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Abstract The cycloaddition of cyclic mitrones to methoxycarbonylmethylenecyclopropane (1) gives
adducts having the methoxycarbonyl group on C-4 of the isoxazohdine nng with high
regioselectivity The thermal rearrangement of the adducts gives quinohzidinone 6 and
indohizidinones 8 beanng the methoxycarbonyl group selectively at C-1 and at C-8, respectively
The two compounds are intermediates for new formal syntheses of the alkaloids (+)-Lupmnmne and
(3)-Epilupimne, and (+)-Elaeokanine A, respectively

The thermal rearrangement of 1soxazolidine-5-spirocyclopropanes A, available by mitrone
cycloaddition to methylenecyclopropane, has shown 1ts potential as a new method for the synthests of

azaheterocycles (Scheme 1) 2 Particularly interesting appears to be the new access to N-bridgehead
bicyclic structures widespread in natural alkaloids 3
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SCHEME 1

The selectivity of the process 1n the presence of various substituents on the reagents 1s a goal for
a wider application of the method Since the overall process consists of two steps, a cycloaddition of
a mitrone to a methylenecyclopropane derivative followed by a thermal rearrangement (Scheme 1),
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different substituents on the 1,3-dipole as well as on the methylenecyclopropane, may reasonably
affect the process In particular, the substituton on the exocychc double bond of the
methylenecyclopropane may affect the regiochemical outcome of the cycloaddition 4

Unsubstituted or ning substituted methylenecyclopropanes have been shown? to react with
nitrones to give mixtures of regioisomers A and B The 4-spiro regioisomers B, unreactive under the
rearrangement conditions, sometimes accounts for as much as 37% (relative yield)2 of the reaction
mixture In a recent study4 we demonstrated that an electronwithdrawing substituent on the exocyclic
double bond of methylenecyclopropanes, such as the methoxycarbonyl group 1n 1, gives nse to a
significant change in the polarization of that bond, leading to highly regioselective cycloadditions
The observed regiochemistry n this reaction was the same as that observed in the reactions of the
related methyl 3,3-dimethylacrylate with mtrones,> that 1s regiospecific formation of the 4-methoxy-
carbonyl adduct

In thus paper we want to show that this selectivity, combined with a thermal rearrangement,
constitutes an useful protocol for the construction of selectively substituted mtermediates for the
synthesis of quinolizidine and indolizidine alkaloids
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n=1 4 Sab 211 64%
SCHEME 2

Methoxycarbonylmethylenecyclopropane (1) and 3,4,5,6-tetrahydropyndine-N-oxide (2) gave a
muxture of two diastereomenc 1soxazolidines 3a and 3b (78%) in 2 3 1 ratio under heating at 80°C m
toluene (Scheme 2) The assignment of the regiochemistry was made on the observation of a doublet
(8 3 33 ppm for 3a and 3 3 11 ppm for 3b) for the proton a to the methoxycarbonyl group coupled
with the bndgehead proton The major 1somer 3a was assigned as the exo product mn force of the
smaller coupling constant (7 5 Hz vs 9 9 Hz) typical of a trans H-H relationship 1n a five membered
ring Pyrroline-N-oxide (4) gave with 1 a similar mixture of adducts 5a and 5b m 2 1 1 ratio and
somewhat more modest yield (64%) H3-H4 (1soxazolidine numberings) coupling constant 1 the
major compound Sa (8 4 Hz vs 4 3 Hz 1n 5b) attested for the preference of an endo approach n the
cycloaddition of this nitrone 6

