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Nickel-Catalyzed Synthesis of Quinazolinone Derivatives in
Polyethylene Glycol 200

Zhang, Peng' Liu, Caiqin Lin, Chen Lin, Xiaoyan Ke, Fang*

(Department of Pharmacy, Fujian Medical University, Fuzhou 350004)

Xu, Yiwen

Abstract A simple and economic method for synthesizing quinazolinones from substituted 2-halobenzoic acids and amidines
was developed by nickel-catalysis in wet polyethylene glycol 200 (PEG 200) as an eco-friendly medium. The present method-
ology is operationally simple, non-toxic and non-irritative, and varieties of quinazolinone derivatives were obtained in high

yields of up to 94%.

Keywords polyethylene glycol 200 (PEG 200); quinazolinone; nickel chloride; 2-halobenzoic acid; amidine
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I6 RO H A v M R R L VR B 2 —BE(PEG) A2 —F H
RN 2 ISR AT, B4 AR AR B R A RS
PERIOE RERRE S5, REOSIR U7 M 78 4k S 84k, FIT
KRPLRET, FFEBRN B TR e, BER.
G AR, AR — R IRE R BLE ), ) I B
T Baylis-Hillman SR 28 BB W12 ST 4
TR R ZFL AT A PR A U R A R I e Y, AR
E—FPETCRE . R 2 200 R BIAFH, LA
SRth . KE. BRI 2 15 SR L 2- AR R FE R A fBK
KERFR LI, 50 s 2 471 W Ak 37 A 4.
1 ZER5VE
1.1 RMNEFHHK

DL 2-ABLR HH R N5 K R IR b OB AR S B2, R R AR
Eh BOAARL Bl TR )X B B B2 (Scheme 1), 2%
FERAL R R 1. Bk, X URRAS [F] 4 Ja 4 Eh 0E A7 i
. R 1 RIS AL O R e b, IRAER IR 2,
S PR A ATV R AR ) (R AL R M AN AR, (RN R TR
i S B ANHEAT (3£ 1, Entry 5), K% B ARV E 1L 7).
B Je S AR AT 3, R LT B 5 e S R T T 2K
REE, ZMEAE RIEBD ARG BN A K AE
(& 1, Entry 9). )5, HE T EPHNT B 52, 78
B S mR, BRERCER A NaOH 45 H T 8 m liesR,
K,CO; il KsPO ME RIS 5 [ MWL 7T, 5568 EN
MIAERAE, fERA WSSO T =2 & IK(E 1, Entry
13). 5 Ja 0 S B FE AR B3R AT T 5 8%, U RTE
80 CI 12 h B P2 aefit. Rk, Bk acER: 2-
T FH R (1.0 mmol), Bk£E(1.5 mmol), NiCl, (0.1 mmol),
Fi % W2 2#(0.1 mmol), NaOH (4 mmol), I\ PEG 200
(3.0 m)fEN¥EFIAE 80 CHAF B 12 h.

N

H NH,-HCI o
COOH -
[Nil/L, base NH
| + PEG200, T, 12 h N/l :
AN X
(N—)\(O 2 { ) |N/ COOH
N — —
H oL NN
OH
L1 L2 L3 L4

B 1 BN

Scheme 1 Model reaction

1.2 RYRRE

T RZZEAE RPE TR, BATEET —&
G 2-HARK R 5 S AP R BRI AT, R WK 2. %
AR B0 T35 2- i A 2K B R RN Dk 6 1) B A e s 1)
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Table 1 Nickel-catalyzed coupling of 2-iodobenzonic acid with
benzamidine hydrochloride: optimization of the reaction condi-
tions

