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Abstract A highly versatile and efficient method has been developed for the Barbier-Grignard-type arylation and alkylation
of aldehydes using unactivated bromides and Mg in tetrahydrofuran at 65 ‘C promoted by BiCl; and PPh;. This method has
offered high yields of 61%~99% mostly, mild reaction conditions, short reaction time, easy workup and a one-pot procedure.
The steric, electronic effects and some new results have been discussed. A possible mechanism catalyzed by BiCl; and Ph;P
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was reasonably proposed.
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DURZR AN T B B R S8 26 %2 1B INF[A], R
RFNVEE S I 48 A 7R RTC A4 S5 6T s . PRS2 )

M 1 ] LB H SRR S8 A S 5 s B v 1A
ROR(GEE 1, Entries 1, 2), HEHH xR N 15 3]
HIUCFR R 48%~58%(F 1, Entries 3~6). #EHE T4
toE, ERNCE R 38%((ER 1, Entry 7). 2 ARG
SRS T 78% BT ISR (3R 1, Entry 8). B
SRER AR [ R TC R, (H2 = SALBR N AL 7 1 S B
WE R 52%(FR 1, Entry 9), HE iR 5 e S AL HY
FGA AR R AX B S RIS 43 7 64%, 48% (3K 1, Entries
10, 11).

R SR RN R

Table 1 Effect of metallic catalysts on the reaction

3 equiv. Mg
15 mol% catalyst oH
PhBr + >_ CHO THF,65°C, 12h  Ph )ﬁ/
Entry Catalyst Yield”/%
1 CuO 0
2 Cu,0O 0
3 CuBr, 49
4 Cul 48
5 Cu,Br, 58
6 CuCl 57
7 ZnCl, 38
8 BiCls 78
9 SbCl, 52
10 PbCl, 64
11 InCl; 48

“ Reaction conditions: (CH;3),CHCHO (5 mmol), PhBr (15 mmol), Mg (15
mmol), and catalyst (0.75 mmol) were reacted in 25 mL of THF at 65 C for
12 h; bisolated yields based on (CH3),CHCHO.

MRS 65 CRAKE] 60, 505 30 CHE, N
R 78%(F 2, Entry DA FEMEE] T 58%- 53%-
28%(F 2, Entries 2~4). HZK[1)33 &1 110.6 CHFIPUE ML
W' VR A R AT USRS v S U B, A S e v o R 2
R MR E AR R 70~ 104 °C, Y S B AK 3
63%~65%(3 2, Entries 5~8).

N TEN 2 h BEINE] 4 h B, SCEI 61%
Hhn#| 73%(F 3, Entries 1~3). {H2, 4kSE5E K R
(A E] 6~10 h B}, WCRAAK(FEK 3, Entries 4~6).
B EIE IR 12 h i, MR H R A
78%(% 3, Entry 7), FrLA, #fii€ 4 h AR NI,

MRS M B T 5 TEOM 1.5 f5EH
IE 3 5 En, OISR M 37%38 N E] 73%(3 4, Entries
1~4), AT DL A dok 8 R R AR Jig %o e o A o 2
1. ARG E MRS 3.5 58, MR
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Table 2  Effect of temperature on the reaction

3 equiv. Mg OH
15 mol% BiCl3
CHO
PhBr + > THF, 12 h Ph

Entry Temperature”/C Yield’/%

1 65 78

2 60 58

3 50 53

4 30 28

5 70¢ 63

6 75°¢ 65

7 80" 64

8 1045 64

¢ Reaction conditions: (CH;3),CHCHO (5 mmol), PhBr (15 mmol), Mg (15
mmol), and BiCl; (0.75 mmol) were reacted in 25 mL of THF at 65 C for 12
h; bIsolated yields based on (CH;3),CHCHO; ¢ Temperature higher than b.p. of
THF were obtained by adding toluene in THF; ¢ 19 mL of THF+6 mL of
toluene; 17 mL of THF+8 mL of toluene;  12.5 mL of THF+12.5 mL of
toluene; ¢ 5 mL of THF +20 mL of toluene.

