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A~~zIwG--‘I~~ preparatton of a urlc$ of neutral ligand\ featuring ether and S~mcthyI~.V.cuhethoxy~ntylamidc 
group\ i\ dc\cribcd. ‘Thete II~UIA a\ well as related one\ bcarmg other dtamtde groups UC shown to tclecfivcl) 
chcltr~e Croup II.-\ cations h) picratc extraction from water IO merhykne chloride. The change\ in L\’ ah\mtton 
of aromatIc rtng\ and amtdc group\ in the ligandr upon tttration with metal AIS in methanol allow the cstimatton of 
the stoichtomctr) of compkxation and the ordering of carton hindmg The observed sekctivrty sequence\ of cation 
extraction and binding are hrufly discu\ud. Prcltmmar) proton and “C XMR siudics on the effect of addition of 
Group Il.-\ cation \alts IO \c\erd of the lipand\ in methanol sugge~csl that most of the complcxar&t occurs at the 
central ether and amide groups “C KMR 7, changccs h) ~hc Inversion Recover) Fourier Transform method art in 
agreement wtth the ~ati~~n.t~duccd shift data. 

Na~uratly occurring macrocyclic and acyclic ionophores 
are involved in the selective transport of essential metal 

cations across biological membranes.‘*h Synthetic iono- 

phorcs are of interest in that they provide model 

systems“ which can be varied greatly in s~ruc~urc. They 
can soluhilire metal cations in lipid-like solvents and are 

useful in applications such as cation analysis, catalysis, 

organic synthesis and the study of the mechanisms of ion 
transport across membranes. 

pared with the corresponding dipropyl amide than can 
the wcarbethoxyalkyl amides. Octadecyl amides are 

expected to be more lipophilic than are dipropyl amides. 
and they may thus enhance cation trdnsfcr through 

membranes. 

Previously. an acyclic 1~2~thylenedioxydiacefam~e 
system was found to show selective Group IIA cation 

complexation.“ II was recently reported that aromatic 

and alicyclic analoguec of this system dispiay a wider 
range of selective binding properties in ion sensitive 

electrodes. b M-Wcthyl-h’-carbethoxyundecylamides 

were originally used to enhance the lipophilic character 
of the potential ionophores and to give additional chela- 

tion silts. The Group IA and Group IIA cation selectivity 
of these ligands is somewhat less than that exhibited by 
the corresponding .%.N-dipropylamidcs.” The latter 
compounds arc less soluble in the usual organic solvents 

than art the N-methyl-N-carbethoxyundecylamides and 
a compromise was sought via the USC of the shorter and 
readily available ,~-methyl-.~-~~~fh[lxy~nfylamides 

5-9V which are prepared from the acid chlorides 1-d. 

The ion selective behavior of 5-9V is about the same as 

that of the ,~,~~ipr(~pylamides S9PR hug their slight 
water soluhility makes them less dcsirahle for incor- 

poration info liquid-membrane etCctrodcs.lh The 
syntheses of the carbethorypentylamides are described 
together with the complcxation properties of thcsc and 
related ligands using picrdtc extraction and differential 
UV spectroscopy. 

&xrracfion of metal cation picrates by t/u ligunds 

The cxtraclion of metal cation picratcs from waler into 

an organic phase by a potential ligand provides a rapid 
screening of the selectivity of cation complexation of 

that ligand and a method for the comparison of the 
relative chelating abilities of different ligands.’ Figure 1 

(for 7PRl ilfusfrafcc the general appearance of the picrate 

extraction curve. Table I summarizes the relative ex- 
tractability of cations by various ligands. The c-is ligands 

7PR (Table 2) and 7V (data not shown) behave similarly 
and extract cations in the order: Ca” > Ba?- - Mn” > 
Sr-” b La” > .Wg” > Na’. Tbus the carbethoxypenfyl 

group in 7V did not enhance the ability of the ligand to 
extract cations. Both 7PR and 7V show a high M”/M’ 

r- - .- .-. - .-_ .-. - 
091 _ I. 

