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Pd-Catalyzed Dearomative Spirocyclization of Bromophenols
via [2+ 2+ 1] Strategy

Li, KunyuT Bai, Lu®* Luan, Xinjun®
(College of Chemistry & Materials Science, Northwest University, Xi'an 710127)

Abstract A novel palladium(0)-catalyzed dearomative spirocyclization reaction of bromophenols has been developed for
building a series of spirocyclic architectures containing a quaternary carbon center via [2+2+1] strategy. This method
employs inexpensive bromophenols and easily accessible alkynes. It exhibits a broad substrate scope in good yields. Notably,
this transformation can be realized with high regioselectivity (>19 : 1 r#) when using unsymmetrical alkynes, which greatly
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expands the research scope of phenol dearomatization.
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1.1 REEHM

L 1-1R-2-ZEMy(1a) (0.2 mmol)F1 7K 24k (2a)
(0.5 mmol)IEATHRYT, R EIERT B2 A 34T
BB, s, A 5.0 mol% Pd(OAc),. 12.0 mol%
PPh;. 2.0 equiv. K,CO; AR A R, EEULFTE
FEAE A SR BE A BV AU 1), fE 110 C R ¥
18 h. EizH)jE, HikH H 2K (PhMe) WiE R, 1% M
AT DAGUR R AT 19 2] B ARk &9, (B2 R 37%75=
BoORTRERMNER, M7 o 2 = H
(DME). 1,4-=%N¥ . PUEME(THF) M 25 (MeCN)
IR, R RAMARANR. R4 L N,N-
Ik iz (DMF) ¥ BT, BELL 58%I1 7= 2R 45 i H br =4,
SR E LG, FRATIA I BC A 206 i SRR 7 AR 4
Kisgm. RA YRR AR 2 5, A aEmRE
IERIEACTTR Ja s A b, Rk, 7R3 R Rtk
X — R AR FXUBS RCAR AR FHEAT T 556, &5
R, 1,3-X( A= 2E) P 5t (DPPP) 2 fie e AT BT A&,
ST L At LA AR = (2- Wk i 2 ) B X R b K2 JBlE (TFP) BA 22
MATACAR(2R,38)-2.2'- 2R [B-1.1"- B ZE (BINAP) A (—
IR B JPEHRL) — B (DPPF) U A REAR 7 M A5 2 H brib 54
BT LR, v LAt C A R H 280 A A B 25 RS
RS A AR AR, F ORI RC T LR 1)
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Table 1 Optimization of the reaction conditions

Br Ph Pd(OAc), (5.0 mol%)
ligand (12.0 mol%)

Ph Ph
OH Ph O Ph
+ 2 || - > - o]
base (2.0 equiv.) O‘
Ph solvent (0.2 M)

110°C, 18 h

1a 2a 3a
Entry Solvent Ligand Base Yield®/%
1 Toluene PPh; K,CO; 37
2 DME PPh; K,CO; 42
3 1,4-Dioxane  PPh; K,CO;4 45
4 THF PPh; K,CO; 44
5 MeCN PPh; K,CO;4 23
6 DMF PPh; K,CO; 58
7 DMF P(p-MeO-CgHy); K,CO; 25
8 DMF P(p-F-C¢Hy);  KyCOj 56
9 DMF TFP K,CO;4 33
10¢ DMF BINAP K,CO4 86
11¢ DMF DPPP K,CO;4 92
12¢ DMF DPPF K,CO; 18
13¢ DMF DPPP Cs,CO; 68
14¢ DMF DPPP KOAc 39
15¢ DMF DPPP K;PO, 37

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol). * Isolated yields. 6.0
mol% ligand was used.

