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Abstract: The hexasubstituted benzenes 7 and 9b were
synthesized starting from 3 and 8b, respectively. In the
crystal, 9b adopts the fully alternated conformation with all
arylmethyl groups oriented syn.

In the lowest energy conformation of hexaethylbenzene
(1), the ethyl rings are oriented perpendicular to the
central ring in a fully alternated up-down disposition.1,2

In this arrangement, the three ethyl groups at the 1, 3,
and 5 positions of the central ring are all pointing to the
same face of the aryl ring, while the rest of the ethyls
point in the opposite direction (Chart 1). Molecular
mechanics calculations have indicated that the fully
alternated conformation of 1 is ca. 3.5 kcal mol-1 lower
in energy than a nonalternated conformation possessing
two pairs of o-ethyl groups oriented toward the same face
(a syn arrangement).2,3 Hexasubstituted benzene deriva-
tives possessing substituents nearly isosteric to ethyl
groups (e.g., bromomethyl groups) adopt a similar con-
formation.4 The 1,3,5 vs 2,4,6 facial differentiation of the
side chains of 1 can be exploited for the design of ligands
in which three substituents (binding groups) are oriented
toward the same face of the aromatic group, thus achiev-
ing a certain degree of preorganization.5-7

Of synthetic interest are derivatives structurally re-
lated to 1 where the 1, 3, and 5 positions of the ring are
substituted by arylmethyl groups. These derivatives
could be used as scaffolds for the construction of elabo-

rated molecular hosts via electrophilic substitution of the
peripheral aromatic rings. If properly oriented, the four
aromatic rings could provide four “walls” delimiting a
hydrophobic pocket.8 The hexasubstituted benzene 7 has
been prepared by Wittmann and co-workers via tri-
merization of the ketene derived from benzylmalonyl
dichloride, followed by treatment of the resulting product
with dimethyl sulfate/methanolic KOH.9 In this paper,
we describe an alternative synthesis of 7 and the prepa-
ration and crystal structure of a hexasubstituted benzene
structurally related to 1 in which three ethyls have been
replaced by arylmethyl groups (9b).

The synthetic approach utilized for the preparation of
7 is depicted in Scheme 1. The triester 3 was rearranged
to 4 according to the literature procedure.10 After the
phenolic OH groups were protected by methylation, the
three carbonyl groups were reduced to methylenes in a
two-step sequence. Initially, the carbonyl groups of 5 were
reduced to alcohol functionalities by treatment with
LiAlH4. This step introduces three stereocenters, and two
enantiomeric pairs of configurational isomers (RRR/SSS
and RRS/SSR) are possible for 6. Under fast rotations
of the side chains, the RRR/SSS and RRS/SSR isomers
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possess averaged symmetries11 isomorphous to C3 and
C2, respectively. The NMR spectra were consistent with
a derivative of bilateral symmetry. For example, two
signals each in a 2:1 ratio were observed for the methoxy
and the CHOH protons. On this basis, it could be
concluded that the compound formed preferentially is the
RRS/SSR stereoisomer. This structural assignment was
corroborated by X-ray crystallography which indicated
that the product obtained was indeed the RRS/SSR
isomer (Figure 1).12

Notably, in the crystal conformation a pair of methoxy
groups as well as a pair of phenyls of the CH(OH)Ph units
are pointing to opposite faces of the central aryl ring. For
derivatives of 2, a lower relative stability of the all-
alternated up-down arrangement (cf. Chart 1) over
nonalternated ones (as compared to 1) could be expected
since the former conformation should be destabilized by
the presence of the three O-Me dipoles oriented in a
nearly parallel fashion. This effect together with hydrogen-
bonding interactions may contribute to the presence in
the crystal of the nonalternated conformation.13 The
reduction of the alcohol functionalities of 6 was achieved
by ionic hydrogenation14 (Et3SiH/CF3COOH) yielding 7,
the tribenzyl analogue of 2. The 1H and 13C NMR spectra
of 7 were fully consistent with the proposed structure.

