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Catalyst-Free One-Pot Synthesis of 4-Substituted Quinazolines
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Abstract A novel and catalyst-free one-pot method for the preparation of quinazoline compounds has been reported. Of the
prepared 15 quinazoline compounds, three are new compounds. Their yields are among 37%~95%. The effects of electron
effect and steric hindrance on the reaction were discussed. A plausible novel mechanism concerning repeating nucleophilic
addition and elimination to give quinazoline has been proposed. By this mechanism, the reaction could be applied to acid an-
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hydride instead of N,N-dimethylformamide (DMF).
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Scheme 1 Synthesis of 4-phenylquinazoline
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TEVUE R (THR) R 2RE 70, —EBE T, &8
BRI (2a) S T U IR A, SR I AR 2 5 2K 1 i
(la) AR T 2-% 2% — 2K P I % (3a), FRATTH 4278
R BRI R ONIERE R TR AE K 3a FISSIRGEE 1).

MNFE 1 ATLLEH, 5 mmol AR EFHIEE 2.0 F&E
RIRZE VEEAE 103 °C M 10 min B, 1530 KRN
36%(F 1, Entry 1). MR8, S HEIENE] 3.0 f5E
B, FEMFIZAET, WRZIBCRREAE] 95%(GE 1, Entry
2). ARERIEINVRIK S, 465 SR NI (R F] S
min, KR R 3] 82%(FK 1, Entry 3), K i ] 2E£K
30 min, MEZHIUCRA 99% (K 1, Entry 4). SN
ST M) — AN BB R, N il AT DAd i i R
A THF 5 HEMEERER]. 78 3.0 f5ER
Ky BERIHET, PRI, 15 2005 1R i 5
F AR 1, Entries 2, 5, 6). B, & J5H0E [ NG E
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Table 1 Effects of PhBr and Mg amount, reacting temperature
and time on the reaction

CN

(5.0 mmol)
Br MgBr NH, NH  NH,

1a
+ Mg — —_—
X equiv. THF/toluene
3a

temperature, time

2a

X equiv.
A t of PhB . e

Entry alﬁoll\l/lllg"(/)equivr Temperature’/’C  Time/min Yield*/%

1 2.0 1039 10 36

2 3.0 1039 10 95

3 4.0 1039 5 82

4 4.0 1039 30 99

5 3.0 84¢ 10 77

6 3.0 78 10 61

min AEA KA.

il M (1) [ M E5 RS, E 103 CHIZRATT, Bkl
DMF FIFIEAE 2.0 &R, &N 6 h JFIEfZCH kK, ¥
R RIS RS il 95% (K 2, Entry 1), [FIFESRAET,
J%/> DMF F| 1.5 8¢ 1.0 {5 &, wEmenbkif e B &R
% (3 2, Entries 2, 3).

K 2 DMF HIEXS S 52
Table 2  Effects of amount of DMF on the reaction
Br

MgBr
1a (5.0 mmol)
+ Mg —>
THF (5 mL), toluene (20 mL)
2a 103 °C, 10 min

3 equiv. 3equiv.

O NMgBr x equiv. DMF
6h
NHMgBr

Entry DMF/equiv. Yield"/%
1 2.0 95
2 1.5 77
3 1.0 64

“ Amount of PhMgBr based on 2-aminobenzonitrile. * Reflux temperatures.
“Isolated yields based on 2-aminobenzonitrile. “20 mL toluene+5 mL THF,
¢10 mL THF+ 15 mL toluene.” 15 mL THF+10 mL toluene.
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“Isolated yield based on 2-aminobenzonitrile.

