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ABSTRACT: The synthesis and conformational properties of a series of dipeptide taste ligands, differing from the
commercial sweetener aspartame by the presence of a methylene group between the Ca and the C' carbon atoms (as in
homo-b-residues) in either theL-Asp or theL-Phe residues, are described.Homo-b-residues such ashomo-b-aspartic
acid, homo-b-phenylglycine andhomo-b-phenylalanine, obtained by homologation of the corresponding proteino-
genic a-amino acids, have been used in the solution peptide synthesis of the following aspartame analogues in
protected and unprotected forms: NH2-homo-b-(L or D)-Asp-L-Phe-OMe, NH2-L-Asp-homo-b-L-Phg-OMe and NH2-
L-Asp-homo-b-L-Phe-OMe. Lengthening of the peptide skeleton at the L-Asp site results in a drastic loss of sweetness
with the production of tasteless compounds; on the other hand, lengthening of the skeleton at theC-terminalL-Phe site
partially mantains the sweet taste in both NH2-L-Asp-homo-b-L-Phe-OMe and NH2-L-Asp-homo-b-L-Phg-OMe.

The solution conformation of the synthesized dipeptide taste ligands was investigated by NMR and circular
dichroism techniques. The analysis of NMR data combined with restrained molecular dynamics calculations shows
that all peptides are fairly flexible and they do not assume a preferred conformation in DMSO and methanol. The
peptides containinghomo-b-L-Phe andhomo-b-L-Phg do adopt a discrete number of conformations among which
mainly extended and ‘L-shaped’ conformation are represented. The circular dichroism spectra are consistent with the
NMR results, indicating a significant flexibility for these compounds. Copyright 1999 John Wiley & Sons, Ltd.
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INTRODUCTION

b-Amino acids, although less abundant in nature than
a-amino acids, have become increasingly important
during the last decade. They are found in a variety of
natural products,1,2 including peptides.3 According to
Spatola,4 b-amino acids andhomo-b-amino acids
are �H3NCH2CHRCOOÿ and �H3NCHRCH2COOÿ,
respectively. The growing interest in this new class of
residues rests both on their yet largely unexplored
conformational behaviour and on the possibility of
inserting them as convenient new molecular tools in
bioactive natural products in order to improve both the
resistance to biodegradation and the pharmacokinetic
properties.
a-Amino acids are the ideal starting material for the

preparation ofhomo-b-amino acids using a homologation
reaction sequence.5,6 In a recent paper,7 a new and
efficient procedure to homologateN-protecteda-amino
acids, with the production of the corresponding chirally
purehomo-b-derivatives, was reported. According to this
method, we have prepared in enantiopure formN- andC-
protectedhomo-b-(S)-leucine derivatives8 and several
new homo-b-amino acids with aliphatic, aromatic and
functionalized side-chains in order to use them in the
synthesis of analogues of biologically active compounds.

Since the discovery9 of the potent sweet-tastinga-L-
aspartyl-L-phenylalanine methyl ester (aspartame), the
special interest in dipeptide sweeteners has increased and
a large number of analogues related to aspartame have
been synthesized.10 It has been demonstrated11 that the
sweet-tasting activity of the dipeptide is preserved if the
aspartyl moiety is restricted toL-Asp or to the shorter
homologue aminomalonic acid (Ama) in which the side-
chain methylene group is missing; elongation of the side-
chain as in the higher homologue NH2-L-Glu-L-Phe-OMe
led to bitter compounds.12 For a sweet-tasting ligand the
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‘bioactive conformation’ was proposedto be an ‘L-
shaped’structure.11,12

The synthesisof severalaspartamedipeptideanalo-
gueswhosebackbonewaselongatedby one methylene
groupwasperformedby Miyoshi et al.,13 who analysed
the stericeffect in relation to the potencyof sweetness.
The structure–tasterelationships accumulatedso far
promptedus to investigatethe effect on taste of the
systematicinsertionof amethylenegroupbetweentheCa

and C' carbonatomsof either the L-Asp or the L-Phe
residuein dipeptideanalogues.For thispurpose,usingan
innovative syntheticprocedure7,8 in the preparationof
homo-b-amino acids,we prepareda seriesof new taste
liganddipeptideanalogues.

In the present paper we report the synthesisand
solutioncharacterizationby NMR andcirculardichroism
(CD) techniques of the following homo-b-residues
containing dipeptides: NH2-homo-b-(L or D)-Asp-L-
Phe-OMe(9a and 9b), NH2-L-Asp-homo-b-L-Phg-OMe
(14) and NH2-L-Asp-homo-b-L-Phe-OMe(19). Length-
eningof thepeptideskeletonat theL-Aspsiteresultsin a
drasticlossof sweetnesswith theproductionof tasteless
compounds;on the other hand, lengthening of the
skeletonat the C-terminal L-Phesite partially mantains
the sweettastein both NH2-L-Asp-homo-b-L-Phe-OMe
andNH2-L-Asp-homo-b-L-Phg-OMe.

EXPERIMENTAL

Materials and methods. a-Amino acidsandtheactivat-
ing agent benzotriazol-1-yloxytrispyrrolidinophospho-
nium hexafluorophosphate (PyBop) were purchased
from Novabiochem (Switzerland). Solvents were of
reagentgrade;the otherorganicreagents,commercially
available,were usedwithout further purification.High-
performanceliquid chromatographic(HPLC) analyses
wereperformedon a BeckmanSystemGold instrument,
equipped with a UV 166 module detector and a
ChromatopacR6A recorder.Purificationswere carried
out on a Millipore-Waters Delta Prep 3000 HPLC
system.

NMR characterization. NMR measurementswerecarried
out on Varian Gemini 200, Bruker 250 and Varian
UNITY 400MHz spectrometers.All 1H NMR spectra
were recordedat 298K and referencedto DMSO-d6

(� = 2.5ppm), to CD3OH (� = 3.33ppm) and CDCl3
(� = 7.26ppm). For structural characterization,NMR
sampleswere preparedby dissolving about 5 mg of
peptide in 0.75ml of DMSO-d6 (99.96% 2H atom,
Cambridge Isotope Laboratories) or in 0.75ml of
CD3OH (99% 2H atom, Cambridge Isotope Labora-
tories).Additionalverydilutesolutionswerepreparedby
dissolving0.2mgof peptidesin 0.75ml of bothsolvents.

One-dimensionalexperimentsweretypically acquired
using32–64scanswith 32K datapoints.Thespectrafor

the determinationof the temperaturecoefficientswere
recordedat 298–318K in stepsof 5 K.

