
MASS S P E C T R A  OF S O M E  S I X - M E M B E R E D  

C Y C L I C  P H O S P H I T E S  

Yu .  Y a .  E f r e m o v ,  R .  Z.  M u s i n ,  
N.  A .  M a k a r o v a ,  a n d  ~ .  T .  M u k m e n e v  

UDC 543.51 : 547.87 : 546.183 

A compara t ive  analysis  of the mass  spectra  of a number of 1,3,2-dioxaphospholanes and phos- 
phortnanes was made in order  to ascer ta in  the dependence of severa l  pathways of d issocia-  
tive ionization on the size and degree  of a!kylation of a phosphorus-containing ring. The 
principal  differences in the mass  spec t ra  of f i ve -  and s ix -membered  cyclic phosphites a re  
due to the high (as a consequence of the presence  of strain) probability of cleavage of the P - O  
bond in the dioxaphospholane ring. The possibil i ty of the use of mass  spec t rome t ry  for  the 
establ ishment  of the composit ion of the hydrocarbon f ragment  of the ring is demonstrated.  

Several  mass  spec t ra  of f ive -membered  cyclic phosphites have been reported [1]. The mass spectra  
Of seven s ix -membered  cyclic phosphites (I-VII), which were obtained in the present  r e sea rch ,  are  dis-  
cussed,  and the effect of the r ing size on severa l  pathways of dissociat ive ionization is examined. 
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I R=R'=R'=H,  X=OC2Hs; II R=CH~, R'=R"=H, X=OC~Hs; III R=H, R'=R"=CH3, 
X=OC~H~; IV R=R'=R"=H, X=OC6Hs; V R=R'=R"=H, X=C1; VI R=CH3, R'=R"=H, 

X=C1; VII R=H, R'=R"=CH3, X=CI 

The relat ive intensit ies of the ion peaks neces sa ry  for the discussion a re  presented in Table 1. The 
format ion of [PC] + (m/e  47), [POH)2] + (m/e  65), and [HP(OH)3] + (m/e  83) ions is charac te r i s t i c  for f ive- 
and s ix -membered  cyclic phosphites.  For  the format ion of the latter,  cleavage of at least three C - O  bonds 
with migrat ion of four hydrogen atoms to the charged f ragment  is required.  The formation ofions with m/e  
47,-65, and 83 evidently occurs  in severa l  steps. The presence  of a diffuse line with m/e  62.1 in the mass 
spect rum of III, which is due to the disintegration of the metastable ion with m/e  111 to an ion with m/e  
83, serves  as  some proof of this assumotion.  Two diffuse lines at  m / e  55.7 and 40.3, the f i r s t  of which is 

- 9 3  
due to the disintegrat ion M + ' - -  ~ !05, the second of which is due to disintegrat ion of the metastable 

- (OCcHs) 
ion with m/e  105 to an ion with m/e/65,  a re  observed in the mass spectrum of IV. Ions with m / e  83, 65, 
and 47 a re  also charac te r i s t i c  for noneyelic phosphites, except for t r imethyl  phosphite, which does not give 
ions with m / e  83 and 65 [2]. 

The relat ive intensity of th~ ion peak with m / e  83 increases  a*s the number of substituents in the r ing 
increases  when an identical alkoxy group is present .  When the e thoxy group is replaced by a phenoxy group, 
the intensity of this signal falls sharply.  This can apparently be explained by the fact  that cleavage of a 
s t ronger  O-C6H 5 bond as compared with the O-C2H 5 bond is required for the format ion of an ion with m/e  
83 from IV. The energy of the C - O  bond in ethanol is 90 keal /mole ,  whereas the energy of the C - O  bond 
in phenol is of the order  of 107 kca l /mole  [3]. In addition, migrat ion of hydrogen f rom the benzene ring is 
required in the format ion of anion with m/e  83, and this should also reduce the probabil i ty of format ion of 
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TABLE 1. Mass  Spec t ra  of S i x - M e m b e r e d  Cycl ic  Phosph i t e s  

J 
m/eof j I 
the ion 

I M--I~ 

M ] 4,6 
M--15 
M--27 8"~ 
M--28 5,3 
M--30 0,50 
M'44 --  
M--X 4,8 
M--58 3,4 
M--72 0,15 

85. 
83 1,5 
82 0,40 
77 1,5 

P--X 0,20 
65 8,3 
47 5,7 
69 
55 0-~5 
41 8,2 
29 7,0 
27 6,2 
43 1,4 
86 
72 
58 7,2 

1 
z--T" ioo% 

II 

M--164 

3,4 
0,10 
3.6 
2,1 

1,8 
1,9 

2,3 
0,10 
0,70 
3,8 
0,70 
0,2 
7,0 
3,4 

97 
3,8 
5,9 
5,6 
4,0 

0,7 
0,2 

Ill 

M--I?8' 

