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NUCLEOSIDES & NUCLEOTIDES, 13(1-3), 213-234 (1994) 

CHEMISTRY AND ANTI-HIV ACTIVITY OF 2’-B-FLUORO-2’ ,3’- 
DIDEOXVGUANOSINE 

+ Harry Ford, Jr.t, John S .  D r i s c o l l  t* Maqbool Siddiqui t ,  James A. Kel leyt  

+Laboratory o f  Medicinal  Chemistry, Developmental Therapeutics Program, and 
‘Experimental Retrov i ro logy Section, Medicine Branch, C1 i n i c a l  Oncology 
Program, D i v i s i o n  o f  Cancer Treatment, Nat ional  Cancer I n s t i t u t e ,  Nat ional  
I n s t i t u t e s  o f  Heal th,  9000 R o c k v i l l e  Pike, B u i l d i n g  37, Room 5C-02, 
Bethesda, MD 20892. 

H i roak i  Mitsuya’, Takuma Shirasaka $: , David G. Johnst and V i c t o r  E.  Marquez 

Abstract: The 2 I - O - f l  uoro analogue o f  2 ’ , 3 I -di deoxyguanosine has been 
prepared by two syn the t i c  routes.  This  compound and two analogues have 
anti-HIV a c t i v i t y  i n  a t  l e a s t  two o f  t h ree  host c e l l  systems used (ATH8, 
CEM, PBL). These compounds, as w e l l  as t h e i r  ddGuo parents, have been 
character ized w i t h  regard t o  t h e i r  ac id -s tab i l  i t i e s ,  octanol-water 
p a r t i t i o n  c o e f f i c i e n t s ,  and enzyme subst rate p roper t i es  f o r  adenosine 
deaminase and pu r ine  nucleoside phosphoryl ase. F-ddGuo analogues are 1 ess  
potent  bu t  more s tab le  than t h e i r  non- f luor inated parent compounds. 

INTRODUCTION 
The 2’ ,3 ’ -d ideoxy analogues o f  inos ine (ddIno, didanosine, 1) and 

adenosine (ddAdo, 2) were among t h e  e a r l i e s t  dideoxynucleoside analogues 
shown t o  have anti-HIV a c t i v i t y ’ .  
q u i c k l y  estab l ished ddIno as an e f f e c t i v e  anti-HIV drug3n4. The 
corresponding guanosine compound (ddGuo, 3 a ) ,  w h i l e  showing an a c t i v i t y  

and a potency p r o f i l e  s i m i l a r  t o  ddAdo and ddIno’, has n o t  y e t  been 
evaluated c l i n i c a l l y ,  although s i g n i f i c a n t  research has been conducted on 

t h e  a n t i - v i r a l  a c t i v i t y 5 ,  chemistry6i7 and biochemistry’-’’ o f  3a and i t s  

anal o g u e ~ ” ~ ’ ~ .  
The simple pu r ine  2 ’  ,3’-dideoxyribofuranosides are unstable under 

a c i d i c  c ~ n d i t i o n s ’ ~ ’ ’ ~  and t h i s  complicates the  product ion o f  a convenient 

C l i n i c a l  evaluat ion o f  these agents‘ 

Th is  a r t i c l e  i s  dedicated t o  the  memory o f  D r .  Roland K. Robins whose 

p ioneer ing nucleoside research has been an i n s p i r a t i o n  f o r  a l l  workers i n  
t h e  f i e l d .  
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Copyright Q 1994 by Marcel Dckker, Inc. 
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214 FORD ET AL. 

X 

C 

Compound 
1 
2 
3a 
3b 
3c 
4 
5 
6 
7 
8 

2 
H 
H 
H 
H 
H 
F 
F 
F 
F 
F 

Name 
ddlno 
ddAdo 
ddGuo 
2-NH2-6-CI-ddP 
2,6-diNH2-ddP 
F-ddlno 
F-ddAdo 
F-ddGUo 
2-NH&CI-2'-F-ddP 
2,6-diNHz-2'-F-ddP 

002 

9 10 

a1 dosage form16. The add i t i on  o f  a f l u o r i n e  atom "up" i n  t h  2 ' -  
p o s i t i o n  (F-ddI, 4 and F-ddA, 5 ) ,  however, makes these compounds acid- 
s tab le  w i t h  r e t e n t i o n  o f  t he  a c t i v i t y  and potency o f  t he  parent 
 compound^'^^'^. I n  add i t i on ,  f l u o r i n e - s u b s t i  t u t i o n  increases the  metabol ic 
s t a b i l i t y  o f  t he  adenosine analogue, 5, by making i t  more r e s i s t a n t  t o  

hyd ro l ys i s  by adenosine deaminase (ADA), and o f  t he  inos ine analogue, 4, 

by making i t  r e s i s t a n t  t o  degradation by pur ine nucleoside phosphorylase 
(PNP)19r20.  Because o f  t he  improved p roper t i es  observed w i t h  4 and 5, we 
undertook a study o f  t h e  e f f e c t s  o f  2 ' -O-F-subst i tut ion on ddGuo and two 
re1 ated compounds. 

CHEMISTRY 

Svnthesi s 
The t a r g e t  compound, F-ddGuo ( 6 ) ,  was prepared by two routes.  The 

f i r s t  method, shown i n  Scheme 1, u t i l i z e s  t h e  more t r a d i t i o n a l  reduct ion 

o f  t he  3 ' -hydroxyl  group f o l l o w i n g  the  sugar-base condensation step. The 
s t a r t i n g ,  protected f luoro-sugar,  9, was prepared by the  method developed 

by t h e  B r i s t o l  group". Compound 9 was converted t o  t h e  bromo-sugar, 11, 
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2 '-8-FLUORO-2 ' ,3 '-DIDEOXYGUANOSINE 215 

11 

CI 

OBZ 
12afN9-@I 

b(N9-a) 

TBDMSO 

OCSOPh 16(R=TBDMSI 
E'NF L j'(R=H) 

15 
I 

0 

OH 
13(R = H) 

TBDMSCI L 4(R = TBDMS) 

Scheme 1 

with HBr/HOAc and condensed with silylated 2-amino-6-chloropurine in the 
presence of Hg(CN), to give the desired 12a (28%), along with 6% of the N9- 
a anomer, 12b. Deprotection of 12a with ammonia, and 5'-reprotection with 
the TBDMS group set the stage for the preparation of the conventional 3'- 
phenoxythiocarbonyl derivative, 15, which was reduced under Barton 
conditions to produce the 6-chloro analogue, 7, after deprotection. The 
hydrolysis of 7 by either chemical (NaOH) or enzymatic (adenosine 
deaminase, ADA) means gave the target compound, 2'-fluoro-2',3'-dideoxy- 
ara-G (6, F-ddGuo) in roughly equivalent yields. ADA hydrolysis i s  the 
preferred method since it proved difficult to remove traces of inorganic 
materials after NaOH treatment of 7. 

