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s tep  in the  fo rmat ion  of 2 and  4 (Scheme). There  are 
several  examples  of th is  t y p e  of behavior2,9,1~ ~2, and 
two possible mechanis t ic  routes  have  been  considered ~2. 
The detai ls  of the  fo rma t ion  of h y d r o x y l a c t a m  3 are less 
obvious.  P r e s u m a b l y  a d ioxe tane  in t e rmed ia te  (8)2,10 is 
impl ica ted ;  however,  whe the r  i t  is fo rmed di rec t ly  from 
a t t ack  of ~O 2 on 1 or by  r ea r r angemen t  of endoperoxide 7 
is unclear.  As expected ,  only 3b and db are ob ta ined  
when  the  pho toox ida t ion  of lb is carr ied out  in chloroform 
solvent .  

All p h o t o p r o d u c t s  2-4 are ex t r eme ly  acid labile. For  
example,  h y d r o x y l a c t a m  3b conver t s  to 4b in HaO+, 
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~ 2 , 4  

and  2b, 3b and  db all conver t  to t he  weakly  f luorescent  
exome thy l ene  compound  6b in an aprot ic  soIvent  
w i th  acid catalysis .  I t  is of special in te res t  to note  t h a t  6b 
does no t  undergo p h o t o o x y g e n a t i o n  to  5. F u r t h e r  work  
on the  mechanis t ic  detai ls  of these  react ions  and solvent  
and mechan i sm s tudies  on the  pho toox ida t i on  of k ryp to -  
and  hemopyr ro le  areunder  inves t iga t ion  in our laborator ies .  

Zusammen/assung. Die durch Rose Bengal  sensibil isierte 
P h o t o o x y d a t i o n  des t-Iemopyrrols in Methanol  er- 
gab 3-Athy l -5-methoxy-4 ,5-d imethy l -3-pyr ro l in -2-on ,  3- 
Athy l -3 -hydroxy-4 ,5 -d imethy l -4 -pyr ro l in -2 -on  und 3- 
~_thyl-5-hydroxy-4, 5-dimethyl-3-pyrrol in-2-on.  
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I m i d a z o l e  N u c l e o s i d e  A n a l o g u e s  P o s s e s s i n g  a N o n - G l y c o s i d i c  L i n k  b e t w e e n  S u g a r  a n d  B a s e  

A n u m b e r  of analogues of mos t  of t he  i m p o r t a n t  
na tu ra l ly  occurr ing imidazole  r ibofuranosides  have  been  
p repared  5, % ~ for use in s tudies  of the  de novo biosynthes i s  
of pur ines  and  as po ten t i a l  ant i -v i rus  and ant i -cancer  
compounds .  Most  of t h e m  have  the  same c a r b o h y d r a t e  
c o m p o n e n t  as the  na tu ra l  pur ine  precursors  and  all 
con ta in  a glycosidic l ink be tween  sugar  and base. Recen t -  
ly 4 we synthes ized  an imidazole  nucleoside (I) in which  
the  heterocycl ic  r ing is connec ted  to  t he  2 ' -posi t ion of the  
sugar. Compounds  of th is  class should be s table  in the  

presence  of g lycoside-spl i t t ing enzymes  and  migh t  be 
expec ted  to  be useful metabol ic  inh ib i tors ;  however,  t he  
examples  we repor ted  are s te reochemical ly  diss imilar  to 
the  na tura l  r ibofuranosides .  Our work  has now been 
ex tended  to p rov ide  nucleoside analogues t h a t  are more  
closely re la ted to  the  key pur ine  precursor  A I C A R  and 
the  cor responding  m~cleoside (II) or which  are capable  of 
a t t a in ing  a s imilar  conformat ion  dur ing  in terac t ions  wi th  
enzymes.  One example  is the  a l t ropyranos ide  der iva t ive  
(III) which  has s imilar  d imensions  to  A I C A R  par t icular ly  

Table I. Stereochemical comparison oI nucleoside analogue (III) 
with the naturally occurring nucleoside (II) corresponding to AICAR. 
Interatomie distances between various atoms were measured on 
Dreiding stereomodels 

Analogue (111) (in boat confirmation) Nueleoside (II) 

