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in  S p u r e n  n a c h w e i s b a r  waren .  Bei  e inem S t a m m  yon  
T. cinnabarina t r a t  n e b e n  de r  V e r b i n d u n g  A n o c h  eine 
zwei te  H a u p t k o m p o n e n t e  13 auf. Bei  der  K u l t i v a t i o n  
dieses S t a m m e s  in der  N L  2 (Glucose 10,0 g; P h a r m a -  
m e d i a  | T r ade r s  P r o t e i n  Division,  F o r t  W o r t h ,  U S A  
5,0 g; KH2PO ~ 2,0 g; MgSO4.7HeO 0,1 g; A q u a  dest .  a d  
1000,0 ml) liess s ich V e r b i n d u n g  B in 40prozen t ige r  u n d  
V e r b i n d u n g  A in  10prozen t ige r  A u s b e u t e  isolieren. Die  
U m s e t z u n g  is t  also a u c h  b ie r  abh~ingig Yon der  Z u s a m -  
m e n s e t z u n g  des F e r m e n t a t i o n s m e d i u m s .  

Die  V e r b i n d u n g  A k o n n t e  d u r c h  Schmp. ,  UV-, I R -  
u n d  M a s s e n s p e k t r e n  sowie Vergle ich  m i t  e inem n a c h  l~ 
he rges te l l t en  s y n t h e t i s c h e n  P r / i p a r a t  als 14-f i -Hydroxy-  
code inon  (II)  iden t i f iz ie r t  werden.  

Das  P r o d u k t  13 erwies s ich als 14- f l -Hydroxycodeinon-  
N-ox id  (IV), Besonders  aufsch luss re ich  war  das  Massen-  
s p e k t r u m .  Der  P e a k  des Molekular ions  l a n d  sich bei  
m /e  329. Die re la t ive  In tens i t~ i t  b e t r u g  10%. Cha rak t e -  
r i s t i sch  fiir a r o m a t i s c h e  N - O x i d e  is t  das  A u f t r e t e n  v o n  
s t a r k e n  P e a k s  be i  M-16 u n d  M-17 n-~3. I n  u n s e r e m  Fal l  
lag der  <~base-peak~ bei  der  MZ 313 (M-16). Das  F r a g m e n t  
de r  MZ 312 (M-17) e rsch ien  m i t  65% der  I n t ens i t / i t  des 
ebase-peaks, , .  I m  1 0 0 - M H z - N M R - S p e k t r u m  (aufgenom- 
m e n  i n  CDC13) wa r  die Lage  de r  a r o m a t i s c h e n  P r o t o n e n  
u n d  de r  D o p p e l b i n d u n g s p r o t o n e n  a m  C-7 u n d  C- 8 in  b e i d e n  
V e r b i n d u n g e n  ( I I  u n d  IV) ident isch .  Das  gleiche t r i f f t  
fiir die P r o t o n e n  der  OCHa-Gruppe  zu. Das  Dre i -P ro to -  
n e n - S i n g u l e t t  bei  7,67 p p m  (z-Skala)  (N-CH~) yon  I I  war  
be i  I V  zu n iedere r  FeldstS~rke v e r s c h o b e n  ( typ isch  fiir 
a r o m a t i s c h e  N-Oxide) .  

Das  P r o d u k t  B zeigte f e rne r  die gle ichen E i g e n s c h a f f e n  
wie eine n a c h  der  Vorschr i f t  von  SPEYER u n d  S~ARRE 1~ 
herges te l l t e  Verg le i chsp robe  v o n  14- f i -Hydroxycodeinon-  
N-Oxid.  

E b e n s 0  wie bei  den  j a p a n i s c h e n  A u t o r e n  t r a t  auch  bei  
unse r en  V e r s u c h e n  als ers tes  U m w a n d l u n g s p r o d u k t  v o n  
(I) 14- f l -Hydroxycode inon  (II) auf. Bei  den  me i s t en  der  
y o n  uns  gepr i i f t en  S t ~ m m e  war  I I  das  E n d p r o d u k t .  
T. cinnabarina war  in der  Lage, I I  zu I V  zu oxydieren .  
I m  Gegensa tz  zu den  j a p a n i s c h e n  S t ~ m m e n  liess sich 
das  R e d u k t i o n s p r o d u k t  yon  I I ,  das  14-f l -Hydroxycodein ,  
n u r  ge legent l ich  in Spuren  nachweisen ,  abe r  n i c h t  kri-  
s ta l l in  fassen.  

