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NUCLEOSIDES & NUCLEOTIDES, I(?), 111-125 (1982) 

OLIGONUCLEOTIDES AND NUCXOTIDE-PEP- 
TIDES. XXXIX. SYNTHESIS AND PROPER- 
TIdS OF Ti-IE SIMPLEST MODELS OF COVA- 

LENT NUCLEIC ACID (NUCLEOTIDE) -PRO- 
TEIN COMPLEXES WITH THE PHOSPHOUI- 
ESTER BOND BETNEEN THE COMPONENTS~ 

9 
B,Juodka, V.Kirvelien& and P,Povilionis 

Vilnius State University, Vilnius, Lit- 
huanian SSR, USSR 

Abstract. A number of nucleotidyl-(j~O)-amino acid 
(peptide) esters have been synthesized by the dicyclohexyl- 
carbodiimide ( D C C )  and pyrophosphate methods, Their stabi- 
lity and mechanism of hydrolysis have been investigated. 

RNA- and DNA- protein complexes with a covalent bond 
between the components have recently been isolated from va- 
rious sources2. T o  determine the biological functions of 
such mixed biopolymers, it is necessary to know their fine 
structure, including the nature of the bond between the in- 
dividual fragments, which has been determined only in a few 
cases2. Investigation of the properties of synthetic model 
compounds, nucleotide-peptides, in which the nucleotide or 
the oligonucleotide is linked to the amino acid (peptide) 
by a covalent bond, is of great importance in solving these 
problems. A detailed study -of nucleotide-peptides with the 
phosphoamide bond between the components has been made , 
The hydrolytic stability of the phosphoa.rlide bond was shown 

3-6 
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Copyright 0 1982 by Marcel Dekker, Inc.  
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112 JUODKA, KIRVELIENE, AND POVILIONIS 

to depend on the nature o f  the amino acid and the nucleoti- 
de , on the length of the peptide and oligonucleotide 
chains" and on the functional environment o f  the phospho- 
rus atom3", A method for specific cleavage of the phospho- 
amide bond in nucleotide-peptides was worked out4 and it has 
found application in determining the stucture of mixed bio-  
polymers? * '. Some properties o f  nucleotide-peptides with the 
phosphodiester hond have been described earlier 
interesting to note that it was the phosphodiester bond that 
was found in some nucleic acid- and nucleotide-protein comp- 
lexes . 

The object of the present work was to synthesize nucle- 
otidyl-(5%0)-amino acids(peptides) and their esters and to 
determine the effect of the nature of zmino acid containing 
the hydroxyl group and of the peptide chain length on the 
efficiency and mechanism of the hydrolysis of the phosphoes- 
ter bond. A preliminary account of this work has been given 

6 

4.9r10, It is 

11-16 

earlier 17 , 

RXSULTS AND DISCUSSIONS 
The s ynthe s is of nuc le o t idyl- ( 5 '+ 0 ) ,.amino ac i d  ( dipe p- 

tide) esters was carried out using the pyr~phosphate~ and 
dicyclohexylcarbodiimide" methods, by direct addition of 
amino acid (dipeptide) esters to the nucleotide. As the di- 
cyc lohexylcarbodiiaide method turned out to be the simpler 
one and to Rive higher yields, we applied it f o r  preparative 
purposes . The nucleotide and the appropriately blocked amino 
acids (dipeptides) were dissolved in anhydrous pyridine, and 
the reaction solution was boiled in the presence of DCC. Es- 
ters of uridylyl-(5'--.O)-N-Z-DL-serine (I), -DL-threonine 
(11), -2-methyl-DL-serine (1111, -DL-serylglycine (IV), -DL- 
threonylglycine (V) , -DL-alanyl-DL-serine (VI ) , deoxyadeny- 
lyl- ( 5 4  0) -N-2-serine (VII ) , deoxythymidylyl- (5 L+ 0) -N-2- 
-serine (VIII), deoxycytidylyl-(5'~O)-N-Z-serine (1x1 and 
uridylyl-(5lrO)-N-Z-L-hydroxyproli.ne (X) were synthesized 
in this way. 
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEF’TIDES. XXXIX 113 

I .R1=Zi  R2=H; R =H; R4=0CH3; N=Urd; 3 uo I I . R I = Z t  RZ=H; R3=CH3t Rb=OCHJ, R2 - C-CH - pN 
YH-R1 

