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Several 9-benzyltriptycene derivatives were prepared by addition of benzynes to 9-benzylanthracenes.

Ro-

tation about the Cy—Cpenzy1 bond of compounds with a substituent at a peri-position to the benzyl group was found

to be frozen at low temperatures on the NMR time scale but not at room temperature.

In contrast, compounds

with two substituents at two peri-positions to the benzyl group showed a frozen rotation about the Cy—Cpenzy1 bond

at room temperature.

Distribution of the conformers, as judged from the PMR intensities, showed preference

to the dl-isomers in spite of the fact that they are the ones which are highly disfavored by steric effects.
Interpretation of the phenomenon was based on the fact that attractive interactions, mainly charge-transfer type,
exist between the substituted benzo group in the triptycene skeleton and the benzene ring in the benzyl group.

Many works have been carried out to elucidate the
intramolecular interaction in cyclohexanes,? hetero-
cyclic systems,® and substituted ethanes.¥ They dis-
closed that the steric interaction and hydrogen bonding
are the important factors in determining conformational
equilibria. The steric interaction may comprise van
der Waals interactions including lone-pair-lone-pair
interactions and dipole-dipole interactions. However,
we come across examples for which the simple concept
of nonbonding interelectronic repulsion does not give
correct prediction.?) In conformational equilibria,
anomeric effect®? and gauche effect” are notable
examples. Attempts have been made to rationalize
these effects on the basis of classical electrostatic inter-
actions or the electron delocalization, but the origin
of attractive interaction has remained ambiguous for
a long time.

Weak attractive interactions may be present in
many cases but they are usually overshadowed by
strong repulsive interactions and not detectable. How-
ever, if the atoms and groups are held together at the
closest proximity and other interactions are surpressed
to minimum, there may be a possibility to find such
interactions.?) 9-Substituted triptycenes provide good
examples since the substituents at 9- and peri-positions
are held within the sum of the respective van der Waals
radii.

9-Isopropyltriptycene derivatives exist as conformers
of the least repulsion.”” Thus the isopropyl group is
too large to exhibit a weak attractive interaction. A
group of the RCH, type will give less steric repulsions
and there is a possibility that, if group R can possess
attractive interaction with a substituent at a peri-
position, such a conformation would be favored. Thus
it is of interest to study the case of 9-benzyltriptycene
derivatives since the phenyl group in the benzyl has
relatively low-lying antibonding orbitals which may
interact with bonding electrons of high levels of the
substituted benzo group in triptycene.

This paper describes the conformational equilibria
of 9-benzyltriptycene derivatives, giving evidence for
a weak interaction between the phenyl group and
the substituted benzene moiety. The phenomena are
discussed in terms of orbital interactions. A preliminary
report on the conformational equilibria has been

published.1®

Experimental

Syntheses. 9-Benzyltriptycenes were prepared by
treating 9-benzylanthracenes with benzynes, as illustrated
in the following schema. Some new 9-benzylanthracene
derivatives were synthesized by the Grignard reaction of
substituted benzylmagnesium chlorides with substituted
anthrones, followed by dehydration of the products.

1,4-Dimethyl-9-benzylanthracene. To a solution of ben-
zylmagnesium chloride, prepared from 3.8 g (0.03 mol) of
benzyl chloride, 0.7 g (0.03 mol) of magnesium, and 100 ml
of ether, was added 2.2g (0.01 mol) of 1,4-dimethylanthrone!®!
in small portions at room temperature. After 30 min, 50
ml of benzene was added and the resulting mixture was re-
fluxed for 1hr. The mixture was decomposed at 0°C
with dilute hydrochloric acid. The organic layer was
separated, dried over sodium sulfate, and evaporated.
The residue was taken up in 150ml of carbon
tetrachloride and heated on a steam bath with 30 g of
phosphorus pentoxide for 2 hr. The supernatant liquid
was decanted, washed with water, and dried over
sodium sulfate. After removal of the solvent, the res-
idue was chromatographed on neutral alumina. Elution
with hexane gave the desired material, mp 133—134 °C,
in 0.9 g (ca. 30%) yield. PMR (6, CDCl,): 2.78 (6H, s),
5.12 (2H, s), 6.90—8.15 (12H, m). Found: C, 93.37;
H, 6.919%. Caled for CpH,: C, 93.20; H, 6.80%.

1,2,3,4- Tetrachloro-9-benzylanthracene, mp 174—175 °C, was
similarly prepared from 1,2,3,4-tetrachloroanthrone® and
benzylmagnesium chloride. The yield was ca. 15%. PMR
(8, CDCly): 5.17 (2H, s), 6.80—8.10 (9H, m), 8.85 (1H,
s). Found: C, 62.32; H, 2.71; Cl, 35.07%. Calcd for
C,,H,,Cl,: G, 62.10; H, 2.98; Cl, 34.92%,.

