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Prompter for the Copper-Catalyzed Hydroxylation of
Aryl Bromides
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Abstract Cul/2-(2,6-dimethylphenylamino)-2-oxoacetic acid (DMPAO) as an efficient catalytic combination was used for
the hydroxylation of aryl bromides. The catalyst loading is low to 2 mol% and substituted phenols could be prepared in wide
assembly. In addition, by modifying the mixed solvent and base the symmetrical diaryl ethers could be synthesized conven-

iently from aryl bromides.
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Leadbeater 24P 1] Cul/DMEDA 14 Z i 4k 75 SE A4
PIFRIEAL I, FRal i f in A% 180 C, i H.Ad M4 H] &
5 50 mol%. Heir /NI B 8- FRBE IR - N-4E AL
YIRe A B HE D7 R R L 2 R SR R A, R
EATR T BT RO R R, (EE AT R 1
HARY AR AT A BN, FRZE RS
TR W hERIEE, SR 10 mol%f] Cul F1 6.0 equiv.
KOH A A% 77 B AR A AR I IR) A S84 4. kAT
MR BAR A # ) Cul (2 mol%)/5-1R-2-(1 H-2-k ML)tk
WE (4 mol%) i fb 14 5t Bl i 8t i 1k 05 FE IR 5
CsOH 5§ KOH [r Bk i b 13 BB IR, 76 S5
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{00 A 1) 57 FEIRAR A O PR Ak S 1, LR IF 4
12-(2,6- - F LI G 3)-2- 50 LR (DMPAO) ] ZE1E%
AT 7Z (2 mol% Cul)iI4cE I et % [ I i 2
A ERORR). ZRREATT B 2,6-— LKL 55 AR
LT £ TR ]V S5 48 K i LA LT 2 it 16 0505 1l 46 3R
PSR- 435 (.

HR5WE

TS BRATEL 4-1RK F R 1 R A S N R B, R4 T
KRG LA, et 2-05 B SRR 1) 2-F AR 4
(L1~ LS e B 2 6 /E - B AT T #E5T(3K 1, Entries
1~5). 4Ll Cul/DMPAO MK ZR, DMSO/H,0 (V-
V=1 1)NIRGH, KOH 1Em, M 4-30K F kR I
I, FRATTEL 86% M 73 B 15 3] 4- A B 250 2a (&
1, Entry 1). HARJLAS 2- 2K %KL -2-504% S AT L
L2~L5 E B AA S SR ACA BT R (R 1, Entry 1 vs.
Entries 2~5). Cul [JH &£ 2] 2 mol%Hf, 5 DMPAO [
WA MR HAREF IR (R 1, Entry 6). 4REERFG
Cul HIEKIE AR W] R (R 1, Entry 7). H
B4 ER (I CuBr, CuCl, Cu,O)ilF SR ] fE Ak I 2 W

*1

1

H IR B W (% 1, Entries 8~10). /] NaOH &k
CsOH*H,O It KOH, F=H N AN FRIFLEM FREE 1,
Entries 11~12). PR NVEESR 100 CH, 7R 04
—E FBF(EE 1, Entry 13). 152, AR frikiE
I HR &% 57K &2 DMSO-+-BuOH-H,O (V. V@ V=1":
120D 4 AR ZR W 72 R U 36%, [ I LA
60% 1] 7= 2673 125 B X (4-H 48 2L 2R 5Lk 3a(3R 1, Entry
14). M mEABAERF KB =YV Vi v=1:
12 DI RIA S BCR £ 21 4- ALK (3R 1, Entry 15).
GEA 2 R P NI AR R0 S N IS I, R A
NS E A Cul 2 mol%, L1 4 mol%, KOH 3
equiv., 120 ‘C, DMSO/H,0 (V: V=1 : 1)5{ ¢-BuOH/
DMSO/H,0 (V: V:V=1:1:1).

B G, FRATIAEARAR IR SN 4 A I S5 JEC A 1 3 FH i T
HHAT T %823k 2). Wik 2 iR, SEPER R 07 3R
LA W H - AR 3 ) R P LU AT 1) 0 AR (LA
S 2 HL IR ) A1 e LA o 140 7 R A SO Y. IR A (R
2, Entries 1~14). 4 [ N AU 4- K508 iH
FEVRED I, K DMSO/H,O (V@ V=1 : 1)IE& %
RER, I AR R A 4 02 1 P ek 45 A I A ) T o

T HEAL A4- T80 FH R PR A0 S 7 PR C AT S 7 2% AP

Table 1 Ligands and conditions screening for the copper-catalyzed hydroxylation of 4-bromoanisole