NKHE ) H2, Cs,CO5+ KOAc, K3PO, 1 2 W R FEAIK.
IX e SIS 25 AR B KLCO; A2 Bod A X R B, T
DL BRI AL, et T MR B 5.0 mol%
Pd(OAc),. 6.0 mol% DPPP. 2.0 equiv. K,CO;. DMF (0.2
mol/L) NiAFH, £ 110 CF % 18 h.
1.2 mREBECEIRNHR

UrAe] S B AT SR I A A W ) 2 5 AL Ak — E
RAZAI I TR . TERRRMFMET, EH KO
WAE BRI B, XA R RS TE AT T %%
(£ 2). B, 2l 7 S RO BUOR I (1b) 1) 25 95 # 4L
ek, BARFGRTE T 40%IM77 2, (HA& X 78 4 B < AR
MR Caf TR KM, e XN FEL T
— RYVAHTA &P E e ] PR AS [ A7 B R R R Wy
W, #ATLUBAI AT I BB TR E R, AR
2 LA, YXHRIER A 45 L BRI Me (1. 1d.
le. 1k. 11), OMe (1f), ‘Pr (1m), ‘Bu (In)f, SN EIRE
U, I EAZE R BRI E R, ATRATE 24 3. 5.
6 Lo EAR. 2 HUR IR AR W BT U2 F (1g.1j),
Cl (1h), CF; (1), LAk R, 0 17Xt
REW (1o) B I MG, BL 78 % AUk 2 i A it
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Table 2 Scope of para-bromophenols

Ph.  Ph

OH .
Q Ph  Pd(OAck(5.0mol%) o Ph

i DPPP (6.0 mol%)

R | > + | | RI- |
K2COj3 (2.0 equiv.) .
Br Ph DMF (0.2 mollL)
1b~1r 2a 110°C, 18h 0
3b~3p
Ph_  Ph Ph_ Ph Ph.  Ph

(¢} (0]
3b 46%" 3¢ 92% 3d 90%
Ph Ph Ph Ph Ph Ph
Ph O Ph Ph O Ph Ph O Ph
(L. o O
Me
(e} (0] (¢}
3e 93% 3f 56% 39 95%

Ph Ph Ph Ph Ph Ph
Ph U Ph Ph O Ph Ph U Ph
(7 (e 0O

F
O (0] O
3h 48% 3i 68% 3j 54%
Ph Ph Ph Ph Ph Ph
Ph O Ph Ph O Ph Ph U Ph
‘ Me Me ‘ Me Pr ‘ Pr
o o O
3k 94% 3191% 3m 78%
Ph Ph Ph Ph Ph Ph
Ph O Ph Ph O Ph Ph O Ph
‘Bu ' ‘Bu g ‘ “
(0] (0] (0]
3n67% 3078% 3p 52%

“ Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol). ” Reaction at 40 °C, 48
h. “ Reaction at 90 C.

17 ﬁ%—%%%,%%ﬁz:sﬁwmﬁ%ﬁﬁ%m
(1p)Bf, I FEA AT ABA AT 3 BB 52% i
IRTFUR[4.5]) B L. I RARCK Y IR 140 &, R
SRV HEARPELF, T DA SRR A, I H DL R 47k
FIRE T — RIVRIE L.
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Table 3 Scope of alkynes

R2 R’
ri—l Ve
Oy

3a'~3I'

Br R'  Pd(OAc), (5.0 mol%)
| DPPP (6.0 mol%)

OH
+2 | :
K,CO3 (2.0 equiv.)

R2 DMF (0.2 mol/L)
2b ~ 2m 110°C, 18 h

R2 R 3a R' = R2 = 4-MeCgH, 72%
=R? = 4-MeOCgH, 76%
= R? = 4-CF;CgH, 89%
=R? = 4-CICgH, 96%

= R? = 3-FCgH, 90%
=R?=2-FCgH,4 92%

3g' R1 R? = nPr 76% 3h' 42%

Me Ph nBu Ph 4 Ph
Ph O Me Ph O nBu Ph O

T ag do
3i' 76% 3" 54% 3k' 67%

© 2019 Chinese Chemical Society & SIOC, CAS

“ Reaction conditions: 1a (0.2 mmol), 2a (0.5 mmol).
2 &g
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3.1 UEFE5HF

