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NUCLEOSIDES & NUCLEOTIDES, 2 ( 2 )  , 99-112 (1983) 

REGLOCHEHICAL ASPECTS IA REACTIOAS OF 6-AZAURIDINE DIALDEEYDE 

Josef Nemec* and Jerry M. Rhoades 

Di v i s i on of Bi ochemi c a1 and C 1 in i c a1 Pharmacology 
St. Jude Children's Research Hospital 

and 
The Department of Medicinal Chemistry 

University of Tennessee Center for the Health Sciences 
Memphis, Tennessee 38101 

ABSTRACT: Conversions of 6-azauridine dialdehyde (1) have been investi- 
gated. The reaction of 1 with equimolecular amount of N,N'-diphenyl- 
ethylenediamine (3) is highly regioselective, leading to the monoimida- 
zolidine 4b (81%) and the bisimidazolidine 6 (10%). Two equivalents of 
- 3 per onemole of 1 produced 6 in 90% yield, while the monoimidazolidine 
- 5 was not found in either experiment. In contrast to 3, hydroxylamine 
reacted with 1 more rapidly and nonregioselectively with the formation 
of bisoxime 10a,b, isolated as a mixture of 90% EYE-isomer and 10% 
of Z ,Z-isomer E. 

In the preceding communication of this series, we reported on 

studies of equilibrium mixtures of hemiacetals and hemialdals of 6-aza- 
uridine dialdehyde (1)' y 2 ,  prepared from the known anti-neoplastic 

and anti-psoriatic agent 6-azauridine (113 by an oxidative cleavage with 
sodium metaperiodate. The reactivity and transformations of 1 were 
examined, with a view to its possible chemical and biological utili- 
ties. In this paper we describe the reactions of N,N'-diphenylethylene- 
diamine (3) and hydroxylamine with the dialdehyde 1 and present evidence 
for the structure of the products. 

The diamine 3 was used by Wanzlick and Lochel to characterize alde- 

hydes as crystalline 1,3-diphenylimidazolidine~.~ These derivatives , 
which can be conveniently used to protect aldehyde groups,' are stable 
in alkaline media but can be easily hydrolyzed under acidic conditions. 
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100 NEMEC AND RHOADES 

S i n c e  t h e  t w o  l a t e n t ’  a l d e h y d e  g r o u p s  o f  1 are n o t  e q u i v a l e n t ,  

t r e a t m e n t  o f  1 w i t h  2 c o u l d  l e a d  t o  two m o n o i m i d a z o l i d i n e s ,  r e p r e s e n t e d  

f o r m a l l y  by t h e  s t r u c t u r e s  4 a  and 2, as w e l l  as o n e  b i s i m i d a z o l i d i n e  6.  
An e x a m i n a t i o n  o f  CPK s p a c e - f i l l i n g  m o l e c u l a r  models  s u g g e s t e d  t h a t  t h e  

r e a c t i o n  o f  t h e  a l d e h y d e  g r o u p  o f  1, d e r i v e d  from t h e  Cg’-atom , which 

g i v e s  r i s e  t o  k, would b e  s t e r e o c h e m i c a l l y  p r e f e r r e d  t o  t h e  p r o d u c t  of  

a r e a c t i o n  w i t h  t h e  Cq’-atom, t h e  r e s u l t  o f  which would b e  d e r i v a t i v e  

- 5. I n d e e d ,  when t h e  a l d e h y d e  1 was treated w i t h  a n  e q u i m o l e c u l a r  amount 
of d iamine  2, a h i g h  d e g r e e  o f  r e g i o s e l e c t i v i t y  was o b s e r v e d  i n  f a v o r  o f  

t h e  c a r b o n  atom 3’ ;  t h u s ,  t h e  m o n o i m i d a z o l i d i n e  2 (5) was o b t a i n e d  i n  

81% y i e l d  t o g e t h e r  wi th  10% o f  b i s i m i d a z o l i d i n e  - 6. Under more v i g o r o u s  

r e a c t i o n  c o n d i t i o n s ,  i n c l u d i n g  p r o l o n g e d  h e a t i n g  o f  1 w i t h  t w o  equiva-  

l e n t s  of 3, r e a c t i o n  w i t h  t h e  second a l d e h y d e  g r o u p  o c c u r r e d ,  l e a d i n g  t o  

t h e  f o r m a t i o n  o f  d e r i v a t i v e  - 6 i n  90% y i e l d .  I n  n e i t h e r  e x p e r i m e n t ,  how- 

e v e r ,  was t h e  second m o n o i m i d a z o l i d i n e ,  i .e . ,  5, found among t h e  pro-  

d u c t s .  S i m i l a r  o b s e r v a t i o n s  were r e p o r t e d 7  when d i a l d e h y d e s  of pyr imi-  

d i n e  and p u r i n e  n u c l e o s i d e s  were r e d u c e d  u n d e r  s l i g h t l y  a c i d i c  c o n d i -  

t i o n s  w i t h  sodium b o r o h y d r i d e ;  t h u s ,  t h e  a l d e h y d e  g r o u p  d i s t a l  t o  t h e  

n u c l e o s i d e  b a s e  r e a c t e d  s e l e c t i v e l y .  

