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Novel Three-Component Annulation for the Synthesis of 2,4,6-Triaryl-
pyrimidines under Solvent-Free and Catalyst-Free Conditions

Ding, Yuxin®’ Ma, Yongmin™®** Chen, Jing™*
(“ School of Pharmaceutical Science, Zhejiang Chinese Medical University, Hangzhou, Zhejiang 310053)
(® School of Pharmaceutical and Chemical Engineering, Taizhou University, Taizhou, Zhejiang 318000)

Abstract 2,4,6-Triarylpyrimidines were synthesized via a simple, efficient, one-pot, three-component reaction from
1,3-dikeones, benzaldehydes and ammonium acetate under solvent-free and catalyst-free conditions in good to excellent yields.
This “green” methodology provides an eco-friendly protocol for the construction of the pyrimidine framework.
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Figure 1 Representative 2,4,6-trisubstituted pyrimidines
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A NIE, KT 2,4,6- =BURMEIE R S W& %
FEHRE, LEAE: of-WEAE S xR,
W5 PR AN H L 7 AR(DMSO) ZE B M 46 14 F 1 35 4181,
o f-AFIER . TS NHOAc IR RN, 4kelk PyC i
AOAPT B B8 55 JER P B RO, Bl 2 1 Bk % o g
R ey -5 A BB S Suzuki fEIBE R R
W pa AR g 55 A6 55 A LR . RS, RS AR
FEAE O RS R B — AR A RN DA K 2,4,5- = BERA R e
IR F B HE S MOV AR, X L T YRR A AT — SRR,
EL i T B 5 i R AEAL ) L 7 R M s 1) S
Sty SOSIE TR L SN 2 A 5 20 B8 i Ak B RS B 325
TR AL Rk, KR W AT A 00 B 5 0 3R
H LT 2009 4, Heravi 25U M7IE T 24 Z B (HPA) AL 5%
PR 1,3-280 . RIS R 5 B AR 2.,4,6- = B s
e A BT V5. SR T BEE Keggin B LR
(He[PMooV304) AL FitE4T, H R 58T RKIA N AL E
I 1,3-FR 510, XAz B A S 1 AR, 38 T
B2, H Wi dh £ (60% ~70%). AU 520 U 7E Ry
Wt R BT —Fh TAOH {4k FRSEEA . BEREERRS: — A &
i 2,4,6- = HURMEE SRAL S I8 7k, WA {E 5
17, BB P= P E — 2 R BR M, FL O R Rf 75 22
TRV TR FEAEIA T NN-— 1 3 ki (DMF) FR 47
FERTI AR FERE b, FRATT 4k SR 2 s g £ 1 13 5
%, fEUk, KRB — R R RIS MRS L 1,3-2
P 2R SRS R B o SR — B A i 2,4,6- = B g
ALY HI7iE(Scheme 1).

B 1 2.4,6-SHURHIE ML A 00 A
Scheme 1 Synthetic approaches to 2,4,6-trisubstituted pyrim-
idines
1 ZR5HE
1.1 REFHHMK

DL 2K B R e (1) M R 7 (2) 9 JEURE, PR UG
R RS A A, HRWE 1 B, KR TAR
NUUR(BERR L . IR SALEE . “RIZFIE KR [ R
5200 (Entries 1~5). 45 RN, BERREAE N NI [
FOEYE A, WRILS] 79%; 2 DL R A S EE N
NOYERIT, WCERAR, 20008 18%F1 19%; XL IEN
“NPURI, B B B T BAEUK O NDYER I,
RBLTGIEBEAT. T e, DABRRREE A N"JR, 5 1 IR
B (PR EE X P2 2 () 5 (Entry 1 vs. Entries 10~13).

