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Palladium Catalyzed Allylic Amination of Cinnamyl
Carbonates with Acyl Hydrazones
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Abstract Allylic amines moiety exists extensively in natural products, medicines and functional materials. In addition, they
are also a kind of versatile building blocks for organic synthesis. Using CH3;CN as solvent, the palladium catalyzed allyl
amination of cinnamyl carbonate and acylhydrazone compounds was realized under argon. The linear product was formed
selectively and the up to 99% yield was obtained. The reaction has features of base free, mild reaction condition, simple

operation and broad substrate scope.
Keywords
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EMEERTEZ —, FERR DM E IR & il h A
A R S R R A A W R 0 1 R I R
WERRIMEFANIRE R Z —, ZRERLED, WA
it SR B, BN, SRR T %Rk
R AT AR O — R EE SR G, A
RGN A . 2015 4F E VLS TRl sk
LT A NN T REAL B R AT A2 W AR TR A B,
e R RGP AS B T SCREF . A, 1 OSCRE TR
ZHUTVR AR BRI RO A AR R, RS T4
FEACI AT 25 W0 B e o R 2 P A A R AL B L, ey i
PR AT R T SCEE ), ee (B RIS 99%. A TAEWITE T
AL T ARSI IR B AL 5105 07 B AT AR KBRS 1k
BRGNS, FE PR A B T — R
FEHAL ).

EBF RELL2E3F
B S P # R TT I L R 25

Figure 1 Antifungal drugs containing allylic amine moiety
1 ZR5TR
1.1 REFHRTFE
EAITRATRAEBMAEAE F AT 7L, BARTERE R
P T RNARR T BARF=Y) 3aa. (HEE T 2 IRSEE
BRI = 2 LI, [FIB I 24 Rl = PR R AR
. WA SCHR, Bk, PR TIREDYY, K5
EAMBRIES T, AT T — RV %MT7iL. £ PPh;
1 PA(OAc), HIMEAL T RIEESE IR R IR R (1a) 5 V- IR
G 2a TR ERVA R T 268 7= 3aa(3K 1, Entry 1).
PR TR, AR W SONREE . OS]
JECAIIC O 55 R ) = 2R ) s, A5 R WK 1.
BCARTRER B, LA Cy:P AR, 1% R FAGE KA
(3 1, Entry 2). rac-BINAP #8 LA 55% 1=K 45 i P= (=
1, Entry 3). 5, XAUREEAT T imiE, #H Pd(OAc), i
PR (3 1, Entries 4~7 vs Entry 1). &7 K00
(Entries 1, 8~11)&I, ¥4 CH;CN B s 8505 5 -
TERE T RO FEIRFVE S, SO PPhs 5 Pd(OAc),
fIWC L (Entries 9, 12, 13)A1EK4Y) 1a/2a IR b (Entries
14~16)H4T T k. & RILY PPhy MAHEN 20
mol%, Pd(OAc), I F &/ 5 mol%, JEY) 1a/2a ¥ i
BN 15 01 B2 H] T 88%(F 1, Entry 15). %
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F1 LAY 3aa FRIHEE ¢
Table 1 Effects on the yields of compound 3aa
(0]

o)
NH pph,, Pd(OAC),
—_—-s -

o~ ,
©/\/\O OCH, N\E H solvent

1a
2a
H
SPeuas
o
3aa
Entry  Ligand [Pd] Solvent Yield”/%
1  PPh; Pd(OAc), Toluene 63
2  CysP Pd(OAc), Toluene 0
3 rac-BINAP Pd(OAc), Toluene 55
4  PPhs Pd,(dba), Toluene 34
5  PPhs Pd(dba), Toluene 23
6  PPh; PdCl, Toluene 21
7  PPhs PdCl1,(PPh;), Toluene 20
8  PPhs Pd(OAc), DCE 62
9°  PPh, Pd(OAc), CH;CN 64
10 PPhs Pd(OAc), DMF 48
11 PPhs Pd(OAc), THF 20
12¢  PPhs Pd(OAc), CH;CN 70
13°  PPh, Pd(OAc), CH;CN 75
14%  PPh, Pd(OAc), CH;CN 84
15“¢  PPh; Pd(OAc), CH;CN 88
16" PPh, Pd(OAc), CH;CN 88
17%¢  PPhs Pd(OAc), CH,CN (75 C) 74
18“¢  PPh; Pd(OAc), CH,CN (65 C) 67
19%¢  PPh; Pd(OAc), CH;CN (16 h) 65
20%  PPh Pd(OAc), CH;CN (24 h) 99

