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An efficient methodology for the synthesis of sphingoid-type bases is reported. It involves the
stereoselective addition of a racemic 3-alkoxy allenylzinc to enantiopure N-tert-butylsulfinyl imines
and a cross-metathesis reaction as the key steps. It has been successfully applied to the syntheses of
sphinganine and naturally occurring bioactive related compounds, among which the hydrolysis
product of clavaminol H and two spisulosines. All of these compounds have been prepared in six
steps from N-tert-butylsulfinyl imines in high overall yields (>56%).

Introduction

Sphingoid-type bases are long-chain 1,2-amino alcohols that
are found in a number of bioactive natural products. For
instance, ceramides,1which are composed of a sphingoid base
linked by an amide bond to a fatty alkyl chain (Figure 1), exert
a wide range of biological functions in relation to cellular
signaling by triggering apoptosis and activating various protein
kinase cascades. Ceramides are especially present in relatively
high levels in theoutermost layerof skin (asmuchas50%of the
total lipids).2 Sphingolipids (Figure 1), which are composed of
a polar headgroup (sugar, phosphate, or sulfate) linked to a
ceramide, constitute another class of biologically important
compounds. They possess diverse biological roles such as
antitumor,2 immunostimulatory, and immunosuppressive acti-
vities,3 as well as neuronal proliferation4 and protein kinase

activitymodulation.5 In all of these compounds, sphingosine is
themost prevalent sphingoid base and is biogenetically derived
from enzymatic oxidation of sphinganine (Figure 1).6 Because
of the biological importance of ceramides and sphingolipids,
numerous methods for the preparation of sphinganine and its
derivatives have been reported in the literature from both
carbohydrate and non-carbohydrate sources.7

Simple long-chain 1,2-amino alkanols can also exhibit
remarkable biological activities. This is the case for some

(1) For leading references on ceramides, see: (a)Hanada,K.;Kumagai,K.;
Tomishige, N.; Kawano, M. Biochim. Biophys. Acta 2007, 1771, 644. (b)
Bouwstra, J.A.; Ponec,M.Biochim.Biophys.Acta 2006, 1758, 2080. (c) Zheng,
W.; Kollmeyer, J.; Symolon, H.; Momin, A.; Munter, E.; Wang, E.; Kelly, S.;
Allegood, J. C.; Liu, Y.; Peng, Q.; Ramaraju, H.; Sullards, M. C.; Cabot, M.;
Merrill, A. H. Biochim. Biophys. Acta 2006, 1758, 1864. (d) Vo-Hoang, Y.;
Micouin, L.; Ronet,C.;Gachelin,G.; Bonin,M.ChemBioChem 2003, 4, 27. (e)
Wertz, P. W.; van den Bergh, B. Chem. Phys. Lipids 1998, 91, 85.

(2) Natori, T.; Morita, M.; Akimoto, K.; Koezuka, Y. Tetrahedron 1994,
50, 2771.

(3) Ladisch, S.; Li, R.; Olson, E. Proc. Natl. Acad. Sci. U.S.A. 1994, 91,
1974.

(4) (a) Copani, A.; Melchiorri, D.; Caricasole, A.; Martini, F.; Sale, P.;
Carnevale, R.; Gradini, R.; Sortino, M. A.; Lenti, L.; De Maria, R.;
Nicoletti, F. J. Neurosci. 2002, 22, 3963. (b) Kolter, T.; Sandhoff, K. Angew.
Chem., Int. Ed. 1999, 38, 1532.

(5) (a) Higashi, H.; Chen, N. H. Glycoconjugate J. 2004, 20, 49. (b)
Vaccarino, F.; Guidotti, A.; Costa, E. Proc. Natl. Acad. Sci. U.S.A. 1987,
84, 8707.

(6) De Jonghe, S.; Van Overmeire, I.; van Calenbergh, S.; Hendrix, C.;
Busson, R.; de Keukeleire, D.; Herdewijn, P. Eur. J. Org. Chem. 2000, 3177.

(7) For recent references on the synthesis of sphingosine and sphinganine
derivatives, see: (a) Llaveria, J.; Dı́az, Y.; Matheu, M. I.; Castill�on, S. Org.
Lett. 2009, 11, 205. (b) Morales-Serna, J. A.; Llaveria, J.; Dı́az, Y.; Matheu,
M. I.; Castill�on, S. Org. Biomol. Chem. 2008, 6, 4502. (c) Yoon, H. J.; Kim,
Y.-W.; Lee, B. K.; Lee, W. K.; Kim, Y.; Ha, Y.-J. Chem. Commun. 2007, 79.
(d) Yamamoto, T.; Hasegawa, H.; Hakogi, T.; Katsumura, S. Org. Lett.
2006, 8, 5569. (e) Lombardo, M.; Capdevila, M. G.; Pasi, F.; Trombini, C.
Org. Lett. 2006, 8, 3303. (f) Righi, G.; Ciambrone, S.; D’Achille, C.; Leonelli,
A.; Bonini, C. Tetrahedron 2006, 62, 11821. (g) Cai, Y.; Ling, C.-C.; Bundle,
D. R.Org. Biomol. Chem. 2006, 4, 1140. (h) Enders, D.; Palecek, J.; Grondal,
C. Chem. Commun. 2006, 655. (i) Masuda, Y.; Mori, K. Eur. J. Org. Chem.
2005, 4789. (j) Chaudhari, V. D.; Kumar, K. S. A.; Dhavale, D. D.Org. Lett.
2005, 7, 5805. (k) Fan, G.-T.; Pan, Y.-S.; Lu, K.-C.; Cheng, Y.-P.; Lin,
W.-C.; Lin, S.; Lin, C.-H.;Wong, C.-H.; Fang, J.-M.; Lin, C.-C.Tetrahedron
2005, 61, 1855. (l) Zhong, Y.-W.; Dong, Y.-Z.; Fang, K.; Izumi, K.; Xu,
M.-H.; Lin, G.-Q. J. Am. Chem. Soc. 2005, 127, 1195. (m) Disadee, W.;
Ishikawa, T. J. Org. Chem. 2005, 70, 9399. (n) Howell, A. R.; So, R. S.;
Richardson, S. K. Tetrahedron 2004, 60, 11327. (o) Kobayashi, J.; Nakamura,
M.;Mori, Y.; Yamashita,Y.; Kobayashi, S. J.Am.Chem. Soc. 2004, 126, 9192.
(p) Torssell, S.; Somfai, P. Org. Biomol. Chem. 2004, 2, 1643.



