
Pyridine borane complexes Field of the Invention The
present invention relates to new borane compiexes with
substituted pyridines, a process for the synthesis of
new borane complexes with substituted pyridines,
solutions comprising new borane complexes with
substituted pyridines and a method of using new borane
compiexes with substituted pyridines for organic
reactions. Background of the invention Diborane (B2H6)
is a toxic and pyrophoric gas that is very readily
hydrolysed and oxi dised. It must be handled with
utmost precautions and must be shipped and stored at
temperatures below ~20C. In order to reduce the
hazards of diborane, compiexes of borane (BH3) with
donor motecutes like ethers, sulfides, amines and
phosphines are in variably used for organic reactions,
especially for the reduction of functional groups and
for hydroboration reactions with alkenes and alkynes,
Functional groups reduced by such borane complexes
include aldehyde, ketone, lactone, epoxide, ester,
amide, oxime, imine and nitrile groups. The most used
source of borane is a tetrahydrofuran (THF) solution
of the borane-THF complex, which is commerciaily
avaiiable, usually with a concentration of 1 rnol/l.
How ever, the borane-THF complex is prone to thermal
decomposition by ether cleavage of the tetrahydrofuran
ring, leading to butoxyboranes and ultimately to tri
butylborate as de~ composition products. According to
US 6,048,985, the storage stability of borane-THF
complex in THF solution is increased significantly at
low temperatures, even for solutions with higher
concentrations, Borane reagents with other complexing
agents are available but suffer from inherent
disadvantages. For example, sulfide boranes are highly
concentrated but their commercial use is limited
because of their strong odor. Numerous borane
compiexes with aliphatic and aromatic amines are
known, but their reactivity is frequentiy not
sufficient to reduce a specific functional group,
Moreover, such complexing agents are sometimes
difficult to 



remove from the reaction mixture and isolation of the
desired product may become laborious. Pyridine forms
an amine borane that is not moisture sensitive and
very useful for reduc tive aminat ons and reductions
in protic media. Pyridine borane is commercially
available and often used in acetic acid to increase
the reactivity of the borane. Unfortunately, it is
thermally unstable and must be kept at temperatures
less than 540C to avoid decomposi tion via
hydroboration/polymerization processes. Its shelf-life
at ambient temperature isonly 6 months. Borane
compfexes of pyridine, 2-n-propyipyridine,
3-methylpyridine, 3- ethyfpyridine and 4-ethy!
pyridine are liquids which violently decompose upon
distillation (Moo pey E. F. et al., J. Inorg. Muci.
Chem 1968, 30, p. 1439). 2-Picoline borane (rnp.
500C), 2-ethylpyridin q borane (mp. 50-51 X),
2,6-lutidi pe borane (mp. 106-107 0C) and
2,4,6-cofiidine borane (mp, 99-1 00C) have been
isolated as soiids. !t is evident that the nature of
the compiexing agent strongly affects the stability
and reac tivity of the borane reagent as well as the
conditions at which a reaction can be run and the
work-up procedure. Therefore, it is desirable to
develop new borane reagents with improved stability
and re activity properties and methods of using them
in order to complement the range of avail able borane
reagents and to achieve a better efficiency for
organic transformations em ploying borane reagents.
Summary of the invention The present invention
provides new borane compiexes comprising substituted
pyridines as the compiexing agent and solutions
thereof. Another object of the present invention was
the development of a process to synthesize these new
borane compiexes. Still an other object of the present
invention was the development of methods of using the
new borane compiexes for organic reactions.
