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Abstract 1,2,4-Triazoles, standing for a class of five-membered nitrogenous heterocyclic compounds, show anti-inflam-
matory, anti-fungal and other biological activities. They also served as important intermediates in organic synthesis. Thus, the
pursuit of general and efficient synthesis of 1,2,4-triazoles that controls the introduction of substituents in a highly regioselec-
tive fashion has been of continued interest to synthetic organic chemists. In this paper an electrochemical dehydrogenative [3+
2] annulation used for the synthesis of 1,2,4-triazoles from cheap and readily available amines and hydrazones was developed.
Their structures were confirmed by '"H NMR, *C NMR and HRMS analyses. Advantageously, this method proceeds in a tran-
sition-metal-, acid-, base- and external oxidant-free fashion to provide a variety of functionalized 1,2,4-triazoles. The reaction
constitutes a new transformation from hydrazones and amines to 1,2,4-triazoles, providing a unifying, simple and environmen-
tally friendly approach to the currently available methods.

Keywords 1,2,4-triazoles ; [3+2] annulation ; electrochemical synthesis; green chemistry.
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REVEA 245 A F 58 (amitrole). ILAL, %A MIE &
AL LA DAL & B Y B R AR 1) [ it
RIE 1,2,4-=F AT 2 H A LA BTN
{H.

BT 124 =FEMBU AN L EZEWER, KR
SO RO A R 1,2,4- =51 Tk — B UK 2B LK
2D R g5 T AR RS, 8 L& RIS ()
B V- 25 AR P 2 s 2 L 2R ALyt i D410, i 34
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1 HR5R

1.1 REFHHMRL

NE LA R i (1) R i (2a) A RSAR R Y, 7E
A3 P HL g b, S R e g B ARCRT B A, 6T s Iz 2%
PEHEAT R, BARM L R 1 s, BL 20 mol%
) "BusNI (TBAI)AEAT, 10 mol%[ LiClOs H HLAF S,
1E 15 mA 18 B S fF T HEAT HURR, 18 MU R SR, 2
h J5 74 3aa B3 B 77 %0 85% (Entry 1). 4 J5 S S
[HZE 1 h, 729 3aa YR T £ 62% (Entry 2). 2 FK
75358 S N R IR, Nal. HI. NHal & "BugNBr AR N
AW RESAS B Arr7 ) 3aa, EBCEAM TBAI (En-
tries 3~6). {8 FHET A ABABHPI AR« B0 F A FH B R
HBARR, F=Y) 3aa (177 25378 13%A1 15% (Entries 7~
8); IR EIR D IR AFI T I B 1) H bR =4 (3aa F4k
(Entries 9~10. #F—P 7RI LE L, —H
F I HPY(DMSO). N,N-— F k% (DMF) 5 e fl
LA, NSRS 0 £ ) (Entries 11~ 14).
"BusNBF, 8¢ "BusNPFg Ay HLf# 7 T S0 3 T % (Entries
15~16). Fhim KPR ESAE HbR=Y) 3aa 11722 FE1K
(Entry 17). 4R MAET S EATHS, HERY) 3aa [
WCRATSRATIL 78% (Entry 18). ANEHEEA I TBAI
(Entries 19~20), ¥ AR H bR 3aa. [HIF 12
M2, KON URE 10 mmol KRN E, HArP Y 3aa
HICE A 75% (Entry 21).

N~

transition pero- boron
A

metal

an
NTAAL
different reactants

E1

B 1,2, 4- =R MART AW & iOT 1 2 1

Figure 1 Different methods for the synthesis of substituted 1,2,4-triazoles
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Scheme 1 Electrochemical dehydrogenative [3+2] annulation used for the synthesis of target compounds
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Table 1 Optimization of reaction conditions for the synthesis of
3aa

Ph
|

Ph
.NH NH, C(*)IC(-)I=15mA - >_©
g ¥ @ LiClO4, MeCN , 2 h Ph/ILN/
3aa

1a 2a TBAI, undevided cell

Ph

Entry  Variation from the standard conditions Yield”/%

1 None 85
2 1 hinstead of 2 h 62
3 Nal instead of TBAI 72
4 HI instead of TBAI 69
5 NHal instead of TBAI 74
6 "BusNBr instead of TBAI 57
7 Pt(+)|Pt(—) instead of C(+)|C(—) 13
8 Pt(+)|C(—) instead of C(+)|C(—) 15
9 12 mA instead of 15 mA 75
10 18 mA instead of 15 mA 68
11 DMSO instead of MeCN 28
12 DMF instead of MeCN 39
13 DCM instead of MeCN 30
14 EtOH instead of MeCN trace
15 "BusNBF; instead of LiClO4 71
16 "BusNPFs instead of LiClO4 70
17 60 Cinstead of room temperature 72
18 Air instead of Ar 78
19 No current n.d.
20 Without TBAI n.d.
21¢ Large-scale reaction 75

4 Reaction conditions: carbon rod anode, carbon rod cathode, constant
current 15 mA, 1a (0.3 mmol), 2a (0.45 mmol), TBAI (20 mol%), LiClO4 (0.1
mol/L), MeCN (5 mL), 2 h, Ar, room temperature, undivided cell. ? Isolated
yield. ¢ Reaction conditions: carbon rod anode, carbon rod cathode, constant
current 15 mA, 1a (10 mmol), 2a (15 mmol), TBAI (20 mol%), LiCIO4 (10
mmol), MeCN (40 mL), 15 h, Ar, room temperature, undivided cell.

