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The UV absorption spec t ra  of 5-subst i tuted Nl-( te t rahydrofuran-2 ' - y l ) -  and Nl-(2 'oxotetratwdrofuran-  
3 ' -y l )u rac i l s  have been studied and thei r  pro to lys is  constants have been determined by the spectrophotomet-  
t i c  method. A comparison is given with the spec t ra  and pKa values of the corresponding Nl-methyl  de r iv -  
a t ives  and r ibos ides  and deoxyribosides .  

Recently, the attention of many workers  has been a t t rac ted  to the study of the UV and IR spect ra ,  and also the NMR, 
of pyr imidine  and purine bases ,  the i r  r ibos ides ,  2 ' -deoxyr ibos ides ,  and 2 ' ,3 ' -d ideoxyr ibos ides  [1-6]. In addition to this,  
the pro to lys is  constants [3, 4] and the kinetics of the hydrolys is  of the glycosidic bond [7, 8] have been studied. 

Since we have synthesized for the f i r s t  t ime a se r i e s  of Nl - ( t e t r ahydrofu ran-2 ' -y l ) -  and Nl- (2 ' -oxote t rahydrofuran-  
3 ' -yl)  [N1-(~-butyrolactone)] der iva t ives  of the pyr imidine  bases  [9-12], it was of in teres t  of investigate the phys ico-  
chemical  p rope r t i e s  of these compounds and compare them with the p roper t i e s  of the nucleosides.  In the p resen t  work 
we have studied the UV absorpt ion spec t ra  as a function of the pH of the medium and have also determined by a ~pec- 
t rophotometr ic  method the pro to lys i s  constants of Nl- ( te t rahydrofuran-2 ' -y l )  and Nl - (2 ' -oxote t rahydrofuran-3 ' -y l )  de-  
r ivat ives  of 5-subst i tuted u rac i l s .  

A comparison of the r e s u l t s  obtained with l i t e ra tu re  data for  the r ibos ides  and 2 ' -deoxyr ibos ides  [1-4] pe rmi t s  
some conclusions on the in ter re la t ionship  between the s t ruc ture  and p roper t i e s  of these compounds. The resu l t s  of a 
study of the kinet ics  of the hydrolys is  of these compounds will  be d iscussed  in a subsequent communication. 

As is well known, in the undissociated state at pH 1-5 the pyr imidine  bases  (uracil ,  thymine, 5-halogenouracils)  
have a single cha rac te r i s t i c  absorption maximum in the far  UV region of the spectrum. The introduction of a CH 3 group 
as substituent a t  N 1 causes a bathochromic shift of the o rde r  of 6-9 nm and an increase  in the absorpt ion coefficient 
[1-3, 13, 14]. In the case  of the NI- r ibos ides  and 2 ' -deoxyr ibos ides  of the pyr imidine  bases ,  this  shift is considerably  
l e s s  - 2 - 4  rim, the sma l l e s t  shift being given by the 2 ' -deoxyr ibos ides  [3]. We have es tabl ished that the Nt- te t rahydro  - 
furanyl der ivat ives  in the undissociated state give a bathochromic shift of the main absorpt ion maximum of of the o rde r  
of 2-4 nm and an increase  in the absorption coefficient close to that for the 2 ' -deoxyr ibos ides  {Fig. 1). 

The introduction of a halogen into N1-( te t rahydrofuran-2 ' -y l )urae i l  causes a bathochromic shift r i s ing in the s e -  
quence F < C1 <Br <I (F ig .  2). Simultaneously there is a dec rease  in the absorpt ion coefficient amounting to 21% in the 
case  of F,  C1, and Br,  and 38% in the case  of L A s i m i l a r  pat tern is observed for  the Nl - (2 ' -oxote t rahydrofuran-3 ' -y l )  - 
der iva t ives .  

