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Abstract — Two new ketones, 6,6,9a-trimethyl-octahydro-quinolizin-2-one and
4,4,9a-trimethyl-octahydro-quinolizin-2-one, were synthesized by regioselective
1,3-dipolar cycloaddition of tetrahydropyridine nitrones with
methylenecyclopropanes followed by thermal rearrangement. The new ketones
feature a structural analogy with the 5,5,8a-trimethyl-octahydro-2-naphthalene

skeleton typical of terpenoid structures.

The replacement of a carbon or oxygen atom in a natural compound by a nitrogen often goes along with a
selective biological activity, that in many cases has been used for the set up of new classes of bioactive
molecules. The finding of the peculiar bioactivity of azasteroids,' or of iminosugars” is a fair example of
the importance of the aza—analogues in the discovery of new drugs, or pharmacological tools. The
replacement of an sp® carbon with a nitrogen atom is likely to induce higher flexibility in the molecule
and modify its hydrophilic character and acid/base profile.

Our group is contributing to this research field since many years with the development of strategies for
the stereoselective synthesis of such compounds, for ex. iminosugars,” or with the discovery of new
synthetic aza-analogues of natural products showing a similar activity, like aza-illudines.*

The 1,1,4a-trimethyl-octahydronaphthalene skeleton 1 (Figure 1) is present in natural products like
labdane terpenoids characterized by an important biological activity,” and is an interesting possible target
for this kind of modification. We now report the synthesis of new ketones with

trimethyl-octahydroquinolizin-2-one structure 2 and 3 which can be considered aza-analogues of
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terpenoid ketones, and can be the precursors of more complex compounds containing the

5-aza-octahydronaphtalene skeleton.
@) 0
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The ketones 2 and 3 can be straightforwardly derived from the [3+2]cycloaddition—rearrangement
strategy developed in our group® starting from tetrahydropyridine-N-oxides 4 and 6 and methylene

cyclopropanes 5 and 7, respectively (Scheme 1).

Scheme 1

The two strategies, that differ in the placement of the gem-dimethyl group on the nitrone moiety or on the
methylenecyclopropane moiety, bring about experimental differences that will be discussed below.

Nitrone 6 is a known compound synthesized by oxidation of 2-methylpiperidine.” Nitrone 4 can be easily
synthesized from the known nitrone 8 by sequential methylation with MeMgCl and oxidation of the

formed hydroxylamine with MnO, (Scheme 2).

MeMgCl MnO,
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Scheme 2
The new nitrone 4, at a first glance, is characterized by a clear steric hindrance exerted by the methyl

groups around the dipole moiety that could hamper the approach of a dipolarophile. In fact, the
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cycloaddition with the sluggish methylenecyclopropane,™ carried out in a sealed vial along one week at
100 °C, gave, after flash chromatography, the pure isoxazolidine 10 as a sole regioisomer in only 28%
yield (Scheme 3). The observed low yield is a possible consequence of the low stability of the dipole at
the relative high temperatures necessary to induce the cycloaddition. Actually, apart from the adduct, only

unidentified decomposition products from the nitrone were observed in the crude reaction mixture.®
toluene, 100 °C
+ I + >
Nig 7 d, sealed vial
4 5 28%
G\/ + toluene, 100 °C
+ N .
Ne)
6 7

7 d, sealed vial N\o
36% 11a,b

Scheme 3

The complete regioselectivity observed in the cycloaddition to methylenecyclopropane’ is well explained
with the presence of the 2-methyl group on nitrone 4 which exerts a higher steric hindrance on the
transition state leading to the 3’-spirocyclopropane regioisomer. As expected, a slightly better reactivity
was observed with nitrone 6, which gave with methylenecyclopropane 7,° under the same reaction
conditions, the isoxazolidines 11a,b in 36% isolated yield as an equimolar mixture of diastereomers
(Scheme 3). The formation of a mixture of diastereomers originates from the substitution of the
methylenecyclopropane which undergoes two diastereomeric approaches to the dipole, but it does not
affect the synthesis of the final product as both the diastereoisomers will give the same diradical
intermediate in the rearrangement step.® As in the previous case, the regioselectivity was complete in
favor of the 3’-spiro fused adduct. The final picture of these cycloaddition reactions is that six-membered
cyclic nitrones as 4 and 6 show a lower reactivity compared to their 5-membered counterparts.®®