S i B B B A R SRR TE T B AR (35 E A HT R
B AR)HEBEAT. 'TH NMR (400 MHz)F1 *C NMR (100
MHz)#E Varian Unity Inova-400 (400 MHz)ak# Bruker
Ascend 400 (400 MHz)# SR L e, ik
#5& CDCls. IR 7£ BRUKER TENSOR 27 Y41 4 43
Hri 5% . HRMS #£ Daltonics MicroTof-Q 11 7 % Jii B¢
FH HELIE 25 DY 25 AT & AT R ] 3 BB 5 0 43¢ il 5
3.2 ZWHE

fE 5 mL BB I RO A AR O NIRRT 2R R4
(0.2 mmol) . Hk 4 JE ¥ (0.5 mmol) . Pd(OAc), (5.0
mmol%)~ DPPP (6.0 mmol%)Fl K,CO; (2.0 equiv.), Fff
R WA A SOSEH IN 1.0 mL DMEF %571, 7€ 110 C
TN 18 h. ¥ %2 iR R SN — 8 I A
AN IR SR AR, ZEBURAE AT 2~3 k. ZEHUT
BHBENIRARE MeSO, T15, FIH ekt 2 KUK
WA /R SRR 2, A AR VCRME) @ (&
% 2. BE)=20 © 1157 B A=, 153024000 B ARr=4).

2,3,4,5- VUL 2 H-WR 30 I -1, 1'- 28 ]-2,4- ) -2'-
B(3a)": SEEHERY), 773 92%. '"H NMR (400 MHz,
CDCI3) 6: 7.31~7.23 (m, 2H), 7.20~7.16 (m, 2H),
7.06~6.98 (m, 6H), 6.96~6.88 (m, 6H), 6.88~6.82 (m,
4H), 6.57 (d, J=17.6 Hz, 4H), 6.10 (d, J=9.9 Hz, 1H).

1,2,3,4- VY 2K £ 42145125 -1,3,6,9- VU 4% -8- i (3b): 7%
HRY), 7% 46%. '"H NMR (400 MHz, CDCl3) d: 'H
NMR (400 MHz, CDCl3) 0: 7.15~7.07 (m, 12H), 7.07~
7.04 (m, 4H), 6.90 (d, J=6.9 Hz, 4H), 6.82 (d, J=9.9 Hz,
2H), 6.44 (d, J=9.9 Hz, 2H); *C NMR (100 MHz, CDCl,)
5: 186.2, 147.9, 147.6, 141.2, 134.6, 134.5, 131.8, 129.9,
129.3, 128.0, 127.9, 127.5, 127.3, 66.2; IR (KBr) v: 2922,
2853, 1651, 1444, 1169, 1074, 864, 739 cm '. HRMS
(ESI) calcld for CoH,sONa [M+Na]" 471.1725, found
471.1747.

6- H 5:-1,2,3,4- P 2K FL 1% [4.5] 5% -1,3,6,9- 1Y )i -8- Tl
(3¢): BRI, F2FE 92%. 'H NMR (400 MHz,
CDCly) 8: 7.20~7.12 (m, 12H), 7.08 (s, 4H), 6.98 (d, J=
7.0 Hz, 4H), 6.82 (d, J=9.7 Hz, 1H), 6.49 (d, J=9.7 Hz,
1H), 6.39 (s, 1H), 1.97 (s, 3H); *C NMR (100 MHz,
CDCly) 6: 187.0, 156.7, 148.6, 148.4, 142.1, 134.8, 134.2,
131.3, 130.9, 129.9, 129.0, 128.1, 128.0, 127.5, 127.4,
68.7, 19.0; IR (KBr) v: 2923, 2854, 1664, 1446, 1172,
1075, 835, 745 cm '. HRMS (ESI) calcld for C35H,sONa
[M+Na]" 485.1881, found 485.1882.
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6,10- — H1%:-1,2,3,4- DY I F#2[4.5]%%-1,3,6,9- VU )i-
8-FA(3d): AR, 723 90%. mp. 223~226 C; 'H
NMR (400 MHz, CDCl;) 6: 7.20~7.10 (m, 12H), 7.00~
6.96 (m, 4H), 6.96~6.92 (m, 4H), 6.35 (s, 2H), 1.96 (s,
6H); °C NMR (100 MHz, CDCl;) 6: 186.6, 156.7, 149.2,
143.2, 134.9, 133.8, 130.8, 129.8, 128.7, 128.1, 128.0,
127.5, 127.4, 71.2, 18.4; IR (KBr) v: 3055, 2854, 1660,
1441, 1157, 1074, 889, 740 cm™'. HRMS (ESI) calcld for
Cs6Hos0Na [M+Na]™ 499.2038, found 499.2041.

