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Different Bonds Cleavage of Arenesulfonates: Access to Diverse Aryl Ethers
Yongsheng Fang Wenhui Li Jianying Lin Xing Li*
(College of Biomedical Engineering, Taiyuan University of Technology, Taiyuan 030024, China)

Abstract Aryl alkyl ethers and diaryl ethers represent ubiquitous structural motifs in natural products, medicinally relevant
compounds, biologically active compounds, agrochemicals and organic materials, and they are also useful building blocks in
organic synthesis. Therefore, many transformations have been reported for the synthesis of these two kinds of compounds.
Among these versatile methods, transition-metal-free approaches using different reagents as starting materials have been
developed as promising and alternative protocols. Although one example for transition-metal-catalyzed transformation of
arenesulfonates into aryl alkyl ethers and diaryl ethers has been reported, there are no reports about the formation of aryl
ethers utilizing arenesulfonates as starting materials via a transition-metal-free protocol, and existing methods for providing
sterically hindered ortho-substituted diaryl ethers using electrophiles substituted by electron-deficient groups, particularly by
a bulky one at the ortho-position as starting materials are very rare. We will report a K2COs-mediated method for the synthe-
sis of aryl alkyl ethers using arenesulfonates as starting materials via two alternative paths. One path is the cross-coupling of
aryl arenesulfonates with alcohols through their S—O bond cleavage, and the other uses the reactions of alkyl arenesulfonates
with phenols via their C—O bond cleavage. Additionally, we also report the K3POs-promoted preparation of bulky or-
tho-substituted diaryl ethers via the C—S bond cleavage of aryl arenesulfonates or arenesulfonyl chlorides bearing elec-
tron-withdrawing groups at 2-, 2,4- or 2,6-position of the phenyl ring in the presence of phenols, respectively. General pro-
cedure for the reactions of aryl arenesulfonates with various alcohols: to an oven-dried glass tube, aryl arenesulfonate 1 (0.2
mmol), K2COs (2 equiv.) and 0.5 mL alcohol 2 were added in turn. The reaction system was then stirred at 65 ‘C until the
aryl arenesulfonate 1 was completely consumed as determined by thin layer chromatography. Finally, the reaction mixture
was purified by silica gel column chromatography to afford the desired product 3. General procedure for the reactions of aryl
o-substituted arenesulphonates with the corresponding phenols: to an oven-dried glass tube, aryl o-substituted arenesulfonate
7 (0.2 mmol), K3PO4 (3 equiv.), the corresponding phenol 5 (1.2 equiv.) and 1.0 mL toluene were added in turn. The reaction
system was then stirred at 100 ‘C until the reaction was over as determined by TLC. Finally, the reaction mixture was puri-
fied by silica gel column chromatography to afford the desired product 8.

Keywords arenesulphonate; aryl alkyl ether; diaryl ether; chemical bond; phenol; alcohol
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Previous work:

(arenesulfonates as starting materials)

A: the formation of aryl ethers via C-S or $-O bond cleavage

AL
S transition metal OR
Ny Ual ), ransition metal S
\ -0, _N
~N R = alkyl, aryl and heterocycle

[aryl alkylsulfonates as starting materials]

B: the formation of aryl alkyl ethers via $-O bond cleavage of aryl mesylates

R
9 % @ + R OH  £BuONa or Cs,CO3, heat \RE
—8—i— b bt Rt < N
i \ 7/ R3 14 examples 7~

R1

SSav
-0 Q,

C: the formation of diaryl ethers via $-O or C-O bond cleavage
\\
§ O y KsPO,, [Bmim]BF heat
1R2 or C52CO3
%@ .
| 1 R2
R N

This work: (arylsulfonates as starting materials)
[S—O, C-0 and C-S bond cleavage]

Base/heat
M=H, orM= TBS

@ R? = aryl, R® = alkyl O,
{ \ 2 equi ryK co eszc R g
Ji CH) equiv. #2605, 18 examples
s%o%Rz
\_/ z ‘ R2 = alkyl, R? = aryl 20 R
2 equiv. K;C03, CHiON, 85°C 30 examples
+ 2_p3= 1
_ R*=R’=aryl R
X=EWG 2 3 "y X O\RS(RZ)
R°OH R' = EWG orH R* = aryl, R°OH = inexistence ‘
K3PO,4 OR2=Cl, R® = aryl 7
37 examples

