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The pr incipal  pathways of f ragmenta t ion  of b i s (1 -az i r id iny l ) -2 -pyr imidy laminophosph ine  oxide 
and i ts  metabol i t es  under  the influence of e lec t ron  impact  that a re  cha r ac t e r i s t i c  for  this 
group of compounds were  es tabl i shed.  B i s (2 -ch lo roe thy lamino) -2 -pyr imidy laminophosph ine  
oxide and 1 -az i r id iny l -2 -eh lo roe thy lamino-2 -pyr imidy laminophosph ine  oxide s t ruc tu r e s  were  
ass igned to the i so la ted  metabol i tes .  

It has  been shown [1, 2] that when r a t s  a re  injected in t ravenously  with the ant i tumorigenic  p r e p a r a -  
tion phosphemide (I), the unchanged p repa ra t ion  and two of i ts  metabol i t es  a re  detected in the ur ine  of the 
intact  an imals .  The p resen t  pape r  is devoted to the e s t ab l i shment  of the s t r u c t u r e s  of these metabol i tes  by 
means  of m a s s  s p e c t r o m e t r y .  

For  the in te rpre ta t ion  of the spec t r a  of the isolated metabo l i t e s  we init ially studied the spec t r a  of 
phosphemide i tse l f  and i ts  deutero analog (Fig. 1), which enabled us  to p ropose  the scheme of the f r a g m e n -  
tation of the side compounds.  

The phosphemide molecule  has  low stabil i ty with r e spec t  to e lec t ron  impac t  (the intensi ty of the m o -  
lecu la r  ion peak is 7 % of the in tegral  intensity);  this  is explained by the p re sence  of a r a t h e r  long unconju-  
gated side chain. The pr inc ipa l  pathway of f ragmenta t ion  is  s tepwise detachment  of two ethyleneimine groups  
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in the form of an ethyleneimine radical  and a neutral  azir idine part icle with subsequent elimination of a 
neutral  water  molecule (Scheme 1). As a resul t  of this chain of t ransformat ions ,  stable ion c, the phosphine 
group of which is in conjugation with the pyrimidine ring, is formed. 
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The maximum peak in the spec t rum of phosphemide is the peak of fragment a with m/e  183, which is 
formed as a resul t  of ejection f rom the molecular  ion of an ethyleneimine radical.  In addition to principal 
ion b, upon disintegrat ion f ragment  a gives yet another minor  f ragment  d (m/e 157), which is formed as a 
consequence of ejection of a neutral  acetylene molecule.  

Thus the principal  pathways of fragmentat ion of phosphemide under the influence of e lect ron impact 
are  associa ted with disintegrat ion of the side chain of the molecule,  as a resul t  of which charac ter i s t ic  ions 
with m/e  183, 157, 142, and 124 are formed. It should be noted that the ions charac te r i s t i c  for pyrimidine 
(m/e 79, 80) and aminopyrimidine (m/e 95, 96) in the spect rum of phosphemide have low intensities. 

These data were  used in the analysis  of the mass  spectra  of metaboli tes  II and III and their  deutero 
analogs. 

It follows from the m a s s  spec t rum of II that its molecular  weight is 297. Thus the molecule contains 
an odd number  of nitrogen atoms.  The rat io of the principal  isotope peaks in the molecular  ions ( Im+JI  m = 
2/3) a t tes ts  to the presence  of two chlorine a toms in the molecule.  Ions (m/e 183, 157, 142, 96, and 95) 
charac te r i s t i c  for the m a s s  spec t rum of phosphemide are  observed in the spect rum of II. 

The presence  of ion peaks with m / e  95 and 96 at tests  to retention in the molecule of the investigated 
compound of a pyrimidine r ing with an amino group in the side chain. At the same time, the spect rum does 
not contain f ragments  with m / e  94+35,  95 + 35, 93 + 35 + 35, and it is therefore  logical to assume 
that the chlorine a toms are not bonded to the pyrimidine ring. The presence  of ions with m/e  142, 157, 183, 
and 225 indicates retention of the phosphamide and, possibly,  ethyleneimine groups, whereas  the presence 
of a peak with m/e  226 const i tutes  evidence that a minimum of one other  proton has appeared in II as c o m -  
pared with the start ing phosphemide molecule. 

Thus II is apparent ly the product of addition of two molecules  of hydrogen chloride to the ethylenei-  
mine portion of the phosphemide molecule (the difference in the molecular  weights of II and phosphemide is 
72). Inasmuch as ethyleneimine groups are  usually opened at the C - N  bond, it might be assumed that me -  
tabolite II is b is (2-chloroethylamino)-2-pyr imidylaminophosphine  oxide. 

