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’ INTRODUCTION

Control of the properties of molecules that respond to external
stimuli such as light, heat, H+, voltage, etc. via subtle structural
modifications is an exciting prospect.1 In general, sterics and/or
electronic effects transmitted via mesomeric effects contribute to
dramatic variations in the properties. Chromenes, i.e., 2,2-diaryl-
benzopyrans, are photochromic colorless compounds2 that undergo
photoinduced ring-opening to colored o-quinonoid intermediates,
which revert slowly in dark to the precursor colorless forms; the
colored o-quinonoid intermediates may, in principle, exist in four
isomeric forms.3�5 Incidentally, the photogenerated o-quinonoid
intermediates derived from parent chromene revert rapidly at room
temperature to preclude their identification.3 Benzoannulation has
been demonstrated in the literature to render significant stability as
well as absorption properties that enable ready recognition of the
colored quinonoid forms.6 There is a significant interest in mod-
ulating the spectrokinetic properties of the colored intermediates
derived from diarylpyrans from the point of view of application in
ophthalmic lenses.6a We recently showed that simple arylation may
bring about considerable differences in the spectrokinetic properties
of the colored reactive o-quinonoid intermediates that derive from
photoinduced C�O heterolysis.5b�d We also demonstrated that
the spectrokinetic behavior of the quinonoid intermediates is
dramatically influenced when chromenes are constrained to be part
of helical scaffolds.5a

In continuation of these studies, our attention was drawn to the
hexaphenylbenzene scaffold, which has been explored as a struc-
turally rigid core for a variety of phenomena.7,8 Due to near-orthogonal

orientations of the aryl rings, strong electronic interaction between
Cipso�π orbitals has been shown to manifest in toroidal delocaliza-
tion of charge in radical cations, cf. Chart 1;9,10 Cipso�π orbital
interaction comes into the picture when the ipso carbons attached to
the central ring are in a close proximity and are properly oriented to
allow partial overlap of the p-orbitals. In hexaarylbenzenes, such an
interaction between consecutive ipso carbons attached to the central
benzene core may manifest in circular delocalization.9�11 Similarly,
rotatory diffusion of excited states has been exemplified in analogous
hexaarylbenzenes.10a In addition to their application in deep-blue
fluorescent organic light-emitting diodes,12 the hexaarylbenzene core
has been exploited for the synthesis of shape-persistent disk-shaped
rigidmolecules thatmeasure seven nanometers in diameter,13 and to
organize chromophores to develop triode signal transducers.14 In
light of these investigations, we deemed it quite instructive to
examine how the toroidal conjugation via Cipso�π orbitals would
modify the spectrokinetic properties of photogenerated reactive
o-quinonoid intermediates, when one of the aryl rings in hexaaryl-
benzene is converted to the latter. Thus, we designed hexar-
ylbenzenes functionalized with a photoreactive 2,2-diarylpyran
moiety, i.e., 1Ch�3Ch (Chart 1), which lead to o-quinonoid
intermediates that are aligned in circular conjugation with the
(pentaphenyl)phenyl moiety. The chromenes 1Ch�3Ch differ
in terms of the location of the pyran oxygen and afford respective
regioisomeric o-quinonoid intermediates. Herein, we report the
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ABSTRACT: Regioisomeric photochromic chromenes 1Ch�6Ch substi-
tutedwith the (2,3,4,5,6-pentamethyl/phenyl)phenyl scaffoldwere designed
to delve into stereoelectronic effects on the spectrokinetic properties of
photogenerated o-quinonoid reactive intermediates. While the latter derived
from 1Ch, 2Ch, 4Ch, and 5Ch were found to exhibit notable persistence,
those from 3Ch and 6Ch were found to revert rapidly at room temperature
to preclude visible coloration. The intermediates of 1Ch and 2Ch were
found to bemarginally more stable than those of 4Ch and 5Ch, respectively,
attesting to the possibility of toroidal conjugation via Cipso�π orbitals in the
former. The rapid reversion of the intermediates of 3Ch and 6Ch is
attributed to unfavorable electronic repulsion between the phenyl ring of
the (pentamethyl/phenyl)phenyl scaffold and one of the lone-pairs of the
o-quinonoid oxygen. Thus, the regioisomerically substituted photochromic chromenes are shown to permit control of the reversion,
very rapidly as well as slowly, of the colored o-quinonoid intermediates through operation of stereoelectronic effects differently.
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synthesis and kinetic behavior of photogenerated colored o-
quinonoid intermediates of 1Ch�3Ch together with the synth-
esis and photochemistry of analogous pentamethyl-substituted
chromenes 4Ch�6Ch in which the Cipso�π orbital conjugation
is absent. It is shown that the pentamethylphenyl scaffold in
4Ch�5Ch exerts an effect intriguingly similar to that of the
(pentaphenyl)phenyl moiety in 1Ch�2Ch, although marginal
stabilization of the o-quinonoid intermediates is observed in the
latter due supposedly to toroidal conjugation. The CdO 3 3 3π
repulsive interaction appears to account for invisible coloration
due to rapid reversion of the o-quinonoid intermediates in the
case of 3Ch and 6Ch.

