
Enantioselective Total Synthesis of Tricyclic Myrmicarin Alkaloids     Page S1 / S50
Mohammad Movassaghi and Alison E. Ondrus

Enantioselective Total Synthesis of Tricyclic Myrmicarin Alkaloids

Mohammad Movassaghi* and Alison E. Ondrus
Massachusetts Institute of Technology, Department of Chemistry, Massachusetts 02139

Supporting Information

General Procedures. All reactions were performed in oven-dried or flame-dried round bottomed
flasks, modified Schlenk (Kjeldahl shape) flasks, or NMR tubes (Wilmad Glass Co., Inc. cat. no.
528-PP8).  The flasks were fitted with rubber septa and reactions were conducted under a positive
pressure of argon.  Stainless steel syringes or cannulae were used to transfer air- and moisture-
sensitive liquids.  Flash column chromatography was performed as described by Still et al. using
silica gel (60-Å pore size, 32–63 µm, standard grade, Sorbent Technologies) or non-activated
alumina gel (80–325 mesh, chromatographic grade, EM Science).1  Analytical thin–layer
chromatography was performed using glass plates pre-coated with 0.25 mm 230–400 mesh silica gel
or neutral alumina gel impregnated with a fluorescent indicator (254 nm).  Thin layer
chromatography plates were visualized by exposure to ultraviolet light and/or by exposure to an
ethanolic phosphomolybdic acid (PMA), an acidic solution of p-anisaldehyde (anis), an aqueous
solution of ceric ammonium molybdate (CAM), an aqueous solution of potassium permanganate
(KMnO4) or an ethanolic solution of ninhydrin followed by heating (<1 min) on a hot plate (~250
°C). Organic solutions were concentrated on Büchi R-200 rotary evaporators at ~20 Torr (house
vacuum) at 25–35 °C, then at ~1 Torr (vacuum pump) unless otherwise indicated.

Materials.  Commercial reagents and solvents were used as received unless otherwise noted.
Dichloromethane, diethyl ether, tetrahydrofuran, acetonitrile, and toluene were purchased from J.T.
Baker (CycletainerTM) and were purified by the method of Grubbs et al. under positive argon
pressure.2 Triethylamine was distilled from calcium hydride at 760 Torr under a nitrogen atmosphere.
Methanol was distilled from magnesium methoxide at 760 Torr under a nitrogen atmosphere. 1,4-
dioxane was distilled from sodium hydride.   Potassium phosphate was dried at 180 ºC under vacuum
(~1 torr) for 24 h then stored in a glove box.  Sodium hydride was purchased from Aldrich Chemicals
as a 60% dispersion in oil and then washed four times with hexanes and stored dry in a glove box. All
reagents for NMR experiments were degassed via Ar bubbling for at least 10 min.  t-Butyl acetate
and t-butyl alcohol were distilled from potassium carbonate. The molarity of n-butyllithium solutions
was determined by titration using diphenylacetic acid as an indicator (average of three
determinations).3

Instrumentation.  Proton nuclear magnetic resonance (1H NMR) spectra were recorded with a Varian
inverse probe 500 INOVA spectrometer.  Chemical shifts are reported in parts per million from
internal tetramethylsilane on the δ scale and are referenced from the residual protium in the NMR
solvent (CHCl3: δ 7.27, C6H6: δ7.16).  Data is reported as follows: chemical shift [multiplicity (s =

                                                  
1 Still, W. C.; Kahn, M.; Mitra, A. J. Org. Chem. 1978, 43, 2923–2925.
2 Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.; Timmers, F. J. Organometallics 1996, 15, 1518–1520.
3 Kofron, W. G.; Baclawski, L. M. J. Org. Chem. 1976, 41, 1879–1880.



Enantioselective Total Synthesis of Tricyclic Myrmicarin Alkaloids     Page S2 / S50
Mohammad Movassaghi and Alison E. Ondrus

singlet, d = doublet, t = triplet, q = quartet, m = multiplet), coupling constant(s) in Hertz, integration,
assignment].  Carbon-13 nuclear magnetic resonance spectra were recorded with a Varian 500 INOVA
spectrometer and are reported in parts per million from internal tetramethylsilane on the δ scale and
are referenced from the carbon resonances of the solvent (CDCl3: δ 77.2, benzene-d6: δ 128.0).  Data
is reported as follows: chemical shift [multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m =
multiplet), coupling constant(s) in Hertz, assignment]. The numbering system used for proton and
carbon assignments are consistent with those used in the isolation reports.4 Infrared data were obtained
with a Perkin-Elmer 2000 FTIR and are reported as follows: [frequency of absorption (cm–1), intensity
of absorption (s = strong, m = medium, w = weak, br = broad), assignment]. Gas chromatography was
performed on an Agilent Technologies 6890N Network GC System with a HP-5 5% Phenyl Methyl
Siloxane column.  Enantiomeric excess was determined by chiral HPLC analysis on Agilent
Technologies 1100 Series HPLC system with a Daicel Chiralpak AD-H column.  We are grateful to
Dr. Li Li for obtaining the mass spectroscopic data at the Department of Chemistry’s Instrumentation
Facility, Massachusetts Institute of Technology.

                                                  
4 Schröder, F.; Franke, S.; Francke, W. Tetrahedron 1996, 52, 13539–13546.



Enantioselective Total Synthesis of Tricyclic Myrmicarin Alkaloids     Page S3 / S50
Mohammad Movassaghi and Alison E. Ondrus

6,6-Dimethoxy-3-oxo-hexanoic acid tert-butyl ester (14):
n-Butyllithium (2.50 M in hexanes, 66.1 mL, 165 mmol, 2.00 equiv) was added to a solution

of diisopropylamine (23.7 mL, 169 mmol, 2.05 equiv) in THF (330 mL) at –78°C and the mixture
was warmed to 0 °C over 15 min. .  The resulting lithium diisopropylamide solution was then cooled
to –78 °C.  After 15 min, tert-butyl acetate (S1, 24.5 mL, 182 mmol, 2.20 equiv) was added dropwise
over 5 min and the mixture was maintained at –78°C for 20 min to provide the lithium enolate.

In a separate flask, methyl 4-dimethoxybutyrate5 (13, 13.4 g, 82.8 mmol, 1 equiv) was added
neat via cannula to a solution of lithium tert-butoxide (16.5 g, 207 mmol, 2.50 equiv) in THF (410
mL) at –78°C. This solution was allowed to warm to–30°C, at which time the cold (–78 °C) solution
of the lithium enolate was added dropwise via cannula over 1.5 h.  The resulting pale yellow solution
was then maintained at –40 to –30°C.  After 20 min, excess base was quenched at –40°C by the
addition of saturated aqueous ammonium chloride–aqueous hydrogen chloride mixture (3:1, pH
1,500 mL) and the resulting mixture was allowed to warm to 23°C.  The mixture was diluted with
EtOAc (600 mL) and the aqueous layer was extracted with additional EtOAc (5×250 mL).  The
combined organic layer was washed with brine (100 mL), was dried over anhydrous sodium sulfate,
was filtered, and the volatiles were removed under reduced pressure on a rotary-evaporator.  The
yellow residue was purified by flash column chromatography on silica gel (7×30 cm, 25%
EtOAc–hexanes; the residue was split into two equal portions and purified separately by flash column
chromatography) to afford the β-ketoester 14 (12.2 g, 60%) as a clear and colorless oil.