The stability of the isoxazolidines 10 and 11 is also higher than that generally observed for the
counterparts derived from 5-membered nitrones, which rearrange in a range of temperature 100-150 °C.
Therefore the rearrangement of 10 and 11 was carried out under FVT conditions, in standard equipment
in a horizontal assembly connected with a cold trap,'® by distillation of the isoxazolidines at 10* mmHg
through a hot quartz tube heated at 450 °C (Scheme 4). The vapors of the rearranged products, having a
lower volatility than the starting materials, condense in the tube just outside of the oven causing partial

decomposition of the products.
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However, the rearrangement was highly selective,’ as the sole rearrangement products 2 and 3 were
isolated, after short flash chromatography, in 35% and 39% not optimized yields, respectively. The
rearrangement is likely to occur via a diradical intermediate'' (12 and 13, respectively) originated by the
homolytic cleavage of the N-O bond followed by the opening of the cyclopropyloxy radical.

In conclusion, a synthesis of two new octahydroquinolizidine ketones has been carried out applying the
1,3-dipolar cycloaddition-thermal rearrangement strategy from tetrahydropyridine nitrones and
methylenecyclopropanes. The process is characterized by moderate yields of isolated products that
require further optimization, but by high selectivity both in the cycloaddition and the rearrangement step.
These new ketones represent 4a-aza-analogues of the octahydronaphtalene skeleton found in many
bioactive products of terpenoid origin, and suggest their exploitation for the synthesis of more complex

terpenoid structures containing nitrogen instead of carbon at the bridgehead position.

EXPERIMENTAL

IR spectra were determined with a Perkin Elmer 881 spectrophotometer. The NMR spectra were
determined in CDCl; with a Varian Gemini FT NMR spectrometer operating at 200 MHz (‘H) and 50
MHz ("°C) and a Varian INOVA FT NMR spectrometer operating at 400 MHz (‘H) and 100 MHz (13C).
MS spectra (EI, 70 eV) were measured by 5792A Hewlett-Packard and QMD 1000 Carlo Erba
instruments. Column chromatography was performed using Merck Kieselgel 60 (0.063—0.200 mm).
Microanalyses were carried out with a Perkin-Elmer 240 C instrument. All of the organic solvents used in
this study were dried over appropriate drying agents and distilled prior to use.
2,6,6-Tetrahydropyridine-N-oxide (4): A 1M solution of 2,6-tetrahydropyridine-N-oxide’ (3.5 g, 27,5
mmol) in anhydrous THF at 0 °C were added to 27 mL of a solution of MeMgCl (6 g, 80 mmol). After 4
h at 0 °C a saturated aqueous NH4Cl solution is added, the organic phase separated and the aqueous phase

extracted with Et,O. The combined organic layers were dried and concentrated to give a yellow oil (3.27
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g, 83%) of N-hydroxy-2, 6, 6-hexahydropyridine sufficiently pure to be used in the next step.

Ry 0.68 (5:1 CH,Cl,-MeOH 1% NH4OH);'"H-NMR (CDCl5) & 3.62-3.78 (m, IH), 2.66-2.91 (s, br, 1H),
1.75-1.89 (m, 2H), 1.28-1.57 (in, 4H), 1.15 (s, 3H), 1.10 (d, J=6.1 Hz, 3H), 1.04 (s, 3H); “C-NMR
(CDCl3) 6 65.3 (s), 55.3 (d), 36.9 (t), 31.5 (t), 26.7 (q, 3C), 19.7 (t); IR 3650-2400, 2953, 2890, 1446,
1367cm™; MS m/z (%): 143 (M1, 7), 128 (100), 95 (14), 70 (16), 56 (25).

To a solution of N-hydroxy-2, 6, 6-hexahydropyridine (0.148 g, 1.03 mmol) in dry CH,Cl, (3.5 mL) at
0 °C MnO,"* was added in small portions (0.179 g, 2.06 mmol). The mixture was then allowed to stir at
room temperature for 6 h. The suspension was then filtered on multiple layers of silica gel, celite, and
Na,S04, and concentrated to give a light yellow oil of nitrone 4 (0.109 g, 75%) sufficiently pure for
further utilization. Flash column chromatography (20:1 CH,Cl,-MeOH) on a small portion was carried
out to obtain a sample for elemental analysis.

