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This report  is a continuation of work conducted at our laboratory, in conjunction with the Laboratory 
for Biological Testing, on the influence of changes in the heterocyclic ring of ADPG~" on its reactivity in dif- 
ferent enzymatic reactions. For this purpose, we studied synthetic nucleoside diphosphate sugar analogs 
substituted at different positions in the purine ring [2]. This article describes the synthesis of two ADPG 
analogs substituted at the exocyclic amino group on the C 6 of the adenine ring: N6-methyl-ADPG and NG, N 6- 
dimethyl-ADPG. The behavior of these analogs in biological reactions is of great interest,  since it canaid 
us in determining the significance of the amino group hydrogen atoms in coenzyme biological activity. The 
initial compounds for synthesis of both ADPG analogs were the corresponding 5'-monophosphates. Synthe- 
sis of N6-methylamino-9-fl-D-ribofuranosylpurine-5'-phosphate (NG-methyl-AMP) (IV) was carr ied  out by 
regrouping of Ni-methyladenosine-5'-phosphate (II), which was in turn obtained by methylation of adenosine- 
5'-phosphate: 

NH2 N HNCH~ 

o // N 
!I . & J  

HO OH (H) (IV~ 

~5  OH (g~) HO OH (V~ 

This synthesis procedure was described by Griffin and Reese [3], but we made several  modifications 
that are described in detail in the experimental section, We obtained NG-methyl-AMP with a yield of 59%; 
it was isolated in the form of its triethylammonium salt after chromatography in DEAE-Sephadex (HCO~ 
form). The preparation was homogeneous when subjected to chromatography and paper electrophoresis  
(Table 1). Its UV spectrum was identical to t  hat given in the l i terature for derivatives of N~-methylaminopurine 
[3-8]. 

Synthesis of N6,N 6-dimethylamino-9-fi-D-ribofuranosylpurine-5'-phosphate N6,Ns-dimethyl-AMP) 
(IX) from 6-mercapto-9-3-D-ribofuranosylpurine (VI) was carr ied out in two ways: the f irs t  procedure con- 
sisted in replacement of the mercapto group in 2% 3'-O-isopropylidene-VI (VII) by the dimethylamino group, 
phosphorylation of the 2', 3 '-O-isopropylidene-N o Ns-dimethyladenosine (VIII) formed, and removal of the 
protective groups; in the second procedure, synthesis was employed to introduce the dimethylamino group 

*For communication 11, see [1]. 
tThe following abbreviations are used in this article: ADPG) adenosine-5'-diphosphate-u-D-glucopyranose; 
Ns_methyl_ADPG) N6_methylamino-9_fl_D-ribofuranosylpurine-5'-diphosphate-a-D-glucopyranose; N~, N 6- 
dimethyl-ADPG) N o N6-dimethylamino-9-p-D-ribofuranosylpurine-5'-diphosphate-a-D-glucopyranose.  
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T A B L E  i. C h r o m a t o g r a p h i c  and E I e c t r o p h o r e t i c  P r o p e r t i e s  of N u c l e o t i d e s  Obta ined  

Compound 

Adenosine- 5 '- phosphate . . . . . . . . . . . . . . . . .  
Adenosine- 5'- phosphomor pholide . . . . . . . . . . .  
Ns-Methyladenosine- 5'- phosphate . . . . . . . . . .  
N~, N 6- dimethyla denosine - 5' - phosphate . . . . . . .  
N 6- methyladenosine- 5 '- phosphomorpholide . . . .  
Na Ns- dimethyladenosine- 5 '- phosphoraorpholide 
Adenosine biphosphate glucose . . . . . . . . . . . .  
Ns-methyladenosine diphosphate glucose . . . . . .  
NoNs-dimethyladenosine diphosphate glucose...  
N,- methyladenosine- 5'- phosphate . . . . . . . . . .  
Methyl adenosine- 5 '- phosphate . . . . . . . . . . . .  
Methyl N~-methyl-AMP . . . . . . . . . . . . . . . .  
Methyl N 6- methyl- AM P . . . . . . . . . . . . . . . .  

