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NUCLEOSIDES & NUCLEOTIDES, 7 ( 2 ) ,  155-165 (1988) 

SYNTHESIS AND ANTI-HERPETIC A C T I V I T Y  OF A 
~~-FLUOROARABINOSYL ANALOG OF TRIFLURIDINE~ 

Donald F .  Smee2, Marlene Chernow, Monica K r a f t 3 ,  
P a t r i c i a  H. Okamoto4, and Ernes t  J. Prisbe" 

Syntex Research, Palo A l t o ,  C a l i f o r n i a  94304 

Abs t rac t .  The 2 1 - f l u o r o a r a b i n o s y l  analog 2 o f  t r i f l u r i d i n e  was 
found t o  be a s e l e c t i v e  i n h i b i t o r  o f  herpes simplex v i r u s  t ypes  1 and 
2 i n  c e l l  c u l t u r e .  Analog 2 was l e s s  a c t i v e  t h a n  t r i f l u r i d l n e  when 
admin is te red  t o p i c a l l y  a g a i n s t  a mouse vag ina l  i n f e c t i o n .  

I n t  roduc t i on 

One approach t o  c o n f e r  a n t i v i r a l  s e l e c t i v i t y  a g a i n s t  herpes 

v i ruses  u t i l i z e s  sugar-modif ied nuc leos ide  analogs which a r e  

phosphory la ted  o n l y  i n  v i r u s - i n f e c t e d  c e l l s  by t h e  herpes thymid ine  
5 

k inase . Many a rab inosy l  py r im id ines ,  such as a rab lnosy l thymine  

(Ara-T) possess t h i s  d e s i r e d  p r o p e r t y  o f  s e l e c t i v e  phosphory la t ion .  
Ara-T i s  a c t i v e  i n  v i t r o  as an a n t i - h e r p e t i c ,  b u t  i t s  a c t i v i t y  i n  

animals i s  d imin ished due t o  r a p i d  u r i n a r y  c learance . An ana log  o f  

Ara-T, 2~-fluoro-21-deoxy-6-D-arabinofuranosylthymine (FHAU, 3 ) .  I s  
8,9 remarkably p o t e n t  i n  t r e a t i n g  animals i n f e c t e d  w i t h  herpes v i r u s e s  . 

Because o f  s i d e  e f f e c t s  observed w i th  FMAU, however, t h e  compound may 
n o t  be developed f o r  use i n  man. 
syn thes ize  analogs of FMAU which m igh t  be l e s s  t o x i c  b u t  e q u a l l y  

10-1 2 
a c t i v e  i n  v i v o  

T r i f l u r i d l n e  (TFT, 1) i s  e f f e c t i v e  t o p i c a l l y  i n  t r e a t l n g  

h e r p e t i c  eye i n f e c t i o n s  i n  man13, and i s  approved f o r  t h a t  use by 
t h e  Un i ted  S ta tes  Food and Drug Admin i s t ra t i on .  
s e l e c t i v e l y  a n t i v i r a l  p e r  se because i t  i s  phosphory la ted  w e l l  i n  

un in fec ted  c e l l s  where i t  i n h i b i t s  normal c e l l  DNA syn thes is .14  TFT 
does n o t  appear t o  be e f f e c t i v e  when g i ven  s y s t e m i c a l l y  t o  combat 

6 

7 

Researchers a r e  c o n t i n u i n g  t o  

The compound i s  n o t  
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156 SMEE ET AL.  

herpes en~epha1ltis.l~ 
possess selective antiviral properties against herpes viruses in cell 
culture, but no effects in animals were reported.16 We decided to 
synthesize the 2'-fluoroarabinosyl analog of TFT (2). thinking that it 
might behave more like FHAU than Ara-T in the treatment of herpes 
virus infections. 

The arabinosyl analog of TFT was reported to 

Chemistry. Watanabe and co-workers have previously demon- 
strated the facility with which 1,3-di-0-acetyl-5-0-benzoyl-2-deoxy-2- 
fluoro-D-arabinofuranose couples to pyrimidine bases. We 
developed a simplified synthesis (Scheme I) of the related, fully 
bentoylated fluoro sugar 6 and condensed it with comnercially 
available 5-trifluoromethyluracil. 

