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Synthesis of 1,4,5-Triarylpyrazoles from the Addition Products of
a,B-Chalcones with New lon-Supported [Hydrox-
yl(tosyloxy)iodo]benzenes

Zheng, Chunzhi’ Xu, Xiaodan” Wang, Yazhen’ Zhao, Dejian”

Zhang, Jizhen®*
(“ School of Chemistry and Environmental Engineering, Jiangsu Technology of University, Changzhou 213001)
(® School of Petrochemical Engineering, Changzhou University, Changzhou 213164)

Abstract Three new N-(4-iodophenyl)pyridinium salts 7~9 were synthesized from pyridine and 1-chloro-2,4-dinitrobenzene
by three steps. In these steps, N-(2,4-dinitrophenyl)pyridinium chloride 5 was prepared through the nucleophilic substitution
reaction at first. Then N-(4-iodophenyl)pyridinium chloride was obtained from 4-iodoaniline and 5 through the Zincke’s reac-
tion. At last the salts 7~9 were got in aqueous solution by anion exchange. And then three new pyridinium salts supported
[4-hydroxy(tosyloxy)iodo]benzene conjugated reagents [N-(4-hydroxyl(tosyloxy)iodophenyl)pyridinium p-toluenesulfonate
10, N-(4-hydroxyl(tosyloxy)iodophenyl)pyridinium tetrafluoroborate 11 and N-(4-hydroxyl(tosyloxy)iodophenyl)pyridinium
hexafluorostibnate 12] were prepared from the salts 7~9 and p-toluenesulfonic acid with m-chlorobenzo- peroxoic as oxidizer.
These reagents were solid at room temperature and had not the moisture absorption property. The adducts of a,f-chalcones,
1,3-diaryl-2,3-di(tosyloxy)-1-acetone 14 (two of them were new compounds), were prepared using the reagents 10, 11 and
N-[4-hydroxyl(tosyloxy)iodobenzyl|pyridinium tetrafluoroborate 4 respectively. The yields of compounds 14 from reagents 10,
11 were also found to be higher than that from reagent 4. Finally, 1-phenyl-4,5-diarylpyrazoles (two of them were new com-
pounds) were prepared from 14 and phenylhydrazine by cyclization reaction. After the addition reaction, the reagents were
transformed into the corresponding ion-supported iodobenzenes, which could be easily recovered and regenerated with no lost
of the addition reaction activity.

Keywords task-specific ionic liquid; [hydroxy(tosyloxy)iodo]benzene; pyridine; 1-phenyl-4,5-diarylpyrazoles; chalcone;
synthesis
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Fa 25k (O HE 2R T 1t 450 5% ) K ([hydroxyl(tosyloxy)-
iodo]benzene, HTIB) & —Fi AR A2 E a4 177, X
R Koser’s i&fll, 7 LATE B R4 N 7 FEk R 1
THAYE . HI2, HTIB 37 R NG 5 A0 ol 1 1) i
X, THENES S &, IRFEIE, SRHE. A
R LA R, Seiichiro 25U % T HIR L0 518 HTIB
WA, R R NG R R RO e SRR ERAE,
TS oS, HOF AR SRR A AT ORI i P S v
P AHERIR G Ek HTIB WG DR & &K, RIfE2
ARG IEG LA P AR, OB A BETE
WA R AT, RO ARG O T 25 E B A B,
MRS T R AW 78k HTIB A 7EA HLA B iR
H.

TSR A KR R 2T 158 T 1R Th R 1 S I A A
HAEFHLA B 18 28 RN B 13 AR B 50 4003k 1
POSETO ThEe M A B T R SR A
R, 255 BISCRAE R, TR BOEYE LA, fE
WABA NG AR R T T Z MM T S K DhRe ik
BB DN e T N2 e e 15 el R = R
TRt —ThEER. ThEEAL IR i & o B 1 W A e 4
b R VR A B 5842, Handy 250757 —H
BT IR & BRI A B 0 i Koser’s 0771 1a 11
IbCREARAA) (B 1), 7ERE S IAE RN 1a A0 1b S 1 1
(1) o Aor SR 0T A Rk ok A B A R ORE, ARRE T R 47 3.
(1) Koser’s ], SN FERMR, Wt H I
(9 R R ) W e o T B 7 k) 1a 7R R ML P2 2R
B IR, 5= AE IR 2 3R s, R
WREE RS/ 55, e 1B 5 HTIB 77 v fE A 35
Uk, Handy 28U F 88004 2 0 BE 2 i P A8 (1 £
R 23 S P RS A 0o R R P SRR, T T DU s
B ROEIOR YT Bk, d Ik T R s B A e 3 [ i
95%LA . RIS B 7 67 #IUR FE o E A RGR 1b, 1b
PRI a AL HIER AR H 2RI A R S N, B -1
R PR R A, RO R AR 2 0k, R PR A AR AR
FEAAR, AR =Mk e 2 & 7 — Mo Y
B TRAA S HTIB AR 7 2CH BV (B 1) B, DL 2 Jig
BUE B TR NI, ERMBAEH N EE o- S MBI AZ
WAL, Bl o SUR T B 2R R A S BR )
SN ERAR ey, R W AR EE R 2 s I LR AR
FEANVAZ. ORI E £5 918K HTIB 15 3 A1 4(& 1A
T 2-HUAE Y 4~ % B R e A R A0 s N3RS T R,
WA A AR R U B R AR T B
W A1 B T [ 2 R AE T F L R 2 4k, e R

B, SONVIEFEIR R R, R ARRE T5R, R
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X=0Ts 1b

.
Me-N“N@—|(0H)OTs
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o I(OH)OTs
N N*\)J\N
BF; H
3
BF;
Z I(OH)OTs
4

