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J O U R N A L  OF LIQUID CHROMATOGRAPHY, 12(4), 595-61 1 (1989) 

REVERS ED- P H AS E H I G H - P ER F 0 R MAN C E 
LIQUID CHROMATOGRAPHY OF 

UNSUBSTITUTED AMINOBENZOIC ACIDS' 

S.L. ABIDI  
US. Fish mid Il'ildlije Service 

Naliorinl Fisheries Research Ceitler 
P.O. Box 65 

La Crosse, If'iscoiisiit 54602-0065 

High-perfonuance liquid dramtographic (HPK) 
characteristics of three position i s o m e r s  of aminabenz oic  acids 
(potential metabolites of important anesthetic drugs), w e r e  
delineated with resped t o  their interactions w i t h  various mobile 
phases and stationary @FEES. 

phases, ~-cyclcdextrin silica (a), macrophase -1 polymer ( M P ) ,  
macroporous polystyrene/divinylene (MPD) , odadecylsilica 
( O E ) ,  and propylphenylsilica ( P E ) ,  yielded results explicable in 
terms of substituent effects derived from the bifunctional amino- 
and c a x b x y  groups. 
sulfonates or quaternary anm~~nium salts both having lorqer chain 
alkyls, retention of a ~ l y t e s  on a l l  but cc6 appeared t o  proceed 
predc4ninantly via an ion-pairing mechanism. 
corresponding counter-ion effects decreased in  the order: MPD > 
OD6 > P E  > MP, while the analyte retention order paralleled their 
pH2 values. On the other hand, an inverse relationship between 
the magnitude of capacity factors (k') and pK1 values of the t i t l e  
ccanpounds was abserved in experiments t ha t  proctuced retention data 
in=canpatible with ion-pair interaction rationales. 'Ihe unique H ~ L c  
results obtained w i t h  the c136 phase are ccanpared with those 
obtained with other phases. 

HPW w i t h  five hydnxzrbnaceous 

For cases where mobile phases contained 

'Ihe extent of the 

*?his paper was presented in part a t  the 1 2 t h  International 
symposium on Column Liquid ChroaMtOgraphy, Washington, D.C., USA. 
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596 ABIDI 

m m m M  

Ethyl esters of amin&mz oic a& (m) are anesthetic drugs 

widely used in veterinary medicine. position isaners of the basic 

m t i c  drugs have been used as locdl fish anesthetics. upon 

metabolic transformation, these ethyl aminabenz o a t e s a r e k n a w n t o  

be hydrolyzed to significant amcunts of the ABA prcducts. 

Reliable quantification of the chemical residues in animal tissues 

necessitates a canprehensive investigation of the chromatagramic 

behavior of this class of aminoacids. 

In view of the highly polar nature of aminabenz oic acids in 

which an amino group and a carboxy group are both present on the 

benzene ring, direct analysis of these canpounds by hi+- 

performrice liquid chranatogra@y (HPLIC) should be more 

advantag- than by gas ChraMtOgraphy (GC). 

requirements are not critical, tedious derivatization procedures 

often emrxlntered in GC analysis can then be avoided in HpL(= 

assays. A few sporadic reports on Hrm3 analysis of ABA's have 

appeared in a rnrmber of plblished works (1-4). H m e v e r ,  little is 

krmm about the caprative retention behavior of the three 

position isaners of m ' s  in unique cluxxnatographic system, which 

have not been described in the 1iteraIm-e. 

ctmpoux.3~ represent a group of HPLC analytes that require special 

modifications of mabile pmse conditions before masonable success 

in the normal elution of the ABA solutes can be Mized. 

If sensitivity 

~~remer,  the title 

~ence, it is a chdllmge to coxduct a systemtic S M y  of the 

influence of reversed-- m variables on the chmnatogmphic 
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UNSUBSTITUTED AMINOBENZOIC ACIDS 591 

cutame of ortho-, meta-, ard para-aminabenz oic acids (or 2-ABA, 

3-ABA, and 4-ABA). In this study, five stationary phases (two of 

polystyrene/aivinylbmzene resins ard three of silica-based 

packiqs) were chosen for evaluation of stationary @mse effects 

on chmnatapaphic characteristics of U ' s  in conventional ion- 

pair- and ion-interaction systems. 

