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The molecular structures of I-phenyl- (5) and 1-(2-naphthyl)-8-tropyIionaphthalene (6) hexafluoroantimonates were 
determined by x-ray crystallography and compared with those of I,%-diphenylnaphthalene and related compounds. In 
these compounds, the two aromatic substituents face each other in a nearly parallel conformation with a splayed-out 
arrangement. In the cations 5 and 6, the distance between the facing rings is appreciably shorter than that of other 
1,8-diarylnaphthalenes, suggesting the presence of some attractive force. This attraction is ascribed to an 
intramolecular charge-transfer interaction, and seems to bring about a slight inward bending of the 2-naphthyl 
substituent in the cation 6. AM1 calculations were carried out for these cations and the results are discussed in 
comparison with the results of x-ray crystallography. 

INTRODUCTION 

The nature of 7r-7r interactions between stacked aro- 
matic rings is attracting considerable interest, and both 
theoretical and experimental studies are being carried 
out for its elucidation.' Such interactions can be 
roughly divided into electronic (Coulombic) and van 
der Waals terms. As representative model compounds 
having two phenyl rings which are fixed intramole- 
cularly in close proximity without too much molecular 
strain, a series of peri-substituted naphthalenes, 1,8- 
diphenylnaphthalene (1 ), 1 ,8-diphenylacenaphthene 
(2)3 and 1,4,5,8-tetraphenyInaphthalene (3),4 have been 
synthesized and their structures determined by x-ray 
crystallography. In these compounds the phenyl rings 
are forced to take a stacked arrangement with an essen- 
tially face-to-face conformation. However, both the 
Coulombic and van der Waals interactions operate in a 
repulsive way so that the two benzene rings are splayed 
apart and the junction of the naphthalene moiety is 
slightly distorted out of plane. 
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On the other hand, we have previously reported the 
syntheses and properties of a series of l-aryl-8- 
tropylionaphthalenes (4). In these cations, the intra- 
molecular charge-transfer interaction between a neutral 
aromatic ring (donor) and a cationic tropylium ring (ac- 
ceptor) was found to contribute greatly to the thermo- 
dynamic stabilization of the tropylium ion, whereas 
Cozzi et al." recently reported that a 'through-space 
Coulombic interaction' rather than a charge-transfer 
interaction exists predominantly between the two differ- 
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EXPERIMENTAL 
1,8-Diphenylnaphthalene (1) was prepared by cross- 
coupling of phenylmagnesium iodide with 1 3 -  
diiodonaphthalene catalysed by nickel(I1) 
acetylacetonate. *' 1-Phenyl-8-tropylionaphthalene hex- 
afluoroantimonate (5 * SbF; and 1-(2-naphthyl)-8- 
tropylionaphthalene hexafluoroantimonate (6-SbF; )5b 

were prepared as reported previously. A single crystal 
of 1 was grown from ligroin, whereas those of 5.SbF; 
and 6.SbF; were grown from dichloromethane- 
tetrachloromethane and from dichloromethane, 
respectively. Theoretical calculations were performed 
on FACOM M-780/30 and FACOM VP-400E com- 
puters at the Kyoto University Data Processing Center. 

Crystallography. I-Phenyl- (5 -SbF; ) and I-(2- 
naphthyl)-8-tropylionaphthalene hexajluoroantimon- 
ares (6.SbF;). Diffraction data were measured on a 
Philips PW 1100/20 four-circle computer-controlled 
diffractometer. Mo Ka (A = 0.710 69A) radiation with 
a graphite crystal monochromator in the incident beam 
was used. The unit cell dimensions were obtained by a 
least-squares fit of 24 centred reflections in the range 
10" < 8  < 15" for 5-SbF; and 12" < 8 < 15" for 
6.SbF;. Intensity data were co lp ted  using the w - 28 
technique to a maximum 28 of 50 . The sca? width, Aw, 
for each reflection was (1 *00 + 0.35 tan 0) with a scan 
speed of 3.0" min.-' Background measurements were 
made for a total of 20s at both limits of each scan. 
Three standard reflections were monitored every 
60 min. No systematic variations in intensities were 
found. 

