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The mass spectra of 2-alkyl-2-oxo-l,3,2-dioxa-phosphorinane and -phosphepane showed that the ring 
opening was in competition with the cleavage of the P-C bond. According to the fragmentation 
pathway, which was dependent on the structure of exocyclic substituents on phosphorus, the 
2-alkyl-2-oxo-1,3,2-di-oxa-phosphorinanes can be classified in two categories. The main process in 
category A was the ring opening and/or C - C  bond cleavage. While in category B the cleavage of 
P-C bond was predominant. However, for 2-alkyl-2-oxo-l,3,2-dioxa-phosphepane, no matter how 
the structure of 2-alkyl group was, the ring opening was a dominant process. 

INTRODUCTION 

The mass spectra of some 5,5-dimethyl-2-substituted-1,3,2-dioxaphosph~inanes1 
indicated that the ring opening was a main process in most of the compounds 
studied. The mass spectroscopic behaviours of these compounds showed sig- 
nificant dependence on the structure of the substituents. However, Oh273 gave 
some different results. Like several acyclic organophosphorus compounds,c6 the 
mass spectra of substituted-1,3,2-dioxa-phospholanes and -phosphorinanes were 
characterized by the cleavage of a P-C bond. In the studies mentioned above, 
the nature of the substituents varied largely. There were so many factors which 
strongly influence the fragmentation process, therefore, the substituent effect was 
not very clear. Oh’s results also indicated that the spectroscopic behaviours of 
phosphates bearing a five membered ring were similar to that of six membered 
cyclic phosphorus compounds.2 There was no information available concerning 
the mass spectroscopic study of seven membered cyclic phosphonates. In order to 
evaluate the influence of the structure of exocyclic substituents and the ring size 
on the fragmentation process of cyclic phosphonates, we studied the mass spectra 
of the following 2-alkyl-2-oxo-l,3,2-dioxa-phosphrinanes and -phosphepanes: 

Compounds 1 and 2 can be regarded as six or seven membered cyclic esters of 
alkylphosphonic acids, respectively. For convenience the abbreviated nomencla- 
ture 0,0-1,3-trimethylene or 0,0-1,4-tetramethylene-a1kyl phosphonates were 
adopted for these compounds without ring substituents in this paper. 
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1 2 

R CH3 GH, n-C3H7 i-C3H7 n-C4H9 i-C4H9 S - C ~ H ~  

l a  l b  l c  Id l e  If 1g 
2a - - 2b 2c 2d 2e 

RESULTS AND DISCUSSIONS 
As shown by the mass spectra of compounds 1 and 2, a M + 1 peak was observed 
in all cases. This means that the molecular ions of these cyclic phosphonates are 
very unstable and have a high tendency to decompose, while the corresponding 
protonated molecules, on the other hand, are very stable entities. The charac- 
teristic fragmention process of these compounds are dramatically governed either 
by the nature of the exocyclic substituents on phosphorus or by the ring size of 
the ester moiety (Tables I and 11). 

According to the fragmentatiom pathway the 1,3-trimethylene-aklyIphos- 
phonates studied could be classified into categories A and B: 

Category A: 
P(OH),J+' + CH2=CHCH21" 

82 41  
/ 

- P(OH)21+' + CHz=CHCH201' 

/ 

C:( CH2-R 

122 
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Category B: 

136 

CH, 

(HO),PCH,~+' 
97 

CH2=CHCH,1+ 
41 

- CH=CH, 

P(OH),l+' + CH2=CHCH2?' 
/ 82 41 

The category A compounds are classified as cyclic esters of alkyl phosphonic 
acids with an exocyclic primary carbon atom directly connected to phosphorus 
(la,  lc ,  l e ,  l f )  except the ethyl group, while category B are compounds with an 
exocyclic secondary alkyl group directly bonded to the phosphorus atom ( l a ,  lg ,  
l h ,  li) and as an exception also 0,0-1,3-trimethylene-ethylphosphonate. The 
fragmentation of 0,0-1,3-trimethylene-ally1-(lk) and cyclohexyl(1j) phosphon- 
ates proceeded in a more complicated way with characteristic fragmentation 
behaviours of both categories. 

