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Silver-Catalyzed Synthesis of CF3-Substituted 2-Imidazolines
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Abstract The silver salt catalyzed [3+2] cycloaddition reaction of trifluoromethylated N-acylhydrazones and ethyl isocy-
anoacetate was investigated. The reaction proceeds quickly to produce a series of trifluoromethylated 2-imidazoline com-
pounds in high yields with excellent stereoselectivity, which provides a novel and efficient method for the synthesis of trifluo-
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romethylated 2-imidazoline compounds.
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Figure 2 Natural and artificial bioactive 2-imidazoline compounds
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ERRE A AP RBA SR, AT N R =
S LR IR v R R — P = S I, R R
ES AR RGE, 5T 0RME, 1 HARS 2 i@k Tk k-
13 MR =M O LA N-TIR 46 & R VAT
. Pk, DA R REBE R N o S B, R
TZBENES 589 1,2- R SITORI[3 + 2138 0 s B2 20,
AR 7R e Mg R EARE R E, fE[3+2]3
AR B, ZBER T DAME R 13-, 20 S e
A e 1200] | T Sfe i — FHER0CTFIEA [J — 45120 Jsg W 15 31 = 96
FHSE B AR A ik e b4k &% (Scheme 1, a~c); ZBEA BT
PIMERSE 1,3-18AR Ak, L5 g 1) 4l s 315 21 — 56
FERUAR KR M2k & 70120 (Scheme 1, d). N T i#—54
J& =5 B BE AR & AR G TN, A
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IR, DG s T R SR AR ) 2- IR ek Ak
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5 RS MR OEEQa, 2.0 equiv.) N, 4558 K, 1%
SR AT IR RE 72 h s, BL35% AR AA R T H
FRF=4) 3a(F 1, Entry 1). #5230 7 1E Cul (20 mol%)
FEAE IR R, SRR SIS KA 1, Entry 2). 47
SN AR 2 [E I N DBU (20 mol%) AT Cul (20 mol%)
i, L 80%HIF = K15 E T 3a(3 1, Entry 3). N T
PErm 3a 7=, KRRV )& T T Ak
(£ 1, Entries 4 f15). 248, Y= HEHIR(1a). F&
F .M 2.5 (2a). Cul M DBU ¥R MELL A 12

0.2 : 0.2 B, 3a /=% 8= (K 1, Entry 3). 285, HRE T
TR 12-TR Ok OEE. LB B 14-T8A
7 AT DY S R S5 1T SN T Z RN (3 1, Entries 6~
12). 253K, CLVUEPRIEAE AR, 3a (1773 5,
A[IE 82%(FK 1, Entry 12). #F— B E RN, #2000
(TLC) K ILAE DY SRR A 7, Z RN SEFR B R 7R 7 hik
AN TE A, FELL 85%I1 ™ #1433 T 3a(3 1, Entry 13).
DRI, DU SR R 2 S B () B A 7). #5581 AR
XS SSFRIEE. 45 R R, FEA NI E6N f =20
“JZ(DABCOMEAE T, B S SIS [ 38K 2 72 h,
MAEANRE KA AETEHLUIR U KoCOs+ Na,CO; Al Cs,COs
AR, RS FGEKS] 72 h, MR R A, (B2 3a
(77 2 A KKK (FE 1, Entries 14~18). % [EF4R Eh7E
AL I ZFRIE S 5 B3+ 2138 0 S o Hh e B HE 1)
s TR, XL T — RAEER I Ag.COs. AgOAc.

A0 I AgNO; SEXT [ M52, &5 R0, 4 & F
HRERMEAC S BRSSO ] A K44, 3a HOP= R AE
61%~90%(% 1, Entries 19~23). 1, AgOAc [k
MBI, VIR A7 40 min, 3a P2 AE 90%
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Table 1 Optimization of reaction conditions
o NO, o
o catalyst ,
ol N
NNSCFs 4 oncoEt— D3 . NPON-NH o ""}_-.5\ .
H solvtent / = B '\§“—é~
O,N kol e,
1a 2a 3a 3a CCDC: 2054788
Entry Mole ratio of 1a/2a/catalyst/base Catalyst Base Solvent Time/h Isolated yield/%
1 1:2:0:2 — DBU CHCIl; 72 35
2 1:2:02:0 Cul - CHCIl;3 12 0
3 1:2:02:02 Cul DBU CHCIs 12 80
4 1:25:02:02 Cul DBU CHCIz 12 70
5 1:15:02:02 Cul DBU CHCIs 12 74
6 1:2:02:02 Cul DBU CH:Clz 12 50
7 1:2:02:02 Cul DBU DCE 12 76
8 1:2:02:02 Cul DBU EtOH 12 45
9 1:2:02:02 Cul DBU CH;CN 12 40
10 1:2:02:02 Cul DBU Toluene 12 73
11 1:2:02:02 Cul DBU 1,4-Dioxane 12 76
12 1:2:02:02 Cul DBU THF 12 82
13 1:2:02:0.2 Cul DBU THF 7 85
14 1:2:02:02 Cul Et:N THF 72 0
15 1:2:02:02 Cul DABCO THF 72 0
16 1:2:02:02 Cul K2COs THF 72 20
17 1:2:02:02 Cul NaxCOs THF 72 25
18 1:2:02:02 Cul Cs2CO; THF 72 13
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kil 5
Entry Mole ratio of 1a/2a/catalyst/base Catalyst Base Solvent Time/h Isolated yield/%
19 1:2:02:02 Ag>CO3 DBU THF 1 88
20 1:2:02:0.2 AgOAc DBU THF 40 min 90
21 1:2:02:02 AgOTf DBU THF 2 88
22 1:2:02:02 Ag0 DBU THF 1 86
23 1:2:02:02 AgNOs DBU THF 3 61
24 1:2:02:0 AgOAc — THF 40 min 90
25 1:2:01:0 AgOAc — THF 40 min 26

4 Reaction conditions: all reactions were performed with 1a (0.2 mmol) in solvent (3 mL) at room temperature.

(£ 1, Entry 20). {Et—2 TRARRRE RIS S
(R s B ) st B, T RN AgOAce (20
mol%) T A AR A S B, & N e, ROV AR K
A, IFEL 90%1 7 A5 2] T 3a(k 1, Entry 24). 24
AgOAc HIEIR/DE 10 mol%if, 3a 7= K FEMK N
26%(3% 1, Entry 25). XUt B0 7 09 H B0 R 57
K, o8 LRTid, GMEY 3a st RN &4 N
= EEE 1a. FFIE LR LBE 2a F1 AgOAc )
JRRELE A 12 1 0.2, WHIADYEMRIE, R

