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can  be  in fe r red  f rom our  f indings ,  in  a d d i t i o n  to  t he  large 
a m o u n t  of ev idence  a c c u m u l a t e d  in t h e  l i t e ra tu re .  Some 
of t h e  p h y t o a l e x i n s  m e n t i o n e d  b y  CRIJICI~SI~ANK ~6 are 
der ived  f rom phenol ic  acids. KLARMAtr 17 i so la ted  phenol ic  
subs t ances  f rom soybeans  in fec ted  w i t h  p h y t o p h t o r a  me-  
g a s p e r m a ;  so d id  BIEHN, WILLIAMS a n d  KlJd ~s a f te r  in- 
fec t ing  t he  b e a n s  w i t h  va r ious  fungi.  

This  p a p e r  does n o t  deal  w i t h  t he  physio logica l  and  
toxicological  sides of t he  p h e n o m e n o n .  However ,  in  v iew 
of t h e  u l t i m a t e  a im  of h u m a n  cons um pt i on ,  these  aspects  
h a v e  to be  k e p t  in  mind ,  as c lear ly  po i n t ed  ou t  b y  SINGL~- 
TON a n d  KRATZER 19. 

Zusammen/assung. B e i m  s p o n t a n e n  B r ~ u n e n  u n d  Er-  
h i t z e n  yon  ge lager ten  S o y a b o h n e n  b i lden  sich Pheno l -  
s~turen, welche  eine a k t i v e  IRolle in E n t s t e h e n  des Lager-  

s chadens  spielen u n d  a u c h  als dessen F r i i h i n d i k a t o r  d ienen  
k6nnen .  
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S y n t h e s i s  and  S t e r e o s p e c i f i e  S y n t h e s i s  of s o m e  A l k y l - 5 - A m i n o - l - G l y c o f u r a n o s y l  I m i d a z o l e - 4 - C a r -  
b o x y l a t e s  Re la ted  to  I n t e r m e d i a t e s  in Pur ine  N u c l e o t i d e  de n o v o  B i o s y n t h e s i s  

The  amino imidazo l eca rboxy l i c  acid r i bo t ide  C - A I R  (I) 
is a n  i m p o r t a n t  i n t e r m e d i a t e  in  t he  b io syn thes i s  de novo  
of pu r ine  nuc leo t ides  1, a n d  is of va lue  for t he  syn thes i s  of 
acyclic  i n t e r m e d i a t e s  in  t h e  same  p a t h w a y .  W e  h a v e  
syn thes i zed  t h e  nuc leo t ide  p rev ious ly  2 b y  p h o s p h o r y l a -  
t i o n  of t he  i sopropy l idene  r ibonucleos ide  (IIa) ,  s u b s e q u e n t  
r e m o v a l  of t h e  i sopropy l idene  group  w i t h  acid, and  hydro -  
lysis  of t he  es ter  w i t h  alkali .  T he  imidazole  es ter  ( IIa)  was 
o b t a i n e d  b y  t he  r eac t ion  of 2, 3, 5-tri-O-benzoylribofuran- 
osy l amine  (III)  w i t h  t h e  f o r m i m i d a t e  (IVa), hydro lys i s  of 
t he  der ived  t r i b e n z o y l  nucleoside,  and  c o n d e n s a t i o n  of t h e  
r e su l t i ng  nucleos ide  w i t h  d i m e t h o x y p r o p a n e  and  tosic  
acid, or b y  c o n d e n s a t i o n  of t he  2 ,3 , -O- isopropyl idene  
r i b o f u r a n o s y l a m i n e  t o s a t e  (V)a w i t h  t he  same  r eagen t  
(IVa) in  t h e  presence  of base.  

S u b s e q u e n t  r eac t ions  of t he  p r o t o n a t e d  i sopropyl idene  
r i b o f u r a n o s y l a m i n e  (V) w i t h  (IVb) (p repared  b y  re f lux ing  
e t h y l - e - a m i n o - e - c y a n o a c e t a t e  w i t h  t r i e t h y l  orthoformate 
in  ace ton i t r i l e  for 45 rain) a n d  base,  however ,  gave  a 
m i x t u r e  of t h e  a- a n d  f l - isopropyl idene amino imidazo l e  
nucleosides  ((VI) a n d  (IIb) ,  respect ively) ,  wh ich  were v e r y  
r ead i ly  s e p a r a t e d  w i t h o u t  c h r o m a t o g r a p h y  and  o b t a i n e d  
as c rys ta l l ine  solids (Table  I). Closer e x a m i n a t i o n  of t h e  
ear l ier  r eac t ion  of (V) w i t h  t he  m e t h y l  es ter  f o r m i m i d a t e  
(IVa) a n d  base  also revea led  t he  presence  of t h e  corre- 
s p o n d i n g  e-nucleoside.  