3,1 
0,35 
1,7 
1,8 
0,35 

1,2 

0,15 
5,2 
1,4 
0,50 
0,2 
7,6 
2,2 
5,0 
4,6 
6,1 
4,8 
4,0 
1,4 
0,9 

IV 

M--L98 

8,7 

30,0 
3,1 

0,2 
0,20 
7,2 

12,0 
4,6 

0,8 
9,9 
1,3 
1,6 
0,4 

0,4 

V 

M with CD5--[40 
M with CIa7--142 

5,! 

l,I 

24,0 
0.50 
0,40 
0,60 

, 2,2 
0,20 
3,8 
0,8 
5,6 

10,0 
0,2 
0,6 

10,5 
7,2 
7,0 
1,2 

VI VII 

with c1~-~ M with C1~--1~8 
~ Witl'l CW--h56 M with CD7~170 

0,I 
0,3 
1,0 
0,1 
1,0 
0,6 
1,0 
4,6 

3,8 
t 1,0 
12,0 
5,1 
- - /  
0.3 
%2 

2,8 3,8 
0,1 
1,6 
0,5 
0,1 
0,7 
4,4 6,0 

0,3 
0,2 
0,6 

0,6 
0,5 
0,6 
2,9 

14,0 
4,8 

12,4 
4,1 
4,1 
1,4 
0,5 

TABLE 2. Mass  Spec t ra  of I s o m e r i c  F i v e -  and Six-  
M e m b e r e d  Cycl ic  P h o s p h i t e s  

M 
M--30 
M--44 
M--28--30 
M--28--44 
M --74 

m/e of 
the ion 

I 
/~z'T" loo% 

�9 H a 

M--150 

2,8 
1,1 
1,6 
2,6 
1,7 
2,6 

I 
M--150 

4,6 
0,5 

3,4 
0,2 
0,2 

this  ion. It is known that  C - H  bonds in the a pos i t i on  with r e s p e c t  to a double bond a r e  s t r o n g e r  than C - H  
bonds in s a tu r a t ed  compounds .  

The p r e s e n c e  in the m o l e c u l e  of a OC2H 5 g roup  leads  to the a p p e a r a n c e  of M + - OC2H 5, M + ' -  C2H4, 
and M +" - ~2H3 ions .  The  r e l a t i v e  i n t e n s i t i e s  of the peaks  of t h e s e  ions and of the  m o l e c u l a r  ion peak  de -  
c r e a s e  as  the n u m b e r  of me thy l  g roups  a t tached  to the r i n g  i n c r e a s e s .  The s a m e  r e g u l a r i t y  was a l so  noted 
for  f i v e - m e m b e r e d  cyc l ic  phosph i tes  [1]. The b e h a v i o r  of VI is  somewha t  unexpec ted  as compared  with the 
i nves t iga t ed  f ive-  and s i x - m e m b e r e d  cyc l ic  phosph i t e s  and ac id  c h l o r i d e s .  P e a ks  of M--  27 and M -  28 ions 
a r e  o b s e r v e d  in the m a s s  s p e c t r u m  of th is  compound ,  but  the r e a s o n  for  t h e i r  a p p e a r a n c e  is as yet  u n c l e a r .  

It should  be noted that  the f o r m a t i o n  of an  M + - C2H 5 ion is not c h a r a c t e r i s t i c  for  I - I I I  and tha t  the 
f o r m a t i o n  of an M + -  r ion is not c h a r a c t e r i s t i c  for  IV. The M - C2H 5 ion peak is of low i n t e ns i t y  for 
the f o r m e r  compounds ,  whi le  the M -  CGH 5 ion is  a l t oge the r  a b s e n t  in  the ca se  of IV. 

