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SEPARATION AND IDENTIFICATION OF PTERIDINES
BY PAPER CHROMATOGRAPHY*

CHANNA KWIETNY ann FELIN BERGMANN

Departinent of Pharmacology, 1'Nte Hebrew Uuivcl'sily,‘ Hadassah Medical School,
’ Jerusalem (I svael)

During our attempts to clucidate the pathways of enzymic oxidation of pteridines, it
became necessary to scparate mixtures that contain isomers as well as pteridines in
different stages of hydroxylationt. Paper-chromatographic analysis has been success-
fully applied to pterines, extracted from biological sources?-8, Systematic investiga-
tions regarding the suitability of various solvent mixtures for the separation of
- pterines have been carried out by TscHESCHE AND KorTe"Y, Since all naturally .
oceurring pterines have an amino group at position 2, the solvents selected by previous
investigators were.of special value for the identification of basic pteridines. ALBERT
¢t al.h~12 used Ry values extensively for the characterisation of their synthetic pteri-
dines, including hydroxy derivatives devoid of amino groups. Some of the figures
~obtained by these authors are included in Table 1I. However, the methods adopted
were not chosen for the purpose of analysing mixtures of closely related compounds,
such as occur in the course of enzymic oxidation. Especially when there are no side-
- chains attached to the heterocyclic nucleus and the only difference consists in the .
number or position of hydroxyl groups, the problem of quantitative separation becomes,
much more intricate. | ' o
In the present study, we have tried to develop new methods for the chromato-
graphic scparation and analysis of pteridines, with two main objectives in mind:
(a) The procedure should concentrate the compounds tested in well-defined spots.
This point is of great importance, in view of the fact that in many solvents certain
_ pteridines tend to streak, while other derivatives may give more than a single spot
The former phenomenon, the tendency to trail, may be ascribed to the presence at
cach point of equilibrated mixtures of molecular and ionised formsi3. The latter
- observation, viz, the appearance of more than one circumscribed spot, may be cxpla.ln-
cd by the formation of hydrates (by addition of water to a reactive double bond)
‘thatare in equilibrium with the non-hydrated structure. Naturally, if the two members -
~of'such a pair are rapidly interconvertible, it would not be casy to understand how.
~they could separate during chromatography. Therefore onc is led to assume that -
Vcluring chromatogfa.phy, conditions are unfavourable for equilibration so that the

* This 1nve¢:t1gat10n forrnb part of the Ph, D. thesis of H. lxwu.rN\ submittecd to the l'cu.,ulty‘
of Science, The Hebre“ University, Jerusalem. »
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mixture of ]iydl ated and non-hydrated molecules may behave as though two in-
“dependent entities were present. Tinally, there are indications for keto—enol tauto-
‘merism in the ptu’ldmc series (SCHOUM), If this should prove to be the case, it could
lead to the appearance of 2 spots, if the tautomers do not equilibrate easily during
“development of the chromatogram. (b) The method should be of wide applicability,
i.¢. it should be useful for the separation of a large number of pteridines when present
together. ‘

, MATERIALS AND METHODS
Snbsmncas,

The pteridines used in the present investigation were synthesised by ALBERT el al.h-12
“and were obtained through their courtesy. The purity of these compounds was
checked by ultraviolet spectrophotometry and by paper c]u‘omatogr‘aphy. Only for
2,6,7-trihydroxypteridine has the absorption spectrum not been reported previously.

An aqueous solution of this derivative apparently consists of a mixturc of two different.
‘structures!? ; during chromatogr aphy it separated into two well-defined spots. However,
‘the synthetic material is undoubtedly pure, because it pxoved identical in cvery
respect with the substance resulting trom enzymic oxidation  of 6,7-dihydroxy-
pteridinet. At pH 8, 2,6,7-trihydroxypteridine from cither source exhibited maxima
~ at 353 and 232 mu. Although this spectrum is probably not characteristic for a single.
s‘t‘r‘ucture‘, it is very useful for identification purposcs*.