I 1  
CO R3 b H  N=Urdr I I I . R j = Z ;  R2PCH3f R3=H; R4= 
I 

=OCH ; N=Urd; IV.R1=Z; R2=H; R -H; 
R4=NHCH2COOC H I N=Urdr V.R1=Z; R2= 

=H; R .CH ; R4=NHCH2COOC2HS; N=Urd; VI.Rl=COCH(CH3)NH-2; R2= 
=HI R3=H3 R4=OCH 8 N=Urd; V I I . R j = Z ;  R2=H; R3=H; Rq=OCH ; N= 

3 3- I - I X  * R4 
2 5  

3 3  
3 3 

SdAdo; V I I I .  R1=Z; R 2 s H l  R3eH; Rk=OCH3r N-dThdi I X . R I = Z ;  R 2 =  
=H; R3mH; Rb’0CH3t NZdCyd; 

P 
0- Urd 

H C O O C < T  BH Z-benzyloxycarbonyl group. 
3 N 

A kinetic study has shown that the optimum reactlon ti- 
me was 30 min for all the compounds. The yields of the reac- 
tion products were 40-80%, depending on the nature of both 
the amino acid (peptide) and the nucleotide component. 

-0Et ( I V )  was removed by HBr in anhydrous dioxane. H-Ser- 
(0pU)-Gly-OEt ( X I )  was obtained in this way. 

The tripeptide derivative, ethyl ester of  uridylyl-(5L 
+O)-(N-Z-DL-alany1)-DL-serylglycine ( X I I ) ,  was synthesized 
by elongation of the peptide chain in an already prepared 
dipept3.de derivative using DCC, The approach had been SUC- 
cessful in our previous synthesis of nucleotidyl-(P+N)- 

The benzyloxycarbonyl group in compound 2-Ser(0pU)-Gly- 

peptides 5 . 
Uridylyl-( 5 ’ 4  0) -N-Z-DL-serine ( X I I I )  , -N-2-DL-threoni- 

ne ( X I V ) ,  -(N-2-DL-alany1)-UL-serine ( X V ) ,  -N-2-DL-aerylgly- 
cine ( X V I )  were obtained by alkaline hydrolysis of their es- 

ters. In view of the fact that saponification of the ester 
bond is accompanied by phosphodiester bond cleavage, the 
concentration of alkali was chosen in each particular case, 
depending on the behaviour of the ester analogues in an al- 
kaline medium. For all the compounds investigated, the opti- 
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114 JUODKA, KIRVELIENE, AND POVILIONIS  

0 
Z-NH-CH(CH3)-COOH 4 H2N-TH-CH2-O-y-Urd II DC C - 

co OH 
I 
NHCHZCOOC H 

- 

2 5  

XI 

0 
I1 

2 -NH-CH(CH ) -CO-NH-yH-CH2-O-r-Urd 
co OH 
I 
NHCHZCOOC H 

3 

2 5  

XII. 

mum concen t r a t ion  of  a l k a l i  d i d  n o t  exceed 0.04-0.1N, t h e  
r e a c t i o n  time be ing  0.5-lh, 37OC.  

The y i e l d s  and some c h a r a c t e r i s t i c s  of  t h e  compounds 
synthes ized  a r e  shown i n  Table I. 

A s tudy  of t h e  h y d r o l y t i c  s t a b i l i t y  of t h e  compounds 
synthes ized  ( I - X  and X I I ) ,  which c o n t a i n  a blocked amino 
group, showed t h a t  t h e  phosphodies te r  bond i n  nuc leo t idy l -  
-(5'+0)-amino a c i d  ( p e p t i d e )  es ters  is  s t a b l e  i n  a c i d (  1 N 
H C 1 ,  3 7 O C ,  lh) and it is  hydrolyzed by a l k a l i  ( s e e  F i g e l ) .  
The s t a b i l i t y  toward a c i d s  is somewhat i n c o n s i s t e n t  wi th  
t h e  f i n d i n g s  publ ished e a r l i e r  , b u t  i t  is  i n  good agree-  
ment wi th  t h e  g e n e r a l  c h a r a c t e r i s t i c s  o f  d i e s t e r s  of  phosp- 
h o r i c  a c i d  19. The ra te  of a l k a l i n e  h y d r o l y s i s  depends 
cons ide rab ly  on t h e  n a t u r e  of  aminoxydroxy a c i d  involved i n  
t h e  formation of t h e  phosphodies te r  bond: 2-Hyp(0pU)-OMe 
and Bz-Tyr(0pU)-OMe, which has  been desc r ibed  p rev ious ly  , 
a r e  hydrolyzed only under  r i p i d  c o n d i t i o n s  (30%; i n  1 N 
N a O H ,  100°C , lh) , whereas t h e  amino-(3-hydroxy a c i d  a n a l o p e s  
a r e  much more l a b i l e  ( s e e  Fig.1). 

