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SUMMARY 

A systematic study of basic nucleic acid components and their biologically 
significant derivatives has been carried out. The optimum silylation conditions have 
been found and the chromatographic behaviour of the trimethylsilyl derivatives 
formed has been studied. Relations between the gas chromatographic behaviour and 
the structure of the substances analyzed were investigated on the basis of the retention 
indices measured on two stationary phases of different polarity. The relative molar 
responses were determined for the quantitative determination of the substances. 
The results make possible the determination of biologically active substances in phar- 
maceuticals. 

INTRODUCI-ION 

The pyrimidine and puke bases, uracil, thymine, cytosine, adenine and 
-wine, ordered in RNA and DNA chains, represent important information neces- 
sary for the harmonic biosynthesis of proteins. Modified bases and nucleosides, if 
artificially introduced in place of the original RNA components, can change the ge- 
netic code of amino acids and thus indirectly afkct the composition and enzymatic 
properties of the proteins synthesized. Some derivatives of bases and nucleosides can 
thus suppress or completely stop carcinogenic cell growth and therefore are employed 
in the treatment of malignant tumours. 

In view of the exceptional importance of these substances, it is imperative to 
know their structure, properties and composition_ Many methods for the solution of 
these problems have been developedlJ2. These are chiefly chromatographic method+ 
32, among which gas chromatography occupies an important place. The latter method 
enables the determina tion of nanogram tiounts of the substances with a precision 

* PreSent address: The Research Institute for Pharmacy and Biochemistry, 130 60 Prague 3. 
KoGimslG 17, Cz&hoslovakia. 
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of better than & 5 % and with analysis times shorter than those &q&red by other- 
methods. 

Gas chromatogmphy requires that ail the analyzed substances be sticiently 
volatile. Compounds with higher molecular weights 2nd polyfunctional groups.can- 
not be analyzed directly as they zre higUy polar and poorly volatile- Nucleic acid 
components must be converted into less poI2r derivatives with lower boiling points 
before the gas chromatographic analysis itself. Methyl, acetyl and isopropylderiv- 
atives were tested firstx2-14; they were not very advantageous, since a single substance 
yieided several derivatives. 

The tirst application of trimethylsilyl (TLMS) derivatives of the basic com- 
ponents of nucleic acids in gas chromatography was carried out by Hancock and 
Colem2n1s*16. They succeeded in separating the basic nucleosides, although the TMS 
derivatives of adenosine and cytidine yielded several elution peaks, probably owing to 
incomplete silylation of the amino group. Hashizume and Sas2ki17-‘g published works 
dealing with the gas chromatographic analysis of bases, nucleosides and nucleotides. 
They used a mixture of hexanethyldisilazane (HMDS), trimethylchlorosilane 
(TMCS) and pyridine for silylation. All bases and nucIeosides tested yielded single 
derivatives after silylation performed by this method. However, the authors did not 
manage to separate TMS-3’-nucleotides from TMS-2’-nucleotides and TMS-cytidine 
monophosphates did not yield any chromatographic peak. 

Gehrke and co-workerszo*” first used the silylation reagent N,O-bis(trimethyl- 
silyi)acetamide (BSA) in acetonitrile for the preparation of TMS derivatives, obtain- 
ing higher yields than those with HMDS-TMCS-pyridine. They found the optimum 
silylation conditions under which a!l the substances. (except eytosine and S-methyl- 
cytosine, which gave two derivatives) yieIded singIe elution peaks on a column with 
the SE-30 stationary phase. The authors obtained even better results with the silylation 
reagent N,O-bis(trimethylsilyl)trifluoroacetamide (BSTFA), enabling the use of shorter 
heating times during the silylation reaction. Muni et al.= measured the relative molar 
responses of selected bases and nucleosides; N6-methyladenine and N6-methyladeno- 
sine gave two chromatographic peaks after silyIation with BSA. 

