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Abst rac t - -The effect of  7- and 9- [(6'-deoxy-L-lyxo-hexosyl-2' (and -4')-ulose] purines on the 
growth of KB cells m vitro, was investigated. These keto-nucleosldes are the first keto-hexo- 
syl-purines shown to inhibit cellular growth in contrast to their reactive parent nucleosides. 
A sigmficative difference in actwity between 7- and 9-keto-nucleosides has been shown. 

IN RECENT papers, we have reported the novel synthesis of ketohexosyl and 6-deoxy 
ketohexosyl-purines l-6 as key intermediates in the synthesis of nucleoside antibio- 
tics. Additional interest in this new class of nucleosides has resulted from the dis- 
covery that 7 (2'-keto-fl-L-"fucosyl') theophylline (II) exhibits growth inhibi- 
tory activity whereas the parent nucleoside (I) is inactive at the same dose levels, v 

In this paper the action of the newly synthetized keto-deoxynucleoside derivatives 
on cellular growth in vitro, in comparison with the action of the parent deoxy-nucleo- 
sides is reported. The results obtained have been analysed with respect to structure- 
activity relationships. 
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FIG. 1. 7- and 9-(2'-ketohexosyl) purines. 
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FIG. 2. 7- and 9-(4'-ketohexosyl) purines. 

O 

N .~. i~1/..... 0 

el l3 Ct 
X ~T 

FIG. 3. 7- and 9- tmsaturated keto-nucleosldes. 
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MATERIALS AND METHODS 

Preparation ofketo-nucleosides. 2'- and 4'-Keto-nucleosides (II) (IV) (V) (VII) (IX) 
were synthesized by direct oxidation of partially protected 7- and 9- (deoxy hexosyl)- 
purines.~ The anomeric purity of the different models was shown by n.m.r, spectra 
which additionally confirmed the assigned conformation of the hexosyl-purines. 

The unsaturated keto-nucleosides (X) (XI) were obtained by acetylation of the cor- 
responding keto-nucleosides (II) and (IV) respectively, followed by fl-elimination of 
an acetyl group. 6 The structure of these conjugated nucleosides was confirmed by 
n.m.r, spectra and their purity by spectroscopic and chromatographic methods. 

Preparation of cultures. The biological activity of compounds I to XI was tested 
in vitro using KB tumor cells growing on glass coverslips in Leighton tubes that con- 
tained Eagles medium (Diploid basal medium, Gibco) to which 10~o v/v calf serum 
(Sorga) had been added. Two millilitres of medium containing 105 KB cells was 
added to each tube. The next day the medium was changed and the compounds were 
added either dissolved directly in the medium or as a solution in dimethyl sulfoxide 
(DMSO). The final concentration of DMSO did not exceed 0.5 per cent. The test 
concentrations of the compounds were 0.7, 0-17 and 0.04 mg/ml. 

Addition of reagent and method of counting. The activity was expressed as the lowest 
concentration giving at least 50 per cent inhibition following the method described 
below. 

Each keto-nucleoside was compared with the corresponding non-oxidized nucleo- 
side. Therefore 48 Leighton tubes containing KB cells, numbered from 1 to 48, were 
randomly distributed in 8 groups, each of six tubes. 

The cell growth was measured using a method which employs a "proportional in- 
dex". This "index" is determined from the number of dots out of the 31 dots that 
are randomly distributed over a circular area of the modified Chalkley microscope 
eyepiece 8'9 that overlap the cells when they are observed through this eyepiece. 

On day zero, before the addition of any compound or solvent, the index was deter- 
mined on 12 randomly selected tubes. On days 2 and 4 the measurement of the index 
was performed blind on the tubes, in numerical order. On each tube, four different 
microscopic fields were counted. In this way the arithmetical means for all treatment 
groups were obtained from 24 measurements, that for the control from 48. 

RESULTS AND DISCUSSION 

The 2'-keto-nucleosides (II) (IV) (V) (X) (XI) are all derivatives of L-fucose and have 
the fl-configuration. The 4'-keto-nucleosides (VII) (IX) are derivatives of L-rhamnose 
and have the a-configuration. Attempts to obtain oth a- and fl-anomers of the same 
keto-nucleoside were unsuccessful. 

