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An enantiomerically pure C2-symmetric salen ligand with benz[a]-
anthracene siderams produces M helical complexes (FeII and ZnII)
in solution. Interconversion to produce a 1:1 mixture of helical
conformers in the solid state is possible, despite overlapped
sidearms.

Monohelices with chiral ligands are of particular interest
due to their high asymmetry, well-defined reaction centers,
and potential as asymmetric catalysts.1 Single-stranded
monohelices are synthetically challenging targets since
flexible multidentate ligands often prefer to bridge metal
centers and produce helicates.2 We recently reported mono-
helical salen complexes constructed from rigid phenathryl
sidearms attached to a helix-directing 1,1′-binaphthyl back-
bone.3 Herein we detail a new, more flexible helix-forming
ligand with a (1R,2R)-cyclohexyl backbone and benz[a]-
anthracene-based sidearms.

The condensation of (1R,2R)-diaminocyclohexane, (R,R)-
1, and 1-hydroxybenz[a]anthracene-2-carboxaldehyde,2, in
ethanol gives the salen ligand (R,R)-3 (Scheme 1).4 Tau-
tomerizations are well known for Schiff bases,5 and both

keto-amine and enol-imine forms are observed by electronic
spectroscopy, while averaged signals are seen by NMR due
to fast exchange. Reaction of (R,R)-3 with sodium methoxide
and MCl2 (M ) Zn, Fe) gives the MII complexes (R,R)-4
and (R,R)-5.6 The ZnII complex is diamagnetic and has well-
resolved1H and 13C NMR solution spectra while the FeII

complex is paramagnetic (meff ) 5.14, 4 unpaired electrons)
and the1H NMR spectrum has broad signals from-24.1 to
+41.7 ppm.

Single crystals of [(R,R)-4(pyridine)]‚[0.5C5H5N C2H5OH]
were grown by diffusion of diethyl ether into a pyridine
solution of (R,R)-4.7 The structure (Figure 1) reveals a
distorted square pyramidal geometry at zinc, with an axial* To whom correspondence should be addressed. E-mail: clevy@ksu.edu.
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Scheme 1. Synthesis of (R,R)-3 and Its ZnII and FeII Complexes
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pyridine ligand. The complex has exclusivelyM helicity,
consistent with that seen by Fabbrizzi et al. for abis-imine
bis-quinoline CuI complex with the same (R,R)-cyclohexyl
backbone.8 The benz[a]anthryl sidearms are significantly
overlapped, but the large 40.1° angle between them and the
relatively large spacing indicate that little face-to-faceπ-π
interaction is present.

The structure of (R,R)-5(py)9 is profoundly different from
that of the zinc complex, since it has a 1:1 mixture ofM
and P comformers (Figure 2). The angles between the
sidearm planes are very similar for the two molecules (M,
24.2°; P, 21.8°) and significantly closed down compared to
(R,R)-4(py). The relatively small angle and the half-ring
offset face-to-face stacking of the sidearms suggest thatπ-π
interactions are present in each conformer. Indeed, centroid-
to-carbon distances are well within the 3.4-3.6 Å range
expected for attractiveπ-π stacking:10 [C(111)-C(116)] to
C(214) and [C(311)-C(316)] to C(414) are 3.46 and 3.47

Å, respectively. Since theπ-π interactions appear nearly
identical for the two conformers, they do not result any
significant thermodynamic preference for one over the other.
A comparison of the two space-filling models of (R,R)-5(py)
(Figure 2b) reveals that they are nearly enantiomeric and
that the main difference is the relative positions of the benz-
[a]anthryl sidearms. The cyclohexyl backbone has a very
similar diequatorial conformation for theM andP forms.

The 1:1 mixture of helical conformers seen for [(R,R)-
5(py)] in the solid state is somewhat surprising given that
the two forms are diastereomeric and that the overlap of the
sidearms would seem to make interconversion unfavorable.
DFT calculations on minimized structures consistently predict
that theM form is favored for both ZnII and FeII complexes.11

The difference is generally in the 1-4 kcal/mol range, except
in the case of (R,R)-5(py), where it is only 0.1 kcal/mol.
This small energy difference combined with the general
preference of chiral compounds to crystallize as racemates
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Figure 1. (a) Thermal ellipsoid plot (50%) of [(R,R)-4(py)]. Selected bond
lengths (Å): Zn-N(119) 2.0631(16), Zn-N(219) 2.1046(15), Zn-O(102)
1.9784(13), Zn-O(202) 1.9839(13), Zn-N(21) 2.1233(16), C(119)-N(119)
1.278(2), C(219)-N(219) 1.283(2). Centroid C(211)-C(216) is 3.665 Å
from C(114) and 3.656 Å from C(115) (b) Space-filling models of [(R,R)-
4(py)]: two views.

