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RARPIENE. MR RO FFRA. FERS 5 DA .

SREEA ARRIE: BURIRIE 2H A PIRE HIR =

Study of the Substitution Reaction between 2H-Azirines and
1H-Benzotriazole

Liu, Ning

Duan, Xiyan™

Zhou, Huiyun™

(School of Chemical Engineering & Pharmaceutics, Henan University of Science and Technology, Luoyang 471023)

Abstract A new strategy for sodium carbonate-mediated substitution reaction between 2H-azirines and 1H-benzotriazole is
reported. This protocol provides an effective way for construction 2-(benzotriazol-1-yl)-2H-azirines. The advantages of this

reaction are mild conditions, metal-free and easy operation.

Keywords metal-free; substitution reaction; 2H-azirines; 1H-benzotriazole

T Ak 22V R A P2 M, 2H - TR e
— AW BEEGHN TN, RGN 2H-5
FR e B PUERC. IO, 2H- B A eV E N —Fp
B B AR SUAT DL AR AT E . BRI e W WAt
WA — R A BB A FF LRI N T
2H-A: I HE I A RIS AT H T AR 5% 90,

SEAZARFAT 2 H-58 4% A e PR AR s B g i AR 7
2H-S 2R TR WE AL e 1. - 2R TR IR IE Y 2 itk
PR SN A LA 22 o 5 R Pk, — Se i g 7
QH-B AR ImE 2 AL B A 8 i 7 %% . i,
Pinho e Melo /NHPHRIE T 2-1R-2H- 2% 4 e 7] LLAN
N-SERZGARFRAE 2 RERIBUR . BJG, Katritzky %50
B T 2- 28 = U2 H- 5 2% T4 0 e A 3w 2 467 /)
SRRSO, T TE YR 2 B 2 9 F = e n] BAE AR
K EENE R, HE R -2 =5 M2 H- R 2
PR I (0 BT 0 T 2-BUAR -2 H- 380 2% TR 446 e 11 4 %,
BHAIEFEENRE L. S AR, E &K 2-
HKIF = E M2 H- BRI R Katritzky /NAHRIE (1)
e L REREA 24 el o e = D AR e el IR N
path a) ) FRATHFILIRIE T 2-BEEEIE-2H- B A AmE

* Corresponding author. E-mail: duanxiyan@tju.edu.cn

AR ER B N 1, path b)), % B A s 2t 45
B 2-WhAFE-2H-ZOR I IE, JEEAGE T 6 2-l A
FE2H- BRI WEAE N JRA AN SR A2 A0 R A AR R
IR GEAIRAN, FRIR i B g 2 2H-BE A e
2 A ZZTAER R, FAVEZeE 2-F A -
2H- R N W AR I = P B B S A 3 2- 2R 9 =
RME-2H-Z A IR E.

AT AR, FATRIILE 2 equiv. IR T F, 2-
it A R -2 H- 1% DA A W (1) M SR AZ AR S I RE A v R0
o PRI A AR AR I SO, 15 31 22 BRI E EAL &)
ZAEF 1 equiv. FUBR N 45 2507 BURS 30 74 (22 BRI
M) — B AR ) (2-BAR-2 H- 2% R WE ) LA R R
NLSERIERHIE 1, path o)) ASTAA T — RN S
T 2Pt AU -2 H- 8% TR A T R 4 = M 1 A e
BRCA R 2-ZE I =R 20 B A EREAL S (A 1,
path d). 7E 1 equiv.BlAfE7E T, 1% & AT 5] 2-2%
I =R 2H-FR N IR E &P, 3G & 2
equiv., FEAEAEBUEURS H . 2R HA A
FAFRM . LEJES 5 LM (BRIRIN ) B 2 1955
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(@) Katritzky's work

Q\N /\[]/ 3 steps

(b) our previous work

? N 3
DN Ki
R1£k‘>\R2

--T--2 O
O (0]
“.H
Sjs R4J‘J\0’\\
esters DMF, 100 °C

(c) our previous work

N X N
CYN\IP\\R M RN

N
R2
(6] (0]
Y

R4

esters

TFE, NaH 2N
DMF, N2 R2
O 2
1\,\\O R® NaH, DMF, N2 R
0 R 100 °C
1 Q_/N
CF4 /
R' = alkyl, aryl;
5 R2=aryl;

R2 = aryl; R® = H, halo, alky!

