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Acidic Zeolite HBeta Catalyzed Friedel-Crafts Alkenylation Reaction

Liu, Huili“ Zhu, Chaojie™* Tang, Tiandi**
(?School of Petrochemical Engineering, Changzhou University, Changzhou, Jiangsu 213164)
(> School of Chemistry and Chemical Engineering, Southeast University, Nanjing 211189)

Abstract The Friedel-Crafts alkenylation of various alkynes and electron-rich arenes was achieved under mild conditions by
using acidic zeolite Hbeta as catalyst. HBeta possesses Lewis acid sites (LAS) and Bronsted acid sites (BAS), which are
adsorption activation sites and protonation sites for alkynes, respectively. Preliminary studies have shown that the reaction
proceeds through a BAS-promoted alkenyl cation process. The strong interaction between the alkenyl cation and BAS prevents
the highly reactive alkenyl cation from polymerizing, avoiding the formation of oligomerized by-products. HBeta, as a
heterogeneous catalyst, showed excellent reproducibility in the alkyne alkenylation reaction and could be recycled at least 5
times without significant loss of activity. Finally, according to the experimental results, the reaction mechanism of
HBeta-catalyzed alkyne alkenylation was proposed.

Keywords HBeta zeollite; alkyne; Friedel-Crafts alkenylation reaction; alkenyl cation
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(Scheme 1b). AHALRIRZ, BT 5 FH & 1 A FRE T,
W SERATWNER. A, BT S R A7
(R PR AR, AT AT 75 2 K B A A 7 Bl ) e 82 B[]
1E 2004 4F, Lee ZEUOMF 5T A B 55 HTBRIE A0 e e A2 B I
BB T B AR o] DL G IS B A R R . B F|
2007 4F, Song SEURRE T B TIRAR R i 5 iR 4
JE AR = A A FE P B I S R B A b S5 O A
[P B B5F-( PE, #1 SbF, )AJ LAJ A 7= A2 5 % (1) % 5 g
RN HE B B T AR R AT N2 WA
5 A X — M@ AL, 15 Pt(IDA PAI)HEALIE [ 8L
o, R = CIRIIAEAE T, T A5 8 1) 55 B BUAR e B
AR aryl-[Pt)/[PA]HE] =4, B J5 AR 8 e e 43 1
S IS B 340 P2 W) (Scheme  1o)1>12), {H 2 K& 5v
SR EAGT A, AR KRERE BRI 7% 512 B
H.
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(b) Lewis acid metal-catalyzed electrophilic substitution reaction
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(c) Pd?*/Pt?*-catalyzed electrophilic substitution reaction
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(d) This work: HBeta-catalyzed bimolecular-adsorbed reaction
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Scheme 1 Reaction mechanism of alkynes hydroarylation
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) AU BRI, TR A i Rk G AR A A A AR
B, AEAME T 3 <5 R A7 [ I 8 5 2B BRI 0
AR T, SEMB R I BRI B A AT 2 — S B 1k i R
L

RPN, WA — R B m AR E AL A A E
PE 2 L AR AR, D — SR I R R4 2 AR A AL 7,
W)z H S T A 2 AL S R US). HBeta BRI AT
HA K& 1A B 7 7 R b O (BAS) AR & iR o0
(LAS), DA K i ) 3 AR 0O, SRy e A4 731 i W B AL
Pept BRSO AL B, AHR S TAEfE A HBeta
VE AT TR AN 05 e A B A S, R 1,1-X0
U #2(Scheme 1d).

1 HR5R

BN Z BT R R LEAR T Beta HAUT. K
e 5 e ) 7 20 A BT Beta 3940 30477 BH 28 122 |
#% HBeta. A — MMM R: BLE 0.8 mol/L fIAH
BRI, B B A RS R B K VA %R 12 10
HIR L AE 80 “CHEAT 4 h /K AbEE. WHI R =R, b
JE g, THEETE 550 CHike 4 h. EE LR Hd 2
PR, FRAZHIFE & RN HBeta.

