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A New Method for the Synthesis of Alkyl-Substituted 1,2,3-Triazole
Compounds

Xie, Mingsheng

Guo, Haiming

Tang, Haoxin

Zhang, Yiming Guo, Zhen

Qu, Guirong™

(School of Chemistry and Chemical Engineering, Henan Normal University, Xinxiang 453007)

Abstract 1,2,3-Trizaole derivatives have been widely used in the fields of medicine pesticide and materials. Thus, much
attention has been paid to the synthesis of various 1,2,3-trizaole derivatives. However, the transformation of function group at
N(1) position of 1,2,3-triazole derivatives was less studied. In this paper, in the presence of base and using copper salt as the

catalyst, the sulfonyl group of 1,2,3-triazole derivatives could be transformed to other function groups in a

two-steps”

“one-pot

manner, including benzyl, substituted benzyl, halide substituted alkyl or alkyl groups. This method exhibited mild

reaction conditions and simple operation. Meanwhile, based on the captured reaction intermediate, the reaction mechanism was

also proposed.

Keywords 1,2,3-triazole; function group transformation; alkyl-substituted; one-pot two-steps

1,2,3- =M — 2R H B Fe S B A &l
Horp, N(OAZ IR 1,2,3- =M iy F s (1 4k 2
PERR, ERZ2ULE TR EMRE. w1 R 24995
ek (D), 2007 4E CAERR B B, BT A s ok,
VAT R R & /EFN Lennox-Gastaut 258 hERY: 2
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Figure 1 1,2,3-Triazole with aliphatic substitution at N(1) posi-
tion exhibited biological activities
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(177 ¥%(Scheme 1b).

a) Previous work

[CU(CH3CN),JPFs (1 mol%) . JPh
TBAT (1 mol% O
Ph—= +N3/\ph ( 0) NN
V(t-BUOH): V(H,0) = 2:1, 24 h
Ph
Bn\ 84% vyield
N
N, |
N N=N
N._ A N~Bn
.
N—N
/
Bn T1BTA
b) This work
N & ] N R
N —Ts B e R 5 N
NTONTS L Ry N"N
PH Ph
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Scheme 1 (a) Previous work: synthesis of 1,2,3-triazole with
aliphatic substitution at N(1) position via Huisgen cycloaddition,
and b) This work: synthesis of 1,2,3-triazole with aliphatic sub-
stitution at N(1) position via functional group transformation of
triazole with Ts group at N(1) position

1 ER5HR

1.1 FMHimik
CABRER #0119k, WAL AR 1 A AR, 1-5%F 2R
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TR I -4- 2K 31,2, 3- = ME N JERL, 7B 1,2- =8 O KfE
VBRI, BMAMBER T 1-Q-HH)-4-FH-123-=
We(Eq. 1), FAVN IR — PRI 1B B8 2 407 v,
R FE B 25 A A0 — A B A T, -5 R A I 2 -4- 2K
FE-1,2,3- = P4 [0 %o HA 2R T e 2 T DA A 4 Sy At AR 2
RlUk, JEFE 4-REL-1-X) R E 4L -1,2,3- =M (1a) 5%
TR(22) S NAE BRI BE, XoF S5 B FRTBsl A 14 7] FH

TR A AT TR (R 1),
NA-TE CsaCOs, Cul A 0
12h
F1 -0 IEREE R -4-FE 1,2 3- = M 5 AR S N A AR

e
Table 1 Condition screening for the reaction of 1-benzyl-4-
phenyl-lH—l 2,3-triazole with benzyl bromide

MQ by

Cul (10 mol%), Base (x mol %)

- 11b

Entry Base  x/mol% Solvent  Temp./'C %/(Z)a
1 CsF 10 THF 25 10 —
2 LiHMDS 10 THF 25 Trace —
3 Cs,CO; 10 THF 25 67 —
4 K,CO4 10 THF 25 42 —
5 NaH 10 THF 25 Trace —
6 EtN 10 THF 25 Trace —
7 t-BuOK 10 THF 25 0 51
8 Cs,COs 20 THF 25 52 —
9 Cs,COs 50 THF 25 32 —
10 Cs,CO4 100 THF 25 Trace <5
11 Cs,CO3 10 CH,Cl, 25 51 —
12 Cs,CO;4 10 Toluene 25 Trace —
13 Cs,CO3 10 1,4-Dioxane 25 Trace —
14 Cs,CO3 10 MeCN 25 14 —
15 Cs,CO;4 10 DMF 25 Trace —
16 Cs,CO4 10 THF 100 Trace —
17 Cs,CO3 10 THF 60 28 —
18 Cs,CO3 10 THF 40 43 —
19 Cs,CO; 10 THF 0 10 —

