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AbstractÐStereoselective photochemical ring closure of a 2-hydroxymethyl-1,2-dihydropyridine has been utilized for the syntheses of
3-endo-(6-Cl-3-pyridoxy)-methyl-2-azabicyclo[2.2.0]hex-5-ene and hexane analogs of the nicotinic acetylcholine receptor agonist ABT-
594. The photochemical ring closure of a 4-hydroxymethyl-1,2-dihydropyridine has been utilized in the preparation of 5-endo-(6-chloro-3-
pyridoxy)-methyl-2-azabicyclo[2.2.0]hexane. q 2000 Elsevier Science Ltd. All rights reserved.

Introduction

A unique alkaloid epibatidine (1) was originally isolated
from the skin of the Ecuadoran poison frog, Epipedobates
tricolor, by Daly and co-workers in 1992.1,2 A highly potent
agonist at nicotinic acetylcholine receptors (nAChRs),
epibatidine (1) has been found to exhibit an antinociceptive
response 200 times greater than l-nicotine3 and 200±500
times that of morphine.1 Nicotinic receptor agonists are of
potential interest for treating neurological disorders such as
Alzheimer's disease4±7 and Parkinson's disease,4,8 but there
are undesirable toxicity effects (for example, hypertension,
neuromuscular paralysis, and seizures) associated with
epibatidine (1) that preclude its use in humans.9±11 Through
optimization of a series of compounds in a discovery program
for nAChR modulators for Alzheimer's disease, Abbott Labs
in 1998 discovered ABT-594 [(R)-5-(2-azetidinylmethoxy)-2-
chloropyridine] (2), a nicotinic acetylcholine receptor
(nAChR) modulator that exhibits potent antinociceptive
activity in animal models of pain.12±14 ABT-594 was reported
to be 30±100 times more potent than morphine in animal
models with a signi®cantly improved therapeutic ratio and
reduced side effect liabilities relative to epibatidine (1).15

Structure±activity studies of analogs related to ABT-594 (2)
and epibatidine (1) suggest that the N-unsubstituted azetidine
moiety and the 2-chloro substituent on the pyridine ring are

important contributors to potent analgesic activity.13,14,16 We
thus anticipated that the conformationally constrained endo-3-
pyridyl ether compounds 3, 4, 5, which retain both an azet-
idine moiety and a 2-chloro substituent on the pyridine ring,
would be useful for biological activity studies.

Results

Synthetic approaches to azabicyclo[2.2.0]hexane analogs
3 and 4

The retrosynthetic analysis of analogs 3 and 4 is shown in
Scheme 1. The targets might be easily obtained from the
Mitsunobu coupling reaction17 between 2-chloro-5-hydroxy-
pyridine 8 and 3-endo-hydroxymethyl-2-azabicyclo[2.2.0]-
hex-5-ene 6 or its reduction product 7. The key intermediate
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compound 6 might be formed by electrocyclic ring closure of
dihydropyridine 9, which might be synthesized by adding the
synthetic equivalent of anion 11 to pyridine 10.

The synthesis of 1,2-dihydropyridine 9 was carried out as
shown in Scheme 2. Addition of the Grignard reagent
prepared from commercially available chlorodimethyl-
isopropoxysilane to pyridine afforded adduct 12 in quanti-
tative yield by 1H NMR analysis according to the protocol
for N-methoxycarbonyl 1,2-dihydropyridine synthesis
described by Tsuchiya.18,19 Direct photolysis of dihydro-
pyridine 12 failed to give any desired azabicycle 13;
however dihydropyridine 12 could be oxidized by hydrogen
peroxide in the presence of ¯uoride under basic conditions
to give dihydropyridine alcohol 9.20 Irradiation of the alco-
hol 9 provided the key intermediate 6 in a torquoselective
manner to give a single 3-endo-stereoisomer.18,19

Alcohol 6 was coupled with 2-chloro-5-hydroxypyridine (8)
according to the Mitsunobu procedure17 to provide N-
(methoxycarbonyl)-3-endo-pyridoxymethyl analog 14. The
3-endo stereochemistry of 14, and thus of alcohol 6, was
con®rmed by X-ray analysis.² The N-methoxycarbonyl

group of 14 was cleaved by treatment with methyl
lithium/lithium bromide ether solution in dry THF21,22 to
give the free amine 3, to which an equivalent amount of
oxalic acid in ethanol was added to give an oxalate salt.

