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Direct Amination of N-Acyliminium lon Surrogates: A Convenient
Access to gem-Diamines Derivatives

Yang, Jinming® Chu, Xueqiang” Ji, Shunjun*’b
(“ Key Laboratory of Coastal Wetland Bioresources and Environmental Protection of Jiangsu Province, College of
Chemistry and Chemical Engineering, Yancheng Teachers University, Yancheng 224002)
(* Key Laboratory of Organic Synthesis of Jiangsu Province, College of Chemistry, Chemical Engineering and
Materials Science, Soochow University, Suzhou, 215123)

Abstract A novel 4-methylbenzenesulfonic acid (PTSA)-catalyzed intermolecular amination of N-acyliminium species with
various N-sources via benzylic C(sp®)-O activation of functionalized 2-oxo-1-pyrrolidine derivatives has been developed. This
method provides an efficient and chromatography-free access to gem-diamines equivalent with moderate to good yields. Be-
cause of the importance of gem-diamine derivatives, the methodology is expected to have a significant value for practical
applications.

Keywords N-acyliminium ion; gem-diamines; green chemistry
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1 FHhmik

e, BATHMESHERIT A4 1aa 15 J G ERT A
Xof A IR 2a)! T RN, AN ] ) 4 i = P A
R AR AL 7RO e el A T T 36 (Bq. 1), SEH& I =R
A LI R A LA S U (A R, DA 2515 3 E b
A WI(F 1, Entries 1~4). fEEAMATIEET, B4
EK NI TR 2S48 h, RNVAHARE R 1, Entry 5).
LB 2 TR R I IR B BE AL 1% V(3R 1, Entries
6~9). M, LU PTSA MR BAE, LL 75% 0%
BE B AP 1, Entry 8). ZEINATE 5T
HATEAEM NS, B2k 75 ARSI AE M {4k
F. HEAh, e T LS, R R A TR 1, En-
tries 10~13). qE— DI EAGFI H &P= 20 W3
BT, ik a7 S A e vT LA LL 90% 1) F A3 B — i
AP 1, Entry 14). BRARR AR, 722418 T
(& 1, Entry 15). 4 VIR E 50 (37 g, 95%57 %)
o m] DU ET .

oA

2a
o e
(¢}

5 mol% cat. N O\\
Solvent N/S\\
H
3aa

R1 o RVEL

Table 1 Optimization of the reaction conditions”

Entry Catalyst Solvent Temp./C Time/h Yeild"/%

1 Cu(OTf), CH,Cl, 40 24 44
2 In(OTf); CH,Cl, 40 24 64
3 Zn(OTf), CH,Cl, 40 24 <10

4 AgOTf  CH,Cl, 40 24 50
5 — CH,Cl, 40 48 0
6 FeCl;  CH,Cl, 40 24 73
7 L CH,Cl, 40 24 54
8 PTSAY CH,CL 40 24 75
9 NaHSO, CH,Cl, 40 24 59
10 PTSA Tol. 40 24 63
11 PTSA CH;NO, 40 24 Trace
12 PTSA  MeCN 40 24 34
13 PTSA  EtOH 40 24 0
14 PTSA(10) CH,CL 40 24 90° (91)
15 PTSA(10) CH,Cl, rt. 24 78

© 2014 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1 (I mmol), 4-methylbenzenesulfonamide (2a) (1.2
mmol) in 2 mL of solvent at 40 “C. *Isolated yield. ¢ CAN=Cericammonium
nitrate. “ PTSA =p-methylbenzenesulfonic acid. ¢ Yield of pure product with-
out column chromatography. /The reaction was repeated.
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TEBAR RN AT, FRATTHEAS [ U R e s Joe i 17T
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16). SR, AN —Fh2 07346 AY) 1o FEAA N, X
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K2 AN T AR R A SN
Table 2 Catalytic amination of various N-acyliminium ion pre-
cursors

N-acyliminium

Entry . Product Time/h Yield®/%
ion precursor

1 laa 3aa 24 90

2 1ab 3aa 24 90

3 lac 3aa 24 91

4 1b 3ba 24 85

5 1c 3ca 24 30/37°
6 1d 3da 20 84

7 le 3ea 17 91/70¢
8 1f 3fa 24 87

9 1g 3ga 24 67¢
10 1h 3ha 24 73
11 1i 3ia 24 57
12 1j 3ja 23 78
13 1k 3ka 20 30°
14 11 3la 24 41¢
15 Im 3ma 25 76
16 in 3na 24 507
17 1o _ 36 0

18 1p 3pa 24 43

© 2014 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1 (I mmol), 4-methylbenzenesulfonamide (2a) (1.2
mmol) in 2 mL of solvent at 40 C. ®Yield of pure product without column
chromatography.  Isolated yield by column chromatography. 0.5 mmol-scale
reaction.

