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ABSTRACT: Iptycenes such as noniptycenes, heptiptycenes, pentiptycenes as well as dissymmetric triptycenes having three differ-
ent aryl groups have been synthesized in a one-pot manner using triple cycloaddition of ynolate with benzynes. The method consists
of two-stages involving (1) in-situ formation of anthranoxide via double [2+2] cycloaddition of ynolate with benzynes and (2) a Diels-
Alder reaction of anthranoxide with another benzyne. This method enables rapid access to higher order iptycenes and dissymmetric
triptycenes, which have been conventionally synthesized in much longer steps.

Triptycene is a propeller-shaped aromatic compound in
which three benzene rings are fused, and molecules containing
this compound are called iptycenes.! The most notable feature
of iptycenes, including triptycene, is the formation of cavities
between benzene rings due to their rigid molecular framework.?
This cavities has been utilized for molecular recognition and
self-assembly to develop functional materials such as porous
and functional polymers,’ molecular machines,* host mole-
cules,’ and organic thin layers.

Higher-order iptycenes, which have more than seven benzene
rings, are expected to exhibit higher functionality than conven-
tionally used pentiptycenes and triptycenes. As the order of ip-
tycenes increases, the total volume of the intramolecular cavi-
ties also increases,”’ and a greater number of functional groups
can be introduced in the expanded triptycene scaffold. These
characteristics are believed to apply them into porous materials
with controlled cavity properties and various optical materials
by tuning the electronic properties of each benzene ring. Addi-
tionally, we recently succeeded in synthesizing acenes through
the ring opening of the triptycene scaffold,® demonstrating that

higher-order iptycenes can serve as precursors for higher acenes.

Furthermore, another class of molecules with great potential
is dissymmetric triptycenes bearing different substituents on
their three blades.”!® These are chiral molecules with a stereo-
genic bridgehead carbon and are expected to be useful for en-
antiomeric recognition by utilizing the cavity as a chiral envi-
ronment, as well as for the development of chiral materials that

take advantage of chiral optical effects such as circularly polar-
ized luminescence materials.!!

Although higher-order iptycenes and dissymmetric trip-
tycenes represent valuable molecular architectures, their syn-
thesis is hampered by common limitations. The triptycene
framework is typically constructed via cycloaddition reactions
of anthracene with benzoquinone or benzyne, but scaling these
methods to larger frameworks or dissymmetric derivatives re-
quires laborious, multi-step sequences. As a result, both higher-
order and dissymmetric iptycenes suffer from poor synthetic ac-
cessibility. While the symmetric functionalization of all three
blades of triptycene is well-documented,'? introducing distinct
functionalities selectively onto a single blade remains a signifi-
cant challenge,'® particularly for larger iptycenes. An alterna-
tive strategy involves using dissymmetric anthracenes bearing
different substituents on the terminal benzene rings prior to
framework construction. However, such anthracenes require
lengthy, step-intensive syntheses,'* making this approach im-
practical for general application. Thus, the lack of efficient, ver-
satile methods that enable the direct synthesis of both higher-
order iptycenes and dissymmetric triptycenes underscores a
pressing need for new synthetic strategies.

To address these challenges, we focused on the two synthetic
methods for triptycene that we had previously reported, both of
which rely on the generation of anthranoxide as a key interme-
diate. The first method involves the synthesis of Cs-
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Figure 1. Our previous and current works.

symmetric 1,8,13-trisubstituted triptycene 1 via triple cycload-
dition of ynolate with substituted benzynes (Figure 1(a)).!> The
key step in this reaction is the formation of an electron-rich an-
thracene intermediate, anthranoxide 2, generated through the
double [2+2] cycloaddition of ynolate with two benzynes. Due
to its electron-rich nature, anthranoxide exhibits extremely high
reactivity toward benzyne, and its polarized structure enables

high regioselectivity in cycloaddition with substituted benzynes.

Building on this approach, we developed a second method, in
which anthranoxide 3 is prepared via deprotonation of anthrone,
followed by cycloaddition with benzyne, affording Cs-symmet-
ric triptycene 4 (Figure 1(b)).'® This strategy was successfully
applied to the systematic synthesis of higher-order iptycenes
containing up to 13 aromatic rings, which is the longest-chain
iptycene reported to date.” Based on these two approaches, in
this paper, we report the one-pot two-stage synthesis of Cs- and
Cs-symmetric higher-order iptycenes, as well as dissymmetric
triptycenes (Figure 1(c)).

