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Abstract

Direct halogenation of aromatic compounds is one of the most fundamental and widely utilized
reactions. The obtained aryl halides possess versatile applications in organic synthesis. For in-
stance, they can participate in metal-catalyzed coupling reactions, leading to the synthesis of var-
ious molecules such as drugs, natural products, material compounds, and organic semiconductor
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compounds. Aromatic halogenated compounds also play an important role as precursors to orga-
nometallic reagents. In addition, direct and efficient halogenation of aromatics is one method to
discover novel drug molecules and adjust their medicinal properties. Consequently, the synthesis of
aromatic halogenated compounds has become of greater importance. This article primarily summa-
rizes the recent advancements in the halogenation of aromatic compounds using N-halogenating
reagents.
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1. 51§

TR ZAFAE T 23 UL R R IR =0 oy 1, RIS FE A4 R A3k DA S A= dn B 2 At A o B 2L 1
ML) [2]. BEE T L HEE R BB N R, 758 s AL E s AR A, A HLA AR
8 4 B RO FE B A 0, RIS R A B mT DUE A L& B A R AA DL B 2 TR S 5 3] &
RN, PRI, 5 A S AR IR G| TR 2 () O, VR 2 05 R ) AR N AR BT R R

AL G812 fE AU N A — 8 1 SE FANEL, H2 75 B8 A A 23 00 T 28 50, 1 H R B2 AT %1,
XAE—EFEEE LR T FHR 3] [4] [5], A3 RS0 H e 1A 1 S8 AnigAn i B 5 15 1 s AR 71
B N- A% T =7 R (NXS) K EL AT A 0(7 1) [6] [7]
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Figure 1. N-halogen reagents

B 1. N-ERik5

2. &R ENL

Au EATITE R HLE B N — B2 — AN TEFE[8] [9] [10], DA Au REREXE % K& C-H il
AT S A1) [12], 1 AuCl /E N Lewis BRPE—E 2 HERHETE 1L NXS BHEE[13] [14], UL,
Wang @20 Ay B i 77 4% C-H HE LA NXS (1 FIBS XGEAAPE R, S5 B i s AR B, ARATT A &
wo FER T PRI AuCH VR AR B 05 & im0 AR 7 214 2) [15], R 2 1 mol% Ak 77l FH &t e
g DI A Y S R A5 3 B AR 5 Ry, i BT E BT R, A E DRI, RN
REMETEIR AN 2R T AT . BT OB A, S BRAIRA - B N AR B IR U AT« Befis, Xl
PL AuCls AL SR H AT DL F2 2148 ] NCS AT NIS 3E4T SIS S N7 o 1% 05 1R 4T B LAAT: s it 1%
(28 BT T A FH IS A NXS R BRI 405 7 DA 5 o AR R s B4 7925, 3l of 057 BR AT NIXS FR8UER 7%
SRR RE Y, RIS TR R B RCR -
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active Cu | N p
AuCl3 (0.01 mol%-1 mol%) A
N H NBS (1 equiv.) - Br ArB(OH), ©/ r
L~ DCE, rt - 80 °C, up to 99% yield L~ [Pd(PPhg)y] Z
(3 mol%)
Ar'
[Pd(PPh3)4] (3 mol%)
Cul (5 mol%)
Figure 2. AuClj; catalyzed synthesis of aryl bromides
[E 2. AuCl; RIS IR IR IR & BY
/\SnBu\g X
Pd(P'Bus), N
ArB(OH), X Ar
In(OTf)3 (0.01 mol%-1 mol%) [Pd(PPhs),] R _
XN H NIS (1.1 equiv.) X |
R R
= MeCN, rt, up to 97% yield = //
Ar'———H 7
Ry
[Pd(PPhg),]
Z>COO0Me < @/\VCOOMG
Pd(OAc), N

Figure 3. In(OTf); catalyzed synthesis of aryl iodides
3. In(OTH); ELHIF IR BILBI & B