© 2015 Chinese Chemical Society & SIOC, CAS

“ Reactions conditions: 1-benzyl-4-phenyl-1H-1,2,3-triazole (1a) (0.1 mmol)
and benzyl bromide (2a) (0.12 mmol) with Cul (10 mol%); * Isolated yields.

T 5 7 B[R BB s B T2 . WER 1 Entries
1~7 TCAE H, BRPE SR 5500 OB s AR oK. 24t i
Kt /Nt (Entries 1, 2, 5, 6), JUFEBF=WAR; 44
FH R B BB R e A SRS, =4 3a REE LR S5k
133 (Entries 3, 4), HABKIREAE T, 7% &
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(Entry 3, 67%). 24l FIAUT BEER/E s, 20452 1 i
PN 2RI IE 0= 4a (Entry 7, 51%). R, &%
BRER AR NBREEAT B — D B S e, A 3RA T B R 5
() B AT TG IR R B, B B & hn, 7 A s
FRAK, 2B KR FI P~ (Entries 8~9); 4BR R £6 1) FH &
IEF|—NHER, EARRE EE YA H(Entry 10). B8
JEFRATEL 10 mol% F Rk B 56 A J ik, %o i 35 147 7 ik
(Entries 11~15). Hrp, & F Lo DY S0k 6 $5 5E HUAS
HAE ISR, (HRAE TR EIE RN, o — el
WA, OB ECRUE A, Wi 24 3% 46 DU Sk e 4 Sy v 57
X I I A 3E— 35 1) %5 % (Entries 16~19). 57 &
I, SRS T (AR ik i, R R, SRR
TR, RIS B, R ILER 1a C2 W FETE 4, HL
A HbRPE A R (Entry 16). HEDN AT A8 2 76 BiLAL T
WERT, SR =R 1a /. SRR
0 CIf, U] RANS, FEAHEMNE] Y, %4 2
H I FEAR(Entry 19). BT AR SOSIIR B2 25 °C.
FEXF AN R A4 #h 2R AT R I, S AT — € i M
HiE i, A A AL AR e v, IRAL VAR AN RE AR AL
RIL(F 2, Entries 1~3). 2438 KB AL 1 &=
PR FEBATEGIN, AR ANTS IR A 7RIS B S5 Te ik AT
(3 2, Entries 4~7). BB —M4R7E R BIHES] 72 CHE
PR, R Z&IRATHIE T 1%L s 5k
Cs,COs, FIEA 10 mol%, #EALFIA Cul, FHER 10
mol%, 74 THF, KNEFE 25 C.
R2 R HORRAE S -4- 2R -1,2,3- = M 5 IR I S KT )
ik
Table 2
1-benzyl-4-phenyl-1H-1,2,3-triazole with benzyl bromide

Optimization of the catalyst for the reaction of

CuX (y mol%)

T
NN 5, Cs2C0; (10 mol%) N’/N\N/\(j
—_— + _—— p—
PH THF, 12 h Ph)_/
1a ) 3a
a
Entry CuX y/mol% Yield”/%
1 Cul 10 67
2 CuCl 10 42
3 CuBr 10 Trace
4 Cul 5 59
5 Cul 20 62
6 Cul 100 60
7 Cul 0 Trace

“ Reactions conditions: 1-benzyl-4-phenyl-1H-1,2,3-triazole (1a) (0.1 mmol)
and benzyl bromide (2a) (0.12 mmol); * Isolated yields.

