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epoc 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 betwéemthth€ Ccarbon atoms (as in
homo-residues) in either the-Asp or theL-Phe residues, are describéthma -residues such dsomef-aspartic
acid, homaf-phenylglycine anchomaf-phenylalanine, obtained by homologation of the corresponding proteino-
genic «-amino acids, have been used in the solution peptide synthesis of the following aspartame analogues in
protected and unprotected forms: MRomaof-(L or D)-Asp+.-Phe-OMe, NH-L-Asp-homaf-L-Phg-OMe and NH
L-Asp-homap-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 skelet@t&rthmalL-Phe site
partially mantains the sweet taste in both NHAsp-homef5-L-Phe-OMe and NEL-Asp-homef-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 containinpomof-L-Phe anchomef-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. Copyriglii999 John Wiley & Sons, Ltd.
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INTRODUCTION preparation ohoma -amino acids using a homologation
reaction sequence® In a recent papet,a new and
p-Amino acids, although less abundant in nature than efficient procedure to homologaté-protecteda-amino
a-amino acids, have become increasingly important acids, with the production of the corresponding chirally
during the last decade. They are found in a variety of purehomepg-derivatives, was reported. According to this
natural product$;? including peptides. According to  method, we have prepared in enantiopure féénandC-
Spatola} f-amino acids andhomegf-amino acids  protected homep-(9-leucine derivatived and several
are "HsNCH,CHRCOO and *H3;NCHRCH,COO, new homef-amino acids with aliphatic, aromatic and
respectively. The growing interest in this new class of functionalized side-chains in order to use them in the
residues rests both on their yet largely unexplored synthesis of analogues of biologically active compounds.
conformational behaviour and on the possibility of  Since the discoveRyof the potent sweet-tastingL-
inserting them as convenient new molecular tools in aspartylt-phenylalanine methyl ester (aspartame), the
bioactive natural products in order to improve both the special interest in dipeptide sweeteners has increased and
resistance to biodegradation and the pharmacokinetica large number of analogues related to aspartame have
properties. been synthesizetf. It has been demonstratédthat the
«-Amino acids are the ideal starting material for the sweet-tasting activity of the dipeptide is preserved if the
aspartyl moiety is restricted to-Asp or to the shorter
*Correspondence toE. Benedetti, Centro di Studio di Biocristallo- homologue aminomalonic acid (Ama) in which the side-

grafia, CNR and Dipartimento di Chimica, Universdagli Studi di chain methylene group is missing: elongation of the side-
Napoli ‘Federico Il,” Via Mezzocannone 4, 1-80134 Naples, Italy. hai . yh hi gh E | 9 G? Phe-OM
E-mail: benedetti@chemna.dichi.unina.it Chain as inthe higher homologue hHd- u'_'-' 1e- e
tDedicated to the memory of Professor Giacomino Randazzo. led to bitter compound¥ For a sweet-tasting ligand the
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‘bioactive conformation’ was proposedto be an ‘L-
shaped'structure***2

The synthesisof severalaspartamedipeptide analo-
gueswhosebackbonewas elongatedby one methylene
groupwas performedby Miyoshi et al.,** who analysed

the stericeffectin relationto the potencyof sweetness.

The structure—tasterelationships accumulatedso far
promptedus to investigatethe effect on taste of the
systematigénsertionof amethylenegroupbetweerthe C*
and C' carbonatomsof either the L-Asp or the L-Phe
residuen dipeptideanaloguesk-orthis purposepsingan
innovative synthetic proceduré® in the preparationof
homa-amino acids,we prepareda seriesof new taste
ligand dipeptideanalogues.

In the presentpaper we report the synthesisand
solutioncharacterizatiotny NMR andcirculardichroism
(CD) techniques of the following homeopg-residues
containing dipeptides: NH>-homap-(L or D)-Asp--
Phe-OMe(9a and 9b), NH,-L-Asp-homef-L-Phg-OMe
(14) and NH,-L-Asp-homaf-L-Phe-OMe(19). Length-
eningof the peptideskeletorattheL-Asp siteresultsin a
drasticlossof sweetneswith the productionof tasteless
compounds;on the other hand, lengthening of the
skeletonat the C-terminal L-Phesite partially mantains
the sweettastein both NH,-L-Asp-homef-L-Phe-OMe
andNH,-L-Asp-homef-L-Phg-OMe.

EXPERIMENTAL

Materials and methods. o-Amino acidsandthe activat-

ing agent benzotriazol-1-yloxyrispyrrolidinophospb-

nium hexafluorophodpate (PyBop) were purchased
from Novabiochem (Switzerland). Solvents were of

reagentgrade;the otherorganicreagentscommercially
available,were usedwithout further purification. High-

performanceliquid chromatographigHPLC) analyses
were performedon a BeckmanSystemGold instrument,
equipped with a UV 166 module detector and a

Chromatopadr6A recorder.Purificationswere carried
out on a Millipore-Waters Delta Prep 3000 HPLC

system.

NMR characterization. NMR measurementserecarried
out on Varian Gemini 200, Bruker 250 and Varian
UNITY 400MHz spectrometersAll *H NMR spectra
were recordedat 298K and referencedto DMSO-dg
(6=2.5ppm), to CDz;OH (6=3.33ppm) and CDCl;
(6 =7.26ppm). For structural characterization,NMR
sampleswere preparedby dissolving about 5mg of
peptide in 0.75ml of DMSO-ds (99.96% °H atom,
Cambridge Isotope Laboratories) or in 0.75ml of
CD3OH (99% 2H atom, Cambridge Isotope Labora-
tories).Additional very dilute solutionswerepreparedy
dissolving0.2mg of peptidesn 0.75ml of bothsolvents.

