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Stellettamide A (1), the first indolizidine metabolite
from a marine sponge, was isolated recently using a
bioassay-guided strategy (Figure 1).1 It possesses anti-
fungal activity and displays cytotoxicity against K562
epithelium cell lines. The initial structural studies did
not lead to assignment of the stereogenic center present
in the trienoic acid side chain or of the absolute stereo-
chemistry of the natural product. We became interested
in stellettamide A as a target for synthesis since, upon
retrosynthetic analysis, it presented an opportunity for
the construction of the indolizidine core via a novel
strategy involving an intermediate chiral pyrazoline 2
(Figure 1).2 In this paper, we report an enantioselective
synthesis of ent-stellettamide A that establishes its
absolute stereochemistry. Moreover, the synthetic route
employs an asymmetric diazoalkane dipolar cycloaddition
and the use of the pyrazoline adducts of such reactions
as useful starting materials for asymmetric synthesis.3,4
We have been interested in the development of practi-

cal [3 + 2]-cycloaddition reactions between chiral dipo-
larophiles and (trimethylsilyl)diazomethane.5 This 1,3-
dipole is a safe, stable diazoalkane that is commercially
available as a solution in hexane and ready for use.
Previous use of diazoalkane/olefin cycloadducts in syn-
thesis has been limited to the preparation of cyclopro-
panes or pyrazoles obtained upon N2 extrusion or oxida-
tive aromatization, respectively. However, optically active
pyrazolines such as 4 are potentially useful precursors
to functionalized chiral acyclic synthons 7 (Scheme 1).
The implementation of such a strategy would require two
key points to be resolved. First, prior reports on cycload-
ditions of diazoalkanes with esters had highlighted the
propensity of adducts 4 to undergo tautomerization to
the conjugated ∆2-pyrazoline 5.6 In this regard, we
speculated that the electrofugal Me3Si moiety in the Me3-
SiCHN2 cycloadduct would dictate its subsequent mode
of isomerization (Scheme 1, 4 f 2 vs 4 f 5). Second,

the successful strategy would require the development
of reaction methodology for N-N and CdN bond reduc-
tions of functionalized, chiral ∆2-pyrazolines (Scheme 1,
2 f 7).
When a solution of dipolarophile 8 in hexane/CH2Cl2

was treated with a commercial solution of Me3SiCHN2

(2.2 equiv), the pyrazoline cycloadducts were isolated in
quantitative yield upon evaporation of the solvent (eq 1).

Analysis by 1H NMR spectroscopy revealed that the
adducts had been formed as a 93:7 mixture of C(2)/C(3)
diastereomers. Treatment of the unpurified diastereo-
meric cycloadduct mixture with EtO2CCl and AgOTf led
to formation of the desired desilylated pyrazolines, which
could be readily separated by chromatography on silica
gel to give 10 in 71% isolated yield and 11 in 6% yield
(92:8 diastereoselectivity).7 This two-step sequence of
reactions has been reproducibly carried out on a large
scale to deliver substantial quantities of the protected
isomerically pure pyrazoline 10.
Having established two key stereocenters in the cy-

cloaddition reaction, we proceeded to assemble the pip-
eridine ring (Scheme 2). Aldehyde 12 was prepared by
reduction of 10 to the corresponding primary alcohol
(LiAlH4, 91%) followed by Swern oxidation (93%). Treat-
ment of 12 with the acetylide derived from Me2-
tBuSiOCH2CtCH gave a secondary propargyl alcohol,
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Figure 1. Retrosynthetic strategy for stellettamide A.
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which without purification underwent mesylation to
afford 13 (68% two steps). Conversion of 13 to cis-alkene
14 was effected by hydrogenolysis of the propargyl
mesylate (76%) followed by semihydrogenation of the
alkyne (95%).8 Treatment of 14 with aqueous Ba(OH)2
effected hydrolysis of the ethyl carbamate and the silyl
ether to afford a pyrazoline that was selectively protected
as the corresponding N-Boc-carbamate (80%, two steps)
and treated with MsCl to afford 15. An in situ procedure
was developed for cleavage of the Boc-amide with con-
comitant pyrazolidine ring formation: dissolution of 15
in 10% concentrated H2SO4/dioxane resulted in hydroly-
sis of the carbamate; this was followed by addition of the
reaction mixture to a 2 M NaOH solution from which 16
was isolated (83%, two steps). Treatment of 16with Ra-
Ni/H2 effected CdC and CdN reduction along with N-N
bond cleavage to give a diamine, which was subsequently
selectively protected as the corresponding N-trifluoro-
acetamide (17) (85%, two steps). Hydrogenolysis of the

benzyl ether followed by treatment of the resulting
primary alcohol with CBr4 and Ph3P resulted in ring
closure.9 Subsequent alkaline hydrolysis of the trifluo-
roacetamide delivered the indolizidine core of stelletta-
mide 18.
Since the relative configuration of the side chain was

not determined in the isolation studies, both (R)- and (S)-
trienoic acids 19 and ent-19 were synthesized.10 Each of
the two carboxylic acids was coupled with 18 to produce
diastereomeric indolizidines that were separately meth-
ylated (MeI, DMF) to give stellettamide A and its C(4′)
epimer (eq 2). Upon spectroscopic analysis of each,
diastereomer 20 was shown to be identical (1H NMR, 13C
NMR and in chromatographic behavior HPLC, 72%
20mMKH2PO4, 28% iPrOH, Sephadex C18) with natural
stellettamide A,11 except for its optical rotation, which
differed only in sign.12

We have described an enantioselective synthesis of the
unusual marine metabolite ent-stellettamide A. The
salient features of the route include the following: (1)
unambiguous assignment of the absolute stereochemistry
of stellettamide A and (2) synthesis of the indolizidine
core from an optically active substituted pyrazoline that
is prepared using a novel dipolar cycloaddition reaction.
The development of asymmetric [3 + 2]-cycloaddition
reactions utilizing Me3SiCHN2 as a safe, commercially
available diazoalkane dipole provides rapid access to
optically active pyrazolines that may be elaborated, as
the synthesis described demonstrates, to give useful
chiral diamine starting materials. Further applications
of these dipolar cycloaddition reactions are currently
being studied and will be the subject of future reports.
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a Key: (a) TBSOCH2CtCMgBr, THF, 0 °C; (b) MsCl, Et3N,
CH2Cl2, 0 °C, 68% two steps; (c) Bu3P, Pd2dba3, (NH4)HCO2, PhH,
76%; (d) 5% Pd/BaSO4, H2, quinoline, MeOH, 95%; (e) Ba(OH)2,
aqueous dioxane, 100 °C; (f) Boc2O, aqueous NaOH, THF, 23 °C,
80% two steps; (g) 10% H2SO4 dioxane; 2 N NaOH, 83%; (h) Ra-
Ni, H2, EtOH; (i) CF3CO2Et, THF, 0 °C, 85% two steps; (j) Pd(OH)2/
C, (NH4)HCO2, MeOH, reflux, 85%; (k) CBr4, PPh3, Et3N, MeCN,
0 °C, 75%; (l) 5% K2CO3, aqueous MeOH.
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