JE IR R R A F B AR O R Y s L FE A DMF
RIS, ARE T AR 4- 2K T ek A 1h 2%
24 15 mmol AR FEEFE VR A 1577 5 mL PU SR A1 20
mL F2RH, 103 CH&MTFRMEISEHE KRS, A S
mmol 4¥ % 7 g [ M. 10 min, FFIA 10 mmol DMF
YRERTE 103 C4M RN 6 h. fEMBRHIZ&M T, H
ANF PRI IR FO % 7B IE M, Fegh Rank 3 o,
AL DL S B R G R T 13 A 4-EUAR
Wik &9, Ho 3 MRk e, ERAREIE R F .
DMF JEAT I s, B 4-FR ISR ZE HBELL 70% e
A5 HARANEE 3, Entry 2), M4 THIFE., H4HE
FE IR DL R A AR IR, R RS DL T 80%
ISR B MBI 4-HUAR EERRIBR = 4)(R 3, Entries 1,
3~5), 2-Fidk, 2- LRI (3K 3, Entries 4, 5) 2 I H
— 8 PINLRERSE, EATTAE B = MU e L 4- F A SR IR
ZK(FR 3, Entry 3)IF RS, FRATAE 4-H HEIRIK 1) SN =)
W R SO - T R AR I B T 2-(4- SR
F)-4-(4-F S IL ) mERRIR, ) BUCR N 25%, RITE
A-(4- SRSy bR A S, S R SR AT
A-FRFERILRACEETE 2 L RAE T RN, TR T B AR
FERICER, 30 B R DR U 7 LR AT T R AR
WEFL, A AT BE HH LR 30 7 nds bk 2 457 BARAS [R] 26 141 (1)
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VISR R R %, 23318 75%A11 80%(3 3, Entries 6, 7).
EIR IR IR SRR £ (RIS 2 A 37%(3%
3, Entry 8), {H/21%7 4 4 2% LR T — /MR, X
ATt — 2 R A RS R TR S A 15 - ) AR
TRIEAS B TR IR (56%) I E LI P~ ) (R 3, Entry 9),
VA Gn R AT AR R ROR — R I H FR AR I 45 T
RN, BRI R ISR . AT 0, 1-7RAR
ZEI S BE VAR TIRR, 7R BRATHT T AT i it 5 Hp ik
PR — D R AR 1-RARZE RIS B I R 1
WA AR P 4 8 1E 5 (36 3, Entry 10, 62%). [FIREH T &
PG PRI R, AR IER T ke IR Otz
A5 3 Fre v e bk = ) FETUAC R A 50% 75 47 (3% 3, Enntries 11,
12). i 4-5-2-FHEHIE. SFREFEE. 85, DMF i
AT IRBEEE, 45 2 FH S v Mk = P % 60%(3R 3,
Entry 13), T 5-fifk- 2-2 B8 FE . K. 5. DMF
SN, A2 BRI e (gl k), iR A
20% 7545, MR, BEAE ORI EE S, I 3-& 3
4TI, AR A
R3 OAFERARY AR 4-BUREMEIAT A4

Table 3 Synthesis of 4-substituted quinazoline derivatives using
hydrocarbon bromides

R I 5.ommol
Ha

R?—Br + Mg —» R2—MgBr

2
3equiv. 3equiv.

THF (5 mL), toluene (20 mL)
103 °C, 10 min

R? R?
. = | NMgBr 2 equiv. DMF R1'—\ SN
R 6h A
NHMgBr N
4
Entry R R? Product Yield“/%
1 H Ph 4a 95
2 H 4-M6C6H4 4b 70
3 H 4-MeOC¢H, 4c 90
4? H 2-MeC¢H, 4d 81
5 H 2-M60C6H4 4e 85
6" H 4-CIC4H, 4f 75
7° H 3-FCgH, 4g 80
8 H 4-BrC6H4 4h 37
9 H 3-MeOCgH, 4i 56
10 H Naphthyl 4j 62
11 H Butyl 4k 55
12 H® Cyclohexyl 41 45
13 4-Cl 4-MeOC¢H, 4m 60