The observed regioselectivity 1s 1 agreement with the results of a study of the coefficients and
energy of the frontier molecular orbitals of methylenecyclopropane 1 and mtrone 4 (Figure 1) 7 In the
favored HOMOntrone-LUMOdipolarophile Interaction the larger coefficients are located on the
oxygen of the mtrone and on the cyclopropyhidene carbon of the methylenecyclopropane as required
for the observed regioselecivity A quantitative evaluation of the differences mn charge transfer
energies of the two regroisomernic onented complexes (AAE = AEs.spiro—AE4-spiro = —0 30 Kcal
mol-1) agan predicts the 5-spiro regioisomer as bemng the dommant 1somer 1n the cycloaddition
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FIGURE 1 Coefficients and Energies of the Frontier Molecular Orbitals of
Methoxycarbonylmethylenecyclopropane (1) and Pyrroline-N-oxide (4)
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Isoxazohdines 3 and 5 were particularly resistant to thermal rearrangement, if compared with
other substrates 2 On the other hand, heating 1 mesitylene at reflux (160°C) for several hours gave
poor yields of rearranged products, mawnly consisting m the open chain enamnones 7 and 9 2 By
heating 3a,b under Flash Vacuum Thermolysis (FVT) conditons (450°C, 10-3 mmHg) the
quunohizzdinone 6 and the enaminones 7 were obtamned, and they were 1solated 1n 46% and 20% yield,
respectively, after flash column chromatography Both the diastereomeric 1soxazolidines gave a single
diastereomenc ketone probably as a result of a tautomerism towards the more stable 1somer The
assignment of methoxycarbonyl group substitution on C1 carbon rehed on the multiphcity of the a
proton m the 1H-NMR spectrum The value of the couphing constant (10 9 Hz) 1s diagnostic for a
trans H1-H9a relationship 1n 6, that imples the carbomethoxy group to be placed in equatonal
position cis to the bridgehead proton An analogue FVT treatment of 1soxazohdines 5a,b followed by
chromatographic separation, gave both the diastereomenic indohizidinones 8a,b mn 2 4 1 ratio (45%)
besides the enamunones 9 (19%) Again, a coupling constant of 11 1 Hz testifies for a trans H8-H8a
relatonship 1n the major 1somer 8a

COOMe 450°C
“Oj\] 10 mmHg

n=2 3ab 6 46% Tab  20%
n=1 Sab 8a,b 45% 9ab 19%
SCHEME 3
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The formation of the open chain 1somers in the rearrangement onginates from a 1,5-hydrogen
shift of the diradical mntermedhate8 and can only be dimmished by using FVT conditions In both
rearrangements the yields of the bicyclic products 6 and 8 were only modest, but this seems to depend
on the thermal stability of these compounds In fact, due to the low volatility of the rearranged
products, a film of decomposed matenal 1s always found at the hot end of the FVT tube
Decomposition processes, like retro-Michael and Grob fragmentation,? are likely to occur m these
compounds due to their nature of y-aminoketones

The simple two-step cycloaddition-rearrangement protocol has been able to provide a new direct
access to selectively functionalised quinolizidine and indohzidine compounds. Many synthetically
useful apphcations can be foreseen for these compounds, as a new entry to unnatural and natural
azaheterocycles 10 In this paper we report on their use as precursors for the formal synthess
of (£)-Lupimne (10), (1)-Epilupinine (11) and (+)-Elacokanine A (12) alkaloids

Reduction of ketones 6 and 8a,b with sodium borohydride gave the stable quunohzidinol 13 and
mdohzidinol 14 as mixtures of diastereoisomers with good yields (Scheme 4)

H COOMe NaBH,MeOH H COOMe
N - N
n=2 6 13a,b 81%
n=1 8ab 14a-d 83%

SCHEME 4

The alcohol 13 was used by J J Tufanello as mtermediate for the synthesis of both Lupine
alkaloids (+)-10 and (+)-11 via the unsaturated compound 15 (Scheme 5) 11

OOMe COOMe R R
° 1 OH ref 11 >
——— _—
N N
5

13 15 10 R=CH,0H R=H
11 R=H R'=CH,OH

SCHEME 5
The mndohzidinols 14 can be conveniently applied to a new synthesis of the alcohol 17, used by
D F Taber m the total synthesis of (+)-Elaeokanine A (12) (Scheme 6) 12
Dehydration of 14 by phosphorus oxychlonde m pyndme!3 gave the unsaturated mdolizidine
16 mn fair yreld Other conditions to run the elimination (SOCly/DBU, MsCl/Py at 0°C) were tested,
but were found less effecave The formal synthesis of (1)-Elacokanine A (12) was completed by
DIBAL reduction of the unsaturated ester 16 to the allylic alcohol 17 in 65% yield (Scheme 6)
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COOMe COOMe
"N H POCIy/Py N\ DIBAL
N T N -
4 62% 65%
14 16
OH o
ref 12 N\
N N
17 12
SCHEME 6

