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Introduction

The pentalene dianion has received considerable attention
recently in terms of its synthetic utility as a ligand of sand-
wich-type transition-metal complexes[1–3] and the antiaroma-
ticity of its neutral derivative.[4] However, the dibenzopenta-
lene dianion,[5] which is more p-extended than the pentalene
dianion, has received less attention in spite of its recent po-
tential use as a building block of ladder-type p-conjugated
molecules, which are of growing interest.[6] Very recently, we
succeeded in the first X-ray characterization of a dilithium
dibenzopentalenide 1, prepared by reduction of a phenyl-
(triisopropylsilyl)acetylene with lithium (Scheme 1).[7] Al-
though the yield of dilithium dibenzopentalenide 1 was low,

isolation of 1 by recrystallization from a reaction mixture
containing a major product, the 1,4-dilithio-1,3-butadiene 2,
was very easy. The dilithium dibenzopentalenide 1 was oxi-
dized by iodine to give dibenzo ACHTUNGTRENNUNG[a,e]pentalene (denoted as
dibenzopentalene hereafter) 3 (Scheme 2).[7] Hence, our
novel synthetic method enables us to develop new chemistry
for dibenzopentalenes. Herein, we report novel reactions of
dibenzopentalene 3 and X-ray structural analysis of a lithi-
um 5-methyldibenzopentalenide, a novel type of indenyl
anion, formed by the reaction of 3 with methyllithium. Elec-
tronic absorption and fluorescence spectra of novel dibenzo-
pentalene derivatives are also demonstrated.

Results and Discussion

Reduction of dibenzopentalene 3 : Treatment of dibenzopen-
talene 3 with excess lithium in ether followed by recrystalli-
zation gave dilithium dibenzopentalenide 1 in 77% yield
(Scheme 3). Since dilithium di-
benzopentalenide 1 was oxi-
dized by iodine to give dibenzo-
pentalene 3 in 89% yield,
redox behavior between diben-
zopentalene 3 and dilithium di-
benzopentalenide 1 was con-
trollable and reversible.

Reaction of dibenzopentalene 3 with methyllithium: trap-
ping of the intermediate : For the synthesis of dilithiodiben-
zopentalene, a key precursor of dibenzopentalene deriva-
tives with various substituents on the 5- and 10-positions, re-
action of dibenzopentalene 3 with methyllithium was carried
out. When a THF solution of 3 was treated with methyllithi-
um, the color of the solution changed from brownish red to
green, which suggested the formation of an anionic species.
After treatment of the resulting mixture with H2O, 5,10-di-
hydro-5-methyl-dibenzopentalenes 4 were obtained as a
mixture of cis and trans stereoisomers in 34 and 50% yields,
respectively and the expected parent dibenzopentalene was
not obtained (Scheme 4). The stereochemistry of trans-4 was
established by X-ray crystallographic analysis (Figure 1 and
Table 1). To gain more insight into an intermediate of this
reaction, treatment of 3 with methyllithium followed by
D2O afforded the corresponding deuterio derivatives, cis-
and trans-4D in 31 and 40% yields, respectively.[8] Thus, the
intermediate was lithium 5-methyldibenzopentalenide 5. By
using iodomethane instead of water as a trapping reagent,
5,10-dimethyl derivative 6 was obtained as a single isomer in
72% yield. In the 1H NMR spectra, the methyl protons of
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Scheme 1. Formation of dilithium dibenzopentalenide 1.

Scheme 2. Formation of dibenzopentalene 3 by oxidation of 1.

Scheme 3. Redox behavior be-
tween 1 and 3.
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cis and trans-4 resonated at d=1.65 and 1.91 ppm, respec-
tively. The signal assignable to the methyl protons of 6 was
observed at d=1.65 ppm, and hence the stereochemistry of
6 could be assigned as cis. The preferential formation of cis-
6 can be reasonably interpreted by steric hindrance of the
triisopropylsilyl group at the 5-position, which prevents
attack of the anionic moiety on iodomethane. On the other
hand, when the electrophile was water, it was sufficiently
small to react with 5 from both sides of the five-membered
ring, which resulted in an almost 1:1 ratio of cis and trans
isomers (Scheme 4).

Reaction of dibenzopentalene 3 with methyllithium: moni-
toring the intermediate by NMR spectroscopy: When the re-
action of dibenzopentalene 3 with methyllithium was moni-
tored by NMR spectroscopy, a single product was observed
in the NMR spectra. Therefore, lithium 5-methyldibenzo-
pentalenide 5 was formed quantitatively from 3. In the
7Li NMR spectrum, an upfield resonance was observed at
d=�7.4 ppm, which suggested that the anionic moiety of 5
should be highly aromatic.[9] The carbon atom at the 9-posi-

tion of some fluorenyllithiums was reported to resonate at
about d=80 ppm.[10] Likewise, in the 13C NMR spectrum, a
13C signal at d=80.47 ppm can be assigned to a carbon atom
at the 1-position in the anionic moiety of 5. Following the
previous report that a 6,6-dimethylfulvene derivative react-
ed with methyllithium to give the corresponding lithium t-
butylcyclopentadienide,[11] dibenzopentalene 3 reacted with
methyllithium as a fulvene to give 5.

