
Kinetic and Structural Factors Governing Chiral
Recognition in Cobalt(III) Chiroporphyrin -Amino
Alcohol Complexes
Jean-Pierre Simonato, Jacques Pe´caut, and
Jean-Claude Marchon*

Laboratoire de Chimie de Coordination, SCIB
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Recently we reported on the binding of optically active alcohol
and amine axial ligands to ruthenium(II) and cobalt(III)R,â,R,â-
tetramethylchiroporphyrins,1-3 two chiral metallohosts derived
from enantiopure (1R)-cis-hemicaronaldehyde (biocartol).4 On
each face of the TMCP macrocycle, along a Cmeso-Cmeso axis,
the chiralmesosubstituents define aC2-symmetric groove of ca.
3-4 Å width which can accommodate an axial guest. The crystal
structures of the alcohol and amine adducts revealed similar
multipoint interaction between guest and metallohost, using
convergentσ-donation to the metal center, and O(N)-H‚‚‚O and
C-H‚‚‚O hydrogen bonding to themesosubstituents of the
chiroporphyrin. Yet enantiomer recognition ((R)/(S) ≈ 2 at-50
°C) was observed only for the chiral alcohols bound to the
ruthenium(II) metalloreceptor Ru(CO)(TMCP).2 We found that
the binding of chiral amines to chlorocobalt(III) tetramethylchi-
roporphyrin (CoCl(EtOH)(TMCP),1) is irreversible, and the lack
of enantioselection in that case was attributed to the kinetic control
of bis-amine complex formation.3 We now report that under
similar conditions chiral recognition ofâ-amino alcohols by the

cobalt(III) complex1 can be observed. This host-guest system
slowly reaches equilibrium over a period of 20-80 h. The crystal
structures of the adducts of (R)- and (S)-prolinol with 1 provide
a rationale for the selection of the (R) enantiomer, which is
observed in these systems.5

Addition to 1 in CDCl3 solution of 2 equiv of one of the
enantiopureâ-amino alcohols2-7 led to distinct, ring-current-
shifted 1H NMR signatures in the range+1.3 to -6.5 ppm for
the coordinated (R) and (S) enantiomers. The proposed signal

attributions have been obtained by 2D1H NMR experiments, and
they are collected in Table S1 (Supporting Information). The
large chemical shift difference (∆δ g 1.2 ppm; 240 Hz at 200
MHz) observed for the two amine protons N-Hd and N-He of
2-5 suggests a downfield shift by N-H‚‚‚O hydrogen bonding
of Hd, which has been confirmed in the crystal structures of the
adducts of3 and5 (Vide infra). The observed shift differences
|∆δRS| between coordinated enantiomers (0.1-0.3 ppm; 20-60
Hz at 200 MHz) are as large as those obtained with the best chiral
shift reagents for amines,6 allowing the relative concentrations
of the (R) and (S) ligands to be readily determined.7,8

Upon addition of excess racemicâ-amino alcohol (ca. 3 equiv
each of 2+3, or 4+5, or 6+7) to 1 in CDCl3 solution, the
resonances of the two cobalt-bound enantiomers initially appear
in a 1:1 intensity ratio. However, monitoring the1H NMR
spectrum over a period of several days reveals slow axial ligand
exchange, as the resonances of the bound (R) enantiomer gradually
increase in intensity at the expense of those of the (S) enantiomer
(Figure S2, Supporting Information). A plot of the enantiose-
lection ratio [R]/[S] as a function of time shows that the host-
guest system reaches thermodynamic equilibrium in 1 to 3 days,
depending on the amino alcohol guest (Figure 1). The final
equilibrium ratios [R]/[S] measured by1H NMR are 1.2, 2.0, and
2.7 ((0.1) for (R,S)-prolinol, (R,S)-2-aminobutanol, and (R,S)-
2-aminopropanol, respectively. In each case, the (R) enantiomer
is the preferentially bound ligand at equilibrium. It is reasonable
to assume that the axial Co-N bonds have similar energies in
the (R) and (S) complexes, and thus the preference for (R) amino
alcohol is the result of stronger noncoordinate binding to the
chiroporphyrin host. The time dependence of the enantioselection
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Figure 1. Plot of the enantioselection ratio [R]/[S] as a function of time
for the adducts of1 with (R,S)-2-aminopropanol, (R,S)-2-aminobutanol,
and (R,S)-prolinol. The host-guest system reaches thermodynamic
equilibrium in 20 to 80 h, depending on the amino alcohol guest.
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ratio suggests that equilibration takes place by a dissociative
pathway, and that the rate-determining step is the dissociation of
the amino alcohol axial ligand.9