S WAL S AT TR R X SR AT (XRD) - Na W b
AR SRR FHIE I B (NH-TPD) R AE, FE4HRAE 1T
FRE it 1 i AR - SR S EORIR BRI T (B 1), & )
Beta il f145 Sk s, (RS PRIRE S )G, S MIARTESE
UF (B Ta). P A P PR B 2 E AR O R 1 (p/po) 9
0.43~1.0 MFE A, LT BRI EER, 38 RAEN
AEN LGB 1b), HFF A A fLILEE R T
9.35 nm(/& 1c). BbAh, Sit#s #HAbFE 1S 2] HBeta £
i LE B2 A BRI Beta B 50 A B 2 MR (K 14d).

Pl Beta b FHSRAEAL 7 B HUE RIS Bt 46 1,1-
RUPATT Fe bk, B e AR 28 (1a, 0.5 mmol)HIZK(2a,
1 mL)E BRI AR 72 P Beta A %) 057 FE MR N
PRI RS, SRR 1 EEERT, FAET
L HERARAER IR 3a(3E 1, Entries 1~2). 24 MNAE 60 C
#E4T 3 h J5, HBeta f4L7)(31%) Lt Beta {44 7(4%) %5
T S 3a WK (Entries 3~4), T At /E HBeta {1k 71 L
HAEWE LM BAS S8, 78 100 C/x 3 h 5, HBeta
AR T HE S 3a WK (81%, Entry 6). fREFR M
BEFERN100 C, FEK SN A] £ 4 h, 7F HBeta fiEfb7]
la 25054k, [RIEF 3a fIISCRIL H] T >99% (Entry 8); fE
AHE 260 R, Beta fEALFIZRILH T UMK I R 1
(57%, Entry 7). UL 25507 DUE H, 84071 I R 1
JBE 2 N i PS5 R I K S ] 5 ) 7 e i 0 B A I R
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Figure 1 XRD spectra (a), N2 adsorption-desorption curves (b), pore size distribution (c¢) and NH3-TPD curves (d) of Beta and HBeta

samples

R RPFAL

Table 1 Reaction condition optimization

catalyst (10 mg)

7O

3a
Entry Catalyst ~ Temp./'C Time/h  GC yield/%
1 Beta r.t.b 3 n.d.c
2 HBeta r.t. 3 n.d.
3 Beta 60 3 4
4 HBeta 60 3 31
5 Beta 100 3 35
6 HBeta 100 3 81
7 Beta 100 4 57
8 HBeta 100 4 >99

4 Reaction conditions: 1a (0.5 mmol), 2a (1 mL, as solvent), N, atmosphere.
b r.t.=room temperature. ¢ n.d.=no detected.

TE3RAF FIRHAR R BS54 5, % HBeta fE4L 170
JEINETT EAL R & M AT TR 2). 45RE
FAZ AR AL AR R0 R 1 LT RS AN BBURR. TR A1 R
PR IE(3a~30) . AT HURIE(3g~3m) B e 45 HL 1
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HURIE(Bn~3r), &L H TESE IR 1,1- 0 1)
W (>94%). fE MR, B A (3g, 3h, 3j~
3k). #(3i, 3). HEm). %iH(3n, 3p~3q). H%:(30)
FH A REQGr), BPRGF IR T, BRI E, U5 E
B R TR BRI, ANBEAT 1a S SEAR RN R I A,
PR, XA AT RE IR R TR S BR R PR AR ELAE R
KT E SRR, BRW T HAE R B 27 I AC
P AR, bR R0 5 J2 (A i) s A AR R, 0
BT FE T DAGR 247, FEA5 20 HR AR 105 B4k P ik
H(3j, >99%), X AT RER H T 75 b A R
FIEILFENE F BRI T W 2 5 IR e i s 2
5] FRITC A7 BELRS. b Ak, I 1a fR 95 544 S B X HBeta fii:
WA R PEREAT TIRZR(GR 2, 3a). IR SR
H1: HBeta WhA{E N —FhAEAAEAL T, TEMEALBLENE
FALM B R R T AR R T B, FEEIMEA S
UJE AT R B B e PR K. TRIERE, o [RTSC )4 24 s
IGHEALTTIEAT T XRD RAE. @ A f# FI i) HBeta
ﬁ&ﬁ%s&@%%ﬁﬂi%%%ﬂ%xmﬂﬁﬂﬁE

