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STRUCTURE AND SOLID HYDROLYSIS OF 3,l-BENZOXAZIN- 
4-ONES 

JACQUES VICENS, CLAUDE DECORET, CHRISTINE GAGET 
Laboratoire de Chimie Industrielle -ERA 600 du C.N.R.S. 
Universit6 Claude Bernard - LYON I, 43, boulevard du 
1 1  novembre 1918 - 69622 - Villeurbanne - FRANCE 
MARGARETH C. ETTER, LOU A. ERREDE 
3M Central Research Laboratories, St Paul Minesota 
55101 U . S . A .  

Abstract Solid hydrolysis of 2-substitued 3, I-benzoxa- 
zin-4-ones are presented. 0 l8  experiments with labelled 
water and hydrolysis in acidic conditions show the reac- 
tion occurs on X=N- function. A protonated intermediate 
for the reaction is proposed . Theoretical calculations 
are in agreement with the assumed intermediate. 

INTRODUCTION 

3,1-Benzoxazin-4-ones are molecules presenting in their fra- 

mework X=N- and X = O  groups on C-2 and C-4 positions. 

These nucleophilic sites are in some part implicated in hy- 
drolysis mechanisms during enzyme reactions . 
The solid-gas hydrolysis of powders2 and single crystals3 of 

acetyl anthranyl - 1 has been described. The reaction is anise 

1 

tropic, beginning at the crystal ends 

in the - a direction5. The results were 

of water molecules penetrating in the 

39 

(100) face and moving 

rationalized in terms 

crystal structure 
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40 J. VICENS et al. 

through hydrophilic planes parallel to (001) in order to 

reach the nucleophilic centers X=N- and/or >C=O . 3 

4, 

FIGURE 1 

In order to gain further insights about the mechanism of the 

reaction we studied the hydrolysis in the solid state of 

acetyl anthranyl - 1 and the parent compounds - -  2,3 and - 4 indo 
the hydrolysed products - - _  a, b, c and 4 respectively (figure I ) .  

OXYGEN-I8 HYDROLYSIS 

Oxygen-I8 enriched water (98%), H20*, was reacted with - 1 and - 2 
as a solid-gas reaction, as a suspension, as a homogeneous 
mixture in THF - H20* and as a two phases system CHCl -H 0 . 
Mass spectrometry analysis as in reference4 showed oxygen-I 8 

* 
3 2  

is mostly incorporated as NH- I* -R in the final labelled pro- 
ducts - a and - b. This clearly shows the hydrolysis to occur at 
C-2 position. 
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3, I -BENZOXAZIN-4-ONES 41 

ACIDIC HYDROLYSIS IN THE SOLID STATE 

When microcrystals of - 1 are exposed to air saturated with 

water vapor, reaction is complete after 160 hours.When the 

air is saturated with water vapor containing HC1 (36% HC1- 

H 0 as liquid) - a is obtained in quantitative yields after 
5 hours. Figure 2 shows the effect of the concentration o f  
FIC1 in water on the solid hydro1vsi.s rates of  powdered I .  

2 

- 

I .on 

0.70  

n 

1 4 7  I6n t ( h r r j  

FIGURE 2. Reaction of powdered 2-methyl-3,l-benzoxazin 
-4-one 1 with H 0 and H 0 - HC1 vapors. 2 2 - 

When microcrystals of 2 or 4 are exposed to air saturated 
with water vapor no reaction is observed. However when the 

air is saturated with water vapor containing HC1 (36% HC1 - 
H 0 as liquid) 5 or - d are obtained as the only products af- 

2 
ter 

and in CHC13 - H 0 take place after one week. This was con- 
sistent with an acid ic  ac t i va t ion  of the solid state reac- 

tion of 1 ,  3 and - 4 .  

few days. Hydrolysis of 3 and 4 in H 0, in THF - H20 2 - - 

2 

- 
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42 J .  VICENS et al. 

