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Guanosine, cytidine, inosine, and thymine react  with 4 - [N-(~-ch loroe thy l ) -N-methylamino] -  
benzaldehyde to give 7-alkylguanosine,  3-alkylcytidine,  1-alkylinosine,  and 1-alkylthymine,  
respect ively .  The o rde r  of react ivi t ies  of the nucleosides with respect  to 4 - [N-(~-ch toro-  
ethyl)-N-methylamino]benzaldehyde in 36% aqueous dioxane at 50~ and pH 5-6 is guanosine > 
inosine > cytidine > thymine.  Inosine,  cytidine, and thymine are  36%, 21%, and 13% as r e -  
active as guanosine. Adenosine and uridine do not react  under  these conditions. The rat io 
of the rate constant for the alkylation of guanosine by 4-[N-(f l -chloroethyl) -N-methylamine]-  
benzaldehyde and the rate constant for the hydrolys is  of the latter in 17~, aqueous dioxane at 
50 ~ and pH 5-6 is 10.5 =~ 0.5 mole -1. The alkylation of guanosine at pH 7.5 is accompanied 
by cleavage of the imidazole ring of the 7-alkylguanosine,  which proceeds at a higher rate 
than the rate of the limiting step - ionization of 4-[N-(f l -chloroethyl) -N-methylamino]benz-  
aldehyde. The t ransformat ions  of the alkylated nucleosides in acids and alkalis were  stud- 
ied, and the rate constants of these t ransformat ions  were  determined.  

The alkylation of t-RNA by 4-[N-(/~-chloroethyl)-N-methylamino]benzaldehyde (X-iV) [1, 2] and its 
acetals  [3, 4] leads to modification of t-RNA without cleavage of the potynucleotide chain [2, 41 and opens 
up the possibi l i ty  for studying the effect of alkylation on the biological functions of t-RNA. In this connec- 
tion, in the present  r e sea rch  we have studied the alkylation of nucleosides by XIV to ascer ta in  the r eac -  
tivities of the bases in nucleic acids with respect  to XIV and its aceta ls .  

The alkylation of guanosine by XIV gives 7-~fl-[N-methyl-N-(4-formylphenyl)amino]ethyl}guanosine 
(I) [5]. In 17% aqueous dioxane at 50~ in the presence  of a tenfold excess of XIV, 9~ I is formed by the 
t ime the major  port ion of the XIV is consumed. It might have been expected that other nucleosides would 
react  even more  slowly with XIV. In o rder  to observe the react ion and obtain the react ion products ,  the 
alkylation of the nucleosides was car r ied  out at a higher XIV concentrat ion (50 mmole) in 36% dioxane. 
Under these conditions, the efficiency of the alkylation proved to be g rea te r  than in 17~ dioxane [5], de- 
spite a reduction in the ionization constant of XIV by a factor of about three [6]. Under these conditions, 
25% I is formed, while Ii.4~ I is formed after 3 days. In addition to guanosine, cytidine, inosine, and 

thymine react with XIV under such conditions. The reaction of XIV with uridine and adenosine was not de- 
tected by chromatography of the reaction mixture on Sephadex A-25 and paper or by analysis of the acid 
hydrolysis products on Dowex-50 (H+); the starting compounds were quantitatively recovered from the re- 
action mixture. 

~See [26] for communicat ion III. 
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TABLE 1. Rf Values of the Star t ing Mater ia l s  and Products  

Compound 

II 
V 
Ill 
IX 
IV 
XIII 
I 
XII 
G u a n i n e  
C~idine 
Uriaine 
I n o s i n e  
Thymine 
Adenosine 
XIV 

