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NUCLEOSIDES & NUCLEOTIDES, 3 ( 3 ) ,  277-286 ( 1 9 8 4 )  

SYNTHESIS OF 3'-AMINO-3'-DEOXYGUANOSINE 5'-TRIPHOSPHATE 

G.M. Visser', R .  Keemink', Cecile Schattenkerk',  B. Kraal* 
+* and  J.H. van Boom 

Gorlaeus Laboratories,  P . O .  Box 9502,-2300 R A  Leiden and *Department + 

of Biochemistry, S t a t e  University,  Leiden, The Netherlands 

Abstract:  Phosphorylation of 2 '  -0-acetyl-3I- t r i  f l  uoroacetamido-3'-deoxy- 
N2-palmi toy1 guanosine with N-morphol ino-O,O-bis( 1-benzotriazolyl )phos- 
pha te  gives a 5 ' -phosbhotr ies ter .  Removal of the benzotriazolyl group 
and addi t i  on of pyrophosphori c acid gave ,  a f t e r  deb1 ocki ng a1 1 protec- 
t ing  groups, GTP(3'NH2). 

Riboguanosine 5 ' - t r iphosphate  ( G T P )  binding proteins  pa r t i c ipa t e  
in a large number of biochemical nrocesses,  such as  hormonal regulat ion 

of adenylate cyclase ' ,  interferon-induced an t iv i r a l  response2, assembly 
of tubulin in to  r n i c r o t ~ b u l e s ~ ,  and binding and t rans loca t ion  of amino- 
acyl-tRNA t o  ribosomes4. For fur ther  charac te r iza t ion  of the GTP i n t e r -  
act ions on these proteins  a number of GTP der iva t ives  have been descr i -  

l abe ls  8-azido-guanosine 5 ' - t r iphosphate  and 5'-p-fluorosulfonylbenzoyl 
guanosine6. For  pa r t i cu la r  pro te ins ,  e .8 .  the peptide chain elongation 
f ac to r  EF-Tu , the stereospeci f i  c cons t ra in ts  on the nucleoti  de cofactor  
are rather high, and modification of the guanine moiety or a t  the 5 '  
end causes a la rge  drop i n  a f f i n i t y 4 .  The  o a r t i a l l y  resolved 3-D struc- 
ture of EF-Tu-GDP ( c f .  Fig.  1) indeed reveals hydrogen bond in t e rac t ions  
with the base and the 5 '  phosphates, whereas the 2 '  ,3'-hydroxy groups 
are  exposed t o  the solvent7.  This led us t o  the idea of synthesizing 
GTP( 3'NH2) which should allow the introduct ion of any desired f luores-  

b e d ,  such as (35S)guanosine-5'-0-(3-thiotri~hosphate) 1 and  the a f f i n i t y  
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2 7 8  VISSER ET AL. 

cence o r  spin label a t  the 3 '  posi t ion.  I n  the case of EF-Tu, the atom 
coordinates of t he  nucleotide a t  i t s  binding s i t e  a r e  well defined and 

reference fo r  the  measurement of d i s t a n t  in te rac t ions  could serve a s  a 

FIG.  1 

T h ree - d i men s i on a 
EF-Tu with detai  
1 i ces  (cyl i nders 
s t rands (arrows) 
cl eot i de bi ndi ng 

model of 
s of a-he- 
and a- 

in  the nu-  
domain. 

Contact areas  with the  two 
tRflA ~ io l  ecul es  a re  supposed 
around residue nrs .  208 and 
237. For fu r the r  d e t a i l s  
see re f .  7 ,  9 and 10. 

8 nm 

with other  l igands such a s  t R N A  w i t h  a s imi la r ly  label led 3'-arnino-3'- 
deoxyadenosine a t  i t s  3 '  end . I n  the  l i g h t  of the  recent f inding t h a t  
EF-Tu can bind two t R N A  molecules simul t a n e o u ~ l y ~ ' ~ ~ ,  such an approach 
would be espec ia l ly  useful .  