Iwase eC al.= studied the g2s chromatographic analysis of hypoxanthine and 
guanine. They compared various silylation reagents for derivatization of these sub- 
stances and found that trimethylsilylimidazole was unsuitable, while the TMS 
amines and amides showed good sily!ation eff&zts. They further noticed that the pres- 
ence of any ions in solution, exeept NH 
T-MS derivatives. 

qi, considerably decreased the response of the 

Nucleosides were studied in det2il by Hancock%, Jacobson et al.% and ButtsX. 
During silylation of adenosine derivative?, small amounts of tetra(TMS) derivatives 
were formed in add&ion to stable tis(TMS) derivatives obtained by the.silylation of 
the carbohydrate component. Even the TMS derivatives of guanosine and &dine 
were preparr~, which are two of the nucleosides silylated W;th the greatest difficulty. 
Better rest&s were obtained with cytidine and desoxycytidine by converting the amino 
groups of the nucleosides into the methoxime .derivatives wi&& successive-silylation 
of the carbohydrate component %. However, the application of this method to 2’- 
and 3’qtidine monophosphate was unsucc&sful. BSTFA has proven advantageous 
for silylation of less common nucleosides -dihydrouridine, psettdouridine, methyl- 
inosine, 6-thioguanosine and methylguanosine*‘. Relations between the strtt+tue and 
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the chromato_9lraphic behaviour on two stationary phases were studied by Hattox 
and McCloskey28. The good chromatographic. properties of the TMS derivatives of 
nucleic acid components enabled- their determination in RNA and DNA hydroly- 
sates?*=~~. 

While relatively great attention has been paid to the gas-liquid chromato- 
&phic (GLC) analysis of the basic nucleic acid components, only very few papers 
have dealt with biologically important derivatives of pyrimidine and purine bases. 
Paczikovg et a1.31 studied the qualitative analysis of 6-aza and 5halogenoderivatives 
of pyrimidine bases while Pantarotte et al. 32 described the application of GLC to 
some bases and nucleosides in biological materials. 

Athough detailed studies on the GLC analysis of the basic nucleic acid com- 
ponents have already been published, there stiI1 remain unsolved problems connected 
with defined conversion into volatile derivatives, followed by their determination. 
A number of important derivatives of basic pyrimidine and purine bases have not 
yet been studied by gas chromatography. Consequently, the systematic study of basic 
nucleic acid components and their biologically signi&zant derivatives was carried 
out. The course of the silylation was monitored, relations between structure and the 
gas chromato,oraphic data were studied and procedures for the quantitative deter- 
mination have been worked out. 

EXPERIMENTAL 

Materials 
The following chemicals were used: uracil, cytosine, 5-bromocytosine, 6- 

amthymine, thymine, 5,64hydrothymine, hypoxanthine, xanthine, adenine, guanine, 
uridine (Lachema, Bmo, Czechoslovakia); Ibromouracil, 5-iodouracil, 6-azauracil, 
thymidine, adenosine, desoxyadenosine , guanosine, @dine, desoxycytidine (Cal- 
biochem, Los Angeles, Calif., U.S.A.); 5,6-dihydrouracil, 5-methylcytosine hydro- 
chloride (Sigma, St. Louis, MO., U.S.A.); 5-fluorouracil (Hoffman La Roche, Base& 
Switzerland); 6-azathymine (Fluka, Buchs, Switzerland); desoxyguanosine (Loba- 
Chemie, Wien, Austria); HMDS (Koch-Light, Colnbrook, Great Britain); TMCS 
(Lachema); BSTFA (Pierce, Rockford, Ill., U.S.A.); OV-17, OV-101 (Pierce); 
AW-DMCS Chromosorb W HP, 100420 mesh (Carlo Erba, Milan, Italy); and pyri- 
dine, p-a. (Lachema). 

Preparation of the TMS derivatives 
The reagents for the preparation of the TMS derivatives were dried and the 

silylation reactions were performed in sealed glass ampoules. The solutions were 
stirred with a magnetic stirrer and heated on an oil bath regulated with a precision 
off I”. 

In the method employing HMDS, TMCS and pyridine, 0.5 ml of the silyl- 
ation mixture (3 :1:3) was added to ca. 1 mg of the dried sample and the mixture 
was heated at 150” for the required time. 

