
JoK.w!GI & chfonz&ogrf&y, 124 (1976) 376-330 
Q Ekssvkr ScientikPublisb~ng Company, Amsterdam - P&d in -RI& ?‘kt&Lands 

cHRoSff. 9312 

M&e 

~. 

Characterization of selected fiuorescamine-a&o acid reaction pro&x&s by 
fnigh-performance liquid chromatography 

w. ~HUGH, R. A. ‘SANDMAW and w. G. HAmY~ 
University of Missouri at Kansas City, $chooi of Phcrmacy, 5100 Racktiill RGad, Kmsas City, MO. 
64110 (U.S.A.) 

S. P. SOOD 

_Warion Lnbarutories, IO.213 Bunker Ri&e Road, Kamas City, MO. 64110 (U.S.A.) 

and 

D. P. WITTMER 

Waters Associates, Maple Street, Miiford, Mass. 01757 (U.S.A.) 

(First received February 9tb, 1976; revised manusxipt received April 2ist. 1976) 

Fluorescamine was introduced several years ago as a reagent useful in the for- 
mation of fluorescent products with primary amine9. Use of the reagent has since 
been advocated in thin-layer chromatography (TLQ2, in high-performance liquid 
chromatography (HPLC)3, and in direct 4Iuorimet.r~. Fluorescamine has enjoyed 
wide acceptance, which is not surprising in the light of tfre speed of reaction at room 
temperature in aqueous solution and the intense fluorescence of derivatives formed’. 

These appealing features make the reagent especially well suited to HPLC 
studies. Initially6 such studies were confined to systems in which the analytes, separat- 
zd on ills ion-exchmge columg, ivere passed through a post-c~lusm~ reaction co& 
and the fluorescence generated by the reaction was subsequently motitored. Such 
systems have been shown to have considerable utility~in, for example, protein analysis’. 

However, separation of pre-formed fluorescamine derivatives would consider- 
ably simplify the system and speed the process by removing the necessity for a post- 
column reaction coil. The previously discussed8 quantitative conversion of primary 
amines to a single derivative lends support to such an approach, and recent studiesg*” 
have confirmed its utility with other primary amines. Therefore, a study was initiated 
to investigate the determination of amino acids by separation of their ffuorescamine 
reaction products. 

Contrary to expectations, however, initial studies demonstrated that each of 
the several amino acids examined gave rise to two fluorescent derivatiyk, the relative 
proportions of which were dependent on the amino acid. Formation of muhiple 
fIuorescent derivatives would make separation of the numerous amino acids difkuk 
Therefore;this study was conducted to characterize the reaction products with the 
hope that CharactcriitioQ would.allow proceduralalterations giving rise to only one 
Ixoduct. As previousbjr notedrr, instability of the reaction product(s) under conditions 
necessary for_isolation makes an indirect study necessary. .~ 



A 30 &I .x 4 mm &D. ,@ondapak Cl8 -(Waters Assoc.; MiEord, Mass., 
U.S.A.) c&mn was used throughout the study. @ondapak Cs8 monorn&crrla~ 
layer of oc’~decyltrichEorosiltine chemically bonded to Porasil beads having an avbage 
-particle +ze of LO p. 

Fiuorescamia e was obtained from HoEman-La Roche (Nutiey, NJ., U.S.A.), 
with ;he exception of the 2-, 3- and 4-aminobut_vric acids, which were obtained from 
Aldrich (Milwatiee, Wise., U.S.A.). 

Camphorsulfonic acid was obtained from Matheson, Coleman and Bell 
.(Norwood, Ohio, U.S.A.) and used as a f oA solution in water. Quaternary amines 
were purchesed from Eastman-Kodak (Rochester, N-Y., U.S.A.). 

Equipment 

A Mode1 AK202 liquid chromatograph equipped with a Type M6CKlO pump 
and a Type U6K injector (W&e% Assoc.) was used. Column efiuents were monitored 
with an Aminco fluoro-microphotometer (American Instrument) equipped with a 
Corning 7-60 primary filtel-, a 65A secondary Eter and a quartz flow-through cell 
(2 mm I.D.). 

Preparation of mobile phase- 
CamphorsuIfonic acid (3.0 x low3 moles) was added to water (300 ml) and 

ihe pH was adjusted with a 5 % soIrrtion oftetrapropylammoniurir hydroxide In water. 
This solution was diluted with methanol, deaerated and used as the mobile phase. 
Methanol was obtained from Ma&son, Coleman and Bell (Spectroquality -MX475) 
and used as received. 

Fiuorescena derivative formation 

To a_ mixture of one volume of sample solution (0.5 nmole of amino acid/ 
ml) and one volume of 0.1 M phosphate buK& pH 8.4, was added one volume of 
fluorescamin e solution (20 mg/lO ml in acetone or dioxane). The mixture was shaken 
for 1 min, and an aliquot (5 ml) injected into the chromato_mphic system. 

F&ULTS AND DISCU&ON 

A reversed-phase system was selected for characterization of the products 
because of the predictable effect of p&r&y on retention volumes cf sample cix~tit- 

uent@. Because of the amphoteric nature of the previously characterized reaction 
product, ion-pairing was used to effect the separation. The mobile phase was therefore 
seiectcd in accordance with the principles of reversed-p&se ion pairing previously 
presentedf3*lJ. 

Injection of the reaction sofution into this system gave two peaks incompletely 
separated (Fig: I). Different .reaction conditions (variation of PI-I; of ftuor&camine 
solvent, etc.) produced variations in the absolrite peak areas, but did not’chege the 
ratios. It was .thus apparent that the mu.ItipEe products could not b2 explained in 
terms of ati unk&@@y choice of reaction conditions. 

