Chinese Journal of Chemistry, 2004, 22, 1052—1055

Article
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Novel cyclic pseudopeptides containing L-glutamic acid or L-aspartic acid backbone structures were efficiently
synthesized and characterized. Their chiral recognition properties for L- and D-amino acid methyl ester hydrochlo-

ride were discussed also.
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Cyclic peptides possess a wide range of functions
such as molecular recognition, ion-transport, prepara
tion of nanotubes, acting as antibiotics, toxins, and
hormones and so on." It was challenging to design novel
cyclopeptides as ion-transport receptor and enantiose-
lective artificial receptor. Recent researches indicated
that the introduction of non-natural amino acid,
D-amino acid or some non-amino acid section to the
backbone of cyclopeptides either shows high ion-
transport activities or improves the properties in mo-
lecular recognition.?

There are many reports on the synthesis of cyclic
peptides,® but few examples include the use of the func-
tional groups in the side chain of amino acid to build the
ring. In this paper, we used L-glutamic acid and
L-aspartic acid as starting materials to synthesize some
novel cyclic pseudopeptides. As shown in Scheme 1, in
the first step, DCC was employed to introduce L-amino
acid methyl esters to L-glutamic acid or L-aspartic acid

Schemel Synthetic route of cyclic peptide 4

to form tripeptide structures. In the second step, the
tripeptide reacts with diethylenetriamine in methanol to
afford the desired cyclic pseudopeptides. In the last step,
the cyclization reaction did not occur at room tempera-
ture, while preferable yields were obtained after 3 d un-
der reflux conditions. We also attempted to substitute
diethylenetriamine with bis(2-aminoethyl)ether, but un-
fortunately, no reaction happened in methanol under
reflux conditions for 2 d.

UV-visible titration is known to be very useful in
determination of bind constant. It was applied in the
recognition of the cyclic pseudopeptides 4 for L- and
D-amino acid methyl ester hydrochloride. The hosts, the
cyclic pseudopeptides have no UV-visible absorption,
so the solution of aromatic amino acid methyl ester hy-
drochloride in methanol (210 * molsL ™, 30 °C) was
added into them, which resulted in a regular decrease in
the maximum UV-visible absorption (Figure 1).
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Figure 1 UV-visible spectra of D-Phe-OMesHCI in the presence of 4c in methanol at 30 C (a) and its curvefitting plot (b).
[D-Phe-OMesHCI]|=2X10"* molsL %; [4c]=0, 1X 10 4 2X10°% 3X10 4 4X107% 5X 1074 6X10*4 7X10 7% 8X10 4 9X10*

1X107° moleL ™%,

Tablel Binding constants of cyclopeptides 4a—4f with amino acid methyl esters hydrochloride

Entry Host Guest KJ/(Lemol %) Kp/(Lemol %) Kp/KL
1 4a His-OMes2HCl 2.470X 10° 3.494X 10° 1.415
2 4d His-OMes2HCl 3.274X10° 4.219% 10 1.287
3 4a Phe-OMesHCl 1.387X 107 1.578X 10° 1.134
4 ad Phe-OMeHCl 3.124X 107 3.125X 102 1.000
5 4b His-OMes2HCl 2578X 10° 4,041 % 10? 1.567
6 4e His-OMes2HCl 2.139X 10° 2.985X 10° 1.396
7 4b Phe-OMesHClI 1.423X 107 1.598% 10° 1.123
8 4e Phe-OMesHCl 1.690X 102 1.666X 10 0.986
9 4c His-OMes2HCl 2.905X 10° 3.802X 10° 1.309
10 4f His-OMes2HCl 2.775X 10? 4,178 10? 1.506
11 4c Phe-OMesHCl 1.313X 107 1.357X 10° 1.033
12 4f Phe-OMesHClI 1.652< 10° 1.852% 107 1121

Changes in the UV spectrum of the guest are recorded
and employed to determine the binding constants using
nonlinear least-squares curve fitting with a 1 . 1 asso-
ciation model according to standard procedure.*

The chiral recognition abilities of the cyclic peptides
for amino acid esters are showed in Table 1. It was
found that the cyclic peptides can associate well with
these substrates, affording the Kp/K_ in the range of
0.983—1.567. All these cyclic peptides exhibit poor
enantioselectivity for phenylalanine methyl ester hy-
drochloride and good enantioselectivities for histidine
methy! ester hydrochloride. The D/L-enantioselectivities
of cyclic pseudopeptides 4a and 4b containing L-glu-
tamic acid for histidine methyl ester hydrochloride are
better than the ones 4d and 4e containing L-aspartic acid
(Entries 1, 2 and 5, 6), but another cyclic pseudo-

peptide 4c containing L-glutamic acid show worse
enantiosel ectivities than 4f (Entries 9, 11).