J. Org. Chem. Vol. 74, No. 18, 2009 6987

S�eguin et al. JOCArticle

of clavaminols A-N (Figure 2), 14 new marine sphingoid-
type compounds extracted from the Mediterranean ascidian
Clavelina phlegraea, which possess cytotoxic properties
against lung, breast, and gastric carcinoma cell lines by
activating the apoptic machinery.8

Similarly, spisulosine ES285 (Figure 2) was found off
the coasts of Japan and isolated in submilligram amounts
(400 μg) from 35 (1.9 kg) edible clams Spisula polynyma (i.e.,
in 0.021% yield based on wet weight of clams).9b,c This
compound has been demonstrated to possess specific long-
lasting antitumor in vitro and in vivo cytotoxic activity
against various tumor cell lines with selectivity (down to
the nanomolar range) for certain human solid tumors such
as colon, mammary, pancreas, ovary, breast, lung, kidney,
pharynx, liver, and stomach tumors.9 Studies have shown
that this simple 1,2-amino alkanol, as well as a number of
related compounds, exhibit an unusual type of bioactivity by

triggering an atypical cell death program.10 Because of their
biological properties, natural and non-natural compounds
of this type constitute highly promising antitumor agents.11

In this paper, we would like to report an efficient strategy
for the asymmetric synthesis of long-chain 1,2-amino alka-
nols using a methodology developed in our group to access
diastereo- and enantiomerically pure 1,2-amino alcohol
derivatives.12 This methodology involves the stereoselective
reaction of enantiopure N-tert-butylsulfinyl imines13 with
racemic 3-(methoxymethoxy)-1-trimethylsilyl allenylzinc
bromide and has been already successfully applied to natural
product syntheses.14

We reasoned that long-chain 1,2-amino alkanolsA could be
obtained by subjecting intermediates B to cross-metathesis
with the appropriate terminal alkenes and further functiona-
lizationof the resulting compounds (Scheme1). Intermediates
B could be obtained from anti-(2S,3R)-1,2-sulfinylamidoalkyl
ethers C by desilylation at the acetylenic position followed by
the semihydrogenation of the C-C triple bond. Regarding
compounds C, they could be prepared by the stereoselective
reaction of the corresponding enantiopure N-tert-butylsulfi-
nyl imines D with racemic 3-(methoxymethoxy)allenylzinc
bromide.

In this strategy, the two sterogenic centers would be
created in the first step through a high dynamic kinetic

FIGURE 1. Structure of ceramides, sphingolipids, sphingosine,
and sphinganine.

FIGURE 2. Structures of some representative clavaminols and
spisulosines.

SCHEME 1. Proposed Retrosynthesis of Sphingoid-Type Bases
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resolution process. The required (2S,3R) stereochemistry
can be anticipated from the reaction transition state TS1

wherein the (aR)-enantiomer of the racemic allenylzinc
approaches from the re face of (RS)-N-tert-butylsulfinyl
imines D (Scheme 2), as demonstrated by our previous
studies12 and corroborated by the successful application of
our methodology to the asymmetric syntheses of several
natural products in enantiomerically pure form.14

The versatility of this strategy is exemplified hereafter by
the high-yielding syntheses of two spisulosines, i.e., spisulo-
sines ES285 (Y=H, n=14) and ES271 (Y=H, n=13), of
sphinganine (Y=OH, n=14), and of the bioactive hydrolysis
product of clavaminol H (Y=OH, n=7).

Results and Discussion

Synthesis of Spisulosines. We first planned to synthetize
the naturally occcuring marine bioactive spisulosine ES285,
a long-chain 1,2-amino alkanol. Our synthesis then began
with the reaction betweenN-tert-butylsulfinyl imine 1, easily
prepared with an E:Z ratio of 97:3 from enantiopure com-
mercially or easily synthetically available (RS)-N-tert-butyl-
sulfinyl amide13 and racemic allenylzinc (()-2. Slow addition
of 1 over a period of 45 min to an excess of (()-2 (4 equiv,
Et2O, -80 �C) allowed a high dynamic kinetic resolution to
take place giving, after acidic workup, the desired acetylenic
anti-(2S,3R)-sulfinylamidoalkyl ether 3 (Scheme 3). As seen
from the 1H NMR spectrum of the crude product, a high
stereoselectivity was attained since only two diastereomers
were formed in a 93:7 ratio. Purification by silica gel chro-
matography afforded adduct 3 in 94% yield, accompanied
with an inseparable unidentified minor isomer (93:7 dr).

Further treatment of 3 with TBAF (1 equiv, THF, 0 �C,
15 min) resulted in the clean protodesilylation of the acet-
ylenic position. The resulting crude product was subjec-
ted to semihydrogenation (1 atm H2, 5% acetone-hexane,
20 �C, 4 h)14a in the presence of Lindlar palladium catalyst
(20 wt % of Pd) and 3,5-dithia-1,2-octanediol (4 wt %).
Intermediate 4 was thus obtained in high purity (>95% by
1HNMR) as a mixture of two isomers (91:9 dr) and could be
engaged in the next step without further purification
(Scheme 3).

At this stage, we expected to obtain the internal alkene
derivative 5 by subjecting 4 to cross-metathesis15,16 with
1-pentadecene. To the best of our knowledge, only one
example of cross-metathesis reaction on substrates presenting

a sulfinylamido moiety has been reported to date.17 To our
pleasure, product 4 could be readily converted into compound
5, as an E-isomer exclusively as indicated by the
1H NMR coupling constants 3J of 15.5 Hz between the two
ethylenic protons, upon reaction with 1-pentadecene
(4 equiv) in the presence of Grubbs II catalyst (Scheme 3).
Noteworthy, the reaction occurred smoothly (CH2Cl2,
60 h, 40 �C), and its completion was reached provided that
12 mol % of Grubbs II catalyst was used in three subsequent
additions (3 � 4 mol %) separated by periods of 20 h. This
suggested that the ruthenium species was deactivated in
the reaction medium, probably by its coordination to the
N-tert-butylsulfinyl moiety, as previously reported for the
Hoveyda-Blechert catalyst in the cross-metathesis of
N-tert-butylsulfinyl homoallylamines with methyl vinyl
ketone.17 The same phenomenon was also observed by us
and others in ring-closing metathesis involving similar sub-
strates.14a,18 Under these conditions, compound 5 was there-
fore isolated in 72% overall yield (three steps from 3) after
silica gel chromatography. One minor product arising from
cross-metathesis of the alkene with the minor isomer of 4
(itself obtained during the addition step) was easily separated
and isolated by flash chromatography in 7% yield.