9-(4-Chlorobenzyl) anthracene, mp 124—125 °C, was prepared
from anthrone and 4-chlorobenzylmagnesium chloride!® in
ca. 40%, yield. PMR (6, CDCl;): 4.90 (2H, s), 6.80—8.25
(12H, m), 8.38 (1H, s).

7,4-Dimethyl-9-(4-chlorobenzyl) anthracene, mp 170—172 °C,
was similarly prepared from 1,4-dimethylanthrone and 4-
chlorobenzylmagnesium chloride. The yield was ca. 25%.
PMR (6, CDCL): 2.73 (6H, s), 5.00 (2H, s), 6.80—8.00
(10H, m), 8.42 (1H, s). Found: C, 83.42; H, 5.71; CI,
10.939,. Calcd for CyHy,Cl:  C, 83.50; H, 5.79; CI,
10.71%,.

9-(4-Methoxybenzyl) anthracene, mp 138—139 °C, was pre-
pared from anthrone and 4—methoxybenzylmagnesium chlo-



February, 1975]

CH;
“Ha
Cl
Cl. +
Cr
1
CH.Cl1 OCH,
rO —
CH.0

ride! in 30% yield. PMR (5, CDCL,):
493 (2H, s), 6.64—8.45 (13H, m).

3.69 (3H, s),
This compound was
directly used for the preparation of a triptycene derivative 7.

1,4-Dimethyl-9-benzyltriptycene (1 ). To a refluxing so-
lution of 0.6g (0.005mol) of butyl nitrite and 1.48¢g
(0.005 mol) of 1,4-dimethyl-9-benzylanthracene in 20 ml of
dichloromethane was added 0.68 g (0.005 mol) of anthranilic
acid in 20 ml of acetone with stirring. Heating and stirring
were discontinued after 0.5 hr and the solvent was evaporated.
The residue was taken up in benzene and chromatographed
on alumina. Elution with a mixture of hexane and benzene
gave 0.61g (309, yield) of 1, mp 172—174°C. The compound
was purified by recrystallization from chloroform-ethanol.
Found: C, 93.31; H, 6.47%,. Calcd for Cy,H,,: GC, 93.51;
H, 6.499%.

1,4-Dimethyl-9-(4-chlorobenzyl ) triptycene (2), mp 254—256
°C, was similarly prepared by treating a solution of butyl
nitrite and 9-(4-chlorobenzyl)anthracene in dichloromethane
with anthranilic acid in dry acetone. The yield was 289,.
Recrystallization from chloroform-ethanol afforded a pure
sample. Found: C, 85.80; H, 5.95; Cl, 8.739%. Calcd
for CyH,Cl: G, 85.59; H, 5.70; Cl, 8.719%,.

1,2,3,4- Tetrachloro-9-benzyltriptycene (3), mp 247—248 °C,
was prepared by treating butyl nitrite and 9-benzylanthracene
with tetrachloroanthranilic acid.'® The yield was ca. 209%,.
Recrystallization from benzene-hexane afforded a pure sample.
Found: C, 67.82; H, 3.08; Cl, 29.31%,. Calcd for CyH,4-
Cl,: G, 67.88; H, 3.19; Cl, 29.41%.

1,2,3,4- Tetrabromo-9-benzyltriptycens (4), mp 237.5—239.5
°C, was prepared by treating butyl nitrite and 9-benzyl-
anthracene with tetrabromoanthranilic acid.’® The yield
was 20%. The compound gave no satisfactory analytical
results probably because of poor combustibility. Purity was
checked by PMR spectrum. Mass spectrum showed molec-
ular ion peaks at 656 for "Br compound and at 664 for
81Br compound.

1,2,3,4,5,6,7,8-Octachloro-9-benzyliriptycene (13), mp 258—
260 °C, was prepared with the use of tetrachloroanthranilic
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acid, butyl nitrite, and 1,2,3,4-tetrachloro-9-benzylanthracene.
The yield was ¢a. 7%. The compound gave no satisfactory
analytical data owing to the poor combustibility. However,
no impurities were detected by spectral methods. Mass
spectrum showed a molecular ion peak at 616 for a compound
with ClL

1,2,3,4- Tetrachloro-5,8-dimethyl-9-benzyltriptycene  (10), mp
233—235 °C, was prepared from tetrachloroanthranilic acid,
butyl nitrite, and 1,4-dimethyl-9-benzylanthracene in 159,
yield. Found: C, 68.49; H, 4.22; Cl, 28.09%,. Calcd for
CyH,,Cl,: G, 68.26; H, 3.95; Cl, 27.79%.

1,2,3,4- Tetrabromo-5,8-dimethyl-9-benzyliriptycene  (12), mp
233—235 °C, was prepared similarly in 159, yield. Found:
C, 50.70; H, 3.05%. Calcd for CyH,,Br,: G, 50.62;
H, 2.939%,.