The reaction of acid chlorides l-4 with ?/-methyl-N- 
~~~thoxy~ntylamine 10 gives fhc amides 5-9V. Pre- 
viously, the ,~.,~-dipr~~pylamides 5-9PR had been pre- 
pared in the same manner.‘* 

We have also prepared the S-methyl-N-t~fadecyl 

amide SXVIII which can perhaps be more directly com- 
Fig. I The crtnction d cation ptcratcr from tatcr to mcthyknc 
chbrtde hy 7F’R at cstian concentratron of 10 ‘M (data of Tahlc t 1. 
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Tabk I. Cation p~crate extracIlon by ligands’ 

FracIIon of callon crIncIed 
PlCnc’ 

Ligand Ca” S?’ Ba” Mg” Mn” Acid 

7Pu 0.84 0.43 0.50 0.15 OS0 0. I4 
Wu 0.37 0.15 0.19 0.05 0.50 0.06 
N 0.64 0.25 0.30 0.19 0.29 021 
SPU 0.06 0.1 I 0.12 0.04 0.05 0.0s 
(Pa 0.06 0.10 0.12 0.05 0.05 0.06 
SXVUl 0.10 0.12 0.13 0.09 0.09 0.11 
9Pa 0.70 0.28 0.43 0.07 0.31 0.07 

‘ExperimenIal procedures as described except done between 
equal volumes (I 5 ml) of waler and CH,CI, aI 26’. l.igand - 
7.0 x IO ‘ht. picric acid = 6.86 x IO ’ M. carion = I.0 * IO *M 
using MCI,. The error IimiI is esIimaIed IO hc less Ihan 0.01 for 
extraction performed m InplicaIe. 

‘FracIion extrackd = 0.04 wiIhouI ligand. Done on a Gary 14 
speclrophoIomcler. 

selectivity even in merhylenc chloride (dielectric 
constant = 9). Such selectivity should be enhanced in 
solvents of higher polarity.’ incorporation of a r-butyl 
group into 7PR produces a conformationally more rigid 
molcculc~ 9R is somewhat less potent in its ability IO 
cxlracl Group II cations. but the selectivity sequence is 
retained. Thus some flexibility is apparently desirable in 
rhc cis-cyclohcxanedioxy moiety. The WO~J isomer. 
SPR, exIlacts less Group IIA cations than the rir-isomer 
7PR. The 1.2-phenylencdioxy ligand SPR and the naph- 
thalcncdioxy ligand 6PR extract cations IO a lesser extent 
than 8PR and do so in the order: Ra” - Sz’ > Ca” > 
Mg” _ MnJ’, 

The frans-ligand 8V CXI~XIS carions in the order: 
Mn” > Ca” > Ba” > Sr” > Mg” > Na’ (Table 3). The 
large extent of Mn” cxlraclion is interesting since Mn” 
has ken suggested as a substitute cation f?r Ca” (radius 
I.00 A) even though its ionic radius (0.80 A) is smaller.* 
I.igandc 7PR and 7V extract C$’ much more effectively 

Table 2. Carion picrak cxrracrion by 7PR 

FracIlon of cation extracted 

LlgandlpkriC Picrlc’ 

acid raIio Ca”’ “a’. Mn’. sr:. Yg” Sa’ la” acid 

I .9s 0.33 0 I.( 0.14 0.11 005 0.03 005 0.06 
3.90 0.55 0.25 0.22 0 18 0.05 0.04 0.065 0.08 
5.85 0.65 0.32 0 29 0.24 0.06 0.06 0.08 0 IO 
?.t?Ll 0.71 0.39 0 34 0.30 O.oh.( 0.07 0.10 0 IO 
9 75 0 76 0.43 0.39 0 33 0 07 0.075 0.12 0 I3 

11.70 0.80 O.uI 0.44 0.37 0.08 O.oR 0.13 0.13 
13.65 0.83 051 0.49 0.43 0. IO 0.09 0.13 0.13 

‘Berwccn equal volumes of water and CH,CI,. Picnc acid = 7 I7 x IO ’ .W. cation = 
10 ’ M using MCI:. 

‘Fractton exIracIed = 0.04 wIthout hgand. 
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Table 3. (‘alion picra1c exlrzc11on by IV* 

Iigandlpwnc Fracllon of calwon exlraclcd 

acid ratio Mn” Ca” Ra” Si' It&i of' 
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‘As for Table 2 
‘Fracfion cx1racrcd 0 04 wilhuul lrgmd 

(76-W% of the 1o1a1 (:a:’ is extrrcIed by l&l6 fold 
excess of hgand to picric acid at IO ’ M cation) than does 
dicyclohcxyl-Ill-crownd (11. IO% of Ca” extracted by a 
-B-fold excess of ligand IO picric acid at IO ‘hi cation). 

Our ligands are generally sclccrive for the complcxalion 

of the Group HA cations while the crown eIhers complex 
both Group IA and IIA calions.’ 

In picralc extraction measurcmenls. the assumplion is 
made that only picrate anions arc transferred and noI Cl 

which is used in the in situ preparation of the melal 
cation picrates. This was shown IO be valid for [he 

extraction of monovalent cation picrates with the actins 
by Eisenman et ol.” Data for divalen cation picraIes 

have not been available. Since the estimate of Ihe exIent 

of cation transfer could be complicated by Ihc transfer of 
picric acid, WC measured the enlent of picric acid Irans- 

fer by each ligand. Iuthough Ihe transfer of picric acid is 

not insignificant. iI is occasionally somewhat higher Ihan 

the Iraf'ISfer Of some piCIW3 such as ma@WSiUIn piCnlC 

(see Tables 2 and 3). This suggests IhaI our ligands have 
affinity for protons as has been shown in ion-selective 

membrane measurements.” The following daIa helped IO 

validate the use of the picrate extraction method for 
divalent cations. 

+We auempIcd IO calculalc cx1rac1lon cqudibrium constan 
using lhc method of Hayncs and Pressman.’ modiftcd for [he 
equdibna mvolvcd 1n fhc extracflon of dwalcn1 carions The 
trealmenl gave upuard curves instead of \fr&ghr Imcc II u-a\ 
suggcs~cd 1ha1 1h1s may be explained b) a 1rans11mn of cxlrac1ton 
mechanism5 from one involving caGon.ronnphore-amon’ - 
anion al lower ionoptwre conccnlralion\ 10 one involving 
calion-wnophorc-(anron), af h@cr wnophorc concentra1ron5.’ 
Therefore II us decided IO dela) ~hc c\1ima1ton of p&are 
exlraclion eqwlibriom cons1anfs unril more derailed work could 
be done m the fururc. 

The Iransfcr of “CaCI, from waler IO mcthylene 
chloride wiIhouI picric acid by 7PR was less Ihan 5% of 

IhaI obtained in Ihe presence of picric acid (see Ex- 
