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Abstract

Triazoles have many important physiological activities such as anti-inflammatory and anti-tumor.
Thus, synthesis of these compounds has been a research hotspot. Triazoles have many important
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physiological activities such as anti-inflammatory and anti-tumor. Thus, synthesis of these com-
pounds has been a research hotspot. The electrocatalytic decarbonylation of benzoic acid to con-
struct 1,3,5-trisubstituted-1,2,4-triazoles with 1,3-bisubstituted-1,2,4-triazoles was realized in
45%~65% yield at room temperature and without oxidant. The products were confirmed by 1H
NMR, 13C NMR, MS and HRMS. The reaction mechanism is proposed.
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1. 3]

1,2,4-=FMA G N & A FIR T TR a5, HAPUR . Pt PuE. PiassEEmE
HYEVE[L] [2] [3] [4] [B]. [FIBS, 2 EmeziPn(Sdidess. =G E Emb(6] [7]. Bribzit, =&
WAL A VIETERCAI AT . MOEMESE R RAR = A Tz I . bedn, Bl FImF AR, 1,2,4- =% MAE
NECAR, 5T G DR R T R R RSO, BORTEE LA e R, AR RI N T [8].

AR L2,4- =AM — BRI, A O EHE AR S AR AL B o G 4 e A B S AR AT
Atk 5E[9] [10] [11] [12]. #Rdft Habtamu 58 A LAY T ZEMAL ATy, 7R R 261 T, R L)
BUT i A R T SE I T O BRI VE AL, BRI 1,3- U =R, 83T 1,3,5- = HUR-1,2,4- = e
A WI[13] - SRTI , X HEHR TE (1 1hE A0 A F A AE A8 A 2% 2 B 0 SRR SV 46 i % 0 P S 7 2% A S5 A A2

AL 22 R A S SR F L R e ), RS AL T &)@ aE, EIRAIZRAE TS, XA R H
T VF 2 R FH RS SR G SR FAL A AN SR [14] [15] [16]0 ASIRRR 2H 5% FH rAG 22 Ak 5 0, Seall T i
SUE AR )G KIS L G [1T7] o AR SR AR S AL D7 FER R ARG A, BT SEI | = e 2R 3R
(R S A3 SRR SN, e B PE R 1 1,3,5- = HUAR-1,2,4- = B AL AW o 1% 7 vE L AT RV fai o,
RO IREERE
2. SKEERSY
2.1, FENF/SRA

Bruker-400 ARG H:PRA(CDCls AEFR], TMS AW FR). BrukermicroTOF-Q 11 24 v 43 ¥ i 1A (1 A5
AT, AR ElectraSyn2.0 (5 [H IKA).

FE53 85 FH 200~300 H it i I A ARG 3 A T 2 A s s (O v, 7 s A sl e A IR A WD) s
P D7 R R 1,3- U 1,2,4- = MR & VT Bk B3 B AL S A LR A R A W
2.2. KWHE

T 25 mL i = SR L N 22 mg ZE R 1 (0.2 mmol), 44 mg =%M: 2 (0.2 mmol), 36.9 mg VY
T AL E2(0.1 mmol), 15 ml 21, EEH2), 15 mm x 15 mm 44 H N IERA G, =IE FLL9 mA H
WA 5 N . REAE, IREVIRENE, 195RRY, FET(VOAMER): V(2R Z8R) = 60:1) 4ift
/A 3.
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PFHEE 4

P(H)[PL(-)

H Ar
Mar 4 @AN,N© TABI, =9 mA N ,N\©
N
HO CH;CN,5h, =i
1 2 3

1,3,5- = F-1-4-1,2,4- =% M (3a): % AE K, 65%U% . 'H NMR (400 MHz, CDCl;) 6: 8.27 (d, J =
7.2 Hz, 2H), 7.57~7.60 (m, 2H), 7.48~7.53 (m, 2H), 7.43~7.47 (m, 6H), 7.43~7.45 (m, 1H), 7.36~7.39 (m, 2H);
3C NMR (100 MHz, CDCls) §: 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 (El 70 eV) m/z (%): 297 (M*, 100); HRMS m/z (ESI) calcd for CyHyNs (M + H)*
298.1338, found 298.1335.