1,4-Dimethoxy-9-benzyltriptycene (§). A suspension of
phenylsodium,'? prepared from 2.25 g (0.02 mol) of chloro-
benzene, 0.92 g (0.04 mol) of sodium and 50 ml of benzene,
was added to a stirred solution of 1.72 g (0.01 mol) of 2-
chloro-1,4-dimethoxybenzene!® and 2.14g (0.008 mol) of
9-benzylanthracene in 20 ml of benzene at room temperature
under a nitrogen atmosphere. Stirring was discontinued
after 3 hr and the mixture was treated with water. The
organic layer was separated, dried over sodium sulfate, and
evaporated. The residue was taken up in benzene and chro-
matographed on alumina. Elution with benzene gave the
desired product which was recrystallized from chloroform-
ethanol to give a pure sample, mp 256.5—258.5 °C, in 0.97
g (30%) yield. Found: G, 85.81; H, 5.929%,. Calcd for
CgH,,0,: C, 86.11; H, 5.989%.

1,4-Dimethoxy-5,8-dimethyl-9-benzyliriptycene (11), mp 239—
240 °C, was prepared similarly by treating a mixture of 2-
chloro-1,4-dimethoxybenzene and 1,4-dimethyl-9-benzyl-
anthracene with phenylsodium. The vyield was 259%,.
Found: C, 85.96; H, 6.229%,. Calcd for C;H,0,: G,
86.08; H, 6.52%,.

1,4-Dimethoxy-9- (4-methoxybenzyl) triptycene (7), mp 218—
219 °C, was prepared from phenylsodium, 2-chloro-1,4-di-



598 Fumio Suzukr and Michinori Oxi1

methoxybenzene, and 9-(4-methoxybenzyl)anthracene in 20
% vyield. Found: C, 83.14; H, 5.89%,. Calcd for Cgp
H,,0;: G, 82.92; H, 6.03%,.

3,6-Dimethoxyanthranilic acid was prepared according to the
method of Banerjee and Chaudhury.’®  Tedious separation
of isomers was avoided since products other than the desired
one did not form the corresponding benzyne on treatment
with nitrite esters. 2,5-Dimethoxybenzoic acid®® (5g or
0.027 mol) was added to 20 ml of nitric acid (d=1.38) in
small portions at 0—2 °C with stirring. Stirring was dis-
continued after 3 hr and the mixture was poured into ice-
water to precipitate yellow solids in 5.6 g yield. The PMR
spectrum of the product indicated that it was a 2 : 1 mixture
of 2,5-dimethoxy-6-nitro- and 2,5-dimethoxy-3-nitro-benzoic
acids. The mixture in 100 ml of ethanol was hydrogenated
over 1 g of 5% Pd-C under atmospheric pressure to give a
viscous brown oil which was a 2 : 1 mixture of 3,6-dimethoxy-
anthranilic acid and 3-amino-2,5-dimethoxybenzoic acid.
This mixture was used for subsequent reactions.

1,4-Dimethoxy-9-(4-chlorobenzyl ) triptycene (6). To a re-
fluxing solution of 0.6 g (0.005 mol) of butyl nitrite and 0.60
g (0.002 mol) of 9-(4-chlorobenzyl)anthracene in 20 ml of
dichloromethane was added 1.15 g (0.005 mol) of the mix-
ture of aminodimethoxybenzoic acids in 30 ml of dry acetone.
Heating and stirring were discontinued after 0.5 hr and the
solvent was evaporated. The residue was taken up in ben-
zene and chromatographed on alumina. Elution with hex-
ane-benzene followed by recrystallization of the product
from chloroform-ethanol gave the desired product, mp 264—
265 °C, in 30% (0.26 g) yield. Found: GC, 79.05; H, 5.40;
Cl, 7.95%. Galed for CyH,;Cl: C, 79.35; H, 5.28; Cl,
8.08%,.

1,4-Demethoxy-9-chloromethyltriptycene (9), mp 224—225 °C,
was similarly prepared from the crude 3,6-dimethoxyanthra-
nilic acid, butyl nitrite, and 9-chloromethylanthracene??
in 209, yield. Found: C, 76.32; H, 5.17; Cl, 9.41%.
Calcd for Cy,H,,Cl: C, 76.12; H, 5.25; Cl, 9.77%.

2,4-Dimethyl-9-benzyltriptycene (8). To a refluxing mix-
ture of 0.36 g (0.015 mol) of magnesium, 2.68 g (0.01 mol)
of 9-benzylanthracene and 70 ml of dry tetrahydrofuran
was added 2.0 g (0.01 mol) of 3,5-dimethyl-2-fluoro-1-bromo-
benzene?? in 20 ml of dry ether with stirring. After 5 hr,
the mixture was cooled and treated with water. The organic
layer was separated after addition of 100 ml of ether, dried
over sodium sulfate, and evaporated. The residue was taken
up in benzene and chromatographed on alumina. Elution
with hexane-benzene gave pure 8, mp 145—147 °C, in 0.56
g (ca. 15%) yield. Found C, 93.21; H, 6.60%. Calcd for
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CyH,,: G, 93.51; H, 6.499%.