’RESULTS

Synthesis of 2,2-Diphenylpyran-Annelated Regioisomeric
Photochromic Hexaphenylbenzenes 1Ch�3Ch and Penta-
methylphenylchromenes 4Ch�6Ch. The chromenes based on
the hexaphenylbenzene scaffold were prepared starting from hydro-
xy-substituted hexaphenylbenzenes, which were in turn synthesized
in a facile manner by Diels�Alder protocol followed by demethyla-
tion, cf., Scheme 1.15 The [4 + 2] cycloaddition between tetra-
phenylcyclopentadienone and 2-/3-/4-(phenylethynyl)anisole
followed by decarbonylation in diphenyl ether led to the corre-
spondingmethoxy-substitutedhexaphenylbenzenes1OMe�3OMe.
Demethylation using BBr3/CH2Cl2 yielded the corresponding
phenols 1OH�3OH, treatment of which with 1,1-diphenylprop-2-
yn-1-ol in the presence of a catalyst such as PPTS (pyridinium-p-
toluenesulfonate) in 1,2-dichloroethane afforded the diphenylpyran-
annelated hexaphenylbenzenes 1Ch�3Ch.
The chromenes substituted with a pentamethylphenyl moiety

were prepared starting from (pentamethylphenyl)phenols 4OH�
6OH, which were in turn synthesized in a facile manner by
Suzuki cross-coupling protocol followed by demethylation, cf.,
Scheme 1. The Suzuki reaction between pentamethylbromobenzene
and o-/m-/p-methoxyphenylboronic acid in a 1,4-dioxane/EtOH/

H2O (6:3:1) mixture led to the corresponding methoxy-substituted
pentamethylphenylbenzenes 4OMe�6OMe. Demethylation with
BBr3 to the corresponding phenols followed by cyclocondensation
with 1,1-diphenylprop-2-yn-1-ol in the presence of PPTS in 1,2-
dichloroethane as described above led to pentamethylphenyl-sub-
stituted chromenes 4Ch�6Ch. All chromenes 1Ch�6Ch were
thoroughly characterized by IR, 1H NMR, 13C NMR, and ESI-MS
spectroscopic analyses.
Spectrokinetic Analysis of Photogenerated o-Quinonoid

Intermediates of Chromenes 1Ch�6Ch. The solutions of
arylchromenes 1Ch�3Ch in toluene (10�3 M) contained in
3 cm quartz cuvettes equipped with an extended arm were
purged thoroughly with nitrogen gas for 30 min and subjected
to UV irradiation at λ= 350 nm at 278 K (for 3Ch and 6Ch) and
at 293 K (for 1Ch, 2Ch, 4Ch, and 5Ch) for ca. 1�3min. The low
temperature in the case of 3Ch and 6Ch was necessitated by the
fact that the colored species underwent rapid reversion at
room temperature (298 K) to preclude spectral characterization
of the colored forms. Otherwise, the solutions of all chromenes
turned orange-red upon UV irradiation. The reversion to color-
less forms was found to occur for the intermediates of 1Ch, 2Ch,
4Ch, and 5Ch within 1�3 min, when stored in the dark at room
temperature. The absorption spectra of chromenes 1Ch�6Ch
before and after irradiation are shown in Figure 1, which reveals
that the irradiation of all chromenes leads to absorption in the
visible region; the photogenerated intermediates exhibit a two-
band feature, with a rather sharp band toward the shorter
wavelength region exhibiting some fine structure and a broad
one in the longer wavelength region. A careful inspection shows
that the pentamethylphenyl analogs 4Ch�6Ch also exhibit
similar spectral features, but that the λmax in the case of 5Ch and
6Ch is not well defined. A noteworthy observation is that for
chromenes 1Ch and 4Ch, the broad visible band is slightly red-
shifted relative to those of the remaining chromenes, cf.,
Table 1.

Chart 1
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Thermal Decay Kinetics of o-Quinonoid Intermediates.
For kinetic analysis of the reactive intermediates, solutions of
arylchromenes 1Ch�6Ch (10�3 M) in toluene were irradiated for
ca. 2�4 min at their absorption maxima with a monochromatic
radiation (350 nm from 200-W high-pressure mercury lamp), and
the decays of the resultant colored species were monitored at 278 K

for 3Ch and 6Ch and at 293 K for 1Ch, 2Ch, 4Ch, and 5Ch by
following change in absorbance at the λmax of the colored species
with time (in seconds); the coloration plots were developed to
ascertain typical irradiation durations required to attain maximum
colorability, cf., Supporting Information. As mentioned previously,
the intermediates of chromenes 3Ch and 6Ch were too labile to

Scheme 1
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follow the kinetics at room temperature. The decays of the inter-
mediates of 1Ch and 2Ch were fitted to monoexponential function,
while those of the intermediates of 4Ch and 5Ch could only be fitted
to a biexponential function using Levenberg�Marquardt equation.
The lifetimes of short-lived as well as the long-lived colored
o-quinonoid species thus extracted are given in Table 1.
X-ray Crystal Structure Determination of Chromene 5Ch.

To assess the extent to which the (pentaphenyl)phenyl/penta-
methylphenyl ring is orthogonal to the chromene moiety,
attempts were made to crystallize all chromenes and analyze
their structures in the solid state. In our efforts, only the crystals
of chromene 5Ch could be readily grown from chloroform�
hexane. TheX-ray crystal structure determination revealed that the
crystals correspond to triclinic crystal system. The perspective

drawings of the molecular structure in Figure 2 show that the
pentamethylphenyl ring is almost orthogonal to the chromene
moiety. The calculated angle between the mean planes of
pentamethylphenyl ring and the chromene ring is 76.6�.

