% *IL {t& % DOI: 10.6023/cjoc202308019

Chinese Journal of Organic Chemistry

ARTICLE

TENFIFRTTARMFAFE TEREE R N-FEREE LS

X /R BB R AR

TR R E

[qu:%ls%&/‘m\%o_l%%g*,a,b

(CHTEEIMTE AL B SR TT 830054)

(O HremfE AE-5 Ot AR B S i

58K 830054)

WE RIE 7 TR ARG 2T, DRI R AR — S0 J5ORE LB & i N-BE ISR AL B P ) 5 5.
GINEL TGN, BefEfp, BaeRbeat Rey, WG, &, RAER KR 251 LT
HILHIBORAFIL R, 9 NNON- =BG AL S0 5 AR 7 — R, A7 20 ig 2.

FRRIA REEEAN, REMERZ, Bk ERZ, TCRELLR), TEA N

Catalyst- and Additive-Free Direct Synthesis of
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Abstract A simple and direct method for the synthesis of N-sulfonyl guanidines from sulfonamide and carbodiimides under
catalyst- and additive-free conditions was demonstrated. This method has the advantages of no catalyst and additive required,
simple operation, good functional group compatibility, a wide range of substrate applications, high yield, high atomic econo-
my, and the ability to scale up proportionally. It provides a facile and efficient strategy for the preparation of N,N',N"-trisub-

stituted sulfonyl guanidines.
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AR E AT A R — RIREE AU &Y, Al
) = 2 F SRR 2 AL A MR B AR L, (S AE A AL
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GG T R, ten, AR — R B ER,
FEVF 22 AR B R A FH A1 B B A7 LA AL 77551 I
R R VSRS T E RS T, |TRAAET
VFZAEYNENE RS, FEURS =R . SRR LR AN
We S0 F3 4, Wt R P A 5 %0 E A 26 Rl 22 i I <
JEBC & UL RIS R ATSRAL & i it 72 51
& TR 2 RS,

A B HAT A= 1) 228 W 5 BT ¥ 26 BRI T 2R i 1
i 5ok v IR t7), WBRfiR . SRARAR . JRARIR |
FUE L Bk MR MEMRIRE . =R A A R O = e
FORAE IR 5 s 27181, JH e g 5 g — S Je PR AN 8 S I
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PR B B AR T A5 EDL 10 240K, i
V< AL T i 5 i R R SO O A AT A
VIR SIS T ORI R R, Bl VR — ST R AL
T S A AR ZR 120231 (H R SR 7 iR N T V-t
IR AT A 6 O S AR /0. B AT AR IE & O
EEEAWMER. — MR DUk O R B
k. FAE 1977 4, Yamamoto SR PUHRIE T E Cu
B R il 4- 1 SR DR R P 2 2 ok — i
NA R N-Tf A 75 7%:(Scheme 1, a). 2014 4F, Fris¢ié
SSHRGE T AE CuCl (5~10 mol%) AL AE F R oK o5 5
TR B i 5 ok — O e B2 I s ) SRS, e LA YA il B e
BE I 26 AF S 24T, AT A0 R N-Tis e 2k 2R A & )
(Scheme 1, b). 73— Pl 1L JF A7 A BTG PER TR FE ik — 7.
P ) AR i) 22 40 45 [ S 7 1. 1995 4F, Macaccini /8
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YHROHRIE T 7E A B R AR 5 = L R AL (TEBA)
TEPE T EME-T ISR 1) = 20 53 ]2 % 7 ¥%:(Scheme
1, d). FRIRHELT28IRIZNGAR PR AL -390 53 74 T Rh.
Pd fll Co AL N IS & FIE(C R85 AMA M)
[ i = 253 [ % T3 (Scheme 1, e). 1X AN o FR i &
A5 T IETE & 8 AT AR T TR AT A2 1 4 s v 1 Tk
P SR At — IV Ji A (DA, B S 428 0 e P S A% RS2 SR
ITEIEAT. 2019, 2020 A1 2023 4F, Phukan 4 @HZH 3133
Iy ARIE T SRR KA T, R NN-R55
BRI . S IE A (R )R A B N-RE TSN 7%
(Scheme 1, 1), N H KoCOs Xk Pt e — 3. Ji o 7] ¢
(1 S A A= i B A 5 B LA .

JUEAZA T A LR T — e Bk, (BT —
LE RS R, i, K2 HUR N B S R AR
&% SUK-T 1 N,N- e SR iR, 2 H
S 7 6o RS 0 T3 Y R A PR AR AR AR AT R
Y B3STET A B 2R B 7 A R N-TRE Tk 32 JoR PR AH DSt 92 1
TEEA b, RE T MR anmg&e T, DAt
fiie S5 — &R R R BB B R N-TE TR AT AR 1
N 5% (Scheme 1, c).