Further studies on the synthetic utility of quinolizidinone 6 and indolizidinones 8 are 1n progress
1n our laboratory

EXPERIMENTAL

All the reactions were carried out under nert atmosphere (N2) and the solvents were appropnately
dnied before the use The Ry values refer to TLC on 0 25 mm silica gel plates (Merck Fo54) obtamned
using the same eluant as in the column chromatographies NMR spectra (CDCIl3 as solvent) were
recorded on a Varian Gemum (1H, 200 MHz) Chemical shift values are reported in ppm from
tetramethylsilane notation s, d, t, q, m, and br designate smglet, doublet, triplet, quartet, multiplet,
and broad, respectively The coupling constants J are given in Hz IR spectra (in CDCI3 solution)
were recorded on a Perkin-Elmer 881 spectrophotometer Mass spectra were recorded at 70 eV by
GC nlet on a 5790A-5970A Hewlett-Packard mstrument or by direct inlet on a QMD1000 Carlo
Erba instrument Combustion analyses were carried out with a Perkin-Elmer 240 C elemental
analyzer Nitrones 2 and 4 were synthesized accordng to ref 14 and 15, respectively
Methoxycarbonylmethylenecyclopropane (1) was synthesized according to ref 16 H-NMR 3 6 22
(quintet, J=19 Hz, 1H), 3 73 (s, 3H), 150-1 37 (m, 2H), 128-1 13 (m, 2H) 13C-NMR & 166 4 s,
14545, 1106 d, 514 q,46t, 21t IR 2981, 1759, 1704, 1437, 1340 cem-l MS m/z (relative
mtensity) 112 M+, 17), 111 (20), 97 (19), 82 (66), 81 (100), 59 (20), 53 (76), 51 (35)
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Cycloaddition of Nitrone 2 to Methylenecyclopropane 1

A solution of 2 (459 mg, 4 5 mmol) and 1 (337 mg, 3 mmol) in 7 mL of toluene was heated at reflux
for 16 h After concentration 1 vacuo the crude mixture was filtered through a short pad of silica gel,
eluting with ethyl acetate Removal of the solvent in vacuo gave 493 mg (2 3 mmol, 78%) of a
mixture of two cycloadducts 3a and 3b in 2 3 1 rato The two diastereoisomers were separated by
flash chromatography (eluant petroleum ether-ethyl acetate 70 30) and charactenzed, but there 1s no
need of separation for further steps

(3'R*3a'R*) - 3' - (1-Methoxy-1-oxomethyl)-octahydrospiro[cyclopropane-1,2"-1soxazole[2,3a]
pynidine] (exo 1somer) (3a) Ry =028 1H-NMR 8 3 69 (s, 3H), 3 54-3 43 (m, 1H), 333 (d, /=75
Hz, 1H), 274 (ddd, /=10 1, 7 5, 2 5 Hz, 1H), 2 46-2 02 (m, 1H), 1 93-0 96 (m, 8H), 0 81-0 58 (m,
2H) 13C-NMR §17135,709d,637s,5581,551d,514q,260t,241¢,233¢,122,96¢t IR
3004, 2952, 2838, 1739, 1722, 1437, 1269, 1192, 1165 cm"l MS m/z (relative mtensity) 211 (M T,
15), 140 (39), 124 (58), 110 (35), 96 (90), 82 (58), 68 (39), 55 (100), 41 (87) Anal Calcd for
C11H7NO3 C, 6254, H,8 11, N, 6 63% Found C, 62 04, H, 8 27, N, 6 65%

