZ2. This study lays an important foundation for the devel-
opment of more PARP1 dual-target inhibitors.
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FUI AT — MR T FUR b B B IR, SRR C RO B L A A i LSRR PR
ARt 57 1A 2 B B A FEH LRI (TARC) ol A AR A A BR SR S4B 5, LB (K A 2R L iRl
PR 2 B ik AR L e R AR P I e 0 P R B A, T AR 9 o R AR S ) 11.7%, R
JROA A ER G A L LSRR s AR 1] [2].

1.2. PARP1 5 CDK2 B9ThE

K (ADP-#Z M) JE A HH(PARP) & — ANl 17 N A TSR K5, & DNA #RERZ I, @it il
IAPGESS & DNA FUEEi24(SSB)Z 5 DNA fiifhig & . AJ5, @i EEVIREE®21EE SSB(3]. £
XGRS, PARPL W Fii 12 1. PARP1 Z5] iz BRI RE, 1040 7 28848, DL 4
TG AT E . PARPL i 20 P 040 B 7E 52 85 T e Ab I RIS 8 R RS o FEVF 295 s 2 W
83| PARP1 KiAFtwm, Gl e, BEFEMME. BT IHE DNA #5RN HRCHEIEM, i
PARP1 IETERCH—FiE e VR IT 72 (4]. BIH AT NIE, 7EFFK PARPL #IHil7)J5 H C &M 7 H oK
kA IR

W FE B, 20 M A 30 2 1 I PR R CDK2 7 22 i b ik FE VR AL, 5 g 100 A R R g g 3 DI REL O
CDK2 K 53 AHXKM Cyclin Ay Cyclin E 7EA ) BEAIDR . B ZHARIM ELR . BB 68 308 55 2 Pl g vpod 3
%, BT R A0 A KA R R T RES] [6]. SRIRFRMA, 7E 2 FEAE T A S SR AR, SN
F| Cyclin A/E Kt ik, SLIRIEEM, = Cyclin E (AT BUR #40 BB HiME, Cyclin E X RiE 5%
Tt fppRg R BB (A BTG AHOR[7]. BRIIE, 26T Cyclin E XF CDK2 [N R 5 K H A 5 e S Ry i o
(251, CDK2 EL NPT 25 W0 ff) 25 B4 2 — (8] 40 J& 3 8 (AR E B CDK2 R L5, PAR
KA PARPL BUSINE T 2% ADP-EFEILALIEE[9]. CDK2 fEMALLS M X PARPT R34 #
PEBERR LI SE 7 IERILAE 1. BN PARPL A B TR A HI OB, XT3 K 2 B [ N 3 KR
ZA R o A AR R A S A D [ 10]. SEINEANMIAET . TR AR 4%] PARP1/2 A1 CDK2 BifE
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AT EE B TR PARP1 417 Olaparib A1 CDK #1171 Ribociclib 454380 7E LRI IRTT T
(B [FIF R /R ] . Olaparib 1F A—Rh L34 i PARPL/2 #0155, @i BT PARP Bf03E 1, B i 40
fife 5 %245 DNA KIREST, MmifEist s an s T . 1M Ribociclib /£ CDK M5, #&4%H 2E0H| CDK2
BE, MR A . T XA P R E AL, FRA1E . AR T 2 AR IEL
EW. XAl S YR RSN S2 56 vh B 6 PARPL AT CDK2 ) R EFIHE M, 378 MDA-MB-231 1 MCF-
7 Wik N AL AN R P B AT T SRS VR . SRIR A SRR, I S A Ak S A 0 ) AL A
W5 J7 TR I 3 (AR A, R ) T R A B R T B . IR A 12¢, HXF MDA-
MB-231 I MCF-7 A L 40 2 v (R B T 0 8 R AR H

