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The reaction of 7-aminoallo- and isoalloxazines with ethylene 
oxide is investigated, and its optimum conditions are found. Addition 
of ethylene oxide to 7-aminoisoalloxazine involves only the cyclic 
amino group at position 3, while addition to 7-aminoalloxazine 
involves the cyclic imino group at position 3 and the amino group 
at position 7. 

As a cont inua t ion  of w o r k  done in th is  l a b o r a t o r y  on 
the s y n t h e s i s  of  v a r i o u s  amino  d e r i v a t i v e s  of a l l o -  and 
i s o a l l o x a z i n e s  [2], and in s tudying  t h e i r  r e a c t i v i t i e s ,  
the  p r e s e n t  w o r k  made  a s tudy  of the r e a c t i o n  of 7- 
a m i n o a l l o -  and 7 - a m i n o i s o a l l o x a z i n e s  with e thy lene  
ox ide .  The r e a c t i o n  of s l i gh t ly  b a s i c  amines ,  among 
which m a y  be n u m b e r e d  a m i n o a l l o -  and a m i n o i s o a l l o -  
az ines ,  with e thy lene  oxide  u s u a l l y  t a k e s  p l ace  under  
d r a s t i c  condi t ions ,  that  is ,  under  p r e s s u r e  and at  
160 ~ [3]. Hydroxye thy l a t i on  of 7 - a m i n o a l l o -  and 7- 
a m i n o i s o a l l o x a z o l e s  under  such condi t ions  in a h e t e r o -  
geneous  phase  (due to low so lub i l i ty )  gave a mix tu re ,  
s e p a r a b l e  with di f f icul ty ,  of  s t a r t i n g  amine  and i t s  
h y d r o x y e t h y l a t i o n  p r o d u c t s .  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  
f r o m  e thanol  led  to the  i s o l a t i o n  of a s m a l l  y ie ld  of  a 
p r oduc t  of d i - h y d r o x y e t h y l a t i o n  of 7 - a m i n o a l l o x a z i n e .  

The  a m i n e s  i n v e s t i g a t e d  did not h y d r o x y e t h y l a t e  in 
p y r i d i n e  o r  a ce t i c  ac id  solut ion,  whi le  with 1.5% a l k a -  
l i  so lu t ion  t h e r e  was  g r e a t  d i f f icu l ty  in s e p a r a t i n g  the 
r e a c t i o n  p roduc t s ,  due to e thy lene  oxide  p o l y m e r i z a -  
t ion.  The o p t i m u m  cond i t ions  for  e f fec t ing  h y d r o x y -  
e thy l a t i on  have  now been  found, v iz .  p a s s i n g  e thy lene  
oxide  into hea ted  aqueous  so lu t ions  of 7 - a m i n o a l l o -  
and 7 - a m i n o i s o a l l o x a z i n e s .  H y d r o x y e t h y l a t i o n  of  
6 - m e t h y l - 7 - a m i n o a l l o x a z i n e  (I) and 7 - a m i n o a l l o x a z i n e  
(II) gave  3 - ( f l - h y d r o x y e t h y l ) - 6 - m e t h y l - 7 -  (D~hydroxy-  
e t h y l ) a m i n o a l l o x a z i n e  (III) and 3 - ( f l - h y d r o x y e t h y l ) - 7 -  
( f l - h y d r o x y e t h y l ) a m i n o a l l o x a z i n e  (IV) r e s p e c t i v e l y .  
Unl ike  7 - a m i n o a l l o x a z i n e  [4], compounds  III  and IV 
do not  d i azo t i ze ,  i nd i ca t i ng  the a b s e n c e  of  a p r i m a r y  
a m i n e  group .  

The  a l k a l i n e  d e g r a d a t i o n  r e a c t i o n  of  a l l o x a z i n e s  
[5] was  u sed  to c o n f i r m  the s t r u c t u r e s  of compounds  
l l I  and IV. In the  c a s e  of  compound IV i t  gave  2 - h y -  
d r o x y -  7 - (fl - h y d r o x y e t h y l  ) aminoqu  inoxa l ine  - 3-  c a r -  
b o x y l i c  ac id  (VI), whi le  the  s t a r t i n g  7 - a m i n o a l l o x a -  
z ine  (II) gave  2 - h y d r o x y - 7 - a m i n o q u i n o x a l i n e - 3 - c a r b o x -  
y l i e  a c id  (V). 