The second synthetic method utilizes the fluoro-sugar, 10, which 
allows the purine coupling to be performed after, rather than before the 
Barton reduction. This method" offers certain advantages for the 
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FORD ET AL. 216 

10 L 17 

BzO 

BzO 

m 

Scheme 2 

synthesis of 2'-fluoro analogues (Scheme 2). After formation of the 
bromo-sugar, 17, and condensation with protected 2-amino-6-chloropurine, 
the N9-I3 isomer, 18a, was obtained in 31% yield along with small amounts 
o f  the N7-0 (18b, 7%) and N9-Q (lac, 7%) isomers. Removal of the benzoyl 
protecting group from 18a with methanolic ammonia gave 7, which was 
identical with the material generated by Scheme 1. F-ddGuo (6) was 
produced from 7 either enzymatically or chemically as described above in 
Scheme 1, or by basic hydrolysis of 18a. The 2,6-diamino analogue, 8, was 
prepared from 10 in a similar manner. 2,6-Dichloropurine was condensed 
with 17 to give the desired N9-R anomer, 19a (32%) along with some N9-Q 
isomer (23%), Chlorine displacement with azide ion, reduction, and 
deprotection gave the desired 2,6-diamino analogue (8). 
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2'-B-FLUORO-2', 3 ' -DIDEOXY GU ANOSINE 2 17 

Table 1. Acid Stability' 

Compound 
tl,Z 
(hr) 1 hr 3 hr 24 hr 

% DecomPosi t i onb 

3a (ddGuo) 0.014 100 100 100 
3b ( 2-NHz-6-C1 -ddP)c 0.016 100 100 100 
8 (2,6-diNH2-2'-F-ddP) 384 0 0 9 
6 (F-ddGuo) 345 0 0.4 4 
7 ( 2-NHz-6-C1 -2 ' -F-ddP) 158 0 0.5 5 

'Standard conditions: 50 pM substrate, pH 1.0 HCl/KCl, 37°C. bActual 
measurement of product. 'ddP = dideoxypurine 

Acid Stability 

survive acidic stomach conditions is an important practical consideration. 
A major advantage of 2'-fluoro-dideoxynucleosides 17#18@z2 relative to their 
parent corn pound^'^"^ is their ability to survive this environment. For 
this reason, we extended this evaluation to the F-ddGuo analogues 
described here (Table 1). As expected, F-ddGuo i s  much more stable 
(>23,000 times) at pH 1, 37°C than ddGuo . 

As mentioned above, the ability o f  an orally administered drug to 

Partition Coefficients 
Generally the lipophilicity o f  a drug plays an important role in its 

i n  v i v o  transport propertiesz3, especially as related to central nervous 
system (CNS) This also appears to be the case with anti- 
HIV drugs since AZT, the most lipophilic of the drugs currently available 
in the U.S., produces a higher CSF to plasma ratio than either ddI or 

. Using a microscale partition coefficient method devised earlier 
in this lab~ratory,'~ octanol-water log P values were determined for ddGuo 
and its analogues (Table 2). While the addition of fluorine does not 
appreciably alter the partition coefficient, a 6-chloro substituent (7 and 
3b) increases the lipophilicity over 20 times relative to their parent 
compounds, 6 and 3a. 

ddc26-28 
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FORD ET AL. 218 

Table 2. 

Properties o f  ddGuo Analogues 

Octanol-Water Parti tion Coefficients and Chromatographic 

Compound Log Pa HPLCb k ' '  U V ~  (nm) 

6 (F-ddGuo) -1.178 f 0.012 A 1.16 252 

3a (ddGuo) -1.091 f 0.006 A 1.17 253 

8 (2,6-diNH2-2'-F-ddP) -0.495 f 0.008 B 1.37 255, 279 

3c (2 , 6-di NH,-ddP) -0.493 f 0.004 B 1.38 215, 255, 280 

3b ( 2-NH2-6-C1 -ddP) 0.211 k 0.011 B 4.12 220, 245, 309 

7 (2-NH2-6-C1-2'-F-ddP) 0.276 f 0.010 B 5.40 220, 246, 306 

"Mean f standard deviation of three independent partition coefficient (P) 
determinations. 
?he following mobile phases were used at 1.0 ml/min with a 4.6 x 250 mm 
5-pm Ultrasphere ODS column which was protected with a 4.6 x 30 mm 
Brownlee C,, precolumn: A) 8.5% or B) 10% CH,CN in pH 7.0, 0.01M phosphate 
buffer. 
'Mean capacity factor (k '  = (t, - t,)/t,) for the indicated mobile phase. 
The standard deviation of three determinations was less than 0.02 in all 
cases. 
dWavelengths determined on-the-fly with a diode-array detector in HPLC 
;nobile phases. 

BIOLOGY 

Anti-HIV Activity 
Because nucleosic,: antiviral activity is critically dependent upon 

specific cellular activating enzymes, the host ce:l line is a crucial 
variable in determining whether a compound has For this 
reason, anti-HIV testing was carried out using the ATH8,, CEM32 and 
PHA/PBL33 cell lines infected with HIV/LAI. 

In the ATH8 cell line (Table 3), ddGuo (3a) proved to be active, 
potent and non-cytotoxic over a large range of concentrations (2-100 pM). 
These results are similar to those shown earlier'. While active, F-ddGuo 
(6) was neither as active nor as potent as 3a and was more toxic at 100 pM 
concentration. The 6-chloro (7) and 6-amino (8) analogues of 2-NH2-2'4- 
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2’-P-FLUORO-2’ ,3 ‘-DIDEOXYGUANOSINE 219 

Table 3. Anti-HIV Act iv i ty  i n  ATH-8 Cel l s  

Concentrat ion 

Compound (PM) % P ro tec t i on  % Cy to tox i c i  t y  

3a 2a, 10,20,50,100 75,88,100,91,91 0,0,3,~,0 

6 2,10,20,50,100 25,44,47,50,66 3,6,0,0,26 

7 10,20,50,100,200 33,38,61 , 51 , 30 0,0,0,43,56 

8 1,10,100 23,36,40 9,0,24 

‘Concentration o f  3a g i v i n g  75% p r o t e c t i o n  w i t h  0% c y t o t o x i c i t y  

ddP are both a c t i v e  bu t  n o t  as potent  o r  a c t i v e  as ddGuo. It should be 
noted t h a t  8 had been repor ted t o  be i n a c t i v e  against  H I V  i n  MT-4 
and t h a t  t h e  non- f luor inated analogues, 2-NH2-6-C1-ddP (3b) and 2,6- 
diamino-ddP (3c),  e a r l i e r  had shown impressive anti-HIV a c t i v i t y  (ATH8 and 
MT-2 c e l l  s ) ~ ~ .  

CEM c e l l u l a r  experiments (Table 4) produced an a c t i v i t y  p r o f i l e  
somewhat s i m i l a r  t o  t h a t  observed i n  ATH8 c e l l s .  I n  t h i s  c e l l  l i n e ,  7 was 
the  on ly  compound completely devoid o f  a c t i v i t y .  ddGuo (3a) was again the  
most potent  compound among those tested.  

A1 1 compounds tes ted  using phytohemaggl u t i n i  n-st imul ated per iphera l  
b lood lymphocytes (PHA/PBL) as t h e  host c e l l  l i n e  showed anti-HIV a c t i v i t y  
(Table 5) .  Again, ddGuo (3a) was the  most potent  compound i n  t h i s  group. 

Enzvme-Substrate A c t i v i t y  

Adenosine Deaminase (ADA) 
ADA i s  a ub iqu i tous c a t a b o l i c  enzyme present i n  many human tissues.36 

There i s  a l a r g e  amount o f  experimental work which shows t h a t  many 6- 
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220 FORD ET AL. 

