- 2828 - 2% %R Acta Pharmaceutica Sinica 2024, 59(10): 2828-2835

6- R MIVR AL S MBI & A A I BRBR 2 7R 1V E N

¥ MY FE oW, TIH EXE KRR A&7
(1. PR KBS T2, Y095 R AL 210093; 2. YLHMEFER 2, TLI5 48 MR 25005 1t 40 17 ik 18 25 50 36 =5,
L5 = 222005)

FE: I IR N EL SR, S T B PR EEE N R B @ RASUE AT 4 18 ML A
Wy, FFHEAT T DU IR IS TRV . ST -1 (IC,, = 6.40 £ 0.34 pmol-L™") A1 11 -2 (IC,, = 7.15 + 0.51 umol-L™) §&
KT . Bl 5 40 RR 5250 K AR B S SeVRAN T -1 PSR R R 2868 70, 45 IR B, 11-1 B R HIPE
Bre ) R B IPURZERE 1. IR 4 F R EBAR o F 3 AR, Bi0E T 11-1 (80 2R OURE 57 1k B R
FEAL A4 1A (DYRKIA). £8 B Gk 10-1 80 11-2 43 30 48% S 32% B il G

SR 6-Z AL M1, PUI IR OUH 57 1 i e R e R AL TR 45 S 1A & 1 POl B

FE 5SS RI14 ERFRIZES: A X EHE: 0513-4870(2024)10-2828-08

Synthesis and activity evaluation of 6-azazindole derivatives for
pancreatic cancer therapy
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Abstract: Fragment with some anti-pancreatic cancer activity was identified by screening our internal chemical
library. Eighteen compounds in 4 classes were synthesized by systematic modification and their anti-pancreatic
cancer activity were evaluated. II-1 (IC,, = 6.40 + 0.34 pmol-L") and 1I-2 (IC,, = 7.15 = 0.51 pumol-L") exhibited
outstanding activity. Subsequently, the anti-migration ability and invasion ability of II-1 was evaluated by wound
healing assay and invasion assay, I[-1 exhibited good anti-migration ability and outstanding anti-invasion ability.
Using molecular docking technology and molecular dynamics simulation technology, the potential target was
locked on bispecific tyrosine phosphorylation regulates kinase 1A (DYRKI1A). By enzyme activity testing, the
inhibitory capacity of II-1 and II-2 was 48% and 32%, respectively.
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Figure 1 Fragment of 6-azaindole compound with certain activity
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Figure 2 The effect of A-1 on the survival rate of PANC-1.
Univariate analysis of variance (ANOVA) and Dunnett comparison
test were used to calculate statistical significance:"P < 0.001 vs
control group; A-1: A fragment of a compound with certain activity,
chemically called 6-azazindole; PANC-1: Pancreatic cancer cell;

5-FU: 5-Fluorouracil, positive control group
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Figure 3 Substituted 6-azaindole derivatives

O\\ R2
-
N“X-NH triethylamine (3 eq.), DMAP (0.1 eq.) N
| P N7
acyl chloride (1.5 eq.), DCM, RT |/ /
R1
| R

I-1: R'=Br, R?=cyclobutyl, X=C |-2: R'=Br, R2=phenyl, X=C 1-3: R'=Br, R2=cyclopropyl

H XPhos Pd G2 (0.1 eq.)
XPhos (0.1 eq.)

NN
| _l_/ +RB(OH),

Br

K3POy (3 eq.), dioxane

H,0, N, 100 °C R®

1I-1: R3=3-methylphenyl 1I-2: R3=3-quinoline 1I-3: R®=phenyl [I-4: R®=2-methoxyphenyl

H H
NN o o piperidine (0.1 eq.) NN
l = Y +R4JJ\/U\R4 l = 7 9
MeOH, 60 °C R4
CHO =
Il
l-1: R%=Me  1I-2: R4=Et  III-3: R*=OMe aLy
ll-4: R4=OEt  |II-5: R4=propoxy
H RS H R5
NS 1. E1OH, 60 °C A
P + P/
S D 2. NaBH, (10 eq.) V=N
NH, H
IV-1:R5=H  IV-2: R®=Cl  |v.3: R5=Br