In the method employing BSTFA, 0.5 ml ofthis reagent was added to the same 
amount of sample; up to 0.2 ml of pyridine were added, according tg the sample 
[see below). The samples were then heated at 150” for 15 min to 3 h. 
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Gas chromatogrqhic measuremems 
AlI m&&rements were carried- out on a Packard. gas chromato&ph, Model 

7409, equipped with a dual column system, an FID and with temperattune program- 
ming. Glass columns, 2 m x 0.4 cm I.D., were used. The columns were packed with I 
AW-DMCS Chromosorb W HP (100-120 mesh); coated with 3 % QV-101 or 3% 
OV-17. The column temperatures were 160” for pyrimidine bases,. 190” for purine 
bases and 260” for nucleosides; the injection block temperature was 240” for pyrim- 
idines and purines, and 280” for nucleosides. The detector temperature was 250” 
for~pyrimidines and purines and 280” for nucleosides. Argon carrier gas was used at 
a flow-rate of 60 ml/min. 

RESULTS AND DISCUSSION 

Study of the s2ylaiion of pyrimidine and purine bases and of nucZeosides 
The preparation of TMS derivatives of the bases and nudeosides is reIatively 

simple. The silylation reaction proceeds unambiguously with-many substances. More 
complicated reactions have been encountered with compounds containing the amino 
functional group, such as cytosine, adenosine and guanosine. In these cases several 
derivatives are formed. 

However, derivatization can cause further errors in quantitative chromato- 
graphic analysis, owing to an h-reproducible silylation reaction and instability of the 
TMS derivatives formed33. Even atmospheric humidity can cause decomposition. 
Therefore, defined conditions must be maintained during both silylation and chro- 
matographic analysis. 

In order to prevent hydrolysis, all silylation reactions had to becarried out in 
sealed ampoules and dried reagents had to be added with pre-dried syringes during 
sampIe preparation and injection. All gas chromatographic analyses had to be per- 
formed in an all-glass apparatus, as decomposition of TMS derivatives has been ob- 
served on contact with heated metallic parts=. 

Anomalous phenomena also occurred during the detection of the TMS deriv- 
atives of the nucIeic acid components by the FID. If more than 25,~g of a TMS 
derivative were injected, the elution curve exhibited two peaks, this being similar to 
the situation encountered previously during the determination of tris-(T_MS) phosphate. 
This is probably caused by temporary cooling of the flame during combustion of or- 
ganosilicon substances3s. 

Another source. of error can arise through adsorption on the support. There- 
fore, exclusively silanized supports must be used. Under these conditions the peaks 
of ffie silylation reagents and of the analyzed TMS derivative& were sharp and sym- 
metrical and hence suitable for quantitative analysis. 

Optimization of the siryiation reaction conditions 
The course of the silylation is dete_rmined not only by the &ucture of the sub- 

stances to be determined, but aIso-by the hind and amount of the silylation reagent, 
the solvent employed and the reaction conditions. - 

Two silylation methods were compared for the preparation of the TMS de&- 
atives. Themethod using HMDS-TMCSpyridine~(3 :I :3) and the one using BSTFA. 
The advantage of the former method lies in the fact that both ‘he silylation reagents 
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are relativeIy.cheaR; on the other hand, BSTFA is a stronger TMS-donor and silylation 
prokeeds faster. The two derivatization methods were compared using cytosine, which 
is silylated with difficulty and for which differing sitylation data have been published 
in the Iiteraturez1*36~37 . 

Cytosine samples were silylated hy the two methods at a temperature of 150”, 
for 5-60 min, using a .100-fold molar excess of the silylation reager&‘; the relative 
molar responses (RMR) were determined with respect to phenanthrene. The results 
obtained a& given in Fig. 1. 

Fig. 1. The dependence of the RMR for cytosine on the silylation time using HMDS-TMCS- 
pyridine (3:1:3) (A) and the BSTFA (+-), without stirring. 

It is obvious from the results that higher RlMR values and thus higher yields 
of the silylation reaction were attained using the BSTFA method. _A lower, but con- 
stant, RMR is attained after 30-min heating when HMDS and TMCS in pyridine are 
used. An increase in the RMR was observed even after 6CLmin. heating during silyl- 
ation with BSTJ?A (see Fig. l), owing to slow dissolution of cytosine in BSTFA. In 
order to increase the reaction rate, the silyiation solution was stirred. As can be seen 
from Fig. 2, the heating time could then be shortened and the rezction yield increased. 
Stirring had no effect on silylation with HMDS and TMCS in pyridine. 

