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< Scheme 1-1. Complexation of boronic acids with diols

7 HO
5 )
R” “OH HO
’
+H kB + < kL L e?
“Ho | tHp kL == PBR%
OH
?H ©0
. )
RESOH o
OH

Conditional formation constant (K’)
K,

K= 1B _ !
[BIL] [H*](1+K2/[H*)(1+KF/[H*])

v JIRBOWGIHT 0 (HUJH' o [BLI'
* " T[RBOH),] ~ " [H,L] ' [RB(OH),][H,L]
¥ Optimal pH condition (pH,,)
dK’ K+ pk - .
—= pH,, _PE PRy (Eq. 1)
drH"

< Scheme 1-2. Predicted optimal pH

Boronic acid Saccharides - Optimal pH
R = alkyl D-Fructose R = alkyl
(PK.B > ~10) D-Galactose (PHgpe ~11)
OH |
R*B/ R = phenyl + D-Glucose R = phenyl
o (PK,27-9) D-Manose (PHqp ~10)
te.
R = pyridyl ste R = pyridyl
(PKE~4) {pK ~12) (PHop: ~8)

Equation 1 suggests that the boronic acids having low pK_.Bs would be preferable for the complexation with saccharides (pK," > 12) at neutral pH (Scheme 1-2). In this study we carried out the detailed equilibrium and

kinetic analyses to get the fundamental information on the properties of N-substituted pyridinium boronic acid

N-RPy*B(OH),, bearing strong acidity [1].

@ Acid dissociation constants of pyridylboronic acid derivatives

(D

< Scheme 2-1. Acid dissociation of the N-substituted pyridinium boronic acids

. . ,
NRP—E <= NRPj—Bnoy | < PY—Bmon
OH 1o OH OH
in the case of R = H
R
A
NRPY = () RJNC\>—

3-(N-R)Py*B(OH),  4-(N-R)Py*B(OH),

v Acidities of the boron center and the pyridinium moiety in HPy*B(OH), are pK,? < pK,P*
v Introduction of N-substituent causes little influence on the acidity of boron center:

Table 1-1. The pK, values of the N-substituted

pyridinium boronic acids 2

Boronic acid pK.B pK,PY
3-HPy*B(OH), 4.4010.05  8.2710.05
3-(N-CH)Py'B(OH),  4.400.03 -
3-(N-C,H,)Py'B(CH),  4.4510.04 -
3-(N-CHg)Py*B(OH),  4.42+0.04 -
3-(N-CH.)PY'B(OH),  4.4320.02 -
3-(N-CH )Py'B(OH),  4.36:0.05 -
4-HPy*B(OH), 4.0010.01 8.0410.03
4-(N-CH)PY'B(OH),  3.96+0.01 -

@ The pK,E was assigned on the basis of the "B NMR data

ically at I = 0.10 M (NaCl) and T = 25°C)

[1]S. Iwatsuki, et al., J. Phys. Org. Chem., 2012, 25, 760.

< Scheme 2-2. Acid dissociation of the C-substituted pyridylboronic acids

Table 1-2. The pK, values of the C-substituted

" /OH KBy /OH KB 7PH pyridylboronic acids 2

HPy—B\ S5 Py—B\ o Py—B uOH Boronic acid pK,PY pK,B
OH OH -0 \OH 3-(6-F)PyB(OH), nd. 7.10£0.02
3-(2-F)PyB(OH), nd. 6.3320.10
/N‘%L }_{\L 3-(2-Cl)PyB{OH), < 6.5510.01
Py= E<_/\ N Y 3-(5-Br)PyB(OH), 3.04£002  6.47+0.03
=X %X 3-(6-CH;0)PyB(QH), 3.30£0.01 7.99£0.01
3-(1-X)Py'B(OH),  4-(n-X)Py*B(OH), 4-(6-C)PyB{OH), <1 5.6640.02

# The pk . was assigned an the basis of the 118 NMR data

V' Introduction of a substituent into the pyridine-C atom reverses the order of pK,
v The acidities of the boron centers in C-substituted pyridylboronic acids are as

values, i.e., pK,? > pK,™
eak as those of phenylboronic acid derivatives.