In a parallel set of reactions shown in Scheme 3 the alcohol
6 was reduced using Pd/C catalyzed hydrogenation in ethyl
acetate to give alcohol 7. This alcohol was also coupled with
6-chloro-3-hydroxypyridine (8) to provide N-(methoxycar-
bonyl)-3-pyridoxymethyl analog 15, which was converted
to the oxalic acid salt of amine 4.

Synthesis of 5-pyridoxymethyl-2-azabicyclo[2.2.0]hexane
analog 5

Treatment of commercially available 4-hydroxymethyl
pyridine (16) with sodium borohydride and methyl chloro-
formate according to the procedure of Fowler21,22 afforded
N-(methoxycarbonyl)-1,2-dihydropyridine 17 as shown in
Scheme 4. Irradiation of the crude 17 resulted in electro-
cyclic ring closure to give N-(methoxycarbonyl)-5-hydroxy-
methyl-2-azabicyclo[2.2.0]hex-5-ene (18). Hydrogenation
of alcohol 18 would be expected to occur from the
open exo face to afford 5-endo-hydroxymethyl-2-azabi-
cyclo[2.2.0]hexane 19. This stereochemical assignment
was con®rmed by a high temperature (708C) 1H NMR
experiment (Table 1). Proton H6x can be distinguished
from proton H6n by the absence of coupling between H6n

Scheme 1.

Scheme 2. (a) 2-chloro-5-hydroxypyridine (8), Ph3P, DEAD (81%); (b) MeLi/LiBr, THF (61%).

² The atomic co-ordinates are available on request from the Director of the
Cambridge Crystallographic Data Center, University Chemical Laboratory,
Lens®eld Road, Cambridge CB2 IEW. Requests must include the full
literature citation for this paper.
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and H1,
23 likely a consequence of the nearly 908 dihedral

angle relationship for these protons. The larger 10.8 Hz
coupling between H6x and H5x con®rms the cis relationship
of these hydrogens; the trans H6n and H5x hydrogens have a
smaller 6.3 Hz coupling. Thus, the 5-substituent of 19 must
be endo oriented.

Mitsunobu coupling of the hydroxyl of 12 with 2-chloro-5-
hydroxypyridine (8) gave the 3-endo-pyridoxymethyl
analog 20. The N-methoxycarbonyl group of 20 was cleaved
to give the free amine 5,21,22 which provided an oxalate salt
in 77% yield.

Biological evaluation

The oxalate salts of racemic ABT-594 analogs 3, 4, and 5
were evaluated for binding to the high af®nity nicotine bind-
ing site in rat brain (principally the a4b2 nAChR subtype)
by measuring the ability of these compounds to displace
[3H]cytisine.24 The Ki values are shown in Table 2. The
compounds were further evaluated for their ability to elicit
ion ¯ux in a human neuroblastoma clonal cell line (IMR-32)
natively expressing a sympathetic ganglionic-like nicotinic
receptor subtype.25 A calcium imaging technique was used
to measure ion ¯ux, and agonist ef®cacy was indexed rela-
tive to the response of 100 mM nicotine.26 As shown by
the EC50 values, the unsaturated 3-endo-pyridoxymethyl

analog 3 exhibited moderate potency but was only partially
ef®cacious in this assay. The saturated 3-endo-pyridoxy-
methyl isomer 4 exhibited comparable potency, but with
substantially greater ef®cacy. The 5-endo-aryl isomer 5
exhibited very weak partial agonist ef®cacy and was of
comparable potency. The 3-endo-pyridoxymethyl isomers
were evaluated in a mouse hot plate assay of analgesia.
The saturated isomer 4 exhibited antinociceptive activity
at 20 mg/kg, i.p., and was inactive at lower doses of 6.7
and 2.0 mg/kg. An analgesic response is produced by (2)-
nicotine in this assay at 3 mg/kg, i.p. The data in Table 2
indicate that amines 3±5 are less effective as nicotine
agonists than epibatidine (1) or ABT-594 (2).