[Cul/L

o
MeO

1a

MOH, solvent

@om @

o
MeO
2a
OI

07 “NH
NO, >\©)\

OH OH

OI
O~ 'NH

L1 L2 L3 L4 L5
Entry Cat. Ligand Cat./mol% Base Yield®/%

1 Cul L1 10 KOH 86

2 Cul L2 10 KOH 35

3 Cul L3 10 KOH 46

4 Cul L4 10 KOH 43

5 Cul L5 10 KOH 76

6 Cul L1 2 KOH 90

7 Cul L1 1 KOH 48 (49°)
8 CuBr L1 2 KOH 87

9 CuCl L1 2 KOH 89

10 Cu,0 L1 2 KOH 86

11 Cul L1 2 NaOH 63

12 Cul L1 2 CsOH+H,O 85
134 Cul L1 2 KOH 80
14° Cul L1 10 KOH 38 (60')
15% Cul L1 2 KOH 92

“Reaction conditions: 4-bromoanisole (1 mmol), MOH (3.0 mmol), [Cu]/ligand=1 : 2, DMSO (1 mL), H,O (1 mL), 120 C, 24 h. *Isolated yield. “Recovery of 1a.
7100 C.“1 mL of +-BuOH, 1 mL of DMSO and 0.1 mL of H,0 were used.” 4,4'-Methoxy diphenyl ether (3a) was isolated. ¢ I mL of -BuOH, 1 mL of DMSO and

1 mL of H,O were used.
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®2 CulL1 AL R e AL ¢
Table 2 Cul/L1 catalyzed hydroxylation of aryl bromides
©/Br Cul (2 mol%), L1 (4 mol%) < ©/OH
R i
N KOH, 120 °C, 24 h "
1 DMSO-H,0 (V:V = 1: 1) or 2
t-BUOH-DMSO-H,0 (V:V:V = 1:1:1)
Entry Product 2 Yield®/% Entry Product 2 Yield®/%

5¢ Ph@OH 2f 87
OH

OH
7 Q 2h 95
N

OH
g @[ 2i 75
NO

2

0,

9 >—QOH 2 81
OH

10° 2k 65

c H

0]

O
126 HOOC@OH 2m 82

0]

11° 21 87

30
o

Iz
e
>

13¢ 2n 61

14 7 N—on 2 84

“Reaction conditions: aryl bromide (4 mmol), KOH (12.0 mmol), Cul (0.08 mmol), L1 (0.16 mmol), DMSO-H,O (V' : V=1 : 1, 8 mL), 120 C, 24 h. b Isolated
yield. * DMSO-H,0-+-BuOH (V : ¥ : ¥=1:1: 1, 8 mL) were used. 100 °C. ¢4-Bromobenzonirile was used.

RN R, XIS A2 AR — B
i DMSO--BuOH-H,O (V: V:V=1:1:D)HEHAKR
AJ DAAR B PR R 3 — ) R, () B SN PR 7 6 AN 52 5% W)
(3% 2, Entries 5~13). ZFlE G 1 A2 L AR L L A2
LBREE . R MR SRAE I R N 451 N RE IR KT 4,
{HIE LD 4-3RRITE N R 72 He Ak 5 19 B 1 2 UK iR s
IF= PR IR IR (3R 2, Entry 12). ML RN 2y
D7 FEEARI G 2- AR RE R R HeA R R 236 2, Entry
14).

TE I 15 25 A I B AT AW 2 92> — 41 40 B AR &
K& (R 1, Entry 14), 152032728 0 6K
TR, FRATIHEN R 8 AR R R A I e N A R 32 B
DAy S8 80 B8 T XA A, & 00 B 1 IR A AR R AL
TR 5 07 SRR AR AT SRR 0 R, AR
fiilh ERERAR L Cs,CO5 B, g LAMRLF (1) 7 26— Haik & ik
XPFR) 5 A R 1), %R NAR R AT R oK, A
NSANAE=RINAL S JER LN Y NI R S =
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MR, IXANEE W5 2 B Taillefer 20 4R Hi L.

Br 10 mol% Cul, 20 mol% L1 /@/O\Q\
R/©/ CSZCO::,, 120 OC, 24 h R R
1 DMSO-t-BuOH-H;0 3a: R = OMe, 85% yield
(V:viv=1:1:0.1) 3b: R = Me, 82% yield

B RRRTT Al A
Figure 1 Synthesis of symmetrical diaryl ether
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3 WEH
3.1 UEHIKF

¥ i 3 4R 9 3% i Bruker AMX-300 1Y Bruker
AMX-400 BUZHESLARACN E (L TMS 1EAFR); Joui %
P& B HP-5989A 543 SHIMADZU LCMS-2010 EV %)t
TG e, PO ETEREIR H Bk 300~400 HAER I
BEAT, B R RS 60~90 CHEy. HZENTR
F GFasq iU AR, Heer a7 1) o i 5 4y Afr .

