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Solid phase strateg1es* Appiications of 2-acetyl-4-
nitroindane-1,3-dione as a selective protecting group for
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Abstract

2-Acetyl -4-nitroindane- 13 dlone (1) has been 5ucceqsfully explmted as a pnmary amine protecung group
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ambient temperature. (1) has been condensed with both amino acids and spermidine, affording derivatives which
were subsequently utilised in the solid phase synthesis of various peptides and the glutathione-spermidine
conjugate trypanothione respectively. © 1998 Published by Elsevier Science Ltd. All rights reserved.
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Introduction

It is self-evident that solid phase peptide synthesis (SPPS) is now a mature area of
chemistry offering a variety of hlgh ﬁdehty methodolog1es amenable to automation and
affording ready access to a wide range of peptides [1]. However, until relatively recently,
comparable procedures which allowed even simple modifications away from linear peptide
constructs, for example branched or cyclic structures, were not so well advanced. The
introduction of the N-1-(4,4-dimethyl-2,6-dioxocyclohexylidene)ethyl (Dde) amino protecting
group [2] has gone some way to addressing these constraints, particularly for the synthesis of
cyclic peptidaes [3] and branched multiple antigenic peptides involving the side-chain amino
group of 1ysme or ornithine [4]. The sxammy of the Dde group to the acid and base
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adjunct to the well established Fmoc/t Boc strategy [5,6] Scheme 1.
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Scheme 1.
Synthesis and protection/deprotection strategy for the Dde protecting group
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phase syntheses of polyamines [7] and polyamme peptlde conjugates [8]. The Dde
protection/deprotection process has also been employed in other directions and recently built
into a carboxyhc acid protecting group [9], a solid phase linker [10] and an affinity tagging
procedure [11].

While the above applications provide some testament as to the value of the Dde group in
solid phase synthesis, its development was to a large extent influenced by the availability of
dimedone and the ease of the reaction sequence illustrated in Scheme 1. In principle the
procedure is generic and any cyciic i,3-dione couid serve as the precursor of an anaiogous

pr()tecung group. However to have value, any new system should POSSseEss additional usetul
properties over and above those of Dde. In this context we now report 2-acetyl-4-

Dde derivative. This selectivity has synthetic advantages and has been exploited in the solid

nitroindane-1,3-dione (Nde-OH) and an initial evaluation of its properties and potential as a
primary amine protecting group

Results and discussion

Indane-1,3-dione derivatives are readily synthesised and were obvious candidates on which
to base alternative systems related to Dde. At the outset, we envisaged that the presence of the
fused benzene ring would enhance the uv chromophore of the deprotection product and,
because of the extended conjugation, provide a greater driving force for its formation. On
the other hand, it was recognised that the presence of the aromatic ring was Iikely to render

such a S)’SICIH iess SUSCCpUDlC io numeopmnc attack and hence be less favorable to both the

initial addition of the amine group and the first step of the subsequent deprotection sequence
{ nF Crnhama 1 \

We reasoned that these latter effects could be significantly reduced by the presence of a
powerful electron withdrawing substituent. Qur attention was therefore attracted by the 4-
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and 5-nitro substituted indane-1,3-dione derivatives, both of which were available as stable
yellow crystalline solids via simple one pot syntheses from pentane-2,4-dione and 3-nitro and
4-nitrophthalic anhydride respectively [12]. The very significant difference in yields in these
reactions in favour of 2-acetyl-4-nitroindane-1,3-dione (1), together with the expectation that
electronic effects were likely to be more or less the same in each case, led us to focus our
investigations on the 4-nitro derivative.
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Condensation of 2-acetyl-(4 or 5)-nitroindane-1,3-dione with a-amino acids
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Compound Number  Amino acid Precursor  Yield (%) [al, (c = 1, MeOH)
3a H-Phe-OH 69 -135.1°°
3b H-Lys(Boc)-OH 68 -26.2°
3¢ H-Val-OH 77 +18.5°
3d H-Tyr(tBu)-OH 78 -136.5°
3e H-Tle-OH 70 +10.2°°
f H-Leu-OH 83 -31.5°
3g H-His(Trt)-OH 40 -86.9"
3h H-Ala-OH 65 +26.4°

Table 1.
Nde-amino acids synthesised. * {(c = 1, EtOH).

Analytical RPHPLC of all the Nde-amino acids gave single peaks, and their high resolution
mass spectra displayed molecular ions consistent with those calculated. The 'H nmr spectra
were also in accord with the required products and exhibited the expected low field signals (&
11.0-11.2) corresponding to the strongly hydrogen bonded NH group. These signals, together
with those of the vinyl methyl in the Nde group, were doubled and their intensities exhibited
approximately the same relative ratios i.e. 2:1. The unsymmetrical nature of the 4-
nitroindane-1,3-dione moiety, unlike that of Dde, predisposed the Nde group to geometrical
isomerism of which the above observations were regarded as a reflection.
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geometrical isomerism was a more likely explanation. Furthermore, in the 'H nmr spectra of
mit
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Nde derivatives such as P-alanine and related compounds, where there is only lim
restriction to rotation. the vmvl methyl and NH group are sharp and broad singlets
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respectively. However, ’C nmr spectra ‘of the N*-Nde-amino acids revealed doublin ng of a
31gmﬁcant ‘number of signals consistent with a mixture of geometrical isomers. The nitro
group must therefore exert an electronic effect so as to fix exclusively the geometry of the
Nde group in one or other of the two isomeric forms. On the basis of the spectral and
physical data available it is not possible to make a definitive assignment but on mechanistic
and intuitive grounds we favour the predominance of theE-isomer shown (3).

The stability of the Nde group to the acid and base conditions employed in SPPS proved to
be similar to those of Dde. Nde protected amino acids and peptides are almost completely

resistant to acid at room [emperature e.g. exposure to neat TFA and mom[ormg oy RPHPLC,

indicated less than 0.5% loss of Nde after 24 h. The lability to 20% v/v piperidine in DMF
under continuous flow conditions, employing Nde.Leu.Tyr.Gly.Gly.Phe.Leu.NovaSyn®KR
100 amide resin as a model system, was estimated by RPHPLC analysis of the cleaved pepude
as ca 6% and 13% loss after 3 h and 6 h respectively. In the context of peptide synthesis it is
noteworthy that a contact time of 3 h is sufﬁcwnt to accommodate ~25 standard Fmoc

deprotectlon cycles.

Although not specifically developed as a-amino acid protecting groups, both Dde and Nde
can function in this respect and have some advantages over established protecting groups. In
particular, their structures do not permit the formation of an oxazolone intermediate
following activation of the carboxyl group and are therefore not prone to racemisation via
this mechanism. However, the Nde group does have a significant electron withdrawing
capacity and hence the potential to facilitate direct proton abstraction from the o-centre.
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Ubl[lg the difference in the RPHPLC retention times of the CllpCp[l(lC diastereoisomers as a
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means O1 monitoring aiy racemisatioil, the solution buupllllg of Nde-L-Phe-OH and Nde-D-

Phe-OH respectively to H-L-Ala-OBzl with both DCC/HOBt and TBTU/HOBt/DIEA revealed,
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within the experimental limits of the method ( 0.5%), that no detectable racemisation
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occurred in any of the four experiments. On the basis of this evidence we were
Nde a-amino acids could be effectively coupled without loss of chirality. However, before

applying Nde derivatives in synthenc procedures, it was essential to demonstrate that the
deprotection step proceeded smoothly and in the manner predicted.