Tha t  h y d r o x y e t h y l a t i o n  of  7 - a m i n o a l l o x a z i n e s  does  
not  p r o c e e d  s i m u l t a n e o u s l y  a t  p o s i t i o n s  1 and 3, i s  
c o n f i r m e d  by  the p r e p a r a t i o n  of 3 - ( B - h y d r o x y e t h y l ) - 7 -  

* F o r  P a r t  XVI s e e  [1]. 
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The occurrence of hydroxyethylation at the ring 
imino group at position 3 (and not at position i) is ob- 
viously due to the position 3 imino group between two 
carbonyls being more acidic and more mobile than 
the position I imino group, and capable of splitting 

off a proton to give a strongly nucleophilic center, 

which reacts with the eleetrophilic carbon atom of the 

ethylene oxide. 
The presence of a dialkylamino group at position 

7 in the alloxazine molecule causes, in comparison 
with an unsubstituted amino group, a bathochromic 
shift (by 35 m/~) of the long wave band of the absorption 

spectrum. The absorption spectra of the hydroxyethyl 
derivatives of 7-aminoalloxazine and 7-dimethylamino- 
alloxazine resemble the spectra of the starting amines. 

This confirms the fact that compounds III and IV do not 

have  the s t r u c t u r e  of a 7 - d i ( f l - h y d r o x y e t h y l ) a m i n o -  
a l l o x a z i n e  (Fig .  1). 

It should  be  men t ioned  tha t  in 70% s u l f u r i c  ac id  
so lu t ion  compound IV r e a d i l y  u n d e r g o e s  d e a l k y l a t i o n  
to the  s t a r t i n g  7 - a m i n o a l l o x a z i n e  (II), which i s  d i a z o -  
t i z ed  by  sod ium n i t r i t e ,  and then u n d e r g o e s  d iazo  
coupl ing  with  f i -naph tho l  to give 7-  (fl ' - n a p h t h y l - l T - a z o )  
a l l o x a z i n e  (IX). Th i s  was  p roved  by  p a p e r  c h r o m a t o -  
g r a p h y  of the  r e a c t i o n  p r o d u c t s  u s ing  the a p p r o p r i a t e  
m a r k e r s  (Fig .  2). 

H y d r o x y e t h y l a t i o n  of 7 - a m i n o ( d e s m e t h y l ) l u m i f l a v i n  
(X) having  two ac t ive  c e n t e r s ,  a r i n g  imino  g roup  and 
a p r i m a r y  a m i n o  g roup  at  p o s i t i o n s  3 and 7 r e s p e c t -  
ive ly ,  gave  3-  (B - h y d r o x y e t h y l  )- 7 - a m i n o  (de s m e t h y l ) -  

l umi f l a v in  (XI), 



CHEMISTRY OF HETEROCYCLIC COMPOUNDS 581 

.~- I0"  

4.6 

4,2 

~8 

Z 

3:4 

3.0 

2,6 

1 

j 

2~Z 

18 

1P,. 

1.0 

:0.6 

t 

! / 

I 

2~o 

3 

26o 300 

/'~5 

/-  

Fig. 1. Absorption spectra (in ethanol): 
1) 3- (B-hydroxyethyl)-6-methyl-7- (/3- 
hydroxyethyl) aminoalloxazine (III); 
2) 3-(fl -hydr oxyethyl)-7-(fl -hydr oxyethyl) 
aminoalloxazine (IV); 3) 7-aminoallox- 
azine (II); 4) 3- (/~-hydroxyethyl)-7- 
dimethylaminoalloxaz ine (VIII); 

5) 7-dimethylaminoalloxazine (VII). 
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c. c. o. 

X 0 Xl 0 

C o m p o u n d  XI d o e s  no t  f o r m  a s o d i u m  sa l t ,  un l ike  

i s o a l I o x a z i n e s  w i th  a f r e e  r i n g  i m i n o  g r o u p  a t  p o s i t i o n  

3. It i s  no t  i d e n t i c a l  w i t h  7 - ( p - h y d r o x y e t h y l ) a m i n o  

( d e s m e t h y l ) l u m i f l a v i n  (XII), u n e q u i v o c a l l y  p r e p a r e d  by  

c o n d e n s i n g  7 - c h l o r o ( d e s m e t h y l ) l u m i f l a v i n  wi th  m o n o -  

e t h a n o l a m i n e  [6] ( t ab le ) .  

