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Regioselectively Synthesis of Halogenated Arenes via Self-Assembly
and Synergistic Catalysis Strategy

Shihui Shi *, Haoyu Li, Shaojie Han, Yifan Yao, Siqi Liu

College of Chemistry and Chemical Engineering, Yan’an University, Yan’an 716000, Shaanxi Province, China.

Abstract: Electrophilic halogenation of arenes represents a fundamental method for synthesizing aryl halides, crucial
in the construction of various agrochemicals, materials, and pharmaceuticals. However, achieving regioselectivity in
the halogenation of electron-rich arenes has posed a persistent challenge. This experiment demonstrates a synergistic
catalytic approach for halogenating arenes bearing electron-donating substituents under mild conditions, offering a
highly selective pathway to aryl halides. The utilization of hydrogen bonding between a Brgnsted acid and the protic
solvent nitromethane facilitates this transformation, effectively addressing the aforementioned challenge. The
experiment not only enhances students’ understanding of electrophilic halogenation reactions of arenes but also
imparts knowledge on self-assembly, synergistic catalysis, and Lewis acid-base catalysis. Furthermore, it deepens
students’ comprehension of reaction mechanisms and ionic intermediates. The experiment comprises three main
components: synthesis of brominated aromatics, mechanism exploration, and applicability assessment. It
encompasses various organic laboratory techniques, including reaction monitoring, purification, and product
characterization. With a duration of 7 hours and ensuring high safety, this experiment is suitable for undergraduate
teaching. Moreover, it serves to strengthen students’ fundamental experimental skills while fostering their capacity for
scientific research innovation and practice, preparing them for future scientific endeavors.

Key Words: Aryl halide; Regioselectivity; Electrophilic halogenation; Synergistic catalysis

Wekg: 2023-12-04; FEFH: 2024-01-05; M%K%k 2. 2024-04-22
SEI/E#, Email: shihui.shi@yau.edu.cn
FE T W RPN H (YDIG17-11)



K 2 AL 2 Univ. Chem. 2024, 39 (5), 337

770 5 N B HE TGS RSB, 6 Ml A Tl b 5 9535 4R H B 2L, 55
o B RE LI 7 57 ke & b 2 FE I S A AL S R i, e rp g (07 e e — RO AR PE A B 2
REMIL I e, ANOUE A AR S B ) P R e A oy H A S R B RE T 97 ), iy L2 N TR
IR Wy T RS . RS AL . GURHRIRE R GUR (B 1) U0, Rk, nfTggea, @&
SEONT R % P 3 B B B A7 A 2 4 F A 2 MU ) T il Rz — T30, AR, 8 38 19 95 4 2% A AR
B P B N DA B 2R BRSO B AR, FE B 5 TR AL R, AT B /R XA BRI & HAEBE 2 54X
BIF=4, DA K b 2R B FUR PR AR, BRI 203% 07 ik A AT BT 0 vh (2R e BUARIR AL
Bi, CAFFRE N R SIEY, Bro iR, FEFeBrsfEALAE T, A A - 50 RALIR AL S BNiAT FI4E L X
PR S LBRAREN P (82) . BARZITVERZ L, PRI L5 Bro X 2055 (R BROR 7 b Ak
T20184E SR IR A F1 9 5y il BEAL 7 i T SEASE Y8 2™ 4

Br o
o ©/©/ o] cl
o G 1
o OH
E b ONa

BIRF 2 AR XU BR

) W AW el i /s

PR HLIRAL R R - A B IR A L SE R

R R R
© + B Lewis acid | \—Br + ﬁ\—Br
= A

mixture (plo=11) ' (EF=4)
B2 FREEEBEIUR R R M

T B R, LR R 57 o LA e S Xt R PR AR A o e e, H e 3 T R 1
Fe PR A S B B BB, A SCHR Y B AL V) R A A S (K 3a), e R S AT
b, E AR R e R O e pa b S I a8 B PR AR ) R, DA e R T e 1D S F AR AL SR R I SR B
(E3b), KT A AL HEms SI N AR HLSE 30 #0

