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Advances in the Synthesis of N-Sulfonyl Amidines

Zheng, Xixi Liu, Yunyun™ Wan, Jie-Ping*
(College of Chemistry and Chemical Engineering, Jiangxi Normal University, Nanchang 330022)

Abstract Due to the special gem-nitrogen structure, amidines are important compounds in the synthesis of nitrogen
contaning products. As a class of featured amidines, the N-sulfonyl amidines are key intermediates in a number of pivatol
organic syntheses, and thus ocuppy significant position in modern organic synthesis. In this context, the research advances on
the synthesis of N-sulfonyl amidines are herein reviewed. Based on the key reaction features, the introduction covers the
synthetic methods of enamination by tertiary enamine oxidation, amide activation, akyne-azide-amine three-component
reaction, enamine carbon-carbon bond functionalization and other related reactions. It is expected that this review will provide

guidelines for the reasearch work in related areas.

Keywords N-sulfonyl amidine; synthesis; amine oxidation; amide activation; three-component; enamine reaction
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1 BREWHREREE R N-BREK

T I = G S A S AT R B v A, P AR S
AR [3 21K MR & 1,2,3- = Mempk A )44, % )
WIEE AT, W R0 R, Bk EEE, "L
BE] N-BEIERRE=. X N A DAAEAN R 4 AR A T
TEREFE KA B T A B E S . Wl Scheme 1 FioR, X
FKAERITER R — e R, R EHEISA 38
VAR = e Rmiik. TR, g ab g el — A A
SR 23, 1 SN Ik R H U2 A AR TR AV A AL 5
IR F=4).

R? [0]

N —
R” R

3
N
R AN
NN

| =
R1 O:S\
R

R-S-N Rt

O RicHN, O

B 1 T =GR A & i N-i5E K
Scheme 1 N-Sulfonyl amidine synthesis by oxidative tertiary
amine enamination

2008 F, A/MEAEPHRE 1@ A A TR O
(DEAD)/fi AU PRSI 22 20 s B 45 B N-TRiFE R SR AL &
VIt Jri%. 1% AR, DEAD {ENESZMEL UL 3]
IR a A, Bl S 2 b AR AR B BUR AR 1,3-1H AR
IR, A s = bk e (R AR 2 TR AE S B2 24 T R AR
orf, B — o T EEA R b, WG] N-REEE K
(Scheme 2).

R3
R1-SO,N; + Rz\/\N/R3 DEAD/1,4-dioxane 1 N-R*
10~15°C, 1n  R'SON=/

thenrt, 4h 24 examples
15% ~ 91% yield

R
DEAD DEAD[2H]
2 R3| R'-SO,N
R\/\N, 2N3
e

B 2 DEAD {2t = Z i A e fb £ i N-Tifi 2 ik
Scheme2 DEAD promoted N-sulfonyl amidine synthesis via
tertiary amine oxidation

Z )G, AN HRGE T CuCl/CCl, 1k R L=
2 i It S0 e AL AT I B 2 P 3 PR P S . T L
NAETCAEALT, iR AAE TR LT, 5 NI AR
K. WM CuCl w77 264 i I KR4 J S DL ). T
FORE R CCly AMUERER, S 53 T Z &M, #
BTV o B v (4. B8 i BUR I 0 19 B V-l B 1ok =
Wk b 3 BEE R TR BRI, B4 AU B T A AE
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AT 25 R BN A, 132 RD N-fei = ik =)
(Scheme 3).

R

N -
)\/é>) N(\ R3
R'SO,N n RS, |
or R SOzNVN\R4
RISO,NZ N
15 examples
4 examples 34% ~ 84% yield

10% ~ 86% yield

BR3  CuCl AL =AM A 5 i N A K
Scheme 3 CuCl-catalyzed synthesis of N-sulfonyl amidines via
oxidative tertiary amine enamination

S5 MR IE S CuCl R A AR A =
T S AT B N- LR SO, B iR SOk Ty
EAFRGRZI TN T QSRR FIERRR, Jf
POSURHE B A S AR (et = J i i k. i &
RO, RAFEEBER S5 RN, bl s R
A& H(Eq. 1).

3
» TsN=NTs o R
/S CuCl/MeCN —N
RS—N + Ar—g—Ng, —>u © Arﬂ_g_N/_ \_R2 (1)
\_R2 o reflux I

© 24 examples
24% ~ 96% yield

VeSO GG TR S B A R A S R
i SR A A N-BRSE R K TV, 0T IR 3
FET R B RRY AT B G, IR M & A
PRI L S A 2. S WA 2 SR 23 SR AR R
Wi, fEJE T2 Ty T R A L3 (Eq. 2).

