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The react ion of hydroxylamine and O-methylhydroxylamine with cytidine 5 ' -d i -  and t r iphos-  
phates gave nucleoside di- and t r iphosphates  containing hydroxylamine and O-methylhydroxyl-  
amine res idues  in the heterocycl ic  ring. At low tempera tu res ,  high pH values,  and high hy- 
droxylamine concentrat ions,  the chief products  a re  4 ,6-dihydroxylamino-5,6-dihydro-2(1H)-  
pyrimidinone derivat ives,  while 4-hydroxylamino-2( tH)-pyr imidinone  der ivat ives  a re  p r i m a r -  
ily formed when the t empera tu re  is ra ised  and the pH and hydroxylamine concentrat ion a re  
lowered.  

One of the chief reasons  for  the mutagenic action of hydroxylamine {iII) and O-methylhydroxylamine 
(IV) is apparently modification of the cytosine ring by these agents [1, 2]. The validity of this  assumption 
can be ver i f ied  in vitro,  par t icu la r ly  in the RNA-polymerase  system, by studying the functional act ivi ty and 
specif ici ty of the modified bases  in the composit ion of the s tar t ing nucleoside t r iphosphates  or  in the compo- 
sition of the matr ix ,  for  the production of which the corresponding nucleoside diphosphates are  necessa ry .  

It is known that two p r o d u c t s -  1- f l -D-r ibofuranosyl -4 ,6-d ihydroxylamino-5 ,6-d ihydro-2-pyr imidinone  
(Ia) and 1- f l -D-r ibofuranosyl -4-hydroxylamino-2-pyr imidinone  (IIa) - a r e  forned in the react ion of eytidine 
with hydroxylamine [1-3]. S imi lar  der iva t ives  (Ic and IIc) a re  formed in the reac t ion  of cytidinewith O-meth-  
ylhydroxylamine.  

Compound IIe 'was previously  synthesized by Janion and Shugar [4]. The synthesis  of IIe and IIf f rom 
Ie and If, obtained by the react ion of III or  IV with cytidine diphosphate, has also been descr ibed [5]. 

A study of the mechanism and the kinetics of the react ion of eytidine with III and IV demonst ra ted  that 
the rat io {iI/I) of the concentrat ions of II and I depends substantial ly on the react ion conditions [3]. This 
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ra t io  i n c r e a s e s  as  the t e m p e r a t u r e  is r a i sed  and the pH and reagent  concentra t ion a r e  lowered.  The condi-  
t ions can be se lec ted  in such a m anne r  that p rac t i ca l ly  only one product  will be  f o r m e d  in the reac t ion  m i x -  
t a r e .  This  c i r cums tance  was used  for  the synthes is  of diphosphates  IIe, f and t r iphospha tes  Ig, h, and IIg, h. 

The re  is no absorp t ion  at  260-280 nm in the UV spec t r a  of I, while II have cha rac t e r i s t i c  spec t r a  at  
220-320 nm [6]. Th is  m a k e s  it  poss ib le  to identify the type of ba se  in the products  of the modif icat ion of the 
di -  and t r iphosphates ,  s ince the p r e s e n c e  of phosphate  groupings  a s  subst i tuents  in the ca rbohydra te  res idue  
has v i r tua l ly  no effect  on the e lec t ron ic  spec t r a  of the ba se s .  The identif ication of the mono- ,  di- ,  and t r i -  
phosphates  is readi ly  accompl i shed  by util izing the di f ference in the i r  e lec t rophore t ic  and chromatograph ic  
mobi l i t ies .  Tr iphosphate  Ig, which was p rac t i ca l l y  f r e e  of the s ta r t ing  cytidine t r iphospha te ,  and II g could 
be  obtained a f t e r  6 h at r o o m  t e m p e r a t u r e  and pH 6.5 by using high concent ra t ions  of III  (6-7 M). This  con- 
clusion can be drawn on the ba s i s  of the UV s p e c t r u m  of the reac t ion  mixture ,  which does not have a b s o r p -  
tion a t  250-320 nm. 