1.3. BFRWIhEEHNHIFRIAIB T

FEVL VXU REFDHI TR, G IS T o0 4l F 8 BCE R — . Bk, FRAT LA 147
BT TIRANRIRI RO R M, B ERSHERL RN B A & 3 s 0 s A 7). 283 P R DAl 5 ik
AT LA T K PARPL #7) Olaparib 1 CDK #1171 Ribociclib fENBOEXT . M-S AHMN H br i E
eGSR (& 1 BTR)KE o Olaparib 7 R HB IR N FL B AN B 7E 2 VAN, SRR S8 B R A L)
SEATEM . X —HREAR S F RN T — A &M SOE A 5. [FIFEH, Ribociclib 17> T 45140t BLH
TRV SOER 7. Hor T R R SRR ] R 5 T AR, JERIRABNEE D8N, B
IR, WRIEHE A R 5 R R MR R AE A MM GEH . XRW, X—Hr4aMEdmsEan
FHEAER R RIEHBAER, Bt LA Tt — 0 e i ks «
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FAUPAE 4] CDK2 & E RS @i it f 5| NA&E 1) Linker (E#:T), KXW N0 E
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Figure 1. Molecular docking between PARP inhibitor Olaparib and CDK inhibitor Ribociclib
[& 1. PARP 5 Olaparib 5 CDK P3| Ribociclib 43 F31ZLERE

2. E§

2.1. F{5IR7
RCT-basic IKA {E I INFHARE 15 25 (1 E L -R4ER]); RV-8V BUJigkk 28 kA (HE E R4 H]); ZF-C =
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AN A CEIE P a3 TR ) s AL B BB A 38 (R R IR 4 /R B A BR A7) A-10008 JEFR 7KK
HZKE(HA EYELA RS SE); XPR204S/AC HLT KT G A4 ) - FLRI 2 £ 14);
Bruker ACF-300 BURZ BRI (B H AT E 5 A R FrA (32 BRI MG LT iR MRH AR A A, 4
% 97%, AZEVE I ST Rk - DRI AR, A iral.
22. BRFELEYINER

ASLAER R Olaparib 5 Ribociclib [FAH G SR I A & g 4 () 364l 1, AP H BL Olaparib
BRSSP E 2R, Gl 2 BoR . DAARIRHL R HE (1) 5 T IR — H I S 7 5k 15 280 i 1]
HWEDQ2), EW 2 EYeim —EAURRNAR HEMEEY 2-5-5--AAR-3 H- 57 R - 1 -5 7 H
BOZRMEG3), AW 3 RIS K AR SN A B s RIS B S K 7K A I ON 28 S AR 3R r R A B S B
A, VAT RNAR Z PH 2R 57532 BA Olaparib A&l 13 S L 5 40(4)

COCH

Reagents and conditions: (a) HPO(OCH3)2, 90°C, 10 h; (b) 2-fluoro-5-formylbenzonitrile, DIEA, THF, rt, over night; (c)
N2H4-H20, NaOH, 70°C, 18 h.

Figure 2. The synthetic route of compound 4

2. LA 4 BREELE

Ribociclib XU & WA 3 Fias, b e 2,4- —Emne s ER, LB N 2E i B ARk
H ) 2- 5 -N-I1 R UE -4-J1(6), B S TE L-F 2R 032 1 Cul #E AL S B 75 B0 A9 2-50-7-31 [ 2E-N,N-
T BT HAIE R SR [2,3-d]WERE-6- FRIBERE (7), 7 SRR H BT S R AR BRI B AR A S (8), 4=
SO BBUT E AR 2S5 13 BB 4(9) -

CHO a
L, — O
COOH

PO(OCHj3),

Reagents and conditions: (a) cyclopentanamine, DIEA, DMF,50°C, over night; (b) 3-bromo-N, N-dimethyl-2-oxopropanamide,
Cul, L-proline, Cs2COs3, THF, 50°C, 3 h; (¢) Pd(OAc)2, BINAP, CS203, 1,4-Dioxane, reflux, 18 h; (d) TFA, CH2Clz, 0.5 h.