1 &HR510R
1.1 REFHMK

PATRI AR, B = AR AT REAE = (LR 55 Bl
Bt [B(CoFs)s 1 HIAE FH R8s 1k, 2B o7 v e 1 o i) 44136),
b8 Ji5 5 T e AT I N AS 2 H bRk &) N-T I T
(R, DA 4-FH SRR L i (1a) 5 NN- 38 C 38Rk — W%
(DCC, 2a) 1) [ NN, RZEZR %A, 4R AITE
*1.

T 55 LA 10 mol% 1) B(CeFs)s 1E A2 TR
1a 5 2a 7£ 1,2- & L KE(DCE)EFIF IR N, 45 5
RIUE SR N KA RN (Entry 1), 24EETH&
BRI P 65% B33 T H b4 3a (Entry 2). %

NI, (EFFERIEIR AN, AIMELAIE 24 h
JE AL 81%[1 43 85 7= #2645 2 H A5k &4 3a (Entry 3),
Ui B AR B S A (R IEAE L, InFR kA0t I N 5
Wi 2. SRS AEAN AL S8 S 2B 88 7 ARV 7RI s
NEFRFE, SRS IR EoR, £ 80 CHIMMEAT, LA
LR L BE(BtOAC). 1,4-—% /N3 (Dioxane). N,N-_— %
Bt i (DMF) 8% — H 25 2 JR(DMSO)VE NI FIRS, &
33 H 5= ¥)(Entries 4, 5,9 A1 10). PLZJE(CH;CN). &
(CHCl3) & H%5£(DCE), S (PhCl). P fil(Acetone)
B I (-PrOH) /A& 77 (Entries 6~8 F1 11~13),

K1 RFKMRAN
Table 1 Optimization of reaction conditions
_Cy
N . HN
TsNH, + Cy/ \C\\N/Cy conditions Ts\N/ N/CY
1a 2a 3a H
Entry la:2a Solvent ~ Temp./C  Yield®/%

1¢ 1:2 DCE r.t. Trace
2¢ 1:2 DCE 80 65
3 1:2 DCE 80 81
4 1:2 EtOAc 80 Trace
5 1:2 Dioxane 80 Trace
6 1:2 MeCN 80 75
7 1:2 CHCI: 80 88
8 1:2 PhCl 80 80
9 1:2 DMF 80 Trace
10 1:2 DMSO 80 Trace
11 1:2 Acetone 80 30
12 1:2 i-PrOH 80 78
13 1:2 DCM 80 50
14 1:2 CHCIz 60 72
15 1:15 CHCIs 80 90
16 1:12 CHCI: 80 85
174 1:1.2 CHCI3 100 91
18 1:1.1 CHCIz 100 82

@ Reactions were performed with 1a (0.5 mmol) in solvent (2.0 mL) at indi-
cated temperature for 24 h, unless otherwise noted. ? Isolated yields. ¢ 10 mol%
B(CgFs); was used as catalyst. ¢ Reaction time was 11 h.

o, 0O
\/,
@ A /\s/\ R'N=C=NR?2 R'NC + ArNH, >\s//\
r N3 Cu powder / TEBA Ar NNaCl (d)
Yamamoto, 1977 WO e, Marcaccini, 1995
0. 0 B R' ™ o 0
\ /, D - .
8L RiIN=c=nr? _{ QPN % RING + RIRONH e
b  ATTSNH, —e e N L R2RY): RN, @
CuCl, milling '_‘R N l}l : Rh, Pd, Co 3

Tanaka, 2014

RIN=C=NR?

...=*"x_ RINC +RZR®NH QP
orRINC S\
Ar

Zhang, 2017, 2018; Ji, 2017, 2019

O\\S//o
(c) <N NBr, ()
. R NH2  Gatalyst-free K2COs :
This work Phukan, 2019, 2020, 2023
B 1 N-TEBEIEAT & O 2
Scheme 1 Synthesis of N-sulfonyl guanidines
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RENT HARr=d, Forp & i e 5= 25 e
(88%, Entry 7). Bk, GGG ERERIFELE T
SN U FEE R I SR ) B 5 DR 250 S B PRI, 24 s
TEEEM 80 CIEE] 60 CHF, &M 88%MEF 72%
(Entry 14). HAWZKMHARE, 2 1a 5 2a FEEIELA T 2 2
BRI 10 1.5 B, KRERAEAR 2 90%7= K1 H ki~ ¥ (Entry
15), 1H 2a BRI E LR T 1.2 equiv.if, RBFEEHR
W& A (R (Entry 16). B SR S 2] 100 C, RBIEF
[HAEFELE] 11 h, [FE =238 03 91% (Entry 17). [FFEH
ZAET 2a BIPCRIEFRES 1.1 equiv.iih, P2EN 82%
(Entry 18). FIRSRIGLE FR M, [ SIEEXS = 2 (1) 521
N

B3¢ S B R ) B A S S % PR A T TR fre R e — S 1
BRI 1 1.2, DLETERIETR, LR N 100 C.
1.2 YT EMHMAR

Wi T RN MG, PR R T ZR AR
VTG N (R 2). B SN O SR AT 5%, ORI
A A L 3 (Me. MeO 1 -Bu) B B, T [ (Cl,
CF3 Al NOo), il Fiie & e AR I Hb He 75 S B 2%, I

