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SPECTROSCOPY LETTERS 4(12), 385-394 (1971) 

FRAGMENTATION OF SOME HYDRAZINO- AND 

HYDROXYLAM INOHA LOPHOS PH INE S UNDER ELECTRON INPACT 

la l c  
Amy E .  Goya, lb  and John W .  G i l j e  M a r s h a l l  D .  R o s a r i o ,  

Chemis t ry  Department 
U n i v e r s i t y  of H a w a i i  

Honolulu,  H a w a i i  96822 

During t h e  p a s t  s e v e r a l  y e a r s  compounds c o n t a i n i n g  P-N bonds have 

been t h e  o b j e c t  of  a number of  i n v e s t i g a t i o n s , ’  many of  them m o t i v a t e d  

by t h e  c o n j e c t u r e  t h a t  pri-dr bonds c a n  form between t h e s e  two atoms.  

R e c e n t l y  t h e  behav io r  o f  t h e  h a l o p h o s p h o n i t r i l e s ,  3-6 whose bonding is 

t hough t  t o  i n v o l v e  e x t e n s i v e  pii-dr d e l o c a l i z a t i o n ,  and t h e  aminohalo-  

phosph ines ,8  which c o n t a i n  o n l y  a s i n g l e  P-N fragment ,  toward e l e c t r o n  

bombardment has  been d e s c r i b e d .  S i n c e  t h e  framework o v e r  which bonding 

c a n  o c c u r  i n  t h e  hydraz ino -  and hydroxylaminohaloph~sphines~ is  i n t e r -  

med ia t e  between t h e s e  o t h e r  two classes of compounds w e  would l i k e  t o  

r e p o r t  comparable  s t u d i e s  f o r  t h e s e  l a t t e r  compounds. 

EXPERIMENTAL 

A l l  compounds were p r e p a r e d  and p u r i f i e d  f o l l o w i n g  p r o c e d u r e s  

a p p e a r i n g  i n  t h e  l i t e r a t u r e . ’  

NMR, and I R  s p e c t r a ,  and v a p o r  p r e s s u r e s  t o  r e p o r t e d  d a t a .  

T h e i r  p u r i t y  w a s  checked by comparison of  

Mass s p e c t r a  were run  on l i q u i d  samples  i n j e c t e d  i n t o  a H i t a c h i  

Perkin-Elmer RMU-6D s p e c t r o m e t e r  a t  20 e v  and 70 ev i o n i z i n g  v o l t a g e s .  

The s o u r c e  and i n l e t  were n o t  h e a t e d  t o  p r e v e n t  decompos i t ion  of t h e  

samples .  No s i g n i f i c a n t  d i f f e r e n c e s  were no ted  between t h e  20 e v  and 70 

e v  s p e c t r a .  
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ROSARIO, GOYA, AND GILJE  

RESULTS AND D I S C U S S I O N  -- 

The main f r agmen t s  i n  t h e  mass s p e c t r a  of F P N ( C H  )OCH 2 3 3' 

F*PN(CH3 ) N ( C H j  ) 2 , FP[ N (CH3 ) OCH3 J2 FP [ N (CH3 ) N (CH3 ) 2 12 C 1 2 P N  (CH3 1 OCH3, 

C l  2 P N  (CH3) N (CH3 ) 2, C 1  P[ N (CH3 ) OCH3 I,, and C 1 P  [ N (CH3 ) N (CH3 ) l2 a r e  

summarized i n  T a b l e  1; t h e  comple t e  s p e c t r a  a r e  l i s t e d  i n  Tab le  2, and 

t h e  m e t a s t a b l e  i o n s  obse rved  i n  t h e s e  s p e c t r a  a r e  r e p o r t e d  i n  Tab le  3 .  