N TR N A IE B, 7E R i RN
FMER, B &MIUCH =R PR S R w o
1R CERHEAT 320 IR B (R 2). BFFEERI, =5
R BE TG 23— Hh ) R BTN 5 BRI, AR RN AR
H R R g i 2, ROBERREIA AT, K207
(177 22 HRLE 80%~97% 2 [H](3a~3p). fHZ, XK |
A SR LR A R I, URE K s BN (5 AR
B 3j RN TEIAE ER), A BESRAR 5 72 2R (3a, 90%).
YIRIN R R AR, A SLI (R, T EL
PRI P= 2R BEAR3b A 3¢, 78%A1 77%). X W] HE & H T i
SR = 0 R P SR F O, 2 PR RE H [AA H
TR T RN, ART 7 NI B R A, 4R
AR BE A I AEAE T 2R 30 B, A PR, ey
SRR B R A RZ, MR B TR A
T PR AR AR N, ONARSE 4T, £E 5~10 min
BETEI, AR RAE 89%~97% 2 17](3k~3m FlI 30).
i H, BEEAEIRIR BRI B B IR K, 3k, 31
3m KPR 5N 97%. 89%F1 92%. 4K FiEH P
AN R B R AR, BT A BH, A 0 7 A A
(3n 1 3p, 78%F1 77%). 4RI I [ HUAREE Ay o Ji 1T,
SN A2 5 34T (3d~3i). SR, SR TAEREIR ERAL
B R A BRI, 3g. 3h F1 31 7250500 93%.
T3%H 78%. MLZE R R, SR FE IR A0 (R
JRSEFITAS = 1R 7 e L SR L TR S RO A Y B vy 7E
S IR R IR, 1 =R R 4 A I R 2 A AR
el 2-ZREENT, RSABREINRIEAT, PP AT 90%
PL E(3q AT 3r). 24 R FERAT5 28B40 2-IRIR LA 2-
W SER, OB FTAS A 3s AT 3t (177 5508 90%A1
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82%. fJr, IR T2 R Mg Wi a5 1 s v
(Bu~3w). B, 4 R FEPINFHREN, 3u KPR
82%; 24 R FEHNALFHE KT 20T, 3v /=23 T
F| 66%; M R PR IR, RMEEKE. “itk
MR EEMEIRTFEZE 80 CHE, LL 69%M = %585] T
3w, 3X BT EH AR 14 i % Tk A R 5 1) = 4 R T
Eb 46 10 g 0 e T R T o ) = 9 P 2 T o 4D S 2 3 12
fik.

R 5 3a~3w ) "H NMR il 3C NMR ¥ B #7177
¥y 3a~3w 7> T ) C-4 Al C-5 7 _FHI AN BURIE A& Ak
FAMCN T EER A, 7630+ HE s 7 R0
AN A4 14224d)) - 3a () NOE 5256 LA K 58 X AT
BPgilt—BAEse 7 gkt FERMHME, EREZHE
BUR, SCHRFRIE 1) 57 FIE LR 5 % A [3 -+ 2138 i Al
N LR A=Y, R AR REE 5 53 2lb
FEMAE 2 ML R, SR RE R S RER
PR B8 TRI[3 -+ 20 R Ik s 7 36 B HE AR 407 1) ST Ak Je 5 1
R s o B — AR B T

NT DY K =5 P B R G e, 78 g
RSOV AR, AT = R R B A R R AR
I3+ 2RI pR s . BRI A, M R
(Eq. 1), X AT HEAS TR kA 1 S LS AN, BA B =S
VB 57 FELEE R I .

Ph
o (6]

)L N CF AgOAc (20 mol%) NH

Ph N X 34+ CN\/C02Et —_— X N (1)
H T THF, r.t I
Ph K N \''CF,
Ph
CO,Et

WG, NIRRT =& P EH S H A S A
B2 B, BiF AR, S FAE 48 H G A 57
B ORBUT EE o 95 =5 R WE S 1a 1R S 07 B BB MR
HEAT, FTART=4) 4a F1 4b 17~ 5 5108 93%81 88%, H.
TR ). SR, o R R 2R T R A
i, RMNIEA KAE(Eq. 2).

RNTRREGIR NS M, 78 b e b 4414
T, 2R T EFTPEB N 1a 5RFHECR OEER TR
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Table 2 [3-+2] cycloaddition reaction of trifluoromethylated acylhydrazones with ethyl isocyanoacetate

0 ON-R
AgOAc (20 mol% AP
)LN,N\VCF3 + CN__CO,Et AgOAc (20 mol%) -\ A\ -NH

R H THF, r.t.

Et0,C  CF,

o NO, o CF3 F
fe) o Br
ASN-NH NZ O N-NH N/NH

| : N’NH NP ON-NH
EtO,C CF,4 EtO,C CF, ' EtOZC CF3

Et0,C  CF, Et0,C  CF,

3a 3b 3c 3d 3e
40 min, 90% 1h, 78% 6h, 77% 20 min, 89% 30 min, 82%
Cl
° Oy@ O\\,/@ OYO/ YQ
SN -NH
N PN

NON-NH g/ NON-NH N N A N-NH
0L CFs Eto,c’  CF,

3f 3g 3h 3i 3]
15 min, 82% 8 min. 93% 1h, 73% 25 min, 78% 15 min, 82%

e e Y <

CHs Né\N’NH N’NH N’NH N’NH

Et0,C'  CF, Eto,.C  CF, Et0,C'  TF,

EtO,C  CFs EtO,C  CF, E0,C7  CF, E0,c7  CF, Eto,c0  CF,

3k 3l 3m 3n 30
5 min, 97% 5 min, 89% 10 min, 92% 10 min, 78% 10 min, 94%
OCH;

0
@ y(lm LDy O
N
OCH; N/NH NAN’NH Né\N’NH
EtOZC CFs Eto,c”  cFs EtO,C  CFs Et0,C  CF,
3p 3q 3r 3s
15 min, 7% 10 min, 93% 10 min, 90% 15 min, 90%
@ o L oy L o )
A NH NP N-NH NZ N-NH
EtO,C ’CFg Et0,C  CFs EtO,C  TFs Et0,C'  CF,