9 

10 

It has been found p rev ious ly4b5  t h a t  t h e  e lonpa t ion  o f  
t h e  pep t ide  cha in  i n  nuc leo t ide-pept ides  of  t h e  phosphoami- 
de type  s t a b i l i z e s  t h e  bond between t h e  n u c l e o t i d e  and t h e  
pep t ide ,  The d a t a  on t h e  hydro lys i s  of nucleotidyl-(5'-0)- 
pep t ide  d e r i v a t i v e s  ( s e e  Fig.1 and 2) i n d i c a t e  t h a t  t h e  ten-  
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES, XXXIX 115 

S ome c h a r  8c t e r i s t i c s of s yn t he s i z e d c omp ounds 

a) 
Corn- Yield Rf i n  systems UpN, R a t i o  of base  t o  phos- 
pound % pH phor s and t o  amino B 7.5 a c i d  A B  C 

I 
I1 
I11 
IV 
V 
VI 
VII 
VIII 
IX 
X 
XI 
XI1 
XI11 
XIV 
XV 
XVI 

64 0.78 
37 0.82 
37 0.83 
75 0.81 
48 0.82 
76 0.83 
63 0.80 
68 0.87 
36 0.78 
60 0.82 
90 0.57 
82 0.34 
74') 0.57 
74') 0.60 

77') 0.60 
88') 0.60 

0.73 
0.72 

0.73 
0.74 
0.70 

0.74 
0.73 
0.78 
0.75 
0.59 
0.35 
0.65 
0.27 
0.36 
0.36 
0.30 

9 DCC method. 
The r a t i o  of base  t o  phosphorus was determined as i n  . 
Amino a c i d  was determined q u a l i t a t i v e l y .  
Yie lds  of s a p o n i f i c a t i o n  of  e s t e r  bond under optimum 
c o n d i t i o n s  are shown. 

dency i s  n o t  observed i n  t h e  c a s e  of nuc leo t ide -pep t ides  of 
t h e  phosphodies te r  type .  

nus of aminoxydroxy a c i d  (compound VI) does n o t  a f f e c t  t h e  

s t a b i l i t y  of t h e  phosphodies te r  bond, whereas t h e  elonga- 
t i o n  of  t h e  pep t ide  cha in  from t h e  C-terminus o f  aminohyd- 
roxy acid (compounds IV, V and XII) even l ab i l i ze s  t h e  

The e longa t ion  of t h e  pep t ide  cha in  from t h e  N-termi- 
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116 JUODKA, KIRVELIENE, AND POYILIONIS 

100 

80 
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40 

20 

0.01 0.02 0.04 0.1 0.2 0.5 1 2 N  
N aOH 

FIG.1. The s t a b i l i t y  of t h e  phos h o d i e s t e r  bond i n  Z-Ser- 
(0pU)-OMe (l), Z-Thr(0pU)-OM@ ( 2 7 ,  Z-Ala-Ser(OpU)-Oh ( 3 1 ,  
Z-Ser(0pU)-Gly-OEt (4), Z-Thr(O U)-Gly-OEt ( 5 )  Z-Ala-Ser- 
(0pU)-Gly-OEt (6),and Z-Hyp(OpUP-OMe (7)  depending on NaOH 
concen t r a t ion  (37 C, l h ) .  

