Synthesis of boronic esters derived from boronic and diboronic acids and tartrate derivatives
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Abstract:

We present here the synthesis of some new boronic esters derived from phenyl boronic acid, 9-
anthracene boronic acid, 1,4-phenyldiboronic acid, 1,4-naphtalene diboronic acid and 9,10-anthracene
diboronic acid using tartaric acid, dimethyl tartrate and dibenzyl tartrate as diols. They have obtained by
simple dehydrating techniques and can be useful in asymmetric synthesis.
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Introduction

Boronic acid and their esters are highly valuable compounds which have found extensive applications in
organic and medicinal chemistry. Moreover, they can be used as protecting groups in carbohydrate
chemistry, * general substrates in the Suzuki coupling, * chiral derivatizing agents * and glucose-selective
fluorescence sensor.*

Boronic acids, which are not found in nature, are the products of the second oxidation of boranes. They
are an attractive class of synthetic intermediates, because of their unique properties as mild organic Lewis
acids, together with their stability and ease of handling. However, because they are solids that tend to
exists as mixtures of oligomeric anhydrides, especially the six-member boroxines (Figure 1), the
corresponding boronic esters are often preferred as synthetic intermediates. Besides, by losing the
capability of the hydroxyl group, boronic esters are less polar and easy to handle.

The synthesis of boronic esters from boronic acids and alcohols is an equilibrium which can be driven to
the boronate product removing the water produced in the reaction by distillation with a Dean-Stark
apparatus or by using dehydrating agents like CaH,, MgSO, or molecular sieves. One of the first reports on
the formation of boronic esters from diols and polyols was made by Kuivila and co-workers, who described
the preparation of several esters of phenylboronic acid by reaction of the latter with sugars like mannitol
and sorbitol, and 1,2-diols like cathecol and pinacol. > Tartrate boronic ester derivatives have been widely
used in asymmetric synthesis as chiral Lewis acid catalysis.

Some examples are allylations of aldehydes, ® cyclopropanations of olefins,” hydroboronations of alkynes,
& ketones reductions, ° aldol reactions, ‘° additions of imines** and Diels-Alder reactions.*?
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Figure 1. Oxygenated organoboron compounds
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Results and Discussions

Taking into account the wide use of boronic ester tartrate derivatives, we were interested in the synthesis
of some new boronic esters, starting from the corresponding boronic acids. The boronic acids subject of
this work are phenyl and 9-anthracene boronic acid; 1,4-phenyl-, 1,4-naphtalene- and 9,10-anthracene-
diboronic acid. The reactions of these substrates with (L)-tartaric acid, dimethyl-(L)-tartrate and dibenzyl-
(L)-tartrate afforded the desired products, in almost all cases (Scheme 1). Results are summarized in Table
1.
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Scheme 1. Synthesis of boronic ester tartrate derivatives

Three methods were performed. Method A: room temperature, molecular sieves, toluene, 2 to 5h
reaction time; Method B: reflux, toluene, 20h reaction time; Method C: reflux, CaH,, THF, 1 to 3h reaction
time. Method B cannot be performed whith tartatic acid since the high temperatures achieve in this
method can destroyed the reactive.

Table 1. Synthesis of aryl- mono- and di-boronic esters of tartaric acid, dimethyl and dibenzyl- (L)- tartrate

Entry  Boronic acid Diol Method Yield (%)° Compound B (ppm)

