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Synthesis of a fully protected (2S,3R)-N-(1�,1�-dimethyl-2�-
propenyl)-3-hydroxytryptophan from tryptophan
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Abstract—(2S,3R)-N-(1�,1�-Dimethyl-2�-propenyl)-3-hydroxytryptophan, a key amino acid of the anti-inflammatory cyclic peptide,
cyclomarin C, has been synthesized stereoselectively, with full protection, from L-tryptophan for the first time. © 2002 Elsevier
Science Ltd. All rights reserved.

In recent years, studies into new bioactive chemical
agents from marine microorganisms as new natural
resources, although poorly known biologically, have
been carried out. Amongst these efforts, three novel
cyclic peptides, cyclomarins A, B and C (Fig. 1) were
isolated and characterized from a sediment sample col-
lected in the vicinity of San Diego by Clardy et al.1 These
were found to show significant anti-inflammatory activ-
ities in both in vivo and in vitro assays, especially in the
phorbol ester (PMA)-induced mouse ear edema assay.
The structures of cyclomarins contain several unusual
amino acids, including two �-hydroxytryptophan deriva-

tives 3 and 4. During the past 2 years, several groups have
developed synthetic studies of these natural products, as
well as related methodology to obtain these amino acids.2

Many bioactive natural products3 have been found to
contain N-reversed prenylated indole fragments. How-
ever, until the recent work of Shioiri et al.,2 few studies
have been reported on these N-reversed prenylated
indole compounds. As part of our interest in synthetic
studies toward cyclomarins, we would like to report the
first stereoselective synthesis of (2S,3R)-N-(1�,1�-
dimethyl-2�-propenyl)-3-hydroxytryptophan from read-
ily available L-tryptophan.

Figure 1. The chemical structures of cyclomarin A and C.
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The synthesis started with N-alkylation. In order to
furnish the N-tert-alkylation and avoid racemization,
L-tryptophan was reduced to the corresponding N-Boc
amino-alcohol by a routine procedure.4 The N-Boc
protected amino-alcohol was then treated with 2,2-
dimethoxypropane (DMP) to afford compound 5 in
high yield (Scheme 1). Deprotonation of 5 with NaH
and then N-alkylation of the indole nitrogen with ethyl
2-bromopropionate gave an intermediate which was
subjected to further treatment with LDA and methyl
iodide to methylate the �-position of the ester. Reduc-
tion with LiAlH4 afforded the stable and easy-to-sepa-
rate alcohol 6. A Wittig reaction of the aldehyde
prepared from alcohol 6 by Swern oxidation gave the
terminal olefin 7. At this stage, the desired N-tert-alkyl-
ation had been achieved. The S-configuration of the
N-functionalized carbon had been retained from the
natural L-tryptophan.

A DDQ-based oxidation5 successfully introduced the
new carbonyl group into 7 at the benzylic site (86%
yield, Scheme 2). This newly introduced carbonyl was
to be the basis for the (3R)-hydroxyl group in future

transformations. Unfortunately, there were unexpected
difficulties encountered in removing the dimethyl acetal
from the reduced product of 8 although a wide selec-
tion of reagents and conditions were tried to resolve the
problem, including TFA, AcOH (aq.), p-TsOH, PPTS
and others. Finally, we decided to remove the dimethyl
acetal from 7 and change it to an alternative protecting
group before the DDQ oxidation (Scheme 2).

Selective deprotection of the acetal 7 was achieved
using methanol with a catalytic amount of p-TsOH
(92%), and the resultant alcohol was protected quanti-
tatively with TBSCl (Scheme 2). DDQ-based oxidation
of 9 afforded the carbonyl compound 10 in 68% yield.
A stereoselective reduction of 10 by DIBAL-H was
carried out at −78°C to give the alcohol 11 (>19:1
diastereoselectivity). The threo configuration of 11 was
confirmed using a 1H NMR method discussed below. It
is worth noting that temperature control during the
reduction is essential to obtain good diastereoselectiv-
ity. If the DIBAL-H reduction was performed at 0°C,
almost equal amounts of threo and erythro products
were obtained which cyclized to give the cyclic carba-

Scheme 1. Reagents and conditions: (a) AcCl, MeOH; (b) Boc2O, Et3N, 97% (two steps); (c) LiAlH4, 96%; (d) DMP, 89%; (e)
NaH, CH3CHBrCOOEt, 74%; (f) LDA, MeI; (g) LiAlH4, 92% (two steps); (h) Swern oxidation, 88%; (i) Ph3P+CH3Br−, t-BuOK,
toluene, 99%.

Scheme 2. Reagents and conditions: (a) DDQ, THF/water (9:1), 86%; (b) p-TsOH, MeOH, 92%; (c) TBSCl, imidazole, 100%; (d)
DDQ, THF/water (9:1), 68%; (e) DIBAL-H, −78°C, 81%; (f) MOMCl, i-Pr2NEt, 91%; (g) TBAF, 100%; (h) Swern oxidation,
68%; (i) NaClO2, NaH2PO4, 2-methyl-2-butene, 50%; (j) CH2N2, 63%.
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Scheme 3.

mates 14 and 15 (Scheme 3), respectively. The hydroxyl
group of 11 was protected using MOMCl in the pres-
ence of diisopropylethylamine, and then the TBS group
was removed with TBAF. The primary alcohol was
converted into the corresponding acid 12 by sequential
Swern oxidation and NaClO2-based oxidation. The
more stable methyl ester 136 was finally prepared by
treatment of 12 with CH2N2 in situ.

As mentioned above, the stereochemistry of 11 was
finally confirmed by 1H NMR, which has been applied
recently to similar cases of vicinal amino alcohols.7 In
order to determine the H–H coupling constants
between the �-CH and the �-CH, the cyclic carbamates
were prepared. Both cis- and trans-cyclic oxazolidi-
nones 14 and 158 were obtained by the reduction of 9
with DIBAL-H at 0°C (Scheme 3). In agreement with
the literature,7 the coupling constant J4,5 (6.0 Hz) for
the trans-oxazolidinone 14 (threo configuration) is
smaller than the J4,5 (7.8 Hz) for the cis-oxazolidinone
15 (erythro configuration) (Scheme 3). Furthermore, the
intermediate 11 could be converted into the trans-oxa-
zolidinone 14 using NaH in DMF at 0°C. Based on this
evidence, it is clear that the DIBAL-H reduction of 10
preferentially gives the threo product 11 at lower tem-
peratures (−78°C versus 0°C).

In summary, (2S,3R)-N-(1�,1�-dimethyl-2�-propenyl)-3-
hydroxytryptophan, a key amino acid component of
the anti-inflammatory cyclic peptide cyclomarin C, has
been synthesized stereoselectively for the first time from
L-tryptophan. Further synthetic studies to incorporate
the acid 12 into cyclomarin C are underway in our
laboratory.
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