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khstract - l-Ethyl-b-imino-3-methyl-Z-axo-Y-B-D-ribofuranosylpurine (2, 1-ethy l -3-methy l -  

i m g u a n o s i n e )  has been synthes ized f rom 5 - (me thy lam ino ) -1 -6 -D- r i ba fu ranosy l im ida iu le -4 -  

c a r b o n i t r i l e ,  Th is  m d i f i e d  pu r ine ,  by v i r t u e  of  s u b s t i t u e n t s  on b o t h  N' and N~ n i t r o y e n s  

i s  f rozen  i n  t h e  6-imino form;  i t s  uv spectrum i s  camparea t o  t h a t  o f  dnalogs whlch can 

e x i s t  i n  the  tau tomer i c  6-amino & 6-imioo forms. I t  i s  r e l a t i v e l y  s t a b l e  t o  h y d r o l y s i s  o f  

t h e  9 - r i b o s y l  band i n  c o n t r a s t  t o  o t h e r  N3-subs t i t u ted  nuc leos ides  

Recen t l y  1-methy l isoguanosine ( A ,  d o r i d ~ s i n e , ~  b-amino- l -methy l -2-oxo-9-s-D-r ibafuranosy lpur ine)  

was independent ly  i s o l a t e d  from t h r e e  d i f f e r e n t  marine animals ( f rom a d o r i d  nudibranch,  An isodar i r  

n o b i l i s ,  from t h e  coast o f  ~ a l i f o r n i a ; ~  f rom a sponge, Tedania d i g i t a t a ,  from t h e  eas te rn  codst  o f  

~ u ~ t r a l i a ; ~  and f rom a c o r a l ,  Madaciz m i r a b i l i s ,  from t h e  Caribbean sea3).  Before these 

d i  ~ c o v e r i e s ,  N ' - subs t i t u ted  isoguanasines were conspicuously  m iss ing ,  e i t h e r  as n a t u r a l l y  occurring 

o r  s y n t h e t i c  nucleosides. 1-Methy l isoyuanosine (1 )  causes sus ta ined  lower ing  o f  b lood p ressu re  i n  

exper imenta l  animal s.134 The pro longed a c t i v i t y  presumably i s  made p o s s i b l e  because i t  i s  n o t  

dest royed jnn by adenosine deaminase. Pmony t h e  r a r e  m d i f i e d  nuc leos iaes ,  t h e  o n l y  ones whicn 

are s u b s t i t u t e d  a t  b o t h  N' and N~ seem t o  be t h e  unusual Y nuc leos ides ,   yosi sine,^ wybutosine6 and 

wybutaxosine7) which have a fused  im idazo le  r i n g  between C2 and N' and a re  a l so  met l ly la ted a t  N ~ .  

A c h d ~ a c t e r i s t i c  o f  these ~ ~ , ~ ~ - d i s u b s t i t u t e d  n ~ c l e o s i d e s , ~ ~  and o f  3 - ~ u b s t i t u t e d ' ~ - l ~  nuc leos ides 

i n  genera l ,  seems t o  be t h e i r  u n u s u a l l y  h i g h  s u s c e p t i b i l i t y  t o  a c i d  h y d r o l y s i s  o f  t he  g l y c o s i d i c  

bond. The tau tomer i c  s t r u c t u r e  o f  a nuc leos ide  such as !?=@ under  p h y s i o l o g i c a l  c o n d i t i o o s  i s  i n  

impor tan t  f a c t o r  i n  de te rm in ing  i t s  i n t e m l e c u l a r  i n t e r a c t i o n s  v i a  hydrogen bandlng. I n  our 

r e p o r t  on t h e  i s o l a t i o n  o f  1-methy l isoyuanosine 1 we represented i t  as t h e  6-imino forma ( L a ) ,  
w h i l e  Cook e t  31.' r epo r ted  it as t h e  6-amino farm ( L b ) .  The b-amino form was conv inc ing l y  

