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Brgnsted Acid Catalyzed Reaction of ortho-Hydroxylstyrenes with
Indoles: Synthesis of 1,1-Diarylethanes

Jiang, Xiaoli Dai, Wei Zhao, Jiajia Shi, Feng™
(School of Chemistry & Chemical Engineering, Jiangsu Normal University, Xuzhou 221116)

Abstract
1,1-diarylethanes has absorbed great attention from the chemists. This work has established a reaction of or-

The skeleton of 1,1-diarylethane exists in many biologically important molecules. So, the synthesis of

tho-hydroxylstyrenes with indoles in the presence of racemic phosphoric acid, leading to the efficient synthesis of a series of
1,1-diarylethanes with structural diversity in high yields (up to 99%). This reaction is based on the fact that or-
tho-hydroxylstyrenes could transform into ortho-quinone methide under the catalysis of racemic phosphoric acid. The dual
activation mode of racemic phosphoric acid to ortho-quinone methide and indole via forming two hydrogen bonds contributed
greatly to the efficiency of the reaction. The mild reaction condition and wide substrate scope of the reaction will not only pro-
vide a useful strategy for solving the problems of residual metal and harsh reaction condition associated with metal catalysis,
but also expand the applicability of organocatalytic reactions for the synthesis of 1,1-diarylethanes.

Keywords Brensted acid catalysis; organocatalysis; 1,1-diarylethane; ortho-hydroxylstyrene; indole; ortho-quinone methide

1L1- 207 3 Z e i B AE TV 2 B AR s TR 2

5 55 BN R EAZ T UG e, IS5 N, AT A A

FhE D). B, thEY A BE TN, (A
) B B YU IER, 1hE9) C X MCF-7 41 i
BAEMpAEEEY BF -2 SRR EE
HEW YR 2GBTS, 2R SN A sz 2] T
TAEE ) 2 oiER,

TEARZ A T, Sigman IR EHPR 7 —Fh
{8 = R T Vs, 207 VR AR B IR IR E 9 I B
7, 15 PA AL T SR AL B4R Y FE B 2R Hh e 44, gt —
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1L1- =55 5 e AL 5 W0(Eq. 1).
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Figure 1 Bioactive compounds containing 1,1-diarylethane
skeleton
5 mol% Pd,dbaz
OH 17 mol% P(Cy); OH Nu
1 equiv. KHCO;,3
| Xr X | = ™)
[ A 6 equiv. C4HgCl A~
R 80°C, toluene, 72h R

15 equiv. NuH up to 91% yield

NuH = indole, pyrrole, furan, indolizine

AN TR S B AT SN 26 AR AT e )&
VRH . BRAERIAE. ARSI, CEBON G A
Moy T —Fh B N, Hoeh, A A TRE R AR 1 1
J8E R e AR R, FATIREA MR R T — R A ]
WTRFRR AL IR Nl S N B R BB S, M T B R LAY
TETEE VSV AR AL AT 2RI, AR FeFE R

@f@r““
-

G el

AT DUAE T 11 A1 B 205 R (B*-H) fHE AL T 57 44 A4 B4R
P IR R A, R 25 5 2R R AR RN R A A
FHM 1,1- 553 25828 A 0 (Scheme 1), 7R TAE
etz b, BATTBAR AT LU 53 A% 1 B i 1) s AR 5 2
PER SRR, EAT IR R (B-H) AL T, 4RI H
L IR ) A R A R o s N T 2B 17 A MR BE A%
B 1,1- =05 B ik G 9)(Eq. 2).

FERA AT Z TSRS, Sun™F1 Wu 201555
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YI(Eq. 3). 1HZ, A1 A AR EL 2K 20 i 450 L
FEER, B0 P — 05 B 2K 20, [FIBSIx AN 75 2% |k
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1 ERSIHE
1.1 RMFHRIIFE

