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Synthesis of Functionalized Enamines (Il): One-Pot Method for the
Synthesis of a-Dehydroamino from Electron-Deficient Olefins

Wen, Hua“ Wang, Yingjie® Liu, Dee” Liu, Yali“ Ge, Miao” Chen, Zhanguo™*
(“ Key Laboratory for Macromolecular Science of Shaanxi Province, School of Chemistry and Chemical Engineering,
Shaanxi Normal University, Xi'an 710119)

(® Tourism and Environment College, Shaanxi Normal University, Xi'an 710119)

Abstract An easy and efficient one-pot method for the synthesis of the functionalized enamines from the electron-deficient
olefins has been developed. The electron-deficient olefins (including a,f-unsaturated esters and ketones) reacted with
p-toluenesulfonamide (TsNH,)/N-bromosuccinimide (NBS) in CH,Cl, catalyzed by Al powder (5 mol%) at room temperature
to generate corresponding a,f-vicinal bromoamines in the first step. Following those, the mixture products without separation
can be direct smoothly converted into corresponding a-dehydroamino derivatives catalyzed by thiourea (50 mol%) and K,CO,
(50 mol%) in mixture solvents [(CH,Cl,) : V(DMF)=1 : 1] at room temperature in good to excellent yields (up to 97%).
27 structurally different electron-deficient substrates were investigated. The results indicate that the protocol has applicability
in a large scope of electron-deficient olefins. Based on the analysis of the all products in structure with '"H NMR, it was re-
vealed that the amino groups were linked at the a-position of carbonyl to the dehydroamino derivatives. This result indicates
that the one-pot method has full regiospecificity.

Keywords one-pot method; electron-deficient olefins; a-dehydroamino; synthesis
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W) T 1T PR R A LA 57 OG0 1 34 R i)
LA 2 R0 & T VA GRS 22 J A1 R i
AR Z IR S ) A AN, ap-i A2, H2, M
FEART B LTI 4e R A A ) - M AL 2R L3R
. S5 TR R AU P4 2OV e e I S N (1)
WEIT, ATRE T — P8Rk B i P4 8 B A o
N a-liE R Bk, WETas Bk, = T &ApEeh
TIIREHS a f-ANFIEEFN o, - AN AN )25 AT DGR M
AR RAIN ) oA, B BeR A 97%.
1 BR5E
1.1 REZFGRIHE

22 SCHR[23], R ILAE R & % 7 (CH,Cly/DMF),
T 23 R/ R B T A A5 A A A S R IR S 1)
WAL ETH R O, SR A BIAR N oIS Fo
MHH CHLCL R, 1R NANGER A, IR, 4
B DMF BRI, r=PAEs 2%, i =&k
FI DMF EIZAN W & e 2 7 A LR AMEAE . Tt
TR IR IS I R SRR Y, RN 1 22 20 A
Xof FOR G IR R NBS W, S5 R s N ) e &l
RO STk, BRATHITE IR R E S B P e e K
i LI R TR N R N, ROV IS, AN g3
AL RE TP ISR DMF, F7E IR/ kR
BRI AL T 58 ORGSR B RN, BAT T LA 7R i R
IARRIEAT T ERR WS, SCUR g R, XMk
WG RIAT. AR SCRRIRIE S, 48 o B- AT RIS (1 20 i 0
BN, AR ER I, BRI TR 1%
(BEIR S OB, o, B- ANV R 1A 220 BT 00 S S5 I3 TR 33k
17, T D3 e 4Rk B A 8 B A N 1) o
PREE R, AR I &3 T Tk, R
AT B RO AR T o-BE A SR 12
L AR T RN S%(BE R B0, T —4kik
A ST HH A 2R A AR N 1) o B- M A v, 1L
KA 68%. I LM I — AR N AR n(B L I
K)o nO RIS ERE) - n(NBS)=1: 1 : 1.2, %I —
SUFBE, IOV =, A S%(EE IR 22 B0 ER R E AL
N, SERUR IR TN N . EAN I B RS L,
] R NV IRA IS S TR AT DMF, #0
N 50%(EEJR 5330 KoCOs T 50%(JBE K43 550 (K7 IR 58 7%,
RS R Y.
1.2 BREFHEELEHI RN

N T IRERE—WENE NG, 76 BRI e 1R V4
FER, XTER o, f- TR A o, - AN LRI — ik i
FHN ) o- AT 7558, AR IE 1 hsk 10
L, TR HL O 0 3 B AR b 2 £ A BV ) I A
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PRI, SC e KW, Bl &Rl b FAke, BT Ilgs
FAANIA, s 9 T R I 2 S