R3S [ADNS S5 ¢

Table 3  Effect of reacting time on the reaction

3 equiv. Mg oH
15 mol% BiCly
>—CHO —————

PhBr + THF, 65 °C Ph )ﬁ/
Entry Time/h Yield®/%
1 2 61
2 3 63
3 4 73
4 6 73
5 8 74
6 10 73
7 12 78

¢ Reaction conditions: (CH3),CHCHO (5 mmol), PhBr (15 mmol), Mg (15
mmol), and BiCl; (0.75 mmol) were reacted in 25 mL of THF at 65 C;
bisolated yields based on (CH;),CHCHO.

R4 RFFEENE S SRR ¢

Table 4 Effect of PhBr or magnesium amount on the reaction

Mg
15 mol% BiCl, OH
PhBr + >—CHo —_—
THF,65°C,4h PN
Entry Amount/equiv. Yield®/%
1 1.5 37
2 2.0 48
3 2.5 53
4 3.0 73
5 35 82

© 2015 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: (CH3);CHCHO (5 mmol), PhBr (7.5 mmol, 10.0 mmol,
12.5 mmol, 15.0 mmol, 17.5 mmol), Mg (7.5 mmol, 10.0 mmol, 12.5 mmol,
15.0 mmol, 17.5 mmol), and BiCl; (0.75 mmol) were reacted in 25 mL of THF
at 65 °C for 4 h; *isolated yields based on (CH;),CHCHO.

AT LLIR T 3] 82%(3% 4, Entry 5), HERATMER 74T
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Table 5 Effect of ligands on the reaction

3 equiv. Mg HO
15 mol% B|CI3
PhBr + >—CHO
15 mol% Ligand ~ Ph /H/
THF, 65°C, 4 h
Entry Ligand Yield”/%
1 TMEDA 52
2 (C,H;5)3N 72
3 Bis(2-methoxyethyl)ether 68
4 Dimethoxyethane 79
5 PPh, 94/86°
6 DPPP 84/78"
7 DPPE 74
8 PPh; 80°

“ Reaction conditions: (CH3);CHCHO (5 mmol), PhBr (15 mmol), Mg (15
mmol), BiCl; (0.75 mmol) and were ligand (0.75 mmol) reacted in 25 mL of
THF at 65 ‘C for 4 h; *Isolated yiclds based on (CH;),CHCHO; ¢ PPh; was
30 mol% (CHs),CHCHO; “ DPPP was 7.5 mol% (CH;),CHCHO; ¢ the amount
of PhBr or magnesium was 2.5 equivalents.

TERTHPEAL IR BT, 5% T8 NL O, P [WAC
AT SN R BENE . BORE N O MR I35 i M it
SN HIVEH (GR 5, Entries 1~4), {HZMMAN 15%= K55
AT DU 2 7 (RIS AR v 81 94% (36 5, Entry 5). HREF] =
IR FE T BN AR, ARSI = 2R EE B R B B 30%,
S S T T B I 86%(F% S, Entry 5). T8 A 15%%X
WHECAR 1,3-XU( R BB e 1,2- B R ) 24,
FWLEE 530 R P 2] 84%8% 74%(3K 5, Entries 6, 7). 4l
BB 13- X2 A Fe (1) H 2 PR 7.5%, (1 HAC
PR FEE 15%0) =B BEARR], R = 28 ] AR 2 T
78%(% 5, Entry 6). X FiX—&5 I, W& KA RIMETE
13- X 2R B ) I B AR T =& A a D BRI %, &
(1T N B iR TSR 2 [R5 — AN R 7B 7. X R
AT DL B AR — SR SRR A 1
1 I, AT =S AR R AT W AE SRS AL R 1 R A
FER— =R A = SRR A, AEIIAN=
AP T, BRI R E 2.5 &
i, XN IR B E] T 80%(F 5, Entry 8). i) Al A
E%ﬁzfiﬁ M S IRZRBE S B B o e T

T, AN 15%0 =&, BN 15%0 =
%E?é TEDYE IR 65 °C M. 4 h.

