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NUCLEOSIDES & NUCLEOTIDES, 8( 3 ) ,  383-405 (1989) 

THE A C I D I C  HYDROLYSIS OF NUCLEOSIDES AND NUCLEOTIDES 

Ewa Z i  el onacka-Li s 

I n s t i t u t e  of  Bioorganic  Chemistry 
P o l i s h  Academy of  Sc iences  

Poznafi. N o s k o w s k i e g o  12/14, Poland 

ABSTRACT: The i n f l u e n c e  of sugar  and base s u b s t i t u t i o n s  on 
t h e  s t a b i l i t y  of t h e  N-glycosidic  bond of nuc leos ides  i n  
acidic medium is examined i n  d e t a i l .  Then t h e  mechan i s t i c  
aspect of t h e  phenomenon is desc r ibed .  The l a s t  part  is 
devoted t o  t .he a c i d i c  h y d r o l y s i s  of n u c l e o t i d e s .  
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384 ZIELONACKA-LIS 

1. I n t r o d u c t i o n .  

The problem of s t a b i l i t y  of t h e  n u c l e o s i d e  and 

n u c l e o t i d e  glycasyl bonds is  one of t h e  c r u c i a l  i s s u e s  of 

b i  01 ogy artd c hemi s t r y . 
Regu la t ion  of t h e  b reak ing  and c o n s e r v a t i o n  processes 

of t h e  g lycosy l  bonds is r e l e v a n t  t o  t h e  proper  f u n c t i o n i n g  

of all l i -d ing  organisms.  BY w a y  of glycosyl bond b reak ing ,  

spont&neous or  i nduced depur i n a t i o n  and d e p y r i  m i  d i  n a t  i on of 

DNA t a k e  place. The r e s u l t a n t  a p u r i n i c  and a p y r i m i d i n i c  

sites become a p o t e n t i a l  s o u r c e  of mutagenic changes.  More- 

o v e r ,  i n c o r r e c t  bases are i n t r o d u c e d  t o  DNA as  a consequence 

of t h e  a c t i o n  or" unfavourab le  e.x?-ra- and i n t r a c e l l u l a r  fac- 

tors .  One of t h e  m o s t  impor t an t  m o d e s  of removing undes i r ed  

e lements  from DNA is t h e  a c t i o n  of g l y c o s y l a s e s  - r epai r 

enzymes, which catalyze t h e  c l e a v a g e  of base - suga r  bonds 

i n  a l t e r e d  or damaged r i u c l e o s i d e  r e s i d u e s  . Thus. i t  is ex-  

t r eme ly  s i g n i f i c a n t  t h a t  t h e  c o n d i t i o n s  caus ing  h y d r o l y s i s  

of t h e s e  bonds. and t h e  chemical  p r i n c i p l e s  i n v o l v e d  be de- 

f i n e d  p r e c i s e l y .  

1 

A n  a p p r o p r i a t e  r e g u l a t i o n  of g l y c o s y l  bond s t a b i l i t y  is 

o f t e n  used i n  s y n t h e t i c  practice wi th  respect t o  nucleosides 

i n  t h e  deoxy ~ e r i e s ~ - ~ .  The d i f f e r e n c e s  i n  t h e  s;tabilit<-y of 
5 this bond are employed i n  DNA sequencing  . 

Under t h e  a c i d i c  c o n d i t i o n s  a l m o s t  all h i t h e r t o  tested 

n u c l e o s i d e s  break i n t o  the p u r i n e  or t h e  py r imid ine  h e t e r o -  

c y c l i c  base and t h e  s u g a r ,  i . e .  ribose or deoxyr ibose .  

2. S t r u c t u r a l  factors i n f l u e n c i n q  t h e  s t a b i l i t y  of t h e  

nucleoside q l y c o s y l  bond i n  acidic medium. 

2.1. mtr_s_uga_f-moiet_Y_~rf_ec_t_I 
I n c r e a s i n g  number of hydruxyl  groups i n  t h e  sugal- 

moie ty  leads t o  greater s t a b i l i t y  o f  n u c l e o s i d e s  under 

aci di c condi  ti ons.  

The 2'-hydroxyl group appears t o  have a p a r t i c u l a r l y  

strong s t a b i l i z i n g  effect on  a c i d  h y d r o l y s i s  rate.  and f o r  

t h i s  r e a s o n  deoxynucleos ides  hydro lyze  a t  least 100 t i m e s  

faster t h a n  r i b o n u c l e o s i d e s  '-lo. This fact used t o  b e  
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 385 

5 -1 TABLE 1. Apparent f i r s t - o r d e r  rate cons t an t s  C 1 0  k. sec 3 
for hydro lys is  i n  0.10 M HC1, 80°C 

adenosine 16.5 

2' -deoxyadenosi ne 12500 

3' -deoxyadenosine 91.6 

2' .3'-dideoxy-2' , 3 ' -  
d i  dehydr oadenosi ne 35000 

adeni ne ar a b i  nosi  de  2z. 0 

adenine xyl osi de 11.0 

2' -C-methyladenosine 5. 00 

explained i n  t e r m s  of t h e  nega t ive  induc t ive  effect of t h e  

h y d r o v l  group, which by withdrawing e l e c t r o n s  h inde r s  t h e  
8 s l o w  s t e p  of t h e  r e a c t i o n  . This effect occurs  i r r e s p e c t i v e -  

7.11 or l y  of t h e  n a t u r e  of aglycone 7s11*12 and furanosyl  

pyranosyl" as t h e  glycosyl  moiety. 

Nucleoside s t a b i l i t y  is also increased  by t h e  presence 

of t h e  3'-OH group, a l though t o  a much smaller degree than 

when t h i s  s u b s t i t u e n t  is introduced i n  p o s i t i o n  2' 10.13. The 

observed f i r s t - o r d e r  rate cons tan t  of t h e  a c i d i c  hydro lys i s  

of 3'-deoxyadenosine is  about 5-7 t i m e s  greater than  for 

adenosine under analogous condi ti ons C TABLE 1 3  . Si m i  1 ar 1 y 

as i n  t h e  case of 0-glycosides.  s t a b i l i z i n g  e f f e c t s  addi-  

t i v i t y  can also be observed. 

6 

The conf igu ra t ion  of hydroxyl groups on C-8' and C-3' 

exerts r a t h e r  weak  i n f luence  - t h e  rate of hydro lys i s  i n  

a c i d i c  medium is  changed by a f e w  t i m e s  ' O * l 3 .  The s t a b i l i t y  

order  e s t a b l i s h e d  for t h e  adenine nuc leos ides  is t h e  fol low- 

ing: xy los ide  is m o r e  stable than r i b o s i d e .  which i n  t u r n  is 
e more s t a b l e  than  a rab inos ide  CTABLE l> . 