phosphodiester  bond g r e a t l y .  Th i s  sugges t s  t h a t  t h e  C-ter- 
minus of aminohydroxy a c i d s  i s  of p a r t i c u l a r  importance i n  
t h e  mechanism of  c leavage  o f  nuc leo t idyl - (5 '+  0)-aminohyd- 
roxy a c i d s  ( p e p t i d e s ) .  The dependence of t h e  ra te  of phosp- 
h o d i e s t e r  bond c leavage  on t h e  s t a t e  o f  t h e  carboxy group 
( f r e e  o r  blocked)  o f  amino-/3 -hydroxy a c i d  becomes apparent  
on comparing a l k a l i n e  hydro lys i s  of u r i d y l y l - ( 5 W ) - a m i n o  
a c i d  ( p e p t i d e )  e s t e r ?  (see Fig.1) with  t h a t  of t h e i r  analo- 
gues with  a f r e e  carboxy group ( s e e  Fig.2) .  Z-Ser(0pU)-OH 
( X I I I ) ,  Z-Thr(OpU)-OH (XIV) and 2-Ala-Ser(0pU)-OH (XV) a r e  
much more s t a b l e  t h a n  t h e i r  e s t e r  analogues ( I ) ,  (11)  and 
( V I ) ,  whereas t h e  rate of  hydro lys i s  of Z-Ser(0pU)-Gly-OH 
(XVI) and Z-Ser(OpU)-Gly-OZt (IV) is  t h e  same. All t h i s  
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES. XXXIX 117 

100 

8 0  

60 
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FIG.2. The s t a b i l i t y  of t h e  phosphodics te r  bond i n  Z-Ser- 
( OpU) -OH (1) , 2-Thr (OpU) -OH (2  ) , 2-Ala-Ser(0pU) -OH ( 3 )  # 

2-Sgr(0pU)-Gly-OH (4)  depending on NaOH c o n c e n t r a t i o n  
(37 C, 1h) .  

i n d i c a t e s  t h a t  t h e  carboxy group o f  amino-/)-hydroxy a c i d s  
s t a b i l i z e s  t h e  phosphodies te r  bond i n  u r i d y l y l - ( 5 b O ) - s m i -  
nohydroxy a c i d s  ( p e p t i d e s ) .  The carboxy group, remote from 
t h e  phosphodies te r  bond, does n o t  a f fec t  i t s  h y d r o l y t i c  
s t a b i l i t y .  Th i s  can  account  f o r  t h e  h igh  l a b i l i t y  of  t h e  
phosphodies te r  bond i n  t h e  pep t ide  d e r i v a t i v e s  of UMP (IV, 
v ,  XII, XVI). 

I t  may be i n f e r r e d  from t h e  exper imenta l  d a t a  t h a t  t h e  
mechanism of  phosphodies te r  bond c leavage  i n  n u c l e o t i d y l -  
-(5*0)-amino a c i d s  ( p e p t i d e s )  depends on t h e  s t r u c t u r e  of  
t h e  amino a c i d  ( p e p t i d e )  component. I n  the c a s e  of  hydroxy- 
p r o l i n e  (X) and t h e  p rev ious ly  described" t y r o s i n e  de r iva -  
t i v e s  of UMP, n u c l e o p h i l i c  s u b s t i t u t i o n  a t  t h e  phosphorus 
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118 JUODKA, KIRVELIENE, AND POVILIONIS 

atom involves  p a r t i c i p a t i o n  of t h e  hydroxide i o n ,  and t h e y  
behave i n  t h e  way c h a r a c t e r i s t i c  of d i e s t e r s  of phosphoric 

no-/J-hydroxy ac id  e s t e r s  decompose i n  a l k a l i  by t h e  p -e l i -  
mins t ion  qechanism . 

We have assumed t h a t  n u c l e o t i d y l - (  5bO)-N-Z-ami- 

20 

The maximum st 241 nm observed by us  i n  t h e  d i f f e r e n -  
t i a l  W spectrum of  t h e  a l k a l i n e  hydro lyza te  of Z-Ser(0pU)- 
-0IvIe s e r v e s  as d i r e c t  proof of t h i s  mechanism 21 ' 22,  Another 
proof of /3 -e l imina t ion  was t h e  presence of pyruvic  a c i d ,  
t h e  f i n a l  product  of hydro lys i s  of N-2-aminoacrylic a c i d  
( X V I I ) ,  i n  t h e  a l k a l i n e  hydro lyza te  of Z-Ser(OpU)-ONie (I). 
Pyruvic a c i d  was determined by l a c t a t e  dehydrorenase.  The 
t o t a l  amount of pyruvic  a c i d  and N-2-atnlnoacrylic ac id  t u r -  

0 0 
II 

2 -NH-CH-CH20-pN 
I I 
COOCHg OH 

* -OH 

-pN 1 -OH -OH I - p N  

2-NH-C = CH2 -OH 2-NH-C = CH2 b L: 00- I 
COOCHg 

X V I I  1 () 

