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The mass  spec t ra  of six 1,3,2-oxazaphospholanes have been obtained. The compounds 
studied give s trong m / e  = M lines; the relat ive stabili ty of the molecular  ion cor re la tes  
with the s t ruc ture  of the molecule.  During the process  of dissociat ive ionization, 
cleavage of the C - C  and the P - O  bonds in the ring takes place, with the molecular  ion 
losing a R'CHO molecule. It has been shown that the molecule of a~ olefin is formed 
f rom the molecular  ion mainly through an alkoxy group. A probable process  of dissoci-  
ative ionization is the loss by the molecular  ion of an alkoxy group or ,  in the case of the 
2-ch loro  derivative,  the loss of a C1 atom. 

In the present  work, we have obtained the mass  spec t ra  of the 1,3,2-oxazaphospholanes (I-IV) in o rder  
to study fur ther  the dissociat ive ionization of cyclic phosphites and their  derivat ives.  The mass spec t rom-  
e t ry  of a number  of f ive -membered  cyclic phosphites has been studied previously [1], and so have those of 
a number  of acyclic  phosphites [2]. 

The relat ive intensities of the lines neces sa ry  to discuss the probable pathways of dissociat ive ioni- 
zation a re  given in Table 1. Table 2 shows the m / e  values of the diffuse lines and the decompositions of 
metastable ions corresponding to them. As an example, Fig. 1 gives the spec t rum of compound (I). 

For  the compounds studied, ex t remely  strong lines corresponding to the formation of a stable mo- 
lecular  ion a re  observed.  As was to be expected [3], the intensity of the line with m / e  = M decreases  with 
an increase  in the number  of carbon atoms in the alkoxy radical  (Table 1). 

TABLE 1. Relative Intensities of Some Lines for the 1,3,2-Oxa- 
R'\  

I l 
zaphospholanes o..p,N\ R 

I 
x 

m/e of 
the ion 

g +. 
(M--28) +" 
(M--42) +" 
[M--X]+ 

(M--30) +" 
(M--44) +" 

91 
9O 
77 
42 

.C. too 

I II Ill I IV 

9,1 
0.12 
0,27 
7,8 
6,5 
0.3 
0,3 
6,1 

12 

5,4 
3,2 
0,07 
6,6 
1,6 
2.6 
3.7 
5,3 

7.1 

3,5 
0,t9 
8,8 
8,t 

 ,12 
11,0 
1,4 

8,1 

11 
1,7 

0,31 
0,68 
7.6 
0,52 
7,1 
1,0 

V 
R=R'=CI-I~, 
X=OCH3 

6,0 
0,47 

4,7 

8,6 
2,5 
7,9 

V! 
/=R'=CH3, 

X=CI 

7,7 
0,11 

18 
0,44 
8,4 
0,78 
0,94 

fro 
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T A B L E  2. D e c o m p o s i t i o n s  of  M e t a s t a b l e  Ions 

Com- 
pound 

I 

M 135 

II 
M 149 

III 
M 163 

m/e oi 
the dif- 
fuse line 

81,7 

77,1 

34,6 

98.3 

74,0 

68,4 

68,0 

68,4 

34.6 

1 3 5 - -  

1 0 5 - -  

1 0 4 - -  

Reaction 

--  (CH20) 
§ 105 

- ( 3 0 )  

Com- 
pound 

IV 
M 211 

m/e of 
the dif- 
fuse tin, Reaction 

-- (C2H4) 
2 1 1 - -  

- ( 2 8 )  

--(CH3) 
-,-90 

-(15) 

--(C2H4O) 
+60 

- ( 4 4 )  

158,7 

69.6 

85,4 

61,4 

+ 183 

--(C2H4) 
119 -.->9l 

-(28) 

1 6 6 - -  ~119 
--(47) 

--(C6H5) 
1 8 3 - - +  106 

149 - -  

1 4 9 - -  

1 2 1 - -  

1 1 9 - -  

121 - -  

I 0 4 - - -  

--(C2H4) 
§ 121 
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--(C2H40) 
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-(44) 

