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Tris(trimethylsilyl)silane (TTMSS) and azobisisobutironitrile (AIBN) promoted the easy intermolecular arylation of aryl and heteroaryl bromides
under thermal conditions via a radical pathway.

Biaryls and their homologues, such as oligo- and polyaryls, worker$ have developed a method for the synthesis of biaryls
are an important class of organic compounds, representednvolving an intramolecular radicapso substitution that

in several areas including natural products, polymers, avoided the use of organotin hydrides. However, correspond-
advanced materials, and molecules of pharmacologicaling intermolecular processes have not been reported to date,
interest: A number of methods for the preparation of these although intermolecular alkylations of aromatic systems by
systems from monoaryl precursors have been developedalkylmercury compounds and alkyl halides were reported by
Catalytic cross-coupling reactions are, perhaps, the mostRussell and co-worker8;!! also performed under photo-
attractive methods, and biaryl compounds have been prepare¢hemical conditions.

by a number of different procedures such as Stille, Suzuki, Inthe course of our studies on the reactivity of pyridinium
or Negishi couplingd2 As a continuation of our interest in ~ N-aminidesl (Scheme 1}#3we attempted to arylate ylide
this kind of compound®,we planned to study alternative 1 with the radical derived from the heteroaryl bromi2e
methods for their preparation that avoided the traditional
coupling reactions. Additional methods reported in the

literature for the preparation of biaryls include some ex- Scheme 1
amples of the arylation of arenes via a radical mechanism | o
under photochemical conditiods® Intramolecular radical m “ *r Nt N
arylations under reductive radical conditions, usingntri- N @\ N
butyltin hydride in the presence of azobisisobutyronitrile N ONT TT;2:4:|BN 3
(BusSnH/AIBN), are knowrT:2 Recently, Motherwell and co- @ 2a ‘
a \
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to obtain the biaryl derivativ8. To our surprise, produ&

radical 6 might be oxidized by the initiator or an initiator-

was not observed, but the unexpected reaction of the radicalderived radical! Moreover, Bowman and co-workérs

derived from the heteroaryl bromid#a with benzeneda,
which was used as solvent, did occur to give the biagyl

advanced a further hypothesis for aromatic alkylations
involving alkyl halides in the presence of g8nH and AIBN.

We then decided to investigate the process, and herein weThese authors proposed a mechanism related to an SRN1-

report our preliminary findings concerning the extension of
this reaction to the arylation of aryl and heteroaryl bromides,
under thermal conditions, by using tris(trimethylsilyl)silane
(TTMSS) and AIBN.

When a solution of TTMSS and AIBN in benzene was
added to a solution of 2-bromopyridingg, in benzene4a,
at 80°C, 2-phenylpyridineba, was formed (23% yield). The
formation of biaryl derivativésa (Scheme 2) was rationalized

Scheme 2
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through the formation of an aryl radical, generated from the
bromoaryl derivative, which is reluctant to propagate the
chain by hydrogen abstraction. This aryl radical then

undergoes addition to an arene to generate a new cyclohexa- 7

dienyl radical,6. The ultimate fate ob is, usually, rearo-
matization to generate a substituted aremealthough the
mechanism by which the oxidation step takes place is not

yet well understood and has been the subject of debate in

the literature*1°

Full equivalents of AIBN and TTMSS were required in
this reaction, as reported previously in SunH/AIBN-
mediated cyclization¥ suggesting that the cyclohexadienyl
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type reaction, in which the adduct radical undergoes depro-
tonation to give a radical anion, which in turn transfers an
electron to the alkyl halide, to achieve aromaticity. This
situation could suggest that BSnH can also serve as a
proton acceptor in these processes. This hypothesis is
supported by the fact that organic bases such as DABCO
(1,4-diazabicyclo[2.2.2]octane) could also promote this
substitution reactioff*!

To investigate the scope and efficiency of the process, a
number of parameters were modified and the results are
shown in Table 1. The best yields were obtained by slow

Table 1. Compounds Obtained

Entry Aryl Bromide Solvent Product Yield* Ratio Method
o:m:p
1 B 41 A
2 | - 10 B
3 N "Br N 7 ol
4 2a 4a Sa 7 D
x Br
| Y
i |
N da NZ 74 A
2b 5h
Br
B
6 | da S 55 A
N N/
2¢ cl ~ Sc
t | cl
N
2a 84 13:0:1 A
4b 5f-h
Me | =
P Me
8 2a N 61 21:1 A
4c 5f-h
Me
Me.
9 \©\ da 51 A
. C
2d 5i
MeO MeO 0
10 Ej\Br da O 50 A
2e 5j
MeQOC
MeOOC\CL O
11 Br 4a 52 A
2f 5k

2Yields refer to isolated pure product. All the products were identified
by spectroscopic and literature data. Method A: TTMSS (2 equiv), AIBN
(2 equiv), the corresponding aryl bromi@g1 equiv) in the solvent (5
mL) added to 10 mL of the corresponding solvén80 °C, 24 h. Method
B: TTMSS (0.1 equiv), AIBN (0.1 equiv), aryl bromidz(1 equiv) in the
solvent4 (5 mL) added to 10 mL of the solvedt 80°C, 24 h. Method C:
TTMSS (0.1 equiv), AIBN (0.1 equiv), DABCO (4 equiv), aryl bromide
(1 equiv) in the solvend (5 mL) added to 10 mL of the solved{ 80 °C,
24 h. Method D: BgSnH (2 equiv), AIBN (2 equiv), aryl bromidg (1
equiv) in the solvent (5 mL) added to 10 mL of the solvedt 80 °C, 24
h.
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addition (8 h) of a solution of TTMSS (2 equiv), AIBN (2
equiv), and aryl halide (1 equiv) in 5 mL of benzene, over
an additional 10 mL of benzenda, at 80 °C (Entry 1,
Method A). The reaction did not go to completion when only
catalytic amounts of AIBN and TTMSS were employed
(Entry 2, Method B), even along with a stoichometric amount
of DABCO (Entry 3, Method C). Similar negative results
were obtained by replacing TTMSS with E8nH (Entry 4,
Method D)8

In a similar manner, 3-bromopyridin€b, and 4-bro-
mopyridine, 2c, reacted with benzenda, to afford biaryl
derivativesbb,c (Entries 5 and 6). Attempts to extend the

4-methoxycarbonylphenyl bromide2d—f, respectively)
(Entries 9—11) and obtained essentially the same results.

In conclusion, we report a simple method for the synthesis
of biaryl compounds, based on the intermolecular radical
addition of aryl- or heteroaryl radicals onto aromatic solvents.
This process takes place under reductive radical conditions
(TTMSS, AIBN), and it is noteworthy that radical addition
takes place prior to hydrogen abstraction from TTMSS. This
methodology should be complementary to the preparation
of biaryl compounds by organometallic-based aryl cross-
coupling methods and is currently being extended to the
synthesis of other related systems.

scope of the process were carried out using chlorobenzene,

4b, or toluene4c, as the aromatic solvents (Entries 7 and Acknowledgment. We thank Dr. J. Cristobal Lopez for
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compounds? In general, the regioselectivity depends on the
electrophilicity or nucleophilicity of both, the radical, and

the substrate as well as on polar effects and orbital control.

On the other hand, the philicity of aryl radicals is a

controversial subject and there has been considerable debatg
regarding the nature of aryl radicals and whether they could

be nucleophilic? electrophilic?t-22or relatively neutrd}?324
species. Moreover, although chlorobenzefie, could be

considered as an electron-poor substrate, the mesomeric

Comunidad de Madrid (CAM) for a grant (A.G.V).
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