B 1 B3 HTIB FiE
Figure 1 Constitutional formulas of ion-supported HTIB

BT IRAA 3 HTIB 37 1a, 1b 1 2 7% 5 T 24k
B, et FHANAEtb R T AME, 535k 1a A1 1b &6
PekE, 72—k T, MRS By KA K AR, BRI T e
FLH. ESRES T 978 HTIB A7) 3 A1 4 72505 N2 A4,
B, B 3 A e SRR b b 45 2y K e, 53 4L,
TEX( =36 £ B 48 28 ) BAS (PTFA) 15 k. & Bk 2R B A S s 2
P S 3 1 iz e U S BRI IE B8 T 1 AR K IE A2 i
PIFA 1FH] LW 2R ke v i) 2 B R 58 Y, n SRl 25 28
LA ISR ) 8 7 3 PIFA R, A0 %8 B
FEAE R OV AR SR 77 T HEAT UL K70 4 v PR B
SRLCBERZ SRR, AR, AR A A B W 1, =
T B SR KN BN AR ARG AR RS . IR P 1
SEMERE B TR M 2 —. MR AELE, 15
4 A FH f A7 AN

AR SO L BE BH B T IR, I B B 1

I B AR TECE A AR . B 5K H BE,, SbE; Ml
TsO , BHCT =FES 743 HTIB #rikil, = F4aH
SelffA, =g £ B IR A R . BT
BT HTIB 571N o f-25 ) B X FL AT A M in i e
L, BRI EBR B b 5] N SR HORTE R A, R
JE AR R IR SR % 1 1-2K 0k -4,5- 0 FEmtk .

1 ER5E

1.1 BFHAEH HTIB RXFIH & 5 EELE
HTIB 571 i 1] % 75 V2 A7 BE AR A8 ik 03 150 — 4
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R A e S BRI R R T R R — K A
VIR AERCARAS 3 [ N, A2l HTIB -5; J5 & AR
[ S A R AL R, AN R ER — K Sk &
—b RBHIAS. BT E HTIB 3R 77157 A W R 7 74 1,
HOEUAR T AT, AR FC A A i 1 e = e N — BRI AR B
B, SNEEE LR, 2 raE filt B — A
Gy 5, IR —8evfil % T 5 7 713 HTIB k7).
1.2 N-[4-#2EIRFRBEmHG S E )RR IEEAE K
BT I SR P S 7 B B B T IS A R,
A HUBHE 7 IR RO, AT, 7 PR,
M%%@%%%ﬁﬁﬁ;w%%%ﬁ@k,M%%%%
EFVR B U, BT R RS B R BE, B SR
ﬁmM%%ﬁlﬁﬁ&a%%%%%%WW%ﬁﬁu
FIFE: P, > AsF, > SbE, U7 g A4 0 JR
TFIETAFE A A FR, 16 kP PE, > BE, 'S,
S o AR BB T AR B P R S5 R, A3 BT gk HTIB
WAFE R R T2, AR TafE. By
HTIB 77 2 725 i N2k, s+ 7% HTIB 57 4
FEH R R AR, 1% AN B 3 402 DY S R AR,
SE0 B IX AR T A HLH S 7, AT & 1-H ke,
M Ja Bt ie, F AR A HLIH & AR IR Z [a] i
FEARE. MEUERIRIFRIELL 1-F SRR LT, X BRI 4 5
TE BCHL I S5 R4 1 Ak, BT DA S5 3 B s . (HE 7
i3 HTIB W57 4 BRI, 8 — B A 5t 228
TRRG P[44 ik me A i AU 7 BB 5O A E, TR
(2= R e R AR IR ILHE, 20 RIRI RS o, 45 2
Perm. BT ARG R Tt HTIB 7, aif
TR IR T BRI, SOREA TR, oA E R .
84N Scheme 1 AT/ 2R & A T 13 3L5E HTIB i
A, WA 5 B EMLEY) 6 J& T (1) Zincke’s SV

O,N O2N
\ \
¢ N+ C|~@Noz—></ +4<j>7No
= —/ CI
5
[
S
6
m-CPBA/TsOH / . @/
— = P [
CH,CN ~OTs

p |C6H4NH2

2 4-dinitroaniline

Ol

[ R

X
7: X' =TsO, 10: X =TsO,
8: X" = BF4, 11: X" = BF4,
9: X" = SbFg" 12: X" = SbFg

B 1 N-[4-F2 5L O IR Ak S0 ) RIS T e 2 1) 2 BRI 42
Scheme 1 The synthesis route of N-(4-hydroxyl(tosyloxy)iodo-
phenyl)pyridinium salts
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SZIG R, e h L HTIB 5T B R4 F ik
FOEAAAE, MR PR RIS, XAl fE e i T Ity gs
PP B sk m R AR . Rk ORI, X FhoEr
RS AL HTIB W77 2 A 986
1.3 BABTRMENATIHIESF

Qian ZENRIE T UL EA AT, BRI 1-F -
3-(4-FHCHE F ) K IR £ R NaBF, 28 14 1- 1 56-3-(4-Tit
2 R L R DU U R 2, TR LA 60 he Z T VERIH T
FEW 1 PR3- (A- Tt F ) ok e D S TR 6 94 T P
AR NaBr AN T AR 14RF A, A8 527 A2 R 77
A5, T R SIIRAL 1-F 3E-3-(4- Rl B L) ks
F1 NaBF, 76 R o 3 R R/, BT DU Al A
S R N EAL N-(4-BREE IS e 2E 6 R HLER
NaSbF, NaBF, DL A5 Lk TsONa 7 PR A 0 7 fif
BN, 2R A ERAE 55 R B TR AR, BT RO
6 FITEHLEL . TsONa & TK, M= 7, 8, 9 fE/KH %
FREER/IN. R 6 ELHE LUK R 77 R AR B B T 2 4k,
BE & SN REAT, PR AW, SRR B 30 min
RT3 207 Y)(Scheme 1), YRR &, SN TA] R K 4
Ji.
1.4 L&Y 15 &Rk &aiRt

HTIB 5071 F1 2 7R B Ko FLAT A= 400 Hh R e XUBEE o .,
TE 2 IR A B AT AR P B e AR b 5] N AN X HR 2R T
Pk S AR Bl 1,3- 9% 3k -2,3- 0 B 2R M R S - 1- 15
A POL tof FR R T SR AR A s ek, 1,3- 55
HE-2,3- o B Tk P AR - 1 - R A R R U R A R
AR 1-2K 3 -4,5- TS5 R0 AR T B T E
HTIB X7 10, 11, 4 AL /RE S HATA ) 0B hr AU
TRk, RIHHARE] T 1,3- 05 3E-2,3- T R i A A -
1-ER, BRI AERE, #1587 1-K5-4,5-205
FENE W (Scheme 2).