S u b s t i t u t i o n  of t h e  2'-OH group by a m o r e  e l e c t r o n  

withdrawing s u b s t i  t u e n t  causes  f u r t h e r  s t a b i l i z a t i o n  of t h e  

glycosyl bond", and t h u s  for i n s t a n c e  2' -0-p-nitrobenzene- 

su l fonyladenos ine  is s t a b l e  under cond i t ions  i n  which adeno- 

s i n e  is hydrolyzed14. The in t roduc t ion  of a c e t y l  groups i n t o  
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386 ZIELONACKA-LIS 

4 -1 TABLE 2. Apparent f i r s t - o r d e r  rate c o n s t a n t s  C 1 0  k, sec 1 
for h y d r o l y s i s  i n  0.1 N H C 1 .  9 7 . 5 O C  

adenosi  n e  10 

5’ -0-methyladenosi ne  10 

3’ - 0 - m e t  hyl adenos i  n e  

2 ’ , 3  ’ -di - 0 - m e t  hyl  adenos i  n e  

7.5 

2’ -0-methyladenosi n e  6.0 

3.5 

sugar moiety i n  p o s i t i o n s  2’. 3’ and 5’ of an unusua l ly  

labile sys tem of hypermodif ied n u c l e o s i d e  wyorine Csee pp 

6-93 causes  an  abcjut e i g h t y - f o l d  slow-down of t h e  a c i d i c  
15 h y d r o l y s i s  r e a c t i o n  . 

I n t r o d u c t i o n  of a methyl group i n s t e a d  hydrogen a t  C-2’ 

of adenos ine  sugar moiety as exempl i f  i ed by  2’ -C-met  hylade-  

nos ine  decreases t h e  solvolytic rate c o n s t a n t  t o  about  one- 

- t h i r d  of t h e  V a l  ue  for adenos ine  under i d e n t i c a l  c o n d i t i o n s  
8 CTABLE 11 . replacement  of t h e  ade-  

n o s i n e  2’- and/or 3’-hydroxyl group by  a methoxyl group 

s l i g h t l y  s t ab i l i ze s  t h e  glycosyl bond t o  acid-catalyzed 

hydr ol pi 5 .  

As shown i n  TABLE 216, 

Methylat ion of u r i d i n e  0-2’ and 0-3’ r e s u l t s  i n  t h r e e -  

3 4  

t i m e s  faster t h a n  adenos ine .  Th i s  ra te  d i f f e r e n c e  is similar 
13 to t h a t  found wi th  a l d o -  and ketoglycosides . 

17 t o  sevenfo ld  decrease of h y d r o l y s i s  ra te  . 
Ketonucleoside.  p s i c o f u r a n i n e  is hydrolyzed 10 -10 

2.8- Th!?-ba_s_lLs-eaEt_, 
2.2.1. PgfLne nucleos_i des v s - e y r _ ~ ~ ~ d ~ n e _ e u c ~ ~ ~ ~ ~ d ~ ~ ~  

There is a c o n s i d e r a b l e  d i f f e r e n c e  i n  the s t a b i l i t y  

of t h e  gl ycosyl  bonds i n  pu r i  n e  and py r imid ine  nucl  eo- 

s i d e s  10’13. For p u r i n e  n u c l e o s i d e s ,  t h e  p rocess  of g lycosy l  

bond b reak ing  proceeds  much faster i n  acidic t h a n  i n  n e u t r a l  

medium. However, t h e  h y d r o l y s i s  rates of py-rimidine nucleo-  

sides are m o r e  p H  independent  and for i n s t a n c e  t h e  rate of 

deoxycy t id ine  h y d r o l y s i s  remains unchanged i n  p H  r ange  
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 

TABLE 3 

PH temp. OC 5,2 ~~ 

22 3-methyl guanosi ne  2.1 25 7 min 
O . 1 M  HC1 25 45: secg3 

1 25 17 min 3-methyladenosi n e  
8f 

3-methyl i nos i  n e  3 

1 

24 40 r e a c t i o n  comp- 

r o o m  r e a c t i o n  comp- 
temp. leted after 10 min 

le ted after 24 h 

24 

#I in f o r m  of a sa l t  of toluene-p-sulphonic  acid CTsOHI 

1-4 '* 8, whereas deoxyadenosi n e  and deoxyguanosi n e  are near  - 
. This l y  1000 t i m e s  m o r e  s t a b l e  at pH 4 t h a n  at pH 1 

is also t h e  case wi th  thymidine,  deoxyur id ine  and 5 - b r o m o -  

deoxyur id ine  which a t  pH 7 show t h e  s a m e  h y d r o l y s i s  rate as 

a t  pH 320. Thus, t h e  g r e a t  d i f f e r e n c e  i n  glycosyl bond s ta-  
bi 1 i t y bet ween pur i n e  and pyr i midi n e  nucl  eosi d e s  i n  acidic 

medium is much less m a r k e d  a t  h igher  pH. 

6-8.19 

2.2-2. Su&t_&tuents i n  t h e - b a s i c _ e a r _ t f _ e u r ~ ~ e - ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
S u b s t i t u e n t s  i n t roduced  a t  p o s i t i o n  1 and '2 of p u r i n e  

nucl  eosi des do not  exert si gni  f i c a n t  i nf 1 uence on t h e  st a- 

b i l f t y  i n  a c i d i c  medium . 6.21 

h t h e  o t h e r  hand. s u b s t i t u e n t s  at p o s i t i o n  3 of p u r i n e  

nuc leos ides  cause  c o n s i d e r a b l e  a c c e l e r a t i o n  of acid hydro1 y- 

sis, as shown i n  TABLE 3. This p e r t a i n s  t o  3-methylguanosine, 

3-methyladenosine and 3-methyl inosine.  

Observa t ions  t a k e n  during s y n t h e s i s  C s u b s t i t u t i o n  of a 

p u r i n e  a t  N - 3  by a removable b locking  group enabled  t h e  

p r e p a r a t i o n  of 7 - s u b s t i t u t e d  purines25' => i n d i c a t e  a great 

molecular  overcrowding caused by t h e  presence  of t h e  s u b s t i -  

t u e n t  i n  t h i s  p o s i t i o n .  

