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Abstract—An enantioselective route for the synthesis of key fragment C1–C20 resident in microsclerodermins A and B is described.
The route features deoxygenative rearrangement of an hydroxy-alkynoate and a highly enantio- and diastereo-controled iterative
dihydroxylation as key reactions, starting from S-(�)-citronellol.
� 2006 Elsevier Ltd. All rights reserved.
The microsclerodermins (A–I) are a class of natural
products, isolated from the lithistid sponge Microsclero-
derma sp., that display significant antifungal and anti-
tumor activities.1 Of the nine bioactive metabolites in this
family, microsclerodermins A and B are two of the most
biologically active with antifungal activity against Can-
dida albicans (at 2.5 lg/disk). The microsclerodermins
A and B have a complex molecular structure, compris-
ing a 23-membered cyclic hexapeptide core, featuring
four unusual amino acid residues, one of which is a very
complex b-amino acid residue located in the C1–C20
region. This fragment has five contiguous asymmetric
centers at C2–C6. Due to its biological profiles and
the dense presence of stereogenic centers in the C1–
C20 region, the target microsclerodermins A and B
demand effective control of distal asymmetric induction,
rendering the stereoselective preparation of this
antifungal agent a challenging problem in chemical
synthesis. To date only one research group has contrib-
uted to the partial synthesis of this complex natural
product.2

In this letter, we describe an efficient synthesis of the
C1–C20 subunit resident in microsclerodermins A and
B. Our retrosynthetic analysis envisioned the late install-
ment of the four contiguous stereocenters of 2 through
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the application of iterative Sharpless asymmetric dihydr-
oxylation (SADH) on diene ester 3. This, in turn could
be obtained by triphenylphosphine-mediated rearrange-
ment of alkynol 4 which was to be synthesized from
commercially available S-(�)-citronellol 5 (Scheme 1).

As illustrated in Scheme 2, stereoselective synthesis of
the C1–C20 segment of microsclerodermins A and B
commenced with S-(�)-citronellol 5, as a suitable chiral
substrate.

The S-(�)-citronellol 5 was protected as its tetrahydro-
pyranyl ether 6. Compound 6 was subjected to ozono-
lysis to furnish aldehyde 7, which was elaborated to
unsaturated ester 8 by Wittig olefination. The stepwise
reduction of the conjugate olefin (Mg–MeOH) followed
by ester reduction to primary alcohol 9 was achieved
using LiAlH4.3 The primary alcohol group in 9 was pro-
tected as a benzyl ether 10 by treatment with NaH and
benzyl bromide in 90% yield. The selective release of
one of the primary alcohols was achieved by using p-
TSA in MeOH to realize 11. This allowed us to extend
the ‘right-hand’ side of the fragment. The oxidation of
11 using IBX4 furnished aldehyde 12, which was imme-
diately exposed to lithiated ethylpropiolate to realize the
formation of hydroxy alkynoate 4 as a diastereomeric
mixture, which was not separated. The critical diene
ester intermediate 3 was obtained from 4 by triphenyl-
phosphine-mediated deoxygenative rearrangement via
an allene.5 This rearrangement allowed us to obtain
the diene ester ready for the stereoselective incorpora-
tion of hydroxy groups via iterative Sharpless asymmet-
ric dihydroxylation.
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Scheme 2. Reagents, conditions and yields: (a) Dihydropyran, p-TSA (5 mol %), CH2Cl2, rt, 2 h, 98%; (b) O3, DMS, CH2Cl2, �78 �C; (c)
Ph3P@CHCOOMe, benzene, rt, 84% (for two steps); (d) Mg/MeOH, rt, 12 h, 86%; (e) LiAlH4, THF, 0 �C–rt, 96%; (f) BnBr, NaH, THF, 0 �C–rt,
90%; (g) p-TSA (5 mol %), MeOH, rt, 2 h, 93%; (h) IBX, DMSO-THF, rt, 3 h, 95%; (i) LiHMDS, THF, �78 �C, 2 h, 86%; (j) Ph3P, benzene, rt, 90%;
(k) AD mix-aMeSO2NH2, tBuOH–H2O (1:1), 0 �C, 24 h; (l) 2,2 DMP, CSA (5 mol %), DCM, 1 h, 85%.
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At first glance, Sharpless asymmetric dihydroxylation
followed by a Sharpless asymmetric aminohydroxyl-
ation reaction seemed to be an option to establish the
required four stereogenic centers at C2-3 and C4-5 in
2. The enantio- and regio-selective Sharpless asymmetric
dihydroxylation6 of diene ester 3 with AD mix-a in
tBuOH:H2O (1:1) provided the diol 13 which was
masked as its acetonide 14 using 2,2-dimethoxypropane
and catalytic camphorsulfonic acid (CSA) in 85% yield
(for two steps) with 96% de. The major isomer was sep-
arated by column chromatography (Scheme 3).