Structure of lithium 5-methyldibenzopentalenide 5 : We suc-
ceeded in the first X-ray characterization of lithium 5-meth-
yldibenzopentalenide 5, a novel type of indenyl anion.
Single crystals of lithium 5-methyldibenzopentalenide 5
were obtained by recrystallization from a THF solution of 5
in the presence of [12]crown-4 at �30 8C. The lithium cation
is coordinated with two [12]crown-4 molecules, hence

[5([12]crown-4)] has a solvent-
separated ion-pair structure in
the solid state. An ORTEP
drawing and selected bond
lengths and angles of the anion-
ic moiety of 5 are shown in
Figure 2 and Table 2, respec-
tively. The tetracyclic frame-
work deviates slightly from pla-
narity and has a bow shape.

The carbon–silicon bond between the cyclopentadienyl
anion moiety and the triisopropylsilyl group deviates slightly
from the plane of the five-membered ring and turns toward

Figure 1. ORTEP drawing of trans-4 with thermal ellipsoid plots (40%
probability for non-hydrogen atoms).

Table 1. Selected bond lengths [J] and angles [8] of trans-4.

C1�C2 1.389(2) C2�C3 1.390(2) C3�C4 1.460(2)
C4�C5 1.505(2) C5�C6 1.518(2) C6�C7 1.392(2)
C7�C8 1.386(3) C1�C8# 1.381(3) C3�C6# 1.415(2)
C4�C4# 1.349(3)
Si1-C5-C18 106.97(15) C4-C5-C6 100.28(13) Si1-C5-C6 108.44(11)

Scheme 4. Reaction of dibenzopentalene 3 with methyllithium.

Figure 2. ORTEP drawings of [5([12]crown-4)] with thermal ellipsoid
plots (40% probability for non-hydrogen atoms). a) Top view and b) side
view. The lithium atom, and THF and [12]-crown-4 molecules are omitted
for clarity.
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the side of the other triisopropylsilyl group, which suggests
some localization of the negative charge on the carbon atom
bonded to the triisopropylsilyl group. As suggested, the
C�C bond lengths of the cyclopentadienyl anion moiety
(1.395–1.447 J) differ slightly; this contrasts the dilithium
dibenzopentalenide 1[7] and alkali-metal indenides,[10b,12]

which do not show any alternation of the C�C bonds in the
five-membered ring. The six-membered ring adjoining the
anionic five-membered ring also has different C�C bond
lengths (1.385–1.441 J), as was observed in alkali-metal in-
denides.[10b,12] On the other hand, remarkable alternation of
the C�C bonds is found in the cyclopentadiene ring of 5
(1.395–1.522 J), which is similar to that observed in trans-4
(Table 1).

To get more insight into the structure of 5, theoretical cal-
culations were carried out. Geometrical optimization was
carried out with density functional theory at the B3LYP
level by using the Gaussian 98 program[13] and the 6-31G(d)
basis set was used for C, Si, and H. The model anion 7 was
fully optimized and the calculated C�C bond lengths in the
tetracyclic framework are consistent with those found in the
X-ray structural analysis, although the calculated tetracyclic
framework is almost planar (Table 3). Nucleus-independent
chemical shift (NICS) values calculated at 1.0 J above (d=

�12.5 ppm) and below (d=�12.9 ppm) the cyclopentadie-
nide ring[14] of the model anion 7 are negative, which sug-
gests that the cyclopentadienide ring has aromatic character.

Reactions of dibenzopentalene
3 with halogens : For functional-
ization of dibenzopentalene 3,
halogenation of 3 was exam-
ined. Reactions of dibenzopen-
talene 3 with excess bromine at
room temperature gave 5,10-di-
bromo derivative 8[15] in high
yield (Scheme 5). Heating of di-
benzopentalene 3 with excess

iodine in ether under reflux gave a novel 5,10-diiodo deriva-
tive 9 in high yield (Scheme 5). Although the synthesis of
5,10-dihalodibenzopentalenes has already been report-
ed,[15,16] the present method is noteworthy as a novel, facile
method for the synthesis of 5,10-dihalodibenzopentalenes,
which would be key intermediates for derivatives with a di-
benzopentalene skeleton.

Absorption and fluorescence spectra of dibenzopentalene
derivatives : Optical properties of newly obtained dibenzo-
pentalene 3 and dihydrodibenzopentalenes, cis- and trans-4,
were also investigated (Table 4). The electronic absorption
and fluorescence spectra of 3 and cis- and trans-4 are shown
in Figures 3 and 4, respectively. The two longest absorption
maxima of 3 are longer than those of the parent dibenzo-
pentalene,[17] as was observed in a silyl-substituted tripheny-
lene, the absorption maxima of which are longer than those
of the parent triphenylene.[18] On the other hand, the ab-
sorption spectra of cis- and trans-4 are similar to that of the
parent dihydrodibenzopentalene.[19] In sharp contrast to the
non-fluorescent nature of dibenzopentalene 3, dihydrodi-

Table 2. Selected bond lengths [J] and angles [8] of [5([12]crown-4)].

