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Oriented Synthesis of 1-Methyl-4-phenyl-1H-
1,2,3-triazole-5-carboxylic Acid

Liu, Da'an Pei, Shuchen Xue, Chenchen Li, Ran Wu, Yong*
(West China School of Pharmacy, Sichuan University, Chengdu 610041)

Abstract 1-Methyl-4-phenyl-1H-1,2,3-triazole-5-formic acid is an important class of triazole derivatives, and also is an im-
portant intermediate for the synthesis of various drugs. In this paper, a new method of synthesis of 1-methyl-4-phenyl-
1H-1,2,3-riazole-5-formic acid was designed by using phenyl acetylene as raw materials. Phenyl acetylene reacted with sodi-
um azide and methyl iodide in the presence of copper iodide to generate 1-methyl-4-phenyl-1H-1,2,3-triazole.
1-Methyl-4-phenyl-1H-1,2,3-triazole-5-carboxaldehyde was obtained by reacting 1-methyl-4-phenyl-1H-1,2,3-triazole with
ethyl formate and butyllithium. Then directly oxidation of 1-methyl-4-phenyl-1H-1,2,3-triazole-5-carboxaldehyde gave the
title compound. The synthetic approach has the advantages of easy availability of starting materials, highly stereoselective,

easily work-up and good overall yield.
Keywords triazole; phenyl acetylene; oriented synthesis
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EEARIE. SCERU ORI T B E 5 B RN, XA
18 N A R 1,4,5- = BRI 1,2,3- =B = mk. {H ik
S P v AR 10 B e AL BH O /NAS ], GRS = A 4
LA 5 AL E RE A He 1 [R] 4 il Ak, PR A AL, X
PLor e, BEARF=PA & e AR, R A0 15%. A
SCHRU RS 2K 2 5 = R I R B A s A
B 1,2,3- =M (H i R A o, AIE S KR,
JEERRIG TR EIEN CO,, HAFEB. BT DL BT, K
IRFF T XX 1,4,5- =R 1,2,3- =M (AR &
B ERE5T(Scheme 1), BATULZE 25 1 ANEEL, 58
BACEN B GE SR 5 S8 R R IR AR 1 4- 2R k-1 P -
1H-1,2,3-=M(2), FE5IET 248, R 218 O N AR R 4-
RFE-1-FIE1H-1,2,3- = M-S FEE(3), | 3 AL ER T
IKfFAT 2 H ARG SRR 5 (Scheme 1, Route 1), B 3
HEEWAEHRRER 5 (Scheme 1, Route 2). FFH
EXIRAR B B &Y. &), BRATULERRRR 5 e
W B4 20 IRNAS B T — RAVEAG I R PUW F 1T
HiI#) Nucleozin 1L
1 ZR5TR
11 FE—

REGAE [F) o AR B AR R, FRATTRAR Z A
1 Rk, fEMUG AL T 53BN IR e I B2
SE AR AR 1,2,3- =M rbE] 44 2, BRI S IE T 2648 HER
LRI N S 3, B 3 5 AREAE. BIRE RN
HERNRTEDNR 4 ZoKARER B FGEY) 5. ZB%E R B 2%
PHRAN, BEIERE, BRACT RLA, K sCmkiiE i liex
M15% e =Rl T 55%. FAT HaA 3 Ak s 13 2
() 4 PR SEB SR AR AT BER (R 1), SRIRZE R ik H
CEAETEF, 1% 5 B A A A B (AR

12 %=
PLR RIS 1 N EEL, FEEAEN. B b

R 1-FHE-4IRFE-1H-1,2,3- = PE-5-FRRE (R R 16 S R 2%
Tablel The esterification reaction conditions of 1-methyl-4-
phenyl-1H-1,2,3-triazole-5-formaldehyde

Fe NS AE TR %
1 MnO,/NaOH, EtOH <10
2 H,0,/ZnBr, EtOH <10
3 H,0,/K,CO;, EtOH <10
4 PCC/K,CO; EtOH <10
5 1,/K,CO;, EtOH 70
6 Oxone/K,CO3, EtOH, <10
7 MnO,/K,COs, EtOH <10

MAE R = MR fA 2, SR T R, HRR MR RN A
B 3, 5 JE B A A R AR A Y)(Scheme 1), 577
M, A TR A T A B E O, Y
(62%) A2 73— DMt m. mdEfAk 3 B E
P& 5, BATERER 7 2 MEMFFGEER 2). &A1
KIL, F KMnO4 il AgNO; 1E 48 A0 7 AT AAS 3] E A
ISR, T AgNO; A FE IR, FR 3 s ik
80%.

