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INTRODUCTION 

The ultraviolet absorption spectra of nucleic acid derivatives have been used to 
good advantage for purposes of identification and measurement of concentration 1, 
particularly in work with nucleic acid hydrolyzates separated by paper chromatography 
and in enzymic studies 2. GULLAND and his colleagues s, in their classic work with 
methylated xanthines as compared to xanthosine, justified their comparison of com- 
pounds in which an alkyl group replaces a glycosyl radical by  concluding from the work 
Of GOOS, SCHLUBACH, AND SCHROETER ¢ that  a simple carbohydrate group would exert 
no appreciable effect upon the spectra. 

I t  will be shown in the course of this s tudy with pyrimidine nucleosides that  
significant spectrophotometric differences between alkyl and glycosyl pyrimidines 
(substituted in the same position of the nitrogenous base) do exist, especially in the 
high alkaline range. Though these differences do not detract  from the validity of the 
approach used by the GULLAND group s for the allocation of the position of a t tachment  
of the sugar rest to the base of purine nucleosides, they do, however, suggest tha t  an 
investigation into the effect of the sugar component upon the spectra of nucleosides 
is warranted. 

The characterization of the sugar moiety of pyrimidine nucleosides--as  to the 
identification of the sugar, the lactol-ring structure, and the configuration at the 
glycosidic c e n t e r - - h a s  always posed a difficult task. Further,  the possibility tha t  the 
nucleic acids may  contain moieties other than those known at present has been brought 
sharply in focus by  the recent work of BERGMANN AND FEENEY 5 who isolated a non- 
ribose thymine pentoside from sponges. These authors also call at tention to the warnings 
voiced by GULLAND 6, CHARGAFF AND VISCHER 7, and DAVIDSON s against the tacit as- 
sumption tha t  all polynucleotides are composed of either four D-ribose or four D-2- 
desoxyribose nucleotides. The recent isolation of 5-methylcytosinel, 9, its nucleoside 1°, 
and the corresponding nucleotide n would indicate tha t  these admonitions were not 

* Fel low of t he  A m e r i c a n  Cancer  Society,  r e c o m m e n d e d  by  the  C o m m i t t e e  on Growth  of t he  
Na t iona l  Resea r ch  Council .  
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without foundation, and would place even greater emphasis on the need for the develop- 
ment of simplified techniques for the characterization of the sugar components. 

This study, which deals primarily with the variation of the spectra of naturally- 
occurring and synthetic pyrimidine nucleosides as a function of pH and the effect of 
the sugar moieties in the determination of these spectra, provides a basis-- l imited at 
present because of the lack of adequate reference compounds- - for  the further use and 
extension of ultraviolet absorption spectroscopy for the identification and characteri- 
zation of the sugar components of these biologically-important compounds. 

EXPERIMENTAL 

Methods 
All measurements  were made with a Beckman Model DU spec t rophotometer  using io m m  

quar tz  cells. The prepara t ion  of solutions for measurement ,  the buffers used, and the spectrophoto-  
metric measurement  techniques have been outlined in Par t  I of this series 1~. Again, for the sake 
of simplicity, I N N a O H  is assumed to be p H  14. 

I t  should be mentioned here t ha t  while there is noth ing  new or original about  the existence 
of isosbestic points  in tile spectra  of componnds  containing dissociable group(s), a knowledge of 
their  location is of considerable value. Since its wave- length and extinction coefficient are unchanged 
wi th  pH,  reference measurements  with respect  to this point  may  be used for calculating concen- 
t ra t ions  over a wide range of p H  values. Since the isosbestic poin t  represents  the place of intersection 
of several curves, it is, in fact, the most  precise poin t  in the spec t rum and m a y  be used as a good 
criterion for the pur i ty  and identification of a compound  as well as for a control on the accuracy 
of technique. 

Materials 
Thymidine was obtained from Dr THOMAS G. BRADY of the Univers i ty  College, Dublin;  Cytosine 

desoxyriboside from Prof. A. R. TODD, F.R.S.,  of the Univers i ty  Chemical Laboratory ,  Cambridge 
and from Dr  O. SCHINDLER of the Pharmazeut ische  Anstal t  der Universitiit,  Basel; and Spongo- 
thymidine ( thymine pentofuranoside)  from Dr  W. BERGMANN of Yale University,  New Haven,  
Connecticut,  to all of whom the au thors  are deeply indebted. These compounds  were in an excellent 
s tate  of pu r i ty  as determined both  by  melt ing points  and spect rophotometr ic  behavior.  

i-Methylcytosine was prepared according to I - I ILBERT TM by  rear rangement  of 2-metboxy-4-amino-  
pyrimidine at  18o ° and also by  t r ea tmen t  wi th  methyl  iodide. Both  samples were pure, m.p.  303 ° dec., 
and gave identical spectra.  The i-D-glycopyranosyluracil nucleosides (or uracil glycopyranosides) of 
glucose, galactose, arabinose, and xylose (see formula I, R = glycopyranosyl,  R '  = H) were prepared 
according to HILBERT 14. I-D-Arabinopyranosylthymine (I, R = arabinopyranosyl ,  R '  = CH3) was 
synthesized according to VISSER, GOODMAN, AND DITTMER 15. Glucopyranosylthymine and ribo- 
pyranosyluraeil were kindly supplied by  Dr  I. GOODMAN from previous prepara t ions  1~,16. The former  
compound  was found by spect rophotometr ic  examinat ion  to contain traces of thymine  which were 
removed by  paper  ch roma tog raphy  in butanol :  water.  The spot  containing the nucleoside was  eluted 
wi th  wate r  and the concentrat ion determined from the extinction coefficient previously reported 15. 