(10 examples)

(d) this work

N,
O N @ENIN
S
00
R3
1

R3 = H, halo, alky!

R2 = aryl; R® = H, halo, alkyl

(11 examples)

B 1 2- R = M- 2 H- R A NE A 2-T R ik -2 H- A% PR e PR HDUA s

Figure 1 Substitution reaction of 2-(benzotriazol-1-yl)-2H-azirines and 2-acyloxy-2H-azirine

1 ER5HR

HOIEBEEY 18 WE UG R R = e
FRAE =R R LA NN-— F B i (DMP) /| N i 747
S Bi(Table 1). JHId X — RFIGL TR IE, FTATR MM
FNRENS DL T8% 1)1 %45 2|54 2a (Table 1, Entry 1). T
2 A SEALEA AT 1,8- A IR [5.4.0] F —Bk-7-4%
(DBUE N #1434 274 2a (Table 1, Entries 2~3).
Ak SRR AT ROE AT, BUT BEEN . IR S AN B RN
YR DA i 1 77 Sk iR ek, Herh BN I R e i
f=i(Table 1, Entries 4~6). B 5l id 28— R0 R
BA(DMF. &k LM L4- 8 NHAPUERE
I#)(Table 1, Entries 6~10), FATKIL DMF iz v
¥ 77(Table 1, Entry 6). 3 IIAKEREAI (2 equiv.), 2xLA
L= A5 B8 2a, HEATATERY IR =408
MR A ),
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RREMRACH S L2 I, RATE a7t T 2-Th 4
Fe2H- A I I WE LA ) 103E PG [l (Table 2). LY
R NZEERS, RUNEHL BT HREFIZIRN, KNV AE
% LA O P2 345 2 7= 9) 2b~2¢ (Table 1, Entries 2~3).
R FIZEIA LA KR F A Br BURH, %2Ry AR
& T AR, i B A LS e R AR B ) 2d~2e
(Table 2, Entries 4~5). HULAT W24 R AZRIER, ZKIF
BRI A PE R R LB R Y R OERSE,
R A& AW AT 5 B 8 E A PR AR (5
Xof AR PR X IR AR I I, e B DAE e e A4S
FIF R K724 2£~2h (Table 2, Entries 6~8). 24 R' JylE
Wy PR, SR DL A AR P A F P2 ) (21, 75%) (Table 2,
Entry 9). 34 R' AZEHEN, DLEr=RE 577 2§ (88%)
(Table 2, Entry 10).
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R RFMRMRA 0 0
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Table 1 Optimization of reaction conditions N N
N
(0] NS O (@) O e O N. O
> @[ N N o N
Tt - )
H
QoINS SN )
Base, solvents ‘}\j 2a
/
N
2

Entry Base (equiv.) Solvent Yield”/% H AR LA
1 "RERM
! Nat (1.1) DMF 8 Scheme 1 Possible reaction mechanism
2 NaOH (1.1) DMF Nd
3 DBU (1.1) DMF Nd BT SCERRIE DL B AR LS5 B, AR T — A
1
‘5‘ Eaggg <(11- 13) gﬁi ;i AT A 1 S S AL (Scheme 1), 7 56 76 25 3 = UM AE BRI
a 3 (1. e S o o e — = = \ N y
. SN . AL PR S H ST A BRI AR
7 Na,CO; (1.1) CH,Cl, 40 PEHEIE 2- T BB -2H-B A NG E(1a) 1 2 121320 H br
8 Na,COs (1.1) CH;CN 63 P4 2a.
9 Na,COs (1.1) 1,4-Dioxane 65
10 Na,CO; (1.1) THF 70 2 ﬁiﬁ
11 Na,CO; (2) DMF 83
“ Reaction conditions: substrates 1a (I mmol) and 1H-benzotriazole (1.1 1%]\2,, &1[]*&@7%@?@31&1&5@ 2—@5‘3%&%—211-/‘%:&%

mmol) were reacted with base (1.1 mmol) in solvent (5 mL) for 2 h unless WA e s M i e N T2 N Ay T 3
otherwise stated. Nd=no detected. * Isolated yields. & kﬁ il }JF#E\‘ e g ‘]J‘ T Imﬁxfi)‘iﬁﬁg Iﬁ 2 2':}1:2
RE-2H-FARIRNE B T8, 207t — By e T 2-Bt