Determination of dissociation constairts

The pIK values of the compounds used were determined sl:mctrophotonwtrically, by
observing the changes of Apax as a function of pH5, The results are unequivocal in
“all cases in which a steady function is obtained. However, with some 6-substituted
’ ptcridiués, notably 6-Pt, 2,6- and 6,7-Pt, the number and the position of the absorp-
tion maxima change suddenly in a certain pk range, so that an exact evaluation of
“the pK values by this procedure proved impossible. In these cases, the figures of
-~ ALBERT ¢t al., who applied potentiometric methods, were used. However, it should be
“recalled that the pK values of most derivatives, containing a 6-hydroxyl group, are
“ambiguous; they depend on the direction of the titration. Inspection of Table I
reveals certain discrepancies between our own measurements and those of the Austra-
~lian investigators. These differences can be ascribed to the different procedures used.
“In the spectrophotometric method, the substance is dissolved in a given butfer, where
'it may equilibrate between all possible structures, and then its Apax is measured. In
the potcntlomctmc procedure, the pH of a given solution is changed continuously
~and there may not always be sufficient time for cquilibration to take place. Table I
*‘d(,monstmt(,s that most pteridines are very weak bases; they are converted into

Y Ior. tlu., :-.:ch, of l)u.vu.v the pteridines will be clcbxgna.t(,d as follows: g-hydroxypteridine ==
1 -t 2,4 dlllvdloxvptcrxdme = 2,4-Pt; 4,6,7-trihydroxypteridine = 4,6,7- -Pt, etc. All mono

S hydroxy derivatives are classified as group l, all chhyclro*cy derivatives as group II and all tri-
‘ hyclro:«.yptcnclmcs as group. I11. : ‘ ‘
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‘- cations ‘at“high acid concentrations. The hydroxy derivatives form anions, the pK
-decreasing in general 'with the number of hydroxyl groups present. However, a limit

‘is set by formation of bis- -anions— an observation 'm'tlogom to previous 0\po11cnce
in the purine seriesls, :

Detection of spots

The ability of pteridines to form metal chelates has been studied by ALBERTS, Taking
advantage of this property, we have tried to stain the chromatograms by spmymg
‘the paper first with a solution of a metal acetatc and then with a staining agent,
specific for the cation used. Among the more stable metal complexes, the Zn++ and
the Cut+ chelates were the most promising. The former, after spraying with an alcoholic
solution of diphenylcarbazone, gave intensely red spots. However, since the back-
- ground was also stained red, only quantities above 50 y could be recognised un-
equivocally. Copper acetate and diphenylcarbazide, on the other hand, produced
pink to red spots on a bluish-gray background; spots representing 10y could be
' recognised at once and became still more distinct after 24 hours when the background
had faded. This proves that the complex pteridine-Cu+*-diphenylcarbazide is much
‘mmc stable than the complex formed in the absence of pteridines. The results of the
st;unmg experiments with copper ion arc also included in Table I. This detection
" method is, however, of limited value, since oﬁly certain derivatives give a positive
reaction. Pteridines containing a 6-hydroxyl group produce only a weak color or may
not stain at all. Pteridine and 2-Pt could not be tested, since they concentrate in well-
defined spots only in solvents containing ammonium chloride. Chloride ions were,
however, found to destroy these complexes. In contrast to the staining procedure,
fluorescence in ultraviolet light is of general applicability and was therefore used in all

experiments. For this purpose a Miner cl]lg]‘lt ultraviolet lamp, which emits radiation
of about 255 me was used.

Chromatograply

'All experiments were carried out by the descending method, using Whatman paper
- No. 1. The paper was cleaned by immersion in 0.05 A borax (pH about g) for one
“hour and then in 10%, acctic acid for the same period. Development extended usually

over 12 hours, with the solvent front 35-40 cm from the starting line. In those cases,
- where the low rate of migration required developing periods of ‘100 hours (group III
in solvent 6 or 8, see Table II) so that the solvent was dripping off the edge of the

~ paper, Rp values were determined by s!mult’mcously l'unnmg 2,4,7-Pt as reference
- substance.,

RESULTS
" Separation of pteridines with various solvent mixtures

" The first solvent tested was 3% ammonium chloride (= solvent 1), which has been.
‘ 1ntroduced for ptu'lno studies by TsCHESCHE AND I\.ORIF’. As shown in Table II,
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column . 2, all - members of group I, with the solc exception of 2-Pt, have abotit the
-same Rp. Within group II, the Ry values of all isomers are again close tu each other.
~However, 2,4-Pt gave two spots and 4,6-Pt even three. The Ry of 2,6-Pt could not be
measured, because the compound streaks over the whole chromatogram. In group III
~likewise little variation is observed. All its members develop well-defined, single
's.pots with the exception of 2,6,7-t, which gives two spots in accordance with the

experience of ALBERT, LISTER AND PEDERSEN'2, An important feature is the sharp
~separation of group III as a whole from 2,4,6,7-Pt, one of the end-products of enzymic
oxidation’. To summarise: with solvent 1 there is little differentiation between
“individual compounds or groups of isomers.