Scheme 3. (a) H2, Pd-C, EtOAc (59%); (b) 2-chloro-5-hydroxy pyridine 8, triphenylphosphine, DEAD (51%); (c) MeLi/LiBr, THF (59%).

Scheme 4. (a) NaH4, ClCO2Me, MeOH; (b) hv (300 nm), acetone (17% from 16); (c) H2, PtO2, EtOAc (53%); (d) 2-Cl-5-OH-pyridine (8), Ph3P, DEAD
(44%); (e) MeLi/LiBr, THF (77%).

Table 1. Selected proton±proton couplings for 5-endo-pyridoxymethyl analog 19

Entry Proton Shift (d) J (H6x) Hz J (H6n) Hz J (H1)
a Hz J (H5x)

b Hz

1 H6x 2.57 ± 13.5 5.4 10.8
2 H6n 1.98 13.5 ± 0 6.3

a Proton H1 is at d 4.55.
b Proton H5 is at d 3.02.

Table 2. Comparative biological data for selected cholinergic channel
ligands

Entry Amine Ki (nM) EC50 (mM), max. rel. resp. (%)

1 3 14 2.8 (16%)
2 4 2.3 2.7 (34%)
3 5 12 1.0 (11%)
4 (^)-epibatidine (1) 0.043a 0.007a

5 ABT-594 (2) 0.04a,b 0.20a,c

6 (2)-nicotine 0.93 7.94

a See Ref. 13.
b (^) 0.03.
c (^) 0.08.
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Experimental

General methods

Thin layer chromatography was performed on precoated
plates of silica gel GF 250 microns (Analtec, Inc.). Anhydrous
MgSO4 and Na2CO3 were used as drying agents. Chemical
Grade solvents were used without further treatment except
as explained. 1H NMR spectra were recorded at 300 MHz
and 13C NMR were recorded at 75 MHz in CDCl3, unless
otherwise noted, or D2O solvent. The NMR spectra were
complicated by the presence of carbamate rotamers and
pairs of 13C NMR lines due to a single carbon, identi®ed
using proton±carbon correlation experiments, have been
presented in parentheses. High resolution (FAB1) mass
spectra were performed at Drexel University or Merck
Research Laboratories, West Point, PA.

N-(Methoxycarbonyl)-3-endo-hydroxymethyl-2-azabicyclo-
[2.2.0]hex-5-ene (6). A 100 mL, three necked ¯ask was
equipped with a pressure-equalizing dropping funnel, a
magnetic stirrer, a re¯ux condenser connected with a nitro-
gen bubbler. The ¯ask was charged with magnesium turn-
ings (3.16 g, 130 mmol) that were dried under a rapid
stream of argon with a heat gun. After the ¯ask was cooled
to room temperature, the rate of argon ¯ow was reduced.
Several milliliters of a solution of (isopropoxydimethyl-
silyl)methyl chloride (22.34 g, 130 mmol) in dry THF
(65 mL) and about 1 crystal of I2 were added. The mixture
was heated until an exothermic reaction started. The remain-
ing solution was added dropwise at room temperature over
ca. 20 min at such a rate as to maintain a gently exothermic
reaction. After the addition was complete, the tan-gray
mixture was heated at re¯ux for 0.5 h and then was cooled
to 08C to 258C with an ice-salt bath. A solution of freshly
distilled pyridine (7.91 g, 100 mmol) in dry THF (20 mL)
was added dropwise with stirring over 20 min. The resultant
mixture was stirred for another 20 min, and then a solution
of methyl chloroformate (9.74 g, 100 mmol) in THF
(100 mL) was added dropwise at such a rate as to maintain
the temperature below 258C. The solution was stirred at
258C for another two hours, at room temperature for 1 h,
and then was hydrolyzed by addition of H2O (20 mL). The
organic layer was separated. The aqueous layer was
extracted with diethyl ether (4£10 mL). The combined
organic layers were washed with brine (10 mL), dried
over Na2SO4, ®ltered and concentrated to give a yellow
oil 12; 1H NMR d 6.56 (d, J�7.5 Hz, 1H), 5.82 (m, 1H),
5.64 (m, 1H), 5.23 (m, 1H), 4.95±4.84 (br, 1H), 3.98
(m, 1H), 3.76 (s, 3H), 1.14 and 1.12 (two d, J�3.9 Hz,
6H), 0.94±0.79 (br, 2H), 0.13 (s, 6H); 13C NMR d 157.6,
124.8, (124.2 and 123.9), (120.6 and 120.1), (105.9 and
105.7), 64.9, 52.9, 49.5, 25.7, (23.7 and 22.8), (20.25 and
20.55). To the yellow oil 12, in a 500 mL round-bottomed
¯ask equipped with a magnetic stirrer and a thermometer,
there was added THF (100 mL), methanol (100 mL),
potassium bicarbonate (10 g, 100 mmol), and potassium
¯uoride (11.7 g, 200 mmol). To this stirred mixture there
was added 50% hydrogen peroxide (7 mL, 120 mmol) in
one portion at room temperature. A somewhat cloudy
organic layer and a milky-white, heavy inorganic layer
resulted. The mixture was stirred at room temperature for
5 h until no starting material remained. The remaining H2O2