The easily obtainable 1,3,5-tri-O-benzoyl-a-D-ribofuranose 
4 was an attractive precursor for the 2-fluoroarabinose 6. 
an attempt to make the fluoro sugar by reacting 4 wlth diethylamino- 
sulfur trifluoride (DAST) failed, we concentrated our efforts on the 
displacement o f  the ribotrtflate 5 with fluoride ion. It had been 
reported22 that 1,3,5-tri -0-benzyl-2-0-( tri f luoromethanesulf ony1)- 
a-D-ribofuranose reacts with TBAF to form the benzylated 2-fluoro- 
arabinose in 50% yield. However, the presence of the less stable 
benzoyl protecting groups in the present case led t o  considerable 
problems. 
ribofuranose 4 proceeded i n  quantitative yield, but the fluorination 
proved formidable. 

A number of fluoride sources were tried, including potassium 
fluoride with and without dibenzo-lB-crown-6-ether, cesium fluoride, 
pyridinium hydrofluoride, tris(dimethy1amino)sulfonium difluoro- 
trlmethylsilicate (TASF), tetraethylamnonium fluoride (TEAF), and 

10,17-20 

21 

When 

The preparation of the triflate of the benzoylated 
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2'-FLUOROARABINOSYL ANALOG OF TRIFLURIDINE 157 

Scheme I 

BzO 

BzO RO - y33z BzO 

t e  

4 R = H  
5 R =  SOZCF, 

rabutylanmonium f l u o r i d e  (TBAF). Al though n e 

6 

2 

f these rea 

c l e a n l y  e f f e c t e d  f l u o r i n a t i o n ,  TBAF appeared t h e  most 

f u r t h e r  s tud ies  i nvo l ved  TBAF under a v a r i e t y  o f  cond 
o u t  t h e  f l u o r i n a t i o n  a t  room temperature i n  THF, CC14  
HEK produced t h e  des i red  f l u o r o s u g a r  i n  20-253 y l e l d s  

en ts  
p romis ing  and 

t i o n s .  Car ry ing  

to luene,  o r  
Using TBAF i n  

DHF o r  i n  a m i x t u r e  o f  HHPT and DHSO produced no f l u o r i n a t i o n ,  and 

us ing  anhydrous TBAF, prepared by t h e  method o f  r e s u l t e d  i n  
o n l y  a 4% y i e l d  o f  f l u o r o  sugar. 

work-up r e s u l t e d  when t h e  f r e s h l y  prepared t r i f l a t e  5 was 
inmed ia te l y  t r e a t e d  w i t h  f o u r  equ iva len ts  o f  TBAF i n  to luene  a t  room 

temperature.  

c r y s t a l l i n e  6 was i s o l a t e d .  

r e ~ o r t e d ~ ~  a s i m i l a r  syn thes i s  o f  t h e  f l u o r o s u g a r  6. 

i m i d a z o l y l s u l f o n a t e  i ns tead  o f  a t r i f l a t e ,  and f l u o r i n a t i o n  w i t h  

KHF2, these i n v e s t i g a t o r s  conver ted  4 t o  6 i n  54% o v e r a l l  y i e l d .  
The condensat ion o f  t h e  f l uo roa rab inose  w i t h  5 - t r i f l u o r o m e t h y l -  

u r a c i l  t hen  proceeded u n e v e n t f u l l y .  

c l e a n l y  a f f o r d e d  t h e  bromosugar which was reac ted  w i t h  t h e  s i l y l a t e d  

The h i g h e s t  y i e l d s  and s i m p l e s t  

A f t e r  chromatography, a 19-22% y i e l d  (ove r  two s teps)  o f  

A f t e r  t h e  comple t ion  o f  t h l s  work, Howell  and co-workers 

Using an 

A s o l u t i o n  o f  HBr i n  a c e t i c  a c i d  
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SMEE ET AL.  158 

p y r i m l d l n e  7 i n  dichloromethane f o r  18 hours a t  room tempera ture  i n  
t h e  presence o f  mercur ic  cyanide. 
c r y s t a l l i z e d  o u t  i n  80% y i e l d .  The anomeric c o n f i g u r a t i o n  was 

1 
conf i rmed by t h e  H NMR spectrum which conta ined a l a r g e  f l u o r i n e  
coup l i ng  (21 Hz) t o  t h e  1 ' -p ro ton .  

groups w i t h  amnonium hydrox ide  p rov ided  t h e  f i n a l  nuc leos ide  2 i n  
83% y i e l d .  

