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S’EPARATION A’ND ID_EN’l’I.FICATION OF PTERIDINI2S 

BY PAPER CHROlL4TOGRAPHY* 

IIuring our attcrn@s to cluciclatc tllc patl~ways of cnzyniic osiclatioll of ptcriditles, it 
l.xxamc ncccssary to scparatc mixtures that contain isomers as well as ptcriclincs in 
cli Ikrcnt stages of llydl.osylatioll.‘.. Paper-chromatograph.ic analysis has bean success- 

fully applied to pterincs, cstractccl from biological sourcxs’ - L O. Systematic invcstiga- 
tions regarding the suitability of various solvent mistures for the separation of 
ptcrities have lxcti carried out by ‘I’s~I-II2xIi15 ANI) I<~R-I*I~~~~. Since al.1 naturally 
occurring pterines have an amino group at position 2, the solvents selected by previous 
investigators were. of special value for the iclcntilication of bnsic ptcriclines. Ar3ER-r 
ct tsZ.+12 used Iil,~ values cstcnsivcly for the charactcrisation 0C tlleir synthetic pteri- 
dines, including llydrosy dcrivativc:s clcvoitl of amino groups. Some of tlic lig:urus 
obtained by tllesc authors arc incluclccl in Table II. ‘Howover, the tnethocls adopted 
wcrc: not clioscn for the purpose of analysing mistures of closely relatecl compounds, 
such as occur in the course OF cnzyinic 04siclation. Especially when thcrc at-c no sidc- 
chains attached to the heterocyclic nucleus and the only difference consists in the 
Iiut~ilxx or position of l.~yclrosyl groups, the problcni of quantitative separation lxcomes 
much more ititricatc. 

Iii the ptxscnt study, WC l~.vc triccl to clcvclop tiew mctllods fur tllc chroniuto- 
graphic separation and analysis of ptcridines, with two main objcctivcs in mind: 
(a) The procedure sl~oulcl 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 
cacll point of equilibrated mixtures of molecular and ionised forms13. ‘I’he latter 
obscl:vation, vh. the appearance of more than one circumscribccl spot, may be explain- 
cd by ‘the formation of hydrates (by addition of water to a reactive cloul~le bond) 
that are in equilibrium with the non-hydrated structure. Naturally, if the two members 
of’ sucll a pair are rapidly interconvcrtible, it would not bc easy to unclcrstand how 

they could separate during cllromatography. ‘L’hcreforc one is led to assume that 
during chromatography, conditions are unfavourable for equilibration so that the 
__ 

l TT1~i.s investigation forms part of the Ph. U. thesis of H. KWIETNY, submittecl to the Faculty 
of Science, The Hebrew University, Jerusdem. 



misturc of I~ydrutccl and nail-1~ydratcc.l mol.ccules may bel~~.vc as though two in- 
dcpcndcnt cn titics wore prcscnt. Finally, tllcrc arc indications for l&o-en01 tauto- 
mcrism ii: tile &ricliiic scrics (SCEroul”). If this sl~oulcl prove to be the case, it could 
lead to the appearance of 2 spots, if the tautomers clo not equilibrate easily during 
development of the chromatogram. (1~) The methocl should be of wide applicability, 
;.c. it should be useful for the separation of ‘a large number of pteridines when present 
together. 

‘I’]-rc ptc~idines used in the prcscnt investigation were synthcsisecl by A.rJ3ER-r c-:I (f1.!‘-12 
rind were obtainccl tllrouglk tlicir courtesy. The purity of thcsc con~pouucls was 
cllcclccd by ultraviolet spcctrophotometry and by p;~pcr cln+omatography. Only Ior 
z,G,7-trilzyclrosyptcridinc has the absorption spcctruxn llot been reported previously. 
An aq~ieous solution of this derivative apparently consists of a misturo of two different 
structurcsl2 ; during cllrolnatogl.aplly it scparatecl into two \vcll-defined spots. However, 
the synthetic material is undoubtedly pure, because it proved iclcntical in every 
rcspcct with the substance resulting krom cnsymic osidation of G,7-clihydrosy- 
pteridinel. At pl-1 Y, z,G,7-trihydrosyptcridinc from citllcr source exhibited maxima 
at 353 and 232 rnp. Although this spectrum is probably not characteristic for a sin&c 
structure, it is very useful for identification purposes*. 

