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Summary — The synthesis of five long-chain (Cs to Cjz) alkyl ethers of S-(-)-tyrosine and of five long-chain (Cg to
Ci2) alkyl esters of S-(4)-glutamic acid is described. Among these ligands, only n-octyl tyrosine and n-decyl tyrosine have
been reported previously. Ten new Cu(1l) complexes of these novel tyrosine and glutamic acid derivatives were synthesized.
Spectroscopic evidence suggests that these square-planar complexes adopt a trans-configuration and shows that the ligands
are bidentate. Bonding occurs via the oxygen atoms of the carboxylate groups and the nitrogen atoms of the amino groups.

tyrosine / glutamic acid / etherification / esterification / copper (I1I) complex

Résumé — Complexes de culvre(Il) comportant des éthers de tyrosine ot des «y-esters d’acide glutamique. Les synthéses
de cinq éthers alkyliques & longue chaine (Cg & Ci2) de la S-(~)-tyrosine et cinq esters alkyliques & longue chaine (Cs & C,2)
de l'acide S-(4)-glutamique sont ici décrites. Parmi ces composés, seules la n-octyl tyrosine et la n-décyl tyrosine ont déji
6té reportées. Les dix ligands ont été utilisés dans la préparation de nouveaux complexes de 'ion cuivre (II). Les examens
spectroscopiques suggérent que les ligands sont bidentés et que tous les complexes sont plans carrés avec une géométrie trans.
La coordination des ligands se fait par I'un des atomes d’oxygéne du groupe carboxylate et par 'atome d’azote du groupe

amino.

tyrosine / acide glutamique / éthérification / estérification / complexe de cuivre(II)

Introduction

The synthesis of alkyl ethers, a-alkyl esters and y-alkyl
esters derived from a-aminoacids has been reported
by several authors [1-4]. Glutamic acid and tyrosine,
with the addition of long alkyl chains via esterifica-
tion and etherification respectively, lead to amphiphilic
molecules. These molecules have great applicability.
In the chemistry industry, they have been utilized as
tensioactives, in the pharmaceutical industry as drug
transporters, and in biology as fluorescence markers for
biological system studies [5]. On the other hand, the
copper (II) ion plays an important role in the catalysis
of o-aminoacid ester hydrolysis [6]. Chronic copper (II)
ion toxicity is also involved, for example, in Wilson’s
disease [7]. In Wilson’s disease copper accumulates in
the tissues, whereas in other diseases, such as leukemia
and Hodgkin'’s disease, the level of blood copper is ele-
vated. It has also been suggested that copper complexes
may mediate physiological copper transport [8]. The co-
ordination via carboxylate groups and a-amino groups
may also function as protection for reactions in other
molecular centers. In the particular case of glutamic
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acid y-esters, the added carbonic chain may protect the
carboxylate group in the v position, to impede the co-
ordination by this group. Chelation may also serve as
an easy method to isolate the derived ~y-esters. This is
pointed out in the experimental section of this paper.
Finally, it is desirable to emphasize that our scope is the
preparation of new tensioactives and in the study of the
amphiphilic properties of these molecules. In that con-
text we are interested in examing and characterizing the
products of the reaction of the amphiphilic molecules
with various transition metal ions, beginning from cop-
per, in order to establish which ions will inactive the
tensioactive properties of these molecules by precipita-
tion or hydrolysis.

Experimental section

All of the ligands and solvents used in this study were
reagent grade and were used without further purification.
Octyl iodide was prepared according to literature proce-
dures. Elemental micro-analyses were performed by the
Chemistry Institute of Sao Paulo University, Brazil. Melting
points were obtained with a Mettler FP 90 apparatus and
are uncorrected. The infrared spectra were recorded in the
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4000-200 em~! region using a Perkin-Ehner Model 283-1B
grating infrared spectrophotometer. All spectra were cali-
brated with polystyrene film and frequencies are acceurate
to better than 1 cn™!. Spectra were measured as Nujol
mulls supported on Csl plates. 'H and *C NMR spectra
were recorded in CF3COOD on Bruker Avance DRX-400
and WNM-200 speclrometers, using TMS as internal stan-
dard. Mass speetra were obtained with a HP 5989A spec-
trometer by the method of direct insertion. lonization was
anchieved by electron impact at 70 eV clectrons. Spectra were
calibrated by addition of perfluoronlkanoes,

Preparation of the ligands

o Synthesis of alkyl ethers of Lyrosine
A solution of 2.0 g (0.01 mol) L-tyrosine in 0.17 g (4.2 x
10~ mol) 10% aqueous sodimm hydroxide was added to
44 L of dimethyl sulfoxide and heated in a water bath at
80 °C. Equimolar quantitics of the appropriate alkyl halides
were added and the reaction was then heated in an oil bath
to 110-120 °C. Heating and stirring were continued for 6 bV
and the reaction mixture was then poured into 250 g of
crushed ice. The resulting white precipitate was filtered off,
washed with water, diethyl ether, and then dried. The crude
product was recrystallized from 60% acetic acid.