Materials 

ultrapure aminobenz oic acids ard sodium ale1 sulfonates - 
castained fonn Aldrich chemical a. (Milwaukee, m.) and were  used 

as received. sodium perchlorate was acquired fmn Alpha m-oducts 

(Dar~~ers, MA.). other mobile phase electrolytes including buffer 

salts and HpLI3 solvents w r e  analytical reagent-grade and w e r e  

-lied by J. T. Baker (Ebillip&u?q, W . ) .  

phoqhtes were the p x  pmducts of Regis Chemicals (Morton 

Grove, IL.). 

Quaternary m n h ~ ~ ~  

prepacked analytical HpLI3 columns of five different 

stationary phases were plrrhased fmn various ccarnrercial sources: 

(i) fi-cyclcdextrin silica (UX) , a pruluct of Advanad Separation 

Wmlcgy, WhiFParry, W .  (ii) mamuphase Mp-1 polymer ( M p ) ,  a 

product of Interaction chemicals, ~0~11ta in  view, a. (iii) 
m a c r a p ~ ~ u u ~  polysturene/aivinylbmzene (MPD) , a product of polymer 
Laboratories, Anherst, W. (iv) octadecylsilica (OE) , a product 
of Altex, Berkeley, a. ard (v) prcpylmlsilica (m), a 
product of Analytical International, Ha.r%or city, a. With the 
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598 ABIDl 

exception of the M P  column (15 an x 4.6 mn ID, 10 um particle 

size) , all other columns used in this study had dimensions of 25 

can x 4.6 mn ID and the column packimp were made of 5 um particle 

size. 

Methods 

In all H P E  work, a Varian Model E-5020 liquid ChraMtOgraph 

interfad with a variable-wavelerqth W-Vis detector (Varian 

Model 110) and a Varian Model 9176 strip chart recorder were used. 

For ChraMtOgraphc analysis of aminabenz oic acid samples, the W 

detector wavelerqth was set at 230 nm comespoxling to the 

absorption maxim of the analytes. In a normal procedure, samples 

(50-100 ppn) were  injected via a 10-ul loap of a Valco injector 

(Model CV-6-UHPa-N60). Mobile phases containing various 

concentrations of electrolytes in methanol-water systems were 

Exrmped (200-250 atm) at a flow rate of 1 m l / m h  for all but the MP 

column. ?he flow rate for the latter column was restrict& to 0.5 

ml/min as suggested by the manufacturer. For pH studies, 0.05M 

phoqhate buffer solutions (acetonitrile-water mobile phases) w e n  

prepared as described elsewhere (5). The void volumes (vo) kere 

determined for the unretained solutes and capacity factors (k') 

were calculated f m  the e>cpression: k' = (v/vo)-1, where v is the 

retention volume of a retained solute (6-8). 

RESULKS AND DIs(3ussION 

F t S 3 r M - m  HPK! of three amincbenz oic acids 2 - m ,  3 - m ,  

and 4-ABA on each of five staticmaxy phases a, MP, m, oc6, and 
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UNSUBSTITUTED AMINOBENZOIC ACIDS 599 

PPS (see AND MlTIRX6 for atbreviatians) revealed a 

predictable lxrt me.rtheless interest ing trend of retention 

characteristics. Among the ABA's studied, the ortho-iscaner (2- 

ABA) was most stmrqly retained by nrost of the phases waluated. 

However, in HPLI: on co6 with smller alkyl sulfonates in  mobile 

phases (alkyl< octyl), the para-iscmr (4-ABA) appeared t o  be 

more sctmrKJly retained an this phase than the other twlo isaners 

(Table 1). 