The target molecule spisulosine ES285 was finally readily
obtained after acidic removal of the N-tert-butylsulfinyl
auxiliary concomitant with MOM-ether deprotection using
dryHCl (5 equiv,MeOH, 65 �C, 1 h). The crudematerial was
directly subjected to hydrogenation on Pd/C (1 atm H2,
MeOH, 20 �C, 20 h). Simple filtration of the catalyst through
a pad of Celite then afforded spisulosine ES285 with high
purity (>95% by 1H NMR) as a white solid in 93% overall
yield (Scheme 3). An analytically pure sample of this com-
pound could be obtained by further silica gel chromatogra-
phy. Worthy of note, the obtained compound exhibited 1H
and 13C NMR spectra in CD3OD (at 400 and 100 MHz,
respectively) in accordance with those reported9c for spisu-
losine ES285 (at 500 and 100 MHz, respectively). By con-
trast, due to the insolubility of our product in CDCl3, we
could not determined its optical rotation in this solvent.
Thus, we were not able to compare the optical rotation
measured for our product [([R]20D +5.2 (c 0.36, MeOH)]
with the only value reported in the literature for spisulosine
ES285 [([R]26D +24.9 (c 1, CHCl3)].

9c Differences were also
found in the melting points (mp 115-116 �C vs 66-67 �C9c).
Although the origin of the problem is not clear, both the
acidity of CDCl3 and the final mode of purification may be
invoked to explain the differences in the data.

Thus, spisulosine ES285 has been prepared in six steps
from N-tert-butylsulfinyl imine 1 in 62% overall yield.
Spisulosine ES271, a non-natural sphingoid-type base also
highly active against prostate cancer, sarcomas, and mela-
nomas,9a could similarly be prepared from intermediate 3

(Scheme 3) by (i) protodesilylation, semihydrogenation, and
subsequent cross-metathesis with 1-tetradecene (giving 6 in
67% yield over the three steps) and finally (ii) acidic treat-
ment and hydrogenation (giving spisulosine ES271 in 92%
yield over the two steps). Spisulosine ES271 was thus iso-
lated as a white solid in 58% overall yield from 1. Its spectral

SCHEME 2. Postulated Transition State for the Formation of

anti-(2S,3R)-Sulfinylamidoalkyl Ether C

(15) For selected references on the cross-metathesis reaction, see: (a)
Chatterjee, A. K.; Choi, T.-L.; Sanders, D. P.; Grubbs, R. H. J. Am. Chem.
Soc. 2003, 125, 11360. (b) Grubbs, R. H.; Chang, S. Tetrahedron 1998, 54,
4413.

(16) For other approaches of sphingosine derivatives involving a cross-
metathesis reaction for the construction of the long alkyl side-chain,
see refs 7b, 7d, 7j, and 7p.

(17) Gonz�alez-G�omez, J. C.; Foubelo, F.; Yus, M. Synlett 2008, 2777.
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B. Tetrahedron 2008, 64, 3005.
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and physical data [([R]20D +8.1 (c 0.32, MeOH), mp
117-119 �C)], which were not reported so far, were similar
to those of spisulosine ES285.

Syntheses of Sphinganine and the Hydrolysis Product of

Clavaminol H. Sphinganine is the enzymatic biosynthetic
precursor of sphingosine, the most prevalent sphingoid base
of sphingolipids.6 It could be prepared following a similar
methodology by employing (as starting material) R-alkoxy
(E)-N-tert-butylsulfinyl imine 7, readily available in dia-
stereo- and enantiomerically pure form in three steps from
glycerol.14a,19 In this case, anti-(2S,3R)-sulfinylamidoalkyl
ether 8was obtained as a single isomer in 84% yield through
the slow addition of 7 to racemic allenylzinc (()-2 (4 equiv,
Et2O, -80 �C). Subsequent desilylation of the acetylenic
position with methanolic K2CO3 (5 equiv, MeOH, 0 �C, 2 h)
and semihydrogenation of the C-C triple bond under the
conditions described above then afforded compound 9 in
93% overall yield (Scheme 4).

The formation of the internal alkene derivative 10 was
attempted by subjecting 9 to cross-metathesis with 1-penta-
decene under the optimized conditions described above in
the syntheses of spisulosines. Surprisingly, when the reaction
was conducted with 1-pentadecene (4 equiv) in the presence
of up to 16 mol % of Grubbs II catalyst, added as before in
four subsequent portions, no reaction occurred in CH2Cl2 at
40 �C. However, we were delighted to find that using
Hoveyda-Grubbs II catalyst allowed the metathesis reac-
tion to take place smoothly under these conditions. This
time, the completion of the reaction was reached provided
that 16 mol % of the catalyst and 1-pentadecene (10 equiv)
were used in four subsequent additions (3 � 4 mol % of the
catalyst and 4 equiv followed by 3 � 2 equiv of the alkene)
separated by periods of 20 h. Under these optimized condi-
tions, internal alkene 10 was obtained in 78% yield after
silica gel flash chomatography (Scheme 4). It was isolated as
an inseparable 90:10 E:Zmixture in favor of the E isomer as
evidenced by the coupling constant 3J of 15.5Hz between the
two ethylenic protons. It is worthy of note that all attempts to

SCHEME 3. Synthesis of Spisulosines

SCHEME 4. Syntheses of Sphinganine and the Hydrolysis Product of Clavaminol H

(19) Paterson, I.; Delgado, O.; Florence, G. J.; Lyothier, I.; O’Brien, M.;
Scott, J. P.; Sereinig, N. J. Org. Chem. 2005, 70, 150.
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decrease the amount of Hoveyda-Grubbs II catalyst failed.
More particularly, carrying out the reaction with 8 mol% of
catalyst in toluene at 100 �C resulted only in degradation.