N 1 (see  Scheme) plays a pivot ro le  in our  approach t o  the synthesis  of 
GTP(3'NH2). Key intermediate 1 can be obtained by a mult is tep process 
s t a r t i ng  e i t h e r  from D-g1 ucose -11y12 o r  D-xylose 13-15. On the  other  
hand, Morr e t  a1 .16 obtained intermediate 
3'-deoxy-riboadenosine which could e a s i l y  be i so la ted  by fermentation 
from Helminthosporium sp. 125. I n  our approach, we adopted the recent ly  
developed method of 0201 s e t  a l .  l7 f o r  the  preparation o f  L. According 
to  t h i s  method, the 3-OH g r o u p  of 1,2-isopropylidene-5-O-benzoyl-~-D- 
xylofuranose was e s t e r i f i e d  with trifluoromethanesulfonic acid anhydri- 

d e  followed by subs t i tu t ion  of the t r i f l a t e  function with l i th iumazide .  
Hydrogenolysi s o f  the 3 '  -azi do function with pal 1 adi um on charcoal , 
and  protection of the f r ee  amino group with t r i f l uo roace t  c anhydri- 
de18, afforded the ful  ly-protected 3-amino-3-deoxy-ri bose der ivat ive 
N 1. Condensation of N 1 with a pers i ly la ted  N -acylguanine19 der iva t ive  

8 

The properly-protected 3 '  -ani no-3'-deoxy-D-ribofuranose der iva t ive  

by ace to lys i s  of 3'-amino- 
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280 VISSER ET AL. 

1 2 2 (R = t r i m e t h y l s i l y l ;  R = a c y l )  i n  1,2-dichloroethane, and i n  t h e  p re -  

sence o f  t h e  F r i e d e l - C r a f t s  c a t a l y s t  t r i m e t h y l s i  l y l  t r i f l u o r m e t h a n e -  

su l  fonate  20'21, would a f f o r d  t h e  f u l  l y - p r o t e c t e d  guanosine d e r i v a t i v e  

3. However, we found t h a t  condensat ion o f  w i th  guanine d e r i v a t i v e  

2, i n  which R =acety l  o r  benzoyl ,  5ave a moderate y i e l d  (exper imenta l  

evidence n o t  g iven  he re )  o f  t he  r e q u i r e d  d e r i v a t i v e s  2 ( R  = a c e t y l ' o r  

benzoy l ) .  A h i g h e r  y i e l d  o f  3 (R = p a l m i t o y l )  was ob ta ined  i f  we sub- 

j e c t e d  the  p e r s i l y l a t e d  guanine d e r i v a t i v e  2 c a r r y i n g  the  l i p o p h i l i c  

N -palmi t o y l  p r o t e c t i n g  group22 t o  t h e  condensat ion c o n d i t i o n s  ment i -  

oned above. Care fu l  a n a l y s i s  o f  t he  crude r e a c t i o n  m i x t u r e  by TLC 

i n d i c a t e d  the  presence o f  ma in l y  t h e  N-9 isomer (2) and presumably a 

smal l  q u a n t i t y  o f  t he  N-7 isomer. The f u l l y - p r o t e c t e d  d e r i v a t i v e  2 
2 ( R  = p a l m i t o y l )  was now converted, by the  f o l l o w i n g  s teps ,  i n t o  com- 

pound hav ing  a f r e e  5'-OH. Thus, s h o r t  t rea tmen t  o f  2 w i t h  sodium 

methoxide, f o l l o w e d  by s e l e c t i v e  p r o t e c t i o n  o f  t h e  5'-OH w i t h  4 , 4 ' - d i -  

m e t h o x y t r i t y l  c h l o r i d e ,  a f fo rded ,  a f t e r  a c e t y l a t i o n  o f  t h e  2'-OH 

groun w i t h  a c e t i c  anhydr i  de and a c i d  h y d r o l y s i s  o f  t h e  d i m e t h o x y t r i  t y l  

group, compound 4 as a c o l o u r l e s s  g lass .  

The i n t r o d u c t i o n  o f  t h e  t r i phospha te  f u n c t i o n  was accomplished by 

app ly ing  t h e  c r y s t a l  1 i n e  and eas i  l y  access ib le  b i f u n c t i o n a l  phosphoryl  a- 

t i n g  agent 223. Thus an excess o f  i n  dioxane was added t o  compound i 
i n  the  presence o f  N-methyl im idazo le .  Work-up o f  t h e  r e a c t i o n  m ix tu re ,  

a f t e r  2 h a t  2OoC, a f f o r d e d  the  p h o s p h o t r i e s t e r  d e r i v a t i v e  g as a homo- 

aeneous s o l i d  i n  a good y i e l d .  Removal o f  t he  b e n z o t r i a z o l y l  P-0 pro-  