FATLASEFR I T 2 f5(1a) (0.15 mmol) FTH5| Wk (2a)
(0.1 mmol) R MAE AR [ B, 552 T AR A
(A BAITARFIR) . VAFRS OSIERE S ALK B X e
GRS, SRIGEERILER 1. JETEEAT TR 4a~—de
AT AR B, VHEER 4e(K 1, Entry 5)FHEL I B B &
FH AR VIR AT B HTRRRR 4a~4d (3R 1, Entries 1~4), 7]
DR REZ S B EAT AR 2 84%7 7 R (¥ B ARF*4) 3aa.
e, 15 LAV IERERR de (E N BAEIMEALAAT T, X
T ANFEZER VAR 1, Entries 5~13), it ik
L FRIS. ERMEERIAR. SR, %R HFE
75 F 2R AN s AQe ke 34 T(3 1, Entries 5~8), Mi7ERS.
CNE . BEEHFJLEARERET(EE 1, Entries 9~13). Hr,
2R NELE IR AR I P 2 e ey, DA SE T RRE RS
TN AT 1, Entry 5). SRJ5, k0] [N )
TR AT T AL 1, Entries 5, 14, 15). &AIRH, &
FEXT AR S BRI AEE K, 7525 ‘C(3R 1, Entry 14)/%
N LFAHEAT, TAE 80 ‘C(F 1, Entry 15)iF M 77 5
B 60 C(F 1, Entry S)EHEAHEE, o7 LLkT
95%. TEMCEEAN b, FATT 2R G BRARAEIL T 4e 1O &,
R B2 R HU™ W) 2 HFEAR(R 1, Entry 16).
BT LA, S & TRATHA 8 1 AR R L () e f 26 AR 7E 35
mol% ¥ TERERR de AL T, HRAENIEFITE 80 CHEAT
(3R 1, Entry 15).
1.2 REREMERTEE

TER MR LA T, TRATHEE T I BB JEPIE S
Fl(F 2). Bl 5mWIME 2a HRB, R T HH AR
R AR IR IR 20 1 & I UK 2, Entries 1~
6). RIMAREREIE LM 1 BB, TBig b it
(3 2, Entries 2, 3)i 2 #1745 (3K 2, Entries 5, 6), #id&
TR, ERZHEE LN (B T s AE R IURE 2 Ah)
HRT LAy = R AR B H AR 2 3 (81%~99% %), H
R, BATHTC T 5100 2 1)) 1E HTE (3R 2, Entries 7~
18). KM, WML _F C(4) 3 C(T)ML A AT LA A & Fh A [F]
25 B LB F T, XRS5 R N AR RE 15 2
oS B S IR (66%~99% 77 ). SEEG S5 LRI, HX
AT I L RRRENT Js BE FRS 26 A — o B (E [R]—£7
B AR E W T2 d O L4 TR AR 3R A
B USCER. Bldn S-S S-REURHIIEIME(R 2, En-
tries10, 11)EL 5-H1 B 5- S EE BRI 5] W (3% 2, Entries
8, O)REHEIRTF B Ry (USCR. BhAk, N-F AR I 95] I 2m
WEEE IS 5 B, PL 75%00 77 2845 SR B 1) B AR
¥) 3am(K 2, Entry 18). {HZ&, MW=FH [ LLEH, X N-
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Table 1 Screening of catalysts and optimization of reaction
conditions
I Q
FsC—$-OH Me@ﬁ—OH
O O
4a 4c
F
OH
F F FiC—~(
F ° °
L L
4b o .9
e
4e

OH
o~ O
N
H
1a 2a

solvent, 15 h

xmol% 4, T°C

_ =

OH
O
3aa

Entry xmol%4  Solvent 7/°C Yield”/%
1 35mol%4a  Toluene 60 Trace
2 35mol%4b  Toluene 60 Trace
3 35mol% 4¢  Toluene 60 48
4  35mol%4d Toluene 60 68
5 35mol% 4e  Toluene 60 84
6 35mol%4e CHCl; 60 78
7  35mol%4e CH,CICH,Cl1 60 77
8 35mol%4e CCl, 60 66
9 35mol% 4e  AcOEt 60 Trace
10 35mol%4e CH;CN 60 Trace
11 35mol%4e 1,4-Dioxane 60 Trace
12 35mol%4e THF 60 Trace
13 35mol%4e Et,0 25 Trace
14 35mol%4e  Toluene 25 Trace
15  35mol% 4e  Toluene 80 95
16 20 mol% 4e  Toluene 80 80

© 2016 Chinese Chemical Society & SIOC, CAS

“Unless indicated otherwise, the reaction was carried out at 0.1 mmol scale in
a solvent (1 mL) for 15 h, and the molar ratio of 1a : 2a was 1.5 : 1.
®Isolated yield.