IV-4: R%=Me IV-5: R%=OMe |V-6: R®=F

Scheme 1 Synthetic routes of 6-azaindole derivatives



2830

A,

Z5% %R Acta Pharmaceutica Sinica 2024, 59(10): 2828-2835

Table 1

Physical and spectral data of compounds I-1 to IV-6

Compd.

mp, '"H NMR, "C NMR, HRMS-ESI

I-1

1I-1

1I-2

11-3

1I-4

IvV-2

V-4

mp: 159-162 °C. '"H NMR (500 MHz, CDCL,), 6: 9.72 (s, 1H, ArH), 8.54 (d, J = 5.3 Hz, 1H, ArH), 7.50 (s, 1H, ArH), 7.46 (d,J= 5.3 Hz,
1H, ArH), 3.78 (p, J = 8.4 Hz, 1H, -CH), 2.61-2.53 (m, 2H, CH,), 2.45-2.38 (m, 2H, CH,), 2.19-2.00 (m, 2H, CH,); "C NMR (125 MHz,
CDCl,), d: 172.0, 143.5, 138.7, 134.9, 132.0, 126.5, 113.9, 98.4, 39.0, 25.2, 18.3. HRMS: (ESI, m/z); [M+H]" calcd for 279.012 8; found
279.013 8.

mp: 102-105 °C. 'H NMR (500 MHz, CDCL,), 6: 9.64 (s, 1H, ArH), 8.49 (d, J = 5.3 Hz, 1H, ArH), 7.77-7.74 (m, 2H, ArH), 7.67-7.63 (m,
1H, ArH), 7.57-7.54 (m, 3H, ArH), 7.49 (d, J=3.7 Hz, 1H, ArH), 6.64 (d, J= 3.5 Hz, H, ArH); °C NMR (125 MHz, CDCL,), 5: 168.4, 143.4,
138.8, 136.6, 133.9, 133.4, 132.9, 131.0, 129.6, 129.2, 115.9, 107.8. HRMS: (ESI, m/z); [M+H]" calcd for 223.086 6; found 223.086 9.

mp: 119-121 °C. "H NMR (500 MHz, CDCL,), &: 9.25 (s, 1H, ArH), 8.56 (d, J= 5.5 Hz, 1H, ArH), 7.61 (s, IH, ArH), 7.55-7.53(m, 1H,
ArH), 2.67-2.62 (m, 1H, CH), 1.48-1.44 (m, 2H, CH,), 1.15-1.10 (m, 2H, CH,); "C NMR (125 MHz, CDCl,), §: 142.7, 135.7, 135.2,
131.5,128.1, 114.2,97.3, 32.0, 6.6. HRMS: (ESI, m/z); [M+H]" caled for 300.964 1; found 300.963 5.

mp: 215-217 °C. "H NMR (500 MHz, MeOD-d,), §: 8.74 (s, 1H, ArH), 8.15-8.14 (m, 1H, ArH), 7.87 (d, /= 5.4 Hz, 1H, ArH), 7.79-7.78
(m, 1H, ArH), 7.50-7.46 (m, 2H, ArH), 7.34-7.31 (m, 1H, ArH), 7.11 (d, J = 7.5 Hz, 1H, ArH), 2.42 (s, 3H, CH,); "C NMR (125 MHz,
DMSO-d,) 9: 138.5,137.9, 135.0, 134.7, 129.0, 128.8, 127.2, 127.0, 126.4, 124.1, 115.2, 113.8, 113.4, 21.7. HRMS: (ESI, m/z); [M+H]"
calcd for: 209.107 3; found: 209.108 4.

mp: 214-217 °C. '"H NMR (500 MHz, DMSO-d,), 6: 12.12 (s, IH, NH), 9.35 (d,J = 2.3 Hz, 1H, ArH), 8.86 (s, 1H, ArH), 8.67 (d,J=2.6
Hz, 1H, ArH), 8.33 (d, /= 2.4 Hz, 1H, ArH), 8.27 (d, /= 5.5 Hz, 1H, ArH), 8.08 (t, /= 6.2 Hz, 2H, ArH), 8.02 (d, /= 8.2 Hz, 1H, ArH),
7.72-7.69 (m, 1H, ArH), 7.64-7.60 (m, 1H, ArH); "C NMR (125 MHz, MeOD-d,), 5: 150.6, 147.0, 139.1, 135.7, 135.5, 133.8, 131.8,
130.3, 130.0, 129.9, 129.7, 129.1, 128.9, 128.4, 115.3, 114.0. HRMS: (ESI, m/z); [M+H]" calcd for: 246.102 6; found: 246.102 2.