P a r e n t  i o n s  were obse rved  f o r  a l l  compounds e x c e p t  C 1  P N ( C H  ) N ( C H  ) 

whose spec t rum (parent-C1) w a s  t h e  h i g h e s t  mass i o n  d e t e c t e d .  As i n d i -  

c a t e d  by t h e  f r a g m e n t a t i o n  p a t t e r n s  and s u p p o r t e d  by m e t a s t a b l e  i o n s  

t h e s e  molecu le s  f ragment ,  unde r  e l e c t r o n  bombardment, t h rough  t h e  cleav- 

a g e  of phosphorus -n i t rogen ,  o r  phosphorus -ha logen  bonds.  A s  might  h e  

e x p e c t e d ,  s i n c e  P - C l  bonds are t y p i c a l l y  weaker than a n a l o g o u s  P-F 

bonds," i o n s  a r i s i n g  from c l e a v a g e  o f  t h e  phosphorus -ha logen  bonds c a r r y  

a l a r g e r  p e r c e n t a g e  of t h e  t o t a l  i o n  c u r r e n t  i n  t h e  r e s p e c t i v e  c h l o r o -  

p h o s p h i n e s .  

F P [ N ( c H ~ ) o c H ~ J ~ ~ ~ ~  C12PN(CH3)N(CH3)2  w a s  f r a g m e n t a t i o n  o f  t h e  p a r e n t  i o n  

by C-N, N-N, N-0 ,  o r  C-H c l e a v a g e  o b s e r v e d .  I n  a l l  o f  t h e s e  cases, how- 

e v e r ,  t h e  amount of such  c r a c k i n g  a p p e a r s  t o  he s m a l l  w i t h  t h e  r e s u l t a n t  

f r agmen t s  c a r r y i n g  o n l y  a b o u t  1% of t h e  i o n  c u r r e n t .  

2 3 3 2 in 

Only i n  t h e  c a s e s  o f  F 2 P N ( C H  )OCH3, F 2 P N ( C H 3 ) N ( C H 3 ) 2 ,  3 

Fragmen ta t ion  of t h e  t r i m e t h y l h y d r a z i n o  d e r i v a t i v e s  a p p e a r s  t o  pro-  

cede  l a r g e l y  th rough  P - N  bond r u p t u r e  and t h e  f o r m a t i o n  of  t h e  t r i m e t h y l -  

hydrazonium i o n ,  N C H 

N2C3H9 

c u r r e n t  i s  c a r r i e d  by t h a t  i o n ,  N C H 

s t a b l e  t r a n s i t i o n s  i n d i c a t e d  t o  have been formed from N C H 

r ema in ing  peaks  were u n i f o r m l y  of  r a t h e r  l o w  r e l a t i v e  i n t e n s i t y  w i t h  

v i r t u a l l y  none of  them i n d i v i d u a l l y  c a r r y i n g  ove r  3% of  t h e  i o n  c u r r e n t .  

I n  f a c t ,  w i t t i  e a c h  of t h e s e  compounds t h e  
+ 

2 3 9 '  
+ 

peak  i s  the base  peak and between 60%-70% of t h e  t o t a l  i o n  

+ + , N2C3H7 , and i o n s  which meta- 

+ 
2 3 9 . The 
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FRAGMENTATION OF HYDRAZINO- AND HYDROXYLAMINOHALOPHOSPHINES 

0.0 5 . 8  

31.6 22.8 

3 .1  1 0 . 5  

7 . 1  5 . 2  

2 .9  11.2 

1 5.0 3.2 

TABLE I 

Percent  Ion Current  (%f 25) of P r i n c i p a l  Tons 
(R = N C H o r  NOC2H6, X = C 1  o r  F) 3 3 9  

I. Parent  

11. R 

111. PX2 

I V .  XPR 

V .  (IV-29) 

VI. (V-X-15) 

C 1 PR2 

i2C3Hg POC2H6 

1 . 5  2.4 

37.7 12.3 

--- --- 

2.0 16 .2  

1.5 18.6 

4 . 5  2.7 

F,PR 

1.6 14.5 

23.3 4 . 9  

5.8 19.4 

1 .2  0.2 

0.7 6 . 2  

0.7 1.4 

3.7 3.7 

33.8 3 . 9  

--- --- 

2 . 7  11.9 

1.1 22.9 

0 .3  3.0 

+ The s t a b i l i t y  of N2C3H9 

s p e c t r a l '  of (CH ) N and o t h e r  compounds c o n t a i n i n g  t h e  N2(CH ) moeity 

t h e  N2(CH3)3 

probably r e f l e c t i n g  t h e  s t a b i l i t y  01 s p e c i e s  such as 

and r e l a t e d  fragments  i s  not  s u r p r i s i n g .  