X T o - AN RIS EE AL 254 (PR R IR i 248 R 7 J3< il
X)), WS BRI X AT R T, OV AR AR R
P, PR R (1 Y 3b, 4b, 9b, 10b, 11b, 12b, 13b,
16b, 17b, 18b, 73K 70%~97%); X} T AIAKHL AT
P PR I a - ANEIREAL S, SOVIE
BING, AT NG 1) 1b, 2b, 8b, 19b,
20b, 21b, 22b, 23b, 24b, 25b, 26b, 27b, =&k 22%~
76%); BIMEIRY) B-Or RIS A s i f 73, {H R IR
HI IR, A BRRLN 7= SR R R 2 T T B
(F 1 F111 5b, 6b, 7b, 14b, 15b, F=F N 52%~69%). %
RTIR, R GE R % N PR 5 A v 2R AR AN T
[, —/MNMERTRY, 55— A A BN, MR
WA o 1 e ELAS TR BN i b PO e, I
TR R AH R IR LA AU b W 2 AR AR AR L
2 ()2 BELASE R (P FEL A, N 3% IR AR R R
1.3 EBEEFER G ZRINA R FIE R xHZ & N AYIE
s

H T BE T RAZ N TR S B, BRAT TR e A
RN AT ZR IR R B LTI 1 S N EAT T %85 I FH A
CUR AN 1-2RJE-3-(2-E Wy B I M -1 43 A ok O JEG
W), EAHFI RNV AR T, SEIRUFI, AT LL 60%
7= 2 AL AR N R I (L Eq. 1), T 1-280E-3-(2-
WEWMY 55 I -1 7E 44 AN R OV (L Eq. 2).

one pot method NHTs
+ TsNH, + NBS ——— Q)]

28a 28b 60% yield

Q one pot method

> + TsNH, + NBS —¥—— (2)

S

1.4 RN BIXIHERE

SIS EE K, X T o f-ANBIEAEY), At p-
PERFR PR T IR R T2, Bk A o
N ap-AARNE DN, o =P d I T %
T a-fr, TP T SR X OE PR, X —Z518 ]
BT P S e s, A H = & R, B
A=Y TR A A S R I A A, X — s
UL T 2 B AEIRIE ) a7, X LU SCHR[23] RN,
HH— 89275 2 1 S 2= 4 3b 5 SCHR[23 ] 1 7= 4 e, 3L
SO B AA  SE AR, T SCRR[23]9 1) de HLAR 4G
PR, G SAAE T IRIEN o, FROCIESE T —%
LA a- A AL A AT o TR X S P
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Table 1 One pot method for the synthesis of various o,f-dehydroamino

o]
o]
one pot method 1 2
R1/\)J\R2 + TsNH, + NBS RO R
a NHTs
b
Entry Substrate Product Time/h  Yield’/%
o) o]
~ e
NHTs
1a 1b
o] o]
N N
2 7o N o 26 40
NHTs
2a 2b
o] o]
e N ~
S
HsCO HsCO
3a 3b
o) (0]
A N
S
HsCO 4a H3CO a5
o] o]
5 NHTs 26 52
H3CO Br HaCO Br
5a 5b
o] o]
NHT:
HyCO Br HyCO Bro
6a 6b
o] o]
H3CO X N0~ H3CO. NN
7 HsCO HCO NHTs 26 68
OCH; OCHjz
7a 7b
o) (0]
PN AN N
8 N0 © 26 2
B NHTs
Br 8a 8b
o] o]
X
: TC T
H3CO H;CO
9a 9b

918 http:/sioc-journal.cn/ © 2014 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2014, 34, 916~925



Chinese Journal of Organic Chemistry

ARTICLE

Entry Substrate Product Time/h  Yield’/%
o (0]
X
H3CO OCHj HsCO OCH;
10a 10b
o) o)
X X
1 YRS IRNe ¢
HCO cl HaCO s cl
11a 11b
0 0
X
o Y0 .
H;CO NO, H3CO NO,
12a 12b
o) o)
N
13 h Lo 4 87
S
H H;CO
3C0 13a s 13b
o) 0
OO U D)
NHT.
14 HaCO HyCO s 26 68
OCHjz OCHjs
14a 14b
0 o)
H3CO N H3CO O N O
15 26 69
O O NHT
HsCO Br HsCO Bro o
15a 15b
o) o)
X
L 0 PRBS v
S
H3C H3C
16a 16b
o) 0
AN
g Saas (Yl o
HsC cl HsC S cl
17a 17b
o) o)
A X
18 O O O NHTs 26 7
HSC NO2 H3C N02
18a 18b
o) o)
X
: O v
S
19a OMe 19b OMe
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Entry Substrate Product Time/h  Yield’/%
0 (0]

N
20 A 30 76
B NHTs
Br 20a 20b
o] o]
X
g T 0
F OCHjs F OCHs;
21a 21b
o] o]
N
F Cl F S o
22a 22b
o] o]
X
: OO O C 0 e
Br NO, Br TsHN NO,
23a 23b
o] o]
2 'sr\JW‘i HD h |‘D 30 69
NHTs
24a 24b
o] 0
: 5 "
s ol NHTs o
25a 25b
o] o]
x SR™e O v e
ol NHTs . s
26a 26b
0 o]
X
S NO, NO,
27a 27b

“ Conditions: deficient olefins (5.0 mmol), TsNH, (5.0 mmol), NBS (6.0 mmol), Al powder (0.25 mmol), CH,Cl, (10 mL), 25 ‘C. After this reaction was completed,
K>COs (2.5 mmol), NH,CSNH; (2.5 mmol), DMF 10 mL were added to the mixture above, 25 ‘C. ° Isolated yield after chromatography separation.

