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Abstract—The highly diastereoselective conjugate addition of lithium (S)-N-benzyl-N-(a-methylbenzyl)amide to a y-silyloxy-o, B-unsat-
urated ester and in situ enolate oxidation with (+)-(camphorsulfonyl)oxaziridine has been used as the key step in the asymmetric syn-
thesis of N,0,0,O-tetra-acetyl D-/yxo-phytosphingosine, jaspine B (pachastrissamine) and its C(2)-epimer.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

The vicinal amino alcohol motif is a recurring structural
component in a diverse range of biologically active natural
products and synthetic molecules.! Among this molecular
class the sphingoid bases D-/yxo- and D-ribo-phytosphingo-
sine, 1 and 2 respectively, are ubiquitous components of
biomolecules that occur in eukaryotic cells,> and as such
have received considerable synthetic attention.> Recent
studies on the marine sponge Pachastrissa sp. by Higa
and co-workers* led to the isolation of the cyclic anhydro-
phytosphingosine pachastrissamine 3. Subsequently, Deb-
itus and co-workers independently reported the isolation
of jaspine B 3 from the marine sponge Jaspis sp.;> pachas-
trissamine and jaspine B being identical (Fig. 1).

To date, 10 enantiospecific syntheses of jaspine B 3 have
been reported,® !> utilising L-serine,®’ D-xylose,>? (R)-gly-
cidol,'® p-ribo-phytosphingosine,' ' p-glucose, ' p-galact-
ose'* and p-tartaric acid'® as the sources of chirality.
Additionally, an asymmetric entry to jaspine B 3 employ-
ing Sharpless asymmetric dihydroxylation was recently dis-
closed,!® and two syntheses of ‘truncated’ analogues
(bearing Cs and Cg side-chains), based upon manipulation
of L-xylose,!” and Sharpless asymmetric epoxidation,'®
have also appeared.
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Figure 1. Phytosphingosines 1 and 2, and jaspine B (pachastrissamine) 3.

Previous investigations from this laboratory have shown
that conjugate addition of a homochiral lithium amide (de-
rived from a-methylbenzylamine)'® and enolate oxidation
with (camphorsulfonyl)oxaziridine (CSO) represents an
efficient entry to anti-o-hydroxy-p-amino esters.’® This
methodology has been utilised as the key synthetic strategy
for a number of natural product syntheses,?' and herein we
delineate the application of this useful transformation to
the asymmetric synthesis of the N,0,0,O-tetra-acetyl deriv-
ative of D-Iyxo-phytosphingosine 1, jaspine B 3 and its
C(2)-epimer.

2. Results and discussion

v-Tri-iso-propylsilyloxy-a,B-unsaturated methyl ester 4 was
synthesised from cis-but-2-ene-1,4-diol in three steps based
on literature protocols.?> Conjugate addition of lithium
(S)-N-benzyl-N-(a-methylbenzyl)amide and enolate oxida-
tion with (+)-CSO?° gave anti-a-hydroxy-B-amino-y-silyl-
oxy ester (25,3S,a5)-5 in >98% de,?? isolated in 75%
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yield and >98% de. The configurations of C(2) and C(3)
within 5, relative to the a-methylbenzyl stereocentre, were
assigned by analogy to the well-established stereochemical
outcome resulting from the addition of this class of lithium
amide to o,B-unsaturated esters,>* with enolate oxidation
occurring anti to the amino group.?® Hydrogenolysis of 5
with Pearlman’s catalyst [Pd(OH),/C] in EtOAc in the
presence of Boc,O gave 6 in 94% yield. Treatment of 6 with
2,2-dimethoxypropane and BF3-Et,O in refluxing acetone?
gave 80% conversion to oxazolidine 7, which was isolated
in 75% yield.?® Treatment of 7 with DIBAL-H gave alcohol
8 in 98% yield, with oxidation of 8 with IBX?” giving alde-
hyde 9 in quantitative yield (Scheme 1).
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Scheme 1. Reagents and conditions: (i) lithium (S)-N-benzyl-N-(o-meth-
ylbenzyl)amide, THF, —78 °C, 2 h, then (+)-CSO, —78 °C to rt, 12 h; (ii)
H, (5 atm), Pd(OH),/C, Boc,0, EtOAc, rt, 12 h; (iii) 2,2-dimethoxypro-
pane, BF5-Et,0, acetone, reflux, 12 h; (iv) DIBAL-H, DCM, 0 °C, 6 h; (v)
IBX, DMSO, rt, 12 h.