Only a 5 M solution can be obtained f r o m  the hydrochlor ide  of IV. In addition, when the concentra t ions  
and other  modif icat ion conditions a r e  identical,  the I I / I  ra t io  in the case  of IV is cons iderably  higher than in 
the case  of III  [3]. Thus,  when the modif icat ion is  p e r f o r m e d  with 5 M IV at  pH 6 and room t e m p e r a t u r e ,  the 
s p e c t r u m  of the reac t ion  mix tu re  no longer  changes a f t e r  6 .h, and the re fo re  the reac t ion  has ceased,  
but apprec iab le  absorp t ion  due to the fo rmat ion  of a ce r t a in  amount of I i f  is obse rved  a t  250-300 nm, 

Polyphosphates  I I e - I Ih  were  obtained under  s tandard  conditions at  low hydroxylamine concentra t ions  
(1 M), a high t e m p e r a t u r e  (55-56~ and a r a t h e r  low pH (5). It  should be noted that in the case  of the poly-  
phosphates ,  a m a r k e d  d e c r e a s e  in pH can lead to apprec iab le  degradat ion  of the polyphosphate grouping. 

In the case  of III, the s pec t rum  of the reac t ion  mix tu re  no longer  underwent  change a f t e r  5-6 h, as  c o m -  
p a r e d  with 6-7 h in the case  of IV. Moreove r ,  the spec t r a  of the mix tu r e s  a f t e r  r emova l  of III  or  IV a t tes ted  
to the fact  that  products  of the II type a r e  p r i m a r i l y  f o rmed  in the mixture .  

In addition to modif ica t ion of the he te roeye l ic  base ,  degradat ion  of the pyrophosphate  grouping is  a l so  
poss ib le  in the case  of pyrophosphate  der iva t ives .  This  p r o c e s s  can be acce l e r a t ed  when the pH is reduced 
and the concentra t ion  of III and IV is  ra i sed .  While purifying the products ,  we isola ted the mono-  and diphos-  
phate  de r iva t ives  and were  able to e s t ima te  the degree  of degradat ion  of the pyrophosphate  group under  the 
modif icat ion conditions (Table 1). The degradat ion of the pyrophospha tes  is not v e r y  high, and the modi f ica-  
t ion products  c a n b e  obtained in good yields .  The amount  of res idua l  undegraded t r iphosphate  is  the same  
both at high t e m p e r a t u r e s  and low pH values  (conditions that p romote  decomposi t ion of the pyrophosphate)  
and a t  low t e m p e r a t u r e s  and high pH va lues  (conditions under  which the t r iphospha tes  a r e  stable).  Conse -  
quently, an i nc rea se  in the concentra t ion  of III  in the second case  leads to acce l e ra t ion  of the degradat ion  
of the pyrophosphate  bond. 

The pur i ty  of the p roduc t s  obtained is  of espec ia l ly  impor tan t  s ignif icance fo r  the invest igat ion of the 
functional act ivi ty .  In addition to degradat ion of the pyrophosphate  group, deaminat ion of the cytosine ring 
to uridine and the p re sence  of a ce r t a in  amount  of the s ta r t ing  compound a r e  poss ib le  during the modi f ica-  
tion; in addition I may  contain admix tu res  of products  of the II type and vice  v e r s a .  Consequently,  one needs 
those  conditions of pur i f ica t ion under  which it is poss ib le  to separa te  the reac t ion  products  that differ  both 
in the s t ruc tu re  of the he te rocyc l ie  r ing and in the degree  of phosphorylat ion.  