1H NMR (500 MHz, C6D6, 20°C, 11:1 mixture of β-ketoester:enol tautomer, β-ketoester denoted by
*):  12.94 (s, 1H, C=OCHCOH), 5.01 (s, 1H,
C=OCHCOH), 4.20 (t, J = 5.5 Hz, 1H, CH*(OCH3)2),
3.06 (s, 6H, CH(OCH*3)2), 4.19 (t, J = 5.7 Hz, 1H,
CH(OCH3)2), 3.04 (s, 6H, CH(OCH3)2), 3.00 (s, 2H,
COCH2*CO), 2.26 (t, J = 7.2 Hz, 2H, COCH2*CH2),
2.14 (app t, J = 7.8 Hz, 2H, COHCH2CH2), 1.87 (td, J =
7.2, 5.5 Hz, 2H, CH2*CH(OCH3)2), 1.84 (m, 2H,
CH2CH(OCH3)2), 1.37 (s, 9H, OC(CH3)3, 1.35 (s, 9H,
C(CH3*)3).

13C NMR (125.8 MHz, C6D6, 20°C): 202.0, 166.8, 104.0, 81.4, 53.0, 50.9, 37.9, 28.3, 27.1.

FTIR (neat) cm–1: 2980 (s, C–H), 2933 (m, C–H), 1746 (s, C=O), 1716 (s,
C=O), 1645 (w), 1369 (s), 1128 (s), 1063 (s).

HRMS–EI (m/z): calcd for C12H22O5Na [M + Na]+: 269.1359,
found: 269.1347

TLC (5% THF–CH2Cl2), Rf: 0.31 (UV, anis)

GC (HP-5, 50 °C, 1 min; 25 °C/min to 250 °C; 250 °C, 5.50 min), tR:  6.81 min

                                                  
5 The ester 13 is commercially available and can be prepared on multi-gram scale according to Drinan, M. A.; Lash, T. D. J.
Heterocyclic Chem. 1994, 31, 255–257.
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(Z)-6,6-Dimethoxy-3-trifluoromethanesulfonyloxy-hex-2-enoic acid tert-butyl ester (10):
 A solution of β-ketoester 14 (9.50 g, 38.6 mmol, 1 equiv) in THF (16.0 mL + 2×2.0 mL

rinse) was added to a grey suspension of sodium hydride (1.16 g, 48.3 mmol, 1.25 equiv) in THF
(180 mL) at –78°C.  The mixture was warmed to 0 °C over 15 min using an ice–water bath, causing
evolution of gas.  The resulting yellow mixture was then cooled to –78 °C.  After 15 min, a yellow
solution of N-(5-chloro-2-pyridyl)triflimide (15, 19.7 g, 50.1 mmol, 1.30 equiv) in THF (10.0 mL +
2×2.0 mL rinse) was added via cannula and the resulting yellow solution was allowed to warm to 0
°C over 30 min.  The bath was removed and the solution was allowed to warm to 23 °C over 1h to
give a deep orange solution.  Excess base was quenched by the addition of saturated aqueous
ammonium chloride (100 mL) to give a neutral (pH 7) aqueous layer.The mixture was diluted with
Et2O (100 mL), the layers were separated, and the aqueous layer was extracted with Et2O (3×75 mL).
The combined organic layers were washed with brine (40 mL), were dried over anhydrous sodium
sulfate, were filtered, and were concentrated under reduced pressure.  The crude yellow residue was
added dropwise to a vigorously stirred 100-mL portion of hexanes, was filtered, and was
concentrated under reduced pressure to give a faint yellow oil.  Dissolution of this residue in hexanes
followed by filtration and removal of volatiles under reduced pressure gave a clear and colorless oil.
The resulting residue was purified by flash column chromatography (silica gel, 10.5×22 cm, 22%
EtOAc–hexanes) to yield vinyl triflate 10 as a clear and colorless oil (11.9 g, 82%, >20:1 Z:E).

1H NMR (500 MHz, C6D6, 20°C): 5.35 (s, 1H, C=OCH=COSO2CF3), 3.97 (t, J = 5.6 Hz,
1H, CH(OCH3)2), 2.97 (s, 6H, CH(OCH3)2), 2.13 (t, J =
7.5 Hz, 2H, COSO2CF3CH2CH2), 1.48 (td, J = 7.5, 5.6
Hz, 2H, CH2CH(OCH3)2), 1.39 (s, 9H, OC(CH3)3).

13C NMR (125.8 MHz, C6D6, 20°C): 161.9, 157.7, 119.4 (q, J = 320.0 Hz, CF3), 114.1, 103.2,
82.3, 53.1, 29.9, 29.4, 28.2.

FTIR (neat): 2982 (m, C–H), 2835 (m, C–H), 1727 (s, C=O), 1679
(m), 1427 (s), 1210 (s).

HRMS–EI (m/z): calcd for C13H21F3O7SNa [M + Na]+: 401.0852,
found: 401.0855

TLC (3% Et2O–CH2Cl2), Rf: 0.44 (anis)

GC (HP-5, 50 °C, 1 min; 25 °C/min to 250 °C; 250 °C, 5.50 min), tR: 7.42 min
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1-(4-Ethyl-1H-pyrrol-3-yl)-propan-1-one 7b (11):6

A solution of (E)-hept-4-en-3-one (S2, 3.10 g, 27.63 mmol, 1 equiv) and tosylmethyl
isocyanide (S3, 5.13 g, 26.3 mmol, 0.95 equiv) in Et2O–DMSO (2:1, 150 mL) was added dropwise
via cannula over 1 h to a grey suspension of sodium hydride (1.46 g, 60.8 mmol, 2.20 equiv) in Et2O
(55 mL) at 23 °C.  The resulting bilayer (colourless layer over a deep brown layer), containing a tan-
coloured suspension was vigorously stirred for 1.5 h.  The mixture was cooled to and maintained at 0
°C for 10 min, at which time excess base was quenched by the addition of a 50-mL portion of water.
Vigorous gas evolution and the formation of a clear yellow organic layer above a deep orange
aqueous layer was observed.  The aqueous layer was separated and extracted with Et2O (5×50 mL),
and the combined organic layers were washed with brine (15 mL), were dried over anhydrous sodium
sulfate, were filtered, and were concentrated to give a pale yellow solid.  The residue was purified by
flash column chromatography on silica gel (3→5 % EtOAc–CH2Cl2) to afford the acyl pyrrole 11
(2.62 g, 66%) as a white powder.

1H NMR (500 MHz, CDCl3, 23°C): 8.61–8.91 (br-s, 1H, NH), 7.39 (dd, J = 3.2, 2.1 Hz, 1H,
NHCHCO), 6.59 (tt, J = 2.1, 1.1 Hz, 1H, NHCHCCH2),
2.82 (qd, J = 7.4, 1.1 Hz, 2H, CCH2CH3), 2.78 (q, J =
7.4 Hz, 2H, COCH2CH3), 1.21 (t, J = 7.4 Hz, 3H,
CCH2CH3), 1.19 (t, J = 7.4 Hz, 3H, COCH2CH3).

13C NMR (125.8 MHz, CDCl3, 20°C): 198.5, 128.6, 125.5, 123.5, 117.5, 33.6, 20.7, 15.0, 9.6.

FTIR (neat): 3206 (s, N–H), 2909 (w, C–H), 1637 (s, C=O), 1520
(m), 1301 (m), 1162 (m), 1077 (m), 1009 (m), 923 (m).