3t 3u 3v 3w
30 min, 82% 20 min, 82% 15 min, 66% 30 min, 69%°

9 Unless otherwise noted, all reactions were performed with 1 (0.2 mmol), 2a (0.4 mmol), AgOAc (20 mol%) in THF (3 mL) at room temperature. Isolated yields.
> Only one enantiomer of products 3 is drawn here. ¢ The reaction was performed at 80 C.

o)
0
_Ns_CF; N=
N AgOAc (20 mol% =\
N + CN_X %ﬂ"l X&/N‘N»\Q\ @)
O,N R T H NO,
CF,4
1a 2

4a (X = CO,Me): 93%
4b (X = CO,/Bu): 88%
4c (X =Ts) 0%
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AR S vy, 25 R, 2 vt RE)
7= 155 T 3a (Eq. 3).

y N CFs + cN___co,E

1a 1.000 g, 3.8 mmol

N:\ Q
N~
Eto2cf§/ N»\@Noz 3)

CFs
3a1.19 g, yield 84%

IAHEAT, IFLL 84%

AgOAc (20 mol%)
THF rt,5h

RHTE A, o f- SR S AT ED) 2 AAE TR
SRR A EE L & . 1R A A, X
W JF BT DAE A B VEB 7R LRI () 4 R A e 23146
DRI, FRATTZAR T K A R AR 2 1 = 30 S ARy 2-Ikmde
WREE AN o, f-— IR TR 1 R N (Eq. 4). B =4 3a Ak
ERERTE DU S PRI V3 75 S L EE 24 by, BB T & H =R
IR af-—REEREE 5, 7% N 65%. Wi H& X #7
WEETRE T 5 M. 2N E RS =R 0
a.f-—F IR BESEAL T —P Rl BRI TV

NO, NO,
conc. HCI (5.0 equiv.)
oi - 4)
NH THF, rt., 24 h HN ¢}
I/N 65% yield FsCNH
£ L
HN™ “CO,Et
CO,Et
H™ ~0O
3a 0.2 mmol

5 CCDC: 2071678

TESCRRIRGES 24 36 Al b, P2 T AR ER AL 1 =98
HH L 9 e 5 S U3 2 R G 1D [ 3+ 2034 e s 2 ] ) Je
IALE (Scheme 2): B, REEE LR L 2a 5 AgOAC
TERE T &R/ Ag-RRELRLEESREY 1, X KK
T REE R OB T a-E, 1E OAc HITEH
N IREGRE A a-BR T IEBESEZ R A L, (5
=42 HOAc; #RJa, A1 I % =5 2 BEfR 1 3047
Mannich B FISEAZ NN, AR TR TIL; 423,
(4 T 2R 53 N PR AL TR 1 4 J R - IR e Ik 4% 5 40
IV T =5 B B i S AR HE R VR, SR fbRs =28
BRI T B, B, KA IV RN AFFEE
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1) HOAc KAEJRTACHAT 2 2-DRMEMRAL 59 3, [R]I7=
A4 AgOAc, AgOAc FiFFJa N — IR M IHEALIE R,

Oy_R

N7 N-NH

Et0,C  CF,

3 AgOAc _ Et0,C._

N
N7
2a

0 - H
Al R
)\9 Y AO )
N7 N-NH N7 "COEt
Ag/C

— HOAc |
EtO,C CF,
v
Ag.
\ ’ Csn

N _-COEt

N/NH

5 R NN -CFs
EtO,C CFy H

] 1

B2 AREm R ML

Scheme 2 Proposed mechanism
2 i

i LATR, R TIESMEE SR T, =R
B iz 5 7 E I LR LB I[3 2 N B, 7E6 DBU
FELET, 4 Cul MEFREER U Ag,COs. AgOAC, Ag,0
H1 AgNO; 73 HE AR, Z 5 SR AT LUBFIEAT. 4
BB, M AgOAc TR, %5 M JE 7 N
WAL RE PR SE R, B RNV A PR A AR R
PEIFEERE A, 6 = R SR A 2-BR eIk At & P 12
U7 — B POE A R TR FIR, iz N AR
J& 7 =50 H M IR A8 [3 4 2050 ok s I A 4 7 P S

3 SCIGES

3.1 NE5RFA

W AR 0 4% Varian Mercury 400 MHz 5§, Agilent
DD2 600 MHz B! A% fE 3L R4 2, ‘ﬁ—EF'%JEEﬂ
(DMSO-de)fE AT, TMS AW IR =5 5 i E A
Bruker APEX I f#f B -84 B -1~ [a] g I 4% o1 1% A 5,
ESI i #miFI A X-4 B4R HUE s e Ao e, BEAR
MIE. DUSPRIRE . 1,4- 80N H 2R S e 4 dn
AEFE P b3, 780, Heiakin ¥ o E = A i
3.2 XWHE
3.2.1 Auddh 3a B9 AR

TE N, RUINN =5 H S B 7 (1a, 0.050 g,
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0.2 mmol). AgOAc (0.007 g, 0.04 mmol). PUZMENEQ2
mL)F1 755 2B 2.5 (2a, 0.045 g, 0.4 mmol). H IR
AWM EIRFAM THRE, HE TLC MM 5E4. 2R)E
A [ SBRAYI TN 2 mL WA EAL AN, BiEE 5
min, H 28 4H8(4 mLX3)EFEE, 4HBEVAE, K
i TN T 0. R ZE TR R VA, BREE YR AR E AT
B[ VM) © MR L) =1 : 111829 1-(4-fisd
2 PP i )-5-( = 48 TP 6 )-4,5- - L H-PK e -4-$R 82 2.
(trans-3a): 67 mg, FAEM, 2% 90%. m.p. 163~
165 “C; 'H NMR (400 MHz, DMSO-ds) d: 11.36 (s, 1H),
8.37 (d, J=6.2 Hz, 2H), 8.09 (d, J=9.2 Hz, 2H), 7.43 (s,
1H), 4.89 (d, J=8.4 Hz, 1H), 4.69~4.62 (m, 1H), 4.24 (q,
J=17.2 Hz, 2H), 1.26 (t, J=7.2 Hz, 3H); 3C NMR (150
MHz, DMSO-ds) o: 168.76, 165.13, 158.65, 149.65,
137.13, 129.18, 124.98 (q, Jcr=277.2 Hz), 123.68, 69.58,
62.97 63.18 (q, Jor=30.3 Hz), 61.53, 13.93; "YF NMR
(376 MHz, DMSO-ds) 0: —68.89 (d, J=6.8 Hz); HRMS
(ESI) caled for CisHi3F3sNyNaOs [M+Na]® 397.0736,
found 397.0746.

