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The sterically crowded peri-diphenylacenaphthene (1) has been synthesized by an aryl-aryl coupling reaction, 
and its conformation in the crystal determined by x-ray diffraction. The strain induced by nonbonded interactions 
between the phenyl groups greatly affects the geometry of the molecule as a whole. The phenyl rings are face to face, 
making an angle of 57" to  the naphthalene plane, and are splayed apart. The phenyl to naphthalene bonds are near- 
ly identical in length with the interannular bonds of biphenyl and p-terphenyl, in which the aromatic rings are co- 
planar. A comparison is made of the structures of l&diphenylnaphthalene, peri-diphenylacenaphthene, and 
1,4,5&tetraphenylnaphthalene, which constitute a homologous series of peri-phenylnaphthalenes differing only 
in the arrangement of groups at one end of the molecule. Substantial deformations of angles and bond lengths in 
the naphthalene framework of these compounds are analyzed in terms of force vectors acting throughout the bond- 
ing skeleton. This analysis helps to explain the surprising ease of rotation about the interannular C-C bonds in 
these compounds. The lH NMR spectrum of 1 indicates that the preferred conformation in solution is analogous 
to that in the crystal. 

There has been considerable recent interest in the proper- 
ties and structures of 1,8-disubstituted naphthalene deriva- 

Such compounds are expected to exist in a state of high 
steric stress, owing to overcrowding of the substituents which 
are held in close proximity by approximately parallel bonds 
to  the relatively rigid naphthalene framework. Recent NMR3 
and x-ray diffraction4 studies have shown that relief of the 
steric stress is accomplished by splaying of the bonds to  the 
peri substituents as well as by surprisingly large in-plane and 
out-of-plane deformations of the naphthalene nucleus itself. 
In  another series of NMR  experiment^,^ it has been shown 
that the barriers to  rotation about the exocyclic bonds at the 
1 and 8 positions are surprisingly small, even for bulky sub- 
stituents. Developing a further understanding of the geometry 
of this class of compounds is therefore both important and 
timely. 

We report here the synthesis, lH NMR spectrum, and 
crystal structure of peri-diphenylacenaphthene (1). In this 
compound, the overcrowding of the phenyl groups at the 1 and 
8 positions is accompanied by a pinching together at the 4 and 
5 positions, due to  the bridging ethylene group. We compare 
its molecular structure with those previously determined6z7 
for 1,8-diphenylnaphthalene (Z), where there are no additional 
interactions at the 4 and 5 positions, and for 1,4,5,8-tetra- 
phenylnaphthalene (3), which shows overcrowding at both the 

1 2 3 
1,8 and 4,5 positions. We also analyze the various distorting 
forces that arise from these stresses, and their effects on the 
geometry of the naphthalene nucleus. Finally, we shall see that 
the ground-state geometry of the 1,8-diphenylnaphthalene 
system i s  such as to explain the relatively low energy barrier 
to  rotation about the C(naphthy1)-C(pheny1) bonds.5a 

Experimental Section 
peri-Diphenylacenaphthene (1) was synthesized in five steps from 

acenaphthene. The key step was a nickel-catalyzed coupling between 
peri- diiodoacenaphthene and phenylmagnesium iodide which pro- 
ceeded in 78% yield to give LE peri-Diiodoacenaphthene was prepared 
in four steps from acenaphthene essentially in accord with procedures 
described in the 1 i t e r a t~ re ;~J~  an overall yield of 1% was obtained as 
colorless needles of mp 157-159 "C (lit.l0 159-160 "C); NMR (CDC13) 
6 3.30 (s, 4 H), 7.59 (AB q, 4 H). Phenylmagnesium iodide was gen- 
erated from 0.49 g (20 mmol) of magnesium and 4.12 g (20 mmol) of 
iodobenzene in 20 ml of ether containing 5 ml of benzene. Half of the 
Grignard solution was added during a 2-h period to a stirred mixture 
of 0.41 g (1 mmol) of 5,6-diiodoacenaphthene and 0.005 g (0.027 mmol) 
of nickel acetylacebnate dissolved in 16 ml of benzene and 8 ml of 
ether held at -14 to  -10 'C. The reaction mixture was stirred for an 
additional 2.5 h at this temperature, allowed to warm to room tem- 
perature overnight, and then hydrolyzed with saturated aqueous 
ammonium chloride solution. The crude mixture was chromato- 
graphed on 80 g of silica with hexane as the eluent and gave 0.240 g 
(78% based on diiodoacenaphthene) of 1. Recrystallization from 
hexane afforded clear prisms of mp 156-157 "C; mass spectrum, 
parent mle peak 306.1410 (calcd for C24H18,306.1408); NMR (CDC13) 
6 3.43 (s, 4 H),  6.87 (s, 10 H), 7.30 (s, 4 H). The ultraviolet spectrum 
kindly determined by Anne C. Cain showed A,,, 311 nm ( c  15 200) 
with a shoulder at 330 nm ( c  10 200) at 5 X M in hexane solu- 
tion. 