Figure 3. The synthetic route of compound 9

3. LEY 9 EREELE

WE 12a-12¢ B MEFLINE 4 Fros, ALEW) 4 SRS RIS, LR A 10a-10e,
B B AU T AR R A B A 11a-11e, FFS5WEW 9 RINAELAEDY) 122-12¢.
23, {LAMMEHRIE

7-IA R 2-((4-(4-(2-9-5-((4- AR -3,4- S BRI - 1- 525 88 25 F G 28 ) R - 1- 05 ) AR 3 ) 2L 36)- N, V-
- TH-RE R I [2,3-d] W RE-6- F Bl (12a) L (L [E 4, 7228 81.7%. 'H NMR (400 MHz, Methanol-ds) &
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Reagents and conditions: (a) HATU, DIEA,DMF, tt, 6 h; (b) TFA,CH2Cl2 1 h; (c) HATU, DIEA,DMF, rt, 10 h.

Figure 4. The synthetic route of compound 12a-12¢
B 4. LA 12a-12¢ HRRERLEE

10.89 (s, 1H), 9.54 (s, 1H), 9.01 (d, J= 1.5 Hz, 1H), 8.14 - 8.05 (m, 1H), 8.02 (d, J= 1.5 Hz, 1H), 7.85 (dq, J =
5.1, 1.3 Hz, 1H), 7.78 - 7.71 (m, 5H), 7.71 - 7.62 (m, 2H), 7.40 - 7.32 (m, 1H), 7.30 (d, J = 7.6 Hz, 1H), 4.85 (p,
J=6.9 Hz, 1H), 4.17 (t, J= 0.9 Hz, 2H), 3.78 - 3.70 (m, 4H), 3.70 - 3.62 (m, 4H), 2.99 (s, 6H), 1.94 - 1.81 (m,
4H), 1.81 - 1.66 (m, 4H). '*C NMR (100 MHz, Methanol-ds) 6 169.97, 165.25, 163.95, 160.37, 159.12, 155.39,
152.74, 144,34, 141.11, 134.74, 133.06, 132.34, 132.27, 131.28, 130.61, 129.89, 129.75, 129.41, 127.97, 126.98,
126.24, 126.04, 124.68, 121.00, 113.61, 108.24, 68.46, 47.22, 47.19, 47.13, 38.24, 35.96, 33.08, 25.12. MS-ESI
(m/z): 742.33 [M + H*].

7-30 8 F - 2-(4-(4-(2- - 5-((4- 581 R-3,4- AR R - 1- 028 ) FF 6 ) 2 FR R 36 )-1,4- 302 - 1- ) A ) S 0 ) -
N, N-ZHE-TH-MEMS FE[2,3-d] B8 E-6- FHBEZ(12b) Al 4, =% 74.5%. 'H NMR (400 MHz, Methanol-
ds) 6 10.89 (s, 1H), 9.54 (s, 1H), 9.01 (d, J = 1.5 Hz, 1H), 8.14 - 8.06 (m, 1H), 8.02 (d, J= 1.5 Hz, 1H), 7.83 (dq,
J=5.1,1.2 Hz, 1H), 7.78 - 7.69 (m, 5H), 7.69 - 7.62 (m, 2H), 7.40 - 7.27 (m, 2H), 4.85 (p, J = 6.9 Hz, 1H), 4.19
- 4.14 (m, 2H), 3.69 - 3.57 (m, 4H), 3.44 (td, J= 7.1, 2.3 Hz, 4H), 2.99 (s, 6H), 1.95 - 1.87 (m, 3H), 1.87 - 1.81
(m, 3H), 1.81 - 1.66 (m, 4H). 3C NMR (100 MHz, Methanol-d4) 6 170.02, 165.71, 164.27, 160.37, 159.12, 156.84,
155.39, 152.74, 144.34, 141.12, 134.64, 132.74, 132.13, 131.72, 131.28, 130.06, 129.87, 129.79, 129.63, 127.96,
126.96, 126.17, 124.68, 121.65, 121.04, 113.81, 109.85, 68.46, 46.41, 44.58, 38.02, 35.96, 33.34, 25.34. MS-ESI
(m/z): 756.33 [M + H*].