’DISCUSSION

The o-quinonoid intermediates belong to one category of
reactive intermediates, and their structurally shorter versions,
i.e., o-quinone methides,16 constitute invaluable intermediates in
organic synthesis. Given their labile nature, modulation of
spectrokinetic properties of reactive intermediates through
variation of structural attributes is relevant fundamentally. In
particular, the behavior of colored o-quinonoid intermediates,

Figure 1. The absorption spectra of chromenes 1Ch�5Ch (black) and their respective photogenerated o-quinonoid intermediates (red) (a�e). Also
shown in the insets are decay profiles for 1Ch, 2Ch, 4Ch, and 5Ch, when the absorptions were followed at their longer wavelength absorption maxima
given in parentheses, cf., text and Table 1. Overlay of the absorption spectra of the transients of 4Ch�6Ch is shown in panel f.
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derived from precursor diarylpyrans, is of significant relevance
from the point of view of application of the precursor pyrans in
ophthalmic lenses as mentioned previously.

It has been shown from several flash photolysis investigations
in the pico-3,4,17 and nanosecond3,4,17 domains that the diaryl-
pyrans undergo C�O heterolysis in the singlet-excited state3,4,17

to afford colored species, which are attributed to the so-called
o-quinonoind intermediates.3,4 Thus, the species responsible
for the color observed upon photolysis of chromenes 1Ch�6Ch
are assigned to o-quinonoid intermediates. The latter may, in
principle, exist in four isomeric conformations as shown in
Scheme 2.

The essence of flash photolysis,17,18 theoretical19 and19FNMR
spectroscopic investigations20 on a variety of diarylpyrans is the
following: the C�O bond heterolysis occurs in the singlet
excited state to generate nonplanar cis�cis (CC) isomer,17

which evolves from an initially formed charge transfer species.
This isomer may collapse back to the closed form or undergo
rotation about the C�C single bond to lead to the open transoid
form, i.e., trans�cis (TC) isomer; depending upon the nature of
the pyran, the bond rotation occurs within 10 ps. In other words,
the CC isomer is less likely to persist beyond 10 ps. Thus, it is the
TC isomer that is accessible in nanosecond to second time scale.
A two-photon absorption brings about geometrical isomerism to
the most stable trans�trans (TT) isomer,17�19 which may
further isomerize to the cis�trans (CT) isomer. In general,
formation of the TT isomer is minimum in flash photolysis, while
it accumulates to a large degree in the steady-state photolysis
when irradiated for long time.5d,18b It is believed that the CT is
unlikely to be populated because of steric interactions that
increase the energy.4,5d Indeed, the CC and CT isomers are
discarded as being unimportant when analyzing the transients in

nanosecond to second time scale. In light of the established
kinetic behavior of o-quinonoid intermediates, we believe that
only TC and TT isomers should be relevant in the analysis of the
transients of pentamethyl/pentaphenyl-functionalized chro-
menes 1Ch�6Ch, when the latter are subjected to irradiation.
In particular, it is the TC isomer that should be predominantly
formed when the photolysis is carried out for a shorter duration
as in the present investigation, which limits the build-up of TT
isomer. Thus, only TC should be considered as being relevant
uniformly for all the chromenes 1Ch�6Ch and their kinetics.

The absorption spectra of all the o-quinonoid intermediates of
1Ch�6Ch show that the differences in the absorptions are very
unremarkable. In the case of the intermediates of 1Ch and 2Ch,
one observes a marginal red-shift by 3�12 nm for both ca. 410-
and 500-nm bands, when compared with those of the analogous
intermediates of 4Ch and 5Ch, cf. Table 1. The X-ray crystal
structure analysis of one of the compounds, i.e., 5Ch, shows that
the pentamethylphenyl ring is almost orthogonal to the chro-
mene moiety. In a similar manner, the (pentaphenyl)phenyl ring
in 1Ch�3Ch should also be expected to be orthogonal to the
chromene moiety. Indeed, we have analyzed the structures of
hexaarylbenzene derivatives reported in the Cambridge Structural
Database (CSD)21 and found that the (pentaphenyl)phenyl ring
orients with respect to the core aryl moiety at an angle that varies
between 60� and 90�. Thus, the pentamethylphenyl as well as
(pentaphenyl)phenyl substituents of chromenes cannot be
expected to be significantly involved in the mesomeric effect.
How then does the pentamethylphenyl substitutent that
orients almost orthogonally to the o-quinonid intermediates
of 4Ch and 5Ch stabilize the latter? It should be emphasized
that the intermediate in the case of the parent chromene that is

Figure 2. The X-ray determined molecular structures of chromene 5Ch. Notice that the pentamethylphenyl ring is almost orthogonal to the chromene
moiety.

Table 1. Spectrokinetic Properties of the Chromenes
1Ch�6Ch and Their Photogenerated Colored Intermediates

compound

before hν

(nm) (ε)

after hν

λmax (nm)
a

rate constants

k1 and k2 (s
�1)

1Ch 316 (sh, 1740)b 417, 524 0.026c

2Ch 319 (16500) 420, 494 0.019c

3Ch 318 (4820) 420, 498 d

4Ch 318 (4640) 415, 512 0.033, 0.0008

5Ch 321 (13440) 413e 0.032, 0.0018

6Ch 313 (6380) 414e d
aThe long wavelength absorption maximum corresponds to the
broad band. b sh = shoulder. c Fitted to single exponential function.
dThe rapid reversion precluded kinetic monitoring, see text. eThe
longer wavelength band is ill defined.