FRRE LR 51 R AH LB N—H 3 R4 (105 bk 2a(3k 2,
Entry DI &, RMGTELEME—L REWL, 2k
TSR B AT R B8 (R RIS PV B, 7T BIOA 5 S5 2
PER 1,1- =07 5 e A S IR BAT RN T i,

BN, AR REAR S B AT T RO & 1 S8 56 (Bq.
4), I Iy R R AT A IR, AT
AL 0 P = PR R T 15 mol%, 3RAF T 8B mi =2,
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Table 2 Substrate scope of the reaction

15 mol% 4e, 80 °C

5o

OH . toluene (0.25 mol/L)
\ SONP\L 35 mol% 4e, 80 °C 15h
+ R (P 1.5 mmoI 1 mmol
6 N toluene (0.1 mol/L), 15 h
R T OH
1 O \ O )
NH
3aa
78% yield (184.3 mg)
R3 FHMEARIRRIL
Table 3  Screening of chrial catalysts
Entry 3 R'(1) R¥R*(2) Yield®/%
G 5a, G = 4-CICgH,4
1 3aa H(la) H/H (2a) 95 OO 5b, G = 2-Naphthyl
2 3ba MeO (1b) H/H (2a) 99 (o} ,/0 5¢, G = 1-Naphthyl
5d, G = 9-Phenanthrenyl
3 3ca Me(lc) H/H (2a) 81 O‘ o “oH 5e, G = 9-Anthracenyl
5f, G = SiPhj
4 3da F(1d) H/H (2a) 59 G 59, G = 2,4,6-(1-Pr)sCeHy
5 3ea Cl(le) H/H (2a) 89
6 3fa Br(1f) H/H (2a) 86 O ‘
7 3ab H(1a) 4-Me/H (2b) 94 O O o ‘
8 3ac H(1a) 5-Me/H (2¢) 88 O 5 5 O
9 3ad H(la) 5-MeO/H (2d) 66 O. F"=o o ,':/O
/ -\
10 3ae H(1a) 5-CI/H (2e) 96 HO 6 OH
11 3af H(1a) 5-Br/H (2f) 98 OH
12 3ag H(a) 6-Me/H (2g) 83 @/\ . @ 10 mol% 5 or 6, 25 °C
13 3ah H(la) 6-F/H (2h) 88 N CHaCly, 15h
14 3ai H(1a) 6-CI/H (2i) 89 1a 2a
15 3aj H(l1a) 6-Br/H (2j) 89
16 3ak H(1a) 7-Me/H (2K) 96
17 3al H(1a) 7-CI/H (21) 99
18 3am H (1a) H/Me (2m) 75
“Unless indicated otherwise, the reaction was carried out at 0.1 mmol scale in Entry 50r6 Yieldb/% /%
toluene (1 mL) at 80 °C for 15 h, and the molar ratio of 1 : 2 was 1.5 : 1;
?Tsolated yield. 1 Sa 12 0
. o 2 5b 19 0
1.3 HEUTIHRRMBTLER 3 5c 17 11
TR BAT AFERR AL FHEAT, P24 A —A ;‘ zd Z; 250
N N N N (3
Tl TR 2 B — R FAE A HUN . ” - 0
SRS BTRL, BATWEE 3R T H IR R 7 5g Trace —
MR S N (3 3). T I i A QAR M 1) S B IR S M XU TR 8 6 Trace —

6, RIS IAT B FHEBEER Sd~5F X [ o HL A AH X
BT AL B (3% 3, Entries 4~6), ] L3R4S ih 25 545
15 TR (47 %~ T7%), A S P S B i 436 A 40 L
(5% ~20% ee). MIHZBHE/NEIF-TEREIR Sa~5¢ XTI
JSE PR ALE VE LB IR, TRIP B§E2 Sg FIXUBERR 6 JLFA
RefEZ RN, BARXLEYIP MG RARNE, HEF

Chin. J. Org. Chem. 2016, 36, 1014~1020
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“Unless indicated otherwise, the reaction was carried out at 0.1 mmol scale in
dichloromethane (1 mL) at 25 °C for 15 h, and the molar ratio of 1a : 2a was
1.5 : 1; ® Isolated yield. ® The enantiomeric excess (ee) was determined by
HPLC.