1.5 TWIEERI R BZH TR

ZEA LA BT, BATIA—8EA K a- A H &
R 3ANUIR, B0 (a) R AU R 2 RN s 12>,
552 DOV NEIRINE= AR R R, 2 3 (o)
Shy TR (R F AR s I I 1 J AR I 1) e 4022 (Scheme
D). (EAUHME, ESM 3 DN, RN (a)hf s
PP 5 R B K, T SN () R e T e I (14 X 3k 3
PEME, DRA RN WE (1) TR B0 I B 2AT D B — 1.
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1.6 IXERE

BATLL 4-FAE AT IR (92) M9, NIk 5 AT
THOGRK:. SLIUEY, kgt 9.5 h 5, &V Ak
2 90% (1 # (Eq. 3).
2 it

HESL T ik R I R R R B R A
[ (o= Jit 020 10T 7 10, B LTI 48 (o, B- ANV AT AN
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Scheme 1

O R O one pot method
HaCO 9.5h, r.t.

a (25 mmol)
(3)
H3CO NHTs O
9b 90% yield
oS-I AE — SR b, Sl T ek A AR

VAR TR W, AL T KB IR PR AN B IR AL T
AT AN o-IR . AZTTEBRAE R, A
s 0 B A EAE AT N D RO, B AL R 2 45 RRUE,
IRARIE, SN RIE N, el e s it T
— AR ORI RAEIZ I ERGE, W Tk
% a-B A AR L E LS

3 LIS

3.1 WF SR

BT FHAR 7)) 4 23 Hr4li. AVANCE 300 MHz 8 S1#
B AR L R A (Bt Bruker 24 7); GC-MS-
QP2010 JFTH A (H A it A Al); BS224S HLF R T (f [H
FELFIHEE ), RE-52AA Jeks 28R 28 (LI 2R A4 A
#8) ), XTSA A s A AL T RHMC AR ).
32 RYIMIERK

FH oS- ARG AN o B- AU FNE, 22 SCHR[31,
3215 . A R 2k I Scheme 2.

33 o-lEEEMERAZ

7t 50 mL L HEE AR OO SE L F Ik 5.0
mmol, ¥f F1 KA % 5.0 mmol, NBS 6.0 mmol Fl45 45
0.25 mmol, ZRE A% 10 mL, =k HitE, TLC
BREFRI, B30 50k} 58 A 2R BN T 0 408 9 o) 38 42 4
B ) R NARR T INATCKBERAT 2.5 mmol, AR 2.5
mmol, FIIA NN-—FIEFE[Z(DMF) 10 mL, Zk2L4
PN, TLC FREAKI, B4 84 B 5 e 4s i 2k uk
AT YA TRIE 2 IS R B R, R RTINS R &
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o}
RPN N

O - .
COOH  Pyridine, amine
R, o g e
RZ Ny *+ HC

COOH

MW
0}

R?0OH
R1/\)I\OR2

NaHSO3/H20, MW

CH3CH,0H, base

R N
| —R
=
Scheme 2

g 15 mL, KX CMBRAIE K. ZIAKVER, A YA
TE/KBR RN 5 7. ﬁ?ﬁﬁ%%?k&e%ﬂ IEltlézﬁWﬁ%U
FELP= 4 CA A e B R 2 1 G by e IO SR A T A € 1% 4
TR 2R NI, BT R ™ .

P4 2b kBl 46 50 mL BB 4K voin
N 3-ZRIE IR 2,15 (2a) 0.880 g (5.0 mmol), i FFEZE
i ®E % 0.855 g (5.0 mmol), NBS 1.068 g (6.0 mmol), %5
#1 0.0068 g (0.25 mmol), R IIA S 4T 10 mL, ¥
WEPERE, TLC BRESASIN, 24 h 5, A28 T B =B o,
IF HISUBIASFHD, B RiRE. 1n) SO AR ZR I TG /KB
IR0 0.345 g (2.5 mmol), K 0.190 g (2.5 mmol), N
A DMF 10 mL, Zili N4kEAHE, TLC SREATI, 2 h J5
BRI s e AT O, A I RN, R RNV I &
B2 2,06 15 mL, MR LRI fr bk, 280K uEsk, HHL
AHFHTC /KB R AN T . S DB 25 T 00, DA il Tk
LR LA Ve AT A% 0 5, s 28 B DL

A, B TEAAEREA 0.725 g RN 42%. mop.