B 1 RIS (7] ) 55 2k ik

Scheme 1 Access to different aryl ethers using sulfonates
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FRAT% 5 R R X A R A R (1a) 5 41 (2a) Y
S SEAE RSS2 SR B 3 S VL kAL R A 5
N,N-F L PR Jle . R R 2 e S 3 700 P e 32 i B0
LBESR A IENI(EK 1, Entry 4 vs. Entries 1~3).
B, MRHERIBEAT 1 ik, HAEH 2 equiv kIR
VEARBEFIE, 724 3a W] LAHAS 86% 13, HoAx
A B BRI (R 1, Entry 6 vs. Entries 4~5 FlI
7~8). [EFERERE, WA FIE . BN e > i
FH B DL S 2 vay B3 BRAIG s S i B2 1 5 350U 236 1) FRAIG
(3% 1, Entries 9~14 vs. Entry 6).
R PR

Table 1 Screening of reaction conditions”

0]

I solvent, base, T
@ﬁ—o@r\loz + CHsOH ——— > OZN@OCZHs
o
1a 2a 3a
Entry Solvent/mL Base/equiv. 7/°C Yield/%
1€ CH;CN (0.5) CsF (2.0) 65 41
2¢ DMF (0.5) CsF (2.0) 65 38
3¢ Toluene (0.5) CsF (2.0) 65 19
4 C,HsOH (0.5) CsF (2.0) 65 49
5 C,HsOH (0.5) K;PO, (2.0) 65 65
6 C,HsOH (0.5) K,COs (2.0) 65 86
7 C,Hs0H (0.5) +-BuOK (2.0) 65 51
8 C,HsOH (0.5) KOH (2.0) 65 41
9 C,HsOH (0.5) K>COs (1.5) 65 77
10 C,HsOH (0.5) K>COs (2.5) 65 81
11 C,HsOH (0.5) K,CO; (2.0) 55 73
12 C,Hs0OH (0.5) K,CO; (2.0) 75 66
13 C,HsOH (1.0) K,CO; (2.0) 65 75
14 C,HsOH (1.5) K,COs (2.0) 65 72

© 2021 Shanghai Institute of Organic Chemistry, Chinese Academy of Sciences

4 Reactions of 1a (0.2 mmol) with 2a were carried out in the indicated solvent
by using a base as a promoter within 24 h. ? Isolated yield. ¢ 2 equiv. of alcohol
was used.
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S TAANE, W2 mE. FEE. IE TR, IE SRR LA R
FH 2 08 B DL B 1) WAC 23 49 1) 0 A i 2R R ot R Tk
3a~3e. X TEE, WmNEEAIER CRE, 724 3f A
3g 0 HINAS E] 42% K1 41% AR, B2 R R UL LBEAE
WA, FE T RBEIRIT LT 24 R ZEHE T
ﬁﬁ PRI e BB IR (Bh~3k), H &Y

A& 2-HHFERN 3-FHSEN, BT A AL A NCR
%%ﬁ@nﬂﬁwdm.ﬁﬁm,%@%%%m%A
TR, 533 LA 64%F0 73% MU 45374 31 F1
3m. Y R'EZ BRI WA R AT 52 M, v e
CA A 25 (ISR A AR B I P29 3n~3q. 2445 B X F
FE IR IE N A LA (X =Me)VE T, 74 3a fE
1531 80% .
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Table 2 Reactions of aryl arenesulfonates with various alcohols®”

