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NUCLEOSIDES & NUCLEOTIDES, 5 ( 1 ) ,  1-13 (1986) 

ALKALINE DEGRADATION OF 1,3-D I- (2-HYDR0XYETHYL)ADENOSINE 
3',5'-CYCLIC PHOSPHATE. STUDIES ON THE REACTION PRODUCTS 

J d z s e f  BGres ,+ Yang-Chi h Lee,Tg Diana I .  B r i  xner,Tl 
Jay I. Olsen,(T and M a r t i n  P. SchweizerT*  

Depar tment  o f  M e d i c i n a l  Chemis t ry ,  U n i v e r s i t y  o f  Utah,  
S a l t  Lake City, Utah 84112, U.S.A. 

and 
C e n t r a l  Research I n s t i t u t e  f o r  Chemis t ry  o f  t h e  Hungar ian  Academy 

o f  Sc iences,  Y-1525 Budapest, P.O. Box 17, Hungary 

Abst r d c t  
l Y 3 - D i - ( 2 - h y d r o x y e t h y 1  )adenos ine  3 ' , 5 ' - c y c l i c  phosphate  (1) i n  1 M 

NaOH f a i l e d  t o  undergo t h e  expec ted  D i m r o t h  rear rangement .  
p y r i m i d i n e  r i n g  open ing  f o l l o w e d  by l o s s  o f  e t h y l e n e  o x i d e  and f o r m d t e  
y i e l d e d  5-amino- l - (  8 - D - r i b o f u r a n o s y l  ) i m i d a z o l e - 4 - (  N - ( 2 - h y d r o x y e t h y l ) -  
c a r b o x a m i d i n e )  3 ' , 5 ' - c y c l i c  phosphate ( 2 )  as t h e  m a j o r  p r o d u c t .  The 3 ' -  
monophosphate ( 3 )  and 2 ' -0-hydroxyethy1-(4)  - d e r , i v a t i v e s  o f  - 2 were a l s o  
i s o l a t e d  and c h z r a c t e r i z e d .  

RaFher, 

I NTRODUCTION 

Adenosine 3 ' , 5 ' - c y c l i c  phosphate (CAMP) i s  w e l l  documented as an 

i m p o r t a n t  e f f e c t o r  m o l e c u l e  wh ich  p a r t i c i p a t e s  i n  t h e  r e g u l a t i o n  o f  many 

b i o c h e m i c a l  r e a c t i o n s  (1). It seems p o s s i b l e  t h a t  a l k y l a t i n g  a g e n t s  such 

as e t h y l e n e  o x i d e ,  wh ich  a r e  known mutagens, ( 2 )  may t a r g e t  CAMP. We have 

t h e r e f o r e  been i n v o l v e d  w i t h  e l u c i d a t i n g  t h e  c h a r a c t e r i s t i c s  o f  CAMP 

a1 k y  1 a t  i on. 
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2 BERES ET AL. 

We have r e c e n t l y  p o i n t e d  ou t  (3) t h a t  cAMP t r ie thy lammonium s a l t  

r e a c t s  w i t h  e thy lene  o x i d e  a t  %5'C t o  a f f o r d  1 - (2 -hydroxyethy l  )-CAMP 

i n s t e a d  o f  cAMP-P-O-(2-hydroxyethyl) e s t e r  as c la imed e a r l i e r  i n  t h e  

l i t e r a t u r e  ( 4 ) .  
spec t ra ) ,  t h e  s t r u c t u r e  o f  t h e  monoa lky la ted  cAMP was a l s o  conf i rmed by 

n o t i n g  i t s  behav io r  upon exposure t o  m i l d  a l k a l i n e  c o n d i t i o n s  (NH4HC03 i n  

D20, pD 10, 50°C, 24 h). 

s a l t )  was ob ta ined v i a  t h e  Dimroth rearrangement (5). A t  ambient 

temperature t h e  t r iethylammonium s a l t  o f  cAMP a l s o  a f f o r d e d  1,3-di-(2- 

hydroxyethy1)-CAMP (1) - as t h e  second major  p roduc t  i n  t h e  r e a c t i o n  w i t h  

e thy lene  oxide. The s t r u c t u r e  o f  - 1, s o l e  r e p r e s e n t a t i v e  o f  t h e  p o t e n t i a l  

1,3-disubstituted-cAMP's, was a l s o  v e r i f i e d  by i t s  p r o t o n  coupled I3C NMR 

spectrum ( 3 ) .  I n  t h i s  communication we desc r ibe  t h e  un ique  behav io r  o f  - 1 

towards t rea tmen t  w i t h  hydrox ide  i on ,  l e a d i n g  t o  p y r i m i d i n e  r i n g  opened 

im idazo le  d e r i v a t i v e s  - -  2 - 4 (React ion  Scheme). 

