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Process for preparing triorgano borates with low alcohol content

Description

The present invention relates to a process for preparing triorgano borates with low al-
cohol content.

Triorgano borates such as trimethylborate, triisopropylborate or isopropylpinacol borate
are known to contain small amounts (up to 2 wt%) of the corresponding alcohol from
which they were made (Mehrotra, R. C.; Srivastava, G., Journal of the Chemical Soci-
ety 1962, pages 3819 to 21). Low levels of alcohol come from the manufacturing proc-
ess where typically an alcohol is reacted with boric oxide (B,O3) or another borate fol-
lowed by a distillation process. Known methods to remove residual alcohol from bo-
rates include aceotropic distillation using benzene, toluene or hexanes (Hoffmann, R.
W.; Metternich, R.; Lanz, J. W., Liebigs Annalen der Chemie 1987, Vol. 10, pages 881
to 887; Andersen, M.; Hildebrandt, B.; Koester, G.; Hoffmann, R. W., Chemische Be-
richte 1989, Vol. 122, pages1777 to 1782; Smoum, R.; Rubinstein, A.; Srebnik, M.,
Bioorganic Chemistry 2003, Vol. 31, pages 464 to 474; Lin, Q.; Meloni, D.; Pan, Y.; Xia,
M.; Rodgers, J.; Shepard, S.; Li, M.; Galya, L.; Metcalf, B.; Yue, T.-N.; Liu, P.; Zhou, J.,
Organic Letters 2009, Vol. 11, pages 1999 to 2002). However, complete removal of the
alcohol to below 0.05 wt% levels is difficult to achieve by aceotropic distillation.

Many solvents can be dried by distillation over alkali metals, and also alcohol impurities
can be removed that way. However, tralkyl borates are known to react with metals like
lithium (Bowie, R. A., Musgrave, O. C., Goldschmid, H. R., J. Chem. Coc. © 1970,
pages 2228 to 2229), magnesium, calcium, strontium or barium (Wiberg, E. et al., Z.
Naturforschung 1955, Vol. 10b, page 290).

Triorgano borates are typically used in borylation reactions and in reactions with or-
ganometallic compounds like Grignard compounds, alkyllithiums, etc. Borylation reac-
tions are common in the synthesis of pharmaceutical drugs. The products of such reac-
tions are typically used in Suzuki cross-coupling reactions to prepare complex interme-
diates for pharmaceutical products. Presence of alcohols in the borate raw material
may impair the reaction of borates with organometallic compounds because they will
decompose the organometallic species, thus resulting in side products or lower yield.
Syntheses of pharmaceuticals may be very costly and any yield loss resulting from
alcohol presence in borates is undesired.

It was therefore an object of the present invention to develop a process for preparing
triorgano borates with low alcohol content.
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Accordingly, a process for preparing triorgano borates with low alcohol content was
found, comprising the step of bringing a triorgano borate into contact with at least one
alkali metal at temperatures below 150 °C.

A preferred embodiment of the present invention is a process for preparing triorgano
borates with low alcohol content, comprising the step of bringing a triorgano borate into
contact with sodium-potassium-alloy at a temperature between 0 and 35 °C, most pre-
ferred at ambient temperature.

In a preferred embodiment of the present invention the triorgano borate is brought into
contact with at least one alkali metal for a period of between 1 and 12 hours.

In another preferred embodiment of the present invention the triorgano borate is dis-
tilled off from the reaction mixture after it was in contact with the at least one alkali
metal according to the invention.

Examples for alkali metals are lithium, sodium, potassium, rubidium and cesium.

As used in connection with the present invention, the term triorgano borate denotes a
compound of the general formula

B(OR")(OR?)(OR?)

wherein R', R? and R?® are the same or different organyl groups. Two of the groups R',
R? and R®can also be connected to form a divalent organyl group (e. g. ortho-CsHa),

that forms together with the BO, moiety, a cyclic structure.

Organyl groups as used herein are, for example, C4 — Cq¢ alkyl, C; — Cy¢ cycloalkyl, Cg
— Cyq aryl, C; — Cyg aralkyl or C; — Cq¢ alkaryl groups.