- 

6 

The r e p r e s e n t a t i o n  o f  b o t h  m o n o i m i d a z o l i d i n e s  as and 5 w i t h  f r e e  

a ldehyde  g r o u p s  was p r e v i o u s l y  used  f o r  c o n v e n i e n c e ;  however ,  t h e  I R  

spec t rum o f  %, t a k e n  i n  a KBr d i s c ,  d i s p l a y e d  no d i s t i n c t  bands a t t r i -  

b u t a b l e  t o  t h e  a l d e h y d i c  p r o t o n  a t  -2740 and 2855 cm-’. The c a r b o n y l  

r e g i o n  o f  1720-1740 cm-l was e q u i v o c a l  b e c a u s e  t h e  c a r b o n y l  g r o u p  o f  t h e  

h e t e r o c y c l i c  b a s e  a l s o  e x h i b i t e d  an a b s o r p t i o n  band i n  tha t  a r e a .  On 

t h e  o t h e r  h a n d ,  t h e  s p e c t r u m  d i d  n o t  show a s t r o n g  and b r o a d  band around 

1120 cm-’, which is cha rac t e r i s t i c  f o r  t h e  C-0-C g r o u p  i n  p o l y m e r i z e d  

a l d e h y d e s  and was found i n  t h e  s t a r t i n g  d i a l d e h y d e  F. I m p o r t a n t l y ,  

t h e r e  w a s  found no s i g n a l  f o r  a f r e e  a l d e h y d e  p r o t o n  i n  t h e  NMR s p e c t r u m  

of  4a a t  9-10 ppm. *-lo A c e t y l a t i o n  o f  t h i s  compound by  ace t ic  anhy- 

d r i d e  i n  p y r i d i n e  p r o v i d e d  t h e  m o n o a c e t a t e  5, t h e  NMR s p e c t r u m  of which 

d i s p l a y e d  a minor  d o w n f i e l d  s h i f t  (0.09 ppm) f o r  t h e  anomer ic  p r o t o n  b u t  

a major  d o w n f i e l d  s h i f t  (0.96 ppm) f o r  o n l y  one p r o t o n . ”  This obaerva-  

t i o n  was conf i rmed by t h e  a c e t y l a t i o n  i n  s i t u  of  a sample o f  i n  t he  

NMR t u b e  i n  a t ime-dependent  manner;  t h u s ,  t h e s e  s p e c t r a l  d a t a  s u g g e s t e d  

t h a t  t h e  m o n o i m i d a z o l i d i n e  a c t u a l l y  e x i s t e d  i n  t h e  h e m i a c e t a l  form - 4 b ,  

rather t h a n  h a v i n g  e i the r  a f r e e  a l d e h y d e  g r o u p ,  as in %, or a poly-  

mer ized  form. 

- 
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102 NEMEC AND RHOADES 

The p o s i t i o n  of t h e  imidazol idine r i n g ,  however, remained t o  be 

e s t ab l i shed .  Accordingly, 4b was reduced (vide i n f r a )  i n t o  t h e  d i o l  7a,  

which, upon a c e t y l a t i o n ,  gave the  d i a c e t a t e  2. Comparison of t h e  NMR 
s p e c t r a  of t h i s  d i o l  and i t s  d i a c e t a t e  revealed a downfield s h i f t  (A6 

0.29) f o r  t he  anomeric proton i n  - 7b versus  &. A s i m i l a r  e f f e c t ,  even 

though less pronounced, was observed between fi and i t s  a c e t a t e  4c (s 
supra ) .  This i nd ica t ed  t h e  proximity of t h e  acetoxy group and t h e  ano- 

merlc proton and suggested t h e  s t r u c t u r e  *, r a t h e r  t han  5, f o r  t h e  

parent monoimidazolidine. The unequivocal proof of t h e  s t r u c t u r e ,  how- 

ever ,  was accomplished v i a  the  fol lowing r e a c t i o n  sequence. The a lde -  

hyde group of - 4b w a s  reduced by sodium borohydrl.de i n  a l k a l i n e  medium4; 

thus making c e r t a i n  t h a t  t h e  i n t e g r i t y  of t h e  imidazol idine r i n g  w a s  

preserved while t he  d i o l  7a was formed. Treatment of t h i s  d i o l  with a 

c a t i o n  exchange r e s i n  yielded t h e  deprotected aldehyde E, which w a s  

subjected i n  s l t u  t o  a s t r o n g l y  ac id  hydro lys i s  a t  an e l eva ted  tempera- 

tu re .  Under these  cond i t ions ,  t h e  nucleoside and e t h e r  bonds were 
cleaved and t h e  t h r e e  carbon atom fragment, corresponding t o  t h e  C g ' - ,  

C4'-, and CS'-atoms of t h e  r ibofuraooeyl  r e s idue ,  was I s o l a t e d  and 

i d e n t i f i e d  a s  t h e  methylglyoxal bisphenylhydrazone. It is known t h a t  

glyceraldehyde, being very r e a c t i v e  i n  s o l u t i o n s ,  is transformed i n t o  

methylglyoxal when d i s t i l l e d  from a s t r o n g l y  a c i d i c  milieu.7 Hence, t h e  

i s o l a t i o n  of methylglyoxal bisphenylhydrazone a f fo rded  unequivocal proof 

of the s t r u c t u r e  and consequently of t h e  monoimidazolidine 4a (4b). 

The a l t e r n a t i v e  regioisomer 2, i f  subjected t o  t h e  same procedure,  would 

have l ed  t o  the  monoaldehyde 8; in t u r n ,  t h i s  would have yielded gly-  

c e r o l  as t h e  t h r e e  carbon atom fragment. Indeed, i n  model experiments 

t h e  t r i o 1  2 and t h e  dialdehyde 1 l ed  t o  g l y c e r o l  and methylglyoxal,  

r e spec t ive ly .  

