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Abstract

The Friedel-Crafts alkylations of benzene in pyridinium-based ionic liquids (ILs) were investigated. The effects of catalyst—IL composition,
reactant composition, quantity of catalyst and reaction temperature on this reaction were studied. The reactions were found to proceed under
mild conditions with conversion; a simple product isolation procedure was achieved. The ILs rendered this reaction green characteristics. The
ILs could also be recycled and reused as opposed to traditional solvent—catalyst systems.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction liquids are considered environmentally friendly or “green”
media due to their favorable propertids], such as chemi-
Friedel-Crafts chemistry is of major importance both on cal and thermal stability, no measurable vapor pressure, non-
laboratory and industrial scale. Research in this field is per- flammability, high ionic conductivity, also they are strongly
manently ongoing and of high interddt-5]. Alkylation of solvating but non-coordinating. They have a profound effect
benzene with alkyl halides in the presence of aluminum chlo- on the activity and selectivity in reactions and in some cases,
ride originally discovered by Charles Friedel and James M. facilitate the isolation of products. They can be recycled and
Crafts in 1877, can be promoted by other Lewis acids, suchreused in most cases. All of these properties indicate that ILs
as BRs, ZnCb, TiCly, SbFs, etc. The general mechanism of may substitute volatile organic solvents.
alkylation is shown irScheme 1 [G] There have been some reports on synthesis and improved
The overall transformation of Friedel-Crafts alkylation reaction characteristics of the Friedel-Crafts reactions in ILs
introduces an alkyl group on an aromatic ring. Therefore, in [18—-22] However, all these studies have focused only on the
industrial processes catalytic alkylation with alkenes is ap- ILs derived from imidazole. Based on our earlier success,
plied. However, the process has some disadvantages, such assing pyridinium-based ionic liquid23—25] herein, we re-
long reaction time, formation of aluminate waste, trouble- portthe application of these ionic liquids in the Friedel-Crafts
some product recovery and purification, and catalysts cannotalkylation.
be reused.
Recently, much attention has been focused on the use
of ionic liquids as reaction media for various organic reac-
tions, such as hydrogenati¢f, oxidation[8], Diels—Alder 2. Experimental
reaction[9], Trost—Tsuji coupling10], esterification[11],
Beckman rearrangemefi2], and other§13-16] Theionic  2-1. Synthesis of ionic liquids

Two ionic liquids, 1-ethyl-pyridinium trifluoroacetate

* Corresponding author. Tel.: +1 973 5965583; fax: +1 9735963586.  ([EtPY]'[CF3COOJ") and 1-ethyl-pyridinium tetrafluorob-
E-mail addressmalhotra@nijit.edu (S.V. Malhotra). orate ([EtPyJ[BF4] ), were employed in our studyig. 1).
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(1) R—X + Lewis Acid =—= R-X—Lewis Acid 2.2. Alkylation of benzene

R-X—Lewis Acid === R ™+ [Lewis Acid—X] The utility of ionic liquids [EtPy[[CF3COO]~ and
[EtPY]*[BF4]~ was investigated in alkylation of benzene

R-X—Lewis Acid R (1) with 1-bromopropane?), 1-chlorobutaned) and ben-
@ +or - H'@( zyl chloride @) (Scheme 2 The ILs were applied as such

H and with aluminum or iron chloride added.

R In a typical reactioni28], the specified amount of catalyst
(3) R-@ _— R-@R + H* (anhydrous FeGlor AICI3) was added to pyridinium-based

H ionic liquid, and the mixture continuously stirred at45un-

til the catalyst completely dissolved. Benzeng gnd alkyl
Scheme 1. General mechanism of alkylations. halides 2, 3, 4) were directly added to the catalyst—IL solu-

tion. Two phases, i.e. ionic liquid and organic were formed
and the mixture was stirred (250 rpm) at the desired reac-

| = CRCOO | S BEL tion temperature for 4h. The molar ratio of benzene:alkyl
NG 3 NT 4 halide:ionic liquid was maintained at 2:1:1. At the end of the
* * reaction, the organic layer could be easily decanted from the
catalyst—IL system, and any organic residues were removed
[EtPy]" [CF,COOT [EtPy]* [BF,]" by extraction with diethylether.
Fig. 1. Pyridinium-based ionic liquids. 2.3. Analytical method