To this end, Nde amino acids were loaded onto a solid support (5) and treated with a 2%
v/v solution of hydrazine in DMF under continuous flow conditions, Figure 1.
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Figure 1.
Resin immobilisation and subsequent hydrazine mediated deprotection of an N*-Nde-protected amino acid.

The pale yellow resin was observed to turn red at the solvent front and a tight red-brown
band moved down the column leaving colourless resin in its wake. The uv spectrum of the
post-column eluent exhibited maxima at 294 and 348 nm (Figure 1) and, if monitored at
either of these wavelengths or at 290 nm, a sharp peak in the elution profile of the type
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A typical Nde deprotection profile monitored at 290 nm. This example illustrates the deprotection of Nde-Leu-NovaSyn®KR 100.
Deprotection was achieved with 2% v/v hydrazine in DMF under continuous flow conditions at a flow rate of 2.5 ml min’’.
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This provided affirmation that, under the conditions described, the deprotection step was
indeed extremely rapid and a subsequent Fmoc loading assay [13] established that it was
quantitative. The removal of Dde under the same conditions requires monitoring at 310 nm
and can take considerably longer than that for Nde [14]. While clearly the removal of Nde can
be followed visually, monitoring at the standard fixed Waveiength for Fmoc deprotection, i.e.

290 nm, offers an atiractive option for automated instrumentation.
In order to identify the deprotection product solutlons of 5% hydrazme monohydrate in
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hydrazide (7) and not the expected heterocycle (8) form d in essentlally quantltatwe y1eld
Scheme 3. The spectral data of (7) was consistent with the assigned structure, and also
confirmed that it was a single chemical entity and not a mixture of geometric isomers. The
hydrazide, on dissolving in DMF also gave a pale yellow solution but on adding either
hydrazine (5% v/v in DMF) or base (DIEA in DMF) the solution turned deep brown. In both
cases, on addition of acid, the colour change was reversed and the hydrazide recovered. These
observations were ascribed to the reversible ionisation of (7) presumably involving the acidic
NH group of the nyarazme residue (tne parent compound Nde-OH (3) has a pK, = 2.5 and

displays a similar base induced bathochromic shift {12]). Only on heating (7) in vacuo was the
tricyclic system (8) or the alternative isomer formed, Scheme 3. Since this compound was
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irrelevant to the application of Nde, it was not fully characterised and identified solely by MS
analvsis
analysis
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Scheme 3.
Hydrazine mediated deprotection of Nde protected primary amines
The Nde protecting group to solid phase synthesis were
demon ¢ DIPCDI/HOBt mediated synthesis of the
peptid e (9) is shown in Scheme 4
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ava11ab1hty and low cost. The choice of resin needs to take account of the nature of the
linkage and its stability to the deprotection conditions, i.e. 2% v/v hydrazine in DMF at
ambient temperature. Clearly the Rink and Sieber amide, Chlorotrityl linkers etc. represent
no cause for concern, however the Wang type ester linkages are potentially susceptible to
hydrazinolysis during prolonged exposure. All the amino acids employed for the synthesis
were N°-protected with Nde, with the exception of proline, which was introduced as Fmoc-
Pro-OH. The protecting groups were removed in the process using 2% v/v hydrazine or 20%
v/v piperidine in DMF respectiveiy under continuous fiow conditions. Using the same
LUL‘lpung regu‘ne Lne Aflgl()léﬁSlIl i fecepl()f DlIlUlflg pfott‘:m 1ragmem was dlSO COHSITULIBU
once again as it’s corresponding amide, but with the glycme residue introduced via Fmoc-Gly-

Novagvn‘”KR 100 was employed for all the individual syntheses due to its ready

OH. Finally, Leu-enkephalinamide was prepared using a TBTU/HOBYDIEA coupling
strategy, with the glycine residues being replaced by Fmoc-Gly-OH. The instability of
carboxy-activated Nde-glycine, and indeed the corresponding Dde derivative to base,

precluded their application in standard coupling procedures [14].
The RPHPLC profiles for all three crude peptides indicate good to excellent purity with
almost no detectable signs of epimerisation, Figure 3.

Figure 3.
Analytical RPHPLC traces of the crude peptides; A: Neuromendin N amide (Gradient 20% to 50% B in 20 min linearly),
B: Angiotensin II receptor binding protein fragment amide (Gradient 20% to 50% B in 20 min linearly), C: Leu-enkephalinamide
(Gradient 20% to 60% B in 20 min linearly). In all examples, post column eluent was monitored at 220 nm.

The selectivity of Nde for primary amine protection has particular advantages in the
synthesis of polyamines. N, N°-bis(glutathionyldisulphide) spermidine (trypanothione
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disulphide) (10) afforded an attractive target to illustrate the potential. Trypanosomidae
species, including those associated with African sleeping sickness and South American Chagas
disease, employ (10) to maintain cellular glutathione in a reduced state [15], Scheme §.
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Trypanothione disulphide mediated glutathione regulation within trypanosomatids

A number of discriminatory polyamine protection strategies employing for example, Boc,
trifluoroacetyl and phthaloyl, have been reported [16,17]. Also a lengthy solution phase [18]
and two solid phase {19 20] syntheses of trypanothione disulphide have been described.

However, the exploitation of Nde for the selective protection of the N' and N* primary amino
groups of spermidine, and subsequent attachment of the bis-protected derivative to a TFA
h

labile solid support offered an alternative approach with improved efficiency and
effectiveness of the overall process
To this end, spermidine (0.5 mmol) (12) was refluxed in anhydrous ethanol with 2-acetyl-
4-nitroindane-1,3-dione (1.5 mmol) to give, in essentially quantitative yield N', N°-bis-Nde-
spermidine (13), Scheme 6.
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Synthesis of N', N*-bis-Nde-spermidine

Dixit and Lenzoff [21] had demonstrated some time ago that amines could be immobilised
to a solid phase resin through a benzyl carbamate linkage via pre-activation of the
hvdroxvmethvlnhenvl residues with p- mtmnh nvl ch]_om ormate Rerenﬂv a nnmhf-r of
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and various combinatorial libraries [23,24 & 25].

Accordingly NovaSyn®TGA resin, derivatised with the 4-hydroxymethylphenoxyacetic
acid (HMPA) linker (14), was transformed to the mixed carbonate (15) by overnight
exposure to a tenfold excess of p-nitrophenyl chloroformate and DIEA in DCM. The washed
resin was then treated with N’, N°-bis-Nde-spermidine (13) and DIEA in DMF and the
suspension was again left overnight, Scheme 7.
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Scheme 7.
(1) p-nitropheny! chloroformate, DIEA, DCM, 18 h. (i1) (13), DIEA, DMF, 18 h.