Table 4. Anti-HIV Activity in CEM Cells' 

3a 

6 

2 

20 

> 10 

> 53 

> 5  

> 2.5 
-- 7 > 50 > 50 

8 37 > 93 > 2.5 

TEC,, = concentrations effective in protecting 50% of the CEM cells from 
the cytopathogenic effects of H I V .  IC,, = concentration which inhibits CEM 
cell proliferation by 50%. TI,, = IC,, divided by EC,,. 

Table 5. Anti-HIV Activity in PHA-Stimulated PBL Cells 

3a t2.5 t2.5 

6 7 . 1  10 

7 3.8 10 

a 6.4 50 

'Compound concentration which inhibits HIV p24 Gag protein expression by 
90% relative to controls. bCompound concentration which yielded 50% p24 Gag 
protein negative we1 1 s . 

substituted purine ribonucleosides are substrates for ADA hydrolysis, 
producing inosine and g ~ a n o s i n e . ~ ~  Since these 6-substituted compounds are 
normally more lipophilic than their parents, it is possible that they 
might function as prodrugs with favorably a1 tered biotransport properties 
which could be converted to active ddGuo analogues in a target tissue.38 
For this reason, we evaluated the rates of the ADA-catalyzed hydrolysis of 
7 and 8 to F-ddGuo (6). As shown in Table 6, the addition o f  a 2'-fluoro 
group produces a reduction in the ADA-catalyzed hydrolysis rate of ddAdo 
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2'-/3-FLUORO-2' ,3 '-DIDEOXYGUANOSINE 22 1 

Table 6. R e l a t i v e  Rates o f  Enzyme Ca ta l ys i s  

Compound ADA" PNPb 

2 (ddAdo) 2080 ND' 
3a (ddGuo) ND 100 
3b ( 2-NH,-6-C1 -ddP) 90 < 0.14 
3c (2,6-diNH2-ddP) 156 
5 (F-ddAdO) 100 

ND 
ND 

6 (F-ddGUO) ND N R ~  
7 (2-NH2-641 -2 ' -F-ddP) 6 < 0.03 
8 (2,6-diNH2-2'-F-ddP) 11 < 0.03 

'Standard adenosine deaminase (ADA) condi t ions:  50 pM substrate;  0.01 M 
phosphate b u f f e r ,  pH 7.4; 37°C. Disappearance r a t e  constant per  u n i t  
ADA normal ized t o  t h a t  o f  B-F-ddA. 

bStandard pu r ine  nucleoside phosphorylase (PNP) condi t ions:  50 pM 
substrate;  0.1M phosphate b u f f e r ,  pH 7.4; 37°C. Re la t i ve  r a t e s  
ca l cu la ted  on the  bas is  o f  t,, ( the  t ime requ i red  f o r  10% conversion). 

'Not determined. 
dNo conversion observed i n  24 h r .  

by about 20 times, and causes a ca. 15- fo ld  decrease i n  the  2-NH2-6-chloro 
conversion. 

Pur ine Nucleoside PhosDhorvl ase 
Pur ine nucleoside phosphorylase (PNP) i s  an enzyme which cata lyzes 

the  r e v e r s i b l e  phosphorolysis o f  r ibonucleos ide analogues o f  guanine and 
hypoxanthine. I n  i t s  c a t a b o l i c  mode, PNP cleaves t h e  g l y c o s i d i c  bond t o  
produce a sugar and an a g l y ~ o n ~ ~ .  This r e a c t i o n  could reduce the  anti-HIV 
potency of  an a c t i v e  guanosine analogue i n  v i v o  by conver t ing the  drug t o  
i n a c t i v e  products.  A comparison o f  t he  decomposition r a t e s  o f  ddGuo (3a) 
and F-ddGuo (6) i n  the  presence o f  PNP (Table 6) shows t h a t  t h e  a d d i t i o n  
o f  f l u o r i n e  s u b s t i t u t i o n  completely abol ishes t h i s  g l y c o s i d i c  cleavage 
reac t i on .  Also seen, i n  c o n t r a s t  t o  t h e  s i t u a t i o n  descr ibed above w i t h  
ADA-catalyzed hyd ro l ys i s ,  a 6-chloro subs t i t uen t  i n  t h e  2-aminopurine r i n g  

(3b) v i r t u a l l y  abol ishes PNP subst rate a c t i v i t y .  
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222 FORD ET AL. 

EXPERIMENTAL 

HPLC Analys is  o f  Guanine Dideoxvnucleosides Solut ions and d i l u t e d  
enzymatic r e a c t i o n  mixtures o f  dideoxynucleosides were analyzed on an 
1 i q u i d  chromatography system cons is t i ng  o f  a Rheodyne 7125 syr inge- loading 
sample i n j e c t i o n  valve, a Waters Model 6000A pump and a Gi lson Model 116 
v a r i a b l e  wave1 ength UV detector .  On occasion, a Spectra-Physics AS3000 
automatic sample i n j e c t o r  o r  a Perkin-Elmer LC-235 UV diode a r ray  detector  
were s u b s t i t u t e d  f o r  t h e  corresponding system components, depending on the  
number o f  samples and the  a n a l y t i c a l  requirements o f  t h e  experiment. 
Dideoxynucleosides were separated on a 4.6 X 250 mm 5-pm Altexpeckman 
Ultrasphere C18 column t h a t  was protected by a 4.6 X 30 mm Brownlee 
Spheri-5 RP-18 precolumn. This  column system was e l u t e d  i s o c r a t i c a l l y  a t  
1.0 mL/min w i t h  a mobi le phase o f  e i t h e r  8.5 o r  10% CH,CN i n  pH 7.0, 0.01M 
phosphate b u f f e r  so t h a t  a l l  dideoxynucleosides had r e t e n t i o n  t imes i n  the  
range o f  6-18 min. Enzymatic r e a c t i o n  products were i d e n t i f i e d  by 
coincidence o f  r e t e n t i o n  t ime w i t h  standards and by comparison o f  f u l l -  
scan (195-360 nm) on- the- f ly  UV spectra obtained w i t h  t h e  diode a r ray  
de tec to r .  Peak areas were measured on a Spectra-Physics SP4400 Chromjet 
computing i n t e g r a t o r .  For k i n e t i c  studies,  t h i s  data was p l o t t e d  as a 
f u n c t i o n  o f  t ime and f i t t e d  t o  a f i r s t  order  decomposition (y = Ae-kt) 
us ing GraphPad (IS1 Software, Phi ladelph ia,  PA) , a PC-based c u r v e - f i t t i n g  
program. 