HRMS–EI (m/z): calcd for C9H13NONa [M + Na]+: 174.0889
found: 174.0887

TLC (5% EtOAc–CH2Cl2), Rf: 0.56 (UV, anis)

                                                  
6 For the synthesis of pyrroles using tosylmethylisocyanide, see: (a) van Leusen, A. M.; Siderius, H.; Hoogenboom, B. E.; van Leusen,
D. Tetrahedron Lett. 1972, 52, 5337–5340 and (b) Chamberlin, K. S.; LeGoff, E. Heterocycles 1979, 12, 1567–1570.

O
MeMe

OMe
Me

S3, NaH
Et2O–DMSO (2:1)

 23°C

66%
11

S2 N
H



Enantioselective Total Synthesis of Tricyclic Myrmicarin Alkaloids     Page S6 / S50
Mohammad Movassaghi and Alison E. Ondrus

(Z)-3-(3-Ethyl-4-propionyl-pyrrol-1-yl)-6,6-dimethoxy-hex-2-enoic acid tert-butyl ester (9):
Toluene (82.5 mL) was added to an argon–purged mixture of acyl pyrrole 11 (4.20 g, 27.8

mmol, 1.50 equiv), Pd2(dba)3 (1.27 g, 1.39 mmol, 0.075 equiv), XPhos (1.41 g, 2.96 mmol, 0.15
equiv), and rigorously anhydrous K3PO4 (5.50 g, 25.9 mmol, 1.40 equiv), and the resulting deep red
mixture was stirred at 23 °C for 30 min.  A solution of vinyl triflate 10 (7.00 g, 18.5 mmol, 1 equiv)
in toluene (7.0 mL + 2×1.0 mL rinse) was added via cannula and the mixture was heated to 65 °C,
producing a color change to brown within 15 minutes.  After 12 h at 65 °C, the mixture was allowed
to cool to 23 °C and diluted by the addition of saturated aqueous ammonium chloride (150 mL).  The
mixture (aqueous phase ~ pH 7) was further diluted with EtOAc (150 mL), the layers were separated,
and the aqueous layer was extracted with EtOAc (4×100 mL).  The combined organic phases were
washed with brine (20 mL), were dried over anhydrous sodium sulfate, were filtered, and were
concentrated under reduced pressure to a deep brown oil.  The crude residue was purified by flash
column chromatography (silica gel: 8×30 cm, 5% EtOAc–CH2Cl2) to provide the vinyl pyrrole 9
(6.70 g, 95%) as a yellow oil.

1H NMR (500 MHz, C6D6, 23°C): 7.15 (d, J = 2.4 Hz, 1H, NCH=CC=O), 6.35 (m, 1H,
NCH=CCH2CH3), 5.51 (s, 1H, NC=CHCO2), 4.05 (t, J
= 5.3 Hz, 1H, CH(OCH3)2), 3.01 (s, 6H, CH(OCH3)2),
3.08 (dq, J = 7.6, 1.1 Hz, 2H, NCH=CCH2CH3), 2.50 (q,
J = 7.3 Hz, 2H, COCH2CH3), 2.21 (app-t, J = 7.6 Hz,
2H, CH2CH2CH(OCH3)2), 1.48 (m, 2H,
CH2CH2CH(OCH3)2), 1.29 (t, J = 7.6 Hz, 3H,
NCH=CCH2CH3), 1.29 (s, 9H, OC(CH3)3), 1.18 (t, J =
7.3 Hz, 3H, COCH2CH3).

13C NMR (125.8 MHz, C6D6, 23°C): 195.9, 164.1, 149.5, 129.7, 127.9, 124.5, 119.9, 114.1,
103.7, 80.9, 53.1, 33.4, 32.4, 30.4, 28.2, 20.9, 15.1, 9.2.

FTIR (neat): 2975 (m, C–H), 2936 (m, C–H), 1709 (s, C=O), 1662 (s,
C=O), 1516 (s), 1368 (m), 1152 (s).

HRMS–EI (m/z): calcd for C21H33NO5Na [M + Na]+: 402.2251,
found: 402.2241

TLC (5% EtOAc–CH2Cl2), Rf: 0.23 (UV, CAM)
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 (3R)-3-(3-Ethyl-4-propionyl-pyrrol-1-yl)-6,6-dimethoxy-hexanoic acid tert-butyl ester (8):
A deep blue solution resulting from the addition of THF (25.5 mL) to an argon-purged

mixture of Cu(OAc)2•H2O (236 mg, 1.18 mmol, 0.20 equiv) and (S)-BINAP (735 mg, 1.18 mmol,
0.20 equiv) was stirred at 23 °C for 10 min.  PMHS (9.74 mL, 38.4 mmol, 6.50 equiv) was added and
the mixture was stirred until it attained a bright lime–green color (~5 min), whereupon a solution of
the vinyl pyrrole 9 (2.24 g, 5.90 mmol, 1 equiv) and tBuOH (3.60 mL, 38.4 mmol, 6.50 equiv) in
THF (3.60 mL + 2×0.75 mL rinse) was added via cannula.  After the resulting deep red solution had
stirred for 5.5 h, a 125-mL volume of Et2O was added, the flask was cooled to 0 °C, and aqueous
sodium hydroxide (1N, 175 mL) was added slowly, producing vigorous bubbling.  An additional
75–mL portion of each Et2O and aqueous sodium hydroxide (1N) were added sequentially, and the
two–phase mixture was vigorously stirred for 2 days.  The resulting tan–colored aqueous phase was
separated from the deep red organic phase and was extracted with Et2O (3×100 mL).  The combined
organic layers were washed with saturated aqueous ammonium chloride (120 mL), then with brine
(100 mL), were dried over anhydrous sodium sulfate, were filtered, and were concentrated under
reduced pressure to a tan-colored oil.  Purification of the crude residue by flash column
chromatography (silica gel: diam. 8 cm, ht. 12.5 cm, 35% EtOAc–hexanes) provided the (R)-β-
pyrrolyl ester 8 (2.01 g, 89%, 85% ee) as a pale yellow oil.  The ee of the product was determined by
chiral HPLC analysis of a more advanced intermediate.  Optimum separation between enantiomers
was observed using the iodide 18. See page S12 for full details.  The β-pyrrolyl ester (S)-8 was
obtained using (R)-BINAP according to the above procedure, with the exception that 8.00 instead of
6.50 equivalents of PMHS and tBuOH were used (3.21 g, 89%, 81% ee).

1H NMR (500 MHz, C6D6, 23°C): 6.95 (d, J = 2.1 Hz, 1H, NCH=CC=O), 6.11 (m, 1H,
NCH=CCH2CH3), 4.03–4.09 (m, 1H, NCHCH2), 4.06
(t, J = 5.3 Hz, 1H, CH(OCH3)2), 3.11 (q, J = 7.5 Hz, 2H,
NCH=CCH2CH3), 3.06 (s, 3H, OCH3), 3.04 (s, 3H,
OCH3), 2.52 (q, J = 7.4 Hz, 2H, COCH2CH3), 2.33 (dd,
J = 15.3, 8.7 Hz, 1H, NCHCH2CO2), 2.23 (dd, J = 15.3,
6.1 Hz, 1H, NCHCH2CO2), 1.49–1.62 (m, 2H,
CH2CH2), 1.28–1.44 (m, 2H, CH2CH2), 1.34 (t, J = 7.3
Hz, 3H, NCH=CCH2CH3), 1.26 (s, 9H, OC(CH3)3), 1.22
(t, J = 7.3 Hz, 3H, COCH2CH3).