T h a t  c o m p o u n d  XI c o n t a i n s  a f r e e  a m i n o  g r o u p  i s  

c o n f i r m e d  by  t h e  f a c t  t h a t  i t  u n d e r g o e s  d i a z o t i z a t i o n ,  

t h e n  d i a z o  c o u p l i n g  wi th  3 - n a p h t h o l  to  g ive  3 - ( ~ - h y -  

d r o x y e t h y l ) - 6 - m e t h y l - 7 -  (fi ' - n a p h t h y l - l ' - a z o ) - 9 - m e t h -  

y l i s o a l l o x a z i n e  (XIII). M o r e o v e r ,  t he  a z o  dye  m o l e c u l e  

i s  d e p r i v e d  o f  t he  f l u o r e s c e n t  p r o p e r t i e s  i n h e r e n t  in  

t h e  i s o a l l o x a z i n e .  T h e  o c c u r r e n c e  o f  h y d r o x y e t h y l a -  

t i o n  of  7 - a m i n o ( d e s m e t h y l ) l u m i f l a v i n  a t  t h e  p o s i t i o n  3 

r i n g  n i t r o g e n  a t o m  of  t h e  i s o a l l o x a z i n e  m o l e c u l e ,  i s  

in  a g r e e m e n t  w i th  k n o w n  f a c t s  r e g a r d i n g  t h e  a l k y l a t i o n  

of  7 - a m i n o ( d e s m e t h y l ) l u m i f l a v i n  by m e t h y l  i o d i d e  in  

a l k a l i n e  s o l u t i o n ,  to 3 - m e t h y l - 7 - a m i n o ( d e s m e t h y l ) -  

l u m i f l a v i n  [71. 
T h e  t a b l e  g i v e s  f l u o r e s c e n c e  c o l o r s ,  R f  v a l u e s ,  

a b s o r p t i o n  s p e c t r a ,  and  e l e m e n t a r y  a n a l y s e s  o f  t h e  

c o m p o u n d s  p r e p a r e d .  

E X P E R I M E N T A L  

8 -(S -Hydroxyethyl) -6 -methyl -7 -(~ -hydroxyethyl)aminoalloxazine 
(Ill). A suspension of ~.0 g Na salt of 6-methyl-'7-aminoalloxazine 
was prepared from 2.2 g 6-methyl-q-aminoalloxazine (I), using 40 
ml 0.1 N NaOH in 600 ml water. It was heated to 100 ~ and, with 
stirring, gaseous ethylene oxide passed into the solution for 6 hr. The 
progress of the reaction was checked by chromatographing (until the 
starting amine disappeared). The solution was vacuum concentrated 
to 200 ml, and after 72 hr, 0.85 g (25.1%) III was separated off. It 
was purified by two recrystallizations from water, washed with MeOH 
(10 ml), yellow needles, which did not melt up to 300". 

3.(82Hydroxyethyl)-7-(S-hydroxyethyl)aminoalloxazine (IV). a) 
Ethylene oxide was passed into suspension of 1.0 g Na salt of 7-amino- 
alloxazine (II) prepared from 1.1 g 7-aminoalloxazine and 15 ml 
0.1 N NaOH as when synthesizing compound III, to give 0.45 g 
(43%) alloxazine IV, purified similarly to ItI. Yellow plates, which 

did not melt up to 300 ~ 
b) 2.29 g (0.01 mole) Il and t ml (0.02 mole) ethylene oxide were 

heated together for ? hr in a sealed tube at 150 ~ Chromatography 
showed the products to contain q-aminoatloxazine and two new com- 
pounds. Fractional crystallization from EtOH, followed by reerystal- 
lization gave 0.03 g IV, as yellow crystals, which did not melt up 

to 300 ~ . 
2-Hydroxy-7-aminoquinoxaotlne-3-carboxylic acid (V). 0.5 g II 

in 30 ml 2 N NaOH was heated for 24 hr at 150 ~ in a sealed tube. 
When the tube was opened, there was a marked smell of ammonia, 
After filtering, the solution was acidified with dilute HC1. At pH 7-8, 
silicic acid, extracted from the glass by the alkali, precipitated and 
was separated off. In acid solution 0.12 g (27%) acid V came down, 
and was purified by recrystallizing from absolute EK3I,I, brownish- 
yellow precipitate, subliming at 292 ~ . 

