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Progress in the Synthesis of Benzoheterocycles from
2-Halobenzamides
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Abstract Owing to important pharmacological and biological activities of benzoheterocyclic compounds, their exploration for
efficient synthesis methods in drug field is of great value and wide application. Due to the existence of multiple functional
groups and reaction sites, great progress has been made in the synthesis of quinazolinones, isoquinolinones, isoindolinones, ben-
zisothiazolones and other benzoheterocyclic compounds using 2-halobenzamides as important synthons. In view of this, accord-
ing to the different structures of the products, the research progress in the synthesis of benzoheterocyclic compounds with
2-halobenzamides as the starting material in recent 10 years is summarized, and the related reaction mechanism is expounded.

Keywords 2-halobenzamide; metal catalysis; domino reaction; cyclization reaction; benzoheterocyclic compound; reaction

mechanism
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(1) Ullmann reaction ! R3 = H, COOH,
H,N” "R2 Me, Bn, Ph

4 | (2) Aerobic oxidation , BN,
: i _R
N
O ________________________________________
R X " (1) Ullmann or SpAr reaction Q
N - JU , or N=—R?
;fN//\ R2 (2) Cyclization H,N™ "R

(1) Copper-catalyzed amination HO/\ R + NH3+H,0
- NaN3)

(2) Cyclocondensation or R2CHO (or 3

(3) Oxidative aromatization ( ) (or TMSNy)

B 1 2- o o4 R fe 5 PR e P AR P 3 PR 3385 B T

Scheme 1 Retrosynthetic analysis for the synthesis of quinazolinones from 2-halobenzamides

o 0
R1 CuBr, K,CO3 R!
@5\)LNH2 + AT NH, 110 ~ 130 °C, DMSO, air l\\ NH
Ay 43% ~ 86% A A

N A
X=1,Br, Cl X =1, 8 examples '
X = Br, 16 examples
CuBr | Ullmann X =Cl, 1 example CuBr | Aerobic
K,CO3| reaction air | oxidation
R , © g0
: R

@\)\ NH, CuBr, air SN N, Addition |\\ NH
SN A Aerobic | PN Z N)\A
H oxidation N™ Ar H '

B2 i o e i A 5 4

Scheme 2 Copper catalyzed synthesis of quinazolinone derivatives
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X2 o- BRI RIZ, i1 C—C BRI Wt
24, A ] g v e IR A 2 4 1D D A% B A — R 1 Y
JEEARRE R IE, =5 E S, £ CuBr/K,COs fi
W, PL2- K Wi o AL &F L, KBRS
AT IR O JERE, TG 7S DA AT e A4 B AT S 3 2-95
FE W KB ) & il (Scheme 3). & 7E CuBr/K,COs {1k
R, RATEGHUE T 78 k20,

B TR AR S 2- 5 A F Ik e A i e e
FRAb, a-B IR MRS 2 KA RN, HH24 ) 7 Ullmann
B R AR T WIS FE(Scheme 4), 7=
A 40%~T2%21. AL e AR 22 AR AL R B A A AR
1#5(GO)5 FesO4-Cul WREMEH NRER A, HiZE6#
A B A R, DY IR AR 3R 5 7= FR B AR AN
/E[ZZ]'

— LR IR 28 K B M e AN A i S, AT 5 2- 1 2R HH gk
i A FER SR RE2324, gl B, 7 Cul/Cs,COs flEALAR R,
o 2~ PR B e 0 Z- 02 e T ) S BT, Z- 4 g Tl 1, 7 >4 T
R, NSS4 Ullmann C—N B¢ . Michael addition
F retro-Mannich %5132, 7224 20%~78% (Scheme 5,

a);, A XN E-I IR, TR SAMIMABCAR L2
&, 4nfE Cul/L-proline {4k~ 4 i bk 40 & 47,
FEFAN 14%~81% (Scheme 5, b)12),

A antl, — 6 B PR AT SRR A, i nT S
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PR IR AL S S S N IR, T & 1 DU & P IR I
[2,1-a] W MR T A2 0 (Eq. 1)126
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R? R2 R
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>y = (i) O,

X=Cl,Br,1 R3=H,alkyl, OMe, Cl
R1 R2
A N~
= N XN
| R
=
31 examples, 41% ~ 89%
CUBF, K2003

