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DUERSEYIRIGE — B2 2N EAR - 5[Uk(indole) PTAE Yy ] WIHEHE B Hiks - 1 —H5[Lk(Di-indole) )y
AVNE R R DR - §58ET/35388E A (R 28 B 80 (Ca2+ /calmodulin-dependent protein
kinase Il » CaMKIl) Z HIII A Ry A E AR EE S8 B BT 72 U5 (R 2 — » #1111 CaMIKIN R [ (B 25 A e Al
RS TEANIFE » B H A fE CaMKIl HIIRIEIZEY) - ARFELA=Ns [0k iy L 200E » SmEnTAMI0E
Ky CaMKIl HITFHIE - HHEE AT R DU - EEREHCAS Discovery Studio2016 fREESTE =15
A5y 1A AUEE CaMKIl a(PDB: 2VZ6) Z 45 &R » AT SRR ZAEEY) 3 » WAL &S/ 1S
PESAR)REAL - T —ZRIERCERE SRS TE - R AEYAINDEN: - H PR
{t&¥)(lead compound) 3-1 ¥ ANHE. 2 F5:1: 5 H ¥ CaMKlla FUHIRISEREE » FEfiE et L
HIFEK » R R A bR aEHE - WETAREEN SR RS P Bl -

T

Abstract

The research on anticancer drugs has always been a focus. Indole derivatives can help resist free
radicals, while di-indole derivatives have become anticancer agents. Calcium/calmodulin-
dependent protein kinase Il (CaMKIl) inhibitors are one of the important research directions for
targeted cancer drugs. Inhibiting CaMKII can reduce the proliferation and survival of various cancer
cells, but there are currently no CaMKII inhibitor drugs available. This study uses triindole as the
main framework to develop derivatives as CaMKIl inhibitors, hoping to apply them as anticancer
agents. The computer software Discovery Studio 2016 was used to simulate the binding energies of
different triindole derivatives molecular models with CaMKIlla (PDB: 2VZ6). Compound 3, which had
a higher binding energy, was selected and extended for structure-activity relationship (SAR)
optimization, leading to a series of high-efficiency drug synthesis and purification work. Through
biological cell activity testing, the lead compound 3-1 showed high toxicity to cancer cells and a good
inhibitory effect on CaMKlla, meeting the needs of cancer treatment. Further optimization of this
structure will be carried out, and cell signaling pathways and animal experiments will be conducted.



1. WisEEhtk

FEET/ 5 & 0 R IE SR 0 (CaMKI) 22— TR (S5 ARV EE 2571 > CaMKIl EEHHY
BERREIERET SR BRES > FEERIE  sCBJTHE - CaMKIl A RIAE SR E T
SHEREA > H2BEAIRREE « b - =RER - SR8 DU AR AEIHAY R - CaMKIl ]
BlRESiIhE AR AR ~ B > NI A H AR EAHL S R 7 T .2 — - [1]
SEYIBR S A KB RA > NI TR A HRTBH S SRV E R 72— > BESE TR
BHISRHERANSE T2/ N T4 E R S SR IHETE - A #5 R ass5 & H R EE
a (CaMKIl o) X &R RS GEET 4h 1R (PDB:2VZ6) fF RyEsmat HAY HAREE H'E - MISRESRIS T R
4FHY CaMKIl IR - BEHSFEEERAG DiscoveryStudio2016( FHHYEE B AHIBHIIISE « SEV%
s T M BRERBESRE > T4EREUT A > IR B R B 0 B RS SR > AWTFER A
H 2D B HE T EERE 2 e ELGS - WHHSESREERIES T 2R - &
IR LEETE - WHAH MU RE G 7450 - HHEESEIRMF R A&
BEERS WD R IETT R E S RTHEENIFRIRCA - BRI &y 7 148
& - fEEATEGET Tri-indole TT2EY(E fy CaMKIl SIS PRa H e s8R 2 s e (1 140~
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(1) SR ELE5 R AEF5E A AHETES a (CaMKIl a) (PDB: 2VZ6) &5 & JIELERY HiH CaMK
I IR 1

