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Synthesis of Sulfonyl Quinone Derivatives by Rh-Catalyzed
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Abstract The rhodium-catalyzed sulfonylation reaction of quinones with sulfonyl chloride compounds was developed, which
provides an efficient and mild method of the synthesis of biologically active sulfonyl quinones with high yields. This method-
ology is also efficient for the coupling of naphthoquinone with sulfonyl chlorides. The possible reaction mechanism was also

proposed.

Keywords rhodium; sulfonylation; cross-coupling; quinones; sulfonyl quinones

FEIE Z A U4 B, o IR 4 e T A PR AR D S5 B2 AN ik
SUBEE AL RN — B2 B LR & A 2 s
W Bunss. K. B, B HSEE RN RS £ OCE
A A 24 Nk, xRk S R I 4
JiR HE A PR ARV IBG S 82 A ik S BV A Sk AR P IR 24 55 A
WL R R & o —Fh B E A R F B/
IEBCAEBAA BLE o i B S A A A g, SR
HE A AR I S IV e S B Vi A S S 0 8 A SR AR T LR
IR RE, I3 TR IZMRA.

FRRATAE) ZAFE T BRI, ENREA S A
AR R E A EYE 2R Tz e s,
BEAFAVRIL T BEEATAEY B TUREE . PUE. HUA.
PR RGO S E UL B, Reynolds b [l
FHRE T R SR 2 A B AT A R I
KB ZEELEN B-Ketoacyl-ACP-synthase 111
(FabH)Hifil 7). T JL4E, RTREM G ERA 1]

* E-mail: wangdw(@jiangnan.edu.cn

PR U2, R R AR AR 55 R R 2R AL S I & R
J71Hi(Scheme 1), GRS S VIR Z 254
ARG 2 R R AR, BRI, G T
BRI & T EAR A IR, R I T 2 h AR IH
FAE R BT A AN RE— B e A 2P iR
i, FAMRE 7EEMERRER C—C BRI AL R
B C—S BRI K LAERYY, SR IR R A — Y
FETIER BR (AR IS R, (R 6 f AR B % 11 ]
A R R SR TR R L SR SR YE
PE 822 A AL T B R SR ks, N T T IR 2 A
A G BRI E s R AR EE. H
b, TERTIH LA A B0 AR T — R
BEESAS LRI 5 A B RE B SRAL S T ik, S T
B B A R TR B SR 2 MR S AT WL 57 0
SRR AT AR B BRI AR R L

Received December 29, 2014; revised January 26, 2015; published online January 28, 2015.
Project supported by the National Natural Science Foundation of China (No. 21401080).

5 [ AR FF 2R 4 (No. 21401080) % BhIs A .

676 http://sioc-journal.cn/

A ©2015 Chinese Chemical Society & SIOC, CAS

Chin. J. Org. Chem. 2015, 35, 676~680



Chinese Journal of Organic Chemistry

Previous work

o o
-/ +  ArB(OH) Pd, Fe. Ag '/
< r 2 >
S S Ar
O O
1A
This work
o (0]
(o} RN
AN 1 r
" s oo—§-a R0 7 Q
. I < . _Ar
\,, O ~ ﬁ
o O O
1B C-S coupling