One-dimensiona¢xperimentaeretypically acquired
using32—-64scanswith 32K datapoints. The spectrafor
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the determinationof the temperaturecoefficientswere
recordedat 298—-31& in stepsof 5 K.
Phase-sensitivedouble quantum filtered correlated
spectroscopy(DQFCOSY)* homonuclearHartmann—
Hahn (HOHAHA)*® and nuclear Overhauser effect
spectroscopyin the rotating frames (ROESY)® were
performedaccordingto the States—Haberkar method
andapplying standardphasecycling schemes.
Theseexperimentswere typically acquiredwith 256
incrementsand 2048 data pointsin t,. The FIDs were
multiplied by a squareshiftedsine-bellandzerofilled to
1K in F4 prior to FouriertransformationThemixing time
for TOCSY was70 ms; a continuousspinlock wasused
for the compensated ROESY spectrum(mixing time
150 ms). Cross-peakintensities were evaluated by
volumeintegrationusingthe availableVarian software.

Restrained molecular dynamics. Restrainedmolecular
dynamics (RMD) simulations were carried out on a
Silicon Graphics 02 workstation employing the
INSIGHT/DISCOVER program?8 The consistent
valenceforce field (CVFF) was utilized for all simula-
tions1°~?!Theequationof motionweresolvedusingthe
so-calledLeapfrogintegrationalgorithm?2

Starting models of the N-protected (13, 18) and
deprotecteddipeptides(14, 19) for the RMD were built
using standardparameterssupplied by the INSIGHT
software package.One hundredstepsof energy mini-
mizationsto eliminate hot spot$® using the conjugate
gradient method® were performed for the starting
structure.The energy-minimizedstructurewas usedas
theinitial structurefor the RMD in vacuoat 300K. All
unambiguousNOE effects were used for the RMD
calculationsln eachRMD simulation,performedwith a
time stepof 0.5 fs, the moleculewasequilibratedfor 50
ps.After thisfirst step,anadditional100psof simulation
without rescalingwascarriedout sinceenergyconserva-
tion wasobservedandthe averagegemperatureemained
essentiallyconstantaround the target value of 300K.
During this step, the structureswere extracted and
minimizedevery1 ps.

The final structurewas then checkedfor consistency
with all observableNOE. Coordinatesand velocitiesfor
the simulation were dumpedto a disk every 10 steps
duringthelast20 psof thesimulations.Thedumpeddata
wereusedfor statisticalanalysis.

Circular dichroism characterization. CD measurements
were carried out on a JascoJ715 spectropolarimeter.
Peptides9a, 14 and 19 were dissolved in water—
trifluoroethanol(1:1) at concentrationof 2.29x 10>,
3.05x 10> and 1.91x 10 ° M, respectively.A single
Jascocylindrical cuvettewith a pathlengthof 1 cm was
usedfor all measurementsThe spectrawere recorded
using a scanspeedof 5nm min~—* with a resolutionof
0.2nm, a sensitivity of 50 mdeg,atime constantof 16s
anda spectrawindow from 260to 190 nm.
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Syntheses

The synthese®sf the NH,-homa f-phenylalaninemethyl
esterl7 andNH,-homa f-phenylglycinemethyl esterl2

werecarriedout startingfrom Boc-L-Phe-OHandCbz4.-

Phg-OH,following a slightly modified literature proce-
dure! In an analogousmanner, NH,-home -aspartic
acid hasbeenpreparedrom Boc-.-Asp-(OBzl)-OH.

As depictedin Schemel, the starting material was
convertedinto the correspondingN-protectedhomae -
aminoacid via the f-aminoalcohol,the f-aminoiodide
andthe -aminonitrile followed by hydrolysisof thelast
compoundunderacidic conditions.The key stepin the
preparatiorof thedesiredcompoundsvastheconversion
of the N-alkoxycarbonyl-potectedf-aminoalcoholinto
the correspondingiodide by a polymer-boundtriaryl-
phosphine-d complex, under very mild, high-yielding
andnon-racemizingonditions.Thisis avery convenient
procedureto homologatex-amino acids directly; the
alternativeto this processnvolvesan applicationof the
Arndt—Eistertreaction, under classicat* or modified™
conditions,the major drawbackof which residesin the
use of the extremely hazardousdiazomethanewhich
strongly limits scale-up reactions. We successfully
applied the protocol describedby Caputoet al.” on a
largescaleusinginexpensiveeagentso obtainthetarget
compoundsn the N-protectedform. The homof-amino
acidderivativeswerethencoupledwith the «-aminoacid
partnerin the preparationof the desireddipeptidetaste
ligandsfollowing standardprotocolsfor peptide synth-
esisin solution(Schemed—3). After the usualwork-up,
protectedand deprotecteddipeptideswere purified by
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HPLCandtheir structuresonfirmedby *H and**C NMR
and fast atom bombardmentmassspectrometriq FAB-
MS) data.

Synthesis of the dipeptide NH,-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

0
t BuOOC/\)KOH + PhY\COOCHg
NHCbz NH,
11 12

leBop

0  Ph
_ )\/COOCH3
tBUOOC N

CbzNH 13

1) H,/Pd
2) TFA
o} Ph
)\/COOCH3
HOOC N
H
NH,
14

Scheme 2
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(30ml), 4-methylmorpholine (1.2ml, 11mmol) and

methyl chloroformate(0.86ml, 11 mmol) wereaddedat

—15°C understirring. After 15min, 1 M NaBH, aqueous
solution (15ml) was addeddropwiseand the resulting
mixture was left at room temperature(r.t.) until the

disappearancef gasevolution,thenconcentratedinder
reduced pressure,redissolvedin AcOEt and washed
repeatedlywith water. The organic phase,dried over

Na,SQ,, wastakento drynessto give 2.60g of pure 2

(8.4mmol, 84%yield) asafoam: m.p.59.30°C; R; 0.85

in petroleum ether-AcOEt (1:9, viv). H NMR

(200MHz, CDCly), 6 (ppm): 7.34 (s, 5H, phenyl
protons);5.23 (d, 1H, NH); 5.12 (s, 2H, CH,Ph); 4.02

(m, 1H, o« CH); 3.68 (d, 2H, CH,OH); 2.65 (d, 2H,

CH,COOBzI); 1.44(s, 9H, 3 CH; Boc group).**C NMR

(62MHz, CDCl3), 6 (ppm): 170.44(COOBzl); 154.58
(OCONH); 135.09,128.06,127.92,127.79(phenylring

carbons); 79.70 [(CH3)sC]; 66.12 (CH,Ph); 64.43
(CH,0H); 47.71 (. CH); 36.10(CH,COOBzl); 28.19(3

CHs Boc group).

