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Table II 

Specialia EXPERIENTIA 30[3 

Mixture Labile pigment Xanthommatin Dihydroxan. I II 

ButOtl-AcH-0.5N 450 430 460 390 498 385 450 430 450 430 
HC1 (60:15:25) 

2N HCl 500 460 470 390 500 (I) 470 495 462 495 462 

435 (I) 430 (I) 

(I) = inflection 

A t  room t e m p e r a t u r e ,  t h i s  labi le  p i g m e n t  w i t h  UV-  
m a x i m a  a t  450 a n d  430 n m  is r ap i d l y  c o n v e r t e d  in to  a red  
s u b s t a n c e  w i t h  U V - m a x i m a  a t  498 and  385 n m  which ,  in  
t u r n ,  is t r a n s f o r m e d  in to  a p r o d u c t  w i t h  U V - m a x i m a  a t  
460 and  385 nm.  I t  shou ld  be  n o t e d  t h a t  t he  p resence  of 
a n  isosbest ic  p o i n t  ind ica tes  t he  comple te  t r a n s f o r m a t i o n  
of t he  labi le  p i g m e n t  i n to  t he  p r o d u c t  w i t h  m a x i m a  
a t  498 and  385 nm.  Th i s  isosbest ic  p o i n t  is also obse rved  
in t h e  e x t r a c t s  f rom all  an i m a l s  r e p o r t e d  in Tab le  I. I n  
all  t h e  cases examined ,  b o t h  p r o d u c t s  of t r a n s f o r m a t i o n  
were i so la ted  and  pur i f ied  b y  c h r o m a t o g r a p h y  c o l u m n  on 
ca rboxy-me thy l - ce l lu lose  ( W h a t m a n  CM 23) us ing  b u t h a -  
nol -ace t ic  acid-H~O (60:15:25  v /v)  as e luent .  T h e y  were 
ident i f ied ,  as d i h y d r o x a n t h o m m a t i n  and  x a n t h o m m a t i n ,  
b y  compar i son  of t h e i r  c h r o m a t o g r a p h i c  p roper t i e s  w i t h  
those  of a u t h e n t i c  samples~.  

The  convers ion  of labi le  p i g m e n t  in to  d i h y d r o x a n t h o m -  
m a t i n  d id  n o t  invo lve  a n  o x i d a t i v e  r eac t ion  as i t  occur red  
also in t h e  p resence  of r educ ing  agen t s  (SO2, ascorbic  acid) 
w h i c h  of course  i n h i b i t e d  t he  s u b s e q u e n t  t r a n s f o r m a t i o n  
of d i h y d r o x a n t h o m m a t i n  in to  x a n t h o m m a t i n .  

As s h o w n  in  T a b l e  I, a f t e r  e x h a u s t i v e  e x t r a c t i o n  of 
lab i le  p i g m e n t  f rom t he  a n i m a l  t issues,  genera l ly  no  xan -  
t h o m m a t i n  can  be  de tec ted .  

T a k i n g  in to  cons ide ra t i on  these  results ,  we sugges t  t h a t  
x a n t h o m m a t i n  p r o b a b l y  ar ises  f rom t he  labi le  precursor .  
I n  o rder  to  o b t a i n  i n f o r m a t i o n  on  t h e  n a t u r e  of t h i s  labi le  
o m m o c h r o m e ,  we compared  i ts  e lec t ronic  s p e c t r u m  w i t h  
those  of two p h e n o x a z i n i c  subs t ances  o b t a i n e d  b y  oxida-  
t i on  of 3 - h y d r o x y a n t h r a n i l i c  acid a n d  i ts  me thy le s t e r .  

A so lu t ion  of 0.04 mole  of Ka[Fe(CN)6 ] in  20 ml  of 
p h o s p h a t e  buf fe r  p H  6.8 was  a d d e d  to  a so lu t ion  of 1.5 g 
(0.01 mole) of 3 - h y d r o x y a n t h r a n i l i c  acid in 10 ml  of t h e  
same  buffer ,  a t  25 ~ w i t h  ag i t a t ion .  S t i r r ing  was con t inu -  

R R 
I I 
C=O C=O 

I R=Olt 
II R=OOHa 
I11 R=CH=-CH(NH=)--COOH 

ed for 1 h, a f te r  w h i c h  t h e  solut ion,  ac id i f ied  w i t h  acet ic  
acid, was  e x t r a c t e d  w i t h  e t h y l  ace ta te .  The  organic  phase  
was c o n c e n t r a t e d  a n d  pur i f i ed  b y  c h r o m a t o g r a p h y  c o l u m n  
2 • 30 cm on p o l y a m i d e  (Macerey, Nagel  a n d  Co.) us ing  
benzene  as e luent .  The  f r ac t ion  c o n t a i n i n g  p r o d u c t  I, 
wh ich  emerged  f rom the  c o l u m n  a f t e r  a b o u t  200 ml, was  
iden t i f i ed  as c i n n a b a r i n i c  acid a b y  mass  spec t roscopy  
(M+ = 320). 

