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CsOH/DMSO Rt T FIEEERIR L : —Fh& K —F B mEAY
EE AL

A IR %

R SRR TRR2E B 35N 325035)

P R

WE A = P I HU(CsOH/DMSO)Ii A RAEHE T, M5 W nl e A A T BN, 25— 05 ST
5N G T A PR OV 4 e AL R RN G A, IR E TR RS T AR, R — RIS MG B A T BT — R YISL 45 R,
BAWR T 2 th B AT (¥ S R A LEE.

KR I ROFRS By 7 EREE; SUAMbHE IR (DMSO); ARk

CsOH/DMSO Promoted Reactions of Aryl Halides with Phenols: A
Convenient Method for the Synthesis of Diaryl Ethers

Chen, Pingliang Lu, Shijie Hu, Xingen™ Xu, Qing*
(College of Chemistry and Materials Engineering, Wenzhou University, Wenzhou 325035)

Abstract The reactions of aryl halides with phenols promoted by CsOH/dimethyl sulfoxide (CsOH/DMSO) led to diaryl
ethers. This method was free of transition metal catalysts and ligands, and could be performed without inert gas protection.
Therefore, it was a concise and green synthetic method. Based on the experimental results, a mechanism involving the benzyne

intermediates is supposed.

Keywords aryl halides; phenols; diaryl ethers; CsOH; dimethyl sulfoxide (DMSO); benzyne
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FAZIAC S N (SNANPISE T . R, LR Ir AR A
TR KB R, B0 2R 8 B < AR A AL
FR BCAR BRI, AR, R 2, — RBEAfE
T KRG HG WAL A BAR L4 M Ullmann 7574
A7 Pk, (ER B HEAL NS PR, AT 240 H
DR PR A P00 A e vt 18 S IR PE . L, <)
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SN A B S ). B e kAR 7
(A AT AR 5 IR B 55 7 T 5 %, BRI AT T G4
NTIFRTGEES BT S5 g aEOE, BT
e ) O HAS T gk . i, EE SR
AL FIAELE T, KOH/DMSO i 3 i4 2 T2 338 43 1 1)
B A3 F A PR — SR A BB IS I T T ok ik % 2 2B 4B,
2 JUAE R, AR SZH M o T i 4 e A 77 2 (1)
BT IAT T L. AR, KA RS
i ey T A2 2R LK) NaOH/DMSO 1A &R A HE N AE ST
PSRRI IR B4 T RN, AT SEIE T — R AIA
X PR AR TS B SR 0 5 T VR, 5 DA B AR
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07 IR £ B VRV LA AR St A Y S i 2%, i
0T HERE R R A KOG T T SRR BB ) e
FRCAR A P, AT TR 0 AR S e AR VR R e 11—
T RS 7 R A RO

HR5WE

DLy (1a) 55 IR 2K (22) 1) s N FRATT 7 56t
FET AN SO AR, 3k 1 FioR, JRAEEH T xift
ZL 5121 NaOH/DMSO 1A R IEAGE Fll TR 15 2K
(R B, B0 NaOH [ %] 2.2 equiv.. {E 150 Chi#h
12 h W HAER/D & K=Y 3a (Entry 1). 1fi KOH/
DMSO & R R AF AR HE N, LA 72% [ S5 Ak 5 45
F| )7l (Entry 2). BATHE—D K I, CsOH/DMSO 1A %
(PR VR TR, AP R — 03t = 3 85% (Entry
3). HAbSRBE A ~BuOK )R MR IE(K T CsOH 45
KOH (Entry 4). {4 H 9980 anfis 8 &5, WIBEAT | b k2R
(Entries 5~6). CsOH ] R = N R A AT v fE L Cs 24
AT KB ff ] CsOH/DMSO 1A &, ZEK: 2 M I A] £ 15
ANEF TS R N A, OB LT E = AL (Bntry 7).
BAALG S Nl B2 (Entry &)l LAt s il — & e, —
K. DMF. THF. N 1,4- 4 /NIAAF) I itk
17, N LA K 2 (Entries 9~14). Rk, 52 A7 —

1

T AN & IO SN . BL R NAE R 2.2 equiv.
HIm S SR AR G, HA#H 1 equiv. CsOH I s v JLT-
AN (Entry 15); 148 5E 2 S AOBET, VAR S
2.2 equiv.lf—Ff(Entry 16). KL, i 2.2 equiv. V&
CsOH M &, RATIEH S T SR 2b) MU (2¢) 1
RIS RIS N R R A8 s WG PR I R, %
N AR ] R B (Entry 17); 1045 52 36 4 5 v 1)
BIR, T A s AV BE S GO, 10 h Ze 45 56 4 (Entry 18).