Scheme 2
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devoid of any substituents is very short-lived, as in the case of
3Ch and 6Ch, and precludes detection at room temperature.
The kinetic behavior of the intermediates of 3Ch and 6Ch is
most compelling; the visible coloration that is observed during
the photolysis of the solutions of these chromenes vanishes as
soon as the radiation is turned off. The intermediates revert too
rapidly at room temperature (298 K) to preclude kinetic
follow-up. What is it that causes the intermediates of 3Ch
and 6Ch to be so short-lived in light of the fact that the
pentamethylphenyl/(pentaphenyl)phenyl rings in these cases
also are expected a priori to be orthogonal?

As mentioned previously, the o-quinonoid intermediate of the
parent chromene is very short-lived at room temperature.3 The
strategies to render the o-quinonoid intermediates as rather
longer-lived include benzoannulation, fluorene-annulation, ary-
lation at 6- and 7-positions, etc.5,6,22 It is indeed intriguing that
the intermediates of 1Ch, 2Ch, 4Ch, and 5Ch exhibit consider-
ably enhanced persistence given that the (pentaphenyl)phenyl/
pentamethylpheny moieties are orthogonal to the chromene. In
view of fast decay of the CC isomer and inaccessibility of the CT
isomer (Scheme 2) as mentioned previously, the rate constants
k1 and k2 extracted from kinetic monitoring may be assigned to
TC and TT, respectively. As the TT isomer is populated only to a
negligible/minor degree by a two-photon process, it may be
considered as insignificant. Thus, the kinetic data in Table 1 show
that the values of rate constant k1, attributed to TC isomer, for
all cases are significantly longer and compare well with those
reported for the TC isomers derived from aryl-substituted chro-
menes or naphthopyrans in which the mesomeric effects deci-
sively stabilize the o-quinonoid intermediates.4,5a�c,22 Given that
the mesomeric effects are not possible in all the intermediates
of chromenes 1Ch, 2Ch, 4Ch, and 5Ch, we believe that intra-
molecular charge-transfer is likely to be the origin of the observed
stabilization of the photogenerated o-quinonoid intermediates.
Inspection of the absorption data and the decay rate con-
stants (k1) in Table 1 for the intermediates of 1Ch, 2Ch, 4Ch,
and 5Ch reveals that the intermediates of 1Ch and 2Ch are
slightly red-shifted and decay rather slowly relative to those of
4Ch and 5Ch. This marginal, yet meaningful stabilization of the
intermediates of 1Ch and 2Ch, we believe, arises from Cipso�π
stabilization.

The reason for rapid reversion of the intermediates of 3Ch and
6Ch at room temperature becomes evident from a closer
inspection of the structures of their TC isomers of their
o-quinonoid intermediates. The AM1-minimized structure of
the o-quinonoid intermediate of 6Ch is shown in Figure 3, which
reveals that the quinonoid oxygen in these cases is restrained to
lie over the pentamethylphenyl or (pentaphenyl)phenyl ring.
Thus, there should be considerable unfavorable electronic repul-
sion between the oxygen lone-pair and the benzene p-orbitals.
This is likely to be the source of rapid reversion of the
o-quinonoid intermediate to the colorless closed form, such that
the molecules relieve themselves of high-energy by undergoing
fast bond rotations.23 Clearly, stereoelectronic control of the
persistence of reactive intermediates, i.e, o-quinonemethide
derivatives, is compellingly evident from subtle structural
modifications.

’CONCLUSIONS

Regioisomeric hexaphenylbenzenes functionalized with 2,2-
diphenylpyran 1Ch�3Chwere synthesized and their photochromic
behavior investigated to explore the extent to which the possible
Cipso�π circular conjugation may stabilize the o-quinonoid
reactive intermediates derived from photoexcitation. Analogous
pentamethylphenyl chromenes 4Ch�6Ch were also synthesized
and their photobehavior examined. Upon photoirradiation, the
solutions of all chromenes 1Ch�6Ch exhibited orange-red color,
which is attributed to the formation of o-quinonoid intermedi-
ates. In the case of chromenes 3Ch and 6Ch, reversion of the
reactive intermediates was found to occur too rapidly at room
temperature to preclude any visible coloration. However, the
intermediates of chromenes with (pentaphenyl)phenyl as well as
pentamethylphenyl substitution at 6- and 7-positions, i.e., 1Ch,
2Ch, 4Ch, and 5Ch, were found to exhibit considerable stability;
we believe that the latter is due to intramolecular charge transfer
from orthogonally oriented pentaphenylphenyl/pentamethyl-
phenyl rings to the quinonoid moiety. Among 1Ch, 2Ch, 4Ch,
and 5Ch, the intermediates of 1Ch and 2Ch were found to show
comparatively longer persistence and slightly red-shifted absorp-
tions as compared to those of the pentamethylphenyl analogues,
i.e., 4Ch and 5Ch. The marginal stabilization presumably arises
from Cipso�π circular conjugation. The reason for rapid rever-
sion of the intermediates of 3Ch and 6Ch should be reconciled
from electronic repulsion between the lone-pairs of the quionoid
oxygen and the p-orbitals of the (pentaphenyl)phenyl/penta-
methylphenyl ring. Thus, stereoelectronic control of the persis-
tence of reactive o-quinonoid intermediates that are generated
photochemically is demonstrated via substitution of chromene
with sterically hindered pentaphenylphenyl/pentamethylphenyl
scaffolds.

