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Zirconocene Bis(perfluorooctanesulfonate)s-Catalyzed the
Reaction of Indoles and Carbonyl Compounds
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Chen, Jinyang” Xu, Xinhua**
(“ Hunan Chemical Industry Vocation Technology Institute, Zhuzhou 412004)
(® College of Chemistry Chemical Engineering, Hunan University, Changsha 410082)
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Abstract In the presence of 1.0 mol% zirconocene bis(perfluorooctanesulfonate)s, indoles reacted with aldehyde/ketone at
room temperature in tetrahydrofuran for 10~25 min to give diindolylmethane derivatives in 86%~96% yields. The catalyst
zirconocene bis(perfluorooctanesulfonate)s can be reused 6 times, and the conversion rate is still as high as 90%. This reaction
does not require strict anhydrous conditions. This procedure provides a new and efficient way for preparing diindolylmethane

derivatives.

Keywords zirconocene bis(perfluorooctanesulfonate)s; catalysis; synthesis; diindolylmethane derivatives
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1 ZR5WE

T 5T LA 55 08 0 5 O PR RS (1) S A D A T 3R AT
SFAFMERR. SRR, =, VIV (THR)H,
AT (AT R — B N 1.0 mol%lif, 15[
(2.0 mmol)55 %} 3L 2K FH % (1.0 mmol) [ . 15 min, LT
1338 S IR R IR IE RS, R N, BT
JLAREE . W50 Y. (Bq. 1), 253 0LER 1.

2 @ . i , CpyZr(0S0,CgF 17)z» THF (1.0 mol%)
N R7TR THF, rt.

H

R! R?

1) O * H0 (1)
N N
H H

K1 CpyZr(OSO,CsF 7), THF HEAL 5|1 FHGERT LI 15 A%
Table 1 Synthesis of bis-indolylmethanes derivatives catalyzed
by Cngl‘(OSOngF”)z'THF

Compd. R R? Time/min  Yield/%
2a  Ph H 10 99
2b  m-NO,C¢H, H 20 98
2¢  p-HOC4H, H 15 92
2d  0-CF;CeH, H 18 89
2¢e  p-CF;CeH, H 12 99
2f  p-BrCeH, H 16 87
2g  p-CIC¢H, H 25 86
2h  p-CH;C¢H, H 20 90
2i  CH;CH,CH, H 19 96

2j Ph CH; 1500 94

w (o

T

960 98

“Isolated yields.

HI3R 150, D5l J7 &M NRITEE. IRIT L e
L W51 A P e A SO, ey WA T RSE— g  FR e T A=
W, RIA L IARER XS S N AT W] R 5. AR T,
g LA ) S M I [

LIR30 J R R P R A R0 e A 791 ) R
BT, SR W& 2.

R 2 AT (R AR R M E S A
Table 2 Recycle of catalyst Cp,Zr(OSO,CgF7),*THF

Number 1 2 3 4 5 6

Yield"/% 98 98 96 94 93 91

“Isolated yields.

SR AR R, (AR EEBER) R
[Cp,Zr(OSO,CsF 1), THF | R LA H 6 X5, fH1br~
FAHEIEH] 91%.
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(AR ER) KA R E . THF HiRg sk
) PR A P R 5 A s 7 A ol — M| R GE AT A4, FLRE
VR ESAEH, M RAmAK WERRE, RV
AN BEAE TS KA N IEAT, T H= e s, 5
ForEs. dif, Ui I E BT AR A —
ZHIARORR.

3 XEES
3.1 UE5IKFA

'H NMR, “C NMR(LA CDCl; /E# 7], TMS A W Hx)
A BRUKER AC-P400 ZUAX €, il tH VG Auto
Spec-300 I ; FENR A T B AAG T = B
THF ARMATERAAEEE. W, . FRII7E Aldrich 23]
W3, SCAARTI A A W 2l, A TR S R 4 5L
k7 i 5 1L
32 ZRARFEABRBAMITRS RIS YR

& 50 mL [JEFH S, KM ABIEEH(1.0
mmol), THF (2.0 mL), M[¥%(0.234 g, 2.0 mmol), — (47
LRSI ) —%K45(0.012 g, 0.01 mmol), = FHEPE R
M, TLC BREF N, RIVSERUE, BETHH, LRk ER
B, b uE S Bl A R, DRI TS B, A S
BT BE(V s © V s =8 o DAFE| H AR 4.