A f t e r  work-up, t h e  0-nucleoside 8 

Removal o f  t h e  benzoate p r o t e c t i n g  

Resu l ts  and D iscuss ion  

A n t i v i r a l  A c t i v i t y  o f  2. I n  plaque r e d u c t i o n  assays, 2 was 

approx imate ly  as po ten t  as TFT a g a i n s t  herpes 1 v i r u s  b u t  s l i g h t l y  

l e s s  a c t i v e  aga ins t  herpes 2 (Tab le  1) .  
a c t i v e  than  FMAU. I n  u n i n f e c t e d  c e l l s ,  2 was t h e  l e a s t  i n h i b i t o r y  

t o  c e l l  p r o l i f e r a t i o n ,  w i t h  50% I n h i b i t i o n  a t  450 VM (Table 1). TFT 
i n h i b i t e d  c e l l  growth a t  a concen t ra t i on  lower  t h a n  t h a t  r e q u i r e d  t o  

i n h i b i t  v l r u s  plaque fo rmat ion .  These r e s u l t s  show t h a t  t h e  

2 ' - f l u o r o a r a b l n o s y l  s u b s t i t u t i o n  was a b l e  t o  c o n f e r  s e l e c t i v i t y  t o  

t h i s  thymid ine  analog. 

f o r  i t s  a b i l i t y  t o  i n h i b i t  herpes 1 and Vero c e l l  thymid ine  k inases  

(TK's) .  A l l  t h r e e  analogs were c o m p e t i t i v e  i n h i b i t o r s  o f  t hymid ine  

phosphory la t ion  by herpes 1 TK (Tab le  2). b u t  2 was t h e  l e a s t  

compe t i t i ve  o f  t h e  analogs us ing  c y t o s o l  o r  mi tochondr ia1  enzyme 
sources. Although t h i s  assay does n o t  d i r e c t l y  demonstrate t h a t  each 

substance i s  phosphorylated by t h e  r e s p e c t i v e  TK, t h e  c y t o t o x i c i t y  

da ta  f rom Table 1 suggests t h a t  t h i s  i s  t h e  case. C e r t a i n l y  t h e r e  i s  
a c o r r e l a t i o n  between t h e  b i n d i n g  a f f i n i t y  o f  each compound w i th  

c e l l u l a r  TK's t o  t h e  potency o f  I n h i b i t i o n  o f  u n i n f e c t e d  c e l l  

p ro1  i f e r a t i  on. 

Two animal experiments were conducted t o  a s c e r t a i n  whether 2 
would be e f f e c t i v e  when admin is te red  s y s t e m i c a l l y  o r  a p p l i e d  t o p i c a l l y  

aga ins t  h e r p e t i c  diseases. We used 9-[(1,3-dlhydroxy-2-propoxy)- 
methyl ]guanine (DHPG) as ou r  p o s i t i v e  c o n t r o l  i n  comparing 2 and TFT 
due t o  hav lng  i n s u f f i c i e n t  q u a n t i t i e s  o f  FMAU. 

o f  DHPG and FHAU have been shown t o  be n e a r l y  i d e n t i c a l  i n  mouse 
i n f e c t i o n  models. 

Both nuc leos ides  were l e s s  

To e x p l a i n  t h e  b a s i s  o f  s e l e c t i v i t y ,  each compound was eva lua ted  

The r e l a t i v e  po tenc ies  

9 
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2'-FLUOROARABINOSYL ANALOG OF TRIFLURIDINE 159 

TABLE 1. A n t i v i r a l  and A n t i c e l l u l a r  A c t i v i t i e s  o f  2, TFT, and FMAU. 

F i f t y  Percent I n h i b i t o r y  Concentrat ion (pM) 

Virusa o r  Ce l l b  2 TFT FMAU 

Herpes 1 (F) 3.5 2.2 0.3 

Herpes 2 ( G )  10 4.0 0.8 
Vero C e l l s  460 1.6 40 

a Determined by plaque reduct ion assays i n  Vero c e l l s .  

b Determined by c e l l  p r o l i f e r a t i o n  assays. 