&Y 3b~3w K25 7L 506G 3a A .

1-(4- = G0 HHY 2 4 I % )-5-( = 3 P 3 )-4,5- — -
L H-WK -4 FR B2 £ B (trans-3b): 60 mg, FIE[EA, F=3%
78%. m.p. 143~145 °C; '"H NMR (400 MHz, DMSO-ds)
5: 11.29 (s, 1H), 8.07 (d, J=8.4 Hz, 2H), 7.93 (d, J=8.4
Hz, 2H), 7.43 (s, 1H), 4.89 (d, J=8.4 Hz, 1H), 4.69~4.62
(m, 1H), 4.24 (q, J=7.2 Hz, 2H), 1.27 (t, J=7.2 Hz, 3H);
3C NMR (150 MHz, DMSO-ds) 0: 168.79, 165.54,
158.78, 135.28, 132.16 (q, Jer=31.8 Hz), 128.57, 125.58
(q, Jer=3.8 Hz), 125.01 (q, Jer=276.6 Hz), 123.78 (q,
Jer=271.1 Hz), 69.59, 63.19 (q, Jcr=30.3 Hz), 61.53,
13.92; YF NMR (376 MHz, DMSO-ds) &: — 61.93,
—73.64 (d, J=6.8 Hz); HRMS (ESI) calcd for C;sHi3-
F¢N3NaO; [M+Na]" 420.0753, found 420.0746.

1-(3,5- R (=36 25 ) 2 HR Ik 1 )-5-( = 9 Y 28 )-4,5-—
- 1H-BKI-4-FR TR 2B (trans-3¢): 72 mg, HEEAK, 7=
£ 77%. m.p. 154~156 ‘C; 'H NMR (400 MHz, DMSO-
ds) 5: 11.45 (s, 1H), 8.50 (s, 2H), 8.43 (s, 1H), 7.40 (s, 1H),
491 (d, J=8.0, Hz, 1H), 4.73~4.66 (m, 1H), 4.23 (q, J=
7.2 Hz, 2H), 1.26 (t, J=7.1 Hz, 3H); '*C NMR (150 MHz,
DMSO-ds) 0: 168.75, 164.07, 158.44, 133.99, 130.67 (q,
Jer=33.3 Hz), 128.54 (q, Jer=3.3 Hz), 125.77 (q, Jer=
3.2 Hz), 125.01 (q, Jer=277.1 Hz), 122.99 (q, Jor=
271.5 Hz), 69.67, 63.18 (q, Jcr=30.3 Hz), 61.52, 13.91;
F NMR (376 MHz, DMSO-ds) 6: —61.81, —73.80 (d,
J=6.8 Hz); HRMS (ESI) calcd for C¢Hi2F9N3NaO; [M+
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Na]" 488.0627, found 488.0622.

1-(4-F0 A F R 0 )-5-( =3 P 36 )-4,5- -1 H-IK M-
4-RTR L. (trans-3d): 62 mg, FAEA, 773 89%. m.p.
121~123 °‘C; '"H NMR (400 MHz, DMSO-ds) 0: 11.09 (s,
1H), 7.97~7.93 (m, 2H), 7.39~7.35 (m, 3H), 4.87 (d, J=
8.0 Hz, 1H), 4.65~4.58 (m, 1H), 4.23 (q, J=7.2 Hz, 2H),
1.26 (t, J=7.2 Hz, 3H); 3C NMR (150 MHz, DMSO- ds)
0: 168.80, 165.49, 164.52 (d, Jcr=248.9 Hz), 158.95,
130.36 (d, Jcr=18.1 Hz), 127.90 (d, Jcr=2.9 Hz), 125.02
(q, Jer=277.4 Hz), 115.64 (d, Jer=21.0 Hz), 69.53,
63.16 (q, Jcr=30.3 Hz), 61.50, 13.94; '9F NMR (376
MHz, DMSO-ds) §: —73.55 (d, J=5.3 Hz), —107.69
(m); HRMS (ESI) calcd for CisHi3F4N3NaOs [M—l—Na]+
370.0785, found 370.0787.

1-(4-TR 2K T 1K )-5-( =3 FF 2 )-4,5- - L H- IR -
4-FRFR L. (trans-3e): 67 mg, HEEA, 7% 82%. m.p.
124~126 ‘C; '"H NMR (400 MHz, DMSO-dq) J: 11.13 (s,
1H), 7.81~7.74 (m, 4H), 7.39 (s, 1H), 4.86 (d, J=8.0
Hz, 1H), 4.66~4.58 (m, 1H), 4.23 (q, J=7.0 Hz, 2H),
1.25 (t, J=7.1 Hz, 3H); '*C NMR (150 MHz, DMSO-ds)
5: 168.78, 165.72, 158.87, 131.65, 130.54, 129.65, 126.27,
124.99 (q, Jer=276.9 Hz), 69.52, 63.15 (q, Jcr=29.6
Hz), 61.50, 13.94; F NMR (376 MHz, DMSO-ds) 0: —
68.84; HRMS (ESI) calcd for Ci4H;3Br- F3sN3NaOs; [M+
Na]" 429.9985, found 429.9977.

1-(2- VR F I % )-5-( = 3 R 36 )-4,5- -1 H-IK M-
4-FRIR 2. W (trans-3F): 67 mg, FEEIA, 723 82%. m.p.
168~170 °C; 'H NMR (400 MHz, DMSO-dj) d: 10.99 (s,
1H), 7.70 (d, J=8.0 Hz, 1H), 7.51~7.42 (m, 3H), 7.39 (s,
1H), 4.88 (d, J=8.0 Hz, 1H), 4.69~4.62 (m, 1H), 4.23
(m, 2H), 1.25 (t, J=6.8 Hz, 3H); '*C NMR (150 MHz,
DMSO-ds) 0: 168.75, 167.38, 158.49, 135.53, 132.84,
131.96, 129.20, 127.68, 124.94 (q, Jor = 276.8 Hz),
119.17, 69.61, 63.14 (q, Jcr=30.5 Hz), 61.56, 13.95; 'F
NMR (376 MHz, DMSO-ds) §: —73.58 (d, J=6.8 Hz);
HRMS (ESI) caled for Ci4Hi3BrFsN3NaO; [M+ Na]®
429.9985, found 429.9986.

