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(57) Abstract: The invention relates to a method for
producing compounds of general formula (A) by react-
ing an alkali metal hydride with a compound (B) dur-
ing which the reaction is carried out in the presence of
(B) a catalyst that contains boron, whereby: M represents
Li, Na, K, Rb or Cs; E represents B or Al, and; X!, X2,
X3, independent of one another, represent a secondary
or tertiary alkyl group, which 1s comprised of 2 to 10

atoms, or represent a phenyl group which itself can be alkyl-substituted or they represent an alkoxy group, and the catalyst, which
contains boron, or the conversion product thereof with MH is capable of acting as a hydride transfer agent.

(57) Zusammenfassung: Beschrieben wird ein Verfahren zur Herstellung von Verbindungen der allgemeinen Formel (A) durch

— Umsetzung eines Akalimetallhydrids mit einer Verbindung (B) bei dem die Umsetzung in Gegenwart eines Bor-haltigen Katalysators
< durchgefiihrt wird, wobei M = Li, Na, K, Rb oder Cs ist, und E = B oder Al ist, und X', X?, X° = jeweils unabhéngig voneinander eine
O aus 2 bis 10 C-Atomen bestehende sekundire oder tertidre Alkylgruppe ist, oder eine Phenylgruppe, die ihrerseits alkylsubstituiert

sein kann, ist, oder eine Alkoxygruppe ist, und wobei der Bor-haltige Katalysator oder dessen Umsetzungsprodukt mit MH in der

Lage ist, als Hydridiibertrager zu wirken.
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METHOD FOR PRODUCING ALKALI METAL MONOHYDRIDOBORATES

AND MONOHYDRIDOALUMINATES

5 The invention relates to a process for the preparation

of alkali metal monohvdridoboranates and -aluminates of
the general formula

x‘l
L o2

M b%é?—d( (A)
3

wherein M Li, Na, X, Rb or Cs and

10 E =B or Al, and
le XQ' XB

in each case i1ndependently of one
another, 1s

a 2 to 10 C atom secondary or tertiary alkyl
group or

LS a phenyl group, which in its turn can be alkyl-
substituted, or

n alkoxy group.

Alkall metal monohydridoboranates and -aluminztes are to
20 some extent known classes of compounds, the members of
which have found uses as reagents in chemical svnthesis,
e.g. as reducing agents. Thus, for example,
commerclally availeble lithium tri-tert-butoxvaluminium
nydride 1is employed for the chemoselective raduction of
25 acid chlorides to aldehydes or for the stereoselective
reduction of asymmetrically substituted or cyclic
Ketones to alcohols (P. Galatsis, "Lithium-tri-tert-
butoxyaluminiurhydride in L.A. Paguette, Encyclopaedia

of Reagents for Organic Synthesis, J. Wiley & Sons,

30 Chichester 1995, p. 3168-3172).
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In 2 similar manner, trialkyl borchydrides also serve as
diversely usable reducing agents in organic synthesis.
In general, their stereoselectivity increases with the
steric bulkiness of the alkyl substituents. (H.C.
Brown, S. Krishnamurthy, J.L. Hubbard, J. Am. Chem. Soc.
1973, 100, 3343; R. KoOster, "Anionische OrganoboXr-
Wasserstoff-Verbindungen [(Anionic Organoboron-Hydrogen
Compounds]” in: Houben-Weyl, Methoden der organischen
Chemie [Methods of Organic Chemistry] 13/3b, p. 798-813,
G. Thieme Verlag, Stuttgart, 1883; J.L. Hubbaxrd,
"Lithium tri-s-butvlborohvdride"” in: L.A. Paquette,
Encyclopaedia of Reagents for Organic Synthesis, J.
Wiley & Sons, Chichester 1995, 3172-3176; J.D. Odom, 1in:
Comprehensive Organcmetallic Chemistry, G. Wilkinson

(ed.), Pergamon Press 1932, vol. 1, p. 287).