- - 

-- 

- -  

- 

Even though imidazol idines  4b and 5 were q u i t e  s t a b l e  on r e g u l a r  

and two-dimensional TLC on s i l i ca  g e l ,  a h igh  degree of decomposition 

was encountered during column chromatography on t h e  same adsorbent.  I n  

order  t o  circumvent t h i s  problem, a modified f l a s h  chromatography12 was 

employed (vide i n f r a ) .  

In  con t r a s t  t o  t h e  r e a c t i v i t y  of diamine 3, hydroxylamine r eac t ed  

with 1 much more r ap id ly  and nonreg iose l ec t ive ly ,  with t h e  formation of 

t he  bisoxime lOa,b in  90% y i e l d .  Since aldoximes can form c i s - t r ans -  

isomers, it was not s u r p r i s i n g  t o  f ind  t h a t  t h e  crude product cons i s t ed  
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of  a m i x t u r e  of such i s o m e r s .  A t t e m p t s  t o  i s o l a t e  t h e  p u r e  isomers o f  

IOa and m e t  o n l y  w i t h  l i m i t e d  s u c c e s s .  The h i g h e s t  i s o m e r i c  p u r i t y  

was a c h i e v e d  t h r o u g h  a q u i c k ,  t e m p e r a t u r e  c o n t r o l l e d  f r a c t i o n a l  c r y s t a l -  

l i z a t i o n  from dioxane-benzene .  The c r y s t a l l i n e  p r o d u c t  t h u s  o b t a i n e d  

was a s o l v a t e  (mp 105-1@7"C, d i s p l a y i n g  one we l l  d e f i n e d  s p o t  on TLC); 

t h i s  c o n t a i n e d  one m o l e c u l e  of  d i o x a n e  t h a t  c o u l d  n o t  b e  removed w i t h o u t  

a p p r e c i a b l e  d e c o m p o s i t i o n  o f  t h e  compound. The NMR s p e c t r u m  t a k e n  i n  

MepSO-dg e x h i b i t e d  l o w - f i e l d  s h a r p  s i g n a l s  between 11 .55-11 .16  ppm, i n -  

t e g r a t i n g  € o r  two p r o t o n s  t h a t  d i s a p p e a r e d  on t h e  a d d i t i o n  o f  d e u t e r i u m  

o x i d e ;  t h e s e  s i g n a l s  were a s s i g n e d  t o  t h e  hydroxyimino  h y d r o g e n s .  Close 

e x a m i n a t i o n  r e v e a l e d  t h a t  t h e  s i g n a l s  were composed o f  t w o  m a j o r  s i n g -  

l e t s  a t  11.16 and 11 .39  ppm, each  i n t e g r a t i n g  f o r  a p p r o x i m a t e l y  0 .9  H ,  

and two minor  s i n g l e t s  ( 2  x 4 . 1  H) t h a t  were s h i f t e d  d o w n f i e l d  from t h e  

p a r e n t  o n e s ,  each  by 0 . 1 6  ppm. The hydrogen  atoms of t h e  oxime t r i g o n a l  

c a r b o n s  a t  C p '  and C 3 '  were o b s e r v e d  as two d o u b l e t s  a t  67 .50  (J = 6 Hz) 

and 7.29 (J = 7 Hz), each i n t e g r a t i n g  f o r  -0 .9  H ,  and an u p f i e l d  m u l t i -  

p l e t  a t  6 .5-7 .0  ppm ( t o t a l l y  -0 .2  H). Rased on t h e s e  d a t a  and t h e  

c h e m i c a l  s h i f t  c o r r e l a t i o n s ,  t h e  f o l l o w i n g  a s s i g n m e n t  was made. It was 

r e p o r t e d  1 3 - 1 7  t h a t  t h e  hydrogen  atom of  t h e  a ldoxime t r i g o n a l  c a r b o n  

i s  more d e s h i e l d e d  i n  t h e  E - i s o m e r  [ t h i s  p r o t o n  i s  c i s - ( s y n - )  t o  t h e  

oxime OH g r o u p ]  t h a n  in t h e  2- isomer,  and t h a t  t h e  p r o t o n  o f  the oxime 

h y d r o x y l  g r o u p  i s  more d e s h i e l d e d  i n  t h e  2-form [ i . e . ,  NOH is t r a n s -  

( a n t i - )  t o  t h e  p r o t o n  o f  the a ldoxime t r i g o n a l  c a r b o n  atom] t h a n  i n  t h e  

E-form. Thus,  t h e  a p p l i c a t i o n  of t h e s e  c o r r e l a t i o n s  on o u r  example sug- 

g e s t e d  t h a t  t h e  b isoxime 1 0 a , b  was composed of a p p r o x i m a t e l y  90% E,E- 

i somer  - 1Oa and 10% of Z,Z-isomer, E. 