13C NMR (125.8 MHz, C6D6, 23°C): 195.2, 169.3, 128.9, 125.7, 122.8, 117.4, 103.8, 80.5,
57.3, 52.7, 52.2, 42.5, 32.8, 30.5, 29.1, 27.7, 20.6, 15.0,
9.0.

FTIR (neat): 2974 (m, C–H), 1728 (s, C=O), 1656 (s, C=O), 1458
(m), 1368 (s), 1151 (s).

HRMS–EI (m/z): calcd for C21H35NO5Na [M + Na]+: 404.2407,
found: 404.2405.

TLC (5% EtOAc–CH2Cl2), Rf: 0.22 (UV, anis)
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(4aR)-(1-Ethyl-2-propionyl-5,6-dihydro-indolizin-5-yl)-acetic acid tert-butyl ester (7):
Acetic acid (58.0 mL, 50 vol %) was added to a solution of N-alkyl pyrrole (R)-8 (1.55 g, 4.06

mmol, 1 equiv) in acetone–H2O (1:1, 58.0 mL) and the colourless transluscent mixture was heated to
40 °C.  After 12h, the resulting yellow mixture was allowed to cool to 23 °C and was diluted with
Et2O (220 mL).  The acetic acid was quenched by the slow addition of an aqueous sodium hydroxide
solution (3N, 250 mL) to give a neutral (pH 7) aqueous layer.  The layers were separated and the
aqueous layer was extracted with Et2O (3×100 mL). The combined organic layers were washed with
saturated aqueous sodium bicarbonate solution (100 mL) and brine (75 mL) sequentially, were dried
over anhydrous sodium sulfate, were filtered, and were concentrated to give the desired product as a
bright yellow oil (1.29 g, 100%).  1H NMR analysis of this material showed the presence of clean
bicyclic product (R)-7 accompanied by the minor regioisomeric vinylpyrrole (R)-7a with a selectivity
of >10:1 (7:7a) for the desired regioisomer. For characterization, the two regioisomers were separated
and the data presented is for the pure bicycle (R)-7.  However, on larger preparative–scale this vinyl
pyrrole product was used without further purification.

Using the same procedure (S)-8 was converted to the corresponding dihydroindolizine (1.42
g, 100%) with >10:1 selectivity for the (S)-7 regioisomer.

1H NMR (500  MHz, C6D6, 23°C): 6.89 (s, 1H, NCH=C), 6.26 (dd, J = 9.7, 3.1 Hz, 1H,
NCCH=CHCH2), 5.22 (ddd, J = 9.7, 6.0, 3.1 Hz, 1H,
NCCH=CHCH2), 4.18 (qd, J = 6.8, 3.2 Hz, 1H,
NCHCH2), 3.13 (dt, J = 13.0, 7.3 Hz, 1H,
NC=CCH2CH3), 2.94 (dt, J = 13.0, 7.3 Hz, 1H, NC=CC
H2CH3), 2.56 (q, J = 7.3 Hz, 1H, COCH2CH3), 2.56 (q,
J = 7.3 Hz, 1H, COCH2CH3), 2.33 (dd, J = 15.7, 6.8 Hz,
1H, NCHCH2CO2), 2.21 (ddt, J = 15.5, 6.8, 3.1 Hz, 1H,
NCHCH2CH=CH), 2.13 (dd, J = 15.7, 6.8 Hz, 1H,
NCHCH2CO2), 1.80 (ddt, J = 15.5, 6.0, 3.2 Hz, 1H,
NCHCH2CH=CH), 1.40 (t, J = 7.3 Hz, 3H, CCH2CH3),
1.27 (s, 9H, OC(CH3)3), 1.25 (t, J = 7.3 Hz, 3H,
COCH2CH3).

13C NMR (125.8 MHz, C6D6, 20°C): 195.5, 170.3, 126.8, 126.4, 125.4, 123.4, 118.7, 117.3,
81.0, 51.7, 40.9, 33.3, 29.4, 28.2, 18.9, 16.9, 9.6.

FTIR (neat): 2975 (s, C–H), 2935 (s, C–H), 1727 (s, C=O), 1658 (s,
C=O), 1507 (s), 1393 (s), 1368 (s), 1152 (s).

HRMS–EI (m/z): calcd for C19H27NO3Na [M + Na]+: 340.1883,
found: 340.1888

TLC (3% EtOAc–CH2Cl2), Rf: 0.41 (UV, anis)
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(4aR)-(1-Ethyl-2-propionyl-5,6,7,8-tetrahydro-indolizin-5-yl)-acetic acid tert-butyl ester (16):
To a solution of alkene (R)-7 (1.24 g, 3.91 mmol, 1 equiv) in EtOAc (56.0 mL) was added 5%

palladium on carbon (1.24 g, 100 wt %) in a single portion.  The flask was flushed with dihyrogen
gas for 5 min, then maintained under a balloon pressure of dihydrogen gas.  After 45 min, the balloon
was removed and the flask flushed with argon for 5 min.  The black suspension was filtered through a
short plug of celite (diam. 7 cm, ht. 5 cm, Büchner–funnel under slight vacuum).  The reaction flask
and celite plug were rinsed with EtOAc (4 × 50 mL) and the combined filtrate was concentrated to
afford ketoester (R)-16 (1.20 g, 96%).  1H NMR analysis of this material showed the presence of pure
tetrahydroindolizine.  On larger preparative–scale, this product was sufficiently pure to be used
without further purification. For characterization, the trace amount of minor regioisomer generated
during formation of bicyclic alkene 7 was separated and the data presented is for the pure ketoester
16.

Using the same procedure (S)-7 was reduced to the corresponding tetrahydroindolizine (S)-16
(1.32 g, 100%).

1H NMR (500 MHz, C6D6, 23°C): 6.98 (s, 1H, NCH=C), 4.16 (quintet, J = 6.3, 1H,
NCHCH2), 2.93–3.08 (m, 2H, CCH2CH3), 2.62 (q, J =
7.3 Hz, 2H, COCH2CH3), 2.40 (dd, J = 15.9, 6.3 Hz,
1H, NCHCH2CO2), 2.24 (t, J = 6.4 Hz, 2H,
NCHCH2CH2), 2.12 (dd, J = 15.9, 6.3 Hz, 1H,
NCHCH2CO2), 1.45–1.55 (m, 2H, NCHCH2CH2), 1.42
(t, J = 7.3 Hz, 3H, CCH2CH3), 1.33 (s, 9H, OC(CH3)3),
1.28 (t, J = 7.3 Hz, 3H, COCH2CH3), 1.10–1.21 (m, 2H,
NCHCH2CH2).

13C NMR (125.8 MHz, C6D6, 20°C): 195.9, 170.4, 127.2, 123.7, 123.5, 122.6, 81.1, 51.9,
42.8, 33.2, 29.3, 28.3, 21.6, 19.0, 18.6, 16.1, 9.8.

FTIR (neat): 2974 (s, C–H), 1727 (s, C=O) 1657 (br–s, C=O), 1516
(s), 1368 (s), 1153 (s).