119~121 °C (EtOH); '"H NMR (300 MHz, CDCl;) §:
7.88 (d, J=3.30 Hz, 2H, PhH), 7.67 (d, J=7.80 Hz, 2H,
PhH), 7.52 (s, 1H, NH), 7.36 (s, 3H, PhH), 7.23 (d, J=
8.10 Hz, 2H, PhH), 6.23 (s, 1H, PhCH), 4.01~3.94 (m,
2H, CH,), 2.39 (s, 3H, PhCHj3), 1.11 (t, J=6.90 Hz, 3H,
CH,CH3); °C NMR (75 MHz, CDCly) d: 164.9, 143.9,
137.3, 132.9, 131.1, 130.3, 129.4, 128.4, 127.6, 122.9,
61.9, 21.5, 14.0. HRMS caled for C;sH;sNNaO,S [M+
Na]" 368.0927, found 368.0923.
3.4 FEHNEHIRIE

A= & FE S &Y 2b AL, SLghkER
fEMR.

&Y 1b: AEREE, mp. 152~154 °C (EtOH);
'H NMR (300 MHz, CDCl;) : 7.86 (s, 2H, PhH), 7.67 (d,
J=8.10 Hz, 2H, PhH), 7.53 (s, 1H, NH), 7.36 (s, 3H,
PhH), 7.24 (d, J=8.10 Hz, 2H, PhH), 6.18 (s, 1H, PhCH),

http://sioc-journal.cn/ 921
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3.53 (s, 3H, OCHj,), 2.40 (s, 3H, PhCH;); "CNMR (75
MHz, CDCl;) 6: 165.4, 143.9, 137.7, 131.1, 130.4, 129.4,
128.5, 127.6, 52.6, 21.6. HRMS calcd for C;7H;;NNaO,S
[M+Na]" 354.0771, found 354.0776.

&4 3b: AGE AR, mp. 133~135 C (EtOH); 'H
NMR (300 MHz, CDCl;) d: 7.91 (d, J=8.40 Hz, 2H,
PhH), 7.68 (d, J=7.80 Hz, 2H, PhH), 7.24 (d, J=8.10 Hz,
2H, PhH), 6.88 (d, J=8.70 Hz, 2H, PhH), 6.13 (s, 1H,
PhCH), 3.84 (s, 3H, PhOCHs;), 3.46 (s, 3H, COOCH,),
2.40 (s, 3H, PhCH3); *C NMR (75 MHz, CDCl;) 6: 165.7,
161.5, 143.8, 138.4, 136.4, 133.6, 133.6, 133.4, 129.5,
129.3, 127.8, 127.6, 125.4, 120.2, 114.1, 113.9, 55.3, 52.3,
21.5. HRMS caled for C;sH;oNNaOsS [M + Na] *
384.0876, found 384.0855.

&4 4b: G E AR, mop. 120~123 C (EtOH); 'H
NMR (300 MHz, CDCl;) d: 7.94 (d, J=8.40 Hz, 2H,
PhH), 7.68 (d, J=8.10 Hz, 2H, PhH), 7.51 (s, 1H, NH),
7.25 (d, J=9.30 Hz, 2H, PhH), 6.90 (d, J=8.70 Hz, 2H,
PhH), 6.16 (s, 1H, PhCH), 3.95~3.85 (m, 5H), 2.40 (s,
3H, PhCH;), 1.07 (t, J=6.90 Hz, 3H, CH,CH3); *C NMR
(75 MHz, CDCly) &: 165.2, 161.4, 143.8, 137.8, 136.4,
133.4, 129.3, 127.7, 125.5, 120.3, 113.8, 61.6, 55.3, 21.5,
14.2. HRMS caled for C;oH, NNaOsS [M + Na] *
398.1033, found 398.1027.

A 5b: R, mp. 161~163 C (EtOH); 'H
NMR (300 MHz, CDCl;) d: 7.87 (s, 1H, PhH), 7.67 (t, J=
8.10 Hz, 3H, PhH, NH), 7.24 (d, J=8.10 Hz, 2H, PhH),
7.02 (s, 1H, PhH), 6.24 (s, 1H, PhCH), 3.91 [s, 6H,
Ph(OCHa),], 3.59 (s, 3H, COOCHj3), 2.40 (s, 3H, PhCH3);
C NMR (75 MHz, CDCl;) d: 165.3, 151.0, 147.9, 144.0,
136.2, 134.6, 129.3, 127.6, 125.1, 122.9, 117.6, 114.9,
113.3, 56.1, 52.8, 21.5. HRMS calcd for C;oH,,BrNNaO4S
[M+Na]™ 494.0067, found 494.0056.