% RS R 55 R UG AE S A0 AR 6 R OBE Hp ) R LA T [16] DA IR 1 SR SR = D TE A= 4 AR P 9
[17], Romo %5 \ ¥ B Jeferal 7 75 B AR SN o BLAR NIS 1] LATE =950 2R S5 B R 16 R SEBL 5 & (1A,
R T SR E IR L, T HaRR I 21t 5 R AME, Bk, MATRIA In(OTf); 1AM, NIS
PER AR, TFR T 5 GV B S (] 3) IR 2 T BRI B Refb S R [18], %
NEAAFIRAN, SRR S, (EBE G 4B AL Sonogashira. Suzuki. Stille LA K Heck fBER N A 4
IREFIIRDL. dbAh, 1EZRMINESINE T RARF=REM T, IR T 55 R R AT E 1 25
FTEYESC R, A B T80 i L AR P o Jn A4 FE 7 5 DA S S R T P R R E A

AL F i e — P 2 ThRe AL R B LA R, BONA L F i BA A ARoe v, ik, stk
TR R R P S5 A, T SRl P o A A s o 5 5 FII[19] [20]. 2012 4, Huang 5 AFIH A FL4r T+
i R 1) Ag GIKMEAGTISEIL T 05 R I et AR R BL (] 4) [21], T BB W& k0 7 H R 1 DA S oK
&Rl A P R % S AL IR AR R S, T EL A AR P AIE R AE T, %o & 8 mT e A 22 (1 O Je B A e
PN AE . Lhah, 1ZZRALH Ag DKM I3 &b A 0 TG AL DR A 05 4 2 5 1 L e 2R B0 e B4l T
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AT BT 1] o

Au FLAE VIR HARE RSERR M, 2 O SR ALK - A B 58K TR [22] [23] [24]. Frontier ¥R
HET Au LA R R R T —Fh o5 SR AR BB B S A 7 v AT IR PhaPAUNT, 52301
TURFAGEAE T SR AR B 4) [25], [RSEA RAFHREIE M, ASEE A TR R S 24 T B iR
A, BFERIE. B, B, BIRES, RMVASREWIRIF T . ERBFMA TR & M2 kR0
$&, MBI A SR IBESR g 1 — 13 B RE L 5 R &4

Ag/HMB (2 mol%) Ph3sPAUNTf, (2.5 mol%)
N Br NBS (1.1 equiv.) N H NIS (1.1 equiv.) X |
R R R
= DCE, up to 99% yield = DCM, up to 98% yield =

Figure 4. Nano-Ag catalyst and Au-complex catalyzed synthesis of aryl halides
4. gK Ag ELTILLR Au E EHIECRFEE XN S K

BAR Au S5 BTE R T DA A SR I R 0 AR N, AL X AR A7) B B (A A DA S B AR AT
(RS2 8] 7 — s FIPREI[26] [27], DG, AATE B efm 7R BARE M SR, W Fe. Co MK
Ni £#[28] [29]. 2015 4F, Sutherland %5 AT FRANT T BRI FeCls MENMEALT], X o5 ket & PkdT 1 B
Ri[30], %2k PESHEIE PEIR B f 755 SR A IR AP AR (&) B) e TEIZ RN, = 3 FF s I e 5 7 ¥ sk
SO EA R RRER, JF HRES R R, 54N CHOE S B AR, ZTERE S R
W5 SRR PR RN, RS TR I A & P RS BT LR

BARZ DT RAT — A, (BRIEAEE—SeBRG,  Lanis e o (10 05 R 28 5 R AE AR I B, IX 4
ST R B AR =2 . R, Sutherland 55 0K B RS BIHE ME S E B, AITIET NIS FI9E
RFERE, SEIL S M 75 R 1 Bt SR S R o JE T ok, A AT IR A i LA R AT I AgNT AR M (AL 7,
E—E R BT T ONIS MR, SEBL T 07 R i P A S ML [31], ORI T A 7 (A
ROR(E 5). Ah, ZITIEM IR BT — R 5 H P 2 BRAR R A [125 145 ek S A R, 5
PARRISCRAG RN T B A=Y, IXABAER TR RS