1-(2- 5 F R % )-5-( = 3 P 36)-4,5- & -1 H-IK -
4-FRIR . W (trans-3g): 68 mg, FAEEK, % 93%. m.p.
163~165 ‘C; '"H NMR (400 MHz, DMSO-ds) 0: 11.02 (s,
1H), 7.57~7.44 (m, 4H), 7.41 (s, 1H), 4.89 (d, J=8.8 Hz,
1H), 4.68~4.61 (m, 1H), 4.23 (q, J=7.2 Hz, 2H), 1.25 (t,
J=17.2 Hz, 3H); “C NMR (150 MHz, DMSO-ds) o:
168.75, 166.49, 158.55, 133.37, 131.89, 130.33, 129.77,
129.27, 127.22, 124.94 (q, Jor=277.2 Hz), 69.59, 63.17
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(q, Jer=30.3 Hz), 61.56, 13.93; YF NMR (376 MHz,
DMSO-ds) 9: —73.61 (d, J=6.4 Hz); HRMS (ESI) calcd
for C14H;3CIF;N3;NaOs; [M + Na] * 386.0490, found
386.0483.

1-(3- 5 B I )-5-( =3 6 )-4,5- & - L H-IK M-
4-FRIR LW (trans-3h). 56 mg, FEE, 723 73%. m.p.
138~140 “C; '"H NMR (400 MHz, DMSO-de) 6: 11.17 (s,
1H), 7.92 (s, 1H), 7.83 (d, J=8.0 Hz, 1H), 7.73~7.68 (m,
1H), 7.57 (t, J=8.0 Hz, 1H), 7.40 (s, 1H), 4.89 (d, J=8.4
Hz, 1H), 4.67~4.60 (m, 1H), 4.24 (q, J=7.2 Hz, 2H),
1.27 (t, J=7.2 Hz, 3H); 3C NMR (150 MHz, DMSO-ds)
d9: 168.77, 165.26, 158.79, 133.42, 133.38, 132.20, 130.61,
127.40, 126.36, 123.15 (q, Jor=276.6 Hz), 69.56, 63.17
(q, Jcr=29.9 Hz), 61.51, 13.93; 'F NMR (376 MHz,
DMSO-ds) 0: —68.88 (d, J=6.4 Hz); HRMS (ESI) calcd
for CisH;3CIFsN3;NaOs [M + Na] * 386.0490, found
386.0479.

1-(4-50K F I B )-5-( = 3 FF 28 )-4,5- & - 1 H-TR -
4-FRIR 2. W6 (trans-3i): 57 mg, FGAEE, 723 78%. m.p.
126~128 “C; '"H NMR (400 MHz, DMSO-de) 6: 11.13 (s,
1H), 7.88 (d, J=8.4 Hz, 2H), 7.61 (d, J=8.4 Hz, 2H), 7.38
(s, 1H), 4.86 (d, J=8.0 Hz, 1H), 4.65~4.58 (m, 1H), 4.23
(q, J=6.4 Hz, 2H), 1.26 (t, J=6.4 Hz, 3H); '*C NMR (150
MHz, DMSO-ds) &: 168.79, 165.61, 158.91, 137.33,
130.19, 129.52, 128.71, 125.02 (q, Jer=276.9 Hz), 69.57,
63.19 (q, Jer=30.2 Hz), 61.52, 13.92; '9F NMR (376
MHz, DMSO-ds) 6: —68.82 (d, J=6.0 Hz); HRMS (ESI)
caled for Ci4Hi3CIF3N3NaO; [M+Na]® 386.0490, found
386.0483.

1- 2K FA I -5 -( = 360 P 38 )-4,5- -1 H-PKIE-4-FR TR
LM (trans-3)): 54 mg, AR, =% 82%. m.p. 107~
109 “C; 'H NMR (400 MHz, DMSO-ds) d: 11.07 (s, 1H),
7.87 (d, J=7.2 Hz, 2H), 7.62 (t, J=6.8 Hz, 1H), 7.52 (t,
J=7.6 Hz, 2H), 7.39 (s, 1H), 4.87 (d, J=8.4 Hz, 1H),
4.66~4.59 (m, 1H), 4.23 (q, J=7.2 Hz, 2H), 1.26 (t, J=
7.2 Hz, 3H); C NMR (150 MHz, DMSO-de) J: 168.82,
166.51, 159.05, 132.41, 131.39, 128.56, 127.58, 125.03 (q,
Jer=276.6 Hz), 69.54, 63.18 (q, Jcr=31.4 Hz), 61.50,
13.94; '9F NMR (376 MHz, DMSO-ds) 0: —68.78 (d, J=
6.4 Hz); HRMS (ESI) calcd for Ci4sH4F3N3NaO; [M—+
Na]® 352.0879, found 352.0877.

1-(2- F 36 % R i )-5-( = % Y 3% )-4,5- &~ 1 H-K
We-4-F2 R 2. B (trans-3k): 67 mg, AL, =R 97%.
m.p. 160~162 C; '"H NMR (400 MHz, DMSO-ds) §:
10.81 (s, 1H), 7.43~7.39 (m, 3H), 7.30~7.26 (m, 2H),
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4.86 (d, J=8.4 Hz, 1H), 4.68~4.61 (m, 1H), 4.23 (q, J=
7.2 Hz, 2H), 2.35 (s, 3H), 1.25 (t, J=6.8 Hz, 3H); '3C
NMR (150 MHz, DMSO-ds) J: 169.00, 168.80, 159.03,
136.06, 133.22, 130.68, 130.45, 127.59, 125.61, 125.02 (q,
Jer=276.9 Hz), 69.52, 63.32 (q, Jcr=30.5 Hz), 61.52,
19.15, 13.93; F NMR (376 MHz, DMSO-ds) 6: —73.49
(d, J=6.8 Hz); HRMS (ESI) calcd for C;sHeF3;N3NaOs3
[M+Na]" 366.1036, found 366.1034.