7-I8 IR FH-2-((4-(9-(2-Fo-5-((4- AR -3,4- B IBR-1-38) 3L ) 78 R R 36 )-3,9- 5 445,50+ — Bk-3- 9%
FO IR IE)-N, N-T B TH-MES I [2,3-d] W e -6- e (12¢) 1 ([l 44, F=% 78.2%. 'H NMR (400
MHz, Methanol-ds) 6 10.89 (s, 1H), 9.54 (s, 1H), 9.01 (d, J = 1.5 Hz, 1H), 8.13 - 8.06 (m, 1H), 8.02 (d, J= 1.5
Hz, 1H), 7.84 (dq, J=5.0, 1.1 Hz, 1H), 7.78 - 7.62 (m, 7H), 7.40 - 7.33 (m, 1H), 7.30 (d, J= 7.5 Hz, 1H), 4.85 (p,
J=6.9 Hz, 1H), 4.17 (t, J = 0.9 Hz, 2H), 3.59 (dt, J=11.8, 6.9 Hz, 8H), 2.99 (s, 6H), 1.96 - 1.68 (m, 16H). 1*C
NMR (100 MHz, Methanol-ds) § 170.16, 166.06, 164.48, 160.37, 159.12, 156.84, 155.39, 152.74, 144.09, 141.12,
134.74, 132.67, 132.13, 131.31, 130.85, 130.06, 130.04, 129.79, 129.63, 128.02, 126.91, 126.57, 124.68, 121.57,
120.98, 113.81, 113.61, 109.85, 68.46, 43.49, 43.44, 43 .43, 38.40, 35.96, 35.45,35.42, 35.34, 35.25, 33.34, 25.27.
MS-ESI (m/z): 810.38 [M+H'].

7-30 8 J - 2-((4-(5-(2-9-5-((4-58AR-3,4- AR MR- 1- 358 ) FFF 3 ) 24 F O ) )\ 0L 1 5 [3,4-c I Mg -2- 3R 3 )
RHE)EHE)-N, N-HHE-TH-1Es IE[2,3-d] s 0E -6- F Wi (12d) A B[l 4, 7228 77.3%. 'H NMR (400 MHz,
Methanol-ds) 6 10.89 (s, 1H), 9.54 (s, 1H), 9.01 (d, J= 1.5 Hz, 1H), 8.14 - 8.05 (m, 1H), 8.02 (d, J= 1.5 Hz, 1H),
7.84 (dg, J=5.0, 1.1 Hz, 1H), 7.79 - 7.62 (m, 7H), 7.40 - 7.27 (m, 2H), 4.85 (p, J = 6.9 Hz, 1H), 4.23 - 4.10 (m,
2H), 3.74 - 3.62 (m, 4H), 3.57 (dtd, J = 12.5, 4.8, 2.0 Hz, 4H), 2.99 (s, 6H), 2.61 - 2.47 (m, 2H), 1.94 - 1.80 (m,
4H), 1.80 - 1.66 (m, 4H). 3C NMR (100 MHz, Methanol-ds) 6 169.58, 168.22, 164.10, 160.37, 159.12, 156.84,
155.39, 152.74, 144.09, 141.12, 134.74, 132.67, 132.13, 131.17, 130.84, 130.06, 130.04, 129.79, 129.63, 128.02,
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126.96, 126.35, 124.68, 121.63, 120.98, 113.81, 113.61, 109.85, 68.46, 53.35, 53.27, 52.96, 41.70, 38.02, 35.96,
33.34,25.27. MS-ESI (m/z): 768.34 [M+H"].

7-I0 8 F -2 ((4-(8-(2-F-5-((4- S8 AR -3,4- A BKIE-1-3%) F 38 ) 2 R IR 3L )-2,8- (24 BB [4.5] 58 be-2-Fk 3
BRIV e HE)-N, N-ZHEE-TH-ME g I [2,3-d] s 0E-6- Ik fiZ (12e) A (A [44, 722 79.5%. 1H NMR (400 MHz,
Methanol-ds) § 10.89 (s, 1H), 9.54 (s, 1H), 9.01 (d, J = 1.5 Hz, 1H), 8.13 - 8.06 (m, 1H), 8.02 (d, J = 1.5 Hz, 1H),
7.84 (dg, J = 5.0, 1.1 Hz, 1H), 7.79 - 7.62 (m, 7H), 7.40 - 7.27 (m, 2H), 4.85 (p, J = 6.9 Hz, 1H), 4.17 (d, J = 1.0
Hz, 2H), 3.68 - 3.51 (m, 5H), 3.51 - 3.39 (m, 3H), 2.99 (s, 6H), 1.95 - 1.80 (m, 10H), 1.80 - 1.72 (m, 3H), 1.72 -
1.66 (m, 1H). 3C NMR (100 MHz, Methanol-ds) 6 169.58, 166.06, 164.48, 160.37, 159.36, 159.12, 155.39, 152.74,
144.09, 141.12, 134.76, 134.74, 132.67, 132.13, 131.31, 130.85, 130.06, 130.04, 129.79, 129.63, 128.02, 12691,
126.57, 126.37, 124.68, 121.63, 120.98, 113.61, 109.85, 68.46, 55.20, 47.78, 45.74, 44.24, 38.22, 36.88, 35.96,
35.49, 33.34, 25.27. MS-ESI (m/z): 796.37 [M+H"].

