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Synthesis of Alanine and Proline Amino Acids with Amino or
Guanidinium Substitution on the Side Chain

Zhenyu Zhand Arthur Van Aerschof,Chris Hendrix? Roger BussofiFrank David® Pat Sandra
and Piet Herdewiji
% aboratory of Medicinal Chemistry, Rega Institute for Medical Research, Katholieke Universiteit Leuven, Minderbroedersstraat 10,

B-3000 Leuven, Belgium
PResearch Institute for Chromatography, Kennedypark 20, B-8500 Kortrijk, Belgium

Received 2 November 1999; revised 24 January 2000; accepted 10 February 2000

Abstract—Competitive binding of peptides containing basic amino acids to disrupt or prevent the Tat—TAR interaction could result in
diminished transcription as well as translation and hence constitutes an alternative way of controlling HIV replication. Therefore, we
synthesized guanidinium and amino containing amino acids, based on a proline or an alanine scaffold. The introduction of the guanidinium
moiety was best accomplished usingl-pyrazole-1-carboxamidine hydrochloride, with Pmc used for its protection. The absence of
racemization, maintained throughout the whole synthesis, was confirmed by chiral purity determination. These building blocks were
smoothly incorporated into oligopeptides, which proved their suitability for use in a combinatorial approach for selecting TAR binding
ligands.© 2000 Elsevier Science Ltd. All rights reserved.

Introduction transcriptional elongation by binding to a region near
the start of transcription in the viral long terminal repeat

In the past decade, remarkable clinical success in the field of(LTR) called thetrans-activation response elemeftt The
target-directed AIDS treatment has been achieved with regulatory protein is one of the important viral proteins,
drugs against two important enzymes in the HIV-1 life which have scarcely been used as targets. A lower rate of
cycle, the reverse transcriptase and the HIV protédse. resistance against TAR-binding compounds can be
However, the rapid development of viral resistance against expected because the drugs would act at the level of gene
existing drugs has stimulated the exploration of alternative expression and Tat—TAR interactions are highly
targets® One of these targets is the virlans-activator conserved. Moreover, mutations in the protein-binding
protein, Tat. This regulatory protein is required early in site of the RNA will (most probably) result in replication
the viral life cycle to increase the efficiency of of incompetent viruses.
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Figure 1. The basic region of Tat protein induces a local conformational rearrangement, which enhances the accessibility of unfunctional groups on TAR RNA.
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Figure 2. Orthogonal protected basic amino acids using prolin2 or alanine3a, 4a, 3b, 4b as scaffold.

During past years, the interaction of Tat protein with TAR In a first step we plan to develop libraries of unnatural
RNA has been studied in more detail. NMR studies showed peptides containing one or more positively charged
that the accessibility of functional groups on TAR RNA to residues. Therefore we synthesized orthogonal protected
be recognized by Tat protein is enhanced by a local confor-amino acid analogues containing a basic functionality
mational rearrangemefit® This folding process is induced  (amino or guanidine group) on the side chain. These
by the basic region of Tat, which comprises a series of eight amino acids are structurally based on a prolite2) or
positively charged residues located within a stretch of nine alanine 8a, 3b, 4a, 4b) scaffold (Fig. 2).
amino acid$ (Fig. 1). Following this observation, it has
been suggestédhat ligands carrying the basic guanidinium  All building blocks were functionalized to be incorporated
group may bind to TAR RNA and induce folding. As a into peptides following the Fmoc-strategy. During the total
result the ligand may block the regulatory function of the synthesis the enantiomeric purity of these residues was
Tat—-TAR complex. properly retained as confirmed by chiral purity analysis.
To evaluate the potential use of these modifiedmino
Because of the complex interaction pattern involved in RNA acids as components in an oligopeptide library, the modified
structure organization and folding, de novo design of amino acids were incorporated in a peptide sequence.
RNA-binding ligands is very difficult. Combinatorial Following deprotection and cleavage from the solid support,
chemistry might prove to be an alternatié? This the unnatural peptide was analyzed for its purity and correct
approach allows the simultaneous synthesis of a largestructure, and the yield of incorporation was determined.
number of compounds that can be used for screening forThis work lets us conclude that the newly described
TAR-binding properties. amino acids may be useful building blocks in a potential
anti-Tat library.
Since the library components are envisaged to compete with
Tat for binding to TAR RNA, it seems reasonable to intro-
duce functional groups interacting with TAR RNA via a Results and Discussion
similar mechanism. The basic region of Tat protein is
extremely important for Tat—TAR RNA sequence specific The synthesis of 4-aminb-benzyloxycarbonyk-cis-
interaction™® In this region eight positively charged proline, &) has been previously reportétiSince peptide
amino acids are found, incorporating two lysine and six assembly using the Fmoc-strategy was envisaged, the Boc
arginine residues. Therefore, a first library approach to group was used to protect the primary amino grougb.of
select TAR binding compounds may be based on a selectionTherefore 5 was reacted with ditertbutyl dicarbonate in the
of various positively charged and structurally more presence of 10% NE&O, affording 6 in 93% vyield.
constrained residues that can be assembled in a peptideRemoval of the Z group by catalytic hydrogenation enabled

like structure. the final protection of thex-amine with Fmoc-Cl under
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Scheme 1(i) 1.2 equiv. (Boc)O in 10% NaCOs; and dioxane; 93%, (ii) a. 51Pd/C in MeOH and KD, 45 psi; b. 1.2 equiv. Fmoc-Cl in 10% pa0O; and
dioxane; 81%.
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Scheme 2(i) 1.2 equiv. Z-Cl in 10% NgCO; and dioxane; 84%, (ii) 1.5 equiv. [bis(trifluroacetoxy)iodo]-benzene in DMB/KL:1) and pyridine; 47%, (iii)
1.2 equiv. (Boc)O in 10% NaCO; and dioxane; 91%, (iv) a. HHPd/C in MeOH and KD, 45 psi; b. 1.2 equiv. Fmoc-Cl in 10% M20O; and dioxane; 81%.