Systems 

0,71 
0,65 
0,66 
0,64 
0,87 

0;0 
0,44 
0,22 
0,51 
0,44 
0,43 
0,64 
0,54 
0,89 

0,68 
0,61 

0,47 
0,67 
0,44 
0,40 
0,44 
0,22 
0,49 
0,65 
0,35 
0,74 

0,94 

0,70 
0,51 
o,8o 

0,61 

0,60 
0,64 
0,64 
0,71 
0,59 
0,82 

0,44 

0,76 
0,76 

0,54 
0,44 
0,32 
0,29 
0,44 
0,44 
0,33 

0,38 
0,90 

0,75 

0,67 

0;2 

TABLE 2. UV Spec t ra  of the Compounds Obtained 

H= 

II 

V 

Ill 

IX 

VI 

VII 

VIII 

IV 

XIII 

pH ~'max , t i m  8 m a x  ' 10-s 

1 : 285; 350 12,8; 25,0 
7 285; 350 12,8; 28,5 

~'mtn,  n m  8 m l n  �9 10-~ 

260; 308[ 6,45; 6,8 
260; 3061 7,9; 5,0 

13 350 
l 248; 350 
7 248; 350 

13 248; 350 
2 245; 345 
6 245; 345 

10 245; 345 
1 250; 355 
7 253; 355 

13 253; 355 
1 253; 348 
7 253; 350 

13 350 
I 263 
8 250 

12 250 
1 245; 350 
2 245; 350 
7 245; 350 

12 245; 35O I 
1 265; 350 
7 245; 350 

13 245; 350 
,245= 
7 240; 

335 
13 240; 335 285; 

30,05 
16,8; 27,8 
16,8; 27,8 
16,8; 27,8 
34,0; 31,0 
31,6; 33,8 
34,0; 28,5 

23,5; 23,5 
23,2; 28,6 
31,5 
4,72 
5,0 
5,1 

297 5,0 
268 7,7 
268 7,7 
268 7.7 
228; 290] 28,5; 11,8 
226; 2851 25,8; 11,2 
231; 2951 31,8; 13,8 
287 
230; 2951 - -  

230; 2921 --  
231; 3001 21,5; 9,6 
235; 305l 22,0; 12,0 
311 13,2 
226 1,70 
233 3,4 
230 3,4 
265 
265 
265 
265 
247; 280 1 - -  
278 , 
233; 275 I 
2 3 0 ;  _ 

266; 

265; 308 --  

250 270 

6,45 
7,15 
9,30 
I 1,3 
11,3 
11,3 

23,0 
21,4 
24,7 

22,4 
22,3 
20,8 
4,65 
4,20 
4,48 

1,38 11,70 
0,73 1,12 I 0,93 ] 

1,89 / 0,75 1,22 
1,89 10,62 1,16 
2,15 J 0,67 1,17 

/ 

i 0,77 0,55 
, i0,81 0,68 

1,37 0,67 0,44 
1,13 0,81 0,69 
1,04 0,83 0,59 
1,07 0,83 0,62 
1,04 0,88 0,72 
1,06 0,91 0,77 
0,88 o,88 0,54 
1,07 0,70 0,38 
1,07 0,74 10,44 
1,94 0,97 1,02 
1,85 1,00 1,32 
1,68 0,94 1,34 
1,87 1,00 1,43 
0,83 1,06 0,95 
1,41 0,76 0,70 
2,6 0,71 0,71 
1.,29 0,92 0,62 
1,26 0,96 0,86 

1,18 0,90 1,03 

280 290 3fi0 

1,89 3,9 
1,70 4,10 
0,58 3,32 
1,89 2,40 
1,89 2,40 
2,00 2,40 
0,52 1,28 
0,52 1,47 
0.57 1,16 
0,34 2,48 
0,43 2,05 
0,32 2,06 
0,49 1,05 
0,62 1,29 
0,70 1,51 
0,19 - -  
0,13 - -  
020 -- 

1,06 3,25 
1,77 13,2 
1,74 10,3 
1,94 10,4 

1,06 J 3,4 
0~0 2,45 
0,84 3,40 

10,56 0,64 
0,81 1,03 

1.05 1,05 

C y t i d i n e  r e a c t s  w i t h  XIV to  g i v e  3 - { f l - [ N - m e t h y l - N - ( 4 - f o r m y l p h e n y l ) a m i n o ] e t h y l } c y t i d i n e  (II) in  2~ 
y i e l d  a f t e r  3 d a y s .  In  a l k a l i ,  II i s  d e a m i n a t e d  to  3 - { / 3 - [ N - m e t h y l - N - ( 4 - f o r m y l p h e n y l ) a m i n o ] e t h y l } u r i d i n e  