The optimum conditions found for cytosioe, i.e. silylation in a stirred sohrtion 
with a ItlO-fold molar excess of BSTFA in a sealed ampoule at 150” for 15 min, were 
also employed for silylation of the other pyrimidine bases. In this way, the TMS 
derivatives of uracil, S-fiuorouracil, Ebromouracil, S-iodouracil, 5-nitrouracil, 5-hy- 
droxymethyluracil, 6-azauracil, S$-dihydrouracil, thymine, Qazathymine, 5,6-dihy- 
drothymine, 5-methykytosine, Ibromocytosine and N-l-(2’-furanidyl)-5-fiuorouracil 
(Ftorafur) were prepared. 

The puke bases and nucleosides were silylated in an analogous manner. 
Adenine and adenosine were employed as model substances. The conversion of ade- 
nine-and -adenosine into the TMS derivative proceeded more slowly compared with 
that of cytosine. Therefore the reaction was hastened by adding pyridine (see Fig. 3). 
A constant RMR was attained after 15 min heating for adenine and after 30 min for 
adenosine: 



Fig. 3. The dependence of the RMR on the heating time for adenine with BSTE.4-pyridine (+) and 
BSTFA (A), and for adenosine with BSTFA-pyridine (a). 

The cmditions used for silylation of adenine and adenosine were al& used in 
si!ylation of lother purine bases (hypoxanthine, xanthine, guanine and allopurinol) 
acd in the preparatkn of the TMS derivatives of ribonucfeo~des (uridine, cytidine, 
guanosine, 6-azzmridine) and desoxyribktuclekides (thy&dine,. desoxycytidiqe, 
desox$adenosine and desoxyguanosine). 

tXroma&tg~aphic behayiour of rhe._T.S derivatives if zhe- nucieic acid &y&e&s 
OV-101 and OV- 

17 statioilary phases, at the optimum temperatures of 100,. 190 aqd 260” for p-i- 
dine bases, ptvine bases a&d nucleosides, respectively_ The: cjtiezof the silylkioti 
wa& veritied by gas chromatography and the strkture of these s&&a&% an& their .- 
gas c~matographic~behaviourwere korie~ated using the ret&t&n indices kasured 
t+xvO siationary phases with diEerent~~oIarities.The data 6btained. were etipfoyeci 
fm the devekpment of a+yticaI prucqiuresfqr se&r&&.of .m@es,- akd LR&ZR 
values with reqkct to phenanthrene were determine$_for :$&&at&e purp@. The 1 
retention da& for ah the-sub&ncesstu~died are s&&nmri+ i& T&bl&-I~IIIf~.~ pyr&i~ 
idiae bases Gable I), puripe base?. (Table n)_ &I& &&+iek (T@Ie .I@~- ;- -: :I ’ ..I : 



~&&&f._.- ‘. A&h&r lov-lor ._ r&L, -. AI 
we&& 

U?.%cil 11z;i 1448.4 122.9 
5.6-DihydXiuiaclI 

.132&s 
114.1 1328.2 .1448.0 119.8 

--6-AZaUI&il 114.1 14499 1573.9 124.0 
5-auorotia 130.1 1317.9 1420.5 102.6 
5-BOillOuraCil 191.0 1.5W.I 1655.2 126.1 
5-Iodouracil 

~5-Hydroxymethyk&c~i 
23x.0 1595.8 1772.9 177.1 
142.1 1673.0 1756.8 83.8 

S-Nitroumcil .157-l 1649.8 1809.6 159.8 
Thymine. 126.1 1396.7 1507.9 111.2 
S,&Dihydrothymine 128.1 1395.9 1508.0 112.1 
.6-Azatbymine 128.1 1453.8 1615.4. 155.6 
Cytosine 111.1 1509.6 1696.4 186.8 
S-M&hykytosiue 125.1 1536.3 1706.9 170.6 
5-Bromocytasine 190.0 1615.6 1760-O 144-4 
Ftorafur 200.2 1328.7 1420.0 101.3 

TABLE IL 

RE.lFENTItiN INDEXES OF TMS-?uRINE BASES 

Static~nary phases, OV-101 and OV-17; column temperature, 1909 

Compound Molecular &v-m I&_17 AI 
weight. 