1 Phenylboronic acid (L)-tartaric acid C 100 1 29,0

2 Phenylboronic acid Dimethyl-(L)-tartrate Aand B 100 2 31,9

3 Phenylboronic acid Dibenzyl-(L)-tartrate A 100 3 31,4

4 1,4-phenyldiboronic acid (L)-tartaric acid A 100 4 33,4

5 1,4-phenyldiboronic acid (L)-tartaric acid c - e

6 1,4-phenyldiboronic acid Dimethyl-(L)-tartrate A 73 5 31,6

7 1,4-phenyldiboronic acid Dimethyl-(L)-tartrate B 70 5

8 1,4-phenyldiboronic acid Dibenzyl-(L)-tartrate A e e e

9 1,4-phenyldiboronic acid Dibenzyl-(L)-tartrate B 83 6 40,8

10 1,4-naphtalenediboronic (L)-tartaric acid (S
acid

11 1,4-naphtalenediboronic Dimethyl-(L)-tartrate A 55 7 32,0
acid

12 1,4-naphtalenediboronic Dibenzyl-(L)-tartrate A 72 8 30,7
acid

13 9-anthraceneboronic acid  (L)-tartaric acid (S

14 9-anthraceneboronicacid  Dimethyl-(L)-tartrate A 78 9 34,7

15 9,10-anthracendiboronic (L)-tartaric acid c e e
acid

16 9,10-anthracendiboronic Dimethyl-(L)-tartrate A - e e
acid

17 9,10-anthracendiboronic Dimethyl-(L)-tartrate B 73 10 34,8
acid

18 9,10-anthracendiboronic Dibenzyl-(L)-tartrate A e e

acid

?Calculates by "H-NMR.

The formation of the boronic esters is easily detectable by *H-NMR since the methine signal of the diols
(which appears at 4 — 4,5 ppm) shift to 5 ppm and in *C-NMR move from 71.0 ppm (right of the chloroform



signal) to 76.8 ppm (left of the chloroform signal), as it is shown in Figure 1, for the reaction of Entry 7 in

Table 1.
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Figure 2. 'H and *C-NMR showing the shift of the methines from diols to boronic esters

The structures of the new boronic ester tartrate derivatives is shown below. (Figure 3).
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Figure 3. New boronic esters tartrate derivatives



Conclusions

The synthesis and characterization of some new boronic ester tartrate derivates was achieved using
simple dehidrating techniques. To our knowledge, only the synthesis of dimethyl 2-phenyl-1,3,2-
dioxaborolane-4,5-dicarboxylate and 2-phenyl-1,3,2-dioxaborolane-4,5-dicarboxylic acid (compound 1 and
2; Entry 1 and 2 in Table 1), have already been reported previously.

As these new boronic esters synthesized in this work could be important tools in asymmetric synthesis,
further studies with these compounds will be made and the results will be informed opportunely.
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Experimental section
General methods

Unless otherwise noted, all reagents were purchased from commercial suppliers and used without
purification. All reactions were carried out under an inert atmosphere. Boronic acids were synthesized
according to literature procedures.' 1,4-dibromo naphthalene, > 9,10-dibromo anthracene®® and dibenzyl-
(L)-tartrate were synthesized following the reference method."” Toluene was dried with CaCl,, and then
fractionally distilled (108-109°C) in inert atmosphere from sodium. Dry THF was achieved by distillation
from sodium benzophenone.

General procedures

All the reactions were carried out following the same procedure. One experiment is described in detail in
order to illustrate the methods used.

Method A

In a two necked round-bottom flask 150 mg (1,2 mmol) of phenyl boronic acid, 213 mg ( 1,2 mmol) of
dimethyl-(L)-tartrate and 1,6 g of activated molecular sieves were added in 7 ml of toluene. The reaction
was stirred at room temperature. After 2 hours the mixture was filtered and the solvent evaporated under
vacuum.

Method B

In a two necked round-bottom flask adapted with a Dean-Stark apparatus 200 mg (1,2 mmol) of 1,4-
phenyldiboronic acid, 797 mg (2,4 mmol) of dibenzyl-(L)-tartrate were added in 7 ml of toluene. The
reaction was heated until no more formation of water was detected. Then the reaction was allowed to cool
at room temperature and the solvent was evaporated under vacuum.

Method C



In a two necked round-bottom flask 100 mg (0,6 mmol) of 1,4 phenyldiboronic acid, 181 mg (1,2 mmol) of
(L)-tartaric acid and 100 mg (2,4 mmol) of CaH, were added in 5 ml of THF. After 1 hour the reaction was
filtered and the solvent evaporated under vacuum.
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