C1�C2 1.522(3) C2�C3 1.388(3) C3�C4 1.386(3)
C4�C5 1.374(4) C5�C6 1.397(4) C6�C7 1.402(3)
C7�C8 1.478(3) C8�C9 1.434(3) C9�C10 1.447(3)
C10�C11 1.418(3) C11�C12 1.385(4) C12�C13 1.394(4)
C13�C14 1.374(3) C14�C15 1.421(3) C15�C16 1.411(3)
C1�C16 1.513(3) C2�C7 1.411(3) C8�C16 1.395(3)
C10�C15 1.441(3) C1�C17 1.548(3) C1�Si1 1.950(2)
C9�Si2 1.871(2)
Si1-C1-C2 109.11(15) Si1-C1-C16 108.64(15) C2-C1-C16 99.11(18)
Si2-C9-C8 132.16(18) Si2-C9-C10 123.90(18) C8-C9-C10 102.7(2)

Table 3. Selected bond lengths [J] in the optimized structure of 7.

C1�C2 1.530 C2�C3 1.390 C3�C4 1.402
C4�C5 1.398 C5�C6 1.398 C6�C7 1.402
C7�C8 1.452 C8�C9 1.426 C9�C10 1.442
C10�C11 1.412 C11�C12 1.388 C12�C13 1.416
C13�C14 1.387 C14�C15 1.412 C15�C16 1.418
C1�C16 1.512 C2�C7 1.426 C8�C16 1.409
C10�C15 1.462

Scheme 5. Halogenation of dibenzopentalene 3.

Table 4. Photophysical properties of 3, cis-4, and trans-4.

Absorption wavelength [nm] (e)

3 283 ACHTUNGTRENNUNG(53800) 420 ACHTUNGTRENNUNG(13200) 442 ACHTUNGTRENNUNG(11300)
cis-4 325 ACHTUNGTRENNUNG(24000)
trans-4 324 ACHTUNGTRENNUNG(24800) 339 ACHTUNGTRENNUNG(19600)

Fluorescence
Excitation
[nm]

Emission
[nm]

Absolute
quantum yield

3 –[a] –[a] –[a]

cis-4 325 386 0.57[b]

trans-4 300 368 0.48[c]

[a] No fluorescence was observed. [b] 1.22N10�4 molL�1. [c] 1.07N
10�4 molL�1.
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benzopentalenes 4 each reveal a fluorescent nature at room
temperature. Each fluorescence of cis- and trans-4, excited
at 325 and 300 nm, respectively, appears in the same region
as that of the parent dihydrodibenzopentalene,[19] which sug-
gests that the effect of silyl substituents on the optical prop-
erties of 4 is small, although a bathochromic shift in the
fluorescence of cis-4 (386 nm) is observed, compared with
that of trans-4 (368 nm).

Conclusion

Reactions of novel dibenzopentalene 3 were investigated.
Reduction of 3 with excess lithium gave dilithium dibenzo-
pentalenide 1. Thus, dibenzopentalene 3 and dilithium di-
benzopentalenide 1 showed a reversible redox behavior. Re-
action of 3 with methyllithium gave novel lithium 5-methyl-
dibenzopentalenide 5. The X-ray and NMR spectroscopic
analyses indicated that the anionic moiety of 5 has consider-
able aromatic character, although partial localization of the
negative charge is suggested. Reaction of 3 with bromine or
iodine gave the corresponding halogenated compounds. A
bathochromic shift was observed in the electronic absorp-
tion spectrum of 3, compared with that of the parent diben-
zopentalene, whereas the silyl substituents had little effect

on the absorption and fluorescence spectra of 4 relative to
those of the parent dihydrodibenzopentalene.

Experimental Section

General : All reactions were carried out under an argon atmosphere.
THF, diethyl ether, and C6D6 used in the synthesis or NMR spectroscopic
analyses were distilled from sodium benzophenone ketyl under an argon
atmosphere followed by distillation from a potassium mirror by using a
trap-to-trap technique. 1H (400 MHz), 13C (101 MHz), and 7Li NMR
(156 MHz) spectra were recorded on a Bruker DPX-400 or a DRX-400
spectrometer. Preparative gel-permeation chromatography (GPC) was
carried out on an LC-918 (Japan Analytical Ind.) with JAIGEL-1H and
�2H columns. Column chromatography was carried out with Merck Kie-
selgel 60 (silica gel). Melting points were determined on a Mitamura
Riken Kogyo MEL-TEMP apparatus and are uncorrected. Elemental
analyses were carried out at the Microanalytical Laboratry of Molecular
Analysis and Life Science Center, Saitama University (Japan). UV/Vis
spectra were measured on a JASCO V-560 spectrometer. Fluorescence
spectra and absolute quantum yields were measured on a JASCO FP-
6300 spectrometer and a Hamamatsu Photonics absolute PL quantum
yield measurement system C9920–02, respectively.

Reduction of dibenzopentalene 3 with lithium (excess): A solution of di-
benzopentalene 3 (421.4 mg, 0.82 mmol) in diethyl ether (10 mL) was
added to lithium (85.6 mg, 12.3 mmol). The resulting mixture was de-
gassed by freeze-pump-thaw cycles, sealed, and then stirred for 2 days. In
a glovebox, insoluble materials were filtered off and hexane (5 mL) was
added to the filtrate. Recrystallization of the filtrate at �30 8C gave di-
lithium dibenzopentalenide 1 (426.5 mg, 77%).

