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Differential scanning calorimetry (DSC) has provided a universal tool for ascertain- 
ing the effects of preparation and thermal history on the physical characteristics 
of polymers. When applied to the study of nonpolymeric compounds, however, 
the interpretation of thermal analysis data may be complicated by the possible occur- 
rence of chemical as well as physical transformations under thermal stress. In the 
present study involving 2'-deoxynucleosides, this difficulty has been resolved by 
utilizing a DSC-TLC combination to correlate thermal phenomena with corresponding 
chemical and physical changes. This combination shows great promise in extending 
the application of DSC to the investigation of thermal reactions. 

Thermal analysis techniques have received wide acceptance over the past 
several years in the area of materials characterization such as the identification 
and characterization of phase transitions in organic and polymeric materials. 
Consequently differential scanning calorimetry (DSC)has provided a universal 
tool for ascertaining and predicting the effect of preparation and thermal history 
on the physical properties of polymers. When DSC is applied to the study of non- 
polymeric compounds, however, the situation may become more complex due to 
the possible occurrence of chemical as well as physical transformations under 
thermal stress. Such changes would require the utilization of auxiliary techniques 
to differentiate between them. The establishment of correlations between thermal 
phenomena and chemical and physical changes can be affected by the utilization 
of thin layer chromatography. 

We have employed this DSC-TLC combination to analyze the response of  
deoxynucleosides, which are of particular interest in biochemistry, to program- 
med thermal stress. 

The integrity of the N-glycosyl bonds that bind the bases of DNA (deoxy- 
ribonucleic acid) to deoxyribose is important to the functioning of DNA. The 
cleavage of these bonds in vivo may lead to mutations [1] or to inactivation of  
the DNA via chain breakage [2]. Consequently it is of importance to determine 
the conditions which result in glycosidic cleavage and the chemical transforma- 
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tions associated with this process. Thus the hydrolysis of the bases has been 
studied via a variety of methods [3-  8]. Recently the thermolysis of this bond in 
the fused state has been investigated [9-11]. 

Tamm et al. [12] demonstrated a slightly greater initial release of guanine 
than adenine when DNA was treated with mild acid at 23 ~ Similarly depurina- 
tion was found to predominate over depyrimidination in melts of the deoxy- 
nucleosides [10], even though glycosidic cleavage in this case would involve a 
different mechanism. The latter specificity suggests that the N-glycosidic bond 
involving purines is weaker than that of pyrimidines. 

It is the objective of the present investigation to carry out a study of the 
thermal characteristics of a series of 2'-deoxyribosides and to determine the 
process associated with each of the enthalpic stages along the thermal cycle. 

Materials and methods 

The nucleosides and their corresponding bases, utilized in this experiment, 
were of the highest purity commercially available from the Nutritional Biochemical 
Corporation and the Mann Research Laboratories Inc. Thermal curves of these 
compounds were obtained on a Perkin-Elmer DSC-1B, differential scanning 
calorimeter which was calibrated against standards of known melting points 
at a scan speed of 20~ under a dry nitrogen atmosphere. Experiments were 
conducted with samples in the size range of 0.3 to 1.0 mg. 

Isolation of the thermal products was accomplished via thin layer chromatog- 
raphy using two solvent systems [solvent system 1: chloroform - methanol- 
water (V/V 4:2:1) and solvent system 2: ethyl acetate - 2-propanol - water 
(V/V 75:16:9)] [13]. The TLC plates utilized in this experiment were commercially 
available (MN Silica Gel S-HR/UV254). The developed spots were visualized 
under a short-wave ultraviolet light (Mineralight, Ultraviolet Products, San 
Gabriel, California). 

Samples of the nucleosides were heated in a DSC under a dry nitrogen atmo- 
sphere with a flow rate of 30 ml/min at a scan speed of 20~ and a range of 
2mcal/sec full scale. The heating cycle was stopped immediately after the first 
endothermwas recorded, and the sample quickly removed and cooled to its original 
temperature. Using a fresh sample, the temperature was programmed until 
a second peak was recorded. Once again the sample was removed. This procedure 
was repeated until samples were obtained to cover each stage of the progressive 
thermal cycle. 

