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We report the total synthesis of (2S,3R)-2-aminododecan-3-ol has been achieved starting from commer-
cially available 10-undecenoic acid. The key steps involved are Sharpless asymmetric epoxidation,
Miyashita’s boron-directed C-2 regioselective azidolysis, generated the asymmetric centers and in situ
detosylation and reduction of azido tosylate. The antifungal activity of the synthesized (2S,3R)-2-amino-
dodecan-3-ol was evaluated on several Candida strains and was comparable to miconazole, a standard
drug

� 2012 Elsevier Ltd. All rights reserved.
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Natural products have played an important role in the history of
drug discovery and development process by providing novel, clin-
ically useful medicines having various biological activities such as
anticancer, anathematic, antifungal, anti-protozoal and antimicro-
bial activities, among others.1,2 In the last decades, natural prod-
ucts having antifungal activity received increased attention from
chemists since fungal infections are very common. So there is al-
ways an ever increasing requirement of safe and effective anti-
fungal agents to control fungal infections. The importance of
antifungal chemotherapy continues to evolve rapidly because inva-
sive fungal infections in immuno-compromised patients have be-
come increasingly significant. Recently, new antifungal agents,
such as voriconazole and caspofungin,3 have entered the clinical
arena. Ongoing efforts towards the search for new natural anti-
fungal agents from marine organisms have been recently re-
viewed.4 (2S,3R)-2-Aminododecan-3-ol (1), is a natural product
isolated from the ascidian Clavelina oblonga,1 which showed strong
activity against Candida albicans (MIC of 0.7 lg mL�1) and moder-
ately active against Candida glabrata (MIC of 30 lg mL�1). Mar-
ine-derived long chain 2-amino-3-alkanols, are commonly
encountered in tunicates and some sponges.5 Structurally, these
compounds are related to the sphingosine derivatives (e.g., sphin-
ganine, 4-sphinganine, phytosphingosine), long known as central
structural element of sphingolipids, which are important constitu-
ents of the lipid portion of cell membranes in living organisms.
The carbon chain length of these sphingolipid derivatives vary
from C12 to C30.6,7 Sphingolipids8 and 2-amino-3-alkanols such as
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(2S,3R)-2-aminododecan-3-ol isolated from C. oblonga were found
to have (2S,3R)-configuration. Due to the unusual stereochemical
configuration of these natural products and the potent biological
activity, we were interested in developing an efficient route for
their synthesis. Owing to its structural simplicity, the title com-
pound 1 has been less investigated in terms of its total synthesis.
Sutherland reported the total synthesis of 1 from (S)-glycidol in
14 steps with an overall yield of 29%.9 Very recently, Huang re-
ported an improved four-step approach for the stereoselective syn-
thesis of long-chain anti-2-amino-3-alkanols from L-alanine
derivatives.10 In this context, we report a new synthetic approach
involving 10 steps for the synthesis of (2S,3R)-2-aminododecan-
3-ol from a cheaper and readily available 10-undecenoic acid,
which is being produced from a renewable feedstock, castor oil.
The synthesized (2S,3R)-2-aminododecan-3-ol (1) was evaluated
for antifungal activity on a series of Candida strains.

The retrosynthetic strategy for the total synthesis of the target
molecule 1 is delineated in Scheme 1. We envisaged that the target
molecule 1 could be obtained from azido tosylate 11 which in turn
could be derived from azido diol 9. The compound 9 could be
R HO 8 8
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Scheme 1. Retrosynthetic analysis of (2S,3R)-2-aminododecan-3-ol.
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Table 1
Antifungal activity of (2S,3R)-2-aminododecan-3-ol

Test strains MIC (lg mL�1)

C (1)a Mb Fc Nd Ae

Candida parapsilosis MTCC 1744 4.9 9.9 18.8 150 300
Candida aaseri MTCC 1962 9.9 9.9 75.0 150 300
Candida glabrata MTCC 3019 9.9 9.9 75.0 150 300
Candida albicans MTCC 183 9.9 9.9 37.5 150 300
Candida albicans MTCC 7315 9.9 9.9 37.5 150 300
Candida albicans MTCC 3958 19.8 9.9 75.0 150 300
Candida albicans MTCC 854 37.5 9.9 37.5 150 300

a C (1): compound (1).
b M: miconazole.
c F: fluconazole.
d N: nystatin.
e A: amphotericin B.
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obtained from enantiomerically pure epoxy alcohol 8 by the trial-
kyl borate mediated C-2 selective azidolysis under Miyashita’s con-
dition. The fragment 8 could be prepared from the intermediate 6
by involving Sharpless asymmetric epoxidation reaction. The inter-
mediate 6 could in turn be prepared from the intermediate 3 by
involving ozonolysis followed by Wittig reaction.