F2 1-HI-4-FEIE 1 H-12,3- = -5 F S SEAL S Y 461

Table 2 The oxidation reaction conditions of 1-methyl-4-
phenyl-1H-1,2,3-triazole-5-formaldehyde

Frs S8 A 7°C th =%
1 KMnO,/K,COs/EtOH r.t. 5 65
2 Oxone/DMF r.t. 18 <50
3 AgNOs;/NaOH, H,O/THF r.t. 5 80
4 NaOH/O,/THF 60 12 <10
5 NaOH/~-BuOOH, H,O/THF 40 6 <10
7  Oxone/EtOH/r.t. r.t. 18 <10
2 g

PLZR 2B JER], 6 EUR 9T T 7R 2% 8 )6 R [
R 1-F 428 3 TH-1,2,3- = M-5-HER(5) I HL R AIAT A
EYIRGET ik, 4y AlE i &9 3 e BamAL 5 K
ARGy B HEENAR HARL G 5. REFFpSLEs 5% 1

_N 2N _N
_N, Oy O N=" I N=\y—_  NaOH N="5
Route 1 Ar/ NaN; LN_ XN )§<N— 2 )§<N )§<N_
Al n-BuLi Ar EtOH Ar Ar
1 Mel r CHO COOEt COOH
2 3 4
=N, 0+ _0 n=N. n=N
/ NaN, LN_ XN N—  AgNO; —
Route 2 A, —_— = — A S M A -~
. Mel ) n-BuLi CHO COOH

3
oy CL. X
Ar =
o~ Nge
a b c

B 1

1-FP 422 1 H-1,2,3- = M-5- O ERAITAE W 1K) &5 O 26

Scheme 1 The synthetic routes of 1-methyl-4-phenyl-1H-1,2,3-triazole-5-carboxylic acid
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BEATELER, RILEAL &Y 3 EIEARIRIR AL N B bR
BV TR, W s, FRATm A E T IR
IRFAE DN R G = MR . — vt Bl 5 b %
FRIR I 5E 745 i H ARG S A 0 B A & R 42 (Scheme 1,
Route 2), 3 MATAEMM S 558 62.0%, 60%,
59.5%.

3 SLIEES
3.1 UES5HF

& AE XRC-1 Y S0 s A e, R B AR ks
1E; NMR f] Bruker Am-400 BYA%ZHEFILHRACI & (57
CDCl; 3, DMSO-ds, TMS N W br); & 4> % i il
(ESI-HRMS)H Waters 4w [] UPLC-Q-TOF-MS ll5E;
FEENTRA 200~300 HEERK (B S rE L T 7= 5h);
HEH(TLC) KA GFosu(H B FEAL LT 72 4. A
WAVRE R T B Al sl o B ali; ZERIC/K I 713
L FRIK A ZE A0 FE
3.2 ZWHE
3.2.1 Hbdh 5a~5c A il k(75 k)

4-(2- AR L ZRHL)- 1- 1 361 H-1,2,3- = (2b) &5 il
¥ 2- A IR 250(0.25 g, 1.894 mmol)¥E T 4 mL 21
o, RN NaN;y (0.123 g, 1.894 mmol), CH5I (0.118
mL, 1.894 mmol), Cul (36 mg, 0.189 mmol), F+iE =
80 ‘CI[Hl¥i 2 h, TLC Wil e B 584, EIRAA R 2% LB,
N 5 mL /K, ZFRZHERGB mLX3)AEH, & FH L,
IR FMLAT NaCl v . Tk Na,SO, T, Il E IR
AT A i & PO B AT E AT (VCR ) L V(2R S
fig)y=10 : 1144k 153 A E 7k 261 mg, %N 73%. m.p.
180~184 ‘C; '"H NMR (400 MHz, CDCLy) 6: 8.34 (dd,
J=5.6, 6.0 Hz, 1H), 8.03 (s, 1H), 7.32~7.36 (m, 1H),
7.09~7.13 (m, 1H), 6.98 (d, J=8.0 Hz, 1H), 3.97 (s, 3H),
3.84 (s, 3H); C NMR (100 MHz, CDCl3) 6: 157.2, 145.8,
1312, 1302, 129.6, 121.6, 118.9, 111.0, 56.1, 37.8;
LC/MS caled for CioH;,N;O [M+H]": 190.0902, found
190.0915.