mp: 211-213 °C. '"H NMR (500 MHz, MeOD-d,) 6: 8.74 (s, I H, ArH), 8.14 (d, J= 5.7 Hz, 1H, ArH), 7.89-7.87(m, 1H, ArH), 7.80 (s, 1H,
ArH), 7.69-7.67 (m, 2H, ArH), 7.44 (t,J= 7.7 Hz, 2H, ArH), 7.31-7.26 (m, 1H, ArH). HRMS: (ESL, m/z); [M+H]" calcd for: 195.091 7;
found: 195.091 2.

mp: 218-220 °C. 'H NMR (500 MHz, MeOD-d,) 8: 8.71 (s, 1H, ArH), 8.08 (d, J= 5.6 Hz, 1H, ArH), 7.79 (s, IH, ArH), 7.68 (d, /= 5.6 Hz,
1H, ArH), 7.55 (d, J = 9.3 Hz, 1H, ArH), 7.31-7.27 (m, 1H, ArH), 7.10 (d, J= 9.5 Hz, 1H, ArH), 7.06-7.02 (m, 1H, ArH), 3.85 (s, 3H,
OCH,); "C NMR (125 MHz, DMSO-d,) §: 156.1, 137.7, 134.5, 133.3, 130.3, 129.5, 129.2, 127.4, 123.0, 120.6, 114.5, 111.6, 111.5, 55.3.
HRMS: (ESI, m/z); [M+H]" calced for: 225.102 2; found: 225.101 7.

mp: 214-216 °C. 'H NMR (500 MHz, DMSO-d,), 6: 12.36 (s, 1H, NH), 8.83 (d, J = 1.1 Hz, 1H, ArH), 8.28 (d, J = 5.5 Hz, 1H, ArH), 7.94
(d, J=5.5 Hz, 1H, ArH), 7.88 (s, I H, ArH), 7.75 (s, 1H, ArH), 2.48 (s, 3H, CH,), 2.32 (s, 3H, CH,); "C NMR (125 MHz, DMSO-d,), 6:
206.7, 197.7, 140.0, 137.9, 135.80, 133.8, 132.5, 132.4, 132.0, 113.9, 109.0, 31.4, 26.5. HRMS: (ESI, m/z); [M+H]" calcd for: 229.097 2;
found: 229.097 1.

mp: 165-168 °C. "H NMR (500 MHz, DMSO-d,), §: 12.27 (s, 1H, NH), 8.82 (d, J= 1.1 Hz, 1H, ArH), 8.26 (d, J = 5.5 Hz, 1H, ArH), 7.92
(d, J=5.3 Hz, 2H, ArH), 7.60 (s, I H, ArH), 2.92 (q,J = 7.2 Hz, 2H, CH,), 2.58 (q, /= 7.2 Hz, 2H, CH,), 1.06-1.02 (m, 6H, CH,); "C NMR
(125 MHz, DMSO-d,), 9: 209.2,199.6, 139.4,136.9, 135.3, 133.3, 131.8, 131.3, 130.3, 113.4, 108.6, 36.0, 30.2, 8.4, 7.7. HRMS: (ESI, m/z);
[M+H]" calcd for: 257.128 5; found: 257.129 1.

mp: 180-181 °C. 'H NMR (500 MHz, DMSO-d,), 6: 12.41 (s, 1H, NH), 8.83 (d, J= 1.1 Hz, 1H, ArH), 8.25 (d, /= 5.5 Hz, 1H, ArH), 7.99
(s, 1H, ArH), 7.94 (s, 1H, ArH), 7.72-7.71 (m, 1H, ArH), 3.84 (s, 3H, OCH,), 3.77 (s, 3H, OCH,); "C NMR (125 MHz, DMSO-d,), J:
167.6, 164.9, 140.0, 135.6, 134.5, 133.6, 133.1, 131.6, 118.9, 113.2, 108.4, 52.8, 52.4. HRMS: (ESI, m/z); [M+H]" calcd for: 261.087 0;
found: 261.087 0.

