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Synthesis of Bis(indolyl)methanes Catalyzed by Cyclic
Phosphoric Acid
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Abstract Cyclic phosphoric acid was found to be an efficient Brensted acid catalyst for the electrophilic substitution reaction
of indole with aldehydes or ketones in dichloromethane to afford the corresponding bis(indolyl)methanes in excellent yields at
room temperature. The influence of catalyst structure, catalyst loading and reaction media was investigated, the optimal reac-
tion conditions were obtained and a possible mechanism for the reaction was proposed. The simple procedure, mild reaction
conditions, low catalyst loading, high yield and environmentally friendly organocatalyst provide a valuable approach for the

preparation of bis(indolyl)methanes.
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RBEER “—8ik” (A6 T DB K £k &5 4123 A
2-HUR IR K AL A2, AT T ARGF (. ek
fith b, FRATTHE— 20X PR R R M A 1 REREA T AT, K
I FAR IR A58 B2 13 5 v 2001 A W5 | W 5 B A0 B s A
TG R, AR SR XS A — R E.
1 ZR51HE
1.1 EMRIE

FEMIR AR5 . TH NMR R IR JGiEsz. LUk
EY) 3a W SEKE S 76~78 C, SCERIRIE N 76
C; AELLAMGRES, 7F 3402 cm ™ bRy I U4 A NHL (1)
ArPRBEFE I, £E 3050 cm ™' A REASG BRI 4
PR IE SIS 7F 1600~1450 em ' W ZEFR C=C B
DR B EFAE W%, #E 1089 em ™' R FRER EHUA
J5 T BV E BTG ;7 736 em ' g I AEER AR A7 — AR
FEAEMR S A% RESLPR S, EER 6 7.85 IR
WG| ZL PRON—H) G e & e, S AN 2 4N 76 0
7.34~6.97 I AR, —4H dt IR PUZH m U,
FFEANBON 124 155 6.55 H B2 IR (C—H) K —4H
dd I, 2 ANE; 7 6 5.82 HBLIK 3 (C—H) I g, 14
A, HEM G55 SRR E B AH A5
1.2 REZFGRIIL
1.2.1  HE4LF) 2t B 69 %06

FEEML N, CAPUSIRIRAE s s 77, N 6
h, AR 10 mol% Il il I, %5 T 5 FiA AL
U N (B, 1), 459003 1. 450 E W, 5 FA
TR | DS 0 A L R R R AR i O M DL i = W Rl b G £
P FHURIE AT da AR R, FoRnIA
F198%(FK 1, Entry 1). {4471 4b %12 5 WA AT 1R G TR i
TG (R 1, Entry 2). X THEAAT] e, HEAL=5N 75%,
NG| JURH A 2 2 22% (20.4 mg, % 1, Entry 3). %F T4%(
J - A AR AR IR AL TR 4d, iR
H 71%, WIS, 27% (25.0 mg, % 1, Entry
4). 2 RERM, FR T EAS R EUAEE )4 4 77 R 0 s
AN, A EAR IR A TS T TR S, ST
IRZE MY 5 B R FR AL 5, AL~ R 53%, WIvE
JERHEIKCR  43% (40.4 mg, £ 1, Entry 5). £54 % e
AT PR A R 5% 1) M ) R T B SUAE ARG P, 1B da
B Ky B 1G5 R FR e PR A4 e 771
1.2.2  REVEF AR 697500

WA, P10 mol% 4a (FEALFI &, T
OBk, —EWEE. OFE. WEE. L. 1,4- SN
RSN I R O s, 25 SR 2. nTLLE
TR I SN SE AN K, ARAE U R BRI, O
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IS, 7298 98%(3 2, Entry 3). HEEBIMEALFI1E
FIR A AL TP, A SR 52— T JR B

N\ Cat. (10 mol%), 6 h
2 +OHC@CI _—
H THF, r.t.
1 2

Cl

4 Pl

0" "OH
4a: Ar' = 4-CH3CBH4SOZ OO
4b: Ar' = 4-H;COCgH4S0,
4c: Ar' = C6H5802
4d: Ar' = 4-NO,CeH,SO, 5

R ARFEHEAFIR =210 5% @
Table 1 Effects of different catalysts on reaction yield

Entry Cat. Yield’/%
1 4a 98
2 4b 96
3 4c 75 (22)°
4 4d 71 (27)°
5 5 53 (43)°

“Reaction conditions: indole (0.8 mmol), 4-chlorobenzaldehyde (0.4 mmol),
catalyst (10 mol%), THF (1 mL), reaction time 6 h, r.t. ® Isolated yields after
silica gel column chromatography. © The recovery of indole (%).