Experimental

Melting points were measured on a XRC-1 melting
point apparatus and uncorrected. UV-vis absorption
were measured on Tu-1600 UV /vis spectrophotometer.
'H NMR spectra were recorded on a Varian INOVA-
400 spectrometer in CDCl; with TMS as the internal
standard. Mass spectra were measured on a Finnigan
MAT 4510 spectrometer.

General procedure for the preparation of peptide
3a—3f

NMM (N-methyl morphine, 44 mmol) was added
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into the solution of L-amino acid methyl ester hydro-
chloride (44 mmol) in 100 mL of anhydrous CH,Cl,.
After 1 h, Boc-L-Glu (or Boc-L-Asp) (20 mmol) was
added, then when the temperature of the solution was
kept below 0 ‘C, DCC (42 mmol) was added into the
solution. After stirring for 1 h a 0 ‘C, the reaction
mixture was left at room temperature for 24 h. The pre-
cipitate DCU (dicyclohexylurea) was filtered off and the
filtrate was washed with 10% citric acid, saturated Na-
HCOs; agueous solution and brine, respectively. The
organic phase was dried and concentrated in vacuum,
and the residue was recrystallized in a mixture of ethyl
acetate and petroleum ether to afford a white solid.

3a: Yield 88%, m.p. 84—85 “C; 'H NMR (CDCls,
400 MHz) §: 1.42 (s, 9H, Boc ), 2.00—2.17 (m, 2H,
B-H-Glu), 2.35—2.44 (m, 2H, y-H-Glu), 3.76 (s, 3H,
OCHa), 3.77 (s, 3H, OCHs3), 3.96—4.24 (s, 4H, a-H-
Gly), 4.32 (s, 1H, a-H-Glu), 5.36 (s, 1H, NHCO- Glu),
7.22 (s, 1H, NHCO-Gly), 7.68 (s, 1H, NHCO-Gly); MS
(El 70 eV) m'zz 390 (M +1)".

3b: Yield 929%, m.p. 142—144 °C; 'H NMR (CDCl5,
400 MHz) ¢: 1.25—1.43 (m, 15H, CH3), 1.81—1.84 (m,
2H, p-H-Glu), 2.17—2.22 (m, 2H, y-H-Glu), 3.77 (s, 3H,
OCHs3), 3.78 (s, 3H, OCHj3), 4.01 (s, 1H, a-H-Glu), 4.62
—4.73 (s, 2H, a-H-Ala), 5.06 (s, 1H, NHCO-Glu), 7.56
(s, 1H, NHCO-Ala), 7.89 (s, 1H, NHCO-Ala); MS (El
70eV) miz 418 M+1)".

3c: Yield 78%, m.p. 128—130 °C; *H NMR (CDCl5,
400 M) ¢: 0.90—0.95 (m, 12H, CH(CHs3),), 1.41 (s, 9H,
Boc), 1.47—1.67 (m, 6H, CH,CH(CHs),), 1.74—1.88
(m, 2H, g-H-Glu), 2.19—2.36 (m, 2H, y-H-Glu), 3.73 (s,
3H, OCHj3), 3.76 (s, 3H, OCH3), 3.94 (s, 1H, a-H-Glu),
4.56—4.73 (m, 2H, a-H-Leu), 4.98 (s, 1H, NHCO-Glu),
7.69 (s, 1H, NHCO-Leu), 7.99 (s, 1H, NHCO-Leu); MS
(El 70 eV) m/z. 502 (M+1)".

3d: Yield 87%, m.p. 106—108 °C; 'H NMR (CDCl3,
400 MHz) §: 1.45 (s, 9H, Boc), 2.60—2.66 (d, J=14.8
Hz, 1H, p-H-Asp), 2.96—2.99 (d, J=14.8 Hz, 1H,
B-H-Asp), 3.74 (s, 3H, OCHy), 3.75 (s, 3H, OCHj3), 4.00
—4.03 (s, 4H, a-H-Gly), 4.54 (s, 1H, a-H-Asp), 6.09 (s,
1H, NHCO-Gly), 6.66 (s, 1H, NHCO-Gly), 7.36 (s, 1H,
NHCO-Asp); MS (El 70 eV) vz 376 (M +1)"

3e: Yield 87%, m.p. 143—146 ‘C, "H NMR (CDCl5;,
400 MHz) ¢: 1.34—1.41 (m, 6H, CHCH3), 1.45 (s, 9H,
Boc), 2.55—2.61 (m, 1H, f-H-Asp), 2.86—2.90 (d, J=
15.2 Hz, 1H, -H-Asp), 3.75 (s, 3H, OCHj3), 3.73 (s, 3H,
OCH3), 4.47—4.55 (m, 3H, a-H), 6.09 (s, 1H, NHCO-
Ala), 6.40 (s, 1H, NHCO-Ala), 7.40 (s, 1H, NHCO-
Asp); MS (El 70 eV) m/z: 404 (M+1)".