A 

0.12 

0.60 
0.26 

0.24 
O. 73 
0.69 
0.17 

0.31 
0.39 
0.52 

Rf in solvents 

0.17 
0.65 
0.38 

0.47 

0.21 

0.46 

0.31 

0.35 

0.60 

0.28 
0.16 
0.32 
0.25 

0.38 
0.68 
0.65 

0.80 

0.20 
0.89 
0.48 

Electrophoretic 
mobility with 
respect to AMP 

1.00 
0.54 
0.87 
O. 71 
0.58 
0.55 
0.% 
0.70 
0.64 
0.60 
0.85 
0.23 
0.50 

into the purine ring of 6-methylthio-9-~-D-ribofuranosylpurine (IX); the resultant Ns, Ns-dimethy[adenosine 
(XIII) was then converted to N 6, Ns-dimethyladenosine-5'-phosphate (IX): 

S N(CH3)2 N(CH3) 2 

. . . .  ~ H O C H 2  NCC2H40-FOCH2 ~ N"*"~  

/ q O . . /  O "OH O O / S  ~ .  (VI]) ~ (VUl) ~- DCC ~ ,~, (IX) 
~ " ~ N H  NC-C2H4OP-OH 

.oc 2.o'N   o 

' ' \[OH-I '-snsN / 
HO OH " ~  

am SCH3 N(CHa)2 ~ . . . . . .  
~' " N "k N N "kN 0 N ~"~rt3)2 

HO OH (X1) HO OH (XI1) HID OH 
(x) 

We u s e d  the m e t h o d  p r o p o s e d  fo r  n a t u r a l  n u c l e o s i d e s  [9] fo r  a c e t o n a t i o n  of the  6 - m e r c a p t o p u r i n e  r i b o -  
s ide .  The  n u c l e o s i d e  was  t r e a t e d  with  2, 2 - d i e t h o x y p r o p a n e  in d i m e t h y l f o r m a m i d e  s o l u t i o n  at  r o o m  t e m p e r -  
a t u r e  o v e r n i g h t ,  u s i n g  h y d r o g e n  c h l o r i d e  d i s s o l v e d  in d ioxane  as  an ac id  c a t a l y s t .  Th i s  m e t h o d  was  a l s o  
found to g ive  good r e s u l t s  fo r  t h i o n u e l e o s i d e s .  A n a l y s i s  of the  r e a c t i o n  m i x t u r e  by p a p e r  c h r o m a t o g r a p h y  
showed  tha t  the  r e a c t i o n  was  quantitative and tha t  no s ide  r e a c t i o n s  took p l a c e .  The  r e s u l t a n t  i s o p r o p y l i d e n e  
d e r i v a t i v e  (VII) was  s u b s e q u e n t l y  u sed  wi thout  f u r t h e r  p u r i f i c a t i o n .  In o r d e r  to p r o d u c e  compound  (VIII) 
f r o m  c o m p o u n d  (VII), the  l a t t e r  was  h e a t e d  with  a s a t u r a t e d  m e t h a n o l  s o l u t i o n  of d i m e t h y l a m i n e  fo r  7 h at  
115 ~ Compound  (VIII) was  p u r i f i e d  by  p r e p a r a t i v e  t h i n - l a y e r  c h r o m a t o g r a p h y  (T LC) in s i l i c a  ge l  wi th  a s o l -  
ven t  c o n s i s t i n g  of c h l o r o f o r m  and ace tone  (2 : 1). I t  was  p h o s p h o r y l a t e d  with p - c y a n o e t h y l p h o s p h o r i c  a c i d  in 
a b s o l u t e  p y r i d e n e  in the  p r e s e n c e  of d i c y c l o h e x y l e a r b o d i i m i d e .  The  c y a n o e t h y l  d e r i v a t i v e  of 2 ' ,  3 ' - O - i s o -  
p r o p y l ~ d e n e - N  6, N G - d i m e t h y l - A M P  (IX) was  i s o l a t e d  by  i o n - e x c h a n g e  c h r o m a t o g r a p h y  in D E A E - S e p h a d e x  
(HCO a form) ;  e lu t ion  was  with  d i l u t e  aqueous  s o l u t i o n s  of t r i e t h y l a m m o n i u m  b i c a r b o n a t e  b u f f e r  (pH 7.5). 
The  p r o t e c t i v e  g r o u p s  w e r e  r e m o v e d  by  t r e a t m e n t  f i r s t  wi th  70% a c e t i c  a c i d  (30 min ,  100 ~ and then  wi th  1N 
aqueous  KOH (15 mtn,  100 ~ [11]. The  N G - m e t h y l - A M P  was  i s o l a t e d  in the  f o r m  of i t s  m o r p h o l i n e  sa l t ,  the  
y i e l d  b e i n g  74% with  r e s p e c t  to the  2 ' ,  3 ' - O - i s o p r o p y l i d e n e - N s ,  N ~ - d i m e t h y l a d e n o s i n e  and 40% wi th  r e s p e c t  
to the  i n i t i a l  6 - m e r e a p t o p u r i n e  r i b o s i d e .  P r e p a r a t i o n  (X) was  c h r o m a t o g r a p h i c a l l y  and e l e e t r o p h o r e t i e a l l y  
h o m o g e n e o u s  (See T a b l e  1). The  u l t r a v i o l e t  s p e c t r u m  of th i s  compound  was  s i m i l a r  to  the  s p e c t r a  g iven  in 
the  l i t e r a t u r e  fo r  d e r i v a t i v e s  of N 6, N s - d i m e t h y l a m i n o p u r i n e  [8, 12-14] .  

