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XV. SYNTHESIS AND SOME PROPERTIES OF THE METHYL ESTER 

OF URIDYLYL- (5' - -  O)-N-BE NZOYL-L-TYROSINE 

B .  A .  Y u o d k a  a n d  S.  I .  S a s n a u s k e n e  UDC 576.311.1 

In a study of the m e c h a n i s m  of the act ion and regulat ion of some enzymes ,  it was found that in a num- 
be r  of c a se s  nucleot ides a re  covalent ly  at tached to the enzymes  and e i the r  act ivate  [1] o r  inact ivate [2] them.  
In te res t ing  in this  r e s pec t  is the enzyme glutamine synthetase  f r o m  E. colt .  It ca t a lyzes  a ve ry  impor tan t  
reac t ion  of the m e t a b o l i s m  of amino acids and ni t rogen - the b iosynthes is  of g lutamine f r o m  glutamic  acid 
and ammonia .  It has been shown [2] that the regulat ion of this  enzyme involves a complex  pro te in  s y s t e m  
inact ivat ing glutamine synthetase  by the covalent  additon to it of adenosine 5 ' -phospha te  (AMP). It has 
been  es tab l i shed  [3] that AMP adds to the enzyme through the hydroxy group of the ty ros ine  by means  of 
a phosphor ic  e s t e r  bond. It is a s s um ed  [2] that  the covalent  addition to the pro te in  of uridine 5 ' -phosphate  
(UMP) a lso  pa r t i c ipa t e s  in the complex s y s t e m  of regulat ion.  It may  be that an analogous phenomenon is 
obse rved  in the case  of RNA p o l y m e r a s e  [4]. 

The p r e se n t  pape r  de sc r ibe s  the chemica l  synthes is  and some p r o p e r t i e s  of the methyl  e s t e r  of 
u r idy ly l - (5 '  - - O ) - N - b e n z o y l - L - t y r o s i n e ,  the s imp le s t  model of this p ro te in  nucleotide in teract ion.  

The syn thes i s  was p e r f o r m e d  by the mixed-anhydr ide  and d icyclohexylcarbodi imide  (DCC) methods .  
The mixed-anhydr ide  method was based  on the use of the high reac t iv i ty  of an u n s y m m e t r i c a l  e s t e r  of 
pyrophosphor ic  acid - Pl-diphenyl  P2 -u r id in -5 ' -y l  pyrophosphate  (I). 
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The reac t ion  was p e r f o r m e d  in absolute dioxane [5]. We have p rev ious ly  synthes ized  by this method 
nucleotide phosphor ic  e s t e r s  of hydroxy amino acids and peptides [6]. However,  in all cases ,  the y i e ldwas  
low. Consequently,  to synthesize  compound (II) we used the DCC method.  The t r i o c t y l a m m o n i u m  or  p y r i -  
dinium sal t  of uridine 5 ' -phospha te ,  a fivefold excess  of the methyl  e s t e r  of N - b e n z o y l - L - t y r o s i n e ,  and a 
fourfold e x c e s s  of DCC were  boiled in absolute pyridine fo r  3 h. The yield of methyl  e s t e r  of u r idy ly l -  
(5' - - -O) -N-benzoy l -L- ty ros ine  was 75~0. The reac t ion  mix ture  was found to contain, in addition to the main  
product ,  about 20~0 of uridine and 5% of an unidentified compound with R f  0.35 and 0.14 in solvent s y s t e m s  
1 and 2, r e spec t ive ly .  

Control  e x p e r i m e n t s  p e r f o r m e d  with the t r i o c t y l a m m o n i u m  sa l t  of uridine 5 ' -phosphate  and compound 
(II) under  the reac t ion  conditions (without DCC) showed that the uridine found in the reac t ion  mix ture  is the 
product  of the par t ia l  c leavage of the nueleotide.  
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TABLE I.  Some Charac te r i s t i cs  of the Reaction Products  and the 
Initial Compounds 

Compound 

| 
Uridine5'-phosphatel -- -- 0,29 0,08 0,09 0,04 1,0 I 1,0 
Uridine - [ 0,71 0,48 0,74 0,42 0,17 [ 0,15 
Methyl ester of [ 

uri.dylyl-(5' --,O)-| 
N-benzoyl-L- | 
tymsine [ 25 75 0,54 0,21 0,19 0,08 1,0 0,83 1 

Methyl ester of ! 
N-b'enzoyl-L- 
tyrosine 0,95 0,91 0,98 0,94 0 0 

Ethyl ester of L- 
tyrosine 0,90 0,79 0,83 0,56 0,18 0,45 

L-Tyrosine 0,66 0,33 0,40 0,32 0,16 0,19 

*Yield determined spectrophotometr ical ly .  
tElec t rophore t ic  mobility relative to UMP. 
~t Determined after  hydrolysis  with 6 N HC1 at 105°C for  24 h. 