Mass SDectrometry Pos i t i ve - ion  f a s t  atom bombardment mass spectra were 
obtained on a VG 7070E mass spectrometer operated a t  an acce le ra t i ng  
vo l tage o f  6 kV and a r e s o l u t i o n  o f  1500. Glycerol  and 3-n i t robenzy l  
a lcohol  were used as sample matr ices,  and i o n i z a t i o n  was e f f e c t e d  by a 
beam o f  xenon atoms der ived by charge-exchange n e u t r a l i z a t i o n  o f  a 1.0 - 
1.2 mA beam o f  xenon ions accelerated through 8.4-8.9 kV. Spectra were 
acquired under t h e  c o n t r o l  o f  a VG 11/250 J+ data system a t  a scan speed 
o f  10 s/decade, and t h e  m a t r i x  background was au tomat i ca l l y  subtracted. 
Accurate mass measurement o f  t h e  protonated molecular i o n  (MH') peak was 
c a r r i e d  out  i n  a separate experiment a t  a dynamic r e s o l u t i o n  o f  2500 using 
a vo l tage scan over a l i m i t e d  mass range and s ignal  a c q u i s i t i o n  i n  a 
mu1 t i -channel  analys is  mode. Software-based peak matching was then 
employed using se lected g l y c e r o l  peaks w i t h i n  t h e  mass range as i n t e r n a l  
references. 
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2'-P-FLUORO-2' ,3'-DIDEOXY GUANOSINE 223 

Measurement of Octanol -Water Parti tion Coefficients n-Octanol -water 
partition coefficients (P) were determined for individual compounds using 
a microscale shake-flask method employing HPLC analysis of both the buffer 
and n-octanol phases29. This determination was conducted in trip1 icate. 

Acid Stability of Guanine Dideoxvnucleosides Fifty microliters of a 1.0 
mM aqueous solution of dideoxynucleoside was added to 0.95 mL pH 1.0 
HCl/KCl in a 1.5-mL polypropylene microcentrifuge tube (Eppendorf) 
that had been prewarmed to 37°C. A 50-pL aliquot was immediately removed 
for analysis and the tube incubated at 37°C in an Eppendorf Model 5320 
thermostated heater. This initial sample aliquot was diluted with 0.45 mL 
pH 7.4, 0.1M phosphate buffer. Subsequent 50-pL samples were taken at 
predetermined times and treated in the same manner as the first. The 
concentration of dideoxynucleoside in each sample was determined by HPLC 
analysis of a 50-pL aliquot as described above. 

Enzymatic Hvdrolvsis by Adenosine Deaminase Adenosine deaminase (ADA, 
adenosine aminohydrolase, EC 3.5.4.4, Boehringer Mannheim) from calf 
intestinal mucosa was prepared as previously described38 to give a stock 
solution of 1 mg/mL (250-280 units/mL) in pH 7.4, 0.01 M phosphate buffer. 
The adenosine deaminase inhibitor 2'-deoxycoformycin (dCF) was obtained 
from the Pharmaceutical Resources Branch, NCI. Relative rates of 
hydrolysis of selected nucleosides by ADA and characterization of products 
were carried out as previously described.38 Briefly, 0.02-1.0 units of ADA 
were added to 1.0 mL of a 50 pM solution of a given compound in pH 7.4, 
0.01 M phosphate buffer and the solution incubated at 37°C. Fifty- 
microliter a1 iquots were withdrawn at timed intervals and hydrolysis was 
terminated by mixing with 0.450 m L  4 pM dCF. The diluted sample was 
heated at 95°C for 1 min to insure enzyme deactivation, and the decrease 
in substrate concentration and the formation of product was followed as a 
function of time by HPLC analysis. 

DeDurination bv Purine Nucleoside PhosDhorvlase A 0.50-mL aliquot of a 10 
mg/mL suspension of purine nucleoside phosphorylase (PNP, EC 2.4.2.1, 
Boehringer Mannheim) from calf spleen was centrifuged at 12,000 X g for 3 
min. The pellet remaining after removal of the (NH,),SO, supernatant was 
dissolved in sufficient pH 7.4, 0.01M phosphate buffer to make a final 
volume of 0.100 mL and a PNP concentration of 100 units/mL. Serial 
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224 FORD ET AL. 

d i l u t i o n  was employed t o  make enzyme so lu t i ons  o f  4.0 and 0.08 units/mL, 
respec t i ve l y .  Depur inat ion o f  se lected substrates was assessed by mixing 
2.5-10 pL o f  t h e  appropr ia te enzyme s o l u t i o n  w i t h  50 pL o f  1 mM nucleoside 
so lu t i on ,  500 pL pH 7.4, 0.2 M phosphate bu f fe r ,  and s u f f i c i e n t  d i s t i l l e d  
H,O t o  g i v e  a f i n a l  volume o f  1.0 mL. This  r e a c t i o n  m ix tu re  con ta in ing  50 
pM substrate and vary ing PNP concentrat ion (0.0002-1.0 units/rnL) was 
incubated a t  37°C i n  a 1.5-1111 polypropylene m ic rocen t r i f uge  tube. A t  
predetermined times, 50-pL a l i q u o t s  were withdrawn, d i l u t e d  w i t h  450 pL 
d i s t i l l e d  water, and heated a t  95°C f o r  1.5 min t o  i n a c t i v a t e  t h e  enzyme. 
The decrease, i f  any, i n  subst rate concentrat ion over t ime was determined 
by HPLC ana lys i s  (v ide supra). 

H I V  CYtoDathic E f f e c t  I n h i b i t i o n  Assays The anti-HIV assays i n  ATH8'n22b, 
CEM22ba32 and PHA-stimul ated PBL3, c e l l s  were performed as p rev ious l y  
described. CEM assays were c a r r i e d  out  by P R I  Inc., FCRDC, Freder ick,  MD, 
under c o n t r a c t  t o  t h e  Developmental Therapeutics Program, N C I .  

Reaaents Compounds 1, 2, and 3a were provided by the  Drug Synthesis and 
Chemistry Branch ( D r .  Narayanan) and t h e  Pharmaceutical Resources Branch 
(Dr .  V ishnuvaj ja la)  , Developmental Therapeutics Program, D i v i s i o n  o f  
Cancer Treatment, Nat ional  Cancer I n s t i t u t e .  Compounds 3b and 3c were  
synthesized by the  Sanyo-Kokusaku Pulp Co., Iwakuni, Japan.,*' A l l  o ther  
reagents were commerci a1 l y  a v a i l  ab le and used wi thout  f u r t h e r  
p u r i  f i c a t i o n .  

3,5-Di-O-benzovl-2-deox~-2-fluoro-a-D-arabinofuranos~l bromide (111 
A s o l u t i o n  o f  1,3,5-tri-0-benzoy1-2-deoxy-2-f1 uoro-a-D-arabinofuranose (9, 
3.0 g, 6.45 mmol) i n  d r y  CH2C1, (10 mL) was t r e a t e d  w i t h  a s o l u t i o n  o f  33% 
HBr i n  AcOH (3.2 mL, 13.0 mmol) and s t i r r e d  a t  rt under n i t rogen  f o r  20 
h r .  The r e a c t i o n  m ix tu re  was evaporated and then coevaporated tw ice  w i t h  
to luene The res idue was d isso lved i n  CH,Cl, (100 mL) and 
washed successively w i t h  water ( 2  x 50 mL) and saturated NaHCO, (2 x 50 
mL). The organic l a y e r  was d r i e d  (Na,SO,) and concentrated t o  a viscous 

syrup which was f u r t h e r  d r i e d  under vacuum f o r  16 h r  t o  g i v e  2.70 g (99%) 
o f  11. This  ma te r ia l  was used i n  t h e  f o l l o w i n g  step w i thou t  f u r t h e r  
p u r i f i c a t i o n .  