II 
Z-NH2 + -OOC-C-CH3 

ned out  t o  be n e a r l y  equal  t o  t h e  amount of  UMP formed. The 
f i n a l  proof  of t h e  /3-el iminat ion mechanism w a s  obtaine 'd  
du r ing  t h e  s tudy  of t h e  h y d r o l y t i c  s t a b i l i t y  of methyl 8s- 

t e r  of uridylyl-(540)-N-Z-2-methylserine (111) .  For /3- 
- e l imina t ion  t o  proceed,  t h e  presence of a pro ton  a t  t h e  
&-carbon atom of aminohydroxy a c i d  is  necessa ry ,  which is  

n o t  t h e  c a s e  wi th  compound (111). The compound (111)  is 
s t a b l e  i n  t h e  range from 1 N  H C 1  t o  2N NaOH (37OC, l h ) ,  i .e. 
it behaves i n  t h e  same way as 2-Hyp(OpU)-OMe and Bz-Tyr- 
(0pU)-OMe which was desc r ibed  ear l ier" .  The only  explana- 
t i o n  of t h e  s t a b i l i t y  of t h e  2-methylserine d e r i v a t i v e  
(111) and t h e  d i f f e r e n c e  between i t s  p r o p e r t i e s  and those  
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTZDES. XXXIX 1.19 

of t h e  s e r i n e  (I) and th reon ine  (11) d e r i v a t i v e s  is the  
i n a b i l i t y  of compound (111) t o  undergo 1;J - e l imina t ion .  

of dTMP, dCMP and dAMP has shown t h a t  t he  n a t u r e  of he t e -  
r o c y c l i c  base  does n o t  a f f e c t  t h e  e f f i c i e n c y  of phosphodi- 
e s t e r  bond c leavage .  

cour se  of t h e  p r e s e n t  work i n d i c a t e  t h a t  t h e  s t a b i l i t y  and 
t h e  mechanism of  h y d r o l y s i s  of t h e  phosphodies te r  bond i n  
nuc leo t idy l - (540) -amino  a c i d s  ( p e p t i d e s )  depends on t h e  
n a t u r e  of aminohydroxy acid.  If hydroxyprol ine o r  t y r o s i n e  
is involved i n  t h e  format ion  of t h e  phosphodies te r  bond, it 
is s t a b l e  i n  moderately a c i d i c  and alkaline media, whereas 
under  r i g i d  a l k a l i n e  c o n d i t i o n s  i t s  degrada t ion  is  analogous 
t o  t h a t  of s imple  d i e s t e r s  of  phosphoric acid. When N-acyl- 
amino-f)-hydroxy a c i d s  a r e  involved i n  t h e  format ion  o f  t h e  
phosphodies te r  bond, (3 -e l imina t ion  t a k e s  p l ace  i n  an alka- 
l i n e  medium. The e f f i c i e n c y  of / 3 -e l imina t ion  depends on 
whether t h e  carboxy group of amino a c i d s  is  f r e e  o r  blocked. 
I n  t h e  case o f  nucleotidyl-(5'-*O)-amino-~-hydroxy a c i d s  
wi th  a f r e e  amino group O+N migra t ion  t a k e s  p l a c e  . 

The d a t a  on t h e  h y d r o l y t i c  s t a b i l i t y  of n u c l e o t i d y l -  
- (540) -amino  a c i d s  ( p e p t i d e s )  can  be h e l p f u l  i n  de te rmi-  
n ing  t h e  n a t u r e  of t h e  bond between t h e  n u c l e i c  a c i d  (nuc le-  
o t i d e )  and t h e  p r o t e i n  i n  cova len t  n u c l e i c  ac id -  and nucle- 
o t i d e  - p r o t e i n  complexes. The s t a b i l i t y  of  such complexes 
i n  an  a l k a l i n e  medium o f t e n  leads t o  invoking  t h e  presence  
of t h e  phosphoamide bond 23-26. I t  should be kep t  i n  view 
t h a t  nucleotidyl-(P+O)-arnino a c i d s ,  i n  which t h e  hydroxyl  
group of t y r o s i n e  and hydroxyprol ine i s  involved  i n  t h e  f o r -  
mation of t h e  phosphodies te r  bond, are a l s o  q u i t e  s tab le  i n  
an  a l k a l i n e  medium. To determine t h e  type  of a bond, it is  
p a r t i c u l a r l y  important  t h a t  s p e c i f i c  ne thods  of  deg rada t ion  
should be a v a i l a b l e .  Phosphodies te rases  are enzymes which 
s p e c i f i c a l l y  c l eave  t h e  phosphodies te r  bond. A l l  t h e  above- 
-mentioned syn thes i zed  compounds ( I - X V I )  were d e p a d e d  by 
snake venom phosphodies te rase .  However, t h e  use  of t h i s  en- 