0 o
R2. _R3 CuBr,/DCE Rv\\s/: A
'l?4 70 °C, air |
24 examples
42% ~ 83% yield

Q
R1—.|E|;—CI + NaN; +

FIRER FH S EAk, VS B S FBE I FeCls
AR, RSN, SRR SEI TR S
BRI, G T N-BSER &Y. A 1M
&K H FeCly»6H,0 1E AL TR U JCiEEUAS FeCly —FE 1)
R AL, AR T AR BUE A AR B P ) A2
PR _EIBR =008 3, IESE FeCls X136 b (1) a-C—H %
A U X Ik B M (Scheme 4).

14 s l%alze | . =S 2 %%(DCE)H 80 “Chn#k,
KH T-HYDRO (TBHP /R33N 70% 17K 7 ) (e 18
T Bk B 0 AR 551 % S B2 AR . -l 358 Bk 7 4
T-HYDRO 7E1% B HAE AR, T8 5 i f% sk
B B AT B e 144, F42 5 38 A R AL A2 AR
. N-BERERK(Eq. 3). B EASE LR FRY 7 1 A e
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R'SO,N R®
Y
> \
R2 RS R*
N

L 13 examples
FeCl;/DCM R 54% ~ 92% yield

@N_W R'SO,N

R'—SO,N;

L R4/N

n
6 examples
54% ~ 73% yield

B4 =SB A B 25U B G B N-Rl ik
Scheme 4 FeCl;-catalyzed synthesis of N-sulfonyl amidines via
the reactions of amines and sulfonyl azides

R2
/R L hvDRODCE
R'~SO,N3 + R4H)—N T-HYDRO/DCE gt

SON_N._R?(3)
\_gs 80 °C XN

26 examples
21% ~ 87% yield

TR, SR T = AN S A A S S N-Tif
e PYSIVA

Shahrisa 25U PRI £ 4k 0080 N-23F F 56—
i BC & Y)(NHC-Cu@MCs) 2 AH AN KA AL AL — 0z
M2 B = O =W R, SEHLT N-BEEE R &
B 7V AR AT R SCR B A A, Hoad i
BHEERH NG = QR F RN, S T R A
5K Z FEE(Eq. 4).
R'-SO,N; + HITI’RBJ, EtsN NHC-Cu@MCs_ R1802N§/E\R2 )

CH3CN, r.t.
R2 14 examples

73% ~ 94% yield

B T AL T, DR A OB AR E S
FESLIZE N-TE KR A & A O 1
25U Eosin Y ABHEALT, 7550 30 W I 61
MRS ACPE T, @ T S R B RS = A R B
B N-TEFE R 535, RO S Y AR TE W R A
TS SRS, &R B R SAAEXT
PG RE, B e v ) A Rt 5 2B 20 LR 75
2| H A5 =4 (Scheme 5).

WALl Mes-Acr-Ph' BF, AOGALR, 76—
AR 12 W B9 LED JefRES, SiRAE T ey
SEPLIX L TR B SR B R LA L N-Ti 3 JK (Eq.
5). AEEE, BT GMAEN, BT e
XA RO . TE RGBS AP 3 T R R B A
AR, IR T UL AR, n-BuyNPFg A HLfE)H,
A RS U B 5 BUR 48 0 G SR A I B pk UL R
BRI ERBRIA N - R S, A N-RR R RS .
EITVERR T TR R B, 38 v] R SEEA i . AA %
Z 50 RPL, KKR$ER T IR 2 R
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2 ) le)

R! R Eosin Y/Na,CO4/CH4CN 2 R2
\/\l}l + ArSO,N; A SN

3 30 W blue LEDs, r.t. |
R R3
34 examples
13% ~ 91% yield
Mechanism:

N Tst/, Product

\ HO,

EY /\N/\ /\N4\
g S
0, — HO,
02

B 5 Eosin Y YO & N-TE LK
Scheme 5 Eosin Y-based photocatalytic synthesis of N-sulfonyl
amidines

(Scheme 6).
) Mes-Acr-Ph*BF 4 PPN
RSO 'f\/\N/\RMszlueLEDs R'sO,N” "N” R3
- 2IN3
Ré DCE, rt. kR4

20 examples
< 5% ~ 85% yield

®)

R3
|
———— = R'SO;N_N

R3
|
r2™~\N~ps

\R4

13 examples
55% ~ 96% yield
n-BuNPFg/CH3;CN

R'-SO,N
27 electrode, - e

R< ()\\ /O )
RNH, N R n
), RUONTON
Q NHR ———— R
R-S-N=%, n=1,2
o Et 3 examples
ZE=11 52% ~ 76% yield