On pass ing to alkaline media,  the Nl-subst i tuted pyr imidine  bases  give no bathochromic shift of the main absorp -  
tion maximum, which is explained by pro to lys i s  with the formation of a monoanion having, according to l i t e ra tu re  data 
[14], a s t ruc ture  with an equal ly-dis t r ibuted  electron cloud: 

The analogous form of the Ni-( te t rahydrofuran-2 ' -yl)  der iva t ives  gives a hypsochromic shift of the absorpt ion max-  
imum, as  compared with the undissociated form, which is smal l  in the F,  CI, and Br der iva t ives ,  but is ex t remely  con- 

*For par t  IV see [11]. 
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F ig .  1. UV s p e c t r a  of 5 - b r o m o u r a c i l  (1), 5 - b r o m o - l - m e t h y l u r a c i l  
(2), 5 - b r o m o - l - ( 2 ' - d e o x y r i b o f u r a n o s y l ) u r a c i l  (3), and 5 - b r o m o - 1 -  
( t e t r a h y d r o f u r a n - 2 ' - y l ) u r a c i l  (4) a t  pH 4. 

F ig .  2. UV s p e c t r a  of N l - ( t e t r a h y d r o f u r a n - 2 ' - y l )  d e r i v a t i v e s  of u r a c i l  
(1), 5 - f l u o r o u r a c i l  (2), 5 - c h l o r o u r a c i l  (3), 5 - b r o m o u r a c i l  (4), and 5 -  
iodourac i l  (5) a t  pH 4. 
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Fig .  3. Change in the UV s p e c t r a  as  a function of the pH of the m e d -  
ium: a) 5 - f l u o r o - l - ( t e t r a h y d r o f u r a n - 2 t - y l ) u r a c i l :  1) pH 1.97; 2) 
pH 7.44; 3) pH 7.81; 4) pH 12.48; b) 5 - i o d o - l - ( t e t r a h y d r o f u r a n - 2 V - y l  - 
u r ac i l :  l)  pH 2.00; 2) pH 8.18; 3) pH 9.02; 4) pH 9.67; 5) pH 12.47. 

c o n s i d e r a b l e  in the I de r i va t i ve  (10 nm) Fig .  3). This  a l so  app l i e s  to the  N i - ( 2 ' - o x o t e t r a h y d r o f u r a n - 3 ' - y l )  d e r i v a t i v e s  
of the 5 - s u b s t i t u t e d  u r a c i l s .  

The p r o t o l y s i s  cons tan ts  of the N l - ( t e t r a h y d r o f u r a n - 2 ' - y l )  and N i - ( 2 ' - o x o t e t r a h y d r o f u r a n - 3 ' - y l )  d e r i v a t i v e s  of the 
5 - s u b s t i t u t e d  u r a c i l s  which we d e t e r m i n e d  s p e e t r o m e t r i c a l l y  with the in t roduct ion of c o r r e c t i o n s  f o r  the ionic s t reng th  
of the  solu t ions ,  a r e  in full  a g r e e m e n t  with the expec ted  va lues .  

Because  of the negat ive  induction effect  of a halogen,  the in t roduct ion of a halogen into pos i t ion  5 of the  p y r i m i d i n e  
r ing  cause s  a fal l  in the e l e c t r o n  dens i ty  on the N3H group [6] and the reby  i n c r e a s e s  the ac id  p r o p e r t i e s  both of t h e b a s e s  
and of t h e i r  N i - d e r i v a t i v e s .  This  effect  fa l l s  in the sequence F >C1 >Br  >I as  the e l ec t ronega t iv i t y  of the ha logen d e -  
c r e a s e s .  The r e p l a c e m e n t  of H on N 1 by a CH 3 group cause s  an i n c r e a s e  in the e l e c t r o n  dens i ty  on the n i t rogen  of the 
N3H group and t h e r e b y  d e c r e a s e s  the ac id ic  p r o p e r t i e s  of the in i t ia l  compound. In c o n t r a s t  to th i s ,  the N l - r i b o s i d e s  and 
2 ' - d e o x y r i b o s i d e s  a r e  m o r e  ac id ic  than the co r r e spond ing  b a s e s  [3]. As our  inves t iga t ions  have shown (Table 1) the N ' -  
( t e t r a h y d r o f u r a n - 2 ' - y l )  d e r i v a t i v e s  of the p y r i m i d i n e  b a s e s  have s i m i l a r  p r o p e r t i e s  to those  of the N t - ( 2 ' - d e o x y r i b o s i d e ) s  
(showing a tendency  to an i n c r e a s e  in ac id i ty  a s  c o m p a r e d  with the l a t t e r )  and d i f fe r  c o n s i d e r a b l y  f rom the N l -me thy l  
d e r i v a t i v e s .  