perimental and Table 41. In the prcsencc of picric acid. 
such extractions gave picraIe/Ca” transfer raIios of 2.0. 

l-irrthcrmore. Ihe percenr of Ca” transferred by 7PR 

with calcium picrate alone or wiIh calcium picrate-CaCI? 

containing varying amount\ of excess Cl varied by only 

3%. Much larger variation is expected if Cl were trans- 
ferred. ‘Thus the use of picrate transfer IO esIimaIe the 

amount of divalen calion transfer in our systems seems 
IO be jus1ified.t 

The complexaIion of various calions wiIh SPR was 

studied in anhydrous methanol. a solvcnI for which there 

IS much daIa on ~hc complexation of crown cIhers and 

other molecules. ” The single broad absorption of SPR 

at 272-273 nm changes IO a doublet aI 269. 273 nm upon 
its complcxarion wiIh various calions (Fig. 2). a situation 

reminiscent of Ihc behavior of dibenro-Ill-crown6 and 
oIher caIcchol-derived crown ethers.” A qualiIaIive es- 

timate of Ihe exIenI of complexation of SPR with various 

salts IS obIaincd by the method of Pedersen.* Thus, Ihc 
UV specrrum of SPR is taken in the presence of a large 

(usually My-fold1 excess of the salI in anhydrous 
methanol so as IO maximirc the possibility of com- 

plexation. Although ddfcrent anions are used. both our 

data and the crown ether work* suggest IhaI anion 
differences are negligible as long as the salf is soluble in 

methanol and does noI itself absorb in the 275 nm region. 

The following cations form complexes: Mg”. Ca-“, Si’, 
Ha”. Cd”. Na’. Ia”. Mn” and Cu-“. Weak complexa- 

Iion of 5PR is found with (‘o” and AI” and very weak 
complcxation with 1.i’. K’ and Ni“. Ir;o complexation is 

found with h’H,‘. i!n” or Hg”. The cffecr of waler on 

some of these complexes can be determined by com- 
paring the above results with Ihosc ohrained in 95% 

‘Table 4. Two-phuc cx1rdc1mn of ?‘a” hy Wit uith and wthou1 picnc acid 

Spccrc\ 1ran\fcrrcd’ 
Mole ralio 

Condition\ (‘enc. 7PR Toral “Ca” Picrate SCI”(“,~‘” Pit /“(‘a” 
---_.__ _ 

A wlh I51210 ‘M 1.76~ IO ‘mol 344x IO ‘mol I 66 x IO ‘mol 2.0’ 
picnc !O?* IO ’ ?.fLl x IO l 471X IO - 2.52 x Ill ’ I 8: 
actd 6.04x IO ’ 299x10’ 5 6: x IO * !%lX Ill ’ I YC 

R whou1 IClxlO ‘M O.Wl%xlOSmol 
ptcnc 3.O?XlO ‘M 0ogOxl0’ 
acid 6.04x IO ’ Ou!l7x10’ 

‘From wa1cr IO mc1hylcne chloride 
‘Oblained by A-H 
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Fig. 2. Changer in UV absorption of 5PR13.4 x 10 ’ M in methanol1 upon the additronof SO-fold ekccssof the indtcated 
salt usmg a Gary llll spcctrophutometcr. 

ethanol. In the presence of S’S water. the Ca-“, Si’ and 

Cd” complexes remain stable, the Ba” and Na’ com- 
plexes are partially decomposed, while Mg” does not 

complex with 5PR at all. 
Further data on the rclativc stability of isolahlc prc- 

formed complexes of SPR to water are given in ‘fable 5. 
The ordering is: Ca*’ > Si* > Ba” + hip-“. More detailed 

info~ation can be obtained by the addition of incrc- 
mental amounts of a salt to SPR. It is found that the 
spectrum of the complex forms fully at W-1.2 

equivalents of salt with no further signi~cant change for 

the calcium. strontium and barium complexes (Fig. 3). 
The sodium complex starts to form at IO: 1 tsaltlligand) 
and does not fully form until 40 equivalents of Nal have 

been added. 

Differential UV spectroscopy was utilized to obtain 
the stoichiometry of complexation.‘” In this method, 

ligand is initially present in both beams of the tpec- 

trophotometer and the differential spectrum of the 
complex is recorded as a function of added increments 

of a salt to the sample cell until there is no further 
change in the WV spectrum (see Fig. 4). The data thus 

obtained for SPR and 6PR were analyxd by the mole- 

ratio method” to give the stoichi~~met~ of chelation. It 
was thus found that SPR or 6PR gave 1: I ctoichiometry 

with the bromides of calcium. strontium, or barium in 

methanol if the concentration of ligand wa\ kept at a 
maximum value of 5 x 10 ’ M. The stoichiometry of 

complexatton of 5PR with lanthanum tribromtde was 2 
ligand: I cation. In order to cstimatc formation constants 

Fig. 3. Changes in the CV ahsorptron of SPR (co. 7 x IO ‘M in 
anhydrous methanol) upon the addition of the mdicatcd molar 

cqui\alcnts of CaRr,. 

in methanol, and to obtain the ordering of the com- 

plexation of various cations for one ligand, we at first 
used the graphical method of Prcstegard and Chart.” A 
plot of the fraction of UV absorbance change/total ah- 

sorhance change vs ~tion~ligand ratio for !tPR and 

CaRr? at a ligand conccnt~tion of 9 x IO ’ M generated a 
smooth curve with all of the data points within the 

theoretical I : I limit” and a KI of I.1 x 10’ M ‘. Higher 
concentration of SPR gave the initial parts of the curve at 

the limit (at 5 x 10” M. Fig. 5) or outside of the limit tat 
6.67 x IO ’ hi). suggesting the presence of complexes of 

higher stoichiomctry (2: I. etc.). especially at the begin- 

ning of the cation addition, when the excess of ligand is 

Table :. Stahilit) of complexes of SPR and WR in methanol fouard water 

Complex’ Rchavior m methanol-*a&r mixture 

5PR. MpBr, ikcomposcs completely with 3 E+ water 
SPR. C&r, or Decomposes with W-40% water Some complexation 

CarSCSl, dW4 sull present in SO% water (by dil?erential CVr 