13- 30 70 4 A AL R A A 1 R0 i AR 5 0 N A B
TR IR AE SR 1, Entry T)E, TRATEE R T
ANFI RS R s Ve (R 2). Bk, kil
RSP AE . MRS R YRR Qa) FIvE P (HE
RS T IR (20) 0 JsURE, X0 B T e AT S AN IR 193 1)
RYNRN. N 2 LT LUE H, P SR 15 240
MRS EE R, PRI sE A n] DS TR AR
JEORIEr Rl O k. HE, 5 2RI RN AR, KM A2 2]
AT B IR s, X SO AR (1) B WA i 8 5K HE (1)
CsOH (3.3 equiv.) SEKIIIF A G N R 4F. HX, %
BN ZATFAGE T W7 ) (Entries 3~24, 31~
34), 1G] T2 ri 1 1K A 28 (Entries 25~28).
PATE 58 T HUAREEAT 0] S5 Y. (1) 5% ?ﬂaﬂﬁifjﬂﬁﬂt
VAR SIIVALE S5 A TR N U G N T S B S

SEARIE — AR DMSO S fef: 1 [ N 7). FoAi 1t % 4¢ IRy 5 YRR B AR (1) Y AT AR FJ%#T{%U%’@ME‘J%
K1 NETHERAL
Table 1 Screening and optimization of the reaction conditions
©/ oH ©/ base o
under air, solvent ©/ @
1a 2a:X=Br;2b: X=Cl;2c: X =1 3a
Entry PhX Base (equiv.) Solvent Temperature/'C Time/h Yield®/%
1 PhBr NaOH (2.2) DMSO 150 12 15
2 PhBr KOH (2.2) DMSO 150 12 72
3 PhBr CsOH<H,0 (2.2) DMSO 150 12 85
4 PhBr t-BuOK (2.2) DMSO 150 12 42
5 PhBr Cs,CO; (2.2) DMSO 150 12 0
6 PhBr K,CO5 (2.2) DMSO 150 12 0
7 PhBr CsOH<H,0 (2.2) DMSO 150 15 >99 (76)
8 PhBr CsOH<H,0 (2.2) DMSO 120 12 26
9 PhBr CsOH<H,0 (2.2) TE 150 12 0
10 PhBr CsOH<H,0 (2.2) TR 150 12 1
11 PhBr CsOH<H,0 (2.2) DMF 150 12 0.3
12 PhBr CsOH<H,0 (2.2) THF 150 12 0
13 PhBr CsOH<H,0 (2.2) AR 150 12 0
14 PhBr CsOH<H,0 (2.2) 1,4- 5N 150 12 0
15 PhBr CsOH<H,0 (1.0) DMSO 150 12 1
16 PhBr CsOH<H,0 (3.0) DMSO 150 12 >99
17 PhCl CsOH<H,0 (2.2) DMSO 150 12 31
18 Phl CsOH<H,0 (2.2) DMSO 150 10 98 (79)

“ The mixture of PhOH (1.2 mmol, 1.2 equiv.), PhX (1.0 mmol), and a base in a solvent (1 mL) was directly sealed under air in a Schlenk tube and then heated in an
oil bath. The reaction was then monitored by TLC and/or GC-MS. ® GC-MS yields (isolated yields in parentesis) based on 2.
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# 2 CsOH/DMSO it it —J7 B 5
Table 2 CsOH/DMSO-promoted synthesis of diaryl ethers