PEBERR Se VYAR IR Y — & I AR AR TETE(R 3,
Entry 5), A S0 i 3E— 5 1) 2 A 075 00 SR 5 veir i S 2
X FE
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2 Zhig

ARSCSEDL T AETH BEREIR AL S, S5 Al (A 2
H M GRS, e R R T — R AR
ZER 2 FEVER 1,1-— 07 5 e R B ik 99%).
2SN e T AR FR IR AR AE T EREIR AL T R A 1L
AT Y 2 i ) e I ke ot P R 2% e 1] 4% A |
IR ERs LT e S W STREYSIVAS I Y S LR ESINA
PHEAN, JRYIERIVES, AN R AL R 1 &
JEBRR BN Af A8 2 S5 v BB T AT R S, R
Wit e TR PN TR B AR 1,1- 05 2k ek
AP S B IV .

3 IS
31 E5RH

iR EE "H NMR (400 MHz)A1 *C NMR(100
MHz)HH Bruker DPX Fil5E i, EL CDCL; i, TMS
NWER; 2046 FTIR-Tensor-27 BYZL AM 4% (KBr
JE R SER A EPIE S XTSB SR i s 4
5E; HABRAII T At
32 K

7E 10 mL &MNEF I 0.1 mmol M5[FE 2 F1 0.01
mmol JHiEHEER 4e, TN 0.5 mL A S, B = 0.15
mmol 8K G THEME T, H 0.5 mL HI2RE#
Ja, IABI MR RT, BT 80 CiMisHh sk xM 15
h. TLC REFIRMEWR G, RMNIREGYE A AN 55
afifk, HH R R CBaVESRIR, 152 H brr=9) 3.

2-[1-(1H-3-M| W Jk) 2 B PR 3 (3aa): AR ELER. mup.
118~120 °C; "HNMR (400 MHz, CDCl;) : 8.03 (s, 1H),
7.39 (d, J=7.9 Hz, 1H), 7.35 (d, J=8.2 Hz, 1H), 7.33~
7.29 (m, 1H), 7.23~7.11 (m, 2H), 7.09~7.00 (m, 2H),
6.97~6.91 (m, 1H), 6.81~6.75 (m, 1H), 5.20 (s, 1H),
4.53 (q, J=7.1 Hz, 1H), 1.75 (d, J=7.1 Hz, 3H); "C
NMR (100 MHz, CDCLy) d: 154.0, 136.9, 131.4, 128.3,
127.6, 126.5, 122.5, 121.2, 120.8, 119.7, 119.6, 119.4,
116.3, 111.2, 32.3, 20.2; IR (KBr) v: 3564, 3405, 2964,
2874, 1600, 1587, 1450, 1334, 839, 814, 761, 737; HRMS
caled for Ci¢H sNO [M—H]~ 236.1076, found 236.1090.