FeClz (5 mol%), NIS (1.1 equiv.) N |
[BMIM]NTf,, up to 90% yield R _
N H AgNTf, (7.5 mol%), NIS (1.1 equiv.) N |
Ry DCM, up to 99% yield Ry
FeCl3 (2.5 mol%), NCS (1.1 equiv.) N Cl
[BMIM]NTF, (7.5 mol%) Ri- P

up to 92% yield

Figure 5. Fe and Ag catalyzed synthesis of aryl halides
[ 5. Fe 0 Ag LAY TS R ILAIBY A RR

LT NBS LUK NIS, NCS AASHEARKIETE, B, a0fTisit NCS FfgH w257 1 i SR N
H— BRI AR RS . BT RTHI TAE, Sutherland FIF B JCEE I FeCla ME AT, =5 ST
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Wt 2 10 T WA AR ), TP T — A BRI 57 ke AT IR[32], 1 8 1 — RIIIF7 e (14 5).
AT R AZ TR BRI IR ) T RIR = AL B 7> 7 i b, IR —fid i B Bk s, 7321
T &AM kOt 5.

3. Lewis fE#E{L

% Lewis B AL TAE S & [33] [34], Gustafson 55 N ST HKIE 21 Lewis Blxt NXS #EATiE L, A
T A — Pl A0 EL s B fee A S, 5 Al H T 05 2 s A& O R AR AE RIS /2 o B R AT L, Al AT e 2%
FIFH BEAN G0 4 1) =R FEBRAL Ay Lewis BRAEALFISEIL T NXS Him&uEtt, G5 T 5 R0ED
P AR B 6) [35], 1NV RILH R AT RS IE M, SAFRA, JEERIIN R T wd =z, BH
IRIF S FIANAE 2% S SR Ak 7] 19 3R DA S AR PR ATF 9 0 7 LR AL B S b AR ) e T B3 1wl gk
FHSEIL T I REE 0 p AR

PhsP=S (10 mol%)

N H NXS (1.3 equiv.) N X
Ry R
a CDClg, up to 96% yield =
X=ClorBrorl

Figure 6. Triphenyl phosphine sulfide catalyzed synthesis of aryl halides
B 6. ZXEMUBELNFT RN Eas

BT &S NXS BT R N-X (&1, iz AE 2] LA I 45 P i B HEAS 21 05 1 s A4 [36]
B2 BT AR B 05 48 o A AR LTI U6 05 7 i S 3 PR B AT, DRI 43 TR SR mT RE L 2T N I N B AR o B
T i, Yamamoto &5 A[3717E S50 H A LA LRI 2,4,6- —H ERFLAE N Lewis BRAET], FrE bR
fitl EIF R 75 A A A S SR (1] 7). SEIRRE, RIS, AR R AR R A
HRE S AT IR B R AR BL . 2T IERI T N ARG & HE AR R S L M A TR, %o 25 o 20 07 e R0 05
WAEAT KA L, FRE SRR B ST T — 8k 2 AT R ARG ROV EA LR R 23R DL B
VE o AZITVETETE KT i 07 B e A A B AR 3 33 p AR S THT B A AR KV 77 6

2,4,6-Trimethylaniline (10 mol%)

X H NXS (1.2 equiv.) X X
R1- R
= DCM, up to 99% yield =
X=ClorBrorl

O/ ArNH,

Ar” ‘x Ar” @X

Figure 7. 2,4,6-Trimethylaniline catalyzed synthesis of aryl halides
B 7.2,4,6-=REFREXNF RSN E K
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SRTM, 24 NXS H T 05 IRtk i) e A S S by, S Al A A o 1 LI I S 2 [38], X % 75
R e AR SR TR R o AT XFX AN, Yeung S5 A [39]F FH SR AR HEMIWRSRATAE YD 5 NXS M
P RAE A P R A i S B R B SR SEELT R A A M IR s AR (14 8) o S B 2 AN, R S 1R 4 s
T BAVEER T HRY), ORI ORGSOV AR IR I B AT OF Has tHOU R 7= . IE A,
FEAZRNIRATR, F7IERBESAL S AR 2] TR Besh, ZRNAEES il 25,
WIETHHE R AT CASEEL s AL P (i fay B idl, A% 38O B R B DT e AL I — R A 5 Al

