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Abstract Quinazolines are an important class of nitrogen-containing heterocyclic compounds, which are widely used in
pharmaceuticals, biomarkers and materials science. A novel and efficient method for the synthesis of 2-phenylquinazolines
through iodine-promoted intramolecular cyclization of N-(2-acetylphenyl)benzamide and cyanamide has been developed. This
method has advantages of not using metal catalysts, simple operation with cheap reagents and step economy, offering a useful
and attractive route for the synthesis of 2-phenylquinazolines and their derivatives.

Keywords iodine; 2-phenylquinazoline; metal-free; intermolecular cyclization
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D). fEMEEZES, BT RS S RAEARKEE. B
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Figure 1 Quinazolines in pharmaceuticals

H T PR EAT T2 T S S, A2 AT
KT ZMEBAERA BREMM, G ZMEY), A
FEL R0, Qa5 HEER T 2-A FE AR SN R R AL,
AL H AT ECECH DA R 2- A PR F) 7 2 2 i
W55 A LA AT PR AR AR IERI20) L 4- Sl P S e b o
(1) A 8 25% A DA S B2 0300 I 2 A% 1 771 5 2% A A 2 )
SFALARIRBY. 2022 4, Lin SR PHRIE | &R 7
TR A 2- B R ) 7 75 (Scheme 1, a), LA 2-
ST IR R, CAES AR, 7E 95 CF,
AU P G A A OB A R 2- A e AL
EW, FEEEIS 95%. 2024 4F, Srimani BEIZHPILL 2-4
FLRRER 2-2K ZBENJRY), L NNO-Co(IDFC &4 9 fiE
7, ERRIIPER NI AR T 3-HUAR IR (Scheme
1, b).

SR, IXLE S MR 2RI — DA A,
SNEi E R I TR] A A B o A A AR DL K A
V& R M4, D, KRR —FhfEi s, Bt Hos
R T 6 i 2- R MR A 5 ) AT SO . S
TRELLK, JFR T UL N-(2- LT 5858 4 Yt i A1 G
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9 JERE, = SR (TFA)VE AR AN, ERAEAE T il it
Iy T 1AV AL G B 2- 2 Bk v e bk K G AT AR ) 1) SR e
(Scheme 1, c).

(a) Lin’s work

Co(OAc),*4H,0

. " OH tBUOK gl

R4 1 _EBUUR
= * R=CN ~{AmOH, air ~ "L A,
NH, 95 °C, 24 h N" R
(b) Srimani’s work H
| A
/N_CO O
NH B Br Me
2 NN
+ R-CN G0l Y
OH t-BuONa, Xylene N/ R
130°C, 36 h
c) This work R2
$
R I2 (0.5 equiv.) N
* NHCN FEA" 2 equiv) TFA (2 equiv.) & ' N
DMSO, 110°C N |
&
R1

B 1 MRk & RO

Scheme 1 Method for synthesis of quinazoline
1 ZER5e

A N-(2- 19t 28 5 )2 PR IR Jig (1.a) RN RUIG hy B 1R TG
), 1£ 0.5 equiv.l/EHT, ¥ 1a FFHLLE = FIE TR
(DMSO)AEFIFESFBE F 110 CE&AF &M 12 h, PL
20%) 72 FRAG R T ) 2- K BRIk (2a, K 1, Entry 1),
ek X SRR ATHAIER T 2a M5 2, CCDC:
2367350).

R T IR AR, SERGRWE 1 P, Bk
X ARG B AT O ik, R IRAE S SR R =5 3
P, IA3] 50%(FE 1, Entries 1~3). A 1133 & 3& ()
R, 5T — RV BVER, W LG
N,N-—FJE H 5 (DMF) 5, siie 25 B3 B 22 B0 713 v]
PAFEZR1Z B, Hodh DMSO & 3R s, 24 4if A
DMF I3 W F] B b5 #) (3 1, Entries 3~6). b5
T L) FH B 5 AR =47 2 i, 448 AN R FH &
FRIRIINE 7 R AR B I . R BB &N 0.5 equiv. i,
HE AR MNARR, PR 0] LLEE] 50%((GR 1, Entries 3,
7~9). FEI UL S B R R N R R, 4 SRR
T e A B AR B R B 2 BT N %, 110 "CH2 iz B
& R AEIR (R 1, Entries 3, 10, 11). HJEIET T BRI
ININFANT % S, SRR AN . =IO FF
TR B RS AR NN, R =5 R S Tk e
RiR R, F2ZA LA R 70%(K 1, Entries 3, 12~15). &
S AR I N 2R A R 0.2 mmol N-(2- 2 2 5 )~
7% k% (1a), 0.2 mmol &%, 0.5 equiv.fit, 2 equiv. =%
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22,2 mL DMSO 1E NN, fE 110 CHEMFFER
SR BB R SN