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction condition: 1a (0.1 mmol), 2a (0.1 mmol), ligand (10 mol%), [Pd] (5
mol%), in solvent at 85 °C, 20 h. * Isolated yield. ¢ PPhs (10 mol%), Pd(OAc),
(5 mol%). ¢ PPhy (15 mol%), Pd(OAc), (5 mol%). ¢ PPhs (20 mol%),
Pd(OAC), (5 mol%). 7 n(1a) : n(2a)=12 : 1. € n(1a) : n2a)=15 : 1.
"n(1a) : n(2a)=2: 1.

J& XAHEEHEAT T 1% (Entries 15, 17, 18), SZIHIFA Y
ST IE N 85 CH ™= Fd . foefmxd S (A #E4T 1
ffii%(Entries 15, 19, 20), SE50 &I S SIS [R] 284y 24
h, PEEREEEAE 99%.

i LTk, mAtRBEAE e JEY) n(1a) @ n(2a)=
1.5 1 1, Ficf& PPh; FIE A 20 mol%, Pd(OAc), &N 5
mol%, VT CHsCN, KRR 85 C, [N
]9 24 h.

1.2 RERMHRE

FERCEIR BT, M Y SR R I 5 I S 2 1)
JRPERAEIEAT TIRR. B, R T AR BRI
R B TR P A I 5 4 0 PR A B L, e 485 SR A7 T3k 2.
KA AE R, I IR IR R AT MDA B A R

Chin. J. Org. Chem. 2019, 39, 475~481



Chinese Journal of Organic Chemistry

T AL B I, N AT DR 47 Hh K% 2E (Entries
1~5). MIEIRFEURIE N 4-HFEHT, 3ba =404 70%;
LIRIREUREE N 4-F I, 3ea ;=K 95%, X156 2KIR
IR R R ) R R SR R R T LA B IR OB . X
AR AL B S A S m, o) R 3R BB IE
4-OCH; I}, F=3R 62%, TR FEEURIE A 2-OCH; i,
FEERN 81%. LA b 45 S B BRR T 1) A7 FFLASRLX 52 B 485
TR, BT RN =R MR K. AL R R
Btk ) R? BRI KB I, Se Nt ml BAK 2R,
FEEATIA 90%.
2 AEEREBRIRERNT AV R

Table 2 Scope of cinnamyl carbonates

20 mol% PPh3

O/\/\ , _5 mol% Pd(OAc), _
1 CHiCN, 85°C, 24 h
1 \22

Entry Product  Yeild”/%
1 4-CH; Me 3ba 70
2 4-OCH; Me 3ca 62
3 2-OCH; Me 3da 80
4 4-F Me 3ea 95
5 H CH,CH,CH; 3aa 90

R3 BEEEATAEWER

Table 3 Scope of acyl hydrazone compounds

Q o
>—0Me 20 mol% PPhs
of ©)kNH 5 mol% Pd(OAc),
— + \ H
dj N:<A CH4CN, 85 °C, 24 h
1a 2 '
0.15 mol 0.1 mol
H
©N\N—N//km
o)
3
Entry Ar Product Yield"/%
1 3-CH3C¢Hy 3ab 71
2 2-CH;0C¢H4 3ac 54
3 3-CH30C¢H4 3ad 87
4 4-CH;0C¢H,4 3ae 98
5 2-FC¢H, 3af 80
6 4-FCeH, 3ag 79
7 2-CIC¢H, 3ah 62
8 4-CIC4H, 3ai 69
9 4-'BuCgH,4 3aj 75
10 4-NO,C¢Hy 3ak 86
11 1-Naphthyl 3al 45
12 2-Naphthyl 3am 88
13 2-Furyl 3an 94
14 2-Thienyl 3ao 70

¢ Reaction condition: 1 (0.15 mmol), 2a (0.1 mmol), PPh; (20 mol%),
Pd(OAc), (5 mol%), CH;CN, 85 °C, 24 h. * Isolated yield.