To reach the tri-protected sphinganine derivative 11, we
envisioned to carry out the hydrogenation of the alkene
moiety. Both Pd/C or the Wilkinson catalyst under H2

(1 atm) failed to produce 11, starting material 10 being
quantitatively recovered. Fortunately, when running the
reaction with Raney nickel (MeOH, 20 �C, 22 h), the desired
product 11 was obtained in 92% yield after rapid filtration
over silica gel. In the last step, upon treatment with dryHCl (5
equiv, MeOH, 65 �C, 2 h), N-tert-butylsulfinyl auxiliary was
removed and the two ether functions were deprotected giving
quantitatively the sphinganine hydrochloride salt after re-
moval of the solvent under vacuum (Scheme 4). The physical
and spectroscopic data of the obtained salt [([R]20D +10.0
(c 0.06, MeOH), mp 89-90 �C)] were in good agreement with
those previously reported for this product [([R]26D -8.6 (c 1,
MeOH) for the (2S,3R)-antipode, mp 90-92 �C)].20

The sphinganine hydrochloride salt was then prepared in
six steps with 56% overall yield from N-tert-butylsulfinyl
imine 7. The same methodology was successfully applied to
the first synthesis of the hydrolysis product of clavaminol H
(see Figure 2). Although clavaminol H itself exhibits no
significant bioactive activity, its hydrolysis product 14 has
been very recently shown to be selectively cytotoxic in gastric
carcinoma.8a This compound could be prepared, as its hydro-
chloride salt 14 3HCl, from intermediate 9 (Scheme 4) by (i)
cross-metathesis with 1-nonene (giving 12 in 78% yield as a
86:14 E:Z mixture), (ii) hydrogenation of the alkene moiety
(giving 13 in 97% yield), and finally (iii) acidic deprotection
(giving 14 3HCl in 96% yield). Following this methodology,
14 3HCl has been obtained as a colorless oil in six steps with
57% overall yield from N-tert-butylsulfinyl imine 7.

Conclusion

In conclusion, we have disclosed an efficient and versatile
strategy for the high-yielding asymmetric synthesis of sphin-
goid-type bases involving the stereoselective addition of a
racemic 3-alkoxy allenylzinc to a N-tert-butylsulfinyl imine
and a cross-metathesis reaction as the key steps. Following
this strategy, spisulosines ES285 and ES271, two new promi-
sing highly potent antitumoral agents, have been prepared in
six steps and only two chromatographic purifications from
readily available enantiopure (RS,E)-N-ethylidene-2-methyl-
propane-2-sulfinamide in 62% and 58% overall yields, re-
spectively. This strategy has been extended to the synthesis of
sphinganine, the biosynthetic precursor of sphingosine, and
that of the selective cytotoxic hydrolysis product of clavami-
nol H. Here again, these two compounds have been efficiently
obtained in six steps andonly three chromatographic purifica-
tions from readily available enantiopure (RS,E)-N-[2-(tert-
butyldimethylsiloxy)ethylidene)]-2-methylpropane-2-sulfina-
mide in 56% and 57% overall yields, respectively.

Experimental Section

(-)-(RS)-N-{(1S,2R)-2-(Methoxymethoxy)-1-methyl-4-[(tri-
methylsilyl)but-3-ynyl)]}-2-methylpropane-2-sulfinamide (3). Un-
der a nitrogen atmosphere, at -80 �C, to a stirred solution of

3-[(methoxymethoxy)prop-1-ynyl]trimethylsilane21 (3.04 mL,
16.00 mmol) and TMEDA (0.24 mL, 1.60 mmol) in anhydrous
Et2O (120 mL) was added dropwise s-BuLi (1.3 M in cyclohex-
ane-hexane 92/8, 12.30 mL, 16.00 mmol). The resulting clear
orange mixture was stirred for 1 h at -80 �C, and then a 1 M
ethereal solutionofZnBr2 (16.00mL, 16.00mmol) was added.The
resultingwhite slurry of allenylzinc (()-2was stirred at-80 �C for
an additionnal 20 min before imine 1 (97:3 E:Z ratio, 588 mg,
4.00mmol) in anhydrousEt2O (16mL)was added over a periodof
45 min. After completion of the addition, the mixture was stirred
for an additional 15 min at -80 �C. Then, 1 M HCl solution
(80 mL) was added, and the mixture was warmed to room
temperature. The layers were separated, and the aqueous one
was extracted with Et2O (3 � 80 mL). The combined organic
layers were washed with saturated NaHCO3 solution (25 mL),
water (2 � 25 mL), and brine (50 mL), dried over MgSO4, and
concentrated in vacuo. The residual oil was purified by flash
chromatography on silica gel (30% to 50%EtOAc-cyclohexane)
to produce the desired compound 3 (1.20 g, 94%) as a pale yellow
viscous oil (mixture of isomers in a 93:7 ratio). 1H NMR (400
MHz,CDCl3) δ 4.94 (d, J=6.8Hz, 1H), 4.64 (d, J=6.6Hz, 1H for
theminor isomer), 4.62 (d, J=6.8 Hz, 1H), 4.34 (d, J=4.6 Hz, 1H
for theminor isomer), 4.29 (d, J=7.7Hz, 1H), 3.63-3.55 (m, 1H),
3.42-3.39 (m, 1H), 3.39 (s, 3H), 1.42 (d, J=8.6 Hz, 3H), 1.23 (s,
9H), 0.19 (s, 9H); 13CNMR(100MHz,CDCl3) δ 101.4, 94.3, 92.4,
70.7, 56.04, 56.02, 55.7, 22.5, 18.5,-0.3; IR3210, 2956, 2897, 2823,
2173, 1455, 1025, 840, 759 cm-1; HRMS (ESI) C14H30O3NSSi [M
+H]+ 320.1710, found 320.1711; [R]20D -127.0 (c 1.14, CHCl3).

(-)-(RS)-N-[(1S,2R,E)-2-(Methoxymethoxy)-1-(methylhepta-
dec-3-enyl)]-2-methylpropane-2-sulfinamide (5). To a stirred so-
lution of 3 (1.12 g, 3.50 mmol) in THF (35 mL), at 0 �C, was
added TBAF (1 M in solution in THF, 3.70 mL, 3.70 mmol).
The mixture was stirred for 15 min at 0 �C, and then H2O (35
mL) was added. After warming to room temperature, the
aqueous layer was extracted with Et2O (3 � 50 mL). The
combined organic layers were washed with brine (35 mL), dried
over MgSO4, and concentrated in vacuo to give a brownish
viscous oil (873 mg).