Accordingly, new borane complexes of the formula (1)
have been found, wherein R1and R2 represent
independently from each other C1 - CB-akyl, Ci -
Ca-alkoxy, C1 - Cs-afkoxy-C, - C8-a!kyl or halogen,
with the provision that R1 and R2 are not simultane 



ously methyi when R2 is at the 4- or 6-position of the
pyridine ring. Furthermore, a process has been found
to synthesize the new borane complexes of the formula
(1) , comprising the step of reacting a borane source
with the respective substi tuted pyridine.Another
embodiment of the present invention are solutions
comprising at least one of the new borane complexes of
the formula (1) and at least one solvent The new
borane complexes of the present invention can be
empioyed for a large number of organic
transformations. Examples are the reduction of
functional groups and hydroboration reactions with
alkenes and alkynes. Functional groups reduced by such
borane complexes may for example include aldehyde,
ketone, lactone, epoxide, ester, amide, oxime, imine
and nitrite groups. Brief description of the drawings
Figure 1 illustrates the stability of
5-ethyl-2-methylpyridin b borane in methanol over sev
eral days. Detailed Description of the Invention The
new borane complexes with substituted pyridines of the
present invention have chemical structures according
to the general formula (1), wherein R1 and R2
represent independently from each other C1 - C8-a!kyl,
G1 - Ce-alkoxy, C1 - Ce-atkoxy-C-i - C8-aikyl or
haiogen, with the provision that R1 and R2 are not
simultane ously methyl when R2 is at the 4- or
6-position of the pyridine ring. As used herein, the
term C1 - CB-alkyi" denotes a branched or an
upbranched saturated hydrocarbon group comprising
between 1 and 8 carbon atoms. Examples are methyl,
ethyl, propyl, isopropyl, n-butyl, isobutyl,
sec-butyi, t-butyl, n-hexyl, p-heptyl, 2-ethylhexyi
and n-octyl. The term "C1 - C8-alkoxy" denotes a group
derived from a branched or an unbranched aliphatic
monoalcohol comprising between 1 and 8 carbon atoms,
Examples are methoxy, ethoxy, propoxy, isopropoxy,
n-butoxy, isobutoxy and n-pentoxy.The term "C1 - Cr
alkoxy- C1 - C8-alkyl" denotes a C - C8-aiky! group as
defined above, 



wherein one hydrogen atom is replaced by a C1 -
C8~alkoxy group as defined above. Ex amples are
methoxymethyl (-CH2OCH3), ethoxyrnethyi (-CH2OCH2CH3)
and 2-methoxyethyl (-CH2CH OCH3) . The term "halogen"
denotes a fluorine, chlorine, bromine or iodine atom.
in a preferred embodiment of the present invention the
new borane complexes have chemical structures
according to the genera! formula (1), wherein the
group R2 is bonded to the 5-position of the pyridine
ring. Most preferred is an embodiment of the present
invention where the new borane complex has a chemical
structure according to the genera! formula (1),
wherein the group R1 is methyl and R2 is bonded to the
5-position of the pyridine ring and is ethyi. Another
embodiment of the present invention is a process to
synthesize the new borane compiexes of the formula
(1), comprising the step of reacting a borane source
with the respective substituted pyridine. The borane
source employed can be diborane or any other
borane-containing reagent or borane-generating
reaction system, that has been used for the synthesis
of other borane complexes by similar processes. For
exarnpie, the process of the present invention may
comprise the In situ generation of borane from so dium
borohydride and boron trifiuoride in the presence of
the respective complexing agent (cf. A. Peiter, K.
Smith, H. C. Brown, "Borane Reagents", pp. 421 - 422,
Academic Press 1988). According to the invention, the
substituted pyridine can be, for example,
2,3~!utidine, 2,5- iutidine, 5-ethyi-2-methy!pyridine,
4-ethyl-2-rnethylpyridine, 3-ethyl-2-methylpyridine,
2,5- diethylpyridine, 5-propyt-2-methylpyridine,
4-propyi~2~methyipyridine, 5-isopropyl-2-
methylpyridine, 5-t-butyi-2-methyIpyridine,
5-n-hexyl-2-metbylpyridine, 4-isobutyl-2-
methyipyridine, 2,4-dipropylpyridine,
5-methoxyrnethyl-2-r pethyfpyridine or 5-
ethoxymethyi-2-methylpyridine. Preferred are pyridines
with substituents R1 and R2 in 2- and 5-positions,
most preferred is 5-ethyl-2-methyipyridine. Another
synthesis for the new borane complexes of the present
invention comprises the 



addition of the respective substituted pyridine to a
solution of borane-tetrahydrofuran complex in
tetrahydrofuran. Preferably, the new borane complexes
of the present inven tion are made in high purify by
direct addition of gaseous diborane to the respective
sub stituted pyridine. In order to allow for this
reaction the diborane can be brought in contact with
the respective substituted pyridine by any method,
including its in situ formation, e.g. from alkaii
meta! borohydrides. In this synthesis a stoichiometric
reaction between one equivalent of diborane and two
equivalents of the substituted pyridine occurs to
yield twoequivalents of the new borane complexes (1).