The  es ter  I I  ~ of c i n n a b a r i n i c  acid (M+ = 328) was 
cha rac t e r i zed  b y  spec t ra l  da ta .  N M R - s p e c t r u m  in  CD a 
SOCD 3 shows s ignals  due  to  OCH 3 groups  a t  d 3.85 a n d  

3.90 (each 3H, s) to  C(4) -pro ton  a t  d 6.5 (1H, s), to  
a r o m a t i c  p r o t o n s  a t  d 7.6 (3H, s) a n d  to amin ic  p r o t o n s  a t  
d 7.8 (2H, b y  D20  exchanged) .  I R - s p e c t r u m  shows t h e  
C ( 8 ) - c a r b o m e t h o x y  C ~ O s t r e t c h i n g  b a n d  a t  1724 cm-1;  
C ( 1 ) - c a r b o m e t h o x y  C = O a t  1670 cm-1;  C ~ O qu inon ic  
a t  1640 cm -1. 

The  Tab le  I I  shows t h e  U V - m a x i m a  of t he  labi le  
p i g m e n t  in  two  e x t r a c t i n g  m i x t u r e s  a n d  those  of p r o d u c t s  
I a n d  I I ,  d i h y d r o x a n t h o m m a t i n  a n d  x a n t h o m m a t i n  in 
t h e  same  solvents .  

The  va lues  r e p o r t e d  in T a b l e  I I  i nd i ca t e  t h a t  t he  
b e h a v i o u r  of t h e  e h r o m o p h o r e  of t h e  lab i le  p i g m e n t  cor- 
r e sponds  to  those  of c o m p o u n d s  I a n d  I I .  These  resu l t s  
s u p p o r t  t he  h y p o t h e s i s  t h a t  t h e  p i g m e n t  has  a chromo-  
pho re  of t y p e  I I I .  I n  n a t u r e  t he  two  uncyc l i zed  a m i n o -  
acidic  cha ins  are p l aus ib ly  s tab i l ized .  

Riassunto. U n  n u o v o  o m m o c r o m o  labi le  6 s t a t o  
r i n v e n u t o  in  a lcuni  i n v e r t e b r a t i .  Sul la  base  del suo 
c o m p o r t a m e n t o  ch imico  e spe t t r a l e  si pu6  r i t ene re  che s is  
u n  p recursore  del la  x a n t o m m a t i n a .  
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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 ink  b e t w e e n  S u g a r  and B a s e  

A n u m b e r  of ana logues  of m o s t  of t h e  i m p o r t a n t  
n a t u r a l l y  occurr ing  imidazole  r ibofuranos ides  h a v e  been  
p r e p a r e d  1, 3, s for use in  s tudies  of t he  de novo b iosyn thes i s  
of pur ines  and  as p o t e n t i a l  an t i -v i ru s  and  an t i - cance r  

compounds .  Most  of t h e m  h a v e  t he  Same c a r b o h y d r a t e  
c o m p o n e n t  as t he  n a t u r a l  pu r ine  precursors  a n d  al l  
con t a in  a glycosidic  l ink  b e t w e e n  sugar  a n d  base.  Recen t -  
ly ~ we syn thes ized  a n  imidazole  nucleos ide  (I) in  which  



15.3. 1974 Speeialia 227 

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

Analogue (III) (in boat confirmation) Nucleoside (II) 