Die 13ildung von  N - O x i d e n  bei  der  mikrob ie l l en  U m -  
w a n d l u n g  yon  N a t u r s t o f f e n  is t  unseres  Wissens  b isher  
n o c h  n i ch t  be sch r i eben  worden.  

Summary. T h e b a i n e  was t r a n s f o r m e d  in to  2 p roduc t s  
b y  f e r m e n t a t i o n  w i t h  a s t r a in  of Trametes cinnabarina. 
The  2 c o m p o u n d s  were isola ted a n d  iden t i f i ed  as 14-fl- 
h y d r o x y c o d e i n o n e  a n d  14-f l -hydroxycodeinone-N-oxid .  
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Oral  and P a r e n t e r a l  T o x i c i t y  of Bacillus thuringiensis 'Exotox in ' ,  and its Inac t iva t ion  in Larvae  of 
Galleria mellonella 

IV~cCONNEL a n d  I{ICHARDS 1 found  evidence  for  t h e  
presence  of t he  so-cal led ' exo tox in '  of Bacillus thurin- 
giensis (ET) b y  in j ec t ing  a u t o c l a v e d  cu l tu re  m e d i u m  of 
th i s  baci l lus  in to  t h e  hemocoe l  of l a rvae  of Galleria. T h e y  
c la imed t h a t  t he  ac t ive  s u b s t a n c e  was no t  tox ic  for t h e  
same  insec t  w h e n  g iven  oral ly.  I n  o the r  insects,  however ,  
i t  has  been  found  t h a t  t h e  E T  is ac t ive  w h e n  inges ted  3,3, 
a n d  r ecen t ly  i t  was  d e m o n s t r a t e d  t h a t  Galleria too  was 
suscept ib le  to  t he  ora l ly  app l ied  s u b s t a n c e  4,~. T h u s  Gal- 
leria would  differ  f rom m a n y  o the r  insec ts  on ly  in so far  
as r e l a t ive ly  h i g h  c o n c e n t r a t i o n s  of E T  are needed  for 
oral  in tox ica t ion .  However ,  no  exac t  compar i sons  h a v e  
been  pub l i shed  as yet .  

Our  work  w i t h  Galleria was u n d e r t a k e n  in order  to 
c lar i fy  t h e  q u a n t i t a t i v e  re la t ions  be t w een  oral  a n d  par -  
en t e r a l  tox ic i ty :  A t  t h e  same  t i m e  we w a n t e d  to  k n o w  
w h y  l a rvae  of Galleria were less suscept ib le  to  t he  ora l ly  
appl ied  subs tance .  Two h y p o t h e s e s  h a d  to be  t e s t ed :  
(1) The  toxic  s u b s t a n c e  m i g h t  be  abso rbed  so s lowly b y  
t he  gu t  ep i the l i um t h a t  on ly  v e r y  smal l  q u a n t i t i e s  could 
r each  t he  hemocoel ,  whe reas  t he  m a j o r i t y  of i t  would  
be  e l imina ted  w i t h  t he  feces. (2) T he  toxic  s u b s t a n c e  
could be  i n a c t i v a t e d  in  t h e  i n t e s t i n a l  t r a c t  b y  e n z y m a t i c  
d e g r a d a t i o n  a n d / o r  f o r m a t i o n  of a n  inac t ive  complex.  

T h i r t y - d a y - o l d  l a rvae  (40-60 mg) were in jec ted  v i a  a n  
a b d o m i n a l  pro leg  w i t h  0.5 #1 of d i f fe ren t  c o n c e n t r a t i o n s  

of ET,  p repur i f i ed  b y  d i f fe ren t ia l  p r ec ip i t a t i on  s. O the r  
l a r v a e  of t h e  same  age and  we igh t  were  p u t  s ingly in 
glass tubes ,  each  c o n t a i n i n g  50 m g  of rea r ing  m e d i u m  
w i t h  d i f fe rent  a m o u n t s  of ET.  Af te r  6 days, w h e n  t he  
l a rvae  h a d  fed all t h e  med ium,  new u n t r e a t e d  food was 
given.  T h u s  t he  a m o u n t  of E T  fed pe r  l a r v a  was known.  
I n  b o t h  types  of expe r imen t s  t he  m o r t a l i t y  was recorded.  
The  d a t a  were cor rec ted  for s p o n t a n e o u s  m o r t a l i t y  
(8 -10%)  a n d  sub jec t ed  to p r o b i t  analysis ,  us ing  2 com- 
p u t e r  p r o g r a m m s L  In  th i s  p a p e r  doses are expressed as 
t~l of our  s t a n d a r d  so lu t ion  of p repur i f i ed  ET.  