For the preparation of a tribenzyl analogue of 1, we
attempted first Friedel-Crafts benzylations of 1,3,5-
triethylbenzene using AlCl3 as catalyst. However, as
indicated by 1H NMR spectroscopy, the ethyl groups
migrated under the reaction conditions. Fortunately, a
literature search uncovered a promising method for the
preparation of the target compound. In 1976, Zavada,
Pankova, and Arnold reported that the reaction of 1,3,5-
tris(bromomethyl)mesitylene (8a) with anisole (the sol-
vent of the reaction) in the presence of AgClO4 as the
Lewis acid yields mainly the product resulting from the

para alkylation of three anisole molecules (9a, Scheme
2).15

An attractive feature of this reaction is the use of a
silver salt as the electrophilic catalyst rather than AlCl3,
since it could be expected that no detachment of the ethyl
substituents will take place under the reaction conditions.
Patterned after this report, the triethyl derivative 8b
(readily available by exhaustive bromomethylation of
1,3,5-triethylbenzene)7,16 was reacted with anisole under
reaction conditions similar to those reported for 8a. The
reaction proceeded readily as evidenced by the nearly
immediate precipitation of yellow AgBr. The reaction
worked best with anhydrous AgClO4, while other silver
salts (such as AgNO3) yielded less satisfactory results.
1H NMR analysis of the crude reaction product indicated
that no rearrangement of the ethyls took place and that
the product consisted of an isomeric mixture derived from
(mono) alkylation at the ortho or para positions of the
anisole ring. Crystallization from CHCl3/EtOH afforded
the pure tris(p-methoxybenzyl) triethyl derivative 9b in
18% yield. This compound displayed in the 1H NMR
spectrum a pair of doublets for the aromatic protons, in
agreement with the target compound derived from para
alkylation of anisole. The hexasubstituted benzene de-
rivative 9b is more conformationally rich than the parent
1 due to the presence of two types of substituents (ethyl
and anisyl) on the central ring, which increases the
number of different up-down orientations. In addition,
each of these arrangements may exist in several confor-
mations resulting from the possible orientations of the
peripheral aryl and OMe groups around the CH2-anisyl
and Ar-OMe bonds, respectively. Four basic arrange-
ments are possible for a given anisyl ring depending on
the “perpendicular” or “eclipsed” orientation relative to
the methylene group (Figure 2).17

Single crystals of 9b were grown from chloroform/
EtOH and submitted to X-ray diffraction.18 The multi-
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FIGURE 1. Crystal structure of 6.
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armed compound 9b adopts in the crystal a conformation
of crystallographic C3 symmetry with full up-down
alternation of the sidearms and therefore with the three
p-methoxybenzyl groups pointing toward the same face
of the central ring (Figure 3). The three peripheral rings
are oriented in the H-perpendicular arrangement.19

In summary, two hexasubstituted benzene derivatives
(7 and 9b) have been synthesized starting from 3 and
8b. X-ray crystallography indicates that 9b adopts in the
crystal a conformation with facial segregation of substit-
uents with the peripheral rings oriented in the H-
perpendicular conformation.

Experimental Section
Preparation of 4. The compound was prepared according

to the literature procedure.10 Phloroglucin tribenzoate (3, 1.0 g,
2.3 mmol) and 1 g of AlCl3 were mixed together in a three-necked
flask under an inert atmosphere until a homogeneous mixture
was obtained, which was heated at 150-160 °C for 3 h. After
cooling, a dilute solution of aq HCl (50 mL) was carefully added

to the mixture. The solid that formed was filtered and dissolved
in a dilute solution of aq KOH. After removal of the solid
impurities by filtration, the filtrate was acidified with dilute HCl.
The solid which separated was recrystallized from EtOH/water
yielding 0.27 g (27%) of 4 (lit: 30%): mp 176 °C (lit. mp 185
°C); 1H NMR (400 MHz, DMSO-d6, rt) δ 14.56 (s, 3H), 7.65 (d,
J ) 7.3 Hz, 6H), 7.55 (t, J ) 7.2 Hz, 3H), 7.45 (t, J ) 7.1 Hz,
6H).

Preparation of 5. To a solution of 0.5 g of 4 (1.14 mmol) in
30 mL of acetonitrile was added K2CO3 (1.57 g, 11.4 mmol). After
90 min reflux, dimethyl sulfate was added (0.18 mL, 1.90 mmol),
and the reflux was continued with stirring for an additional 17
h. After evaporation of the solvent, 20 mL of ammonium
hydroxide was added to the residue, and the solution was
extracted three times with CH2Cl2. After evaporation of the
organic solvent, the residue was recrystallized from EtOH,
yielding brown needles of 5 (0.15 g, 27%): mp 180-185 °C; 1H
NMR (400 MHz, CDCl3, rt) δ 7.92 (d, J ) 7.3 Hz, 6H,), 7.59 (t,
J ) 7.4 Hz, 3H), 7.48 (t, J ) 7.6 Hz, 6H,), 3.52 (s, 9H).