The alkyl halides used in the reaction of ctherification
were: n-octyl iodide, n-nonyl and a-undecy! bromide, and
n-decyl and n-dodeeyl chlorides. We utilized the commer-
([:inlly available products and prepared the n-octyl iodide
9).

m [(S)-2- Amino-3-[4- (octylozy)phenylfpropanvic acid]

(n-oct tyr)

30.8%, Mp 216.2-217.4 °C.

TR: 3200 (v NHF), 2960-2880 (6 C-H aliph), 1610 (.
NH}), 1600 (v, COO™), 1260 (6, CHa-O-Ph), 1380
(v COO7).

'H NMR: 0.7 (t, 3H, CHa, J = 6.76); 1.3 (in, 12H, (CHa)s);
1.9 (t, 2H, CH»-0, J = G.80); 3.4 (m, 2H, CHz~Ph); 4.2
(t, 1H, CH, J = 5.32); 6.7-7.2 (dd, 411, H-Ph, J = 8.54).

3¢ NMR: 8.6 (CHy), 18.8-30.4 (CH2 aliph), 57.8 (CH),
102.0 (CH2-0), 167.56 (COOH).

MS (m/z, %): (294, 6.7); (186, 66.2); (136, 9.9); (107, 26.5);
(88, 100.0); (57, 21.5).

Anal cale for C17Ha7NO3 (293.14): C 69.40, H 9.20, N 4.78;
found: C 69.19, H 9.2G, N 4.73.

u [(5)-2-Amino-3-[4-(nonyloxy)phenyllpropanoic acid]

(n-non tyr) ‘

45.9%, Mp 215.5-216.8 °C.

IR: 3210 (» NHF), 2070-2890 (§ C-H aliph), 1600 (6.
NHZ), 1590 (1 COO™), 1260 (8, CHa-O-Ph), 1370
(vs COO7T).

THONMR: 0.9 (t, 3H, CHy, J = 6.78); 1.3 (m, 14H, (CHz)}z);
1,8 (t, 2H, CH2-0, J = 6.84); 3.5 (m, 2H, CH2-Ph); 4.5
(dd, LH, CH, J = 5.24); 7.0-7.2 (dd, 4H, H-Ph, .J = 8.60).

¢ NMR: 14.3 (CH3), 23.8-36.2 (CHy aliph), 57.2 (CH),
63.6 (CH.-0), 173.8 (COOH).

MS (me/z, %): (308, 10.0); (200, 78.3); (136, 7.3); (107, 81.1);
(88, 100.0); (57, 36.9).

Anal cale for CrsHzgNOy (307.15): C 70.36, H 9.45, N 4.56;
found: C 69.37, H 9.32, N 4.53.

M In the cases of decyl and dodecyl chorides, heating and
stirring were continued for 12 h.

m [(S)-2-Amino-3-[4-(decylozy)phenyllpropanoic acid]

(n-dec tyr)

23.7%, Mp 220-222 °C.

IR: 3200 (v NH}), 2980-2880 (6 C-H aliph), 1600 (5,
NHZ), 1590 (v, COO™), 1260 (6. CHa-O-Ph), 1380
(s COO™).

'H NMR: 0.9 (¢, 3H, CHy, J = 6.77); 1.2 (in, 16H, (CHa)x);
1.8 (t, 2H, CH2-0, J = 6.87); 3.6 (i, 2H, CHa-Ph); 4.4
(%, 1K, CH, .J = 5.35); 6.9-7.3 (dd, 4H, tI-Ph, J = 8.061).

18 NMR: 8.6 (CHa), 18.3-30.4 (CHy aliph), 67.9 (CH),
103.9 (CH:-0), 167.8 (COOH).

MS (m/z, %): (322, 3.4); (214, 74.6); (136, 11.9); (107, 81.4);
(88, 100.0); (57, 32.2).

Anal cale for CypHy i NOy (321.16): C 71.00, H 9.70, N 1.40;
found: C 69.70, H 9.40, N 4.27.

® [(8)-2- Amino-3-[4- (undecylovy )phenylipmropanoic acid/

(n-und tyr)

53%, Mp 214.9-218.1 °C.

IR: 3190 (v NHF), 2950-2880 (6 C-H aliph), 1600 (5.
NHD), 1590 (1, COO™), 1260 (8, CH2-O-Ph), 1370
(s COO™).

'HLNMR: 0.9 (t, 3H, CHy, J = 6.80); 1.3 (1, 18H, (CHa)n);
1,8 (t, 2H, CHz-0, J = 6.94); 3.5 (m, 2H, CHz-Ph); 4.4
(dd, 1H, CH, J = 5.44); 7.0-7.2 (cd, 4H, H-Th, .J = 8.60).

