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ABSTRACT

Pharmacologically important diarylmethane structures have been prepared in a straightforward manner through sequentially integrated Pd-
catalyzed cross-coupling reactions. (2-Pyridyl)silylmethylstannane was found to be an air-stable, storable, and versatile coupling platform in
this synthetic strategy.

Diarylmethanes are ubiquitous structural constituents in
pharmacologically important molecules with many interesting
actions.1 They are also frequently used as subunits in
supramolecular structures such as macrocycles, catenanes,
and rotaxanes.2 With the advent of high throughput chem-
istry, a general, straightforward, and diversity-oriented
synthetic method toward this class of compounds is in high
demand.

Classically, diarylmethanes have been elaborated by the
Friedel-Crafts alkylation using aromatic compounds and
benzylic halides or by SN2-type reaction using arylmetals

and benzylic halides (Scheme 1). Alternatively, metal-
catalyzed cross-coupling reactions of arylmetals and benzylic
halides, or aryl halides and benzylic metals (usually prepared
from benzylic halides), have been used as a viable synthetic
strategy (Scheme 1). However, all these methods are limited
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M.; Guare, J. P., Jr.; Zhuang, L.; Grey, V. E.; Vacca, J. P.; Holloway, M.
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Scheme 1. Synthetic Routes toward Diarylmethanes
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by the availability of benzylic halides, which are not always
stable and easy to handle and, hence, not suitable for the
production of large numbers of molecules in a combinatorial
way.3

We envisioned that a mixed gem-dimetalmethane
(MCH2M′)4,5 would be a suitable coupling platform for a
general and straightforward synthesis of diarylmethanes if
selective arylation at each of the carbon-metal bonds could
be realized using Pd-catalyzed cross-coupling chemistry
(Scheme 1).6 However, to our knowledge, such a straight-
forward strategy has not been reported for the preparation
of diarylmethanes.

During our recent program using a dimethyl(2-pyridyl)-
silyl (2-PyMe2Si) group as a removable directing group,7-9

we developed several 2-PyMe2Si-based mixed gem-dimetal-
methanes such as silylmethyllithium,10 silylmethylmagne-
sium,11 and silylmethylstannane.12 We envisaged that 2-PyMe2-
SiCH2SnBu3 (1) should be particularly suitable as a platform
for diarylmethane synthesis because of its practical advan-
tages: (i) stable to air and moisture,13 (ii) storable, and (iii)
easy to prepare (two steps from 2-bromopyridine) in a large
scale (>10 g).12 In this communication, we report the use
of 1 as an excellent mixed gem-dimetalmethane for the
preparation of diarylmethanes through sequentially integrated
Pd-catalyzed cross-coupling reactions with aryl iodides
(Scheme 2). Advantageous features of our strategy are that
(i) because of the reactivity difference of two carbon-metal
bonds (C-Sn vs C-Si), selective and stepwise arylations
should be possible, and (ii) because both of the aryl groups
of diarylmethane structure stem from readily available aryl

iodides (more than 20 000 aryl iodides are commercially
available), the synthesis becomes sufficiently diversity-
oriented (Scheme 2).14

Although it has been well-known that silylmethylstannanes
are unreactive15 toward cross-coupling reaction (Migita-
Kosugi-Stille coupling),16 we have established that a (2-
pyridyl)silylmethylstannane such as1 undergoes Pd-cata-
lyzed cross-coupling reaction with aryl iodide2 (step 1 in
Scheme 2) presumably due to the pyridyl-to-palladium
coordination effect in the transmetalation step.12 Therefore,
the second cross-coupling reaction (Hiyama coupling, step
2 in Scheme 2)17 is the initial focal point of our campaign
toward diarylmethane synthesis.