Phase-sensitivedouble quantum filtered correlated
spectroscopy(DQFCOSY),14 homonuclearHartmann–
Hahn (HOHAHA)15 and nuclear Overhausereffect
spectroscopyin the rotating frames (ROESY)16 were
performedaccording to the States–Haberkorn method
andapplyingstandardphasecycling schemes.

Theseexperimentswere typically acquiredwith 256
incrementsand 2048 data points in t2. The FIDs were
multiplied by a squareshiftedsine-bellandzerofilled to
1K in F1 prior to Fouriertransformation.Themixing time
for TOCSYwas70 ms;a continuousspin lock wasused
for the compensated17 ROESY spectrum(mixing time
150 ms). Cross-peakintensities were evaluated by
volumeintegrationusingtheavailableVariansoftware.

Restrained molecular dynamics. Restrainedmolecular
dynamics (RMD) simulations were carried out on a
Silicon Graphics O2 workstation employing the
INSIGHT/DISCOVER program.18 The consistent
valenceforce field (CVFF) was utilized for all simula-
tions.19–21Theequationsof motionweresolvedusingthe
so-calledLeapfrogintegrationalgorithm.22

Starting models of the N-protected (13, 18) and
deprotecteddipeptides(14, 19) for the RMD werebuilt
using standardparameterssupplied by the INSIGHT
softwarepackage.One hundredstepsof energymini-
mizationsto eliminate hot spots23 using the conjugate
gradient method18 were performed for the starting
structure.The energy-minimizedstructurewas usedas
the initial structurefor the RMD in vacuoat 300K. All
unambiguousNOE effects were used for the RMD
calculations.In eachRMD simulation,performedwith a
time stepof 0.5 fs, themoleculewasequilibratedfor 50
ps.After thisfirst step,anadditional100psof simulation
without rescalingwascarriedout sinceenergyconserva-
tion wasobservedandtheaveragetemperatureremained
essentiallyconstantaround the target value of 300K.
During this step, the structures were extracted and
minimizedevery1 ps.

The final structurewas then checkedfor consistency
with all observableNOE. Coordinatesandvelocitiesfor
the simulation were dumpedto a disk every 10 steps
duringthelast20psof thesimulations.Thedumpeddata
wereusedfor statisticalanalysis.

Circular dichroism characterization. CD measurements
were carried out on a JascoJ715 spectropolarimeter.
Peptides 9a, 14 and 19 were dissolved in water–
trifluoroethanol(1:1) at concentrationsof 2.29� 10ÿ5,
3.05� 10ÿ5 and 1.91� 10ÿ5 M, respectively.A single
Jascocylindrical cuvettewith a pathlengthof 1 cm was
usedfor all measurements.The spectrawere recorded
using a scanspeedof 5 nm minÿ1 with a resolutionof
0.2nm, a sensitivityof 50 mdeg,a time constantof 16s
anda spectralwindow from 260 to 190nm.
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Syntheses

Thesynthesesof theNH2-homo-b-phenylalaninemethyl
ester17 andNH2-homo-b-phenylglycinemethylester12
werecarriedoutstartingfrom Boc-L-Phe-OHandCbz-L-
Phg-OH,following a slightly modified literatureproce-
dure.7 In an analogousmanner,NH2-homo-b-aspartic
acidhasbeenpreparedfrom Boc-L-Asp-(OBzl)-OH.

As depictedin Scheme1, the starting material was
convertedinto the correspondingN-protectedhomo-b-
aminoacid via theb-aminoalcohol,theb-aminoiodide
andtheb-aminonitrile followedby hydrolysisof thelast
compoundunderacidic conditions.The key stepin the
preparationof thedesiredcompoundswastheconversion
of the N-alkoxycarbonyl-protectedb-aminoalcohol into
the correspondingiodide by a polymer-boundtriaryl-
phosphine–I2 complex, under very mild, high-yielding
andnon-racemizingconditions.This is averyconvenient
procedureto homologatea-amino acids directly; the
alternativeto this processinvolvesan applicationof the
Arndt–Eistert reaction,under classical24 or modified25

conditions,the major drawbackof which residesin the
use of the extremely hazardousdiazomethane,which
strongly limits scale-up reactions. We successfully
applied the protocol describedby Caputoet al.7 on a
largescaleusinginexpensivereagentsto obtainthetarget
compoundsin theN-protectedform. The homo-b-amino
acidderivativeswerethencoupledwith thea-aminoacid
partnerin the preparationof the desireddipeptidetaste
ligandsfollowing standardprotocolsfor peptidesynth-
esisin solution(Schemes1–3).After theusualwork-up,
protectedand deprotecteddipeptideswere purified by

HPLCandtheirstructuresconfirmedby 1H and13C NMR
and fast atom bombardmentmassspectrometric(FAB-
MS) data.

Synthesis of the dipeptide NH2-homo-b-Asp-Phe-
OMe (9a and 9b). Synthesis of 3-(N-tert-butyloxycar-
bonylamino)-4-hydroxy benzylbutyrate (2). To a solu-
tion of 3.2g of Boc-Asp(Bzl)-OH(1, 10mmol) in THF

Scheme 1

Scheme 2
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(30ml), 4-methylmorpholine (1.2ml, 11mmol) and
methyl chloroformate(0.86ml, 11mmol) wereaddedat
ÿ15°C understirring.After 15min, 1 M NaBH4 aqueous
solution (15ml) was addeddropwiseand the resulting
mixture was left at room temperature(r.t.) until the
disappearanceof gasevolution,thenconcentratedunder
reduced pressure,redissolvedin AcOEt and washed
repeatedlywith water. The organic phase,dried over
Na2SO4, was takento drynessto give 2.60g of pure 2
(8.4mmol, 84%yield) asa foam:m.p.59.30°C; Rf 0.85
in petroleum ether–AcOEt (1:9, v/v). 1H NMR
(200MHz, CDCl3), � (ppm): 7.34 (s, 5H, phenyl
protons);5.23 (d, 1H, NH); 5.12 (s, 2H, CH2Ph); 4.02
(m, 1H, a CH); 3.68 (d, 2H, CH2OH); 2.65 (d, 2H,
CH2COOBzl);1.44(s,9H, 3 CH3 Boc group).13C NMR
(62MHz, CDCl3), � (ppm): 170.44(COOBzl); 154.58
(OCONH); 135.09,128.06,127.92,127.79(phenyl ring
carbons); 79.70 [(CH3)3C]; 66.12 (CH2Ph); 64.43
(CH2OH); 47.71(a CH); 36.10(CH2COOBzl); 28.19(3
CH3 Boc group).