Schotten—Baumann conditions. The desired produeas material from ether. Th@-amino group was protected with
obtained in 81% yield (Scheme 1). a Boc group to yield10. The Z group was cleaved and
replaced with Fmoc to affor8ain 80% yield.
For the synthesis of the amino analodgdjeve first started
from serine. However, mesylation of ifs-alcohol group Several approaches for the conversion of an amino group
easily led to an elimination reaction. Therefore we investi- into a guanidine function have been reported in literatfre.
gated opening of sering-lactone with ammoni&? This led Guanylation via the formation of a carbodiimide inter-
predominantly to formation of the amide of serine instead of mediate, prepared in situ by reaction of di-Boc protected
the desired3-amino alanine derivative. Finally, we utilized thiourea with Mukaiyama’s reageéft’ or with HgCh,*®
a modified Hoffmann rearrangement as reported by Waki has been widely used. More recently, triflated di-Boc
et al.!® starting fromL-asparagine?) (Scheme 2). Here also  guanidine was reportédto effectively carry out guanidine
the a-amino function of asparagine was protected with a formation starting from an amine. However, both
benzyloxycarbonyl group to giv8 in a yield of 84%. approaches suffer from an unpleasant and complicated
This derivative was converted into the desired diamino- manipulation. Moreover a di-Boc protected approach was
propionic acid by addition of a solution of [bis(trifluro- not very attractive to us as it rendered the guanidine moiety
acetoxy)iodo]-benzene in a mixture of DMF-water (1:1) less stable during subsequent reactions (often the guanidine
and pyridine an® was obtained in 47% yield as crystalline group was degraded to yield the starting amino analogue).
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Scheme 3(i) 1 equiv. H-pyrazole-1-carboxamidine hydrochloride in 1.0 MJ8&s; 40%, (ii) 1.8 equiv. Pmc-Cl in 3.2 M NaOH and acetone 4;(60%,
(iii) a. Hy, Pd/C in MeOH and KD, 45 psi; b. 1.2 equiv. Fmoc-Cl in 10% B&O; and dioxane; 81%.
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Scheme 4(i) 1 equiv. H-pyrazole-1-carboxamidine hydrochloride in 1.0 MJ8&s; 40%, (ii) 1.8 equiv. Pmc-Cl in 3.2 M NaOH and acetone &;(62%,
(iii) a. Hp, Pd/C in MeOH and KD, 45 psi; b. 1.2 equiv. Fmoc-Cl in 10% M2O; and dioxane; 81%.



2516 Z. Zhang et al. / Tetrahedron 56 (2000) 2513-2522

3.50

3.50

6.49

L Mix. of L and D D

6.49

2 4 6 8 min 2 4 6 8 min 2 4 6 8 min

Figure 3. Analysis of the enantiomeric purity dfa(L) and4b(p) by using HPLC (Chirobiotic T-5um column).

The reaction could be successfully carried out usibly 1 with these groups, such as the 4-methoxy-2,3,6-trimethyl-
pyrazole-1-carboxamidine hydrochloride as transferable benzenesulfonyl group (Mtr), have shown a slow coupling
amidine moiety?* After 3 h reaction o6 with the pyrazole and cleavage rate in solid phase synth&sMore recently
reagent in 1.0 M NZCO; at room temperaturell was the pentamethylchroman sulfonyl group (Pmc) was
obtained in 40% yield (Scheme 3). In a similar way, developed? It inherits the advantage of the aryl sulfonyl
was converted td2 (Scheme 4). group with respect to the suppression of side reactions and
demonstrates facile cleavage under mild acidic conditions.
For the protection of guanidine moieties, three types of Therefore, we introduced the Pmc group to the guanidine
protecting groups are available: a nitro group, a urethane moieties of11 and 12 under strongly alkaline conditions
group or an arylsulfonyl group. The nitro-protected arginine (in 3.2 M NaOH) to afford13 and 14, respectively, in
is prone to numerous side reactions during synthesis, as well50% yield (Schemes 3 and 4). Following removal of the Z
as acylation and cleavage in solid phase synttésis, group, thex-amine was protected with Fmoc to yietdand
whereas urethane-protected arginine suffers from side4a, respectively, in 80%.
chain acylation and subsequent ornithine formation under
piperidine treatment in Fmoc-strategy-based solid phaseln order to evaluate whether introduction of the Pmc group
synthesi€® Because of these limitations, arylsulfonyl under strongly basic conditions does not induce racemiza-
groups have been used widely since they can suppresgion, the chiral purity of the final compounds was verified.
side reactions to a minimum. However, arginines protected Hence, both. andp enantiomers of the alanine derivative
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Figure 4. Structure of synthetic peptide consisting of amino—alanine, amino—proline, guanidino—alanine, guanidino—proline, phenylalanine stymasine, i
pecotic acid ang-alanine monomers.
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Table 1. Coupling yields of the amino acids in solid phase peptide synthesis

Peptide 1 Gly B-Ala Inp L-Tyr L-Pro-NH, (1) p-Phe L-Ala-NH, (338)
Coupling yield (%) 90 97.2 103.8 102 95.3 105 97
Peptide 2 Gly B-Ala Inp L-Tyr L-Pro-Gua ®) p-Phe L-Ala-Gua @a)
Coupling yield (%) 90 97.2 103.8 102 7103 105 7793

First figure is the yield from a single coupling step using HOA/DIC activation, second figure represents the yield after a second coupling cycle.

(4a, 4b) were prepared and subjected to chiral purity Yield was determined using UV absorption of the piper-
determination by liquid chromatography. In both cases, idine-dibenzofulvene adduct. For most of the amino acids
the spectra showed a single peak, while two well-separatedused, one coupling step was enough to obtain a yield of ca.
peaks for the mixture of both isomers were obtained (Fig. 3). 90%. The arginine analogues required a second coupling
It is therefore clear that the enantiomeric purity of those cycle to attain a yield of ca. 95% (Table 1). The yield
compounds was sufficiently retained during the Pmc over 100% is most probably due to the errors in the weight
protection step as well as throughout the whole synthetic of small amounts of loaded beads. A capping and Fmoc
process. deprotection reaction completed each coupling cycle.

