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Cu(OAc), Mediated Homo-coupling with Arylsulfonyl
Hydrazides to Synthesize Biarylsulfone

Wei, Shanhong Zhao, Baoli Cheng, Kai*
(Zhejiang Key Laboratory of Alternative Technologies for Fine Chemicals Process, Shaoxing University, Shaoxing 312000)

Wang, Jianwei

Abstract A new homocoupling pattern with arylsulfonyl hydrazides promoted by Cu(OAc), is described. This transforma-
tion is proceeded via intermolecular denitrification and desulfitation. Symmetrical diaryl sulfone derivatives were obtained
with high selectivity and reactivity. The solvents showed striking influence to the formation of distinctive by-products. The
reported homocoupling reactions are very practical as it does not require the protection of inert gas and tolerant to the many
functional groups, especially nitro, halogen and heterocyclic system. The synthetic method has been applied to the synthesis of

dapsone.

Keywords homocoupling; biarylsulfone synthesis; arylsulfonyl hydrazides
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el 7 07 I EE RS S A AL T A SE AR
Mizoroki-Heck MV, %% N AT V2 1 i 403 2k
AR XIRIEREE. KRN SR HR R AR DA ST
AUV B ST R T 55 IR E 2 5 1 2R A A 1
C—H H#E MM, 55 Pd(OAc),/PPhy/Cu-
(OAc), #1 Pd(CH3CN),Cly/Phen/Cu(OAc),/ TBAB/Na,CO; {4
FR RN TR AL, £ Pd AL,
BIBAT A= A . b A A IR A I P d
L, 0 R EE IR URY N AE 4 equiv. TSR (1)1
FF 2 A3 3] 13%[00F — BRI 25% 1% — F K
B X R FRAT T 5T 05 B m e i B B AR RS O R
(1) 05 BEA B, TRATTACIR, 5 R I A Tt R 4 1)
YERTT G 2R3 AT DL s e i 7 4 3 — 05
A Y), Tt T —Mid I S8 S5 N FR 5 50
(14 BT ¥2(Eq. 1) .

0 H — o0 —
/J N\ I / Cu(OAc), Qé@ )
R1Q§ N\NH2 N /A W
100°C, 3 h
1 BRSE
1.1 AT RSz B9S2

Frifi, AT R EE A K, SR N A
2 equiv.BEERH, £ DMSO VE N, KB LLLL
72 %0 AH 7= 2245 30 005 o6 — R8N, {H ) I A
22 2%F0 R HIAR, JFRE] 5.8% M R, AL, 14
F P BAT R BT TR = R A . 2 57 e A
1,4- S NI, HAG 2T 55.3%M0% K HK, A
44 7% BRI A . CIEVE MW, P& ETFE
68.9%, {HIEEIT 31.1%M0 HEAL B K. 4 H DMF 1
A, TLALLRE R 79.4% R A3 B T, (H 2
545 20.6%I19 N,N- " FF H o B RRI e 2B . 448

NMP (1-FH - 2-mbme B i) iF, m BAisiis 93.9% 7= #6415
B IR, AT 6.1% 1 R E S MR B 7E
NMP 1EREEFIAHFR&AE T, 027222 n] LUAE] 92%.
& 1).
12 HERBEEZHHMRIL

PATTIE FHORT AR IEAE A B LA NMP %
FR R N A — AR, R R 2. BATTE ek
¥ Cu(OAc), Bl e il 4k, RIS R R34 W i
TR AT T AR E T AR, KIS B
A 34%~42% (Entries 1~4), 10— 35 0 JL %
A N5 PE(Entries 5~6). FRATPEH A 58 0 o FE 14
A, RICEEREL . Ay, RIS AL,
FOASBEAN 12 o N K2R, UE I s N AR R A7AE A e K
42 (Entries 7~11). RN NFESR 80 °C, =3
BN B (Entry 12). 3600 s W B R RLE B8 s B N il R
HRANREAT P~ A 24 (Entries 13~14). A 128 b%
RIS R R R R B, BRI LR 1 mmol
I, PR A IR R T AR A S ER AR N,
EAUHN 18%.
1.3 RMNEMHRR