PL 80%~95% (1) = ZIR1FAH R 1) B ARtk &) 3a~3g. H
AL &0 3g 72N 95%, HixtyAdimid X Sk
mATETHE— DR, (AR, - R
DCC 1R NAE CuCl fEAMEAATIFITEE 2 1F T AT,
SN A TG 20%25), BEJG 2 58T 3-AH R IR
Ji Al - IE RS G 5 DCC M, [FIREREAS 3 e
REA=@h A 3i), Kb 3i e R s, kR
99%. SR JEAE 23 (B AL BHECR T 2,4,6- = FF 3 2R 19k fiz
A 2-ZE BB G S5 DCC M, 43l BA 87%F1 95% 1=
RIGBHERP=) 3§ M3k, LiREE R, 75 & IRk %
SRR R IS IR VAUERS P RS- AR X (o N =1
7 TR It i, 0 PRI G . IR . BT R
FRfE A 3-SR B Z 5 DCC [, tBEELL 50%~
90% 1 7= 2R 15 I A0 B2 ) 72 40 (31~ 30). il i 75 F 4 =
AT, BT TR RN . 2-ME T A S-H
JE-2-MEE AL 5 DCC I, 43 3L 91%F1 93% (1)
FERAGR) T AL N-TERE AN 3p A 3q. N T HRIEIZR
R IE L, A S T R B . SR RERIE T G S
DCC H M, (HS258 25 R IFA 4 N (3r~3t).

F2 AR G
Table 2 Scope of the sulfonamides

o 7
A\ _Na CHel,, 100°c O O AN
SO A N =_<:>
R” “NH, S R/S\N/)\’}‘H Cy
1a~ 1t 2a (DCC) 3a~3q &Y
.C Cy _C _C _C
o oHNYY 0 OHN” oHnY o oHN" 0 oHN"
>N A PN RPN RPN
/@/ "NTONH /@/ “NTONH NTONH ©/ NTONH /@/ “N7ONH
3 )
SY o y Cy Cy cl Cy
3a: 11 h, 91% 3b: 8 h, 89% 3c: 10 h, 87% 3d: 4 h, 90% 3e:7h, 80%
C { C _C
o oHNYY 0. oHN"Y Fox 0. OHN"Y o onn Y
¥ A YA RN N Sk
~ ~ < ~ SN
o s INons bt M vas Bl vy
[ ] - 5
Cy Cy , *r Cy Cy
FsC _ . O,N 393 h 95% = 3h: 1 h, 95% NO.
3f:7h,81% 9:3 h, 95% Xray of 393» ST 3i: 1 h, 99%
CCDC: 2288922
_cy _Cy _Cy ~Cy -G
0. OHN 0. OHN
001y QWP Yo O e
~ 7 > h
T oy W, DN,
|
Cy Cy Cy Cy cy
3j: 11 h, 87% 3k: 8 h, 95% 3:4h, 87% 3m: 11 h, 90% 3n: 5 h, 60%
C c _ . .c .C
QM MY g e Lo o
/ S S 7 "Bu 2
Cy S Cy =N Cy Cy Cy Cy
30: 5 h, 50% 3p: 6 h, 93% 3q:6h, 91% 3r: 6 h, trace 3s:12h, 0% 3t: 12h, 0%

@ Reactions were performed with 1a~1t (0.5 mmol, 1.0 equiv.), 2a (0.6 mmol, 1.2 equiv.), CHCl; (2.0 mL) in a sealed tube under an atmosphere of air.  Isolated
yield.
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W J 25 %2 7 FAh ik e B R B LR 3). TR
FERMZEAT TR, NN-Z 5 R %5 35 4-FRAEK
TR JF 1 4- il e R I i 3R AT IO, 38 R v 7 e i A5 )
HAREA Y 3u Fl 3v. (25 (A A BE 5K NN-Z8UT
FETR R, A At L B T B R 1 O T
Jig DA B R FE e R, #REIRI AT ) B, tHEELL 90%
PLER P2 RIS BIA N N-TEER L AL &% 3w~ 3z
ﬁﬁ/}_%ﬂ’hﬁ, 7E CuCHE AT IS 2 1F T, NN

SRS B S A S Y S % 7 N D S N |
59%, N,N- 0T FE b5 — 0 % 5 8 19 e AN me 24T S B,
BB N-BUT HE-N- 2 BRI A 15 5
YIS B G 2 T AR R R R R, N T -
N-CHW U ES 1a B MTERE A FIRAEEAT,
W R BFrib &%) 3aa (86%)FIEIF=H) N-2.3E-N"-#1
THAR10%) RSP e BliEE "H NMR #iiL). N-
Mo YR TN T 2R W R AE e BAR R A RRGE, B
%mm&ﬁﬂﬁuw%MFiﬁﬁF%hbf%&J
I, TEARAER BLZ& M FIE A NN (= 2k fik