- 

Attempts  t o  r e d u c e  1 0 a , b  t o  t h e  c o r r e s p o n d i n g  d i a m i n o n u c l e o s i d e  

w i t h  hydrogen  on p a l l a d i u m  or p l a t i n u m  l e d  o n l y  t o  a complex 

m i x t u r e  of compounds. 
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104 NEMEC AND RHOADES 

EXPERIMENTAL. SECTIOR 

A l l  chemica ls  were of  A.C.S. c e r t i f i e d  g r a d e  and were used wi thou t  

f u r t h e r  t r e a t m e n t ,  u n l e s s  s t a t e d  o the rwise .  Pe t ro leum e t h e r  r e f e r s  t o  

t h e  f r a c t i o n  of bp 38-46'C. The hexane used c o n t a i n e d  a mix tu re  of iso- 

mers; t h e  b o i l i n g  range  was 65.2-67.4.C. A l m o s t  a l l  e v a p o r a t i o n s  were 

conducted on a r o t a r y  e v a p o r a t o r  i n  vacuo (12-20 mm Hg) and a t  b a t h  tem-  

p e r a t u r e s  of  30-4O'C. A n a l y t i c a l  t h i n - l a y e r  chromatography (TLC) was 

performed on s i l i c a  g e l  wi th  f l u o r e s c e n t  i n d i c a t o r  (Macherey-Nagel Poly- 

gram S i l  G/W254, 0.25 nun l a y e r ) .  P r e p a r a t i v e  l a y e r  chromatographic  

s e p a r a t i o n s  were c a r r i e d  o u t  on l a y e r s  of s i l i c a  g e l  e i t h e r  1.0 or 2.0 

m of t h e  same provenience .  The p l a t e s  were t r e a t e d  i n  a s t r eam o f  d r y  

n i t r o g e n  f o r  24 h prior t o  use .  Modified f l a s h  chromatography12 was 

c a r r i e d  ou t  us ing  s i l i c a  g e l  60 (E. Merck), p a r t i c l e  s i z e  0.040-0.063 mm 

(230-400 mesh ASTM). The m o d i f i c a t i o n  c o n s i s t e d  of  t h e  u s e  of a m i x t u r e  

of dyes  ( e . g . ,  pHydrion, 1-11 pH, c o n c e n t r a t e d  pH i n d i c a t o r  from 

American S c i e n t i f i c  P roduc t s  No. P1123-5) as an i n t e r n a l  s t a n d a r d  t o  

f a c i l i t a t e  t h e  d e t e c t i o n  of p roduc t s .  T h i s  t echn ique  c o n v e n i e n t l y  re- 

qu i r ed  t h e  c o l l e c t i o n  of  o n l y  a few f r a c t i o n s .  The column was r eused  

s e v e r a l  t imee  wi thout  having  t h e  s e p a r a t i o n  c a p a c i t y  s i g n i f i c a n t l y  

a l t e r e d ;  f o r  t h i s  purpose t h e  column was d e a c t i v a t e d  by a p o l a r  system 

( e . g . ,  MeOH) and r e a c t i v a t e d  by a b s .  E t O H ,  C H C l 3 ,  and hexane ( i n  t h a t  

o r d e r ) .  Unless  s t a t e d  o the rwise ,  a n a l y t i c a l  samples were d r i e d  a t  room 

t empera ture  i n  vacuo (0.10-0.01 mm Hg) f o r  10 h .  E lementa l  a n a l y s e s  

were performed by Midwest Micro lab  L td . ,  I n d i a n a p o l i e ,  IN. Mel t ing  

p o i n t s  were determined wi th  a F i s h e r  d i g i t a l  m e l t i n g  p o i n t  a n a l y z e r  

Model 355 and were not  c o r r e c t e d .  I n f r a r e d  s p e c t r a  were r eco rded  on a 

Beckman IR-spectrophotometer 4230 wi th  p o l y s t y r e n e  as t h e  s t a n d a r d ;  in 
t h e  IR s p e c t r a :  s s t r o n g ,  m - medium, w = weak, s p  = s h a r p ,  sr = 

shou lde r .  U l t r a v i o l e t  s p e c t r a  were measured wi th  a Perkin-Elmer UV- 

epec t rophotometer  575. Nuclear magnet ic  resonance  s p e c t r a  were o b t a i n e d  

a t  ambient t empera tu re  on a JEOL spec t romete r  Model JNM-MH-100. T e t r a -  

m e t h y l s i l a n e  was used as an i n t e r n a l  s t a n d a r d .  S p l i t t i n g  p a t t e r n s  a r e  

des igna ted  as 8 ,  s i n g l e t ;  d ,  d o u b l e t ;  t ,  t r i p l e t ;  m,  m u l t i p l e t .  Coupl- 

i ng  c o n s t a n t s  a r e  g iven  i n  h e r t z .  O p t i c a l  r o t a t i o n s  were de termined  

wi th  a Rudolph Autopol I11 Automatic P o l a r i m e t e r  a t  589 nm, u s i n g  a 1.00 

dm m i c r o c e l l .  
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6-AZAURIDINE DIALDEHYDE 105 

3(R)-(3,5(2H,4H)-dioxo-~y2,4-triazin-2-yl~-5~S~-~l,3-d~phenyl~m~dazol~- 

din-2-yl)-2(R,S)-hydroxy-l,4-dioxane (4b). A solution of dialdehyde - 1 

(486 mg, 2.00 mmol) and N,N'-diphenylethylenediamine (2) (425 mg, 2.00 

mo1) in anhydrous tetrahydrofuran (10 mL) was stirred at room tempera- 

ture under a nitrogen atmosphere. After 51 h the solvent was removed & 
vacuo and the THF was substituted by abs. EtOR. This solution, after 

having been stirred for 23 h at room temperature, was subjected to a 

slow azeotropic distillation (-3 h), as EtOH was gradually replaced by 

toluene. The toluene solution was cooled, providing 81.5% (713 mg) of a 

crude 4b. An analytical 

sample of - 4b was obtained by the combination of flash chromatography 

(see at - 6) and recrystallization from THF-petroleum ether 4:l and THF- 

cyclohexane 3:2, mp 181.9-182.9.C (dec.); TLC (silica gel), Rf 0.90 
(CHC13-95X EtOH 7:2); -43.3' f 0.3' (C 0.99, 95% EtOH); NMR 
(MepSO-dg) 6 3.3-4.0 (my 7H, H-5', NCH2, OH), 4.40 ( 8 ,  broad, lH, H-4'), 