3 4 2  3 3  

and a s s o c i a t e d  ions  are observed i n  l a r g e  abundances 

In t h e  

+ 

w h i c h  a r e  Lurmally similar to t h e  r e l a t i v e l y  s t a b l e  immonium ions seen  

i n  mass s p e c t r a  of many amines.  12 

With t h e  hydroxylamino d e r i v a t i v e s ,  on t h e  o t h e r  hand, q u i t e  a 

d i f f e r e n t  p i c t u r e  emerges. Only i n  the  mass spectrum of C ~ ~ P N ( C H ~ ) O C H ~  

+ i s  t h e  hydroxylimmonium ion,  NOC2H6 , t h e  base peak, and even w i t h  t h i s  

compound t h e  f r a c t i o n  of t h e  i o n  c u r r e n t  c a r r i e d  by NOC H + i.s only  about  

23%. Such behavior  is  not  unexpected i n  view of t h e  g r e a t e r  a l k y l  sub- 

s t i t u t i o n  i n  N2(CH3)s and t h e  w e l l  known a b i l i t y  of n i t r o g e n  t o  s t a b i l i z e  

2 6  
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ROSARIO, GOYA, AND GILJE 

TABLE I1 

Mass S p e c t r a  of  Hydrazino-  and Hydroxylaminohalophosphines 
(Each e n t r y  c o n s i s t s  of r e s p e c t i v e l y ,  the mass / cha rge  r a t i o  f o r  each i o n ,  
f o r  t h a t  i o n ,  and ,  f o r  the iliorc i m p o r t a n t  i o n s ,  t h e  t e n t a t i v e  a s s i g n m e n t )  

C12PN(CH3)N(CH3)2 

27,  0 .6 ;  28,  3 . 8 ;  30,  2.5;  3 1 ,  0.6;  32,  1 .2 ;  3 3 ,  0 . 6 ;  35 ,  0.3;  36 ,  0 . 6 ;  
40 ,  0 .3 ;  41, 0 . 6 ;  42 ,  7 . 5 ,  KC2HL; 43,  2 .5 ,  KC2II5; 44,  10.4, Nc2H6; 4 5 ,  0 . 6 ;  
4 6 ,  2.5 ,  NC.?il ; 57,  0 . 6 ;  58, 0 . 9 ;  59,  0 . 6 ;  GO, 5.0 ,  PNCH3; 66,  1 . 6 ;  67 ,  0 . 6 ;  
6 8 ,  0 . 6 ;  71’, 8 . 9 ;  72 0.3; 12, g.A, N2C3H9; 74,  1 . 2 ;  94, 0 . 3 .  96 ,  1 . 6 ,  

110, 2 7 ~ ~ C ~ I ’ I J ~ C H ~ ;  112,  0.7,1Y4dlPN2CH5; 133, 5 . 3 ,  35C1PN2C3Hg; 141, 
1.8,  i,iTN2C3H9 ; 

5C 1 Ph’CH(+ ; 9 8 ,  0.5  , 7C l P9CII4 ; 1 . 9 ,  3 2 ~ 1 ~ ~ ;  103, 1 . 2 ,  ~ ~ ~ I ~ ~ c I P ;  

27,  0.8;  23, 3 . 8 ;  29 ,  0 . 8 ;  30 ,  5 . 3 ;  31 ,  0 . 4 ;  32 ,  1 . 9 ;  4 1 ,  0.8; 4 2 ,  7.5 ,  
K C 2 U ~ + ;  43,  6 . 8 ,  IJC2H5; 4 4 ,  7 . 5 ,  KC2II6; 4 5 ,  0 . 8 ;  46,  3 . 0 ,  NC2H8; 5 7 ,  1.1; 
58, 0.8;  59, 3.0;  50, 4 .5 ,  PNCH 
74, 5 .3 ;  96,  0.8; 110: 1.1, 35$1hN2CH5; 112 0 . 4 ,  3’zPN2CH5; 134, 0 . 4 ,  
PN3CgH15; 139, 1 . 5 ,  3JC1PN2C3Hg; 141,  0 .5 ,  37C1PN2C3Hg; 177, 1.1, P N ~ C G H ~ ~ ;  

7 1 ,  0.8; 72, 0.4 :  73, Z.L, !G2C3H9; 

212, 1.1, 35C1PNqC6H18; 214 ,  0.4, 37ClI?NqCgH18. 