Atoms Distance (A) Atoms Distance (A) 
apart apart 

Cs-N 1 3.60 C6-N~ 3.48 
C4-C 1 2.44 Cs-C 2 2.74 
NI-O 3 4.48 N~-O 4 4.25 
NI-O ~ 3.56 N~-O 2 3.56 

O5-C 1 1.43 O6-C 2 2.36 
O~-N 2 2.44 O6-N z 2.80 
O~-C~ 2.52 O6-C s 2.88 
O~-C s 2.52 08-C 4 2.40 
C,-C 2 2.52 C5-C s 2.52 
C ~ )  z 3.44 C5-O s 3.80 
C~-N 1 3.16 Cs-N ~ 3.60 

Table II. T.l.c. data for various nueleoside analogues 

RF value on cellulose thin layers 
Solvent system 

A B C D E F G 

I I  0 . 2 2  0 . 4 1  0 . 4 3  0 . 3 8  - - - 

I I I  0 . 1 3  0 . 2 5  - 0 . 3 8  0 . 4 3  0 . 4 0  0 , 3 0  

V 0 . 2 5  0 , 4 0  0 . 5 1  0 . 5 3  0 . 7 0  0 , 3 0  - 

I X  0 . 1 2  0 . 2 3  0 . 4 3  0 . 3 7  0 . 5 5  0 , 1 0  - 

V I I I  0 . 2 0  0 . 5 0 '  0 . 4 S  0 . 3 5  0 . 2 1  - - 

v i i  0 . 1 2  0 . 2 3  0 . 4 5  0 . 4 0  0 . 5 4  0 . 1 5  0 . 2 9  

x 0 , 2 3  - 0 . 5 3  0 . 5 0  0 . 6 6  0 . 2 5  - 

x I  0 . 1 6  0 . 3 0  0 . 4 9  0 . 4 2  0 . 2 2  - 

A, n-butanol (18)-water (83); B, ammonium citrate (pK 4.4) 
(18)-ethanol (82); C, n-butanol (4)-ethanol (1)-water (5) (upper 
layer); D, iso-propanol (4)-0.2 N ammonium hydroxide (1); E, 
saturated NH,H CO 3 solution; F, iso-propanol (4)-water (1); G, 
iso-propanol (6)-water (2}-ammonia (0.880) (3). 
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when  the  less s table  boa t  conformat ion  is considered 
(Table I). 

A l t ropyranos ide  (III) was syn thes ized  by  t r e a t m e n t  of 
2-amino-2-deoxy-D-altrose wi th  e thy l  N- [carbomoyl (cy-  
ano)methyl ]  f o rmimida t e  5 (IV) a t  p H  8. The p ro d u c t  
was ex t r eme ly  sensi t ive to  ice-cold di lute  acid, alkali, 
and  even to  w a r m  wa te r  b u t  it  was successfully pur i f ied 
by  c h r o m a t o g r a p h y  on DEAE-cel lu lose  a t  4~ using 
wa te r  as e luant  and  the  eluted mater ia l  could be freeze- 
dried wi thou t  decomposi t ion .  The p roduc t  appeared  to  
be homogeneous  on th in  layer  ch roma tog rams  (Table II),  

showed spectroscopic  values cons i s t en t  w i th  s t ruc ture  
(III) (Table I I I ) ,  and gave a purple  colour in the  BRAT- 
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Table III. Spectroscopic and periodate titration data for nucleoside analogues 

Compound Spectrum in acid Spectrum in neutral Speetrum in alkali 
~max (nm) e solution ~ml~x (rim) e 

~ (nm) e 

Spectrum in the 
Bratton-Marshall test 
~m~x (nm) e 

Periodate titration 
mole equivalent of 
104-consumed 

II 246,267 10,200 267 10,300 265-6 10,900 
III 246,276 8,450 266-7 10,200 265-6 10,900 
V 242,267 9,400 265 10,500 265 10,650 
VI 244,268 8,000 267 10,000 268 10,600 
IX 246,267 9,600 267 10,700 267 10,650 
VII [ 246,266 9,800 265 10,000 267 10,100 
V1 [ 244,267 9,100 267 11,000 265 11,500 
X 242,267 10,200 265 10,900 267 11,650 
XI 245,267 11,600 267 10,400 267 11,650 

