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Abstract: The octaethyl triptycenes 7 and 8 were synthe-
sized by Diels-Alder reaction of the octaethylanthracene 4
with the corresponding benzynes. Low-temperature NMR
spectra of 7 and 8 are consistent with the presence of the
fully alternated conformation “a” of C2 symmetry. However,
in the determined crystal structures, the compounds adopt
a higher energy conformation with a pair of vicinal ethyls
oriented in the same direction.

The ethyl substituent is the simplest alkyl group of
nonconical symmetry. Systems possessing several ethyl
groups attached to a central frame are of interest since
they can be viewed as multiarmed organic compounds.1,2

The most thoroughly studied compound of this class is
hexaethylbenzene (1). As shown by Mislow and co-
workers, in the lowest energy conformation of 1 the ethyl
groups are perpendicular to the aryl plane and are
arranged in a fully alternated up-down fashion.3 In this
arrangement, the three ethyls at the 1, 3, and 5 positions
are oriented toward the same face of the aromatic ring
(the three remaining ethyls are oriented toward the
opposite face). This segregation of the ethyl groups has
been utilized for the design of molecular hosts in which
the three groups attached to the 1, 3, and 5 positions of
a hexasubstituted benzene are oriented toward the same
face of the aromatic ring in a convergent fashion.4 In
systems possessing two polyethylaryl subunits in steric
proximity, the fully alternated arrangement of the arms

may be perturbed to minimize repulsive steric interac-
tions between ethyls attached to different aryl groups.

We have previously described the preferred conforma-
tion and rotational barriers of compounds containing two
polyethylated rings arranged in a perpendicular (e.g., 2)
or nearly coplanar fashion (3-6).5 In this paper, we
describe the preparation, the crystal structures, and
rotational barriers of two polyethylated triptycene de-
rivatives (7 and 8) with two tetraethylphenylene rings
arranged in a V-shaped disposition.6,7

Preparation of the Systems. The two triptycene
derivatives 7 and 8 were prepared by Diels-Alder
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cycloaddition of benzyne or 3,6-dimethylbenzyne to
1,2,3,4,5,6,7,8-octaethylanthracene 4,5d,8 respectively (eq
1).

Static Stereochemistry of 7. Eight diastereomeric
conformations are possible for the parent 1 which differ
in the “up” or “down” arrangement of the ethyl groups.3a

Molecular mechanics calculations performed on 1 have
indicated that the relative steric energy of the conformers
increases with the number of “syn” interactions, i.e., with
the number of pairs of ortho ethyl groups pointing to the
same face of the aromatic ring.3a

To estimate the stereochemical consequences of the
V-shaped disposition of the rings in 7 and 8 and the
presence of methyl substituents in the latter compound
on the preferred conformation of the ethyl groups, two
simpler model systems were initially calculated (MM3
program): the diethyltriptycenes 9 and 10. The two faces
of a given ethylated ring of 9 and 10 are symmetry
nonequivalent and assuming that in the lowest energy
arrangements the ethyls are arranged in a perpendicular
fashion, two achiral (syn-exo and syn-endo) and a chiral
conformation (anti) are possible (Chart 1). If the two
substituted rings were sterically isolated from each other
(as observed for the parent 4) it could be expected that
the three conformations would possess similar energies.
MM3 calculations performed on the model compound 9
indicate that the syn-endo arrangement (of Cs symmetry)
corresponds to a saddle point lying 1.4 and 1.2 kcal mol-1

above the syn-exo and anti arrangements, respectively.
For 10, the syn-endo conformation of Cs symmetry is also
a high-energy form, but the energy gaps relative to the
syn-exo and anti forms are reduced to 0.9 and 0.6 kcal

mol-1. On the basis of these calculations it can be
concluded that a syn-endo arrangement is intrinsically
repulsive. The smaller energy gaps calculated for 10 are
probably due to the repulsive interaction between the
methyl and the proximal ethyl group(s) in the syn-exo
and anti conformations.

Two conformations of 7 and 8 are possible in which
the ethyls in each ring are arranged in a perfectly
alternated up-down fashion (conformations a and b,
Figure 1). MM3 calculations indicate that the C2 form
(a) is of lower energy. The Cs form is a saddle point in
the potential energy surface that in 7 and 8 lies 1.6 and
2.2 kcal mol-1 above form a, respectively. The higher
energy of form b can be rationalized, since in this
conformation one syn-endo arrangement is present,
whereas no such destabilizing arrangement is present
in a.

