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ABSTRACT
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The ferrocene receptor bearing the podand dipeptide chains (-L-Ala-L-Pro-NHPyMe) was found to provide a chirality-organized binding site
through two intramolecular interchain hydrogen bonds between CO (Ala) and NH (another Ala) of each podand dipeptide chain. The size-
selective and chiral recognition of dicarboxylic acids was achieved by multipoint hydrogen bonds of the binding site.

Organization of host molecules by self-assembly is a useful active receptors. In a previous paper, the introduction of
strategy for forming active receptorsMetal-templated podand dipeptide chains into a ferrocene was reported to
organization has been exploited to provide oriented binding induce chirality organization through intramolecular inter-
sites, resulting in the construction of artificial receptors for chain hydrogen bondsThis finding prompted us to inves-
selective recognitioh Architectural control of self-assembly  tigate the potential use of the organized structure as a
utilizing hydrogen bonding of amino acids as observed in receptor. We herein report the selective recognition of
proteins, which are organized into well-defined three- dicarboxylic acids through multipoint hydrogen bonds of the
dimensional structures, is considered to be a convenient .

approach to desired molecular receptors. On the other hand,, 2 ((%)) ﬁgmige\r/.;Hs'[JJrh;i?z:f'\(?ﬂgig'sﬁ?ﬁ?'bgééﬁﬁﬁggv?%)ﬁze?ﬁ.,
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Figure 1. Ferrocened and2 bearing the dipeptide chains.

chirality-organized ferrocene receptbbearing the podand
dipeptide chains (t~Ala-L-Pro-NHPyMe).

The ferrocene receptot was designed to incorporate
L-alanyl+-proline as a dipeptide capable of hydrogen bonding
and imposing a conformational constraint on the peptide
backbone. Ferrocerfewas synthesized from H-Ala-L-Pro-
NHPyMe and 1,%bis(chlorocarbonyl)ferrocene as shown in
Figure 17 The single-crystal X-ray structure determination
of 1 confirmed the two intramolecular hydrogen bonds
between CO (Ala) and NH (another Ala) of each podand
dipeptide chain (N(%)-0(2*), 2.918 A; N(1*)--O(2), 3.010
A) to induce the chirality organization through an intramo-
lecular conformational regulation (Figure2Jhe additional

(3) (a) Saji, T.; Kinoshita, IJ. Chem. Soc., Chem. CommaA86, 716.
(b) Medina, J. C.; Li, C.; Bott, S. G.; Atwood, J. L.; Gokel, G. \W.Am.
Chem. Soc1991,113, 366. (c) Medina, J. C.; Goodnow, T. T.; Rojas, M.
T.; Atwood, J. L.; Lynn, B. C.; Kaifer, A. E.; Gokel, G. W.. Am. Chem.
So0c.1992,114, 10583. (d) Beer, P. Ol. Chem. Soc., Chem. Commun.
1996, 689. (e) Beer, P. D.; Graydon, A. R.; Johnson, A. O. M.; Smith, D.
K. Inorg. Chem.1997,36, 2112. (f) Li, C.; Medina, J. C.; Maguire, G. E.
M.; Abel, E.; Atwood, J. L.; Gokel, G. WJ. Am. Chem. S0d.997,119,
16009. (g) Carr, J. D.; Lambert, L.; Hibbs, D. E.; Hursthouse, M. B.; Malik,
K. M. A,; Tucker, J. H. R.Chem. Communl997, 1649. (h) Carr, J. D;
Coles, S. J.; Hursthouse, M. B.; Light, M. E.; Tucker, J. H. R.; Westwood,
J. Angew. Chem., Int. E®000, 39, 3296.

(4) Ori, A.; Shinkai, SJ. Chem. Soc., Chem. Commu995, 1771.

(5) Laurent, P.; Miyaji, H.; Collinson, S. R.; Prokes, |.; Moody, C. J.;
Tucker, J. H. R.; Slawin, A. M. ZOrg. Lett.2002,4, 4037.

(6) (&) Nomoto, A.; Moriuchi, T.; Yamazaki, S.; Ogawa, A.; Hirao, T.
Chem. Commurl998, 1963. (b) Moriuchi, T.; Nomoto, A.; Yoshida, K.;
Hirao, T.J. Organomet. Chenml999,589, 50. (c) Moriuchi, T.; Nomoto,
A.; Yoshida, K.; Ogawa, A.; Hirao, TJ. Am. Chem. So@001,123, 68.
(d) Moriuchi, T.; Nomoto, A.; Yoshida, K.; Hirao, TOrganometallic2001,
20, 1008. (e) Moriuchi, T.; Yoshida, K.; Hirao, Q@rganometallics2001,
20, 3101.