32 ZWAHE

75 HRARYFR LA ) S Nl AP 3R e )
WINARET, 12.0 mmol &4 ALHT, 0.08 mmol AL 4,
0.16 mmol 2-(2,6- — FI ALK H)-2- 5 R 4R, HhEL S FF
AHE A EEERE=E, B 4.0 mmol 75 3R
#j, DMSO-H,0 (V' : V=1 :1, 8 mL)g{ DMSO-H,O-
BuOH (V:V:V=1:1:1, 8 mL). HEIM )%
THEBNE, AT 120 C R N Y 24 h.
RNARRA S, T 2 mol/L MM E pH=1~2,
M 4R CERAEHL, MR EhKvts, A IFAVAEIERL
IR RN T4, W 2 R bR L n, DA 243
Y.

B BON R 5 Tk IR A0 3R ) 08 1) RS Y 43
SN Cul (19 mg, 0.1 mmol), L1 (39 mg, 0.2 mmol)Fll
Cs,CO;5 (978 mg, 3 mmol). #IEZIFI@ES, EEH
E=WJa, AT FERAD (2 mmol)fl DMSO-H,0-t-
BuOH (V: V:V=1:1:0.1,4mL). 120 CHitE RN K
% TLC RoRlEk O sk, RNARRE 2 EHMA
KIFH LR LBEFI, & AU Ja A 3K ok
Bk, JoK NapSO, 1. Tl 28 R R 2075, Ptz
Hr 53 B ER A AR N = 4.

3.3 PHXIERRE

4- AR L ZE By (22)Y: '"H NMR (400 MHz, CDCLy) o
6.80~6.75 (m, 4H), 4.93 (brs, 1H), 3.76 (s, 3H); °C NMR
(100 MHz, CDCly) §: 153.5, 149.6 , 116.2 (2C), 115.1
(2C), 56.0; EI-MS m/z: 124 (M™).

Ky (2b)2: '"H NMR (300 MHz, CDCLy) §: 7.26~
7.20 (m, 2H), 6.96~6.90 (m, 1H), 6.85~6.81 (m, 2H),
5.27 (s, 1H); *C NMR (100 MHz, CDCl;) §: 155.2, 129.9
(20), 121.1, 115.5 (2C); EI-MS m/z: 94 (M™).

X R (2¢): '"H NMR (300 MHz, CDCLy) o:
7.07 (d, J=7.8 Hz, 2H), 6.79~6.76 (m, 2H), 5.46 (brs,
1H), 2.31 (s, 3H); *C NMR (100 MHz, CDCl;) J: 152.9,
130.34, 130.32 (2C), 115.4 (2C), 20.5; EI-MS m/z: 108
(M)

] FE 2R (2d): '"H NMR (400 MHz, CDCL3) o
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7.13~7.09 (t, J=7.2 Hz, 2H), 6.75~6.73 (d, J=7.2 Hz,
1H), 6.65~6.61 (m, 2H), 4.78 (s, 1H), 2.30 (s, 3H); °C
NMR (100 MHz, CDCly) d: 155.4, 139.8, 129.4, 121.6,
116.0, 112.2, 21.3; EI-MS m/z: 108 (M").

A4-(TTRED Ky (2)!"°): 'TH NMR (400 MHz, CD;0D)
8:7.21~7.18 (m, 2H), 6.77~6.73 (m, 2H), 4.88 (brs, 1H),
2.39 (s, 3H); *C NMR (100 MHz, CD,0D) §: 157.3, 131.9
(2C), 128.6, 117.0 (2C), 18.5; EI-MS m/z: 140 (M").

4-FFEZE2H!: 'H NMR (400 MHz, CD;0D) 4t
7.54~7.51 (m, 2H), 7.47~7.43 (m, 2H), 7.39~7.35 (m,
2H), 7.27~7.23 (m, 1H), 6.89~6.85 (m, 2H), 4.89 (s,
1H); "*C NMR (100 MHz, CD;0D) §: 158.1, 142.4, 133.9,
129.7 (2C), 129.1 (2C), 127.48 (2C), 127.45, 116.6 (2C);
EI-MS m/z: 170 (M").

2-Z513(2)M: 'TH NMR (300 MHz, CDCly) 0: 7.77~
7.73 (m, 2H), 7.68~7.65 (m, 1H), 7.45~7.42 (m, 1H),
7.35~7.29 (m, 1H), 7.13~7.07 (m, 2H), 5.11 (s, 1H); "*C
NMR (100 MHz, CDCly) o: 153.3, 134.6, 129.9, 129.0,
127.8, 126.6, 126.4, 123.7, 117.7, 109.5; EI-MS m/z: 144
(M).