Besides exper imenta l  NMR ev idence ( p r o t o n  coupled I3C 

V6-(2-hydroxyethyl)-cAMP ( i s o l a t e d  as t h e  NH; 

RESULTS AND D I S C U S S I O N  

I n  m i l d  a l k a l i  (as. NaOH, pH 10, room tempera tu re )  compound 1 
remained unchanged even a f t e r  24 h. 

hydrox ide  a t  ambient tempera ture  a l l  t h e  s t a r t i n g  m a t e r i a l  d isappeared 

w i t h i n  about 2 days and severa l  new compounds were p resen t  i n  t h e  r e a c t i o n  

m i x t u r e  as evidenced by s i l i c a  ge l  and c e l l u l o s e  TLC. A p a r t i a l  separa- 

t i o n  o f  t h e  a n i o n i c  m i x t u r e  was achieved on a DEAE Sephadex A-25 an ion  

exchange column u s i n g  s a l t  g r a d i e n t  e l u t i o n .  F i n a l l y  f o u r  samples were 

i s o l a t e d  by means o f  c e l l u l o s e  TLC. The D imro th  rearrangement p roduc t ,  

3,N6-di-(2-hydroxyethyl  )CAMP was n o t  detected. 

By way of comparison i n  1 M NaOH a t  room tempera ture  1-(2-hydroxy- 

e t h y l  )CAMP rear ranged f a s t  (1 day) t o  N6-(2-hydroxyethyl  )CAMP, b u t  no 

f u r t h e r  t r a n s f o r m a t i o n  was observed even a f t e r  a p ro longed (8 days) 
r e a c t i o n  t ime. CAMP was a c t u a l l y  s t a b l e  i n  1 M NaOH ( 3  days, ambient 

temperature).  

t o  t h e  d i f f e r e n t  mononucleot ides,  c o u l d  be observed by TLC. 

were determined b a s i c a l l y  by 'Y and I 3 C  NMR spectroscopy. 

we igh t  by FAB MS and uv c h a r a c t e r i s t i c s  were a l s o  determined. 

t o  MS a n a l y s i s  t h e  sample i n  lowest  amount p roved t o  be a m i x t u r e  o f  2-3 
compounds by TLC and NMR spectroscopy. 

But  when d i s s o l v e d  i n  1 M sodium 

However, a f t e r  7-8 days d e f i n i t e  decomposi t ion,  very  l i k e l y  

The s t r u c t u r e  o f  t h e  t h r e e  major a l k a l i n e  degrada t ion  produc ts  o f  1 

Subsequent 

Mo lecu la r  

Presumably t h i s  was an u n s t a b l e  
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1,3-DI-(2-HYDROXYETHYL)ADENOSINE CYCLIC PHOSPHATE 3 

compound and t h e r e f o r e  t h e  s t r u c t u r e s  o f  t h e  components were n o t  

determined. 

D iscuss ion  o f  NMR Resu l t s  

(Compound 2; React ion  Scheme, Tab le  1 and F igs .  1 and 2) .  Note t h a t  

numbering o f  t h e  produc t  h e t e r o c y c l e  conforms t o  t h a t  o f  t h e  p u r i n e  r i n g  

o f  t h e  s t a r t i n g  m a t e r i a l .  The 270 MHz r i b o s e  p r o t o n  spectrum (F ig .  1 )  

i l l u s t r a t e s  t h a t  t h e  c y c l i c  phosphate i s  i n t a c t  w i t h  t h e  3 ' -carbon endo 

such t h a t  3 J 1 ~ 2 ~  i s  ve ry  smal l  (6 ) .  

methylenes o f  a hyd roxye thy l  s u b s t i t u e n t  i s  e v i d e n t  f rom t h e  two  t r i p l e t s  

a t  63.44 and 3.68 ppm, each i n t e g r a t i n g  f o r  two pro tons .  The B methylene 

i s  assigned t o  l ower  f i e l d  due t o  t h e  a t tached  hyd roxy l .  That t h e  adenine 

r i n g  s t r u c t u r e  i s  broken i s  i n d i c a t e d  by t h e  f a c t  t h a t  o n l y  one low f i e l d  

resonance i s  seen a t  67.40 ppm. 

