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Polyhalomethanes have recently received increased attention as
systems for potentially displaying measurable molecular parity
violating effects, perhaps the most intriguing being the energy
difference between the enantiomers of chiral compounds.1,2 The
parity violating energy difference (∆Epv) between the en-
antiomers of CHBrClF has been predicted to be on the order of
10-12 cm-1 hc, with theS-compound being more stable.3 Estimates
of the relative parity violating vibrational frequency difference∆ν/ν
between the C-F stretching fundamentals of (R)- and (S)-CHBrClF
are on the order of 10-16-10-17, approximately four orders of
magnitude smaller than the resolution achieved in recent high-
resolution infrared studies of CHBrClF;1 in CHBrFI, a relative shift
of the C-F stretching fundamental of about 10-15 is expected.4

One disadvantage of the chiral polyhalomethanes is their configu-
rational instability.5 Although we have recently shown that pseudo-
tetrahedral adamantanes are accessible in high optical purity and
are configurationally stable,6 these compounds possess additional
vibrational degrees of freedom that result in complex rovibrational
spectra that make them less suitable for measuring parity violation
effects. These effects are expected to be considerably smaller than
those for the methane analogues. We now turn our attention to the
smaller and far stiffer pseudotetrahedral polyhalocubanes (1-5),
which probe the synthetic limits for halogenation reactions of
strained hydrocarbons. We present herein the synthesis of all
possible stable chiral pseudotetrahedral polyhalocubanes and esti-
mate their parity violating energy differences together with selected
parity violating vibrational frequency shifts.

We have recently demonstrated that our phase-transfer catalytic
(PTC) halogenation protocol for aliphatic hydrocarbons7,8 is
similarly applicable to alkanes that contain highly strained three-
and four-membered rings that normally undergo ring-opening
reactions with halogen radicals,9 especially in the case of cubane.10

The PTC halogenations of monohalocubanes, involving highly
selective CHal3 radicals, lead mainly tometa-(1,3)-dihalocubanes;
this selectivity is well understood.8,11

1-Bromo-3-chlorocubane (6) was prepared via PTC bromination
of chlorocubane as described earlier; as dihalo- and fluorocubanes12

react slowly with•CHal3 radicals, we used more reactive radicals
(n-C6F13

•, t-BuO•) for the preparation of the polyhalocubanes
(Scheme 2). Theortho- and para-positions in 1,3-dihalocubanes
are deactivated toward radical attack, and the incorporation of a
third halogen into themeta-position is more selective than for
monohalocubanes. Accordingly, less selective radicals13 give
satisfactory meta-selectivities for the third halogenation. The
iodination of 1,3-dihalocubanes6, 8, and9 following a modified
Minisci protocol14 gave 2-4. Owing to the deactivation of the
ortho-positions of 1,3,5-trihalocubanes, the chlorination with the
normally unselective reagentt-BuOCl shows extraordinary high (ca.
95%) meta-selectivity for the preparation of5. The NMR spectra
of (R/S)-1 to (R/S)-5 are in complete agreement with the substitution
pattern (cf. Supporting Information (SI)); the crystal structures of
(R/S)-2 and (R/S)-5 (Figure 1) confirm these findings. Owing to
their near spherical shape, the GC or HPLC enantioseparation of
1-5 is currently not possible and will require even more powerful
separation techniques than are available today.

We evaluated the parity violation energy differences for1-5
and the vibrational frequency shifts for selected fundamentals
utilizing a quasi-relativistic Hartree-Fock approach within the
zeroth order regular approximation (HF-ZORA).15 The parity
violating potentials were computed with a modified version15 of
Turbomole,16 whereas the “ordinary” parity conserving potentials
and all equilibrium structures (at B3LYP/6-311G*/MIDI! for I) were
computed with Gaussian (see SI);17 for the parity violating
potentials,Vpv, at the equilibrium geometries of (S)-1-5, see Table
1. Within the limits of a coordinate independent parity violating
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Scheme 1. Chiral, Pseudotetrahedral Polyhalocubanes (Arbitrarily
Depicted in Their S-Configurations)

Scheme 2. Preparation of Polyhalocubanes (preparative yields)a

a Conditions: (a)t-BuOBr, CBr4, CF2Br2, h‚ν, 0 °C; (b) t-BuOCl, CCl4,
h‚ν, 0 °C; (c) n-C6F13I, Fe(AcAc)2, HOAc, PhCO4CPh, 100°C.

Published on Web 04/04/2006

5332 9 J. AM. CHEM. SOC. 2006 , 128, 5332-5333 10.1021/ja060781p CCC: $33.50 © 2006 American Chemical Society



potential and assuming an infinitely high barrier for stereomutation,
∆Epv is to first order in Fermi’s constantGF given by∆Epv ≈ 2Vpv.

With the exception of5, theS-enantiomers are (within the above
limits) predicted to be more stable than their mirror images. This
parallels, remarkably, the results for the corresponding polyhalo-
methanes, of which also theS-enantiomers are computed to be more
stable with the exception of CBrClFI.18 Furthermore, the|Vpv|
ordering of1-5 is 3 > 2 > 4 > 5 > 1 also is the same as that for
the corresponding polyhalomethanes. The absolute values of the
parity violating energy differences in the chiral polyhalocubanes
are approximately one to two orders of magnitude smaller than
those predicted for the related chiral polyhalomethanes. The largest
absolute value for the parity violating energy difference is predicted
for 3, but this difference is expected to about a factor of two smaller
than that in CHBrClF. Relative parity violating vibrational wave-
number splittings have been computed for1 for selected funda-
mentals with C-F stretching participation and are predicted (see
SI) to be on the order of-2 × 10-18 for ν11 and 3× 10-19 for ν24,
with the latter being in the wavenumber range at which the CO2

laser used in previous experiments operates. However, this is still
two orders of magnitude smaller than that for CHBrClF. The
fundamental of the mode dominated by the C-F stretching motion
in 1 is shifted to wavenumbers well above 1300 cm-1 and is thus
(in contrast to this mode in the halomethanes) presently not
accessible with CO2 lasers. Other fundamentals, overtones, and
combination bands with larger splittings will be available, such as
for 3, suggesting chiral polyhalocubanes as promising candidates
for future experiments regarding parity violation and as models for
understanding molecular chirality.

There is no obvious relationship between the TD-B3LYP/6-
311G* optical rotations [R]D of 1-5 (+43.7,-70.2,-12.1,+31.7,
+22.9° for the S-enantiomers, respectively) and those of the
corresponding polyhalomethanes (-5.8,-15.2,+8.8,-4.6,+46.6°).
However, the latter values are considerably off the experimental
values for (S)-CHBrClF ) -1.6°5 and (S)-CHClFI ) +2.5°.19 A
detailed discussion on the optical rotations of pseudotetrahedral
polyhalo compounds will be forthcoming in a full account.
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Figure 1. Molecular structures of2 and5 {50% probability ellipsoids for
Br (orange), Cl (green), F (blue), I (purple), and C;S-enantiomers}. See
Supporting Information for details of the X-ray structure analysis.

Table 1. Parity Violating Potential Vpv (in 10-15 cm-1 hc) at the
Equilibrium Structure of the S-Enantiomer of 1-5 (cf. Scheme 1)

1 2 3 4 5

Vpv -22.8 -523.2 -644.2 -170.1 +100.8
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