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Abstract—Solvent- and catalyst-free Friedel-Crafts alkylation reactions of aromatic and heteroaromatic compounds with methyl
trifluoropyruvate (2) were carried out at room temperature and finished in several minutes with good to excellent yields of the addi-
tion products (69—99%), which provided a rapid and convenient method to synthesize aryl- and heteroaryl-o-hydroxy-a-triflouro-

methyl acetates.
© 2006 Elsevier Ltd. All rights reserved.

Friedel-Crafts alkylation is one of the most important
C—C bond forming reactions, which provides an efficient
synthetic route to numerous functionalized aromatic
compounds possessing special properties. Among the
Friedel-Crafts alkylations, the addition reaction of aro-
matic and heteroaromatic compounds to carbonyl com-
pounds has attracted considerable attention.! In general,
the Friedel-Crafts alkylation reaction needs a proper
catalyst, such as a protic acid,> Lewis acid® or organo-
catalyst,* as well as an organic solvent. Recently, sol-
vent-free organic reaction has got noticeable progress.’
In the view of the principle of green chemistry,® a ‘clean’
synthesis should be a desirable without using any sol-
vent and catalyst. On the other hand, organofluorine
compounds, especially trifluoromethyl-substituted ones,
are useful both in organic synthesis and the development
of novel drugs.” For the synthesis of CFs-substituted
compounds, the Friedel-Crafts alkylation of aromatic
compounds with trifluoropyruvate is a method of
choice. It has been reported that the asymmetric addi-
tion of aromatics and heteroaromatics with trifluoro-
pyruvate can be catalyzed by chiral Lewis acid®
or organocatalyst.* Recently, Olah and co-workers’
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reported a superacid-catalyzed reaction of heteroaro-
matic or substituted benzene with trifluoropyruvate in
suitable organic solvent and under inert atmosphere.
We'!® also presented an In(OTf);s-catalyzed Friedel—
Crafts reaction of aromatic compounds in water and
air atmosphere for the synthesis of Mosher acid ana-
logues. As our continuous interest in the Friedel-Crafts
alkylation, herein, we would like to report the Friedel—
Crafts reaction of aromatic and heteroaromatic com-
pounds with methyl trifluoropyruvate under solvent-free
condition without using any catalyst or additives for the
rapid and convenient synthesis of aryl- and heteroaryl-
a-hydroxy-a-trifluoromethyl acetates.

At first, the reaction of N,N-dimethylaniline (1a) with
methyl trifluoropyruvate (2) was performed at room
temperature without the use of catalyst in various sol-
vents (Scheme 1). As shown in Table 1, the addition
product, N,N-dimethyl-4-(a-hydroxyl-a-carbomethoxy-
trifluoroethyl)aniline (3a) was obtained in only moder-
ate yields (0-67%) after 24h in the presence of a
solvent. Surprisingly, when 2 was added to neat 1la,
the reaction took place immediately and was completed
within 4 min. The reaction gave an excellent yield of 3a
(96%) (Table 1, entry 7).

The results encouraged us to extend the scope of aro-
matic substrates. Various aniline derivatives la—i were
used in the solvent- and catalyst-free Friedel-Crafts
alkylation with 2 at room temperature (Table 2).!! In
nearly all the cases, a remarkable acceleration effect
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Table 1. Friedel-Crafts alkylations of la or 4a with 2 in various
solvents®

Entry Ar-H Solvent Time Yield® (%)
1 1a CH,Cl, 24 h 60
2 la 1,4-Dioxane 24 h 23
3 1a CH;OH 24h n.r.°
4 la Toluene 24 h 67
5 1a DMSO 24 h Trace
6 la Et,0O 24 h 28
7 1a None 4 min 96
8 4a Et,0 90 h 95
9 4a Toluene 24h 96

10 4a CH,Cl, 24 h 94

11 4a None 1 min 96

% At room temperature, without using catalyst.
®Isolated yield.
¢Starting material recovered.

was observed as demonstrated by short reaction time
(1-10 min), except the case of 1f (entry 6, 30 min), and
excellent yields of alkylation products (3a-g,
92—99%). The para-substituted products of C-nucleo-
philic addition were isolated as a single regioisomer,
which demonstrated that this solvent- and catalyst-free
Friedel-Crafts alkylation had excellent para-regioselec-
tivity. For N-methylanilines (1b and 1d) and N-methyl-
a-aminonaphthalene (1g) with an N-H group, the prod-
uct of N-nucleophilic addition was not detected in the
reaction mixture.