Synthesis of 3-(N-tert-butyloxycarbonylamino)-4-iodo
benzylbutyrate (3). A mixture of 4.0g of polystyryldi-
phenylphosphine (12mmol), swollen in anhydrous
CHJ.CI, (100ml), and2.8g of I, (11 mmol), wasleft at
r.t. for 15min, then0.80g of imidazole(12.5mmol) and
1.5g of 2 (5mmol) were successivelyadded under
stirring at r.t. andthe resultingmixture wasrefluxedfor
1h, then cooled, filtered on Celite and washedwith
CH.ClI, (100ml). The organic phase,washedwith 5m
NaS,03 (50ml) and successivelywith water until
neutralizationwasdried over Na,SO, and concentrated
underreducedpressureaffording 1.5g of 3 (3.5mmol,
70%yield); m.p.: 50.40°C (from CH,Cl—n-hexane)R¢
0.9 in petroleum ether—AcOEt (1:9, v/v). 'H NMR
(200MHz, CDClg) 6 (ppm):7.32(s,5H, phenylprotons);
5.20(d, 1H, NH); 5.10¢(s, 2H, CH-Ph); 3.91 (m, 1H; «
CH); 3.38(d, 2H, CH,l); 2.70(d, 2H, CH,COOBZzI); 1.40
(s,9H, 3 CHz Boc group).*3C NMR (50 MHz, CDCl), §
(ppm): 170.37 (COOBzl); 154.52 (OCONH); 135.27,
128.45, 128.23, 128.06 (phenyl ring carbons);79.79

CopyrightO 1999JohnWiley & Sons,Ltd.

[(CH3)sC]; 66.52 (CH,Ph); 47.55 (« CH); 38.61
(CH,COOBzI); 28.16(3 CH; Boc group); 11.04(CH,l).

Synthesis of 3-(N-tert-butyloxycarbonylamino)-4-cyano
benzylbutyrate (4). A 1.26g amountof 3 (3 mmol) was
dissolved in CH.Cl, (100ml) and the solution was
treated with 0.97g of tetrabutylammoniumcyanide
(6.1 mmol) atrefluxfor 4 h andthenkeptatr.t. overnight.
The reaction mixture, dried in vacuq was purified by
flashchromatographyelutingthecolumnwith increasing
amountsof AcOEt in petroleum ether. The fractions
elutedwith 20% AcOEt in petroleumethergave530mg
of the pure titte compound(1.7mmol, 56% vyield): Ry
0.15 in cyclohexane-AcOEt(8:2, v/v). 'H NMR
(400MHz, CDCls) 6 (ppm): 7.34(s,5H, phenylprotons);
5.18(d, 1H, NH); 5.07 (s, 2H, CH,Ph); 4.12 (m, 1H, «
CH); 2.35 (m, 4H, overlappedsignals, CH,CN and
CH,COOBzl); 1.40(s, 9H, 3 CH5 Boc group).1*C NMR
(100MHz, CDCls) 6 (ppm): 169.84(COOBzl); 154.45
(OCONH); 134.94,128.34,128.19,127.97(phenylring
carbons)116.78(CN); 79.98[(CH3)sC]; 66.61(CH.Ph);
44.13(« CH); 37.13(CH,COOBzl); 27.98(3 CH3 Boc
group); 22.59(CH.CN).

Synthesis of 3-(N-fluorenylmethoxycarbonylamino)-4-
cyano benzylbutyrate (5). A 530mg amount of 4
(2.7mmol) was treated with 50% TFA in CH.Cl,
(20 ml) understirring for 1 h atr.t. Thereactionmixture
was concentratedunder reducedpressureand then co-
evaporatedeveratimeswith diethyl ether. Theresidue,
redissolvedin THF (10ml), was takento pH 9.0 by
dropwiseadditionof 10% Na,COs; aqueoussolutionand
successively treated with 540mg of FmocOSu
(1.7mmol). The reaction mixture was left at 0°C for
30min andatr.t. for 1 h, thenfiltered and concentrated
under reduced pressure. The crude compound was
purified by flash chromatographygluting the column
with increasingamountsof AcOEt in petroleumether.
The fractions eluted with petroleumether—AcOE((8:2,
v/v), collectedandtakento drynessafforded310mg of
pure 5 (0.7mmol, 41% vyield): R 0.25 in petroleum

J. Phys.Org. Chem.12, 577-587(1999)
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ether—AcOE((8:2, v/v). *H NMR (250MHz, CDCl), §
(ppm): 7.80—7.22complexsystem,13H, aromaticFmoc
and phenyl protons); 5.48 (d, 1H, NH); 5.12 (s, 2H,
CH,Ph);4.47(d, 2H, CH, Fmoc);4.35(t, 1H, CH Fmoc);
4.20 (m, 1H, « CH); 2.75 (d, 4H, overlappedsignals,
CH,CN and CH,COOBzI). **C NMR (62 MHz, CDCly)
6 (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 (CH, Fmoc); 66.90
(CH,Ph); 46.97 (CH Fmoc); 44.90 (« CH); 36.97
(CH,COOBzl); 22.61 (CH,CN). MS (70eV, EI), m/z
440 (M.