Hypoxanthine 136.1 1798 2037 239 
Adegine 135.1 1849 2073 224 
Xanthine 152.1 2010 2261 251 
Guanhe 151.1 2106 2298 192 
AEoprinoi 136.1 1611.7 1722.7 110 

TABLE III 

RELATNE RETENTION OF TMS-NUCLEOSIDES 
St&o&y phases, OV-101 abd OV-I7; c&mm temperature, 26OO. 

: 

CtimpOunG rz.~Ov-xO;J ~1*24ov-17) 

Thy&dine. lAXI 1.00 
.fz+zziti&nk i o&6+ 
..uri&e 1.17 1.00 .. A&tiG*i 

219 1.51 
Jjesox$@mosine 1.72 1 62 
Gumos+e 2.70 .. 2.26 
Desoxyguako@ne -2.57 250 c$ti&flq I -. 2-70 616 -.\- 
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Pyrimidkti. ba.w.s 
Uracii and its derivatiies. The TMS derivative of uracil can easily be determined 

chromatographlcally on both the stationary phases, ‘because .of its high volatility_ 
The halogen derivatives of uracil yield a single derivative oti silylatidn, which can also 
bz chromatographed on OV-101 and OV-17. The retention indices of the individual 
halogen derivatives on bot&stationary phases increase with increasi& molecular 
weight (see Table I.). 5-Fluorouracil is an exception; it is eluted before uracil on both 
stationary phases. Faster elution of the TMS derivative of 5-fluorouracll -is caused 
by its higher volatility, due to introduction of the fluorine atom into the uracil mole- 
cule_ 

5-Nitro- and 5-hydroxymethyluracil were also successfully converted into a 
single TMS derivative, thus enabling their gas chromatographic analysis. The elution 
order of the TMS-derivatives was 5-hydroxymethyluracil followed by 5-nitrouracil 
on the more polar phase, OV-17, and was reversed on the less polar phase, OV-101. 
In order to explain the retention behaviour, the retention indices on the two columns 
were compared. The more polar nitro group caused the higher retention of the TMS 
derivative with respect to uracil on OV-17 compared to OV-101. (The difference in the 
retention indices of the TMS derivatives of 5-nitrouracil and uracil is 361.2 on OV-17, 
while it is 324.3 units on OV-101). The longer retention time of the TMS derivative 
of 5hydroxymethyl uracil on the non-polar phase with respect to the TMS derivative 
of uracil can be explained by assuming that tris(TMS) derivative is formed during 
derivatization due to silylation of the h;ldroxymethyl functional group. The molecular 
weight is thus increased and the polarity decreased. Both stationary phases can be 
employed for separation of the TMS derivatives of 5-hydroxymethyl- and Gitro- 
uracil. 

The TMS derivative of 6-azauracil yields a single sharp non-tailing peak. The 
retention indices of the aza derivative on both stationary phases, compared with those 
of the TMS derivative of uracil, indicate that the replacement of the C-6 carbon by 
nitrogen in the uracil molecule leads to equal increases in the retention indices on the 
two phases. Separation of the TMS derivatives of uracil, S-fluoro-, 5-bromo-, S-iodo- 
uracil and Bazauracil on the OV-17 stationary phase is depicted in Fig_ 4. 

5,UXhydrouracil is readily silylated with formation of a single derivative. 
The retention indices on the two phases used were virtually identical (see Table I). In 
contrast to the data given by Butts =, it was impossible to separate the TMS derivative 
of 5,6-dihydrouracil from TMS-uracil, even with temperature programming.;.- 

Ftorafur, which is used as an anticarcinogenic substance, was also successfully 
converted into its TMS derivative. It was eluted in a single sharp, non-‘tiling peak 
on both stationary phases used; this behaviour has enabled analytical application to 
pharmaceuticals38. 

Thynlirre and its derivatives. The TMS derivative of thymineresembles that of 
uracil because of its volatility and is eluted in a single sharp, non-tiiling peak on both 
OV-101 and OV-17. It can be seen from the difference in their retention indice&on 
the two phases (see Table I) that the difference in the molecular weights of thymine 
and uracil, due to the methyl group, has a more pronounced effect on the non-polar 
phase than on the phase of medium polarity. 