Ar 
I 

4 

ently substituted benzene rings in 1,8-diarylnaph- 
thalenes. The charge-transfer interaction in the 
tropylium ion derivative 4 is expected to exert an attrac- 
tive force for the two facing aromatic rings. Therefore, 
the effects of such interaction on the molecular 
geometry of these rings are of particular interest. 

In this paper, we report the results of x-ray structure 
determination and theoretical calculations on l-phenyl- 
(5) and 1-(2-naphthy1)-8-tropylionaphthalenes ( 6 )  as 
typical examples of the intramolecular charge-transfer 
cation 4. The x-ray crystallography of 1 was also con- 
ducted since the details of the previously determined 
dataZb have not been published or stored in the 
Cambridge Data Base. 

5 6 

Table 1. Crystal data and data collection parameters 

Parameter 5.SbFC 6.SbFC 1 

Empirical formula 
Molecular weight 
Appearance 
Space group 
a (A) 
b (A) 
c (A) 
a (") 
P (3 
Y ( O )  

V (A3)  z 
dealc. (g 
P (cm-') 
Temperature ("C) 
No. of unique reflections 
No. of observed" reflections 
R 
Rw 

CaHi7F6Sb 

Orange, needle 
Monoclinic, n 1 / c  

529.13 

6.732(2) 
29*987(5) 
10.452(2) 
90 

90 
2050.4(8) 

4 
1.71 

14.10 
Ambient 

103.82(4) 

3691 
243 1 

0-084 
0.111 

C27Hi9FsSb 
579.19 

Red-orange, ncedle 
Triclinic, PI 

I1.456(3) 
15*950(4) 
6.672(2) 

95 * 33(2) 
99.41(3) 
72.68(2) 

1149.9(8) 
2 
1.68 

12.68 
Ambient 

4039 
3178 

0.051 
0.068 

C22H16 
280.37 

Colourless, prismatic 
Monoclinic, P21/n 

8.585(2) 
20.025( 2) 
9.649( 1)  

90 
1 15.849( 10) 
90 

3 
1 . 1 5  
4.6 

23 2 1 

1492.9(4) 

2307 
1407 

0.039 
0.051 
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Intensities were corrected for Lorentz and polariza- 
tion effects. All non-hydrogen atoms were found by 
using the results of the SHELXS-86 direct method 
analysis. ' The crystallographic computing for 5. SbF6 
and 6-SbF; was done on a VAX computer at the 
Hebrew University of Jerusalem, using TEXSAN' 
analysis software. After several cycles of refinements 
the positions of the hydrogen atoms were calculated 
and added to the refinement process. Refinement pro- 
ceeded to convergence by minimizing the function 
Cw(( Fo 1 - 1 Fc A final difference Fourier synthesis 
map showed several peaks less than 2 and 1.0 e A-3  for 
5.SbF; and 6-SbF;, respectively, scattered about the 
unit cell without a significant feature. 

Crystal data and data coilection parameters are listed 
in Table 1 .  

I,8-Diphenylnaphthalene (1). A crystal of 1 having 
the approximate dimensions 0.40 x 0-20 x 0-  10 mm 
was mounted on a glass fibre. All measurements were 
made on a Rigaku AFC5R diffractometer with graphite 
monochromated Cu Ka! (A  = 1.541 78A) radiation and 
a 12 kW rotating anode generator. Cell constants and 
an orientation matrix for data collection were obtained 
from a least-squares refinement using the setting angles 
of 25 carefully centred reflections in the range 
54.19O < 28 < 56-97". The data were collected using 
the W ,  20 scan technique to a maximum 20 value of 
120.1 . Omega scans of several intense reflections, 
made prior to data collection, had an average width at 
half-height of 0.19O with aJake-off angle of 6.0".  
Scans of (1 -52 + 0.30 tan 0) were made at a speed 
of 16.0" min-' (in omega). The weak reflections 
[ Z <  lO.Oa(Z)] were rescanned (maximum of one 
rescan) and the counts were accumulated to ensure 
good counting statistics. Stationary background counts 
were recorded on each side of the reflection. The ratio 
of peak counting time to background counting time was 
2 : 1 .  The diameter of the incident beam collimator was 
1 SO mm and the crystal to detector distance was 
258 mm. The intensities of three representative reflec- 
tion were measured after every 150 reflections. No 
decay correction was applied. An empirical absorption 
correction using the program DIFABS9 was applied, 
which resulted in transmission factors ranging from 
0-87 to 1-13 .  The data were corrected for Lorentz and 
polarization effects. A correction for secondary extinc- 
tion was applied (coefficient = 1.392 17 x 