Acidities of the N-substituted pyridinium boronic acids (N-RPy*B(OH),, pK,E ~4) are much higher than those of phenylboronic acid derivatives (pK,E 7 — 9)

@ Equilibrium analyses for the complexation reaction of N-RPy*B(OH), with saccharides (L) in aqueous solution
<> Scheme 2. The reaction of N-RPy*B(OH), with saccharide

. K
N-RPy*B(OH), | + L |=—= N-RPy*B(OH)(L’)
. u i B
K,
N-RPy*B(OH); |+ L |=—= N-RPy*B(OH)L')

(L denotes the saccharide ligand dissociating two protons)

Equilibrium analysis

[N-RPy*BLOH) IH']
[N-RPY"R(OT1), |

g - LV-RPYBOINLY J|11')

X" ‘ «
[N-RPY"R(OIN, J|L|

(@nd &, =K, K

v Under the condition of C; >> Cy, the apparent constant K, obtained from the
pH titration is expressed as Eq. 2, since C, = [L].
_ (IN-RPy"B(OH); 1+[BL[H'] _ K

[N-RPy*B(OH),]

a_
Ko KP+KC =K = K,

! (Eq.2)

L
v The conditional formation constant K"t pH 7 can be calculated from Eq. 3.
[BL] K, K,

- 1

[BIL] [H']+K? TN KP

(Eq.3)

@ Spectrophotometric titration
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Fig. 1. Absorption spectra of the react
(OH), and D-fructose at various pHs.
0.1 Mand T=25°C.

n mixture of
5= 0.1 mM, C,

<<

All boronic acids are fructose-selective

<

Table 2. Equilibrium constants for the reaction of N-RPy*B(OH),

with saccharides at / = 0.10 M (NaCl) and T=25"C

saccharede  SHPY'B(OH), 3{(N-CHJPY'B(OH),  4-HPY'B(OH), 4-(N-CHPY'B(OH), PhB(OH),

pK.E = 4.40 pK.E = 1.40 pK.B = 4.00 PK.E=3.95 PK.E=8.72
Ky

D-Fructose 1.9x10°2 1.5x10°2 4.7x1072 8.5x102 -

D-Mannose 1.2x10-2 1.2x10-2 3.0x10° 4.3x10°3 -

D-Galagtose 7.9x10-4 1.2x10-2 3.0x10° 4.3x10°3 -

D-Glucose 5.3x1074 8.0x1074 2.0x10°3 3.0x10°2 -

K*at pH 7/ M- (K, | M)

D-Fructose 480 (480) 370 (370) 480 (480) 650 (650) 81 (4400) 2

D-Mannose 30 (30) 30 (30) 30 (30) 43 (43) 3.2{(170) 2

D-Galactose 20 {20) 30 (30) 30 (30) 43 (43) 5.2 (280)

D-Glucose 13 {13) 20 (20) 20 (20) 30 (30) 2.1 (110)2

2 The K, values have been reported by J. P. Lorand and J. O. Edwards {J. Org. Che,

The K *value becomes maximum at pH 6-10 due to the strong acidity of N-RPy* B(OH)...
The K *value at pH 7 for the reaction of 4-(N-CH,)Py* B(OH), with D-fi1
The K 'values at pH 7 for the reactions of N-RPy*B(OH), (R = H, CHy) with D-fiuctose (K’= 370~ 630 M) are at least 4-times larger than that of PhB(OH), (K'= 81 M"1).

.m. 1959, 24, 769). and the K'values were saleulated by Eq. 3

tose (K= 650 M) is the highest among N-RPy"B(OH), derivatives

‘ N-Substituted pyridinium boronic acids N-RPy*B(OH), can act as a fructose sensor at neutral pH

@ Kinetic analysis_ for the comp[exation reaction of N-RPy*B(OH), with 4-isopropyltropolone (Hipt) in acidic aqueous solution

v Since the detailed mech

of saccharide

(Hipy).
<> Scheme 3. Reaction paths at pH ~4

ky
N-RPy*B(OH), | = o
]
HO ks N-RPy—B—
i u KP * on
(o) ky OH
N-RPy*B(OH); Hipt | <—== N-RPy*B(OH)(ipt)
k_y

V' Pseudo first-order conditions (Cy >> Cyy;,)

# Absorption spectral change with time
8

T Every 50 ms

3 400
Wavelength / nm

Fig. 3. Dependence of
reaction of 3-(N-CH,)

Fig. 2. Time-resolved UV-Vis spectra for the reaction of 3-(N-
CH,)Py'B(OH), with Hipt at /= 1.0 M (NaCl0,) and 7= 25°C.
Ce .

