J. Org. Chem. 1996, 61, 7189—7191 7189

A Short and Efficient Total Synthesis of
(£)-Epibatidine

Chunming Zhang and Mark L. Trudell*

Department of Chemistry, University of New Orleans,
New Orleans, Louisiana 70148

Received May 13, 1996

Epibatidine (1), which was isolated from the skin of
the Ecuadorian poison frog, Epipedobates tricolor, by
Daly and co-workers,* exhibits remarkable non-opioid
analgesic properties.1™* Epibatidine (1) was found to be
200 to 500 times more potent an analgesic than mor-
phine.! Due to this intriguing biological activity, the
uncommon 7-azabicyclo[2.2.1]heptane ring system and
its scarcity in nature (less than 0.5 mg was isolated from
750 frogs), the total synthesis of epibatidine (1) has
attracted the attention of a number of synthetic labora-
tories around the world.3~5 A variety of synthetic ap-
proaches to this novel alkaloid have been reported based
primarily on four different methodologies for the con-
struction of the novel azabicyclic system: (1) the [4 + 2]
cycloaddition reaction of N-protected pyrroles with acti-
vated dienophiles;®=° (2) the intramolecular nucleophilic
substitution ring closure of 1,4-aminocyclohexane deriva-
tives;0717 (3) the [3 + 2] cycloaddition of nonstabilized
azomethine ylide and substituted 6-chloro-3-vinylpyri-
dine;'® and (4) more recently, the ring contraction of the
tropinone skeleton via a Favorskii rearrangement.®

Condensation of N-protected 7-azabicyclo[2.2.1]heptan-
2-ones with 5-lithio-2-chloropyridine has been shown to
be one of the most straightforward and versatile methods
for the construction of the basic skeleton of epibati-
dine.®11.1420  However, N-protected 7-azabicyclo[2.2.1]-
heptan-2-ones are not readily available, and reported
synthetic methods involve multiple step manipula-
tions.111420 Recently, we discovered that methyl 3-bro-
mopropiolate (2)?* smoothly reacts with pyrrole deriva-
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tives to afford the [4 + 2] cycloaddition adducts in good
yields.?? Since 2 is considered an alkoxycarbonyl ketene
equivalent,?>2* we envisaged that the N-protected 7-aza-
bicyclo[2.2.1]heptan-2-one could be synthesized from the
cycloaddition adduct by simple transformations. Herein
we wish to report a new short and efficient total synthesis
of (+)-epibatidine (1). Distincly different from the previ-
ous approaches, the synthesis features the [4 + 2] cyclo-
addition reaction of methyl 3-bromopropiolate (2)%* with
N-Boc-pyrrole (3)% for the construction of the 7-azabicyclo-
[2.2.1]heptane system. We have found this approach to
be quite facile and efficient for the rapid preparation of
(1)-epibatidine (1).
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Results and Discussion

As illustrated in Scheme 1, heating 2 with 5 equiv of
3 at 90—95 °C for 30 h gave the expected cycloaddition
adduct 4 in 60% yield. With 4 in hand, conversion of the
vinyl bromide into the 7-azabicyclo[2.2.1]heptan-2-one
ketone was first attempted using reported methods.?324
Treatment of 4 with sodium methoxide in methanol
afforded the corresponding dimethyl ketal 5. However,
5 was found to be resistant to hydrolysis. Alternatively,
treatment of adduct 4 with 1.1 equiv of diethylamine in
the presence of 5 equiv of triethylamine in acetonitrile
at room temperature (2 h), followed by hydrolysis with
10% HCI at room temperature, afforded the desired
pB-keto ester 6 in 87% yield as a mixture of isomers (endo/
exo, 7:1) (Scheme 1).26 Attempts to decarboxylate 6 to
the corresponding ketone with 10% HCI (100 °C) were
unsuccessful due to susceptibility of a retro [4 + 2]
cycloaddition reaction. This problem was overcome by
hydrogenation of the carbon-carbon double bond of 6 over
10% Pd/C (H, 1 atm) to afford 7 as a mixture of isomers
(endo/exo, 3:2) in quantitative yield. The g-keto ester 7
was then decarboxylated using a reported procedure? to
provide the desired ketone 8 in 77% yield (Scheme 1).