3¢ NMR: 14.5 (CHa), 24.0-34.1 (CHz aliph), 56.7 (CH),
G4.3 (CH2-0), 174.6 (COOH).

MS (n/z, %): (336, 20.0); (228, 75.7); (136, 10.0); (107,
42.9); (88, 100.0); (57, 25.7).

Anal cale for CapHuuNOy (335.17): C 71.60, H 9.84, N 4.18;
found: C 70.47, H 9.7d, N 4.24,

m [(8)-2- Amino-3-[4-(dodecyloxy)phenylpropanoic acid]

(n-dod tyr)

12.9%, Mp 213.5-214.2 °C.

IR: 3190 (» NHF), 2950-2860 (6 C-H aliph), 1600 (8,
NH}), 1580 (1, COO™), 1250 (6. CH2-O-Ph), 13870
(1. COO™).

'H NMR: 0.7 (t, 3H, CHy, J = 6.81); 1.1 (in, 20H, (CHz)10);
1.9 (t, 2H, CI12-0, J = 6.86); 3.4 (i, 2H, CHs-Ph); 4.2
(t, 1H, CH, J = 5.25); 6.7-7.2 (dd, AH, H-Ph, .J = 8.59).

G NMR: 8.5 (CHy), 18.2-30.4 (CHz aliph), 57.8 (CH),
112.7 (CHz-0), 167.5 (COOH).

MS (m/z, %): (350, 15.0); (242, 76.3); (136, 9.5); (107, 37.8);
(88, 100.0); (57, 33.4).

Anal cale for Cay HysNOj (349.18): C 72.28, H 10.00, N 4.00;
found: C 71.24, H 10,17, N 3.50.

e Synthesis of S-glutamic acid 5-n-alkyl ester

hydrochlovides
The q-ester hydrochlorides were prepared by the methods
described by Coleman [3] and Dantas [10]. The alcoliols used
were: n-octanol, n-nonanol, n-decanol, n-undecanol aud
n-dodecanol. The reactions were followed by thin-layer chro-
matography (see preparation of complexes). Two products
wetre observed, y-ester hydrochlorides and diester hydrochlo-
rides. Small quantitics of glut:unic acid hydrochlorides were
also obscrved. The spots were detected by spraying the
plates with a solution of ninhydrin, which is converted to:
a pale purple color for glutathic acid hydrochlorides, a red
color for v-ester hydrochlorides and a yellow color for di-
ester hydrochlorides. The v-ester hydrochlorides were ob-
tained by decomposition of the copper (11) complexes with
G M hydrochloric acid. The acid was added until the color of
the solid changed from purple to white, Water (5 mL) was
added and the resulting white precipitates were filtered off,



washed with water and then dried in a drying pistol (110 °C)
for 12 h. Yields were calculated based on the quantity of the
complexes used in the decompositions.

m S-Glutamic acid 5-octyl ester hydrochloride (n-oct glu)

72%, Mp 184-186 °C, Ryp: 0.30.

IR: 1740 (#, C=0 ester); 1720 (v, C=0 acid); 1600 (8.
NH}); 1490 (6, NH); 1230 (v C-0 ester); 1200 (w4
C--0 acid).

'H NMR: 0.9 (t, 3H, CHy, J = 6.96); 1.4-1.7 (m, 12H,
(CHz)a); 2.6 (m, 2H, CH2-Hp); 2.9 (t, 2H, CHa-H,,
J = 6.34); 4.6 (t, 1H, CH); 4.2 (t, 2H, CH2-0, J = 6.45);
11.6 (s, 1H, COOH).

G NMR: 14.5 (CHs), 24.1-31.1 (CHa aliph), 32.3 (CHa-
Cp), 33.6 (CHa~C,), 55.7 (CH), 69.7 (CH200C), 174.3
(COOR), 178.8 (COOH).

MS (mn/z, %): (260, 13.6); (130, 27.2); (102, 30.4); (84,
100.0); (57, 40.5).

Anal cale for CyyClHagNO,y (205.60): C 52.82, H 8.80, N
4,74; found: C 52,20, H 8.54, N 4.70.

m S-Glutamic acid 5-nonyl ester hydrochloride

(n-non glu)

30%, Mp 184.1-1856.7 °C, Ry: 0.40.

IR: 1740 (11, C=0 ester); 1730 (v, C=0 acid); 1600 (8.
NH); 1500 (6, NHF); 1230 (v, C-O cster); 1100 (4
C-0 acid).