(3'S*,3a’'R*) - 3’ - (1-Methoxy- 1-oxomethyl}-octahydrospiro [cyclopropane-1,2"-isoxazole[2,3-a]
pyridine] (endo 1somer) (3b) Ry=039 1H-NMR & 3 69 (s, 3H), 3 48-3 33 (m, 1H), 3 11 (d, /=99
Hz, 1H), 2 86 (td, /=99, 1 7 Hz, 1H), 2 61-2 47 (m, 1H), 2 08-0 62 (m, 10H) 13C-NMR & 1719,
720d,6405,566d,553¢1,518q,285¢t,243¢,233¢t,145¢t,72t MS m/z (relative ntensity)
(M T, 13), 140 (32), 124 (44), 110 (31), 96 (62), 82 (40), 69 (30), 55 (100), 41 (69)

Cycloaddition of Nitrone 4 to Methylenecyclopropane 1

A solution of 4 (2 125 g, 25 0 mmol) and 1 (1 121 g, 10 0 mmol) n 3 5 mL of benzene was stured at
rt for 18 h After concentration i vacuo the crude mixture was filtered through a short pad of silica
gel, eluting first with petroleum ether-ethyl acetate 50 50, then with ethyl acetate Removal of the
solvent 1 vacuo gave 1264 g (6 4 mmol, 64%) of a mixture of two cycloadducts Sa and Sbm 211
rato The two diastereoisomers were separated by flash chromatography (eluant ethyl acetate) and
characterized, but there 1s no need of separation for further steps

(3'R* 3a'S*) - 3' - (1- Methoxy -1- oxomethyl)-hexahydrospiro[cyclopropane-1,2'-pyrrolo[1,2-b]
1soxazole] (endo isomer) (5a) R¢=027 1H-NMR § 4 07 (q, /=7 8 Hz, 1H), 3 65 (s, 3H), 3 58 (4,
J=8 4 Hz, 1H), 3 40-3 22 (m, 1H), 3 13-2 95 (m, 1H), 2 10-1 61 (m, 4H), 1 18-0 56 (m, 4H) 13C-
NMR 817075,687d,6315,567t,541d,517q,278¢,248¢,104¢, 85t IR 3095, 2954,
2877, 1738, 1436, 1363, 1194, 1170 cm"! MS m/z (relative intensity) 197 (M t, 22), 138 (24), 110
(74), 108 (52), 98 (52), 82 (93), 69 (88), 55 (52), 43 (77), 41 (100) Anal Calcd for C1gH5NO3 C,
6090, H, 767,N, 7 10% Found C, 6116, H, 786, N, 6 82%

(3'S*3a'S*) - 3' -(1 - Methoxy -1- oxomethyl)-hexahydrospiro{cyclopropane-1,2'-pyrrolof1,2-b]
isoxazole] (exo isomer) (5b) R =0 39 1H-NMR & 4 25-4 18 (m, 1H), 3 68 (s, 3H), 3 35-3 20 (m,
1H), 3 12-2 98 (m, 1H), 3 05 (d, /=4 3 Hz, 1H), 2 14-1 62 (m, 4H), 1 29-0 64 (m, 4H) 13C-NMR §
17125,689d,6415,581¢,566d,521q,312¢,238¢,105¢,75t
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Thermal Rearrangement of 3a,b
The mixture of spiroisoxazohidines 3a,b (211 mg, 1 mmol) was subjected to FVT (450°C, 10-3
mmHg) by vaponization at 80-100°C 1H-NMR analys:s of the crude reaction product (175 mg, 82%)
showed the presence of 6 and 7a,b n 2 3 1 ratio The mixture was subjected to flash chromatography
(eluant ethyl acetate) to yield 97 mg (46%) of 6 and 42 mg (20%) of an unseparable muxture of 7a
and 7bmm 1 3 1 ratio