Conformations possessing a pair of o-ethyl groups
oriented in the same direction were also included in this
study (forms c-h, Figure 1). Conformations e, f, and g
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CHART 1

FIGURE 1. Calculated (MM3) steric energies of selected
conformers of 7 and 8. Numbers in parentheses are energies
relative to the lowest energy conformer. Double-headed arrows
denote syn interactions between pairs of vicinal ethyls on the
same ring or syn-endo interactions (cf. Chart 1). According to
the calculations, conformations b and e of both 7 and 8
correspond to saddle points (one imaginary frequency).
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(that in addition to the syn arrangement between a pair
of o-ethyls possess also a syn-endo interaction) were
substantially less stable, lying 3-4 kcal mol-1 above
conformation a. Conformations c, d, and h on the other
hand were only 0.69-1.13 (for 7) and 1.47-1.75 (for 8)
kcal mol-1 less stable than a.9

NMR Spectra of 7 and 8. Triptycenes 7 and 8
displayed in the NMR spectra at room temperature a
signal pattern consistent with fast ethyl rotations on the
NMR time scale and with structures of dynamic C2v

symmetry. In both compounds, the methylene protons
displayed in the 1H NMR spectrum a signal pattern
characteristic of the AB subspectrum of a ABX3 system.
As a result of the substitution pattern of the triptycene
skeleton (only two rings are identically substituted), there
is a single molecular mirror plane present that does not
bisect any of the methylene groups, and these protons
are diastereotopic even if the rotations of the side chains
are fast on the NMR time scale.

Spectra consistent with slow ethyl rotation (on the
NMR time scale) were observed in the 13C NMR spectra
at low temperatures (151 MHz, T ) 150 K for 7, 180 K
for 8). Under these conditions, four signals each were
observed for the CH2 and CH3 groups of the ethyls, six
signals for the aromatic carbons of the ethylated rings,
but only a single bridgehead carbon signal (in the case
of 8, also a single methyl signal) and three aromatic
signals for the nonethylated ring. Precluding accidental
isochrony, these low-temperature spectra are consistent
with a preferred conformation of either C2 or Cs symmetry
(with the C2 axis or symmetry plane bisecting or perpen-
dicular to the nonethylated ring, respectively). On the
basis of the MM3 calculations, we assign the major
conformer detected in solution to form “a” (Figure 1), that
for both 7 and 8 was calculated as the conformer of lowest
steric energy.

In the case of 7, in addition to the major conformer,
small signals were detected in the low temperature
spectra. These signals were particularly visible near the
134 ppm region and are ascribed to low populated
conformers of 7 (most likely, forms c, d, and h). For 8,
lowering the temperature resulted, in addition to the
peak duplication described in the previous paragraph, in
spectral changes (broadening of specific peaks and re-
sharpening without a noticeable decoalescence) normally
associated with the exchange with a “hidden partner”.10

This spectral behavior is obtained when the dynamic
process mutually exchanges between two or more species
involved in a strongly biased conformational equilibri-
um.10 As in the case of 7, we ascribe the low populated
conformer(s) indirectly detected by the changes in the line
shape to conformers c, d, h, their lower population in 8
(as compared to 7) in agreement with the calculated
energy gaps.

The rotational barriers of the ethyl groups of 7 and 8
were estimated from the temperature dependent 13C
NMR spectra. Because of the presence of minor conform-
ers (vide supra), we could not perform exact line shape
analyses; however, we estimate ethyl rotational barriers
of 9.3 and 9.7 kcal mol-1 for 7 and for 8, respectively.
These barriers are similar to the ones previously mea-
sured for 3 and 4.

Crystal Structures of 7 and 8. Although solution
NMR data and/or calculations indicated that the lowest
energy conformation of 3, 5 and 6 is the fully alternated
up-down form, the conformations adopted in the crystal
possessed one or two syn arrangements between pair of
ortho or peri ethyl groups.5c,d The adoption of the higher
energy conformation was rationalized in terms of packing
forces: for example, in the case of the crystal structure
of 5, the presence of three ethyl groups pointing to the
same face of the aromatic ring rendered the opposite face
more exposed, thus enabling a more dense packing of the
molecules in the crystal.5d

To determine the crystal conformations of 7 and 8,
single crystals of the compounds were grown from ac-
etonitrile and submitted to X-ray crystallography. Both
derivatives adopted in the crystal the same conformation
(h) possessing a syn arrangement between a pair of
o-ethyl groups. As observed previously with other poly-
ethyl systems, the crystal conformation is not the lowest
in energy. Apparently conformations with a single syn
interaction are adopted since they are energetically
accessible (they lie less than 2 kcal mol-1 above the lowest
energy conformer) and they allow for a more dense
packing of the molecules in the crystal.

