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1 | INTRODUCTION

Indole derivatives are widespread in nature products.!
Most of the known bioactive alkaloids are based on the
indole moiety. They often display a wide variety of phar-
macological and biological activities.?! Among them, the
densely C3-substituted indoles have become a privileged
structure in numerous research.>* In particular, the
bis-indoles have attracted much attention due to their
biological efficacies.>® Recently, they are also used as
tranquilizers in the treatment of cancer and shown to

*These authors contributed equally to this work.

A facile and efficient protocol for the synthesis of C3-substituted indole deriv-
atives has been developed under mild condition. The iron-containing ionic lig-
uid, 1-(2-hydroxyethyl)-1,4-diazabicyclo[2.2.2] octanylium tetrachloroferrate
([Dabco-C,0H][FeCly]) as a recyclable catalyst has been successfully used in
the synthesis of trisindolines, bis(3-indolyl) methanes and B-indolyl alcohols
for the first time. The products of trisindolines and bis(3-indolyl) methanes
are easily separated and purified without chromatographic technique. The cat-
alyst was recycled six times without significant activity loss.

C-C bond formation, Friedel-Crafts reaction, indoles, ionic liquids, isatins

exhibit anticancer activity, inhibit the growth of cancer
cells.l”’ Some of the naturally occurring bioactive C3-
substituted indoles are shown in Figure 1. Moreover,
C3-substituted indoles are often employed as the key
intermediates and useful building blocks in the total syn-
thesis of natural products.[g] Therefore, various methods
have been reported for preparing this class of com-
pounds.”""* The most straightforward method to obtain
the heterocycle involves the condensation of indoles with
different carbonyl compounds (aldehydes or ketones),
which was often promoted by homo- and heterogeneous
catalysts such as acid catalysts,'>>* nano catalysts,!?>

31 supported catalysts,*?*! metal catalysts,'**™**! ion
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FIGURE 1 Examples of biologically active C3-substituted indoles
exchange resin,*® and enzymes.® Although these
reported protocols have made some certain merits, many
of them still have notable disadvantages such as harsh
reaction conditions, long reaction times, limited substrate
scope, using expensive Lewis acids and solvents, high cat-
alyst loading and generation of large amounts of harmful
wastes. Hence, the development of a new, efficient and
eco-friendly high-yielding general route for the synthesis
of diverse C3-substituted indole is still highly desirable.
Ionic liquid (ILs) as green media in chemical and bio-
chemical transformations have received much attention
in the last decade. Especially as environmentally friendly
catalysts,[>>"%! they have been successfully applied in the
synthesis of densely substituted indole derivatives. How-
ever, only few literatures have mentioned the methods
to obtain the trisindoline and its derivatives which were
formed by the Friedel-Crafts reaction between 1 eq. isatin
and 2 eq. indoles.!””"*°! Even though, these methods still
suffered from various disadvantages such as high reaction
temperature, large amounts of catalyst loading and lim-
ited substrate scope. Recently, magnetic ILs as a new kind
of ionic liquid have been proposed and introduced in a
number of important organic process due to their unique
characteristics.!®*~7*! Herein, as our ongoing interest in
highly efficient ILs catalyzed multi-component reac-
tions,!”*7°! we wish to report a new kind of magnetic IL
[Dabco-C,0H][FeCl,] as a highly efficient and recyclable
catalyst for general synthesis of densely substituted
indoles, including both trisindolines and bis(3-indolyl)
methanes, in excellent yields under mild conditions.

2 | RESULTS AND DISCUSSION

Four IL catalysts base on the skeleton of 1,4-diazobicyclo
[2.2.2] octane (DABCO) have been synthesized, and they
are shown in Figure 2. The ILs of [Dabco-C,] Cl, [Dabco-
C;0H] Cl, [Dabco-C,0H] Cl, were prepared according to
the standard procedure that we have reported.!”! The IL

[Dabco-C;OHICI

< c©
[Dabco-C,4]ClI

OH OH
f@/\’ ;@NZ

[Dabco-C,OH]CI  [Dabco-C,0H][FeCl,]

FIGURE 2 Structures of the Dabco-base ionic liquid catalysts

[Dabco-C,0H][FeCl,] was easily prepared by the simple
mixing [Dabco-C,0H] Cl with FeCl;, and the anion of
the catalyst C1~ was changed to FeCl,".