TEACI SO AT, FRATIE 82 T 25 P AR 0% 2
NS 5RO, g5 WE 3. BATEAZERKT — R
HURO AT AR ) 05 BRI, A 12 B WV A4 3% e 8 e 2
U R REN], WA THESE, T W
FEFIRHALSE, 7% R 2075 (3K 3, Entries 1~9). SEIG
GERRMNTCIR S LTI, HEE, e
T TR TSR L AR 2% N AN K, A
WRUE, R BN AR IDE 7 28, AN ] 7 B 1
VAT 07 JE R I I ) S N mT AR |, R FA AR 1)
()RS s N AT 5 s, 1 FRRE A3 AR L[]
BRALI, 70 B A NI 3, Entries 10~12).

R BRSOV IFE T
Table 1 Solvent effects on the reaction

O H Cu(OAc), i:j g (:j
S—N - -
<:> I Solvent I
NH (6]
O ™2 qo0oc, 3n
Q \
o] N~ SH /©/ QA N
. I S Nar
we OO o8 07 o o O
o) O
DMSO 72.0% 22.2% — — — 5.8%
1,4-Dioxane 55.3% — 44.7% — — —
CH;CN 68.9% — — 31.1% — —
DMF 79.4% — — — 20.6% —
NMP 93.9% — — — — 6.1%

IR A X FEREIEEE(] mmol), BEERH(2 mmol), A2 mL), 100 'C M 3 hy AR,
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Table 2 Cu salts, oxidants and temperature effects on the reaction

O

O
1l \

H Oxidant

~

0]

Vs

i
i
o

& “NH, NMP, 100 °C, 3 h
Entry Oxidant Yield”/% Entry Oxidant Yield”/%
1 CuCl, 78 9 BPO —
2 Cu(OTf), 83 10 DDQ —
3 Cu(TFA), 80 11 mCPBA —
4 Cu(NO;), 72 12¢ Cu(OAc), 38
5 Cul <5 139 Cu(OAc), 91
6 Cu,0 <5 14° Cu(OAc), 92
7 AgOAc — 15 Cu(OAc), 66
8 K,S,05 — 16¢ Cu(OAc), 18

N AT o FAEREEEIF(1 mmol), %Ak F(2 mmol), NMP (2 mL), 100 C, S 3 hy * 4B, © [ SRS 80 °C; ¢ I WIS N 120 °C; SNl i) 2 12

NI R T 1 mmol; ¢ FEERAT T 0.2 mmol.

R3EETRAVCIE R P A A & B SRR Y. ¢
Table 3 Cu(OAc), mediated homo-desulfitation with arylsulfonyl hydrazides

O H Cu(OAc), = Q@ =
R N NMP R o) 7R
NH2  100°c, 3h
Entry Product Yield”/% Entry Product Yield”/%
? Q
1 Meo@ﬁOOMe 97 9 |@§Ol 85
o) o)
\ ? / Q
2 N S N 91 10 S 92
/ I \ I
o) o
o ?
S
3 Q§© 93 11 : 84
& o
? Q
4 NC@§OCN 86 12 $ 77
& o
0
O Il
: (<)
5 OZN@§ONOZ 87 13 &N 70
: ) W
; Oy 3.0
6 F@?OF 90 14 S O 84
0 0
0 0 —
7 C|<@§OC| 93 15 @§O 89
I _ I
0 N o N
? N2/
sy s Vel -4 5
0 S o S

TR NG S5 BT E(1 mmol), EERE4(2 mmol), NMP (2 mL), 100 ‘C, RV 3 h; ® 43 Byl 2.

