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Summary - The synthesis of five long-cliain (Cs to (212) ulkyl ethers of S-(-)-tyrosinc and of five long-chain (Cs to 
Cl*) alkyl esters of S-(f)-glutamic acid is described. Among these ligands, only n-octyl tyrosiuc and n-decyl tyrosinc have 
been reported previously. Ten new Cu(I1) complexes of theso novel tyrosinc and glutamic acid derivatives were synthesized. 
Spectroscopic evidence suggests that these square-planflr complexes adopt a trans-configuration and shows that the ligands 
are bidentate. Bonding occurs via the oxygen atoms of the curboxylnte groups and the nitrogen atoms of the amino groups. 

tyrosfno / glutnmic acid / otl~orifIcntlon / estorlflcntion / copper (II) complex 

R&urn& - Comploxos do culvra(II) comportant des &here do tyrosino et dos y-esters d’acida glutamiquo. Les syntllbes 
de cinq Qthers alkyliques b longue chainc (Cs iL Clz) de la S-(-)-tyrosine et cinq esters alkyliqucs B longue chaine (Cs B CIZ) 
de I’acide S-(+)-glutamiclue sent ici d&rites. Parmi ces com1~os&, seules la n-octyl tyrosine et la n-d&y1 tyrosine ont d6jcL 
bt6 report&s. Les dix ligands oat dti- utiIis6s duns lu prdparntion de nouveaux conlplexes de l’ion cuivre (II). Les examens 
spectroscopiques suggi?rent quc les ligunds sent bidcnt&s et que tous Ies complexes sont plnns cur& avec une g6onArie trans. 
La coordination des ligunds se fait par i’un des atomes d’oxy&ne du groupe carboxylate et par l’atome d’neote da groupe 
amino. 

tyrosino / acido glutomiquo / dtlA%icntion / ost&ification / complcxc de cuivro(I1) 

Introduction 

The synthesis of alkyl ethers, cy-alkyl esters and y-nlkyl 
esters derived from cr-aminoacids li<as been reported 
by several authors [l-4]. Glutamic acid and tyrosine, 
with the addition of long alkyl chains via estcrifica- 
tion and etherification respectively, lead to nmpl~ipl~ilic 
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 piays an important role in the catalysis 
of cr-aminoacid ester hydrolysis [(il. Chronic copper (II) 
ion toxicity is also involved, for example, in Wilson’s 
disease [7]. In Wilson’s disease copper accumulates in 
the tissues, where<as 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 
ma-y 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 mny protect the 
carboxylate group in the y 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, begimling 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 Srio Paulo University, Brazil. Melting 
points were obtained with a Mettler FP 90 apparatus and 
are uncorrected. The infrared spectra were recorded in the 



~1000-200 c!111-’ region using tt Pwltitt-Eltttel’ kloclcl 283-B 
griit~ing ii~fiwctl sl~cctro~~ltotot~ictar. All spcctrtt wem cdi- 
IJtaletl witlt polys.L~~*~~e Mitt id f~er~~icitcics iwe riccctrntc 
to l,cLtcl* Lll2111 1 Cl11 . Spcctrct were IIKWSIII’~CI 11s Nttjol 
mulls st~~q,orLcd CJII CM ~dtttcs. ‘I-I i111r1 ‘:‘C NfvIR sI,cctrtt 
WYC recotdccl in CF$ZOOD OII Btultcr Awnce DRX-400 
ttd MW-200 sl~cctrott~eters, using TRlS tts itttertud stat+ 
clwrl. h,I~iss slxxLt~~ wcxc ol~tt~ittecl wiLli tx HP lXU3OA spec- 
t.rotttctct’ by Lltc iticl Iiocl rd clirecl: iitscrtiott. Iottimtiott was 
itc:ltit~wtI by elcct.roti itiipnct tit $0 0V clcctroiiS. Speclt~tt wcm 
t~tililm~tocl by ttdclitht of ~1c~~1io~o~i1k11iics. 

0 Syn tfi.e~si.s of nl&Jl elIIIxs of lyJr~osinc 

A solitliott of’ 2.0 g (0.01 titol) L-L.yrosirte iii 0.17 g (4.2 X - 
1 O-” titol) 10% tt~~1iC01ts sotlibttt itytlroxitle wts t~lclccl Lo 
44 inL of clitttct~livl sulfooxirlo nttcl ltetltetl in it wtltcr Ixttlt &xl: 

“C. Eqttitttolttt~ rpnttl;itics of Llic ttpproprit~Lc tdl~~‘l Iitditlrs 
wore tttltltxl tttttl Llto mnctiott wns Lltott ltcttlcd in tttt oil btttlt 
to 110-120 “C. Hctttitig tttttl stirring wcm coiiLiituccl for li It(‘) 
~iid the re:~cLioit nlixtttrc W’IS Llictt l~orircd into 250 g of 
c:nkhct1 ice. mlc rcsttltitig wlti1.c pteoipitittc wets Iiltctxxl ofl’, 
wwlxxl wklt wntw, tlict 11yl cthc~., ru~cl tlmt tltktl. Th cr~tclc 
l~t’oclttcL wns tw~lystttllizccl from tiO’J/o ttcetic ttcitl. 

