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Abstract: PI3Ky and PI3KJ have important regulatory roles in the immune system, and targeting these two
subtypes helps to reshape the tumor microenvironment. PI3Ky and PI3KJ are potential targets for tumor immuno-
therapy. In this study, a series of new pyrazolopyrimidine derivatives were designed and synthesized on the basis of
our previously reported PI3K inhibitors, resulting in the discovery of compound 16l as a potent and selective
PI3Ky/6 dual inhibitor. Compound 161 demonstrated strong biochemical potencies against PI3Ky and PI3Ko with
IC,, values of 0.11 and 0.79 nmol-L". In cell-based assays, it potently inhibited the PI3Ky and PI3KJ mediated Akt
S473 phosphorylation with EC,, values of 3 and 7 nmol-L". In vivo, compound 16l exhibited acceptable pharmaco-

kinetic properties in Sprague-Dawley (SD) rats and suppressed the tumor growth in a MC38 syngeneic mouse
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model. The animal experiments were approved by the Animal Ethics Committee of Hefei Institutes of Physical

Science, Chinese Academy of Sciences (approval number: DWLL-2000-06). In addition, no appreciable human

ether-a-go-go-related gene (hERG) inhibition was observed for compound 16l even at 30 pmol-L"'. These results

suggested that compound 161 might be a potential research tool for studying the PI3Ky/0 mediated signaling

pathways.
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Figure 1  Structures of representative PI3Ky/0 dual inhibitors
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Scheme 1

Synthesis of intermediates 3, 5, 7, 9. Reagents and conditions: (a) NaNj,

R;: 3a:isopropyl
3b:cyclopropyl
3c:ethanol-2-yl
3d:4-methylbenzoate-1-yl

Ry: 5a:(R)-N,N-dimethylpyrrolidin-3-amine-1-yl
5b:(R)-pyrrolidin-3-amine-1-yl
5c¢:1-isopropyl-1H-pyrazole-4-yl
5d:1-(difluoromethyl)-1H-pyrazole-4-yl
5e:2-(trifluoromethyl)pyridine-5-yl
5f:2-(pyrrolidin-1-yl)pyrimidine-5-yl

Rj: 7a:ethanol-2-yl
7b:2-methoxyethyl
7c:benzyl

4: 9a:5-methylisoxazol-3-yl
9b:4,4-difluoropiperidin-1-yl
9c:diethylamino

DMF, rt, 3 h; (b) alkyne, CuSO,, sodium ascorbate,

tert-butanol, H,O, rt, 8 h; (c) amine, NaH, DMF, rt, 2 h or borate ester, Pd(PPh,),, K,CO,, dioxane/H,0, 90 °C; (d) azide, CuSO,, sodium
ascorbate, tert-butanol, H,O, rt, 8 h; (e) amine, HATU, DIPEA, THF, rt, 3 h
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=
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0 16e:6-(2-(4-methyl-1H-1,2,3-triazol-1-yl)ethan-1-o-yl)pyridin-2-yl

16f:6-(1-(2-methoxyethyl)-1H-1,2,3-triazole-4-yl)pyridin-2-yl
169:6-(1-benzyl-1H-1,2,3-triazole-4-yl)pyridin-2-yI
16h:6'-(trifluoromethyl)-[2,3"-bipyridin]-6-yl
16i:6-(2-(pyrrolidin-1-yl)pyrimidin-5-yl)pyridin-2-yI
16j:6-(N-(5-methylisoxazol-3-yl)formamide-yl)pyridin-2-yl
16k:6-(4,4-difluoropiperidine-1-carbaldehyde-yl)pyridin-2-yl
161:6-(N,N-diethylformamide-yl))pyridin-2-yl
16m:6-((4-isopropyl-1H-1,2,3-triazol-1-yl)methyl)pyridin-2-yl
16n:6-((4-cyclopropyl-1H-1,2,3-triazol-1-yl)methyl)pyridin-2-yl
160:6-(2-(1-ethyl-1H-1,2,3-triazol-4-yl)ethan-1-ol-yl)pyridin-2-yl
16p:6-(methyl 4-(1-ethyl-1H-1,2,3-triazol-4-yl)benzoate-yl)pyridin-2-yl

Scheme 2  Synthesis of compounds 16a—16p. Reagents and conditions: (a) 1,3-dimethylpyrimidine-2,4(1H,3H)-dione, NaOEt, EtOH,
80 °C, 14 h; (b) (Ac),O, rt, 14 h; (c) POCl,, 80 °C, 3 h; (d) 4 mol-L" HCI in EtOAc, MeOH, rt, 24 h; (e) 2,3-dimethoxy-5-(4,4,5,5-tetra-
methyl-1,3,2-dioxaborolan-2-yl)pyridine, Pd(PPh,),, K,CO,, dioxane/H,0, 90 °C, 3 h; (f) intermediates 3 or 5 or 7 or 9, Pd(PPh,),, Cs,CO,,

xantphos, dioxane, 120 °C, 3 h
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Table 1 Inhibitory activity of compounds 16a—16p against PI3Ka and PI3Ky
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Figure 2 Inhibitory activity of 16l against class I PI3K isoforms in cellular assays
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Figure 3 Putative models of 161 bound to (A) PI3Ky (PDB: 6C1S)
and (B) PI3Ko (PDB: 6EZ6). Compound 16l is labeled in color by
atoms (carbon in cyan, nitrogen in blue, oxygen in red, and hydrogen
in gray). The key amino acid residues for binding are labeled as
follows: nitrogen in blue, oxygen in red, and hydrogen in gray.
Hydrogen bonds are indicated by yellow dashed lines to key amino

acid residues. The key amino acids are shown as sticks

Table 2 Pharmacokinetic parameters of 16l in SD rats. n=3,x£s

Parameter iv. (1 mgkg") po (10 mg-kg™)

