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Abstract: The title compounds underwent enantioselective complexation via hydrogen bond formation

in CDCh, snd X-ray analysis of the co-crystal comprised of these compounds indicated dual N--HO

bonding as the mode of complexation. Binding geometry was examined by PM3 calculation

Determiration of the binding geometry of a molecular complex consisting of a selector and selectand is a

matter of fundamental importance in the chemistry of molecular recognition.! We tecently introduced a
new concept of "complementary twist" inte the mode of dual hydrogen bonding fo generate
enantiosclectivity.Z In an artificial system based on this concept, the relative orientation of each binding
site of selector and selectand for dual hydrogen bonding showed a twist whose rotation sense reflected the
absolute configuration. A chiral selector in such a system interacts preferentially with a selectand
enantiomer which exhibits complementary twist by maximizing hydrogen bonding and minimizing untoward
steric interaction. This relation can be likened to that between an interior and external screw both having
the same sense of spiral groove. Our initial work in this series demonstrated the molecular design of (R,R)-
4.4'-bi[5-((Z)-N-isopropyliminc)-1,3-dioxolane} (1) as a twisted acceptor with high enantioselectivity toward
a 1, 2-diol.3 In the present study, the binding geometry of (R,R)-1 with a twisted donor is disclosed by the
X-ray crystal stucture of a 1:1 complex of (R,R)-1 and (§)-1,1'-bi-2-naphthol (2). The relevance of the
static crystal structure to enantioselective complexation of these species in solution is discussed in reference
to the results of NMR study and PM3 calculations.
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After a warm solution of a 1.2:1 mixture of (R,R)-1 and (S)-2 in toluene (0.43 M in (R,R)-1) had stood at
room temperature, single crystals of a 1:1 complex of these species were observed to have grown
spontancously. By X-ray analysis* of the co-crystal, the molecular structure of the complex was determined
and dual N-~-HO bonding was unambiguously shown to be the mode of complexation, as indicated in Figure
1. A van der Waals surface of the complex in Figure 1 (center) clearly demonstrates close contact between
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isopropy! methyls of (R,R)-1 and aromatic rings of (§)-2. This close contact indicates that maximum
approach between (R,R)-1 and (5)-2 is achieved through dual hydrogen bonding. This complex possesses a
pseudo-C7 axis passing through both centers of the bond between two naphthyl rings of (5)-2 and that
between two iminodioxolane rings of (R.R)-1. Each component of this complex adopts an energetically
favored conformation. 'The torsion angle between the two naphthyl rings of (5)-2 is sufficiently large to
minimize steric interaction between these rings.5 The S-configuration is represented by a clockwise twist
between two aromatic risgs each containing a hydroxyl as a hydrogen bond donor. (R,R)-1 provides an anti
relationship between two C-C bonds each consisting of an imino and asymmetric carbon so that maximum
separation between the two bulky isopropyl substituents is attained.® In the conformer of (R,R)-1, the
relative orientation of the two iminodioxolane rings containing binding sites displays a propeller-like twist
with counterclockwise rgtation, as expected in the stage of our molecular design. Complexation through
dual interactions between the twisted acceptor sites of (R,R)-1 and donor sites of (§)-2 results in twisting
between these molecules about the pseudo-C2 axis as shown in Figure 1 (right). Such twisting serves to
maximize hydrogen bonding by eluding steric interaction in the process of complexation, and characterizes
the mode of complexation based on the concept of "complementary twist".

HC1-HC14=22A

* one of the isopropyl substituents of (R.R)-1

of the complex of (R.R)-1 with (5)-2. Selected structural parameters: N2-06 = 2.846 (4) A, NI-
05 =2.786 (4) A, N2-HO6=1.06 (4) A, N1-H05 = 191 (4) A, 03.C7-C6-02 = -659 (3)", C9-C7-C6-C4 = 162.3 (2)°, C24-C23-
C22-C13=82.5 (3)", Center: -filling representation of the complex of (R R)-1 with (5)}-2 generated by Chem 3D Plus, based
on the X-ray coordinates. Right: Projection of the X-ray crystal structure of the complex (R.R)-1 with (5)-2 as viewed along the
pseudo €7 axis from the (5)-2 side.