- 

Mother liquors deposited 10.8% (137 mg) of - 6. - 

5.00 (t, J = 2 Hz, lH, H - 2 ' ;  +D20: d, J 2 Hz), 5.54 (d, J = 1 Hz, lH, 

H-3'), 5.65 (d, J = 2 Hz, l H ,  H-l'), 6.5-6.95 (m, 6H, Ph), 7.0-7.4 (my 

SH, H-5, Ph), 12 .2  ( 8 ,  broad, IH, N3H, exchangeable with D20); IR (KBr) 

v (cm-'> 3520 (my sp), 3440 (w, sr ) ,  3190 (m), 1735 ( 8 1 ,  1700 ( 8 1 ,  1600 

(a), 1500 ( e ) ,  1265 (w), 1110 (m), 1090 (m), 750 ( 8 ) ;  UV (95% EtOH) 

(nm) (E) 206 (29400), 220 (91901, 252 (38720); W (0.1 N HCL) X (nm) (€1  
203 (22900), 218 (58001, 242 (9950); W (0.1 N NaOH) (nm) (€1 221 
(123401, 246 (29500). 

- Anal. Calc'd for C22H23N505 (437.5): C, 60.40; H, 5.30; N, 16.01. 
Found: C, 60.60: H, 5.38; N, 15.85. 

2~R,S>-Acetoxy-3~R~-~3,5(2H,4H~-d~oxo-l,2,4-triazin-2-yl~-5~S~-l,3-di- 
phenylimidazolidin-2-yl)-l,4-dioxane (412). To the monoimidazolidine - 4b 
(150 mg,  0.343 mmol) in anhydrous pyridine (3.5 mL) was added acetic 

anhydride (2.0 mL) and the reaction mixture was set aside at room 

temperature with occasional swirling for 30 min. After this period TLC 

(ether) revealed no starting material left; the solution was evaporated 

in a nitrogen stream, and the residue was coevaporated in vacuo with 

toluene-pyridine 1:1 ( 5  x 5 mL). The off-white mass was suspended in 

cyclohexane and filtered off to deposit 153 mg (93%) of the crude 

product. An analytical sample of was obtained by recrystallization 
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106 NEMEC AND RHOADES 

from CH2C12-hexane 1:l and CH2C12-pentane 2:l; mp l18-120°C, TLC (silica 

gel), R 0.6 (Et20), 0.45 (Et20-hexane 5:l); [O]21-85.2"~' 1.8' 

(c 1.07, 95% EtOH); NMR (Me2SO-dg) 6 2.00 ( 8 ,  3H, CH3CO), 3.3-4.1 (m, 

6H, H-5', NCH2), 4.55 (m, 1H, H-4'1, 5.59 ( 8 ,  lH, H-3'1, 5.74 ( 8 ,  lH, 

H-l'), 5.96 ( 8 ,  lH, H-2'1, 6.6-7.0 (m, 6H, Ph), 7.1-7.4 (m, 5H, H-5, 

Ph), 12.2 ( 8 ,  broad, IH, N3H, exchangeable with D20); IR (KBr) u (cm-') 
3200 (w), 1740 (sr), 1730 ( a ) ,  1700 ( 8 1 ,  1600 ( 8 1 ,  1500 ( 8 1 ,  1230 (m), 

1155 (m), 1110 (w), 750 ( 8 ) ;  W (95% EtOH) (nm) ( E )  209 (237001, 222 

(8000>, 252 (25950): W (0.1 N HC1) (nm) ( € 1  205 (185601, 221 (64701, 
243 (9260); UV (0.1 N NaOR) (nm) (€1  224 (122001, 247 (25100). 

Anal. Calc'd for C24H25N506 (479.5): C, 60.12: H, 5.26; N, 14.61. - 
Found: C, 59.94; H, 5.34; N, 14.57. 

l(S)-0-[(R)-(3,5(2H,4H)-d~oxo-1,2,4-tr~az~n-2-yl~-~l,3-d~phenylimidazo- 

lidin-2-yl)methyl]-l-(1,3-diphenylmidazolidin-2-yl~ethylene glycol (6). 

The dialdehyde 1 (486 mg, 2.00 mol) was dissolved in abs. ethanol (15 
mL) and N,N'-diphenylethylenediamine (2) (849 mg, 4.00 mmol) was added. 
This solution was heated to 75'C under a nitrogen atmosphere with mag- 

netic stirring. After having been heated for 55 h, the reaction solu- 

tion was concentrated in vacuo to a small volume and coevaporated with a 

mixture of abs. ethanol-toluene (1:l) (5 x 10 mt).  The residue was dis- 

solved in toluene (20 mL.) and heated to 105°C under nitrogen. The reac- 

tion was terminated after 27 h; the solvent was removed in vacuo, and an 

off-brown solid was extracted with hexane (4 x 4 mL). These extracte, 

containing mostly unreacted 2, were discarded. The yield of the crude 

product was 90.2Z (1.14 g). [TLC (silica gel, CHC13 - 95% EtOH 15:l) 
revealed that the crude product contained a small amount of monoimida- 

zolidine - 4b and a minute amount of the diamine 2.1 Flash chromatography 

of this material (silica gel, column 20 x 130 mm, eluent CHC13 - abs. 

