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Abstract—CAN (cerium ammonium nitrate) and iodine can catalyze the reactions of indole or 1-methylindole with o,B-unsaturated
ketone or aldehyde in DMSO/H,0 (5:1) or ether solution at room temperature to obtain moderate to high yields of different

products.
© 2005 Published by Elsevier Ltd.

Indole and their derivatives are well known as biolo-
gically active substances.! Organic chemists are pay-
ing attention to synthesize different kinds of indole
compounds, including bis(indolyl)methanes,? B-indolyl-
nitro,> B-indolylketone,* and B-indolylalcohol® com-
pounds, etc. It has been reported in the literature
that 1equiv of trans-cinnamaldehyde can react with
2 equiv of indole to yield bis(indolyl)methane in high
yield?&-P or 1 equiv of 2-cyclohexen-1-one can react
with 1 equiv of indole to obtain high yields of B-indolyl-
cyclohexanone.*® However, our recent study about the
same reactions found that different results were observed
and trisindolylalkane was also isolated when trans-cinna-
maldehyde or 2-cyclohexen-1-one reacted with the same
amount of indole, which was reported in the literature
under the same conditions. Until now, only two litera-
tures have been reported about the preparation of the
above compounds.® For example, it has also been
reported by Harrington and Keer that trisindolylcyclo-
hexane was given in 6% yield under ultra high pressure
condition®® and Shi et al. have also reported that these
compounds can be prepared by using metal triflate as
catalyst.°® However, both methods have some disadvan-
tages, such as harsh reaction condition (13 kbar), long
reaction time (1-3 days), and the use of expensive metal
catalysts.®
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Based on these observations and reports, we wish to
improve the same reactions to obtain high yields of
different products as described above using other proper
reagents under simple conditions. It has been reported
that cerium ammonium nitrate (CAN) is well known
and has been used as a oxidation reagent or catalyst in
many organic reactions recently.*>” The advantages of
this catalyst are cheap, environmentally benign, and
commercially available. To observe the catalytic effect
of CAN, 1 equiv of 2-cyclohexen-1-one 1a was used to
react with 4 equiv of indole 2a in the presence of differ-
ent amounts of CAN in DMSO/H,O (5:1) solution at
room temperature (Eq. 1 and Table 1). First, neither
1,4-addition product 4aa nor 1,4- and then 1,2-addition
product 5aa was observed when the reaction was per-
formed in the absence of any reagent for 20 h (entry
1). However, the reaction was improved dramatically
and 14% of 4aa and 85% of Saa were generated when
the same reaction was carried out in the presence of
0.1 equiv of CAN for 12 h (entry 2). Surprisingly, only
93% of 5aa was obtained when the same reaction was
carried out for 20 h (entry 3).

To improve the optimized yield of 5aa, the amount of
CAN was increased to 0.3 equiv and, as expected, the
yield of 4aa was decreased to 8% only but Saa was
increased to 92% for 6 h (entry 4). Fortunately, only
99% of the single product 5aa was generated when the
same reaction was carried out for 13h (entry 5).°
Although the increase of CAN to 0.5 equiv can acceler-
ate the reaction dramatically, however, the yields of 4aa
and S5aa were decreased to 11% and 77% for 2 h and
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Table 1. Reaction of a,B-unsaturated ketone 1 and indole 2a in the presence of cerium ammonium nitrate
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MeO
1b 1c 1d 1e 2b
Entry 1 (1 equiv) 2 (4 equiv) 3 (equiv) Time (h) 4% (%) 5% (%)
1 la 2a — 20 4aa (—) S5aa (—)
2 1a 2a 0.1 12 4aa (14) 5aa (85)
3 la 2a 0.1 20 4aa (—) 5aa (93)
4 la 2a 0.3 6 4aa (8) 5aa (92)
5 la 2a 0.3 13 4aa (—) 5aa (99)
6 1a 2a 0.5 2 4aa (11) 5aa (77)
7 1a 2a 0.5 4 4aa (—) 5aa (85)
8 1b 2a 0.3 1 4ba (99) 5ba (—)
9 1c 2a 0.3 1/6 4ca (90) 5ca (—)
10 1d 2a 0.3 72 4da (62) 5da (—)
11 le 2a 0.3 4 4ea (60) Sea (—)
“NMR yields.

