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5-AEMAMITEYNSNE KA E SR EER

3 N : N ,
R BRXE = M 5 M
O HRACRZE R RE YR 110819)
C BN BT PR A W UK R E R E S8 s K8 617000)

IR

WE DS AR, G 05 RS A S B B I [3 + 21N B S N5 R T — 2R A 505 BEDY M, 5 % i R 14T
JERAHR AT LASRAS o . 3 RT3 X R A 20 AT HEAG AR, T UE £ B DY S0 1 [ I xS AT 3t PR A R IR A
.

KRB S fiEfhs DUSME; s 3210 B A

An Efficient Approach to the Synthesis of 5-Aryl-1H-tetrazole
Derivatives Accompanying with the Cleavage of Ester Group

Sun, Hongbin®* Sun, Yuanhua® Chen, Wenlong” Qin, Peng” Qi, Xuan™*
(“ Department of Chemistry, Northeastern University, Shenyang 110819)
(® Pangang Group Researchinstitude Co., Ltd., State Key Laboratory of Vanadium and Titanium Resources Comprehensive

Utilization, Panzhihua 617000)

Abstract 5-Phenyl-1H-tetrazoles were synthesized by catalytic [3+2] cycloaddition with aryl nitriles and sodium azide.
Indium trichloride was used as an efficient catalyst. The tetrazoles binding with varieties of functional groups were synthesized
in good to quantitative yields. This tetrazole synthetic protocol also showed remarkable de-carboxylation activity. Esters were

cleaved to carboxylic acids or alcohols in one pot.

Keywords indium trichloride; catalysis; tetrazole; synthesis; [3+2] cycloaddition; cleavage of ester

USRI AIMEE Y, EN18
ZN T2 MRS REARAR DS . T
VU UM AL AT AR AT B BR PEAN SR MR 1, 7225870
TRV AR ORI T B BhAh, DU MEE
T2 F AP (FRL R REM R EA, R
(R C AL B A 2 PR AL & 10 45 P SR A, L2 3
95 35 T LA A Al 70 A Y.

VU SR IR £ Rl e 22 L 5 O Fi 2R AL 5 W) A B Ak
W R S S T, 3 K S N BB R (K A7 A,
(T T 11 T 5T IR A5, s A ™ A7
DU IR h B IR, (HIRAE R T IRAFAE T B A AL L 7
PE BRI RE Sy MR HING A2 AN T3 G, BRI (58 Lewis
Bl BF; AR T BRUIR 2 DY e ) 45 e, s DA
it B E AL AR B B, ) AT T B P
AR, P s PRI 8 A = TP R & DY M. A
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2= vk L) ZnBr, (2 2E ) FH I 5 & ZA0EH G DY e
LIRS, K R 5T T AR R0 40 8 7 R & oy
PO HOA T AR AR A (D ) A, 4R 2 AR A
FHB I FUb R pi v, AR B AL 020, 4
PR Ar20) ARk B ARV R T A ] A RO
A IR TAERR tH, — R, Sy b #R I DY S5 Ty
AR AR Z ) T AE.

ZE LRI TAE A JRATT 8 408 T 2% InCls £E AL
B RN R, InXs (X=CL, Br, 1, OTHMA WAL
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20 BN A R B R TR, )2 N A A P AR
O B U, A KRR S TARE
FF I HEA I AR A5 B A B — 47 G i S 42,
1 HAT HROE R, SRR AR AU BRI 2 B B 3 At S
RERE I B AAE IO DRI, AT ) SR T e A e 1
TR &, KA T 507 DU M & A, JF
[ A 3284 14 702 .

FATWETERIL, SACHA T AL DL RE TS AN B S
B0 JSURHIRI [3 4203, 30—l 5 s DY A ) 55 T
Jridi, AR, PR i EX YR B N
PR ZR TR IR 73 it S B 3d BAT (R EVE I, T DL B 23
FH R PRI RN, T — RV I DY 2 M5 B I £ i £
P T

1 HRSE

BATLL InCly fENAELR, BEAT TR SRS
BALEN G S-2RFE-DU R e B, BRR IR WAE 130 °C
NHEEAT, F DMF 158 RSP, 2800 5 mol %l fi
b3, 774 2a 4 "H NMR. Tl fIZ0 A% E . FoAl 14 il
TR RS RN AAFRT PR P, g5 RAIER 1
o g SR, AR RN R AL RS B TG A AR
PERXELE, AR I RN, WA 2a T2
F, T A JEORE RS RS 73 B . IS 45 SR nT LU H,
ROV ARG B BT RS, 80 C R AN A Tt (1 DU 2wk
AR, ORI R A, 1 R Vil FTEE] 110 C R
B, RN HATH B EAAR T RNV E T
E| 150 CH}, SR1FHm =2 84%. {RilwIE0LT, #
S N 3k FEAE AR TR BE R AT I 2 B R i ik
P, RICBRATIERE 140 CHENRIES A, DMEREEE 2
()BT BE A E SN AN SRR, 17 5 Ah— R A S8 1) 45
JERW, IS0 T 2 () A AR N AR A
130 °C F¥M10 mol%[1] InCls RER 1331 90% 117 %, 1ty
130 C, 15 mol% S AL ] LIS B i 99% 1) /= 2.
PR IX B o 4 L AT T N R4 10
mol% M AL TR IN &, 140 CH NI, 1.6 equiv.[f]
SRMWLL A DMF 10 VIR AT, 2K
TG 1a [N AR RS- HE-DU R 2a 172200 99%.