BT R AR, BATRE T — = E A
—IRFE L B AT BEALHE (Scheme 1), B 462 = IR B
M =SB S B, SR G B TR S Pl B 2 AR
T WA PR AW 1, (2S5 PhMgBr I,
BT BRI ) o ERAE R A A 2, SRR =
B2 SN 2 $5 RS B I S8 I s 59 1 AT 16
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Scheme 1 Proposed mechanism
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Table 6 The reactions of R'Br with different aldehydes

3 equiv. Mg OH
R1Br + RZCHO 15 mol% BiCl _
' 15 mol% PPhs R R?
THF, 65°C,4 h 6
Entry R! R? Product Yield®/%
1 CgHs i-Pr 6a 94
2 CgHs n-Pr 6b 92
3 CeHs CeHs 6¢ 94
4  CgHs 2-MeC¢H, 6d 94
5  CeHs 4-MeC¢H, 6e 99
6 CgHs 2-OMeC¢H, 6f 98
7  CeHs 4-OMeC¢H, 6g 94
8 CeHs 2-Furyl 6h 75
9 CeHs 2-HOC¢H, 6i 70
10 C¢Hs 4-HOC¢H, 6j 67
11 C¢Hs 4-+-BuC¢H,CH,CH(CH;) 6k 61°¢
12 4-MeCgH; 4--BuC¢H,CH,CH(CH;) 6l 61°¢

13 2-MeOC¢H4 4-t-BuCH,CH,CH(CH;) 6m 66°

© 2015 Chinese Chemical Society & SIOC, CAS

“R*CHO (5 mmol), R'Br (15 mmol), Mg (15 mmol), BiCl; (0.75 mmol) and
PPh; (0.75 mmol) were reacted in refluxing 25 mL of THF for 4 h, respective-
ly; *isolated yields based on R,CHO; “ new compound.

TR TR T L R RS EE A3 il R 92% Al
94%(3K 6, Entries 1, 2), KHARMNEAZ | 5T LH
FERALBH S s, BRI B, A A it e SR A

AL AT BUARTE PR 248 B A I PRI B B 1) S v 1,
% R R OR PR AT AR D A0 R L R PR | 40 FR A AT
Yo} AR R 2K FR RS AR IA BIHE T 90% 1 IS (3 6, Entries
3~7), UiEH T A AR I AR Y F A ] R
R Gn SRt A R H -, U LR AR SO, 9 an 2-
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M F SRS th A BT T5% IR (3 6, Entry 8),
25 R TR TR Z, et Rl FEJE
TR &R ML, 22K AN, S H
2R H R S e R O R X N I U T R E 70% A
67%(FK 6, Entries 9, 10). 52 2RI A BH )20, #2=2
A X6 L R A R BE ) 61%(3R 6, Entry 11). A T #E—
S AR RS DA AL 7 e ~ L R VIR
AR SR IR RIS 2 B IR OSE, BT TR 43 A 61 %A1
66%(% 6, Entries 12, 13), 5N FICR T, R
TE X 2 Jz W A JRAR AR P A7 BEL A R RS 6o e 87 I ¥
A R 5.

R7 OBRBRMRTE. KHE KRN

Table 7 The reactions of R'Br with R2CHO

3 equiv. Mg
15 mol% BIiCl

15 mol% PPh3

OH

R1/l\R2

R'Br + RZCHO

THF, 65 °C, 4 h 7
Entry R! R’ Product  Yield"/%
1 CeHs i-Pr 6a 94
2 2-MeC¢H,4 i-Pr 7a 65
3 4-MeC¢H,4 i-Pr 7b 87
4 2,4-Me,C¢H; i-Pr Te 82
5 2-MeOCg¢H, i-Pr 7d 86
6 4-MeOC¢H,4 i-Pr Te 82
7 3-MeOCgH, i-Pr 7 77
8 3-FC¢H,4 i-Pr 7g 78
9 2-Thienyl i-Pr 7h 83
10 1-Naphthyl i-Pr 7i 68
11 C¢HsCH, CeHs 7j 96
12 n-Bu CeHs 7k 78
13 t-Bu CeHs 7 39
14 i-Pr CeHs 6a 48
15 Cyclohexyl CeHs 7m 44
16 2-Pyridyl CeHs 7n 27

“R®CHO (5 mmol), R'Br (15 mmol), Mg (15 mmol), BiCl; (0.75 mmol) and
PPh; (0.75 mmol) were reacted in refluxing 25 mL of THF for 4 h, respective-
ly; bisolated yields based on R,CHO.

