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Abstract—The highly diastereoselective conjugate addition of lithium (S)-N-benzyl-N-(a-methylbenzyl)amide to a c-silyloxy-a,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,O,O,O-tetra-acetyl DD-lyxo-phytosphingosine, jaspine B (pachastrissamine) and its C(2)-epimer.
� 2007 Elsevier Ltd. All rights reserved.
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Figure 1. Phytosphingosines 1 and 2, and jaspine B (pachastrissamine) 3.
1. Introduction

The vicinal amino alcohol motif is a recurring structural
component in a diverse range of biologically active natural
products and synthetic molecules.1 Among this molecular
class the sphingoid bases DD-lyxo- and DD-ribo-phytosphingo-
sine, 1 and 2 respectively, are ubiquitous components of
biomolecules that occur in eukaryotic cells,2 and as such
have received considerable synthetic attention.3 Recent
studies on the marine sponge Pachastrissa sp. by Higa
and co-workers4 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.;5 pachas-
trissamine and jaspine B being identical (Fig. 1).

To date, 10 enantiospecific syntheses of jaspine B 3 have
been reported,6–15 utilising LL-serine,6,7

DD-xylose,8,9 (R)-gly-
cidol,10

DD-ribo-phytosphingosine,11,12
DD-glucose,13

DD-galact-
ose14 and DD-tartaric acid15 as the sources of chirality.
Additionally, an asymmetric entry to jaspine B 3 employ-
ing Sharpless asymmetric dihydroxylation was recently dis-
closed,16 and two syntheses of ‘truncated’ analogues
(bearing C5 and C8 side-chains), based upon manipulation
of LL-xylose,17 and Sharpless asymmetric epoxidation,18

have also appeared.
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Previous investigations from this laboratory have shown
that conjugate addition of a homochiral lithium amide (de-
rived from a-methylbenzylamine)19 and enolate oxidation
with (camphorsulfonyl)oxaziridine (CSO) represents an
efficient entry to anti-a-hydroxy-b-amino esters.20 This
methodology has been utilised as the key synthetic strategy
for a number of natural product syntheses,21 and herein we
delineate the application of this useful transformation to
the asymmetric synthesis of the N,O,O,O-tetra-acetyl deriv-
ative of DD-lyxo-phytosphingosine 1, jaspine B 3 and its
C(2)-epimer.
2. Results and discussion

c-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.22 Conjugate addition of lithium
(S)-N-benzyl-N-(a-methylbenzyl)amide and enolate oxida-
tion with (+)-CSO20 gave anti-a-hydroxy-b-amino-c-silyl-
oxy ester (2S,3S,aS)-5 in >98% de,23 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 a,b-unsaturated esters,24 with enolate oxidation
occurring anti to the amino group.20 Hydrogenolysis of 5
with Pearlman’s catalyst [Pd(OH)2/C] in EtOAc in the
presence of Boc2O gave 6 in 94% yield. Treatment of 6 with
2,2-dimethoxypropane and BF3ÆEt2O in refluxing acetone25

gave 80% conversion to oxazolidine 7, which was isolated
in 75% yield.26 Treatment of 7 with DIBAL-H gave alcohol
8 in 98% yield, with oxidation of 8 with IBX27 giving alde-
hyde 9 in quantitative yield (Scheme 1).
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Scheme 1. Reagents and conditions: (i) lithium (S)-N-benzyl-N-(a-meth-
ylbenzyl)amide, THF, �78 �C, 2 h, then (+)-CSO, �78 �C to rt, 12 h; (ii)
H2 (5 atm), Pd(OH)2/C, Boc2O, EtOAc, rt, 12 h; (iii) 2,2-dimethoxypro-
pane, BF3ÆEt2O, acetone, reflux, 12 h; (iv) DIBAL-H, DCM, 0 �C, 6 h; (v)
IBX, DMSO, rt, 12 h.
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Scheme 2. Reagents and conditions: (i) C14H29MgBr, THF, 0 �C to rt, 6 h;
(ii) HCl (2 M, aq), MeOH, 50 �C, 6 h then Ac2O, pyridine, DMAP.
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Scheme 3. Reagents and conditions: (i) MsCl, Et3N, DCM, rt, 12 h; (ii)
TBAF, THF, rt, 12 h; (iii) HCl (2 M, aq), MeOH, 50 �C, 6 h, then KOH
(2 M, aq).
Addition of tetradecylmagnesium bromide28 to aldehyde 9