B 6 HLMEAL SN A B N-TJE Tk

Scheme 6 Synthesis of N-sulfamidine by electrocatalytic reac-
tion

B 1AL A ST TR I, RS AL R 4
AT ERAERT A T V. G RIE T N- AR R
N, N- " PR P i i i P e 432 S I - IN-Fi i Ok /) 7
% A8 N-BACT B HZ (NBS) AT 1,5- Rk 3
[5.4.01+—#5-5 (DBU)LFRMEA T, =i/ Sn]152] N-
TR RE k. S R, TsNBr, BEFRfiE TsN-1X #5735 (4144
2, TRINAE D AL SR AL = L™ A 0 fi o 1) A
(Scheme 7).
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AL ik SR
2 RSO,NB _R? RSO,
E + o202 DBUACN, RSOzNé\IIl 0 H N
1 N
SUSR! RSONHoNBS R’ . + RSO,N, MeOH_ N
20 examples 50 °C |\/
< 5% ~ 95% yield 0 ©
) _ 3 examples
||22 base | 1» 68% ~ 81% yield
\/N\ . + RSOzNBrz _— \/N\R1 T
R o}
B 7 NN~ S N [Nj RSO, N
Scheme 7 Reactions of N,N-dibromosulfonamides for the syn- - . N N
thesis of N-sulfonyl amidines Moy O,R

AR B SR S TGS W] DL B A& O 2. BN
e EAAE SR DA AELE, TEAH R A BUR Bt G /&
TSR AT BeAh, U SRR R R TS BN GG ]
G AE I S N HRE e A b O AE R PR, X R
BT EA LS. Fusco SO RARIE TS
Tt 22 50 B A . N-TREE K ) &5 1, DAAR [ ) s e
ol FR AT ok 28 50 S M A Bl 3 N X B V-T2 B (Scheme 8).

N i

I

J\ o N Ph)H/\N/

PR N |
Ph k/O Me/H Ph

TSN3 l

. 0
Ph \
N N—Ph

N_
TsN=
i TsN=/
Ph TsN)\/'Pr

B 8 M MR B U B B N ok
Scheme 8 Reactions of enamines and tosyl azide for the syn-
thesis of N-sulfonyl amidines

W AR AR N 21 PS80 A B VR AT T RGO,
RIE THE = ORI AT NN-ZHUR-2- IR B 45 fre F
Tl & 2 2 id 13- IR I B S 53 A A2 B H BR =4 N-
WL R ) vk, 1207 R N TR, 7R SR R R 20
min RIAJPR 3P EERIR T2, IR T R b e
2 A5 (Eq. 6).

JL R'"  EtN )NLTS
t3 1
TsN3 + Ar” °N° & — » -R 6
| DCM, r.t. Ar 'Tl ©
o R?
12 examples

61% ~ > 99% vyield

Bakulev “5PN@N i — B0 TE, K TR ERER A
TR A R A TRk B A I B U B ) A BT
T Ik AR Rk 4 R A SR i TR, 12 TR AR i
1 WA PN LA B Jy i S S B AR B B A 74, IS
PAHEEA A RAE 50 CINFRERm S8, B 7 BTk 2 4,
27 R T O B R A I B BRI S R
(Scheme 9).
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M = Morpholine

B9 M. SR =0 N A R N-if R
Scheme 9 Three-component reactions of cyclic ketone, amine
and azide for the synthesis of N-sulfonyl amidines

O, 73 85PN PP IR T 0 e 1 R T B R
N E R N-T R iR ) ap (7 ik, e fEM R 451 B gl
M3k, BISRH 2 FE M R A I B U N, AR TC 75 A AT
MEALT . AL BCE AR, AKAE RN A B A]
S A SR AR R N-BR AR K. e BSR4 i
B, KB 1 B e e BT RPN P AT
R0 45 RAUE KR IEIR I AAAE, JUHR ZIEBR A AERT
MR B %2 00 E 2 1/ F (Scheme 10).