--(CH~O) 
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.90 

-(29) 
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-(30) 
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-(44) 

V 
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VI 
(c]? 5) 15~ 
(C137) 15E 

74,0 

77,1 

84,8 

91 

89,8 

84,8 

-(77) 
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1 4 9 - -  ~ 105 

-- (44) 
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-(15) 
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-(18) 
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-- (H20) 
118 > 100 

-(18) 
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s p e c t r u m  of 2 - m e t h o x y - 3 -  
m e t h y l - l , 3 , 2 - o x a z a p h o s p h o l a n e .  

Of i n t e r e s t  f r o m  the  po in t  of v iew of the  s t r u c t u r e  
of the  c y c l i c  phosph i t e s  and t h e i r  d e r i v a t i v e s  is  d i s s o c i a -  
t i ve  i o n i z a t i o n  wi th  c l e a v a g e  of  the  P - O  bond and the  
C - C  bond in the  fl p o s i t i o n  wi th  r e s p e c t  to the  C - O  bond 
in the  r i ng  wi th  the  f o r m a t i o n  of the  ion M + ' - C H 2 0  (or  
M + ' - C H 3 C H O  when the  H a t o m  is r e p l a c e d  by  CH3). Th i s  
pa thway  of  d i s s o c i a t i v e  i o n i z a t i o n  has  been  r e p o r t e d  f o r  
c y c l i c  p h o s p h i t e s  [1, 4]. The  l ines  c o r r e s p o n d i n g  to  t h i s  
pa thway  of d i s s o c i a t i v e  i on i z a t i on  a r e  a l s o  o b s e r v e d  f o r  
the  compounds  s t u d i e d  in the  p r e s e n t  w o r k  ( see  T a b l e  1). 
A n  e x c e p t i o n  is  compound  (III) in the  m a s s  s p e c t r u m  of  
which  the  l ine  fo r  m / e  = M - C H 2 0  is s c a r c e l y  o b s e r v e d .  
How4ver ,  the  m o l e c u l a r  ion of th i s  compound  r e a d i l y  l o s e s  

a p r o p y l e n e  m o l e c u l e .  C o n s e q u e n t l y  the  a p p e a r a n c e  of  a s t r o n g  l ine  wi th  m / e  = M - ( C 3 H  6 + CH20) was  to  
be  o b s e r v e d ,  s i n c e  the  ion f o r m e d  h a s  a s t r u c t u r e  s i m i l a r  to  tha t  of  the  m o l e c u l a r  ion  (the r a d i c a l  
C H 3 - C H - C H  3 r e p l a c e d  by  H). In f ac t ,  t h i s  l ine  is  v e r y  p r o n o u n c e d  in the  m a s s  s p e c t r u m  of c o m p o u n d  (HI). 

The  i n t e n s i t y  of the  l ine  wi th  m / e  = M - C H 2 0  f o r  compounds  ( I - m ) ,  a s  in the  c a s e  of  the  l ine  wi th  
m / e  = M, is  d e t e r m i n e d  by  the  s t r u c t u r e  of  the  a Iky l  r a d i c a l  of the  a l k o x y  g r o u p :  a d e c r e a s e  in i ts  in ten-  
s i t y  is  o b s e r v e d  on p a s s i n g  f r o m  (I) to (H) and (liD. Th i s  e x p e r i m e n t a l  r e s u l t  is  e a s y  to u n d e r s t a n d ,  s i n c e  
the  ions f o r m e d  d i f f e r  j u s t  in the  s t r u c t u r e  of  the  a l k y l  r a d i c a l .  F o r  compound  (III) i t  is  the  l a r g e s t  and  is 
b r a n c h e d ,  wh ich  e x p l a i n s  the  f ac t  t ha t  th i s  compound  is l e s s  s t a b l e  than  compounds  (I) and (II). 