3-fEFE A (2h)M: 'TH NMR (400 MHz, CDCl;) §:
7.82~7.80 (m, 1H), 7.71~7.70 (t, J=2.4 Hz, 1H), 7.43~
7.39 (t, J=4.4 Hz, 1H), 7.21~7.18 (m, 1H), 5.73 (brs,
1H); *C NMR (100 MHz, CDCl;) 6: 156.3, 149.1, 130.3,
122.0, 115.9, 110.5; EI-MS m/z: 139 (M").

2-FHFE A (20 'TH NMR (300 MHz, CDCL3) o:
10.60 (s, 2H), 8.13~8.10 (m, 1H), 7.62~7.56 (m, 1H),
7.18~7.15 (m, 1H), 7.03~6.97 (m, 1H); *C NMR (100
MHz, CDCL3) o: 153.1, 137.5, 133.6, 125.0, 120.2, 119.6;
EI-MS m/z: 139 (M").

4-FIETE (2P "H NMR (300 MHz, CDCLs) 4t
8.23 (s, 1H), 7.94~7.91 (m, 2H), 6.98~6.95 (m, 2H),
2.60 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 199.4, 161.9,
131.4 (2C), 129.2, 115.7 (2C), 26.3; EI-MS m/z: 136 (M").

3B ALK 2l (2K)!: "TH NMR (400 MHz, CDCLs) 6
7.55~7.54 (m, 1H), 7.51~7.49 (m, 1H), 7.34~7.31 (t,
J=8.0 Hz, 1H), 7.20 (br, 1H), 7.14~7.11 (m, 1H), 2.60 (s,
1H); *C NMR (100 MHz, CDCl;) 6: 199.6, 156.5, 138.2,
129.9, 121.0, 120.9, 141.7, 26.7; EI-MS m/z: 136 (M™).

4-F KD "H NMR (300 MHz, CDCly) o: 7.18
(d, J=9.0 Hz, 2H), 7.76 (d, J=9.0 Hz, 2H), 5.29 (s, 1H);
C NMR (100 MHz, CDCly) d: 153.4, 129.8 (2C), 126.3,
116.9 (2C); EI-MS m/z: 128 (M").

4-FR I H R 2m)Y: '"H NMR (400 MHz, DMSO-
dg) 0: 12.4 (brs, 1H), 10.21 (brs, 1H), 7.81~7.78 (m, 2H),

http://sioc-journal.cn/ 1437
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6.84~6.81 (m, 2H); °C NMR (100 MHz, DMSO-d;) o:
167.1, 161.5, 131.5 (2C), 121.3, 115.0 (2C); EI-MS m/z:
138 (M ).

2- A B A 2Ky 2n)': '"H NMR (400 MHz,
CD;OD) §: 7.97~7.95 (m, 2H), 6.85~6.83 (m, 1H),
7.63~7.58 (m, 1H), 7.55~7.51 (m, 2H), 7.09~7.05 (m,
1H), 6.95~6.87 (m, 2H), 4.88 (s, 2H); *C NMR (100
MHz, CD;0D) ¢: 168.4, 150.0, 135.8, 133.6, 129.8 (2C),
128.5 (2C), 127.2, 127.0, 124.0, 120.0, 117.0; EI-MS m/z:
213 (MH).

2-F2FENERE(20)": "TH NMR (300 MHz, CDCl;) 6:
13.69 (s, 1H), 7.52~7.46 (m, 1H), 7.14 (dd, J=6.3, 1.2
Hz, 1H), 6.03 (d, J=9.3 Hz, 1H), 6.31 (td, J=6.6, 0.9 Hz,
1H); *C NMR (100 MHz, CDCLy) 0: 165.4, 141.7, 134.7,
120.1, 106.9; EI-MS m/z: 95 (M").

T (4-FHAE L 2R 50 Bk(3a)" ) "H NMR (400 MHz,
CDCl;) 0: 6.93~6.89 (m, 4H), 6.86~6.82 (m, 4H), 3.78
(s, 6H); *C NMR (100 MHz, CDCl;) d: 155.4 (2C), 151.6
(20), 119.5 (4C), 114.8 (4C), 55.6 (2C); EI-MS m/z: 230
(M)

XL (4- F B — A8 Bk 3b)'Y: 'TH NMR (400 MHz,
CDCly) 0: 7.11~7.09 (m, 4H), 6.90~6.86 (m, 4H), 2.31
(s, 6H); *C NMR (100 MHz, CDCLy) 6: 155.3 (2C), 132.4
(2C), 130.1 (4C), 118.6 (4C), 20.7 (2C); EI-MS m/z: 198
M.
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