U\ 1 o_,0 water  R°0,S /)R\ R’
Eo” NN+ N —— = s TN N
'+ N3 R3 open air, 40 °C R2 .
R=-- 28 examples
up to 93% yield
Mechanism:
\ CO,Et
E R, oL B+21 §
AR O BEAL szgi\ RL,
R2... R N3 NTONT
R%0,S R2..-

+ N,CHCO,Et

B3 10 )7 e MRS DL B SRUAH SR 5 1 -T2 ik
Scheme 10 Aqueous reactions of enaminoesters and sulfonyl
azides for N-sulfonyl amidines synthesis

HEBE, E3 T IE & e N-E3E k2R &1
WFITHR, SRR 3 T iR R P A T NN- SRR 45 1)
5 i BSR  p TE AR ) e B, DRY T A 28 g v s L E
AHSE ) N, N-XUUAR PRI PR A5 i 368 3 0 e S o5 i
BRAEILU NH, B He b R Ik — B %A —
APelk. B, J345FEPE R NH, 450 04 R
NP B B AE N,N-— 5 H B Ji (DMIF) ) Ji o
SN, (E DBU {2 3t T 38 3 475 e B B — o e g Wi 445 1l 17
NH,-Z5 4 1) N-TEFERK. X — Bk il 2 4L 7 07 1 At
RTE. 1z TR R AR R AR T ERIE T =)
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P NH, >k B I B ), B S A] g £ PR AN 2 =
G 1R JER K1) A2 HE I A B I 1) A A AT ) T T R
TR R = X — OB 4% (Scheme 11).

Q.0
PhOC\/ N, DBU NS A
\O DMF, rt R ) H
19 examples
Mechanism: up to 91% yield
1 15
O "NH, o 0 PhOcqr%<NHz
SO ’ _ 2
PhMAH N3~ Ar N=%1’N SOLAr
15\H, o NH
—_— 3
&, 8042 + N inhibited
A" ON 2 ph)1\7 2 by DBU
5
1& Ar'
15 PhOC
g Z " N-SOAr
. _so.Ar N
Ar’ H N=N

R 10 I RVRH 19 5 U 8 B N, B REAL ) N-ERE f
Scheme 11 Reactions of enaminones and sulfonyl azides for the
NH,-functionalized N-sulfonyl amidines synthesis

3 WM-BR-BERESRNERKR N-EERK

R T B R ) = 2H 53 S A 2 il N-ilfi i DR
(i) —ANE 9%, Chang S FARIE T ok, fEL S
BANEAE TR AT, —H#vkG e N-fidk PR 77 .
ZITER — R RIS, 56 E I8N 05 545 M
fal. it ae 2 i v, i [F A7 2R bric S i 5L 5,
PEZ B T MAT REIC SORL PR — P et A pleds 1
MV fi A AR, R AT N R R A 2 H bR e, S —
Tl J00) R S I 2 i 1,2,3- — MR v ) A, e TRl
it U SR A N-BE 5 JPk (Scheme 12). Bl i, 2% R 4H 120
TR FH M B B A0 1R e AR 9 eG4 A0 B, 455 Tk 19 22 S8
W AN RNk LT 5 W B B BAEET AL SRR T, BB T
T HNIMOIRAC O SE, BT T & R e 45 6 R 2R AL S 4 1)
J71%(Scheme 12).

P ZAE T, DA ARG 2-1R
IR FETE I B RN, 493 3 17 NH, 2518 B R S ok 7= 4 ]
FE A AL 25 A T 3 — 28 R AR 4 - 08 U IR
T b R A AR B 1,1- R - 1,2,4- 289
WE IR, SOSLIE IS —#AVE AR S i(Scheme 13), HIXZE
F IR G ) A E B (¥ 24 2 Y

Punniyamurthy 522K 7K b 6 11 A ANE ) 51N X
KN, £E Cul AT G T B EREGWE T N-
TR IRRA AW, 2 T B R FH SR A 1 ik 25
e FR PR TR T R K R I b 1 I S K 4 N
IK WL, AR5 PR K i i *ﬁ*ﬁﬁ@ﬁfzﬁﬂlﬂﬂ
BRI 9] NI B R R AR A8 R A S S, i B A
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R3
R3 |
/ Cul/'I;HF R N\R4
r.t

“Ré NSO,R?

23 examples
59% ~ 99% yield

R'—== + R%0,5-N; + HN

Mechanism: ) :

Cu R3NH

R! pa% >=-=NR2 —_’2, amidine
R1

Il + rRe—ns -

c rR"  cu
y p\\

2
ath B — ——> , amidine

N\‘N,N\RZ |

Intramolecular version

2
=Z Rug(CO)fELN. NR NR2
RN

H * I ——

N THF, 25 °C N<gi q

n
n=1,2 R2 = sulfonyl, acyl, acyloxyl, phosphoryl

B 12 ke, BMEEZH 0 RBA Bk

Scheme 12 Three-component reactions of terminal alkynes,
amines and azides for amidines synthesis

O4 /OB

_CUlEtN N-S<

DCM, 25 °C R!
\)\NH

R'-= + Ar—SO,N3 + NHCIH ———»
Ar= 2-BFC6H4
one-pot operation

Cul/1,10-phen. o\\S//O
oo |y
DCM, 80 °C RK)\H
N

B 13 BT V- DR e ) s AR O S A B 1,1- 4 AE-1,2,
4-ZR g IR

Scheme 13 Synthesis of benzo[e][1,2,4]thiadiazine 1,1-dioxi-
des via N-sulfonyl amidine intermediates

133 % F R E R N-TEEEK(Scheme 14).