(2) &t/ (SAR AL IZEMSIVERY 5 SRAL © LIMEEY 3 Rkl - 55T 1650
& ~ R HYEE H. CaMKIIIFPSCRE Z 78 CaMKIT T

(3) ERHEMLEYIIEITTHE - SEfEEE

3~ WALt KAt
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R EFE ER(NMR) S HE R TR (HPLC)
& 242 (mass spectrometer) &g
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&
5| %-5-#£ 1% (indoline-5-carboxylic 5-HfEE4T (5-lodoisatin)
acid) T HNEL ZFELNE(DIPEA)
1-(3-H & E A RL)-3- 2Kk 50 — & HfE(CH2C12)
BT B (EDC - HCI) Tl (10-CSA)
1-FCELZRA =M (HOB) Z. [ (Ethanol)
4- — FHZ FEMLIE (DMAP) B (Propanal)
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4~ BIFBERSTTA

1~ JURMERES
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(4) EEASTHEEERACE I SE5E 5%
FEHETTEEY IR SR - NI E T SR E REAEHE - HI2A
R BREFAREAYSEE - BR VE(EREE > ARG EREAER
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7 {LEY)3~ 27~ 12~ 26 HR{EEDY) 3 B 12 15[k ERY NAETUR S » 2R 27 B 26 -
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(3) HIFEEEYIGRL
1. {k&%3,3-1 K 3-2
(1) —fEEEDEE(a) © fIXFEIIA indoline-5-carboxylic acid ~ EDC-HCI ~
DMAP - DIPEA ~ B L SRR BRI - 2L DCM 5% » DIREAIERE
FZHE 12 /]NIf - RRSHESE PR 1% > DL DCM k2 1M HCI ~ T NaHCO3 ~
FIEEKEER - WUHUETE » DUKIREEEREROK ~ B8 B4 - (&
FIRYREA LA DCM Kz MeOH HEFTEAEIERT -
(2) FiPER(b) - IKFIIALER(a)ZEY) ~ 5-lodoisatin ~ 10-CSA JA[E]
JEHH - MDA EtOH 5 fiE - LILIWEC RS IE 12 /NI - RFSIESERI% -
LA DCM Kz IMHCI ~ A1 NaHCO3 ~ GEAMIE BE/KZHL » WEUCHA T
» DU KB R K * b o (EHIEYEZIELL DCM K2 MeOH
BT -

(0]

Y e oy e ER
" A

reagents and conditions: (a) EDC-HCI, DMAP, DIPEA, CH,Cl,, r.t.(b) 10-CSA, EtOH, 5-iodoindoline-2,3-dione

10 : &4 3 (AR

%1 L&Y 3 WER () EEYHIE

e | HE | ZE% | EEEH | BE | BE(/omd)
(mmol)
indoline-5- 161.16 | 1.61¢g 10.0 1.0
carboxylic acid

CsH,OH 60.06 1.20g 20.0 2.0 1.50 ml 0.80

EDC-HCI 191.70 | 2.88¢g 15.0 1.5

DMAP 122.17 | 0.24¢ 2.0 0.2
DIPEA 129.25 | 1.68¢g 13.0 1.3 2.26 ml 0.74
CH2Cl; 84.93 50 ml 1.33

%2 (LB 3 WER(b)EEYIHIE

nfE | HE | ZE% | EEEH | BE | BE(/omd)
(mmol)
S ER(a) EY) 203.24 | 0.64g 3.15 2.1
5-lodoisatin 273.03 | 0.41g 1.5 1.0
10-CSA 232.30 | 0.07g 0.3 0.2
EtOH 5 ml
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reagents and conditions: (a) EDC-HCI, DMAP, DIPEA, CH,Cls, r.t.(b) 10-CSA, EtOH, 5-iodoindoline-2,3-dione