Crystal Structure Analysis. The crystals of 1 used for x-ray 
studies were obtained by slow evaporation of a hexane solution. They 
were pale-yellow prisms, elongated along b. Prelimipary Weissenberg 
photographs suggested the triclinic space group P1, which was con- 
firmed by the structure analysis. Lattice constants were derived from 
a least-squares fit to  15 28 values ranging between 105 and 120", 
measured on a quarter-circle diffractometer using Cu K a  radiation. 
The density was measured by flotation in aqueous solutions of ZnBrz. 
The crystal data are given in Table I. 

A crystal approximately 0.43 X 0.23 X 0.10 mm in size was mounted 
along the long dimension (b axis) and used for data collection. In- 
tensities were measured using a Datex-automated General Electric 
three-circle diffractometer equipped with a copper-target x-ray tube, 
Ni filter, scintillation counter, and pulse-height analyzer. Data were 
collected up to a 28 value of 150" using a 8-20 scan mode at a scan rate 
of 1' per minute; the scan width varied from 2.0° at 28 = 5" to 3.0' 
at 28 = 150'. The takeoff angle was 3.0'. A 30-s background count was 
recorded at each scan extremum. A check reflection ( l , i , l )  was_ Le- 
corded every 30 reflections and two other check reflections (2,1,1), 
(3,1,iO) were recorded every 60 reflections. These reflections all 
showed slow decay, reaching 3% in F at the end of the data collection. 
The recorded intensities were corrected for this decay, and for Lorentz 
and polarization effects; no absorption corrections were applied ( f i  
= 5.4 cm-l). Observational variances &I)  were assigned on the basis 
of counting statistics plus an additional term (0.02S)2, where S is the 
scan count. Two equivalent data sets were collected; they showed 
excellent agreement, and the averaged set was used for final refine- 
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Figure 1. 

1 Table I. Crystal Data 

Figure 2. 

LJ 

Figure 3. 

ment. The total number of independent reflections was 3404, of which 
154 had averaged intensities less than zero. 

Approximate coordinates for the ten atoms of the naphthalene ring 
were obtained from a three-dimensional Patterson map. Structure 
factors based on these ten atoms yielded an R index, ZIIF,I - IF& 
ZIF,J, of 0.63 and a subsequent Fourier map revealed the positions 
of the remaining carbon atoms. Initial coordinates for the 18 hydrogen 
atoms were calculated assuming C-H distances of 1.0 A and idealized 
trigonal or tetrahedral bonding around the carbon atoms. Refinement 
involved least-squares minimization of the quantity Zw (FO2 - F,2)2 
with weights, w ,  equal to U - ~ ( F , ~ ) .  In the final cycles, in which 380 
parameters were adjusted, three matrices were collected: the coor- 
dinates of all 42 atoms were in one matrix; the scale factor, a secondary 
extinction coefficient,'Z and the anisotropic temperature parameters 
of the carbon atoms were in a second matrix; and the anisotropic 
temperature parameters of the hydrogen atoms were in a third. After 
four such cycles, no parameter shifted by more than 0.6 u. The final 
goodness-of-fit [Zw(FoZ  - F,2)2/(N - P)I1l2 for N = 3404 reflections 
and P = 380 parameters was 2.56; the R index was 0.040 for the 3250 
reflections with net intensities greater than zero. A final difference 
Fourier map showed no peak greater than 0.18 eA-3. 

