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ABSTRACT

To evaluate the potential of the recently developed palladium-catalyzed trimerization of arynes for the synthesis of strained polycyclic
hydrocarbons, the trimerizations of 1,2-didehydronaphthalene (1) and 9,10-didehydrophenanthrene (2), generated from the corresponding
o-trimethylsilylaryl triflates 5 and 11, respectively, were studied. The synthesis of tribenzo[a,g,o]triphenylene (6), tribenzo[a,g,m]triphenylene
(7), and hexabenzo[a,c,g,i,m,o]triphenylene (12) is described.

The chemistry of overcrowded polycyclic aromatic hydro-
carbons (PAHs) has become a field of increasing interest
during the past decade. The synthesis of bowl-shaped PAHs
that constitute significant fragments of fullerenes is particu-
larly appealing,1 but also important efforts have been directed
to the construction of highly symmetric PAHs with different
shapes, such as saddles or twists,1,2 and to the synthesis of
other structures that exhibit distortions from planarity, such
as the helicenes.3 In general, the syntheses of these kinds of
compounds have in common the lack of general applicability,
the use of harsh reaction conditions (e.g., FVP), and low

yields. In this Letter we report preliminary results on a novel,
convenient approach to the synthesis of strained PAHs based
on the palladium(0)-catalyzed cyclotrimerization of poly-
cyclic arynes.

Recently we described the palladium-catalyzed cyclotri-
merization of benzyne and substituted derivatives to afford
triphenylenes.4 We planned to apply this reaction to poly-
cyclic arynes,5 which would allow an easy access to complex
polycyclic structures. Particularly, we became interested in
the reaction of two arynes of increasing size and structural
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complexity: 1,2-didehydronaphthalene (1) and 9,10-dide-
hydrophenanthrene (2) (Figure 1). The cyclotrimerization of

1 would give us a first insight into the possibility of obtaining
strained PAHs using our proposed strategy, and the cyclo-
trimerization of2 would afford dibenzo[f,j]phenanthro[9,-
10-s]picene (hexabenzo-[a,c,g,i,m,o]triphenylene,12), a mol-
ecule that has been recently characterized as a highly twisted,
D3-symmetric molecular propeller6 and whose synthesis has
been shown to be difficult so far.6,7

On the basis of our previously described methodology,4,8

we selected the correspondingo-trimethylsilylaryl triflates
as adequate aryne precursors for1 and2. 1-Trimethylsilyl-
naphthyl 2-trifluoromethanesulfonate (5) was prepared from
commercially available 1-bromo-2-naphthol (3) as shown in
Scheme 1. Treatment of3 with hexamethyldisilazane (HMDS)

at 70 °C gave trimethylsilyl ether4 in quantitative yield,
which was transformed into triflate5 in one pot by sequential
treatment withn-BuLi (1 equiv,-78 °C to room tempera-
ture) and Tf2O. When 5 was subjected to the reaction
conditions previously reported for the cyclotrimerization of

simple arynes4 [CsF (2 equiv), Pd(PPh3)4 (0.1 equiv); CH3-
CN, room temperature], the expected trimers were not
detected. Reasoning that the bulky and strongly coordinated
ligand PPh3 might prevent the reaction of this sterically
demanding aryne, we switched to Pd2(dba)3 as a palladium
source. When5 was treated with CsF in the presence of 5
mol % of Pd2(dba)3, a mixture of trimers6 and 7 was
successfully obtained in 60% yield and 2.7:1 ratio,9 with 6
being the major product. Both isomers are structurally
interesting molecules: while tribenzo[a,g,m]triphenylene
(benzo[c]naphtho[2,1-p]-chrysene,7) has recently attracted
great attention as a potential precursor for the synthesis of
hemifullerene,10 tribenzo[a,g,o]triphenylene (naphtho[1,2-s]-
picene,6) is a substituted pentahelicene. Furthermore, the
isolation of 6 as a major product showed that sterically
hindered, highly twisted polycyclic hydrocarbons could be
efficiently obtained using this approach, opening the pos-
sibility of synthesizing12.

The preparation of 10-trimethylsilylphenanthryl 9-trifluo-
romethanesulfonate (11) from commercially available
9-phenanthrol (8) is shown in Scheme 2. Selectiveortho-

bromination was achieved in good yield by reaction of8
with N-bromosuccinimide (NBS) in the presence of a
catalytic amount of diisopropylamine.11 Sequential treatment
of 9 with n-BuLi and TMSCl (twice) afforded in one pot
trimethylsilyl ether 10, which was highly unstable and
therefore taken to the next step without further purification.
Reaction of crude10 with n-BuLi and quenching with Tf2O
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afforded triflate11 in 55% overall yield from9. Treatment
of 11 with CsF in the presence of Pd2(dba)3 as catalyst
afforded a single low-polarity product that was isolated and
characterized12 as hexabenzo[a,c,g,i,m,o]triphenylene (12) in
a remarkable 39% yield. It is worth noting that the previously
reported syntheses of12 afforded the compound in yields

as low as 5%6 and 13%,7a starting from precursors which
were difficult to prepare, and using severe reaction conditions
(pyrolysis, 700°C). It is evident that our procedure would
be the method of choice for the preparation of large amounts
of 12.
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(9) Ratio determined by1H NMR of the mixture. Samples of both isomers
(6 and 7) were separated by flash chromatography and adequately
characterized. Data for6: 1H NMR (CDCl3) δ 9.03-8.98 (m, 2 H), 8.64
(d, J ) 8.9 Hz, 1 H), 8.59 (d,J ) 8.9 Hz, 1 H), 8.35 (d,J ) 8.5 Hz, 1 H),
8.30 (d,J ) 8.7 Hz, 1 H), 8.12-7.95 (m, 6 H), 7.73-7.48 (m, 4 H), 7.36-
7.28 (m, 2 H);13C NMR (CDCl3) δ 133.7, 132.1, 132.0, 131.2, 130.6, 129.7,
129.6, 129.5, 129.2, 129.1, 128.7, 128.5, 128.1, 128.0, 127.9, 127.8, 127.6,
126.1, 125.94, 125.92, 125.86, 125.78, 125.5, 124.9, 124.8, 120.5, 120.4;
MS, m/z (%) 378 (M+, 63), 377 (68), 187 (100); HRMS for C30H18 calcd
378.1408, found 378.1408. Spectral data of7 were in agreement with those
reported in the literature (refs 10b,c).
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a 13C NMR spectra of12: 1H NMR (CDCl3, 500 MHz) δ 8.54 (dd,J )
8.2, 1.1 Hz, 6H), 8.15 (d,J ) 8.2 Hz, 6H), 7.55 (dt,J ) 7.6, 1.1 Hz, 6H),
7.22 (dt,J ) 7.7, 1.2 Hz, 6H);13C NMR-DEPT (CD2Cl4, 125 MHz) δ
131.8 (C), 130.9 (CH), 130.3 (C), 128.5 (C), 125.8 (CH), 125.6 (CH), 123.3
(CH); MS, m/z (%) 528 (M+, 29), 264 (16), 261 (66), 254 (100); HRMS
for C42H24 calcd 528.1878, found 528.1869.
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