Figure 2. (a) Thermal ellipsoid plot (50%) of the two conformers, showing
their relative orientation in the crystal of (R,R)-5(py). Selected bond lengths
(Å): Fe(1)-N(119) 1.489(3), Fe(1)-N(219) 2.1132(19), Fe(1)-O(102)
1.9704(17), Fe(1)-O(202) 19817(17), Fe(1)-N(21) 2.147(2), C(119)-
N(119) 1.295(3), C(219)-N(219) 1.288(3), Fe(2)-N(319) 2.0631(16), Fe-
(2)-N(419) 2.1046(15), Fe(2)-O(302) 1.9930(16), Fe(2)-O(402) 1.9642-
(17), Fe(2)-N(41) 2.154(3), C(319)-N(319) 1.294(3), C(419)-N(419)
1.284(3). (b) Space filling models of the two conformers.
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results in the adoption of pseudo-racemic conformers in the
solid state12 for the iron(II) complex when pyridine is
coordinated. This is an unusual occurrence and has only been
seen for few metal complexes13,14 and even fewer mono-
nuclear complexes.14

In order to analyze the solution constitution and behavior
of the metal complexes, we turned to NMR and ECD
spectroscopies. The1H NMR spectrum of (R,R)-4 is sharp
and is consistent with a singleC2-symmetric compound. The
spectrum does not change appreciably over a wide temper-
ature range (-90-110 °C), and no exchange processes are
evident. The same results are found when (R,R)-4(py) was
dissolved for the studies, indicating that the pyridine does
not appreciably affect the identity of the complexes in
solution or their solution behavior. Parallel NMR studies of
the paramagnetic Fe(II) complexes were precluded due to
the broadness of the spectra.

The electronic and ECD spectra of (R,R)-4 and (R,R)-5
(Figure 3) are similar in appearance, with the iron complex
having broader signals and additional ligand field transitions.
The low-energy envelope (350-460 nm) is attributable
primarily to theπ-π* transition of the imine groups.15 This
transition gives a negative Cotton effect at long wavelengths,
confirming a diequatorial 1R,2R configuration and non-
coplanar imines.15 The benz[a]anthryl chromophore absorbs
in the 200-380 nm region, with the strongest absorption
from 200 to 300 nm.16 The ECD spectra show strong signals,
suggesting that there is one dominant helical form in solution,
as opposed to a 1:1M/P mixture. This conclusion is
supported by DFT simulated spectra which show a good
match between the experimental spectrum of (R,R)-4 and
the simulated spectrum of theM conformer. Correspondingly,
the simulatedP spectrum resembles the mirror image of both
the experimental spectrum and the simulatedM conformer
spectrum. The ECD spectra of freshly prepared solutions
(R,R)-4(py) and (R,R)-5(py) show no significant differences
to those of (R,R)-4 and (R,R)-5, respectively. This result
indicates that the same structure and conformer distribution
is obtained whether pyridine is initially coordinated or not.

In summary, we have developed a monohelix-forming
salen ligand that produces complexes with varying degrees
of attractiveπ-π stacking for the overlapped benz[a]anthryl
sidearms. In THF theM conformer predominates for both
the ZnII and FeII complexes. The ZnII complex maintains this
structure in the solid state, but the FeII complex crystallizes
as a 1:1 mixture of diastereomeric helices from pyridine.
Thus, for (R,R)-5 we have a rare example12,13of a compound
that can have one dominant helicity in solution (M) but can
form a pseudo-racemic 1:1M/P mixture upon crystallization.
The necessity of the coordinated pyridine for this conversion
is as yet uncertain since we have not been able to obtain
structures of crystals grown from other solvents. These results
suggest that complexes of this ligand could be the basis for
chiroptical switches. Further investigation of the metal
complexes of (R,R)-3 and their potential as asymmetric
catalysts is currently underway.
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Figure 3. (a) UV-visible spectra in THF. (b) ECD spectra in THF. (c)
Simulated ECD spectra for theM and P conformers of (R,R)-4. The
concentrations of (R,R)-4 and (R,R)-5 are 2.5× 10-5 and 1.5× 10-5 M,
respectively, for the experimental spectra.
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