Synthesis of 3-(N-tert-butyloxycarbonylamino)-4-iodo
benzylbutyrate (3). A mixture of 4.0g of polystyryldi-
phenylphosphine (12mmol), swollen in anhydrous
CH2Cl2 (100ml), and2.8g of I2 (11mmol), wasleft at
r.t. for 15min, then0.80g of imidazole(12.5mmol) and
1.5g of 2 (5 mmol) were successivelyadded under
stirring at r.t. andthe resultingmixture wasrefluxedfor
1 h, then cooled, filtered on Celite and washedwith
CH2Cl2 (100ml). The organicphase,washedwith 5 M

Na2S2O3 (50ml) and successivelywith water until
neutralization,wasdried over Na2SO4 andconcentrated
underreducedpressure,affording 1.5g of 3 (3.5mmol,
70% yield); m.p.: 50.40°C (from CH2Cl2–n-hexane);Rf

0.9 in petroleum ether–AcOEt (1:9, v/v). 1H NMR
(200MHz, CDCl3) � (ppm):7.32(s,5H,phenylprotons);
5.20 (d, 1H, NH); 5.10 (s, 2H, CH2Ph); 3.91 (m, 1H; a
CH); 3.38(d,2H,CH2I); 2.70(d,2H,CH2COOBzl);1.40
(s,9H, 3 CH3 Bocgroup).13C NMR (50MHz, CDCl3), �
(ppm): 170.37 (COOBzl); 154.52 (OCONH); 135.27,
128.45, 128.23, 128.06 (phenyl ring carbons);79.79

[(CH3)3C]; 66.52 (CH2Ph); 47.55 (a CH); 38.61
(CH2COOBzl);28.16(3 CH3 Boc group);11.04(CH2I).

Synthesis of 3-(N-tert-butyloxycarbonylamino)-4-cyano
benzylbutyrate (4). A 1.26g amountof 3 (3 mmol) was
dissolved in CH2Cl2 (100ml) and the solution was
treated with 0.97g of tetrabutylammoniumcyanide
(6.1mmol)atrefluxfor 4 h andthenkeptat r.t. overnight.
The reactionmixture, dried in vacuo, was purified by
flashchromatography,elutingthecolumnwith increasing
amountsof AcOEt in petroleum ether. The fractions
elutedwith 20%AcOEt in petroleumethergave530mg
of the pure title compound(1.7mmol, 56% yield): Rf

0.15 in cyclohexane–AcOEt(8:2, v/v). 1H NMR
(400MHz, CDCl3) � (ppm):7.34(s,5H,phenylprotons);
5.18 (d, 1H, NH); 5.07 (s, 2H, CH2Ph); 4.12 (m, 1H, a
CH); 2.35 (m, 4H, overlappedsignals, CH2CN and
CH2COOBzl);1.40(s,9H, 3 CH3 Boc group).13C NMR
(100MHz, CDCl3) � (ppm): 169.84(COOBzl); 154.45
(OCONH); 134.94,128.34,128.19,127.97(phenyl ring
carbons);116.78(CN); 79.98[(CH3)3C]; 66.61(CH2Ph);
44.13(a CH); 37.13(CH2COOBzl); 27.98(3 CH3 Boc
group);22.59(CH2CN).

Synthesis of 3-(N-¯uorenylmethoxycarbonylamino)-4-
cyano benzylbutyrate (5). A 530mg amount of 4
(1.7mmol) was treated with 50% TFA in CH2Cl2
(10ml) understirring for 1 h at r.t. Thereactionmixture
was concentratedunder reducedpressureand then co-
evaporatedseveraltimeswith diethyl ether.Theresidue,
redissolvedin THF (10ml), was taken to pH 9.0 by
dropwiseadditionof 10%Na2CO3 aqueoussolutionand
successively treated with 540mg of FmocOSu
(1.7mmol). The reaction mixture was left at 0°C for
30min andat r.t. for 1 h, thenfiltered andconcentrated
under reduced pressure.The crude compound was
purified by flash chromatography,eluting the column
with increasingamountsof AcOEt in petroleumether.
The fractionselutedwith petroleumether–AcOEt(8:2,
v/v), collectedandtakento drynessafforded310mg of
pure 5 (0.7mmol, 41% yield): Rf 0.25 in petroleum

Scheme 3
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ether–AcOEt(8:2, v/v). 1H NMR (250MHz, CDCl3), �
(ppm):7.80–7.22(complexsystem,13H,aromaticFmoc
and phenyl protons); 5.48 (d, 1H, NH); 5.12 (s, 2H,
CH2Ph);4.47(d,2H,CH2 Fmoc);4.35(t, 1H,CH Fmoc);
4.20 (m, 1H, a CH); 2.75 (d, 4H, overlappedsignals,
CH2CN andCH2COOBzl). 13C NMR (62MHz, CDCl3)
� (ppm): 169.95(COOBzl); 155.20(OCONH); 143.45,
141.19,134.93,128.48,128.25,128.04,127.94,126.98,
124.80 and 119.91 (aromatic Fmoc and phenyl ring
carbons); 116.67 (CN); 66.97 (CH2 Fmoc); 66.90
(CH2Ph); 46.97 (CH Fmoc); 44.90 (a CH); 36.97
(CH2COOBzl); 22.61 (CH2CN). MS (70eV, EI), m/z:
440(M�).

Synthesis of 3-(N-¯uorenylmethoxycarbonylamino)glu-
taric acid (6). A 250mg amount of 5 (0.57mmol),
dissolvedin dioxane(5 ml), was treatedwith 37% HCl
(5 ml) andtheresultingsolutionwasleft at reflux for 4 h,
thenat r.t. overnight.Thereactionmixturewasextracted
with AcOEt and washedexhaustivelywith water. The
organic phase, dried over anhydrous Na2SO4 and
concentratedin vacuo, was purified by HPLC on a
preparativeRP-18column(VydacC18, 25� 2.2cmi.d.),
elutedwith a lineargradientof CH3CN, containing0.1%
TFA (solventB), in H2O, containing0.1%TFA (solvent
A) (from 20% to 80% B in 30min, flow-rate 12ml
minÿ1, � = 220 nm). The peak at retention time (tR)
15.2min, taken to dryness,gave 150mg of pure 6
(0.41mmol,71%):Rf 0.2in petroleumether–AcOEt(2:3,
v/v). 1H NMR (200MHz, CD3OD), � (ppm): 7.79–7.25
(complex system,8H, aromatic Fmoc protons); 4.34–
4.18(complexsystem,4H, overlappedsignals,CH2 and
CH Fmoc and a CH); 2.60 (d, 4H, J = 7.0Hz, 2
CH2COOH). 13C NMR (50MHz, CD3OD), � (ppm):
174.84(2 COOH); 158.21 (OCONH); 145.57,142.83,
129.04, 128.44, 126.55 and 121.19 (aromatic Fmoc
carbons);68.09(CH2 Fmoc); 48.67(a CH); 46.93(CH
Fmoc);39.78(2 CH2COOH).