A EAE R, BRATFIE T 2 I3 & Dy
BRI SN, DAER A ol by 057 5 R0 2 Ak B EAT 1)
[3-F 2R BN s W 1R Y R AT 28 . 1K — R A &5 14
EF 2 .

K2 BGEAG A Y #T LA sy 7= 28 1) A2 i H b P2 )
DUZUME, FE3E. Wk, A DL R o Jl 1 A5 BE ) s Y 78 E
A SRR, 228G, SHWEFRERRNEY R
HIRUF RS, Wt —F R 1e, LA 1j, 1k, 1n
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RS B 5-05 B LH-DY R M 4 AR AE @
Table 1 Conditions optimizing for the catalytic synthesis of
5-phenyl-1H-tetrazole

Cat. N~
Qcm NaN; —» )
24 h -N

N
1a 2a H
Entry Amount®/(mol%) Temp./'C Yield/%

1 — 130 0
2 5 80 Trace
3 5 110 54
4 5 120 61
5 5 140 72
6 5 150 84
7 10 130 90
8 10 140 99¢
9 15 130 99

© 2014 Chinese Chemical Society & SIOC, CAS

“/bT 1.6 equiv. NaN3 RMVEHEZE, M 21 NaN; A B WcE: 7.
PIEF RS 5B
AL TR e, 1d, 1g S0 SRR 2, KR
Sl S A IR PR A AT AT (o7 BELJE A I, e 77 5 [ AR
I, A IR R S N AR K 5-(2- FE R RS )-1H- DY
UM 3 AT 32%. H HL TR0 X 77 6 (1 5 i JL ) I
ASTEREN R, AW ANt PR H S 1b
AL DM =1 2b ()7 2 REIL B 90%, 14 LX)
SRR = S8 i, VAR G G A e e v i
Tt LS. DR 2RI b H 2 B S0 S N ) S
AR WA, AN A 5 G — R R 3R A e
.

BT, 1,4-0 ORI ROV R AR A T A3 +4-2]
IR 4, XF Zo(ID)ERAAE IS U0 R RERS A5 20 XU
D/ B S S R (T W0 [l <R | A N I
FeCl3-SiO, ™ok # Zn/B /KA Ak 700120, ) 1 45 )
FUNEGE=4, 1 BaWO,PUEAE N REAS 2B Fl =4, XL
DAAEARIE IR )7 v s 5 — AN BT 80%. FRATT K56
FHEN 55 Ah— S XU FE Y 1m A 1n, 53 5145 20 X00Y
FMEFEY) 2m AT 20, XAEH InCly FLAT 54 (AL R,
PR ERT Zn(lD), A 5 & 5 20 A0 = R 38,
M7 InCls XA 75 EEAE AL 5

A3, FATRIUX— InClsy HEAL A PY 2 M
BRI, FIRER A (LRI A R fE TR
RN AAE TR, Fanl Lo i R SRR E. X7 T
WA T V2 0 AN — AR AT S [] e S B
DU I BRI SR B RS (P IR, TG R i 2
K193 R I (10) 38 S X RUE IR LR ER(1p), ES AL
AL RS BB R N A AERR 5-(4-FR 558 ) -1 H-Y
HM(2¢)(F 2, Entries 14, 15), ifij H =% Rk 54
M3 (2b) S (177 AL, BR IR G2 Ab, g 7 T s A ]
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22 FFEIEF NaN; FIAEAG[3 2R s s S A il 5-7% F6-1H- U 5 e

