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Recent Advances of Bifunctional Sulfur Dioxide Surrogates in
Synthesis of Sulfonyl Compounds

Wu, Yuheng Yan, Yan Liao, Weiwei™
(College of Chemistry, Jilin University, Changchun 130012)

Abstract The synthesis of sulfonyl compounds via sulfur dioxide insertion has received considerable attention from chemists
recently. Various sulfonyl compounds such as sulfones, sulfonyl fluorides and sulfonamides have been prepared through the
fixation of sulfur dioxide by employing sulfur dioxide surrogates. In particular, some of sulfur dioxide surrogates display a
bifunctional role: not only serving as a source of sulfur dioxide, but also acting as a reducing agent in the desired sulfonylation
reactions. The reductive sulfur dioxide anion radical plays a key role in these transformations, and the efficiency and atomic
economy of these reactions have been enhanced greatly. This review highlights the recent advances of such bifunctional sulfur

dioxide surrogates involved sulfonylation transformations.

Keywords SO: insertion; SOz anion radical; bifunctional reagent; sulfonylation
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RBE. (2)24 2R M BRAA A IR 1E A7 5250 I, o
R L 2RI R A 2 R I SR TE VAR B H AR =4, R
IR PR T REAS & 12 S NE (1) Hh TR A4 (3) TE A i 25 A
T, W RSN B IR 7 DY R R R v A A )
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AT REL T, A M RELSWRIam
R RE LR e 2R AR B H AR, fEVEE SRR o
R NALER R, TS T1-10 /8- AUEE A A0k
Ji, AR BT HR A TIL-10 T i T o 2 C AR AS 40 S R
BE G, TR 7S 03 F[AA TV-10 F28 5 i R w5 B i 2=
] A 7 AT A2 B E ARy T

2022 4F, FHEFREABPHRIE T NaxS0s 251
N-BUR s 8 B BRIAAK/S O, 378 N I R 52 25 ik T WP i
NTLE W1 B 80 55 1% (Scheme  15). 7E1% N 1, NaxS0s
TE NIRRT, 55EREFME T~ A BN 2 m xRt
BiJd R A B HL TGRS J5 A2 Bl Rfe; Rfe 54RO ILEAR ) V-
RIEEEE 27 MAUGE G I — R4 1) 5 B R AR BT
J& R3S T-11, T-11 SCa] 3 ik &R 16 SO, 5 R AE 7 7
WIS 395 3 B 5 TV-11; 78 SO, " iR 5 /R T 52
FRIR AT B i ot i B () 2R e T e A7 A2 ) 28, 1E
AT FE T NaxS,0s I J5U I 7E flbe 3t 5 = 4E 5
TV-11 1& JF b [ FE 15 31 T 4R 8L

3 —HUWMBRYMEZLIREFI—Rongalite
Rongalite i&77 XFRRE Ry, BABGRIIEEN, 2
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R SR

B(OH)

=

’ Conditon 8 RL_ ”OO
or Condition S< S
RN+ K05 + o ) T OMINE NS

NO, Condition A

T |/ H R?

23 24

Condition A (by Chen): K,S,05 (3.3 equiv.), K,CO3 (2.0 equiv.), "BusNCI (1.1 equiv.), CH3CN (0.2 mol/L), 130 °C, air
Condition B (by Jiang): Na,S,05 (3 equiv.), Chcl (1.0 equiv.), LizPO4 (2.0 equiv.), DMF (0.1 mol/L), 130 °C

