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Remote protection prevents unwanted cyclizations
with 2-aminopyridines
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Abstract—The pyridine nitrogen of the 2-aminopyridine group is sufficiently nucleophilic to undergo intramolecular cyclizations,
thereby preventing competing Mitsunobu and other substitution reactions from proceeding at a remote site. Double protection
of the 2-amino group effectively blocked reaction at the pyridine nitrogen. This is a rare example of the use of a remote protecting
group to block another group from reacting.
� 2006 Elsevier Ltd. All rights reserved.
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In our ongoing search for selective inhibitors of nitric
oxide synthase, a method for converting a trans-alcohol
having general structure 1 into compounds of general
structure 2 with cis stereochemistry was desired (Scheme 1).

When 1a was submitted to Mitsunobu conditions,1 an
intramolecular cyclization occurred instead of the
desired addition by an external nucleophile. The pyridine
nitrogen is sufficiently nucleophilic to displace the acti-
vated alcohol of the Mitsunobu intermediate, forming
3 (Scheme 2).2 None of the desired product was de-
tected, despite numerous attempts to vary the reaction
conditions. Furthermore, attempts to activate the hy-
droxyl group as a tosylate, mesylate, or triflate followed
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by displacement with a nucleophile met with a similar
undesired fate.

It would be impractical to protect the pyridine ring
nitrogen itself, but it was believed that different protect-
ing groups on the primary amino group attached to the
Table 1. Yields of Mitsunobu product 4 when different protecting
groups are used
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Compound P1, P2 Yield of 4 (%)

1a Boc, H 0
1b Boc, Boc 85
1c Dimethylpyrrole 31
1d Boc, Bn 86
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pyridine ring might result in different rates of intramo-
lecular cyclization. We were pleased to find that double
protection of the amino group completely prevented the
intramolecular side reaction and allowed for successful
remote Mitsunobu coupling. In Table 1, the results of
performing a Mitsunobu reaction using DPPA as the
source of nucleophilic azide are displayed.3,4

Subjecting the mono-Boc protected aminopyridine to
Mitsunobu conditions resulted exclusively in undesired
cyclization. Attempts to add another Boc group to 1a re-
sulted in reaction at the hydroxyl group and formation
of the tert-butyl carbonate instead. Protection of the
alcohol group of 1a as a TBS ether, followed by addition
of a second Boc group to the aminopyridine, then
deprotection of the silyl ether resulted in tri-Boc pro-
tected 1b. Amino group diprotection prevented intramo-
lecular cyclization at the pyridine nitrogen and allowed
the Mitsunobu reaction to proceed as desired to give
4b in excellent yields.5 The drawback of this method
was that it required multiple additional steps to synthe-
size 1b.

Protection of the aminopyridine as a dimethylpyrrole to
give 1c6 gave some of the desired product 4c,7 but the
reaction did not proceed cleanly, and the product yield
was low. However, there was no evidence of formation
of an analog of 3.

Conversion of 1a to the benzyl protected analog 1d
proved most straightforward (Scheme 3).8 Because the
carbamate proton of 1a is significantly more acidic than
the hydroxyl proton, treatment of 1a with one equiva-
lent of sodium hydride in DMF followed by quenching
with benzyl bromide gave exclusively alkylation of the
nitrogen and not the oxygen. When 1d was submitted
to Mitsunobu conditions, the desired product 4d was
formed in excellent yields with no detectable intramole-
cular cyclization.9 The success of the Mitsunobu reaction
with both 1b and 1d is most likely the result of a remote
steric effect that prevents the pyridine nitrogen from dis-
placing the activated hydroxyl group during the reaction.

The same trend was observed when other nucleophiles
(phthalimide and acetate) were used, and this approach
is believed to be general for any nucleophile that is com-
patible with Mitsunobu conditions. The protection
strategy may also be general for other aminohetero-
cycles that might undergo analogous intramolecular
reactions, such as aminoimidazoles and aminooxazoles,
although this has not been attempted.

The use of protecting groups to affect the stereochemical
course at a remote site is well documented.10 However,
the use of a protecting group to block an undesired reac-
tion at a remote site is rare; protection of the 2-amino
group in our reaction blocks the reaction of the pyridine
nitrogen and allows the desired substitution reaction at
a remote site to proceed.

In conclusion, intramolecular cyclization by the ring
nitrogen of a protected 2-aminopyridine was found to
be favored over displacement of the activated alcohol
by an external nucleophile during the Mitsunobu reac-
tion. Simply adding a benzyl protecting group or a sec-
ond Boc group to the already Boc protected amino
group prevented the pyridine nitrogen from interfering
in the reaction and gave the desired product in good
yields. Remote protection is rarely seen; usually the
reactive groups themselves must be protected. This
chemistry should prove useful whenever an SN2 reaction
is desired four or five atoms away from the ring nitrogen
of a 2-aminopyridine ring.
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