F igure  1 shows t he  2 dos i s -mor t a l i t y  curves  w i t h  t he i r  
95% fiducial  l imi t s  for l a rvae  which  were in jec ted  and  
fed ET.  The  2 respec t ive  LD~0 va lues  a n d  t he  slopes (b) 
of t he  curves  are 0.0078 ~ l / l a rva  (b = 2.03 ~= 0.44), a n d  
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1.93 # l / la rva  (b = 1.44 ~ 0.37). Since these  slopes are no t  
s ignif icant ly  d i f ferent  t he  curves can be regarded  as 
parallel,  hav ing  an in t e rmed ia te  slope b = 1.73zk0.27 
and LDs0 values of 0.0067 and 1.87 #l / larva.  

The resul ts  d e m o n s t r a t e  t h a t  t he  ingested E T  is 247-278 
t imes  less toxic  t h a n  the  in jec ted  ET.  The s imi lar i ty  
be tween  the  slopes of the  curves suggests  on the  o the r  
h a n d  t h a t  the  mode  of ac t ion of in jec ted  and  inges ted  
E T  is p robab ly  much  the  same. 

Similar exper iments  in which a be t t e r  purif ied ET-  
p repa ra t ion  wi th  less t h a n  0.3% dry  subs tance  was 
in jec ted  gave an LD~0 of 0.0262/~l/larva. Expressed  in 
uni ts  of weight  the  LDa0 is less t h a n  0.078 pg/ la rva  or 
1.56 #g/g  body  weight .  The la t t e r  figure compares  ve ry  
favourab ly  wi th  D D T  and  P y r e t h r u m  which,  in jec ted  
in to  la rvae  of Galleria, have  LD~o values  of abou t  
250 #g/g~& Thus  the  tox ic i ty  of in jec ted  ET  mus t  be 
more t h a n  160 t imes  h igher  t h a n  e i ther  one of these  
insecticides.  However ,  DDT has  the  same tox ic i ty  
whe the r  i t  is in jec ted  or inges ted  s, whereas  P y r e t h r u m  
is prac t ica l ly  non- toxic  w h e n  fed to larvae of Pieris in 
leaf sandwiches  i0. The facts  indica te  t h a t  both,  P y r e t h r u m  
in Pieris and  E T  in Galleria, are e i ther  inac t iva ted  in 
the  gut  or no t  easily t aken  up f rom t h e  gut  con ten t s  
into t he  hemocoel .  

In  order  to f ind out  whe the r  or not  ingested ET  was 
excre ted  wi th  the  feces, isolated larvae were  fed d i f ferent  
amoun t s  of ET  in 50 mg/ la rva  of a yeas t - f ree  Galleria 
medium ~1. W h e n  the  larvae  had  ea ten  the  whole por t ion  
of t r e a t ed  food, the  frass pel lets  were collected, mixed  
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Fig. 1. Dosis-mortality curves with 95% fiducial limits for injected 
(left curve) and ingested ET. 
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Fig. 2. Doses of ET fed to larvae (white columns) and toxic sub- 
stance, presumably unchanged ET, recovered in feces (black 
colunms). 

well w i th  yeas t - f ree  Drosophila m e d i u m  and  b ioassayed 
w i t h  newly  h a t c h e d  larvae of Drosophila 1~. Control  
expe r imen t s  in which  feces of u n t r e a t e d  Galleria were 
added  to  Drosophila med i u m showed t h a t  these  feces 
were n o t  toxic  for Drosophila. In  o the r  cont ro l  exper-  
imen t s  d i f ferent  amo u n t s  of E T  were added  to  Drosophila 
med i u m conta in ing  such feces. The mor t a l i t y  values  
ob ta ined  f i t ted  well wi th  a dos i s -mor ta l i ty  curve  for 
Drosophila es tabl ished previous ly  on the  same m e d i u m  
w i t h o u t  Galleria feces ~*. Thus  the  add i t ion  of normal  
GMleria feces does no t  interfere  in any  way  wi th  ET  
toxic i ty .  