B J5 B TT T AR ) 05 A BT A2 Bk R AL &
X N-JE AL S SIS, OS5 RA TR 3. K 3
ATE, Ar EEUREER AL B2 AR R IR R, 2 A A
TER EAFEALER, PR GIR A ZER]: 3ae K735
FERMEET 3ac, E T 3ad K77 % (Entries 2~4). %
AT W L AN L BRI, AR T DL A SR E A
RAGBNFRLI =Y. K38 2 407 it f T BRI I BE R
G S SEE PRI T2 R 2 A6 35 A7 I L EUA R 1 Tt
AW I S35 T (Entries 2, 5, 7). SR, ZRIE 4 Araf
i FERE I B R (Entry 4) 1B VE B T 4 A2y
AW BRI B 1% 1Y) S5 B3 14 (Entries 6, 8, 10).
RPN ZEFER] (Entries 11, 12), 7 1-ZEFRERIBEIE A %
LS PEAR T 2-Z5 B IR ot s 1 S B2V . PR 2 A 1 P
JiEA &) (Entries 13, 14)W 0] LUUR] & 42  BZ, {H 3an (1)
FER BT 3a0 (7R,
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¢ Reaction condition: 1a (0.15 mmol), 2 (0.1 mmol), PPh; (20 mol%),
Pd(OAc), (5 mol%), CH;CN, 85 °C, 24 h. * Isolated yield.

1.3 REHIE

28 % ) SCHR, AT 1% B I HLEE (Scheme 1)
W 2 A AL S AT AT 014 &, SRIGAR[014% &
V5 AR SRR R TG 22 b SE AN, T T 4 T 2 400 ]
s, B, WhRE L N SEAZ I SO I SE A0 rh TR 1 3 467,
TER T B brdas R L, RN 58 Ak 7 AR [014% & W 1)
A

Pd(OAc),
|_

LOPd Ph~ X\ H

N<
Ph/\/\o \< X Ph N_<

L-Pd(II

\

Ph
2a

B 1 ArREf S LR

Scheme 1 Possible mechanism
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2 Zhig

KJE T —Hf Pd(OAc),/PPh; 1A R AL 1 I HEIERIR
Vi VT I F P 5 00 £ 940 R  f A S5 7 il 2 R A A 0
RUEWRTTE. GITERATLHT I, SR £
(S INNSE prik e NIk /PN X =S

3 XIS
3.1 UEFES5EHF

i3tk "TH NMR, *C NMR A Bruker AVANCE 111
(400 MHz) 848 F R B ILARACI 2, TMS AN AR, CDCl;
FGRAR — H 3 TEAX(DMSO-dg) N IE 7, 2 1% (TLC)
fEHE R TT 2E771 GF,s, BRI, HE
WA SR L) AR 200~300 H AR E AR

FRAEREAITE th, ASLIR PRI Z a0 Tk
JEEEMH. b, KA. &P AN S [
W2 h, RJEZEMEHIE, JoKIENE 2 S 5 ORI 1 A
AR, SR R4 288, o /K DU UK IR (THF) =&
Je ez 5 Z 2R R RS ) I ElR 2 O, AR5 78
(FEEHEES
3.2 ZLWAHE

HJE4) 1a (0.15 mmol, 28.8 mg), JE4) 2a (0.1 mmol,
22.4 mg), PPh; (20 mol%, 5.2 mg), Pd(OAc), (5§ mol%, 1.1
mg) T 10 mL Schlenk M, FEGE MRS TIMA 2
mL CH;CN, 85 ‘C N 24 h. TLC J7izAal, £5f M
SEA R EEAE (i Ay IR AL B IT A (LR OTR) -
VCR MR =1 © STEPAT{S 3] N5 JE-N-PRRE 2K
(3aa) 33.8 mg, FPHEN 99%. HEFEEL, mp. 110~
113 “C; '"H NMR (400 MHz, CDCl3) 6: 7.84 (s, 1H), 7.80
(d, J=4.0 Hz, 2H), 7.47 (br, 5H), 7.41~7.20 (m, 8H),
6.58 (d, J=16.0 Hz, 1H), 6.27 (d, J=16.0 Hz, 1H), 5.01
(s, 2H); °C NMR (101 MHz, CDCLy) J: 170.96, 139.95,
136.20, 135.04, 134.59, 132.31, 130.33, 129.99, 129.58,
128.69, 128.59, 127.87, 127.42, 127.21, 126.41, 122.04,
43.52; HRMS (ESI) caled for Cy3H,;N,O [M—i—H]+
341.1648, found 341.1652.