Tltc ttll~yl ltdiclcs ttsctl itt tltc rcitctioit of oLlicrific:itl~ioti 
wcw: n-odyl ioclitlc, rr-nottyl tttt’l ?r-~~iiclec:~l honiiclct, *ml 
rr-clecgl ittitl rr-tl’xlccyl c1ilotGtlcs. WC tiLilimc1 tltc cot~~ttic~- 
citilly twttiliil~lc ~wotlttc:Ls tttd ~~rc~~nrcci i.lic! 71-ocl:)‘l iotlirlc 

PI. 

30.80/o, MJ, 210.2-217.4 “C. 

IR: 3 200 (N NH:), 2 000-2 880 (‘5 C-I-I ttlil>lt), 1010 (rjr, 
NH:), 1 WO (I/,, COO-), I 200 (& C&-0--I’ll), 1380 
(I)” coo-). 

‘I-1 NRIR: 0.7 (t, 31-1, Cl-I3, .I = 0.70); 1.3 (111, 121-1, (CI-I&); 
1.11 (I:, 211, Cl+-0, J = 0.80); 3.4 (111, 21-1, CI-ly-1’11); 4.2 
(L, 11-1, Cl-I, .I = 8.32); 67-7.2 (tlrl, 41-1, I-l-Plt, .I = 8.54). 

“‘C NRJR: 8.0 (CH:t), 18.8-30.4 (C1-l~ ;tlil,lt), 87.8 (CM), 
102.0 (CI-11-O), 167.5 (COOI-1). 

hIS (,/n/z, ‘%I): (204, ‘3.7); (180, 00.2); (130, 0.0); (107, 20.5); 
(88, 100.0); (57, 21.5). 

Attttl cttlc Ibr C!~TI-I~PNO:~ (2!13.14): C 00.40, I1 0.20, N 4.78; 
found: C 00.10, H 0.26, N 4.73. 

45.cJc%, h3p 215.5-210.8’ “C. 

IR: 3 210 (I/ NH:), 2 X0-2 890 (6 C-H nliplt), 1000 (I% 
NH.$), 1500 (I),, COO-), 1200 (& CI-Iz-0-I’ll), 1370 
(l/s coo-). 

‘II NMR: 0.0 (L, 31-1, CX-l:t, .I = 0.78); 1.3 (tn, 141-1, (CH:!)r); 
1,s (I:? 21-1, cI-I~-O, .I = 0.84); 3.5 (111, 21-1, CI-I2-PI1); 4.6 
(<Id, II-I, CH, .I = 5.24); 7.0-7.2 (tltl, 411, I-I-PII, .I = 8.130). 

“‘C NRJR: 14.3 (CH:t), 23.8-36.2 (CI-12 aliplt), 57.2 (CH), 
03,ti (C&-O), 173.8 (COOH). 

h,IS (m/t, %): (308, 10.0); (200, 78.3); (130, 7.3); (107, 81.1); 
(88, 100.0); (57, 30.0). 

&~I talc foi. CtttI-I~gNOa (307.15): C 70.30, 1-l 0.45, N 4.50; 
fotitttl: C 00.37, II 0.32, N 4.53. 

(‘) Iti tile ciwzs of tlccyl iutrl cloclec.yl cltoricles, ltcntitig and 
stirritig wxc contititic~l for 12 II. 

l ~(~)-~-~~IL~II.~-~-[~-(I~~~~~O:~:~~)~J~~CI~~IJ~~~~~~~~I~~I.O~~ ucl’dJ 
(11.~dC(: 1JJ79 

2&T’%, IVIp 220-222 “C. 
IR: 3 200 (u NHf), 2080-2 880 (6 C-I-I ‘tliplr), 1000 (6, 

NH,+), 1590 (I/,, COO-), 1200 (6,, CI-JrO-Pit), 1380 
(l/H coo-). 

‘Ii NhJR: 0.0 (t, 3H, CHI(, .I = 6.77); 1.2 (111, 101-l. (CI-12)~); 
1.8 (t9 21-1, CHz-0, .I = 0.W); 3.0 (ttt, 21-1, CIIz-PI]); 4.4 
(L, 11-1, CH, .I = 5.35); Gb7.3 (tltl! 41-1, I-I-I’ll, .I = 8.01). 

“C NRJH: 8.0 (CI-1:~): 18.3-30.4 (CI-12 ttliplt), 57.9 (CH), 
103.0 (CH2-O), 107.8 (COOH). 

RW (//?./E, %): (322, 3.4); (214, 74.0); (130, 11.0); (107, 81.4); 
(8X, 100.0); (5?, 32.2). 

A~ttil cttlc for~C;t~I-I3tNd:~ (321.10): C 71.00, I-I 0.70, N 4.40; 
fo1111c1: C 0!).70, 1-l 0.40, N 4.27. 

I [(,9)-2-A rrrino-g-/4- ~~~,rt.decyJ~o:r:lJ)p~r.cr~,~J~J~~~~~JJ~t,l~oic ucidj 
~Il.-1Lltd 1:ip;) 
W’%,,, MI, 214.0-218.1 OC. 
117: 3 I!)0 (v NH:), 2 !150-2 880 (6 C-H rtliplt), 1 (iO0 (6,, 

NI-I$), 1 500 (/ji, COO-), 1 200 (a,, CI-I~-O-I’ll), 1370 
(II, coo-). 

‘I-1 NRJR: 0.9 (I,, 311, CI-I:,, ./ = &SO); 1.3 (111, 181-1, (C&)t,); 
1,s (L, 21-1, CHr0, J = O&l); 3.6 (111, 21-l. CI-lr-ml); 4.4 
(cl& 11-1, CH, .J = 5.44); 7.0-7.2 (CM, 41-1, I-1-1’11, .I = 8.M)). 

