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The synthesis of the 3'-fluoro-derivatives of 5-amino-l-(/?-D-ribofuranosyl)imidazole-4- 
carboxamide (AICA-riboside) and the isomeric 4-amino-l(/?-D-ribofuranosyl)imidazole-5- 
carboxamide (wo-AICA-riboside) are described. Structures were confirmed by elemental 
analysis, UV and 'H NMR spectroscopy. The anti-viral and anti-cancer activities of these 
imidazole nucleosides were tested.

Introduction

Im idazole nucleosides have b een  ex tensively  
stud ied  as natu ra lly  occuring in te rm ed ia te s  o f the 
de novo  pu rine  nucleo tide b iosynthesis and  as e n 
zym e inh ib itors of this im p o rtan t anabolic  p a th 
way. T herefo re, th e re  has been  g rea t in te rest in the  
synthesis and  evaluation  of ana logues of A IC A R  
(5-am ino-l-(/3-D -ribofuranosyl)im idazole-4-car- 
boxam ide-5 '-phospha te ) w hich is one o f the  in te r
m ed iates o f this process [1]. F u rth e rm o re , im idaz
ole nucleosides serve as useful syn the tic  in te rm e 
dia tes for the  p rep a ra tio n  o f re la ted  p u rin e  
nucleosides of biological in te rest. A  recen t survey 
was given by Shaw [2],

T he synthesis o f im idazole nucleosides can be 
achieved by condensa tion  of a m eta l salt o f an  im 
idazole derivative w ith acylated  glycosyl halides 
w hich leads to  the  isom eric N -l and  N-3 substi
tu te d  im idazoles. F u rth e rm o re , syn theses have 
been  rep o rted  applying the g lycosylam ine m e th o d
[2] o r alkaline trea tm en t of N -l su b stitu ted  pu rine  
nucleosides [3], Im idazole nucleosides w ith a fluo 
rine atom  in the ca rb o h y d ra te  m oiety  are  u n 
know n.

Results

We describe the synthesis o f 3 '-f lu o ro  d eriv a
tives of 5-am ino-(l-/3 -D -ribofuranosyl)im idazole-

4 -carboxam ide (A IC A -rib o sid e) and  the isom eric
4-am ino-l-(/3 -D -ribofuranosy l)im idazole-5-car- 
boxam ide (/so -A IC A -riboside). The ro u te  is il
lu s tra ted  in Fig. 1. The silver salt of m ethyl-4(5)- 
n itro im idazo le-5 (4 )-carboxy late  1 was used as a 
sta rting  m a te ria l and  p rep a re d  by m odifying a p ro 
ced u re  described  ea rlie r [4].

F or the  synthesis o f 3 '-fluo ro -analogues we u ti
lized l-0 -ace ty l-2 ,5 -d i-0 -b en zo y l-3 -flu o ro -3 - 
deoxy-a ,/? -D -ribofu ranose (2) which is available by 
a tw elve step  process [5]. It was converted  to  the  
unknow n  1-chloro derivative 3 w hich was n o t fu r
th e r  charac terized . C o ndensa tion  of 3 w ith an  ex 
cess o f 1 in boiling  to luene  resu lted  in a m ix tu re of 
th e  ex p ected  N -l and  N-3 substitu ted  im idazoles 4 
and  5, respectively. They w ere sep ara ted  by silica 
gel co lum n chrom atography . M ost rem arkably , the
5-n itro-4-carboxylic acid derivative (5) is the 
m ayor p ro d u c t (23%  yield) and no t the 4-nitro-5- 
carboxylic acid derivative (4) (13%  yield). This 
was nev e r observed  in a series o f sim ilar syn theses 
[6,8]. C o m p o u n d s 4 and  5 w ere deb locked  and 
co n v e rted  to  the  carboxam ides 6 and  7 by tre a t
m en t w ith m ethano lic  am m onia . H ow ever, 5-nitro-
l-(3 '-fluo ro -3 '-deoxy-/3 -D -ribofu ranosy l)im id- 
azo le-4 -carboxam ide (7) did  no t crystallize and 
d a rk e n ed  w ith in  a few days because of decom posi
tion . A  m eth an o lic  so lu tion  of the foregoing  4-nit- 
ro im idazo le  (6) was shaken  w ith a p la tin ium  cata-
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lyst in an a tm o sp h ere  of hydrogen  for 5 h to  
p roduce the  4-am inoim idazole (8) as described  [6]. 
In a sim ilar m anner, the 5-n itro im idazole (7) was 
reduced  to  the  5-am inoim idazole (9). The o r ie n ta 
tion  of the isom eric nucleosides 8 and 9 was e s ta b 
lished by U V  spectra . They w ere com pared  to  
those  of the  co rrespond ing  nucleosides w ith o u t 
fluorine atom  [4], O ne of the isom ers has the sam e 
abso rp tio n  m axim um  as 5 -am ino-l-(/?-D -ribofu ra- 
nosy l)-im idazole-4-carboxam ide (266 nm ) w hich 
could  be co nverted  to  inosine, iden tical w ith the 
na tu ra lly  occuring product. T herefo re , this isom er 
is 5 -am ino -l-(3 '-fluo ro -3 '-deoxy-/3 -D -ribofurano- 
sy l)im idazole-4-carboxam ide (9) (268 nm ). L ik e
wise, the isom eric nucleoside 8 has the sam e ab 
so rp tion  m axim um  (275 nm ) as 4-am ino-l-(/?-D - 
ribofu ranosy l)im idazo le-5 -carboxam ide (272 nm ), 
w hich could be converted  to  isoinosine. F u r th e r 