The regioselective incorporation of a cis-aminohydroxyl
group was planned as the next step by Sharpless asym-
metric aminohydroxylation,7 however, this method
was unsuccessful. Thus, we envisaged an asymmetric
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Scheme 3. Reagents, conditions and yields: (a) AD-mix-b, tBuOH:H2O, 0 �C, 87%; (b) LiAlH4, THF, 1 h, 0 �C–rt, 80%; (c) 2,2-DMP, CSA
(5 mol %), DCM, rt, 85%; (d) Tf2O, pyridine, DCM, �10 �C; (e) Bu4NBr, DCM, rt, 86% (for two steps); (f) NaN3, DMF, 65 �C, 4 h, 82%; (g)
Pd(OH)2/C–H2, (Boc2)O, MeOH, 92%; (h) IBX, DMSO:THF, 3 h, 88%; (i) 4-CH3O–C6H4CH2P + Ph3Cl�, n-BuLi, THF, 12 h, 0�C–rt, 70%; (j)
Pd(CH3CN)2Cl2, DCM (0.5 M), rt, 92%; (k) PPTS, MeOH, 45 �C, 12 h, 75%; (l) TBSCl, imidazole, DMAP (3 mol %), DCM, 82%; (m) MOMCl,
DIPEA, DCM, rt, 90%; (n) TBAF, THF, rt, 70%.
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dihydroxylation-double inversion (at C-3) sequence. A
second, Sharpless asymmetric dihydroxylation8 on 14,
with the diastereomerically matched chiral reagent AD
mix-b in tBuOH–H2O at 0 �C afforded the diol 15 in
87% yield with excellent diastereoselectivity (10:1).
Unfortunately, efforts to introduce the amine function-
ality at C-3 always produced only the elimination
product.9

To avoid the competitive elimination reaction, the di-
hydroxy ester 15 was reduced to triol 16 with LiAlH4 in
THF. Then, the triol 16 was subjected to regioselective
1,2-acetonide protection with 2,2-DMP in DCM using
CSA to give 17 in 85% yield. Treatment of the diaceto-
nide 17 with Tf2O in the presence of pyridine gave tri-
flate 18. The sequential displacement of the triflate 18
by bromide (Bu4NBr) followed by azide (NaN3) pro-
vided the nitrogen function with overall retention of
configuration10 at C-3. The required five contiguous
asymmetric centers at C2–C6 for the key building block
2 had now been established by the synthesis of azido
compound 19.

At this point, a one-pot deprotection–reduction–protec-
tion strategy was utilized. The azide 19 was subjected to
Pd(OH)2/C catalyzed hydrogenation in the presence of
(Boc)2O which effected benzyl ether deprotection, azide
reduction and Boc-protection of the resulting amine to
afford compound 20 in 92% overall yield. The alcohol
20 was oxidized with IBX to furnish the desired alde-
hyde 21 in 88% yield. For the construction of the styryl
moiety of compound 3, Wittig alkenation of the alde-
hyde 21 with (4-methoxyphenylmethylene) triphenyl-
phosphorane in THF was used to provide a mixture of
E/Z isomers in a ratio of 3:2 in 70% yield. Treatment
of the mixture of isomers with a catalytic amount of
Pd(CH3CN)2Cl2 in 0.5 M DCM at room temperature
caused isomerization11 of the double bond and afforded
the isomerically pure E-isomer 22 in 92% yield. The 1H
NMR spectrum showed a doublet at d 6.29 ppm
(J = 15.8 Hz) and a multiplet at 6.05–5.95 ppm which
provided confirmation for the E-geometry.

The terminal acetonide in 22 was selectively deprotected
under mildly acidic conditions (PPTS in MeOH)12 to
give the diol 23. The two liberated hydroxyl groups were
protected selectively. A TBS group was introduced
regioselectively at the primary hydroxyl group to yield
24. Introduction of methoxymethyl at the remaining free
hydroxyl group was achieved by the reaction of 24 with
MOMCl and diisopropylethylamine in DCM to obtain
25 in 90% yield. The conditions for the regioselective re-
moval of the TBS protecting group from 25 were inves-
tigated next, and was possible, utilizing TBAF in THF,
to provide the key fragment 2,13 which could be oxidized
at a later stage. All these transformations completed the
stereoselective synthesis of the C1–C20 segment of
microsclerodermins A and B.

In conclusion, we have developed an efficient, enantio-
selective route for the synthesis of the C1–C20 fragment
resident in microsclerodermins A and B. The route fea-
tures a deoxygenative rearrangement of an alkynol, and
an highly enantio- and diastereo-controled iterative
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dihydroxylation as key reactions starting from S-(�)-
citronellol. Further progress towards the total synthesis
of 1 is currently ongoing in our laboratory.
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