6,7- — H 3£-1,2,3,4- VU 2K L8 [4.5]%%-1,3,6,9- VU 4 -8-
fiil(3e): #EOWHARY, 7% 93%. 'H NMR (400 MHz,
CDCLy) §: 7.19~7.10 (m, 12H), 7.03~6.99 (m, 4H),
6.98~6.94 (m, 4H), 6.75 (d, J=9.7 Hz, 1H), 6.49 (d, J=
9.7 Hz, 1H), 1.89 (d, J=13.4 Hz, 6H); °C NMR (100
MHz, CDCl;) 0: 186.3, 149.0, 148.2, 147.2, 142.6, 136.0,
135.0, 134.4, 130.5, 129.9, 129.0, 128.0, 127.4, 127.3,
69.1, 16.1, 11.2; IR (KBr) v: 3055, 2923, 2856, 1882,
1806, 1073, 833, 745 cm '. HRMS (ESI) calcld for
Cs6H200 [M+H]" 477.2218, found 477.2220.

6- F4H - 1,2,3,4- DU 2K L 04,51 %%-1,3,6,9- VU ##5- 8-
@3h: EEHIRY, ™ %F 56%. 'H NMR (400 MHz,
CDCLy) §: 7.29~7.21 (m, 12H), 7.15~7.10 (m, 4H),
7.08~7.03 (m, 4H), 6.62 (d, J=9.7 Hz, 1H), 6.48 (d, J=
9.6 Hz, 1H), 5.84 (s, 1H), 3.79 (s, 3H); *C NMR (100
MHz, CDCl;) 0: 188.8, 172.8, 147.6, 144.1, 142.4, 134.7,
134.3, 130.1, 130.0, 129.1, 127.9, 127.7, 127.4, 127.1,
67.5, 55.7; IR (KBr) v: 3056, 2925, 2852, 1665, 1623,
1447, 1235, 842, 736 cm '. HRMS (ESI) calcld for
C3sH0,Na [M+Na]™ 501.1830, found 501.1821.

6-F-1,2,3,4- TR FLIE[4.5125-1,3,6,9- VU )7-8-FH (3g):
FOE K, P 95%. mp. 124~126 C; 'H NMR (400
MHz, CDCls) d: 7.21~7.11 (m, 16H), 6.93 (d, J=7.1 Hz,
4H), 6.64 (t, J=10.2 Hz, 1H), 6.40 (d, J=9.6 Hz, 1H),
6.10 (d, J=13.9 Hz, 1H); *C NMR (100 MHz, CDCL) ¢:
185.3, 150.5, 149.2, 139.5, 134.2 (d, J=95.6 Hz), 129.8,
129.7, 128.0, 128.0, 127.6 (d, J=19.6 Hz), 64.6; IR (KBr)
v: 3054, 2923, 2853, 1667, 1616, 1442, 1260, 874, 798
cm . HRMS (ESI) calcld for CyH,;FONa [M+Na]®

489.1631, found 489.1631.
6-5-1,2,3,4-PU K FL 2 [4.512-1,3,6,9- VU 4#-8-HH (3h):
O AR, 723 48%. m.p. 218~219 C; 'H NMR (400
MHz, CDCly) 8: 7.23~7.11 (m, 12H), 7.11~7.07 (m, 4H),
6.94 (d, J=7.0 Hz, 4H), 6.84 (d, J=9.7 Hz, 1H), 6.60 (s,
1H), 6.46 (d, J=9.7 Hz, 1H); *C NMR (100 MHz, CDCl5)
0: 185.5, 153.5, 149.3, 147.5, 141.0, 134.5, 133.8, 132.5,

Chin. J. Org. Chem. 2019, 39, 2211~2217
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130.5, 130.0, 129.4, 128.2, 128.0, 127.9, 127.6, 69.9; IR
(KBr) v: 3055, 2923, 2853, 1652, 1613, 1440, 1266, 884,
739 ¢cm~'. HRMS (ESI) calcld for CyH»;CIONa [M+
Na]" 505.1335, found 505.1331.