In s y n t h e s i z i n g  compound  (X) by  the s e c o n d  p r o c e d u r e ,  the  m e r c a p t o  g roup  in c o m p o u n d  (VI) was  m e t h -  
y l a t e d  with  m e t h y l  i od ide  in  0.1 N aqueous  NaOH at  r o o m  t e m p e r a t u r e  for  30 m i n  [15]. In o r d e r  to p r e v e n t  
ox ida t i on  of the  m e r c a p t o  g roup  by  a t m o s p h e r i c  oxygen,  the  r e a c t i o n  was  conduc ted  in nitrogen:; the  only  
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TABLE 2. Chromatograph ic  P r o p e r t i e s  of Nucleosides  Obtained 

Compound 

Adenosine . . . . . . . . . . . . . . . . . . . . . . . . .  
N C methyladenosine . . . . . . . . . . . . . . . . . .  
Na Ns-dimethyladenosine . . . . . . . . . . . . . . .  
6-Mercaptop~ine tiboside . . . . . . . . . . . . . .  
6-Methylthiopurine riboside . . . . . . . . . . . . .  
2', 3'- O- Isopropylid eneadenosine . . . . . . . . . .  
2', 3'- O- [sopropylidene - 6- mercaptopurine ribo- 

side . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
2 ', 3 '- O- Isopropylidene- N6, NO- dimethyladeno- 

side . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

0.45 

0.58 

0.56 

0.80 

0.91 

Rf in solvents; 

0.15 
0.43 
0,54 
0.22 
0.64 
0,$4 

0.87 

0.78 

reac t ion  product  was 6-methyl th iopur ine  r ibos ide  (XI) (with an Rf of 0.64 in a solvent  consis t ing of n-butanol 
and water ,  86:14). Compound (XI) was i so la ted  by p r epa ra t i ve  pape r  ch roma tog raphy  in a solvent  cons i s t -  
ing of n-butanol  and wa te r  (86 : 14). 

Rep lacement  of the methyl thio group in compound (XI) by the d imethylamino group was quantitat ive in 
aqueous methylamine  solution at r o o m  t e m p e r a t u r e  overnight.  

The only reac t ion  product ,  NG, N r d i m e t h y l a d e n o s i n e  (XII) (Rf= 0.53), was isola ted by p r epa ra t i ve  pa -  
pe r  ch roma tog raphy  in a solvent  cons is t ing  of n-butanol and wate r  (86 : 14). The compound obtained was 
ch roma tog raph ica l ly  homogeneous and its s p e c t r u m  agreed  well  with those given in the l i t e ra tu re .  

Phosphoryla t ion  of compound (XII) was c a r r i e d  out by the method recent ly  proposed by Japanese  au-  
thors  [16], without prec ip i ta t ion  of the ini t ial ly fo rmed  isopropyl idene der iva t ive .  The N6,NG-dimethylade- 
nosine was ace tonated  with absolute acetone in d ime thy l fo rmamide  solution containing p-cyaaoethylphospho-  
r i c  acid as an acid ca ta lys t .  Af ter  evapora t ion  of the solution and addition of a d icyclohexylcarbodi imide  
solution in puridine to the res idue ,  phosphoryla t ion was c a r r i e d  in the manner  desc r ibed  above. The m o r -  
pholine sa l t  of NG, N6-dimethyl-AMP was i so la ted  with a yield of 71% with r e spec t  to the NG, NG-dimethylade- 
nosine. The compound was homogeneous  when subjected to ch roma tog raphy  and paper  e l ec t rophores i s  and 
was comple te ly  ident ical  to the p r e p a r a t i o n  obtained by the f i r s t  p rocedure .  