EtOH 30:l) followed by recrystallization from methylene chloride - 
cyclohexane, and ether-petroleum ether, led to an analytical sample, mp 

196.8-197.9"C; TLC (silica gel), Rf 0.96 (CHC13 - 95% EtOH 7:2); [a]23D 

+ 153.1' f 0.3' ( c  0.98, 95% EtOH); NMR (Me2SO-dg) 6 3.0-4.2 (m, IlH, 
H-4', H-5', NCHz), 5.02 ( s ,  broad, lH, OH, exchangeable with D20), 5.60 

( 8 ,  lH, H-3'1, 5.89 ( 8 ,  broad, IH, H-2' or H-1'1, 6.00 ( 8 ,  broad, lH, 

H-1' or H-2'1, 6.5-7.0 (m, 12H, Ph), 7.1-7.4 (m, 8H, Ph), 7.60 ( 8 ,  lH, 

H-5'); IR ( K B r )  u (cm-') 3460 (m, broad), 1720 (sr), 1700 ( s ) ,  1600 ( a ) ,  

- 
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6-AZAURIDINE DIALDEHYDE 107 

1500 (s), 1260 (w), 1100 (m) ,  750 ( 8 ) ;  W (95% EtOH) A (nm) (€1 
(55200), 220 (161601, 250 (54600); UV (0.1 N HC1) A (nm) ( E )  

(28200), 217 (75701, 240 (14680); W (0.1 N NaOH) A (nm) (€1  
(17700), 249 (47000). 

- Anal. Calc'd for C36H37N701, 4631.7): C, 68.45; H, 5.90; N, 15 

Found: C, 68.25; H, 6.16; N, 15.39. 

206 

205 

220 

52. 

3-diphenylimidazolidin-2-yl)ethylene glycol (7a). To a magnetically 

stirred solution of imidazolidine $- (875 mg, 2.00 mm01) in methanol (60 

mL) and water (0.7 mL) was added an aqueous solution (5.0 mL) of sodium 

borohydride (1.514 g,  40.0 m o l )  in four portions during 45 min. The 

temperature was maintained at 0-5°C. After 1 h TLC (ether) did not de- 

tect the presence of the starting material. The reaction was quenched 

with Cop; the solution was saturated with ammonium sulfate and extracted 

with methylene chloride (4 x 10 mL). The extract was dried (MgS04) and 

evaporated to dryness. Plate chromatography on silica gel (2 x 200 x 
200 mm, EtgO-MeOH IO:l, extraction with CH2C12-abs. EtOH 1O:l) of the 

crude product led to the diol (2) (804 mg, 91.5%) as a yellowish foam; 

TLC (silica gel), Rf 0.72 (CHC13-95% EtOFI 7:2), 0.78 (EtpO-MeOH 10:l); 

[ a ] i l  - 14.8' 2 0.4' ( c  0.98, 95% EtOA); NMR (CDC13) 6 3.2-4.1 (my 11H, 

H-2', H-4', H-5', NCH2, OH), 5.39 (d, J = 6 Hz, lH, H-3'1, 5.92  (t, J = 
5 Hz, lH, H-l'), 6.4-7.6 (m, IlH, H-5, Ph); IR ( R B r )  U (cm-') 3440 (HI, 

broad), 1725 ( e r ) ,  1702 ( s r ) ,  1695 (s), 1600 ( 8 1 ,  1500 ( 8 1 ,  1270 (w), 

1110 (m), 755 ( 6 ) ;  UV (95% KtOH) A (nm) ( c )  208 (25000), 222 (83701, 254 

(26000); UV (0.1 N HC1) A (nm) ( € 1  205 (19110), 220 (59901, 243 (9700): 

UV (0.1 N NaOH) A (nm) (€1 223 (115901, 252 (25500). 
- Anal. Calc'd for C22H25N505 (439.5): C, 60.13; H, 5.73; N, 15.94. 

Found: C, 59.88; H, 6.01: N, 15.64. 

2-0-Acety1-1(S~-0-[2-acetoxy-1(R)-(3,5~2H,~H~-d~oxo-~,~,~-tr~az~n-2-y1~ 
ethyl]-l-(1,3-diphenylimidazolidin-2-yl)ethylene glycol (7b). A solu- 

tion of diol 2 (150 mg, 0.341 mmol) in anhydrous pyridine (3.5 mL) and 

acetic anhydride (2.0 mL.1 was kept at room temperature for 45 min. The 

reaction mixture, showing no starting diol (TLC-Et201, was evaporated to 

dryness with nitrogen. The residue was codistilled with pyridine- 

toluene 1:l (5 x 5 mL) and the crude product was purified by thick layer 
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108 NEMEC AND RHOADES 

chromatography (silica gel, 2 x 200 x 200 my Et20, extraction with 

CH2ClZ-abs. EtOH 1O:l). The diacetate 7b was obtained in 79.5% yield 
(142 mg) as a chromatographically homogeneous yellowish foam; TLC (sili- 
ca gel), Rf 0.6 (Et20); 0.45 (Et20-hexane 5:l); [a1;'-18.5" 
1.03, 95% EtOH); NMR (CDCl3) 6 1.92 ( 8 ,  6H, CH3CO), 3.5-3.9 (my 4H, 