1-(3- P 35 28 T B 12 )-5-( = 48 3 )-4,5- — & -1H-Tk
We-4-FR TR B (trans-31): 61 mg, HEE[EE, 89%. m.p.
110~112 C; '"H NMR (400 MHz, DMSO-ds) J: 11.01 (s,
1H), 7.70~7.65 (m, 2H), 7.41~7.37 (m, 3H), 4.87 (d, J=
8.4 Hz, 1H), 4.64~4.57 (m, 1H), 4.23 (q, J=6.8 Hz, 2H),
2.36 (s, 3H), 1.26 (t, J=6.8 Hz, 3H); '*C NMR (150 MHz,
DMSO-dg) J: 168.82, 166.62, 159.04, 137.92, 132.94,
131.39, 128.44, 128.09, 125.03 (q, Jcr = 276.6 Hz),
124.71, 69.54, 63.18 (q, Jcr=30.3 Hz), 61.50, 20.84,
13.93; 'F NMR (376 MHz, DMSO-ds) 6: —73.53 (d, J=
6.4 Hz); HRMS (ESI) caled for CsH;cF3N3NaOs; [M—+
Na]" 366.1036, found 366.1035.

1-(4- PPV 35 28 T B 12 )-5-( = 48 3 )-4,5- & -1H-Tk
W4 SRR L8 (trans-3m): 63 mg, FIEREIE, 3% 92%.
m.p. 138~140 ‘C; 'H NMR (400 MHz, DMSO-d;) :
10.99 (s, 1H), 7.78 (d, J=8.0 Hz, 2H), 7.37~7.31 (m,
3H), 4.85 (d, J/=8.4 Hz, 1H), 4.64~4.57 (m, 1H), 4.23 (q,
J=6.8 Hz, 2H), 2.37 (s, 3H), 1.26 (t, J=7.2 Hz, 3H); '3C
NMR (150 MHz, DMSO-dg) J: 168.83, 166.40, 159.12 (d,
Jer=5.9 Hz), 142.56, 129.08, 128.60, 127.60, 125.04 (q,
Jer=276.8 Hz), 69.53, 63.19 (q, Jcr=30.0 Hz), 61.50,
21.01, 13.93; F NMR (376 MHz, DMSO-ds) 6: —73.51
(d, J=6.4 Hz); HRMS (ESI) calcd for CisHis- F3N3NaO;
[M+Na]" 366.1036, found 366.1032.

1-(3,5- - B K B ) - 5-(= i H 48 )-4,5- —&-1H-
Ik W -4- 3R TR LT (trans-3n): 56 mg, &k, =&
78%. m.p. 148~150 °C; 'H NMR (400 MHz, DMSO-ds)
0: 10.94 (s, 1H), 7.49 (s, 2H), 7.35 (s, 1H), 7.24 (s, 1H),
4.85 (d, J=8.4 Hz, 1H), 4.63~4.56 (m, 1H), 4.23 (q, J=
7.2 Hz, 2H), 2.32 (s, 6H), 1.26 (t, J=7.2 Hz, 3H); '3C
NMR (150 MHz, DMSO-ds) J: 168.84, 166.74, 159.06,
137.75, 133.60, 131.41, 125.29, 125.03 (q, Jcr=276.6
Hz), 69.54, 63.20 (q, Jc.r=30.5 Hz), 61.50, 20.74, 13.94;
YF NMR (376 MHz, DMSO-ds) 6: —73.54 (d, J=5.3
Hz); HRMS (ESI) caled for CisHisF3N3NaOs [M—I—Na]+
380.1192, found 380.1195.

1-(4- FF 48 1k 2% PR T 2 )-5-( = 9 FH 0k )-4,5- —&-1H-
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DKM -4- 3R B8R 2. B (trans-30): 67 mg, HEE MK, 7=
94%. m.p. 155~157 C; 'H NMR (400 MHz, DMSO-ds)
0: 1091 (s, 1H), 7.86 (d, J/=8.0 Hz, 2H), 7.35 (s, 1H), 7.04
(d, J=8.8 Hz, 2H), 4.85 (d, /=8.4 Hz, 1H), 4.62~4.56
(m, 1H), 4.23 (q, J=7.2 Hz, 2H), 3.82 (s, 3H), 1.25 (t, J=
6.8 Hz, 3H); *C NMR (150 MHz, DMSO-ds) J: 168.85,
165.96, 162.49, 159.20, 129.56, 125.06 (q, Jcr=276.5
Hz), 123.45, 113.83, 69.51, 63.19 (q, Jcr=230.5 Hz),
61.49, 55.45, 13.94; F NMR (376 MHz, DMSO-d;) J:
—68.76; HRMS (ESI) calcd for C;sH;¢FsN3NaOsy [M—+
Na]" 382.0985, found 382.0977.

1-(3,5- - F 480225 2K W B g ) - 5-( = 3 FF 4k )-4,5- — &-
| H-BKMe-4-FR 12 2. T8 (trans-3p): 60 mg, F[EAK, ;=5
77%. m.p. 159~161 C; 'H NMR (400 MHz, DMSO-ds)
0: 11.02 (s, 1H), 7.37 (s, 1H), 7.04 (d, J/=2.0 Hz, 2H), 6.72
(t, J=2.4 Hz, 1H), 4.87 (d, J/=28.8 Hz, 1H), 4.64~4.57
(m, 1H), 4.23 (q, J=6.8 Hz, 2H), 3.79 (s, 6H), 1.26 (t, J=
7.2 Hz, 3H); 3C NMR (150 MHz, DMSO-dq) J: 168.83,
166.09, 160.48, 158.97, 133.25, 125.05 (q, Jcr=277.1
Hz), 105.42, 104.44, 69.58, 63.13 (q, Jcr=29.9 Hz),
61.54, 55.51, 13.94; F NMR (376 MHz, DMSO-d;) J:
—73.52 (d, J=6.4 Hz); HRMS (ESI) calcd for Ci¢His-
F3N3NaOs [M+Na]" 412.1091, found 412.1091.