{EASE RIS, 2307 e W 28 It v DA sy = 5 1
TN, 1-ZEMEIE L 2- 25 R IR () 25 R g 25 (3R 3,
Entries 13~14). & A2, %K RAAGE T
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Entry 16).
1.4 @EXWEIEK

R (Dapsone) A SR ZE 254, 55 K XUFT T4
AR AE R, LEIF 2 N TR T RR R
U BRATT AR A SCHROE 1 7 VA b et b 1%, ok
B ROZAEY. BATAXHEFE RS &, & Dikedk,
H S ME, R =20, BL 80% [ &L F= 43 21 24 2K iR
(Scheme 1) .
1.4 RNHIE

SONAVER ST, FATIHEN 5 N ] g 42t T i 3
(VA 0 SRURT I At () et R IS PR 1y 4 15 O S0 g
KA T A R Ak AT 2R SR R AR R 5
FLOAPA MR A A (Scheme 2). Tl 148 S WA 2 bt A6
DT B IAEAE. R N AEAS [R5 70 R
S TEADS A A AR A 2B AN R R
JW(Scheme 3). LA NMP {ES IR, S WA H IR 057 18
PP A RE R R AR A SRR 4 LEL DMSO

NH,NH,
02N44<::>FfSOZCI
THF, 0°C

VRIS, ATRAgE Rk A 3k, &E C—S BErwrsd
M43 2 AL FREEZRD0; 24 L0 DMF ARV AN, o m)
DABE AR A 3R, s C—C B i D 28 st e i 79 380 2
SAUT) NN- TR, Ak, AR T AEONE P L
PR 2R A 1 AT G v 1) 2t T ) ] e 2 00 I A T
B F (1 T AT R I35 P 1) 1 0 49 38 (g ),
2 4ig

A SCCATS R A ARk 7, Dy SR e A E a1 £ 45
RSN, 0 A s B 2 A T R v A BRI 0
TG, SITVEAAER R, S EAE; oA UE
MIORAF, SO AT RAF ) B Re A 32 V. FRATER I
BRI, HEFR % SN, I B AT AR s e, A T |
P R AT Re SR R FRATT A T i =8 DA
80% MWL 2 G 1 T PURR Ui 25 P 2 AR, 1% 79 4 0 R
PE 07 RO & e i T — BB ik £, HAT RAFI Y.
H w5

Cu(OAc),
OoN SO,NHNHy, ——
NMP, 100 °C

87%

Q NayS,0, Q
O,N S 0p——2" = H,N S NH,
i CH30HH,0 i
rt., 95% Dapsone
Scheme 1

@E ~NHNH,

o e O OO o
0 -2N, | Il

Scheme 2

(Ny:ﬁﬁﬂ<}wwﬁ

?
@?é*NHNHz

o .

HoNHN—S-$ @

(V) 2% j JHFIE i

ore

(1) NMP

Cu(ll) @\

HyC STCHy
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)

T
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3 KEIHN
3.1 UEHIKF

WG LR it AE B+ Bruker ADVANCE 111 (400
MHz) B IEARAX B3, BLTMS K AR, CDCls B3
DMSO-ds W, FHE%/E Bruker Apex IIT (7.0
Tesla) FTICRMS (Bruker, Billerica, MA, USA) Ll EI 24
B UEINE; SAMTRRELE Agilent 6890/5975 GC/MS 1X
e,

3.2 A E
3.2.1  SFAEREEIT A% &

100 mL FLEukeiit, HKEMFHB0%) (1.375 g, 22
mmol) 57K (1.3 @) iR &GV R RE. ZERH %
TS 3 0 5% LA P S0(10 mmol) ) VY SN (40 mL) K,
ZIRAYEER FE—2%HE 0.5 h, %A 20 mL &
fik, 50 mL ORI /K PEE =k, AU KR
FRAN 5 vk, A HUARE T 5 H TG 45 5, 192040
N 7 FEE it G
322 FAEBELM A S 8 & B IR

¥ 1 mmol 75 FEASIEHFAT 2 mmol BEFRA TN BE 2
mL 1-F3E-2-nt s e il (NMP) F) s 3 3 vh i 100
TEECRE, WEABEFE 3 he RONsese, BE=EREM 2 mL
K, TN 5 mL Bk 3R I =R, A IR0 T
e, FEr 2RI 5.