’EXPERIMENTAL SECTION

General Aspects. 1,2-Dichloroethane was distilled over calcium
hydride under nitrogen prior to use. Anhydrous tetrahydrofuran (THF)
and toluene were freshly distilled over sodium prior to use and purged
with nitrogen gas. All other solvents were distilled before use. Column
chromatography was conducted with 60�120 mesh silica gel.
General Procedure for the Synthesis of 2-/3-/4-Hydroxy-

hexaphenylbenzenes 1OH�3OH. An oven-dried pressure tube
was charged with 3 mL of dry THF, 3 mL of dry triethylamine, 2-/3-/4-
bromoanisole (0.50 g, 2.67 mmol), phenylacetylene (0.30 g, 2.94
mmol), Pd(PPh3)2Cl2 (0.04 g, 0.05 mmol), and CuI (0.01 g, 0.053

Figure 3. The AM1-minimized structure of the TC isomer of 6Ch to
exemplify the repulsive interaction between quinonoid oxygen and
p-orbitals of the pentamethylphenyl core.
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mmol) under nitrogen. The contents were heated at 60�70 �C for 14 h.
Subsequently, the tube was cooled and the organic matter was diluted
with DCM and washed with 10% HCl. The organic portion was further
treated with brine, dried over anhyd Na2SO4, filtered, and evaporated to
yield the crude product, which was further purified by silica gel column
chromatography to obtain pure 2-/3-/4-(phenylethynyl)anisoles. The
yields were typically 61�69%.

2-/3-/4-(Phenylethynyl)anisole (0.26 g, 1.25 mmol) obtained above
was taken in diphenyl ether along with tetraphenylcyclopentadienone
(0.48 g, 1.25 mmol) and heated under N2 for 10 h. The contents were
diluted with petroleum ether, and the product was obtained by filtration
and subsequent washing. The crude product was further purified by
silica-gel column chromatography to furnish 2-/3-/4-methoxyhexaphe-
nylbenzene (1OMe/2OMe/3OMe) as a colorless solid in ca. 80�85%
isolated yield.

2-/3-/4-Methoxyhexaphenylbenzene (0.27 g, 0.48 mmol) thus ob-
tained above was treated with BBr3 (0.15 mL, 1.60 mmol) in dry DCM
(10 mL) at 0 �C. The reaction was slowly allowed to attain room
temperature over a period of 12 h. Subsequently, the reaction mixture
was poured into crushed ice, and the organic matter was extracted with
DCM. The combined extract was washed thoroughly with brine, dried
over anhyd Na2SO4, and filtered, and solvent was removed in vacuo to
afford the crude product. Further purification with silica-gel column
chromatography yielded pure 2-/3-/4-hydroxyhexaphenylbenzene
((1OH/2OH/3OH) in 90�95% yield.
General Procedure for the Synthesis of 2,2-Diphenylpyran-

Annelated Regioisomeric Photochromic Hexaphenyl-
benzenes 1Ch�3Ch. All the photochromic diphenylpyrans based
on hexaphenylbenzene scaffold 1Ch�3Ch were prepared by following
the literature-reported procedure.24 A representative procedure for the
synthesis of chromene 2Ch is described below.

A mixture of 3-hydroxyhexaphenylbenzene 2OH (0.17 mmol), 1,1-
diphenylprop-2-yn-1-ol (0.34 mmol) and a catalytic amount of pyridi-
nium-p-toluene sulfonate (PPTS, 5 mol %) was added to dry 1,2-
dichloroethane (6 mL). The reaction mixture was heated at reflux under
nitrogen gas atmosphere for 48 h. After this period, the contents were
cooled, washed with saturated Na2CO3 solution, and the organic matter
was extracted with chloroform (20 mL� 3). The combined extract was
dried over anhyd Na2SO4, filtered and evaporated to yield the crude
compound, which was further purified by silica-gel column chromatog-
raphy, yield 40%.
4-(Phenylethynyl)anisole:25 Pale yellow solid, yield 65%; mp

54�56 �C (lit. mp 56�58 �C); 1H NMR (400 MHz, CDCl3): δ 3.83
(s, 3H), 6.89 (d, J = 8.8Hz, 2H), 7.30�7.37 (m, 3H), 7.47�7.54 (m, 4H).
4-Methoxyhexaphenylbenzene,15 1OMe. Colorless solid, yield 88%;

mp >300 �C; IR (KBr) cm�1 3031, 1607, 1510, 1441, 1402, 1246; 1H
NMR (500MHz, CDCl3)δ 3.6 (s, 3H), 6.40 (d, J = 7.3Hz, 2H), 6.72 (d,
J = 8.5 Hz, 2H), 6.82- 6.89 (m, 25H).
4-Hydroxyhexaphenylbenzene,15 1OH. Colorless solid, yield 95%;

mp >300 �C; IR (KBr) cm�1 3520, 3057, 1603, 1512, 1403; 1H NMR
(500 MHz, CDCl3) δ 6.33 (d, J = 8.5 Hz, 2H), 6.67 (d, J = 8.5 Hz, 2H),
6.83�6.86 (m, 25H).
2,2-Diphenylpyran-Annelated Hexaphenylbenzene, 1Ch. Pale yel-

low solid, yield 65%; mp >300 �C; IR (KBr) cm�1 3027, 1949, 1606,
1495, 1408, 1240; 1H NMR (500 MHz, CDCl3) δ 5.97 (d, J = 9.8 Hz,
1H), 6.24 (d, J = 9.8 Hz, 1H), 6.38�6.40 (m, 2H), 6.50 (dd, J1 = 8.2 Hz,
J2 = 2.1 Hz, 1H), 6.74�6.84 (m, 25 H), 7.23�7.29 (m, 10H); 13CNMR
(125 MHz, CDCl3) δ 82.3, 114.9, 119.8, 123.8, 125.0, 125.1, 126.5,
126.6, 126.9, 127.2, 127.9, 128.5, 129.5, 131.28, 131.32, 131.38, 131.4,
132.4, 133.6, 139.8, 140.1, 140.39, 140.4, 140.58, 140.6, 144.5, 150.0;
ESI-MS+ m/z Calcd for C57H40O 758.3425 [M + NH4