was decomposed by careful dropwise addition of an
aqueous 50% solution of sodium thiosulfate with stirring
over 10 min until a negative starch-iodide test was observed.
A white precipitate formed and diethyl ether (100 mL) was
added to ensure further precipitation. The mixture was
®ltered with suction, and the ®lter cake was washed with
diethyl ether (3£20 mL). The combined ®ltrate and washes
were concentrated until much of the water has been
removed. The remaining oil was diluted with diethyl ether
(100 mL), transferred to a separatory funnel, and washed
with brine to remove the remaining water. The organic
layer was separated, dried over Na2SO4, ®ltered, and
concentrated to give hydroxymethyl-1,2-dihydropyridine 9
as a yellow oil (22.9 g), which was directly photolyzed in
acetone (435 g, 19 g/g of 9) at 300 nm for 3±4 days to give a
crude product, which upon puri®cation by silica gel column
chromatography (diethyl ether±hexane�2:1) afforded
bicyclic alkene 6 as a yellow oil (2.31 g, 19.0% from
pyridine), Rf�0.20 (diethyl ether±hexane�2:1); 1H NMR
d 6.39 and 6.30 (two s, 2H), 4.69 (br, 1H), 4.41 (br, 1H),
4.30 (m, 1H), 3.78±3.67 (br, 2H), 3.61 (s, 3H), 3.48 (m, 1H);
13C NMR d 157.6, 141.7, 140.5, 63.9, 63.3, 62.3, 52.3, 40.8;
HRMS Calcd for C8H12NO3 (M11): 170.0817, found
170.0818.

N-(Methoxycarbonyl)-3-endo-(6-chloro-3-pyridoxy)-methyl-
2-azabicyclo[2.2.0]hex-5-ene (14). A 50 mL, three-necked
¯ask was equipped with a pressure-equalizing dropping
funnel, magnetic stirrer, and low temperature thermometer.
The ¯ask was charged with 6 (114.8 mg, 0.68 mmol), 2-
chloro-5-hydroxypyridine 8 (58.6 mg, 0.45 mmol), Ph3P
(180 mg. 0.68 mmol), and THF (3 mL). A solution of
DEAD (118.2 mg, 0.68 mmol) in THF (2 mL) was added
dropwise to the mixture at 58C, and then the mixture was
stirred at room temperature until no starting material
remained. The solvent was removed and the residue
was puri®ed by silica gel column chromatography (ether±
hexane�1:1) to give the product 14 as a colorless liquid
(50.8 mg, 81.4%), Rf�0.36 (ether±hexane�2:1); 1H NMR
d 8.02 (br, 1H), 7.20 and 7.15 (m, 2H), 6.54 and 6.37 (two
s, 2H), 4.84 (br, 1H), 4.45 (m, 1H), 4.31±4.03 (br, 2H), 3.66
(s, 3H), 3.77±3.66 (br, 1H); 13C NMR d 156.4, 154.0 and
152.9, 142.7, 140.6, 141.2, (137.4 and 136.9), (126.2 and
124.7), 124.5, 66.4, 63.6, 56.9, 52.4, 41.6; HRMS Calcd for
C13H14N2O3

35Cl (M11): 281.0693, found 281.0691,
C13H14N2O3

37Cl (M11): 283.0663, found 283.0668.