5,6-Diphenylacenaph- 
thene 

Triclinic 
Space group Pi 
a = 10.493 (3) A 
b = 7.861 (3) 
c = 11.567 (4) 
a = 71.25 (1) 
p = 113.43 (1) 
y = 94.90 (1) 
V = 828.0 A3 

C24H18 

Mol wt 306.4 
2 = 2  
F(O,O,O) = 324 
pmeas = 1.22 g cm-3 

p = 5.4 cm-l (for Cu K a  radiation) 
X (Cu K a  = 1.5418 A 
R = 0.040 (3250 data points) 

Pc&d = 1.23 g 

Results a n d  Discussion 
The final coordinates and anisotropic temperature pa- 

rameters are given in Table K 1 3  A stereoscopic view of the 
molecule is shown in Figure 1, and a packing drawing of the 
structure is shown in Figure 2. Bond distances and angles 
between the carbon atoms are shown in Figure 3; the esd's in 
these values are about 0.002 A and 0.1'. Distances and angles 
involving the hydrogen atoms are listed in Table 111. The bond 
distances and angles have not been corrected for effects of 
thermal libration because we have been unable to satisfacto- 
rily explain the anisotropic thermal parameters (Table 11) in 
terms of any reasonable pattern of rigid-body motions. In any 
event, the thermal motion of the important acenaphthene 
grouping is quite small, and corrections to the bond distances 
and angles in this portion of the molecule should be no greater 
than the standard deviations. 

Deviations of the carbon atoms from the least-squares 
plane14 through atoms C(1)-C(l0) are included in Figure 4. 
The bridging ethano carbon atoms C(11) and C(12) lie close 
to this plane (deviations: +0.034 and -0.025 A), and the tor- 
sion angle about the C(ll)-C(l2) bond is only 2.3'. The ec- 
lipsing of the protons on these adjacent carbon atoms results 
in noticeable bond-angle deformation: the four angles of the 
type C(ll)-C(12)-H (av 113') are consistently larger than the 
four of the type C(5)-C(12)-H (av 110'). This deformation 
increases the H-H distances to  2.32 and 2.33 A, slightly 
shorter than the normal van der Waals distance of 2.4 A.15 The 
angles C (4)-C (1 1)-C ( 12) ( 105.2" ) and C (5)-C (1 2)-C (1 1) 
(104.9') are smaller than the C-C-C angles in linear alkanes, 
which average about 112O.16 This angle reduction is not ac- 
companied by an appreciable opening of the H-C-H angles; 
the values of 106 and 105' are comparable with the average 
value of about 107' for linear alkyl groups.17 Naphtho[b]- 
cyclobutene (4) shows similar behavior.lB The C-C-C angles 
a t  the methylene groups of 4 are constrained to  an even 

\ 

4 
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Table 11. Final Coordinates and Anisotropic Temperature Parameters (X  lo4 for C; X lo3 for H) for peri- 
Diphenylacenaphthene" 

X Y Z u11 u22 u33  u12 U13 U23 

c1 
c2 
c 3  
c 4  
c 5  
C6 
c 7  
C8 
c 9  
c10 
c11 
c12 
CA1 
CA2 
CA3 
CA4 
CA5 
CA6 
CB1 
CB2 
CB3 
CB4 
CB5 
CB6 
H11 
H11' 
H12 
H12' 
H2 
H3 
H6 
H7 
HA2 
HA3 
HA4 
HA5 
HA6 
HB2 
HB3 
HB4 
HB5 
HB6 

2740 (1) 
2866 (1) 
2640 (1) 
2078 (1) 
1426 (1) 
1220 (1) 
1594 (1) 
21 32 (1) 
2297 (1) 
1957 (1) 
1627 (1) 
1158 (I)  
3009 (1) 
4278 (1) 
4610 (2) 
3492 (2) 
2:!29 (2) 
1985 (1) 
2538 (1) 
3887 (1) 
4f!51 (1) 
3285 (2) 
1947 (2) 
1576 (1) 
242 (1) 
87 (1) 
13 (1) 

169 (1) 
318 (1) 
269 (1) 
82 (1) 

150 (1) 
502 (1) 
646 (1) 
367 (2) 
148 (1) 
106 (1) 

623 (1) 
356 (1) 
124 (1) 
63 (1) 

459 (1) 

-1228 (1) 

-901 (2) 

-2653 (2) 
-2523 (2) 

2141 (2) 
3692 (2) 
3692 (2) 
2203 (1) 
516 (1) 
584 (1) 

-305 (2) 
1694 (2) 

-1660 (1) 
-2477 (2) 
-2946 (2) 
-2621 (2) 
-1817 (2) 
-1355 (1) 

2492 (1) 
2118 (2) 
2453 (2) 
3173 (2) 

3241 (2) 

-106 (2) 
196 (2) 
251 (2) 

-386 (1) 
-364 (2) 

484 (2) 
487 (2) 

3573 (2) 

-49 (2) 

-273 (2) 
-351 (2) 
-297 (2) 
-153 (2) 
-79 (2) 
161 (2) 
212 (2) 
341 (2) 
415 (2) 
355 (2) 