323  RBFRE AT H

100 mL 3BT, KK EIHFB80%) (1.375g, 22
mmol) 57K (1.3 @) iR &GV RRE. ZERh %
JEE T T 0 B L R A R 502,216 g, 10 mmol) i) PU SR
(40 mL)#W, ZIREVAEFE FiE—28H 0.5 h, 4
BN 20 mL 2k, #5150 mL R EK bR =k, H
BUAH P JC/K B BR T e L 8. AU T 5 FH i
Sh, 19 B R EE2.107 g). K R R I
JHF(0.217 g, 1 mmol)FESRH(0.372 g, 2 mmol) I A BT
2 mL 1-F1E-2-H PR B2 B (NMP) ) S S 5 vh A2 100
TEECRE, WEBEFE 3 he RONsese, BE=EEJEM 2 mL
K, TN 5 mL Bk 3RE =R, A IR 3%
FJ, FEPESRIE i 4,4 hHE T IRE0.268 g).
R SR (0.348 g, 2 mmol)IRA LI 4
mL FREL 1 mL KRS R, Sl B2 he F 4
JEBR (D B HEEYEE), e RS, HREBOKW V=
9 DELMMAE G SEZARN 0205 g HHh
176~177 C.

324 FEMERAE

P e S A4, HIE % A, 'H NMR,

C NMR Fl HRMS KL, 7241056 15

Chin. J. Org. Chem. 2014, 34, 767~773

© 2014 Chinese Chemical Society & SIOC, CAS

4.4 " AL S 'H NMR (400 MHz,
CDCLy) d: 7.80 (d, J=8.4 Hz, 4H), 7.28 (d, J=8.4 Hz,
4H), 3.94 (s, 6H); *C NMR (100 MHz, CDCl;) 6: 177.7,
163.4, 128.9, 124.8, 59.2; HRMS calcd for C;4H;0,S:
278.0613, found 278.0615.

4.4 " FF -1, 'TH NMR (400 MHz,
CDCly) d: 7.83 (d, J=8.8 Hz, 4 H), 7.25 (d, J=8.8 Hz, 4
H), 3.09 (s, 12 H); °C NMR (100 MHz, CDCLy) d: 178.1,
159.1, 129.8, 123.0, 47.5. HRMS calcd for C;sH,0N,0,S:
304.1245, found 304.1247.

T 2KHK: 'TH NMR (400 MHz, CDCL;) §: 7.93~7.96
(m, 4H), 7.47~7.57 (m, 6H); “C NMR (100 MHz,
CDClLy) o: 141.8, 133.3, 129.4, 127.7. HRMS calcd for
C1sH,140,S: 218.0402, found 218.0409.

44 L1 2K '"H NMR (400 MHz,
CDCLy) d: 7.99 (d, J=8.4 Hz, 4H), 7.79 (d, J=8.4 Hz,
4H); *C NMR (100 MHz, CDCl;) d: 173.8, 160.4, 129.7,
120.0, 116.9; HRMS caled for C14HgN,O,S: 268.0306,
found 268.0310.

44- R -1L1- 2K '"H NMR (400 MHz,
CDCLy) d: 8.36 (d, J=8.8 Hz, 4H), 7.91 (d, J=8.8 Hz,
4H); "*C NMR (100 MHz, CDCl;) &: 151.8, 145.9, 129.6,
125.0; HRMS calcd for C;,HgN,OqS: 308.0103, found
308.0110.

4.4-"F-1,1-ZEH: "H NMR (400 MHz, CDCl5)
8: 7.76 (dd, J=8.8 Hz, J=4.8 Hz, 4H), 7.24 (dd, J=8.8
Hz, J=4.8 Hz, 4H); °*C NMR (100 MHz, CDCl;) 6: 167.8
(d, Jep=242 Hz), 145.7 (d, Jop=3.6 Hz), 129.2 (d, Jor=
7.6 Hz), 114.7 (d, Jor=20.8 Hz); HRMS calcd for
C1,HgF,0,S: 254.0213, found 254.0215.

4.4- 51,1~ ZH: 'H NMR (400 MHz, CDCl5)
5: 7.88 (d, J=8.4 Hz, 4H), 7.85 (d, J=8.4 Hz, 4H); "°C
NMR (100 MHz, CDCly) 6: 144.1, 138.1, 131.6, 127.3.
HRMS calcd for C;,HsCLO,S: 285.9622, found 285.9626.

