
Lithium tetrakis(pentafluorophenyl)borate [LiB(C6F5)4], a
neutral salt, effectively catalyzed Friedel–Crafts benzylation
reactions of aromatic compounds with benzyl chloride or mesy-
late and their substituted derivatives.  The LiB(C6F5)4-catalyzed
reactions proceeded more efficiently in the coexistence of mag-
nesium oxide.

Tetrakis(pentafluorophenyl)borate ion1 is one of the most
weakly-coordinating anions2 whose counter ion exists as a
naked cation.  Moreover, its counter metal ion is soluble even in
nonpolar organic solvents because of the lipophilic character of
borate ion.  Besides in olefin polymerization,3 the borates are
employed in synthetic organic reactions as activators of various
electrophiles.

Recently, it was reported from our laboratory that a catalyt-
ic amount of borate compounds such as TrB(C6F5)4 was enough
to work effectively as a Lewis acid in glycosylation reactions4

and also in aldol reactions of silyl enol ethers and acetals or
aldehydes.5

Now, Friedel–Crafts benzylation reactions of aromatic
compounds with benzyl chloride or mesylate6 were tried on the
assumption that lithium tetrakis(pentafluorophenyl)borate7

[LiB(C6F5)4] 1, a neutral salt, would mildly generate an active
benzylating species by coordinating to the benzylating reagents.
By using this active species, the reaction is then expected to
proceed under milder conditions than of convensional ones cat-
alyzed by classical Lewis acids such as aluminium  trichloride
(AlCl3).  The yield of mono-benzylated product of AlCl3 was
not so high sometimes, because of the formation of a mixture of
two dibenzylated products.  In this case, the yield of mono-ben-
zylated product was improved to some extent in the coexistence
of montmorillonite.8

Further, it was also reported that the benzylation reactions
were promoted by using 30 mol% of lanthanoid chloride9 and
were catalyzed effectively also by Hf(OTf)4 in the further addi-
tion of lithium perchlorate in nitromethane.10 Therefore, explo-
ration of a catalyst which efficiently promotes the above reac-
tion under milder conditions is still required.

We would like to describe here a unique catalytic activity
of 1 in Friedel–Crafts benzylations of aromatic compounds by
using benzyl chloride or mesylate and their substituted deriva-
tives together with the effect of magnesium oxide (MgO) which
improved the catalyst turnover of this reaction.

When a catalytic amount (10 mol%) of 1 was added to a
mixture of benzyl chloride (1.0 mmol) and benzene (30 mmol)
at 80 ˚C, the benzylation reaction took place and gave the
mono-benzylated product, diphenylmethane, in high yield
(Table 1, entry 1).  However, the benzylation did not proceed at
all when LiOTf or LiBF4 was added in place of 1 in the above
reaction (entries 2 and 3).  On the other hand, if AlCl3 was used

in the same reaction, diphenylmethane was obtained in 75%
along with 8% of dibenzylbenzene (entry 4).  It is noted that 1-
catalyzed benzylation reaction afforded diphenylmethane in
96% yield with trace amounts of dibenzylated products
although the catalytic efficiency of 1 under this condition
turned out to be rather low (entries 1, 5 and 6).  Then, addition
of a suitable base which would not form a complex with 1 was
considered in order to accelerate regeneration of 1 more effi-
ciently by trapping a co-product, hydrogen chloride.  This
should improve the turnover of the catalyst 1.  Metal oxides
were thus chosen for this purpose and thus the above benzyla-
tion reactions were tried in the presence of several metal oxides
(entries 7–11).  It was found that MgO was the most effective
of all the metal oxides examined and the catalyst turnover was
considerably improved in the presence of MgO.11  But, it is
noted that MgO itself did not catalyze the benzylation reaction.

When borate 1 was applied to some other Friedel–Crafts
benzylations of aromatic compounds with benzylating agents
(Table 2), almost all the reactions proceeded to give the desired
products in good to excellent yields.  The addition of MgO was
notably effective in improving the yields of the desired products
(entries 3, 6, 10 and 12).

The 1-catalyzed Friedel–Crafts benzylation by using sever-
al benzyl mesylates proceeded under milder conditions than the
case using benzyl chlorides (Table 3).  In every case, the reac-
tions proceeded smoothly at room temperature to give the
mono-benzylated products in high yields.  The result of a reac-
tion between 4-chloromethylbenzyl mesylate 3c and benzene
shown in Table 3 (entry 7) is interesting.  When the
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Friedel–Crafts reaction was tried by using 3c which has two
reaction sites, benzylic chloride and benzylic mesylate moieties,
only the mesylate site reacted to give 4-chloromethylbenzylben-
zene in an excellent yield.  This shows selective Friedel–Crafts
benzylation reaction of aromatic compounds to be performed
by the present 1-catalyzed reactions. 