C,, /ng'mL’ 1060+ 17 996 + 361

t /h 0.03 £ 0.00 0.83 +0.29
AUC,_ /h'ng'mL"' 567 + 76 4465+ 1822
t,/h 0.51 +0.08 3.56+1.58
CL /mL-h"-kg" 1784 +223 2620+ 1399
V,/L'kg' 13£0.15 12.78 + 6.05
F 1% - 78.7+32.1

hERG I 18 A7 W S i 4 4 B (IC, > 30 pmol-L™),
RIRF LS YA U BT IR
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Bl A R A 7] 2-3-6-7R H AL e e (k52 20201219).
B mALHN (20210302) = S (20210105) LK B R

A B C
P 5000 6 **
120 E == Vehicle
= 100 g 4000 T T J Nl X
= g0 - ~ 3000 =+=_161-.3 mg-kg:! 'ﬁ) 4 TGI=43.1%
o = Vehicle 2 5] 203
g 60 ‘@ 1 s y
- == 161- 1 mg-kg! & 2000 - TGI=84.4%
7 —~ 161-3mgkg’! el 1)/1/(/‘ E’
3 2 161- 3 mg-kg = 1000 ﬁ of1
1 .
(U s o s i e o i i i L e | 0 T T 0 T T
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 0 2 4 6 8 1012 14 16 18 20 22 24 26 28 30 \.\@"‘ & x_%
Days of treatment Days of treatment RN
& &
N N
D E 20007 == 1st inoculation =~ 2nd challenge
MC38 spleen Teell /% CTLcell /% NK cell /% g 1500 /T
Vehicle 212 8.3 17 2 1000
173
8 //
161-1 mg-kg'! 24.5% 9.4 2.5% £ 500
=
161-3 mg-kg! 24.1 9.1 2:9%% 0 T T T T T T T 1
0 4 8 12 16 20 24 28 32 36

Days post MC38 inoculation

Figure 4 [n vivo anti-tumor efficacy of compound 16l in a MC38 syngeneic mouse model. A: Body weight change in mice for each daily

dosing group of 16l. Initial body weight was set as 100%. B: Tumor size measurements of the mice with 16l treatment. C: Comparison of the

final tumor weight in each group. D: Content of T cells, CTL cells, and NK cells in the spleen. E: Changes in tumor size after single inocula-

tion and reinoculation after tumor regression. n =35, ¥ £s. 'P < 0.05, "P < 0.01 vs vehicle group
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i (20201104) 1L H-MEIE-3,5- k% (20201205) W - 22151
W LA R THEA A R T35 B LA
PR A &) ; ADP-Glo % B A I 38 71 & (0000490667)
PI3Ka (0000505380). PI3KA (0000257468). PI3Ko
(0000318068). PI3Ky (0000505382) %E [ + JEE #) PI3: PS
(0000494068) 14T 3 [ Promega 2\ 7 ; & 1 B 01 1] 571
cocktail (KN129530) ) T B 2 A 7] ; RIPA % fi ¥l
(23096351) 11§ T Biosharp 2 &; NC fi (0000202633) 1
T #8 [E Millipore 2> 7 ; ECL 4 % B[ 728 &6 W 3 771 &%
(S8321120) M4 204 A m); RIS (52208113)
VT3 3 3 A AR 245 48 A IR 22 B FITTC-NKp46
(2048914). PE-CD19 (1172984). PerCP-Cy5.5-CD8a
(1076177). APC-CD3 (1165670) i 4 14 T 3¢ & BD 2
7] ; RPMI-1640 % 3% 3E (20230713). DMEM 75 #5 1% 7
FE (20231110). 75 8 55 2 AHLIH I (20231109) 1y T-IL
TR A AR A A PR A 7 = (5% F k) 2 5
(G910BA0004). H & R (JB27BA0054) + — ki 3 i fiR
#4 (1I908BA0006)- It 7 -20 (F419BA0004) JH T A4 T4
VTR (b B A PR~ 55 6 4 3% FBS (1827594)
T T 75 AR RS AR MR I 0 A B 2 )5 PR vt IR 1K
AIEL (037911200) T3 [E Epizyme A A

¥ i 35 9% 9 1% AL (Bruker 500 MHz NMR, 3
Bruker 2> 1]); it #E A% (Agilent 6224 TOF, 3t [H Agilent
AT, e 73 kX (0SB-2200, H A EYELA 24 #);
FIN S B2 (RCT basic, 18 F IKA 2 7); i 2041 Hl
X (cytoflex) rmy K i 25 0 AL (Allegra X-12), &
Beckman Coulter A &]; 1Hild CO, 4157746 (Heracell™
150i, & [& Thermo Scientific 2 &]); Vortex i Jig 1R 2J 1%
(MV-100, 30 ZE 4L /R AV BHA R 2 7)), AGHE & 2
B0 HL (CTL-420, 31 I SL R EA B A PR A ) o
1 KEPHER
1.1 2-(BREE)-6-RMIE (2) K 2-IR-6-1 F Akt
IE (500 mg, 2.0 mmol, 1.0 equiv) & fi#f DMF (2 mL) ',
SRIG M B E AN (155.4 mg, 2.4 mmol, 1.2 equiv), X
NIFEZE IR THHE3 he RMZR)E, R R IIA30 mL
K, G 2R 2% (3x30 mL) 2B, &IFENLE, If
7K (30 mL) M A& EhVA W (30 mL) Y. AHLZEH
Jo7K Na,SO, T4 i U8 W 4 5 15 o R IR
FEAlAL, B Mt 750 A F R/ — S o, e G BN 0~5% .
SRR AL G 7 o A E AR, RE N 94.0%
1.2 2-;R-6-(4-IF A E-1H-1,2,3- = -1-F) B E) Al
0E (3a) A 44 2 (100 mg, 0.47 mmol, 1.0 equiv)
WM HUT BE/7K (1 mL/2 mL) H, AR O 3- 3 - 1-
T H (38.1 mg, 0.56 mmol, 1.2 equiv). . 7K % &
(1.2 mg, 0.004 7 mmol, 0.01 equiv).4E4= & C 4 (4.5 mg,

0.023 mmol, 0.05 equiv), K M. 7E E it FH 8 he &
45 R, OB &R DN 30 mL K, 2R 5 F 28R 2B
(3x30 mL) 2. &IFAHLZ, FFH K (30 mL). Al
AW 30 mL) He¥k. A HLEH JE/K Na,SO, T |
b9 R 4 S AR o R P R R A A, e B R R
FE/ & R e, e P 0~3% . &34 7 i &
R AR, IR 65.2%.