FLRRME I . 5 WERG DL B B WML PR RE AR i
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F1 69% IR (1 XML& e i 16 A4 3ak(3R 3, Entry 10).
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HEIAL I~ 0( 3, Entry 11). {55E£0F0 5 I BEE iz
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B, WZRTE =SB BEE R 73 21 52%CH 1K H Fr
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Table 3 Direct catalytic substitution of laa with various
N-nucleophiles
Entry N-nucleophile Product Time/h Yield®/%
1 2b 3ab 24 86
2 2c 3ac 24 79
3 2d 3ad 24 53/73¢
4 2e 3ae 36 Trace
5 2f 3af 24 93
6 2g 3ag 16 97
7 2h 3ah 30 74
8 2i 3ai 24 78
9 2j 3aj 24 28%4
10 2k 3ak 48 69
11 21 3al 28 67
12 2m - 24 0
13 2n — 24  Trance
14 20 3a0 26 52%°

“Reaction conditions: 1aa (1.2 mmol), N sources 2 (1 mmol) in 2 mL of sol-
vent at 40 °C. ®Yield of pure product without column chromatography. ¢Iso-
lated yield by column chromatography. ¢ 1.2 equiv. of N-nucleophile was used.
0.5 mmol-scale reaction.

KA EN &, PR SRR, I B E & T
SELHEAG A — PR AL T, RWTFEIE I 25 5t A7
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A

10 mol% PTSA N" o

i\
8 4)

100 ml CH,Cl,, 40 °C N o)
O:N 37.0g, 95%
3aa

without column chromatography

3 LIRS
31 XEM—BTE

FiJERE 1 (1 mmol), 2 (1.2 mmol) AT 2K 1# R (0.1
mmol)JEARE H, A S H K 2 mL, 76 40 C5%AF
TR 24 h. RVEH G ERAE, Y. kR
VI ClFESS o, 192G 3, JEit &%

3.2 BirkEY 3 BIIEMERERIE

4-F - N-[(4- T FE A HL ) (2- S AR L s Je- 1 -3 ) FF
AL (3aa): AE A, mp. 223.7~226.5 C; 'H
NMR (400 MHz, DMSO-d) d: 9.22 (d, J=10.3 Hz, 1H),
8.27 (d, J=8.7 Hz, 2H), 7.66 (d, J=8.1 Hz, 2H), 7.55 (d,
J=8.4 Hz, 2H), 7.42 (d, J=8.0 Hz, 2H), 6.57 (d, J=10.2
Hz, 1H), 2.85~2.77 (m, 1H), 2.74~2.66 (m, 1H), 2.40 (s,
3H), 2.21~2.07 (m, 1H), 1.71~1.58 (m, 2H), 1.12~1.00
(m, 1H); *C NMR (75 MHz, DMSO-d;) o: 173.8, 147.3,
143.7, 143.2, 137.7, 129.4, 127.6, 126.4, 123.9, 61.5, 40.6,
29.8, 21.0, 16.7; IR (KBr) v: 3097, 2936, 2896, 1662,
1517, 1470, 1339, 1159, 1092, 702, 671, 565 cm™'. HRMS
(EI) caled for C;sH,0N;0sS [M~+H]" 390.1124, found
390.1117.

4-F F - N-[(3- I F 75 3 ) (2- AR L g o - 1- 366 ) F 3 ]
ZRRE I B (3ba): (A (G [E 44, mp. 1922~193.8 C; 'H
NMR (400 MHz, DMSO-dg) d: 9.27 (d, J=10.3 Hz, 1H),
8.22 (d, J=7.8 Hz, 1H), 8.14 (s, 1H), 7.73~7.63 (m, 4H),
7.41 (d, J=17.9 Hz, 2H), 6.58 (d, J=10.3 Hz, 1H), 2.86~
2.77 (m, 1H), 2.74~2.65 (m, 1H), 2.40 (s, 3H), 2.19~
2.07 (m, 1H), 1.07~1.58 (m, 2H), 1.12~0.99 (m, 1H);
BC NMR (75 MHz, DMSO-d;) d: 173.9, 148.0, 143.2,
138.7, 137.7, 132.8, 130.6, 129.4, 126.4, 123.3, 120.8,
61.3,40.5,29.8, 21.0, 16.7; IR (KBr) v: 3140, 2964, 2903,
1647, 1530, 1469, 1436, 1338, 1163, 1018, 823, 735, 702

http://sioc-journal.cn/ 2465
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ecm”'; HRMS (ESI) caled for CisHyN;0sS [M+H]"
390.1124, found 390.1118.