Since the newly synthesized amino acids are to be used forUpon 90 min of treatment with the TFA-based cleavage
the assembly of peptide libraries, their incorporation and cocktail containing thioanisole as scavenger, the protecting
deprotection efficiencies need to be controlled. Therefore, groups (Pmc, Boc, anidBu) were removed and the peptides
1, 2, 3aand4awere incorporated into two test peptides (Fig. were released from the resin. The HPLC profile of the
4), along with other amino acids, intended for use in our crude reaction mixture indicated that one major
library. Assembly on solid support afforded good yield compound was formed (Fig. 5) (the peak which comes out
using HOAt/DIC activation. with 76% B corresponds to thioanisole as verified by mass
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Figure 5. HPLC profiles of the peptides released from resin using a linear gradient of A: 56XCH H,0+0.1% TFA; and B: 80% CECN in H,0+0.1%
TFA; flow rate: 1 ml/min.
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Figure 6. Mass spectra analysis of the major peaks isolated from HPLC purification proved the correct constitution of the peptides.
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measurement). Subsequent analysis by mass spectrometril-Fmoc-isonipecotic acid was synthesized from isoni-
proved this major compound corresponded to the desiredpecotic acid, which was purchased from ACROS (Geel,

peptide sequence (Fig. 6), indicating successful incorpora-

tion and deprotection of the new amino and guanidinium
containing amino acids.

Conclusion

A set of new chirally pure, orthogonally protected, basic

Belgium).

4-N-tert-Butyloxycarbonyl-N-benzyloxycarbonyli-cis-
proline (6). To a solution of 5.02 g (19 mmol) d& (13) in

29 ml of 10% NaCO; were added 19 ml of 1,4-dioxane and
4.97 g (23 mmol) ofdi-tert-butyldicarbonate at @. The
reaction mixture was stirred overnight at room temperature
and was poured into 120 ml of,B after which the mixture

amino acid analogues was synthesized. Their successfulwas washed three times with diethyl ether. The aqueous
incorporation in a peptide was demonstrated. These newlayer was acidified with 2N HCI and the white suspension

building blocks will be used in a potential anti-Tat
library.

Experimental

TheH and™*C NMR spectra were recorded with a Varian
Gemini 200 spectrometer in the solvent indicated. Hor
spectra tetramethylsilane (TMS) (for DMSfg-the solvent
signal at 2.5 ppm) was used as reference. FortBspectra

was extracted three times with ethyl acetate. The combined
ethyl acetate layer was dried on anhydrous MgSiered

and evaporated to dryness. The crude product was crystal-
lized from diethyl ether to afford compoun@ (6.5 g,

17.8 mmol, 93%). Mp 13&; vimax 3328, 2976 (NH, OH),
1694 (G=0), 1530, 1365, 12453, 738, 697 cm'H NMR
(CDCls) 6 1.41 (s, 9H, Boc-Ch), 1.90-2.65 (m, 2H, 3-H),
3.29-3.90 (m, 2H, 5-H), 4.10-4.60 (m, 2H, 2-H, 4-H),
5.00-5.29 (m, 2H, Z-Ch, 7.29, 7.34 (two s, 5H,
Z-aromatic) ppm.*C NMR (CDCL) 6 175.00 (COOH),

the center peak of the solvent multiplet, set at 77.00 ppm for 155.45 (ZXOCON), 136.39 (Z-ar-Ci), 128.59, 128.14,

CDCl; and at 39.60 ppm for DMS@s, was used. In the
case ofN*-protected proline derivatives, some peaks are

127.74 (Z-ar-Co,Cm,Cp), 79.82 (Boc-C), 68.10, 67.22
(Z-CH,), 58.60 (C-2), 53.26 (C-5), 49.86 (C-4), 36.90,

double due to the presence of amide rotamers as a resul84.38 (C-3), 28.25 (Boc-CHl ppm. Exact mass (LSIMS,

of restricted rotation. Exact mass measurements by liquid diethanolamine)

calcd for H,N,Os [M—H]™

secondary ion mass spectrometry (LSIMS) were obtained 363.15560; found 363.15506; elem. anal. fogH;4N,Og

using a Kratos ConceptHLmass spectrometer, except for

calcd C 59.33, H 6.64, N, 7.69; found C 59.22, H 6.73, N

peptide 1 and peptide 2, which were analyzed on a PE 7.50.

SCIEX QSTAR™ Hybrid Quadrupole TOF System. Optical
Rotation was measured with a Thorn NPL Automatic
Polarimeter Type 243 at a temperature of@5%n MeOH-
dichloromethane (90/10) and MeOH f8s/3b and 4a/4b,

4-N-tert-Butyloxycarbonyl-N-9-fluorenylmethyloxy-
carbonyl-L-cis-proline (1). Nitrogen was bubbled for
10 min through a solution of 5.00 g (13.7 mmol) 6fin

respectively. Infrared resonance was measured with a45 ml of methanol and 30 ml of #0. To this solution was

Spectrun?™ RX | FT-IR System in reflectance mode. Melt-
ing point was measured with a"Bbi SMP-20. Precoated
Machery-Nagel Alugraf SilG/UV 254 plates were used
for TLC and spots were examined with UV light, sulfuric

added 1 g of palladium on charcoal (10%). The suspension
was hydrogenated overnight at 45 psi. After filtration, the
obtained solution was evaporated to dryness. The residue
was dissolved in 30 ml of 10% N@G; in H,O. To the

acid/anisaldehyde spray, ninhydrine spray or Sakaguchisolution was added 18 ml of 1,4-dioxane and 3.87 g
reagent. Column chromatography was performed on Acros (15 mmol) of 9-fluorenylmethyloxycarbonyl chloride at

silica gel (0.06—200 nm). Anhydrous solvents were
obtained as follows: Pyridine antl,N-diisopropylethyl-
amine (DIEA) were refluxed overnight over potassium
hydroxide and distilled.N,N-dimethylformamide (DMF)