SPR. SrHt, Decomposes with 40% water. Slight amount of 

complexation left. 
5PR. H&r, 
6PR CaRr, 
6PR. LMsCNl, x:0 
Wit. HaBra 

Ikcompses completely with 30% wdtcr. 
Ikcomposcs completely with 35% water. 
lkcomposcs completely with 10% water 
lkcompour completely with 30% water. 

“Either isolated or ~ud~d present m solution by the dilTercn- 
Gal UV method. W,OWH,O mixtures were prcparcd at con- 
\tant complex concentration for proper tiY 5pcctral comparison. 
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fig 4. Differcnkd l!V btratton of SPR 10 6i x IO ' $4 m anhydrow 
methanol) with 0.1 molar cqulbalcnl\ of C.&r, unul no further 

change I\ found (’ I.fold CUX\\I. 

at a maximum.” Roth SPR (at .( x 10 ‘ M, Fig. .(I and 6PR 
(al 4x IO ‘M) give complexation ordering with the 
respective bromides of: Ca.” * Sr” > Ha”. Formation 

constants for all of the\e casts could he calculared h! 

computer estimalion of “eta” values as previously de- 

fined.” These K, values. however, were all 20-.3W 
higher than those calculated a~ lower concentration\ 

using Scatchard PIOIL and they are prcsumahly let\ 

accurate. 
The presence of 3% water louered the Kc for SPR 1 

CaRr! by CQ. 60% (from I.1 x IO’ M ’ IO co. 4 x IO M ‘b. 

beyond the error of the method which i\ e\rimatcd to hc 

2&300/c. All of the K, values arc “apparent” since ac- 

tivity coefficients of CaHr, (and rhc other AI\) are 
unknown in methanol.” 

The possible ambiguities of stoichiometry cncounlcrcd 
in the ahove studies a\ well a\ theoretical con- 

siderations” encouraged the u\e of more dilute solution\. 
The ligands SPR and 6PR give I: I stoichiomctry with 
ligand concentration al or below 2.45 r IO ’ Y. whcrca\ 

the ligands 7PR and 8PR give more complicated be- 
havior.” 

The importance of the ha\ic \y\tcm featuring IWO 

oxygens and two amide group\ IO the complexation 
ability of our system\ is dluslrated h) the followinp data 
No complexation of CaHr, in methanol (as judged h) the 

UV spectroscopy technique utilidng a large excess of 

salr) is given by catechol. dimethyl I,Iphenylenedioxy- 

diacerare. I .!-phenylenedioxydiacetonitrile or phenoxy- 

acetic acid NJ-dipropylamide. Dierhyl trans-l.2- 

cyclohexancdioxydiacetate in methylene chloride does 

not exlracl calcium picrdk from waler while cyclo- 

hexyloxyacetic acid NJVdipropylamide extrzcls only a 
very small amounl of calcium picrale. 

The addition of rhe halides or thmcyanates of the 

Group It.4 cations IO our ligands cause induced proton 

and “C S’MR shifts. Such cation-induced shifts can be 
used IO estimate complexation sites.“’ Our preliminary 

results’, chow. for example, that rhe addition of CaCIz 
(0.9 equivalents) IO 7V and 8V in methanol causes mainly 

downfield shlfls of varying magnitude. These range from 

very little (0 or 0.01 ppm) at the ethyl protons IO larger 

shifrs t- 0.47 ppm) at the methine and methylene protons 
adjacent 10 the ether oxygcns. The shifts are gradual and 

can be followed by mcrcmental addition of the salts to 
rhe ligand in methanol-d, or deuterochloroform. Si- 

milarly. the fully protondecoupled “C NMR spectra of 

7V and 8V show cation-induced shifts which are largest for 
the carbons of the cyclohexanc ring and the S-methyls of 
the amide groups. The relatively larger shifts around the 

ether and amide groups. as compared with rhe car- 
herhoxypentyl groups. suggest that there is more cation 

complexarion al the former sites.” 

Another approach IO the study of complexation sites 
on a ligand is the determination of the effect of the 

complexation of a ligand upon the spin lattice relaxation 
times IT,) of the individual carbons. The T, values for all 

of the carbons of N were determined before and after 

the addition of calcium or barium thiocyanate (IWO 
equivalents) by the Inversion Recovery Fourier Trans- 

form (IRFI’) method.” As shown in Table 6. the overall 

cffecr of complexation is a general reduction of the T, 

values for each of the carbons in both complexes com- 

pared to the corresponding carbon in the free ligand. 
This anlicipatcd result can be attributed IO IWO factors. 

There is an increase in viscosity of rhe solution upon salt 
addition.‘L This is known to increase the correlation time 

(7.) required for the rotation of the molecule for carbons 

which relax by dipole-dipole (DD) relaxation me- 
chanism\. Since ‘I’, (DD) is inversely related IO T<. this 
effect results in shorter T, values. Complexarion with a 

metal cation gives a ligand more “bulk” which also 

serbcs IO decrease the rate of rotational motion. and 
increase 7.. since the heavier complex tumbles more 

. slowly than the lighter ligand.” 
II is Ggnificant that the T, values of some of the 

-0 Cl 05 I.0 I.5 2.0 

W.&WAND) 

Kg. C Mole-ratlo plot\ of dar.1 ahtamed from diffcrcntlal LV urrarion\ of SPlt wth 0. CaHr,; A. SrBr,. m. BaBr:. 
I.tgand conccntratmn .’ ( x IO ‘M The dolled IIW I\ ~hc rheorctrcal lrmtr for I I sroichmmclr) of hgamilcation. 

AA t\ the ohwr\cd ahwrhane change fwnd wrh exccs\ added cation 
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Tabk 6 “C !$+n-lauice relaxation ~irnes and ratios of T, values for N and IIS 
Ca” and Ba” complexes rn methanol’ 

Carhow. 