4- I BE-N-[ (- HE DR 36 ) (2- AR I 6 Jo - 1- 38 ) FF K
WL (3ea): A EEA, mp. 165.5~167.9 C; 'H
NMR (400 MHz, DMSO-dg) d: 9.27 (d, J=10.3 Hz, 1H),
8.22 (d, J=7.8 Hz, 1H), 8.14 (s, 1H), 7.73~7.63 (m, 4H),
7.41 (d, J=17.9 Hz, 2H), 6.58 (d, J=10.3 Hz, 1H), 2.86~
2.77 (m, 1H), 2.74~2.65 (m, 1H), 2.40 (s, 3H), 2.19~
2.07 (m, 1H), 1.07~1.58 (m, 2H), 1.12~0.99 (m, 1H);
BC NMR (75 MHz, DMSO-dy) o: 173.5, 148,7, 143.1,
137.9, 132.5, 129.9, 129.6, 129.4, 128.2, 126.5, 124.4,
58.8, 41.8,29.8, 21.0, 17.0; IR (KBr) v: 3201, 2912, 1669,
1532, 1418, 1352, 1286, 1168, 921, 814, 784, 685, 587
cm . HRMS(ESI) caled for C;sHyN;OsS [M+ H] "
390.1124, found 390.1125.

N-[(4- T 25 ) (2- S AR e 6 8- 1- ) P66 ] 4 il 7
JlZ(3da): A AE{E, m.p. 174.5~176.5 C; "H NMR (400
MHz, DMSO-dj) d: 9.14 (d, J=7.2 Hz, 1H), 7.88 (d, J=
8.1 Hz, 2H), 7.64 (d, J=8.0 Hz, 2H), 7.43 (dd, J=19.2,
8.0 Hz, 4H), 6.52 (d, J=6.5 Hz, 1H), 2.85~2.75 (m, 1H),
2.74~2.65 (m, 1H), 2.21~2.07 (m, 1H), 1.71~1.58 (m,
2H), 1.14~0.97 (m, 1H); *C NMR (75 MHz, DMSO-d;)
5: 173.9, 143.2, 141.8, 137.8, 132.8, 129.4, 127.2, 126.4,
118.5, 111.1, 61.6, 40.6, 29.8, 21.0, 16.7; IR (KBr) v: 3262,
3207, 2230, 1700, 1595, 1335, 1264, 1154, 1083, 1010,
920, 860, 812, 689, 589 cm '. HRMS (ESI) calcd for
C1oH5N305S [M+H]" 370.1225, found 370.1235.

4- L[ (4-( TP IR ML ) A ) (2- S8 A RN 6 e - 1- 565 )
FHIE IR B e (3ea): I ELLEA, mp. 172.4~173.9 C;
'H NMR (400 MHz, DMSO-d;) d: 9.15 (s, 1H), 7.96 (d,
J=8.2 Hz, 2H), 7.65 (d, J=8.0 Hz, 2H), 7.53 (d,
J=8.1 Hz, 2H), 7.41 (d, J=7.9 Hz, 2H), 6.55 (s, 1H), 3.22
(s, 3H), 2.85~2.77 (m, 1H), 2.75~2.67 (m, 1H), 2.40 (s,
3H), 2.19~2.07 (m, 1H), 171~1.59 (m, 2H), 1.12~1.00
(m, 1H); °C NMR (75 MHz, DMSO-d;) J: 173.8, 143.2,
142.1, 140.7, 137.8, 129.4, 127.6, 127.2, 126.4, 61.6, 43.5,
40.7,29.9, 21.0, 16.7; IR (KBr) v: 3618, 3164, 2928, 1655,
1469, 1343, 1307, 1157, 1075, 959, 916, 818, 780, 758
cem L HRMS(ESI) caled for C;9H»;3N,05S, [M—i—H]+
423.1048, found 423.1048.

N-[(4- TR AR HE)2- A AR s Aot - 1- ik ) FEY ] R g
(2fa): FIAE 1A, mp. 182.7~184.7 C; 'H NMR (400
MHz, DMSO-d) : 9.03 (d, J=10.5 Hz, 1H), 7.62 (dd, J
=14.4, 8.2 Hz, 4H), 7.40 (d, J=7.9 Hz, 2H), 7.21 (d, J=
8.5 Hz, 2H), 6.44 (d, J=10.5 Hz, 1H), 2.81~2.74 (m,

2466 http://sioc-journal.cn/
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1H), 2.73~2.65 (m, 1H), 2.39 (s, 3H), 2.16~2.04 (m,
1H), 1.68~1.54 (m, 2H), 1.08~0.96 (m, 1H); *C NMR
(75 MHz, DMSO-dy) J: 173.6, 143.1, 137.9, 135.9, 131.6,
128.3, 126.4, 121.4, 61.4, 40.5, 29.9, 21.0, 16.7; IR (KBr)
v: 3107, 2949, 2898, 1657, 1469, 1337, 1286, 1162, 1084,
1009, 815, 665, 562 cm . HRMS (ESI) calcd for C5H,o-
BrN,0;S [M+H]" 423.0378, found 423.0378.