TER 7 BRI, 1R 2 05 R0 25 (a7 BH L e /N 1 o
FEVRANE I AT RETF BIUSCRAE 68%~96% 11 =4, < H
o GPHUEE. ARHAIE. X H AR 2,4- T HIRRROK
ST S MR SCRAE 82% ~87% 2 7] ( 7, Entries
2~6); RPN LA 2 A FE R, A
FH 22 [ R SRR AR ZK (3R 7, Entry DAL, ORI
RINFH AR, X PP o 7R E AT DAk — b e s
FEL - 4 R 1) 2- YRy RS T 1 S B AR B HE R, 1)
N IR S 83%(3 7, Entry 9). B AT 550 B L BRAR
Y 3-FAEFSRIRA 3-BURAR S R T I R BISCR 533
N TT%F1 T8%(F 7, Entry 9), & W 55 W% H, 1~ F %5F sz )07 A
BAFFm. 1-RARZEF R T B R BCE R 68%,
57 H H AR IR I ) RE3E (3R 7, Entry 10).
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BT RS P AU, S T B A b S AR G TR
TR N R BRI BRI, R T T B B
FNZE IR () L0 5 50 T 1 e S s B, (B R
&, FZEREAAE R TREMIE T RSN 2 GE15 3] 78%
FIUSCR(FR 7, Entry 12), T35 U A5 JE SR 2 F S I o
MIBETF B RIE 96% MR (R 7, Entry 11). HT (A4
BH, 2 Jor FHE Y5RH 4% I s I PRI %8R 39% ~48% (3% 7,
Entries 13~15). B4 45 R HILTE 2- 7Rk g A2k H
P (P SONEFR AR BT R, A AR AN B8 B 2 s A i
L3 1) 95 2 s AR ) %, (BEAR SO R B 2614 T, 2-
TRAEE g T DLRH 2R H I s R4S I AH B =4, U 27%
(£ 7, Entry 16). REXMCRIIREAL, HE2TREET
— ol R A R P T R I O R VRAR ) B T B e
TR

2 i

PR H DL =SSR = 2R L B oAb 7], 76 DS
MR HH A 255kt R YRR 5 A e A ot s kAT 5 0 R e
{L.H) Barbier-Grignard [ B, 1Z 7 EERERIR. 18T —
LA R SEIR S5 3, 0 E H AT AR B R R AT AR
TE SN HR A 22 B HH B 5 () LT 2R 2 TR R, 2K HR
itk 92 T M LU ST A R Y s LY M, A SR L A 1)
TR TT B IR IR RE AN F i e 5%, I A E gt T =
GBI RN = 2R 5 A 10 S 7 () ] REATLER. AR SCHRIE V77
LA RBRISE Y, & T ARG 07 A 1R R
il LS IRARIE. IERBGRA I N A6 E T, $R18 T &R
RFE RN, 5 —J7TH, SN R G B E A L 5 Tt
AT KHUAEAT
3 s
31 B 5IE

B E YR ] Inova 300NB #%REFLHRIG &, LA
CDCL AR, FiH VG Auto Spec-300 4l 5E; £14h
JeiEFH Eqinox55 ZLAMGIEACI . SE6 AT I8
AL 224 8l o b 2.
3.2 ZWHE

7E 50 mL B9 = FTRA I 15 mmol 858 (T B &
BES R AR, SR )5 FBTAT), 25 mL ARG ALEE 1)
ST 4l THF, 15 mol% 47 BiCly, 15 mol% [ Et A
PPhs, #AJE I 5 mmol 5 T HE, 15 mmol A, HifE T
BREVINAE 65 CIEERIRMN 4 h, RGEHT|=
B, TAH 15 mL @M EEE R K, g, H
LR TR IEE, JEWA R L EEAEHL(10 mL X 3).
HIFANE, BAVER KBRS T, JIE, e
ARAFB =), PR, A2 ENE(TLC)# T 7
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BSPRAnfR By BmUR, TR IR VA ES) @ (L
B2 2. B8)=10 : 1. Hisfb&MIN4EH%4 '"HNMR, IR, MS
AR AN SCRRXT L, B ik & 4ilid PC NMR AT HRMS
BB HIIE.