&Y 3b~3d 1% WAL & W) 3a I & BT VE AT
A
1.3 (R)-1-(6-iR ML IE-2-F)-N, N- — B EL 0t i b -3- %
(52) ¥ 2,6- —EIEEE (100 mg, 0.42 mmol, 1.0 equiv)
T DMF (5 mL) H, 7£0 °C MK (R)-N,N-—
FH LI % J52-3- % (57.1 mg, 0.5 mmol, 1.2 equiv). &tk
B4 (12 mg, 0.5 mmol, 1.2 equiv), KM AE=HE FHEFE2 ho
LSRR S, SR RN 20 mL K, SR 5 2R 2.
Mg (3x30 mL) M. &IFAHUZ, JFAZK (30 mL). HIAl

R (30 mL) Pedk . A HLE LK Na,SO, T4

8 AR S AR A o R P R R A A4k, e 7 S HR
M/ — A B, BELRRFE N 0~3%. &ftali)E =52 H
A, RN 72.4%.

14 W) Sb~Sf 4% AL & ) Sa I & BT 15 HEAT
B
1.4 2-(4-(6-RMLOE-2-5)-1H-1,2,3- = -1-) T kz-1-
B2 (7a) ¥ 2-1R-6- £ B FEMEE (100 mg, 0.55 mmol,
1.0 equiv) ¥ i THUT BE/7K (1 mL/2 mL) H, AR IIA
2-B R LW (57.5 mg, 0.66 mmol, 1.2 equiv). T /K i
24 (1.4 mg, 0.005 5 mmol, 0.01 equiv). 4E 4= & C 4
(5.5 mg, 0.028 mmol, 0.05 equiv), J % 7F = i~ $ii £
8he [RMGEHJE, NAAZRIMA 20 mL K, A5 H &
e B (3x30 mL) 2 HL. A HANLE, HHK (30 mL).
PR R IR (30 mL) Peik. A HLZEH /K Na,SO, T
P I R AR T AR o R P R i AR Ak, o 7
B/ AP, Ve RN 0~3%. &8R4 JE 7 i
e | A E R, IR 68.1%.

AW T Te AL AW Ta (06 O VEIEAT &
1.5 6-R-N-(5-FAE 7 Em-3-E) I IEEL A% (92) K5 6-
R -2- M BE R (100 mg, 0.5 mmol, 1.0 equiv) & fi#
T THF (2 mL) #, il A HATU (228 mg, 0.6 mmol,
1.2 equiv). DIPEA (174 pL, 1.0 mmol, 2.0 equiv). [l
J&, TEZ R A TN 3-8 E-5- 1 5k 57 0 e (58.9 meg,
0.6 mmol, 1.2 equiv) .3 he 55, [ MAR F
TN 20 mLK, 88 )5 H 2.8 1 (3x30 mL) #HL. & IF
HHLZE, FEFHK (30 mL) A ERIAEW (30 mL) Yevk .
A HLIZE FHTE7K Na,SO, T4 ik 8 ik 4 5 19 K o A
s FH e PR AT 24, 358 Tt 7910 O PR I/ — S e, 0 o s
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NO0~3%. SIRAE A AR, E N 90.5%.
AW 9b 9 12 HB AL A 9a 1 & BT T2533E4T B o
1.6 2-FEML H[1,5-a]E0E-5(4H)-B (11) % 1H-
nHk e -3,5- i (20 g, 203.8 mmol, 1.0 equiv) ¥ it T 6
K CE (560 mL) H, AR N 1,3- B IE -2, 4(1 H,
3H)- i (57.1 g, 407.7 mmol, 2.0 equiv). LB (44 g,
815.4 mmol, 4.0 equiv). TEG TR T, VA 50 #
F)80 °CIR M 14 h G A M EE] . IR R IE T
JEWSCEE AT R A, [ 44 FH 2D 8 0K B BRI, TR
JE A5 B3R B [ A, R 61.1%.
1.7 N-(5-F1%-4,5- — SMEME[1,5-a] 1B 0E-2-5) 7 B AR
12) HALE¥11 (18.7 g, 124.5 mmol, 1.0 equiv) i&#i
WET CTREF (160 mL) 1, SR FF 14 he [ b &5
W, AR FHRAE T AT ) 5 [ AR =, 1
#90.7%-
1.8 N-(S-SRtmEH[1,5-a]0E-2-5) ZELRZ (13) 0°C
T, B EM12 (21.7 g, 112.9 mmol, 1.0 equiv) 2218 ¥
T POCI, (120 mL) ", S N #4 %] 80 °C Je M 1 he
SV H 2 R R 4 0UE 2K 48 B 2 POCL B W1 77
Y. TERHETR, BYIE UK, SRR g
K,CO, ([ A ik B % pH N 8. 1B AW I IE L,
WO B IR DA AR ™ o R o FHOR0 Aek JR AT J2 AT ik AT 4L
Ak, e B A FR I — SR e, R B B D 0~ 5%, 15 2]
R B[ A i IS 40.8%
1.9 5-SMEmE[1,5-a) 1% 0E -2-B% (14) Ktk 5913
(9.7 g, 46.0 mmol, 1.0 equiv) ¥ f# T H ¥ (20 mL) 1,
BB MNERER/ 1 LB H W (4 mol-L, 40 mL), Fr i
RNRAEER TR 24 he RN HJE, RNKRE
PR R 45, AR5 I N R NaHCO, 7% 3 1 715 pH %5 8.
BAWH 2 2 3x50 mL) 8. &IHANLE, I
F7K (50 mL) HEAT & ER¥E R (50 mL) Pek. AHLZH
67K Na,SO, T4 i JiE W 4 J5 15 K ity o L ol FH TR
FE4lifh, e Bt A B & e, PR RR FE A 0~ 3%,
ZPEAL 5 P R T [ A, ISR 89.2% .
1.10  5-(5,6-— ER S BN OE-3-F5) AL H [1,5-a] IE I -2-
R (a5 BHiLEY14 (6.9 g, 40.9 mmol, 1.0 equiv) ¥#
iR 1,4- 5 NH/7K (84 mL/21 mL) o, AR IKANAN 2,3-
T R -5-(4,4,5,5- DY 3 1,3,2- AR 2R e -2- %)
ik BE (13.0 g, 49.1 mmol, 1.2 equiv). Pd(PPh,), (1.9 g,
1.6 mmol, 0.04 equiv) Al K,CO, (11.3 g, 81.8 mmol,
2.0 equiv)e FE@R LR T, KNV T 90 °C B 3 ho
SN EE R G, SR 2NN 100 mL K, SR 5 F 1R 2.
BE (3x50 mL) 220 & IFA N, IEHK (50 mL). 7l
A ERV W (50 mL) Pk . A HLZE I JE K Na,SO, T
J IR IR AE S R A o R PR R A Al Ak, e I A