Because some of the new borane com plexes of the
present invention are liquid at ambient temperature
(e.g. 5-ethyl-2- methylpyridine borane), handling is
easy and efficient large-scale synthesis can be ac
complished in common reactors with stirring by adding
diborane to the neat substituted pyridine. However,
the substituted pyridine may be present in excess
compared to the diborane and, therefore, may serve
both as comp exing agent for the borane and as solvent
for the newly formed borane complex. Of course, one or
more other solvents with poorer compjexing ability to
borane than the substituted pyridine may aiso be
present. Another embodiment of the present invention
is therefore a solution comprising at least one of the
new borane complexes with substituted pyridines ( 1 )
and at least one solvent. Suitable solvents for the
solutions of the present invention are at least
partiaiiy miscible with the respective substituted
pyridine of the borane complex ( 1} and inert to
borane, for example ethers like diethyl ether,
tetrahydrofuran or 2-methyltetrahydrofuran, sulfides
like dimethyl sulfide or 1,6-thioxane or hydrocarbons
like pbntane, hexane, heptane, cyclohexane, toluene or
xylenes. Preferred solvents for the solutions of the
new complexes with substituted pyridines (1) are
tetrahydrofuran, 2-methyltetrahydrofuran, dimethyl
sulfide, 1,6-thioxane, toluene, hexane or cyclohexane,
most preferred are tetrahydrofuran,
2-methyltetrahydrofuran, toluene, hexane or
cycJohexane. The solutions of the present invention
generally contain the new borane complexes of the
formula (1) in concentrations between 0.05 and 6.5
mo!/l, preferably between 0.3 and 3 



mo!/l, more preferably between 0.5 and 2 mol/L The
solutions of the present invention can either be
directly employed for further reac tions or the borane
complex can be isolated in pure form by evaporation of
the solvent. On account of the moderate reactivity of
the new borane complexes with substituted py ri dines
( 1) even solutions with protic solvents can be
prepared and are stable for reason able time periods.
Therefore, reaction can be conducted in a protic
environment contain ing water, alcohols Jike methanol,
ethanol, propanoi or isopropano! or acids like formic
acid or acetic acid. As an example, Figure 1
illustrates the stability of 5-ethyl-2~ methylpyridine
borane in methanol over several days. it is well known
that borane complexes tend to undergo thermal
decompositions. The storage stability of the new
borane complexes with substituted pyridines (1) is
therefore of particular interest. Shelf-life studies
performed under various conditions (0 and 20aC)
indicated that, for example, 5-ethyt-2-methy!pyr dine
borane did not lose borane content and did not become
viscous over time.Owing to the high energy content of
boranes, the energy release in thermal degradation of
some of the new borane complexes of the present
invention has been studied by Dif ferential Scanning
Calorimetry (DSC) and compared with the data for the
commercially avaiiable amine-borane complexes, DSC is
a rapid screening test useful for detecting
potentially hazardous reactions and thermal
decompositions. The results are summarized in Table 1.
Table 1. Data on Amine Borane Complexes a Temperature
ramp of 4 K/min. bTemperature ramp of 2.5 K/min The
measured values are not intrinsic properties but are
dependent on the sensitivity of the instrument, the
scanning rate and the quantity of the material (B.
Venugopal, Chemi cal processing, 2002, March issue, p,
51). Differences in the quality of the material also
have an effect, i.e. if solvent is contained,
generally less energy is released. However, relative
thermal risks of compounds and mixtures can be
compared. From the data in Table 1 it is evident that
the new 5-ethyl~2~methyipyridine borane has a higher
onsettemperature and releases less energy upon
decomposition than pyridine borane and 2- 



picoline borane. An isothermal DSC on
5~ethyl-2-methylpyridine borane (95% purity with 5%
5-ethyl-2- methylpyridine) at 1500C showed an
exothermic event after 140 minutes at this tempera
ture. The exotherm showed an energy release of -374
J/g which is less than seen on the dynamic DSC.