Ry 0.14 (20:1 CH,Cl,-MeOH); 'H-NMR (CDCls) & 2.44 (t, J = 6.2 Hz, 2H), 2.06 (s, 3H), 1.91-1.85 (m,
2H), 1.76-1.67 (m, 2H), 1.46 (s, 6H); >C-NMR (CDCl3) § 144.5 (s), 66.4 (s), 37.3 (t), 31.6 (t), 27.0 (q,
2C), 19.4 (q), 15.7 (t); IR 2985, 2947, 2895, 1663, 1453, 1379, 1362 cm™; MS m/z (%): 141 (M", 77),
126 (23), 111 (1), 96 (5), 86 (17), 84 (14), 73 (100), 69 (96), 57 (13), 55 (79). Anal. Calcd for CsH;sNO:
C, 68.04; H, 10.71; N, 9.92. Found: C, 67.71; H, 10.56; N, 9.97.

Typical procedure for the preparation of 5-spirocyclopropanesoxazolidines. A solution of the nitrone
and methylenecyclopropane in toluene 2 mL is heated in sealed vial at 100 °C for 7 days. Concentration
of the solution and purification by flash column chromatography of the residue affords the product.
3’a,7’,7-trimethyl-hexahydrospiro[cyclopropane-1,2'-2H-isoxazolo[2,3-a]pyridine] (10): nitrone 4
(0.425 g, 3.0 mmol), methylenecyclopropane 5 (0.75 g, 13.8 mmol); pale yellow oil 164 mg, 28%; R,0.29
(1:7 AcOEt-petroleum ether); 'H-NMR (CDCls) & 2.16 (br s, 2H), 2.06-1.86 (m, 1H), 1.80-1.48 (m, 5 H),
1.36 (s, 3H), 1.18 (s, 6H), 0.98-0.80 (m, 2H), 0.68-0.42 (m, 2H); *C-NMR (CDCl3) & 63.1 (s), 60.9 (s),
56.9 (s), 50.2 (t), 32.9 (t), 31.8 (t), 28.3 (q), 27.9 (q), 26.8 (q), 17.2 (1), 12.8 (1), 10.2 (t); IR 2935, 2873,
1450, 1348, 1258, 1134 cm™; MS m/z (%): 195 (M", 7), 180 (100), 152 (4), 138 (6), 124 (16), 110 (13), 97
(20), 84 (4), 82 (40), 70 (27), 55 (41). Anal. Calcd for C,,H,NO: C, 73.79; H, 10.83; N, 7.17. Found: C,
73.78; H, 10.84; N, 7.17.

2,2,3’a-trimethyl-hexahydrospiro[cyclopropane-1,2'-2H-isoxazolo[2,3-a]pyridine] and 3,3,3’a-
trimethyl-hexahydrospiro[cyclopropane-1,2'-2 H-isoxazolo[2,3-a]pyridine] (11a,b): nitrone 6 (0.4 g,
3.5 mmol), methylenecyclopropane 7° (0.29 g, 3.5 mmol); pale yellow oil, mixture of two
diastereoisomers 1.1:1 ratio, 246 mg, 36%; Ry 0.24 (1:6 AcOEt-petroleum ether); 'H-NMR (CDCl;) &
major isomer 3.15-2.95 (m, 2H), 2.25 (AB system, J = 12.1 Hz, 1H), 1.93 (AB system, J = 11.7 Hz, 1H),
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1.95-1.30 (m, 6H), 1.21 (s, 3H), 1.12 (s, 3H), 1.01 (s, 3H), 0.68 (d, /= 5.5 Hz, 1H), 0.35 (d, J= 5.5, 1H);
minor isomer: 3.15-2.95 (m, 1H), 2.30-2.20 (m, 1H), 1.95-1.30 (m, 8H), 1.32 (s, 3H), 1.08 (s, 3H), 0.98
(s, 3H), 0.59 (d, J = 5.8 Hz, 1H), 0.40 (d, J = 5.8 Hz 1H); *C-NMR (CDCls) & major isomer 69.3 (s),
63.9 (s), 51.3 (1), 40.2 (t), 33.0 (t), 31.0 (1), 27.8 (q), 24.0 (q), 23.8 (1), 23.5 (1), 19.8 (q), 19.0 (t); minor
isomer 70.0 (s), 65.2 (s), 51.5 (t), 38.8 (1), 33.7 (1), 29.7 (q), 25.0 (1), 24.6 (1), 22.1 (1), 22.6 (q), 21.0 (q),
20.5 (t); IR 2942, 2866, 1442, 1372, 1246, 1207, 1110 cm™; MS m/z (%): 195 (M, 20), 180 (100), 152
(14), 138 (18), 124 (30), 98 (96), 97 (70), 82 (66), 55 (94). Anal. Calcd for C;,H,NO: C, 73.79; H, 10.83;
N, 7.17. Found: C, 74.24; H, 11.13; N, 6.75.