F2PN (CH3 1 N (CH3 1 

27,  0.9;  28,  5.1; 2 9 ,  0 .5;  30 ,  4 .4 ;  31,  0 .5;  32 ,  1 . 9 ;  36 ,  0 .2 ;  4 0 ,  0 . 5 ;  

3 .5 ,  NC?li8; 5 0 ,  0 .7 ,  FP; 51,  0 .5 ;  57,  1.2; 58, 2 . 1 ;  59,  1 . 9 ;  60,  0 . 5 ,  

80, 0 .5 ,  FPKCII4; 94 ,  0.7 ,  FPN2CHf+; 90, 0.5;  98, 0.z;31?;, 0 . 9 ,  F2PN2CH3; 

41 ,  0 .7 ;  4 2 ,  

I’NCH3; 69 ,  5 . 8 ,  F2P; 71,  0.9; 72, 0 .7;  7 3 ,  3.2, N C H * 74,  2 .1 ;  78,  0 .5 ,  

11.4,  fX2H4; 4 3 ,  15.0,  NC2H ; 44, 9 .2 ,  NC2H6; 4 5 ,  0 .7;  46 ,  

123,  1 . 2 ,  FPN2C3Hg ; 142, 1 . 6 ,  F2PNzC3Hg e 

FP [ N ( C t i j  ) N  (CH3) 2 I2 

27,  0 .7 ;  28 ,  4 . 4 ;  29,  0 .7 ;  30, 4 .4;  31,  0 . 7 ;  32,  1 . 7 ;  40 ,  0.3 ;  4 1 ,  0 .7 ;  

50, 0 .3 ,  FP;  51, 0 .3 ;  57, 1.3; 58, 0 . 7 ;  59 ,  5.1; 60 ,  1 . 4 ,  PNCH ; 71, 1.0; 
72, 0.7 ;  73, 2 . 8 ,  N2C3Hg; 74, 4 . 7 ;  78, 0 .7;  80, 1 . 0 ,  FPh’CHL,; 34, 1 . 7 ,  
FPN2CH4; 13.3, 2 .7 ,  FPNzC3Hg; 148, 0 . 3 ,  YN3CqH12;196, 3 . 7 ,  FPNkC6H18; 
19? ,  0 .3 .  

42, 8.1, HC2H4; 4 3 ,  7.1, NCzHg;44, 8.8, NC2H,5; 45 ,  0.7; 4 6 ,  2 . 4 ,  I:c~Hf3; 

G12PN (CI13) OCH3 

27,  0.5;  28,  5 .0 ;  2 9 ,  1.8; 30, 1 . 4 ;  31, 1 . 6 ;  3 2 ,  0 . 9 ;  33 ,  3 .7 ;  35,  0 . 5 ;  
36 ,  0 .9;  37, 0 .2;  38, 0 .3 ;  4 2 ,  
0.5; 47 ,  3 . 2 ,  PO; 49 ,  0.2 ;  57, 0 .2 ;  58,  0 . 7 ;  59,  1 .4 ;  6 0 ,  2&:, HCC21I6; 

0 .7 ;  43 ,  0 .2 ;  44 ,  0 . 7 ;  45,  1 . 4 ,  NCCH3; 4G, 

61, 0.7;  62,  0.2; 6 3 ,  0 .5 ,  66,  2 .3 ,  3 5 ~ 1 ~ ;  G7 ,  1 .4;  6 3 ,  0 . 7 ,  > 7 C i P .  6 ? ,  
0 . 5 ;  94, 0 . 9 ;  95 0 . 2 ;  96, 0 . 7 ;  97, 8,5; 35C1PCC113; 
5.9,3-%121), 103, 3.2 35~t3k1P;105;0.7, 37C12I?;t10, 0 .7;  1 1 2 ,  0.2; 117, 0 . 4 ;  119, 
0.2; 126,  3 .9 ,  3’ClPNOC2H6; 128, 1 . 3 ,  j7C1PNCC2H6, 130, 0 .5 ;  131, 0 . 2 ;  