&9 6b: AMREA, mp. 145~147 “C (EtOH);
'H NMR (300 MHz, CDCl;) 6: 7.90 (s, 1H, PhH), 7.74 (s,
1H, NH), 7.67 (d, J=8.10 Hz, 2H, PhH), 7.23 (s, 2H,
PhH), 7.03 (s, 1H, PhH), 6.26 (s, 1H, PhCH), 4.07~4.00
(m, 4H, OCH,), 3.92 (s, 3H, PhOCH;), 3.91 (s, 3H,
PhOCH;), 2.40 (s, 3H, PhCHj), 1.16 ~1.12 (t, 3H,
CH,CH;); C NMR (75 MHz, CDCly) J: 164.8, 151.0,
147.9, 144.0, 136.2, 134.3, 129.3, 127.6, 125.2, 123.0,
117.7,114.9, 113.3, 62.0, 56.1(2), 21.5, 14.0. HRMS calcd
for CyH,,BrNNaOS [M + Na] © 508.0224, found
508.0204.

th&Y) b AMEE, mp. 161~162 C (EtOH);

922 http://sioc-journal.cn/
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'H NMR (300 MHz, CDCl3) é: 7.70 (d, J=7.80 Hz, 2H,
PhH), 7.48 (s, 1H, NH), 7.28~7.24 (m, 4H, PhH), 6.14 (s,
1H, PhCH), 3.91 [s, 9H, Ph(OCHs);], 3.50 (s, 3H,
COOCH;), 2.42 (s, 3H, PhCH;); *C NMR (75 MHz,
CDCLy) d: 165.4, 152.8, 144.0, 137.9, 136.6, 129.4, 127.9,
127.5, 121.8, 108.8, 60.9, 56.2, 52.5, 21.5. HRMS calcd
for C,0H,3NNaO,S [M+Na]" 444.1087, found 444.1077.

k&% 8b: AfLE A, mp. 128~130 C (EtOH);
'H NMR (300 MHz, CDCl3) 6: 7.74 (d, J=7.80 Hz, 2H,
PhH), 7.64 (d, J=7.50 Hz, 2H, PhH), 7.46 (d, J/=9.60 Hz,
3H, PhH, NH), 7.23 (d, J=7.80 Hz, 2H, PhH), 6.24 (s, 1H,
PhCH), 4.02~3.96 (m, 2H, CH,CHj;), 2.41 (s, 3H,
PhCH3), 1.12 (t, J=6.90 Hz, 3H, CH,CH3); °C NMR (75
MHz, CDCl;) d: 164.7, 144.1, 136.3, 135.8, 132.4, 131.8,
131.6, 129.4, 127.6, 123.5, 62.06, 21.6, 14.0. HRMS calcd
for C;gHgBrNNaO,S [M + Na] " 448.0012, found
447.9988.

&% 9b: AL E 1A, mp. 178~180 C (EtOH);
'H NMR (300 MHz, CDCl3) 6: 7.92 (d, J=8.40 Hz, 2H,
PhH), 7.74 (d, J=7.80 Hz, 2H, PhH), 7.53~7.38 (m, 5H,
PhH, NH), 7.19 (d, J=7.80 Hz, 2H, PhH), 7.09 (s, 1H
PhCH), 6.91 (d, J=8.40 Hz, 3H, PhH), 3.85 (s, 3H,
PhOCH3), 2.31 (s, 3H, PhCH;); “C NMR (75 MHz,
CDCly) 6: 193.8, 161.9, 144.1, 141.6, 136.7, 136.1, 133.6,
131.9, 129.5, 129.0, 128.9, 128.3, 127.7, 125.4, 114.0,
55.4, 21.5. HRMS calcd for Cp3H, NNaO,S [M+Na]®
430.1084, found 430.1086.

&Y 10b: HEEA, mp. 184~186 C (EtOH);
'H NMR (300 MHz, CDCl3) 6: 7.90 (d, J=8.40 Hz, 2H,
PhH), 7.72 (d, J=7.80 Hz, 2H, PhH), 7.53 (d, J=8.40 Hz,
2H, PhH), 7.16 (d, J=7.50 Hz, 2H, PhH), 7.05 (s, 1H,
PhCH), 6.91 (s, 4H, PhH), 3.87 (s, 3H, PhOCHs), 3.86 (s,
3H, PhOCHa), 2.29 (s, 3H, PhCH3); *C NMR (75 MHz,
CDCly) 6: 192.5, 162.9, 161.6, 144.0, 139.9, 136.2, 133.2,
131.4, 129.5, 129.1, 128.9, 127.6, 125.4, 114.0, 113.6,
55.5, 55.4, 21.5. HRMS calcd for CpH,3NNaOsS [M—+
Na]" 460.1189, found 460.1169.

&Y 11b: AEEA, mp. 202~204 C (EtOH);
'H NMR (300 MHz, CDCl5) 6: 7.89 (d, J=8.70 Hz, 2H,
PhH), 7.72 (d, J=8.10 Hz, 2H, PhH), 7.45~7.38 (m, 4H,
PhH), 7.20 (d, J=7.80 Hz, 2H, PhH), 7.03 (s, 1H, NH),
6.91 (d, J=8.40 Hz, 2H, PhH), 6.84 (s, 1H, PhCH), 3.86
(s, 3H, PhOCH3), 2.33 (s, 3H, PhCH;); °C NMR (75
MHz, CDCl;) d: 192.5, 162.0, 141.1, 133.5, 130.3, 129.5,
128.7, 127.6, 125.1, 114.1, 55.4, 21.5. HRMS calcd for
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Ca3Hy0CINNaO,S [M+Na]" 464.0694, found 464.0671.