SOzRZ
Cul/K,CO
CO R 2 2 3
2R R“SO,N3 ©\) 1,4-dioxane NR3R4
R3R4NH r.t, then MW
OH 130°C
22 examples
25% ~ 83% yield
NRSR*
R%20,S. ~
802R2 N

GO:R' transeste-
) rification

B 14 DAL SR R 5K REAL I V-l ok
Scheme 14 Four-component synthesis of coumarin functional-
ized N-sulfonyl amidines

TEHE AL 21 1) K R 77 11T, Rashinkar /NHP 4% 1
A A (S i A R AR, SCBL T IXR =20y
SN R N-TEFERR I T7 1%, RONAE SR 2 T REAT, AT

R OzC\)\ R3R4
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FHF 40 e A0 b e 25 W 0 & R, LA A 7 T S B [ i
(Scheme 15A). Kim 20" Fid ik &)@ G WA AR 4
A Cus(BTC), 24MFFTT Cu@C AL Ak i |
T ok B BRI e = 20 7 S B A0 AT s RS i N-Fisf 28 i
SR T AE R SR A T 2EAT (Scheme 15B).

(A) Ar
Ar
 TeNa + H Cu-Scolecite TSN:‘(_
Il * "R CRMH)  THF, rt N-R(H)
R
12 examples
61% ~ 90% yield
® 1 R
R , +R‘LN/R3 CU@C/CH,CN stozNz(_
| | + R 802N3 H N21 25°C /N_R4
R3
28 examples

50% ~ 97% yield

B 15 AFESERM LTI R, BB SR =0 R
JSLEr B N-Tii ik ok

Scheme 15 Different copper catalysts for the three-component
synthesis of N-sulfonyl amidines with alkyne, amine and azide

B 7 AR AN i, = 2 e th ik ST A JEURE AN
B, BT B U B AT S A A ). Yavari 550
LA Cul AT, £E 60 CHnFASAE T LA, RS
BN = e S LA T NN-SCBAR I K. e Rt
FErR, =He b b i — M IE L AN ) — 7 T = e
&, DLEREER 075 AU R - R 45 2 H 457 M) (Scheme
16). BfiJE, WK PIR A A T I (AIBN) A SR
7, M Cul/EN HE AR R, LBl T =g0%. Ik
ANVt B SUHE) . =T L R ) = 470 SN

Cul R
R R R® THF, 60°C rigon={
Il R'SO,N; + “ll N—R3
R* 4
-R3N -RyN R?

8 examples
31% ~ 86% yield

B 16 =gk, BRI S % — 40 75 SN A N-fff kR
Scheme 16 Synthesis of N-sulfonyl amidines with tertiary
amines, alkynes sulfonyl azides

B T BRI AR N S, AR SRHIE T8 AR IESE
T SR AT A BT A 3 24 25 TR T A bR DL
T P B RUSOML SE I - R R AL S & . sk B 4L
/NHPYLL CuBr MHEAEF, dppe [1,2-XU( 2K 5LM) 20
NBCAE, £E 3A 3T IRAHEL NS T bR AT S L
Lo e b i — WA A = RN, A R
TRV A TR N-REEERR. SR R 4R
Pt g e e P Y I S 245 B i IE B 1, AZAE RS T R
i A () A P AL S L, 22 T S A A A9 3 N-Rsf B R
Y)(Scheme 17).
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3 R4 —
\(OR CuBr/dppe \N
B ——
o /
gé-N~gt 3AMS DCE gé  NO,SR?
r.t. 26 examples
49% ~ 92% yield

R%0
R'—= + R2SO,N; +

isomerization

Rle OR®
\N(Dﬂ R! OR3
R1 / —
4
NSO,R2 _R° . | R2SO,N
LnCu /N—R4
R4

B 17 45 WP ORI S A = 2 0 SN N-f
ok

Scheme 17 Synthesis of N-sulfonyl amidines with amide ace-
tals, alkynes sulfonyl azides

4 FRFZFEWA A N-RERK

HR BU, BER AR B R, TE NG R
PRZEAL B AT A R o 3 o Pk e i A A B P 7 v
BAEEZ . R, BTBEARS NS EENE, X—
Al — EME LA, TR B A BB A TSR F = FR AR
B = U S 2R AR T e A D 4 T e B 1
WHEEF, Jos PRI G4 & 15 2R, 5/
FCAEOTD) bk Frie AN BB M ISR, E Nal A S A T
i (TBHP) R R, 90 “C N STHL 1 FF I Jo 0tk ok e 1)
TR 4G [N, 133 7 20 N-BEEPK ). OB
AT g2 Nal ;e b 1) =38 A iGk, RS 1)
AL AT R BN, T8 RS 1w a4 J 7 ok o
5 5 3 N-fii 5K (Scheme 18).