32,0.2;?9,2.7,3~C:cl~O~~i13:101, 

(cont.) 
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FRAGMENTATION OF HYDRAZINO- AND HYDROXYLAMINOHALOPHOSPHINES 

132,  0 .5 ;  $6, 0 . 7 ,  35C12PN?CH3; 148,  0 . 5 ,  35C137C?WCC113; 160,  0 .7 ;  
161, 5 .9 ,  J’C12pXOC2116; 1 6 2 ,  0 .5 ;  103 ,  4.1,  35C137Cl’?~C~~H6;  164,  0.2; 
165,  0 .7 ,  3 7 ~ ~ 2 ~ ~ ~ 4 ~ ~ 2 ~ ~ 6 .  

C I  P [ N (CH3) OCH3 l 2  

2 7 ,  0.6; 28, 8 .8 ;  2 9 ,  1.8; 30,  1 . 7 ;  31 ,  1.1; 32 ,  2 . 2 ;  33,  2 . 0 ;  3 5 ,  0 .1 ;  
36 ,  1 .3;  38, 0.4; 40 ,  0.1; 41 ,  0.1; 42, 0.6; 43 ,  0.7;  &4, 1.8, PiCCH2; 
45 ,  1.8, b’OCY3; 4 6 ,  5 . 2 ,  NOC::t+; 47, 2 .7 ,  PO; 49,  0.1; 57, 0 . 1 ;  58, 
59, 1 .0 ;  G O ,  L2.3,  l!OC2116; 61, 4.1; 67,  0.1; 63, 0 .8 ;  66,  0 .4 ;  6 7 ,  0 .7 ;  
68,  0.1; 69,  0.3;  73, 0.1; 7G, 0.1;  75,  0 .1;  79,  0.1; 81, 0.1; 83,  0.1 
85 ,  0.1; 90, 0.1;  92,  0 . 4 ;  93,  1 . 3 ,  PI\WCH[$. 9 4 ,  0.3; 95, 0 . 4 ;  95, 0 . 4 ;  
-- 97, Jl.0, 35c1!’CCI!3; 3 8 ,  101, 0.3;  103, 
0;1; 105, 0.1; 106, 0.1; 103, 0.3 .  110, 0.1;  1 1 2 ,  0.1; 122, 1.1; 1 2 6 ,  11 .8 ,  

PN202C6H~2~’161 

0 . 3 ;  9!?, 4.6, 37ClPCCH3 ; 

JJciriwc H . 127,  0 ,4 ;  1.23, 4 . 4 ,  J ~ C ~ P N O C  11 ; 129, 0.1; ~ 3 ,  0.1; 151, o,Lt; 

0.1 ; 180, O.G,  % ~ Y N ~ o ~ c ~ K ~ ~ .  

F ~ P N  (CH~)OCH~ 

0.3; 162, 0.1;  153, 0.1;216G, 1.8,  35C1PN202C4H12; 187,  

26,  0 . 2 ;  27,  1 . 2 ;  2 8 ,  11.7 ;  2 9 ,  9 .7 ;  30 ,  1 .7;  31,  3 .1;  32, 0 .6 ;  33 ,  1 . 6  
36 ,  0 .6;  38 ,  0 . 2 ;  41, 0 .2;  4 2 ,  0 .6;  4 3 ,  0 .4 ;  44,  0 . 4 ;  4 5 ,  2 . 1 ,  NOCH3; 
4 6 ,  1 . 2 ,  NCCI14; 47 ,  1 .4 ,  PO; 50,  1.4, PF; 51,  0 .8;  58 ,  0 .2 ;  5 9 ,  0.8; 60 ,  
4.9,  MCC2H ; 61, 1.0; 6 2 ,  0 .2 ;  67 ,  1 . 9 ;  69, B./., PFq; 71, 0 .4;  74,  0.6; 
77, 0 . 2 ;  78,  0.G; 79, 0.2; 8 0 ,  0.2;  S1, 6.2 ,  FPCCH3 ; 8 4 ,  
86, 0.6;  87 ,  0 .2 ;  88, 0 . 4 ;  94,’0.4; 36, 1 .5 ,  FPNCCH,; 97,  0 . 8 ;  98,  3 . 4 ;  