Selected examples:

by Chen ‘ by Jiang

ISEes (j/f@_RQC 0

R = 4-OMe, 88% 17 examples
0, 0,
R = 4 NHy 65% R - 4Oy 610 R = 4-COZEY, 45% ozemoe%
R =4-CF3 63% R = 4-CO,Et, 70% 3 R = 4-SMe, 83%
R = 4-NH,, 66% : R = 4-Bu, 82%
Mechanism (by chen)
K2S,05
O ~ 2-
- T _KyCOj ( SOq4
SO, 0 23 0=5-N=0 SO0: -5 NTo<S™ 0=S-N K,CO;3
22 Se. . — [ i o product 24
Ar” 0 Ar Ar Ar  Ar Ar Ar
S0,% SO,
1-8 -8 n-8 Iv-8
Mechanism Study (by Jiang)
K28,05 - (ONW ) Condition B Ph—NO 119 9
(a) Ph—B(OH), . Condition B Ph/S\N/Ph ondition or . ph/S\ONa b)
H
Ph—NH, Ph—NO, 1lI-9
19 nd V-9
Condition B Oy P Ph
(©) Ph—BOH) + K;5,05 + Ph-NO, TEMPO (30equiv) " N
nd

B 13

FELIRIR NS 5 A 3 57 ) AR 1) B R R A S L

Scheme 13  Direct sulfonation of nitroaromatic hydrocarbons and boric acids by metabisulfites

OTf

o, 0

S
Cu(OTf),/1,10-Phen ! DMEDA (10 mol%) @ @
Na,S,0s, KsPOy,, TBAB, DMSO Na,S,0s, DIPEA, TBAB, DMSO
n=0 n

=1 R R
26 25 26"
Selected examples: . Mechanism:
n=0 :
W\ 7/ \\ // 3 on CuIX )
R=H, 82% ! Cu”X OTf I-10 || 10
R = OMe, 76% R =CO,Et, 90% !
R = NHAc, 58% R = Ph, 69% Ccu'X(oTf)
R=CN, 87% !
n=1 o, 0 Q /o O x
R! i O S Q /, 08¢l :‘S
(LI ﬂ H
R' = Ph, R? = Me, 67% R=H, 70% 3 Iv-10 1-10
R = Bu, R2 =F, 85% R = Me, 78% :

BRI 14 SO/ A Hr ¥ HEME H S — 55 FER BN

Scheme 14 Construction of diaryl sulfones via SO2/I exchange
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REVIEW

N828205, DMF, Hzo

(X ¥ F

27
Selected example:
\\S//O \\ //
R{@: N GR,COEt ‘N CF,R
5
Me Me Me Me
R = 4-Me, 75% R = CONHPh, 76%
R =5-Me, 69% R = COPh, 32%
R= G-Me, nd R= C5F11, 33%
Mechanism
B Rf—X
SO,
-S0,, -X
| Rf Intramolecular
Rf* o
27 : ©i /\j cyclization
Radical N
addition

|
CN .11

B 15 NaxS:05 %

80 °C, N,

@&/Rf SO, capture @b{ﬁf
N

N

Q /, @:S\N CF,CO,Et
|

M
Mee

=1,72% 57%, dr=10/1
X Br, 52%

X =Cl, 40%

N-SO2

n-11
-1

\\ //

CE
so2 - \5;

IV-11

Y50 22 20 70 ST R R e 2 DA A P I e 97 22470

Scheme 15 Multicomponent cyclization with an inorganic sulfur dioxide surrogate: straightforward construction of difluorinated ben-

zosultams

— REFE N T A LA A 1 B R R 7 0o,
Rongalite iRFITEBMESE T Al LA SO; . BB IEH
PESO;™ TE4A HE— N JE RSO, ", SO, " FI 4k 8k
AR RS B AT R A ) B, Rongalite 271
S e Y 30 T A5 75 JEL AT DA iR e T AR

2016 4, Ross P PIHRIE T H it <0 29 F1
Rongalite 5 —84% 7 & Bl D7 AT G 30 Tkt
8 B IR A S 1% B (Scheme 16). 1%%
RLARPRRAT, XS KO ABUR, SR T 2 0
7 IR R PR AL S DI B . FEiZ 2R I N R, e 3 I T TR
ERAE R B ) B (A, fiE 5 R SN N IR 5 B 7T 45
G HERCH bR