As shown in Table 1, the retention of ABA's on a l l  but the 

am'  d w i t h  increasing alkyl chain lerqth of sodium 

alkyl sulfonates (sodium kRane sulfonate = SBS, sodium hewne 

sulfonate = SHS, sodium octane sulfmte = sos, and sodium decane 

sulfonate = SC6) added to mobile phases. 

sulfonate cumter-ion effect was notably depMdent on the 

stationary m errplcyed and varied in the order MPD > OlX > PPS 

> M P  (the length of the MP column: 15 an; that of a l l  athers: 25 

an). when the results obtained w i t h  the silica-based phases OlX 

and PPS are ocnpared, it is that d o n o r - a w r  

interactions between the Fhenyl grarps of ABA analytes and those 

of pps phase might be negligible during the c h m n a ~ ~ c  

processes. 

the arunatic mieties of =Is and the m-silica-based MH> 

nust be considerably more inportant, as greater enhancement in the 

k f v a l w s  of ABA's was m e d .  

of a ~ c y l  wilfonates on the retention of the subject analytes on 

'Ihe magnitude of this 

on the other hand, such pi-pi intemctians irrvolving 

It is nobarorthy that the effect 

(116 wa8 distincuy different frun the rest of stationary @bases 
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600 ABIDI 

Retention mta for Amind3enz oic kids 
wined under various Hrm: conditions 

Capacity factor, k' 

Mobile pimse electrolyte* 

KH2FO4 NaC104 SEE SHS sos SIX 

(1) 0~ 

2-ABA 1.60 
3-ABA 0.22 
4-ABA 0.34 

2-ABA 1.17 
3-ABA 0.18 
4-ABA 0.30 

(111) MPD 

2-ABA 22.5 
3-ABA 0.83 
4-ABA 3.87 

(W M p  

2-ABA 11.1 
3-ABA 0.15 
4-ABA 1.21 

(V) 

2-ABA 0.83 
3-ABA 0.19 
4-ABA 1.36 

1.82 
0.34 
0.35 

1.21 
0.22 
0.32 

16.8 
0.70 
2.78 

3.79 
0.00 
0.52 

0.57 
0.17 
0.74 

1.39 2.53 3.40 10.6 
0.34 1.54 2.51 8.69 
0.34 1.08 1.62 3.94 

1.10 1.90 2.40 3.98 
0.24 0.93 1.78 3.22 
0.31 0.93 1.33 2.22 

15.7 18.6 21.4 29.9 
0.83 3.54 6.87 16.4 
2.74 4.09 5.61 10.3 

4.21 4.30 4.38 4.48 
0.03 0.48 0.88 2.55 
0.58 0.76 1.00 1.79 

0.55 0.50 0.48 0.43 
0.17 0.18 0.19 0.26 
0.73 0.52 0.48 0.40 

* A I ~  d i l e  phases: methanol-water (40:60) with 0.01 M electrolyte 
mncentration at @-I 2.5. 
For column and salt abbreviations, see FEUEIS AND DISCUSSION. 
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UNSUBSTITUTED AMINOBENZOIC ACIDS 60 I 

studied. Inthisinstance , lower k1 values of 2-, and rl-isonrers 

were obtained fmn f?xperiments where lalqer alkyl sulfonates 

(longer alkyl chains) were  used in the mobile @mses. 

@-manemn is nu& like the one reported for lonq-dmin high 

molecular-weight quatenmy amnonium salts ( 7 ) .  unfortunately, 

the correspdng variation in the k' values of the 3-isamer with 

the sulfonates tended to be erratic, thmgh there was sane 

indication of a slight inrsrease in retention of the AE?A'S with 

the incrtasimg chain length of the alkyl sulfonate additives. 

agreement with previous findings on the elution order (2,3) , 
elution on 

alkyl sulfonates (alkyl< -1) led to the first emerge~lce of the 

mta-iscmner, followd successively by the ortho-, and para- 

isaners. 