The p r o t o n  broad band decoupled 67.8 MHz carbon-13 spectrum (F ig .  2)  
con f i rms  t h e  suggest ions  f rom t h e  p r o t o n  spec t ra  t h a t  1 )  t h e  c y c l i c  

phosphate e x i s t s ,  2) trJo a l i p h a t i c  carbons a r e  p resen t  and 3 )  o n l y  f o u r  

low f i e l d  base carbons a r e  found, i l l u s t r a t i n g  t h a t  t h e  adenine r i n g  i s  

broken, most l i k e l y  i n  t h e  p y r i m i d i n e  p o r t i o n .  Ribose carbon assignments 

were those o f  Uesugi, e t  a l .  (7) .  Also n o t e  i n  F ig .  2 t h e  two and t h r e e  

bond PC coup l i ngs  a t  C Z ' ,  C3' and C4'. 

p o s i t i o n  of t h e  hyd roxye thy l  s u b s t i t u e n t  ( t o  N1 o r  N3). I n  t h e  p r o t o n  

coupled spectrum , C8 and ~5 a re  r e a d i l y  assigned f rom ' J c 8 ~ 8  (216 H Z )  and 

3 JC5H8 ( 9  H z )  coup l ings .  

i r r a d i a t i o n  o f  H-1'.  

t h e r e f o r e  C4, whereas t h e  lowest  f i e l d  peak i s  unchanged, t h e r e f o r e  C6. 

When t h e  a-methylene p ro tons  were i r r a d i a t e d ,  t h e  C6 t r i p l e t  a t  169 ppm 
was co l l apsed  t o  a s i n g l e t ,  t h u s  t h e  hyd roxye thy l  group i s  a t tached  t o  N1. 

We w r i t e  - 2 as t h e  N6-imino tautorner s i n c e  i n  DMSO a t r i p l e t  ( 5  = 12 Hz) 
one p r o t o n  exchangeable resonance (presumably N1H) i s  observed ~ 0 . 2  ppm 

d o w n f i e l d  f rom H-8. 

Moreover, a g roup ing  o f  ad jacent  

S p e c i f i c  p r o t o n  decoup l i ng  d u r i n g  13C-observe was used t o  ass ign  t h e  

C6 and C4 were d i s t i n g u i s h a b l e  by s p e c i f i c  

Here t h e  h i g h e r  f i e l d  resonance i s  s i m p l i f i e d ,  

Compound 3 (Tab le  2)  : 

Comparison o f  t h e  p r o t o n  spectrum o f  compound - 3 w i t h  t h a t  o f  compound 

- 2 i l l u s t r a t e s  t h a t  i n  t h e  former,  H-3' s h i f t s  d o w n f i e l d  about 0.2 ppm, H- 

4 '  s h i f t s  u p f i e l d  0.2 ppm, H-5', 5" s h i f t  u p f i e l d  0.45 ppm and t h e r e  i s  a 
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4 BERES ET A L .  
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1,3-DI-(2-HYDROXYETHYL)ADENOSINE C Y C L I C  PHOSPHATE 5 

Tab le  1. Chemical s h i f t s  and c o u p l i n g  cons tan ts  o f  - 2. 

c1 

6 
5 '  
4 '  
2 '  
3 '  
1'  
5 
8 
4 
6 

43.60 

63.44 
70.18 
74.60 
75.02 
80.26 
94.04 

115.87 
132.59 
145.14 

169.02 

JC H= 1 39 c1 3.44 
'JCH=143 B 3.68 

'JCH=152, 'JPC=7 5 ' , " '  4 . 2 4 - 4 . 2 e  

'JCH=155, 3JPC=4 4'  4.48- 4.27E 

'JCH=147, 2JPC=4 2 '  4.63- 4.612 

3JCH8=9 8 7.40 

'JCH=216, 3JCH1 ' = 4  
3JCH8=4, 3JCH1 '=2 
3JCHa=4 

lJCH=159, 3JPC=7 3' 

lJCY=168 1' 5.75 

d 67.8 MHz. The numbering r e f e r s  t o  s t r u c t u r e  - 1 (React ion  Scheme). 