(1R* 9aR*)-1-Methoxycarbonyloctahydro-[2H]-quinolizin-2-one (6) Rf = 020 1H-NMR §
374 (s, 3H), 325 (d, /=109 Hz, 1H), 3 12-2.98 (m, 2H), 2 78-2 34 (m, 4H), 2 12 (td, J=114, 3 4
Hz, 1H), 1 76-1 11 (m, 6H) 13C-NMR 5203 65,16915,633d,631d,551¢,548¢, 51 74,406
t,319t,250t,226¢t IR 2944, 2813, 1741, 1715 cm~! MS m/z (relative intensity) 211 (M *, 19),
152 (54), 110 (40), 96 (42), 83 (100), 82 (25), 69 (17), 55 (51), 41 (37) Anal Calcd for
C11H17NO3 C, 6254, H, 8 11, N, 6 63% Found C, 6197, H,8 26, N, 6 63%

2-(1-Methoxycarbonyl-2-oxobutylidene)-piperidine (E and Z) (Ta,b) Rf = 073 lH-NMR
(major 1somer) 5 53 (s, NH), 3 67 (s, 3H), 2 85 (t, J=6 0 Hz, 2H), 2 38 (q, /=7 4 Hz, 3H), 1 82-1 57
(m, 6H), 109 (t, /=7 4 Hz, 2H), (mmor 1somer) 5 57 (s, NH), 3 67 (s, 3H), 3 39-3 28 (m, 1H), 2 61
(t, /=6 2 Hz, 1H), 2 48 (q, /=7 4 Hz, 3H), 1 82-1 57 (m, 6H), 1 03 (t, J=7 4 Hz, 2H) IR 3692, 2950,
1735, 1599, 1194 cm"1 MS m/z (relative mtensity) (M ¥, 1), 141 (21), 125 (27), 97 (55), 84 (35), 83
(35), 70 (32), 60 (21), 56 (100) Anal Calcd for C11H17NO3 C, 6254, H, 8 11, N, 6 63% Found
C,6234,H,814,N, 6 96%

Thermal Rearrangement of 5a,b
The muxture of spiroisoxazohdines Sa,b (119 mg, 0 6 mmol) was subjected to FVT (450°C, 10-3
mmHg) by vaponization at 70-90°C 1H-NMR analyss of the crude reaction mixture (103 mg, 87%)
showed the presence of the compounds 8a, 8b and 9a,b m 24 10 9 ratio The mixture was subjected
to flash chromatography (silica gel, eluant ethyl acetate) to yield 53 mg (45%) of an unseparable
mixture of 8a,b and 22 mg (19%) of a mixture of 9a,b

(8R*,8aR*) and (8R* 8aS*)-8-Methoxycarbonyloctahydroindolizin-7-one (8a and 8b) R¢=0 10
IH-NMR & (8a) 3 73 (s, 3H), 330 (d, J=11 1 Hz, 1H), 3 12 (td, /=8 0, 2 9 Hz, 1H), 2 66-2 50 (m,
2H), 2 49-2 36 (m, 2H), 2 35-2 19 (m, 1H), 2 11-1 72 (m, 4H), 1 66-1 40 (m, 1H) (8b) 3 27 (d, /=7 8
Hz, 1H) I3C-NMR & (8a)203 75, 16875,657d,629d,528¢,520q,499t,402¢,303¢,224
t IR 2956, 2881, 2811, 1745, 1718 cm~1 MS m/z (relative ntensity) 197 (M ¥, 14), 166 (25), 138
(97), 110 (31), 96 (100), 82 (48), 69 (56), 55 (38), 41 (100) Anal Calcd for C1gH15NO3 C, 60 90,
H, 767,N,7 10% Found C, 6062, H, 781, N, 661%