DMSO, air, 120 °C

o Ref. [19]
R’ 2 R
| X N~ R 1
AR
X Ref. [20]

0
X =1, Br, Cl; R = Me, Bn, Ph R! R2
40% ~ 72%

l\\ N”
= N/)\Ar

CUBI’Q, KQCO3

X=1,Br, Cl

DMSO, Ar (101 kPa), 130 °C
X =1, R=H, Me, Bn, Ph

Ref. [19]: 16 examples
Ref. [20]: 12 examples

40% ~ 90%

BRI 3 2- i 58 LA 2 5 275 2 W A

Scheme 3 2-Arylquinazolinones were synthesized from 2-halobenzamides and benzylamines

Ref. [21]

CuBr, K,COg3, air (0]

0
R! COOH
Dt
Ay H,N™ TR?

Ref. [22]

R1
DMSO/ethylene glycol \\ NH
GO/Fe304-Cul ‘ = N/)\ R2

0,
Cs2C05,120°C Ref. [21]: 20 examples

X=1,Br

DMSO/ethylene glycol

Ref. [22]: 16 examples

B 4 2- R A o SRR R Pk

Scheme 4 Synthesis of quinazolinones from 2-halobenzamides and a-amino acids

O NH,

RSH\X)\ R3 R3=alkyl, Ar

CU', C52CO3
CH4CN, 90 °C, 24 h

CH4CN, 90 °C, 24 h

Cul/L-proline, Cs,COg3

O
2 o)
RC N/R J
(AN Pogs T O R @

Oﬁ/NHZ

20 examples
O
R2
L YN 0
LA, ©
N CHjy
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BT 5 2- 5 F B 2 RO 2 P 5 A WA A

Scheme 5 Synthesis of quinazolinones from 2-halobenzamides and enaminones
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_ HoN™ "R® Method B: (i) Cul/4-hydroxy-L-proline, Cs,CO3, DMF, 80 °C
Br

(i) HMDS, ZnCl,, DMF, r.t. ~ 140 °C
R3 = alkyl, aryl, benzyl, vinyl
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L

Method A: 17 examples
Method B: 9 examples

Method A: Cul-NP, K,CO3, 70 °C, 5 h

Q 0
R’ 2 1
o _R o Ref. [28] X = Br, CI R R
| N o+ L — R'=H,R%=Ar . |\\ N
" H,N” RS NP s
Method B: Cs,CO4/DMSO N R
Ref. [29] X =F, R' = H, CF3 Me, OMe Ref. [28]: 6 examples

R3

Ar, alkyl

Ref. [29]: 26 examples

B 6 2- p 4 L e M 5 5 A

Scheme 6 Synthesis of quinazolinones from 2-halobenzamides and amides
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Ref.[38] X =1, Br; R% R®=H, aryl, alkyl

CuBr/L-proline, DMSO, 80 °C

o]
R2 Method B: R*CH,OH _R?

R N~ NaN; X =Br, R2=H R1-L NN
L H Ref. [39] CuO/L-proline, TEMPO, p-TsOH & N/)\R3

DMF, 110 °C, 24 h
Method C: CH3CON(Me),

Ref. [38]: 29 examples
Ref. [39]: 13 examples

Ref. [40]  cul, TBHP, p-TsOH
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B 7 2- 4 M R 28 SR B B e P T

Scheme 7 Synthesis of quinazolinones from 2-halobenzamides and sodium azide
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Scheme 8 Retrosynthetic analysis for the synthesis of isoquinolinones from 2-halobenzamides
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Scheme 9 Reaction mechanism of Ni catalyzed 2-fluoro-
benzamides with alkynes
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|
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0 (e}
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WAL, 72 E 35%~99% (Eq. 16)1.

RO Cu(OAc)'H0,KoCOs g1 @ R2

@a\N/R <CN DMSO, Ny, 90 °C, 5 h l\\ N .
H +
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I FH G S A1 B 1) S 4R 2 S 7, 3 T S — L S
WK IR &5 K (R AR R R B 0 . AT AR TR R AH STV b 1
A H 2-1R-N-(2- s AROR B AR I O SRt S 2-3
CIRPEREMR B L, — PR T WA G R IR
e S T 2R AL S, 7R FN 63%~91% (Eq. 17).