0°C. The reaction mixture was stirred overnight and then
poured into 100 ml of KO and the solution was extracted

three times with diethyl ether. The aqueous layer was acid-
ified with a 2N HCI in water and the white suspension was

was stored on activated molecular sieves for 3 days andextracted three times with ethyl acetate. The combined

was tested for the absence of dimethylamine by the bromo-

phenol test prior to use. GEN for HPLC was purchased
from Rathburn (grade S) and water for HPLC purification
was distilled twice. Tentagel-NHwas obtained from
RAPP-Polymere (Tubingen, Germany). Dichloromethane
(DCM), N,N-dimethylformamide, acetic anhydride (£2)
and pyridine were obtained from BDH (Poole, England).
1-Hydroxy-7-azabenzotriazole (HOAt), Fmg@ealanine
(B-Ala), Fmoc-glycine (Gly), Fmowo-phenylalanine
(p-Phe), Fmo®@-t-butyl-L-tyrosine ¢-Tyr) were purchased
from Advanced ChemTech (Louisville, Kentucky).
Asparagine 1{ or p), di-tert-butyldicarbonate [(Bog]],
[bis(trifluoro-acetoxy)iodo]benzene, benzyl chloroformate,
9-fluorenylmethyloxycarbonyl chloride, Htpyrazole-1-
carboxamidine, piperidine, trifluoroacetic acid (TFA),
diisopropylcarbodiimide (DIC) and 1-hydroxybenzotriazole
(HOBt) were supplied by ACROS (Geel, Belgium). The

organic layer was dried on anhydrous MgS@itered and
evaporated to afford compoudd5.02 g, 11.1 mmol, 81%).
Mp 104°C; v1a 3331, 2974 (NH, OH), 1702 (€0), 1522,
1364, 1249, 738 cit. 'H NMR (CDCl;) 6 1.43 (s, 9H,
Boc-CH;), 1.90-2.65 (m, 2H, 3-H), 3.30-3.90 (m, 2H,
5-H), 4.08-4.61 (m, 5H, 2-H, 4-H, Fmoc-GHFmoc-9-
H), 7.20-7.80 (m, 8H, Fmoc-aromatic) ppr¥C NMR
(CDCl) &6 174.97 (COOH), 157.02, 156.33, 155.45,
154.48 (OCON), 143.74 (Fmoc-10 141.28 (Fmoc-17,
127.77 (Fmoc-3, 127.10 (Fmoc-3, 125.13 (Fmoc-9,
119.97 (Fmoc-9, 79.85 (Boc-C), 68.32, 67.83 (Fmoc-
CH,), 58.45 (C-2), 53.60, 53.26 (C-5), 49.95 (C-4), 46.95
(Fmoc-9), 37.18, 34.69 (C-3), 28.25 (Boc-GHopm. Exact
mass (LSIMS, diethanolamine) calcd for,g8,;N,04
[M—H]™ 451.18690; found 451.18742; elem. anal. for
CusH58N,046- C4H0, (1,4'dioxane) calcd C 64.43, H 6.71,
N 5.18; found C 64.75, H 6.85, N 4.90.
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N“-Benzyloxycarbonyli-asparagine (8).To a solution of
6.05g (40 mmol) ofL-asparagine7 in 100 ml of 10%
NaCO; were added 56 ml of 1,4-dioxane and 6.9 ml
(48 mmol) of benzyl chloroformate at°’©. The reaction

2519

9H, Boc-CHy), 3.25-3.75 (br, 2HB-H), 4.25-4.50 (br,
1H, «-H), 5.11 (s, 2H, Z-CH), 7.32 (s, 5H, Z-aromatic)
ppm. C NMR (CDCk) & 173.57(COOH),
157.09(OCONH), 136.06(Z-ar-Ci), 128.53, 128.14(Z-ar-

mixture was stirred overnight at room temperature and Co,Cm,Cp), 82.03, 80.39 (Boc-C), 67.14 (Z-gH55.08,

was poured into 300 ml of . The mixture was washed

three times with diethyl ether. The aqueous layer was acid-

ified with 2N HCI in water and a white precipitate fell out.
The precipitate was filtered off and washed extensively with
diethyl ether to afford compoungl (9 g, 33.8 mmol, 84%).
Mp 164C; vmax 3402, 3333 (NH), 1695 (€0), 1638,
1534, 735, 694 cit. 'H NMR (DMSO-dg) & 2.36—2.68
(dAB, 2H, J=6.0 and 15.4 Hz$-H), 4.30—-4.50 (m, 1H,
a-H), 5.04 (s, 2H, Z-CH), 6.97 (s, 1H, NH), 7.35-7.60
(m, 7H, aromatic and 2NH’s) ppm. **C NMR (DMSO-

ds) 6 173.45 (COOH), 171.59 (@), 156.15 (OCONH),
137.21 (Z-ar-Ci), 128.62, 128.07, 127.95 (Z-ar-Co,Cm,Cp),
65.64 (Z-CH), 50.80 (Ce), 36.87 (C8) ppm. Exact mass
(LSIMS, thioglycerol:NaOAc) calcd for GH;4N,OsNa
[M+Na]" 289.08006; found 289.07812; elem. anal. for
CoH1N,Os 0.4 HO caled C 52.71, H 5.46, N 10.24;
found C 52.84, H 5.09, N 10.05.

N®-Benzyloxycarbonyl4.-2,3-diaminopropionic acid (9).

To a stirred solution of 25.8 g (60 mmol) of [bis(trifluro-
acetoxy)iodo]-benzene in 320 ml (1/1, v/v) of dimethyl-
formamide/water was added 10.64 g (40 mmol) &fat
room temperature. After 15 min, 6.4 ml (80 mmol) of
pyridine was added and stirring was continued for 4.5 h.