“C NRJR: 1.4.6 (CI-I:,), 24.0~31.1 (Cl-In ttliplt), 56.7 (CI-I), 
04.3 (CIlz’-0), 174.0 (COOH). 

h,IS (m/z, 1%): (330, 20.0); (228, 75.7); (130, 10.0); (107, 
42.0); (88, 100.0); (57, 25.7). 

Atutl cttlc I’oI* CgtlI-lxtNO:t (3:j5.17): C 71.00, 1-I O.S4, N 4.18; 
fouttcl: C 70.47, I-1 0.74, N 4.24. 

129X,, h,Il, 21X5-214.2 OC!. 
IR: 3 100 (// NHt), 2050-2 800 (6 C-II tdildt), 1000 (6, 

NI-I,$), 1 580 (I/,, COO-), 1 250 (6,, CHa-O-I%), 1 370 
(,j” COW). 

‘H NRIIR.: 0.7 (t, 31-1, WI:,, .I = 0.81); 1.1 (ttt, 2OI.1, (Cl-Il)t,,); 
1.U (L, 21-1, CI-12-0, J = (i.8~); 3.4 (111, 21-1, cI-I~--Pll); 4.2 
(t, 31-1, CI-I, .I = 5.25); 0.7-7.2 (tltl, ‘II-I, I-I-I%, .I = 8.59). 

13C NMR.: 8.8 (Cl+), l&2-30.4 (CI-11 aliplt), 57.8 (CII), 
112.7 (CHz-0), 107.5 (COOH). 

h,lS (/71/z, ‘X): (350, 15.0); (242, 70.3); (130, !).5); (107, 37.8); 
(88, 100.0); (57, 33.4). 

Anal cttlc for C&&tnNO:, (340.18): C 72.28, I-I 10.00, N 4.00; 
founcl: C 71.24, I-I 10.17, N 3.50. 

The y-cst.cr li,ycIi~ocltlotGclcs wwc jJWt,illTd 12)’ LllC! tllcLllc,cls 
tlc?SC~ilJCCl I>.y CUlCZltlitll [:3] illld Dittlt.tlS [lo]. ‘I’ll0 ill~X~ll’llS IlSLftl 

\\‘ClW It.-OC:t.illlOl, ll.-11011i1110~~ I/-‘ltXttlltJl, rl-1ttlclccnnol ntttl 

7r-cloclecut1o1. Tlw react.iotis wcrc followtxl b-y t.ltitt-lqycr dire- 
ttltttogrtll>lty (SW prelxm~l.iott ol’ COIII~~CSC:S). T\\w pt+oclttc:t>; 
were ol~servccl, y-ester li,yclroclilo~iclrs atrtl tliosi~er li~clroclilo- 
rides. Stttnll r~uatttitics of glllt.illlliC acid Itytlrocltlc~rttlcs wcrc 
also ~lJscrvctl. Tltc spots WCL’C tletwtccl b,y spra,yittg tltc 
pl:Lt,w witlt iL solttt.ioit of tlitlltyclt5tt, which is collWrLtXl lo: 
a. pale pltrplc color for glttLasitic ilcid 1t~clrocliIoricles, :L tX!tl 
color for y-ester lt,yclrocliloritlcs ‘tiicl it yellow color for cli- 
ester Ityclrocltloritles. Tltc y-ester li~cl~ocltlol-itlcs wetw ob- 
taitictl I>y cIccc~itiI~osiLioti of tltc copper (11) cotttplescs witfIt 
G hi ItytlrocltIoric ttcicl. The wit1 wits ntltlct1 until Llte color of 
tlte solid cltattgecl frottt pttrplc Lo wlti1.e. Wtttcr (5 tttL) \\'ilS 

titltlccl itttcl Llie rcsttlt.ittg white lmxipit~;il es wcrc fillcmxl oK, 



wtdjecl witJj water tjjd then clrictl in n dryjug pistol (110 “C) 
for 12 11. Yields were cnlcrdntctl lmsctl on tlic rlwuitity of the 
complexes used iii t,lie tlccojnpositiojjs. 

n S- G’tutarnic acid 5-octy~l ester lt.~plroclhwirlc (n-act gh) 

72%, Ml> 184-186 “C, RI?: 0.30. 

IR: I 740 (v~, C=O estc~*); 1720 (II,, C=O acid); 1 GO0 (h,,, 
NII:); 1400 (r5H NH;); 1230 (Y,, C-O ester); 1 200 (11s 
C-O mid). 

‘I-I NMR: 0.0 (t,, 31-I, Cl-l:,, .I = (LOG); 1.4-1.7 (III, 121-1, 
(CH&;); 2.G (111, 2H, CI-I&~/j); 2.!) (t, 21-1, CIb-H,, 
J = G.34); 4.G (t, 11-l, CH); 4.2 (t, 2H, CHz-0, J = 645); 
11.6 (s, lH, COOH). 

“‘C NMIR: 14.5 (CJ-I:,), 24.1-31.1 (Cl-12 tdiplj), 32.3 (Cliz- 
C,j), 33.G (CI-12-c&), 55.7 (cm), G!).7 (CI-IrOOC), 174.3 
(COOR.), 178.8 (COOH). 

hJS (m/z, %): (2G0, 13.0); (130, 27.2); (102, 30.4); (84, 
100.0); (57, 40.5). 

And crdc for Cj:jCJH2(iNO.j (205.GO): C 52.82, J-J 8.80, N 
4.74; fo~ujtl: C 52.20, II 8.54, N 4.70. 