Treatment of ketone 8 with 5-lithio-2-chloropyridine,
which was generated by lithiation of 2-chloro-5-iodopy-
ridine?” with n-BuLi at —78 °C under argon, afforded the
tertiary alcohol 9 in 88% yield. Successful removal of
the hydroxyl function was then achieved by using the
procedure developed by Dolan and MacMillan.?® Treat-
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ment of 9 with methyl oxalyl chloride in the presence of
2 equiv of 4-(dimethylamino)pyridine (DMAP) in dry
acetonitrile for 10 min afforded the corresponding methyl
oxalyl ester 9, which without purification was subjected
to radical deoxygenation with BusSnH in the presence
of AIBN in toluene at 100 °C (1 h). This afforded the
deoxygenated product stereoselectively as the endo-
isomer 10 in 87% yield. This represented a significant
improvement over previous methods used for the deoxy-
genation of the alcohol.®1%14

Epimerization of 10 using potassium tert-butoxide in
refluxing tert-butyl alcohol*! afforded the desired exo-
isomer 11 in 60% yield. Deprotection of the N-Boc-
protected exo-isomer 11 using trifluoroacetic acid in
CH_CI;, at room temperature furnished (+)-epibatidine
(1) as a white solid in almost quantitative yield (99%)
(Scheme 1).

In summary, a short and practical process has been
developed for the synthesis of (+)-epibatidine (1) from
readily available materials using mild and easily con-
trolled reactions. It is noteworthy that the 7-azabicyclo-
[2.2.1]heptan-2-one 8 was conveniently synthesized by
the [4 + 2] cycloaddition reaction of methyl 3-bromopro-
piolate (2) and N-Boc-pyrrole (3). In addition, the tertiary
alcohol 9 was successfully deoxygenated by a radical
reaction via its methyl oxalyl ester with BuzSnH in the
presence of AIBN. This has resulted in a facile and
practical route to (+)-epibatidine and its analogs.

Experimental Section

All chemicals were purchased from Aldrich Chemical Co.,
Milwaukee, W1, unless otherwise noted. Ether (E. M. Science)
and THF were dried by distillation from Na/benzophenone.
Acetonitrile was dried by distillation over P,Os. Chromatogra-
phy refers to flash chromatography on silica gel (silica gel 60,
230—400 mesh, E. M. Science), and petroleum ether refers to
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pentanes with a boiling point range of 30—60 °C. Reported
melting points are uncorrected. Elemental analyses were
obtained from Atlantic Microlabs, Inc., Norcross, GA.

Methyl 2-Bromo-7-(tert-butoxycarbonyl)-7-azabicyclo-
[2.2.1]hepta-2,5-diene-2-carboxylate (4). A mixture of meth-
yl 3-bromopropiolate (2)2* (2.12 g, 13.0 mmol) and N-Boc-pyrrole
(3)%5 (10.85 g, 65.0 mmol) was stirred at 90—95 °C under argon
for 30 h. The resulting mixture was cooled to room temperature
and subjected to column chromatography (EtOAc/petroleum
ether, 1:15). The first fraction contained unreacted 3 (8.8 g),
followed by the adduct 4 (2.58 g, 60%) as a slightly yellow oil:
IR (NaCl) 1709, 1602 cm~*; *H NMR (CDCl3) 6 7.12 (br s, 2H),
5.47 (s, 1H), 5.13 (s, 1H), 3.79 (s, 3H), 1.41 (s, 9H); 3C NMR
(CDCls) 6 162.5, 153.8, 147.6, 143.6, 141.6, 140.7, 81.5, 75.5, 68.8,
51.9, 20.2; MS (CI, CH4) m/z 332 (M + 1, 100), 330 (M + 1, 98).
Anal. Calcd for Ci3H16BrNO4: C, 47.29; H, 4.88; N, 4.24.
Found: C, 47.26; H, 4.92; N, 4.27.