Table I. 

Imidazole Yield m.p. ~ laird ~ (C, %)~Zmax(nm) ~ [e] BRATTON 
nucleoside (%) MARSHALL 9 

) ~ ( n m )  

(XIV) 75 177-9 --24 ~ (0.4) 266 [12,640] 513 
(VI) 22 188-190 70 ~ (0.3) 267 [11,060] 508 
(IIb) 16 180-2 --97 ~ (0.3) 267 [12,900] 512 
(tla) -- 161-2 --100 ~ (0.3) 267 [13,200] 508 
(X) [A] 20 225 6 +95 ~ (0.2) 267 [13,000] 518 
(XI) [B] 20 190-2 +43 ~ (0.2) 266 [12,700] 508 

Measured in DMSO. b Slight inflection at 230-240 rim; solvent nle- 
thanol. 

The  same  m i x t u r e  of e- a n d  fl-nucleosides (VI) and  ( l ib )  
was  also o b t a i n e d  b y  a mod i f i ca t ion  of t h i s  l as t  syn thes i s  
wh ich  i nvo lved  pr io r  r eac t ion  of t h e  r i bosy l amine  to sa t e  
(V) w i t h  e thy l  f o r m i m i d a t e  hyd roch lo r ide  a n d  t r i e thy l -  
amine ,  a n d  s u b s e q u e n t  r eac t ion  of t h e  m i x t u r e  of in ter -  
med ia t e s  (VII) ,  wh ich  are p r e s u m a b l y  formed,  w i t h  
e thy l - a - amino -e - cyanoace t a t e .  

The  s t r u c t u r e  ass igned to  t he  m e t h y l  fl-nucleoside (IIa)  
was conf i rmed  b y  e l e m e n t a l  analysis ,  a n d  compar i son  
(TCL, IR ,  UV, m.p.  a n d  mixed  m.p.)  w i t h  m a t e r i a l  a l r eady  
p r e p a r e d  v ia  t h e  benzoy l  i n t e r m e d i a t e  a n d  earl ier  shown  
to h a v e  t he  f l -conf igurat ion b y  convers ion  in to  inosine~ 
a n d  in to  va r ious  i n t e r m e d i a t e s  in  t h e  de novo  p a t h w a y  
leading  to pu r ine  nucleot ides .  

A s s i g n m e n t  of t he  f l - s t ruc ture  to  t h e  co r re spond ing  
e t h y l  es ter  nucleoside  ( I Ib)  was  conf i rmed  b y  e l emen ta l  
analysis ,  mass  s p e c t r u m  (M+ = 327) a n d  b y  compar i son  
of op t ica l  r o t a t i o n  (Table  I), a n d  c i rcular  d ich ro i sm 
(Figure 1) m e a s u r e m e n t s  w i t h  these  of t h e  m e t h y l  
fl-nucleoside (IIa) .  The  fl-ethyl es ter  nucleos ide  ( I Ib)  w i t h  
a m m o n i a  gave  t he  amino imidazo l e  c a r b o x y a m i d e  (IIc) 
wh ich  was iden t ica l  (TLC in severa l  solvents)  w i t h  t h a t  
p roduced  f rom the  f l -methyl  es ter  (IIa) .  The  s t r u c t u r e  
ass igned to t he  e thy l  a-es ter  (VI) was  conf i rmed  b y  ele- 
m e n t a l  analysis ,  mass  s p e c t r u m  (M + = 327) a n d  t h e  
differences  in op t ica l  r o t a t i o n  (Table  i) a n d  c i rcular  
d i ch ro i sm (Figure 2) m e a s u r e m e n t s  c o m p a r e d  to those  of 
t he  fl-ester (IIb) .  The  e-r iboside  (VI) also differs f rom the  
f l -anomer  in b e h a v i o u r  on  t h i n  l ayer  c h r o m a t o g r a m ,  a n d  
r a t e  of loss of i sopropy l idene  group  in 10% aqueous  acet ic  
acid a t  100~ (the fl-form requ i red  2 h for comple t e  
d e a c e t o n a t i o n  c o m p a r e d  w i t h  31/~ h for t h e  s - fo rm;  some 
ag lycone  was fo rmed  in each  case). 

