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Abstract Puquitinib mesylate is a novel phosphatidylinositol 3-kinases (PI3K) inhibitor, which has been shown to be
effective in the treatment of cancer. A convenient protocol for the synthesis of the compound at kilogram scale is described,
using 2,6-dichloropurine as starting material through amino-protection, Sy2 reaction with high regioselectivity, Buchwald-
Hartwig coupling reaction, amino-deprotection and salt-forming reaction. The process is easy to operate and provides an
effective way at kilogram scale produce with 48% yield in total.
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Figure 1 Structures of PI3K inhibitors

K2k B AT I A\ 3852 44 (kinase insert domain
receptor and platelet derived growth factor receptor p,
PDGFRB and KDR)#)3& i, A Hulbis ik g1, [F
I, 1) 52 1 i 2 R 8 2% B AR K IR T 52 44K (Epidermal
Growth Factor Receptor, EGFR) I 1) & ¥ AKT
Ak, o BE ELEAM S AR A5 7 (0 R g 5. I E 4R
T PR v B e S AR R, R
BT 4 U R ) R At e g A R R v T R, TR
FAFER . PFEREREG HZ, SUMRERCRILT 32—
2510 DRk, FRREER A B B BLAT £ EL (K PR
H, 2T 20 ] R 10 ade B 24

WS R INA& RIS API%Y, W Scheme 1 F/R:
&2 A UL 2-IRAR IR 3RS (2-bromohypoxanthine) N JEE Y,
ZAREL. S0, =D RS e, 2L B
P =S, 5 AR UK BEVR, H S [H]
B (48 h), P TREMENAAL, BORBUK. &% B LA
2,6- “FUEMR AP BERG RS R E, Hdt—P M
AR PR e, 2R AT E i (140 C), Ja
AL PR EAE R A, HR BN (72 h), Y0
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e ERZ, WOHAEE AR, R ICH Q3A J&
T, 397 24 R 24 B R B — R A IAE 0.1% AT, PR A
SCTEREZR B HIBEAN FHEAT T4k, FFIEAT T A T R
FISREG. LA 2,6- UM (1) 4G JFURE, 76 X6 F AR R
e 2R (PPTS) AL T 5 2,3- A s B o & kAT
Ry, A jE B EE SN EMIBER 2. (L&Y 2
5 6- g FEMEMRIE AL E F T AR R B 3, HE R
BEWLAR Y i =PSB H bR =) F R v B 2, Bk
KRILF) 48%, ZAFFILF] 99.78%. 1ZBKLL MR, HEAF
A, EE T A =, & 2R W, Scheme 2.
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Scheme 1 Synthetic routes of puquitinib
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PL 1 NECRL, 76 PPTS IPERI TS 2,3- &N
MR IERAT RS, AL JE A = ZH(TEAER T
HEE S ARGEET SN2 N AR 2-5-6-FF P & -
9-[2-(VU -2 H-ML I J5)]-9OH-TEH4 (2) (Scheme 3). HHT-J5
BE 1 6-hrBIEMER 2-A B0 b IR AR T
HOURIER] 76.2%, 4 99.20%, RMNEFHIHAKZ S
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Scheme 2 Synthetic route for puquitinib mesylate
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12 HEMIBNER

Buchwald-Hartwig B3 22 DI 48 Pd. Cu ffEfb
FBEAFAE R C—N IR R ke —P, 2
2> PI3K 457135 K 2% 28R e w01 AT 5
PL 2 A 6-Z e RS UG JIEA, 4 AITE & R — F Tk
(DME)EFFIFNAE ST BEEAR 2640 T AR Y. 8 h, &
TLC £, KA HY A (K 1, Entries 1~2). B 5 LA
Pd(OAc),/Ligand A AEALFIFIRUT BE4A 06, £ DME
IR 85 ‘CIM 5 hJa, 4id TLC &, 7 Bsalifb i
Wb UL B TS AT IEAS 2 H FR =4 3, WK 86%(3R 1,
Entry 3). %T UL Eszibet B, FATLL PA(OAc), MM
), BT AR, 7€ DME &7 85 C R %% 1 HiAlh
e 1% A S SRR . 45 KR, Ligands B~D #8
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RERZ 3RS HER=4, (HUCREL Ligand A ffK(3E 1, En-
tries 4~6); [AIN Ligand A F1H: A4 8@ 4 AL 7 4H & 0
PACl,. Pdy(dba)s+ Ni(OAc),, W# A 37%~43%(E 1,
Entries 7~9), [KIL#HE T Pd(OAc),/Ligand A A fE{#
ik . B JG Xz R B AT TR 1, En-
tries 10~15), &5 5 BoRBERIE T BEIRTIF R IR, L
41 DME. THF A 1,4-Dioxane, #i¢Jo M EHE4T 110
I FE(FR 1, Entries 16~20), 7 A5% THRUT BE4. =
O WERE . HEEEN. SRR, 45 HEoRRUT BT B
RBTRUT AN, &3] 81%. HAhG WA TEHLIRI R
FHXT AR (48% ~ 62%). [R ik, JE Ik b o 18 Bk I B 2%
i, s&E T BRAERRPL KM B Pd(OAc)y/
Ligand A NfEIAE R, SUT AN, DME J9¥ 7,
85 C2%M FRMLS h.