t e c t i n g  group f rom 2 t o  a f f o r d  crude L, was accomplished by t rea tment  

w i t h  t r i e t h y l a m i n e / w a t e r  i n  a c e t o n i t r i l e .  Crude L thus  ob ta ined  was 

t r e a t e d  w i t h  t h e  t r i -buty lammonium s a l t  o f  pyrophosphor ic  a c i d  i n  DMF 

f o r  16 h a t  2OoC. Ammonolysis o f  t h e  r e a c t i o n  p roduc t  a f f o r d e d  crude 

which was p u r i f i e d  by anion-exchange column chromatography. Thb homoge- 

n e i t y  and i d e n t i t y  o f  

NMR spectroscopy. 

ry l  a t i o n  o f  the  guanosi ne d e r i v a t i v e  4- ( R  =palmi t o y l  ) w i t h  t h e  b i  func-  

t i o n a l  agent 2 presents  a conven ien t  r o u t e  t o  t h e  syn thes i s  o f  GTP(3'- 

NH2). P r e l i m i n a r y  compe t i t i on  exper iments between ( H)GTP and GTP(3'- 

NH2) f o r  b i n d i n g  EF-TU revea led  an o n l y  t w o - f o l d  decreased a f f i n i t y  f o r  
t he  l a t t e r  m o d i f i e d  r i b o n u c l e o t i d e .  

N 

2 
N 

2 N 

2 
N 

2 

N 

1 was unambiguously asce r ta ined  by 31P- and H- 

I n  conc lus ion ,  t h e  data p resented  i n  t h i s  paper show t h a t  phospho- 
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3'-AMINO-3'-DEOXYGUANOSINE 5'-TRIPHOSPHATE 281 

Exoer imental  

General methods and ma te r i  a1 s : Dioxane , t e t r a h y d r o f u r a n  , p y r i  d ine  and 

a c e t o n i t r i l e  were d r i e d  by h e a t i n g  w i t h  CaH2 under r e f l u x  f o r  16 h and 
then d i s t i l l e d .  Dimethylformamide was s t i r r e d  w i t h  CaH2 f o r  16 h and 

then d i s t i l l e d  under reduced pressure .  A l l  so l ven ts  were s t o r e d  over  

mo lecu la r  s ieves  41. l Y 2 - D i c h l o r o e t h a n e  was washed w i t h  concent ra ted  
s u l f u r i c  ac id ,  wa te r  and 10% aqueous NaHC03 d r i e d  over  CaC12 d i s t i l l e d  

f rom P205 and s t o r e d  over  mo lecu la r  s ieves  41. Hexane, p -xy lene and 
t o 1  uene were d i  s t i 11 ed and s t o r e d  over  sodi  um. Evapora t ions  were ca r -  
r i e d  o u t  under reduced pressure  (15 mm Hg) a t  4OoC. 'H-NPlR s p e c t r a  

were measured a t  100 MHz us ing  a Jeol  JNPS 100 spectrometer o r  a t  300 
MHz w i t h  a Bruker  WM 300 spectrometer,  equipped w i t h  an Aspect 3000 

computer, o p e r a t i n g  i n  the  F o u r i e r  Transform mode. 1 3 C -  and 31P-NMR 

spec t ra  were measured w i t h  a Jeo l  JNPS 100 spectrometer equipped w i t h  
a EC-100 computer, o p e r a t i n g  i n  t h e  F o u r i e r  Transform mode. Chemical 

1 s h i f t s  (&va lues )  a re  g i ven  i n  ppm r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  ( H- 
NMR) o r  tetramethylammonium c h l o r i d e  ( C-NMR), and 85% H3P04 as an 

e x t e r n a l  re fe rence  f o r  31P-NMR spectroscopy. Compounds were v i s u a l  i zed 
by UV- l i gh t ,  o r  by sp ray ing  w i t  t he  a p p r o p r i a t e  reagents .  Thus com- 

pounds c o n t a i n i n g  sugar m o i e t i e s  were v i s u a l i z e d  by sp ray ing  w i t h  s u l -  

f u r i c  a c i d  (20%; v /v )  o r  molybdato phosphor ic a c i d / a c e t i c  a c i d / s u l f u r i c  

a c i d  (25 g/500 m1/25 m l ) .  Compounds c o n t a i n i n g  a l i p h a t i c  amino groups 
were de tec ted  by  n i n h y d r i n e  spray reagent  (Merck). TLC was performed 

on S i l i c a g e l  ( D C - f e r t i g f o l i e n  F 1500 LS 254, Sch le i che r  & SchU11). 