WY RIS AL TR IR HF T BEA $h4h 4544 1 S Y
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K2 BIRIEEAL S R
Table 2 Substrate scope of alkenylation of alkynes

HBeta (10 mg) AN

/
/
7N + ™
RT— ‘ R
= =
1 2

R
N,, 100 °C, 4 h =

3a, > 99%,

> 99%P”, 98%°, 9%, 97%¢  3b, > 99%

3¢, > 99%

3t 99%

3d, 99% 3e, > 99%

39, 97% 3h, > 99% 3i, > 99%

3j, > 99% 3k, 97% 31, 97%

3m, 97% 3n, > 99% 30, 94%

3p, > 99%

3q, 97% 3r, 94%

@Reaction conditions: 1 (0.5 mmol), 2 (1 mL), HBeta (10 mg) at 100 ‘C for 4 h. The yield of 3 was detected by GC-MS. ? The yield of two cycles of HBeta catalyst.
¢The yield of three cycles of the catalyst. ¢ The yield of four cycles of the catalyst The yield of five cycles of the catalyst./2f (1 g, as solvent).

TSI, 1B HBeta A0 FRI7E D JBAR R A 2 4 s 7 o
BB MRk

B ERERE, TEA R B b I 07 24k
FEVIHR, ARSI B B IR A PR A R . X — RN
FEAURAEFRATE T T a0 F X B SEEG (Scheme 2). H %6 R
B 1a (0.5 mmol) BT I, FEFRHESAT TN 4 h,
SRJGIIN 2a (1 mL)4KSE N 4 h, TRAMEZ BA 1 2]
7% 3a (Scheme 2a). F4& A#: 1a A1 2a FIIIAINT 5,
IR E] T 3a (>99% i, Scheme 2b). HRHE
DA b s 2 ORI SCHRRIE S, i X — 4 S JE R AT
Aess: KB 1a 1 LAS G0, 7E BAS A s FAEBUA
FEPHE T, JE9RMR PN AE BAS b, MITTFEAS T 75 A J
FH & FRIBC AL, SEORREAE R ALY 3a (Scheme
2a). JE MR 1a v LGERE 2a 40 F (A1 BRY BRI AL 41
K, MMkt LAS Egigf. 354050 1a 1 BAS
R SR N AR N A A HE PH B AL & . BEJS, 1206
FEPHE R B KRR 2a 0 FRASEHBUVR N, &
Ja i 2 i A R AR U B4 =) 3a (Scheme 2b).
R TR L EAEI, % 1a BOIIAERFEE] 0.01 mmol,
[ 36 AL R 5] 20 mg, #ifR HBeta 5 [ 7047 3
FHES T di 4 BAS JE 3587 R 05 1 23 [ A £ 2a A SERH
BFEA. RMNER G, BRI E] TR 3a
(>99% il %, Scheme 2¢). & )&, ARG R briC
SIS HE— DAL T I EA R N ALEE (Scheme 2d). 4-F K
LH-D FTARIR-De FEFRE 25 N R4 h, Bkl 2
TN R FEAE PRI (> 99% L R), HIGEHRE o fi
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P D JRF. B RT A (DZEAR AR IE IS kA p A
FHIAE, WEREREE T IHE o i, Q)RARRME
IS a-D 7E [ B RE H R B v 7 ik B R & HLO
AL

MR DL g5 T LA1S 4518, HBeta fEALIIERIEFN
R RINE D B R BLE ) — NGRS I AR, [F
I, MHLEE EARRE T NS RE R A B R A = A i
AR AL Bede bl o i B 214 A0 BAS |, &iE e 4
FRAS B8 L AF B i P vy it P A 22 P B A, A T M
FH S il 5 A R N AR R SRR =4

MR DL b ST 6 &5 AT SCHk iR 1B U8, B FE T
HBeta AL KRG NR LA HLEE, 40 Scheme 3 fizs. 1a B
Jeil It BN LAS 2 18] i AH ELAE FH R B 380 8 14 7510 1)
LAS EM JERE LAS-1a &Y. 4 LAS iELJEH 1a
1 BAS RASEHINAS N, 7E BAS R A2 B 52 fH
BFEY). WE, 2GR TG 2a KA RH
BRI, &0 25 T FE 2R Bl B AR =4 3a, [R]IfE
11 B R,