N-[(3- G R (2- S AR g 6 - 1- ) P O T 9 i
(3ga): F{A[AA, mp. 171.3~172.5 C; '"H NMR (400
MHz, DMSO-dq) 6: 9.06 (d, J=11.0 Hz, 1H), 7.64 (d, J=
7.4 Hz, 2H), 7.44~7.38 (m, 4H), 7.30 (s, 1H), 7.20 (d, J=
6.7 Hz, 1H), 6.47 (d, J=10.2 Hz, 1H), 2.83~2.76 (m,
1H), 2.75~2.67 (m, 1H), 2.40 (s, 3H), 2.18~2.07 (m,
1H), 1.70~1.57 (m, 2H), 1.10~0.97 (m, 1H); *C NMR
(75 MHz, DMSO-dy) 8: 173.7, 143.1, 138.9, 137.8, 133 .4,
129.4, 128.2, 126.3, 125.8, 124.8, 61.4, 40.6, 29.9, 21.0,
16.7; IR (KBr) v: 3155, 2893, 1669, 1459, 1429, 1337,
1284, 1159, 1083, 890, 812, 693, 653 cm'. HRMS (ESI)
caled for CigHyCIN,OsS [M+ H] " 379.0883, found
379.0888.

N-[(4- 5 AR KL ) (2- S AR s - 1- ik ) FEY R ) 2 T 7k ¢
(3ha): FIA[EE, mp. 176.4~179.3 C; '"H NMR (300
MHz, DMSO-dg) 0: 9.00 (d, J=10.1 Hz, 1H), 7.64 (d, J=
8.1 Hz, 2H), 7.40 (d, J=8.0 Hz, 2H), 7.33~7.17 (m, 4H),
6.47 (d, J=10.0 Hz, 1H), 2.83~2.67 (m, 2H), 2.40 (s,
3H), 2.18~2.04 (m, 1H), 1.70~1.54 (m, 2H), 1.11~0.94
(m, 1H); °C NMR (75 MHz, DMSO-d;) d: 173.7, 143.1,
137.9, 132.6, 129.4, 128.3 (F), 128.2 (F), 126.4, 115.7,
115.5, 61.4, 41.4,30.0, 21.0, 16.7; IR (KBr) v: 3194, 2937,
1642, 1595, 1412, 1379, 1212, 1021, 911, 834, 812, 635
cm” . HRMS (ESI) caled for CigH,0FN,05S [M+H]"
363.1179, found 363.1184.

4-FRE-N-[(2- 5 ARk 1 Jo - 1 -5 ) (R 3 ) ) R i 7k
i (3ia): I [E 4K, mp. 169.3~171.5 °C; "H NMR (300
MHz, DMSO-dq) 6: 8.97 (d, J=10.0 Hz, 1H), 7.65 (d, J=
8.1 Hz, 2H), 7.46~7.30 (m, 5H), 7.26 (d, J=7.2 Hz, 2H),
6.49 (d, J=9.9 Hz, 1H), 2.85~2.66 (m, 2H), 2.40 (s, 3H),
2.20~2.03 (m, 1H), 1.70~1.55 (m, 2H), 1.10~0.92 (m,
1H); “C NMR (100 MHz, DMSO-dy) J: 173.6, 143.0,
138.00, 136.4, 129.3, 128.7, 128.2, 126.4, 125.9, 61.8,
41.3,30.0, 21.0, 16.7; IR (KBr) v: 3194, 2900, 1658, 1464,
1332, 1162, 1065, 1020, 815, 711, 687, 567 cm '. HRMS
(ESI) caled for CisHyN,05S [M+H]" 345.1273, found
345.1271.

A- L N-[(2- 58 AR P8 J- 1- 5 ) O 2R 3G ) FE L K

Chin. J. Org. Chem. 2014, 34, 2462~2470
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it (3ja): G EAR, mp. 153.7~155.7 °C; '"H NMR
(400 MHz, DMSO-ds) 6: 8.91 (d, J=10.4 Hz, 1H), 7.64
(d, J=8.2 Hz, 2H), 7.39 (d, J=8.1 Hz, 2H), 7.20 (d, J=
8.0 Hz, 2H), 7.14 (d, J=8.1 Hz, 2H), 6.45 (d, J=10.5 Hz,
1H), 2.81~2.74 (m, 2H), 2.73~2.66 (m, 1H), 2.39 (s,
3H), 2.29 (s, 3H), 2.14~2.04 (m, 1H), 1.66~1.56 (m,
2H), 1.05~0.93 (m, 1H); *C NMR (100 MHz, DMSO-d;)
0: 173.5, 142.9, 139.1, 137.4, 133.5, 129.3, 129.2, 126.4,
125.9, 61.7, 40.5, 30.0, 21.0, 20.6, 16.6; IR (KBr) v: 3142,
1655, 1462, 1416, 1341, 1280, 1158, 1088, 912, 812, 681,
551 ecm™'. HRMS (ESI) caled for C19H,3N,05S [M+H]"
359.1429, found 359.1434.