The p r e s e n c e  of peaks  of ions f o r m e d  d u r i n g  the c l eavage  of P - O  and C - C  r i n g  bonds is c h a r a c t e r -  
i s t i c  for  the m a s s  s p e c t r a  of 1 , 3 , 2 - d i o x a -  and 1 ,3 ,2 -oxaazaphospho lanes  [1, 4]. In th is  case ,  the m o l e c u l a r  
ion los t  a f o rma ldehyde ,  ace ta ldehyde ,  or  ace tone  molecu le ,  depend ing  on the n u m b e r  of m e t h y l  g roups  r e -  
p l ac ing  the r i n g  hyd rogen  a tom.  The  M -- 30 ion peak  (44, 58) i s  l e s s  i n t e n s e  in  the m a s s  spe c t r a  of s i~ -  
m e m b e r e d  cyc l i c  phosph i tes .  The p r i n c i p a l  d i f f e r ence  in the m a s s  s p e c t r a  of f ive -  and s i x - m e m b e r e d  cy -  
c l ic  phosph i tes  a r e  obse rved  for  the M - 30, M -  44, M - 28 - 44, and M -  74 ions ,  the f o r m a t i o n  of which 
is a s s o c i a t e d  with c l eavage  of one or  two r i n g  P - O  bonds .  This  e x p e r i m e n t a l  r e s u l t  i nd ica t e s  t h a t t h e  P - O  
bond in  f i v e - m e m b e r e d  cyc l i c  phosph i tes  is w e a k e r  than in s i x - m e m b e r e d  phosphi tes  b e c a u s e  of the p r e s -  

ence  of S t r a in  in  the  f i v e - m e m b e r e d  r i ng .  The r e l a t i v e  i n t e n s i t i e s  of the l i nes  for  I and the i s o m e r i c  2- 
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e tho•  a r e  p r e sen t ed  in Table  2; these  lines i l lus t ra te  the d i f ference  in 
the above- indica ted  pathways of d i ssoc ia t ive  ionization. These  d i f fe rences  can b e  used for  the de t e rmin -  
ation of the r ing s ize  of cyclic  phosphi tes  f rom the i r  m a s s  spec t ra .  

A c h a r a c t e r i s t i c  f ea tu re  of the m a s s  spec t ra  of s ix-  and f i v e - m e m b e r e d  cycl ic  phosphites is the p r e s -  
ence of intense ion peaks  due to hydrocarbon  ions of the composi t ion CnH2n_ 1. The heavies t  hydrocarbon 
ion is fo rmed  by c leavage  of two r ing C - O  bonds with migra t ion  of one hydrogen a tom to the neut ra l  f r a g -  
ment.  This pathway of d i s soc ia t ive  ionization makes  it poss ib le  to dis t inct ly  de te rmine  the cyclic  hydro-  
carbon por t ion of molecules  f r o m  the i r  m a s s  spec t r a .  Thus I gives ions with m / e  41 and 27. Consequently, 
the composi t ion of the hydrocarbon  port ion is C3H ~ +H, i .e. ,  C3H 6. Compound II f o rms  ions with m / e  55, 41, 
and 27, the heavies t  of which co r r e sponds  to the C4H7 + ion, and hence the composi t ion of the hydrocarbon 
por t ion of the r ing is C4H 8. Ion peaks  with m / e  69, 55, 41, and 27 a r e  observed for  III, and this co r r e sponds  
to a C~HIo hydrocarbon  composi t ion  of the r ing.  

The hydrocarbon  composi t ion  of the r ing can be found independently f r o m  ion peaks  of the composi t ion 
CnH2nO (58, 72, 86). In the mass  spec t rum,  these  peaks a r e  cons.iderably less  intense than the peaks due 
to hydrocarbon  ions. However ,  for  identif ication purposes  they h~_ay be useful,  inasmuch as it can be f o r e -  
seen  that the ion with m / e  83 may have the composi t ions  C6H~1 and HP(OH)~. At the s ame  t ime,  the peak 
with m / e  100 for  the s a m e  compounds will be due only t o  ions of the composi t ion  C6H120. We observed  ion 
peaks  with m / e  100 in the m a s s  s p e c t r u m  of a f i v e - m e m b e r e d  cyclic  phosphite - te t ra  methylethylene phos-  
phite. 

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

The cycl ic  phosphi tes  and chlorophosphi tes  (I-VII) used in this r e s e a r c h  were  synthesized by r e a c -  
tion of the app rop r i a t e  diols with ethyl dichlorophosphi te  or  phosphorus t r i ch lo r ide  in a solvent  (ether,  me th -  
ylene chloride) in the p r e s e n c e  or  absence  of a base  ( t r ie thylamine) .  The boiling points and r e f r a c t i v e  in- 
dexes of the products  were  in a g r e e m e n t  with the l i t e ra tu re  data [5-9]. 

The conditions under which the m a s s  spec t r a  were  r eco rded  were  s i m i l a r  to those indicated in [1]. 
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