Iv 

T, values (5) 
1.2 3 4 4’ 7 8 9 10 II 

Free l&and 
Lrgand + Ca” 
added (2 equlv) 
L&and + Ha” 
added (2 cquiv) 

0.35 0.41 0.55 2% 0.73 1.01 1.31 3%0 3 72 

0.09 0.09 0.13 0.50 0.27 0 37 0.53 I.50 1.79 

0.09 0.11 0.13 0.62 0.18 028 0.45 I.24 1.61 

Raw of T, values 
3.9 4 7 4.2 5.0 2.7 27 2s 25 ?.I 
40 3.9 4.3 4.0 4.1 3.7 2.9 3.1 2.3 

‘Lrgand (O..(M) repetition lime 15xc.; 128scans; pulse interval limes; 
infinity. 6.5, 3.0. 1.0. 0.5. 0.25. 0.1 sec. Complexes repcririon times. Ssec., 256 
scans; interval rimes: inhnrly. 3.0. 1.5. 1.0, 0.5. 0.2. 0.1. 0.01 xc T, values 
calculated from semilog plots of & - A vs pulse interval tune ‘M’ 

carbons in 7V decrease more than do others (Table 6). 
Thus the addition of Ca(.SCN), IO 7V causes a decrease 
of four or five fold in the T, values of carbons next IO the 
ether oxygens. the N-methyl carbons and the ring 
methylencs. The other T, values are decreased only IWO 
or three fold. II is believed that the changes in T, values 
for carbons 4 and 4’ arise from the change in the degree 
of segmental motion” resulting from complexation with 
calcium. During complexation the greatest restriction IO 
segmental motion is expected to occur at or near those 
sites of ion-dipole interaction. This results in the “an- 
choring” of the chain at rhese sites, effectively restricting 
segmental motion. The result is enhanced shortening of 
the T, values at these sites, in addition IO shortening 
caused by greater viscosity and bulk. The effect of this 
anchoring decreases down the chain. going from a factor 
of 2.7 at carbon 7 lo 2.5 at carbon 9 IO 2. I al the terminal 
methyl. The continuous and consistent decrease in T, 
ratios suggests that the restriction of segmental motion 
as a result of complex formation is smaller farther away 
from the ring. Thus, the results again suggest that com- 
plexation under these conditions does not involve the 
esler group. 

The barium complex shows similar results hut the 
overall effect on T, values along the chain is greater than 
in the calcium complex. This suRgesIs that there is 
greater restriction to segmental motion in the barium 
than in the calcium complex. The larger harium cation 
sterically hinders the rotation of the side chain more than 
does the smaller calcium cation. assuming the same 
sloichiometry of binding for both cations.+ The reasons 
for rhe large change in T, values for the ring methylenes 
upon complexalion arc not fully understood but presu- 
mably include restriction of motion. 

+Sterlc cffcc~s. for example. have bccn uud IO explain why IIX 
methyl group in 9~mclhylanthraccne (no preferred conformalmn. 
T, - 14\) has a larger T, value than rhc methyl group in I- 
mcthylnaphrhaknc (T, = 5.81) which is forced into a preferred 
conformation by the ptn-hydrogen.” 

The overall changes in T, values of 2.1-5.0 are less in 
methanol-d, than they would be in a non-hydrogen bon- 
ding soIvent.‘k.‘s.D T, values for the carbonyl carbons 
are not included since the relatively long relaxation times 
of such carbons (l&30 s)‘~ m precluded their inclusion in 
our study. 

In summary, all of the NMR methods used suggest 
that the major parl of the complcxation of 7V or 8V with 
calcium or barium cations in methanol occurs at the 
ether oxygens and amide carbonyls with very littk 
compkxation at the ester groups. Further work on the 
detailed nature of the NMR changes for our lipnds upon 
interaction with various cations is in progress. 

The extraction of cation picrates is mainly useful for 
the qualitative comparison of the relative ability of dif- 
ferent ligands IO transfer cations from water IO an organic 
phase and for the relative ordering of cation transfer for 
a given ligand. The aromatic ringcontaining ligands. SPR 
and 6PR. transfer the Group IIA cations in the order: 
Ba” - S3’ > Ca” > Mg”. the same ordering found for 
their selectivity when incorporated in ion-selective liquid 
membrane electrodes by Ammann et o[.~ A rationaliza- 
tion for this selectivity sequence is that it is related in an 
inverse manner IO the free energies of hydration of the 
cations,*.’ i.e. the most strongly hydrated cation. Mg”, is 
the most difficult lo transfer from water to an organic 
phase. Furthermore. this ordering is generally found for 
the binding of these cations lo large anions (usually of 
strong acids); the larger cations can pack larger anions 
around themselves more easily.’ Perhaps such an ar- 
gument can be extended IO our chelated cations with the 
relatively large picrale counter ions. The siluafion is more 
complicated. however, for the ligands 7PR and 8PR 
which transfer: Ca” > Ba” > Sti’ and Ca” > Ha”, Sr”. 
respectively. hut show ion-selective electrode behavior’ 
in the ordering: Ca” > Si’ > Ba-” N Mig” for both li- 
gands. Among rhe reasons for the non-correspondence of 
the ordering obtained by these different methods which 
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involve organic phase/water interfaces may be the 
differing polarities of the organic phase, the different 
stoichiomttrits of hinding that probably pertain in thcsc 
methods,” and the influence of ion-pairing especially in 
the picrate method.” 

Assuming the yet unproven compl~xat~on of amide 