Another isothermal DSC was run at 125C which did not
show any ther mal events over 3000 minutes, but the
dynamic scan run at the end of the isothermal scan
showed an onset at 180aC and the energy released was
only - 113 J/g. This lower amount of energy released
is only about 20% of the energy as expected for
5-ethyl-2- methylpyridine borane, so some
decomposition of 5-ethyl-2-methylpyridine borane must
have occurred during the heating period. Finally, an
isothermal DSC at 55C for 4500 minutes showed no
thermai events and the dynamic scan afterwards showed
the ex pected energy release of -658 J/g at an onset
of 199C. Compared to pyridine borane, which cannot be
held at 55C, 5-etbyi-2-methylpyridine borane is
thermally more stable. The present invention further
provides a method of using the new borane complexes
with substituted pyridines (1) for organic reactions.
The method comprises the step of contact ing a borane
complex and a substrate in a reaction vessel. For most
aromatic amine boranes, the reaction is expected to
require heat to dissociate the borane from the amine.
Preferably, the escape of eventually evolved gaseous
diborane from the reaction vessel is prevented, i.e.
the reaction vessel should be equipped with a
back-pressure regulator and maintained at a pressure
greater than approximately atmospheric pressure.
Organic reactions, for which the new borane complexes
of substituted pyridines ( 1) can be employed
according to the invention, include especially the
reduction of functional groups, hydroboration
reactions with alkenes and aikynes and reductive
aminations of aldehydes or ketones with primary or
secondary amines. Suitable substrates to be used in
reduction reactions with the new borane ether
complexes include organic compounds with aldehyde,
ketone, oxime, mine, nitrile or carboxylic acid
groups. The reactivity of the new borane complexes
with substituted pyridines (1) toward organic 



functional groups is expected to parallel that of
pyridine borane and 2-picoline borane (cf, Yorka,
K.V.; Truett, M.L; Johnson, W.S., J . Org. Ch m. 1962,
27, 4580; Bomann, M.D.; Guch, I.C.; DiMare, M., J .
Org. Chem. 1995, 60, 5995; Peiter, A.P.;Rosser, R.M.;
Mills, S., J. Chem. Soc, Perkin Trans. 1, 1984, 717).
Because of the strong interaction of bo rane with the
nitrogen of the aromatic amine, reductions of organic
functional groups benefit from the presence of acids
or Lewis acids (e. g. acetic acid or boron
triffuoridediethyletherate; see Brown, H.C ; Murray,
LT. Inorg. Chem. 1984, 23, 2746f, for reactions of
2,6-lutidine borane and 2-picoiine borane in acetic
acid). As can be seen from examples 7 and 8, heat was
required to dissociate the borane from
5-ethy!-2-methylpyridine and to induce the
hydroboration of 1-octene. In the presence of acetic
acid, the reaction occurs much faster and at a lower
temperature (cf. example 9). The chemosel bctivity of
the new borane cornpiexes with substituted pyridines
(1) in reduction reactions was investigated in a
competitive reactivity study by reacting equirnolar
amounts of benzaldehyde and acetophenone with
5-ethyl-2~methy!pyridi pe borane (1 equivalent of
borane hydride relative to 1 equivalent of
benzaidehyde, see example 10). The reaction was
immediate and exothermic taking the reaction
temperature to 7O0C. The benzaldehyde was reduced much
faster than the ketone, resuiti pg in a 9 1:9 ratio of
benzyl aicoho! to phenethyfalcohoi. Of the combined
carbonyl substrates, 37% was re duced and 63% remained
unreduced (50% expected) which indicated that two of
the three available hydride atoms were available for
the reduction under these conditions. It is common
that carbonyl reductions with borane frequently stop
when two of the three borane hydride atoms have
reacted, owing to the poor reactivity of the
dlalkoxyborane [(RQ)2BH] species formed. The following
examples illustrate the present invention without
limitation of the same. Examples Borane concentrations
were measured by two methods; iodate titration of the
borane according the method described by Jeffery, G.
