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H, 6.44. C24H2807 requires  C, 67.27; H, 6.59%),  b y  a n  
u n a m b i g u o u s  me thod .  

On t he  o the r  hand ,  I I  has  now been  o b t a i n e d  f rom IV 
b y  a mod i f i ca t i on  of t he  above  me thod .  The  ke tone  IV  
w i t h  3 - b e n z y l o x y - 4 - m e t h o x y b e n z o y l  chlor ide  gave 4,6- 
d ibenzy loxy-  2 -hydroxy-  5-methoxy-m-  (3-benzyloxy-4-me-  
t h o x y b e n z o y l ) - a c e t o p h e n o n e  (X, m.p.  183-184 ~ F o u n d :  
C, 73.69; H, 5.59. CasH340 s requi res  C, 73.77; H, 5.54%),  
wh ich  was t h e n  c o n v e r t e d  to 7, 3'-dibenzyloxy-6, 4'- 
d i m e t h o x y - 5 - h y d r o x y f l a v o n e  (XI,  m.p.  145-146.5 ~ U V  
2max n m  (log e): (E tOH)  243.5 (4.29), 277 (4.24), 339 
(4.39); (EtOH-A1CI~) 261 (4.16), 293 (4.25), 364 (4.38). 
F o u n d :  C, 72.84; H,  5.20. C31H2607 requ i res :  C, 72.93; 
H, 5.13%) was prepared .  T he  c a t a l y t i c  d e b e n z y l a t i o n  of 
X I  gave  I I  (m.p. 264-266 ~ I R  3390, 1650, 1615, 1585, 
1555, 1518 cm -~ (KBr),  UV2m~ * n m  (log e): (E tOH)  245 
(4.24), 275 (4.23), 344 (4.40); ( E t O H - A c O N a )  241 (4.37), 
277 (4.36), 356 (4.23). F o u n d :  C, 61.56; H, 4.05. C17H1407 
requi res :  C, 61.82; H, 4 .27%) (lit. 2, m.p.  269-272 ~ , I R  
3430, 1670, 1630, 1600, 1530, 1 5 1 4 c m  -t ,  UV)~ma x n m :  

273, 342) ( t r iace ta te ,  m.p.  186.5-187 ~ U V  ,~ . t~Hnm 
(log e): 262 (4.17), 320 (3.93). F o u n d :  C, 60.52; H, 4.29. 
C~3H20010 requ i res :  C, 60.52; H,  4.420/0) (lit. 2, m.p .  
189-190~ The  p roper t i e s  of t he  s y n t h e t i c  samples  of I 
a n d  I I  were supe r i m pos ab l e  w i t h  those  recorded in t he  
l i t e r a t u r e  1,2 for 6 - m e t h o x y l u t e o l i n  a n d  d e s m e t h o x y -  
cen tau re id in .  

Zusammen/assung. Die Syn these  v o n  6 -Methoxy lu teo l in  
u n d  D e s m e t h o x y c e n t a n r e i d i n  aus  2 ,4-Dibenzyloxy-3-  
M e t h o x y - 6 - O x y a c e t o p h e n o n  wird  beschr ieben .  
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Synthesis of Dinucleoside Phosphates by Reaction of 5'-Chloro-5'-deoxynucleosides with Nucleotide 
Anions 

The  use of pur ine  cyclonucleosides  in t he  syn thes i s  of in- 
t e rnuc leo t ide  b o n d s  was r ecen t ly  r epo r t ed  f rom th i s  labor-  
a to ry .  The  dinucleoside  p h o s p h a t e  o b t a i n e d  b y  t r e a t m e n t  
of 8, 5'- O- a n h y d r o -  2', 3'- i sop ropy l ideneadenos ine  w i t h  
u r i d i n e - 3 ' - p h o s p h a t e  an ion  h a d  on  OH func t ion  a t  posi- 
t i on  8 of the  pu r ine  moiety1,  whi le  t he  p r o d u c t  o b t a i n e d  
f rom 8 , 5 ' - S - a n h y d r o g n a n o s i n e  h a d  an  S H  group,  which  
requ i red  t r e a t m e n t  w i t h  R a n e y  Ni f o r  i ts  r em ova l  2. I n  
th i s  c o m m u n i c a t i o n  we r epo r t  t he  syn thes i s  of ur idyly l -  
(3 ' -5 ' ) -adenosine  a n d  ur idyly l - (3 ' -5 ' ) - inos ine  b y  a m e t h o d  
w h i c h  al lows t h e  i so la t ion  of t h e  p r o d u c t s  w i t h  no  sub-  
s t i tuen t s .  This  m e t h o d  invo lves  the  t r e a t m e n t  of t he  
a p p r o p r i a t e  5 ' -ch loro-5 ' -deoxy-2 ' ,  3 ' -O- isopropyl idene  pu-  
r i n e  nucleoside  w i t h  the  nucleos ide  p h o s p h a t e  anion.  

