
Organic &
Biomolecular
Chemistry
Cite this: Org. Biomol. Chem., 2011, 9, 5897

www.rsc.org/obc PERSPECTIVE

The synthesis of dehydrotryptophan and dehydrotryptophan-containing
peptides

Harveen Kaur,a,b Amanda M. Heapya,b and Margaret A. Brimble*a,b

Received 18th May 2011, Accepted 24th June 2011
DOI: 10.1039/c1ob05777d

Dehydrotryptophan and its derivatives are non-proteinogenic amino acids commonly found in
peptide-based natural products produced by microorganisms, marine organisms and plants. These
non-proteinogenic amino acids are found in secondary metabolites and are formed by post translational
modification processes. Although comprehensive reviews on the synthesis of dehydroamino acids are
available, this perspective focuses solely on methods to synthesise the dehydrotryptophan-containing
segment of naturally occurring peptides, amino acids and their derivatives.

1. Introduction

a,b-Dehydroamino acids are non-proteinogenic residues often
found in natural products produced by microorganisms, marine
organisms and plants.1 Dehydroamino acids usually exist as the
Z-isomer as it is thermodynamically more stable than the E-
isomer.1–4 The E- and Z-isomers of certain dehydroamino acids,
such as dehydrophenylalanine and dehydrotryptophan, are able
to interconvert photochemically, either when incorporated into
peptides or as part of smaller derivatives.4,5 The E/Z configuration
of the double bond affects the conformation of dehydroamino
acid containing peptides, and hence the biological activity of these
compounds.5

Dehydroamino acid residues reduce the conformational flex-
ibility of peptides, a property that is useful for structure–
activity relationship studies and the design of secondary struc-
tures in peptides.6–8 For example, dehydroalanine rigidifies the
peptide backbone into extended conformations. In contrast dehy-
drophenylalanine induces b-turns in short peptides and promotes
longer peptides to adopt helical conformations.2,9 This property
is due to both the formation of a cross-conjugated system and
the influence on the j and y torsion angles (Fig. 1). Other
dehydroamino acid residues also induce peptides and proteins to
adopt highly ordered secondary structures such as helices, b sheets
and g turns.2

Importantly the presence of dehydroamino acids in peptides
can also confer resistance to enzymatic degradation and al-
ter bioactivity.10,11 Thus, the development of pharmaceutical
compounds wherein dehydroamino acids are incorporated into
analogues of biologically active peptides is a valuable strategy
to enhance the potency and improve the stability of a bioactive
peptide.11
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Fig. 1 Dehydroamino acids can exist in either Z or E conformations with
modified j and y angles compared to saturated amino acids.2

In the last two decades comprehensive reviews of the synthesis
of dehydroamino acids have been published by Blaskovich (2010),
Hughes (2009), Bonauer (2006), Humphrey (1997) and Schmidt
(1988).12–16 Due to scant attention in these reviews to the synthesis
of the dehydroamino acid a,b-dehydrotryptophan, wherein a
double bond exists between Ca and Cb of the natural tryptophan
residue, this review focuses exclusively on the synthesis of the
dehydrotryptophan-containing segment of naturally occurring
peptides, amino acids and their derivatives.

Dehydrotryptophan and derivatives thereof occur naturally
in several peptides, all of which are cyclic (Fig. 2). The de-
hydrotryptophan residue is synthesised biosynthetically by the
enzymatic oxidation of tryptophan residues by tryptophan side
chain a,b oxidase from Pseudomonas or L-tryptophan 2¢,3¢-
oxidase from Chromobacterium violaceum.17–21 L-Tryptophan 2¢,3¢-
oxidase dehydrogenates tryptophan directly in a syn specific
manner to give Z-dehydrotryptophan whereas tryptophan side
chain a,b oxidase forms an indolyloxazoline intermediate, which
undergoes isomerisation resulting in a mixture of E and Z
dehydrotryptophan.17–22

2. Synthesis of dehydrotryptophan and derivatives

2.1 Erlenmeyer synthesis

The Erlenmeyer reaction is a well-known procedure for the syn-
thesis of amino acids and dehydroamino acids from N-protected
glycine derivatives that proceeds via an azlactone intermediate
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Fig. 2 Dehydrotryptophan and its derivatives in naturally occurring peptides.