O ?Ts OTs

Il
reagent 10 or 11 or 4 Ar—C—CH—CH—Ar

I
Ar—C—CH=CH-Ar

CH3;CN
13 14

Ar' )

PhNHNH,-HCI Z/ \

Ar N,N

DMF, A )

Ph
15

B 2 1-BR5E-4,5- 05 SN M) & iR 22
Scheme 2 The synthetic route of 1-phenyl-4,5-diarylpyrazoles
5 B AR K AT AR 13 FIES T4 HTIB iR
F10, 10, 4 RATRIRL, 5274 14, S8R MK 1. 5K
g ORI T S 3 HTIB 1) 10, 11 AL 13 Inik
&f%#i&m,kT%%ﬁUﬂ)ﬂ¢%%%ﬂﬁ$

IRILHE, PR IF H ar 8 LB A R AL i B = iR
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T, AR 1 s B3 M B .

R X HATAE D) 13 Ainkng £ 7138 HTIB k7 10,
11, 4 KA B ] gEIHLER AN Scheme 3 fias. &
A HTIB 55 10, 11, 4 7 9235 AR Fl 2 R B S L AT
AW 13 F RRBSOSUSEE AR SR FUIN RS, T ERERIR
AR A 16 FIETENT. RIE TsO VEERZRF]
MR A 16 (B 17 10 S T BUik iR -, 15 21 SRl
W E R 18, 7EXT HREEER1E A T, 18 it 2 3 31
—ANRF, BEERE— 2 TOK, R 19, 5K
A SN2 RNARE 1,3- 755 3E-2,3- T H 2R AL AR - 1- 15
Fii 14, WRse S o7 TH FEE P T R A 55 IR S B A A s —
) SN2 ML, AR IRIRFI XA HE A, T
S HUIN RS B A A R, KT a— 0 Sa2 RIBLEAR
R, IR R A R TSR ], TSR Bk
REAFRIR), T EJa—H1 SN2 REZAFIF. M
SIS R, SR LA T P A AR TR

o}

I _OH CH,;CN
Ar—C—CH=CH—Ar' + I< — >
OTs

13

HO_ CgH { )
\ 614
s2. o I "wTsOH O AI"
Ar)\/\Ar' —H,0 ArMAr'
OTs OTs OTs

Intermediate 18

TR R FMERNKE 1), BT BAREELEIR KT
A7, 2% TR AT B Js2 7 7% 4 F 5 T AN B S

TA=9) 14 FERER R PHA T N,N-— 2 F e i
W SR IR, VA VR Bt N, AR RRR B
= ai A8 1) 1-2K3E-4,5- 5 Lk me, 255 I
*2.

IR =45 SRR AR I B ] eI HLER 4 Scheme
4 FioR. FHENEZARFE B S 14 19 p IR, KA
BN, 28] d a4k 20, SR)5 KA 1,2-75 3517,
fREI A 21, B R AESERZINER L, 193] LTI T
HRlaA 22, s E s —ar K, 188 1-2838-4,5- 705
FENE A 15,
1.5 BFHAH HTIBIRF 10 WESE

IR PR AT AP AN T 6 #k HTIB 77 10 &KE
TR R 2 Ja, R 100 B4k i B8 7 f 38 Tl 2 (81 44)

HO;|+,CeH4‘® H. +_I/ceHlt—CD

Ar and/or (O
" Ar' Ar\'(‘\_k Ar
O OTs oTe"

0]

Intermediate 16 Intermediate 17

/CeH4O

SN2 O OTs OTs
—_— [T |
Ar—C—CH—CH—Ar" + Q‘@'

14

Intermediate 19

B3 ARE AT AL £ 73 HTIB W70 s M AL EE

Scheme 3 Proposed mechanism of addition reaction of a,f-chalcones and pyridinium salts supported HTIB reagents

R 13- 7 5-2,3- 70 ORI S - 1- U A 14 (1967
Table 1 Sythesis of 1,3-diaryl-2,3-di(tosyloxy)-1-acetones 14

. Yield/% .
Compd Ar Ar' Time/h m.p./C
Reagent 4 Reagent 10 Reagent 11
14a CeHs CeHs 13 68.8 78.5 76.1 133.7~135.9 (134~1361%)
14b CeHs 4-BrC¢H, 14 61.3 73.3 70.5 111.2~113 (110~1122%)
14c CeH; 4-MeOCgH, 12 71.5 82.1 81.7 141.2~141.6 (138~140%
14d 4-CICH,  C¢Hs 12 70.7 80.2 77.9 107.3~111.0 (108~1102%)
14e 4-CIC¢H,  4-MeOC¢H, 13 66.9 75.6 74.4 143.7~144.8
14f 4-CIC¢H,  4-BrC¢H, 13 63.8 74.8 73.2 134.6~135.6
F2 R4S TN 15 AR
Table 2  Sythesis of 1-phenyl-4,5-diarylpyrazoles 15
Compd. Ar Ar' Time/h Yield/% m.p./C
15a CeHs CeHs 3 72.5 208.3~211.2 (209~210")
15b CeHs 4-BrC¢H, 3 66.4 187.0~189.4 (189~1908%)
15¢ CeHs 4-MeOCgH, 3 69.5 148.6~150.9 (150~1512%)
15d 4-CIC4H, CeHs 3 66.8 200~201 (201~20281)
15¢ 4-CIC¢H,4 4-MeOC¢H, 3 70.3 155.1~157.4
15f 4-CICH,4 4-BrCgH, 3 83.8 193.2~194.8
1140 http://sioc-journal.cn/ © 2015 Chinese Chemical Society & SIOC, CAS Chin. J. Org. Chem. 2015, 35, 1137~1145
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PhHN_
(0] B
. 2 g;s (C);SA PhNHNH, A };' CHLE: Ar 1,2-shift
—— > Ar—-C—CH-CH-Ar' ——>
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OTs
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PhHN
Ar
e —H0_
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B 4 1,3- 7957 5-2,3- 70 FEORREIE AL -1- YB35 SR AL
H
Scheme 4 Proposed mechanism of cyclization reaction of