Bt HES
(a) Fi3E B e/ BR 3L IS LNXS

O---Acid -+

. 7 \
5 5t Acid 1o 5] 5 iV E AL )
N—X + N---X—=Solvent
Solvent #1l = RNO,
(e}

(b) B FF e (e 3 (e 55 G IS P YR S R

R R
\@ L T AL \@\
+ NBS
MeNO,
Br

B3 BARD RN SR REAER R BB E S




K 2 AL % Univ. Chem. 2024, 39 (5), 338

NIRTE AT . LN, AN R Ol IR S s OB, T LA
PIRZREICIR DT TSR LR, 0 R R Gl AR M IR A0 B Hr . B AR B AT e A
BE A RPETH A E MR G SRR 1, FEFREFUR TR

1 SEBREY
1.1 KR

BT CREEAG BN, AR CHFN AR, N-RAT I (NBS) TR IR,
AFR O 2R 125 A BOA QIR AL S ST AR S 2 (181 4) o AL FTHCIRTA 71IMeNOL 3 [F7% (ENBS, 7 A2 IR 1E
Yo (Br'), H RSB A R R BEBENE, Br S MU B O R, R A SR AR R
IR FEIEAS B B AR Y IRARE 2R

Cy Cy
\© . NBS HCI (conc.) \©\
MeNO,, r.t.
Br
R R Hﬁ
Br
H
27N\
*  ,N—NMe
Cy s/
\© Cy
HCI ~ NBS /C |
0 O--H O--H{
/, ~
Me—N\i —|—>W}S Me—N/fr - Of JJE
0O lﬁs—-'”—v: SE N 7 [ N\+ — NS
o I o WEfEA Br—6" " Me
E4 BHABEHFEENLERRRF SEE RN HLE
1.2 &FH
A S B FH 3 B 2= A LR
1 &
EWAIE ics ERI I
B NEE- TN AR g ZR IR A TR A A
i 35 Y AR BB R T AE AR B PR A F)
Hhig AR b E R AR R A A
SRR AR o [ R 25 A PR A 7
TR AR I EAER AR A A
=W AR L ARER R AR A F
FF B Rt R AR g R R A TR A A
=& AR | g F AR % 0 A PR A 7]
=R AR L ARERE R D AR A F

(F552)



2y

N

2 AL % Univ. Chem. 2024, 39 (5), 339
(€=3))
LESilEA 4l fE CYRIIE 3
=R 48% 2. Tk K PRI R i B IR A
= H R G ot AR LA R R AR PR A
Amberlyst 15(F) AR AR R A IR A F]
N-IRARHE HABE 0 fi% (NBS) AR iR I i B R A
R (DBDMH) AR LA R R AR PR A
N-JRLAR 2K — Bk 0% (NBP) AR LA BB AR PR A
TR S EURZ (DBCA) AR b e R I A PR 7]
VU SRR O 45-1-H (TBCO) AR i IR R B AT PR A
HEJZ T (300-400 H ) s ) 24 TS T A RAF
R BT (100-200 H ) ] 24 B T A RA A
R FE AR LA R AR A PR A
T B (60-90 °C) AR LA BB AR PR A
I AR [ 2R HHRL B i 0 7 R ]
TP b AR LA R AR A PR A
Tl 5 P e AR LM AR BB AR PR A
2 AR P R SR i 0 7 PR A )
i AR LA R AR PR A
TR AR LA BB AR PR A
N,N- 35 B i AR P R SR i 0 7 PR A )
i AR L ARERE R AR AF
1.3 {ERMEBATTVE
1.3.1 {48
ARSI BT FH 2 B WK 2
£2 &
D& E S R 7K
AR s RCT basic 3
LA HTAL ZF-7 F it 52 S Rk PR A ]
AW R PTX-FA210S EFEDETREARAR
e # 75 R AX RVS T 3R
TR 7 R AX Hei-Vap Core HLG3 i ] 3538 R R
AW LR U %A INM-ECZ400S ERN:=S
JE T C184263 R R R
A= 4%£1.5 cm, K15 cm OB AR AR