4358 http://sioc-journal.cn/

AEEFRE PR EE M 1 equiv 3 INE 3 equiv.h, WCREM
20% 2R B T 79%:; {H R 4k ARG INEE R E Bk LG, X
FEPIWCR AN K. X R, BERES JFOR ) S EE AR
FbA 301 SRIEIRER T AN EVE IS [ S22 00 (Entry 1
vs Entries 6~9). 4L = HEFHK(DMSO)EL DMF A%
FIEF, RICVERET; 24U G B R NIE I, 729
W53 3 19%F0 61%; T 412 BAE TG 77 4k AR e dk
ITHF, WCRATIE 79%. B, SRR MNEE, F5
S SR 2 (Entry 1 vs Entries 14~18). Z5 1R H,
R 100 CULRE, RMBEVEAT; M EMN
110 CHIRZA 120 °C, W pEH IR AL mm g, (A
YRR 130 CHE, W IFRA RSN, kil
B, 1% N R R B  120 C. &a, B8 TR
NI TR] X6 S S USCER [ RS (Entry 1 vs Entries 19~23).
RIS A 4 h IEKF 26 h, W KEAE I [A] 1) &
R PR

Table 1 Optimization of the reaction conditions

O O -0
. "N" source A\
O O solvent, heat N| N
%
1a 2a

Entry Solvent “N” source N so_urce/ Time/h #/°C Yield/%
equiv.
1 — NH;O0Ac 3 26 120 79
p _ Ammonium 3 26 120 18
formate
3 — NH,CI 3 26 120 19
4 —  Benzylamine 3 26 120 Trace
5 — NH;-H,0 3 26 120 NR
6 DMSO NH,OAc 3 26 120 NR
7 DMF NH4OAc 3 26 120 NR
8 CH;CN NH4OAc 3 26 120 19
9 PhMe NH4OAc 3 26 120 61
10 — NH,OAc 1 26 120 20
11 — NH,OAc 2 26 120 28
12 — NH,OAc 4 26 120 71
13 — NH,OAc 5 26 120 70
14 — NH,OAc 3 26 40 NR
15 — NH,OAc 3 26 80 NR
16 — NH,OAc 3 26 100 NR
17 — NH,OAc 3 26 110 50
18 — NH,OAc 3 26 130 71
19 — NH,OAc 3 4 120 NR
20 — NH,OAc 3 6 120 20
21 — NH,OAc 3 12 120 53
22 — NH,OAc 3 20 120 60
23 — NH,OAc 3 30 120 81

© 2020 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (1 mmol), 2a (1 mmol) and “N” source at the indi-
cated amount in a sealed tube at the indicated reaction time and temperatures.

Chin. J. Org. Chem. 2020, 40, 4357 ~4363
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TGN, A2 S N T 4k SR EK 2 30 h, WOREA I
MBE . 25 BRTIR, 12N 1 B R RSk R H
P H 5t (1a, 1 mmol). 2K H ¥ (2a, 1 mmol) FIEHEZ #2 (3
mmol)ETCIE R T 120 "C /S 26 h.

1.2 RERRRE

TERMBI RN, D5 T RN &A1)
JRPEE (R 2). B, EE T ARBRKIR P 2 5
TR HEH B (1a) E 4T B (Entries 1~11). &5 3 2R,
Bk iR I HE T R A B OR H S (20) 4, PR W B TR AR
L L I 2 W e - AR e i D43 2 B A=) 3aa~
3ak. AT, HUAREER AL BN R MR, 2R X7
SR A BUARIN, B 7 1) PR AR O FR R (2e) A1 e WL 22
HRREILE] 80%~86%, (H&ARAIA HUIE AR s
R 60%. HUCTERE, A0 B R 1% R N I 2R
WK E. N 7B KRR R E N, Sl AN E RO
FIRME S — 2K I A e (La) 34T OB, B AR T /2 AR
WReF 2 H b4, K433 72 A4 A (Scheme 2).