The pH of solvent 1 was usually between § and 6. Tt is evident from the p/ values
in Table I that in this pH range most pteridines exist as neutral molecules or as
mixtures of the latter with anions. It appeared therefore possible that sceparation
might improve, il all substances were present as anions only. The effect of addition
of 59, ammonia to solvent 1 was therefore stuclied (solvent 2, pH 10.5; column 3 in
Table II). Curiously enough, all Rp values increased considerably. Otherwise, the
results with solvent 2 were similar to those with solvent 1. In group I, it is remarkable
that 2-Pt now behaves like its isomers. In group IT, 4,6-Pt is concentrated into a single
spot, whereas 2,4-Pt still gives two spots. Like in solvent 1, 2,6-Pt spreads over a
considerable length of the paper. The titration curve of 4,6-Pt shows a hysteresis loop,
indicating the formation of a hydrate!'; however, in alkaline media equilibration is
very. rapid. I’ hercfore, in solvent 2 this derivative does not give more than a single
spot. In contrast, 2,6-Pt at alkaline pH represents a mixture of two neutral molecules
and two anions'? and the slow transition between the different forms makes the
formation of a well-defined spot impossible. The behaviour of 2-Pt is very interesting.
This derivative is distinguished from its isomers by its exceptionally high pK value
(see Table I). In solvent 1, where it is present exclusively as the neutral molecule, it
‘migrates slower than its isomers, which are in equilibrium with their anionic forms.
Usually, the opposite behavior is observed in paper chromatography, ions travel at
lower speed than the neutral molecules. However, the reverse relationship holds in
‘general for solvent 1 and 2, since the mobile phase contains only water and possesses a
higher ionic strength than the stationary phase. As compared to solvent 1, solvent 2
is somewhat more suitable for group separation and could indeed he used for certain
analytical problems arising from enzymic oxidation reactionst. ‘

In the special case of 6-Pt, ALBERT, BROWN AND CHEESEMAN'C could eliminate
streaking by the use of dimethylformamide (DMTF) as solvent. In the light of our
experience with solvent 1 and 2, it was decided to test DMF in threc different forms:
() in combination with neutral solvents only; (b) together with organic acids, and
~(c) with ammonia. ‘

" The combination of 25% DMI with 65, isopropanol and 10%, wwtox (= solvent
- 3) was selected from about 10 different mixtures for a more thorough study. The
results in Table IT, column 4, show that only pter idine and 2,6-Pt give diffuse spots.
(.:roup T dpp('zus to bc dl\’lde into two pairs of suhst'mcu. ~the members of each

I\c/m em,os P 172



168 . H. KWIETNY, F. BERGMANN - voL. 2 (1959)

Ppair having identical Ry values: 2- and 6-Pt migrate considerably faster thzin the
pair 4- and 7-Pt. In group IT and III, the Ry values overlap, and similarly no sharp
separation is found between group III and 2,4,6,7-Pt. A most remarkable feature is
the appearance of only a single spot for 2,6,7-Pt, a phenomenon observed also with
solvent 5. Summmising, it can be said that solvent 3 does not provide the desired
solution of the present problem and is suitable only for spccial purposes (e.g. for tho‘
separation of a mixture of 2- and 4-Pt or of 2,4- and 4,7-Pt). :

In solvent 4, DMF (25%) and isopropanol (65%) were combined with Io%‘
glacial acetic acid instead of water. The results in Table II, coluinn 5, demonstrate
the inferiority of this mixture. Many compounds produced diffuse spots and 2,6-Pt
showed streaking. ALBERT ¢/ al.2? used DMF as its azeotrope with formic acid (6%). We
examined therelore solvent 5, which contains 2.5%, formic acid and 10%, water (see
Table I, column 6). Although superior to solvent 4, it was still unsatisfactory, because
four derivatives gave ditfuse spots. However, some new interesting properties came to
light: In group I, 4-Pt could ecasily be separated {from 7-Pt, analytically a very.
valuable feature. In group II, 6,7-Pt can be. differentiated from 2,4-Pt on the ond
hand and from the pair 2,7- and 4,7-Pt on the other. In group III, 2,4,6-Pt differs
from its isomers by its high 7 value. This group as a whole is also well separated from
tetrahydroxypteridine. '