1,3- K BE-5-(O6f- F 2 3)-1-50-1,2,4- — M (3b): ¥ Ak, 62%Ui% . "H NMR (400 MHz, CDCl,)
5: 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); *C NMR (100 MHz,
CDCls) §: 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 m/z (ESI) calcd for CyHigN; (M + H)* 312.1495, found
312.1488.

5-(tf - AR R 9E)-1,3- K FE-1-40-1,2,4- = F M (3c): W B (O 44, 60%150% ; 'H NMR (400 MHz, CDCls)
J: 8.21~8.23 (m, 2H), 7.38~7.48 (m, 10H), 6.83 (d, J = 9.2 Hz, 2H), 3.75 (s, 3H); *C NMR (100 MHz, CDCl5)
d:160.7, 159.8, 152.6, 136.4, 130.8, 129.4, 128.3, 128.2, 127.6, 127.5, 125.5, 124.4, 118.3, 112.9, 54.2; HRMS
m/z (ESI) calcd for CyHigN3O (M + H)™ 328.1444, found 328.1449.

5-(4- AR HE)-1,3- K HE-1-5-1,2,4- — F M (3d): IR, 1R 55%. 'H NMR (400 MHz, CDCl,)
5: 8.23 (dd, J = 8.0 Hz, 1.6 Hz, 2H), 7.40~7.52 (m, 10H), 7.32~7.35 (m, 2H); *C NMR (100 MHz, CDCl5) ¢:
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 m/z (ESI) calcd for CyoH;5CIN; (M + H)™ 332.0949, found 332.0955.

5-(4-F K AE)-1,3- R HE-1-5-1,2,4- =AM (3e), TR LA, 54%UE; ‘HNMR (400 MHz, CDCly) 6
8.13 (dd, J = 8.4 Hz, 1.6 Hz, 2H), 7.45 (dd, J = 8.8 Hz, 5.2 Hz, 2H), 7.30~7.37 (m, 8H), 6.95 (t, J = 8.4 Hz, 2H);
3C NMR (100 MHz, CDCls) 6: 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 m/z (ESI) calcd for CoH3sFN; (M + H)* 316.1244, found 316.1249.

1,3- K BE-5-(2-EWY)-1-50-1,2,4- =W (3F): A EHRY, 10K 61%. "H NMR (400 MHz, CDCly) 4: 8.21
- 8.23 (M, 2H), 7.51 (s, 5H), 7.40~7.47 (m, 3H), 7.36 (dd, J = 4.8 Hz, 0.8 Hz, 1H), 7.05 (dd, J = 3.6 Hz, 0.8 Hz,
1H), 6.93 (dd, J = 5.2 Hz, 4.0 Hz, 1H); *C NMR (100 MHz, CDCl;) §: 161.8, 150.1, 137.9, 130.5, 129.8, 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 m/z
(ESI) calcd for CigH14N5S (M + H)* 304.0902, found 304.0907 .

5-(naphthalen-1-yl)-1,3- 2 #:-1-54-1,2,4- =% M (3g): FRLL ARy, YK 45%; 'H NMR (400 MHz,
CDCls) 6: 8.31~8.33 (m, 2H), 7.94 (dd, J = 12.8 Hz, 8.0 Hz, 2H), 7.87 (dd, J = 6.8 Hz, 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, CDCl,) ¢: 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 m/z (ESI) calcd for CyHigN3 (M + H)* 348.1495, found
348.1490.
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3. &R5118
3.1. RRFRERITFIE

PAZK HR 1a (0.2 mmol)F1 =201 2 (0.2 mmol) )4y, DADY T AL 42 (0.1 mmol) Jy fiE A 1A 1) S
AL, ARV T A BT . AR /N T ARSI LA B S 7 i P o AR J 8 7= 6 () 5 i (2

1).