2-[1-(1H-3-M5| Wi Fk) 7, 56 1-4- F 4 FE 2K 9y (3ba): R fh
4K, m.p. 44~46 ‘C; 'H NMR (400 MHz, CDCl;) o:
8.06 (s, 1H), 7.42 (d, J=8.0 Hz, 1H), 7.34 (d, J=8.2 Hz,
1H), 7.19 (s, 1H), 7.06~7.01 (m, 2H), 6.90 (d, J=2.7 Hz,
1H), 6.73~6.67 (m, 2H), 4.88 (s, 1H), 4.50 (d, J=7.1 Hz,
1H), 3.78 (s, 3H), 1.73 (d, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCl;) 6: 153.7, 148.0, 136.9, 132.7, 126.5, 122.5,
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121.2,119.7, 119.6, 119.2, 116.9, 114.5, 111.7, 111.2, 55.7,
32.4, 20.2; IR (KBr) v: 3350, 2962, 2833, 1501, 1431,
1336, 1264, 1199, 1023, 871, 809, 743; HRMS calcd for
CisH sNO, [M—H] ™ 266.1181, found 266.1198.
2-[1-(1H-3-M5| W FE) 2, £ )-4- FH BL Ay (3ca): R 4R (T
HPREAR. 'TH NMR (400 MHz, CDCL3) 0: 8.04 (s, 1H),
7.45~7.32 (m, 2H), 7.22~7.16 (m, 1H), 7.11 (d, J=1.7
Hz, 1H), 7.08~7.00 (m, 2H), 6.96~6.91 (m, 1H), 6.68 (d,
J=8.1 Hz, 1H), 5.03 (s, 1H), 4.49 (d, J=7.1 Hz, 1H), 2.30
(s, 3H), 1.74 (d, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 151.7, 136.9, 131.1, 129.8, 128.9, 127.9, 126.6,
122.5, 121.2, 119.7, 119.6, 119.5, 116.1, 111.2, 32.3, 20.7,
20.3; IR (KBr) v: 3388, 3330, 2955, 2922, 2855, 1641,
1499, 1453, 1336, 1219, 821, 741; HRMS calcd for
Cy7H sNO [M—H]~ 250.1232, found 250.1246.
2-[1-(1H-3-W| e JE) 2, 3 -4- 5 13 (3da): o iR
#if&. "H NMR (400 MHz, CDCl;) d: 8.08 (s, 1H), 7.38 (t,
J=8.0 Hz, 2H), 7.23~7.17 (m, 1H), 7.09~6.97 (m, 3H),
6.85~6.78 (m, 1H), 6.74~6.67 (m, 1H), 5.00 (s, 1H),
450 (d, J=7.1 Hz, 1H), 1.72 (d, J=7.1 Hz, 3H); "*C
NMR (100 MHz, CDCly) 6: 157.3 (J=236.1 Hz), 149.9
(J=2.1 Hz), 136.9, 133.1 (J=6.4 Hz), 126.4, 122.7, 121.3,
119.7, 119.5, 118.8, 117.0 (J=8.0 Hz), 114.7 (J=23.3
Hz), 113.6 (J=22.8 Hz), 111.3, 32.0, 20.1; IR (KBr) v:
3461, 2965, 1618, 1491, 1432, 1338, 1258, 1097, 918, 873,
812, 744, HRMS caled for C;H;3FNO [M — H]
254.0981, found 254.0986.
2-[1-(1H-3-M5 W HE) 2,35 1-4- K W (3ea): TR
#ifA. "H NMR (400 MHz, CDCl;) J: 8.08 (s, 1H), 7.38 (t,
J=17.8 Hz, 2H), 7.27 (s, 1H), 7.24~7.18 (m, 1H), 7.12~
7.03 (m, 3H), 6.70 (d, J=8.5 Hz, 1H), 5.20 (s, 1H), 4.48
(d, J=7.1 Hz, 1H), 1.72 (d, J=7.1 Hz, 3H); “C NMR
(100 MHz, CDCI3) §: 152.7, 136.9, 133.2, 128.1, 127.3,
126.3, 125.5, 122.7, 121.3, 119.8, 119.5, 118.6, 117.6,
111.3, 32.2, 20.1; IR (KBr) v: 3412, 2964, 2928, 1486,
1455, 1416, 1337, 1265, 1221, 813, 743, 649; HRMS calcd
for C1¢H;3CINO [M—H]~ 270.0686, found 270.0688.
2-[1-(1H-3-M5| W FE) 2. £ 1-4- 1R 2K W3 (3fa): o Ea IR
Wik, m.p. 110~112 °C; 'H NMR (400 MHz, CDCl;) o:
8.08 (s, 1H), 7.41 (d, J=2.4 Hz, 1H), 7.40 (s, 1H), 7.36 (s,
1H), 7.25~7.22 (m, 1H), 7.22~7.17 (m, 1H), 7.10~7.02
(m, 2H), 6.65 (d, J=8.5 Hz, 1H), 5.23 (s, 1H), 4.48 (d, J=
7.1 Hz, 1H), 1.72 (d, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 153.2, 136.9, 133.7, 131.0, 130.3, 126.3, 122.7,
121.3, 119.8, 119.5, 118.6, 118.2, 112.9, 111.3, 32.2, 20.1;
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IR (KBr) v: 3429, 2962, 1658, 1642, 1480, 1412, 1266,
811, 742, 668, 627, 581; HRMS calcd for C;¢H;3BrNO
[M—H]™ 316.0159, found 316.0148.

2-[1-(4-F J:- 1 H-3-M5| W Jik ) £ B 1 2K 6y (3ab): 1R A%
PR A, "TH NMR (400 MHz, CDCls) d: 8.04 (s, 1H),
7.21 (d, J=8.1 Hz, 1H), 7.13~7.06 (m, 3H), 7.04 (d, J=
1.8 Hz, 1H), 6.88 (d, J=6.6 Hz, 1H), 6.83~6.77 (m, 2H),
5.18 (s, 1H), 4.86 (d, J=7.0 Hz, 1H), 2.50 (s, 3H), 1.69 (d,
J=17.0 Hz, 3H); °C NMR (100 MHz, CDCl;) §: 153.3,
137.2, 133.2, 131.3, 1283, 127.2, 125.3, 122.5, 122.0,
121.4, 120.8, 120.6, 115.9, 109.1, 32.2, 21.9, 20.2; IR
(KBr) v: 3405, 2962, 2927, 1898, 1694, 1589, 1446, 1326,
1274, 837, 817, 748; HRMS calcd for C,;H;(NO [M—H]~
250.1232, found 250.1243.