B2 2alf) X S im L
Figure 2 X-ray crystallography of 2a
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Table 1 Optimization of the reaction conditions

o) catalyst
H additive N
N + NH.CN —— |
solvent \N
O
1a a

Entry Solvent Ipequiv. Temp./C  Atmosphere Yield®/%

1 DMSO 0.5 110 N2 20
2 DMSO 0.5 110 02 35

3 DMSO 0.5 110 Air 50
4 Ethanol 0.5 110 Air 20

5 MeCN 0.5 110 Air 32
6 DMF 0.5 110 Air n.d.
7  DMSO 0.1 110 Air Trace
8 DMSO 0.3 110 Air 25
9 DMSO 1 110 Air Trace
10 DMSO 0.5 90 Air 15
11  DMSO 0.5 130 Air 32
12¢ DMSO 0.5 110 Air 20
13¢ DMSO 0.5 110 Air 70
14¢  DMSO 0.5 110 Air 46
15 DMSO 0.5 110 Air 35

4 Reaction conditions: 1a (0.2 mmol), NH,CN (0.2 mmol), solvent (2 mL),
110 °C. ?Isolated yields; n.d.=not detected. NaHCO; (2 equiv.) was added
as additive. ¢ TFA (2 equiv.) was added as additive. ¢ Pivalic acid (2 equiv.) was
added as additive. /Methanoic acid (2 equiv.) was added as additive.

A3 T Fe Ak N2 2 S, WHZ N IR R 3 F
PEHHAT T 552, IR 2 Fion. B8 T — KRy A IR
() N-(2- T 36 2R B )~ 2 HR I Jie 70 A o 2% 2R T 1R B
BATTHER AT LA DAE H A R A 1 P SR b A A R B 1)
HAsr=9, R R N BB S0 E e A M 2a~
2n). %ﬂ%u N-(2- 215 75 2 25 )~ 24 P e g B A 28 FEL 12
RLTREMR, SR 7 SR A IR TR A G SO
FIEF(FEL, 28, FIAEIE) I N-(2- 25 2 Jk )2
Wil SEUGES R A LB TR N-Q- LB K
By 2K R fi = 2R AR T A IR - R A B R ) (2~ 21),
FA TS IR _F A AT 4 H T R A I AT DLBE 47 b 3 R S R
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SRR A, HEE, FEEEURIE AL TR (Al
HIRILIT N-(2- 2P 2R 58 )~ Bt e £ e I 2% 1 1 2k
F7S288, AR DA LA AR P SRR M3k 4T, 3 B A7 B A58,
XF H AR A R R (2b~2d, 2f~2h). {E
13 S 2 2 UAREE N 2R BRIt AT LBL 58% ) 77 2 It
FIASH) 2-(Z5-2-FL) bk (2n). BRILZ 4N, SE36 KB 7-
G-2- 2R S5 A A R A, T DA R b e e 12 S B AR B, R R
N 46%(2m).
2 N-(2- LTI ) 2 H I 1A JER A 3d A B 7

Table 2 Substrate scope of N-(2-acetylphenyl)-benzamide de-
rivatives

N o}
A
pZ N\ + NHLCN
R? |
o) N
R2

I (0.5 equiv.)

TFA (2 equiv.) X
DMSO, 110 °C N" Y o
=
2 R
N N I
x ! N ! \N
N N
2a, 70% 2b, 56% 2¢, 58%
2d, 55% 2e, 58% 2f, 63%
€\ { N [ \j\
~ IN O X, ! |N "
~ N
N)\©/ \N
O/
29, 60% 2h, 61% 2i, 42%
I’\l
L &\
Cl
2j, 45% 40% 21, 41%

N
oy CC
2m, 46% 2n, 58%

4 All reactions were performed with substrate 1 (0.2 mmol), NH,CN (0.2
mmol), I, (0.5 equiv.), TFA (2 equiv.) in 2 mL of DMSO at 110 ‘C under air.
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NIRRT BEHO RS S S HLER, FRATTIEAT T AL g
SEIG ISR [ N ALFE (Scheme 2). #f 0.2 mmol [ N-(2- 2.7k
RE IR HEZA 0.2 mmol HIFNELE 0.5 equiv.iitfl 2
equiv. =S SRR AR HESEAE T, IO 2 equiv. H B R4 12