oxygen rather than nitrogen, the *‘cavity” formed by the 
ether oxygcns and amide oxygens in a squze planar 
array is measured by CPK models to be 2.4 A for SPR 
and 2.tL2.2 A for ?PR and SPR. The flexible nature of the 
“cavity” observed does not allow firm conclusions. 

It is of interest that the ris-tigand 7PR transfers more 
cation picratc than does the rrans-ligand SPR. Too rigid a 
structure causes a small decrease in tht amount and 
xlectivity of cation transfer (compare 7PR with its 4 
(err-butyl derivative 9PR). As anticipated. the aromatic 
ring-containing ligands 5PR and 6PR. which have less 
basic ether oxygens. transfer much less cation picrate. A 

similar situation occurs with dibcnxo- t&crown-6 vs 
dicyclohcxyl- I%crownfi.‘” 

The stability of preformed complexes of SPR to water is 
in the ordering: fa“ > Sr” > Ha’. )r Mg”. This stability 
ordering is also found for the ~~)mpl~xaFion of the cation 
dibromidec in anhydrou~ methanol with 5PR and 6PR 
where the ~toichif~m~try is t : t. Our results indicate that 
this ordering also hold\ for ?PR although the stoi- 
chiomrtry of binding is nor 1: I hut more complicated 
This ordering may indicate a held strength effect fstrong- 
cr hinding hy the smaller and more intensely charged 
ions) with deviation for Mg-‘. because of its small radius 
which does not allow cfficicnt “packing” of all of the 
necessary rhclation sites (the “radius ratio” effect”). It is 
interesting that the ordering C’a” > Sr” > Ba” S+ Mg” is 
found for protcinr such a\ troponin.” extra-cellular en 
zymesp ligands such as ?*~.~thylenedioxy-his-~cthyi- 
fiminodiacetatclfP and for ~~xadia~ctic acid.“ However, 
it IS not yet possible to predict ordering or to form 
general conclusions about the ordering for these diamide 
ligands. We note that Kirsch and Simon” have obtained 
other ordering sequences for their acyclic ionophorcr’- ‘* 
which arc not that structurally dtffcrent from 7PR Or 
SPR. 

In summary. our new class of cthylenedioxy. 
diacctamide ligands have complcxation selectivity for 
Group IIA cations vs many others cations. The ordering 
of selectivity within Group HA, as determined by binding 
studies in methanof, follows the sequence found for 
Fmponin and other peptides. 

Most of the solvents used were drrcd by d~~tilfati~~ over 

phosphorus pcntoridc, calcium hydride or lithium aluminum 
hydride. thganic solution\ uerc drrcd over magnesium sulfate. 
‘H NMR spectra uerc recorded on a Varian A-60A ~pcctromcrcr 

at 6OUHr. using TMS as an internal standard. Mass spcctrd 

wcrc taken on a IbPont (‘EC 21-492 ma\r spectrometer. 
Infrared spectra ucrc recorded on Pcrkin Elmer 300 or 467 
\pcctrophotomctcr\ UV \pcctra Yerc recorded on Pcrkin Elmer 
402 or Carv 14 spctrophotomcter~ tn anhydrou% methanol or as 
othcrwtsc *indicated. TIC wit\ done on Brinkmann silica gel 
HIi,. or F;tsrman Kodak stlica gel and alumina prccoatcd plates. 
The ~lvcnts u-me drcthyl ether. chloroform. tricthylaminc 
tu)lvcnt At or dicthyl ether. benlent, tricthyiaminc (solvent R) in 
I : I I ratio thy volumes). Sl.ps scrc taken on a Thomas-Hoover 
“Onimtlt” apparatus and arc uncorrected. as arc the boihng 
pomts. 

reaction of caprolactam with dimethyl sulfate 11.3 equivalents1 in 

benzene at redun for 16 h. followed by conversion of the rcsul- 

tam O- and .Vmcthylatcd products IO 12 by further reflux for 

6h after partial purification: b p. 105” tIOmm1 [lit.” b.p. 12U 

~19mml]; IR incat) 163Ocm ‘; NYR (CIXI,) 6 1.5-1.57 tm, 6. 
CH,), 2.3-Z.! (m. 2. N-CWlj, 2.9 Is, 3. CH,]. 3.2-3.4 (m. 2. 

CH,C - 91. 
N-MCJ~vi-N-S-C~rbf?hoXypcnrylaminL HCI il. Reaction ul 12 

with cunc HCl at rcflux for 2S h. followed by a benzene arco- 
tropc to remove water and partial removal of solvent gave 
N-mrrhvf-N-S.cluboxypcntylamiM. HCI in 87% yield: m p. 86 

86”; IR lnuioil 1710cm ‘. Reaction of the acid wrth HCI gas in 
ethanol at .Y for l.Sh pvc 1) in 8lR yield: m.p 87-91;“; IR 
f?;utoll 174Ocm ‘: MS tfOeS1 mie 173 Ihi’-HCli. ISIt. t29. 128. 

ior: loo. 86. 73. 69. jr3, 44; NMR IDMSO-dJ 6 1.2 II, 3, 
CHCH,), 1.1-2.0 (m. 6. CH,). 2.3 (I. 1. NCH:). 2.5 6. 3. CH,?;). 
! 8 tm. 2. oCWXrCH,I, 4.1 tq 2, CH,CH,). 

I.?~Phrn~lnediaxydiacrric acid N . mrrhyl N . 5 . car. 

hnhoxyptnJy/omidf 9’ 183sEl was obtained as a thick oil from 
~hc reactron of 1.2.phcnykncdioxydiacctyl chloride” with M - 
methyl N . E . c~t~xy~ntyiam~nc hydrochloride (two 

cqutvakntrl and tr~thylaminc (four equivalents1 in CH,CI, at 
4-6” free-bath) over 30-SOmitt wifh stirring. In a general pro- 
cedure, solvent was removed after 1-Z h, t~cthyl~i~ 

hydr~hlor~c was prccipttatcd with dicthyl ether. and the filtrate 
was concent~tcd to give the product. .Any spcctal treatment is 
described. For !W: IR fncatl 1640, I?lOcm ‘: NMR lCDCl,t I 

6% I\. 4, aryll. 4.71. is. 4, tXHIC=t)l. 4.08 fq. 4. CH,CH,l. 3.4 
tbr I, 4. !X’H,l. 2.9. 3.03 Its, 6 NCH,)& 2.lS. 2.30 12s. 4, f’HrC=O). 
1.4 fm. 12). I 2 It. 6. CH,CH,l; TLC R, 0 35 ICHCI,: lCIH,hO: 

IC:H,l,N. I: i : I, solvent A): MS (7OcVI mlc Ire1 intensity) 5% 
(hi’. 91. 491 117). 336 11all. 306 131, 214 167). 200 1201. 186 135). 
172 165) Calc. fur C,H,S,O.: S.36.31094. Founds .‘.%.31067: UV 

mar 19S’k C,H,OH1?72 nm le 17201. 
cis - 1.2 . Cyclohlxonrdbxydiocaric acid ?;.mcrhgl-?;.S.c-or. 