54.29 (Ce), 42.97, 42.06 (@), 28.07 (Boc-CH) ppm.
Exact mass (LSIMS, glycerol) calcd for 1§1,:N>Og
[M—H]~ 337.13995; found 337.13980; elem. anal. for
C16H2oN>06-0.5 HO caled C 55.32, H 6.67, N 8.06; found
C 55.59, H 6.49, N 7.94.

N®-(9-Fluorenylmethyloxycarbonyl)-NP-tert-butyloxy-
carbonyl-L-«-2,3-diaminopropionic acid (3a). Nitrogen
was bubbled for 10 min through a solution of 6.14 g
(18.2 mmol) of 10 in 50 ml of methanol and 20 ml of
H,O. To this solution was added 1.2 g of palladium on
charcoal (10%). The suspension was hydrogenated over-
night at 45 psi. After filtration, the obtained solution was
evaporated to dryness. The residue was dissolved in 45 ml
of 10% NgCG;in H,O and 25 ml of 1,4-dioxane and 5.17 g
(20.0 mmol) of 9-fluorenylmethyloxycarbonyl chloride
were added at“C. The reaction mixture was stirred over-
night and then poured into 100 ml of,& and the solution
was extracted three times with diethyl ether. The aqueous
layer was acidified with a 2N HCI and the white suspension
was extracted three times with ethyl acetate. The combined
organic layer was dried on anhydrous MgS@ltered and
evaporated to afford compoua (6.2 g, 14.6 mmol, 80%).

Mp 129C; vimax 3334, 2977 (NH, OH), 1698 (€0), 1518,

The solvent was evaporated in vacuo and the residue wasl366, 1251 738 cit. *"H NMR (CDCl;) 8 1.41 (s, 9H, Boc-

dissolved in 400 ml of water. The solution was washed
extensively with diethyl ether and concentrated in vacuo.

CHsy), 3.30-3.62 (br, 2HB-H), 4.00-4.60 (br, 4Hx-H,
Fmoc-CH2, Fmoc-9H), 7.18-7.80 (m, 8H, aromatic)

The residue was precipitated from ethanol/ether and purifiedppm. *C NMR (CDCk) 6 173.85 (COOH), 157.18,

by column chromatography with methanol in DCM to afford
compound9 (4.5¢g, 18.9 mmol, 47%). Mp 22€; vmyax
3296, 2909 (NH), 1690 (€0), 1589 (COQ), 1537
(NH), 738, 694 cm™. 'H NMR (D,0) & 2.98—3.42 (dAB,
2H, J=5.0 and 13.6 HzB-H), 4.25-4.40 (m, 1Ha-H),
4.89 (s, 2H, Z-CH), 7.18 (s, 5H, Z-aromatic) ppm*C
NMR (D,0) 6 171.81 (COOH), 157.82 (OCONH), 135.78
(z-ar-Ci), 128.65, 128.38, 127.68 (Z-ar-Co,Cm,Cp), 67.31
(Z-CHy), 51.26 (Ce), 39.51 (CB) ppm. Exact mass
(LSIMS, thioglycerol) calcd for @HisN,O, [M+H]"
239.10317; found 239.10742; elem. anal. for
C11H14N>04:0.1 CRCOOH caled C 53.89, H 5.69, N
11.22; found C 53.67, H 5.63, N 10.99 (§&FOOH is used
to keep the free amino function in a protonated form).

N*-BenzyloxycarbonylNP-tert-butyloxycarbonyl-L-a-
2,3-diaminopropionic acid (10). To a solution of 4.5¢g
(19 mmol) of 9 in 47 ml of 10% NaCO; were added
28 ml of 1,4-dioxane and 6.18 g (28.4 mmol) di-tert-
butyl dicarbonate at. The reaction mixture was stirred

156.76 (XOCONH), 143.86 (Fmoc-1p 141.25 (Fmoc-
11'), 127.68 (Fmoc-3, 127.08 (Fmoc-3, 125.16 (Fmoc-
17), 119.91 (Fmoc-j, 80.33 (Boc-C), 67.22 (Fmoc-Gi
55.36 (Ce), 46.92 (Fmoc-9, 42.03 (Cg), 28.10 (Boc-
CHs) ppm. Exact mass (LSIMS, glycerol) calcd for
CoH2eNOg [M —H] ™ 425.17125; found 425.16973; elem.
anal. for GsH,N,06-0.5 GHgO, (1,4-dioxane) calcd C
63.82, H 6.43, N 5.95; found C 63.70, H 6.38, N 5.63;
[a]3=—6.20 [c=0.72 in MeOH/DCM (90/10)]. Compound
3bwith [a]3=+5.78 [c=0.70 in MeOH/DCM (90/10)].was
prepared fromp-asparagine in exactly the same way as
described foBa

4-Guanidino-N*-benzyloxycarbonyli-cis-proline  (11).

To a solution of 5.28 g (20 mmol) d& in 20 ml of 1.0 M
Na,COs; in H,O was added 2.93 g (20 mmol) oHipyra-
zole-1-carboxamidine hydrochloride. The reaction mixture
was stirred overnight at room temperature and neutralized to
pH 5-6 with 1N HCI. The solution was evaporated to
dryness and the residue was adsorbed on silica gel and

overnight at room temperature and was poured into 100 ml purified by column chromatography with methanol in

of H,0 after which the mixture was washed three times with
diethyl ether. The aqueous layer was acidified with 2N HCI

DCM vyielding 2.45 g (8.0 mmol, 40%) of compourd. as
a foam. All attempts for crystallization failed.yax 3356,

in water and the white suspension was extracted three times3196, 2920 (NH), 1682 (€-0), 1650, 1541, 770, 697 crh
with ethyl acetate. The combined ethyl acetate layer was *H NMR (DMSO-dg) 8 1.97—2.43 (m, 2H, 3-H), 3.20-3.67

dried on anhydrous MgSg filtered and evaporated to
dryness. The crude product was crystallized from diethyl
ether to afford compoundiO (5.8 g, 17.2 mmol, 91%). Mp
144C; vmax 3332, 2976 (NH, OH), 1693 (€0), 1514,
1365, 1250 738, 697 cnl. *H NMR (CDCly) 6 1.41 (s,