0.2; G 5 ,  0 .4 ;  

99, 0 . 8 ;  100, 0.4;  101, 0.2;  110, 0 . 2 ,  FPNOC2~16; 11i, 0.2; 113, 0.6;  114,  
2 . 3 ,  F2PKOCH3; 128,  0 . 6 ;  129 ,  14.5 ,  F2PNOc21-16; 130, 0.4.  

FP i~ ( C I I ~ )  O C K ~  l 2  

2 7 ,  0 .7 ;  28,  8 . 5 ;  2 9 ,  2 .5 ;  30 ,  2 . 3 ;  31 ,  1 . 8 ;  32 ,  0 .2 ;  33 ,  2 . 5 ;  42,  0 .9;  
4 3 ,  0 . 9 ;  4 4 ,  1 .4 ;  45 ,  2 .7 ,  NOCH3; 46 ,  6 . 7 ,  NCCH&; 47 ,  3 .0 ,  PO, 50, 0 . 9 ,  
FP; 51, 1 .6 ;  59, 0.5; 60, 3 . 9 ,  NOC2116; 61 ,  5.0;  62,  0 .2 ;  G3, 0 .2 ;  65,  0 .7;  
66,  0 .2 ;  67 ,  0 .7 ;  69,  0 .5 ;  73,  0 .5 ;  74, 0 .2;  77,  0 . 5 ;  78, 3 . 4 ,  FPW2; 
79 ,  0 . 7 ;  80 ,  0 .7 ;  8.1, x 2 . 9 ,  FPCCB3 ; S 2 ,  0 .5 ;  83, 0 .7 ;  85 ,  0 . 2 ;  93,  0.5; 
9 4 ,  0.2 ;  95,  0 .9 ;  96,  0 .2 ;  97 ,  0 .4 ;  99, 0 . 2 ;  101, 0.9; 110, 11.9,  FPNOC2H6; 
126, 0 . 7 ;  128,  0 .2 ;  155. 0 .5 ,  FPN202C3H9; 170, 3 .7 ,  FPN202C4H12; 171, 0 .2 .  
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ROSARIO, GOYA, AND GIWE 

TABLE 111 

Metas tab le  Ions Observed i n  the Mass S p e c t r a  of the Hydrazino, Hydroxyl- 
amino-, and Arninohalophosphincs 

C12PN (Ct13)OCH3 

m/e Assignment 

11.2 974 33 
13.1 60-> 28 
18.2 60+ 33 
22.4 161+ 60 
22.8 97-> 47 
28.6 126+ 60 

74.7 126- 97 
76.5 12fH 99 

159.0 161+ 160 

73.1 126-> 96 

m/c Assignment 

18.2 60- 33 
27.2 8 1 2  47 
29.4 1 2 2 9  60 
33.1 61+ 45 
34.8 1 1 0 4  (11 
59.6 110+131 
71.2 170- 110 

C 1P I N (CH3 )N (CH3 12 ! 2 

m/e Assignment 

14.0 7 3 ~  32 
24.3 73-42 
25.1 212-> 73 
26.5 73- 44 
29.0 7 3 4 4 6  
30.0 1 7 7 4  73 

m/e Assignment 

15.7 112- 42 
111 1 1 3 j 1 1 2  

rn/e Assignnient 

1.3.9 69-31 
18.2 60-+33 
27.2 8 1 4 4 7  
27.9 124460 
33.1 61-45 
34.7 61--446 
51.0 1 2 9 4 8 1  
59.6 110-+81 
65.0 101--s01 
79.1 129-3 101 

