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A general and facile one-pot amination procedure for the synthesis of 2-aminopyridines from the corresponding pyridine-N-oxides is presented
as a mild alternative to SyAr chemistry. A variety of amines and heterocyclic-N-oxides participate effectively in this transformation which uses

the phosphonium salt, PyBroP, as a means of substrate activation.

2-Aminopyridines are ubiquitous features in small molecule
chemotherapeutics.® Typical syntheses of 2-aminopyridines
require a nucleophilic displacement of the corresponding
2-halopyridines with an amine (Scheme 1). Yields for this
transformation, particularly on unactivated 2-halopyridines,
are frequently low and in most cases require high temper-
atures and pressures.” Palladium- and copper-catalyzed
aminations can enhance yields and do offer attractive
alternatives to SyAr chemistry, but these preparations usually
require harsh reaction conditions as well as substrate-specific
ligands.® Aminations at a late stage in a synthesis are often
not possible due to substrate decomposition or incompat-
ibility under the above conditions. For these reasons, new
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Scheme 1. Syntheses of 2-Aminopyridines
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and mild methods for the preparation of 2-aminopyridines
are desirable,

Another increasingly popular synthetic approach to 2-ami-
nopyridines employs pyridine-N-oxides in place of the
corresponding 2-halopyridines.* Treatment of pyridine-N-
oxide (4) with an activating agent (A—X = Ts,0, TsCl,
AcO, etc.) enhances the electrophilic character of the
2-position (5), thus allowing for nucleophilic addition of the
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amine under relatively mild conditions. Unfortunately, side
reactions are quite common, including addition at the
4-position, counteranion (X ™) addition at the 2- and 4-posi-
tion, and amination of the activating agent directly with the
amine nucleophile. Several clever solutions to these prob-
lematic side reactions appeared in the literature®° recently
that carefully modulate reaction conditions to minimize side
products. In these optimized cases, however, the amine
substrate scope is narrow, thus limiting broad applicability.

We were interested in expanding and improving the
reactivity of amines with pyridine-N-oxides while minimizing
some of the more common side reactions. Since most of the
reaction side products were due to the activating agent, we
began our search for suitable aternatives. Phosphorus
oxychloride and related reagents, when combined with
pyridine-N-oxides, affect nonregioselective chlorination of
the 2- and 4-position in a manner similar to the activating
agents shown above.® In these cases, the strength of
phosphorus—oxygen bond formation provides a strong
thermodynamic drive for reaction completion. We surmised
that we could take advantage of this same principle with
more specific phosphonium salts. Although most commonly
used as amide coupling reagents,® phosphonium salts (Py-
BroP,” BroP, PyBOP, and BOP)® have also been shown to
activate carbon—oxygen bonds for nucleophilic displacement
reactions.® Additionally, phosphorus activated carbon—oxygen
bonds can function as effective partners in cross-coupling
reactions.’® To our knowledge, however, there have been
no reports of phosphonium salt activation of pyridine-N-
oxides.

To assess the feasibility of using phosphonium salts as a
means to introduce amines onto pyridine-N-oxides, we
attempted the coupling of pyridine-N-oxide 6 with cyclo-
hexylamine 7 (Table 1). When a basic mixture of 6 and 7
was treated with PyBroP (bromo-tris-pyrrolidino-phospho-
nium hexafluorophosphate), we were delighted to obtain 8
asthe mgjor product of the reaction. Remarkably, no addition
at the 4-position of the pyridine-N-oxide was observed. After
reaction optimization, we found that Hunig’' s base (i ProEtN)
and dichloromethane as a base/solvent pair worked most
effectively (entry 1). PyBroP and the closely related BroP
(entry 13) were the only phosphonium salts that afforded
the desired product. Although BroP (83%) slightly outper-
formed PyBroP (82%), we chose not to use BroP due to the
generation of carcinogenic HMPA as a byproduct (vide
infra). Hydroxybenzotriazole-based phosphonium salts (en-
tries 14 and 15) and bromo-triphenylphosphonium bromide
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Table 1. Reaction Optimization for the Amination of
Pyridine-N-oxide with Cyclohexylamine®
H
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entry  additive base solvent temp (°C) yield
1 PyBroP iProEtN CH,Cl, 25 82
2t PyBroP  iPr;EtN CH.Cl, 25 75
3¢ PyBroP  iPr;EtN CH,Cl, 25 41
44 PyBroP  iPr;EtN CH,Cl, 25 69
5 PyBroP  iPr;EtN CH,Cl, 0—25 55
6 PyBroP  iPr;EtN DCE 70 53
7 PyBroP iProEtN DMF 25 n/r°
8 PyBroP  iPr;EtN EtOAc 25 62
9 PyBroP  iPr;EtN THF 25 70
10 PyBroP DBU CH,Cl, 25 n/r
11 PyBroP  2,6-lutidine  CH,Cl, 25 40
12 PyBroP  NEt; CH,Cl, 25 78
13 BroP iProEtN CH.Cl, 25 83
14 PyBop iProEtN CH,Cl, 25 n/r
15 BOP iProEtN CH,Cl, 25 n/r
16 PthBI‘z LPrgEtN CHzclz 25 n/r

2Unless otherwise noted, al reactions were conducted at 0.25 M
concentration with 6 (1.00 equiv), 7 (1.25 equiv), base (3.75 equiv), and
additive (1.30 equiv). ®1.00 equiv of 7. ©5.00 equiv of 7. 90.10 M
concentration. € No reaction.

