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Lithium aminoborohydride (LAB) reagents promote the amination of 2-fluoropyridine under mild reaction conditions, providing 2-(dialkylamino)-
pyridines in excellent yield and purity. Treatment of 2-fluoropyridine with 1.1 equiv of lithium aminoborohydride at room temperature affords
complete conversion after 1 h. This is the first general way by which 2-(dialkylamino)pyridines may be directly obtained from fluoropyridines
under ambient reaction conditions. 2-Chloropyridine can also be converted to 2-(dialkylamino)pyridine by simply increasing the number of
LAB equivalents and the reaction temperature.

Aminopyridines are valuable synthetic targets with a variety and/or high temperaturés?hosphoramides have also been
of applications. They are commonly used as ligands in used in the amination of chloropyridines, but this method
inorganic and organometallic chemistand as fluorescent  requires long reaction times, high temperatures, and the
dyes? The aminopyridine moiety is present in pharmaceu- handling of toxic material® Recently, Buchwald et al. have
ticals used to help relieve the effects of multiple sclerésis, demonstrated transition metal-catalyzed cross coupling of

botulism? Alzheimer’s disease spinal cord injurie$, ma- halopyridines with amines as an efficient route to aminopy-
laria, and depressionAminopyridines have previously been ridines!! In this reaction, 2-, 3-, or 4-amino-substituted
prepared by nucleophilic aromatic substitutionyA® of pyridines are obtained from the corresponding bromo- or

halopyridine substrates with free amines under high pressure chloropyridines treated with a palladium catalyst, ligand, and
free amine. Acyclic dialkylamines such ashibutylamine,
(1) (3) Kempte, R.; Brenner, S.; Amndt, Prganometallics1996, 15, however, do not react in this system. Also, fluoropyridines

1071. (b) Fuhrmann, H.; Brenner, S.; Amdt, P.; Kempe|rRrg. Chem.  are unreactive substrates in this reaction due to the strong
1996,35, 6742. ) . >
(2) (a) Sathyamoorthi, G.; Soong, M. L.; Toss, T. W.; Boyer, J. H. fluorine—carbon bond, which does not allow oxidative

Heteroat. Chem1993, 4, 603. (b) Araki, K.; Mutai, T.; Shigemitsu, Y.; insertion of the palladium catalyst.
Yamada, M.; Nakajima, T.; Kuroda, S.; Shimao,Jl.Chem. SocPerkin ; - : (A
Trans. 21996, 613. (c) Yang, J.; Lin, Y.; Yang, Qrg. Lett.2002,4, 777. We rgport h_erlem the first general Way_ by which 2-(di

(3) Schtive, S. R.; Petrie, M. D.; McDermott, M. P.; Tierney, D. H.; alkylamino)pyridines may be directly obtained from 2-fluo-
Maso, D. H.; Goodman, A. DNeurology1997,48, 817.

(4) Sellin, L. C.Med. Biol.1981,59, 11. (8) Matsumoto, K.; Fukuyama, K.; lida, H.; Toda, M.; Lown, W. J.
(5) Davidson, M.; Zemishlany, J. H.; Mohs, R. Biol. Psychiatryl988 Heterocyclesl 995,41, 237.

23, 485. (9) Perron-Sierra, F.; Saint Dizier, D.; Bertrand, M.; Genton, A.; Tucker,
(6) Segal, J. L.; Warner, A. L.; Brunnemann, S. R.; Bunten, SA. G. C.; Casara, PBioorg. Med. Chem. Let2002,12, 3291.

J. Therapeutic2002,9, 29. (10) Gupton, J. T.; Idoux, J. P.; Baker, G.; Colon, C.; Crews, A. D,;
(7) Cacchi, S.; Carangio, A.; Fabrizi, G.; Moro, L.; Pace,3¥nlett1997, Jurss, C. D.; Rampi, R. d. Org. Chem1983,48, 2933.
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ropyridine, presumably through aR/& reaction mechanism.

Lithium aminoborohydrides (LABs) are used as the amina-
tion reagents. This reaction is generally applicable to the
introduction of a variety of secondary amines and comple-
mentary to existing synthetic methods. The activation of
carbon—fluorine bonds is of importance since this reaction

contributes to the fundamental understanding of the reactivity

of such very stable bonds.

LAB reagents are a new class of powerful yet selective
reducing agents that reproduce, in air, virtually all of the
transformations for which lithium aluminum hydride is used.