5 Chemical s h i f t s  measured f rom e x t e r n a l  DSS i n  $0 (separa te  sample). 

5! 270 MHz. e Width o f  resonance; 3 '  and 4 '  over lapped. 

F i g u r e  1. 270 MHz p r o t o n  spectrum o f  2. See t e x t  f o r  d e t a i l s .  
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6 BERES ET A L .  

6 

8 

4 I 

3' 4' 
2' 5' 

Figure 2. 67.8 MHz proton decoupled carbon-13 spectrum of 2. .- 

See text for details, " X "  is unidentified. 

Table 2. Chemical shifts and coupling constants of - 3 

a 

B 
5 '  
4 '  
2 '  

3' 
1 '  

5 
8 
4 
6 

~~ 

43.19 

63.08 
63.66 
75.40f 
75.46f 
57.44 
90.15 

115.28 
133.12 
145.52 
168.82 

IJCH= 139 a 3.44 

IJC H= 1 4  3 5 ' , 5 '  ' 3.78-3.8E 
JC H= 143 B 3.69 

JCH= 152 4 '  4.30 
JC H= 153 2 '  , 3 '  4 . 5 5 - 4 . 6 e  

'JCH=151, 2JPC=5 1' 5.67 

3JCH8=8 
1JCH=215,3JCH1 ' =3  
3JCH8=3, 3JCHl ' = 2  

3JCHa=4 

'JCH=165 8 7.47 

c b, 5, d y  2 9  See notes of Table 1. 
- f Due t o  spectral overlap, assignment of C2' a n d  C4' is not possible. 
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1,3-DI-(2-HYDROXYETHYL)ADENOSI" CYCLIC PHOSPHATE 7 

3 measureable JlI2' (5.5 Hz )  seen i n  t h e  H-1' resonance a t  65.67 ppm. 

These r e s u l t s  suggest t h a t  t h e  c y c l i c  phosphate r i n g  has opened, y i e l d i n g  

a 3'-monophosphate. Again, a s i n g l e  d o w n f i e l d  p r o t o n  and two, two-pro ton  

methylene t r i p l e t s  p o i n t  t o  a r i n g  opened base w i t h  one hyd roxye thy l  

s u b s t i t u e n t ,  as i n  - 2. 

s p l i t t i n g  p a t t e r n s  as i n  - 2. 

chemical s h i f t s  (Tables 1 and 2) f o r  base carbons four ,  f i v e ,  s i x  and 

e i g h t  and t h e  two methylene carbons l e n d  credence f o r  t h e  p o s t u l a t e  t h a t  
t h e  aglycone i n  - 3 i s  t h e  same as i n  - 2. 

carbon s h i f t s ;  C 5 '  occurs  % 6  ppm u p f i e l d  i n  - 3, whereas C3' resonates  %7 

ppm downf ie ld .  

AMP show c l o s e  correspondence. (Some con fo rma t iona l  d i f f e r e n c e  i s  

i n d i c a t e d  compared w i t h  3'-AMP s ince  i n  - 3, C2' i s  1 ppm t o  h i g h e r  f i e l d  

and t h e  3 J ~ - , ~ ,  H - ~ I  i s  smal le r . )  Complete o v e r l a p  o f  C2' and C4' 

resonances p reven ts  d e t e c t i o n  o f  3Jpc4 I .  

Proton  coup led  carbon-13 spec t ra  o f  t h e  base carbons shows t h e  same 

Furthermore, t h e  n e a r l y  i d e n t i c a l  13C 

F u r t h e r  evidence f o r  t h e  3'-monophosphate comes f rom t h e  r i b o s e  

Comparative l H  and 1 3 C  da ta  on t h e  r i b o s e  p o r t i o n  w i t h  3 ' -  

Compound 4 (Tab le  3) : 

The p r o t o n  spectrum o f  - 4 shows t h e  s i n g l e  d o w n f i e l d  resonance t y p i c a l  

f o r  t h e  r i n g  opened base and a s i n g l e t  anomeric H-1' c h a r a c t e r i s t i c  o f  a 

c y c l i c  phosphate. The h i g h  f i e l d  p a r t  o f  t h e  spectrum i s  q u i t e  congested 

and i n d i c a t e s  t h e  p o s s i b i l i t y  o f  two a l k y l  s u b s t i t u e n t s  ( t h e  FAB MS shows 

a MW w i t h  44 mass u n i t s  g r e a t e r  t h a n  compound - 3, c o n s i s t e n t  w i t h  t h e  

a d d i t i o n  o f  a second hyd roxye thy l  group). 
Two a d d i t i o n a l  h i g h  f i e l d  carbon peaks a r e  seen i n  t h e  l3C-spec t ra ;  

bo th  a re  methylene carbons. 

region. 