(Scheme 1).14,23 Condensation of glycine derivative 1 with aldehyde
or ketone 2 affords azlactone 3 which upon reduction of the double
bond (Scheme 1A) followed by ring opening yields amino acids of
structure 4.23 In contrast, hydrolysis of azlactone 3 initially affords
the dehydroamino acid 5 (Scheme 1B) from which the natural
amino acid can be obtained by subsequent hydrogenation.23

The amino acid tryptophan was first synthesised by Erlen-
meyer’s method over a century ago via the dehydrotryptophan
intermediate 6 (Scheme 2).23 Ellinger et al. reacted indole-3-
carbaldehyde 7 with the glycine derivative hippuric acid 8, after
which hydrolysis of the azlactone intermediate 9 afforded the
dehydrotryptophan intermediate 6.23
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Scheme 1 Erlenmeyer synthesis of amino acids.

Scheme 2 Synthesis of dehydrotryptophan intermediate 6 en route to the
synthesis of tryptophan. i) Ac2O, NaOAc. ii) NaOH, H2O.

Although Erlenmeyer’s azlactone method has been used to
synthesise several dehydrotryptophan derivatives, variable yields
are obtained.24–28 N-Acetyl dehydrotryptophan 10 (Scheme 3)
was prepared in good yield by Oba et al. by reacting indole-3-
carbaldehyde 7 with N-acetyl glycine 11 and heating to 120 ◦C.24

Scheme 3 Synthesis of N-acetyl dehydrotryptophan 10. i) NaOAc (1 eq),
Ac2O (4 eq), 120 ◦C, 2–3 h. ii) 0.2 M Na2CO3, 4 h.

Hydrolysis of the resultant crude azlactone 12 using aqueous
Na2CO3 afforded the desired product 10 in 77% yield.24

In contrast, low yields were obtained by both Kirby et al.25

and Skrabal et al.26 for the synthesis of indole-protected N-acetyl
dehydrotryptophan 13 (Scheme 4). Condensation of N-acetyl-3-
formylindole 14 with N-acetylglycine 11 followed by hydrolysis
of the intermediate azlactone 15 afforded the dehydrotryptophan
derivative 13 in 20%25 and 26%26 yield, respectively.

Scheme 4 Synthesis of N-acetyl-dehydrotryptophan derivative 13. i)
Ac2O, K2CO3, 100 ◦C, 1 h. ii) acetone : H2O (2 : 1), reflux, 24 h; K2CO3,
H2O, 20 h.

It has been postulated that the low yields obtained for the
synthesis of dehydrotryptophan derivatives using Erlenmeyer’s
synthesis is due to the low reactivity of the contributing resonance
structures of the indole-aldehyde (Scheme 5).29

Scheme 5 Resonance structures of indole-3-carbaldehyde.

As an alternative strategy 3-[(1-pyrrolidinyl)methylene]-3H-in-
dole 16 was used by Moriya et al. as a 1,4-dipolar synthon
of indole-3-carbaldehyde, from which N-acyl-a,b-dehydrotrypto-
phan esters 17 were synthesised (Scheme 6).29 This modification
improved the yield of dehydrotryptophan derivatives to 50–70%.29

Scheme 6 Synthesis of N-acyl-a,b-dehydrotryptophan esters 17. i)
DMF : MeOH (10 : 1), 110 ◦C, 6 h.

Another alternative to Erlenmeyer’s original procedure involved
the use of hydantoin 18 as a glycine equivalent for the synthe-
sis of tryptophan 19. The cyclic dehydrotryptophan hydantoin
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intermediate 20 was obtained in 95% yield by heating indole-3-
carboxaldehyde 7 with hydantoin 18 under reflux (Scheme 7).30

Scheme 7 Synthesis of tryptophan 19. i) piperidine, 150 ◦C, 20 min, 95%.
ii) RANEY R© nickel, H2, NaOH, 24 h, 71%. iii) Ba(OH)2, H2O, reflux, 40
h, 88%.