-811 (1) 
311 (1) 

1350 (1) 
1254 (1) 
178 (1) 

-845 (1) 
-1886 (1) 
-1953 (1) 
-920 (1) 

134 (1) 
2162 (1) 
1432 (1) 

-1858 (1) 
-1560 (1) 
-2519 (2) 
-3776 (1) 
-4082 (1) 
-3128 (1) 
-3097 (1) 
-2907 (1) 
-3983 (1) 
-5259 (1) 
-5463 (1) 
-4391 (1) 

305 (1) 
234 (1) 
121 (1) 
196 (1) 
38 (1) 

215 (1) 
-86 (1) 

-261 (1) 
-64 (1) 

-230 (1) 
-448 (1) 
-499 (1) 
-335 (1) 
-198 (1) 
-383 (1) 
-606 (1) 
-640 (1) 
-452 (1) 

180 (2) 
192 (2) 
259 (3) 
283 (3) 
265 (3) 
214 (3) 
171 (2) 
169 (2) 
184 (2) 
225 (2) 
415 (4) 
361 (4) 
155 (2) 
250 (3) 
297 (3) 
263 (3) 
226 (3) 
173 (2) 
151 (2) 
229 (2) 
321 (3) 
335 (4) 
286 (3) 
201 (2) 
63 ( 5 )  
33 (4) 
44 (4) 
40 (4) 
18 (3) 
27 (3) 
23 (3) 
13 (2) 
43 (4) 
66 (5) 
41 (4) 
37 (4) 
29 (3) 
32 (3) 
54 ( 5 )  
72 (6) 
50 (4) 
30 (3) 

-5  (2) 
17 (3) 
-3 (3) 

-31 (3) 
-61 (3) 
-38 (3) 
-32 (3) 
-39 (2) 
-31 (2) 
-44 (3) 
-18 (4) 
-64 (4) 

6 (2) 
93 (3) 

156 (4) 
32 (4) 

-62 (4) 
-27 (3) 
-36 (2) 
-37 (3) 
-23 (3) 

1(4)  
34 (4) 
20 (3) 

5 (5) 
-7 (4) 

5 (4) 

6 (4) 
1(4)  

-6 (4) 
2 (4) 

16 (4) 
42 (6) 
10 ( 5 )  
-5 (4) 
-2 (3) 

3 (4) 
10 (5) 

-2 (6) 
13 ( 5 )  
8 (4) 

-27 (5) 

-64 (2) 
-36 (3) 
-16 (3) 
-95 (3) 

-193 (3) 
-184 (3) 
-99 (3) 
-87 (2) 
-87 (2) 

-117 (2) 
-147 (4) 
-249 (4) 
-57 (2) 
-51 (3) 
-60 (4) 

-114 (4) 
-108 (3) 
-70 (2) 
-59 (2) 
-67 (3) 
-77 (3) 
-56 (3) 
-21 (3) 
-46 (3) 
-28 ( 5 )  
-12 (4) 
-17 (5) 
-34 (5) 

0 (3) 
4 (3) 

-30 (4) 
-3 (4) 

-12 (4) 

-19 (5) 

-18 (3) 
-5  (3) 
-8 (4) 

0 (4) 
-6 (4) 

-14 (5) 

-13 (4) 

-14 ( 5 )  

a The temperature parameters are of the form e x p - 2 ~ ~ ( U l l h 2 a * ~ ,  . . + 2U&lb*c*). 

smaller value (87"), but the H-C-H angles remain a t  107". 
This lack of change seems surprising. The pulling together of 
the two pairs of C-C bonding electrons should reduce their 
repulsion with the two C-H bonding pairs, so that  these C-H 
pairs can move farther apart. Further accurate data on 
H-C-H angles in small-ring compounds are scarce; this point 
merits further experimental investigation. 

The two phenyl rings are positioned face to face, and both 
are rotated by about 33" from the conformation which would 
have them perpendicular to  the plane of the naphthalene 
system. To relieve the severe crowding of these bulky peri 
groups, the bonds C(l)-C(A1) and C(8)-C(B1) are splayed 
and atoms C(A1) and C(B1) are displaced to  opposite sides 
of the naphthalene plane (Figure 4). As a result, the C(A1)- 
C(B1) distance is 3.108 8, compared with the C(l)-C(8) dis- 
tance of 2.601 8. The sidewise distortion plus the rotation of 
the phenyl rings result in a staggered conformation for the two 
rings. The shorter distances between atoms in the two phenyl 
rings are given in Table IV; they can be compared with the 
value of 3.4 8, estimated by Paulinglg for the van der Waals 
separation for parallel aromatic systems. Both rings are planar 
within 0.007 A; the dihedral angle between them is 26 f 3". 