®2 RPELEHNEREBT

Table 2 Investigation of the scope of the procedure

N, 0
0 N ©: \/N ) Na "
R1J\P\R2 N R R R = aryl

0_0 — N. R2 = phenyl
Na,CO, N pheny
1 n-Pr DMF, rt.,2h N
2
Entry Substrate Product Yield®/%

tp OPNe

| NN 86
S gt

n-Pr

1a 2a

ORa® T C
2 Me Me @/J)‘ 82

o New
o
n-Pr>§o

1b 2b

9 e
3 MeO ! Non I 88
MeO A
0 N
n-Pr# C}/

1c 2¢
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Bk
Entry Substrate Product Yield”/%
(o}
O N Na
NS
4 O Q O F N 92
e s
n-Pr
1d 2d
(0]
0] New N
J L (50
5 B 0 Br ’)\l/\l 94

1h oh
o)
0 N
s Na S >
\
\ N.
| o o
n-Pr .
1i 2i
o) 2 N

l N
10 QO }/\l

85

90

89

75

88

“ Reaction conditions: substrates 1 (1 mmol), 1H-benzotriazole (1.1 mmol) and Na,COj; (1.1 mmol) were stirred in DMF (5 mL) unless otherwise
yields.

UL DH B A IR R IR R SR (BT LSSl T 3 SCIRER4Y
R B 5 15 2 5 1) 2SR A - L 201

SRR A 2456 = A R R ke ke, O PRSI

stated. ® Isolated

R T AR 2 2- IR 2R e PR 4T R LR Bruker AVANCE III 400 MHz #% #3405 1 {3 (A
CDCl; A5, TMS AWHER), X-4 B SR mlse
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BIHE

R

IR ETFARRE), HEOSEER GF254(F Bk TH
FRAF], fhazal). Hap B AT gl s o fratl. H
AR5 R T 4 B 4.
3.2 ZLWAHE
B2 = F (1.1 mmol)FIEREREN (1.1 mmol) A
DMF (5 mL)H. SRJE N 2-Bh A -2 H- 2% e 1 (1
mmol). SR EPIE IR T e B 2 AR ERHE FE 5T
4(%) 2 h). B LR AHEEQ0 mL)INA N AK & . A
VLR R B /K VD e A L. & IF A LA F 6K
i TN T8, I USRS IR VR . i A R A A4k e B
FHan 15 2 H br =4 2.
Q-(1H-ZEIF[d][1,2,3] = Me-1-38)-3-F FE2H- B4 5
J5E ) (R 3 ) i (22)™): 290 mg 35 PR A VA
k) @ (B2 ZH8)=10 : 1, Re=0.3], /*F 86%. '"H NMR
(CDCl, 400 MHz) ¢: 8.32~8.25 (m, 2H), 8.03 (d, J=8.4
Hz, 1H), 7.83 (d, J=7.2 Hz, 2H), 7.74 (t, J=7.6 Hz, 1H),
7.67 (t, J=17.6 Hz, 3H), 7.50~7.39 (m, 2H), 7.36~7.28
(m, 3H); *C NMR (100 MHz, CDCl;) J: 192.40, 158.39,
146.05, 135.14, 134.97, 133.41, 132.98, 131.37, 129.66,
128.63, 128.55, 128.50, 124.53, 121.10, 120.24, 110.08,
55.16. HRMS (ESI) caled for C,H;sN,O [M+H]":
339.1246; found 339.1246.
(2-(1H-FE[d][1,2,3] = Me-1-F%)-3-ZK FL 2 H- 5 42 A
SN 32 O B3 ) FR R (2b): 289 mig  EE R AR V(A1
B © MR =51 1, Re=0.4], % 82%. 'H
NMR (CDCls, 400 MHz) d: 8.30~8.23 (m, 2H), 8.02 (d,
J=8.4 Hz, 1H), 7.76 (d, J=8.2 Hz, 2H), 7.70~7.62 (m,
4H), 7.45 (t, J=7.4 Hz, 1H), 7.32 (t, J=7.6 Hz, 1H), 7.09
(d, J=8.1 Hz, 2H), 2.26 (s, 3H); *C NMR (CDCls, 100
MHz) 6: 191.49, 158.26, 145.97, 144.57, 134.85, 132.93,
132.35, 131.24, 129.55, 129.33, 128.72, 128.44, 124.46,
121.10, 120.12, 110.04, 55.00, 21.55. HRMS (ESI) calcd
for C,,HsN,O [M+H]": 353.1402; found 353.1405.
Q-(1H-ZEF[d] [1,2,3]=Me-1-F5)-3-F -2 H- 5 44 T4
J5 e I ) (4- F AR S 2R ) F R (2¢): 328 mg Bt iR A
(VA HEE) @ (R ZHE)=10 : 1, R7=0.2), /%3 88%.
'H NMR (CDCl;, 400 MHz) &: 8.30-8.22 (m, 2H), 8.03 (d,
J=8.4 Hz, 1H), 7.87 (d, J=9.0 Hz, 2H), 7.75-7.62 (m,
4H), 7.46 (t, J=7.2 Hz, 1H), 7.33 (t, J=7.6 Hz, 1H), 6.78
(d, J=9.0 Hz, 2H), 3.75 (s, 3H); *C NMR (CDCl;, 100
MHz) J: 189.83, 163.81, 158.41, 146.05, 134.83, 132.98,
131.25, 129.58, 128.50, 127.65, 124.52, 121.27, 120.18,
113.97, 110.14, 55.39, 54.92; HRMS (ESI) calcd for
CoH2N4O, [M+H]": 369.1352; found 369.1349.
(2-(1H-AFE[d][1,2,3] = Me-1-3%)-3-ZK FL 2 H- 5 42 A