Also t r icycl ic  Y nuc leos ides ,  which are ve ry  labile i n  

acidic medium. c o n t a i n  a s t r u c t u r a l  u n i t  of 3-methylguano- 

s i n e  C F I G .  13. 
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388 ZIELONACKA-LIS 

a H 

0 R 

PH 

0.1M HC1 
2.1 
2.9 

b 

C 

d 

e 

FIGURE 1 

TABLE 4 
0 temp. C 

25 
25 
37 

NHCOOC H3 Y 
'COOC H3 

H O O  XNHcooC COOC H3 H3 

NHCOOC H3 ---3--4 
H O '  ' COOC H3 

C H 3  

1.2 
95 sec 
1 9  mint 
41 min * no information about t h e  value of the  error 

4 
TABLE 5. Apparent f i r s t -order  ra te  constants  C 1 0  k .  Sec-'> 

and h a l f - l i v e s  Ch> for hydro lys i s  of wyosine 

83 30 37 tempPC 
FH 

2.90 0.5.Lz 0.857 2.3284 

c3.553 C 2-25> CO. 883 

3.65 

4.40 

0.343 
C5.01> 
0,051 
C37.463 

* 
c o e f f i c i e n t s  of var ia t ion  are i n  t h e  range of 6-8% 
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HO OH 

FIGURE 2 

OH O H  

R 
H 

I b CH, 
c H3 

FIGURE 3 

D a t a  Pertaining to the stability of the glycosyl bond 
in yosine CFIG. la3 are as foliows 22 . 

A pff and temperature dependence of the reaction rat,e 

constants of the acidic hydrolysis of wyosine was observed 

CTABLE Ei)27. 

The pH dependence of dccomposltisn rat? cor . s ta r i t s  of 

the glycosyl bond i n  wyosins 1s linear. and no general acrd- 

-base catalysis was observed sirmlarly as in the case 01 

previously investigated nucleosides” *. Measurements of re- 

action rate constants at various temperatures served to de- 
tarmfne the entropy of activation . 

27 
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ZIELONACKA - L I S  

FIGURE 4 

HO 

FIGURE 5 

So f a r .  such  a great l a c k  or' s t a b i l i t y  of t h e  g lycosy l  

bond h a s  n o t  been observed i n  t h e  r i b 0  series of compounds. 

To account  f o r  t h i s  f a c t  i n  t h e  Y n u c l e o s i d e s .  t h e  s -yn thes i s  

of t h e i r  v a r i o u s .  sometimes remote ana logues  wi th  h a r d  tc: 

d e f i n e  changes in t h e  e lec t ron  and spa t ia l  s t r u c t u r e  w a s  un- 

d e r t a k e n .  The s t a b i l i t y  of t h e  g l y c o s y l  bond w a s  determined 

f o r  each of the compounds. which turned out 1.0 be many tFmes 

m o r e  s t . a .b le  t h a n  w y a s i n s .  This is shown i n  TABLE 6. 

Glycosyl bond s t a b i l i t y  w a s  a150 s t u d i e d  i n  4-demet.hy1- 

wyosi na  and 5-methyl -4-demethyl wyosine 15*32. On t h e  b a s i s  of 

ob ta ined  results .and t h e  Arrhenius  equat ior i  it w a s  s t a t e d  

t h a t  at 25OC i n  0.1 M HC1 t h e  h y d r o l y s i s  rate f o r  t h e s e  ana- 

logues  is 10' t i m e s  l o w e r  i n  comparison wi th  wyosine 
32 . 
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 391 

TABLE 6 

0 PH temp. C 

4.5’-CyClo-343-D- 
r i bof ur anosyl -  0 . 0 9 M  HC1 
4.9-dihydro-6- 
methyl -9-oxoi m i  dazo 0.9M HC1 
Cl .2-a lpur ine  CFIG. 21 

1 -r i bof ur  anosy l -  
4.9-dihydro-4.6- 
d i  m e t  hyl -9-0x0- 
imidazo C1.2-a1 
pur i n e  
Cone of t h e  anomers3 
CFIG. 3a3 
and 
1 -r i bof ur anosy l -  
4.Q-dihydro-4.6.7- 
t r i m e t h y l  -Q-0x0- 
imidazo Cl.2-a1 
p u r i n e  
Cone of t h e  anomers3 
C FI G. 3b> 

2.5’ -cyclo-2-oxo- 
2’ ,3’ - 0 4  sopro-  
pyl i denewyosi n e  
CFIG. 4> 

N-1 -deaza-2’ -deoxy- 
wyosine CFIG. 51 

2.9 

2.9 

2 N  HC1 

0.5N HC1 

2 .9  
2.1 

0 . l M  HC1 
1 M  HC1 

0.1N HC1 
0.1N HC1 

37 

37 

37 

95 

37 

85-90 

37 
25 
50 
30 

t-i me, k 

68 

2-7 

72 

10 

24 
84 
80 
&=30 

f-; of‘ 
hydr 01 ysi s 

02* 

28 - 30 
o~~ 

029 

o~~ 

30 
‘30 
‘30 
“30 min 

31 
‘31 

room o v e r n i g h t  
70 24 1 00 

The decomposi t ion rates of t h e  g lycosyl  bond i n  wyosine 

and its e t h y l  d e r i v a t i v e  w e r e  compared under i d e n t i c a l  con- 

d i t i ons” .  The s a m e  was also done for 3-methyl-. 3-ethyl- .  

and 3-i sopropyl  guanosi n e  . From t h e  o b t n i  ned r e s u l  ts i t  

f o l l o w s  t h a t  a v i o l e n t  breaking  of the g lycosy l  bond i n  t h e  

Y n u c l e o s i d e s  i n  a c i d i c  medium is to a s i g n i f i c a n t  e x t e n t  

caused  by t h e  tendency t o  reduce  t h e  s ter ic  i n t e r a c t i o n  be- 

tween t h e  methyl i n  p o s i t i o n  4 and t h e  r i b o f u r a n o s y l  group 

i n  p o s i t i o n  3. 

32 

The h y d r o l y s i s  ra te  of 6 - s u b s t i t u t e d  adenos ines  re- 
6 sembles t h a t  of adenos ine  , it is also t r u e  for ure ido-  
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392 ZIELONACKA-LIS 

TABLE 7 

7-methyl adenos i  ne  222 

7-ethyl  adenosi ne  1 69 

N -methyl adenosi n e  

3-methyl adenos i  n e  * TsOH 

1 -methyl adenos ine  0.56* 

0.82* 6 

4000 

* on t h e  basis of t h e  Arrhenius  equa t ion  C55.0-8O.O0C> 

d -pur i n e  hyper modi f i e d  n u t 1  eosi des : N -C N-thr eony lca r  bony1 3 - 
adenos ine  and N 6 -methyl -N'-CN-threonylcarbonyl>adenosine 

Conly a few-fold changes i n  t h e  d e c o m p o s i t i o n  ra te  w e r e  ob- 

se rved  i n  1 N HCl , 37O and 3 0 ~ ~ 1 ~ ~ .  

