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Letters
peri-Interaction between diarylmethyl and diarylmethylium units in
1,8-disubstituted naphthalenes: preference of localized structure

for the C–H bridged carbocationq
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Abstract—(8-Diarylmethyl-1-naphthyl)bis(4-dimethylaminophenyl)methyliums (aryl¼C6H5, 4-IC6H4, and 4-MeOC6H4) were
generated by hydride shift from (4-dimethylaminophenyl)methyl group to the diarylmethylium unit at peri-positions of naphthalene.
Successful isolation and low-temperature X-ray analysis indicated that they are novel C–H bridged carbocations, which prefer the
localized structure with a short contact of C–H� � �Cþ rather than the delocalized one with a three-centered-two-electron bond of
(C� � �H� � �C)þ.
� 2004 Elsevier Ltd. All rights reserved.
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The naphthalene-1,8-diyl skeleton has long been
attracting considerable attention in structural chemis-
try.1 By providing the unique opportunity to arrange the
two peri-substituents in a proximity, it serves as a special
scaffold to investigate the attractive or repulsive inter-
actions inbetween. A variety of 1,8-disubstituted naph-
thalenes have been prepared and studied in order to
clarify the nature of charge-transfer interaction,2 polar-p
interaction,3 and p-type complexation of a Lewis acid–
base pair.4

Another characteristic endowed by this skeleton is the
cooperative enhancement of the electronic properties of
the substituents, for example, Lewis basicity of ‘proton-
sponge’ (1, X¼Y¼NMe2).

5 Chelation or formation of
a three-centered bond can account for such enhance-
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ment, which is also true in the 1,8-diborylnaphthalenes
with strong Lewis acidity.6;7 In contrast to the rich
chemistry for heteroatom analogues, it is still unclear
whether or not the C–H–C three-centered bond8 would
be formed at the peri-position of naphthalene as in 3 (X,
Y¼ carbon substituents). It is of special interest to
YX YX

a: X = (4-Me2NC6H4)2C; Y = (4-Me2NC6H4)(HO)C 
b: X = Y =  (4-MeOC6H4)2C
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clarify whether the C–H bridged carbocations prefer the
localized structure (2) or the delocalized one (3).9 Very
recently, we (a)4 and Gabba€ı (b)10 postulated the
involvement of the C–H bridged cations 2a,b/3a,b as
reactive intermediates during the acid-catalyzed cleav-
age of the long C1–C2 bond in acenaphthenes 4a,b. In
our continuing studies on the novel electrochromic
systems based on the interconversion between the
hexaphenylethane derivatives 4 and the naphthalenediyl
dications 5 (X¼Y¼Ar2C),

11 we have succeeded in
isolating a series of diaryl(8-diarylmethyl-1-naphthyl)-
methyliums 2 [X¼ (4-Me2NC6H4)2C; Y¼ (4-ZC6H4)2C;
Z¼H, I, OMe) for the first time. Here we report their
preparation and properties as well as the precise geo-
metrical features determined by the low-temperature X-
ray analysis. Preference of the localized structure 2 over
the delocalized one 3 is discussed based on the results
obtained for the present system.

Diaryl(8-diarylmethyl-1-naphthyl)methanols 6 are the
promising precursors12 for the desired carbocations
(Scheme 1) since the monocation could not be obtained
upon treatment of the dication 5b [X¼Y¼ (4-
MeOC6H4)2C)] with hydride reagents.10 The tert-alcohol
6c15 containing two 4-dimethylaminophenyl and two
phenyl groups was prepared by the reaction of methyl
8-[bis(4-dimethylaminophenyl)methyl]-1-naphthalene-
carboxylate 716 with PhLi in 52% yield. Similarly, by
using 4-iodo- and 4-methoxyphenyllithium were
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obtained 6d15 and 6e15 in 18% and 34% respective
yield.18 The X-ray analysis19 of 6d showed that it adopts
the extended conformation with four aryl groups di-
rected outward (Fig. S1). Yet, it still suffers from severe
steric repulsion between the methine proton and hy-
droxy group around the peri-position, thus causing the
in-plane deviation of substituents at C1 and C8 directed
outward with a largest deviation of bond angles (a,b) of
5.7� from the ideal value (120�) (Table 1).