The structure was solved by the direct method' and 
expanded using Fourier techniques. lo The non- 
hydrogen atoms were refined anisotropically. Hydrogen 
atoms were included but not refined. The final cycle of 
full-matrix least-squares refinement was converged with 
unweighted and weighted agreement factors. The 
standard deviation of an observation of unit weight was 
1.23. The weighting scheme was based on counting 
statistics and included a factor ( p  = 0.060) to 

downweight the intense reflections. Plots of 
Cw(l  Fo 1 - IF, 1)' versus 1 Fo 1 ,  reflection order in data 
collection, sin 8/A and various classes of indices showed 
no unusual trends. The maximum and minimum peaks 
on the final difference Fourier map corresponded to 
0.13 and -0 .12eA-3 ,  respectively. 

Neutral atom scattering factors were taken from 
Cromer and Waber. I '  Anomalous dispersion effects 
were included in Fcalc; l2  the values for A f' and Af" 
were those of Creagh and McAuley. l 3  The values for 
the mass attenuation coefficients are those of Creagh 
and Hubble. l4 All calculations were performed using 
the TEXSAN' crystallographic software package. 

Crystal data and data collection parameters are listed 
in Table 1. 

RESULTS AND DISCUSSION 

The determined molecular structures of the cation 5, 
the cation 6 and diphenylnaphthalene (1) are shown in 
Figures 1 ,  2 and 3,  respectively, and the stereoscopic 
views of the unit cells of S-SbF;, 6.SbFg and 1 are 
shown in Figures 4, 5 and 6, respectively. The bond 
lengths and angles for 5, 6 and 1 are given in Tables 2, 
3 and 4, respectively. 

The head-on views (normal to the substituents) and 
the side views (parallel to the substituents) for 5 and 6 

N4 

Figure 1. X-ray crystal structure of I-phenyl-8- 
tropylionaphthalene (5) with the numbering of the atoms. 

Hydrogen atoms are omitted for clarity 
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N6 

N4 N5 
Figure 2. X-ray crystal structure of 1-(2-naphthyl)-8- 
tropylionaphthalene (6) with the numbering of the atoms. 

Hydrogen atoms are omitted for clarity 

P5 

P'6 

N7 

N2 

N3 N6 

N5 N4 

Figure 3. X-ray crystal structure of 1,8-diphenylnaphthalene 
(1) with the numbering of the atoms. Hydrogen atoms are 

omitted for clarity 

A 

B 

0 
P 

B 

0 

Figure4. Stereoscopic view of the unit cell of 5.SbF;. 
Hydrogen atoms are omitted for clarity 

T- 
0 0 

Figure 5 .  Stereoscopic view of the unit cell of 6.SbF;. 
Hydrogen atoms are omitted for clarity 

are shown in Figure 7 together with those of the 1,8- 
diphenyl derivative 1 for comparison. It is clearly seen 
that in both of the cations the two aromatic substituents 
face each other in a nearly parallel arrangement. A 
closer examination of the structure of 6 in Figure 7 
shows that the 2-naphthyl substituent is slightly folded 
inward to the face of the tropylium ring. Hence the 
2-naphthyl group is not planar: the angle between 
the C(N-1)-C(N' -2) bond and the best plane formed 



Figure 6. The stereoscopic view of the unit cell of 1 

Table 2. Bond lengths and bond angles for 5.SbF6 with esd values in parentheses 

Bond 
~ 

Length (A) Bond Angle ( O )  

C(N1)-C(N2) 
C(NI)-C(N8a) 
C(N2)-C(N3) 
C(N3)-C(N4) 
C(N4)-C(N4a) 
C(N4a)-C(N5) 
C(N4a)-C(N8a) 

