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Pumiliotoxin A, B, and 251D (1), alkaloids isolated
from skin secretion of neotropical dendrobatid frogs, have
shown ability to activate voltage-dependent sodium
channels, therefore displaying in some cases cardiotonic
and myotonic activity.1 Since the natural source of these
alkaloids is limited, they have been subject to consider-
able synthetic investigations including the total synthe-
ses of Overman, Trost, and Gallagher.2,3 Lactam 2 is a
key intermediate in the Gallagher synthesis of pumilio-
toxin 251D and has alternatively been prepared from
L-proline in nine steps with an overall yield of 9%.3,4 Since
the conversion of lactam 2 into pumiliotoxin 251D
required only three steps,3 a concise synthesis of this
compound would be of value in the elaboration of libraries
of analogues. Herein we report a concise, six-step, highly
stereoselective synthesis of lactam 2 from L-proline,
which therefore represents a formal total synthesis of
pumiliotoxin 251D (1).

Grignard reaction of aldehyde 3 with methylmagne-
sium bromide gave a diastereoisomeric mixture of alco-
hols 4, although some addition of the Grignard reagent
to the carbamate did occur. The best yields of the desired
alcohols 4 were achieved when the reaction was con-
ducted for 1 h at -78 °C using 5 equiv of methylmagne-
sium bromide (61% isolated yield). Alcohols 4 were
oxidized to the ketone 5 (91%) using Jones reagent5 at 0
°C.6 Reaction of the titanium homoenolate 6, prepared
in situ from titanium tetrachloride and 1-ethoxy-1-
(trimethylsilyloxy)cyclopropane following the procedure
of Nakamura and Kuwaijma,7 with ketone 5 gave alcohol

7 in 49% yield as a single diastereoisomer.8 Hydrogena-
tion of 7 in MeOH gave the desired lactam 2 in quantita-
tive yield (Scheme 1). This procedure afforded lactam 2
with complete diastereoselectivity, in 19% overall yield
and in seven steps from L-proline.

Although this method provides a shorter and higher
yielding access to pumiliotoxin 251D (1), it involved an
undesirable sequence of redox steps. Therefore we sought
a more direct approach to ketone 5. Treatment of com-
mercially available Cbz-protected proline methyl ester9

with the Tebbe reagent (10 )10 afforded, after filtration
through a short path of silica gel, a mixture of enol ether
9 and ketone 5. Hydrolysis of this mixture in acetone with
a catalytic amount of 1 M HCl gave ketone 5,6 which was
obtained as a pure compound without chromatography,
in 89% yield over the two steps (Scheme 2). This final
improvement allows the synthesis of lactam 2 in six steps
and in 41% overall yield from L-proline.
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Experimental Section

General. Solvents were dried by distillation under N2, from
sodium benzophenone ketyl (THF, Et2O) or CaH2 (CH2Cl2).
Hexanes refers to the petroleum fraction bp 40-60 °C. All other
reagents were used as commercially supplied. Air- and/or
moisture-sensitive reactions were performed in oven-dried (110
°C) glassware under N2. TLC was carried out on E. Merck
precoated silica gel 60 F254 plates. Chromatography refers to
flash chromatography on E. Merck silica gel 60, 40-60 µm.

(2S)-Benzyl 2-(1-Hydroxyethyl)-1-pyrrolidinecarboxyl-
ate (4). MeMgBr in Et2O (3 M; 2.1 mL, 6.57 mmol, 5 equiv) was
added to freshly prepared aldehyde 311 (350 mg, 1.3 mmol) in
dry THF (4 mL). The reaction mixture was stirred at -78 °C
for 1 h, warmed to 0 °C over 30 min, and quenched with
saturated NaHCO3. The aqueous layer was extracted with Et2O
(3 × 30 mL), and the combined organic phases were washed with
brine and dried (Na2SO4). Filtration, evaporation, and chroma-
tography (hexanes:Et2O 1:1) gave alcohol 4 (197 mg, 61%) as a
mixture of two diastereoisomers: IR (neat) 3427, 2973, 2934,
2883, 1680, 1696 cm-1; 1H NMR (400 MHz, CDCl3) δ 7.3-7.4
(m, 5 H), 5.16 (d, 1 H, J ) 12.6 Hz), 5.13 (d, 1 H, J ) 12.4 Hz),
4.0 (s, 1 H), 3.77-3.82 (m, 1 H), 3.70-3.74 (m, 1 H), 3.57-3.63
(m, 1 H), 3.3-3.4 (m, 1H), 1.94-2.02 (m, 1 H), 1.72-1.90 (m, 2
H), 1.61-1.69 (m, 1 H), 1.16; 1.10 (2d, 3 H, J ) 5.9 Hz, J ) 6.4
Hz, ratio ) 2:1); 13C NMR (100 MHz, CDCl3) δ major diastereo-
isomer: 158.1, 136.4, 128.5, 128.1, 127.9, 72.0, 67.4, 64.9, 47.3,
28.8, 24.1, 20.8, minor diastereoisomer: 158.1, 136.6, 128.5,
128.1, 127.9, 69.4, 67.2, 64.0, 47.9, 27.6, 24.1, 17.6; HRMS (CI)
[M + H+] calcd 250.1443, found 250.1426. Anal. Calcd for C14H19-
NO3: C, 67.45; H, 7.68; N, 5.62. Found: C, 67.50; H, 7.81; N,
5.58.