2 i

A HBeta JMEALF, S PR A5 R i E ik
JRE, AR T SEBL T 11U e 0 ) %
WL RINLET SR, £ HBeta AL b, HURRIIGEE
WA T —MEFE R IR, fa, AHLEE LR 1
o G A bR 3R B P R SR A
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(a) Add 1a and then 2a
/\___ (1)10mgHBeta, 100°C, 4 h, N,
-/ (2) 1 mL 2a, 100 °C, 4 h, N,

(b) Add 2a and then 1a

@ (1) 10 mg HBeta, 100 °C, 4 h, N,
(2) 0.5 mmol 1a, 100 °C, 4 h, N,
2a >
1mL

&

3a, > 99% GC yield

(c) Control experiment

__ (1)20 mg HBeta, 100 °C, 4 h, N,

C T (2) 1 mL 2a, 100 °C, 4 h, N,
1a

0.01 mmol

}

3a, > 99% GC yield

(d) KIE experiment

Cl
D.__D
| D
Cl E l D
D D
D

0.5 mmol
> 99% NMR yield

10 mg HBeta
100 °C 4 h, N,

B 2 I SR 0 B SB[ 7 3 b i S5
Scheme 2 Control experiments and KIE experiment of alkenyl-
ation reaction

3 MY
3.1 UHB5RF

X i RATH 2 7E H A Rigaku 2 7] 4277 1] D'max
2500 PC BIATHMY F3RTE, Cu K, H14%, & HE 40 kV, &
FELVA 100 mA, 20 335575 5°~50°, 23 0.02°. N, W Ff-
Tt B S 565 7F 5 [ Micromeritics 2 5] 2272 1 ASAP 2020M
R E A BB T, MR ETAEMZE 200 C i S AL HL.
F BJH BT3RS T R 2R 4. 'TH NMR, '3C NMR
#RJE7E Bruker AVANCE 11 500 MHz BURZ WG 3E4RAL
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Ph—H

step i step ii

jiF’h
|
o 8w
<siT o...0_ .0
STNSIT AT T
J: step iii
H.__H S H
H
I step iv A ©_H
0o._..0_ .0
Ph Ph <TNSIT AT

B3\ 3 HBeta #i A1 AL AN 5 HE Al SR AL
Scheme 3 Reaction mechanism of alkynes hydroarylation cata-
lyzed by HBeta zeolite

E3R1G, PrAERE CDCL, WARYIBZ TMS; FTHIf&E

AT 5 BiichiMelting Point B-545; )i B H
(GC-MS) B 5 & Agilent 5977B; Ft Fil /& 43 ¥ Jii 1% A%

(HRMS) %! 5 & Micromass GCT CA055. %2 #r 1 Fl
200~300 HAEMk, RIFFIAAMELN90~120 C)FI L
L. PR SEE 25 ) A A Al ik AR )
754, R RN LT T WkR/K: 75 25 mL B
BN 15 mL 588, A%, ﬁﬁ—%ﬁ%@m’ﬁi‘j#ﬁ
A, AE 100~150 CHEI 4~7 h, FrEEe 8
R Ja, WEETK TS K, BEERAE.
32 ZLWHE

TERN 2|, I 3020 Bk 5L AT Bk
AbFE: E150 CHiEZSSh, 45 HESHER. KE0
AT R AT

— M A SEIS LR AR T8O MG 1) Schlenk (10 mL)
I 10 mg WKL AL, FERFEF AL
(0.5 mmoL). 2 (1 mL), 7£ 100 ‘CJ¥ 4 h. RF4E K5
AR R, B O R AR AT P 2 L IR
SEMIANIABTERHE 25 AN B LA, IRE PR
W A 2 5 AR B R, BT B e
VA MER) @ (R 4058)=50 : 1

FE 3 Ak N R FH R CBE(S mL) AR, B
O R EIE VAHRAY. WA WUABTE e 28 21X
R E R OB, BEIZRm AR Y. BB A
ik A A5 380 1) VR 470 PR G 28 ok 25 A T R AS 20 7= 47