2-[1-(5-F JE -1 H-3-W5| e 3 ) 2, 36 1K Wy (Bace): £kt [#]
&, m.p. 129~131 ‘C; 'H NMR (400 MHz, CDCl;) ¢:
7.96 (s, 1H), 7.36~7.30 (m, 1H), 7.24 (d, J=8.3 Hz, 1H),
7.18 (d, J=6.6 Hz, 1H), 7.17~7.12 (m, 1H), 7.04~6.98
(m, 2H), 6.97~6.92 (m, 1H), 6.81~6.75 (m, 1H), 5.26 (d,
J=8.1 Hz, 1H), 4.49 (q, J=7.1 Hz, 1H), 2.37 (s, 3H), 1.74
(d, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl;) §: 154.1,
1352, 131.4, 128.8, 1282, 127.5, 126.8, 1242, 121.4,
120.8, 119.2, 118.8, 116.3, 110.9, 32.2, 21.5, 20.3; IR
(KBr) v: 3401, 2963, 2870, 1588, 1487, 1455, 1272, 1096,
870, 839, 795, 752; HRMS calcd for C;;H;iNO [M—H]~
250.1232, found 250.1251.

2-[1-(5-HFEA -1 H-3-M| W Ik ) 2,36 1K 1 (3ad): KRt
[E 4. m.p. 128~130 ‘C; '"H NMR (400 MHz, CDCl;) §:
7.97 (s, 1H), 7.35~7.30 (m, 1H), 7.23 (d, J=8.8 Hz, 1H),
7.16~7.11 (m, 1H), 7.04 (d, J=1.7 Hz, 1H), 6.97~6.91
(m, 1H), 6.86~6.82 (m, 1H), 6.77 (m, 2H), 5.22 (s, 1H),
4.47 (d, J=7.1 Hz, 1H), 3.71 (s, 3H), 1.74 (d, J=7.1 Hz,
3H); *C NMR (100 MHz, CDCl3) §: 154.1, 153.8, 132.0,
1312, 128.3, 127.6, 127.0, 121.9, 120.8, 118.9, 116.4,
112.6, 111.9, 101.5, 55.7, 32.3, 20.1; IR (KBr) v: 3328,
2964, 2871, 1623, 1582, 1484, 1451, 1262, 1095, 919, 799,
754; HRMS caled for C;H;gNO, [M—H]™ 266.1181,
found 266.1172.