H., Bassett, J., Mendham, J., Denney, R.C., Vogel's
Textbook of Quantitative Chemical Analysis, 5ih ed.
(New York: John Wiley 



and Sons fnc, 1989), pp 384-386, and by boron fusion
with carbonate (1:1 mixture of sodium and potassium
carbonate) at 740C followed by dissolving the sample
in concen trated hydrochloric acid and titration with
sodium hydroxide in the presence of mannitol (Brown,
H.C. Organic Synthesis via Boranes, Vol. 1 (New York:
John Wiley and Sorts Inc, 1975} p. 244) and Jeffery,
G. H., Bassett, J., Mendham, J., Denney, R.C , Vogel's
Textbook of Quantitative Chemical Analysis, 5th ed.
(New York: John Wiley and Sons Inc, 1989), pp 299-300.
Example 1: Preparation of 5-ethyl-2-methy!pyrid ne
borane from boranb-THF complex Borane-THF complex (20
ml of a 1M solution) was added dropwise to a solution
of 5- ethy!-2~methylpyridine (2.4 g, 20 mmol) in THF
(10 mi) at 40C. The temperature of the solution rose 3
degrees during the borane addition. The 11B NMR
spectrum of the so u tion showed a quartet at d =
-13.2 (1J(1 1B1H) = 98 Hz). DSC of the solution had an
exo thermic event at an onset of 2090C with an energy
release of -30 J/g. The THF was stripped off under
vacuum and 4O0C to leave a brown liquid still
containing about 40% THF and about 60%
5-ethy!-2-methyl pyridine borane.Example 2:
Preparation of 2,3-Lutidine borane from borane-THF
complex Borane-THF complex (10 ml of 1M solution) was
added dropwise to a solution of 2,3- lutidine (1.07 g,
10 mmo!) in THF (10ml) at 4C. The temperature of the
solution rose 3 degrees during the borane addition.
The 1 1B NMR spectrum of the solution showed a quartet
at = -12.5 (1J(11B H) = 96 Hz), DSC of the solution
had an exothermic event at an onset of 2250C with a
deita of -23 J/g. The THF was stripped off under
vacuum and 30-35 0C to leave 2,3-lutidine borane as a
fluffy crystalline solid with a melting point of 120C.
Example 3: Preparation of 5-ethy!-2-methy!pyridine
borane from diborane with solvent Diborane (1.4 g) was
added to a solution of 5-ethyl-2-methylpy pdne (12.1
g) in toluene (50 ml) to form a 2M solution of
5-ethy!-2-methylpyridine borane. The temperature of
the solution rose 4 degrees during the borane
addition. The 1 B NMR spectrum showed a quartet at d =
-13.3 ppm (1J(11B1H) 98 Hz). The DSC of the solution
had an onset at 



2120C and an energy release of - 152 J/g. The solvent
was removed under vacuum from 30 ml (27.4 g) of the
solution to leave a liquid product (6.4 g , 90 %
yield). 1H NMR indi cated a trace of toluene (<0.5%)
remaining. Example 4: Preparation of
5-ethyl~2~methy!pyridine borane from diborane without
solvent Diborane (4.9 g, 177 mmol) was added to neat
5-ethyl-2-methylpyrid ne (45.95 g, 379 mmol) in a
bottle cooled by an ice bath. The 4 h addition was
exothermic. The iodate titration for borane of the
product indicated 9 1.4% 5-ethyl~2-methylpyridine
borane, which was slightly less than expected (92.5%)
based on the diborane amount added. Boron fusion
method indicated a purity of 91%. The density of the
product was 0.909 g/mi at 250C. Viscosity was measured
at 6.6 centistokes at 200C. Example 5; Preparation of
5-ethyl-2-methylpyridine borane Diborane (21.2 g, 766
mmoi) was added to neat 5-eihy!-2-methylpyridine
(182.3 g, 1.504 mmol) in a bottle in an ice bath. The
2.5 h addition was exothermic raising the temperature
to 6C. The iodate titration for borane of the product
indicated 93.9% 5-ethyi-2- methylpyridine borane.