2-Hydtoxy-'/-(8 -hydroxyethyl) aminoquinoxaline-3-c&rboxylic 
acid (VI). 0.5 g IV was heated with 30 ml 2 N NaOH for 24 hr at 
150 ~ and the products worked up as for compound V, to give 0.1 g 
(25.5%) VI, recrystalltzed from EtOH, yellow crystals, rap 151 ~ (de- 

comp). 
8-(~-Hydtoxyethyl)-'/-fllmethylaminoalloxazine (VIII), 1,0 g Na 

~alt ef 7-dimethylaminoalloxazine, obtained by reacting VII wi~ 

0.1 N NaOH, was prepared in 200 ml water, 20 ml 0.1 N NaOH 
added, the solution stirred and held at 100 ~ for 6 hr, while ethylene 
oxide was passed in. The products were vacuum evaporated to 40 ml, 
when 0.52 ml (48.1%) VIII separated, purified by recrystallizing 
twice from water, then from MeOH, orange yellow plates which did 
not melt at 300 ~ . 
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F i g .  2. P a p e r  c h r o m a t o g r a p h y  (in s y s -  

t e m  1: n - B u O H - - w a t e r - - A c O H ,  4:5:1):  

1) 3(fl - h y d r o x y e t h y l ) -  7 -  (~ - h y d r o y e t h y l ) -  

a m i n o a l l o x a z i n e  (IV), Rf 0.51 ( y e l l o w -  

i s h - g r e e n  f l u o r e s c e n c e ) ;  2) c o m p o u n d  

IV in 70% H2SO4, Rf  0.20 ( y e l l o w i s h -  

g r e e n  f l u o r e s c e n c e )  ; 3) 7 - a m i n o a l l o x a -  
zinc (II), Rf 0.20 (yellowish-green fluo- 
rescence); 4) c o m p o u n d  IV in  70% H 2 

SO4, a f t e r  d i a z o t i z i n g  and  c o u p l i n g  w i t h  

/3 -naph tho l  ( r e d  n o n f l u o r e s c i n g  s p o t ) ;  5) 

7 - ( ~ '  - n a p h t h y l - l ' - a z o ) a l l o x a z i n e  (IX), 

Rf  0.30 ( r ed  n o n f l u o r e s c i n g  spo t ) .  

7-(8'-Naphthyl-l-azo)alloxazine (IX). 0.1 g IV was dissolved in 
3 ml 70% H2SO 4, and paper chromatography gave a spot fluorescing 
in UV light with Rf 0.56 (system 2, of. Fig. 2), and 0.42 (system 3), 
identical with the marker 7-aminoalloxazine, having Rf 0.56 (system 
2) and Rf 0.42 (system 3). After cooling to 0 ~ it was diazotized with 
1 ml 10% NaNO 2 solution. After half an hour the products were di- 
luted with water (5 ml), then filtered, and a solution of 0.12 g ~- 
naphtol in 30 ml 15% NaOH was added to the filtrate; it turned an 
intense raspberry red. After leaving for half an hour, the solution 
was neutralized to pH 4-5, with AcOH. The black precipitate of 
azo dye was filtered off (0.09 g), P.f 0.30 (system 1) and 0.69 (system 
2), red nenfluorescent spot. It was chromatographically identical with 
7-(B'-naphthyl-l-azo)alloxazine, prepared from 7-aminoalloxazine 
as described in [4]. Rf 0.3 (system 1) and 0.69 (system 2), red non- 

fluorescent spot. 
8=(8.Hydroxyethyl).7-amino(desmethyl)lumiflavin (Xl). 0.5 g X 

was suspended in 500 ml water, 50 ml 0.I N NaOH added, and ethy- 
lene oxide passed into the solution at 100 ~ for 8 hr. The resultant 
red solution was cooled, acidified to pH 6, and after 24 hr, 0.4 g 
(67.8%) XI separated. Red needles ex water or 50% MeOH, which 

did not melt at 300 ~ 
3-(8-Hydroxyethyl) -6 -methyl-7 -(8'-naphthyl-l' -azo)-9-methyl- 

isoalloxazine (XIII). A suspenSion of 0.08 g XI in 8 ml 6 N HC1 was 
cooled to 0 ~ and diazotized with 1 ml 5% aqueous NaNO 2 . After 
stirring for an hour at 18-20 ~ a solution of 0.05 g 6-naphthel in 15 
mt NaOH was added. Half an hour later, the solution was neutralized 
to pH4-5 with AcOH. 0.09 g azo dye XIII was filtered off, dark cherry, 
which did not melt at 300". Rf 0.36 (system t) and 0.70 (system 2), 

red nonfluorescent spot. 
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