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3-(2,5-Dihydro-1H-pyrrol-2-ylmethoxy)pyridines: synthesis
and analgesic activity
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bAstraZeneca R&D Södertälje, Discovery Chemistry, 151 85 Södertälje, Sweden
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Abstract—We disclose an efficient procedure for the preparation of ethers of 2-substituted 2-hydroxymethylpyrroline and of 2-ami-
nomethyl-3-pyrrolines, involving, as a key step, formation and nucleophilic ring opening of a cyclic sulfamidate. Several new ana-
logs of epibatidine (1) and tebanicline (ABT-594, 2) were prepared and tested for analgesic activity in the mouse formalin model.
� 2005 Elsevier Ltd. All rights reserved.
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Figure 1. Potent non-opioid analgesic agents epibatidine (1) and

tebanicline (ABT-594, 2).
Epibatidine (1), an alkaloid isolated from a South
American frog, is known since 1992 as one of the best
nicotinic acetylcholine receptor (nAChR) ligands identi-
fied so far.1 It is reported to possess analgesic properties
but is also toxic or even lethal at doses only slightly
higher than its effective analgesic dose.2 Over the past
few years, considerable efforts have been directed to-
ward the identification of ligands selective for subtypes
of nAChR and several high affinity compounds have
been reported.3 Among them, 3-pyridyl ethers incorpo-
rating a saturated azacyclic fragment, such as 2-pyrro-
lydinyl or 2-azetidinyl, have been described as orally
available nAChR ligands with potential therapeutic use-
fulness.4 The best member of this series, tebanicline
(ABT-594, 2), was less potent than epibatidine in the
treatment of acute and persistent pain, but displayed a
better separation between motor and analgesic effects.
It was advanced to human clinical trials as a non-opioid
analgesic agent with an efficacy equal to that of mor-
phine5 (Fig. 1).

To gain further insight into the structure–activity rela-
tionship for 3-pyridyl ethers as nAChR agonists we syn-
thesized a new series of ABT-594 analogs, in which the
azetidine ring was replaced with a 3-pyrroline moiety
and/or modified by the incorporation of an a-methyl
substituent into the aza-ring. We anticipated that the
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addition of an a-methyl has the potential to enhance
in vivo stability and might also change receptor selectiv-
ity so to lower side-effects. Herein we report the prepa-
ration and pharmacological evaluation of these novel
pyridyl ethers.

The synthesis began with the Birch reduction6 of isopro-
pyl ester 3 (Scheme 1). Subsequent treatment with
LiBH4 furnished the racemic pyrrolinemethanol 4 in
55% overall yield. Enantiomerically pure alcohols S-
(�)-4 and R-(+)-4 were prepared according to a litera-
ture procedure7 applying lipase mediated kinetic resolu-
tion of (±)-4. Finally, Mitsunobu coupling of S-4 and
R-4 with 2-chloro-5-hydroxypyridine followed by depro-
tection with equimolar amounts of TosOH in refluxing
ethanol yielded the desired ethers R-5 and S-5 as crystal-
line tosylate salts.

A similar synthetic strategy was attempted for the prep-
aration of a-methylated pyrroline derivatives. Ester 6
was made according to the literature procedure6 via
the Birch reduction/alkylation of 3 (Scheme 2). Reduc-
tion with LiBH4 gave alcohol 7. Unfortunately, all
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Scheme 2. Reagents and conditions: (a) Li, NH3, NH(CH2-

CH2OCH3)2, THF, �78 �C, then MeI; (b) LiBH4, MeOH, Et2O; (c)

MeSO3H, CH2Cl2; (d) LiAlH4, THF; (e) SO2Cl2, CH2Cl2, �78 �C; (f)
9, NaH, DMF; (g) 20% H2SO4, 90 �C; (h) Boc2O, DMAP, CH3CN.
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Scheme 3. Reagents and conditions: (a) i-PrOH, EDC, DMAP, CH2-

Cl2; (b) LDA, THF, then MeI; (c) MeSO3H, CH2Cl2; (d) LiAlH4,
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NaH, DMF; (g) 20% H2SO4, 80 �C.

N
Boc

O

O

a,b

N
Boc

OH

N

O

Cl

N
H

d,e

3 (+)-4

R-5

-

N
Boc

OH

c

55%

R-4 ee 95%
S-4 ee 92%S-5

40-45%

Scheme 1. Reagents and conditions: (a) Na, NH3, THF, �78 �C; (b)
LiBH4, MeOH, Et2O; (c) vinylacetate, Pseudomonas fluorescens,
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attempts to achieve coupling of the sterically hindered
alcohol 7 with hydroxypyridines using either Mitsunobu
conditions or via conversion into the corresponding
mesylate or tosylate proved unsuccessful. Also, alcohol
7 was found to be rather unstable in pure form at room
temperature and extremely unstable under mild acidic
conditions.8 Obviously, an alternative approach was
necessary.