Figure 2 shows the  results  of b ioassays  w i th  the  feces 
of Galleria larvae fed wi th  0.313, 0.625 and  1.25/~1 of 
ET.  I t  is ev iden t  t h a t  the  feces of all larvae  con ta ined  a 
cons t an t  a m o n n t  of some toxic principle,  i n d e p e n d e n t  of 
t he  dose of E T  fed to  the  larvae. If  the  toxic  subs tance  
excre ted  by  the  larvae  is unchanged  ET, which  has  no t  
been  inves t iga ted ,  i t  corresponds  to  abou t  0.262 #l/ larva.  

The results  indica te  t h a t  of t he  inges ted  E T  abou t  
0.051 #1 at  the  lower, 0.363 #1 at  the  middle ,  and 0.988/~1 
at  the  h ighes t  dose did no t  r eappea r  in the  feces, i.e. 
a m o u n t s  which are l inearly corre la ted  to  t he  doses fed. 
I f  this  correla t ion is t rue  (the expe r imen t  has no t  been  
repeated)  it would mean  t h a t  an oral dose of abou t  
0.26 #I/ larva will be comple te ly  e l imina ted  wi th  the  feces, 
whereas  all h igher  amo u n t s  of E T  are e i ther  des t royed  
or kep t  back  in t he  body  of the  Galleria larva.  We can 
be qui te  sure t h a t  only a f rac t ion of t he  non-exc re ted  
E T  enters  t he  hemocoel ,  since we found only 12% mor-  
t a l i ty  for the  lowest  and 50% for the  h ighes t  dose. If  
the  re ta ined  ET  en te red  the  hemocoel,  abou t  95% mor-  
t a l i ty  would be expec ted  wi th  the  lowest  dose, and more  
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Fig. 3. Relative amount of ET (y) recovered from larvae microfed 
with 2.5~1 of ET (Y0-- 1) and incubated for different lengths of 
time (t) at 31 ~ (full signs) and 22 ~ (open signs). The curve fitted 

- k �9 t -  0.5. The broken to the values follows the function y = Y0-- e 
lines indicate the confidence limits of the Drosophila test (see text) 
and do not take into account the variation in the Galleri~ larvae. 
The signs which lie not far outside these limits may therefore be 
considered to be within the true fiducial limits of the drawn curve. 
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w i t h  t he  h igher  doses. 1 2 - 5 0 %  m o r t a l i t y  co r respond  to  
in j ec ted  doses of 0.0018-0.0095 # l / l a rva .  I t  is there fore  
conc luded  t h a t  9 6 - 9 9 %  of t he  r e t a ined  E T  is i n a c t i v a t e d  
or, a l t h o u g h  r a t h e r  unl ikely,  s tored  in t he  gut .  

The  ques t ion  was f u r t h e r  i nves t i ga t ed  in a t h i r d  se t  
of exper imen t s .  L a r v a e  of Galleria were s t a r v e d  for 24 h 
a n d  t h e n  microfed  an  LDs0 of E T  s t a n d a r d  so lu t ion  
(2 .5# l / l a rva ) .  The  t r e a t e d  l a rvae  were ki l led e i the r  
d i r ec t ly  a f te r  microfeed ing  b y  p u t t i n g  t h e m  in to  a deep 
freeze box  a t  - -22~ or a f te r  i n c u b a t i o n  for  d i f fe ren t  
l eng ths  of t i m e  in e m p t y  glass t u b e s  a t  31~ in one 
expe r imen t ,  a n d  a t  r oom t e m p e r a t u r e  of a b o u t  22 ~ in  
a n o t h e r  expe r imen t .  Since t he  t r e a t e d  l a rvae  were n o t  
fed, t h e y  p roduced  no  feces so t h a t  no  E T  could be  los t  
w i t h  t he  frass. The  dead  l a rvae  were au toc laved ,  and  
homogen ized  in groups  of 2 l a rvae  pe r  4 ml  of water .  The  
h o m o g e n a t e s  were added  to  Drosophila m e d i u m  and  bio- 
a s sayed  w i t h  Drosophila l a rvae .  T h e  dose of E T  c o n t a i n e d  
in 2 Galleria larvae,  kil led i m m e d i a t e l y  a f t e r  in ject ion,  
p roduced  99 .9% m o r t a l i t y  in  t he  Drosophila tes t .  H o m o -  
gena tes  of l a rvae  t h a t  h a d  been  k e p t  al ive for v a r y i n g  
l eng ths  of t i m e  a f t e r  microfeeding  p roduced  less mor t a l i t y .  
W i t h  t he  aid of t he  Drosophila dos i s -mor t a l i t y  cu rve  
m e n t i o n e d  above,  t he  m o r t a l i t y  d a t a  were t r a n s f o r m e d  
in to  d a t a  of ' E T - c o n c e n t r a t i o n  in m e d i u m ' ,  i nd i ca t i ng  
t h e  a m o u n t  of E T  per  l a r v a  p re sen t  in  t he  homogena tes .  