2-(1-Methoxycarbonyl-2-oxobutyhidene)-pyrrohidine (E and Z) (9a,b) Rf =073 IH-NMR &
(mayor 1somer) 11 6 (s, 1H), 3 68 (s, 3H), 3 60 (t, /=7 1 Hz, 2H), 3 07 (t, J=7 8 Hz, 2H), 274 (q,
J=7 3 Hz, 2H), 198 (quintet, J=7 4 Hz, 2H), 104 (t, J=7 3 Hz, 3H) 13C-NMR & (major 1somer)
2010s,1743 5, 16925, 9855,505q,478¢,350t,347¢,209t,97q IR 3620, 1678, 1597,
1546, 1438 cm-1
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Reduction of 6
A stirred solution of 6 (200 mg, 095 mmol) 1n 10 mL of methanol was treated with sodum
borohydride (18 mg, 0 47 mmol) at 0°C and after 5 min 1t was allowed to warm to r t and stirred for
3 h The reaction was quenched with saturated aqueous sodium chlonde (7 mL) and the mixture was
extracted with chloroform (3 x 10 mL) The combined organic layers were dried over sodum sulfate
and filtered, and the solvent was removed in vacuo The crude product was chromatographed on a
short pad of silica gel eluting sequentially with petroleum ether-ethyl acetate 50 50, ethyl acetate and
methanol to give 163 mg (0 76 mmol, 81%) of a 1 1 mixture of 13a,b Attempted chromatographic
separation gave only mixtures enriched in one of the two components

(IR* 2R*9aR*) and (IR*2S*9aR*)-1-Methoxycarbonyloctahydro-[2H]-quinohzin-2-ol (13a
and 13b) Rf (ethyl acetate) = 0 11 IH-NMR & (13a) 3 80 (ddd, /=106, 102, 4 8 Hz, 1H), 3 71 (s,
3H), 2 96-2 76 (m, 2H), 2 70-2 52 (m, 2H), 2 28 (t, /=10 2 Hz, 1H), 2 23-1 15 (m, 10H), (13b) 4 18-
4 12 (m, 1H), 3 69 (s, 3H), 2 99-2 75 (m, 3H), 2 60-2 42 (m, 3H), 2 28 (t, /=10 2 Hz, 1H), 2 21-1 10
(m, 8H) 13C-NMR & (13a) 17485,649d,573d,561d,517t,516q,4921,310t,308¢,254
t,241t,(13b)17395,707d,6224d,579d,557t,540¢,517q,337t,307¢,252¢,236t IR
3611, 3497 br, 2941, 2768 and 2680 (Bohlmann's bands),18 1723, 1625, 1436 cm1 MS m/z
(relative ntensity) 213 (M ¥, 11), 196 (9), 182 (8), 168 (21), 154 (11), 136 (11), 111 (50), 97 (79), 83
(100) Anal Calcd for C;1H1gNO3 C, 6195, H, 898, N, 6 57% Found C, 6199, H, 901, N,
6 28%

Reduction of 8a,b
Sodium borohydride (13 mg, 0 34 mmol) was added to the mixture of 8a and 8b (133 mg, 0 68 mmol)
stirred 1 5 mL of methanol at 0°C After 5 min at this temperature, the mixture was allowed to warm
to room temperature and stirred for 3 h The reaction was quenched with saturated aqueous sodium
chlonide (3 mL) and the mixture was extracted with three 10 mL portions of chloroform The
combined organic layers were dried over sodium sulfate and filtered, and the solvent was removed in
vacuo The crude product was chromatographed on a short pad of silica gel eluting sequentially with
petroleum ether-ethyl acetate 50 50, ethyl acetate and methanol to give 113 mg (0 57 mmol, 83%) of
a mxture of the four alcohols 14a-d Attempted chromatographic separation gave only mixtures
enriched 1n one of the two major components