B 1 S ER AR R

Scheme 1 The transition-metal catalyzed coupling reactions
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2, EEEZERE(1a) (0.5 mmol) Al HY 48 g ik &
(2a) (0.75 mmol)fE ABLAL R R A, UL =S EQ
molY%)E AL, BREZH(0.75 mmol)VE AmEEC > LA
3mL [ 1,2- =& LKE(DCE)E R B 71, 90 C R kAT
SRR, [ B SSHEAT. SR g R R B
RBERTI R =4, B INFAEHE 24 h, 198 KEE1S 2] H
PRI 1, Entry 1). B0J5E, FRATEAT T AL %,
223061077 RhCl, 828 [Cp*RhCly], B, 4 A ME I
R, AT E] T BAr=9 2-(4-F B KM X — 2K
Fit(3a), BN BIM AT 41%. N T FEE R
FEER, AU T RERARBL(ER 1), FWIXT S N7 71
BEATIfE(F 1, Entries 5~9), LidX LRI 1,2-—H 4
Jt(DCE) & s FE I 7). A FRAT 1 223800 F AN 7] B w47
Ak S MBS (2 1, Entries 10~14), K IUBRBR 2 AR 1)
. [FIEE, W22 7 HARIN A2 5 R BV.(F 1, Entries
15~21), JUHE AR EFIMmA, 7L S
LA SEEG ORI, IR I 7S S B AR A T LA
HE— B R N PR R A 85%(FK 1, Entry 20). 5 [EI,
2 AR R S0 150 B Oh B R B N N B A AL 7R A RT BL R
R, RAREANREMIX N RBIF(ER 1, Entries 4, 21)
5 JE 15 B S N R L AR 2 R 1a (0.5 mmol), Xf
FOETE B &0 2a (0.75 mmol), [Cp*RhCl,], (3 mol%),
AgSbFs (0.1 mmol). HXEZHH(0.75 mmol), 7E 90 ‘CFx
% 16 h.
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Table 1 Screening of reaction conditions

(0] (0]
@ [Rh], Base @\ /@/
+ TsCl ———— (0]
Additive, Solvent I
2a ﬁ
(0] O O
1a 3a
Entry Catalyst Base Solvent  Yield®/%

1 RhC13 C52C03 DCE <5
2 [Cp*RhCL,], Cs,CO5 DCE 41
3 [(COD)RNCI], Cs,CO5 DCE 12
4 None Cs,CO;, DCE <5
6 [Cp*RhCL,], Cs,CO;4 Benzene <5
8 [Cp*RhCL,], Cs,CO;4 Toluene <5
9 [Cp*RhCL,], Cs,CO;4 Dioxane <5
10 [Cp*RhCl,], NaHCO; DCE 28
11 [Cp*RhCl,], K,CO3 DCE 51
12 [Cp*RhCl,], Na,CO; DCE 35
13 [Cp*RhCl,], t-BuOK DCE 22
14 [Cp*RhCl,], KOH DCE 8
15 AgBF, K,CO3 DCE 43
16 AeOTE K,CO3 DCE 56
17 AeNT K,CO3 DCE 72
18 AgOAc K,CO3 DCE 38
19 AgsCOs K,CO3 DCE 45
20 AgSbF, K,CO3 DCE 85
21  AgSbF¢ K,CO;3 DCE <5¢

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: 1a (0.5 mmol, 1.0 equiv.), 2a (0.75 mmol, 1.5 equiv.),
[Cp*RhCl,]> (3 mol%), base (0.75 mmol, 1.5 equiv.), additive (20 mol%),
solvent (3 mL), 16 h, reflux or 90 C; b Isolated yields based on 1a.  Only
AgSbFs was added.

At B 56 P A P 25 Bt e S 40 6 LR 47 1 7= 45 1) B
FRr=9, 1 B s Wt B 3 I TE A0 BEL PR A 4 1T R Tk
Pk S AR I ) F 25 B0} I S A AR K .
AR F 356 [ ) T S SR B S N, ko i B
TR S WU AR S, (R ARG 2] H A=),

P2 T SRIRA 2 28R 5 A A I AT OB, &
Eseag SR, SEEHA R T BURIIFEER 2), BRFEE
BRI R T — 2, B2 BI SR AR R 2 HE
REZIHR G B B i faE S, (7] A 2 s ok S BRI f e
TSN e N A AR K REI, i A A FE S
VIR A RAFRIPE 3R, MRS L& 24 AR,
AT AU B i 88% 77 #E (3K 2, 3)); (H& A W -2k
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Table 2  Substrate scope of the reaction
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39,16 h, 81% 3h, 14 h, 85% 3i,16 h, 72%
0 OCH; 0 0
(I (I 0
S I 1
I 1l W
(@] (6] OCHj3 (e} (o] (@] (0] CN
3j, 15 h, 88% 3k, 17 h, 80% 31,24 h, <6%

“Reaction conditions: 1 (0.5 mmol, 1.0 equiv.), 2 (0.75 mmol, 1.5 equiv.), [Cp*RhCl,], (3 mol%), K,CO; (0.75 mmol, 1.5 equiv.), AgSbFs (20 mol%), DCE (3 mL),
16 h, 90 C; isolated yields based on 1.