Addition of tetradecylmagnesium bromide?® to aldehyde 9
gave a chromatographically separable 90:10 mixture of
alcohols 10 and 11,23 which were isolated in 51% and
4% yield, respectively, and in >98% de in each case. Hydro-
lysis of 10 and subsequent peracetylation gave N,0,0,0-
tetra-acetyl p-/yxo- phytosphmgosme 12 in 74% yield and
>98% de {[o]f; = —3.1 (¢ 0.7 in CHCly); lit.>" [o]5 = —3.1
(¢ 1.1 in CHCIs)}, whilst analogous treatment of 11 gave
N,0,0,0-tetra-acetyl p-ribo-phytosphingosine 13 in 80%
yield and >98% de {[o]5 = +18.2 (¢ 1.0 in CHCly); lit.’!
[o ] = +421.9 (¢ 1.1 in CHCl3;)}, with spectroscopic proper-
ties in excellent agreement with those of the literature®!
(Scheme 2).

Mesylation of the major diastereoisomeric alcohol 10 gave
14 in 75% yield. Treatment of 14 with TBAF promoted
desilylation and concomitant intramolecular cyclisation
via an Sy2-type displacement of the mesylate by the pri-
mary hydroxyl, giving 15, with subsequent hydrolysis giv-
ing 16 (the C(2)-epimer of jaspine B)*? in 70% yield and
>98% de (Scheme 3).
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Scheme 2. Reagents and conditions: (i) C;4HyoMgBr, THF, 0 °C to rt, 6 h;
(ii) HC1 (2 M, aq), MeOH, 50 °C, 6 h then Ac,0, pyridine, DMAP.
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Scheme 3. Reagents and conditions: (i) MsCl, Et;N, DCM, rt, 12 h; (ii)
TBAF, THF, rt, 12 h; (iii) HCI (2 M, aq), MeOH, 50 °C, 6 h, then KOH
(2 M, aq).

Alternatively, desilylation of 10 with TBAF gave diol 17 in
95% yield. Subsequent treatment of 17 with tosyl chloride
enabled the preferential tosylation of the primary hydroxyl
group, promoting intramolecular cyclisation, giving a chro-
matographically separable 82:18 mixture of 18:15 from
which the major diastereoisomer 18 was isolated in 52%
yield, and 15 in 15% yield. Hydrolytic deprotection of 18
followed by basification and recrystallisation then gave jas-
pine B 3 in 79% yield, with spectroscopic properties in
excellent agreement with those originally reported for the
natural product by Higa and co-workers* {[oc] =+17.5
(¢ 0.3 in EtOH); lit* [o]>) = +18.0 (¢ 0.1 in EtOH)}”
(Scheme 4).

To further confirm the configurations of our samples of jas-
pine B 3 and its C(2)-epimer 16, they were converted to the
corresponding N,O-diacetyl derivatives 19 and 20 (Scheme
5). NOE analyses of 19 and 20 were supportive of the
assigned relative configurations of the tetrahydrofuran
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Scheme 4. Reagents and conditions: (i) TBAF, THF, rt, 12 h; (ii) TsCl,
DMAP, pyridine, reflux, 8 h; (iii) HCI (2 M, aq), MeOH, 50 °C, 6 h, then
KOH (2 M, aq).
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Scheme 5. Reagents and conditions: (i) Ac;0, DMAP, pyridine, rt, 12 h.

rings.* Furthermore, single crystal X-ray analysis of 19
unambiguously confirmed the all-cis relationship of the
substituents around the ring,>*3* and determination of a
Flack parameter®® for the structure of —0.04(15), which
satisfies the criterion for a reliable assignment of absolute
configuration of a material known to be homochiral,® al-
lowed the reported absolute (2S,3S,4S)-configuration of
the natural product (originally determined by Higa et al.*
using the Mosher method)?” to be confirmed unambigu-
ously (Fig. 2).

Figure 2. Chem 3D representation of the X-ray structure of N,O-diacetyl
jaspine B 19 (some H atoms removed for clarity).

3. Conclusion

In conclusion, highly concise asymmetric syntheses of
N,0,0,O-tetra-acetyl p-lyxo-phytosphingosine 12, jaspine
B (pachastrissamine) 3 and its C(2)-epimer 16 have been
achieved from y-tri-iso-propylsilyloxy-a,B-unsaturated
ester 4. The overall yields were N,O0,O0,O-tetra-acetyl
D-lyxo-phytosphingosine 12, 20% over 7 steps; jaspine B
3, 10% over 9 steps; and the C(2)-epimeric compound 16,
14% over 9 steps from y-tri-iso-propylsilyloxy-o,B-unsatu-
rated ester 4. The absolute configuration of jaspine B 3
has been unambiguously proven by X-ray crystal structure
analysis of the corresponding N,O-diacetate 19.
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