Preparation of the oxalate salt of 3-endo-(6-chloro-3-
pyridoxy)-methyl-2-azabicyclo [2.2.0]hex-5-ene (3). To
a CH3Li/LiBr (579.4 mL of 1.5 M ether solution,
0.87 mmol) solution in dried THF (1.3 mL) was added 14
(69.7 mg, 0.25 mmol) in THF (0.5 mL) at 08C. The resultant
mixture was stirred at 08C until no starting material
remained (ca. 60 min). Water was added, and two layers
were separated. The aqueous layer was extracted with
diethyl ether (5£5 mL). The combined organic layers
were washed with brine, dried over Na2CO3, ®ltered, and
concentrated to give the crude free amine 3 (33.9 mg,
61.4%).

To the crude amine solution in ethanol (0.5 mL) there was
added oxalic acid (13.7 mg, 0.15 mmol). The resultant solu-
tion was cooled, and ether was added to give a precipitate.
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After removal of solvent in vacuo, the residue was extracted
with ether to leave the salt of amine 3 (41.4 mg, 53.4%); 1H
NMR (500 MHz, D2O) d 8.01 (d, J�3.0 Hz, 1H), 7.42 (dd,
J�9.0, 3.0 Hz, 1H), 7.38 (d, J�9.0 Hz, 1H), 6.70 (br, 1H),
6.46 (br, 1H), 5.05 (br, 1H), 4.83 (br, 1H), 4.43 (dd, J�11.0,
4.5 Hz, 1H), 4.27 (m, 1H), 3.88 (m, 1H); 13C NMR
(75 MHz, D2O) d 164.4, 153.6, 145.2, 137.7, 142.4,
136.4, 126.5, 125.2, 66.6, 61.9, 56.2, 42.7; HRMS of 3
Calcd for C11H12N2O

35Cl (M11): 223.0633, found
223.0604; C11H12N2O

37Cl (M11): 225.0604, found
225.0574.

N-(Methoxycarbonyl)-3-endo-hydroxymethyl-2-azabicyclo-
[2.2.0]hexane (7). To a solution of 6 (364.7 mg, 2.16 mmol)
in EtOAc (40 mL) there was added Pd-C (180 mg), the
resulting solution was stirred at room temperature under a
H2 balloon for 4 h, at which time no starting material
remained. The solution was ®ltered, and solvent was
removed in vacuo to give a colorless oil (327.9 mg),
which was puri®ed by silica column chromatography
(ether±hexane�2:1) to give the product 7 as a colorless
oil (218.8 mg, 59.3%), Rf�0.38 (ether±hexane�3:1); 1H
NMR d 4.64 (m, 1H), 4.51 (m, 1H), 4.45 (br, 1H), 4.25
(m, 1H), 3.72 (m, 1H), 3.67 (s, 3H), 2.99 (br, 1H), 2.48
(br, 1H), 2.25 (br, 3H); 13C NMR d 157.6, 67.1, 64.0,
61.8, 52.4, 33.7, 29.4, 19.2; HRMS Calcd for C8H14NO3

(M11): 172.0974, found 172.0979.

N-(Methoxycarbonyl)-3-endo-(6-chloro-3-pyridoxy)-methyl-
2-azabicyclo[2.2.0]hexane (15). A 50 mL, three necked
¯ask was equipped with a pressure-equalizing dropping
funnel, magnetic stirrer, and low temperature thermometer.
The ¯ask was charged with 7 (194.1 mg, 1.13 mmol, crude
product including 115.1 mg pure 7), 2-chloro-5-hydroxy-
pyridine (8) (176.2 mg, 1.35 mmol), triphenyl phosphine
(360.5 mg. 1.35 mmol), and THF (5 mL). A solution of
DEAD (236.9 mg, 1.35 mmol) in THF (3 mL) was added
dropwise to the mixture at 08C, and the mixture was stirred
at room temperature until no starting material remained. The
solvent was removed and the residue was puri®ed by silica
gel column chromatography (ether±hexane�2:1) to give
the product 15 as a colorless oil (97.5 mg, 51.3%),
Rf�0.36 (ether±hexane�2:1); 1H NMR d 8.06 (d, J�1.5,
1H), 7.26 ±7.25 (br, 2H), 4.81 (dd, J�13.4, 6.9 Hz, 1H)),
4.59 (br, 1H), 4.55±4.42 (br, 2H), 3.14 (m, 1H), 2.61±2.50
(br, 1H), 2.37±2.28 (br, 2H), 2.26±2.21 (br, 1H); 13C NMR
d 156.7, (154.0 and 152.7), (142.8 and 141.3), (137.2 and
136.7), (126.3 and 124.9), 124.5, 65.7, 62.1, 61.9, 52.3,
34.3, 29.5, 18.9; HRMS Calcd for C13H16N2O3