N-Benzoyl protected dehydrotryptophan dipeptides 21 have
been directly accessed using Erlenmeyer’s procedure, whereby
condensation of indole-3-carbaldehyde 7 with hippuric acid 8
afforded the azlactone intermediate 9, after which azlactone
hydrolysis and concomitant condensation with a second amino
acid enabled peptide bond formation (Scheme 8).31,32

Scheme 8 Synthesis of N-Bz-D-Trp-amino acids 21. i) Ac2O, KHCO3, rt,
24 h. ii) amino acid, acetone, NaOH (1 N), 20 ◦C, several h.

In a similar manner to the above dehydrotryptophan dipeptide
synthesis, this reaction has been carried out in the absence of base.
Azlactone 9 was opened with a small molecule primary amine,
resulting in the formation of an amide bond at the C-terminus of
a dehydrotryptophan derivative.33

2.2 Via an oxazolidinone derivative

Dehydrotryptophan amino acid derivatives have been prepared
via oxazolidinone intermediates (Scheme 9).34 Condensation of
glycine derivative 22 with indole-3-carbaldehyde 23 formed oxazo-
lidione intermediate 24, after which treatment with base afforded
dehydrotryptophan derivative 25 as an isomeric mixture composed
predominantly of the E isomer (Scheme 9).34 It was then found
that the E isomer 25 could be isomerised to the Z isomer 26 using
catalytic quantities of iodine.34

Scheme 9 Synthesis of E-dehydrotryptophan derivative 25 and isomerisa-
tion to Z-dehydrotryptophan derivative 26. i) LDA (R = Cbz) or LiHMDS
(R = Boc), THF, -78 ◦C, 1 h then 23, Ti(OiPr)4, -78 ◦C, 4 h, R = Cbz (66%),
Boc (41%). ii) LiHMDS, THF, R = Cbz (-10 ◦C, 10 min, 100%, 93 : 7 E : Z),
R = Boc (-78 ◦C, 5 min, 90%, 41 : 4 E : Z). iii) catalytic I2, THF, rt, R =
Cbz (24 h, 97%, 1 : 24 E : Z), Boc (43 h, 93%, 9 : 91 E : Z).

2.3 Olefination reactions

The Horner–Wadsworth–Emmons and Wittig type olefination
reactions are popular methods for the preparation of dehydrotryp-
tophan containing amino acids and peptide derivatives.

2.3.1 Horner–Wadsworth–Emmons olefination. The
Horner–Wadsworth–Emmons (HWE) olefination reaction is
a frequently used synthetic method for the preparation of
dehydrotryptophan derivatives and can be generalized by the
following transformation (Scheme 10) in which a phosphonate, is
treated with a base and reacted with a ketone or aldehyde resulting
in the formation of a new carbon–carbon double bond.35–48

Scheme 10 The HWE reaction used to prepare dehydroamino acid
derivatives.

This method was used by Shin et al. to synthesise dehy-
drotryptophan derivatives 28 by reacting indole protected alde-
hyde 23 with N-Cbz-(diethoxyphosphinyl)glycine methyl ester 27
(Scheme 11).49

Scheme 11 Synthesis of dehydrotryptophan derivatives 28 using the
HWE olefination reaction. i) KOtBu, CH2Cl2, -70 ◦C to rt, 3 h.
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2.3.1.1 Use of the HWE olefination towards the total synthesis
of keramamide F. Keramamide F (Fig. 2), is a cytotoxic natural
product isolated in 1992 from a Theonella sponge by Itagaki et al.50

The presence of the dehydrotryptophan residue was confirmed by
the characteristic ultraviolet absorption at lmax 339 nm, due to
the conjugated system of dehydrotryptophan, and the detection
of a tryptophan residue after keramamide F was subjected to
hydrogenation, acid hydrolysis and amino acid analysis.50,51