R2
5 CN

P J CuCl, NayCOs, N
\\ N N\ + < uCl, NaxLUs, N

| H R:  DMSO, 60 ~ 100 °C
Pz X! X2

X1 x2 =Br. Cl R3 = CN, COOCZHs,
COOCHj3;, COOC4Hg
2

R! i =R
I\\ N/@ (17
N N
H
R3
21 examples
AN, 2 BN AR TR ER AR I 2-1RAK
PRI, AT RIS R & )& RS A BRI AL 1 &
S WE BRI 45 1 B AR 25 AL &1, TP 61%~85% (Eq.
18)1581,

R! o K CN
\.OMe

N e

g 0 R

r R3=Ph, CN

(@] R2

R1
AR N/S:
H

R3

I FH I i i A A0 A3 381 1 R 4 8 S B () B e 3
R, AT A J SR N ISR A, W
2-MK 2, fFH S 2-MK LG SO, 7E CuCl/J%
FRIEAL R, BELL 74%~94%I1) 7 284 15| Wie - 7 v Ik
FKATHEYI(Eq. 19)%°) Rk, AR KR v #4237
F2 77 AN [R5 S5 WA R 225 440 RO BRI 2 R, 1% 6 SRS

Gl

Cul, C52003 (OI' K2003)

DMSO, Ny, 70 ~ 90 °C
20 examples

; o | CuCl, proline R1\ _R?
R\\ s ) CsaC0;, DMSO || o
+ )
| _J_H 2o 80N, “oyn 19
I CN 19 examples
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23 2-FFEBEEB S S FEE S FRRLE KRIERE
et A=x

JENE {2 — 28 & R 1 SR &1, R R
BYHE PUSBEMPTIIR S EDE Y, 156 R 2
S G 37z B A0 B TR B, 2- i 2K AR I i n] i
53 P OUER 3 [ IO2TER A, fiz . S5 30 5 W i P 5 .

Chaudhary BRI 1-(2-$2 2.38)-WREE A HLN
> AT (Orgeat.), 7EAUT BEARERET, DL N-2RJE-2-
PRI G R o JER), i E R R R R AR TN B
1k, A& BEERERR AL A PI(Eq. 20). BT 3 A BRIk
W, F1E 6-exolendo BX S-exo —FPIA R,
N-HURRZE IR A7 1E AR SE I v] e B SE 47 B 5 4 7
#%[63—64]'

(0]
o Orgcat. R!
R /@ DMAP, KOBu |\\ NH
X N = (20)
| A Mesitylene, 150 °C, 24 h
Br 24 examples

FIF 4R Pd 4L, HATSBRLR 431 P IR0,
RUEITIRALOILL Pd(+-BusP), AT, FUT E At
(Boc) R4 N-ZR S0 o 2R FH B fi vl K A 43+ A AL
6 32 117 <2 I S 0 B 1) — BV B A, TR RN 37%~95%
(Eq. 21).

DL 2- AR 2K F I A Sk, R mldat S i = 1
[F) PR K S N A R e R Ak & 47, i, 7 PACl,-
(PhCN)o/CsF ER T, 2-¥5 (50 A% F I i my 5 it i i A2 H

ik 5t
O
=
g9 J:):—RZ Pd(t-BusP), R{\
N NH
Ny KOAc D 1)
P Boc H DMA, 135°C, 2 h Z )
X 30 examples “ R
X=Cl, Br |

g C—C BB, 541k 5w & B b, —8
A R IENE B ZRAL A PI(Scheme 10)681, 244k - 35 DU 48
S4B, PA(OAC)/PPhy/NaOH AL 1A &, 7E DMSO
JNE, A0S Y (R 2R R i A1, T 7 6 I ) A PRl S 30 2184
B k16,

A&, 1E[PACL(PPhs),)/KoCOs HEAL IR R, &
FEAN RIS AT RS, W] 6 1 A5 21 AN [] S e {2 7=
V. VI R R G (DMF) I, 15 21 2 5 DL 1 Bt
BEREEE P2, AE 1,4- S NI, 7S 2R BB
FE 7= ¥)(Scheme 11). X 7] 85 A [RIVE 75145 S5 B2 Ft F (1)
B P V5 i B AN [R) A 270,

