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Abstract: The Friedel–Crafts-type benzylation of various π-exces-
sive heteroaromatic and aromatic compounds with trityl or benzhy-
dryl halides was efficiently promoted by a thiourea catalyst. This is
a novel example of thiourea catalysis of aromatic alkylation by way
of an SN1 pathway.
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Since its discovery over 130 years ago, the Friedel–Crafts
alkylation of aromatic compounds has been widely recog-
nized as a basic tool for the construction of the organic
frameworks of valuable pharmaceuticals and functional
materials.1 Conventionally, the Friedel–Crafts alkylation
of aromatic compounds has been performed by using al-
kyl halides as electrophiles in the presence of a strong
Lewis acid such as aluminum(III) chloride or iron(III)
chloride under strictly anhydrous conditions, where car-
bocation species are believed to form a tight ion pair or to
complex with a counteranion such as tetrachloroalumi-
nate (AlCl4

–) (Scheme 1, A).2 

Recent studies on green chemical transformations have
been devoted to the development of readily handled, non-
metallic, and catalytic methods for effecting Friedel–
Crafts alkylation.3 Accordingly, considerable attention
has been focused on the synthetic versatility of organocat-
alytic variants.4 Unfortunately, however, most of these
can be classified as conjugate addition-based Friedel–
Crafts alkylation reactions.3 Only recently have McCub-
bin and co-workers5 described exceptions to this norm
with regard to organocatalytic Friedel–Crafts alkylations.
In these reactions, allylic, benzylic, or propargylic alco-
hols served as reactive electrophiles and (pentafluorophe-
nyl)boronic acid was used as a Brønsted acid catalyst (pKa

8.9 for phenylboronic acid itself).6

In our own efforts in this field, we have been interested in
the use of thiourea and urea derivatives because of their
ability to bind anions through double hydrogen bonding
(Scheme 1, B).7,8 We expected that halophilic thiourea
catalysts might effectively induce ionization of alkyl ha-
lides as electrophiles to generate carbocation intermedi-
ates in an SN1-type Friedel–Crafts alkylation. In view of
the weakly acidic nature of the thiourea functionality (pKa

8.5 for thiourea catalyst 1),9 the overall process would

constitute a new and mild method for organocatalytic
Friedel–Crafts alkylation.

Scheme 1  Friedel–Crafts alkylation strategy

Here we describe the realization of this expectation
through development of an organocatalytic Friedel–Crafts
alkylation of π-excessive heteroaromatic and aromatic
compounds in the presence of a thiourea as an organocat-
alyst.

First, we evaluated the tritylation of furan with trityl chlo-
ride (5)10 in dichloromethane containing various thioureas
and related organocatalysts 1–4 (Figure 1) at room tem-
perature as a model system. The results are summarized in
Table 1.11

As expected, stirring of trityl chloride (5) in neat furan as
a solvent in the presence of thiourea 1 (100 mol%) for 3.5
hours at room temperature gave a mixture of monosubsti-
tuted and 2,5-disubstituted products 6 and 7 in excellent
yield (6/7 = 62:38) (Table 1, entry 1). Next, we examined
the catalytic effect of 1 in the presence of an appropriate
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Figure 1  Urea-related organocatalysts examined in Friedel–Crafts
alkylation
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acid scavenger. Whereas a combination of 10 mol% of 1
and 100 mol% of cyclohexene was ineffective, the use of
powdered 3 Ǻ molecular sieves as an acid scavenger was
found to be satisfactory for the present purpose (entries 2–
4).12,13 Treatment of 5.0 equiv of furan with trityl chloride
(5) in the presence of 10 mol% of thiourea 1 and 3 Ǻ mo-
lecular sieves (10 mg/1.0 mmol of 5) in dichloromethane
gave 6 and 7 in almost quantitative yield after four hours
at room temperature (6/7 = 60:40; entry 4). Reducing the
catalyst loading to 5 mol% or 1 mol% retarded the reac-
tion and led to lower product yields (entries 5 and 6). It be-
came clear that there was a significant catalytic effect;
under catalyst-free conditions, twelve hours were needed
to obtain substantial amounts of the products, with high
monosubstitution selectivity (entry 7).14 Urea 2, thiourea
3, and the sulfamide analogue 4 were all less efficient cat-
alysts than thiourea 1 (entries 8–10).15

Having identified the optimal conditions, we next exam-
ined a variety of π-excessive heteroaromatic compounds
to establish the general utility of our synthetic procedure.
To facilitate the desired alkylation, all reactions were per-
formed in refluxing 1,2-dichloroethane (DCE) containing
10 mol% of catalyst 1 and powdered 3 Ǻ molecular sieves

(10 mg/1.0 mmol of 5 or 8) unless otherwise mentioned
(Table 2).16

Table 1 Alkylation of Furan with Trityl Chloride

Entrya Catalyst 
(mol%)

Additive Time 
(h)

Yieldb 
(%)

Ratio 
6/7

1c 1 (100) – 3.5 99 62:38

2 1 (10) cyclohexened 3 63e 86:14

3 1 (25) 3 Ǻ MSf 3.5 99 63:37

4 1 (10) 3 Ǻ MSf 4 99 60:40

5 1 (5) 3 Ǻ MSf 5 79g 72:28

6 1 (1) 3 Ǻ MSf 6 75g 65:35

7 – 3 Ǻ MSf 12 71e 94:6

8 2 (10) 3 Ǻ MSf 41 96 62:38

9 3 (10) 3 Ǻ MSf 120 trace –

10 4 (10) 3 Ǻ MSf 34 88 62:38

a Unless otherwise noted, all reactions were performed at 0.5 M with 
5.0 equiv of furan at r.t., and quenched after consumption of Ph3CCl 
(5).
b Isolated yield based on 5.
c Furan served as the solvent.
d 100 mol%.
e Unidentified byproducts were formed.
f 10 mg/1.0 mmol of 5.
g Highly polar substances were formed.