The i-D-glyeopyranosylcytosine nucleosides (II, 1~ = glycopyranosyl ,  R '  ~ H) of glucose, 
galactose, xylose, and arabinose, and the I-D-glycopyranosyl-5-methylcytosine (II, R = glycopyranosyl,  
R '  = CH,) nucleosides of arabinose and xylose, and xylopyranosylthymine were analytical  samples 
prepared according to F o x  ANn GOODMAN 17. 

Melting points  and spec t rophotometr ic  behavior  indicated t ha t  all of these synthet ic  nucleosides 
were pure. Many of t hem were chromatographed  (including r ibopyranosyluraci l)  and in all cases, 
except  wi th  glucosylthymine,  were shown to be free of their  corresponding pyrimidine bases. 

Uracil desoxyriboside* was prepared according to the method  of DEKKER AND ELMORE 10 for 
the ni t rous acid deaminat ion of 5-methylcytosine desoxyriboside to thymidine.  Five mg of cytosine 
desoxyriboside in one milliliter of 20 % HOAc was t reated wi th  a slight excess of sodium nitrite. 
After  several hours  a t  room tempera ture ,  the solution was neutralized, the solvents removed in vacuo, 

* I t  should be s ta ted t h a t  by  their  resistance to sodium metaper iodate  oxidation BROWN AND 
LYTHGOE TM and MANSON AND LAMPEN 20 showed thymidine and cytosine desoxyriboside to be desoxy- 
pentose  furanosides. Only in the case of the guanine nucleoside of DNA has the sugar  been con- 
clusively identified as desoxyribose ~1 and confirmation of the ident i ty  of the desoxy sugar  component  
of pyrimidine nucleosides is to be desired. 
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the residue ext rac ted  wi th  alcohol and concentrated,  and the  resul t ing solution chromatographed  
on W h a t m a n  No. I filter paper  along wi th  samples  of cytosine desoxyriboside, cytosine, and uracil. 
I t  has  been repor ted previously 1° t h a t  pyrimidine desoxyribosides have  the same R F values in bu tanol :  
wate r  as their  corresponding free pyrimidine bases. 

After 20 hours  in bu tano l :  water  (86: I4), three  spots  were produced on the c h r o m a t o g r a m  
the lower of which, identical wi th  t h a t  of cytosine desoxyriboside and wi th  a similar RF value as 
cytosine, was s tar t ing material .  The middle spot, wi th  a similar R F value as uracil, was  uracil desoxy- 
riboside and was shown spect rophotometr ica l ly  to be uracil-free. The higher  componen t  (present in 
very  small amounts) ,  when run  spect rophotometr ica l ly  showed no var ia t ion of the spec t rum between 
p H  values 3 and 13 and was not  characterized further .  The overall reaction yield of uracil desoxy- 
riboside was  abou t  3 ° %, which after  elution wi th  water  was filtered and its spec t rum determined.  

RESULTS AND DISCUSSION 

In part I of this series 12 the spectra of several pyrimidine derivatives as a function 
of pH were shown to give a composite picture of each of these compounds (viz., uracil, 
cytosine, thymine, 5-methylcytosine, and others) in terms of their potentially-dis- 
sociable groups as exhibited by their degrees of dissociation and ionization constants. 
Thus the spectrum of uracil showed two equilibria, while that  of I-methyluracil (I, 
R = CH a, R'  = H) gave only one. Similarly, with two equilibria noted for cytosine 
for the amino and 2-hydroxy groups respectively, the spectrum of I-methylcytosine 
(II, R = CH 3, R'  = H) 

0 NH 2 

o ~ X N  / 0 N 
R R 
I II 

shows but one equilibrium, that  
for the 4-amino group. Between 
pH values 7 and 14 the curves for 
the latter compound are identical a0 
(see Fig. I). ~' 

No attempt has been made, 
to our knowledge, to compare the ao 
spectra of N-methyl derivatives of 
uracil and cytosine to that  of ~0 
their corresponding nucleosides in 

4.O 
a manner similar to that used by 
GULLAND and his co-workers with j~ 
purines 3, presumably because of 
the wealth of chemical evidence ,,o 
provided by the LEVENE group22, 23 ~.0 
for the allocation of the sugar 
moiety to the Nl-position of the o 
base. Such a comparison, how- 
ever, aside from lending further 
confirmatory evidence, as can be 
seen from the spectra of I-methyl- 
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Fig. I. I -Methylcytosine at  p H  values indicated. Curves for 
p H  7 and 14 are identical as are those for p H  I.o and 2.o. 

uracil and I-methylcytosine as compared to uridine (Fig. 6) and cytidine (Fig. 2), sheds 
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Fig. 2. Cytidine at  p H  values indicated. Curves for 
pFI 7.2 and i2.o are identical as are those for p H  
i.o and 2.0. Isosbest ic points  a and b represent  the 
amino equil ibrium; c and d correspond to the sugar  

dissociation. 

more light upon the differences in the 
spectra of the free bases versus their 
respective nucleosides*. 

I-Methyluracil, the spectrum of 
which as a function of pH has been 
described previously in detail, has been 
shown to exist in the diketo form in 
neutral, aqueous solution and in the 2- 
keto-4-enol form at pH 12 and above. 
That  a quinoidal structure played no 
significant role (if any) in the deter- 
mination of the tautomeric picture was 
shown by  the close similarity of this 
compound, curve for pH 12.o, to that  
of I-methyl-4-ethoxypyrimidone-2.  

I t  is obvious that  a similar struc- 
tural  sequence may  be assigned to 
uridine in neutral and alkaline solutions 
up to pH 12. The fact that  1-methyl- 
uracil shows no appreciable change in 
the position of the maximum with pH 
is also characteristic of all glycopy- 
ranosyl, ribofuranosyl, and desoxyribo- 
furanosyl nucleosides of uracil and 
thymine thus confirming the suggestion 
of STIMSON AND REUTER 24 that  lactam- 
lactim tautomerism in alkaline solution 
involves the 3,4-positions of thymidine. 
The differences noted by PLOESER AND 

LORING 25 between the spectra of uracil and uridine are explicable in terms of the number  
of dissociable groups and the location of substi tuents in the pyrimidine ring as shown 
previously for uracil, I-, and 3-methyluraci112. 