K2 AR A3 R NG FF e 1) 5% g

Table 2  Solvents evaluation for bis(indolyl)methanes synthe-
sis
Entry Solvent Time/h Yield®/%

1 THF 6 98

2 Et,O 6 96

3 CH,Cl, 35 98

4 EtOH 5 94

5 CH,CN 3.5 95

6 1,4-Dioxane 5 94

7 CH;0H 6 90

8 Toluene 5 95

© 2013 Chinese Chemical Society & SIOC, CAS

“Reaction conditions: indole (0.8 mmol), 4-chlorobenzaldehyde (0.4 mmol),
catalyst 4a (10 mol%), solvent (I mL), r.t. ® Tsolated yields after silica gel
column chromatography.

1.2.3  HEALH) A ZAFREL 69776
AT, UL RUTRON R, %5 T LT 4a
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FHHON R NS, 45 L% 3. ATLAE H, AL
A A 10 mol%BA% 3 1.5 mol%I, F=SRIEARAT KA+
(3, Entries 1~3), #E— B BAEREAFIEE] 1.0
mol%, J*HATI I ik 97%(3K 3, Entry 4). 4kS:FE(GAEIL
FHIHEE] 0.5 mol%IN, K [#LE] 83%(# 3, Entry 5). %
(SR, (e ALAIE LT, A AEK = i ]
FI12h, PRI 15%, [0 8.4 mg, Bkt ]
W%y 94% (% 3, Entry 6). JIFLL, ACSEanfi s AL 711
3 AL da LR R R ¢

Table 3 Effects of amount of catalyst 4a on the reaction

Entry Cat. loading/mol%  Time/h Yield®/%
1 10 35 98
2 5.0 35 96
3 1.5 35 95
4 1.0 35 97
5 0.5 35 83
6 — 12 1.5 (94)°

“Reactions conditions: indole (0.8 mmol), 4-chlorobenzaldehyde (0.4 mmol),
CH,Cl, (1 mL), r.t. ® Isolated yields after silica gel column chromatography.
¢ The recovery of indole (%).

TN 1.0 mol% X & 88 e N HEAT IS,

R DL B g R, 19 BRI RN Ak A
FIRAMT, 7 4a HEH 1.0 mol%, #7HH
CH,Cly, TLC FRERMNIN S N AT RERE, A e WA (1],
AT LA 2 = F 0 g U e AT A2 )

1.3 REEEYRZEEHRR

TESAACII RN ZEAE T, BATT A S . 1387 335 4 1E
TTHESE, S5 IR 4. MR EE BT LUAE H, S FhE
AR (1) 05 5 B A1 e R S5 05 | R A T S N, I mT LA 3188
PR H R E. IR AR (1) o7 RN X s Y
ISR /N, ANGE 2 3% AT W T3 2 it P R AR S 4T
RS 2B = R L &4 (3R 4, Entries 1~5). Ib4h, 76
05 A F B AT IR, X NN K, AR AEIR T
I ()77 %(% 4, Entries 1~8). 2.4- 50K B 2-251%
MR R IO, 5595 S AR BE SR AR U5 1877 R (R
4, Entries 10, 11); W FF % FISHARES 150910 s WA BE 3k
B R AL YI(EE 4, Entries 12, 13). B46, Tk
1RG5 T g DT EERT I N (15, I 7 s v A S50

R4 ORBER 4a AL AR I PGE T4 ¢
Table 4 Synthesis of bis(indolyl)methanes catalyzed by cyclic phosphoric acid 4a