The observed difference in dissociation kinetics between cobalt-
bound aliphatic amines3 and amino alcohols is consistent with
their known Bronsted basicities. Functionalization ofn-propyl-
amine (pKA ) 10.6) by a hydroxyl group is known to afford a
less basic species (pKA ) 9.6),10 which presumably will be a
slightly weaker ligand of cobalt(III). The slightly greater dis-
sociation rate constant of the amino alcohol complexes likely will
allow slow axial ligand exchange and attainment of the thermo-
dynamic equilibrium, which are not observed for the amine
complexes.3

The X-ray structures of the (R)- and (S)-prolinol bis-adducts
of Co(III)(TMCP)+, 8+Cl- and 9+Cl-, respectively,11 show
strongly ruffled porphyrin rings (Figures 2 and 3; Figures S7-
S10, Supporting Information) and long axial bond distances
(average Co-Nax: 2.0517(8) and 2.0458(8) Å, respectively) which
result from steric interaction between ligand hydrogen atoms
(notably N-Hd and CHfHg-OH) and the macrocycle.12,13 In the
two complexes, steric exclusion constrains the prolinol ligands
to lie along the chiral grooves which span the porphyrin ring,
with similar conformations of the five-membered rings and N-H‚
‚‚OdC hydrogen bonds (N(6)‚‚‚O(31) ) 3.287(1) Å and N(7)‚
‚‚O(21) ) 3.273(1) Å for8+, and N(6)‚‚‚O(31) ) 3.351(2) Å
and N(7)‚‚‚O(21) ) 3.341(2) Å for9+) to a carbonyl group of
the host. The opposite absolute configurations of C2 in the (R)-

and (S)-prolinol ligands result in different patterns of interaction
with the mesosubstituents in8+ and 9+. In the (S)-prolinol
complex9+, the methylene of the hydroxymethyl group C1′ of
each (S)-prolinol ligand is involved in a weak C-H‚‚‚OdC
hydrogen bond to amesocarbonyl group (C(75)‚‚‚O(21)) 3.400-
(2) Å and C(65)‚‚‚O(31) ) 3.381(2) Å). In contrast, it is the
asymmetric carbon atom C2 of each (R)-prolinol ligand that is
involved in a C-H‚‚‚OdC hydrogen bond in8+, and the bonding
is a little stronger (C(74)‚‚‚O(41)) 3.230(2) Å and C(64)‚‚‚O(51)
) 3.186(1) Å, Figures 2 and 3). We believe that the preferential
binding of (R)-prolinol in solution at equilibrium is the result of
this stronger hydrogen bond, since our NMR data14 indicate that
the intramolecular hydrogen bonding patterns are maintained in
solution (Vide supra). A similar comparison between the
structures of the two 2-aminopropanol (and two 2-aminobutanol)
adducts of1 is the focus of our current efforts.15

In summary, the cobalt(III)(TMCP)-amino alcohol assembly
involves a multicomponent bonding pattern between host and
guest that integrates at least three crystallographically apparent
noncovalent bonds. The dissociation rate of the strong Co-N
coordination bond is much slower than those of the two weak
hydrogen bonds, and it governs the overall kinetics of enantiomer
selection. Weaker C-H‚‚‚O hydrogen bonding of the (S)
enantiomer is the probable origin of the thermodynamic preference
for the (R)-enantiomer. Potential applications in enantiomer
recognition, analysis, and separation ofâ-amino alcohols can be
envisioned, particularly for theâ-blocking drugs in which
enantiomeric purity is critical. This host-guest system may also
provide a practical spectroscopic probe for kinetic studies of
dissociative processes, in which the chirality of the ligand
advantageously replaces isotope labeling.9
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Supporting Information Available: 1H NMR spectral data of the
adducts of1 with 2-7 and X-ray structural data on8+Cl- and 9+Cl-

(40 pages, print/PDF). An X-ray crystallographic file, in CIF format, is
available through the Internet only. See any current masthead page for
ordering information and Web access instructions.
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Figure 2. ORTEP view (30% probability) of the X-ray structure of the
cobalt(III) chiroporphyrin-bis[(R)-prolinol] complex 8+ showing the
hydrogen bonding pattern between a (R)-prolinol guest and two carbonyl
groups of the host on the top face. The other (R)-prolinol axial ligand
and the twomesosubstituents on the bottom face have been omitted for
clarity. The enantiodifferentiating hydrogen bond distances are C(74)‚‚
‚O(41) ) 3.230(2) Å (top) and C(64)‚‚‚O(51) ) 3.186(1) Å (bottom,
not shown).

Figure 3. ORTEP view (30% probability) of the X-ray structure of the
cobalt(III) chiroporphyrin-bis[(S)-prolinol] complex 9+ showing the
hydrogen bonding pattern between an (S)-prolinol guest and two carbonyl
groups of the host on the top face. The other (S)-prolinol axial ligand
and the twomesosubstituents on the bottom face have been omitted for
clarity. The enantiodifferentiating hydrogen bond distances are C(75)‚‚
‚O(21) ) 3.400(2) Å (top) and C(65)‚‚‚O(31) ) 3.381(2) Å (bottom,
not shown).
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