NP/ G P, BelEh B2 0~3%. &84l 5 77 i
s A E R, I 77.5%.
111 (R)-5-(5,6-— FA & FE A IE-3-5)-V-(6-3-(Z R &
B I Jo2 -1- 25 ) Ak I -2- 5 AbE B4 3 [1,5-a] 5 0F -2- %
(16a) K1k &% 15 (50 mg, 0.18 mmol, 1.0 equiv) &
R+ 1,4- — %N QmL) T, KK 5a (24.3 mg,
0.09 mmol, 0.5 equiv).Pd(PPh,), (21.3 mg, 0.018 mmol,
0.1 equiv). xantphos (10.7 mg, 0.018 mmol, 0.1 equiv).
Cs,CO, (120.1 mg, 0.36 mmol, 2.0 equiv). £ IR
T, RRAEYIINIE] 120 °)CI B3 he KNSR, I
AR RN 20 mL 7K, 88 )5 H 8 .6 (3x30 mL) A 1L .
HIAHZE, HHIK (30 mL) 7 A1£ E ¥ W) (30 mL)
Pk o £ HLEH T /K Na,SO, T L U ik 48 5 7594
di o R il FH R PR AT A Ak, Y R A R e S e,
JBE AR BE 9 0~3%. £ B 405 7= i 2 ik i £ [ 4, iR
N 59.0%. 'H NMR (500 MHz, DMSO-d,) § 9.64 (s,
1H), 8.92 (d, J = 7.2 Hz, 1H), 8.53 (d, J = 2.0 Hz, 1H),
7.97 (d, J = 2.0 Hz, 1H), 7.49 (d, J = 7.2 Hz, 1H), 7.39
(t, J = 7.9 Hz, 1H), 6.95 (s, 1H), 6.54 (d, J = 7.8 Hz,
1H), 5.94 (d, J = 8.1 Hz, 1H), 3.96 (s, 3H), 3.93 (s, 3H),
3.81~3.78 (m, 1H), 3.72~3.69 (m, 1H), 3.48~3.42 (m,
3H), 2.56 (s, 6H), 2.35~2.31 (m, 1H), 2.16~2.12 (m,
1H); "C NMR (126 MHz, DMSO-d,) 6 156.22, 155.95,
155.66, 153.45, 152.93, 148.43, 144.30, 139.00, 136.56,
135.05, 127.49, 115.93, 103.38, 98.36, 97.34, 84.79,
70.24, 64.76, 56.06, 53.97, 46.03, 42.64, 28.16. HRMS
(ESL m/z): [M+H] " caled for C,,H,N,O,, 461.241 3;
found, 461.241 5.

&) 16b~16p 1% M4k & 4 16a (1) & B 77 12 33
176 o
112 (R)-N-(6-(3-RE ML -1-F5) ALt 0 -2- 5 )-5-(5,6-
— ERS EMAE-3-F) MM H [1,5-a] ROE-2-5% (16b) %
[ K, RN 10.1%. 'H NMR (500 MHz, DMSO-
d) 0 9.62 (s, 1H), 8.92 (d, J = 7.2 Hz, 1H), 8.53 (d, J =
2.0 Hz, 1H), 7.96 (d, J=2.0 Hz, 1H), 7.49 (d, J=7.2 Hz,
1H), 7.36 (t, J = 7.9 Hz, 1H), 7.00 (s, 1H), 6.43 (d, J =
7.8 Hz, 1H), 5.88 (d, J = 8.1 Hz, 1H), 3.96 (s, 3H), 3.94
(s, 3H), 3.77~3.73 (m, 1H), 3.70~3.66 (m, 1H), 3.62~
3.58 (m, 1H), 3.50~3.44 (m, 2H), 2.24~2.16 (m, 1H),
1.96~1.88 (m, 1H), 1.23 (s, 2H). HRMS (ESI, m/z): [M+
H]' caled for C,,H,,N,O,, 433.210 0; found, 433.210 4.
1.13  5-(5,6-—FAE EANE-3-55)-N-(6-(1-F A E-1H-
M -4 BL ) b OFE -2- 5 ) bt I - [1,5-a | P IE -2- B (16¢) %
B0 [ K, RN 32.1%. 'H NMR (500 MHz, DMSO-
d)) 6 9.90 (s, 1H), 8.96 (d, J = 7.2 Hz, 1H), 8.56 (d, J =
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2.0 Hz, 1H), 8.32 (s, 1H), 8.04 (s, 1H), 8.01 (d,J=2.0 Hz,
1H), 7.64 (t, J = 7.9 Hz, 1H), 7.52 (d, J = 7.2 Hz, 1H),
7.20 (d, J = 8.1 Hz, 1H), 7.14 (d, J = 7.3 Hz, 1H), 6.98
(s, 1H), 4.63~4.55 (m, J= 6.6 Hz, 1H), 3.97 (s, 3H), 3.95
(s, 3H), 1.49 (d, J = 6.6 Hz, 6H); °C NMR (126 MHz,
DMSO-d,) ¢ 155.81, 155.74, 154.31, 153.21, 150.52,
148.45, 144.34, 138.60, 137.11, 136.65, 135.20, 127.46,
126.58, 123.16, 115.96, 111.25, 108.34, 103.54, 84.81,
56.11, 53.96, 53.64, 23.13. HRMS (ESI, m/z): [M+H]"
caled for C,,H,,N;O,, 457.210 0; found, 457.210 2,