O O
| X 120 °C
O Qoo e ==
1 2m

NH, O
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O O
120 °C
1

2n ~2p
X=0,S,NH

NH, O
A
B 2 IR H L e 5 55 L I ) e

Scheme 2 1,3-Diphenylpropane-1,3-dione reacted with hetero-
aryl aldehydes

BRR, CHARFEBRH 2 FIE e 1 52K s
SNL(R 2). SEREIR, 24 2K I R e R 2R PR ok ]
LA BUARIE T, s B # BB A HE AT H 7= 2R 58 1 (79% ~
86%, Entries 12~23); {HZ# AKIRLANA A HUREERT, ToiZ
BEM N H A=Y 3na~3pa, A RE [E R K A 1A
A7 BB (Entries 24~26). {EILR M A, iR E
EAR IS4 AN ] 1 — 2K HA I FE o 5 2 R SR A T S 2R, AT
AR AT B 2,4,6 7 AN R U R 8 e 477 A2 90 (Entry
20). T 24 AR A 2 FE I R e AR R AT R
iR, [RIEERT DL R oA B = AN ZRFR R HR A BRI 1)

Chin. J. Org. Chem. 2020, 40, 4357 ~4363

BELENT AP (Entry 27). BbAk, Xat—0 %8 = S s A
PE, ORISR, 25 IR, BCREA I 2 PR (Entry
).

R2 RNKYRE
Table 2  Scope of the substrates

~
Ar1MAr2 + + NH,0Ac 0%, Nl \/N
Ar! Ar?
1 2 3
Entry Product Ar' Ar? Ar’ Yield®/%
1 3aa Ph Ph Ph 79, 75¢
2 3ab Ph Ph 2-CIC¢H, 60
3 3ac Ph Ph 2-BrCqH, 59
4 3ad Ph Ph 3-MeC¢H,4 81
5 3ae Ph Ph 3-MeOC¢H, 51
6 3af Ph Ph 3-BrC¢Hy 80
7 3ag Ph Ph 4-MeC¢H, 84
8 3ah Ph Ph 4-NO,C¢Hy 0
9 3ai Ph Ph 4-FC¢H,4 81
10 3aj Ph Ph 4-CIC¢H, 86
11 3ak Ph Ph 4-BrC¢H, 85
12 3ba 4-MeC¢H,; Ph Ph 83
13 3ca 4-CIC¢H; Ph Ph 84
14  3da 4-BrC¢H; Ph Ph 81
15 3ea 3-CIC¢H; Ph Ph 79
16 3fa 4-MeC¢H, 4-MeCgH, Ph 85
17 3ga 4-FC¢H, 4-FCiHy; Ph 81
18  3ha 4-CICH, 4-CIC¢H; Ph 85
19 3ia 4-BrC¢H; 4-BrC¢H, Ph 86
20 3ja 4-CIC¢H; 4-MeC¢H, Ph 82
21 3ka 3-FC¢H, 3-FC¢H, Ph 82
22 3la 3-CIC¢H, 3-CIC¢H; Ph 83
23 3ma 3-BrC¢H; 3-BrC¢H, Ph 80
24 3na 2-MeC¢H; 2-MeC¢H, Ph 0
25 30a 2-FC¢H, 2-FCiHy; Ph 0
26  3pa 2-CIC¢H, 2-CIC¢H; Ph 0
27 3kl 3-FC¢Hs 3-FC¢Hy 3-FCcH,4 80

© 2020 Chinese Chemical Society & SIOC, CAS

“Reaction condiions: 1 (1 mmol), 2 (1 mmol) and NH4OAc (3 mmol), 120 C,
26 h; bIsolated yield; °10 mmol scale.

1.3 FIHERI R R IR

BT DL RS g IR, AL Tt 2,4,6- =05 K
WE AL AW & BT V2 AT BE ¥R S AL EE(Scheme 3). 1,3-—
M 1 Se SEEIRE R, — AN HBEAE A AL, 22)%
R AY. AEAR R A TG 5 2 45515 30— S8 e

http://sioc-journal.cn/ 4359
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(4K B F1—43F7K. FRIAMA B 4k 4k 5 iR e I B 3648 N
ik C, #EIEE S FAREAEE A D, Frk
D £ A S 2 B AR =4 3.