A s t u d y  of t h e  hydro lys i s  of  N-2-serine derivatives 

Thus, t h e  d a t a  obta ined  by u s  p r e v i o u s l y  and i n  t h e  

9 
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120 JUODKA, KIRVELIENE, AND POVILIONIS 

zyme does not make it possible to state what aminohydroxy 
acid is involved in the formation of the phosphodiester 
bond. The investigation of the hydrolytic stability of nu- 
c leo t idy l - (P -0 ) -pep t ides  of unknown structure in an alka- 
line medium makes it possible to distinguish the serine 
(threonine) derivatives of nucleotides from the tyrosine 
(hydroxyproline ) analogues. 

the alkaline hydrolyzates suegests that serine is involved 
in the formation of the phosphodiester bond between the nu- 
cleotide (oligonucleotide) and the amino acid (peptide). 
Thus, the study of the properties of model nucleotidyl-(P- 
-*O)-amino acids (peptides) made it possible to find met- 
hods for identification of some aminohydroxy acids involved 
in the formation of the phosphodiester bond. 

The presence of readily determinable pyruvic acid in 

i?: X PER I i%NT AL 
The following reagents were used I uridine 5&onophosp- 

hate disodium salt, NADH, DL-alanyl-DL-serine, N-benzyloxy- 
carbonyl-DL-alanine, ethyl ester of N-benzyloxycarbonyl-35- 
-serylglycine, cyclohexylammonium salt of N-benzyloxycarbo- 
nyl-L-hydroxyproline (Reanal, Hungary) , Dowex 50 (Serva, 
G F R ) ,  N, N‘-dicyclohexylcarbodiimide (Ferak Berlin), snake 
venom phosphodiesterase (Koch-Light Laboratories Ltd,,UK), 
propargyl alcohol (Veb Laborchemie Apolda, GDR), amino 
acids and other reagents (USSR). The previously described 
methods were employed for the synthesis of compounds 
( L X ) ~ ” ’ ,  benzyloxycarbonyl chloride , N-benzyloxycarbonyl 

diazomethane, methyl esters of N-benzyloxycarbonyl amino 
acids and of N-benzyloxycarbonyl-DL-alanyl-DL-serine 28 , 

amino acids and N-benzyloxycarbonyl-DL-alanyl-DL-serine 27 , 

hydroxyacetone 29  . 
The hydrolysis of nucleotidyl-(P-0)-N-benzyloxycar- 

bony1 amino acids (peptides) and their esters was carried 
out as described earlier9. The yields of the compounds 
synthesized (I-XVI) were determined spectrophotometrical- 
ly. The stucture of nucleotidyl-(P*O)-amino acid (pepti- 
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES. XXXIX 121 

de)  d e r i v a t i v e s  was proved by means o f  dep rada t ion  wi th  
snake venom phosphodies te rase  and by de termining  t h e  ra- 
t i o  of  base  t o  phosphorus and t o  amino a c i d  a f t e r  comple- 
t e  a c i d  hydro lys is9 .  N u c l e o t i d y l - ( 5 ~ O ) - a m i n o  a c i d  d e r i -  
v a t i v e s  were i s o l a t e d  by p r e p a r a t i v e  chromatography on FN-1, 
FN-7 paper  ( r a p i d ,  F i l t r a k ,  GDR) and by t h i n - l a y e r  chromato- 
graphy on S i l p e a r l  UV 254 s i l i c a  g e l  (Sklarny  Kava l i e r ,  Cze- 
chos lovak ia ) .  The fo l lowing  s o l v e n t  systems were used;  e t h y l  
alcohol-1M ammonium a c e t a t e ,  713 ( A ) !  t e r t . b u t y 1  alcohol-wa- 
t e r ,  7r3 (B); n-butyl  a l coho l -g l ac i a l  a c e t i c  acid-water ,  
51213 (C) ;  E l e c t r o p h o r e s i s  on FN-I5 paper  (s low,  F i l t r a k ,  
GDR) was performed i n  0.05 M triethylammonium b ica rbona te  
b u f f e r ,  pH 7.5. A v e r t i c a l  high-vol tage "Labor" dev ice  (Hun- 
ga ry )  was employed. 