12 RV R

7 EREAR KT, BATS — KA BURKI IR e
R 2a~2t 5 10 IRREEE L -4- 28 3E-1,2,3- = 1
()[BT T 5%%, S50 IR 3. FRATR BT R
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FITREETR, IR LA W 12 [ A it F 3 AT B
AT [ S HEAT (Entries 1~16). BT 2R 546
F, HURHEAL T 41 A7 B A B 22 b AT TR A B ) T e
FLREAT. ORI PR (i 7R A P A, thfR
MANRE KL (Entry 6). M Bt IR ATEER e 5L IR & T
RN, PR SRR 2 (Entries 17~19).

H3 Cul REAGIUL AL e T L D 5 13 B 4-
SRHE-1,2,3- = I ¢

Table 3 Cul-catalyzed reaction of benzyl bromide compound
and alkyl halides with 1-benzyl-4-phenyl-1H-1,2,3-triazole

Cul (10 mol%)

TS + oy C52C0s (10 mol%) NN R
Ph)—1: vage THF12R Ph)—/
3a~ 3t
Entry R X Product  Yield®/%
1 C¢HsCH, Br 3a 67
2 4-CH;C¢H,CH, Br 3b 51
3  4-BrC4H,CH, Br 3c 70
4  4-NO,C4H,CH, Br 3d 78
5  4-CNC¢H4CH, Br 3e 83
6  4-MeOC4zH,CH, Cl 3f N.R.
7  4-t-BuC¢H,4CH, Cl 3g 58
8  3-CH;CH,CH, Br 3h 55
9  3-BrC¢H,CH, Br 3i 60
10 3-NO,C¢H,CH, Br 3j 62
11 3-CNC¢H,CH, Br 3k 62
12 2-CH;C4H4CH, Br 31 59
13 2-BrC4H,CH, Br 3m 66
14 2-NO,C¢H,CH, Br 3n 67
15 2-CNC¢H,CH, Br 30 72
16 2,4-CH;C¢H;CH, Br 3p trace
17 c-Pentyl Br 3q 60
18 n-Bu Br 3r 48
19 C¢H4CH,CH, Br 3s 62
20° CICH,CH, Cl 3t 45

“ Reactions conditions: 1-benzyl-4-phenyl-1H-1,2,3-triazole (1a) (0.1 mmol)
and benzyl bromide (2a) (0.12 mmol) with Cul (10 mol%) relative to 1a;
b Isolated yields;  DCE as the solvent.

WAVRILFIL ) p AL EH A RE T, R
B 1a (ORZREE AL E VR R A RN, AN RS
Ji ¥ N.(Entries 3, 13). AR R FIHRIRIL
B AL B HIRE LG RETE ite E LRSS 1, BE R PR,
[E 2Ry e =Y 27N 32 NI A ey (AR
RERTEm, FTCARON HORAETERIRAREEM B 1. 15
1,2- S ZKi(DCE) ) Bilf, DCE 1E¥ 7, R A s —n
BRI F=)(Entry 20). 4 —A4&E M) DCE B, KM=
B, AR B A R B OURAR 7= 4. FATTHEN AT R
MR H & 4 DCE —u B HE 2] =k B, — PR R4 T7
R, W bR BT, IR R AR S
B2, MNITAS R AESCIUAR .
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] 5256 (Scheme 2): (1)TEAN I S ANBLAL 4 11 2644
SEHT 4-FH-1H-123-=M4a); )L 4-FFIHE-1H-
1,2,3- =M (da) Nt ts IR, IR (2a) ALK 7 4 F1
TR, S SRR AR G A B 28 7= 17 42 -
1,2,3- =W (3a); #f7uth, FRATHEN 4-2KHE-1H-1,2,3- =M
(4a) AT BE N S B ) FR AV, (3) LA D,O/THF 75 AR A 771,
TEIR =) 3a Pl Sk R KA 5 6L C—H AR,
HEM Cu()%E 5 57 C—H %4, "JRe5 1 7 N—H fic

freg s
N, 0 N,
0 NN Ts  Cs,CO3 (10 mol%) N” “NH
=/ THF, 10 h p=
P Ph
a 4a, 37% yield
Cul (10 mol%)
N Bn
N “NH Cs,CO3 (10 mol%) N”N‘N/
(2) \—/ + BnBr W ):/
Ph 2a ’ Ph
4a 3a, 92% vyield
Cul (10 mol%)
N"N‘N/TS Cs,CO3 (10 mol%)
(3) o + BnBr —— X
D,O/THF, 12 h
Ph 2a
1a
N Bn
N, _Bn 7N
N” N + N — N
— Ph D
P" 3a AL