The reaction samples and products were analyzed using a
Varian CP-3800 Gas Chromatograph equipped with $RB
These ILs were prepared following the literature method 5 column, 30 mx 0.25 mmx 0.25pum.
[26,27]
A general synthetic procedure could be described as fol-
lows: trifluoroacetic acid or tetrafluoroboric acid (0.2mol) 3. Results and discussion
were slowly added to a stirred slurry of silver(l) oxide
(0.1 mol) and distilled water (50 ml). To avoid photodegrada- 3.1. Alkylation of benzene with 1-bromopropane
tion of silver(l) oxide, the reaction mixture was fully covered
with aluminum foil. The reaction mixture was stirred continu- As shown inScheme Eq. (1), bothiso-product §) andn-
ously until the reaction was complete, which was indicated by product 6) were obtained in the alkylation of benzene and 1-
the formation of a solution. A solution &f-ethyl-pyridinium bromopropane. Since the reaction proceeds via formation of a
bromide (0.2 mol) was added to the reaction mixture. As re- carbocation intermediate, this may undergo a hydride shift to
action took place and ILs formed, a yellow precipitate of sil- form amore stable cation. In reactions with 1-bromopropane,
ver(l) bromide started to be observed. The mixture was stirred the primary propyl cation undergoes a hydride shift to
at room temperature for a certain time until no more precipi- form the more stable isopropyl cation. Therefore, major
tate formed. The precipitate of silver(l) bromide was filtered product in each case is isopropylbenzemable 1shows
off, and then the solvent was removed by rotary evaporation the results of reaction of benzene with 1-bromopropane in
under vacuum atabout 6&. The resulting ionic liquidswere  different catalyst-IL system at room temperature and at
put in an oven overnight at 6& to remove the moisture. 50°C.

@mwdv saaten
Q- —0C

Scheme 2. Friedel-Crafts alkylation reactions with benzene.
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Table 1

The Friedel-Crafts alkylation of benzerf® (ith 1-bromopropane)?

Entry Catalyst—solvent Conversion (%) room temperaturé (3O Selectivity to major product (%)
1 [EtPYT'[BF4]~ 17 (43) 65 (72)

2 [EtPy]"[CF3COO]~ 29 (51) 71 (76)

3 AICIs—[EtPYT'[BF4]~ 60 (81) 75 (84)

4 AICI3—[EtPy] [CF3COO]~ 72 (91) 78 (93)

5 FeCh—[EtPY] [BF4] 56 (80) 74 (81)

6 FeC—[EtPy]' [CF3COOI™ 71 (90) 77 (89)

2 Molar ratio of benzene:1-bromopropane:catalyst:IL =2:1:2:1.

As data shows, the yields of Friedel-Crafts alkylation are FeCk—[EtPy]' [CFsCOOQ] gave the best performance in the
dependent on the catalyst-solvent composition. It is note Friedel-Crafts alkylations and also it is much more friendly
worthy that the reaction does occur in ionic liquids even to the environment compared with aluminum chloride.
in the absence of a catalyst (entries 1 and 2), which would  In order to investigate the catalytic activity of FeGIL
make this system truly green. However, the low conversions system, reactions with various amounts of Fa@re studied
suggested the need of a catalyst for the reaction. A com-with different IL compositions in the Friedel-Crafts reactions
parison of the results of ILs containing aluminum chloride, of benzene and bromopropane at room temperature for 4 h.
considered environmentally hazardous, with iron chloride We kept the molar ratio of benzene:bromopropane:ionic lig-
based system shows the same catalytic activity. This indicateduid of 2:1:1 constant and changed the quantity of EeThe
that the FeQ-IL system can efficiently replace Al&GHL FeCk-IL systems were studied separately in two different
in the Friedel-Crafts alkylations. Also, a comparative study ILs. The results are summarizedFiyg. 2
of two different temperatures (room temperature antG0 Fig. 2shows that better results are obtained with increased
showed that higher product conversion and selectivity are amount of FeQ. However, when the quantity of FeCis
obtained at higher temperature. This could be because in-more than two equivalent of ionic liquid, the catalytic activity
creased temperature provides thermodynamically stable 2 did not change any more. Similar descriptions have also been
cationiso-product compared to°lcation n-product. How- reported by otherf20,21] Therefore, reactions of benzene
ever, further increasing the temperature td €5esulted in with other alkyl halides were studied with 2 equiv. FeCl
decreased yield and selectivity of the desired product, while
unidentified byproducts formed. In all case, we note, the 3.2, Alkylation of benzene with 1-chlorobutane
results with [EtPY}[CFsCOO] are better than those with
[EtPy]"[BF4]~ though they have the same cation, which  Results of alkylation of benzene with 1-chlorobutane
indicates the anions of ILs are critical for the reactions. in different catalyst-IL system are shown ifable 2

90 +
Benzene:1-Bromo- [HP'V],V ,[E“T}T " 80
propane:[L:FeCly [BE,] [CF.CO0] 70 - 3
(molar ratio) Conv. (%) :-:Q 60 ‘7..,-7-"" |
2:1:1:0 17 29 = 504 / /’ﬁ
2:1:1:0.5 22 37 2 40 4
2100 33 60 ™ 30 4"
2:1:1:2 56 71 20 4 —+— Fe-[EPY|HBF,]-
2:1:1:3 58 71 4
10 4 —=— Fe-[E(PY[FH[CF,COO|
0 T T T T T
0 0.5 1 L5 2 25 3
FeCly

Fig. 2. The alkylation of benzene and 1-bromopropane with different content o§FeCl

Table 2

The Friedel-Crafts alkylation of benzerig ith 1-chlorobutane3)

Entry Catalyst—solvent Conversion (%) room temperaturé (GO Selectivity to major product (%)
1 [EtPyT"[BF4]~ 21 (45) 66 (75)