The pK values of the compounds usccl wcrc dctcrlninccl sl.)ectl.ol~ll~)toI1lct~ically, by 
observing the changes of A ,,,lLx as a functioii 0E pi-1 15, T11c results arc unccluivocal in 
all cases in which a steady function is obtained. .l-Iowcvcr, with soiue G-substituted 
1) tcridincs, notably (i-Pt, z,C,- and G,p.Pt, tlic iitlml~ci* alid tlic position of tile iIbSOLp 

tion maxima cliangc suclclcnly iii a ccrtaii~ pi-1 ratigc, so tliat an esact cvultlation of 
tile 1X values by tllis proccclurc proved impossible. In these cases, tllc figures of 
ALI~II'I' cl id., who applier1 potentiomc?tric metllocls, Fvcrc used. Howcvcr, it should bc 
recalled that the pK values of most derivatives, containing ZL G-hydrosyl group, arc 
ambiguous ; they clcpencl on the clircction of tlic titration. Inspection of Table I 
reveals certain discrepancies bctwccn our own measurements and those of the Rustra- 
lian investigators. These differences can be ascribed to the different procedures used. 
In the spcctropllotomctric method, the substance is clissolvcd in a given buffer, where 
it may ccluilibrate bctwccn all possible structxnxs, and tllen its Alllldx is measured, In 
‘the potcntiomctric procedure, tllc pEI of a given solution is chaligecl continuously 
and there may not always be sufficient time for equilibration to take place. Table I 

‘demonstrates that most pteridirics are very weak bases; they arc converted into 
__.____,_..___ __ ..,_. _ _.... 

., l For the sake of IwcviLy. tlic ptcritlii~cs a-ill IIC clcsignatctl as foll~~ws: 
jppt; ‘a> 

.~-11\ttl~c~syptcrirlily~ = 
,,,4-dilr?,clrosyptericlirle = 2,4-I%; ~,6,7-trihvclroxyptericlinc = L~,6,7-iG, etc. All mono’ 

l~ydroxy clc+vatives are classified as group 1, all dihyclroxy derivatives as group II and all tri- 
hyclrosyptericlincs as group III. 

l~~ferwrces p. l‘j3. 
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cations at high acid concentrations, The hydrosy derivatives form anions, the pK 
decreasing in general with the number of hydrosyl groups present., However, a limit 
is set by formation of bis-anions- an observation analogous to previous espcriencc 
in tllc purinc seriesI”. 

The ability of pteridines to form metal chelates has been studied by AI.BERT~~. Taking 
advantage of this property, we have tried to stain the chromatograms by spraying 
the’ paper first with a solution of a metal acetate and then with a staining agent, 
specific for the cation used. Among the more stable metal complcscs, the Zn++ and 
the Cu++ chelates were the most promising. The former, after spraying with an alcoholic 
solution of diphenylcarbazone, gave intensely reel spots. However, since the back- 
ground was also stained red, only quantities above 50 y coulcl be recognised un- 
equivocally. Copper acetate and diphenylcarbazidc, on the other hand, produced 
pink to red spots on a. bluish-gray l~acl;grouncl; spots representing IO y could be 
recognisecl at once and became still more distinct after 24 hours when the background 
had fadecl. This proves that the comples ptericline-Cu ++-diphenylcarbazicle is much 
more stable than the comples formed in the absence of pteridines. The results of the 
staining espcriments with copper ion arc also included in Table I. This detection 
methocl is, however, of limited value, since only certain clcrivatives give a positive 
reaction. Pteridines containing a 6-hyclrosyl group’proclucc on1.y a weak color or may 
not stain at all. Ptericlinc and z-19 coulcl not be t&ccl, since they concentrate in well- 
clciinecl spots only in solvents containing ammonium chloriclc. Chloride ions were, 
however, found to destroy these compleses. In contrast to the staining procedure, 
Uuorescence in ultraviolet light is of general applicability and was therefore used in all 
cspctiitnents. For this purposc~ :L Mi~~c!raligl~.t..~~ltl~a~~iolct la&p, which emits radiation 
of ;~lGut 255 ni/~ was used. 