1.2 RNIERYIIARE
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I N A S A3 20 R B, LA 43%~83% I
FAZFIAE R 724 3ab~3ak. MAKKIE, IFEM 1 C
Ui AR ZRIR, AR Hom A 4h f R A 2 T T 2
B, = RLES MR K AR 1 B Anib &4, 23 (a4 BH L 352
KIFARAL TR AT AE P35 e 2 A e A5 21 AH
[P F=4) 3ah~3ai. B 5 [ BRI 11 C an B A
KL, 55N u AR R 2R I SRR 1) F -8R )
%R NWCR R, R 2 ATE: B R[E BT
BEr T R T R A R e AR MR S, 15 AR =
¥ 3al~3ao.
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3ha~3ia. fH5 IR, 2-F 3T H &R H st
REIFIEEAT, 19 BIAH R =9 3ja~3ka, R 57 &
55%H 47%. S NI, BT R ML RE AR A
FEJF 1) B3 S I HL AL 2E A3+ 20 ML B, B 49%~
82%HISCRAFBIAR N () 724 3la~3na. BT & &K 1,2,4-
ZRMATEM LT IR TH NMR 3. 13C
NMR #5173 3% 0 1 S5 1 o

1.3 RNHIEHR

NTIRNRIC ML, ERAEET, FR AR
ZHIIA 2 equiv.i B HEERHET] 2,2,6,6-VU H IR IE 4
LYI(TEMPO), M AZH] TR F4H], HARF=Y) 3aa
HIVCRAUN 19%. TEIMR 25250 25 5 WL 2, TBAI(HH
Z& d)fE 045 V id ISR, %S A5 R
TBAI 1) T %5 G 7EBAMR A A A, AR Rl 2.

ghA S ok B R SCRRAROE, JRH TR ONHL
H(Scheme 2): Bt TBAIL 1 I 7ERHMR K A AL A B
WL E 3L, BEJE, B R R A R (1a) 1 S A A
A MR E R B, B kFE—ANHL 1R E
C. #4 C A% 2a) M AE i rh )k D, D #—5 &k
BRI RE R E BASH A F, FABLE
MAERKE BT EE G, G 2l R TE. T AR
. KERFEEL RS H AR 3aa.

2 i

CABRIY 55 15 R 5 JE U AR i e M Dok, 70 AL
ST R — G T R/ 1,3,5- =B 1,2,4-
SRMEATAESD, SNSRI G FE .
LT T I IMEAT AL GV B A AT R B, N
AREZERWE 1,2,4- = FMATAEDRAL T — 2%
e R HL V) ST AT 6 R B
3 ZWERSY
3.1 UHF5EH

'HNMR. 3C NMR i & #f Bruker Ascend-400 4%
T AR % 351 (400 MHz)I 52, PAPY B JERE S (TMS)
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Exactive =2 # A (HRMS, FEER G /REHA R A
A IIRE; 4 A XT-4 B He R A0 A AL R 35
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Table 2 Scope of hydrazones 1 used in the reaction

C(#)|C(-) I =15 mA

R *+ Ph” NH N
~ 2 LiCIO,4, MeCN W y—pn
2a 2h, TBAI R% N
3
_Ph Ph Ph Ny
M —< >_</N\N < >_</N\N/ F N “ \ L
e MeO
=l NN <:> (N/* N"ph
Ph Ph Ph 3ae 60%
3ab 66% 3ac 74% 3ad 43%
N, oD . Ph Cl Ph N\N/Ph
Br4©—(/ i MeOOC—@—(/ i y N L
N"pp N"pp N/*Ph N™pp
3af 60% 3ag 68% 3ah 46% ' sais1o
Ph Ph
\ Nep ™ N\N/Ph —N N
ﬁ;;>_<ﬁ¢L\ k‘i\ : N\N)\Ph N\N)\Ph
Ph Ph
3aj 43% 3ak 83% MeO cl
3al 71% 3am 50%
Ph ZNEN
—N =
V.
Br
3an 57% 3a0 45%

9 Reaction conditions: carbon rod anode, carbon rod cathode, constant current 15 mA, 1 (0.3 mmol), 2a (0.45 mmol), TBAI (20 mol%), LiClO4 (0.1 mol/L), MeCN (5

mL), 2 h, Ar, room temperature, undivided cell.

