Inorg. Chem. 2003, 42, 6163-6165

Inorganic: Chemistry

* Communication

Kinetic Resolution of rac-Phenylalanine by Stereoselective
Complexation to a Chiral Cobalt Complex through &—x Stacking

Interaction

Koichiro Jitsukawa,* Akira Katoh, Kentaro Funato, Nayumi Ohata, Yasuhiro Funahashi,

Tomohiro Ozawa, and Hideki Masuda*

Department of Applied Chemistry, Nagoya Institute of Technology, Gokiso-cho Showa-ku,

Nagoya 466-8555, Japan

Received April 21, 2003

A cobalt(lll) complex with chiral ligand, H2cpel (N-carboxymethyl-
N-pyridylethyl-L-leucine), was prepared for chiral recognition of
amino acids. Through the competitive coordination of racemic
phenylalanine to the chiral cobalt complex, [Co(cpel)(COs)]~ (1),
enantioselective recognition was achieved on the ternary complex,
which was determined on the basis of HPLC analysis with a chiral
column. The formation rate for the [Co(cpel)(L-phe)] complex (2)
was 6-times superior to that of [Co(cpel)(p-phe)] (3). The preferential
formation of 2 might be illustrated by the interligand zz—s stacking
interaction. Crystal structural analysis for 2 and 3 revealed that
aromatic rings, pyridine ring of CPEL and phenylalanine sidechain,
in 2 were very close each other but those in 3 were far apart.
Such interligand aromatic interaction in 2 was also examined by
the use of 'H NMR spectra.

Biologically specific and highly efficient reactions are

demonstrated at or near the active site of enzysubstrate

For the molecular recognition model on amino acids,
several studies have been carried out using transition metal
complexe$:” Yamauchi et al. emphasized the importance
of aromatic ring interaction in molecular recognition using
the ternary transition metal complexes with aromatic di-
amines and aromatic amino acfi§he studies that demon-
strate that hydrophobic interactions, induced by aromatic
ligands, regulate the coordination structure, substrate selec-
tivity, and stability of the ternary metal complexes have also
been reported?® Chin et al. reported a unique cobalt(lll)
complex with chiral tetradentate ligand, demonstrating the
regiospecific and stereospecific recognition of natural amino
acids!®We have previously constructed some ternary cobalt-
(Il complexes as a molecular recognition model for an
enzyme-substrate complex, where the complex containing
an asymmetric (N)(Qjtype tripodal tetradentate ligand, bis-
N,N-carboxymethyl--phenylalanine (sbcmpa), as a host
site-specifically bound with a bidentate amino acid (Haa) as
a guest!?? In this host-guest complex, the Co(bcmpa)

complex through a combination of some weak noncovalent complex preferentially bound the amino acid in the manner
interactions, such as hydrogen bonding, steric repulsion, of the transN configuration of [Co(bcmpa)(aa)jcomplex

aromatic ring stacking, electrostatic interaction, hydrophobic
interaction, etd. The folded conformation of proteins is also

regulated by these weak interactidris. proteinr—-DNA2 and
—RNA complexes reported recentlyphenylalanine plays
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an important function in recognition of the hydrophobic
moiety through the aromatic stacking interaction. Taking into
account the biological significance of natural amino acids,
investigation of the amino acid side chain in the molecular
recognition process is very important in relation to the

appearance of substrate selectivity and speciffcity.

*To whom correspondence should be addressed.
jitkk@ach.nitech.ac.jp (K.J.); masuda@ach.nitech.ac.jp (H.M.).
(1) Rebek, J., JrAngew. Chem., Int. Ed. Engl99Q 29, 245-255.
(2) Brooks, C. L., lll.Acc. Chem. Re®002 35, 447-454.
(3) Yoshikawa, M.; Iwasaki, H.; Shinagawa, H.Biol. Chem2001 276,
10432-10436.
(4) Shiels, J. C.; Tuite, J. B.; Nolan, S. J.; Baranger, ANcleic Acids
Res 2002 30, 550-558.
(5) Chin, J.Acc. Chem. Red991, 24, 145-152.

