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Sugar-Recognition of Boronyl-Substituted Porphyrin

Jin MATSUMOTO, Kou SUZUKI, Tomoko MATSUMOTO, Masahide YASUDA

Abstract

Porphyrins have received substantial attention in developing singlet oxygen (!O2) sensitizers for the photo-
inactivation of bacteria and for the photodynamic therapy (PDT) of tumor cells. Binding affinity of 'O»-sensitizer
towards biomolecules such as DNA, protein, and saccharides is important for these biological applications.
Especially, since cancer cells have a tendency to accumulate saccharides, the binding affinity of 'O2-sensitizer to
tumor cells can be often enhanced by endowing the affinity towards saccharides. Here, we designed Sb-porphyrins
(1a) incorporated axially with phenylboronic acid group, which can usually interact with cis-diol of saccharides.
Actually the presence of glucose (3a), fructose (3b), and galactose (3¢) caused to the spectral changes in absorption
and fluorescence spectra as well as mass spectrometry of 1a due to the formation of an aggregate between 1a and 3.
The binding constant (K) for the 1a-3b adduct were measured to be 1.39 x10°, 3.1 x10% and 1.7 x103M! by
analysis of the absorption and the fluorescence spectral changes and the mass spectrometry, respectively. It was
thought that the difference of these K values is dependent on the structure of the aggregates. Thus, it was found that

1a can highly associate with saccharides.
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Scheme 1. Axially phenylboronyl-substituted antimony-
porphyrin (1).
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Scheme 2. Synthetic routes of 1a and 1b.

[MeO(Br)Sb(tpp)]Br (100.2 mg) % 3-(AF /LT 2 J)-1-
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MeCN (5.0mL) &Y Py (1.0mL) ORATEBEICIEME
L. ZEHRFEPK T T 100 °C (27T 24 B Lz, id
B, NV UFELEITO, REME 7 v a L A TR
L., WiEERE L, BB aaRLva—2 %)
—IVEHWDL VBTN AT AT~ NI T T 44—k
S CHERER U, e Lz, N2 71% (72 mg) CH
B (2a) 437,

2a; Yield 72 mg (71 %). '"H NMR (400 MHz, CDCl3) &
ppm = —2.55 (t, J = 6.2 Hz, 2H), —2.21 (s,3H), ~1.10 — —1.03
(m, 2H), 0.16 (¢, J = 7.5 Hz, 2H), 1.69 (s, 3H), 7.85-7.90 (m,
4H), 7.94-8.00 (m, 8H), 8.25-8.27 (m, 4H), 8.56-8.59 (m,
4H), 9.55 (s, SH).
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1a; Yield 23 mg (39%). 'H NMR (400 MHz, CDCl) &
ppm = —2.64 (t, J = 6.1 Hz, 2H), —2.22 (s, 3H), —1.58 - —1.51
(m, 2H), —0.22 (t, J = 7.0 Hz, 2H), 1.16 (s, 3H), 2.82 (s, 2H),
6.76 (d, J = 7.2 Hz, 1H), 7.09-7.13 (m, 1H), 7.16-7.19 (m,
1H), 7.66 (d, J = 7.0 Hz, 1H), 7.89-7.99 (m, 12H), 8.28 (d, J =
7.3 Hz, 1H), 8.34-8.35 (m, 4H), 9.52 (s, 8H); 13C NMR (100
MHz, CDCLs) dppm = 24.65, 38.83, 45.72, 49.99, 55.99,
61.59, 123.06, 127.45, 127.92, 128.17, 129.74, 130.03, 130.03,
133.97, 134.73, 134.90, 135.08, 135.67, 137.99, 138.14,
145.96; HRMS Calcd. for CssHasBNsO4Sb* 986.2832 [M™].
Found m/z 986.2836. UV (MeCN) Amax/nm (¢/M 'em™') = 420
(27.6 x 10%, 513 (0.23 x 10%), 551 (1.49 x 10%), 591 (0.88 x
104
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1b; Yield 32 mg (59%). 'H NMR (400 MHz, CDCL)
Sppm = —2.26 (s, 3H), —0.95 (s, 2H), 3.75 (d, J = 7.7 Hz, 2H),
6.98 (d, J = 7.7 Hz), 7.04 (brs, 2H), 7.85-7.90 (m, 4H), 7.9—
8.01 (m, 8H), 8.19-8.21 (m, 4H), 8.26-8.28 (m, 4H), 9.48 (s,
8H); HRMS Caled. for Cs:HoBNsOsSb* 9152103 [M*].
Found m/z 915.2102. UV (MeCN) Ama/nm (/M ! cm™") = 420
(17.3 x10%, 513 (0.139x10%), 552 (0.815x10* 1), 592 (0.486 x
10%), E12°Y V vs Ag/Agh=—0.67.
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Fig. 1. Spectral change of absorption spectra of an aqueous solution of 1a by the addition of 3a (A), 3b (B), and 3¢ (C).
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Scheme 4. Saccharides (3a—3c¢) used for the present
experiments.
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Equation 1. Equation was used for determining the binding
constant (K) using absorbance (4). In the case of
analysis of fluorescence spectral change, letter 4 should
be substituted by F. Also in the case of analysis using
mass spectra, letter 4 should be substituted by f.
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Table 1. Absorbance (4) in absorption spectra of aqueous
solution of 1a in the addition of 3a, 3b, and 3¢