Synthesis of Fmoc-homo-b-(L,D)-Asp-L-Phe-OMe (7a
and 7b). A 50mg amount of 6 (0.14mmol) was
dissolved in anhydrousTHF (1 ml) and treated with
70mg of PyBOP (0.14mmol) under stirring at r.t. A
solution of 14.6mg of L-phenylalaninemethyl ester
chloridate(0.06mmol) andDIEA (60ml, 0.24mmol) in
anhydrousTHF (2 ml) wasaddedto thereactionvesselin
1 h. The resultingmixture was left at r.t. for 2 h, then
concentratedunder reducedpressureand purified by
HPLC on a preparativeRP-18 column (Vydac C18,
25� 2.2cmi.d.), elutedwith a lineargradientof CH3CN
(0.1%TFA) andH2O (0.1%TFA) from 20%to 80%B in
60min (flow-rate12ml minÿ1, � = 220nm).Thepeakat
tR 17.8min, taken to dryness,gave 10mg of pure 7
(0.02mmol, 31% yield); the peak at tR 15.3min gave
15mg of unreactedFmoc-homo-b-Asp-OH(6).

1H NMR data for 7 revealedthe presenceof two
different setsof signals, in a 1:1 ratio, attributableto

diastereomers7a and 7b, which were successively
separatedby HPLConaBakerChiralcelOD-Ranalytical
column(250� 0.46mm i.d., 5mm), elutedwith a linear
gradientof CH3CN in H2O (from 5 to 100%CH3CN in
20min, flow-rate0.8ml minÿ1, � = 254nm).

7a: Rf 0.4 in cyclohexane–AcOEt(2:3, v/v); tR
20.2min. 1H NMR 1D and 2D (400MHz, CD3OH), �
(ppm):8.33(d,1H,NH Pheresidue);7.83–7.18(complex
system,13H, aromaticFmoc and phenyl protons);7.01
(d, H, NH homo-b-Asp); 4.70 (m, 1H, a CH Phe);4.25
(m, 1H, a CH homo-b-Asp);4.39–4.20(complexsystem,
3H, CH2 andCH Fmoc);3.67 (s, 3H, OCH3); 3.16 and
2.96(2 dd,2H, b CH2 Phe);2.58–2.40(complexsignals,
4H,2 CH2 homo-b-Asp).FAB-MS,m/z: 531([M �H]�).

7b: Rf 0.4 in cyclohexane–AcOEt(2:3, v/v); tR
21.2min. 1H NMR 1D and 2D (400MHz, CD3OH), �
(ppm):8.37(d,1H,NH Pheresidue);7.83–7.13(complex
system,13H, aromaticFmoc and phenyl protons);7.06
(d, 1H, NH homo-b-Asp); 4.68(m, 1H, a CH Phe);4.25
(m, 1H, a CH homo-b-Asp); 4.39-4.19(complexsystem,
3H, CH2 andCH Fmoc);3.68 (s, 3H, OCH3); 3.14 and
2.96(2 dd,2H, b CH2 Phe);2.56–2.42(complexsignals,
4H,2 CH2 homo-b-Asp).FAB-MS,m/z: 531([M �H]�).

Fromthecrude7, theHPLCpurificationfurnishedalso
a peakat tR 21.6min, which wascollectedandidentified
as the tripeptide8 (5 mg, 0.0072mmol, 12% yield): Rf

0.9 in cyclohexane–AcOEt (2:3, v/v). 1H NMR
(250MHz, CDCl3), � (ppm): 8.02 (d, 1H, NH Phe
residue); 7.76–7.19 (complex system, 19H, aromatic
Fmocandphenylprotons);6.56(d, 1H, NH homo-b-Asp
residue);4.92 (m, 2H, 2 a CH Phe);4.45–4.16(m, 4H,
CH2 andCH Fmocsystemanda CH homo-b-Asp); 3.96
and 3.92 (2 s, 3H each,2 OCH3); 3.12–2.35(complex
system,6H, 2 CH2 homo-b-AspandCH2 Phe).FAB-MS,
m/z: 691(M�); 692([M � H]�). This compoundwasthe
mainreactionproductwhenthecouplingwasperformed
usingstoichiometricamountsof the reagents.

Synthesis of homo-b-(L,D)-aspartyl-L-phenylalanine
methyl ester (9a and 9b). A 5 mg (0.01mmol) amount
of 7a was dissolvedin CH3CN (2 ml) and treatedwith
piperidine (2 ml) at r.t. After 1 h the formation of a
compoundat Rf 0.15 in CHCl3–CH3OH (9:1, v/v) was
observed,with the concomitantdisappearanceof the
starting material. The reaction mixture was then con-
centratedunderreducedpressureandpurified by HPLC
on an analytical RP-18 column (Varian 90A,
250� 0.46mm i.d., 5mm) elutedwith a linear gradient
of CH3CN in H2O (from 5 to 100%CH3CN in 25min,
flow-rate 0.8ml minÿ1, � = 254 nm). The peak at tR
11.43min gave the desired compound 9a in almost
quantitativeyield. 1H NMR (400MHz, D2O), � (ppm):
7.45–7.29(complex system,5H, phenyl protons);4.75
(m,1H,a CH Phe);3.79(s,3H,OCH3); 3.61(t, 1H,a CH
homo-b-Asp); 3.30–3.03(AB part of an ABX system,
2H, CH2 Phe);2.56(d, 2H, CH2 backbonehomo-b-Asp);
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2.32(d,2H,CH2 side-chainhomo-b-Asp).FAB-MS,m/z:
309([M � H]�).