6- =8 1 56-1,2,3,4- DU 2K L2 [4.5]2%-1,3,6,9- U 475 -8-
i (3i): B OHPRYD, % 68%. '"H NMR (400 MHz,
CDCly) §: 7.17~7.10 (m, 12H), 7.06 (d, J=6.7 Hz, 4H),
6.92 (d, J=6.8 Hz, 4H), 6.87 (s, 1H), 6.75 (d, J=9.8 Hz,
1H), 6.51 (d, J=9.8 Hz, 1H); *C NMR (100 MHz, CDCl5)
5: 188.7 (q, J=15.7 Hz), 175.3, 172.5, 149.1, 144.0 (q, J=
5.6 Hz), 140.0, 134.3, 133.8, 130.0, 129.3, 128.3, 128.0,
127.9, 127.6, 113.5 (q, J=10.1 Hz), 100.1, 66.9 (q, J=
24.3 Hz); IR (KBr) v: 3060, 2923, 2854, 1664, 1617, 1446,
1265, 835, 745 cm . HRMS (ESI) calcld for CisHpsF50
[M+H]" 517.1779, found 517.1797.

7-9-1,2,3,4- DU Z 124,512 -1,3,6,9- VU )7 -8-HH (3j):
H O EAR, 7% 54%. mp. 210~212 C; 'H NMR (400
MHz, CDCl3) d: 7.21~7.11 (m, 16H), 6.93 (d, J=7.1 Hz,
4H), 6.64 (t, J=10.2 Hz, 1H), 6.40 (d, J=9.6 Hz, 1H),
6.10 (d, J=13.9 Hz, 1H); °C NMR (100 MHz, CDCL;) ¢:
178.8 (d, J=21.2 Hz), 156.5 (q, J=264.5 Hz), 149.0,
147.7, 140.7, 134.5, 134.3, 131.6 (q, J=4.5 Hz), 130.0,
129.4, 128.3, 128.0, 127.9, 127.5, 123.3 (q, J=14.5 Hz),
100.1, 66.6. IR (KBr) v: 3056, 2920, 2852, 1662, 1613,
1441, 1258, 873, 795 cm '. HRMS (ESI) calcld for
C;,H,;FONa [M+Na]" 489.1631, found 489.1631.

7-HE-1,2,3,4- DY 2K FE R [4.5] %% -1,3,6,9- VYU /s -8- T
(Bk): FEOMIRY, 7% 94%. 'H NMR (400 MHz,
CDCly) §: 7.21~7.05 (m, 16H), 6.95 (d, J=6.8 Hz, 4H),
6.97~6.93 (m, 1H), 6.66 (s, 1H), 6.46 (d, J=9.7 Hz, 1H),
1.93 (s, 3H); *C NMR (100 MHz, CDCl3) 6: 186.8, 147.7,
147.2, 142.7, 141.6, 138.5, 134.9, 134.7, 131.5, 130.0,
129.3, 127.9, 127.8, 127.4, 127.2, 66.6, 16.1; IR (KBr) v:
2930, 2848, 1659, 1452, 1183, 1058, 866, 796 cm .
HRMS (ES) calcld for C3sH,sONa [M+Na]" 485.1881,
found 485.1881.

7, 9- " HI3E-1,2,3 4- DU I 4.51%4-1,3,6,9- VU Jii-8-
i (31): F AR, 7% 91%. 'H NMR (400 MHz,
CDCly) §: 7.08~6.98 (m, 12H), 6.95~6.90 (m, 4H),
6.84~6.79 (m, 4H), 6.49 (s, 2H), 1.79 (s, 6H); °C NMR
(100 MHz, CDCly) §: 187.4, 146.7, 142.4, 142.1, 137.9,
135.2, 135.0, 130.1, 129.4, 127.9, 127.9, 127.3, 127.2,
66.3, 16.4; IR (KBr) v: 3055, 2852, 1658, 1441, 1211,
1063, 910, 742 cm . HRMS (ESI) calcld for CyqHa0O
[M-+H]" 477.2218, found 477.2215.