(7) Selected data are as follow€ompound 1: mp 148-150°C
(uncorrected); IR (CkClz, 1.0 x 1073 M) 3399, 3307, 1697, 1634 criy
H NMR (300 MHz, CDC}, 5.0 x 1073 M) 6 8.84 (d, 2H,J = 7.2 Hz),
8.78 (s, 2H), 7.91 (d, 2H] = 8.4 Hz), 7.55 (dd, 2HJ = 8.4, 7.5 Hz), 6.87
(d, 2H,J = 7.5 Hz), 4.90-4.88 (m, 4H), 4.864.74 (m, 4H), 4.544.52
(m, 2H), 4.314.29 (m, 2H), 3.99-3.91 (m, 2H), 3.7%+3.66 (m, 2H), 2.45
2.11 (m, 14H), 1.33 (d, 6H) = 7.2 Hz); FAB-MSm/z 791 (M" + 1).
Anal. Calcd for GoHagNgOsFe-HO: C, 59.41; H, 5.98; N, 13.86. Found:
C, 59.07; H, 5.64; N, 13.4Compound 2: mp 95—97°C (uncorrected);
IR (CHCl,, 2.0 x 1073 M) 3411, 1701, 1636 cnt; 'H NMR (300 MHz,
CDCl3, 1.0 x 1072 M) 6 8.86 (s, 1H), 7.96 (d, 1H] = 8.1 Hz), 7.57 (dd,
1H,J=8.1, 7.2 Hz), 6.89 (d, 1H] = 7.2 Hz), 6.69 (d, 1HJ) = 7.5 Hz),
4.99-4.90 (m, 1H), 4.744.69 (m, 3H), 4.354.34 (m, 2H), 4.22 (s, 5H),
3.87—3.79 (m, 1H), 3.743.67 (m, 1H), 2.45 (s, 3H), 2.38.32 (m, 1H),
2.24-2.06 (m, 3H), 1.50 (d, 3H,= 6.6 Hz); FAB-MSm/z489 (M" + 1).
Anal. Calcd for GsH2gN4OsFe-HO: C, 59.30; H, 5.97; N, 11.06. Found:
C, 58.93; H, 6.08; N, 10.67.

(8) Crystal data fofl: CsoH4eNgOsFe CHCI3, fw = 910.08, orthorhombic,
space groupP2:2:2; (No. 19),a = 12.0206(3) Ab = 37.225(1) Ac =
10.9413(3) AV = 4895.8(2) R, Z = 4, Dcaca= 1.235 g/crd, R = 0.088,
Ry = 0.243.
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Figure 2. Molecular structure of..

NH adjacent to the pyridyl moiety df participates in the
intermolecular hydrogen bonding with CO adjacent to the
ferrocene unit of the neighboring molecule instead of
intramolecular hydrogen bonding (Figure S1, Supporting
Information).

A chirality-organized structure in solution was investigated
by circular dichroism (CD) spectrometry. Ferroceie
exhibited an induced CD around the absorbance of the
ferrocene function, although such induced CD was not
observed in the case of ferrocer® bearing only one
dipeptide chain (+-Ala-L-Pro-NHPyMe) (Figure 3). These
results suggest that the chirality organization through in-
tramolecular hydrogen bonds is maintained even in@H
In the *H NMR spectrum ofl in CDCl; (5.0 x 1073 M),
only one kind of Ala N-H resonance was detected at a lower
field (8.84 ppm) than that o2 (1.0 x 1072 M, 6.69 ppm).
The FT-IR spectrum of in CH,Cl, (1.0 x 103 M) showed
the hydrogen bonded N—H stretching band at 3309%cm
Two identical intramolecular hydrogen bonds between the
podand dipeptide chains afare indicated to be formed in
the solution. Variable-temperatutid NMR studies ofl (5.0
x 1072 M in CDCl; between 223 and 323 K) showed)/

AT values of Ala N-H of —3.4 ppb/K. This result supports
a strong hydrogen bonding far A large downfield shift of
the additional N-H resonance adjacent to the pyridyl moiety
of 1 was observed by the addition of aliquots of DM8@-
to CDCk (5.0 x 1073 M; CDCls, 8.78 ppm; CDG/DMSO-

ds (9:1), 9.62 ppm), although the Ala-NH resonance ol
was not perturbed (CDg;18.84 ppm; CDG/DMSO-d; (9:

1), 8.96 ppm). These findings indicate that the additional
NH adjacent to the pyridyl moiety is not hydrogen bonded
in solution. The N-H stretching band at 3399 crhin the
FT-IR spectrum ofl in CH,Cl, (1.0 x 102 M) also supports
the non-hydrogen bonded-\H. The NH adjacent to the

Org. Lett., Vol. 5, No. 23, 2003



Table 1. K, Values ofl

2
-1 guest Ka [M71]2
0 -2 succinic acid (n = 2) 3a 2.8 x 102
glutaric acid (n = 3) 3b 3.7 x 103
adipic acid (n = 4) 3c 2.1 x 10*
—o suberic acid (n = 6) 3d 7.7 x 103
sebacic acid (n = 8) 3e 5.9 x 103
benzoyl-L-glutamic acid 3f 5.5 x 103
v =4 benzoyl-p-glutamic acid 3g 3.7 x 10?
E 2K, = association constants. Values were determinedthyNMR
z —64 titration (CDCb/acetone-g (5:1)).
-8+ of 1 (A6 1.04 ppm) upon addition of 1 molar equiv 8€,
suggesting that amido pyridyl moieties serve as binding sites
1o for the dicarboxylic acid. The dicarboxylic acideceptor
stoichiometry was confirmed to be 1:1 by Job plots. Titration
of 1in CDCly/acetone-gl(5:1) with a series of dicarboxylic
-12 T . . | . acids3 showed appreciable association constants. It should
200 300 400 500 600 700 800 be noted that a higher association constant for adipic acid
nm (3¢, Ka = 2.1 x 10* M~1) was observed as compared with
Figure 3. CD spectra ofl and2 in CH,Cl, (1.0 x 1074 M). succinic acid 8a, K, = 2.8 x 10 M™%) and glutaric acid

(3b, Ky = 3.7 x 10* M™Y. This difference can probably be
attributed to the complementary size of the binding space
pyridyl moiety is expected for hydrogen bonding with of 1 for adipic acid. Furthermore, suberic agt(K,= 7.7
dicarboxylic acids. x 10° M~2) and sebacic aciBe, K, = 5.9 x 10° M~2) with

In the ferrocene receptdr the two amido pyridyl moieties  |onger chain lengths exhibited a smaller constant. Since an
as hydrogen bonding sites are well arranged for dicarboxylic induced CD around the absorbance of the ferrocene function
acids by chirality organization through two intramolecular of 1 hardly changed upon addition of 5 molar equiv3uf
hydrogen bonds. Initially, the dicarboxylic acid binding the chirality organization through two intramolecular hy-

properties ofl were investigated usingd NMR spectroscopy  drogen bonds seems to be maintained in the recognition
and association constants were measured for dicarboxylicprocess to afford a rigid binding site for the selective

acids3 possessing various chain lengths (Scheme 1 and Tableecognition.
D). 1'__| NMR studles_ n CD_CJ/acetone-gl (_5:1) erea'ed a To evaluate the chiral recognition ability @f the chiral
considerable downfield shift of the pyridine amide protons < .imination properties of were examined with biologi-

_ Cally important glUtamiC acids. Itis nOteWOfthy that benzoyl'
L-glutamic acid 8f, K, = 5.5 x 10 M) is bound

Scheme 1 approximately 15 times more tightly tb than benzoyb-
B glutamic acid 8g, Ko, = 3.7 x 10* M™1). The chirality-
° 0\},” N’ organized binding site df is capable of discriminating the
N hirality of molecules.
@—ﬁN\H@O N:] . o c | ality oI gl_,lestf olecu esb _— g y
Fe Mg/‘_ o)A n conclusion, errocené earing the podand dipeptide
@_(NHN—NE HO OH chains (-L-Ala-L-Pro-NHPyMe), which is conformationally
v H 3an=2 regulated by two intramolecular hydrogen bonds between
o N IN\ onzt CO (Ala) and NH (another Ala) of each podand dipeptide
1 Z dn=¢ chain, was demonstrated to provide the chirality-organized

binding site for size-selective recognition of dicarboxylic
acids. The chirality-organized binding site permittedo

[P S—

n behave as a receptor, differentiating guest molecules on the
Ou=N"N basis of chirality. Studies on the application of chirality
@_j\) 0 A 15 organization of ferrocenes bearing podand dipeptide chains
Mg’;)—N:j 050 to chiral recognition and asymmetric reaction are now in
Fe  Me; {SHa)n progress.
o] H .
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