4.4-"3-1,1-ZH: "H NMR (400 MHz, CDCl5)
8: 7.84 (d, J=8.0 Hz, 4H), 7.40 (d, J=8.0 Hz, 4H); "°C
NMR (100 MHz, CDCly) 6: 138.9, 137.8, 128.0, 126.4.
HRMS calcd for C;,HgBr,0,S: 373.8612, found 373.8617.

4.4'-fli-1,1'- - ZEHK: "TH NMR (400 MHz, CDCL) 6
7.97 (d, J=8.4 Hz, 4H), 7.48 (d, J=8.4 Hz, 4H); "°C
NMR (100 MHz, CDCly) d: 146.7, 139.8, 126.6, 94.4.
HRMS calcd for C;,Hsl,0,S: 469.8334, found 469.8335.

44- " HIE-L1- 2K '"H NMR (400 MHz,
CDClLy) d: 7.81 (d, J=7.6 Hz, 4H), 7.20 (d, J=7.6 Hz,
4H), 2.39 (s, 6 H); °C NMR (100 MHz, CDCl;) d: 140.2,

http://sioc-journal.cn/ 771
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139.9, 130.1, 129.8, 21.1; HRMS calcd for C;4H40,S:
246.0715, found 246.0717.

33- L1 2P0 '"H NMR (400 MHz,
CDCly) d: 7.80 (s, 2H), 7.76 (d, J=7.6 Hz, 2H), 7.67 (t,
J=17.6 Hz, 2H), 7.19 (d, J=17.6 Hz, 2H), 2.62 (s, 6H); *C
NMR (100 MHz, CDCLy) d: 163.3, 147.8, 131.6, 130.1,
129.0, 126.2, 22.3. HRMS calcd for C4H,,0,S: 246.0715,
found 246.0716.

22- LI 2K '"H NMR (400 MHz,
CDCly) d: 7.46~7.50 (m, 6H), 7.43 (dd, J=6.0, 1.2 Hz,
2H), 2.35 (s, 6H); °*C NMR (100 MHz, CDCl;) §: 153.7,
143.4, 130.8, 130.1, 129.0, 127.4, 22.8. HRMS calcd for
C14H,40,8: 246.0715, found 246.0719.

1,1I- " Z5: '"H NMR (400 MHz, CDCl;) §: 8.27~
8.30 (m, 4H), 7.94~7.97 (m, 2H), 7.48~7.52 (m, 4H),
7.69 (d, J=8.4 Hz, 3H), 7.35~7.38 (m, 2H); “C NMR
(100 MHz, CDCly) J: 146.6, 143.6, 137.6, 132.1, 129.8,
1289, 127.7, 126.8, 1259, 125.0. HRMS calcd for
CaoH,40,8: 318.0715, found 318.0720.

2,2-ZEfM: 'TH NMR (400 MHz, CDCl;) d: 8.42 (s,
2H), 8.00~8.15 (m, 8H), 7.81~7.86 (m, 4H); *C NMR
(100 MHz, CDCl3) o: 149.7, 137.6, 132.9, 129.7, 127.9,
126.9, 125.8, 1254, 1252, 126.6. HRMS caled for
CaoH,40,8: 318.0715, found 318.0718.

2,2-HEBER: "H NMR (400 MHz, CDCl;) J: 8.88
(d, J=8.0 Hz, 2H), 8.71 (d, J=8.0 Hz, 2H), 7.85 (t, J=7.2
Hz, 2H), 7.12 (t, J=7.2 Hz, 2H); *C NMR (100 MHz,
CDCly) 6: 176.3, 159.6, 146.6, 133.9, 127.2. HRMS calcd
for C14H4N,0,S: 220.0306, found 220.0309.

2,2'- " BEWYHH: '"H NMR (400 MHz, CDCl5) 6: 7.67~
7.71 (m, 4H), 7.44 (d, J=7.2 Hz, 2H); “C NMR (100
MHz, CDCl3) 0: 157.7, 146.4, 142.8, 141.9. HRMS calcd
for CsHgO,S5: 229.9530, found 229.9533.
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