&Y 12b: AIAE R, mp. 200~203 C (EtOH);
'H NMR (300 MHz, CDCl;) 6: 8.27 (d, J=8.40 Hz, 2H,
PhH), 7.86 (d, J=8.40 Hz, 2H, PhH), 7.73 (d, J=7.80 Hz,
2H, PhH), 7.61 (d, J=8.40 Hz, 2H, PhH), 7.24 (d, J=7.80
Hz, 2H, PhH), 6.99 (s, 1H, NH), 6.91 (d, J=8.10 Hz, 2H,
PhH), 6.79 (s, 1H, PhCH), 3.86 (s, 3H, PhOCH3), 2.35 (s,
3H, PhCH3); *C NMR (75 MHz, CDCls) 6: 191.9, 162.3,
142.0, 133.6, 129.7, 129.6(2), 129.0, 127.7, 124.8, 123.6,
114.2, 55.4, 21.6. HRMS calcd for C,3H)N,NaO4S [M+
Na]" 475.0934, found 475.0899.

&Y 13b: FIaE R, mp. 144~146 C (EtOH);
'H NMR (300 MHz, CDCl;) 6: 7.95 (d, J=8.10 Hz, 2H,
PhH), 7.64 (d, J=7.80 Hz, 2H, PhH), 7.23 (d, J=8.10 Hz,
2H, PhH), 6.92 (d, J=7.80 Hz, 2H, PhH), 6.71 (s, 1H,
PhCH), 3.86 (s, 3H, PhOCH3), 2.40 (s, 3H, PhCH;), 2.22
(s, 3H, COCH;); C NMR (75 MHz, CDCl;) 6: 194.7,
161.7, 143.9, 137.4, 133.4, 129.3, 127.6, 125.5, 114.0,
55.4, 24.3, 21.6. HRMS calcd for C;sH;sNNaO,S [M+
Na]" 368.0927, found 368.0921.

&4 14b: AEEE, mp. 169~171 C (EtOH);
'H NMR (300 MHz, CDCl;) 6: 7.74 (d, J=7.80 Hz, 2H,
PhH), 7.57 (d, J=6.90 Hz, 3H, PhH, NH), 7.45 (t, J=6.60
Hz, 2H, PhH), 7.21 (d, J=7.80 Hz, 4H, PhH), 6.99 (s, 1H,
PhH), 6.87 (s, 1H, PhCH), 3.91 (s, 6H, PhOCH3), 3.90 (s,
3H, PhOCHS3), 2.33 (s, 3H, PhCH;); *C NMR (75 MHz,
CDCly) d: 193.6, 153.0, 144.2, 139.8, 136.6, 136.4, 132.3,
130.7, 129.5, 129.2, 128.4, 127.8, 127.5, 108.6, 60.9, 56.3,
21.5. HRMS caled for C,sH,sNNaOgS [M + Na] *
490.1295, found 490.1296.

A& 15b: 3% A A, mp. 176 ~ 178 C
(EtOH); 'H NMR (300 MHz, CDCL3) §: 7.96 (s, 1H, PhH),
7.69 (d, J=8.10 Hz, 2H, PhH), 7.56 (d, J=8.10 Hz, 2H,
PhH), 7.44 (t, 2H, PhH), 7.35 (s, 1H, PhCH), 7.20 (d, J=
8.10 Hz, 2H, PhH), 7.02 (d, J=8.10 Hz, 2H, PhH) 3.96 (s,
3H, PhOCHS3), 3.91 (s, 3H, PhOCHS3), 2.32 (s, 3H, PhCH);
C NMR (75 MHz, CDCl3) d: 193.6, 151.2, 148.0, 144.2,
137.8, 136.1, 135.9, 132.4, 130.8, 129.5, 129.2, 128.3,
127.6, 125.2, 117.9, 114.9, 113.3, 56.2, 21.5. HRMS calcd
for C,4H»,BrNNaOsS [M + Na] " 538.0495, found
538.0291.

&9 16b: ¥k T A [ &, mp. 146 ~148 C
(EtOH); 'H NMR (300 MHz, CDCls) 6: 7.77~7.71 (m,
4H, PhH), 7.52~7.39 (m, 5H, PhH), 7.20 (d, J=7.50 Hz,
3H, PhH), 7.05 (s, 1H, PhH), 6.89 (s, 1H, PhCH), 2.38 (s,
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3H, PhCH3), 2.32 (s, 3H, PhCH;); “C NMR (75 MHz,
CDCly) d: 193.7, 144.1, 141.4, 140.3, 136.5, 132.1, 131.2,
130.5, 130.0, 129.5, 129.4, 129.4, 129.0, 128.3, 127.6,
21.6, 21.5. HRMS calcd for C,3H, NNaO;S [M+Na]®
414.1134, found 414.1115.