4-IRFE-1-FEEC1H-1,2,3- = (2a): AR, P2
80%. m.p. 169~170 ‘C; '"H NMR (400 MHz, CDCl;) ¢:
8.29 (s, 1H), 7.34~7.56 (m, 5H), 4.18 (s, 3H). Stk &
Wi, 5 GR84S A — L.

4-(2- F A FE -3 IpR 3 ) - 1- AL -1 H-1,2,3- = M (2¢):
H @ E AR, 723 76%. mp. 194~197 C; 'H NMR (400
MHz, CDCl3) 8: 7.94~7.97 (m, 2H), 7.90 (s, 1H), 7.54~
7.61 (m, 3H), 7.50 (s, 1H), 3.85 (s, 3H), 3.76~3.80 (m,
3H); *C NMR (100 MHz, CDCl5) §: 150.5, 150.3, 140.4,
130.7, 130.4, 127.8, 127.6, 127.4, 127.2, 126.4, 120.8,
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115.2, 56.2, 37.7; LC/MS caled for C3H;3N,O [M+H] "
241.1011, found 241.1030.

4-Q2-H AR IR L) -1-H FE-1H-1,2,3- =W -5-H iR 2,
BiE(4b)I& 1 46597 2b (211 mg, 1.12 mmol)E T 125
mL TGRS, hEs B RES, A 10 mL
7% THF, T—78 ‘C FZ%12¥ /N n-BuLi (1.6 mol/L solu-
tion in hexane, 1.40 mL, 2.24 mmol), ##; 0.5 h, ZZ1%H
Jn R Z2.786(0.178 mL, 2.24 mmol)f) THE ¥, —75 C
&M 3 hJE, —40 C48:& M 3 h, TLC flll ) 358
4 MR 1 mL MR NH,Cl ¥ KN,
I 10 mL 4, 1, (594 mg, 2.35 mmol), K,COs
(540 mg, 3.92 mmol), ZEHEFE S h, TLC M 5 B 5¢ 4.
VREARGE, MR Na,S,0; il BRI & MMUR R, fkik
28 Z.B8(10 mL X 3)H, 1A KRG, TR
PR AN T8, O VR 47 15 R o 28 DR R Jie A E AT [V O v
fit) @ V(LR LHER)=20 : 11204078 A4k 163 mg, 7=
# 80%. m.p. 190~192 ‘C; "H NMR (400 MHz, CDCly)
d: 7.54 (dd, J=1.6, 7.2 Hz, 1H), 7.40~7.44 (m, 1H),
7.05~7.08 (m, 1H), 6.93~9.96 (m, 1H), 4.32 (s, 3H),
4.22 (q, J=17.2 Hz, 2H), 3.75 (s, 3H), 1.13 (t, J=7.2 Hz,
3H); *C NMR (100 MHz, CDCl;) 8: 168.9, 157.2, 155.0,
138.0, 131.2, 129.7, 121.6, 118.9, 111.0, 60.8, 56.1, 38.7,
14.0; LC/MS caled for C3HsN;0; [M+H]": 262.1113,
found 262.1110.

4-FRFE1-H B 1H-1,2,3- = -5-FH R 2.5 (4a): M
EEE, P2 75%. mp. 180~181 ‘C; 'H NMR (400
MHz, CDCly) d: 7.77~7.79 (m, 2H), 7.47~7.52 (m, 3H),
4.32 (s, 3H), 4.22 (q, J=7.2, 2H), 1.12 (t, J=7.2, 3H); "°C
NMR (100 MHz, CDCly) o: 168.1, 155.3, 138.1, 129.7,
129.3, 129.2, 128.8, 127.5, 127.4, 60.8, 38.6, 14.1; LC/MS
caled for C;,H;;N;0, [M + H] ©: 232.1008, found
232.1023.