Each of the aluminum pans was carefully opened, placed in a small vial and 
then treated with a drop or two of the same solvent as would be used 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. 

J. Thermal Anal. 11, "1977 



OLAFSSON et al.: DSC--TLC ANALYSIS 379 

Results and discussion 

The curve for the parent deoxyriboside, 2'-deoxyuridine, reveals a fusion 
endotherm at 438 K, a small sharp exotherm at 506 K followed by a second 
endotherm at 604 K (Fig. 1). The latter peak results from the fusion of uracil 
as confirmed by the endothermic peak at 604 K in the curve obtained with pure 
uracil (Fig. 2). Thus the small exothermic peak in the 2'-deoxyuridine nerve 
at 506 K was attributed to cleavage of the N-glycosidic bond [10] and verified 
by TLC (Table 1). It had previously been established by NMR studies [10] 
that the products of thermal decomposition of deoxynucleosides included the 
base, furfuryl alcohol and water. TLC data obtained from the sample heated 
through the weak exotherm did not, however, indicate the presence of furfuryl 
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alcohol. This may be attributed to the fact that the boiling point of  furfuryl alcohol 
(444 K) [14] is reached prior to the separation of  the base. Consequently the 
alcohol vapor escapes from the system. 
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Fig. 2. D S C  curves of purine and pyrimidine bases over the temperature range] 420--640 K 

The curve for thymidine (5-methyl-2'-deoxyuridine) reveals a similar pattern 
to that of  the parent structure - a fusion endotherm at 465 K, an exotherm 
at 528 K followed by a second endotherm at 590 K. TLC data confirms the follow- 
ing assignments: fusion endotherm of thymidine at 465 K, glycosidic cleavage 
528 ~ associated with formation of  thymine and the fusion endotherm of thymine 
at 604 K (Figs 1 and 2). 

The curve for 2'-deoxycytidine (Fig. 1) is very different from that of  2'- 
deoxyuridine. The first endotherm is associated with fusion at 486 K and agrees 
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with the l i terature value [14]. The second endotherm at 526 K was immediately 
followed by an exotherm at 545 K bu t  no  endotherm was obta ined  at 589 K as 
noted  in the curve for cytosine. T L C  data indicates that  fusion occurs at 486 K 
and  undergoes  glycosidic cleavage at the second weak endotherm at 526 K with 
the l iberat ion of  cytosine. The exotherm at 545 K is associated with part ial  

Table 1 

2'-Deoxyuridine 

uracil 
Thymidine 

thymine 
2'-Deoxycytidine 

cytosine 
uracil 
2'-Deoxycytidine �9 HC1 

cyctosine 
uracil 
2'-Deoxyadenosine 

adenine 
2'-Deoxyguanosine 

guanosine 

Temp. K RvI ReII 

unheated 
445 
515 
610 
RT 
unheated 
475 
535 
605 
unheated 
unheated 
495 ~ 
535 ~ 
555 ~ 

unheated 
unheated 
unheated 
470~ 

480~ 
555~ 
unheated 
unheated 
unheated 
405 
438 
445 
470 
505 
620 
unheated 
unheated 
430 
450 
475 
500 

540 
unheated 

0.87 
0.87 
0.82 
0.82 
0.82 
0.79 
0.79 
0.71 
0.71 
0.71 
0.68 
0.68 
0.59 
0.59~ 
0.80/ 
0.59 
0.81 
0.74 
0.68 
0.74 

0.00 
0.00 

0.42 
0.42 
0.51 
0.50 
0.50 
0.58 
0.58 
0.68 
0.68 
0.68 
0.06 
0.06 
0.09 
0.09~ 
0.50/ 
0.09 
0.50 
0.07 

0.07 
0.07 
0.07 
0.08 

0.39 
0.39 
0.39 
0.39 
0.39 
0.41 
0.41 
0.41 
0.16 
0.16 
0.16 
0.16 
0.1q 
o.oo/ 
0.00 
0.00 
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deamination of the cytosine as indicated by the presence of two spots on TLC 
plate for sample heated to 10 ~ above the exotherm (Table 1). One of these spots 
is indistinguishable from the RF of commercial cytosine and the other with 
that of uracil. 
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Deamination of cytosine has been noted in other cases. Ulman et al. 
[15] reported that cytosine residues in DNA are specifically deaminated by 
exposure to 1M NaOH at 70 ~ Furthermore, Fujishima et al. showed that 
cytidine or deoxycytidine was deaminated in 0.5 to 2N NaOH or KOH at over 
70 ~ to yield uridine or deoxyuridine [16]. 