3096, R4p 184.1-185.7 “C, RF: 0.40. 

IR: 1740 (v,, C=O ester); 1730 (I/,, C=O &cl); 1 GO0 (a, 
NI-I$); 1500 (6s NH,c); 1230 (I/~ C-O cstcr); 1 l!)O (I/~ 
C-O ilcicl). 

‘l-l NhdR: 0.0 (t, 31-1, Cl-1 :I, .I = G.8!)); 1.3-1.7 (III, 141-1, 
(c1-1’~)~); 2.G (III, 21-1, Cl&-Hp); 2.9 (t, 2J-I, CJ&-J-J,, 
,I = G.32); 4.G (t, ll-I, Cl-I); 4.2 (t, 2JmI, ClJr0, .I = G.4G); 
11.5 (s, lJ-I, COOH). 

‘“C NMR: 14.5 (Cl-J:j), 24.2-30.!) (Cl-l:! nliplj), 32.4 (ClJ2- 
C(d), 33.0 (CHz-C,), 55.8 (CH), 70.0 (CJ-12OOC), 174.G 
(COOR), 178.8 (COOH). 

MS (n/./z, %): (274, 15.G); (130, 32.1); (102, 35.4); (84, 
100.0); (57, 58.0). 

Anal cidc for Cj.jCIH~~N0.j (:lO!LGl): C 54.2G, J-l 8.72, N 
4.52; fo1111d: C 55.G4, Fl 8.4!), N 4.54. 

GO%, R,Jp 183.8-185.3 “C, RF: 0.45. 

1l-k 1740 (V,, C=O ester); 1 700 (I/,, C=O ncicl); 1500 (6, 
NH;); 1480 (& NJ-J.:); 1230 (r/s C-O ester); 1 180 (r/s 
C-O n&l). 

‘H NMR: 0.0 (t, 31-1, CH:j, J = G.03); 1.3-1.7 (III, lGH, 
(CI-1’~)s); 2.G (III, 21-I, CHz-Ho); 2.0 (t<, 2H, CHr-I-I,, 
.T = G.G4); 4.0 (t, U-1, CH); 4.2 (t, 211, C&-O, .I = 618); 
ll.G (s, 11-I, COOH). 

“C NMR: 14.5 (Cl&), 20.1-31.0 (Cl-I2 nliph), 32.31 (CHz- 
C,j), 33.5 (CI-12-C,), 55.7 (cm), GO.7 (Cl-IZOOC), 174.3 
(COOR), 178.7 (CO0J-r). 

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

Am1 cnlc for CjoCIl-1~jNO.j (323X2): C 55.62, H 0.27, N 
4.33; foolmrl: C 55.34, I-I 8.00, N 4.28. 

GS%, Mp 180.0-182.0 “C, RF: 0.47. 

IR: 1740 (r/r, C=O ester); 1730 (v,, C=O acid); 1500 (6,, 
NH,+); 1500 (6s NH:); 1230 (vs C-O ester); 1100 (us 
C-O acicl). 

‘J-I NMR: 0.0 (t, 3H, Cl-l:,, ,J = G.80); 1.3-1.6 (111, 18H, 
(CH2)g); 2.G (111, 21-1, CHS-Hi<); 2.0 (t,, 21-1, CHa-I-l,, 

.I = G.34); 4.G (t, 11-J, CJ-I); 4.2 (1, 21-J, CJ-12-0, .I = (j.40); 
1l.G (a. lJ-1. COOI-1). 

“‘C NiviJ1’: 14:5 (CI-lsj, 22.3~3O.U (Cllz rjliJdj), 3’L.G (CJJ2- 
CL+), 33.G (Cl-Jz-C~), 56.8 (Cl-J), G!l.O (CJ-JzOOC), 174.G 
(COOR), 178.8 (COOJ1). 

hlS (m/z, ‘ic): (302, 12.1); (130, 28.5); (102, 30.1); (84, 
100.0); (57, 55.8). 

Ann1 cnlc for Ct(jClI-132NO~ (337.G3): C 5G.91, 1.1 !blX, N 
4.15; Ibujjcl: C 5G.15, J-I O.G2, N 4.04. 

57%, Ml, 177.2-170.2 ‘C, RI?: 0.60. 

III: 1 740 (I/,, C=O cstcr); 1730 (v,, C=O cicicl); 1590 (6,, 
NH:); 1510 (6, NJ-I$); 1260 (I/H C-O ester); 1 200 (I),, 
C-O acitl). 

‘J-I NMR: O.!) (t., 31-1, CI-J:j, .I = G.88); 1.4-1.7 (111, 2OH, 
(CFJ2)j& 2.G (111, 2H, CHrH,s); 2.0 (t, 21-1, CHa-I-l,, 
J = G&l); 4.G (t? 11-1, Cl-l); 4.2 (t, 21-1, CHz-0, J = &JO); 
11.G (s, lI~J, COOJI). 

13C NMJZ: 14.G (CH:j), 24.2-31.2 (Cl-12 nlil,lj)t 32.4 (Clfz- 
C/r), 33.7 (CHz-C,), 55.8 (CH), G!I.!l (CJ-IzOOC), 174.G 
(COOR), 178.!) (COOJ-J). 

MS (m/t, %): (31G, 10.3); (130, 30.0); (102, 3G.4); (84, 
100.0); (57, 54.8). 