S u p p r t e d  by 13C nmr s p i n - l a t t i c e  r e l a x a t i o n  s tud ies9  i n  d ~ m e t h y l s u l f a x i d e  (UMSO) so lvent .  We 

sought t o  o b t a i n  independent ev idence i n  n e u t r a l  aqueous s o l u t i o n  v i a  t h e  uv spect ra  o f  m d e l  



compounds. We have synthes ized 1-ethyl-3-methylisoguanorine (2) which must e x i s t  i n  t h e  6-imino 

form. We hoped t h a t  a comparison af  t h e  uv  spect ra  o f  ! and 2 migh t  c l a r i f y  t h i s  t a u t o m e r i m  

quest ion.  A comparable study1' o f  t h e  mre complex tautamerism of  isoyuanosine (analogous t o  !! e!! 
but  l a c k i n g  t h e  N1-methyl group)  favo red  the  6-amino form b u t  was n o t  conc lus i ve ,  i n  p a r t  because 

o f  a l a c k  of a s u i t a b l e  ~ l , ~ ~ - d i s u b s t i t u t e d  m d e l  The X-ray c r y s t a l  s t r u c t u r e  o f  t h e  

1 a - Ib  - 2 .., 
ikim fam Amino f m  ifthyl-3-methylisoguanosine 

hydroch lo r ide  s a l t  of ' I - m e t h y ~ i s o g u a n i n e ~ ~  doer no t  answer t h e  q u e s t i o n  o f  t n e  tdutorner ic  form i n  

n e u t r a l  SOIUtion s ince t h e  p ro tona ted  forms o f  l a  and l b  a r e  resonance hybr ids.  Keact ian o f  312 -. -- 
w i t h  e t h y l  isocyanate i n  N,N-dimethylformamide ( lOoOc, 6  h )  f a l l owed  by t rea tmen t  w i t h  ammnium 

hydrox ide i n  methanol a t  O O C  y i e l d e d  ? [76%, my 165-167'C, m / e ,  326 ("+I) u u  A%: (pH 2) .  282 nm ( c  

H 0 
5.4 x l o 3 ) ;  am:x (pH 6 ) ,  249 (5.0 x l o 3 ) ,  292 (4 .7  x l o 3 ) ;  (pH l o ) ,  283 (5 .6  x l o 3 ) ;  pKa, 4.7; 

'H nmr ( 0 ~ s 0 - d ~ )  1.15 ( 3  H, t, C H ~ ) ,  3.2 ( 2  H, q ,  ~l - C H ~ ) ,  3 . 6  ( 3  H, s, ~3 - C H ~ )  4.1 ( 2  H, d, 

- 0 - C H ~ ) ,  5.7 (IH, d, C ~ ' - H ) ,  7.8 ( 1  H, s, c8 - H)]. The s t r u c t u r e  o f  was assigned on the  bas18 

O f  i t s  method of syn thes is  and i t s  'H nmr, uv and mass s p e c t r a l  p r o p e r t i e s .  

The 'H nmr spectrum of  t h e  6-imino form o t  2 shows an equal i n t e n s i t y  t r i p l e t  (66.60, J14x-1H, 49 

Hz) which agrees w i t h  t h e  data1s8) f rom l a :  namely 1 can e x i s t  i n  t h e  imina f rom ( i d )  i n  DMSO. The . - 

uv spectrum o f  1 -e thy l -3 -me thy l i soguanos ine  (2 )  i n  aqueous media a t  pH 6 i s  conlparea w l t h  t n e  spec- 

t r a  of 1-rnethyl isoguanosine (!), 1 - e t h y ~ i s o g u a n o s i n e , ~ ~  N~,N ' -9 - t r ime thy l i soguan ine  and t h e  parent  

n u c l w s i d e ,  i soquanosine i n  Tab le  I. These f i v e  p u r i n e  d e r i v a t i v e s  nave almost i d e n t i c a l  s p e c t r a l  

Curves w i t h  t h r e e  comrmn a b s o r p t i o n  maxima a t  approx imate ly  210, 253, and 293 nm. S u p e r f i c i a l l y  

one m igh t  assume t h a t  t hey  a l l  had t h e  same bas ic  chromophore. However, N',N'-9-tr imethyl- 
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i soguanine has t h e  6-amino s t r u c t u r e  analogous t o  i b  ( i t  cannot e x i s t  i n  t h e  6-imino fo rm)  w h i l e  

t h e  N ~ , N ~ - d i s u b s t i t u t e d  ? has t h e  6-imino form analogous t o  ( i t  cannot e x i s t  i n  tne  a m i m  form 

i n  n e u t r a l  s o l u t i o n ) .  U n f o r t u n a t e l y ,  s ince  t h e  uv spect ra  of these t w  rmdel compunds w i t h  

d i f f e r e n t  nuc lea r  s t r u c t u r e s  a r e  e s s e n t i a l l y  t h e  same, no conc lus ion  can be drawn concerning the  

tautarner ic  farm of 1 i n  n e u t r a l  s o l u t i o n  based on uv spectra. 