Oxidation of dilithium dibenzopentalenide 1 with iodine : A solution of
iodine (41.3 mg, 1.63 mmol) in diethyl ether (5 mL) was added to a solu-
tion of dilithium dibenzopentalenide 1 (56.1 mg, 0.083 mmol) in diethyl
ether (5 mL). The resulting mixture was stirred for 3.5 h. After removal
of volatile substances, insoluble materials in dichloromethane were fil-
tered off. The residue was subjected to GPC to give 5,10-
bis(triisopropylsilyl)dibenzoACHTUNGTRENNUNG[a,e]pentalene (3) (38.0 mg, 89%). Product 3 :
M.p. 208–210 8C; 1H NMR (CDCl3): d =1.19 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 36H),
1.64 (sept, J ACHTUNGTRENNUNG(H,H)=8 Hz, 6H), 6.76–6.84 (m, 4H), 7.08–7.10 (m, 2H),
7.22–7.24 ppm (m, 2H); 13C NMR (CDCl3): d =13.26 (d), 19.37 (q),
123.37 (d), 124.90 (d), 125.99 (d), 127.71 (d), 136.35 (s), 140.10 (s), 156.09
(s), 161.72 ppm (s); elemental analysis calcd (%) for C34H50Si2: C 79.30,
H 9.79; found: C 79.25, H 10.09.

Product 5 : M.p. 182 8C (recrystallized from hexane/ethanol); 1H NMR
(CDCl3): d =0.93–1.03 (m, 42H), 7.05–7.09 (m, 6H), 7.20–7.24 ppm (m,
4H); 13C NMR (CDCl3): d=13.75 (d), 19.25 (q), 19.53 (q), 108.57 (s),
126.84 (d), 128.13 (d), 129.40 (d), 139.73 (s), 165.70 ppm (s); elemental
analysis calcd (%) for C34H52I2Si2: C 52.98, H 6.80; found: C 53.24, H
6.81.

Reaction of dibenzopentalene 3 with methyllithium: trapping of the in-
termediate by H2O : Methyllithium (0.98m in ether; 0.34 mL, 0.33 mmol)
was added to a solution of dibenzopentalene 3 (76.5 mg, 0.15 mmol) in
THF (3 mL) at room temperature. After the reaction mixture had been
stirred for 30 min, the reaction was quenched by the addition of H2O.
The organic layer was then extracted with ether and dried over anhy-
drous magnesium sulfate. Removal of volatile substances gave a crude
product (84.6 mg), which was chromatographed on silica gel (hexane) to
afford cis- (cis-4) (27.0 mg, 34%) and trans-5,10-dihydro-5,10-bis(triiso-
propylsilyl)-5-methyldibenzo ACHTUNGTRENNUNG[a,e]pentalene (trans-4) (39.8 mg, 50%).

Product cis-4 : M.p. 159 8C (decomp); 1H NMR (CDCl3): d=0.93 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 1.05–1.09 (m, 18H), 1.12 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 9H),
1.33–1.42 (m, 6H), 1.65 (s, 3H), 3.90 (s, 1H), 7.06–7.13 (m, 2H), 7.21–
7.25 (m, 2H), 7.50–7.54 (m, 3H), 7.58 ppm (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 1H);
13C NMR (CDCl3): d=12.00 (d), 12.12 (d), 19.37 (q), 19.53 (q), 19.97 (q),
20.15 (q), 21.27 (q), 36.97 (d), 45.98 (s), 120.24 (d), 120.67 (d), 122.72 (d),
123.13 (d), 123.88 (d), 124.22 (d), 124.65 (d), 125.34 (d), 140.84 (s), 141.18

Figure 4. Fluorescence spectra of cis-4 (c, excited at 325 nm) and
trans-4 (a, excited at 300 nm) in hexane at room temperature.

Figure 3. Electronic absorption spectra of 3 (c), cis-4 (c), and trans-
4 (a) in hexane at room temperature.
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(s), 151.39 (s), 152.44 (s), 157.82 (s), 160.49 ppm (s); elemental analysis
calcd (%) for C35H54Si2: C 79.17, H 10.25; found: C 79.13, H 10.34.

Product trans-4 : M.p. 236–237 8C; 1H NMR (CDCl3): d =0.82 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 0.86 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 0.91 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz,
9H), 0.95 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 9H), 1.27–1.37 (m, 6H), 1.91 (s, 3H), 4.06
(s, 1H), 7.10–7.17 (m, 2H), 7.23–7.28 (m, 2H), 7.51–7.55 (m, 3H),
7.64 ppm (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 1H); 13C NMR (CDCl3): d =11.95 (d), 12.64
(d), 18.67 (q), 18.75 (q), 19.10 (q), 19.48 (q), 19.56 (q), 35.12 (d), 44.96
(s), 120.14 (d), 120.31 (d), 122.81 (d), 123.21 (d), 123.89 (d), 124.35 (d),
124.59 (d), 125.31 (d), 140.14 (s), 140.65 (s), 149.21 (s), 149.98 (s), 156.22
(s), 156.47 ppm (s); elemental analysis calcd (%) for C35H54Si2: C 79.17,
H 10.25; found: C 78.69, H 10.26.