HJHpEE st
cat. (5 mol%) COOMe
XN H NBS or DBDMH (1.05 equiv.) X Br : N\, !
RIL ~ RL ! CsH11,
= "heptane, up to 99% vyield = ! H I
. catalyst
@)
gr. COOMe y
N—H | N
»~"CsH14 R _
N
@)
O COOMe
Br
X
N—Br \ nC5H11 R+
N =
0O H

Figure 8. Indole derivate catalyzed synthesis of aryl bromide

& 8. MIMRLTEMERN TR E R

BT LR SRR R » Lewis B 1) (i A4 LA 2 I\ — i s 80 A0 AR R a3k 7 0 23 Fi i AR S )
AL, JEFE NG S Hul 1 Lewis B8RS 5 555 1 i A i AH ELAE FH A s s I 7% 2 P 843 2 BH 25 1+ [33]
[34] 7EEFEA [, Arai & A [40]FF — 05 B AL ME AL 7], x) 1,3- = f-5,5-— FE 3 R A T V6 4L
SEL T ANFEFRAE VI A mE R R BB 9). ZTVEIRYIERVERET, X E TR,
LR S g AT, B R MBS, N TR R, R A T, eRMA
BBk @iy b s, 55 CimAE R SRR R R T B OCHEEME, ERA TR T,
SN FR BLIR  FAG o 1Z T N BRI AT AN Lewis B AL TRITE AT HL-E& - Ot Tt e e L
LS T — i R

FRREFMIIER NG B RIRF=W A KPR A B R [41] [42] [43] [44], T H 5 R &4k T
DAV TP A T, ol 2R 80 ) 5 DL R 23 2 1 T 25 [45] [46] [47]. 2T Lewis BRfEALRITE NXS
R R I, Jiao L [48] &I DMSO XA [ ) N-& AT A — @ Mt /EH, REgacsl—
RIS T 5 A ARAE, RS BT, DMSO VE N —Fuf B e Sk A B 7,
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cat. (5 mol%)
H DIDMH (0.75 equiv.) | ;

R
= MeCN, up to 99% vyield =

A Seg AT ~_

Figure 9. Diaryldisulfide catalyzed synthesis of aryl iodides
E 9. ZHFE_MUIEMNERBAINER

RERZ SLHL NXS BOIEAL, B 5 xS S MATLERREAT (PRI ST W], DMSO-CITJ2 S I 1 S Hh 1) 44 (1] 10)
[49] [50] [51]. fEfEILE DMSO fE7E N, F5 MRS N BEME IR EAT 15 B i AR 3, SR ke
% DMSO FHERIEI, SRR EVEREL, Kk, i1l DMSO 1M, XA R 77
JEA SN EAUR BT TR, FERIISEEL T 2RI 2500 T 5 Mk #EvE RN . %77
PARE T — M A R SRR, HEEYNA . YR SUSE E BRI T), H15 DMSO fEA ML
FRCH RN T RE T — AR

DMSO (20 mol%)

N H NCS (1.2 equiv.) XN Cl
Ru- R1-
= CHCls3, up to 99% yield =
® (@)
. Me Cl
via /\S:O/ ©ON
Me

reactive intermediate

Figure 10. DMSO catalyzed synthesis of aryl iodides
10. DMSO LY S R BL IR & B

BARTTIE R AN B TR KRR, SRR AEEE AL 2 A4b, HinZER £ <%, BINOL KX
IRk B IRACEE[52] [53]. PAE N A A, Miura 25 A [541HF k& T — 2 m A BHAR kS5 (4 77 (Trip-SMe), 1%
PEAL TR TG M 75 1R A B s AR MR B T B R EEER () 11). S5 80 e BB Ad L,
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Wkl %