Some representatives of the alkzli metal .
monoaydridoboranates and -aluminates can be obtained by
addition of alkzli metal hydrice (MH) to the EX'X*X’
compound. This apvlies e.g. to the preparation of

Li[H3Eta] in accordance with

(solvent)
LiH + BEt; ————> Li [H2Et,] (1)

where Et = ethyl.
Without a2 solvent or with a hydrocarkon as the solvent,

the reaction st 200°C ftakes approx. 4 h, and with Et,0 as

the solvent the reaction on heatirg under reflux takes
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approx. 24 h (R. Kdster, "Anionische Organohor-

Wasserstoff-Verbindungen” in: Houben-Wevyl, Methoden der
organischen Chemie 13/3b, p. 798-813, G. Thieme Verlag,
Stuttgart, 1983). 1In THF solution, the addition can be

effected within one day at room temperature.

The induction time of the reaction presents problems.
This method also fails if boranes with bulky
substituents are employved. For example, the reaction of
B(*Bu); with alkali metal nhydrides in boiling THF gives a
conversion of only 10% after 24 h, and for this reason
this reaction is unsuitable for a commercial synthesis.
(H.C. Brown, S. Krishnamurthy, J.L. Hubbard, J. An. '
Chem. Soc. 1978, 100, 3343; R. Kdster, "Anionische
Organobor-Wasserstoff-Verbindungen" in: Houben-Weyl,
Methoden der organischen Chemie 13/3b, p. 798-813, G.
Thieme Verlaqg, Stuttgart, 1982; J.L. Hubbard, "Lithium
tri-s-butylborohydride” in: L.A. Paguette, Encyclopzediza
of Rezgents for Organic Syntresis, J. Wiley & Sons,
Chichester 1295, 3172 - 3176; J.D. Odom, in:
Comprehensive Organometallic Chemistry, G. Wilkinson

(ed.), Pergamen Press 1982, vol. 1, p. 287).

Boranes with even bulkier substituents are inert with
respect to "normzl", i.e. commercially obtazinable, NaH
and LiH in boiling THF. This does not apply to the
highly reactive form of the kinary hvdrides, such as are
prepared e.¢g. by decomposition of alkyllithium solutions
under 2 hydrogen aztmospnere. (R. Pi, T. Friedl and

P.v.R. Schlever, C. Or¢g. Chem. 1987, 52, 4289-4304).

Because the active metal hydride first has to be
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prepzred from expersive organolithium solutions, this

process 1s of little commercial interest.

Another varlant of preparing active metal hydride
comprises preparing the metal, preferably in finely
divided form, in the presence of a trisubstituted boron
compound, so that the hydride MH formed in situ can add
on to the boron compound, immediately, to form a
borohydride of the formula M[R'R°R°B]H. Disadvantages in
this case are that the metal must be present in the form
of a2 highly reactive powder which is difficult to
handle, a2nd a catalyst combination in the form of a
transition metal salt (e.g. FeCls) and/or polvaromatics
(e.g. phenanthrene) must be employed to achieve
reasonable reactlion temperatures and times (US-PS
5886229). The product solutions accordingly are

contaminated and a2re discoloured by the transition metal

content.

Trialkoxy-element hydrides with bulky substituents also
do not react or react only extremely slowly with MH,
For example, the preparation of lithium tri-tert-

putoxyalurminium hydride (LTTBA) in accordance with
LiH + Al (O'Bu): —F Li(EAL (0°Bu) a] (2)

is unknown (see also Comparative Example 2).

Since the direct preparation is not possible, a number

0Z process alternatives have been develcped. Thus,
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LTTBA is prepared by alcoholysis of lithium aluminium

hydride in accordance with

THF
LiAlH, + 3°BuOH —————> Li[EALl(OBu)3] + Hs (3)

The high preparation costs are a dilisadvantage, since
relatively expensive hydride hydrogen in the LiAlH; 1is

destroyed by the alcoholysis.

