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Isonitramine 1 (Scheme 2) is a representative member of
the Nitraria alkaloid family, for which considerable structural
variety is encountered but in which a piperidine ring is an
essential feature. We achieved the enantioselective syntheses
of the spiropiperidine alkaloids (�)- and (ÿ)-isonitramine,[1]

and a number of other racemic[2] and asymmetric syntheses[3]

have appeared. Some require numerous steps and have low
overall yields. In a continuation of our work on the use of
glutaraldehyde for constructing piperidine alkaloids,[4] we
report here the most straightforward syntheses of natural
sibirine (ÿ)-2 as well as isonitramines (�)-1 and (ÿ)-1 from
commercially available starting materials.

Despite the important achievements of Koomen et al.[2] in
biomimetic approaches to synthesizing Nitraria alkaloids, some
desirable objectives have not yet been attained. In particular,
generation of a nonracemic chiral biogenetic intermediate
with a suitable oxidation level remains an unsolved problem.

We previously showed[1] that the condensation of (R)-(ÿ)-
phenylglycinol with excess glutaraldehyde gives a tetracyclic
compound containing the spiropiperidine skeleton of Nitraria
alkaloids. However, six and eight additional steps are
necessary to transform this precursor into (ÿ)- and (�)-
isonitramine, respectively. Such a reaction might form the
basis of a biomimetic approach to synthesizing the title
alkaloids. Since the first step of the reaction between (R)-(ÿ)-
phenylglycinol and glutaraldehyde is the formation of the
enantiopure intermediate A (Scheme 1), we imagined that
condensation of a second molecule of glutaraldehyde would
afford aldehyde B, a chiral derivative of the piperideinoalde-
hyde C postulated by Koomen as a key intermediate in the
biosynthesis of Nitraria alkaloids.[2]
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Scheme 1. Mechanism for the formation of spirocompound 3.

According to this biogenetic hypothesis, the crucial step is
the reduction of the conjugated iminium system of C to a
simple enamine. We reasoned that a stereocontrolled Michael
addition of a convenient nucleophile to B should a) create a
new stereogenic center which would further control the
spirocyclization and b) allow elimination of the nucleophile
by reductive cleavage.

We chose sodium p-toluenesulfinate as the nucleophile in
the expectation that 1,4-addition to the a,b-unsaturated
oxazolidine system of D would generate the desired enamine.
Whereas the 1,4-addition of phenylsulfinate ion to a,b-
unsaturated ketones is well documented, there are few
examples of reaction with iminium salts. As far as conjugated
iminium ions are concerned, we observed the only known case
for a rearrangement in which a 1,4-addition occurred.[5]

The first step of our synthetic sequence was accomplished
by condensation of (R)-(ÿ)-phenylglycinol and glutaralde-
hyde (2.5 equiv) followed by addition of sodium p-toluene-
sulfinate. This resulted in the formation of the spirocompound
3 (51% yield) as the major diastereomer, which was isolated
by simple crystallization (Scheme 2) and characterized by X-
ray structure analysis.[6]
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Scheme 2. a) Aqueous glutaraldehyde (2.5 equiv), pH 3.5, NaSO2Tol
(2.2 equiv), ZnBr2, 3 h (51 %); b) W-2 Raney Ni, MeOH (reflux), 2 h
(91 %); c) Na(Hg), anhydrous MeOH, anhydrous Na2HPO4, 24 h, ÿ 20 8C
(95 %); d) LiAlH4, Et2O (82 %); e) H2/Pd(OH)2/C 20%, MeOH, 24 h
(85 %).

The outcome of this highly efficient reaction suggests that 3
is the most thermodynamically stable compound resulting
from a series of equilibration reactions. The possible control
elements include a) diastereoselective 1,4-nucleophilic addi-
tion of TolSOÿ

2 to the a,b-unsaturated oxazolidine system of
D[7] and b) addition of the substituted enamine goup of E to
the aldehyde group via a chairlike transition state in which the
sulfone and the developing secondary alcohol are in a
diequatorial arrangement, which provides stereocontrolled
spiroaldolization.

Finally, natural sibirine (ÿ)-2 was obtained in a two-step
procedure from 3 by hydrogenolysis/alkylation with Raney
nickel in MeOH[8] followed by sulfone elimination (yield
86 %).[9] The synthesis of isonitramine (ÿ)-1 required reduc-
tion with LiAlH4, sulfone elimination, and hydrogenolysis of
the chiral N substituent (yield for three steps from 3 66 %).[10]

Natural isonitramine (�)-1 could be obtained starting from
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As we recently reported, the molecular aluminum oligo-
siloxane 1, which contains four aluminum atoms that are
connected through OH bridges to form a ring, can be readily
prepared in a one-step synthesis.[1] We observed that the
hydrogen atoms of the OH groups are available for coordi-
nation with Lewis bases. Compound 1 can therefore be
isolated as an adduct with three molecules of diethyl ether (a
fourth is incorporated within the crystal lattice and does not

enantiomeric (S)-(�)-phenylglycinol. These results show the
crucial role of the chiral phenylglycinol, which serves not only
for the transfer of chirality but also for the stabilization of the
intermediate iminium.

The nitramine alkaloids (derivatives of 2-azaspiro[5.5]un-
decan-7-ol) are structurally analogous to the neurotoxic
histrionicotoxin alkaloids,[11] compounds which have a 1-
azaspiro[5.5]undecan-8-ol skeleton with unsaturated lipophil-
ic side chains. The introduction of such essential side chains on
the nitramine skeleton is therefore of particular interest.
Intermediate 3 opens the way to a variety of substitutions
which can be made a) at the carbon atoms adjacent to the
nitrogen of the piperidine ring by selective opening of the
oxazolidine and/or 1,3-oxazine in an iminium ion and b) on
the cyclohexane ring by the sulfone reactivity.