Sol vent  system A:  chloroform/methanol  (92:8, v /v )  un less  o the rw ise  
s ta ted .  Column chromatography was performed on s i  1 i cage1 (Merck , K ie -  

s e l g e l ,  230-400 mesh). High performance anion-exchange chromatography 
was performed w i t h  t h e  s t r o n g  anion-exchange r e s i n  Permaphase AAX (Du- 

pont, USA) dry-packed i n t o  a s t a i n l e s s - s t e 6 l  column (1 rn x 2 .1  mm). 

Grad ien t  e l u t i o n  was a f f e c t e d  by b u i l d i n g  up a l i n e a r  g r a d i e n t  s t a r t i n g  
w i t h  b u f f e r  A (0.005 M KH2P04, pH 4.5) and a p p l y i n g  1% o f  b u f f e r  B (0 .1 

M KH2P04, 1.0 M K C l ,  pH 4.5) p e r  min. A f l o w  o f  1 ml/min a t  a p ressure  

o f  8 MP a t  2OoC was standard.  

13 

9 ' - (2 ' -0 -ace ty l -3 ' -deoxy -3 ' - t r i ~1uoroace tamido -5 ' -O-benzoy l -0 -O- r i bo -  

fu ranosy l  )-N2-palmi toy lguanos ine  (2) 

N -Pa lmi toy lguan ine  (5 .5  g, 14.1 mmole) was, a f t e r  coevapora t ion  w i t h  2 
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282 VISSER ET AL. 

anhydrous p y r i d i n e  ( 3  x 30 ml ) ,  r e f l u x e d  f o r  7 h wi th  hexamethy ld i s i l a -  
zane (HMDS, 25 m l ) ,  t r i m e t h y l c h l o r o s i l a n e  (TCS, 0.5 ml) and anhydrous 
p y r i d i n e  ( 5  m l ) .  The excess  HMDS and p y r i d i n e  were removed by coevapo- 
r a t i o n  twice  w i t h  anhydrous p-xylene (25-50 ml ) .  The s o l i d  ye l low s i -  
l y l  compound 2 ( 1 . 6 3  9, 3 . 1  mmole) was ' d i s so lved  together w i t h  compound 
N 1 (1.13 g ,  2.6 mmole) i n  l Y 2 - d i c h l o r o e t h a n e  (20 ml) and coevapora ted  
twice w i t h  anhydrous t o l u e n e  ( 2  x 50 ml)  t o  a f f o r d  an o i l .  The o i l  was 
r ed i s so lved  i n  l Y 2 - d i c h l o r o e t h a n e  (70 ml) and t r i m e t h y l s i l y l t r i f l a t e  
(0.85 g, 3.85 mmole) was added. The mixture  was g e n t l y  r e f l u x e d  i n  an 
atmosphere o f  dry  n i t r o g e n .  A f t e r  6 h ,  TLC (system A )  showed the reac- 
t i o h  t o  be complete.  Mainly two p roduc t s  i n  a r a t i o  of 1:lO could  be 
d e t e c t e d  by T L C  ( A )  a n a l y s i s ,  The r e a c t i o n  mixture was d i l u t e d  w i t h  
chloroform (100 ml) and washed wi th  aqueous sodium hydrogen ca rbona te  
( l o % ,  v / v ,  25 ml) and water (25  ml ) .  The o r g a n i c  l a y e r  was d r i e d  
(NgSO,) and evapora ted  t o  a f f o r d  a l i g h t  brown o i l .  The c rude  p roduc t  

2 was d i s s o l v e d  i n  ch loroform and p u r i f i e d  on a column (8  x 1 2  cm ) of 
Kiese lge l  (230-400 mesh). E lu t ion  o f  the column wi th  chloroform/metha- 
no1 (1OO:O + 98:2 ,  v / v )  a f fo rded  2 a s  a ye l low glass .  Yie ld  1.46 g 
( 7 3 % ) .  R f ( A ) :  0 .36 .  