1
Jok Nal /TBHP  ~NSOR

H” "NR?R® go°C F{?’,N\

I
R'-S—NH, +
I}

R2
22 examples
R 52% ~ 95% vyield

\..O

2 2R3

R1_S_N/Na O//S\N NR“R
5o -

| |
Na/

EIxX 18  Nal/TBHP {2 iRl P i AN E Jie S 865 Fi -l B 1k
Scheme 18 Nal/TBHP-promoted synthesis of N-sulfonyl ami-
dines with amides and sulfonamides

MR E, ZANAPE R R T @ &R R T
TS AL B R e 0 BT v, TR DATSE i A I e 1
BRI A B E R AT, R R LR NI
AT SEI o R VBRI . RO I A B A R
PR THMERLEDERERE RE, ZJE1% R0 b
AT R AL, AR R R Jlox Pk g e B A PR I k. 25 42 )8
&, RN NO-GE B ff, PRI 2 a-FR B BE i il 13
B HFrr=¥)(Scheme 19). Ja&EHFFIESE, KA e
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7] Mn(C104),*6H,0, 7EHE LR BT, drf LA
I T AL 5 R IIX A U R

o N,CHCO,Et R’
L Re Zn(OTf) RsozN)\ -R?
RIH)” N7+ RSONH2 o eflux

R3

R
> 70 examples
40% ~ 99% yield
Mechanism:
[Zn
N,CHCO,E ]\)J\OEt \<I:/</N Ph
EtO,C Et020
)\[Zn] o [Zn]
[Zn]
Ph~N Ph~N
C02Et
o NH2Ts TsNH,
Ph N
—0_ NHTs
EtO,C _
Ph=N Ph—N + HOCH,CO,Et

BR 19 &8 r AL BE RS AN I S N 5 i N-Rf 2 R
Scheme 19 Metal carbene-promoted synthesis of N-sulfonyl
amidines with amides and sulfonamides

ik /N PNE F NBS 7E DMF H/r 5 95 S i i
S5 % SsOSEBSEBL T N-TEFE BRI A Bl NBS 1 fg i i
RGN AR T 0 5 T B AR B e o (A ) AR
O FE22 7 2 A T4 () N—Bie B85 T4 LA B B
IKEAS F N-T3E Bk 7= 4 (Scheme 20).

R-.
NBS/H,0 N
ArSO,NH, — + JL R —— 7N
2 2 ’}l ; 80 °C AFSOZN R
R- 15 examples
28% ~ 91% yield
NBS -H,0
Ar02S\@ OH AFOZS OH H,0 ArOZS OH
\ 2 \
N @ [— N — HN
/
Br NR2 Br NR2 NR2
ion pair

Bl 20 NBS-/KH FR AR BT AN Bt Jie S5 JB2-&5 i N-ib A ok
Scheme 20 NBS-water system-promoted synthesis of N-sulfo-
nyl amidines with amides and sulfonamides

Odell ZMIDLUEE SR S5 BE NERL, 718 CO K
F, AL 3 R N A B N-RESE K. S B
SCHERARTE I 1 X 2 B A I AT T IR
SR, = A NS HREEEE Mo(CO)s A1 DBU
S DAFRAE CO. B [ B A 2 T Tk 25 U A 1
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AR TR R S R I P (R 1% P (A S
221 NER, FEMRIE BB AR r=4)(Scheme 21).

Chamber 1 R
Pd(OAc),/MeCN 41\ 2
J gz TEOACKIEER _R
RSON; + R! N Chamber 2 RSON '?'3
R3 MoCOg/DBU .5 'T
Pd(OA 0, examples
l[Cé] %) 40°C 20% ~ 92% yield
9 .I amﬁe
R-S—-N=C=0
g ] )

Co,

B 21 AR AT S RNt i S I 45 i N-T i ik
Scheme 21 Palladium-catalyzed synthesis of N-sulfonyl ami-
dines with amides and sulfonyl azides

Adolfsson /NAMIEL Mo(CO)s NPILVE, 7E 1,1,3,3-
H 3k RE U (TMDS) A B R, BL AR Z B A v 711,
FE 60 "CHLSEI 1 SABUIE i Rt B 0N Bt fle B S I
i N-Tii 3L 1K 1) 77 2(Eq. 7)