Cat. (1.0 mol%)

| CH,Cly, r.t.
R1
1 2

Entry R! R? R® R’ Product  Time/h  Yield®/% m.p./C Lit./C Ref.
1 H H H 4-Cl-CgH,4 3a 3.0 98 76~78 76 [25]
2 H H H 4-Br-C¢H, 3b 35 81 105~107 110~112  [26]
3 H H H 4-NO,-C¢H, 3¢ 3.0 98 220~223 220~222  [26]
4 H H H 4-CH;-CgH,4 3d 3.0 96 98~100 96~98 [25]
5 H H H 4-MeO-CgH, 3e 4.0 84 190~193 190~192  [25]
6 H H H 3-NO,-C¢H, 3f 3.0 97 86~88 88~90 [25]
7 H H H 3-MeO-CeH, 3g 2.5 96 178~180 189 [19]
8 H H H 2-MeO-CeH, 3h 3.0 95 133~135 134~136  [26]
9 H H H CeHs 3i 2.5 97 86~88 88~90 [25]
10 H H H 2,4-Cl,-CeHs 3j 2.5 97 102~105 103~106  [26]
11 H H H 2-Naphtyl 3k 35 95 169~172 235~236  [27]
12 H H H Furyl 3l 3.0 96 108~110 113~115  [14]
13 H H H Piperonyl 3m 6.0 91 95~98 100~102  [28]
14 H H H CH;CH,CH, 3n 6.0 65317 105~107 106~108  [25]
15 H H H C¢HsCH,CH, 30 4.0 83 80~82 82~84 [29]
16 H H H Cyclohexyl 3p 6.0 84 133~134 136~137  [30]
17 CH; H H CeHs 3q 4.0 73 (16)"  190~193 185~187  [19]
18 CH; H H 4-CH;-CgH, 3r 55 73 (1) 197~200 198~200  [31]
19 H CH; H CeHs 3s 2.0 95 102~104 247~248  [2]
20 H CH; H 4-NO,-C¢H, 3t 1.5 97 232~234 239~241 2]
21 H CH; H 4-CH;-CgH,4 3u 2.0 94 102~104 106~108  [32]
22¢ H H CH; CeHs 3v 20 19 (78)"  187~189 189~190  [30]
23¢ H H CH; CH; 3w 20 82 158~160 167~168  [26]

“Reaction conditions: indole (0.8 mmol), aldehyde (0.4 mmol), catalyst 4a (1 mol%), CH,Cl, (1 mL), r.t. ® Isolated yields after silica gel column chromatography.
¢ Indole (0.8 mmol), ketone (0.8 mmol), catalyst 4a (5 mol%). ¢ The recovery of indole (%).
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WRIEAT N, AH 5 05 F AR LG, JEr= 5] B IR KGR 4,
Entries 14~16). 2% A P AT O3 L5 5] W08 Js 3 m A
e R R H AR I 4, Entries 15, 16). H T
WG| 5 N2 PRV 1R SR I, A 27260 65% 1) H A% 7= 4),
Mg [ JEURHRI Rl 31% (29.7 mg, # 4, Entry 14). )5,
PAVH L2 T WGIRER FAN [ AR B0 SN R 5, 25
R, RS B I N IR, WIRE N L H
Bl PRSI, WETPE AR, AR = 284 /D (3R 4, Entries
17, 18). >4 N-F LRG| Ik 55 28 F i J2 W N4 2172 268 73%
(1) HARr=9), N-FHEm 0 JSORHE 2 16% (16.4 mg,
3 4, Entry 17); N-FF 05| W 155065 I RE 2 R g s 1 ) 7 28]
FEERA T3%I00 H bR 4, N-F LR EORERCR N 11%
(11.7 mg, % 4, Entry 18). 40|k 2 {7 (1) H 4 H &K
RIS, S58%A R Y, FRRE 2~ 20 Hisfh &
Y3k 4, Entries 19~21). T 2405 Wk 55l 5o R, RIS
AT RN 3] 5 mol%, B =4S, SN A ) 4E K 21
20 h, B EETSBVBARS R 77 fh(GR 4, Entries 22, 23),
G| L T BRI, T LA B PR AR 82% (1) H bR
Wy, EE, 0] 2R TR s B, ER A P AR AR 1
TR, BAAAF RN 19% 0 H AR =4, WIWE sk A
W Ay 78% (73.0 mg, % 4, Entry 23).
1.4 RNHLIE