Reduction of 5 with LiAlH4. A 480 mg (1 mmol) portion of
5 was dissolved in 70 mL of dry THF, and to the solution was
slowly added LiAlH4 (0.76 g, 20 mmol). After being stirred for 3
h under an inert atmosphere, the mixture was quenched with a
few drops of water and the stirring continued for an additional
90 min. The mixture was filtered and the filtrate evaporated.
The residue was purified by recrystallization from CHCl3,
yielding 310 mg (64%) 6: mp 120 °C; 1H NMR (400 MHz, C6D6,
rt) δ 7.49 (d, J ) 8.1 Hz, 2H), 7.40 (d, J ) 8.2 Hz, 4H), 7.13-
7.08 (m, 6H), 7.02-6.99 (m, 3H), 6.23 (d, J ) 11.4 Hz, 1H), 6.16
(d, J ) 10.0 Hz, 2H), 4.02 (d, J ) 11.6 Hz, 1H), 3.51 (d, J ) 10.5
Hz, 2H), 2.96 (s, 6H), 2.93 (s, 3H); 13C NMR (100 MHz, CDCl3,
rt) δ 157.6, 157.5, 144.8, 144.7,129.0, 128.5, 128.3, 128.2, 127.0,
127.0, 125.5, 125.1, 68.7, 68.6, 63.2, 63.1; CI MS (+DCI) m/z 469
(MH+ - H2O).

Preparation of 1,3,5-Tribenzyl-2,4,6-trimethoxybenzene
(7). Compound 6 (200 mg 0.41 mmol) was dissolved in 20 mL of
dry CH2Cl2, and to the solution was added 0.38 mL (4.9 mmol)
of trifluoroacetic acid followed by 1.56 mL of triethylsilane (9.8
mmol), and the mixture was stirred at rt for 70 h. After
neutralization with a saturated solution of NaHCO3, the phases
were separated and the organic phase was dried (MgSO4) and
evaporated. The residue was recrystallized from CHCl3/ether to
yield 146 mg (81%) 7: mp 115 °C (lit.9 mp 101 °C); 1H NMR
(400 MHz, CDCl3, rt) δ 7.35 (d, J ) 7.0 Hz, 6H), 7.18 (t, J ) 7.2
Hz, 6H), 7.06 (t, J ) 7.2 Hz, 3H), 4.15 (s, 6H), 3.27 (s, 9H); 13C
NMR (100 MHz, CDCl3, rt) δ 157.8, 142.0, 128.61, 128.57, 126.1,
124.4, 62.0, 30.8; CI MS m/z 439.2 (MH+).

Preparation of 9b. To 2 mL of dry anisole were added CaCO3
(1.5 g) and anhydrous AgClO4 (1.3 g) (CAUTION, anhydrous
AgClO4 can explode when struck.) The mixture (protected from
light) was stirred under an inert atmosphere for 15 min. 1,3,5-
Tris(bromomethyl)-2,4,6-triethylbenzene (0.73 g, 1.65 mmol) was
then added to the mixture, which resulted in the immediate
precipitation of yellow AgBr. The mixture was stirred at rt for
4 h. After the mixture was poured into 20 mL of water, the solid
that precipitated was filtered and the filtrate was extracted twice
with dichloromethane and once with ether. The organic phase
was dried (MgSO4) and the solvent evaporated. Recrystallization
of the residue from CHCl3/EtOH yielded 0.16 g (18%) of 9b: mp
170 °C; 1H NMR (400 MHz, CDCl3, rt) 6.92 (d, J ) 8.4 Hz, 6H),
6.80 (d, J ) 8.5 Hz, 6H), 4.07 (s, 6H), 3.77 (s, 9H), 2.45 (q, J )
7.4 Hz, 6H), 1.08 (t, J ) 7.4 Hz, 9H); 13C NMR (100 MHz, CDCl3,
rt) δ 157.6, 141.1, 134.2, 133.4, 128.6, 113.7, 55.2, 33.7, 23.6,
15.2; CI MS m/z 1057.3 (MH+).
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FIGURE 2. Four basic arrangements of a given peripheral
aryl ring of 9b viewed along the anisyl-CH2 bond. The black
rectangle represents a side view of the anisyl ring while the
label “Ar” represents the central ring. Conformations i and ii
represent “perpendicular” arrangements. In conformations iii
and iv, the anisyl ring is eclipsed with one of the groups
attached to the methylene carbon.

FIGURE 3. Crystal structure of 9b (side view).
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