I n  a d d i t i o n  t he  a s s ignmen t s  agree  well  w i t h  HUDSON'S 4 
i so ro ta t ion  rules. These  rules h a v e  been  shown  to a p p l y  to 
ana logous  pu r ine  nucleosides  5. The  N M R - s p e c t r a  were no t  
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conclus ive  in t h e  case of t he  imidazole  r ibonucleos ides  
since t he  H f  p ro tons  are spl i t  b y  a b o u t  t he  same  a m o u n t  
in  each  case (Table  II)~. 

I n  t he  same  m a n n e r  a m i x t u r e  of 2 i sopropyl idene  
m a n n o f u r a n o s y l a m i n o i m i d a z o l e  der iva t ives ,  A and  B 
(Table  I), were o b t a i n e d  b y  c o n d e n s a t i o n  of 2, 3: 5, 6-0- 
i s o p r o p y l i d e n e - D - m a n n o f u r a n o s y l a m i n e  to sa t e  (VII I )  7 
w i t h  e i the r  t he  f o r m i m i d a t e  (IVa) and  base,  o r b y  pr ior  
r eac t ion  of t h e  m a n n o s y l a m i n e  to sa t e  w i t h  e thy l  form-  
i m i d a t e  hyd roch l0 r ide  and  t r i e t h y l a m i n e  a n d  s u b s e q u e n t  
r eac t ion  of t he  m a n n o s y l  f o r m i m i d a t e s  (IX),  wh ich  are 
p r e s u m a b l y  formed,  w i t h  e thy l  a - amino-~-cyanoace ta t e .  
The  fu ranose  conf igu ra t ion  of b o t h  isomers  was conf i rmed  
b y  r e m o v a l  of t h e  i sopropy l idene  groups  w i t h  aqueous  
acet ic  acid and  isola t ion  of f o r m a l d e h y d e  as t he  d i m e d o n e  
d e r i v a t i v e  in good yield a f te r  pe r ioda te  ox ida t i on  of t h e  
der ived  nucleosides  s. 

E l e m e n t a l  ana lyses  a n d  mass  spec t ra  (M[ = 397, 
M + = 397) agreed well  w i th  t he  s t r u c t u r e  of e thy l  5-amino-  
1 (2, 3 : 5, 6 -d i -O- i sopropy l idene-D-mannofuranosy l ) imida-  
zole-4-carboxyla te .  App l i ca t ion  of HUDSON'S rules  to  t he  
m a n n o s y l  imidazole  nucleosides  i nd i ca t e  t h a t  A can  be  
ass igned t h e  c~- conf igu ra t ion  (X) a n d  B the /5 -conf igura -  
t i on  (XI) .  F u r t h e r  ev idence  for these  a s s ignmen t s  is 
p r o v i d e d  b y  compar i son  of t h e  sh i f t  in  t h e  v is ib le  spec t ra l  
m a x i m a  of t he  dyes tuf fs  p roduced  in t h e  BRATTON- 
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7 N. J. CIJSACK, P. W. RuGs and G. SHAW, Chem. Commun. 190 

{1970). 
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MARSHALL 9 assay  of t he  m a n n o s e  nucleosides  w h e n  com- 
p a r e d  w i t h  those  of t h e  r ibose  ana logues  (Table  I), w h e n  
a cha rac t e r i s t i c  di f ference appea r s  accord ing  to  w h e t h e r  
t h e  i sopropyl idene  and  imidazole  r ing  sys t ems  are in  t he  
cis or trans conf igura t ion .  T he  N M R - s p e c t r u m  of t he  
a - imidazole  m a n n o s y l  nucleos ide  (X) shows t he  H / p r o t o n  
as a s ingle t  (Table  II) ,  whereas  t he  ~ -anomer  ha s  a ve ry  
b r o a d  s ing le t  showing  a t e n d e n c y  to split .  Th i s  conf i rms  
the  trans Hi ' ,  H 2' p r o t o n  a r r a n g e m e n t  in  t h e  ~-form and  
t he  cis H / ,  H~' p r o t o n  a r r a n g e m e n t  in  t he  fl-form 1~ 