N 

1 H - N M R  da t a  (CDC13/CD30D): 0 . 8  ( t ,  3xH, O = C - ( C H 2 ) 1 4 - C H 3 ) ;  1.25-1.60 
[ m y  26xH , O = C - C H 2 ( C H 2 )  13-CH31 ; 2.10 ( s  , 3xH , CH3-acetyl ) ; 2 .38  [ t , 
2xH, O = C - C H 2 - ( C H 2 ) 1 3 - C H 3 1 ;  4.60 ( m y  3xH, H 4 1 y  t i 5 ' ,  H 5 1 ' ) ;  5 .50  ( t ,  IxH, 
H 3 ' ) ;  5.80  ( m y  1x44, H 2 ' ) ;  6.02  ( d ,  IxH, H1' ,  J l l - 2 ,  = 0.5 H z ) ;  7.30- 
7.90 ( m y  5xH, a rom. ) ;  7.65 ( s ,  IxH, H 8 ,  e x o - c y c l i c  b a s e ) .  13C-NMR 

lxO=C, benzoy l ) ;  157.7 ( 9 ,  O = C - C F 3 ,  - JcF = 38.5 Hz) ;  155 .8 ,  148.3,  
148.0, 139.6, 121.5 ( s ,  C6 ,  C 2 ,  C 4 ,  C8, C 5 ,  e x o - c y c l i c  b a s e ) ;  133 .7 ,  

129 .6 ,  129 .2 ,  128.5 ( s ,  1 x b e n z o y l ) ;  115.6 ( 4 ,  O = C - C F 3 ,  - JcF  = 238 
Hz) ;  89.2 ( s ,  C 1 ' ) ;  78.7 ( s ,  C 4 1 ) ;  77.4 ( s ,  C 2 ' ) ;  62 .7  ( s ,  C 5 ' ) ;  51.0 

[ s ,  O=C-CH2-(CH,)13- CH 1 ;  20.4 ( s ,  CH3,  1 x a c e t y l ) ;  14.2 ( s ,  O = C -  

(CDC13): 6 176.4 S, O=C-(CH2)14-CH3 ; 170.2 ( s ,  O=C-CH3) ;  - 166.4 ( s ,  

( S ,  C 3 ' ) ;  37.0 ( s ,  0=C-CH2-(CH2),,-CH3); - 32.1 ,  29 .8 ,  29 .5 ,  24 .9 ,  22 .8  

(CH2)14-CH3. 

9- (2'-0-acetyl-3'-deoxy-3'-trifl uoroacetami do-8-D-ribofuranosyl ) - N  - 
palmi toylguanos ine  (i) 

2 

Compound 3 ( 0 . 7  g, 0.92 mmole) was d i s s o l v e d  i n  anhydrous methanol/py- 
N 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
1
0
:
2
3
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



3'-AMINO-3'-DEOXYGUAOSINE 5'-TRIPHOSPHATE 283 

r i d i n e  (8 .8  m l ,  1/1, v /v )  and t r e a t e d  w i t h  sodium methoxide (1  M y  2.8 

m l ) .  A f t e r  10 min, TLC a n a l y s i s  showed t h e  r e a c t i o n  t o  be complete 

(System A, 0.36 -, 0.15),  and t h e  r e a c t i o n  m i x t u r e  was quenced by t h e  
a d d i t i o n  o f  a s l i g h t  excess o f  pyr id ine-HC1 s a l t .  The r e a c t i o n  m i x t u r e  
was coevaporated t h r e e  t imes w i t h  anhydrous p y r i  d i  ne and t h e  p r e c i  p i  t a -  
t e d  NaCl  s a l t s  were f i l t e r e d  o f f  over  a bed o f  c e l i t e  H y f l o  superce l .  

The f i l t r a t e  was concent ra ted  under reduced pressure  t o  g i v e  a y e l l o w  

o i l .  To the  m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  o f  t h e  o i l  (0.5 g - 0.81  

mmole) i n  anhydrous p y r i d i n e  ( 4  m l )  was added d i m e t h o x y t r i t y l  c h l o r i d e  

(0.34 g, 1.00 mmole). TLC a n a l y s i s  (System A), a f t e r  3 h, showed a more 

l y p o p h i l i c  p roduc t  [ R f ( A ) :  0.15 + 0.481 and t h a t  no s t a r t i n g  m a t e r i a l  
was l e f t .  A c e t i c  anhydr ide (0.7 m l ,  7.9 mmole) was now added t o  t h e  
r e a c t i o n  m ix tu re .  A f t e r  16 h a t  0-5OCY TLC a n a l y s i s  (System A )  showed 

the  r e a c t i o n  t o  be complete. Water was added (10 m l )  and t h e  m i x t u r e  
was concent ra ted  under reduced pressure  and coevaporated w i t h  t o 1  uene 