mp: 171-173 °C. "H NMR (500 MHz, MeOD-d,), 5: 8.75 (s, 1H, ArH), 8.23 (d, J= 5.7 Hz, 1H, ArH), 8.04 - 7.99 (m, 2H, ArH), 7.77-7.76
(m, 1H, ArH), 4.38 (q, /= 7.1 Hz, 2H, OCH,), 4.31 (q, J = 7.1 Hz, 2H, OCH,), 1.36-1.32 (m, 6H, CH,); "C NMR (125 MHz, MeOD-d,),
6:169.1, 166.7, 140.0, 135.7, 135.0, 134.9, 134.5, 134.2, 122.2, 114.7, 110.6, 62.9, 62.6, 14.7, 14.5. HRMS: (ESL, m/z); [M+H]" calcd for:
289.118 3; found: 289.118 6.

mp: 163-164 °C. 'H NMR (500 MHz, DMSO-d,), 6: 12.38 (s, IH, NH), 8.83 (d,J = 1.1 Hz, 1H, ArH), 8.25 (d, J = 5.6 Hz, 1H, ArH), 7.95
(d, /= 1.1 Hz, 2H, ArH), 7.72-7.71 (m, 1H, ArH), 4.24 (t, /= 6.5 Hz, 2H, OCH,), 4.14 (t, /= 6.5 Hz, 2H, OCH,), 1.67-1.62 (m, 4H, CH,),
0.92 (t,J = 7.4 Hz, 3H, CH,), 0.87 (t, /= 7.4 Hz, 3H, CH,); "C NMR (125 MHz, DMSO-d,), J: 167.1, 164.3, 139.7, 135.4, 133.7, 133.4,
132.7, 131.4, 119.6, 113.0, 108.3, 66.7, 66.2, 21.6, 21.3, 10.2. HRMS: (ESI, m/z); [M+H]" calcd for: 317.149 6; found: 317.150 4.

mp: 129-135 °C. "H NMR (500 MHz, MeOD-d,), &: 8.64 (d, J= 1.1 Hz, 1H, ArH), 8.04 (d, J= 5.6 Hz, 1H, ArH), 7.66-7.65 (m, 1H, ArH),
7.50 (s, 1H, ArH), 7.11-7.07 (m, 2H, ArH), 6.73-6.71 (m, 2H, ArH), 6.63-6.60 (m, IH, ArH), 4.45 (s, 2H, CH,); "C NMR (125 MHz,
MeOD-d,), 6: 150.4, 137.7, 135.4, 134.7, 133.5, 130.1, 129.7, 118.4, 115.3, 115.0, 114.5, 40.4. HRMS: (ESI, m/z); [M+H]" calcd for:
224.118 2; found: 224.119 0.

mp: 155-156 °C. 'H NMR (500 MHz, MeOD-d,), 6: 8.64 (s, 1H, ArH), 8.04 (d, J = 5.6 Hz, 1H, ArH), 7.65-7.63 (m, 1H, ArH), 7.49 (s 1H,
ArH), 7.05-7.02 (m, 2H, ArH), 6.66-6.63 (m, 2H, ArH), 4.42 (s, 2H, CH,); "C NMR (125 MHz, MeOD-d,), 5: 149.0, 137.6, 135.3, 134.6,
133.3,129.7, 129.6, 122.3, 117.5, 115.2, 114.5, 40.2. HRMS: (ESI, m/z); [M+H]" calcd for: 258.079 3; found: 258.080 1.

mp: 156-160 °C. 'H NMR (500 MHz, MeOD-d,), 6: 8.60 (s, 1H, ArH), 8.00 (d, J = 5.6 Hz, 1H), 7.61-7.59 (m, 1H, ArH), 7.45 (s, 1H,
ArH), 7.14-7.11 (m, 2H, ArH), 6.58 - 6.55 (m, 2H, ArH), 4.38 (s, 2H, CH,); "C NMR (125 MHz, MeOD-d,), 6: 149.4, 137.6, 135.3, 134.7,
133.3,132.6, 129.6, 115.7, 115.1, 114.4, 109.1, 40.1. HRMS: (ESI, m/z); [M+H]" calcd for: 302.028 7; found: 302.029 0.