As used herein, the term “C4 — C alkyl” denotes a branched or an unbranched satu-
rated hydrocarbon group comprising between 1 and 10 carbon atoms. Examples are
methyl, ethyl, propyl, isopropyl, n-butyl, isobutyl, sec-butyl, tert-butyl, amyl, isoamyl,
sec-amyl, 1,2-dimethylpropyl, 1,1-dimethylpropyl, n-hexyl, 4-methylpentyl, 1-
methylpentyl, 2-methylpentyl, 3- methylpentyl, 1,1-dimethylbutyl, 2,2-dimethylbutyl, 3,3-
dimethylbutyl, 1,2-dimethylbutyl, 1,3-dimethylbutyl, 1,2,2-trimethylpropyl, 1,1,2-
trimethylpropyl, n-heptyl, 5-methylhexyl, 1-methylhexyl, 2,2-dimethylpentyl, 3,3-
dimethylpentyl, 4,4-dimethylpentyl, 1,2-dimethylpentyl, 1,3-dimethylpentyl, 1,4-
dimethylpentyl, 1,2,3-trimethylbutyl, 1,1,2-trimethylbutyl, 1,1,3-trimethylbutyl, 2-
ethylhexyl, n-octyl, 6-methylheptyl, 1-methylheptyl, 1,1,3,3-tetramethylbutyl, n-nonyl, 1-,
2-, 3-, 4-, 5-, 6- or 7-methyloctyl, 1-, 2-, 3-, 4- or 5-ethylheptyl, 1-, 2- or 3-propylhexyl, n-
decyl, 1-, 2-, 3-, 4-, 5-, 6-, 7- and 8-methylnonyl, 1-, 2-, 3-, 4-, 5- or 6-ethyloctyl and 1-,
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2-, 3- or 4-propylheptyl. Preferred are the alkyl groups methyl, ethyl, propyl, isopropyl,
n-butyl, isobutyl, sec-butyl, tert-butyl, amyl, isoamyl, sec-amyl, 1,2-dimethylpropyl and
1,1-dimethylpropyl, most preferred are isoamyl groups.

The term “isoamyl” denotes a branched methylbutyl group, preferably 3-methyl-2-butyl.

The term “C; — Cqo cycloalkyl” denotes a saturated hydrocarbon group comprising be-
tween 3 and 10 carbon atoms including a mono- or polycyclic structural moiety. Exam-
ples are cyclopropyl, cyclobutyl, cyclopentyl, cyclohexyl, methylcyclohexyl, dimethylcy-
clohexyl, cycloheptyl, cyclooctyl, norbornyl, isopinocampheyl, cyclononyl or cyclodecyl.
Prefered are the cycloalkyl groups cyclopentyl, cyclohexyl, methylcyclohexyl and isopi-
nocampheyl.

The term “isopinocampheyl” denotes all sterecisomers of a bicyclic hydrocarbon group
obtainable via hydroboration of a-pinene.

The term "Cg — C44 aryl" denotes an unsaturated hydrocarbon group comprising be-
tween 6 and 14 carbon atoms including at least one aromatic ring system like phenyl or

naphthyl or any other aromatic ring system. ortho-CsHs denotes a divalent aryl group

occurring in catechol-type derivatives.

The term "C; — C4g aralkyl” denotes an aryl-substituted alkyl group comprising between
7 and 16 carbon atoms including for example a phenyl-, naphthyl- or alkyl-substituted
phenyl- or alkyl-substituted naphthyl-group or any other aromatic ring system. Exam-
ples of aralkyl groups include benzyl, 1- or 2-phenylethyl, 1-, 2- or 3-phenylpropyl, me-
sityl and 2-, 3- or 4-methylbenzyl groups.

The term "C; — C45 alkaryl” denotes an alkyl-substituted aryl group comprising between
7 and 16 carbon atoms including for example a phenyl- or naphthyl- or alkyl-substituted
phenyl- or alkyl-substituted naphthyl-group or any other aromatic ring system and an
alkyl substituent as defined above. Examples for alkaryl groups are 2,- 3- or 4-
methylphenyl, 2,- 3- or 4-ethylphenyl and 2,- 3-, 4-, 5-, 6-, 7- or 8-methyl-1-naphthyl
groups.

The new process according to the invention allows for the preparation of triorgano bo-
rates with residual alcohol contents of below 0.1 wt%.

Therefore, another embodiment of the present invention is a triorgano borate with an
alcohol content of below 0.1 wt%.
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Example

3.5 g of sodium-potassium-alloy and 279 g isopropylpinacol borate (1.5 moles, contain-
ing 0.226 wt% of isopropanol) were stirred under nitrogen atmosphere at room tem-
perature for 1 hour. Samples were taken and monitored by "'B NMR spectroscopy.
During a period of 3 hours an increase of the corresponding “ate” complex was noted
(0.19 to 0.27%). The majority of the content was distilled into an oven dried clean distil-
lation receiver (103 °C, 65 mmHg). The final product was analyzed by GC to find that

the distillate only contained 0.057 wt% of isopropanol.
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Claims
1. A process for preparing triorgano borates with low alcohol content, comprising the
step of bringing a triorgano borate into contact with at least one alkali metal at tem-

peratures below 150 °C.

2. A process according to claim 1, comprising the step of bringing a triorgano borate
into contact with sodium-potassium-alloy at a temperature between 0 and 35 °C.

3. A process according to claim 1, comprising further the step of distilling out the tri-
organo borate.

4. Atriorgano borate with an alcohol content of below 0.1 wt%.
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