AT SN BENUR () & 2B B A IR, AT 5 80U AN BE Rh() ArSO,ClI ArSO,RA(INCI
KA. A B

B ROk, BATS ZBHLEREAT 7RIS IR R, &
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(Scheme 2). B2 IR 5 R L

TR IEEE 2R A YA 1,4- 2Rk S —Fh B 4F
HI3H 7. 2008 4F, Reynolds R HWAR 7T T 1,4- 2tk
G W) ROl g L R SR A S W) B B )7 VE (Scheme 3, 4~
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W JFEARF, 76 DUE PRI (THF) IR BEEE 2 h, sl Ls
FEER MR 2] HARMEAY) 4 (Scheme 3).
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Scheme 2 The possible mechanism of benzoquinone and aryl
sulfonyl chloride compounds
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NMR(H#5 A TMS, #5528 CDCL){# A Varian INOVA-
400 BURZ ARG 5E .
3.2 ZWHE

PRI A A T 1S 5 T T AP TG R O 2 PR 2R A
IS8 73 T T ARG 25 mL 38 3 I B0 2 BN
7Kl (1a) (0.5 mmol). X AR 5 (2a) (0.75 mmol).
[Cp*RhCl,], (0.015 mmol). AgSbF¢ (0.1 mmol). HKERET
(0.75 mmol)Fl 1,2- 5 ZLJE(3 mL), B 5K s N 25
90 CHAMFTHFE 24 h. NFEEAMNE R, BN
RAEMBINVKOK I R GBS REE(15 mLX3), &JF
A HUAH I FH SR RREA T4, BRI 40 f5 15 2 MRS AT
FEWCRMB OB OB, Vi v=10: )B4k, 5
P EBE2E A 3a (85%).

Yo Tt T 5 A i i T I — I SRk B W 1 S 56
J7 i FREL 2-(4- FE SRR 9 I )6 — 2K (3a) (0.5 mmol)
T 25 mL B, MBI S mL DYE KT fE, UK
KB ALZ M EALEN(1.5 mmol), A5 FHESE
W N 2 he RONEEHE AR I KK RN,
SRIE NG ISR R B REEL(15 mL X 3)1F BIGHL)Z,
TR R ER BE AT T4, VERR T o v e 1, A8
FAREEMT 09200 BB TR VOB @ MR 288 =
510, 152774 4 (86%).

2-(H 2 F-4- R T 35 )-[ 1,41 2K B (32) ™) R 75 (4.
'H NMR (400 MHz, CDCl3) 6: 7.32 (d, J=8.1 Hz, 2H),
7.20~7.16 (m, 2H), 6.83~6.71 (m, 3H), 2.33 (s, 3H).
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2-(4- HAE B - R 9 )-[ 1,4) 2K 16 3b): 45 2 (5 [
. "H NMR (400 MHz, CDCL3) d: 7.41 (d, J=8.3, 2.4 Hz,
2H), 6.90 (d, J=8.8 Hz, 2H), 6.80~6.70 (m, 3H), 3.79 (s,
3H).

2-(4- =T F-FRAE L )-[1,4) A R (3e)>™): ¥ 3 €2 [
&. "TH NMR (400 MHz, CDCly) d: 7.50~7.41 (m, 4H),
6.89~6.80 (m, 3H), 1.35 (s, 9H).