Synthesis of 3-(N-fluorenylmethoxycarbonylamino)glu-

taric acid (6). A 250mg amount of 5 (0.57mmol),

dissolvedin dioxane(5 ml), wastreatedwith 37% HCI

(5 ml) andtheresultingsolutionwasleft atrefluxfor 4 h,

thenatr.t. overnight. The reactionmixture wasextracted
with AcOEt and washedexhaustivelywith water. The
organic phase, dried over anhydrous Na,SO, and
concentratedin vacuq was purified by HPLC on a
preparativeRP-18column(VydacC,g, 25 x 2.2cmi.d.),

elutedwith alineargradientof CH;CN, containing0.1%
TFA (solventB), in H,0, containing0.1% TFA (solvent
A) (from 20% to 80% B in 30min, flow-rate 12ml

min~—*, A =220 nm). The peak at retention time (tg)

15.2min, taken to dryness,gave 150mg of pure 6

(0.41mmol, 71%):R¢ 0.2in petroleumether—AcOE(2:3,

v/v). *H NMR (200MHz, CD;0D), § (ppm): 7.79-7.25
(complex system,8H, aromatic Fmoc protons); 4.34—
4.18(complexsystem4H, overlappedsignals,CH, and
CH Fmoc and o« CH); 2.60 (d, 4H, J=7.0Hz, 2

CH,COOH). **C NMR (50MHz, CDsOD), § (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 (CH, Fmoc); 48.67 (« CH); 46.93(CH

Fmoc);39.78(2 CH,COOH).

Synthesis of Fmoc-homo-f-(1,0)-Asp-L-Phe-OMe (7a
and 7b). A 50mg amount of 6 (0.14mmol) was
dissolvedin 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) and DIEA (60 pul, 0.24mmol) in
anhydrousTHF (2 ml) wasaddedo thereactionvessein
1h. The resulting mixture was left at r.t. for 2h, then
concentratedunder reduced pressureand purified by
HPLC on a preparative RP-18 column (Vydac Cig,
25 x 2.2cmi.d.), elutedwith alineargradientof CH;CN
(0.1%TFA) andH,0 (0.1%TFA) from 20%to 80%B in
60min (flow-rate12ml min—*, A\ = 220nm). The peakat
tr 17.8min, takento dryness,gave 10mg of pure 7
(0.02mmol, 31% yield); the peakat tz 15.3min gave
15mg of unreacted-mochomaef-Asp-OH (6).

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

CopyrightO 1999JohnWiley & Sons,Ltd.

diastereomers7a and 7b, which were successively
separatethy HPLC onaBakerChiralcelOD-R analytical
column(250x 0.46mmi.d., 5 um), elutedwith alinear
gradientof CHsCN in H5O (from 5 to 100% CHsCN in
20min, flow-rate0.8ml min~*, A = 254 nm).

7a: Ry 0.4 in cyclohexane—AcOEt(2:3, v/v); tg
20.2min. *H NMR 1D and 2D (400MHz, CDsOH), 6
(ppm):8.33(d, 1H, NH Pheresidue)7.83-7.1§complex
system,13H, aromaticFmoc and phenyl protons);7.01
(d, H, NH homep-Asp); 4.70(m, 1H, « CH Phe);4.25
(m, 1H, « CH homep-Asp); 4.39—4.2(0complexsystem,
3H, CH, and CH Fmaoc); 3.67 (s, 3H, OCHy); 3.16 and
2.96(2dd, 2H, p CH, Phe);2.58-2.40complexsignals,
4H, 2 CH, home 8-Asp).FAB-MS, m/z 531([M + H] ).

7b: R¢ 0.4 in cyclohexane—AcOEt(2:3, v/v); tr
21.2min. *H NMR 1D and 2D (400MHz, CDs0OH), 6
(ppm):8.37(d, 1H,NH Pheresidue)7.83-7.13complex
system,13H, aromaticFmoc and phenyl protons);7.06
(d, 1H, NH home-Asp); 4.68(m, 1H, o CH Phe);4.25
(m, 1H, « CH homof-Asp); 4.39-4.19complexsystem,
3H, CH, and CH Fmaoc); 3.68 (s, 3H, OCHy); 3.14and
2.96(2dd, 2H, p CH, Phe);2.56-2.42complexsignals,
4H, 2 CH, homep-Asp).FAB-MS, m/z 531([M + H]™).

Fromthecrude?7, theHPLC purificationfurnishedalso
apeakattg 21.6min, whichwascollectedandidentified
asthe tripeptide 8 (5 mg, 0.0072mmol, 12% yield): Ry
0.9 in cyclohexane-AcOEt(2:3, viv). *H NMR
(250MHz, CDCly), 6 (ppm): 8.02 (d, 1H, NH Phe
residue); 7.76—7.19 (complex system, 19H, aromatic
Fmocandphenylprotons);6.56(d, 1H, NH homa -Asp
residue);4.92 (m, 2H, 2 o CH Phe);4.45-4.16(m, 4H,
CH, andCH Fmocsystemando. CH homo -Asp); 3.96
and 3.92 (2 s, 3H each,2 OCHy); 3.12-2.35(complex
systemBH, 2 CH, homaf-AspandCH, Phe).FAB-MS,
m/z 691 (M™); 692 (M + H]™"). This compoundwvasthe
mainreactionproductwhenthe couplingwasperformed
usingstoichiometricamountsof the reagents.

Synthesis of homo-p-(L,p)-aspartyl-L-phenylalanine
methyl ester (9a and 9b). A 5 mg (0.01mmol) amount
of 7a wasdissolvedin CHsCN (2 ml) and treatedwith
piperidine (2ml) at r.t. After 1h the formation of a
compoundat R 0.15in CHCIl;—CH3OH (9:1, v/v) was
observed,with the concomitantdisappearancef the
starting material. The reaction mixture was then con-
centratedunderreducedpressureand purified by HPLC
on an analytical RP-18 column (Varian 90A,
250x 0.46mm i.d., 5um) elutedwith a linear gradient
of CH3CN in H,0O (from 5 to 100% CHsCN in 25min,
flow-rate 0.8ml min~%, A\ =254 nm). The peak at tg
11.43min gave the desired compound9a in almost
quantitativeyield. *"H NMR (400MHz, D,0), § (ppm):
7.45-7.29(complex system,5H, phenyl protons);4.75
(m,1H, o« CHPhe);3.79(s,3H, OCHg); 3.61(t, 1H, o CH
homa f-Asp); 3.30—-3.03(AB part of an ABX system,
2H, CH, Phe);2.56(d, 2H, CH, backbonéhomao -Asp);
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2.32(d, 2H, CH, side-chairhomo f-Asp). FAB-MS, m/z
309([M + H] ™).