The oil was taken up in a mixture of hexane (120 mL) and
acetone (6 mL). To the solution were added Lindlar palladium
(3.49 g, i.e., 20wt%of Pd) and 3,5-dithia-1,2-octanediol (35mg,
4 wt %). The flask was then flushed with H2 (3�). After 4 h of
stirring at 20 �C under 1 atm of H2, the reaction mixture was
filtered through a pad of Celite, and the catalyst was rinsed with
EtOAc. Removal of the solvents in vacuo gave compound 4 (883
mg, ∼100%) as a yellow oil (mixture of isomers in a 91:9 ratio),
which was used in the next step without purification. 1H NMR
(400 MHz, CDCl3) δ 5.73 (ddd, J=16.9, 10.7, and 7.2 Hz, 1H),
5.31 (m, 2H), 4.71 (d, J=6.3 Hz, 1H for the minor isomer),
4.70 (d, J=6.9 Hz, 1H), 4.59 (d, J=6.8 Hz, 1H), 4.58 (d, J=6.3
Hz, 1H for the minor isomer), 4.02 (dd, J=7.2 and 4.0 Hz,
1H), 3.45-3.33 (m, 2H), 3.39 (s, 3H), 1.32 (d, J=6.6 Hz, 3H),
1.23 (s, 9H).

Under an argon atmosphere, to a stirred solution of crude 4
(371mg, 1.49mmol) and 1-pentadecene (1.62mL, 6.00mmol) in
anhydrous CH2Cl2 (12 mL) was added at 40 �C Grubbs II
catalyst (3� 51 mg, 3� 0.06 mmol) in three portions separated
by periods of 20 h. After the solution was cooled to room
temperature, removal of the solvent in vacuo gave a dark oil,
which was purified by flash chromatography on silica gel (50%
EtOAc-cyclohexane) to yield first the minor isomer (44 mg,
7%) and then the title compound 5 (464 mg, 72%) as a brown

(20) Ibuka, T.; Nakai, K.; Akaji, M.; Tamamura, H.; Fujii, N. Tetra-
hedron 1996, 52, 11739.

(21) [3-(Methoxymethoxy)prop-1-ynyl]trimethylsilane was prepared
from propargyl alcohol by silylation at the acetylenic position (see: Jones,
T.K.; Denmark, S. E.Org. Synth. 1985, 64, 182) followed by treatment of the
resulting product with an excess of dimethoxymethane in CHCl3 in the
presence of an excess of P2O5.
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oil. 1HNMR (400MHz, CDCl3) δ 5.70 (td, J=15.5 and 6.8 Hz,
1H), 5.28 (dd, J=15.5 and 8.1 Hz, 1H), 4.70 (d, J=6.8 Hz, 1H),
4.52 (d, J=6.8 Hz, 1H), 3.95 (dd, J=8.1 and 3.7 Hz, 1H),
3.42-3.30 (m, 2H), 3.37 (s, 3H), 2.05 (q, J=6.8Hz, 2H), 1.31 (d,
J=6.6 Hz, 3H), 1.45-1.30 (m, 22H), 1.21 (s, 9H), 0.88 (t, J=6.6
Hz, 3H); 13CNMR(100MHz,CDCl3) δ 136.8, 126.3, 93.5, 80.6,
56.4, 55.8, 55.4, 32.3, 31.8, 29.60, 29.59, 29.57, 29.51, 29.35,
29.27, 29.1, 29.0, 22.6, 22.5, 17.9, 14.0; IR 3222, 2922, 2852,
1667, 1457, 1031 cm-1; HRMS (ESI) C24H49O3NNaS [M +
Na]+ 454.3325, found 454.3323; [R]20D -67.8 (c 0.86, CHCl3).

(+)-(2S,3R)-2-Aminooctadecan-3-ol (Spisulosine ES285).
Under a nitrogen atmosphere, to a stirred solution of 5 (431
mg, 1.00mmol) in absoluteMeOH (10mL), at 20 �C,was added
dry HCl (4 M in solution in 1,4-dioxane, 1.25 mL, 5.00 mmol).
The mixture was refluxed for 1 h. After warming to room
temperature, the solvent was removed in vacuo. The residue
was partitioned between EtOAc (100 mL) and saturated aqu-
eous NaHCO3 solution (40 mL). The layers were separated, and
the aqueous one was extracted with EtOAc (5 � 40 mL). The
combined organic layers were washed with brine (20 mL), dried
over Na2SO4, and concentrated in vacuo to give a brown solid
(310 mg).

The solid was taken up in absolute MeOH (35 mL) and 10%
Pd/C (155 mg, i.e., 5 wt % of Pd) was added. The flask was
flushed with H2 (3�). After 20 h of stirring at 20 �C under 1 atm
of H2, the reaction mixture was filtered through a pad of Celite,
and the catalyst was rinsedwithEtOAc.Removal of the solvents
in vacuo gave spisulosine ES285 (266 mg, 93%) as a white solid.
An analytically pure sample could be obtained by silica gel flash
chromatography (5% to 20%MeOH-CH2Cl2).

1H NMR (400
MHz, CD3OD) δ 3.72 (m, 1H), 3.29 (dq, J=6.8 and 2.9Hz, 1H),
1.61-1.27 (m, 28H), 1.24 (d, J=6.8 Hz, 3H), 0.93 (t, J=6.8 Hz,
3H); 13C NMR (100 MHz, CD3OD) δ 72.6, 53.5, 34.9, 33.9,
31.7, 31.6, 31.5, 31.3, 27.9, 24.6, 15.3, 13.1; IR 3390, 2997, 2916,
2849 cm-1; HRMS (ESI) calcd for C18H40ON [M + H]+

286.3104, found 286.3108; mp 115-116 �C; [R]20D +5.2 (c
0.36, MeOH).