FTEMPO)EL 2,6- —UT HXF HEY(BHT), 7£ DMSO H
110 ‘CM 12 h, 735ILL 40%A1 0% 7= 24600 2 H Ax
7Y 2a, RUNZIRNALEPE K 5 AL

I, (0.5 equiv.)
TEMPO (2 equiv.) N
+ NH.CN ————— |
TFA (2 equiv.) \N
DMSO, 110 °C

2a, 40%
I, (0.5 equiv.)
+ NH,CN BHT (2 equiv.) IN
TFA (2 equiv.) X
DMSO, 110 °C N
2a, 0%

M2 s
Scheme 2 Controlled experiment

FE T 0 SCHR YR BF B DL B 4% ) SE G i 25 R, fR T

PR S ALEE(Scheme 3): B4 N-(2- ZBE#HE) 7K

Tt (1a)i) o AR AR NAT R E A A, B4

Hia & A B DMSO 4 IF A sl alik B, HiiEfk B 5

AKAE ik R BR1S 2 rh )& C, Hhialik € 5 %U% NS

F ik D, BEJE A A D BAR AR 3 ik E, $

[k E 57K1ERAS 2K F, &5k F >N
WAF R 4 7) 2a.

2 Zhig

REMURJE T — Pl B e R i e i e 2-2K
WM S AT AE I 5. R N-(2- LB R ) 2
Bl A EU D JE R, = CIRAE AN, iArAE N 8

QW\ES%Q\N\ES)DMSO DMS@\N\B

> FIRMEINL, B R T s BRI ) 2- A Qe e
WAL &Y. ZIHERA L FR SRR RN%
PEIRAN S 3 A ) B A O0 md, DR e B R G i s FH 4
NIRRT It T — 2007 & BB R,

3 SRRy

31 X5

"H NMR F1 3C NMR 7£ JNM-ECZ400S 400 MHz /&
A REFAR AL (H A JEOL AR _EMsE, B CDCl;
YE#5, 'TH NMR %45 L CDCl;s (6 0.00) 2%, '3C NMR
BHEEHE L CDCly (6 77.0085%. Sl fd i AT E ik
FISHEFPIATE, BRAERG U, B E— DAt
3.2 2-FEEMMEEITEMNE K

¥ 0.2 mmol N-(2- £ T JE 2R I8 ) R FH I i (1) 0.2
mmol FHZ+ 0.5 equiv. i, 2 equiv. = F LR 2 mL DMSO
AE F3 3R PR YOI 10 mL [ Schlenk J 35 1, 7
A 110 CR R, i AT (TLO) W E &
RN TEA. ERMEANEERG, H AR OBEZE
(10 mLX3), AU KT, HICKm R
T, W45 A ET Al R g, Vi V=10
)73 B A5 2 H br =4 2- 2K F v bk f2 AT AED) 2.

2- R FEMEIEIER(22)32): (A E R, mp. 99~100 C;
'H NMR (400 MHz, Chloroform-d) J: 9.46 (s, 1H), 8.62
(dd, J=8.1, 1.7 Hz, 2H), 8.09 (d, J=8.4 Hz, 1H), 7.96~
7.87 (m, 2H), 7.63~7.57 (m, 1H), 7.57~7.50 (m, 3H);
3C NMR (100 MHz, Chloroform-d) J: 161.01, 160.48,
150.72, 137.99, 134.10, 130.59, 128.62, 128.60, 128.53,
127.25, 127.10, 123.56.

2- (41 R 2 3 s IR (2b) 320 ({5 [ 4K, mup. 107~
109 ‘C; 'H NMR (400 MHz, Chloroform-d) J: 9.51 (s,
1H), 8.10 (d, J=8.7 Hz, 1H), 8.00~7.87 (m, 3H), 7.67 (t,
J=17.5 Hz, 1H), 7.39~7.32 (m, 3H), 2.61 (s, 3H); *C

NH,CN

6%

HCOOH

HOCN
2a

BR3 ML

Scheme 3 Proposed mechanism
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NMR (100 MHz, Chloroform-d) J: 164.02, 160.10, 150.35,
138.54, 137.32, 134.14, 131.27, 130.60, 129.29, 128.56,
127.54, 127.07, 125.98, 122.88, 20.99.