100.8 129+ 114 
127.0 129- 128 

m l e  Assignment 

14.0 73-5 32 
24.3 73- 42 
26.5 73+ 44 
29.0 73-346 
32.8 1 1 0 3  60 
37.5 96+ 60 
38.4 139p.73 
66.4 1 3 9 4  96 
87.0 13g2* 110 

m/e Assignment 

12.4 732 .30  
14.0 73+ 32 
15.8 1 2 3 4  44 
24.2 73+42 
26.6 73-> 44 
27.2 1 9 6 4  73 
29.0 7 3 4 4 6  

m/e Assignrncnt 

13.1 GO-, 28 
18.1 6 0 4 3 3  

23.4 1 6 6 j 6 6  
33.1 61-45 
34.7' 6 1 4 4 6  
74.7 1 2 6 3 9 7  
76.6 12s- 99 
85.2 1 8 6 3  126 
07.2 1€8-> 121! 

22.8 97-47 

12.4 7 3 4  30 
14.0 7 3 3 3 2  
15.8 124->44 

24.2 73+'42 
26.6 73--?44 
29.0 73-46 
37.7 142-3 73 
52.6 1 2 3 4  80 
71.9 128+ 94 

19.6 4 3 J - 2 9  

m/e Assignment 

12.2 145+ 42 
16.1 110+42 
17.6 110-3 44 
59.7 l l O f 3 1  
61.4 1 1 2 4  83 
82.2 145- 110 
83.5 14731.112 
85.2 149+112 
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FRAGMENTATION OF IIYDRAZINO- AND HYDROXYLAMINOHALOPHOSPHINES 

p o s i t i v e  ions  more e f f e c t i v e l y  t h a n  oxygen." 

d e r i v a t i v e s ,  i o n s  c o r r e s p o n d i n g  t o  X 

XnP[N(C€13)0CH3!l-n, PX,, and f r agmen t s  a r i s i n g  from them by s i m p l e  bond 

c l e a v a g e  accoun t  f o r  a l a r g e  p o r t i o n  of t h e  t o t a l  i o n  c u r r e n t .  I n  a d d i -  

t i o n  t o  t h e s e  i o n s ,  however: l a r g e  peaks .  ( i n  t h e  case of FP[N(CH3)0CH3I2 

and ClP[N(CH )OCH3I2 t h e  b a s e  peaks )  a re  obse rved  € o r  [XPN(CH3)0CH3-29] 

i n  t h e  s p e c t r a  of t h e  and his hydroxylaminophosphines, and 

[P[N(C113)0CH3]2-2Y] i n  t h e  case of t h e  )& d e r i v a t i v e s .  M e t a s t a b l e  i o n s  

c o n f i r m  t h a t  t h e s e  i o n s  r e s u l t  from t h e  c r a c k i n g  of XPN(CI€ )QCH and 

P[ N (CH3)0CH3 I, 

I n  a l l  of t h e  hydroxylamino 

P[N(CH3)0CH3]:-n, n- 1 
+ 

+ 
3 

+ 
+ 

3 3  
+ 

r e s p e c t i v e l y  . 
M e t a s t a b l e  i o n s  a l s o  i n d i c a t e  t h a t  t h e  (f ragment  -29) i o n s  i ragment  

f u r t h e r  t o  u l t i m a t e l y  form PO . S e v e r a l  poss . ible  r ea r r angemen t s  can  be + 
t. 

w r i t t e n  i n c l u d i n g  ( u s i n g  XPN(CH )OCH3 as a n  example) 3 

HZ 

- : C1I2 

3 - - C H  

x -  P 

H 
I +  

X P - N - 0  

The former p r o c e s s  i s  u n l i k e l y  s i n c e  it i n v o l v e s  a n  even e l e c t r o n  

i o n  l o s i n g  a r a d i c a l  t o  g i v e  a r a d i c a l  i o n .  The abundance of t h e s e  i o n s  

i.mply t h e i r  s t a b i l i t y  and may b e  more c o n s i s t e n t  w i t h  t h e  second mode 

d e s c r i b e d  above i n  which a n  even  e l e c t r o n  i o n  i.s formed by loss of  a 

s t a b l e  molecu le .  Such a mechanism f i n d s  some p r e c e d e n t  i n  t r a n s a n n u l a r  

c l e a v a g e s  p r e v i o u s l y  d e t e c t e d  i n  epox ides  .I2 I f  t h i s  mechanism i s  c o r r e c t  