1.14  N-(6-(1-(Z & BB £)-1 H-IE e -4-Fo) Mt I -2- £ )-5-
(5,6-— FF S B ML e -3- 25) L 14 [1,5-a] IR IE -2- B (16d)
WA, R N26.9%. 'HNMR (500 MHz, DMSO-
d) 6 10.03 (s, 1H), 8.99 (d, J = 7.2 Hz, 1H), 8.80 (s,
1H), 8.56 (d, J = 2.0 Hz, 1H), 8.37 (s, 1H), 8.01 (d, J =
2.0 Hz, 1H), 7.93 (t,J = 58.9 Hz, 1H), 7.70 (t, J=7.9 Hz,
1H), 7.55 (d, J = 7.2 Hz, 1H), 7.28 (d, J = 7.3 Hz, 1H),
7.24 (d, J = 8.3 Hz, 1H), 6.99 (s, 1H), 3.96 (s, 3H), 3.94
(s, 3H); ®C NMR (126 MHz, DMSO-d,) 6 155.73,
155.54, 154.52, 153.24, 148.64, 148.45, 144.33, 141.19,
138.85, 136.68, 135.25, 127.64, 127.45, 125.88, 115.98,
112.09, 110.75 (t, J = 248.2 Hz), 109.82, 103.74, 84.88,
56.14, 53.97. HRMS (ESI, m/z): [M+H] " calcd for
C,,H F,N,0,, 465.159 9; found, 465.160 3.

115 2-(4-(6-((5-(5,6- — FA | E ML IE-3-F5) AL [1,5-a]
I U -2- 2 & E) ML 0E -2- B)-1H-1,2,3- = -1-F) 2
fe-1-BF (16e) 11 {5 [l 44, W %5 16.5%. 'H NMR
(500 MHz, DMSO-d,) 6 10.05 (s, 1H), 8.98 (d, J =
7.2 Hz, 1H), 8.56 (d, J = 2.0 Hz, 1H), 8.54 (s, 1H), 8.01
(d, J=2.0 Hz, 1H), 7.75 (t, J = 7.9 Hz, 1H), 7.54 (d, J =
7.2 Hz, 1H), 7.50 (d, J= 7.3 Hz, 1H), 7.27 (d, J= 8.3 Hz,
1H), 7.06 (s, 1H), 5.13 (t, J = 5.3 Hz, 1H), 4.54 (t, J =
5.3 Hz, 2H), 3.96 (s, 3H), 3.94 (s, 3H), 3.86 (q, J =
5.3 Hz, 2H); "C NMR (126 MHz, DMSO-d,) 6 155.75,
155.59, 154.55, 153.22, 148.70, 148.47, 147.66, 144.34,
138.83, 136.70, 135.25, 127.49, 123.88, 116.09, 111.47,
110.35, 103.75, 84.99, 60.43, 56.17, 53.99, 52.81. HRMS
(ESI, m/z): [M+H] " caled for C,,H,N,O,, 460.184 6;
found, 460.185 0.

1.16 5-(5,6-— FRF EMIE-3-5)-N-(6-(1-2-FEEZ
£)-1H-1,2,3-=M4-4- )M E-2-F5) AL RE [ 1,5-a | I IE-2-B%
ae6f) R AE A, U ~20.6%. 'HNMR (500 MHz,
DMSO-d,) 6 10.08 (s, 1H), 8.98 (d, J = 7.2 Hz, 1H), 8.56
(d, J = 2.0 Hz, 1H), 8.55 (s, 1H), 8.00 (d, J = 2.0 Hz,
1H), 7.75 (t, J = 7.9 Hz, 1H), 7.54 (d, J = 7.2 Hz, 1H),

7.50 (d, J = 7.3 Hz, 1H), 7.28 (d, J = 8.3 Hz, 1H), 7.08
(s, 1H), 4.69 (t, J = 5.3 Hz, 2H), 3.97 (s, 3H), 3.94 (s,
3H), 3.83 (t, J = 5.3 Hz, 2H), 3.34 (s, 3H); "C NMR
(126 MHz, DMSO-d,) § 155.75, 155.56, 154.56, 153.19,
148.54, 148.49, 147.85, 144.34, 138.83, 136.69, 135.23,
127.49, 123.79, 116.00, 111.43, 110.44, 103.76, 85.06,
70.73, 58.47, 56.10, 53.98, 49.85. HRMS (ESI, m/z): [M+
H]" caled for C,,H,,N,O,, 474.200 2; found, 474.200 6.
1.17  N-(6-(1-3F E-1H-1,2,3- = M -4-F) AL IF -2- 5 )-5-
(5,6-— FA S B b g -3-F5) fL i [1,5-a] PR IE -2- f% (16g)
VI E AR, W%~ 8.6%. "HNMR (500 MHz, DMSO-
d) 6 10.06 (s, 1H), 8.98 (d, J = 7.2 Hz, 1H), 8.66 (s,
1H), 8.57 (d, J = 2.0 Hz, 1H), 8.01 (d, J = 2.0 Hz, 1H),
7.74 (t, J = 7.9 Hz, 1H), 7.55 (d, J = 7.2 Hz, 1H), 7.49
(d, J = 7.3 Hz, 1H), 7.42~7.39 (m, 4H), 7.37~7.33 (m,
1H), 7.28 (d, J = 8.3 Hz, 1H), 7.04 (s, 1H), 5.75 (s, 2H),
3.96 (s, 3H), 3.95 (s, 3H); *C NMR (126 MHz, DMSO-
d) 6 155.76, 155.55, 154.57, 153.21, 148.46, 148.44,
148.11, 144.35, 138.85, 136.73, 136.61, 135.28, 129.27,
128.63, 128.44, 127.49, 123.58, 116.08, 111.57, 110.53,
103.77,85.03, 56.15, 54.00, 53.41. HRMS (ESI, m/z): [M+
H]" caled for C,,H,,N,0,; 506.205 3; found, 506.205 4.
1.18 5-(5,6- — A S EMIE-3-K)-N-(6'- (=& F &)-
[2,3'-BXMLOE ] -6- K5 )AL e [1,5-a] B 0E-2-B% (16h) ¥k 3%
& [ 44, W N 20.9%. 'H NMR (500 MHz, DMSO-
d) 6 10.24 (s, 1H), 9.01 (d, J = 7.2 Hz, 1H), 8.94 (d, J =
5.0 Hz, 1H), 8.56 (d, J = 1.6 Hz, 2H), 8.40 (d, /= 5.0 Hz,
1H), 8.00 (d, J = 2.0 Hz, 1H), 7.88 (t, J = 7.9 Hz, 1H),
7.76 (d, J = 7.3 Hz, 1H), 7.58~7.56 (m, 2H), 6.92 (s,
1H), 3.96 (s, 3H), 3.94 (s, 3H); "C NMR (126 MHz,
DMSO-d,) ¢ 155.76, 15528, 154.73, 153.36, 151.50,
150.61, 148.59, 148.41, 147.86 (q, J = 34.0 Hz), 144.30,
139.46, 136.64, 135.32, 127.32, 124.35, 122.29 (q, J =
274.7 Hz), 117.79, 115.88, 113.58, 112.85, 103.75, 84.90,
55.97, 53.95. HRMS (ESI, m/z): [M+H] * caled for
C,,H,;F,N.O,, 494.155 2; found, 494.155 6.