N3 FE -N-[(E)-3-(Oh FF 28 58 05 A 22 ) 2K R JF
(3ba): AMEEK, % 70%. mp. 58~60 C; 'H NMR
(400 MHz, CDCl;) §: 7.84 (s, 1H), 7.80 (d, J=8.0 Hz,
2H), 7.58~7.20 (m, 10H), 7.11 (d, J=8.0 Hz, 2H), 6.55
(d, J=16.0 Hz, 1H), 6.21 (d, J=16.0 Hz, 1H), 5.00 (s,
2H), 2.32 (s, 3H); *C NMR (101 MHz, CDCl;) J: 170.96,
139.96, 137.75, 135.13, 134.66, 133.42, 132.28, 130.35,
129.98, 129.63, 129.28, 128.67, 127.40, 127.20, 126.31,
120.94, 43.58, 21.19; HRMS (ESI) cald for C,,H»N,O

478 http://sioc-journal.cn/
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[M+H]" 355.1805, found 355.1806.

NNV 5 -N-[(E)-3-(4- 48 25 2 355 ) I 1R 28 ) 2 P
JH(Bea): AMEER, 2% 62%. mp. 156~158 C; 'H
NMR (400 MHz, CDCly) d: 7.84 (s, 1H), 7.80 (d, J=4.0
Hz, 2H), 7.47 (br, 5H), 7.31 (br, 5H), 6.84 (d, J=8.0 Hz,
2H), 6.53 (d, J=16.0 Hz, 1H), 6.12 (d, J=16.0 Hz, 1H),
4.99 (s, 2H), 3.79 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
170.96, 159.38, 139.93, 135.16, 134.70, 131.92, 130.34,
129.98, 129.63, 129.02, 128.68, 127.61, 127.40, 127.20,
119.71, 113.98, 55.30, 43.61; HRMS (ESI) calcd for
CoHy3N>O, [M+H]" 371.1754, found 371.1755.

NNV 5 -N-[(E)-3-(2- 48 25 2 355 ) s 1R 28 ) 2 P
HF(3da): A EE A, 2% 80%. mp. 79~81 C; 'H
NMR (400 MHz, CDCly) d: 7.91 (s, 1H), 7.79 (d, J=8.0
Hz, 2H), 7.55~7.36 (m, 5H), 7.35~7.16 (m, 4H), 7.02~
6.80 (m, 3H), 6.25 (d, J=16.0 Hz, 1H), 5.03 (s, 2H), 3.81
(s, 3H); *C NMR (101 MHz, CDCl;) d: 170.98, 156.65,
140.12, 135.30, 134.79, 130.25, 129.93, 129.54, 128.89,
128.62, 128.00, 127.37, 127.19, 127.00, 125.33, 122.89,
120.62, 110.83, 55.43, 44.19; HRMS (ESI) caled for
CoyHy3N>O, [M+H]" 371.1754, found 371.1760.

N0 R FE -N-[(E)-3-(4- T R 58 ) 45 79 255 1 28 FR 1 Jk
(3ea): KEMEAE, P2% 95%. m.p.97~99 C;'H NMR
(400 MHz, CDCls) 6: 7.81 (br, 3H), 7.47 (s, 5H), 7.32 (s,
5H), 6.99 (s, 2H), 6.53 (d, J=16.0 Hz, 1H), 6.18 (d, J=
16.0 Hz, 1H), 4.99 (s, 2H); *C NMR (101 MHz, CDCl;) ¢:
170.95, 162.42 (d, J=247.5 Hz), 139.90, 135.00, 134.59,
132.36 (d, J=4.0 Hz), 131.16, 130.44, 130.00, 129.71,
128.71, 127.95 (d, J=8.1 Hz), 127.43, 127.20, 121.71 (d,
J=2.0 Hz), 115.51 (d, J=21.2 Hz), 43.39; HRMS (ESI)
caled for Co3H0FN,O [M+H]359.1554, found 359.1560.