(V). T h e  r a t e  c o n s t a n t  f o r  the  d e a m i n a t i o n  o f  II in  0 .04  N a l k a l i  a t  96 ~ i s  (2 .64 �9 0.11) o 10 -4 s e c  - I  and c o r -  

r e s p o n d s  to t h a t  f o r  3 - m e t h y l c y t i d i n e  [7]. C o m p o u n d  II i s  no t  d e a m i n a t e d  in  0.5 N a m m o n i u m  h y d r o x i d e  
d u r i n g  c h r o m a t o g r a p h y  on  D o w e x - 5 0  (NH4+), w h i c h  is  in a g r e e m e n t  w i t h  the  m e c h a n i s m  o f  t h e  d e a m i n a t i o n  
o f  c y t i d i n e  [8]. U n d e r  t h e  i n f l u e n c e  of  h y d r o c h l o r i c  a c i d  and D o w e x - 5 0  (H+),  II u n d e r g o e s  25% d e c o m p o s i -  

t i o n  to  f o r m  s u b s t a n c e s  t h a t  do no t  a b s o r b  a t  350 n m .  

NIl2 ? O O 

o~.N / N~ O~)].N~CH~ R--NO 
HOH2C O HOH2C O R ttOH2~/O 

II III IV V 

--CH2CH2"~N/CH 3 

I I -V R = + 

CHO 
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Under the above conditions, inosine undergoes 3.8% alkylation to give 1-{~- [N-methyl -N-(4- formyl -  
phenyl)amino]ethyl}inosine (III). Compound III is res is tant  to the action of 0.1 N alkali at room t empera -  
ture ,  but undergoes hydrolyt ic  cleavage of the pyrimidine ring af ter  30 min at 100 ~ to give 52.5% imidazole-  
4-carboxamide (VI) and 47.5% imidazole -4-carboxyl ic  acid (VII). Also found in the hydrolyzate  in amounts 
equivalent to the VII content is 4-dialkylaminobenzaldehyde (VIII). The 4-(N-/~-aminoethyl-N-methyt-  
amino)benzaldehyde s t ruc ture  [9] is proposed for this compound on the basis  of the scheme of the t r ans -  
format ion and the changes in the UV spec t rum of VIII at pH 1 and 2 (Table 2). 

III 

O c'' ,  

OH-, H~N N / H2NZN/ 

~ HOH2 0 CHO 

HO OH 
VI VII VIII 

The cleavage of the ring of HI under these conditions is consequently accompanied by ~ 50% hydrolysis  of 
the amide group in VI. The cleavage of the pyrimidine ring of 1-alkylinosines under these conditions is 
well-known [10, 11]. It unambiguously at tests  to the alkylation of inosine in the 1 position. This direct ion 
of the alkylation of inosine XIV does not contradict  the data in [12], according to which the methylation of 
inosine derivat ives by dimethyl sulfate leads to 67% of the 1-methyl derivative and 18% of the 7-methyl  de-  
r ivative.  Ribose and 1-{fi- [N-methyl-W-(4-formylphenyi)  amino]ethyl}hypoxanthine (IX) are  obtained in 
quantitative yield in the hydrolys is  of III in 0.5 N HC1 at 100 ~ 

To est imate the react iv i ty  of pseudouridine (~), which constitutes up to 4% of t-RNA, we investigated 
the reaction of the access ible  thymine with X]V. The atkylation of thymine gives 1.5% 1-{~-[N-methyl-N-(4-  
formylphenyl)amino]ethyl}thymine (IV) af ter  3 days.  In analogy with this,  it might be expected that the rate 
of alkylation of,I, to form (probably) 1-substituted �9 will be of the same order  of magnitude as the rate for 
thymine [13]. 

The ratio of the rate constant for the alkylation of guanosine in 17~ aqueous dioxane by XIV at pH 5- 
6 and the rate constant for the hydrolysis  of X-IV under the same conditions (k/a) is constant during the r e -  
action at 10.5 • 0.5 mole - t .  Only one substance - I - is formed during the alkylation of gnanosine under 
these conditions. The k /a  ratio for the alkylation of guanosine at pH 7-8 dec reases  with t ime [5]~ To as -  
cer ta in  the reasons for the decrease  in k/a, we measured the rate of hydrolyt ic  cleavage of the imidazole 
ring of I to form pyrimidinone X under the alkylation conditions. The rate constant of this react ion at pH 
7.5 and 50 ~ is (8.0 • 0.3) �9 10 -G sec-lo Thus the rate of hydrolyt ic  cleavage of I proves to be g rea te r  than 
the rate of ionization of XIV - the step that l imits the alkylation [6] [k = (3.58 • 0.1) �9 10 -~ see -~] - and is 
consequently the reason for the dec rease  in k/a during alkylation in weakly alkaline media, 