- 2 and - 3. 

i d e n t i c a l  w i t h  those o f  - 2 and - 3 (Tables 1 and 2). 

upon comparison o f  I 3 C  and l H  chemical s h i f t  d i f f e r e n c e s  between - 2 and - 4 

and w i t h  r e p o r t e d  2 ' - 0 - a l k y l  s u b s t i t u t e d  nuc leos ides  (8,9). As can be 
seen i n  Tables 1 and 3, t h e  r i b o s e  carbon chemical  s h i f t s  a re  f a i r l y  

c lose ,  w i t h  t h e  excep t ion  o f  C2', which i s  7.2 ppm d o w n f i e l d  i n  - 4. 

a l k y l a t i o n  has been shown t o  r e s u l t  i n  d o w n f i e l d  s h i f t s  a t  t h e  2 ' -carbon 

One o f  these peaks f a l l s  i n  t h e  r i b o s e  carbon 

The f o u r  carbon base r e g i o n  aga in  i s  about t h e  same as f o r  compounds 

The chemical s h i f t s  f o r  t h e  base carbons (Tab le  3) a r e  n e a r l y  

The second hyd roxye thy l  s u b s t i t u e n t  was p laced  on t h e  2'-oxygen based 

2 ' -0 -  
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8 RERES ET AL.  

Tab le  3. Chemical s h i f t s  and c o u p l i n g  cons tan ts  o f  - 4 

a1 43.54 ~ J C H = ~ ~ I  a1 3.45 

a71 75.20 'JCH= 145 c1 2 '  3.75 
R 1  63.36 'JCH=144 6 1  3.71 

8 2 '  63.55 IJCH=144 6 2 '  3.82 
5 '  70.08 'JCH=150, 2 J P C = 7  5 '  ,5 '  ' 4.2 5-4.2 12 
4 '  74.76 'JCH=148, 3JPC=4 4 '  , 3 '  , 2 '  4 . 4 0 - 4 . 5 e  

3 '  80.47 'JCH=143, 3JPC=4 8 7.42 
1 '  92.32 JCH= 158 
5 115.97 31JC H8= 10 
8 132.65 1JCH=215, 3JCYl ' =4 
4 145.14 3JCI-18=4, 3JCH1 ' = 2  
6 169.03 3JCHa=3 

2 '  82.62 'JCH= 150 , 3JPC=8 1' 5.87 

- 

- h, c, dP See notes o f  Table 1. 

o f  t h i s  magnitude ( 8 ) .  Furthermore, 2 ' - 0 - a l k y l a t i o n  causes u p f i e l d  s h i f t s  

i n  t h e  cor respond ing  2 ' - p r o t o n  ( 9 )  as seen i n  comparison o f  - 2 and - 4, where 

H-2' moves u p f i e l d  t o  merge w i t h  H-3' and H-4'. 
With re fe rence  t o  assignment o f  t h e  c1 and B carbons o f  t h e  two 

hydroxyethy l  groups, i t  was assumed t h a t  f o r  t h e  s u b s t i t u e n t  on N1, t h e  

carbons would appear a t  6 4 3  ppm ( a )  and 6 6 3  ppm ( 8 )  as p e r  t h e  s i n g l e  

s u b s t i t u t e d  d e r i v a t i v e s  - 2 and - 3. 
a t  about t h e  same f i e l d ,  t hus  a 2 '  i s  assigned d o w n f i e l d  a t  675.2 ppn. 

Perhaps t h i s  carbon exper iences d e s h i e l d i n g  a n i s o t r o p y  f rom t h e  c y c l i c  

phosphate as w e l l  as e l e c t r o n  w i thd raw iny  f rom t h e  a t tached  oxygen. I t  i s  

wor th  n o t i n g  t h a t  a change o f  N t o  OR s u b s t i t u t i o n  r e s u l t s  i n  a 25 ppm 

downf ie ld  s h i f t  o f  C 2 '  i n  adenosine der iVdt iVeS ( 8 ) .  