HRMS–EI (m/z): calcd for C19H29NO3Na [M + Na]+: 342.2040,
found: 342.2037

TLC (3% EtOAc–CH2Cl2), Rf: 0.38 (UV, anis)
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(4aR)-1-[1-Ethyl-5-(2-hydroxy-ethyl)-5,6,7,8-tetrahydro-indolizin-2-yl]-propan-1-one (17):
To a faint tan solution of ketoester (R)-16 (990 mg, 3.10 mmol, 1 equiv) and Et3N (562 µL,

4.03 mmol, 1.30 equiv) in CH2Cl2 (15.5 mL) at –78 °C was added triisopropylsilyl trifluoromethane-
sulfonate (957 µL, 3.56 mmol, 1.15 equiv), producing an immediate color change to intense yellow.
After 15 min, at –78°C, TLC–analysis (alumina gel, 10% EtOAc–hexanes) indicated that silyl enol
ether formation was incomplete, whereupon additional portions of Et3N (187 µL, 1.34 mmol, 0.43
equiv) and triisopropylsilyl trifluoromethanesulfonate (319 µL, 1.19 mmol, 0.38 equiv) were added
sequentially.  After a further 15 min, TLC indicated that silyl enol ether formation was complete.
The reaction mixture was diluted by the addition of Et2O (15.5 mL) via syringe over 5 min to
maintain the temperature at –78 °C.  The flask was opened momentarily, lithium aluminum hydride
(706 mg, 18.6 mmol, 6.00 equiv) was added in a single portion as a solid, and the reaction vessel was
immediately flushed and sealed under an argon atmosphere.  Exchange of the dry-ice–acetone bath
with an ice-water bath caused vigorous gas evolution within one minute.  After 15 min, TLC-analysis
(alumina gel, 30% EtOAc–hexanes) of the reaction mixture indicated that the reduction was
complete.  The grey reaction mixture was then cooled to –78 °C using a dry-ice–acetone bath.  After
5 min, excess lithium aluminum hydride was quenched by the slow addition of water (10 mL) via
syringe and the cold bath was removed immediately, allowing the pale grey  suspension to warm.
Once the mixture had reached 23 °C, it was diluted with a 200-mL portion of Et2O and a 200-mL
volume of aqueous hydrogen chloride solution (1N) to afford an acidic (pH 1) aqueous layer.  After
thorough mixing of the two layers, the aqueous layer was separated and extracted with Et2O (4×110
mL).  The combined organic phases were washed with saturated aqueous sodium hydrogen
bicarbonate (120 mL) and brine (60 mL) sequentially, were dried over anhydrous sodium sulfate,
were filtered, and were concentrated under reduced pressure to a faint pink oil.  Purification of the
crude oil by flash column chromatography (silica gel: diam. 5.0 cm, ht. 15.0 cm, 72.5% EtOAc–hex)
provided the pure ketoalcohol (R)-17 (695 mg, 91%) as a faint tan oil. For characterization, the
corresponding minor regioisomer generated during formation of bicyclic alkene 7 was separated and
the data presented is for the pure bicyclic alcohol 17.

Using the same procedure (S)-16 was converted to the corresponding ketoalcohol (S)-17 (440
mg, 87%).

1H NMR (500 MHz, C6D6, 23°C): 7.01 (s, 1H, NCH=C), 3.77 (dt, J = 13.1, 6.3, 1H,
NCHCH2), 3.13–3.22 (m, 2H, CH2CH2OH), 2.97–3.09
(m, 2H, CCH2CH3), 2.62 (q, J = 7.4 Hz, 2H,
COCH2CH3), 2.32 (t, J = 6.3 Hz, 2H, NC=CH2CH2),
1.66 (dt, J = 14.0, 6.6 Hz, 1H, NCHCH2CH2OH),
1.45–1.52 (m, 1H, CH2), 1.44 (t, J = 7.4 Hz, 3H,
CCH2CH3), 1.31–1.41 (m, 2H, CH2, CH2’), 1.17–1.25
(m, 2H, CH2, CH2’), 1.28 (t, J = 7.3 Hz, 2H,
COCH2CH3), 0.62 (br-s, 1H, OH).

13C NMR (125.8 MHz, C6D6, 23°C): 196.1, 127.2, 123.9, 123.2, 122.6, 59.3, 52.1, 38.8, 33.3,
28.6, 21.7, 19.1, 18.5, 16.2, 9.8.

N

Me
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FTIR (neat): 3420 (s, O–H), 2937 (s, C–H), 1635 (br–s, C=O), 1516
(s), 1382 (s), 1225 (s), 1075 (s).

HRMS–EI (m/z): calcd for C15H23NO2Na [M + Na]+: 272.1621,
found: 272.1620

TLC (silica gel, 65% EtOAc–hex), Rf:  0.18 (UV, CAM)
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(4aR)-1-[1-Ethyl-5-(2-iodo-ethyl)-5,6,7,8-tetrahydro-indolizin-2-yl]-propan-1-one (18):
To a pale yellow solution of PPh3 (1.64 g, 6.26 mmol, 3.00 equiv) and imidazole (464 mg,

6.82 mmol, 3.27 equiv) in CH2Cl2 (8.0 mL) at 0 °C in the dark was added solid iodine (1.59 g,
6.25mmol, 3.00 equiv), producing a dark yellow slurry.  After 15 min, a solution of the alcohol (R)-
17 (520 mg, 2.09 mmol, 1 equiv; dried azeotropically by concentration from toluene under reduced
pressure, 3×1.00 mL) in CH2Cl2 (1.50 mL + 2×0.50 mL rinse) was added via cannula while the
temperature was maintained at 0 °C.  After an additional 45 min at 0 °C, the resulting deep orange
mixture was diluted with a 5-mL portion of Et2O followed by the addition of a 10-mL portion of
saturated aqueous sodium thiosulfate solution–saturated aqueous sodium bicarbonate solution (1:1)
(10 mL).  The mixture was immediately allowed to warm to 23 °C and further diluted by the addition
of Et2O (145 mL) and a second portion of saturated aqueous sodium thiosulfate solution (130 mL).
The cloudy white aqueous phase was separated and extracted with Et2O (3 × 90 mL).  The combined
organic layers were washed with brine (45 mL), were dried over anhydrous sodium sulfate, were
filtered, and were concentrated under reduced pressure to a residue consisting of a white solid coated
with a tan oil.  The crude residue was dissolved in a minimal amount of CH2Cl2 and purified by flash
column chromatography (silica gel: diam. 4.0 cm, ht. 16.5 cm, 10→12.5% EtOAc–hexane) to give
iodide (R)-18 (685 mg, 91%, 85% ee) as a faint yellow oil. At this stage, the corresponding minor
regioisomer generated during formation of bicyclic alkene 7 was readily separated. The
regioisomerically pure iodide 18 was found to be 85%ee by chiral HPLC analysis  [Chirapak AD-H;
3.0 mL/min; 2.5% i-PrOH in hexanes; tR(major) = 4.44 min, tR(minor) = 5.03 min].

Using the same procedure (S)-17 was converted to the corresponding iodide (S)-18 (683 mg,
86%, 81% ee).

1H NMR (500  MHz, C6D6, 23°C): 6.83 (s, 1H, NCH=C), 3.45 (dt, J = 12.9, 5.7 Hz, 1H,
NCHCH2), 2.95–3.06 (m, 2H, CCH2CH3), 2.57 (q, J =
7.3 Hz, 2H, COCH2CH3), 2.50–2.56 (m, 1H,
NHCH2CH2I), 2.43 (dt, 1H, J = 10.1, 7.5 Hz,
NHCH2CH2I), 2.23 (m, 2H, NCCH2CH2), 1.77 (dtd, J =
14.6, 7.5, 5.7 Hz, 1H, NCHCH2CH2I), 1.43 (m, 1H,
CH2), 1.43 (t, J = 7.3 Hz, 3H, C=CCH2CH3), 1.27 (t, J
=7.3 Hz, 3H, C(=O)CH2CH3), 1.16–1.27 (m, 2H, CH2,
CH2’), 1.03–1.14 (m, 1H, CH2), 0.85–0.92 (m, 1H,
CH2).