Spectrophotometric evidence o/sugar dissociation. Close inspection of the spectra of 
uridine and cytidine shows that  they differ from those of I-methyluracil  and 1-methyl- 
cytosine in the high alkaline range. Thus, for uridine, while all curves between pH values 
i and 12.o pass through isosbestic point a to give a pK value for 4-enolization in good 
agreement with titrimetrically-determined values of LEVENE 27, above this range the 
curves "break away"  from this isosbestic point to produce a new equilibrium, with its 
corresponding isosbestic points (b and probably c). A similar equilibrium picture in the 
high alkaline range is also evidenced by  cytidine. 

The assignment of this spectrophotometric behavior, above pH 12, to the dis- 
sociation of the sugar moiety is warranted. I t  is to be recalled that  LEVENE and co- 
workers 27 conducted extensive electrometric measurements of the dissociation constants 
of nucleosides and reported pK values of 12.3-12.5 which they assigned to the sugar 

* In  this regard, a s tudy  of the spectra  of i -  and 3-methylorot ic  acid as a function of p H  
as compared to t ha t  of orotic acid TM would provide useful informat ion for the  allocation of the sugar  
rest  of the nucleoside, orotidine, repor ted by  MICI-IELSO~, D R E L L ,  A N D  M I T C H ] g L L  26. 
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rests of these pyrimidine nucleosides. The fact that  these nucleosides (and, as will be 
shown, all other pyrimidine nucleosides, whether pyranose, furanose, or desoxyfuranose) 
exhibit equilibria in this range spectrophotometrically indicates surely tha t  this dis- 
sociation is not a manifestation of the 4-amino or of the 4-hydroxyl groups. Indeed, 
LEVENE demonstrated that  adenylic acid, which possesses neither "phenolic" hydroxyls 
nor keto groups in the molecule, also gives a dissociation constant in this high alkaline 
range. Lastly, the fact that  I-  and 3-methyluracil and i-methylcytosine fail to exhibit 
a second dissociation spectrophotometrically 1~ or titrimetrically ~7 in solutions up to i N 
base would confirm this view. I t  
should be added that,  for all the 
nucleosides reported herein at pH 
14 , acidification of the sample in 
the quartz cell reproduces the 
curve for pH I, showing the re- 
versibility of the equilibrium. 

The curve for pH 12, which 
in the cases of cytosine and 5- 
methylcytosine nucleosides are 
identical with tha t  for p H  7, 

represents then the limiting ~, , , 

curve for the equilibria involving 
the 4-substituent and the sugar 
moiety. Examinat ion of the 
spectra of the nucleosides shows 
that  differences in this high al- 
kaline range at tr ibutable to the 
sugar components exist amongst 
them. In  the following descrip- 
tions, emphasis will be placed 
mainly on those differences which 
are independent of concentration. 

T h e  cy tos ine  nuc leos ide  series.  
The absorption spectra of cyti- ,Ioo zeaa ~ ~ ~oa ~ao ,,vao , ~ e  ~ 3ooo JIoa 

dine 2s at pH values 2, 7, and 12 Fig. 3- Cytosine desoxyriboside at pFI values indicated. 
a n d  of  c y t o s i n e  d e s o x y r i b o s i d e  2° Curves for pH 7,2 and i2.o are identical as are those for 
a t  p H  7 h a v e  b e e n  r e p o r t e d  p re -  pH I,O and 2.0. The curve for pH 13, not represented, is 

very close to tha t  for pH 12.o. Isosbestic point  a corres- 
v ious ly .  T h e  l a t t e r  a u t h o r s  con-  ponds to the amino equilibrium, b and c to the sugar dis- 
cluded t h a t  t h e  s p e c t r a  of t h e s e  sociation. Both samples (see discussion under materials) 
two nucleosides were identical, gave identical spectra. 

While chemical tests, such as 
metaperiodate oxidation and the Dische reaction will distinguish between the two, they 
involve destruction of the compound. In addition, the lat ter  method gave anoma- 
lous behavior with cytosine desoxyriboside ~0. Examinat ion of the complete spectra of 
these nucleosides shows tha t  though they bear resemblance to each other (Figs. 2 
and 3), several significant differences do exist. Comparison of the pH 12 curves 
reveals tha t  cytidine manifests a clear max imum (or "hump")  at  230o A, whereas the 
desoxyriboside shows an inflection and more nearly resembles I-methylcytosine in 
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this respect. Even  more pronounced is the behavior  of both  substances in the high 
alkaline range. As the pH is increased from I2 to 13, the cyt idine spect rum breaks 
away marked ly  from isosbestic point  a whereas tha t  for the desoxyriboside shows no 
perceptible shift. At  pH 14 these differences become accentuated.  For  cytidine,  the 
pH 13 and  14 curves intersect  the pH 12 curve at  the peak of the la t ter  to produce 
isosbestic point  c, 65 A removed from isosbestic point  a. Wi th  cytosine desoxyriboside, 
the p H  13 (not shown on the figure for the sake of clarity) and  14 curves intersect  the 
pH 12 curve at isosbestic point  b removed only 25 A from isosbestic point  a. 