5 T NHIF ST Rl R 1 A s 1 ) Btk 22 A7)
$EHH T Bronsted BRIEALALEE(Scheme 1). MR IR IE L
BRI, RIEINE S TR T RSB T ) .
RERAAR 45 B de—or 7K a9 30 T AR R A & 0
6, Ak 6 55— FWIMRE—0 N, JEREBUH AL
BT, AR I H AR A 9.

2 Zig

FEMRIRWERRHEAL T, AL | B i sl ] 76 238 11
BONE, B T ARSI i I e T AR ik

BRAEMRIAE, PR m . Ja B, AR R, e
S B TRE HIABEACLS, XA S DI & R
TR R AR SR A T WIS IR AT
1 S N BEA BRI IR, A 75 TP

3 ZWERs

5

e AT X-5 S Ao RO e A (il L), iR
RARE; MREHRAIE(400 MHz) KM 3£ H Varian 2%
A INOVA-400 MHz B @EALPR OGN 5, H CDCls A%
7, TMS A Wkr; 2048 %1% A Nicolet AVATAR-360
FT-IR ZLAMGIREAU(KBr s F)IsE. B 25 A5 44
Mo AT, SRR, IE T REAIRIR B T AR, Ak
FUA A 22 H A8 .

32 BB EMMERTE

4 0.8 mmol MW, 0.4 mmol B ELHFT 1 mL CH,CL,
IIA25 mL MV, ARSI 2.0 mg AL, =il
PEFE N, TLC BRERMEM NI TRERE, B2 J5URNH &
Jei 45 0k N, R PR A A JE BT 4 B Sl AR (VO il
k) © V(R TR =10 : 1~2 : 1], BIn/ 524 3 br
F=H).

3,3'- I G- (4- SR HE) e (3a): 753 140 mg A (S
WA, 775 98%. mp. 76~78 C (lit™*! 76 C); 'H
NMR (400 MHz, CDCLy) d: 7.85 (s, 2H), 7.34 (d, J=8.0
Hz, 2H), 7.30 (dt, J=8.2, 0.8 Hz, 2H), 7.25~7.22 (m,
2H), 7.21~7.18 (m, 2H), 7.17~7.13 (m, 2H), 7.02~6.97
(m, 2H), 6.55 (dd, J=2.4, 0.9 Hz, 2H), 5.82 (s, 1H); IR
(KBr) v: 3402, 3050, 1600, 1490, 1457, 1409, 1331, 1089,
1014, 736 cm ™.

3,3"- MR- (4R L) I BE(3b): #3130 mg A
B4R, 2% 81%. m.p. 105~107 C (lit.** 110~112

3.1

+
OH
r_PH R( 2
O:/‘A‘H\o IIS 9y H H
e Ll SR G g
~ N + /4 -~
N 2 Ts N) N
) : ) )
1 4 5
M OOy | QD)
H +
Q™ g0 — St e K
NG GN N N N N
/) \ \ \ \ \
H H H H H H
6 7 8 9

Scheme 1
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‘C); "H NMR (400 MHz, CDCly) d: 7.92 (s, 2H), 7.38~
7.34 (m, 4H), 7.34~7.32 (m, 2H), 7.20~7.17 (m, 2H),
7.17~7.13 (m, 2H), 7.02~6.97 (m, 2H), 6.61 (dd, J=2.4,
1.0 Hz, 2H), 5.82 (s, 1H); IR (KBr) v: 3410, 3057, 1619,
1481, 1453, 1006, 745 cm ™.