We have p rev ious ly  [7] de te rmined  the pK a va lues  of monophosphates  lib and IId, wt~ich proved  to be 
2.26 and 1.18 respec t ive ly ,  which is  subs tant ia l ly  lower  than the pK a of cytidine monophosphate  {4.5) [8]. 
I t  mus t  be a s s u m e d  that  the pK a va lues  of products  Ib and Id have l a rge  va lues  if the s a m e  regu la r i ty  in the 
change in the pK a is obse rved  as on pass ing  f r o m  cytidine to dihydrocytidine [8]. One might  t he re fo re  hope 
to s e p a r a t e  the products  by using the d i f ference  in the cha rges  of the i r  b a s e s  in the acid pH region.  Since 
degradat ion  of the pyrophosphate  group is poss ib le  at such low pH values,  pH 5 was se lec ted  for  the s e p a r a -  
tion inasmuch as  the cytosine  ring is  pro tonated  to a cons iderable  extent at  this  value, while the r ing in II 
is v i r tua l ly  uncharged.  The sepa ra t ion  was c a r r i e d  out on AG 1 • 8 anion-exchange resin..  Standardized ion- 
exchange ch roma tog raphy  was used to identify the  mono- ,  di- ,  and t r iphospha tes  of cytidine and ur idine and 
monophosphates  Ib, d and Ii'b, d. I t  is  appa ren t  f r o m  Table  2 that t r iphospha tes  IIg, h can be re l i ab ly  sepa-  
ra ted  f r o m  al l  of the poss ib le  impur i t i e s  under  the conditions used. Under  these conditions, t r iphospha tes  
tg, h a r e  sepa ra ted  f r o m  ur idine t r iphosphate  and f r o m  t r iphospha tes  IIg, h, but  they may  contain diphos-  
phates  lie, f and cytidine t r iphosphate .  In o rde r  to avoid admix tu res  of IIe, f, an additional step - p r i o r  s epa -  
ra t ion with r e s p e c t  to the cha rges  of the phosphate groups,  which was  c a r r i e d  out by  ion-exchange c h r o m a -  
tography on DEAE-Sephadex at  pH 8.6 - was  introduced fo r  the pur i f icat ion of Ig, h. U n d e r  these conditions, 
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TABLE 1. Percen t  Yields of Mono-, Di-, and Triphosphates  in the 
Modification of Cytidine Triphosphate with Hydroxylamine and O- 
Methylhydroxylamine 

Modifying agent and conditions 
Type of nucleotide IlI IV 
isolated from the 
reaction mixture 6--7 M; pll 6,5, 0,85 M; pH 5, 5 3/1; pl[ 6, 34", 5, 54 ~ 

20% 6[I 54 ~ 6h 5 h 

Monophosphate 
DiDhosphate 
Tr{phosphate 

7 
22 
71 

0,85 M ~ H  

13 , 7 17 
12 25 8 
75 68 74 

TABLE 2. Sodium Chloride Concentrations (mole/liter)ThatCause 

E lution of the Inve stigat e d C ompound s * 

Heterocyciic ring 

1? 

Cytosine 
Uracil 

Monophosphate 

0,06• 
0,15_+0,01 
0,05• 

D/phosphate 

0,14• 
0,23• 
0,12• 
0,14• 

Triphosphate 

0,24-+0,1 
0,34-+0,01 
0,21 • 
0,27--+0,01 

*Ion-exchange res in  AG l x  8 (200-400 mesh), l b y  8 em coktmn, elut- 
ing solution 0.005 M acetate buffer  with pH 5, NaC1 l inear gradient  
0--* 0.4 M, total volume of eluate 500 ml. 

The charac te r i s t i c s  of the hydroxylamine and O-methylhydroxyl-  
amine derivat ives were identical. 

TAB LE 3. Tr ie thylammonium Bicarbonate  C oncentrat ions (mole/  
liter) That Cause Elution of the Indicated Compounds* 

Heterocyclic base 

I 
II 

Cytosine 
uracil 

Monophosphate 

0,14• 
0,16• 
0,12+_0,0l 
0.15• 

Diphosphate 

0,21 • 
0,24• 
0,19• 
0,23+_0,01 

Triphosphate 

0,29 • 0,02 
0,34+0,01 
0,29 + 0,02 
0,32+--0,02 

* Ion-exchange res in  DEAE-Sephadex A-25 fi-ICO 3- form), column 
2 x 20 era, t r ie thylammoniumbicarbonate  l inear gradient  at pH 8.6, 
0.1---0.5 M, total volume of eluate 2000 ml. 