2016 4, % FEHHIRBAPIWRIE T 7F FeCls IAFELE T
Rongalite 18775 — 77 Fles £h 25 78 % I 26 N AE T
S5 VT TR BN 3 7 ) 4 BRI 1 S B, %7 v mll s “—
WAL W AR M A BB NSRT 4 M (Scheme 17). (543
PRI, 12 N AT PR TR A A TE I 2% 1 T RO
TEZ B T WM RER S HLEE. 768 FeCls 2511
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(1) Rongalite (2.0 equiv.), DMSO, r.t. s R
(2) H3PO, Al N
(3) DIPEA/DCDMH/amine % R
Rongalite (2.0 equiv.), DMSO, r.t. 0.0
Alk—Br - PN
29 then electrophlie, K,CO; Ak™ R
5
(1) Rongalite (2.0 equiv.), DMSO, r.t. (ONJ©)
(2) HyPO, Ak F
(3) DIPEA/NFSI 8

Bz 16 Rongalite 371G i I LT Rk 5 S A %) R
Scheme 16 Synthesis of sulfonamides, sulfonyl fluorides and
asymmetric sulfones by Rongalite reagent

NALH A, B e 05 FlES £h 25 5 Rongalite 1555 & A=
TR, AR M, HEARELES
SO, " Al 75 S W IR & 31, 7E ¥ I 13 it F 2
0 SRS h R R 5 2 EHUR S R AR A ), 405 b
BB, 2B PR =P Ak, H-50 i AH
BN TR R EE . A, 1R FeCls 5 RN
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BIHEFE SRR
BF,
AN Q FeCl (30 mol%) A NeBFa o (‘s)‘ _ DMsO _
R LR+ HOSo\, ~ DMFMecN, rt 2R * ~ONa  rt, 10min
25 20 min
9 o, 0
% o, 0 N No S
X S\ONa piperidine, NCS Rf X S‘N R‘i/ H | 7R
R 0to 23°C T 32
31 3
R = 4-OMe, 86%; R = 4-CF3, 85% Selected examples:
R = 3-Me, 86%; R = 3-CO,Me, 84% H O, 0 R H QP
R = 2-Me, 71%; R = 2-Cl, 61% /©/N\N/S\©\ \© N \©
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, H
Mechanism: R R
BF, Q -NaBF, . S = g:ﬂ 554"% R =COMe, 67% R
Ar”+OAr * HO S. PN = e, o R =NO,, 62%
~""~ONa Ar” - CAr R =NO,, 78% R = Ethynyl, 43%
25 . R = CO,Et, 75%
SO, + HCHO Arl
o. 0 . Mechanism: o
s piperidine _ SO, . 0 e &:
Ar l\(j - ' I 9 . 2 N
ArsO, Ar Rongalite S - © ©
NCS 9 2
5 51 T\ HTO N :
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, HCHO N, H
. o y . - SO 9
B 17 Rongalite 775 = 74 HLH £h & BUikig: e ’ l
Sc(liu;me 117d Synthesils of sulfonamides with Rongalite reagent H OO O\S’O
L ; ? N ST
and diaryliodonium salt R @N\H/S\@R reduction R\i\ N ‘ lR
. N N . \ - _ !
HLi H, Rongalite LA AL 7744 Fed T IE J5 A Fe?”, Z Z & 7
32 1-12

TEBEA AR ALTIIE I 3o i o ke 2] 35 B4 .

2018 4, S Dif g BORIE T AL 2 1F
T, Rongalite {71174 3 B A Shad ik 5 i3RI N A
B N-7% FERE IR EATAE ) 32 fRRE. TR % SN R
Rongalite i FIEC 2] 730 7. B S AR 10U E 1
F(Scheme 18). 1% HIETLTRIMTIEIR, 75 5: B A T {E
NEAGERE 55 3 B IR ERIIR. R v, O
FEEFIL R E N7 R A, AR 0 5 AR
RSO, Ja A BT B RS R B, 7 Ak A R Eh 4k 4 5 ik
ZHP 7 R E R R N AR R N R 1-12. B,
1-12 33— 2Dk 5 AR B BR =), 1% R NN N-J HE T
AT AW & R B T — o () vk