All the  observed r e s u l t s  can be i n t e r p r e t e d  i n  the  fol lowing 

manner : i n  the  c r y s t a l  of  1 t he  carbonyl oxygen atoms asso- 

c i a t e  about t he  screw a x i s  and no c l o s e  in t e rmolecu la r  con- 

t a c t s  a r e  found . There is no hydrogen bonding wi th in  the  
c r y s t a l l i n e  s t r u c t u r e  of - 1 . 

3 
3 

I n  the  presence of H 0,  t he  molecules hydrogen bond by pre-  

f e r e n t i a l  p ro tona t ion  of t he  b a s i c  n i t rogen  atom, thereby 

r ap id ly  incorpora t ing  water  i n t o  the  l a t t i c e .  Such an i n t e r -  

a c t i o n  assists t h e  water molecules i n  t h e  r e a c t i o n  at  

a>C=N- group as proposed f o r  "neut ra l"  and "ac id ic"  hydro- 

l y s i s  . 

2 

2-4 

CND0/2 CALCULATIONS 

The v a r i a t i o n  of  t he  r e a c t i v i t y  of C-2 p o s i t i o n  i n  d i f f e r e n t  

condi t ions  was eva lua ted  by pre l iminary  c a l c u l a t i o n s  based 

on CND0/2 methods on molecules - I and 2 and on t h e  N-proto- 

nated corresponding ions  J--J and 3-H ( t a b l e  1 ) .  

TABLE 1 CND0/2 Calcu la t ions  on - 1 and - 3 and on the  
N-protonated fi and 3-H. 

-.- 
v1 

3 c-2 3.708 
2 - c-4 3.603 c-4 3.601 m 

3.618 u 

S I  c-2 3.669 - 

3 - c-4 3.602 c-4 3.599 
I-H c-2 3.579 3-H C-2 - 

0 

H I  E = 0.088 3 E = 0.064 
8 -  c- 2 0.352 c-2 0.413 
V c-4 0.282 c-4 0.131 

3-H E = -0.142 
0 c- 2 0.706 c-2 0.621 

c- 4 0.068 c-4 0.022 

cn 
- 

H 

H 
Fr 
k I-H & = -0.136 w -  
0 

- 
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3, I-BENZOXAZIN-4-ONES 43 

Tota l  charges  i n  - I show t h a t  C-4 i s  more e l e c t r o p o s i t i v e  

than C-2.  I n  t o t a l  charges  o f  l-H one can see  the  e l e c t r o -  

positivityof C-2 t o  inc rease  i n  such a manner t h a t  i t s  va- 

l u e  becomes h igher  than C-4. This f e a t u r e  i s  i n  agreement 

wi th  p r e f e r e n t i a l  a t t a c k  of water  molecules  on t h e  C-2 p o s i -  

t i o n  i n  the  protonated in t e rmed ia t e .  A similar inc rease  of 

the  e l e c t r o p o s i t i v i t y  of C-2 i s  no t i ced  i n  t o t a l  charges  of 

3 and 3-H. It is  seen t h a t  t h e  LUMO c o e f f i c i e n t s  of t he  C-2 

p o s i t i o n s  are more r e a c t i v e  than  C-4 i n  a l l  t h e  cases .  One 

can a l s o  n o t i c e  t h a t  i n  protonated systems l-H and 5, t h e  

r e a c t i v i t y  of  C-2 p o s i t i o n s  a r e  d r a s t i c a l l y  enhanced by com- 

pa r i son  wi th  1 and 2. 
concluded t h e  N-protonated molecules a r e  the  r e a c t i v e  i n t e r -  

mediates .  Experimental and t h e o r e t i c a l  work is i n  p rogres s  

on 3,1-benzoxazin-4-one and o t h e r  molecules  p r e s e n t i n g  >C=N- 

and >C=O func t ions .  

- - 

From t h e s e  obse rva t ions  i t  i s  a l s o  
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