1,1- 2R 2 05(3a) 4 FEHPIRY), 725 >99%. !
NMR (500 MHz, CDCl3) §: 7.33~7.20 (m, 10H), 5.39 (s,
1H); 3C NMR (125 MHz, CDCl3) 6: 149.0, 140.5, 127.2,
127.1, 126.7, 113.3.
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1,2- B -4-(1-2R 5 24 358) 28)(3b)4al: e AR
Y, 7% >99%. '"H NMR (500 MHz, CDCl;) o: 7.33~
7.18 (m, 5H), 7.09~6.91 (m, 3H), 5.34 (s, 1H), 5.32 (s,
1H), 2.20 (s, 3H), 2.17 (s, 3H); C NMR (125 MHz,
CDCls) 6: 149.0, 140.7, 138.1, 135.2, 135.2, 128.4, 127.3,
127.1, 126.6, 125.4, 124.7, 112.5, 18.8, 18.5.

1,4- L2 (1-2R 5 M 52) %) (3e)! ). oty R
Y, 7% >99%. '"H NMR (500 MHz, CDCls) 6: 7.24~
7.15 (m, 5H), 7.03~6.94 (m, 3H), 5.68 (d, J=1.1 Hz,
1H), 5.11 (d, J=1.0 Hz, 1H), 2.26 (s, 3H), 1.93 (s, 3H);
13C NMR (125 MHz, CDCl;) d: 148.5, 140.4, 139.6, 134.0,
131.9, 129.6, 128.9, 127.3, 127.2, 126.5, 125.5, 113.6,
19.9, 18.6.

2,4- R 1-(1- 2R B 25 280 (3d) !4l 35 Ea gtk
Y, 2% 99%. 'H NMR (500 MHz, CDCl;) §: 7.23~7.18
(m, 5H), 7.06~7.03 (m, 1H), 6.98~6.91 (m, 2H), 5.67 (s,
1H), 5.12 (s, 1H), 2.28 (s, 3H), 1.94 (s, 3H); 3C NMR
(125 MHz, CDCl3) o: 148.4, 139.8, 136.1, 134.9, 129.9,
129.0, 127.3, 126.5, 125.5, 125.3, 113.8, 20.1, 19.0.

1- AR -4-(1- 2R 0 M ) 2R ) (3e) 140 1 £ ] 44,
FEH>99%. m.p. 144.2~145.5 ‘C; 'H NMR (500 MHz,
CDCls) d: 7.30~7.23 (m, 5H), 7.21 (d, J=8.5 Hz, 2H),
6.80 (d, J=8.5 Hz, 2H), 5.33 (s, 1H), 5.28 (s, 1H), 3.76 (s,
3H); 3C NMR (125 MHz, CDCly) 0: 158.2, 148.4, 140.7,
132.9, 128.3, 127.2, 127.0, 126.6, 112.4, 111.9, 54.2.

2-(1-K3E Z M H) R (3O IR PRy, Fo%
99%. 'H NMR (500 MHz, CDCL3) 6: 7.35~7.21 (m, 5H),
7.18 (ddd, J=7.9, 6.4, 1.7 Hz, 1H), 7.06 (dd, J=7.6, 1.6
Hz, 1H), 6.86 (td, J=8.2, 4.1 Hz, 2H), 5.80 (d, J/=0.9 Hz,
1H), 5.35 (d, J=0.8 Hz, 1H), 5.10 (s, 1H); 3C NMR (125
MHz, CDCly) 6: 152.1, 144.2, 138.4, 129.4, 128.5, 127.7,
127.6, 126.5, 126.0, 119.4, 115.7, 114.8.

1-9-2-(1- 8 0 20 ) K (3g): LRy, 7= 2
97%. '"H NMR (500 MHz, CDCL3) 6: 7.35~7.08 (m, 7H),
7.04 (td, J=7.5, 0.5 Hz, 1H), 7.00~6.92 (m, 1H), 5.65 (s,
1H), 5.33 (s, 1H); '3C NMR (125 MHz, CDCl3) d: 159.1
(d, J=246.3 Hz), 143.2, 139.5, 130.5 (d, J=3.8 Hz),
128.4, 128.3, 127.2, 126.8, 125.8, 122.9 (d, J=3.8 Hz),
116.0 (d, J=1.3 Hz), 114.7 (d, J=21.3 Hz); MS (70 eV)
mlz (%): 198 (M, 100), 197 (66), 196 (45); HRMS calcd
for C14HiF 198.1875, found 198.1900.