I n  - 4,  t h e  two 8 carbons shou ld  resonate  

The s t r u c t u r e s  e l u c i d a t e d  by NMR were f u r t h e r  conf i rmed by e l e c t r o n  

impact MS ( f o r  - 2 )  and UV spectroscopy. Since t h e  UV s p e c t r a  (Tab le  4)  o f  

2-4 are  e s s e n t i a l l y  i d e n t i c a l ,  i t  can a l s o  be concluded t h a t  -- 2-4 have t h e  

same base chromophore as was shown by NMR spectroscopy. 
-- 
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1,3-DI-(2-HYDROXYETHYL)ADENOSINE CYCLIC PHOSPHATE 9 

Tab le  4. 

Compd. Mo lecu la r  UV Data a t  D i f f e r e n t  pH Values R f  
CAMP- b ( 1 ) t  weigh& pH 11 

Xmax Xmin Xmax Xmin  Xmax Xmin  

2 364 265 250 264 221 264 220 0.45 0.11 - 
243 212 

3 382 268 253 265 221 265 220 0.37 0.08 - 
245 218 

4 347d, 408 265 250 263 220 263 220 0.45 0.12 
247 215 

- 

e 346 291 248 283 231 264 226 0.37 0.04 

If 262 235 262 234 264 232 

1-(2-hydroxyethyl)cAMPf 257 230 257 229 259 229 

N6-( 2 -hydroxyethy l  )cAMPf 262 229 265 229 266 228 

d Determined by f a s t  atom bombardment (FAB) i o n i z a t i o n  mass spec t romet ry  

i n  p o s i t i v e  i o n  mode. 

!?. R f  values on s i l i c a  ge l  TLC sheets i n  s o l v e n t  system ( v / v ) :  i s o b u t y r i c  

a c i d  /28% NH40H/H20 (66/1/33:) .  

c R f  values on c e l l u l o s e  TLC p l a t e s  i n  s o l v e n t  system: 

n-butanol  /e thano l  /H20 (16/2/5).  

Due t o  l o s s  o f  OCH2CH20H f rom t h e  2 ' -carbon. 
5 A m i x t u r e  o f  2-3 components accord ing  t o  NMR spec t ra .  

- 

- f Compounds f o r  comparison under i d e n t i c a l  cond i t i ons .  
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10 BERES ET A L .  

Mechanism o f  t h e  n o v e l  p y r i m i d i n e  r i n g  o p e n i n g  and h y d r o x y  e t h y l  

e l i m i n a t i o n  r e a c t i o n s .  

I n  t h e  9 e a c t i o n  Scheme a p l a u s i b l e  m e c h a n i s t i c  e x p l a n d t i o n  i s  

d e p i c t e d  f o r  t h e  t r a n s f o r m a t i o n  - 1 

t h e  d e g r a d a t i o n  p r o c e s s  o f  t h e  base r i n g  s h o u l d  be an OH' a t t a c k  on C2 

f o l l o w e d  by  r i n g  open ing  t o  g i v e  t h e  h y d r o x y e t h y l  forrnainide i n t e r m e d i a t e ,  

wh ich  s u b s e q u e n t l y  l o s e s  e t h y l e n e  o x i d e  t o  y i e l d  t h e  forinainide spec ies .  

One s h o u l d  n o t e  t h a t  t h i s  i s  t h e  same i n t e r m e d i a t e  formed p r i o r  t o  t h e  

D i m r o t h  rearrangement ,  wh ich  does n o t  occur .  The o n l y  d i f f e r e n c e  i n  

r e a c t i o n  c o n d i t i o n s  i s  t h e  use of 1 M Na3H as opposed t o  (NH4)$03. I t  i s  

t h e r e f o r e  assumed t h a t  i n  t h e  presence o f  s t r o n g  base, loss o f  t h e  f o r i n a t e  

i o n  t o  y i e l d  m a j o r  p r o d u c t  - 2 o c c u r s  b e f o r e  rear rangement  and c y c l i z a t i o n  

can t a k e  p l a c e .  

monophosphate - 3, s i m i l a r  t o  a l k a l i n e  h y d r o l y s i s  o f  n a t u r a l  c y c l i c  

n u c l e o t i d e s  (10) .  

2 ' -oxygen w i t h  e t h y l e n e  o x i d e ,  t h e  l a t t e r  co in ing f r o m  t h e  e l i m i n a t i o n  s t e p  

d e s c r i b e d  above. It i s  w o r t h  n o t i n g  h e r e  t h a t  under  v e r y  a l k a l i n e  

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

a l k y l a t e d  ( 2 ) .  