' More encouraging results were obtalned by the addition of 2.5% ammonia -
(solvent 6; column %7 in Table II). Here, all hydroxy derivatives gave well- defined
spots; only pteridine itself yiclded a rather clongated spot. In group IT, 4,7-Pt and
6,7-Pt had identical Ry values; all other members could be separated from this pair:
and from each other. In group III, exccllent separation of all isomers is possible.
However, in view of the small rate of migration, development has to be prolonged f‘ox"‘
more than 100 hours. Itis also apparent that 4,6,7-Pt can not be distinguished from .
2,4,6,7-Pt. This problem can, however, be solved with the aid of solvent 1 or 2. An’
important property of solvent 6 is the fact that 4,6,7-Pt can easily be distinguished
from both spots characteristic for 2,6,7-Pt. This question actually arose inthe cluclda-
tion of the oxidative pathway of 6,7-Pt*. :

It should be mentioned that an increase in the ammonia concentr atlon dxd not
produce any improvement over solvent 6. On the contrar y, some of the derivatives
‘of 6-Pt, which formed well-defined spots in solvent 6, started to trail again, when'
5% ammonia was present. Solvent 6 seems to offer good prospects of solving arnlytlcal ‘
problems and it was used extensively by us in enzymic studies.

In view of the favorable results obtained by addition of ammonia, we also studied
the simple combmatlon of ethanol with this base, in the hope of being able to dlspensc
with the use of the toxic DMTF. With 50% cthanol and 2.5% ammonia (solvent 7,
column 8 in Table II) all pteridines showed rather high 1\ F valucs and very little "
differentiation. The results were in general very similar to those with solvent 2, but:
now all compounds formed well-defined spots.. A much better separation was achieved -
by decreasing’ the percentage of water. Solvent 8, which contained 80%, ethanol and
2. 5% ammonia, lcd to well-concentrated spots—w1th the sole cxccptlon of ptcudmci

Pc/umzccs /) 1'72
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(see Table II,“co‘lumn 9). In éroup I, 2-Pt exhibited a much smaller R r value than the

other mono-hydrexy derivatives, which all migrated at about the same rate. In group
IT, two separate sections can be distinguished: 2,4- and 4,7-Pt possess a much higher
Rp than all other members, but these were again not clearly differentiated from each

other. In group I1I, good separation can be effected by developing for a prolonged
period. Solvent 8 thus revealed properties similar to those of solvent 6 and proved

indeed very useful for special analytical purposes.
In Table 11, we have also included the results, reported by ALBERT ef al9-12 for

‘a butanol-acetic acid-water. mixture. Besides streaking, the appearance of more than

~one spot.and the overlapping of Ry values between different groups makes it difficult
~in most cases to use this solvent for the separation of mixtures containing pteridines

with varying number of hydroxyl groups.

TABLE III
RECOVERY OF PTERIDINES FROM PAPER CHROMATOGRAMS

For these experiments, 8oy of cach pteridine were spotted on the starting line over a length of S cm.
After development with solvent 6, the spots were marked. under ultraviolet light, cut out and
extracted with 8 ml of o,1 A phosphate buffer, pl-l 8.0, The extracts were read in a Beckman
Model DU ultraviolet spectrophotometer at the absorption maxima given in column 2 of the
Table. Paper blanks of the same size were treated in the same manner, and the optical density
of the blank extracts at the relevant wavelengths was subtracted from the readings of the pteridine
extracts. The derivatives rn'u‘kcd with an asterisk showed—Dbesides their individual Apmax—an
additional peak at 313 mu. FFor pteridine and 2-t, solvent 2 was used for cdevelopment, since in
solvent 6 these two compounds do not concentrate satisfactorily (see Table 1T).

Substanee ‘ Ajax () al pH 8.0 Yo Recovery

Pteridine | 298 74

Group T

2-1t 310 ‘ 83
4-1t 331 83*
6-1't -289; 358 82
7-Pt ' 328 77
Group IT ‘ :
2,4-17t 270; 328 go*
2,7-1Pt 345; 30r 56
4,7-Pt 327 =8
2,617t 298 53
4,6-1t 281; 359 89
6,7-Pt 320; 336 88

Group I1T

2,4,6-Pt : 381 o2
4,6,7-Pt 317 330 78"
2,6,7-Pt ‘ 354 ‘ 94
'2,4,6,7-Pt 290; 332; 346 87
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Recovery of pteridines fram paper chromatograms

For the evaluation of the results of enzymic reactions, it is of importance to detcrmmc
individual pteridines quantitatively after their chromatographic separation. We have
therefore extracted the spots with 0.1 3/ phosphate buffer of pH 8.0 and have measured
the concentrations spectrophotometrically. ‘As shown in Table ITI, in most cases a
recovery of 70-90% was achieved. Notable exceptions are 2,6- and 4,6-Pt, where not -
much more than half of the amount appliced to the paper, was found in the extract.