Both ADPG analogs,  NG-methyl-ADPG (XIID, and N6, NG-dimethyl-ADPG (XIV), were  produced f r o m  
the co r respond ing  monophosphates  by condensat ion of the nucleoside phosphomorphol ide fo rmed  f r o m  the 
monophosphate  with ~ - D - g l u c o s e - l - p h o s p h a t e  [17]. 

0 CH~OH 

o N--Po~n~ ,.B Ho-- o ~ ) ~ o \ B  ~ ~ H; I~, ,~ 
.}--o, v ~ O_P__O__p_OqH2.0 - B 

(X) (XIV~ OIH (XV) 
(XVI) 

HNCH 3 N(CH~)~ 

B= / /  N 

N ~ N -  
I 

(1v), (Xlli), (XV} {X), (XIV), (XVI) 

The phosphomorphol ides  were  produced by the usual method [18] and the product  was isolated by ion- 
exchange ch roma tog raphy  in DEAE-Sephadex ( H C Q -  form).  The t r i e thy lammonium sal t  of the c o r r e s p o n d -  
ing nucleoside phosphomorphol ide obtained was employed in pyrophosphate  synthes is  by the method p e r f e c t -  
ed at our  l abo ra to ry  [19], using d ry  dimethylsulfoxide as the solvent  and conducting the condensat ion at 
r o o m  t e m p e r a t u r e .  The resu l t an t  a s y m m e t r i c  pyrophosphate  was sepa ra t ed  f r o m  the excess  g l u c o s e - I -  
phosphate ,  the unreac ted  nucieoside phosphomorphol ides ,  and the byproduct  nucleoside diphosphate and 
s y m m e t r i c  pyrophosphate  by ion-exchange ehrorna tography in DEAE-ee l lu lose  (CI- form).  The inorganic 
sa l t  was r emoved  by ge l - f i l t r a t ion  [20] in Sephadex G-10. The sodium sal t  p repa ra t ions  of the two nucleo- 
side diphosphate sugar s  were  homogeneous when subjected to ch romatography  and pape r  e l ec t rophores i s  
(see Tables  1 and 2) and had u l t ravio le t  spec t r a  s i m i l a r  to those given in the l i t e ra tu re .  The r e su l t s  of a 
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determination of the acid-labi le  phosphorus : total phosphorus : glucose ratio in the preparat ions confirmed 
that the compounds obtained had the s t ructure  of disodium salts  of E,6-methyl- and N G, l~c-dimethyl-ADPG. 

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

The amount of each compound was determined f rom its optical density at k max. Chromatography 
was ca r r i ed  out with "Leningrad" paper (medium) and the following solvent sys tems:  A) isopropanol, sa tu-  
ra ted ammonia solution, and water  (7 : 1 : 2); B) ethanol and 1 M aqueous ammonium acetate solution of pH 
7.5 (5 : 2); C) sa tura ted  aqueous ammonium sulfate solution, isopropanol,  and phosphate buffer of pH 7.2 (79: 
2 : 19); D) n-butanol and water  (86 : 14). P repara t ive  TLC was conducted with plates of sil ica gel containing 
the luminophore "Sil igram UU~[4" with solvent sys tem E, which consis ted of CHCI 3 and acetone (2 : 1). The 
paper e lec t rophores i s  was ca r r i ed  out in an EFA-1  apparatus with 0.05 M aqueous t r ie thylammonium b i ca r -  
bonate buffer and a gradient  of 23 V/era.  The position of the UW-absorbing spots on the plates and paper 
was establ ished with a u l t rachemiscope.  The phosphorus was determined co lor imet r ica l ly  by a modified 
vers ion of our previous method [19]. The glucosewas  determined by the method of Pa rk  and Johnson [21] 
af ter  hydrolys is  with 0.01 N HCI at 100 ~ for 15 min. 