( 2  x 25 mL). 
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2'$-FLUORO-2' ,3 '-DIDEOXYGUANOSINE 225 

2-Amino-6-chloro-9-~3.5-di-O-benzovl-2-deoxv-2-fluoro-B-D- 
arabinofuranosvll-9H-ourine (12al  A suspension o f  2-amino-6-chloropurine 
(1.07 g, 6.30 mmol) i n  d r y  CH,CN (20 mL) was t r e a t e d  w i t h  
bis(trimethylsilyltrif1uoro)acetamide (8  mL, 29.8 mmol) and t h e  r e s u l t i n g  
m ix tu re  was s t i r r e d  a t  rt u n t i l  i t  became homogeneous (30 min). The 
so lvent  was removed and the  res idue was protected from moisture.  
Immediately a f t e r ,  t he  res idue was d isso lved i n  d r y  benzene (30 mL) and 
a f t e r  t he  a d d i t i o n  o f  Hg(CN), (1.62 g, 6.41 mmol) t he  s o l u t i o n  was 
r e f l u x e d  f o r  30 min under n i t rogen  w i t h  t h e  a i d  o f  a Dean-Stark t r a p  t o  
i nsu re  anhydrous condi t ions.  A s o l u t i o n  o f  bromosugar 11 (2.70 g, 6.30 
mmol) i n  d r y  benzene (25 mL) was g radua l l y  added and r e f l u x i n g  continued 
f o r  3 h r .  The m ix tu re  was allowed t o  cool  t o  rt and a f t e r  t h e  a d d i t i o n  o f  
200 mL of CHC1, t h e  organic  s o l u t i o n  was washed successively w i t h  aqueous 
NaHCO, (2 x 80 mL) and 1M K I  s o l u t i o n  ( 2  x 80 mL).  The organic l a y e r  was 
d r i e d  (NaSO,) and reduced t o  dryness. The res idue was p u r i f i e d  by f l a s h  
column chromatography ( s i l i c a  ge l ,  hexane:EtOAc, 2 : l )  and two isomeric 
compounds were i so la ted .  The des i red N9-&isomer 12a (0.894 g, 27.7%) was 
i s o l a t e d  as the  major component (R, = 0.22, hexane:EtOAc, 3:2). This 
compound was r e c r y s t a l l i z e d  t o  g i v e  a s o l i d ,  mp 98-103 "C (EtOH) ;  'H NMR 
(CDC1,) 8 4.55 (m, 1 H, H-4'), 4.70 (d, J = 4 Hz, 2 H, H-5'a,b), 5.20 (brs,  

1 H, H-3'), 6.44 (dd, J = 22, 2.7 Hz, 1 H, H-1') ,  7.40-7.70 (my 6 H, Ph), 
8.20 ( m y  5 H, H-8, Ph). Anal. Calcd f o r  C,,Hl,C1FN,0,~0.75 EtOH: C, 56.04; 
H, 4.33; N, 12.82. Found: C, 56.00; H, 4.32; N, 12.98. The minor N9-a 
isomer 12b (0.21 g, 6.3%, R, = 0.34) was obtained as an o i l ;  'H NMR (CDC1,) 
8 4.70 (d, J = 5 Hz, 2 H, H-5'a,b), 4.92 (my 1 H, H-4'), 5.30 ( b r  s, 1 H, 
NH,), 5.75 (dm, J = 17 Hz, 1 H, H-3'), 6.09 (d, J = 49 Hz, 1 H, H-2') ,  6.40 
(d, J = 14.0 Hz, 1 H, H-1'), 7.30-7.75 (my 6 H, Ph), 8.10 (my 5 H, H-8, 
Ph). 

2 H, NH,), 5.30 (dd, J = 50, 2.7 Hz, 1 H, H-2'), 5.75 (dd, J = 16, 3 Hz, 

2-Amino-6-chloro-9-~2-deoxv-2- f luoro-B-D-arabinofuranos~l l -9~-~ur ine~l3~ 
I n  a sealed pressure b o t t l e ,  p ro tec ted  compound 12a (0.30 g, 0.58 mmol) 
was s t i r r e d  a t  rt w i t h  saturated methanolic ammonia (15 mL) f o r  4 h r .  The 
so lvent  was evaporated and the  res idue was p u r i f i e d  by p repara t i ve  t l c  
( s i l i c a  ge l ,  Anal tech 2000 p) developed w i t h  CH,Cl,/MeOH (9: l ) .  Compound 
13 (0.13 g, 75%) was i s o l a t e d  as a s o l i d ,  mp 173-74 "C dec; 'H NMR (Me,SO- 
d6) 8 3.60 (my 2 H, H-5'a,b), 3.83 ( b r  q, 1 H, H-4'), 4.40 (dm, J = 14.5 
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226 FORD ET AL. 

Hz, 1 H, H-3'), 5.05 (my  1 H, 5'-OH), 5.20 (dm, J = 52 Hz, 1 H, H-2 ' ) ,  

7.01 ( b r  s, 2 H, NH,), 8.23 (d, J = 1.9 Hz, 1 H, H-8). Anal. Calcd f o r  
CloH1,CIFN,O,: C, 39.55; H, 3.65; N, 23.06. Found: C,  39.48; H, 3.69; N, 
22.97. 

5.97 (d, J = 4.5 Hz, 1 H, 3'-OH), 6.25 (dd, J = 14, 4.4 Hz, 1 H, H-1'), 

2-Amino-6-chl oro-9-[5-0-( t e r t -bu tv ld ime thv l  s i l  y1 1-2-deoxv-2-fl uoro-R-D- 
arabinofuranosvll-9H-purine (141 A s o l u t i o n  o f  13 (0.23 g, 0.75 mmol) i n  
dry DMF (4 mL) was t r e a t e d  w i t h  a m ix tu re  o f  t - b u t y l d i m e t h y l s i l y l  c h l o r i d e  
( 3  mmol) and imidazole (7.5 mmol) i n  DMF. A f t e r  s t i r r i n g  a t  rt f o r  30 
min, water (100 mL) was added and t h e  r e s u l t i n g  m ix tu re  was ext racted w i t h  
EtOAc (3 x 100 mL) .  The organic l a y e r  was washed w i t h  b r i n e  (3 x 75 mL) 
and d r i e d  (NaSO,). The so lvent  was evaporated and the  res idue was p u r i f i e d  
by p repara t i ve  t l c  ( s i l i c a  ge l ,  Analtech 2000 p, EtOAc:hexane, 1: l )  t o  

g i ve  compound 14 (0.270 g, 86%), mp 174-75 "C (EtOAc/hexane); 'H NMR 
(Me,SO-d,) 6 0.05 (s, 6 H, Me,Si), 0.85 (s ,  9 H, Me$), 3.82 ( m y  3 H, H-4', 
H-5'a,b), 4.40 (dm, J = 14.5 Hz, 1 H, H-3'), 5.25 (dm, J = 52 Hz, 1 H, H- 
2 ' ) ,  6.01 ( b r  d, 1 H, 3'-OH), 6.35 (dd, J = 14.0, 4.4 Hz, 1 H, H-1') ,  
7.01 ( b r  s, 2 H, NH,), 8.23 (d, J = 2 Hz, 1 H, H-8). Anal. Calcd f o r  
Cl,H2,C1FN,0,Si: C, 45.98; H, 6.03; N, 16.76. Found: C, 45.96; H, 6.05; N, 
16.65. A second, l e s s  p o l a r  band af forded 0.05 g (13%) o f  t h e  b i s -  
s i l y l a t e d  analogue. 