I n  t h e  case of t h e  monocations of 6 - s u b s t i t u t e d  9-Cp-D- 

- r ibof  u ranosy l3pur ines  t h e  spontaneous  decomposition is 

markedly accelerated upon decrease of s u b s t r a t e  b a s i c i t y .  

i .e .  when t h e  e l e c t r o n - d e n s i t y  i n  t h e  p u r i n e  r i n g  is re- 

duced. Th i s  has  been proved f o r  t h e  f o l l o w i n g  set of nucleo-  

sides: 6-chl oro-9-C P-D-r i bof ur anosyl  > pur i n e  and 6-methoxy-9- 

-C p -D-r i bof ur anosyl  1 pur i n e  compared w i  t h adenosi  n e  and N - 
-di methyl adenosi  n e  . 

6 

34 

5 -1 The ra te  c o n s t a n t s  C 1 0  k ,  min > o b t a i n e d  for 7 -a lky l -  

adenos ine  and its i s o m e r s  i n  0.1 N HC1, 25OC w e r e  as below 

CTABLE 7>=. 

Therefore ,  t h e  o rde r  of s t a b i l i t y  of t h e  g lycosy l  bond 

i n s u b s t  i t u t  e d  adenosi  n e s  can  be p r e s e n t e d  by t h e  f ol 1 o w i  ng 

sequence: 3-methyl adenos i  n e  d 7-methyl adenos ine  <<N6-methyl- 

adenos ine  4 1 -methyl adenos i  ne.  

The i n t r o d u c t i o n  of t h e  methyl group t o  t h e  N - 7  of de- 

oxyguanosi n e  caused si gn i  f i c a n t  1 abi 1 i za t i  o n  of t h e  gl ycosyl 

bond of t h i s  compound a t  h igh  pH **lo. The r e a c t i v i t i e s  of 7- 

-methylguanosine and 1.7-dimethylguanosinium i o d i d e  a t  h igh  

pH Cin t h e  pH range  where 7-methylguanosine is a monoproton- 

ated l e a v i n g  g r o u p 3 , a r e  very similar. A t  l o w  pH, where a d i -  

c a t i o n  is formed, guanos ine ,  7-methylguanosine and 1.7-cdi- 

methylguanosinium i o d i d e  hydro lyze  at e s s e n t i a l l y  i d e n t i c a l  
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 393 

rates; t h e  reac t iv i ty  of t h e  n a t u r a l  and methylated guanine  
8 

r i b o s i d e s  and deoxyribosides is s i m i l a r  . 
Cont ra ry  t o  8-bromoguanosine and 8-bromoadenosine and 

compared t o  t h e  pa ren t  nuc leos ides .  8-aminoguanosine. 8-m- 

nomethyl ami noguanosi n e  and 8-methoxyadenosi n e  hydro1 yze 

slower i n  a c i d i c  medium 6D36. A 110-fold rate a c c e l e r a t i o n  of 

hydr 01 ysi s w a s  observed for 8-NC CH31 2-adenosi n e  as compar ed  

wi th  8 - N H C H  -adenosine and 700-fold rate a c c e l e r a t i o n  of 8- 

-NCCH332-guanosine compared t o  8-NHCH -guanosine. I t  w a s  

stated t h a t  bo th  fast hydro lyz ing  compounds occur  i n  t h e  s p  
conformation.  whi le  t h e  remaining ones  are a mixture of s p  

36 and a n t i  . 

3 

3 

Except guanosi ne and 7 - C  (3-D-r i bof ur anosyl  I guani ne,  a1 1 

h i t h e r t o  tested p u r i n e  7- 13 -D-r ibofuranosides  hydro lyze  
easier t h a n  t h e  isomers of 9. The ra t io  of h y d r o l y s i s  rate 

of N-7,'N-g i n  1.02 N HC1 a t  25°C equals 33.8 for adenosine 

and its 7 isomer, 22.7 for 6-methylamino-S-C~-D-ribofurano- 

s y l l p u r i n e  and its i s o m e r  7. 19.5 for t h e  p a i r :  6-dimethyl- 

amino-9-Ca -D-ri bofuranosyl3pur ine  and 6-di~nethylamino-7-C(3- 

-D-r i bof ur anosyl  3 pur i ne, but  on1 y 2.5 for nebular  i ne and i ts 

7 isomer, and 1.5 for t h e  p a i r  : i n o s i n e .  7-C(3-D-ri bofurano- 
37 s y l 3  hypoxanthi ne . 

2- 2.3. A t L d i c - h r d r o l r s L r _ o ~ - e ~ - ~ ~ - ~ ~ ~ ~ - ~ ~ c l ~ ~ ~ ~ ~ ~ ~ ~  
The a l k y l a t i o n  of pyr imidine  nuc leos ides  i n  t h e  0-2 

p o s i t i o n  has  a s t r o n g l y  d e s t a b i l i z i n g  i n f l u e n c e  on t h e  g ly -  

cosy1 bond: 0 -a lkyldeoxycyt id ine  is l o 4  t i m e s  more l a b i l e  
2 t h a n  deoxypur i n e  nucl  eosl des , 0 -a1 k y l  deoxyur i di  ne  and 

thymidine are also m o r e  l a b i l e  t h a n  deoxypurine nuc leos ides .  

The i n t r o d u c t i o n  of a l k y l  groups i n  p o s i t i o n  0-2 does not  

a f f e c t  t h e  r a t i o  of rate c o n s t a n t s  r e s u l t i n g  e x c l u s i v e l y  

f r o m  the n a t u r e  of t h e  sugar .  The g lycosy l  bond s t a b i l i t y  of 

a l l  0 - a l k y l a t e d  deoxyribo-  and r ibopyr imid ine  nuc leos ides  
38 resembles t h a t  of non-modified compounds . 

Deoxycyt idine h y d r o l i z e s  easier than  deoxyur id ine  de- 

rivatives". The i n t r o d u c t i o n  of a methyl group i n t o  deoxy- 

c y t i d i n e  i n  p o s i t i o n  C-5 bears no s i g n i f i c a n t  i n f l u e n c e  on 

2 

4 
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394 21 ELONACKA -LIS 

t h e  r a t e  of g lycosy l  bond bu t  t h e  h y d r o l y s i s  

rate of 5-bromodeoxycyt idine is apprcx ima te ly  100 t i m e s  
1 8  greater t h a n  for deoxycy t id ine  and 5-methyldeoxycyt id ine  . 

I n  t h e  case of deoxyur id ine  t h e  a c i d - c a t a l y z e d  hydro ly-  

sis is i c c e l e r a t e d  bo th  by e l e c t r o n  donor and e lec t ron  ac- 

c e p t o r  s u b s t i t u e n t s  i n  p o s i t i o n  5 10.11.13,ZO 

To t h e  small group of  py r imid ine  r i b o n u c l e o s i d e s  which 

w i t h  an a p p r e c i a b l e  r a t e  hydro lyze  i n  d i l u t e d  acet ic  a c i d  
10 be1 ongs i s o c y t  1 d i  n e  . 

