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CHROMATOGRAPHIC BEHAVIOUR OF AMlNOPHOSPHONlC ACIDS ON 
. LAYERS OF ANION AND CATION EXCHANGERS 

The-c2~rc3int~togrtlp~~ic hchaviour of I6 aminophosphonic acids on anion and 

cation esohangx-s uith polystyrcnc-. paraffin- and ctlIulost~-fxsed nutrices has been 
investigated. The efuents used \vert’ bu!Ter solutions. mincraf and organic acid solu- 
tions and water-organic solvent mistuws. Interesting results \vwt’ achieved lvitfz t\vo 
successive dc\dopmtnts in thr sane rlucnt_ On polystyrt’ne-based anion cschsngx-s, 
an L~USLI:~~ pH graditmt t~3rms. \vfGch determines the chromato~rt~pl~ic hehtlviour c-tf 

the :tminophosphonic acids at changing butti-r conccntcltians. 

IXTRODUC-I-IOX 

Ion-cscf~mgr chromato~mph~ has hccn Lvidcly employed kx the isoltltion ot‘ 
:~miiiopliospflc3~~ic acids frc3ni hiofogicaf systenISL-” and to scparatc I-arninorthyl- 
phosphonic acid (cilintinc) from phosphoryfeth:~no13mineh-;. \Vith this tecliniqur. it 
has been possible to isof:ltc 2-~lminc3eth~lphospho~~ic acid’-“_ its N-mrthyl. N-N-di- 
methyl and N.N_N-trimcthyl drrivativcs’. and 2-amino-3-phr~sphonopr~pi~~~~ic acid 
( PA I-)‘. 

Corresponding \vork on the separation of naturvl snd synthetic zninophos- 
phonic acids. however_ Itas not f23lfwvrd the \vide :lpplic:ttion of ion eschtmprrs to 
natural compounds_ There appear to be only t\vo papers concrrning the use of cation 

It was thought useful. ther&orc. to extend the investigtion of 
of ~tntinoptii’sphonic acids on thin layers by continuing our studies 
changers and extending them to anion exchangers lvith pofystyra-w- 
based matrice_ 

EXPERIMENTAL 

the hcfia~ioitr 
on cation es- 
and cclfulos~- 

Dowcs 50-X4 (H’). AC 1-X4 in the acetate and prt3pionste forms ( AcO-. 
Pro- ). Resyn 102 (H T ) and afginic acid NJ thin Iavers (thickness SOO,wn j \ft’re prqxwed 
by mixing Z g of the exchanger uith 6 g of n;icr*&yst3ffine cellulose in 10 ml of mm-. 

Thin layers of DEAE-cell~~fose (Ceffes D) \vere prepared from 6 _ 0 of the sschanger 
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Phenylakmine 0_75 0.75 

CiItmm~ic acid 0_06 0.15 

Aspartic acid 0.05 O.I:! 

w The amino acids not reported migrate with the solvent front. 
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X4 (A&-) layers. elutin~ with ttcctate bulk solutions with concentr:ftions between 
0.01 and 0.25 M_ The compounds with two alnino groups run Lvitli the solvent front_ 
independent of the buIk concentration in the clucnt. Of tlw aminophosphonic acids 
with one amino gro~~p. those \vith an aromatic ring in the side-chain are retained more 
than those with an aliphatic side-chain. Of the latter compounds_ the rctcntion dc- 
pcnds on the position of the amino group and the rctcntion scquencc is I-amino .‘:- 2- 
amino ::- 3-amino. As expected. the t\vo compounds \vith two acidic groups in the 
niolecule sho~v the greatest retention. 

It should bc noted that the intluencc of the number of-carbon atoms in the ali- 
phatic side-chain on the chrom:rtogrr~phic bchaviour of the I-aminophosphonic xids 
is ncgligiblc bccnusc. \vith the exception of I-nminometl~~lpl~~~spl~~ic acid_ the acids 
haw similar RF ~:~ILI~s_ Such bchaviour is dillircnt from that observed for the s:lnlc 
acids on cation eschang~rs on both CO~LIIIII~? and thin layers’ but is similar to that 
observed for the corrcspondin, *x amino acids on polvstyrcne-based ~tnion-~scl~~~n~~ 
papcrsxL_ This hehaviour is cnrrelr~tt-‘d \vith the grwtcr influence of the innic intcmc- 
tions cornpat-cd uith the non-ionic intt’rr~ctions bcttr-een the sid+chnin c,ftileco~llpo~~~ld 
and the nwtris of the eschan~cr_ The importance of- the ion-cschangc piocsss \vas 
attributed by Knight” in the case ofamino acids to the larger dillkenccs bet\vcen the 
pK2 va1~1cs thxn those bet\vcen the pK, values. This assumption \v;fs not supported by 
the rspcrinxntal results_ as the pK2 vrdues of glwine. \alint and lwcine difkr kss _ 
than the corwspondin~ pK, values_ 111 our opinion_ the -_ ~wxitr’r inflttencc of the ion- 
cscllan~c pt-occss is probably due to the Jccrcasc in the non-ionic intcrsctions betivcen 
the side-chain OT the amino acids and the matrix of the cschangcr as :I result of the 
partial or total protonation of the amino _ cm~up dcpmding on ths pH of tht- cluent. 
Owing to the close analogy bct\vct-n amino acids and ~tminophosphonic acids. NT 
consider that the bchaviour of‘ the latter compounds may be csplaincd on the basis 
of this sarnt’ :tsswnption. The similar brha\kwr observed on anion eschmgers in the 
cast‘ uf aromaric amino acids” supports such :L hypothesis_ 