,' CH C} ~ /CH 3 /C,~ 4\\~/CH3 
,,~ i~ ~ "N/~(. ~'\c,, o "~" uN~, N" / 

HO 011 HO OH 
I X Xl 

The resul t ing mixture of I and X cannot be analyzed,  since X is eluted along with the s tar t ing mater ia ls  dur -  
ing chromatography on Sephadex, and in addition to hydrolys is  of the glycoside and formamidine bonds, 
acid hydrolys is  of the react ion mixture and chromatography on Dowex-50 (H +) lead to t ransformat ions  with 
the part icipat ion of the aldehyde and NH 2 groups of the substances formed.  Thus no more than 37% 5-a lkyl -  
fo rmamido-2 ,6-d iaminopyr imid in-4-one  (XI) - the product  of the simple convers ion of X in acid [5] - is 
determined during the action of hydrochlor ic  and formic acids on X. 

In this connection, it is interesting to compare the yield of I (obtained at pH 5-6, when a single sub- 
stance is formed), determined on Sephadex A-25 (25.2%), with the yield of 7-alkylguanine (XII), obtained 
afLer hydrolysis of the reaction mixture in acid and chromatography on Dowex-50 (H~ (23%). From the 
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T A B L E  3. I d e n t i f i c a t i o n  of  the  Compounds  f r o m  T h e i r  D i f f e r e n t i a l  
UV S p e c t r a  wi th  XIV 

Compound 

II o XIV 
3-Methylcytidine [24,7] 
V -?(IV 
3~Methyluridine [25] 
III- XIV 
1-Methyl-2',3'-isopropyl- 
ideneihosine [1211 ) 

IX-XIV 
1-Methylhypoxanthlne [23] 
VI- XIV 
1-/3-D-Ribo~ranosyl- 5-amino{ 
4-(N- ~-carDoxyethyl)imi- l 
dazolecarboxamide [11] 

IV- XIV l 
Thymidine [19, 20] 
3-Methylthymine[15J / 
1-/3- D- (5 '- phosphorv [ribo fur - / 
anozyly- 5 -ain~oimida- ' 
zole-4-carboxylic acid [ i0] 

pH 1 •min' - pH 

~max' n m  n m  I ~,~.~, n m  

I 
279 245 ] 280 
277,5 245 I 277,5 
259 a --  259 
260 260 
255; sh 270 2-~ 253; Sh270 
--  250; Sh270 

251 252,5 
249 250 
265 ~ 266 
267 268 

267 238 268 
267 238 267 

264 d 249 e 

kmin" pH 13 

~max, n m  
n m  

236 
235 

267 b 
265. 
259 b 
260 
253;Sh 270 
250; Sh 270b 

261,5 
260 
266 
268 

268 
267 
290 c 
249b 

a) pH 2; b) pH 12; c) pH 11; d) 0~ N H2SO4; e) pH 8.2. 
Note :  8 t l -  s h o u l d e r .  

~min" 
n m  

242 

242 
240,5 
245c 

r 
D 
260 C 

250 500 0 

2 

250 m l  

H3 3 
~ LO, IH 0,5H. --IH 

1- 

o 

1. 

o I000 

- 2 H - - I - 4 N  

2000 mf 

F ig .  1. I s o l a t i o n  of  a l k y l n u e l e o s i d e s  and a l k y l a t e d  b a s e s :  
1) on Sephadex  A - 2 5 :  a) 7 - a l k y l g u a n o s i n e  (I), b) 1 - a l k y l -  
i nos ine  (III); c) 1 - a l k y l t h y m i n e  {IV); 2) on Dowex-50  (NH4+): 
f r a c t i o n  I) c y t i d i n e  and 4 - ( N - m e t h y l - N - f l - h y d r o x y e t h y l a m -  
i no )benza ldehyde ;  f r a c t i o n  II) XIV; f r a c t i o n  III) 3 - a l k y l c y t i -  
d ine ;  3) s e p a r a t i o n  of  the  h y d r o l y z a t e  of  a m i x t u r e  of a l -  
ky l a t ed  guanos ine  (a) and inos ine  (b): f r a c t i o n  I) guanine  
(a) ,  hypoxan th ine  (b); f r a c t i o n  II) 4 - ( N - m e t h y l - N - f l - h y -  
d r o x y e t h y t a m i n o ) b e n z a l d e h y d e ;  f r a c t i o n  III) XIV; f r a c t i o n  
IV) 7 - a l k y l g u a n i n e  (XII) (a) and 1 - a l k y l h y p o x a n t h i n e  ( IX)(b) .  