B 2 =St
Scheme 2 Control experiments
BT Bk sene, JATRE 1 W TR SR

L AEBRAIAEALT, 1% FOR T I A -4- SR -1,2,3-
(La) H 0 Xof Y e 4 Tl 1 o B, 2 Bl ) A 4- 2 -
1H-1,2,3-=M(4a), £ TRAE Cu()Xf 5 42 N—H i
BRI HEAL TS, B da AR R4 T2 1) 1R 408
#£-1,2,3-=M(3a) (Scheme 3).
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Scheme 3 Proposed Mechanism of the reaction
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AR T X 1,2,3-=EATAEY) N(DAz BB Re ATt

2592 http://sioc-journal.cn/

© 2015 Chinese Chemical Society & SIOC, CAS

FTiEd, SR — 40K 1,2,3- =749 N(Dfz -
[T FR AR I S 4 A R A AR 3 | o R o Qb 3 25
HAEE]. 1% 7B N 2k 1 I RD AN A ] PR A
FIT A N(DALFESE B 1,2,3- =M AP (it
TRl AR, R ANERATTIE I B s R LA s R ATL
AT, AR B —AS “—HEE 7 (iR,

3 SRRy

3.1 UE5EHH

B3R "H NMR (400 MHz)F1 *C NMR
(100MHz)¥% FH Bruker AV 400 % RiFEHRACIE, BT
#1J9 CDCl; il DMSO-ds, TMS AR, 1 A E AR
F FHE AT AT AP 1) XRC-1 Y B A0 i il s A (R
FERARIE); S5 At FH AR 3 o & o Ak alm). 3
o THF FANVER A 4TI 8 28401k, Cul. CuBr. CuCl H
XF R ALY, H AR A — P Al A 3.
3.2 XWHE
321 1-3F P RERBEA-4-RKIK-1,23- =72 69 &%,

7E 100 mL B I ORI B 2 3.94 ¢ (20
mmol). K 2.04 g (20 mmol). LA 0.38 g (2
mmol), FEETRIIIZFAET, DI 50 mL T4 THF,
5 TS 2N 2,6- — FRAEMERE 2.32 mL (1.0 equiv.).
RMNAEZRBFE 12 h. S 5 A S K,
WEHE 2R By THE, F & H 5E(20 mL X 3)AKHY,
HIE VA, AYAMHETOKREREN T8 S SRR AL Z i
[MRGEF: VCREE) @ (OB LER)=7 © 31182 H bxr=
.
322 1-FEMRAATA -4 A -1,2,3- =0k 8 A Rk

T8 R AR RN 15 B 2R e 2 -4- 2K 0 -1,2,3-
—M30.0 mg (0.1 mmol), “FH/FeIEATAEDI =< AP(1.2
equiv.), BEER4G 3.2 mg (10 mol%), FALIE4R 1.9 mg (10
mol%)F1 1 mL THF. Z B 12 h. KGR EH &
FLE(10 mLX3)ZEH, GIFANAE. GHAHE TR
N1 S AR EAT1S 2 H AR ).

1- R 428 -12.3- = (3a): A 4, mp.
134 °C; '"H NMR (400 MHz, CDCly) &: 5.58 (s, 2H),
7.28~7.34 (m, 3H), 7.36~7.42 (m, 5H), 7.66 (s, 1H),
7.78~7.82 (m, 2H); *C NMR (100 MHz, CDCl;) §: 54.2,
119.7, 125.8, 128.1, 128.2, 128.8, 128.9, 129.2, 130.6,
134.8, 148.2. HRMS caled for C;sHi2N; (M + H) *
236.1182, found 236.1183.