6-Azathymine, simiiar to 6-azawacii; can- also be converted into the:%MS 
derivative yielding a single, well-developed elution peak. The different chromatograpmc 

1 
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Fig. 4. Cbromatogram of a mixture of the TMS derivatives of 5-fiuorouracil (l), uracil (2), 6-aza- 
uracil (3), .5-bromouracil (4) and 5-iodouracil (5). Stationary phase, OV-17; temperature program, 
2 min at HO”, then at 7”/min to 200”. 

behaviour, Le. the higher retention of the TMS derivative of 6-azathymine on the more 
polar phase (AI - 41.5, compared with a dl value of 9.9 for the same 6-3LD-f - ~-atzI-u - 
substances on OV-iOl), can be explained by the increased basicity of the 1,3,6- 
triazine ring owing to the effect of the methyl group. 

5,6Dihydrothymine exhibits similar behaviour to 5,6-dihydrouracil. In agree-, 
ment with theoretical assumptions, its TMS derivative cannot be separated from that 
of thyrnine (see Table I). This finding is again at variance with the results published 
by Eutts36, who found a difference in the retention indices on phases OV-101 and OV- 
17 equal to 141 units. 

The separation of a mixture of the TMS derivatives of thymine and 6-aza- 
thymine is illustrated in Fig. 5. 

Cyrosine und its deri~&ives. Cytosine, 5-methylcytosine and 5-bromocytosine 
were the pyrimidine bases most diEcult to silylate, because of the amino group bound 
to the C, carbon. During the chromatographic process, TMS-cytosine was eluted in 
a single pak, which was sharper and tied less on the OV-17 column. The longer 
elution time on this column also permits perfect separation of cytosine from the initial 
peak of the silylation reagent under the given conditions. The formation of a single 
volatile derivative with the same retention indices was verified in the work of ButtP. 
On the other hand, Gebrke and Ruylezl found that two derivatives are formed during 
silylation withBSTFA in acetonitrile. The more volatile compound (corresponding 
to silylation of both the amino and the hydroxyl groups) was identical with the deriv- 
ative prepared.in the present paper using HMDS and TMCS in pyridine or using 
BSTFA. 

The differences in the retention indices of TMS-cytosine and TMS-uracil can 
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Fig. 5. Chromatogram of a mixture of the TMS-derivatives of thymine (1) 2nd Ckzathymine (2). 
Stationary phase, OV-17; temperature program, 1 min at l&J.?; then at 7~0/min to 200”. 

be explained on the basis of their structure- The replacement of the uracil hydroxyl 
.qoup by the cytosine amino group leads to an increase in the retention indices of 
‘FMS-cytosine compared with TMS-uracil, on non-polar phase OV-101 and, especial- 
ly, on medium polar phase OV-17. The increased retention on QV-17 can be expIained 
by the fact that only a single hydrogen is silylated in the amino group. 

S-Methyicytosine w&s available as the hydrochloride and therefore pyridine 
was employed to liberate the base from the salt form during silylation with BSTFA. 
In agreement with But@, a single voIatile derivative was obtained, while Gehrke 
and RuyIe” obtained hvo volatile deiivatives, similar to cytosine. The methyl group, 
analogous to thymine, increases the retention of the TMS -derivative of S-methyl- 
cytosine on the non-polar stationary phase. 

Among halogen derivatives, 5-bromocytosine was studied and was relatively 
easy to convert into the TMS derivative ana to determine chromatographically. The 
separation of TMS-cytosine and its 5-methyl and 5-bromo derivatives is depicted 
in Fig. 6. 

The principal purine bases, xanthine, hypoxanthine;adenine and guanine and 
derivative alldpurinol, were studied. AU the substances were .more difficult to dissolve 
in the silylation reagents. The prepared TMS derivatives werq chromatographed tin 
stationary phases OV-10i and OV-17. The retention indices are g&n-in Table II, 

The retention indices on both-stationary phases increased with increasing num- 
ber of hydroxyl and amino groups on the puqine .ting, in the order, .hypoxa+hine, 
adenine, xanthine and guanine. Replacem&t of the hydroxyl group of hypoxanthine 
and xanthine by the amino group, analogo& to cytos@e, led td.l&ghteting of reten- 
tion times at a constant molecular weight. The separation of z&the principal b@ses is 
ve@ good on the two stationary phases (see Fig_ 7)_ 
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Fig. 6. Chromatogram of a mixture of the TMS derivatives of cytosine (l), S-methykytosine (2) and _ 

TMS derivatives of purine bases hypoxanthine (l), adenine 
(2), xanthine (3) and guanine (4). Stationary phase, OV-17; temperature, 190”. 