TOEAT NN I IR R I S N, O
ReiEAT.
1.3 TR

KT B ER TR R T SE YR S TR, 3T
T R A R SL G (Scheme 2). TERRESRMF T, 1.15 ¢
AR (1e) 5 1.11 g NN-—FUT 3R % (2¢)
SONR] PURAIBEST, PL93% (1.92 )14 B r=RE3| T
PR 3x, HAAH R RS X RS ATET B RE. X
w2k B 2R IAZ I N AT AR G M3k AT TOK.

g

L5 LRIk, HRIE T MR TTEHmAEAET, B
Rt Mg M B — S JE O JEURE BB A R N-TE BRI A RO7
. AL A, A [R] L AT A TRVRF AL (1457 7 R A
JE W TR 1 5 22 M S5 A (KB — 0%, 7 LA/ i
FR BN FR A R A REAT BORE, e 7™ A st 2 e H A ™
Y. A TAERRIER AR AR A5 BRIER . w
REPIARAELT i A ST 25 PR AT AT 42 BB THOR S50

2

3 TG
Table 3  Scope of the carbodiimides
R2
AL Ny CHCl, 100°C QO HN”
S_ + R Cy R ——r s
R "NH, N R” N7 TNH
R3
1 2b ~2g 3u ~ 3ab
J\ HNJ\ J< /k /I<
O\\ /,O |jN O\\//O /)\ O\\/,O HN \\ /, O\\ //O |jN
N7 N D/ NTONH SN [j [ j N
)\ 02N )\ /i\ 02N
3u: 9 h, 80% 3v: 6 h, 98% 3w: 6 h, 91% 3x:6h, 91% 3y:6h,91%
Br
L L )@f -
LSi ~Tol
sy % %M BN %
N7 ONH N7 ONH S\N/*NH NTONH N7 NH
/i\ K /Sli\ Tol
3z: 11 h, 90% 3aa: 6 h, 86%° 3ab: 24 h, 10% 3ac: NR? 3ad: NR?

@ Reactions were conducted using 1 (0.5 mmol, 1.0 equiv.), 2b~2g (0.6 mmol, 1.2 equiv.) and CHCI; (2.0 mL) in a sealed tube under an atmosphere of air. * Isolated

yield. ¢ N-tert-Butyl-N'-ethylurea was observed with 10% yield. No reaction.

HNJ< . -
AV N )< CHCIy, 100°C, 7 h QP Y / %
Snm, * X “s NN Lt
93% yleld f— N !
cl .
Cl . P
192¢ ‘*"‘1”\@
6.0 mmol, 1.15g 7.2mmol, 1.11 g

le 2 3x X-ray of 3x

CCDC: 2288923
B2 RS

Scheme 2 Gram scale reaction
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3 Sty
3.1 ESIKH

'H NMR A1 3C NMR H Varian Inova BUZ R IEHR1X
(& Varian)lli; =4 #E5E H Waters G2-XS Qtof %Y
W E AR E Waters) R, X 5 2R AT O B AE
Agilent SuperNova, Dual, Cu at zero, AtlasS2 fi7 54 ik
(£ Agilent); ¥4 £i/E BUCHI B-540 #4 £ 52 A3 (Fifi
4 Buchi) Bl &, AL 2205 A Sigma-Aldrich. &
RIBI&K ST 5 5~ w3k, B dt—2 it %
FH v )8 B 3 % °F & (Greagent); 1 )2 J2 7 i ik AR
(GF254) M E M ik (200~300 H) i SigEib T
A
3.2 BHMEUEY3IHER

TE A HET /I 10 mL B BRI b, 4 B8 % (0.5
mmol, 1 equiv.)i#T 2.0 mL =& Fked, RGN
TEJZ(0.6 mmol, 1.2 equiv.), KM, 7E 100 CihigH
TEFEHUIN, 8 2 S (TLO) M R B, s b &5
JE 2 H AR R, DR ZABRIE A, KR AT o B e
VCRMES) @ & W) - (CIRCERD)=3 : 3 11453
Hirr=%) 3a~3ab. HH1LEY 3a. 3u. 3v. 3w. 3x.
3y 1 3ab & CAMLAY), F£ 'H NMR #1 3C NMR
5 2 Wi AR IE 1 SCHRE 3 — 2

N,N'-Z 35 O 5 -N"-(4- H 38 2R 05 ) ik 15k 226 T (3a)(33):
PR 90%. FGER, mp. 161~162 C (1it.?8 157~
158 “C); 'H NMR (400 MHz, CDCly) §: 7.75 (d, J=8.4
Hz, 2H), 7.21 (d, J=8.0 Hz, 2H), 3.47 (br s, 2H), 2.38 (s,
3H), 1.89~1.79 (m, 4H), 1.73~1.62 (m, 5H), 1.62~1.53
(m, 2H), 1.39~1.27 (m, 5H), 1.26~1.10 (m, 6H); 3C
NMR (100 MHz, CDCly) J: 153.69, 141.60, 141.53,
129.11, 126.07, 77.16, 50.13, 33.12, 25.46, 24.51, 21.53.