NG-Methylamino-9-f i -D-r ibofuranosylpur ine-5 ' -phosphate  (IV). A portion of 100 mg [3900 o.u. (260 
rim), 0.26 mM] of the disodium salt of adenosine-5;-phosphate  was dissolved in 2 ml of water  and t rea ted  
with smal l  portions of 0.197 g of dimethylsulfate under agitation. The lat ter  was added over  a period of 2h, 
holding the pH of the react ion solution at 4.5-5.0 (pH-meter  readings) by addition of 1 M aqueous sod iumbi -  
carbonate solution. The react ion mixture was then agitated until the solution pH no longer varied (an addi- 
tional 3-4 h). The methylation p rocess  was monitored by paper chromatography in solvents A and B andby 
e lee t rophores is  at pH 7.5. When the react ion did not go to completion, methylation was repeated under the 
same conditions, adding an additional 1.57 mM of (CH3)2SQ. When the react ion was complete,  the resul tant  
solution was diluted by a factor  of 10 with water  and passed through a column (2 x 10 cm) of Dowex 1 x2 (CI- 
form). The column was washed with water  until the eluate exhibited no absorption. The solution obtained, 
which contained 3340 o.u. (260 nm) (85.5%) of a mixture of Nl-methyl -AMP and its methyl es ter ,  was eva-  
porated until dry. 

The residue was dissolved in 2.5 ml of water,  the solution pH was brought to 10 by addition of concen-  
t ra ted NH 3 solution (7-8 drops), and the solution was left to stand in a water  bath at 40 ~ overnight. It was 
then diluted by a factor  of 10 with water  and passed through a column (2 x 15 era) of DEAE-Sephadex (HCO 3- 
form). The column was washed with water  until the eluate exhibited no absorption and then r insed with 0.05 
M aqueous t r ie thylammonium bicarbonate buffer [yielding 860 o.u. (265 nm), 22% of the methyl es ter  of N 6- 
methyl-AMP]; the N6-rnethyl-AMP [1960 o.u. (265 nm)] was then eluted with 0.1 M buffer solution. The 
fract ions containing compound (IV) were  evaporated until dry and the excess  (C2Hs)3N was distilled off with 
water  and then with absolute alcohol. The dry  residue was dissolved in a small  amount of water  (1-2 ml) 
and passed through a column containing the cationite Dowex-50 (H + form, 2 • 5 cm). The compound was 
eluted f rom the res in  with water,  whose pH was brought to 10-11 with morpholine.  The resultant  morpho-  
line salt  of N~-methyl-AMP [1780 o.u. (265 nm), 0.15 mM, 59% with respec t  to the initial AMP] was ch ro -  
matographical ly  and e lec t rophore t ica l ly  homogeneous (see Table 1). Its ul traviolet  spect rum had the follow- 
ing cha rac te r i s t i c s :  kmax = 261 and ~min=  231 nm at pH 2; Xmax = 264 and kmin = 229 am at pH 12. 

2', 3 ' -O-Isopropylidene-NG, NG-dimethyladenosine (VIII). A portion of 30 mg of 6 -mercap to -9 - f i -D-  
r ibofuranosylpurine was dissolved in 1 ml of dimethylformam~de, 0.5 ml of 2, 2-diethoxypropane and 4-5 
drops of saturated HC1 solution in dioxane were added to the resul tant  solution until an acidic react ion was 
obtained, and the solution was left to stand overnight (the completeness  of the react ion was checked by pa- 
per  chromatography  in solvent D). When the react ion was complete,  the solution was neutralized with 1 ml 
of a methanol solution of (CH3)2NH and the 2, 2-diethoxypropane was evaporated in a vacuum set; up by a wa-  
t e r - j e t  pump. The remaining solution in HCON(CH3) 2 was mixed with 5 ml of a saturated (CH3)2NH solution 
in methanol, t r an s f e r r ed  to an ampule, sealed, andhea teda t  115~ The solution was then cooled, the 
ampule was opened, and the react ion solution was evaporated until dry  (in a vacuum set up by an oil pump). 
The residue was dissolved in a minimum amount of CHCl3(0.3 ml). The 2', 3 ' -O-isopropylidene-N~,  NG-di- 
methyladenosine was separated by prepara t ive  TLC on si l ica gel plates containing the luminophore "Sil igram 
UU254" in solvent D. The zone with an Rf of 0.64 was removed and the compound was eluted on a fi l ter  with the 
same solvent. We obtained 972 o.u. (275 rim) (0.054 mM, 54% with respec t  to the initial 6-mercaptopur ine  
riboside) of 2', 3 ' -O-isopropyl idene-N6,  NG_dimethyladenosine" The compound was chromatographical ly  
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homogeneous (see Table 2). Its ultraviolet  spec t rum had the following charac te r i s t i c s :  ~max = 268 and 
Xmin = 233 nm at pH 2; ~max = 276 and Xmin = 229 nm at pH 12. 