NCH2), 4.0-4.4 (my  5H, H-2', H-4', H-5'), 5.50 (d, J = 3 Hz, IH, H-3'1, 

6.21 (t, J = 6 Hz, lH, H-1'1, 6.6-7.0 (n, 6H, Ph), 7.1-7.4 (m, 4H, Ph), 

7.46 ( s ,  lH, H-5); 1R (KRr) U (cm-') 1735 ( 8 1 ,  1700 ( 8 1 ,  1600 ( 8 1 ,  1500 

( s ) ,  1230 ( s ) ,  1100 (w), 750 ( 6 ) ;  UV (95% EtOH) A (nm) ( E )  207 (25000). 
222 (9000), 254 (26240); UV (0.1 N HC1) A (nm) (€1  205 (18500), 220 
(56101, 243 (8780); UV (0.1 N NaOH) A (nm) (€1 223 (11800), 252 (25470). 
- Anal. Calc'd for C26H29N507 (523.6): C, 59.65; H, 5.58; N, 13.38. 

0.2' (c 

Found: C, 59.48; H, 5.63; N, 13.24. 

Methylglyoxal Bisphenylhydrazone from l(S)-O-[l(R)-(3,5(2H,4H)-dioxo- 

1,2,4-triaz~n-2-y1)2-hydroxyethyl]-l-~l,3-d~phenyl~m~dazol~d~n-2-y1~- 

ethylene glycol (7a). A solution of 7a (108 mg, 0.246 mmol) in etha- 
nol-water 1:l (10 mL) was magnetically stirred at room temperature with 

cation exchange resin (Rio-Rad AG 50W-X8/100-200 mesh/H+, 800 m g ) .  

After 30 min the resin was removed by filtration, washed (EtOH-HZO 1:1, 
15 mL), and the combined filtrates were evaporated to dryness. The 

residue was codistilled with water (3 x 3 mL), dried in vacuo, and dis- 
solved in 20% H2SO4 ( 1 1  mL).  This solution was refluxed for 1 h and 

subsequently distilled at atmospheric pressure to receive 8.0 mL of a 
distillate. The use of a cold finger reflux condenser protruding into 

the reaction flask during the reflux period and employing a distillation 
collar adapter significantly increased the yield of methylglyoxal. The 
distillate was allowed to react at room temperature with phenylhydrazine 
(0.60 mL) in the presence of 50% acetic acid (0.60 mL). After 1 h a 

precipitate was collected and washed with 1 N acetic acid (2 x 0.5 mL) 
and with water (2 x 0.5 mL). The crude methylglyoxal bisphenylhydrazone 

was obtained in 54.3% yield (33.1 mg). Recrystallization of this pro- 
duct from benzene-petroleum ether 1 : l  afforded an analytical sample, mp 

144.O-144.8"Cy which was identical (mp, mixed mp, Rf, IR spectrum) 
with an authentic sample of methylglyoxal bisphenylhydrazone. 
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6 - A Z A U R I D I N E  DIALDEHYDE 109 

M e t h y l g l y o x a l  B i s p h e n y l h y d r a z o n e  f rom 2(R)-O-[l(R)-(3,5(2H,4H)-dioxo- 

1,2,4-triazin-2-yl)-2-oxoethyl]glyceraldehyde ( 6 - A z a u r i d i n e  D i a l d e h y d e ) ,  

( 1 ) .  A s o l u t i o n  o f  1 (150  mg, 0.617 mmol) i n  20% H2SO4 (12  mL) was re- 

f l u x e d  f o r  1 h and t h e n  d i s t i l l e d  i n  t h e  same manner a s  was d e s c r i b e d  i n  

a s i m i l a r  e x p e r i m e n t  w i t h  3. Trea tment  of t h e  d i s t i l l a t e  ( 7 . 0  mL) w i t h  

p h e n y l h y d r a z i n e  (1.0 mL) and g l a c i a l  a c e t i c  a c i d  (0.15 mL) y i e l d e d  a 

c r u d e  m e t h y l g l y o x a l  b i s p h e n y l h y d r a z o n e  ( 9 4  mg, 60.4%) , t h e  c r y s t a l l i z a -  

t i o n  of which,  from benzene-carbon t e t r a c h l o r i d e ,  g a v e  a n  a n a l y t i c a l  

sample (mp 144.O-145.O0C, which was i d e n t i c a l  [mixed mp, I R  s p e c t r u m ,  

TLC ( e t h e r - c y c l o h e x a n e  1 : 1 ) ]  w i t h  a n  a u t h e n t i c  spec imen of  m e t h y l g l y o x a l  

b i s p h e n y l h y d r a z o n e  . 

- 

Acid H y d r o l y s i s  o f  2-0-[1(R)-(3,5(2H,4H)-dioxo-1,2,4-triazin-2-y1)-2- 

h y d r o x y e t h y l ] g l y c e r o l  ( 9 ) .  

( a )  A s o l u t i o n  of - 9 (150 mg, 0 .607  mmol) i n  20% H2S04 ( 1 2  mL) w a s  

t r e a t e d  i n  t h e  same manner as d e s c r i b e d  i n  t h e  e x p e r i m e n t  w i t h  t h e  d i a l -  

dehyde - 1. No m e t h y l g l y o x a l  b i s p h e n y l h y d r a z o n e  was i s o l a t e d  i n  t h i s  

c a s e .  