A total synthesis of keramamide F was initiated by Sowinski
and Toogood a few years later.52 The molecule was discon-
nected into three fragments, of which the dehydrotryptophan
containing fragment was synthesised from serine methyl ester 29
(Scheme 12).52

Scheme 12 Synthesis of the dehydrotryptophan fragment 33 of kera-
mamide F. i) DPPA, Et3N, CH2Cl2, 81%. ii) LiHMDS, THF, 35%. iii)
BOP, Et3N, CH2Cl2, 56%. iv) KDA, THF, 26%.

Three different methods were evaluated to introduce the dehy-
drotryptophan moiety. Initial attempts to directly form an amide
bond between enoic acid 30 and dehydrotryptophan methyl ester
31 using a range of reagents were unsuccessful.52 The next method
attempted involved converting enoic acid 30 to azide 32 (Scheme
12A) which was then reacted with dehydrotryptophan methyl
ester 31 to form amide 33 in 28% yield over two steps.52 The
third route to prepare dehydrotryptophan derivative 33 involved
initial condensation of enoic acid 30 with trimethylphosphonate
34 using BOP (Scheme 12B). The resultant phosphonate 35 was
then reacted with N-Boc-indole-3-carboxaldehyde 36 via a HWE

reaction to afford the desired dehydrotryptophan fragment 33
albeit in 15% yield over the two steps.52 Although Sowinski et
al.52 has reported synthetic procedures to access all three required
fragments of keramamide F, the total synthesis of keramamide F
is yet to be published.

2.3.1.2 Use of the HWE olefination for the total synthesis of
barettin. Barettin was isolated in 1986 from Geodia baretti, a
cold water sponge found in the deep waters off the Swedish coast
(Fig. 3).53

Fig. 3 Original proposed structure of barettin.

The following year a mixture of Z- and E-isomers of 37
of the proposed barettin structure were synthesised by HWE
coupling of aldehyde 38 with phosphonate 39 (Scheme 13).54 The
isomers were able to be separated using column chromatography
to afford diketopiperazine 37 with an E : Z isomeric ratio of 3 : 7.
Disappointingly the spectral data obtained for both the Z- and
E-isomers did not match that of the isolated material and the
proposed structure was disputed.54

Scheme 13 Synthesis of original barettin structure. i) KOtBu (1 eq),
CH2Cl2, -70 ◦C to rt.

Due to the above findings and the isolation of an indole-
arginine diketopiperazine derivative from G. baretti in Norway,
which exhibited spectral data that closely matched that of baret-
tin, the original structure of barettin was revised (40) in 2002
(Scheme 14).55

Two years later three synthetic routes were assessed to intro-
duce the dehydrotryptophan residue during the total synthesis
of the revised barettin structure (Scheme 14). Initially direct
dehydrogenation of tryptophan 41 using oxidising reagents DDQ
and TCCA failed to generate 6-bromo-dehydrotryptophan (40)
(Scheme 14A). Similarly all attempts to couple dehydrotryptophan
42 with arginine 43 also failed (Scheme 14B).56

Finally, a HWE reaction used to couple phosphoglycinate 44
with aldehyde 38 using DBU (Scheme 15) afforded the desired
product 45 in a moderate 55% yield.56 When KOtBu was used as
the base, lower yields were obtained. The spectral data obtained
from the total synthesis of the revised structure was in agreement
with that of the isolated natural product and thus the structure of
barettin was confirmed (Fig. 2).56
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Scheme 14 Initial unsuccessful attempts to introduce the dehydrotrypto-
phan moiety during the total synthesis of the revised structure of barettin
(40).

Scheme 15 Successful introduction of dehydrotryptophan en route to
barettin. i) H2, Pd/C, EtOH, 4.5 h. ii) EDCI, HOBt, DIPEA, CH2Cl2,
64% over two steps. iii) DBU, CH2Cl2, -78 ◦C to rt, 20 h, 55%.