~~~oxy~~ry~urn~c ‘Iv. Liquid, 8S9i as above: IR (neat) 1730. 

164Ocm ‘; ?WR 1CCl.t d 1.2 It. 6. CHXH,). 0.9-1.X fm, 2Ul. 2.2 

It. 4. CH,C*t, 2.9 Id. 6. SCH,), 3.3 tm, 4. CH,N), 4.i.C Is, 4, 

f HzfB+ 4 I IQ, 4, CH,t-H,), 3.55 tm. 2. CH-01: MS r7OcVI mir 
1~1.intcnsityjc~~. for C H Y 0 : S42.3567. Pound- W2.3572; a ID. I . 
!4? (M’. 7). 497 181,342 (4). 231 11001, -XX7 12Rl. 186 1301. I?? 061, 

129 f31; TLC R+ OS fsolvent RI. 
trans . I.? - t~~lnhex~nfbinxvefric acid S - mfJh?i . h’ - S . 

~~#fJ~~x~p~J~~umjdf SV. 1:iquid 8.541 from rmns . 1.2 - 
cyc~~aa~dtoxydiacctyl chlortdc” as above; IR Incat) 1730. 

164Ocm ‘; SMR fCCl,l 6 1.2 It. 6. CH,CH,t. 0.9-1.2 lm. 201. 2.2 

II. 4. CH,C=W. 3.0 Id. 6. NCH,). 3 4 (m. 4. CH,N). 4.15 IS. 4. 

CH:O). 4 1 tq. 4. CH,CH,). 3.6 lm. 2. CH-01; MS t7OcVl m/c 
Ire1 rntenrityl Calc. for C H N 0 : S42.3567. Found. 542.3572: n u) , I 
w M. 61. 497 1161. 342 (9). 328 (44). 231 t100,. 200 1321, II?6 
1300). 172 lu)f. 129 1441: TLC R O.JS tsolvcnt RI. 

2.3 . MophJhalf~fd~*x?dioCcric arid N f mcihvf . N . f - 
~o~~ho~~pear~iorn~f 6V. Obtained as a brown oil 11.3 R, from 

2.3.naphth~c~diuxyd~~ct~l chloride’” as above1 which was 

chromato~p~d on silica gel iSOr and clutcd with dicthyl 
ether: tr~th~laminc: bcnrcnc I I: 1 II-solvent RI to gtvc 1.2.g 
t;iB of liouid LV: TLC R 0.3! fsol+cnt Rt: IR tncatl 1730. 

16Wcm ‘; %MR ICfLt 6 1.2 It. 6. CHKH,). o:lt-1 8 tm. 121, 2.1 

fm. 4. CH,C=CIl. 2.9 Id. 6. NCH,), 3.2 tm. 4, NCH,). 40 lq. 4, 
ff1,fH.f. 4.? 1s. 4, QCH,t. 7.Q7.8 fm, 6. arylt. MS t?OcV) m/r 
Ire1 intcnstty) cl86 IM”, 141. (41 1141. 386 fl#), 214 ff10l. 185 1521, 

172 1361. 129 ISSI. 11s 126). 87 (x8). ralc for C H N 0 S86.32S4. B1 * 2 . 
found 486 3234. 

et\ 4 - I - Rufyl . cis . I.? . ryclohfxancdioxydiarfric acid N 
mfJhy/ _ !i 5. corbffhoxypfntylomidrf W.l~qurd.4l~ from the 
reactton of rir - 4 . I - tmtyl cu . I,? _ cyclohenanedioxy- 
diacttyi chloride k and ,V - methyl . :V 5 _ carbcthoxypcn- 
tplamine hydr~h~~de as for N: TIC R, OS f~lvent Hj; IR 
(neat) 1730. 164Ocm ‘; NMR (CCL) 6 09 Is. 9. t-butyl Hi, 1.2 (I, 
4. CHSHlt. O.R-2 1 lm, 19). 2 3 it. 4. CH,C-OI. 2.9 td. 6. NCH,), 
3.8 tm. 2. CK’HI, 3.3 fm, 4. NCH1l, 4.07 IQ. 4. CH,CH,l. 4.0. 
4 I? 12s. i.tFH:I MS IfOeV) m/r (rcl intcns~t, S98 tm*. 11). 183 
t4t. SS3 IlSt. 4SS (61.398 (4). 384 1161, 340 IFI). 3fO 02). 244 (WI. 
232 ttOO1. 2.30 1%). 2IS 1271. 200 (761. 186 t36t. 172 (471. 160 041. 
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IS4 (19). 128 (92); Calc for C,zH&,O,~ 598.4193. Found: 
598.4182 