Scheme 2. LAB-Promoted {Ar of 2-Fluoropyridine
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The progress of these reactions was monitored by TLC,

LAB reagents are nonpyrophoric and are read”y prepared which indicated Complete ConSUmption of Starting material

from any primary or secondary amine, thus allowing precise
electronic and steric control of their reactivity by substituents
on the nitrogen atom. It was recently found that in some
circumstances, LABs preferentially transfer their amine
functionality over a hydride. During a screening of the
reducing capabilities of LAB reagents, a unique tandem
amination-reduction reaction between LABs and 2-haloben-
zonitriles was discovered.During this reaction, reduction
of the nitrile is accompanied by amination at the carbon
bearing the halogen, and 2-aminobenzylamin2y &re
obtained (Scheme 1). The amination capabilities of LAB

Scheme 1. LAB-Promoted Tandem Amination—Reduction
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after a 2 hperiod. Still, the isolated product yields were only
moderate. To account for the loss in yield, the reaction with
lithium dimethylaminoborohydride was repeated and exam-
ined for side-product formation. It was discovered that 33%
of the desired product was lost in the form of the 2-(di-
methylamino)pyridine—borane complex @hd 7), which
remained in the neutral layer during workup. The workup
procedure was thus modified accordingly. Heating the
reaction mixture in acidic methanol liberates the product from
the borane complex, and 2-(dimethylamino)pyridine was
isolated in 85% yield after workup.

After these initial findings, attempts were made to optimize
the reaction conditions further. It was discovered that elevated
reaction temperatures were unnecessary and only 1.1 equiv
of LAB reagent were required for the desired transformation.
When 2-fluoropyridine was reacted at room temperature with
1.1 equiv of LAB reagent for 1 h, 2-(hexamethyleneimino)-
pyridine was isolated in 97% vyield after employing the
modified workup procedure.

Table 1 lists the products obtained from reaction of various
LAB reagents with 2-fluoropyridine. The optically active

reagents have now been extended to effect the transformation AB reagent prepared from (S)-(+)-2-methylpiperidine

of 2-fluoropyridine to 2-(dialkylamino)pyridines.
The direct amination of 2-fluoropyridine via LAB was first

attempted to determine if an amination reaction analogous

(entry 9) gave the lowest yield (60%), presumably as a result
of increased sterics.
It is important to note that when 2-fluoropyridine is treated

to that of 2-fluorobenzonitrilel) was indeed possible. The  with a free amine such as homopiperidine at reflux temper-
same reaction conditions that had been optimized for the ature, the substrate remains intact even after extended reflux.
amination of 2-fluorobenzonitrile were employed, and 2-flu-  Other amines, specifically lithium amides such as LDA, do

oropyridine (3) was treated with 1.5 equiv of lithium
dimethylaminoborohydride at 68C for 2 h. Upon addition
of 2-fluoropyridine to the LAB reagent, the colorless solution

not promote amination of 2-halopyridines. Rather, these
reagents result inrtho lithiation.** Clearly, the LAB reagent
is essential for promoting the amination of 2-fluoropyridine.

turned deep red in color. Meisenheimer complexes, the T gain insight into the kinds of boron species that are

anionic intermediates formed during aR/8 reaction, are
known to form highly colored solutions. In fact, a similar,
deep red color change in the/& reactions of LABs with
2-halobenzonitriles had been observed. Gratifyingly, 2-(di-
methylamino)pyridine (4) was isolated in 59% yield under

formed during this reaction, an aliquot of the reaction mixture
was analyzed b¥*B NMR. Among the observed signals were
found two aminopyridine-borane monomers)at16.23 (q)
ando —12.89 (q), attributed to the pyridinoborar®) @nd
aminoborane complexed)( of 2-(amino)pyridine, respec-

these reaction conditions (Scheme 2). The same reaction wasjvely (Figure 1). The dominariB NMR signal is a sharp

attempted with a cyclic LAB reagent to see if similar results
would be obtained. When lithium homopiperidinoborohy-

peak ato 3 (t, J = 113 Hz). This signal may indicate that
the majority of the aminopyridine product exists as an

dride was used as the LAB reagent in this reaction, com- aminopyridine-borane dimerg) in solution before workup?
parable results were observed and 2-(hexamethyleneimino)-acyclic aminopyridine dimer complexes with borane are

pyridine (5) was isolated in 68% yield (Scheme 2).

(12) Hudlicky, M.Chemistry of Organic Fluorine Compound&entice
Hall: New York, 1992.