RC(OH X CsOH-H,0 (2.2 ~ 3.3 equiv.) o
- + Ri
N ©/ under air, DMSO, 150 °C ~

1 3

2a: X=Br;2c: X=1

Entry ArOH (1) ArX (2) t/h Product 3 Yield”/%
1¢ OH PhBr (2a) 15 o 76
2¢ q Phl (2¢) 10 ©/3a\© 79
34 OH PhBr (2a) 24 o 65
44 HsC~ :1b Phl (2¢) 20 C 3b : “CH, 61
54 HaC OH PhBr (2a) o CHs 72

d o 24 o
6 T Phl (2¢) 3¢ 69
7 OH PhBr (2a) CH, 63
) @[ 24 °
8 CHs PhI (2¢) 66
1d 3d
d
9 OH PhBr (2a) o 55
10¢ H3CO”~ i PhI (2¢) 4 © \©\ 48
$ 1e 3e OCH3
11¢ OH PhBr (2a) OCHs 47
(o)
d C[OCH 36
12 3 Phl (2¢) 49
1f 3f
d
13 HaC OH PhBr (2a) o CH, 58
144 CHs PhI (2¢) 3 50
1g 3g CHj
15¢ HaC OH PhBr (2a) o CHs 57
167 H3C: : Phl (2¢) 36 : : :CH3 58
1h 3h
174 OH PhBr (2a) CHs 54
: (o)
d H5C CH 36
18 3 i 3 Phl (2¢) 48
1i 3i CH3
19¢ OH PhBr (2a) o 53
y Hscﬁ 36 ©/ O\(CH::,
20 Phl (2¢) 3 55
CH3 1j ) CH3
214 CHs PhBr (2a) CHs 54
OH o
22¢ Phl (2¢) 3 ©/ 56
HaC CHs ¢ HaC CHs
1k 3k
23¢ OH PhBr (2a) o 62
244 tB /© PhI (2 3 © \©\ 60
-Bu A 20) 3l Bu-t
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Entry Ar-OH (1) ArX (2) t/h Product 3 Yield /%
254 OH PhBr (2a) o 61
. O i L
26 . PhI (2¢) 3m cl 59
27¢ OH PhBr (2a) Cl 59
(o)
4 @[ 48
28 cl PhI (2¢) 50
1n an
29¢ OH PhBr (2a) Br 33¢
d X 0 °
30 Br PhI (2¢) 28°
10 30
d
31 OH PhBr (2a) . O 76
, 48
32 PhI (2¢) 70
1p 3p
334 OH PhBr (2a) o) 56
d s 9]
34 1 PhI (2¢) 3 58
CHs
Br CHs
OH (0]
e (Y . Qj e .
1a
CH,
CH
2d 3 3r

“See Entry 7 of Table 1 for operation of the reactions; ” isolated yield based on 2; ¢

yields due to slow reaction and formation of unknown byproducts.

H(Entries 3~8), T fig Ak KA B L (147 BH Eb 45 /N 2R
FA, FAEEIOAR RIS OL T, 48 F A IR 1 s Y. B A
18 T F ARy (1) S 0, o SRR K S W TR) (36 h)
A A (W% (Entries 9~ 12). B L4 22w KA
FEME LT, BIRRE RS B A K 1) 5N B (7] (Entries 13~
24, 31~34). SR 1) SN RME H 10 i1 RS (R A E L
SRR IS, BT 8UR VAR A B 18 (Entries 25~
28). M EARR YA T g B TS Ik VRS A e, kAR
TR, 5 BIRE T H AR =% (Entries 29, 30).
PATB 2T R A RVRAR DT R Y, R IR > 5
BARTS Kl 2,5- LIRS Entry 35), 1R 2 HARBAR
T IR P IR N4 3 1) A A AR TR 5 )

B, 3,5- - FIER R SR AE AR HE S A T I RO,
g5 LL 53/47 fRIEFETEAS 2 (3,5- — AL R AL R LTk 3g
F(2,4- L)AL 3" TR A WG ). SR AR &
WA, BIET 3,5- W LRI 5 s AR AE M 1R 46 1F
TR, RE—Mr) 3g 4G 2, B 2, Entries 13,
14). R an, 2Ky 500 O s AR ORAE AR ME 2 1R T RO,
GE R IR S 53/47(B8 54/46)i% £k A% A A L 2 L ik
3b Aifa) LR ILRE 3b 1R AR 3). M R AH s
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CsOH*H,0 (2.2 mmol, 2.2 equiv.); ¢ CsOH+H,0 (3.3 mmol, 3.3 equiv.); ‘low

