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Abstract—A new highly stereoselective construction of the sidechain of squalamine has been achieved by using methyl-3-keto-5a-
chenodeoxycholanate (2) as the starting material and an improved Sharpless catalytic asymmetric dihydroxylation as the key step.
© 2001 Elsevier Science Ltd. All rights reserved.

The discovery of the novel aminosterol squalamine
resulted from a search for new small molecule antibi-
otics.1 In 1993, Zasloff and co-workers discovered
squalamine (Fig. 1) in minute quantities from the stom-
ach of the dogfish shark Squalus acanthias as a broad-
spectrum antibiotic displaying potent bactericidal
activities against both Gram-negative and Gram-posi-
tive bacteria.2 The structure of squalamine was deter-
mined as 3b-N-1-{N-[3-(4-aminobutyl)]-1,3-diamino-
propane}-7a,24R -dihydroxy-5a -cholestane-24-sulfate
by 1H, 13C NMR and FAB mass spectrometry.2–4b It is
a water soluble cationic steroid and consists of an
unusual adduct of spermidine with an anionic bile–salt
intermediate. Thereafter, many efforts were made to
synthesize squalamine4 and its analogues5 and explore
their biological activities.6 Among them, antiviral activ-

ity of squalamine was also found.6a However, the most
significant event was the presentation of its anti-angio-
genic activity,6b which first directly led to the develop-
ment of squalamine into an anti-cancer
chemotherapeutic.7 Furthermore, the applicable range
of squalamine has been highly expanded into age-
related macular degeneration, malaria, obesity and
asthma.8 All these facts, along with the most recent
discovery of several analogues of squalamine from the
stomach of the dogfish shark Squalus acanthias,9 may
bring research of squalamine into a new era. Therefore,
the design and syntheses of squalamine and its ana-
logues would be a highlight of future research work.

Herein, we address a new highly stereoselective con-
struction of the sidechain of squalamine using an
improved Sharpless catalytic asymmetric
dihydroxylation10 as a key step from methyl 3-keto-5a-
chenodeoxycholanate 2 as the starting material.

As depicted in Scheme 1, 3-keto-5a-chenodeoxy-
cholanate 2 was prepared from methyl chenodeoxy-
cholanate according to the literature.11 To protect the
7a-hydroxy group of 2, it was stirred at rt with
dimethoxymethane, catalyzed by P2O5, in chloroform
to afford 7a-methoxy methyl ether 3 in 94% yield.
Afterwards, the 3-keto group was protected with ethyl-
ene glycol to afford 3-dioxolane compound 4 in 96%
yield, which was then reduced with LiAlH4 to afford
24-alcohol 5 in 96% yield. Swern oxidation of 5, fol-
lowed by Wittig olefination with BuLi and isopropyl-
triphenylphosphonium iodide in THF at rt gave D24

compound 6 in two steps with 93% overall yield. This

Figure 1. Squalamine.
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Scheme 1. (a) CH3OCH2OCH3, P2O5, CHCl3, rt, 94%; (b) ethylene glycol, PTSA, benzene, D, 96%; (c) LiAlH4, THF, rt, 96%; (d)
(1) (COCl)2, DMSO, Et3N, CH2Cl2, −78°C, (2) BuLi, Ph3P+CH(CH3)2I−, THF, rt, two steps, 93%; (e) (DHQD)2PHAL,
K2OsO2(OH)4, K3Fe(CN)6, K2CO3, CH3SO2NH2, t-butanol–methyl t-butyl ether–H2O (2.5:3:2.5), rt, 83%, 100% d.e.; (f) Ac2O,
Py, rt, 92%; (g) CH3SO2Cl, DMAP, Et3N, CH2Cl2, 0–20°C, 64%, (h) NH2OH, EtOAc, DMF, 95°C, then KOH, MeOH, D, 86%;
(i) PPTS, t-BuOH, D, 92%, 99% d.e.

desmosteroid derivative 6 could be used as a key inter-
mediate for the syntheses of squalamine and its ana-
logues. In the course of our synthesis of squalamine, the
key step is the stereoselective introduction of the 24R,25-
dihydroxy group into the sidechain of 6 via an improved
Sharpless catalytic asymmetric dihydroxylation.10

Thus, dihydroxylation of 6 with (DHQD)2PHAL and
K2OsO2(OH)4 in t-BuOH–methyl t-butyl ether–H2O
(2.5:3:2.5) solvent system gave 24R,25-dihydroxy com-
pound 7 in 15 h in 83% yield and with 100% d.e.
Obviously, this solvent system has an advantage over the
usual solvent system (1:1 t-BuOH–H2O12 or 1.5:1 t-
BuOH–H2O13) in the AD reaction in that it can greatly
reduce the reaction time and increase the diastereoselec-
tivity, due to the larger solubility of steroids therein.
Acetylation of 7 with acetic anhydride and pyridine gave
the acetate 8 in 92% yield. Dehydration of 8 with
methanesulfonyl chloride and triethylamine in the pres-
ence of a catalytic amount of DMAP gave 24R-ace-
toxyl group-D25-compound 9 in 64% yield.14 Diimide
reduction15 of 9 followed by hydrolysis with potassium
hydroxide in methanol afforded compound 10 in 86%
yield. Finally, deprotection of 10 with PPTS in t-BuOH

gave the target molecule 116 with high stereoselectivity
(99% d.e.) in 92% yield. Compound 1 was easily con-
verted into squalamine by a known method.4d

The advantage of this construction of the sidechain of
squalamine is its highly stereoselective introduction of
the 24R-hydroxy group to the key intermediate,
desmosterol derivative 6 via an improved Sharpless
asymmetric dihydroxylation. The short route to the
precursor 1 of squalamine was achieved in nine steps in
an overall yield of 31.2% and with 99% d.e. The
syntheses of squalamine and its analogues are in
progress.
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