( 2  x 25 m l ) ,  d r y  e thano l  ( 2  x 25 m l )  and ch lo ro fo rm ( 2  x 25 m l ) .  S h o r t  
column p u r i f i c a t i o n  a f f o r d e d  the  f u l l y  p r o t e c t e d  compound as a y e l l o w  

g lass .  Y i e l d  0.65 g (84%). Rf (A) :  0.60. The f u l l y  p r o t e c t e d  compound 2 
(0.65 g, 0.68 mmole) was d i s s o l v e d  i n  15.4 m l  dichloromethane/methanol 
(3:7, v / v ) .  To t h e  m a g n e t i c a l l y  s t i r r e d  s o l u t i o n  was added 15.4 m l  o f  a 
s tock  s o l u t i o n  c o n t a i n i n g  4% benzenesu l fon ic  a c i d  i n  chloroform/metha- 
no1 (7:3, v / v ) .  TLC a n a l y s i s  (System A),  a f t e r  5 min,  showed complete 
removal o f  t he  d ime thoxy t r i  t y l  group [ R f ( A ) :  0.60 -f 0.251. The r e a c t i o n  
m i x t u r e  was d i l u t e d  w i t h  c h l o r o f o r m  (100 m l )  and washed w i t h  sodium hy- 

drogen carbonate ( l o % ,  v/v,  25 m l )  and water  (25 m l ) .  The o rgan ic  l a y e r  

was d r i e d  (MgS04), concent ra ted  t o  an o i l  and t r i t u r a t e d  w i t h  pe t rb leum-  
e t h e r  (4O-6O0C, 2 x 100 m l )  . The p r e c i p i t a t e  was r e d i s s o l v e d  i n  ch lo ro -  
fo rm and chromatographed on a K iese lae l  column (230-400 mesh). E l u t i o n  
o f  t h e  column w i t h  chloroform/methanol  (94:6, v /v )  and evapora t i on  o f  

the approp r ia te  f r a c t i o n s  a f f o r d e d  y r e  4 as a w h i t e  g lass .  Y i e l d  0.43 
g (71% based on 2). R f ( A ) :  0.25. 
'H-NMR (300 MHz) (CDC13): 6 = 0.75 ( t ,  3xH, O=C-(CH2)14-CH3); 1.30 (my 

26H, O=C-CH2(CH2)13CH3); 1.70 ( t ,  3xH, a c e t y l ) ;  2.52 ( t ,  2xH, O=C-CH -2 - 
(CH2)13-CH3); 3.77 (my 2xH, H 5 1 y  H5'I); 4.28 (my lxH, H41); 5.05 ( t ,  

IxH, H3 ' ) ;  5.72 (my lxH, H 2 ' ) ;  6.0 (d ,  lxH, H 1 ' ,  J l I e 2 ,  = 4 Hz). 
Anal .  c a l c .  f o r  C30H45N607F3 (658.72): C, 54.70; H, 6.89; N, 12.76. 
Found: C, 54.00; H, 6.33; N, 12.90. 
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9 4 2 '  -0-acetyl-3'  -deoxy-3' - t r i f l  uoroacetami do-5 I -0-phosphoryl -morphol i - 
no-(l-benzotriazol~~l)-phosphate-~-D-ribofuranosyll-N~-palmitoyl-guano- 
s ine  (L) - 

N-Morpholino-0,O-bis( 1-benzotriazo1yl)phosphate 5 (5.2 ml of a 0.2 M 
stock solut ion in anhydrous dioxane) and 1-methylimidazole (0.42 ml , 
4.73 mmole) in anhydrous dioxane (5.2 ml) were added t o  compound 5 
(0.28 g ,  0.43 mmole). After s t i r r i n g  f o r  120 m i n  a t  2 O o C ,  TLC analysis  
(System A )  showed the react ion t o  be complete. The react ion mixture was 
d i lu ted  with chloroform (30 ml) and extracted three  times with cold 
triethylammonium bicarbonate (0 .9  M y  3 x 6 ml) ,  water ( 2  x 6 ml) ,  
KH2P04-solution (0.15 M y  2 x 6 ml, pH 6 )  and water (1 x 6 ml) .  The or- 
ganic layer  was dried with petroleum-ether (40-60°C, 100 ml) .  The pre- 
c i p i t a t e  was f i l t e r e d  o f f  and dried in vacuo (P205) .  Yield of 5 ,  which 
was i so la ted  as a white prec i f i i t a te ,  was 0.32 g (81%).  Rf(A): 0.42. 
31P{1Hl-NMR (CDC13): 6 9.36, 8 .61 ( s ,  diastereoisomers) .  