Mo(CO)s/TMDS _R!
RSO,N; + Ph\)L R LRSOZN/ N ()
EA 60 OC R2

27 examples

39% ~ 83% yield

BRI D I 2 ORI I i D S LA, AR
W M BOFRITE Cul fEAL T SEIL T N-FEZEBR I & AR %7
2R HTAR AL 10 B 28— BRI N 1 S S (CuAAC) A K H3 Bk
TR TT I A 28 B A A5 B3 R S R A, R T A
JE[2 42174 I A5 21 DU e 3h (a4 s, 2 TP A,
Bt BOSAS BIREEE K 4, WIS S 5 RIIR G R
ft 7 — BB 777 (Scheme 22).

R2

0 R
AN R ACT=CUl peo N
RSOMs + RUD™ N eoneooc™ |
3 ' R3
21 examples
36% ~ 97% yield

CuAAC
ring opening

2
0 R

|
—41 amide | O O, N-pgs
N\ W

H
SO,R SO,R

B 22 i bR a3k AT P 255 SR b S5 7 4 i, N-TiB 58 ik
Scheme 22 Terminal alkyne-promoted synthesis of N-sulfonyl
amidines with amides and sulfonyl azides

5 HEAmAE

BT UL EBCN RGN A T, SCHRIEHRE T A D
HeRMPH T N-TEE RS i s A =L 61 an
Hatanaka ANAUSHRGE T R T AT AT Ak 7 B 0 75 %
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BUHE FiR SR

T B AT AR 2 U N4 7 N-BE B )75, F oo, {
_— , p2 u _ 4®Te  RSON

KURILAZ SOk A, FIRFE I FFARATEBRR OB K==+ RESOuNHy + e

AL, AT B FROATLEE A A A A 8 R e A AR A

IS SE A o A = P o i) 4 @%%Tﬁféi, liibUHS
M A 1 B AR = s R R (Scheme 23).
S R{“\\‘,
EtOH or H,O 2
R1JI\N/R3 + RSO2N; T RSOZN)\N’R
] ) reflux or r.t. s
\\ R2 l R
22 examples
83% ~ 99% yield
R1
2 S
H% S R NH,
> R20,5—N) N
Qo )
R?-S—N-N=N
& |\

B 23 AT S SRR AR A I I S I i, V- fok
Scheme 23 Synthesis of N-sulfonyl amidines via the reactions
of thioamides and sulfonyl azides

Hassan 5UONIHRIE T N-RE LY 0E 28245 W) FIBRAC
W s BB B N-TESE R 7 vk AR RACEEEAL T, WY e 3R
WY SRR AT 55 3 3R, ééfﬁj‘??ﬂ%k?j’%ﬁﬂ%ﬁ?ﬂ
S,N-TL IR B4R, 12 Hp (AR 48 3 T 38 B 25 30 2. 05
B N E: k™= P)(Scheme 24).

_SOLAr
S SOLAF N
72" ZnCl,/DCM A
W N NS AT
K/O Ph K/O
15 examples
J 67% ~ 91% vield
T>—pn
Ph SYN\) NJ
—_—
ArO,S. j Ar S ar
N PN
ch|2 A SOQAI'

B 24 N-RIE Y RIGR AR % SN #5 B N-BE L ok
Scheme 24 Synthesis of N-sulfonyl amidines via the reactions
of thioamides and sulfonyl aziridines

Stahl A1 Kim RE 41k = 4150 E AL B A A K V-
TEIE RT3 DA Cu(OTh), NMEALT, Sk, A g Ff
W 2 J3i AT 79 31 N-T LR (Eq. 8). N AT AL AN )
WARHAT: — & B ANRE i S A AR R S A 1045 21075 1
R, PR A G IR SR8 271, 55— Fh Al Re ik
13 2 o T e e 28 ok S e A Jse I 75 B M e, R A Bl
RIS BT LR

B 5 NHRAE T /E Nal/TBHP bk &b, H
SRR AR B e S S A T N-T L KR 1) 773k %07 1
1) 32 B BRI T E A Y B R R A AR A,
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\R toluene/O,, 70 °C

27 examples
47% ~ 99% yield

UG AT SE A T BH . T P e o IV fie 29 - o RS 7
A AT B N-E LK (Scheme 25).

I
Nal/TBHP/Phen ATSONN.

—_—

EtOAc, 80 °C Ar?
peroxide 21 examples
SET 28% ~ 80% yield

\
/N—Ar2 + Ar'SO,NH,

C (o)
\N/CHz 19) \’4}14
Ar? Ar?