1-(4- FF FE N 3)-4- T8 3621 2, 3- = (3b): [ (0 [l 4,
m.p. 106 ‘C; "H NMR (400 MHz, CDCl5) 6: 2.36 (s, 3H),
5.54 (s, 2H), 7.18~7.23 (m, 4H), 7.28~7.34 (m, 1H),

Chin. J. Org. Chem. 2015, 35, 2589~2594
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7.36~7.42 (m, 2H), 7.63 (s, 1H), 7.77~7.81 (m, 2H); "*C
NMR (100 MHz, CDCly) 6: 21.2, 54.1, 119.5, 125.7,
128.2, 128.8, 129.9, 130.7, 131.7, 138.8, 148.2. HRMS
caled for CigH N3 (M+H)" 250.1339, found 250.1336.

1-(4- P E I )-4- K FE -1 2.3- = M (3e): 1 €0 [ 4K,
m.p. 154 “C; "H NMR (400 MHz, CDCl3) : 5.54 (s, 2H),
7.16~7.21 (m, 2H), 7.30~7.35 (m, 1H), 7.38~7.44 (m,
2H), 7.50~7.55 (m, 2H), 7.66 (s, 1H), 7.77~7.82 (m,
2H); *C NMR (100 MHz, CDCLy) 6: 53.7, 119.6, 123.1,
125.8, 128.4, 129.0, 129.8, 130.5, 132.5, 133.8, 148.6.
HRMS calcd for CisH;sBrN; (M+H)" 314.0287, found
314.0293.

1-(4- T FE R B0 )-4- 2K 3212, 3- = M (3d): 3 (A [ 4,
m.p. 158 “C; "H NMR (400 MHz, CDCl3) ¢: 5.71 (s, 2H),
7.32~7.38 (m, 1H), 7.39~7.48 (m, 4H), 7.75 (s, 1H),
7.77~7.84 (m, 2H), 8.20~8.28 (m, 2H); *C NMR (100
MHz, CDCl;) d: 53.3, 119.8, 124.5, 125.9, 128.6, 128.7,
129.0, 130.2, 1419, 148.2, 148.8. HRMS calcd for
CsH3sN4O, (M+H)™ 281.1033, found 281.1035.

1-(4- 5 L 5L )-4-F FE-1,2,3- = M8 (3e): 1 10 [l 4,
m.p. 128 “C; "H NMR (400 MHz, CDCl3) 6: 5.66 (s, 2H),
7.30~7.46 (m, 5H), 7.64~7.71 (m, 2H), 7.73 (s, 1H),
7.78~7.84 (m, 2H); *C NMR (100 MHz, CDCl3) ¢: 53.5,
112.9, 118.2, 119.8, 125.8, 128.5, 128.6, 129.0, 130.2,
133.0, 140.0, 148.7. HRMS calcd for C¢H;sN, (M+H)"
261.1135, found 261.1133.

1-(4-FUT R )4 28 H-1,2.3- =M (3g): [ A [
&, m.p. 162 ‘C; '"H NMR (400 MHz, CDCl;) 6: 1.31 (s,
9H), 5.55 (s, 2H), 7.23~7.25 (m, 1H), 7.26~7.28 (m,
1H), 7.28~7.34 (m, 1H), 7.37~7.43 (m, 4H), 7.66 (s,
1H), 7.77~7.82 (m, 2H); *C NMR (100 MHz, CDCl;) ¢:
31.4, 34.8, 54.0, 119.6, 125.8, 126.2, 128.0, 128.2, 128.9,
130.7, 131.8, 148.2, 152.0. HRMS calcd for CjoH,Nj5
(M+H)" 292.1808, found 292.1801.

1-(3- H B 3 )-4- 2K 21,2, 3- =M (3h): [ (0 [F 14,
m.p. 90 “C. 'H NMR (400 MHz, CDCl;) §: 2.35 (s, 3H),
5.54 (s, 2H), 7.08~7.20 (m, 3H), 7.27~7.35 (m, 2H),
7.36~7.43 (m, 2H), 7.66 (s, 1H), 7.77~7.84 (m, 2H); "*C
NMR (100 MHz, CDCly) 6: 21.4, 54.3, 119.6, 1252,
125.8, 128.2, 128.8, 128.9, 129.1, 129.6, 130.7, 134.7,
139.1, 148.2. HRMS caled for C;H;¢N; (M + H) "
250.1339, found 250.1341.