Trialkyl borohydrides with bulky organic radicals are

prepared by one of the following general processes:

ether
R.B + LiAlH(OMe)3 =———> [R3BH]Li + [Al(OMe)als d (4)
DARCO/THE
R-B + LiAlH, —~————> [R;BH]Li + AlHs DABCOV - (5)
0°C

(DARCO = 1,4-diazabicyclo[2,2,2]octane)

THFY

RsB + (H3C)3C~Li ———> [RiBHE]Li + C.Hgl (6)
- 78°C

Disadvantagecus with the process accoraing to (4) are
the use ¢0of expensive LiALlE (OMe)s, which 1s not
commercially obtainable, and abkove 211 the fact that
large amcunts of insoluble aluminium methylzte are
obtained, which makes preparatiocn of the trialkyl

borohydride in a pure form extrenely difficult. Similar
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circumstances apply to process (3), and in zddition
there are high costs for the donor, such as e.g. 1,4-
diazabicyclo(2,2,2])octane (DABCO) . '

Process (6) has the disadvantage that expensive t~
butyllithium is used as the LiH source, a gaseous by-
product being formed. Furthermore, the reaction must ba
carried out at very low temperatures, which is very

unfavourable in energy terms.

All the prccesses (3) - (6) have the disadvantage that
they are limited in practice to the preparation of the
lithium derivative, since only the corresponding lithium
raw materials (and not the Nz or K compounds) are
commerclally obtainable. The addition of higher alkali
metal hydrides (NaH, KH, RbH, CsE) to a starting
compound EX*X*X* indeed proceeds substantially faster
than in the case of LiH, but in these cases 2lso the
rate of reaction decreases sharply with increasing

volume of the substituents X (see comparison example B).

The object of the invention is to overcome the
disadvantages of the prior art and to provide 2 process
for the rapid preparation of alkali metal

monohydridoboranates and -aluminates of the generzl

Tormula

M { H—E—X* (A)
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at mild temperatures which starts from commercially available alkali metal hydride,

allows a reaction procedure without increased pressure and avoids the formation of

Insoluble by-products.

More specifically, the invention as claimed is directed to a process for the preparation

of a compound of the general formula:

wherein:
M is Li, Na, K, Rb or Cs,
E I1s B or Al, and
10 X1, X2 and X3 are independently of one another:
a 2 to 10 C alkyl group,
a phenyl group which is optionally alkyl-substituted, or
an alkoxy group,

by reaction of an alkali metal hydride with a compound:

Xl

e

%3

(B)
wherein E and X1, X2 and X3 are defined as above, characterized in that the
reaction is carried out in the presence of a boron-containing catalyst containing the

structural unit BH3, said boron-containing catalyst or reaction product thereof with

MH being capable of acting as a hydride transfer agent.
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It has been found that the addition described above of alkali metal hydride (MH) on to

an EX1X2X3 compound is significantly accelerated by a catalyst:

X1 x1

I catalyst i
MH+ E—X* —— M| H—E—X?

X X3

where M is LI, Na, K, Rb or Cs and
Ei1s B or Al and

X1, X2 and X3 are independently of one another,
a secondary or tertiary alkyl group comprising 2 to 10 C atoms;
a phenyl group which can be alkyl-substituted, or
an alkoxy group. '

Any boron-containing compound which contains the
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product of which with MH is capable of acting as =z

hvdride transfer agent can be emploved as the catalyst.

X!, X% and X°, in each case independently of one another,
can preferably be iso-proryl or sec-butyl or tert-butyl
or tert-amyl or siamyl (sec~2-methyl-butyl) or a phenyl
group, which in its turn can be alkyl-substituted, orx
the following alkoxy group

R"f
—0-cZR?

\R?’

where R'*, R'?, R'?, independently of one another, = alkyl

having 1 to 10 C atoms.

In the case of ligquid compounds EX'X®X?, the reaction can
in principle be carried out without a solvent; nowever,
working in a solvent is preferred, or unavoidable 1n
cases where EX'X?X*® is not ligquid. Aprotic organic
compounds, such as e.g. hyvdrocarbons and/or ethers, are
used as the sclvent. The reaction proceeds faster in

pelar solvents than in non-polar hydrocarbons.

In principle, the sequence of the addition of the

individual reaction partners plays no role. Preferably,
the total amount of MH is suspended in the solvent, the
catalyst is added and the compound EX'X°X’ is metered in

2s a function of the rate of reaction.

Rorane complexes HaB-D with 2 donoxr compound D are

particularly suitable as the catalyst. Amines,

AMENDED SHEET
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preferably secondary amines, can be employed e.g. as the
donor comnpound.