2 [EtPY*[CF3COOI 34 (55) 76 (80)

3 AICI3—[EtPy]" [BF4]~ 68 (87) 76 (88)

4 AlCI3—[EtPy] [CF3COO™ 77 (96) 81 (93)

5 FeCh—[EtPy['[BF4]~ 67 (88) 74 (87)

6 FeCh—[EtPy]'[CF3COO]~ 77 (94) 83 (94)
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Table 3
The Friedel-Crafts alkylation of benzerig with benzyl chloride 4)

Entry

Catalyst—solvent Conversion (%) room

temperature (50C)

1 [EtPY[BF4]~ <1(6)

2 [EtPY]'[CFsCOOT <1(12)
3 AICI3—[EtPy]* [BF4]~ 21 (47)
4 AICI3—[EtPY]'[CFsCOOI 35 (59)
5 FeCh—[EtPyT' [BF4]~ 20 (44)
6 FeCh—[EtPy]' [CFsCOO] 33 (56)

As in Scheme 2Eq. (2) shows thatsec’ (7), ‘n-’ (8)
and ‘tert’ (9) products were obtained in this alkyla-
tion. We would expectert-butylbenzene, thermodynam-
ically most stable of the three, to be the major prod-
uct. However, interestinglgecbutylbenzene is the major
product.

As Table 2shows, slightly better conversions and prod-
uct selectivity are obtained compared to dat&able 1 This
could be because the electronegativity of @ stronger than
that of Br-, which could enhance the electrophilicity of the
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3.3. Alkylation of benzene with benzyl chloride

Table 3shows the results of alkylation of benzene with
benzyl chloride at different temperatures, catalyst and solvent
conditions. In this reaction, the product conversion decreased
significantly compared to previous cases.

The catalyst—IL still shows better results than the pure IL.
Also, in all cases, the results with [EtPYCF3COOJ™ are
better than those with [EtPY{{BF4]~. Both FeC—IL and
AICI3—IL systems show comparable efficiency.

3.4. Recycle and reuse of Fe€lIL

We investigated the reusability and efficiency of ionic lig-
uid with or without catalysts. The recycling process involved
washing the used ionic liquids with diethyl ether. Any or-
ganic residue left in the ionic liquid layer could be sepa-
rated by the ether wash. The IL layer was then separated and
dried under reduced pressure at@5 Successive runs were
performed with the recovered ionic liquid [EtP{BF4]~ or
[EtPY] [CF3COO] for the alkylation between benzene and

intermediate carbocation and promote the reactions. Compa-]-chlorobutane§cheme 2Eq. (2)) at 50C for 4 h.

rable results are obtained in AL and FeCt—IL systems.

As results infable 4shows, both ionic liquids could be re-

In the reactions with 1-chlorobutane, higher conversions are covered quantitatively and almost without loss of activity and

seen at 50C. Also, [EtPy][CF3COOJ turns out to be a
better medium than [EtPY{|BF4]~, which also indicate the

selectivity. This is evident from the fact that the conversion
of the Friedel-Crafts alkylations is not affected even after the

anions of ILs are important for the reactions. One interesting third run with the recovered ionic liquid. However, yields of

thing, we note, is that when we raise the temperature, the sethe jonic liquid recovery from the used catalyst—IL system
lectivity to secbutylbenzene also increases, which seems to \yere relatively low.

be in contrast with the general mechanism of the reactions.

As can be seen iffable 5 although the FeGHIL sys-

So far, we do not know the reasons, and further investigation tem can be recovered efﬁcienﬂy’ the conversion dropped dra-

is underway. matically. After third trial, yields of the alkylation product
Table 4
Recycling of ionic liquids in the alkylation of benzene and 1-chlorobutane
Recycling # [EtPYI[BF4]~ [EtPy]* [CF3COOI™
Recovered (wt.%) Convertefl (%) Recoveretl(wt.%) Convertefl (%)
0 - 45 (75) - 55 (80)
1 94 43 (73) 93 53 (75)
2 92 44 (74) 92 51 (78)
3 93 41 (72) 93 50 (76)
2 |solated yield
b Values in parenthesis indicate selectivity to major product.
Table 5
Recycling of Fec)-IL in the alkylation of benzene and 1-chlorobutane
Recycling # FeGH[EtPY]' [BF4]~ FeCk—[EtPy]' [CF3COOT~
Recovered (wt.%) Conversiof (%) Recoveret|(wt.%) Conversioh (%)
0 - 88 (87) - 94 (94)
1 88 75 (84) 90 82 (92)
2 85 67 (83) 86 76 (90)
3 89 65 (81) 87 75 (91)

2 |solated yield.
b Values in parenthesis indicate selectivity to major product.
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dropped compared with the fresh catalyst—IL system. On the
other hand, product selectivity remained nearly unaffected.

4. Conclusion

The pyridinium-based ILs are suitable media for
Friedel-Crafts alkylation of benzene. The reactions pro-
ceed at a better rate at relatively lower temperature, yield-
ing high product conversion. The [EtPYLF3COO] —FeCh
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