A, R UROR (IR 55000 B RE AR A0 AH 7] 2% A1
N, JAE—Mr=Y) 3b ALK 4, 53R 2, Entries 3, 4).
DL B 45 SR B, O (1) e 8 12 15 7y o o P AR
TR, M AT xR A B A, JF AR
R P L SCHR bR A 28 5 S B LER A T 1) e B B
—HL AL EAE, AR R sl T
2,5-ZHRROR 2d 52ROV, BRI B R N N AT
SR, Sz S RS ES TN — 2, U R
(2,5- = HI) AR IR 3r A2 BY(3R 2, Entries 35). UL L
SN FEAE 2 equiv. LIRS SR BB LR 4

A ok 5256 45 3 DL K S M OGSk IA, LA
(1a)55 3,5- = FHIRIE2e) 1 SN A, A Tg TR
SV 1): B 56 CsOH fEHF, s Je M 2 i
S BGE TR AR TR, b I ARt 2R e A (4] 206
H (5 DR R4S a B8 b SEANEHE bR U8 T ek, 743
FIFH BRI Ak, iy AE CsOH A R s
SRAZME R B, 1 TR MR AN R s AT ¢ B8R d 4%
J7 PN N, A A N, 55 Bk e, ML A AR
DL ESEIS G AR5 6 oA o HUAR )RR B [ 1 4
T, PR TR O BRI R AR IR A LT
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OH HsC Br )
©/ . CsOH (3.3 equiv.) /@ )
under air, DMSO
1a CHs 150°C, 36 h CH CHs
2e S 3g 3¢’

3g/3g": 53/47

X HsC OH  CsOH (3.3equiv.) H3C o
* i (2)
under air, DMSO

29 X = Br CH, 150°C, 36 h CH, 39
2c: X =1 1g 50% ~ 58%
X
OH CsOH (3.3 equiv.) O
©/ ¥ der air, DMSO /©/ \© ' /@ )
unaer 3”’, H3C H3C (0]
CHy 150°C, 36 h 3b 3
2f: X =Br X = Br, 3b/3b"; 53/47
2g: X =1 X =1, 3b/3b": 54/46
CsOH (3.3 equiv.) /©/0\© @)
under air, DMSO HaC
2a: X =Br 150°C, 36 h 3b
2c: X =1 61% ~ 65%
a
Q HaC
HoC_NGIBr)  csompmso HaC ©/ HsC /@
0
Ol! - HBr "CSOH/DMSO : o
2e 3g 3d'
Scheme 1
(3% 2, Entries 35), A —Mr=4; Wi bk Vg AR FERIULIAN, Reit—Dab s,
SRR R T R 1A 3), R3S R A TR A . 3.2 “EEEHEBEIA KL
2 4%ig 10 mL SR8 F AR IR K 1a (1.2 mmol, 0.1128

‘ i g), Y7k 2a (1 mmol, 0.105 mL), CsOH*H,0 (0.3694 g,
AT T H/DMSO it P ea 5 GIIIARRL, 5 5 o VAT 1 mL 1 DMSO WA, 25 T Hsd
FIFH CsSOH/DMSO RRIFHR T —FHRAFHIF RORREF g e avmcbonaig) 150 °CR N 15 b, KT GC-MS 5%
e =TT RN Tk, JPERVE T ROVBUR. BRI qpcpmprg s jpvssass, Pk @i b sk
ﬁYiE@Jﬁfﬂ?@ﬁ*EEBE‘@, {E & BT ik LAl e V(E/EEM) V(Z;%zz;@a) 20 : 1], 1543 76%%) ]%_%
AT W< Jm AR S A et v AR, RIr 4 WK [ S T BEE ) 3. FLE SRR A T A
T R PRSI G, NS TR g gk e g 2, o i R LN S

AT ARG PR A2 A g L 1) — 05 Tk 11 5 B T 1. -

3 SRS TORHERRBa)!': KA. '"H NMR (500 MHz,
S CDCL) &: 7.36~732 (m, 4H), 7.10 (t, J=7.5 Hz, 2H),

31 MESH 7.03~7.01 (m, 4H); °C NMR (1254 MHz, CDCl) &

W¥ii3E4R 1 Bruker AV-500, LL TMS kxR, 5ift 157.3, 129.7, 123.2, 118.9; MS (EI) m/z (%): 171 (M*+1,
A R, BTSN GCMS-QP2010 (H A B 13), 170 (M", 100), 169 (24), 142 (54), 141 (70), 115 (21),
wl); BT 2 s AR B T R A alislife 224, B 77 (38), 51 (34).
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