5 -amino- l - (  6 - D - r i b o f u r a n o s y l  ) i m i d a z o l e - 4 - c a r b o x a i n i d i  ne 3 '  , 5 ' - c y c l  i c  

phosphate i s  a key i n t e r m e d i a t e  f o r  t h e  s y n t h e s i s  o f  2 - s u b s t i t u t e d  cAMP 

ana logs  and i s  p roduced by  a l k a l i n e  r i n g - o p e n i n g  s t a r t i n g  f r o m  C A W  N1- 

o x i d e  o r  N 1 - a l k o x i d e s  (10). 

-- 2-4 i n  a l k a l i .  The f i r s t  s t e p  i n  

R ing-open ing  o f  t h e  3 ' , 5 ' - c y c l i c  phosphate  c l o i e t y  o f  - 2 produces a 3 ' -  

F i n a l l y ,  - 4 i s  fo rmed pres i imah ly  v i a  a l k y l a t i o n  a t  t h e  

The base o f  2 - 4 i s  a 5-aminoimidazole-4-carboxamidine d e r i v a t i v e .  - -  

EXPERIMENTAL 

M a t e r i a l s .  cAMP was a g i f t  f r o m  P r o f .  R. K. Robins,  Depar tment  o f  

P r e c o a t e d  s i l i c a  gel Chemis t ry ,  Br igham Young U n i v e r s i t y ,  Provo, Utah. 

(6flF254, 0.02 x 20 x 20 cm, Merck, Darmstadt ,  FRG) and c e l l u l o s e  

( F 2 5 4 ,  0.01 x 20 x 20 cm, Merck)  TLC p l a t e s  were used t o  f o l l o w  t h e  
r e a c t i o n ,  s e p a r a t e  t h e  p r o d u c t s  and check t h e  p u r i t y .  

used were ( v / v ) :  i s o b u t y r i c  a c i d  /28% aq. NH40H/ H20 (66/1 /33)  and 

n-bu tano l  / e t h a n o l  / H20 (16/2 /5) .  
Pharrnacia F i n e  Chemica ls ,  Sweden and was purchased f ro in  Sigma Chemical  Coy 

S t .  L o u i s ,  M i s s o u r i .  

S o l v e n t  systems 

DEAE Sephadex A-25 was t h e  p r o d u c t  of 
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1,3-DI-(2-HYDROXYETHYL)ADENOSINE C Y C L I C  PHOSPHATE 11 

Met hods. 

NMR spectroscopy. A l l  samples were t r e a t e d  w i t h  B i o r a d  Che ex 100 
r e s i n  t o  remove paramagnetic i m p u r i t i e s .  Aqueous s o l u t i o n s  were s t i r r e d  

severa l  hours a t  ambient tempera ture  wi th t h e  s o l i d  r e s i n .  The r e s i n  was 

f i l t e r e d  o f f ,  r i n s e d  and t h e  t o t a l  s o l u t i o n s  l y o p h i l i z e d  t o  dryness. The 

d r i e d  m a t e r i a l s  were d issoved i n  S t o h l e r  99.8% $0, r e l y o p h i l i z e d  and 

red i sso l ved .  

0.5 m l  D20 and t r a n s f e r r e d  t o  a Wilmad #528 min tube. 

t h e  s o l i d s  were d i s s o l v e d  i n  0.25 m l  D20 and t r a n s f e r r e d  t o  Wilrnad 5 mm 

r n i c r o c e l l s  (0.25 m l  volume). 

I n  t h e  case o f  sample - 2, t h e  t o t a l  m a t e r i a l  was d i s s o l v e d  i n  

Fo r  samples - 3 and - 4, 

A l l  samples were examined on a J E O L  FX-270 spec t rometer  a t  23 "C i n  a 

5 mm C/H f i x e d  tuned probe. 

t r a n s i e n t s  accummulated; f l i p  any le  go",  p u l s e  d e l a y  0.2 sec., sweep w i d t h  

10 ppm. I 3 C  s p e c t r a l  c o n d i t i o n s  were g e n e r a l l y :  f o r  t o t a l  carbon spec t ra ,  

149 ppm sweep w id th ,  f l i p  any le ,  75"; p u l s e  de lay  6 sec; 12-26 x lo3 
t r a n s i e n t s  c o l l e c t e d .  F o r  examinat ion  o f  t h e  low f i e l d  carbon reg ion ,  

sweep w id ths  o f  62 ppm were used and 8-24 x lo3 t r a n s i e n t s  c o l l e c t e d  under 

t h e  c o n d i t i o n s  l i s t e d  above. Dur ing  complete broad band p r o t o n  n o i s e  

decoup l ing ,  4 w a t t s  decoup ler  power was used; no sample h e a t i n g  was 

detected. 

used. 

gated on d u r i n g  p u l s e  de lay ) .  

dimethyl-2-silapentane-5-sul f ona te  (DSS) i n  D20. 