The original product was a mixture of 8 and 1,3-dimethyl-
9-benzyltriptycene [PMR (8, CDCL): 2.10 (3H, s), 2.26
(3H, bs), 4.52 (2H, bs), 5.07 (1H, s), 6.60—8.20 (15H, m)]
in 2 :1 ratio. Assignments of the structure were based on
the observation of coalescence at a lower temperature for 8
than the isomer.

Spectral Measurement. PMR spectra were recorded on
a Hitachi R-20B spectrometer operating at 60 MHz. The
samples were dissolved in appropriate solvents to make up
ca. 109 (wt/vol) solutions. The temperatures were read
by the difference in chemical shifts between methyl and
hydroxy protons of methanol and are believed to be accurate
within the error of +1 °C.

The populations of rotational isomers were measured by
the direct integration of the signals. The values are given
as the averages of 10 integrations. The maximum deviation
from the average was not greater than 79,. Logarithms of
the equilibrium constants at various temperatures were
plotted against 1/7. Linearity was obtained for every case
and 4H and AS were calculated in the usual way.

It was not possible to find a single suitable solvent for the
measurements of the whole series because of the poor solubil-
ity of some compounds at low temperatures (below —355
°C). However, at relatively high temperatures, it was pos-
sible to measure the solvent effect on populations: change
of the solvent from chloroform-d or carbon disulfide to acetone-
dg did not affect the conformational equilibria within the
experimental errors. The triptycenes with p-substituted
benzyl groups or those which have two substituents at two
peri-positions had such poor solubility that the derivation
of AH and A4S values was abandoned.

Results and Discussion

Peak; Assignment. PMR data of the triptycene
(1—8) in chloroform-d at 34 °C are summarized in
Table 1. Compounds 1-—7 give broadened signals
for benzyl methylene groups at this temperature,
indicating that the rotation about the Cy—C,,,,;; bond
is fairly slow on the NMR time scale. Lowering the
temperature generally resulted in the appearance
of an AB quartet and a singlet. These signals
are best assigned to dl and meso forms, respective-
ly, since the former should have two benzyl hydrogens
in different magnetic environments (14a and 14b) and
the latter in the identical ones (14c). The down-

PMR pATA OF 9-BENZYLTRIPTYCENES CARRYING SUBSTITUENTS IN ONE BENZO GROUP AT 34 °C (CDCI,, d)

Bridge head

Methylene

proton

Aromatic protons

TasLE 1.

Compound Methyls
1 2.38(3H, bs) 2.48(3H, s)
2 2.37(3H, bs) 2.48(3H, s)
3
4
5 3.16(3H, s) 3.81(3H, s)
6 3.19(3H, s) 3.81(3H, s)
7 3.26(3H, s) 3.75(3H, s)

3.81(3H, s)

8 2.11(3H, s) 2.49(3H, s)
9 3.72(3H, s) 3.77(3H, s)

4.70(2H, bs)
4.65(2H, bs)
4.91(2H, bs)
4.99(2H, bs)
4.62(2H, bs)
4.60(2H, bs)
4.60(2H, bs)

4.432H, s)

5.45(2H, bs)

5.64(1H, )
5.66(1H, s)
6.08(1H, s)
6.18(1H, s)
5.91(1H, s)
5.94(1H, s)
5.95(1H, s)

5.62(1H, s)

5.84(1H, s)

6.45—7.50(15H, m)
6.42—7.60(14H, m)
6.85—7.55(13H, m)
6.70—7.82(13H, m)
6.38—7.46(15H, m)
6.30—7.50(14H, m)
6.32—7.62(14H, m)

6.62(1H, bs)
6.80—7.45(14H, m)
6.47(2H, s)

6.80—7.95(8H, m)
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dl-forms

(12) \\ //4 (14)

(14c)

meso~form

field signal of the AB quartet is reasonably assigned to
the proton between the substituent at 1-position and
the peri-hydrogen at 8-position on the basis that its
chemical shift is close to that of the benzyl protons of
the meso form, the magnetic environment of which is
considered to be alike.

At —17 °C, the methyl signal of 1 comprises three
signals at § 2.03, 2.67, and 2.48. The first two are
generated by the splitting of the signal at § 2.38 at
34 °C, the last signal being split into two signals at §
2.40 and 2.49 on further cooling. A similar phenome-
non was also observed for 2 and 11. The assignment
of the signals is self-evident, if the areas of benzyl
methylene protons are taken into consideration. Thus
the signals at § 2.03 and 2.49 correspond to methyls of
the dl form and those at § 2.40 and 2.67 to those of the
meso form. Other factors must be taken into con-
sideration for assignment of the signals to methyls at
1- and 4-positions.