2-Ami  no-6-chl oro-9- r3-0- r~henoxV( t h i  ocarbonvl 1 1 -5-0- ( t e r t - b u t v l  d imethvl-  
s i  1 vl1-2-deoxv-2-fl uoro-R-D-arabinofuranosvll-9H-ourine (15) A s o l u t i o n  o f  
14 (0.052 g, 0.124 mmol) i n  d r y  CH,CN ( 2  mL) was t r e a t e d  w i t h  phenyl 
chlorothionoformate (35 pL, 0.253 m m o l )  i n  t he  presence o f  
d imethylaminopyr id ine (DMAP, 0.055 g, 0.450 m m o l )  and s t i r r e d  a t  rt f o r  24 
h r .  The so lvent  was removed under vacuum and the  crude product was 
p u r i f i e d  by p repara t i ve  t l c  ( s i l i c a  ge l  , Analtech 2000 p, hexane:EtOAc, 
2 : l )  t o  g i v e  0.039 g (57%) o f  15 as an o i l ;  'H NMR (CDC1,) 6 0.06 (s, 6 H, 
Me,Si), 0.90 (s, 9 H, Me&), 4.00 (my 2 H, H-5',,JY 4.45 (my 1 H, H-4'), 
5.20 ( b r  s, 2 H, NH,), 5.30 (dd, J = 50, 3 Hz, 1 H, H-2'), 6.00 (dd, J = 

16, 2.5 Hz, 1 H, H-3'), 6.40 (dd, J = 22, 3 Hz, 1 H, H-1'), 6.90-7.50 (my 
5 H, Ph), 8.08 (d, J = 2.9 Hz, 1 H, H-8). Th is  ma te r ia l  was used i n  the  
f o l l o w i n g  step wi thout  f u r t h e r  p u r i f i c a t i o n .  
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2'-8-FLUORO-2', 3 '-DIDEOXYG UANOSINE 227 

2-Ami no-6-chl oro-9-r5-0-( t e r t -bu tv ld ime thv l  s i  1 vl)-2.3-dideoxv-2-fl uoro-R- 
D-threo-Rentofuranosvll-9H-Durine (16). A s o l u t i o n  o f  15 (0.142 g, 0.256 
mmol) i n  d r y  to luene (10 mL) was t r e a t e d  w i t h  Bu,SnH (0.41 mL, 1.54 mmol) 
and 2,2'-azobis(2-methylpropionitrile) (AIBN, 0.044 g, 0.27 mmol). The 
r e a c t i o n  m ix tu re  was heated a t  r e f l u x  f o r  3 h r  and cooled t o  rt. The 
so lvent  was removed under vacuum and the  crude product was p u r i f i e d  by 
p repara t i ve  t l c  ( s i l i c a  ge l ,  Analtech 2000 v ,  CH,Cl,:MeOH, 19 : l )  t o  g i ve  

0.071 g (69%) o f  16 as a foam; 'H NMR (CDC1,) 6 0.06 (s, 6 H, Me,Si), 0.92 
(s, 9 H, Me&), 2.38 ( m y  1 H, H-3',), 2.52 (my  1 H, H-3',), 3.81 (d, J = 

5 Hz, 2 H, H-5'a,b), 4.25 (my 1 H, H-4'), 5.15 (b r  s, 2 H, NH,), 5.23 (dm, 

J = 2.7 Hz, 1 H, H-8). Th is  ma te r ia l  was used i n  t h e  f o l l o w i n g  s tep 
w i thou t  f u r t h e r  p u r i f i c a t i o n .  

J = 50 Hz, 1 H, H-Z') ,  6.14 (dd, J = 16.5, 3.6 Hz, 1 H, H-1') ,  8.08 (d, 

2-Amino-6-chloro-9-~5-O-benzovl-2.3-dideoxv-2-fluoro-R-D-t~reo- 
pentofuranosvll-9H-purine ( 1 8 a l  A suspension o f  2-amino-6-chloropurine 
(0.184 g, 1.08 mmol) i n  d r y  CH,CN (15 mL) was t r e a t e d  w i t h  
bis(trimethylsily1trifluoro)acetamide (1.5 mL, 5.4 mmol) and t h e  r e s u l t i n g  
m ix tu re  was s t i r r e d  a t  rt u n t i l  i t  became homogeneous (30 min). The 
so l ven t  was removed and t h e  res idue was protected from moisture.  
Immediately a f t e r ,  t h e  res idue was d isso lved i n  a c e t o n i t r i l e  (15 mL) and 
a f t e r  t h e  a d d i t i o n  o f  Hg(CN), (0.28 g, 1.08 mmol) t h e  s o l u t i o n  was r e f l u x e d  

f o r  30 min under n i t r o g e n  w i t h  t h e  a i d  o f  a Dean-Stark t r a p  t o  i nsu re  
anhydrous cond i t i ons .  A s o l u t i o n  o f  bromosugar 17 i n  d r y  benzene (10 mL), 
prepared from 5-0-benzoyl-2,3-dideoxy-2-fluoro-l-0-methyl-R-D-t~~eo- 
pentofuranose (10, 0.092 g, 0.361 mm01),~, was g radua l l y  added and 
r e f l u x i n g  cont inued f o r  3 h r .  The m ix tu re  was allowed t o  cool t o  rt and 
a f t e r  t h e  a d d i t i o n  o f  100 mL o f  CHC1, t he  organic s o l u t i o n  was washed 
successively w i t h  aqueous NaHCO, (2 x 50 mL) and 1M K I  s o l u t i o n  (2 x 50 
mL). The organic l a y e r  was d r i e d  (NaSO,) and reduced t o  dryness. The 
res idue was p u r i f i e d  by f l a s h  column chromatography ( s i l i c a  ge l ,  
EtOAc:hexane, g rad ien t  from 0% t o  30%) t o  g i v e  t h e  des i red N9-I3 isomer 18a 
(0.044 g, 31%) as a foam (R, = 0.37, s i l i c a  ge l ,  EtOAc:hexane, 20: l ) ;  'H 

5.05 ( b r  s, 2 H, NH,), 5.25 (dm, J = 50 Hz, 1 H, H-2') ,  6.20 (dd, J = 20, 
2.9 Hz, 1 H, H-1'), 7.40-7.70 (my 3 H, Ph), 8.02 (d, J = 1.5 Hz, 1 H, H- 
8),  8.10 (my 2 H, Ph). This product was used i n  the  f o l l o w i n g  step wi thout  
f u r t h e r  p u r i f i c a t i o n .  

NMR (CDC1,) 6 2.60-2.80 (my 2 H, H-3'8,b), 4.60 ( m y  3 H, H-4', H-5',,b), 
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228 FORD ET AL. 

Two o the r  minor isomers were i s o l a t e d  and t h e i r  s t r u c t u r e s  were 
t e n t a t i v e l y  assigned by c h a r a c t e r i s t i c  features i n  the  'H NMR spectra. The 

N7-13 isomer 18b (0.009 g, 7%, R, = 0.58): 6 6.53 (dd, J = 17, 3 Hz, 1 H, 
H-1' )  and 8.40 (d, J = 1.8 Hz, 1 H, H-8). The more p o l a r  N9-a isomer 18c 
(0.009 g, 7%, R, = 0.18): 6 6.20 (d, J = 19 Hz, 1 H, H-1') and 7.80 ( s ,  1 
H, H-8). 