(3/uM Absorbance (4)
3a 3b 3c
0.0 0.537% 0.5279 0.450
4.0 0.445 0.426 0.350
7.9 0.396 0.367 0.305
11.9 0.367 0.334 0.271
15.7 0.344 0.309 0.246
19.6 0.324 0.291 0.227
[3]79 0.2309 0.1999 0.1689
K/105M™! 1.20 1.39 1.91

a) Concentration of 3. b) The absorbance (4o) in the absence
of [3]. ¢) Infinite concentration. d) Absorbance (4”) at the
infinite concentration of 3 ([3]%).
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Fig. 2. Determination of K values from the pots of A4/(4A—A)
against [3] — [1a]AA4/(4o—A<) in the absorption spectra of
1a (2.0 uM) in additions of various concentrations of 3a
(O), 3b (A), and 3¢ (O0).

D Z LI Lz, KX, 3a TiX 1.20x105M7L, 3b
TIX 1.39%105 M1, 3¢ TIX191x10°M ' & 720 . W
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Fig. 3. Spectral change of fluorescence spectra of a MeOH—
buffer solution of 1a in the addition of 3b (B).

Table 2. Fluorescence intensity (F) of fluorescence spectra of
aqueous solution of 1a and the peak fraction (f) of mass

spectra in the addition of 3b

Fluorescence spectra Mass spectra
[3b]/mM ® FY [3b]/uM ® fo
0 Fo=140 0 fo=0
0.25 151 3 0.021
0.50 160 30 0.013
0.75 165 100 0.083
1.00 168 200 0.172
2.00 170 300 0.156
600 0.230
900 0.266
[3b]* 9 Fr=1759 [3b]79  f=0.4309
KN103M™! 32| K/110°M! 1.7

a) Concentration of 3. b) Fluorescence intensity (F) of
aqueous solution of la. ¢) The peak fraction (f) that was
determined by (/2/(l1 + L)), where Ii and I» denote peak
intensities at m/z = 986 and m/z = 1130, respectively, in mass

spectra in the addition of 3b. d) At infinite concentration.
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Fig. 4. Determination of K values between 1a (2.0 uM) and 3b by the pots according to the equation (1) in the fluorescence spectra
(A) and the mass spectra (B). K= 3.2 x10* M from the fluorescence spectra and 1.7 x10° M! from the mass spectra.
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Scheme 5. Adduct formation of 1a with fructose (3b).
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Fig. 5. MS-spectra of 1a (3 uM) in the addition of 3b (1.0
mM). The peaks appeared at m/z = 986.2826 and
1130.3250 due to 1a and a 1a—3b adduct, respectively.



6 O OK Lo E RS

KORBELVIE, (HDAD 4 % flc@Eiz -2
TAT > 72, Table 2 |[ZFH D f DIEZE FAWTAI( - f) B &
O [3b] — [1alAfi(fo— foo) L, ZHHETmY b L
TEEMBROMEE D K% 1.7x100 M &3k H 7= (Fig. 4B) ,
ZOfEIT HEIEANRT RLTRD T K OfE32x10° M |2
FWMEE 2> TS, ZHBDOFEHRNS, 1a & 3b DA
HAERIZIE, Zo0RIOMEERNSH Y | F1HIZ 3b &R
o R L OBFOCFAERIC X AR (RHnik B) 28
RSN DT T 2 e R o VEEERO M 7 3b 23D
P UT=AHINR (REIR A) DSR2 & B s,
AT, HBEALT MLOA A AGBRTHHRE LN
LERHEEER L T\D,

4. #5:

4

BWIL T N—TTIE, ToFEUVRLT 4 VU BLY
VAR 4 U a0 RIGHE, BREE. SRR
#Zffi o 72 PDT OWFE ARG IRINAT > T 119, 2o
T, B EWE R A AT A A ORRIL, PDT
B A BRI OB NS EETH S, 4lnl, R
0 g% Sb-RV T 4 U v OEENL IS A U g A A
AECL. FEEE OB Z BRE L7z, BEEIARNICE
W, FE A OPEIRE 72 & & U TR e & 2k
LTWa, £/, ZXAF—HE L THLEETHD, #
AR EF A LR TR OB EN LW EBm b
THEY, R E AT 2EAORRBITEETH L,
ABIBA%E L-R e g E Sb-rRL 7 ¢ Uik, HHRO
PDT H4i&H| & L COFIHBHGF SN D,

S XXk

1) D. E. J. G. J. Dolmans, D. Fukumura, and R. K. Jain:
Photodynamic therapy for cancer, Nat. Rev. Cancer,
Vol.3, pp.380-387, 2003.