In order to synthesize higher-order iptycenes and dissymmet-
ric triptycenes using ynolate—benzyne triple cycloaddition, we
focused on the in situ preparation of anthranoxide 8a using
methyl-substituted ynolate 7a, prepared from o,o-dibromo

ester 6,'7 and unsubstituted benzyne (Scheme 1). Our previous
DFT calculations suggested that while the first and second
[2+2] cycloadditions proceed rapidly without an activation bar-
rier, the third Diels—Alder (DA) reaction (the reaction between
anthranoxide and benzyne) involves a small activation bar-
rier.! This indicates that if these processes are controlled, the
reaction could be halted at the anthranoxide intermediate. Thus,
we carefully screened the reaction conditions and found that
using 2 equivalents of 1,2-dibromobenzene (9a) at —78 °C led
to the in situ preparation of 8a. After quenching the reaction,
10-hydroperoxy-10-methylanthrone (10a) was obtained in 29%
yield along with 14% of triptycene 11. Since anthranoxide 8a
is a highly electron-rich anthracene, oxidation by air during the
work-up process provided hydroperoxide 10a. Based on the
yield of 10a, we estimated that anthranoxide 8a was formed in
situ in about 30% yield. Based on this result, we devised a two-
stage strategy: (1) in situ generation of anthranoxide from yno-
late and first benzyne, followed by (2) a DA reaction between
anthranoxide and second benzyne to construct triptycene

First benzyne
Q0 [
o Br OLi
Me tBuLi ' 9a (2.0 equiv)
OEt — —
Br Br THF M n-BuLi
6 —78°c V€ , (2.0 equiv) Me
° a
to0°C TH|°= 8a
o -78°C ca. 30% (estimated)
quenched
1 (14%) +
Me OOH
Second benzynes
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Scheme 1. Two-stage one-pot synthesis of triptycenes and
pentiptycene using unsubstituted benzyne.




scaffold. Subsequently, anthranoxide 8a generated in situ under
above conditions was further subjected to the DA reaction with
the second benzynes (Scheme 1). When using benzyne derived
from 1,2-dibromobenzene (9a), the yield of the resulting trip-
tycene 11 was 41%, which suggested the DA reaction occurred
efficiently. Using 3-methoxybenzyne derived from precursor
9b as the second benzyne, methoxytriptycene 12a was obtained
in 28% yield. In addition, the reaction with triptycyne derived
from 2,3-dibromotriptycene (9¢) provided pentiptycene 12b in
26% yield. These results clearly show that the two-stage method
is useful for the synthesis of Cs-symmetric iptycenes using two
different benzynes.

Based on the conditions developed above, another types of
Cs-symmetry triptycenes were synthesized using 3-methox-
ybenzyne as the first benzyne (Table 1). Because dimethoxyan-
thranoxide 8b is highly electron-rich, work-up process in air of
this species resulted in giving multiple oxidized products in-
cluding hydroperoxide 10b, making it difficult to estimate the
precise yield of 10b. When unsubstituted benzyne derived from
9a was used as the second benzyne, triptycene 13a was obtained
in 32% yield. The reactions using naphthalyne, 1,3-dimethox-
ybenzyne, and triptycyne as the second benzyne also yielded
the corresponding triptycenes 13b,c and pentiptycene 13d in
36%, 15%, and 18% yields, respectively, achieving the facile
synthesis of functionalized triptycene.

Higher-order iptycenes were then synthesized using trip-
tycyne as the first benzyne (Table 2). As a result of optimization
on the reaction conditions, treatment of methyl substituted yno-
late 7a with triptycyne derived from 3 equivalents of precursor
9¢ at —100 °C (condition A) provided hydroperoxide 10¢ in
13% yield, which suggested estimated yield of anthranoxide 8c.
Subsequently, reaction of anthranoxide 8¢ with 3-methoxyben-
zyne at room temperature yielded almost no desired products,
probably because the steric bulkiness of anthranoxide 10¢ in-
hibited the cycloaddition. Therefore, the reaction between 8¢
and 3-methoxybenzyne was carried out at an elevated tempera-
ture (condition A), affording heptiptycene 14a in 11% yield.

First benzyne
OMe OMe
F
M 9d (2.0 equiv) MeO  OLi OMe
/ ® n-Buli (2.0 equiv) “O O O
THF
LiO o :
—78 °C, 20 min Me
7a 8b