Table2  Catalytic [3+2] cycloaddition of aryl nitriles and NaNj to afford 5-aryl-1H-tetrazole
_ mChy
R = "DMF, 140 °C, 24 h
1
Entry Aryl nitrile 1 Tetrazole 2 Isolated yield/%
N
1 —@CN 1b ©_<\ N 2b 90
N-N
§
2 HO@CN Ic Ho©—<\ N 2¢ 72
N-N
N
3 EtOOCN 1d EO SN 2d 60
N-N
N N
4 NC@CN 1e Nw \>—@—M N 2e 99
NN N-N
H
N
5 CI—QCN 1f C|©_<\ N 2f 72
N-N
N-N
HO CN HO 7l
6 1g N-N 2g 61
O:N O,N H
N
N
7 CN 1h " 2h 32
\-
N
CN h
8 1i \ m 2i 87
\-
cl al
—N
o CN HINSN
9 @E j@ 1j CEO N 2% 99
o)
o)
O
N
10 1K @O@N/N 2k 97
F F H
R R f
H R e on s T
N-N
N N~
N ~N
NC o] CN \ 4
12 <:> §> Im KLN §> <N N 2m 44
F H H
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Entry Aryl nitrile 1 Tetrazole 2 Isolated yield/%

14 MsO@CN 1o
40

O,

16 1
oo oo

[

F R H F R H
-N “N
N~N N
H

N
0 20 79

N
% >—<\
N

N
H
N

@‘N 2p 69

N/N

O

>—\ N~

o o@—(ﬁ“ 2q 71
N’N

H

HO
HO

LD, 4-F IR LR P ER(1q) VLA 78%IH 7= %
A 2-[4-(1H-DU R M) AR 4% 2q(F 2, Entry 16), 1M
ANFE A R N TR . BB A% L TR P 1 1 1 20 R 2 A%
iy, DRy PR IR TN 7 K 22 506 B N A 4 e — AN B 1Y)
BRI, X BRA T — P I

2 Zi

BATR T — RS AT S5-I Y UM &
BB 7, B 95 LR 1.6 equiv. 1) & &AL B £
140 C R RA[3 200 S5 W AR e 5-HUAR- 1LH-PY UM,
BAP=R e BAER AR, RE T PUKPUA ML
—— AL BT . Ak, ST T DU TR I
FRE RIS (DI, BB «—8avk” TR San Py e
AR R R BRI RS, AT A BAEA LG b 4
FZ N .

3 ZEHEH
3.1 BLELHXA

AT InClyd4H,O B S A0 A4 AR 2 ) 2 1R 7 ik
A, KRG PR R AR, A A AR,
B BT R R A 2 el Ak 200~
300 HEER, )2 AHT HER GF254.

32 LWHE

FH 2 TS RN 3 Al A il SR DY e, e
AN 2 mmol ZKHAE, 3.2 mmol B%ALEN, 10 mol%fi ik
ALK 2 mL DMF 7E 7, SOV RS Y)(E 140 “C R
P24 h, RNSERERGAMEER, RNVESDEIAKT,
W pH MHZE 1 J5H 4R AL LUK R
BT, BEZEIRYE G AR ETE 3, H Vi V=100 :3
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) PR e, 193] 289 g FIfO 4K, 7
99%.

S5-I TH-PUR MEa)™: (@ 4K, mop. 214~215
‘C; "H NMR (300 MHz, DMSO-dg) : 7.636~7.651 (m,
3H), 8.068~8.099 (m, 2H). HRMS calcd for C,H;N,
(M+H") 147.0671, found 147.0665.

5-(hf LR EL) -1 H-PU 2 e 2b)! ) (A4, mup.
248~249 °C; 'H NMR (300 MHz, DMSO-d;) d: 7.934 (d,
J=8.1 Hz, 2H), 7.422 (d, J=7.8 Hz, 2H), 2.396 (s, 3H).
HRMS caled for CgHoN, (M+H ") 161.0827, found
161.0821

5-(4-F - ZIE)- 1 H-DU A 20)" Y i 1, mp.
234~235 ‘C; '"H NMR (300 MHz, DMSO-d) 6: 10.173
(s, 1H), 7.879 (d, J=4.5 Hz, 2H), 6.970 (d, J=4.5 Hz,
2H). HRMS calcd for C;H;N,O (M—|—H+) 163.0620, found
163.0614.

5-(4- £ K 2R e )-1LH- DY 0 e )Y 7 [ 14
m.p. 197~198 C; 'H NMR (300 MHz, DMSO-dy) J:
7.960 (d, J=8.7 Hz, 2H), 7.142 (d, J=8.7 Hz, 2H),
4.121 (q, J=6.9 Hz, 2H), 1.359 (t, J=6.9 Hz, 3H). HRMS
caled for CoHy N4O (M+H") 191.0933, found 191.0927.