mp: 143-145 °C. 'H NMR (500 MHz, DMSO-d,), 6: 8.72 (s, 1H, ArH), 8.07 (d, J = 5.5 Hz, 1H, ArH), 7.63 (d,J = 5.5 Hz, 1H, ArH), 7.54
(s, 1H, ArH), 6.85 (d, /= 8.0 Hz, 2H, ArH), 6.58 (d, J = 8.1 Hz, 2H, ArH), 4.34 (s, 2H, CH,), 2.11 (s, 3H, CH,); "C NMR (125 MHz,
DMSO-d,), §: 146.7,137.3,134.4,133.6, 131.1, 129.4, 127.8, 124.4,113.9, 113.2, 112.8, 38.7, 20.2. HRMS: (ESI, m/z); [M+H]" calcd for:
238.133 9; found: 238.134 7.
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Continued

Compd.

mp, 'H NMR, *C NMR, HRMS-ESI

IV-5  mp: 146-148 °C. "H NMR (500 MHz, DMSO-d,), 3: 8.71 (s, 1H, ArH), 8.07 (d, /= 5.5 Hz, 1H, ArH), 7.63 (d, /= 5.5 Hz, 1H, ArH), 7.54
(s, 1H, ArH), 6.68 (d, J = 8.9 Hz, 2H, ArH), 6.62 (d, J = 8.7 Hz, 2H, ArH), 4.32 (s, 2H, CH,), 3.63 (s, 3H, OCH,); "°C NMR (125 MHz,
MeOD-d,), 5: 153.9, 144.2, 137.5, 135.2, 134.5, 133.4, 129.8, 116.3, 115.7, 115.2, 114.9, 56.2, 41.5. HRMS: (ESI, m/2); [M+H]' calcd for:

254.128 8; found: 254.129 6.

IV-6  mp: 134-136 °C. "H NMR (500 MHz, DMSO-d,), d: 8.71 (s, 1H), 8.07 (d, J = 5.5 Hz, 1H, ArH), 7.63 (d, J = 5.5 Hz, 1H, ArH), 7.55 (s,
1H, ArH), 6.87 (t, J = 8.7 Hz, 2H, ArH), 6.65-6.63 (m, 2H, ArH), 4.34 (s, 2H, CH,); "C NMR (125 MHz, DMSO-d,), 6: 154.5 (d,J =
230.8 Hz), 145.7, 137.4, 134.5, 133.6, 131.1, 127.9, 115.3 (d, /= 21.8 Hz), 113.9, 113.3 (d, /= 7.2 Hz), 112.8, 38.9. HRMS: (ESL, m/z);

[M+H]" caled for: 242.108 8; found: 242.109 1.
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Figure 4 The inhibitory activity of the compound on PANC-1 cells at 10 umol-L™' concentration. Univariate analysis of variance (ANOVA)

and Dunnett comparison test were used to calculate statistical significance. n=3,x=s." P < 0.001 vs control group



- 2832 - 22224 Acta Pharmaceutica Sinica 2024, 59(10): 2828-2835

Control 1 pmol-L-!

5 pmol-L! 10 pmol-L-!

Oh

Hl Control
PANC-1 _1

50 1 pmol-L’
X B3 5 pmol-L!
3 407 - =3 10 pmol-L!
<
= 30+ o -
% * % *
5 201 )
g
3 107
&)

0_

24h 48h

Figure 5 Representative microscope photographs of cell scratch
experiments at different time and concentrations and the anti-
migration ability of II-1 to PANC-1 cells at different time and con-
centration; Univariate analysis of variance (ANOVA) and Dunnett
comparison test were used to calculate statistical significance. n =

3,Xx+5. "P<0.05"P<0.01 vs control group
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Figure 6 Representative microscope photographs of cell invasion
assay at different concentrations and the invasion resistance of II-1
to PANC-1 cells at different concentration. Univariate analysis of
variance (ANOVA) and Dunnett comparison test were used to
calculate statistical significance. n = 3, ¥ £ 5. ~ P < 0.000 1 vs

control group
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Figure 7 1I-1 with the DYRKIA MD results. A: RMSD changes of protein atom and heavy atom of II-1 within 100 ns. B: Binding mode

of the protein to II-1 after stabilization. The binding pattern map was drawn by Discovery studio 2019. Blue: II-1; Green: Hydrogen bond;

Purple: Hydrophobic bond. RMSD: Root mean square deviation
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