O O O NH O NH
Ar1)1\)J\Ar2 M Ar' AR AF1MAFZ
1 A’ A

i‘AI’3 [—Ar3

O N NH,OAC NH N

A Ar1)J\/kAr2
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Ar’CHO
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Ar® AR
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B3 Ak 2,4,6- =77 FEMENE AL ST RE A S RIALEE
Scheme 3 Possible mechanism for the synthesis of 2,4,6-triaryl-
pyrimidines

2 ZEig

KIET —26Lh 1,3- 0 2% B AN IR B IO,
WA 2,4,6- =77 B IE AL B W) R T %
A TR AR AR, A SR tdh i, #
PERIME . 25w B &) S, N R i 58
A DDIE AL S0 e AR 25 0 T I R i 1 — 2%
Wi a gt

3 IEES
3.1 UES5HF

PADY LR e N N bR, CDCly AT, FEFG A
TR BT AR /A T AVANCE 111 HD 400 R 3L 4R i
#1%(400 MHz)_Eic 5% 7 "H NMR Al °C NMR (400 1
101 MHz). ¥4 fi ] WRS-1B ¥ 28l 52 . ] Waters
Q-TOF-Premier JBIEASRAT 1 w70 HEsu . Frd a7 Al
WAk | R R IE . BT A I B3R vk
(TLC)REAT I . 142 i o0 A SAE TR TR IR IR (&
FHAL T BRA EDREAT. LA EE R 2R 2016 e B,
FERERE(240~400 H) ERETH:EHT.
3.2 24,6-=FEIEES K

¥ 1,3-f 1 (1 mmol). K 2 (1 mmol). BEEER
B (3 mmol) INA B 1, 7E 120 °C % & i HE
N 26 h, F#EE Ok IR M. N SE R, K
(15.0 mL)F1 2.2 Z.T6(8.0 mL)2EHU MR AY). SR )G 5
BEHURRIKA, 35 8 58 mL X 3)ZEHUKAH.
TR BN TR IR G AN, SR 500k 2818 2 R i
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7, Bt = AR E A dith, 152 HAR &9 3.

2,4,6- = K FLBE UE (3aa): [ AL [E 4K, mp. 152~
154 C (it m.p. 156~157 ‘C); '"H NMR (400 MHz,
CDCly) d: 8.72 (dd, J=8.0, 1.6 Hz, 2H), 8.28 (dd, J=8.0,
1.6 Hz, 4H), 7.99 (s, 1H), 7.50~7.57 (m, 9H); *C NMR
(101 MHz, CDCl;) &: 164.78, 164.54, 138.20, 137.58,
130.80, 130.67, 128.94, 128.51, 128.48, 127.32, 110.32;
ESI-MS m/z: 309 (M+H").

2-(2-FRHL)-4,6- "R FEWENE (3ab): A A, mp.
155~157 °C; '"H NMR (400 MHz, CDCl;) J: 8.28~8.21
(m, 4H), 8.07 (s, 1H), 8.04~7.99 (m, 1H), 7.58~7.49 (m,
7H), 7.43~7.38 (m, 2H); *C NMR (101 MHz, CDCL3) ¢:
165.49, 164.89, 138.15, 137.26, 133.25, 132.20, 130.94,
130.82, 130.37, 129.01, 127.46, 126.78, 110.51; HRMS
(ESI) caled for CpH;¢CIN, [M+H]" 343.0997, found
343.0995.

2-(2-{RIKTL)-4,6- — R FLIENE (3ac): HAFEAE, mp.
158~160 ‘C; '"H NMR (400 MHz, CDCl;) J: 8.29~8.23
(m, 4H), 8.08 (s, 1H), 7.98 (dd, J=7.7, 1.8 Hz, 1H), 7.76
(dd, J=8.0, 1.2 Hz, 1H), 7.59~7.51 (m, 6H), 7.46 (td, J=
7.5, 1.2 Hz, 1H), 7.31 (td, J=7.7, 1.8 Hz, 1H); *C NMR
(101 MHz, CDCl;) &: 166.23, 164.86, 139.97, 137.23,
134.01, 132.15, 130.94, 130.45, 129.00, 127.47, 127.38,
122.12, 110.53; HRMS (ESI) calcd for Co,HsBrN, [M+
H]" 387.0491, found 387.0495.