All esperiments were carried out by the descending method, using Whatman paper 
No. I. The paper was cleaned by immersion in 0.05 Al boras (pH about 9) for olic 
hour and then in IO?, acetic acicl for tlic same pcriocl. I~evelopment cstenclcd nsually 
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 'IOO hours (group III 
in solvent 6 or 5, see Table II) so that the solvent was dripping off the edge of the 
paper, RJ,~ values wcrc dctcrminccl by siinultnneously running 2,4,7-R as rcfurencc 
sul>stance. 

,' Se$wxtio~a of #mXmx with variows solvtmt mhhm3 

The first solvent tested was 3 yO ammonium chloride (= solvent I); which has been 
introduced for ptcrinc stuclics l>y TSCXKI~SCHY~ AND KoR'I'I?~. As shown in Table II, 

.Re/erorccs /I. ,I 72. 
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C0lumn 2, all mcml>ers of group I, with the sole csccption of 2-R, have abolit the 
.samc lip. Within group II, the Rp values of all isomers are again close to each other. 
However, z,4-1% gave two spots ancl 4,6-I? even three. The 12~1 of 2,G-Pt coulcl not be 
measured, lxcnusc the co111pounc1 strc!al<s over the wl~olc chrornatogram. In group III 
likcwisc little variation is ol~scrvecl. All its members clc~elop wel.l-defined, single 
spots, wit11 the esccption of z,G,7-Pt, wllich gives two spots in accordance with the. 
cspcrience of AI;lsIx~*r, bS-I’I’R ANI) ~‘I~1~151ZSI~N”~2. h illl~XdLllt fCZLtUlT iS thf? Shrtl-1' 

separation of group III as a wllo1.e front z,q.,G,7-Pt, OJIC OC the end-products of enxymic 
osidation’. To summarisc : with. solvent I there is little: differentiation lxtwec:n 
inclivid~ial compounds or gi:oups 0C isonicx-s. 

Tlic pI-I of solvent T was usually betwctcn 5 and 6. It is eviclcnt from the pK values 
in Table I that in this pH range most ptericlines csist as neutral molecules or as 
misturcs of the latter with anions. It appearccl therefore possible that separation 
might improve, if all suhstanccs were prcscnt as anions only. ‘LYE effect of addition 
of 5’%, ammonia to solvent T was tlwreforc stuclicd (solvent 2, l>H 10.5; Coleman 3 in 
Table II). Curiously enough, all Rp values increased considerably. Otliertvisc, tlic 
results with solvent 2 were similar to those with solvent I. In group I, it is reiiiarl~al~le 
tllat z-l?t now lx3liaves like its isomers. In group IT, 4,6-T? is concentrated into a single 
spot, whereas 2,4-l% still gives two spots. Like iii solvent I, 2,6-Pt spreads over a, 
considerable length of the paper. The titration curve of q.,Ci-Pt shows a hysteresis loop, 
indicating the formation of a hydrate. 11; however, in alkaline media equilibration is 
very rapid. Tliercforo, in solvent 2 this dcrivntivc tloes not give more than a single 
spot. 1~1 contract, z,T,-Pt. at alkaline pH reprcscnts a mixture of two neutral molecules 
and two anionslz nnd the slow transition between tllc different forms makes the 
formation of a well-defined spot iinpossihlc. The hehaviour of 2-Pt is very interesting. 
This derivative is distinguished .froiii its isomers by its esceptionally high pK value 
(see ‘l’able I). I II ho vent : 1 I, wlierc: it is present esclusively as the neutral inc~leculc, it 
migrates sloz@el* than its isomers, wllicli are in equilibrium with their anionic forms. 
Usually, the opposite behavior is observed in paper chromatography, ions travel at 
lower speed than tlic neutral molecules. However, the reverse relationship holds in 
general for solvent I and 2, since the mobile phase contains only water and possesses ;I 
.liigher ionic strength than tlic stationary phase. As coinpared to solvent I, solvent 2 
is somewhat more suitable for group separation aiicl coulcl inclcccl lx lisctl for certain 
analytical problems arising from cnzyinic osiclation reactionsI. 