The formation of uracil might be accounted for in terms of the water released 
from the sugar portion of molecule following glycosidic cleavage. 
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Some of the water released by the above process may result in displacement of 
the amino group in cytosine. A possible route might be as follows: 
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The curve of 2'-deoxycytidine hydrochloride (Fig. 1) differs from that 
of 2'-deoxycytidine. The fusion endotherm at 462 K is immediately followed by a 
sharp exotherm associated with glycosidic cleavage. The lowering of the tempera- 
ture for glycosidic cleavage of 2'-deoxycytidine (526 K) to 464 ~ for that of 2'- 
deoxycytidine �9 HC1 is not unexpected since it has previously been established that 
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electron withdrawing groups on the ring weaken the glycosidic bond. In the case 
of the hydrochloride, the NH3 + group is a strong withdrawing group. The second 
endotherm for 2'-deoxycytidine �9 HC1 was lower (546 K) than was expected for 
cytosine (589 K), suggesting that cytosine is present as the hydrochloride salt 
melting at 536 K. The fact that TLC analysis indicates this thermal product to 
be cytosine rather than the hydrochloride is understandable since the plate is 
developed in solvents containing water which would reach equilibrium with the 
hydrochloride. 

I 11 I 11 V I 11 I 1t I 11 

V" 
531 

I II 

Fig. 3. DSC curves and corresponding thin layer chromatographic separations associated 
with the heating of 2'-deoxyguanosine dihydrate over the range 390--620 K 

The curves of the deoxypurines are very different from those of the deoxy- 
pyrimidines. Thus 2'-deoxyadenosine reveals two endotherms at 398 K and 
438 K followed immediately by an exotherm at 440 K prior to the fusion en- 
dotherm for this compound at 469 K; a second exotherm at 490 K was suspected 
of being associated with glycosidic cleavage. A fourth endotherm at 618 K com- 
pleted the curve. A comparison of the latter curve with that of adenine (Fig. 2) 
indicated that the peak at 618 K was probably the fusion point for impure adenine. 
The thin layer results (Table 1) indicate that the first four peaks involve 2-deoxyade- 
nosine. The first endotherm results from loss of absorbed water from the mono- 
hydrate. The second endotherm is associated with the loss of water of crystallization. 
At this temperature the anhydrous adenosine undergoes a phase change which 
is weakly exothermic. The strong endotherm at 469 K is the fusion point for 
anhydrous 2'-deoxyadenosine. Following heating through the 490 K exotherm, 
the product is adenine as indicated by TLC. Thus the weak exotherm at 490 K 
is associated with glycosidic cleavage. 

The response of 2'-deoxyguanosine dihydrate on heating results in five endo- 
thermic peaks. TLC following each of the first three of these yields a single com- 
ponent with the same R F value as 2'-deoxyguanosine. Thus each of these peaks 
is associated with loss of water. The first broad endotherm is coincident with 
removal of adsorbed water whereas the second (438 K) and third (469 ~ are the 
result of loss of a mole of bound water in each case. Fusion of 2'-deoxyguanosine 
occurs at 483 ~ and is accompanied by glycosidic cleavage and liberation of guanine 
as apparent from TLC data (Table 1) (Fig. 3). The broad endotherm of guanine is 
caused by sublimation of the base. 
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Conclusions 