The sameprocedureon compound7b afforded9b: tR
11.51min. 1H NMR (400MHz, D2O), � (ppm): 7.45–
7.28(complexsystem,5H, phenylprotons);4.85(m, 1H,
a CH Phe);3.78(s,3H,OCH3); 3.69(m,1H,a CH homo-
b-Asp); 3.39–3.02(AB partof anABX system,2H, CH2

Phe);2.54–2.68(AB part of an ABX system,2H, CH2

backbonehomo-b-Asp); 2.40–2.28(AB part of an ABX
system,2H,CH2 side-chainhomo-b-Asp).FAB-MS,m/z:
309([M � H]�).

Analogouslyto 7a and7b, deprotectionof tripeptide8
(5 mg, 0.0072mmol) was achieved by addition of
piperidine (2 ml) in CH3CN (2 ml) at r.t. After 1 h the
formation of a compoundat Rf 0.35 in CHCl3–CH3OH
(9:1, v/v) was observed,with the concomitantdisap-
pearanceof the startingmaterial.The reactionmixture
was then concentratedunder reduced pressure and
purifiedby HPLConapreparativeRP-18column(Vydac
C18, 25� 2.2cm i.d.), eluted with a linear gradientof
CH3CN, containing0.1%TFA, in H2O, containing0.1%
TFA (from 20% to 80% B in 60min, flow-rate 12ml
minÿ1, � = 220 nm). The peakat tR 41.7min gave the
desiredcompound10 in almost quantitativeyield. 1H
NMR (400MHz, CD3OH), � (ppm): 8.44and8.41(two
ds,2H, 2 NH Pheresidues);7.96 (bs,1H, NH homo-b-
Asp residue);7.33–7.19(complexsystem,10H, phenyl
protons),4.73(m, 2H, a CH Phe);3.74(s,6H, 2 OCH3);
3.72(m,1H,a CH homo-b-Asp);3.18and2.94(AB parts
of two ABX systems,4H, 2 CH2 Phe); 2.60–2.44
(complex signals, 4H, side-chainand backboneCH2

homo-b-Asp). FAB-MS, m/z: 470([M � H]�).

Synthesis of the dipeptide NH2-L-Asp-homo-b-L-
Phg-OMe (14). Synthesis of Cbz-L-Asp(OtBu)-homo-
b-L-Phg-OMe (13). The dipeptideester13 wasprepared
from 1.0g of Cbz-L-Asp(OtBu)-OH(11, 3.1mmol) and
0.56g of NH2-homo-b-L-Phg-OMe (12, 3.1mmol),
preparedaccordingto a literature procedure,7 in anhy-
drous THF (10ml) in the presenceof 1.6g of PyBop
(3.1mmol)andDIEA (3.0ml, 12mmol).After 3 h under
stirring at r.t., thereactionmixturewastakento dryness,
redissolvedin AcOEtandwashedseveraltimeswith 10%
citric acid, saturatedNaHCO3 and water. The organic
phasewas dried over anhydrousNa2SO4 and concen-
tratedto give1.2g of pure13 (2.48mmol,80%yield): Rf

0.65in CHCl3–CH3OH (95:5); tR 19.1min on anRP-18
column (LiChrosorb, LabService, 250� 4.6mm i.d.,
5mm) elutedwith a linear gradientof CH3CN in H2O
(from 20 to 80% CH3CN in 30min, flow-rate 1.0ml
minÿ1, � = 220 nm). 1H NMR 1D and 2D (400MHz,
CD3OH), � (ppm): 8.51 (d, 1H, NH homo-b-Phg);7.40
(d, 1H, NH Asp); 7.38–7.24(complex system,10H,
aromaticphenyl protons);5.34 (m, 1H, a CH homo-b-
Phg);5.13and5.09(AB partof anABX system,2H,CH2

Cbz);4.54(m, 1H, a CH Asp); 3.63(s,3H, OCH3); 2.89

and2.84(2 dd, 2H, CH2 homo-b-Phg);2.76and2.56(2
dd, 2H, CH2 Asp); 1.43(s, 9H, OtBu protons).

Synthesis of NH2-L-aspartyl-homo-b-L-phenylglycine
methyl ester (14). A 126mg amountof 13 (0.26mmol),
dissolved in CH3OH (5 ml), was hydrogenatedover
0.5mg of 10%Pdon charcoalunderstirring at r.t. After
2 h the catalyst was removed, the resulting solution
concentratedunder reducedpressureand the residue
treatedwith TFA (10ml) at r.t. understirring for 1 h to
ensurethe removalof the tert-butyl group.The mixture
wasco-evaporatedseveraltimeswith diethylether,taken
to drynessandthenlyophilized,affording100mgof pure
14 (0.25mmol, 95% yield): Rf 0.15 in CHCl3–CH3OH
(95:5v/v); tR 13.3min onanRP-18column(LiChrosorb,
LabService,250� 4.6mmi.d.,5mm) elutedwith alinear
gradientof CH3CN in H2O (from 20 to 80% CH3CN in
30min, flow-rate 1.0ml minÿ1, � = 220 nm). 1H NMR
1D and 2D (400MHz, CD3OH), � (ppm): 8.86 (d, 1H,
NH homo-b-Phg); 7.41–7.26 (complex system, 5H,
phenyl protons);5.38 (apparentq, 1H, a CH homo-b-
Phg); 4.16 (apparentq, 1H, a CH Asp); 3.67 (s, 3H,
OCH3); 2.98(dd, 1H, Hl of CH2 Asp); 2.88(d, 2H, CH2

homo-b-Phgresidue);2.86(dd, 1H, Hh of CH2 Asp).

Synthesis of the dipeptide NH2-L-Asp-homo-b-L-Phe-
OMe (19). Synthesis of homo-b-L-phenylalanine methyl
ester (17). The title compound7 was obtained in
quantitative yield by treating with an etherealdiazo-
methanesolution homo-b-phenylalanine(16) dissolved
in CH3OH, which hadpreviouslybeenobtainedin 77%
yield by acidichydrolysiswith 37%HCl of 15, prepared
accordingto a literatureprocedure.7