2)  A. Gyulkhandanyan, L. Gyulkhandanyan, R. Ghazaryan,
F. Fleury, M. Angelini, G. Gyulkhandanyan, and V.
Sakanyan: Assessment of new cationic porphyrin
binding to plasma proteins by planar microarray and
spectroscopic methods, J. Biomol. Struct. Dyn., Vol.31,
pp.363-375, 2013.

3)  J.S. Trommel and L.G. Marzilli: Synthesis and DNA
binding of novel water-soluble cationic methylcobalt
porphyrins, Inorg. Chem., Vol.40, pp.4374-4383, 2001.

4) M. Haeubl, L.M. Reith, B. Gruber, U. Karner, N. Miiller,
G. Knor, and W. Schoefberge: DNA interactions and
photocatalytic strand cleavage by artificial nucleases
based on water-soluble gold(IIT) porphyrins, J. Biol.
Inorg. Chem., Vol.14, pp.1037-1052, 2009.

5)  S.Tada-Oikawa, S. Oikawa, J. Hirayama, K. Hirakawa,
and S. Kawanishi: DNA damage and apoptosis induced
by photosensitization of 5,10,15,20-tetrakis (N-methyl-
4-pyridyl)-21H,23 H-porphyrin via singlet oxygen

6)

7)

8)

9)

10)

11)

12)

13)

14)

generation, Photochem. Photobiol., Vol.85, pp.1391—
1399, 2009.

M. Obata, S. Hirohara, K .Sharyo, H. Alitomo, K.
Kajiwara, S. Ogata, M. Tanihara, C. Ohtsuki, and S.
Yano: Sugar-dependent photodynamic effect of glycol-
conjugated porphyrins: A study on photocytotoxicity,
photophysical properties and binding behavior to bovine
serum albumin (BSA), Biochim. Biophys. Acta, Gen.
Subj., Vol.1770, pp.1204-1211, 2007.

J. S. Hansen, J. B. Christensen, J. F. Petersen, T. Hoeg-
Jensen, and J. C. Norrild: Arylboronic acid: a diabetic
eye on glucose sensing, Sens. Actuators, B: Chem.,
Vol.161, pp.45-79, 2012.

AR, IWNEE, A, A RS, REEF:
ESI-FIMS (2 K B2l T4 R 7 1 U RO
B A SAHGE, 3 b, Vol 64, pp.551-556,
2015.

T. Shiragami, J. Matsumoto, H. Inoue, and M. Yasuda:
Antimony porphyrin complexes as visible-light driven
photocatalyst, J. Photochem. Photobiol. C: Rev., Vol.6,
pp.227-248, 2005.

M. Yasuda, T. Nakahara, T. Matsumoto, T. Shiragami, J.
Matsumoto, H. Yokoi, T. Hirano, and K. Hirakawa:
Visible light-assisted sterilization activity of water-
soluble antimonyporphyrin toward Saccharomyces
cerevisiae, J. Photochem. Photobiol. A: Chem., Vol.205,
pp-210-214, 2009.

J. Matsumoto, T. Shiragami, K. Hirakawa, and M.
Yasuda: Water-solubilization of P(V) and Sb(V)
porphyrin and their photobiological application,
International J. Photoenergy, Article ID 148964, 2015.
J. Matsumoto, T. Shinbara, S. Tanimura, T. Matsumoto,
T. Shiragami, H. Yokoi, Y. Nosaka, S. Okazaki, K.
Hirakawa, and M. Yasuda: Water-soluble phosphrous
porphyrins with high activity for visible light-assisted
inactivation of Saccharomyces cerevisiae, J. Photochem.
Photobiol. A: Chem., Vol.218, pp.178—184, 2011.

J. Matsumoto, T. Kubo, T. Shinbara, N. Matsuda, T.
Shiragami, M. Fujitsuka, T. Majima, and M. Yasuda:
Spectroscopic analysis of the interaction of human
serum albumin with tricationic phosphorous porphyrins
bearing axial pyridinio groups, Bull. Chem. Soc. Jpn.,
Vol.86, pp.1240-1247, 2013.

J. Matsumoto, Y. Suemoto, H. Kanemaru, K. Takemori,
M. Shigehara, A. Miyamoto, H. Yokoi, and M. Yasuda:
Alkyl substituent effect on photosensitized inactivation
of Escherichia coli by pyridinio-bonded P-porphyrin, J.
Photochem. Photobiol. B: Biol., Vol.168, pp.124—131,
2017.