1,3-diaryl-2,3-di(tosyloxy)-1-acetone

[N-(4-TH T YL e of FE R RR £ 7). b T3 7 SR
7 ELBERER, MR N2 J5, TeZARREER, A
CRAE FE AR, RS TR 7 DAREMA T AT
I e MR R F Aoy B, S HOAT DA A R A
# HTIB X757 10 (Scheme 5). FEA AR5 10 A T 2 /K B
MBI N, PR JUFAL, g5 R 3. HEE i
# HTIB 7 ] DL AR, ROBEPEE LT AR
FEAAE.

N O OTs OTs
/ N* I no| |
o Ar—C—-CH—CH—Ar'

m-CPBA Tso 14
TsOH
a i
.
@ I(OH)OTs Ar—C—CH=CH—Ar
13

BR 5 & fd HTIB 5 10 AL
Scheme 5 The regeneration of the ion-supported HTIB reagent
10

£3 FHAEBFAEHTIB B 10 HT 1,3- 07 5-2,3- %t/
TR A I - 1- P9 A 4 4

Table 3 Syntheses of 1,3-diaryl-2,3-di(tosyloxy)-1-acetone with
regenerative ion-supported HTIB reagent 10

Entry 1 2 3
Yield/% 78.4 78.3 78.1
2 &g

N-[4-F2 J5 (O FH 2R P A0 8 RIOR JE e e 2 10, 11
12 REF7E HTIB EPEHHAF, 755 462
A, =R R AT IR, B A 2h B TR R
HAWEYE, ke £ % HTIB JL408HA7 10, 11 Al
12 HVRAREE, AT RS RN A R AL BE BT i - 3
itk REER. BT Ek HTIB L8071 10 74 s,
He ZANEF 53 HTIB RIS s Z A K. N-(4-
BRI IEIEE: 7, 8 A1 9 I HL &Y, B A
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B, AE i PR AN 2R BA LB A A W 10055 A LIt e PR AT 2R3
A E R SIS iR 2 UBHE THFEE, 15
RURFF A TsO > SbF, > BF, . 2R R HATAEYAE
T HTIB 65T LUK A O B2, 7331 1,3- 275 K-
2,3- 50 FE ORI o A - - P B, L 14e A 14E 20T &
W, FERER A R S AT AP0 e R A, A
IR A 28 T A7 HOAR 2 6 7= e g e AN B R L B AR Ek
HTIB A7 10, 11, 12 51 4 J B J5 # G A0 RS 1 0 2R,
I R R T 5 PR 43 S, T (RIS ) S T S R R T DA
FREAL RO T 73 HTIB 77 10, 11, 12 f1 4, 4622 H T

AR S AT AR R, OSSP LR RN AR
1,3- 55 362, 3- 0} P A i A 2 - 1- R A A 2 ik R 2B 3R
BN, 183 1-2K3E-4,5- 7 3t 15, b 15e A
15f & &m.

3 LIRS
3.1 UE5EFA
WRS-1B B RIS s (LIRS %R
FRAT]), #EEARKIE; Avance [II 400 7Y S48 B ipar
W AZ G SE IR PVE AL (B - Bruker A #]), TMS AW bR;
PROTEGE 460 74 {8 HLIH-21 4N i3 (32 E Nicolet 2 7)),
RAGERE Frik; HPS989B B4 (32 [ Agilent A 7));
EA2400 1T F4 50K 7 H14X (32 [ Perkin Elmer A ).
WAVRE R s ais b 2ti, 2 ENTRAE
SyHEPEAL T A PR GF254 RER, [ ARG B R4 1

YA AN, R E MM, ke, JHEE0E T %
JEAEH.

3.2 ZWiHEE

32,1 FAL N-(2,4'-—#f H R K )wg 2(5) 89 & &

20.26 g (100 mmol) 2,4- " FIEE A 7.99 g (101
mmol)MEREMA 75 mL Jo/KEHH, Hide: FEVE 15 h
A RN UE, JEUFHICKNERES 3 K. EART A
THgEa TR, BEERK 22.62 g, 7% 80.3%. m.p.
194.0~195.0 C (1it.*? 197.0~200.0 ‘C); "H NMR (500
MHz, D,0) 6: 9.28 (s, 1H, ArH), 9.06 (d, J=4.5 Hz, 2H,
PyH), 8.81~8.83 (m, 2H, PyH, ArH), 8.25~8.27 (m, 2H,
PyH), 8.12~8.14 (m, 1H, ArH); "C NMR (125 MHz,
D,0) J: 149.6, 149.1, 1453 (2C), 142.8, 138.6, 131.1,
130.5, 128.4 (2C), 122.6 .