Following Nde deprotection with 2% v/v hydrazine in DMF under continuous flow
conditions, the overall ef’ﬁciency of the coupling was ascertained by means of a Fmoc 'loading

test [13] and near quantitative (ca 95%) attachment of spermidine was demonstrated.
Deprotection of the Nde charged resin displayed a sharp deprotection peak which could also

be followed Vi%uauy as described earlier. The synthesis of trypanothione disulphide was then
accomplished via the sequential addition of Fmoc-Gly-OH, Fmoc-Cys(Trt)-OH and Fmoc-
Glu(OH)-OtBu onto both the N' and N° amino groups of the resin bound spermidine. Fmoc
deprotection was achieved using 20% v/v piperidine in DMF, and each acylation was
accomplished via a HBTU/HOBUDIEA coupling strategy and monitored using the TNBS test

[26].

Resin cleavage and concomitant side-chain deprotection was completed using a
TFA/TIPS/EDT/H,O cocktail (9.25:0.25:0.25:0.25) for 2 h. RPHPLC of the crude material
revealed one major peak corresponding to dihydrotrypanothione (11).  Preparative
chromatography of (11) under the previously described conditions [19], followed by aerial
oxidation (72 h) afforded trypanothione disulphide (10). ES-MS data for both products (11)
and (10) gave the expected peaks at 724 and 722 Da (MH") respectively and accurate mass
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determination usmg HRMS-FAB on trypanomlone alsulpmae was consistent with the I'G(]UISIIC

We have described the development of 2-acetyl-4-nitroindane-1,3-dione (1) as a selective
primary amine protecting group and have illustrated this with the solid phase synthesis of both
linear peptides and a peptide-polyamine conjugate. The Nde protecting group displays good
stability towards the reagents commonly employed in SPPS and it’s deprotection with 2% v/v
hydrazine in DMF can be monitored both spectrophotometrically or visually. We are now
exploring further applications of both Nde and Dde, not only for the synthesis of polyamine
conjugates but also for the construction of related libraries not previously attainable.

General Methods.

Melting points were determined on a Kofler hot-stage apparatus and are uncorrected.
Ultraviolet spectra were recorded on a Cecil 1020S scanning spectrophotometer and infrared
spectra were recorded using a Perkin Elmer 257 or Philips PU9716 spectrophotometer. 'H
and PC NMR spectra were acquired using a Bruker AM 250 operating at 250 and 62.9 MHz



respectively, in deuteriochloroform unless otherwise stated. The 'H chemical shifts reported
are relative to an internal tetramethylsilane standard and the J values stated are in Hz. Fast
atomic bombardment (FAB) mass spectra were obtained using a VG micromass 70 E and
positive ion electrospray mass spectra (+ve ES-MS) were recorded on a Micromass VG
platform. Optical rotations were measured on a Bendix NPL automatic polarimeter type 143
C with a digital output. Thin iayer chromatography (TLC) was performed using Merck

T 1

silicagel 60 F,,, precoated (0.2 mm) aluminium sheets in the rouowmg system (v/v): (A)
CHCI. /MeOH/AeOH 9:1: 1. Chiral TLC were performed using Chu‘aplate manutactured
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rate of 1 2 ml mm and semi- preparatrve RPHPLC was performed with a Hypersr ep C18
column (8 x 150 mm) at constant flow rate of 2.2 ml min"' unless otherwise stated. Mobile
phase employed were: (A) 0.06% TFA, and (B) 0.06% TFA in 90% MeCN,, unless
otherwise stated. RPHPLC was performed using a Waters 510 twin pump system and 484
tuneable absorbance detector. Post column eluent was monitored by UV absorbance at 220
nm, and sample lyophilisation was performed using an Edwards Modulyo FD freeze dryer.

Solvents and reagents.
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pyndme (sochum hydroxxde pellets) and ethanol (magnesrum ethoxide). Pr cted amino
acids, coupling reagents and resins were purchased from Novabiochem (UK) Ltd.

N-1-(4-Nitro-1,3-dioxoindan-2-ylidene Jethyl (Nde) amino acids.

A suspension of finely powdered amino acid (2.0 mmol) and 2-acetyl-4-nitroindane-1,3-
dione (1) (0.233g, 1.0 mmol) were refluxed in anhydrous ethanol (20 ml) for 6-8 h. Ethanol
was removed in vacuo and the residue redissolved in ethyl acetate. The organic solution was

washed with IM KHSO,,,,, and then extracted with sat NaHCO,,,, (2 x 20 ml). Extracts were
combined and carefully acrdlfled using 6 M HCl and the resultant yellow oil extracted using
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desired N”-protected amino acids as yellow amorphous powders

Nde-L-Phe-OH (3a)

Yield 0.262 g (69%); m.p. 166-168 °C (Decomp.); R, (A) = 0.41; [a]®, -135.1 (¢ 1.0,
EtOH); 'H- NMR ((CD,),S0) & 2.37 and 2.39 (2 x s, 3 H, E/Z C=CCH,), 3.15 and 3.30 (2 x
dd, J 12.5 and 5.0, 2 H, B-CH,), 5.00 (m, 1 H, a-CH), 7.26 (m, 5 H, Ph), 7.84 (m, 2 H, Nde
C6-H and C7-H ), 8.00 (1 H, Nde C5-H), 10.92 and 11.00 (2 x d, J 8.0, 1 H, E/Z NH), 13.78
(brs, 1 H, CO,H); °C § 14.11,14.31 (Nde CH,), 38.4 (Phe B-CH,), 56.68, 56.76 (Phe o-CH),

101.77, 101.86 (Nde 2-C), 123.94, 124.46 (Nde 5- LH), 126.61, 126.69 (Nde 6-CH), 127.38

(Phe 4’-CH), 128.05 (Nde 3a-C), 128.74 (Phe 3°,5’-CH), 129.81 (Phe 2°,6’-CH), 135.13,
135.21 (Nde 7-CH), 135.77, 135.90 (Phe 1’-C), 139.40, 140.45 (Nde 7a-C), 143.90, 144.20
T 1
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o
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190.48 (Nde 3-C); m/z (FAB) 381 (M+H), 335 (M-CO,H); HRMS (FAB) 381.1022 (M+H,
C,,H,;N,O, requires m/z 381.1087); RPHPLC (40 to 80% B in 20 min linearly) 1 peak, R, =
14.0 min.