3 FMIWRER SRR

2-p A R LG A OV A T, T R IR
FTeaIE G, Forp, fE Cu #1791 Pd #h7455 4
JEMEALTT, 2- 0 2 FH I 5 RS ) SR L 5 8 57 i W
B SRAL S0 B o . S MR SR AL B 2 VF 2 R AR
W o T IR LA, BATUREE. JUE. i
BERIRTE(HIV) S BUEREANIG TR R 55 7 72 AL Wi 1k
731 Bk, S RER S S A G TR TR
Z R,

(0] = o 2
R! R? PdCIy(PhCN),, CsF S R
X DMAc ( trace H,0), 140 °C | N
2 || H %
>y R2 = Bn, aryl, alkyl, heteroarylmethyl = |
X =Br, CI 53% ~ 93% X
”
;
Ri= 0 ) C—N
Pd(0) \ R formation
c—C N
. “Pd(Il)
formation _ \ RNH, + CO,
9 R2 (or RNCO)
R 0

B 10 FEAEAL AR s o A 5 BTN

Scheme 10 Palladium-catalyzed synthesis of phenanthridinones from o-halobenzamides

[PACIo(PPhs),]
X
|\ N K,COs
=
= | DMF, 3 h
S
\R .

o

R1
C
= Br

[PdCIy(PPhj3),]
N~ K,CO3
H 1,4-dioxane
24 h

B 11 BRI L 2 O AR 0K S 2

Scheme 11 Pd-Catalyzed coupling of o-bromobenzamides

2182

http://sioc-journal.cn/

© 2021 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2021, 41, 2175~2187



Chinese Journal of Organic Chemistry

REVIEW

LR IR UTTILL 2-35 2 FE I Jie 55 R v o oM kel
1E Cul/L-Fl = R T, 1T Sonogashira B 1431
W 5-exo UL IIRE, — B SEIL T 3-30 FH 3 S5 0 Poe- 1 -l
AR, P2EN 55%~93% (Scheme 12). 1% M 1 545
By Z BYF=H, A A A7 LR i 2 S T LRy R A QR
I EZoN E BP9, Hal, %0775 28 T A0 len-
noxamine 5 k. BJ5E, Cu(OAc)Ho0/2,2'-BR K IALT8]
Cu(OAC)»*H,0/1,5-— 2k — 5 [5.4.0] F—¥5-5 (DBU)™
255 W[ Cu(DMAP),IIEOVEE 5 8 4 £6 {4k 14 R TR 9l T
KN T AL, HARIRE A Z 2471,

BRA i bRAE A, —LERp R S5 1A B R P 5 2- oK
PR Bt e sz 97 S 3R S Ml Poe- 1 - T 24k & 0 1) P81, 43
PLBRER N B, #E Cul/1,10-Phen (LR, Sl iR ss X
BRI ER B S-exo M4k, RIRT & R Z 24 55 k- 1 - 25 4L
EYI(Bq. 22)182). %7775 AT k4 Sonogashira N HH 5E 4+
PE BRI = B AR R

0O

_R! ‘ Cul, 1,10-phen, Cs,CO;
N" +HoOC-=—R?
DMSO, 120°C, 1.5~2 h
X R? = aryl 19 examples
X=1,Br

o)

(;E%*“”%] 22)
\R2

Br 7L o OB, IR —8ik R B S, AT
TE B J 37 5| W k- 1- ] () 3k b 3k — 2B A7 AR AR, {3l 2,
DL 2-pa 8 B IR . A mmbR AR AN 1-HUA S| e A JER], 7E K
PERRA B, @ =25 B, A AR 3R] eI S
Wb - 1-J 2247 A ) (Bq. 23)184.