2-F 312K I (6a)': JE AR, "H NMR (300
MHz, CDCl3) 0: 7.27~7.11 (m, 4H), 4.37 (d, J=6.8 Hz,
1H), 1.97 (d, J=6.4 Hz, 1H), 1.78 (s, 1H), 1.02 (d, J=6.2
Hz, 3H), 0.81 (d, J=6.5 Hz, 3H); IR (KBr) v: 3468, 2925,
2853, 1697, 147, 1073, 801 cm™'; MS (EI) m/z: 150, 107,
77.

1- 3 TEE(6b)": LK. "H NMR (300 MHz,
CDCly) d: 7.34~7.23 (m, 5H), 4.68 (dd, J=7.4, 5.9 Hz,
1H), 1.89~1.61 (m, 2H), 1.50~1.24 (m, 2H), 0.95 (t, J=
7.3 Hz, 3H); IR (KBr) v: 3321, 2956, 2859, 1454, 756, 699
em”'; MS (EI) m/z: 150, 107, 77.

TR FEE6e): Lk, '"H NMR (300 MHz,
CDCly) d: 7.27~7.11 (m, 10H), 5.72 (s, 1H), 2.35 (s, 1H);
IR (KBr) v: 3300, 1597, 1496, 1036, 760, 723, 698 cm ';
MS (EI) m/z: 184, 182, 104, 78.

2-F 3 TR (6d)!": L. 'H NMR (300
MHz, CDCl3) 6: 7.32~7.22 (m, 9H), 6.01 (s, 1H), 2.26 (s,
3H), 2.22~1.99 (m, 1H); IR (KBr) v: 3362, 3027, 2957,
1492, 1380, 760, 699 cm™'; MS (EI) m/z: 198, 180, 119,
91, 77.

4-H IR HE(6e)': AR, 'H NMR (300
MHz, CDCl;) 0: 7.44~7.26 (m, 7H), 6.92 (d, J=10.5 Hz,
2H), 6.04 (s, 1H), 2.82 (s, 1H), 1.58 (s, 3H); IR (KBr) v:
3365, 2957, 1492, 760, 698 cm ™ '; MS (EI) m/z: 198, 183,
119, 77.

2- A 2RI (6N LR, 'H NMR (300
MHz, CDCl;) d: 7.46~7.24 (m, 7H), 6.92 (dd, J=13.1,
7.9 Hz, 2H), 6.07 (s, 1H), 3.82 (s, 3H), 3.10 (s, 1H); IR
(KBr) v: 3420, 2957, 2853, 1600, 1456, 1110, 1041, 730,
699 cm ™ '; MS (EI) m/z: 214, 195, 107, 77.

4-HE I IR (6g) " LR, 'H NMR (300
MHz, CDCl) 0: 7.48~7.27 (m, 7H), 6.86 (d, J=8.5 Hz,
2H), 5.79 (s, 1H), 3.79 (s, 3H), 2.38 (s, 1H); IR (KBr) v:
3400, 2951, 1600, 1507, 1454, 1067, 760, 698 cm '; MS
(EI) m/z: 214, 137, 109, 77.

2-WRIE IR I A (6h)!™: o PR, "TH NMR (300
MHz, CDCl3) 6: 7.39 (ddd, J=11.4, 8.5, 1.5 Hz, 6H), 6.32
(dd, J=3.2, 1.9 Hz, 1H), 6.12 (d, J=3.2 Hz, 1H), 5.83 (s,
1H), 2.48 (s, 1H); IR (KBr) v: 3392, 3027, 1615, 1499,
1010, 756 cm™'; MS (EI) m/z: 174, 157, 127, 77.

2-F 3 — R HIEE (61 LR, "H NMR (300
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MHz, CDCl;) 6: 7.98 (s, 1H), 7.32 (ddd, J=43.0, 21.0,
11.8 Hz, 8H), 6.89~6.78 (m, 3H), 5.95 (s, 1H), 3.28 (s,
1H); IR (KBr) v: 3355, 2924, 1586, 1456, 1020, 755, 698
cm '; MS (EI) m/z: 200, 197, 121, 77.