£3 IEEY 2 HEMAE

Table 3 Scope of amines 2 used in the reaction”

Ph
CHICE)I=15mA N
PhVN\N/Ph + R/\NH2 . /IL />—R
H LiCIOs, MeCN, 2h A~
1a 2 TBAI 3
Ph Ph Ph Ph .
N/N 7—< >— N/N 7—< >— [\/r"‘ F ) a Cl WN/H -
/ Me / OMe \ W/ w CF3
L P Ph)—N Ph)—N o
PR 3basov P 3cas3% 3da 66% 3ea 71% 3fa 53%
- () I
- . 0
N OMe NN N NS N
i : js < Y i f
Ph" MeO e Ph)‘N P N o/ TN OMe
0, 0,
3ga 81% 3ha 66% 3ia 45% 3ja 55% 3ka 47%
Ph Ph Ph
N N N
N N’ NN —
R LM =
P P P
3la 82% 3ma 65% 3na 49%

@ Reaction conditions: carbon rod anode, carbon rod cathode, constant current 15 mA, 1a (0.3 mmol), 2 (0.45 mmol), TBAI (20 mol%), LiClO4 (0.1 mol/L), MeCN

(5 mL), 2 h, Ar, room temperature, undivided cell.
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0.0007] CREGS mL), IABRET. 72 = DA I ESE b a1k
0.0006{ b KA, 6 SRR RY. B SRSV,
0.0005] | HAE R T LA 15 mA (OPEE MPTHAR 2 h. f2ILR,
< 2222: - RSN 10 mL 7K, F 2.8 Z. B8 % H(20 mL X 3),
E B | 2> (=} N 2y 4k \cd A N
= 00002 9 A HUA H Jo /KB BR AN T4, Jak 1T e 2 A B 771 45 4H =
0.0001 _/ W, PR Rt e S 2L A 3.
0.0000 ~— 1,3,5- = K FE-1H-1,2,4- = 5 M (3aa)"): 35 €0 [E] 44,
0000102 o0 05 To i 85%. m.p. 74~76 C; 'H NMR (400 MHz, CDCly)
E/V(SCE) 0: 8.25 (d, J=7.2 Hz, 2H), 7.56~7.58 (m, 2H), 7.46~

B2 AFRLAYE LICIOs MR 0.1 mol/L (1 ZJ5(10 mL)
TERAEIAR 223 Hh £ 18

Figure 2 Cyclic voltammograms of 0.1 mol/L of LiClOs in
acetonitrile (10 mL) solution containing different compounds

(a) Blank experiment; (b) only benzyl amine (0.045 mol/L); (c) only
1-benzylidene-2-phenylhydrazine (0.03 mol/L); (d) only tetrabutylammo-
nium iodide (0.006 mol/L); (e)l-benzylidene-2-phenylhydrazine (0.03
mol/L), tetrabutylammonium iodide (0.006 mol/L); (f) benzyl amine
(0.045 mol/L), tetrabutylammonium iodide (0.006 mol/L) (g)
1-benzylidene-2-phenylhydrazine (0.03 mol/L), benzyl amine (0.045
mol/L), tetrabutylammonium iodide (0.006 mol/L); with a GC disk
working electrode, Pt counter electrode, and SCE reference electrode at
0.01 V/s scan rate

AR A R E.

SR A A P EIRE R A IR A A, R
I S Ak FH BV I35 R T A e pr i, i o) S i 7032
TRalith, WL EEMH. BRI 1 MERTiES
HESCHR[33].
32 ZWHE
3.2.1 B ARMuA4 3aa~ 3ma #9465,

76 25 mL B =R IINEE 75 287 1 (0.3 mmol),
JiZ 2 (0.45 mmol), TBAI (20 mol%), &SR (1 mmol),
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7.50 (m, 2H), 7.42~7.45 (m, 6H), 7.40~7.42 (m, 1H),
7.34~738 (m, 2H); *C NMR (100 MHz, CDCL) &:
161.9, 154.7, 138.3, 130.7, 130.0, 129.3, 129.0, 128.9,
128.8, 128.5, 128.0, 126.6, 125.4; LRMS (EI 70 eV) m/z
(%): 297 (M", 100); HRMS (ESI) caled for CyH N3
(M+H)" 298.1338, found 298.1332.