Figure 1. X-may crystal struc

Interactions of (R,R)l toward (R)- and (5)-2 in solution could be easily monitored by !H NMR
spectroscopy. Downfield shift noted for hydroxyl protons of 2 in a CDCl3 solution containing (R,R)-1
indicated the formation of intermolecular hydrogen bonding and consequently, a titration experiment could
be carried out 10 determing thermodynamic parameters of the complexation.” Analysis of a set of data using
2 least-squares method indi¢ated the association constant Kgg.s=9.9 + 0.3 M-! for the (R,R)-1-(5)-2 sysiem
and Krg.g = 9.4 + 0.2 M- for the (R,R)-1-(R)-2 system at 298 K.7 The magnitude of enantioselection at
this temperature was only slight but became greater with decrease in temperature. Thus, definitive 3-
selectivity of (R,R)-1 toward 2 was confirmed with Kgg.s= 912 + 1.3 M- and Krg.p= 592 + 0.3 M-l at
263 K. Temperature depdndence of the association constants was assessed from a van't Hoff plot which
indicated in AH = 9.9 Kc%ol and AS = -28.6 e.u. for the (R,R)-1-(5)-2 system and AH = -8.2 Kcal/mol and
AS = -23.3 e.u. for the (R,R)-1-(R)-2 system.”8 The level of AH in both systems was quite consistent with
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the formation of dual hydrogen bonds, but it should be noted that the binding enthalpy of (R,R)-1 with (5)-2
was greater by 1.7 Kcal/mol than that of (R.R)-1 with (R)-2.

Resonance of the isopropyl methyl protons of free (R,R)-1 appeared at 1.128 and 1.131 ppm as a pair of
doublets at 263 K. The shift difference between these signals was enlarged on complexation with 2. The
observed peak splitting was ascribable to restriction of rotation about a single bond between the imino
nirogen and isopropyl methine carbon due to access of the 2 maolecule through dual N---HO bonds.
Limiting chemical shifts? of these protons in the complex at 263 K were 1,17 and 1.43 ppm for the (R.R)-1-
(5)-2 system, and 0.84 and 1.14 ppm for the (R,R)-1-(R)-2 system. Resonance of the isopropyl methines
shifted downfield by 0.15 ppm when the complex had formed throughout with {S)-2. In contrast, an
upfield shift of 0.14 ppm occurred for the (R R)-1-(R)-2 system. These shifis may possibly have been due to
anisotropic effect based on the ring current of 2. It should be noted that the arrangement of N-isopropyl
substituents of (R,R)-1 and naphthyl rings of (5)-2 in the X-ray crystal structure of the complex made it
possible for the naphthyl rings to deshicld some of the isopropyl protons. The downfield shift observed for
the (R.R)-1-(S)-2 system is thus consistent with the binding geometry of the crystal structure.

All geometrical parameters of the complex in the solid state were optimized by semiempirical PM3
calculation!9:11 to eliminate the packing effects in the crystal lattice. The calculation was converged
through slight modification of structure. For example, hydrogen bond distances (N--H) were shortened to
1.83 A and 1.86 A and the close contact ohserved in the crystal structure was preserved. The calculated
heat of formation of the optimized (R,R)-1-(5)-2 complex was -149.04 Kcal/mol. Interaction energy of
-10.08 Kcal/mol was obtained by subtracting the energy of unrelaxed structures!2 of isolated components
from the energy of the complex.

The results of above computation indicated the geometrical arrangement of the X-ray crystal structure of
the complex to be reproducible without the packing effects. The NMR study showed the relevance of the
complex maotif in the crystal structure to the enantioselective complexation in CDCl3.  We thus concluda that
the X-ray structure of the co-crystal comprised of (R.R)-1 and (§)-2 is equivalent to the core structure in
dynamic complexation involving molecular motion such as twisting and rocking between these components
in solution.

The present data confirm dual hydrogen bonding proposed as our working hypothesis for enantioselective
complexation. The binding geometry demonstrated here should serve as a basis for simulating molecular
recognition cffected by a selector-selectand system that applies complementarity of twists13 in dual
interactions.
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