I Pcy, O PBu-t

i-Pr Pr-i Pey, @_/
O Me,N l Fe Pcy,
Pr-i
Ligand B Ligand C Ligand D
2 g

AR S SHERR SNIEAT T A Ak, e iR
NEAFE, FFEAT T A TR SRS, BL 1 i
gaIERL B R LR BRI AR T 2, A
ey BEORI L ER =20 AR T FEEIR S 2, UK
48%, ZiEILF] 99.78%, 1% MLk A (H, Uk &,
W, RO TR .

3 SRRy

3.1 UE5EHH

i 3ER1CN Bruker Avance DMX400 %Y, J5i 141X
Agilent 6520B Q-TOF LC/MS !; #5{Ch MP70 A
(Mettler Toledo A 7). 2,6- ~ 5 "E0A | 6-Z FEMEmK, Mk
B0 B RH A BRA A, 6 Y 2R R AL e
Eh A, R s al, oAt A Tk gk,
3.2 2-F-6-RAEE-9-[2-(HUE-2H-MtIEEL)]-9H- RIS
(2)ER

T 10 L Z NI 2,6- & =41, 0.76 kg,
4.02 mol), EA (4.0 L), PPTS (7.6 g, 0.03 mol), /0 2,3-
AR (0.38 L, 4.16 mol), ¥ EEINAE 60 CM S h.
AIEREERG, SN =2/#0.57 L, 4.1 mol), fi4hn
WHNZ(0.57 L, 8.22mol), F+% 70 ‘CJx¥ 0.5 h [TLC %
BT, BIFF: V(& H ) - MR AHE) =2 © 1]. A
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Table 1 Optimization of reaction conditions

NH 6-aminoquinoline X—I
NN N Cat./ligand _N N)\/EN\
)I\ _ \> Base, solvent, reflux &/\Q\N)I\N/ N>
Cl N N O N O
o O
2 3
Entry Cat. Ligand Base Solvent Temp./C Yield”/%
1 — — — DME 85 —
2 — — t-BuONa DME 85 —
3 Pd(OAc), Ligand A t-BuONa DME 85 86
4 Pd(OAc), Ligand B t-BuONa DME 85 67
5 Pd(OAc), Ligand C t-BuONa DME 85 71
6 Pd(OAc), Ligand D t-BuONa DME 85 63
7 PdCl, Ligand A t-BuONa DME 85 43
8 Pd,(dba), Ligand A t-BuONa DME 85 41
9 Ni(OAc), Ligand A t-BuONa DME 85 37
10 Pd(OAc), Ligand A t-BuONa THF 60 70
11 Pd(OAc), Ligand A t-BuONa DCM 40 50
12 Pd(OAc), Ligand A t-BuONa CHCl; 60 53
13 Pd(OAc), Ligand A t-BuONa 1,4-Dioxane 100 77
14 Pd(OAc), Ligand A t-BuONa CH;CN 80 64
15 Pd(OAc), Ligand A t-BuONa Toluene 100 57
16 Pd(OAc), Ligand A t-BuOK DME 85 81
17 Pd(OAc), Ligand A Et;N DME 85 62
18 Pd(OAc), Ligand A Pyridine DME 85 48
19 Pd(OAc), Ligand A CH;ONa DME 85 51
20 Pd(OAc), Ligand A EtONa DME 85 56

“Reaction conditions: 6.8 mmol of 2, 7.5 mmol of 6-aminoquinoline, 5 mol% cat./ligand, 20 mL of solvent, 13.6 mol of base, reflux, 5 h. ®Isolated yield.  Reflux, 8

h

ZEIRG, WUTH BA Wk, IR, GHZK
REpT K EE AR, 0 RYE, FEARH BA BB ET
50 CEZTH# 5 h B3 AAEKO090 k), 73
76.2%, 4L 99.2%. m.p. 129~132 ‘C; 'H NMR (400
MHz, DMSO-d) &: 8.45 (s, 1H), 8.37 (s, 1H), 5.56 (dd,
J=2.0, 9.2 Hz, 1H), 3.99 (dd, J=1.2, 9.6 Hz, 1H), 3.66~
3.73 (m, 1H), 2.99 (s, 1H), 2.16~2.26 (m, 1H), 1.95 (t,
J=8 Hz, 2H), 1.71~1.75 (m, 1H), 1.55~1.60 (m, 2H),
0.75 (d, J=4 Hz, 2H), 0.65 (s, 2H); *C NMR (100 MHz,
DMSO-dg) 0: 156.60, 153.85, 149.53, 139.70, 118.62,
81.30, 68.15, 30.46, 24.96, 24.14, 22.80, 6.48; HRMS
caled for C;3H;;CINsO [M + H] *: 294.1116, found
294.1124.