In the special case of G-R, AI-lsl’:R’r, I~IZC)WN ANI) CI-IIS.ES~~~IAN~~ could Cliiiiili~~tC 

streaking b y the USC of di~nethylforrl~amidc (DMI?) as solvent. In the light of OLIJ 

csperience with solvent I ancl 2, it was decided to test DMF in three cliffcrent forms: 
(a) in cbmbination with nc!utrr~l solvents only ; (1,) together wit11 organic acids, and 
(c) wit11 ammonia. 

The combination of 2s “A;‘, DiVII? with Gg’x, isopropanol ancl 10%) water (- solvent 
1 3) was selected from about I0 ditiercnt mixtures for a more thorough study. The 

results in Table II, column 4, show that only ptcriclina ancl 2,6-Pt give cliffusc spots. 
Group I appears to lx divided into two p&rs of sulrstniices, the members of each 

li’cfcrmccs /I. r72. 
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pair having identical RF values: z- and 6-R migrate considerably faster than the 
pair 4- and 7-R. In group II and III, the RF values overlap, and similarly no sharp 
separation is found between group III and 2,4,6,7-R, A most rc-markable feature is 
the appearance of only a single spot for 2,6,7-Pt, a phenomenon observed also with 
solvent 5. Summarising, it can lx said that solvent 3 does not provide the desired 
solution of the present problem and is suitable only for special purposes (c.g. for the 
separation of a misture of 2- and 4-Pt or of 2,4- and 4,7-Pt). 

In solvent 4, DMF (25 “/“) and isopropanol (65 “/) were combinccl with 1o0/, 
glacial acetic acid instead of water. The results in Table II, column 5, demonstrate 
the inferiority of this misture. Many compounds produced clil’fusc spots and 2,6-I? 
showed streaking. Ar-nr:r-~. cl nZ.1° used DMF as its azeotrope with formic acid (6 $4,). WC 
csamincd therefore solvent 5, which contains 2.5*3, formic acid and IoOA, water (see’ 
Table II, column G). Although superior to solvent 4, it was still unsatisfactory, because 
four derivatives gave diffuse spots. However, some new interesting properties came to 
light: In group I, 4-R could easily lx separated from 7-R, analytically a very 
valunblc fcnturc. In group II, 6,7-R can bc differentiated from 2,4-Pt on the one 
hand alid .from the pair a,7- ancl 4,7-Pt on the otllcr. In group III, 2,4,6-Pt di.ffers, 
from its isomers by its high I\)./; wluc~ This group as a whole is also well scparatecl from 
tetrahydrosypteridine. 

Marc encouraging results were obtainecl by the addition of 2.5 % ammonia 
(solvent 6; column 7 in Table II). Here, all hydroxy derivatives gave well-defin&l 
spots; only ptericline itself yicldecl a rather clongatccl spot. In group II, 4,7-Pt and 
6,7-R had identical I\)F valves: all other menibcrs could bc scparatccl from this pair 
ancl from each other. In group III, esccllent separation of all isomers is possible.’ 
However, in view of the small rate of migration, development has to be prolonged for 
rnorc than IOO hotws. It is also apparent that 4,6,7-Pt can not bc distinguished from 
2,4,6,7-Pt. This problem can, however, bc ~olvecl with the aid of solvent I or 2. An 
important property of solvent 6 is the fact that 4,6,7-R can easily be distinguished 
from both spots characteristic for 2,6,7-Pt. This qllcstion actually arose in the elucidk- 
tion of the osiclative pathway of G,7-RI. 

It should be mentioned that an increase in the ammonia concentration did not 
produce any improvement over solvent 6. On the contrary, some of the derivatives 
of 6-Pt, which formed well-defined spots in solvent 6, startecl to trail again, when 
5 “/;, ammonia was present. Solvent G seems to of’fer good prospects of solving analytical 
problems and it was used extensively by us in cnzymic studies. 