'H NMR: 0.9 (t, 3H, CHy, J = 6.80); 1.3~1.7 (mn, 14H,
(CHa)7); 2.6 (m, 2H, CHy-Hg); 2.9 (t, 2H, CHa—H.,
J = 6.32); 4.6 (t, 1H, CH); 4.2 (t, 2H, CH4-0, J = 6.46);
11.5 (s, 1H, COOH).

130 NMR: 14.5 (CHy), 24.2-30.9 (CHg aliph), 32.4 (CHa~
Cp), 83.6 (CH2-C,), 55.8 (CH), 70.0 (CH200C), 174.6
(COOR), 178.8 (COOH).

MS (m/z, %): (274, 15.6); (130, 32.1); (102, 35.4); (84,
100.0); (57, 58.0).

Anal cale for CaClHasNOy (309.61): C 54.26, H 8.72, N
4.52; found: C 55.64, H 8.49, N 4.54.

m S-Glulamic acid 5-deeyl esler hydrochloride

(n-dec glu)

60%, Mp 183.8-185.3 °C, Ry: 0.45.

IR: 1740 (v, C=0 ester); 1700 (v, C=0 acid); 1590 (6.
NH7); 1480 (8, NHy); 1230 (v C-O ester); 1180 (w4
C-0 acid).

'H NMR: 0.9 (t, 3H, CHs, J = 6.93); 1.3-1.7 (m, 16I,
(CHa)s); 2.6 (m, 2H, CHz-Hg); 2.9 (t, 2H, CHz-H,,
J = 6.64); 4.6 (t, 1H, CH); 4.2 (t, 2H, CH2-0, J = 6.48);
11.6 (s, 14, COOH).

130 NMR: 14.5 (CHs), 20.1-31.0 (CH; aliph), 32.31 (CH,~
Cp), 33.5 (CHa-Cy), 55.7 (CH), 69.7 (CH,00C), 174.3
(COOR), 178.7 (COOH).

MS (m/z, %): (288, 10.5); (130, 30.2); (102, 32.3); (84,
100.0); (57, 53.7).

Anal cale for C;sCIH30NQy (323.62): C 55.62, H 9.27, N
4.33; found: C 55.34, H 8.99, N 4.28.

m S-Glutamic acid S5-undecyl ester hydrochloride

(n-und gly)

68%, Mp 180.9-182.6 °C, Rr: 0.47.

IR: 1740 (vy C=0 ester); 1730 (vo, C=0 acid); 1500 (.
NH}); 1500 (6, NHT); 1230 (v C-0O ester); 1190 (s
C-0O acid).

'H NMR: 0.9 (t, 3H, CHy, J = 6.89); 1.3-1.6 (m, 18H,
(CHa)o); 2.6 (m, 2H, CHz—-Hg); 2.9 (t, 2H, CHz-H,,
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J = 6.34); 4.6 (t, 1H, CH); 4.2 (t, 2H, CH»-0, J = (.40);
11.6 (s, 1H, COOH).

O NMR: 14.56 (Cly), 22.3-30.9 (CHa aliph), 32.6 (CHz-
Cp), 33.6 (CHs-C,), 55.8 (CH), 69.9 (CH200C), 174.6
(COOR), 178.8 (COOH).

MS (m/z, %): (302, 12.1); (130, 28.5); (102, 30.1); (84,
100.0); (57, 55.8).

Anal cale for CigClH32NOy (337.63): C 56.91, 11 9.48, N
4.15; found: C 56.15, H 9.62, N 4.04.

m S-Glutamic acid 5-dodeeyl ester hydrochloride

(n-dod glu)

57%, Mp 177.2-179.2 °C, Ry: 0.50.

IR: 1740 (v C=0 ester); 1730 (v C=0 acid); 1590 (6,
NHF); 1510 (6. NHF); 1250 (v C-O ester); 1200 (14
C-0O acid). _

'H NMR: 0.9 (t, 3H, CHy, J = 6.88); 1.4~1.7 (m, 20H,
(CH2)10); 2.6 (m, 2H, CHa-Hp); 2.9 (t, 2H, CHa-H,,
J = 6.34); 4.6 (t, 1H, CH); 4.2 (t, 2H, CH2-0, J = 6.40);
11.6 (s, 1H, COOH).

'3C NMR: 14.6 (CH3y), 24.2-31.2 (CHz aliph), 32.4 (CHa-
Cp), 33.7 (CHa-Cs), 55.8 (CH), (9.9 (CH200C), 174.6
(COOR), 178.9 (COOH).

MS (in/z, %): (316, 10.3); (130, 30.9); (102, 36.4); (84,
100.0); (57, 54.8).

Anal cale for C7ClHy;NO,y (351.G4): C 59.36, H 9.84, N
3.88; found: C 58.63, H 9.67, N 3.98.