A s  in the  c a s e  of  the  c y c l i c  p h o s p h i t e s  [1], the  p r o b a b l e  p r o c e s s  of  d i s s o c i a t i v e  i on i z a t i on  is  t he  l o s s  
by  the  m o l e c u l a r  ion of a m o l e c u l e  of the  o l e f i n  a r i s i n g  f r o m  the  a l k y l  r a d i c a l  of the  a l k o x y  g roup .  In th i s  
p r o c e s s ,  a H a t o m  m i g r a t e s  to the  c h a r g e d  f r a g m e n t .  A s  was  to be  e x p e c t e d ,  e x c e p t i o n s  a r e  f o r m e d  by  
m o l e c u l e s  con ta in ing  an OCH 3 g r o u p  a s  the  a l k o x y  r a d i c a l ,  the  f o r m a t i o n  of  a m o l e c u l e  of o l e f in  f r o m  th i s  
be ing  i m p o s s i b l e .  The  s p l i t t i n g  off of  a CH 2 b i r a d i c a l  is  u n l i k e l y  b e c a u s e  of the  e n e r g e t i c s  of  the  p r o c e s s ,  
wh ich  is c o n f i r m e d  e x p e r i m e n t a l l y  by  the  m a s s  s p e c t r a  of  the  compounds  s t u d i e d .  It m u s t  be  no ted  tha t  in 
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the m a s s  spec t r a  the lines with m / e  = M - C 2 H  4 a r e  due to the decomposi t ion of the molecu la r  ion and not 
to t h e r m a l  decomposi t ion in the inlet sy s t em.  Evidence for  this conclusion is p resen ted  by the f igures  of 
Table  2. Fo r  compounds (II) and (IV) diffuse lines a r e  obse rved  which a r e  due to the decomposi t ion of the 
metas tab le  molecu la r  ions in the following way: 

- t- '  

M ~ M + ' -  28. 

The loss of an alkoxy rad ica l  by the molecu la r  ion is a probable  p roces s  for  all  the compounds 
studied, while the split t ing out of an alkyl  r ad ica l  f r o m  the alkoxy group of the molecu la r  ion is less  prob-  
able than the p roce s s  mentioned above,  pa r t i cu l a r ly  when the rad ica l  is a methyl  group.  However,  the loss 
by the molecu la r  ion of a molecule  of formaldehyde  leads to the fo rmat ion  of an ion which subsequent ly  
loses  an alkyl  r ad ica l  with g r e a t  probabi l i ty  p r e c i s e l y  when the rad ica l  is a methyl  group. The m a s s  spec-  
t r a  of compounds (I) and (V) show diffuse lines corresponding to this p r o c e s s .  It mus t  be noted that the 
fo rmat ion  of the ion M + ' - 1 5  is not cha r ac t e r i s t i c  for  the compounds studied even though, as well  as the 
methyl  group of the alkoxyl radica l ,  t he re  a r e  methyl  groups at tached to the f i v e - m e m b e r e d  r ing.  In the 
ca se  of an acycl ic  phosphite,  an e x t r e m e l y  intense line with m / e  = M - 1 5  is observed ,  according to the 
l i t e r a tu re  [2]. 

+ 
The line with m / e  = 42 is due l a rge ly  to the ions C H -  N-CH3,  s ince the r ep l acemen t  of the CI,I~ r ad i -  

cal  on the ni t rogen a tom by C6H ~ (IV) sharp ly  d e c r e a s e s  its intensity, while for  compound (IV) an intense 
+ 

line with m / e  = 104 is due to the ion CI,H-N--C6H 5 of identical  s t ruc tu re .  

EXPERIMENTAL 

The mass spectra were obtained in anMI-1305 mass spectrometer fitted with a glass inlet system 
and an electron energy of 50 eV and a temperature of the inlet system of 100~ 

The physical constants of the compounds studied corresponded to those given in the literature [5-7]. 
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