I method*Yield by Rf in systems U tel. LTMp'f Ratio~ of 
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hy- DCC 1 2 3 4 pH 3,5 pH 7,6 aminoacid 
dride 
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Fig. 1. Hydrolytic stability of com-  
pound (II) as a function of the pH {100°C, 
60 rain): 1) uridine; 2) uridine 5 ' -phos-  
phate. 
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Fig. 2. Kinetics of the hydrolysis  of com-  
pound (II) at 70, 90, and 100°C (2 N HC1). 
1) Uridine 5 '-phosphate;  2) uridine. 

To avoid the decomposition of the UMP and the for-  
mation of byproducts,  the react ion was per formed in ab- 
solute dioxane, in a mixture of ter t-butanol  and water  (1 : 1), 
and in absolute dimethylformamide.  However, in the f i rs t  
case the yield of compound (II) was only 20?0, and the reac-  
tion did not take place in the mixture of tert-butanol and 
water .  In absolute dimethylformamide,  polymerizat ion of 
the UMP took place, which gave many different react ion 
products.  In this reaction, apparently, the pyridine did not 
only play the role of a passive solvent. Some cha rac t e r -  
is t ics of the react ion products and other  substances used 
for  the investigation are given in Table 1. 

The results  of a study of the hydrolysis  of compound 
(II) as a function of the pH (Fig. 1) shows that it is fair ly 
stable in both acid and alkaline media. Hydrolysis takes 
place only under severe  conditions (100°C, 60 min). Such 
stability is charac te r i s t i c  for the major i ty  of d ies ters  
of phosphoric acid [7]. It is possible that p r - d v  conjuga- 
tion between the oxygen atoms of the substituents and the 
phosphorus atom opposes nucleophilic attack on the te t ra-  
hedral phosphorus atom. However, information on the hy- 
drolytic stability of e s t e r s  of u r i d y l y l - ( 5 ' -  O)-oxy amino 
acids (peptides) that we have studied previously permit  
the conclusion that the stability and nature of the cleavage 
of the phosphoric e s t e r  center  in nucleotidyl-  (P - -O)-oxy 
amino acids depends strongly on the nature of the amino 
acid fragment .  A par t icu lar  influence is shown by the 
amino groups of hydroxy amino acids located adjacent to 
the phosphoric e s t e r  bond. As has been shown [6], in this 
case O --  N migrat ion takes place in an alkaline medium. 
As can be seen from Fig. 1, compound (II) is cleaved into 
uridine 5 ' -phosphate and uridine in an acid medium, i.e., 
both phosphoric e s t e r  bonds hydrolyze, and in an alkaline 

medidm it forms the nucleotide. A s imi la r  picture is observed in a study of the kinetics of the hydrolysis  
of compound (II) in acid (Fig. 2) and alkaline (Fig. 3) media. The curves  of the decomposition of the methyl 
e s t e r  of ur idylyl-(5 '  - -O) -N-benzoyl -L- ty ros ine  were plotted as a function of the accumulation of uridine 
and uridine 5 '-phosphate in the hydr01yzates in an acid medium and of uridine 5 ' -phosphate in an alkaline 
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Fig. 3. Kinet ics  of the hydro lys i s  of 
compound (II) in an alkaline medium 
(2N NaOH, 100°C). 

medium and, consequently,  c h a r a c t e r i z e  only the cleavage of the 
phosphoric  d i e s t e r  center .  The act ivat ion ene rg ie s  were  found 
f r o m  the kinetic r esu l t s  obtained in the hydro lys i s  of compound 
{II) in an acid medium at three  different  t e m p e r a t u r e s  (see Fig. 
2): 10 k c a l / m o i e  in hydro lys i s  to the nucleotide and 56 kca l /  
mole  in hydrolys is  to the nucleoside.  

The hydrolyt ic  r esu l t s  show that if uridine 5 ' -phosphate  
adds to a pro te in  by means  of a phosphoric  e s t e r  bond formed 
between the hydroxy group of the ty ros ine  and the phosphoric  
acid res idue of the nucleotide, this bond should be fa i r ly  stable 
both in acid and alkaline media .  This s ta tement  is the more  
valid [6, 8] in that  a lengthening of the peptide chain in nucleo-  
t idopeptides s tab i l izes  both the phosphoramide and the phos-  
phoric  e s t e r  bonds.  

