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NUCLEOSIDES & NUCLEOTIDES, 8(5&6), 951-955 (1989) 

Synthesis, Cytotot i ic i ty and Metabol ism o f  t he  2',2'-Oifluoro- 
Analogs o f  Oeoxyadenosine (dFdA)and Oeoxyguanosine (dFdG). 

1. W. Hertel*a, C. S. Grossmana, J. S. Kroina, S. Mineishib,  S. 
Chubbb, B. Nowakb, and W. Plunkettb, 

Anderson Hosp. f? Tumor Inst.b, Houston, TH, 
L i l l y  Research Labora to r iesa ,  Indianapol is.  IN. and  M. 0.  

A b s t r a c t :  2',2'-0if luoro analogs o f  deoxyadenosine (dFdfl) and deoxy -  
guanosine (dFdG) w e r e  synthesized. The in uitro toHicity and metabol ism o f  
dFdfl and  dFdG w a s  studied in human leukemia cel l  lines. 

This r e p o r t  i s  o n  the synthesis and biological  ac t i v i t y  o f  a series o f  1-(2- 

deoxy-2,2-difluororibofuranosyl~ pur ine nucleosides as p a r t  o f  our  program in 

t h e  design and synthes is  o f  nucleosides o f  po ten t i a l  va lue as ant icancer  

and/or  ant iv i ra l  agents. We had previously deueloped a pract ica l  synthesis o f  

3,5-t-butyl-dimethylsilyl-2-deoxy-2,2-difluoro-D-ribose.l React ion o f  t h i s  

d i s i l y l  d e r i u a t i u e  w i t h  6-ch loropur ine us ing  M i t sunobu  condi t ions,  i.e., 

t r iphenylphosphine and DEADZ, yielded a 1:1, a/n mix tu re  of t he  blocked pur ine 

nucleoside(50%). Amlnation w i t h  ammonia in ethanol, f o l l owed  by hyd ro l y t i c  

cleauage o f  t he  s i l y l  b locking groups yielded t h e  f ree  nucleoside in 98% yield. 

Separat ion o f  t h e  anomers was  accompl ished using reve rse  phase HPLC t o  

giue 2'-deoxy-2',2'-difluoro-adenosine3(Scheme 1). 
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' I  R = H o r C I  n 

a:p = 1:l 
CI 

1) H +  
2) HPLC 

c 

R = H  

I 

NO F 

Scheme 1 

When 2,6-dichloropurine w a s  used in t h e  Mi tsunobu react ion,  t he  coupling 

proceeded as  preulously.  Treatment  of  t h e  a:D miHture wi th sodium az lde 

f o l l o w e d  b y  c a t a l y t i c  hyd rogena t ion  y ie lded t h e  2,6-diaminopur ine adduct  

(97%).4 Hydro ly t ic  remoua l  o f  t h e  s i l y l  b locking groups proceeded as before.  

The a:D miHture w a s  t h e n  sub jec ted  to  enzymat ic  hydro lys is  using adenosine 

deaminase t y p e  1 (Sigma). The hydro lys is  proceeded rap id l y  and speci f ical ly 

on t h e  D nucleoside. The D guanosine analog5 p rec ip i t a ted  f r o m  t h e  react ion 

miHture and was co l lected b y  f i l t ra t ion,  analyt ical ly pure.(Scheme 2). To our 
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HO F 

K O  F 

0 

adenosine 

KO F 

+ I H 
w 

Scheme 2 

knowledge, th i s  is t h e  f i r s t  repo r ted  enzymat ic  hydrolysis o f  a n  u:n m i x t u r e  

o f  2,6-diaminopurine nucleosides tha t  has proceeded w i t h  k inet ic  resolution.6 

The t o x i c i t y  and me tabo l i sm o f  dFdA and dFdG was  s tud ied  in human 

leukemia cell lines. dFdA w a s  deaminated by adenosine deaminase ( A D A )  (Km 

= 23pM), b u t  n e i t h e r  t h e  deaminat ion product no r  dFdG was  a subs t ra te  f o r  

pur ine nucleoside phosphorylase. Growth o f  CEM, K562, and HL60 cells w a s  

inh ib i ted 50% (IC50) b y  a 3-day incubat ion w i t h  0.35, 1.2, and 3.6 pM dFdA and 

0.01, 0.03,  and 0.28 p M  dFdG, respect ive ly .  Addi t ion o f  t h e  A D A  inh ib i tor ,  

deoxycoformycin (dCF), decreased the  IC50 o f  dFdA in CEM cells t o  0.018 JIM. 