catalyst, additive
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0.5 40 + 59

2c

11 (R = H)

1.5 37d

3c 12 (R = Ph) 0.2 98
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The reaction of furan with 1,1′-(bromomethylene)diben-
zene (8) was completed within 30 minutes to afford the
monosubstituted product 9 and the 2,5-disubstituted prod-
uct 10 in yields of 40% and 59%, respectively (Table 2,
entry 1).17 2-Methylfuran was also reactive under these
conditions. Although its reaction with bromide 8 gave
product 11 in only 37% yield as a result of undesired de-
composition (entry 2), tritylation occurred quite smoothly
at 0 °C to give the tritylated product 12 in almost quanti-
tative yield (entry 3). 2,5-Dimethylfuran reacted slowly
with trityl chloride (5) to give the expected product 13 in
49% yield (entry 4). Interestingly, in this case, we also ob-
served the formation of the novel side-chain-alkylated
product 14 in 19% yield, along with 10% of triphenyl-
methane. To account for the formation of these byprod-
ucts, it is conceivable that free-radical coupling at the
furanylmethyl carbon might also occur as a competing
pathway.18

The alkylation of thiophene or 2-methylthiophene with
chloride 5 or bromide 8 proceeded efficiently in the pres-
ence of 30 or 10 mol% of catalyst 1 to give the desired
products 15–20 in high yields (Table 2, entries 5–8). N-
Benzoyl-1H-pyrrole also served as a moderately reactive
heteroaromatic substrate and its reaction with bromide 8
gave adducts 21 and 22 in yields of 37% and 28%, respec-
tively; however, attempts at tritylation of this substrate
were unsuccessful (entries 9 and 10). Finally, we exam-
ined the reactions of 1-benzofuran and 1-methyl-1H-in-
dole as substrates. Heating these substrates for two hours

in the presence of 1.0 equiv of bromide 8 gave adduct 24
and a regioisomeric mixture of adducts 25 and 26, respec-
tively, in yields of 78% and 50% (entries 11 and 12).

Next, we examined the application of our method to the
alkylation of reactive aromatic compounds with bromide
8 as the electrophile.19 We hoped that this would provide
a rapid route to triarylmethane derivatives of industrial
importance.20 The results are summarized in Table 3.

Unfortunately, anisole and p-xylene as representative aro-
matic substrates did not react, even under harsh conditions
(refluxing DCE for 24 h). However, the reaction of 1,4-di-
methoxybenzene with 8 proceeded in the presence of 10
mol% of 1 to afford the disubstituted product 27 and the
monosubstituted product 28 in yields of 34% and 17%, re-
spectively (Table 3, entry 1). The desired alkylation went
to completion within two hours (78% total yield) when the
amount of the catalyst was increased to 40 mol% (entry
2).21

Similarly, treatment of 1,3-dimethoxybenzene with bro-
mide 8 gave the alkylation products 29 and 30 in good
combined yield (entry 3). In contrast, 1,2-dimethoxyben-
zene showed a comparatively low reactivity and, after two
hours, product 31 was isolated as a single regioisomer in
47% yield (entry 4). On the other hand, 1,3,5-trimethoxy-
benzene exclusively gave the monoadduct 32 in 91%
yield after two hours (entry 5). 

Finally, we examined the reactions of a series of N,N-di-
methylanilines with bromide 8. N,N-Dimethylaniline it-
self reacted with an excess of bromide 8 to give product
33 in 23% yield (entry 6). The 3-methoxy analogue also
showed normal reactivity, albeit with low regioselectivi-
ty, and all possible regioisomers 34–36 were obtained in
good combined yield (entry 7).

In summary, we have developed a new and practical
method for the organocatalytic benzylation of various π-
excessive heteroaromatic and aromatic compounds by us-
ing chloride 5 or bromide 8 as reactive electrophiles and
thiourea 1 as a catalyst. A Friedel–Crafts alkylation of this
type might involve an SN1-type mechanism with the for-
mation of a carbocation intermediate from 5 or 8 by ab-
straction of a halide anion with the aid of the halophilic
thiourea 1.22 We believe that this method might serve as
part of a novel strategy for Friedel–Crafts alkylation reac-
tions of aromatic compounds with thiourea-based organo-
catalysts. Further studies to extend the scope of this
method are now in progress.
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25
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2 30 + 20d

a Unless otherwise noted, all reactions were performed at 0.5 M with 
5 equiv of the nucleophile and 3 Ǻ MS (10 mg/1.0 mmol of 5 or 8) in 
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radicals has only been noted under conditions of photo-
irradiation. See, for example: Cantrell, T. S.; Allen, A. C.; 
Ziffer, H. J. Org. Chem. 1989, 54, 140.

(19) All attempts to perform the tritylation of 1,4-dimethoxy-
benzene in the presence of catalyst 1 failed for reasons that 
are not yet clear.

(20) For example, see: Zhang, J.; Bellomo, A.; Creamer, A. D.; 
Dreher, S. D.; Walsh, P. J. J. Am. Chem. Soc. 2012, 134, 
13765.

(21) In a control experiment (Table 3, entry 2), the reaction was 
significantly retarded in the absence of catalyst 1 (6 h in 
refluxing DCE), and gave 25% of 27 along with 7% of 28.

(22) We cannot exclude the possibility that an SN2-type 
mechanism might also operate in reactions with 8 as the 
electrophile. At present, we have no clear idea of the 
halophilic strength (Br versus Cl) of catalyst 1.
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