'Ibis 

~n 

with mobile @ases containing lower members of 

HpLI: of ABAIs on MpD with a series of quaternary d u m  

m=@=- [*-tYl&m phosphate r 

hexyltriethylanmnium mte (HXlWP), heptyltriethylanmmnium 

phcsphate (I-PWiP), and cctyltriethylanmmium ph=@=lz (UTEAP)] 

in mobile 

to the cases with alky1 sulfonates. 

retention data in Tables 1-2 shawed a general pattern of elution 

Order dqxrdmq ' heavily on chmnatogmphic oonditions. In 

reve.rsed-phase HPLL: um3er caditions ocmpatible with ion-pair 

retention medmm 'm, the k' values of 3-ABA w e r e  generdlly 

greater than those of 4-ABA. 

led to camter-ion effects (Table 2) parallelling 

careful examination of the 

The strongest acid in the series is 

the 4-isaner, which was foulKi to be the least retained analyte of 
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602 ABIDI 

Effects of 0Uatema.r~ Anmnium Ions on the 
Retention of Aminabenz oic Acids on MH> 

Capacity factor, k' 

2-ABA 3.87 5.97 6.57 5.97 

3-ABA 1.22 1.83 2.17 1.39 

4-ABA 0.91 1.48 1.52 1.48 

*All d i l e  @uses: methanol-water (40:60) with 0.01 M ammium 
salt cancentration at  pi 7.  
**TIE concentration of TBW was 0.005 M. 
For column and salt abbrwiations, see REXJIXS AND DISUJSSICN. 

III situations where ion-pair- prooesses wexe aFparently not 

favorable, the above elution order of the 3-, and 4 - i m  was 

x w d  (k'4-ABA > k13-ABA). 'Ihen, the elution order of the 

three is in W i t e  direction to that of their pK1 values: 

k'2-ABA > k ' 4 - m  > k ' 3 - m  

pK1 ( 2 - m )  < pK1 (4-=) -1 ( 3 - m )  
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UNSUBSTITUTED AMINOBENZOIC ACIDS 603 

' Ihis m d  in the elution order might reflect a change in the 

retention mchamsm ' and its oammmce in different Hrm3 systarrj 

depended rmch on the mobile phase conditions and the four 

stationary phases MP, MFQ, OE, and pps used (Tables 1-3) .  

Ihe comentration effects of mobile phase counter-ions (alkyl 

sulfomtes and alkylannnonium phoqhates) on capacity facton of 

m l s  are demonstrated in Table 3 .  

concentration of either of the two types of salts gave rise to an 

irx;reaSe in the retention (higher kl values) of the analytes on 

either MPD or OE (also on MP, only when S E  was used ) . 
Conversely, hydruphchic interactions be- the amlyte solutes 

and the MP phase were w a k r  as the concentrations of TBAp or SOS 

became higher. 

retention behavior of 3 - m .  

chromatographic variables (such as the nature of mobile 

additives, the size of ion-piring reagents, the type of 

stationary @mses, and mobile phase pH ) cmtrihting to the 

observed concentration effects of counter-ions in Hpu3 of =Is. 

Fig. 1 shws pH-deperdence of capcity factors of the three 

isaneric ABA'S on stationary phases (A) MP, (B) MFQ, and (C )  oD6. 

These familiar damward trends of the kl values with increasing 

mobile phase pH follow carmon observations as described in similar 

SMies on Ans3erlite XAD resins (1) and on various a plases 

(2,3). 

pH preslrmably interactsd mre strongly with h-ic phases 

than the dissociated carnterparts produced at higher p~ values of 

An increase in the 

A contrary to this observation was faurd in the 

In geneml, there were many 

'Ihe neutrdl analyte species present at lower mobile phase 
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604 ABIDI 

Canter-ion Effects on the capacity Factors, k' , 
€dnobemoic Acids on V a r i a u s  Stationary Rmses 

m* 
electrolyte 
concentration 

(M x 103) 