N-PRRE 25 -N'-(3- B 2 2R I R 5k ) 2% RV ik (3ab): &
O, 72F 71%. mp. 92~94 ‘C; 'H NMR (400
MHz, CDCly) §: 7.81 (s, 3H), 7.47 (br, 3H), 7.41~7.16
(m, 8H), 7.14 (s, 1H), 6.56 (d, J=16.0 Hz, 1H), 6.27 (d,
J=12.0 Hz, 1H), 5.01 (s, 2H), 2.30 (s, 3H); *C NMR (101
MHz, CDCl;) 6: 170.96, 140.14, 138.32, 136.21, 135.07,
134.57, 132.27, 130.47, 130.39, 130.08, 128.58, 128.04,
127.84, 12736, 126.41, 12426, 122.05, 43.65, 20.92;
HRMS (ESI) caled for CpH,N,O [M+H]" 355.1805,
found 355.18009.

N- PRI 25 - N'-(2- R4 25 R T R 58 ) 2 P i (Bac):
HEEAR, 723 54%. mp. 113~115 ‘C; 'H NMR (400
MHz, CDCly) d: 8.30 (s, 1H), 7.79 (d, J=4.0 Hz, 2H),
7.54 (d, J=4.0 Hz, 1H), 7.50~7.15 (m, 9H), 6.86 (d, J=

Chin. J. Org. Chem. 2019, 39, 475~481
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4.0 Hz, 2H), 6.63 (d, J=16.0 Hz, 1H), 6.26 (d, J=16.0
Hz, 1H), 5.02 (d, J=4.0 Hz, 2H), 3.82 (s, 3H); *C NMR
(101 MHz, CDCl;) 6: 170.95, 158.00, 136.45, 136.31,
135.33, 132.86, 130.83, 130.23, 129.97, 128.54, 127.74,
127.36, 126.42, 125.95, 123.11, 122.18, 120.85, 111.00,
55.59, 43.64; HRMS (ESI) calcd for C,4H,3N,0, [M—i—H]+
371.1754, found 371.1758.

N- PR 25 -V'-(3- A 2R I R 6L ) 8% R 8 ik (3ad):
HEE A, 72 F 87%. mp. 97~99 ‘C; 'H NMR (400
MHz, CDCl3) d: 7.79 (br, 3H), 7.45 (d, J=8.0 Hz, 3H),
7.40~7.13 (m, 6H), 7.03 (br, 2H), 6.87 (d, J=4.0 Hz,
1H), 6.58 (d, J=16.0 Hz, 1H), 6.26 (d, J=16.0 Hz, 1H),
5.00 (d, J=4.0 Hz, 2H), 3.71 (s, 3H); C NMR (101 MHz,
CDCly) 8: 170.96, 159.80, 139.46, 136.20, 136.11, 135.21,
132.46, 130.30, 129.97, 129.66, 128.60, 127.88, 127.32,
126.42, 121.96, 120.56, 116.49, 110.44, 55.11, 43.49;
HRMS (ESI) caled for C,yH»3N,0, [M+H]" 371.1754,
found 371.1760.

N- TR FE B -N'™-(4- F AR 20 T R ) 288 Bk i (Bae):
@ E K, 725 98%. m.p. 114~115 ‘C; 'H NMR (400
MHz, CDCLy) d: 7.80 (s, 3H), 7.60~7.14 (m, 10H), 6.84
(d, J=8.0 Hz, 2H), 6.57 (d, J=16.0 Hz, 1H), 6.27 (d, J=
16.0 Hz, 1H), 4.99 (s, 2H), 3.79 (s, 3H); *C NMR (101
MHz, CDCls) 6: 170.79, 160.86, 139.80, 136.29, 135.32,
132.27, 130.25, 129.95, 128.68, 128.58, 127.82, 127.47,
127.37, 126.41, 122.34, 114.14, 55.33, 43.51; HRMS (ESI)
caled for Co4H3N,O, [M+H]" 371.1754, found 371.1760.

N-TR) R 2 -N-(2- 2 T PR 368 ) 2 R Ik JF (3af): v 3%
O E AR, 772 80%. m.p. 81~82 C;'H NMR (400 MHz,
CDCLy) ¢: 8.11 (s, 1H), 7.78 (d, J=8.0 Hz, 2H), 7.65~
7.16 (m, 10H), 7.04 (d, J=8.0 Hz, 2H), 6.62 (d, J=16.0
Hz, 1H), 6.24 (d, J=16.0 Hz, 1H), 5.02 (s, 2H); *C NMR
(101 MHz, CDCls) 6: 171.04, 161.50 (d, J=252.5 Hz),
136.23, 135.03, 133.14, 133.07, 131.04 (d, J=8.1 Hz),
130.44, 129.93, 128.59, 127.90, 127.44, 126.47, 126.35 (d,
J=3.0 Hz), 124.40 (d, J=4.0 Hz), 122.46 (d, J=10.1 Hz),
121.69, 115.76 (d, J=21.2 Hz), 43.67; HRMS (ESI) calcd
for Co3H20FN,O [M+H]" 359.1554, found 359.1558.