Synthesis of Boc-L-Asp(OtBu)-homo-b-L-Phe-OMe (18).
A 147mg amount(0.51mmol) of Boc-L-Asp(OtBu)-OH
and267mg (0.51mmol) of PyBop,dissolvedin CH2Cl2
(5 ml), weretreatedwith 117mg (0.51mmol) of 17 and
500ml (2.0mmol) of DIEA understirring at r.t. After 2 h
the reaction mixture was concentratedunder reduced
pressureandworkedup asdescribedfor 13. The crude
mixture was purified by HPLC on a preparativeRP-18
column (Vydac C18, 25� 2.2cm i.d.), eluted with a
lineargradientof CH3CN,containing0.1%TFA, in H2O,
containing0.1% TFA (from 20% to 80% B in 30min,
flow-rate 12ml minÿ1, � = 220 nm). The peak at tR
29.2min, taken to dryness,gave 108mg (0.23mmol,
47%yield) of pure18; Rf 0.75in CHCl3–CH3OH (98:2).
1H NMR 1D and2D (400MHz, CD3OH), � (ppm):7.93
(d, 1H, NH homo-b-Phe); 7.33–7.17(complex system,
5H, phenylprotons);6.83(d, 1H, NH Asp);4.37(m, 1H,
a CH Asp);4.42(m, 1H,a CH homo-b-Phe);3.65(s,3H,
OCH3); 2.81and2.87(2 dd,2H, b CH2 side-chainPhe);
2.62(dd, 1H, Hl of CH2 Asp); 2.55and2.47(2 dd, 2H,
CH2 backbonehomo-b-Phe);2.42 (dd, 1H, Hh of CH2

Asp);1.46and1.45(two s,18H,BocandOtBuprotons).
FAB-MS, m/z: 465([M � H]�).
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Synthesis of NH2-L-aspartyl-homo-b-L-phenylalanine
methyl ester (19). A 50mg amount(0.107mmol) of 18
wastreatedwith 50%TFA in CH2Cl2 (5 ml) at r.t. under
stirring. After 2 h the solution was concentratedunder
reducedpressureand then co-evaporatedseveraltimes
with diethylether,giving 45mg(0.102mmol,95%yield)
of pure19, asthe trifluoroacetatesalt: Rf 0.1 in CHCl3–
CH3OH (9:1, v/v). 1H NMR 1D and 2D (400MHz,
CD3OH), � (ppm):8.37(d, 1H, NH homo-b-Phe);7.35–
7.20(complexsystem,5H, phenylprotons);4.45(m, 1H,
a CH homo-b-Phe);4.05 (apparentq, 1H, a CH Asp);
3.66(s, 3H, OCH3); 2.91(dd, 1H, Hl of CH2 side-chain
Phe);2.82–2.89(partially overlappedsignals,2 dd, 2H,
Hh of CH2 side-chainPheandHl of CH2 Asp); 2.76(dd,
1H, Hh of CH2 Asp); 2.60 and 2.47 (2 dd, 2H, CH2

backbonehomo-b-Phe).FAB MS, m/z: 309([M � H]�).

RESULTS AND DISCUSSION

Circular dichroism

In orderto investigatethestructure–activityrelationships
(SAR) of the dipeptidetasteligandswith respectto the
natural dipeptideaspartame,a solution conformational
analysiswas carried out by meansof CD and NMR
techniques. For CD experiments all peptides were
dissolvedin a 1:1 (v/v) TFE–H2O mixture to minimize
differencesin solubility betweenthe protectedand the
deprotectedforms and to increasepossibleconforma-
tional differences.

TheCD spectraof dipeptides9a,14 and19 areshown
in Fig. 1. Gaussiandeconvolutionshows that all the
spectramay be regardedas linear combinationsof a
medium-intensityCD band with a maximum at about
195nm and a secondpositive band with a maximum
between210 and 220nm. By comparisonwith the CD
spectra of aliphatic homo-b-amino acids containing
peptides(unpublisheddata), whose unstructuredcon-

formationwasachievedby x-ray diffractometry,theCD
bandbetween210and230nmwasinterpretedasa result
of thesuperpositionof abanddistinctiveof thespectraof
homo-b-amino acidscontainingpeptidesand a positive
contributionof thearomaticphenylside-chain.26

Thebandnear195nm is a characteristicfeatureof the
spectraof peptidescontaininga phenyl residuein the
side-chain.26

Themajordifferencesin thespectramaybeexplained
as a consequenceof the presenceof the following two
alternativearraysof chromophores:

Theintrinsicchromophoresarethesame,sothatstrong
changesin intensity between the correspondingCD
spectrashouldarisefrom a differencein the numberof
conformerswhich contributeto the CD. A lessintense
signal in the peptidescontaining the chromophoreII
correspondsto a wider set of conformers,whose CD
contributions tend to cancel each other. This is not
unexpected,sincetheCH2 interposedbetweenthephenyl
andthebackbonea-carbonin chromophoreII contributes
to an overall increasedflexibility of the corresponding
side-chain.

Peptide14, showingthe more intenseCD spectrum,
presentsa type I chromophore.It almost mantainsthe
aspartamesweetnessevenif largerdifferencesin its CD
spectrumareseenwith respectto that of aspartame.

In contrast,all type II peptidessharea CD spectrum
very reminescentof that of naturalaspartame;however,

Figure 1. Circular dichroism spectra of peptides 9a (^), 14 (ÐÐ) and 19 (- - - - -). The aspartame CD spectrum is shown for
comparison (inset)
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replacementof the L-Asp residue with homo-b-Asp
causesa lossof taste.

NMR

The conformationof the dipeptideswasinvestigatedby
1H NMR spectroscopyin CD3OH and DMSO-d6

solutionsat 298K.
Dipeptides 7a, 7b, 9a and 9b, studied by high-

resolution 1H NMR spectroscopyin DMSO-d6 and

CD3OH solutions, showedROESY spectrawith very
little significantstructuralinformation (datanot shown)
andrevealedanenhancedflexibility in solution,probably
becauseof the extra CH2 group in the homo-b-Asp
residue. In addition, the observedNOEs cannot be
explainedin termsof onepreferentialconformation,but
in termsof different conformationsin rapid exchange.