Aminoborohydrides of the general formula
M[R°R'NBH3], (D)
where M = Li, Na, K, Rb, Cs or Mghalogen if n = 1,
or M = Mg if n = 2 and
R', R* = incdependently of one another H, alkyl or aryl,

wherein R' and R® can be bonded to one another via a ring

closure,

M [R*R*NBH,NR>*R‘BH,] - (E)

where M = Li, Na, K, Rb, Cs or Mghalogen if n 1

or M = Mg if n = 2 and
R', R}, R’, R' = independently of one another H, alkyl or
aryl, wherein R*, R?, R? and/or R! can be bonded to one

another via a ring closure,

can also be employed as the catalyst.

The catalyst 1s 1in general emploved in an amcunt of 0.1
to 20 mol%¥, and in individual cases it may prove
favourable to choose an even hicher dosage. The

catalyst is preferably employed in an arount of 0.5 to 5

mol%.

The temperature of the reaction is 0 to 150°C, deperding:

on the substrate and solvent.

AMENDED SHEET
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The process according to the invention has the advantage

that alkali metal monochydridoboranaztes and -azluminates
can be prepared from commercial zlkali metal hvdrides 1n
a simple manner, rapidly and without the use of
pressure. In particular, the alkall metal
monohydridoboranates and -aluminates with sterically

voluminous substituents are accessible to synthesis in

this manner.

An alkali metal tri-tert-butoxyaluminium hydxrxide or an
alkali metal tri-sec-butyl borohydride or alkeli metal
tri-(sec-2~-methyl-butyl)-borohydride can preferably be
obtained as compound (A) by the process according to the

invention.

The alkali metal monohydridoboranates and =-z2luminates

prepared by the process according to the invention are

used as reducing agents in organic synthesis,

The invention is explained in more dztall in the

following with the aid of examples.

Example l1: Preparation of lithium tri-tert-
butoxyaluminium hydride Li[EAl (O'Bu)s3] in THF/toluene
with the catalyst lithium dimethylaminoborohydride
Li [Me,NBH,] (LiDMARB)

The batalyst solution was first prepared as follows:
7.41 g (1.07 mol) lithiuvm metal granules were suspended
in 277 g anhydrouvs THF in a 1 1 reactor. A mixture
comprising 6t ¢ dimethvlaminoborzne (IMAB), 39.5 g

isoprene and 116 g THF was then metered 1in, while

AMENDED SHEET
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stirring, 1n the course of 2 hours. The reactor
internal temperature was adjusted to 22 to 27°C by

external cooling.

After an after-reaction time of two hours at approx.
25°C, the small residues of lithium metal were filtered
off.

Yield: 363 g with a Li content of 1.89% (corresponds to
92% of theoretical)

8'*B: 14.2 ppm, quartet

243 g of a 24.9% Al(0O"Bu); solution (242 mmol) in
TEE/toluene were initially introduced into 2 1 1 double-
walled reactor with an intensive cooler, XPG stirrer and
thermocouple, 2.2 ¢ (278 mmol) LiH powder and 2.0 g of
the solution of LiDMAB in THF prepared above
(concentration 2.7 mmol/g, 2.0 g solution'correspond to
5.6 mmol LiDMAB = 2.3 mol%, based on the educt) were

edded and the mixture was heated under reflux.

After two and three hours, respectively, samples were
taken and tested for the progress of the reaction by
’A1-NMR. It wes found here that the reaction was

alreedy substantially concluded zfter one hour. After 2

hours the desired product (6°°Al = 78.2 ppm) was formed

with a spectroscopic purity of =2 90%. The cloudy
solution was filtered over a G2 glass filter frit (30

min) and analysed.

Yield: 224 g of clear yellowish solutiecn

AMENDED SHEET
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Gas volumetry: H = 0.731 mmol/g A 222 mmol (A 92% of

theoretical)

Comparative Example A: Preparative experiment for

5 Li[HA1l (O"Bu)s], without catalyst

33 g of 2 30% solution of aluminium tert-butvlate
(corresponds to 43 mmol) in THE/toluene (1l:1.6) were
rnitizally introduced into a 100 ml 2-necked Schlenk

10 flask with a reflux condenser anc temperature probe, and
0.70 g (83 mmol) of ground lithium hydride was added.
The mixture was refluxed for three hours (internal

temperature 27°C).