N,N'- Z 35 O 2 -N"-(4- W1 480 25 % 358 ) skt 5 26 I (3b):
FEE 89%. HME AR, mp. 172~173 °C; 'H NMR (400
MHz, CDCls-d) d: 7.75 (d, J=8.4 Hz, 2H), 6.86 (d, J=8.4
Hz, 2H), 3.80 (s, 3H), 3.43 (br s, 2H), 1.84~1.74 (m, 4H),
1.69~1.57 (m, 5H), 1.57~1.48 (m, 2H), 1.35~1.22 (m,
5H), 1.21~1.07 (m, 6H); 3C NMR (100 MHz, CDCls) ¢:
153.69, 141.60, 141.53, 129.11, 126.07, 77.16, 50.13,
33.12, 25.46, 24.51, 21.53; HRMS (ESI) caled for CooHao-
N;03S [M+H]" 394.2164, found 394.2166.

NN-Z3 O HE-N"-(4-BUT R L) e 5L T (3e): 7~
K 87%. AMEMA, mp. 201~202 C; 'H NMR (400
MHz, CDCLy) 6: 7.77 (d, J=8.8 Hz, 2H), 7.42 (d, J=8.8
Hz, 2H), 3.45 (br s, 2H), 1.89~1.79 (m, 4H), 1.70~1.60
(m, 5H), 1.60~1.52 (m, 2H), 1.31 (s, 14H), 1.24~1.11
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(m, 6H); 3C NMR (100 MHz, CDCl;) 0: 154.68, 153.79,
141.52, 125.82, 125.46, 77.16, 50.11, 35.04, 33.06, 31.28,
25.47, 24.47; HRMS (ESI) calcd for Ca3H3sN30,S [M+
H]" 420.2685, found 420.2682.

NN=- 30 RN IR B e 5L (3d): 7= % 90%.
& 4K, mp. 176 ~177 C; 'H NMR (400 MHz,
CDCl;) 0: 7.89~7.83 (m, 2H), 7.48~7.38 (m, 3H), 3.46
(br s, 2H), 1.89~1.78 (m, 4H), 1.73~1.61 (m, 5H),
1.61~1.52 (m, 2H), 1.39~1.25 (m, 5H), 1.24~1.09 (m,
6H); 3C NMR (100 MHz, CDCls) d: 153.79, 144.43,
131.20, 128.50, 126.02, 77.16, 50.17, 33.08, 25.45, 24.49;
HRMS (ESI) caled for Cij9H»N30,SNa [M + Na] *
386.1878, found 386.1874.

N,N- 3 O3 -N"(4- G K 56 )RR TBE SE AT (Be): 72 %
80%. [ € [ &, mp. 193 ~194 C (lit.P" 186 ~
188 “C); 'H NMR (400 MHz, CDCL3) §: 7.79 (d, J=8.0
Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 3.47 (br s, 2H), 1.82 (d,
J=10.4 Hz, 4H), 1.68 (s, 5H), 1.63~1.50 (m, 2H), 1.44~
1.25 (m, 5H), 1.19 (s, 6H); '*C NMR (100 MHz, CDCl;) ¢:
153.67, 143.00, 137.41, 128.75, 127.54, 50.22, 33.08,
25.41, 24.49; HRMS (ESI) calcd for C19H29N30,SCl [M+
H]" 398.1669, found 398.1670.

N,N-Z38 O E-N"-(4- = 5 L 2K ) B e BE A (30): 7~
K 81%. FE K, mp. 200~201 C; 'H NMR (400
MHz, CDCL3) o: 7.98 (d, J=8.0 Hz, 2H), 7.69 (d, J=8.0
Hz, 2H), 3.46 (br s, 2H), 1.90~1.79 (m, 4H), 1.74~1.63
(m, 5H), 1.63~1.54 (m, 2H), 1.41~1.27 (m, 5H), 1.26~
0.97 (m, 6H); *C NMR (100 MHz, CDCly) §: 153.60,
147.75, 132.90 (q, Jer=129.6 Hz), 126.38, 125.58 (q,
Jor=14 Hz), 124.91, 122.20, 50.18, 32.93, 25.26, 24.35;
HRMS (ESI) caled for Cy3H3sN30,S [M+H]™ 432.1933,
found 432.1931.

N,N™= . F8 O -N"-(4- FiFf 52 28 226 ) sk e 56 T (3 g): 7
K 95%. WHFHOHE A, mp. 210~211 C; 'H NMR (400
MHz, CDCL) d: 8.27 (d, J=8.8 Hz, 2H), 8.03 (d, J=8.8
Hz, 2H), 3.47 (br s, 2H), 1.90~1.79 (m, 4H), 1.74~1.64
(m, 4H), 1.64~1.54 (m, 3H), 1.41~1.27 (m, 5H), 1.27~
0.98 (m, 6H); *C NMR (100 MHz, CDCly) J: 153.66,
150.16, 149.35, 127.24, 123.95, 50.41, 33.08, 25.36, 24.49;
HRMS (ESI) caled for C1oHaoN4O4S [M+H]" 409.1910,
found 409.1906.