(1) = (FH 2.5) 
0.5 
1.0 
5.0 

10.0 
15.0 

capacity factor, k' 

4-AEA 
ccmp3und 

2-ABA 3-AEA 

17.8 1.48 3.21 
18.2 2.13 3.56 
20.2 5.09 4.74 
21.4 6.87 5.61 
21.8 8.13. 5.96 

(11) - (FH 7) 
5.0 4.78 1.61 1.26 

10.0 5.97 1.83 1.48 
15.0 7.39 2.08 1.52 
20.0 9.09 2.30 1.63 

(111) SOs (pH 2.5) 
10.0 4.38 0.88 1.00 
20.0 3.67 1.03 0.91 

(W S E  (FH 2.5) 
10.0 4.48 2.55 1.79 
20.0 5.22 3.00 2.15 

(V) = (FH 7) 
5.0 1.27 0.39 0.37 

10.0 1.09 0.27 0.23 

(vr) S E  (FH 2.5) 
1.0 4.21 3.22 1.55 
5.0 7.53 5.92 3.26 

10.0 10.6 8.69 3.94 

* A l l  mobi le  phases: methanol-water (40:60). Colums used were  of 

For column ard salt atheviatiom, see FtE3JEE AND DISCUSSICN. 
MPD (I and II), M p  (IIIrIV ard V),  ard OD6 (m) * 
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Fig. 1. 

Effects of @ on the capacity factor, k', of isomeric aminobenz oic 
acids 2 - m ,  3 - m ,  and 4-ABA. Hpu3 conditions: 0.0% phosphate 
buffers in acetonitrile-water in ratios (A) 3:7 and (B,C) 1:9; 
stationary phases, (A) M P ,  (B) MH), and (C) Om; flow rates, (A) 
0.5 ml/min, and (B,C) 1 ml/min.See text for column abbreviations. 
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606 ABIDI 

mobile phases. 

well as the elution order of the three isaners are sanewhat 

different, al- both these columns were made of similar 

packing materials of polystyrene divinylbenzene resins. Taking 

advantage of their stability in basic eluents, p~ studies w e r e  

further extended to the pH 8-12 region (not shown). No drastic 

champs in the retention curves were  detectible for both ~p ard 

MH) m. 
retention curve for the f o m x  &wed a slight decline in the k' 

values, while the other curve in the latter case began to level 

off. 

?he curvature of the kl-pH plots  of M p  and MPD as 

As the eluent pH was raised beyom3 pi 7 ,  the 

ReverSel-Fhase HpLic on each of M p ,  MPD, om and m @lases 

shared that, invariant with the ChmMtOgraphic conditions used, 

the ortho-iscmer was always retained longer than others. 

might be attribute3 to the h-en bonding betwen the 

bifunctional amin0 NH2 g r m p  and the carboxy OH g r w p  on 

adjacent aranatic 0- forming a six-membered partially 

borikd-rhq systen of less polarity. 

interactions be- the ortho-analyte solutes and 

h-cems phases shcmld be mKt.1 mre enhanced than those 

of meta-, and para-isaners. 

'Ihis 

Accordingly, hydrophobic 

Fig. 2 gives typical exan@les of 

ChraMtOgrans for mrparhq separations of mixtures (A) M p  

and (B) MPD , both of nonpolar aranatic resins. 

d t i o n s  including flaw rates (an 

The nubile @mse 

'ate pi 4.4 was used 

instead) emplayed in theses instances are different fmm those 

disrussed so far. pdditional retention data obtained at this pH 
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rnin 
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1 

4 

I 
0 2 4 6 8 1 b O  2 4 6 8 

r ,  

min 

(C )  

, 1 1  I 
0 2 4 6 8 1 0 0  2 4 6 8 10 

min rnin 

min 

4 

1 j 
0 2 4 6 8 1 0  

min 

Fig. 2. 