1-(3-IRFE)-4-F HE-1,2,3- =M (3i): (A EAER, mop.
107 C; '"H NMR (400 MHz, CDCly) 6: 5.30 (s, 2H),
7.21~7.29 (m, 2H), 7.30~7.36 (m, 1H), 7.38~7.44 (m,
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2H), 7.45~7.48 (m, 1H), 7.48~7.52 (m, 1H), 7.70 (s,
1H), 7.77~7.84 (m, 2H); *C NMR (100 MHz, CDCl;) §:
53.6, 119.7, 123.2, 125.8, 126.7, 128.4, 129.0, 130.5,
130.8, 131.1, 132.1, 137.0, 148.6. HRMS calcd for
CisHsBrNs (M+H)" 314.0287, found 314.0282.

1-(3- i 3 5 3 )-4- 8 3 -1,2,3- = M (3j): % €0 [l 4,
m.p. 139 °C; '"H NMR (400 MHz, CDCl5) 6: 5.30 (s, 2H),
7.31~7.37 (m, 1H), 7.38~7.45 (m, 2H), 7.55~7.66 (m,
2H), 7.77 (s, 1H), 7.79~7.84 (m, 2H), 8.18~8.28 (m,
2H); *C NMR (100 MHz, CDCl;) d: 53.3, 119.8, 122.9,
123.9, 125.9, 128.6, 129.0, 130.2, 130.5, 134.0, 136.9,
148.7, 148.8. HRMS caled for C;sH;3sN4O, (M+H)"
281.1033, found 281.1030.

1-(3- MG NI )-4-FE B -1 2, 3- = M (3K): A £ [l 4k,
m.p. 143 °C; "H NMR (400 MHz, CDCl5) 6: 5.63 (s, 2H),
7.31~7.37 (m, 1H), 7.39~7.46 (m, 2H), 7.48~7.57 (m,
2H), 7.61 (s, 1H), 7.64~7.69 (m, 1H), 7.73 (s, 1H), 7.79~
7.85 (m, 2H); *C NMR (100 MHz, CDCl;) d: 53.3, 113.5,
118.1, 119.7, 125.9, 128.6, 129.0, 130.2, 130.3, 131.4,
132.3, 132.5, 136.5, 148.8. HRMS caled for C;¢H 3N,
(M-+H)" 261.1135, found 261.1130.

1-(2- L Y 4-ZE K12, 3- = 31): (A {0 [F 4k,
m.p. 101 °C; "H NMR (400 MHz, CDCl3) 6: 2.31 (s, 3H),
5.59 (s, 2H), 7.18~7.26 (m, 3H), 7.28~7.35 (m, 2H),
7.36~7.43 (m, 2H), 7.54 (s, 1H), 7.75~7.82 (m, 2H); "*C
NMR (100 MHz, CDCly) 6: 19.1, 52.5, 119.4, 125.7,
126.8, 128.2, 128.9, 129.2, 129.5, 130.6, 131.1, 132.6,
137.1, 148.0. HRMS caled for C¢H;N; (M + H) "
250.1339, found 250.1338.

1-(2- 1R 3)-4- K H-123- = 3m): [ O & 1k,
m.p. 100 ‘C; "H NMR (400 MHz, CDCl) 6: 5.72 (s, 2H),
7.21~7.26 (m, 1H), 7.19 (dd, J=7.6, 1.6 Hz, 1H), 7.29~
7.35 (m, 2H), 7.38~7.44 (m, 2H), 7.64 (dd, J=8.0, 1.2
Hz, 1H), 7.79 (s, 1H), 7.80~7.86 (m, 2H); *C NMR (100
MHz, CDCl;) d: 54.0, 120.0, 123.5, 125.9, 128.3, 128.4,
128.9, 130.4, 130.5, 130.6, 133.3, 134.4, 148.3. HRMS
caled for C;sH;3BrN; (M + H) © 314.0287, found
314.0288.