Yield 0.313 g (68%); R, (A) = 0.35; [@]", -26.2 (¢ 1.0, MeOH); 'H-NMR & 1.41 (s, 9 H,
C(CH3) ), 1.46 (m, 2 H, y-CH,), 1.54 (m, 2 H, 3-CH,), 2.01 (m, 2 H, B-CH,), 2.62 and 2.64 (2
x s, 3 H, E/Z C=CCH,), 3.14 (m, 2 H, e-CH,), 445 (m, 1 H, a-CH), 6.45 ( m, 1 H, e-NH),
7.83 (m, 3 H, Ar H’s), 8.27 (brs, 1 H, CO,H), 11.18 and 11.23 2x d, /8.0, 1 H, E/Z o-NH);
B S 14201427 (Nda CHDY 27102 27 10 (Tye ~vOCHDY 22 12 ((CH Y 20121 (T ve R.CH )

U I IV T UUYUC Ul L4170, L4017 \1L YO [Thdly)f, &40.00 \\Nd13)3)y &7.J1 \AsyS pPTNdl)),
32.12 (Lys 8-CH,), 39.85, 40.97 (Lys &-CH,), 55.57 (Lys o-CH), 79.48, 81 45 (C(CH,),),
102.58, 102.62 (Nde 2-C), 123.92, 124.64 (Nde 5-CH), 126.57 (Nde 6-CH), 128.83, 129.47
(Nde 3a-C), 133 93 (Nde 7-CH), 139.78, 140.76 (Nde 7a-C), 144.02, 144 34 (Nde 4-C)
156.33, 158.32 (NHCO), 169.25, 169.03 (Nde =C-N), 172.11 (CO H), 184. 80, 187.64 (Nde

1-C), 188.60, 191.08 (Nde 3-C); m/z (FAB) 462 (M+H), 388 (M-(CH,),CO); HRMS (FAB)
462.1848 (M+H, C,,H,;,N,O; requires m/z 462.1876); RPHPLC (40 to 80% B in 20 min
linearly) 1 peak, R, = 13.0 min.

Nde-L-Val-OH (3c)

Yieid 0.256 g (77%; "f (A) = 0.45; [@]®, +18.5 (c 1.0, MeOH); 'H-NMR & 1.11 (d, J 3.0,
3 H, y-CH,), 1.14 (d, J 3.0, 3 H, y-CH,), 2.44 (m, 2 H, B-CH), 2.63 and 2.66 (2 x s, 3 H, E/Z
M__MMIY N AN 1 IF o~ MEIIN M ON e 2 1LY Aw IXI’N "TO1 M o 1 LT MM LI 11 9 and
U=eLrny), 4.04 (0, 1 n, a- ny, /.U \in, 5 0, Ar i§), /.71 (DT 8§, 1 I, Lu,nj, 11.£2 anda
1128 2xd, J10.0, 1 H, E/Z o-NH); "*C 8 14.30,14.44 (Nde CH,), 17.27, 17.53 (Val CH,),
17.69, 18.94 (Val CH3), 31.38 (Val B-CH), 60.68, 61.01 (Val a-CH), 102,91 (Nde 2-C),
124. 17 124.89 (Nde 5-CH), 126.78 (Nde 6-CH), 128.96, 129.72 (Nde 3a-C), 133.98, 134.12

O AN JTRA R, A& ALY UTR2 R LAV T vv- Sy 20,

(Nde 7 CH), 139.92, 140.93 (Nde 7a-C), 144.22, 144.58 (Nde 4- C) 169.54, 169.80 (Nde =C-
N), 172.88, 172.96 (CO,H), 185.06, 188.07 (Nde 1-C), 188.97, 191.53 (Nde 3-C); m/z
(FAB) 333 (M+H), 287 (M-CO,H); HRMS (FAB) 333.1041 (M+H, C,H,,N,O; requires m/z
333.1087); RPHPLC (40 to 80% B in 20 min linearly) 1 peak, R, = 12.0 min.

Nde-L-Tyr(O'Bu)-OH (3d)

Yield 0.353 g (78%); R; (A) = 0.38; [a]”’, -136.5 (¢ 1.0, EtOH); 'H-NMR & 1.32 (s, 9 H,
C(CH,),),2.20and 2.23 2 xs,3 H, E/Z C=”‘CH3), 3.10 and 3.40 (, 2 x dd, J 15.0 and 4.0, 2
H, B-CH,), 4.63 (m, 1 H, a-CH), 7.05 (ABq, J 8.0, 4 H, Tyr-Ar H’s), 7.67 (br s, 1 H, CO,H),
Tt Fes YL N ML TT e A VT IIN 7O fenn 1T LT NTAAL M TN 11T 1Q anAd 11734 7D - A TON
/.00 I, £ 11, INGE LOo-n ana /-y, 7.0/ (i, 1, INQ€ Uo-r), 11.17 dla 11.£0 (£ X 4, v d8.U,
1 H, E/Z o-NH); “C 8 13.89 (Nde CH,), 28.54 ((CH.,),), 38.56 (Tyr B-CH,), 57.26, 57.48
(Tyr a-CH), 79.03 (C(CH,),), 102.43, 102.48 (Nde 2-C), 124.09, 124.86 (Nde 5-CH), 124.64
(Tyr 3°,5’-CH), 126.62, 126.74 (Nde 6-CH), 128.82, 129.55 (Nde 3a-C), 129.68, 129.96 (Tyr
I’-C), 129.86 (Tyr 2°,6’-CH), 133.89, 134.10 (Nde 7-CH), 139.76, 140.75 (Nde 7a- C)

144.12, 144.43 (Nde 4-C) 154.37, 154.44 (Tyr 4’-C-O-), 169.34, 169.44 (Nde =C-N),
171.96, 172.06 (CO,H), 184.84, 187.82 (Nde 1-C), 188.73, 191.15 (Nde 3-C); m/z (FAB)
453 (M+H), 351 (M-CO,H-C(CH,),+H); HRMS (FAB) 453.1658 (M+H, C,,H,;N,O, requires
m/z 453.1662); RPHPLC (40 to 80% B in 20 min linearly) 1 peak, R, = 16.5 min.

Nde-L-1le-OH (3e)

Yieid 0.242 g (70%); Rf (A) 0.48; [o]*, +10.2 (¢ 1.0, EtOH); '"H-NMR & 1.01 (t, J 5.0, 3
H, 6-CH,), 1.08 (m, 3 H, §-CH,), 1.54 (2 x m, 2 H, ¥-CH,), 2.17 (m, 1 H, $-CH), 2.59 and
2.65((2xs,3H, E/Z C=CCH,), 4.39 (m, 1 H, a-CH), 7.85 (m, 3 H, ArH’s), 8.10 (br s, 1 H,
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CO,H), 11.21 and 11.28 (2 x d, J 10.0, 1 H, E/Z o-NH); “C 8 11.49, 11.56 (lle 8-CH,),
14.25, 14.39 (Nde CH,), 15.45, 15.51 (Ile B-CH,), 24.74 (Ile y-CH,), 38. 04, 38.11 (Ile B—CH)
60.10, 60.25 (Ile a-CH), 102.87 (Nde 2-C), 124.10, 124.88 (Nde 5-CH), 126.77 (Nde 6-CH),
128.89, 129.65 (Nde 3a-C), 133.98, 134.12 (Nde 7-CH), 139.86, 140.86 (Nde 7a-C), 144.17,
144.53 (Nde 4-C) 169.40, 169.66 (Nde =C-N), 173.01, 173.10 (CO,H), 185.03, 188.08 (Nde
1-C), 188.92, 191.48 (Nde 3-C); m/z (FAB) 347 (M+H), 301 (M-CO,H); HRMS (FAB)

347.1268 (M+H, C;H;N,O, requires m/z 347.1243); RPHPLC (40 to 80% B in 20 min
linearly) 1 peak, R, = 14.0 min.