The 1H chemical shift assignmentsin DMSO at
298K for 13, 14, 18 and 19 are reportedin Table 1.
The 3JNH-a CH and 3JaH-bCH coupling constantsand the
temperaturecoefficientsare listed in Table 2. Tables3
and4 containthecalculatedtorsionanglesf andtheside-

Table 1. 1H chemical shifts (ppm) of the dipeptides in DMSO-d6 at 298 K

Compound AA NH aH bH hbH Others

13 Asp 7.53 4.38 2.60/2.42 CH2(Cbz)5.01;2,6HCbz7.33;3,4,5HCbz7.30;Boc 1.37;
Phg 8.46 5.20 2.79 2,6H Phg7.31;3,4,5HPhg7.30;OMe 3.54

14 Asp 8.13 4.05 2.84/2.72
Phg 8.95 5.23 2.80 OMe 3.57

18 Asp 6.93 4.21 2.45/2.31 Boc/OtBu1.38
Phe 7.80 4.21 2.77/2.70 2.41 OMe 3.54;2,4,6H7.19;3,5H 7.27

19 Asp n.d. 3.91 2.70/2.62
Phe 8.46 4.26 2.81/2.76 2.41/2.51 OMe 3.56;2,4,6H7.22;3,5H 7.31

Table 2. 3JNH-aCH (Hz), 3JaH-bCH (Hz) and temperature
coef®cients, D�/DT (ppb Kÿ1), for the dipeptides in DMSO
and in CD3OH (in parentheses) at 298 K

Parameter 13 14 18 19
3JNH-aCH (Asp) 8.5 Broad 8.6 —

(8.0) (—) (7.8) (—)
JaCH-bCHpro-S (Asp) 4.8 6.2 4.9 3.8

(5.4) (4.2) (5.2) (4.2)
3JaCH-bCHpro-R (Asp) 9.4 8.2 9.3 8.4

(8.6) (8.7) (8.7) (8.8)
3JNH-aCH (Pheor Phg) 8.5 8.3 8.5 8.2

(8.3) (8.6) (8.6) (8.2)
3JaCH-bCH (Phe) — — 7.2 7.0pro-S

(—) (—) (7.3) (7.6)pro-S

3JaCH-b'CH (Phe) — — 6.4 6.6pro-R

(—) (—) (7.1) (6.6)pro-R

3JaCH-hbCH (Pheor Phg) 7.4 — 5.7 5.4pro-S

(7.9) (7.6) (5.5) (5.0)pro-S

3JaCH-hb'CH (Pheor Phg) 7.4 — 7.1 8.0pro-R

(6.1) (7.6) (7.2) (8.4)pro-R

D�/DT (Asp) ÿ5.4 ÿ1.5 ÿ6.3 —
(ÿ8.0) (—) (ÿ8.4) (—)

D�/DT (Pheor Phg) ÿ6.0 ÿ3.7 ÿ5.2 ÿ4.1
(ÿ8.5) (ÿ6.0) (ÿ7.3) (ÿ5.5)

Table 3. Torsion angles f in DMSO and in CD3OH (in parentheses) determined by 3JNH-aCH coupling
constants

Amino acid 13 14 18 19

Asp ÿ154,ÿ91, 40–80 — ÿ154,ÿ91, 40–80 —
(ÿ157,ÿ86, 37–83) (—) (ÿ157,ÿ84, 43, 80) (—)

Pheor Phg ÿ154,ÿ91, 40–80 ÿ154,ÿ89, 40–80 ÿ154,ÿ91, 40–80 ÿ157,ÿ86, 37–83
(ÿ154,ÿ89, 40–80) (ÿ154,ÿ91, 40–80) (ÿ154,ÿ91, 40–80) (ÿ157,ÿ86, 37–83)

Table 4. Side-chain populations (%) in DMSO and in CD3OH
(in parentheses)

Amino acid 13 14 18 19

Asp PI (gÿ) 62 51 61 52
(55) (56) (56) (57)

PII (t) 20 33 21 11
(26) (14) (24) (15)

PIII (g�) 18 16 18 37
(19) (30) (20) (28)

Phe PI (gÿ) — — 35 37
(41) (37)

PII (t) — — 42 40
(43) (46)

PIII (g�) — — 23 23
(16) (17)

hbCH2 PI (gÿ) 49
(53)

PII (t) 25
(22)

PIII (g�) 26
(25)
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chain populations. Chemical shifts and temperature
coefficientswereshownto beindependenton thepeptide
concentrationin the range0.5–22mM, suggestingthat
thereis no aggregationat theconcentrationsusedfor the
2D analysis.

The NOEs were obtainedfrom the ROESY experi-
ments and were classified according to their relative
intensitiesasstrong,mediumandweak.The main NOE
correlationsare summarizedin Figs 2–5. As expected,
coupling constants,temperaturecoefficientsand NOE
data, observedfor all molecules,do not indicate the
existenceof a singlepreferredconformationin solution.

For all compoundsa strong inter-residueNOE was
observedbetweenthe a-proton of the Asp and the NH
protonof thefollowing residue,indicatingthatthetorsion
angle (Asp) is restrictedto valuesbetween60° and
180°.

In 13,14and18, theprochiralitiesof thetwob-protons
of the Asp residuewere assigned27 using the coupling
constants3Jab andtheNOE connectivitiesAsp NH–Asp
Hb1 and Asp NH–Asp Hbh. For each compoundthe
proton at higher field (Hbh) is pro-R and that at lower
field (Hb1) is pro-S. Analysisof populationsfor theside-

chain of Asp residuewas carried out using the 3Jab1

and 3Jabh experimentalvaluesand following the treat-
mentsuggestedby JardetzkyandRoberts;28 in eachcase
the gÿ conformation is the preferred structure. The
populationsof peptide 19 side-chainswere calculated
assumingtheHbh aspro-R andtheHb1 aspro-Sprotons
in analogy with peptides13, 14 and 18, since NOE
correlations NH–Hb1 and NH–Hbh could not be
evaluated.A similar treatmentfor the Pheside-chainin
18 indicatesa preferencefor the transorientation.Using
the sameprocedurewe determinedthe homo-b—CH2

backbonepopulationsfor 19 anda preferencefor thegÿ

orientationwasfound.
The torsion angles f for the Phe residues was

evaluatedfrom the 3JNH-aCH couplingconstants,usinga
Karplus-type relationship reported by Bystrov;29 all
compoundshave similar values which are consistent
with themediumNOEsNH Phe–Ha Pheobserved.

Medium and weak NOE connectivities,reportedin
Figs 2–5, were observedfor all compounds;the C-
terminalpartof themoleculesappearslessdefinedsince
no correlationwith themethyl estergroupwasdetected.
An importantdifferencebetweencompounds14 and19

Figure 2. Relevant NOE correlations (strong = solid line,
medium = dashed line, weak = dotted line) for Cbz-NH-L-
Asp(OtBu)-homo-b-L-Phg-OMe recorded in DMSO at 298 K

Figure 3. Relevant NOE correlations (strong = solid line,
medium = dashed line, weak = dotted line) for Boc-NH-L-
Asp(OtBu)-homo-b-L-Phe-OMe recorded in DMSO at 298 K

Figure 4. Relevant NOE correlations (strong = solid line,
medium = dashed line, weak = dotted line) for NH2-L-Asp-
homo-b-L-Phg-OMe recorded in DMSO at 298 K

Figure 5. Relevant NOE correlations (strong = solid line,
medium = dashed line, weak = dotted line) for NH2-L-Asp-
homo-b-L-Phe-OMe recorded in DMSO at 298 K
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andcompounds13and18wasfound.Forthedeprotected
dipeptides(14 and19) the NOEsNH Phe–Hb1 Asp and
NH Phe–Hbh Asp have the samemedium intensities,
whereasin theprotectedcompoundstheNH Phe–HbproR

Aspeffectwasfoundto beweakerthanthatfor NH Phe–
HbproS Asp. An accurateanalysiswasconductedalsoin
CD3OH andtherelatedNMR conformationalparameters
arereportedin Tables2–4.The structuraldataobtained
aresimilar to thosereportedin DMSO.