6-Dimethylamino-9-f i -D-r ibofuranosylpur ine  (XII). A portion of 30 mg of 6-mercaptopur ine  riboside 
in a small  conical f la t-bot tomed flask was dissolved in 1 ml of 0.1 N aqueous NaOH, a weak s t r eam of N 2 
was passed through the solution until the flask was filled, the flask was placed in a magnetic mixer,  and 
portions of CH3I (three 0 .1-ml  portions) were added; the react ion mixture was then agitated for an addition- 
al 30 min (the course  of the react ion was monitored by paper chromatography in solvent D). The o n l y r e a c -  
tion product was 6-methylthiopurine riboside (ttf= 0.34)~ When the react ion was complete, a weak s t r eam 
of N 2 was passed through the solution to remove the excess CH3I. A portion of 5 m l  of saturated aqueous 
(CH3)2NH was added to the solution and it was left to stand overnight at room tempera ture .  The N6, N6-di- 
methylaminopurine r iboside was isolated by preparat ive  paper chromatography on Whatman 3 1ViM paper in 
solvent D. The zone with an Rf of 0.55 was cut out and the compound was eluted with water ,  We obtained 
1860 o.u. (0.1 mM) of compound (XII). It was chromatographica l ly  homogeneous (see Table 2) and its u l t ra -  
violet spec t rum was identical to that of compound (VIII). 

N6, N6-Dimethyladenoside-5 ' -phosphate  (X). A) From 2 '3 ' -O-isopropyl idene-N6,  N6-dimethyladeno- 
sine: 515 o.u. (275 nm) (0.03 mM) of 2',  3 ' -O- i sopropy l idene-N 6, NG-dimethyladenosine was dissolved in 1 ml 
of pyridine and 0.12 mM (a fourfold excess) of a 0.1 ]V[ fi-cyanoethylphosphoric acid solution in aqueous pyr i -  
dine (1.2 ml) was added. The resul tant  solution was evaporated until dry  and the residue was careful ly  
dried by distil lation with anhydrous pyridine (three 2-ml  portions) and dissolved in 1 ml of anhydrous pyr i -  
dine. A tenfold excess  (52 mg) of dicyclohexylcarbodiimide was added to the solution. The react ion mix-  
ture was heated at 60 ~ for  4 h, careful ly  preventing mois ture  f rom entering. The course  of the reac t ionwas  
monitored by e lec t rophores is  at pH 7.5. After  the react ion had gone to completion, the solution was cooled, 
0.5 ml of water  was added, and the mixture was left to stand for 2 h; it was then evaporated until dry and 
the t races  of pyridine were distilled off with water.  The residue was dissolved in a mixture of water and 
ether  (2 : 1, 9 ml). The water  layer  was extracted with e ther  (three 1-ml portions) and the e ther  extracts  
were r insed with water  (one 2-ml  portion). The combined aqueous phases were evaporated until dry. The 
residue was.dissolved in 5 ml of water  and the solution was passed through a column (1.5 • 10 cm) of DEAE- 
Sephadex {HCO 3- form). The column was washed with water  until the eluate exhibited no absorption and 
0.05 M aqueous t r ie thylammonium bicarbonate  buffer (pH 7~ was then used to elute the cyanoethyl der iva-  
tive of 2',  3 ' -O-isopropyl idene-N6,  N6-dimethyl-AMP [360 o.u. (275 am), 70%]. The fract ions containingthe 
compound were evaporated until dry  and the residue was dissolved in 2 ml of 70% CH3CO2H and heated at 
100 ~ for  30 min; the solution was then evaporated until dry  and the t r aces  of CH3CO2H were distilled offwith 
water.  The residue was dissolved in 2 ml of 1 N KOH and the solution was held in a boiling water  bath for  
15 min. The alkaline solution was diluted by a factor  of 10 with water  and passed through a column of the 
cationite Dowex-50 (H + form, 3 x3 cm). The compound was eluted f rom the res in  with water, whose pH 
was brought to 10-11 with morpholine.  The resultant  solution of the morpholine salt  of N6, N6-dimethyl- 
AMP [352 o.u. (275 nm), with a yield of 68.5%] was evaporated until dry.  The ultraviolet  spec t rum in water  

showed ~max = 268 and 2,min = 231 nm. 