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
3
1
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



~ S ~ I O ,  COYA, AND GILJE 

it impl ies  t h a t  t h e  s t r u c t u r e  of  t h e  XPN(CH3)0CH3 i o n  i t s e l f  may be 

XP- N - CH3 

which is formal ly  similar t o  

R 
1, 

H2C - CH2 

13 

During t h e  course  of  t h i s  i n v e s t i g a t i o n  t h e  s p e c t r a  o f  F2PN(CH ) 

which has been r e p o r t e d  t o  form duri.ng t h e  c racking  of some e t h e r s .  

3 2  

and CL2F"(CH3)2 w e r e  also obta ined .  

by Borer and Cohn.8 

i n  t h e  s p e c t r a  of  bo th  of t h e s e  compounds (Table I) which i n d i c a t e  t h a t  

C12PN(CH3)2 fragments by a p a t h  s imilar  t o  t h a t  of C12PN(CH )N(CH ) 

and C12PN(CH3)OCH3. 

F ~ P N ( c H ~ ) ~ ,  on t h e  o t h e r  hand, is unique i n  t h i s  series of  compounds. 

repor ted  by Borer and Cohn' t h e  i o n  F2PN(CH ) 

i n t e n s e  i o n  a t  M - 1 .  W e  have observed a metas tab le  i o n  f o r  the  process :  

These a g r e e  w e l l  w i t h  those  obta ined  

We were a b l e  t o  observe s e v e r a l  new metas tab le  ions 

3 3 2  

That is  by i n i t i a l  P-N o r  P-C1 bond c leavage .  

As 

fragments t o  form a n  
3 2  

3 

m / e  = 112 m / e  = 42 

implying t h a t  a l a r g e  p r o p o r t i o n  of t h e  f ragmenta t ion  of t h e  molecule 

proceeds through t h e  M - 1  i o n .  (Although M - 1  peaks were observed i n  

s e v e r a l  of  t h e  o t h e r  compounds s t u d i e d  h e r e  they  were n o t  i n t e n s e  and no 

evidence w a s  obtained t o  i n d i c a t e  t h a t  a l a r g e  amount of t h e  f ragmenta t ion  

proceeded through them.) The formation of  a M - 1  peak is c h a r a c t e r i s t i c  

39 2 
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FRAGMENTATION OF HYDHAZINO- AIiD IiYDROXYLAMINOKALOPII08PIIINES 

i n  t h e  mass s p e c t r a  of o l e f i n s ,  r e p r e s e n t i n g  t h e  f o r m a t i o n  of a s t a b l e  

1L a l l y 1  i o n .  The P-N bond i n  t h e s e  compounds has  o f t e n  bccn p o s t u l a t e d  

t o  c o n t a i n  d v p w  doub le  bond c h a r a c t e r .  

o c c u r s .  i t  should be maximized when t h e  e l e c t r o n e g a t i v i t y  of t h e  s u b s t i -  

t u c n t s  bound t o  t h e  phosphorus is  g r e a t e s t ,  t h e  e l e c t r o n e g a t i v i t y  o f  t h e  

g roups  bonded t o  t h e  n i t r o g e n  is  minimized, and e l e c t r o n  donor  g roups  

which c o u l d  p a r t i c i p a t e  i n  r e sonance  forms such as 

Q u a l i t a t i v e l y  i f  such bonding 

I I 
P = N - Y H P - N = Y  

- + 
.. 

a r e  a b s e n t .  shuu ld  have t h e  

g r e a t e s t  d e g r e e  of  P-N mbond c h a r a c t e r  which might  e x p l a i n  i t s  un ique  

f ragrnenLntion. 

Tn t h e  compuunds s t u d i e d  h e r e  F2PN(CH ) 3 2  

C 

2 .  

3 .  

4 .  

5. 

6 .  
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