(7R*,8R*8aR*), (75*8R*8aR*), (7R*8S*8aR*) and (75*8S*8aR*)-8-methoxycarbonyl-
octahydroindolizin-7-0l (14a-d) Rf (ethyl acetate)™ 0 11 1H-NMR & (first 1somer) 3 83 (ddd,
J=110, 99, 48 Hz, 1H), 3 70 (s, 3H), 3 06-2 99 (m, 2H), 227 (t, /=99 Hz, 1H), 2 18-142 (m,
10H), (second 1somer) 4 29-4 23 (m, 1H), 3 70 (s, 3H), 3 12-2 95 (m, 2H), 2 90-2 78 (m, 1H), 2 54-
2 40 (m, 1H), 2 18 (t, /=8 9 Hz, 1H), 2 16-1 18 (m, 8H) I3C-NMR § (first 1somer) 173 6 s, 70 8 d,
642d,559d,5311,518q,495¢,334¢,289t, 216 t, (second 1somer) 1744 s, 743 d, 653 d,
586d,536t,519q,462t,317¢,292t,204t IR 3618, 3575-3240, 2960, 2810, 1720, 1440
cm-! MS m/z (relative ntensity) 199 (M ¥, 28), 198 (12), 184 (31), 182 (21), 168 (24), 140 (24),
122 (32), 97 (100), 96 (90), 83 (62), 69 (79) Anal Calcd for C1oH17NO3 C, 6028, H, 8 60, N,
7 03% Found C, 5996,H,861,N, 6 99%
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Dehydration of 14a-d
To a solution of the alcohols 14a-d (76 mg, 0 38 mmol) mn 2 mL of pyridine at 0°C was added freshly
distilled phosphorus oxychlonde (117 mg, 0 76 mmol) dropwise The mixture was allowed to warm
to room temperature and stirred overmight After concentration m vacuo some tce was added to the
crude mixture, then the aqueous solution was brought to basic pH with solid potassium carbonate,
diluted with 8 mL of ether and dried over sodium sulfate for 1 h The solution was filtered,
concentrated in vacuo and the crude product was chromatographed on a short pad of silica gel, eluting
sequentially with ethyl acetate, ethyl acetate-methanol 90 10 and methanol, to give 43 mg (0 24
mmol, 62%) of 16

1,2,3,5,6,8a-Hexahydro-8-methoxycarbonylindohizine (16) Rf (ethy] acetate-methanol 70 30)=
013 1H-NMR 3697 (td, J=4 1, 1 8 Hz, 1H), 3 71 (s, 3H), 3 56-3 42 (m, 1H), 2 95-272 (m, 3H),
2 68-2 54 (m, 1H), 2 42-2 20 (m, 3H), 1 90-1 72 (m, 2H), 1 58-1 38 (m, 1H) 13C-NMR & 166 6 s,
1375d,13275s,586d,5241,514q,449,297¢,247¢,224¢t IR 2955, 2810, 1708, 1641,
1437, 1272 cm"l MS m/z (relative mtensity) 181 (M *, 27), 166 (42), 153 (52), 122 (100), 120 (39),
94 (26), 41 (21) Anal Caled for C1gH15NOy C, 66 28, H, 834, N, 7 73% Found C, 66 31, H,
799, N, 8 16%

Reduction of 16
A solution of 16 (24 mg, 0 13 mmol) in 2 mL of tetrahydrofuran was cooled to 0°C 1n an 1ce bath
Dusobuthylaluminum hydnde (DIBAL) (0 52 mL of a 1 M solution 1n toluene, 0 52 mmol) was
added dropwise The mixture was sturred at 0°C for 30 min and then was allowed to warm to rt and
stirred for 5 h Ether (5 mL) was added, followed by sodium fluoride (87 mg, 2 08 mmol) Water (28
pL, 1 56 mmol) was added dropwise and the resulting mixture was stired for 10 min, diluted with
acetone and filtered The filtrate was concentrated in vacuo to yield 13 mg (0 085 mmol, 65%) of 17
1,2,3,5,6,8a-Hexahydromdolizine-8-methanol (17) 1H-NMR & 5 76 (m, 1H), 4 76 (s, OH), 4 09
(s, 2H), 297 (t, =7 5 Hz, 1H), 2 88 (m, 1H), 2 34 (m, 2H), 2 30 (m, 2H), 1 98-1 35 (m, 5H) MS
m/z (relative mtensity) 153 (M +, 12), 152 (35), 134 (28), 125 (32), 122 (100), 120 (20) (Spectra
1dentical to the data reported in ref 12)
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