4-F2 I T IR EE(6))P: LR, 'TH NMR (300
MHz, CDCly) d: 7.38~7.21 (m, 7H), 6.86~6.75 (m, 2H),
5.83 (s, 1H), 4.46 (s, 1H), 3.75 (q, J=7.0 Hz, 1H); IR
(KBr) v: 3408, 3234, 1604, 1512, 1450, 1367, 1004, 818,
746, 698 cm™'; MS (EI) m/z: 200, 182, 121, 77.

1- 2R 5L -2- F A -3-(4- 50 T 55) R B Ok I BE(6k): ol
PR, 'TH NMR (300 MHz, CDCly) &: 7.44~7.29 (m, 7H),
7.13 (t, J=8.0 Hz, 2H), 4.56 (dd, J=37.7, 6.0 Hz, 1H),
2.39 (m, 1H), 2.27~2.08 (m, 1H), 1.87 (d, J=7.9 Hz,
2H), 1.35 (s, 9H), 0.80 (dd, J=52.0, 6.7 Hz, 3H); "*C
NMR (75 MHz, CDCl;) J: 148.60, 143.54, 137.74, 127.06,
78.85,42.21, 38.72, 34.37, 31.44, 14.74; IR (KBr) v: 3413,
3086, 3058, 3027, 2962, 2869, 1604, 1513, 1455, 1366,
1269, 1020, 824, 760, 702 cm'; MS (EI) m/z: 282, 207,
107, 77; HRMS caled for CoH,sO [M—OH]™ 265.1951,
found 265.1950.

1-(4- PP ) 2 35 -0 P JRE -3 (4 BT 3 ) 245 35 o T 2
(6): LR, 'TH NMR (300 MHz, CDCl;) 0: 7.38~
7.13 (m, 8H), 4.52 (dd, J=37.9, 6.1 Hz, 1H), 2.46~2.36
(m, 3H), 2.24~2.13 (m, 1H), 1.83 (s, 1H), 1.33 (s, 9H),
0.79 (dd, J=57.0, 6.7 Hz, 3H); “C NMR (75 MHz,
CDCly) 0: 148.54, 140.54, 137.44, 128.93, 125.78, 78.70,
42.15, 38.75, 34.37, 31.45, 21.16, 14.82; IR (KBr) v: 3416,
3022, 2961, 2927, 2869, 1615, 1513, 1459, 1364, 1269,
1020, 812 cm™'; MS (EI) m/z: 296, 221, 121, 77; HRMS
caled for Cy HaosO [M—H] 295.2065, found 295.2067.

1-(2- AR 3k ) 2R -2 R L -3 (4L T 368 ) 2 5k % T i
(6m): FTLEHER. "H NMR (300 MHz, CDCl3) 6: 7.43~
7.18 (m, 8H), 4.71 (dd, J=53.5, 6.4 Hz, 1H), 3.92 (d, J=
15.4 Hz, 3H), 3.31 (d, J=12.5 Hz, 1H), 2.80 (dd, J=13.4,
5.5 Hz, 1H), 2.40 (d, J=12.6 Hz, 2H), 1.41 (s, 9H), 0.88
(dd, J=69.4, 6.6 Hz, 3H); *C NMR (75 MHz, CDCL) ¢:
156.61, 148.38, 138.22, 131.44, 128.56, 124.99, 120.59,
110.54, 74.07, 55.24, 40.00, 34.35, 31.46, 15.17; IR (KBr)
v: 3429, 2961, 2870, 1598, 1513, 1490, 1462, 1365, 1240,
1027, 824, 754 cm'; MS (EI) m/z: 312, 237, 137, 77,
HRMS caled for CpHosO [M—OH]™ 295.2059, found
295.2056.

1-(2- F 0k ) 28 Bk 2- F R T B (7)) k. 'H
NMR (300 MHz, CDCLy) 6: 7.42 (d, J=7.6 Hz, 1H),
7.27~7.12 (m, 3H), 4.65 (d, J=6.9 Hz, 1H), 2.35 (s, 3H),
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1.99 (d, J=6.8 Hz, 1H), 1.70 (s, 2H), 1.05 (d, J=6.6 Hz,
3H), 0.86 (d, J=6.8 Hz, 3H); IR (KBr) v: 3421, 2957,
1492, 1108, 1029, 723 cm™'; MS (EI) m/z: 164, 121, 91,
77.