“Isolated yield based on 2-aminobenzonitrile. * Reaction time after adding
DMEF is 12 h.
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A fie 5 AR R T R B L OB, B LR AR R ik,
NN'-— ZIE A DMF ARSI, A TR
TEAREIEIE TS DMF (46 1% SN 7 e 75 21 B R0 B
ZERJIN=CN(CHs),], TREATNANTERNH, DMF Hi
1) P 256 AN i T 25 5 2 S A N Bl i B 7K A AR G
KSR J5 P15 08 R AR SEAZ N IR AR T %
FE A P L SR N B T B — R S A R ) %, SR
Jo FERCER. Bl TR S Be AT W R, IR ROBE, T
N,N'-= 2 B e T = 2 B AN 8 e B i A
M. TESEEEAE B, AT E T ATREM B, ok,
TRAIVEE J A= ks PR T, 5 4R 25 2 G S b A3
BB KE K F R ek AN, BEEE A P T I
WRAENE FHAARLS DMF i IR N, BEAR
BT R SEAZ AR F, BB TS AR T, X
ZE SN R CLR B — P B e B, 1 5 — R R AN ke
ML AR G (PSR AR R T %, PR 2 S
AIRE S S INE. SR T RV — b G 5 47 8 1 B 5 S
T2 3 BEIRR SR MN A R R R S,
I S e Az O L BE 3R, OB 10 min, FF2K F IGTH
RIGFIN 1 EREMZRNE, KNS min 5, ZKFE AT
BT, B DMF, #I&KHL DMF Afe/R B, X1k
BF IR A il 75 78 F s R R 6} sz 1 B R 2

BAVANEELE A A W 3 B 6 i 7 3k
DMF 1) F Ik 35 A= S5 A% 0 A mT BEAE s B H A7,
TERHE R B 8¢ BY, HEfR B 8k B'R AT bR OB 2
TR, HAEAE T 5 TRR R T E R UK EES B
WA % € BRIERE €', 4R )5 &L eI & 2 1 & 1
FtBohE g ¢ 8 C' R HFEESE, KA EZ IS 2]
HE R D, HIER D R AEBR RN A B 4- 2 J P k.
THAF—FEE, MR IR B 5 A0 & 2 2K I A )
TEREBE SR IR A5 B G 5, FEFHILS DMF 7EAH
F AT RN, HURIUR N AR R A, RIH T —8 %
ISR R, 1350 B A Rl v R 5 D 5 A% 2 T 5 1) 4
575 DMF J v,

T b, ROz AT DL BRI AT OB, s F AR
J95 1) B IE AN 5 B R R R DM, 433 LL 77%
H1 85% IR AF 3] T AH B [ W LR P~ ) (3K 4, Enrties 1,
2). EARSCHR[1S1HARIE T H O BB A1 =90 £ BRI 5 2%
ABRAR S 25 — 2 FR R I PR B 36 A s AE s kb, L L
W 56%, HIEH TR N, WEAH &
PR .
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Table 4 Synthesis quinazolines with different anhydrides 37%~95%.
MgBr
M @ 1a (5.0 mmol) 3 g’ggﬁgﬂﬁ
+ g —_—
THF (5 mL), toluene (20 mL) v og
2a . 103 °C, 10 min 3.1 BERSHA
3equiv. 3 equiv. SR Bruker 300 A RILIRACME, JiiikH
O O Finnigan Trace GC/MS E, i #iikH Agilent
2 equiv 6210 LC/MSD TOF mass spectrometer (Agilent Technolo-
NMgBr | S2Bon source _ SN gies, CA, USA)IISE, 555 FH SGW-X4 B 4uhs s A0 s
ilrmm& on _DNA? SIS A T 5 S T A0, P T TE
. HEAT AR HL
R = CHj or Ph 32 a4 BEmR
Entry Acid anhydride Product Yield“/% TE— AR szsed, Se 15 mmol BZER 15
1 Acetic anhydride 4n 77 mmol £:7F 5 mL THF f1 20 mL FFEIIRS AR+
2 Benzoic anhydride 40 85

