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Thermal analysis techniques have been used for a number of years in the field 
of materials characterization. Consequently differential scanning caforimetry (DSC) 
has provided a universal tool for ascertaining and predicting the e&ct of preparation 
and thermal history on the physical properties of polymers. However, when DSC is 
applied to the study of non-polymeric compounds, the situation may become more 
compkx due to the possible occurrence of chemical as well as physical changk under 
‘thermal stress, and require the utilization of auxiliary techniques. Thus OUT studies 
involving the thermal stabilities of the components of nucleic acids, necessitated the 
development of methods for analyzing the products resulting from thermal analysis 
(DSCj of these compounds. 

Precclse and accurate methods for the analysis of nccleosides and their ther- 
moiytic products are of interest to researchers in t&e field of prebiotic synthesis as 
weli as many in biology, biochemistry a& medicine. 

Cieavage of.the N-glycosidic beTad which binds the bases of deoxyribonucleic 
acids (DNA) to deoxyribose may cause mutztioons’ atid inactivatidu of DNA’. Grccr 
and Zamenhof3, reported that vegetative ceils (EEcherichia COU) and spores @?acZfm 

subtilis) when heated in vacua in the dry state are highly subject to mutations. Recent- 
ly, the thermolytic cleavage of such bonds in deoxynucleosides has been investigated 
by DSC4*5. These studies indicated that the stability of this bo-nd is proportional to the 
electron density localized in that region. Our interest in 5-halo-2’-deoxyuridines is not 
merely due to the influence of the halo substituent on the g!ycosidic bond but also due 
to the possibility that, since most of these ccmpotmds can be substitutively incor- 
porated for thymidine in DNA”, thermal depyrimidination may be caused to take 
preference over the normal course -depurination. 

Thermal analysis of a series of 5halo2’-deoxyuridines, and 5-haiouracils 
provided thermograms which, while characteristic of a particular halogen substituent, 
show some surprising differences when compared with one another. It is the objective 
of this study to identify the processes associated with each of the enthaipic stages 
along the thermal cycle. 
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: The &hak-T-deoxy uridines, and t&e corresponding S-substituted uraciis used 
Ln this ~experiment .wer~~ of the highest purity com&rcie?ly available from EN, 
Nutritiond~Biochemicaks &nd Calbiachem. All calorimetric measurements were ob- 
ti&ed on a Fe&in El&er DSC-1B DBerential Scanning Calorimeter. Wic& au in- 
stmment~ofkhis type, both the transition temperatures and the transition energies are 
obtained si+$teneously with the aid of zn Infotronix CRS-IEld. The calibration of 
the DSC instrument ~was carried out in the usual manner. All experiments were per- 
fotied with Samples in the Weight range of 034.6 mg at a scan rate of 20”Kjn;in 
and range 2. 

Thin-layer chromatographic (TLC) separations were carried out OQ commer- 
cially available plates (MN silica gel S-RR&& using the solvent system I : chloro- 
form+nethanol-water (4:2:1) and system 2: ethyl acetate-isopropanol-water (75:16: 
9)‘. Samples of each of the 5-halo-2’-deoxyuridines, and the corresponding Esubsti- 
tuted uracils were examined in this manner and exhibited the behavior of a single com- 
ponent. Preparative TLC separations were subsequently made on commercially 
available plates (silica gel Fzsz, layer thickness 0.25 mm, EM reagents). 

Samples of the 5-substituted deoxyuridines and the parent compound, as ob- 
tained commercially, were individually encapuletcd and heated under nitrogen at a 
scan rate of 20”K/min and a range of 2 meal/see (full scale). The heating cycle was 
stopped immediately after the first peak was recorded, and the sample quickly re- 
moved and cooled to its original temperature. Using a fresh sample, the temperature 
was programmed until the second peak was recorded. Once again the sample was re- 
moved. This procedure was repeated until samples were obtained to cover each stage 
of the progressive thermal cycle. 

Each of the aluminum pans was ffien carefully opened, placed in a small vial 
and thea treated with a drop or two of the same solvent system as would ‘be used in 
the develop_ment of the TLC plates. A small amount of each sample (unheated) was 
dissolved in the same solvent to serve as a TLC reference. 

.RESWLTs AND DtSCUSSION 

The thermograms for each of the compounds are shown in Figs. 1 or 2 while 
the RF values for the TLC chromatograms covering various stages of the thermal 
cycle are listed in Table I. The thermogram for the parent structure, 2’-deoxyuridine 
(Fig. I) reveals an initial eudotherm (438”K), a weak exotherm (506°K) followed by 
another -endotherm (604°K). The first endotherm is associated with fusion of 2’- 
deoxyuridine. No decomposition accompanies this process as indicated by TLC data 
(Table I) obtained from a DSC sample heated ‘Jlrough this portion of the thermal 
cycle. IIowever the exotherm at 506°K is associated with cleavage of the glycosidic 
bond since ‘ILC indicates uracil in samples quenched atier heating just through the 
exotherm. PreviOus studies* have indicated that furfuryl alcohol and water are also 

products of this thermolysis reaction. The presence of the alcohol is not evident in 
TLC data however since it is lost through evaporation at the cleavage temper2ture 

which-lies above the boiling point of furfuryl alcohol (443 oK)s. The second endothermic 
peak at 604°K results fram the fusion of the thermolysis product uracil as confirmed 
by the literature value (608”K)s and comparative TLC data (Table I). 
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Fig. 2. Tkemagram OF S-hdoum5k over the temperature range 42Q-fXlO “K. 