BRI AL X I S RIS (1, entries 1~5). MFRTHTUAE H, THABAN %M T AR A
SRR AF RGBS A D T B B I P s NI I RN BRI R R N R . X
FUREAT T e, RIVAFIFEE. LA DMSO 2 (7= T FRE(7% 1, entries 6~8). Fifi j5 %t FEILIEAT
i, WFARHEA B, RAREKE: BN 6mA fl 12mA B, 7RG TR, B 9mA
WMANBA G AL 1, entries 9~11). 5, WIRPIREIAT T HE(K 1, entries 12~13), 45RE I

T S N PEE AN BE AR R B v

HRER, IR NN 5 /N,

Table 1. Optimization of reaction conditions

F 1 REFHHMRKL

: \H
'S N— N
Q n \__,&N
) ’ N
HO
la 2

Pt(+)|Pt(-)
TABL I=9 mA

CH;CN,5h, Z i

I, S R R e S N A DADY T SRR B2 A

9mA Hii. &

3a
Entry A sl HLIiL(mA) HE(C) 722 (%)
1 TS LIt 9 25 NR®
2 DU T JETAL4% (50 mol%) ZhE 9 25 65
3 fill{£.4%(50 mol%) ZhE 9 25 49
4 184k%5 (50 mol%) I 9 25 55
5 T AL 4% (75 mol%) ZhE 9 25 60
6 VYT FE LA £2(50 mol%) FH 9 25 56
7 VYT 3L ML £ (50 mol%) L 9 25 55
8 DY T AL (50 mol9%) DMSO 9 25 53
9 VYT 3L ML £ (50 mol%) LM 0 25 NR®
10 T Lk 4% (50 mol%) ZhE 6 25 62
11 DU T S TL 45 (50 mol%) 7 12 25 64
12 DY T HETL 4% (50 mol%) 7 9 30 59
13 DY T HETAL 45 (50 mol%) 7 9 40 55
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3.2. BRFREENR

MR IR ST BRI S 2 AR (3 1, Entries 2), 132 7 a5 1) HArb &4 3a-3g, AT 1Z M
R EVEREAT TATTL, 88RWE 2 Fos. WRAPFTUEH, J73E la-le IFE3A EICIRHAT 58RI
R PIE R 2G  T AE ], ARREAR AT AR AR IR AL, SEEL = RO A Bt S A 58 SURBBR IO, - DA
SRR AR A, BAh, TR BINEY BE ZRIN, ROVISRERLF A Bk, R AR
75 SRR B AT (R E N

Table 2. Investigation of substrate scope

F 2. RUEEMHR

WH Ar
o 3} N=(" Pt(+)[Pt(-) N:<
B*TAT . \N,N\WC::> TABL 1 =9 mA \"'N\Ki::>
HO CH,CN,5h, % ©/4 h
la-1g 2 3a-3g
Entry =4 Ar 7= 722 (%)
1 la phenyl 3a 65
2 1b 4-MeCgH4 3b 62
3 1c 4-MeOCgH, 3c 60
4 1d 4-CICeH, 3d 55
5 le 4-FCgH,4 3e 54
6 1f thiophen-2-yl 3f 61
7 19 naphthalen-1-yl 39 45

3.3. RMHNEBYHT

DI RS S NI TR B, ARSI S B2 AR O S ML AT R0 o 24 S B 0.2 mmol 5 H 2470
#77 2,2,6,6-P4 F IR IE RUAANIIS , SBISZRIHNH] . HRAE SCRR[L3]HE ) 1 P R LB LAk 2%
R, R T ER R A R B i, % R EORTRR, SBORFRBA, IRt ik,
AR E . SRS, RIEE AR TR - =R BB, AR R E BT R, TR
Bt EUa 15 2] HAR L &4 3a.

PR A% B4R
™ H,
'@(\ 3a +e
r H

13}\» SET
HI .. Ph
(0] N‘(
XN

jo -0

Figure 1. Plausible mechanism for synthesis of compound 3a

E 1. &Rt EY 3a ATRERY R RIALEE
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