The unambiguous- silylation codrse of allopurinol and good cbrdmatographic 
Properties of the TMS derivative formed have been utilized in its determination in 
pharmaceuticalP8. 

Similar to the purine bases, stiylation of nucleosides with BSTFA required the 
presence of pyridine to hasten dissolution. All the nucleosides studied yielded single 
TMS derivatives, which gave rise to sharp peaks on the chromatogram. Cytidine 
was exceptional; its peak showed slight tailing on the polar phase, because of its high 
retention time. The relative retention times with respect to thymidine were measured 
on both stationary phases (see Table III). 

Ribonucleosides were eluted on the more polar phase in the order, uridine, 
adenosine; ,auanosine and cytidine and their separation was very good (see Fig. 8). 
Guanosine and cytidine had identical retention times on the non-polar phase and could 
not be separated even when the terqerature was pro_grammed. 

The elution order of desoxyribonucleosides was the same on the two columns, 
namely, thymidine, desoxyadenosine and desoxyguanosine. Desoxycytidine did not 
yield a TrMS derivative even after heating for several hours, although it dissolved 
in the silylation reagents. 

Desoxyribonucleosides have shorter elution times than the corresponding 
ribonucleosides on the non-pohu stationary phase, while the opposite is true on the 
more polar phase, OV-17 (see Table ID). The pyrimidine nucleosides, except cyticiine, 
are eluted before the purine nucleosides on both stationary phases. 

6-Azauridine was again studied from the point of view of using its TMS deriv- 
ative in,aualytical application to pharmaceuticaIs3g. It was relatively easy to prepare 
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Fig. 8. Cbromatogram of a mixture of the TMS derivatives of ribonuckosides~uridine (l), adenosine 
(2), guanosine (3) and cytidine (4)_ Stationary phase, OV-17; temperature, 260”. 

a single TMS derivative, which exhibited favourable chrotiatographic properties 
on phase OV-17. 

Relative molar responses of some pyrimidine aid pzuine bares and of mucleosides 

in order to quantitatively determine the TMS derivatives of the studied sub- 
stances, their RMR values had to he determined. The RMR values related to phenan- 
threne are given in Table IV. 

As is evident from Table. JY, a great majority of the RMR values for the deriv- 
atives of pyrimidine and purine bases iie between 0.5 and0.6. Substantiailylower RMR 

TABLE IV 

RELATIVE MOLAR RESPONSE OF TMS-BASES AND NUCLEOSIDES 

Compund RMR Compowxd RMR 

U?Zlcil 
5,6-Dihydrouracil 
dkauracil 
5-Fluorouracil 
5-Bromouracii 
5-kdouracil 
5-Hydroxymethyiuracil 
S-Nitrouracil 
T&nine 
5,dDihydrothymine 
d&atbymine 
Qtosine 
5-%%thylcytusine 

ZXBromocytosiae 
Pkenantbrene 

OSSO Hypoxantbine 0.548 
0.542 Adenine 0.504 
0.113 Xantbine 0.548 
0.514 Guanine 0.118 
O&35 
0.669 Tbymidine 0.517 
0.363 6-Azauridiae. 0.672 
0.083 I&id&e O_!JOl 
0.606 Adenosine 11263 
0.604 Desoxyadenosine OS56 
0.162 Guanosine 0.580~ 
0.527 D&oxygllanosiile 0.358 
0.553 Pbenantbrene Loo0 
0.654 
.l.oOo 
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V&I&_ were found of&’ the TMS deriva$+es of 5_nitrouraGl, 6-azzmciT and daza- 
thymine, &_ for &b&n-S contiiing a&her heteroatom in +eir molecules. The 
kiw Rl!$R Glue for TMS;&xanike .Can b$ expkined by incorupletz conversion during 
siiyk&n or by-adsoQtiod & the chromatogmphic system. 

1 Higher-i-espone values of nucfeosides in the FID, compared with the pyrirni- 
dine and. ptirine bases, can .be ascribed to the presmze of ribose or desqxyribose in 
their tiokcules. 
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