I.2 - Phmylenediorydiacefic actd N . methyl S oc- 

mdcrylamide SXVm. Ohlaincd in 24% ycld as above from I. 
.~~rneIhyloc~adecylamine (2.0 cquitalenls). and Iriethylamine (2.5 
equivalents). Afkr removal of mot1 of rhc IrieIhylamioc 

hydrochloride. the producI (which has a Iendency IO gel) was 
washed wlIh m HCI. water and dried IO give a pak yellow sohd. 

m.p. 49-ST. which was recrysIallircd from benzene and eIhand 
IO give a whiIe solid: m.p.: SS-SIP; IR (Nujd) 1680. 17OOcm ‘: 
TLC (EIOAC) I spol (It, 0.4); NMR (CCL) 6 09 (I. 6. CH,). 

1.1-1.4 (m. 64. CH,) 2.9. 3.1 Id. 6. CH,P;). 3 3 (br I. 4. CH,N). 
4.65 (s. 4. OCH,C-O). 7.0 (s. 4. aryl). Anal. Cak. for C, 
H.,N,D,: C. 76.13; H, I 1.71: N. 3.70. Found: C. 76 37; H. 11.90; N. 
3.64. 

Picrarr rxrmcfion prucduns 

The method wvas esscntlaly IhaI of FrendorfT.^ Aqueous 
solurions were made up from srandardiztd srock solurtons of 

NaOH. KOH and orher Inorganic reagents and p~cric acid. Cal- 
cium p~crate. for cxampk. was prepared either by ncuIralizin8 

picnc acid wiIh CafOH), aI 7 x IO ‘M. with CaCI, added to a final 
[Ca”] of 10 ‘M. or by addmg excess CaCI, IO picric acid. The 
ionophores were dissolved in merhykne chloride. F~ual volumes 

of the IWO solulions in sloppcrcd cenrrifuge lubes were mixed in 
a multi-purpose roIaIor al 8Orpm for ahour 5 mm lo ensure 

compkte equdibration. Cenlrifugarion was needed for compkre 
phase scparalion. Tk cxtracrions were conducred aI 25: I.(P. 
Equilibnum picrarc concenIraIions in boIh phases were derer- 
mined with a Perkin Elmer 402 spccvophorometer. The IWO 

mcrhods of dckrmimng picraIe in the organic phase (the 
direcr value and ~hc value obrained by difference from the 

aqueous phase) agreed well and the organic phase value was 
usually used. PiCrdtC exllncIion cocfficlcnts in waler (I4m M ’ 
cm ’ at 354 nm) or merhylene chlonde (18000 M ’ cm ’ al 

370 nml were deIermined in separaIc runs. Exrracrion of sodium 
picraIe (from NaOH-picric acid) wiIh CH,Cl, gave no deI&abk 
picra~e absorprion in rhc organic phzuc (see dal;l in Tables l-3). 

The data In TaMe 4 were obIaincd using ICSI lubes containing 
an aqueous solulion of 7.0 X 10” M pi&c acid and 1.0 * 10 ’ M 

CaCI, with a trace amounI of “CaCI, (1.0 ml) IO which was added 
merhykm chlor& (I 0 ml. wiIh or WII~~UI dissolved 7PU). The 
ICSI rubcs were capped. voncxed vigorously, roIaIcd ar 4Orpm 

for 15 min. and then cenrnfuged using a Iabk-Iop cenrrifugc for 

co. 5 min. Aliquors of Ihc aqueous layer were Iaken for 
mcasuremenl of picraIe absorbance aI 3Shnm wiIh a Cary 14 
tpccIrophoIomcIer and for radmacIiviIy counIin8 with a Beck- 

man LS 230 liquid scintillarion counIcr. The nel amounl of Ca” 

Iransfened IO the orgamc phase in rhc presence of picric acid 
was obIaincd by subIracIing lhc amounl of (:a” Iransfcned in 
the abvncc of picric acid from the amounI of Ca” transferred in 

11s presence (KC Table 4). 

7irmIion m&hods 

Anhydrous CaBr,. SrBr:. BaBr, and MgBr, (ROXIRIC) and 
oIhc.r sails were used as received and kept under niIropn in a 

dcsiccaIor. For qualiIaIive rIudier and the dekrmination of stoi. 
chiomcrry of binding by nmk-raIio melhods (Fig. 3-5). ligand 
solurions m anhydrous methanol were prepared b) dduring a 
0.1 M srock solurion IO ~hc cxpccIed suIIabk concentrarion For 
Ihe difTerenIial spccrra (Fig 4). ligand solurion was placed in each 
I-cm cuveI. (‘alion solurion (0.01 M. 0.1 M or I 0 M) was added 
via a 10-rl syringe so that volume changes could be ncgkcIcd. 
After each addiIion. rhc cuvet was rhoroughly shaken kforc the 
UV spcclrum was recorded with a Perkin.Elmcr 402 spcc- 
IrophoIomcIer. Addtuon was IO the reference cell for con. 
vcnknce since rhc hpnd calion complexes have lower ab. 
wrhance than 1hc ligand in rk 280 nm wavelength region. For Ik 
daIa in Fig. 2. X).fold excess of sahs was used dirccrly. Alok. 
rario plots (as in Fig. .C) were constructed according IO PrcsIcgard 
and Ghan.” EsllmaIes of lhc apparenr K, values were done b) 
companng the experimental curves wlIh rhosc generared by an 
IBM II30 compulcr for difTerenI “cIa” values.” 
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