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Abstract: Spent, wasted hydroprocessing catalysts from a petrochemical refinery were recovered
from a consecutive draining-solvent extraction—calcination strategy. The activity of these recovered
heterogeneous catalysts was evaluated in the acid-mediated indole acylation process. Thus, Bis-(in-
dol-3-yl)-alkane diones were obtained when indole was reacted with cyclic anhydrides in presence
of DMF as solvent and catalytic amounts of a spent hydroprocessing catalyst waste. In contrast,
reaction between indole and phthalic anhydride afforded phthalimide as major product.
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1. Introduction

Petroleum refining industries use catalysts extensively in many processes with con-
tinuous activity causing deposition of contaminants on catalyst surfaces (sometimes car-
bon and sulfur) which origins gradual deactivation of the catalysts [1]. Hence, the use of
heterogeneous catalysts is beneficial for the production of new petrochemical products;
however, once the catalysts have been used, final disposal becomes an important issue
that represents environmental challenges due to most of these catalysts are made with
heavy metals.

In particular, hydroprocessing catalysts combine metals from group VI (Mo, W) with
metals from group VIII (Co, Ni) [2], which become a major part of solid wastes after use
when these spent catalysts are discarded from hydroprocessing units [3]. Therefore, be-
cause of their toxic nature, spent hydroprocessing catalysts are considered as hazardous
wastes [4]. Currently, some strategies for environmental impact minimization of spent
catalyst waste involve metal leaching [5,6], as well as usage of spent hydrotreating cata-
lysts in other processes, development of improved hydrotreating catalysts, regeneration
and reuse and preparation of useful materials from spent catalysts [3].

Recently, our group reported a hydroprocessing spent catalyst recovery method that
consisted of a sequential draining-solvent extraction—calcination process affording sulfur-
free recovered catalysts which were used in benzyl alcohol oxidations, opening opportu-
nities for wide applications in other organic reactions [7].

This background prompted us to propose the use of recovered, spent hydropro-
cessing catalysts for the electrophilic acylation of indole, an important process for the
preparation of several indole-based natural products and diverse compounds of pharma-
ceutical interest [8]. In this report we disclose our most recent findings in this area.
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2. Results and Discussion

Preliminary experiments were conducted in order to recover spent catalyst waste.
According to Cortés-Torres and coworkers [7], direct draining of spent catalysts allowed
removal of most of oil and other impurities derived from hydroprocessing process.
Drained catalysts underwent a solvent extraction and subsequent calcination, affording
treated, recovered catalysts, whose chemical analysis agrees with referred report. A gen-
eral view of catalysts before and after this treatment is provided in Figure 1.

(a) (b)

Figure 1. A general view of catalysts before (a) and after (b) draining-solvent extraction-calcination
treatment.

Recovered catalysts were tested in acylation of indole with succinic anhydride ac-
cording to Scheme 1 using diverse solvents under different catalyst ratios and reaction
times. The results, summarized in Table 1, show that 1,4-bis-(indol-3-yl)-butane-1,4-dione
was obtained in all cases in 5-28% yields.
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Scheme 1. Acylation of indole with succinic anhydride.

Table 1. Acylation of indole with succinic anhydride.

Catalyst Ratio (mg Cata- Reaction o/ s
Entry lyst/mmol Indole) Solvent Time (h) roYield

1 10 THF 24 5
2 10 CDCls 24 5
3 10 AcOEt 24 5
4 10 toluene 24 7
5 5 xylene 24 10
6 10 xylene 48 12
7 5 DMF 24 10
8 10 DMF 24 15
9 10 DMEF 48 22
10 10 DMEF 72 28

A similar behavior was noted when indole reacted with maleic anhydride in presence
of recovered catalysts affording the respective 1,4-bis-(indol-3-yl)-but-2-ene-1,4-dione in
5-15% yields (Scheme 2, Table 2).
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Scheme 2. Acylation of indole with maleic anhydride.

Table 2. Acylation of indole with maleic anhydride.

Catalyst Ratio (mg Cata- Reaction .
Entry lyst/mmol Indole) Solvent ey oYield
1 10 AcOEt 24 5
2 10 toluene 24 6
3 5 xylene 24 10
4 10 xylene 48 12
5 10 DMF 24 11
6 10 DMF 48 12
7 10 DMF 72 15

An outstanding finding is the formation of N-methyl phthalimide from reaction of
indole and phthalic anhydride at 150 °C represented in Scheme 3. Yields up 62% were
obtained using DMF as solvent for 96 h as seen in Table 3. This unexpected result is prob-
ably due to acylation of methylamine derived from DMF fragmentation promoted by high
temperatures [9-11]. This fact has triggered investigations about this process, and we are
currently performing further experiments in order to elucidate the mechanistic details
which could help to predict the course of these reactions.
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Scheme 3. Acylation of indole with phthalic anhydride.