. . Encreasizg the proportion of water in the mobile phase- increased retention 
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Fig. 1. Chromatograa of Ruonxcamine-aIanine reaction products iri a solvent of water (3.0 x 10V3 
moles of camphorsulfonic acid) adjusted to pH 3.5 with tetrapropylammonium hydroxide and 
methanol (200 ml/300 ml). Flow-rate, 1.5 ml/mk; pressure, 3160 p.s.i; temperature, ambient. 

Fig. 2. Chromatogmn of fk~or&canin~alanine reaction products in a solvent of water (3.0 x IO-’ 
moks of camphorsulfonic acid) adjusted to pH 3.3 with tetrapropylammonium hydroxide and 
meth+ol(250 ml/300 ml). Conditions as in Fig. 1. 

Fig: 3. Cbromatogkn of &JO resmminbine reaction products in 2 solvent of water (3.0 x 10v3 
moks of cazxx~phorso!fonic acid) adjusted to pH7.5 with tetrapmpykmnonium hydroxide and 
methanol (250 ml/300 ml). Conditions as isz Fig. 1. 

volumes of each compoxxnt and the distance between pezk maxima but, bee&se of 
the extensive “tail” of the f&t peak, .did not effect separation (Fig. 2). These chro- 
matographic characteristics indicated that a rapid equilibrium between co&ponents 
of the two peati might exist within the chromatographi~ system; The pK dependency 
of the proposed equilibrium was determined by altering the pH of the mobile phase. 
At pH 7.5;the two _maks were separated (Fig. 3). However, co&zction and reinjection 
of either fraction gave a chromatogram indistin&Gshab!e from the- initial chromato- 
gram in the area ratio of the two peaks. 

Qn.t+e basis of the foregoing studies, it-appears that the two reac~on products 
are reversibly related, and the reversible reaction proc&ds more sl6wfy Fder mildly 
alkaline cond$ioris than in acid soWion. l&h component Buoresc+ at the same 
excitation a&d emission wav&en,@hs, and the two differ considerably in polarity. 

tie component must b&the previously indirectly &aracteriz+d product I, and 
a logical candidate for the second component is th& &tone 1: derive.d :from I. The 
rate of Iactone formation -in- aqueous soIutioti has the. gene@ pe -dependency ex- 
hibited in the pres$&t case, and such formation sho$d not greacy aEti$ fluor&cence 
ch+racteristics of the product+ The dtxrea+ po&it$ of the Iac.tone over the p&x& 
.acid alcohol woUrd also account for the retention &ar~~cs,of.th& second; more 



strongly retained product_ FinafIy,.the change in the ratio of products formed with a 
change in amino acid could be explained by noting the steric effect of the amino acid 
on lactone formation. 

To test this $ossibili&, tluorescamine was reacted with 2-, 3- and 4-amino- 
butyric acid, and the ratio of the two products determined (Table I). The peak area 
ratios are explicable if the first peak is considered to be the acid alcohol and the second 
the &tone which is, as well, in accordance with polarity considerations. The ratio of 
la&one formed is then seen io increase from 2-aminobutyric acid to 3-aminobutyric 
acid because the six-membered lactone formed from the latter is more stable than the 
five-membered ring of the former. The seven-membered ring necessary f6r lactoni- 
zation of 4aminobuEyric acid is too large for penzeptable formation. 

Likewise, examination of the ratio of products formed with &mine, vaiine, 
leucine, and isoteucine lends further support to the Iactonization explanation. Sub- 
stitution in the p position decreases lactorrization via a steric efGct, and the propor- 
tion of II formed decreases with increasing substitution at this position. As expected, 
substitution in the cc position, as with a-aminoisobutyric acid, is a much more dramatic 
deterrent to Iactonization. 

JLactone formation should not occur with peptide derivatives since the free 
carboxylic acid is located some distance from the primary amine. As confirmation 
of this, reaction of fiuorcsramine with L-alany&L-alanine was shown to give only one 
peak. (‘Fable I). 

-rABti I 

RE?CEN’kON AlfD RESPONSE CHARACTERISTICS OF SELECTED FLUORESCAMINE- 
AMINO ACID REACTION PRODUCTS 

- 
Amim acid reactant Retenrrbn volume (ml) Acid akoholjiacrone 

--___- ~- peak ares ratio 
Acid akolioC Lactone 
G&-ivQtive derivative 

2-Aminobutyric acid 6.0 10.2 2.5 
3Aniuobutyric acid 5.4 a.4 0.64 
4-Aminob~tyKc aid 4.5 - No ladme formed 
Ah&e 5.0 8.6 2.84 
VzIine 6.8 16.2 
kucine 8.7 21.0 ::; 
isafeucice 8.9 22.0 4.8 
n-Aminokobtityric acid 4.2 7.8 12.3 
.L-Ahnyi-mdaitie 28.0 No hctone formed 
s_-Afaninererk-butyi ester 4.5 - No lackme formed _ 

___--. 
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Therefore, &I evidence &id&&d tkat the &and tired& of&& fk&&&&- 
amino acid reaction is the lacton$ a&d--at&ior&ay tk& b& @i&i& &ward $k; 
pimotion of suppressio& of lactdni&ioxC&t~ app’r_o~c& &stippres+ iS to’esferify 
the .a.mino &id prior-to reactiqn with fluores .- c+G+ Thelalkoxide group of .an ester 
“leaves” :witk consider&y les6 fa&l$y than the kydr&ide -of an acid. Tke__&lity of 
this approach v+s investigated with tke &.-b&y1 e&er -of r;-a&&~~ and no facttine 
was formed (TabSe r). Hosvever, t&e -zx&ssity for a cumber&&e &te&cation~step 
prior to fiuor escamine reaction decreases the attracti+en&s of its use,-‘and &ernate 
appro&kF &re therefore ulider study. 
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