2-methy1-DL-serine. 55 mL (0.78 mol) of hydroxyacetone, 
45 mL (1.13 mol) of  conc.ammonia, 5g (0.09 mol) o f  ammonium 
c h l o r i d e  and 6g (0.09 mol) of potassium cyanide w a s  a u t o c l a -  
ved a t  5OoC f o r  5 h ,  evupor.ited t o  dryness  i n  vacuo. 60 mL 
(1.9 mol) of conc. H C 1  was added, and t h e  r e a c t i o n  mixture  
w a s  r e f luxed  f o r  2.5h. The brown r e s i d u e  obta ined  on evapo- 
r a t i o n  was e x t r a c t e d  wi th  methyl a l c o h o l  (2xlOrnL). The COG-  

l e d  e x t r a c t  was f i l t e r e d ,  t r i -n-butylamine was added t o  t h e  
f i l t r a t e  u n t i l  t h e  r e a c t i o n  w a s  weakly a l k a l i n e  and t h e  fil- 
t r a t e  was allowed t o  s t and  f o r  12 h a t  8 O C .  The p r e c i p i t a t e  
formed was twice  r e c r y s t a l l i z e d  from 85% e t h y l  a l c o h o l  
( y i e l d  1.2g, 12%).  M.p. 241-242OC (lit?' 242-243OC). Found, 
$: C 40.03; H 7.81; N 11.31; C4H9N1O3. Ca lcu la ted ,%:  C40.33; 
H 7.621 N 11.76. 

rophosphate  method. 0.2 mmol o f  u r i d i n e  S~monophosphate 
trioctylammonium sal t  was d i s so lved  i n  1 mL of  anhydrous 
dioxane,  f r e s h l y  d i s t i l l e d  diphenylchlorophosphate  (0.4 
mmol, 0.08 mL) was added f i r s t ,  and t h e n  a s o l u t i o n  of d r y  
t r i -n-buty lamine  (0.45 m m o l ,  0.12 mL)in anhydrous dioxane 
(1 mL) w a s  immediately added dropwise wi th  viporous s t i r r i n g  
f o r  some minutes .  A f t e r  3h t h e  r e a c t i o n  mixture  was concen- 
t r a t e d  by evapora t ion  t o  about  0.2 mL ( a t  a tempera ture  n o t  

Methyl e s t e r  of  uridylyl-(SL+O)-N-Z-DL-serine ( I ) .  Py- 
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h ighe r  than  
t h e  mixture  
f o r  30 min, 

30°C), 25 mL of co ld  anhydrous e t h e r  was added, 
w a s  shaken v igo rous ly ,  allowed t o  s t and  a t  8'C 
and t h e  e t h e r  was decanted.  The o i l y  r e s i d u e  

2 of  p l -ur id ine-5  ' -p -diphenylpyrophosphate was d i s so lved  i n  
0.5 mL of anhydrous dioxane. 0.5 mL o f  methyl e s t e r  o f  N- 
-2-DL-serine ( 1  mmol) i n  dioxane and 1 mmol of t r i - n - b u t y l -  
amine o r  py r id ine  was added, and t h e  r e a c t i o n  mixture  w a s  
allowed t o  s tand  a t  room t e a p e r a t u r e  for 12h. Methyl e s t e r  
of uridylyl-(~bO)-N-Z-DL-serine ( I )  w a s  i s o l a t e d  by paper  
chromatogrsphy i n  s o l v e n t  system B. The band wi th  R, 0.73 
WZLS e l u t e d  w i t h  water .  
t a i n e d  i n  4875 y i e l d .  

* 
9 6 p m o l  of  compound ( I )  w a s  ob- 

Compounds (11-V) and (X) were syn thes i zed  analogously.  
Some c h a r a c t e r i s t i c s  and proof  o f  t h e  s t r u c t u r e  of t h e  

syn thes i zed  compounds a r e  g iven  i n  Table 1, 
DCC method. 0.2 mmol of u r i d i n e  51-monophosphate tri- 

octylamionium sa l t  was dissolvat i  i n  2 mL o f  anhydrous py r i -  
d i n e ,  then  1 mmol of  methyl e s t e r  o f  N-Z-DL-serine and 0.9 
mmol of DCC was added, The r e a c t i o n  mixture  was b o i l e d  for 
2h, t h e  p r e c i p i t a t e d  d icyc lohexyl  u r e a  was f i l t e r e d  o f f ,  
and the  r e a c t i o n  product  w a s  i s o l a t e d  by paper  chromato- 
Eraphy i n  s o l v e n t  systsm A. The band w i t h  Rf 0.78 was e lu -  
t e d  with water .  0.11 mmol of compound (I) was obta ined  i n  
55$ y ie ld .  