1,5- 2R3 -3-Chf F 2R 36)- 1 H-1,2,4- = % W (3ab)22;
T E K, BE 66%. mp. 132~134 °C; 'H NMR (400
MHz, CDCls) 6: 8.14 (d, J=8.0 Hz, 2H), 7.56 (dd, J=8.0,
1.2 Hz, 2H), 7.39~7.42 (m, 6H), 7.33~7.37 (m, 2H), 7.28
(d, J=8.0 Hz, 2H), 2.41 (s, 3H); *C NMR (100 MHz,
CDCls) 6: 162.0, 154.6, 139.3, 138.3, 129.9, 129.3, 129.2,
129.0, 128.7, 128.5, 128.0, 127.9, 126.5, 125.4, 21.4;
LRMS (EI 70 eV) m/z (%): 311 (M", 100); HRMS (ESI)
caled for Co1H 1gN3 (M+H)™ 312.1495, found 312.1299.

3-(4- F AR B R L )-1,5- R R -1H-1,2.4- = B M
(3ac)?: PR EFE K, YR 74%. mp. 124~126 C; 'H
NMR (400 MHz, CDCl;) ¢: 8.18 (dd, J=7.2, 2.0 Hz, 2H),
7.54 (dd, J=8.0, 1.2 Hz, 2H), 7.38~7.42 (m, 6H), 7.33~
7.37 (m, 2H), 6.99 (dd, J=6.8, 2.0 Hz, 2H), 3.86 (s, 3H);

Chin. J. Org. Chem. 2021, 41, 2476~2484
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13C NMR (100 MHz, CDCl3) d: 161.8, 160.6, 154.5, 138.3,
129.9, 129.3, 128.9, 128.7, 128.5, 128.0, 127.9, 125.4,
123.4, 113.9, 55.2; LRMS (EI 70 eV) m/z (%): 327 (M",
100); HRMS (ESI) caled for CpHi;sN;O (M + H) *
328.1444, found 328.1447.

3-(4-F K HE)-1,5- K FE-1H-1,2,4- = Z M (3ad)22:
OB, R 43%. mp. 122~124 C; 'H NMR
(400 MHz, CDCl;) d: 8.23 (dd, J=8.8, 5.2 Hz, 2H), 7.55
(dd, J=8.0, 1.2 Hz, 2H), 7.39~7.43 (m, 6H), 7.34~
7.38(m, 2H), 7.13~7.17 (m, 2H); 3C NMR (100 MHz,
CDCly) 6: 164.8 (d, J=247 Hz), 161.1, 154.7, 138.1,
130.0, 129.3, 128.9, 128.8, 128.5 (d, J=4.0 Hz), 128.4,
127.8, 126.9 (d, J=3.0 Hz), 125.3, 115.6 (d, J=21.6 Hz);
LRMS (EI 70 eV) m/z (%): 315 (M, 100); HRMS (ESI)
caled for CaoH sFN; (M+H) " 316.1244, found 316.1240.

3-(4- A FFE)-1,5- I -1H-1,2,4- = % MW (3ae) 22
WA, R 60%. mp. 104~106 C; 'H NMR
(400 MHz, CDCl;) 8: 8.18 (d, J=8.8 Hz, 2H), 7.54~7.56
(m, 2H), 7.39~7.46 (m, 8H), 7.34~7.38 (m, 2H); 1*C
NMR (100 MHz, CDCLy) d: 161.0, 154.8, 138.1, 135.2,
130.1, 129.4, 129.2, 128.9, 128.9, 128.8, 128.6, 127.8,
127.8, 125.3; LRMS (EI 70 eV) m/z (%): 331 (M", 100);
HRMS (ESI) caled for CaHisCIN3 (M+H)" 332.0949,
found 332.0952.

3-(4-1R K FE)-1,5- R B -1H-1,2,4- = M (3ah)2):
WE AR, BE 60%. mp. 141~143 C; 'H NMR
(400 MHz, CDCl3) 6: 8.11 (d, J=8.8 Hz, 2H), 7.59 (d, J=
8.8 Hz, 2H), 7.54 (d, J=6.8 Hz, 2H),7.40~7.44 (m, 6H),
7.36 (t, J=7.6Hz, 2H); 3C NMR (100 MHz, CDCls) ¢:
161.1, 154.9, 138.2, 131.8, 130.1, 129.7, 129.4, 129.0,
128.6, 128.2, 127.8, 125.4, 123.6; LRMS (EI 70 eV) m/z
(%): 375 (M", 100); HRMS (ESI) caled for Cy0H;sBrN;
(M+H)" 376.0443, found 376.0454.

4-(1,5- A FE-1H-1,2,4- = 5 M -3- 38 ) 7 R F g
(3ag)??: JRF A A, IR 68%. mp. 163~165 C; 'H
NMR (400 MHz, CDCl3) : 8.33 (d, J=8.4 Hz, 2H), 8.14
(d, J=8.4 Hz, 2H), 7.56 (t, J=4.4 Hz, 2H), 7.42~7.33
(m, 8H), 3.92 (s, 3H); *C NMR (100 MHz, CDCl;) ¢:
166.7, 160.9, 154.9, 138.0, 134.8, 130.6, 130.0 129.8,
129.3, 128.9, 128.8, 128.5, 127.6, 126.3, 125.3, 52.0;
LRMS (EI 70 eV) m/z (%): 355 (M, 100); HRMS (ESI)
caled for CpHigN3O, (M + H) ©  356.1394, found
356.1393.