X-ray crystallographic analysis of trans-4 : Crystals suitable for X-ray dif-
fraction were obtained by recrystallization from a dichloromethane solu-
tion of trans-4 at �20 8C. The intensity data were collected at �170 8C on
a Bruker SMART APEX equipped with a CCD area detector with
graphite-monochromated MoKa radiation (l =0.71073 J) and graphite
monochromater. Formula=C35H54Si2; Fw =530.96; crystal dimensions=

0.30N0.10N0.10 mm; monoclinic; space group=P21/n ; Z=2; a=

12.1181(12), b=8.7158(9), c=15.8599(16) J; b=110.162(2)8 ; V=

1572.5(3) J3; Dcalcd =1.121 gcm�3 ; R1 =0.052 (I>2s(I), 2468 reflections),
wR2 =0.138 (for all reflections) for 2854 reflections and 209 parameters;
GOF=1.076. CCDC-680364 contains the supplementary crystallographic
data for this paper. These data can be obtained free of charge from The
Cambridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif.

Reaction of dibenzopentalene 3 with methyllithium: trapping of the in-
termediate by D2O : Methyllithium (0.98m in ether; 0.32 mL, 0.31 mmol)
was added to a solution of dibenzopentalene 3 (71.3 mg, 0.14 mmol) in
THF (3 mL) at room temperature. After the reaction mixture had been
stirred for 20 min, the reaction was quenched by D2O (0.5 mL). The or-
ganic layer was then extracted with ether and dried over anhydrous mag-
nesium sulfate. Removal of volatile substances gave a crude product
(71.1 mg), which was chromatographed on silica gel (hexane) to afford
cis- (22.9 mg, 31%) and trans-4D (29.2 mg, 40%).

Reaction of dibenzopentalene 3 with methyllithium: trapping of the in-
termediate by iodomethane : Methyllithium (1.09m in ether; 0.48 mL,
0.52 mmol) was added to a solution of dibenzopentalene 3 (128.6 mg,
0.25 mmol) in THF (5 mL) at room temperature. After the reaction mix-
ture had been stirred for 20 min, the reaction was quenched by methyl
iodide (0.5 mL, 3.21 mmol). After removal of insoluble materials in di-
chloromethane by filtration, the filtrate was concentrated to give a crude
product (134.9 mg), which was purified by column chromatography on
silica gel (hexane) to afford cis-5,10-dihydro-5,10-bis(triisopropylsilyl)-
5,10-dimethyldibenzo ACHTUNGTRENNUNG[a,e]pentalene (cis-6) (97.6 mg, 72%).

Product cis-6 : M.p. 155.5 8C (decomp); 1H NMR (CDCl3): d =0.94 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 18H), 1.10 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 18H), 1.35 (sept, J ACHTUNGTRENNUNG(H,H)=

7 Hz, 6H), 1.65 (s, 6H), 7.13 (dd, J ACHTUNGTRENNUNG(H,H)=7, 7 Hz, 2H), 7.23 (dd,
J ACHTUNGTRENNUNG(H,H)=7, 7 Hz, 2H), 7.53 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 2H), 7.55 ppm (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 2H); 13C NMR (CDCl3): d=11.81 (d), 20.06 (q), 20.19
(q), 21.29 (q), 46.07 (s), 120.92 (d), 123.10 (d), 123.78 (d), 124.94 (d),
140.30 (s), 158.18 (s), 159.83 ppm (s); elemental analysis calcd (%) for
C36H56Si2: C 79.34, H 10.36; found: C 79.11, H 10.49.

Reaction of dibenzopentalene 3 with methyllithium: monitoring the in-
termediate by NMR spectroscopy : Methyllithium (1.09m in ether; 0.35
mL, 0.38 mmol) was added to a solution of dibenzopentalene 3
(132.2 mg, 0.26 mmol) in THF (4 mL) at room temperature. After the
mixture had been stirred for 20 min, it was degassed by freeze-pump-
thaw cycles and sealed. In a glovebox, removal of volatile substances
gave a crude product, an aliquot of which was dissolved in C6D6. NMR
spectra of the solution revealed the quantitative formation of lithium
5,10-dihydro-5,10-bis(triisopropylsilyl)-5-methyldibenzo ACHTUNGTRENNUNG[a,e]pentalenide
(5).

Product 5 : 1H NMR (C6D6): d=0.96 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 1.10 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 1.41 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 9H), 1.46 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz,
9H), 1.60 (sept, J ACHTUNGTRENNUNG(H,H)=7 Hz, 3H), 2.06 (s, 3H), 2.13 (sept, J ACHTUNGTRENNUNG(H,H)=

7 Hz, 3H), 6.98–7.04 (m, 2H), 7.10 (t, J ACHTUNGTRENNUNG(H,H)=7 Hz, 1H), 7.26 (t,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 1H), 7.65 (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 1H), 8.02 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz,

1H), 8.11 (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 1H), 8.14 ppm (d, J ACHTUNGTRENNUNG(H,H)=8 Hz, 1H);
13C NMR (C6D6): d=13.30 (d), 14.66 (d), 19.84 (q), 20.01 (q), 20.17 (q),
20.22 (q), 25.54 (q), 41.77 (s), 80.47 (s, C�Li), 116.15 (d), 117.26 (d),
119.20 (d), 121.40 (d), 122.13 (d), 124.14 (d), 124.49 (s), 124.49 (d), 125.37
(d), 132.36 (s), 140.67 (s), 140.95 (s), 142.77 (s), 157.96 ppm (s); 7Li NMR
(C6D6): d =�7.4 ppm.