2.3.2 Wittig-type olefination reaction. An alternative olefina-
tion reaction was used by Kimura et al. to synthesise dehydrotryp-
tophan derivatives 46.57 It was proposed that dehydrotryptopan
derivatives 46 were synthesised by a Wittig-type reaction which
first involved generating a Schiff base from the treatment of tosyl-
glycinate 47 with base (Scheme 16).57 The resultant Schiff base then
reacts with tributylphosphine to form a phosphonium ylide, which
upon treatment with indole-3-carbaldehyde 48 and elimination of
tributylphosphine oxide affords Z dehydrotryptophan derivatives
46.57

Scheme 16 Synthesis of dehydrotryptophan derivatives 46 by a Wittig–
type olefination. i) Na2CO3, Bu3P, catalytic Bu4N+Br-, PhCH3, 67 h.

2.4 Heck reaction

The palladium-catalysed Heck reaction has been used to synthe-
sise dehydrotryptophan derivatives (Scheme 17).58,59 Coupling of
halide 49 with dehydroalanine derivative 50 afforded dehydrotryp-
tophan derivative 51 in 40% yield (Scheme 17).58 It was found that
the addition of lithium chloride (2 eq) increased the yield to 77%.58

Scheme 17 Synthesis of dehydrotryptophan derivative 51 using the Heck
reaction. i) K2CO3, Pd/C, DMF, 100 ◦C, 40%.

2.5 Copper catalysed amidation of vinyl halides

The copper(I) catalysed amidation of vinyl iodides or bromides60

has been used to form proline-dehydrotryptophan dipeptides.61,62

Vinyl iodide 52 was reacted with N-Boc-protected proli-
namide to afford dehydrotryptophan dipeptide 53 in 57% yield
(Scheme 18).62

Scheme 18 Synthesis of dehydrotryptophan dipeptide 53 by copper
catalysed vinyl amidation. i) indole derivative, AcOH, 80 ◦C, 66%. ii) I2,
KOH, DMF, rt; (Boc)2O, dioxane, DMAP, 0 ◦C to rt, 44% (2 steps).
iii) N-Boc-protected prolinamide, CuI, N,N¢-dimethylethylenediamine,
PhCH3, 100 ◦C, Cs2CO3, 57%.
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2.6 C–H vinylation of indole derivatives with dehydroalanine
derivatives

The vinylation of indole derivatives with protected dehydroalanine
derivatives using palladium has been reported in the literature.63–66

N- and C-terminal protected dehydrotryptophan derivatives 54
were synthesised by Yokoyama et al. by the vinylation of indole
derivatives 55 with protected dehydroalanine 56 using stoichio-
metric amounts of palladium(II) chloride, excess sodium acetate
and heating at 120 to 130 ◦C (Scheme 19).63

Scheme 19 Synthesis of dehydrotryptophan derivatives 54 by C–H
vinylation of indole. i) PdCl2, AcONa, AcOH, 120–130 ◦C, 2 h, 14–59%.

Modification of the reaction conditions by replacing palla-
dium(II) chloride with a stoichiometric amount of palladium(II)
acetate and sodium acetate with NaHCO3 afforded dehydrotryp-
tophan derivatives 57 in 31% yield (Scheme 20).64 It was found
that the addition of chloranil (0.25–1.0 eq) improved the yield of
57 significantly (74–87%).64 This led to the initial assumption that
chloranil oxidised Pd(0) to Pd(II), however its role remains to be
confirmed as a repeat of the experiment with a catalytic amount
of Pd(II) in the presence of stoichiometric amounts of chloranil,
afforded the dehydrotryptophan derivative 57 with a reduced 38%
yield.64

Scheme 20 Synthesis of dehydrotryptophan derivative 57. i) Pd(OAc)2,
NaHCO3, O2, 70 ◦C, 7 h, 31%.