Incompletc recovery of pteridines may be ascribed to two differerit factors: Some of -
the compounds are sensitive to air or light, as observed previously by ALBERT el al.9-12 |
However, some derivatives of 4-Pt, which are characterized by their great stability,
developed a new absorption maximum at 313 mu. These compounds are marked in
Table II1 by an asterisk. No explanation for this phenomenon has been found, since
all substances involved form well-defined, single spots, without any indication of the
presence of a common contaminant. .

The result obtained with 2,6,7-Pt is especially mtcrc,btmg After cluomatograph\

in solvent 6, two spots arc obtained. From the lower one (Rp == 0.035), almost 80%,
of the total amount was recovered, exhibiting Amax = 353 mu. The extract from the-
upper spot (Rp = 0.17) did not absorb at all at this wavelength, but showed a new
maximum at 270 mg, which was absent in the original solution. The optical density
of the second extract at its maximum was, however, so small, that only a minor paft
of the total material could have been present in the upper spot. While these results:
indicate separation ot 2,6,7-Pt into two stable entities, we can confirm the observ ation
of ALBERT ¢l al® that cach componcnt upon re-chromatographing, again produces a
pair of spots. ‘

DISCUSSION

The results given in Table IT demonstrate that no single solvent combination is
suitable for the: separation of all 15 hydroxylated pteridines. However, in actual
problems only certain homologs and isomers occur together. Solvent 6 proved most
suitable for the differentiation of such mixtures. The combined use of solvents 6, 2
and 8 has enabled us to solve all analytical problems encountered in enzymic reactionsl.
In the pteridine series, the Rp values decrease regularly with an increase in the
number of hydroxyl groups. This observation contrasts with the effect of non-polar
substituents. For example, it is well-known that in homologous series the stepwise
introduction of methyl or methylene groups #nereases the rate of migration!? 8,
When log (1/Rr — 1) is plotted as a function of 7, the number of identical substituents
attached to a tundamental structure, a straight line should be obtained??, For methy1~
ated homologs this line exhibits a negative slope!8, 7.¢. the [ree energy of transfer
from the <tat1on'uy to the mobile phase increases regularly with each additional
methyl group. In Fig. 1 we have plotted the above function for the Rz values, meas-.
ured in solvent 2, to demonstrate the positive slope of the straight line, <.¢. the decrement
of AF, the free energy of transfer, for each additional hydroxyl group. Since Aar is

'Ile/el'e)web P17
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‘ mlatcd to the distribution cocfficient a by the equation 4F = RT Ina, the rcvmscd
slope in Tig. 1 is simply an expression of the fact that hydroxyl groupsincrease the
« affinity of a given structurc for the stationary (7.e. aqueous) phasc.

Fig. 1 also demonstrates that the linear relationship between log (1/Rp — 1)

Fig. 1. Tog (1/Rr— 1)as a function of », the number of hvclloxyl groups attached to the pteridine
nucleus, The values used in this graph refer to solvent 2 in Table 11. Numbers indicate the position
of the hydroxyl groups. Note the logarithmic scale on the ordinate. The line drawn shows that
there is a lincar relationship for the following two series: (a) Pteridine = 6-Pt-> 4,6-Pt = 4,6,7-Pt —
2,4,0,7-Pt (b) Pteridine —» 7-Pt — 2,7-Pt — 2,6,7-Pt (or 4,6,7-1t) - 2,4,6,7-1°t.

g

and 2, the number of hydroxyl groups in the pteridine nucleus, holds only for certain
- derivatives, but is not of general validity. The spread of the Ry values of isomers
| reveals again the profound influence of the position of hydroxyl groups on the physical
properties of pteridines. This influence is analogous to the marked effect of the position
~of hydroxyls on the chemical behavior of pteridines?0-12,
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SUMMARY

- ‘Methods for the paper-chromatographic separation of hydroxylated pteridines have
" been developed. | | |
- The dependence of the Rp values of pteridines on the presence of organic acids
“%:. ‘or ammonia in the solvents used and on thc number and pcmtlon of hyclroxyl groups
m the hctelocychc nuclvus has been dlscmscd
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