AnnI cnlc l’or Cj:Cll-1:j.jNO.j (YBl.Gd): C 5!).3G, I-l 9.84, N 
3.88; fo~:cl: C 58.G3, J-I O.G7, N 3.08. 

l tl~lLl~~S-bi~S-~(~)-~-/~~ll.i?l~~-~-(~-~l.~~~~:l~~J~~tl~?l.~Jt)- 

plo~~c~.n~oc~t~~jcoppcl~ (if) 
A snspcjisioii of 7 x lo-” jnol of tlic lig:mfls iii jjjixetl solvcijl. 
(c~tljnjjol, wntcr, ctljcr - 2:2:3) WITS stirrctl for 30 jnijj ill, rormj 
tclllJx3’ntllrc. .4rJllcolls CoJ~Jlcr SrllfilCC (3 x I o-” mol) uws 

;~tltlccl, iujd tljc rcmd.ioji was tlieij stirred for 15 miji. Solid 
sodi~im nceti~te w11s arltled until a pnlc pjirplo culorijig wns 
obscrvccl. Tlie rcsjjltitjff piilc ~~urplc prccipitijtc was filtcrecl 

tliol.liyJ Ctljc*. allfl clriccl in 11 drying pisfol (110 “C) for G 11. 

00.87%, h,Jl) 207.0 ‘C ((kc). 
JR.: 3 400, 3 200 (I/ NI-12.); 2 080-2 8GO (6 C-I-I aliplj); 1 G50 

(V,, C=O); 1380 (I/* C-O); 1 230 (6,, Cl-12-o-ml); 300 (v 
Cu-N); 330 (I/ C&O). 

And cnlc for Ckj.jC~~I-lzj~N~On (G47.82): C 03.03, 1-I 8.34, N 
4.32, CII 9.81.; fojjjjcl: C G3.80, H 8.23, N 4.50, Cn 10.17. 

53.27%, h,Jp 202.2 ‘C! (tlec). 
IR: 3 410, 3 210 (v NH:!.): 2 040-2 8GO (6 C-H aliplj); 1030 

(I),, C=O); 1370 (11% C-O); 1240 (6, C1-b0-Plj); 3GO (u 
C&N): 305 (V Cu-0). 

Aljill C~I~C for C:j<jCjjH~~N~Oe (675.84): C 63.05, 1-I S.20, N 
4.14, Cu 0.40; for~nrl: C 02.03, H 8.lG, N 4.20, Cu 9.0?. 

73.0%, Mp 211-213 “C. 
IR.: 3 400, 3 200 (Y NJ&.); 2 900-2 8GO (6 C-J-I aliplj); 1 G50 

(l/i, C=O); 1380 (I/* C-O); 1240 (6, CJ-rr-0-I’ll); 3GO (V 
Cu-N); 330 (Y Cu-0). 

Ann1 cnlc For CT~CIIHDON~OC~ (703.8(i): C G4.84, H 8.52, N 
3.08, CU 9.02; foujd: C G-l.19, l-1 8.58, N 4.02, CU 0.27. 



HeCH+TlCM)H 
INS0 

’ CHJ(cll~nx - 
*,I. ‘4. 

CH3KH2)n CH2C14MoH + HX 
NH2 N&H 2 

Tyrosinc 
n=7.H,9. lOcII 

X=CI.Brcl 

Scheme 1 

IR: 3 400, 3 200 (V NH2.); 2 960-2 i3GO (6 C-H alip11); 1 650 
(V,, C=O); 1370 (Ye C-O); 1250 (CL CH2-0-Pl1); 370 (V 
Cu-N); 299 (11 C&O). 

Anal talc for C40CuH~4NzOa (731.88): C GS.G2, Ii 8.75, N 
3.83, Cu 8.68; found: C GG.74, l-1 8.87, N 3.94, Cu 8.79. 

n [CU(?l-lloc &7;)2] 
SO.O%, Ml> 219-221 OC. 
IR: 3 420, 3 200 (Y NH2.); 2 960-2 8G0 (6 C-H alipll); 1 G40 

(v,, C=O); 1370 (~6 C-O); 1240 (6,, CHa-0-PI]); 370 (V 
C&N); 300 (U Cu-0). 

Aual cult for C.&UI&jsN~@j (759.90): C GG.38, Ii 8.95, N 
3.G8, Cu 8.36; found: C 65.32, 1-I 8.77, N 3.G0, Cu 8.50. 

l ~~ans-Dis-((S)-8-n-A1~1/1 ester gluta7rLatefjcol~~~e7. (II) 
IJydrogeu chloride was L-~ubbled into upl~ropriate dry alcohol. 
S-glutanlic ucid was added nnd the reaction was tlicu stirred 
at rooln tenlperaturo for severnl llours (see table I). The re- 
actions were inonitored by thin-layer cliroinatograpliy (silica 
gel us adsorbcut, butanol/ucetone/wfiter - 5:5:3 as elueut 
and niuliydriu us developer). The Ii!p values are cited bc- 
low. Au equirnolur qunntity of copper sulfute lxmtal~ydratc 
wns added to the resulting compounds produced iu situ. The 
pH of the mixture ww then adjusted to 8 by slow additiou 
of 10% NaOH with stirring. The fortnation of two phases 
was observed, and a color cllange Doin green to purple oc- 
curred during the neutralization. A purple precipitate was 
observed at the alcollol/water interface. The resulting pur- 
pie prccipitnte was filteked off, washed with water, eth&ol, 
dietlwl ether and tllen refluxed in toluene for 2 11. Pinnllx 
the pkecipitate was again filtered off, waslled with ethan& 
diethyl etller and then dried in a drying pistol (110 “C) for 
12 11. 