10.1021/ic030135g CCC: $25.00
Published on Web 09/10/2003

© 2003 American Chemical Society

E-mail:

1525-1545.
(9) (a) Chen, H.; Ogo, S.; Fish, R. B.. Am. Chem. So¢996 118 4993~

5001. (b) Sugimori, T.; Masuda, H.; Ohata, N.; Koiwai, K.; Odani,
A.; Yamauchi, O.Inorg. Chem 1997, 36, 576-583.

(10) Chin, J.; Lee, S. S.; Lee, K. J.: Park, S.: Kim, D. Mature 1999
401, 254-257.

(11) Jitsukawa, K.; Morioka, T.; Masuda, H.; Ogoshi, H.; Einaganidrg.
Chim. Actal994 216, 249-251.

(12) (a) Kumita, H.; Kato, T.: Jitsukawa, K.; Einaga, K.; Masudalrterg.
Chem 2001, 40, 3936-3942. (b) Kumita, H.; Morioka, T.; Ozawa,
T.; Jitsukawa, K.; Einaga, H.; Masuda, Bull. Chem. Soc. Jpr2001,
74, 1035-1042.

Inorganic Chemistry, Vol. 42, No. 20, 2003 6163



COMMUNICATION

Chart 1
- \
HO  NH, 0
0 o Hko
,,,,,, H o
o T o
o Ny | _~O
7/\N>‘_’<O L-Phe /CO\
\HCO/ + < > — = ,N N
> N/ | ~o0 ~ 0.
)
=~ (e} HQ NH interligand L O H
o O}# 3 aromatic ring
4 interaction
[Co(cpel)(CO3)T* D-Phe
\_ ) trans-N [Co(cpel)(L-phe)]
complex 1 as a host L-/D-phenylalanine as a guest ~ complex 2 recognizing L-phenylalanine

more than theis-N one, and furthermore, the cis-N complex (Py-H3), 7.85 (Py-H4), and 7.98 ppm (Py-H6), respectively,
isomerized to théransN form in the presence of a catalytic  which showed downfield shift in DMS@; at 7.38 (Py-H5),
amount of active charco&l!?Thermal stability of the ternary ~ 7.54 (Py-H3), 7.95 (Py-H4), and 8.36 ppm (Py-H6), respec-
complexes containing various noncovalent interligand inter- tively. Benzene ring protons of the phenylalanine residue in
actions between the host and guest ligands might accelerateomplex2 observed at 7.027.19 ppm in RO also exhibited
these reactions. It is very interesting that such a simple metaldownfield shift in DMSOég at 7.08-7.23 ppm. In addition,
complex with a multidentate ligand demonstrates selective the pyridine-H6 proton observed at 7.98 ppm Oshifted
recognition for amino acids. On the basis of the hydrophobic to 8.13 ppm in the less-polar,D/dioxanees (3:7) solution.
aromatic ring interaction and specific trans-N coordination These findings apparently indicate the aromatic stacking
as mentioned, we designed and synthesized a unique cobaltinteraction between pyridine and benzene ring®.i®n the

(1) complex with chiral (N(O).-type tetradentate ligand, other hand, comple& in DMSO-ds gave thetH NMR peaks
N-carboxymethyN-pyridylethyl+ -leucine (Hcpel), and suc-  at 7.52 (Py-H5), 7.61 (Py-H3), 8.03 (Py-H4), and 8.85 ppm
ceeded in an enantioselective coordination of racemic phe-(Py-H6), respectively, for the pyridine ring and at 7-14
nylalanine. Here, we describe the preparation and charac-7.46 ppm for the benzene ring. As compl&was insoluble
terization of the ternary cobalt(lll) complexes with CPEL in water, the spectral pattern for pyridine ring protons of
and phenylalanine through the enantioselective coordinationthe CPEL ligand of3 in DO was not obtained. That in
of the L-isomer, which is accelerated by the-s stacking DMSO-gs (7.51 (Py-H3), 7.54 (Py-H5), 7.99 (Py-H4), and