Chin. J. Org. Chem. 2019, 39, 2211~2217
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7, 9- A EE-1,2,3,4- DY R LR 4.5]1%%-1,3,6,9- 11
Wi -8-1 (3m): 3 IR, 77 % 78%. 'H NMR (400
MHz, CDCly) §: 7.16~7.06 (m, 12H), 7.03~6.98 (m,
4H), 6.98~6.93 (m, 4H), 6.44 (s, 2H), 3.05~2.90 (m,
2H), 0.95 (d, J=6.9 Hz, 12H); “C NMR (100 MHz,
CDClLy) d: 185.3, 147.7, 146.3, 142.7, 139.0, 135.2, 131.4,
130.1, 129.4, 127.9, 127.8, 127.2, 127.1, 65.5, 26.6, 21.9.
IR (KBr) v: 3056, 2926, 1652, 1441, 1136, 1071, 797, 745
cm . HRMS (ESI) calcld for C4H3;ONa [M+Na]”
555.2664, found 555.2665.

7, 9-RUT %E-1,2,3,4- DY IR LR 4.51%%-1,3,6,9- 11
Ji-8-TH(3n): AR, 7°F 67%. 'H NMR (400
MHz, CDCl;) é: 7.16~7.06 (m, 12H), 7.03~6.95 (m,
8H), 6.40 (s, 2H), 1.11 (s, 18H); *C NMR (100 MHz,
CDCly) d: 186.2, 149.4, 145.9, 143.0, 138.5, 135.1, 135.0,
130.1, 129.3, 127.8, 127.6, 127.1, 65.4, 35.2, 29.3; IR
(KBr) v: 3055, 2933, 1652, 1442, 1122, 1072, 807, 742
cm . HRMS (ESI) calcld for C4HyONa [M+Na]™
583.2977, found 583.2968.

2,3,4,5- WU R FL AR FR - 1,1'-28]-2,4- — H5-4'- i
(30): EM[EE, P7F 78%. mp. 86~87 C; 'H NMR
(400 MHz, CDCl5) 6: 8.01 (d, J=7.5 Hz, 1H), 7.44~7.39
(m, 1H), 7.33~7.27 (m, 2H), 7.10~7.01 (m, 6H), 6.97~
6.83 (m, 10H), 6.82~6.78 (m, 1H), 6.69~6.61 (m, 4H),
6.50 (d, J=9.9 Hz, 1H); *C NMR (100 MHz, CDCl;) ¢:
185.3, 148.8, 146.9, 145.7, 140.1, 135.0, 134.5, 133.2,
133.0, 130.7, 130.1, 129.3, 128.0, 127.9, 127.2, 126.5,
66.3; IR (KBr) v: 3041, 2925, 2855, 1665, 1425, 1261,
874, 742 cm”'. HRMS (ESI) calcld for C;3H,¢ONa
[M+Na]" 521.1881, found 521.1872.

2,3,4,5-4 2K 3£ -5,6"7",8"- WU S -4'H WR[ IR K Je-1,1'-
250-2,4- I -4- T 3p): ¥ AE AR, 7% 52%. mop.
165~167 ‘C; '"H NMR (400 MHz, CDCl3) d: 7.18~7.08
(m, 6.2 Hz, 12H), 7.01 (d, J=6.3 Hz, 4H), 6.94 (d, J=6.7
Hz, 4H), 6.72 (d, J=9.7 Hz, 1H), 6.46 (d, J=9.7 Hz, 1H),
2.35 (s, 2H), 2.21 (s, 2H), 1.61 (d, J=7.0 Hz, 4H); "*C
NMR (100 MHz, CDCly) d: 186.6, 151.3, 148.1, 147.8,
142.9, 136.9, 135.2, 134.4, 130.7, 130.0, 129.1, 128.1,
128.0, 127.4, 127.3, 68.5, 26.0, 22.7, 22.1, 22.0; IR (KBr)
v: 3054, 2876, 1672, 1630, 1435, 1292, 863, 774 cm .
HRMS (ESI) calcld for C3sH3ONa [M+Na]™ 525.2194,
found 525.2180.

2,3,4,5-DY-%f - F R -2 MR A IR 0 I [2,4] — )-
1,1-Z5]-2-F3an) ) s ffEl ik, P25 72%. mp. 203~
204 °C; '"H NMR (400 MHz, CDCly) 0: 7.37~7.32 (m,
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2H), 7.31~7.28 (m, 2H), 7.27 (s, 1H), 6.91~6.83 (m,
8H), 6.75 (d, J=7.9 Hz, 4H), 6.54 (d, J=8.1 Hz, 4H), 6.20
(d, J=9.9 Hz, 1H), 2.28 (s, 6H), 2.16 (s, 6H).