Table I. Reagent quantities utilized in tile esterification 
reaction of glutatnic acid and renction time. 

Esters GluH”x 10s3 Alcohol HCL Reaction 
(mole) (mol) (7d) time (IL) 

IL-act glu 3.39 10.19 x 10-l 10.19 x 10-l 12 
n-11011 glu 1.70 5.09 x 10-2 5.09 x 10-2 17 
n-dec glu 6.79 1.30 x IO-’ 1.3G x 10-l 11 
n-und glu 1.70 5.04 x lo-’ 5.04 x 1O-2 24 
n-dod glu 1.70 5.09 x 10-Z 5.09 x lo-’ 24 

” GluII = glutatnic acid. 

n [Cu(nbact IJ~u)~] 
78%, Mp 241.3 OC (dcc). 
Il? 3 3130, 3 250 (Y NH2.); 2 980-2 860 (6 C-H aliph); 1 730 

(v,, C=O ester); 1620 (r/i, C=O acid); 1380 (K, C-O 
acid); 1210 (us C-O ester); Cu-N and Cu-0 (unresolved 
bands). 

Anal talc for C~&uH,~sNz0s (579.72): C 53.86, 1-I 8.28, N 
4.83, Cu 10.96; found: C 52.98, I-1 8.31, N 4.73, Cu 10.01. 

IR: 3 400, 3 290 (V NI-12.); 2 980-2 880 (15 C-H alipll); 1 740 
IV,. C=O ester); 1 G30 II/,, C=O acid): 1390 [v, C-O 
acid); 1210 (v~ e-0 ester);-390 (Y Cu-k); 310 (1; Cu-0). 

Anal talc for C2sCuH~2NzOa (G07.74): C 55.33, 1-I 8.56, N 
4.61, Cu 10.45; found: C 54.44, II 8.45, N 4.5G, Cu 9.98. 

W [Cu(n-dec 1/1u)~] 
58%, hip 235-236 OC (dec). 
Ik 3 410, 3 250 (V NH2.); 2 910-2 850 (6 C-l-l aliph); 1730 

(u,, C=O ester); 1 G20 (v,, C=O ncid); 1380 (I/# C-O 
acid); 1240 (I/~ C-O ester); 390 (I) 01-N); 310 (I/ Cu-0). 

Anat talc for CsoCuHfi”N2Os (G35.7G): C 50.67, I-I 8.81, N 
4.40, Cu 9.99; found: C 55.88, I-1 8.80, N 4.43, Cu 9.8G. 

n [CU(ll-md gl11)2/ 

72%, Ml> 236.4 ‘C (dcc). 
IR: 3 410, 3 280 (Y NI-12,); 2 !180-2 8G0 (6 C-H alipll); 1 740 

(v~, C=O ester); 1 G30 (Y,, C=O ncid); 1390 (11, C-O 
acid); 1 210 (v,, C-O ester); Cu-N and Cu-0 (unrcsolvcd 
bnnds). 

Anal talc for C&CuI-Iti~~NpOs (GG3.78): C 57.89, I-1 9.04, N 
4.22, Cu 9.57; found: C 57.10, I-I 8.84, N 4.32, Cu 9.25. 

n [CU(?kdOd glu)2/ 
84%, h4p 237.2 OC (clec). 
IR: 3 320, 3 280 (V NI-12.); 2 DGO-2 880 (6 C-H alipll); 1730 

(v,, C=O ester); 1620 (v,, C=O acid); 1380 (v~ C-O 
acid); 1210 (v, C-O ester); 410 (u C&N); 310 (V Cu-0). 

Ann1 talc for C~.ICUI-IIJ~N&~ (G91.80): C 59.03, I-I 9.25, N 
4.05, Cu 9.18; found: C 58.91, II 9.45, N 3.97, Cu 8.93. 

Results and discussion 

The ethers derived from tyrosinc were prepared by iiu- 
cleophilic substitution lay tile plienol group of this amiiio 
acid. Tlie synthesis of alkyl etllers of tyrosine has been 
reported previously. One inctllod requires tllc protec- 
tion of tlie amino group by forniylation, Ilowever, Solar 
[l] leas reported that clinietliyl sulfosiclc was particu- 
larly effective in prolnoting O-n-alkylatiou OF tyrosine. 
The Solar method was utilized by us, and confirmed 
the effectiveness of dimetl~yl sulfoxide in pron~oting the 
selective O-n-allcyla.tion of tyrosine without prior pro- 
tection of the amino group. 

Concerning tlie y-esters, our attempts toward tlie 
conversion of the liydroclilorides into free esters by the 
Coleman metliod were unsuccessful. 