322 FAM N-(4'-sK K )abug 2 (6)89 6 Ak

5.63 g (20 mmol)5ft, N-(2',4'- 4L Itk g 26 5
F118.76 g (40 mmol) W LKA 50 mL ZEEH, Z AR
PREIR S 20 h. RVER)E, FeZ&RICRE, Kk
TR AR A, SIEFRAEY), &KL, H K O
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VKRB ANEBEARTRER, 5 HKE, HIHE
ARRRK, fFEE AR, T8, SEREEHK 337 ¢,
P 53.0%. mp. 266.0 ~268.0 C (lit*) mp. >
260 C); '"H NMR (500 MHz, D,0) ¢: 9.00 (d, J=6.0 Hz,
2H, PyH), 8.64 (t, J=8.0 Hz, 1H, PyH) 8.13~8.16 (m,
2H, PyH), 8.02 (d, J=8.5 Hz, 2H, ArH), 7.42 (d, J=8.5
Hz, 2H, ArH); >C NMR (125 MHz, D,0) §: 146.8, 144.2,
142.3, 139.6, 128.2, 125.7, 97.3.
3.2.3  N-(4-#3FK A )etog b 7 OR AR ER 3k (7) 89 & Ak
3.18 g (10 mmol) 501k N-(4-ILE ) kg £ (6) 14 T 7K
BC ARSI, ANZE RPN 1.94 g (10 mmol)% F
RN 25 mL KW, ZEIRBHE 30 min, HhiE,
A 10 mL 7K&E—IR, BTRIREERK 4.09 g, /=%
90.2%. m.p. 228.0~230.1 C; 'H NMR (400 MHz,
DMSO- dg) 5: 9.31 (d, J=8.0 Hz, 2H, FLIEsEE-H), 8.78
(t, J=8.0 Hz, 1H, MtrE#HEE-H), 8.30 (t, J/=8.0 Hz, 2H,
ntknE 5 Eh-H), 8.13 (d, J=8.0 Hz, 2H, ArH), 7.68 (d, J=
8.0 Hz, 2H, PyH), 7.47 (d, J=8.0 Hz, 2H, ArH), 7.11 (d,
J=8.0 Hz, 2H, ArH), 2.28 (s, 3H, CHs); *C NMR (100
MHz, DMSO-dg) 6: 146.6, 146.2, 145.3, 138.5, 138.1,
134.3, 131.5, 129.0, 128.5, 126.0, 96.8, 21.3; IR (KBr) v:
3060, 1626, 1474, 1189,1012, 833, 782, 688, 571 cm ';
MS (EI, 70 eV) m/z (%): 282.0 ((M"—TsO ], 24), 203.0
([p-IC¢Hs] *, 4), 155.0 (M —TsO~ —1]"", 27), 79.1
([CsHsN]", 38). Anal. calcd for C,sH cINO;S: C 47.69, H
3.56, 1 28.00, N 3.09, S 7.07; found C 47.75, H 3.55, I
27.94,N 3.08, S 7.09.
3.2.4  N-(4-#R3K H oo va s N ER 2 (8) 69 & %
5EY 7 &R, S N-(4-TIER B IEng £5
(6) VUM BRAA K AL B B8 1A He, 1SR BB oK, 7%
90.0%. m.p. 180.4~182.0 C; 'H NMR (400 MHz,
DMSO-dy) d: 9.31 (d, J=8.0 Hz, 2H, Mtigissh-H), 8.78
(t, J=8.0 Hz, 1H, MtmessEh-H), 8.31 (t, J=8.0 Hz, 2H,
ke 5 Eh-H), 8.14 (d, J=8.0 Hz, 2H, ArH), 7.68 (d, J=
8.0 Hz, 2H, ArH); "C NMR (100 MHz, DMSO-d,) o:
147.3, 145.3, 142.9, 139.4, 128.6, 127.3, 98.9; IR (KBr) v:
1626, 1474, 1124, 1084, 834, 781, 686, 533 cm™'; MS (EI,
70 eV) m/z (%): 282.0 (M — BF," ], 11), 203.0 ([p-IC¢Hs] ",
6), 155.1 (M—BF, —I]"", 7), 79.1 ([CsHsN] ", 18). Anal.
caled for C;;HoBF,4IN: C 35.81, H 2.46, F 20.60, 1 34.40, N
3.80; found C 35.76, H 2.47, F 20.55, 1 34.45, N 3.81.
3.2.5  N-(4-#3K K)o o< AU BR 25 (9) 59 & %
S54EY 7 WAL, S N-(4-BOR IR tng 25
(O)MN BRI K AP B 75 He, 1R OoR, &
89.9%. m.p. 210.0 ~212.0°C; 'H NMR (400 MHz,
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DMSO-dg) d: 9.31 (d, J=8.0 Hz, 2H, MtIE#5sE-H), 8.78
(t, J=8.0 Hz, 1H, MtrEHEE-H), 8.30 (t, J/=8.0 Hz, 2H,
e $5 E-H), 8.14 (d, J=8.0 Hz, 2H, ArH), 7.68 (d, J=
8.0 Hz, 2H, ArH); *C NMR (100 MHz, DMSO-d;) o:
147.3, 145.3, 142.9, 139.4, 128.6, 127.3, 98.9; IR (KBr) v:
1625, 1475, 1402, 1003, 835, 775, 682 cm™'; MS (EI, 70
eV) m/z (%): 282.0 (M — SbF, ], 15), 203.0 ([p-ICsHs] ",
20), 155.0 (IM— SbE, —I]™, 10), 79.1 ([CsHsN]™, 3);
Anal. calcd for C;{HoF¢INSb: C 25.51, H 1.75, F 22.01, 1
24.51, N 2.70; found C 25.54, H 1.75, F 21.96, 1 24.55, N
2.69.

3.2.6  N-[4-F K (3 P R a5 Bt 7 28 ) s R K w3 F
F R 2k (10) 89 5 A%

FERE I EE R, 2.88 g (6.35 mmol) L &4 7 F11.33 g
(6.96 mmol) TsOH*H,O #fi# T 20 mL J/KLfiEH, 48
JE I 1.42 g (6.99 mmol) 85% 1) 1A] &L 0K H R, &S
DRI NIERE RS SN SE R R, TeZEBR 25150, R ]
WHITK CBEBEE:, T B2 TS 30 CHRT, 15
WOEK 3.78 g 77E 92.7%. m.p. 88.0~90.2 C; 'H
NMR (400 MHz, DMSO-d;) &: 9.30 (d, J=4.0 Hz, 2H, it
ESA Eh-H), 8.77 (t, J=8.0 Hz, 1H, MIEsHEE-H), 8.29 (1,
J=8.0 Hz, 2H, Mtigisih-H), 8.12 (d, J=8.0 Hz, 2H,
ArH), 7.67 (d, J=8.0 Hz, 2H, ArH), 7.46 (d, J=8.0 Hz,
4H, ArH), 7.10 (d, J=8.0 Hz, 4H, ArH), 2.27 (s, 6H, CH,);
BC NMR (100 MHz, DMSO-ds) d: 146.8, 145.7, 144.9,
142.4, 138.9, 137.6, 128.1, 128.1, 126.8, 125.5, 98.5, 20.8;
IR (KBr) v: 3449, 1474, 1189, 1147, 1034, 833, 683,
562/cm'; MS (EL, 70 eV) m/z (%): 281.9 ((M—TsO —
OTs—OH]", 14), 172.0 ([TsOH] ™", 100), 91.1 ([CH;CsH,] ",
100), 79.0 ([C5H5N]+°, 18). Anal. calcd for C,5sHpINO,S,:
C 46.81, H 3.77,119.78, N 2.18, S 10.00; found C 46.85,
H3.76,119.81, N 2.17, S 9.98.