The fact that C-C single bonds which connect double 

bonds, triple bonds, or aromatic rings are substantially shorter 
in length than C-C single bonds between two aliphatic sites 
is well known. In 1 as well as in 2 and 3, the substituent phenyl 
rings are severely twisted with respect to the naphthalene 
system and, hence, interaction between the two a systems 
must be minimal. Nevertheless, the aryl-aryl bond lengths are 
approximately the same as the values found in the planar 
systems bipheny120 and p - terphenyP (Table V). This result 
accords with the view discussed a t  length by Dewar22 that the 
relative shortening of bonds adjoining unsaturated sites is a 
direct consequence of differences in hybridization of the 
carbon bonding orbitals, and is not a result of resonance in- 
teraction between the two a systems. 

General  Analysis of t h e  Molecular Distortions of t he  
Naphtha lene  Nucleus in  Per i -Subst i tuted Derivatives. 
The perturbation introduced by steric overcrowding a t  the 
peri positions is spread throughout the naphthalene nucleus. 
While a perturbing force acting a t  a given site will be partly 
accommodated by local deformations, residual forces will be 
passed along to adjacent sites and the entire molecular 
framework will adjust to  relieve the stress; the resultant 
minimum energy conformation is presumably the best com- 
promise of bond stretchings and compressions, angle defor- 
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Figure 4. Geometries of peri-diphenylnaphthalenes. 

mations, and ring bucklings, perhaps slightly adjusted for 
interactions resulting from crystal packing. Thus, the overall 
changes in the geometry of the naphthalene nucleus in peri 
derivatives may be understood in terms of the reactions to a 
series of force vectors induced into the molecule a t  the peri 
positions. 

Repulsive forces between bulky peri substituents are ex- 
pected to produce vectorial forces A, of equal magnitude but 
opposite direction, acting a t  the sites of the substituents, 5. 
Some immediate relief can be found in adjustments of the 
exterior bond angles a t  C(1) and C(8), but forces will remain 
that tend to separate C(1) and C(8). As a result, the bonds 

E E  
+ e  

5 6 7 

C(l)-C(9) and C(8)-C(9) will lengthen and the angles C(1) 
-C(9)-C(8), C(l)-C(2)-C(3), and C(6)-C(7)-C(8) will open. 
However, these adjustments-particularly the stretching of 
the C(l)-C(9) and C(8)-C(9) bonds-will resist the stress, and 
we can envision the force vectors B induced along these bonds, 
with a resultant force vector C, 6. Its effect is to displace C(9) 
toward the top of the molecule, and to stretch the C(9)-C(lO) 
bond. This bond, in turn, tends to resist stretching, leaving 
the residual force vector D, acting a t  the bottom of the mole- 
cule. This force will tend to move C(10) upward and to close 
the C(4)-C(lO)-C(5) angle, moving C(4) and C(5) toward one 
another. 

The opposite type of peri strain, a pinching together a t  the 
peri positions, produces an opposite chain of distortions with 
force vectors E, F, G,  H, 7. In a compound such as 1, where the 
pinching caused by the bridging ethanyl group is a t  the op- 
posite end of the molecule from the bulky phenyl groups, 
many of the two sets of forces act in conjunction, leading to 
enhanced distortions within the naphthalene nucleus; an  
exception is the C(9)-C(lO) bond length, where the two effects 
tend to cancel. 

Out-of-plane splay of overcrowded peri substituents in- 
duces force vectors of opposite directions a t  C(1) and C(8), 
which act to push these atoms to positions above and below 
the plane of the naphthalene nucleus. While these displace- 
ments should be larger than for any other atom in the naph- 
thalene nucleus, residual forces will cause small displacements 
of the remaining atoms. The resultant buckling will be of 
opposite sense for the two six-membered rings of the naph- 
thalene nucleus, with C(9) and C(l0) remaining relatively rigid 
since they are common to both rings. 

The relative distribution of the strain between the various 
in-plane and out-of-plane modes will depend on numerous 
factors determined by the nature of the substituents. For 
example, the in-plane spreading of the peri-substituent bonds 
may be inhibited by electronic effects in these bonds or by 
repulsion with the hydrogen atom (or other substituent) 
bonded to C(2); out-of-plane splay may be affected by the 
details of the geometrical fit between the peri substituents. 
A comparison of the structures of the three peri-diphenyl- 
naphthalene compounds 1,2, and 3 provides insight into the 
relative importance of these different modes. 