4-(2- T 4 -3 W bR 3 ) - 1- FPY -1 H-1,2,3- = -5
i 2.1 (4c): AL, PR 73%. mp. 201~203 C; 'H
NMR (400 MHz, CDCl3) 0: 7.95~7.97 (m, 2H), 7.57~
7.62 (m, 3H), 4.25~4.28 (m, 3H), 4.18 (q, J=7.2 Hz,
2H), 1.29 (t, J=7.2 Hz, 3H); >*C NMR (100 MHz, CDCl5)
5: 168.2, 150.6, 150.4, 140.3, 138.1, 138.2, 127.8, 127.5,
127.3, 126.6, 120.8, 115.3, 60.9, 56.1, 38.6, 14.0; LC/MS
caled for C;3H;7;N3O0; [M + H] "+ 313.1222, found
313.1210.

4-(2- FHAR FE IR ) -1- F -1 H-1,2,3- = -5-F R (5b)
(K14 i 46&4 4b (500 mg, 2.15 mmol)i&fi#T 50 mL H
gt B\ NaOH (450 mg, 11 mmol)5 5 mL /K, JHE %
65 CIRlfL 3 h, TLC Ml e .56 4%, J80E#4d, 1 mol/L
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HCI #hMRZE pH 3, Hrib ik, yg, M, 5
2 PR AT E TS 3 LS R 401 mg, UF 94%. m.p.
242~246 ‘C; '"H NMR (400 MHz, CDCl;) 6: 10.45 (s,
1H), 7.54 (dd, J=1.6, 7.2 Hz, 1H), 7.40~7.44 (m, 1H),
7.05~7.08 (m, 1H), 6.93~6.96 (m, 1H), 4.22 (s, 3H),
3.83 (s, 3H); *C NMR (100 MHz, CDCl5) 6: 168.2, 157.2,
155.0, 139.3, 131.1, 129.6, 121.5, 118.8, 111.0, 56.1, 38.6;
LC/MS caled for C;1H,N305 [M+H]": 234.0800, found
234.0810.

- F-1-H FE-1H-1,2,3- = -5 FH R (5a): 35 (0 [#]
%, 722 90%. m.p. 200~203 C; 'H NMR (400 MHz,
CDCly) 0: 10.21 (s, 1H), 7.80~7.83 (m, 2H), 7.52~7.56
(m, 3H), 3.65 (s, 3H); *C NMR (100 MHz, CDCl;) o:
168.3, 155.2, 139.1, 129.9, 129.3, 129.2, 128.7, 127.6,
127.4, 38.6; LC/MS caled for CioH (N3O, [M+H] " :
204.0695, found 204.0601.

4-(2- P AR B -3- M R )-1- P 3Rk 1 H-1,2,3- = B -5-
FR(5c): #EA, P23 92.5%. m.p.>250 ‘C; '"H NMR
(400 MHz, CDCl5) 6: 10.8~10.9 (m, 1H), 7.95~8.13 (m,
3H), 7.51~7.70 (m, 2H), 4.20 (s, 3H), 4.05 (s, 3H); °C
NMR (100 MHz, CDCLy) J: 181.5, 168.5, 155.2, 144.9,
139.0, 136.9, 131.7, 130.6, 129.0, 127.8, 124.9, 123.6,
54.6, 38.5; LC/MS caled for C14H;sN, O3 [M+H]":
285.0909, found 285.0914.

322 bt Sa~5c A RiBik(T k)

1- 42K R -1 H-1,2,3- = M -5- HE R (Sa) (1 & Bl
HE9) 2a (1.0 g, 6.29 mmol) & T 250 mL X0 B i
o, I 20 mL EZE VUSRIV, T —78 CHZ1gH
Bn n-BuLi (1.6 mol/L solution in hexane, 7.9 mL, 12.6
mmol), fi#E 30 min, ZZ18 7% IN0H R ZEE(1.00 mL, 12.6
mmol) ] THF &, #HE3 h, IR E —40 C4ksL M5
h, TLC WS Bi5e4, BIN 5 mL HaFH R NH,Cl %
R, IIAHEERER(2.14 g, 12.6 mmol), NaOH (1.00
g, 25.16 mmol), =FIRHFES h, TLC Wil s b se 4, ik,
IKBE2 R, R HRYE, UK TN 1 mol/L HCI i #5181
& pH=3, Mk, i, WEUHHT, B A K
0.89 g, m.p.>250 C, &N 77.5%.

4 Bh#1 Kl (Supporting Information): H x4 'H
NMR Al °C NMR B3, X £l nT L 3 AT 1935
(http://sioc-journal.cn/) I N %K.
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