FIELZ N, AT E SRR Pd SR A4k o 4 2 ke A
AR Bty I A B M PR K- 1 - (1 4 1 5 g 20 DILESSY, g
FERO 644, BA PA(MeCN),Cly/1,1"- Bk Z5-2,2'- X — 2
BEBINAPY/E N IA R, K2 FEEE Z By, K

o =—ph 0
rR1 R? Cul )
N N\ PTS, EtN N-R
H o+ | —_— (23)
X ~=N  H0, Ligand
L soc [N PN
X=1, Br R* 11 examples /\ N
R? \
: R3
N N=
Cronro D)

Ligand

TP AEAE — FE HAF] E B 4)(Eq. 24)156),

R1 Q R2 Pd(MeCN),Cl, 0o
Ve
XN If BINAP, DBU S )
I H o+ — | N—R?  (24)
Z y R3 DMF, MW = {
120 °C, 30 min

X =Br, Cl

4 FF[d]FE()EERY & RX

DL 2-pi 2K LRGN Y, B RE S & B () 44 38 4k
AR A . Ferb, IR IR [d) () LR 26 16 5 P A
A B MPUAA TR, A O A 5T A 8,
W, 2-p K L S R R (). Al ik . KSCN
(KSeCN) %5 2 B, R & il 2 I S e (Al ) -3 (2. H)- i 25 41
“9.

Cu M KT E(HE ) C—S. C—Se I
AT ML B B E L7 R0, DU BRL 5 a2 5 5 2-
i AR P I i 2 87 B ol 25 TR AT 4 A4 B P B R AS 451
APOY. Kumar BREIZHPALL 2- g AR H B Rl B0 07 5
BE, FIH Cul/1,10-Phen 4k, H] & % R 51 2K 5 il e -
3QH)-FZA AW, 725K 47%~96% (Scheme 13). #
L JEORLAR B A B L 2 5 IR, T AT A R I S 1
ME32H)-FRAEYD, 773 40%~95%.

o 10 mol% Cul 0
R2 30 mol% L-proline X
N N~ o+ =R R N-R?
R _ H i-PrOH (or DMF, DMSO) = \
Br R3 = alkyl, aryl K,CO3, 85~ 110 °C R3
19 examples
N 5-exo
Cul | Sonogashira g
L-proline reaction cycle-addition
e}
O R2
R? N P
L N~ Deprotonation/Coordination R (g
R H
= S Base/CulL Z \\,'\\
A /N3
A R3 B Cull R

B 12 Cul/L-JHZ B AE AL G 2-15 4 Ik i A0 A i R A2 D e Bk B 2

Scheme 12  Cul/L-proline catalyzed domino reaction of 2-bromobenzamide and terminal alkynes
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BilLE FIRSiRE
1 0 ) Se (or S) powder, o
BNGENL Cul/1,10-Phen R
| N K,CO3, DMF, 110 °C SN N R
P _
X Ref. [92]: Y = Se, 28 examples, 47% ~ 96% = Y'

X=1,Br, Cl

Cully | oxidative
KoCO3 | addition
HI

o}

Ref. [93]: Y = S, 29 examples, 40% ~ 95%

Reductive CuXLy

elimination

R R2 Insertion

@f‘\,\( reaction
|

Z~y Cubn Se (or S)

; 0]
R 2
|\\ N/R
Z X +CuL,7

B 13 IR0 (1) e i £ | 6

Scheme 13  Preparation of benzoisothiazolones

5 PO LR A £ A A, L 2-f(IR)-N-
H I S B, AN T BAE FH 4@ Cu EvfiEfh. fERAUR
B~ 110 “CRRY, W] HEA A Sl -3 H)- B 1L
EW, FEEN 59%~98% (Eq. 25)1°4.

R1
|
O, /R1 (o) N\
N | Sesel (1) DMF, 110 °C, Ar Se
+ LiSeSelLi 2)H,0 (25)
R = alkyl and aryl
X=1,Br 15 examples

KSCN (KSeCN)tH & A it (filh I 52 FH T B L& Ak
HE 5T H5961 7€ Cul/1,10-Phen/DABCO (1,4- %44 3
[2.2.2]3F o) AL IR HE T, 2-1R2K F Bk A% 55 0% R vl
R C—S BB, TR EmFIERE, Ml EmEad

KSCN, Cul, 1,10-Phen, DABCO, BuyNI

53 PSR A% AR 72 B AT 6 1 o I S W k-3 (2 H)- Bl 288
A W)(Scheme 14)°7, 25fplth, #5 DL KSeCN A, 7E
Cul/1,10-Phen/Cs,CO; AL, RIS 2-fll o FE I fide xof
RS- 32H) BRI A RS

5 HtbEHRFUSVHIAMK

BRH LS R B S AR IME S YA, 2- s 8
FF I Jiz A1 R A5 B R R B 0V S 7 1 2R 1100100 5 4
FIZRFF N IO E Y. Wil R, 2- ¢ 2K
A 1,3- B FEAE YA JE R, Cul AL, Cs.CO;
NEk, DMSO A¥EF, £ 100 CRAIME TN, &R
T 3-BR-RETREMEY, FEN 56%~98% (Eq.
26).