The molecular models of these triptycenes show
that the phenyl group in the benzyl (benzyl-phenyl
hereafter) should take a conformation in which the
phenyl group resides in the aperture made by the
benzo groups in the triptycene skelton and bisects
both the angles of H-C-H (benzyl methylene) and
C-C-C (triptycene skelton). This type of conforma-
tion is also supported from the coupling constants
(—17.4~—18.0 Hz) of the AB protons in benzyl
groups. Theoretically, the w-contribution to the gemi-
nal coupling constants is a function of the dihedral
angle made by the plane of the m-system and the
H-G-C plane,?® and the m-contribution was estimated
to be slightly larger than 4 Hz in a conformation in
which the carbon frame of the m-system bisects the
angle H-C-H. Since the coupling constant in methane
is 13 Hz29) the coupling constant should be 17 Hz or
a little more, if the conformation of the benzyl group
is like the one postulated from the molecular model.
The observed and the calculated values agree fairly
well, conformation 15 thus becoming reasonable.

In such a conformation, substituent (V) at the peri-
position would be located in a shielding cone of the
benzyl-phenyl group. Thus it is reasonable to assume
that the methyl at l-position gives the PMR signal at
a higher field than the methyl at 4-position. From
the foregoing discussion, the signal at § 2.03 is assigned
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to the methyl group at l-position of the dl-form and
that at § 2.49 to the methyl at 4-position. The chemi-
cal shifts of the methyl groups in the meso form are
not self-evident, but from the coalescence-splitting
behavior with the corresponding signals of the dl-forms
the signals at § 2.67 is assigned to the methyl groups
at l-position and that at § 2.40 to the methyl at 4-
position. Assignments along this line are carried out
with other compounds and are listed in Table 2.

The situation of the methoxyl groups at peri-positions
differs slightly from that of the methyl groups. The
chemical shift difference between the methoxy-methyls
at 1- and 4-positions becomes very small for the meso
forms. This is reasonable since intervention of the
oxygen between the methyl and the benzo groups
makes the distance from the phenyl group larger and
gives a greater freedom of rotation reducing the chemical
shift difference. Nevertheless, since it is possible to
assign methoxyl groups in the dl-forms, the methoxyl
groups in the meso form of 6 are assigned from the
coalescence-splitting behavior (Table 2).

PMR spectra of compound 9 showed a curious
behavior when the temperature was varied. A signal
of the chloromethyl group was a little broad at 34 °C,
whereas rise and fall in temperature caused sharpening
of the signal instead of further broadening or splitting
at a low temperature. Sergeyev and co-workers2®)
suggested that the barrier to rotation about the
Cy—Comar bond in 9-chloromethyltriptycene should be
higher than 15 kcal/mol. It is thus unlikely that the
rotation about the Cy—Ccn.c1 bond in 9 is still too fast
on the NMR time scale at —30 °C. It is unrealistic
to assume that the chemical shifts of the protons at
three sites coincide both for methoxy and methylene
protons because of the large magnetic effect of the
chlorine substituent.2426)  Solvent effect did not
change the above situations. If the phenomenon is
caused neither by the change in solute-solvent inter-
action nor by the rapid rotation about the bond in
question, it is reasonable to interpret the results from
the change in population of the rotamers. The internal
rotation is slow enough at room temperature to be
detected by the NMR technique as a broadening of
the signal and the population of the dl-isomer is present
to the extent that it can be observed. At a lower
temperature, however, the less stable dl-isomer decreases
in population and is not detected, although the rota-
tion in question is sufficiently slow. At a higher
temperature, the rotation becomes too fast for the
detection of individual species, although the popula-
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TasLE 2. PMR DATA OF 9-BENZYLTRIPTYCENES CARRYING SUBSTITUENTS IN ONE BENZO GROUP
AT LOW TEMPERATURES (0)
Compound Assignment meso dl Jeom (Hz) Tcm}()géa;ture Solvent
1 benzyl methylene 4.69 4.19, 4.63 —17.4 —40 CDCL,-CS, (2:3)
methyl-1 2.67 2.03
methyl-4 2.40 2.49
2 benzyl methylene 4.70 4.20, 4.65 —17.5 —45 CDCl,-CS, (2:3)
methyl-1 2.71 2.06
methyl-4 2.41 2.50
3 benzyl methylene 5.00 4.19, 5.07 —18.0 —50 CS,
4 benzyl methylene 5.02 4.20, 5.10 —18.0 —23 CS,
5 benzyl methylene 4.97 4.30, 4.94 —18.0 —56 CDCL-CS, (3:1)
methoxy-1 3.80 2.95
methoxy-4 3.80 3.80
6 benzyl methylene 4.96 4.30, 4.92 —18.0 —52 CDCI,-CS, (3:1)
methoxy-1 3.79 3.01
methoxy-4 3.82 3.82
7 benzyl methylene 4.95 4.31, 4.93 —18.0 —50 CDC1,-CS, (3:1)
methoxy-1 a) 3.03
a) Other peaks at d 3.80 and 3.84 are not assigned because of the presence of p-methoxy group in the benzyl-
benzene.
Tasre 3. PMR DATA OF 9-BENZYLTRIPTYCENES CARRYING SUBSTITUENTS IN TWO BENZO GROUPS
At 34 °C (CDCl,, d)
Compound Assignment 16a 16b
10 benzyl methylene 4.82, 5.60 4.57, 5.75
(1.09H, Jeem=—17.7 Hz) (0.91H, Jgem=—17.4 Hz)
methyl-5 2.59(1.64H, s) 2.46(1.36H, s)
methyl-8 2.19(1.64H, s) 2.79(1.36H, s)
bridgehead proton 6.35(1H, s)
aromatic protons 6.50—7.75(11H, m)
11 benzyl methylene 4.55, 5.37
(2H, Jgem=—16.8Hz)
methyl-5 2.46(3H, bs)
methyl-8 2.74(3H, bs)
methoxy-1 2.95(3H, bs)
methoxy-4 3.78(3H, bs)
bridgehead proton 6.20(1H, s)
aromatic protons 6.30—7.60(13H, m)
11 benzyl methylene 4.57, 5.39»
(2H, Jgem=—16.8 Hz)
methyl-5 2.57(0.71H, s) 2.46(2.29H, s)
methyl-8 2.15(0.71H, s) 2.77(2.29H, s)
methoxy-1 3.74(0.71H, s), 3.78(0.71H, 5)® 2.94(2.29H, 5)
methoxy-4 3.81(2.29H, s)
12 benzyl methylene 4.80, 5.76 4.46, 6.00
(1.05H, Jgem=—18.0Hz) (0.95H, Jgom=—18.0Hz)
methyl-5 2.62(1.57H, s) 2.50(1.43H, s)
methyl-8 2.21(1.57H, s) 2.81(1.43H, s)
bridgehead proton
and aromatic protons 6.40—7.10(12H, m)
13 benzyl methylene 4.76, 6.08
(2H, Jgem=—18.2Hz)
bridgehead proton 6.38(1H, s)

