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Anthracene capped isobenzofuran 5 (5,6-(9,10-dihydroanthracen-9,10-yl)isobenzofuran) was synthesized for the first time. It is a highly reactive
and versatile synthon for the synthesis of iptycene derivatives via Diels—Alder reactions. Cycloadducts 10 could be readily deoxygenated to iptycenes
11. Two new reactions of Phl(OAc),/TfOH have been explored. Endoxides 10 were directly oxidized to iptycene quinones 12, and isobenzofuran 5 was
conveniently converted to triptycene dialdehyde 16. H-shaped centrally extended pentiptycene quinones 13 and 14 were also synthesized.

The term “iptycene” was coined by Hart to refer to a
family of molecules wherein a number of arene units are
joined together to form a bridge of a [2.2.2] bicyclic ring
system.! A prefix is added to indicate the number of
independent arenes such as triptycene, pentiptycene,
and heptiptycene. Triptycene 1 (tribenzobicyclo[2.2.2]-
octatriene) is the basic unit of this family. It is named after
“the triptych of antiquity” which is a book with three
leaves hinged on a common axis.? Iptycenes have unique
geometrical, structural, and electronic characters such as
rigidity, bulkiness, nonplanarity, and s-electron richness.

(1) Hart, H.; Shamouilian, S.; Takehira, Y. J. Org. Chem. 1981, 46,
4427.

(2) Bartlett, P. D.; Ryan, M. J.; Cohen, S. G. J. Am. Chem. Soc. 1942,
64, 2649.

(3) For recent reviews, see: (a) Zhao, L.-W.; Li, Z.; Wirth, T. Chem.
Lett. 2010, 39, 658-667. (b) Chong, J. H.; MacLachlan, M. J. Chem. Soc.
Rev. 2009, 38, 3301. (c) Yang, J. S.; Yan, J. L. Chem. Commun. 2008,
1501. For some selected studies:(a) Oki, M. Acc. Chem. Res. 1990, 23,
351. (b) Yamamoto, G. Chem. Lett. 1990, 19, 1373. (c) Azerraf, C.;
Gelman, D. Organometallics 2009, 28, 6578. (d) Peng, X.-X.; Lu, H.-Y ;
Han, T.; Chen, C.-F. Org. Lett. 2007, 9, 895. (e) Swager, T. M. Acc.
Chem. Res.2008,41, 1181. (f) Kelly, T. R. Acc. Chem. Res. 2001, 34, 514.

10.1021/01200309v  © 2011 American Chemical Society
Published on Web 03/04/2011

A variety of iptycene molecules have been applied for the
investigations in a range of fields, including intramolecular
charge transfer, atropisomerism studies, ligand design,
host—guest chemistry, supramolecular chemistry, and mo-
lecular gear devices.’

The preparation of iptycenes has attracted much atten-
tion. Among the known methods to synthesize iptycenes,
Diels—Alder cycloaddition is the most widely used ap-
proach (Scheme 1). The triptycene skeleton can be directly
formed from Diels—Alder cycloadditions between anthra-
cene or its derivatives and an appropriate dienophile
(such as quinone, aryne, or endoxide).* Iptycene derivatives
2 can also be obtained from triptycyne 4.° Recently, we
reported a new procedure for the preparation of triptycyne
4 from the oxadisilole fused triptycene precursor 4a.>
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Scheme 1. Diels—Alder Cycloaddition Approaches for the
Preparations of Iptycenes
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When trapped by various dienes, a series of iptycenes 2
could be obtained. In this article, we would like to intro-
duce a new approach to the preparation of iptycenes. A
previously unknown anthracene capped isobenzofuran,
5,6-(9,10-dihydroanthracen-9,10-yl)isobenzofuran 5, is
envisioned as a synthon for the preparations of iptycenes
and iptycene quinones.

Isobenzofurans (IBFs) are well-known useful intermedi-
ates in organic synthesis.® Most of them are too unstable to
be isolated at ambient conditions and needed to be pre-
pared in situ. One of the most efficient methods for the
synthesis of IBFs is the Warrener’s protocol.” We adopted
this approach to prepare our synthon anthracene capped
isobenzofuran 5. Reacted with 2,6-bis-2-pyridyl-1,2.,4,5-
tetrazine 7 in chloroform or dichloromethane at room
temperature, endoxide 6°° was completely converted to
IBF 5 within 30 min. IBF 5 was quite stable in a chloroform
solution under a nitrogen atmosphere. The 'H and *C
NMR spectra of the reaction mixture kept under nitrogen
remained unchanged for 2 weeks.® But when the mixture
was exposed to air, IBF 5 polymerized completely within
5 h. Freshly generated IBF 5 was reacted with various
dienophiles 8a—g. As depicted in Scheme 2, diethyl mal-
eate 8a, dimethyl acetylene dicarboxylate 8b, and arynes
8c—g reacted with IBF 5 to afford the corresponding
iptycene cycloadducts 10a—g in good isolated yields. In
these reactions, oxadisilole fused compounds 9c—g were
the precursors of arynes 8c¢—g.>*’
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Scheme 2. Generation of Anthracene Capped Isobenzofuran 5
and Trapping Experiments
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Endoxides derived from isobenzofurans have been de-
monstrated as the key intermediates for the synthesis of
acene derivatives.' We found that endoxides 10b—g could
be readily deoxygenated with TiCly/LiAlH4/EtsN. The
corresponding extended triptycenes 11b—e and H-shaped
centrally extended pentiptycene 11f and 11g were obtained
in high yields (81—88%) (Scheme 3).