X-ray crystallographic analysis of 5 : Crystals suitable for X-ray diffrac-
tion were obtained by recrystallization from a THF solution of 5 in the
presence of [12]crown-4 at �30 8C in a glovebox. The crystal was mount-
ed in a glass capillary. The intensity data were collected at �170 8C on a
Bruker SMART APEX equipped with a CCD area detector with graph-
ite-monochromated MoKa radiation (l=0.71073 J) and graphite mono-
chromater. Formula=C55H93LiO9Si2; Fw =961.41; crystal dimensions=

0.40N0.20N0.15 mm; monoclinic; space group=C2/c ; Z=8; a=

22.492(3), b=23.964(3), c=22.675(4) J; b=114.021(3)8 ; V=11163(3) J3;
Dcalcd =1.144 gcm�3 ; R1 =0.062 (I>2s(I), 7201 reflections), wR2 =0.179
(for all reflections) for 9903 reflections and 732 parameters; GOF=

1.007. CCDC-680363 contains the supplementary crystallographic data
for this paper. These data can be obtained free of charge from The Cam-
bridge Crystallographic Data Centre via www.ccdc.cam.ac.uk/data_
request/cif

Reaction of dibenzopentalene 3 with bromine : Bromine (0.22 mL,
4.27 mmol) was added to an ether (10 mL) solution of dibenzopentalene
3 (108.7 mg, 0.21 mmol) at room temperature and the resulting mixture
was stirred for 6 h. After addition of saturated aqueous sodium sulfite to
the reaction mixture, the organic layer was extracted with ether, dried
over anhydrous magnesium sulfate, and concentrated to give a crude
product (173.9 mg). The residue was chromatographed on silica gel
(hexane) to afford 5,10-dibromodibenzo ACHTUNGTRENNUNG[a,e]pentalene (8) (54.1 mg,
71%).

Product 8 : M.p. 208 8C (decomp); 1H NMR (CDCl3): d=6.95 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 2H), 6.98–7.06 (m, 4H), 7.33 ppm (d, J ACHTUNGTRENNUNG(H,H)=7 Hz,
2H); 13C NMR (CDCl3): d=122.33 (s), 122.05 (d), 122.07 (d), 128.62 (d),
128.81 (d), 132.76 (s), 144.23 (s), 147.40 ppm (s); elemental analysis calcd
(%) for C16H8Br2: C 53.37, H 2.25; found: C 52.90, H 2.08.

Reaction of dibenzopentalene 3 with iodine : A mixture of dibenzopenta-
lene 3 (97.4 mg, 0.19 mmol) and iodine (1.0127 g, 3.99 mmol) in diethyl
ether (10 mL) was heated under reflux for 63 h. After the addition of sa-
turated aqueous sodium sulfite to the reaction mixture, the organic layer
was extracted with ether, dried over anhydrous magnesium sulfate, and
concentrated to give a crude product (154.6 mg). The residue was then
washed with hexane to give 5,10-diiododibenzo ACHTUNGTRENNUNG[a,e]pentalene (9)
(55.0 mg, 64%).

Product 9 : M.p. 197 8C (decomp); 1H NMR (CDCl3): d=6.83 (d,
J ACHTUNGTRENNUNG(H,H)=7 Hz, 2H), 7.00 (ddd, J ACHTUNGTRENNUNG(H,H)=1, 7, 7 Hz, 2H), 7.06 (ddd,
J ACHTUNGTRENNUNG(H,H)=1, 7, 7 Hz, 2H), 7.42 ppm (d, J ACHTUNGTRENNUNG(H,H)=7 Hz, 2H); 13C NMR
(CDCl3): d=94.36 (s), 120.83 (d), 123.90 (d), 128.45 (d), 129.08 (d),
133.68 (s), 150.02 (s), 152.01 ppm (s); elemental analysis calcd (%) for
C16H8I2: C 42.32, H 1.78; found: C 42.47, H 1.65.

Acknowledgements

We thank Professor T. Nabeshima and Dr. C. Ikeda at the Department
of Chemistry, University of Tsukuba, for the measurement of absolute
quantum yields. This work was partially supported by a Grant-in-Aid for
Young Scientists (B), no. 17750032 (M.S.) from the Ministry of Educa-
tion, Culture, Sports, Science and Technology of Japan. M.S. acknowledg-
es a research grant from the Sumitomo Foundation.

[1] The first synthesis of a dilithium salt of pentalene, see: a) T. J. Katz,
M. Rosenberger, J. Am. Chem. Soc. 1962, 84, 865; b) T. J. Katz, M.
Rosenberger, R. K. OPHara, J. Am. Chem. Soc. 1964, 86, 249.