Co-incubation wi th  up t o  2 mM deoxycyt id ine fai led t o  reverse t h e  toHici ty o f  

1 pM dFdA, and  500 p M  deoxycyt id ine did n o t  reverse t h e  t o x i c i t y  o f  5 pM 

dFdG. Cells def ic ient  In deoxycyt id lne k inase reta ined the sensi t iv i ty  o f  wi ld-  

t ype  cells t o  each analog suggest ing t h a t  th is enzyme does not  p lay a m a j o r  

ro le  in the ac t i va t i on  o f  dFdA o r  dFdG. The g r o w t h  inh ib i tory  act ion o f  1 p M  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
8
:
3
7
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



954 HERTEL ET A L .  

.l 1 10 100 
dFdA. UM 

Figure 1 .8 flccumulation o f  dfdflTP in CEM cells and ce l l  viability determined 
by cloning in sort agar. 

dFdA w a s  reversed 75% b y  5 pM deoxyadenosine and 50% b y  deoHyguanosine. 

Both 20 pM deoxyguanosine and 200 pM deoxyadenosine spared t h e  t o x i c i t y  

o f  1 pM dFdG. DNA synthesis w a s  select iuely inh ib i ted b y  b o t h  dFdA and dFdG.7 

HPLC was  used t o  de tec t  and quan t i t a te  the 5 ' - t r iphosphates (TP) (Figure 1). 

The resul ts  demons t ra te  t h e  p o t e n t  cytotot i ic i ty  e l ic i ted b y  dFdA. An IC50 o f  

0.7 pM a f t e r  a 2-hr  incubat ion i s  among t h e  mos t  toHic o f  pur ine nucleoside 

analogs repor ted.  There was a substant ia l  i n t race l l u la r  accumulat ion o f  t h e  

act iue t r iphosphate dFdATP. Comparison o f  t h e  loss o f  u iab i l i t y  and wi th  t h e  

accumulat ion o f  dFdATP suggests  a co r re la t i on  b e t w e e n  these  parameters.  

A f t e r  washing i n t o  drug- f ree medium, dFdATP w a s  e l iminated f r o m  CEM cells 

w i t h  a h a l f - l i f e  o f  a p p r o x i m a t e l y  3.0 hr. l n u e s t l g a t i o n s  o f  t h e  ce l l u la r  

metabol ism and  t h e  basis f o r  d i f f e ren t i a l  cy to tox i c i t y  a re  in progress. 
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dFdA: 

nmt 1 O%MeOH/H201,259. 

J. R. Montgomery, R. 1. Shortnacy, 0. R. Carson, and J. A. Secrist 111, 
m., 1986 ,a ,  2389. 

1H NMR (CD3OD, 300mHz), b 3.80-4.10 (m, 4H, H-3',4',05'), 6.33 (dd. 1, 
H-1'1, 8.22 (s. 1. H-21, 8.40 I S ,  1, H-8). MS m/z 287. UU ).ma8 , 

dFdG: 1 H NMR (MezSO-dg, 300mHz) b 3.65 (m. 2, 5'-CH2), 3.85 (m, 1, H- 4'1, 
4.39 (m, 1, H-3'1, 5.19 (apparent t, 1, 5'-OH), 5.98 (dd, 1. H-1'1, 6.28 (d, 1, 3'- 
OH), 6.55 (bs, 2, 2-NH21, 7.90 (s, 1, H-8). MS, m i 2  303. UU ).,ax , nm( E X  10- 
3MpH 71 273 (sh), 252 (8.361. 

Resolution o f  racemic carbocylic nucleosldes: J. A. Secrist 111, J. A. 
Montgomery, Y. F. Shealy, C. R. O'Dell, and 5. J. Clayton, u e d .  m. 1987, 
311,746. 

Determined by 3H-thymidine/uridine Incorporation studies. 

CEM were maintained in  exponential growth i n  RPMI-1640 medium 
supplemented w i th  5% heat inactivated fetal  bouine serum. To inhibit 
adenosine deaminase actiuity, cells were incubated wi th  deoHycoformycin (1 
fiM) for  30 min prior t o  the addition o f  dFdR. After a 2-hr incubation w i th  the 
indicated concentrations o f  dFdR, cells were e i ther  prepared fo r  
clonogenicity assays or  nucleotide pools were analyzed. For cloning 
studies, cells were washed twice and diluted i n  pre-warmed fresh medium, 
and portions o f  the cell suspension estimated to contain between 50 to  200 
colony forming unlts were plated in medium containing 0.26% agar. R f t e r  7 
to 10 days, colonies o f  greater than 50 cells were counted wi th  the aid o f  a 
dissecting microscope. A separate portion o f  the culture incubated wi th  
dFdR was washed and cellular nucleotides were extracted w i th  HClOq. 
Following neutralization, dFdRTP was quantitated af ter  separation from 
normal nucleotides by anion-exchange HPLC. 
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