540 26,000 1.01 
545 15,100 2.98 
552 14,800 1.02 
550 24,600 1.03 
550 13,200 2.99 
545 12,900 2.05 
549 14,150 2.33 
545 13.500 0 
550 21,050 0 
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Table IV. Purification of nucleoside analogues by column chromatography on ion-exchange resins 

EXPERIENTIA 30]6 

Compound Resin type CoIumn dimensions Elution with water at Major fraction emerged 
flow rate (ml/h) between (ml) 

I l l  D E  52 32 •  12 63 85 

I X  (picrate) ~ D E  52 15 x 1.0 15 7 0 -  91 

V AG 1 • 8 (Formate) 58 • 3.5 33 116-164 
200-400 mesh 

VI ,, 19 • 1.5 48 246-317 b 
v i i i  ,, 45 • 3.5 45 324-404 
x ,, 16.5 • 3.0 33 146-252 
x I  ,, 32 • 3.5 33 175-294 

a crystalline picrate was formed by adding aqueous picrie acid, this was collected, washed, dissolved in water and applied to the column; 
b washed initially with water (112 ml) then eluted with M-formic acid. 

ToN-MARSHALL tes t  a i nd i ca t i ve  of aminoimidazoles .  The  
c o m p o u n d  qu ick ly  d a r k e n e d  in  d i lu te  acid to p roduce  a 
b l ack  solid (rap > 350~ wh ich  d id  no t  m o v e  f rom the  
or igin on  t.l .c, p l a t e  a n d  is p r e s u m a b l y  a po lymer .  

For  in  v i t ro  s tudies  nuc leo t ides  are of ten  prefe r red  to 
nucleosides  b u t  t he  acid sens i t i v i ty  of c o m p o u n d  (III)  
p rec luded  p h o s p h o r y l a t i o n  di rect ly .  Therefore ,  t he  r e l a t ed  
m e t h y l  2 -a l t ropyranos ide  de r iva t i ve  (V) was syn thes ized  
f rom m e t h y l  2-amino-2-deoxy-D-altropyranoside 7 a n d  
im ida t e  (IV). This  glycoside was m u c h  more  s tab le  to  
acid a n d  a lka l i  a n d  could be  pur i f ied  on  a n  ion -exchange  
co tumn  (Table  IV) a n d  p h o s p h o r y l a t e d  b y  t he  m e t h o d  of 
TENER s. Desp i t e  t he  fac t  t h a t  t he  2 ' -and  4 ' - hyd roxy l  
groups  were no t  p ro t ec t ed  d u r i n g  t h e  p h o s p h o r y l a t i o n  
reac t ion  t h e  6 ' - m o n o p h o s p h a t e  (VI) was  t h e  on ly  m a j o r  
p roduc t ,  a f te r  pu r i f i ca t ion  b y  ion-exchange  c h r o m a t o -  
g r a p h y  i t  h a d  a s imi la r  e lec t rophore t i c  mob i l i t y  to  A M P  
a n d  GMP, c o n t a i n e d  i mole  e q u i v a l e n t  of p h o s p h a t e ,  
consumed  1 mole  e q u i v a l e n t  of pe r ioda t e  9, gave  a pu rp l e  
colour  in t h e  BRATTON-MARSHALL t e s t  and  showed  t he  
cha rac te r i s t i c  u l t r av io l e t  s p e c t r u m  of a n  amino imidazo le .  

A n u m b e r  of o the r  2 ' - s u b s t i t u t e d  ana logues  were 
syn thes ized  f rom th e  a p p r o p r i a t e  a m i n o  sugar.  B o t h  the  
m a n n o s e  de r iva t i ve  (VII)  a n d  a rab inose  d e r i v a t i v e  (VII I )  
h a v e  a s iml ia r  s t e r eochemis t ry  to  (II).  T he  ga lac tose  
c o m p o u n d  (IX) w h i c h  is r e l a t ed  to  t h e  e - a n o m e r  ~0 of (II)  
was  also p repared .  All  these  c o m p o u n d s  m u t a r o t a t e  in  
w a t e r  and  are u n s t a b l e  in  acid a l t h o u g h  t h e y  decompose  
a t  a s lower r a t e  t h a n  c o m p o u n d  (III) .  