7-(tert-Butoxycarbonyl)-3-(methoxycarbonyl)-7-aza-
bicyclo[2.2.1]hept-5-ne-2-one (6). To a solution of 4 (2.00 g,
6.06 mmol) and triethylamine (4.20 mL, 30.3 mmol) in acetoni-
trile (15 mL) was added dropwise a solution of diethylamine (0.69
mL, 6.67 mmol) in acetonitrile (10 mL) under an argon atmo-
sphere. The mixture was stirred at room temperature for 1.5
h. A 10% HCI (20 mL) solution was then added dropwise. The
reaction mixture was stirred for an additional 4 h. Water (20
mL) was added, and the mixture was extracted with CH,ClI; (3
x 30 mL). The CHCIl, solution was dried (Na;SO,) and
concentrated under reduced pressure. The residue was chro-
matographed (EtOAc/petroleum ether, 1:6) to afford the -keto
ester 6 (1.40 g, 86.5%) as an oil (endo/exo, 7:1): IR (NaCl) 1776,
1726 cm~*; *H NMR (CDCl3) 6 6.95 (d, J = 3.7 Hz, 0.88H), 6.75
(s, 0.12H), 6.50 (s, 0.12H), 6.35 (d, J = 3.7 Hz, 0.88H), 5.42 (s,
0.12H), 5.09 (s, 0.88H), 4.69 (s, 1H), 3.75 (s, 2.64H), 3.72 (s,
0.36H), 3.40 (d, J = 3.5 Hz, 0.88H), 2.93 (s, 0.12H), 1.44 (s, 9H);
13C NMR (CDCls) 6 195.7, 167.2, 166.7, 154.1, 142.3, 128.6, 81.6,
81.6, 68.3, 61.2, 52.7, 51.6, 20.2; MS (CI, CHs) m/z 268 (M + 1,
43.5), 212 (100). Anal. Calcd for C13H17NOs: C, 58.42; H, 6.41;
N, 5.24. Found: C, 58.39; H, 6.39; N, 5.28.

7-(tert-Butoxycarbonyl)-3-(methoxycarbonyl)-7-aza-
bicyclo[2.2.1]heptan-2-one (7). A suspension of 6 (800 mg,
3.0 mmol) and 10% Pd/C (100 mg) in methanol (10 mL) was
vigorously stirred under a hydrogen atmosphere (1 atm) at room
temperature for 10 h. The catalyst was removed by filtration,
and the filtrate was concentrated under reduced pressure and
flash chromatographed on silica gel (EtOAc/petroleum ether, 1:6)
to afford 72° (804 mg, 99%) as a colorless oil (endo/exo, 3:2): H
NMR (CDCls3) 6 4.83 (d, J = 3.7 Hz, 0.4H), 4.72 (t, J = 4.4 Hz,
0.6H), 4.35 (d, J = 3.7 Hz, 0.4H), 4.32 (d, J = 4.4 Hz, 0.6H),
3.74 (s, 1.2H), 3.72 (s, 1.8H), 3.44 (d, J = 5.0 Hz, 0.6H), 2.99 (s,
0.4H), 2.00—2.09 (m, 2H), 1.64—1.90 (m, 2H), 1.45 (br s, 9H);
13C NMR (CDCls) 6 202.2, 202.1, 167.2, 166.3, 154.5, 154.1, 81.5,
81.0, 64.4,63.0, 59.8, 58.9, 58.6, 57.8, 52.7, 52.5, 28.1, 27.4, 24.9,
24.7, 23.9.