Preparation of complexes

o trans-bis-[(S)-2-Antino-3-(4-alkoxyphenyl)-

propancateJcopper (1)
A suspension of 7x 10~ mol of the ligands in mixed solvent
(ethanol, water, ether — 2:2:3) was stivred for 30 min at room
temperature. Aqueous copper sulfate (3 x 1074 mol) was
added, and the reaction was then stitred for 15 min. Solid
sodinm acetate was added until a pale purple coloring was
observed. The resulting pale purple precipitate was filtered
off, washed with water and then refluxed in hexane for 2
Ir. The precipitate was then filtered off, washed with water,
diethyl cther and dried in a drying pistol (110 °C) for 6 h.

m [Cu(n-oct tyr)s]

099.87%, Mp 207.9 °C (dec).

IR: 3400, 3 200 (v NH2-); 2980-28G0 (§ C-H aliph); 1 650
(s C=0); 1380 (s C-0); 1230 (8, CH2—-O-Ph); 360 (»
Cu-N); 330 (i Cu-0).

Anal cale for CyaCullseNa20Og (647.82): C 63.03, H 8.34, N
4.32, Cu 9.81; found: C 63.89, H 8.23, N 4.50, Cu 10.17.

m [Cu(n-non iyr)s]

653.27%, Np 202.2 °C (dec).

IR: 3410, 3210 (» NHa'); 2940-2 860 (6 C-H aliph); 1630
(va C=0); 1370 (s C~0); 1240 (6, CH2-O-Ph); 360 (v
Cu-N); 305 (v Cu-0).

Anal calc for CusCulsgN2QOg (675.84): C 63.95, H 8.29, N
4.14, Cu 9.40; found: C 62.93, H 8.16, N 4.20, Cu 9.07.

m [Cu(n-dec tyr)a]

73.0%, Mp 211-213 °C.

IR: 3400, 3200 (v NHa2-}; 2960-2 860 (6 C-H aliph); 1 650
(7 C=0); 1380 (14 C—-0); 1240 (6, CH2-O-Ph); 360 (i
Cu-N); 330 (v Cu-0).

Anal calc for CagCuHeoN20g (703.86): C 64.84, H 8.52, N
3.98, Cu 9.02; found: C G4.19, H 8.58, N 4.02, Cu 9.27.

m [Cu(n-und tyr)s]
48.68%, Mp 212.1-21. °C.
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DMSO
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2
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Scheme 1

1R: 3400, 3 200 (¥ NHaz); 2960-2 860 (6§ C-H aliph); 1650
(v C=0); 1370 (v, C-0); 1250 (6. CH2~O-Ph); 370 (v
Cu-N); 299 (~ Cu-0).

Anal calc for C4oCuHgsN20g¢ (731.88): C 65.62, H 8.75, N
3.83, Cu 8.68; found: C 66.74, H 8.87, N 3.94, Cu 8.79.

® [Cu(n-doc tyr)a]

80.0%, Mp 219-221 °C.

IR: 3420, 3200 (v NHz'); 2960-2 860 (§ C-H aliph); 1640
(va C=0); 1370 (vs C-0); 1240 (6. CH2~O-Ph); 370 (v
Cu-N); 300 (» Cu-0).

Anal cale for Cq2CuHgsN20¢ (759.90): C 66.38, H 8.95, N
3.68, Cu 8.36; found: C 65.32, H 8.77, N 3.60, Cu 8.50.

o lrans-bis-[(S)-5-n-Alkyl ester glutamatejcopper (1)
Hydrogen chloride was bubbled into appropriate dry alcohol.
S-glutamic acid was added and the reaction was then stirred
at rooin temperature for several hours (see table I). The re-
actions were monitored by thin-layer chromatography (silica
gel as adsorbent, butanol/acetone/water — 5:5:3 as eluent
and ninhydrin as developer). The Ry values are cited be-
low. An equimolar quantity of copper sulfate pentahydrate
was added to the resulting compounds produced in situ. The
pH of the mixture was then adjusted to 8 by slow addition
of 10% NaOH with stirring. The formation of two phases
was observed, and a color change from green to purple oc-
curred during the neutralization. A purple precipitate was
observed at the alcohol/water interface. The resulting pur-
ple precipitate was filtered off, washed with water, ethanol,
diethyl ether and then refluxed in toluene for 2 h. Finally,
the precipitate was again filtered off, washed with ethanol,
die?hyl ether and then dried in a drying pistal (110 °C) for
12 h.

Table I. Reagent quantities utilized in the esterification
reaction of glutamic acid and reaction time.

Reaction
time ()

Esters Glul*x 103  Alcohol HCl
(mole) (mol) (mol)

n-oct glu 3.39 10.19 x 10~ 10.19 x 10~! 12
n-non glu 1.70 5.00x 10°% 5.09x% 1072 17
n-dec glu 6.79 1.36 x 10~} 1.36x10"! 11
n-und glu 1.70 504 x 1072 5.04%x10"2 24
n-dod glu 1.70 5.00 x 1072 5.09x 10-% 24

* Glul = glutamic acid.

m [Cu(n-oct glu)z]

78%, Mp 241.3 °C (dec).