F igure  3 shows t h e  resu l t s  of such  a n  expe r imen t .  I t  
d e m o n s t r a t e s  t h a t  w i t h i n  a b o u t  2 h ha l f  t he  t ox i c i ty  of 
t he  E T  is lost. L a t e r  on  t h e  process  of de tox i ca t i on  slows 
down.  If  Yo is t he  dose of E T  microfed  and  y t he  a m o u n t  
of 2ET sti l l  p r e sen t  a f te r  t h e  i n c u b a t i o n  per iod  t, t h e  
cu rve  wh ich  bes t  fi ts  t he  resu l t s  follows t he  func t ion  

_k.t--0.5 
Y : Yo --e  

w i t h  the  c o n s t a n t  k = 1.05, ca lcu la ted  f rom t h e  experi-  
m e n t a l  va lues  t = 20 h, y = 0.21 a n d  Yo t a k e n  as 1. Thus  
t he  process of de tox i ca t i on  follows t he  func t ion  

_k. t - -0 .5  
x : Yo.e i nd ica t ing  t h a t  i t  is v e r y  p r o b a b l y  
ach ieved  b y  a re la t ive ly  complex  e n z y m a t i c  process.  
Since the  resu l t s  f i t  nea r ly  as well  on  a cu rve  of t he  
func t i on  y = Yo (1 + 2 Yo 2k t) 0.5, in  w h i c h  k is g iven  t he  
va lue  of 0.6, i t  m i g h t  be a t h i r d  o rder  reac t ion .  

I n c u b a t i o n  of t h e  microfed  l a rvae  a t  22 a n d  31~ 
p roduced  m u c h  t he  same  results ,  i n d i c a t i n g  t h a t  the  
speed of t he  process  is r e la t ive ly  t e m p e r a t u r e - i n d e p e n d e n t .  
Th i s  is r a t h e r  u n u s u a l  for a n  e n z y m a t i c  react ion.  I t  is 
there fore  p r o b a b l e  t h a t  2 or m o r e  enzymes  w i t h  d i f ferent  
t e m p e r a t u r e  o p t i m a  are i nvo lved  in  the  de tox i ca t i on  
process. 

Zusammenfassung. Es wi rd  gezeigt,  dass  L a r v e n  der  
grossen W a c h s m o t t e  d u r c h  ora l  appl iz ie r tes  ((Exotoxin~> 
y o n  Bacillus thuringiensis verg i f t e t  werden ,  die LDs0 abe t  
ca. 250real gr6sser  i s t  als bei  p a r e n t e r a l e r  Appl ika t ion .  
Oral  v e r a b r e i c h t e s  (~Exotoxin~> wird  zu e inem grossen 
Teil  im R a u p e n d a r m  inak t iv i e r t .  Es  k o n n t e  eine m a t h e -  
m a t i s c h e  Bez i ehung  zwischen der  I n k u b a t i o n s z e i t  u n d  
de r  I n a k t i v i e r u n g  des <~Exotoxins~) ge funden  werden,  die 
fiir e inen e n z y m a t J s c h e n  A b b a u  des <~Exotoxins~) spr icht .  
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Antiviral Activity of Certain Substituted Purine and Pyrimidine Nucleosides 

Cer ta in  de r iva t i ve s  of p u r i n e  and  p y r i m i d i n e  nucleo-  
sides h a v e  m a r k e d  a n t i v i r a l  ac t iv i ty ,  a n d  of these  5-iodo- 
2 ' -deoxyur id ine  ( IUdR,  ' I doxu r i d i ne ' )  is in  cl inical  use  
for  t r e a t m e n t  of Herpes simplex kera t i t i s  in  m a n  (refer- 
ences  c i t ed  in  reference1}. T h e  p r e s e n t  r e p o r t  descr ibes  
t h e  a n t i v i r a l  a c t i v i t y  of c e r t a i n  nucleosides  aga ins t  H.  
simplex v i rus  in  Afr ican  green  m o n k e y  k i d n e y  cells 
(BSC1) 2 in  v i t ro .  