13C NMR (125.8 MHz, C6D6, 23°C): 195.8, 127.1, 123.5, 122.9, 122.8, 55.2, 39.5, 33.2, 27.4,
21.5, 19.0, 18.4, 16.1, 9.6, 1.5.

FTIR (neat): 2934 (s, C–H), 1651 (br–s, C=O), 1515 (s), 1381 (s),
1193 (s).

HRMS–EI (m/z): calcd for C15H22INONa [M + Na]+: 382.0638,
found: 382.0628

TLC  (silica gel, 15% EtOAc–hexanes), Rf:  0.36 (UV, CAM)
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(4aR)-1-(1-Ethyl-3,4,4a,5,6,7-hexahydro-pyrrolo[2,1,5-cd]indolizin-2-yl)-propan-1-one (19):7

A solution of iodide (R)-18 (509 mg, 1.40 mmol, 1 equiv; dried azeotropically by
concentration from toluene under reduced pressure, 3×1.00 mL) in CH2Cl2 (1.20 mL + 2×0.40 mL
rinse) was added via cannula to a vigorously stirred pale yellow suspension of silver tetrafluoroborate
(690 mg, 3.54 mmol, 2.50 equiv) in CH2Cl2–benzene (2:1, 43.0 mL) at 23 °C in the dark.  The
solution changed to a slightly opaque tan suspension within 5 min.  After 2.5 h, the resulting mixture,
consisting of a brown solid suspended in a rose colored solution, was diluted with an 80-mL portion
of a saturated aqueous sodium thiosulfate solution–saturated aqueous sodium bicarbonate solution
(1:1) and a 100-mL volume of Et2O, such that the rose colored organic layer became tan coloured.
The aqueous layer was separated and was extracted with Et2O (3×75 mL).  The combined organic
layers were washed with brine (40 mL) and were filtered through a plug of celite (diam. 7.0 cm, ht.
8.0 cm, Büchner funnel using slight vacuum).  The plug of celite was rinsed with three additional
125-mL portions of Et2O, and the pale yellow filtrate was concentrated under reduced pressure to
afford a yellow semi-solid residue.  Purification of the residue by flash column chromatography
(silica gel:  diam. 4.0 cm, ht. 15.0 cm, 20% EtOAc–hexanes) gave the tricyclic ketone (R)-19 (247
mg, 75%) as a white crystalline solid. (R)-19: [α]20

D = +58.0 (c 0.202, CH2Cl2) [lit.:
7 [α]20

D = +64.8
(c 0.5, CH2Cl2)].

Using the same procedure (S)-18 was converted to the corresponding tricyclic ketone (S)-19
(238 mg, 73%). (S)-19: [α]20

D = –55.8 (c 0.202, CH2Cl2).

1H NMR (500 MHz, C6D6, 23°C): 3.01–3.19 (m, 3H, C11–H, C11–H’, C4a–H), 2.58 (q, J
= 7.3 Hz, 2H, C9–H, C9–H’), 2.36–2.51 (m, 3H, C3–Hc,
C3–Ht, C7–Hc), 2.18 (ddd, 1H, J = 16.5, 12.6, 7.2 Hz,
C7–Ht), 1.79 (dt, 1H, J = 11.9, 6.0 Hz, C4–Hc), 1.57
(dddd, 1H, J = 12.4, 7.2, 3.3, 2.7 Hz, C6–Ht), 1.52 (t,
3H, J = 7.5 Hz, C12–H), 1.43 (dq, J = 12.4, 3.3 Hz,
C5–Hc), 1.32–1.39 (m, 1H, C4–Ht), 1.34 (t, 3H, J = 7.5
Hz, C10–H), 1.20 (qdd, 1H, J = 12.4, 6.6, 3.3, C6–Hc),
0.73 (qd, 1H, J = 12.4, 2.7 Hz, C5–Ht).

13C NMR (125.8 MHz, C6D6, 23°C): 195.2, 137.1, 125.8, 120.7, 117.4, 55.9, 36.2, 34.8, 29.8,
28.3, 22.7, 20.2, 20.0, 16.5, 9.4.

FTIR (neat): 2928 (m, C–H), 1650 (br, s, C=O), 1497 (s), 1450 (s),
1323 (m), 1040 (m).

HRMS–EI (m/z): calcd for C15H21NONa [M + Na]+: 254.1515,
found: 254.1513

TLC (silica gel, 35% EtOAc–hexanes), Rf: 0.45 (UV, CAM)

                                                  
7 For a prior synthesis starting with D-glutamic acid, see:  Sayah, B.; Pelloux-Léon, N.; Vallée, Y. J. Org. Chem. 2000, 65, 2824–2826.
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(+)-(4aR)-Myrmicarin 217 (3):
To a solution of tricyclic ketone (R)-19 (5.1 mg, 21.9 µmol, 1 equiv) in dioxane (750 µL) at

23 °C was added lithium aluminum hydride (4.1 mg, 109 µmol, 5.00 equiv) in a single portion, the
suspension was warmed to a gentle reflux, during which time slight gas evolution was observed.
After 30 min, the mixture was allowed to cool to 23 °C and then cooled further to 0 °C in an
ice/water bath.  After 5 min, and the excess hydride was quenched by the slow addition of water (3.0
mL) via syringe.  The cold bath was removed and the grey suspension was allowed to warm to 23 °C,
whereupon the aqueous layer was separated and extracted with Et2O (3×4 mL).  The combined
organic layers were washed with brine (5 mL), were dried over anhydrous sodium sulfate, and were
concentrated under reduced pressure to give a yellow oil.  The residue was purified by flash column
chromatography (alumina gel: diam. 0.6 cm, ht. 4.0 cm, 50% Et2O–pentane,) to provide myrmicarin
217 (3, 4.1 mg, 85%) as a clear, colourless oil. Pure samples of myrmicarin 217 may be stored under
an argon atmosphere with minimal decomposition for 3 days.  Exposure to air results in conversion to
myrmicarin 215C and decomposition.  Samples of pure myrmicarin 217 retained high purity for up to
7 days when stored at –10°C as argon-purged solutions in pentane–C6H6 (6:1). (R)-3: [α]20

D = +72.1
(c 0.050, CH2Cl2) [lit.:

7 [α]20
D = +88 (c 1, CH2Cl2)].

Using the same procedure (S)-19 was converted to ent-myrmicarin 217 ((S)-3, 13.3 mg, 99%).
(S)-3: [α]20

D = –67.4 (c 0.074, CH2Cl2).