C(N6)-C(N7) 

C(N8)-C(N8a) 

C(NS)--C(N6) 

C(N7)-C(N8) 

C(N1)-C(P1) 
C(N8)-C(T1) 
C(P 1 )-C(P2) 
C(Pl)-C(P6) 
C(P2)-C(P3) 
C(P3)-C(P4) 
C(P4)-C(P5) 
C(P5)-C(P6) 
C(Tl)-C(T2) 
C(T 1)-C(T7) 
C(T2)-C(T3) 
C(T3)-C(T4) 
C(T4)-C(T5) 
C(T5)-C(T6) 
C(T6)-C(T7) 
Sb-F(1) 
Sb-F(2) 
Sb-F(3) 
Sb-F(4) 
Sb-F(5) 
Sb-F(6) 

1.40(3) 
1.39(3) 
1 .50(6) 
1 *37(8) 
1.25(6) 
1 -48(6) 
1 .50(2) 
1.24(6) 
1 *39(4) 
1.4Cy3) 
1.41(3) 
1 -47(3) 
1.48(3) 
1 *38(2) 
I .38(2) 
1 .40(3) 
1 *53(4) 
1 .49(4) 
I *39(3) 
1.41(2) 
1 .42(2) 
1*39(3) 
1 .30(4) 
1.14(5) 
1 .34(4) 
1.35(3) 
1 * 82( 1) 
1 .85( 1) 
1-88(1) 
1 * 82( 1) 
1 .857(9) 
1.87(1) 

C(NI)-C(N8a)-C(N8) 
C(NI)-C(N8a)-C(N4a) 
C(NS)-C(N8a)-C(N4a) 
C(N2)-C(N I)-C(N8a) 
C(NI)--C(NZ)-C(N3) 
C(N2)-C(N3)-C(N4) 
C(N3)-C(N4)-C(N4a) 
C(N4)-C( N4a)-C(N5) 
C(N4)-C(N4a)-C(N8a) 
C(NS)-C(N4a)-C(N8a) 
C(Nk)-C(NS)-C(N6) 
C(NS)-C(N6)-C(N7) 
C(N6)-C(N7)-C(N8) 
C(N7)-C(NS)-C(NSa) 

C(N8a)-C(N 1)-C(P 1) 

C(N8a)-C(N8)-C(T I) 

C(N2)-C(N1)-C(P1) 

C(N7)-C(N8)-C(TI) 

C(N1)-C(P1)-C(P2) 
C(N1)-C(P 1)-C(P6) 
C(P2)-C(PI)-C(P6) 
C(Pl)-C(P2)-C(P3) 
C(P2)-C(P3)-C(P4) 
C(P3)-C(P4)-C(P5) 
C(P4)-C(PS)-C(P6) 
C(P I)-C(P6)-C(P5) 
C(NB)-C(TI)-C(TZ) 
C(NB)--C(TI)-C(T7) 
C(T2)-C(T 1)-C(T7) 
C(Tl)--C(TZ)-C(T3) 
C(T2)-C(T3)-C(T4) 
C(T3)-C(T4)-C(T5) 
C(T4)-C(T5)-C(T6) 
C(T5)-C(T6)-C(T7) 
C(Tl)-C(T7)-C(T6) 

129(2) 
120(3) 
11 l(3) 
117(2) 
120( 3) 
117(4) 
125(6) 
118(3) 
120(5) 
122(4) 
118(4) 
126(4) 
I17(3) 
125(2) 
1 18(2) 
125(2) 
1 lO(3) 
124(2) 
1 18(2) 
1 19(2) 
123(2) 
122(2) 
117(2) 
117(2) 
119(2) 
121(2) 
122(2) 
119(2) 
119(2) 
128(2) 
132(2) 
131(5) 
129(4) 
130(3) 
130(2) 
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Table 3. Bond lengths and bond angles for 6.SbF6 with esd values in parentheses 

Bond Length 
(A) Bond Angle (") 

C(N1)-C(N2) 