( b )  A s o l u t i o n  of  9 i n  H2SO4 [ t h e  same q u a n t i t y  as i n  s u b ( a ) ]  was 

r e f l u x e d  f o r  30 min,  c o o l e d  t o  O'C, mixed w i t h  E t 2 0  (15  mL), and neu- 

t r a l i z e d  w i t h  K H C 0 3 .  The emuls ion  w a s  e v a p o r a t e d  t o  d r y n e s s  and ex-  

t r a c t e d  w i t h  a b s .  EtOH-Me2CO 1O:l ( 5  x 10 mL). The s o l v e n t s  were re- 

moved and t h e  s e m i - s o l i d  was r e - e x t r a c t e d  w i t h  a b s .  E t O H  (3 x 5 mL). 

E t h a n o l  was e v a p o r a t e d  and t h e  r e s i d u e  was d r i e d  a t  1 mm Hg a t  room t e m -  

p e r a t u r e  for 1 h ,  and t h e n  d i s s o l v e d  i n  anhydrous  p y r i d i n e  ( 5  mL). The 

s o l u t i o n  was c o o l e d  t o  0°C and b e n z o y l  c h l o r i d e  (0 .5  mL) was added i n  

o n e  p o r t i o n  t o  t h e  r e a c t i o n  m i x t u r e  which was s t i r r e d  a t  25°C. A f t e r  90 

min t h e  m i x t u r e  was c o n c e n t r a t e d  i n  a stream o f  n i t r o g e n ,  d i s s o l v e d  i n  

C H 2 C l 2  (20  mL) and t r e a t e d  s u c c e s s i v e l y  w i t h  8 2 0 ,  aqueous  s o l u t i o n  o f  

K H C 0 3 ,  H 2 0 ,  and d r i e d  w i t h  MgS04. E v a p o r a t i o n  o f  t h e  s o l v e n t  y i e l d e d  97 

mg (39 .5%)  o f  a c r u d e  p r o d u c t  t h a t ,  a f t e r  r e c r y s t a l l i z a t i o n  f rom MeOH,  

g a v e  g l y c e r o l  t r i b e n z o a t e  (mp 73-74'C), which w a s  i d e n t i c a l  w i t h  t h e  

a u t h e n t i c  eample of  t h e  compound [mixed mp, IR s p e c t r u m  and TLC (EtgO- 

hexane  1:2 and EtgO-MeOR 5 : 1 ) ] .  
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110 NEMEC AND RHOADES 

(E- and Z-)-2(S)-[1(R)-(3,5(2H,4H)-dioxo-1,2,4-triazin-2-y1~-2-~hydroxy- 

imino)ethyloxy]-3-hydroxy-propyl~denehydroxylam~ne (10a,b). The dialde- 

hyde - I (243 mg, 1.00 mnol) was dissolved in water (5.0 mL) and hydroxy- 

lamine hydrochloride (139 mg, 2.00 mmol) and sodium carbonate (106 mg, 

1.00 m o l )  were added and the reaction mixture was stirred at room tem- 

perature. TLC revealed that the reaction was over in 30 min. The reac- 

tion mixture was evaporated to dryness in vacuo and the residue was ex- 

tracted by THF-benzene 1:3. The yield of a white amorphous mass was 

90.4% (247 mg), mp 97-101'C. Recrystallization of this material from 

dioxane-benzene 1:5, 9x, temperature <55'C gave an analytical sample: 

mp 105-107°C (dried at room temperature in vacuo 0.02 mm Hg for 12 h and 

for 1.5 h at 55°C); TLC (silica gel), Rf 0.60 (CHC13 - 95% EtOH 7:2); 
+ 88.2" f 0.3' (c 1.03, 95% EtOH); NMR (MepS0-d~) 3.2-3.9 (m, 2H, 

H-5' partly buried under SHY CH2, dioxane), 4.0-4.3 (my lH, H-4'1, 4.83 

(a, broad, IH, Cs'-OH, exchangeable with DzO), 6.23 (d, J = 6 Hz, lH, 

H-1'1, 6.5-7.0 (m, =0.2H, H-2', H-3'1, 7.29 (d, J = 7 Hz, =0.9H, H-3'1, 

7.50 (d, J = 6 Hz, -0.9H, H-2'), 7.59 ( 8 ,  IH, H-5), 11.16 ( 8 ,  m0.9R, NOH 

exch. D20), 11.32 ( 8 ,  aO.lHy NOH, exch. DzO), 11.39 ( s ,  r0.9Hy NOH, 

exch. DzO), 11.55 ( s ,  -O.IH, NOH, exch. DzO), 12.25 ( s ,  broad, lH, H - 3 ,  

exch. D20); IR (KBr) V (cm-') 3520 (sp), 3400 ( 8 ,  broad), 3220 ( a ,  

broad), 1720 (sr), 1700 ( a ) ,  1265 (m), 1115 (m), 1080 (m); W (95% RtOH) 
X (nm) ( E )  202 (164601, 232 (40301, 261 (6620); UV (0.1 N HC1) X (nm) 

( E )  201 (10330), 231 (41301, 258 (6520); W (0.1 N NaOH); A (nm) ( 6 )  221 

(21450). 

- Anal. Calc'd for CeHllN506*C~,He02 (361.3): C,  39.89: H, 5.30; N, 

19.39. Found: C, 40.04; H, 5.53; N, 19.18, 

Attempted reductions of 10a,b with hydrogen and palladium on alu- 

mina or platinum on powdered charcoal in water or acetic acid, led to a 

complex mixture of compounds. 
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