As can be seen in Tables 1, 2, 3 and 4 all deoxy-nucleosides possessing a keto- 
group in the sugar moiety inhibit cell growth whereas the parent nucleosides (I) (III) 
(VI) (VIII), before oxidation, are inactive under the same conditions. In addition no 
significant difference could be observed between the activity of ~- and fl-anomers. 
Before the addition of the compounds (day 0) the "proportional index" was practi- 
cally the same for all the groups of tubes examined and the behavior of 2'-keto-nuc- 
leosides was very similar to that of 4'-keto-nucleosides. 
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TABLE |.  PROPORTIONAL INDEX OF GROWTH OF K B  CELLS IN THE PRESENCE OF 
NUCLEOSIDES I, II, III, IV, V 

D a y s  
Dose  

C o m p o u n d  (mg /ml /  0 2 4 

0.044 13.3 21 
I 0.175 4.5 + 0.7 13.1 22 

0.7 16 1 22.9 
Control 3"3 _ 1"0 13.2 _ 3"1 19'1 + 3.9 

0 .044 17-7 + 5.7 16.8 + 7.8 
II 0.175 3.7 _ 0 '9  10.8 _ 3.6 18.5 + 3.6 

0.7 2.6 + 2.1 0.7 + 0.1 
Control 3-3 ___ 1.0 13.2 -I- 3.1 19.1 + 3.5 

0-044 15.21 _ 2.62 25-42 _ 2-48 
III  0-175 6.75 _ 0.75 13.63 + 1.35 22-42 _+ 2-82 

0-700 10-04 + 1.17 9.63 + 2-02 
Control 6.73 _ 0.75 15.10 + 1.51 25-29 + 1.53 

0-044 13-96 ___ 1.64 23.17 _ 1.85 
IV 0-175 6-73 _ 0.75 12.38 _ 1-61 14.75 _ 1.46 

0 .700 6.83 + 1-80 4.67 _+ 0"86 
Control 6.73 + 0.75 15.10 + 1.51 25.29 + 1.53 

0 .044 9-79 + 1-00 14.92 _ 1.51 
V 0.175 5-95 _ 0-33 5.42 ___ 0-98 4.21 _ 1.17 

0 .700 1.54 + 0.56 0.63 _+ 0.28 
Control ( D M S O )  5.95 + 0.33 12-75 _+ 0.92 21.79 _+ 0.98 

The results in Table 4 show that of the nucleosides derived from L-fucose, [7-nuc- 
leosides (I, II, X) and 9-nucleosides (III, IV and XI)], the 7- and 9-unsaturated keto- 
nucleosides X and XI had the highest inhibitory activity. 

From the overall results (Table 4) it is clear that 9-keto-nucleosides (IV) (V) (IX) 
(XI) are more active than the 7-keto-nucleosides (II) (VII) (X); however this is the 

TABLE 2. PROPORTIONAL INDEX OF GROWTH OF KB CELLS IN THE PRESENCE OF 
NUCLEOSIDES VI, VII, VIII ,  IX 

D a y s  
Dose  

C o m p o u n d  (mg/ml )  0 2 

0 .044 7.83 13-67 
VI 0.175 4.40 10.83 20.00 

0 .700 11.67 17.13 
Control 4.40 10.18 14.00 

0 .044 12.25 + 1.02 20.75 + 2.80 
VII  0-175 5-95 +_ 0.33 6-65 _ 0.94 3.17 _ 0.58 

0 .700 2 08 _+ 0-55 1.83 + 0.64 
Control ( D M S O )  5-95 _ 0-33 12.75 +_ 0-92 21.79 _ 0.98 

0-039 9.71 ± 1.51 15.75 -t- 1.40 
VII I  0-155 4-83 +_ 0.62 7.04 _ 1.63 9.67 + 2.31 

0.588 4.92 __. 1.83 3.25 _+ 1.28 
Control 4-83 + 0.62 13.40 + 1.28 19.75 _ 1.34 

0-044 7.46 -+ 1.44 11.13 + 2.74 
IX 0.175 4-83 + 0-62 5 75 + 0.73 4.30 +__ 1.07 

0 .700 3"58 +__ 1 26 2-33 _ 1-26 
Control 4.83 _+ 0-62 13 40 _+ 1.28 19.75 _+ 1.34 
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TABLE 3 PROPORTIONAL INDEX OF GROWTH OF K B  CELLS IN THE PRESENCE OF 

NUCLEOSIDES X and Xl 

Days 
Dose 

Compound (mg/ml) 0 2 

0-044 5.92 + 1.54 11.08 + 2.57 
X 0.175 3.49 _ 0.54 3.71 +__ 1.04 2.50 __+ 1.00 

0.700 2.46 + 1.31 1.67 + 0.98 
Control 3.49 + 0.54 7.69 _ 1.34 14.02 -+_ 2.29 

0.044 16.00 + 1.65 23.54 + 2.30 
XI 0.175 4.99 +_ 1.00 12.13 _ 1.79 14-17 __+ 2.17 

0.700 3.60 + 1.74 1.17 + 0.42 
Control DMSO 4.99 _ 1.00 17.83 + 1.38 24.54 + 1-81 

first t ime tha t  the g rowth  inh ib i to ry  act ivi ty  of  7-(hexosyl-purines)  has been demon-  
s t rated.  This  difference canno t  be a t t r ibu ted  to the con fo rma t ion  of  the hexosyl  pur-  
ines because  ei ther  7- or  9- (keto-hexosyl)  pur ines  possess both  C l and  1 C conforma-  

t ions.  I t  is of  interest  tha t  in the case o f (VI I )  the ass igned con fo rma t ion  C I permi t s  
the es tab l i shment  of  hydrogen  b o n d s  between the gem-diol  a t  4 ' -pos i t ion  of  the sugar  
(C = 0) hydra ted ,  and  the C = 0 g roup  in 2-pos i t ion  of  theophyl l ine  (Fig. 4). This  
is not  poss ib le  wi th  the 6 -ch loropur ine  der ivat ive  whatever  its conformat ion .  