C(N2)-C(N3) 
C(N3)-C(N4) 

C(Nl)-C(N8a) 

C(N4)-C(N4a) 
C(N4a)-C(N5) 
C(N4a)-C(N8a) 
C(NS)--C(N6) 
C(N6)-C(N7) 
C(N7)-C(N8) 

C(N I)-C(N'2) 
C(N8)-C(T 1) 
C(N ' 1)-C(N '2) 

C(N ' 2)-C(N 3) 
C(N ' 3)-C(N '4) 

C(N8)-C(N8a) 

C(N ' I)-C(N ' 8a) 

C(N14)-C(N'4a) 
C(N ' 4a)-C(N ' 5 )  
C(N'4a)-C(N'8a) 
C(N ' 5)-C(N '6) 
C(N '6)-C(N ' 7) 
C(N ' 7)-C(N ' 8) 

C(T1)-C(T2) 
C(T1)-C(T7) 
C(T2)-C(T3) 
C(T3)-C(T4) 
C(T4)-C(T5) 
C(TS)--C(T6) 
C(T6)-C(T7) 
Sb-F(1) 
Sb-F(2) 
Sb-F(3) 
Sb-F(4) 
Sb-F(5) 
Sb-F(6) 

C(N ' 8)-C(N ' 8a) 

1.377(9) 
1.419(9) 
1-41(1) 
1.34(1) 

1.43(1) 
1.432(8) 
1*31(1) 
1.38(1) 
1 *383(9) 
1.446(9) 
1 *484(8) 
1.486(8) 
1.362(7) 
1.412(7) 
I .424(8) 
1.344(9) 
1 -422(9) 
1 *423(9) 
1 429(7) 
1.31(1) 
1.41(1) 
1 *368(9) 
1 -400(8) 
1 .397(8) 
1.400(8) 
1 *363(8) 
1-42(1) 
1-34(1) 
1.37(1) 
1.39(1) 
1 .820(5) 
1 .829(6) 
1 * 862(7) 
1.865(8) 
1.731(6) 
1.753(6) 

1.44(1) 

C(N 1)-C(N8a)-C(N8) 
C(Nl)-C(N8a)-(N4a) 
C(N8)-C(N8a)-C(N4a) 
C(N2)--C(Nl)--C(NSa) 
C(Nl)--C(NZ)-C(N3) 
C(N2)-C(N3)-C(N4) 
C(N3)-C(N4)-C(N4a) 
C(N4)-C(N4a)-C(N5) 
C(N4)-C(N4a)-C(N8a) 
C(NS)-C(N4a)-C(N8a) 
C(N4a)-C(NS)-C(N6) 
C(NS)-C(N6)-C(N7) 
C(N6)-C(N7)-C(N8) 
C(N7)--C(N8)-C(NBa) 

C(N8a)-C(N 1)-C(N ' 2) 

C(N8a)-C(N8)-C(TI) 

C(N2)-C(N I)-C(N '2) 

C(N7)--C(NI)-C(TI) 

C(N1)-C(N ' 2)-C(N 1) 
C(N l)-C(N'2)-C(N'3) 
C(N' I)-C(N'2)-C(N' 3) 

C(N ' 2)-C(N ' 3)-C(N '4) 
C(N ' 2)-C(N ' 1)-C(N ' 8 4  

C(N ' 3)-C(N ' 4)-C(N '4a) 
C(N '4a)-C(N ' 5)-C(N '6) 
C(N ' 5)-C(N ' 6)-C(N 7) 
C(N ' 6)-C(N ' 7)-C(N ' 8) 
C(N'7)-C(N' 8)-C(N'8a) 
C(N ' l)-C(N'8a)-C(N'8) 
C(N ' I)-C(N ' 8a)-C(N '4a) 
C(N ' 8)-C(N ' 8a)-C(N '4a) 
C(Nf4)-C(N'4a)-C(N' 5 )  
C(N ' 4)-C(N '4a)-C(N ' 8a) 
C(N ' 5)-C(N '4a)-C(N ' 8a) 
C(N8)-C(T1)-C(T2) 
C(NI)--C(TI)-C(T7) 
C(TZ)-C(Tl)-C(T7) 
C(Tl)--C(TZ)-C(T3) 
C(TZ)-C(T3)-C(T4) 
C(T3)-C(T4)-C(T5) 
C(T4)-C(TS)-C(T6) 
C(TS)-C(T6)-C(T7) 
C(Tl)-C(T7)-C(T6) 