In view of the favorable results obtained by addition of ammonia, we also studiecl 
the simple combination of ethanol with this base, in the hope of being able to dispense 
with the USC of the tosic DMl?. With soOL, ethanol. and z.~O/~ ammonia (solvent 7 ; 

column S in Table II) all pteridines showed rather high XI;~ values and very little 
differentiation. The results were in general very similar to those with solvent 2, but 
now ‘all compounds formed well-clefined spots. A much better separation was achievecl 
by decreasing the percentage of water. Solvent 8, which contained So% ethanol alid 
2.5 “/” ammonia, led to well-concentrated spots -with the sole esception of pteridinc 

Rc+xwccs p. 172. 
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(see Table II, 01 c umn 9). In group I, 2-R cshibited a much smaller XI? value than the 
other mono-hydrosy derivatives, which all migrated at about the same ra,te. In group 
II, two separate sections can be distinguished: 2,4- and 4,7-Pt possess a much higher 
RF than all other members, but these were again not clearly differentiated from each 
other. In group III, good separation can be effected by developing for a prolonged 
period. Solvent S thus revealed properties similar to those 01 solvent 6 and proved 
indeed very useful for special analytical purposes. 

In Table II, we have also included the results, reported by ALIXRT el nL0-12 for 
a butanol-acetic acid-water mixture. Besides streaking, the appearance of more than 
one spot and the ‘overlapping of Xp values between different groups makes it difficult 
in most cases to use this solvent for the separation 0.l’ mistures containing pteridines 
with varying number of hydrosyl groups. 

For these csperimcnts, Soy of each ptcriclinc were spotted on the starting lint over a Icngtll of S cm. 
After clevclopmcnt with solvent G, tllc spots wcrc mnrkecl under ultraviolet light. cut out ant1 
cstrnctetl with 8 ml of 0, 1 A*1 pliosphatc bu ITcr, pl-I. S.0. Tlic o.stracts wcrc mad in ;L Fhclrrnrul 
Moclcl 112t.J ~~ltraviolot spcctrophotomctw at the absorption maxima given in column 2 of the 
Thblc. Paper bl~~nks 01 tllc same size were trcatccl in the same manner, and the optical clensity 
of the blank estracts at the rclcvant wavclcngths was subtracted from the readings of the ptcriclinc 
extracts. The clcrivativcs marlcccl with an nstcrislr showccl --bcsiclcs their individual Ar,lax-an 
ntldition:Ll pcalr at 3 13 iiilc. For ptericlinc and z-l’?, solvent 2 was used for clcvclopnicnt, since in 

snlvcnt G tlicsc two comp12tiintls do not conccntratc satisfactorily (see Table 11). 

- .__..-_ - __... - __... - .__. -._ _... -_---_-_._ - ..__.-. -- .--_.___ _--. 
Srrhs/rrllcc~ I,,,,, (l~l/f) (II p1i S.rt ‘%, Itecnr~r!ry 
---. ___-._________.- ---.. -.----.- 

Gi*oll-!, rr 

a,qJ?t 
“,7-R 
q,7- P’t 
2, (jrpt 
iI, G-‘I3 
G, 7-R 

27.5: 3”-S 
381 

3r7; 330 
3.54 

290; 332 ; 3zt6 

74 

s3 
83. 
S,2 
77 
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For the evaluation of the results of enzymic reactions, it is of import,ance to determine 
individual pteridines quantitatively after their chromatographic separation. We have 
therefore estracted the spots with 0.1 M phosphate buffer of pT-I 8.0 and have measured 
the concentrations spectl-opl~otonietricall~~. As ?;hown in Tal~le III, .in most cases a 
recovery of 70-go”/0 was achieved. Notablc esceptions are z,b and 4,G-Pt, where not 
much more than half of the amount applied to the paper, was found in the estract. 
Incomplete recovery of ptWidillC!S may be ascribed to two differ&t factors: Some 0C 
the compounds arc sensitive to air or light, as observed previously by Ar_l~I<R’r cl ((1.1’ -13 
However, some derivatives of 4-B, which are charactcrikcd by their great stability, 
developed a new absorption maximum at 313 iiij_b. Thcsc compounds arc marked in 
Table III by an asterisk. No csplanation for this phenomenon lias been found, since 
all substances involvecl form well-delined, sin,+ spots, witho~lt any indication ol the 
presence of a common contaminant. 