The bchaviour of aminophosphonic acids on AG l-S4 ( AcO- ) mtty be used 
from an :~n:tl_vtic:il st:mdpoint. Of the separr~tions that cm1 bc prcdictcd on the basis 
of the RF v;dur’s_ \vt etkcted the !%Ilowing: 2-~~n~i~~oetl~vlpl~ospl~~~~~ic, 3-mninopropyl- 
phosphonic and I .2-diamit~octl~ylpl~~~spl~~~~~ic acids (0.01 JI acetate bulk): 2-mnino- 
2-(l-h~-drosvphe~~~~l)etl~vlpl~osphonic and l-amino-2-pl~c~~~-lettl_vlpl~~~spl~~~~~ic acids , . 
(0.05 df acctatc butkr): and 2-amino-~-phosphonobut_vric and 2-amino-3-phusphollo- 
propionic acids (0.1 df acctatc butk-)_ From an annlytical standpoint_ the use of the 
exch;inger in the propionnte form is particularly into-resting. On AC I-S4 (.PrO- ) the 
sequence of the aflinitics of the aminophosphonic acids is similar to that on AG I-S4 
(AcO-) but, in smnt instances, separations not possible on AG I-S4 (AcO-) c;ln be 
achieved. For instance. consider the separation of right aminophosphonic acids w- 
ported in Fig. I, obtained on AG 1-X-l (Pro-) with two succcssivt dsvelopments in 
0.01 :\I propionate buIk_ Such ;L separation cm not be sllkted on AG l-X4 ( AcO-! 
with O-O! JZ acctatc bulikr as elumt bccauss 2-amino-LC-phospllonobut_vric and 2- 
~~minc~-3-phospl~~~l~~~pr~~piorlic acids can not be scp:tratcd_ 

C0mpmYson irirh aniiilo at-irk_ Table I reports the R,- ~aliiss of the mnino acids 
corresponding to the mninophosphonic acids. obtainrd under the same esperinwntal 
conditions. The chromatogrt~phic behaviour of the nminophosphonic acids and the 
corresponding natwxl amino acids has been cumparcd in order to establish whrthcr 
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or not on anion cschangcrs there \vas the stint‘ analogy as on cation c.xchan~crli”. 
It should be noted that most amino acids run \yith the solvent front_ indcpcn- 

dent of the butti-r concentration in the rlurntr esceptions are the t\vo con~p~~tu~d~ \\itR 
an aromatic ring in the side-ciwin and the t\vo dicnrbos_\-lit amino acids. Such 
behaviour_ in accwdancc with the smuiltr possibilities ot‘ linking of the carbosylic 
group than of- the phosphonic group c;tn be used in order to scp:trntc most mnino- 

phosphonic acids from the corresponding amino L CI 3. -I -*d - Glutamic acid_ hat~~~~~_ 

cannot be separated from 2-tlmiIlo-;f-phosphonobLlt_L.ric acid. 
Tyrosine and phenylaIanine bchavc difkrently from the corresponding amino- 

phosphonic acids- The retention of these t\vo amino acids is controfled bx an adsorp- 
tton process. as their R, \ahxs do not chm~e (or change very little) as the bttlkr con- 
centration is increased. Tfre behttuiour of these t\\-o amino acids is similar also on AC 
l-X4 (Pro-) layers \vith propionats bulk as eluenr. apart from ditkrent R,- values 
(OS3 for phenylalanice and bctlveen 0.59 and 0.63 for tyrosine)_ 