125.7(5) 
118*1(6) 
116*1(6) 
120.4(6) 

119.7(8) 
121-7(8) 
121.5(8) 
118.7(8) 
119*8(8) 
121-4(8) 
120.9(9) 
121.8(8) 
119.8(6) 
116.1(6) 
123 -4(5) 
114-9(6) 
125.1(5) 

119*2(5) 
1 18.7(5) 
122.5(5) 
121*0(6) 
121.1(5) 
122.1(6) 
121 -7(6) 
118.5(7) 
121 .5(6) 
123.0(5) 
117.8(5) 
119- l(5) 
124.2(6) 
118.7(5) 
1 17.0(6) 
1 18 *9(5) 
117*1(5) 
123.7(6) 
131.7(6) 
128*1(6) 
128.3(7) 
128-1(7) 
130.4(7) 
129- 3(7) 

121.3(9) 

122.1(5) 

bx C(N ' - 1)-CN ' -3)-C(N ' -4)-C(N ' -8a) is about 
7 , and the dihedral angle between the above- 
mentioned plane and the best plane formed by 
C(N ' -4ad)-C(N' -5)-C(N ' -6)-C(N '-7)-C(N ' 8) is 
about 4 . As a result of such a deformation, the dihe- 
dral angle between the tropylium plane and the A-ring 
of the naphthyl substituent is 13" and that for the 
B-ring is 9'. 

The structural characteristics of the cations 5 and 6 
are summarized in Table 5 together with those of the 
related compounds 1. 2, 3 and 1,8-di(2-pyrenyl)- 

naphthalene (7). I5 Although a rigorous discussion 
about the geometry of the cation 5 has to be restricted 
owing to the large R value (see Table 1) originating 
from the low quality of the crystal in spite of carefully 
repeated recrystallizations, a qualitative comparison 
could be safely made based on general tendencies of the 
structural characteristics. Compared with 1 3 -  
diphenylnaphthalene (l), the distances between the two 
facing aromatic rings are generally shorter in the 
cations 5 and 6 ,  suggesting the presence of an attractive 
interaction. In contrast, the longer distances between 
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Table 4. Bond lengths and bond angles for 1 with esd values in parentheses 

Bond Length 
(A) Bond Angle (") 

C(N1)-C(N2) 

C(N2)-C(N3) 
C(N3)-C(N4) 

C(N 1)-C(N8a) 

C(N4)-C(N4a) 
C(N4a)-C(N5) 
C(N4a)-C(N8a) 
C(NS)-C(N6) 
C(N6)-C(N7) 
C(N7)-C(N8) 

C(N1)-C(P1) 
C(N8)-C(P' 1) 
C(PI)-C(P2) 
C(P1)-C(P6) 
C(P2)-C(P3) 
C(P3)-C(P4) 
C(P4)-C(P5) 
C(PS)-C(P6) 
C(P ' I)-C(P ' 2) 
C(P' 1)-C(P'6) 
C(P ' 2)-C(P ' 3) 
C(P ' 3)-C(P ' 4) 
C(P '4)-C(P ' 5 )  

C(N8)-C(N8a) 

C(P ' 5)-C(P 6) 

1 *378(3) 
1.441(3) 
1.396(3) 
1 * 349(3) 
1 -409(3) 
1.408(3) 
1.439(3) 
1.353(3) 
1.398(3) 
1 *371(3) 
I .437(3) 
1 -498(3) 
1 -494(3) 
1-391(3) 
1 *385(3) 
1 .384(3) 
1.378(3) 
1*370(3) 
1.383(3) 
1 394(3) 
1 -390(3) 

1.373(3) 
1.371(3) 
1 .379(3) 

1 -381(3) 