N,N'- 35 L3 -N"-(3-Firf 28 28 28 ) Tt [t B2 A (3h): 7=
K 95%. R EEA, mp. 156~157 C; 'H NMR (400
MHz, CDCl;) d: 8.68 (s, 1H), 8.30 (dd, J=8.4, 2.4 Hz,
1H), 7.64 (t, J=8.0 Hz, 1H), 3.45 (br s, 2H), 1.90~1.77

Chin. J. Org. Chem. 2024, 44, 1276~1283
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(m, 4H), 1.75~1.62 (m, 5H), 1.61~1.51 (m, 2H), 1.41~
1.26 (m, 5H), 1.26~1.10 (m, 6H); 3C NMR (100 MHz,
CDCls) d: 153.71, 148.05, 146.51, 131.70, 129.93, 125.74,
121.25, 77.16, 50.37, 33.01, 25.33, 24.45; HRMS (ESI)
caled for CioHoN4O4S [M + H] © 409.1910, found
409.1907.

NN-Z I8 CLBE-N"-(2- i 2 25 5 I IR SE I (30): =%
99%. X EE K, mp. 140~141 ‘C; 'H NMR (400
MHz, CDCL;) : 8.17 (d, J=7.6 Hz, 1H), 7.65~7.54 (m,
3H), 3.47 (br s, 2H), 1.94~1.83 (m, 4H), 1.76~1.62 (m,
5H), 1.61~1.52 (m, 2H), 1.40~1.27 (m, 5H), 1.27~1.11
(m, 6H); 3C NMR (100 MHz, CDCls) d: 153.52, 147.62,
137.43, 131.91, 131.52, 129.55, 123.75, 50.31, 32.87,
25.30, 24.38; HRMS (ESI) caled for CioHoN404S [M+
H]" 409.1910, found 409.1912.

N,N- IR FE-N"-(2,4,6- = FF JL R L) i R SE I (35):
P 87%. HEEA, mp. 161~162 C; 'TH NMR (400
MHz, CDCls) 6: 6.87 (s, 2H), 3.46 (br s, 2H), 2.68 (s, 6H),
225 (s, 3H), 1.88~1.79 (m, 4H), 1.74~1.63 (m, 5H),
1.61~1.52 (m, 2H), 1.38~1.24 (m, 5H), 1.23~1.10 (m,
6H); 3C NMR (100 MHz, CDCls) §: 153.29, 140.17,
138.95, 137.93, 131.34, 50.22, 33.18, 25.47, 24.61, 22.97,
20.91; HRMS (ESI) caled for CpH3N30,S [M+H]"
406.2528, found 406.2531.

N,N'- "3 O FE-N"-ZE2-F ER FE AT (3K): P2 95%.
H & K, mp. 156~157 ‘C; 'H NMR (400 MHz,
CDCl;) J: 8.40 (s, 1H), 7.95~7.81 (m, 4H), 7.61~7.50
(m, 2H), 3.53 (br s, 2H), 1.89~1.77 (m, 4H), 1.75~1.60
(m, 5H), 1.60~1.50 (m, 2H), 1.35~1.24 (m, 5H), 1.24~
1.07 (m, 6H); *C NMR (100 MHz, CDCls) §: 153.74,
141.39, 134.40, 132.32, 129.12, 128.73, 127.91, 127.87,
127.06, 126.16, 122.75, 50.18, 33.07, 25.43, 24.48; HRMS
(ESI) caled for Co3H3N30,S [M+H]" 414.2215, found
414.2215.

NN'- 3 5 -N"- F LR L AT 3D): 7= % 87%.
H & K, mp. 141~142 ‘C; 'H NMR (400 MHz,
CDCl3) d: 3.46 (br s, 2H), 2.90 (s, 3H), 1.96~1.87 (m,
4H), 1.77~1.65 (m, 5H), 1.64~1.54 (m, 2H), 1.42~1.28
(m, 5H), 128~1.12 (m, 6H); *C NMR (100 MHz,
CDCls) 6: 153.70, 77.16, 50.15, 42.22, 33.10, 25.48, 24.57;
HRMS (ESI) caled for Ci4HasN:0,S [M+H]" 302.1902,
found 302.1902.

N,N-Z 3 O -N"- "R I I JE T (3m): 723 90%.
H & K, mp. 142~143 ‘C; 'H NMR (400 MHz,
CDCls) d: 7.40~7.34 (m, 2H), 7.33~7.26 (m, 3H), 4.21
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(s, 2H), 3.32 (br s, 2H), 1.75 (s, 4H), 1.70~1.60 (m, 5H),
1.60~1.51 (m, 2H), 1.37~1.21 (m, 5H), 1.21~1.01 (m,
6H); '*C NMR (100 MHz, CDCly) d: 153.98, 131.35,
130.92, 128.31, 127.98, 60.77, 49.92, 33.01, 25.44, 24.53;
HRMS (ESI) caled for Cy0H3N30,S [M+H]™ 378.2215,
found 378.2210.