; Ry (A) =0.49; [Oc]25 -31.5 (¢ 1.0, MeOH); 'H-NMR § 1.01 (m, 6 H,
(m, 3 H, CH-CH,), 2.64 and 2.67 (2 xs,3 H, E/Z C= CCH,), 4.45 (m, 1 H, a-
, 3 H, ArH’s), ), 795(brs 1 H, CO,H), 1102and1109(2xd JIOO lH E/Z

-NH) I3C 5 14.32,14.43 (Nde CH,), 21.53, 21 67 (Leu CH,), 22.55 (Leu CH,), 24.64, 24.74
(Leu y-CH), 40.89, 41.06 (Leu B-CH,), 54.23 (Leu o-CH), 102.81 (Nde 2-C), 124.12, 124.94
(Nde 5-CH), 126.83 (Nde 6-CH), 128.96, 129.71 (Nde 3a-C), 133.96, 134.15 (Nde 7-CH),
139.92, 140.90 (Nde 7a-C), 144.24, 144.58 (Nde 4-C) 169.40, 169.55 (Nde =C-N), 173.84,
173.93 (CO,H), 185.08, 188.05 (Nde 1-C), 188.96, 191.42 (Nde 3-C); m/z (FAB) 347 (M+H),

301 (M-CO,H); HRMS (FAB) 347.1249 (M+H, C;H,,N,0; requires m/z 347.1243); RPHPLC
(40 to 80% B in 20 min linearly) 1 peak, R, = 14.7 min.

AAs 7 _Iicf A Tas) N (o)
INQE-LALIWLIY —ITi)-Il (Js,l

1 . * Yy 25 = n fal 1 - Qarn
Yield 0.244 g (40%); R, (A) = 0.32; [a]*}, -89.6 (c 1.0, MeOH); 'H-NMR § 2.54 and 2.51 (2
x s, 3 H, E/Z C=CCH,), 3.40 (m, 2 H, B-CH,), 4.85 (m, 1 H, -CH), 7.05 and 7.26 (2 x m, 15
H, CPh;), 7.65 (m, 2 H, Nde C6-H and C7-H), 7.80 (m, 1 H, Nde C5-H), 8.15 (br s, 1 H,

CO,H), 9.85 (m, 2 H, imidazole 2 x CH), 11.05 and 11. 15 (2xd J 10.0, 1 H, E/Z a-NH); °C
8 14.25 (Nde CH,), 29.02, 29.33 (His B-CH,), 54.93 (His a-CH), 76.48 (CPh,), 101. 86,
101.91 (Nde 2-C), 121.25 (His 5-CH), 123.88, 124.56 (Nde 5-CH), 126.69, 126.82 (Nde 6-
CH), 127.97 (Nde 3a-C), 128.32 (His 2-CH), 128.61 (Trt 3’,5’-CH), 128.80, 128.93 (Trt 4’-
CH), 129.37 (Trt 2°,6’-CH), 131.70 (His 4-C), 135.44 (Nde 7-CH), 139.36, 140.49 (Nde 7a-
C), 141.16, 141.22 (Trt 1’-C), 143.97, 144.27 [Nde 4-C), 169.37 (Nde =C-N), 170.82

(LU H), 184.86, 187.22 (Nde 1-C), 188.09, 190.40 (Nde 3-C); m/z (FAB) 613 (M+H), 568
(M-CO,); HRMS (FAB) 613.2079 (M+H, c%Hngo requires 613.2087); RPHPLC (40 to

Nde-L-Ala-OH (3h)

Yield 0.197 g (65%); m.p. 250-253 °C (Decomp.); R; (A) = 0.27; [a]”, +26.4 (c 1.0,

MeOH); 'H-NMR ((CD,),! 1.53 (d, J7.5, 3 H, rB-CH3), 0and 2.65 (2 x s, 3 H, E/Z
e-C6-

H), 1102and 11, 10(2 xd J80 1 H, E/ZNH) 13.65 (br s, H COH) BC §14.26 (Nde
CH.,),18.79 (Ala CH,), 51.17 (Ala a-CH), 101.84 (Nde 2-C), 123.84, 124.41 (Nde 5-CH),
126.60 (Nde 6-CH), 128.00, 128.04 (Nde 3a-C), 135.18 (Nde 7-CH), 139.47, 140.39 (Nde 7a-
C), 143.89, 144.18 (Nde 4-C), 169.04 (Nde =C-N), 172.59 (CO,H), 184.78, 187.14 (Nde 1-
C), 188.21, 190.52 (Nde 3-C); m/z (FAB) 305 (M+H), 259 (M-CO,H); HRMS (FAB)

305.0779 (M+H, L14H13N ,Og requires 305.0774); RPHPLC (40 to 80% B in 20 min linearly)
1 peak, R, = 4.0 min.



Racemisation studies.

A solution of Nde-L-Phe-OH (0.190 g, 0.5 mmol) was dissolved in 1% hydrazine
monohydrate in anhydrous ethanol (5 ml) and stirred at room temperature for 3 h. A
yellow/orange precipitate was collected and structurally confirmed as Nde-hydrazide (7)
(0.120 g, 97%), m.p. 194-198 °C (dec). 'H NMR (CD,),SO-CDCl,) § 2.53 (s, 3 H, C=CH,),

5.50 (br s, 2 H, NH,), 7.75 (m, 3 H, ArH’s), 11.4 (d, J 8.0, NH). m/z (+ve ES-MS) 248.2
(AALLIIN Tha hx Arnq;nqlafknr\n| enlhitinn wwac avanaratad ta Arunoce and tha ragidinae nartitinnad
\L\'lTll) 111v llymablll‘dc\.llﬂll\)l OUVIULIVII WaAad qulJUluL\.zU w Uly.ll\/DD Al uiv 1uvoalivun Pﬂl LitilvlivA
between chloroform and water. Removal and evaporation of the aqueous layer afforded L-
phenylalanine: '"H NMR (D,0, DSS external standard) 8 3.10 and 3.25 (2 x dd, J 8.0 and 5.5,
2 H,, B-CH,), 3.95 (dd, J 8.1 and 5.5, o-CH), 7.35 (m, 5 H, Ph); [a]*, -31.5 (¢ 1.0, H,0)
{lit., [a]*’, 33 7 to -35.2 (¢ 2.0, H,0); Chlral TLC analysis, R; = 0.625 (L-Phe-OH [pure]; R,
= 0.625, D-Phe-OH [pure]; R, = 0. 50)

Racemisation studies during coupling of Nde-L-Phe-OH and Nde-D-Phe-OH.