Typicdl chrcsMtograms shawing separation of iscpneric aminabenz oic 
acids 2-=, ~-ABA, and 4-=. conditions: mobile phases, 
methanol-water (4 : l )  containing (A) 0.Ol.M SA + 0.Ol.M SHPS, (B) 
0.Ol.M SA, and (C)O.OIM SA + 0.Ol.M (top) or 0.02M (bottom) NaC104; 
f law rates, 1 ml/min (tq) and 0.7 ml/mi.n (bottom). = sodium 
acetate. SHPS = scdium heptane sulfonate. 
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are shown in Table 4 to illustrate the nrrbile phase effects 

entailing various electrolyte cmpcsitions on retention 

characteristics of =Is. lhe elution order of m ' s  on M p  tended 

to be a~ fOllawS: k ' m  > k'3-m > k'4-mf wherea~  inrreaSing 

concentrations of either so6 or NaC104 reduced the k' values. 

the other harrl, the elution order in the case of the MpD phase was 

On 

noted a~ f0llM: k ' 2 - m  > k ' 4 - m  > k'3-m. A gradual 

in k' values was noticeable in response to an increase in the 

concentration of SOS (Table 4 ) .  

'Ihe results of this study suggest that the retention behavior 

of the three isaners in W~KX&-- systems (excluding 

the cc6 variant) , where mobile phases employed long chain alkyl- 

sulfonate- or quaternary armnonium counter-ions for the respective 

charge3 bifunctional grcups MI2 and aXX, can be inkq~reted based 

on hydroFhobic ion-pair interaction rationales (9-11). Evidently, 

the Hrm: variables in both mobile #mses and stationary phases 

the mcdes of chromatographic play crucial roles in determuung 

prooesses. 

the two polymeric resin phases M p  and MpD can be partly ascribed 

to the relatively less retentive praperty of the former because of 

its extra octadecyl gmups wvalently bond& to the polystyrene 

divinylbenzene resins. 

cr6 @mse are indicative of a unique retention mechanisn 

dmracterized by inclusion cunplex fonnatim (12-14). 

a .  

The difference in chrunatogra~c CUtcQne of a ' s  on 

?he unique HEW results obtained with the 

'ITE versatile mversed-phase HpLC techniques presented here 

can be applied to the simrltaneous separation and quantification 
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UNSUBSTITUTED AMINOBENZOIC ACIDS 609 

canparisom of the Retention Behavior of Amincbenz oic Acids 
on Nonpolar Fhases ME' and MPD at  an In- 'ate #-I 4.4 

Capacity factor, k' 
mile -* 
Methanol-water 

4-ABA 
ccnpollna 

(80:20) 2-ABA 3-ABA 

(1) 

0.olM SA 
0.ol.M sos 
0.ol.M SA 
0.0% sas 
0.ol.M SA 

0.ol.M SA 
0.Ol.M NaClo4 

0.ol.M SA 
0.0% NaC104 

(11) MPD 

0.ol.M SA 
0.ol.M sos 
0.ol.M SA 
0.0% sas 
0.olM SA 

6.57 

4.84 

6.30 

7.83 

5.30 

5.70 

6.43 

5.83 

4.23 

3.45 

3.81 

5.08 

3.52 

3.36 

2.82 

3.03 

3.44 

2.81 

3.31 3.62 

3.97 4.26 

3.64 3.72 

* Flow rates wexe 0.7 d / m h  (I) and 1 d/min (11). 
SA = d u n  acetate 
For colunm and salt atkireviations, see AND DISUJSSION. 
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610 ABIDI 

of the three position isamers of aminabenz o ic  acids. 

aphasis on the cptimization of Hrm: conditions, HpLI3 elution of 

the t i t le mnpaunds can be met w i t h  nnzch success w i t h c u t  

urdesirable peak tailing, peak bmadenuq ' or analyte adsorption on 

a column. 

W i t h  

for 

1. 

2 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

11. 

A- 

The author is grateful to Janet Winfrey and Paul landvatter 

technical assistance. 
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