Evidence  for hydrogen  b o n d i n g  was o b t a i n e d  by the s tudy of  the d e h y d r a t i o n  of  
this molecule  (VII) a n d  f rom the n.m.r, spectrum.  Thus  a t t emp t s  to ob t a in  the pure  
ke to -nuc leos ide  by  d e h y d r a t i o n  at  140 ° failed whereas  this d e h y d r a t i o n  read i ly  p ro -  
ceeded wi th  o ther  hyd ra t ed  ke to-nuc leos ides  be low 100 °.t This  except iona l  s tabi l i ty  
can  no t  be a t t r i bu t ed  to the fo rma t ion  of  a cyc lonucleos ide  (bonding  be tween a keto  
g roup  of  the heterocycl ic  base and  an  ac t iva ted  sugar  O H )  since these cycl izat ions  
are  o b t a i n e d  only  under  basic  condi t ions .  The  gem-diol  (VII) cou ld  also be dehy-  
d r a t ed  by azeo t rop i c  d is t i l la t ion  in d imethyl  formamide .  

F u r t h e r m o r e  in the n.m.r, spec t rum measured  in D M S O  the O H  signal  a p p e a r e d  
at  a very low field conf i rming  11 tha t  this p r o t o n  was hydrogen  bonded .  

This  i m p o r t a n t  p r o b l e m  of  hyd ra t i on  of  ke to-nuc leos ides  is being inves t iga ted  in 
our  l a b o r a t o r y  in connec t ion  with  the mechan i sm of  ac t ion  of  these nucleosides.  

I t  is ev ident  tha t  in the ke to-nuc leos ides  examined,  the ca rbony l  g roup  p lays  an  
i m p o r t a n t  r61e whatever  their  mechan i sm of  act ion.  Thus  no t  only  were c o m p o u n d s  

TABLE 4. PHYSICAL DATA AND BIOLOGICAL ACTIVITY OF THE NUCLEOSIDES EXAMINED 

Corn- Configuration Temp. N.m.r. Inhibitory effect against 
pound (Conformation) (°F) [:¢]2o J 1'2' KB cells (mg/ml) 

I fl-L-galacto (1C) 272-273 - 1 (H20) 9 Hz inacnve 
II fl-L-lyxo (IC) 265-270 - 30 (H20) - -  0.7 
III fl-L-galacto (IC) 133 - 35.5 (MeOH) 9 Hz very weak at 0.7 mg/ml 
IV fl-L-lyxo (IC) 160-165 - 19 (MeOH) - -  0-1 
V fl-L-lyxo (IC) 80-85 -47.5 (MeOH) - -  0.3 
VI ct-L-manno (C1) 153 -90  (H20) - -  inactive 
VII Ct-L-lyxo (Cl) 140-141 -55  (DMSO) 4 Hz 0.I 
VIII ~-L-manno (IC) 82 4 Hz very weak at 0-17 mg/ml 
IX ~-L-lyxo (1C) 134-138 -45 (MeOH) 2 Hz very active at 0.04 mg/ml 
X. fl-L-glycero (IC) 172-174 +80 (MeOH) - -  0.17 
XI fl-L-glycero (IC) 165-166 + 75 (MeOH) - -  very active at 0.1 mg/ml 



2100 K. ANTONAKIS and I. CHOUROULINKOV 

inac t ive  before  o x i d a t i o n  b u t  those  der ived  f rom r e d u c t i o n  of  the ke tone  ( i somers  
or  deoxynuc leos ides )  d id  n o t  i nh ib i t  ce l lu lar  g r o w t h  u n d e r  the same  cond i t i ons .  The  
b o r o h y d r i d e  r e d u c t i o n  of  the va r ious  s a t u r a t ed  a n d  u n s a t u r a t e d  ke to -nuc l eos ides  
has been  e x a m i n e d  in some  deta i l  ~2' ~3 since this p rov ides  a d d i t i o n a l l y  nove l  rou t e s  
to rare  sugar  nuc leos ides  a n d  deoxy -nuc l eos ide s ;  the i so la ted  a n d  cha rac te r i zed  new 
nuc leos ides  ~ 2, 13 7 (6 ' -deoxy- f l -L- ta lo-pyranosy l )  t heophy l l i ne  a n d  7 (4', 6 ' -dideoxy-f l-L-  

r i b o - h e x o p y r a n o s y l )  t h e o p h y l l i n e  were qu i te  inac t ive  aga ins t  K B  t u m o u r  cells at  
0.7 mg/ml .  
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