Nde-L-Phenylalanyi-L-alanine benzyl ester and Nde-D-phenylalanyl-L-alanine benzyl ester via
DCC mediated coupling.

To stirred individual solutions of Nde-L-Phe-OH and Nde-D-Phe-OH (0.057 g, 0.15 mmol) in
Ay MYOR (2D 1Y ancrh prantaininag T _nlnn;nn han7vyul actar tnculata galt (INNKY o N 18 mmnal)
Gry DU (Ou 1) €acn Containing L-aianine oCnzy: €8Ier 1G8yiall sail \v.vl335 g, v.1J IIioi),
HORt (0.023 . 0.15 mmoD) and triethvlamine (0.021 ml. 0.15 mmol). was added DCC (0.034
AR AL \UQUHJ 5’ e A oS l‘llllull SRAINE ul\#vll]lullllll\/ \V Viw A 11314y V.ad1 llllllVL;, VY U2 WM A \U-UJj
g 0.165 mmol) at 0 °C. Stirring was continued at room temperature for 3 h, followed by

L

b5 . Aiizxiay [

v s - J
evaporation of volatiles in vacuo. The individual residues were redissolved in cold ethyl
acetate and the DCU precipitate removed via filtration. The organic solutions were then
washed with IM KHSO,,,, sat. NaHCO,,,,, water and brine. The organic layers were then
dried (MgSQO,) and evaporated to dryness to yield Nde-L-Phe-L-Ala-OBzl (0.062 g, 77%) and
Nde-D-Phe-L-Ala-OBzl (0.057 g, 70%) as yellow oils.

Nde-L-Phenylalanyl-L-alanine benzyl ester and Nde-D-Phenylalanyl-L-alanine benzyl ester via

TBTU mediated coupling.
Using the above protocol, only repldcmg DCC with TBTU (0.048 g, 0.15 mmol), Nde-L-Phe-
)

Al MDDl N NLN « TADIY A N1 T f\D~1 N NLg QNO7. Ty S avsars ket e s em oo
L-Ala-OBzl (0.060 g, 74%) and Nde-D-Phe-L-Ala-OBzl (0.065 g, 80%) were again obtained
ac vallaw nile NAo T Pho T Ala ORI LI NMR 8152/d 7785 2 Ala R.OCLIY 2 AN and
ad yCllUW VLI ivu Lm0 NE~L-NLU DL, TITINIVAIN U 1.0\, Vv /.U, J 11, N1a lJ \/113}, TV Al
’)Aﬁl’)vc’l F/7 C—=C( Y RIS and 4R D vy dd T 128 and SO 9 Phe R.C \A<<
C-The 2 \Lt Fa D, - Ll’ il £ N\ \/\2113/’ -t s hud CRLEANL U TTO \l—r o \JU, v L dwen CRLING ;}-\l, st J.l.’ A LEW H X 2 s Tl S
(m, 1 H, Phe a-CH), 4.76 (m, 1 H, Ala «-CH), 5.26 (s, 2 H, PhCH,), 6.70 and 6.75 (2 x d, J
7.5, | H, E/Z CONH) 7.37 (m, 5 H, Phe Ph), 745 (s, 5 H, Ph), 7.85 (m, 3 H Nch_r__s)

)

Ole) Nde-D-Phe-L-Ala- Ole 'H-NMR § 1.44 (d, 17, 5,3 H, Ala B CH;) 2. 41 and 2 42 (2
x s, 3 H, E/Z C=CCH,), 3.19 and 3.41 (2 x dd, J 12.5 and 5.0, 2 H, Phe B-CH,), 4.52 (m, 1 H,
Phe a-CH), 4.71 (m, 1 H, Ala a-CH), 5.23 (s, 2 H, PhCH,), 6.52 and 6.75 2 xd, /7.5, 1 H,
E/Z CONH) 7.35 (m, 5 H, Phe-Ph), 7.41 (s, 5 H, Ph), 7.85 (m, 3 H, Nde-ArH’s), 11.24
and11.32 (2xd, J7.5, 1 H, E/Z C=CNH); m/z (FAB) 542 (M+H), 335 (M-CO-Ala-OBzl).
In both examples RPHPLC [Eluent A = H,0O, Eluent B = 90% MeOH,,,|; Gradient = 70 to
100% B in 20 min linearly) Observed for Nde-L-Phe-L-Ala-OBzl; 1 peak R, = 18.4 min. and

Fre NJA_ M DL 1T Aln MNL1e 1 —anal- T 14 ...
101 INAC-D-ric-L-Ald-UDZ], 1 PCAK I\ = IU.J I1iin.



Peptide synthesis.

All linear peptides were synthesised using an LKB 4175 Biolynx manual peptide
synthesiser. All peptides were prepared as their corresponding carboxamide derivative using
NovaSyn®KR 100 resin functionalised at (.12 mmol/g with an Fmoc protected Rink amide
linker. This approach was chosen due to the ease of first residue attachment to the resin
bound amine foﬁowing Fmoc deprotection. For Neuromendin N amide, individual couplings
were performed usmg a DIPCDI/HOBt strategy, Wlth Nde deprotection achieved using 2%

ds Lo deamiong 1o TYAMME s1adar ~mn P flow condi Tha nraline racidiie wrac jntrndiead
Viv uyulaLulc in DMF under continuous flow conditions. The proiine resiauc was introaucea
neing FHmar_De~a M urith Adanrntantinn o nrr‘nf‘ "\n M'MNTv;/yy nineridine in NDME Far
udilly rimul-rivu-url, widl Utpiviiuvn anviucua v LU70V/V plpleliuine il psivax i Ul
Angiotensin II recentor bindine nrotein fraement amide a DIPCDI/HORt was acain embloved
£ lllél\}h\.{llalll a1 A\(\.a\.rl.ll.ul ULLAUJ.AL& tlx\ll,wl A Llub‘llvll" SAALARANAY W& A AA RS AT AN AT VY BT “c“‘u‘l VIIIIII-VJ v“,

and it is important to note that the Gly residue was coupled using Fmoc-Gly-OH due to the
instability of the carboxy-activated Nde protected species [14]. Leucine enkephalinamide was
synthesised utilising a “TBTU/HOBUDIEA counhng protocol, with the glvcme residues
introduced via the Fmoc protected species for the same reason as mentioned above. In all
three cases, upon completion of the synthesis, the resin was transferred to a sintered glass
funnel, and sequentially washed with DMF (25 ml), -amyl alcohol (10 ml), acetic acid (5§ ml),
r-amyl alcohol (5 ml) and ether (20 ml). The resin was dried in vacuo over KOH overnight.
A portion of the resin (50 mg) was suspended in TFA-H,O-TIPS (95:2.5:2.5, 10 ml) for 2 h
with occasional agitation. The mixture was filtered through a glass sinter and the filtrate
evapora[ea The solid residue was triturated several times with cold HPLC grade ether,
....... R BTSN . el lermeebzlicnad ¢ wrinald = all A T 1.