05 mM. Cy = 1.81 mM. pH =

Strongly acidic boronic acids such as N-RPy*B(OH), are kinetically favorable for complexation with O-donor bidentate ligands such as Hipt and (probably) saccharides

on G, at various pH for the
(OH), with Hi

with N-RPy*B(OH), is still unclear due to its complicated reaction kinetics, the kinetic study was performed on the complexation reactions of N-RPy*B(OH), with an oxygen-donor bidentate ligand, 4-isopropyltropolone

Kinetic analysis at Cy >> Cy,,
Table 3. Rate constants for the reaction of boronic acids and the
V' Psouds first-order rate low: {N-RPy ' B{OIYipt boronate ions with Hipt at /= 1.0 M (NaCIO,) and T = 25°C
+ H,0 =k, [Hipt] o
& . . s Boronic acid path  Boronate path
Boronic acid PK,! Ky I M1 st K, | M-1 -1
o The by, expression from Scheme 3 and Fig. 3: k +£,KPi ') " 1
k= W‘" =k 3-HPy*B(OH), 4.40 3020 100
A 3(N-CH,)Py*B(OH),  4.40 2930 160
_ U slope au a given pH in Fig.3) HPv* .
+ H,0 + OH 4-HPy*B(OH), 4.00 4570 a
SOl KRH D=k BERTH T S (1 + K MHADA vs. U[H plot (Fig. 4) 4-(N-CH;)Py*B(OH),  3.96 4730 84
« Kinetically negligible (k, = 0).
' Reverse reaction (k_j and k , in Scheme 3) is negligible (zero intercept in Fig. 3).

# Kinetic analysis under pseudo first-order conditions (Cg >> Cy,,)

6000

pH
374

000

4000

2000+

(1 + KU M 57

1000 -

HT M

reaction of 3-(N-CH,)Py B(OH), with Hipt.

Fig. 4. The plot of k(1 + K, *[H]) against 1/[H] for the

@ Reactivity of trigonal boronic acids toward Hipt

(N-CH;)Py*B(OH),
-HPy*B(OH),
HPy*B(OH),
(N-CH;)Py*B(OH),
-(6-CI)PyB(OH),
-Br)PyB(OH),
0,PhB(OH), *

+ 3-(6-CH,0)PyB(OH),
: 3-(HOOC)PhB(OH),
: PhB(OH), *
-H,NPhB(OH),

2 : BuB(OH), *

: B(OH),*

Linear relationship between log k, and pK,® for the reaction of boronic acids with
H.Ito, etal., Inorg. Chim. Acta 2003, 344,28

All N-RPy* B(OH), (R = H, CH ) react with Hipt
faster than their boronate ions N-RPy*B(OH); ,
which is consistent with our recent results [1 - 5].

The linear relationship between log k; and pK *
indicates that the complexation reaction proceeds
with a similar mechanism.

The k, values for the boronic acids with low pK,? are
larger than those with high pK.” .

[2] S. Iwatsuki, et al., Inorg. Chem., 2007, 46, 354,

[3] C. Miyamoto, et al., Inorg. Chem., 2008, 47, 1417

[4] E. Watanabe, et al., Inorg. Chem.Commun, 2010, 13, 1406.
[5) E. Watanabe, et al., Dalton Trans., 2013, 42, 8446,

«* The boron centers of the N-substituted py!

< Introduction of alkyl groups into the pyridin

¢ The equilibrium analyses
+* The kinetic and equilib

dinium boronic acids, 3- and 4-(/
atoms had no influence on the a

N-R)Py*B(OH), with saccharides predict that
the present study suggest that strongly acidic boronic acids such as

-R)Py*B(OH), (R = H, CH,,
ities of the boron centers, wh

H,, CH,,

ereas

~RPy*B(OH), bearing strong acidi

H,,, C¢H,;), exhibited much stronger aci
troduction of the substituent:

ies than those o

e fructose sens

f phenylboronic acid derivatives !

to the pyridine-C atoms drastically decreased the boron aci
r at neutral pH !
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