Tha t  differences exist spectrophotometr ical ly  between these two furanosides of 
cytosine is no t  surpris ing in  the l ight  of the findings of KUHN AND SOBOTKA 2s who showed 
tha t  the dissociation cons tants  of several o-glucosides (viz., phenyl) differed, and  these 
were dependent  upon the cis or trans re la t ionship of the aglycon to the 2-hydroxyl  of 
the sugar. I t  would seem reasonable to conclude tha t  these two cytosine furanosides, 
p resumably  of the same sugar, I)-ribose, bu t  differing in  the presence or absence of a 
2-hydroxyl  group, would show differences in dissociation cons tants  of their  sugar com- 
ponents  and  manifes t  these differences spect rophotometr ica l ly  via  electronic in terac t ion  
of the dissociated or non-dissociated forms of the sugar  rest on the pyr imidine  moei ty  
a t  a given pH. On this basis i t  should be expected tha t  the dissociation of the sugar 
component  of cyt idine would be manifes ted at  a lower pH value t han  tha t  of the desoxy 
analogue, as is ac tual ly  the case* (see also Table  I). A similar s i tua t ion  should also 
prevai l  for furanose and  desoxyfuranose analogues of uracil  and  thymine ,  which, as 
will be shown, is essential ly the case. In  the absence of proper reference compounds  
it  is not  known whether  a similar  comparison applies to pyranose and  desoxypyranose 
nucleosides though it  is clear tha t  this relat ionship does no t  hold when pyranosides are 
compared with desoxyfuranosides of the same nucleoside series. 

TABLE I 
SPECTROPHOTOMETRIC DATA OF P Y R I M I D I N E  NUCLEOSIDES**  

Compound pH curve 
Maxima Minima Isosbestic points 

,~, (A)  e .  I o  -3  ,~ (A)  e. lO -3 pH range ~ (d) e. lO -3 

r-Methylcytosine 1.o-2.o 213o, 283o 9.7 o, 12.3 2425 0.85 1.o-14 2675 
4.4 2795 9.82 2450 2.36 
5.0 276o 8.68 2480 3.35 

7.2-14 2740 8.15 2495 3.95 

Cytidine 1.o-2.o 2125,28oo io.i, 13-4 2415 1 . 7 o  1.o-12.o 2200 
3.6 278o 11.8 243 ° 3.20 2645 
4.4 2740 9.97 247 o 5.35 

7.2-12.o 2295,271o 8.30, 9.1o 2260, 25o5 8.20, 6.50 
13 2725 9.15 251o 6.20 12.o-14 2280 
14 273 ° 9.2o 2515 6.03 271o 

Cytosine 1.o-2.o 2125,28oo lO.2, 13.2 241o 1.5 ° 1.o-12.o 2645 
Desoxyriboside 4.4 2755 1°.3 245 ° 4-36 

7.2-12.o 27Io 9.00 2500 6.13 
13 2715 9.o6 25oo 6.o0 12.o-14 232o 
14 2725 9.28 2485 5.7 ° 267 ° 

7.45 

8.8 5 
8.4o 

8.25 
9.1o 

8.20 

7.90 
8.65 

* It would be of interest to test the applicability of this method towards the measurement of 
absorption differences for the sugar dissociation of isomeric nucleotides reported in the literature ~9,a°. 

** i-Methylcytosine is included in this table for comparison purposes. See reference 12 for 
similar data for i-methyluracil. 
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T A B L E  I (continued) 

Compound pH curve 
Maxima Min ima  Isosbestic points 

~. (d) e. IO a 2 (d) e. lO .3 pH range ~ (A) e. IO -a 

Cytos ine  I.O-2.o 
Py ranos ides  3.6 

4-4 
7.2-13 

I4 

5 -Methy lcy tos ine  i .o  2.0 
py ranos ides  3.6 

4-4 
7.2-13 

14 

Ur id ine  

Urac i l  
Desoxyr ibos ide  * 

Urac i l  
Py ranos ide s  

Uracil 
Ribopyranoside 

i .o-7.2 
8.6 
9.5 

I2.O 
13 
14 

1.O--7.2 
9"3 

12.O 
13 
14 

I.O--7.2 
8- 4 
9.5 

•3.0 
14 

1.O--7.2 
8.7 
9"5 

12.O 
13 
14 

212o, 276o i o . i ,  12. 7 24o 5 2.1o • .o-13  2•30 IO.i 
2740 1°.7 2415 4.45 221o 7.90 
2705 9.25 2470 6.62 2615 8.15 

2370,2680 8.22, 8.55 2240, 251o 7.72 , 7.50 
2335,2695 8.30, 8.70 2520 7.13 •3 -14  2360 8.20 

2640 8.37 
2125,285o •1.8, •2.0 244 ° •.43 1-o-13 2165 11.5 

2830 lO.5 2470 3.07 2235 8.65 
2790 8.80 2530 5.1o 2670 7.15 

237o, 2755 8.oo, 8.05 231o, 257 ° 7-93, 5.97 
277 ° 8-15 257 ° 5-77 13-14 2365 8.00 

27•5 7.80 
2620 IO.l 2305 2.o5 • .o-12.o  2450 5.4 ° 
2620 9.45 2320 3.20 
2620 8.50 2365 4.48 
2620 7.45 2425 5.38 
2630 7.41 2430 5.22 12.o-14 2620 7.4 ° 
2645 7.5 ° 243 ° 5.00 

2620 lO.2 23•0  2.20 I.O •2.o 2450 5.4 ° 
2620 8.94 235 ° 4.22 
2620 7.63 2420 5.35 
2620 7.63 2420 5.25 
2635 7 .86 2420 5 .06 12-°-14 2585 7-4 

2595 IO.I 2285 2.35 1.o-13 2435 6.02 
2595 9.5 ° 230o 3.5 ° 
2595 8.45 2335 5.1o 
2595 7.32 2435 6.00 13.o-14 2290 7.7 ° 
261o 7.5 ° 2435 5-77 2555 7.•5 

2620 i i . i  23oo 2.25 1.o-12.o 2435 5.•7 
2620 i o . i  2330 3.63 
2620 9.35 2360 4.46 
2620 8.15 241o 5.•0 
2620 8.15 241o 5.00 
2630 8.35 2415 4.77 12 . ° - • 4  2585 7.95 