3,3"- M- (4- R HE IR i Be(3e): 49 144 mg 15
A, 7% 98%. mp. 220~223 C (lit.* 220~222
‘C); 'H NMR (400 MHz, CDCl3) d: 8.16~8.13 (m, 2H),
8.02 (s, 2H), 7.53~7.50 (m, 2H), 7.39 (dt, J=8.2, 0.8 Hz,
2H), 7.36~7.33 (m, 2H), 7.23~7.18 (m, 2H), 7.06~7.01
(m, 2H), 6.69 (dd, J=2.5, 1.0 Hz, 2H), 6.00 (s, 1H); IR
(KBr) v: 3453, 3417, 3382, 1596, 1502, 1457, 1414, 1343,
1097, 1010, 808, 745 cm ™"

3,3'- MR- (4- F LIRS i e(3d): #9129 mg K
LA, P7E 96%. m.p. 98~100 C (lit.*! 96~98
‘C); 'H NMR (400 MHz, CDCl3) &: 7.81 (s, 2H), 7.38~
7.35 (m, 2H), 7.30 (dt, J=8.2, 0.9 Hz, 2H), 7.21~7.18 (m,
2H), 7.15~7.11 (m, 2H), 7.07~7.03 (m, 2H), 7.00~6.95
(m, 2H), 6.59 (dd, J=2.4, 1.0 Hz, 2H), 5.82 (s, 1H), 2.29
(s, 3H); IR (KBr) v: 3406, 3053, 2927, 1612, 1513, 1453,
1409, 1335, 1219, 1085, 1002, 780, 745 cm .

3,3'- g - (4- FHAHE RO i (3e): 15 118 mg
AR, 2% 84%. mp. 190~193 C (lit.*) 190~
192 ‘C); '"H NMR (400 MHz, CDCl;) 6: 7.89 (s, 2H),
7.40~7.37 (m, 2H), 7.30 (dt, J=8.1, 0.9 Hz, 2H), 7.26~
7.25 (m, 1H), 7.24~7.23 (m, 1H), 7.18~7.13 (m, 2H),
7.01~6.97 (m, 2H), 6.83~6.79 (m, 2H), 6.64 (dd, J=2.4,
1.0 Hz, 2H), 5.83 (s, 1H), 3.77 (s, 3H); IR (KBr) v: 3398,
3057, 1606, 1517, 1450, 1247, 1021, 737 cm ™.

3,3'- NG -(B- LRI RS (3E): 79 142 mg ¥
WAL, A 97%. mp. 86~88 C (lit* 88~90
‘C); '"H NMR (400 MHz, CDCls) d: 8.19 (t, J=2.0 Hz,
1H), 8.06 (ddd, J=3.3, 2.3, 1.0 Hz, 1H), 7.96 (s, 2H), 7.66
(d, J=7.7 Hz, 1H), 7.41 (t, J=8.0 Hz, 1H), 7.36~7.32
(m, 4H), 7.20~7.15 (m, 2H), 7.04~6.99 (m, 2H), 6.61 (d,
J=2.4 Hz, 2H), 5.97 (s, 1H); IR (KBr) v: 3406, 3061,
1612, 1520, 1457, 1417, 1354, 1101, 748 cm ™.

3,3'- G| HE-(3- FHARU B R ) T 68 (3g): 19 135 mg
RO, 7% 96%. m.p. 178~180 C (lit.'" 189 C);
'H NMR (400 MHz, CDCls) d: 7.90 (s, 2H), 7.41~7.40
(m, 1H), 7.39~7.38 (m, 1H), 7.34 (dt, J=8.2, 0.9 Hz,
2H), 7.21~7.18 (m, 1H), 7.18~7.13 (m, 2H), 7.02~6.98
(m, 2H), 6.96~6.90 (m, 2H), 6.75 (ddd, J=3.6, 2.6, 1.0
Hz, 1H), 6.66 (dd, J=2.4, 1.0 Hz, 2H), 5.85 (s, 1H), 3.73
(s, 3H); IR (KBr) v: 3402, 3049, 1612, 1584, 1485, 1461,

992 http://sioc-journal.cn/
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1330, 1255, 1210, 1145, 1089, 1049, 780, 744 cm "'

3,3"- Mgl (2- AR AR AT K (3h): 19 134 mg
LA EAE, P2 95%. mp. 133~135 C (1it.?! 134~
136 “C); 'H NMR (400 MHz, CDCLy) &: 7.84 (s, 2H),
7.41~7.38 (m, 2H), 7.30 (dt, J=8.1, 0.8 Hz, 2H), 7.20~
7.14 (m, 2H), 7.13~7.10 (m, 2H), 7.00~6.95 (m, 2H),
6.92 (dd, J=82, 1.0 Hz, 1H), 6.79 (td, J=7.4, 1.0 Hz,
1H), 6.60 (dd, J=2.3, 0.9 Hz, 2H), 6.34 (s, 1H), 3.80 (s,
3H); IR (KBr) v: 3406, 3061, 1738, 1592, 1493, 1461,
1338, 1237, 1101, 1042, 748 cm .

