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It is now generally agreed that 9,10-dihydroanthracenes
(DHA’s) exhibit a shallow potential well for distortions from
planarity.1=3 Substituent-dependent steric effects lead to boat,
planar, and even chairlike central ring geometries. The potential
energy surface has been well characterized computationally, and
a much richer array of conformational interconversion pathways
than suggested by mechanical models appears to be present.*
Unfortunately, the flatness of this potential surface has prevented
the unambiguous experimental demonstration of interconversion
pathways. Given the level of interest and controversy that has
characterized this area, it is remarkable that not one example
of an experimental study that rigorously defines the conforma-
tional interconversion pathway and its associated barrier for a
9,10-DHA has been reported. We now describe the first
example of a 9,10-DHA (3) with a pronounced barrier for
conformational interconversion.

2:R=H

3R =CH3

In the solid state, 9,10-dihydroanthracene (1) is nonplanar
with a boat-shaped central ring and an angle () of 145° between
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(3) The closely related 9-methylene-9,10-dihydroanthracenes (MDAs)
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the planes containing the two aromatic rings.> Derivatives of
1 exhibit solid state geometries that range from planar (o =
180°) to highly folded (o = 129°).127 In general, 9-substituted
and cis-9,10-disubstituted compounds have boat-shaped central
rings whereas 9,9-disubstituted, ¢trans-9,10-disubstituted, and
9,9,10,10-tetrasubstituted ones are planar. In solution, 1 and
its derivatives have often been assumed to have boat conforma-
tions though low-temperature 'H and 13C NMR studies® do not
distinguish facile boat-to-boat inversion from a planar confor-
mation. Recent molecular mechanics (MM2) and semiempirical
molecular orbital calculations (AM1) suggest a very low boat-
to-boat inversion barrier (0.3 and 0.5 kcal mol~!, respectively)
and a planar transition state for the inversion process for 1.7
The barrier predicted from ab initio calculations® is 1.9 kcal
mol ™1, and this agrees with a recent UV analysis of jet-cooled
samples of 1.°

The spirocyclopropyl group, placed in the 9 and/or 10
position(s) of 9,10-DHA’s, has the potential to create unique
steric barriers for conformational interchange.!® This is clearly
demonstrated by molecular mechanics (MMX) calculations!!
for bis(spirocyclopropyl)-9,10-dihydroanthracene (2),!? which
exhibits both planar (AH; 97.3 kcal mol™1) and highly-folded
boat (AH; 91.3 kcal mol™) minima. Semiempirical (AM1)!3
and ab initio (6-31G**//3-21G(*))1* molecular orbital calcula-
tions also support the existence of both planar and boat
conformational energy minima but with much smaller differ-
ences in the energies of the two conformers, 0.6 kcal mol™!
(planar 2 favored) and 3.1 kcal mol™! (boat 2 favored),
respectively.!> The introduction of methyl groups at positions
1 and 4 (to give analogue 3) affords a molecule with only a
highly folded boat molecular mechanics minimum.

A modified Simmons—Smith cyclopropanationl® of the
known precursor, 9-spirocyclopropyl-10-methylenedihydroan-
thracene (4),!7 afforded 2 in 37% yield.!® The room temperature
'H NMR spectrum of 2 is consistent with either a planar
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conformation or rapidly interconverting boat conformations. At
—80 °C the 400 MHz INMR spectrum (toluene-dy) is essentially
unchanged and no peak broadening is observed. Interestingly,
though, there is an upfield shift of ca. 0.2 PPM in the peri proton
signal, which may be due to enhanced shielding of that proton
by the cyclopropyl ring, an effect that would be maximized in
the planar conformation.l® X-ray crystallographic analysis!®
showed that 2 has a planar geometry (o = 179°) for the 9,10-
DHA core in the solid state.