TABLE 4. Spectral  Charac te r i s t i cs  of Tr iphos-  
.phates Obtained As a Resul t  of Modification of 
Cytidine Triphosphate with Hydroxylamine and 
O-Me t hylhydroxylamine 

Triphosphate I)lt i'~m~ x, am E,.,jE.,o 

Ig 
Ih 

IIg 
IIh 

225 
230 

235, 270 
242, 272 

1,9•  
1,6• 

par t ia l  separat ion of products I and II (Table 3) was also observed.  After  separat ion in this system, the 
f rac t ions  corresponding to the tr iphosphates were desalinized and chromatographed in the f i r s t  sys tem to 
give tr iphosphates Ig, h, which were f ree  of diphosphates and uridine triphosphate and tr iphosphates IIg, h. 
The spect ra l  cha rac te r i s t i c s  of the products obtained in this manner  {Table 4) a re  analogous to the cha rac -  
ter is t ics '  of the corresponding monophosphates [6]. Thus the tr iphosphates fig, h and IIg, h) that we obtained 
a re  f ree  of the possible impuri t ies.  
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EXPERIMENTAL 

The spectroscopic determinations were made with an SF-4A spectrometer. The extinction of the prod- 
ucts was determined starting from the phosphorus concentrations in solutions of the compounds with known 
optical density. The phosphorus concentration was determined by the method in [9] after decomposition of 
the compounds with concent ra ted  sulfur ic  acid. The m o l a r  concen t ra t ions  of the cytidine phosphates  we re  
de t e rmined  by spec t ropho tome t ry  in neutra l  solutions using a m o l a r  extinction (~) of 7.4 �9 103 [10]. E l e c t r o -  
phores i s  on FN-12 pape r  was c a r r i e d  out with 0.05 M c i t ra te  buffer  with pH 5 with a voltage gradient  of 7.5 
V / c m  for  3-4 h. The mobi l i t i es  of the di- and t r iphospha tes  re la t ive  to the monophosphates  under  these con- 
dit ions were  1.3 and 1.5, r e spec t ive ly .  

Cytidine Tr iphosphate .  The p r epa ra t i on  produced by the Reanal  Company  was purif ied by i o n - e x -  
change ch roma tog raphy  by the following method.  A 100-200 mg  sample  of the cytidine t r iphospha te  in 3-5 
ml  of wa te r  was p laced  on a column filled with DEAE-Sephadex (20 • 2 cm) in the b icarbonate  form.  The 
column was equi l ibra ted  with 0.1 M t r i e thy lammonium b icarbona te  buf fe r  (pH 8.6, l i nea r  gradient  0.1---0.5 M, 
eluate volume 2000 ml).  The f rac t ion  containing the t r iphosphate  (Table 3) was evaporated,  and the res idue  
was d isso lved  in wate r .  A 5-7 ml  sample  of KM-Sephadex was added to the aqueous solution, and the mix -  
tu re  was s t i r r e d  fo r  20 rain. The Sephadex was r emoved  by f i l t rat ion,  and the solution was neut ra l ized  with 
alkal i  and lyophil ized.  

Hydroxylamine  Solution. Analyt ical  g rade  hydroxylamine hydrochlor ide  was pur i f ied by r e c r y s t a l l i z a -  
tion f r o m  water .  To p r e p a r e  an 8 M solution of the f r ee  base ,  a concent ra ted  solution of po ta s s ium hydrox-  
ide was added with cooling and v igorous  s t i r r i ng  to a suspens ion  of the calcula ted amount of a suspens ion o f  
the hydrochlor ide  in wate r .  The pH was then brought  up to the ass igned  value,  and the prec ip i ta ted  po ta s -  
s ium chloride was r emoved  by f i l t ra t ion.  The solution was used  for  the reac t ions .  

O-Methylhydroxylamine  Solution. O-Methylhydroxylamine  was p r e p a r e d  by the method in [11) and p u -  
r i f i edby  dis t i l la t ion of the f r ee  base  obtained by neut ra l iza t ion  with concent ra ted  alkal i  solution to give a 
p roduc t  with bp 49-50 ~ To obtain solut ions of the needed concentrat ion,  the calculated amount of the f r e e  
base  was  d isso lved  in wate r ,  the solution was  cooled, and the n e c e s s a r y  pH was  obtained by addition of hy- 
d roch lo r i c  acid.  