Figure 4 summarizes the dimensions and out-of-plane 
displacements of 1,2,  and 3, as well as of naphthalene itself, 
as obtained from averaging the x-ray diffraction results for 
naphthalene23 with neutron diffraction results for perdeut- 
e r i ~ n a p h t h a l e n e . ~ ~  

The distortions of 2 reflect clearly the force vectors just 
described. Compared to naphthalene, the bond angle C(1)- 
C(9)-C(8) is enlarged by nearly 5', the angle C(4)-C(lO)-C(5) 
is closed by over 2', and the angle C(l)-C(2)-C(3) is opened 
by 1.4'; the bond C(9)-C(lO) is lengthened by 0.03 A and the 
bonds of the types C(1)-C(2) and C(1)-C(9) are lengthened 
by lesser amounts. The exocyclic bonds to the peri substitu- 
ents are splayed in-plane by about 5' and out-of-plane by 
about 2'. Despite these distortions, stress clearly remains, for 
the nonbonded contact of 2.99 A between C(A1) and C(B1) 
is uncomfortably short. 

The addition of a pinching group a t  the 4,5 positions, as in 
I ,  results in an enhancement of most of the distortions in 2. 



peri -Diphenylacenaphthene J.  Org. Chem., Vol. 41, No. 22, 1976 3607 

Table 111. Carbon-Hydrogen Bond Distances and Angles of geri-Diphenylacenaphtheneaab 

Acenaphthene Ring 

Bond lengths, 8, Bond angles, deg 

C(2)-H(2) 1.00 C( 1)-C( 2)-H( 2) 117.9 C (3)-C (2)-H (2) 118.1 
C(3)--H( 3) 1.01 C (2)-C (3 )-H( 3) 118.6 C (4)-C (3)-H (3) 123.0 
C(6)--H(6) 1.02 C (5)-C(6)-H(6) 121.3 C(7)-C(6)-H(6) 120.3 
C( 7)--H(7) 1.01 C (6)-C(7)-H( 7) 117.9 C(8)-C(7)-H(7) 118.0 

C( 11)-H( 11’) 1.00 C(4)-C(ll)-H(ll’) 110.2 C(l2)-C(ll)-H(ll’) 112.8 
C(12)-H(12) 1.04 C( 5)-C( 12)-H( 12) 110.9 H( 11)-C( 11)-H( 11’) 106.3 
C( 12)-H( 12’) 1.01 C(5)-C( 12)-H( 12’) 109.5 C (1 1)-C( 12)-H( 12) 113.4 

C( 11)-C( 12)-H( 12’) 113.3 
H(  12)-C( 12)-H (12’) 104.8 
C(4)-C(ll)-C(12) 105.2 
C(5)-C(12)-C(ll) 104.9 

C(ll)-H(ll)  1.01 C(4)-C(ll)-H(ll) 110.4 C(E-C(ll)-H( 11) 112.0 

Phenyl Rings 

Bond lengths, A Bond angles, deg 

A B A B A B 
C(2)-H(2) 1.01 1.00 C(l)-C(2)-H(2) 119.2 118.9 C(3)-C(2)-H(2) 120.4 120.6 
C(3)-H(3) 1.02 1.01 C(2)-C(3)-H(3) 119.6 119.2 C(4)-C(3)-H(3) 119.8 119.9 

C(5)-H(5) 1.00 1.02 C(4)-C(5)-H(5) 121.7 120.0 C(6)-C(5)-H(5) 118.0 120.1 
C(6)-H(6) 1.00 0.99 C(5)-C(6)-H(6) 119.9 121.1 C(l)-C(6)-H(6) 119.3 117.8 

Esd’s for C-H bond distances are about 0.01-0.02 A. 

C(4)-H(4) 1.03 1.03 C(3)-C(4)-H(4) 120.4 120.3 C(5)-C(4)-H(4) 120.1 120.2 

Esd’s for C-C-H bond angles are about 0.7’ and esd’s for H-C-H angles 
are about 1.0’. 