(m, 2H, 5-H), 3.73-3.77 (m, 1H, 4-H), 3.98-4.08 (m, 1H, 2-
H), 5.04 (s, 2H, Z-CH), 7.31, 7.35 (two s, 5H, Z-aromatic)
ppm. °C NMR (DMSO4dg) 6 175.21, 174.63 (COOH),
157.03 (Gua-C), 153.99 (OCON), 137.12 (Z-ar-Ci),
128.65, 127.74, 127.19 (Z-ar-Co,Cm,Cp), 68.18, 66.06
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(Z-CH,), 58.72, 58.51 (C-2), 51.64, 51.07 (C-5), 49.77, Pmc 3-H, Pmc 4-H, 3-H), 3.43-3.68 (m, 2H, 5-H), 4.08—
49.10 (C-4), 36.20, 35.20 (C-3) ppm. Exact mass (LSIMS, 4.44 (m, 5H, 4-H, 2-H, Fmoc CH, C#{ 6.00—6.50 (m, 3H,
thioglycerol) caled for GH1gN4O, [M+H]" 307.14062; guanidino NH's), 7.20—7.76 (m, 8H, aromatic’s) ppFC
found 307.13631. NMR (CDCly) 6 175.29 (COOH), 155.67 (Gua-C), 155.23
(OCON), 153.82 (Pmc<9, 143.82-118.01 (aromatic C’s),
4-(2,2,5,7,8-Pentamethylchroman-6-sulfonyl)-guanidino- ~ 73.77 (Pmc-2 68.25 (Fmoc-CH), 58.36, 57.47 (C-2),
N“-benzyloxycarbonyl4i--cis-proline (13). To a solution of 52.86 (C-5), 50.42, 49.55 (C-4), 47.04 (Fmoc-CH), 37.01,
1.4g (4.6 mmol) ofll in a mixture of 5.4 ml of 3.2 M 35.08 (C-3), 32.73 (Pmcii 26.79 (XCHz on Pmc-2),
NaOH and 15 ml of acetone were added 2.5 g (8.2 mmol) 21.36 (Pmc-3, 18.52, 17.44 (CHz's o to —SQ-), 12.09
of 2,2,5,7,8-pentamethylchroman-6-sulfonyl chloride in (CH; mto —SQ-) ppm. Exact mass (LSIMS, thioglycerol:
10 ml of acetone at €. The mixture was stirred at’C TFA) calcd for GsHaiN4O;S, [M+H]" 661.26958; found
for 2 h and another 2 h at room temperature. After acidifica- 661.26696; elem. anal. forsgH,0N,0;S; calcd C 63.62, H
tion to pH 6—7 with 1N HCI, the acetone was removed under 6.10, N 8.48; found C 63.33, H 6.15, N 8.49.
vacuo. The remaining solution was further acidified with 1N
HCI to pH 3, diluted with water and extracted with ethyl N®-Benzyloxycarbonyl$-guanidino-L-a-alanine (12).To
acetate. The combined extract was dried on anhydrousa solution of 4.76 g (20 mmol) 09 in 20 ml of 1.0 M
MgSQ,, filtered and evaporated to dryness. The remaining N&CO; in H,O was added 2.93 g (20 mmol) oHipyra-
oil was adsorbed on silica gel and purified by column zole-1-carboxamidine hydrochloride. The reaction mixture
chromatography with methanol in DCM vyielding 1.3 g was stirred overnight at room temperature and neutralized to
(2.27 mmol, 49%) of compound3. Mp 138C; vmax pH 5-6 with 1IN HCI. The solution was evaporated to
3434, 3336 2977 (NH, OH), 1682 {€0), 1620, 1547 dryness and the residue was adsorbed on silica gel and puri-
(NH), 1297 (S=0), 1105, 742, 697 cnt. 'H NMR fied by column chromatography with methanol in DCM.
(CDCl;) 6 1.28 (s, 6H, Pmc CH's), 1.62-2.53 (m, The crude product was crystallized from methanol to yield
15H, 2xCH3's o to —SQ-, 1XCH; mto —-SQ-, Pmc 3-H, 2.24 g (8.0 mmol, 40%) of compourf®. Mp 179C; vmax
Pmc 4-H, 3-H), 3.44-3.68 (m, 2H, 5-H), 4.32 (br, 2H, 4-H, 3414, 3315 2915 (NH), 1676 (€0), 1654, 1527, 759,
2-H), 4.95-5.15 (m, 2H, Z-C}), 6.20—7.00 (br, 3H, guani- 699 cm *. *H NMR (DMSO-ds) 6 3.45 (m, 2H, B-H),
dino NH's), 7.25, 7.27 (m, 5H, Z-aromatic) ppmC NMR 4.03-4.13 (m, 1Hg-H), 5.03 (s, 2H, Z-CH), 7.34 (s, 5H,
(CDCly) & 175.88 (COOH), 155.48 (Gua-C), 154.72 Z-aromatic) ppm=C NMR (DMSO-dg) 8 172.29 (COOH),
(OCON), 153.88 (Pmc’y, 136.03 (Z-ar-Ci), 135.61 (Pmc- 157.94 (Gua-C), 156.36 (OCONH), 137.18 (Z-ar-Ci),
6’), 135.03 (Pmc-§, 132.87 (Pmc-j 128.53, 128.22, 128.62, 128.01, 127.89 (Z-ar-Co,Cm,Cp), 65.70 (ZxH
127.93 (Z-ar-Co,Cm,Cp), 124.19 (Pmc10L18.06 (Pmc- 54.29 (Ce), 42.39 (CB) ppm. Exact mass (LSIMS, thio-
8), 73.69 (Pmc-) 67.65 (Z-CH), 58.39, 57.67 (C-2), glycerol:NaOAc) calcd for ©HigN,O,Na [M-+Na]"
52.50 (C-5), 50.20, 49.50 (C-4), 36.82, 35.23 (C-3), 32.68 303.10695; found 303.10774; elem. anal. fopHGeN4O4
(Pmc-4), 26.71 (XCH;z; on Pmc-C2), 21.28 (Pmc-3, calcd C 51.42, H 5.75, N 19.99; found C 51.27, H 5.56, N
18.39, 17.33 (RCHs's o0 to —SQ-), 11.99 (CH m to 19.36.
—-SG-) ppm. Exact mass (LSIMS, thioglycerol:TFA)
caled for GgHzN4O;S, [M+H]" 573.23828; found N®-Benzyloxycarbonyl$-(2,2,5,7,8-pentamethylchroman-
573.2386; elem. anal. forgH3sN4O7S; - 1.5 HO caled C 6-sulfonyl)guanidinoL-a-alanine (14). To a solution of