2-Amino-6-chloro-9-~2.3-dideox~-2-fluoro-~-D-~hreo-~entofuranos~ll-9~- 
p u r i n e  (7 )  
Method A A s o l u t i o n  o f  16 (0.071 g, 0.176 mmol) i n  THF (5 mL) was t r e a t e d  
w i t h  tetraethylammonium f l u o r i d e  d ihydrate (0.136 g, 0.734 mmol) and 
s t i r r e d  a t  rt fo r  6 h r .  The so lvent  was removed under reduced pressure 
and t h e  res idue was p u r i f i e d  by preparat ive t l c  ( s i l i c a  ge l ,  Analtech 2000 
p, CH,Cl,:MeOH, 9 : l )  t o  g i v e  6 (0.043 g, 86%) as a semisol id.  This 
ma te r ia l  was d isso lved i n  water and l y o p h i l i z e d  t o  g i v e  7 as a whi te  
f l u f f y  s o l i d ,  mp 94-97 'C; 'H NMR (D,O) 6 2.15 (my  1 H, H-3',), 2.52 (my 
1 H, H-3',), 3.65 (my 2 H, H-5'*,JY 4.25 (my 1 H, H-4 ' ) ,  5.22 (dm, J = 50 

Hz, 1 H, H-8); FAB mass spectrum, m/z ( r e l a t i v e  i n t e n s i t y )  288 (35Cl  MH', 
loo) ,  254 (39, M H - C l t H ) ,  170 (50 ,  3 5 C l ,  bH,'), 136 (13, bH,-CltH), Calcd: 
288.0667. Found: 288.0664 (peak matching). Anal. Calcd f o r  CloH1,C1FN5O2: 
C, 39.88; H, 4.18; N, 23.25. Found: C, 39.70; H, 3.98; N, 23.16. 

Hz, 1 H, H-2'), 6.01 (dd, J = 18.8, 3.1 Hz, 1 H, H-1'), 8.12 (d, J = 2.5 

Method B A s o l u t i o n  o f  18a (0.257 g, 0.655 mmol) i n  saturated methanolic 
ammonia (30 mL) was s t i r r e d  i n  a pressure b o t t l e  a t  rt f o r  36 h r .  The 
so lvent  was removed under reduced pressure and t h e  product was p u r i f i e d  by 
f l a s h  column chromatography ( s i l i c a  gel  , MeOH:CH,Cl,, g rad ien t  from 0% t o  
10%) t o  a f f o r d  0.150 g (66%) o f  7 ,  mp 94-97 "C. This  compound was 
i d e n t i c a l  i n  every respect t o  the  same mate r ia l  synthesized from 16. A 
small amount (0.019 g, 9%) o f  t h e  diamino compound 8 was a lso obtained. 

9 - ~ 2 . 3 - D i d e o x ~ - 2 - f l u o r o - R - D - t h r e o - ~ e n t o f u r a n o s ~ l ~ ~ u a n ~ n e  ( 6 ) .  
(From Compound 7) 

Method A Sodium hydroxide (0.063 g, 1.57 mmol) was added t o  a s o l u t i o n  
o f  7 (0.042 g, 0.146 m o l )  i n  water (10 mL). The s o l u t i o n  was heated t o  
80-90 "C f o r  4 h r  and then cooled t o  rt and neu t ra l i zed  w i t h  2 N ace t i c  
acid.  A f t e r  l y o p h i l  i z a t i o n ,  t h e  whi te,  sal t -contaminated s o l i d  was 
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2'-@FLUORO-2', 3 '-DIDEOXYGU ANOSINE 229 

p u r i f i e d  by reverse phase chromatography (Baker octadecyl C-18, 40 pn 

average p a r t i c l e  diameter) us ing a g rad ien t  from 0 t o  5% MeOH i n  water t o  
g i v e  0.022 g (57%) o f  6 as a f l u f f y  whi te  s o l i d ;  mp > 230 "C (dec). 

Method B Adenosine deaminase (1 mL c a l f  i n t e s t i n e  enzyme suspension, 

2000 U/mL, from Boehringer Mannheim) was added t o  a s o l u t i o n  o f  7 (0.080 
g, 0.27 mmol) i n  0.025 M aqueous phosphate b u f f e r  (50 mL, pH 7.5) and the 
m ix tu re  was s t i r r e d  overn ight  a t  rt. The r e a c t i o n  m ix tu re  was then 
d i v i d e d  i n t o  s i x  p o r t i o n s  and each p o r t i o n  was u l t r a f i l t e r e d  by 
c e n t r i f u g a t i o n  (3,000 rpm) f o r  30 min through an Amicon Centripep-10 
concentrator  u n i t  t o  remove enzyme. The f i l t r a t e  from each vessel was 
decanted and combined. Each u n i t  was r i nsed  w i t h  pure water and the  
operat ion repeated. The combined f i l t r a t e s  from both operat ions were 

l y o p h i l i z e d  and t h e  product p u r i f i e d  as i n  Method A by reverse phase 
chromatography t o  g i v e  pure 6, 0.051 g (68%) as before; 'H NMR (D,O) 6 2.20 
(my 1 H, H-3',), 2.60 (my 1 H, H-3',), 3.70 (my  2 H, H-5'a,b), 4.30 (my  
1 H, H-4'), 5.30 (dm, J = 50 Hz, 1 H, H-2'), 6.10 (dd, J = 19.0, 3.4 Hz, 
1 H, H-1'), 7.95 (d, J = 2.7 Hz, 1 H, H-8); FA6 mass spectrum, m/z 
( r e l a t i v e  i n t e n s i t y )  270 (MH', l o o ) ,  152 (53, bH,'). Calcd: 270.1002. 
Found: 270.1005. Anal. Calcd f o r  C,,H,,FN,O,: C, 41.82; H, 4.91; N, 24.38. 
Found: C, 41.74; H, 4.84; N, 24.22. 

A m ix tu re  o f  18a (0.190 g, 0.484 mmol) and 1.6 N NaOH (15 mL) was heated 
t o  r e f l u x  f o r  4 h r .  The s o l u t i o n  was n e u t r a l i z e d  w i t h  2 N HOAc, 

concentrated and l y o p h i l i z e d .  The crude product was p u r i f i e d  by reverse 
phase column chromatography as i n  Method A above t o  a f f o r d  6 (0.062 g, 

47%) as a whi te,  f l u f f y  s o l i d ,  mp > 230" C dec, i d e n t i c a l  i n  every respect 
t o  the  product i s o l a t e d  from 7. 

(From Compound 18a) 

2 . 6 - D i c h l o r o - 9 - ( 5 - 0 - b e n z o ~ l - 2 . 3 - d i d e o x v - 2 - f l u o r o - ~ - D - ~ ~ r e ~ -  
pentofuranosvl l-9H-purine (19al A suspension o f  2,6-di ch l  oropur i  ne (0.354 
g, 1.87 mmol) i n  d r y  CH,CN (15 mL) was t r e a t e d  w i t h  
bis(trirnethylsilyltrif1uoro)acetamide (3  mL, 10.8 mmol) and the  r e s u l t i n g  
m ix tu re  was s t i r r e d  a t  rt u n t i l  it became homogeneous (30 min) . The 
so lvent  was removed and t h e  wh i te  s o l i d  res idue was red i sso l ved  i n  d r y  
a c e t o n i t r i l e  (30 mL) i n  t h e  presence o f  molecular sieves (4A) .  A s o l u t i o n  
o f  bromosugar 17 i n  dry a c e t o n i t r i l e  (20 mL) was prepared separately from 
5-O-benzoyl-2,3-dideoxy-2-f1 uoro-1-0-methyl-0-D-threo-pentofuranose (10, 
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230 FORD ET AL. 