Thus as per the retrosynthesis shown above, the first sub-target
for the synthesis of 1 was to synthesize enantiomerically pure
epoxy alcohol 8. Our strategy for the synthesis of 1 started with
readily available fatty acid namely, 10-undecenoic acid 2. Accord-
ing to Scheme 2, the fatty acid 2 was treated with LiAlH4 to afford
the alcohol 3 in high yield (97%).11 The free hydroxymethyl group
at C1 in compound 3 was converted into methyl group by tosyla-
tion12 of the primary alcohol 3 in the presence of triethylamine
and subsequent treatment of the tosyloxy derivative 4 with LiAlH4

to afford the desired olefin 5 with 84% yield.13,14

Ozonolysis of 5 provided 1-decanal and was used directly in the
subsequent Wittig reaction without further purification to avoid
decomposition.15 According to Barrett,19a 1-decanal was treated
with Ph3P@CHCO2Et in dry THF gave exclusively E-a,b-unsaturated
ester 6 in 86% yield (over two steps).16 Reduction of 6 with DIBAL-
H in dry DCM furnished the desired E-a,b-unsaturated alcohol 7 in
high yield (90%).14,16–18 Sharpless asymmetric epoxidation19b of 7
with D-(�)-diethyl tartrate afforded enantiomerically pure epoxy
alcohol 8 in 90% yield with >98% ee by 1H NMR analysis of the cor-
responding Mosher ester derivative. C-2 selective azidolysis20 of
enantiomerically pure epoxide 8 by sodium azide in dry DMF in
the presence of trimethylborate furnished mixture of azido diols
9 (major) and 10 (minor). These two regioisomers did not show
any separation on TLC, and an attempt to purify by column chro-
matography was also unsuccessful. However, the corresponding
tosylates 11 and 12, which were obtained by tosylation of a mix-
ture of 9 and 10 with 1.1 equiv of tosyl chloride in dry CH2Cl2 in
the presence of triethylamine at 0 �C, were completely separable
by silica gel column chromatography. Amounts of isolated 11 and
12 suggested that in the azidolysis reaction compounds 9 and 10
were formed in a ratio of 84:16. The synthesis of (2S,3R)-2-amino-
dodecan-3-ol 1 was completed by one-pot reduction of azido tos-
ylate17 11 with LiAlH4 involving simultaneous reduction of –N3

to –NH2 and detosylation with 68% yield. The overall yield of the
(2S,3R)-2-aminododecan-3-ol 1 was found to be 17.1% after 10
steps. Spectral data of some selected compounds namely, 8, 11
and 1 are given in Ref. 23.
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Scheme 2. Reagents and conditions: (a) LiAlH4, dry THF, 0 �C to rt, 30 min, 97%; (b) TsCl, E
(i) O3, CH2Cl2, (CH3)2S, �78 �C, 6 h, (ii) Ph3P@CHCO2Et, dry THF, rt, 12 h, 86% over two st
dry CH2Cl2, �25 �C, 24 h, 90%; (g) NaN3, (MeO)3B, dry DMF, 50 �C, 3 h, 92%; (h) TsCl, Et3N
dry THF, 0 �C to rt, 8 h, 68%.
Antifungal activity: In the present study, the antifungal activity
(Table 1) of the synthesized (2S,3R)-2-aminododecan-3-ol (1)
was carried out using well diffusion method.21,22

As shown in Table 1, the synthesized (2S,3R)-2-aminododecan-
3-ol 1 exhibited moderate activity towards C. albicans MTCC 854
and C. albicans MTCC 3958, while it showed good activity (MIC of
9.9 lg mL�1) towards C. albicans MTCC 7315, C. albicans MTCC
183, C. glabrata MTCC 3019 and C. aaseri MTCC 1962 and very high
inhibitory activity (MIC of 4.9 lg mL�1) towards C. parapsilosis
MTCC 1744, demonstrating that the amine and hydroxyl groups
present in this target molecule 1 plays a key role in the struc-
ture–function relationship in exhibiting this bioactivity. Further,
the antifungal activity exhibited by (2S,3R)-2-aminododecan-3-ol
1 against these strains is comparatively better than the antifungal
activity exhibited by different clinically used antifungal drugs like
miconazole (MIC of 9.9 lg mL�1), fluconazole (MIC values ranging
between 18.8 and 75 lg mL�1), nystatin (MIC of 150 lg mL�1) and
amphotericin B (MIC of 300 lg mL�1). While, in an earlier study1 it
was reported that the naturally derived (2S,3R)-2-aminododecan-
3-ol 1 exhibited strong activity against C. albicans (MIC of
0.7 lg mL�1) and moderate activity against C. glabrata (MIC of
30 lg mL�1). This activity was comparable to the antifungal activ-
ity of standard antifungal drugs like nystatin (MIC values ranging
between 1.0 and 4.0 lg mL�1) and ketoconazole (MIC between
0.01 and 1 lg mL�1).
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t3N, DMAP, dry CH2Cl2, 0 �C, 2 h, 89.6%; (c) LiAlH4, dry THF, 0 �C-reflux, 3 h, 84%; (d)
eps; (e) DIBAL-H, dry CH2Cl2, �78 �C to rt, 0.5 h, 90%; (f) D-(�)-DET, Ti(OiPr)4, TBHP,
, DMAP, dry CH2Cl2, 0 �C, 5 h, 64%; (i) Silica gel column chromatography; (j) LiAlH4,
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In conclusion, the total synthesis of (2S,3R)-2-aminododecan-3-
ol 1 was efficiently synthesized from commercially available 10-
undecenoic acid. Key steps in the developed route were Wittig
reaction and Sharpless asymmetric epoxidation to synthesize the
enantiomerically pure epoxy alcohol and regioselective epoxide
azidolysis for the synthesis of target molecule 1. The proposed
route constitutes a valuable alternative to the established method-
ologies, as the raw material comes from renewable sources and
most followed steps are operationally simple and high yielding.
The antifungal activity of the title compound 1 was found to be
comparable to miconazole towards all the tested Candida strains.
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