2.7 Condensation reactions

Condensation of indole aldehydes or imine derivatives with
various substrates is a popular synthetic strategy to forming
dehydrotryptophan amino acid and peptide derivatives. Examples
of the use of various condensation reactions to form dehydrotryp-
tophan amino acid derivatives are summarised below.

2.7.1 Aldol condensation to form a-azido dehydrotryptophan
derivatives. Fresneda et al. synthesised the enantiopure azido
dehydrotryptophan derivative 58 by the low temperature conden-
sation of aldehyde 59 with azidoacetate 60 using sodium ethoxide
as base (Scheme 21).67

Scheme 21 Synthesis of azido dehydrotryptophan derivative 58. i)
NaOEt, EtOH, -15 ◦C, 80%.

The condensation of indole aldehyde derivatives with azi-
doacetates to form azido dehydrotryptophan derivatives having
differing substituents has been reported using similar reaction
conditions.68–71

2.7.2 Use of the aldol condensation for the total synthesis of
dipodazine. Dipodazine (61) (Fig. 2), a cyclic dipeptide com-
prised of dehydrotryptophan and glycine, is a major component
of the blue-fluorescent metabolites of the mould Penicillium
dipodomyis, obtained from cheek pouches of kangaroo rats, and
Penicillium nalgiovense from mould-fermented sausages.72,73

The synthesis of dipodazine was attempted using an aldol con-
densation to introduce the dehydrotryptophan moiety (Scheme
22) rather than effecting an intramolecular cyclisation of the
linear dehydrotryptophan-glycine precursor, as dehydrotrypto-
phan was ‘not readily available’.73 The semi-protected dipeptide
62 was obtained by aldol condensation between 1,4-diacetyl-2,5-
piperazinedione 63 and (1-benzenesulfonyl)indole-3-carbaldehyde
64 using cesium carbonate as the base and proceeded with
concomitant loss of an acetyl group.73,74 The Z-configuration of
dipeptide 62 was confirmed by NMR analysis and the remaining
protecting groups were removed using ethanolic aqueous NaOH
to afford dipodazine (61).73

Scheme 22 Synthesis of dipodazine (61) by aldol condensation. i)
Cs2CO3, 4 Å MS, DMF, rt, 18 h, 77%. ii) NaOH, H2O/EtOH, reflux,
3 h, 53%.

2.7.3 Use of the aldol condensation for the total syn-
thesis of Neoechinulin A. Neoechinulin A (65) (Fig. 2), a
dehydrotryptophan-alanine diketopiperazine derivative, was iso-
lated by several groups from different species of the fungus As-
pergillus.75,76 It exhibits strong antioxidant activity with significant
radical scavenging ability.76

An aldol condensation procedure was used for the synthesis
of neoechinulin A to introduce the dehydrotryptophan moi-
ety by condensation of aldehyde 66 with diketopiperazine 67
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(Scheme 23).76 The Z-configuration of 68 was assigned by
NMR analysis after which deprotection of the acetyl group was
achieved using hydrazine monohydrate followed by removal of the
methoxymethyl group using formic acid to afford neoechinulin A
(65).76

Scheme 23 Synthesis of neoechinulin A (65) utilising an aldol condensa-
tion. i) KOtBu, DMF, 43%. ii) H2NNH2·H2O, DMF. iii) HCO2H, H2O.

2.7.4 Decarboxylative aldol condensation. Decarboxylative
aldol condensation of indole aldehyde derivatives with appropri-
ately substituted carboxylic acids is another way of accessing de-
hydrotryptophan containing compounds.77 This method has been
used to access C-mannosyltryptophan derivatives by treatment of
indole aldehyde 69 and acid 70 with acetic anhydride and pyridine
to afford dehydrotryptophan derivative 71 in 49%78 and 66%79

yield (Scheme 24).

Scheme 24 Synthesis of dehydrotryptophan derivative 71 by decar-
boxylative aldol condensation. i) Ac2O, pyridine, 49%, 6 h, rt.