NN=-ZFF CHE-N- U T B R AT 3n): =%
60%. HEE, mp. 209~210 C; 'H NMR (400 MHz,
CDCL) 6: 3.46 (br s, 2H), 1.95~1.86 (m, 4H), 1.76~1.66
(m, 5H), 1.62~1.55 (m, 2H), 1.36 (s, 9H), 1.32~1.18 (m,
10H); '3C NMR (101 MHz, CDCly) &: 154.35, 77.16,
58.88, 50.13, 33.21, 25.51, 24.61, 24.46; HRMS (ESI)
caled for Ci7H3N3;0,S [M + H] ©  344.2372, found
344.2365.

NN-Z3 O HE-N- SN B IR T (30): =3 50%.
A E 4K, mp. 93~94 C; 'H NMR (400 MHz, CDCl;)
5: 3.68 (t, J=6.4 Hz, 2H), 3.45 (br s, 2H), 3.12 (t, J=7.2
Hz, 2H), 2.33~2.21 (m, 2H), 1.96~1.84 (m, 4H), 1.81~
1.63 (m, 5H), 1.63~1.53 (m, 2H), 1.42~1.28 (m, 5H),
1.28~1.13 (m, 6H); 3C NMR (100 MHz, CDCls) §:
153.78, 51.63, 50.19, 43.39, 33.04, 27.57, 25.43, 24.54;
HRMS (ESI) caled for CigH3N3;0,SCl [M + H] *
364.1826, found 364.1829.

N,N-"3F 2 FE-N"-BEWy [ L FE A (3p): % 93%.
F A, mp. 190~191 ‘C; 'H NMR (400 MHz,
CDCls) &: 7.50 (d, J=3.6 Hz, 1H), 7.40 (d, J=4.8 Hz,
1H), 6.97 (t, J=4.4 Hz, 1H), 3.51 (br s, 2H), 1.93~1.80
(m, 4H), 1.76~1.62 (m, 5H), 1.61~1.53 (m, 2H), 1.44~
1.28 (m, 5H), 1.27~1.12 (m, 6H); 3*C NMR (100 MHz,
CDCls) 0: 153.79, 146.14, 129.36, 129.28, 126.62, 50.22,
33.04, 25.43, 24.48; HRMS (ESI) calcd for Ci7HasN30,S;
[M+H]" 370.1623, found 370.1620.

N,N- 3 & FE -N"-(5- H 5k -2- ik e ) ik 75k 22 (3 q):
FEE91%. AMGEER, mp. 154~155 °C; 'H NMR (400
MHz, CDCl3) d: 8.37 (d, J=2.0 Hz, 1H), 7.90 (d, J=8.0
Hz, 1H), 7.61 (dd, J=8.0, 2.0 Hz, 1H), 3.52 (br s, 2H),
2.37 (s, 3H), 1.94~1.84 (m, 4H), 1.77~1.63 (m, 5H),
1.61~1.51 (m, 2H), 1.41~1.07 (m, 11H); *C NMR (100
MHz, CDCls) 0: 158.46, 154.62, 149.06, 138.00, 135.76,
120.93, 77.16, 50.38, 32.92, 25.52, 24.43, 18.46; HRMS
(ESI) caled for CioH3N4O,S [M+H]" 379.2164, found
379.2168.

N,N™= S5 TR s -N-(4- HE 35 2 5 ) it T 5 I (3m) 331
AR 80%. FEE, mp. 121~122 C (1it.B" 118~
119 ‘C); 'H NMR (400 MHz, CDCl) d: 7.74 (d, J=38.4
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Hz, 2H), 7.21 (d, J=8.0 Hz, 2H), 3.79 (br s, 2H), 2.37 (s,
3H), 1.13 (d, J=6.4 Hz, 12H); *C NMR (100 MHz,
CDCls) 6: 153.85, 141.65, 141.53, 129.11, 126.04, 77.16,
43.51,22.96, 21.49.

N,N'- 55 TR 25 -N"'~(4- i 2 2 6 ) ikt 7k 5k U (3w) 331
FEER 98%. WRFHME A, mp. 158~159 C; 'H NMR
(600 MHz, CDCL3) 0: 8.31~8.23 (m, 2H), 8.08~7.99 (m,
2H), 3.79 (br s, 2H), 1.17 (d, J=6.4 Hz, 12H); '3C NMR
(150 MHz, CDCly) d: 153.71, 150.03, 149.32, 127.22,
123.97, 77.16, 43.76, 22.92.