Subsequently, we focused on the solvent- and catalyst-
free Friedel-Crafts alkylation of heteroaromatic com-
pounds with 2 (Scheme 1). Surya Prakash and co-work-
ers*® reported that the reaction of indole (4a) with 2
could be realized in ether solution without using a cata-
lyst, as long as an extremely long reaction time was
given (90 h, Table 1, entry 8). It was showed in Table
1 that in toluene and dichloromethane solutions without
a catalyst, the reaction also proceeded very slowly (en-
tries 9-10). However, under solvent- and catalyst-free
condition, the reaction of 4a with 2 occurred and was
finished at room temperature ultra rapidly (within just
1 min like a ‘flash’ moment, Table 1, entry 11). Various
indole derivatives (4a—j) were used for the solvent- and
catalyst-free Friedel-Crafts alkylation reactions with 2
(Scheme 1). All the reactions needed only 1 min to be

Table 2. Friedel-Crafts reactions of la-g with 2 under solvent- and
catalyst-free conditions

Entry Ar-H Time Product® Yield®
(min) (%)
NMe, NMe,
1 1a 4 3a <> 96
R
NHMe
NHMe
2 1b @ 5 3b © >99
R
NMe, NMe,
3 Ic @\ 1 3c @\ 98
OMe ) OMe
NHMe NHMe
4 1d @\ 1 3d @\ 98
OMe ! OMe
NMe, nMe,
5 Te @\ 10 3e @\ 93
Me 1 Me
NMe,
NMe,
6 1f 30 3f 94
H
NHMe
NHMe
7 1g 10 3g 92
R
‘R FGC’)iCOZMe
HO

®Isolated yield.

completed. The structures of the products (5a—j) and
the corresponding yields were summarized in Table 3.
The reactions gave excellent yields (76-98%) except 5d
and 5j, which were probably due to the steric effect of
the substituent at the 2-position of the indole ring. The
yield of 5j can be increased to 83% by prolonging reac-
tion time to 2 h (entry 11). The presence of an electron-
withdrawing group at the 5-position of the indole ring
led to slightly lower yields of the compounds (5g and
5h). Although the bisindolyl compounds were always
generated in catalytic Friedel-Crafts alkylation of in-
doles with carbonyl compounds because of the intrinsic
instability of the initial formed monoindolyl product,
under homogeneous, heterogeneous'? and solvent-free
catalysis,!# the formation of bisindolyl compound could
be avoided by employing the solvent- and catalyst-free
reaction conditions to give monoindolyl compounds
exclusively.

Under the same reaction conditions (room temperature,
reaction time: 1 min), pyrrole (6) and 2-methylfurane (7)
underwent solvent- and catalyst-free Friedel-Crafts
alkylation with 2 to give aminoalkylation products 9a
and 10 in yields of >99% and 95% (entries 12 and 14),
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Table 3. The Friedel-Crafts reaction product of heteroaromatics with 2*
Entry Indole Product Yield® (%)
1 4a N Sa CU)<COZM6 98
H
N
FsC  OH
2 4b ©U 5h CU)<COZMe 97
* w
FsC OH
3 dc @\ 5¢ M COaMe 94
. N
FsC OH
4 4d ©‘\—/‘L 5d @ coMe 69
N~ "Ph
H NP
FsC  OH
MeO. MeO.
5 4e \ N/\ Se [ COMe 98
H H
Br FsC_ OH
Br:
6 4f \Cm 5f \E;U)<C02Me 94
MeO. o FsC_ OH
7 4g \ N/\ 5g T coae 39
MeO,C MeO.G FoQOH
2
8 4h || 5h \CU)<002M(9 76
FaC OH
9 4 . si T coMe 96
. N
FaC OH
10 4 ] 5§ [y coame 57
11 4 5 83°
]\ CO,Me
12 6 { N)\ 9a Q\goj >99
H H CFg
d MeO G/ '\ CO,Me
13 6 9% Ho N o 96
FC H  CFy
]\ CO,Me
14 7 /Q 10 o ~on 95
CFq

#Reaction at room temperature for 1 min.
®Isolated yield.

“Reaction time: 2 h.

46/2=1:2.

respectively. However, if the ratio of 6 to 2 was changed
to 1:2, the bis-alkylated pyrrole 9b was obtained exclu-
sively in a yield of 96% (entry 13).

In conclusion, a solvent- and catalyst-free Friedel-
Crafts alkylation of aromatic and heteroaromatic com-
pounds with methyl trifluoropyruvate proceeded rapidly

in good to excellent yields. In most cases, the synthetic
approaches exhibited high efficiency. Although the
acceleration effect in solvent-free organic reaction has
usually been attributed to concentration effect, the exact
reasons for remarkable acceleration in the solvent- and
catalyst-free Friedel-Crafts reaction definitely requires
in depth investigation.
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