11 : {E&Y) 3-1 (VAR

7% 3 - {bEY 3-1 WER () SRR &

DTTE| BEE | ER% | EEE | BE | FEE/’)
(mmol)
indoline-5- 161.16 | 500 mg 3.10 1.0
carboxylic acid
C3HeO 58.08 | 360 mg 6.20 2.0
EDC-HCI 191.70 | 891 mg 4.65 15
DMAP 122.17 75.7 0.62 0.2
mg
DIPEA 129.25 | 521 mg 4.03 13 701 ul 0.74
CH2Cl, 84.93 20 ml 1.33

% 4 LAY 3-1 WER(b) SRV &

nfE | HE | ZEE% | EREEH | BFE | ®EE/omd)
(mmol)
B (a) EEY) 201.23 | 378 mg 1.88 2.2
5-lodoisatin 273.03 | 232 mg 0.85 1.0
10-CSA 23230 | 21 mg 0.09 0.1
EtOH 20 ml

H
N R
Br.
HO N~ b
N N Br o NH Jd
H H Br
3-2

reagents and conditions: (a) EDC-HCI, DMAP, DIPEA, CH,Cl,, r.t.(b) 10-CSA, EtOH, 5-iodoindoline-2,3-dione

12 : {LAY) 3-2 (VAR

%5 LAY 3-2 WER () YR &

TR | BEE | % | ERE | BE | BEE/lm’)
(mmol)
indoline-5- 161.16 | 500 mg 3.10 1.0
carboxylic acid
C2HsBrO 124.97 | 775 mg 6.20 2.0
EDC-HCI 191.70 | 891 mg | 4.65 1.5

10



DMAP 122.17 75.7 0.62 0.2
mg
DIPEA 129.25 | 521 mg 4.03 13 701 ul 0.74
CH2Cl, 84.93 20 ml 1.33
%6 b 3-2 5 T(b) I
nTE | HE | ERE | EEEH | B8 | BEE/md)
(mmol)
- ER(a) EY) 268.11 | 475 mg 1.77 2.2
5-lodoisatin 273.03 | 218 mg 0.80 1.0
10-CSA 23230 | 19mg 0.08 0.1
EtOH 20 ml

(4) AR SR
MTT assay(3-(4,5-Dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide) f—7f&EFl]
MEEERETAAE BRI ERY T4 - mIE RAHIIDE ST ~ #5E K EAvTE
foE o MTT B—Hl 5 t1lVUM (tetrazole) - FROUGANIL T & &R A SR G H &
fiG(formazan) » IIAVEIERTR > AiEMEROHB RS HE CORR > B
AR BB BULAAEE H AR - A piERS - BB E M8 - AR5
YotEE A B HEE -

11



5 HIFR&ER
1 EEEE

ZiE TH -~ BC R ERE nT e ARt AL AV E T > HAGSE S B e R4l

bfeeathsEa /b » RbEYaiE s - HILAETT MTT assay fz CaMKIl fIFIER

AEL - ([ 13 -29)

(1) {E&¥3-3-2

1. {L&EYS3

H NMR (400Hz, d-DMSO) : & 11.44 (s, 2H), 10.91 (s, 1H), 7.98 (s, 2H), 7.69 (dd, 2H), 7.61 (dd, 1H) 7.50 - 7.44 (m, 3H),
7.03 (d, 2H), 6.91 (d, 1H), 4.12 (t, 4H), 1.69 - 1.58 (m, 4H), 0.90 (t, 2H).

13C NMR (100Hz, d-DMSO) : § 178.2, 167.2, 141.7, 140.1, 137.5, 136.8, 133.5, 126.8, 125.5, 123.7, 122.7, 121.0, 115.5,
113.0, 112.3, 85.0, 66.0, 52.9, 22.2, 10.9.

HRMS calculated for C32H25N305Nal (M + Na)*, 684.0966; found, 684.0971.