3-2-F K KE)-1,5- K- 1H-1,2,4- = M (3ah)'2:
FEEAR, R 46%. mp. 97~99 C; 'H NMR (400
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MHz, CDCls) §: 8.02 (dd, J=7.2, 4.4 Hz, 1H), 7.57 (d,
J=17.2 Hz, 2H), 7.51~7.54 (m, 1H), 7.39~7.44 (m, 6H),
7.34~7.38 (m, 4H); 3C NMR (100 MHz, CDCl;) o:
160.5, 154.2, 138.2, 133.0, 131.6, 130.7, 130.2, 130.1,
129.9, 129.4, 129.1, 1289, 128.6, 127.8,126.7,125.4;
LRMS (EI 70 eV) m/z (%): 331 (M", 100); HRMS (ESI)
caled for CypHisCINs (M + H) ©  332.0949, found
332.0952.

3-(3-F AR )-1,5- R HE-1H-1,2,4- = Z M (3ai) 2
@A, WE 51%. mp. 138~140 C; 'H NMR (400
MHz, CDCls) 0: 8.25 (dd, J=2.4, 1.6 Hz, 1H), 8.11~8.14
(m, 1H), 7.54 (t, J=6.8 Hz, 2H), 7.35~7.46 (m, 10H); 13C
NMR (100 MHz, CDCls) 0: 160.8, 154.9, 138.2, 134.7,
132.6, 130.2, 129.9, 129.5, 129.4, 129.0, 128.9, 128.7,
127.8, 126.7, 125.4, 124.7; LRMS (EI 70 eV) m/z (%): 331
(M, 100); HRMS (ESI) calcd for CyH;sCIN; (M+H)"
332.0949, found 332.0952.

3-(WR IR -2-35)-1,5- — 2K FE-1H-1,2,4- = F " (3aj)22:
ERETIARIBAE, YR 43%; 'TH NMR (400 MHz, CDCl3) 6:
7.55 (t, J=3.2, 10 Hz, 3H), 7.27~7.42 (m, 8H), 7.15 (d,
J=3.2 Hz, 1H), 6.54 (dd, J=2.0, 4.8 Hz, 1H); BCNMR
(100 MHz, CDCls) d: 155.2, 154.7, 146.1, 143.4, 138.0,
130.2,129.4, 129.0, 128.9, 128.6, 127.5, 125.5, 111.5,
109.8; LRMS (EI 70 eV) m/z (%): 287 (M", 100); HRMS
(ESI) caled for CisH14aN;O (M+H)" 288.1131, found
288.1138.

3-(UT HE)-1,5- K FE-1H-1,2,4- =% M (3ak)?: H
A, R 83%. mp. 169~171 ‘C; 'H NMR (400
MHz, CDCly) d: 7.47 (d, J=1.2 Hz, 2H), 7.31~7.46 (m,
8H), 1.48 (s, 9H); '3C NMR (100 MHz, CDCls) §: 171.8,
153.8, 1384, 129.6, 1292, 129.0, 1284, 1284,
128.4,125.4, 32.9, 29.7; LRMS (EI 70 eV) m/z (%): 277
(M", 100); HRMS (ESI) caled for CigHyN; (M+H)"
278.1651, found 278.1659.

1-(4- FF 480 0 2K 36 )-3,5- R FL-1H-1,2.4- = % M
a2 FEE A, KE 71%. mp. 127~129 C; 'H
NMR (400 MHz, CDCl;) §: 8.23~8.25 (m, 2H),7.56~
7.59 (m, 2H), 7.32~7.49 (m, 8H), 6.93~6.96 (m, 2H),
3.84 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 161.7, 159.8,
154.7, 131.4, 130.9, 129.9, 129.3, 128.9, 128.6, 128.5,
128.1, 126.9, 126.6, 114.6, 55.6; LRMS (EI 70 eV) m/z
(%): 327 (M, 100); HRMS (ESI) caled for C51H1sN3O (M
+H)" 328.1444, found 328.1447.

1-(4- G K FE)-3,5- K FE-1H-1,2,4-=F M 3am)!);
WHE OB, BE 50%. mp. 102~104 C; 'H NMR
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(400 MHz, CDCLy) 8: 8.22 (d, J=7.2 Hz, 2H), 7.55 (d, J=
7.2 Hz, 2H), 7.35~7.49 (m, 10H); *C NMR (100 MHz,
CDCls) 6: 162.2, 154.9, 136.8, 134.6, 130.5, 130.2, 129.6,
129.0, 128.7, 128.6, 127.8, 126.6, 126.5; LRMS (EI 70 V)
m/z (%): 331 (M ", 100); HRMS (ESI) calcd for
CaoH5CINs (M+H)" 332.0949, found 332.0952.