The result obtained wit11 z,G,7-Pt is especially ink-esting. After cl~roniatography 
in solvent 6, two spots arc obtainecl. From the lower one (JZF - 0.035)~ almost Soy;%‘, 
of the total amount was recovered, esliibiting &,,ax = 353 nip. The estrnct from tlic’ 
upper spot (X, = 0.17) did not absorb at all at this wavelength, but sl~owccl a new 
maximum at 270 rnp, 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 part 
of the total material could have been present in the upper spot. While these results 
indicate separation 01 z,G,7-. Pt into two stable entities, WC can confrm the observation 
of ALISER?‘ ot n1.12 tllat cacli coniponcnt, upon rc-chr-onlntograpIiiIig, again produces a 
pair of spots. 

no single solvent combination is 

DISCUSSION 

The results given in Table II demonstrate that 
suitable for the separation of all 15 liyclrosylatecl ptericlines. However, in actual 
problems only certain homologs and isomers occur together. Solvent G proved most 
suitable for the differentiation of such mistures. 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 Kpl values decrease regularly with an increase in the 
number of hydrosyl groups. This observation contrasts with the effect of non-polar 
substituents. For esample, it is lvell-known that in homologous series tile stepwise 
introduction of methyl or inethylene groups ~k5creases tlic rate of migration17p IR, 
When log (I /RF - I) is plottecl as a function of it, the number of identical substituents 
attached to a fundamental structure, a straight line should Ix obtainedlO. For methyl- 
ated homologs this line eshibits a negative slopel8, i.c. the free energy of transfei 
from the stationary to the mobile phase ?‘~,acrease.s regularly with each additional 
methyl group. In Fig. I we have plotted the above function for the XI? values, meas- 
ured in solvent 2, to demonstrate the @sitz’ve slope of the straight line, i.e. the clecrememf 

of AI;‘, the free energy of transfer, fox- each additional hyclrosyl. group. Since Al; is 

‘Rc/WtW& ‘P. SF”. 
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related to the distribution cocflicient a by the equation dF = XI‘ln u, the reversecl 

8, 
slope in Fig. I is simply an espression of the fact that hydrosyl groups increase the 

!,, affinity of a given structure for the stationary (i.e. aq~zeous) phase. 
Fig. 1 also clemonstratcs tlint tlw Wear relationship lxdween log (x/Z\‘,,* -. I) 

l.O-- 

0.8 - 

c7.6 - 

0.4 - 

1 
b=$ - ’ 

I 

Fig. 1, Log (I /RF - I ) as n function of 11, the number of liyclrosyl groups attnclicd to the ptcridine 
nucleus. ‘I’hc values usccl in this graph refer to solvent 
0r th i~~d~~~~l g~0~p~. 

2 in Table I. I. Nun~bers inclicatc the position 
Note the Ir~g~rithniic scale on the orclinatc. The line c1ra\vn sho\vs that 

tlicrc is ;i lincnr rclationsliip for tile following two series: fa) Ptcriclinc-> G-W--> ,I_,&Pt + 4,6,7-Pt + 
2,4,6,7-L?t; (I.)) IJtcriclinu -+ 7-l? --> z,7-I?t -> 2,h,7-lJt (or 4,6,7-‘Pt) --t 2,dt,G,7-‘l,‘t. 

and ?I., the 11um1xr of hyclrosyl groups in the pteiklinc n~icIc~.zs, holds only for certain 
clcrivatives, but is not of general validity. Tile spread of the RF values of isomers 
reveals again the profound influcncc of the position of hyctrosyl groups on the physical 
properties of ptcriclincs. This influence is analogous to the marl;cci el’fcct of the position 
of l~yclrosyls on the cllcmical lx+nvim- cd ptcriclincs1n-‘~2. 

‘I’hc authors wish to espress their sincere thanks to Prof. A. ALIXW, Department 01 
Medical Chemistry, The Australian National University, Canberra, Australia, fol 
his constant aclvicc and generous supply ol matwink ‘I’hc nut11ors ill-c i11&1AY!c1 to 

Mr. M. CFI.~\I~ICWI*I*Z .for technical assistxnce. 

SUMMARY 

Methods for the paper-chromato~raphic separation 
been developed. 

*we The dependence of the I? p values of pteridines 

Xf liydrosylatecl ptericlines liavc 

on the presence of organic acids 
i? _ 
*.(.,;: or ammonia in the solvents used and on the numlxr ancl position of hyclrosyl groups 

in the heterocyclic nucleus has lxen discussecl. 
,. 
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