In fact, el imination of a CHzC1 radical  to give an intense ion peak with m/e  248 (87 % of the maximum 
peak) is observed in the spectrum. This f ragment  should have high stability because of the appearance of 
amine stabilization: 

~'<N / ~N H P(. 
XNHCH~CH2C! 

n~/e ~48 

The m a s s  spec t rum of the deutero analog of II, obtained by exchange of the labile protons by deuter ium by 
recrys ta l l i za t ion  f rom deuteromethanol ,  also provides evidence in favor of proposed s t ructure  II. It fol- 
lows f rom decomposit ion of the molecular  ion into components as a function of the number  of deuter ium iso-  
topes in the molecule that the compound under  discuss ion contains three labile hydrogen atoms. 
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Scheme 2 
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The sequence  of  f ragmentat ion  of  II p r e s e n t e d  in S c h e m e  2 c o m p l e t e l y  c o n f i r m s  the s t r u c t u r e  p r o p o s e d  
for  it. Compound II w a s  obtained syn the t i ca l l y  and, a c c o r d i n g  to i t s  m a s s  s p e c t r u m ,  p r o v e d  to be ident ica l  
to the i s o l a t e d  m e t a b o l i t e .  

It f o l l o w s  f r o m  the m a s s  s p e c t r u m  of III that i t s  m o l e c u l a r  we ight  i s  261 (thus the m o l e c u l e  re ta ins  
an odd n u m b e r  of n i trogen  a t o m s ) .  It f o l l o w s  f r o m  the rat io  of pr inc ipa l  i so tope  p e a k s  in the m o l e c u l a r  ion 
(IM+2/I M = 1 /3 )  that the m o l e c u l e  conta ins  one c h l o r i n e  a tom.  Ion p e a k s  with  m / e  226,  225, 219, 212, 183, 
176, 157, 95, and 68 with  m e t a s t a b l e  ions  c o r r e s p o n d i n g  to the t r a n s i t i o n s  be tween  t h e m ,  which  are  c h a r -  
a c t e r i s t i c  for the s p e c t r a  of  phosphemide  and II, are  o b s e r v e d  in the m a s s  s p e c t r u m  of  III. In addition,  
a n a l y s i s  of the m a s s  s p e c t r u m  of the deutero  analog o f  HI showed that the i n v e s t i g a t e d  compound conta ins  
two lab i le  hydrogen  a t o m s .  P r o c e e d i n g  f r o m  these  data we  a s s u m e d  that III i s  1 - a z i r i d i n y l - 2 - c h l o r o e t h y l -  
a m t n o - 2 - p y r i m i d y l a m i n o p h o s p h i n e  ox ide .  An analys i s  of the s equence  of f ragmentat ion  of III and i ts  deu tero  
analog c o m p l e t e l y  c o n f i r m e d  our a s s u m p t i o n  ( S c h e m e  3).  

Scheme 3 
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Thus the format ion  of  a m a x i m u m  ion with  m / e  183 f r o m  the m o l e c u l a r  ion as  a r e s u l t  of s t e p w i s e  e l i m i n a -  
tion of  a f l - c h l o r o e t h y l a m i n o  f ragment  (NHCH2CH2C1) v ia  two paths  o c c u r s  just  as  in the c a s e  of d i ch loro  
d e r i v a t i v e  II, and this  ind ica te s  that th i s  group is  p r e s e n t  in the m o l e c u l e .  Just  as  in the s a m e  p r o c e s s  in 
the s c h e m e  of the d i s i n t e g r a t i o n  of  p h o s p h e m i d e ,  the e l i m i n a t i o n  of .a  par t i c l e  with  m a s s  43 f r o m  the m o l e c u -  
l ar  ion to g ive  f ragment  e a t t e s t s  to the p r e s e n c e  of  an e t h y l e n e i m i n e  group in the s tar t ing  m o l e c u l e .  The 
subsequent  f ragmentat ion  of  ions  a and e i s  in c o m p l e t e  a g r e e m e n t  with that d e s c r i b e d  in s c h e m e  2. 
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The following r e m a r k s  touching upon the mass  spec t ra  of phosphemide and II and IIT must  be made. 
Posi t ively  charged f ragments  that have a labile e lec t ron pai r  are  formed during the fragmentat ion of the 
investigated substances,  as a consequence of which the charge  may be localized on different a toms of the 
fragment ,  for example:  

o 

However, in o r d e r  ~o avoid encumbering on the schemes  we present  only one resonance s t ructure  for 
each ion. 

As a rule,  there are corresponding metastable ions for all of the p rocesses  (as indicated by the a s -  
t e r i sks  by the a r rows  in the fragmentat ion schemes}. The proposed s t ruc tu res  of the ions formed in the 
disintegrat ion were  conf i rmed by the spec t ra  of the deutero analogs, the data for which are  presented in 
parenthe se s. 

Thus one of  the pathways of biotransformat ion of phosphemide in the o rgan ism of the rat is successive 
opening of the ethyleneimine r ings with the "formal"  addition of hydrogen chloride molecules:  

I I I I  I I  

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

The m a s s  spec t ra  were  obtained with an MKh-1303 mass  spec t romete r  with direct  introduction of the 
samples  into the ion source at 30 eV. The deutero der ivat ives  were obtained by exchange of the labile p ro -  
tons by recrys taUiza t ion  from deutero methanol. 
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