15 After cooling to room temperature, a sample was

lnvestigated:

Gas volumetry (filtered sample): not detectable
537A1: 49.1 ppm (of Al (0'Bu)i)

20 no traces of the product peak a2t 78 ppm

Example 2: Preparation of lithium tri-sec~-butyl
borochydride in THF with the catalyst LiDMAR

25 7.5 g LiH (0.94 mol) were suspencded in 540 g THF in a3 1
l double-walled reactor and 3.0 g of the catalyst

solution preprpared in Example 1 (concentration 1.05

mmol/g, 8.0 g solution correspond to 6.4 mmol LiDMABR
0.96 mold¥, based on the educt) were added. Thereafter,

20 metering in of tri-sec-butylborazne (158 ¢, 875 mmol in
total) was started. During this, the reaction

temperature rose from approx. 25 to > 30°C. When the

AMENDED SHEET
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addition had ended, the mixture was boiled under reflux
for 1 hour.

After cooling, the solution was filtered over a glass
5 frit.

Yield: 690 g of solution with 1.23 mmcl/g active
hydrogen content (97% of theoretical)

5!'B: -6.8 ppm, d*J(B-H) = 540 H2z

10 Purity (based on the boron species): approx. 97%

Examples 3 to 7: Preparation of lithium tri-sec-butyl

borohydride in various solvents and with wvarious

catalysts.

15
Analogously to Example 2, lithium tri-sec-butyl
borohydride was prepared in various solvents and with
various catalysts. Further detzails are to be found in
Table 1.

20

The catalyst MgDMAB (ClMg([Me:NBH:]) was preparec as
follows:

2.95 g (50 mmol) dimethylaminoborane were dissolved in
25 8.5 g THF in 2 0.1 1 flask and the solution was cooled

to approx. 1l0°C with a water bath. 19.2 g of 2 25%

ethylmagnesium chloride solution (54 mmol) were metered

in with a syringe in the course of 15 minutes. During
this, the reaction mixture heated vp tc 33°C. A gas

30 (2ethane) escaved.

AMENDED SHEET
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After the mixture had been stirred for one hour at room

Cemperature, a sample was taken and investigated by NMR
spectroscopy.

§'B: 15.5 ppm (quartet)

Examples 8 and 9 and Comparative Example B: Preparation
of sodium tri-sec-butyl borochydride in various solwvents

and with various catalysts and without a catalyst

Analogously to Example 2 sodium tri-sec-butyl
borohycride was prepared in various solvents and with

various catalysts. Further details are to be found in
Table 2.

The catalyst NaDADB (sodium diaminodiborate,
Na (Me,NBH,NMe;BH;] ) was prepared as follows:

456.4 g of 2 mixture of sodium and aluminium oxide (2.2%
Na, corresp. to 171 mmol) were suspended in 150 ml THF
in a 250 ml two-necked flask, and a soluticn of 10.4 g
(L76 mmecl) dimethylaminoborane (DMAB) in 60 ml THF was
added, while stirring, in the course of 100 nmin. The
reaction mixture heated up to 33°C, with sometimes

vigorous evolution of gas (hydrogen). LfTer the mixture

had been after-stirred for ore hour at room temperature,
the Al;0; was filtered off.

146 g of a solution with an Na content of 0.52 nmol/g
were obtained,

(Yield: 86%, bzsed on DMAB)

AMENDED SHEET
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5*B: 2.1 ppm (triplet); 14.3 ppm (quartet) intensity

ratio 1:1

AMENDED SHEET
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It can be seen from Examples 2 and 4 (Table 1) that in
addition to pure THF or a THE/toluene mixture (2s in the
preceding examples 1 and 2), 1,2-dimethoxyethane and
THE/diethyl ether mixtures can also be used as the

solvent.

Examnple 5 shows the possible use of a lithium
aminocborohydride catalyst with a2 cyclic amino radical.
In this case the reaction was also carried out at two
different temperatures: initially at the boiling point,
only 15 minutes beir¢g reguired for an approx. 350% degree
of conversion. The remainder of the reaction was
effected by stirring at room temperature (over a

correspondingly longer veriod of time).