7-(tert-Butoxycarbonyl)-7-azabicyclo[2.2.1]heptan-2-
one (8). A solution of the 3-keto ester 7 (930 mg, 3.457 mmol)
in 10% HCI (75 mL) was heated at 100—110 °C for 3 h under an
argon atmosphere. The solution was allowed to cool to room
temperature and evaporated under reduced pressure. The trace
of remaining water was removed by azeotropic distillation with
EtOH and dried. The residue was dissolved in CH,Cl, (50 mL),
and EtsN (1.9 mL, 14 mmol) and (Boc),O (1.50 g, 6.9 mmol) were
added. The solution was stirred for 24 h at room temperature
and then washed with saturated Na,COs. The organic layer was
dried (NazSO.), filtered, and concentrated to provide a yellow
oily residue which was chromatographed (EtOAc/petroleum
ether, 1:5) to afford the ketone 820 (0.56 g, 77%) as a white solid.
mp 60—62 °C; 'H NMR (CDCls) 6 4.57 (t, J = 4.6 Hz, 1H), 4.26
(d, 3 = 4.6 Hz, 1H), 2.47 (dd, J = 17.6, 5.3 Hz, 1H), 1.99—-2.05
(m, 3H), 1.57-1.68 (m, 2H), 1.47 (s, 9H); 13C NMR (CDCl3) ¢
209.2, 154.8, 80.7, 63.9, 56.0, 15.2, 28.2, 27.6, 24.5.

exo-2-(2-Chloro-5-pyridinyl)-7-(tert-butoxycarbonyl)-7-
azabicyclo[2.2.1]heptan-2-ol (9). To a solution of 2-chloro-5-
iodopyridine (264 mg, 1.1 mmol) in ether (5 mL) and THF (2.5
mL) at —78 °C was added n-BuL.i (0.675 mL, 1.56 M solution in
hexane, 1.05 mmol) dropwise. The mixture was stirred at —78
°C for 30 min before a solution of ketone 8 (211 mg, 1.0 mmol)
in ether (3 mL) was added dropwise. The mixture was stirred
at —78 °C for 3 h and then warmed to —50 °C and stirred for an



Notes

additional 30 min. Saturated aqueous NH4CI (2 mL) was added,
and the mixture was allowed to warm to room temperature.
Water (5 mL) was added, and the organic layer was separated.
The aqueous phase was extracted with EtOAc (10 mL), and the
combined organic layers were dried (Na,SO4) and concentrated.
The residue was chromatographed (EtOAc/petroleum ether, 1:3)
to give the tertiary alcohol 911 (286 mg, 88%) as a colorless solid.
mp 147-150 °C; 'H NMR (CDCl3) 6 8.52 (d, J = 2.6 Hz, 1H),
7.86 (dd, J = 8.4, 2.5 Hz, 1H), 7.25 (d, J = 8.4 Hz, 1H), 4.29 (br
s, 1H), 4.20 (br s, 1H), 2.9—3.3 (m, 1H), 2.29—-2.41 (m, 2H), 1.64—
1.90 (m, 4H), 1.40 (s, 9H); 13C NMR (CDCls) ¢ 154.7, 149.4,
146.95, 142.8, 136.4, 123.4, 80.2, 65.5, 60.5, 57.2, 48.0, 28.3, 23.0.