Compounds ( 1 1 4 )  were prepared analogously.  
Some c h a r a c t e r i s t i c s  and proof of t h o  s t r u c t u r e  of  

E t h y l  e s t e r  of uridylyl-(SL*O)-DL-serylPlvcine ( X I ) .  
t h e  synthes ized  compounds a r e  g iven  i n  Table  1. 

To 0.015 mmol of e t h y l  e s t e r  of uridyly1-(5bO)-M-ben- 
zyloxycsrbonyl-DL-serylglycine (IV) 0.3 mL O f  1% IIBr i n  
dioxane w a s  added, and t h e  mixture  was incubated for 2h 
a t  room temperature .  Then t h e  r e a c t i o n  mixture  was evapo- 
r a t e d  t o  dryness  i n  vacuo. 0.2 mL of  s o l v e n t  system B was 
added, and the  r e a c t i o n  mixture  wag chromatopraphed i n  
t h e  system on a th in - l aye r  s i l i c a  g e l .  The band wi th  Rf 
0.5, absorbing UV l i g h t  and g i v i n g  a p o s i t i v e  n inhydr in  
r e a c t i o n ,  w a s  e l u t e d  wi th  50% i son ropy l  a l coho l .  The e lu -  
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OLIGONUCLEOTIDES AND NUCLEOTIDE-PEPTIDES. XXXIX 123 

ate was concentrated by evaporation. 0.011 mmol ethyl es- 
ter of uridylyl-(~~O)-DL-serylglycine was obtained in 
74% yield. 

servlalvcine ( X I I ) ,  0.01 mmol of ethyl ester of uridylyl- 
(54O)-DL-serylglycine (XI) was dissolved in 1 mL of wa- 
ter, 0.04 mmol (0.02 mL) of tri-n-octylamine was added, 
the reaction solution was concentrated by evaporation and 
dried by azeotropic distillation with anhydrous benzene 
and anhydrous dioxane. The residue was dissolved in 0.3 mL 
of anhydrous dimethylformamide, 0.1 mmol (22 mg) of N-Z- 
alanine and 0.1 mmol (21 mg) of  LICC was added, and the re- 
action mixture was allowed to stand for 3h at 37OC. The 
reaction product was isolated by paper chromatography in 
solvent system B. The band with Rf 0.65 was eluted with 
water. 6 . 5 ~ 0 1  of compound (XII) was obtained in 65% 
yield, 

Hydrolysis of uridylyl-(P-,O)-amino acid derivatives 
by phosphodiesterase. To 0.05 mL of  6 mhl solution of  the 
compound under investigation 0.01 mL of snake venom phos- 
phodiesterase solution was added (2  mF: was dissolved in 
1 mL of 0.05 M Tris-HC1 buffer, pH 8.8, containing 0.03 M 
M&12),and the reaction mixture was incubated f o r  2h at 
37OC. Then it was subjected to paper chromatocraphy in 
solvent system A .  The UV-absorbing spots were identified 
by comparison with reference compounds. 

Ethyl ester of uridylyl-(5*O)-(N-Z-DL-alanyl)-DL- 

Determination of wruvic acid bv lactate dehvdroRena- 
- se. 0.05 mL of 0.1-2 N NaOH wqs added to 0.05 mL of 6mM 
solution of ethyl ester of uridylyl-(5LrO)-N-benzyloxycar- 
bonyl-DL-serine, the reaction mixture was incubated for 
lh at 37OC and neutralized by 0.05 mL of HC1 of appropria- 
te concentration. 2.75 mL of 0'.05 M Tris-HC1 buffer (pH 
7.21, 0.05 mL of 6mM N X I H  and 0.04 mL of lactate dehydro- 
genase solution (25 mg/mL) was added. The reaction kine- 
tics were observed by a change in optical density at 340nm. 
The amount of pyruvic acid formed corresponded to the dec- 
rease in NADH concentration. 
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