Entry Catalyst Ligand Base Temp./C Time/h Yield”/%

1 Ni(OAc), L1 NaOH 80 12 16
2 NiSO, L1 NaOH 80 12 65
3 NiBn, L1 NaOH 80 12 85
4 NiCl, L1 NaOH 80 12 92
5 — L1 NaOH 80 12 —
6 NiCl, L2 NaOH 80 12 70
7 NiCl, L3 NaOH 80 12 21
8 NiCl L4 NaOH 80 12 80
9 NiCl, — NaOH 80 12 —
10 NiCl, L1 K,CO; 80 12 77
11 NiCl, L1 K;;O, 80 12 72
12 NiCl, L1  EtN 80 12 45
13 NiCl, L1 — 80 12 18
14 NiCl, L1 NaOH 80 11 88
15 NiCl, L1 NaOH 80 13 92
16 NiCl, L1 NaOH 60 12 62
17 NiCl, L1 NaOH 100 12 91
18 NiCl, L1 NaOH 80 12 67°

© 2019 Chinese Chemical Society & SIOC, CAS

¢ Reaction conditions: 2-iodobenzoic acid (1.0 mmol), benzamidine hydro-
chloride (1.5 mmol), catalyst (0.1 mmol), ligand (0.1 mmol), base (4 mmol),
PEG200 (3.0 mL), 12 h; b separation yield; ¢ ethanol solvent.

PEAGTE 1, IR AR R 1A 3% 1 A i v TR R R (3R
2, Entries 1~3), K5 RV RE ABUF IR T — 14
FAHRE HBR=4. B ek S A R B BRIk 3h 5 2- 1
AR RIEAT IOBE, R I 5 it vl BROA QR JOR 26 1107 2 i
T H BB IR AR, e 7 2 i SR B R R 2-
TR FE R S 2 72 R ] A 94%, T -5 %t HR AR BUA R R ok
NANASF] 87%77 3 (% 2, Entries 2, 3). HIXEHtHE T
HE AT 1) pi A 2R H IR ) 12 v 3 2 B L AT 1 e AR
iR, HEREHTANERE FEERE, SHthriH
R ) AR e R BE (3R 2, Entries 8~10). tbAk, %4k
FN G DT ek SR IR IE Y, 7= 2T 07 A Ik #h (R
2, Entries 6, 9). /&, %M F0 S AR IR IR ER AN A0
IR FIFEIE A, sk 6-95L-3- Mt e -2- 32 B AN R DK 2%
R R MRS 2= RN 84%I1) 6-IR IS -4(3H)-FF(F 2,
Entry 13).
1.3 RMNHIE

BT LR, N T RREMEAHLEE, AT
Scheme 2 Fi7nsEy. dHit GC/MS A &I, 1EiZMEN
PRZRTS, KR BER Ak B FIAEAE. 6] RSk
Bl, NaOH 7E@EfH a1k B HIZERCE EEEM. LK,
TERE R B RBAERH AR D SEsd e,
NiCly 1 22 PR B e A 28 2 R ARl 3 — v [ A A RS
B, B M S BT TR R, Wiz i
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Table 2 Nickel-catalyzed synthesis of quinazolinone derivatives in polyethylene glycol 200°

o)
IS COOH LN _NHyHCI NiCly, L1, NaOH Y ONH
R Y — R Py
Z ° F N R2
X Ro PEG200, 80 °C, 12 h
1 2 3
Entry 1 2 Product 3 Yield”/%
0
HoN.__NH-HCI
COOH NH 92 (X=1)
1 _ 3a
X N 84 (X=Br)

HoN.__NH-HCI o
COOH @f‘\m 87 (X=1)
82 (X=Br)