3,3 MWL H B (3i): 75 125 mg AT, 72
% 97%. mp. 86~88 C (lit.* 88~90 ‘C); '"H NMR
(400 MHz, CDCly) 8: 7.81 (s, 2H), 7.39~7.36 (m, 2H),
7.34~7.32 (m, 1H), 7.32~7.30 (m, 2H), 7.29 (t, J=0.9
Hz, 1H), 7.27~7.23 (m, 2H), 7.20 (dt, J=7.2, 1.6 Hz,
1H), 7.17~7.12 (m, 2H), 7.01~6.96 (m, 2H), 6.57 (dd,
J=2.4, 1.0 Hz, 2H), 5.86 (s, 1H); IR (KBr) v: 3406, 3057,
1485, 1457, 1414, 1339, 1212, 1085, 1014, 745 cm ™"

3,3 Mg (2,4- HURIE) HIBE3)): #3151 mg
AR, 77 97%. mp. 102~105 C (lit.* 103~
106 ‘C); '"H NMR (400 MHz, CDCl5) d: 7.83 (s, 2H), 7.43
(d, J=2.1 Hz, 1H), 7.36 (s, 1H), 7.35 (s, 1H), 7.33 (s, 1H),
731 (s, 1H), 7.19~7.14 (m, 2H), 7.13~7.10 (m, 1H),
7.07~6.99 (m, 3H), 6.55 (dd, J=2.4, 0.9 Hz, 2H), 6.25 (s,
1H); IR (KBr) v: 3410, 3057, 1584, 1457, 1414, 1334,
1244, 1093, 863, 796, 745 cm !

3,3'- MR (2- 2530 e (3K): 5 141 mg ik (D
4K, 77 95%. mp. 169~172 C (lit*" 235~236
‘C); '"H NMR (400 MHz, CDCl;) d: 7.88 (s, 2H), 7.81~
7.77 (m, 1H), 7.76~7.72 (m, 2H), 7.71~7.67 (m, 1H),
7.50 (dd, J=8.5, 1.6 Hz, 1H), 7.42~7.38 (m, 4H), 7.34 (s,
1H), 7.32 (s, 1H), 7.17~7.12 (m, 2H), 7.00~6.95 (m,
2H), 6.64 (s, 2H), 6.04 (s, 1H); IR (KBr) v: 3414, 3050,
2836, 1604, 1461, 1418, 1343, 1089, 807, 745 cm .

3,3"- MR- (2-PR IR L) B2 (3D): 15 120 mg AR A
B4k, 77 % 96%. mp. 108~110 C (1it" 113~115
‘C); '"H NMR (400 MHz, CDCl;) d: 7.88 (s, 2H), 7.48~
7.47 (m, 1H), 7.46~7.44 (m, 1H), 7.34 (dd, J=1.8, 0.9
Hz, 1H), 7.31 (dt, J=8.2, 0.9 Hz, 2H), 7.18~7.13 (m,
2H), 7.05~7.00 (m, 2H), 6.82 (dd, J=2.4, 0.8 Hz, 2H),
6.28 (dd, J=3.0, 1.9 Hz, 1H), 6.04 (dt, J=3.2, 0.8 Hz,
1H), 5.92 (d, J=0.7 Hz, 1H); IR (KBr) v: 3406, 3046,
1505, 1457, 1335, 1097, 1014, 784, 745 cm ™.