C(NI)-C(N8a)-C(N8) 
C(NI)-C(N8a)-C(N4a) 
C(N8)-C(N8a)-C(N4a) 
C(N2)-C(Nl)-C(N8a) 
C(NI)--C(NZ)-C(N3) 
C(N2)-C(N3)-C(N4) 
C(N3)-C(N4)-C(N4a) 
C(N4)-C(N4a)-C(NS) 
C(N4)-C(N4a)-C(N8a) 
C(NS)--C(N4a)-C(NSa) 
C(N4a)-C(NS)-C(N6) 
C(N5)-C(N6)-C(N7) 
C(N6)-C(N7)-C(N8) 
C(N7)-C(N8)-C(N8a) 

C(N8a)-C(N I)-C(P 1) 

C(NBa)-C(N8)-C(P ' 1) 

C(N2)-C(N1)-C(P 1) 

C(N7)-C(N8)-C(P' 1) 

C(NI)-C(Pl)-C(P2) 
C(N I)-C(P 1 )-C(P6) 
C(PZ)-C(PI)-C(P6) 
C(Pl)-C(P2)-C(P3) 
C(P2)-C(P3)-C(P4) 
C(P3)-C(P4)-C(PS) 
C(P4)-C(PS)-C(P6) 
C(P 1)-C(P6)-C(P5) 
C(NS)-C(P 1)-C(P ' 2) 
C(N8)-C(P ' I)-C(P '6) 
C(P ' 2)-C(P ' 1)-C(P ' 6) 
C(P ' I)-C(P '2)-C(P ' 3) 
C(P '2)-C(P ' 3)-C(P '4) 
C(P ' 3)-C(P '4)-C(P ' 5 )  
C(P '4)-C(P ' 5)-C(P 6) 
C(P ' I)-C(P ' 6)-C(P ' 5 )  

126-2(2) 
116-9(2) 
116.9(2) 
119-5(2) 
122.6(2) 
119.3(2) 
121 -6(2) 
1 19.9(2) 
1 20.2(2) 
1 20.0(2) 
121.7(2) 
119.0(2) 
122.6(2) 
119.8(2) 
114.7(2) 
125.8(2) 
115-8(2) 
124.4(2) 
121.8(2) 
1 19.6(2) 
118.4(2) 
120.4(2) 
120.3(2) 
119.8(2) 

120.8(2) 
119.6(2) 
121.9(2) 
118-5(2) 
120.3(2) 
120.7(2) 
119.3(2) 
121.0(2) 
1 20.2(2) 

120.2(2) 

7 

the facing phenyl rings in 2 and 3 have been attributed 
to steric repulsion, which also causes a considerable dis- 
tortion of the a-framework of the basal naphthalene 

On the other hand, the short distance 
between the facing pyrene rings in 7, which is compar- 
able to those in 5 and 6,  has been interpreted as due 
to the attractive force resulting from the 'excimer-like' 

U-T interaction. l5 The rotation angles (0) for both of 
the aromatic rings with reference to the basal naphtha- 
lene plane are similar (59-62") in the cations 5 and 6. 
Further, the values of the dihedral angle (q) between 
two single bonds connecting the substituents are also 
similar in 5 and 6 suggesting that the basal naphthalene 
moieties in 5 and 6 suffer from a similar u-framework 
distortion. 

In order to make a comparison with the x-ray crystal- 
lographic data, we carried out AM1 calculations (using 
the AMPAC system; QCPE 527)16 on cations 5 and 6,  
with the rotation angles (0) of both of the substituents 
varied by 10" with respect to the naphthalene plane. 
The calculated heat of formation was plotted against 
the rotation angle to give the results shown in Figures 
8 and 9. In both of the cations, the structures with the 
aromatic rings taking the conformation perpendicular 
to the basal naphthalene are calculated to be the local 
maxima in energy due to loss of u-conjugation; this 
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A 

5 6 1 
Figure 7. (a) Head-on views and (b) side views of the struc- 
tures of 5, 6 and 1 determined by x-ray crystallography. 