[2] For recent examples, see: a) S. C. Jones, D. OPHare, Chem.
Commun. 2003, 2208; b) S. C. Jones, T. Hascall, A. J. Norquist, D.

Chem. Eur. J. 2008, 14, 6062 – 6068 � 2008 Wiley-VCH Verlag GmbH&Co. KGaA, Weinheim www.chemeurj.org 6067

FULL PAPERNew Reactions of a DibenzoACHTUNGTRENNUNG[a,e]pentalene

http://dx.doi.org/10.1021/ja00864a038
http://dx.doi.org/10.1021/ja01056a030
http://dx.doi.org/10.1039/b306688f
http://dx.doi.org/10.1039/b306688f
www.chemeurj.org


OPHare, Inorg. Chem. 2003, 42, 7707; c) F. G. N. Cloke, P. B. Hitch-
cock, M. C. Kuchta, N. A. Morley-Smith, Polyhedron 2004, 23, 2625;
d) S. Bendjaballah, S. Kahlal, K. Costuas, E. BQvillon, J-Y. Saillard,
Chem. Eur. J. 2006, 12, 2048; e) G. Balazs, F. G. N. Cloke, J. C.
Green, R. M. Harker, A. Harrison, P. B. Hitchcock, C. N. Jardine, R.
Walton, Organometallics 2007, 26, 3111; f) A. E. Ashley, A. R.
Cowley, D. OPHare, Chem. Commun. 2007, 1512.

[3] For recent examples of reviews, see: a) F. G. N. Cloke, Pure Appl.
Chem. 2001, 73, 233; b) O. T. Summerscales, F. G. N. Cloke, Coord.
Chem. Rev. 2006, 250, 1122.

[4] For recent examples, see: a) G. Li, H. Fang, Z. Xi, Tetrahedron Lett.
2003, 44, 8705; b) J. Aihara, Bull. Chem. Soc. Jpn. 2004, 77, 2179;
c) I. G. Cuestaa, A. Ligabueb, A. S. de MerSs, P. Lazzeretti, Chem.
Phys. Lett. 2005, 401, 282; d) N. S. Mills, K. B. Llagostera, J. Org.
Chem. 2007, 72, 9163.

[5] a) I. Willner, M. Rabinovitz, J. Am. Chem. Soc. 1978, 100, 337; b) I.
Willner, J. Y. Becker, M. Rabinovitz, J. Am. Chem. Soc. 1979, 101,
395.

[6] For examples of recent reviews, see: a) R. E. Martin, F. Diederich,
Angew. Chem. 1998, 110, 416; Angew. Chem. Int. Ed. 1998, 37, 402;
b) U. Scherf, J. Mater. Chem. 1999, 9, 1853; c) M. D. Watson, A.
Fechtenkçtter, K. MUllen, Chem. Rev. 2001, 101, 1267.

[7] M. Saito, M. Nakamura, T. Tajima, M. Yoshioka, Angew. Chem.
2007, 119, 1526; Angew. Chem. Int. Ed. 2007, 46, 1504.

[8] The definition of cis and trans here is related to the stereochemistry
of the two triisopropylsilyl groups.

[9] A high-field 6,7Li chemical shift is diagnostic of aromatic ring cur-
rents. For examples, see: a) R. H. Cox, H. W. Terry, Jr., L. W. Harri-
son, J. Am. Chem. Soc. 1971, 93, 3297; b) R. H. Cox, H. W. Terry, Jr.,
J. Magn. Reson. 1974, 14, 317; c) L. A. Paquette, W. Bauer, M. R.
Sivik, M. BUhl, M. Feigel, P. v. R. Schleyer, J. Am. Chem. Soc. 1990,
112, 8776; d) A. Sekiguchi, Y. Sugai, K. Ebata, C. Kabuto, H. Sakur-
ai, J. Am. Chem. Soc. 1993, 115, 1144; e) M. Saito, R. Haga, M.
Yoshioka, K. Ishimura, S. Nagase, Angew. Chem. 2005, 117, 6711;
Angew. Chem. Int. Ed. 2005, 44, 6553; f) M. Saito, M. Shimosawa,
M. Yoshioka, K. Ishimura, S. Nagase, Organometallics 2006, 25,
2967.

[10] a) D. H. OPBrien, C. R. Russell, A. J. Hart, J. Am. Chem. Soc. 1979,
101, 633; b) S. Harder, M. Lutz, A. W. G. Straub, Organometallics
1997, 16, 107; c) F. Feil, S. Harder, Eur. J. Inorg. Chem. 2003, 3401.

[11] L. Atormyan, S. Mkoyan, I. Urazowski, R. Broussier, S. Ninoreille,
P. Perron, B. Gautheson, Organometallics 1995, 14, 2601.

[12] S. Neander, F. E. Tio, R. Buschmann, U. Behrens, F. Olbrich, J. Or-
ganomet. Chem. 1999, 582, 58.

