JACS

OURNAL OF THE AMERICAN CHEMICAL SOCIETY

Subscriber access provided by University of Birmingham | http://www.library.bham.ac.uk

Communication

Bovine Serum Albumin-Mediated Enantiodifferentiating
Photocyclodimerization of 2-Anthracenecarboxylate

Takehiko Wada, Masaki Nishijima, Tai Fujisawa, Norimitsu
Sugahara, Tadashi Mori, Asao Nakamura, and Yoshihisa Inoue

J. Am. Chem. Soc., 2003, 125 (25), 7492-7493+ DOI: 10.1021/ja034641g * Publication Date (Web): 30 May 2003
Downloaded from http://pubs.acs.org on March 29, 2009

h 320
COOH %

0.60 mM
HOOCCOOH ®!‘@ COOH gggﬂ COOH
Q| O IR,
[BSA] achira chiral chiral achiral
omM  43% 35% 14% 8%
0.48mM 8% 1% 38% 43%

(29% ce) (41% ee)

More About This Article

Additional resources and features associated with this article are available within the HTML version:

. Supporting Information

. Links to the 9 articles that cite this article, as of the time of this article download
. Access to high resolution figures

. Links to articles and content related to this article

. Copyright permission to reproduce figures and/or text from this article

View the Full Text HTML

ACS Publications

High quality. High impact. Journal of the American Chemical Society is published by the American Chemical
Society. 1155 Sixteenth Street N.W., Washington, DC 20036


http://pubs.acs.org/doi/full/10.1021/ja034641g

JIAIC[S

COMMUNICATIONS

Published on Web 05/30/2003

Bovine Serum Albumin-Mediated Enantiodifferentiating
Photocyclodimerization of 2-Anthracenecarboxylate

Takehiko Wada,’ Masaki Nishijima,™ Tai Fujisawa,! Norimitsu Sugahara,” Tadashi Mori,"
Asao Nakamura,*8 and Yoshihisa Inoue* T+

Department of Molecular Chemistry, Osaka Wisity, 2-1 Yamada-oka, Suita 565-0871, Japan, and ICORP
Entropy Control and ERATO Photochirogenesis Projects, JST, 4-6-3 Kamishinden, Toyonaka 565-0085, Japan

Received February 13, 2003; E-mail: inoue@chem.eng.osaka-u.ac.jp

Asymmetric photochemistry provides us with new versatile routes 10
to enantiomerically enriched novel/strained compounidscently, @ AC/ B1S A
much effort has been devoted to supramolecular photochirogenesis, 5| 10.
exploiting the chiral environment of natural and synthetic hosts, (©
such as cyclodextritmodified zeolite3 DNA,* hydrogen-bonding o 0
template5 chiral crystal latticé, or host’” Supramolecular photo- o v 5
chirogenesis with biomolecules is particularly attractive and 3 10
advantageous in view of their inherently chiral and well-defined E 54
3D structures. ®5 go
Bovine serum albumin (BSA) binds endogenous as well as 3
exogenous substrates in its hydrophobic pock&andomeneghi 0 @
et al. demonstrated that racemic'ihinaphthol and ketoprofen are -5
photodecomposed in high enantiomeric excess (ee) in the presence -5
of BSAZS This is a clever strategy for effecting the asymmetric :
photodestruction by selectively exciting the red-shifted band of the .10 10— .
BSA-bound substrate enantiomer. 300 Waveleésr?gth ; nnfoo o 2 A4C/Bsi & 10

Here we propose a more dynamic supramolecular photochiro-
genesis using BSA, in which stereogenic centers @eated
employing 2-anthracenecarboxylate (AC) as a prochiral substrate.
Photoirradiation of AC affords four [4 4] cyclodimersanti- and
syn-head-to-tai(HT) (1 and2) andanti- andsyn-head-to-hea(HH)
dimers @ and 4), of which only 2 and 3 are chiral’® In their
pioneering worki! Tamaki et al. demonstrated that photocy-
clodimerization of AC in the presence gfcyclodextrin affords
optically active cyclodimers, although the ee was not determined
at that time. In our recent study, we obtain2éh up to 41% ee
and3 in very low ee of <5%.J12

Figure 1. CD spectral change upon addition of AC to a phosphate buffer
solution (pH= 7) of BSA (0.08 mM) at 25°C; (a) [AC] = 0 (baseline),
0.02, 0.04, 0.06, 0.08 mM (from bottom to top); (b) [A€]0.08, 0.1, 0.2,
0.3, 0.4, 0.5, 0.6, 0.7, and 0.8 mM (from top to bottom); (c) CD intensity
at 391 nm as a function of AC/BSA ratio and curve-fitting analyses.