R1
0 2equiv. K,CO5 /=17

S-0 + Rz —_— O- R2

H 65 OC \ /

1 3
X=H, Me

O,N OoN O,N O,N
\©\ \©\O’Me \©\O’ n-Bu \©\O’ n-Pent

3a,24h X=H.86% 3b,24h,89%  3c 24h, 84%

’ X = Me, 80%
P

O 1-Pr

3f, 30 h, 42%

3e,30h, 71%

3j,24 h, 87%

F
O,N \©:m ON
o Et o Et ot

3m, 60 h, 73% 3n, 30 h, 62% 30, 30 h, 74%

3d, 28 h, 80%

0,0

3g,30h, 41%

( j\ Et
o8

3k, 24 h, 82%

cﬁ

NO,

Et
(o8

3h, 24 h, 75%

=
Qz

3i, 16 h, 79%

2 -0
asF

31,60 h, 64%

O,N cl ON Ve
ot \@0, Et
Cl

3p, 40 h, 51% 3q, 30 h, 65%

4 Reactions of 1 (0.2 mmol) with alcohol 2 were carried out in the correspond-
ing alcohol 2 (0.5 mL) by using K,COs (2 equiv.) at 65 C. ? Isolated yield.
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2-KIL(6NIT, SN HSRERT BIFLLF FICR. YRS
ANPREERT, AR AT LA AL F5 R 26 45 21 4 N 1)
Tk 6g~6j. 1-Z5Ty A1 2-Z5 M AF J5URHNS, [ S 43 31l 75 21
82%FI1 95% MU (6k A1 6l). 24 R* & — P ELH A&
BB R I L B 2,4- U T e, e AT AT DA
KA, AHIEYEASC ARG B FRAG, BPAE Ay i &
HEINE] 5 equiv., (X HELAH S5 FIU 2645 A B = 4)
6m~—~6p. 1H:4 RN 2,6- AT It T2 a4 fH
BRI AN AF BIR B I 6q. A, 405 FH
FEAIE M ERL, 2-AE e fy A 4-nH e A R IS
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SN BEAS BB UL (6, 6a A1 6u~6w). {H24 R3
A — 58 A3 A AL BE ) S T S AN PR LR, P24 6x A
6y MR AT FTRAAR. 1124 R R RURIERS, RN A K
4, ?‘%T@JF% 6z MR ZEMAE R R, o R
I, ZHEIE R R HE(62zb, 6za I 6zc), SNTE
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PEATS R A H I 7™ B PRI, R R L BR(X=H)
5 507 i 22 2Ry 1 S B2 T BA LA 93% WA 3 15 21| 7= )
6a.

R3I FHHERREIERG S S PR

Table 3 Reactions of alkyl arenesulfonates with various phenols®

OH s
o 2 equiv. K,CO3 z__OR
x%i >7$*0R3 T > W ]/
I [ J CHONesC Z.x
yA R4

NS

6

o. NO,
(ON
O;N NC

X=Me, 94% b, 24 h, 88%
"X =H, 93%

6c, 26 h, 86%

/©/ Okt FD/O‘B
O,N

69, 24 h, 99%

6a, 24 h,

Br

O

6e, 24 h, 83% 6f, 24 h, 98%

o

N

=z

Dot Q

o O

y
m

6i, 24 h, 96%

o
m

6m, 24 h, 71%

Me
o
O,N

6j,24 h, 77%

o

6n, 24 h, 62%°

O .
Et

6k, 24 h, 82%
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t- Bu foR

N,/
O
m
Z—
<\ /\> s
O
m
2
ZQ
5

t-Bu

6q, 48 h, trace® 6r, 36 h, 73% 6s, 36 h, 80%

©/ “n-Pent

6v, 26 h, 89%

o

N

Z 2
O

6u, 24 h, 90% 6w, 26 h, 78%

O\O Q/O\g/ Ot ©/ O ve

6y, 26 h, 75% 6za, 40 h, 52%° 6zb, 40 h, 28%°
O\

6x, 26 h, 72%

”b
Q

62,36 h,N.D.9
i-Pr

6zc, 40 h, 37%°

4 Reactions of 4 (0.2 mmol) with 5 (1.2 equiv.) were carried out in CH;CN (1.0
mL) by using K»CO; (2 equiv.) at 65 C. ? Isolated yield. ¢ 5 equiv. of 5 was
used. ¢ N.D.=Not detected. ¢ Reactions were performed in N,N-dimethyl-
formamide at 120 C.