} I\ Vi
. - ‘A [
BRSS! e lL'»L.}L L.
T Ta Te T 1o
e
d,efgjkl a
e c ‘
E N iy ¥ v b
h i
iR [ P U SRR ' e Ly L
; g - - s g o e P P S Rl e R
T s T e

& 13 : {5 3 - NMR - H SEEE & 14 : &%) 3 - NMR - BCOEE

um

MS: 02941-1.1541 / 20230831 ZYYR 3/ ESl+ (155)
6840971
100
75
g
z
5 s0
E
2 l
skarghek igah " R A gl TR
Y f u . 1 { LAl f ! Y t ' Y
610 60 60 640 650 660 670 680 60 700 70 720 730 740 750 760
m/z
Eler
Par Elements Set 2
Tolerance: +200ppm Symbol € W 0 N Na T
Electron: Odd/Even_ Min 07 Sl B0
Found:. 68 : ' 6
0- " 5 .
Mass  Mas:
Mass Formula Calculated Qe ronce Difference  DBE
Mass
moal___(ppm)
68409711 _C32 H28 N3 05 Na | 68409659 053 077195

15 : (L&Y 3 - Ek

e

16 : {E&#) 3 - HPLC
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2. (L&Y 31

1H NMR (600Hz, d-DMSO) : §11.46 (s, 2H), 10.94 (s, 1H), 8.02 (s, 2H), 7.71 (dd, 2H), 7.61 (dd, 1H), 7.48 (d, 2H), 7.42 (d,
1H), 7.02 (d, 2H), 6.88 (d, 1H), 6.01 - 5.96 (m, 2H), 5.30 - 5.27 (m, 2H), 5.22 (dd, 2H).

13C NMR (150Hz, d-DMSO) : § 178.3, 166.8, 141.7, 140.3, 137.6, 136.9, 133.5, 127.0, 125.5, 123.9, 122.8, 120.6, 117.7,
115.6,113.1, 112.5, 85.2, 64.9, 52.9, 40.4, 40.3, 40.1, 40.0, 39.9, 39.9, 39.7, 39.6.

HRMS calculated for C32H24N305Nal (M + Na)*, 680.0653; found, 680.0655.

Vol VAN . i

H
I d
/‘/OO b T ESiiac
/3_|OIKN';| o] E“\a [ I |4
N YT N A% H J ’ ‘ ]j
e | b L
ikl B
: "Tao 78 1:5‘—1-;"—1:-@-‘ 70 n‘vm ‘b as.‘n ppm 53 52 ppm
I | x4 c
N L |
| [ , H H |
1 10 ‘ 8 T é 5 4 i 2 1 Dﬂ“‘
B RAERER W @ M R i e

& 17 : {EE&%) 3-1- NMR - H JeaE &l 18 : {EE&H) 3-1- NMR - PC Jeag

PEEEREEE

§

-

2b0 | 4bo | 660 | 800 1000 1200 1400 4600 800 2000 | 2200 2400 2600 2600 3000

Minutes
Sample Name: allyl-indole-isatin: Date Acquired: 2023/10/26 PM 02:58:54 CST: Vial: 1: Injection
3

20 : {E&%7 3-1 - HPLC
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3. {b&%3-2

1H NMR (600Hz, d-DMSO) : §11.48 (d, 2H), 10.91 (s, 1H), 8.04 (s, 2H), 7.72 - 7.70 (m, 2H), 7.62 (dd, 1H), 7.48 (t, 2H),
7.45 (d, 1H), 7.03 (t, 2H), 6.90 (d, 1H), 4.49 (t, 4H), 3.74 (t, 4H).

13C NMR (150Hz, d-DMSO) : § 177.6, 166.3, 141.2, 139.8, 137.0, 136.4, 132.9, 126.5, 125.0, 123.7, 122.2, 119.8, 115.1,
112.6,111.9, 84.6, 63.8, 52.4, 39.9, 39.8, 39.7, 39.5, 39.4, 39.2, 39.1, 31.0.