(13) Thomas, S.; Collins, C. T.; Cuzens, J. R.; Spiciarich, D.; Goralski,
C. T.; Singaram, BJ. Org. Chem2001,66, 1999.
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(14) (a) Choppin, S.; Gros, S.; Fort, ¥Eur. J. Org. Chem2001, 3,
603. (b) Radinov, R.; Khaimova, M.; Simova, §ynthesid986,11, 886.

(15) BH; compound shown in Figure 1 may be cyclic or acyclic. The
exact identity of this species is not forthcoming at this moment and is under
further investigation.
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Table 1. Products Obtained Using Various LAB Reagents

entry LAB product yield?®
1 N 85 (R=Me)
2 LiH3BNR, | 76 (R=Et)
3 N7 NR, 75 (R=Pr)
X
4 LiH3BN/\j | 81
0
AN
5 LiHBN ) | 99
o
N r\O
~
6 LHsBN O - 83
NTONTY
L_o
AN
7 LiH;BN | 97
X
8 LiHsBN" Ph | R 95
| NN
AN
9 LiHsBN ) | 60
o
N

aYields refer to crude isolated product. All products ai@0% pure by
1H NMR.
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Figure 1. Aminopyridine—borane monomers and putative dimer
observed by"'B NMR during reaction.

known and reported to have chemical shifts ahdalues
similar to our observed sign#l.

In an attempt to extend this method to other substrates,
2-chloropyridine was reacted with lithium dimethylami-
noborohydride under the same reaction conditions optimized
for 2-fluoropyridine. The reaction was investigated by GC
analysis using mesitylene as an internal standard, and yield

(16) Noth, H.; Wrackmeyer, BNuclear Magnetic Resonance Spectros-
copy of Boron CompoungdSpringer-Verlag: New York, 1978; p 377.
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were calculated using the internal standard and correcting
for detector response. When 2-chloropyridine was treated
with 1.1 equiv of lithium dimethylaminoborohydride at room
temperature for 1 h, a significant amount of starting material
remained. Continued stirring at room temperature for 21 h
resulted in only 38% GC yield of 2-(dimethylamino)pyridine.
Performing the reaction at reflux temperature in THF, a 52%
yield of 2-(dimethylamino)pyridine was observed. Optimal
yields were obtained aftel h atreflux when 2.5 equiv of
LAB reagent were used. These results are summarized in
Table 2.

Table 2. Reaction Condition Optimization for
2-Chloropyridine

S LiH;BNMe, @
B ————— P

NT >al THF N° NMe;

LAB equiv temp time yield?
11 rt 21h 38
11 65 °C 23h 52
15 65 °C 3h 63
25 65 °C 1lh 87

aYields determined by GC using an internal standard.

Surprisingly, 2-bromopyridine was also found to undergo
LAB-promoted RAr under these conditions. The yields,
however, were lower, and 2-bromopyridine was sluggish to
react. For these reasons, and because the palladium-catalyzed
amination reactions are superior for the 2-bromopyridine
substrate, further optimization of this reaction was not
pursued.

The observed reactivity of 2-fluoropyridine, 2-chloropy-
ridine, and 2-bromopyridine in these reactions suggest a
SVAr mechanism, as fluoride possesses the best leaving group
ability, followed by chloride and bromide. Moreover, since
no cinesubstitution occurs in these reactions, the involvement
of a benzyne intermediate is ruled out. The amination
reaction was attempted with 2-fluoropyridine-borane as the
substrate to see if borane alone could promote amination with
a free amine. However, even after extended reflux with
pyrrolidine, the 2-fluoropyridine-borane starting material
remained unchanged. In addition, lithium amides are known
to promote ortho metalation, and not amination. It therefore
seems reasonable to conclude that both the boron and the
lithium components of the LAB reagent are needed for
amination to occur.

In summary, LAB reagents containing both acyclic di-
alkylamines and cyclic amines have been shown to promote
the amination of 2-fluoropyridine under exceedingly mild
reaction conditions, providing a variety of 2-aminopyridines
in excellent yield. This constitutes the only method for which
2-fluoropyridines can be converted into 2-aminopyridines
under ambient conditions. The significance of this amination
method lies in the way in which it complements the current
synthetic methods used to produce this important class of
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compounds. Other haloheteroaromatics are currently being Supporting Information Available: General experimen-
investigated as substrates for LAB-induced aminations.  tal details and synthetic procedures for LAB reagents, GC

) scale reactions of 2-chloropyridine (Table 2), and all prod-
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