3.3 2-(6-EEMHEE)-6- AT E-9-[2-(HU S -2H-ML IR
E)-9H-IZIS (3) & FR

T30 L MBI R ZEF AN 6-2 L mEmk(0.45 kg,
3.12 mol), 2 (0.90 kg, 3.06 mol), f#1k5f Pd(OAc), (27 g,
0.12 mol), Fifk =3 CIEECIRBE(27 g, 0.08 mol), FUT
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1 4%(0.48 kg, 5.00 mol), DME(10 L), [B%i M 5 h [TLC
S0, JETFH): (DCM) : V(MeOH)=10 : 1], A H. &
O, JEVEH DME Peik, JER4EZET, BT 10 L 38
M H, ALK ZEE@E.0 L), MHATHEZE R, 15
R4V, INTEPER (20 g), IR 30 min. HGLUEE
JEBIMNE] 10 L 38 R N2, FEIn#E RN, InAK
(1.0L), #i#E 30 min, FEAA, S.0MIE, EUHH OB
Yok, T 50 CEZ T 6 h, BEIEAMEL 3 (0.92
kg), IH 74.5%, 4ifE 99.7%. m.p. 128~131 C; 'H
NMR (400 MHz, DMSO-d) J: 9.49 (s, 1H), 8.91 (s, 1H),
8.69 (d, J=4 Hz, 1H), 8.12 (d, J=8 Hz, 1H), 8.11 (s, 1H),
8.06 (dd, J=1.6, 8 Hz, 1H), 7.89 (d, /=8 Hz, 1H), 7.44
(q, J=4, 4 Hz, 1H), 5.58 (d, J=12 Hz, 1H), 4.06 (d, /=8
Hz, 1H), 3.66~3.73 (m, 1H), 3.15 (s, 1H), 2.26~2.36 (m,
1H), 2.00 (s, 2H), 1.76 (s, 1H), 1.61 (s, 2H), 0.87 (q, J=4,
8 Hz, 2H), 0.74 (t, J=8 Hz, 2H); *C NMR (100 MHz,
DMSO-dg) 0: 156.42, 156.14, 150.46, 147.79, 144.19,
140.25, 137.00, 135.16, 129.31, 129.18, 124.37, 121.95,

2679
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114.99, 112.34, 81.37, 68.24, 30.49, 25.12, 24.45, 23.16,
7.06; HRMS caled for Cp,HxN,O0 [M+H]": 402.2037,
found 402.2042.

3.4 HEMEEZERNEM

T30 L B R B2 M 3 (0.92 kg, 2.29 mol),
PIER(5.521), 7K(5.52 L), In#E 40 Cihn iR 0.46
L, 7.09 mol), £ 1 h in5e, kLM 1 h [TLC 43#T,
JEFF5: M(DCM) © V(MeOH)=5 : 1], A& %, B,
PGS, T 40 CEZ TR 6 h, 15307 5 €A 14 Ffisd
IR R JE(1.06 kg), F7% 84.6%, A% 99.78%. m.p.
249~252 °C; '"H NMR (400 MHz, DMSO-dj) d: 10.36 (s,
1H), 9.08 (d, J=8 Hz, 1H), 9.02 (s, 1H), 8.94~8.98 (m,
2H), 8.60 (s, 1H), 8.34 (dd, /=4, 8 Hz, 1H), 8.18 (d, J=
12Hz, 1H), 8.01 (q, J=4, 4 Hz, 1H), 3.14 (m, 1H), 0.97 (d,
J=8 Hz, 2H), 0.76 (t, J=8 Hz, 2H); *C NMR (100
MHz, DMSO-ds) &: 15547, 153.07, 149.71, 145.03,
142.73, 141.48, 139.34, 134.36, 130.19, 128.96, 122.74,
121.87, 113.41, 106.27, 24.51, 6.99; HRMS calcd for
Cy7H,sN7Na [M~+Na]": 340.1281, found 340.1278.

4 BT KL (Supporting Information) {k&47) 2, 3 71 Fifisk
Tk 5 J2 1) "H NMR A1 13C NMR &3, X L6481 aT L
G 9l AT 9 328 (http://sioc-journal.cn/)_F R %K.
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