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Summary of the lnvention The present invention provides new borane
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as the complexing agent and solutions thereof. Another object of the present invention

20  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 complexes for organic reactions.

Accordingly, new borane complexes of the formula (1) have been found,
25

N - BH,
(1

wherein

30 R'and R? represent independently from each other C, — Cy-alkyl, C; — Cg-alkoxy, C; —
Cg-alkoxy-C, —~ Cg-alky! or halogen, with the provision that R' and R? are not simuliane-
ously methyl when R? 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
33 formula (1), comprising the step of reacting a borane source with the respective substi-
tuted pyridine.
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R! and R? represent independently from each other Cy — Cg-alkyl, C, ~ Cy-alkoxy, C; —
25  Cgalkoxy-C; — Cg-alkyl or halogen, with the provision that R! and R? are not simultane-

ously methyl when R? is at the 4- or 8-position of the pyridine ring.

As used herein, the term “C; — Cg-alkyl” denotes a branched or an unbranched saturated
hydrocarbon group comprising between 1 and 8 carbon atoms. Examples are methyl,

30 ethyl, propyl, isopropyi, n-butyl, isobutyl, sec-butyl, t-butyl, n-hexyl, n-heptyl, 2-ethythexyl
and n-octyl,

The term “Cy ~ Cs-alkoxy” denotes a group derived from a branched or an unbranched
aliphatic monoalcohol comprising between 1 and 8 carbon atoms. E:xamples are meth-
35 oxy, ethoxy, propoxy, isopropoxy, n-butoxy, isobutoxy and n-pentoxy.
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However, the substituted pyridine may be present in excess compared to the diborane
and, therefore, may serve both as complexing agent for the borane and as solvent for the
newly formed borane complex, Of course, one or more ather solvents with paorer com-
piexing ability to borane than the substituted pyridine may also 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 soivents for the solutions of the present invention are at least partially miscible
with the respective substituted pyridine of the borane complex (1) and inert fo borane, for
example ethers like disthyl ether, tetrahydrofuran or 2-methyitetrahydrofuran, sulfides like
dimethyl sulfide or 1,6-thioxane or hydrocarbons like pentane, hexane, heptane, cyclo-
hexane, toluene or xylenes. Preferred solvents for the solutions of the new complexes
with substituted pyridines (1} are tetrahydrofuran, 2-methyltetrahydrofuran, dimethyl sul-
fide, 1,6-thioxane, toluene, hexane or cyclohexane, most preferred are tetrahydrofuran,
2-methyltetrahiydrofuran, toluene, hexane or cyclohexane,

The solutions of the present invention generally contain the new borane complexes of the
formula (1) in concentrations between 0.05-and 6.5 molfl, preferably betwsen 0.3 and 3
mol/l, more preferably betwaen 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 pyri-
dines {1) even solutions with profic salvents can be prepared and are stable for reason-
able fime periods. Therefore, reaction can be conducted in a protic environment contain-
ing water, alcohols like methanol, sthanol, propanot or isopropanol or acids like formic
acid or acetic acid. As an exampie, Figure 1 illustrates the stability of 5-ethyl-2-
methylpyridine borane in methanol aver several days.

ltis welt known that borane complexes tend o undergo thermal decompositions. The
storage stability of the new borane complexes with substituted pyridines (1) is therefore
of particular interest. Shelf-iife studies performed under varicus conditions (0 and 20°C)
indicated that, for example, 5-ethyl-2-methylpyridine borane did not lose borane content
and did not become viscous over time.
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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
available amine-borane complexes. DSC is a rapid screening test useful for detecting
potentially hazardous reactions and thermal decompositions. The resulls are surtimarized
in Table 1.

Table. 1. Data on Amine Borane. Complexes.

Amine Name Cnset Temperature® | Energy released

{°C) {J/g)

5-Ethyl-2-methylpyridine (60% in THF) 188 361
S-Ethyl-2-methylpyridine (neat fram tolu- 202 -570

ene)
5-Ethyl-2-methylpyridine {neat from tolu- 192° ‘ -497°
ene)

S-Ethyl-2-methylpyridine (91% in EMP) 199 -512
S-Ethyl-2-methylpyridine (98%) 205 -600
2-Picoline (comparison) ' 186 -823
2,3-Lutidine 198 -800

2,6-L.utidine {comparison) 2158 -582
N,N-Diethytaniline (2 events) 118 ~13
(comparison) 204 ~35
N.N-Diethylaniline (3 events) ®q0, -10
(comparison) 140, 180

345 -300

Pyridine {(93%. pyridine borane, 160, -660

7% pyridine} (2 events) (comparison) 230 -225
- Pyridine (95%. pyridine borane, g5, -970
5% pyridine) (2 events) (comparison) 340 -190

* Temperature ramp of 4 K/imin. ® Temperature ramp of 2.5 Kimin

The measured values are not intrinsic properties but are dependent on the sensifivity of
the instrument, the scanning rate and the quantity of the material (B. Venugopal, Chemi-
cal processing, 2002, March issue, p. 51). Differénces 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-methylpyridine borane has a higher onset
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temperature and releases less energy upon decomposition than pyridine borane and 2-
picoline borans.