X (LH-PY R ME-5-38) 2K (2¢)%: [ (4[5 4K, m.p.
289~290 ‘C; '"H NMR (300 MHz, DMSO-d;) d: 8.274 (s,
4H); MS (ESI) m/z: 215 (M+H")

5-(4- G R I )-1H-DY M 20 3 o [ 44, mop.
252~253 °C; '"H NMR (300 MHz, DMSO-d;) ¢: 8.062 (d,
J=4.2 Hz, 2H), 7.689 (d, J=4.2 Hz, 2H); MS (ESI) m/z:
181 (M+H")

2- N JE-4-(1H-PU 0 Me-5-6) R 1y (2g): v 3% (AL 4,
m.p. 218~219 C; 'H NMR (300 MHz, DMSO-dy) J:

Chin. J. Org. Chem. 2014, 34, 1889~1894
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11.996 (s, 1H), 8.558 (d, J=2.1 Hz, 1H), 8.188 (dd, J=
2.4, 8.7 Hz, 1H), 7.348 (d, J=28.7 Hz, 1H). Anal. calcd for
C;HsNsO;: C 40.59, H 2.43, N 33.81; found C 41.10, H
2.50, N 33.54.

540 L DR SE L - DY M 2T [ A4, mup.
150~151 “C; "H NMR (300 MHz, DMSO-dq) 6: 7.670 (d,
J=3.6 Hz, 1H), 7.392~7.504 (m, 3H), 2.49 (s, 3H); MS
(ESI) m/z: 161 (M+H").

5-Q2- A AR FE)-1H-PU = e 2D ([ 4K, mup.
175~176 °C;'H NMR (300 MHz, DMSO-dj) J: 7.756~
7.772 (m, 1H), 7.477~7.492 (m, 1H), 7.298~7.365 (m,
2H); MS (ESI) m/z: 181 (M+H").

5-(Z R I [be][1,4] 5N FR-2-05)- 1H-PU UM (2)) -
a4, mp. >350 C; '"H NMR (300 MHz, DMSO-
dg) 0: 7.581~7.598 (m, 1H), 7.503~7.506 (m, 1H),
7.025~7.046 (m, 1H), 6.990~7.010 (m, 4H); MS (ESI)
m/z: 253 (M+H"). Anal. calcd for C;3sHgN,O,: C 61.90, H
3.20,N 22.21; found C 61.52, H 3.12, N 22.43.

5-[3- L -(4- R AR )- R IR - 1H- DY R M (2Kk): A [
&, m.p. 168~169; 'H NMR (300 MHz, DMSO-dy) o:
7.998~8.043 (m, 1H), 7.880~7.909 (m, 1H), 7.424~
7.477 (m, 2H), 7.286~7.343 (m, 1H), 7.196~7.245 (m,
1H), 7.107~7.133 (m, 2H). HRMS calcd for C;3H;,FN,O
(M+H") 257.0839, found 257.0833.

5-[3- 9 -4-(4-F2 HE- DR AR ) R -1 H- DU ZUME(21): 38
L E AR, mp. 70~72 °C; '"H NMR (300 MHz, DMSO-
dg) 0: 9.553 (s, 1H), 7.759 (d, J=6.0 Hz, 1H), 7.708 (d,
J=4.2 Hz, 1H), 6.963 (t, J=4.2 Hz, 1H), 6.880 (d, J=4.5
Hz, 2H), 6.763 (d, J=4.2 Hz, 2H); MS (ESI) m/z: 273
(M+H") HRMS caled for C;3sH;(FNJO, M+H")
273.0782, found 273.0776.

5-{4-[4-(1H-DY A -5 55 ) R A KL ]-3- 9 R Hk ) - 1 H- Y
2 M (2m): m.p. 246~248 ‘C; 'H NMR (300 MHz,
DMSO-dg) d: 8.049~8.112 (m, 3H), 7.945~7.973 (m,
1H), 7.496~7.553 (m, 1H), 7.326 (d, J=8.7 Hz, 2H).
HRMS caled for C4H;(FNsO (M+H") 325.0962, found
325.0956.

1,4-X0[2- 8 -4-(1H-PU A Me-5-J56) R4 ) 2R (2n):
A, mp.>350 ‘C;'H NMR (300 MHz, DMSO-dq) 6:
7.776~7.822 (m, 4H), 7.142~7.170 (m, 2H), 7.052 (s,
4H); MS (ESI) m/z: 435 (M+H"). HRMS calcd for
CaoH 3F,NgO, (M+H") 435.1130, found 435.1129.

2-(4-(1H-PU  Me-5-F5) R A L R 2™ 1 Ea il 4,
m.p. 238~240 ‘C; '"H NMR (300 MHz, DMSO-d;) §:
7.955~7.985 (m, 2H), 7.132~7.162 (m, 2H), 4.798 (s,

Chin. J. Org. Chem. 2014, 34, 1889~1894
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2H). HRMS caled for CoHoN,O; (M+H") 221.0675,
found 221.0669.

o RO AR AT O B R B A S
ISR BRI, S 25 R A SR I 5 )
BAT LGRS I S F .

HBhM &L (Supporting Information) {L54) 2a~2q 1
T2 Mg . 3X e R AT DL A 9l AR T R 3k (http:/sioc-
journal.cn/) b 2.
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