2-(2,5- = AR - I )-[ 1,41 5 B (3d) ) 3% £ [
f&. 'TH NMR (400 MHz, CDCl;) 6: 6.95~6.90 (m, 1H),
6.92~6.84 (m, 2H), 6.83~6.78 (m, 2H), 6.74 (d, J=2.9
Hz, 1H), 3.78 (s, 3H), 3.73 (s, 3H).

2-(4- T EE-TR R E)-[1,4) K BE (3e)P): B A, 'H
NMR (400 MHz, CDCLy) 6: 7.34 (d, J=8.1 Hz, 2H), 7.18
(dd, J=7.6, 1.2 Hz, 2H), 6.82~6.71 (m, 3H), 2.60~2.53
(m, 2H), 1.65~1.55 (m, 2H), 0.89 (t, J=7.3 Hz, 3H).

2-(4- 5 P FE- R )-[ 1,41 K BR(3OPY: 3% (& 4.
'H NMR (400 MHz, CDCl5) d: 7.43 (d, J=8.2 Hz, 2H),
7.31 (d, J=8.3 Hz, 2H), 6.88~6.79 (m, 3H), 2.95 (dt, J=
13.8, 6.9 Hz, 1H), 1.28 (s, 3H), 1.27 (s, 3H).

2-(FF 2 -4- T T )-[1,4] 25 B 3g)! Y R @k, 'H
NMR (400 MHz, CDCl;) d: 8.23~8.18 (m, 1H), 8.14~
8.09 (m, 1H), 7.80~7.74 (m, 2H), 7.49 (d, J=8.1 Hz,
2H), 7.28 (d, J=8.0 Hz, 2H), 7.07 (s, 1H), 2.42 (s, 3H).

2-(4- F 4R - A TG )-[1,4] 25 TR (30)Y): 3 o (0 [
&. "TH NMR (400 MHz, CDCl;) d: 8.20~8.16 (m, 1H),
8.14~8.09 (m, 1H), 7.80~7.74 (m, 2H), 7.57 (d, J=8.8
Hz, 2H), 7.05 (s, 1H), 7.01~6.98 (d, J=8.8 Hz, 2H), 3.88
(s, 3H).

2-(4-HU T HE-FREE)-[1,41 25 MR 3 R O E k.
'H NMR (400 MHz, CDCly) 0: 8.31~8.19 (m, 1H),
8.14~8.10 (m, 1H), 7.80~7.75 (m, 2H), 7.56~7.48 (m,
4H), 7.08 (s, 1H), 1.37 (s, 9H).

2-(2,5- — FHAE L IR D )-[1,4] 25 R (3))P):
[E {4, "H NMR (400 MHz, CDCl5) 6: 8.19~8.09 (m, 2H),
7.79~7.72 (m, 2H), 7.02 (s, 1H), 7.00~6.95 (m, 2H),
6.82 (d, J=2.9 Hz, 1H), 3.80 (s, 3H), 3.74 (s, 3H).

2-(4- T4 Fe - IR TR )-[1,4) 25 1 (3k)1: v 3 (o [ 4
'H NMR (400 MHz, CDCly) 0: 8.21~8.17 (m, 1H),
8.14~8.10 (m, 1H), 7.81~7.75 (m, 2H), 7.51 (d, J=8.1
Hz, 2H), 7.29 (d, J=8.1 Hz, 2H), 7.08 (s, 1H), 2.67~2.63
(m, 2H), 1.74~1.64 (m, 2H), 0.98 (t, J=7.3 Hz, 3H).

2-( I 2K -4- T I )- - 1,4- — oy ()13 3 o (0 B 4k
m.p.213~215 “C; "H NMR (400 MHz, CDCl3) 6: 7.34 (d,
J=8.1 Hz, 2H), 7.28 (d, J=8.0 Hz, 2H), 6.86~6.83 (m,
1H), 6.75~6.72 (m, 2H), 4.92 (s, 1H), 4.75 (s, 1H), 2.40
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(s, 3H).
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