Boron fusion gave a value inline with the amount of
diboraneadded, 98.9%. The 11B NMR spectrum of the
soiution showed a quartet at d = -13.2 (1J(11B1H) 98
Hz). 1H NMR data (C6D6): S0.70 (t, 3H, J = 7.6 Hz),
1.92 (q, 2H, J 7.6 Hz), 2.51 (s, 3H)1 3.4 (q, 3H, 1J(1
1B1H) = 98 Hz), 6.42 (d, 1H, J = 7.8 Hz), 6.74 (d,
1H1J = 7.8 Hz), 8.49, (S, 1H); 13C NMR (C6D ); .d
14.5, 2 1.9, 25.2, 126.2, 138.3, 148.1 , 154.7, one
peak missing possibly due to overlapping signals; 13C
NMR (CDCI3) : $ 15.1, 22.2, 25.8, 127.0, 139.0, 139.7,
148,0, 155.0; IR (neat in 0.025 cm cell) B-H str.
2250-2400 cm' . The density was 0.900 g/rnl at 23 0C.
Viscosity was measured at 7.2 centistokes at 200C.
Example 6: Preparation of 5-ethyl-2-methyipyridine
barane (diborane addition at ambient temperature)
Diborane (50 g, 1.81 mol) was added to neat
5-ethyl-2~methyIpyridine (461 .9 g, 3.81 mol, Lonza)
in a bottle at ambient temperature. The temperature
rose from 20 to 260C during the diborane addition over
2 h 43 minutes. The iodate titration for borane
indicated 



9 1.9%. Boron fusion method of analysis gave a value
as expected for the amount of dibo rane added, 95.8%.
The 1 1B NMR spectrum of the soiution showed a quartet
at d = -13.2 (1J(1 1B1H) 98 Hz). The density was 0.917
g/ml at 200C. Viscosity was measured at 6.9
centistokes at 200C. 1H NMR (C6D6): d 0.70 (t, 3H J =
7.6 Hz)1 1.92 (q, 2H, J = 7.6 Hz), 2.51 (s, 3H), 3.4
(q, 3H, 1J(11B1H) = 98 Hz), 6.42 (d, 1H, J = 7.8 Hz),
6.74 (d, 1H, J = 7.8 Hz), 8.49, (s, 1H). Very smali
peaks were also seen in the 1H NMR spectrum due to
4-5% of free amine. Example 7: Reaction of
5-ethyi-2~methylpyridine borane with 1-octene (1 :1)
Reaction of 5-ethyl~2-methylpyridine borane with
1-octene (1:1 mole ratio of BH3 to alkene) in toluene
occurred to a limited extent over 24 hours at 7O0C.
After heating the sample to 70C for 24 h, 6% of the
5~ethyl-2-methylpyrtdine borane had reacted based on
the 11B NMR spectrum. Dialkylborane products were
observed corresponding to 14% of the 1-octene reacted.
Example 8: Reaction of 5-ethy!-2-methylpyridine borane
with 1-octene (1:3) Reaction of
5-ethyl-2-methyipyridine borane with 3 equivalents of
1-octene in toluene ( 1M) did not occur over 20 h at
450C. After heating the sample to 700C for 24 h , 45%
of the 5~ethy!-2~methylpyridine borane had reacted
giving 6% trioctylborane and 39% dioctylaikoxyborane.
Percent of 1-octene reacted was 45%.Example 9:
Hydroboration of 1-octene in the presence of acetic
acid 1-Octene (3.36 g, 30 mmol) and acetic acid (0.6
g, 10 rnmoi) were combined in a flask under nitrogen.
5-ethyl~2-methylpyridine borane ( 1.35 g, 10 mmot) was
added via syringe at room temperature. No exotherm was
observed and no reaction had occurred after 1 h at
room temperature, as monitored by 11B NMR
spectroscopy. The mixture was heated to 700C and
monitoring continued at 1 h, 3 h and after 2 1 h at
700C. 50% of the 5~ethyl~2- methylpyridtne borane was
consumed after 1 h (7O0C) and completely consumed
after 2 1 h , giving, after protonation of the
alkyiborane, 63% triacyiborane (2.7 pprn), 32%
diacyloctylborane (18 ppm) and 4% dioctylacyiborane
(31 ppm). The 1-octene was reduced to octane. 