interaction as shown in Chart 1. 8.55 ppm (Py-H6), respectively) was very similar to that of
Reaction of Na[Co(cpel)(C£) (1) with L- or p-phenyla- starting complext without the phenylalanine moiety. Ac-

lanine gave the cobalt(lll) complex witthansN configu- cordingly, we conclude that the benzene ringpgbhe and

ration'® as a main productrans-N [Co(cpel)(-phe)] @) or the pyridine ring of cpel ir8 are far apart from each other

transN [Co(cpel)p-phe)] @), respectively, whose structures in the solution phase.
were determined on the basis of the characteristic absorption Fortunately, complexe® and 3 were obtained as single
band that appeared near 500 nen=( 100 M~* cm™) with crystals suitable for X-ray diffraction measurements. The
shoulder peak at 580 nra € 26 M~ cm™?), respectively*  crystal structures d? (Figure 1} and3 (Figure 2}8 revealed
The ratio oftransN isomet to thecis-N onée?® in the [Co- that the ternary cobalt(lll) complexes with CPEL andb-
(cpel)(- or b-phe)] complex was estimated to be over 40. phenylalanine ligands were both an octahedrals(@);
These experimental findings agree well with the previous geometry withtrans:N configuration'3 Notably, the aromatic
reports that the complexation of amino acid to cobalt(lll) ring interaction indicated in solution is also found in the
complex with the (N)(Q)type ligand preferentially gave the  crystal structure oR. The distance (3.55 A) between the
transN form as a more thermodynamically stable prod- two aromatic rings ir2, which is comparable to the cases of
uct1t12.15 [Cu(L-trp)(bpy)]" (trp = tryptophanate) and [Cutrp)-
The interligand aromatic interactions upon the ternary
cobalt(lll) complexes in solution phase were examined by (16) Mizutani, M.; Tomosue, S.; Kinoshita, H.; Jitsukawa, K.; Masuda,

1 icori i H.; Einaga, H.Bull. Chem. Soc. Jpri999 72, 981-988.
Fhe use. of H. NMR spectra. The arom.atlc. fing stacklng (17) Elemental analysis d@. Anal. Calcd for [Co(cpel)(-phe)}1.5H0
interaction will be enhanced by the shielding effect in an (C2aHasCONsO79): C, 53.13; H, 6.13; N, 7.75. Found: C, 53.02; H,
aqueous solution, but reduced in DMSQrhe pyridine ring 6.17; IN, 23-73-thCr)r/15talg99raphic data:mfzorz £C0(Cpei)éh§§}7%lz-|)zOA
: complex @): orthorhombic, space group2:2:2;, a = 10. ,
protons of2 in D,O were observed at 7.15 (Py-H5), 7.43 b = 28.08(1) A,c = 8.550(1) A,V = 2565(1) /5. Z = 4, Degen =
1.428 g cmi?, no. reflns obsd. 2468, no. valuables used 2R 4;
(13) According to the IUPAC Red BookNomenclature of Inorganic 0.048,R, = 0.136.
Chemistry, Recommendations 198@ configuration around the cobalt ~ (18) Elemental analysis 08. Anal. Calcd for [Co(cpel}-phe)}H.O
ion of thetransN complex @) is described as OC-6-35, and that of (C24H3:CoNs07): C, 54.03; H, 6.05; N, 7.88. Found: C, 53.80; H,
cisN one is OC-6-45. 6.00; N, 7.79. Crystallographic data for [Co(cpetghe)tH20
(14) Fergusson, J. Btereochemistry and Bonding in Inorganic Chemistry complex @): orthorhombic, space group2;2:2;, a = 15.993(3) A,
Prentice-Hall: New York, 1974. b =20.975(9) A,c = 7.447(1) AV = 2498.1 B, Z = 4, Dcaiea =
(15) Akamatsu, K.; Komorita, T.; Shimura, Bull. Chem. Soc. Jpri982 1.418 g cm, no. reflns obsd. 4140, no. valuables used 2896;
55, 2390-2395. 0.058,R, = 0.178.