prison with 125 thermograk obtained f&n a sample of 5-ffuoro~cil (Fig. 2). Siin- 

ikdy the themdySiS prO&iCt from 5+Akm-2'-deoxyuridiine is 5-~hloroUracii as 
established by TLC (Table Q. Comparison of the corresponding DSC data (Fig. 1) 
with-that. obtained from a comer&l sample of SchIoro~cif (Fig. 2) did show 
SW@ i& ffie exotberm ztt 591 “K, the fusion temperatare of the base.b However it 
W&G apmt viz DSC (broad endotherm at 436°K aed exotherm at 51 I OK) and TLC 
(Tzbie I) that the &mner&Lsrrmple wzzs highly contaminated with 2’-deoxyuridine. 

_ _ : %he~&emograrxs for 5_brom&2’-deoxyuridine and 5-iodo-2’-deoxyuridiGidineare 
__ ._ 
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very diEerent from those obtained for the previous cases, Thee endotherms and three 
exothems were obtained for 5-bromo-2’-deoxyu@ne (pig. 2). The fkst broad -ado- 
therm was due to Ebromo2-deoxyuridine contaminated with a’-deoxyuridine. The 
exotherm at 484% resuks from glycosidic cleavage of 5-brom~2'4eox~d 
yieMing 5-bromouracil as indicated by TLC (TableT). At ZO3”K gIycosidic cieavage 
~ofthe 2’-deoxyuridine im_purky results in the seamd exotkm z&d formation of urzcil 
is cur&med by TLC (Table I). The eadotherms at 540” and h5% a& fusion endo- 
-therms for Capwe mixfures of5-bromouracg and aracil, ?espectively. Data fr& TLC 
indkates tEat d&romkftion of 5;EromouracZ i$z ~_pfGiife fbr- the exotierm -at 
OWE s&c%.? on@ -Era.& Eemzks~& e. -- -- 

Tlie commercX sztmub ofE6romoaracir rrtSefZ-as 8 ret%irence; though &$d- 
r’ng -o&y one. spot wfien s&~~d to TLC 0~ i&TEN SEca g.eZ SEfRIVWX provXes a 
fiermogrzm w&fi iMi$a~ tie prestice ot%6romo-2’~e&yuticEne as art ~rn@r& 
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due to I%& fusi& en&&em at 469”K-md ‘he emthen& glyaxidic cfeavqe peak at 

489O._ TEie peak at 436°K is attributable to rekaSe qf water of crystallization. Conse- 
qt&ntEy puritkztiok @such ~commercistt samplebf5-bromouracil would onEy require 
he&kg at 489°K at which fempzrature &y 5-bromodeoxyuridine impurity would 
bi convert& to Ebromouracil. .Subseqtient preparative TLC treatment of the com- 
mercially av&able sample pn silica get F-254 with ethyl. acet&e-isopropanol-water 
(75:16:9) .di+ re&l three components. 

5-IodoZ-deoxyuridine provides a very simple thermal pattern (Fig. I) ex- 
hibiting only one iar& exotherm at &4”K. The absence ofan endotherm prior to this 
temperature indicates &at glycosidic cftivage occurs prior to fusion. fn this case how- 
ever TLC indicates that 54odouracil is not liberated as wouf@ have been predicted 
from the thermal reactions of the other 5-halo-T-deoxyuridines. The liberation of 
iodine along with other thermaf products was apparent by a positive starch iodide 
test. Futiheeore, TLC data indica%es an RF value equivalent to that of uracil. The 
absence of a fusion endotherq at 604°K provides an anomaly which might better 
be accounted for in terms of a &mer of uracil having a~ R, value equivalent to that 
of uracil. 

CONCLUSIONS 

One of the di%ulties in examining the infiuencz of thermal stress on bio!ogical- 
Iy active compounds via DSC, has centered on the need for establishing the nature of 
the physical and/or chemical changes associated with the enthalpimetric transitions. 
Consequently this has tended to limit the study of thermal reactions via DSC to those 
substances for which the products have or can be separated on a macro scale. The 
abiliw to analyse DSC samples directly via TLC, following various se,gents of the 
heating cycle, removes this limitation. 

The applicability of this technique has been demonstrated by an examination 
of the effkck of heat on 5-hakG’-deoxyuridines, and has shown that glycosidic cleav- 
age occurs in each case. 
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