3240 http://sioc-journal.cn/
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eI (4- 5555 R (2d): 328 mg B CUHPIRIAR [ V(f1
M) © MR OTEE)=5 1 1, Re=0.3], % 92%. 'H
NMR (CDCls, 400 MHz) 0: 8.29~8.20 (m, 2H), 8.01 (d,
J=8.4 Hz, 1H), 7.92~7.82 (m, 2H), 7.73~7.55 (m, 4H),
7.44 (t, J=7.4 Hz, 1H), 7.30 (t, J=7.2 Hz, 1H), 6.94 (t,
J=8.6 Hz, 2H); *C NMR (CDCl;, 100 MHz) J: 190.59,
166.76, 164.21, 158.21, 14591, 134.96, 132.75, 131.30
(Jer=9.4 Hz), 131.20, 129.54, 128.52, 124.52, 120.72,
120.15, 115.84 (Jop=22 Hz), 109.83, 54.84; HRMS (ESI)
caled for C,Hi4sFN,O [M + H] " : 357.1152; found
357.1143.
Q-(1H-ZKFE[d][1,2,3] = Me-1-3E)-3-FF 2H- 44 TR
i E I ) (4-TR A FE) T (2e): 391 mg B CIRLIRIBUAA [ V(F7
W) © MR OTEE)=5 1 1, Re=0.3], % 94%. 'H
NMR (CDCls, 400 MHz) 6: 8.24 (d, J=8.0 Hz, 2H), 8.03
(d, J=8.2 Hz, 1H), 7.82~7.53 (m, 6H), 7.52~7.38 (m,
3H), 7.33 (t, J=7.6 Hz, 1H); *C NMR (CDCl;, 100 MHz)
5: 191.39, 158.22, 145.94, 135.05, 133.68, 132.77, 131.92,
131.29, 129.94, 129.61, 128.72, 128.60, 124.59, 120.68,
120.24, 109.83, 54.89; HRMS (ESI) caled for
C,H4,BrN,O [M+H]": 417.0351; found 417.0339.
(2-(1H-ZE IF [d][1,2,3] = M -1- JE )-3-(4- A 2
FE)-2H-G0 2 TR WE 225 (R 328 B (26): 313 mg 3 (A iHPIR
WBARVCAMES) @ MR LBR)=10 : 1, R=0.2], /=%
85%. 'H NMR (CDCls, 400 MHz) J: 8.14 (d, J=8.7 Hz,
2H), 7.95 (d, J=8.3 Hz, 1H), 7.76 (d, J=7.4 Hz, 2H), 7.62
(d, J=8.3 Hz, 1H), 7.39~7.33 (m, 2H), 7.27~7.17 (m,
3H), 7.04 (d, J=8.7 Hz, 2H), 3.79 (s, 3H); “C NMR
(CDCL, 100 MHz) o: 192.77, 164.78, 156.97, 145.81,
135.06, 133.47, 133.12, 132.82, 128.41, 128.35, 128.23,
124.30, 119.96, 115.12, 112.82, 110.00, 55.55, 54.91.
HRMS (ESI) calcd for C,,H{7N4O, [M+H]+: 369.1352;
found 369.1350.
(2-(LH- FF[d][1,2,3] = M -1- 3£ )-3-(4- TR F 3k )-2H-
R TR e S )R ) R (2g): 374 mg B (A HRIR IR A4
(VA MEE) @ MR OHEE)=5 1 1, Re=0.3], %% 90%.
'H NMR (CDCl;, 400 MHz) §: 8.25 (d, J=7.1 Hz, 2H),
8.03 (d, J=8.3 Hz, 1H), 7.75~7.58 (m, 6H), 7.50~7.38
(m, 3H), 7.33 (t, J=7.7 Hz, 1H); *C NMR (CDCl;, 100
MHz) 6: 191.38, 158.22, 145.94, 135.05, 133.67, 132.76,
131.91, 131.28, 129.94, 129.61, 128.71, 128.59, 124.59,
120.67, 120.24, 109.82, 54.88. HRMS (ESI) caled for
C,H4,BrN,O [M+H]": 417.0351; found 417.0344.
Q-(1H-ZEFE[d][1,2,3] = Me-1- 3 )-3-(4- Fil Z= 5L )-2H-
RARIENEIE) (I R (2h). 316 mg B AHPIRBA