2-(3- F AL DR 3 )-4,6- — K FE MR IE (3ad): [t [ 14,
m.p. 161~162 °C; 'H NMR (400 MHz, CDCl;) J: 8.60 (s,
2H), 8.40~8.28 (m, 4H), 8.05 (s, 1H), 7.62 (d, J=6.8 Hz,
6H), 7.55~7.46 (m, 1H), 7.40 (d, J=7.4 Hz, 1H), 2.58 (s,
3H); “C NMR (101 MHz, CDCly) J: 164.62, 141.19,
138.37, 137.70, 134.77, 130.75, 130.63, 129.69, 128.94,
128.50, 127.35, 127.25, 109.96, 21.41; HRMS (ESI) calcd
for Co3HoN, [M+H]" 323.1543, found 323.1547.

2-(3- AR L IR 3k )-4,6- — 2R SE A IE (3ae):!"™ 19 ¢4 [F]
&, m.p. 151~153 C; '"H NMR (400 MHz, CDCl;) o:
8.33 (d, J=7.6 Hz, 1H), 8.28~8.25 (m, 5H), 7.99 (s, 1H),
7.57~7.52 (m, 6H), 7.44 (t, J=8.0 Hz, 1H), 7.06 (d, J=
8.0 Hz, 1H), 3.94 (s, 3H); *C NMR (101 MHz, CDCl;) ¢:
164.73, 164.30, 159.91, 139.71, 137.53, 130.81, 129.48,
128.93, 127.31, 121.12, 116.53, 113.68, 110.39, 55.47.
ESI-MS m/z: 339 (M+H").

2-(3- KL )-4,6- IR FEWENE (3af): [ EE A, mup.
145~147 °C; 'H NMR (400 MHz, CDCl) o: 8.82 (t, J=
1.8 Hz, 1H), 8.64 (dt, J=7.9, 1.4 Hz, 1H), 8.39 (t, J=1.8
Hz, 1H), 8.30~8.22 (m, 2H), 8.21~8.16 (m, 1H), 7.98 (s,

Chin. J. Org. Chem. 2020, 40, 4357 ~4363
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1H), 7.71~7.61 (m, 3H), 7.61~7.54 (m, 3H), 7.49~7.34
(m, 3H); °C NMR (101 MHz, CDCl3) J: 164.85, 137.22,
133.53, 131.44, 130.99, 130.01, 129.00, 128.49, 127.33,
127.12, 125.89, 122.81, 110.69; HRMS (ESI) calcd for
CyH BN, [M+H]" 387.0491, found 387.0497.

2-(4- F L R L )-4,6- IR FLIEIE (3ag): M 1k,
m.p. 181~183 C (lit™® m.p. 197~198 C); 'H NMR
(400 MHz, CDCl;) J: 8.80~8.65 (m, 2H), 8.38~8.22 (m,
4H), 8.10~8.01 (m, 1H), 7.63~7.55 (m, 6H), 7.41 (t, J=
8.0 Hz, 2H), 2.51 (s, 3H); *C NMR (101 MHz, CDCl) 6:
164.70, 140.85, 137.69, 135.51, 130.72, 129.23, 128.94,
128.91, 128.46, 127.31, 110.07, 21.58; ESI-MS m/z: 323
(M+H").

2-(4- TR FE)-4,6- IR ILBENE (3ai): HEAFEAE, mp.
197~199 C (lit.®) m.p. 201~202 ‘C); '"H NMR (400
MHz, CDCl; 0: 8.77~8.69 (m, 2H), 8.33~8.21 (m, 4H),
8.00 (s, 1H), 7.61~7.52 (m, 6H), 7.24~7.18 (m, 2H); "*C
NMR (101 MHz, CDCl;) o: 164.81, 164.72 (d, J=249
Hz), 163.61, 137.44, 134.32 (d, J=2.9 Hz), 130.87, 130.58
(d, J=8.5 Hz), 128.96, 127.28, 115.38 (d, J=21.4 Hz),
110.19; ESI-MS m/z: 327 (M+H").

