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A single biomimetic cascade sequence featuring intermolecular followed by intramolecular cyclizations allowed the biomimetic synthesis of
nitraramine from simple C s-lysine-derived metabolites. In the course of the study, the structure of epinitraramine was also revisited.

Piperidine alkaloids fronNitraria species (Zygophyllaceae)  Cs units derived from lysiné The formation of an endocyclic
constitute a singular class of natural compounds both in termsenamine3 from lysine is a known step in the biosynthesis
of chemical diversity (e.g., many 3-spiropiperidines) and of many alkaloids such as in theipinusalkaloids. Dimer-
biosynthetic origin- In fact, a particularly primitive lysine- ization of 2-piperideing into tetrahydroanabasid&followed
based metabolism could account for the biogenesis of theseby opening and oxidation could lead to intermedi&te
alkaloids. Moreover, the fact that numerdlisraria alkaloids described as a pivotal key element Mitraria alkaloid
are present as chiral but racemic forms in Nature strongly biogenesis:® From 5, the formation oflL can be explained
suggests a minimum enzymatic intervention, at least for the through a series of virtually equilibrated reactions essentially
key diversity-generating cyclizatiods-erein, we report a  consisting of imine/enamine tautomerism, Michael/retro-
totally biomimetic synthesis of nitraramirein a one-pot Michael and Mannich/retro-Mannich reactions, and hydra-
multicomponent reaction, demonstrating the probably mini- tion/dehydration. In the last step, following a ring inversion,
mal role of enzymes. a nucleophilic attack of the hydroxyl and a last aza-Mannich

Nitraraminel, a small but intricate structure, isolated from reaction onto the remaining iminium system affdrdn this
Nitraria schober? can be seen as a condensation of three
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context, formation of 1-epinitraramine, which was assigned starting precursors in terms of oxidation state, the stage was

the structure2 f in conjunction with1, has been explained
by a likely attack on th&kface or theReface of the iminium
during the aminal formation to produ@eand?, respectively.

Scheme 1. Proposed Biogenetic Pathway to Nitraramihe
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Plausible achiral intermediaéwas targeted by a stepwise
approach by Koomen and colleague in their beautiful,
pioneering synthesis df (seven steps;-0.5% yield)? In
connection with the proposed biosynthetic pathway, we
reasoned that intermedidievas the simplest precursor that
could lead tol in a biomimetic cascade sequence. The
laboratory assembly o6 should be possible by in situ
reaction of a molecule of 2-piperideir8with 1 equiv of
glutaraldehyde& (which can also be considered as a lysine
Cs unit metabolite); the intervention of a second molecule
of 3 is then necessary to furnish without any further

oxidation/reduction steps. Once we had chosen the correct}'

(6) Epinitraramine was characterized frojiitraria billardieri ; see: Shen,
M. Y.; Zuanazzi, J. A.; Kan, C.; Quirion, J.-C.; Husson, H.-P.; Bick, I. R.
C. Nat. Prod. Lett.1995,6, 119—125.
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set for condensation studie8’ and7 (2:1 ratio) were reacted
in boiling ethanol for 3 h.

Scheme 2. Biomimetic Synthesis ol
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The purification step was feared, as the TLC profile of
the crude reaction mixture was complex. The range of
polarity was known from literaturé,and NMR-guided
fractionations (especially the location of the H-1 proton)
enabled the exact location dfto be determined on TLC
(CHCl,/MeOH 9:1,R: = 0.35). Although unexpected, the
preparative purification outcome finally appeared to be quite
trivial. After optimization, purel was obtained by two
consecutive chromatography purifications on basic alumina.
In ideal biomimetic conditions, the reaction should be
conductible in water; the same condensation protocol was
therefore tried in boiling water. Isolation dfwas possible
but in lower yield (0.5—1 vs 23% in EtOH), due to an
important loss of material in water during workup. From the
standpoint of efficiency and despite low but reproducible
yields (2—3%), a total of five new bonds (including three
carbon—carbon bonds) and six chiral centers (including one
quaternary spiro-carbon) are formed in a single véseice
the target molecule was clearly identified in the crude
mixture, we at first sight did not give attention to the multiple
other compounds formed during this kind of “biomimetic
combinatorial process”. Among major compounds formed

(7) Formed in situ from its crystalline trimeric form. For preparation
from piperidine, see inter alia: de Kimpe, N.; StevensJCOrg. Chem.
1993,58, 2904—2906.

(8) Chromatography column conditions in ref 4 (&H,/MeOH/NH,OH
90:10:1).