m ore, the  position  of the  am ino  group  can easily 
be d e te rm in e d  w ith the  Pauly  reaction  [7]. As 
found  ea rlier, all nucleosides of 4-am ino-im idaz- 
o le-5 -carboxam ide led to  a yellow o r brow n-yel- 
low co lou r and  nucleosides o f 5-am ino-im idazole-
4 -carboxam ide show ed a v io le t co lour [6]. 8 p ro 
duced  a yellow  colour, and  th e re fo re  it is a 4- 
am ino-im idazole . In co n tra st, we ob ta ined  a v iolet 
co lou r w ith 9. thus confirm ing  a 5-am ino-im idaz- 
ole nucleoside.

The structures  o f the  syn thesized  com pounds are 
confirm ed  by ‘H  N M R  d ata , which are listed in 
Table I. Fig. 3 show s the  ’H  N M R  spectrum  of 
com pound  4 including p eak  picking and in teg 
ra tion . T he m u ltip le t a t 4.67 ppm  arises from  the 
tw o d ia s te reo to p ic  p ro to n s H -5 ' and  FI-5". B e
cause of th e ir  m agnetical non-equivalency an 
A B C -spectrum  was found  and  the chem ical shift

N ^N O o
i  Io N-^COOCH,
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Table I. NMR spectral data of compounds 4 -6 , 8, 9.

No. H-2 H-l' H-2' H-3' H-4' H-5' H-5” others

4 8.37 s 6.52 d 5.91 ddd 5.72 ddd 4.87 dddd 4.66 dd 4.70 dd 3.79 s (OCH3), 8.06-7.53 m (2 Bz)
5 8.37 s 6.61 d 6.03 ddd 5.71 ddd 4.88 ddt 4.71 d 4.71 d 3.84 s (OCH3), 8.07-7.51 m ( 2 Bz)
6 8.23 s 5.65 d 4.65 dddd 5.05 ddd 4.27 dddd 3.33 ddd 3.37 ddd 6.09 d (OH-2'), 5.27 dd (OH-5'), 

8.32 s (CO-NH,)
8 7.75 s 6.00 d 4.45 dddd 4.96 ddd 4.18 dddd ~ 3.56 ddd ~ 3.56 ddd 6.04 d (OH-2'), 5.12 dd (OH-5'), 

6.91 s (CO-NH,), 5.41 s (NH,)
9 7.32 s 5.54 d 4.50 dddd 4.90 ddd 4.20 dddd 3.55 ddd 3.65 ddd 5.90 d (OH-2'), 5.44 dd (OH-5'), 

6.74 s (CO-NH,), 6.01 s (NH,)

r

.......................... -;■■■■ , , .................... .... , —  , , =g=j ppm Fig. 2. ’H, XH COSY spectrum of com-
ppm 6.5 6.0 5.5 5.0 4.5 pound 4.

values as well as the coupling constan ts w ere sim u
la ted  w ith the B R U K E R  W inD aisy p rogram . The 
results are listed in Table I and  II. The C O SY  
spectrum  in Fig. 2 depicts all crosspeaks of the ali
phatic  protons. P ro ton  FI-5' couples w ith the  p ro 
ton  FI-5" w ith the typical gem inal coupling co n 
stan t o f 12.2 H z and w ith the vicinal p ro to n  H -4 ' 
( 3/ H -5 \  h -4 ' 5.4 Hz). H -4 ' has also a crosspeak  w ith 
p ro to n  H -3 '. So the doub le t at 5.72 ppm  belongs 
to  the  p ro ton  H -3 '. T he typical coupling constan t 
of 52.4 H z indicates the coupling to  a fluor atom . 
The coupling constants to  the /3-H -atom s prove 
also the existence of the  fluor a tom  ( 3/ h - 2 \  f  14.8