Table 3. Acylation of indole with phthalic anhydride.

Catalyst Ratio (mg Cata- Reaction o s
Entry lyst/mmol Indole) Solvent e ovield
1 10 AcOEt 24 0
2 10 toluene 24 0
3 10 xylene 24 0
4 10 xylene/DMF 48 5
5 10 DMF 48 32
6 10 DMEF 72 52
7 10 DMEF 96 62

To the best of our knowledge, these are the first examples about the use of spent,
wasted hydroprocessing catalysts in indole electrophilic substitutions, which represents
an alternative catalytic system for this kind of chemical transformations. The formation of
N-methyl phthalimide from indole and phthalic anhydride as exclusive product repre-
sents a synthetic challenge that will be studied in future, opening a new trend in this area.
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3. Experimental

The starting materials were purchased from Aldrich Chemical Co. and were used
without further purification. The solvents were distilled before use. Silica plates of 0.20
mm thickness were used for thin layer chromatography. Melting points were determined
with a Kriiss Optronic melting point apparatus, and they were uncorrected. 'H and *C
NMR spectra were recorded using a Bruker Avance 300-MHz; the chemical shifts (0) are
given in ppm relative to TMS as an internal standard (0.00). For analytical purposes, the
mass spectra were recorded on a Shimadzu GCMS-QP2010 Plus in the EI mode, 70 eV,
and 200 °C via direct inlet probe. Only the molecular and parent ions (m/z) are reported.
IR spectra were recorded on a Bruker Tensor 27.

3.1. General Procedure for Catalyst Recovery

According to a previous report described by our group [7], spent catalyst waste was
added to the appropriate solvent and the resulting mixture was stirred and refluxed at
indicated conditions. The mixture was cooled to room temperature and the catalyst was
filtered and washed. Treatment by calcination afforded recovered catalysts which were
used without further purification. Subsequent characterization data correspond to the lit-
erature [7].

3.2. General Procedure for Indole Acylations

Recovered catalyst pellets (0.010 g) were added to a solution of the respective cyclic
anhydride (1.1 mmol) and indole (0.117 g, 1 mmol) in the appropriate solvent (10 mL).
The resulting mixture was heated at reflux temperature for 24 h. The mixture was cooled
to room temperature and filtered and the solvent was removed under reduced pressure.
The final product was purified by column chromatography (SiO2, hexane/AcOEt 8:2).

3.1.1.1,4-. bis-(indol-3-yl)-butane-1,4-dione

Indole and succinic anhydride afforded 1,4-bis-(indol-3-yl)-butane-1,4-dione as a
white solid (28%). IR (ATR) vmax 3880, 2930, 2850, 1710 cm™'. 'H NMR (300 MHz, CDCls)
07.85 (s, 2H), 7.63 (m, 2H), 7.20 (m, 2H), 7.11 (m, 2H), 6.92 (m, 1H), 4.25 (s, 4H). 3C NMR
(75 MHz, CDCls) 6 194.5, 136.9, 127.5,122.2, 121.9,119.2, 119.1, 115.7, 111.1, 30.0.

3.1.2.1,4-. bis-(indol-3-yl)-but-2-ene-1,4-dione

Indole and maleic anhydride 1,4-bis-(indol-3-yl)-but-2-ene-1,4-dione (15%). IR (ATR)
vmax 3420, 1690, 1590 cm1. 'TH NMR (300 MHz, CDCls) 6 7.87 (m, 2H), 7.63 (m, 2H), 7.35
(s, 2H), 7.21 (m, 2H), 7.11 (m, 2H), 6.92 (m, 2H). *C NMR (75 MHz, CDCls) d 172.9, 136.5,
135.1, 127.6,122.2,121.9, 119.3, 119.1, 115.8, 111.1.

3.1.3. N-methyl phthalimide

Indole and phthalic anhydride afforded N-methyl phthalimide as a white solid
(62%). IR (ATR) vmax 1760, 1721 cm™. '"H NMR (300 MHz, CDCls) 8 7.83 (s, 2H), 7.69 (s,
2H), 24.15 (s, 3H). 3C NMR (75 MHz, CDCls) 0 168.8, 133.9, 132.4, 123.5, 24.4; MS [El+] m/z
(%): 161 [M]* (95), 132 [M- NCHs]* (35), 104 [M- CONCHzs]* (90), 76 [CsHa]* (100).

4. Conclusions

Recovered spent, wasted hydroprocessing catalysts represent a promising source of
heterogeneous catalysts for indole electrophilic substitutions in mild conditions that does
not requires other additives, expanding the possibilities to carry out reactivity studies
with other electrophiles. The simplicity of this synthetic protocol suggests a widespread
application.
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