NN-Z0BUT B-N"-(4- FH R ) B 1 2 I (Bw): 7
£ 91%. AME K, mp. 103~104 C (lit.3¥ 94~
96 ‘C); 'H NMR (400 MHz, CDCl3) §: 7.74 (d, J=8.4 Hz,
2H), 7.21 (d, J=8.0 Hz, 2H), 7.01 (br s, 1H), 4.39 (bs,
1H), 2.37 (s, 3H), 1.31 (s, 18H); 3C NMR (100 MHz,
CDCls) 0: 154.16, 141.57, 141.48, 129.04, 126.06, 77.16,
50.76, 29.88, 21.48; HRMS (ESI) calcd for C;sHyN:-
O,NaS [M+Na]" 348.1724, found 348.1722.

NN- 0T e -N"-(4- S0 B8 B 1 B I (3x): 77 3%
93%. H{EE, mp. 124~125 C (1it¥ 66~68 C);
'H NMR (600 MHz, CDCl;) d: 7.80 (d, J=8.8 Hz, 2H),
7.40 (d, J=8.8 Hz, 2H), 7.15 (br s, 1H), 4.44 (bs, 1H),
1.33 (s, 18H); *C NMR (150 MHz, CDCls) 0: 154.04,
142.85, 137.40, 128.73, 127.52, 77.16, 51.26, 29.87;
HRMS (ESI) caled for C;sH»sN;0,SClI [M + H] *
346.1354, found 346.1356.

NN'- 00T 5 -N"-(4- i 5 2 6 ) it 1k 5k U (3y)33):
AR 91%. WA, mp. 111~113 ‘C; 'H NMR
(400 MHz, CDCL3) J: 8.27 (d, J=8.8 Hz, 2H), 8.02 (d, J=
8.8 Hz, 2H), 7.09 (bs, 1H), 4.58 (br s, 1H), 1.32 (s, 18H).
3C NMR (100 MHz, CDCls) d: 154.02, 150.04, 149.29,
127.14, 123.87, 77.16, 52.22, 29.79; HRMS (ESI) calcd for
C15sH2sN4048 [M+H]" 357.1599, found 357.1597.

NN-Z5UT B -N"- "R R B 3L T (32): =% 90%.
H i 44, m.p. 99~101 ‘C; 'H NMR (600 MHz, CDCl;)
: 7.44~7.39 (m, 2H), 7.34~7.29 (m, 3H), 6.92 (br, 1H),
421 (s, 2H), 4.17 (br s, 1H), 1.45~1.02 (m, 18H); '3C
NMR (150 MHz, CDCl;) 6: 154.21, 131.10, 128.37,
128.04, 77.16, 60.72, 50.21, 29.68; HRMS (ESI) calcd for
C16H2sN30,8 [M+H]" 326.1895, found 326.1902.

N=FUT 3 -N"- 2,3 -N™-(4- H 2K 356 356 ) Tk 1k 35 AU
(3aa)/N-ZIE-N-FUT IR B77FR 96%. AMEAREE
Y. 3aa: "H NMR (600 MHz, DMSO-ds) d: 7.62 (d, J=8.0
Hz, 2H), 7.30 (d, J=7.9 Hz, 2H), 6.75 (br s, 1H), 3.20 —
3.13 (m, 2H), 2.34 (s, 3H), 1.24 (s, 9H), 0.98 (t, J=7.4 Hz,
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3H); 3C NMR (151 MHz, DMSO-ds) 6: 154.27, 141.47,
141.10, 129.02, 125.52, 48.89, 35.98, 28.99, 20.86, 15.66;
HRMS (ESI) caled for Ci4H23N30,NaS [M + Na] *
320.1409, found 320.1410. N-f{ T &-N-ZHJx: 'H
NMR (600 MHz, DMSO-de) J: 5.54 (t, J=4.8 Hz, 0.37H),
2.98~2.93 (m, 0.37H), 1.21 (s, 1.5H), 0.96 (t, J=7.4 Hz,
0.53H); '*C NMR (151 MHz, DMSO-d¢) J: 157.32, 51.31,
33.51, 29.34, 14.51; HRMS (ESI) calcd for C;H;sN2NaO
[M+Na]" 167.1160, found 167.1163.

N-BUT HE-N"-Xo] R H - N (4- R R B itk e S U
(3ab): 7 10%. HEAEA, mp. 105~107 C(it.BY
98~100 C); 'H NMR (600 MHz, CDCI;) J: 8.81 (s, 1H),
7.81 (d, J=17.8 Hz, 2H), 7.54~7.48 (m, 2H), 7.25 (d, J=
7.8 Hz, 2H), 7.03~6.98 (m, 2H), 4.61 (br s, 1H), 2.40 (s,
3H), 1.30 (s, 9H); *C NMR (150 MHz, CDCl;) J: 152.67,
142.11, 140.95, 135.09, 133.40, 129.31, 127.26, 126.03,
120.82, 77.16, 52.88, 29.34, 21.59.

4 B 41 Bl (Supporting Information) & =¥ 'H
NMR HI 3C NMR # B LA R A 51 3g A 3x ) 5 A 5080
X e R} AT BA A B AR T I 35 (http://sioc-journal.cn/) -
T
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