The sameprocedureon compoundrb afforded9b: tg
11.51min. *H NMR (400MHz, D,0), § (ppm): 7.45—
7.28(complexsystem 5H, phenylprotons);4.85(m, 1H,
o CH Phe);3.78(s,3H, OCHs); 3.69(m, 1H,« CH homo
p-Asp); 3.39-3.02AB partof anABX system2H, CH,
Phe);2.54-2.68(AB part of an ABX system,2H, CH,
backbonenomaef3-Asp); 2.40-2.28(AB partof an ABX
system2H, CH, side-chairhomaf-Asp). FAB-MS, m/z
309 (M + H] ™).

Analogouslyto 7aand7b, deprotectiorof tripeptide8
(5mg, 0.0072mmol) was achieved by addition of
piperidine (2ml) in CH3CN (2ml) at r.t. After 1h the
formation of a compoundat Rs 0.35in CHCl;—CH;OH
(9:1, v/v) was observed,with the concomitantdisap-
pearanceof the starting material. The reactionmixture
was then concentratedunder reduced pressure and
purifiedby HPLC on a preparativeRP-18column(Vydac
Cis 25x 2.2cm i.d.), elutedwith a linear gradientof
CH3CN, containing0.1%TFA, in H,0, containing0.1%
TFA (from 20% to 80% B in 60min, flow-rate 12ml
min~%, A =220 nm). The peakat tg 41.7min gavethe
desiredcompound10 in almost quantitativeyield. *H
NMR (400MHz, CD3OH), 6 (ppm): 8.44and8.41 (two
ds, 2H, 2 NH Pheresidues)i7.96 (bs, 1H, NH homa -
Asp residue);7.33-7.19(complexsystem,10H, phenyl
protons)4.73(m, 2H, « CH Phe);3.74(s, 6H, 2 OCHy);
3.72(m, 1H,« CHhomeof-Asp); 3.18and2.94(AB parts
of two ABX systems,4H, 2 CH, Phe); 2.60-2.44
(complex signals, 4H, side-chainand backboneCH,
homoB-Asp). FAB-MS, m/z 470 ([M + H] ™).

Synthesis of the dipeptide NH,-L.-Asp-homo-p-L-
Phg-OMe (14). Synthesis of Cbz-L-Asp(OtBu)-homo-
f-L-Phg-OMe (13). The dipeptideesterl3 wasprepared
from 1.0g of Cbz1i-Asp(OtBu)-OH(11, 3.2mmol) and
0.56g of NHx-homafp-L-Phg-OMe (12, 3.1mmol),
preparedaccordingto a literature proceduré, in anhy-
drous THF (10ml) in the presenceof 1.6g of PyBop
(3.1mmol) andDIEA (3.0ml, 12mmol). After 3 h under
stirring atr.t., the reactionmixture wastakento dryness,
redissolvedn AcOEtandwashedseveratimeswith 10%
citric acid, saturatedNaHCQ; and water. The organic
phasewas dried over anhydrousNa,SO,; and concen-
tratedto give 1.2g of pure13 (2.48mmol, 80%yield): R¢
0.65in CHCI;—CHs0H (95:5);tg 19.1min on an RP-18
column (LiChrosorb, LabService, 250 x 4.6mm i.d.,
5um) elutedwith a linear gradientof CH;CN in H,O
(from 20 to 80% CHsCN in 30min, flow-rate 1.0ml
min~*, A =220 nm). *H NMR 1D and 2D (400MHz,
CD3OH), 6 (ppm): 8.51(d, 1H, NH homef-Phg); 7.40
(d, 1H, NH Asp); 7.38—7.24 (complex system, 10H,
aromaticphenyl protons);5.34 (m, 1H, « CH homa-
Phg);5.13and5.09(AB partof anABX system2H, CH,
Cbz);4.54(m, 1H, o CH Asp); 3.63(s, 3H, OCHg); 2.89

CopyrightO 1999JohnWiley & Sons,Ltd.

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

Synthesis of NH-L-aspartyl-homo-/-L-phenylglycine
methyl ester (14). A 126mg amountof 13 (0.26mmol),
dissolved in CH3OH (5ml), was hydrogenatedover
0.5mg of 10% Pd on charcoalunderstirring atr.t. After

2h the catalyst was removed, the resulting solution
concentratedunder reduced pressureand the residue
treatedwith TFA (10ml) atr.t. understirring for 1 h to

ensurethe removalof the tert-butyl group. The mixture
wasco-evaporatedeveratimeswith diethylethertaken
to drynessandthenlyophilized,affording100mg of pure
14 (0.25mmol, 95% yield): R; 0.15in CHCIl;—CHsOH

(95:5v/v); tgr 13.3min onanRP-18column(LiChrosorb,
LabService250 x 4.6mmi.d., 5 um) elutedwith alinear
gradientof CH;CN in H,O (from 20 to 80% CHsCN in

30min, flow-rate 1.0ml min~%, A =220 nm). *H NMR

1D and 2D (400MHz, CD3OH), 6 (ppm): 8.86 (d, 1H,

NH homop-Phg); 7.41-7.26 (complex system, 5H,

phenyl protons);5.38 (apparentq, 1H, « CH homaf-

Phg); 4.16 (apparentq, 1H, « CH Asp); 3.67 (s, 3H,

OCH); 2.98(dd, 1H, H, of CH, Asp); 2.88(d, 2H, CH,

homa -Phgresidue);2.86 (dd, 1H, Hy, of CH, Asp).

Synthesis of the dipeptide NH,-L-Asp-homo-B-L-Phe-
OMe (19). Synthesis of homo-f-L-phenylalanine methy!
ester (17). The title compound was obtained in
quantitative yield by treating with an etherealdiazo-
methanesolution homa-phenylalanineg(16) dissolved
in CH3OH, which had previouslybeenobtainedin 77%
yield by acidic hydrolysiswith 37%HCI of 15, prepared
accordingto a literatureproceduré.

Synthesis of Boc-L-Asp(OtBu)-homo-f-L-Phe-OMe (18).