2021 4F, RHHIRBHPHRE 7 —Fp7E R W&
'~, Rongalite 177 518 36 15 B ) e SR J
L, 12N DL R 2R BT 22 L g A P i 7 fr
37 A BUAR RS AL &40 38 (Scheme 20). % MAL
B R OE R E B &4 eSO, s s
MR RE. FEEPEt T AT RENLEE: H51E 36 #d )i 5
N—O WA sl % H S AR 1-14, 1-14 3F— 2030
It2E 6 SO, A LA R BH B8 7 Hh TR 44 T11-14, B )5,
11-14 F45 G2 G A B H bR 24 37/38. BARE R h
FAEFEAGIE R, H.S05 & J5 T HUR A 1 Ak 77,
fHZIGEIAREMEIRI AT, Ak, 1EE Xt /S e E it
177 2, (ERIEBA SRR B I r=4). X h] g2 i
F1E A BB AL IR 2 5 T %
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B3 18 HH Rongalite IRXFl& i N-Z LR

Scheme 18 Synthesis of N-sulfamides by rongalite

2019 4F, Larionov 5@ HPHIE T —MAEZER T H
4-p ARIE 33 o <5 MR AL 1 & B 75 A BN 34 TR
Tk 35 f) [ Ni(Scheme 19). fEZF it IR S PTEIL R
FATIRAEVER), FOE R A SR AR 2D W
1, I T B AR A B (40 SmI, 8% Mg/MeOH).
2% S N AT PLE R H] Rongalite 8771 B ol A BR £ ) K
VA R L ). RRAE IR A5 R, MR SR T TR R
RINLEE: SO, EE 5 34 KA — RA Al F5 8 K
SR, AR ROIBR AR AR 113 2 SO, Bl A i I
B 34 4k 4L 5 SO, " KA FI e 3 RIRT 45 2138 [ 7 4 i il
35. UbAh, VEE RSN LT T PR FR T,
IR T H AT BT AT,

2022 4, RAZOURBAPMRIE T8 ST 7 B
TR N YR 9E JE 7 HY BeAk SR, Forh, Rongalite 12771 [F] s
VBBl e 5L SR U 7 R BE B A1 AR 2R R I8 TR R
(Scheme 21). Z&MNILTHEEIEMENA], 5 TH#HA4E, Ron-
galite IRFAERZ Drhe S NARF, 5 7R A 25 3]
IRKIHRTE. RIS, 12 BBt 2 i 91 76 S 3 50k HAs Pt £
S TE]R 0K Rongalite 771 03 FH L 51N H br a1
B BT V. AR AR SR SR a5 AR & S th 1 AT RE M) S
BLFE: 1546, Rongalite 1&71 584 39 S B A B [a] 44
I-15; HAfE 1-15 7EGRISOS MI1EH T 4 Bl 2 —
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R R R R
i 0 w Dloee [ /]
e Y NSO beau) LA A S
2N ~7 ONa EtOAC/H0 N~ _N N~ _N
y="1

N
=12 y=02~04
33 34 35
Selected examples:
OMe OMe c c OMe OMe
cl ¢ Meo ome © ' Meo OMe
[ONge)
N O\ ,O s
\ S oS i o | A \ S ‘ S ‘ S | A
N~ _N N _N N~ _N N. _N
X =Cl, 68% X=Cl, 75% X=Cl, 78% X=Cl, 78%
X =1, 64% X=1,92%
Mechanism: Rongalite
X / \\‘ 807 R R
- . 2 \\ Z
B B HSOZ S SO2 N N y= 1.2 ‘ O\\S//O ‘
R—— i N | X
~ |
& N Z N/ N~ _N
33 1-13 34
HO™ SO, SO, R:\ ¢
34
ANan - O. S.
HO™ "SO, SO, > {R R
ll-1335 ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

B 19 i Rongalite 15077 & 1 N-2% 57 FE AR BERT A4
Scheme 19  Synthesis of N-heterocyclic sulfones and sulfides from Rongalite reagents