r e s u l t s  of  p a p e r  c h r o m a t o g r a p h y  of the  XII f r a c t i o n ,  i t  i s  s e e n  that  h y d r o l y s i s  is  the  r e a s o n  fo r  the r e d u c e d  
y ie ld  of  XII,  s i nce  i t  is  a c c o m p a n i e d  by  the  s ide  c o n v e r s i o n  (~6%) of XII to XIII wi th  an a b s o r p t i o n  m a x i -  
m u m  at  335 nm.  L o w e r i n g  the t e m p e r a t u r e  to 50 ~ i n c r e a s e s  the  h y d r o l y s i s  t i m e  of I to  6 h [k = (1.97 ~: 
0.08) �9 10 -4 s e c  - i  in 0.5 N HCI] and does  not m a k e  i t  p o s s i b l e  to  e l i m i n a t e  the s ide  r e a c t i o n .  

It fo l lows  f r o m  the above tha t  the  r e a c t i v i t i e s  of  n u c l e o s t d e s  in the r e a c t i o n  wi th  XIV in 36% aqueous  
d ioxane  at  50 ~ (pH 5-6)  d e c r e a s e  in the  o r d e r  g u a n o s i n e  > i n o s i n e  > e y t i d i n e  > t h y m i n e  >> a d e n o s i n e  and u r i d i n e ;  
and i n o s i n e ,  c y t i d i n e ,  and t h y m i n e  a r e  36%, 21%, and 13%, r e s p e c t i v e l y ,  a s  r e a c t i v e  as  gu~mosine ( k / a  10.5 
m o l e - t ) .  The  a b s e n c e  of  the  a l k y l a t i o n  of a d e n o s i n e  is  s o m e w h a t  u n u s u a l ,  a l though it  i s  known tha t  s o m e  
r e a g e n t s  r e a c t  m o r e  s l o w l y  wi th  a d e n o s i n e  con ta ined  in p o l y n u c l e o t i d e s  than  wi th  cy t id ine  [14]. The  r e s u l t s  
m a k e  i t  p o s s i b l e  to  a s s u m e  tha t  the  r a t e  of a i k y l a t i o n  of  a d e n o s i n e  by  XIV, i f  th i s  r e a c t i o n  does  o c c u r ,  is  
a t  l e a s t  two o r d e r s  of  m a g n i t u d e  l e s s  than  the  r a t e  of  a l k y l a t i o n  of  guanos ine~  Thus  a I c o n c e n t r a t i o n  of  
0.01 / t m o l e / m l  for  a v o l u m e  of  20 ml  c a n  be  qui te  a c c u r a t e l y  (• d e t e r m i n e d  in the  s e p a r a t i o n  of the 
r e a c t i o n  m i x t u r e  f r o m  the  a l k y l a t i o n  o f  gnanos ine  by  XIV on Sephadex  A - 2 5 .  T r a c e s  of a l k y l a t i o n  p r o d u c t s  
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are not detected in the react ion of adenosine with XIV for 3 h, while 0.57 ~mole /ml  of I is formed in the 
same period of t ime. Except for those cases  [15] in which the competit ion factors  of two aliphatic fl- 
chloroethylamines in the react ion with the major  nucleotides were  determined,  there has been prac t ica l ly  
no quantitative compar ison  of the react ivi t ies  of nucleosides and nucleotides with respec t  to alkylating sub- 
s tances.  The react ivi t ies  of the major  bases constituting polynucleotides were  qualitatively estimated for 
a number of reagents [14]. The react ivi t ies  of the minor  components have not been compared.  The o rde r  
of activities of the major  bases  for the alkylation of polynucleotides by XIV at pH 7-8 is presented in [16]. 
The react ivi t ies  of the ma jo r  nucleosides that we found general ly  agree with the known react ivi t ies  for 
polynucleotides,  except for the behavior  of adenosine. 