Examples 6 and 7 show the use of various other
catalysts. Both chloromagnesium aminoborohydride and
dimethylaminoborane lead to a quantitative conversion to
the desired product in boiling THF in the course of 2

hours.

Experiments for the preparation of sodium tri-sec-butyl
borohydrice are described in Examples 8 arnd 9 and
Comparative Example B (Teble 2). Without a catalyst
(Comparative Example B), the mixture must be-refluxed
for about 40 minutes in order to achieve a 20% degree of
conversion., Howewver, the reaction is considerably
faster than 1n the analogous prevaration ¢f the lithium
derivative (10% conversion zfter stirring under reflux

conditions for 24 hours).

AMENDED SHEET
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If catalysts such as LiDMAB or a dliaminodiboranate
(Examples 8 and 9) are employed according to the
invention to accelerate the reaction, a considerable
shortening of the reaction times is to be observed., The
activity of the catalysts also manifests itself in that
the reaction mixtures heat up to the boiling point
directly after the addition, without external action of

heat; this indicates an extremely fast reaction.

AMENDED SHEET
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WHAT IS CLAIMED IS:
1. Process for the preparation of a compound of the general formula:
Xl

M H~-------1[:--—:><2

X3

wherein:
M is Li, Na, K, Rb or Cs,
E is B or Al, and

X1, X2 and X3 are independently of one another:
a 2 to 10 C alkyl group,
a phenyl group which is optionally alkyl-substituted, or
an alkoxy group,

by reaction of an alkali metal hydride with a compound:

Xl

i

X3
(B)
wherein E and X1, X2 and X3 are defined as above, characterized in that the

reaction is carried out in the presence of a boron-containing catalyst containing the

structural unit BH3, said boron-containing catalyst or reaction product thereof with

MH being capable of acting as a hydride transfer agent.

2. Process according to claim 1, characterized in that X1, X2 and X3 are

independently of one another:
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Iso-propyl, sec-butyl, tert-butyl, tert-amy! or siamyl (sec-2-methyl-butyl) or

a phenyl croup which is optionally alkyl-substituted, or

the following alkoxy group:

where R'1, R"2 and R'3, independently of one another, are alkyl having 1 to 10 C

atoms.

3. Process according to claim 1 or 2, characterized in that the reaction is carried

out in an aprotic organic solvent.
4. Process according to claim 3, characterized in that the solvent is polar.

5. Process according to any one of claims 1 to 4, characterized in that the boron-

containing catalyst is a borane complex of the general formula:
H3B-D (C)

where D is a donor compound.

6. Process according to claim 5, characterized in that the donor compound is an
amine.
/. Process according to claim 6, characterized in that the donor compound is a

secondary amine.

8. Process according to any one of claims 1 to 4, characterized in that the

catalyst is an aminoborohydride of the general formula:

M[RZR1NBH3] (D)
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where:
M is L1, Na, K, Rb, Cs or Mghalogeniftn=1orMis Mgifn =2 and

R1, R2, independently of one another, = H, alkyl having 1 to 10 C atoms or aryl,

wherein R1 and R2 are optionally bonded to one another via a ring closure.

9. Process according to any one of claims 1 to 4, characterized in that the

catalyst is an aminoborohydride of the general formula:
M[RZ2RTNBH2NR3R4BH3) (E)
where
M s Li, Na, K, Rb, Cs or Mghalogen ifn=1orMis Mg if n = 2 and
R1, R2, R3 and R4, independently of one another, are H, alkyl having 1 to 10 C

atoms or aryl, wherein R1, R2, R3 and R4 are optionally bonded to one another via a

ring closure.

10.  Process according to any one of claims 1 to 9, characterized in that the

catalyst is employed in an amount of 0.1 to 20 mol%.

11. Process according to claim 10, characterized in that the catalyst is employed

in an amount of 0.5 to 5 mol%.

12.  Process according to any one of claims 1 to 11, characterized in that an alkali
metal tri-tert-butoxyaluminium hydride, an alkali metal tri-sec-butyl borohydride or an

alkali metal tri-(sec-2-methyl-butyl) borohydride is obtained as compound (A).



(A)

(B)
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