+], found
758.3425.
3-(Phenylethynyl)anisole:26 Yellow solid, yield 69%; mp 74�75 �C

(lit. mp 77�78 �C); 1H NMR (400 MHz, CDCl3): δ 3.83 (s, 3H), 6.9

(dd, J1 = 8.3 Hz, J2 = 2.7 Hz, 1H), 7.06�7.07 (m, 1H), 7.14 (d, J = 7.8
Hz, 1H), 7.24�7.28 (m, 1H), 7.34�7.38 (m, 3H), 7.52�7.55 (m, 2H).

3-Methoxyhexaphenylbenzene, 2OMe. Colorless solid, yield 82%;
mp >300 �C; IR (KBr) cm�1 3026, 1599, 1436, 1245; 1H NMR (500
MHz, CDCl3) δ 3.43 (s, 3H), 6.39�6.43 (m, 3H), 6.74�6.77 (m, 1H),
6.83�6.87 (m, 25H); 13C NMR (125 MHz, CDCl3) δ 55.0, 111.9,
116.6, 124.3, 125.1, 125.2, 126.5, 126.6, 127.4, 131.2, 131.3, 131.4, 140.0,
140.2, 140.3, 140.5, 140.6, 141.7, 158.1; ESI-MS+ m/z Calcd for
C43H32O 565.2531 [M + H], found 565.2537.

3-Hydroxyhexaphenylbenzene, 2OH. Colorless solid, yield 93%; mp
>300 �C; IR (KBr) cm�1 3530, 3032, 1584, 1401, 1260; 1H NMR (500
MHz, CDCl3) δ 6.31�6.32 (m, 2H), 6.43 (d, J = 7.4 Hz, 1H),
6.71�6.74 (m, 1H), 6.83�6.86 (m, 25H); 13C NMR (125 MHz,
CDCl3) δ 112.2, 118.5, 124.4, 125.2, 125.3, 126.6, 127.7, 131.2,
131.27, 131.3, 131.4, 140.1, 140.23, 140.29, 140.37, 140.39, 140.48,
140.52, 140.7; ESI-MS+ m/z Calcd for C42H30O 551.2375 [M + H],
found 551.2372.

2,2-Diphenylpyran-Annelated Hexaphenylbenzene, 2Ch. Colorless
solid, yield 40%; mp >300 �C; IR (KBr) cm�1 3027, 1949, 1606, 1495,
1408, 1240; 1H NMR (500 MHz, CDCl3) δ 6.03 (d, J = 9.7 Hz, 1H),
6.31 (dd, J1 = 7.6 Hz, J2 = 1.5 Hz, 1H), 6.36 (d, J = 9.7 Hz, 1H), 6.47 (d,
J = 7.6 Hz, 2H), 6.77�6.85 (m, 25H), 7.22�7.30 (m, 10H); 13C NMR
(125 MHz, CDCl3) δ 82.2, 118.1, 119.7, 123.4, 124.6, 124.7, 125.1,
125.2, 126.4, 126.5, 126.6, 126.8, 127.2, 127.8, 127.9, 131.2, 131.3,
131.37, 131.4, 139.7, 140.1, 140.2, 140.3, 140.6, 142.2, 144.9, 151.3; ESI-
MS+ m/z Calcd for C57H40O 741.3157 [M + H], found 741.3157.

2-(Phenylethynyl)anisole.27 Yellow oil, yield 61%; 1H NMR (400
MHz, CDCl3) δ 3.92 (s, 3H), 6.89�6.96 (m, 2H), 7.29�7.36 (m, 4H),
7.50 (d, J = 7.6 Hz, 1H), 7.55�7.57 (m, 2H).

2-Methoxyhexaphenylbenzene, 3OMe. Colorless solid, yield 83%;
mp >300 �C; IR (KBr) cm�1 3027, 2931, 1597, 1496, 1438, 1246; 1H
NMR (500MHz, CDCl3) δ 3.41 (s, 3H), 6.37 (d, J = 8.2 Hz, 1H), 6.52 (t,
J=7.6Hz, 1H), 6.81�6.90 (m, 27H); 13CNMR(125MHz,CDCl3) δ 54.7,
109.5, 119.1, 125.0, 125.1, 126.0, 126.3, 126.4, 126.5, 127.5, 129.9, 130.8,
130.9, 131.4, 131.5, 131.6, 132.6, 137.1, 139.9, 140.0, 140.7, 140.8, 156.4;
ESI-MS+ m/z Calcd for C43H32O 565.2531 [M + H], found 565.2534.

2-Hydroxyhexaphenylbenzene, 3OH. Colorless solid, yield 91%; mp
>300 �C; IR (KBr) cm�1 3427, 3026, 1598, 1496, 1443, 1400, 1173; 1H
NMR (500 MHz, CDCl3) δ 6.45�6.47 (m, 1H), 6.49�6.52 (m, 1H),
6.80�6.90 (m, 27H); 13C NMR (125 MHz, CDCl3) δ 114.5, 119.4,
125.3, 125.7, 126.5, 126.6, 126.9, 127.4, 128.2, 129.9, 131.1, 131.2, 131.3,
132.1, 134.6, 139.7, 140.1, 140.2, 140.9, 141.4, 141.6, 152.1; ESI-MS+m/z
Calcd for C42H30O 551.2375 [M + H], found 551.2372.