S}
X
=z
; |
o
=
®
w
=y

OMe

HoN.__NH-HCI 0
COOH NH 94 (X=1)
3 @[ _ 3c
X N 85 (X=Br)
NO, NO,
0
MeO cooy  HNS NH-HCI MeO "
4 \©: P 3d 89
I N
0
HoNo__NH-HCI MeO
MeO COOH /NH
5 \@ N)\©\ 3e 88
! OMe
OMe
0
Br COOH HoN.__NH-HCI Br "
6 \©i P 3f 82
I N
COOH 0 88 (X=I)
7 @[ HZNVNH-HCI NH 3g 83 (X=Br)
x Z
o}
MeO COOH MeO 91 (X:I)
8 HoN__NH-HCI NH 3h
X . J 79 (X=Br)
0
Br COOH Br 85 (X=1)
9 HoN__NH-HCI NH 3i
X B 77 (X=Br)
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sk
Entry 1 2 Product 3 Yield”/%
o)
O.N COOH ON ) 86 (X=1)
10 HN._NH-HCI NH 3
X B 73 (X=Br)
N
HoN.__NH-HCI i
) i
COOH NH 77 (X=1)
11 y _ 3k
X N NS 68 (X=Br)
X N~
HoN_NH-HCI o
COOH NH 88 (X=1)
12 _ 31
X N 76 (X=Br)
Me Me
Br-_N_COOH B N o
13 \[ I HoN__NH-HCI \[ \]\)J\NH 3m 84
N7 N7 N/)

“Reaction conditions: 2-halogenated benzoic acid (1.0 mmol), amidine hydrochloride (1.5 mmol), nickel chloride (0.1 mmol), proline lithium (0.1 mmol), sodium

hydroxide (4 mmol), PEG 200 (3.0 mL), 80 ‘C, 12 h; * Separation yield.

AP T Al BERT S M HLEE (Scheme 3). G, 2-f 2K R
SR ERTERR I 26 T S B A R R (144 B, SRS 5
Fic A e 2 R AR RN AL BT BRI N AR A OB, 2B K
AL EY C, a1 CTEmMA S T LR ST
HRESTWRIAR RS, RES2 B~ D.

2 Zhig

RIET —FPLARE 2 B 200 1EIE ], KA SACERLE
EJE M R RO AR, BL 2- s 2K R ALK E6
JEURE G B AR B AT AE R T i, AR AR R,
R FHTERE  TORIN 3R £ I 200 1WA, EHUEEE
PRAT 25 153 1 AL B HEAL TR, AT 3R, T AL
W IL Y PEG 200 FEARSEARBA, A ROt % 7 A 54
*IL‘JE'UEI’JﬁﬁH?ﬂZ//'\ﬂiﬁ?%% UEAh, ZfE A ARG T
AFEHASE, BA REFFEENE. FHiZERERES
P 1l A VAR AR 28 1 224 5420,

3 EES
3.1 UES5HF

JRHEAL: Agilent 6310; FZREILHRIL: Bruker AM 400,
LLTMS AR, ARG DMSO-dg N7, X-4 BU%L
SN R BT B 25 R R Y Dl T b A B AL
ali, BREPULEAL, KRG — DAL
3.2 ZLWAHE

FEFPRI) 25 mL = HERA I 2-BE (1.0
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o
COOH NH NaOH N
@ + J - . i (@)
| HoN PEG200, 80 °C , 12 h | NH
B 96%
o
COoH PEG200 N
@[ I (b)
80°C,12h | NH
B 12%
0
NiCly, L1,NaOH NH
J ©
PEG200, 80°C, 12 h N
D 90%
o
@ _ NeOH ©\)LNH y
PEG200, 80 °C, 12 h N/) @
D 26%

B2 SRS FE A e
Scheme 2 Reaction of intermediates
mmol). k(1.5 mmol). NiCl, (0.1 mmol). fifiZ FR4%(0.1
mmol). NaOH (4 mmol), 55 /A PEG 200 (3.0 mL){E
jj(ﬁ A, TAE 80 CM 12 h. BN MG AEIE
R, 8 OEEFEE(20 mLX3), 2 & HANLE,
ﬂ% 367J< TR T8, U 2808, M= Sl A B &

ﬁE{Jc[V(ZMLEH) VA =1 31452 H k574
HFrr=0id@id 'H NMR, °C NMR F1J5i i 3547 45 W AL
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COOH  NH-HCI . NH
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NH
' 2 I NH
B
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NH ©
AN
A
o 0
NH NHC NaoH [T NH
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@f’\; 4 '\|"\N AN \;l\l
D X c
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Scheme 3 Proposed mechanism for this transformation

3.3 =4 3a~3k RIRIEHE

2- R FE R IK-4(3H)-F(3a): A AE R, mp. 235~
236 ‘C (lit*! 234~236 ‘C); 'H NMR (400 MHz,
CDCly) &: 11.34 (br s, 1H), 8.26~8.37 (m, 3H), 7.82~
8.26 (m, 2H), 7.28~7.86 (m, 4H); *C NMR (100 MHz,
CDCly) d: 163.5, 151.6, 149.5, 134.9, 132.9, 131.7, 129.1,
128.0, 127.3, 126.9, 126.4, 121.0; MS (EI) m/z: 222 [M"].