Hz; 3/ H -4 \ f  20.7 H z). The coupling constan ts 7H f  

are  co llec ted  in Table III. The C O SY  spectrum  in 
Fig. 2 show s also clearly  the  crosspeaks H -37H -2 ' 
and  H -2 7 H -1 '. T he singulet at 8.37 ppm  is caused 
by th e  p ro to n  H-2. The m ultip le ts betw een
8.06 ppm  and  7.53 ppm  arise from  the 10 p ro tons 
of the tw o benzoyl groups. A ll o th e r structu res can 
be p ro v ed  in an analogous way by N M R  spectros
copy. Table I to  III show  the results of all com 
pounds. O f in te rest are the  accidental isochronous 
p ro to n s H -5 ' and  H-5" of com pound 5. T herefore, 
th e  spectrum  exhibits only a doub le t of an A B - 
spec trum  at 4.71 ppm .
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Table II. Coupling constants 7HH of compounds 4 -6 , 8, 9.

No. H -l\ H-2' H-2', H-3' H-3', H-4' H-4'. H-5' H-4', H-5" H-5'. H-5" H-2', OH-2' H-5'. OH-5' H-5", OH-5"

4 5.4 5.4 3.6 5.4 4.0 12.2 _ _
5 4.5 4.9 4.5 4.0 4.0 - - - _

6 7.6 4.0 4.0 4.0 4.0 12.1 6.7 5.4 5.4
8 8.0 4.4 4.4 3.5 3.5 ~ 12 ~ 6.2 ~ 4.8 ~ 4.8
9 8.0 4.4 4.4 4.0 4.4 11.9 6.2 4.9 4.9

■—r~ -ao o  -*»-u->c''Joocnu3 OCTIlDCNI— ■— C'vJLOCD -— ^-ooc

U3U3 POmrOrOmKIKIfOrOCNCNCM CMCVi r̂ CNirMOslCslCNJCMCsjrviCNJCVICsl

(ppm)

Fig. 3. *H NMR spectrum of compound 4.

Table III. Coupling constants 7HF of compounds 4 -6 , 8, 
9.

No. H-2', F H-3', F H-4', F

4 14.8 52.1 22.9
5 12.1 51.6 20.6
6 24.7 54.3 26.5
8 23.4 54.8 27.4
9 26.1 54.8 28.8

B iological evaluation. N ucleosides 6, 8 and  9 
have b een  ev a lu a ted  for in vitro  an ti-H IV  activity
[9]. N one of the  com pounds show ed significant in 
h ib ito ry  effects. T he an ti-cancer activity of these 
com pounds was te sted  w ith an in vitro  m odel of 
h u m an  tu m o r cell lines [10]. A s prim ary  anti-can- 
cer screen  a th ree-cell line panel was used, con
sisting o f M C F  7 (B reast), N C I-H  460 (Lung) and 
SF-268 (C N S). A ll th ree  substances w ere inactive.

T he /^-configuration of the  ca rb o h y d ra te  m oiety  
was also assigned by N M R  spectroscopy. The val
ues o f the  coupling constan t V H-r. h-2 ' in Table II 
ind icate  no  evidence for the fo rm ation  of a -nucle- 
osides. D ue  to  the elec tron-w ithdraw ing  effect of 
the  benzoyl group  in position  2 ', the  coupling co n 
stan ts o f com pound  4 and  5 decrease.

E x p erim en ta l

N M R  experim en ts w ere reco rded  with a 
B R U K E R  A R X  400 spectrom eter. A ll com 
pou n d s w ere d issolved in D M S O -d6. The te m p er
a tu re  was set to  300 K. 32 transien ts w ith a tim e 
dom ain  of 32 k p e r  F ID  w ere coadded  using a 
pulse leng th  of 7.7 //s and a sw eep w idth of 7352.9
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Hz. T he C O S Y  spec tra  w ere  rec o rd e d  w ith a tim e 
dom ain  of 2 k p e r  F ID  and  256 ex p e rim en ts  in F I  
d im ension. D a ta  p rocessing  was p erfo rm ed  w ith 
X W IN N M R  and  ID  W IN N M R  softw are  
(B R U K E R ). Z ero -filling  to  32 k d a ta  po in ts  and  
exponen tia l m u ltip lication  w ith a line b ro ad en in g  
of 0.3 H z was app lied  to  th e  F ID  p rio r  to  F o u rie r 
tran sfo rm atio n  in th e  F2 d im ension .