7 . 1 M cas o thita o
UlbbUlVCU ll GiSulEd wWaier aiia lyUPllllthU LU yiCiU, 11 dil CddCy, d whiie a

Neuromendin N amide

RPHPLC (20 to g 2 B in 20 min linearly); 1 peak at 11.2 min m/z (+ve ES-MS) 746.2 (M +

= X7 = a4 NS

H), 617.1 (M - Leu—NHo)

1

9)
in

Angiotensin Il receptor binding protein fragment amide

RPHPLC (20 to 50% B in 20 min linearly); 1 major peak at 7.0 min. Purified under
analogous conditions; m/z (+ve ES-MS) 900.2 (M + H), 769.5 (M -Leu-NH,), 561.8 (M - His-
Ala-Leu-NH,), 450.1 (M - Ile-His-Ala-Leu-NH,).

7
DDLIDT /7 /AN ¢4 LNOL D S AN smaiin Tiemaarlole 1 osmnime swpal ot 11 & coilen ML ot 1 o
RO (24U 10 OU% b 1l <4uU il 1ifearityj; 1 major péaxK at 11.5 miil. 10€ major péaK was
yuxxxu./u (53§ iwyy aucuusuua CULIVHILLIVLLS, TV S, \TV\-' } S ) LVLU} waldd X \1\’1 T 11}, JJ0O.0 \lvl - l‘ll}, Ji1V.l
(M - CONH,), 425.0 (M - Leu-NH,), 397.7 (M - CO-Leu-NH,).

Assessment of Nde stability towards TFA.

Nde-L-Phe-OH (0.190 g, 0.5 mmol) was dissolved in neat TFA (50 ml) and allowed to
stand at room temperature for 24 h. At 2, 4, 6 and 24 h intervals, a 2 ml sample was removed
and evaporated to dryness. The residue was redissolved in 0.06% TFA in 90% MeCN,,, and a
50 ul sample was analysed by RPHPLC. After 24 h, the solution was evaporated to dryness
and the residue analysed by 'H NMR and FAB-MS. RPHPLC (40% to 80% B in 20 min
linearly); at all time points, observed 1 peak at 14.0 min. An authentic sample of L-Phe-OH
displays a retention time of 3.5 min under analogous conditions.



Assessment of Nde stability towards 20% piperidine under continuous flow conditions.
Nde-Leu-Tyr-Gly-Gly-Phe-Leu-Novasyn KR 100 (0.10 g) was swelled in DMF for 1 h,

and using an LKB Biolynx manual peptide synthesiser, was exposed to a continuous flow of

20% piperidine in DMF at a constant flow rate of 0.5 ml/min for 24 h. Samples of resin (20

mg) were removed at 3, 6 and 24 h intervals. 1DCS€ were wasnea Clrle(l ana cleaved as

P, Al 7 men A Yoo Lt

described for the pepiides above e.g (9), and lyop
powders. Each peptide was analysed by RPHPL
i A

A 1 A A at ")A h AAOZ +
were calculated. At 3 h, 6% impurity; at 6 h, 13% 1mpunty and at 24 h, 46% impurity. In
all cases, the impurity consisted of one peak, identified as the free peptide H-Leu-Tyr-Gly-
Gly-Phe-Leu-NH,

Solid phase synthesis of dihydrotrypanothione

N', N°-bis-Nde-spermidine (13)

To a solution of spermidine (12) (79 ul, 0.50 mmol) in anhydrous ethanol was added 2-
acetyl-4-nitroindane-1,3-dione (0.350 g, 1.50 mmol) and DIEA (261 pl, 1.50 mmol) and the
resultant solution was refluxed for 8 h. A bright yellow precipitate formed which was
collected at the pump and washed 3-4 times with 1% AcOH in ethanol, then cold ethanol and
finally dried to afford the title compound as a yellow amorphous powder (0.253 g, 88%),
m.p. 165-169 °C.

Vo (KBr) 3440, 3100, 2940, 1688, 1645, 1600, 1535, 1495, 1350 cm”. 'H-NMR (CF,CO,H)
§2.10 (m, 4 H, 6,7-CH,), 2.49 (m, 2 H, 2-CH,), 2.83 (s, 6 H, 2 x =CCH,), 3.54 (m, 4 H, 3.5-
CH,), 3.85 (m, 4 H, 1,8-CH,), 7.39 (br s, 2 H, 'NH,), 8.00 (m, 6 H, ArH’s), 11.54 (d, 2 H, J
8.0, 2 x =CNH-); "C 8 14.13, 14.16 (CH, [Nde]), 23.19 (7-CH,),

25.88 (6-CH,), 25.97 (2-
CH,), 40.25 (8-CH,), 42.42 (1-CH,), 44.47 (5-CH,), 46.64 (3-CH,), 101.64, 101.84 (2-C
[Nde]), 123.75, 124.33 (5-CH [Nde]), 126.54 (6-CH [Nde]), 128.11 (3a-C [Nde]), 135.07 (7-
CH [Nde]), 140.46 (7a-C [Nde]), 143.95 (4-C [Nde]), 169.94, 170.03 (=C-N [Nde]), 184.76,
187.15 (1-C [Nde]), 188.09, 190.49 (3-C [Nde]); m/z (+ve ES-MS) 576.1 (M + H), 344.4 M
- Nde-NH), 114.3 (M - {2 x Nde-NH}); HRMS (FAB) 576.2074 (M+H, C,,H,,N.O, requires
m/z 576.2094);

Activation of zvovaoyn ®TGA resin with p-nitrophenyl rntorOJonnate (15).

NovaSyn®TGA resin functionalised at 0.28 mmol g' with an HMPA linker (14) (0.20 g,
0.056 mmol of free alcohol) was swelled in DCM for 30 min. To this suspension was added
4-nitrophenyl! chloroformate (0.113 g, 0.56 mmol) and DIEA (98.0 pl, 0.56 mmol) and the
suspension allowed to stir at ambient temperature overnight

Attachment of N', N°-bis-Nde-spermidine (13) to activated NovaSyn®TGA resin (15).

The resin was washed 5 times with dry DCM and then washed 5 times with, and finally
suspended in, peptide synthesis grade DMF. To this was added N', N°-bis-Nde-spermidine
(0.161 g, 0.28 mmol) and DIEA (49.0 pl, 0.28 mmol) and the suspension was again allowed
to stir overnight. The resin was then washed with DMF and subsequently capped with 2%
acetic anhydride/DIEA in DMF. Nde deprotection was carried out using 2%v/v hydrazine in
DMF under continuous flow conditions for 7.0 min at a flow rate of 3.0 ml min™.