An isothermal DSC on 5-ethyl-2-methylpyridine borane (95% purity with 5% 5-sthyl-2-
methylpyridine) at 150°C 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
dynarnic DSC, Another isothermal DSC was run at 125°C 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 180°C 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-ethyi-2-methylpyridine borane most
have ogccurred during the heating period. Finally, an isothermal DSC at 55°C for 4500
minutes showed no thermal events and the dynamic scan afterwards showed the ex-
pected energy release of —658 J/g at an onset of 199°C. Compared to pyridine borane,
which cannot be held at 55°C, 5-sthyl-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 arganic reactions, The method comprises the step of contact-
ing a borane complex and d substrate in a reaction vessel. For most-aromatic amine bo-
ranes, the reaction is expected fo require heat to dissociate the borane from the amine.
Preferably, the escape of eventually evolved gaseaus 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 furictional
groups, hydroboration reactions with alkenes and alkynes and reductive aminations of
aldehydes or ketones with primary or secondary amines. Suitable substraies to be used
in reduction reactions with the new borane sther complexes include organic compounds
with aldehyde, ketone, oxime, imine, nitrile or carboxylic acid groups.

The reactivity of the new borane complexes with substifuted pyridines (1) toward organic
functional groups is expected 1o paralle! that of pyridine borane and 2-picoline borane {cf.
Yorka, K.V.; Truetf, M.L.; Johnson, W.S., J. Org. Chem. 1962, 27, 4580; Bomann, M.D.;
Guch, L.C.; DiMare, M., J. Org. Chem. 1895, 60, 5995; Felter, A.P.;Rosser, R.M.; Mills,
3., 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 rifluoride-
diethyletherate; see Brown, H.C.; Murray, L.T. [horg. Chem. 1984, 23, 2746f, for reac-
tions of 2,6-lutidine borane and 2-picoline borane in acetic acid). As can be seen from
examples 7 and 8, heat was required to dissociate the borane from 5-ethyl-2-
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about 40% THF and about 60% 5-ethyl-2-methyipyridine borane.
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cont ai ni ng négcgg, wm oo @@gb‘? Bt BB ABUiRe 4 05 0, 370
bor ane. %*FP %f ERGgignavas € %@#%Fh@wd@fe ti-
2, 3- Lut Bdi n&ratwyr fgnborane wf tbsrmmmscﬂfﬁmatampm%% 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 0.809 g/mi at
25°C. Viscosity was measured at 6.6 centisiokes at 20°C.

35
Example 5. Preparation of 5-sthyl-2-methylpyridine borane

Diborane (21.2 g, 766 mmol) was added to neat 5-ethyl-2-methylpyridine (182.3 g, 1.504

mmol) in a bottte in an ica bath. The 2.5 h addition was exothermic raising the tempera-
40  ture to 6°C. The iodate titration for borane of the product indicated 93.9% 5-ethyl-2-

methylpyridine borane. Boron fusion gave a value inline with the amount of diborane
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Example 7: Reaction of 5-ethyl-2-methylpyridine borane with 1-octene (1:1)

Reaction of 5-ethyl-2-methylpyridine borane with 1-actene (1:1 mole ratio of BH, to al-
kene} in toluene oceurred to a limited extent over 24 hours at 70°C. After heating the

30 sample to 70°C for 24 h, 6% of the 5-ethyl-2-methylpyridine borane had reacted based on
the "'B NMR spectrum. Dialkylborane products were.observed corresponding to 14% of
the 1-octene reacted,.

35  Example 8: Reaction of 5-ethyl-2-methylpyridine borane with 1-octene (1:3)

Reaction of 5-ethyl-2-methylpyridine borane with 3 equivalents of 1-octene in toluene

(1M) did not occur over 20 h at 45°C. After heating the sample to 70°C for 24 h, 45% of

the S-ethyl-2-methylpyridine borane had reacted giving 6% trioctylborane and 38% dioc-
40 tylalkoxyborane. Percent of 1-octene reacted was 45%.
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1-octengg(1:1 nole ratio of 8H3 to al- kene) in tofuene occurred to a
limted extent over 24 hours at 70C. After heating the 30 sanple to

70C for 24 h, 6% of the 5-ethyl-2-nethylpyridine borane had reacted
based on t hé&xatPlNMR Cpburiy RedudiioalGortgaditiernExgariatintt S wer e observed
corresponding to 14% of the 1-octene reacted. 35 Exanple 8: Reaction

of 5-ethyl -2- et %} ri &i ne _bor ane W&tﬁ)| 1-octene (1:3) Reaction of

o etryl L3t AT 18 IRl aoh oA A g 5 THibh 58 PERE 498 (0.3 0, 5
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rerchnt O VARG RS o bl 0 Sl B e
1- oct ene i n Aedjpiey biFngche iarepgratursdewss The 'H NMR spectrum indicated that the
reaction was complete, giving a 91:9 ratio of benzyl alcohol to phenethylalcohol, Of the
25  combined carbonyl stibstrates, 37% wers reduced and 63% remained unreduced. The
"B NMR spectrum indicated 77% borate (reduced carbonyl products) and 22% (com-
bined species between 0 and 2 ppm) of amine coordinated to borate products.