(6]
N/R
H

Br

R =H, Me, Bn, Ph

9 examples, 35% ~ 62%

Cul, L Oxidative
addition

R2
Q N/H Ligand
exchange
o™ KSCN
u
Il L

(0]
:Cu

Reductive
2
N/R elimination ©\)LN/R2
H ﬁ' H
—SCN S J

o
i
4
S
-CN-

Nucleophilic
substitution |Base

O

cul, L “CN

B 14 2-78 2 H BRI IR FURET & ik I -3 (2. H) -

Scheme 14 Synthesis of benzisoselenazole-3(2H)-ones from 2-bromobenzoamides and potassium thiocyanate

R1 o R1 o
_R? o o Cul, Cs,CO H
DRI oo, LU0 'Y @)
Ay R " R?  DMSO, 100 °C, N, NN N0
23 examples
X=1,Br,Cl R® = alkyl and aryl
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Britz Ab, 2-x 8 B EE se H T & R Lo sk
WEDA S, Flan, LL2-x 28K B R AT AR P Fn
2-WICR AT A ke oG R, 7E Cul/K.COs /EHF, @
15> F 81 Ullmann C—N BRI 27 ) C—N B fi
i FE, AT R R R ARIR IR R A W, RN
44%~83% (Eq. 27)1%4].

0
R N/R3 | R* Cul, K,CO3, DMSO
H + -
) x s 135°C
R X=Br | HoN R 22 examples
’ O R3
R! N
(27)
4
S
H
R5

B 418 BT AR SRR A, 2-10 2K H e ads mT 540 o 1y
KKV P, IR BRI a2 ML & &
FiH105-1061 fgi g, DA 2~ F B e A 2-J R W Ak 46 T
Bl Cul AT, — 2K H 3L F G N ERAR, KsPO4 N,
DMF M7, 120 CF B, A& R 2R FERE A IR
K aW). xR BIFEF 24 )0 Smiles BEHE, HifiLt
JENAS B I AR IEAL B 5447290 (Scheme 15)107),

6 BESRE

BIEZ, ETHRFF RGN
POBHRH S5 AU LR IV 7, EEEOR DA 2- b 28 HH
JEAE AR & T, IR, s B, 5
FIFRIMEE DN G RIS T K2R, Frl ik T
X Ao I < MR AR IE | B BB S AN 2 2 70 e I A% (AT AL
2FH, ARRAE AN R 25 M R s AR, A RO £ T
FI AT RGN

JE I, VR IRAFAEVF 2 PRk, FATIN AL
NP RUE AR (1) H TR T 2- 5 2K LI O IR0t 2R
FHRAIMEEYIRI E, EEED TASGIMAK TR
i I < Je A A BB B IR IA AL S N, i R R e AL
G LOSVRIT B A 2 pl U109 488 ¢ 00 5 BT 15 A AIT 78 2 P A
s (2)RA 2- A LG A IR A 45 T 7T, R AE
MIAHEIF A E VIR, X T 2R S
ER AT

Rk, R Fedr R, KT ikst
CERTTE, R, R E I RIMEEY), TR
FEALSAWT U H BS503R, AU 2- s
RIS F T 1L, TR 2L S EAT BRI T
8] S S .

O (@] RZ
R 2 B R3 R /
@a\N/R rj©/ Cul, dibenzoylmethane |\\ N
H +
= | HO K3PO,4, DMF, 120 °C F o
32% ~ 95%
R3
Ulimann Cyclization HBr
coupling reaction
Base
(0}
1 RS
R\\ N/RZ Smiles ;
| rearrangement R
H NN
=
© R? | _— L2 Br
oHR

Br

B 15 IR IRER 1A K
Scheme 15 Synthesis of dibenzoxazepinones
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