35Cl (M11):
283.0849, found 283.0851, C13H16N2O3

37Cl (M11):
285.0820, found 285.0836.

Preparation of the oxalate salt of 3-endo-(6-chloro-3-
pyridoxy)-methyl-2-azabicyclo [2.2.0]hexane (4). Using
the same method described for amine 3, the oxalate salt of
4 (60.4 mg, 58.5%) was obtained from 15 (92.8 mg,
0.33 mmol); 1H NMR (300 MHz, D2O) d 8.06
(d, J�1.2 Hz, 1H), 7.49 (dd, J�1.2, 8.7 Hz, 1H), 7.39
(d, J�8.7 Hz, 1H), 5.10 (m, 1H), 4.74±4.66 (br, 2H),
4.50±4.45 (br, 1H), 3.36±3.30 (br, 1H), 2.86±2.73 (br,
1H), 2.64±2.45 (br, 3H); 13C NMR (75 MHz, D2O) d
163.9, 153.7, 142.3, 136.3, 126.7, 125.3, 65.8, 60.8 (2C),
35.8, 26.0, 19.1; HRMS of 4 Calcd for C11H14N2O

35Cl

(M11): 225.0789, found 225.0775; C11H14N2O
37Cl

(M11): 227.0760, found 227.0746.

N-(Methoxycarbonyl)-5-hydroxymethyl-2-azabicyclo-
[2.2.0]hex-5-ene (18). To the solution of 4-pyridylcarbinol
16 (5.46 g, 50 mmol) in methanol (40 mL) at 2308C there
was added sodium borohydride (2.4 g, 63 mmol). After the
resulting solution was cooled to 2728C, a solution of methyl
chloroformate (4.7 g, 50 mmol) in diethyl ether (13 mL)
was added dropwise under argon balloon so that the
temperature never exceed 2698C. The resulting mixture
was stirred an additional 2 h. After the temperature was
raised to 2408C, ice water was poured into it. The mixture
was extracted with ether (5£50 mL). The combined extracts
were washed with water (4£40 mL), brine, and dried over
sodium carbonate. The solvent was removed in vacuo to
give the crude N-(methoxycarbonyl)-5-hydroxymethyl-
1,2-dihydropyridine 17 (4.87 g, 57.6%). Without further
puri®cation, a 3% acetone (91 g) solution of crude 17
(4.87 g) was irradiated for 68 h at 300 nm. Solvent was
removed in vacuo to give the crude product, which
upon silica gel ¯ash column chromatography (diethyl
ether±hexane 2:1) gave product 18 (1.47 g, 17%) as a
yellow oil (Rf�0.33, diethyl ether); 1H NMR d 6.33 and
6.27 (br, 1H), 4.65 (br, 1H), 4.15 (s, 2H), 3.87 (m, 1H),
3.60 (s, 3H), 3.44 (m, 1H), 3.33 (m, 1H); 13C NMR d
157.7, 156.0, 131.8, (62.1 and 61.4), 59.3, 52.2, (49.4 and
48.7), 36.8; HRMS Calcd for C8H11NO3Na (M122):
192.0637, found 192.0637.