2,3,4,5-PY- X} - B A L DR L -2 H- MR B I M5 9 [2,4]
THE-1,1-281-2- BB SRR, PR 76%. mop.
200~201 °C; '"H NMR (400 MHz, CDCl;) d: 7.35~7.30
(m, 3H), 7.27~7.24 (m, 2H), 6.91 (d, J=8.5 Hz, 4H),
6.66 (d, J=8.6 Hz, 4H), 6.56 (d, J=8.8 Hz, 4H), 6.48 (d,
J=8.7 Hz, 4H), 6.18 (d, J=9.9 Hz, 1H), 3.75 (s, 6H), 3.65
(s, 6H).

2,3,4,5- VU -50F - = 46 F R OR Ok 3 H- M 3 1 A 9F
[2,4] " Hi-1,4-25] -3-F(3c"): #EEE A, 7% 89%. m.p.
170~171 “C; '"H NMR (400 MHz, CDCl;) d: 7.43~7.36
(m, 5H), 7.36~7.32 (m, 2H), 7.31~7.29 (d, J=4.0 Hz,
1H), 7.28~7.24 (m, 1H), 7.24~7.22 (s, 1H), 7.21~7.18
(m, 3H). 7.03 (d, J=7.8 Hz, 4H), 6.66 (d, J=7.8 Hz, 4H),
6.16 (d, J=9.9 Hz, 1H). °C NMR (100 MHz, CDCl;) 6:
193.8, 148.3, 146.1, 137.2, 136.7, 135.7, 130.7, 130.0,
129.8, 129.6, 129.3, 129.2, 128.9, 128.8, 1282, 126.6,
126.4, 124.9, 124.7, 122.2, 122.1, 75.9. IR (KBr) v: 2999,
1662, 1617, 1407, 1325, 1125, 1067, 1017, 849 cm .
HRMS (ESI) calcld for C4H»F,ONa [M + Na] *
793.1377, found 793.1386.

2,3,4,5-T0-%F -G A F-3' H B[R K R [2,4]1 =
Wi -1,4-281-3- B 3d)'"): B A A, P2 96%. m.p.
208~210 °‘C; '"H NMR (400 MHz, CDCl;) J: 7.39~7.34
(m, 2H), 7.33 (s, 1H), 7.30 (d, J=9.6 Hz, 1H), 7.25 (d, J=
7.1 Hz, 1H), 7.15 (d, J=8.5 Hz, 4H), 6.97 (d, /=8.6 Hz,
4H), 6.91 (d, J=8.5 Hz, 4H), 6.54 (d, J=8.5 Hz, 4H), 6.20
(d, J=9.9 Hz, 1H).

2,3,4,5-PU-3- G A HE-3' H MR [IA R M IE[2,4] - 0-
1,4'-251-3-F3eN ) A, P2F 90%. mp. 163~
165 ‘C; '"H NMR (400 MHz, CDCl;) d: 7.44~7.32 (m,
4H), 7.27 (s, 1H), 7.15 (dd, J=14.0, 7.9 Hz, 2H), 7.12~
6.93 (m, 4H), 6.81 (d, J=7.7 Hz, 2H), 6.77 (dd, J=8.4,
1.8 Hz, 2H), 6.73 (d, J=9.8 Hz, 2H), 6.44 (d, J=7.8 Hz,
2H), 6.32 (d, J=10.1 Hz, 2H), 6.23 (d, J=9.9 Hz, 1H).

2,3,4,5-PU-2- G A HE-3'H MR [IA R M HE[2,4] - J-
L4-ZE)-3-FR 3, Bk, 2R 92%. mp. 239~
240 ‘C; '"H NMR (400 MHz, CDCl3) d: 7.38~7.34 (m,
2H), 7.34~7.30 (m, 1H), 7.28~2.27 (m, 5H), 7.26~7.21
(m, 1H), 7.18~7.12 (m, 3H), 6.97 (d, J=8.4 Hz, 3H),
6.91 (d, J=8.3 Hz, 3H), 6.55 (d, J=8.4 Hz, 3H), 6.24~
6.21 (m, 1H).