1 - f l -D-Ribofuranosyl -4 ,  6-d ihydroxylamino-5 ,  6 -d ihydro-2-pyr imid inone  5 ' -T r iphospha t e  (Ig). A total 
of 2.5 m l  of 8 M hydroxylamine  solution with pH 6.5 was added to 0.5 ml  of 0.2 IV[ cytidine t r iphosphate ,  and 
the mix tu re  was incubated at  20 ~ fo r  6 h. The hydroxylamine was sepa ra t ed  by gel f i l t ra t ion  in a column 
(5 • 50 cm) filled with Sephadex G-10 using wa te r  as  the eluting agent. The f rac t ion  containing a mix tu re  

of phosphates  was ch romatographed  as desc r ibed  in the footnotes to Tables  2 and 3. Desal in iza t ion a f t e r  
ch roma tog raphy  in the t r i e t hy l am m on i um  carbonate  s y s t e m  was accompl i shed  by evapora t ion  in a f i lm e v a p -  
o r a t o r  and subsequent  t r e a t m e n t  with KM-Sephadex to r emove  t r a c e s  of t r i e thy lamine  (see above).  Desa l in i -  
zat ion a f t e r  ch roma tog raphy  in the ace ta te  b u f f e r - N a C 1  s y s t e m  was rea l i zed  e i ther  by gel f i l t ra t ion  through 
Sephadex G-10 or by dilution of the cor responding  f r ac t ion  to an NaC1 concentra t ion  of 0.01 M and passage  
of the dilute solution through a 1 • 50 column fil led with DEAE-Sephadex in the b ica rbona te  form.  The C1- 
ions were  washed out with 0.01 M bicarbonate  buffer ,  the adsorbed  nucleot ides were  eluted with 0.5 M t r i -  
e thy lammonium b icarbona te  (pH 8.6), and the t r i e thy lamine  was r emoved  as  desc r ibed  above. The p r e p a r a -  
t ions were  lyophil ized a f t e r  desa l in iza t ion  and s to red  in the d ry  f o r m  in a r e f r i g e r a t o r .  The yield of Ig was 
35-40% of the s t a r t ing  cytidine t r iphosphate .  

1 - f i -D-Ribofuranosy l -4 ,  6-di (O-methylhydroxylamino)-  5, 6 -d ihydro-  2-pyr imid inone  5 ' -T r iphospha te  
(]Ih). A total  of 2.5 ml  of 5 M IV with pH 6 was added to 0.2 ml  of 1 M cytidine t r iphosphate ,  a n d  the mix -  
tu re  was  incubated at  34 ~ fo r  5 h. Workup of the mix tu re  was c a r r i e d  out as  in the p repa ra t ion  of Ie to give 
35-4O% lib. 

1 - f l -D-Ribofuranosy l -4 -hyd i :oxy lamino-2-pyr imid inone  5 ' - D i -  and Tr iphospha tes  (IIe, g). A total  of 
2.5 rnl of 1 M HI with pH 5 was  added to 0.5 ml  of 0.2 M cytidine di-  or  t r iphosphate ,  and the mix ture  was 
incubated at 54 ~ fo r  6 h. It  was then worked up as  in the p repa ra t ion  of Ie, g to give 25-30% (based on the 
s ta r t ing  cytosine der iva t ives)  of pure  IIe  and IIg. 

1 - f i -D-Ribofu ranosy l -4 - (O-methy lhydroxy lamino) -2 -pyr imid inone  5 ' - D i -  and Tr iphospha tes  (]If, h ) .  
A total  of 1.5 ml  of 1 M IV with pH 5 was  added to 0.2 ml  of 1 M cytidine di -  o r  t r iphosphate ,  and the mix -  
ture  was incubated at  54 ~ fo r  7-8 h and worked up as descr ibed  above to give 20i25~0 (based on the s ta r t ing  
cytosine der iva t ive  of pure  IIf  and IIh). 
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