1H NMR (500 MHz, C6D6, 23°C): 3.33 (tdd, 1H, J = 10.8, 4.6, 3.7 Hz, C4a–H), 2.54–2.67
(m, 7H, C3–Hc, C3–Ht, C7–Hc, C8–H, C8–H’, C11–H,
C11–H’), 2.44 (ddd, 1H, J = 17.2, 11.0, 6.6 Hz, C7–Ht),
2.01 (dddd, 1H, J = 11.3, 5.5, 4.6, 1.3 Hz, C4–Hc),
1.69–1.82 (m, 3H, C9–H, C9–H’, C6–Ht), 1.54–1.63 (m,
2H, C4–Ht, C5–Hc), 1.41 (tddd, 1H, J = 13.2, 11.0, 6.7,
2.8 Hz, C6–Hc), 1.31 (t, 3H, J = 7.5 Hz, C12–H), 1.07 (t,
3H, J = 7.3 Hz, C10–H), 0.88 (tdd, 1H, J = 13.2, 10.8,
2.6 Hz, C5–Ht).

13C NMR (125.8 MHz, C6D6, 23°C): 127.7 (C2a), 121.5 (C1), 118.3 (C7a), 114.1 (C2), 55.3
(C4a), 37.6 (C4), 30.4 (C5), 28.5 (C3), 25.4 (C8), 25.4
(C9), 23.3 (C6), 21.1 (C7), 19.2 (C11), 16.9 (C12), 14.9
(C10).

FTIR (neat): 2956 (s, C–H), 2851 (s, C–H), 1656 (w), 1456 (m), 1390
(m), 1321 (m), 1076 (w).

HRMS–EI (m/z): calcd for C15H24N [M + H]+: 218.1903,
found: 218.1916

TLC (alumina gel, 1% Et2O–pentane), Rf:  0.43 (UV, PMA)
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(4aR)-1-Ethyl-2-(prop-1-ynyl)-3,4,4a,5,6,7-hexahydro-pyrrolo[2,1,5-cd]indolizine (S4):
A solution of tricyclic ketone (R)-19 (30.2 mg, 131 µmol, 1 equiv) and Et3N (171 µL, 1.23

mmol, 9.38 equiv) in CH2Cl2 (400 µL + 2×200 µL rinse) was added via cannula to a suspension of 2-
chloro-3-ethylbenzoxazolium tetrafluoroborate (20, 44.1 mg, 164 µmol, 1.25 equiv) in CH2Cl2 (900
µL) at 0 °C, causing a color change to bright yellow.  The mixture was allowed to warm slowly to 23
°C over 2.5 h by slow warming of the cold bath, at which time the resulting deep–brown and opaque
mixture was diluted sequentially with Et2O (6 mL) and brine (4 mL).  The aqueous layer was
separated and was extracted with Et2O (3×4 mL), and the combined organic layers were washed with
NaHCO3 (3×4 mL), such that the final brine wash did not appear green.  The organic layer was dried
over anhydrous sodium sulfate, was filtered, and was concentrated under reduced pressure to afford a
deep–brown oil.  Purification of the residue by flash column chromatography (alumina gel: diam. 1.5
cm, ht. 5.5 cm, 7.5% Et2O–pentane,) gave the alkyne (R)-S4 (5.8 mg, 12%; 80% based on recovered
starting material) as a faint yellow oil.  Alkyne S4 is extremely sensitive to C6-C7 oxidation and must
be stored and handled with minimal exposure to air.  Samples of alkyne S4 were used in subsequent
reactions within 24 h of preparation.

Using the same procedure (S)-19 was converted to the corresponding alkyne (S)-S4 (5.8 mg,
19%; 72% based on recovered starting material).

1H NMR (500 MHz, C6D6, 23 °C): 3.14 (tdd, 1H, J = 10.8, 5.8, 3.7 Hz, C4a–H), 2.71–2.91
(m, 3H, C3–Ht, C11–H, C11–H’), 2.61 (ddd, 1H, J =
15.1, 10.6, 5.8 Hz, C3–Hc), 2.50 (ddd, 1H, J = 16.3, 6.2,
0.8 Hz, C7–Hc), 2.30 (ddd, 1H, J = 16.3, 11.9, 6.7 Hz,
C7–Ht), 1.94 (s, 3H, C10–H), 1.82 (dt, 1H, J = 12.0, 5.8
Hz, C4–Hc), 1.61 (ddddd, 1H, J = 13.3, 6.7, 4.1, 2.4, 0.8
Hz, C6–Ht), 1.47 (t, 3H, J = 7.5 Hz, C12–H), 1.36–1.48
(m, 2H, C5–Hc, C4–Ht), 1.27 (tddd, 1H, J = 13.3, 11.9,
6.2, 2.9 Hz, C6–Hc), 0.74 (tdd, 1H, J = 13.3, 10.8, 2.4
Hz, C5–Ht).

13C NMR (125.8 MHz, C6D6, 23 °C): 134.6, 125.6, 118.5, 98.1, 85.3, 76.4, 55.8, 37.1, 30.0,
25.7, 22.9, 20.7, 20.0, 16.3, 5.1.

FTIR (neat): 2927 (s, C–H), 2851 (s, C–H), 2222 (w, C≡C), 1597 (w),
1430 (s), 1321 (s), 1022 (w).

HRMS–EI (m/z): calcd for C15H20N [M + H]+:  214.1590,
found: 214.1598

TLC (silica gel, 30% EtOAc-hexanes), Rf: 0.53 (UV, ninhydrin)
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 (–)-(4aR)-Myrmicarin 215A (1):
A sample of Lindar catalyst (0.7 mg, 30 wt %) was added to a solution of alkyne (R)-S4 (2.3

mg, 10.8 µmol, 1 equiv) in EtOAc–pyridine (4:1, 2.00 mL) at 23 °C  and the flask was flushed with a
stream of dihyrdogen for 2 min using a balloon.  The grey suspension was then maintained under a
balloon pressure of dihydrogen.  After 1.5 h and again after 3 h total stirring time, additional 0.7–mg
portions of Lindlar catalyst were added and the flask was purged with balloon pressure dihydrogen
for 3 min. After an additional 2.5 h, the flask was flushed with argon for 3 min to remove the
remaining dihydrogen, and the mixture was diluted with Et2O (5 mL).  The resulting suspension was
filtered through a plug of celite (diam. 0.6 cm, ht. 5.5 cm) and the plug was rinsed with an 10-mL
portion of Et2O.  After concentrating to approximately 1 mL, the clear and colourless filtrate was
filtered through a plug of activated basic alumina (diam. 0.6 cm, ht. 4.0 cm) and concentrated under
reduced pressure to give (–)-myrmicarin 215A (1) as a white crystalline solid (1.7 mg, 74%).
Myrmicarin 215A (1) was found to isomerize to myrmicarin 215B (2) upon exposure to silica gel for
TLC analysis (with and without neutralization using triethylamine).  Furthermore, significant
decomposition upon exposure to silica gel was apparent.  1H NMR analysis of the direct reduction
product showed only the presence of myrmicarin 215A. Exposure to air results in conversion to
myrmicarin 213A and decomposition, which is complete within approximately 1 day.  Samples of
myrmicarin 215A retained purity for up to 7 days when stored at –10 °C as argon-purged solutions in
pentane–C6H6 (6:1). (R)-1: [α]20

D = –53.8 (c 0.045, CH2Cl2).
Using the same procedure (S)-S4 was converted to ent-Myrmicarin 215A ((S)-1, 3.9 mg,

70%). (S)-1: [α]20
D = +49.8 (c 0.090, CH2Cl2).