ItrjIwnw qf’thr pH qftlw eftrwt. On elution with acetate and propionatc solu- 
tions \vith concentrations bst~~een 0.0: and 0.25 111. the aminophosphonicacids mostly 
have lolver R, ~~lurs than those observed C)ZI elution lvith the smnt concentrations of 
propionate and xet;tte bufkrs_ The difkrence betiveen the R,- valurs in the tnu cast’s 
decreases as the cluent concentrr~tion is increased and becomes nc&ible at co~mm- 

trations above 0.1 111. It should Er noted_ however_ that \vhen the bulk is replaced 
Cth the salt solution. clxlgatcd spots we obtained, particularly with I-aminophos- 
phonic acids with an aLphatic side-chrtin. With 2-amino-3-phosphcinclpropioIlic and 
2-amino-+phosphonobutyric acids, the best results were achieved by clutins xvith 
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As regards the formation of efongr:.tcd spots when acetate or propionate sofu- 
tions are used, this occurrence may be ascribed to a hvcr dqt-cc of-pt-tltonarion ot‘the 
amino groups owing to the higher pH of- the efttent. 

Rc~tcvzrion nzrc-hrism. In conttxst to the estensi\,e sfudics 011 cation es- 
cfmqersz3-t9 the retmtinn tncchanism on anion exchangers has been investipated 
very fittfc and has given rise to inconsistent remIts_ III pm-ticuf:tr_ according to Cssi- 
cini”, the rekitioi2sf3ip 

\vhcrc II is the charge on the anion involved in the e.sclxtnge process_ does not give rise 
to reiirthlc results \vith inotynic anions. \vl:ile according to Crtssal CI rr/.LS. no disad- 
vantages wxe t-~>ttnd in the c:tse of or~anomctrtlfic complcsc~;. 011 applying cqn. 1 to 
the ehromuto~rtty.hic dat:t on the :tminapl?osphotlt -t‘ acids ~vf~cn cltttins :*<ith acetate 
httKer_ tfle trmds rcporred in Fig. Z are obtained. No linear trend xv;ts fbrtnd in the 
conccntrtttioti range investi,. l Tettcd and. in the c:tse of cut-yes (a) and (h)_ ;t cut-ve \vith 
tLv\‘o steps was observed. As such ;l trend fm nor been noticed on cation c.~A~tt~pc\r~ 
\vc tried to cstabfish wktfw- it could be attt-ihutcd to :t pH grndiwt alo& t f:e la)-cr. 
Bv carming :tttt pH mt’;twrcn~mts :ts dcscrilxd in ;t previous paper”, \YL‘ obtained the 
trends s!~onm in Fig. 3_ ~vhct-e the pH is plotted as :I function of the distance ft-on? the 
origin. The pH val~te is twver cotlstat:t along the lava- for any bulk concentration 
and_ in every itwtarlcc. :L slxtrp increase in the pH ~rtfue (about otw pH unit) is observed 
at a dktancc tiotn ffw origin bct\vt‘t‘n h and S ctn. cot-rcsponditiy to R, values bsnveeti 
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0.50 and 0.66. The tI>rmation ol* the pH = v:ldient III:LV hc attributed to the adsorption 
of hydrcxgl ions by tht layer, whose adsorption capacity st’ans high as the pH is 
constant ttfong the ittytr till RF ~- 0.50 t'ven if the hufEr concentration in the t‘iuent 
is incrtxscd from 0.025 to 025 M. The li,rnxttion of the pH gradient and the oxw-all 
pH incrtitsc observed at Rf- valt~cs hctmxxn 030 and 0.66 s1321m to cmsi the paxliar 
trerld of the curves in Fit; =_ 2_ It may hc noted. in lkt_ that the lincsr portion of thcsc 
curt’cs (continuous line) is limited only at RF WIUCS betwem 0.0 tmd 0.5. that is. in 
the zone \vhere the pH on the layer is t’qu:ti to that oTthe eluent. At RF valws bcr~~ccn 

0.50 and 0.66. correspondin, *I to the sharp increase in the pH on the layer_ the curxvs 
deviate from limxtrit_v and tend to become parallel to the abscissa. 

The chrotllato~ctphic fxhttviottr ofethc ~tmitlopil~~s’photlic acids in the R,- rctngtz 

O-50-0_66 may be rsplairzed by asswnin e that the pH iucrcasc C‘;WS~‘S a dccrwsc in the 
degree of protontrtiorr of the pIiospliwic group. \viiicii invoistx mi incrmsc in the 
aitinity of the acid twvards the ewhm~get-r in fact. tuttil R,. 0.50 the prcvuiiin~ spe- 
cies’ is A?, \vhiirttt R, - 0.66 the prevailing spccics is A - :. :vhich has a hi&r :ttlinity 
ro\vards the eschnngcr thm A’. Sucit specks m-e the nlost probahIe if tfx pK \-ttlues 
of the I-aminopfiosphonic acids art’ assumed to be ttnalogct~~s to those knows for 1- 
aminoetIl~Ipflosphonic acid [pK,(-PU3H,) 2.45 frcf‘. 20): pli”,(-POSH-) =I: 7.00 
(ret1 20) or 6-4 (ref. 211: pA’;(--NH;) = 1O.S (r&t ZO)]. 