1.3.2 RIEFHE
i SIS A -
256K,
1.4 LT HE
1.41 RAFDEFEKH 2
N T FER LIS

FRELAEAL = 4010.0 mgiA T0.5 mL CDCly, S ARRGE > B4 47000



K 2 AL 2 Univ. Chem. 2024, 39 (5), 340

c
Cy HCI (x = 40%) y
+ NBS
MeNO, (2 mL), r.t., 4 h Br

1.0 equiv (0.5 mmol) 1.1 equiv

Bs5 BRAFCEERFE

FREUA E 3£ 25(0.5 mmol, 1.0 equiv, 0.0801 g)FINBS (0.55 mmol, 1.1 equiv, 0.0979 g), M
AT TE 10 mL S H, B TIR B R (0.2 mmol, x =40%)5 ¥ 7IMeNO, (2 mL)iR A —
NG, #ELET. EER P4 WEE RN BE. FETCAEMBECNTER AN G, K415 2
TEMPIRBAAR0.1112 g), ZEMIRME. HHEFZF, I Z G (TLO)R I SN 45 5 R I 7 A A H
FEPIRAE N0.7) 0 K5 S N0 i 45 e B 225 mL AR R B, 5 F A T e % I 45 PN BB 230K, A5
PRk IMANO0.8 g 100-200 H FEREN:, HEFS75 RKk4E, BRISHE YT, SPE i E T i
ECEE 300400 HAERR, FiEdeds, FiE AR, VRO A MEE, 2300 mL)JG, 4615 276 (i
RIBEAK0.1112 @), Bl IR FAL S5 0 (T AR E A )« =3,

1.4.2 BRESLIRBE AR AL

SRS R R SN ALEE . (a) NBS (0.5 mmol)i& 0.8 mL CDCls, =2 hg, kX
WESLIRBRS, F99: 2561K;: (b) NBS (0.5 mmol)FIMeNO; (0.5 mmol)i& 0.8 mL CDCls, = iR#i+E2h
J& . MOZREIARERG, FHE: 2561K; (c) NBS (0.5 mmol)FIIK £ (x = 40%, 0.2 mmol)¥& T0.8 mL
CDCly, =imfiFk2hia, MAZBILIRREE, $H1H: 2567 (d) NBS (0.5 mmol), MeNO, (0.5 mmol)Fl
WER (x = 40%, 0.2 mmol)iAT-0.8 mL CDCls, =i FE2 hin, MUZRILIRmIE, 6 2561k,

2 ZR5H®
21 S EM4MRI
211 TR B E

AT S S N R B o B N R . IRk, e e A R AT 5 52 . R3 PR, Xt — R A
SR R FRYER M AA BA R IR A AT R i, R BUIR LR R RIS, F51-11),
HXH AT BT %8, 2R ER40% N EFIREAREGERS, F511-13). Bhoh, il ss R
BOR SRR AE AL B SR EE (RS, 5 14).

3 BRI RN KR

¢ Cy
¥ Catalyst
+ NBS
MeNO, (2 mL), r.t., 4 h Br

1.0 equiv (0.5 mmol) 1.0 equiv
Fei5 AL (40%) /40 EL Al FEE % Fr5 fEALT1(40%) X /4B LA 72 %

1 TFA - N.D. 8 Amberlyst 1.8/1 8.1

2 MsOH 1/1 16.3 9 HBr (conc.) 5.4/1 61.9

3 AICI3 6.7/1 80.7 10 H3PO4 (conc.) 3/1 45

4 FeBr; 3.5/1 72.3 11 HCI (conc.) 12.4/1 87

5 BBr3Et,O 3.9/1 5.8 12 HCI (conc.) (50%) 12/1 92

6 TMSCI 7.9/1 79.1 13 HCI (conc.) (30%) 11.5/1 80

7 P,05:24W03-44H,0 1.2/1 81.8 14 - - IR (90% RIS SR




K 2 AL 2 Univ. Chem. 2024, 39 (5), 341

21.2 ARRWIEGAXT R B KR

4%, XNBS. NBP. TBCO. DBCAHNIDBDMH TR Rk R #3417 % 82(£4, F51-5), NBS
VBN EAL TR Z5 U IR B RN P~ . kT, XINBSHIH =347 7% (R4, J755-7), NBS (1.1 equiv)
PR LA PR R (R4, FE56)

R BEFULRFXT R SR

C Cy
y "By HCI (40%)
+ source
MeNO, (2 mL), rt., 4 h B

1.0 equiv (0.5 mmol)

Fg “IR” (1.0 equiv) XF 140 L FE3/%
1 NBP 11.9/1 71
2 TBCO 10.5/1 60
3 DBCA - IR
4 DBDMH 9/1 90
5 NBS 12.4/1 87
6 NBS (1.1 equiv) 12/1 93
7 NBS (1.2 equiv) 10.8/1 95