(-)-(RS)-N-[(1S,2R,E)-2-(Methoxymethoxy)-1-(methylhexa-

dec-3-enyl)]-2-methylpropane-2-sulfinamide (6). The same pro-
cedure as for 5was followed using crude 4 (373mg, 1.50mmol) and
1-tetradecene (1.65 mL, 6.00 mmol) in the cross-metathesis step.
Flash chromatography on silica gel (50% EtOAc-cyclohexane)
yielded first the minor isomer (38 mg, 6%) and then the title
compound 6 (416 mg, 67%) as a brown oil. 1H NMR (400 MHz,
CDCl3) δ 5.67 (td, J=15.5 and 6.7Hz, 1H), 5.27 (ddt, J=15.5, 8.1,
and 1.4 Hz, 1H), 4.66 (d, J=6.8 Hz, 1H), 4.49 (d, J=6.8 Hz, 1H),
3.92 (dd, J=8.1 and 3.5 Hz, 1H), 3.41-3.32 (m, 2H), 3.34 (s, 3H),
2.03 (q, J=6.6 Hz, 2H), 1.28 (d, J=6.4 Hz, 3H), 1.45-1.30 (m,
20H), 1.17 (s, 9H), 0.85 (d, J=6.8 Hz, 3H); 13C NMR (100MHz,
CDCl3) δ 136.9, 126.3, 93.8, 80.7, 56.4, 55.9, 55.5, 32.3, 31.9, 29.63,
29.61, 29.56, 29.4, 29.3, 29.13, 29.06, 22.65, 22.62, 18.0, 14.1; IR
3211, 2922, 2853, 1667, 1457, 1032 cm-1; HRMS (ESI)
C23H47O3NNaS [M + Na]+ 440.3169, found 440.3167; [R]20D
-66.6 (c 0.95, CHCl3).

(+)-(2S,3R)-2-Aminoheptadecan-3-ol (Spisulosine ES271).
The same procedure as for spisulosine ES285 was followed from
6 (393 mg, 0.94 mmol) to give spisulosine ES271 (235 mg, 92%)
as a white solid. An analytically pure sample could be obtained
by silica gel flash chromatography (5% to 20% MeOH-
CH2Cl2).

1H NMR (400 MHz, CD3OD) δ 3.76 (m, 1H), 3.31
(dq, J=6.8 and 2.8 Hz, 1H), 1.63-1.44 (m, 3H), 1.32 (m, 23H),
1.24 (d, J=6.8 Hz, 3H), 0.93 (t, J=7.0 Hz, 3H); 13C NMR (100
MHz, CD3OD) δ 72.3, 53.2, 34.8, 33.8, 31.54, 31.52, 31.48,
31.44, 31.39, 31.2, 27.7, 24.5, 15.2, 12.8; IR 3369, 3153, 2914,
2849 cm-1;HRMS (ESI)C17H38ON [M+H]+272.2948, found
272.2946; mp 117-119 �C; [R]20D +8.1 (c 0.32, MeOH).

(-)-(RS)-N-{(1S,2R)-1-[(tert-Butyldimethylsiloxy)methyl]-
2-(methoxymethoxy)-4-(trimethylsilyl)but-3-ynyl}-2-methylpro-

pane-2-sulfinamide (8).The same procedure as for 3was followed
using imine 714a,19 (1.94 g, 7.00mmol). Flash chromatography on
silica gel (20% EtOAc-cyclohexane) yielded the title compound
8 (2.64 g, 84%) as as a yellow oil: 1HNMR (400MHz, CDCl3) δ
4.94 (d, J=6.6Hz, 1H), 4.62 (d, J=6.6Hz, 1H), 4.48 (d, J=6.6
Hz, 1H), 3.98 (ABX system, J=10.1 and 3.3 Hz, 1H), 3.89 (d, J=
9.1 Hz, 1H), 3.78 (ABX system, J= 10.1 and 5.4 Hz, 1H),
3.54-3.47 (m, 1H), 3.40 (s, 3H), 1.26 (s, 9H), 0.92 (s, 9H), 0.17
(s, 9H), 0.12 (s, 3H), 0.09 (s, 3H); 13CNMR (100MHz, CDCl3) δ
102.0, 94.3, 92.1, 66.2, 62.6, 60.9, 56.3, 55.7, 25.8, 22.7, 18.1,-0.2,
-5.4, -5.6; [R]20D -63.8 (c 0.76, CHCl3). Anal. Calcd for
C20H43NO4SSi2: C, 53.41; H, 9.64; N, 3.11. Found: C, 53.38;
H, 9.43; N, 3.07.

(-)-(RS)-N-{(1S,2,E)-1-[(tert-Butyldimethylsiloxy)methyl]-2-
(methoxymethoxy)but-3-enyl}-2-methylpropane-2-sulfinamide

(9). At 0 �C, K2CO3 (4.06 g, 29.40 mmol) was added in one
portion to a stirred solution of 8 (2.64 g, 5.88 mmol) in absolute
MeOH (30 mL). After 2 h of stirring at 0 �C, water (15 mL) was
added, and the solution was warmed to room temperature. The
layers were separated, and the aqueous layer was extracted with
Et2O (3 � 45 mL). The combined organic layers were washed
with water (2 � 20 mL) and brine (20 mL), dried over MgSO4,
and concentrated in vacuo.

The residual yellow oil (2.23 g) was taken up in a mixture of
hexane (200 mL) and acetone (10 mL). To the resulting solution
were added 5% Lindlar Pd (8.92 g, i.e., 20 wt % of Pd) and 3,5-
dithia-1,2-octanediol (89 mg, 4 wt %). The flask was flushed
withH2 (3�). After 4 h of stirring at 20 �Cunder 1 atm ofH2, the
reaction mixture was filtered through a pad of Celite, and the
catalyst was rinsed with EtOAc. Removal of the solvents in
vacuo gave an orange oil which was purified by flash chroma-
tography on silica gel (30% EtOAc-cyclohexane) to yield the
title compound 9 (2.07 g, 93%) as a pale yellow oil. 1H NMR
(400 MHz, CDCl3) δ 5.72 (ddd, J=17.1, 9.5 and 7.4 Hz, 1H),
5.32-5.29 (m, 1H), 5.29-5.23 (m, 1H), 4.69 (AB system, J=6.6
Hz, 1H), 4.55 (AB system, J=6.6 Hz, 1H), 4.11 (t, J=7.4 Hz,
1H), 3.97 (ABX system, J=10.0 and 3.3 Hz, 1H), 3.81 (d, J=9.6
Hz, 1H), 3.78 (ABX system, J=10.0 and 4.4 Hz, 1H), 3.37 (s,
3H), 3.36-3.31 (m, 1H), 1.20 (s, 9H), 0.91 (s, 9H), 0.10 (s, 3H),
0.08 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 135.8, 119.3, 94.1,
76.4, 62.5, 60.7, 56.1, 55.6, 25.8, 22.7, 18.1, -5.4, -5.5; HRMS
(ESI) calcd for C17H38NO4SSi [M þ H]þ 380.2285, found
380.2287; [R]20D -68.2 (c 0.93, CHCl3).