endo-2-(Chloro-5-pyridinyl)-7-(tert-butoxycarbonyl)-7-
azabicyclo[2.2.1]heptane (10). To a solution of the tertiary
alcohol 9 (130 mg, 0.4 mmol) and 4-(dimethylamino)pyridine
(DMAP, 73.3 mg, 0.6 mmol) in dry CHsCN (5 mL) was added
methyl oxalyl chloride (0.055 mL, 0.6 mmol). The mixture was
stirred for 10 min at room temperature under an argon atmo-
sphere and then diluted with EtOAc (20 mL). The mixture was
then washed successively with saturated agueous NaHCO3 (10
mL) and H,O (10 mL). The organic portion was dried (Na;SO.,),
and the solvent was removed under reduced pressure. The
residue was coevaporated twice with toluene to afford the methyl
oxalyl ester. Without further purification, the crude ester was
added to a mixture of BusSnH (0.180 mL, 0.63 mmol) and 2,2'-
azobis(isobutyronitrile) (AIBN, 10 mg) in dry toluene (5 mL)
under an argon atmosphere. The mixture was heated at 100
°C for 1 h, and the solvent was removed under reduced pressure.
The residue was purified by chromatography (EtOAc/hexane,
1:9) to afford the endo-isomer 101 (105 mg, 85%) as a white
solid and a trace of the exo-isomer 11 (less than 5 mg). 10: mp
80—82 °C; 'H NMR (CDCls) 6 8.23 (d, J = 2.3 Hz, 1H), 7.46 (dd,
J =8.2,2.3Hz, 1H), 7.28 (d, J = 8.2 Hz, 1H), 4.3 (m, 2H), 3.44
(m, 1H), 2.29 (m, 1H), 1.84 (m, 1H), 1.40—1.60 (m, 13H); 13C
NMR (CDCl3) 6 155.5, 149.5, 138.6, 134.8, 124.0, 80.2, 66.1, 60.5,
57.5, 43.8, 34.6, 30.5, 28.6, 23.6.
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exo-2-(2-Chloro-5-pyridinyl)-7-(tert-butoxycarbonyl)-7-
azabicyclo[2.2.1]heptane (11). Epimerization of 10. A
mixture of 10 (103 mg, 0.334 mmol) and t-BuOK (187 mg, 1.669
mmol) in tert-butyl alcohol (5 mL) was refluxed for 45 h under
an argon atmosphere. The solvent was evaporated, and the
residue was chromatographed (EtOAc/hexane, 1:9) to afford the
endo-isomer 10 (35.1 mg) and the exo-isomer 111 (40.5 mg, 60%
based on recovered 10) as a colorless solid: mp 67—69 °C; 'H
NMR (CDCl3) 6 8.22 (s, 1H), 7.61 (d, J = 8.3 Hz, 1H), 7.22 (d, J
= 8.3 Hz, 1H), 4.35 (br s, 1H), 4.13 (br s, 1H), 2.85 (dd, J = 8.9,
4.9 Hz, 1H), 1.95 (d, J = 8.8 Hz, 1H), 1.80 (m, 3H), 1.55 (m,
2H), 1.45 (s, 9H); 13C NMR (CDCls) 6 155.0, 149.1, 148.5, 139.9,
137.1, 124.0, 79.9, 61.9, 56.1, 44. 9, 40.4, 29.8, 28.9, 28.8.

(£)-ex0-2-(2-Chloro-5-pyridinyl)-7-azabicyclo[2.2.1]-
heptane ((%)-epibatidine) (1). To a solution of 11 (40.5 mg,
0.13 mmol) in CHxCI; (3 mL) was added dropwise with stirring
under argon trifluoroacetic acid (0.15 mL, 1.95 mmol). The
mixture was stirred for 3 h at room temperature and rendered
basic with saturated Na,COs (3 mL). The organic layer was
separated, and the water phase was extracted with CH,CI; (3
x 5 mL). The organic layers were combined, dried (Na;SOu),
and concentrated under reduced pressure. The residue was
purified by chromatography (CH2Cl./MeOH/EtzN, 90:10:1) to
give 1 (27 mg, 99%) as a white solid: mp 50—51 °C; 'H NMR
(CDCl3) ¢ 8.26 (d, J = 2.5 Hz, 1H), 7.75 (dd, J = 8.3, 2.5 Hz,
1H), 7.23 (d, J = 8.3 Hz, 1H), 3.80 (br s, 1H), 3.57 (br s, 1H),
2.77 (dd, J = 8.8, 4.9 Hz, 1H), 1.91 (dd, J = 12.2, 9.0 Hz, 1H),
1.50—1.63 (m, 5H); 3C NMR (CDCls) 6 148.8, 148.6, 140.7, 137.5,
123.8, 62.8, 56.5 44.5, 40.3 31.3 , 30.2.
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