2.1.3  BEFIXT RN HIR R

BN E SN BB, WRSHIRN — RIVEA AT H LGRS, F51-10), KIAMeNOZR
B Af, 1 H S =M AR A L (ES, F51-3), KIHZAMeNO IR & IT. KEMeNOy &
A

RS HBRIBHIN RN

Cy Cy
HCI (40%)
+ NBS
Solvent (2 mL), r.t.,, 4 h Br

1.0 equiv (0.5 mmol) 1.1 equiv
P 52 mL) X /48 L A5 77/ %

1 "P,NO, 5/1 51
2 P,NO; 41 43
3 MeNO; 12/1 93
4 MeOH - A 2 2 L (76.4% [81 Wi )
5 DCM - 1 2 24 L (68.8% a1 R}
6 CHCl; - A 2 2 L (72.6% [ Wi )
7 MeCN 6/1 76.6
8 Py - TE H R LA H(90% 31 Ui i k)
9 DMF - T HARE G P(92% BIBUREL
10 DMSO - 7t B iR & (91% EHUEURL

2.1.4 B[R OB B2 0R
B, 55 O NI (A s RE Ik BEPE RN P R S (R 6, P 5 1-3), 4R B R4 hAs A B[]
(F6, F52).



K 2 AL 2 Univ. Chem. 2024, 39 (5), 342

6 [RLHT [ H9F M

Cy Cy
HCI (40 mol %)
+ NBS _—_—
MeNO, (2 mL), r.t. Br

1.0 equiv (0.5 mmol) 1.1 equiv
e I 5] /h f /48 LA FEE %
1 3 10.6/1 81
2 4 12/1 93
3 5 10.8/1 94

2.2 BZWHREER RPYE

JE I NB SR AR A R BB A AL RS, HE N R R AR R e vE AUNBSHLE, Wi 6K,
i Zka ENBS (0.5 mmol, 1.0 equiv)¥& T-CDCls (0.8 mL)#t#E2 h/g FINBSHRE , HIERL A0 A
173.29; Hli kb & 7ECDCLH I AMeNO, (1.0 equiv) it #£2 hjg MINBSHE, I KL E M R N
173.42, &% #510.13, UEHMeNOXINBSH —E it EH; i Zc/& fECDCIEH I AHCI (20%,
0.1 mmol)FF 4 #1:2 hJ5 INBSHK 1S, B EE 4L 61 78 N 178.38, MK #£305.09, 1t BAHCIX NBSIE
Pt T AR W15 i 2k dJ& 7E CDCL 1 in AMeNO: (1.0 equiv) ATHCI (20%, 0.1 mmol) - £2 h)5 [INBS
Wi, FLERFEMIML AR N178.57, MR FEE05.28, 780 /" MeNO ATHCIXNBS I G AL/ . &
SR, NBSHREE AR KA 22 0 B8 AR A B0 IE T A SCHE HA 10 35 R AN 258 FE bt 40 25 B [R) 35 AL NBS [ 1 AE
B, KRS DA R RS IG B AIE 1 A SCHE HH 1 T B 1 S BIALER, S A b S R R i i A s AT
H a3, B 5 b F A AENXS 1 BR 386 F & - < B8 A < IEP AP (XT), RN R X R ME BT 5 &
(IXFAL, e Je e e 3 M A3 380 e o7 AR I i AR 05 42 (B 4)

HBS + Nitromethane + HCI 178.57

AP g Mt e e S g e el i s eed s

HBS + HCI
178.38

NBS + Nitromethane

173.42

P A ey it AN i s ot o v

NBS

173.29 1

r T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T
% 194 193 192 191 180 189 188 187 186 185 184 183 182 181 180 179 1?85].77 176 175 174 173 172 171 170 169 168 167 166 166 164 163 162 161

El6 NBSEMILIRBIL




K 2 AL 2 Univ. Chem. 2024, 39 (5), 343

2.3 FEYRIE

1-VR-4-FF O35 42 1 L 4R S0 1 A s WL &7, "H NMR (400 MHz, CDCls) 6 7.39 (d, 2H, J = 8.4),
7.07 (d, 2H, J = 8.4), 2.48-2.42 (m, 1H), 1.86-1.82 (m, 4H), 1.76-1.72 (m, 1H), 1.39-1.30 (m, 4H),
1.28-1.20 (m, 1H). *C NMR (100 MHz, CDCl3) J 147.14, 131.42, 128.74, 119.46, 44.18, 34.49,
26.92, 26.18.
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