N-[(4-Ohf = FE ) 2R 3 ) (2- S8 AR 6 - 1-35) |
FERIE 1 (3ka): R B A E4A, mp. 173.6~175.8 C;
'H NMR (300 MHz, DMSO-d;) d: 8.81 (s, 1H), 7.78 (dd,
J=11.9, 8.6 Hz, 4H), 7.41 (d, J=8.1 Hz, 2H), 6.79 (d, J=
8.9 Hz, 2H), 3.25~3.17 (m, 2H), 3.08 (s, 6H), 2.38 (s,
3H), 2.13~2.01 (m, 2H), 2.01~1.89 (m, 2H); *C NMR
(75 MHz, DMSO-dg) 6: 177.3, 169.2, 155.0, 143.6, 136.8,
127.0, 118.8, 111.6, 41.4, 29.9, 21.1, 20.4; IR (KBr) v:
3164, 2893, 1653, 1532, 1464, 1333, 1282, 1167, 1086,
921, 812, 677, 665 cm ‘. HRMS (ESI) calcd for CooHpeNs-
0;S [M+H]" 388.1695, found 388.169.

N-[ZEFE[d][1,3] - 48-5-F (-5 R M doe - 1 -5 ) FF 3 ]
A (3Ma): [ 4R, mop. 166.8~167.5 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.89 (d, J=6.9 Hz, 1H),
7.63 (d, J=7.9 Hz, 2H), 7.39 (d, J=8.0 Hz, 2H), 6.91 (d,
J=8.6 Hz, 1H), 6.74 (d, J=6.7 Hz, 2H), 6.38 (d, J=8.1
Hz, 1H), 6.02 (s, 2H), 2.84~2.67 (m, 2H), 2.39 (s, 3H),
2.16~2.03 (m, 1H), 1.67~1.55 (m, 2H), 1.08~0.92 (m,
1H); *C NMR (75 MHz, DMSO-d¢) J: 173.5, 131.0,
130.0, 129.3, 127.5, 126.4, 119.5, 108.3, 106.3, 102.6,
101.3, 61.7, 41.4, 29.9, 21.0, 20.4, 16.7; IR (KBr) v: 3115,
2884, 1663, 1507, 1463, 1336, 1253, 1159, 1089, 914, 815,
691, 666 cm ! HRMS (ESI) caled for CgHyN,OsS [M+
H]" 389.1171, found 389.1178.

4- F - N-[ 25-2-FE (-5 AR ML M e - 1 -3 ) FH 6 R T 1
iz (3ma): A4 E K, mp. 184.5~186.2 C; 'H NMR
(300 MHz, DMSO-d;) 8: 9.11 (d, J=10.3 Hz, 1H), 7.94 (d,
J=8.2 Hz, 3H), 7.83 (s, 1H), 7.69 (d, J=8.0 Hz, 2H),
7.59~7.49 (m, 2H), 7.41 (d, J=7.9 Hz, 2H), 7.34 (d, J=
8.5 Hz, 1H), 6.66 (d, J=10.2 Hz, 1H), 2.90~2.81 (m,
1H), 2.80~2.69 (m, 1H), 2.40 (s, 3H), 2.21~2.08 (m,
1H), 1.72~1.58 (m, 2H), 1.11~0.96 (m, 1H); *C NMR
(75 MHz, DMSO-dg) 6: 173.8, 143.1, 138.1, 134.0, 132.6,
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132.5, 129.4, 128.6, 128.1, 127.5, 126.5, 125.6, 124.9,
123.9, 122.3, 62.0, 41.4, 30.1, 21.0, 16.8; IR (KBr) v:
3434, 3161, 1167, 1459, 1337, 1285, 1166, 1087, 811, 671,
549 c¢cm ' HRMS (ESI) caled for C»H»N,05S [M+H]"
395.1429, found 395.1428.

4- FF - N-[(2-ZE AR I8 Jo - 1 - ) (Wi Wy -2- ) PR RE R
i EEI% (3na): FI{a[E A, mp. 175.3~176.5 "C; '"H NMR
(300 MHz, DMSO-d;) &: 9.18 (d, J=9.6 Hz, 1H), 7.63 (d,
J=38.1 Hz, 2H), 7.53 (d, J=4.8 Hz, 1H), 7.40 (d, J=8.0
Hz, 2H), 7.05~6.97 (m, 1H), 6.93 (d, J=3.3 Hz, 1H),
6.60 (d, J=9.3 Hz, 1H), 2.96~2.85 (m, 1H), 2.81~2.71
(m, 1H), 2.39 (s, 3H), 2.18~2.05 (m, 1H), 1.70~1.55 (m,
2H), 1.09~0.94 (m, 1H); >C NMR (100 MHz, DMSO-d;)
8: 173.3, 143.2, 140.2, 137.8, 130.1, 129.4, 127.3, 126.4,
125.3,59.4,41.4,29.9,21.0, 16.8; IR (KBr) v: 3158, 3113,
1661, 1465, 1334, 1167, 1075, 917, 815, 724, 663, 546
cm~'. HRMS (ESI) caled for C;¢H;oN,05S, [M+H]"
351.0837, found 351.0843.