103 CoEAF TR 40 min, P8R KA, I 5 mmol
ARRIEAR NG, HEEEIE(TLO MM B, KM 10
2 #Hig min /&, A 10 mmol DMF Zk&i(T F— I M. M
BIHARE] F AR B, Pl OR T SVRORROSIROEISER. A 5 mL KR! 10 mL £
S AR R FC AT, BRI 5 A0 S F IS S5 T BT e BR B MO B e B, B FE TL o, 813 298,
E ﬁt, EJJD)\ DMF &&’ glfr'fj\lffjﬁ\ﬁk 4_3!{%[]?]]%[]%. ‘Z)’é?‘ﬂﬂ/"EZ@QZEE/%/‘%FAJ?@/)@&TP w‘FﬁHZﬂ&
BT, R AR, REA M A KL & R0 mL X M. KAHUIER, AT
W, I R T R T, R . A %:FJ: e, SRR 2R A B Y. AR 0.1 g A2
%ﬁj\:%%%ﬁﬂm{}i&’ SRR E TN AL AR FH =% 0.5 mL Zﬂﬁzz‘@at‘j PLA T Bk / 2R 2
RITURIL, A0 UK o s, RO : V=4 DOSRTBER, JITLC XV ™37y
AU R b, R T R Ry PVOC US4 RARRREE, TRy R

SR T REHLIE, FF s REE AT RETC S DME 2 AR LRI (a): 7GR, 95%. mp. 99~
101 C (1it"™ 95~97 C); "H NMR (300 MHz, CDCl;)

“Isolated yield based on 2-aminobenzonitrile.
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5: 9.40 (s, 1H), 8.15 (ddd, J=8.1, 4.6, 1.3 Hz, 2H), 7.94
(ddd, J=8.5, 6.9, 1.4 Hz, 1H), 7.85~7.75 (m, 2H), 7.68~
7.56 (m, 4H); MS (EI) m/z: 206 (M"), 151, 102, 76.

4-(4- TP 3 8 35 - e DR bR (4b)O) B €0 [ 4K, 70%.
m.p. 140~142 °C; 'H NMR (300 MHz, CDCl;) d: 9.39 (s,
1H), 8.16 (ddd, J=16.4, 8.2, 1.1 Hz, 2H), 7.94 (ddd, J=
8.4, 6.9, 1.4 Hz, 1H), 7.76~7.69 (m, 2H), 7.63 (ddd, J=
8.3, 6.9, 1.3 Hz, 1H), 7.41 (d, J=7.8 Hz, 2H), 2.51 (s, 3H);
MS (EI) m/z: 220 (M), 204, 151, 102, 76.

A-(4- F 4R I % 0 ) s R pR (de): £ AR, 90%.
m.p. 81~83 C (lit!" 82 C); 'H NMR (300 MHz,
CDCl;) 6: 9.36 (s, 1H), 8.21 (ddd, J=8.4, 1.4, 0.7 Hz, 1H),
8.12 (dt, J=8.5, 0.9 Hz, 1H), 7.93 (ddd, J=8.4, 6.9, 1.4
Hz, 1H), 7.85~7.77 (m, 2H), 7.64 (ddd, J=8.3, 6.9, 1.3
Hz, 1H), 7.15~7.09 (m, 2H), 3.94 (s, 3H); MS (EI) m/z:
236 (M"), 220, 205, 192, 140, 102, 76.

4-(2- P L S R - s s ik (40)!' T 9 B LA, 81%.
m.p. 128~129 °C; 'H NMR (300 MHz, CDCl;) d: 9.42 (s,
1H), 8.15 (dd, J=8.6, 1.1 Hz, 1H), 7.94 (ddd, J=8.4, 6.8,
1.5 Hz, 1H), 7.71 (dd, J=8.4, 1.5 Hz, 1H), 7.58 (ddd, J=
8.2, 6.8, 1.2 Hz, 1H), 7.46 (ddd, J=8.0, 6.0, 2.4 Hz, 1H),
7.42~7.32 (m, 3H), 2.16 (s, 3H); GC-MS m/z: 220.