2,3,4,5- VU P4 5 -3 H-BR [ 34 0 4 9 [2,4] — M -1,4'-

2216 http://sioc-journal.cn/
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2513 3™ B ik, 2% 76%. mp. 188~
189 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.43 (d, J=9.9
Hz, 1H), 7.25~7.23 (m, 1H), 7.18~7.10 (m, 2H), 6.70 (d,
J=17.4 Hz, 1H), 6.22 (d, J=9.9 Hz, 1H), 2.24~2.14 (m,
4H), 1.96~1.87 (m, 2H), 1.79~1.71 (m, 2H), 1.48~1.40
(m, 4H), 0.93~0.90 (m, 6H), 0.89~0.83 (m, 4H), 0.62~
0.56 (m, 6H).

2,3,4,5-DY(2-MEWy 38)-3'H SRR IR 05 I [2,4) —)-
1,4-28)-3- 30 s E A, P25 42%. mp. 147~
149 ‘C; 'H NMR (400 MHz, CDCl3) d: 7.44 (d, J=9.9
Hz, 1H), 7.35~7.29 (m, 3H), 7.29~7.25 (s, 2H), 7.22~
7.19 (m, 1H), 7.01~6.96 (m, 2H), 6.95~6.90 (m, 2H),
6.91~6.87 (m, 2H), 6.68~6.61 (m, 2H), 6.35 (dd, J=3.7,
1.0 Hz, 2H), 6.22 (d, J=9.9 Hz, 1H).

2,4- W BE-3.5- ORI 3 HAMR IR IR IR [2,4]
Wi-1,4-251-3- B 3N F ARy, 77K 76%. 'H
NMR (400 MHz, CDCly) 6: 7.41 (d, J=9.9 Hz, 1H),
7.37~7.32 (m, 2H), 7.28~7.27 (m, 1H), 7.25~7.23 (m,
2H), 7.23~7.19 (m, 2H), 7.18 (s, 1H), 7.08~7.04 (m,
2H), 7.03~6.98 (m, 2H), 6.86~6.81 (m, 2H), 6.22 (d, J=
9.9 Hz, 1H), 1.96 (s, 3H), 1.46 (s, 3H).

2,4- T HE3 5 TR HAR A R A IR [2,4]
i -1,4-25 -3 30" o R 4k, P23 54%. mup.
137~140 °C; '"H NMR (400 MHz, CDCl3) §: 7.43~7.40
(m, 2H), 7.39~7.38 (m, 1H), 7.35~7.33 (m, 2H), 7.33
(m, 1H), 7.32~7.29 (m, 1H), 7.29~7.27 (m, 2H), 7.14 (d,
J=17.7 Hz, 1H), 7.11~7.07 (m, 3H), 6.82~6.79 (m, 2H),
6.24 (d, J=9.9 Hz, 1H), 2.37~2.26 (m, 2H), 2.05~2.00
(m, 1H), 1.86~1.79 (m, 1H), 1.21~1.13 (m, 2H), 1.11~
1.06 (m, 2H), 0.97~0.87 (m, 4H), 0.66~0.59 (m, 3H),
0.55 (m, 3H).

2,4- IR 3E-3,5- TR L3 HAMR [N R A T [2,4]
1,423 E R B EEIRY, PEE 67%. 'H
NMR (400 MHz, CDCl3) d: 7.64~7.60 (m, 2H), 7.56~
7.52 (m, 3H), 7.47~7.46 (m, 1H), 7.45~7.42 (m, 3H),
7.25~7.23 (m, 1H), 7.22~7.19 (m, 3H), 7.02~6.97 (m,
2H), 6.37 (d, J=9.9 Hz, 1H), 1.69~1.65 (m, 1H), 1.36~
1.33 (m, 1H), 0.65~0.59 (m, 2H), 0.43~0.38 (m, 2H),
0.29 (m, 1H), 0.26~0.22 (m, 1H), 0.20~0.16 (m, 1H),
0.12~0.08 (m, 1H).

##H BI#1kL(Supporting Information) £ &%) 3b~3p.
3¢'f '"H NMR Al C NMR J5#6# ], 3a. 3a's 3b's
3d'~3k' 'H NMR JFAGTEE]. X Lebhbn] LA 3 AT
) 3t (http://sioc-journal.cn/) I N #K.
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