I n  c o n t r a s t  to  t he  a b o v e  r eac t ion  sequences ,  3, 5-0- 
i sop ropy l idene - I>xy lo fu ranosy l amine  t o s a t e  (XII )  w i t h  
e t h y l  f o r m i m i d a t e  h y d r o c h l o r i d e  a n d  t r i e t h y l a m i n e  gave  
a r ead i ly  i so la ted  c rys ta l l ine  compound ,  m.p.  119-121~ 
[a]~ ~ = + 9,0~ = 2.8% in  DMSO) in exce l len t  yield 
( >  65 %).  W e  assign t h e  oxazol ine  s t r u c t u r e  ( X I I I )  to  t h i s  
compound .  E v i d e n c e  for th i s  s t r u c t u r e  comes  f rom ele- 
m e n t a l  analysis ,  and  I R - s p e c t r a  (absence of O - H ,  b u t  a 
s t rong  b a n d  a t  1620 cm -~ (C = N), a n d  a doub le t  a t  
1380 cm-~;  cha rac t e r i s t i c  of t h e  i sopropyl idene  group),  
The  mass  s p e c t r u m  shows a v e r y  smal l  mass  ion a t  199 
(M)+ a n d  200 (M + 1)+ b u t  a s t rong  peak  a t  184 (M --CH3)+ ; 
th i s  p a t t e r n  is c o m m o n  in these  t ypes  of i sopropyl idene  
sugar  der iva t ives .  N M R - s p e c t r a  in  CDC13 shows a one 
p r o t o n  s ingle t  a t  r = 2.97 co r r e spond ing  to  t he  p r o t o n  of 
t he  oxazol ine  ring, a n d  a one p r o t o n  doub l e t  a t  T = 3.8 
co r re spond ing  to t h e  glycosidic H 1' p r o t o n  (JKt ' ,~2 '  
6.04-0.5 Hz).  

I n  add i t i on  t he  oxazol ine  r eac t ed  s m o o t h l y  w i t h  
e t h y l - ~ - a m i n o - a - c y a n o a c e t a t e  to  give t he  xy lo fu ranosy l  
imidazole  (XIV)  in exce l len t  yield (Table  I) w i t h  no  

AE 

+2.04(201 nm) 

250 

(IIa) -lJO(267nm) 

X(nm) 

tag + ~.83 (234nm) 

 oo/ 250 300 

-3.1/R12 (203n) m 

Fig. 1 and 2. Circular dichroism spectra of some anomeric imidazole 
ribonucleosides. Crosses mark maxima and minima of curves. 

ev idence  for t he  presence  of a n y  fl-isomer in t he  p roduc t .  
The  s t r u c t u r e  of (XIV)  was conf i rmed  b y  e l e m e n t a l  

analysis ,  a n d  mass  s p e c t r u m  (M+ = 327). The  a-conf igura-  
t ion  is a s sumed  because  of t h e  m o d e  of syn thes i s  a n d  t he  
absence  of a n y  o the r  amino imidazo l e  nncleos ide  in t he  
r eac t i on  m i x t u r e  (TLC examina t ion ) ,  wh ich  impl ies  t h a t  
no  m u t a r o t a t i o n  occurs  a t  t he  acyclic  i n t e r m e d i a t e  s tage  
( R - N  C H - N H - C H  (CN)COOEt  where  R is t h e  i sopropyl-  
idene  xy lo fu ranosy l  moiety) .  