2.7.5 Knoevenagel condensation. The Knoevenagel conden-
sation has been used to form dehydrotryptophan derivatives with
varying E : Z ratios of isomers by reaction of imines derived from
indole-3-carbaldehyde derivatives.80–83 For example, the conden-
sation of N-phenyl imine 72 with methyl nitroacetate 73 in the
presence of acetic anhydride afforded the nitro dehydrotryptophan
derivative 74 with an isomeric ratio of 40 : 1 (Z : E) (Scheme 25).80

2.8 Elimination reactions

2.8.1 Direct dehydrogenation of a tryptophan derivative. The
direct dehydrogenation of partially protected tryptophan deriva-
tives 75 to afford dehydrotryptophan derivatives 76 was achieved
by Baran et al. during the synthesis of the complex natural
products avrainvillamide and the stephacidins.84 The use of

Scheme 25 Synthesis of nitro dehydrotryptophan derivative 74 by
Knoevenagel condensation. i) PhNH2, MgSO4, 70 ◦C, 4–6 h, 99%. ii)
Ac2O, 50 ◦C, 17 h, 74%.

nitrosobenzene in the presence of the Lewis acid zirconium
tetrachloride effected the desired transformation after initial
screening of a variety of oxidants including CAN, DDQ, IBX and
Pd/C/O2 proved to be unsuccessful. The reaction was proposed
to proceed via the formation of a tryptophan-nitrosobenzene
intermediate followed by elimination and tautomerisation to form
dehydrotryptophan derivatives of structure 76 (Scheme 26).84

Scheme 26 Synthesis of dehydrotryptophan derivatives by direct dehy-
drogenation. i) PhNO, ZrCl4, CH2Cl2, 0 ◦C to 20 ◦C.

This direct dehydrogenation method has recently been used to
introduce the dehydrotryptophan moiety during the total synthesis
of variecolorin C (77) (Fig. 2), a dehydrotryptophan-alanine
dipeptide derivative.85

2.8.2 Direct dehydration of a tryptophan derivative. Unde-
sired dehydration occurred during attempted O-alkylation of pro-
tected N-hydroxy tryptophan 78. Dehydrotryptophan derivative
79 (Scheme 27) was obtained in near quantitative yield when 78
was treated with 4-bromo-1,1-dimethoxybutane in the presence of
either DMSO/KOtBu or DME/NaH.86

Scheme 27 Dehydration of N-hydroxy tryptophan 78. i) DMSO/KOtBu
or DME/NaH.

2.9 Substitution reactions of dehydroamino acid derivatives

Displacement of a vinyl leaving group from dehydroamino acid
derivatives using an indole nucleophile is a popular method for
the formation of dehydrotryptophan containing compounds.

An N- and C-terminal protected dehydrotryptophan derivative
80 was synthesised by Nakazawa et al. starting from the protected
serine derivative 81 (Scheme 28).87
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Scheme 28 Synthesis of dehydrotryptophan derivatives by displacement.
i) TsCl (3 eq), DMSO/DMF (1 : 2), -5 ◦C, 10 min. ii) Et3N, 1 h, 48%. iii)
CH3NH2/MeOH. iv) indole (1 eq), AcOH, 40 ◦C, 3 d, 49%.

This procedure involved initial oxidation of the primary alcohol
of serine 81 to the corresponding aldehyde using DMSO activated
by p-toluenesulfonyl chloride and afforded enol tosylate 82.88

Displacement of the tosyl group with indole to form the final com-
pound occurred in low yield, hence the tosyl group was replaced
with other leaving groups. Displacement of the methylamino group
of 83 by indole formed the final compound 80 in 49% yield (Z : E
11 : 1) and it was proposed that the yield could be improved if a
better leaving group was used.87

The formation of dehydrotryptophan was confirmed by its char-
acteristic ultraviolet absorption in which the Z isomer exhibited
maxima at 275 and 332 nm. It was proposed that this method
can be used to synthesise other dehydroamino acids from serine
amino acid derivatives or from serine residues incorporated into
peptides.87