Molecular dynamics

All the structurally significant NMR parameterswere
used for RMD simulations in vacuo for the various
compounds.†The conformationalstatisticalanalysisof
the RMD simulationsat 300K revealsthat a preferred
conformationwasfoundfor 13. Theaveragestructureof
peptide 13 appearsconsistentwith all the observable
NMR NOE effects.The conformationalanalysisunder-
lines that the preferredconformationof thesedipeptide
tasteligandscan be describedwith an ‘L-shape.’ This
class of conformersalso correspondsto a minimum
energyconformation.In particular,the aspartylresidue
hasdihedralanglesf and ofÿ111.1° and134.4°, anda
gÿ preferredside-chainconformation(w1) for the Asp
residue.Similar behaviourhas also been observedin
crystal structuresof aspartameand its analogues.The
analysisof the homo-b-L-Phg residueshows dihedral
angles f, m and  of ÿ97.5°, 71.2° and ÿ86.4°,
respectively.

The conformationanalysisof RMD simulationfor 18
showsthat it canadoptmainly extendedand‘L-shaped’
conformations,amongothers,with similar energy.The
‘L-shaped’ conformer presentsdihedral anglesof the
aspartylresidueof f,  andw1 ofÿ128°, 103° andÿ58°,
respectively,similar to thoseobservedin severalcrystal
structuresof dipeptidetasteligand analoguesof aspar-
tame.The analysisof the homo-b-L-Pheresidueshows
dihedralanglesf, m and ofÿ120.3°, 80.2° andÿ82.1°,
respectively.

The analysis of the RMD results for 14 and 19
indicatesthat they can adoptmainly extendedand ‘L-
shaped’ conformations,among others, and that these
conformations have comparable energies. For both
compounds,the ‘L-shaped’ conformerpresentsaverage
values of dihedral angles and w1 (147° and ÿ70°,
respectively)of the aspartyl residue similar to those
foundin otherdipeptidetasteligands.Theanalysisof the
homo-b-L-Phgresiduein 14 showsdihedralanglesf, m
and  of ÿ137°, 173° and ÿ73° for the extended
conformation and ÿ145°, 45° and ÿ70° for the ‘L-

shaped’structure.Theconformationalparametersfor the
homo-b-L-Pheresiduein 19 showsa similar behaviour
with dihedralanglesf, m and of ÿ134°, 179° and90°
for the extendedconformationand ÿ134°, ÿ95° and
112° orÿ134°,ÿ95° and112° for thetwo equi-energetic
extendedand ‘L-shaped’ conformationsand preferred
transconformation(w1) for thePheresidueside-chainfor
both theextendedand‘L-shaped’conformers.

CONCLUSION

The conformational effect due to the insertion of a
methylene group in the backbone skeleton of the
dipeptidetasteligand aspartamehasbeeninvestigated.
The solution conformation of the newly synthesized
dipeptidetasteligandswasinvestigatedby 1H NMR and
CD spectroscopy.

The NMR spectrawerefully assignedby a combina-
tion of TOCSY,DQFCOSYandROESYmaps.Chemi-
cal shiftsandtemperaturecoefficientswereshownto be
independentof thepeptideconcentrationin therange0.5
–22mM. For thedipeptidesNH2-homo-b-(L or D)Asp-L-
Phe-OMe(9a and 9b), the NMR data were poor with
little structural information, revealing an enhanced
flexibility in solution certainly due to the extra CH2

moiety of the homo-b-Asp residue.Thus only for the
dipeptides NH2-L-Asp-homo-b-L-Phg-OMe (14) and
NH2-L-Asp-homo-b-L-Phe-OMe (19) were computa-
tional analysespossible.

The CD spectraareconsistentwith the NMR results,
indicatinggreatflexibility for peptides9a,9b and19 and
a reduced flexibility for peptide 14. Moreover, the
populationsof the different families of conformersare
the sameon comparinganalogues9a, 9b and 19 with
aspartame,even if these new dipeptide taste ligand
compoundsdiffer in theirsweetnesspotencywith respect
to aspartame.

The analysisof the conformationalbehaviourof the
synthesizeddipeptidesshowsthat all of the compounds
can adopt preferentiallyextendedand ‘L-shaped’ con-
formationswith different relative populations.Several
other conformationsare also possiblebut with smaller
relativepopulations.

Therelationshipbetweenconformationandsweettaste
underlinesthat thelengtheningof thepeptideskeletonat
the L-Asp site results in a loss of sweetnesswith the
productionof tastelesscompounds,thusconfirmingthat
(i) the C-terminalendis the moreimportantfunction in
imparting the sweet taste to the moleculeand (ii) the
orientationof the amidegrouplinking the Asp andPhe
residueof aspartameanaloguesplaysa decisiverole in
obtaining very sweet compounds.On the other hand,
lengtheningof the skeletonat the C-terminal L-Phesite
maintainsthesweetcharacterin bothNH2-L-Asp-homo-
b-L-Phe-OMeandNH2-L-Asp-homo-b-L-Phg-OMe.The
decreasein sweetnesspotencyin thesecompoundswith

†The figures of the superimpositionobtained for the minimized
structuresof compounds13, 14, 18 and19 during the simulationare
deposited as Supplementary Material on the EPOC website
(http://www.wiley.com/epoc).
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respectto aspartamecanbeascribedto anincreaseof the
chainflexibility dueto themethyleneinsertion,wherethe
C-terminalestergroupis almostcomparablein sizewith
the side-chainaromatic ring. This would make more
likely theexchangein thepositionof eithergroupin the
interactionwith thereceptor.In thelight of theseresults,
it seemsreasonableto confirm that the sweetpower of
aspartameanaloguescanonly be modulatedby modify-
ing theC-terminalmoiety of themolecule.
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