1.19  5-(5,6- = B S B O OE -3-55)-V-(6-(2- (ML 1% e -1-
B 0 IE -5- L) It 0E -2- 5 AL 048 11, 5-a) 028 U -2- BZ (16i)
O E K, R A 31.8%. 'H NMR (500 MHz, DMSO-
d) 6 10.03 (s, 1H), 9.05 (s, 2H), 8.97 (d, J = 7.2 Hz,
1H), 8.55 (d, J = 2.0 Hz, 1H), 7.99 (d, J = 2.0 Hz, 1H),
7.68 (d, J = 7.9 Hz, 1H), 7.53 (d, J = 7.2 Hz, 1H), 7.33
(d, J=7.3Hz, 1H), 7.18 (d, J = 8.3 Hz, 1H), 6.99 (s, 1H),
3.96 (s, 3H), 3.94 (s, 3H), 3.59~3.57 (m, 4H), 1.20~
1.96 (m, 4H); °C NMR (126 MHz, DMSO-d,) § 160.23,
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156.46, 155.77, 155.49, 154.50, 153.34, 151.73, 148.52,
144.37, 138.92, 136.72, 135.23, 127.51, 120.78, 116.04,
110.24, 109.40, 103.85, 84.84, 56.22, 53.98, 47.03,
25.46. HRMS (ESI, m/z): [M+H]" caled for C,(H,,N,O,,
496.220 9; found, 496.221 3.

1.20  6-((5-(5,6-— FA & FL AL iE -3-F) ALt i 3 [1,5-a] 1%
IE-2-E) | E)-N-(5-F & F e -3- ) L UE Bt BZ (16j)
WH A, R N 5.8%. "HNMR (500 MHz, DMSO-
d) 6 10.80 (s, 1H), 10.27 (s, 1H), 9.02 (d, J = 7.2 Hz,
1H), 8.56 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 2.0 Hz, 1H),
7.96~7.93 (m, 1H), 7.80 (d, J = 8.4 Hz, 1H), 7.59 (dd,
J=17.2,42 Hz, 2H), 6.84 (s, 1H), 6.67 (s, 1H), 3.96 (s,
3H), 3.93 (s, 3H), 2.45 (s, 3H). HRMS (ESI, m/z): [M+
H]' caled for C,;H,\N,O,, 473.168 6; found, 473.168 9.
121  (4,4-Z & WRNE-1-F)(6-((5-(5,6- — FA & ML IE-3-
) Ot e 3 [1, 5-a] 125 0F -2- &) & £) Mt 0F -2- &) B
aek) wafEAA, RN 20.4%. 'H NMR (500 MHz,
DMSO-d,) § 10.14 (s, 1H), 8.97 (d, J = 7.2 Hz, 1H),
8.54 (d, J = 2.0 Hz, 1H), 7.98 (d, J = 2.0 Hz, 1H), 7.79
(t,J=7.9 Hz, 1H), 7.53~7.50 (m, 2H), 7.06 (d, /= 7.2 Hz,
1H), 6.80 (s, 1H), 3.96 (s, 3H), 3.93 (s, 3H), 3.80 (s, 2H),
3.56 (s, 2H), 2.10~2.08 (m, 4H); °C NMR (126 MHz,
DMSO-d,) ¢ 167.61, 155.80, 155.33, 153.72, 153.40,
152.18, 148.36, 144.35, 139.05, 136.68, 135.37, 127.35,
123.20 (t, J = 241.9 Hz) 115.93, 114.36, 112.01, 103.75,
85.00, 56.05, 53.97, 43.83, 38.96. HRMS (ESI, m/z):
[M+H] * caled for C,H,,F,N.O,, 496.190 9; found,
496.191 2.

1.22 6-((5-(5,6-— FA L AL O -3-B5) At i 3 [1,5-a] 1%
IE-2-E)RE)-N,N-Z ZEMIEBEAZ (161) R 2 lf 4k,
=R~ 30.5%. "H NMR (500 MHz, DMSO-d,) § 10.11
(s, 1H), 8.98 (d, J = 7.2 Hz, 1H), 8.55 (d, J = 2.0 Hz,
1H), 7.98 (d, J = 2.0 Hz, 1H), 7.76 (t, J = 7.9 Hz, 1H),
7.54~7.50 (m, 2H), 6.89 (d, J = 7.2 Hz, 1H), 6.74 (s,
1H), 3.96 (s, 3H), 3.93 (s, 3H), 3.48 (q, J = 6.8 Hz, 2H),
3.27 (q, J = 6.8 Hz, 2H), 1.18 (t, J = 7.0 Hz, 3H), 1.07
(t, J = 7.0 Hz, 3H); "C NMR (126 MHz, DMSO-d,) 6
168.51, 155.78, 155.48, 153.85, 153.74, 153.44, 148.35,
144.34, 138.91, 136.69, 135.39, 127.36, 115.95, 113.26,
111.19, 103.69, 84.75, 56.11, 53.96, 42.80, 39.29, 14.68,
13.33. HRMS (ESI, m/z): [M+H]" calced for C,,H,\N,O,,
448.209 7; found, 448.209 5.