The Raman spectra of [Dabco-C,0H]|[FeCl,] and
[Dabco-C,0H] CI were shown in Figure 3. The absorp-
tion bands of [Dabco-C,OH][FeCly] are similar to those
of [Dabco-C,0H]CI. The [Dabco-C,0H][FeCl,] spectrum
shows one clean peak at 338 cm™" that has been previ-
ously assigned to tetrahedral FeCl,.[*"!

Our investigation commenced with the reaction
between indole (1a) and isatin (2a) in the presence of a cat-
alytic amount of [Dabco-C,4] Cl in C,HsOH at 50 °C, and
we were pleased to find that trisindoline 3a was formed
in 59% yield within 6 hours (Table 1, entry 1). Then other
Dabco-based IL catalysts were tested in order to find the
best catalyst for this transformation. As can be seen from
the results summarized in Table 1 (entries 1-4), all the
Dabco-based IL catalysts could drive the reaction and
afforded product 3a in moderate to excellent yields.

|

/VW J\Mw’”‘\m/‘\/\)k

[Dabco-C20H][FeCls)

.‘\
!

i it A ' f\an
i . I\ [ 'l
A N U WANFAAUAV YU LAY N P4 i

[Dabco-C20H]CI

1 T T T L
Raman shift (cm™1)

FIGURE 3 Raman spectra of [Dabco-C ,OH][FeCl,] and [Dabco-
C,0H]Cl
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TABLE 1 The effect of the Dabco-based IL catalysts on the Friedel-Crafts reaction for the synthesis of trisindoline 3a®

Applied
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O
@[% N o JLCat (10 mol%)
N N Solvent (1 mL)
H H 50°C
1a
Entry Cat (10 mol%) Solvent Time (min) Yield® (%)
1 [Dabco-C4]Cl C,H.0H 360 59
2 [Dabco-C50H]|Cl C,H,0H 360 71
3 [Dabco-C,OH]Cl C,H,0H 360 82
4 [Dabco-C,OH]|[FeCly] C,HsOH 15 98
5¢ [Dabco-C,OH][FeCly] C,H,0H 50 96
6 [Dabco-C,0H][FeCl,] THF 180 86
7 [Dabco-C,0H][FeCl,] H,0 180 74
8 [Dabco-C,0OH][FeCly] DMF 360 59
od [Dabco-C,0H][FeCl,] C,HsOH 30 94
10° [Dabco-C,OH][FeCl,] C,H-0H 90 90
11 FeCl, C,H,0H 15 93
12 DABCO C,HsOH 180 <3
13 no catalyst C,H;OH 720
14 [Dabco-C,0H][FeCl,] C,HsOH 20 95°

#Conditions: indole (1a, 2 mmol), isatin (2a, 1 mmol), IL catalyst (0.1 mmol, 10 mol%), and solvent 1 mL at 50 °C.

PIsolated yield.

“The reaction temperature was 30 °C.
95 mol% catalyst.

€3 mol% catalyst.

f5-mmol scale.

Especially in the presence of [Dabco-C,OH][FeCl,]
(10 mol%), trisindoline 3a was obtained in a fairly good
yield of 98% within only 15 min (Table 1, entry 4). Even
performed the reaction under near room temperature
(30 °C), the product of 3a was also formed in a high yield
0f 96% in 50 minutes (Table 1, entry 5). To further improve
the reaction conditions, different solvents, such as THF,
H,0 and DMF, were screened, but no better results were
obtained (Table 1, entries 6-8). Next, we tried to reduce
the catalytic loading to 5 mol% and 3 mol%, pruduct 3a
was also formed in good yields (Table 1, entries 9 and 10).
Other catalysts, such as FeCl; and DABCO, were also
investigated, but they did not lead to better results
(Table 1, entries 11 and 12). In addition, no reaction
occurred even after a long reaction time when the reaction
performed under condition without any catalyst (Table 1,
entry 13). In order to show the efficiency of this method,
we performed the reaction on 5-mmol scale, and 1.72 g of
3a was prepared in 95% yield (Table 1, entry 14).