IR: 3360, 3250 (¥ NHz-); 29802 860 (6§ C-H aliph); 1730
(va C=0 ester); 1620 (vn C=0 acid); 1380 (v, C-O
acid); 1 210 (v, C-0 ester); Cu—N and Cu-O (unresolved
bands).

Anal calc for C26CuH43N20g (579.72): C 53.86, H 8.28, N
4.83, Cu 10.96; found: C 52.98, H 8.31, N 4.73, Cu 10.01.

@ [Cu(n-non glu)s]
67%, Mp 246 °C (dec).

IR: 3400, 3290 (v NH2-); 2 980-2 880 (6§ C—H aliph); 1 740
(va C=0 ester); 1630 (v, C=0 acid); 1390 (v, C-O
acid); 1210 (v, C-O ester); 390 (» Cu-N); 310 (»» Cu-0).

Anal cale for CasCuHgaN2Og (607.74): C 55.33, H 8.56, N
4.61, Cu 10.45; found: C 54.44, H 8.45, N 4.56G, Cu 9.98.

m [Cu(n-dec glu)z]

58%, Mp 235-236 °C (dec).

IR: 3410, 3250 (v NHz-); 2910-2850 (6§ C-H aliph); 1730
(za C=0 ester); 1620 (v, C=0 acid); 1380 (1, C-O
acid); 1240 (v, C-0 ester); 390 (¢ Cu-N); 310 (v Cu-O).

Anal calc for C30CuHggN20s (635.76): C 56.67, H 8.81, N
4,40, Cu 9.99; found: C 55.88, H 8.80, N 4.43, Cu 9.806.

m [Cu(n-und glu)z]

72%, Mp 236.4 °C (dec).

IR: 3410, 3280 (~ NHz-); 2980-2 8GO0 (6§ C~-H aliph); 1 740
(vn C=0 ecster); 1630 (v, C=0 acid); 1390 (v C-O
acid); 1 210 (v C-0 ester); Cu-N and Cu-O (unresolved
bands).

Anal cale for Ca2CuHgyN20s (663.78): C 57.89, H 9.04, N
4.22, Cu 9.67; found: C 57.10, H 8.84, N 4,31, Cu 9.25.

m [Cu(n-dod glu).]

84%, Mp 237.2 °C (dec).

IR: 3320, 3280 (v NHz2'); 2960-2 880 (6§ C-H aliph); 1730
(va C=0 ester); 1620 (v, C=0 acid); 1380 (vs C-O
acid); 1 210 (v C-0 ester); 410 (i Cu-N); 310 (v Cu-0O).

Anal cale for C34CuHgsN2Og (691.80): C 59.03, H 9.25, N
4.05, Cu 9.18; found: C 58.91, H 9.45, N 3.97, Cu 8.93.

Results and discussion

The ethers derived from tyrosine were prepared by nu-
cleophilic substitution by the phenol group of this amino
acid. The synthesis of alkyl ethers of tyrosine has been
reported previously. One method requires the protec-
tion of the amino group by formylation, however, Solar
(1] has reported that dimethyl sulfoxide was particu-
larly effective in promoting O-n-alkylation of tyrosine.
The Solar method was utilized by us, and confirmed
the effectiveness of dimethyl sulfoxide in promoting the
selective O-n-alkylation of tyrosine without prior pro-
tection of the amino group.

Concerning the vy-esters, our attempts toward the
conversion of the hydrochlorides into free esters by the
Coleman method were unsuccessful.

The etherification and esterification can be ac-
counted for by scheme 1 and 2 respectively.

HC Q

AN ° :
CCH,CH,CHC, + ROH CCH,CH,CHC
HO? zg:lz\OH R =

Glutamic acid ¥ ~ester

R =C4H 7. GHg. CioH
Cy1Hazs. CiaHps

Scheme 2



Vibrational spectroscopy

o Ligands
The vibrational spectra of the alkyl ethers of
S-(-)-tyrosine are empirically assigned by comparison
with the spectrum of S-(-)-tyrosine. In tyrosine, the
NH7 and OH bands coalesce in the 3400-2 200 cn—!
region. In alkyl ethers, the NH} band is well defined
in the 3220-3190 cm~?! region. The COO~ asymmet-
ric stretching bands in alkyl ethers of S-(—)-tyrosine
are at ca 1600 cim—!, while in tyrosine this band is at
1590 em~!. The COO~ stretching symmetric absorp-
tion frequencies are in the 1390-1380 cm~! region in
the alkyl ethers of S-S-—)-tyrosine, while in tyrosine this
band is at 1420 cm™?!. For the five ethers synthesized,
the strong bands in the 1 260-1 250 em~?! region may be
attributed to CHz-O-Ph groups. These bands and the
bands in the 2960-2 950 ecm~—! region due to the C-H
aliphatic stretching are clear evidence for the etherifi-
cation of tyrosine since they are absent in the tyrosine
IR spectrum.