9.55, 9.65 235 ° 2.25 1.0-13 2475 4.65 
9-°3 2375 3.34 
8.33 2405 4.o8 
7.38 2455 4.58 •3 -14  2640 7.20 
7.51 2455 4.4 o 

9.8, 9.7 ° 233 ° 2.40 • .o-13 2460 5.1o 
8.62 237 ° 4.12 
7.03 2460 5.1o 
7.1o 2460 4.85 •3 -14  2640 7.00 

9.23, io .o  2355 2.25 1.o-12.o 2475 4.4 ° 
9.25 239o 3.33 
8.42 2425 4.06 
7-87 2450 4.30 
8.•6 2455 4.05 
8-7o 2455 3.73 12.o-14 2635 7.5 ° 

T h y m i d i n e  1.o-7.2 r~2o75 ,  267o 
9.5 267o 

io .o  267o 
13 2670 
14 268o 

T h y m i n e  • .o-7 .2  ~ 2 o 7 5  , 2645 
Py ranos ide s  9.5 2645 

13 2645 
14 2660 

"Spongo-  I.O 7.2 ,"--'2075, 2685 
t h y m i d i n e "  9-5 2685 
(Thymine  I o. I 2685 
Pen tofuranos ide)  12.o 2685 

13 2700 
14 2715 

* Added  in proof:  Af te r  s u b m i t t i n g  th is  m a n u s c r i p t  for pub l ica t ion ,  we received from Professor  
A. R. TODD, F.R.S. ,  a s ample  of urac i l  desoxyr ibos ide  which  gave  a spec t rum iden t i ca l  to  t h a t  
de t e rmined  from the  e lua te  of the  c h r o m a t o g r a m  of the  n i t rous  acid d e a m i n a t i o n  p roduc t  of cytos ine  
desoxyr ibos ide  (see page  37 ° and  Fig. 7). E x t i n c t i o n  va lues  for urac i l  desoxyr ibos ide  l is ted in the  
t ab le  are based  upon  Professor  TODD'S sample.  

Re[erences p. 384. 
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Fig. 4. Cytos ine  py ra nos i de s  of D-glucose, D-galactose,  
D-arabinose  a n d  D-xylose a t  p H  va lues  indica ted .  Curves  
for p H  7.2 and  13 are p rac t i ca l ly  ident ical ,  as  a re  those  
for p H  I.O a n d  2.o. I sosbes t ic  po i n t s  a, b, a n d  c corres-  
p o n d  to  t he  a m i n o  equ i l ib r ium;  d and  e to  t he  s u g a r  

dissociat ion.  

Attention is also drawn to the 
relationship between the pH 12.o 
curve (identical with that  for pH 7.2) 
and that for pH 4.4. It  is seen that  in 
the desoxyriboside of cytosine the 
relative displacement of these two 
curves from each other, at 2400 A 
for example (though any wave- 
length removed from the isosbestic 
points will do), is 11/2 times as great 
as for cytidine. This phenomenon is 
undoubtedly related to the influence 
of the sugar components of these 
compounds on the respective amino 
pK's (see below). 

The differences between the 
spectra of the cytosine pyranosides 
and that  of their ribofuranose and 
desoxyribofuranose analogues are 
striking. Fig. 4 represents the spectra 
of the i-D-glycopyranosylcytosine 
nucleosides of glucose, galactose, 
xylose and arabinose, all of which 
were identical. Their curve for pH 13 
shows a clearly-resolved maximum 
at 2730 A. This, coupled with the 
appearance of two isosbestic points 
at the shorter wave-lengths, b and 
c, for the amino equilibrium, would 
more than suffice as criteria for 

distinguishing between these pyranosides and the aforementioned furanosides. The 
sugar dissociation Js exhibited only above pH 13. I t  is to be noted that  while the long- 
wave isosbestic point for the 4-amino equilibrium of cytidine and cytosine desoxy- 
riboside occurs at the same wave-length, that  for the pyranosides is shifted 25 A toward 
the violet. A similar situation is also encountered in the uracil nuclecside series. 

The sugar substituents vary in their effect upon the proton affinity of the amino 
group of the pyrimidine. Thus, while i-methylcytosine gives a spectrophotometrically- 
determined pK value of 4.55, cytosine desoxyriboside, cytidine, and the cytosine 
glycopyranosides give progressively lower values, 4.3, 4 .1, and 3.85 respectively. This 
decrease in pK is accompanied by a progressive decrease in separation between the 
neutral (pH 7, 12) and acid (pH I) curves in the neighborhood of 21oo to 2200 A con- 
comitant with a levelling-out of the neutral curve producing ultimately a clearly- 
resolved maximum in cytidine which is considerably more pronounced in the cytosine 
pyranosides. I t  is to be noted that  the short-wave maximum of the acid curves of all 
these nucleosides of cytosine have the same intensity of absorption, all of which are 
higher than that  for I-methylcytosine. 

5-methylcytosine nucleosides. During the course of our investigations, two papers 

Re#fences p. 384. 
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appeared describing the isolation and identification of desoxy-5-methylcytidylic acid n 
and its corresponding desoxyribose nucleoside 1° as components of desoxyribosenucleic 
acid. 

The spectrum of 5-methylcytosine pentosepyranosides of D-arabinose and D-xylose 
are listed in Fig. 5. In general they bear very close resemblance to their cytosine analo- 
gues, as would be expected, allowance given for the 5-methyl shift towards the visible. 
On the basis of the spectrophotometrically-determined pK values for cytosine and 
5-methylcytosine ~ and I-methylcytosine,  the dissociation constant of 1,5-dimethyl- 
cytosine would be expected to be in the vicinity of 4.7. The pK value for the 5-methyl- 
cytosine pyranosides calculated spectrophotometrically is 4-I, that  is, equally lower from 
assumed value of its I -methyl  analogue as are the cytosine pyranosides from I-methyl-  
cytosine. All other features are essentially similar. 