2,2-Diphenylpyran-Annelated Hexaphenylbenzene, 3Ch. Pale yel-
low solid, yield 35%; mp >300 �C; IR (KBr) cm�1 3030, 1594, 1493,
1439, 1226; 1H NMR (500 MHz, CDCl3) δ 5.74 (d, J = 9.8 Hz, 1H),
6.15 (d, J = 6.7 Hz, 2H), 6.37�6.41 (m, 2H), 6.55 (t, J = 6.6 Hz, 2H),
6.62 (dd, J1 = 7.3 Hz, J2 = 1.5 Hz, 1H), 6.67 (dd, J1 = 7.6 Hz, J2 = 1.8 Hz,
1H), 6.73�6.86 (m, 21H), 7.29�7.39 (m, 10H); 13C NMR (125 MHz,
CDCl3) δ 83.4, 118.9, 119.3, 123.1, 124.9, 125.0, 125.9, 126.2, 126.41,
126.44, 126.47, 126.5, 127.6, 127.9, 128.0, 128.2, 131.3, 131.4, 131.5,
131.7, 133.6, 135.9, 139.8, 140.1, 140.2, 140.7, 140.8, 145.5, 149.6; ESI-
MS+ m/z Calcd for C57H40O 741.3157 [M + H], found 741.3150.
General Procedure for the Synthesis of (Pentamethyl-

phenyl)phenols 4OH-6OH by Suzuki Coupling. A representative
procedure for the preparation of 2-(pentamethylphenyl)phenol 6OH is
described below.

In an oven-dried two-necked round-bottomed flask were placed
12 mL of distilled 1,4-dioxane, 6 mL of ethanol, and 2 mL of water,
which was then purged thoroughly with N2 gas for 30min. Pentamethyl-
bromobenzene (0.50 g, 2.2 mmol), 2-methoxyphenylboronic acid (0.50 g,
3.3 mmol), Pd(PPh3)4 (0.25 g, 0.22 mmol), and NaOH (0.35 g, 0.8.8
mmol) were introduced into the round-bottomed flask under nitrogen.The
contents were heated at 100�110 �C for 24 h. Subsequently, the reaction
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mixture was cooled, 1,4-dioxane and ethanol were removed in vacuo, and
the mixture was extracted with CHCl3. The organic portion was further
treated with brine, dried over anhyd Na2SO4, and filtered and the solvent
removed to yield the crude product, which was purified by silica gel column
chromatography to obtain pure 2-(pentamethylphenyl)anisole 6OMe as a
colorless solid (0.35 g, 62%). The demethylation as described above led to
the corresponding phenol in >90% isolated yield.
4-(Pentamethylphenyl)anisole, 4OMe. Colorless solid, yield 85%;

mp 110�113 �C; IR (KBr) cm�1 2923, 2852, 1608, 1512, 1455, 1284,
1245; 1HNMR (500MHz, CDCl3) δ 1.96 (s, 6H), 2.26 (s, 6H), 2.30 (s,
3H), 3.86 (s, 3H), 6.95 (d, J = 8.7 Hz, 2H), 7.03 (d, J = 8.7 Hz, 2H); 13C
NMR (125 MHz, CDCl3) δ 16.7, 16.8, 18.4, 55.2, 113.6, 130.5, 132.1,
132.3, 133.9, 135.3, 139.4, 157.9; ESI-MS+ m/z Calcd for C18H22O
255.1749 [M + H], found 255.1743.
4-(Pentamethylphenyl)phenol, 4OH. Colorless solid, yield 95%; mp

127�129 �C; IR (KBr) cm�1 3323, 2920, 2852, 1597, 1512, 1442, 1233;
1H NMR (500 MHz, CDCl3) δ 1.96 (s, 6H), 2.26 (s, 6H), 2.31 (s, 3H),
6.87�6.89 (m, 2H), 6.97�6.99 (m, 2H); 13CNMR (125MHz, CDCl3)
δ 16.6, 16.8, 18.3, 115.1, 130.7, 132.1, 132.3, 133.9, 135.5, 139.3, 153.8;
ESI-MS+ m/z Calcd for C17H20O 241.1592 [M + H], found 241.1591.
Pentamethylphenylchromene, 4Ch. Colorless solid, yield 76%; mp

160�163 �C; IR (KBr) cm�1 3054, 3025, 2920, 1486, 1446, 1236, 1213;
1H NMR (500 MHz, CDCl3) δ 1.94 (s, 6H), 2.24 (s, 6H), 2.29 (s, 3H),
6.19 (d, J = 9.7Hz, 1H), 6.59 (d, J = 9.7Hz, 1H), 6.74 (d, J = 1.7Hz, 1H),
6.86 (dd, J1 = 8.3 Hz, J2 = 2.0 Hz, 1H), 6.95 (d, J = 8.0 Hz, 1H),
7.27�7.30 (m, 2H), 7.33�7.37 (m, 4H), 7.47�7.49 (m, 4H); 13CNMR
(125 MHz, CDCl3) δ 16.6, 16.8, 18.5, 82.7, 116.1, 120.5, 123.4, 127.0,
127.4, 127.6, 128.1, 128.5, 130.7, 132.1, 132.3, 133.9, 135.8, 139.2, 145.1,
150.9; ESI-MS+ m/z Calcd for C32H30O 431.2375 [M + H], found
431.2377.
3-(Pentamethylphenyl)anisole, 5OMe. Colorless solid, yield 70%;