2-(4-G K HE)-4,6- — FFWENE (3aj): FIEFEE, mop.
218~220 C (lit.®) m.p. 219~221 ‘C); '"H NMR (400
MHz, CDCl;) d: 8.67~8.60 (m, 2H), 8.29~8.15 (m, 4H),
7.98~7.89 (m, 1H), 7.63~7.41 (m, 8H); >C NMR (101
MHz, CDCl3) 6: 163.62, 137.14, 136.96, 136.45, 131.04,
129.20, 129.00, 128.70, 128.55, 127.28, 110.13; ESI-MS
m/z: 343 (M+H").

2-(4-1RORHL)-4,6- — IR FEMENE (3ak): AR, m.p.
227~229 C (lit.® m.p. 235~237 ‘C); '"H NMR (400
MHz, CDCl;) d: 8.58~8.51 (m, 2H), 8.26~8.21 (m, 2H),
8.14~8.08 (m, 2H), 7.94 (s, 1H), 7.70~7.61 (m, 4H),
7.58~7.52 (m, 3H); "C NMR (101 MHz, CDCL) o:
165.04, 163.69, 137.10, 136.87, 131.66, 131.06, 130.05,
128.99, 127.27, 125.58, 110.11. ESI-MS m/z: 387 [M+
H]".
4-(4-H L 2K 5E)-2,6- A FEMENE (3ba): [ 0 [ 44k,
m.p. 150~151 C (1it."” m.p. 149~151 C); '"H NMR
(400 MHz, CDCl;) J: 8.81~8.75 (m, 2H), 8.37~8.32 (m,
2H), 8.28~8.23 (m, 2H), 8.05 (s, 1H), 7.65~7.55 (m,
6H), 7.45~7.38 (m, 2H), 2.51 (s, 3H); "C NMR (101
MHz, CDCl3) 0: 164.72, 164.65, 164.48, 141.17, 138.32,
137.71, 134.78, 130.72, 130.60, 129.68, 128.93, 128.52,
128.46, 127.32, 127.23, 109.96, 29.74; ESI-MS m/z: 323
(M+H").

Chin. J. Org. Chem. 2020, 40, 4357 ~4363
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4-(4-FA R HE)-2,6- R FLMENE (3ca): O [E 4K, m.p.
160~161 C (lit."? m.p. 158~162 “C); '"H NMR (400
MHz, CDCl;) d: 8.65~8.57 (m, 2H), 8.21~8.15 (m, 2H),
8.12 (s, 2H), 7.86 (s, 1H), 7.50~7.40 (m, 8H); °C NMR
(101 MHz, CDCL) §: 164.97, 164.59, 163.51, 137.99,
137.37, 136.99, 135.96, 130.92, 130.78, 129.15, 128.95,
128.57, 128.49, 128.37, 127.30, 109.96; ESI-MS m/z: 343
(M+H").

4-(4-1RKHE)-2,6- R FLWENE (3da): H A EE, m.p.
165~166 C (lit." m.p. 168~170 C); '"H NMR (400
MHz, CDCl;) d: 8.82~8.65 (m, 2H), 8.38~8.21 (m, 4H),
8.05 (s, 1H), 7.65~7.52 (m, 8H); *C NMR (101 MHz,
CDCl3) 6: 163.90, 163.51, 162.48, 136.88, 136.27, 135.33,
131.05, 129.87, 129.73, 127.89, 127.73, 127.44, 127.42,
126.24, 124.37; ESI-MS m/z: 387 (M+H").