A& 17b: 3R i A 4R, mp. 140~ 141 C
(EtOH); '"H NMR (300 MHz, CDCl5) &: 7.71 (d, J=17.80
Hz, 4H, PhH), 7.51 (d, J=8.10 Hz, 2H, PhH), 7.40 (d, J=
8.10 Hz, 2H, PhH), 7.20 (d, J=6.90 Hz, 4H, PhH), 7.09 (s,
1H, NH), 6.81 (s, 1H, PhCH), 2.38 (s, 3H, PhCH3), 2.34 (s,
3H, PhCH;); *C NMR (75 MHz, CDCl;) 6: 192.5, 144.2,
141.6, 139.7, 138.6, 136.1, 134.8, 131.1, 130.5, 130.4,
129.7, 129.6, 129.5, 128.7, 127.6, 21.7, 21.6. HRMS calcd
for C,3HCINNaO;S [M + Naj " 448.0745, found
448.0722.

A% 18b: ¥R i A 44, mp. 181 ~183 C
(EtOH); "H NMR (300 MHz, CDCl;) d: 8.28 (d, J=7.80
Hz, 2H, PhH), 7.73~7.61 (m, 6H, PhH, NH), 7.23~7.17
(m, 4H, PhH), 6.95 (s, 1H, PhH), 6.74 (s, 1H, PhCH), 2.37
(s, 6H, PhCH;); *C NMR (75 MHz, CDCls) o: 191.4,
149.2, 143.9, 141.8, 141.5, 139.5, 135.6, 130.4, 130.2,
129.4, 129.1, 128.9, 128.8, 127.1, 123.1, 21.1 (2). HRMS
caled for Ca3Hy)N,NaOsS [M+Na]™ 459.0985, found
459.0935.

&9 19b: A, mp. 162~164 C (EtOH);
'H NMR (300 MHz, CDCls) 6: 7.76~7.64 (m, 6H, PhH),
7.37 (s, 3H, PhH, NH), 7.19 (d, J=7.80 Hz, 2H, PhH),
6.98 (s, 1H, PhH), 6.92 (d, J=8.40 Hz, 2H, PhH), 6.85 (s,
1H, PhCH), 3.88 (s, 3H, PhOCHj3), 2.32 (s, 3H, PhCH;).
C NMR (75 MHz, CDCl;) d: 192.2, 163.2, 144.1, 137.3,
132.8, 131.8, 131.5, 130.6, 130.3, 129.5, 129.0, 128.7,
127.6, 127.5, 113.7, 55.6, 21.6. HRMS calcd for Cyp3H,-
NNaO,S [M+Na]" 430.1084, found 430.1036.

&Y 20b: FEEA, mp. 172~174 C (EtOH);
'H NMR (300 MHz, CDCly) 6: 7.73~7.68 (m, 4H, PhH),
7.56~7.43 (m, 7H, PhH, NH), 7.20 (d, J=7.80 Hz, 2H,
PhH), 7.00 (s, 1H, PhH), 6.93 (s, 1H, PhCH), 2.33 (s, 3H,
PhCH;); C NMR (75 MHz, CDCly) 6: 193.6, 144.4,
138.8, 136.1, 136.0, 132.4, 131.8, 131.7, 131.6, 129.6,
129.0, 128.4, 127.5, 125.2, 21.6. HRMS calcd for Cp,Hs-
BrNNaO;S [M+Na]” 480.0063, found 480.0002.

AW 21b: 3R AR, mp. 160~ 162 C
(EtOH); 'H NMR (300 MHz, CDCl;) 6: 7.88~7.84 (m,
2H, PhH), 7.71 (d, J=8.10 Hz, 2H, PhH), 7.58 (d, J=8.70
Hz, 2H, PhH), 7.18~6.90 (m, 8H, PhH, PhCH, NH), 3.88
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(s, 3H, PhOCH3), 2.30 (s, 3H, PhCH;); C NMR (75
MHz, CDCl;) 6: 192.3, 165.4, 163.2, 144.2, 137.5, 136.2,
133.1, 133.0, 130.9, 129.5, 129.1, 128.5, 127.5, 115.9,
115.6, 113.7, 55.5, 21.5. HRMS calcd for C,3H,0FNNaO,S
[M+Na]" 448.0989, found 448.0990.

&Y 22b: ¥R B R, mp. 171 ~173 C
(EtOH); 'H NMR (300 MHz, CDCl;) d: 7.86 (t, J=5.70
Hz, 2H, PhH), 7.70 (d, J=7.80 Hz, 2H, PhH), 7.49 (d, J=
8.10 Hz, 2H, PhH), 7.41 (d, J=8.40 Hz, 2H, PhH), 7.20
(d, J=7.80 Hz, 2H, PhH), 7.10~7.14 (m, 2H, PhH), 6.99
(s, 1H, NH), 6.85 (s, 1H, PhCH), 2.34 (s, 3H, PhCH;); "*C
NMR (75 MHz, CDCly) &: 192.4, 165.6, 162.3, 144.4,
138.8, 138.6, 136.0, 134.6, 133.3, 133.2, 130.8, 129.6,
128.8, 127.6, 116.0, 115.7, 21.5. HRMS calcd for Co,H -
CIFNNaO;S [M+Na]" 452.0143, found 452. 0490.