3f: Yield 78%, m.p. 1286—130 “C; *H NMR (CDCls,
400 MHz) §: 0.90—0.94 (m, 12H, CH(CHy3),), 1.49—
1.72 (m, 6H, CH,CH(CHa),), 1.45 (s, 9H, Boc), 2.17—
2.58 (d, J=14.8 Hz, 1H, p-H-Asp), 2.60—2.85 (d, J=
14.8 Hz, 1H, -H-Asp), 3.71 (s, 3H, OCHj3), 3.73 (s, 3H,
OCHy), 4.47 (s, 1H, a-H-Asp), 4.53—4.58 (m, 2H, a-H-
Leu), 6.10 (s, 1H, NHCO-Leu), 6.37 (s, 1H, NHCO-
Leu), 7.31 (s, 1H, NHCO-Asp); MS (El 70 eV) m/z 488
M+1)".

WANG et al.

General procedure for the preparation of pseudo-
peptide 4a—4f

To a stirred solution of 3 (4 mmol) in 150 mL of
anhydrous methanol, diethylenetriamine (4 mmol) was
added under N, atmosphere. The solution was heated to
reflux for 3 d. The residue was concentrated and puri-
fied on a column of silicagel using a mixed solution of
CHCl3/methanol/agueous ammonia (V : VI V=511"
0.1) as eluent to afford awhite solid.

4a: Yield 12%, [a]® —10.2 (c 0.5, CH3OH); 'H
NMR (DM SO-ds, 400 MHz) ¢: 1.42 (s, 9H, Boc), 1.67
—1.72 (m, 1H, p-H-Glu), 1.96—2.02 (m, 1H, -H-Glu),
2.09—2.27 (m, 2H, y-H-Glu), 2.55—2.69 (m, 4H,
NHCH,CH,), 2.92—2.95 (s, 1H, CH,NHCH,), 3.12—
3.43 (m, 4H, CONHCH,), 3.50—3.94 (m, 5H, a-H),
7.36 (s, 1H, NHCO), 7.40 (s, 1H, NHCO), 7.86 (s, 1H,
NHCO), 8.36 (s, 1H, NHCO), 8.55 (s, 1H, NHCO); MS
(El 70 eV) m/iz 429 (M+1)". Anal. calcd for CigHap
NgOs: C 50.46, H 7.53, N 19.61; found C 50.71, H 7.91,
N 19.65.

4b: Yield 20%, [a]® —44.6 (c 0.5, CH;OH); 'H
NMR (CDCls, 400 MHz) 6: 1.41 (s, 6H, CH3CH), 1.44
(s, 9H, Boc), 1.78—1.80 (m, 1H, p-H-Glu), 2.12—2.72
(m, 1H, -H-Glu), 2.30—2.37 (m, 2H, y-H-Glu), 2.44—
247 (m, 2H, CONHCH,CH,), 2.78 (s, 1H, CH,NH-
CHy), 2.82—2.89 (m, 2H, CONHCH,CH>), 3.20—3.69
(m, 4H, CONHCH,CH,), 3.79—3.96 (m, 1H, o-H),
4.27—4.30 (m, 1H, a-H), 4.51—4.56 (t, J=7.4 Hz, 1H,
a-H), 5.81 (s, 1H, NHCO), 7.22 (s, 2H, NHCO), 7.36 (s,
1H, NHCO), 7.84 (s, 1H, NHCO); MS (El 70 eV) m/z
457 (M+1)". Anal. caled for CyHagNgOgs: C 52.62, H
7.95, N 18.64; found C 52.73, H 8.28, N 18.72.

4c: Yield 18%, [a]® —36.2 (c 0.5, CHsOH); 'H
NMR (CDCl;, 400 MHz) 4: 0.91—0.96 (m, 18H,
CH-side chain-Leu), 1.44 (s, 9H, Boc), 1.73—1.82 (m,
2H, p-H-Glu), 2.08—2.30 (m, 3H, CH,NHCH,;, y-H-
Glu), 2.67—2.83 (m, 4H, CONHCH,CH,), 3.27—3.78
(m, 4H, CONHCH,CH,), 3.92—3.94 (m, 1H, o-H),
4.38—4.40 (m, 1H, a-H), 455—4.69 (m, 1H, a-H),
5.14 (s, 1H, NHCO), 7.78 (s, 1H, NHCO), 8.01 (s, 1H,
NHCO), 8.50 (s, 1H, NHCO), 8.90 (s, 1H, NHCO); MS
(El 70 eV) m/z. 541 (M+1)". Anal. calcd for CogHag-
NeOg: C 57.75, H 8.95, N 15.54; found C 57.87, H 9.11,
N 14.88.