[13] Gaussian 98, Revision A.7, M. J. Frisch, G. W. Trucks, H. B. Schlegel,
G. E. Scuseria, M. A. Robb, J. R. Cheeseman, V. G. Zakrzewski,
J. A. Montgomery, Jr., R. E. Stratmann, J. C. Burant, S. Dapprich,
J. M. Millam, A. D. Daniels, K. N. Kudin, M. C. Strain, O. Farkas, J.
Tomasi, V. Barone, M. Cossi, R. Cammi, B. Mennucci, C. Pomelli,
C. Adamo, S. Clifford, J. Ochterski, G. A. Petersson, P. Y. Ayala, Q.
Cui, K. Morokuma, D. K. Malick, A. D. Rabuck, K. Raghavachari,
J. B. Foresman, J. Cioslowski, J. V. Ortiz, A. G. Baboul, B. B. Stefa-
nov, G. Liu, A. Liashenko, P. Piskorz, I. Komaromi, R. Gomperts,
R. L. Martin, D. J. Fox, T. Keith, M. A. Al-Laham, C. Y. Peng, A.
Nanayakkara, C. Gonzalez, M. Challacombe, P. M. W. Gill, B. John-
son, W. Chen, M. W. Wong, J. L. Andres, C. Gonzalez, M. Head-
Gordon, E. S. Replogle, and J. A. Pople, Gaussian, Inc., Pittsburgh
PA, 1998.

[14] a) P. v. R. Schleyer, C. Maerker, A. Dransfeld, H. Jiao, N. J. R. v. E.
Hommes, J. Am. Chem. Soc. 1996, 118, 6317; b) P. v. R. Schleyer, M.
Manoharan, Z-X. Wang, B. Kiran, H. Jiao, R. Puchta, N. J. R. v. E.
Hommes, Org. Lett. 2001, 3, 2465.

[15] M. P. Cave, R. Pohlke, M. J. Mitchell, J. Org. Chem. 1963, 28, 1861.
[16] S. Wawzonek, J. Am. Chem. Soc. 1940, 62, 745.
[17] C. T. Blood, R. P. Linstead, J. Chem. Soc. 1952, 2263.
[18] S. Kyushin, N. Takemasa, H. Matsumoto, H. Horiuchi, H. Hiratsuka,

Chem. Lett. 2003, 32, 1048.
[19] M. Oelgemçller, B. Brem, R. Frank, S. Schneider, D. Lenoir, N.

Hertkorn, Y. Origane, P. Lemmen, J. Lex, Y. Inoue, J. Chem. Soc.
Perkin Trans. 2 2002, 1760.

Received: March 12, 2008
Published online: June 9, 2008

www.chemeurj.org � 2008 Wiley-VCH Verlag GmbH& Co. KGaA, Weinheim Chem. Eur. J. 2008, 14, 6062 – 60686068

M. Saito et al.

http://dx.doi.org/10.1021/ic0350887
http://dx.doi.org/10.1016/j.poly.2004.06.015
http://dx.doi.org/10.1002/chem.200500765
http://dx.doi.org/10.1021/om7002738
http://dx.doi.org/10.1039/b702150j
http://dx.doi.org/10.1351/pac200173020233
http://dx.doi.org/10.1351/pac200173020233
http://dx.doi.org/10.1016/j.ccr.2005.11.020
http://dx.doi.org/10.1016/j.ccr.2005.11.020
http://dx.doi.org/10.1016/j.tetlet.2003.09.175
http://dx.doi.org/10.1016/j.tetlet.2003.09.175
http://dx.doi.org/10.1246/bcsj.77.2179
http://dx.doi.org/10.1016/j.cplett.2004.11.058
http://dx.doi.org/10.1016/j.cplett.2004.11.058
http://dx.doi.org/10.1021/jo7013609
http://dx.doi.org/10.1021/jo7013609
http://dx.doi.org/10.1021/ja00469a085
http://dx.doi.org/10.1021/ja00496a020
http://dx.doi.org/10.1021/ja00496a020
http://dx.doi.org/10.1039/a900447e
http://dx.doi.org/10.1021/cr990322p
http://dx.doi.org/10.1002/ange.200604067
http://dx.doi.org/10.1002/ange.200604067
http://dx.doi.org/10.1002/anie.200604067
http://dx.doi.org/10.1021/ja00742a040
http://dx.doi.org/10.1021/ja00180a020
http://dx.doi.org/10.1021/ja00180a020
http://dx.doi.org/10.1021/ja00056a046
http://dx.doi.org/10.1002/ange.200501632
http://dx.doi.org/10.1002/anie.200501632
http://dx.doi.org/10.1021/om050879x
http://dx.doi.org/10.1021/om050879x
http://dx.doi.org/10.1021/ja00497a025
http://dx.doi.org/10.1021/ja00497a025
http://dx.doi.org/10.1021/om960587j
http://dx.doi.org/10.1021/om960587j
http://dx.doi.org/10.1002/ejic.200300149
http://dx.doi.org/10.1016/S0022-328X(98)01186-3
http://dx.doi.org/10.1016/S0022-328X(98)01186-3
http://dx.doi.org/10.1021/ja960582d
http://dx.doi.org/10.1021/ja01861a016
http://dx.doi.org/10.1039/jr9520002263
http://dx.doi.org/10.1246/cl.2003.1048
www.chemeurj.org