gave a chromatographically separable 90:10 mixture of
alcohols 10 and 11,29,30 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,O,O,O-
tetra-acetyl DD-lyxo-phytosphingosine 12 in 74% yield and
>98% de {½a�21

D ¼ �3:1 (c 0.7 in CHCl3); lit.31 ½a�21
D ¼ �3:1

(c 1.1 in CHCl3)}, whilst analogous treatment of 11 gave
N,O,O,O-tetra-acetyl DD-ribo-phytosphingosine 13 in 80%
yield and >98% de {½a�21

D ¼ þ18:2 (c 1.0 in CHCl3); lit.31

½a�21
D ¼ þ21:9 (c 1.1 in CHCl3)}, with spectroscopic proper-

ties in excellent agreement with those of the literature31

(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 SN2-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)32 in 70% yield and
>98% de (Scheme 3).
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-workers4 {½a�23

D ¼ þ17:5
(c 0.3 in EtOH); lit.4 ½a�25

D ¼ þ18:0 (c 0.1 in EtOH)}33

(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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rings.4 Furthermore, single crystal X-ray analysis of 19
unambiguously confirmed the all-cis relationship of the
substituents around the ring,34,35 and determination of a
Flack parameter36 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,36 al-
lowed the reported absolute (2S,3S,4S)-configuration of
the natural product (originally determined by Higa et al.4

using the Mosher method)37 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,O,O,O-tetra-acetyl DD-lyxo-phytosphingosine 12, jaspine
B (pachastrissamine) 3 and its C(2)-epimer 16 have been
achieved from c-tri-iso-propylsilyloxy-a,b-unsaturated
ester 4. The overall yields were N,O,O,O-tetra-acetyl
DD-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 c-tri-iso-propylsilyloxy-a,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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André, C.; Baltas, M. Tetrahedron: Asymmetry 2007, 18, 857.

19. For a review concerning the application of the conjugate
addition of homochiral lithium amides see: Davies, S. G.;
Smith, A. D.; Price, P. D. Tetrahedron: Asymmetry 2005, 16,
2833.

20. Bunnage, M. E.; Chernega, A. N.; Davies, S. G.; Goodwin,
C. J. J. Chem. Soc., Perkin Trans. 1 1994, 2373.

21. Bunnage, M. E.; Davies, S. G.; Goodwin, C. J. Synlett 1993,
731; Bunnage, M. E.; Davies, S. G.; Goodwin, C. J. J. Chem.
Soc., Perkin Trans. 1 1993, 1375; Bunnage, M. E.; Burke, A.
J.; Davies, S. G.; Goodwin, C. J. Tetrahedron: Asymmetry
1994, 5, 203; Bunnage, M. E.; Davies, S. G.; Goodwin, C. J.
J. Chem. Soc., Perkin Trans. 1 1994, 2385; Bunnage, M. E.;
Burke, A. J.; Davies, S. G.; Goodwin, C. J. Tetrahedron:
Asymmetry 1995, 6, 165; Burke, A. J.; Davies, S. G.;



E. Abraham et al. / Tetrahedron: Asymmetry 18 (2007) 2510–2513 2513
Hedgecock, C. J. R. Synlett 1996, 621; Bunnage, M. E.;
Burke, A. J.; Davies, S. G.; Millican, N. L.; Nicholson, R. L.;
Roberts, P. M.; Smith, A. D. Org. Biomol. Chem. 2003, 1,
3708; Davies, S. G.; Hughes, D. G.; Nicholson, R. L.; Smith,
A. D.; Wright, A. J. Org. Biomol. Chem. 2004, 2, 1549.