3.2.7 N-[4-F K (3P R aEEE AR ) s R A ] wkwe v9
BNER 2 (11) 89 & A&

DL N-(4-flR 38 )ik e DU SR 2R (8) MR KL, 51L&
Y10 WA RRAL, Bk E AR, 7% 88.7%. mup.
60.1~62.3 ‘C; 'H NMR (400 MHz, DMSO-d;) &: 9.29 (d,
J=8.0 Hz, 2H, Mmg#sEh-H), 8.77 (t, J=8.0 Hz, 1H, Hi{
I Eh-H), 8.28 (t, J=8.0 Hz, 2H, FLIEHEE-H), 8.11 (d,
J=8.0 Hz, 2H, ArH), 7.67 (d, J=8.0 Hz, 2H, ArH), 7.48
(d, J=8.0 Hz, 2H, ArH), 7.13 (d, J=4.0 Hz, 2H, ArH),
2.29 (s, 3H, CHs); “C NMR (100 MHz, DMSO-d;) d:
146.9, 145.0, 144.9, 142.5, 139.0, 138.2, 128.3, 128.2,
126.9, 125.6, 98.5, 20.9; IR (KBr) v: 3414, 3068, 1623,
1474, 1403, 1120, 1043, 823, 685, 565 cm '; MS (EI,
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70eV) m/z (%): 282.0 ( M—BFs —OTs—OH]", 6), 172.1
([TsOH] ™", 99), 91.1 ([CH5CsH4] ™", 100), 79.1 ([CsHsN]"™,
31). Anal. caled for C;sHsBF4INO,S: C 38.81, H 3.08, F
13.64, 122.78, N 2.51, S 5.76; found C 38.76, H 3.09, F
13.67,122.83,N 2.50, S 5.75.

3.2.8 N-[4-F & 7 R BL A ) a8 R A ] 55 A
SRR 2 (12)89 & A&

DL N-(4-BOR IS g N B IR Eh(9) Nk, 5
Y10 HIE Rl 39RE g, P23 84.8%. mup.
59.0~61.0 ‘C; "H NMR (400 MHz, DMSO-d;) 6: 9.31 (d,
J=4.4 Hz, 2H, WHEsE-H), 8.78 (t, J=6.4 Hz, 1H, Mt
IE#Eh-H), 8.30 (t, J=5.6 Hz, 2H, FtIE#SE-H), 8.12 (d,
J=17.2 Hz, 2H, ArH), 7.68 (d, J=6.8 Hz, 2H, ArH), 7.47
(d, J=6.4 Hz, 2H, ArH), 7.11 (d, J=6.4 Hz, 2H, ArH),
2.29 (s, 3H, CH;); “C NMR (100 MHz, DMSO-d,) o:
146.9, 145.1, 144.9, 142.5, 138.9, 138.1, 128.3, 128.2,
126.9, 125.6, 98.5, 20.9; IR (KBr) v: 3446, 1695, 1632,
1575, 1476, 1418, 1400, 1305, 1187, 836, 682, 558 cm ';
MS (EL, 70 eV), m/z (%): 282.0 ((M— SbF, —OTs—
OH]", 1), 172.0 ([TsOH]", 5), 91.1 ([CH;C¢H.]"", 100),
79.1 ([CsHsN] ™, 25). Anal. caled for C sH;,FINO,SSb: C
30.62, H 2.43, F 16.14, 1 17.97, N 1.98, S 4.54; found C
30.57,H2.44,F 16.17,118.01, N 1.97, S 4.53.

32,9 1,3-=3 #A-23- =3t PR a5 B A A -1-F EA(14)
EORESEY

4 0.51g (2.45 mmol) /Kl 13a ¥ T 30 mL oK &
i, N 3.15 g (4.91 mmol)E 744 HTIB k5 10.
WE 3B HE TN EIA 13 h, TLC FRER N FEFEJETF 7
VCRTHEE) @ MR B8 =6 © 1]. JRMNGH G, R
ZONE. FRAR MR QBRI I ESCIEDE, BTiSE
DFFFH IR = R (B [ETUCR 92.7%, FH TR 7 1
). EIFUEM, JEBORYA S iR AR A K B, R
YRR, H O E 4SS, 3 a0k 14a 1.07 g, 7
K 78.5%. HABATAEY AR 7 &, HE 7k
HTIB 7 11 5k 4 /88 10 K AERRER N B, 7=
W 1.

1,3- 2K BE-2 3- 0 F RIS - 1- A i (140): 'H
NMR (400 MHz, CDCly) §: 7.76 (d, J=8.4 Hz, 2H, ArH),
771 (d, J=17.6 Hz, 2H, ArH), 7.45 (dd, J=7.6, 8.4 Hz,
3H, ArH), 7.32 (t, J=7.6 Hz, 3H, ArH), 7.23 (d, J=10.0
Hz, 4H, ArH), 7.19 (d, J=5.2 Hz, 2H, ArH), 7.14 (d, J=
8.0 Hz, 2H, ArH), 7.02 (d, J=8.0 Hz, 1H, CH), 5.05 (d,
J=8.0 Hz, 1H, CH), 2.41 (s, 3H, CH3), 2.40 (s, 3H, CH3).