only 85% of Saa was observed for 4 h (entries 6 and 7).
Possible explanation is that the starting material or
product may be destroyed during reaction if the exother-
mic reactions occur too fast when excess amount of
CAN was added. According to the above results we
can conclude that CAN actually can catalyze the reac-
tion efficiently to obtain high yields of 5aa and the best
amount of CAN to be used in this reaction is 0.3 equiv.
In addition to 1a, similar reactions were also conducted
by using 1b-e, respectively, under similar conditions and
the results were shown as entries of 8-11.

Based on the data of Table 1, we found different and
interesting results were observed between la and 1b-e.
Only 1a can undergo the 1,4-addition to yield 4aa first
and then the intermediate 4aa can react with indole 2a
to undergo 1,2-addition to obtain 5aa finally. However,
1b—e only can undergo 1,4-addition to yield medium to
high yields of 4ba—ea, respectively. About the generation
of the different products from 1a and 1b, we proposed
that the torsional strain effect plays an important and
major role to the product or intermediate during reac-
tion. The addition of the first equivalent of 2a to 1a or
to 1b forms 3-indolylcyclohexanone 4aa or 3-indolyl-
cyclopentanone 4ba. When further reaction occurs, the
conversion of the sp” carbon atom of the carbonyl func-
tional group of 4aa to a sp’ of six-membered ring of 5aa
leads to a completely staggered (chair) arrangement and
reduces the torsional strain. On the contrary, the tor-
sional strain is increased because of the increase in the

number of eclipsing interaction which was generated
from the further reaction product of 5ba.!!

Next, reactions of a,B-unsaturated aldehyde 6 and 2a
were investigated and interesting results were shown as
Eq. 2 and Table 2. For example, when crotonaldehyde
6a was used to react with 2a in the presence of 0.1 equiv
of CAN at room temperature for 1 h, only 99% of 7aa
was generated but no bis(indolyl)methane 8aa was
observed when the mixture was checked by NMR or
GCMS (entry 1). However, not only 64% of 7ba but also
29% of 8ba was also generated when B-methylcrotonal-
dehyde 6b was used (entry 2). Compared to 6a or 6b, the
results of the use of 6¢ or 6d were slightly different and
only 32% of 7ca and 66% of 8ca or 20% of 7da and
80% of 8da were generated (entries 3 and 4). We were
surprised to find that only 99% of 8ea was generated
when 6e was used (entry 5).

Based on Tables 1 and 2, we can conclude that the use of
o,B-unsaturated ketone 1 can generate 4 and/or 5 and
the use of a,B-unsaturated aldehyde 6 yield 7 and/or 8.
The reaction mechanisms for the generation of 7 and 5
are all proposed to proceed through the 1,4-addition
first and then to undergo the 1,2-addition but 8 is pro-
posed to proceed through the 1,2-addition only which
is different from the generation of 4 by proceeding
through the 1,4-addition only. These different results
possibly could be explained by the different steric
hindrances between aldehyde and ketone. Aldehyde is
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Table 2. CAN-catalyzed reaction of o,B-unsaturated aldehyde 6 with indole 2a

R_CHO N DMSO/Hz0
t[ + J e
R "R? H

()
6 2a 3 7 8
O
CHO CHO CHO CHO
H
y Az x
HsC HaC™ "CHg Ph Ph” “Ph
6a 6b 6c 6d 6e
Entry 1 3 (equiv) Time (h or min) 7 (%) 8" (%)
1 6a 0.1 1h Taa (99) 8aa (—)
2 6b 0.1 10 min 7ha (64) 8ba (29)
3 6¢ 0.1 1h Tca (32) 8ca (66)
4 6d 0.1 5 min 7da (20) 8da (80)
5 6e 0.1 15 min Tea (—) 8ea (99)
#NMR yields.