Upon treatment of alcohols 6c–e with HBF4, deeply
colored cationic salts were obtained in 81%, 82%, and
62% yield, respectively. On the basis of high-resolution
mass spectra in a FABþ mode, each cation thus
obtained has the molecular formula identical to 2c–e,
respectively (Scheme 1). However, all the salts exhibit
strong absorption in the same region [kmax 627 (log e
4.86); 629 (4.83); 628 (4.91) nm, respectively] irrespective
to the substituent (Z¼H, I, or OMe) at the triaryl-
methanol moiety of precursors 6c–e. The close similarity
of these values to that of bis(4-dimethylaminophenyl)-
(1-naphthyl)methylium 8 (627 nm) indicates that the
salts in hand are not 2c–e with the positive charge on (4-
ZC6H4)2C unit but have the delocalized structures 3c–e
or the hydride-shifted structures 2c0–e0.

Further information was given by the 1H NMR spectra
in CDCl3. Thus, the methoxy protons of 6e (d 3.78 ppm)
and those of the corresponding salt (3.72 ppm) resonate
nearly in the same region, which are not in accord with
the structure 2e for the cation. In contrast, the chemical
shifts of dimethylamino groups are largely down-field
shifted from 6c–e (2.85, 2.87, and 2.85 ppm, respectively)
to the salts (3.30, 3.34, and 3.30 ppm, respectively). The
close similarity of the latter values to that of 8
(3.33 ppm) again indicates the considerable amount of
positive charge on the (4-Me2NC6H4)2C moiety as in
hydride-shifted species 2c0–e0. In all salts, the methine
proton (6.14, 6.05, and 5.99 ppm) appears in the
expected region for triarylmethanes (e.g., 6c–e: 6.56,
6.55, and 6.66 ppm, respectively). When the contribution
from the delocalized structure 3 is important for these
cations, the methine protons must be shifted to the far
high-field since the typical values for the protons in the
C–H–C three-centered-two-electron bonds are in the
range of d )3 to )7 ppm due to the resonance structure
30 with a Cþ–H�–Cþ unit.8 Thus, the contribution from
delocalized form 3 should be marginal, if any, for the
present cations, and the hydride-shifted localized struc-
tures 2c0–e0 are finally assigned to them.20

In order to determine the detailed structural features,
the X-ray analysis on 2c0BF4 was carried out at )120 �C.
The single crystal contains two crystallographically
independent molecules of 2c0 (mol-1 and-2), whose
structures are similar to each other. As shown in Figure
1 (mol-1), the methine proton determined by Fourier
Synthesis is bonded to the (C6H5)2C unit (1.00�A) in
accord with the structural assignment in solution. This
hydrogen is also close to the methylium carbon of (4-
Me2NC6H4)2C

þ unit. The nonbonded contact (2.26�A)
is significantly shorter than the sum of vdW radii
(C� � �H, 2.90�A),21 showing that this is one of the rare



Table 1. Listing of structural data in 6d, 2c0 and 9c determined by X-ray analyses at 153Ka

β'

YX

α                   α'β

d

Compd a, a0 b, b0 R(C–X–C) R(C–Y–C) d (�A)

6d 117.2�, 115.7� 123.3�, 125.7� 333.9� 330.7� 3.27

2c0 (mol-1) 113.8�, 117.5� 125.1�, 124.1� 359.8� 337.0� 3.02

2c0 (mol-2) 112.4�, 118.0� 127.0�, 123.5� 359.6� 337.7� 3.02

9c 112.8�, 118.0� 127.0�, 122.8� 359.3� 338.1� 3.00

6d: X¼ (4-Me2NC6H4)2CH, Y¼ (4-IC6H4)2COH; 2c0: X¼ (4-Me2NC6H4)2C
þ, Y¼ (C6H5)2CH; 9c: X¼ 4-Me2NC6H4C@C6H4@O, Y¼ (C6H5)2CH.

aEstimated standard deviations of distances and angles for nonhydrogen atoms are 0.005–0.007�A and 0.3–0.5� in 2c0, 0.004–0.007�A and 0.3–0.5� in
6d, and 0.001–0.002�A and 0.08–0.1� in 9c, respectively.