1.23  5-(5,6-—FA S EMENE-3-5)-V-(6-(4-F A E-1H-
1,2,3- = M -1-50) BR B0 M OF -2- 2 AL 14 [1,5-a] P IE -2- B%
(16m) VR, F N 38.0%. 'HNMR (500 MHz,

DMSO-d,) § 10.09 (s, 1H), 8.93 (d, /= 7.2 Hz, 1H), 8.55
(d, J = 2.0 Hz, 1H), 8.04 (s, 1H), 7.99 (d, J = 2.0 Hz,
1H), 7.66 (t, J = 7.9 Hz, 1H), 7.52 (d, J = 7.2 Hz, 1H),
7.17 (d, J= 8.3 Hz, 1H), 6.79 (s, 1H), 6.75 (d, J = 7.3 Hz,
1H), 5.64 (s, 2H), 3.97 (s, 3H), 3.96 (s, 3H), 3.12~3.04
(m, J = 6.9 Hz, 1H), 1.30 (d, J = 6.9 Hz, 6H); '°C NMR
(126 MHz, DMSO-d,) 6 155.73, 155.24, 154.52, 153.88,
153.63, 152.96, 148.39, 144.32, 138.82, 136.65, 135.06,
127.46, 122.04, 115.80, 113.30, 110.58, 103.65, 85.28,
56.04, 54.57, 53.98, 25.82, 22.96. HRMS (ESI, m/z): [M+
H]' calcd for C,,H,,N,0,, 472.220 9; found, 472.221 2.
1.24  N-(6-((4-FFAE-1H-1,2,3-=1-1-E5) R E)ALnE-2-
£)-5-(5,6- — R B ML OE-3-F) ML me [1,5-a] 15 I -2-B%
(6n) A EAA, U N 11.5%. 'H NMR (500 MHz,
DMSO-d,) d 10.04 (s, 1H), 8.94 (d, J = 7.2 Hz, 1H),
8.56 (d, J = 2.0 Hz, 1H), 8.01 (d, J = 2.0 Hz, 1H), 7.96
(s, 1H), 7.65 (t, J = 7.9 Hz, 1H), 7.53 (d, J = 7.2 Hz,
1H), 7.19 (d, J = 8.3 Hz, 1H), 6.79 (s, 1H), 6.69 (d, J =
7.3 Hz, 1H), 5.58 (s, 2H), 3.96 (s, 3H), 3.94 (s, 3H),
2.01~1.95 (m, 1H), 0.90~0.86 (m, 2H), 0.82~0.78 (m,
2H); *C NMR (126 MHz, DMSO-d,) ¢ 155.77, 155.31,
154.48, 153.87, 153.08, 149.57, 148.41, 144.36, 138.90,
136.68, 135.17, 127.49, 122.03, 115.89, 113.34, 110.54,
103.69, 85.24, 56.07, 54.72, 54.00, 8.13, 7.09. HRMS
(ESL, m/z): [M+H] " caled for C,,H,,N,O,, 470.205 3;
found, 470.205 6.

1.25  2-(1-((6-((5-(5,6- — ER S Z ML e -3-F5) ALt ne [1,5-a]
M IE -2- 25 ) | ) ML OE -2- ) B K)-1H-1,2,3- = ¥ -4- %)
ZkE-1-B% (160) ks 1A, UL N 4.5%. 'H NMR
(500 MHz, DMSO-d,) 6 10.04 (s, 1H), 8.94 (d, J =
7.2 Hz, 1H), 8.55 (d, J = 2.0 Hz, 1H), 8.01 (s, 2H), 7.65
(t,J=7.9 Hz, 1H), 7.52 (d, J = 7.2 Hz, 1H), 7.18 (d, J =
8.3 Hz, 1H), 6.75 (s, 1H), 6.71 (d, J = 7.3 Hz, 1H), 5.63
(s, 2H), 4.70 (t, J = 5.2 Hz, 1H), 3.96 (s, 3H), 3.96 (s,
3H), 3.68 (q, J = 7.0 Hz, 2H), 2.87 (t, J = 7.0 Hz, 2H).
HRMS (ESI, m/z): [M+H] " caled for C,H,,N,O,,
474.200 2; found, 474.200 3.

1.26  4-(1-((6-((5-(5,6-— E S A ML OE-3-F5) It 1,5-a]
M 0E -2- 5) | B AL IE -2- ) A K)-1H-1,2,3- =¥ -4-K)
FERREAE (16p) R, W NT7.7%. "HNMR
(500 MHz, DMSO-d,) 5 10.09 (s, 1H), 8.94 (d, J=7.2 Hz,
1H), 8.92 (s, 1H), 8.51 (d, J = 2.0 Hz, 1H), 8.05~8.03
(m, 2H), 7.96~7.94 (m, 3H), 7.68 (t, J = 7.9 Hz, 1H),
7.51 (d, J = 7.2 Hz, 1H), 7.22 (d, J = 8.3 Hz, 1H), 6.85
(s, 1H), 6.82 (d, J = 7.3 Hz, 1H), 5.76 (s, 2H), 3.98 (s,
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3H), 3.92 (s, 3H), 3.82 (s, 3H); "C NMR (126 MHz,
DMSO-d,) ¢ 166.32, 155.75, 155.27, 154.57, 153.39,
153.14, 148.37, 145.90, 144.30, 139.00, 136.70, 135.80,
135.19, 130.28, 129.05, 127.40, 125.80, 124.26, 116.04,
113.52, 110.71, 103.77, 85.38, 56.13, 55.01, 53.98,
52.51. HRMS (ESI, m/z): [M+H]" caled for C,,H,.\N,O,,
564.210 8; found, 564.211 1.