5 ' -Chloro-5 ' -deoxynucleos ides .  The  requ i red  5 ' -chloro-  
5 ' -deoxynucleos ides  were c o n v e n i e n t l y  o b t a i n e d  b y  t r ea t -  
ing t he  co r r e spond ing  '2,3'-O-isopropylidene nucleoside  
w i t h  t h i o n y l  chlor ide  as exempl i f ied  b y  t h e  p r e p a r a t i o n  
of 5~-chloro-5 '-deoxy-2 ', 3 ' -O- isopropyl idene  adenos ine  (I). 

A so lu t ion  of d r y  2 ' ,3 ' -O- i sopropyl idene  adenos ine  
(500 mg) in t h i o n y l  chlor ide  3 (1.5 ml) was  al lowed to  
s t a n d  a t  room t e m p e r a t u r e  for 12 h in  a s toppered  flask. 
T h i o n y l  chlor ide  was r e m o v e d  u n d e r  reduced  pressure  
a n d  benzene  (8 ml) added  a n d  evapora t ed .  T he  res idue 
so o b t a i n e d  was  dissolved in a n  ice-cold m i x t u r e  of 
t r i e t h y l a m i n e  (2.5 ml), w a t e r  (0.5 ml) and  alcohol  (2.0 ml) 
a n d  t he  so lu t ion  se t  aside for 3 0 m i n  before  be ing  evapo-  
r a t e d  to d ryness  in  vacuo.  W a t e r  was  t h e n  a d d e d  to 
t he  residue,  t he  whole  e x t r a c t e d  w i t h  benzene  (5 • 25 ml) 
a n d  t he  benzene  e x t r a c t  w a s h e d  w i t h  w a t e r  (20 ml). 
R e m o v a l  of so lven t  and  c rys t a l l i za t ion  of t he  res idue  
f rom w a t e r  y ie lded the  p r o d u c t  (316 mg, 60%),  m.p.  
255-256 ~ (dec., sof tens  a t  175~ Rf  (B) 4, 0.92; F o u n d :  

C, 47.71; H, 5.02; N, 22.01; C1, 10.46. Anal .  calcd, for 
ClaH16NsO3Cl: C, 47.92; H, 4.91; N, 21.50; C1, 10.90%. 
2ma x, H y O - 2 6 0 n m  (e, 13,450); 0 . 1 N  HC1-258nm (e, 
17,500); 0 . 1N  N a O H - 2 6 1 n m  (e, 16,450). F o r m i c  acid 
t r e a t m e n t  of I a t  room t e m p e r a t u r e  for  48 h yie lded t he  
deb locked  produc t ,  5 ' - ch lo ro -5 ' -deoxyadenos ine  5, m.p.  
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ca. 190 ~ (dec., sof tens  a t  78-85~ Found :  C, 41.84; H, 
4.62; Anal. calcd, for C40Hx2NsO3CI: C, 42.00; H, 4.200/0 . 

5'-Chloro-5'-deoxy-2', 3'-O-isopropylideneionosine was 
s imilar ly  ob ta ined  in 49% yield. The product ,  isolated 
by  ex t rac t ion  wi th  chloroform and  crys ta l l iza t ion f rom 
water ,  had  the  phys ica l  cons tan t s  previously  repor ted  6. 

Dinucleoside phosphates. Uridylyl - (3 ' -5 ' ) -adenosine  (III) 
was synthes ized  by  hea t ing  5 ' -chloro-5 ' -deoxy-2 ' ,3 ' -O-  
i sopropyl ideneadenos ine  (I) wi th  1.2 equiva lents  of tr i-  
n -bu ty l  a lnmonium-3 ' -u r idy la te  in d ry  D M F  for 3 h. The 
react ion p roduc t  was isolated af ter  removal  of so lvent  
by  p repa ra t ive  paper  c h r o m a t o g r a p h y L  Yield 45%;  
Rf  (A), 0.34; Rf  (B), 0.16. 2max, H 2 0 - 2 6 0 n m ;  0 .1N 
HC1-260nm; 0 .1N N a O H - 2 6 2 n m .  

The s t ruc ture  of this  p roduc t  was es tabl ished by  
ident i fy ing  the  p roduc t s  of formic acid and enzymat i c  
hydrolyses  by  pape r  ch romatography .  Formic  acid hydro-  
lysis gave uracil  and adenine,  snake v e n o m  phospho-  
dies terase  hydrolysis ,  uridine and adenos ine -5 ' -phospha te  
and pancrea t ic  r ibonuclease hydrolys is  ur id ine-3 ' -phos-  
p h a t e  and adenosine,  thus  indicat ing t h a t  the  isolated 
p roduc t  was ur idylyl - (3 ' -5 ' ) -adenosine  and  no t  the  
expec ted  2 ' ,3 ' -O-isopropyl idene adenosine  compound .  
There  is no obvious  exp lana t ion  for the  loss of the  iso- 
p ropyl idene  group dur ing  the  format ion  of the  dinucleo- 
side phospha te .  The hydrogen  chloride produced  dur ing  
the  course of the  react ion m a y  be responsible  for this  
deblocking bu t  curiously the  same p roduc t  was ob ta ined  
even when  an ex t ra  mole of t r i -n-butyI  amine  was added  
to the  react ion mixture .  