Experimental Section

NMR Spectroscopy. CDCl2F was prepared according to the
literature.11 Probe temperatures were measured with a cali-
brated digital thermometer.

Calculations. MM3(94) calculations were performed using
the Alchemy 2000 program.12,13 All stationary points were
characterized as minima or saddle points by the number of
imaginary frequencies in the frequency matrix.

Crystallography. Cu KR (λ ) 1.541 78 Å) or Mo KR (λ )
0.710 69 Å) radiation with a graphite crystal monochromator
in the incident beam was used. All crystallographic computing
was done on a VAX 9000 computer using the teXsan structure
analysis software. Crystal data for 7: C36H46, space group P-1,
a ) 10.444(2) Å, b ) 14.810(2) Å, c ) 9.779(1) Å, R ) 98.69(2)°,
â ) 92.62(3)°, γ ) 73.11(2)°, V ) 1430.7(7) Å3, z ) 2, Fcalc ) 1.11
g cm-3, µ(Mo KR) ) 0.62 cm-1, no. of unique reflections ) 4583,
no. of reflections with I g 3 σI ) 3095, R ) 0.060, Rw ) 0.086.
Crystal data for 8: C38H50, space group P-1, a ) 10.350(4) Å,
b ) 16.650(5) Å, c ) 9.89(1) Å, R ) 93.38(5)°, â ) 112.04(6)°; γ
) 77.05(3)°; V ) 1539(2) Å3, z ) 2, Fcalc ) 1.09 g cm-3, µ(Cu KR)
) 4.48 cm-1, no. of unique reflections ) 4564, no. of reflections
with I g 3 σI ) 3904, R ) 0.053, Rw ) 0.099.

1,2,3,4,5,6,7,8-Octaethyltriptycene (7). A 0.5 g sample of
1,2,3,4,5,6,7,8-octaethylanthracene 45d,8 (1.24 mmol) was dis-
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added benzediazonium-2-carboxylate hydrochloride14 (0.35 g, 1.9
mmol) and propylene oxide (0.3 mL). The mixture was refluxed
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for 1 h, and the solvents were evaporated. The residue was
recrystallized from ethanol yielding 0.24 g (40%) of 7, mp 209
°C. CI MS m/z: 479.1 (MH+). 1H NMR (600 MHz, CDCl3, rt): δ
7.33, 6.93 (AA′BB′ pattern, 2H each), 5.90 (s, 2H), 2.98 and 2.88
(ABq of q, Jgem ) 14 Hz, Jvic ) 7 Hz, 4H each), 2.58 and 2.54
(ABq of q, Jgem ) 14 Hz, Jvic ) 7 Hz, 4H each), 1.26 (t, J ) 7 Hz,
12H), 1.09 (t, J ) 7 Hz, 12H). 13C NMR (151 MHz, CDCl3, rt):
δ 147.32, 141.57, 135.88, 134.14, 124.80, 123.01, 47.39 22.37,
22.23, 16.23, 15.96 ppm.

Preparation of 1,2,3,4,5,6,7,8-Octaethyl-13,16-dimethyl-
triptycene (8). To a solution of 4 (0.21 g, 0.52 mmol) dissolved
in 1.4 mL of 1,2-dichloroethane were added 3,6-dimethylbenze-
diazonium-2-carboxylate hydrochloride (0.11 g, 0.67 mmol,
prepared from 3,6-dimethyl anthranilic acid,15 according to the
procedure in ref 14) and propylene oxide (0.12 mL). The mixture
was refluxed for 7 days, and the solvent was evaporated
affording (based on NMR analysis) a 1:1 mixture of the reactant
and product (8). Flash chromatography (silica, eluent: petroleum
ether 40-60 °C) afforded 4 (0.09 g) and 8 (0.11 g, 67% based

upon the recovered reactant), mp 232 °C (recrystallized from
ethanol). CI MS m/z: 507.4 (MH+). 1H NMR (600 MHz, CDCl3,
rt): δ 6.74 (s, 2H), 6.20 (s, 2H), 2.99 and 2.88 (ABq of q, Jgem )
14 Hz, Jvic ) 7 Hz, 4H each), 2.63 and 2.58 (ABq of q, Jgem ) 14
Hz, Jvic ) 7 Hz, 4H each), 2.52 (s, 6H) 1.22 (t, J ) 7 Hz, 12H),
1.10 (t, J ) 7 Hz, 12H). 13C NMR (151 MHz, CDCl3, rt): δ 144.85,
141.95, 136.88, 134.93, 129.28, 126.85, 43.87, 22.68, 22.37, 18.85,
16.99, 16.24 ppm.
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