(entry 16) were ineffective. Nontrialkylamine bases (entries
10 and 11) performed poorly under the reaction conditions.
A solvent screen demonstrated that dichloromethane (0.25
M) gave the highest yields (entries 1, 4, and 7—9). Interest-
ingly, elevated temperature (entry 6) had a detrimental effect
on the observed yield. Under our optimized conditions, we
used N-oxide 6 as the limiting reagent with a small excess
of 7 (1.25 equiv), PyBroP (1.30 equiv), and a 3-fold excess
of iPraEtN (3.75 equiv) compared to the amine nucleophile.
The reactions were complete in 5—15 h at room temperature.
The order of reagent addition had no impact on observed
yields.

We next applied the optimized reaction conditions to a
variety of amine nucleophiles (Table 2). When pyridine-N-
oxide 6 was combined with each amine in dichloromethane
and treated with iProEtN and PyBroP, we were pleased to
obtain the corresponding 2-aminopyridines in modest to
excellent yields. In none of these instances did we observe
reaction at the 4-position of the pyridine-N-oxide. As shown
in Table 2, primary and secondary aliphatic amines were
very effective nucleophiles (entries 1—6).** Ammonia (entry
15) also showed modest reactivity under our conditions. The
steric bulk of the amine had little impact on the reaction
outcome, as t-butylamine performed well (entry 12). Ami-
nations with allylic and benzylic amines (entries 7 and 8)
proceeded smoothly as did those with heterocyclic amines

(11) For entry 6, as anticipated, no racemization and no protecting-group
degredation occurred. Chiral purity was determined on a Chiralpak AD
Column, 5% |PO/heptanes with 0.1% DEA, 210 nm, 1 mL/min flow rate,
and compared to a racemic standard.
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Table 2. Amination of Pyridine-N-oxide with a Variety of
Amines®
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@ Reaction Conditions: Combine N-oxide 6 (1.00 equiv), amine 1 (1.25
equiv), and iPrEtN (3.75 equiv) in CH,Cl, (0.25 M) and add PyBroP (1.30
equiv) and stir for 15 h at room temperature. ® 1.0 M MeNH, in THF. € 0.5
M NH3 in 1,4-dioxane.

(entries 13 and 14). Although the yields were attenuated,
we were pleased to observe reaction with electron-rich and
electron-neutral anilines (entries 9 and 10). With the excep-
tion of entry 11, we observed little or no reactivity with
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electron-deficient anilines. To our knowledge, thisis the only
report of amidation with an aniline onto a 2,6-unsubstituted
pyridine at room temperature.

We further examined the reaction of cyclohexylamine 7,
with a selection of pyridine- and quinoline-N-oxides under
our optimized conditions (Table 3). We were pleased to

Table 3. Amination of Various Heterocyclic-N-oxides with
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2 Reaction Conditions: Combine N-oxide 7 (1.00 equiv), cyclohexy-
lamine 7 (1.25 equiv), and iPr,EtN (3.75 equiv) in CH,Cl, (0.25 M) and
add PyBroP (1.30 equiv) and stir for 15 h at room temperature. ® 1:1 with
3-methyl isomer. © No reaction.

observe modest to good reactivity in all cases examined.
Electron-rich (entry 1) and electron-poor (entry 2) pyridine-
N-oxides showed comparable reactivity. Quinoline-N-oxides
worked well (entries 3 and 4), with isoquinoline-N-oxide
affording the 1-substituted regioisomer only.'? Reaction with
3-methylpyridine-N-oxide (entry 6) gave a 1:1 mixture of
addition products at the 2- and 6-positions, with no apparent
steric bias from the 3-methyl group. Although the majority
of the examples in Table 3 is derived from commercially

(12) Examplesof 1-position regioselectivity with isoquinoline-N-oxides
are known: (a) Manley, P. J; Bilodeau, M. T. Org. Lett. 2002, 4, 3127—
3129. (b) Abramovitch, R. A.; Rogers, R. B. Tetrahedron Lett. 1971, 22,
1951-1954.

(13) (@) Jain, S. L.; Sain, B. Chem. Commun. 2002, 1040-1041. (b)
Fields, J. D.; Kropp, P. J. J. Org. Chem. 2000, 65, 5937-5941. (c) Ferrer,
M.; Sanchez-Baeza, F.; Messeguer, A. Tetrahedron 1997, 53, 15877-15888.
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available N-oxides, the relative ease™ of converting pyridines
and quinolines to the corresponding pyridine- and quinoline-
N-oxides facilitates even larger potentia diversity.

The proposed mechanism for this transformation is
outlined in Scheme 2. The reaction most likely proceeds via

Scheme 2. Proposed Reaction Mechanism
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the activated pyridine complex 12. Subsequent basic rearo-
matization (13) affords the desired 2-aminopyridine 3 and
phosphoryltripyrrolidine 14, the only significant organic
byproduct of the reaction. The strong regiochemical prefer-
ence for 2-position addition may be attributed to a charge
association™ of the activated phosphonium complex 12 with
the incoming amine nucleophile 1. Whatever the source of
this effect, its strength cannot be overstated, as no addition
at the 4-position of 2,6-dimethylpyridine-N-oxide (Table 3,

Org. Lett, Vol. 12, No. 22, 2010

entry 7) was observed under our standard reaction condtions.
Preformation of 12, as observed by the consumption of
PyBroP and N-oxide, followed by the addition of amine and
base, afforded the desired product as expected. Under no
circumstances did we observe counteranion (Br—, PFg7)
addition onto the pyridine. In this transformation, the
phosphonium salt works in excellent balance to activate and
eliminate, while remaining unreactive toward the amine
nucleophile.

In conclusion, we have presented a general and facile
amination procedure for the synthesis of 2-aminopyridines,
which provides a mild aternative to traditional SyAr
chemistry. A diverse substrate scope combined with an
operationally simple procedure make this a useful methodol-
ogy. Further optimization of this procedure will continue in
our laboratory.
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to activated pyridines and may work in concert with the proposed charge
interaction.

5257



