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Abstract

Three oxaalkyl esters of phenylboronic acid and one oxaalkyl ester of phenyldiboronic acid have been synthesized and their ability to form

complexes with LiC and NaC cations has been studied using multinuclear NMR, ESI mass spectrometric and PM5 semiempirical methods. It has

been demonstrated that the esters of phenylboronic acid form 1:1 complexes with LiC and NaC cations whereas the ester of phenyldiboronic acid

can additionally form complexes of 1:2 stoichiometry. The stability constants of these complexes have been determined to show that with

increasing number of oxygen atoms in the oxaalkyl chains the complexes of increasing stability are formed. The exemplary 1:1 and 1:2 structures

of the complexes of esters with LiC and NaC cations, respectively, are given. They show that the cations are coordinated within a pseudo-crown

structures formed by oxaalkyl chains.
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1. Introduction

Arylboronic acids have found a wide range of applications

in organic synthesis, of which the most important reactions are

Suzuki coupling [1] and Petasis synthesis [2]. Another rapidly

developing field is the biological and pharmaceutical appli-

cation of boron compounds [3,4].

In recent years podands, open-chain ligands in contrast to

the crowns, have attracted increasing interest as anion

activators in homogeneous and heterogeneous systems. Podand

molecules including polyoxaalkyl chains (inorganic esters of

inorganic acids with ethylene glycol) show the ability to form

complexes with metal cations [5]. Further, It has been

demonstrated that tris(polyoxaalkyl) borates and tris(polyox-

aalkyl) phosphates form channels with protons or cations

[6–9]. Within these channels the protons or cations show large

polarizability due to their fast fluctuations.

A new class of borate podands such as polyoxaalkyl esters

of phenylboronic and phenylenediboronic acids have been

synthesized and their ability to form complexes with metal

cations has been studied using NMR spectroscopic and ESI MS

method. The stability constants of the complexes are

determined and the structure of the complexes is discussed.

2. Experimental

Ethylene glycol monomethyl ether, diethylene glycol

monomethyl ether and triethyleneglycol monomethyl ether

(Aldrich) were commercial products of Aldrich and were used

without any purification. Phenylboronic and phenylenediboro-

nic acids were synthesized following the procedures given in

Ref. [10].

2.1. Preparation of esters 1–4

Phenylboronic and phenylenediboronic esters (1–4) were

obtained in the reactions shown in Scheme 1. To (0.0517 mol)

of phenylboronic acid, (0.110 mol) of respective ethylene

glycol monomethyl ether was added. After addition of 50 cm3

of benzene the vessel was connected to a Dean-Stark trap,

placed in an oil bath and heated for 10 h. The excess of alcohol

was distilled off in vacuum (water pump). The products were

purified by bulb-to-bulb distillation at ca. 10K3 Torr. Yields: 1:

61%, 2: 57%, 3: 54%, 4: 38%.

2.2. Preparations of complexes

LiClO4, NaClO4 and acetonitrile (Aldrich) were used for

the preparations of complexes. The solutions were obtained
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by dissolving the respective esters (1–4) and the salt in

analytical concentrations. For 7Li and 23Na measurements

the concentration of the salt was constant (0.2 mol dmK3)

and the concentration of the ester was varied, whereas for

the 1H and 13C measurements the concentration of the ester

was constant (0.2 mol dmK3) and the concentration of the

salt was varied.

All solvents were spectroscopic grade and were dried over

3 Å molecular sieve.

All preparations and transfers of solutions were carried out

in a carefully dried glove box under nitrogen atmosphere.

2.3. NMR measurements

The NMR spectra were recorded in CD3CN using a Varian

Gemini 300 MHz spectrometer. All spectra were locked to

deuterium resonance of CD3OD or CD3CN, respectively. The

error in parts per million values was 0.01.

All 1H NMR measurements were carried out at the operating

frequency 300.075 MHz; flip angle, pwZ458; spectral width,

swZ4500 Hz; acquisition time, atZ2.0 s; relaxation delay,

d1Z1.0 s; TZ293.0 K and TMS as the internal standard. No

window function or zero filing was used. Digital resolutionZ
0.2 Hz/point.

13C NMR spectra were recorded at the operating frequency

75.454 MHz; pwZ608; swZ19,000 Hz; atZ1.8 s; d1Z1.0 s;

TZ293.0 K and TMS as the internal standard. Line broadening

parameters were 0.5 or 1 Hz.
7Li NMR measurements were made in the following

conditions: LiCl in D2O (1 mol dmK3) as external standard,

sfrqZ116.621 MHz; pwZ258; swZ20,000 Hz; atZ1.0 s;

d1Z0.5 s; TZ293.0 K. Digital resolution 0.6 Hz/point. No

window function or zero filing was used.
23Na NMR spectra were taken at: sfrqZ79.373 kHz; swZ

20,000 Hz; pwZ708; atZ1.0 s; d1Z1.0 s; TZ293.0 K and

1 mol dcmK3 solution of NaCl/D2O as the external standard.

Digital resolutionZ0.7 Hz/point. No window function or zero

filing was used.

2.4. ESI mass spectrometry

The ESI (electrospray ionization) mass spectra were

recorded on a Waters/Micromass (Manchester, UK) ZQ mass

spectrometer equipped with a Harvard apparatus syringe pump.

The sample solutions were prepared in acetonitrile (1:1) at a

concentration of approximately 10K4 M. The samples were

infused into the ESI source using a Harvard pump at the flow

rate of 20 ml minK1. The ESI source potentials were: capillary

3 kV, lens 0.5 kV, extractor 4 V. In the case of standard ESI

Scheme 1. Synthesis of the esters 1–4.

Scheme 2. Structures and atom numbering of the esters 1–4 studied.
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