0.159 g, 0.625 mmo1),22 and i t  was g radua l l y  added t o  the  s o l u t i o n  o f  t he  
s i l y l a t e d  base. The r e s u l t i n g  r e a c t i o n  mixture was r e f l u x e d  f o r  20 hr ,  
cooled and quenched w i t h  methanol (10 mL). The m ix tu re  was f i l t e r e d  
through a pad o f  c e l i t e  and the  f i l t r a t e  was concentrated under reduced 
pressure. The crude product obtained was p u r i f i e d  by preparat ive t l c  
( s i l i c a  ge l ,  Analtech@ 2000 p, CH2C12:MeOH, 40 : l )  and two major bands were 
i so la ted .  The top  band (R, = 0.5, s i l i c a  ge l ,  EtOAc:hexane, 1: l)  af forded 

0.081 g (32%) o f  t h e  des i red N9-0 isomer 19a, which was obtained as a 
s o l i d ,  mp 169-170 "C (EtOH/ether); 'H NMR (CDC1,) 6 2.40-2.90 (my 2 H, H- 

(dd, J = 19.5, 2.8 Hz, 1 H, H-1') ,  7.40-7.70 (my 3 H, Ph), 8.10 (my 2 H, 
Ph), 8.42 (d, J = 2.7 Hz, 1 H, H-8). Anal. Calcd f o r  C,,H,,C1,FN40,~0.75 
H20: C, 48.07; H, 3.44; N, 13.19. Found: C ,  48.11; H, 3.08; N, 13.13. 
The lower band (R, = 0.40, s i l i c a  ge l ,  EtOAc:hexane, 1:l) af forded 0.061 

g (23%) of t he  N9-(r 19b as a t h i c k  o i l ;  'H NMR (CDC1,) 6 2.20-2.50 (my 1 

(my l H ,  H-4'), (dd, J = 53, 6 Hz, 1 H, H-2') ,  6.35 (d, J = 14.5 Hz, 1 H, 
H-1') ,  7.40-7.60 (my 3 H, Ph), 8.10 (my 2 H, Ph), 8.20 (s, 1 H, H-8). No 
fu ther  p u r i f i c a t i o n  o f  t h i s  compound was attempted. 

3'a,b)y 4.65 (my 3 H, H-4', H-5'a,b)y 5.32 (dm, J = 50 HZ, 1 H, H-2'), 6.35 

H, H-3',), 2.80-3.10 (my 1 H, H-3',), 4.50 (AB doublet, 2 H, H-5'a,b), 5.00 

2.6-Di azido-9- ~5-0-benzovl-2.3-dideox~-2-fl uoro-0-D-threo-Dentofuranosvll- 
9H-purine (201 A suspension o f  19a (0.238 g, 0.578 mmol) i n  EtOH (20 mL) 
was t r e a t e d  w i t h  an aqueous s o l u t i o n  (10 mL) o f  NaN, (0.090 g, 1.38 mmol). 
The r e s u l t i n g  m ix tu re  was heated a t  r e f l u x  f o r  3 h r  and cooled. The 
so lvent  was removed under reduced pressure and c r y s t a l  1 i z a t i o n  o f  t he  
s o l i d  res idue from EtOH/ether a f forded 0.152 g (62%) o f  pure 20, mp 177- 
180" C dec. P u r i f i c a t i o n  o f  t he  mother l i q u o r  by p repara t i ve  t l c  ( s i l i c a  
ge l  , Anal tech 2000 p, CH,Cl,:MeOH, 40: 1) af forded an a d d i t i o n a l  amount o f  
compound (0.045 9) .  The t o t a l  y i e l d  o f  pure 20 was 81%; 'H NMR (CDC1,) 6 
2.40-2.90 (my 2 H, H-3'a,b), 4.65 (my 3 H, H-4', H-5'a,b), 5.30 (dm, J = 50 
Hz, 1 H, H-2'), 6.35 (dd, J = 20, 2.8 Hz, 1 H, H-1'), 7.40-7.60 (my 3 H, 
Ph), 8.10 (my 2 H, Ph), 8.21 (d, J = 2.8 Hz, 1 H, H-8). Anal. Calcd f o r  
C,,H,,FN,,O,: C, 48.11; H, 3.09; N, 33.01. Found: C, 48.06; H, 3.04; N, 
33.11. 

2.6-Diamino-9-~2,3-dideoxv-2-fluoro-0-D-th~eo-~entofuranos~ll-9~-~urine 
(8) A s o l u t i o n  o f  t he  d iaz ide  20 (0.130 g, 0.306 mmol) prepared by f i r s t  
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2'-/3-FLUORO-2' ,3'-DIDEOXYGUANOSINE 23 1 

d i s s o l v i n g  t h e  s o l i d  i n  EtOAc ( 2  mL) and d i l u t e d  w i t h  EtOH (10 mL) was 
hydrogenated a t  45 p s i  on a Parr  hydrogenator f o r  72 h r  i n  t h e  presence o f  
10% Pd/C. The s o l u t i o n  was then t r e a t e d  w i t h  a few drops o f  g l a c i a l  AcOH 
and f i l t e r e d  through a pad o f  c e l i t e .  The f i l t r a t e  was concentrated under 

reduced pressure and t h e  res idue was p u r i f i e d  by p repara t i ve  t l c  ( s i l i c a  
ge l ,  Analtech, 2000 p ,  CH,Cl,:MeOH, 9 : l ) .  The r e s u l t i n g  product (0.081 g) 
was immediately t r e a t e d  w i t h  15 mL o f  saturated methanolic ammonia and 
s t i r r e d  a t  rt f o r  36 h r  i n  a pressure vessel. A f t e r  t h e  so lvent  was 
removed under reduced pressure, t h e  s o l i d  obtained was d i sso l ved  i n  water 
(50 mL) and ex t rac ted  w i t h  CHC1, (3 x 20 mL) and e the r  (3  x 20 m L ) .  The 
aqueous l a y e r  was concentrated and l y o p h i l i z e d  t o  g i v e  0.032 g (39%) o f  8 
as a wh i te  f l u f f y  s o l i d ,  mp 239-241 'C; 'H NMR (D,O) 6 2.10-2.30 (my 1 H, 
H-3',), 2.40-2.70 (my 1 H, H-3',), 3.70 (my 2 H, H-5'a,b), 4 .25  (my 1 H, H- 
4 ' ) ,  5 .25 (dm, J = 53 Hz, 1 H, H - 2 ' ) ,  6.05 (dd, J = 19, 3 . 2  Hz, 1 H, H- 
1 ' ) ,  7 .92 (d, J = 2 . 6  Hz, 1 H, H-8); FAB mass spectrum, m/z ( r e l a t i v e  
i n t e n s i t y )  269 (100, MH'), 151 (36, bH,'). Calcd: 269.116. Found: 
269.115. Anal. Calcd f o r  C,,H,,FN,O,~0.75 H,O: C, 42.62; H, 5.19; N, 29.83. 
Found: C, 42.62; H, 5.19;  N, 29.61. 
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