The v i r u s  
s t r a i n  i s  g iven i n  parentheses. 

TABLE 2. Competit ive I n h i b i t i o n  o f  Thymidine Kinase (TK)  A c t i v i t i e s  
by 2, TFT and FMAU. 

I n h i b i t i o n  Constant ( K i ) ,  pM 

Compound Herpes 1 TK Cytosol  TK Mitochondr ia1 TK 

2 2 .o > l o o  35 
TFT 0.3 0.4 5 
FMAU 0.7 > loo  3 

I n  t h e  f i r s t  experiment mice received t e n  50% l e t h a l  doses o f  

herpes 2 v i r u s  by i n t r a p e r i t o n e a l  i n j e c t i o n  (16 mice per  t reatment  

group), which k i l l e d  94% o f  sa l i ne - t rea ted  mice. 

administered once a day f o r  4 days s t a r t i n g  24 hours a f t e r  v i r u s  

i nocu la t i on .  I n  t h e  DHPG-treated groups the re  were 25, 44, and 75% 

su rv i vo rs  a t  doses o f  3 ,  10, and 30 mg/kg/day, r e s p e c t i v e l y  ( t h e  

l a t t e r  two doses causing a s t a t i s t i c a l l y  s i g n i f i c a n t  e f f e c t ,  p<0.05). 
TFT and 2 provided no p r o t e c t i o n  t o  t h e  mice a t  5100 mg/kg/day. 

DHPG against  a herpes 2 vagina l  i n f e c t i o n  I n  mice (Table 3 ) .  
t h i s  t e s t ,  1 t o  5% DHPG i n  a propylene glycol-based cream reduced t h e  

s e v e r i t y  o f  l es ions  and a t  t h e  h igh dose reduced m o r t a l i t y  s i g n i f i c a n t l y .  

Test compounds were 

A second experiment compared t o p i c a l  t reatments o f  2, TFT and 

I n  
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160 SMEE ET AL. 

TABLE 3. Top ica l  t rea tmen t  of a herpes 2 vag ina l  i n f e c t i o n  i n  mice 
w i t h  2, TFT and DHPG. 

Compound 
Average Surv i vo rs /  

Dosea (%) Les ion  Scoreb T o t a l  (X)  

Placebo' 
DHPG 

DHPG 

DHPG 

TFT 
TFT 

2 
2 

- 
1 

2.5 
5 
2.5 
5 

2.5 
5 

1.1 

0.3 
0.3 
0.3 
1.2 
0.3 
1.3 
0.9 

d 
d 
d 

d 

14/20 (70) 
20/20 (1.00) 
20/20 
20/20 
14/20 (70) 
20/20 
13/20 (65) 

16/20 (80) 

aTreatments were g i ven  t w i c e  a day f o r  5 days s t a r t i n g  24 hours 
a f t e r  v i r u s  i n o c u l a t i o n .  

boetermined as a grand average o f  l e s i o n s  scored on days 5-9, 11, 
13, and 15 pos t - v i rus  i n o c u l a t i o n .  

CThe placebo cons is ted  o f  d rug- f ree  propy lene g lyco l -based cream. 
Compounds were made up i n  t h e  same cream. 

d s t a t i s t i c a l l y  s i g n i f i c a n t  (p<.001). 
e S t a t i s t l c a l i y  s i g n i f i c a n t  (pc.02). 4 

TFT was e q u a l l y  e f f e c t i v e  t o  DHPG a t  a 5% concen t ra t i on ,  b u t  2 

p rov ided  no s i g n i f i c a n t  b e n e f i t  a t  t h e  h i g h  dose. 

The r e s u l t s  o f  these experiments show t h a t  t h e  2 ' - f l u o r o a r a b l n o s y l  
ana log  o f  TFT indeed was more s e l e c t i v e l y  a n t i v i r a l  t han  TFT i n  c e l l  
c u l t u r e ,  b u t  was n o t  as e f f e c t i v e  i n  t o p i c a l  t he rapy  I n  animals.  
N e i t h e r  compound was a c t i v e  when admin i s te red  s y s t e m i c a l l y  i n  t r e a t i n g  
a h e r p e t i c  i n f e c t i o n .  