3.3 HEMIEEIE

3,3'- NG| I B % R g (2a): R MY 4060 [ 4K, mup.
127~129 COCERE! 125~127 C); 'H NMR (400
MHz, CDCL) 6: 5.81 (s, 1H), 6.61 (d, J=1.6 Hz, 2H),
6.99 (t, J=7.8 Hz, 2H), 7.14~7.22 (m, 3H), 7.28 (d, J=
6.8 Hz, 2H), 7.32~7.35 (m, 4H), 7.38 (d, J=8.4 Hz, 2H),
7.83 (s, 2H); *C NMR (100 MHz, CDCl3) 6: 144.3, 136.7,
128.8, 128.5, 127.3, 126.4, 123.7, 122.2, 120.0, 119.7,
119.3, 111.3, 40.2; MS (EI) m/z: 322 (M").

3,3"- Mg -3 B R AL FGE(2b): ok 21 (] 4,
m.p. 261~264 C(CCHER{E! 260~262 “C); 'H NMR (400
MHz, CDCls) 8: 5.99 (s, 1H), 6.65 (s, 2H), 7.02 (t, J=8.2
Hz, 2H), 7.18~7.25 (m, 2H), 7.34~7.38 (m, 4H), 7.43 (t,
J=8.0 Hz, 1H), 7.69 (d, J=7.6 Hz, 1H), 7.99 (s, 1H), 8.08
(d, J=10 Hz, 1H), 8.21 (s, 1H); C NMR (100 MHz,
CDCl3) 6: 147.8, 139.0, 136.5, 135.1, 129.5, 127.4, 125.4,
123.0, 121.7, 120.9, 119.8, 118.8, 112.1, 111.1, 53.6; MS
(ED) m/z: 367 (M1).

3,3- IR -4- SR SR EE FBE(2¢): VB A FEL 44,
m.p. 126~127 CCCHRE" 122~126 C); "H NMR (400

http://sioc-journal.cn/ 2391
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MHz, CDCLy) 6: 6.00 (s, 1H), 6.74 (d, J=1.6 Hz, 2H),
6.84~6.86 (m, 2H), 7.02 (t, J=7.0 Hz, 2H), 7.17~7.20
(m, 4H), 7.34~7.40 (m, 4H), 8.00 (s, 2H); *C NMR (100
MHz, CDCl3) 6: 155.5, 136.5, 130.7, 130.4, 127.4, 123.0,
121.7, 119.8, 118.8, 115.8, 112.1, 111.1, 54.6; MS (EI)
m/z: 338 (M").

3,3'- g DAL -2- — G P RE AL FBE(2d): YRR AL (8
B4k, mp. 223~225 COCHEAERY 224~226 C); 'H
NMR (400 MHz, CDCls) d: 6.30 (s, 1H), 6.56 (d, J=1.6
Hz, 2H), 7.01 (t, J=7.0 Hz, 2H), 7.17 (t, J=7.2 Hz, 2H),
7.32~7.41 (m, 6H), 7.47 (d, J=7.2 Hz, 1H), 7.73 (d, J=
7.2 Hz, 1H), 7.91 (s, 2H); *C NMR (100 MHz, CDCL) §:
137.0, 136.5, 131.9, 130.9, 127.8, 127.4, 126.1, 126.0,
124.0, 123.0, 121.7, 119.8, 118.8, 112.1, 111.1, 52.1; MS
(EI) m/z: 390 (M").

3,3 I 4 — g FR LR IL F G (2e): RBTAL (A
44, mp. 226~227 ‘CCCHAEPY 229~230 C); 'H
NMR (400 MHz, CDCl3) 6: 5.93 (s, 1H), 6.61 (d, J=1.6
Hz, 2H), 7.01 (t, J=7.8 Hz, 2H), 7.18 (t, J=7.8 Hz 2H),
7.35 (d, J=8.8 Hz, 4H), 7.44 (d, J=8.4 Hz, 2H), 7.52 (d,
J=8.0 Hz, 2H), 7.91 (s, 2H); >*C NMR (100 MHz, CDCl;)
5. 141.4, 136.5, 129.3, 128.0, 127.4, 125.0, 124.1, 123.0,
121.7, 119.8, 118.8, 112.1, 111.1, 54.6; MS (EI) m/z: 390
(M)

3,3 I A JRARTRIE F e (26): R AT € [ 1,
m.p. 101~103 “CCGCERkEY 100~101 “C); "H NMR (400
MHz, CDCLy) 6: 5.84 (s, 1H), 6.65 (d, J=1.6 Hz, 2H),
7.01 (t, J=7.6 Hz, 2H), 7.16~7.20 (m, 4H), 7.35~7.40
(m, 6H), 7.93 (s, 2H); *C NMR (100 MHz, CDCl;) o:
137.1, 136.5, 131.5, 131.2, 127.4, 123.0, 121.7, 120.1,
119.8, 118.8, 112.1, 111.1, 54.6; MS (EI) m/z: 400 (M").