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

C~-N 1 3.60 C a N 2 3.48 

C~-C 1 2.44 Ch-C e 2.74 

N~-O 3 4.48 Ne-O 4 4.25 

N 1 0 2  3.56 N2-O a 3.56 

O5-C 1 1.43 O r C  2 2.36 
Oh-N 2 2.44 Or 2.80 

Oa C 2 2.52 O6-C 3 2.88 

Q - C  a 2.52 O6-C4 2.40 

C4-C 2 2.52 Ch-C 3 2.52 

C4-O 2 3.44 C5-O 3 3.80 

C4-N I 3.16 Ch-N 2 3.60 

Table II. T.I.e. data for various nucleoside analogues 

RF value on cellulose thin layers 
Solvent system 

A B C D E F G 

II 0.22 0.41 0.43 0.38 - - 

III 0.13 0.25 0.38 0.43 0.40 0.30 

V 0.25 0.40 0.51 0.53 0.70 0.30 

IX 0.12 0.23 0.43 0.37 0.55 0.10 - 

VIII 0.20 0.50 0.48 0.35 0.21 - - 

VII 0.12 0.23 0.45 0.40 0.54 0.15 0.29 

X 0.23 - 0.53 0.50 0.66 0.25 - 

XI 0.16 0.30 0.49 0.42 - 0.22 

A, n-butanol (18)-water (83); B, ammonium citrate (pH 4.4) 
(iS)-ethanoI (82); C, n-butanol (4)-ethanoI (1)-water (5) (upper 
layer); D, iso-propanol (4)-0.2 N ammonium hydroxide (1); E, 
saturated NHaH CO~ solution; F, iso-propanol (4)-water (1); G, 
iso-propanol (6)-water (2)-ammonia (0.880) (3). 

t h e  h e t e r o c y c l i c  r i n g  is c o n n e c t e d  t o  t h e  2 ' - p o s i t i o n  of  t h e  
s u g a r .  C o m p o u n d s  of  t h i s  c l a s s  s h o u l d  be  s t a b l e  in  t h e  
p r e s e n c e  of  g l y c o s i d e - s p l i t t i n g  e n z y m e s  a n d  m i g h t  b e  
e x p e c t e d  to  be  u s e f u l  m e t a b o l i c  i n h i b i t o r s ;  h o w e v e r ,  t h e  
e x a m p l e s  we  r e p o r t e d  a r e  s t e r e o c h e m i c a l l y  d i s s i m i l a r  t o  
t h e  n a t u r a l  r i b o f u r a n o s i d e s .  O u r  w o r k  h a s  n o w  b e e n  
e x t e n d e d  to  p r o v i d e  n u c l e o s i d e  a n a l o g u e s  t h a t  a r e  m o r e  
c lo se ly  r e l a t e d  t o  t h e  k e y  p u r i n e  p r e c u r s o r  A I C A R  a n d  
t h e  c o r r e s p o n d i n g  n u c l e o s i d e  (II) o r  w h i c h  a r e  c a p a b l e  of  
a t t a i n i n g  a s i m i l a r  c o n f o r m a t i o n  d u r i n g  i n t e r a c t i o n s  w i t h  
e n z y m e s .  O n e  e x a m p l e  is t h e  a l t r o p y r a n o s i d e  d e r i v a t i v e  
( I I I )  w h i c h  h a s  s i m i l a r  d i m e n s i o n s  t o  A I C A R  p a r t i c u l a r l y  
w h e n  t h e  less  s t a b l e  b o a t  c o n f o r m a t i o n  is c o n s i d e r e d  
(Tab l e  I). 

A l t r o p y r a n o s i d e  ( I I I )  w a s  s y n t h e s i z e d  b y  t r e a t m e n t  of  
2-amino-2-deozy-D-altrose w i t h  e t h y l  N - [ c a r b o m o y l ( c y -  
a n o ) m e t h y l  I f o r m i m i d a t e  5 (IV) a t  p H  8. T h e  p r o d u c t  
w a s  e x t r e m e l y  s e n s i t i v e  to  i ce -co ld  d i l u t e  ac id ,  a lka l i ,  
a n d  e v e n  to  w a r m  w a t e r  b u t  i t  w a s  s u c c e s s f u l l y  p u r i f i e d  
b y  c h r o m a t o g r a p h y  on  D E A E - c e l l u l o s e  a t  4 ~  u s i n g  
w a t e r  as  e l u a n t  a n d  t h e  e l u t e d  m a t e r i a l  c o u l d  be  f reeze-  
d r i e d  w i t h o u t  d e c o m p o s i t i o n .  T h e  p r o d u c t  a p p e a r e d  to  
be  h o m o g e n e o u s  o n  t h i n  l a y e r  c h r o m a t o g r a m s  (Tab l e  I I ) ,  
s h o w e d  s p e c t r o s c o p i c  v a l u e s  c o n s i s t e n t  w i t h  s t r u c t u r e  
( I I I )  (Tab l e  I I I ) ,  a n d  g a v e  a p u r p l e  c o l o u r  in  t h e  BRAT- 
TON-MARSHALL t e s t  6 i n d i c a t i v e  of  a m i n o i m i d a z o l e s .  T h e  
c o m p o u n d  q u i c k l y  d a r k e n e d  in  d i l u t e  a c id  to  p r o d u c e  a 
b l a c k  so l id  ( m p  > 350~ w h i c h  d id  n o t  m o v e  f r o m  t h e  
o r i g in  on  t . l .c ,  p l a t e  a n d  is p r e s u m a b l y  a p o l y m e r .  