4-(3-F R KL )-2,6- IR FEMENE (3ea): A, m.p.
150~152 C (1it!"" m.p. 151~153 C); '"H NMR (400
MHz, CDCl;) J: 8.75~8.63 (m, 2H), 8.32~8.22 (m, 3H),
8.16~8.07 (m, 1H), 7.93 (s, 1H), 7.57~7.41 (m, 8H); *C
NMR (101 MHz, CDCly) &: 165.05, 164.63, 163.31,
139.38, 137.90, 137.27, 135.11, 130.98, 130.83, 130.72,
130.16, 128.97, 128.52, 128.52, 127.44, 127.32, 125.36,
110.26; ESI-MS m/z: 343 (M+H").

2- TR 5 -4,6- T (4- W R R J e (3Fa): [ R ] Ak,
m.p. 168~170 C (lit. 171~173 CI'®); '"H NMR (400
MHz, CDCl;) J: 8.76~8.68 (m, 2H), 8.23~8.14 (m, 4H),
7.95 (s, 1H), 7.53 (qt, J=5.0, 2.1 Hz, 3H), 7.35 (d, J=8.0
Hz, 4H), 2.45 (s, 6H); °*C NMR (101 MHz, CDCl;) §:
164.55, 164.37, 141.05, 138.38, 134.85, 130.50, 129.63,
128.47, 128.42, 127.18, 109.60, 21.50. ESI-MS m/z: 337
(M+H").

2- K H-4.6-— (4-F AR T WE (3ga): FH A, mp.
184~186 “C; "H NMR (400 MHz, CDCL;) 8: 8.75 (td, J=
7.2, 5.8, 2.7 Hz, 2H), 8.34 (dt, J=8.9, 4.5 Hz, 4H), 7.98
(d, J=23.4 Hz, 1H), 7.60 (ddd, J=9.7, 5.1, 1.8 Hz, 3H),
7.28 (d, J=8.3 Hz, 4H); *C NMR (101 MHz, CDCl;) ¢:
164.66 (d, J=249 Hz), 164.52, 163.74, 133.52, 130.84,
129.52 (d, J=4.4 Hz), 128.96, 128.50, 128.46, 115.99 (d,
J=21.6 Hz), 109.50; HRMS (ESI) calcd for CyH;sF,N,
[M+H]" 345.1198, found 345.1196.

2- I HE-4,6- (4-F R FE)WENE (3ha): [ EAE A, m.p.
201~203 C (202~204 C Uy, 'H NMR (400 MHz,
CDCl3) 6: 8.76~8.64 (m, 2H), 8.27 (d, J=8.3 Hz, 4H),
7.96 (s, 1H), 7.60~7.54 (m, 7H); *C NMR (101 MHz,
CDCl3) 6: 164.66, 163.84, 163.76, 137.73, 137.20, 135.74,
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130.95, 129.83, 129.22, 128.61, 109.70; ESI-MS m/z: 377
M+ H.

2-IKHE-4,6- (4-IRRFL)BEE (Bia): FOEA, mp.
202~203 C (lit.® m.p. 201~203 ‘C); '"H NMR (400
MHz, CDCl;) 0: 8.75~8.67 (m, 2H), 8.19 (d, J=8.5 Hz,
4H), 7.96 (s, 1H), 7.75~7.71 (m, 4H), 7.62~7.56 (m,
3H); *C NMR (101 MHz, CDCl;) d: 159.10, 133.00,
131.47, 127.43, 126.19, 124.06, 123.80, 123.74, 122.56,
120.87, 104.83; ESI-MS m/z: 465 (M+H").

2-(4-FFR I )-4- TR FE-6-(Xf F 2R 28 ) BB g (Bja): A
B4R, mp. 130~131 C (it mp. 127~128 C); 'H
NMR (400 MHz, CDCl;) J: 8.66~8.51 (m, 2H), 8.22~
8.12 (m, 2H), 8.08 (d, J=7.9 Hz, 2H), 7.88 (s, 1H), 7.50~
7.43 (m, 3H), 7.41 (d, J=8.4 Hz, 2H), 7.27 (d, J=7.8 Hz,
2H), 2.37 (s, 3H); *C NMR (101 MHz, CDCl;) d: 163.70,
163.62, 162.41, 140.26, 136.40, 135.70, 135.67, 133.46,
129.77, 128.77, 128.63, 127.88, 127.57, 126.21, 126.12,
109.04, 20.47; ESI-MS m/z: 357 (M+H").