always more reactive than ketone because the formyl
group is much smaller than the acyl group. This
assumption could also be proved by the fact that only
0.1 equiv of CAN is required for the aldehyde but at
least 0.3 equiv of CAN is required for ketone under
similar condition. In addition to the above description,
the generation of the different products 7 and 8 from
aldehydes such as 7aa from 6a and 8ea from 6e could
also be explained by the presence of the different steric
effects which were generated from the presence of the
different groups at o and/or B carbon in these two
substrates.

4aa 2a 9

Recently, the use of molecular iodine has received
considerable attention as an inexpensive, nontoxic, and
readily available catalyst for various organic transfor-
mations to afford the corresponding products in excel-
lent yields with high selectivity. The mild Lewis acidity
associated with iodine enhanced its usage in organic
synthesis to realize several organic transformations
using stoichiometric levels to catalytic amounts. Owing
to numerous advantages associated with this eco-
friendly element, iodine has been explored as a powerful
catalyst for various organic transformations.? &8

Because indole derivatives are important biologically ac-
tive compounds which have profound medical applica-
tions, development of a reaction that uses catalytic
amount of mild toxic and readily available iodine should
greatly contribute to the creation of environmentally be-
nign processes. It has been reported by Banik et al. that
iodine can catalyze the Michael reaction of indole with
o,B-unsaturated ketone to undergo conjugate addition
to offer high yields of 4 under solvent-free condition effi-
ciently* and by Shi et al. that both 4 and 5 were or only
5 was generated when similar reactions were carried out
by using Yb(OTf); or Zr(OTf), as catalyst.®®

Et,O, rt

5aa

Based on the above study and those viewpoints of
iodine, we then changed CAN to iodine as a catalyst.
Similar to the results of Table 1, both 4aa and 5aa or
only 5aa were observed when 1 equiv of 1a reacted with
4 equiv of 2a in the presence of different amounts of I, in
1 mL of diethyl ether (Et,O) solution (Eq. 3 and Table
3). When only 0.15 equiv of 1, was used, not only 4aa
but also Saa was isolated (entry 1). The most significant
and interesting results were that only 93% or 99% of 5aa
was obtained when 0.3 or 0.5 equiv of 9 I, (iodine) was
used for 2 or 1 h under similar conditions (entries 3 and
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Table 3. Reaction of a,B-unsaturated ketone 1 and indole 2a/2b in the presence of molecular iodine

(0]
(o)
+ ©\/\> + | Et:Q +
N 2 T
g 3)
N
R4
2a:R*=H
1a 2:RY=CHy O 4aa 5aa
Entry 1 (1 equiv) 2 (4 equiv) 1, (equiv) Time (h) 4% (%) 5 (%)
1 la 2a 0.15 L.5 4aa (28) 5aa (49)
2 la 2a 0.3 1 4aa (5) 5aa (68)
3 la 2a 0.3 2 4aa (—) 5aa (93)
4 la 2a 0.5 1 4aa (—) 5aa (99)
5 la 2a 1 1 4aa (—) 5aa (62)
6 la 2b 0.3 5/12 4ab (—) 5ab (99)
7 1b 2a 0.3 2/3 4ba (92) 5ba (—)
8 1c 2a 0.3 1/6 4ca (91) S5ca (—)
9 1d 2a 0.3 72 4da (43) 5da (—)
10 le 2a 0.3 5 4ea (79) Sea (—)
“NMR yields.