A 147mgamount(0.51mmol) of Boc+-Asp(OtBu)-OH
and267mg (0.51mmol) of PyBop,dissolvedin CH,CI,

(5ml), weretreatedwith 117mg (0.51mmol) of 17 and
500ul (2.0mmol) of DIEA understirring atr.t. After 2h

the reaction mixture was concentratedunder reduced
pressureand worked up as describedfor 13. The crude
mixture was purified by HPLC on a preparativeRP-18
column (Vydac Cyg 25x 2.2cm i.d.), eluted with a
lineargradientof CHsCN, containing0.1%TFA, in H,0,

containing0.1% TFA (from 20% to 80% B in 30min,

flow-rate 12ml min~%, A=220 nm). The peak at tg

29.2min, taken to dryness,gave 108mg (0.23mmol,

47%yield) of purel8; R; 0.75in CHCIl;—CH;OH (98:2).

1H NMR 1D and2D (400MHz, CD3OH), é (ppm): 7.93
(d, 1H, NH homef-Phe); 7.33—7.17(complex system,
5H, phenylprotons);6.83(d, 1H, NH Asp); 4.37(m, 1H,

o CHASsp);4.42(m, 1H,« CH home-Phe);3.65(s, 3H,

OCHy); 2.81and2.87(2 dd, 2H,  CH, side-chainPhe);
2.62(dd, 1H, H, of CH, Asp); 2.55and2.47 (2 dd, 2H,

CH, backbonehomaf-Phe);2.42 (dd, 1H, H;, of CH,

Asp); 1.46and1.45(two s, 18H, Boc andOtBu protons).
FAB-MS, m/z 465 (M + H]™).
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Figure 1. Circular dichroism spectra of peptides 9a (¢), 14 (——) and 19 (----- ). The aspartame CD spectrum is shown for

comparison (inset)

Synthesis of NH,-L-aspartyl-homo-f-L-phenylalanine
methyl ester (19). A 50mg amount(0.107mmol) of 18
wastreatedwith 50% TFA in CH,Cl, (5 ml) atr.t. under
stirring. After 2 h the solution was concentratedunder
reducedpressureand then co-evaporatedeveraltimes
with diethylether giving 45 mg(0.102mmol, 95%yield)
of pure 19, asthe trifluoroacetatesalt: R 0.1in CHCly—
CH;OH (9:1, v/v). *H NMR 1D and 2D (400MHz,
CD30OH), 6 (ppm): 8.37(d, 1H, NH homep-Phe);7.35—
7.20(complexsystem5H, phenylprotons)4.45(m, 1H,
o CH homaf-Phe); 4.05 (apparenty, 1H, « CH Asp);
3.66(s, 3H, OCHg); 2.91(dd, 1H, H, of CH, side-chain
Phe);2.82—2.89(partially overlappedsignals,2 dd, 2H,
Hy, of CH, side-chainPheandH, of CH, Asp); 2.76(dd,
1H, Hy, of CH, Asp); 2.60 and 2.47 (2 dd, 2H, CH,
backbonehome-Phe).FAB MS, m/z 309 ([M + H]™).

RESULTS AND DISCUSSION
Circular dichroism

In orderto investigatethe structure—activityelationships
(SAR) of the dipeptidetasteligandswith respectto the
natural dipeptide aspartamea solution conformational
analysiswas carried out by meansof CD and NMR
techniques. For CD experimentsall peptides were
dissolvedin a 1:1 (v/v) TFE-HO mixture to minimize
differencesin solubility betweenthe protectedand the
deprotectedforms and to increasepossible conforma-
tional differences.

The CD spectraof dipeptides9a, 14 and19 areshown
in Fig. 1. Gaussiandeconvolutionshowsthat 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 homaf-amino acids containing
peptides (unpublisheddata), whose unstructuredcon-

CopyrightO 1999JohnWiley & Sons,Ltd.

formationwasachievedby x-ray diffractometry,the CD
bandbetweer210and230nmwasinterpretedasaresult
of thesuperpositiorof a banddistinctiveof the spectreof
homaf-amino acids containingpeptidesand a positive
contributionof the aromaticphenylside-chair?®

Thebandnearl95nmis a characteristideatureof the
spectraof peptidescontaininga phenyl residuein the
side-chairf®

The major differencesn the spectramay be explained
as a consequencef the presenceof the following two
alternativearraysof chromophores:

0] 0 CH

i (l j 2
—C _I?I C C —I?I C
H ! H l

Chromophore I Chromeophore I1

Theintrinsicchromophorearethesamesothatstrong
changesin intensity betweenthe correspondingCD
spectrashouldarisefrom a differencein the numberof
conformerswhich contributeto the CD. A lessintense
signal in the peptidescontaining the chromophorell
correspondgo a wider set of conformers,whose CD
contributions tend to cancel each other. This is not
unexpectedsincethe CH, interposedetweerthe phenyl
andthebackbonex-carbonin chromophorel contributes
to an overall increasedflexibility of the corresponding
side-chain.

Peptide14, showingthe more intenseCD spectrum,
presentsa type I chromophorelt almost mantainsthe
aspartameweetnesgvenif largerdifferencesn its CD
spectrumare seenwith respecto that of aspartame.