6164 Inorganic Chemistry, Vol. 42, No. 20, 2003



COMMUNICATION

30 ¢

[Co(cpel)(L-phe)] complex
20

Yield (%)

[Co(cpel)(D-phe)]
complex

Time (h)

Figure 1. Molecular structure of [Co(cpel}{phe)] ). Hydrogen atoms Figure 3. Time course of the yields of [Co(cpel}phe)] @) and [Co-
are omitted for clarity. Selected bond lengths (A) and angles (deg): Co (cpel)p-phe)] @) obtained in competitive reaction of [Co(cpel)(@D (1)

0(21) 1.881(4); CeO(31) 1.900(5); CeO(41) 1.901(4); CeN(1) 1.979-  and racemia-/o-phenylalanine.
(6); Co—N(11) 1.975(5); Ce-N(41) 1.946(5); O(21 Co—N(11) 177.4(2);
g‘éll)(_z‘):"_“(ll) 96.8(2); N(1)-Co—N(41) 169.3(2); O(41yCo—N(41) approaching the pyridine ring of CPEL under consideration

from a CPK model study.

The dynamics for coordination selectivity were examined
by means of the competitive coordination of racemic
phenylalanine tol at pH 5 in aqueous solution. The
formation rates of the complexes were measured by a chiral
HPLC column. As shown in Figure 3, the ratio for the
formation rate of tha.-complex @) to the p-complex @)
was about 6. Since the ratio was constant during the reaction,
transformation fron8 to 2 might not occur. Obviously, chiral
recognition ofL-phenylalanine was achieved by using chiral
tetradentate ligand, CPEL. The preferential formation of the
transN [Co(cpel)(L-phe)] complexZ) might be interpreted
by the thermal stability of the product complex, which is
caused by the interligand interactioi4?In the case in which
racemic leucine was used instead of racemic phenylalanine,
the selectivity for the ternary complex [Co(cpebéu)] to
[Co(cpel)p-leu)] was 1.1:1. Notably, the selectivity for chiral

Figure 2. Molecular structure of [Co(cpeDtphe)] @). Hydrogen atoms  yecognition is reduced in a system withowtr stacking. It
are omitted for clarity. Selected bond lengths (A) and angles (deg): Co

No Interaction

0(21) 1.888(4); Co-O(31) 1.879(5); Co O(41) 1.901(5); Co N(1) 1.982- is clear that the interligangd— interaction mediated upon
(6); Co—N(11) 1.941(5); Ce-N(41) 1.938(5); O(21Co—N(11) 178.6(2); the ternary cobalt(lll) complex leads to preferential formation
N(1)~Co—N(11) 94.7(2); N(1}Co—N(41) 170.6(2); O(41rCo—N(41) of 2.

82.5(2).

In conclusion, we found that compleéX a model for an
(phen)]” complexes (3.67 and 3.51 A, respectivel) enzyme-substrate complex, demonstrated higher enantiose-

strongly suggests the attractise-sr interaction. The crystal lectivity for recqgnmqn of a_n_-aro_mat|c amino acid rather
structure o2 reveals that the stacked conformation between (han ap-aromatic amino acid, which was achieved through
the aromatic rings is favored rather than the edge-to-faceN€ interligandz—x stacking interaction between the aro-
one, which is also supported by the molecular dynamics Matic rings ofi.-phenylalanine and CPEL.
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