2-(I8) FE A 3L ) s IR (2¢)132): (3 (B 4K, mop. 101~
102 °C; 'H NMR (400 MHz, Chloroform-d) &: 9.46 (s,
1H), 8.42 (d, J=11.4 Hz, 2H), 8.09 (d, J=8.4 Hz, 1H),
7.95~7.87 (m, 2H), 7.61 (t, J=7.5 Hz, 1H), 7.4 (t, J=
7.6 Hz, 1H), 7.33 (d, J=7.4 Hz, 1H), 2.49 (s, 3H); 13C
NMR (100 MHz, Chloroform-d) J: 161.18, 160.45, 150.73,
138.28, 137.90, 134.10, 131.42, 129.06, 128.57, 127.20,
127.11, 125.74, 123.53, 21.52.

2-ChF B L e bk (2d)BY: (B [E A, mop. 120~
121 °C; 'H NMR (400 MHz, Chloroform-d) J: 9.46 (d,
J=5.1 Hz, 1H), 8.52 (dd, J=8.2, 5.6 Hz, 2H), 8.12~8.04
(m, 1H), 7.95~7.86 (m, 2H), 7.60 (t, J=6.9 Hz, 1H), 7.35
(d, J=8.1 Hz, 2H), 2.46 (d, J=5.3 Hz, 3H); *C NMR
(100 MHz, Chloroform-d) oJ: 161.11, 160.44, 150.77,
140.88, 135.26, 134.06, 129.41, 128.52, 128.49, 127.12,
127.04, 123.49, 21.51.

2-(4- £ HE 2R By W bk (2e)39): B R Y. H
NMR (400 MHz, Chloroform-d) &: 9.45 (s, 1H), 8.53 (d,
J=8.2 Hz, 2H), 8.08 (d, J=8.4 Hz, 1H), 7.96~7.85 (m,
2H), 7.60 (t, J=7.5 Hz, 1H), 7.37 (d, J=7.6 Hz, 2H), 2.75
(q, J=7.6 Hz, 2H), 1.30 (t, J=7.6 Hz, 3H); *C NMR (100
MHz, Chloroform-d) J: 161.14, 160.44, 150.77, 147.17,
135.50, 134.04, 128.59, 128.54, 128.21, 127.11, 127.03,
123.48, 28.84, 15.44.

2-(2- F 4R 0 R L ) e Mt ik (20)B3): 1 5L [ 4. mup.
118~119 °C; 'H NMR (400 MHz, Chloroform-d) J: 10.88
(s, 1H), 8.81 (d, J=8.6 Hz, 1H), 8.32 (d, J=7.9 Hz, 1H),
7.62 (d, J=5.9 Hz, 2H), 7.58~7.52 (m, 1H), 7.20~7.12
(m, 2H), 7.09 (d, J=8.4 Hz, 1H), 4.17 (s, 3H); *C NMR
(100 MHz, Chloroform-d) ¢d: 163.66, 157.58, 141.80,
134.26, 134.07, 132.65, 132.37, 123.46, 121.49, 121.00,
120.54, 117.04, 111.51, 101.52, 56.02.

2-(3- F 4R B O Ly s e ik (2)B%): 1 BB [T 4. mup.
95~96 °C; 'H NMR (400 MHz, Chloroform-d) 6: 9.47 (s,
1H), 8.23 (d, J=7.7 Hz, 1H), 8.19 (s, 1H), 8.10 (d, /=8.4
Hz, 1H), 7.92 (dd, J=11.6, 8.2 Hz, 2H), 7.66~7.59 (m,
1H), 7.45 (t, J=7.9 Hz, 1H), 7.08 (dd, J=8.2, 2.7 Hz,
1H), 3.96 (s, 3H); 3C NMR (100 MHz, Chloroform-d) J:
160.82, 160.45, 159.99, 150.70, 139.45, 134.13, 129.64,
128.65, 127.32, 127.12, 123.64, 121.12, 117.27, 112.91,
55.44.

2-(4- PP L 8 3 I K (2h)BY: 3 B [ 4K mup.
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87~89 C; 'H NMR (400 MHz, Chloroform-d) J: 9.42 (s,
1H), 8.58 (d, J=8.9 Hz, 2H), 8.04 (d, J=8.4 Hz, 1H),
7.93~7.84 (m, 2H), 7.57 (t, J=7.5 Hz, 1H), 7.05 (d, J=
9.0 Hz, 2H), 3.90 (s, 3H); '*C NMR (100 MHz, Chloro-
form-d) §: 161.80, 160.84, 160.40, 150.81, 134.03, 130.68,
130.18, 128.39, 127.13, 126.79, 123.29, 113.95, 55.38.