&Y 23b: 3% M (4 [ f&, mp. 186~ 188 C
(EtOH); 'H NMR (300 MHz, CDCl;) 6: 8.30 (d, J=7.80
Hz, 2H, PhH), 7.69~7.23 (m, 10H, PhH, NH), 6.90 (s,
1H, PhH), 6.70 (s, 1H, PhCH), 2.38 (s, 3H, PhCH;); "*C
NMR (75 MHz, CDCly) &: 191.8, 144.7, 141.8, 138.3,
132.1, 132.0, 131.8, 131.1, 129.9, 129.7, 127.5, 123.7,
21.6. HRMS caled for C,H;;BrN,NaOsS [M + Na] *
524.9914, found 524.9914.

&Y 24b: ¥R B R, mp. 163 ~164 C
(EtOH); 'H NMR (300 MHz, CDCLy) &: 7.78 (s, 2H, PhH),
7.72 (d, J=17.80 Hz, 2H, PhH), 7.58~7.38 (m, 8H, PhH,
NH), 7.20 (d, J=7.80 Hz, 2H, PhH), 7.03 (s, 1H, PhH),
6.86 (s, 1H, PhCH), 2.33 (s, 3H, PhCH;); >C NMR (75
MHz, CDCls) 6: 193.6, 144.1, 139.1, 136.4, 136.2, 132.8,
131.4, 130.9, 130.6, 129.5, 129.5(2), 129.1, 128.6, 128.4,
127.6, 21.5. HRMS calcd for C,,H;)NNaO;S [M—I—Na]+
400.0978, found 400.0976.

&Y 25b: % A [E 4R, mp. 161 ~162 C
(EtOH); "H NMR (300 MHz, CDCl;) d: 7.70 (d, J=8.10
Hz, 4H, PhH), 7.57 (d, J=8.40 Hz, 4H, PhH), 7.41~7.33
(m, 5H, PhH, NH), 7.21 (d, J=8.10 Hz, 2H, PhH), 6.97 (s,
1H, PhH), 6.79 (s, 1H, PhCH), 2.35 (s, 3H, PhCH;); "*C
NMR (75 MHz, CDCly) &: 192.3, 144.2, 138.9, 138.0,
136.2, 134.8, 132.5, 131.5, 130.6, 129.6, 128.8, 128.7,
127.5, 21.6. HRMS calcd for C,,H;3sCINNaO;S [M—|—Na]+
434.0588, found 434.0583.

&Y 26b: ¥k B[ R, mp. 161 ~162 C
(EtOH); '"H NMR (300 MHz, CDCl3) 8: 7.78~7.75 (m,
2H, PhH), 7.71 (d, J=8.10 Hz, 2H, PhH), 7.55~7.50 (m,
3H, PhH, NH), 7.43 (t, J=7.50 Hz, 2H, PhH), 7.34~7.30
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(m, 2H, PhH), 7.19 (d, J=8.10 Hz, 2H, PhH), 7.01 (s, 1H,
PhH), 6.95 (s, 1H, PhCH), 2.32 (s, 3H, PhCH;); °C NMR
(75 MHz, CDCl3) §: 192.6, 143.4, 137.6, 135.2, 131.4,
131.2, 128.6, 128.1, 127.9, 127.5, 126.6, 20.6. HRMS
caled for CypH sCINNaO;S [M+Na]™ 434.0588, found
434.0583.

&Y 270 FEAREE, mp. 169~170 C (EtOH);
'H NMR (300 MHz, CDCl;) : 8.31 (d, J=7.20 Hz, 2H,
PhH), 7.78~7.63 (m, 6H, PhH), 7.39 (s, 3H, PhH), 7.24
(s, 1H, PhH), 6.94 (s, 1H, PhH), 6.76 (s, 1H, PhCH), 2.37
(s, 3H, PhCH;); *C NMR (75 MHz, CDCl;) &: 190.9,
137.6, 131.2, 130.0, 129.6, 129.1, 128.7, 127.9, 126.6,
122.7, 20.7. HRMS caled for C,,H;sN,NaOsS [M+Na]"
445.0828, found 445.0826.

k44 28b: JPRIA, "TH NMR (300 MHz, CDCl;)
8: 7.78 (d, J=17.8 Hz, 2H), 7.31 (d, J=8.1 Hz, 2H), 4.87
(t, J=2.4, 1H), 2.43 (s, 3H), 2.12 (t, J=2.7 Hz, 2H), 1.67
(d, J=6.0 Hz, 2H), 1.39 (d, J=7.20 Hz, 2H), 1.24 (d, J=
7.8 Hz, 2H); *C NMR (75 MHz, CDCl;) §: 153.4, 143 .4,
137.5, 129.6 (2), 127.3 (2), 103.5, 36.5, 33.96, 25.69,
24.59, 21.55. HRMS calcd for C;3H;;NNaO,S [M+Na]"
274.0878, found 274.0880.
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