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

R ='~~~.W~',CIOH~I 
y -cSICI 

CIIH~>.CIZYS n [Cu(n-non .qh&/ 
G7%, Mp 240 “C (dcc). Scheme 2 
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Vilrrutiotla.1 spectroscopy 

0 Lignnds 
Tile vibrational spectra of the alkyl ethers of 
S-(-)-tyrosino are enlpirically assigned by coniparison 
with the spectruin of S-(-)-tyrosinc. In tyrosine, the 
NH: and OH bands coalesce in the 3 400-2 200 cm_1 

region. In allcyl ethers, the NH, + band is well definecl 
iu the 3 220-3 190 CII~-’ region. The COO- asynnnet- 
ric stretching bands in alkyl ethers of S-(-)-tyrosine 
are at ca 1 GO0 tin-l, wliile in tyrosine tliis band is at 
1590 c111- l. The COO- stretching synnnetric absorp- 
tion frequencies are in the 1390-l 380 cm-l region in 
the alkyl ethers of S- -)-tyrosine, while in tyrosine this 
band is at 1420 cm- I . For the five ethers synthesized, 
the strong bands in the 1 2GO-1 250 cni-l r&ion may be 
attributed to CHz-O-P11 groups. These bands and the 
bands in the 2 9GO-2 950 cni-l region due to the C-I-I 
alipliatic stretching are clear evidence for tllc etlierili- 
cation of tyrosine since the&y are absent in the tyrosine 
IR spectrum. 

The IR spectra of the y-ester l~ytlrocl~lorides 
arc cinpirically assigned bay coinparison will1 the 
spectrum of S-(f)-glutanlic acid hydrochloride. The 
coo- asyninietric stretching absorption frequency in 
S-(+)-glutaniic acid liydrocliloridc is a strong band at 
1 728 can-I. I?or the five esters synthesized, the spec- 
tra reveal two coupled absorption% one of these at ca 
1740-l 730 all-1 is due to tlie asyninietric stretching 
absorption of the ester carbox,ylate group and tllc other 
absorption in tlic 1 730-l 700 tin-l region is due to the 
asynnuctric stretching vibration of the COOH group. 
The spectra of the +-y-ester hydrocldoridcs also have char- 
acteristic absorption peaks in the 3 000-2 800 cn1-’ re- 
gion ciuc to the added aliphatic cllain. These C-I-I peaks 
indicate that the co~npo~uds are estcrificd. 

The conlplexation react,ion of these tyrosinc aud glu- 
tamic acid derivatives are s11ow1l in sclleulc 3. Tile 
shift of the stretching vibrations of the cnrboxylate and 
anlino groups of the conlplexes and the metal-ligand 
stretcliings are analysccl below. 

2 R’CHCOOH + Cua+ NaOH 
C-O, ,Nli-CHR 

-* ,*,k H2/“‘O-; 

0 

R’ = CH,(CH,)nOPhCH2- and CH,(CH2)nOOCCH,CH2- 

“Z ‘It011 

Scheme 3 

n COO- stretchl:n~ vibration 
The COO- group stretclling frequencies are affected by 
coordination as well as by internlolccular interaction. In 
the free ligands of the nlkyl ethers of tyrosine, the car- 
boxylate group ~asyminetl:ic stretching absorptions are 
at ca 1 600 clll-l) and tlie stretching symmetric vibra- 
tions are in the 1 380-l 390 cm-’ region. In the iufrared 

absorption spectra of the complexes the absorptions due 
to the asyninictric stretching of the carboxylate group 
are in the 1 640-l G50 cnl-1 region and those of the sym- 
nietric stretching at 1 370-l 380 c111-~. Tlie increase in 
the frequency of the COO- asymmetric stretching al>- 
sorption and tllc decrease in the frequency of the COO- 
stretclling synnnetric absorption may be attributed to 
an interference of the nletal-ligand bond in the reso- 
nance of tllc carboxylate ion [ 111. Unidentate complexes 
of the carboxylnte ion show an increase in double-bond 
character of one of the C-O bonds. This is evidenced 
by the increase of one C-O stretchiug frequency (COO 
asymmetric stretching vibration). Consequently, a de- 
crease in the frequency is expected of the COO stretcli- 
ing synnnetric bands owing to a snlaller bond order. 
Tllc iufrarccl data for the carboxylate ion indicate that 
the COO- group is a unidentate ligand in all of the 
tyrosine derivatives synthesized. 

For tile y-alkyl ester hydroclllorides, the absorp- 
tion nlaxhna associated with the asynmletric and sym- 
nietric COOH stretching occur respectively at 1 700- 
1 730 cnl-’ and 1 180-l 200 cnl- l. For the corrcspond- 
ing coniplcxes wit11 copper 
occur at 1620-l G30 cni-’ 

(II) ion, these absorptions 
llllcl at 1370-l 390 cm-l. It 

is observed therefore, tllat there is a decrease in the fre- 
quency of the asynnnetric stretching absorption, and an 
increase in tlie frequency of tlic synnnetric stretching 
al~sorption after coordination coinpared wit11 the cor- 
respouding y-alkyl ester hydroclllorides. This indicates 
that carboxylute group is also a uniclentate ligand in all 
of the illkyl glutaniate coniplexes s,yntlicsizetl. 

m NI& stretcluing vibrntiorrs 
The NH2 and OH stretching nbsorptions in tlie ligands 
appear as a wicle band clue to hydrogen bonding. The 
spectra of all the conlplexes iuvestigated do not show 
decreases in tllc NI-Ip stretclliug frequencies compared 
to the free ligands. We expected that chelation would 
be acconlpanied by a decrease in the NIla stretching 
absorption. If this dots not occur and if the NH2 are 
sharp peaks in the conlpleses we assunle the non- 
existence of llyclrogen bonding in the complexes. 