N-TRIEE B -N'-(4-F0 28 0 FF 38 ) 2K Y B ik (Bag): 3 (R
AR, 723 79%. m.p. 92~93 ‘C; 'H NMR (400 MHz,
CDCly) d: 7.80 (br, 3H), 7.60~7.15 (m, 10H), 7.00 (br,
2H), 6.57 (d, J=16.0 Hz, 1H), 6.26 (d, J=16.0 Hz, 1H),
5.00 (s, 2H); “C NMR (101 MHz, CDCl;) d: 170.93,
163.51 (d, J=251.5 Hz), 138.67, 136.14, 135.06, 132.39,
130.89 (d, J=3.0 Hz), 130.42, 129.88, 128.95 (d, J=8.1
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Hz), 128.62, 127.92, 127.45, 126.40, 121.98, 115.81 (d,
J=22.2 Hz), 43.56; HRMS (ESI) calcd for Cy;H,FN,O
[M+H]" 359.1554, found 359.1556.

N-PRAEFE-N-(2- 52K 0 P 368 ) 2% F L JF (3ah): 7 5%
O E A, F2Z 62%. m.p. 74~75 “C;'H NMR (400 MHz,
CDCly) o: 8.33 (s, 1H), 7.77 (d, J=4.0 Hz, 2H), 7.59 (d,
J=4.0 Hz, 1H), 7.54~7.05 (m, 11H), 6.69 (d, J=16.0 Hz,
1H), 6.23 (d, J=16.0 Hz, 1H), 5.04 (s, 2H); *C NMR (101
MHz, CDCls) 6: 171.08, 136.93, 136.20, 135.01, 134.38,
133.79, 131.95, 130.47, 129.91, 129.76, 128.60, 127.93,
127.47, 127.05, 126.77, 126.50, 121.74, 44.11; HRMS
(ESI) caled for Cp3HyCIN,O [M+H]" 375.1259, found
375.1262.

N-PIAEFE-N-(4- 5 T 228 2 F L R (Ba): 2 (AL ]
&, P%FE 69%. m.p. 78~80 C; 'H NMR (400 MHz,
CDCly) 8: 7.78 (s, 3H), 7.60~7.13 (m, 12H), 6.56 (d, J=
16.0 Hz, 1H), 6.25 (d, J=16.0 Hz, 1H), 5.00 (s, 2H); "*C
NMR (101 MHz, CDCly) &: 170.93, 138.50, 136.09,
135.42, 134.94, 133.16, 132.45, 130.49, 129.90, 128.94,
128.61, 128.31, 127.94, 127.45, 126.40, 121.85, 43.60;
HRMS (ESI) caled for C,3HyCIN,O [M+H]" 375.1259,
found 375.1263.

N- PRI RE J -N'-(4- 0T 25 2R I H 68 ) 2K 1 5k i (3aj):
HOREFAR, 772 75%. "H NMR (400 MHz, CDCl;) 6:
7.81 (d, J=4.0 Hz, 3H), 7.58~7.12 (m, 12H), 6.55 (d, J=
16.0 Hz, 1H), 6.26 (d, J=12.0 Hz, 1H), 4.99 (s, 2H), 1.28
(s, 9H); *C NMR (101 MHz, CDCl;) d: 171.00, 153.08,
140.09, 136.15, 135.08, 132.21, 131.85, 130.34, 129.96,
128.55, 127.81, 127.38, 126.99, 126.37, 125.65, 121.95,
43.48, 34.87, 31.22; HRMS (ESI) calcd for CpsHyoN,0
[M+H]" 397.2274, found 397.2277.