D i  hydropyr imidine  n u c l e o s i d e s  hydro1 -7-e m o r e  r a p i d l y  
10.13 t h a n  t h e  co r re spond ing  unhydrogenated compounds 

3. The mechanism of t h e  a c i d i c  h y d r o l y s i s  of n u c l e o s i d e s .  

I n  t h e  f i r s t  y e a r s  of t h e  1960's i t  w a s  a ccep ted  t h a t  

t h e  mechAnism of a c i d i c  h y d r o l y s i s  of n u c l e o s i d e s  is analog- 

ous t o  simple g l y c o ~ y l a r n i n e s ~ ~ .  I n  t h a t  case t h e  e s s e n t i a l  

steps of r e a c t i o n  cou ld  c o n s i s t  i n :  p r o t o n a t i o n  of  t h e  suga r  

r i n g  oxygen Cor when t h e  f i r s t  p r o t o n  adds  t o  a n i t r o g e n  

a t o m  of a h e t e r o c y c l i c  b a s e ,  i n t r a m o l e c u l a r  p r o t o n  t r a n s f e r  

t o  t h e  annu la r  oxygen of t .he opening  of t h e  suga r  

r i n g ,  a t t a c k  of t h e  w a t e r  molecule  on  t h e  newly formed 

S c h i f f ' s  base r e s u l t i n g  i n  a h e t e r o c y c l i c  b a s e  and a suga r  

CSCHEME 11. The c r e d i b i l i t y  of t h i s  r e c o n s t r u c t i o n  w a s  

s e r i o u s l y  q u e s t i o n e d  i n  t h e  next years 13*'0. I t  w a s  stres- 
sed13 t h a t  t h e  i m p o r t a n t  f a c t o r  which f a c i l i t a t e s  r i n g  open- 

i n g  wi th  g lycosy lamines  is m e s o m e r i c  e l e c t r o n  release of t h e  

amino n i t r o g e n .  However, i n  ?,he case of n u c l e o s i d e s  t h e  

n a t u r e  of t h e  n i t r o g e n  a t o m  p a r t i c i p a t i n g  i n  t h e  g l y c o s y l  

bond f o r m a t i o n  is d i f f e r e n t .  

A t  p r e s e n t ,  i t  is c la imed t h a t  h y d r o l y s i s  of t h e  glyco- 

syl bond i n  n u c l e o s i d e s  proceeds according t o  SCHEME 2 - t h e  

p r o t o n a t i o n  of t h e  h e t e r o c y c l i c  p a r t  of t h e  molecule  b e i n g  

fo l lowed  by s l o w  g l y c o s y l  bond b reak ing .  

To de te rmine  t h e  mechanism of t h e  a c i d  h y d r o l y s i s  of 

n u c l e o s i d e s  i t  is n e c e s s a r y  t o  e s t a b l i s h :  

1. whether t h e  b reak ing  of t h e  g lycosy l  bond involves t h e  

b r e a k i n g  of t h e  C-N or C-0 bond, t h u s ,  i f  t h e  h y d r o l y s i s  
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H O  

H 
0 

HO X I H O  X 

t 1 
A /  N 

X=H, OH 

+ h,/ I 

H 

HO X 

SCHEME 1 

I X=H, O H  

B= purine, pyrimidine 

BH + H O f i ,  FO+BHl 
Ho H O  X SUGAR 

SCHEME 2 
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396 21 ELONACKA -LIS 

proceeds wi thou t  a f f e c t i n g  t h e  sugar part .  or th rough 

S c h i f f ' s  base, 

2. whether t h e  p r o c e s s  is u n i -  or b imolecu la r .  

D a t a  a n a l y s i s  can  p r o v i d e  s o l u t i o n s  t o  t h e s e  problems. 

3.1- D a L a - s u e e o r t i n s _ t h e - ~ ~ ~ k - ~ ~ - ~ ~ ~ ~ ~ ~ ~ ~ - ~ f - ~ ~ ~ - ~ ~ ~ - ~ o ~ ~ ~  
3.1.1. 'Ihe_eH_gat_e-erofiles.  

O b s e r  vati on of t h e  pH dependenca o f  react i on  rate 

c o n s t a n t s  s u p p l i e s  v a l u a b l e  i n f o r m a t i o n  on t h e  c o u r s e  of t h e  

react i o n .  c o n t  ai n i  ng 

e lec t ron-wi thdrawing  groups43. as w e l l  as N-ary lg lucosyl -  

a r n i n e ~ ~ ~ ' ~ ~  f o r m  c a t i o n i c  S c h i f f ' s  b a s e s  i n  t h e  courze of 

h y d r o l y s i s ,  and i n  bo th  cases t h e  n a t u r e  of t h e  dependence 

between t h e  r e a c t i o n  ra te  and p H  is t h e  s a m e :  w i t h  t h e  

growth of a c i d i t y .  t h e  r e a c t i o n  r a t e  i n c r e a s e s  up  t o  a 

c e r t a i n  maximum, and t h e n  beg ins  t o  d e c r e a s e .  N o  such maxi- 

mum is observed  i n  t h e  c o u r s e  of n u c l e o s i d e  hydro ly-  
si s 6*8*18'34, I t  is also t r u e  for hypermodif ied Y n u c l e o s i d e  

- wyosine 

Subs t i t u t  ed benz y l  i dene- t  -but y l  a m i  ne s  

22.27.32 

3.1.2. The li'k-"f-i"merization. 

I n  t h e  c o u r s e  of a r e a c t i o n  which proceeds wi th  t h e  

b reak ing  of  t h e  C-O bond anomer iza t ion  c o u l d  b e  expec ted ,  

b u t  i n  a majority of  exper iments  on  t h e  acfdic h y d r o l y s i s  of 

n u c l e o s i d e s  t h i s  effect h a s  n o t  been observed13. A d e t a i l e d  

s t u d y  of. guanos i  ne ,  8-NH -guanosi ne ,  8 - N H C H  -guanosi ne ,  

8-NCCH 3 -guanosine and  B - B r - g ~ a n o s i n e ~ ~  d i d  n o t  show ano- 
2 3 

3 2  
mer iza t ion  i n  a n y  of  t h e  s u b s t r a t e s .  A l s o  i n  t h e  case of an 

a c i d  h y d r o l y s i s  of 6 - s u b s i t u t e d  9 - C  b - D - r i  bo fu ranosy l lpu -  

r i n e s  no anomer iza t ion  of  s u b s t r a t e s  competit ive w i t h  hydro- 

lysis was stated3'. However. one  o b s e r v a t i o n  made d u r i n g  t h e  

h y d r o l y s i s  of  thymidine  and 2 ' -deoxyur id ine  i n  2 M HClO a t  

90°C is w o r t h  mentioning46- I t  w a s  s ta ted  t h a t  bo th  under-  

3 and i s o m e r i z a t i o n  went anomer i za t ion  c p .-. d 

Cfuranos ide  p y r a n o s i d e l .  I t  is i n t e r e s t i n g  t h a t  under 

i d e n t i c a l  c o n d i t i o n s  t h e s e  phenomena w e r e  s t a t e d  n e i t h e r  
46 f o r  2 -deoxyc y t i  d i  n e  nor 5-br om-2 ' -deoxyur i d i  n e  . 