Hydrogen atoms are omitted for clarity 

structure is calculated to be 1.2 kcal/mol- * 
(1 kcal = 4.184 kJ) less stable than the optimized struc- 
ture for the case of cation 5. The energy minimum is 
located at a roiation angle range 6 = 40-50° for 5. This 
va$e is 10-20 smaller than the experimental value of 
61 (Table 5 ) ,  although the energy difference is only 
about 0 . 1  kcalmol-'. Although small in energy differ- 
ence, the AM1 calculations apparently tend to take 
account of the ?r-conjugation more significantly than 
was observed experimentally. For the cation 6, two 
energy minima are found at 0 = 50" and 140" with a 
ring flipping barrier of cu 1 1 kcal mol- k. The exper- 
imentally determine! structure has 8 = 59 for the tro- 
pylium ring and 62 for the 2-naphthyl group, and is 
fairly close to the calculated structure with 6 = 500, 
which is slightly more stable than that with 6 =  140 . 
The top views of the fully minimized structures calcu- 
lated by AM1 for 5 and 6 are shown in Figure 10 
together with those obtained by x-ray crystallography. 
It should be noted that the neutral aromatic rings are 
more attracted toward the tropylium face than was 
expected from calculations. 

The x-ray structures shown in Figures 7 and 10 
indicate that the van der Waals repulsion between the 

Table 5 .  Structural characteristics of 1 ,8-diarylnaphthalenes 

Some short distances (A) Angles (") 

Single 
Compound peri" A-A' A-B' A-C' B-B' B-C' C-C' Splay, q5b Rotation, 9' bonds, (pd 

10 61 (Ph) 
61 (TI 

9' 59 (T) 

5 2.53 3.23 2.94 3.19 3.00 2-93 3.25 16 

6 2.549 3.145 2.952 3.235 2.941 2.884 3.232 13' 62 (N) 11.4 

1% 2.566 3.283 3.048 3.332 2.996 3.031 3.294 20 67 3.4 
(2.563) (3.289) (3.052) (3.338) (2.993) (3-031) (3.304) (20) (67) (3.4) 

2 h  2.600 3.431 3.041 3.258 3.107 3-039 3.427 25 57 10.0 
3' 2.510 3.376 3.137 3.758 2.945 3.127 3.372 37 58 3 3 . 3  
7j 2.571 3.229 2.964 3.179 2.997 2.922 3.256 15 58 10.2 

'Distance between peri-carbons of the basal naphthalene. 
bSplayed-out angle of the facing aryl rings. 
Rotation angle of the substituent rings against the basal naphthalene plane. Ph = phenyl; N = naphthyl; T = tropylium. 
Dihedral angle between two single bonds which connect aromatic rings. 

'Splayed-out angle between the best planes of tropylium ring and A-ring of the 2-naphthyl group. 
'Splayed-out angle between the best planes of tropylium ring and B-ring of the 2-naphthyl group. 
'Data from Ref. 2b in parentheses. 
hData from Ref. 3. 
'Data from Ref. 4. 
'Data from Ref. 16. 
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Figure 8. Plot of the heat of formation of the cation 5 calcu- 
lated by AM1 versus the rotation angle, 8 

304 i I 
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Figure 9. Plot of the heat of formation of the cation 6 calcu- 
lated by AM1 versus the rotation angle, 8 

P 

5 6 
Figure 10. Top views for the structures of the cations 5 and 6: 
(a) calculated by AMl; (b) determined by x-ray crystallo- 

graphy. Hydrogen atoms are omitted for clarity 

facing rings is considerably diminished by the attractive 
force counteracting between them. This attractive force 
can probably be ascribed to the intramolecular charge- 
transfer interaction, which can be detected by electronic 
spectroscopy5 and was shown to enhance the intrinsic 
thermodynamic stability of the tropylium-ion 
acceptor.' Thus, in conclusion, the results of the x-ray 
structure analysis provided clear evidence that the intra- 
molecular charge-transfer interaction significantly 
affects the molecular structure to an extent that almost 
offsets the effect of van der Waals interaction. 

SUPPLEMENTARY MATERIAL 

Tables of atomic coordinates and thermal parameters 
for 5-SbF;, 6.SbFa and 1 are available from the 
authors on request. 
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