Table IV. Distances Between Carbons of the Adjacent 
Phenyl Rings. in A 

Ring A 

1 2 6 

1 3.108 3.991 3.039 
Ring B 2 3.041 3.430 3.257 

6 3.990 4.929 3.427 

An exception is the central C(9)-C(lO) bond; here, the two 
stresses act on atoms C(9) and C(10) in the same direction and 
the resulting lbond length in 1 is close to  that found in naph- 
thalene. At the same time, C(9) and C(l0) are displaced in the 
direction C(10) - C(9) by 0.19 and 0.18 A, respectively, rel- 
ative to the position of the pairs C(2), C(7) and C(3), C(6). The 
twist of 2.3’ about the C(ll)-C(12) bond, which slightly re- 
lieves the eclipsing of the protons of the methylene groups, 
acts cooperatively with the out-of-plane splaying of the phenyl 
groups (-11’) to induce appreciable out-of-plane distortions 
of the naphthalene nucleus. Because both in-plane and out- 
of-plane distorting forces a t  the 4,5 end of the molecule act in 
cooperation with those at the 1,8 positions, the phenyl groups 
attain greater steric relief, and the C(Al)-C(Bl) separation 
is a more comfortable 3.11 A. 

With 3, the in-plane distorting forces a t  the two ends of the 
naphthalene group tend to cancel one another and the bond 
distances and angles are close to those found in naphthalene 
itself; an exception is the C(9)-C(lO) bond, where both stresses 
act to produce a high degree of stretching. Because 3 cannot 
find much relief by in-plane distortions, the out-of-plane 
splaying of the phenyl groups is greatly magnified to about 34O 
and, once again, the splaying at the 4,5 positions acts coop- 
eratively with tha t  a t  the 1,8 positions to produce relatively 
large out-of-plane distortions of the naphthalene nucleus. 

The question of the ease of rotation about the interannular 
C-C bonds of 1,8-diphenylnaphthalene reported by House 

Table V. Aryl-Aryl Bond Lengths 

Inter-ring Aryl-Aryl 
dihedral bond length, 

Compd angle, deg A 

l&Diphenylnaphthalene 67 1.492 f 0.004 
peri-Diphenylacenaphthene 57 1.490 f 0.002 
1,4,5,8-Tetraphenyl- 58 1.504 f 0.004 

Biphenyl 0 1.497 f 0.003 
p-Terphenyl 0 1.496 f 0.004 

naphthalene 

and c o - w ~ r k e r s ~ ~  will be discussed in some detail in a later 
paper. For the present, we will give only a qualitative argu- 
ment as to why this should be so, based on the x-ray structures. 
Attempts to assess the magnitude of the barrier with con- 
ventional Corey-Pauling-Koltun models or the like lead to 
the expectation that such rotation would be virtually impos- 
sible. The difference between the models and the molecules 
as revealed by x-ray diffraction is the way the axes of the 
phenyl rings become nonparallel as the result of the strong 
nonbonded interaction between C(A1) and C(B1). This is 
clearly shown for 1 in Figure 3 and for 2 in Figure 5 (wherein 
the drawing also reflects the distortions of C(1) and C(8) from 
the normal positions in naphthalene itself). Now, when the 
phenyl rings are allowed to splay to opposite sides, the model 
constructed as to Figure 5 can be twisted to allow simulation 
of a rotation transition state without prohibitive further 
contortions, as shown in broadside view in Figure 6a, and in 
top view in Figure 6b. The  general conclusion is that  the 
ground-state strain is sufficiently great as to allow the tran- 
sition state for rotation to be achieved much more readily than 
would be the case for simple ortho-substituted biphenyls 
where the ground-state interactions are small or even non- 
existent. 

lH NMR Studies of peri-Diphenylacenaphthene (1). 
The l H  NMR spectrum of 1 is strikingly simple. A t  60 MHz, 
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suming a nearly coplanar conformation give a sharp single 
peak, as with o-terphenyl and cis-stilbene.an The difference 
is the result of the combination of a resonance interaction and 
a larger ring current shift for the more coplanar sys- 
tems.'Y.30 

Thus, the sharp singlet of the phenyl protons of I at 6 6.87 
is indicative of the perpendicularity of the system and may 
be compared to  the spectrum of biphenyl, which shows a 
complex multiplet. Thesharp  singlet a t  6 7.30 from the four 
naphthalene protons of 1 may be contrasted with the protons 
of p.p'- bitolyl which give an A2B2 pattern having a chemical 
shift difference of 14 Hz at 60 MHz. The phenyl peak of 
peri-diphenylacenaphthene is shifted 0.5 ppm upfield from 
the phenyl signal of 1-phenylnaphthalene because of the ring 
current of the adjacent peri phenyl ring, consistent with a 
parallel conformation of the two phenyl rings. T h e  shift dif- 
ference is nearly the same as for the phenyl-ring protons of 
1-phenylnaphthalene and 1,8-diphenylnaphthalene,"l and 
also of p-xylene"' and [2.2]paracyclophane.:" 

The distortions produced in the naphthalene ring do  not 
seem to  have any appreciable effect on the chemical shifts of 
the naphthyl protons, which come into resonance very near 
to the 0 protons of naphthalene itself" (6 7.30 vs. 7.38). 