Square-planar bis(n-alkyl tyrosine) and bis(y-alkyl glU- 
taniate)copper (II) complexes can cxliibit cis or truns 
local geometries. The activity of the copper-ligand 
stretching vibrations may be utilized to niake the clis- 
tinction between the cis or tnuns-isomers. The trcms- 
isonlers exhibit only asymmetric Cu-N and CU-0 
stretching nioclcs, while the spectra of tllc cis-isomers 
exhibit two Cu-N and two Cu-0 stretching inodes, 
namely the Cu-N asynunetric and synnnetric stretching 
nlodcs and the Cu-0 asynnnetric and synnnetric lnodcs 
respectively. Thus, for the trans-isomers only the asynl- 
nletric stretching nlocles arc expected to be infrarecl- 
act,ive. Our conipleses exhibit only one absorption for 
each of these modes. This suggests that the complexes 
studied esllibit tile truns-configuration. This criterion 
has also been used to predict the geometrical isomerism 
in bis(aniin0 acid&o) copper (II) complexes. It is a vi- 
brational criterion that permits distinction between the 
cis aiicl tram geometries of the several copper complexes 
and has been already described [12]. 



Two absorptions olwxved in the ‘I-I NMR spectra of the 
alkyl ctliers of tyrosiue are important: one is the peak 
at 3.3-3.6 ppm, attributecl to the liydrogens of the Cl-12 
groups attached to a plienolic oxygen, and the other 
at 1.1-1.3 ppm attributed to the meth,ylene hydrogcns 
of the aliphutic carbon chain. These absorplions offer 
supporting evidence for the O-alkylation of tyrosinc. 
In the 13C NMR spectra the nbsorptions attributed to 
the metliylenc carbon attached to the plieiiolic oxygen 
occur at 18.2-36.2 ppm and 103.0-112.7 ppm. The 
signal nttributecl to the carboxylic hydrogen cloes not; 
appear because these derivatives are in the zwitterion 
form. 

For the T-ulkyl glutamate ester liydrocliloride, we 
em1~liasize the peaks that support the esterificatioii uncl 
tlic peaks that exclude the formutioii of the diester hy- 
clrochloricles. These are the peaks clue to the methylenic 
group of llie alipliatic chain in the 1.3-1.7 ppm region, 
and the unique peak in tJlo 11.54-11.64 ppm region 
clue to the absorption of the liyclrogcn of the carboxylic 
acid respectively. In the 13C NMR spectra, two sigunls 
attributable to carbonyl carbons are observed. One at 
CR 178 ppm due to carboxylic acid and another at cn 

174 ppm due to alipllatic esters. In the ‘H spectrum, 
at ca 8 ppm a broad peak is also observed clue to the 
protons of the NH: group. The chemical shift of the 
absorption signals of these hydrogen atoms occurs clue 
to the influence of the electronegativity of the chlorine 
atom, in these compounds. 

The NMR spectra of the aminoacids are affected b,y 
variations in ~1-1. The hydrogen absorption signals are 
more sensitive to this variation I;han t,lie % absorption 
peaks. The results of these investigations reveal that 
protons become more shielded as the p1-I is r&ccl, while 
13C nuclei generally become less shielded [13]. Also the 
multiplicity of l&e signals is significantly alterecl when 
the 1~1-1 is raised. This is due to the formation of the 
RCH#II(NH2)CO, species. It is also important to ob- 
serve, that, in lH NhJR spectra of the y-alkyl gluta- 
mate ester hydrochloride the hydrogens of the CH(H,) 
group are shifted l;o greater 6 values, comparccl to H, of 
the alkyl ethers of S-(-)-tyrosine. These chemical shifts 
are in good agreement with previously published work 
[14, 151. 

Table II exhibits most of the prominent fragmen& in the 
mass spectrutn of one tyrosine derivative, rtz-octyl t,yro- 
sine, taken as 5 representative example of this group. 
The last, four fragments are present in all tyrosine 
clerivatives. Other important peaks are the (M + H)+ 
peak and the 1LI-107 peak, probably due to the recom- 
bination of CH3(CH2)$ and +CCH2CI-I(NH2)COOH. 

Table III lists the principal fragments for one 
y-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 
C&Hz,+10 and C,LH2,+100C fragments, present in all 
spectra, are in good agreement with our proposed hy- 
pothesis of esterification of the S-(+)-glutamic acid. 

Table II. Maas spectrum of [(S)-2-~1111i110-3-[11-(0cty10xy)- 
I~lieilyl]propniioia acid]. 

m/z Rel ADud Species 

294 G.7 (M -c I-I)+ ” 
248 G.1) CH~(CHZ)~-0-(CUI-I,I)CI-I~CI-I=NII~ 
18G (x.2 CI-I~(CH&C~(NI~2)COOI-I 
13G D.D HO-(C&I~)-CI-1~CII=NII~ 
107 G.5 HO-(C&r)-CI-11. 

88 100.0 “CI~&XI(NH&!OOH 
57 21.5 c.1 Iqf 

” M = n~olecular ion. 

Table III. Muss spectrulll of S-gluttunic ncicl 5-uutlecyl 
ester liyc1roc1iloricle. 

m/r ReL Ahud Species 

302 12.2 M-Cl” 
25G 29.3 CII:, (CHz) ~eOOCCH&H~CH=NH$ 
130 24.4 ‘OCCI-I~CH&X-I(NH~)COOH 
102 31.7 +CH~CH~CH(NH2)COOI-I 

84 100.0 +OCCH~CH~CI-I=NH 
57 25.0 . CdH,+ 

We observed only the (R/I f I-I)+ ion in our com- 
pounds. The [(h/I + H) - 4G]+ peaks (table II) corre- 
sponcl t;o the loss of formic acid from the (h/I f I-I)+ 
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 cilrboxyl group up011 
electron impact. 
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