So f a r  a s  conce rns  the N t - ( 2 ' - o x o t e t r a h y d r o f u r a n - 3 ' - y l )  d e r i v a t i v e s ,  we have e s t a b l i s h e d  that  the int roduct ion of 
a C ~ O  group into the molecu le  d e c r e a s e s  the e l e c t r o n  dens i ty  on the n i t rogen  of the N3H group and t he r e by  enhances  
the ac id i ty  of the compounds by 0.3-0.5 pK a uni ts  as  c o m p a r e d  with the t e t r a h y d r o f u r a n y l  d e r i v a t i v e s .  
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Table  1. P r o t o l y s i s  Constants  of the Urac i l  D e r i v a t i v e s  

0 

I 
R' 

�9 H [ C H ~  Ci Br 

~ o  71 9.54 9.59 

/~o/=O 9.05 914 
I 

7.80 

7.30 

7.87 

7.75 

8,00 

7,54 

8.17 

7,76 

On the b a s i s  of the r e s u l t s  p r e s e n t e d ,  it  may be a s s u m e d  that  the s i m i l a r i t y  of some b io log ica l  p r o p e r t i e s  of  the 
N ' - ( t e t r a h y d r o f u r a n - 2 ' - y l )  d e r i v a t i v e s  and the 2 ' - d e o x y r i b o s i d e s  can be expla ined  not only by s i m i l a r i t i e s  of spa t i a l  
s t r u c t u r e ,  but a l so  by the c l o s e n e s s  of the ac id ic  c h a r a c t e r i s t i c s  of these  compounds.  

E X P E R I M E N T A L  

The UV s p e c t r a  were  r e c o r d e d  on an S F - 4  s p e c t r o p h o t o m e t e r ,  and a l so  on an au tomat ic  r e c o r d i n g  s p e c t r o p h o t o m -  
e t e r .  

To d e t e r m i n e  the pK a va lues ,  0.01 M solu t ions  of the following subs tances  we re  used:  hyd roc h lo r i c  ac id  (pH 2), 
f o r m i c  ac id  (pH 3.2-2.4) ,  ace t i c  ac id  (pH 4.2-5.4) ,  monopo tas s ium phosphate  (pH 6.5-7.7) ,  b o r i c  ac id  (pH 8.6-9.8) ,  e t hy l -  
amine  (pH 10.1-11.3),  and caus t i c  po tash  (pH 12). The r e q u i r e d  pH value  was e s t a b l i s h e d  by the addi t ion of 1 N caus t i c  
po tash  o r  hyd roch lo r i c  acid .  The pH va lues  we re  d e t e r m i n e d  on an LPU-01  p H - m e t e r w i t h  an a c c u r a c y  of • 0.02. 

The pKa va lues  were  d e t e r m i n e d  by a pub l i shed  method [15]. The p r o t o l y s i s  cons tan ts  were  ca lcu la t ed  f rom the 
f o r m u l a  

D-DA 
pl(a=pH+lg DM-D ' 

whe re  D A is the op t ica l  dens i ty  of the anionic  fo rm,  D M is the op t ica l  dens i ty  of the und i s soc i a t ed  fo rm,  and D is the 
opt ica l  dens i ty  of the mix tu re  of the anionic  and und i s soc i a t ed  f o r m s .  A c o r r e c t i o n  was in t roduced for  the ionic s t r eng th  
of the buffer  so lu t ions .  The f inal  va lue  of pK a was d e t e r m i n e d  as  the a r i t h m e t i c  mean of s e v e r a l  va lues  obta ined at  
v a r i o u s  pH va lues  of the buffer  so lu t ions .  The s c a t t e r  of the r e s u l t s  did not exceed 0.05 pK a unit .  

The work  was c a r r i e d  out with ana ly t i ca l  s a m p l e s  of compounds obtained by us  p r e v i o u s l y  [9-12]. 
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