3,3 R RE-4- SRS F e (2g): ok 40 €0 i 1,
m.p. 102~106 CCCHRE"" 103~105 C); 'H NMR (400
MHz, CDCly) 6: 5.86 (s, 1H), 6.65 (d, J=1.2 Hz, 2H),
7.01 (t, J=7.8 Hz, 2H), 7.16~7.28 (m, 5H), 7.35~7.37
(m, 4H), 7.93 (s, 2H); *C NMR (100 MHz, CDCl;)
142.6, 136.2, 131.3, 130.1, 128.1, 126.6, 123.1, 122.1,
119.8, 119.4, 119.2, 111.1, 39.6; MS (EI) m/z: 356.5 (M").

3,3'- g R4 LR EE F e (2h): v A1 (Ll 4,
m.p. 97~98 CCLERE! 95~98 °C); 'H NMR (400
MHz, CDCl;) d: 2.32 (s, 3H), 5.85 (s, 1H), 6.67 (t, J=1.0
Hz, 2H), 6.99 (t, J=7.6 Hz, 2H), 7.08 (d, J=8.0 Hz, 2H),
7.16 (t, J=7.6 Hz, 2H), 7.23 (d, J=8.0 Hz, 2H), 7.35 (d,
J=17.6 Hz, 2H), 7.39 (d, J=7.6 Hz, 2H), 7.90 (s, 2H); 1°C
NMR (100 MHz, CDCly) §: 141.5, 136.4, 135.1, 129.3,

2392 http://sioc-journal.cn/
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128.5, 127.3, 123.4, 122.5, 120.8, 119.8, 119.1, 111.1,
40.6, 21.3; MS (EI) m/z: 336 (M").

3,3 WGIWRIE T B (2i): 1B A&, m.p. 63~ 64
COCEREPY 65~67 “C); 'H NMR (400 MHz, CDCLy) 6
0.92~0.96 (m, 4H), 1.39~1.45 (m, 4H), 2.15~2.21 (m,
2H), 4.48 (t, J=7.4 Hz, 1H), 6.94 (d, J=2.4 Hz, 2H), 7.02
(t, J=8.2 Hz, 2H), 7.11~7.15 (m, 2H), 7.30 (d, J=7.6
Hz, 2H), 7.59 (d, J=7.6 Hz, 2H), 7.89 (s, 2H); *C NMR
(100 MHz, CDCly) §: 139.8, 136.5, 124.2, 121.7, 119.8,
118.8, 115.4, 111.1, 49.4, 43.0, 19.7, 14.4; MS (EI) m/z:
288 (M.

1,1-(3,3"- M| SR L) Z0E (2)): A A, mup.
136~138 ‘C(CHk{E? 135~137 ‘C); 'H NMR (400
MHz, CDCLy) 6: 2.35 (s, 3H), 6.59 (d, J=2.8 Hz, 2H),
6.92 (t, J=7.1 Hz, 2H), 7.12 (t, J=7.1 Hz, 2H), 7.18~
7.25 (m, 4H), 7.30~7.33 (m, 4H), 7.39 (d, J=7.2 Hz,
2H), 7.81 (s, 2H); *C NMR (100 MHz, CDCl5) 6: 140.8,
136.5, 130.7, 128.6, 127.4, 125.9, 123.0, 121.7, 119.8,
118.8, 112.1, 111.1, 50.6, 15.0; MS (EI) m/z: 336 (M").

3,3 CEILIR Cbe(2k): A E 4K, mp. 86~87
‘COCHMEP 89~91 C); 'H NMR (400 MHz, CDCl;) §:
5.57 (t, J=2.2 Hz, 2H), 1.59~1.64 (m, 4H), 2.53 (t, J=
5.8 Hz, 4H), 6.88 (t, J=5.6 Hz, 2H), 7.03~7.06 (m, 4H),
7.24 (t, J=9.2 Hz, 2H), 7.54 (d, J=4.0 Hz, 2H), 7.82 (s,
2H); *C NMR (100 MHz, CDCl;) d: 210.8, 139.8, 136.5,
1242, 121.7, 119.8, 118.8, 115.4, 111.1, 53.1, 46.0, 41.3,
28.2; MS (EI) m/z: 314 (M").
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