HRMS calculated for C32H24N305Nal (M + Na)*,811.8863; found, 811.8873.

Vo S VoV Lo TRSZAT R

Q vy Q
St

%\V\J//\W/ I\ 1} (RN I Il
JJ 1|
T e 38 pem
X 8180 79 78 7.7 n 75 74‘?,: 7271 70 68 pM 0 13 130 125 120 115 ppm
e |
— Lad_L Lo WL | |

1 10 [ 8 7 6 5 4 3 2 1 ppm

A [EHEEEEE A A A A S

&l 21 * {E&%) 3-2- NMR - H JeaE f&l 22 © {EEY) 3-2 - NMR - PCEag

Spectrum

Subtract [MS: 2.5488-2.7754, MS: 2.0154-2.3486] / 20231117 ZYYR 003 / ESl+ / / - S 1
4 sn3as70 |
g > i
: ﬁ “ s | 1
L || ozson | I I [
l aﬂzw:“‘ ﬁ ‘\1‘ l‘ ’i s169139 8212739
i | V| I e ek
ﬂ P M\A o by AN Ibanalln £l ol ol TN LT LT

8100 8125 8150 8175 8200

mpositior

Mass ot Calculated
Mas
81188726 C30 H22 N3 O5 NaBr2 | | [ 81188631

23 - {5 3-2- &5

075]

070
0.e5]

060 “

0s5]

g | g
I Y
. A ]

000 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 2400 2600 2800 30.00

Minutes
Sample Name: fokD01-4; Date Acquired: 2023/12/26 PM 12:52:53 CST; Vial: 1; Injection: &

24 : {E&%7] 3-2 - HPLC
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2~ AYTHIE
(1) {E&¥3-3-2

Cytotoxicity of 3 in MDA-MB-231
110+ ICsp = 11.04 + 0.97 (v

Cell viability(%)

25 : {E&%Y) 3 - MTT assay
ZEaalE 25 nJAEEY) 3 ZE I =LA MDA-MB-231 2 FE MR
= > H1Cso £y 11.04 > RLFRATRE MBS 3 BEF NG ERERE -

(2) (L&Y 3-1-3-2

Cytotoxicity of 3-1 in MDA-MB-231 Cytotoxicity of 3-2 in MDA-MB-231

110+ IC5y = 6.99 + 0.63 (v 1101 ICq = 23.49 + 1.24 ()
e 1004 -

90
80
704
60
50
40+
30+
204
104
0-

Cell viability(%)
Cell viability(%)

%
7
7

&

PRSI RO

26 : {L&#) 3-1 - MTT assay 27  AE&Y) 3-2 - MTT assay
e 26 ~ 27 "5 ABEY) 3-1 ~ 3-2 (R TMEEW 3 2 eEN: - s be
Y13-1 7 1Cs0 2 6.99 » Bt =FFEm » Wl hHEEAEERT) -

15



(3) B CaMKIl HIHIIFHIZER

CAMKIla Activity CAMKIIB Activity
20mU CAMKIle, 62.5uM ATP 25ng CAMKIIE, 25UMATP
110 = 2.5mM CaCly, 30°C, 30min. 110 = 0.2ug/ul Autocamtide 11, B0mim

Enzyme Activity (%)
Enzyme Activity (%)

CAMKIly Activity CAMKII5 Activity
30ng CAMKIlY, 250M ATP 0.8ng CAMKIIG, 104M ATP
110 = 0.2ug0L Autocamtide |, 15min 110 - 0.2pgfl Autocamtide ||, 90min

Enzyme Activity (%)

Enzyme Activity (%)

Ge\sc\ ﬁ“\&‘\ \QQ\&‘\ \f’g\sg \QQQ@ e:\{:&

28 - {LAY) 3 e 3-1CaMKlla ~ B~ v ~ & ZHIJIISECR

e 28 AR - {EEY) 3 & 3-1 Hjjt CaMKlla B & RN - HibE&Y)
3-1 {£ MTT assay k2 CaMKIl {lIfil]_E 7 R gty > LM S GRMESH) 3-1 IR
[E AR A T SR, -
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(4) 1E&Yy 3-1 NHEAMRAHE > MTT assay