1-(3,4- V. Y 3 = 480 7k OF 1 I 0 )-5-( = 980 1T 3% )-4,5-
A -1H-DRM-4- SRR 2B (trans-3q): 69 mg, LA A,
FEE93%. mp. 123~125 ‘C; 'H NMR (400 MHz,
DMSO-dy) 6: 10.90 (s, 1H), 7.48 (d, J/=8.0 Hz, 1H), 7.37
(d, J/=16.0 Hz, 2H), 7.04 (d, J/=8.0 Hz, 1H), 6.13 (s, 2H),
4.85 (d, J=8.4 Hz, 1H), 4.60~4.55 (m, 1H), 4.23 (q, J=
7.2 Hz, 2H), 1.26 (t, J=7.2 Hz, 3H); '*C NMR{'H} (150
MHz, DMSO-d¢) 6: 168.85, 165.65, 159.10, 150.73,
147.53, 125.09, 125.05 (q, Jcr=276.6 Hz), 123.04,
108.14, 107.41, 101.96, 69.52, 63.15 (q, Jcr=29.7 Hz),
61.51, 13.94; 'F NMR (376 MHz, DMSO-ds) 6: —73.50
(d, J=6.8 Hz); HRMS (ESI) calcd for C;sH;4F3N3NaOs
[M-+Na]" 396.0778, found 396.0780.

1-(2-ZE i e 2k )-5-( = 36 26 )-4,5- -1 H-IK k-4~
FRIR L.l (trans-3r): 68 mg, FAEA, =% 90%. m.p.
125~127 °C; '"H NMR (400 MHz, DMSO-ds) J: 11.20 (s,
1H), 8.50 (s, 1H), 8.04~7.98 (m, 3H), 7.91 (d, /=8.4 Hz,
1H), 7.67~7.59 (m, 2H), 7.41 (s, 1H), 4.87 (d, J/=8.4 Hz,
1H), 4.70~4.63 (m, 1H), 4.23 (q, J=7.2 Hz, 2H), 1.25 (4,
J=72 Hz, 3H); 3C NMR (150 MHz, DMSO-ds) ¢:
168.87, 166.65, 159.05, 134.60, 131.97, 129.00, 128.73,
128.42, 128.26, 128.22, 127.73, 127.05, 125.08 (q, Jcr=
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277.5 Hz), 123.88, 69.59, 63.56 (q, Jor=30.3 Hz), 61.54,
13.97; '9F NMR (376 MHz, DMSO-ds) 0: —73.52 (d, J=
6.4 Hz); HRMS (ESI) caled for CisHicF3N3NaOs; [M—+
Na]" 402.1036, found 402.1018.

1-(PR PR -2~ FFR Ik e )-5-( = 38 HR 2 )-4,5- &~ 1 H-TK k-
4-FRIR LW (trans-3s): 57 mg, FEGEER, 772 90%. m.p.
98~100 ‘C; 'H NMR (400 MHz, DMSO-ds) J: 10.98 (s,
1H), 7.95 (dd, J=1.6, 0.8 Hz, 1H), 7.36 (s, 1H), 7.29 (d,
J=3.6 Hz, 1H), 6.69 (dd, J=3.6, 2.0 Hz, 1H), 4.85 (d, J=
8.4 Hz, 1H), 4.60~4.53 (m, 1H), 4.22 (q, J=7.2 Hz, 2H),
1.25 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, DMSO- ds)
5: 168.76, 158.82, 157.73, 146.43, 145.11, 124.94 (q,
Jer=276.9 Hz), 115.67, 112.06, 69.49, 63.37 (q, Jer=
30.2 Hz), 61.52, 13.93; '9F NMR (376 MHz, DMSO-dj) o:
—68.83 (d, J=6.8 Hz); HRMS (ESI) calcd for Ci,H)s-
F3N3NaO, [M+Na]" 342.0672, found 342.0664.

1-(MEE g Pt e 25 )-5-( = 3 FH 38 )-4,5- & - 1 H-IK -4
IR L BE(trans-3t): 54 mg, AR, 77F 82%. m.p.
90~92 ‘C; 'H NMR (400 MHz, DMSO-d) 6: 11.26 (s,
1H), 8.69 (dt, J=4.8, 1.2 Hz, 1H), 8.05 (dd, J=5.2, 1.6
Hz, 2H), 7.71~7.66 (m, 1H), 7.35 (s, 1H), 4.85 (d, J=8.8
Hz, 1H), 4.67~4.60 (m, 1H), 4.24 (q, J=7.2 Hz, 2H),
1.27 (t, J=7.2 Hz, 3H); *C NMR (150 MHz, DMSO- ds)
5: 168.83, 164.01, 158.81, 148.74, 148.54, 137.92, 127.41,
124.93 (q, Jor=276.6 Hz), 122.65, 69.48, 63.47 (q, Jor=
30.2 Hz), 61.48, 13.93; '9F NMR (376 MHz, DMSO-dj) o:
—73.44 (d, J=6.0 Hz); HRMS (ESI) calcd for Ci3Hjs-
F3N4NaO; [M+Na]" 353.0832, found 353.0831.

157 T MG - 5-( = FH 8)-4,5- -1 H-IK -4 52
i £ W6 (trans-3u): 48 mg, HEFEA, 723 82%. m.p.
126~128 “C; '"H NMR (400 MHz, DMSO-ds) d: 10.38 (s,
1H), 7.22 (s, 1H), 4.79 (d, J=8.4 Hz, 1H), 4.45~4.38 (m,
1H), 4.20 (q, J=7.2 Hz, 2H), 2.41~2.34 (m, 1H), 1.24 (t,
J=7.2 Hz, 3H), 1.02 (dd, J/=6.8, 1.6 Hz, 6H); *C NMR
(150 MHz, DMSO-ds) 6: 176.42, 168.79, 159.01, 124.97
(q, Jor=276.8 Hz), 69.39, 62.94 (q, Jer=29.9 Hz),
61.46, 31.83, 18.96, 18.69, 13.91; '°F NMR (376 MHz,
DMSO-ds) §: —73.59 (d, J=6.8 Hz); HRMS (ESI) calcd
for C;Hi6F3N3NaO; [M + Na] ©  318.1036, found
318.1035.

138 G Jig - 5-( = 9 HH 8 )-4,5- —&-1 H-WKIE-4-38
i .1 (trans-3v): 41 mg, FHEREIE, P23 66%. m.p.
114~116 C; 'H NMR (400 MHz, DMSO-ds) d: 10.16 (s,
1H), 7.17 (s, 1H), 4.77 (d, J=8.8 Hz, 1H), 4.46~4.38 (m,
1H), 4.21 (q, J=7.2 Hz, 2H), 1.24 (t, J=7.2 Hz, 3H), 1.12
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(s, 9H); *C NMR (150 MHz, DMSO-ds) d: 177.69,
168.83, 159.30, 124.96 (q, Jcr=276.8 Hz), 69.36, 62.71
(q, Jer=30.0 Hz), 61.44, 37.41, 26.71, 13.91; 'F NMR
(376 MHz, DMSO-ds) 9: —68.63 (d, J=6.4 Hz); HRMS
(ESI) caled for CoHigFsNsNaO; [M+Na] " 332.1192,
found 332.1197.