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

Descending chromatography on Leningrad medium paper in the following solvent sys tems was used 
in this study: isopropyl a l c o h o l - a m m o n i u m  hydroxide (sp. gr .  0 . 88 ) -wa t e r  (7:1:2) (1), isopropyl a l c o h o l -  
concentrated H C l - w a t e r  (170:41:39) (2), isopropyl a l c o h o l - w a t e r  (6:4) (3), ter t -butyl  a l c o h o l - w a t e r  (6:4) 
(3), te r t -butyl  a l c o h o l - m e t h y l  ethyl ke tone-HCOOH--wate r  (40 :: 30 : 15 : 15) (4), e t hano l -1  M ammonium 
acetate (pH 6.5) (5:2) (5). The alkylnucleosides were  eluted f rom the paper  with a s t r eam of water ,  while 
alkylguanine was eluted with 0.1 N HC1. The solutions were  concentrated at 30 ~ (12 mm) with a ro ta ry  
evapora tor .  The ribose content in the purine nucleosides was determined by the orcinol react ion [17], 
while the r ibose content in the pyrimidine derivat ives  was determined by periodate oxidation [18]. The 
percentage of dialkylaminobenzaldehyde residues was determined f rom the absorption of the alkylation p ro -  
ducts at 350 rim, using the extinction of XIV [16] (28.8 �9 103). The known compounds were identified f rom 
the UV spec t ra  [19, 20] and the Rf values.  The percentages  of the substances were determined f rom 
D350nm pill o r  D260 am pH l. The Rf values and the UV spec t ra  of the new compounds are  presented in 
Tables 1 and 2. The new compounds were  identified from the differential  UV spect ra  of these compounds 
with XIV (Table 3), f rom the r ibose/diaIkylaminobenzaldehyde residue ratio,  and f rom t rans format ions .  
Guanosine f rom the Reanal Company (Hungary) was recrys ta l l ized  f rom water  to give a product of t00~ 
pur i ty  with mp 237 ~ (dec.). Inosine f rom the Reanal Company was recrys ta l l ized from absolute ethanol to 
give a product of 97% puri ty with mp 218 ~ (dec.). The thymine was obtained from the Th. Schuchardt Com- 
pany (Federal  Republic of Germany)~ Sephadex A-25 f rom the Fa rmac ia  Company (Sweden) was treated 
with 1 M NaCL [21]. Dowex-50W• {200-400 mesh) f rom the Serva Company {Federal Republic of Ger-  
many), which was converted to the H + form [22], was washed success ive ly  with 6 N and 0.1 N HC1; the Do- 
wex was converted to the NH4 + form by washing with 2 N NH4OH. Compound XIV was obtained by the 
method in [5] and crysta l l ized f rom cyclohexane (mp 67.5-68.0~ The spec t ra  were  recorded with an SF-4 
spec t rophotometer ,  and the pH values were  measured with an LPU-01 pH meter .  

Alkylation of Nucleosides.  A solution of 3.2 mmole of XIV in 36 ml of dioxane was added at 50 ~ to a 
solution of 0~ mmole of the nucleoside ~n 64 ml of water ;  the pH was brought up to 6, and the solution 
was held at 50 ~ for 3 days while maintaining the pH at 5-6 by the periodic addition of 0.1 N KOH~ The al-  
kylation of guanosine at pH 7-8 was car r ied  out as described above for 7 days.  

Isolation of 7-~fl-[N-Methyl-N-(4-formylphenyl)  amino]ethyl} guanosine (I) o At the end of the alkyla-  
tion, the react ion mixture at pH 6 was cooled, and 10-ml samples of it were  chromatographed on Sephadex 
A-25 (43 by 3.7 cm) with elution of 10-ml fractions by water  (Figure 1, graph 1). Fract ions I, which have 
absorpt ion at 350 nm and D(350/260) = 1.9-2.0, were  combined and dried lyophilically to give 11.470 of I 
af ter  3 days and 25% af ter  7 days.  

1-~fl- iN-Methyl- N- (4-formylphenyl)amino] ethyl}inosine (HI) and 1-{fl- [N-Methyl-4-(4-formylphenyl)-  
amino]ethyl}thymine (IV). These compounds were  isolated in the same way as I (Fig. 1, graph 1) to give 
3.8% of III~ The r ibose[dialkylaminobenzaldehyde res idue  was 1.00 : 1.03. The differential UV spect ra  of 
III with XIV cor respond  to the spec t ra  of 1-methyi inosine (Table 3). The yield of IV was 1.5%o The dif- 
ferential  spec t ra  of IV with XIV were  s imi la r  to the spec t ra  of thymidine and differed f rom those of 3- 
metahylthymine , The alkylthymine[dialkylaminobenzaldehyde res idue  rat io was 1.00 : 1.02. 