1-(4- F 36y SR 6 2- L i (7o) k. 'H
NMR (300 MHz, CDCLy) d: 7.29~7.11 (m, 4H), 4.32 (d,
J=7.0 Hz, 1H), 2.36 (s, 3H), 1.96 (dd, J=13.5, 6.8 Hz,
0H), 1.02 (d, J=6.6 Hz, 3H), 0.80 (d, /=6.8 Hz, 3H); IR
(KBr) v: 3420, 2957, 2925, 2871, 1615, 1499, 1457, 1364,
1010, 810, 791 cm ™ '; MS (EI) m/z: 164, 121, 91, 77.

1-(2,4- — H 3 2R3 2- R BE(70) " TE IR,
'H NMR (300 MHz, CDCLy) &: 7.30 (d, J=7.7 Hz, 1H),
7.07~6.94 (m, 2H), 4.60 (d, J=6.9 Hz, 1H), 2.32 (s, 6H),
1.70 (s, 1H), 1.06 (d, J=6.5 Hz, 3H), 0.85 (d, J=6.7 Hz,
3H); IR (KBr) v: 3420, 3027, 2957, 2871, 1615, 1499,
1457, 1364, 1010, 810, 791 cm ™ '; MS (EI) m/z: 178, 160,
135, 77.

1-(2- FR A ) R FE2- L I (7a)!™: iR, 'H
NMR (300 MHz, CDCLy) 6: 7.25 (d, J=7.4 Hz, 2H),
6.98~6.84 (m, 2H), 4.51 (d, J=7.3 Hz, 1H), 3.84 (s, 3H),
2.56 (s, 1H), 2.08 (d, J=6.8 Hz, 1H), 1.04 (d, J=6.7 Hz,
3H), 0.81 (d, J=6.8 Hz, 3H); IR (KBr) v: 3434, 2958,
1601, 1465, 1176, 1029, 754 cm ™ '; MS (EI) m/z: 180, 137,
121, 77.

1-(4- F 3 SR JE 2 F BE T I (7)) LR, 'H
NMR (300 MHz, CDCLy) 6: 7.23 (d, J=8.4 Hz, 2H), 6.87
(d, J=8.3 Hz, 2H), 4.30 (d, J=7.1 Hz, 1H), 3.81 (s, 3H),
1.94 (d, J=6.7 Hz, 1H), 1.86-1.70 (m, 1H), 1.02 (d, J=6.6
Hz, 3H), 0.78 (d, J=6.8 Hz, 3H); IR (KBr) v: 3422, 2957,
1611, 1513, 1456, 1247, 1035, 836, 796 cm '; MS (EI)
m/z: 180, 137, 109, 77.

1-(3- FRAE ) R BE - I BE P (702 eIk, 'H
NMR (300 MHz, CDCLy) 6: 7.23 (d, J=8.0 Hz, 1H), 6.84
(dd, J=22.3, 7.4 Hz, 3H), 4.33 (d, J=6.8 Hz, 1H), 3.81 (s,
3H), 1.97 (s, 1H), 1.83 (d, J=6.0 Hz, 1H), 1.01 (d, J=6.6
Hz, 3H), 0.82 (d, J=6.8 Hz, 3H); IR (KBr) v: 3421, 2958,
1602, 1435, 1365, 1156, 1040, 783, 700 cm™'; MS (EI)
miz: 180, 137, 109, 77.

1-(3- 510 7 56 -2- O 7 i (7)™ k. 'H
NMR (300 MHz, CDCl3) &: 7.25 (s, 1H), 7.07 (d, J=7.7
Hz, 2H), 4.39 (d, J=6.5 Hz, 1H), 2.35 (s, 1H), 1.95 (d, J=
6.6 Hz, 1H), 0.99 (d, J=6.6 Hz, 3H), 0.84 (d, J=6.8 Hz,
3H); IR (KBr) v: 3400, 2961, 2931, 2874, 1615, 1507,
1407, 785, 699 cm ™ '; MS (EI) m/z: 168, 125, 97,77.