In order to show the merit of this work, the result
regarding the reaction of indole and isatin was compared

with the reported methods that are promoted by IL cata-
lysts. As shown in Table 2, even a low amount of 5 mol%
[Dabco-C,0H][FeCl,] could also drive the reaction to
afford corresponding product 3a in an excellent yield
within a very short time (Table 1, entry 5). All the results
indicated that the IL [Dabco-C,OH][FeCl,] is an excellent
catalyst for this transformation. Consequently, this is a
highly efficient and green protocol for the synthesis of
trisindoline derivatives.

Having identified the optimal reaction conditions, we
examined the substrate scope of the reaction between
indoles (1) and isatins (2) catalyzed by [Dabco-C,OH]
[FeCl,] (10 mol%) in C,HsOH at 50 °C, and the results
are listed in Table 3. All the reactions between different
substituted indoles (la-e) and isatin (2a) proceeded
smoothly under the standard reaction conditions and
afforded the corresponding trisindolines (3a-e) in excel-
lent yields (94-98%) within very short reaction times (5-
60 minutes) (Table 3, entries 1-5). Isatins with diverse
functional groups such halide, methoxyl, methyl and
nitro were also tolerated in the present protocol (Table 3
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TABLE 2 Comparison with reported IL catalysts for the synthesis of 3a

Catalyst (mol%)

TMGT (1 mL)

[(CH,),SO;HMIM][HSO,] (12)
[Dabco-H][HSO,] (10)
[Dabco-C,0H][FeCl,] (10)
[Dabco-C,0H][FeCly] (5)

GU &t AL.
Conditions Time (min) Yield (%)
rt 60 93157
H,0, 1t 35 95158l
H,0, 90 °C 120 951591
C,Hs0H, 50 °C 15 98| This work]
C,HsOH, 50 °C 30 94| This work]

TABLE 3 Synthesis of trisindolines from indoles and isatins catalyzed by [Dabco-C,OH]|[FeCl,|*

R3 Y [Dabco-C,OH][FeCly]
N_R2 s (10 mol%)
N + R O " CoHsOH (1 o
N SHsOH (1 mL), 50°C
R4
1 2
Entry 1 2 3 Time (min) Yield® (%)
1 @ 0o 3a 15 98
N o
1a H (:El:g:
2a H
2 Bfm 2a 3b 60 94
N
1p H
3 Meom 2a 3c 7 95
N
1c H
4 N 2a 3d 10 96
(<]
N
T
5 ©\/\> 2a 3e 13 97
N
1e Me
6 la o 0 3f 40 91
Cri-o
N
2bH
7 la " o 3g 5 98
e
Lo
N
2¢ H
8 la v 0 3h 60 85
e
T
N
9 la 3i 60 92

(Continues)
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TABLE 3 (Continued)
R? O [Dabco-C,0H][FeCly]
mRz . R N o (10 mol%)
N LA ~N C,HsOH (1 mL), 50°C
R’ R4
1 2
Entry 1 2 3 Time (min) Yield® (%)
10 la o 3 35 9%
O,N
Lo
N
2¢ H
11 la Br 0 3k 120 81
CL-
N
29 H
#Conditions: indoles (1, 2 mmol), isatins (2, 1 mmol), [Dabco-C,OH][FeCl,] (35.5 mg, 0.1 mmol), and C,HsOH (1 ml) at 50 °C.
PIsolated yield.
TABLE 4 Synthesis of bis (indolyl) methanes from indoles and aldehydes catalyzed by [Dabco-C,OH][FeCl,]*
R [Dabco-C,OH][FeCly]
mRz (10 mol%)
+ Ar—CHO
N 1 C,H50H (1 mL), 50°C
1 R 4
Entry 1 Ar 5 Time (min) Yield® (%)
1 @ 4-MeOCgH, 5a 2 98
N
1a
2 Brm 4-MeOC4H, 5b <1 97
N
1p H
3 Meo\(:E\> 4-MeOC4H, 5¢c <1 96
N
1c H
4 4-MeOC4xH 5d <1 98
N
T
5 A 4-MeOCgH,4 5e <1 96
N
1e Me
6 la Ph 5f 10 95
7 la 4-MeCgHy 5g 20 97
8 la 4-CICsHy 5h 75 92
9 la 2-CIC4H, 5i 15 98
10 la 4-BrCgH, 5§ 60 96
11 la 4-NO,C¢H, 5k 120 90
12 la 2,4-CL,CeH, 51 10 95

Conditions: indoles (1, 2 mmol), aldehydes (4, 1 mmol), [Dabco-C,0H][FeCl,] (35.5 mg, 0.1 mmol), and C,HsOH (1 ml) at 50 °C.
*Isolated yield.
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, entries 6-11). When 5-substituted isatins are employed
in the reaction, high yields often obtained within short
reaction times (Table 3, entries 6-10). However, when
the isatin with other substituent position, such as 4-
bromoisatin, is used in the reaction, a longer reaction
time is needed (Table 3, entry 11).