F o r  in  v i t r o  s t u d i e s  n u c l e o t i d e s  a r e  o f t e n  p r e f e r r e d  to  
n u c l e o s i d e s  b u t  t h e  ac id  s e n s i t i v i t y  of  c o m p o u n d  ( I I I )  
p r e c l u d e d  p h o s p h o r y l a t i o n  d i r e c t l y .  T h e r e f o r e ,  t h e  r e l a t e d  
m e t h y l  2 - a l t r o p y r a n o s i d e  d e r i v a t i v e  (V) w a s  s y n t h e s i z e d  
f r o m  m e t h y l  2-amino-2-deoxy-D-altropyranoside ~ a n d  
i m i d a t e  (IV).  T h i s  g l y c o s i d e  w a s  m u c h  m o r e  s t a b l e  to  
a c id  a n d  a l k a l i  a n d  c o u l d  be  p u r i f i e d  on  a n  i o n - e x c h a n g e  
c o l u m n  (Tab l e  IV) a n d  p h o s p h o r y l a t e d  b y  t h e  m e t h o d  of  

1 y .  F. SHEALLY, C. A. KRAUTH, R. F.  PITILLO a n d  D. :E. HART, 
J. Pharm. Sci. 56, 147 (1967). 

"2 I. E. BURROWS, G. SHAW, D. V. WILSON, J. Chem. Soc. EC~, 
p. 40 (1968). 

a G. T. ROGERS and T. L. V. ULBRICHT, J. Chem. Soe. p. 1929 (1968). 
4 D. V. WILSON and C. G. B~DDOWS, J. C. S. Perkin I (1973). 
a G. SHAW, R. N. WARRENER, D. N. BUTLER and R. K. RALPH, J. 

Chem. Sou., p. 1648 (1959). 
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Table III. Spectroscopic and periodate titration data  for nucIeoside analogues 

Compound Spectrum in acid Spectrum in neutral Spectrum in alkali Spectrum in the Periodate titration 
)~m~x (nm) e solution ~max (nm) g Bratton-Marshall test mole equivalent of 

~.m~x (nm) v ~.m~x (nm) s 104-consumed 

II 246,267 10,200 267 10,300 265-6 10,900 540 26,000 1.01 

III 246,276 8,450 266-7 10,200 265-6 10,900 545 15,100 2.98 

V 242,267 9,400 265 10,500 265 10,650 552 14,800 1.02 

VI 244,268 8,000 267 10,000 268 10,600 550 24,600 1.03 

IX 246,267 9,600 267 10,700 267 10,650 550 13,200 2.99 

VII l 246,266 9,800 265 10,000 267 10,100 545 12,900 2.05 

VII 244,267 9,100 267 11,000 265 11,500 549 14,150 2.33 

X 242,267 10,200 265 10,900 267 11,650 545 13.500 0 

XI 245,267 11,600 267 10,400 267 11,650 550 21,050 0 
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Table IV. Purification of nucleoside analogues by column chromatography on ion-exchange resins 

EXPERIENTIA 30]3 

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

III DE 52 32 • 12 63- 85 
IX (picrate) ~ DE 52 15 • 1.0 15 70- 91 
V AGl•  58 • 33 116 164 

200-400 mesh 
VI ,, 19 • 48 246-317 b 
VIII ,, 45 • 3.5 45 324-404 
X ,, 16.5 • 3.0 33 146-252 
XI ,, 32 • 3.5 33 175-294 

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

TENER s. Desp i t e  t h e  fac t  t h a t  t he  2 ' -and  4 ' - h y d r o x y l  
groups  were no t  p ro t ec t ed  d u r i n g  t he  phosphory l a t i o l l  
r eac t ion  t he  6 ' - m o n o p h o s p h a t e  (VI) was t he  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-exchal lge  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 ic  m o b i l i t y  to  A M P  
and  GMP, c o n t a i n e d  1 mole e q u i v a l e n t  of phospha t e ,  
consumed  1 mole e q u i v a l e n t  of pe r ioda te  9, gave  a pu rp l e  
colour  in  t he  BRATTON-MARSHALL tes 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  aminoimidazo 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  t he  
manl lose  d e r i v a t i v e  (VII)  a n d  a rab inose  d e r i v a t i v e  (VIII )  
h a v e  a s imi la r  s t e r eochemis t ry  to  (II). T he  galactose  
c o m p o u n d  (IX) which is r e l a t ed  to t he  e - anomer  10 of (II) 
was also prepared .  All  these  c o m p o u n d s  m l l 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 slower 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 he  syn thes i s  of 
3 ' - (amino- imidazole  ca rboxamide )  de r iva t i ve s  f rom the  
m e t h y l  glycosides of 3-amino-3-deoxy-D-glucose and  3- 
amino-3-deoxy-D-aKroseat; as expected ,  t he  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 therwise  
s imi la r  to  t he  isomeric  2 ' - examples  (Tables I I  and  I I I ) .  