4-(2- F AR 2R 3 ) ki (de) " B ELEN A, 85%.
m.p. 136~137 °C; '"H NMR (300 MHz, CDCl;) d: 9.40 (s,
1H), 8.18~8.15 (m, 1H), 8.12 (d, J=8.0 Hz, 1H), 7.99~
7.93 (m, 1H), 7.64 (ddd, J=8.3, 6.9, 1.2 Hz, 1H), 7.52~
7.47 (m, 1H), 7.39~7.31 (m, 1H), 7.18~7.11 (m, 2H),
3.92 (s, 3H); MS (EI) m/z: 236 (M"), 219, 205, 151, 102,
76.

A-(4- G A% HE ) s AR TR (4): B (o [E A, 75%. mup.
122~123 C (lit"" 122 C); '"H NMR (300 MHz,
CDCl;) 6: 9.40 (s, 1H), 8.21~8.07 (m, 2H), 7.96 (ddd, J=
8.4, 6.9, 1.4 Hz, 1H), 7.82~7.72 (m, 2H), 7.66 (ddd, J=
8.3, 6.9, 1.2 Hz, 1H), 7.62~7.53 (m, 2H); MS (EI) m/z:
240 (M), 204, 177, 151, 102, 76.

4-(3- PRI ) - bk ()" B (L 4A, 80%. mup.
147~149 °C; 'H NMR (300 MHz, CDCl;) d: 9.41 (s, 1H),
8.16 (td, /=82, 1.1 Hz, 2H), 7.98 (ddd, J=8.5, 6.9, 1.5
Hz, 1H), 7.68 (ddd, J=8.2, 6.9, 1.3 Hz, 1H), 7.63 — 7.53
(m, 3H), 7.54~7.48 (m, 1H); MS (EI) m/z: 224 (M), 205,
176, 102, 76.

A-(4- 1R IR L )~ 1 L IRk (4h): B 8 [E 44, 37%. mup.
177~178 C (lit!" 152~154 C); '"H NMR (300 MHz,
CDCls) 0: 9.40 (s, 1H), 8.24~8.08 (m, 2H), 7.97 (ddd, J=
8.4, 6.9, 1.4 Hz, 1H), 7.79~7.58 (m, 5H); MS (EI) m/z:
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284 (M), 282, 205, 178, 151, 102, 76.

4-(3-FRER LT ) - R bR (4i): 3 EE R IRVEAR, 56%.
'H NMR (300 MHz, CDCl3) 6: 9.39 (s, 1H), 8.16~8.12
(m, 2H), 7.93 (ddd, J=8.5, 6.8, 1.4 Hz, 1H), 7.62 (ddd,
J=8.3, 6.9, 1.2 Hz, 1H), 7.49 (t, J=7.8 Hz, 1H), 7.3 (dd,
J=17.7, 1.5 Hz, 2H), 7.16~7.09 (m, 1H), 3.90 (s, 3H); "*C
NMR (75 MHz, CDCLy) 6: 168.3, 159.8, 154.6, 151.0,
138.3, 133.8, 129.7, 128.8, 127.8, 127.2, 123.2, 122.4,
116.0, 115.1, 55.5; TOF-HRMS calcd for C;sH;3N,0 [M+
H]" 237.1022, found 237.1023.

A-(1-ZEF) - M bk (4)): 35 (O IR, 62%. 'H
NMR (300 MHz, CDCly) 6: 9.52 (s, 1H), 8.20 (d, J=8.6
Hz, 1H), 8.07 (dd, J=7.6, 1.9 Hz, 1H), 8.03~7.88 (m,
2H), 7.76~7.65 (m, 2H), 7.62 (dd, J=7.2, 2.0 Hz, 1H),
7.58~7.48 (m, 3H), 7.41 (ddd, J=8.4, 6.5, 1.4 Hz, 1H);
C NMR (75 MHz, CDCly) d: 169.1, 154.7, 150.7, 134.3,
1342, 133.7, 131.5, 130.0, 128.8, 128.5, 127.9, 127.9,
127.4, 126.9, 126.4, 125.4, 125.1, 124.9; TOF-HRMS
caled for C;gH;;N,Na [M—l-Na]+ 279.0893, found
279.0921.