mp 69�70 �C; IR (KBr) cm�1 2924, 1586, 1486, 1462, 1418, 1233; 1H
NMR (400MHz, CDCl3) δ 1.97 (s, 6H), 2.26 (s, 6H), 2.31 (s, 3H), 3.81
(s, 3H), 6.68�6.73 (m, 2H), 6.86�6.89 (m, 1H), 7.30�7.34 (m, 1H);
13C NMR (125 MHz, CDCl3) δ 16.6, 16.8, 18.3, 55.1, 111.8, 114.9,
121.9, 129.2, 131.5, 132.3, 134.0, 139.7, 144.4, 159.5; ESI-MS+ m/z
Calcd for C18H22O 255.1749 [M + H], found 255.1748.
3-(Pentamethylphenyl)phenol, 5OH. Colorless solid, yield 92%; mp

109�111 �C; IR (KBr) cm�1 3464, 2991, 2921, 1594, 1443, 1238, 1195;
1H NMR (400 MHz, CDCl3) δ 1.97 (s, 6H), 2.27 (s, 6H), 2.32 (s, 3H),
4.79 (s, 1H), 6.60�6.61 (m, 1H), 6.71 (d, J = 7.6Hz, 1H) 6.80�6.83 (m,
1H), 7.29 (t, J = 8 Hz, 1H); 13C NMR (125 MHz, CDCl3) δ 16.6, 16.8,
18.3, 113.2, 116.4, 122.2, 129.5, 131.5, 132.3, 134.0, 139.3, 144.8, 155.3;
ESI-MS+ m/z Calcd for C17H20O 241.1592 [M + H], found 241.1591.
Pentamethylphenylchromene, 5Ch. Colorless solid, yield 73%; mp

150�152 �C; IR (KBr) cm�1 3026, 2919, 1486, 1446, 1235, 1213; 1H
NMR (400MHz, CDCl3) δ 1.94 (s, 6H), 2.25 (s, 6H), 2.29 (s, 3H), 6.27
(d, J = 9.8Hz, 1H), 6.60 (dd, J1 = 7.4Hz, J2 = 1.5Hz, 1H), 6.67 (d, J = 9.6
Hz, 1H), 6.73 (s, 1H), 7.03 (d, J = 7.5 Hz, 1H), 7.25�7.28 (m, 2H),
7.31�7.34 (m, 4H), 7.44�7.48 (m, 4H); 13CNMR (125MHz, CDCl3)
δ 16.6, 16.8, 18.2, 82.2, 117.9, 119.4, 122.6, 123.4, 126.3, 127.0, 127.4,
128.0, 128.7, 131.4, 132.3, 133.9, 139.4, 144.7, 144.9, 152.5; ESI-MS+m/z
Calcd for C32H30O 431.2375 [M + H], found 431.2376.
2-(Pentamethylphenyl)anisole, 6OMe. Colorless solid, yield 62%;

mp 65�66 �C; IR (KBr) cm�1 3004, 2924, 2831, 1596, 1578, 1491,
1459, 1431, 1231; 1H NMR (400 MHz, CDCl3) δ 1.95 (s, 6H), 2.27 (s,
6H), 2.31 (s, 3H), 3.76 (s, 3H), 6.99�7.02 (m, 3H), 7.33�7.37 (m,
1H); 13CNMR (125MHz, CDCl3) δ 16.6, 16.9, 17.9, 55.4, 110.6, 120.5,
127.9, 131.2, 131.4, 131.9, 132.1, 133.9, 135.8, 156.8; ESI-MS+ m/z
Calcd for C18H22O 255.1749 [M + H], found 255.1743.
2-(Pentamethylphenyl)phenol, 6OH. Colorless solid, yield 90%; mp

108�110 �C; IR (KBr) cm�1 3520, 2924, 1579, 1485, 1456, 1197, 1170;
1H NMR (400 MHz, CDCl3) δ 1.96 (s, 6H), 2.26 (s, 6H), 2.31 (s, 3H),
6.97�7.00 (m, 3H), 7.25�7.29 (m, 1H); 13CNMR (125MHz, CDCl3)

δ 16.7, 16.8, 17.8, 114.8, 120.5, 128.4, 128.6, 130.3, 132.0, 133.18, 133.19,
135.4, 152.6; ESI-MS+ m/z Calcd for C17H20O 241.1592 [M + H], found
241.1593.

Pentamethylphenylchromene, 6Ch. Colorless solid, yield 37%;
mp 69�70 �C; IR (KBr) cm�1 3026, 2919, 1486, 1446, 1235, 1213;
1H NMR (400 MHz, CDCl3) δ 1.80 (s, 6H), 2.24 (s, 6H), 2.29 (s, 3H),
6.09 (d, J = 9.7 Hz, 1H), 6.67 (d, J = 10.0 Hz, 1H), 6.86�6.89 (m, 2H),
7.00�7.02 (m, 1H), 7.16�7.21 (m, 10H); 13C NMR (125 MHz,
CDCl3) δ 16.6, 16.8, 18.2, 82.1, 120.9, 121.3, 123.8, 125.2, 126.7,
127.1, 127.9, 128.8, 130.9, 131.3, 131.8, 132.1, 133.6, 135.2, 145.3, 149.3;
ESI-MS+ m/z Calcd for C32H30O 431.2375 [M + H], found 431.2376.
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