aromatic protons

6.85—7.70(9H, m)

a) Data obtained at 0°C. b) A single AB quartet is observed to indicate that the chemical shifts of a pair of

quartets co:

incide.

c) Assignment of these peaks are reserved because of a small chemical shift difference.
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tion of the dl-isomers increases. Thus the signal
observed at low temperatures should be due to the
meso form which exists as an overwhelming species
among the possible conformations.

1,8-Disubstituted  9-benzyltriptycenes (10—12)
showed PMR signals corresponding to two isomers
at room temperature (Table 3). The results suggest
that the barrier to rotation is still higher. The absence
of an isomer of 16¢ type is assumed since the confor-
mation should be of high energy. The assumption
is supported by the fact that compound 13 gives only
one set of AB quartet, indicating that the compound
solely exists as a dl form which has the benzyl-phenyl
group at the site of the least steric interaction. The
conformation 16a should give a methyl signal at higher
magnetic field than 16b, for the methyl group at 1-
position is located within the shielding cone of the
benzyl-phenyl group. From the data of compounds
1 and 2, the methyl group in a similar situation gives
the signal at the highest magnetic field among other
methyls. Other methyl signals are assigned by con-
sidering the signal intensities. The benzyl methylene
protons due to conformations 16a and 16b can be
assigned by taking the intensities into consideration.
The downfield signal of each pair of AB protons of
the benzyl group is assigned to the proton placed
between the substituents at I- and 8-positions in the
Newman projection, since the proton is likely to give
a signal at a lower field due to the steric compression
and/or the magnetic effects of the substituents. The
assignment is in line with the chemical shifts of benzylic

(16c)
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protons in 1—5 in which a proton neighboring the
peri-substituent gives a signal at the lower field.

Rotamer Populations. The quilibrium constants
for the equilibria meso=dl of compounds 1—8, the
thermodynamic parameters obtained by the measure-
ment of the equilibria at various temperatures, and
solvent systems are listed in Table 4. The solvent
system had to be varied due to the poor solubility of
the compounds. However, those compounds ex-
amined in various solvents showed no solvent depend-
ency of the population. Thus, the following discussion
seems to be valid.

The data in Table 4 indicate that the dl-forms of
benzyltriptycenes (1—7) which carry one substituent
at a peri-position to the benzyl group are anomalously
favored, particularly for compounds 5—7. The equi-
librium constant is even larger than 2, which value is
expected from mere statistical consideration. The
anomaly is striking when we compare the data with
that for compound 9 which shows the presence of di-
isomers only to a detectable amount at room tem-
perature (vide supra), giving a signal corresponding to
a meso isomer only at lower temperatures. We may
thus conclude that the dl-forms of the benzyltriptycenes
1—7 are anomalously favored.

The relative stability of conformers can be discussed
on the assumption that the potential function is ap-
proximately divided into three terms: steric repulsion,
clectrostatic interaction including dipole-dipole inter-
action and electron delocalization. Such an assump-
tion seems to be supported in simple molecules by
theoretical calculations.??)