56.08, H 6.55, N 9.34; found C 56.11, H 6.28, N 9.02. 1.4g (5.0 mmol) of12 in a mixture of 6 ml of 3.2 M
NaOH and 16 ml of acetone were added 2.72 g (9 mmol)
4-(2,2,5,7,8-Pentamethylchroman-6-sulfonyl)-guanidino-  of 2,2,5,7,8-pentamethylchroman-6-sulfonyl chloride in
N*-9-fluorenylmethyloxycarbonyl-L-cis-proline (2). Nitro- 10 ml of acetone at €. The mixture was stirred at’O
gen was bubbled for 10 min through a solution of 1.5 g for 2 h and another 2 h at room temperature. After acidifica-
(2.6 mmol) of 13 in 5 ml of methanol, 5 ml of dioxane tionto pH 6—7 with 1N HCI, the acetone was removed under
and 1 ml of acetic acid. To this solution was added 0.3 g vacuo. The remaining solution was further acidified with 1N
of palladium on charcoal (10%). The suspension was hydro- HCI to pH 3 and diluted with water, and was extracted with
genated overnight at 45 psi. After filtration, the obtained ethyl acetate. The combined extracts were dried on
solution was evaporated to dryness. The residue wasanhydrous MgSQ filtered and evaporated to dryness. The
dissolved in 20 ml of 10% aqueous p&Os. To the solution remaining oil was adsorbed on silica gel and purified by
was added 12 ml of 1,4-dioxane and 0.8 g (3.1 mmol) of column chromatography with methanol in DCM yielding
9-fluorenylmethyloxycarbonyl chloride at®©. The reaction 1.4 g (2.6 mmol, 52%) of compount4d. Mp 166°C; vpax
mixture was stirred overnight and was poured into 20 ml of 3445, 3347 2974 (NH, OH), 1713 {€0), 1622, 1547
H,O and the solution was extracted three times with (NH), 1298 (S=0), 1111, 743, 697 cm. 'H NMR
diethyl ether. The aqueous layer was acidified with a 2N (CDCl;) 6 1.27 (s, 6H, XPmc CH's) 1.74 (t, 2H, Pmc
HCI and the white suspension was extracted three times3’-H), 2.05 (s, 3H, XCH; m to —SQ-), 2.48-2.55 (m,
with ethyl acetate. The combined organic layer was dried 8H, 2xCHs's o0 to —SG-, Pmc 4-H), 3.58 (br, 2H,B-H),
on anhydrous MgS§) filtered and evaporated to dryness. 4.32 (br, 1Hx-H), 5.02 (s, 2H, Z-CH), 6.57 (br, 3H, guani-
The crude product was crystallized from diethyl ether to dino NH's), 7.25 (s, 6H, aromatiax-NH), 9.71 (br, 1H,
afford compound2 (1.3 g, 2.0 mmol, 77%). Mp 19€; COOH) ppm. °C NMR (CDCk) & 173.48 (COOH),
vmax 3448, 3345 2973 (NH, OH), 1702 {€0), 1618, 156.70 (Gua-C, OCON), 154.09 (Pm¢;9136.18 (Z-ar-
1535 (NH), 1298 (S=0O), 1108, 740 cm:. ‘H NMR Ci), 135.85 (Pmc-§, 135.36 (Pmc-3, 132.33 (Pmc-7j
(CDCly) 6 1.25, 1.28 (two s, 6H, 2Pmc CH's), 1.68— 128.44, 127.86 (Z-ar-Co,Cm,Cp), 124.22 (Pm¢é}10
2.62 (m, 15H, ¥CHjs's 0 to —SQ-, IXCHz; mto -SG-, 118.06 (Pmc-§, 73.72 (Pmc-2 66.98 (Z-CH), 54.75
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(C-a), 42.22 (CB), 32.59 (Pmc-4, 26.65 (XCH; on Pmc Solid phase synthesis of the heptapeptide
C-2), 21.22 (Pmc-3, 18.33, 17.30, 11.96 &CHs's o to
—-SO-, IXCH; m to —SQ-) ppm. Exact mass (LSIMS, A. Solid phase peptide synthesidter 15 min swelling of
thioglycerol:NaOAc) calcd for GH3/N,0,SNa [M+Na]* 39 mg of Rink amide MBHA resin (21.amol) in CH,CI,,
569.20460; found 569.20257; elem. anal. fggHz,N,O,;S 2 ml of 20% piperidine in DMF was added to the solid
0.25 H,0 calcd C 56.66, H 6.31, N 10.17; found C 56.68, H support. The beads were shaken for 15min at room
6.32, N 10.02. temperature and washed withxBml DMF, 5x2 ml
CH,CI,. A solution of Fmoc amino acid (864mol),
N®-9-Fluorenylmethyloxycarbonyl-g-(2,2,5,7,8-penta- HOAt (86.4pmol), DIC (86.4umol), and DIEA
methylchroman-6-sulfonyl)-guanidinoi.-a-alanine (4a). (172.8pumol) in 1 ml of DMF was added onto the beads
Nitrogen was bubbled for 10 min through a solution of without preactivation. The beads were shaken for 6 h, and
4.8 9 (8.7mmol) ofl4 in 15 ml of methanol, 15ml of  afterwards washed with>& ml DMF, 5x1 ml CH,Cl,. A
dioxane and 1ml of acetic acid. To this solution was solution of pyridine/acetic anhydride/methylimidazole
added 1 g of palladium on charcoal (10%). The suspension(4:1:0.5) was added to the beads. After 10 min of shaking,
was hydrogenated overnight at 45 psi. After filtration, the the beads were washed witlk5ml of CH,Cl,, and 51 ml