In contrast,all type Il peptidessharea CD spectrum
very reminescenof that of naturalaspartamehowever,

J. Phys.Org. Chem.12, 577-587(1999)
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Table 1. "H chemical shifts (ppm) of the dipeptides in DMSO-dg at 298 K

Compound AA NH oH fH hsH Others

13 Asp 7.53 4.38 2.60/2.42 CHy(Cbz)5.01;2,6H Cbz7.33;3,4,5HCbz7.30;Boc 1.37;
Phg 8.46 5.20 2.79 2,6HPhg7.31;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;3,5H7.27

19 Asp n.d. 3.91 2.70/2.62
Phe 8.46 4.26 2.81/2.76

2.41/2.51 OMe3.56;2,4,6H7.22;3,5H7.31

Table 2. °jyi,cy (H2), 2Jppcn (Hz2) and temperature
coefficients, A§/AT (ppb K~"), for the dipeptides in DMSO
and in CD30H (in parentheses) at 298 K

Parameter 13 14 18 19

3Int-wch (Asp) 85 Broad 8.6 —
80 (=) (7.8 (=)
4.8 6.2 4.9

(5.4) 4.2 (5.2 (4.2)
SJaCH_/;CHproR (ASp) 9.4 8.2 9.3 8.4
(8.6) (8.7) (8.7 (8.8)
3Int-ch (Pheor Phg) 85 83 85 8.2
(8.3) (8.6) (8.6) (8.2)
%J,cr-pen (Phe) — — 7.2 i

JucH-pereres (ASP)

= @ @3 @eps
%J,chpcn (Phe) — — 6.4 6.6°R
—) () (71 (66
%), chpch (Pheor Phg) 7.4 — 5.7 oS
(7.9) (7.6) (5.5) (5.0p°°
%),chnpcn (Pheor Phg) 7.4 — 7.1 OPoR
(6.1) (7.6) (7.2) (8.4P"™R
ASIAT (Asp) -54 —-15 -6.3 —
\ (-80) (=) (-84 (=)
ASIAT (Pheor Phg) -60 -37 -52 -41
(-8.5) (—6.0) (-7.3) (-5.5)

replacementof the L-Asp residue with homof-Asp
causes lossof taste.

NMR

The conformationof the dipeptideswasinvestigatedby
1H NMR spectroscopyin CD;OH and DMSO-dg
solutionsat 298 K.

Dipeptides 7a, 7b, 9a and 9b, studied by high-
resolution *H NMR spectroscopyin DMSO-dg and

Table 4. Side-chain populations (%) in DMSO and in CD30H
(in parentheses)

Amino acid 13 14 18 19
Asp P (g-) 62 51 61 52
(55) (56) (56) (57)

Py (©) 20 33 21 11

(26) (14) (24) (15)

Pu (g+) 18 16 18 37

(19 @0 (200 (28

Phe P (9-) — — 35 37
@41 (37
42 40

Py (t _ —
i (D) (43) (46)
Pu (g+) — — (]2-2) é%
hBCH, P (g-) (‘512)
Pu (1) ég)
P (g+) ég)

CD3OH solutions, showed ROESY spectrawith very
little significantstructuralinformation (datanot shown)
andrevealecanenhancedlexibility in solution,probably
becauseof the extra CH, group in the homaf-Asp
residue. In addition, the observed NOEs cannot be
explainedin termsof one preferentialconformation but
in termsof different conformationsn rapid exchange.
The *H chemical shift assignmentsin DMSO at
298K for 13, 14, 18 and 19 are reportedin Table 1.
The 3Inn-, e and 3,4 scn coupling constantsand the
temperaturecoefficientsare listed in Table 2. Tables3
and4 containthecalculatedorsionanglesp andtheside-

Table 3. Torsion angles ¢ in DMSO and in CDsOH (in parentheses) determined by >u-.cr coupling

constants

Amino acid 13 14 18 19

Asp —154,-91,40-80 — —154,-91,40-80 —
(—157,-86,37-83) (—) (—157,-84,43,80) -

Pheor Phg —154,-91,40-80 —154,-89,40-80 —-154,-91,40-80 —157,—-86,37-83

(—154,-89,40-80) (—154,—91,40-80) (—154,-91,40-80) (—157,—86,37-83)

CopyrightO 1999JohnWiley & Sons,Ltd.
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OMe

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

chain populations. Chemical shifts and temperature
coefficientsvereshownto beindependenbn the peptide
concentrationin the range 0.5-22mm, suggestingthat

thereis no aggregatiorat the concentrationsisedfor the

2D analysis.

The NOEs were obtainedfrom the ROESY experi-
ments and were classified accordingto their relative
intensitiesas strong,mediumandweak. The main NOE
correlationsare summarizedn Figs 2-5. As expected,
coupling constants temperaturecoefficientsand NOE
data, observedfor all molecules,do not indicate the
existenceof a single preferredconformationin solution.

For all compoundsa strong inter-residueNOE was
observedbetweenthe a-proton of the Asp and the NH
protonof thefollowing residuejndicatingthatthetorsion
angley (Asp) is restrictedto valuesbetween60® and
180C°.

In 13,14 and18, theprochiralitiesof thetwo S-protons
of the Asp residuewere assignet’ using the coupling
constants?Ja/; andthe NOE connectivitiesAsp NH-Asp
HpB* and Asp NH-Asp HA". For each compoundthe
proton at higher field (HA") is pro-R andthat at lower
field (HBY) is pro-S. Analysisof populationgfor the side-

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

CopyrightO 1999JohnWiley & Sons,Ltd.

OMe

Figure 4. Relevant NOE correlations (strong=solid line,
medium = dashed line, weak = dotted line) for NH,-L-Asp-
homo-f-1-Phg-OMe recorded in DMSO at 298 K

chain of Asp residuewas carried out using the 3Ja,;1
and 3\]&@ experimentalvaluesand following the treat-
mentsuggestedy JardetzkyandRoberts?® in eachcase
the g~ conformation is the preferred structure. The
populationsof peptide 19 side-chainswere calculated
assuminghe HA" aspro-R andthe HA* aspro-S protons
in analogy with peptides13, 14 and 18, since NOE
correlations NH-HB* and NH-Hg" could not be
evaluatedA similar treatmentfor the Pheside-chainin
18indicatesa preferencdor thetrans orientation.Using
the sameprocedurewe determinedthe homof—CH,
backbonepopulationsfor 19 anda preferencdor theg™
orientationwasfound.

The torsion angles ¢ for the Phe residueswas
evaluatedrom the 3JNH_O(CH couplingconstantsusinga
Karplus-type relationship reported by Bystrov?® all
compoundshave similar values which are consistent
with the mediumNOEsNH Phe—H: Pheobserved.