The  m e t h o d  was also appl ied  to  t h e  syn thes i s  of 
3 ' - (amino- imidazole  ca rboxamide )  de r i va t i ve s  f rom t h e  
m e t h y l  glycosides of 3-amino-3-deoxy-D-glucose and  3- 
amino-3-deoxy-D-altrose11; as expected ,  t h e  p r o d u c t s  
(X a n d  XI )  d id  no t  consume  pe r ioda te  b u t  were o the rwise  
stir/liar to  t h e  isomeric  2 ' - examples  (Tables  I I  a n d  I I I ) .  

Experimental procedures. The 2-amino-2-deoxy-D-mono- 
sacchar ide  hydroch lo r ide  (270 rag) (or m e t h y l  glycoside, 
etc.) d issolved in a m i n i m u m  v o l u m e  of w a t e r  was  ad-  
j u s t e d  to p i t  8.0 w i t h  solid p o t a s s i u m  b i c a r b o n a t e  and  
t h e n  d i lu ted  to  8 m l  w i t h  me thano l .  E t h y l  N- [ ca rbamoy l -  

( cyano)methy l ]  f o r m i m i d a t e  (350 mg) was added  a n d  t he  
m i x t u r e  k e p t  a t  room t e m p e r a t u r e  for 24 to 48 h. The  
m i x t u r e  was e v a p o r a t e d  to d ryness  in  a r o t a r y  e v a p o r a t o r  
a t  38 ~ The  res idue  was d issolved in  m e t h a n o I  a n d  aga in  
e v a p o r a t e d  t h e n  redissolved  in w a t e r  a n d  pur i f ied  by  
c o l u m n  c h r o m a t o g r a p h y  (Table  IV). I n  one case (com- 
p o u n d  VI I )  t he  p r o d u c t  c rys ta l l ized  ou t  w h e n  t he  
r eac t ion  m i x t u r e  was c o n c e n t r a t e d  and  c h r o m a t o g r a p h i c  
pur i f i ca t ion  was unnecessary .  Most  of t h e  m e t h o d s  used 
in cha rac t e r i s ing  t h e  p roduc t s  we h a v e  descr ibed  else- 
where  a, 10. E lec t rophores i s  was ca r r ied  o u t  on  a S h a n d o n  
f la t  bed  a p p a r a t u s  a t  10 ~ us ing  W h a t m a n  3 m m  p a p e r  
a t  2 vo l t s  pe r  cm a t  pH 5.85 [acet ic  acid (15)-formic 
acid (10)-water  (255) (v/v)], pH 9.4 [in N a i l  CO3 (56.8) 
(N - Na2CO 3 (14.4)-water  (929) (v/v)] ,  a n d  pH 9.5 (1% 
sod ium t e t r a b o r a t e  in wa te r ) ;  p r o d u c t s  were de t ec t ed  
us ing  a) t he  BRATTON-MARSHALL s p r a y  r eagen t s  ~2 a n d  
b) a m m o n i u m  m o l y b d a t e  s p r a y  r eagen t s  for p h o s p h a t e  13. 

Zusammen/assung. Es wi rd  eine Re ihe  yon  Imidazo l -  
g lykos iden  u n d  de ren  Syn these  beschr ieben .  Diese e ignen  
s ich als Ana logs  der  na t i i r l i chen  Nukleos ide  fiir biolo- 
gische Versuche.  
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Prostaglandins During Development. II. Identification of Prostaglandin 9-Hydroxy Dehydrogenase 
Activity in Adult Rat Kidney Homogenates 

An ear l ier  i nves t i ga t i on  of t he  m a j o r  p r o s t a g l a n d i n -  enzymes .  The  h igh  1 3 - P G R  a c t i v i t y  obse rved  in foeta l  and  
i n a c t i v a t i n g  enzymes,  p r o s t a g l a n d i n  1 5 - h y d r o x y d e h y d r o -  ea r ly  p o s t n a t a l  vs. a d u l t  r a t s  sugges ted  to  us  t h a t  an  
genase  (15-PGDH)  a n d  A-13 r educ ta se  (13-PGR),  in  r a t  ef f ic ient  i n a c t i v a t i o n  of t i le p r o s t a g t a u d i n s  and  p r i m a r y  
lungs  revea led  age- re la ted  changes  in  t he  a c t i v i t y  of these  m e t a b o l i t e s  m i g h t  c o n s t i t u t e  a n  i m p o r t a n t  f ea tu re  of cell 