4 - 
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 391 

3.1-3- 'Eh_e_eleEtros_effec4s_of_SubstLtueqts_a~-t~~-~~~~~-~n~ 
he4ecocrc_Lic-??ase, 
The donat ion  of electrons by s u b s t i t u e n t s  i n  t h e  h e t -  

erocyclic part of t h e  p u r i n e  nuc leos ides  i n  p o s i t i o n  836 and 
reduces  t h e  rate of g lycosyl  bond breaking.  Cn t h e  

o t h e r  hand, t h e  withdrawal of e l e c t r o n s  accelerates t h e  pro-  

cess 34*36. This fact can  be  exp la ined  by  mechanism 2. be- 

c a u s e  i f  t h e  r e a c t i o n  proceeded via Schiff ' s  base, contrary 
r e s u l t s  would be expected.  Theoretical  calculation^^^ showed 

t h a t  t h e  presence  of amino group at a carbon i n  p o s i t i o n  8 

i n c r e a s e  t h e  e l e c t r o n  density a t  N-9. whereas t h e  p re sence  

of c h l o r i d e  i n  t h e  s a m e  p o s i t i o n  decreases i t  i n  comparison 

wi th  guanine.  The e l e c t r o n  d e n s i t y  a t  N-9 is reduced upon 

pr o t o n a t i  on a t  N-7. 

634, 37 

3.1.4- E ~ e r ~ m e e t s _ o n _ 7 ~ m e t ~ Y L ~ u ~ n ~ ~ ~ n ~ ~ - ~ ~ ~ ~ ~ ~ Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~  
s u 9 n o r i n e _ a n d _ l r 7 Z d i ~ ~ ~ ~ Y ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ - i ~ ~ ~ d ~ ~  
A t  l o w  p H  t h e  r e a c t i v i t y  of t h e  p a i r :  7-methylguano- 

s i n e  and guanos ine  is similar like i n  t h e  case 7-methyl-E'- 

-deoxyguanosi n e  and 2 ' -deoxyguanosi n e  . H e r e  t h e  r a t i o n a l  e 

is t h a t  under t h e  c o n d i t i o n s  of d i c a t i o n  formation t h e  d i f -  

f e r e n c e  of b a s i c i t y  of u n s u b s t i t u t e d  and methylated sub-  

strates vanishes  a l m o s t  completely.  What is m o r e ,  t h e  

p re sence  of t h e  p ro ton  or t h e  methyl group bear n e g l i g i b l e  

i n f l u e n c e  on t h e  n a t u r e  and p r o p e r t i e s  of guanine s k e l e t o n  

as t h e  l e a v i n g  group. 

A l i k e  reactivity of t h e  i o d i d e  of 1.7-dimethylguanosine 

and 7-methylguanosine i n  w e a k  a c i d i c  environment' can  also 

be exp la ined  on t h e  b a s i s  of mechanism 2. I n  t h e  p H  range  i n  

which 7-methylquanosine is a monoprotonated l e a v i n g  group,  

t h e  c h a r a c t e r i s t i c s  of t h e s e  two  compounds are expec ted  t o  

be nearly t h e  s a m e ,  and t h u s  t h e  r e a c t i o n  rates are similar 

too. 

8 

3.1.5- F h _ e _ ~ l S L u e n c e _ o f _ s u ~ ~ ~ - ~ Y ~ ~ o ~ ~ - ~ ~ o u ~ ~ ~  
The s t a b i l i z i n g  i n f l u e n c e  of t h e  hydroxyl groups i n  

t h e  sugar p a r t  of the molecule can be accounted for by m e c h -  
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anism 2. The i n d u c t i v e  e f f e c t  of t h e s e  groups i n h i b i t s  t h e  

s l o w  s t e p  of a c i d i c  h y d r o l * p i s  - t h e  b r e a k i n g  of t h e  C-N 

bond of p r o t o n a t e d  nucleoside"*. However, e v e n  i f  hydro-  

lysis proceeded  via mechanism 1. t h e  hydroxyl  g r o u p s  i n  t h e  

s u g a r  p a r t  would still h i n d e r  t h e  process 
10.13 

The above  e.xperimenta1 data c a n  be e x p l a i n e d  by mechan- 

i s m  2 which assumes t h e  p r o t o n a t i o n  01 t h e  h e t e r o c y c l i c  p a r t  

of t h e  molecule .  f o l l o w e d  by t h e  b r e a k i n g  of t h e  C-N bond. 

3 . 2 .  E~eeflmeetal-daLa-d~f f e r e n t i g i i p q - m e c h a n i  s m s  A-1 -a_@ 

4 s  1. 
3.2.1. The vdte-of the_entroey_"'_~'tivtion, 

In a c i d  c a t a l y z e d  r e a c t i o n s  o f  h y d r o l y s i s  t h e  e n t r o p y  

of a c t i v a t i o n  C A S  3 c a n  s e r v e  as a c r i t e r i o n  d i f f e r e n t i a t i n g  

between mechanisms A-1  and A+'*. If t h e  reaction p r o c e e d s  

according to  mechanism A - 1  t h e  AS' v a l u e  is much g r e a t e r  

t h a n  i n  t h e  case of rezst ion A-E - a l l  r e a c t i o n s  of t h e  A-1 

t y p e  are c h a r a c t e r i z e d  by l o w  e r . t . rop ies  e i t h e r  wit.h a p o s i -  

t i ve  or n e a s t i v e  s i g n ,  whereas  A - 2  react. . ions by great  nega- 

t i v e  v a l u e s  of t h e  e n t r o p y  of a c t i ~ a t l o n * ~ .  I n  a c i d  cata- 

lyzed r e a c t i o n s  of n u c l e o r i d e  h y d r o l y s i s  t h e  v a l u e s  of t h e  
6.27.37 indi- e n t r o p y  of a c t i v a t i o n  usually approximat-es zero 

c a t i n a  that t h e  r e a c t i c n  prr-lceeds via mechanism A-1 .  