Cytotoxicity of 3-1 in MDA-MB-231

Cytotoxicity of 3-1 in MDA-MB-231
IC5y =6.99 + 0.63 (v

110+
100+

Cell viability(%)
3

&

Cell viability(%)

®

Cell viability(%)

Cell viability(%)

> N
O o

Cytotoxicity of 3-1 in BT549

> N

O .
&
&

Cytotoxicity of 3-1 in MIA PaCa-2
ICso = 6.71 + 0.84 ()

5y

ICsp = 6.49 + 0.18 (v

N oS P

[uM]

Cytotoxicity of 3-1 in PC-3

Cell viability(%)

ICsp = 9.94 + 0.44 ()

[uM]

Cytotoxicity of 3-1 in A549

ICq = 12.21 +3.99 ()

N9 S

[uM]

110
1004

Cellviability {%

0
&0
T

50
4

0
1

ICzn = 8841 UM

] T T T T 1
T T T

L]

Cytotoxicity of 3-1 in BT 549
1Cep =8371 UM

1u4.\ 10(!:

Cytotoxicity of 3-1 in MIA PaCa-2

e g

G =8.387 UM

Cytotoxicity of 3-1 in PC-3

IC g = 9585 UM

10 10'4} m'-:n:

100 e e g
[p2]

Cytotoxicity of 3-1 in A549

ICap= 1082 uM

01 g qgee

T T IR T
(1]

29 : {E&Y) 3-1 N HEAEAHAE . MTT assay
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HPURTFRI TAEEM) 3-1 A =RRMEFLAAIAE(MDA - MB - 231 - BTS49) - B8
REATIHA(MIA PacCa - 2)  FIBIBAEAIAEPC - 3) ~ HHEATRAASA9).2 MTT assay - 1L
A7) 311 BN MR T (G0 B 1) PTAMbA) 3-1 TR
R TR -

ST (B LIS BHE A7 (lead compound) 3-1 Y T {E L FFEHE(T o -
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Bisk 1 (L&Y 1- 25 24568

{EEYETR | ARG EREE T N E | SERHE T 5o R&E & RE(k)/mol)
REGEHEZ F3(kI/mol)

1 -45.0647 -42.6474

2 -51.92595 -47.3496

3* -55.58365 -50.8662

4 -46.32175 -39.6388

5 -50.98495 -38.7082

6 -48.88655 -42.3934

8 -57.0078 I

9 -56.1186 I

10 -62.1756 Eiiz

11 it Eiiz

12* -49.42165 -37.6584

13 -57.4344 I

14 -53.3681 I

15 -25.6973 -2.3168

16 -46.4169 I

17 it iz

18 it ez

19 -25.80785 -20.0851

20 -27.48135 -23.8489

21 -43.55385 -42.8287

22 -42.31985 -41.5925

23 -36.8172 I

24 -45.0848 I

25 -41.6416 -38.6747

B ANEEH P RE R R AE
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2 b T B/ B (SAR) B - Rk E

R R LT =P S AR S R

Y LEM L (lead compound) 3-1 Hpmre 2 4 143 ¥
CaMKIT a erfrdscs & » B Epmin T b F Ko & Al chh g f
PR ko 1 TERZET L &4 3-1 = £ 5 i w7e (MDA - MB - 231 ~
BT549) ~ * s s ®2 (MIA PaCa - 2) ~ % 5|3t im 72 (PC - 3) ~ *
H b e (Ab49) 2. MTT assay @ i* &4 3-1 *tF idfpimre P 25 (4%

BRI T R) > vt £ 3-1ERFEARBED G FE -



	030021-封面
	030021-作者簡介
	030021-本文
	030021-評語