Using this spectrum (Fig. 5) together with the previously described relationships 
among the cytosine nucleosides (Figs. 2, 3, and 4), one should be able to ascertain 
spectrophotometric data  for 5-methylcytosine desoxyriboside. In the absence of the 
latter compound, a comparison will be made with the spectrum given by DLKKER AND 
ELMORE 1° which contained two curves, that  for N / I O O  HC1 and N/9o NaOH. While 
their alkaline curve agrees well these deductions, their acid curve cuts the alkaline 
curve almost at its max imum to give an isosbestic point approximately 8o-9o A (at 
approximately  2755 A) to the right of that  shown for 5-methylcytosine pyranosides. 
Further,  we would expect the 
short-wave maximum of the acid 
curve to give an extinction coef- 
ficient of approximately I 1,8oo in- 
stead of the reported 9,780; and 
lastly the acid and base curves, 
in the vicinity of 21oo-22oo A 
should be practically tangential. 
If  the acid curve were raised 20- 
25 %, all these discrepancies are re- 
moved, indicating that  a dilution 
error may  have occurred. I t  is to 
be noted that  COHN'S spectrum for 
the corresponding nucleotide n 
lists two curves (one for pH values 
6-13, the other for 1-2.5) which 
intersect at approximately 2720 
A. From the curves reported by 
PLOESER AND LORING 25 f o r  cytidi- 
ne and cytidylic acid, indications 
are that  the isosbestic points of 
nucleosides and their correspon- 
ding nucleotides have identical 
wave-lengths for the dissociation 
involving the 4-substituent. We 
have confirmed this phenomenon 
for cvtidine and eytidylic acid. 

Re#rences p. 384. 
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Fig. 5. 5-Methylcy tosine pyranosides  of D-arabinose and 
I)-xylose at  p H  values indicated. Curves for p H  7.2 and 
13 are practically identical, as are those for p H  i.o and 
2.0. Isosbest ic points  a, b, and c represent  the amino 

equil ibrium; d and e the sugar  dissociation. 
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T A B L E  I I  

SPECTROPHOTOMETRICALLY-DETERMINED "APPARENT" DISSOCIATION 
CONSTANTS COMPARED "WITH VALUES DETERMINED BY TITRATION 

Compound 
Dissociation Constant (pK) * 

Spectrophotometric** Titr imetrie  

i - M e t h y l c y t o s i n e  4.55 
Cyt id ine  4. i 4.22 
Cytos ine  desoxyr ibos ide  4.3 - -  
Cytos ine  py ranos ides  3.85 - -  
5 -Methy lcy tos ine  py ranos ides  4.1 -- 
i -Me t hy lu r a c i l  9.75 9.7 i 
Ur id ine  9.25 9.17 
Urac i l  desoxyr ibos ide  9.3 - -  
Urac i l  py ranos ides  9.2 - -  
Urac i l  r i bopyranos ide  9.25 - -  
T h y m i d i n e  9.8 - -  
T h y m i n e  pyranos ides  9.7 - -  
" S p o n g o t h y m i d i n e "  9.8 --  

* These  refer  to  the  4-amino  or 4 - h y d r o x y  s u b s t i t u e n t  as the  case m a y  be. Because  of the  
r e l a t i ve ly  smal le r  differences in e x t i n c t i o n  be tw e e n  the  curves  i nvo lved  in  t he  sugar  equ i l i b r ium 
and  the  ind ica t ions  t h a t  t h i s  d i ssoc ia t ion  m a y  no t  be comple te  a t  p H  14, the  d issoc ia t ion  c o n s t a n t s  
of the  g lycosyl  componen t s  were no t  ca lcu la ted .  I t  m a y  be said,  however ,  t h a t  the  pKsugar va lues  
of the  nucleos ides  would  be in t he  v i c i n i t y  of 13. 

** Values  r epor t ed  to  the  nea res t  ha l f - t en th .  T i t r i m e t r i c  va lues  are those  r epor t ed  b y  LEVENE 
and  co-workers~L 

The uracil nucleoside series. Of special interest in this series would be the examination 
of the relationships between uridine and uracil desoxyriboside in light of previous 
information obtained from the corresponding cytosine nucleosides. The presence of 
uracil desoxyriboside has been indicated by WANG and co-workers ~1 who treated cytidine 
and cytosine desoxyriboside with a bacterial cell-free extract. The rate of deamination 
of the latter compound was measured spectrophotometrically by assuming that  the 
spectrum of the product (uracil desoxyriboside) would be identical with that  for uridine. 
More recently, DEKKER AND TODD TM isolated this substance in crystalline form as a 
by-product of bacterial contamination of a desoxyribosenucleic acid preparation. 

The spectrum of uracil desoxyriboside is given in Fig. 7. A visual inspection is 
sufficient to disclose pronounced differences which distinguish this compound not only 
from uridine (Fig. 6), but  also from the synthetic uracil nncleosides. Striking differ- 

T A B L E  I I I  

SPECTROPHOTOMETRIC DATA OF URACIL AND THYMINE NUCLEOSIDES 

~max/min  emax /min  
Nucleoside p H  12.o curve p H  7.2 curve 

Uraci l  py ranos ides  1.21 4-3 ° 
Urac i l  r i bopyranos ide  1.6o 4-93 
Ur id ine  i .38 4.92 
Urac i l  desoxyr ibos ide  1.44 4.60 
T h y m i n e  pyranos ides  i .36 4.04 
" S p o n g o t h y m i d i n e "  1.83 4-44 
T h y m i d i n e  1.61 4.29 