1-(4- VR K FE)-3,5- — K F-1H-1,2,4- = 5" (3an)22:
ERBEOPIREA, Y% 57%; 'TH NMR (400 MHz, CDCls)
J: 8.22 (dd, J=8.4, 2.0 Hz, 2H), 7.55 (dd, J=6.8, 1.6 Hz,
4H), 7.38~7.49 (m, 6H) ,7.31 (dd, J=6.8, 2.0 Hz, 2H);
13C NMR (100 MHz, CDCl3) d: 162.2, 154.8, 137.3, 132.6,
130.5, 130.3, 129.6, 129.0,128.8, 128.7, 127.8, 126.8,
126.7,122.5; LRMS (EI 70 eV) m/z (%): 375 (M", 100);
HRMS (ESI) caled for CoHisBrN; (M+H)" 376.0443,
found 376.0454.

3,5- TORFE-1-(3-( = o AR R L) - 1H-1,2,4- = &M
(320)2%: JRFEAE A, WK 45%. mp. 121~123 C; 'H
NMR (400 MHz, CDCls) 6: 8.25 (dd, J=1.6, 1.6 Hz, 2H),
7.79 (s, 1H), 7.68 (d, J=7.2 Hz, 1H), 7.55~7.53 (m, 4H),
7.49~738 (m, 6H); *C NMR (100 MHz, CDCL) o:
162.3, 154.9, 138.5, 132.4 (q, Jor=33.1 Hz), 130.4, 130.2,
129.8, 129.6, 128.9, 128.7, 128.6, 128.1, 127.5, 127.3 (q,
Jer=271.1 Hz, CF3), 126.5, 125.3 (q, Jcr=3.6 Hz), 122.1
(q, Jer=3.7 Hz); YF NMR (376 MHz, CDCl;) §: —62.8;
LRMS (EI 70 eV) m/z (%): 365 (M, 100); HRMS (ESI)
caled for Co H sFsN; (M+H)" 366.1213, found 366.1218.

1,3- IR FE-5-(O6F FE IR 3E)-1H-1,2,4- =& 1 (3ba)ll:
WO E AR, IR 82%. m.p. 80~82 C; 'H NMR (400
MHz, CDCLs) &: 8.27 (t, J=6.8 Hz, 2H), 7.42~7.48 (m,
10H), 7.16 (d, J=8.0 Hz, 2H), 2.36 (s, 3H); '3C NMR (100
MHz, CDCl;) 6: 161.8, 154.8, 140.1, 138.4, 130.8, 129.3,
129.2, 128.9, 128.8, 128.7, 128.5, 126.5, 125.4, 125.1,
21.3; LRMS (EI 70 eV) m/z (%): 311 (M", 100); HRMS
(ESI) caled for CyHisN; (M+H) " 312.1495, found
312.1299.

5-(4- AR R E R )-13- I IH12,4- = B M
(3ca)¥: wREE ALK, I 83%. mp. 101~103 C; 'H
NMR (400 MHz, CDCl;) J: 8.24~8.26 (m, 2H), 7.41~
7.51 (m, 10H), 6.86 (d, J=9.2 Hz, 2H), 3.79 (s, 3H); 1*C
NMR (100 MHz, CDCLy) o: 161.7, 160.8, 154.6, 138.4,
130.8, 130.4, 129.3, 129.2, 128.6, 128.5, 126.5, 125.4,
120.3, 113.9, 55.2; LRMS (EI 70 eV) m/z (%): 327 (M",
100); HRMS (ESI) caled for CyH;sN:O (M + H) "
328.1444, found 328.1447.

S-(4-5 K HE)-1,3- R K- 1H-1,2,4- = #(3da)??: 7%

2482 http://sioc-journal.cn/
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T E K, BE 66%. mp. 99~101 C; 'H NMR (400
MHz, CDCls) d: 8.13(dd, J=8.4, 1.6 Hz, 2H), 7.45 (dd,
J=8.8, 5.2 Hz, 2H), 7.30~7.37 (m, 8H), 6.95 (t, J=8.4
Hz, 2H);3C NMR (100 MHz, CDCLs) ¢: 164.8 (d, J=
249.7 Hz), 162.2, 154.1, 138.4, 131.3, 131.2, 130.9, 129.7
(d, J=3.3 Hz), 129.2, 128.8, 126.8, 125.7, 124.4 (d, J=3.5
Hz), 116.1 (d, J/=21.8 Hz); LRMS (EI 70 eV) m/z (%):
315 (M",100); HRMS (ESI) calcd for C20H;sFN; (M+H) "
316.1244, found 316.1240.