1-98-3-(1- 2K 2 0 58) 5 (3h): LRy, 7= %
>99%. 'H NMR (500 MHz, CDCl;) 6: 7.25~7.12 (m,
6H), 7.00 (d, J=7.8 Hz, 1H), 6.97~6.85 (m, 2H), 5.37 (s,
1H), 5.36 (s, 1H); 3C NMR (125 MHz, CDCL) §: 161.7
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(d, J=245.0 Hz), 147.9 (d, J=1.3 Hz), 142.7 (d, J=17.5
Hz), 139.8, 128.5(d, J=7.5 Hz), 127.2 (d, J=7.5 Hz),
126.9, 122.9 (d, J=2.5 Hz), 114.1, 113.8 (d, J=52.5 Hz),
113.8 (d, J=96.3 Hz); MS (70 eV) m/z (%): 198 (M",
100), 197 (66), 196 (45); HRMS caled for CiH)F
198.1875, found 198.1900.

1-50-3-(1- 2K 5 0 55 2R (3i): ok, r=&
>99%. 'H NMR (500 MHz, CDCls) &: 7.34~7.03 (m,
9H), 5.39 (s, 1H), 5.37 (s, 1H); B3C NMR (125 MHz,
CDCls) &: 147.6, 142.1, 139.5, 132.9, 128.1, 127.0, 126.9,
126.7, 126.5, 125.2, 114.0; MS (70 eV) m/z (%): 214 (M",
76), 197 (66), 179 (100); HRMS caled for C4H;Cl
214.1509, found 214.1514.

A4-( LI FE-1,1- BRI UGB ) 3)): A ] A4,
FEE>99%. mp. 46.2~46.5 C; 'H NMR (500 Hz,
CDCls) &: 7.25~7.19 (m, 4H), 6.95 (t, J=8.7 Hz, 4H),
5.32 (s, 2H); '3C NMR (125 MHz, CDCls) 6: 161.5 (d, J=
246.5 Hz), 147.0, 136.4, 128.8 (d, J=8.8 Hz), 114.1 (d,
J=21.3 Hz), 113.1; MS (70 eV) m/z (%): 216 (M", 93),
201 (100), 195 (21); HRMS caled for C14HyoF, 216.0501,
found 216.0502.

-9 -4-(1-Z8 3k 20 ) K (3k): LRy, 7%
97%. '"H NMR (500 MHz, CDCl3) 6: 7.30~7.18 (m, 7H),
7.00~6.82 (m, 2H), 5.35 (s, 1H), 5.33 (s, 1H); '*C NMR
(125 MHz, CDCly) 6: 162.5 (d, J=245.3 Hz), 148.0,
140.3, 136.5 (d, J=3.3 Hz), 128.8 (d, J=7.9 Hz), 127.2,
127.1, 126.8, 114.0 (d, J=21.3 Hz), 113.2; MS (70 eV)
m/z (%): 198 (M, 99), 183 (100), 197 (57); HRMS calced
for C14HiF 198.1994, found 198.2012.

1-5-4-(1- 2R B 2 5 2R 3): LRy, =2
97%. '"H NMR (500 MHz, CDCL3) 6: 7.43~7.01 (m, 9H),
5.37 (s, 1H), 5.35 (s, 1H); '*C NMR (125 MHz, CDCls) §:
147.7, 139.7, 138.7, 132.3, 128.3, 127.1, 127.0, 126.9,
126.7, 113.4; MS (70 eV) m/z (%): 214 (M", 83), 179
(100), 176 (25); HRMS calcd for Ci4sH;Cl 214.1488,
found 214.1502.

1-{R-4-(1- 285 2@ ) K 3m): ok, 7%
97%. "H NMR (500 MHz, CDCLy) 6: 7.44~7.32 (m, 2H),
7.30~7.17 (m, 5H), 7.17~7.06 (m, 2H), 5.38 (s, 1H),
5.36 (s, 1H); 3C NMR (125 MHz, CDCls) 6: 148.0, 139.9,
139.4, 130.3, 128.9, 127.2, 127.1, 126.9, 120.7, 113.7; MS
(70 eV) m/z (%): 258 (M", 60), 178 (100), 260 (60);
HRMS calcd for C14H;Br 258.0904, found 258.0911.