Re#rences p. 384. 
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Fig. 6. Uridine at  p H  values indicated. 
Curves for p H  i.o and 7.2 are identical. 
Isosbest ic point  a corresponds to the 
equil ibr ium due to the 4-subst i tuent ;  b, 

the sugar  dissociation, 

Fig. 7. Uracil desoxyriboside, as ob- 
tained from paper  chromatogram,  
at  p H  values indicated. Curve for 
p H  13, not  listed, is practically 
identical to t ha t  for p H  12.o and 
tha t  for p H  7.2 is the same at  p H  
i.o. Isosbest ic  point  a represents  
the equil ibr ium due to the 4-sub- 
s t i tuent ;  b, the sugar  dissociation. 
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Fig. 8. Uraci l  py ranos i de s  of D-glucose, 
D-galac tose ,  D-arabinose  a n d  D-xylose 
a t  p H  va lues  indica ted .  Curves  for p H  
12.o a n d  13 are  identical ,  as  are  those  
for p H  i .o  and  7.2. I sosbes t ic  po i n t  a 
r ep resen t s  t h e  4 - s u b s t i t u e n t  equil ibri-  

u m ;  b, t he  s u g a r  dissociat ion.  

,q 

¢.-,, 

9.0 \ ,ta , - ' x  / xx I "~,, 

\ " r.,C 

7.0  ' 7., "" ' 

pl , L 

. ~. t..~/ '~ 

i @ \  !~., 
\ 

zO ' : ,  - -  

x /,~. u) 
k 

, / :  

(/:' 
'/ : )" ,i 

• \ ,o :S : \ 
• , i ,  

~6.o 

40 8 ~ 

0 

~ ( R . u )  

Fig. 9. Uraci l  r ibopyranos ide  a t  p H  va lues  
indica ted .  Curves  for p H  12.o and  13 are  
nea r ly  ident ical  and  t h a t  for p H  7.2 is t h e  
s ame  a t  p H  i.o.  I sosbes t ic  po in t  a repre-  
sen t s  t he  4 - s u b s t i t u e n t  equ i l ib r ium ; b, t he  

suga r  dissociat ion.  
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Fig. IO. Thymidine at pH values 
indicated. Curves for pH 12.o 
and 13 are the same, as are those 
for pH i.o and 7.2. Isosbestic 
point a represents the 4-substi- 
tuent equilibrium; b, the sugar 

dissociation. 
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ences may be ascertained from the ratios of max imum to minimum for the neutral and 
pH 12.o curves (see Table III). Also to be noted with uracil desoxyriboside is, i) the 
point of intersection of the pH 12.o and 14 curves, 2) the slight displacement of the 
pH 12.o and 13 curves from each other (see Table I), and 3) the identi ty of the wave- 
length of its 4-enolization isosbestic point a with that  of u r id ine- -a l l  of which gives 
a similar picture to tha t  encountered previously between cytidine and cytosine desoxy- 
riboside. This suggests strongly that  this spectral behavior between a pyrimidine ribo- 
furanoside and its corresponding desoxyribofuranoside for the sugar equilibrium is 
general. 

Coming now to the I-D-glycopyranosyluracil nucleosides of glucose, galactose, 
arabinose, and xylose (Fig. 8) we find that  all these give identical s p e c t r a - - a s  found 
to be true also in the cytosine and 5-methylcytosine nucleoside series. The spectrum of 
ribopyranosyluracil, Fig. 9, (this is the only series where a ribose pyranoside was 
available for measurement),  differs from tha t  of the other pyranosides by  the position 
and intensity of the maxima,  the position of the minima, and the intensity of absorption 
of the isosbestic points. Note, however, that  the position of the isosbestic points for 
4-enolization are identical for all pyranosides of uracil, and are displaced toward the 
shorter wave-lengths relative to those of uridine and uracil desoxyriboside--  a phenome- 
non again reminiscient of the situation found in the cytosine nucleoside series. This 
would indicate not only tha t  all hexose and pentose pyranosyl nucleosides of a given 
pyrimidine (i.e., uracil, cytosine and their 5-methyl derivatives) would possess isosbestic 
points for the first equilibrium at the same wave-length, but  would also suggest that  the 

References p. 384. 
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displacement of the ribose and desoxyribose furanoside isosbestic point toward the 
visibly may be equally true for other furanosides. 

T h y m i n e  n u c l e o s i d e s .  A cursory examination of the spectra of thymine pyranosides 
of glucose, arabinose, and xylose (Fig. II) with that  of the uracil pyranosides (Fig. 8) 
and uracil desoxyribofuranoside (Fig. 7) shows that aside from the 5-methyl batho- 
chromic shift their spectral variations are similar. On this basis, the spectrum of a 
"5-methyluridine" should be equally similar to that  of nridine (Fig. 6). More precisely, 
the spectra of these compounds should show similar sugar equilibria. 

BERGMANN AND FEENEY 5 recently isolated a substance from sponges which, on 
the basis of ultraviolet absorption measurements in acid, neutral and basic media and 
by elemental analyses, periodic acid titration, formation of a tribenzoate and cleavage 
to thymine, characterized it as a thymine pentofuranoside. From optical rotational data 
they suggest it to be a thymine xylofuranoside. IV[AKINO AND SATOH $2, using BOESEKEN'S 
boric acid test, ruled out ribose and lyxose as the sugar rest and by sulfuric acid hy- 
drolysis followed by paper chromatography showed that  the RF value of the sugar 
moiety corresponded to that of xylose. 

Aside from this chemical evidence and in the light of previous discussion, examiL 
nation of the complete spectrum of spongothymidine (thymine pentofuranoside, Fig. 12) 
as compared to thymine pyranosides (Fig. i i )  and thymidine (Fig. IO) shows that it 
is neither a thymine pentopyranoside nor a desoxyriboside. The pronounced sugar dis- 
sociation picture would indicate that it is a furanoside, but surely not of ribose since 
the spectral variation for its sugar equilibrium differs markedly from uridine and from 
a hypothetical "5-methyluridine". Examination of Table I I I  provides additional support 
for the "non-ribose" nature of its sugar component. It  is to be noted that the isosbestic 
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point for 4-enolization (Table 
I) is identical with that  of 
thymidine, both occurring at 
2475 A, and both of which are 
displaced toward the visible 
from those of the thymine 
pyranosides (2460 A ) - - i n  line 
with our previous hypothesis 
that  the isosbestic points of 
all pyrimidine furanosides of 
a given series will be displaced 
equally toward the longer 
wave-legnths from that of the 
pyranosides. 