Example 10: Carbony! Reduction Competition Experiment
Benzaldehyde (1.6 g, 15 mmol}, acbtophenone (1.8 g, 15
mmol) and acetic add (0.3 g, 5 mmol) were combined in
a flask under nitrogen. 5-Ethyl-2-methylpyridine
borane (0.7 g, 5 mmol) was added via syringe over 5
minutes at room temperature. At the end of the addi
tion the temperature of the reaction mixture reached
700C. An ice water bath was applied immediately to
bring the temperature down. The 1H NMR spectrum
indicated that the reaction was complete, giving a
91:9 ratio of benzy! alcohol to phenethyialcohol. Of
the combined carbonyl substrates, 37% were reduced and
63% remained unreduced. The 1 1B NMR spectrum
indicated 77% borate (reduced carbonyi products) and
22% (com bined species between 0 and 2 ppm) of amine
coordinated to borate products. AIi the references
described above are incorporated by reference in its
entirety for ail useful purposes. While there is shown
and described certain specific structures embodying
the invention, it will be manifest to those skiiied in
the art that various modifications and rearrangements
of the parts may be made without departing from the
spirit and scope of the underlying inventive concept
and that the same is not limited to the particular
forms herein shown and described.Claims: 1, Borane
complexes of the formula ( 1) wherein R1 and R2
represent independently from each other C1 - Ce-alkyl,
C1 - C8-afkoxy, C1 - C -HSkOXy-C1 - C8-alkyi or
halogen, with the provision that R1 and R2 are not
simultaneously methyl when R2 is at the 4- or
6-position of the pyridine ring. 2. Borane complex
according to claim 1, wherein R2 is bonded to the
5-position of the pyridine ring. 3. Borane complex
according to claim 2, wherein R1 is methyl and R2 is
ethyl. 4. Borane complex according to claim 1, wherein
the substituted pyridine is 2,3- lutidine,
2,5-lutidine, S-ethyl-2-methylpyridtne,
4-ethyl-2-methylpyridine, 3-ethy|~2- 



methylpyrid pe, 2,5-diethylpyridine,
5~propyi-2-methy!pyridine, 4-propyl-2-
rnethylpyridine, 5-fsopropyl-2-methyipyridine,
5-t-butyl~2-methy!pyridine, 5-nhexyi-
2-methyipyridine, 4-isobutyl-2-rnethylpyridine,
2,4-dipropylpyridi pe, 5-
methoxymethy!-2-methylpyridine or
5-ethoxymethyl-2-methylpyridine. 5 . Borane complex
according to claim 1, wherein the substituted pyridine
is 5-ethyJ- 2-methylpyridine. 6, Solutions comprising
at least one of the borane complexes according to
claim 1 and at least one solvent. 7, Solutions
according to claim 6, wherein the solvent comprises
the substituted pyridine used to complex the borane in
formula (1). 8, Solutions according to claim 6,
wherein the concentration of the borane complexes is
between 0.05 and 6.5 mol/l.9. Solutions according to
claim 8, wherein the solvent is tetrahydrofuran, 2-
methyltetrahydrofuran, dimethyl sulfide, 1,6-thioxane,
touepe, hexane or cyclohexane. 10. A process to
synthesize the new borane complexes according to claim
1, com prising the step of reacting a borane source
with the respective substituted pyri dine. 11. A
method of using the new borane complexes according to
ciairp 1 for organic reactions, comprising the step of
contacting a borane complex and a substrate in a
reaction vessel. 12. A method of using the new borane
complexes according to claim 11, wherein the organic
reaction is a reduction of a functional group or a
hydroboration reaction with alkenes and alkynes. 13. A
method of using the new borane complexes according to
claim 1 for reductive aminations of aldehydes or
ketones with primary or secondary amines. 