The IR spectra of the ~-ester hydrochlorides
are empirically assigned by comparison with the
spectrum of S-(+)-glutamic acid hydrochloride. The
COO~ asymmetric stretching absorption frequency in
S-(+)-glutamic acid hydrochloride is a strong band at
1728 em~1. For the five esters synthesized, the spec-
tra reveal two coupled absorptions: one of these at ca
1740-1730 cm~! is due to the asyminetric stretching
absorption of the ester carboxylate group and the other
absorption in the 1 730-1 700 em~! region is due to the
asymmetric stretching vibration of the COOH group.
The spectra of the y-ester hydrochlorides also have char-
acteristic absorption peaks in the 3 000-2800 em™! re-
gion due to the added aliphatic chain. These C-H peaks
indicate that the compounds are esterified.

o Complexes
The complexation reaction of these tyrosine and glu-
tamic acid derivatives are shown in scheme 3. The
shift of the stretching vibrations of the carboxylate and
amino groups of the complexes and the metal-ligand
stretchings are analysed below.

o
(l

c— NH,~CHR'
2 RCHCOOH + cu?* NaoH_ | O\cu/

NH, R'HC— H,N/ \o—ﬁ
o

R' = CHy(CHJNOPhCH,~ and  CHy(CH,nOOCCH;CH,—

n=7t0M

Scheme 3

m COO~ stretching vibration

The COO~ group stretching frequencies are affected by
coordination as well as by intermolecular interaction. In
the free ligands of the alkyl ethers of tyrosine, the car-
boxylate group asymmetric stretching absorptions are
at ca 1600 cm~!, and the stretching symmetric vibra-
tions are in the 1 380-1 390 cm™! region. In the infrared
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absorption spectra of the complexes the absorptions due
to the asymmetric stretching of the carboxylate group
are in the 1 640-1 650 cm™! region and those of the sym-
metric stretching at 1370-1 380 cm~1. The increase in
the frequency of the COO~ asymunetric stretching ab-
sorption and the decrease in the frequency of the COO~
stretching symnmetric absorption may be attributed to
an interference of the metal-ligand bond in the reso-
nance of the carboxylate ion [11]. Unidentate complexes
of the carboxylate ion show an increase in double-bond
character of one of the C-O bonds. This is evidenced
by the increase of one C-0 stretching frequency (COOQ
asymmetric stretching vibration). Consequently, a de-
crease in the frequency is expected of the COO stretch-
ing symmetric bands owing to a smaller bond order.
The infrared data for the carboxylate ion indicate that
the COO~ group is a unidentate ligand in all of the
tyrosine derivatives synthesized.

For the <v-alkyl ester hydrochlorides, the absorp-
tion maxima associated with the asymmetric and symn-
metric COOH stretching occur respectively at 1 700-
1730 em~! and 1 180-1 200 cm~!. For the correspond-
ing complexes with copper (II) ion, these absorptions
occur at 1620-1 630 em™! and at 1370-1390 em~1. It
is observed therefore, that there is a decrease in the fre-
quency of the asymmetric stretching absorption, and an
increase in the frequency of the symmetric stretching
absorption after coordination compared with the cor-
responding ~y-alkyl ester hydrochlorides. This indicates
that carboxylate group is also a unidentate ligand in all
of the alkyl glutamate complexes synthesized.

a NH; strelching vibrations

The NHy and OH stretching absorptions in the ligands
appear as a wide band due to hydrogen bonding. The
spectra of all the commplexes investigated do not show
decreases in the NHy stretching frequencies compared
to the free ligands. We expected that chelation would
be accompanied by a decrease in the NH, stretching
absorption. If this does not occur and if the NHy are
sharp peaks in the complexes we assume the non-
existence of hydrogen bonding in the complexes.

s Metal-ligund stretching

Square-planar bis(n-alkyl tyrosine) and bis(y-alkyl glu-
tamate)copper (II) complexes can exhibit c¢is or irans
local geometries. The activity of the copper-ligand
stretching vibrations may be utilized to make the dis-
tinction between the c¢is or trans-isomers. The trans-
isomers exhibit only asymmetric Cu-N and Cu-O
stretching modes, while the spectra of the cis-isomers
exhibit two Cu-N and two Cu-O stretching modes,
namely the Cu-N asymmetric and symmetric stretching
modes and the Cu-O asymmetric and symmetric modes
respectively. Thus, for the trans-isomers only the asym-
metric stretching modes arc expected to be infrared-
active. Our complexes exhibit only one absorption for
each of these modes. This suggests that the complexes
studied exhibit the trans-configuration. This criterion
has also been used to predict the geometrical isomerism
in bis(amino acidato) copper (II) complexes. It is a 'vi-
brational criterion that permits distinction between the
cis and trans geometries of the several copper complexes
and has been already described [12].
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Nuclear magnetic resonance spectrometry