Figure 1. Molecular structure of 2c0 (mol-1) determined by X-ray

analysis of BF�
4 salt at )120 �C. The C–H� � �Cþ angle is 131.2�. The C–

H and H� � �Cþ distances and the C–H� � �Cþ angle in mol-2 are 1.10,

2.22�A, and 127.2�, respectively.
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examples of C–H bridged carbocations.8 The distance
ratios of C� � �H/C–H in 2c0 (mol-1) is 2.26, which is
much larger than that in the isoelectronic hydride
adduct of 1,8-bis(dimethylboryl)naphthalene with a
three-centered-two-electron bond (1.24).6a Furthermore,
as shown in Table 1, the sum of bond angles defined by
C–C–C around the methylium carbon (RC–X–C:
359.8�) and the methine carbon (RC–Y–C: 337.0�) are
close to the expected values for pure Csp2 (360�) and Csp3

of triphenylmethane (339.1� and 336.4� for two crys-
tallographically independent molecules),22 respectively.
Such geometrical features of the solid-state structure for
2c0 clearly show negligible contribution from the delo-
calized structure 3c. As shown by the values of a and b
in Table 1, the in-plane deviations of two substituents at
C1 and C8 positions in 2c0 are as large as the highly
congested alcohol 6d, suggesting that the attractive
interaction through the C–H� � �Cþ contact observed
here is rather weak. Structural optimization of the cat-
ion by ab initio technique (B3LYP/6-31G*)23 converged
to the similar geometry to that of 2c0 in crystal (Table 2).
Ab initio calculation of (8-diphenylmethyl-1-naph-
thyl)diphenyl- methylium 2g indicated that the localized
structure is preferred even when the substituents on the
two diaryl units are identical. PM3 calculation suggested
that the delocalized structure 3g is the transition state
for the degenerate interconversion of 2g.

Finally, reactions of 2c0 with a few nucleophiles/bases
were investigated. When the bridging hydrogen is
abstracted as proton by the reagents, 2c0 would be
Table 2. Listing of structural data in 2c0 and 2g calculated by ab initio tech

d "

β'
X

H

α            β

d

Compd a, a0 b, b0

2c0 113.0�, 118.1� 126.4�, 123.0�
2g 112.4�, 118.3� 127.2�, 123.6�

2c0: X¼ (4-Me2NC6H4)2C, Y¼ (C6H5)2C; 2g: X¼ (C6H5)2C, Y¼ (C6H5)2C.
a Values of R(C–X–C) and R(C–Y–C) are 359.6�, 337.5� for 2c0, and 359.8�,
converted to the hexaphenylethane 4c (Scheme 2); yet,
this is not the case. Upon treatment of 2c0BF4 with
aqueous KOH was obtained quinonemethide 9c in 75%
yield, which is the hydrolyzed product of (4-
Me2NC6H4)2C

þ unit at the end group. According to the
X-ray analysis of 9c (Fig. S2),19 its geometry resembles
2c0 (Table 1). Lack of reactivity at the bridging hydrogen
nor the methylium carbon may be accounted for by the
sterically hindered structure of 2c0 as well as the higher
steric energies for the corresponding products (e.g., 4c
nique (B3LYP/6-31G*)a

d '

'

Y

       α

γ

c d, d 0, d 00 (�A)

125.0� 3.15, 1.091, 2.390

114.8� 3.20, 1.090, 2.585

338.0� for 2g, respectively.
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and the isomer of alcohol 6c) than for 9c. Upon treat-
ment of 2c0BF4 with NaBH4, hydride adduct 10c was
formed as a sole product and isolated in 45% yield,
which has the same skeleton to 1,8-bis[bis(4-dimethyl-
aminophenyl)methyl]-naphthalene 10f15 prepared from
1,8-dilithionaphthalene24 and (4-Me2NC6H4)2CH

þBF�
4

salt in 20% yield. Although hydride addition to the
methylium carbon is quite common for triarylmethy-
lium dyes,25 this result disagrees with the recent proposal
by Gabba€ı et al.,10;26 who assumed that the bridged
cation 2b/3b might be converted to acenaphthene 4b by
hydride reagents.

In summary, we have succeeded in isolating and char-
acterizing the novel carbocations with a very short C–
H� � �Cþ contact. The first successful X-ray analysis on
the C–H bridged carbocation has proven that it prefers
localized structure rather than the delocalized one with a
three-centered-two-electron bond.27 Studies on other C–
H bridged carbocations are now underway.
Supplementary material

Crystallographic data (excluding structure factors) for
the structures in this paper have been deposited with the
Cambridge Crystallographic Data Centre as supple-
mentary publication numbers CCDC 231949, 232245–
232247. Copies of the data can be obtained, free of
charge, on application to CCDC, 12 Union Road,
Cambridge CB2 1EZ, UK [fax: +44 (0)-1223-336033 or
e-mail: deposit@ccdc.cam.ac.uk]. ORTEP drawings of
alcohol 6d (Fig. S1), quinonemethide 9c (Fig. S2), and
conjugate adduct 12 (Fig. S3) were submitted as elec-
tronic supplementary material.
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