Exper imental  Sec t i on  

Chemical Synthesis.  General Methods. Nuc lear  magnetic 

resonance spec t ra  were recorded on Bruker  WM-300 ( H NMR, 300 MHz) 
and Bruker WH-90 ( C NMR, 22.62 MHz) spectrometers,  and chemical  
s h i f t s  a r e  repo r ted  i n  p a r t s  p e r  m i l l i o n  d o w n f i e l d  f rom I n t e r n a l  
t e t r a m e t h y l s i l a n e .  Mass spec t ra  (MS) were recorded on a F inn igan  MAT 
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2'-FLUOROARABINOSYL ANALOG OF TRIFLURIDINE 161 

CH7 spectrometer operat ing i n  t h e  d i r e c t  i n l e t  mode. UV spect ra were 

recorded on a Hewlett-Packard 8450A spectrophotometer. 
ana lys i s  were obtained by Syntex A n a l y t i c a l  Research. M e l t i n g  p o i n t s  

were determined on a hot-stage microscope and a re  corrected.  

Elemental 

1,3,5-Tri-0-benzoyl-2-O-(trifluoromethyl)sulfonyl-~-D-ribofuranose 
( 5 ) .  A s o l u t i o n  o f  trifluoromethanesulfonic anhydr ide (50 g, 177 

mmol) i n  d r y  CH2C12 (0.20 L) was added, over 1 h, t o  a s t i r r e d ,  

-10°C s o l u t i o n  o f  1,3,5-trl-O-benzoyl-1~-D-ribofuranose 
(54.5 g, 118 mmol) i n  d r y  CH2C12 (2.0 L) and d r y  p y r i d i n e  (104 
mL). When a d d i t i o n  was complete the  m i x t u r e  was s t i r r e d  f o r  1 h more 

a t  -1O"C, then al lowed t o  come t o  room temperature over  ca. 0.5 h. The 

s o l u t i o n  was washed w i t h  co ld,  sa t .  NaHC03, then w i t h  H20. 

organic phase was d r i e d  (MgS04) and concentrated i n  vacuo t o  a syrup, 

which was co-evaporated w i t h  to luene ( 3  x 50 mL) t o  remove l a s t  t races  

o f  p y r i d i n e .  The f i n a l  t r i f l a t e  5 amounted t o  70 g (100%) o f  p a l e  

ye l l ow  syrup: 'H NMR (CDC13) 6 8.01-8.15 (m, 6H, A r ) ,  7.39-7.69 
(m, 9H, A r ) ,  6.86 (d, J = 4 Hz, l H ,  H-1). 5.78 (dd, J = 3, 6 Hz, l H ,  

21a.b 

The 

H-3). 5.55 (dd, J = 4, 6 HZ, l H ,  H-2). 4.86 (ddd, J = 3, 3, 6 Hz, l H ,  

H-4). 4.76 (dd, J 
H-!ib). 

3, 12 Hz, l H ,  H-5a), 4.62 (dd, J = 3, 1 2  Hz, l H ,  

2-Deoxy-2-fluoro-1,3,5-tri-O-benzoyl~-D-arabinofuranose (6).  A 

s o l u t i o n  o f  5 (70 g, 0.12 mol) and tetrabutylammonium f l u o r i d e  

t r i h y d r a t e  (150 g, 0.48 mnol) i n  to luene  (2.0 L) was s t i r r e d  f o r  4 h a t  
room temperature. 
( 2  x 1 L), f l l t e r e d ,  then concentrated i n  vacuo t o  a v iscous syrup. 

The syrup was chromatographed on a 3 kg column o f  s i l i c a - g e l  60 us ing a 

stepwise g r a d i e n t  e l u t i o n  c o n s i s t i n g  o f  EtOAc/hexane 1:9 (8  L),  3:17 (6  

L ) ,  and 1:4 ( 8  L ) .  This achieved a separat ion o f  t h e  des i red  f l u o r o  

sugar f rom a s l i g h t l y  more p o l a r  contaminate. 

tetrabenzoyl-a-D-arabinose). 
f rom e t h y l  acetate/hexane t o  g i v e  11 g (20%) o f  6: mp 80-82OC; 'H 

NHR (CDC13) 6 8.04-8.11 (m, 6H, A r ) ,  7.38-7.64 (m, 9H, A r ) ,  6.76 

l H ,  H-2), 4.69-4.83 (m, 3H, H-4 and 5) .  Anal. Calcd. f o r  

C26H2107F (464.43); C, 67.24; H, 4.56. 