M elting po in ts w ere  d e te rm in e d  on a Biichi 
m elting  po in t in s tru m en t and  are u n co rrec ted . O p 
tical ro ta tio n s w ere d e te rm in e d  in a 5 cm  cell w ith 
a light electric  Z eiss p rec ision  p o la rim e te r  L E P  
A 2 at 22 °C. U ltrav io le t ab so rp tio n  spec tra  w ere  
m easu red  on a C o n tro n  U vicon  930 sp e c tro m e te r  
using so lu tions in p h o sp h a te  bu ffe r (p H  7) un less 
o therw ise sta ted . T h in -layer ch ro m a to g rap h y  was 
perfo rm ed  on p rec o a te d  silica sh ee ts  (layer th ic k 
ness 0,25 m m , IC N  B iom edicals) w ith  fluo rescen t 
ind icato r 254/366 nm . C om po u n d s w ere  d e tec ted  
on t.l.c. p la tes by U V  ab so rb an ce  an d  the  P auly  
reac tion  [7]. C olum n ch ro m a to g rap h y  (45 x 3 cm ) 
was p e rfo rm ed  on silica gel 60 M erck  7734. T he 
follow ing so lven t system s w ere used  (v/v): L igh t 
p e tro leu m  (5 0 -7 0  °C ) -  ethy l a c e ta te  2:1 (A ) and  
n -bu tano l sa tu ra te d  w ith  w ate r (B ).

E lem en ta l analyses w ere  p e rfo rm ed  by M ikroa- 
nalytisches L ab o r P ascher, D -53424 R em agen - 
B an d o rf (G erm any).

M ethyl-4-n itro-l - (2 '-5 '-d i-O -b en zo y l-3 ' - flu o ro -3 ' - 
deoxy-ß -D -ribo furanosyl)im idazo le-5 -carboxyla te
(4) and m ethyl-5-nitro-1 -(2 ' -5' -d i-O -benzoy l-3 ' - 
flu o ro -3 '-deoxy-ß-D -ribo furanosy l)im idazo le -4 -  
carboxylate  (5)

1 g (6 m m ol) m ethy l-4 (5 )-n itro im idazo le-5 (4 )- 
carboxy late  was d issolved in 150 m l o f ho t m e th a 
nol and  m ixed w ith th e  so lu tion  o f 1 g (6 m m ol) 
silver n itra te  in 150 m l o f h o t m e th an o l. T he sus
pension  was tre a te d  w ith  10 ml pyrid ine , coo led  
and  cen trifugated . T he p rec ip ita te  w as s tirred  w ith  
m ethano l, cen trifu g ated  again , th e  p rec ip ita te  su s
p en d ed  in 400 m l of to lu en e  and  d ried  azeo tro p i-  
cally by d istilla tion  o f 150 m l o f th e  so lvent. 1,2 g 
(3 m m ol) l-0 -a ce ty l-2 ,5 -d i-0 -b e n zo y l-3 -flu o ro -3 - 
deoxy-a ,/3 -D -ribofuranose (2) w ere  d issolved in 
100 ml of e th e r  and  sa tu ra te d  w ith  dry  h y d rogen  
ch loride gas a t 0 °C. A fte r  eigh t days th e  c lea r so 
lu tion  was ev ap o ra ted . T he residua l s irupy  1- 
ch lo ro -2 ,5 -d i-0 -benzoy l-3 -fluoro -3 -deoxy-a ,/?-D - 
ribo fu ranose  (3) was d issolved in to lu en e  and  r e 
ev ap o ra ted  w ith to lu en e  (2x50 m l). T he resu lting  
sirup was d issolved in 50 ml anh y d ro u s to lu e n e  
and  ad d ed  to  the  su spension  o f th e  silver salt. The 
reac tion  m ix ture w as s tirred  and  h ea te d  u n d e r  r e 

flux fo r 1 h w ith the  exclusion of m oisture . T he 
cooled  m ix tu re  was filte red  and  ev a p o ra te d  to  d ry 
ness. The residual sirup was frac tio n a ted  by silica 
gel colum n chrom atog raphy  (A ).

C om pound  4 was o b ta in ed  in 13%  yield 
(200 mg).