The  m e t h o d s  used  for g r o w t h  of t h e  virus ,  p r e p a r a t i o n  
of med ia  a n d  e v a l u a t i o n  of i n fec t iv i ty  and  c y t o t o x i c i t y  
h a v e  b e e n  descr ibed  p rev ious ly  3. T he  c o m p o u n d s  inves-  
t i ga t ed  were syn thes ized  in t he  l a b o r a t o r y  of Prof.  
R. I4~. ROBINS 4. The  F igure  shows t he  s t r u c t u r e s  of t h e  
s u b s t i t u t e d  pu r ine  nucleosides.  R e p l a c e m e n t  of one of 
t h e  amino  h y d r o g e n s  in t h e  5 ' -pos i t ion  of 5 ' -amino-5 ' -  
deoxyadenos ine  (I) b y  a m e t h y l s u l f o n y l  g roup  forms the  
5 ' - m e t h y l s u l f o n y l a m i n o a d e n o s i n e  (II). R e p l a c e m e n t  of 
t h e  h y d r o x y l  in  t h e  2 ' -pos i t ion  of c o m p o u n d  I w i t h  a 
h y d r o g e n  forms  5'-amino-2",5'-dideoxyadenosine ( I I I ) .  
The  F igure  shows also t h e  bas ic  s t r u c t u r e  of the  sub-  
s t i t u t e d  p y r i m i d i n e  nucleosides  6 -me thy lu r id ine  (IV) a n d  
6 -me thy l cy t i d ine  (V). R e m o v a l  of t h e  6 - m e t h y l  g roup  of 
c o m p o u n d s  I V  a n d  V and  a t t a c h m e n t  of a p h e n y l  r ing  
a t  t he  5 ,6-pos i t ion  forms  1-f l - I>r ibofuranosyl -2 ,4-quin-  
azol inedione  (VI) a n d  4-amino- l - f l -D-r ibofuranoxyl -2-  
q u i n a z o l o n e  (VII) ,  respect ively .  

The  c y t o t o x i c i t y  of t h e  var ious  c o m p o u n d s  s tud ied  
are s h o w n  in Tab le  I. A m o n g  t he  s u b s t i t u t e d  pu r ine  

nucleosides,  5 ' - m e t h y l s u l f o n y l a m i n o a d e n o s i n e  was t he  
leas t  toxic  compound,~ requ i r ing  a c o n c e n t r a t i o n  of 5 m M  
to  p roduce  occas ional  tox ic i ty .  W i t h  t he  excep t ion  of 
6 -me thy lu r i d ine  no  toxic  effect  was obse rved  a t  a concen-  
t r a t i o n  of 2.5 m M ,  however ,  a t  h i g h e r  concen t r a t i ons  
c y t o t o x i c i t y  was p roduced  b y  all c o m p o u n d s  s tudied.  
T h e  cy to tox ic  effects obse rved  were of 2 types ,  one the  
g r a d u a l  loss of r e f rac t ib i l i ty  of t he  cells, and  t h e  o the r  a 
r o u n d i n g  of t h e  ceils w i t h  or w i t h o u t  vacuo l i za t ion  in 
t h e  cy top lasm.  The  d i f fe ren t  cy to tox ic  effects m a y  be  a 
ref lec t ion  of d i f fe ren t  si tes of ac t ion  on  t h e  h o s t  ceils. 
No cor re la t ion  is a p p a r e n t  be tween  t h e  s t r u c t u r e  of the  
c o m p o u n d  a n d  t h e  t y p e  of c y t o t o x i c i t y  p roduced .  

Tab le  I I  shows t he  a n t i v i r a l  a c t i v i t y  of con lpounds  
I - V I I .  I t  c an  b e  seen t h a t  s u b s t i t u t i o n  of a m e t h y l s u l f o n y l  
g roup  in t he  5 ' -pos i t ion  of t he  5 ' -deoxyr ibonuc leos ide  (II) 
r e su l t ed  in  inc reased  a n t i v i r a l  ac t iv i ty .  R e p l a c e m e n t  of 
t h e  h y d r o x y l  g roup  in t he  2 ' -pos i t ion  of c o m p o u n d  I w i th  
h y d r o g e n  p roduced  c o m p o u n d  I I I  w h i c h  no t  on ly  in- 
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