MeO [0} OMe
quenched

The structure assignment and regioselectivity are supported by
the downfield shift of the OH proton (§ > 6 ppm) in the 'H
NMR spectrum, indicating intramolecular hydrogen bonding.
Similar shifts were also observed in the following examples.
Under the condition A, the reactions using 4-fluoro-3-methox-
ybenzyne, 1,5-dimethoxybenzyne, 1,6-dimethoxybenzyne, and
2,3-naphthalyne as the second aryne provided the correspond-
ing heptiptycenes 14b-e in 14%, 10%, 4%, and 14%, respec-
tively. Furthermore, the cycloaddition of 8¢ with triptycyne
yielded noniptycene 15a in 7% yield. By further optimizing the
reaction conditions, it was found that the reaction of ynolate 7a
with 1.1 equivalents of triptycyne precursor 9¢ at =78 °C in the
first stage (condition B) enhanced the generation of anthranox-
ide 8¢ (yield of hydroperoxide 10¢ increased to 20%), thus im-
proving the yield of noniptycene 15a to 18%. Under the condi-
tion B, the yield of methoxyheptiptycene 14a through the reac-
tion with 3-methoxybenzyne also increased to 19%. Addition-
ally, when butyl substituted ynolate 7b was treated with 2.0
equivalents of triptycyne precursor 9¢ (condition C, yield of hy-
droperoxide 10d was 12%), butyl substituted heptiptycene 14f
and noniptycene 15b were obtained in 16% and 14%, respec-
tively. It is worth noting that while Hart reported the first syn-
thesis of noniptycene in eight steps in total yield of 9%,'® our
method provided noniptycenes in significantly higher yields in
a one-pot manner. This synthesis is also superior in that it al-
lows the introduction of functional groups essential for the ap-
plication of iptycenes.

Encouraged by the successful one-pot synthesis of various
triptycenes and higher-order iptycenes using two different ben-
zynes, we next examined the more challenging case of employ-
ing three different benzynes to construct a dissymmetric chiral
triptycene bearing three distinct aryl groups. Methyl substituted
ynolate 7a was treated with a mixture of 3-methoxybenzyne and
unsubstituted benzyne derived respectively from precursors
9a,b to in situ prepare the anthranoxide intermediate, which was
then reacted with 1,5-dimethoxybenzyne generated

Second benzynes

<

9 (2.0 equiv)
ﬁ—BULi, rt, 1h MeO

multiple
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Me OOH
10b (not isolated)

Br Br OMe Br.
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Me O
A R
HO 0
MeO MeO HO Q
MeO M

MeO Me
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Table 1. One-pot synthesis of triptycenes and pentiptycene using 3-methoxybenzyne.



First benzyne
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R n-BuLi
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Lio THF
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7a: R= Me

7b: R =Bu

Second benzynes

R
]
n-BuLi

/ 55°C
AN quenched

10c: R= Me (A: 13%, B: 20%)
10d: R = Bu (C: 12%)

14a (R = Me): 11% (A), 19% (B)
14f (R = Bu): 16% (C)

14d: 4% (A)

14e: 14% (A)

OMe

15a (R = Me): 7% (A), 18% (B)
15b (R = Bu): 14% (C)

Table 2. One-pot synthesis of heptiptycenes and noniptycenes. Conditions (A) 2,3-dibromotriptycene (9¢, 3.0 equiv), n-BuLi (3.0
equiv), =100 °C, Condition (B) 2,3-dibromotriptycene (9¢, 1.1 equiv), n-BuLi (2.0 equiv), =78 °C, Condition (C) 2,3-dibromotrip-

tycene (9¢, 2.0 equiv), n-BuLi (2.0 equiv), =78 °C.

from precursor 9f (Scheme 2). Multiple triptycenes 16a-d and
13c¢ were produced, but the desired dissymmetric triptycene 16a
was successfully isolated in 11% yield. Furthermore, enantio-
mers of 16a were separated by HPLC on a chiral column (see
supporting information). Although several methods to synthe-
size dissymmetric triptycenes have been reported, all of them
requires cumbersome multi-step processes based on cycloaddi-
tion reactions of dissymmetric anthracenes with benzyne/ben-
zoquinone and on desymmetrization of triptycenes. In contrast,
the present method provided the dissymmetric triptycene with
three different aryl groups in a one-pot fashion, providing a sig-
nificant advantage as a convenient method.

In conclusion, we have achieved one-pot synthesis of Cs- and
Cs-symmetry triptycenes, pentiptycenes, heptiptycenes and
noniptycenes as well as dissymmetric triptycene based on the
two-stage strategy involving (1) in-situ formation of anthranox-
ide from ynolate and the first benzyne and (2) DA reaction of
the anthranoxide with the second benzynes. The yields of in-
situ generated anthranoxides were estimated by isolated yields
of the corresponding 10-hydroperoxyanthrone. Comparing the
estimated yields of anthranoxide with those of the isolated ip-
tycenes, the DA reaction at the second stage was suggested to
proceed with good efficiency, which demonstrates significantly
high reactivity of anthranoxides. It is noted that the one-pot
method enabled rapid access to higher-order iptycenes such as
heptiptycene and noniptycene as well as dissymmetric trip-
tycene, which have been conventionally synthesized in much
longer steps. We are currently studying further application of
ynolate-benzyne triple cycloaddition to rapid and efficient syn-
thesis of larger and more functionalized iptycenes.

added simultaneously
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Scheme 2. One-pot synthesis of dissymmetric triptycene.
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