Encouraged by the remarkable results, to further con-
firm the generality of this approach, we then often
extended the method to synthesis of other kinds of bis-
indoles, such as bis (indolyl) methane derivatives. As
shown in Table 4, the Friedel-Crafts reaction between
indoles and aromatic aldehyde with electron-
withdrawing or -donating groups delivered the desired
products in excellent yields (90-98%) under the optimal
reaction conditions. Furthermore, the positions and num-
ber of substituted group of aromatic aldehydes have no
effect on the reaction yields.

It is of interest to further extend the application of this
procedure to synthesis of bis-indoles from aliphatic alde-
hydes and ketones. The substrates of isobutyraldehyde,
cyclopentanone and cyclohexanone were tested in this
reaction. As expected, the reactions proceeded well to
afford the corresponding products 7a to 7c in good yields.
However longer reaction times were needed for the syn-

[Dabco-C,0H][FeCl,] 6 7
C -+ o ammmioe Q0
ﬁ RE’ILR7 C,Hs0H (0.5mL), 50°C [ |

1a 6 N N

HTH

$ )
7T T T
N N N N N N
HTaH HTbH HTcH

1.0 h, 81% yield 3.0 h, 78% yield 2.5 h, 85% yield

SCHEME 1 Synthesis of bis-indoles from aliphatic aldehyde/
ketone. The reactions were carried out with indole (234 mg,

2 mmol), aliphatic aldehydes or ketones (1 mmol), [Dabco-C,OH]
[FeCl,] (35.5 mg, 0.1 mmol), and C,HsOH (1 ml) at 50 °C. Yields are
those of isolated products

R3 [Dabco-C,0H][FeCly] R3
mRz . /éc_’\ (10 mol%)
N Ph neat, 50°C
2h

R'=H, 9a 80%
R'=Br, 9b 83%
R' = OMe, 9¢c 78%

9d 82%

thesis of 7b and 7c because of the low activity of the ali-
phatic ketones. The results are represented in Scheme 1.
All the results obtained clearly indicate that we have
developed a simple, efficient and high-yielding general
route for the synthesis of a wide variety of densely
substituted indole derivatives.

On the other hand, C3-substituted indoles can be pre-
pared by ring-opening of epoxides with indoles via
Friedel-Crafts alkylation which is also an attractive trans-
formation due to its atom economy.[su Then we exam-
ined the ring-opening reaction between indoles with
styrene oxide in presence of 10 mol% [Dabco-C,0H]
[FeCly] catalyst under neat conditions at 50 °C. As
expected, the desirable products 9a-e were all obtained
in good yields (Scheme 2).

The recyclability of the catalyst is one of the most
important parameters in chemical production, we investi-
gated the recyclability of this ionic liquid for the synthesis
of trisindoline 3a. After completion of the reaction, the
mixture was cooled to 0 °C and filtered, then dried to
obtain the pure product. The IL catalyst was left in fil-
trate. After removing the solvent under vacuum, the cat-
alyst could be directly reused in the next recycling run
under the same conditions. Even after reusing for six
times, this iron-containing ionic liquid could also drive
the reaction and afford the corresponding product in a
high yield (Table 5).