Synthesis of 3'-deoxy-3'-amino-riboguanosine-5'-triphosphate (8) N 

Compound 6 (0.30 g ,  0.32 mmole) was dissolved i n  a c e t o n i t r i l e  ( 4  ml) 
and tr iethylamine ( 2  ml) and water (1 ml) was added. T L C  ana lys i s  
(System A ) ,  a f t e r  4 h ,  showed complete conversion of the s t a r t i n g  pro- 
duct i n t o  base-line mater ia l .  To the crude product t h u s  obtained was 
added dioxane (10 ml) and the mixture was concentrated ca re fu l ly  t o  a 
small volume which was eva?orated with dry toluene ( 3  x 15 ml) .  Anhy- 
drous DMF ( 4  ml) and the tri-n-butylammonium s a l t  of pyrophosphoric 
acid in DMF ( 4  ml , 0.5 M) were added  t o  compound N 7 ,  and the solut ion 
was kept under the exclusion of  moisture a t  room temperature f o r  a pe- 
riod of 16 h .  The mixture was concentrated t o  a small volume ( 4  ml) a n d  
aqueous ammonia ( 2 7  ml, 25%, v / v )  was added. After  50 h a t  room tempe- 
ra ture ,  the mixture was concentrated t o  a small volume. The resu l t ing  
mixture was d i lu ted  with aqueous HC1 (pH 3) (10 ml) and washed with 
e ther  ( 2  x 30 ml).  The c l e a r  aqueous solut ion was bas i f ied  t o  pH 8 by 
the addi t ion of t r ie thylamine.  The crude product thus obtained was ap -  
p l ied on a column (26 x 6 cm ) of DEAE-Sephadex A25 (HC03--form), sus- 
pended in 0.05 M triethylammonium bicarbonate ( T E A B ) .  The column was 
eluted with a l i nea r  gradient  s t a r t i n g  from 0.05 M -+ 1.0 M T E A B  in  40 
h .  The flow r a t e  was 30 ml per h .  Fractions of 6 ml were co l lec ted  and 
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analysed b y  anion-exchange HPLC-analysis. F r a c t i o n s  c o n t a i n i n g  t h e  pure  
p roduc t  were c o l l e c t e d  and evaporated under d im in i shed  p ressu re  t o  a 
smal l  volume and l y o p h i l i z e d .  Compound g was b rough t  i n t o  t h e  sodium- 
.form by  pass ing  i t  through a column (15 x 2 cmL) of  Dowex 50W c a t i o n -  
exchange r e s i n  (100-200 mesh, sodium-form). The r e s u l t i n g  aqueous so- 

l u t i o n  was r e l y o p h i l i z e d .  Y i e l d  o f  :, which was i s o l a t e d  as a w h i t e  
powder, was 0.100 g (44%) .  
'H-NMR (300 MHz) (D20): 4.28 (t, ZxH, H51H5'l); 4.50 (9,  IxH, H41); 4.67 

(my lxH, H 3 ' ) ;  4.88 (9 ,  lxH, H 2 ' ,  J 1 1 - 2 1  = 3 Hz, J2 i -3 i  = 7 Hz);  6 .0  
(d, IxH, H1') ;  8.02 ( s ,  l xH,  H8, e x o - c y c l i c  base).  

Tetramethyl  ammoni um c h l o r i d e  (TMA) was used as an i n t e r n a l  r e f e r e n c e  , 
6-values a r e  g i v e n  r e l a t i v e  t o  t e t r a m e t h y l s i l a n e  (TMS) (6TMA - sTMS = 

3.18 ppm). 

31Pt1Hl-NMR (D20):  A t  pH 7.3: aP = -11.20 (d,  J = 19.5 Hz);  BP = -22.3 
(dd, J = 19.5 Hz ,  J = 19.0 Hz);  yP = -9.2 (d,  J = 19.5 Hz) .  
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