3,3"- |- (3, 4-F1 7 AR L) e (3m): 74 133
mg B, 775 91%. m.p. 95~98 C (lit.** 100~
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102 C); '"H NMR (400 MHz, CDCl;) §: 7.85 (s, 2H),
7.41~7.39 (m, 1H), 7.39~7.37 (m, 1H), 7.34 (dt, J=8.2,
0.8 Hz, 2H), 7.18~7.13 (m, 2H), 7.03~6.98 (m, 2H),
6.83~6.80 (m, 2H), 6.73~6.70 (m, 1H), 6.62 (dd, J=2.4,
1.0 Hz, 2H), 5.88 (s, 2H), 5.79 (s, 1H); IR (KBr) v: 3406,
3054, 1501, 1485, 1442, 1239, 1093, 1038, 931, 788, 745
-1

3,3- I T hE(3n): 43 75 mg FIELEE, R
65%. m.p. 105~107 C (lit.*™ 106~108 C); 'H NMR
(400 MHz, CDCly) 6: 7.87 (s, 2H), 7.60~7.59 (m, 1H),
7.58~7.57 (m, 1H), 7.26 (dt, J=8.1, 0.9 Hz, 2H), 7.14~
7.09 (m, 2H), 7.04~6.98 (m, 2H), 6.89 (d, J=1.8 Hz,
2H), 4.46 (t, J=7.4 Hz, 1H), 2.20~2.15 (m, 2H), 1.44~
1.37 (m, 2H), 0.93 (t, J=7.3 Hz, 3H); IR (KBr) v: 3418,
3057, 2951, 2927, 1537, 1457, 1422, 1339, 1212, 1101,
1006, 741 cm .

3,3 ISR R BE(B0): 15 116 mg BFEaE A, 7=
# 83%. m.p. 80~82 C (lit.*” 82~84 ‘C); '"H NMR
(400 MHz, CDCl;) d: 7.85 (s, 2H), 7.53 (d, J=7.9 Hz,
2H), 7.29 (d, J=8.2 Hz, 2H), 7.27~7.23 (m, 2H), 7.17~
7.14 (m, 3H), 7.07~7.03 (m, 2H), 7.00~6.95 (m, 2H),
6.59 (dd, J=2.4, 1.0 Hz, 2H), 4.49 (t, J=7.4 Hz, 1H),
2.73~2.65 (m, 2H), 2.54 (t, J=7.9 Hz, 2H); IR (KBr) v:
3422, 3061, 3022, 2927, 1454, 1418, 1339, 1085, 1009,
750, 701 cm ™",

3,3 GEFE IR O I BE(3p): 15 110 mg AR (Al 44,
FEE 84%. mup. 133~134 C (1it.PY 136~137 C); 'H
NMR (400 MHz, CDCl;) d: 7.46 (s, 2H), 7.18~7.00 (m,
8H), 6.73 (d, J=2.2 Hz, 2H), 4.20~4.14 (m, 1H), 2.20~
2.10 (m, 1H), 1.77~1.54 (m, 10H); IR (KBr) v: 3410,
3054, 2923, 2848, 1537, 1454, 1418, 1334, 1208, 1097,
1006, 750 cm .

3,3'-Z(1- LM ) SR B e (3q): 43 102 mg #7
LI E AR, P75 73%. mop. 190~193 C (lit" 185~
187 “C); 'H NMR (400 MHz, CDCl;) d: 7.37 (dt, J=17.9,
1.0 Hz, 2H), 7.36~7.32 (m, 1H), 7.29~7.24 (m, 3H),
7.22~7.16 (m, 2H), 7.01~6.96 (m, 2H), 6.52 (d, J=0.8
Hz, 2H), 5.87 (s, 1H), 3.66 (s, 6H); IR (KBr) v: 3050,
3018, 2931, 1541, 1477, 1366, 1327, 1014, 741, 701 cm ™.