The overwhelming relative stability of the meso form
of compound 9 over the di-form may be explained on
a basis that the steric repulsion term outweighs the
electrostatic interaction and the electron delocaliza-
tion. The destabilization factor of dipole-dipole inter-
action should operate for the meso form of compound
9 since the dipole of C-Cl and that of the C-O-C
are arranged in the same direction. Electron de-
localization by transfer of an electron from the highest
occupied molecular orbital (HOMO) of the p-di-
methoxybenzene to the lowest unoccupied molecular
orbital (LUMO)e¢* of the CICH, group may occur
to a limited extent, but the ¢* orbital seems to be too
high to make this contribution significant. On the

TaABLE 4. EQUILIBRIUM CONSTANTS AND THERMODYNAMIC PARAMETERS FOR 9-BENZYLTRIPTYCENES 1—9

Equilibrium constant

A8
Compound Ke dl (temp. °C) (kczalll/imol) (eu) Solvent
meso
1 0.85+0.10 (—50) 1.1+0.1 4.940.9 CDCl,;-CS, (2 :3)
2 0.84+0.10 (—50) CDCI1,-CS, (2:3)
3 0.68+0.10 (—50) 1.2+0.1 4.34-0.5 CS,
1.0 0.1 (—23)

4 1.0 0.1 (—23) CS,

5 2.8 0.1 (—50) 0.0-0.1 2.1:0.3 CDCL,-CS, (3:1)
6 3.5 +0.1 (—50) CDCL-CS, (3:1)
7 2.4 +0.1 (—50) CDCl,-CS, (3:1)
8 1.2 0.1 (-—83) CS,

9 0 (—30) CDCl,




602

other hand, steric repulsion is very severe since the
atoms in the chloromethyl and peri-regions are located
within the sum of their van der Waals radii, and weak
interactions of electrostatic nature and electron de-
localization are not strong enough to overcome it.

The steric conditions of 9-benzyltriptycenes should
be more severe than those of compound 9, since the
phenyl group is larger than the chlorine. As in the
case of other systems such as cyclohexanes? and sub-
stituted ethanes,?®) we may expect such overcrowding
caused by the benzyl group and the substituent to
greatly increase the free energy difference of the two
forms. Preference of the di-form therefore cannot be
explained by the steric effect. The dipole-dipole
interaction also is not favorable for these compounds,
since substitution of a chlorine atom by a phenyl
group should result in a decrease in bond dipoles.
Consequently the preference of the dl-form on the
electrostatic basis is reduced. Benzene might have a
high microscopic dielectric constant along an axis which
is perpendicular to the ring. The model is supported
by the anomalous behaviors of benzene as a solvent.??)
Application of this idea leads to a conclusion that d/
isomers are provided stabilization by the electrostatic
interactions between the negative benzyl-benzene ring
and the oxygen or halogen at 1-position which becomes
partly positive due to the electron delocalization.
If this were the case, the solvent effect on the confor-
mational equilibria would have been large. It is also
difficult to explain the effect of the substituent in the
benzyl group on the conformational equilibria. The
electron-donating substituent would have given more
dl-forms contrary to the observed ratio.

Thus the electron delocalization effect becomes a
likely cause of the phenomenon. From the data of
compounds 5—7 we note that the electron-donating
substituent disfavors the di-form, whereas the electron-
attracting substituent favors it. Since the steric effect
in these compounds may be assumed to be the same,
the stabilization due to delocalization or through-
space interaction will be the major factor, if not the
only one. When the through-space interaction3® be-
tween the benzyl-benzene and the p-dimethoxybenzene
moities in the triptycenes is taken into consideration,
the magnitude of stabilization would depend on the
difference in energy between the orbitals concerned
and the extent to which they overlap, if other factors
such as steric repulsion, medium effects and electro-
static interactions are the same. The lower the
energy level of LUMO of the benzene ring, the greater
the orbital interaction with HOMO of the other
moiety, provided that the level of HOMO of the donor
is the same, to increase the presence of the dl-forms.
No such stabilization is possible in the meso form since
the orbitals lie too far apart from each other. Since
the HOMO’s of p-dimethoxybenzenes in 5—7 can be
considered to be of the same energy, the lowering in
energy of LUMO of the benzyl-benzene should result
in the more preferred interaction which leads to the
preference of the di-form to a greater extent. The
HOMO’s and LUMO’s of some simple benzene
derivatives are given in Table 5. Since the levels of
HOMO may be regarded as equal to ionization poten-
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TaBLE 5. EnNercy LEveLs or HOMO anp LUMO
OF SOME BENZENE DERIVATIVES

Compound HOMO LUMO
(eV) (eV)
Benzene 9.40 4.52
Chlorobenzene 9.31 4.72
Anisole 8.54 3.89
p-Dimethoxybenzene 7.90 3.58
p-Dichlorobenzene 9.17 4.59
p-Xylene 8.71 4.00

tials to a first approximation and we are dealing with
the charge transfer type interaction, the ionization
potential data have been collected from those given
in the literature.3) The levels of LUMO can be esti-
mated from those of HOMO and the data of electronic
absorption spectra.3?