4d: Yield 15%, [a]® —7.0 (c 0.5, CHsOH); 'H
NMR (CDCls, 400 MHz) 4: 1.40 (s, 9H, Boc), 2.07 (s,
1H, CH,NHCH,), 2.50—2.53 (m, 4H, CONHCH,CH>),
254—2.68 (m, 2H, p-H-Asp), 3.15—3.34 (m, 4H,
CONHCH,CH,), 3.47—3.74 (M, 4H, a-H), 4.30 (t, J=
8.4 Hz, 1H, a-H), 6.98 (s, 1H, NHCO), 7.76 (s, 1H,
NHCO), 7.80 (s, 1H, NHCO), 8.35 (s, 1H, NHCO), 8.60
(s, 1H, NHCO); MS (El 70 eV) m/z 415 (M+1)". Anal.
calcd for Cy7H3NgOg: C 48.26, H 7.30, N 20.28; found
C 49.36, H 7.46, N 19.52.

4e: Yield 24%, [a]® —47.4 (c 0.5, CH3OH); 'H
NMR (CDCl3, 400 MHz) §: 1.17—1.39 (m, 6H, CH5-
CH), 1.40 (s, 9H, Boc), 2.31—2.34 (s, 2H, s-H-Asp),
2.62—2.71 (m, 5H, CH,NHCH,, CONHCH,CH>), 3.02
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—3.24 (m, 4H, CONHCH,CH,), 3.94—4.05 (m, 2H,
a-H), 4.25 (t, J=8.8 Hz, 1H, a-H), 7.08 (s, 1H, NHCO),
7.78 (s, 1H, NHCO), 7.95 (s, 1H, NHCO), 8.23 (s, 1H,
NHCO), 8.42 (s, 1H, NHCO); MS (El 70 eV) m/z: 443
(M+1)". Anal. calcd for CigH34NgOg: C 51.57, H 7.74,
N 18.99; found C 51.67, H 7.99, N 18.58.

4f: Yield 21%, [a]® —43.6 (c 0.5, CHsOH); 'H
NMR (CDCls, 400 MHz) &: 0.82—0.98 (m, 18H, CH-
Leu), 1.40 (s, 9H, Boc), 1.54—1.84 (m, 4H, CONH-
CH,CH,), 2.44—2.75 (m, 3H, CH,NHCH,, p-H-Asp),
3.03—3.82 (m, 4H, CONHCH,CH,), 4.24—4.36 (m,
2H, a-H), 4.45 (s, 1H, a-H), 5.30 (s, 1H, NHCO), 7.31
(s, 1H, NHCO), 7.65 (s, 1H, NHCO), 7.90 (s, 1H,
NHCO), 8.07 (s, 1H, NHCO); MS (El 70 eV) m/z. 527
(M+1)*. Anal. calcd for CpsHasNgOg: C 57.01, H 8.80,
N 15.96; found C 57.14, H 9.00, N 15.65.

UV-visible titration procedure

All solutions were prepared in methanol. The spectra
were collected at (25£0.1) ‘C with a1 cm quartz cell.
A 3.0 mL methanol solution of amino acid methyl ester

hydrochloride (2.0X 10 * molsL %) was put into the cell.

After the cell temperature was kept at 25 'C with a
thermostatic cell compartment, the solution of cyclic
pseudopeptide (3> 10 2 molsL %) was added in portions
via a microsyringe. To avoid the influence of UV-vis
absorption of the guest, we could record the spectra by
use of the corresponding solution of the guest as refer-
ence solution. The whole volume of guest solution
added to the cell did not exceed 100 pL to dispel the
effect of volume change.

The modified Benesi-Hildebrand equation is as fol-
lows,

10 10
A= = + +— Ot
30 Hd, e

\/Aez §H10+[G]O+Ki§— 4A£[H]O[G]0§

a

where [H]o represents the total concentration of host,
[G]o denotes the total concentration of guest; Ac is the
difference between the molar extinction coefficient for
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the host and host-guest complex; AA denotes the
changes in the absorption of the host on adding guest.
We can use nonlinear least-squares curve fitting with
1: 1 association model to get the binding constant K,
and Ae. For example, when the concentration of
D-Phe-OMesHCl was 2.0X10 * molsL %, the maxi-
mum absorption wavelength is at 213.0 nm, and the ab-
sorbance A is 1.089. When the host cyclic pseudopep-
tide 4c was portion-wisely added to the cell to make its
concentration be 1X10 %, 2X10 %4 3X107% 4X
1074 5X107% 6X10 % 7x107“ 8x107% 9%x10*
and 1X10 2 molsL*, respectively, the maximum ab-
sorption decreased orderly and gave the corresponding
AA (Ap—A) values of 0.017, 0.034, 0.081, 0.147, 0.205
and 0.256. The association constant Kp=1.357 X 10
Lemol * was obtained by nonlinear least-squares curve
fitting program.
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