(2S)-Benzyl 2-Acetyl-1-pyrrolidinecarboxylate (5). Jones
reagent was added dropwise to alcohol 4 (640 mg, 2.57 mmol)
in Me2CO (100 mL) at 0 °C to a permanent orange end-point.
The reaction mixture was stirred for 30 min at room temperature
when 2-propanol (50 mL) was added at 0 °C and stirring
continued for 15 min. Filtration through a short plug of silica
gave ketone 5 (580 mg, 91%) which by 1H NMR resulted to be
pure enough for the next step: [RD]27 ) -42.2° (c ) 1, CHCl3);
IR (neat) 3033, 2956, 2926, 2884, 2855, 1705 cm-1; 1H NMR (500
MHz, C6D6, 95 °C) δ 7.0-7.2 (m, 5 H), 5.09 (d, 1 H, J ) 12.5
Hz), 5.05 (d, 1 H, J ) 12.5 Hz), 4.13 (br. s, 1 H), 3.31 (br. s, 2 H),
1.79 (s, 3 H), 1.51-1.6 (m, 1 H), 1.39-1.46 (m, 2 H), 1.2-1.3
(m, 1 H); 13C NMR (75 MHz, CDCl3) δ mixture of rotamers 207.8,
207.5, 155.0, 154.4, 136.6, 136.3, 128.6, 128.5, 128.1, 128.0, 127.8,
67.15, 67.03, 65.5, 65.4, 47.2, 46.7, 30.3, 29.7, 24.3, 23.6; HRMS
(CI) [M + H+] calcd 248.1287, found 248.1278. Anal. Calcd for
C14H17NO3: C, 68.00; H, 6.93; N, 5.66. Found: C, 67.87; H, 6.81;
N, 5.61.

(4S)-Ethyl 4-[1-[(Benzyloxy)carbonyl]-2S-pyrrolidinyl]-
4-hydroxypentanoate (7). 1-Ethoxy-1-(trimethylsilyloxy)-
cyclopropane (8.5 mmol, 1.7 mL) was added at 21 °C over 20 s
to TiCl4 in CH2Cl2 (1 M, 8.5 mL, 8.5 mmol). The homoenolate
(8.5 mmol) was diluted with dry CH2Cl2 (8 mL) at -78 °C, and
ketone 5 (340 mg; 1.38 mol) was added. After 1 h, the reaction
mixture was allowed to warm to 0 °C and then slowly to room-
temperature overnight. The mixture was poured into water and
extracted with Et2O (3 × 10 mL), and the organic phase was

washed with saturated aqueous NaHCO3 (10 mL) and brine,
dried (Na2SO4), and concentrated in vacuo. Chromatography
(hexanes:Et2O 3:2) gave ester 7 (237 mg, 49%): [RD]27 ) -49.9°
(c ) 1.1, CHCl3), IR (neat) 3364, 2977, 2940, 2896, 1732, 1671
cm-1; 1H NMR (300 MHz, CDCl3) δ 7.3-7.4 (m, 5 H), 5.17 (s, 2
H), 4.14 (q, 2 H, J ) 7.1 Hz), 3.9-4.0 (m, 1 H), 3.7-3.8 (m, 1 H),
3.2-3.3 (m, 1 H), 2.5-2.6 (m, 2 H), 2.07-2.11 (m, 1 H), 1.84-
1.90 (m, 1 H), 1.6-1.81 (m, 4 H), 1.27 (t, 3 H, J ) 7.1 Hz), 1.06
(s, 3 H); 13C NMR (75 MHz, CDCl3) δ 174.4, 158.4, 136.3, 128.6,
128.2, 128.0, 74.8, 67.7, 66.8, 60.3, 48.2, 35.1, 28.6, 28.5, 24.4,
21.2, 14.2; HRMS (CI) [M + H+] calcd 350.1967, found 350.1953.
Anal. Calcd for C19H27NO5: C, 65.31; H, 7.79; N, 4.01. Found:
C, 65.59; H, 7.84; N, 4.00.