General procedure for the synthesis of ketones 2 and 3 by thermal rearrangement. FVT was carried
out in a standard equipment in a horizontal assembly.' 5-Spirocyclopropaneisoxazolidines were placed in
a flask connected to a quartz tube, connected with a cold trap, heated by a circular oven at 450 °C. The
isoxazolidine was distilled (55-70 °C) under vacuum (107 mmHg) through the hot tube and the
rearrangement products condensed as a brown oil in the cold tube just outside the oven. The tube was
washed with CH,Cl,, the solution concentrated, and the residue purified by short flash column
chromatography.

6,6,9a-trimethyl-octahydro-quinolizin-2-one (2): light yellow oil 35% yield; R, 0.23 (1:3
AcOEt-petroleum ether); 'H-NMR (CDCls) & 3.24 (ddd, J; = 2.2 Hz, J,= 7.3 Hz, J;= 12.1 Hz, IH), 2.74
(dt, J;=3.2 Hz, J,=11.8 Hz, 1H), 2.48 (ddt, J;,= 0.7 Hz, J,= 8 Hz, J;= 14.3 Hz, IH), 2.36 (m, 2H), 2.05
(dd, J;=2.6 Hz, J,= 13.2 Hz, IH), 1.68-1.40 (m, 6H), 1,20 (s, 3H), 1.03 (s, 3H), 1.01 (s, 3H); *C-NMR
(CDCl3) 6 210.6 (s), 59.0 (t), 56.7 (s), 53.7 (s), 42.5 (t), 41.4 (1), 41.1 (1), 40.6 (t), 32.8 (q), 20.7 (q), 17.6
(1), 17.1 (q); IR 2990, 2934, 2873, 1710, 1442, 1368, 1255 cm™'; MS m/z (%): 195 (M", 20), 180 (100),
152 (9), 138 (15), 124 (36), 70 (15), 56 (10), 55 (22). Anal. Calcd for C,H,NO: C, 73.8, H, 10.84, N,
7.17. Found: C, 74.38, H, 10.23, N, 6.52.

4,4,9a-trimethyl-octahydro-quinolizin-2-one (3): light yellow oil, 39% yield; Ry 0.18 (1:3
AcOEt-petroleum ether); 'H-NMR (CDCl;) & 2.88-2.82 (m, 1H), 2.62-2.28 (m, 3H), 2.18-1.92 (m, 2H),
1.78-1.30 (m, 6H), 1.21 (s, 3H), 1.04 (s, 3H), 0.95 (s, 3H). *C-NMR (CDCls) & 209.9 (s), 59.4 (s), 58.5
(s), 56.4 (t), 55.8 (t), 44.3 (1), 40.3 (1), 33.7 (q), 29.6 (1), 27.2 (t), 21.1 (q), 18.0 (q); IR 2995, 2936, 2856,
1704, 1443, 1374, 1246 cm™'; MS m/z (%): 195 (M", 11), 180 (100), 152 (6), 138 (21), 124 (20), 98 (27),
82 (58), 70 (17), 68 (14), 56 (19), 55 (89.41). Anal. Calcd for C,,H»NO: C, 73.8, H, 10.84, N, 7.17.
Found: C, 74.31, H, 10.99, N, 6.58.
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