22. Hayes, M. P.; Hatala, P. J.; Sherer, B. A.; Tong, X.; Zanatta,
N.; Borer, P. N.; Kallmerten, J. Tetrahedron 2001, 57, 1515;
Enders, D.; Schusseler, T. Synthesis 2002, 2280.

23. As determined by peak integration of the 1H NMR spectrum
of the crude reaction product.

24. Costello, J. F.; Davies, S. G.; Ichihara, O. Tetrahedron:
Asymmetry 1994, 5, 3919.

25. Campbell, A. D.; Raynham, T. M.; Taylor, R. J. K. Synthesis
1998, 1707.

26. Unreacted starting material 6 was recovered and recycled.
27. Frigerio, M.; Santagostino, M. Tetrahedron Lett. 1994, 35,

8019; Frigerio, M.; Santagostino, M.; Sputore, S.; Palmesano,
G. J. Org. Chem. 1995, 60, 7272; IBX was prepared from
2-iodobenzoic acid according to the procedure of Frigerio,
M.; Santagostino, M.; Sputore, S. J. Org. Chem. 1999, 64,
4537.

28. Tetradecylmagnesium bromide was prepared as a solution in
THF from 1-bromotetradecane and magnesium turnings.

29. The rotameric nature of 10 and 11 precluded the direct
determination of the reaction diastereoselectivity from the 1H
NMR spectrum of the crude reaction product. However,
hydrolysis of the crude reaction mixture followed by peracet-
ylation gave a 90:10 mixture of the corresponding N,O,O,O-
tetra-acetyl phytosphingosines 12 and 13.

30. The configurations of 10 and 11 could not be assigned a
priori; they were determined by correlation to the corre-
sponding N,O,O,O-tetra-acetyl phytosphingosines 12 and
13. The (4S,5S,1 0S)-configuration of the major diastereoiso-
meric product 10 is consistent with Si face attack of the
Grignard on aldehyde 9 via a chelated Cram model; see:
Cram, D. J.; Elhafez, F. A. A. J. Am. Chem. Soc. 1952, 74,
5828; Cram, D. J.; Kopecky, K. R. J. Am. Chem. Soc. 1959,
81, 2748.

31. Shirota, O.; Nakanishi, K.; Berova, N. Tetrahedron 1999, 55,
13643.

32. Jo, S. Y.; Kim, H. C.; Jeon, D. J.; Kim, H. R. Heterocycles
2001, 55, 1127.
33. Data for jaspine B 3: mp 90–92 �C (Et2O/heptane);
½a�23

D ¼ þ17:5 (c 0.3 in EtOH); mmax (KBr) 3340, 3074, 2921,
2849; dH (400 MHz, CDCl3) 0.87 (3H, t, J 6.7, C(14 0)H3),
1.18–1.50 (24H, m, C(2 0)-C(13 0)H2), 1.55–1.70 (2H, m,
C(1 0)H2), 3.50 (1H, dd, J 8.4, 7.2, C(5)HA), 3.61–3.69 (1H,
m, C(4)H), 3.74 (1H, td, J 7.2, 4.0, C(2)H), 3.87 (1H, t, J 4.0,
C(3)H), 3.91 (1H, t, J 7.7, C(5)HB); dC (100 MHz, CDCl3)
14.1, 22.7, 26.3, 29.3, 29.4, 29.5, 29.6, 29.7, 29.8, 31.9, 54.4,
71.8, 72.4, 83.1; m/z (ESI+) 300 ([M+H]+, 100%); HRMS
(ESI+) C18H38NO2

þ ([M+H]+) requires 300.2897; found,
300.2900.

34. Data were collected using an Oxford Diffraction Gemini R
diffractometer with graphite monochromated Cu Ka radia-
tion using standard procedures at 150 K. The structure was
solved by direct methods (SIRSIR92), all non-hydrogen atoms
were refined with anisotropic thermal parameters. Hydrogen
atoms were added at idealised positions. The structure was
refined using CRYSTALSCRYSTALS.35 X-ray crystal structure data for 19
[C22H41NO4]: M = 383.57, monoclinic, space group P1211,
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