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SUMMARY’ 

N,N’-clietl~yletlq~leneclian~ine-N,N’-diacetic acid and N’,N’-dietbyletbylene- 
diamine-N,N-diacetic acid were preparecl via a classical cyanomethylation process 
and subsequently isolated by clisplacement cation-exchange cbromatograpby. N,N’- 
dietl~yletl~ylenediamine-N ,N’-diacctic acid melted wit11 clecomposition at 205-208~ 
and N’,N’-clietl~yletl~yIcneclian~ine-N,N-diacetic acicl at 175-177”. Successive pK1 
and pl<s values measured at 25” and ,u = 0.10 (KNO,) for N,N’-dietbyletbylene- 
cliamine-N,N’-diacetic acid and N’,N’-dictbyletl~ylenediamine-N,N-diacetic acid 
were, respectively, 6.31, 10.42 and 4.71, 11.65. Log KLnoh” values of 7.1, 6,9, 7.0, 
7.0, 6.9, 7.0, 7,1, 7.1, 7,1 and 6.8 were cletcrmined by a potcntiometric method for 
Cl1 = (anion of N,N’-cliethylctl~ylcnccliamine-N,N’-cliacctic acid)s- and Ln = E++, 
Gd”+, Tbs+, Dys+, I-Ion+, Era+, Tms+, Ybs*, Lus+ ancl y3+, respectively. Because the 
plr’, value of N’,N’-diethyletl~ylcnediamine-N,N-cliacetic acid was so high (11.65)~ 
the formation constants of its LnCb* species could not be ascertained below pH 7. 
The high pli’!, value of unsymmetrical N’,N’-dietl~yletl~ylenediamine-N,N-cliacetic 
acid 115s been rationalized by classical arguments. 

INTRODUCTION 

Although ethylenediamine-N,N-diacetic (zcgzsyrrc.-EDDR) and etbylencdiamine- 
N,N’-diacetic (syglz.-EDDA) acicls have been studied as complexants for a few metal 
ions, little is known rcgarcling N’,N’- and N,N’-clialkyl substituted etbylenediamine- 
diacetic acids. Uqtsynr.-EDDA was investigatecl in 1qj5 by SCHWARZENBACH et nC.l 
as a complexant for alkaline earth ancl first row transition metal(I1) cations (also 
Cds+, E-1gs-C ancl I?bz+). Sylrz,-EDDA was studied in 1952 by CHABIIRIX AND MAR- 
TELL2 as a complexant for divalent Mg,:Co, Ni, Cu, Zn ancl Cd cations, and in 1962 by 
THOMPSON~ as a complexant for the trivalent lantbanons and yttrium. It was the 
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fact that THonwsoN rcportc~l’n much smaller cl~+ngc in log KT,,,c!I,+ from J,n = La to 
Ln = Lu for s_v~u.-EDDA tlmn for ISDTA as CII that triggcrcd an interest in N,N’- 
and N’,N’-dialcyl sulxtitutccl JSJ>DAs. It was l~~]~ecl that stcric cffccts producecl by 
alkyl substituents might augment the small values of rl log I<=J,,,c!I~-+ for acljacent 
pairs of lanthanons. 

Further scarcll revcalccl that N,N’-climetl~yletl~ylencdiaminc-N,N’-cliacetic acicl 
hacl been characteriizcd’~, but not tllc N’,N’-climctl~yl entity. No references were founcl 
rcgarcling N,N’-clictl~ylctl~yJ~~~ecliaminc-N.N’-clincetic acid (I) and N’,N’-dietllyl- 
etl~ylencdiamine-N,N-cliacctic acid (II), although N,N’-cli(z-l~ydrosyctl~yl)etl~ylcnc- 
diaminc-N,N’-diacctic and N’,N’-cli(z-l~~clros~etl~~~l)ctl~ylencdi~~~~~i~~e-N,N-cliac~tic 
acidsGqO have 11ccn studied cursorily. 

The following clescribcs a comJ)arativc stucly made in this laboratory with 
rcspcct to JxqxuMion, isolation i1llCl sonic pro]xrtics of I and II. 