(5S,6S)-5-Hydroxy-5-methyl-1-azabicyclo[4.3.0]nonan-2-
one (2). To ester 7 (155 mg, 0.44 mmol) in MeOH (100 mL) was
added 10% Pd/C (100 mg), and the mixture was evacuated and
stirred under H2 (1 atm) overnight. The solution was filtered
through Celite and concentrated in vacuo to give 2 (75 mg,
100%), as a pure compound. Recrystallization from hexanes/Et2O
gave 2: mp 89-91 °C; [RD]29 ) -53.0° (c ) 0.97, CHCl3); IR
(neat) 3328, 2971, 2952, 2928, 2884, 1616 cm-1; 1H NMR (400
MHz, CDCl3) δ 3.45 (dd, 2 H, J ) 4.4, 9.3 Hz), 3.30 (dd, 1 H, J
) 5.5, 10.3 Hz), 2.94 (s, 1 H), 2.49 (ddd, 1 H, J ) 18.7, 11.4, 7.8
Hz), 2.32 (dd, 1 H, J ) 18.1, 7.4 Hz), 1.6-2.2 (m, 6 H), 1.25 (s,
3H); 13C NMR (75 MHz, CDCl3) δ 169.2, 67.3, 66.3, 45.7, 34.9,
28.1, 26.4, 26.2, 21.9; HRMS (CI) [M + H+] calcd 170.1181, found
170.1176. All data were identical with those reported.3

(2S)-Benzyl 2-(1-Methoxy-1-propenyl)pyrrolidinecar-
boxylate (9). To ester 8 (224 mg, 0.85 mmol) in dry THF (2.5
mL) at 0 °C was added Tebbe reagent 10 in PhMe (0.5 M, 1.7
mL) (Aldrich). The mixture was allowed to warm to room
temperature and, after 30 min, Et2O (10 mL) was added,
followed by the slow addition of aqueous NaOH (0.1 M) while
stirring the mixture. After gas evolution ceased, the mixture was
dried (Na2SO4) and filtered through Celite. Evaporation and
chromatography (hexanes:Et2O 7:3-1:1) gave enol ether 9 (175
mg, 79%) and ketone 5 (36 mg, 17%). Data for enol ether 9: 1H
NMR (300 MHz, CDCl3) δ 7.3-7.4 (m, 5 H), 5.1-5.2 (m, 2 H),
4.3-4.4 (m, 1 H), 3.9-4.0 (m, 2 H), 3.4-3.6 (m, 5 H), 1.8-2.1
(m, 4 H); HRMS (CI) [M + H+] calcd 262.1443, found 262.1443.
This crude mixture was used directly in the next step, and no
further characterization was possible to obtain on the unstable
9, which easily hydrolyzed to ketone 5.

(2S)-Benzyl 2-Acetyl-1-pyrrolidinecarboxylate (5). Aque-
ous 1 M HCl (5 drops) was added to 9 (175 mg, 0.67 mmol) in
Me2CO (30 mL). After 30 min, saturated NaHCO3 was added to
reach neutral pH, and the solution was evaporated and the
residue extracted with EtOAc (3 × 20 mL). The organic layer
was washed with brine and dried (Na2SO4). Evaporation of the
solvent gave ketone 5 (151 mg, 91%) which by NMR was pure
enough for the next step: [RD]27 ) -43° (c ) 1, CHCl3), all data
was identical with previous sample.
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oxidation (95%): (a) Enders, D.; Eichenauer, H. Angew. Chem., Int.
Ed. Engl. 1976, 15, 549. (b) St-Denis, Y.; Chan, T.-H. J. Org. Chem.
1992, 57, 3078. (c) Shi, X.; Attygalle, A. B.; Xu, S.-C.; Ahmad, V. U.;
Meinwald, J. Tetrahedron 1996, 52, 6859.
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