obtained solution was evaporated to dryness. The residueof DMF. The beads were treated with 1 ml of 20% piper-
was dissolved in 50 ml of 10% aqueous.8&s. To the idine for 15 min to remove the Fmoc protecting group,
solution was added 30ml of 1,4-dioxane and 2.5g washed with %1 ml of DMF and 51 ml of CH,Cl,.
(9.6 mmol) of 9-fluorenylmethyloxycarbonyl chloride at After each complete coupling cycle, 5-6 mg of the
0°C. The reaction mixture was stirred overnight and was beads were isolated, suspended in 25 ml of 20% piperidine
poured into 60 ml of HO and the solution was extracted in DMF over 10 min and subjected to a UV absorption
three times with diethyl ether. The aqueous layer was acidi- measurement at 301 nm in order to determine the
fied with a 2N HCI and the white suspension was extracted coupling yield. For all the amino acids, except arginine
three times with ethyl acetate. The combined organic layer analogues for which a second coupling cycle was required,
was dried on anhydrous MgQQiltered and evaporated to  a single coupling cycle was enough to obtain a yield ca.
dryness. The crude product was crystallized from diethyl 95%.
ether to afford compoundia (4.5g, 7.1 mmol, 81.5%).
Mp 192C; vmax 3435, 3340 2967 (NH, OH), 1702 B. Removal of the protecting groups and cleavage of the
SC:O), 1619, 1542 (NH), 1296 (S0), 1106, 735 crm’. heptapeptide from the solid suppoifter completion of
H NMR [(CD5),CO] & 1.25 (s, 6H, XPmc CH's) 1.75(t, the coupling of the last amino acid, the beads were treated
2H, Pmc 3-H), 2.00 (obscured bgis-acetone, 3H,¥CH; m with 1 ml of 20% piperidine in DMF over 15 min, washed
to —SQ-), 2.58-2.66 (m, 8H,2CHjz's oto —SQ-, Pmc 4- with 5x1 ml of DMF, 5x1 ml of CH,Cl,, and then capped
H), 3.61, 3.77 (br, 2HB-H), 4.18—-4.42 (m, 4H-H, Fmoc with 1 ml solution of pyridine/acetic anhydridé/methyl-
CH, CH,), 6.40-7.00 (m, 3H, guanidino NH’s), 7.28-7.88 imidazole (4:1:0.5) over 10 min. After washing witkks ml
(m, 8H, aromatics) ppm-"C NMR [(CD;),CO] 6 172.19 of CH,Cl,, and 51 ml of DMF, the resin was treated with
(COOH), 157.60 (Gua-C), 157.20 (OCONH), 153.91 (Pmc- 1 ml of a mixture of TFA/HO/thioanisole (10:0.5:0.5) for
9'), 145.06-118.75 (aromatic C’'s) 74.25 (Pmg-B7.47 90 min. The deprotection cocktail was removed and the
(Fmoc-CH), 55.59 (Ce), 47.88 (Fmoc-CH), 42.73 (@), beads were washed withx® ml cold diisopropyl ether.
33.32 (Pmc-4, 26.92 (XCH;s on Pmc-2), 21.89 (Pmc-3, The collected suspension was centrifuged for 10 min and
18.83, 17.71, 12.21 &CH3's 0 to —SQ-, 1XCHz; m to the precipitated pellet was dried in vacuo, dissolved in
—-SO) ppm. Exact mass (LSIMS, thioglycerol:NaOAc) H,O, and purified on a Nova-P8kC18 column (60 A
calcd for GgHsgN,O;SNa [M+Na]" 657.23590; found 4 um), 150/3.9 (Waters, US). The peptides were eluted off
657.23603; elem. anal. forsgH3gN4O,S calcd C 62.44, H the column by using a linear gradient from 0 to 100% B in
6.03, N 8.83; found C 62.18, H 6.31, N 8.6 &]f’=—22.86 30 min, with a flow rate of 1 ml/min [eluent A: 0.1% TFA in
(c=0.29 in MeOH). Compoundtb with [a]3’=+23.70 CH3;CN-H,O (5/95); eluent B: 0.1% TFA in CE&CN-H,0O
(c=0.31 in MeOH)was prepared from-asparagine in (80/20)], and detected by UV at 220 nm. The major

exactly the same way as described 4ar compound was isolated and analyzed by high resolution
mass spectrometry (the peak which comes out with 76%
Determination of the enantiomeric purity of the alanine B corresponds to thioanisole). Peptide 1: Exact mass (ESI)

derivatives (4a, 4b).The enantiomeric purity of the newly  for CsgHssN1gOg [M+H]" calcd 807.41532, found
synthesized amino acids was measured on a Hewlett807.4132. Peptide 2: Exact mass (ESI) fofHEeN140g
Packard-1100 Liquid Chromatograph  (Waldbronn, [M+H]" calcd 891.45891, found 891.4626.

Germany). A mixture of the two isomers was injected

onto a Chirobiotic T-5um column 25&4.6 mm (ASTEC,

US). A complete separation was achieved with a mobile

phase of 95% MeOH (0.01 M ammonium acetate) and 5% Acknowledgements
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