1H NMR (500 MHz, C6D6, 23 °C): 6.66 (dqd, 1H, J = 10.8, 1.8, 0.6 Hz, C8–H), 5.65 (dq, J
= 10.8, 6.9 Hz, C9–H), 3.33 (tdd, 1H, J = 10.7, 5.5, 3.7
Hz, C4a–H), 2.54–2.67 (m, 4H, C3–Hc, C7–Hc, C11–H,
C11–H’), 2.49 (dd, 1H, J = 14.8, 8.1 Hz, 3–Ht), 2.39
(ddd, 1H, J = 16.2, 11.8, 6.8 Hz, 7–Ht), 1.96 (dt, J =
11.5, 5.5 Hz, 1H, 4–Hc), 1.90 (dd, 3H, J = 6.9, 1.8 Hz,
10–H), 1.68 (ddddd, 1H, J = 13.3, 6.8, 4.1, 2.5, 1.4 Hz,
6–Ht), 1.46–1.59 (m, 2H, 4–Ht, 5–Hc), 1.36 (tddd, J =
13.3, 11.8, 6.7, 2.7 Hz, 1H, 6–Hc), 1.30 (t, 3H, J = 7.5
Hz, 12–H), 0.82 (tdd, 1H, J = 13.3, 10.7, 2.5 Hz, 5–Ht).

13C NMR (125.8 MHz, C6D6, 23 °C): 129.2 (C2a), 124.7 (C8), 122.3 (C1), 120.8 (C9), 119.4
(C7a), 112.8 (C2), 55.8 (C4a), 37.8 (C4), 30.4 (C5),
27.6 (C3), 22.9 (C6), 20.9 (C7), 19.3 (C11), 16.7 (C12),
15.8 (C10).

FTIR (neat): 3010 (m, C–H), 2929 (s, C–H), 1727 (w), 1639 (m),
1443 (m), 1321 (m), 1167 (w).

Lindlar catalyst
H2, 23 °C
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HRMS–EI (m/z): calcd for C15H22N [M + H]+:  216.1747
found: 216.1753

TLC (alumina gel, 30% Et2O–pentane), Rf: 0.28 (UV, PMA)
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(+)-(4aR)-Myrmicarin 215B (2):
To a solution of tricyclic ketone (R)-19 (11.8 mg, 51.0 µmol, 1 equiv) in Et2O (950 µL) at –78

°C was added solid lithium aluminum hydride (11.6 mg, 306 µmol, 6.00 equiv) in a single portion.
The mixture was then allowed to warmed to 0 °C using an ice–water bath.  After 40 min at 0 °C, the
grey suspension was cooled on a dry-ice–acetone bath for 5 min and the excess hydride was
quenched by the slow addition of water (1.20 mL) via syringe.  The cold bath was immediately
removed and the mixture allowed to warm to 23 °C.  The pale grey suspension was diluted
sequentially with a 6-mL portion of Et2O and a saturated aqueous solution of Rochelle salt (6 mL) ,
and the two–phase mixture was vigorously stirred.  After 3h, the resulting slightly opaque aqueous
layer was separated from the clear and colourless organic layer and was extracted with EtOAc (3×5
mL).  The combined organic layers were washed with a 5-mL protion of brine, were dried over
anhydrous sodium sulfate, were filtered, and were concentrated under reduced pressure to give the
corresponding alcohols as a colourless oil (11.9 mg, 100%) and a mixture of C8-epimers (~3:2).

A solution of the C8-alcohols (21.9 mg, 93.9 mmol, 1 equiv) in 15.0 mL Et2O was washed
sequentially with 3-mL portions of a saturated aqueous ammonium chloride solution–aqueous
hydrochloric acid solution (9 × 3 mL pH 2 aqueous NH4Cl) until TLC indicated that elimination was
complete. The organic solution was then washed with saturated aqueous sodium bicarbonate solution
(4 mL), then with brine (4 mL), was dried over anhydrous sodium sulfate, was filtered, and was
concentrated under reduced pressure to give myrmicarin 215B (2) as fine white needles (12.4 mg,
61%).  Although stable to chromatography on neutral alumina gel, 1H NMR analysis showed that
further purification was unnecessary.  Exposure to air results in conversion to myrmicarin 213B and
decomposition, which is complete within approximately 1 day. Samples of myrmicarin 215B retained
high purity for up to 5 days when stored at –10°C as argon-purged solutions in pentane–C6H6 (6:1).
(R)-2: [α]20

D = +60.4 (c 0.044, CH2Cl2).

(–)-(4aS)-Myrmicarin 215B (2):
To a solution of tricyclic ketone (S)-19 (16.1 mg, 69.6 µmol, 1 equiv) in Et2O (1.40 mL) at

–78 °C was added lithium aluminum hydride (15.9 mg, 418 µmol, 6.00 equiv) in a single portion.
The mixture was then allowed to warm to 0 °C using an ice-water bath.  After 35 min at 0 °C, the
grey suspension was cooled on a dry-ice–acetone bath for 5 min and the excess hydride was
quenched by addition of water (1.40 mL) via syringe.  The cold bath was removed immediately and
the mixture allowed to warm to 23 °C.  A 10-mL portion of Et2O was added and the mixture was
washed with a saturated aqueous ammonium chloride solution–aqueous hydrochloric acid solution
(10 mL + 3 × 2 mL pH 2 aqueous NH4Cl), at which point TLC indicated that elimination was
complete.  The organic solution was washed with saturated aqueous sodium bicarbonate solution
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(3 mL), was dried over anhydrous sodium sulfate, was filtered, and was concentrated under reduced
pressure to give ent-myrmicarin 215B (2) as fine white needles (11.1 mg, 74%). (S)-2: [α]20

D = –58.5
(c 0.085, CH2Cl2).

1H NMR (500 MHz, C6D6, 23°C): 6.67 (dq, 1H, J = 15.6, 1.7 Hz, C8–H), 5.89 (dq, J =
15.6, 6.5 Hz, C9–H), 3.25 (tdd, 1H, J = 10.8, 5.3, 3.7
Hz, C4a–H), 2.62–2.72 (m, 4H, C3–Hc, C3–Ht, C11–H,
C11–H’), 2.57 (ddd, 1H, J = 16.2, 6.5, 1.3 Hz, C7–Hc),
2.37 (ddd, 1H, J = 16.2, 11.9, 6.8 Hz, C7–Ht), 1.91–1.96
(m, 1H, C4–Hc), 1.94 (dd, 3H, J = 6.5, 1.7 Hz, C10–H),
1.68 (ddddd, 1H, J = 13.7, 6.8, 4.1, 2.6, 1.3 Hz, C6–Ht),
1.44–1.51 (m, 2H, C4–Ht, C5–Hc), 1.27–1.40 (m, 1H,
C6–Hc), 1.32 (t, 3H, J = 7.5 Hz, C12–H), 0.82 (tdd, 1H,
J = 12.9, 10.8, 2.6 Hz, C5–Ht).

13C NMR (125.8 MHz, C6D6, 23°C): 128.7 (C2a), 126.0 (C8), 121.4 (C1), 119.2 (C9), 118.7
(C7a), 113.9 (C2), 55.3 (C4a), 37.1 (C4), 30.2 (C5),
26.2 (C3), 23.1 (C6), 20.8 (C7), 19.6 (C10), 19.2 (C11),
17.0 (C12).

FTIR (neat): 2928 (s, C–H), 1659 (s), 1506 (w), 1452 (s), 1321 (m),
1062 (w), 961 (m).

HRMS–EI (m/z): calcd for C15H22N [M + H]+: 216.1747
found: 216.1754

TLC(alumina gel, 30% Et2O–pentane), Rf: 0.28 (UV, PMA)


































