The dark amber m i x t u r e  was washed w i t h  H20 

( I d e n t i f i e d  as 

The syrupy product  was c r y s t a l l i z e d  

(d, J=9 HZ, l H ,  H - l ) ,  5.63 (dd, J=3, 20 HZ, l H ,  H-3). 5.39 (d,  J=48 Hz, 

Found: C, 67.43; H, 4.62. 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
9
:
1
5
 
2
7
 
J
a
n
u
a
r
y
 
2
0
1
1



162 SMEE ET AL. 

2 ,$-Bis-O-( t r i m e t h y l  s l  l y l ) - 5 - t r i  f 1 uoromethy lu rac l  1 (7) .  
o f  5 - t r i f l u o r o m e t h y l u r a c i l  (Sigma) (1.55 g, 8.61 mnol) and ammonium 

s u l f a t e  (10 mg) i n  hexamethy ld ls i lazane (25 mL) was heated a t  r e f l u x  
f o r  2 h. The r e s u l t i n g  c o l o r l e s s  s o l u t i o n  was evaporated I n  vacuo 

l e a v i n g  7 as a c o l o r l e s s  o i l .  

A suspension 

1-(2-deoxy-3,5-dl-0-benzoyl-2-fluoro-0-D-arablnofuranosyl)-5-trifluoro- 
m e t h y l u r a c i l  (8). To a s o l u t i o n  o f  6 (2.00 g, 4.31 mnol) i n  d r y  
CH2C12 (20 mL) was added a 30% s o l u t i o n  o f  H8r I n  AcOH (5.0 mL). 
A f t e r  2 h a t  room temperature,  t h e  s o l u t i o n  was concent ra ted  i n  vacuo 

and t h e  res idue  co-evaporated t w i c e  w i t h  10 mL of  d r y  to luene.  

r e s u l t i n g  c r y s t a l l i n e  bromosugar was d i s s o l v e d  i n  CH C 1  
and mercur ic  cyanide (1.1 g, 4.3 mnol) and a s o l u t i o n  o f  7 (8.6 mnol, 

f rom above p repara t i on )  i n  CH2C12 (20  mL) were added. 

s t i r r i n g  f o r  18  h a t  room'temperature, t hen  d i l u t i n g  w i th  CH C 1  (50 2 2  
mL), t h e  m i x t u r e  was f i l t e r e d .  The f i l t r a t e  was washed success i ve l y  

w i t h  sa t .  NaHC03 (50 mL), 30% KI (50 mL), and H20 (50 mL). The 
d r i e d  (MgSO ) organ ic  phase was evaporated t o  a c r y s t a l l i n e  s o l i d  

which was r e c r y s t a l l i z e d  f rom E t O H  t o  g i v e  1.79 g (80%) o f  8: mp 

186-187°C; uv Xmax ( E t O H )  256 nm ( C  13,400). 231 nm (31,300); 
' H  NHR (C0Cl3) 6 9.41 ( b r  5 ,  lH, NH), 8.11 ( 5 ,  l H ,  6H), 
8.05-8.08 (m, 4H, A r ) ,  7.44-7.69 (m, 6H, A r ) ,  6.32 (dd, J = 3 ,  21 Hz, 

Hz, lH, H-2'), 4.82 (m, 2H, H-5'),  4.57 (dd, J = 2, 3 Hz,  l H ,  H-4') .  

Anal. Calcd. f o r  C24H18N207F4 (522.40): 
N, 5.36. Found: C, 54.97; H, 3.17; N, 5.21. 

The 

(20  mL) 2 2  

A f t e r  

4 

lH, H-1') .  5.64 (dd, J = 2.5, 17 H z ,  lH ,  H-3'). 5.37 (dd, J = 2.5, 50 

C, 55.18; H, 3.47; 

1-( 2-deoxy-2-f luoro-8-D-arabinofuranosyl)-5-trif l u o r o m e t h y l u r a c i l  

(2 ) .  A S o l u t i o n  of 8 (1.60 g, 3.07 mnol) I n  HeOH (15 mL) and conc. 