The intcrmcdiatcs UHC~ to prcJ>arc I and II, namCly, N,N’-clictl~ylctl~yIcnc- 
diamine and N,N-clictl~ylctl~yJcneclian~ine, were Jxocurccl bcttcr than c$y, pure from 
Alclrich Chemical ComJxtny, Inc. All otllcr materials were of Analytical Rcagcnt 
grade purity. 

Syntheses of I ancl II were accomplisl~ccl by tile classical carbosylation of 
SMITH cl 01,’ involving reaction of anlines with formalclcllycle and sodium cyanide in 
tile prescncc of NaOI-I or KOM. The J>roclucts were isolated from the reaction mixture 
by the cation-elution Jxoccss clcscribecl bv PO~~IXL AND JOWXSON* in their prcpara- 
ti’dn of N’-metl~yletl~ylcnediamine-N,N,N’-triacetic acid, 

N,N’-dictl~ylctll~~Iclrcdinrrli,tc-N,N’tic mid. 58.1 g of N,N’-clietllyletJ~ylenc- 
diamine, 125 ml of I&.-hutyl nlcol~l ancl 125 ml of water wcrc heatccl uncler rcflux 
over a Jleriod of IO 11 while zoo ml of an aqueous solution containing 57 g of NaCN 
and 3*5 g of NaOI-I and zoo ml of clilutccl aqueous formaldehyclc (IOO ml 37% I-I&O 
and IOO ml of I-I,O) were aclclccl simultaneously at slow rates. The reaction mixture 
was then rcflusecl an aclclitional 20 11, coolccl to room temperature ancl aciclificcl to 
pI-I 1.2 with 30% M,SO,,. Tllc aciclifiecl mixture was boiled for 4 11, cooled to room 
temperature ancl passed into a z-in, cliametcr, 4-f’t, long, columnar bed of I-I-+-form, 
40-50 mesh, Dowes 5oW-SS, cation-cxcllange resin. The sorbed amino acid was 
clutccl clown the becl and tllrougll a seconcl llecl of this kind with 0.1 ill aqueous 
ammonia. The effiuent solution containing Jxocluct was collectecl in ten qoo-ml 
fractions, eacJ1 of wllich was evaporated to 25 ml and stirrecl into IOO ml of absolute 
ethanol. The solid which scparatecl was filtered off and clriecl at 105’. The combinecl 
material melting at 205--20s’ , apparent molecular weight 234.7 (calculatccl 232.28), 
weighed 52*3 g (yield 45%) and analyzed 50.9O/~ C, g,o”h I-I, 12.1~/~ N and 28% 0 
(calculated: 51.72% C, S.Gz% I-I, 12,oGO/N and 27.60% 0). 

N’,N’-d~ctlt_Yletit,l~lcllcrlin~rti~te-N,N-dincetic acid. A batcll of II was preJ>arecJ 
fro& N,N-dietllvletJlylcnccliamine by the process described above. In this case the 
combined mate&J nlCJted at 174-177”, ]laCl an apparent molecular weight of 237.6 
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and was analyzed as 5x*50/0 C, g.r”/, H, XZ,~~/~ N and 27,30/O 0. The yield was calcu- 
lated to be 44%. 

Ionizatiolc comtnnts of acids I ad II 
TIE first: and second ionization constants of I and II were determined inde- 

pendently at 25” and p = o,Io(ICNO,) by measuring the pHs resulting when series 
of solutions were prepared (each containing 10.00 ml of 0.0500 M amino acid and 

AI~I~A~z~WT lONI%ATION CONSTANTS OF 1 AND 11. AT p =I 0. IO (KNO,) AND 25” 
- 

Acid WI PlC, 

I (s_vrrr.) 6.31 IO.‘[Z 
11 (~/WS_wJJ.) 4.71 1x.G5 

varying amounts of 0~1176 M KOH ancl 1.67 ill ICNO,) ancl clilutcd to zoo.0 ml at 
z5.0°, The pH measurements wcrc made with a Beckman Research p1-I Meter, iCIoclcl 
10x9 (see Table I). 