Experimental procedures. T he  2-amino-2-deoxy-D-mono- 
sacchar ide  hyd roch lo r ide  (270 mg) (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- 
jus t ed  to p H  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 ml  w i t h  me thano l .  E t h y l  N-Ecarbamoyl-  
( cyano)methy l ]  f o r m i m i d a t e  (350 rag) was added  and  t he  
m i x t u r e  kep t  a t  r oom 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 dissolved in m e t h a n o l  and  aga in  
e v a p o r a t e d  t h e n  redissolved in wa te r  and  pur i f ied  b y  

co lumn  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  VII )  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  a n d  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 he  p r o d u c t s  we h a v e  descr ibed  else- 
where t ,  l~ E lec t rophores i s  was car r ied  ou 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  ~ V h a t m a n  3 m m  p a p e r  
a t  2 vol t s  per  cm a t  pH 7.85 [acetic acid (15)-formic 
acid (10)-water  (255) (v/v)], pH 9.4 [in N a i l  CO s (56.8) 
(N - Na2C Q (14.4)-water  (929) (v/v)],  and  pH 9.7 (1% 
sod ium t e t r a b o r a t e  in  wate r ) ;  p r o d u c t s  were de t ec t ed  
us ing  a) t he  B~ATTON-MA~SHALL sp ray  reagen t s  12 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  reagen t s  for p h o s p h a t e  ~a. 

Zusammen/assung. Es wird  eine Re ihe  yon  Imidazo l -  
g lykos iden  u n d  de ren  Syn these  beschr ieben .  Diese e ignen  
sich als Ana loga  der  na t i i r l i chen  Nukleos ide  fiir biolo- 
gische Versuche.  
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l~ber das  V o r k o m m e n  yon  Carboanhydratase  in 

Die kalkige  E ischa le  des t t u h n e s  b e s t e h t  zu 97% aus  
Ca l z iumca rbo l l a t  u n d  e ther  o rgan i schen  Matr ix .  An  tier 
E i s c h a l e n b i l d u n g  is t  C a r b o a n h y d r a t a s e  (E. C. 4.2.1.1.) 
bete i l ig t ,  da  dieses E n z y m  d u t c h  die K a t a l y s e  der  Reak-  
t i on  HsO + COs ~ HsCOa die B i l d u n g s r a t e  des Anions  
des C a l c i u m c a r b o n a t e s  besch l eun ig t  1. Dieses E n z y m  ist  
m i t  S iche rhe i t  im  U t e r u s  yon  H i i h n e r n  nachgewiesen  
worden,  s 4 wo es n i c h t  s t r n k t u r g e b u n d e n  in den  Mucosa-  
zellell vorl iegt .  I n  der  M a m m i l l e n s c h i c h t  der  Eischale l l  
yon  H t i h n e r n  wiesen ROBINSON u n d  KING 6 C a r b o a n h y d r a -  
t ase  m i t t e l s  h i s t o c h e m i s c h e r  M e t h o d e n  nach.  DIAMANT- 
STBIN 5 u n d  SCHLONS a k o n n t e n  diese B e o b a c h t u n g e n  

der Eischale  des Huhnes  

j edoch  n i c h t  bes t~ t igen .  W i r  h a b e n  diese F rages t e l lung  
e r n e u t  aufgegrif~en ulld im Z u s a m m e n h a n g  m i t  de r  
F r a k t i o n i e r u n g  v o n  E i s c h a l e n p r o t e i n e n  b e a r b e i t e t  7. 

Methodik. Fiir die Extraktion von Carboanhydratase 
aus Eischalen wurden Eier (1-2 Tage alt) yon HNL- 
IIybriden verwelldet llnd nach dem yon KRAMPlTZ und 
ENGELS 7 beschriebenen Verfahren aufgearbeitet. Be- 
sondere Beachtung verdient die Beobachtung, dass allen 
Pufferl6sungell, die zur Extraktioll und zur Chromato- 
graphie verwendet wurdell, 2-Mercapto/ithanol zugesetzt 
werdell musste, um die Aktivit~t der Carboanhydratase 
zu erhalten. 