(1) Eosin Y (2 mol%) OAr (1) Eosin Y (2 mol%)
= @VO\\S,,O ri . NaOH,DMSO,hvrt N 0 NaOH, DMSO, hv, r.. 0P o
N7 + HO S. N
N N (@NHR'RZ NCS RW ~~""ONa (2) RCH.Br/l, TBAB, KI,rt. X N e
7 ¢ THF/DMSO, 0 °C ~ rit. 36 28
Selected examples: :
o 0 3 O\\S//O Tol O\ ,O
[ON ,O S ' N - p-To N \S/ R'
K/O K 3 R= 4-MeCGH4, 80% R'= 4-MeC6H4, 85%
63% 63% : R = 4-MeOCgH,, 86% R' = 4-'BuCgHg, 83%
R = 4-FCqHy, 60% R '= 4-CFACaH,, 52%
Mechanism:
. Eosin Y*
Rongalite + NaOH f S0,%
HCHO | ]
P
O= — — .
D_/S - SO, ) Eosin Y Eosin Y
. =N Dﬁ( >—<
1-14 =~
R ||’:4 I N|/OAr
- |
RW R)\ss/\/
1-14
E*: o..°
from R'CH,Br/l RN S-g
12
or R'R“NH/NCS 37/38

B 20 WZIE H RS 0 AL R

Scheme 20 Tandem cyclization of imino radicals with alkenes
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Selected examples

o
§ o . Ho & + VBFe  Neome &
M s ~c" 7 ONa DMSO,60°C R 2SS

g

~
/
)

R=H 78% R = cyclopropyl 54% R = 4-Me, 65%
R = 4-Me, 76% R = cyclobutyl, 46% R =4-F, 72%
R =2-F, 62% R = cyclohexyl, 65% R =H, 69%
R = 3-MeO, 71% R = Bu, 50%
Mechanism
9
2- 0]
o HO\C/S\ONa Q \+_0O Q \+_O SOZ.
J\/\S//O Ho RJH/S\/ NaOAc RJ\H/S\/ reduction RJH
RT A ; \ &
HZC\OH H.0 CH2 2
39 115 z 115 DMSO -15
H+
H
o (‘s)‘ OH 9 ArN2BF, ‘ S0, so2
“C” 7 "ONa
Ha N
-HCHO CHz
502 IV-15
product 40

B2 21 Rongalite IRFE T B 3 K il e 2 SR I

Scheme 21 Rongalite reagent as a source of methylene and sulfonyl group

Ay FIKA Z RIL TSR] o f-AHOFIEE T-15; 55 R
Tk BH BBl J5 5 1I-15 K4 1,4-INEA5 21 7=9) 40.

4 —SURBRMECEF—_FLRkK

Y5 Rongalite 7L, — S ARt w] DAZE
ST RSO3 (Scheme 1), fEAFAbATTHATFALLAY
%%@E.ﬁ%%ﬁﬁb,ﬂﬁ&ﬁm S I E

07 #HHH TR LIAER SO, 8l SO, H2H T —
ﬂ%m%ﬁﬁﬂ%%:ﬂ%mﬁﬁ%%%MA&%%
AR IE AR LD

2019 4, ZEDURBH SR IE T WL E IR R
AL R AR BR IR 5 2205 56 i Ab ) 1 S o = R A

0 HEAN 2 AL RE 3 ISR AL [ B2 (Scheme 22). #HEL
Z T NapSy04 575 3 s 1 (1SN, 12 e 3 (1A [&]
ZAOTE T, 2% 7 s AR 1S A T R PR T 0T S Ak
W), 75 HEIRFIRERE LARL R 7= AR B HARFE. RN
HEIR: ZH AR E e SO , SO%‘ Sk
BIFCAEAFNETR, SR 5 H Ak 77 TR R O 10 i
IbAh, 1E# FH EPR SCER AR R BRI AR A, K
BUE TG 46 1F A II 2 B B35 5, JEAAE
%E&ﬁ%@%ﬂ%ﬁ#?ﬁ%DMﬁ)ﬁmﬂﬁ i)