Two absorptions observed in the ' NMR spectra of the
alkyl ethers of tyrosine are important: one is the peak
at 3.3-3.6 ppm, attributed to the hydrogens of the CHz
groups attached to a phenolic oxygen, and the other

at 1.1-1.3 ppm attributed to the methylene hydrogens

of the aliphatic carbon chain. These absorptions offer
supporting evidence for the O-alkylation of tyrosine.
In the 3C NMR spectra the absorptions attributed to
the methylene carbon attached to the phenolic oxygen
oceur at 18.2-36.2 ppm and 103.9-112.7 ppm. The
signal attributed to the carboxylic hydrogen does not
appear because these derivatives are in the zwitterion
form,

For the ~-alkyl glutamate ester hiydrochloride, we
emphasize the peaks that support the esterification and
the peaks that exclude the formation of the diester hy-
drochlorides. These are the peaks due to the methylenic
group of the aliphatic chain-in the 1.3-1.7 ppin region,
and the unique peak in the 11.54-11.64 ppm region
due to the absorption of the hydrogen of the carboxylic
acid respectively. In the '3C NMR, spectra, two signals
attributable to carbonyl carbons are observed. One at
ca 178 ppm due to carboxylic acid and another at ca
174 ppm due to aliphatic esters. In the 'H spectrum,
at ca 8 ppm a broad peak is also observed due to the
protons of the NH;}" group.  The chemical shift of the
absorption signals of these hydrogen atoms occurs due
to the influence of the electronegativity of the chlorine
atom, in these compounds.

The NMR. spectra of the aminoacids are affected by
variations in pH. The hydrogen absorption signals are
more sensitive to this variation than the '*C absorption
peaks. The results of these investigations reveal that
protons become more shielded as the pH is raised, while
13C nuclei generally become less shielded [13]. Also the
multiplicity of the signals is significantly altered when
the pH is raised. This is due to the formation of the
RCH,CH(NH,)CO7 species. It is also important to ob-
serve, that in !H NMR spectra of the ~vy-alkyl gluta-
mate ester hydrochloride the hydrogens of the CH(H,)
group are shifted to greater § values, compared to H, of
the alkyl ethers of S-(-)-tyrosine. These chemical shifts
'E),re in good agreement with previously published work

14, 15].

Muass spectrometry

Table IT exhibits most of the prominent fragments in the
mass spectrum of one tyrosine derivative, n-octyl tyro-
sine, taken as a representative example of this group.
The last four fragments are present in all tyrosine
derivatives. Other important peaks are the (M + H)*
peak and the M-107 peak, probably due to the recom-
bination of CH3(CHz); and +CH,CH(NH2)COOH.
Table IIL lists the principal fragments for ome
~v-n-alkyl ester hydrochloride derivative. The M-Cl
peak is indicative of the hydrochloride formation, and
the peaks due to a loss of mass attributed to the
CnH2,4.10 and C,,H2,4100C fragments, present in all
spectra, are in good agreement with our proposed hy-
pothesis of esterification of the S-(+)-glutamic acid.

Table II, Mass spectrum of [(S)-2-amino-3-[4-(octyloxy)-
plienyl]propanocic acid).

m/z  Rel Abund Species
294 6.7 (M +H)*t"
248 6.9 CH3(CHz)7-0~(CeH4)CH2CH=NH}
186 66.2 CHjy(CHz2)7C-(NH2)COOH
136 9.9 HO-(CyH4)-CH2CH=NH}
107 6.5 HO-(CyH,4)-CHa-
88 100.0 +CHCH(NH2)COOH
57 21.5 CaHF

* M = molecular ion.

Table III. Mass spectrum of S-glutamic acid 5-undecyl
ester hydrochloride,

m/z Rel Abund
302 12.2 M-CJ*

Species

256 29.3 CHy(CHz)1000CCH; CHzCH=NH}
130 24.4 +0OCCH,CH,CH(NHz)COOH
102 31.7 +CH; CHa CH(NH,) COOH

84 100.0 +OCCH2CH, CH=NH

57 25.0 CaHF

* M = molecular ion.

We observed only the (M + H)* ion in our com-
pounds. The [(M 4 H) -- 46]* peaks (table II) corre-
spond to the loss of formic acid from the (M + H)*
ion. In previously reported studies the EI spectra of
amino acids show weak or nonexistent molecular ion
peaks [14]. The weak molecular ion peak occurs because
the amino acids easily lose their carboxyl group upon
electron impact.
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