-2 3 -3-(4-JR 2K 3E)-2,3- 06} i 2R T o 44 3 - 1- A
(14b): "H NMR (400 MHz, CDCls) d: 7.76 (d, J=8.4 Hz,
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2H, ArH), 7.65 (d, J=8.4 Hz, 2H, ArH), 7.42 (d, J=8.0
Hz, 2H, ArH), 7.29 (d, J=8.8 Hz, 3H, ArH), 7.22~7.25
(m, 2H, ArH), 7.19~7.23 (m, 4H, ArH), 7.13 (d, J=8.0
Hz, 2H, ArH), 6.99 (d, /=8.0 Hz, 1H, CH), 5.00 (d, J=
8.0 Hz, 1H, CH), 2.42 (s, 3H, CH3), 2.40 (s, 3H, CH;).

1- k-3 (4- F AR 3K )-2,3- —0f Y sk o A k- 1- 7
fifl(14c): '"H NMR (400 MHz, CDCLy) : 7.74 (dd, J=8.4,
7.2 Hz, 4H, ArH), 7.45 (dd, J=7.2, 8.0 Hz, 3H, ArH), 7.30
(dd, J=8.0, 11.6 Hz, 3H, ArH), 7.27 (d, J=2.4 Hz, 1H,
ArH), 7.11 (dd, J=8, 8.8 Hz, 4H, ArH), 6.97 (d, J=8.0
Hz, 1H, CH), 6.65 (d, J=8.8 Hz, 2H, ArH), 4.99 (d, J=
8.0 Hz, 1H, CH), 3.74 (s, 3H, OCH;), 2.41 (s, 3H, CH;),
2.40 (s, 3H, CH3).

3- TR FE-1-(4-FU R )-2,3- % P R Tk o A 3 - 1 - TR
(14d): '"H NMR (400 MHz, CDCl;) d: 7.76 (d, J=8.0 Hz,
2H, ArH), 7.65 (d, J=8.4 Hz, 2H, ArH), 7.42 (d, J=8.0
Hz, 2H, ArH), 7.25~7.33 (m, 5H, ArH), 7.09~7.21 (m,
6H, ArH), 6.99 (d, J=8.0 Hz, 1H, CH), 5.00 (d, J=8.0
Hz, 1H, CH), 2.42 (s, 3H, CH3), 2.40 (s, 3H, CH3).

3-(4- FAR R B )-1-(4- SR 2R )-2,3- 0 FE R Tk 4
F-1-fF(14e): 'H NMR (400 MHz, CDCl;) 6: 7.80 (d,
J=8.4 Hz, 2H, ArH), 7.68 (d, J=8.8 Hz, 2H, ArH), 7.46
(d, J=8.4 Hz, 2H, ArH), 7.29~7.34 (m, 4H, ArH), 7.16
(d, J=8.0 Hz, 2H, ArH), 7.10 (d, /=8.8 Hz, 2H, ArH),
6.97 (d, J=8.0 Hz, 1H, CH), 6.68 (d, J=8.8 Hz, 2H,
ArH), 4.96 (d, J=8.0 Hz, 1H, CH), 3.75 (d, J=7.0 Hz,
3H, OCH;), 2.45 (s, 3H, CH3), 2.43 (s, 3H, CH;); "*C
NMR (100 MHz, CDCl3) d: 193.3, 159.9, 145.1, 144.8,
140.0, 133.8, 133.6, 133.0, 130.5, 130.1, 129.5 (20),
128.9, 128.3, 127.9, 122.9, 114.6, 99.4, 57.1, 55.2, 21.7,
21.7; IR (KBr) v: 2987, 2901, 1674, 1515, 1377, 1195,
1182, 814 cm™'; MS (EI, 70 eV) m/z (%): 323.1 ([p-Cl-
C¢H4,COCHOTs]", 2), 291.1 ([p-CH;0C4H,CHOTs]", 3),
289 ([PhCOCHOTs]", 68), 272.1 ((M—2Ts0] ™", 6), 261.1
([PhCHOTs] ", 10), 172 ([TsOH]"", 11), 139.1 ([p-Cl-
CeH,CO]", 100), 111.1 ([p-CICeH,4]", 58). Anal. caled for
C30H,;,ClOsS,: C 58.58, H 4.42, C1 5.76, S 10.43; found C
58.69, H 4.43, C15.75, S 10.41.

1-(4- G 2R J )-3-(4- Y5 IR FK)-2,3- = 5%of FH R fi Tt 4 k-
1-PifA(14f): '"H NMR (400 MHz, CDCL3) §: 7.79 (d, J=
8.4 Hz, 2H, ArH), 7.72 (d, J=7.6 Hz, 2H, ArH), 7.39~
7.53 (m, 3H, ArH), 7.29~7.36 (m, 3H, ArH), 7.17 (d, J=
8.0Hz, 2H, ArH), 7.11 (d, J=8.4 Hz, 2H, ArH), 7.06 (d,
J=8.4 Hz, 2H, ArH), 6.96 (d, J=8.0 Hz, 1H, CH), 5.04
(d, J=8.0 Hz, 1H, CH), 2.44 (s, 3H, CHj), 2.43 (s, 3H,
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CH;); "C NMR (100 MHz, CDCLy) J: 194.1, 145.2, 145.1,
135.3, 134.8, 133.8, 133.5, 132.9, 130.6, 129.9, 129.6,
129.6, 129.2, 128.7 (2C), 128.3, 127.7, 99.3, 57.0, 21.7
(2C); IR (KBr) v: 3070, 1675, 1597, 1490, 1384, 1194,
1175, 862, 814 cm™'; MS (EL, 70 eV) m/z (%): 323.2
([p-CIC¢H,COCHOTs] ', 5), 339.1 ([p-BrC¢H,CHOTs] ",
9), 289 ([PhCOCHOTs]", 6), 172.1 ([TsOH] ", 7), 139.0
([p-CIC¢H4CO]", 17). Anal. calcd for C,0H,4Br ClO;S,: C
52.46, H 3.64, Br 12.03, C1 5.34, S 9.66; found C 52.54, H
3.65, Br 12.01, C15.33, S 9.64.