(9) Synthesis of 1 from 3.2-Piperideine3 (in its trimeric form, 5 g,
0.06 mol) was dissolved in ethanol (500 mL). Immediately after dissolution,
glutaraldehyde (0.5 equiv, 0.03 mol, 12 mL of a 25% aqueous solution)
was added. The mixture was stirred under reflux for 3 h and then
concentrated under reduced pressure. Purification of the crude mixture was
performed on two consecutive alumina columns §CHMeOH 99:1, 98:

2, 97:3, and finally 96:4) and monitored by TLC on silica gel (CH/
MeOH 9:1) to furnish pure nitraraminé (165—225 mg, 2—3%).1:
colorless crystalsRr = 0.35 (silica gel, CHCI,/MeOH 9:1); IR (film,
CHCl3) vmax= 2928, 1635, 1066 crt; *H NMR (400 MHz, CDC4 filtered
through activated alumina) 4.43 (1H, m, H-7), 4.06 (1H, dJ = 2 Hz,
H-17), 3.36 (1H, s, H-1), 3.10 (2H, m, H;ﬁH—l&u), 2.68 (2H, m, H—15x,
H-3ay), 2.17—2.13 (1H, mJgem = 13.7 Hz, H-%¢), 2.00 (1H, m, H-12),
87-1.38 (10H, m), 1.26:1.22 (1H, m, H-1Q), 1.16 (1H, m, H-11), 1.09

.00 ppm (2H, m, H-14, H-5.); °C NMR (100 MHz, CDC} filtered
through activated alumina) 82.2 (C-17), 75.9 (C-1), 66.5 (C-7), 50.5 (C-
15), 45.1 (C-3), 38.8 (C-11), 38.0 (C-12), 32.4 (C-6), 30.4 (C-5), 28.4 (C-
8), 25.2 (C-13), 24.1 (C-10), 21.6 (C-4), 15.3 (C-9), 14.6 ppm (C-14);
HRMS (ES) calcd for @H24N,0H' [M + H*] 249.1967, found 249.1969.
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during the reaction, stable trimeéd has been identified.  Each spectrum in Figure 1 probably reflects a different degree
Careful studies are currently underway to elucidate the of protonation, showing a different average of the two
structure of other molecules that were formed in smaller chemical forms. In fact, according to thid NMR chemical
quantitiest® The other potential problem was the apparent shift time scale, protonated/deprotonated states are considered
absence of 1-epinitraramiriein the course of our reaction.  in fast exchange giving rise to a weighted averaged spectrum
As already pointed out, nitraramine appeared to be remark-of extreme values (i.ed (protonated) and (free base)).
ably stablé!, even if all chiral centers could, in principle, be When, prior to utilization, traces of acid in CDClere
scrambled via retro-Michael and retro-Mannich reactions. We removed by filtration over basic AD; and 1 was treated
quickly realized, when comparing compiled NMR d&itéat with K,CO;, no difference was noticeable Y4 NMR
none of the'H NMR spectra were totally superimposable. analysis, regardless of the concentration, all spectra corre-
Furthermore, spectra of our syntheficdiffered to some sponding to what was reported by Koomen and colleague
extent, even when coming from the same batch in bulky as1. Therefore, epinitraraming which was only character-
CDCls. A simple chemical shift versus concentration study ized upon NMR analysis, is likely to be an experimental
clearly demonstrated that the compound previously describedartifact. In terms of chemical assembly, the cascade involved
as epinitraramin@ was in fact diluted nitraraming in the in the formation of 1 appears therefore to be highly
NMR tube (Figure 1 shows the most significantly variable stereoselective.

The low yield of 1 reflects the multiple biomimetic
coupling possibilities of lysine-derived precurs@&snd 7
but argues for the incontestable spontaneous formatidn of

HAA from fundamental €units presumably derived from lysine.
Bearing in mind that the poor yield of our synthesis is a
H3,  H15, HAS,  H3, significant drawback, one can add that the ease and reliability
Q ) (A ) of the reaction conditions from inexpensive reagents permit
the preparation of puré in a time scale of a few hours.
A Therefore, the described total synthesi4 ebmpetes largely
]' | with scarce extraction from natural sources (which are present
12 memit only in restricted areas) and with the previous total synthesis.
| omg mL- Enough material has been prepared for needed biological

screening of this intriguing, complex small molecule. Fur-
6mg mL thermore, total synthesis unexpectedly led to a structural
reassignment of epinitraramirz!? Finally, the chemistry

4 mg mL!
’ of simple G-lysine-type moleculés presented in this paper
3mg mL offers further opportunities toward biomimetic synthésis
JL_NW\ - AP 2mgmL and molecular self-assembtyof complex skeletons, and
other examples in this area are currently under investigation
T s T e T T in our group.

ppm (1) 3.50 3.00
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tions). As a matter of fact, the observed spectrum for a
i 1 i (12) For a recent review article concerning misassigned natural products,

SOI'Tmon of ab(_)u_t 6 m9 mL" is equwalent to the one see: Nicolaou, K. C.; Snyder, S. Angew. Chem., Int. E@005,44, 1012—
attributed to epinitraramin®and the spectrum observed for 1044,
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