Isolation of 3-{fi-(N-Methyl-N-(4-formylphenyl)amino]ethyl}cytidine (H). A) The reaction mass was 
concentrated to about a tenth of its original volume,  and the precipi tated XIV was removed.  The solution 
was chromatographed on paper  in sy s t em 1 to give 2.4% of II with Rf 0.71. The r ibose /d ia lkylaminobenz-  
aldehyde residue rat io was 1.0 : 1.1. The differential  UV spec t ra  with XIV corresponded to the UV spect ra  
of 3-methylcyt idine (Table 3). 
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B) A 5 - m l  sample of the react ion mass was separated on Dowex-50 (NH4 +) (7 by 1.7 cm) in a linear 
gradient of ammonia  concentrat ions from 0 to 1 N; the volumes of the mixing tank and r e se rvo i r  were  
0.25 l i ter  each. The fractions were combined according to the chromatography profile (Fig. 1, graph 2), 
and 1 N HC1 was added to pH 7+ The percentage of H was determined f rom D350n m and e350nm pH7 = 28.5 �9 
103. The yield of II was 0.6 #mole (2.4%). On Dowex-50 (H +) in hydrochlor ic  acid, II is eluted together  with 
XIV by 2 N HC1 and undergoes  25% decomposit ion.  The site of elution and the stability in acid were  judged 
f rom the resul ts  of chromatography  of pure II on Dowex-50 (H+). For  this,  0.25 ts of II in 6 ml of 0.1 
N HC1 was chromatographed on Dowex-50 (H+). For  this,  0.25 pmole of II in 6 ml of 0.1 N HCl was ch ro -  
matographed on Dowex-50 (H +) (12 by 0.9 cm) with success ive  elution by 100-ml portions of 0.1, 0.5, 1, 2, 
and 4 N HC1. The volume of the fractions was 4 ml, and the rate of elution was 24 ml/'h. The yield of II 
was 0.18 ~mole (75~). 

Kinetics of the Alkylation of Guanosine by XIV. A solution of 0.5 mmole of XIV in 17 ml of dioxane 
was added to 0.37 mmole of guanosine in 83 ml of water ,  and the mixture was thermostat ted at 50 ~ while 
maintaining the pH at 5.5-6.0 by the periodic addition of 0.1 N KOH. After 4 and 8 h, 20- and 10-ml sam-  
ples,  respect ively ,  were  selected and applied to Sephadex A-25 (43 by 3.7 cm). The elution was carr ied  
out with wate r  at 60 ml /h ,  and the volume of the fractions withD(350f260) = 1.9-2.0 were combined. The 
percentage of I [9] was determined f rom D350 and ~3~8P H7 = 24.8 �9 103, while kfa was calculated as in [16]. 

Hydrolysis  of I in Acid. A 5 - p m o l e  sample of I was ailowed to stand in 20 ml of 0.5 N HC1 for 30 min 
at 100% The mixture was cooled, and the ribose and XII were  separated on Dowex-50 (H +) (Fig. 1, graph 
3). The yield of XII was 83%. Fract ion XII was chromatographed on paper  in sys tem 2, and XIII (6%) was 
eluted by 0.1 N HCi. 

Kinetics of the Hydrolysis  of I in Acid. A mixture of 0.102 pmole of I in 3 ml of 0.5 N HC1 was held 
at 50 ~ and the isosbest ic  points at 255 and 311 nm and the spect ra l  changes at 350 and 290 nm were r e -  
corded.  