Chin. J. Org. Chem. 2017, 37, 3236~3241
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V(A ) @ M OB LF8)=5 1 1, Ry=0.3], /%% 89%.
'H NMR (CDCl;, 400 MHz) &: 8.10 (d, J=8.7 Hz, 2H),
7.92 (d, J=8.4 Hz, 1H), 7.74 (d, J=7.4 Hz, 2H), 7.59 (d,
J=8.3 Hz, 1H), 7.37~7.30 (m, 2H), 7.25~7.16 (m, 3H),
7.13 (d, J=8.7 Hz, 2H). *C NMR (CDCl;, 100 MHz) ¢:
192.73, 162.20, 157.07, 145.90, 135.14, 133.20, 132.92,
132.90, 128.47 (Jor=3.9Hz), 128.31, 124.36, 122.45,
120.06, 113.97, 110.05, 80.42, 54.98. HRMS (ESI) calcd
for C,;H4,FN,O [M+H]": 357.1152; found 357.1155.

Q-(1H-ZEIF[d][1,2,3] = Me-1-38)-3-F FL2H-F 4 5
75 0 ) (W Ry -2- 2 F R (2i). 258 mg B (A MPIR AR [ V(A
WEE) C MR EE)=5 1, Re=0.3], I“F 75%. 'H
NMR (CDCls, 400 MHz) J: 8.32~8.24 (m, 2H), 8.09 (d,
J=8.4 Hz, 1H), 7.74 (dd, J=19.4, 7.9 Hz, 2H), 7.69~
7.59 (m, 3H), 7.53 (t, J=7.4 Hz, 1H), 7.45 (dd, J=3.9, 0.9
Hz, 1H), 7.40 (t, J=7.5 Hz, 1H), 6.99 (dd, J=4.8, 4.1 Hz,
1H); *C NMR (CDCl;, 100 MHz) J: 183.68, 159.34,
146.00, 139.67, 135.61, 135.15, 134.49, 133.06, 131.67,
129.63, 128.43, 124.51, 120.37, 120.13, 110.48, 54.70.
HRMS (ESI) caled for CjoH;3N,0S [M+H]": 345.0810;
found 345.0870.

Q-(1H-ZEIF[d][1,2,3] = Me-1-F8)-3-F FL2H-F 4 5
JE ) (Z5-2-38) R (25): 342 mg B ORIV (A
WEE) © MR EE)=5 1, Re=0.3], /“F 88%. 'H
NMR (CDCls, 400 MHz) §: 8.40 (s, 1H), 8.37~8.29 (m,
2H), 8.02 (d, J=8.4 Hz, 1H), 7.91 (dd, J=8.6, 1.6 Hz,
1H), 7.81~7.63 (m, 7H), 7.56~7.39 (m, 3H), 7.30 (t, J=
7.6 Hz, 1H); C NMR (CDCl;, 100 MHz) 6: 192.00,
158.50, 146.02, 135.32, 134.95, 132.97, 132.22, 132.02,
131.32, 130.62, 129.61, 129.56, 128.89, 128.59, 128.51,
127.59, 126.90, 124.51, 123.93, 121.06, 120.19, 110.03,
55.18. HRMS (ESI) caled for C,sH;;N,O [M+H]":
389.1402; found 389.1394.
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