It is known9 that cyclic sulfamidates, derived from b-
aminoalcohols, permit concomitant protection of the
nitrogen moiety and conversion of the hydroxyl into a
good leaving group. Following suit, deprotection of 6
with MeSO3H and subsequent reduction with LiAlH4
in THF provided the crude aminoalcohol, which was al-
lowed to react with sulfuryl chloride10 at �78 �C fur-
nishing the desired sulfamidate 9. Stable, crystalline 9
was assembled in four steps in 33% overall yield.11 The
procedure can be readily adapted to a multigram scale.

Once the sulfamidate 9 was available we focused our
attention on the nucleophilic ring opening. Treatment
of 9 with the sodium salt of 2-chloro-5-hydroxypyridine
followed by hydrolysis using 20% aqueous sulfuric acid
at 80 �C afforded the racemic pyridyl ether 11 in surpris-
ingly good yield (82%).11,12 Interestingly, 11 appeared to
be completely stable under harsh acidic conditions in
contrast to other pyrroline derivatives. Initial attempts
to achieve ring opening of 9 with a nitrogen nucleophile,
namely 3-aminopyridine, were unsuccessful, no reaction
was observed either in the presence of bases or at ele-
vated temperatures. However, this transformation was
accomplished via Boc-protection of 3-aminopyridine
and subsequent treatment with 9 in the presence of
NaH. Deprotection with aqueous sulfuric acid provided
pyrrolylmethyl amine 12 in a reasonably good yield
(65%).

The same methodology was applied to the preparation
of the close ABT-594 analog 20 having a methyl substi-
tuent in the 2-position of the azetidine ring (Scheme 3).
Readily available Boc-protected azetidinecarboxylic
acid 13 was converted into the corresponding ester and
then treated sequentially with LDA and MeI providing
ester 14 in 64% overall yield. After the removal of Boc
with MeSO3H and reduction with LiAlH4, the resultant
aminoalcohol was coupled directly with sulfuryl chlo-
ride providing the bicyclic sulfamidate 15 in moderate
yield. With 15 in hand, we proceeded to the key nucleo-
philic ring opening. The addition of deprotonated 2-
chloro-5-hydroxypyridine to 15 proceeded well giving
the corresponding sulfamic acid 16.

However, treatment of 16 under the previously devel-
oped reaction conditions (aqueous H2SO4, heating)
failed to generate any of the desired azetidinemethyl
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ether, affording instead ring-opened product 17. An at-
tempt to deprotect 16 under basic condition (aqueous
NaOH, heating10) was also unsuccessful.

Therefore, we turned our attention to the original route,
involving coupling of pyridinol with the neopentyl-like
alcohol 18 (Scheme 4).

The latter was prepared in 76% yield by the reduction of
14 with LiBH4. Coupling of 14 under the Mitsunobu
conditions proceeded extremely slowly and resulted in
a very low (less than 15%) conversion of the starting
materials. Deprotection with TosOH afforded only 7%
of the desired ether 20.11 Modification of the reaction
conditions by changing the coupling reagents and their
molar ratio or by increasing the reaction temperature
did not improve the yields.

The compounds were evaluated for analgesic activity in
the mouse formalin model13 using automated video-
based analysis of the behavior. Behavior was analyzed
at two timepoints called phase I and phase II, 0–5 min
and at 15–30 min after injection of formalin. Most of the
compounds affected the general motor behavior of the
animals in such a way that calculation of a true ED50

value for analgesia was impossible (marked as �confound-
ing effects� in the Table 1). Only the reference compound
ABT-594 and the R isomer of 5 gave useful results indi-
cating that R-5 has favorable analgesic properties.

In summary, analogs of epibatidine and ABT-594 were
prepared and tested for analgesic activity. We have
demonstrated the utility of cyclic sulfamidates for the
synthesis of 2-substituted 2-aryloxymethyl- or 2-aryl-
aminomethylpyrrolines in good to excellent yields,
also when nucleophilic substitution takes place at a
neopentyl center.
Table 1. Mouse formalin activities for ABT-594 and compounds 5,

10–12. Compound 20 was not tested

Compds Doses given

(sc)

ED50 Ph I,

lmol/kg

ED50 Ph II,

lmol/kg

ABT-594 0.4–3.1 0.9 0.8

R-5 0.4–6.3 1.6 1.6

S-5 0.4–6.3 c.e.a c.e.a

10 0.4–6.3 c.e.a c.e.a

(+)-11 0.4–6.3 c.e.a c.e.a

(�)-11 0.4–6.3 c.e.a c.e.a

12 0.4–6.3 c.e.a c.e.a

a c.e.—confounding effects.
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