2-(4- FP 40 35 2 5 ) W MR b -4 (3 H)- TR (3b): 1A € [ 44
m.p. 247~248 C (lit.*™ 245~246 C); '"H NMR (400
MHz, DMSO-dg) 0: 12.42 (br s, 1H), 7.47~8.21 (m, 6H),
7.10 (d, J=8.8 Hz, 2H), 3.86 (s, 3H); *C NMR (100 MHz,
DMSO-dg) d: 162.8, 162.3, 152.3, 149.4, 135.0, 129.9,
127.8, 126.6, 126.3, 125.3, 121.2, 114.5, 55.9; MS (EI)
m/z: 252 [M'].

2-(4- il Fik 4% 3L ) e 1 Wk -4 (3 ED)- i) (3e): B o Ak
m.p. 314~316 C (lit.*Y 313~314 C); '"H NMR (400
MHz, DMSO-d;) J: 8.02~8.57 (m, 4H), 7.65 (br s, 1H),
7.59 (d, J=3.16 Hz, 2H), 6.73 (d, J=3.16 Hz, 2H); "*C
NMR (100 MHz, DMSO-d;) d: 161.6, 150.2, 141.1, 139.7,
134.0, 127.7, 117.9, 116.8, 110.8, 103.8, 67.5, 33.5; MS
(E) m/z: 267 [M"].

6- FF 41 3k -2- 2 S W MR TR -4 (3 - T (3d): 1 £ 8] 4k,
m.p. 250~252 C (lit.*™ 249~251 C); '"H NMR (400
MHz, DMSO-d) 0: 12.51 (br s, 1H), 7.39~7.72 (m, 8H),
3.81 (s, 3H); >C NMR (100 MHz, DMSO-d;) d: 158.2,
131.5, 130.1, 129.1, 128.0, 124.6, 122.0, 119.2, 114.4,
106.4, 56.1, 55.7, 19.1; MS (EI) m/z: 252 [M].

6- 8 Bk -2-(4- PR 4R 5 O L ) v I Wbk -4(3 HY)- Tl (3e):
A AR, mp. 264~265 C (lit.*Y 264~266 C); 'H
NMR (400 MHz, DMSO-dy) 0: 13.37 (br s, 1H), 7.43~
7.84 (m, 3H), 7.42 (d, J=8 Hz, 2H), 6.85~7.27 (m, 2H),
3.79 (s, 3H), 3.78 (s, 3H); *C NMR (100 MHz, DMSO-dq)

542 http://sioc-journal.cn/
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5: 167.6, 159.6, 158.8, 141.7, 135.0, 130.2, 122.0, 119.2,
118.9, 116.1, 114.4, 110.5, 76.3, 56.1; MS (EI) m/z: 282
[M].

6- 1R -2 2% J5 v A Ik -4 (3 H)- B (36): (1 A [T 4R, mup.
290~296 C (lit.!"1294~295 C); 'H NMR (400 MHz,
DMSO-d) 6: 12.73 (br s, 1H), 7.73~8.24 (m, 3H), 7.56~
7.73 (m, 5H); °C NMR (100 MHz, DMSO-d,) J: 165.8,
137.9, 135.7, 133.9, 133.5, 133.1, 132.1, 131.3, 129.1,
128.5, 128.3, 120.3; MS (EI) m/z: 300 [M"].