B) F rom N6, N6-dimethyladenosine: 870 o.u. (275 nm) (0.02 mlVD of N6, N6-dimethyladenosine was dis-  
solved in 0.2 ml of HCON(CH3)2; 0.2 ml of anhydrous acetone, 0.4 ml of 2, 2-diethoxypropane, and 20 mgof  
a solution of fi-cyanoethylphosphoric acid in 0.5 ml of HCON(CH3) 2 were added to the solution. The lat ter  
was boiled for  5 h with a reflux condenser  (the course  of the react ion was monitored by paper  ch romato-  
graphy in solvent D). After  the react ion had gone to completion, the solution was evaporated in a vacuum 
set up by a wate r - je t  pump, pyridine was added to the remaining solution in HCON(CH3)2, and the solution 
was again evaporated (three 2 -ml  portions).  The solution was then mixed with 0.5 ml of pyridine and 50 mg 
of dicyclohexylcarbodiimide and the react ion mixture was heated at 60 ~ for 4 h. The subsequent t rea tment  
of the react ion mixture was the same as that descr ibed above. Ion-exchange separat ion in a column (1.5 • 
10 cm) of DEAE-Sephadex (HCO 3- form) yielded 274 o.u. (275 nm) of the cyanoethyl derivative of 2', 3 ' - 0 -  
isopropylidene-N6, N6-dimethyl-AMP; after  removal  of the protect ive groups, we obtained 262 o.u (71%) of 
the chromatographica l ly  homogeneous morpholine salt  of I~ 6, N6-dimethyl-AM1 ~. The specimen was identi- 
cal to that obtained by procedure  A. 

N6-Methyladenosine-5,-phosphomorpholide (XIII). A portion of 1000 o.u. (265 nm) (0.08 mM) of the 
morpholine salt  of N6-methyl-AMP was dissolved in 3 ml of 50% aqueous ter t -butanol  solution and 0.12 ml 
of morpholine was added. The resul tant  mixture was heated to the boiling point and a solution of 240 m g o f  
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bicyclohexylcarbodiimide in 3 ml of ter t -butanol  was added drop by drop. After all the carbodiimide solu- 
tion had been added (2-3 h), the react ion mixture was boiled for an additional 4 h, checking the course  of 
the react ion by paper e lec t rophores is  at pH 7.5 and by paper chromatography in solvents A and B. Vv'nen 
the react ion did not go to completion, an additional 0.12 ml of morpholine and 240 mg of bicyclohexylcarbo-  
diimide were added to the boiling react ion mixture (boiling was continued for 7-8 h). When the react ionwas 
complete,  the solvent was distilled off in a vacuum and the residue was dissolved in a mixture of water and 
ether  (5 : 2, 14 ml). The water  layer  was extracted with ether (three 2-ml  portions) and the e ther  extracts  
were washed with water  (one 2-ml  portion). The combined aqueous phases were evaporated until dry. The 
dry  residue was dissolved in 30 ml of water  and passed through a column (2 x 15 cm) of DEAE-Sephadex 
(HCO 3- form). The column was washed with water .  The N6-methyladenosine-5 ' -phosphomorphol ide was 
eluted with a 0.05 M t r ie thylammonium bicarbonate solution (pH 7.5) (the unreacted nucleotide was eluted 
with 0.1 M buffer solution, yielding 120 o.u.,  or 12%). We obtained 740 o.u. (265 nm) (74%) of the chromato-  
graphical ly pure t r ie thylammonium salt of N6-methyladenosine-5 ' -phosphomorphol ide  (see Table 1). The 
solution was evaporated until dry and the excess  t r ie thylammonium bicarbonate was distilled off with water 
and then with absolute ethanol. The residue was thoroughly dried by azeotropic distil lation with an a l coho l -  
benzene mixture (5 : 2) and with absolute benzene. 