Registry No.-I, 57620-87-8: peri-diiodoacenaphthene, 55143- 
88-9. 
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IPhenylhydroxytosyloxyiodine was subjected to x-ray analysis and was found t o  exhib i t  the three-coordinate iod i -  
ne(II1) structure la in the sol id state. T h e  structure o f  la was refined, and the positions of  a l l  hydrogen atoms were 
determined. H1 is clearly bonded t o  01 and n o t  t o  iodine as the four-coordinate iodine(V) structure l b  would de- 
mand. 

A number of compounds believed to  contain a hydroxy 
group bound to trivalent iodine are known.l--s One such sub- 
stance, phenylhydroxytosyloxyiodine (l), reported in 1970 by 
Neiland and Karele, is accessible through the action of tolu- 
enesulfonic acid on iodosobenzene diacetate (2).9 We won- 
dered about the possibility that  1 may prefer the four-coor- 
dinate iodine(V) structure, lb, over the three-coordinate io- 
dine(II1) structure, la, which had been assigned to i t  and that  
such “tautomerism” may be general among compounds 
thought to  contain the >I-OH moiety. We drew analogy from 
organophosphorus chemistry. For example, dialkylphos- 
phonates may exhibit the four-coordinate phosphorus(V) 
structure, 3, as well as the corresponding three-coordinate 
phosphorus(II1) structure, 4.1° 
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A spectroscopic analysis of 1 does not lead to  a clear-cut 
choice between la  and lb. The infrared spectrum exhibits a 
strong absorption band which maximizes a t  3.25 p (-3100 
cm-l) and extends from 2.9 to 3.9 p. This may be due to  -0-H 
stretching in la, but, since 1 possesses both aromatic and al- 
iphatic C-H bonds, such an assignment is uncertain. The l H  

NMR spectrum of 1 (MezSO-dG) exhibits a singlet a t  -6 9 
which belongs to  an exchangeable hydrogen atom. There is, 
however, no reason to  presume that  hydrogen-deuterium 
exchange will be possible for la  but not for lb, especially since 
lb  may isomerize to  la  in solution. 

Results and Discussion 
Because of this structural dichotomy and because structural 

studies on hypervalent organoiodine compounds are uncom- 
mon, compound 1 was subjected to  single-crystal x-ray anal- 
ysis. The results of our study are summarized in Tables I and 
I1 and Figure 1. 

I t  seems clear that, a t  least in the solid state, phenylhy- 
droxytosyloxyiodine exhibits structure la, a conclusion which 
rests on the following considerations: (1) The 1-01 bond dis- 
tance in 1 was found to  be 1.940 A, consistent with a single 
bond distance of 1.99 A computed from covalent radii. p -  
Chloroiodoxybenzene ( 5 )  has two iodine-oxygen “double 
bonds”, and they exhibit lengths of 1.60 and 1.65 (2) All 
hydrogen atoms were located in a difference Fourier, and all 
atoms were included in least-squares refinements. The dis- 
tance from 01 to the “tautomeric” hydrogen atom was found 
to be 0.75 A while the distance from iodine to  the same hy- 
drogen atom was found to  be 2.17 A. This result is consistent 
with an 0-H bond instead of a I-H bond. (3) The geometry 
about iodine in 1 is T-shaped (refer to  the 01-1-02,01-I-C, 
and 02-I-C bond angles), a configuration which has been 
observed with other trivalent organoiodine compounds.12-14 
Also, i t  seems likely that  structure lb  would be tetrahedral 
about the iodine atom. 

I t  is noteworthy that the 1 - 0 2  bond distance in la (2.473 A) 
is significantly longer than the computed covalent single bond 
distance of 1.99 A. At the same time, the 02-S bond distance 
(1.467 A) is significantly shorter than the computed distance 
of 1.70 A. These facts, coupled with the observation that  all 
three sulfur-oxygen bonds are comparable in length, indicate 
that  the 1 - 0 2  bond in la  may possess some ionic character. 
We know of only one other compound with an >I-OH unit 
which has been subjected to  x-ray analysis, and it is similar 