3. EPEMSITM

N T IRNFE BARME S DI BU R G, FRAT 4350 5 AN S P BN S5 1 24T T PR 1 ()
W, FEHE— PR 2 MEA VIR S T B G FEE R EAT T VPAS . SIS g B TR Rl e i AR N
FURE R : MDA-MB-231 il MCF-7. 2645 B 5l S +42 1 fge 2,

MFE 1 BRI S M EE PT DA, SRR E R R A Y R B T R R S S 1
T 1 22 S P RE YR T XU I S5 M P s e AR 2 P p it 1 S R B A L e s ), AT 58 1 A G4 558
B4 AR S1. oAb, 3,9- AR5, 5]+ —KilE NGB EE (A A W Eis Ve 5 TH R A0 A 28 T () 4 38
GERE, X3 B FOBRRE () 1 2 5 A A BG am AV PR T TR T ORI o ZE AR SN IR HE A A ) S B

Table 1. Compound biological activity results

=1 HAMEYERER

1Cs0 (M)
Compd. Linker
PARPI1 CDK2
HN
12a @ 12.34+£0.39 4.87+3.82
AN

12b NH 7.76 £4.23 19.23 +£2.75

H

2.57+1.38 5.82+1.77
NH
NH

HN
12¢
HN
12d % 46.37 £3.39 17.39 +£3.42
NH
HN
12e

Olaparib 1.93+0.24 -
Ribociclib - 633124

8.64 +1.55 242+0.97
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Table 2. Compound proliferation inhibition results

2. WEYHEEIIRIER

1Cs0 (UM)
Compd. Linker
in MDA-MB-231 in MCF-7
HN
12¢ 5.63 £1.46 4.64 £1.62
NH
HN
12¢ 8.68 £2.07 523+2.16
NH
Olaparib 6.32£1.22 5.26+1.02
Ribociclib 7.85 £1.47 3.47+0.96

FATE S ELETHEY 12¢ 1 12¢ X} MDA-MB-231 F1 MCF-7 N\ 7L R5 e 20 i 2R (K BE R A SR . sii 4%
RER, (LEWY 12¢ 5 MDA-MB-231 1 MCF-7 i fJ 3858 /K PR I B2 3ms /e, g
TRAMER MR o X —45 BAIE 2 TS 12¢ 78400 L Jas 24 o 488 5 7 T () v 2 ek o

4. &g

TEAHE T, ok 8 B FH T FUIE R T IR0 77 2546 2 AR, FRATBET A BT 5 Aol PARP-CDK
RUHE g AR I A R X AW EAT T IR AE . S, BRATR ST T RGN
HEVNETEVEOY, DAVPAL FHXT PARP1 Al CDK2 IHIHIECER « MRS R TR, 3,9- A& ARIR[5.5] 4t
BEREEE ) ) NN ARSI B AT R 0, X — S5 R R AT BE A A S R ) G BRE R FR . AE T A R
EYH, &) 12¢ RILHEXT PARPL F1 CDK2 FIS EADHE M, S H R ser . X — kI
AN R TT R T B T IE 2R, I RNTT R 25T PARPL 1 CDK2 8L S 4l 77 24
T EBERHER . AR, RATEE -SRI SIS R, DSR2 RE, IR R IR
Jaer S F A G bR v T HR R B T T
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