1-(2- 146 Wy J6)-2- F I T | (Th)>Y: B k. 'H
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NMR (300 MHz, CDCLy) 6: 7.24 (d, J=5.8 Hz, 1H), 6.96
(d, J=4.0 Hz, 2H), 4.63 (d, J=6.8 Hz, 1H), 2.02 (d, J=
5.4 Hz, 2H), 1.05 (d, J=6.5 Hz, 3H), 0.88 (d, J=6.7 Hz,
3H); IR (KBr) v: 3400, 3071, 1520, 1430, 700 cm'; MS
(EI) m/z: 156, 113, 85, 58.

1-(1-2538)-2- F BE R I (7)) @R, 'TH NMR
(300 MHz, CDCly) &: 8.21~8.10 (m, 1H), 7.94~7.76 (m,
1H), 7.80 (d, J=8.0 Hz, 1H), 7.63 (d, J=7.0 Hz, 1H),
7.67~7.46 (m, 3H), 5.23 (d, J=6.2 Hz, 1H), 2.39~2.22
(m, 1H), 1.95 (s, 1H), 1.04 (d, J=6.6 Hz, 3H), 0.95 (d, J=
6.8 Hz,3H); IR (KBr) v: 3420, 2959, 2870, 1509, 1467,
1382, 1168, 1035, 996, 793 cm”'; MS (EI) m/z: 200, 157,
139, 77.

12- “ I 2O Tank. 'TH NMR (300
MHz, CDCly) : 7.40~7.15 (m, 10H), 4.90 (t, J=6.0 Hz,
1H), 3.11~2.94 (m, 2H), 2.02 (s, 1H); IR (KBr) v: 3565,
3028, 2918, 1602, 1495, 1454, 1073, 757, 698 cm '; MS
(EI) m/z: 198, 178, 92, 77.

-3 (TR EEHR. '"H NMR (300 MHz,
CDCl3) 6: 7.38~7.22 (m, 5H), 4.65 (t, J=6.6 Hz, 1H),
1.99 (s, 1H), 1.83~1.66 (m, 2H), 1.35 (dd, J=6.1, 6.1 Hz,
4H), 091 (t, J=6.6 Hz, 3H); IR (KBr) v: 3365, 2956,
2931, 2859, 1454, 1039, 1010, 756, 699 cm '; MS (EI)
miz: 164,106, 91, 77.

- 3-2- I E T RE(TN: k. 'TH NMR (300
MHz, CDCly) d: 7.39~7.21 (m, 5H), 3.68~3.58 (m, 1H),
2.87 (d, J=10.4 Hz, 1H), 2.61 (dd, J=13.5, 9.4 Hz, 1H),
1.82~1.50 (m, 2H), 1.03 (s, 3H), 1.01 (s, 3H); IR (KBr) v:
3420, 2961, 2930, 1541, 1437, 1064, 723, 700 cm ™ '; MS
(EI) m/z: 164, 131, 107, 79.

IR CEFETm)!: Bk, 'TH NMR (300
MHz, CDCl3) d: 7.38~7.21 (m, 5H), 4.37 (d, J=7.1 Hz,
1H), 2.00 (d, J=12.5 Hz, 2H), 1.83~1.58 (m, 4H), 1.52~
1.30 (m, 1H), 1.27~0.94 (m, 1H); IR (KBr) v: 3392, 2923,
1450, 1260, 1067, 1016, 760, 701 cm™'; MS (EI) m/z: 190,
172,107, 77.

2- M S IR FE F (7o) "™ E IR, "H NMR (300
MHz, CDCLy) 6: 8.59 (d, J=4.9 Hz, 1H), 7.65 (td, J=
7.6, 1.6 Hz, 1H), 7.45~7.20 (m, 7H), 5.79 (s, 1H), 4.73 (s,
1H); IR (KBr) v: 3327, 3062, 2917, 1593, 1572, 1474,
1436, 1404, 1193, 1048, 753, 700 cm™'; MS (EI) m/z: 185,
167, 108, 77.

%45 Bh A1 %} (Supporting Information) ik &#11% 'H
NMR J °C NMR . X Eeppkln] L4 5 AT P93k
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