RELL 40% =215 2 H b =4, R, BT Lt
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FE FBUCT & 1 HIFLEISN, FBEIEAFAE SO HEEE
SR AR, ORI S AL S AR R ) DFT THE
SE A A

TESEHL T R i T 0% 5 5 B SO, iR, =
BRI N SO, Sk TR I RGEAT TR R,
2020 4, ZREHARIE 7 AE BT WAL IE TR A A S A
T EARBRIR. B TR 41 5o s R R AL
M(Scheme 23), ZEfh. mRHE R T — RAIFEEEK 43
B EY) 42, %R A BT B B A 25 1
DK X FEE. DOV RSB0 R B, BN KY) 41
B A RE B K IOR A H AT, 30IE TEH SR H K6
AT B S 5 SO; KA TR E K SO, il £,
SO, " Bl & X AT I pk AR kit 2 1-16, 1-16 B
JE WO EAIE R A — SR RN 116", F4EE—AN i
TAE R W ER B &5 1 1I-16. f)m, WRERRIA S T 5
RS 355 BT S I A B & RS AL &4 43 skt
[ ATEEDD 42.

2020 4F, ZHUERBHWHRIE TEIERELT
TR IRAE NI R K AR B A S 5 R T
b2 Ni(Scheme 24). TEZR I, Bk 29, BER
Big A1 — E AR R 7E B U8 6 08 2 5 10 48 T mT R AR
RS RMSEATAEY 5. Hoh, ZEAMBRARE S E N
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o, 0 (1) Fluorescein (2 mol%), NaOH X 0 (1) Fluorescein (2 mol%), NaOH 0.0
s, .R! DMSO, 35 W CFL, r.t. g NH DMSO, 35 W CFL, r.t. 87 R
N + HO/ \f N
R2  (2) R'R®NH, NCS, THF/DMSO - (2) RCH,Br, TBAI, KI, r.t.
3 0°C~rt. 1 2 2

O\\ % O\\ //O O\\ /,O O\\ //O
| XN S\N/\ | N S\N,Ph N S._-Tol-p | N S _-Tol-p
_N X _N F‘{ i | _N R N
X=0,73% R =H, 35% X=181% R = CO,Et, 78%
X=8,75% R = Me, 36% | X =Br, 63% R =CF3, 75%
X=C, 76% ; R = Cl, 55%
Mechanism 0 16}
I + . Fluorescein*
~S _NH, _20H S0,2
oY N N &
NH,
302 Fluoresceln Fluorescein
00 RCH,Br 0
(Het)Ar/ \E R'R2NH, NCS (Het)Ar/S\ Ar(Het) 1
2/3
B 22 A ABRIRAE R S SRR
Scheme 22 Thiourea dioxide as a sulfonyl source
o, 0 (1) PDI (2 mol%), NaOH, (1) PDI (2 mol%), NaOH 0.0
SR DMSO, 35 W CFL, 35 °C R O\\S_/<NH DMSO, 35 W CFL, 35 °C SR
A +
R? (2) R'R?NH, NCS, TEA HO  NH, (2)RCHyBr, TBAB, KI, rt.
42 THF/DMSO, 0 °C ~r.t. 41 43
Selected examples: Mechanism:
o\\ //o o\\ ,/O 9 o PDI*
N S\N X S 3 S _NH S
BN xR K - RoY »
Z NH; urea
X=0,67% 48% ;
) ' SO
X=8,61% ; 2 D
X = CHy, 63% 3 O/\ #
: =N ><
o, § SO,
N \/O S\/Tol p | X SO2 O/\/'
| ; N ~N 116
_N _N =N |16
R=H, 78% R =H, 80% J -
R =4-F, 81% R = Ph, 90% 3 - N S0,
R =4-CF3, 71% R = 4-MeOCgH,, 90% R'R“NH, NCS |
R = 3,5-OMe, 93% ; 42ord3 ~— oy N 116