3.2.10  1-3R-4,5- =35 H abrd (15) 89 & A%

¥ 042 g (0.76 mmol)it. &4 14a A1 0.22 g (1.52
mmol) E FR A A T 20 mL {9 NN-— FSE iR, i
AEA 3 h, W PIBEINE, BRURE . RN S
FHRAMBINVOK T, AWide, HIKERFEE, H
TR RERERL(50 mLX3), &IFENIM, TKRRINT
e, IR RR L TR, VAT AS S 3 B A, Sl
HZEIE D BRI VCRMEE) @ (LR =10 :
1], HENRFE G K 0.16 g, 72K 72.5%. HAWATAY A
FRABA 7V k.

1,4,5- = 7 otk e (152)2Y: '"H NMR (400 MHz,
CDCly) d: 7.91 (s, 1H, C5H), 7.27~7.34 (m, 5H, ArH),
7.24 (d, J=6.4 Hz, 4H, ArH), 7.20 (dd, J=7.8, 6.8 Hz,
4H, ArH), 7.15 (d, J=6.8 Hz, 2H, ArH).

1,5- K3 -4-(4-1R 2R L)L (15b)"): 'H NMR (400
MHz, CDCl;) d: 7.89 (s, 1H, C;H), 7.34~7.38 (m, 3H,
ArH), 7.27~7.32 (m, 5H, ArH), 7.22 (d, J=8.0 Hz, 2H,
ArH), 7.13 (d, J=6.4 Hz, 2H, ArH), 7.07 (d, J=8.4 Hz,
2H, ArH).

1,5- 2K Bk -4-(4- R R R e (15¢): 'TH NMR
(400 MHz, CDCly) d: 7.87 (s, 1H, C;H), 7.27~7.32 (m,
5H, ArH), 7.24 (d, J=8.4 Hz, 3H, ArH), 7.14 (dd, J=3.6,
6.4 Hz, 4H, ArH), 6.80 (d, J=8.8 Hz, 2H, ArH), 3.79 (s,
3H, OCHj).

1,4- "R F-5-(4- 5K EH MM (15d): "H NMR (400
MHz, CDCl;) d: 7.90 (s, 1H, C;H), 7.29~7.35 (m, 3H,
ArH), 7.27~7.28 (m, 2H, ArH), 7.24 (d, J=1.6 Hz, 3H,
ArH), 7.21 (dd, J=6.0, 6.4 Hz, 4H, ArH), 7.07 (d, J=
8.4Hz, 2H, ArH).

1- 8 FE 4-(4- P AR 3 )-5-(4- SR 55 ) T 1 (15 )20
'H NMR (400 MHz, CDCl;) §: 7.84 (s, 1H, C;H), 7.29~
7.31 (m, 3H, ArH), 7.21~7.23 (m, 3H, ArH), 7.11 (d, J=
8.8 Hz, 3H, ArH), 7.06 (d, J=8.4 Hz, 2H, ArH), 6.82 (d,
J=8.8 Hz, 2H, ArH), 3.79 (s, 3H, CHs); *C NMR (100
MHz, CDCl;) 0: 158.5, 139.9, 137.6, 134.5, 131.8, 129.7,
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129.3, 129.0, 128.9, 128.6, 127.5, 125.3, 124.9, 122.5,
114.1, 55.3; IR (KBr) v: 2961, 2922, 1512, 1489, 1379,
1251, 832, 767, 693 cm™'; MS (EI, 70 eV) m/z (%): 362.2
(IM"+2], 49), 360.2 ([M"], 100), 345.2 ((M—CH;]",
32), 77.1 ([C¢Hs]", 38). Anal. caled for C,,H;;CIN,O: C
73.23, H4.75, C19.83, N 7.76 ; found C 73.32, H 4.74, Cl
9.84, N 7.74.

1- 7K & -5-(4- &K 5 )-4-(4- L 7 3L ) Ik e (156):
'HNMR (400 MHz, CDCLy) d: 7.89 (s, 1H, C3H), 7.30~
7.36 (m, 3H, ArH), 7.27~7.29 (m, 2H, ArH), 7.21~7.25
(m, 5H, ArH), 7.13 (d, J=8.4 Hz, 3H, ArH); >C NMR
(100 MHz, CDCl3) §: 139.9, 139.6, 139.4, 132.3, 131.4,
131.3, 130.4, 129.6, 129.4, 129.2, 128.9, 128.8, 127.4,
125.2, 121.4; IR (KBr) v: 2920, 2851, 1594, 1495, 1446,
1378, 827, 761, 698 cm™'; MS (EI, 70 eV) m/z (%): 408.2
(M, 1), 331.2 ((M—CgHs]", 100), 333.2 ((M+2—
CeHs]", 43), 329.2 ((IM—Br]", 68), 77.1 ([C¢Hs]", 85).
Anal. calcd for C,;H4BrCIN,: C 61.56, H 3.44, Br 19.50,
C18.65, N 6.84 ; found C 61.47, H 3.45, Br 19.53, Cl 8.63,
N 6.86.

3.2.11 &-F 513 HTIB X5 69 =0k F 4

ETUAC P N-(4- 25 5 YL e o P A R & 7 76 ) i
AR R A AN FEOR RSR[5 N-[4-F2 Lo
A it P AR R ) AR R b o RO Bl R Eh (10), 7 EE
92.1%, S IEFHREEHAE Ak &4 10 A, [FIU N-(4-
TRLR 6 ) Ak e DU U IR 6 8([RTUACR 94.1%) Fll N-(4-TlL 2K
Sy DU SR TR (RIS 93.5%) K AR N, 15
FUFHR B, =250 5 88.5%F1 85.8%.

% B #1 #} (Supporting Information) 1L &0 'H
NMR, C NMR, IR J% EIMS i [, X £l a] DL 3% A
A F] WX 3k (http://sioc-journal.cn/) | R %K.
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