1-FAAE-4- (1282 0@ ) 7K (3n): TLEHRY, 722
>99%. 'H NMR (500 MHz, CDCls) 6: 7.27~7.23 (m,
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5H), 7.16 (dd, J=17.0, 3.6 Hz, 2H), 7.06 (d, J=7.9 Hz,
2H), 5.36 (d, J=3.6 Hz, 1H), 5.33 (s, 1H), 2.29 (s, 3H);
13C NMR (125 MHz, CDCl;) d: 148.9, 140.7, 137.6, 136.5,
127.8, 127.3, 127.1, 127.0, 126.6, 112.6, 20.1; MS (70 ¢V)
mlz (%): 194 (M", 88), 179 (100), 178 (79); HRMS calcd
for CisHi4 194.2112, found 194.2113.

4-(1- K E: LR £)-1,1- B K (3o): A ([l A, 73
94%. m.p. 94 ‘C 'H NMR (500 MHz, CDCls) &: 7.53 (d,
J=17.4 Hz, 2H), 7.48 (t, J=7.8 Hz, 2H), 7.38~7.24 (m,
10H), 5.44 (s, 1H), 5.39 (s, 1H); 3C NMR (125 MHz,
CDCl;) d: 148.8, 140.6, 139.9, 139.7, 139.6, 128.0, 127.8,
127.5, 127.4, 127.0, 126.5, 126.2, 113.5; MS (70 eV) m/z
(%): 256 (M*, 100), 255 (17), 253 (11); HRMS calcd for
CaoHi6 256.1306, found 256.1311.

44'-( L H5-1,1- I XU 2K)(3p): T iR,
% >99%. 'H NMR (500 MHz, CDCl;) d: 7.26 (d, J=
8.0 Hz, 4H), 7.17 (d, J=8.0 Hz, 4H), 5.42 (s, 2H), 2.40 (s,
6H); *C NMR (125 MHz, CDCls) J: 158.2, 148.7, 137.8,
136.4, 127.8, 127.1, 112.0, 20.1; MS (70 eV) m/z (%): 208
(M", 16), 207 (100), 192 (62); HRMS calcd for CisHie
208.1346, found 208.1351.

1-1E T 3-4-(1- K2 IR ) 2K (3q): TLEMHPIRY), 7=
% 97%. 'H NMR (500 MHz, CDCl3) §: 7.32~7.21 (m,
5H), 7.20~7.15 (m, 2H), 7.07 (d, J=8.1 Hz, 2H), 5.37 (d,
J=1.0 Hz, 1H), 5.33 (d, J=1.0 Hz, 1H), 2.60~2.48 (m,
2H), 1.58~1.50 (m, 2H), 1.35~1.25 (m , 2H), 0.92~0.81
(m, 3H); *C NMR (125 MHz, CDCl3) J: 148.9, 141.5,
140.7, 137.7, 127.3, 127.2, 127.1, 126.6, 112.6, 34.3, 32.6,
21.4, 13.0; MS (70 eV) m/z (%): 236 (M, 64), 194 (22),
192 (62); HRMS caled for CisHao 236.1912, found
236.1915.

4.4'-(LF-1,1- R (AR (3r): ik,
A 94%. mp. 142~143 ‘C; 'H NMR (500 MHz,
CDCl;) 0: 7.22~7.18 (m, 4H), 6.81~6.76 (m, 4H), 5.22
(s, 2H), 3.74 (s, 6H); C NMR (125 MHz, CDCl3) o:
158.2, 147.9, 133.3, 128.4, 112.4, 110.7, 54.3; MS (70 eV)
mlz (%): 240 (M, 100), 225 (68), 241 (18); HRMS calcd
for CaoH160, 240.08992, found 240.0942.

4 Bh#4 % (Supporting Information) #h 78 52560 R K AE
25 R UAS AL S W) 3a~3r 11 'H NMR I 3C NMR 5 A1
K. X sepr kAT BL 4 2 ANAS T I 3k (http://sioc-journal.
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