(-)-(RS)-N-{(1S,2,E)-1-[(tert-Butyldimethylsiloxy)methyl]-
2-(methoxymethoxy)heptadec-3-enyl}-2-methylpropane-2-sul-

finamide (10).Under an argon atmosphere, to a stirred solution
of 9 (190 mg, 0.50 mmol) and 1-pentadecene (0.54 mL, 2.00
mmol) in anhydrous CH2Cl2 (9 mL) was added Hovey-
da-Grubbs II catalyst (12mg, 0.02mmol). After 20 h of stirring
at 40 �C, Hoveyda-Grubbs II catalyst (3 � 12 mg, 3 � 0.02
mmol) and 1-pentadecene (3 � 0.27 mL, 3 � 1.00 mmol) were
added in three subsequent portions separated by periods of 20 h.
After the last addition, the mixture was stirred for an additional
6 h and then cooled to room temperature. Removal of the
solvent in vacuo gave a dark oil which was purified by flash
chromatography on silica gel (50% EtOAc-cyclohexane) to
yield the title compound 10 (223 mg, 78%) as a brown oil
(mixture of E:Z isomers in a 90:10 ratio). 1H NMR (400 MHz,
CDCl3) δ 5.70 (td, J=15.4 and 6.9 Hz, 1H), 5.28 (dd, J=15.4
and 8.3 Hz, 1H), 4.73 (d, J=6.6 Hz, 1H), 4.68 (d, J=6.6 Hz, 1H
for theminor Z-isomer), 4.53 (d, J=7.9 Hz, 1H), 4.51 (d, J=6.6
Hz, 1H forminor Z-isomer), 4.09 (t, J=7.4Hz, 1H), 3.98 (dd, J=
9.9 and 3.3 Hz, 1H), 3.83-3.78 (m, 2H), 3.38 (s, 3H), 3.38-3.30
(m, 1H), 2.06 (q, J=6.9 Hz, 2H), 1.38-1.23 (m, 22H), 1.22 (s,
9H), 0.95 (s, 9H for theminor Z-isomer), 0.94 (s, 9H), 0.91 (t, J=
7.2 Hz, 3H), 0.14 (s, 3H for the minor Z-isomer), 0.13 (s, 3H),
0.11 (s, 3H for theminor Z-isomer), 0.10 (s, 3H); 13C NMR (100
MHz, CDCl3) δ 136.7, 136.0 (minor Z-isomer), 127.2, 127.0
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(minor Z-isomer), 94.5, 76.9, 62.6, 62.4 (minor Z-isomer), 61.0
(minor Z-isomer), 60.8, 55.9, 55.5, 55.4 (minor Z-isomer), 32.3,
31.9, 29.6, 29.5, 29.4, 29.3, 29.2, 29.0, 25.80, 25.77 (minor Z-
isomer), 22.62, 22.57 (minor Z-isomer), 18.10, 18.05 (minor Z-
isomer), 14.0, -5.46, -5.50; IR 3271, 2924, 2853, 1666, 1464,
1254, 1155, 1078, 1029, 834, 778 cm-1; HRMS (ESI) calcd for
C30H63NNaO4SSi [M þNa]þ 584.4140, found 584.4125; [R]20D
-63.0 (c 1.04, CHCl3).

(-)-(RS)-N-{(1S,2R)-1-[(tert-Butyldimethylsiloxy)methyl]-
2-(methoxymethoxy)heptadecanyl}-2-methylpropane-2-sulfin-
amide (11). To a solution of alkene 10 (655 mg, 1.17 mmol) in
absolute MeOH (40 mL) was added Raney Ni (a spatula). The
flask was flushed with H2 (3�). After 20 h of stirring at 20 �C
under 1 atm of H2, the reaction mixture was filtered through a
short pad of silica gel eluting with 30% EtOAc-cyclohexane.
The solvents were removed, and the residue was filtered through
a short pad of silica gel eluting with EtOAc. Removal of the
solvent gave the title compound 11 (603 mg, 92%) as a pale
yellow oil. 1H NMR (400 MHz, CDCl3) δ 4.71 (AB system, J=
6.7 Hz, 1H), 4.66 (AB system, J=6.7 Hz, 1H), 3.96-3.89 (m,
2H), 3.84 (ABX system, J=9.9 and 4.2 Hz, 1H), 3.67-3.61 (m,
1H), 3.41 (s, 3H), 3.38-3.30 (m, 1H), 1.69-1.64 (m, 2H), 1.28 (s,
26H), 1.24 (s, 9H), 0.93 (s, 9H), 0.90 (t, J=7.2 Hz, 3H), 0.12 (s,
3H), 0.10 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 96.9, 78.0,
62.7, 59.6, 55.8, 55.7, 31.9, 31.3, 29.8, 29.7, 29.64, 29.62, 29.58,
29.3, 25.8, 24.4, 22.64, 22.61, 18.1, 14.1, -5.5; IR 3290, 2923,
2853, 1464, 1253, 1079, 1035, 835, 778 cm-1; HRMS (ESI) calcd
for C30H65NNaO4SSi [M þ Na]þ 586.4296, found 586.4282;
[R]20D -7.2 (c 1.03, CHCl3).