B 23 B T —E A BUIR S M e R £
Scheme 23 Photocatalytic sulfonylation of olefins with thiourea dioxide
TIRJEF (SO ) ke dk s Ak S = e 2k B 2, BRSOV (Scheme 25). o, J5E i fike 2 'aag;ir\“a?ﬂf
W), kedk Bl SOy M AR AL 2 3 1 o E) 44 AR P B, e R kA0 29 2 5 RS, —
TERERR P & 1, RSR[5 v 1] 4 - 55 AR IR e i A= AL TR AR B A id TR AR oy —E AR B2 5
B EBRI> T % SORR] PAERCRAN B 26 A T e R RER BT BS TR R, BRI RBNZS . RiA A
BT — BRIV BRI A 5, B Reldld ks, Jf [, AE1Z 5N R B 8 1 o TR gl S U A

HAaT T2 1 rRT AL, DRI ASHEEE- M ERIR (U AS NEE 3 ERRR (TENE SN R
R4, 22 HIERGAHRIE 7 A2 asR (BT I S Ak R I P4 1-17. R R 117 Bl s

I EALT, —EAMRRAR S U 29 iﬁkﬁﬁ&ﬂ’lﬁ GG AT AR TIR 44" 2N R R
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ik SR

0 O, NH cscog kI, TBAI O 0

N

RS
17" N2
WG NH, DMSO.80°C R'TR

\\S// O\\S//O
R'—\ “Me "R
N R = 4-F, 64% R=Me, 71%
R = 2-Cl, 76% R =Et, 51%
Mechanism:
E NH *‘Z‘ NH i
_ e A 2 20H
HO Y == 07 SOZ%+ HN" NH,
NH, NH;
?
2 . i 0 P(OR?);
R1-X R1 S p—— N4 \//
N R0 1 179 R2
29 X+ SO, 5R

B 24  —SFALBRIR A B AEH R B

Scheme 24 Reductive sulfonylation of thiourea dioxide

PdCl,(dppf) (2.5 mol% )
Cs,CO;, DMSO, 100°C O, 0

R = Aryl Aryl” " TOH
o _ 44
air
R-X + Ho”s\l//NH —
29 NH2 CSQCO(_:,, K|, DMSO O\\ ,/O
100 °C _
— Alkyl OH
R = Alkyl as
Selected examples:
Os
<-OH 0 S-oH
O QO
n=1,57% 0 .
n=3,43% 0,0 43%

“OH
Y
Mechanism:

e S0,% R 0 0, 0,0
- N / . .S
29 . R/S\O R™ -
- + SO
X 2 0,
\Y /,O
0.0 Ny S0,? R: %R
R™""OH R0 N
44' 117 1-17

B 25 AU AR R AR R AL R

Scheme 25 Coupling of halogenated hydrocarbon with dioxide

thiourea for sulfonic acid

Zrth s AN & O AR R AT VSR O T R A

R,
5 REERE

FELLE T 2015 FLORGEE JFAE I — AL
K2 5 OB, 2 B b, S AR B AR

el R BN BRI DAL, KRR i 1 A A S i ) iR
TG SUbIRIE, X ThRE A B 2
FROT AL T JR0RE, fE -5 1 5 5 45 00 pa AUk 05 2k L 2k
77 32 B TR S5 A A KD 2% AR T S5 S RS2 v PRS0 £ i
R RBNRAT A, FE T T 25900 7 KR ST AL, &
L TR N B

SR, RV e — A AL B W 2 5 R AL
[ E 2B T BORIERE, (B2 H ATV AE — A 2 R
R, Hlln, fEls 2 505 B RVE BT 4. H Al
38 ¥ X e — SRR B AR T 3 LE AT HLI R o 7
fEVERLE, — BT B RO IR, A & s b
B K SN AR FE RS AL TR SR B i e, AT T
A 3 JE SR A A U 14 s I8 e A BF e A 25
Bk, 2P IRREM RS, @A Tk, 6
FEIR B “ 2 DhRe” fF I A B AR S 55
FHPERE AL S N2, A7 B A = B R 7 5 3L
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