1-{fl-(N-Methyl-N-(4-formylphenyl)amino]ethyl}hypoxanthine (IX). This compound was obtained by 
the hydrolys is  of III in acid as in the hydrolys is  of I (Fig. 1, graph 3) to give 90% of IX. The differential 
UV spec t ra  of IX with XIV correspond to the UV spect ra  of 1-methylhypoxanthine {Table 3). The IX/VIII 
residue rat io was 1o0:1.1. The percentage of I X w a s  determined f rom the differential  spec t rum of IX 
with XIV f rom D260 pill and ~260 pH 1 of 1-methythypoxanthine [27].+ 

Kinetics of the Hydrolyt ic  Cleavage of I. A mixture of 2.04 t+mole of I and 60 ml of 17% aqueous 
dioxane was held at 50 ~ while maintaining the pH at 7.5 • 0.2 by the periodic addition of 0.1 N KOH. Sam- 
pies (3 m l ) w e r e  selected,  and the convers ion of I to 5-[N-f l - [N-methyi-N-(4-formylphenyl)amino]ethyl~-  
fo rmamido-6- r ibofuranosy l -2 ,6 -d iaminopyr imid in -4-one  {X) was recorded f rom the change in absorpt ion 
at 250,272,  290,300,  and 350 nm. The isosbest ic  points were observed at 262 and 283 rim. 

Hydrolyt ic  Cleavage of the Pyrimidine Ring of III. A mixture of 0.9 ttmole of III and 3 ml of 0.1 N 
KOH was held at 100 ~ for 30 rain. The solution was chromatographed on paper in sys t em 5 to give VI (Rf 
0.66), VII (Rf 0.45), and VIII (Rf 0.84). 1 -Ribofuranosy l -4 - (N-B-[N-methy l -N-(4- fo rmylphenyl )amino] -  
e thyl}-5-aminoimidazole-4-carboxamide  (VI) was obtained in a yield of 0.6 gmole {52.5%). The r i bose /  
VIII residue ratio was :1+0 : 1.0. The differential  UV spec t ra  of VI with XIV were s imi la r  to the spec t ra  of 
1 - r ibofuranosy l -5 -amino imidazo le -4-ca rboxyl ic  acid (VII) was 0+51 gmole (47.5%). The VII / r ibose  ratio 
was 1 .00:0 .91.  According to the UV spec t ra ,  VIII is probably 4-(N-/~-aminoethyl-N-methylamino)benzal-  
dehyde. The yield of VIII was 0.51 mmole (47.5%) with respect  to e3~0 pH 1 (taken as 14.1 �9 103), s imi la r  to 
e350PH 1 of 4-(N-f l -hydroxyethyl-N-methylamino)benzaldehyde [9]. 

Hydrolysis  of X in Formic Acid. A mixture of 0.64 ttmole of X and 0.3 ml of HCOOH was held at 25 ~ 
for 4 days.  The solution was lyophilized, and the residue was dissolved in 2 ml of 0.1 N HC1. The solution 
was chromatographed on Dowex-50 (H +) (12 by 0.9 cm). The elution was car r ied  out success ive ly  with 
100-mlpor t ions  of 0.1, 0.5, 1, and 2 N HC1, followed by 4 N HCI (170 ml) and 6 N HC1 (60 ml). The volume 
of the fractions was 4 ml,  and the rate of elution was 24 ml /h .  The fractions contained 0.6 pmole (94%) of 
r ibose,  according to the orcinol reaction,  and 0.24 pmole (37%) of 5 -N-( f i - [N-methyl -N-(4- formylphenyl ) -  
amino]ethylJ ' formamido-2,6-diaminopyrimidin-4-one (XI) [5]. 

Kinetics of the Deamination of H. A mixture of 0.6 t~mole of II and 20 ml of 0.04 N KOH was held at 
96 ~ Samples (3 ml) were  selected,  1 N HC1 was added to bring the pH to 2, and the conversion of II to V 

�9 There  is no [27] in Li tera ture  Cited of Russian Original - Consultants Bureau. 
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was recorded f rom the spec t ra l  changes at 248 and 285 nm. The isobestic points were  observed at 265 and 
310 nm. 

3-~/?-[N-Methyl-N-(4-formylphenyl)amino]ethyl}uridine (V). This compound was obtained by the de-  
amination of 0.09 ttmole of II for 6 h,  as in the preceding case.  The solution was chromatographed on paper 
in sys t em 1, and V with Rf 0.65 was eluted quantitatively with water .  The r ibose /R residue rat io was 1.00: 
0.87. The differential  UV spec t ra  of V with XIV correspond to the UV spec t ra  of 3-methyluridine [24] 
(Table 3)~ 

The authors thank D. G. Knorre  for d iscuss ing the kinetic resul ts  of this r e sea rch .  
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