Dihydrotrypanothione (11).
Using an LKB 4174 Biolynx manual peptide synthesiser, peptide synthesis was completed
via the sequential addition of Fmoc-Gly-OH (0.133 g, 0.448 mmol), Fmoc-Cys(Trt)-OH
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(0.262 g, 0.448 mmol), and Fmoc-Glu(OH)-OtBu (0.191 g, 0.448 mmol) activated using a
TBTU (0.143 g, 0.448 mmol), HOBt.H,0O (0.034 g, 0.224 mmol) and DIEA (87.0 ul, 0.896
mmol) coupling strategy. Fmoc deprotection following each acylation was achieved using
20%v/v piperidine in DMF under continuous flow conditions and post column eluent was
monitored spectrophotometrically at 290 nm.

The resin was then washed and dried as described for the linear peptides. A portion of the
resin (10 mg) was suspended in TFA:EDT: H20 TIPS (92.5:2.5:2.5:2.5, 10 ml) for 2 h with
occasional agitation. The peptide product was obtained as a white amorpnous pOWCler (/ mg )

as described for the linear peptides. RPHPLC (3% B for 5 min. then to 160% B in 20 min
limmanele e 1T AAncine maal- ¢ 1N A .M:—. 111 Fiad trmdar analasniie AanAdifionc san /r AACH
llllCCllly}, I JVICIJ\II L)th L 1U.~ 11111, lJullllcu uinicil aua.luguuh COIIUILIULID. ’fl/( \'f'VC DL) V1Y)
724.1 (M+H, C,;H,,N,0,,S, requires m/z 723).

Trypanothione disulphide (10).

Dlhydrotrypanothlone ( 11) (7 mg) was dissolved in 0.04 M ammonium acetate (70 ml,
adjusted to pH 8.5 with conc. ammonia) under atmospheric oxygen at room temperature and
allowed to stir for 72 h. The solution was then carefully concentrated in vacuo and finally
lyophilised to afford a white amorphous solid. RPHPLC (3% B for 5 min. then to 100% B in
20 min linearly); 1 Major peak at 8.8 min, purified under analogous conditions. m/z (+ve
ES-MS) 722.2 (M+H). HRMS (FAB) Found: m/z 722.2933 (Calcd. for C,,H;N;O,,S, (M+H)

722.2966).
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Abbreviations

Amino acids are of the L-configuration unless otherwise stated and follow the IUPAC-IUB
nomenclature where applicable (Eur. J. Biochem. 1984: 9-37); Boc, tert-butoxycarbonyl;

DCC, N N’-dicyclohexylcarbodiimide; DCM, dichloromethane; DIPCDI; N,N'-
diisopropylcarbodiimide; DMF, N N’-dimethylformamide; DSS, 3-(trimethylsilyl)-1-
propanesulphonic acid Qndil Qﬂ]f EDT, 1,2-ethanedithiol; ES-MS, electrospray mass
S dhattt=d R SRS R ;¥ S LV S Y [elt3 LN ) N A gdTNiABAA VSV Iy MTAVAL,  wivWVuUSpHLIQGy LEREASD

H »

1C
spectrometry; FAB MS, fast atom bombardment mass spectrometry; Fmoc, 9-
ﬂuorenylmethoxycarbonyl HBTU, O-(1H-benzotriazol-1-yl)-1,1,3,3-tetramethyluronium
hexafluorophosphate; HOBt, 1-hydroxybenzotriazole; RPHPLC, reverse phase high
performance liquid chromatography; tBu, tert-butyl; TFA, trifluoroacetic acid; TIPS,
triisopropylsilane; TNBS, 2,4,6-trinitrobenzenesulphonic acid; Trt, trityl.

&

References

[1] Atherton E, Sheppard RC. Illustrative syntheses. In:Rickwood D, Hames BD, editors.
Solid phase peptide synthesis: A practical approach. Oxford: IRL Press, 1989:163-189.
[2] Bycroft BW, Chan WC, Chhabra SR, Hone ND. J. Chem. Soc., Chem Commun.

VoY a Yo W 2o 1 -y

1993:778-779.

(V8]
-



Bloomberg GB, Askin D, Gargaro AR, Tanner MJA. . Tetrahedron Lett. 1993;34:4709-
4712.

Bycroft BW, Chan WC, Evans DJ, White PD. Poster 658 at: The 13th American Peptide
Symposium, 1993; Edmonton, Canada

Atherton E, Fox H, Harkiss D, Logan CJ, Sheppard RC, Williams BJ. J. Chem. Soc.,

Nl Lo 2~

Chem Commun. 1978:537- 3"9

Fields GB, Noble R. Int. J. tide Protein Res. 1990;35:161-214.
Nash IA, Bycroft BW, Chan ‘v‘vC. Tetra hedrm Lett. 1996;37:2625-2628
Kellam B, Bycroft BW, Chhabra SR. Tetrahedron Lett. 1997; 9-4852

1995:2209- 2210

] Bannwarth W, Huebscher J, Barner R. Bioorg. Med. Chem. Lett. 1996;6;1525-1528.

Kellam B, Chan WC, Chhabra SR, Bycroft BW. Tetrahedron Lett. 1997;38:5391-5394.
Mosher WA, Meier WE. J. Org. Chem. 1970;35:2924-2926.

Atherton E, Logan CJ, Sheppard RC. J. Chem. Soc., Perkin Trans. 1. 1981:538-546.
Unpublished results.

Fairlamb AH, Blackburn P, Ulrich P, Chait BT, Cerami A. Science. 1985;227;1485-
1487.

Cohen GM, Cullis PM, Hartley JA, Mather A, Symons MCR, Wheelhouse RT. J. Chem

[ P I'1L____ PR 100N AN0Q 3NN
Q0C., L Commun. 1774, £F0-2UVU.

: H p 1y s 2] Qi AAM T M QA f‘l—.nm [ ) P ST,
Pv’htC}‘ui'iSOﬁ A G\’)ldﬁ‘ng BT, Griffin RJ, O’Sullivan MC. J. Chem Soc., Chem Commun.

Henderson GB Ulrich P, Fairlamb AH, Cerami A. . J. Chem. Soc., Chem Commun.
1986:593-594.

Fauchet V, Bourel L, Tartar A, Sergheraert C. Bioorg. Med. Chem. Lett. 1994:4;1525-
1528.

Marsh IR, Bradley M. Tetrahedron. 1997;53;17317-17334.

Dixit DM, Leznoff CC. Isr. J. Chem. 1978;17:248-252.

Alsina J, Rabanal F, Giralt E, Albericio F. Tetrahedron Lett. 1994;35:9633-9636.

] Dressman BA, Spangle LA, Kaldor SW. Tetrahedron Lett. 1996;37:937-940.
24] Gouilleux L, Fehrentz JA, Winternitz F, Martinez J. Tetrahedron Lett. 1996:37:7031-

IT.. MY L1 1. AAT MToe.-L 1. . T _iza 10O07.70Q.77700 NQNND
noU C I, NUkia iviJ. 1C€UdIICUION LECW. 1YY /,00.4/9Y-LBUL.
Hancock WS, Battersby JE. Anal. Biochem. 1976;71:260-264