The dimethyl analogue 3 was prepared in 60% yield?° by
double cyclopropanation of 1,4-dimethyl-9,10-anthraquin-
odimethane (5).222 The room temperature 100 MHz 'H NMR
spectrum of 3 is striking in that two broad resonances at 0 1.1
and 2.0 for the cyclopropyl protons are present. At 400 MHz,
each of these is split into two separate but still broad peaks,
providing clear evidence that 3 has a preferred boat conformation
with a conformational interconversion barrier that is accessible
on the NMR time scale. Variable temperature '3C NMR spectra
of 3 (100 MHz, toluene-dg) show separate resonances for the
pseudoaxial (6 10.71) and pseudoequatorial (6 17.84) cyclo-
propyl carbons, narrow singlets at —80 °C, that progressively
broaden and coalesce at higher temperatures (7. 60 °C). The
rate of conformational interconversion at 60 °C, calculated by
the method of Gutowsky and Holm,?? is 1543 s~1, corresponding
to a free energy of activation of 14.7 kcal mol™! using the
approach of Calder and Garratt.?*

In light of these results, it is not surprising that the X-ray
crystallographic analysis of 3%° shows that this molecule exists
in the most “superfolded” boat geometry (o = 127°)26 so far
reported?’ for a 9,10-DHA. Even in this geometry, a significant

(19) Crystal data for 2: Crystallization of 2 from acetone at 0 °C yielded
clear prism crystals of X-ray quality. The compound crystallized with a
mirror plane bisecting the molecule into two equivalent asymmetric units,
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the following lattice parameters: a = 13.517(7) A, b=149498) A, c =
6.080(3) A, V = 1229(1) A3 For Z = 4 and formula weight 232.32, the
calculated density was 1.256 g cm™>. A total of 2090 reflections were
collected. The structure was solved by direct methods. R = 0.041 (R, =
0.039). All calculations were performed using the TEXSAN, TEXRAY
Structure Analysis Package, version 2.1, of Molecular Structure Corporation,
The Woodlands, TX.
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7.06—7.12 (m, 2H), 7.16—7.21 (m, 2H). High-resolution mass spectrum
caled for CyoHao: 260.1565. Found: 260.1565.
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(25) Crystal data for 3: Crystallization of 3 from pentane yielded clear
prism crystals of X-ray quality. Data collection and refinement was done
as it was for 2. The unit cell was monoclinic in the space group P2,/c (No.
14) with the following lattice paranieters: a = 15.296&’1’:) A, b =7.483(1)
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distortion of the cyclopropyl groups in which the bond angles
around the quaternary cyclopropyl carbons are ca. 4° larger on
the cyclopropyl faces nearest the aryl methyl groups is present
as is a corresponding bend of the methyl groups that shows up
as a ca. 7° difference in the bond angles about the peri carbons.

It is well-known that aromatic substituents induce bond-length
asymmetry in cyclopropanes and that the largest effects occur
in the so-called bisected conformation.® Consequently, the
crystal structures of 2 and 3 provide a definitive example of
this effect. For 2, the distal C—C cyclopropane bond (1.478
A) is ca. 0.05 A shorter than the vicinal bonds (1.533 A). The
AM1 calculations reproduce this effect well, giving the values
1493 A (distal) and 1.524 A (vicinal). In 3, a similar
contraction of the distal bond (ca. 1.49, 1.48 A; for the two
crystallographically independent molecules in the unit cell)
occurs, but here the pseudoequatorial vicinal bond (1.51, 1.51
A) is also shortened compared to the pseudoaxial vicinal bond
(1.53, 1.53 A) which is of the same length as the vicinal bonds
of 2.

In conclusion, steric interactions between cyclopropyl hy-
drogens and peri methyl groups in 9,10-DHA 3 lead to a solid
state structure with a superfolded boat geometry and a solution
phase barrier for boat-to-boat conformational interconversion
that is easily measured on the NMR time scale. For 2, the solid
state structure is planar though molecular mechanics, semiem-
pirical MO, and ab initio MO calculations of structure all support
the existence of both planar and boat geometries with the boat
geometry favored at the most rigorous level of calculation
attempted.
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