M.p. 122 °C. R f  = 0,63 (A ), [a ]578 -  26°, [a ]546 -  
28°, c 1 in CHC13. U V  (A,f): 275 nm  (m ax) 10608, 
258 nm  (m in) 4795 in ethano l.

C 24H 20N 3O 9F  (513,45)
C alcd C 56.14 H  3.90 N  8.19 F 3 .6 9 % , 
F ound  C 56.24 H  3.96 N  8.26 F 3 .5 8 % .

C om pound  5 was o b ta in ed  in 23%  yield 
(350 mg).

M.p. 125 °C. R f  = 0,38 (A ), [ a ] ,78 -  25°, [a ]546 -  
23°, c 1 in CHCI3, U V  (A,e): 275 nm  (m ax) 8538, 
258 nm  (m in) 6597 in ethano l.

C 24H 20N 3O 9F  (513,45)
C alcd C 56.14 H  3.90 N  8.19 F 3 .6 9 % , 
F ound  C 56.38 H  4.14 N 8.21 F 3 .5 6 % .

4 -N itro -l- (3 '-fluoro -3 '-deoxy-ß -D -ribo furanosyl) - 
im idazole-5-carboxam ide  (6)

450 mg (0,88 m m ol) 4 w ere tre a te d  w ith m etha- 
nolic am m onia  (100 m l) at 0 °C fo r 50 h. T he so lu 
tion  was ev ap o ra ted , the residue d issolved in 30 ml 
o f w ate r and  ex trac ted  tw o tim es w ith 30 ml of 
ether. T he aqueous so lu tion  was ev ap o ra ted . The 
residue cristallized  from  ethano l, yield 220 mg 
(87% ). M .p. 225 °C.

U V  (A,f): 294 nm  (m ax) 5777, 257 nm  (m in) 
2854. Rf  = 0,55 (B).

C 9H n N 40 6F  (290,21)
Calcd C 37.24 H  3.82 N  19.30 F  6.54%

F ound  C 37.56 H  3.99 N  19.39 F 6 .2 9 % .

5 -N itro -l- (3 '-fluoro -3 '-deoxy-ß-D -ribo fu ranosy l)-  
im idazole-4-carboxam ide  (7)

510 m g (1 m m ol) 5 w ere tre a te d  w ith m etha- 
nolic am m onia  (100 m l) a t 0 °C for 50 h. T he rea c 
tion  m ix tu re  was processed  as d escribed  fo r 6. The 
aqueous so lu tion  was ev ap o ra ted  to  give a gum  
w hich did  no t crystallize and  d ark e n ed  w ithin  a 
few days. Y ield 250 mg (86% ).

U V  (A,e): 298 nm  (m ax) 3373, 265 nm  (m in) 
2752. Rf = 0,51 (B).

C 9H „ N 40 6F  (290,21)
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4 -A m in o - l- (3 '-fluoro-3 '-deoxy-ß-D -ribo-  
fu ranosyl)im idazo le-5 -carboxam ide  (8)

250 m g (0,86 m ol) 6 w ere dissolved in 60 ml of 
freshly  d istilled  m e th an o l and  h yd rogena ted  w ith 
a p la tin ium  catalyst. The catalyst was rem oved  by 
filtra tion  and  th e  filtra te  ev ap o ra ted  to  a sirup  
w hich crystallized  from  ethano l. R ecrysta llization  
from  w ater. Y ield 210 m g (94% ), M.p. 197 °C, R f  = 
0,40 (B).

U V  (2,e): 275 nm  (m ax) 8117, 241 nm  (m in) 
2860.
C 9H n N 40 4F  (260,11)

C alcd C  41.55 H  5.03 N  21.54 F 7 .3 0 % , 
F ound  C 41.50 H  5.06 N 21.80 F 7 .3 2 % .

5-A m ino-1  -(3 '-fluoro- 3 ' -deoxy-ß-D -ribofiiranosyl)- 
im idazole-4-carboxam ide  (9)

200 m g (0,7 m ol) 7 w ere h yd rogena ted  as d e 
scribed  fo r 8. C rysta lliza tion  from  ethanol. R ecrys

ta llisa tion  from  w ater. Y ield 165 m g (91% ). M.p. 
260 °C (dec .), R f=  0,50 (B).

U V  (A, e): 268 nm  (m ax) 9860, 217 nm  (m in) 
3113.

C 9H n N 40 4F  (260,11)
C alcd C 41.55 H  5.03 N  21.54 F 7 .3 0 % , 
F ound  C 41.50 H  5.04 N  21.60 F 7 .4 5 % .
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