2 EYERSy

2.1 PBKHEEEMSZI B MR RES 3 L
PI3Ka (3.5 pg'mL"). PI3KA (3 pgmL"'). PI3Ké
(3.3 pg'mL™") B PI3Ky (17.4 pg-mL™), 3 L B B Fi B 1)
k&% (103 ) H DMSO # ), 6 uL J&E 4 PI3: PS
(0.06 mg-mL™"), LA K 60 umol-L" ATP (X} F PI3KS A
150 umol-L™" ATP, % F PI3Ky 4 30 umol-L" ATP, X} T
PI3KS A 80 umol-L™" ATP). JI AR &) ATP I+ F =
I N1 h, B S A RS FLH N 12 ulL ADP-Glo i
FIEE 40 min, TR 24 WL 8 R 906X 70 78 i 2 A
LA I E 30 min LA R IEE S . i kKOGESHE
SNNERIR S TR EIraile

2.2 EHEREEMESEIE  Raji I RAW264.7 4 il £ Ff
7L H, 1% FBS YLk IS &, DMSO % 224 F 116
416l (0.01~1 pmol-L™) 4L FE4H 1 2 h, 37 °C T /i
anti-IgM (4 pg-mL™) #]¥ 10 min 8¢ C5a (100 ng-ml™)
$ 4 5 min. SK-OV-3 Al 786-O 4 fitg 122 21 75 FL A
% B %, J FH DMSO i 8286 B 1140 A 40 161 (0.01~
1 umol-L™") 4 B4 2 ho {3 H i N & 1 B #0041 771
cocktail [) RIPA 2 fiff i 22 il 40 J AT i o 8PS A P 2
FEJG, A8 10% SDS-PAGE &% HL bk 43 25 25 1 Jii 241
M, HEBBINCE . H&H 0.1% Tween-20 1 5%
MR 2R W5 i TBS HEAT £ M1, SR E PR & . & )a,
{4 F ECL %72 B 725 i ) 7 S MR 52

23 AREIDFSEW  SD AR (IEE 180~220 ) 1y
H b s 4E 3 R 4RSI S B R A BR A &) [V AT ARAD:
SCXK (#i{1) 2019-0001]. S5 HI, K ) P0id NI 5 —
J, R4 12 he FEHL D NP, R4 3 I, SR B
BRIRG TR a1 5 IKES 7 E A 1 mgkg”,
HEHFEN10mgkeg's BT, FHIKIESHTE 2.5,
15.30 min, 1.2.4.6.8.12.24 h %Il # H H1ES5.15.
30 min, 1.2.4.6.8.12.24 h 2RI, 3 FH T & 89 Pi
SR JE B I BE P 8 000 romin” %5 3 B 0 5 min, BU L&
100 pL B F 1.5 mL 5.0 % 1, 80 °CLR AT, £F &b 3
TE o FEAACERETTE: 20 uL AR (200 ng-mL BNHE A
HEWR) I 100 pL il 386 5 o, R4, 285 A 400 pL
FH 3047 85 A UTTE, R HE S min &, 14 000 r-min™ %%
J#ES0 10 min, B S pL EE WA T LC-MS/MS 43 #r

WE o

24 (RAHYEE  SHEEBEENE CSTBL/6I /N R IWH
MR A A [V ARURS : SCXK (75) 2018-
00081, /BB T [ B Bt 5 NE) 5t B 57 i 72 B SE
IS4 A0 [SYXK (f52) 2019-010] K SPF 2 38 45 TVC
JE &b 7, AR R AR B o [ R B S A B
B} 2 0t 78 B 2 W0 3R € $uAT (S DWLL-
2000-06).

B —E 3T R B KA MC38 4 i A/
AU B R S a], I TR S 2 — RIF MR 2. (G
161 FF R 2 £ DLV R (0.25% CMC-Na i) K
BHTHEBR A 25, A AFEN 1R 3 mgke'-d', BAAYH
FIE AR /NRECE S H o /N B R bR A K
TR R B — I PR AR A e I R 7 kAT b
SRR (mm®) = (W2 x L)/2, $5 5 40 Al A
AME E XN TEBE (W), BB € UK BE (D). 4%
30 RMLEEEE G, 43It /0 BT B/ A% 4 Mt g 47 J =X
90 i AR 145 43 #r, #5710 FITTC-NKp46, PE-CD19, PerCP-
Cy5.5-CD8a, APC-CD3 farilll T 4H g . CTL 4H i F1 NK 4H
Jifa b A5 A5 4k

MC38 45 b S 56 2 £ MC38 4t g far 988 /I B |

HEH 452525 mg-kg!-d! 16l HE R £h 30 K HEATIRIT,
Ji R R sl /N e IR . [AIRE 3 L, AR AR T B
B/ B R R AT kR, RN R —E AT
FEEUE KW MC38 4 i . % EL ) v e b MC38 4 ity
(177N B, WL ZE T G 9 ot /N B 11 fieb 8 A KA 50, e S e
SR AR TR AR
2.5 PDFHEIZR  PI3Ky (PDB ID: 6C1S) 1 PI3Kd
(PDB ID: 6EZ6) I & 1 25 44 R U5 T 2 A o £l e o A
F PyMOL 5 F 3l Bk o3 7 A S AR e A . 045 1
E H1 Autodock (Fit 4% 4.2.6) 44T . AutoDockTools 1.5.6
] prepare_ligand4.py 1 prepare_receptord.py Jl A< F
T U6 ST, BRI A ANEUR 7o B E AR
0375 A F160 Ax60 Ax60 A 1) K i LA [ A 45
HAL R SRR i L B (LGA) R R fE4s &
B,
2.6 hERG 33 hERG f il (75 )M 24 BH e 458 24 7
KAMRAF ER. HE AR E (CHO) 41 &, CHO-
hERG 4 FH T A5258 . Py RN BAPEXGT R . 440
I B H R N Ad 3 hERG HELIR, 0 kiR E A F IR . IR
Fr BHTBOR 2 i A5 5 38 0 O i 4 DL % 2.9 kHz (K8
TEW . FdEid % H Patchmaster Pro #X 4K 4E . Origin
HESEPEC =8 (O

BB TTRK: XK T ARG FF 5L L E 4l e gl x5
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