In a similar manner, an alternative dehydroserine derivative 84
was used by Hammadi et al. to synthesise dehydrotryptophan
ethyl ester 85, also as a mixture of E- and Z-isomers that were
not separated (Scheme 29).22 Displacement of the ethoxy group of
nitroacrylate 84 with indole afforded the nitro-indole adduct 86
in a comparatively high 80% yield. Selective hydrogenation of the
nitro-functional group of 86 afforded dehydrotryptophan ethyl
ester 85 in 96% yield as an isomeric mixture (Z : E 1 : 1), where
the proportion of the E-isomer was maximised by controlling the
temperature during solvent evaporation.22

Scheme 29 Synthesis of (E/Z)-dehydrotryptophan ethyl ester 85. i)
1H-indole (0.8 eq), rt, 18 h, 80%. ii) H2, Pt/C, EtOAc, 2 h, 96%.

This reaction has also been reported in the literature using
bromo-substituted indoles.89

Displacement of a vinyl dimethylamino group by indole deriva-
tives is another method used to synthesise dehydrotryptophan
derivatives.61,90–92 Displacement of the dimethylamino group of 87
with indole 88 in the presence of acetic acid was used to form
dehydrotryptophan dipeptides 89 (Scheme 30).61,92

Scheme 30 Synthesis of dehydrotryptophan dipeptide 89 by dimethy-
lamino displacement. i) AcOH, reflux, 1–6 h, 22–80%.

2.10 Using biosynthetic engineering

The calcium-dependent antibiotics (CDAs) were isolated from
Streptomyces coelicolor A(3)2 fermentations in 1983 by Hopwood
et al. and were found to inhibit the growth of Gram-positive
bacteria in the presence of Ca2+ ions.93 The acidic amino acid
residues are essential for antibiotic activity as they are responsible
for coordinating to calcium ions, which is then followed by
aggregation of CDAs and penetration and disruption of the
membrane of Gram-positive bacteria, which ultimately results in
cell death.94

Several CDA variants have been discovered, of which the a-
series (Fig. 4) was shown to contain a Z-dehydrotryptophan
residue adjacent to the ester linkage of the cyclodepsipeptide, as
evident by its characteristic ultraviolet absorption at lmax 349 nm
for CDA2a and CDA4a.93–95

Fig. 4 Structure of the a-series of calcium-dependent antibiotics.

To date the chemical synthesis of these compounds has not been
reported, however several other a-series CDA variants containing
the Z-dehydrotryptophan residue have recently been synthesised
by Micklefield using biosynthetic engineering, whereby genes are
reprogrammed to generate new ‘non-natural’ compounds.94
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3. Conclusions

Dehydrotryptophan is an interesting amino acid of which the
synthesis remains to be reported in the free amino acid form
for ready modification and use in solid phase peptide synthesis.
Several dehydrotryptophan amino acid and dipeptide derivatives
have been synthesised by the various synthetic methods described
herein, however the total chemical synthesis of large peptides
containing dehydrotryptophan are yet to be reported.

Abbreviations

BOP Benzotriazol-1-oxy-tris(demethylamino)phosphonium
hexafluorophosphate

CAN Cerium(IV) ammonium nitrate
DBU 1,8-Diazobicyclo[5.4.0]undec-7-ene
DDQ 2,3-Dichloro-5,6-dicayno-1,4-benzoquinone
DIPEA N,N-diisopropylethylamine
DMAP 4-N,N-dimethylaminopyridine
DME Dimethyl ether
DMF Dimethylformamide
DMSO Dimethyl sulfoxide
DPPA Diphenylphosphoryl azide
EDCI 1-Ethyl-3-(3-dimethylaminopropyl)carbodiimide
HOBt 1-Hydroxybenzotriazole
IBX 2-Iodoxybenzoic acid
KDA Potassium diisopropylamide
LDA Lithium diisopropylamide
LiHMDS Lithium hexamethyldisilazane
MS Molecular sieves
NMR Nuclear magnetic resonance
TCCA Trichloroisocyanuric acid
THF Tetrahydrofuran
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