2-[1-(5-5-1H-3-W5| W 32 ) . L R Ty (Bae): &t [
. m.p. 92~94 °C; '"H NMR (400 MHz, CDCl5) §: 8.06
(s, 1H), 7.36 (d, J=1.7 Hz, 1H), 7.24 (d, J=8.7 Hz, 2H),
7.15~7.10 (m, 2H), 7.06 (d, J=1.6 Hz, 1H), 6.94~6.90
(m, 1H), 6.81~6.74 (m, 1H), 5.13 (s, 1H), 4.52 (d, J=7.1
Hz, 1H), 1.71 (d, J=7.1 Hz, 3H); *C NMR (100 MHz,
CDCly) d: 153.6, 135.1, 131.2, 128.2, 127.7, 127.6, 125.2,
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122.8, 122.6, 121.0, 119.7, 119.1, 116.2, 112.2, 31.4, 20.3;
IR (KBr) v: 3566, 1716, 1699, 1683, 1653, 1635, 1558,
1540, 1507, 1472, 1457, 668; HRMS caled for
C¢H;3CINO [M—H]~ 270.0686, found 270.0698.
2-[1-(5-VR-1H-3-M| W) 2, L PR By (3af): IR A% (Ll
JRIEAK. "H NMR (400 MHz, CDCl;) d: 8.05 (s, 1H), 7.52
(d, J=1.8 Hz, 1H), 7.24 (d, J=1.7 Hz, 1H), 7.23~7.15
(m, 2H), 7.16~7.11 (m, 1H), 7.05~7.02 (m, 1H), 6.95~
6.89 (m, 1H), 6.80~6.74 (m, 1H), 5.06 (s, 1H), 4.52 (d,
J=7.1 Hz, 1H), 1.71 (d, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCly) 0: 153.5, 135.4, 131.2, 128.4, 128.2, 127.6,
1253, 122.4, 122.2, 121.0, 119.6, 116.1, 112.8, 112.6,
31.3, 20.3; IR (KBr) v: 3646, 3627, 1557, 1538, 1505,
1488, 1463, 1455, 1417, 1096, 964, 668; HRMS calcd for
Ci16H;3BrNO [M—H]~ 316.0159, found 316.0168.
2-[1-(6- 13- 1 H-3-M5| MR 3% 2, 5L 12K B (3ag): A fh [
f&. m.p. 58~60 ‘C; "H NMR (400 MHz, CDCl;) 6: 7.91
(s, 1H), 7.34~7.28 (m, 1H), 7.25~7.22 (m, 1H), 7.17~
7.12 (m, 2H), 7.00~6.84 (m, 3H), 6.80~6.73 (m, 1H),
5.26 (s, 1H), 4.48 (d, J=7.1 Hz, 1H), 2.44 (s, 3H), 1.74 (d,
J=7.1 Hz, 3H); “C NMR (100 MHz, CDCl;) d: 154.2,
137.4, 132.4, 131.4, 128.3, 127.5, 124.4, 121.4, 120.8,
120.5, 119.3, 119.2, 116.4, 111.2, 32.5, 21.7, 20.2; IR
(KBr) v: 3396, 2964, 2922, 2870, 1583, 1487, 1455, 1374,
1338, 1220, 837, 751; HRMS calcd for C,;H;(NO
[M—H]~ 250.1232, found 250.1244.
2-[1-(6-F-1H-3-M5| W k) 2. 7L 1 25y (3ah): I A% (i
JRWAA. "H NMR (400 MHz, CDCl;) J: 8.02 (s, 1H),
7.32~7.26 (m, 1H), 7.24 (d, J=5.4 Hz, 1H), 7.17~7.11
(m, 1H), 7.07~6.98 (m, 2H), 6.95~.90 (m, 1H), 6.82~
6.73 (m, 2H), 5.18 (s, 1H), 4.51 (d, J=7.1 Hz, 1H), 1.72
(d, J=7.1 Hz, 3H); *C NMR (100 MHz, CDCl3) ¢: 160.1
(J=237.0 Hz), 153.8, 136.8 (J=12.0 Hz), 131.3, 128.4,
127.6, 123.2, 121.4 (J=4.0 Hz), 120.9, 120.5 (J=10.0
Hz), 119.8, 116.3, 108.4 (J=24.0 Hz), 97.5 (J=26.0 Hz),
32.1, 20.2; IR (KBr) v: 3419, 2971, 2924, 1732, 1435,
1339, 1045, 949, 839, 802.92, 758.23, 668; HRMS calcd
for C,¢H;;FNO [M—H] ™ 254.0981, found 254.0996.
2-[1-(6-50- 1 H-3-M5| Wt 38 2, FL 2K Wy (3ai): A € ] 44
m.p. 88~89 C; 'H NMR (400 MHz, CDCl;) ¢: 8.02 (s,
1H), 7.31 (d, J=1.7 Hz, 1H), 7.25 (s, 1H), 7.24 (d, J=2.0
Hz, 1H), 7.16~7.11 (m, 1H), 7.06~7.02 (m, 1H), 7.00~
6.89 (m, 2H), 6.80~6.74 (m, 1H), 5.14 (s, 1H), 4.53 (d,
J=7.1 Hz, 1H), 1.72 (d, J=7.1 Hz, 3H); *C NMR (100
MHz, CDCly) 0: 153.7, 137.2, 131.3, 128.4, 128.3, 127.6,
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125.2, 121.8, 120.9, 120.5, 120.3, 119.9, 116.2, 111.1,
31.8, 20.2; IR (KBr) v: 3420, 2969, 1616, 1488, 1395,
1333, 1222, 1045, 906, 839, 803, 752; HRMS calcd for
C1H;3CINO [M—H]™ 270.0686, found 270.0698.