NH40H ( 1 5  mL) was kep t  a t  room temperature f o r  16 h be fo re  
concen t ra t i ng  i n  vacuo. The aqueous remains were d i l u t e d  w i t h  H20 

(100 mL) and e x t r a c t e d  w i th  n-8uOH/CH2C12 1:9 ( 3  x 30 mL). 

aqueous phase was evaporated t o  a syrup  which was c r y s t a l l i z e d  f rom 

E t O H  a f f o r d i n g  0.80 g (83%) o f  2 mp 202-203°C; UV kmax (0.1 N 

H c i )  259 nm (t 8,640); 'ti NMR (He2SO-d6) 6 8.51 (5 ,  I H .  

The 

ti-6). 6.16 (dd, J =z 5, 11.5 H Z ,  lH, H - 1 ' ) .  5.16 (ddd, J = 4, 4 ,  53 HZ, 

lH, H-2') ,  4.26 (ddd, J = 4, 6, 20 Hz, l H ,  H-3'), 3.85 (m, I H ,  H-4').  
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3.71 (dd, 3 = 1, 12 HZ, lH, H-5,')' 3.59 (dd, J = 4, 12 Hz, 1H. 

H-!ib'); 13C NMR (Me2S0-d6) d 158.7 (C-4). 149.2 (C-2), 142.1 
(C-6). 122.5 (CF3), 102.8 (C-5), 95.4 (C-2').  83.3 and 82.8 ( C - 1 '  

and 3 ' ) ,  71.6 ( C - S l ) ,  58.9 (C-5');  MS 314 (M+), 135 (base). Anal .  

Calcd. f o r  C10H,0N205F4 (314.20): 

8.92. Found: C, 38.44; H, 3.23; N, 8.80. 
C, 38.22; H, 3.21; N, 

A n t i v i r a l  Standards. T r l f l u r i d i n e  was purchased f rom Sigma 

Chemical Co., St .  Louis, MO. FMAU was a g i f t  f r om J . J .  Fox, Sloan- 

K e t t e r i n g  Cancer Center, New York, NY. DHPG was syn thes ized by a 

pub l i shed procedure.  

Vero c e l l s  as descr ibed 
concen t ra t i ons  a r e  de f i ned  as those caus ing  a 50% r e d u c t i o n  o f  v i r u s  

plaque numbers, o r  50% r e d u c t i o n  i n  t h e  number o f  un in fec ted  c e l l s  

a f t e r  t h e  a p p r o p r i a t e  i n c u b a t i o n  pe r iod .  

herpes 1 i n f e c t e d  and un in fec ted  Vero c e l l s  were a f f i n i t y  p u r i f i e d  by 

pub l ished procedures. 27'28 The M ichae l i s  cons tan t  (Km) f o r  
thymid ine  f o r  each enzyme was approx imate ly  0.5 rM. DE-81 paper 

assays2' were r u n  us ing  a f i x e d  concen t ra t i on  o f  1 MM 
3H-thymidine (purchased f rom I C N  Radiochemicals, I r v i n e ,  C A )  and 
va r ious  Inhibitor concent ra t ions .  I n h i b i t i o n  cons tan ts  ( K i  va lues)  

were es t imated  f rom 50% i n h i b i t o r y  concen t ra t i ons  acco rd ing  t o  t h e  

method o f  Cheng and Pruso f f .  

methods descr ibed i n  a p rev ious  S t a t i s t i c a l  
s i g n i f i c a n c e  o f  inc reases  i n  numbers of s u r v i v o r s  was made by t h e  

t w o - t a i l e d  F i s h e r  exac t  t e s t .  Lesion score  decreases were eva lua ted  

s t a t i s t i c a l l y  by t h e  one-t.al led t - t e s t .  

25 

Plaque and c y t o t o x i c i t y  assays. Experiments were conducted i n  

The f i f t y  pe rcen t  i n h i b i t o r y  

Thymidine k lnase  i n h i b i t i o n  assays. Thymidine k inases  f rom 

30 

Animal experiments. These s tud ies  were performed acco rd ing  t o  
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