4).'° Unfortunately, only 62% of 5aa was observed when
I, was increased to 1 equiv (entry 5). These results indi-
cate that the use of 0.3 equiv of I, is good enough for
this reaction. Based on the above condition, similar
reactions were conducted by using la-d and 2a or 2b
to obtain different yields of 4 and the results were shown
as entries of 6-10. Compared to the results of Table 1 by

using CAN, most of the substrates except 1d could pro-
duce moderate to high yields of 4 when the reaction was
conducted in the presence of I,. To substrate 1d, only
49% of 4da was generated compared to the use of
CAN whose yield was 62%. The only difference is that
all reactions were conducted in DMSO-H,O solution
by using CAN and in ether solution by using I,.

Table 4. Reaction of o,B-unsaturated aldehyde 6 and indole 2 in the presence of molecular iodine

R3_ _CHO ©j\> Et,0, rt
I + N + 2
R OR? R (5)
2a:R*=H
6 9 7
2b: R* = CH,4

Entry 6 2 I, (equiv) Time 7 (%)

1 6a 2a 0.1 15 min 7aa (95)

2 6a 2b 0.1 10 min 7ab (86)

3 6b 2a 0.1 10 min 7ba (99)

4 6b 2b 0.1 10 min 7bb (76)

5 [ 2a 0.1 3h 7ca (93)

6 6¢ 2b 0.1 30 min 7cb (95)

7 6d 2a 0.1 5 min 7da (28)°

8 6e 2a 0.1 10 min Tea (—)°

9 R! = p-MeOCg¢H,, R, = H, Ry =H 6f 2a 0.1 10 min 7fa (79)
10 2b 0.1 10 min 7fb (82)
11 R!=0-MeOC4H4, R, =H, R;=H 6g 2a 0.1 10 min 7ga (87)
12 2b 0.1 10 min 7gb (95)

#NMR yield.

®46% of bis(indolyl)methane 8da was also generated.
©99% of bis(indolyl)methane 8ea was generated.
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About the generation of 4aa and 5aa, the mechanism
was proposed to proceed through the 1,4-addition first
to obtain 4aa and then 4aa can react with 2a continu-
ously to undergo the 1,2-addition to generate 5aa. In or-
der to prove this assumption, 1 equiv of 4aa was used to
react with 3 equiv of 2a in the presence of 0.3 equiv of
iodine in 1 mL of ether for 1 h and 87% Saa was isolated
(Eq. 4). This result is good enough to explain why both 4
and 5 were generated when the same reaction was
quenched or workup for shorter reaction time and only
5 was generated for longer reaction time.

Based on Tables 1-3, similar reactions of 6 and 2 in the
presence 0.1 equiv of I, were also studied and the results
were shown as Eq. 5 and Table 4. Compared to the
results of Table 2, slight results were observed. To sub-
strates 6a—c and 6f-g, only products 7aa—ca and 7fa-ga
were generated but no products 8 were observed. Possi-
ble explanation for the different results may be assumed
due to that CAN belongs to hard acid but I, belongs to
soft acid under similar reactions, so that most of the
starting material 6a—c and 6f-g can undergo the 1,4-
addition and then 1,2-addition predominately in the
presence of I,. However, to 6d, 8da is the major products
and to 6e, 8ea is the only product and both products
were all proposed to be generated from the 1,2-addition
only and these results were also similar to the results of
the use of CAN. These special results can also be
explained by the steric hinderance which was generated
from the presence of different groups at B-carbon of
aldehyde. This is the reason why these two substrates
prefer to proceed thorough 1,2-addition to undergo
the 1,4-addition and then 1,2-addition.

In conclusion, we have observed different results com-
pared to the literature report by using CAN or iodine
as catalyst when 1 or 6 with excess amount of indole
or 1-methylindole. The generation of the different prod-
ucts can be explained by the presence of the different ste-
ric hindrances of starting material and the different
Lewis acidities of the catalyst. The advantages of the
use of CAN and iodine as catalysts for the reactions
are efficiency, easy to handle, and under mild condition
and these catalyst are also cheap and commercially
available.
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