TABLE 5 Recycling of the ionic liquid for the synthesis of 3a

Entry Cycles Yield (%)
1 Ist 98
2 2nd 96
3 3rd 95
4 4th 93
5 5th 92
6th 90
OH
N RZ
N
R SCHEME 2 [Dabco-C,0H][FeCl,]-

catalyzed alkylation of indoles with
styrene oxide. The reactions were carried
out with indoles (1 mmol), styrene oxide
(144 mg, 1.2 mmol) and [Dabco-C,0H]
[FeCl,] (35.5 mg, 0.1 mmol) under neat
conditions at 50 °C. Yields are those of
isolated products
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SCHEME 3 Proposed reaction
mechanism

Base on the experimental results, a tentative mecha-
nism for the formation of bis-indoles is depicted in
Scheme 3. Both the anion of [FeCl,]” and Lewis acid
FeCl; play the important roles. The reaction, most proba-
bly, starts with the activation of carbonyl group with
FeCl; to form A. Next, an addition reaction may occurred
between A and the first molecule of indole to generate
ionic intermediate B. Dehydration of C affords the inter-
mediate D which probably undergoes addition with the
second molecule of indole to afford the target product 3
and regenerates the catalyst. Other substrates of carbonyl
compounds undergo a similar transformation.

3 | CONCLUSION

In summary, we have successfully developed a novel, effi-
cient and inexpensive iron-containing IL ([Dabco-C,0H]
[FeCly)) catalyst for the synthesis of C3-substituted indole
derivatives including trisindolines, bis(3-indolyl) meth-
anes and B-indolyl alcohols under mild conditions. A
wide range of carbonyl compounds including isatins,
aromatic/aliphatic aldehydes and aliphatic ketones with
different substituted indoles can be employed in the reac-
tion, and afford the corresponding trisindoline and bis(3-
indolyl) methane derivatives in excellent yields. It is
much superior to other reported synthetic protocols, in
terms of its simple operation, short reaction time, excel-
lent yield, absence of any chromatographic separation
technique, ease of separation and recyclability of the cat-
alyst. In addition, this efficient protocol was also applied
to the synthesis of -indolyl alcohols via Friedel-Crafts
alkylation of indoles with styrene oxide. Further
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\(first molecule)

o.,_,.FeCIa N :)
CE%: —k O
e} R.®
N
N QA o
A O—FeCly
RS
FeCl, + Cle
[FeCly®

(second molecule)

investigations of the catalysts are still in progress. The
results will be reported soon.

4 | EXPERIMENTAL

4.1 | Materials and instrumentation

All the solvents were used without further purification.
Melting points were determined with a RY-I apparatus
and are reported uncorrected. 'H NMR and *C NMR
spectra were recorded on a Bruker AV-400 spectrometer
with DMSO-d,; or CDCl; as the solvent. Chemical shifts
were calibrated to tetramethylsilane as an external refer-
ence. The "H NMR data are reported as the chemical shift
in parts per million, multiplicity (s, singlet; d, doublet; t,
triplet; m, multiplet), coupling constant in hertz, and
number of protons. Raman measurements were carried
out on an Bruker RFS 100/S Raman spectrometer at a
wavelength of 1046 nm of a Nd:YAG laser. Thermogravi-
metric analysis (TGA) was carried out on an SDT Q600
simultaneous thermal analyzer.

4.2 | General procedure for the synthesis
of trisindolines and bis-indoles (3, 5 and 7)

A mixture of indoles (1, 2 mmol), carbonyl compounds
(1 mmol) and [Dabco-C,OH][FeCl,] (35 mg, 10 mol%)
in ethanol (1.0 mL) was stirred at 50 °C for the appropri-
ate time. Upon completion of the reaction (monitored by
TLC), the mixture was cooled to 0 °C, filtered and washed
with cold ethanol, then dried to obtain the pure products
(3, 5 and 7). In general, no further purification method
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was required. The IL catalyst was left in filtrate. After
removing the solvent under vacuum, the catalyst could
be directly reused in the next recycling run under the
same conditions.

4.3 | General procedure for the synthesis
of g-indolyl alcohols (9)

A mixture of indoles (1, 1 mmol), styrene oxide (144 mg,
1.2 mmol) and [Dabco-C,OH][FeCly] (35 mg, 10 mol%)
was stirred at 50 °C for 2 hrs. Then the reaction mixture
was diluted with cold water (5 ml) and CH,Cl, (5 ml),
and extracted with CH,Cl, (2 X 5 ml), the organic phase
was washed with brine (5 ml). After the removal of the
solvent under reduced pressure, the residue was subjected
to chromatography on a silica gel (200-300 mesh) column
using petroleum ether/ethyl acetate (3:1) as eluent to
afford the corresponding products 9. The IL catalyst was
left in aqueous phase. After removing the solvent under
vacuum, the catalyst could be directly reused in the next
recycling run for the same reaction.
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