The observed trend is in line with what is expected
from the HOMO-LUMO interactions. It may be
concluded that the preference of the dl-forms in com-
pounds 5—7 is due to the electron delocalization
approximated by donation of electrons from HOMO
of p-dimethoxybenzene to the antibonding LUMO of
the benzyl-benzene. Although the effect of the alkyl
substituents on the energy level is neglected here,
such approximation may be accepted in a qualitative
discussion.

The relative population in these compounds results
from a balance between the attractive interaction due
to the delocalization and the repulsive interaction due
to the steric size. In compounds 5—7, the former
factor exceeds the latter. This will be a consequence
of the high HOMO level of p-dimethoxybenzene moiety.
If the HOMO level of the donor is lowered and other
steric and electric factors are kept constant, preference
for the dl-form will be diminished. Comparison of
the equilibrium constants of compounds 1 and 5 which
possess the same acceptor group indicates that the dl-
form of 5 is more favored than that of 1. The result is
in line with the available data of HOMO (Table 5).

Stabilization of the di-forms in 1 might be attributed
to the interaction between the benzene ring and the
electronegative methyl group, as suggested for aceto-
nitrile-benzene system.3?) However, if this were the
case, compound 2 should have disfavored the dl-form
relative to compound 1 because of the lower electron
density (or the lower HOMO level) in the chloro-
phenyl group. Since the equilibrium constants for
both compounds are the same within the limit of error,
and the phenomenon is understood in terms of orbital
interactions, we prefer to attribute the phenomenon to
the HOMO-LUMO interaction where the benzene
moiety acts as an electron acceptor.

The effectiveness of the overlap of orbitals con-
cerned should be considered, the difference between
meso and dl-forms being a typical example. The more
bulky the substituents, the more effective the overlap
of orbitals is prevented since the orbitals concerned
are more separated from each other. Similarly more
accurate estimation for the stabilization by the elec-
tron delocalization needs coefficients of atomic orbitals
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in most interacting molecular orbitals. In the dl-
forms of dimethyl compounds 1 and 2, the interaction
may become less favorable because electrons belonging
to the methyl group are relatively localized to mole-
cular orbitals of low energy relative to those of the
methoxy group in 5—7.

The larger K value for compound 8 than for com-
pound 1 can be attributed to the decrease in steric
effect for the former because it has no substituent at
peri-positions to interact with the benzyl group.
Preference of the dl-forms for compound 8 is reduced,

as compared with that in 2,4-dimethyl-9-isopropyl- .

triptycene which has been reported to give an equili-
brium constant of 2, a statistical factor.? The pheno-
menon can be attributed to the fact that, being an
elongated group, the benzyl-phenyl group extends
deeply into the aperture of the triptycene skeleton
and the repulsive force between the phenyl group
and 2-methyl group may become significant in
some conformations: the entropy term becomes
unfavorable.

In compounds 10—13, the presence of a form of
16¢ type is not detected at all. This may arise either
by thermodynamic control or kinetic control. Thermal
equilibration at 250 °C for 12 hr was attempted.
Since a pair of AB quartet signals of these compounds
becomes broad at a higher temperature and then
collapse into a broad singlet at 120 °C, probably
because of the coincidence of the chemical shifts,
250 °C is considered to be high enough to cause a full
rotation about the C4-C,,,,.; bond and thermal
equilibration will ensue to at least some extent, if the
energies are feasible. However, it was not possible to
detect any of the forms of 16¢ by even rapid cooling
after the above operation. Although the possibility
that the barrier leading to 16c¢ form is still too high
under the conditions applied cannot be ruled out
completely, the results strongly suggest that 16c is
thermodynamically unstable. From the standpoint
of electron delocalization, the 16¢ type conformation
should be favored. The steric effect seems to out-
weigh the electronic effect in these cases.

The data in Table 6 suggest that the conformational
preference between 16a and 16b can be understood
also from the standpoint of HOMO-LUMO inter-
action. In compound 11, the conformation of 16b
type will be favored, because the HOMO of the p-
dimethoxybenzene is higher than that of the p-xylene.
Compounds 10 and 12 give almost the same equili-
brium constants in agreement with the fact that com-

TABLE 6. RELATIVE POPULATIONS OF ROTAMERS IN
9-BeNZYLTRIPTYCENES 10—13 aT 0 °C (CDCl,)

Equilibrium constant

Compound _ 16a
16b
10 1.2+0.1
11 £:0.31+0.02
3.2 -
12 1.140.1
13 1.0
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pounds 1, 3 and 4 give similar equilibrium constants
and that the conformational energy of the meso forms
of these monosubstituted compounds may be assumed
the same.

In conclusion, the electron delocalization plays a
significant role in determining the conformational
equilibria in 9-benzyltriptycene derivatives, although
the steric effect is also very important. This is an
observation rarely made on the charge transfer type
interaction in which a benzene ring without any
strongly electron-attracting substituent acts as an
acceptor in combination with donors of medium to
low ability. This kind of orbital interaction is un-
doubtedly caused by the extreme proximity of the
orbitals concerned in the overcrowded molecules.
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