30 Allthe references described above are incorporated by reference in its entitety for all
useful purposes.

While there is shown and described certain specific struciures embodying the invention, it
will be manifest to those skilled in the art that various modifications and rearrangemenis

35  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.



1-Cctene (3.36 g, 30 nmmol ) and acetic acid (0.6 g, 10 nmml) were
conbined in a flask under nitrogen. 5-ethyl-2-nethyl pyridi ne borane
(1.35 g, 10 mmol) was added via syringe at roomtenperature. No

exot herm was observed and no reaction,had occurred after 1 h at room
tenperature, as nonitored by 11B NVR Spectroscopy. The m xture was
heated to 10 70C and nonitoring continued at 1 h, 3 h and after 21 h
at 70C. Qﬂ?@ﬁg the 5-ethyl-2- nethyl pyridi ne borane was consuned
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according to claim1, wherein is bonded to the 5-position of the
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met hyl ark Bﬁgeriesc%f'ﬂ'ﬁ‘ accﬂfd' foHRIm: ﬁ'fﬁh%f?"‘a'%g@r'a?ml ar @? h’i‘?ﬁi‘
wherein the substituted pyridine is 2,3- lutidine, 2,5- Iutidine,

5- et hyl - 2- net hyl pyri di ne, 4-ethyl -2- nethylpyridine 3-ethyl-2-
met hyl pydi Borane Qomplex@mgndmg foodlaim 1,3vherepythe substitaadoyyridinenis 2,3-

& P oot BN iz ARG AT R b 0oine, ety 2-

4-i sobut yﬂietﬁylp?iﬁdﬁplém/,&diehgipyﬁdiﬁeﬂﬁ-pfm}@wéih@lp?ﬁdln@- 4-propyI-2-

el hOXyantet%yl pyndﬁt hg-lé?)p?(;[gi):l-ré?mg{hylp-yrldlne %I{%utyl-z-meﬁip I’Idﬁ'l % 9:1'-ne
hexyl-2-methyipyridine, 4-isobutyl-2-methylpyridine, 2,4-dipropylpyridine, 5-
methoxymethyl-2-methylpyridine or 5-ethoxymethyl-2-methylpyridine.

5. Borane complex according fo claim 1, wherein the substituted pyridine is 5-
ethyl-2-methylpyridine.



5. Borane conplex according to claim 1, wherein the substituted
pyridine is 5- ethyl-2-nethylpyridine. 13 6. Solutions conprising
at | east one of the borane conpl exes according to claiml and at

| east one solvent 7. Solutions accorging to claim®6, wherein the

sol vent conprises the substituted pyridine used to conpl ex the borane
in formula (1). 8. Solutions according to claim®6, wherein the

concent r &, iISyutRinst dnradivnat REEPOSK 6F tHeShdrahveemple:e tording tavelaf -
9. Solution according to claim8, wherein the solvent is

_t et r ahydriong ahleagt ongsdlyentet r ahydr of uran, dimethyl sul fi de,

1, 6-t hi oxane, toluene, hexane, or cyclohexane. 10. A process to

synt hesi ze the new borane conpl exes according to claim1, conprising

t he st ep 7Sdwmesi angoedibg tackimd) wlesreint thetdobvent speptisee thea bebbdtituted d

pyridine. .11. A nethod of uysing the new borarie conpl exes according

to cl ai mpi’”éﬁ‘le 165@53 icgmﬁ%ﬁeﬁ?n%mfﬁfmg%it he step of contacting a
borane conplex and a substate in a reaction vessel. 12. A nethod of

usi ng the new borane conpl exes according to claim 11, wherein the
organi ¢ reavelubions sicgording de | Jainy 6, awhenedt itlym gongeniptiasr oh the borane

hydr oborgbme%e%qg%gﬁpegﬁ f)_lbsaér}wg%%}ild al kynes. 13. A net hod of

using th orane conplexes"according to claim1l1 for seductive
am nations of al dehydes or ketones with primary or secondary am nes.

9. Solution according to claim 8, wherein the solvent is tetrahydrofuran, 2-
methyltetrahydrofuran, dimethyl sulfide, 1,6-thioxane, toluene, hexane, or
cyclohexane.

10. A process to synthesize the new borane complexes according to claim 1,
comprising the step of reacting a borane source with the respective substituted
pyridine.

11. A method of using the new borane complexes according to claim 1 for
organic reactions, comprising the step of contacting a borane complex and a
substate 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
seductive aminations of aldehydes or ketones with primary or secondary amines.