(þ)-(2S,3R)-2-Aminooctadecane-1,3-diol Hydrochloride (Sphin-
ganine 3HCl).Under an argon atmosphere, at 20 �C, to a stirred
solution of 11 (114 mg, 0.20 mmol) in absolute MeOH (5 mL)
was added dropwise HCl (4 M in solution in 1,4-dioxane, 0.25
mL, 1.00 mmol). After 2 h of stirring at 65 �C, the solvents were
removed under vacuo to give sphinganine 3HCl (68 mg, 100%)
as a white solid. 1H NMR (400 MHz, CD3OD) δ 3.87 (ABX
system, J=11.6 and 3.9 Hz, 1H), 3.84-3.78 (m, 1H), 3.73 (ABX
system, J=11.6 and 8.5 Hz, 1H), 3.23 (dt, J=8.5 and 4.0 Hz,
1H), 1.61-1.46 (m, 3H), 1.45-1.26 (m, 25H), 0.93 (t, J=7 Hz,
3H); 13C NMR (100 MHz, CD3OD) δ 71.4, 59.9, 59.6, 35.2,
34.1, 31.84, 31.81, 31.78, 31.75, 31.6, 31.5, 28.1, 24.8, 14.5;
IR 3334, 3050, 2917, 2848, 1058 cm-1; HRMS (ESI) calcd for
C18H40NO2 [M þ H]þ 302.3054, found 302.3045; mp 89-
90 �C; [R]20D þ10.0 (c 0.06, MeOH).

(-)-(RS)-N-{(1S,2,E)-1-[(tert-Butyldimethylsiloxy)methyl]-
2-(methoxymethoxy)undec-3-enyl}-2-methylpropane-2-sulfin-

amide (12). The same procedure as for 10 was followed from 9
(152 mg, 0.400 mmol), 1-nonene (0.270 mL, 1.600 mmol then 3
� 0.140mL, 3� 0.800 mmol) and Hoveyda-Grubbs II catalyst
(4 � 10 mg, 4 � 0.016 mmol). Flash chromatography on silica

gel (30% EtOAc-cyclohexane) yielded the title compound 12

(149 mg, 78%) as a brown oil (mixture of E:Z isomers in a 86:14
ratio). 1H NMR (400 MHz, CDCl3) δ 5.70 (td, J=15.3 and 6.8
Hz, 1H), 5.31 (ddt, J=15.3, 8.3 and 1.3 Hz, 1H), 4.73 (d, J=6.6
Hz, 1H), 4.68 (d, J=6.6Hz, 1H for theminorZ-isomer), 4.53 (d, J
=7.9 Hz, 1H), 4.51 (d, J=6.6 Hz, 1H for the minor Z-isomer),
4.10 (t, J=7.4 Hz, 1H), 3.98 (dd, J=9.9 and 3.4 Hz, 1H),
3.83-3.78 (m, 2H), 3.41-3.31 (m, 1H), 3.38 (s, 3H), 2.06 (q, J=
6.8Hz, 2H), 1.46-1.29 (m, 10H), 1.22 (s, 9H), 0.94 (s, 9H for the
minor Z-isomer), 0.95 (s, 9H), 0.91 (t, J=7.0Hz, 3H), 0.14 (s, 3H
for theminor Z-isomer), 0.13 (s, 3H), 0.11 (s, 3H for theminor Z-
isomer), 0.10 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 136.8,
127.2, 93.5, 75.9, 62.6, 60.8, 56.0, 55.5, 32.4, 31.8, 29.2, 29.1,
29.0, 25.8, 22.65, 22.62, 18.10, 14.0, -5.43, -5.46; IR 3303,
2953, 2926, 2855, 1686, 1464, 1254, 1155, 1078, 1028, 834, 777
cm-1; HRMS (ESI) calcd for C24H51NNaO4SSi [M þ Na]þ

500.3200, found 500.3183; [R]20D -51.4 (c 0.73, CHCl3).
(-)-(RS)-N-{(1S,2R)-1-[(tert-Butyldimethylsiloxy)methyl]-

2-(methoxymethoxy)undecanyl}-2-methylpropane-2-sulfinamide

(13). The same procedure as for 11 was followed from 12 (127
mg, 0.270mmol) to give the title compound 13 (125mg, 97%) as
a colorless oil. 1H NMR (400 MHz, CDCl3) δ 4.71 (AB system,
J=6.6Hz, 1H), 4.65 (AB system, J=6.6Hz, 1H), 3.96-3.87 (m,
2H), 3.83 (ABX system, J=9.9 and 4.2 Hz, 1H), 3.67-3.60 (m,
1H), 3.40 (s, 3H), 3.38-3.31 (m, 1H), 1.69-1.50 (m, 2H),
1.40-1.18 (m, 22H), 0.92 (s, 9H), 0.90 (t, J=6.9 Hz, 3H), 0.12
(s, 3H), 0.10 (s, 3H); 13C NMR (100 MHz, CDCl3) δ 96.9, 78.0,
62.7, 59.6, 55.9, 55.8, 31.9, 31.3, 29.8, 29.59, 29.56, 29.3, 25.9,
24.5, 22.6, 18.2, 14.1, -5.5; IR 3293, 2952, 2925, 2854, 1464,
1253, 1078, 1035, 834, 778 cm-1; HRMS (ESI) calcd for
C24H53NNaO4SSi [M þ Na]þ 502.3357, found 502.3341;
[R]20D -7.5 (c 0.62, CHCl3).

(-)-(1S,2R)-2-Aminododecane-1,3-diol Hydrochloride (Hydro-

chloride Salt of the Hydrolysis Product of Clavaminol H, 14 3HCl).
The same procedure as for sphinganine 3HCl was followed from
13 (123mg, 0.25mmol) togive the title compound 14 3HCl (62mg,
96%) as a colorless oil. 1H NMR (400 MHz, CD3OD) δ 3.87
(ABX system, J=11.6 and 4.0 Hz, 1H), 3.84-3.79 (m, 1H), 3.73
(ABX system, J=11.6 and 8.8 Hz, 1H), 3.23 (m, 1H), 1.63-1.45
(m, 3H), 1.45-1.23 (m, 13H), 0.93 (t, J=7.0 Hz, 3H); 13C NMR
(100MHz, CD3OD) δ 71.1, 59.7, 59.3, 35.0, 33.9, 31.5, 31.4, 31.2,
27.8, 24.5, 15.3; IR 3327, 3043, 2952, 2918, 2849, 1055 cm-1;
HRMS (ESI) calcd for C12H28NO2 [M þ H]þ 218.2115, found
218.2112; [R]20D -6.0 (c 0.10, MeOH).

Supporting Information Available: General informations,
experimental procedures for compounds 1 and 7, 1H and 13C
spectra for all new compounds. This material is available free of
charge via the Internet at http://pubs.acs.org.