Medium and weak NOE connectivities,reportedin
Figs 2-5, were observedfor all compounds;the C-
terminal partof the moleculesappeardessdefinedsince
no correlationwith the methyl estergroupwasdetected.
An importantdifferencebetweencompoundsl4 and 19

Figure 5. Relevant NOE correlations (strong=solid line,
medium = dashed line, weak = dotted line) for NH,-L-Asp-
homo-p-1-Phe-OMe recorded in DMSO at 298 K

J. Phys.Org. Chem.12, 577-587(1999)
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andcompoundd 3and18wasfound.Forthedeprotected
dipeptides(14 and 19) the NOEsNH Phe—H* Asp and
NH Phe—H8" Asp have the samemedium intensities,
whereasn the protecteccompoundshe NH Phe—H3P™©R
Asp effectwasfoundto beweakerthanthatfor NH Phe—
HpP™S Asp. An accurateanalysiswasconductedalsoin
CDsOH andtherelatedNMR conformationaparameters
arereportedin Tables2—4. The structuraldataobtained
aresimilar to thosereportedin DMSO.

Molecular dynamics

All the structurally significant NMR parameterswere
used for RMD simulationsin vacuo for the various
compounds.iThe conformationalstatistical analysisof

the RMD simulationsat 300K revealsthat a preferred
conformationwasfoundfor 13. The averagestructureof

peptide 13 appearsconsistentwith all the observable
NMR NOE effects. The conformationalanalysisunder-
lines that the preferredconformationof thesedipeptide
tasteligands can be describedwith an ‘L-shape.’ This

class of conformersalso correspondsto a minimum

energyconformation.In particular,the aspartylresidue
hasdihedralanglesp andvy of —111.2 and134.4, anda

g preferredside-chainconformation(y1) for the Asp

residue. Similar behaviour has also been observedin

crystal structuresof aspartameand its analoguesThe

analysisof the homopf-L-Phg residue shows dihedral
angles ¢, and ¢ of —97.5, 71.2 and —86.4,

respectively.

The conformationanalysisof RMD simulationfor 18
showsthatit canadoptmainly extendedand‘L-shaped’
conformationsamongothers,with similar energy.The
‘L-shaped’ conformer presentsdihedral angles of the
aspartylresidueof ¢, 1) andyl of —128, 103 and—58°,
respectively similar to thoseobservedn severalcrystal
structuresof dipeptidetasteligand analoguef aspar-
tame. The analysisof the homaepg-L-Pheresidueshows
dihedralanglesp, 1 andy of —120.3, 80.2 and—82.1°,
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
compoundsthe ‘L-shaped’ conformerpresentsaverage
values of dihedral angles+ and y1 (147 and —70°,
respectively)of the aspartyl residue similar to those
foundin otherdipeptidetasteligands.Theanalysisof the
homep-L-Phgresiduein 14 showsdihedralanglesg, p
and ¢ of —137, 173 and —73° for the extended
conformationand —145, 45° and —70° for the ‘L-

tThe figures of the superimpositionobtained for the minimized
structuresof compoundsl3, 14, 18 and 19 during the simulationare
deposited as Supplementary Material on the EPOC website
(http://www.wiley.com/epoc).

Copyright0 1999JohnWiley & Sons,Ltd.

shaped'structure The conformationaparametersor the
homaf-L-Pheresiduein 19 showsa similar behaviour
with dihedralanglese, p and« of —134°, 179 and90°
for the extendedconformationand —134°, —95° and
112 or —134°, —95° and112 for thetwo equi-energetic
extendedand ‘L-shaped’ conformationsand preferred
transconformation(y1) for the Pheresidueside-chairfor
both the extendedand‘L-shaped’ conformers.

CONCLUSION

The conformational effect due to the insertion of a
methylene group in the backbone skeleton of the
dipeptidetasteligand aspartaméhas beeninvestigated.
The solution conformation of the newly synthesized
dipeptidetasteligandswasinvestigatecby *H NMR and
CD spectroscopy.

The NMR spectrawerefully assignedoy a combina-
tion of TOCSY,DQFCOSYandROESY maps.Chemi-
cal shiftsandtemperaturecoefficientswere shownto be
independenbf the peptideconcentratiorin therange0.5
—22mM. Forthe dipeptidesNHx>-homae 5-(L or D)Asp-L-
Phe-OMe(9a and 9b), the NMR datawere poor with
little structural information, revealing an enhanced
flexibility in solution certainly due to the extra CH,
moiety of the homaop-Asp residue.Thus only for the
dipeptides NH,-L-Asp-homaf-L.-Phg-OMe (14) and
NH,-L-Asp-homaf-L-Phe-OMe (19) were computa-
tional analysegossible.

The CD spectraare consistentwith 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 comparinganalogue9a, 9b and 19 with
aspartame,even if these new dipeptide taste ligand
compoundsliffer in their sweetnespotencywith respect
to aspartame.

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

Therelationshipbetweerconformatiorandsweettaste
underlineghatthe lengtheningof the peptideskeletonat
the L-Asp site resultsin a loss of sweetnesaith the
productionof tastelescompoundsthus confirmingthat
(i) the C-terminalendis the moreimportantfunctionin
imparting the sweettasteto the moleculeand (ii) the
orientationof the amidegrouplinking the Asp and Phe
residueof aspartamenaloguegplays a decisiverole in
obtaining very sweetcompounds.On the other hand,
lengtheningof the skeletonat the C-terminal L-Phesite
maintainsthe sweetcharacteiin both NH»-L-Asp-home
p-L-Phe-OMeandNH,-L-Asp-homef-L-Phg-OMe.The
decreasén sweetnespotencyin thesecompoundswith

J. Phys.Org. Chem.12, 577-587(1999)
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respecto aspartameanbeascribedo anincreaseof the
chainflexibility dueto themethylenénsertion,wherethe
C-terminalestergroupis almostcomparablén sizewith
the side-chainaromatic ring. This would make more
likely the exchangen the positionof eithergroupin the
interactionwith thereceptorln thelight of theseresults,
it seemsreasonabldo confirm that the sweetpower of
aspartameanalogueganonly be modulatedby modify-
ing the C-terminalmoiety of the molecule.
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