Experimental Section

All new compounds were characterized by 2D 1H and 13C NMR as well IR
spectra, [a]D values, simple and high-resolution mass spectrometry, or
elemental analysis.

(R)-(ÿ)-phenylglycinol (6.9 g, 50 mmol) was added to a solution of citric
acid (24 g) in distilled water (200 mL). The mixture was stirred vigourously
until complete dissolution of the phenylglycinol and then cooled to 0 ± 5 8C
in an ice/water bath. A 25% aqueous solution of glutaraldehyde (47 mL,
125 mmol) was added dropwise over 30 min, and then sodium p-toluene-
sulfinate (19.6 g, 110 mmol) was added simultaneously with CH2Cl2

(120 mL). The reaction mixture was stirred for 2 h at room temperature.
The aqueous phase was neutralized with 5n aqueous NaOH (80 mL) and
extracted with CH2Cl2 (3� 150 mL). The combined organic layers were
concentrated under vacuum, diluted with MeOH (50 mL), and treated with
ZnBr2 (2 g, 8.9 mmol) over 12 h. Evaporation of the solvent gave an oily
crude residue which crystallized from MeOH to give 11.19 g (51 %) of 3 in
two crops.

3 : M.p. 222 ± 223 8C; [a]Dÿ 77 (c� 1 in CHCl3); 1H NMR (300 MHz,
CDCl3) d� 1.12 (m, 1H, H-9), 1.50 ± 2.10 (m, 6H, H-5, Hs-8, H-9, Hs-10),
1.95 ± 2.10 (m, 1 H, H-5), 2.15 ± 2.35 (m, 2H, Hs-4), 2.44 (s, 3H, CH3 Tol),
3.28 (dd, 1H, J� 13, 4 Hz, H-7), 3.66 (dd, 1H, J� 9.5, 8.5 Hz, H-13), 3.97
(dd, 1 H, J� 11.5, 4.5 Hz, H-11), 4.30 (dd, 1H, J� 3.5, 1.5 Hz, H-6), 4.35
(dd, 1 H, J� 8.5, 6.5 Hz, H-13), 4.60 (dd, 1 H, J� 9.5, 6.5 Hz, H-12), 5.86 (s,
1H, H-2), 7.20 ± 7.45 (m, 7 H, Ar Hs), 7.78 (d, 1H, J� 8 Hz, Tol H); 13C
NMR (75.5 MHz, CDCl3) d� 16.4 (C-4), 21.4 (CH3 Tol), 21.4 (C-9), 23.6
(C-10), 27.2 (C-5), 28.2 (C-8), 40.7 (C-3), 62.6 (C-7), 63.2 (C-12), 70.4 (C-
11), 73.0 (C-13), 78.5 (C-6), 91.3 (C-2), 127.3, 128.2, 129.5 (Ar CH), 136.9
(Ar C), 139.9 (Ar C), 144.3 (Ar C).

4 : M.p. 211 ± 213 8C (MeOH); [a]Dÿ 3 (c� 1 in CHCl3); 1H NMR
(300 MHz, CDCl3) d� 1.1 ± 1.2 (m, 1 H), 1.3 ± 2.0 (m, 8H), 2.0-2.2 (m,
4H), 2.30 (s, 3H, N-Me), 2.42 (s, 3H, CH3 Tol), 2.5 ± 2.9 (br m, 2H), 3.5 ± 3.7
(m, 2H), 7.32 (d, 1H, J� 8 Hz, H Tol), 7.72 (d, 1 H, J� 8 Hz, H Tol); 13C
NMR (75.5 MHz, CDCl3) d� 21.4 (CH3 Tol), 21.7 (CH2), 22.3 (CH2), 23.2
(CH2), 28.8 (CH2), 43.0 (C-3), 46.0 (N-Me), 55.3 (C-6), 65.4 (C-2), 68.6 (C-
7), 81.9 (C-11), 128.1 (CH Tol), 129.6 (CH Tol), 137.2 (C Tol), 144.3 (C Tol).

5 : [a]Dÿ 17 (c� 1 in CHCl3); 1H NMR (300 MHz, CDCl3) d� 0.7 ± 1.0 (m,
2H), 1.0 ± 1.8 (m, 8H), 1.85 (d, 1 H, J� 11 hz, H-2), 2.0 ± 2.1 (m, 2 H), 2.25
(td, 1 H, J� 10, 3 Hz, H-6), 2.67 (d, 1 H, J� 11 Hz, H-2), 2.8 ± 2.9 (m, 1H),
3.5 ± 3.6 (m, 2H), 3.80 (dd, 1H, J� 11, 6 Hz), 4.08 (dd, 1 H, J� 11, 8 Hz),
7.0 ± 7.4 (m, 5H); 13C NMR (75.5 MHz, CDCl3) d� 20.3 (CH2), 22.8 (CH2),
23.8 (CH2), 28.1 (CH2), 29.5 (CH2), 35.9 (C-3), 51.8 (C-6), 62.1 (C-2), 62.7
(C-13), 71.0 (C-12), 79.0 (C-11), 127.8 (Ar CH), 128.4 (Ar CH), 128.6 (Ar
CH), 147.5 (Ar C).
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