4,6- —(3-F AN IL)-2- AR FEMEIE (3ka): [ B4, m.p.
184~185 °C; '"H NMR (400 MHz, CDCl;) §: 8.75~8.63
(m, 2H), 8.08~8.00 (m, 4H), 7.95 (s, 1H), 7.60~7.49 (m,
6H), 7.27~7.21 (m, 1H); *C NMR (101 MHz, CDCl;) &:
164.70, 163.70, 163.37 (d, J=245 Hz), 139.64 (d, J=7.5
Hz), 137.64, 130.97, 130.55, 130.49 (d, J=7.7 Hz),
128.57, 128.52, 122.82, 117.83 (d, J=21.2 Hz), 114.59 (d,
J=23.0 Hz), 110.27; HRMS (ESI) calcd for C,,H,;sF.N,
[M+H]" 345.1198, found 345.1195.

4,6- —(3-F AR HL)-2- R ILBEIE (3la): A EEE, mop.
187~188 C; '"H NMR (400 MHz, CDCl;) J: 8.73~8.60
(m, 2H), 8.29~8.21 (m, 2H), 8.12 (t, J=6.1 Hz, 2H), 7.91
(s, 1H), 7.60~7.43 (m, 7H); *C NMR (101 MHz, CDCl5)
J: 164.76, 163.63, 139.09, 137.59, 135.17, 131.01, 130.91,
130.21, 128.57, 128.52, 127.44, 125.37, 110.24; HRMS
(ESI) caled for C,H;sCIN, [M—}—H]+ 377.0607; found
377.0606.

4,6- . (3-1R IR IL)-2- R ELENE (3ma): [ A4, mop.
193~195 °C; '"H NMR (400 MHz, CDCl) J: 8.72~8.64
(m, 2H), 8.42 (t, J=1.8 Hz, 2H), 8.18 (dt, J=7.9, 1.3 Hz,
2H), 7.90 (s, 1H), 7.71~7.60 (m, 2H), 7.61~7.52 (m,
3H), 7.43 (t, J=7.9 Hz, 2H); *C NMR (101 MHz, CDCl5)
J: 164.76, 163.53, 139.32, 137.58, 133.84, 131.02, 130.48,
130.35, 128.57, 128.53, 125.86, 123.28, 110.25; HRMS
(ESI) caled for CpH;sBr,N, [M+H]" 464.9597, found
464.9592.

2,4,6- = (3-F IR L) g (3KN): A (E 4, m.p. 221~

4362 http://sioc-journal.cn/
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222 °C; '"H NMR (400 MHz, CDCl3) ¢: 8.56~8.50 (m,
1H), 8.46~8.38 (m, 1H), 8.11~8.02 (m, 4H), 8.01 (s,
1H), 7.63~7.49 (m, 3H), 7.35~7.30 (m, 1H), 7.30~7.22
(m, 2H); *C NMR (101 MHz, CDCl3) ¢: 163.81, 163.35
(d, J=245 Hz), 163.23 (d, J=244 Hz), 140.04 (d, J=17.5
Hz), 139.35 (d, J=7.5 Hz), 130.57 (d, J=7.9 Hz), 130.02
(d, J=7.7 Hz), 124.13, 122.83, 118.00 (d, J=21.1 Hz),
117.80 (d, J=22.7 Hz), 115.28 (d, J=23.4 Hz), 114.29 (d,
J=22.9 Hz), 110.67; HRMS (ESI) calcd for C,,H4F;N,
[M+H]" 363.1104, found 363.1107.

4#HBh#4 Bl (Supporting Information) 1t&4%) 3aa~3kl
(¥ "H NMR Al °C NMR 3 &, X £ mT LA 4 2% AT
X3 (http://sioc-journal.cn/) b T %K.
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