Table 1. UV Spect ra  of Isoguanosine and i t s  D e r i v a t i v e s  i n  Neu t ra l  Aqueous So lu t i on .  

Isoguanosine Derivative h a x -  E x I"3b Keterence 

Isoguanosine 293, 248, 208 11, 9, 23 10 

I-Me-isoguanorine (i) 292, 248, ---' 9, 7, --= 
C 

1 
294, 250, ---C 11, 9, -- 2 

I -E t - i soguanos ine  ( 5 )  293, 249, 209 10, 8, 18 13 

1-Et-3-me-isoguanosine ( z )  292, 249, 211 5, 5, 19 d 

~ ~ , ~ ~ , 9 - ~ r i r n e t h y l  i soguanine 295, 249, 212 11, 8, 17 10 

a )  Some o f  t h e  va lues  f rom t h e  l i t e r a t u r e  a re  taken from f i g u r e s  and are t 2 nm. 

b)  Rounded t o  t h e  neares t  whole number. c )  Not r e p o r t e d  be low 221) nm. d )  This  study. 

The uv spect ra  o f  isoguanosine and 9-methy l isoguanine i n  d ioxane a r e  s t r o n g l y  i n f l u e n c e d  by 

a d d i t i o n  of water;'' however, under  t h e  same c o n d i t i o n s ,  t h a t  o f  ? i s  v i r t u a l l y  unchanged (A,,, 

303, E 7 x l o 3 ) ,  m i l e  t h a t  o f  ~ ~ - e t h y l i s o g u a n o s i n e ~ ~ ~  shows a n l y  a  s l i g h t  s h i f t  i n  wavelength bur 

no change i n  i n t e n s i t y  199 : l  d ioxane :  H20, hma 3 8 ;  93:7 d ioxane:  HZO. A,,, 3 2 ,  E = 10 x 1 0 ~ ) .  We 

conclude t h a t  these spec t ra l  d i f f e rences  a r e  caused by hydrogen bonding i n  t h e  f i r s t  tho compaunds 

and t h a t  such bonding has been b locked by N1 and 113 s u b s t i t u t i o n  i n  t h e  l a t t e r  t w ,  compunds. The 

g l u c o s i d i c  bonds of N3-subs t i t u ted  nuc lea r ides  (3-methyladenosines,14 3 - r n e t h y l g ~ a n o s i n e . ~ ~  3- 

methy lxanthos ine,16 and 3 - m e t h y l i s o g ~ a n o s i n e ~ ~  are u n u s u a l l y  s u s c e p t i b l e  t o  a c l d  ca ta l yzed  

h y d r o l y s i s ;  f o r  example, 3-methy ladenosine l4  hydro lyzes one-thousand t imes f a s t e r  than adenosine 

i t s e l f .  However, we have found t h e  N1 ,N3-d i subs t i t u ted  nuc leos ide  2 i s  reasonably s tab le ,  

hyd ro l yz ing  t o  1-ethy l -3-methyl isoguanine ( 5 )  a t  a r a t e  a n l y  s l i g h t l y  f a s t e r  than t h a t  of 

adenosine14: Pseudo- f i r s t  o r d e r  h y d r o l y s i s  r a t e  constants  f o r  ? were ob ta ined  by measuring the 

decreas ing peak area o f  ? and inc reas ing  peak area f o r  5 i n  a l i q u o t s  r e m v e d  a t  i n t e r v a l s  and 

analyzed by HPLC (u-Bondapak C-18; H20:MeOH, e0:20 r e t e n t i o n  t i m e  f o r  2, 6.8 min;  f o r  $,  8.2 min; 

uv d e t e c t o r  280 nm). The r a t e  cons tan t  f o r  2 (1.6 x 1U4 m i n - l ,  0.1 HCI, 25Oc; 3.2 x 10-3 m i n - l ,  



2.0 N HCI, 2 5 O ~ ;  1.4 x min -1 ,  0 . 1  N HCI, i s  about  l / l 0 5  t h a t  p u b l i s h e d  f o r  3- 

r n e t h y l i ~ o g u a n o s i n e , ~ ~  116000 t n a t  f o r  3 - m e t h y ~ g u a n o s i n e ' ~  and abou t  1 /2% t n a t  f a r  3-methy l -  
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