TESRIS PR RIS FE T R B, Bt 251 05 R 05
FETE A T IR 2R IR E IR X TR, B
Zxifit C—S HEWT R S5 B KA C—O FEAE
I S N A AR AN AT A BB AR I () — 55 S k. %85
TERAAR BN AR A RO SCFRE B ST S1 1Y
Entry 21), %7 2-fHE 2RI IER 75 S BG5S 25 FhoAH B
My N, S5 LR 4. 24 RO JEXTHI L. [A) H 2&.
RRFFIE . GHRUT FE LK 4-5 3k}, SO DA T B
RAGRIAR N — 55 Bk 8b~8f. 24 RO J& §5M H T3
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LI, RIS P RO A LA, A A R o,
(8k~8m). ZEMyfE LLUBLT S35 RSO B F) — 57 2 R%§@wcﬁegﬁﬂﬁﬂ? ij
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Table 4 Reactions of aryl arenesulfonates bearing electron-withdrawing
groups in ortho-positions and the corresponding phenols*’

X OH
5 6
R/\/ N E—o —/R ‘ \7 3 equiv. K3PO4
p— Il \ / * _— o
1 0 mL toluene, 100 °C
5

[¢]

7
X =NO,, CF3, F, Cl

SpslipeNiges <”§5©

8b, 36 h, 91% 8c,40h, 81% 8d,48h, 79%

NO, NO,
NH, cl

8f, 40 h, 70% 89,40 h, 74%

8a, 48 h, 86%
NO,

IO

8e, 36 h, 83%

o P O 2
@Uﬁp@%GQ

8h, 40 h, 63% 8i,48 h, 69% 8j,56 h, 51%

rodra, oo

8n, 48 h, 71%

8k, 72 h, 26%

81,48 h,N.D. 80,48 h, 74%

50 .0 Arodes

8p, 48 h, 80% 8q, 48 h, 82% 8r, 30 h, 86% 8s,40 h, 89%

8m, 48 h, N.D.

@ Reactions of aryl arenesulfonate bearing electron-withdrawing groups in
ortho-positions 7 (0.2 mmol) with the corresponding phenol 5 (0.24 mmol, 1.2
equiv.) were carried out in toluene (1.0 mL) by using K;PO4 (3 equiv.) at
100 °C.° Isolated yield. ¢ N.D.=Not detected.

TE B3R [ NAR & an AN I FE B i, AN
T R IR 77 LS AE 5 — JEURHINE, S SATS SR AT CATE AH [F]
I N Sk A TR AT AT & il — 55 JE Tk 8b~8e, 8g,
8j, 8k, 80 fll 8q(5% 5), [ANWNCHEFH A i F 4.

7 iR Sah gk B SERE b, %2 T S5 AR G AR T N
(10 5 Tt e S5 5 o 119 S SR B — 0 s ik, 285 SR 91 T
F 6 . FEEAE RN ST BTSSRI 07 I S P
T B8 K 1) R IR [) 3 AT DL DL A 5 2L 75 1 W22 15 21 A
X R =) 8a~8s.

R I 34 A SCRR AR IE D4 SRR AT T AR 2 S 36 At

gh U, FEIX HEEH T BLN AT AR Y R SLLE (B X
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5?’@ SpeLspe @@

8b, 36 h, 78% 8c, 40 h, 69% 8d,48h, 61% 8e, 3

SRCB IRl TS

89,40 h, 70% 80, 48 h, 69%

NO,

Bege

8q,48 h, 76%

8j, 56 h, 58% 8k, 72 h, 19%

@ Reactions of aryl arenesulfonate bearing an electron-withdrawing group in
ortho-position 7 (0.2 mmol) were carried out in toluene (1.0 mL) by using
K;3PO,4 (3 equiv.) at 100 “C in the absence of 5. ? Isolated yield.