N- PR JEE - N (4- i 225 2 0 R 228 ) 2 R 5t ik (3ak): 3%
O EE, P F 86%. mp. 142~145 C; '"H NMR (400
MHz, CDCl;) 6: 8.18 (br, 2H), 8.00~7.18 (m, 13H), 6.58
(d, J=16.0 Hz, 1H), 6.26 (d, J=8.0 Hz, 1H), 5.03 (s, 2H);
BC NMR (101 MHz, CDCls) &: 171.14, 147.95, 140.65,
136.78, 135.88, 134.51, 132.79, 130.84, 129.87, 128.68,
128.12, 127.61, 126.42, 124.04, 121.28, 43.85; HRMS
(ESI) caled for Cy3HyN;O; [M+H]" 386.1499, found
386.1501.

N-TAIAE JE-N'-(1-Z8 35 0 FF 05 ) 2 Yt J R (3al): 3% (5
[, 723 45%. m.p. 108~110 C;'H NMR (400 MHz,
CDCly) 0: 8.45 (s, 1H), 8.34 (d, J=8.0 Hz, 1H), 7.80 (s,
4H), 7.68~7.14 (m, 12H), 6.70 (d, J/=16.0 Hz, 1H), 6.35
(d, J=12.0 Hz, 1H), 5.13 (s, 2H); C NMR (101 MHz,
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CDCly) 0: 171.61, 140.79, 136.15, 135.64, 133.80, 132.69,
130.48, 130.25, 130.09, 129.75, 129.28, 128.65, 128.62,
128.58, 127.92, 127.73, 126.94, 126.42, 126.02, 125.20,
124.56, 122.29, 43.36; HRMS (ESI) calcd for Cy;H3N,0
[M+H]" 391.1805, found 391.1807.

N- DI JE-N-(2- 25 56 W 25 ) 28 F E ) (3am): (1 £
[k, P2% 88%. m.p. 77~78 ‘C; 'H NMR (400 MHz,
CDCly) 8: 8.00 (s, 1H), 7.91~7.15 (m, 17H), 6.62 (d, J=
16.0 Hz, 1H), 6.31 (d, J=16.0 Hz, 1H), 5.06 (s, 2H); "*C
NMR (101 MHz, CDCly) &: 170.96, 140.07, 136.18,
135.08, 133.96, 133.07, 132.39, 132.35, 130.45, 130.03,
129.08, 128.60, 128.19, 127.88, 127.84, 127.45, 126.87,
126.55, 126.42, 122.71, 122.07, 43.61; HRMS (ESI) calcd
for Co7H,3N,O [M+H]" 391.1805, found 391.1808.

N-TRREE 6 -V'-(2- W IR 255 I HF 255 ) 2 % ik (3am): 3%
EEE, P23 94%. mp. 106~107 ‘C; 'H NMR (400
MHz, CDCl;) §: 7.85 (br, 2H), 7.74 (s, 1H), 7.57~7.19
(m, 9H), 6.55 (br, 2H), 6.42 (s, 1H), 6.24 (d, J=16.0 Hz,
1H), 4.97 (s, 2H); *C NMR (101 MHz, CDCl;) d: 170.47,
150.33, 143.90, 136.14, 134.50, 132.38, 130.59, 130.32,
128.60, 127.90, 127.43, 126.43, 121.74, 111.78, 111.20,
43.72; HRMS (ESI) caled for C,H;oN,O, [M+H] "
331.1441, found 331.1443.

N- TR FE 55 - N'-(2- M Wy 5 W7 B 06 ) 2 R JBE JHF (3a0): 3
O EK, P73 70%. mp. 100~102 ‘C; 'H NMR (400
MHz, CDCl;) 6: 8.00 (s, 1H), 7.82 (d, J=4.0 Hz, 2H),
7.61~7.09 (m, 9H), 6.99 (s, 1H), 6.57 (d, J=16.0 Hz,
1H), 6.25 (d, J=12.0 Hz, 1H), 4.98 (s, 2H); *C NMR (101
MHz, CDCl3) 6: 170.40, 140.28, 136.14, 134.54, 134.43,
132.38, 130.48, 130.29, 129.07, 128.61, 127.91, 127.75,
127.41, 127.35, 126.43, 121.91, 43.82; HRMS (ESI) calcd
for C, H;oN,SO [M+H]" 347.1213, found 347.1216.

B4 E (Supporting Information) {b&4%) 3aa~3ao
F1 3ba~3ea HRZMLIEL . IXLEAFRE AT LG B AT
¥ (http://sioc-journal. cn/) [ %K.
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