Besides III ,  two  minor  p roduc t s  hav ing  2m~ ~ a t  262 
and at  290 nm were also formed.  The p roduc t  wi th  2ma* 
290 nm is also formed when  a DMF solut ion of I is 
hea ted  at  100 ~ for 3 h bu t  mos t  of the  chloro comp o u n d  
is still p resen t  a t  the  end of 3 h. This fact  indicates  t h a t  
N3, 5 ' -cyclizat ion which is a facile reac t ion  in the  case 
of 2',3'-O-isopropylidene-5'-O-p-toluene sulfonyl  adeno-  
sine : is much  slower wi th  I and hence its abi l i ty  to react  

wi th  o the r  nucleophiles.  Fo r  instance,  2', 3 ' -O-isopropyli-  
dene adenosine  is ob ta ined  when  I is t r ea ted  wi th  0 .1N 
NaOH a t  100 ~ for 3 h. This  difference in the  behav iour  
of the  tosy la te  and  the  cor responding  chloro co mp ound  
m a y  be a t t r i b u t e d  to the  d i f fe ren t  ra tes  a t  which these  
groups are displaced.  

Uridylyl-(3 ' -5 ' ) - inosine (IV) was ob ta ined  in 30% yield 
by  ref luxing 5 ' -chloro-5 ' -deoxy-2 ' ,  3 ' -O-isopropyl ideneino-  
sine (II) wi th  1.5 equiv, of u r id ine -3 ' -phospha te  and  2.5 
equiv, of t r i -n -bu ty l  amine  in wa te r  for 12 h. The s t ruc-  
ture  of the  p roduc t  (IV), Rf  (B), 0.35; ,tm~x, H20-252.5 nm;  
0 .1N HC1-252nm, was es tab l i shed  by  ident i fy ing  the  
p roduc t s  of enzymat i c  hydro lys is  as wi th  the  cor respond-  
ing adenosine  compound .  In  th is  case too, two p roduc t s  
o ther  t h a n  IV were formed,  one of which was 2', 3 ' -0-  
isopropylideneionosine.  In  con t r a s t  to the  react ion of I, 
the  react ion of I I  wi th  u r id ine -3 ' -phospha te  anion in 
DMF resul ted  in a mix tu re  of 5 p roduc t s  and d ioxane  
and e thanol  p roved  to be poor  solvents  for th is  reac t ion  8. 

Zusammen/assung.  Uridylyl - (3 ' -5 ' ) -adenos in  und Uri-  
dylyl-(3 ' -5 ' ) - ionosin wurden  durch  U m s e t z u n g  eines pas- 
senden 5 ' -chloro-5 ' -deoxy-2 ' ,  3 ' -O-isopropyl idene-Nukleo-  
sids mi t  Ur id in -3 ' -phospha t  syn the t i s ie r t .  
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C h e m i c a l  C o n s t i t u e n t s  of  the  A n t i b i o t i c  F r a c t i o n  

Ethano l  ex t rac t s  of the  roots  of Arnebia nobilis Ra- 
chinger  (N.O. Boraginaceae) 2 showed bacter ic idal  and  
fungicidal  ac t iv i ty  when  pu t  t h rough  a wide screen of 
biological t es t sL  The ant ib iot ic  ac t iv i ty  was found to 
be associated wi th  the  hexane  soluble f ract ion of this  
mater ia l .  This f rac t ion on silica gel c h r o m a t o g r a p h y  
yielded 4 dark  red crystal l ine products ,  provis ional ly  
des igna ted  as A-1 (C21H2206) 4 m.p.  116-117 ~ , A-2 
(C2,Hz407) m.p.  92 94 ~ A-3 (C~sH~sO~) m.p.  104-105 ~ 
and A-4 (C~6Hx605) m.p.  146 ~ The da t a  leading to the  
charac te r iza t ion  of A-4 as the  n a p h t h a q u i n o n e  a lkanin  
(I, R=H) originally isolated f rom Alkanna  tinctoria 5 and 
subsequen t ly  f rom Onosma echiodes 6 and  Arnebia hi@i- 
dissima 7 and of A-3 and A-1 as a lkannin  m o n o a c e t a t e  
(I, R=Ac) and as a lkannin  fl, f l -dimethylacrylate (I, 
R-(CH3) 2 C CHCO) follows. 

OR OHg O OH O OH 
FI J ] II , [ II r 

OHc O O OH 

O II 
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[ A-1 (R (CH3)2C=CH2C) 

of  A r n e b i a  n o b i l i s  ~ 

A-4 was ident i f ied as a lkannin  8 as it  formed a tr i-  
ace ta te  m.p.  132 ~ , a d ibenzoa te  m.p.  175-178 ~ and  a 
m o n o m e t h y l  e ther  m.p.  99 ~ on t r e a t m e n t  wi th  methanol ic  
hydrochlor ic  acid. I t s  mass  spec t rum had a M+ peak at  
288 and s ignif icant  peaks a t  m/e  270, 255, 229 and 227 
assignable to the  ions I I I ,  IV, V and VI respect ively.  
The fo rmat ion  of an ion such as V by  the  loss of HC = CH 
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