Trip-SMe 7E &b & 25 & b R B B2 88 10 20 B Re Ik, RERSTE IR AN SR T SEBL s A7 R ) & B
SR IZ B IR T Bk — P IR W T, IO A B i R AL AR R I 2% A

cat. (5 mol%) :
AgSbFg (1 mol%) « ! !
H NXS (1 equiv.) i |
A X i
Ry Ri- )
= DCE, up to 96% yield = ' |
X=1, Br, Cl : _SMe
Trip-SMe
X catalyst
H @SbFe Trip-SMe
(0] NXS
b
Ag
(0]
7 5
R _ o]
N
(0] o X ©
/ X‘s SbFg 5 1o %
~Me i’ ®
H’N Trip” ® Trip
(0]
AgSbF,
9=Pre AgSbFg
X (0]

[ N
= Ag/
o)

Figure 11. Steric thioether catalyzed synthesis of aryl halides
11. SfIPEFREBMEL I S IR LI & R

DABCO (5 mol%)

N H NXS (1.1 equiv.) N X
RT_ DCM, up to 99% yield R _
X=I, Br, CI
Q o)
X N¢ N NZ-"-X—N;;
S o}
N_ N

Figure 12. DABCO catalyzed synthesis of aryl halides
12. DABCO B R R LRI & L
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EARRIE Y Lewis B ALTTIFE ST ke paAR07 AR A 6 H L ROR L, (IR L [ AT AR 7 AE S 2% (i AL
IR AE A5 R, X RIS 5 ZETF R Rl Ny S AN (EHE ) Lewis BRAEALT, SEELIT RN IR
2o P, BT CA MRIE, Huang BREIZL[S5]H] I Hk G 575 10 DABCO 1EAfiEfL A, LBl T — &R 51 kR
FHIEME YN GG RS AFIRAT S R 1 EL AT BASI S R K SE ZOR LK 5 A ) — ik
FNEZ s AR5 12), IXAE—EREE ESRIR 1 IZNN 7

4. RFER/SRIER

ER TR T, HRAEVREN SR rIBARRBCR, 8 5 00 0T IR G360 F ORI R . B
L= CBRAE[56] [57]. SR, X T-He ¥ 7 RIMIUR R S, BAREIE M ITEEUD, HRTIR AT Lo 1
TG B2 P 56 B R VR B RS I, ks NIS 5 =i FRE R 45 5 RS T s i 1 () S AR 2R 0 AR T 4 5 I 1)
AR AR R SR, 0 B EBAR I AR DA E B BRI 75 2 2 1 R — R VIR R Y. R, Unelius
4 NIS A BRI =R IR (TFA)E T, SEIL T — RIS B G R RI[58], A4 & PEAR K6k
BT A REY, RN UL R GF R rs 2 B AR, WA B AR 13). ZRBE—
Tt s T ST 1 2 e WA P v A LA AR ) 70, IR R RIS P 5 4 i AR S [ A 2R 7

TE Mt HAREE, W= R STT NEESE,  COIESETE & R AR R ) R I
SO IRy BA SR (R [59] [60], 31X 42 EEH T HUARE 1 = H T RE 77 s EUB pAAE pT 5, DA R sAR
W B iR A B RR 1 LR AR SR A [61] [62]. Rk, Crousse 25 A [63]75 B4 AR EEAE N A, TEH
TR S5 N B TT RR ) s A S R o AATTIE I B TR B, /N IR T oA E A, o/ A A 1
AT BRSNS R = 8O & A NXS, AT SEII 5 B R Bt AR B %R N AR AT, 3 i,
ANF & B 5 NERBE S IR UF BT (1K 13). BT —4RZ Bk, ZIRNIEAENE B I 75 K e B £ 1R
SR