5-(4-F A FE)-1,3- T HIE-1H-1,2,4- = % MW (3ea):
WHE OB, B 71%. mp. 131~133 ‘C; 'H NMR
(400 MHz, CDCl;) o: 8.23 (dd, J=8.0, 1.6 Hz, 2H),
7.40~7.52 (m, 10H), 7.32~7.35 (m, 2H); '*C NMR (100
MHz, CDCl;) d: 162.0, 153.7, 138.1, 136.2, 130.5, 130.2,
129.5, 129.5, 129.0, 128.8, 128.6, 126.5, 126.4, 125.4;
LRMS (EI 70 eV) m/z (%): 331 (M", 100); HRMS (ESI)
caled for CypHisCINs (M + H) ©  332.0949, found
332.0952.

1,3- R EE-5-(4-( =3 P L) R AR )-1H-1,2,4- = M
(3fa): WFAE A, WE 53%. mp. 124~126 C; 'H
NMR (400 MHz, CDCl3) d: 8.25 (dd, J=2.0 Hz, 1.2 Hz,
2H), 7.71 (d, J=8.4 Hz, 2H), 7.63 (d, J=8.4 Hz, 2H),
7.50~7.40 (m, 8H); 3C NMR (100 MHz, CDCl;) o:
162.1, 153.2, 137.8, 132.2 (q, Jer=32.7 Hz), 131.3, 130.3,
129.6 (q, Jer=14.4 Hz),, 129.5, 128.6, 127.7 (q, Jor=
270.8 Hz, CF3), 126.5, 125.58, 125.54, 125.4, 125.3; 'F
NMR (376 MHz, CDCly) 6: —62.8; LRMS (EI 70 eV)
mlz (%): 365 (M", 100); HRMS (ESI) calcd for CyHis-
FsN3 (M+H)" 366.1213, found 366.1216.

5-2,4- T HARFE R FL)-1,3- TR F-1H-1,2,4- = F M
(3ga): TRFECIHPIRIBAER, % 81%; 'H NMR (400 MHz,
CDCl) &: 8.25 (t, J=1.6 Hz, 2H), 7.57 (d, J=8.4 Hz, 1H),
7.28~7.47 (m, 8H), 6.59 (dd, J=8.4, 2.4 Hz, 1H), 6.33 (d,
J=2.0 Hz, 1H), 3.81 (s, 3H), 3.27 (s, 3H); '*C NMR (100
MHz, CDClL) 6: 162.8, 161.7, 157.9, 152.7, 139.1,
132.2,131.0, 129.1, 128.7, 128.4, 127.6, 126.5, 123.1,
110.7, 105.1, 98.7, 55.3, 54.7; LRMS (EI 70 eV) m/z (%):
357 (M+, 100); HRMS (ESI) calcd for C22H20N302 (M+
H)" 358.1550, found 358.1555.

1,3- R F-5 (BEWy -2-3E)-1H-1,2,4- = % " (3ha) 22
AR, R 66%. m.p. 142.0~144 °C; "H NMR (400
MHz, CDCl;) §: 8.21~8.23 (m, 2H), 7.51 (s, SH), 7.40~
7.47 (m, 3H), 7.36 (dd, J=4.8, 0.8 Hz, 1H), 7.05 (dd, J=
3.6, 0.8 Hz, 1H), 6.93 (dd, J=5.2, 4.0 Hz, 1H); *C NMR
(100 MHz, CDCls) §: 161.8, 150.1, 137.9, 130.5, 129.8,
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129.5, 129.4, 128.8, 128.7, 128.5, 127.5, 126.6, 126.6,
125.3; LRMS (EI 70 eV) m/z (%): 303 (M", 100); HRMS
(ESI) caled for CisHiuNsS (M+H)" 304.0902, found
304.0909.

5-(25-1-3E)-1,3- A KE-1H-1,2,4- =% M (3ia): K HE
O, R 45%. mp. 106~108 ‘C; 'H NMR (400
MHz, CDCls) d: 8.31~8.33 (m, 2H), 7.94 (dd, J=12.8,
8.0 Hz, 2H), 7.87 (dd, J=6.8, 2.0 Hz, 1H), 7.39~7.51 (m,
7H), 7.28~7.30 (m, 2H), 7.20~7.23 (m, 3H); '*C NMR
(100 MHz, CDCl3) d: 162.0, 153.7, 137.8, 133.6, 131.5,
130.7, 130.6, 129.4, 129.0, 128.9, 128.6, 128.3, 128.0,
127.2, 126.6, 126.5, 126.0, 125.3, 124.9, 123.9; LRMS (EI
70 eV) m/z (%): 347 (M", 100); HRMS (ESI) calcd for
Co4H1sN3 (M+H) ™ 348.1495, found 348.1490.