NN'-[1,4- X0 H ((2- 28 AR 5 Jo - 1- 25 ) M 56 ) XL
O F L 2R B BE ) (3pa): A (A 44, mp.>300 C; 'H
NMR (400 MHz, DMSO-dg) d: 8.99 (d, J=10.3 Hz, 2H),
7.64 (d, J=8.2 Hz, 4H), 7.40 (d, J=8.1 Hz, 4H), 7.28 (s,
4H), 6.47 (t, J=5.1 Hz, 2H), 2.82~2.74 (m, 2H), 2.73~
2.64 (m, 2H), 2.39 (s, 6H), 2.16~2.04 (m, 2H), 1.67~
1.56 (m, 4H), 1.08~0.95 (m, 2H); *C NMR (100 MHz,
DMSO-dg) d: 173.6, 143.0, 138.0, 136.5, 129.3, 126.5,
126.4, 61.6, 40.6, 29.9, 21.0, 16.7; IR (KBr) v: 3135, 2900,
1665, 1597, 1460, 1417, 1339, 1287, 1157, 1089, 921, 812,
774, 685 cm”; HRMS(ESI) calcd for C3gH35N,06S, [M+
H]" 611.1998, found 611.1995.

N-[(4-F 5 2% 5 ) (2- A AUk 16 e - 1- 35 ) P 6 ] R T
J(3ab): {414, m.p. 208.3~210.2 “C; "H NMR (300
MHz, DMSO-dy) 0: 9.33 (d, J=10.3 Hz, 1H), 8.27 (d, J=
8.6 Hz, 2H), 7.78 (d, J=17.3 Hz, 2H), 7.73~7.53 (m, 5H),
6.60 (d, J=10.3 Hz, 1H), 2.83~2.65 (m, 2H), 2.20~2.04
(m, 1H), 1.70~1.52 (m, 2H), 1.08~0.92 (m, 1H); "*C
NMR (100 MHz, DMSO-dy): 6 173.8, 147.4, 143.6, 140.6,
132.8, 129.1, 127.6, 126.3, 124.0, 61.5, 40.6, 29.8, 16.7; IR
(KBr) v: 3166, 2896, 1653, 1518, 1352, 1287, 1156, 1086,
1022, 913, 867, 722, 690, 606 cm '. HRMS (ESI) calcd
for C;;H sN30sS [M+H]" 376.0967, found 376.0964.

A~ -N-[ (-T2 2R 56 ) (2- AR ML g Jog-1- 6 ) F R R
Tt (3ac): (a4, mp. 196.8~198.0 ‘C; '"H NMR
(400 MHz, DMSO-d;) J: 9.46 (d, J=7.9 Hz, 1H), 8.27 (d,
J=8.8 Hz, 2H), 7.77 (d, J=8.7 Hz, 2H), 7.72 (d, J=8.6
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Hz, 2H), 7.56 (d, J=8.8 Hz, 2H), 6.58 (d, J=6.6 Hz, 1H),
2.90~2.82 (m, 1H), 2.77~2.69 (m, 1H), 2.23~2.13 (m,
1H), 1.76~1.63 (m, 2H), 1.20~1.09 (m, 1H); “C NMR
(100 MHz, DMSO-d) : 173.9, 147.4, 143.4, 139.5, 137.8,
129.2, 128.3, 127.6, 124.0, 61.5, 40.7, 29.7, 16.8; IR (KBr)
v: 3098, 2893, 1662, 1517, 1465, 1348, 1279, 1160, 1093,
826, 755, 624 cm~'. HRMS (ESI) caled for C,;H;,Cl-
N;05S [M+H]" 410.0577, found 410.0572.

4R -N-[(4-Ti 25 IR 3 ) (- AR ML s e - 1- 355 ) Y R
fif ik (3ad): (A E A, mp. 209.5~210.1 ‘C; '"H NMR
(400 MHz, DMSO-d;) J: 9.45 (d, J=10.2 Hz, 1H), 8.27
(d, J=8.8 Hz, 2H), 7.86 (d, J=8.6 Hz, 2H), 7.69 (d, J=
8.6 Hz, 2H), 7.56 (d, J=8.6 Hz, 2H), 6.58 (d, J/=10.2 Hz,
1H), 2.90~2.81 (m, 1H), 2.77~2.69 (m, 1H), 2.24~2.13
(m, 1H), 1.76~1.62 (m, 2H), 1.20~1.07 (m, 1H); "*C
NMR (100 MHz, DMSO-d;) d: 173.9, 147.4, 143.3, 139.8,
132.2, 128.4, 127.6, 126.7, 124.0, 61.5, 40.7, 29.7, 16.8; IR
(KBr) v: 3095, 2889, 1655, 1514, 1466, 1341, 1278, 1166,
1090, 917, 870, 743, 614 cm ‘. HRMS (ESI) calcd for
C7H,7;BrN;05S [M+H]" 454.0072, found 454.0078.