The basic fragmentation of 0,O-1,Ctetramethylene alkylphosphonates is 
proved to be the cleavage of the cyclic ester group which is independent of the 
structure of exocyclic alkyl group. Then the decay of the alkyl group is similar to 
that of the alkyl group in 0,0-1,3-trimethylene alkylphosphonates. 

- RCH,P(OH)J+'+ CH2=CH-CH=CH2 
/ \  M-54 54 -0 CH2R 
M 

CH,P(OH),~+' P(OH),1+ 
97 82 

In contrast with the observation of Francis,l the ester linkage of 0,O-1,3- 
trimethylene alkylphosphonates without ring substituents is comparatively stable 
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in mass spectrometric fragmentation except l a  (see Table I). In the meantime, as 
demonstrated by the mass spectra of l a  which showed mlz 97 (41.9%) and rnlz 
80 (base peak) indicating (HO),PCHJ +. and (HO),PCHJ +‘ as principal frag- 
ments. Therefore, the P-C bond is usually resistant to cleavage upon 
bombardment of the sample with electrons in category A, and this is in 
contradiction with Kwon’s r e p ~ r t . ~  In this case C--C bond is broken more easily 
than the others. However, in cateogry B the cleavage of the P-C bond is a main 
process, i.e. the P-4 bond is more susceptible during the fragmentation process 
than others. The cleavage of C-C bond was found as a result of the McLaffty 
rearrangement. It was evidenced by the appearance of mlz 136 and mlz 150 
fragments of both category A and B of compounds 1, though it was a much 
weaker process in category B 

M 136 

150 

The formation of fragment mlz 122 in all series of compounds 1 except l a  may 
be rationalized by the following process. 

It means that such a kind of cleavage should appear for compounds 1 with more 
than two carbon atoms in exo-cyclic substituent on phosphorus. This cleavage 
process enters, however, into competition with the migration of H onto the -C 
atom. This is the reason why the abundance of rnlz 122 is usually higher in 
category B than in category A of compounds 1. All of the mass spectra of 
compounds 1 showed a rnlz 57 peak with high abundance which was derived from 
fragment CH,CHCH,O1 +‘ resulting from the cleavage of the cyclic ester group. 

As indicated by mass spectra of compounds 2 besides M + 1, m / z  54 usually 
appeared as base peak. Since among other fragments with comparatively small 
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abundance, a peak with m l z  M-54 occurred frequently, the following process may 
be postulated. 

TABLE I11 
Influence of ring size on the abundance of fragments 

3 4 5 

Compound M+l M-14 M-28 M-42 M-R Z/(M+I)* 

3 100 12.24 19.13 58.19 32.08 1.21 
4 100 11.39 19.06 60.06 34.63 1.26 
5 83.5 4.70 12.02 13.02 6.88 0.44 

* 1 is the summation of the abundance of all fragments beside M + 1. 

As demonstrated by the comparative study of the characteristic behaviours of 
0,0-1,2-dimethylene-, 0,0-1,3-trimethylene-, and 0,0-1,4-tetramethylene butyl- 
phosphonates, the stability of the ester ring upon bombardment with electrons is 
dependent chiefly on the ring size. As shown in Table 111, for the five membered 
ester ring, the summation of fragments with ring skeleton was 1.21 times as great 
as M +  1, while 1.26 and 0.44 times as great as M +  1 for six- and seven 
membered ester ring compounds, respectively. The order of ring stability can thus 
be roughly evaluated as six-membered ring > five membered ring >> seven 
membered ring. The ring opening of these compounds proceeds together with the 
migration of proton in different manner based on the chemical structure of the 
ester ring. 

EXPERIMENTAL 

2-Alkyl-Zoxo-l,3,2-dioxa-phosphorinanes and -phosphepanes were synthesized by the methods 
introduced by  US.^ The mass spectra were taken on a Finnigan 4021 spectrometer, using 70ev 
electrons with pressure at 0.3 Torr, and the sample was introduced directly at 200-350°C. 
Temperature and pressure were uncorrected. 
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