A typical experimental procedure is described for the reac-
tion of benzene with benzyl chloride (Table 1, entry 7):  to a

mixture of 1 (0.5 × 10–2 mmol, 1 mol%) and MgO (0.5 mmol)
was added a solution of benzyl chloride (0.5 mmol) in benzene
(15 mmol)  at room temperature.  The mixture was stirred for 8
h at 80 ˚C and then filtered through silica gel.  The eluent was
concentrated in vacuo, and the crude product was purified by
preparative TLC to afford diphenylmethane.

Thus, it is noted that a new and convenient method for
Friedel–Crafts benzylation reactions of aromatic compounds
with benzyl chloride or mesylate and their substituted deriva-
tives in the presence of a catalytic amount of, a neutral salt, 1
was established.  Further, it was found that the turnover of the
present catalyst 1 is improved by the addition of MgO.

Further investigations to develop other synthetic reactions
using catalytic amounts of 1 as well as to clarify the role of the
MgO in this reaction are now in progress.

The present research is partially supported by Grant-in-
Aids for Scientific Research from the Ministry of Education,
Science, Sports and Culture.

References and Notes
1 a) A. G. Massey and A. J. Park, J. Organomet. Chem., 2, 245

(1964). b) R. D. Chambers and T. Chivers, Organomet. Chem.
Rev., 1, 279 (1966). c) S. C. Cohen and A. G. Massey,
“Advances in Fluorine Chemistry,” ed. by J. C. Tatlow, R. D.
Peacock, H. H. Hyman, and M. Stacey, Butterworth, London
(1970), Vol. 6, p. 149.

2 a) H. Nishida, N. Takada, M. Yoshimura, T. Sonoda, and H.
Kobayashi, Bull. Chem. Soc. Jpn., 57, 2600 (1984). b) W. J.
Dubay, P. A. Grieco, and L. J. Todd, J. Org. Chem., 59, 6898
(1994). c) H. Kobayashi, J. Nie, and T. Sonoda, Chem. Lett.,
1995, 307. d) P. A. Grieco, W. J. Dubay, and L. J. Todd,
Tetrahedron Lett., 37, 8707 (1996). e) K. Fujiki, S. Ikeda, H.
Kobayashi, A. Mori, A. Nagira, J. Nie, T. Sonoda, and Y.
Yagupolskii, Chem. Lett., 2000, 62.

3 a) B. Rhodes, J. C. W. Chien, and M. D. Rausch,
Organometallics, 17, 1931 (1998). b) U. M. Stehling, K. M.
Stein, M. R. Kesti, and R. M. Waymouth, Macromolecules, 31,
2019 (1998).

4 a) H. Uchiro and T. Mukaiyama, Chem. Lett., 1996, 79. b) K.
Takeuchi, S. Higuchi, and T. Mukaiyama, Chem. Lett., 1997,
969. c) H. Uchiro and T. Mukaiyama, Chem. Lett., 1997, 121. d)
K. Takeuchi and T. Mukaiyama, Chem. Lett., 1998, 555. e) T.
Mukaiyama, K. Miyazaki, and H. Uchiro, Chem. Lett., 1998, 635.

5 T. Mukaiyama, M. Yanagisawa, D. Iida, and I. Hachiya, Chem.
Lett., 2000, 606.

6 Review articles, see: a) G. A. Olah, R. Krishnamurti, and G. K.
Suryaprakash, “Comprehensive Organic Synthesis,” ed. by B.
M. Trost and I. Fleming, Pergamon Press, Oxford (1991), Vol.
3, p. 293. b) C. C. Price, “The Alkylation of Aromatic
Compounds by the Friedel–Crafts Method,” in “Organic
Reactions,” ed. by R. Adams, Wiley, New York (1962), Vol. 3,
p. 1. 

7 Lithium Tetrakis(pentafluorophenyl)borate–Ethyl Ether
Complex was purchased from Tokyo Chemical Industry Co.,
Ltd. and was stirred under 0.5 mmHg at 60 ˚C for 3 h before use
in the Friedel–Crafts reaction.  By 1H NMR measurement, it
was determined that the above pretreated lithium tetrakis(penta-
fluorophenyl)borate contained 1.9–2.3 moles of ether and
0.9–1.1 mole of water.

8 P. Laszlo and A. Mathy, Helv. Chim. Acta, 70, 577 (1987).
9 N. Mine, Y. Fujiwara, and H. Taniguchi, Chem. Lett., 1986,

357.
10 I. Hachiya, M. Moriwaki, and S. Kobayashi, Bull. Chem. Soc.

Jpn., 68, 2053 (1995).
11 N. Whittaker, J. Chem. Soc., 1953, 1646.

Chemistry Letters 2000 1011


