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Synthesis of racemic nitramine, isonitramine and sibirine
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Abstract—Condensation of enol ether 6 with methyl vinyl ketone led easily to ketoaldehyde 7 whose cyclisation afforded the aza-
spiranic enone 8, a key intermediate for the synthesis of the title alkaloids.
� 2005 Published by Elsevier Ltd.
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Scheme 1.
The synthesis of azaspiranic alkaloids such as nitramine
1, isonitramine 2 and sibirine 3 has received much atten-
tion1 since their isolation in 1973 (Fig. 1).1a

We have previously reported an easy access to 1,5-dicar-
bonyl compounds using Michael-type addition between
an enol ether and methyl vinyl ketone (MVK), in the
presence of an alcohol such as isopropanol, catalysed
by boron trifluoride diethyl etherate (Scheme 1).2

We have now used this methodology to prepare amino
1,5-ketoaldehyde 7 from amino silyl enol ether 6, which
in turn served as the key intermediate for the synthesis
of racemic 1, 2 and 3 (Scheme 2).

Aldehyde 5 was obtained in two steps from commer-
cially available 3-hydroxymethyl-piperidine 4 by selec-
tive protection of the secondary amine and oxidation
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Figure 1.
of the primary alcohol with PCC. Compound 5 was
transformed into silyl enol ether 6 by reaction with
tert-butyldimethylsilyl chloride in the presence of trieth-
ylamine in DMF.3 Reaction of 6 with MVK using our
conditions then gave ketoaldehyde 7 in 73% yield.4

The cyclisation of 7 into enone 8 was performed in an
acidic medium.5 Functional adjustment of 8 using a
Wharton rearrangement6 allowed access to (±)1, 2 and
3. Thus, epoxyketone 9, obtained by oxidation of enone
8 with alkaline hydrogen peroxide,7 was transformed
into allylic alcohol 11 without isolation of epoxyhydraz-
one 10.8 Hydrogenation of 11 led to diastereoisomeric
alcohols 12 and 13 isolated by flash chromatography
in 28% and 43% yield, respectively. Deprotection of
the amino group of 12 and 13, afforded racemic nitr-
amine 1 and isonitramine 2, whereas reduction of the
carbamate group of 13 by LAH led to racemic sibirine
3 (Scheme 2).9

The synthesis described is efficient and easy to perform.
Moreover, it is noteworthy that the azaspiro backbone
is obtained by formation of the C7–C8 bond (Fig.
2), in contrast to previous syntheses, which are based
on the formation of N1–C21e,f,h,n,u C2–C31b,g,j,m,v C3–
C41d or C3–C111l bonds for ring closure. A procedure
using the simultaneous formation of both rings has also
been described using the CN(R,S) method.1c,i,t
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Scheme 2. Reagents and conditions: (a) ClCO2Et, NEt3, H2O/acetone; (b) PCC, CH2Cl2; (c) NEt3, TBDMSCl, DMF, 80 �C; (d) MVK, i-PrOH,

BF3ÆET2O, MeNO2, �20 �C; (e) HCl, 3 N, D; (f) H2O2, NaOH; (g) NH2–NH2, 2HCl, NEt3, CH3CN; (h) H2, Pd–C, 10%; (i) NaOH, D; (j) LAH,

THF, D.
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G.; Poirier, J. M. J. Chem. Soc., Perkin Trans. 1 1995,
2103–3114.

3. (a) Deyine, A.; Dujardin, G.; Mammeri, M.; Poirier, J. M.
Synth. Commun. 1998, 28, 1817–1821; (b) Garst, M. E.;
Bonfiglio, J. N.; Gudoski, D. A.; Marks, J. J. Org. Chem.
1980, 45, 2307–2315; (c) House, H. O.; Gzuba, L. I.; Gall,
M.; Olmstead, H. D. J. Org. Chem. 1969, 34, 2324–2336.

4. To a solution of 6 (4 mmol, 1.20 g) in nitromethane (3 mL)
was added, at �20 �C, MVK (0.21 g, 3 mmol) in nitro-
methane (3 mL), followed by a solution of BF3ÆEt2O
(1.08 mmol, 145 lL, 0.36 equiv vs MVK) in i-PrOH



A. Deyine et al. / Tetrahedron Letters 46 (2005) 2491–2493 2493
(3 mmol, 230 lL) at �25 �C. The mixture was kept at
�20 �C until disappearance of 6 (TLC, 5 h), then saturated
NaHCO3 (3 mL) was added at 0 �C. After returning to
room temperature, the mixture was extracted with CH2Cl2
and the extract was dried over MgSO4, filtered and
evaporated. Purification was performed by flash chroma-
tography (eluent: Et2O–light petroleum ether = 20:100 to
50:100), providing ketoaldehyde 7 (0.56 g, 73%). IR: 1730;
1700. 1HNMR: 9.4 (s, 1H); 4.1 (q, 2H, J = 6.7); 3.6 (m, 2H);
2.3 (m, 2H); 2.0 (s, 3H); 1.7 (m, 6H); 1.2 (t, 3H, J = 6.7).
13CNMR: 207.1; 204.2; 155.1; 61.2; 48.9; 47.9; 43.7; 36.9;
29.7; 28.8; 26.0; 21.4; 14.4. Anal. Calcd for C13H21NO4: C,
61.16; H, 8.29; N, 5.49. Found: C, 60.96; H, 8.40; N, 5.31.

5. Fleming, I.; Karger, M. H. J. Chem. Soc. C 1967, 226–
235.

6. Wharton, P. S.; Bohlen, D. H. J. Org. Chem. 1961, 26,
3615–3616.

7. Felix, D.; Wintner, C.; Eschenmoser, A. Org. Synth. 1976,
55, 52–56.

8. Dupuy, C.; Luche, J. L. Tetrahedron 1989, 45, 3437–3444.
9. The spectroscopic data of compounds 1, 2 and 3 were in

agreement with those of the lit.1h


	Synthesis of racemic nitramine, isonitramine and sibirine
	Acknowledgments
	References and notes