CD (ICD) bands at 336400 nm, which exactly correspond to the
UV spectral peaks of AC. Interestingly, the CD spectral behavior
was a critical function of AC/BSA ratio, with the sign of ICD
inverted at high ratios, clearly indicating the operation of multiple
binding modes. Positive Cotton effect peaks evolve, and their
intensities rapidly grow with increasing AC/BSA ratios from zero
to unity (Figure 1a). However, further addition of AC causes a
gradual decrease of ICD intensity with increasing AC/BSA ratios,
eventually giving negative ICD spectra (Figure 1b). Figure 1c
illustrates the ellipticity change at 391 nm versus the AC/BSA ratio.
Further detailed Job-plot and curve-fitting analyses of the CD;-UV
vis, and fluorescence titration data revealed that there are four
independent binding sites for AC in BSA, which bind 1, 3, 2, and

In this study to expand the range of supramolecular photochi- 3 AC molecules with binding constants of 53107, 1.3 x 10,
rogenesis with BSA (from uni- to bimolecular reaction and from 1.4 x 104 and 3.0x 10° M1, respectively3 The exclusive binding
photodestruction to photochirogenesis) and to elucidate the factorsof one AC by the first site justifies the monotonic increase of ICD
and mechanisms governing the product ratio and ee in BSA- up to AC/BSA= 1. Notably, the subsequent multiple AC bindings
mediated photochirogenesis, we examined the complexation be-cause no appreciable exciton coupling (Figures 1b), indicating that
havior of AC by BSA, and subsequently performed enantiodiffer- these ACs, even if bound to the same binding site, are not very
entiating photocyclodimerization. closely located to each other.
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The supramolecular interaction of AC with BSA was quantita-
tively examined by circular dichroism (CD) spectral titration.
Gradual additions of AC (60.75 mM) to a phosphate buffer
solution (pH 7) of BSA (0.075 mM) gave well-structured induced
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Phosphate buffer solutions (pH 7), containing AC (0.6 mM) and
varying amounts of BSA (00.6 mM), were irradiated under
identical conditions to give the HTL(and 2) and HH dimers §
and 4). The results are listed in Table 1, along with the initial
populations of AC prior to irradiation, which are calculated by using
the binding constants determined above.

The presence of BSA, particularly at high concentrations,
appreciably reduces the photodimerization rate. Thus, the conversion

10.1021/ja034641g CCC: $25.00 © 2003 American Chemical Society
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Table 1. Enantiodifferentiating Photocyclodimerization of AC in the Presence/Absence of BSA in Aqueous Buffer Solution (pH 7) at 25 °C#

% population of AC® % distribution of product (% ee)®

[BSAJ/mM AC/BSA 1st site 2nd site 3rd site 4th site free bound/free % conversion 1 2 3 4 HH/HT®
0.00 f 0 0 0 0 100 0 88 43 39 14 0) 8 0.28
0.03 20 5 15 8 7 65 0.5 73 29 2511 26 (14) 20 0.85
0.06 10 10 29 15 9 37 14 64 29 2113 29 (34 21 10
0.12 5 20 53 15 3 9 7.9 55 21 1718) 35 (398) 27 16
0.15 4 25 58 11 1 5 14 48 17 1522 38 (39 30 2.1
0.48 13 78 22 02 <01 0.1 220 5 8 11+29) 38 (41) 43 4.3
0.60 1.0 91 9 <0.1 <0.1 <0.1 <1

a|rradiated at>320 nm for 1 h under Ar; [ACJ 0.60 mM.P Population of AC among the first to fourth sites and the bulk solution, calculated from the
binding constantst Molar ratio of AC bound to second, third, and fourth sites against free ¥&Rantiomeric excess determined by chiral HPLC; error
<3% ee; the positive/negative ee sign corresponds to the excess of the first/second-eluted enantiomer, resg8ctivélif1 + 2]. f Not applicable.

of AC decreases moderately from 88% in the absence of BSA to In this first supramolecular photochirogenesis with an achiral
48% at AC/BSA= 4, then rapidly to 5% at AC/BSA= 1.3, and substrate, we showed: (1) BSA possesses four discrete binding sites
finally to <1% at AC/BSA= 1. The extremely low conversions for AC of different affinity, stoichiometry, and chiral environment
(0—5%) at AC/BSA= 1—1.3, where all ACs are populated in the for photochirogenesis, (2) BSA-mediated photodimerization of AC
first and second sites, reveal the significant contribution of free switches the regioselectivity from HT to HH, and (3) affords
AC to the photodimerization. The complete suppression of the optically active2 and3 in 22% and 39% ee (48% conversion) and
photoreaction at AC/BSA= 1 indicates that the single AC tightly  eventually 29% and 41% ee (5% conversion). It is emphasized that
bound to the first site is photochemically inactive, probably due to the selective excitation of bound substrate, utilizing the bathochro-
the steric shielding or efficient quenching by electron-donating mic shift upon BSA complexation, is not a prerequisite for efficient
aromatic amino acid residues such as tryptophan and tyrosine. photochirogenesis using biomolecules. This conclusion is highly
The HH/HT ratio shows a rapid increase from 0.28 in the absence encouraging in expanding the range of substrates and the scope of
of BSA up to 4.3 at AC/BSA= 1.3, accompanying a dramatic  supramolecular photochirogenesis with biomolecules.
inversion of regioselectivity from 78% HT to 81% HH. This change ) _ .
is nicely linked to the rapid decrease of free AC, giving resembling ~ Acknowledgment. Financial support by MEXT is gratefully
profiles for the HH/HT ratio and the “bound/free” AC ratio ~aPpreciated. We thank Dr. Guy A. Hembury for assistance in the
(unreactive AC at the first site not taken into account). This clearly Preparation of this manuscript.
indicates that the HH dimers arise from the “intra-site” and “inter-  g,,50rting Information Available: Experimental procedures and
site” reactions at the second, and probably the third and fourth sites, jetajled analysis of the binding behavior of AC with BSA (PDF). This

at which the majority of AC (neglecting those at the first site) is - material is available free of charge via the Internet at http://pubs.acs.org.
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