4-1E T Fems i (4k)!": [0 E K, 55%. mp. 107~
108 “C; '"H NMR (300 MHz, CDCl3) 8: 9.24 (s, 1H), 8.17
(dt, J=8.3, 1.1 Hz, 1H), 8.07 (dd, J=8.6, 1.2 Hz, 1H),
7.91 (ddd, J=8.4, 6.9, 1.4 Hz, 1H), 7.67 (ddd, J=8.2, 6.8,
1.2 Hz, 1H), 3.44~3.18 (m, 2H), 1.89 (tdd, J=12.8, 9.1,
5.4 Hz, 2H), 1.56~1.48 (m, 2H), 1.01 (t, J=7.3 Hz, 3H);
MS (EI) m/z: 186 (M"), 171, 157, 144, 129, 102, 76.

4-3R CLIE DRI (420 B E R, 45%. m.p. 124~
127 “C; "H NMR (300 MHz, CDCl;) d: 9.28 (s, 1H), 8.22
(dd, J=8.5, 1.3 Hz, 1H), 8.08 (d, J=8.6 Hz, 1H), 7.90
(ddd, J=8.4, 6.8, 1.4 Hz, 1H), 7.67 (ddd, J=8.3, 6.8, 1.3
Hz, 1H), 3.59 (it, J=11.6, 3.3 Hz, 1H), 2.01~1.95 (m,
5H), 1.92~1.70 (m, 2H), 1.69~1.21 (m, 3H); MS (EI)
miz: 212 (M"), 183, 169, 157, 143, 129, 102, 76.

7- G -4-(4- H R R O 3 ) 1 M K (4m): B £ ] A
60%. m.p. 170~171 °C; '"H NMR (300 MHz, CDCl;) &:
9.34 (s, 1H), 8.24~8.00 (m, 2H), 7.79 (d, J=8.6 Hz, 2H),
7.58 (dd, J=9.0, 2.1 Hz, 1H), 7.12 (d, J=8.6 Hz, 2H),
3.94 (s, 3H); °C NMR (75 MHz, CDCl;) 6: 167.9, 161.6,
155.4, 151.7, 140.0, 131.7, 129.0, 128.8, 127.8, 121.5,
114.3, 55.5; TOF-HRMS calcd for C;sH,,CIN,O [M+H]"
271.0633, found 271.0638.

2- FH L 4 R FE W R bk (4m): A B [EAKR, 77%. mup.
48~49 C (1lit?" 48~49 ‘C); '"H NMR (300 MHz,
CDCly) §: 8.12~8.00 (m, 2H), 7.90 (ddd, /=8.4, 6.8, 1.5
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Hz, 1H), 7.80~7.74 (m, 2H), 7.62~7.50 (m, 4H), 2.98 (s,
3H); MS (EI) m/z: 220 (M"), 179, 151, 102, 76

2,4- T ORFEE LI (do): B (A4, 85%. m.p. 120~
122 C (lit® 117~119 ‘C); '"H NMR (300 MHz,
CDCl;) J: 8.80~8.69 (m, 2H), 8.23~8.12 (m, 2H), 8.0~
7.98~7.87 (m, 3H), 7.60~7.53 (m, 7H); MS (EI) m/z:
282 (M), 205, 178, 151, 102, 76.

%% Bh A1 K} (Supporting Information) Hiib &4/ 'H
NMR, ®C NMR AR 4 9 1% (HRMS) 1 . i 24
REAT DL 2 MAS T 9 335 (http://sioc-journal.cn/)_E N %K.
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