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A hydrogen atom sandwiched by cyclopropanes
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Abstract—2 0,3 0,4 0,5 0,6 0,7 0-Hexahydrodispiro[cyclopropane-1,1 0-anthracene-8 0,100-cyclopropane] (1) was prepared by double olefin-
ation (Wittig) and double methylenation (Furukawa) of 1,8-dioxo-1,2,3,4,5,6,7,8-octahydroanthracene (4) that was in turn prepared
in two steps from 1,3-dibromobenzene. The X-ray structure of 1 shows that the C–9-H of its anthracene core is located 2.6 Å from
the centroids of each of the flanking cyclopropane rings. The 1H NMR spectrum of 1 shows that the C–9-H resonance (d 5.95) falls
0.84 ppm upfield from the C–10-H resonance (d 6.79).
� 2005 Elsevier Ltd. All rights reserved.
Cyclopropane rings display large magnetic anisotropic
effects that are particularly evident in proton NMR
spectra,1–4 and numerous examples of the shielding or
deshielding of protons near cyclopropane rings in a wide
variety of molecules have been cataloged.2–6 The vast
majority of these cases involve the interaction of protons
with a single cyclopropane ring, and even in those mole-
cules containing more than one cyclopropane, the orien-
tation of the cyclopropanes with respect to the affected
hydrogens has not been �ideal�. We wondered if a large
cyclopropane-induced shielding would be observed in
a molecule containing a proton sandwiched between
the faces of two parallel cyclopropane rings.

Compound 1 is such a molecule. HDFT calculations at
the B3LYP/6-31G(d) level7 indicate that it may adopt
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either C2- or Cs-symmetric conformations that differ in
energy by only 0.02 kcal/mol, and thus the two confor-
mations should be equally populated. GIAO calcula-
tions7 indicated that the H9 resonance should fall
1.09 ppm upfield of the H10 resonance in the C2 confor-
mation and 0.79 ppm upfield in the Cs conformation (see
Table 1).

Given the diketone 4, the synthesis of 1 should be
simple, but the literature syntheses of 48,9 proved chal-
lenging for us. Ultimately, we found that 1,3-bis(3-carb-
oxypropyl)benzene (3) was most efficiently prepared
(54% yield) by means of a double Suzuki coupling reac-
tion of 1,3-dibromobenzene with the adduct of 9-BBN
and methyl 3-butenoate using the method of Esteban
et al.10 With 3 in hand, a double intramolecular
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Table 1. Experimental and calculateda chemical shifts of aromatic
protons in compound 1

d (H9) d (H10) Dd (H9–H10)

1 (calcd, C2 conf.) 5.97 7.06 �1.09
1 (calcd, Cs conf.) 6.06 6.85 �0.79
1 (calcd, average) 6.01 6.96 �0.95
1 (exptl, CDCl3) 5.95 6.79 �0.84

a GIAO calculations at the B3LYP/6-311+G(2d,p)//B3LYP/6-31G(d)
level.
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Friedel–Crafts acylation proceeded exactly as described
by Christopfel and Miller8 to give diketone 4 in 28%
yield.11 The double Wittig olefination of 4 gave 5,12

and methylenation using the Furukawa modification13

of the Simmons–Smith reaction gave the desired biscy-
clopropane 1.14 The last two steps suffered from low
yields (14% and 24%, respectively), but sufficient mate-
rial for NMR and crystallographic studies was obtained.

Crystals of 1 were grown from ethanol, and the X-ray
structure was determined. Compound 1 adopts the C2

conformation in the crystal, and its molecular structure
is illustrated in Figure 1.15 H9 is located almost exactly
above the centroids, X(1) and X(2), of the two cyclopro-
pane rings at distances of 2.57 and 2.64 Å, respectively,
and thus H9 is well positioned in the NMR shielding
regions of the flanking cyclopropanes.

In the 1H NMR spectrum of 1, the H9 resonance (d 5.95)
falls 0.84 ppm upfield from that of H10 (d 6.79), a rea-
sonable reference proton (Table 1). The observed differ-
ence is slightly less than the calculated value of
0.95 ppm, but the overall agreement of experiment and
calculation is very good, given that two interconverting
conformations of 1 must be considered. The observed
difference in the H9 and H10 chemical shifts probably
represents the largest cyclopropane-induced shift of a
proton resonance due purely to shielding (rather than
deshielding) effects, and is due to the fact that H9 is close
to the centers of two cyclopropane rings, a very rare
situation.
Figure 1. Molecular structure of compound 1.
In the older literature, the largest differential shift for
two chemically similar protons due to cyclopropanes
seems to be 1.80 ppm for HA and HB in compound 6,5

and an extensive (but certainly not exhaustive) search
of the modern literature found a difference of
2.46 ppm for HA and HB in compound 7 at low tempera-
ture.18 However, these large differences are due to a
combination of shielding and deshielding effects.
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In an attempt to find the most extreme cases of pure
shielding, we conducted a search of Cambridge Crystal-
lographic Database19 for protons lying very close to, and
directly above, the centers of cyclopropane rings. Com-
pound 1 seems to have claimed the record for the closest
such approach of one proton to the centers of two differ-
ent cyclopropanes (at 2.57 and 2.64 Å), but the closest
single approach is found in compound 8,20 where HA

is only 2.36 Å from the center of the opposing ring.
However, HA is shielded by only 0.43 ppm with respect
to HB, likely due to a conformational exchange process.
Quite a few molecules with the substructure 9 (or similar
fragments) possess contacts on the order of 2.4–2.6 Å,
but the magnitudes of the proton shielding in these mole-
cules (where reasonable reference protons can be found)
are smaller than observed in compound 1. For example,
the chemical shifts of the bold protons in compounds 10,
11, 12, and 13 are d 3.57, 3.60, 4.09, and 4.24, respec-
tively.5 Poulter et al.5 analyzed this series and concluded
that the protons in compounds 10–12 were shielded by
the cyclopropane, but the proton in 13 was deshielded;
however, the entire range of chemical shifts is only
0.67 ppm.
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