# 

3.2.2. ~ c , ~ r d a r r _ ~ ~ u t e r ~ u ~ - ~ ~ ~ ~ ~ e ~ - ~ ~ ~ ~ ~ ~ ~ l .  
The secorldar y d e u t e r  i um i so?.ope e f f e c t  was m e a s u r e d  

i n  t h e  hvdrolysis r e a c t i o n  crf- i n o s i n e  and a d e n o s i n e  d i -  

cat ions and i n o s i n e  mor.ocatian 5c) . ~ i - ~ e  d e t  e r  mi ned v a l u e  

-1. 25 shows that, t - C , g . +  ! ' . G ~ C - . L , I ~ I - . S  a c c i j r  via t r a n . s ~ . t i ~ > i i  stat .ez 

of c o n s r d e r  ;b le  0 C ; s i  Lorliurr: ic~t-: c.h&:.sst.ei- . .  The s i m p l e s t  

i n t e r p r e t a t i o n  is t h a t  t h e  r e a c t i o n s  a r e  classical A - l  

i n v o l v i n g  u n i m o l e c u l a r  d e c o m p o s i t i o n  of t h e  p r o t o n a t e d  

s u b s t r a t e  t o  y i e l d  f r e e  oxocarbonium i o n  as  a n  i n t e r m e d i a t e .  

S i n c e  t h e  e x p e r i m e n t a l l y  d e t e r m i n e d  v a l u e  o f  t h e  s e c o n d a r y  

d e u t e r i u m  i s o t o p e  e f f e c t  does not. d i s t i n g u i s h  between C-N 

and C-0 bond cleavage i n  t h e  t r a n s i t i o n  state. t h e o r e t i c a l  
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c a l c u l a t i o n s  w e r e  undertaken’’. Together  w i t h  e x p e r i m e n t a l  

r e s u l t s .  t h e y  l e d  tcj t h e  c o n c l u s i o n  t h a t  i n  t h e  t r a n s i t i o n  

s ta te  t h e  C-N bond i s  la rge ly  or c o m p l e t e l y  c l e a v e d .  

3.2.3. l3~nQgq3~s_cgnStgnt, 

B u n n e t t ’ s  v a l u e  C c o n s t a n t  wS2 i n  t h e  e q u a t i o n :  

l o g  k + Ho = w log a + c o n s t  
H2° 

where k is t h e  ra te  c o n s t a n t .  H , i s  H a m m e t t ’ s  a c i d i t y  f u n c -  

t i o n  a n d  a is  t h e  ac t iv i ty  of w a t e r )  w a s  determineds3 for 

t h e  h y d r o l y s i s  r e a c t i o n s  of  g u a n o s i n e  and 7-methylguanosine.  

The fact  t h a t  i t  is close t o  zero. e x c l u d e s  t h e  p a r t i c i p a -  

t i o n  of a water  inolscule i n  t h e  r a t e - l i m i t i n g  s t e p  of t h e  

react i on. 

“2O 

3- 2 - 4. The-ZLefiE -ECf_ec_ki -iQ -z 1 -2Qd -%Ps1ri!?~CYLeEzYL r 
eucinez 
Changes i n  t h e  r a t e  of h y d r d y s i s  which r e s u l t  from a 

d i f f e r e n t  site of s u b s t i t u t i o n  of t h e  sugar p a r t  r e l a t i v e l y  

t o  p u r i n e  CN-7 or N-9> c a n  serve as a c r i t e r i o n  for d i s t i n -  

g u i s h i n g  mechanisms A - l  and ArB i n  cases when b u l k y  s u b s t i -  

t u e n t s  occur  i n  p o s i t i o n  6. I n  t h e  A-2 type of r e a c t i o n s  t h e  

p r e s e n c e  of b u l k y  g r o u p s  near  t h e  r e a c t i o n  c e n t r e  c a u s e s  re- 

a c t i o n  slow-down, whereas  a h i g h e r  rate of A-1 r e a c t i o n s  re- 

s u l t s  f r o m  s ter ic  a c c e l e r a t i o n .  For s o m e  i s o m e r s  of 7. a 20- 

-30 t i m e s  i n c r e a s e  of t h e  r e a c t i o n  rate is o b s e r v e d  i n  c o m -  

p a r i s o n  w i t h  i s o m e r s  of Q37. Such a n  increase is p r o b a b l y  

d u e  n o t  o n l y  to e l e c t r o n  factors b u t  also a n  a d d i t i o n a l  

s ter ic  a c c e l e r a t i o n  effect. I t  c a n  t h e r e f o r e  b e  s t a t e d  t h a t  

for t h e s e  p u r i n e  n u c l e o s r d e s  t h e  h y d r o l y s i s  r e a c t i o n  pro-  

ceeds a c c o r d i n g  t o  mechanism A-1. 

4. The acidic  h y d r o l y s i s  of n u c l e o t i d e s .  

I n f o r m a t i o n  o n  t h e  relative s t a b i l i t y  of t h e  ylycosyl  

bond i n  mononucleo t ides  as compared w i t h  r e s p e c t i v e  nuc leo-  

sides is r a t h e r  l imi ted ,  j u s t  l i k e  m e c h a n i s t i c  c o n s i d e r a -  

t i o n s  o n  t h e  acidic h y d r o l y s i s  of n u c l e o t i d e s .  
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TABLE 8 

ZIELONACKA-LIS 

2’ -deoxyadenosi ne-5’ -phosphate  

adenosine-5’-phosphate  

8’ -deoxyguanosi ne-5’ -phosphate  

2’-deoxycytidine-5’-phosphate 

TABLE 9 

2’ -deo>cycytidi ne-5’ -phosphate  

2’ -deoxycyt idine-3’  -9 ’  -diphosphat.e 

5-methyl -2’ -deoxycyt i di ne-9’ -phosphate  

%methyl -2’ -deoxycyt idine-3’  .5’ -d iphosphate  

thymidine-9’ -phosphate  

thymi d i  ne-3’ ,5’ -di phosphate  

-1 

-4 
k. sec 

3.1 xi o-4 
C4.3AO 3 

-7 3.8xl 0-7 
C 3 . 6 x l O  3 

-4 1 . 8 ~ l O - ~  
C 8 . 3 x l O  3 

-8 2. o>do-7 
C l . l x l 0  3 

104k. -1 

0.6 

0. 28 
c 3 . 7 3  

0. 58 

0.27 
c 2 . 9 1  

0.23 

0.12, 
co. 341 

I t  has  been s t a t e d  t h a t  t h e  h y d r o l y s i s  of deoxyadeno- 

s i n e .  adenos i  ne  , deoxyguanosi n e  and  guanosi  n e  nucl  eoti des is 

accompanied by a p r e f e r e n t i a l  b reak ing  of t h e  N-glycosyl 

bond, and t h a t  phosphate  groups  have o n l y  small e f f e c t s  on 

t h e  rates Q*54. B e l o w ,  t h e  r e s u l t s  o b t a i n e d  for phosphates  

are summed up C p H  1, 37OC; r e s p e c t i v e  v a l u e s  f o r  n u c l e o s i d e s  
7,9 are g i v e n  i n  pa ren theses>  CTABLE 8> . 