2-(2- 9 S Y I IR (20)B37): 9 (% [ 44 mup. 88~
90 °C; '"H NMR (400 MHz, Chloroform-d) 6: 9.53 (s, 1H),
8.20~8.09 (m, 2H), 8.01~7.92 (m, 2H), 7.68 (t, J=7.4
Hz, 1H), 7.52~7.44 (m, 1H), 7.32 (t, J=7.5 Hz, 1H),
7.28~7.21 (m, 1H); *C NMR (100 MHz, Chloroform-d)
0: 161.21 (d, J=253 Hz), 160.44, 159.79 (d, J=4 Hz),
150.57, 134.33, 132.13, 131.63 (d, J=8 Hz), 128.67,
127.89, 127.11, 126.98, 124.25 (d, J=4 Hz), 123.23,
116.86 (d, J=22 Hz).

2-(4- 5 2K ) M IRR (2)B7): (B B K. mup. 131~
133 °C; 'H NMR (400 MHz, Chloroform-d) &: 9.44 (s,
1H), 8.62 (dd, J=9.0, 5.6 Hz, 2H), 8.06 (d, J=8.3 Hz,
1H), 7.91 (t, J=7.7 Hz, 2H), 7.61 (td, J=17.5, 7.1, 1.1 Hz,
1H), 7.21 (t, J=8.7 Hz, 2H); 3C NMR (100 MHz, Chlo-
roform-d) ¢: 164.64 (d, J=250.2 Hz), 160.51, 160.08,
150.68, 134.18 (d, J=5.4 Hz), 130.63 (d, J=8.6 Hz),
128.50, 127.28, 127.13, 123.45, 115.66, 115.44.

2-(3-E I ME LI (2K)BY: (A E R, mp. 148~
150 °C; 'H NMR (400 MHz, Chloroform-d) &: 9.48 (s,
1H), 8.64 (s, 1H), 8.54~8.50 (m, 1H), 8.10 (d, J/=8.3 Hz,
1H), 7.99~7.90 (m, 2H), 7.65 (t, J=7.5 Hz, 1H), 7.48
(dd, J=5.7, 1.0 Hz, 2H); 3C NMR (100 MHz, Chloro-
form-d) §: 160.59, 159.72, 150.65, 139.84, 134.77, 134.34,
130.55, 129.86, 128.67, 128.64, 127.66, 127.17, 126.62,
123.75.

2-(4-F IR FEL ) Ik 2D [ FE K. mp. 133~
135 °C; 'H NMR (400 MHz, Chloroform-d) &: 9.45 (s,
1H), 8.57 (d, J=6.8 Hz, 2H), 8.07 (d, J=9.0 Hz, 1H),
7.97~7.88 (m, 2H), 7.67~7.59 (m, 1H), 7.55~7.47 (m,
2H); C NMR (100 MHz, Chloroform-d) &: 160.55,
160.02, 150.66, 136.83, 136.48, 134.29, 129.88, 128.83,
128.57, 127.48, 127.16, 123.60.

7-5-2- R IRk (2m) PO EA. mp. 132~
134 °C; 'H NMR (400 MHz, Chloroform-d) J: 9.43 (s,
1H), 8.60 (d, J/=7.7 Hz, 2H), 8.08 (s, 1H), 7.86 (d, J=8.6
Hz, 1H), 7.59~7.50 (m, 4H); *C NMR (100 MHz, Chlo-
roform-d) J: 161.85, 160.15, 151.28, 140.32, 137.55,
130.97, 128.67, 128.43, 128.37, 127.75, 121.90.

2-(ZE-2-FE)ME IRk (2n)B8): [ A E K. mop. 133~

http://sioc-journal.cn/ 2161
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135 °C; 'H NMR (400 MHz, Chloroform-d) 6: 9.60 (s,
1H), 8.69 (d, J=7.2 Hz, 1H), 8.22~8.14 (m, 2H), 8.06~
7.97 (m, 3H), 7.94 (d, J=8.1 Hz, 1H), 7.71 (t, J=7.5 Hz,
1H), 7.64 (t, J=7.7 Hz, 1H), 7.55 (p, J=6.7 Hz, 2H); 13C
NMR (100 MHz, Chloroform-d) J: 163.45, 160.43, 150.55,
136.26, 134.35, 134.15, 131.16, 130.38, 129.61, 128.65,
128.48, 127.76, 127.15, 126.87, 125.89, 125.84, 125.30,
123.12.

45 Bh#1 ¥} (Supporting Information)

&Y 2 1 'H

NMR 1 C NMR % &, 3X L4k ] DA 2l A R 2l
(http://sioc-journal.cn/) I N %K.
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