Fig. I I .  Thymine  pyranosides  of 
D-Arabinose, D-xylose, and D- 
glucose (the lat ter  from a paper  
chromatogram)  at  p H  values in- 
dicated. Curves for p H  12,o and 13 
are identical as are those for p H  i.o 
and 7.2. Isosbestic poin t  a corres- 
ponds to the 4-subst i tuent  equi- 
l ibr ium; b, the sugar  dissociation. 
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Fig. i2. "Spongothymidine'" 
(Thymine pentofuranoside) at 
pFI values indicated. Curves 
for pI-I I .o and 7.2 are identical. 
Isosbestic point a represents 
the 4-substituent equilibrium; 

b, the sugar dissociation. 
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Tha t  spongothymidine  gives a different spec t rum from tha t  calculated for its 
corresponding r ibofuranosMe ("5-methylur id ine")  is not  surpris ing when one considers 
tha t  differences were noted  between the spect rum of r ibopyranosyluraci l  versus other 
pyranosides.  The spect rum of r ibopyranosy l thymine  in neu t ra l  solut ion (max imum and  
m i n i m u m  values) as reported by  VISSER and  co-workers 15 would indicate  tha t  this 
nueleoside differs in a similar way from the other  t hymine  pyranosides.  This suggests 
tha t  furanosyl  nucleosides of t hymine  and  u r a c i l - - o t h e r  t han  ribose - -  would give 
spectra  ident ical  to tha t  of spongothymidine  or its uracil  analogue. 

The p K  values of the uracil  nucleosides are lower t h a n  tha t  of I -methy lurae i l  (see 
Table  II); however, here, unl ike the cytosine nucleosides, we find no appreciable 
differences amongst  them. By calculat ion of the p K  for 1,5-dimethyluraci] (in a manne r  
similar  to tha t  used for 1,5-dimethylcytosine) it  can be concluded tha t  similar relation- 
ships hold for the t hymine  nucleoside series. 
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SUMMARY 

i. The ultraviolet absorption spectra of synthetic and naturally-occurring pyrimidine nucleosides 
were measured at various pH values and their "apparent" dissociation constants reported. 

2. Spectral variation as a function of pH in the high alkaline range is demonstrated and shown 
to be due to the dissociation of the sugar moieties. 

3. General spectrophotometric patterns are presented which enable the distinction between 
pyrimidine ribofuranosides and their desoxyribofuranoside analogues. 
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4. Differences be tween  py r imid ine  g lycopyranos ides  and  g lycofuranos ides  are  p resen ted  a n d  
some  impl ica t ions  for the  spec t ra  of h i the r to  un repo r t ed  py r imid ine  nucleos ides  are sugges ted .  

Rt~SUMt~ 

i.  Les  spec t res  d ' abso rp t ion  dans  l ' u l t ra -v io le t  de nucldosides py r imid iques  s y n t h 6 t i q u e s  et  
na tu re l s  on t  6t6 mesur6s  ~ diverses  va l eu r s  de p H  et  leurs  c o n s t a n t e s  de dissocia t ion " a p p a r e n t e "  
on t  ~t6 6tablies.  

2. L a  va r i a t ion  du spec t re  en fonct ion  du p H  darts la z6ne de h a u t e  alcalinit6 es t  6tablie et  
il es t  m o n t r 6  qu 'e l le  es t  due  ~ la dissociat ion de la f rac t ion sucre.  

3. L ' a i lu re  g6n6rale des  spec t res  p e r m e t  de d i s t inguer  en t r e  les r ibofuranos ides  py r imid iques  
et  leurs  ana logues  d6soxyr ibofuranos ides .  

4. Des diff6rences en t re  les g lycopyranos ides  et  les g lycofuranos ides  py r imid iques  s e n t  relev6es 
et  ce r ta ines  sugges t ions  re la t ives  a u x  spec t res  de nucMosides  p y r i m i d i q u e s  encore i nconnus  s en t  
pr6sent6es.  

Z U S A M M E N F A S S U N G  

t.  Die Ul t rav io le t  A b s o r p t i o n s s p e k t r e n  s y n t h e t i s c h e r  u n d  natOrl ich v o r k o m m e n d e r  Py r imid in -  
nucleos ide  w u r d e n  gemessen  bei ve r sch iedenen  p H - W e r t e n  u n d  ihre s che inha ren  Dissozia t ions-  
k o n s t a n t e n  festgestel l t .  

2. Die Var ia t ion  der Spek t r en  als F u n k t i o n  des p H  in hohe r  Alkal ini tAtszone wurde  bewiesen,  
wie a u c h  ihre Abh~ingigkeit  yon  der  Dissozia t ion  der Zuckerante i le .  

3. Der  a l lgemeine  Ver lauf  der  Spek t ren  g e s t a t t e t  die U n t e r s c h e i d u n g  zwischen Py r imid in -  
r ibofuranos iden  und  ihren  Desoxyr ibo fu ranos id -Ana logen .  

4. Un te r sch i ede  zwischen  P y r i m i d i n g l y c o p y r a n o s i d e n  u n d  -g lycofuranos iden  wurden  fes tgeste l l t  
u n d  einige Fo lge rungen  in B ez i ehung  au f  die S pek t r en  b i sher  noch  u n b e k a n n t e r  Pyr imid innuc leos ide  
werden  vorgeschlagen.  
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