W IRR-4(3 H)-Ti (3g): FI A4k, mp. 216~217 C
(1it.*215 “C); '"H NMR (400 MHz, CDCl;) J: 6.71~8.16
(m, 4H), 6.71 (d, J=6 Hz, 2H); *C NMR (100 MHz,
CDCLy) d: 173.5, 151.1, 135.1, 132.2, 130.2, 128.5, 116.5,
109.6; MS (EI) m/z: 161 [M'].

6- HH 4, 5 1 M4 bk -4(3H)- i (3h): [ £ [ 44, mup.
244~246 C (1it"Y 243~244 C); '"H NMR (400 MHz,
DMSO-dg) d: 12.19 (br s, 1H), 7.99 (s, 1H), 7.41~7.74
(m, 3H), 3.87 (s, 3H); °C NMR (100 MHz, DMSO-d;) ¢:
161.0, 158.2, 151.1, 143.6, 129.4, 124.2, 123.9, 106.3,
56.1; MS (EI) m/z: 176 [M'].

6- IR W WL Ik -4(3H)- iR (3i): F A [E A, m.p. 262~
263°C (lit.'"? 261~265 C); '"H NMR (400 MHz, DMSO-
dg) 0: 8.04 (br s, 1H), 6.74~8.04 (m, 3H), 6.72 (s, 1H); °C
NMR (100 MHz, DMSO-d,) J: 168.8, 151.0, 136.5, 133.3,
129.9, 119.1, 116.1, 105.0; MS (EI) m/z: 224 [M"].

6 3L E L IRR-4 (3 H)-BH(3)): P [EAA, mp. 284~
286 C (lit.'"¥ 285~286 ‘C); 'H NMR (400 MHz,
DMSO-dg) 0: 8.59 (s, 1H), 8.05~8.07 (m, 2H), 7.86 (br s,
1H), 6.85~6.87 (m, 1H); >C NMR (100 MHz, DMSO-d;)
5: 168.5, 156.6, 149.1, 135.5, 129.2, 129.1, 116.9, 109.0;
MS (EI) m/z: 191[M'].

2-(2-WR g 2 ) e b -4 (3 ) - B (3K): - 1 EA [ 4, mup.
169~171 C (it 168~170 C); 'H NMR (400 MHz,
CDCLy) 6: 10.96 (br s, 1H), 7.93~8.67 (m, 3H), 7.46~
7.91 (m, 5H); “C NMR (100 MHz, CDCl;) ¢: 161.4,
149.1, 148.9, 148.7, 148.4, 137.5, 134.5, 128.0, 127.3,
126.7, 126.2, 122.5, 122.0; MS (EI) m/z: 223 [M].

2-(4- F 35 I Bk )y s s K -4 (3 - i (31): 1 £ [ Ak
m.p. 259~260 C (lit.*Y 256~257 C); '"H NMR (400
MHz, DMSO-d;) d: 12.45 (s, 1H), 8.13 (dd, J=20.0, 8.0
Hz, 3H), 7.85~7.71 (m, 2H), 7.43 (dd, J=72.0, 8.0 Hz,
3H), 2.39 (s, 3H); °C NMR (100 MHz, DMSO-d) o:
162.75, 152.72, 149.20, 141.89, 134.99, 130.34, 129.63,
128.13, 127.78, 126.82, 126.29, 121.34, 21.44; MS (EI)
mlz: 236 [M'].

Chin. J. Org. Chem. 2019, 39, 538~543
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6- IR W14 43 H)- B 3m): A A [H 4K, mp. 269~

271 C (lit.*” 268 ~270 ‘C); '"H NMR (400 MHz,
DMSO-d) 6: 13.01 (s, 1H), 9.14 (s, 1H), 8.41 (s, 1H); 1*C
NMR (100 MHz, DMSO-d¢) d: 159.82, 154.80, 153.21,
150.16, 138.12, 135.14; MS (EI) m/z: 227 [M"].

¥ B4 £} (Supporting Information) =4 I &% 34k
WL X e b RE AT DL S 2 AR TI) Y S (http://sioc-
journal.cn/) I F#%
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