N-[(4-1iH 25 R ) (2- A AR ML s e - 1- 55 ) Y R ey -2-
e (3af): AR, mp. 197.3~198.1 “C; '"H NMR
(400 MHz, DMSO-d;) J: 9.53 (d, J=10.1 Hz, 1H), 8.27
(d, J=8.8 Hz, 2H), 7.99 (dd, J=5.0, 1.3 Hz, 1H), 7.56 (d,
J=8.5 Hz, 3H), 7.53 (dd, J=3.7, 1.4 Hz, 1H), 7.20 (dd,
J=5.0, 3.8 Hz, 1H), 6.63 (d, J/=10.0 Hz, 1H), 3.03~2.94
(m, 1H), 2.83~2.75 (m, 1H), 2.26~2.17 (m, 1H), 1.91~
1.81 (m, 1H), 1.80~1.71 (m, 1H), 1.40~1.28 (m, 1H);
C NMR (100 MHz, DMSO-d) d: 174.0, 147.4, 143.6,
141.3, 133.4, 132.1, 127.6, 127.5, 124.0, 61.7, 41.0, 29.9,
17.1; IR (KBr) v: 3146, 2914, 1638, 1514, 1457, 1341,
1285, 1151, 1018, 909, 856, 729 cm™'. HRMS (ESI) calcd
for CysH ¢N305S, [M+H]" 382.0531, found 382.0536.

1-[(4-TiF§ J 2R 5 ) (4- il 7 2 Jie 5 ) R e s o -2- il
(3ag): AL, mp. 273.8~275.8 'C; 'H NMR (300
MHz, DMSO-d) 6: 8.31 (d, J=8.6 Hz, 2H), 8.09 (d, J=
9.0 Hz, 3H), 7.72 (d, J=8.6 Hz, 2H), 6.86 (d, J=9.1 Hz,
2H), 6.76 (d, J=8.4 Hz, 1H), 3.21~3.07 (m, 2H), 2.45~
2.29 (m, 2H), 2.04~1.85 (m, 2H); >C NMR (100 MHz,
DMSO-dg) 0: 175.1, 152.2, 147.5, 144.2, 138.0, 128.1,
126.1, 123.9, 112.5, 61.3, 41.7, 30.4, 17.5; IR (KBr) v:
3252, 3082, 1649, 1593, 1584, 1431, 1318, 1113, 842, 751,
705 ¢cm~'. HRMS (ESI) caled for C;;H;;N,Os [M +
H]" 357.1199, found 357.1204.

1-[(4-1iF 355 2R 355 ) (3~ 225 2 i 3% ) HH 1Lk s 4t -2- il
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(3ah): FE{OE A, mp. 231.6~233.4 ‘C; 'H NMR (400
MHz, DMSO-dy) 6: 8.31 (d, J=8.6 Hz, 2H), 7.74 (d, J=
8.6 Hz, 2H), 7.64 (s, 1H), 7.56~7.42 (m, 3H), 7.17 (d, J=
8.2 Hz, 1H), 6.72 (d, J=9.0 Hz, 1H), 3.18~3.05 (m, 2H),
2.45~2.26 (m, 2H), 2.02~1.91 (m, 1H), 1.90~1.80 (m,
1H); *C NMR (75 MHz, DMSO-d;) d: 175.2, 151.0,
148.8, 147.1, 144.6, 130.4, 128.1, 123.8, 119.4, 112.2,
107.1, 61.5, 41.4, 30.5, 17.5; IR (KBr) v: 3276, 1655,
1533, 1420, 1356, 1285, 1138, 1109, 733 cm™'; HRMS
(ESI) caled for C;;H;7N4O5 [M—|—H]+ 357.1199, found
357.1208.

[4-(4-TiF LRI ) (2- S A R s e - 1 -6 ) P R B 14 AR G
(3ai): VEFGE AR, mp. 258.4~260.5 ‘C; "H NMR (300
MHz, DMSO-ds) 0: 8.30 (d, J=8.6 Hz, 2H), 7.74~7.65
(m, 3H), 7.59 (d, J=8.4 Hz, 2H), 6.85 (d, J=8.5 Hz, 2H),
6.68 (d, J=8.6 Hz, 1H), 3.18~3.06 (m, 2H), 2.44~2.28
(m, 2H), 2.03~1.80 (m, 2H); “C NMR (75 MHz,
DMSO-dg) d: 175.4, 150.0, 147.6, 144.6, 133.8, 128.2,
124.0, 120.2, 113.5, 98.9, 61.4, 41.7, 30.6, 17.7; IR (KBr)
v: 3266, 3172, 3087, 2221, 1653, 1594, 1430, 1335, 1289,
1181, 1102, 827, 779, 694, 588 cm™'. HRMS (ESI) calcd
for CigHsN,O5 [M+H]" 337.1301, found 337.1309.