I on  Tech FAB 11N i o n  source was used w i t h  a n e u t r a l  6 keV xenon beam f o r  

i o n  desorp t ion .  

l H  s p e c t r a l  c o n d i t i o n s  were commonly: 20-24 

For  s e l e c t i v e  p r o t o n  decoupl i n g ,  0.1 w a t t  decoup ler  power Nas 

Pro ton  coup led  13C-spectra were ob ta ined  w i t h  f u l l  NOE (decoup le r  

A l l  chemical  s h i f t s  were measured f rom an e x t e r n a l  re fe rence  o f  2,?- 

FAB mass spec t ra  were acqu i red  u s i n g  a Var ian  MAT 731 i ns t rumen t .  An 

E I  mass spec t romet r i c  measurements were c a r r i e d  o u t  on a Var ian  MAT 

112s i ns t rumen t  w i t h  i o n i z i n g  energy o f  80eV and an i o n  source tempera ture  

o f  175 "C.  

T r i m e t h y l s i l y l a t i o n  was c a r r i e d  ou t  f o l l o w i n g  t h e  a d d i t i o n  o f  N,O-  
b i  s ( t r i m e t h y 1  s i  1 y l ) t  r i  f luoroacetamide w i t h  1% o f  t r i m e t h y l  c h l o r o s i l a n e  

added (313 p L) and p y r i d i n e  (10 p L) t o  ca. 0.2 mg o f  sample which was 

heated a t  110 "C f o r  1 h i n  a g lass  c a p i l l a r y  tube. 

The sample was in t roduced  by d i r e c t  probe. 

Trans format ion  o f  1,3-Di-(2-hydroxyethyl)-cAMP (1) i n  A l k a l i  

Compound - 1 (0.242 g, 0.5 mmol) was d i s s o l v e d  i n  1 M sodium hydrox ide  

( 5  mL) a t  ambient temperat i i re.  

pu t  on a column (3.5 x 50 cm) o f  DEAE Sephadex A-25 (HC03). 

A f t e r  2-4 days t h e  r e a c t i o n  m i x t u r e  was 
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12 BERES ET AL. 

The column was f i r s t  washed w i t h  d i s t i l l e d  wa te r  ( 1  L), t h e n  e l u t e d  

u s i n g  a l i n e a r  g r a d i e n t  o f  water  (1.5 L )  and 1 M ammonium b i c a r b o n a t e  (1.5 

L ) .  F r a c t i o n s  (18 mL/9 min.) 62-66 con ta ined  m a i n l y  compound - 2 (0.043 

g, 22%). Compound I 3 appeared almost s o l e l y  i n  f r a c t i o n s  76-84 (0.099 
g, 47%). Mixed f r a c t i o n s  (67-75) con ta ined  -I 2-4 and - X(0.056 9 ) .  F i n a l  

p u r i f i c a t i o n  o f  - 2 (37 mg) was performed on f o u r  c e l l u l o s e  p l a t e s  u s i n g  n- 

BiJOH/EtOH/H20 (16 /2 /5 )  deve lop ing  system ( two  developments). Compound - 2 

(26 mg) was e x t r a c t e d  f rom c e l l u l o s e  w i t h  water.  The same procedure  was 

a p p l i e d  f o r  compound - 3 (14 mg, one p l a t e ,  one development, 8 m y  o f  pu re  3) 
and f o r  - X (39 mg, 14 p l a t e s ,  one development, 6 mg o f  pu re  - 4 and 2 mg o f  

- X I .  
EI-MS da ta  of - 2, m/e ( r e l .  i n t e n s i t y  X): 580, M+ + 3TrlS(2); 565, M+ 

+ 3TMS-15 (1) ;  652, PI+ + 4TMS (2);  637, M+ + 4TMS-15 (13).  
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