Although we have already reported that the cross-coupling
reactions ofalkenyl(2-pyridyl)silanes with aryl iodides are
efficiently catalyzed by PdCl2(PhCN)2/TBAF18 system,7b we
had several concerns in our mind prior to the investigation
described herein. (i) If we are conducting the second cross-
coupling (cross-coupling usingbenzylicsilanes) under the
mechanism similar to that used for alkenyl(2-pyridyl)silanes
(cross-coupling proceeds through the intermediacy of silanol
with quantitative removal of pyridyl group from silicon), the
protonation of benzylic group must be slower than the
transmetalation and the protonation of pyridyl group. Oth-
erwise, it will end up in exclusive protodesilylation. (ii)
Judging from the paucity in the literature, a benzylic group
might be more difficult to transfer from silicon to palladium
(and then to coupling product) than other common transfer
groups such as aryl, alkenyl, alkynyl, and allyl groups.19 (iii)
If the above-mentioned concerns were found to be the case,
alternative activation of the ArCH2-SiMe2Py bond must be
developed.
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(4) For excellent reviews on gem-dimetalmethane: (a) Marek, I.;
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Scheme 2. Synthetic Strategy toward Diarylmethanes through
Sequential Pd-Catalyzed Cross-Coupling Reactions
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Thus, we searched for the conditions of a second cross-
coupling by using benzylic silane3b and iodobenzene (2a)
as model substrates and Pd(PPh3)4 as a catalyst (Table 1).

First we subjected several fluorides (KF, TBAF, and TASF18)
to accelerate the rate-determining transmetalation step (entries
2-4). However, the addition of fluoride resulted in quantita-
tive protodesilylation of3b in all cases. These results clearly
implicate that the transmetalation of benzylic silane is much
slower than the protodesilylation.

The obvious need for an alternative activation method of
the ArCH2-SiMe2Py bond led us to further investigations.
After many scouting experiments, we found that the addition
of Ag2O20 promoted the benzylic group transfer from3b to
afford the corresponding diarylmethane4ab in 55% yield
along with (2-pyridyl)benzene5 (27%) (entry 5). It was
found that the addition of AgO also promoted the desired
cross-coupling reaction (entry 6). However, with the required
reaction time (8 h for Ag2O; 45 h for AgO) taken into
account, Ag2O may be the additive of choice for this cross-
coupling reaction. The addition of AgOAc was found to be
less effective than that of Ag2O (entry 7). Other silver salts
such as AgBF4, AgF, and Ag2S did not promote the reaction
(entries 8-10). Interestingly, the addition of similar metal
oxides such as CuO, Cu2O, and Au2O3 did not exhibit any
promoting effect (entries 11-13). From these results, it is

obvious that silver salts that possess a relatively strong Ag-O
bond are effective for the activation. Although it is clear that
more experimental data must be accumulated to settle the
mechanism of this activation, a plausible explanation is
shown in Figure 1.

To see if the pyridyl group on silicon is necessary in this
cross-coupling reaction, we subsequently subjected other
related benzylic silanes. PhMe2SiCH2Ar (6) and (MeO)Me2-
SiCH2Ar (7) did not undergo cross-coupling with the aid of
the Pd(PPh3)4/Ag2O catalyst, which indicates that the pyridyl
group is also crucial for this cross-coupling reaction.21

Moreover, the hydrochloride of 2-PyMe2SiCH2Ar (8) also
failed to cross-couple with aryl iodide. Thus, it may be
reasonable to assume that the beneficial effect of the pyridyl
group is attributed to the coordinating (directing) ability of
this group (proximity effect shown in Figure 1).

Having established the conditions for the second cross-
coupling reaction, we commenced our sequential cross-
coupling reactions toward diarylmethanes (Scheme 3).
Gratifyingly, 1 underwent efficient and selective integrated
cross-coupling reactions with a wide array of electronically
and structurally diverse aryl iodides in good yields (Scheme
3). As can be seen in the syntheses of4aband4ba, the same
diarylmethane could be prepared by interchanging the order
of the addition of aryl iodides. The advantage is apparent as
we can choose a high-yielding route by simply changing the
addition order from the same set of reagents. The successful
synthesis of diarylmethanes containing ketone and ester
functionalities may be the advantage of our methods since

(20) For the use of Ag2O in Pd-catalyzed cross-coupling reactions: (a)
Uenishi, J.; Beau, J. M.; Armstrong, R. W.; Kishi, Y.J. Am. Chem. Soc.
1987,109, 4756. (b) Malm, J.; Björk, P.; Gronowitz, S.; Hörnfeldt, A. B.
Tetrahedron Lett.1992, 33, 2199. (c) Gutierrez, A. J.; Terhorst, T. J.;
Matteucci, M. D.; Froehler, B. C.J. Am. Chem. Soc.1994,116, 5540. (d)
Gilmann, T.; Weeber, T.Synlett1994, 649. (e) Chen, H. C.; Deng, M. Z.
J. Org. Chem.2000,65, 4444. (f) ref 17i. (g) Zou, G.; Reddy, Y. K.; Falck,
J. R.Tetrahedron Lett.2001,42, 7213. (h) Mori, A.; Kondo, T.; Kato, T.;
Nishihara, Y.Chem. Lett.2001, 286.