NG,N G-Dimethyladenosine-5 ' -phosphomorphol ide (XIV). A portion of 290 o.u. (275 nm) (0.016 raM) of 
the morpholine salt of N6, NG-dimethyl-AMP was t reated with morpholine and bicyclohexylcarbodiimide as 
descr ibed above. After ion-exchange separat ion of the react ion mixture in a column (1 x 10 cm) of DEAE- 
Sephadex (HCO a form), we obtained 265 o.u. (275 rim) (85%) of the t r ie thylammonium salt of NG,NG-dimethyl- 
adenosine-5 ' -phosphomorphol ide .  The unreacted nucleotide f rom the column amounted to 24 o.u. (8%). The 
N~, > G-dimethyladenosine phosphomorpholide obtained was chromatographical ly  and e lec t rophoret ica l ly  homo-  
geneous (see Table 1). 

NG-Methylamino-9-~-D-r ibofuranosylpur ine-5 ' -d iphosphateglucose  (XV). A threefold excess of a 
s tandard 0.1 M solution of the t r ie thyiammonium salt of ~ -D-g lucose - l -phospha t e  in dry dimethylsulfoxide 
(1.1 ml) was added to the thoroughly ,dried t r ie thylammonium salt of NG-methyladenosine-5 ' -phosphomorpho-  
lide [640 o.u. (265 rim), 0.036 raM]. The resultant  mixture was dried by distil lation with benzene and the 
c lear  solution was left to stand at room tempera tu re  for two days. The eourse  of the react ion was moni tor -  
ed by paper e lec t rophores is  at pH 7.5. After the react ion had gone to completion, the solution was diluted 
by a factor  of 100 with water  and passed through a column (1.5 • 20 cm) of DEAE-cel lulose  (C1- form). The 
column was washed with water  and then with aqueous NaCI solutions: f i rs t  with a 0.02 M solution [which 
yielded 40 o.u. (6%) of unreacted N6-methyladenosinephosphomorpholide],  then with a 0.04 M solution [which 
yielded 90 o.u. (15%) of N~-methyl-AMP and removed the excess g lucose- l -phosphate] ,  and finally with a 
0.08 M solution to elute the N6-methyl-ADPG [490 o.u. (265 nm), 77%]. The fract ions containing the com-  
pound were evaporated until dry and the residue was dissolved in a minimum amount of water  (about 6 ml) 
and desalted in a column of Sephadex G-10 (3 • 75 cm). Elution of the NG-methyl-ADPG began after  185 ml 
of water  had been passed, while the salt appeared in the eluate after  315 ml had been passed. 

The f ract ions  containing the Nr (468 o.u.,  a yield of 70.5%) were evaporated to a small  
volume and lyophilized. The ultraviolet  spec t rum showed ?'max-- 262 nm, Smax = 16,200, 7~min = 231 rim, 
and ~min = 4700 at pH 2; ~ma• = 264 nm, ~max = 12,900, 7~min = 229 nm, and s ta in  = 3300 at pH 12. The 
rat io of acid- labi le  phosphorus to total phosphorus to glucose was found to be 1.06 : 2.05 : 1.00 (calculated: 
1 : 2 : 1 ) .  

N~, N6-Dimethylamino-9-f l -D-r ibofuranosyipur ine-5 , -diphosphateglucose  (XVI). Using a procedure  
s imi la r  to that descr ibed  above and proceeding f rom 265 o.u. (275 nm) (0.015 mM) of the t r ie thylammonium 
salt of N6, NG-dimethyladenosine-5,-phosphomorpholide,  we isolated 29 o.u (11%) of unreacted phosphomor-  
pholide (elution with 0.04 M NaCI), 30 o.u. (11%) of N 6, NG-dimethyi-AMP (elution with 0.08 M I~aCl), and 
190 o.u. (71o7%) of N6, NG-dirnethyl-ADPG (elution with 0.12 M NaCI). After desalt ing a column of Sephadex 
G-10 (3 • em), we obtained 168 o.u. (275 nm) (64%) of the chromatographica l ly  pure sodium salt of NG, N~- 
dimethyl-ADPG. The ultraviolet  spec t rum showed ;~max = 268 rim, amax = 18,300, ~min = 234 rim, and 
amin = 3500 at pH 2; Zmax = 276 nm, ~max = 16,100, ~min = 231 nm, and ~min = 2600 at pH 12. The ratio 
of acid-Iabi le  phosphorus to total phosphorus to glucose was found to be 1.09 : 2.06 : 1.00 (calculated: 1 : 2 : 1). 

C O N C L U S I O N S  

We synthesized two analogs of the natural coenzyme adenosine diphosphate glucose: NG-methyl-ADPG 
and N6, NG-dimethyl-ADPG" 
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