R 6 ADNLE AL T IE TR S R R 0
Table 6 Reactions of arenesulfonyl chlorides with electron-withdrawing
groups in ortho-positions and diverse phenols*®

X OH
R o X 3 equw K3PO,
=/ A /\ 1.0 mL toluene, 100 °c
9 5

o

R O @@

8a, 48 h, 87% 8b, 48 h, 81% 8d, 48 h, 78% 89,48 h, 67%

oo E S o

8i, 48 h, 62% 8n, 48 h, 70% 8p, 48 h, 71% 8r, 48 h, 90%

0

8s, 48 h, 89%

¢ Reactions of arenesulfonyl chloride bearing electron-withdrawing groups in
ortho-positions 9 (0.2 mmol) with a series of phenols 5 (0.48 mmol, 2.4 equiv.)
were carried out in toluene (1.0 mL) by using K3PO4 (3 equiv.) at 100 C.
b Tsolated yield.

2). EbxF 7R R 05 S 5 A% A 1 S ML (SR 2-1),
B G, OBE2aTE KCOsMEH FAEMLARENE T A, FH
JG CEFEN T A X R A RS 1a AT HE
AR B, A PR B BRI X R A S T D T
PR IRTEIR Ol C. Bn, SHNEEAAE T D 5K
R lE C KRAE SN2 HAERIBFR=Y) 3a R
PhSO5~. X T 7% fith R Jot A5 I 5 &% b My 1) e 2 (B =X
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el
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U 8
5z E 7a 8a

B2 R

Scheme 2 The proposed reaction mechanisms

3 e
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ST LSRR 5 R R 07 BRI S—O BRIk R S5
HI I BE, 75 iR b B gl C—O B2 S5y it SO ok
BT FE BRI FAE G T, X PR RN S
;A 25 B8 4 9 B R T 52 1 DA B R Ve L. 7R
KsPO, EFR, FIFAERIR L 2-,2,4-, 2,6-f7 BA W HL T
S DS BEIR 75 S5l . D7 A SUET C—S B S5 E)
(17 I IR i 8 &1 A7 5 A VR PR A7 BEL Y e 1 1 — 0 Tk
BbAh, TEBRFE N B IS, IR 05 R 75 BE e 7
[FJRE B 25 A Tt mT DS 3 ] 1) — 5 B ik

4 SCIGERSY

4.1 FEERFS ERESEENR N

Ire) =88 ) 3RS S S AR I N 5 R 5 R i 1
(0.2 mmol), K,CO; (55.3 mg, 2 equiv.)LA & 0.5 mL 5 2,
ZMNAE 65 CRFEAT, M= LRI E 2
RN 5E4. B, KRG A E i aiie S 5 br
7 3.
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42 FHEBREEERSEHERN

1) 15 4 R 35 5 7 A R AR N 5 TR e i 4
(0.2 mmol), K,CO; (55.3 mg, 2 equiv.), 5 (0.24 mmol,
1.2 equiv.)PA K 1.0 mL ZfiF. &R MAE 65 C Rkt
17, i TLC W E 2R e4. B, ¥iRawEd
WAL E T A ts B AR 6.
4.3 FHEARFSERRSHEMEE RN

1) 15 14 308 s 7 A R AR RN 5 Tl R 5 i i 7
(0.2 mmol), KsPO4 (127.4 mg, 3 equiv.), M} 5 (0.24 mmol,
1.2 equiv.)BA K 1.0 mL H2K. ZMAE 100 CRHEFERE
17, g TLC W E 2 RN 5e4. B, KiRawdEd
TERAE E a1 H bR 8.
4.4 FHERRFSEBRER —EIRFERR

1) 15 14 308 s 7 A R AR RN 5 Tl R 5 i i 7
(0.2 mmol), K3PO4 (127.4 mg, 3 equiv.)PA & 1.0 mL HIZK.
ZRNAE 100 CRAERENET, i TLC W E 2 RN
e fE, BIRAYNEE R ENT it 15 B AR =)
8.
45 FHEMSSHEIRN

1) 15 4 R38R I 5 I 50 9 (0.2
mmol), K3POy4 (127.4 mg, 3 equiv.), B 5 (0.48 mmol, 2.4
equiv.) A& 1.0 mL H2K. ZRMAE 100 C FHHEHEAT,
I TLC Wl B 2 R B 5E 4. a, KRG YIEE rER
RN 2 s Hir™9) 8.
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