(21) Recently, Mori has discovered the beneficial effect of Ag2O as an
additive in cross-coupling reaction using silanols.17i One could conceive
that the cross-coupling using benzylic (2-pyridyl)silane catalyzed by a Pd-
(PPh3)4/Ag2O system might also proceed through the intermediacy of
benzylic silanol as in the case of alkenyl(2-pyridyl)silane as mentioned
before.7b However, this idea seems unlikely because the pyridyl group is
also transferred into the product (5). Moreover, we also found that (i) the
yields and ratio of4 and5 were affected by the substituents on the pyridine
ring of 3 and (ii) the cross-coupling reaction of 2-PySiMe3 does not take
place with Pd(PPh3)4/Ag2O catalyst. From this presumptive evidence, we
are currently assuming that (i) the pyridyl group is retained on silicon and
promoting the benzylic group transfer as in Figure 1 and (ii) the transfer of
the pyridyl group occurs from the 2-PyMe2Si-X species generated after the
benzylic group transfer from3. However, it is clear that more experimental
data must be accumulated to elucidate the mechanism.

Table 1. Effect of Additive on Pd-Catalyzed Cross-Coupling
Reaction of3b with 2aa

entry additive result

1 none no reaction
2 KF protodesilylation
3 TBAF protodesilylation
4 TASF protodesilylation
5 Ag2O 4ab (55%) + 5 (27%)
6 AgO 4ab (52%) + 5 (12%)
7 AgOAc 4ab (40%) + 5 (16%)
8 AgBF4 protodesilylation
9 AgF protodesilylation

10 Ag2S no reaction
11 CuO no reaction
12 Cu2O no reaction
13 Au2O3 no reaction

a Reaction conditions:3b (0.30 mmol),2a (0.36 mmol), Pd(PPh3)4 (5
mol %), additive (0.30 mmol), THF (2 mL), 60°C, 8-48 h.

Figure 1. A plausible explanation for the activation of3 with silver
salts having a relatively strong Ag-O bond.
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their incorporation is obviously difficult with the previously
reported methods. Moreover, the selective arylation at the
Ar-I functionality over the Ar-Br functionality is also
feasible (4eb), and the resultant opportunity for further
functionalization (cross-coupling reaction for example) should
be useful for gaining more diversity. When diiodobenzenes
(2h and 2i) were employed, dibenzylbenzene derivatives
(4bh and4bi) could indeed be obtained in good yields, which
clearly indicates the further possibility of our strategy toward
a diverse range of diarylmethane structures. Such simulta-
neous two-directional synthesis22 should be useful for the
construction of oligo-diarylmethane structures.

In conclusion, we have established a general, straightfor-
ward, and diversity-oriented synthesis of pharmacologically
important diarylmethane structures through the sequentially

integrated cross-coupling reactions using 2-PyMe2SiCH2-
SnBu3 (1) as an air-stable, storable, and versatile coupling
platform. Since our strategy is not limited by the availability
of reagents, the production and screening of a large number
of diarylmethanes against the target of interest should be
possible.
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Scheme 3. Synthesis of Diarylmethane4 by Sequentially Integrated Cross-Coupling Reactions of1 with 2a

a Percentage on the left (blue) refers to isolated yield of3 obtained by the first cross-coupling reaction. Percentage on the right (red)
refers to isolated yield of4 obtained by the second cross-coupling reaction.bCondition A: 1 (0.5 mmol),2 (0.55 mmol), PdCl2(CH3CN)2
(5 mol %), P(C6F5)3 (10 mol %), THF (2 mL), 50°C, 24-48 h.cCondition B: 1 (0.5 mmol),2 (0.55 mmol), PdCl2(CH3CN)2 (5 mol %),
P(C6H4CF3-4)3 (10 mol %), THF (2 mL), 70°C, 24 h.dCondition C: 3 (0.30 mmol),2 (0.36 mmol), Pd(PPh3)4 (5 mol %), Ag2O (0.30
mmol), THF (2 mL), 60°C, 24-48 h.eCompounds2 (0.30 mmol) and3 (0.46 mmol) were employed.
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