[1-(3,5- (=9 FH S ) R L 20k ) (4- il S R L ) FH B
N be-2- Wi (3aj): A @R, mp. 195.1~196.7 C; 'H
NMR (400 MHz, DMSO-d;) J: 8.32 (d, J/=8.8 Hz, 2H),
7.75 (d, J=8.8 Hz, 3H), 7.36 (s, 2H), 7.29 (s, 1H), 6.79 (d,
J=8.9 Hz, 1H), 3.15~3.04 (m, 2H), 2.46~2.37 (m, 1H),
2.32~2.22 (m, 1H), 2.02~1.92 (m, 1H), 1.91~1.82 (m,
1H); “C NMR (100 MHz, DMSO-dy) J: 175.3, 147.4,
144.1, 131.3 (CF;), 131.0 (CF;), 128.0, 124.9, 123.8,
122.2, 113.1, 109.9, 61.1, 41.2, 30.3, 17.5; IR (KBr) v:
3305, 2920, 1667, 1623, 1519, 1477, 1391, 1350, 1276,
1128, 846, 704, 682 cmfl; HRMS(ESI) calcd for Ci9H F¢-
N;0; [M+H]" 448.1096, found 448.109.

1,1 [(4- i FE 2R ) MY PR 1 X0 6 e -2- Wi (3ak):
{0 [ 4K, mp. 160.6~162.4 ‘C; 'H NMR (400 MHz,
DMSO-dg) 0: 8.23 (d, J=8.7 Hz, 2H), 7.47 (d, J=8.5 Hz,
2H), 6.88 (s, 1H), 3.32~3.27 (m, 4H), 2.42~2.30 (m,
4H), 2.09~1.97 (m, 4H); >C NMR (100 MHz, DMSO-d;)
0:174.9, 147.1, 143.4, 127.8, 123.9, 61.0, 44.7, 30.1, 18.1;
IR (KBr) v: 2975, 2937, 2879, 1696, 1511, 1407, 1344,
1266, 1209, 1103, 876, 702, 635, 530 cm . HRMS(ESI)
caled for C;sHisNsO, [M + H] © 304.1297, found
304.1299.

N,N'-[(4-Fr FE 2838 ) I I ] 2K B B i (3al): (1 £4
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44, m.p. 258.3~261.5; '"H NMR (300 MHz, DMSO-d;)
5: 9.21 (d, J=7.4 Hz, 2H), 8.26 (d, J=8.6 Hz, 2H), 7.93
(d, J=7.2 Hz, 4H), 7.75 (d, J=8.6 Hz, 2H), 7.61~7.45
(m, 6H), 7.08 (t, J=7.3 Hz, 1H); *C NMR (100 MHz,
DMSO-dg) 0: 165.9, 147.6, 147.1, 133.5, 131.8, 128.4,
128.1, 127.6, 123.5; IR (KBr) v: 3271, 1650, 1548, 1506,
1345, 1227, 1055, 851, 794, 720, 695, 676 cm'; HRMS
(ESI) caled for C;HgN3O4 [M—|—H]+ 376.1297, found
376.1299.

1-[(LH-ZRH[d[1,2,3] = -3 ) (4- Al e 25 6 ) F R ik
% fog-2- 1 (3a0): (1 AE AR, mp. 162.6~1648 C; 'H
NMR (400 MHz, DMSO-d) J: 8.35 (s, 1H), 8.29 (d, J=
8.6 Hz, 2H), 8.16 (d, J=8.3 Hz, 1H), 7.82 (d, J=8.3 Hz,
1H), 7.61 (t, J=7.6 Hz, 1H), 7.51~7.44 (m, 3H), 3.44~
3.36 (m, 1H), 3.29~3.22 (m, 1H), 2.49~2.40 (m, 1H),
2.39~2.28 (m, 1H), 2.13~2.01 (m, 1H), 1.99~1.88 (m,
1H); C NMR (75 MHz, DMSO-d) J: 75.7, 147.8, 145.0,
141.5, 128.9, 128.4, 124.9, 124.1, 119.6, 111.0, 65.1, 44.0,
30.1, 17.8; IR (KBr) v: 3481, 2939, 1697, 1525, 1490,
1409, 1352, 1265, 1060, 834, 778, 750 cm”'. HRMS (ESI)
caled for C;;H;(NsO; [M + H] ©  338.1253, found
338.1253.
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