Bz 25 I RUIR AN I S5 30 B N Dk
Scheme 25 Synthesis of N-sulfonyl amidines via the reactions
of methyl tertiary amines and sulfonamides

BEAh, 5 4RI A AT, FE R M 2%
PRI T T R PR P R, S R A
I Rir T NHy B REA N-RBEEIR. SRR H s e
DA B HE BB, 2] SR 2R W AE SO B R BOK A1
OUT, B RN AL G AE AR 2 1 TR TCVR 3RS A A
Y. G iEAR T RR T BB BURE N-f# 2 K (Eq.
9).

cl Ph—= N2
Cul/EtzN 2 A
R2802N3+ SN \N/OH—S> R“SO,N l (9)
| X DCM/H,0, r.t. X \
R3 32 examples R

68% ~ 92% yield

B, g AAECOE I AR SRS, SR A, =
PR RS . O B WP AN A 5 1 2 0 IO &
BT N-REFERK. OB T BRIERR-BRBE RO TR, R
AL BLHE DA AR T e = W BRI L B N I T R
B IS IS A U P, e AR T e A T ke A5 3 =
Wk (A4, P22 D BORY T B I B U A A B V-l
K (Scheme 26).

NH
Ag3PO4/H,0 b
AGTOAMD

R—== + TMSN; + ArSO,Na + TsNj
DMSO, 70°C R”~ "NHTs
49 examples
Mechanism: up to 85% yield
[Ag] NH, TsN3
Tol —_— > ~_Ts

TMSN;, TolSO,Na Tol

T
;Z:\N T )’\T s )’\JI\H
HaN/3 ) X, -Ts
N -
Tol l}l \) Tol N Tol NHTs

Ts

B 26 AL 2 A0 S R N-REFE K
Scheme 26 Synthesis of N-sulfonyl amidines via Ag-catalyzed
multicomponent reactions
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Wi B L P DLRS e R . 95 i U AN e S e
Wi, £ & Bk, Bt =45 N 7 A ] Bl
193 N-TEEERR, SOSIRTCHAR LA B N-HUAR i it 32 e
7%, HAEROK R S U T 8 145 5(Eq. 10).

ArZ
"N

9 DCE )Y 1
60 or 80 °C R' N’SOZAF (10)

1 I H 5 ,
—S—N-R + AP-N;BF, + RCN

16 examples

23% ~ 82% yield
JiNEES @ L, RETH S TERCR
g | REIE e LA S B AT ARV B 22 4173 BN 4 B N-REEHE JDR P
Jivk ROSAEZ R, 80 CHN#EIF FikiT. %4k
FX YA T (e, BREE AT FE G H AT LU 2
SR, A3 2IH R N-TEEE K™Y, 40 Scheme 27 it
N, RN REE Je e S WA R R, ZE iz
(A ANV L Ji S B3 P AR AR A5 2 H AR =), — 1%

P SNTN
ﬁ CO,R Cu(OTf), RO,C™ "N” "CO,R
Af-S-NHp+ 2 [ +RON ———= I g0
[l N, air, 80 °C R
o) 58 examples

up to 99% vyield

———=N
[Cu O
\\\N+ o-lcul” /Q;\A\OEt u\\—/<

={ OEt

Mechanism: path |

\\\ 4 O +N
OEt__ — 0 o OEt
[Culx
\ OEt TsNH,
TsNH\ path Il I
Etow/icu]
o (o] N
“NH, [Cu]” -l Dokt
)\\N OEt HN* O
Ts
T>\‘ MI*/<{
OEt W/\N N\
O —l
OEt
o HN) O
\ 1,3-H shfit Ts
o ring- openlngl
Ts
[Cu]
N Ao J\ A OBt
L 1,4-H shflt
\( product 0
HN)/\N—H insertion O
OEt
o7 OEt

Bz 27 A Bt A 0 5 2 A K S 80 B IN- ARk
Scheme 27  Synthesis of N-sulfonyl amidines via cop-
per-catalyzed reactions of sulfonamides and diazo compounds
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AR BB 70 7 AL VM mh TR A 2 )5 P AN
s AL P R EAL A3 2] H AR Y (path T); 5 —#]
REIBAR 2 RS2 e ABAIL L SO, 15 21 NH-S544 ) fisg 3k
Mk, iZP AR B & R AL N—H M5 — 0 785
A (4 N S B2 1 28 7 ) (path 10).
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TEEE IR SRAC S MG B, AN S B BI 2, T OF
RIT5RT 5, N-REHE K A0 & Rt 38 A AR OK R4 T 23 1),
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TIHEA SR, MAh, o S N AFAEAE I
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