1-CA O F Ik e 32k )-5-( = 560 HF 9% )-4,5- —&-1H-PK
WE-4-FRBR 2. (trans-3w): 46 mg, HEREE, 753K 69%.
m.p. 128~130 C; '"H NMR (600 MHz, DMSO-dys) o
10.31 (s, 1H), 7.19 (s, 1H), 4.77 (d, J=8.4 Hz, 1H), 4.43~
438 (m, 1H), 420 (q, J=2.4 Hz, 2H), 2.15~2.10 (m,
1H), 1.71~1.68 (m, 4H), 1.62~1.60 (d, J/=10.8 Hz, 1H),
1.36~1.27 (m, 2H), 1.25~1.13 (m, 6H); '*C NMR (150
MHz, DMSO-ds) §: 175.43, 168.78, 159.05, 124.97 (q,
Jer=276.2 Hz), 69.38, 63.47 (q, Jor=30.3 Hz), 61.45,
41.50, 28.75, 28.40, 25.25, 25.01, 24.91, 13.90; F NMR
(376 MHz, DMSO-ds) 6: —73.25; HRMS (ESI) calcd for
C1sH20F3N3NaO; [M+Na]" 358.1349, found 358.1331.
322 Ahdh 4a 8944

TE R P, RN = 5 H BBt i%(1a, 0.050 g,
0.2 mmol). AgOAc (0.007 g, 0.04 mmol). PUZMENHQ2
mL)F1F 5 2 5 H5(0.040 g, 0.4 mmol). KL iE &
RIS FHERE, HZE TLC W B 5e 4. ARG A=
RMRAYIFR I 2 mL WA SEAEA T, BERE S min,
LR T4 mL X 3)AEHL, WA HIAH, H KRR T
M. VR ZETRBR EVA R, TRV AL E T o B Vi
i) © MR =1 111530/ 1-(4-1f 5k 2% I 1k
J% )-5-( = % F 3k )-4,5- & -1H- K M -4- R TR S
(trans-4a) 67 mg, HEEE, % 93%. mp. 176~
178 °C; '"H NMR (400 MHz, DMSO-ds) &: 11.42 (s, 1H),
8.38 (d, J=8.8 Hz, 2H), 8.12 (d, J=9.2 Hz, 2H), 7.46 (s,
1H), 4.95 (d, J=8.4 Hz, 1H), 4.74~4.67 (m, 1H), 3.81 (s,
3H); 3C NMR (150 MHz, DMSO-ds) J: 169.40, 165.23,
158.77, 149.70, 137.11, 129.26, 125.05 (q, Jcr=276.9
Hz), 123.78, 69.52, 63.18 (q, Jcr=29.9 Hz), 52.76; 'F
NMR (376 MHz, DMSO-ds) §: —73.38; HRMS (ESI)
caled for Cj3HiFsNyNaOs [M+Na]® 383.0574, found
383.0584.

1 EH ab (1 & 7L R E D) 4a.

1-(4- Tl 3 5 R B 2 )-5-( = 98 P 3 )-4,5- — & -1H-Tk
W -4- R TR AT BE (trans-4b): 71 mg, HEEEA, =&
88%. m.p. 208~210 °‘C; '"H NMR (400 MHz, DMSO-ds)
5: 11.37 (s, 1H), 8.39 (d, J=8.8 Hz, 2H), 8.12 (d, J=8.8
Hz, 2H), 7.43 (s, 1H), 4.74 (d, J=8.8 Hz, 1H), 4.66~4.59
(m, 1H), 1.49 (s, 9H); 3C NMR (150 MHz, DMSO-ds) o:
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167.75, 165.06, 158.56, 149.66, 137.17, 129.22, 125.07 (q,
Jer=276.8 Hz), 123.76, 81.91, 70.31, 63.29 (q, Jc.r=29.6
Hz), 27.57; YF NMR (376 MHz, DMSO-ds) J: —73.24;
HRMS (ESI) caled for Cj¢Hi7FsNsNaOs [M + Na] *
425.1043, found 425.1045.
323 b s a9h R

T A KON 3a (0.2 mmol, 75 mg)-
PUSRIE(2 mL). 7K(1.2 mmol, 22 mg)FIik £5FR(37%.
40.6 mg, 1.1 mmol). K¢ NI -&Y1E % il T i HE S v
24 h, SRR NAR BN 2 mL MR IR S AT R,
BEFE 5 min, H R ME4 mLX3)ZEHL, 4 G LA,
F TR TR BN T8, A AUAR DI T 280 B K850, 7R
MRS B VR ME) @ MR B =1 11153
FEW) 4,4,4- = 5 -2- I e - 3-(2-(4- R 35 2% VR 32 R 3 )
TR CEEG) 51 mg, AEMREAEK, =2 65%. mp. 165~
167 ‘C; 'TH NMR (400 MHz, DMSO-ds) 6: 10.55 (d, J=
4.4 Hz, 1H), 8.69 (d, J=8.4 Hz, 1H), 8.36 (d, J=8.4 Hz,
2H), 8.27 (s, 1H), 8.03 (d, J=8.8 Hz, 2H), 6.11 (s, 1H),
5.06 (d, J=8.8 Hz, 1H), 4.30 (s, 1H), 4.05 (q, J=6.0 Hz,
2H), 1.15 (t, J=6.8 Hz, 3H); *C NMR (150 MHz,
DMSO-ds) 0: 168.48, 164.44, 161.38, 149.36, 137.91,
128.70, 123.74 (q, Jcr=282.2 Hz), 123.71, 61.81, 60.71
(q, Jor=26.1 Hz), 47.72, 13.78; '9F NMR (376 MHz,
DMSO-ds) 9: —71.42 (d, J=7.1 Hz); HRMS (ESI) calcd
for C14H;sF:3NyNaOs [M + Na] ©  415.0836, found
415.0824.

4 Bh#1 Bl (Supporting Information) 1L&%) 3a~3w,
4a 1 4b J 5 f] '"H NMR. C NMR. F NMR LK
I TG B X B RS RE T EL A B AT ) 355 (http://
sioc-journal.cn/) b F %K.
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