3,3'- (1 F Mg W 3 ) —(4- L SR L) F e (Br): 75
106 mg #7240 A4k, 7% 73%. m.p. 197~200 C
(1it.2" 198~200 °C); 'H NMR (400 MHz, CDCl;) J: 7.38
(dt, J=8.0, 0.9 Hz, 2H), 7.27 (dt, J=8.2, 0.7 Hz, 2H),
7.23~7.20 (m, 2H), 7.20~7.15 (m, 2H), 7.08 (s, 1H),
7.06 (s, 1H), 7.00~6.95 (m, 2H), 6.52 (d, J=0.8 Hz, 2H),

cm
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5.83 (s, 1H), 3.65 (s, 6H), 2.31 (s, 3H); IR (KBr) v: 3421,
3049, 2935, 1616, 1553, 1509, 1473, 1426, 1370, 1327,
1219, 1149, 1014, 867, 796, 740 cm ™.

3,3"-(2- I AEN IR ) R T e (3s): 15 133 mg ¥y
O [EAK, P 95%. mp. 102~104 C (lit.” 247~248
‘C); "H NMR (400 MHz, CDCL3) 6: 10.36 (s, 2H), 7.47~
7.43 (m, 2H), 7.22~7.20 (m, 5H), 6.91~6.87 (m, 3H),
6.85 (s, 1H), 6.70~6.66 (m, 2H), 5.93 (s, 1H), 2.08 (s,
6H); IR (KBr) v: 3386, 3055, 1456, 1299, 1018, 750 cm ™.

3,3'- 2 (2- L M| L ) - (4- B 5 R L ) F e (3t): 15
153 mg FEAREE, P& 97%. mp. 232~234 C (lit.”
239~241 °C); '"H NMR (400 MHz, CDCl;) J: 10.87 (s,
2H), 8.15 (d, J=8.8 Hz, 2H), 7.42 (d, J=8.8 Hz, 2H), 7.24
(d, J=8.0 Hz, 2H), 6.94~6.89 (m, 2H), 6.81 (s, 1H), 6.79
(s, 1H), 6.76~6.68 (m, 2H), 6.07 (s, 1H), 2.10 (s, 6H); IR
(KBr) v: 3402, 3386, 3055, 1600, 1520, 1485, 1334, 1109,
1009, 855, 749 cm ™.

3,3'- = (2- FH AL Mg W I ) —(4- 6068 T 2 (Bu): 15
137 mg B EAR, 773 94%. m.p. 102~104 C (lit.”?
106~108 ‘C); 'H NMR (400 MHz, CDCly) o: 7.77 (s,
2H), 7.21 (d, J=8.0 Hz, 2H), 7.13 (d, J=8.2 Hz, 2H),
7.03~6.96 (m, 6H), 6.85~6.80 (m, 2H), 5.94 (s, 1H),
2.31 (s, 3H), 2.02 (s, 6H); IR (KBr) v: 3394, 3054, 2919,
1683, 1619, 1588, 1508, 1461, 1299, 1022, 752 cm "

1,1-(3,3- “IIWHE-20E) 58 (3v): 74 26 mg (4
[E4K, 77 19%. mp. 187~189 C (1t 189~190
‘C); '"H NMR (400 MHz, CDCly) d: 7.79 (s, 2H), 7.40~
737 (m, 2H), 7.34~7.32 (m, 2H), 7.32~7.30 (m, 2H),
7.26~7.21 (m, 2H), 7.21~7.17 (m, 1H), 7.15~7.10 (m,
2H), 6.95~6.90 (m, 2H), 6.59 (d, J=2.4 Hz, 2H), 2.35 (s,
3H); IR (KBr) v: 3418, 3054, 2974, 2938, 1457, 1414,
1339, 1244, 1097, 1018, 737 cm .

1,1'-(3,3"- Mg - F L) 8 (3w): #4490 mg [ {h
B4k, 77 82%. mp. 158~160 C (1it.*! 167~168
‘C); "H NMR (400 MHz, CDCl;) d: 7.80 (s, 2H), 7.42~
7.41 (m, 1H), 7.40~7.39 (m, 1H), 7.27 (dt, J=8.1, 1.0 Hz,
2H), 7.09~7.04 (m, 2H), 6.99 (d, J=2.4 Hz, 2H), 6.90~
6.85 (m, 2H), 1.90 (s, 6H); IR (KBr) v: 3402, 3046, 2958,
1612, 1485, 1457, 1335, 1239, 1105, 1014, 819, 749 cm ™.
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