2-(1,3- R FE-1H-1,2,4- = Me-5- 58 ) K 1% (3ja)l'):
HEE A, WE 55%. mp. 136~138 C; 'H NMR (400
MHz, CDCls) 6: 8.24 (dd, J=8.0, 2.0 Hz, 2H), 7.40~7.50
(m, 8H), 7.13~7.18 (m, 1H), 6.80~6.86 (m, 2H), 6.47~
6.51 (m, 1H), 5.30 (s, 2H); '*C NMR (100 MHz, CDCl;) ¢:
161.1, 153.3, 146.6, 138.6, 131.0, 130.7, 130.2, 129.4,
129.3, 128.6, 128.5, 126.5,125.3, 117.0, 116.6, 111.0;
LRMS (EI 70 eV) m/z (%): 312 (M", 100); HRMS (ESI)
caled for CooH 7Ny (M+H)" 313.1447, found 313.1440.

1,3- Z R HE-1H-1,2,4- = ME-5-F2 % H IE (3ka): %
O E AR, R 47%. m.p. 85~87 °C; 'H NMR (400 MHz,
CDCl;) d: 820~822 (m, 2H), 7.51~7.55 (m, 5H),
7.45~7.47 (m, 3H),3.95 (s, 3H); 3C NMR (100 MHz,
CDCLs) 6: 162.2, 157.9, 145.2, 137.9, 130.0, 129.8, 129.7,
129.0, 128.6, 126.8, 125.8, 53.2; LRMS (EI 70 eV) m/z
(%): 279 (M, 100); HRMS (ESI) caled for CsH14N30,
(M+H)" 280.1080, found 280.1088.

1,3- AR5 PR 1H-1,2.4- =AM (31a)22): ki (0,
[k, % 82%. m.p. 57~59 °‘C; 'H NMR (400 MHz,
CDCls) d: 8.16 (dd, J=8.0, 1.6 Hz), 7.36~7.53 (m, 8H),
2.80 (t, J=7.6 Hz, 2H), 1.79~1.84 (m, 2H) ,0.96 (t, J=
7.2 Hz, 3H); '*C NMR (100 MHz, CDCl;) d: 161.5, 156.9,
137.7, 131.0, 129.5, 129.2, 128.9, 128.5, 126.5, 125.3,
28.5,21.5,13.8; LRMS (EI 70 eV) m/z (%): 263 (M", 100);
HRMS (ESI) caled for C;7H;sN; (M+H)" 264.1495,
found 264.1490.

1,3- R H-5- 20 FE-1H-1,2,4- =% W (3ma)?2: #
IR IBAR, WR 65%; 'TH NMR (400 MHz, CDCl3) o:
8.21 (dd, J=8.4, 2.0 Hz, 2H), 7.51~7.54 (m, 4H), 7.41~
7.48 (m, 4H), 6.60~6.67 (m, 1H), 6.53 (dd, J=17.6, 2.0
Hz, 1H) 5.67 (dd, J=10.8, 2.0 Hz, 1H); '3C NMR (100
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MHz, CDCL3) 8: 161.9, 152.9, 137.1, 130.7, 129.4, 129.4,
129.0, 128.5, 126.6, 125.3, 123.7, 121.7; LRMS (EI 70 V)
m/z (%): 247 (M", 100); HRMS (ESI) calcd for Ci¢H;4N3
(M+H)" 248.1182, found 248.1189.

5- R FE-1,3- IR FE-1H-1,2,4- =M (3na): B (L
IRV, U 49%; 'TH NMR (400 MHz, CDCl3) o: 8.19
(dd, J=8.0, 2.0 Hz, 2H), 7.83~7.85 (m, 2H), 7.52~7.56
(m, 2H), 7.44~7.49 (m, 4H), 3.53 (s, 1H); 3C NMR (100
MHz, CDCl3) 8: 162.2, 137.7, 137.2, 130.0, 129.8, 129.3,
128.9, 128.6, 126.6, 123.3, 85.5, 71.5; LRMS (EI 70 eV)
m/z (%): 245 (M, 100); HRMS (ESI) calcd for Ci¢H;2N3
(M+H)" 246.1025, found 246.1021.

322 HARLA4) 3aa 09X K F i

7£ 100 mL = PR hn A B 75 £2 7 1a (10 mmol),
Jf 2a (15 mmol), TBAI (20 mol%), =& AR (10 mmol),
Z M40 mL), MIASERET, 5= FURM RIS EacasfE
HBARAIREG, 51 SRR ¥R &R,
FAEER T LA 15 mA [1EE B M 15 h 510,
FYRAYIH I 50 mL /K, 285 FH 4 LBE2EEL(100
mL X 3), A AU TE KGR BN T 452, 80 JE 2 26 s 77
BRI, M= kE g aitb 3 2L 59 3aa, 77K
75%.

HBhA 8L (Supporting Information) H Frfb 54 3aa~
3na 1] ' HNMR, ® C NMR 4. X £eppRl ] DL G 2% A
A F] WX 3k (http://sioc-journal.cn/) b F %,
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