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

Chromatography  was p e r f o r m e d  on G e r m a n  c h r o m a t o -  
graphic  pape r s  FNT, FN12, and FN16 in the following solvent 

sy s t ems :  1) ethanol - 1 M ammonium aceta te  {7 : 3); 2) isopropano[ - concent ra ted  a m m o n i a - w a t e r  (7 : 1 : 2); 
3) t e r t - b u t a n o l - w a t e r  (7 : 3); and 4) n - b u t a n o l - g l a c i a l  acet ic  a c i d - w a t e r  (4 : 1 : 5). P a p e r  e l ec t ropho re s i s  
was p e r f o r m e d  with the aid of a high-vol tage ver t i ca l  ins t rument  on the f i r m  of "Labor"  (Hungary). Acetate 
(pH 3.5) and phosphate (pH 7.6) buf fe rs  were  used.  The amount of tyros ine  was de te rmined  f rom a ca l i b r a -  
tion curve  and the amount of phosphorus  by the method of Lowry and Lewis  in Skulachev 's  modif icat ion [9]. 
In the spec t ropho tomet r i c  de te rmina t ion  of the amount of ur idyl ic  acid we used C owgil l ' s  calculat ing fac tors  
[10] .  

The e x p e r i m e n t s  were  p e r f o r m e d  with the disodium sal t  of uridine 5 ' -phosphate  ("Reanal") and the 
methyl  e s t e r  of N - b e n z o y l - L - t y r o s i n e  ("Reanal") .  The diphenylphosphorochloridate  was obtained by the 
method of Brigl and Muller  [11]. 

The methyl  e s t e r  of ur idyly l - (5 '  ~ O ) - N - b e n z o y l - L - t y r o s i n e  was synthesized by the mixed-anhydr ide  
method and was hydrolyzed by a method desc r ibed  prev ious ly  [6]. 

Synthesis of Compound (II) by the Dicyclohexylcarbodi imide Method. Uridine 5 ' -phosphate  (0 .2mmole 
of the disodium salt) was dissolved in 0.5 ml of disti l led wa te r  and passed  through a column of Dowex-50 
(H + form) .  The aqueous solution was evapora ted  (all evapora t ion  opera t ions  were  p e r f o r m e d  in a ro ta ry  
e v a p o r a t o r  under  reduced p r e s s u r e )  to smal l  volume,  t r i - n -oc ty l amine  (0.1 ml; 0.22 mmole)  was added, 
the mixture  was shaken and evapora ted  to dryness ,  and the res idue was dissolved in absolute dioxane. The 
c l e a r  solution was again evapora ted  to dryness ,  and the residue was dried by repeated  azeot roplc  d is t i l la -  
t ion with dioxane and benzene at 30-35°C. The dry v i t reous  m a s s  was dissolved in 2 ml  of absolute pyridine,  
and 0.299 g (1 mmole)  of the methyl  e s t e r  of N-benzoy l -L - t ryos ine  and 0.164 g (0.8 mmole)  of N,N' -d icyclo-  
hexylcarbodi imide were  added. The reac t ion  mixture  was boiled and a f t e r  2 h the prec ip i ta ted  dicyclohexyl-  
u r ea  was f i l te red  off and the c l e a r  reac t ion  mix ture  was chromatographed  on pape r  in s y s t e m  1. The zone 
with R r  0.54, absorb ing  in UV light, was cut out and eluted with dist i l led water ,  and the solution was evap-  
orated to the requi red  concentra t ion.  The yield of the methyl  e s t e r  of ur idyly l - (5 '  -- O) -N-benzoy l -L -  
ty ros ine  was  75%. 

The reac t ion  took place s i m i l a r l y  in absolute dioxane, absolute d ime thy l fo rmamide , and  a mixture  of 
t e r t -bu tanol  and wa te r  (1 : 1). 

C O N C L U S I O N S  

1. The methyl  e s t e r  of ur idyly l - (5 '  ~ O ) - N - b e n z o y l - L - t y r o s i n e  has been obtained by the mixed-an -  
hydride method and by the d icyc lohexylcarbodt imide  method.  

2 The model synthesized is  f a i r ly  stable both in acid and in alkaline media .  I ts  hydro lys i s  takes  
place only under  s eve re  conditions (1 h, 100°C). The products  of hydro lys i s  in an acid med ium are  uridine 
and uridine 5 ' -phosphate ,  and in an alkaline medium only uridine 5 ' -phosphate .  
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