The stabilities of I :I lanthanon chclatc species of reagent I were measurecl at 
25” and p = o.Io(I<NO,) using the procedure dcscribecl previously by Pown~r. et al.“. 
~7 values ranging from about 0.2 to 0.6 were achieved in each case for some lanthanons 
(lW+ throu& &P+) and yttrium in the buffer pH region 5.65-g. It was not possible 
to elicit reliable information from the data obtained, regarding possible formation 
of any x:2 species. 

CONCLUSIONS 

The clata in Table II revcal that the lanthanons ancl yttrium form substantially 

STAI3ILITIHS 01’ TI-III I :I CIIPLATIL SI’BCIILS PORBIICIJ IH<TWEE,N t AND SOME LANTI4ASONS Ah’13 
YTTRIUM AT 25” AND /” = 0.10 (I<NO,) 

kIt?td i0 JJ lqq KLtrCh+ log ~~tnlrlIln..II~DA~+” 
_-._ ---__ .._.. --._.~.-.- __-. .__.. -._--.--_- ..I--__-.-- 
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weaker (less stable) chelates with N,N’-diethylethylenecliaminc-N,N’-diacetate anion 
than with sy?+EDDAS. Also revealed is an unprecedented lack of selectivity exhi- 
bited by the anion of I toward individual rare-earth cations. 

The most significant fact revealed by this investigation perhaps is that the 
anion of the unsyxnmetrical acid II exhibits a seventeen-fold greater affinity for the 
first proton while manifesting a forty-fold lesser affinity for a second proton than the 
anion of the symmetrical acid I does, A similar effect (although of lesser magnitude) 
is observed in comparing s_YY~z.-EDDA with z~zsynz.-EDDA (see Table III). 

The unsynt.-EDDA anion appears to have a three-fold greater affinity for the 
first proton and an eight-fold lesser affinity for the second proton than the anion of 
syglz.-EDDA. 

This observed enhanced affinity exhibited by homologous unsymmetrically 
substituted EDDA anions for the first proton and an attcnuatcd affinity for a second 
proton reflects the fact that the unsymmetrical EDDA entities inherently have their 
donor atoms in a more favorable arrangement to closely approach the first proton 

TABLE 1 T I 

IONIZATION CONSTANTS 012 THE ISOMERIC (SytJt. AND WJ~_Vt??,) ITllYLENISI~lhMINEDIACBTIC ACIDS 
__.-___-___--_-_---__--__.-_._--- 

Acid TO~Z~OJVZ~WO PK PJi, Ref. 

Spl7,-EDDA 2.5” G.#3 9.57 3 
~nusynr.-EDDA 20” 5.58 II.05 I 

than do the symmetrical EDDA entities, If a proton is considered to have four tctra- 
heclrally arrayed coordination sites (as in the ice structure or in the hypothetical 
hydronium ion, H,O,+), it is seen that two of the sites can be occupied by N atoms 
and that the other two sites are then accessible to two 0 donor atoms when the 
acetate Croups are joined to the same N atom. When one acetate group is on each N, 
however, fixing the two N atoms (by their lone pair electrons) about a proton leads 
to possible assymmetry in arrangement of groups about each N. When the acetate 
groups extend from opposite sides of the plane established by the five membered 
(-N-C-C-N-H-) ring, an 0 atom of each carboxyl group can occupy its own tetra- 
hedral site, but when both acetate groups extend from the same side of the plane (a 
statistically equal possibility) a site is accessible to only one carboxylate 0 donor 
atom at a time, It is obvious then that the symmetric ligand should hold a single 
proton less tightly than the corresponding unsymmetric ligand, 

That both diethyl substitutecl ligand anions form stronger attachments to the 
first proton than the unsubstituted (syjrr..- and zc~zsynt,-) EDDA anions may be attri- 
buted to the electron releasing effect of alkyl groups on amincs (which makes the 
nitrogen lone pair(s) of electrons more accessible for bonding). Note that it is this 
enhanced attraction for I-I+ (plus a lower affinity for Ln”+ cations) that has prevented 
measurement of lanthanon N’,N’-diethylethylenecliamine-N,N-cliacetate stabilities 
below pH 7 and has rendered determination of lanthanon N ,N’-diethylethylene- 
diamine-N,N’-diacetate stabilities considerably less certain than the corresponding 
EDDA chelate stabilities determined and reported by TWOMPSON~. 
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