Scheme 3. Synthesis of Extended Triptycenes and H-Shaped
Pentiptycenes
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Iptycene quinones, in particular pentiptycene quinone,
have been used as the precursors for the preparations of
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functionalized iptycene derivatives.*!'" Most of the re-
ported iptycene quinones were prepared from Diels—Alder
reactions between anthracenes and appropriate quinone
compounds. We would like to explore the possibility of
transforming endoxides 10c—g directly to iptycene qui-
nones 12¢—g. In literature, such a transformation was
done by cleavage of the ether bridge under basic conditions
to afford the corresponding dihydroxy derivatives. Then
the dihydroxy compounds were oxidized by O,/K,COj; to
give the desired acenequinones.'>'* However, such a re-
ported procedure did not work well for our endoxides
10c—g. Only trace amounts of the desired products could
be detected.

Scheme 4. Synthesis of Iptycene Quinones 12¢—g
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Hypervalent iodine compounds have been used as oxi-
dants for oxygenation and oxidative functionalization of
various organic substrates.'* However, to the best of our
knowledge, there is no report on the oxidation of endoxide
with hypervalent iodine reagents. We explored if such
oxidants could transform our endoxides to the correspond-
ing quinones. We first tried PhI(OAc), for the oxidation of
endoxide 10c. It worked, but the desired quinone product
12c¢ could only be obtained in very low yield ( < 5%). It has
been reported that the oxidation powder of PhI(OAc),
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could be enhanced by adding various strong acids.'*
Activation of PhI(OAc), with TFA only slightly increased
the yield of 12¢ to 14%. Finally, to our delight, with 2 equiv
of TfOH,”!® the oxidation reaction went very fast and
iptycene quinone 12¢ could be isolated in 74% yield in 10
min. Under this PhI(OAc),/TfOH condition (Scheme 4),
all the endoxides 10c—g could be oxidized directly to the
corresponding iptycene quinones 12¢—g in good yields
(67—81%).

With PhI(OAc),/TfOH as the oxidant, we have success-
fully prepared the previously unknown H-shaped pentip-
tycene quinones 12f and 12g. We then attempted the
synthesis of H-shaped centrally extended pentiptycene
quinones of larger scales, 13 and 14. The synthetic ap-
proach was summarized in Scheme 5. At first, we antici-
pated that the double Diels—Alder reaction of p-quinone
with 2 equiv of IBF 5 would provide the bis-cycloadduct
15. After dehydration, the target compound 13 could be
obtained. However, to our surprise, the Diels—Alder step
was complicated and no expected product could be iso-
lated. We then changed our synthetic strategy to base-
catalyzed 4-fold aldol condensation.'® Condensation
between 1,4-cyclohexane-dione and 2 equiv of either 2,3-
triptycenedialdehyde 16 or 2,3-naphthalenedialdehyde 18
could lead to the targeted iptycene quinones with high
efficiency.

The synthesis of 2,3-triptycenedialdehyde 16 from 2,3-
dimethyltriptycene through a four-step reaction sequence
has been reported.!” We report here a new synthesis of 2,3-
triptycenedialdehyde 16 directly from IBF 5. IBF 5 freshly
prepared from endoxide 6 could be rapidly converted to
dialdehyde 16 in the presence of PhI(OAc),/TfOH in 60%
yield (based on 6). This is the first example of using TFTOH
activated PhI(OAc), in this type of transformation. Dia-
ldehyde 16 reacted with I,4-cyclohexane-dione in hot
ethanol afforded H-shaped centrally extended pentiptyc-
ene quinone 13 (bis-anthracene capped pentacenequinone)
in 95% yield.

For the synthesis of the next homologue, extended
triptycene dialdehyde 18 was prepared from diester 11b
(Scheme 5). Diester 11b was first reduced by LiAlH, to
provide diol 17 in 95% yield. Subsequent Swern oxidation
of 17 successfully gave dialdehyde 18 in 93% yield. KOH
catalyzed 4-fold aldol condensation between 1,4-cyclohex-
ane-dione and 2 equiv of 18 afforded H-shaped centrally
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Scheme 5. Synthesis of H-shaped Pentiptycene Quinones 13
and 14
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extended pentiptycene quinone 14 (bis-anthracene capped
heptacenequinone) in 78% yield.

Org. Lett,, Vol. 13, No. 7, 2011

In summary, we reported a new strategy for the synthesis
of iptycene derivatives. A previously unknown anthracene
capped isobenzofuran 5 was prepared. It shows high
reactivity and can react with different dienophiles to afford
the corresponding iptycene derivatives 8a—g. Deoxyaro-
matization of the endoxide adducts 8b—g provided the
extended triptycenes 11b—e and pentiptycene 11f—g with
high yields. Two new reactions with PhI(OAc),/TfOH were
also developed. First, endoxides 8c—g could be oxidized by
PhI(OAc),/TfOH to the corresponding iptycene quinones
12¢—g. Second, IBF 5 was conveniently converted to
triptycene dialdehyde 16 with PhI(OAc),/TfOH. Two pre-
viously unknown H-shaped centrally extended pentipty-
cene quinones 13 and 14 were then successfully synthesized
through KOH catalyzed 4-fold aldol condensation from
triptycene dialdehydes 16 and 18 respectively.
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