The i n t r o d u c t i o n  of t h e  second phosphate  group i n t o  po- 

s i t i o n  3’ causes f u r t h e r  s lowing  down of t h e  reaction C 0 . 4  N 

H e w 4 .  100°C: v a l u e s  f o r  n u c l e o s i d e s  are g i v e n  i n  pa ren th -  

e s e s 3  C TABLE 93 39.40 

The rate of the  acidic break ing  of the g lycosy l  bond 

h a s  been s t u d i e d  for deoxycytidine and thymidine  3’ and 5’- 

-phosphates  . Tes ted  deoxyr i bonucl eot i d e s  hydro1 yzed on 55 
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ACIDIC HYDROLYSIS OF NUCLEOSIDES 40 1 

h e a t i n g  i n  a c i d  t o  g i v e  a free base  Cno n u c l e o s i d e  or de-  

amina t ion  product  w a s  observed].  I t  has  been stated t h a t  t h e  

pH-rate p r o f i l e s  and thermodynamic parameters  resemble those 

of t h e  p a r e n t  nuc leos ides .  I t  is l i k e l y  t h a t  t h e  A-1 mechan- 

i s m  observed wi th  t h e  nuc leos ides i8  a lso o p e r a t e s  at, t h e  

n u c l e o t i d e  level.  I n  comparison wi th  r e s p e c t i v e  nuc leos ides .  

t h e  relative h y d r o l y s i s  rates for n u c l e o t i d e s  are deoxycy- 

t i d i n e  : deoxycy t id ine  3' -phosphate : deuxycy t id ine  5' - 
-phosphate  - 1.0 : 0.40 : 0.24 CpH 0.00. 9SoCI ,  and i n  t h e  

case of thymidine  : thymidine 3' -phosphate : thymidine  5' - 
-phosphate  - 1.0  : 0.74 : 0.70 C a t  Ho = 2.20, 75OC3. Thus, 

the  p resence  of t h e  phosphate  group h i n d e r s  h y d r o l y s i s ,  and 

t h e  observed var ia t - ions  of h y d r o l y s i s  rates are probably 

caused  by conformat iona l  changes of t h e  suga r  r i n g .  Compara- 

t i v e  X-ray s t r u c t u r a l  s t u d i e s  of nuc leos ides  and n u c l e o t i d e s  

i n d i c a t e  t h a t  t h e  p re sence  of t h e  phosphate  group or a 

s l i g h t l y  d i f f e r e n t  s u b s t i t u e n t  i n  t h e  base  is s u f f i c i e n t  t o  

alter t h e  s o l i d - s t a t e  conformation of t h e  sugar  rings6. M o s t  

p robab ly  t h e s e  effects t a k e  place i n  s o l u t i o n  as w e l l .  
The rate of h y d r o l y s i s  of t h e  g lycosy l  bond of wyosine 

5'-monophosphate is not. l o w e r ,  bu t  a l m o s t  i d e n t i c a l  t o  t h a t  

of p a r e n t  n u c l e o ~ i d e ~ ~ .  The pH-rate p r o f i l e  f o r  5' -monophos- 

p h a t e  resembles  t h a t  of p a r e n t  nuc leos ide .  Mechanism A-1 

o p e r a t i v e  for h y d r o l y s i s  of n u c l e o s i d e  seems t o  be  also t h e  

mechan i s t i c  pathway for t h e  h y d r o l y s i s  of r e s p e c t i v e  mono- 

phosphate .  

5. Conclusion.  

The g lycosy l  bond c o n s t i t u t e s  a c r u c i a l  component of 

n u c l e i c  a c i d s .  and its s t a b i l i t y  c o n d i t i o n s  t h e  correct 

f u n c t i o n i n g  of l i v i n g  organisms. A d e t a i l e d  knowledge of t h e  

factors c a u s i n g  t h e  breaking  of t h e s e  bonds is c o n t i n u a l l y  

desired. The a c i d i c  h y d r o l y s i s  of  n u c l e o s i d e s  is  still ex- 

t e n s i v e l y  s t u d i e d  and so f a r  w e  have at. our d i s p o s a l  o n l y  

s o m e  i n fo rma t ion  about. t h e  k i n e t i c s  and mechanism of t h e  

a c i d i c  h y d r o l y s i s  of hypermodif ied nuc leos ides .  The problem 

of acidic h y d r o l y s i s  of n u c l e o s i d e s  and  n u c l e o t i d e s  is 
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402 ZIELONACKA-LIS 

complex: 1/ depending on  t h e  c o n d i t i o n s  n e u t r a l ,  mono- or 

d i p r o t o n a t e d  forms of n u c l e o s i d e s  are s u b j e c t e d  t o  hydro- 

lysis. 2/ t h e  d i f f e r e n c e s  between t h e  rates of h y d r o l y s i s  of 

some s u b s t r a t e s  change according t o  p H .  3/ d e t a i l e d  s t u d y  of 

t h e  reactive i n d i v i d u a l s  afford p robab le  possibilities for a 

better e x p l a n a t i o n  of t h e  observed  q u a n t i t a t i v e  d i f f e r e n c e s  

i n  t h e  rate of acidic  h y d r o l y s i s  of v a r i o u s  n u c l e o s i d e s .  4/ 

t h e  mechanis t ic  i n v e s t i g a t i o n s  are still developed t o  o b t a i n  

a more h o l i s t i c  p i c t u r e  of t h e  acidic h y d r o l y s i s  of nucleo-  

t i d e s  and nuc l  eot i  d e r  . 

On t h e  o t h e r  hand, t h e  mechanism of t h e  a c i d i c  hydroly-  

sis of n u c l e o s i d e s  and n u c l e o t i d e s  is an  i n t e r e s t i n g  method- 

ological problem, s i n c e  its r e c o n s t r u c t i o n ,  and t h e  d e t e r -  

mina t ion  of its c o g n i t i v e  s i g n i f i c a n c e  is impor t an t  bo th  for 

a methodologis t  and a c h e m i s t ’ s  r e s e a r c h  p r a c t i c e .  With t h e  

t r e n d  towards a deeper and more p e n e t r a t i n g  knowledge of 

chemical motion, i t  is worthwi le  t o  realize.  whether t h e  ac- 

cep ted  r e c o n s t r u c t i o n  of  t h e  mechanism of a g iven  change is 

s a t i s f a c t o r y  at t h e  p r e s e n t  s t a g e  of t h e  development. of 

chemis t ry .  
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