2-[1-(6--1H-3-W5| W 3% 2, 3L 1 2K )y (3aj): A CA iR
#ifA. '"H NMR (400 MHz, CDCL3) d: 8.01 (s, 1H), 7.49~
7.44 (m, 1H), 7.24~7.17 (m, 2H), 7.15~7.08 (m, 2H),
7.05~7.01 (m, 1H), 6.94~6.89 (m, 1H), 6.80~6.73 (m,
1H), 5.10 (s, 1H), 4.52 (d, J=7.1 Hz, 1H), 1.71 (d, J=7.1
Hz, 3H); C NMR (100 MHz, CDCl;) §: 153.7, 137.6,
131.3, 128.3, 127.6, 125.5, 122.9, 121.8, 120.9, 120.0,
116.2, 116.1, 114.1, 31.7, 20.2; IR (KBr) v: 3420, 2965,
2925, 1733, 1636, 1540, 1456, 1395, 1339, 891, 802, 752 ;
HRMS calcd for Ci¢H3BrNO [M—H] 316.0159, found
316.0151.

2-[1-(7-F 251 H-3-W5| W 28 ) 2, 36 1 2K ) (3ak): A (0[]
1. m.p. 47~48 C; '"H NMR (400 MHz, CDCl;) §: 7.97
(s, 1H), 7.36~7.30 (m, 1H), 7.26 (d, J=7.6 Hz, 1H),
7.18~7.12 (m, 1H), 7.06 (d, J=1.5 Hz, 1H), 7.03~6.92
(m, 3H), 6.80~6.75 (m, 1H), 5.23 (s, 1H), 4.53 (d, J=7.1
Hz, 1H), 2.48 (s, 3H), 1.76 (d, J=7.1 Hz, 3H); °C NMR
(100 MHz, CDCl3) 0: 154.1, 136.5, 131.4, 128.3, 127.5,
126.1, 123.1, 120.9, 120.8, 120.4, 120.0, 119.9, 117.4,
116.3, 32.4, 20.2, 16.6; IR (KBr) v: 3419, 2968, 2926,
1732, 1645, 1591, 1435, 1339, 1222, 837, 786, 751;
HRMS caled for C;H;(NO [M—H] 250.1232, found
250.1257.

2-[1-(7-5-1H-3-W5| e 38 2, 2K 13 (3al): Ao 6 [ 44
m.p. 43~44 C; "H NMR (400 MHz, CDCl;) J: 8.26 (s,
1H), 7.28 (d, J=8.0 Hz, 1H), 7.26~7.22 (m, 1H), 7.21~
7.11 (m, 3H), 6.97~6.90 (m, 2H), 6.80~6.75 (m, 1H),
5.07 (s, 1H), 4.57 (d, J=7.1 Hz, 1H), 1.73 (d, J=7.1 Hz,
3H); *C NMR (100 MHz, CDCl3) §: 153.6, 134.1, 131.3,
128.3, 128.1, 127.6, 121.8, 121.8, 121.0, 120.9, 120.3,
118.3, 116.6, 116.2, 31.8, 20.3; IR (KBr) v: 3565, 2968,
2924, 1842, 1748, 1558, 1488, 1338, 891, 781, 736, 668;
HRMS caled for CigH3CINO [M—H]~ 270.0686, found
270.0686.

2-[1-(1- F JE -1 H-3-W5| W 3 ) 2, B 12K By (Bam): V& A%
EIHPIRBAA. 'TH NMR (400 MHz, CDCls) 6: 7.39 (d, J=
8.0 Hz, 1H), 7.34~7.27 (m, 2H), 7.24 (d, J=8.0 Hz, 1H),
7.15 (d, J=1.3 Hz, 1H), 7.03 (s, 1H), 6.97~6.90 (m, 2H),
6.82~6.75 (m, 1H), 5.22 (s, 1H), 4.52 (d, J=7.1 Hz, 1H),
3.76 (s, 3H), 1.74 (d, J=7.1 Hz, 3H); *C NMR (100 MHz,
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CDCLy) §: 154.1, 137.7, 131.4, 128.2, 127.5, 127.0, 126.0,
122.1, 120.7, 119.7, 119.1, 117.6, 116.3, 109.3, 32.8, 32.2,
20.4; IR (KBr) v: 3305, 1721, 1677, 1641, 1612, 1484,
1451, 1329, 1235, 837, 804, 741; HRMS caled for
C;H,;eNO [M—H]~ 250.1232, found 250.1243.

4 Bh#1 8L (Supporting Information) 7F=#Jff] 'H NMR
K BC NMR i L Ix skl a] DL A 3 A T ) b
(http://sioc- journal.cn/) I T %k,
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