N-(Methoxycarbonyl)-5-endo-hydroxylmethyl-2-azabicyclo-
[2.2.0]hexane (19). To the solution of alcohol 18 (0.3 g,
1.8 mmol) in ethyl acetate (3 mL) there was added platinum
oxide (45 mg). The mixture was stirred at room temperature
under a hydrogen balloon for 3 h until no starting material
remained. The mixture was ®ltered, and the solvent was
removed in vacuo to give the crude product, which was
puri®ed by silica gel chromatography (diethyl ether±hexane
4:1) to give reduced alcohol 19 (160 mg, 52.7%), Rf�0.24
(diethyl ether); 1H NMR (708C) d 4.55 (br, 1H), 4.25 (dd,
J�2.1, 9.6 Hz, 1H), 4.20 (m, 1H), 3.94 (dd, J�9.3, 10.8 Hz,
1H), 3.80 (dd, J�6.6, 10.8 Hz, 1H), 3.65 (s, 3H), 3.02
(m, 1H), 2.85 (m, 1H), 2.57 (ddd, J�5.4, 10.8, 13.5 Hz,
1H), 1.98 (dd, J�6.3, 13.5 Hz, 1H), 1.67 (s, 1H); 13C
NMR d 155.8, 62.4, (60.6 and 60.2), 52.1, (51.2 and
50.2), 35.0, 32.1, (31.6 and 31.2); HRMS Calcd for
C8H14NO3 (M11): 172.0974, found 172.0972.

N-(Methoxycarbonyl)-5-endo-(6-chloro-3-pyridoxy)-methyl-
2-azabicyclo[2.2.0]hexane (20). To the mixture of 2-chloro-5-
hydroxypyridine (8) (139.8 mg, 1.08 mmol), alcohol 12
(154 mg, 0.90 mmol), and Ph3P (283.2 mg, 1.08 mmol) in
THF (3 mL) at 238C there was added dropwise DEAD
(188.0 mg, 1.08 mmol) in THF (2 mL). The resulting
mixture was stirred for 16 h at 258C. The solvent was
removed, and crude product was puri®ed by silica gel
column chromatography (diethyl ether±hexane 2:3) to
provide pure 20 (0.11 g, 43.5%) at Rf�0.52 (diethyl
ether); 1H NMR d 8.05 (s,1H), 7.20 (br, 2H), 4.60 (br,
1H), 4.31±4.16 (br, 4H), 3.66 (s, 3H), 3.17 (br, 2H), 2.70
(m, 1H), 2.12 (m, 1H); 13C NMR d 156.0, 154.0, 142.7,
136.6, 124.8, 124.4, 68.4, (60.9 and 60.5), 52.2, (51.3 and
50.4), 32.4, (31.7 and 31.3), 29.7; HRMS Calcd for
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C13H15N2O3Na35Cl: (M122): 305.0669, found 305.0659;
C13H15N2O3Na37Cl (M122): 307.0639, found 307.0642.

Preparation of the oxalate salt of 5-endo-(6-chloro-3-
pyridoxy)-methyl-2-azabicyclo [2.2.0]hexane (5) To the
solution of MeLi/LiBr (1.5 M in ether, 760 mL,
1.15 mmol) in dry THF (1 mL) at 25 to 2108C there was
added slowly the N-methoxycarbonyl adduct 20 (93 mg,
0.33 mmol) in THF (1 mL). The reaction mixture was stir-
red for 20 min in a cold bath, and H2O (1 mL) was added
followed by brine (1 mL). The organic layer was separated
and the aqueous layer was extracted with diethyl ether
(3£5 mL). The combined organic extracts were dried over
anhydrous sodium carbonate, ®ltered, and the solvent was
removed in vacuo to give free amine 5, which was dissolved
in ethanol (0.5 mL). Anhydrous oxalic acid (29.72 mg,
0.33 mmol) was added to generate salt, and any organic
residue was removed by washing the salt with diethyl
ether (2 mL) and CHCl3 (2 mL) to give (80 mg, 77.3%) of
the oxalate salt of amine 5. 1H NMR (Methanol-d) d 8.13
(d, 1H), 7.52 (m, 1H), 7.42 (d, 1H), 5.04 (br, 5H), 3.43
(br, 1H), 3.33 (m, 1H), 2.98 (m, 1H), 2.83 (m, 1H); 13C
NMR d 163.6, 154.5, 142.2, 136.4, 125.2, 124.5, 68.4,
58.6, 47.3, 35.9, 32.6, 28.0; HRMS of 5 Calcd for
C11H14N2O

35Cl (M11): 225.0789, found 225.0802;
C11H14N2O

37Cl (M11): 227.0760, found 227.0776.
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