XN I NIS-TFA N H NXS (1.1 equiv.) N X
R = Ry ~ Ry
= up to 99% yield = HFIP, up to 99% yield =
X=1lorBr

Figure 13. Protonic acid/hydrogen bond promoted synthesis of aryl halides
13. RFB/SRERREMNF R EaUInE

5. SREMEN

757 WG A G 75 BA53% F o AR Sl 1 L 215 B ARG A7 b AR 75 & G v &4, i FLd s
AL AL RN IR AR =4 o 2 [64] [65] [66], Tt BE4F BSR4 ) 75 7 e ) — At e %o %o oz gk
ATEARIBHG[67] [68] . SR TEXT AL 15 A BELAG (1175 1 S 75 7 & A1 A0 11 348 B 1 1 AU REATY A — T A 4k
SRVER TAE . BAANAT—EH T35, s S Emm 5, SRR LV EA I RG24
FEA SR G PR A A ) A [69] . ARG R M I DT B L AR s AR SIS B T —E A, SR e A 2 4]
2 AR A [70] [71] [72] [73]. & Tk, Yeung %5 ANE T I K —Fila A, mnde 30 B 0 05 2 i
AL AR 7925 AT I 78 K LT R G 1 LR B AR E — ki) #h R #h R % 5 DCDMH 1E A A= i AL
EAIR[74], FIHE ST H 5RMERASZEEER, RO RESE A a4, 3 iR ST s B e A %
FEAIAL, SEILH S B R AL B FAR R (] 14) . i N EAG 5 0 & MR AR B, SHRARLL
FHARSBLRIREE T, IR N 2 7 B A RS AL S B, N 5 A R AT s B S 1 DL
FE W E Rt gt TERI T

o5, AT Z T N B T ORI A S AR AL AR N P [75], AR R TIRIFISUR, N2
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REAL I EAZR Y R E X BR BINOL FC A4 (il s 42 At TSR A, IR Ab & R B B4 T e ]
REPE.
c® H H
R \r 7/(5 mol%) R o
H DXDMH ( 1equ|v) X R'= OH
RIS N NHBoc
2 toluene, up to 97% yield 2 NHNs
NHTs
© NHMs
Dp, H=CI >?, NHAG

cl N\r/ NHCOPh
/ R Tw"
= R’
X
©) X
H-Cl I
r-H7C ,>”' \\\K;'Riij/

Rl
H
=i N c® H ClI Q Me
= y\#
\7/@\r/ X—N Me
"X
0

Figure 14. Ammonium salt catalyzed a-halogenation of phenols and anilines

[ 14, SERENHRE ISR o-m R N

6. JEEM

FEAEA RN T 2 AR . B FH K BH BE % Ak 9 1 5 RE AR5 1 £ 52 3 [76] [77] [78]- B TR
FIRN CA S HUER B, AATTSEA T Ru()AT Ir(1) 2 5106 AL, XM — @R B T 5 a
HLAAL ) R ) 2 A8[79] [80] [81]. 2019 4F, Lamar VR4 [S21 4 Y AL B T 75 1& 4k &4 B & AR i
AR R FLG R SRS RGO, AT WG RGIE, I NCS S E T S B 1 05 e ik #3848
FAR(E 15). BIAeRs LML i = 245 3] — RAVEAY, V2 BReBIFRE R Ir A A . RHEHLEEHT
Ft, %N A eI AT W JF & R I FE SRS NCS J2E4T Bl S A T S, 17 I R R 4 U A S Ak
[l B LS %7 IR IE I AR G A SR T NCS 103E 1k, A =m0 07 R S AL IR AL T — P2 U S
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KPR AT AT

7.

Methylene green (5 mol%)
(NH4)2S20g (10 mol%)

N H NCS (1.1equiv) N C
RT MeCN, white LED RT
up to 98% yield

Figure 15. Photocatalyst catalyzed synthesis of aryl chloride
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