The nature  of  physical and  chemical changes associated with enthalpimetr ic  
transi t ions,  resulting f rom the applicat ion of thermal  stress to 2 '-deoxynucleosides 
has been established by the combined uti l ization of  DSC and TLC. This s tudy 
has been part icularly effective in demonst ra t ing  the power of  this system to differ- 
entiate thermal  transi t ions associated with physical processes f rom those of  chemi- 
cal reactions, such as glycosidic cleavage and  the anomalous  conversion o f  
cytosine to uracil. 
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ZUSAMMENFASSUNG - -  Die Differential--Scanning--Kalorimetrie (DSC) ist besonders geeig- 
net zum Nachweis des Einflusses der Herstellungsbedingungen und thermischen Vorgeschichte 
auf die Beschaffenheit von Polymeren. Beim Einsatz zur Untersuchung nicht-polymerer 
Verbindungen kann jedoch die Deutung der Daten der Thermoanalyse schwierig werden, da 
durch thermische Stresswirkung chemische sowie physikalische Unwandlungen stattfinden 
k6nnen. In diesem Beitrag, der sich mit 2'-Desoxynucleosiden hefasst, wurde diese Schwierig- 
keit durch Anwendung einer Kombination von DSC und TLC behoben, welche die Korrela- 
tion thermischer Erscheinungen mit dell entsprechenden chemischen und physikalischen 
,~nderungen gestattete. Diese Kombination yon DSC und TLC ist hinsichtlich der Erweite- 
rung des Anwendungsgebiets der DSC auf die Untersuchung thermischer Reaktionen viel- 
versprechend. 
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R~SUM~ -- L'analyse ca!orim6trique diff6rentielle (DSC) est une m6thode universelle pour 
mettre en 6vidence les effets de la pr6paration et du pass6 thermique sur les caract6ristiques 
physiques des polym6res. Cependant,  si on l ' appl ique/ t  l '6tude de compos6s non-polym6res, 
l ' interpr6tation des donn6es d'analyse thermique peut ~tre compliqu6e par  l ' intervention 
possible de t ransformations chimiques ou physiques sons l'effet du traitement thermique. Dans 
la pr6sente 6tude sur les d6soxy-2'-nucl6osides cette difficult6 est 61imin6e en combinant  la 
DSC et la TLC afin d'6tablir une corr61ation entre les ph6nom6nes thermiques qui corres- 
pondent  aux changements chimiques et physiques. L'emploi combin6 de ces deux m6thodes 
semble promis ~t une grande extension. 

Pe3toMe - -  ~r~qbqbepeHurta~bHa~ cKaHr~py~omar~ Ka~opHMeTpH~ zBs~serc~ yHHBepCaabHbIM 
MeTO,/IOM ,/I/I~ ycTanOB.r/ettH~l 3~qbeETOB nony~eHrt~t ~ TepMHv-Ieelr npe~b~cwoprirt I'/OJ1HMepoB 
~a  HX qbH3H~IecKHe xapaI<TepHeTHKH. O~naKo, I<or~a MeTO~ HClIO~B3yeTca ~SD{ H3y~ennH He 
rIO~HMepHBIX coe;ar~Hen~, HHTeprtpeTa~IrlH ~aunbix  TepMH~ecKoFo a~a~r~3a MO)I(eT 6BITb 
ocJIomHeHa BOeMOIKHBIM npO~tBneHHeMraK XHMH'~eCKt~X, TaK J4 qbH3H'-IeCKHX npeBpanleHrt~ 
n p g  TepM~ecI~OM ~anp~z<e~urL B HaCTo~n~eM H3y~IeHHH, BEYIIO'-IalO~J~eM 2-~e30rcr~uyK~eo- 
BH~r~, ~Ta Tpy~HOCTb 6bIYla n p e o ~ o ~ e u a  HClIOYIB3OBaHIIeM KOM~HHIffpOBaHHO~ TeXHHEH 
~ C K - - T C X  ~ roppenznHr~ TepMHv-IeCKHX ~BYleHH~ C COOTBeTCTBytOILrI, IMI/I XHMHqeCKHMH 
I.I qbH3H'.IeCKHMH H3MeHeHH~tMH. ~)Ta rOM6~HHpoaaHHaa TeXHHKa ~IBZ[HeTC~I MHOrOO~eI~alo- 
me~  B pacumpenr~rt npnMeneHr~a ~ C K  E nccae~oBaar~o  TepMn~eCKHX peaKttn~. 
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