Gn the basis of the tthove discussion. in ordu to ctlculate the charge WI the 

anion involved in the crcixu~ge procrss. only the linear portion of the curves can be 
taken into :wxount_ The siopc (OS) firr the :rminophosphonic acids \vith an aromatic 

‘ring in the side-chain indicates that thrse acids behave in :I similar nxmner to nxm+ 
vafent anions. With 2-ttmiti0-S-~hclsphorlopropionic and 2-;tmirrt~l_pi~aspfl~~rr~~- 
butyric acids. a slope brt\veen 1.35 and I-56 is tkund. in rtccordance with the pr~?;cnw 

of try<3 acidic groups in the nmlecrtie. 43~ of trhich (the carbosylic group) may be 
deprotonated only partly. The slope for aspartic and gIutamic acids is in t&t I _ I6 
tinder the same experimental conditions. 
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tnicrocrystalline cellulose mixed with the dillkent exchmgers*‘, we thought it would 
be useful to carry on a further investigation using Dews 50-X4 (I-I’ ) with microcrys- 
tailine cellulose_ On eiution \vith hydrochloric acid of concentrations between 0.1 and 
I .iZ_ the bchaviour of the ar~tinophosphonic acids was similar to that reported in the 
previous papeP_ However, VC~ compact spots were obtained, which are favourtlblc _ 
from an analytical point of vie\i-. With the use of \vater-or=‘ ~7nic solvent mixtures as 
ekent, no satisfxtory results were obtained. III fact, with two successive deveiop- 
mats the aminophosphonic acids do not rtm to any great estent. A greater migration 
distnncc is obtaiwd with water-cthtmol (?:I) but the R, values \vith this eluent are 

not greater than 025. 

Reym /O (H'). CII this Farat%-based eschanger. the sequence of the af- 
tinitiss of the t~minophospho~lic acids is similar to tfltlt on Dowes 50-X4 for most 
compounds_ A ditrerent behaviour on the two eschanzers is she\\-n by I-aminoethyl- 
phosphonic_ 3-an~it~oprop~~Ipf~ospl~onic_2-amino-3-phosphunopr~~pionicand 2-amino- 
+phosphonobutyric acids. On Rcsyn 102 (l-l+). in fiict. on efution wicfi both acetic 
acid solutions and water-ctfmnof mistures, the first t\vo compounds behave in a 
sin?ifar manner to the corresponding I -itnlinOpflospfloniC acids and the fast t\vo 
compounds run \vith the solvent front_ 

_-f&Cc- at-id. This eschanger was used in a misture \vith microcr_vstafline celfu- 
lose. On elution Cth acetic acid solutions there are no diKtxnccs compared \virh the 

_ _ 
bshaviour of the s:me compounds on afgmlc acid mised N itfi non-niicrocr;staIfinc 
ceIlulose_ The results obtained with water-organic solvent mistures. whic!l \vcre not 
employed in the previous imew=, -wtion_ are very interesting_ Fiz. &I ~110~s the chro- 
mato~ram of rhe 16 aminophosphonic acids obtained with two successiw develop- 
ments in wzlter-isopropannl-Iz-butanol ( I : I : I )_ The compactness of the spots is use- 
ful. 

The separation of the five :tminophosphonic acids \~ith a linear side-chain is 
very interesting. as it cannot be achieved on either anion eschangcrs or cation es- 
changers with Fofystyrene- and paraffin-based matrices. By comparing sucf~ a chm- 
ma?ogram with that reported in Fig. 4b. obtained on microcrystafIine ceflulose under 
the same esperimenrat conditions_ the determining influence of alginic acid in the 
separation of these compounds can be seen. Ho\vever. on microcr_vstrtlfine cellulose. 
there are some advantages in the separation of- the diaminophospho~~i~ xi&_ \vhich. 
on aiginic acid. remain at the starting point. 

On both layers 2-tlminoethyfphospf~onic acid cannot be detected with ninhydrin 
reagent I its detection is possible by sprayin g with molybdate reagent and subsequently 
=Gth a I Y-A tin( 11) chloride solution in 2 rll flydrochforicacid_ Tfleanomafous brhaviour 
of %miinoetfi_vfpfiosphonic acid on layers of afginic acid should be noted. This com- 
pound. in fact. has a higher R, value than those of I-aminophosphonic acids and this 
behttviour cannot be explained on the basis of irs acid-base characteristics. 
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