Ea r l i e r  work  on  t he  c o n d e n s a t i o n  of t h e  i sopropyl idene-  
r ibo-,  manno- ,  a n d  x y l o f u r a n o s y l a m i n e  to sa t e s  (V), (VII I )  
a n d  (XI I ) ,  r e spec t ive ly  3, ~, w i t h  acyclie jS-ethoxy acryloyl  
u r e t h a n e s  sugges ted  t h a t  on ly  a single i somer  was  be ing  
formed,  genera l ly  in  exce l len t  yields  of up  to  80%.  How-  
ever,  i t  is clear f rom our  c u r r e n t  resu l t s  on  amino imidazo les  
t h a t  m i x t u r e s  of anomer ic  isomers  are  p roduced .  This  
impl ies  t h a t  e i the r  t he  g lycofuranosy l  t o sa t e s  are anomer ic  
m i x t u r e s  or t h a t  m u t a r o t a t i o n  occurs  in  s u b s e q u e n t  reac-  
t ions,  e i the r  w i t h  t h e  u n p r o t o n a t e d  g lycofura l losy lamines  
or w i t h  t h e  acyclic  i n t e r m e d i a t e s  wh ich  are fo rmed  in 
these  types  of reac t ions .  The  f o r m a t i o n  of a single pu re  
i somer  f rom t h e  oxazol ine  ( X I I I )  and  e thy l - a -amino-a -  
c y a n o - a c e t a t e  suggests  t h a t  t h e r e  is l i t t l e  or no  m u t a r o t a -  
t ion  of t he  acyclic  s t r u c t u r e s  fo rmed  in th i s  reac t ion .  I n  
a d d i t i o n  t he  v a r i a t i o n  in yields of t h e  va r ious  a- a n d  fl- 
i somers  p roduced  us ing  a c r y l o y l u r e t h a n e s  a n d  fo rmimi-  
da tes  would  sugges t  t h a t  if, as seems inev i tab le ,  m u t a r o t a -  
t ion  is occurr ing,  i t  is h a p p e n i n g  w i t h  t he  u n p r o t o n a t e d  
g lyco fu ranosy lamines  wh ich  are l i be r a t ed  du r ing  t he  
reac t ions .  Con f i rma t ion  t h a t  t h i s  is so ha s  come f rom a 
s t u d y  of t he  r ap id  change  of op t ica l  r o t a t i o n  of t he  un-  
p r o t o n a t e d  i sopropyl idene  r i b o f u r a n o s y l a m i n e  and  f rom 
the  a c c o m p a n y i n g  r e a d y  f o r m a t i o n  of t h e  co r re spond ing  
bis-ribofuranosylamine (XV)11 [m.p. 153-154~ M + = 361; 
[a]~ ~ -- 144 ~ ( C =  0.4 % DMSO)].  Also p r e l i m i n a r y  k ine t ic  
e x p e r i m e n t s  i n v o l v i n g  t he  r eac t ion  of t he  f o r m i m i d a t e  
(IV b) w i t h  s imple  a l ipha t i c  amines  reveals  t h a t  t h e  r a t e  
is v e r y  slow (4-5 h for  c o m p l e t i o n  a t  r oom t e m p e r a t u r e )  
c o m p a r e d  w i t h  t h a t  of t h e  a c r y l o y l u r e t h a n e s  w h i c h  r e a c t  
w i t h i n  seconds of mix ing .  

The  s tereospecif ic  syn thes i s  of nucleosides  f rom oxa-  
zoline precursors  offers a v a l u a b l e  new rou te  to  a v a r i e t y  
of N - s u b s t i t u t e d  glycosides and  these  and  t h e  va r ious  
r e l a t ed  r eac t ions  ou t l i ned  above  are u n d e r  f u r t h e r  inves t -  
igat ion.  

Zusammen/assung. 5-Amino-Glycofuranosy l imidazo l -  
D e r i v a t i v e  w u r d e n  durc  k K o n d e n s a t i o n  der  I sop ropy l iden -  
g l y c o f u r a n o s y l a m i n e  m i t  & t h y l - N - ( C y a n o - N - & t h o x y c a r -  
b o n y l m e t h y l ) f o r m i m i d a t  oder  d u r c h  1Reaktion yon  A t h y l -  
f o r m i m i d a t - H y d r o c h l o r i d  m i t  den  F u r a n o s y l a m i n e n ,  
wozu _~ thy l - a -amino-a -cyanoace t a t  h inzugef i ig t  wurde ,  
darges te l l t .  Bei  den  Ribose-  u n d  M a n n o s e d e r i v a t e n ,  wur-  
den  a- u n d  f i -Formen als Kr i s ta l l e  isoliert .  E ine  neue  
s tereospezif ische S y n t h e s e  v o n  X y l o f n r a n o s y l a m i n o -  
imidazo l  t iber  e in  Xyloseoxazo l in  wi rd  beschr ieben .  

D. H.  ROBINSON and  G. S~tAw 

Table II. Nuclear magnetic resonance~ spectra of some aminoimi- School o/Chemistry, University of Brad/oral, 
dazole nucleosides Bradford B7 7DP (England), 29 November 7971. 

hnidazole nucleoside "r H 1 JHI'  , H a' 

(VI) 4.04 3.5• Hz 
(I/b) 4217 3.5-/-0.5 Hz 
(X) [Aj 4.03 Singlet 
(XI) [13] 4.39 Broad singlet 

Reference tetramethylsilane. Solvent d s DMSO : D20 (4 : 1). 

9 C. BRATTON and E. N. MARSHALL, J. biol. Chem. 128, 537 (1939). 
10 For a discussion and further references on the use of NMR in the 

assignment of anomeric configurations, see L. GOLD~AN and J. W. 
MARSICO, J. med. Chem. 6, 413 (1963). 

11 D. H. Rom~soN and G. SHAW, unpublished work. 
12 We wish to thank Professor W. KEY?as and Dr. P. 1Vi. ScoPms of 

Westfield College, Hampstead (England), for circular dichroism 
measurements. 