1-(2- T FE N6 3 )-4- T8 3 -1,2,3- = M (3n): 7 (0 [ 44,
m.p. 143 “C; '"H NMR (400 MHz, CDCl3) 6: 6.00 (s, 2H),
7.14 (d, J=17.6 Hz, 1H), 7.32~7.38 (m, 1H), 7.40~7.46
(m, 2H), 7.51~7.57 (m, 1H), 7.62 (td, J=7.6, 1.2 Hz,
1H), 7.82~7.87 (m, 2H), 7.94 (s, 1H), 8.17 (dd, J=8.0,
1.2 Hz, 1H); *C NMR (100 MHz, CDCl3) d: 51.0, 120.7,
125.5, 125.9, 128.5, 129.0, 129.8, 130.4, 130.5, 130.9,
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134.6, 147.6, 148.5. HRMS caled for C,sH3N,0, (M+
H)" m/z: 281.1033, found 281.1036.

1-(2-f 30 )-4- 2K HE-1,2,3- =M (30): [ {0 B 44,
m.p. 135 “C; "H NMR (400 MHz, CDCl3) ¢: 5.81 (s, 2H),
7.31~7.37 (m, 1H), 7.39~7.45 (m, 3H), 7.46~7.51 (m,
1H), 7.62 (td, J=7.6, 1.2 Hz, 1H), 7.72~7.76 (m, 1H),
7.78~7.85 (m, 2H), 7.91 (s, 1H); *C NMR (100 MHz,
CDCly) d: 51.9, 111.9, 117.2, 120.2, 125.9, 128.5, 129.0,
129.5, 129.7, 130.3, 133.2, 133.9, 138.4, 148.6. HRMS
caled for CigH 3Ny, (M+H)" 261.1135, found 261.1128.

1-FA R HE-4- 2 -1 2.3- =Y A, mep.
134 “C; 'H NMR (400 MHz, CDCl3) ¢: 1.77~1.80 (m,
2H), 1.89~1.97 (m, 2H), 2.05~2.14 (m, 2H), 2.25~2.34
(m, 2H), 4.98 (q, J=7.0 Hz, 1H), 7.30~7.34 (m, 1H),
7.41 (t, J=7.6 Hz, 2H), 7.75 (s, 1H), 7.83 (d, J=7.6 Hz,
2H).

1-T -4- 28551 2, 3- = B! RO, mop.
134 “C; 'H NMR (400 MHz, CDCl;) 6: 0.97 (t, J=7.2 Hz,
3H), 1.36~1.42 (m, 2H), 1.89~1.97 (m, 2H), 4.40 (t, J=
7.2 Hz, 2H), 7.32 (t, J=7.4 Hz, 1H), 7.42 (t, J=7.4 Hz,
2H), 7.74 (s, 1H), 7.83 (d, J=7.6 Hz, 2H).

1- 2 2342831 2 3- = 3s)! ) (@ fE A, mop.
137 “C; "H NMR (400 MHz, CDCl;) 6: 3.26 (t, J=7.2 Hz,
2H), 4.64 (t, J=7.2 Hz, 2H), 7.14 (d, J=6.8 Hz, 2H),
7.26~7.34 (m, 4H), 7.41 (t, J=7.1 Hz, 2H), 7.46 (s, 1H),
7.76 (d, J=7.2 Hz, 2H).

1-Q-5 0 H5)-4- 7 F5-1,2,3- = 3t): A EFEE, m.p.
130 “C; '"H NMR (400 MHz, CDCl;) 6: 4.04 (t, J=6.4 Hz,
2H), 4.78 (t, J=6.4 Hz, 2H), 7.35~7.46 (m, 3H), 7.78~
7.80 (m, 2H), 7.88 (s, 1H); *C NMR (100 MHz, CDCl;) 6:
43.1,53.3,118.0, 125.7, 128.1, 128.8, 130.8, 147.7.

4-FEHE1-H-1,2,3- = 4a)": [ E K. '"H NMR
(400 MHz, DMSO-dy) 6: 7.34~7.47 (m, 3H), 7.87 (d, J=
7.2 Hz, 2H), 8.26 (s, 1H), 8.57 (s, 1H).

45 Bh#1 B} (Supporting Information) =4 i) % il 1%
TR 23 R T RO . I b RE T D G 9l AN A T R
(http://sioc-journal.cn/) I N #k.
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