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2-HALOPYRROLES.  11. MASS SPECTROSCOPIC STUDIES* 

Keywords : 2-Halopyrroles , inass spectra 

Geoffrey A .  Cordel 1*" 
Department of Chemistry 

University o f  Manchester 
Manchester , M13 9PL , England 

ABSTRACT : 

The mass spectra o f  11 pyrrole der iva t ives  a re  discussed, 

with pa r t i cu la r  reference to  the los s  of any halogen atom present.  

In simple der iva t ives  such as 2-chloropyrrole ( 1 ) ,  a loss of  
/v 

halogen i s  only as favorable a s  loss of  H C N .  

In more complex compounds, loss o f  halogen competes poorly 

w i t h  the o ther  processes such a s  loss of carbon monoxide, the 

tropylium species,or methyl g roups .  

Substantial fragmentation of the pyrrole nuc 

before rearrangement o f  an alkyl pyrrole t o  a pyr 

eus 

din 

was observed 

um species.  

* 
** Present address: 

For par t  I in t h i s  s e r i e s  see reference 1 .  

a t  the Medical Center, Chicago, I l l i n o i s  60612, U.S.A. 
College of Pharmacy, University of I l l i n o i s  
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9 84 CORDELL 

INTRODUCTION -____ 
The synthesis and chemistry of a number of 2-halopyrrole 

derivativcs has recently been described.1 

cusses the mass spectra o f  some of these compounds. 

The present paper d is -  

Many aspects o f  the mass spectral  fragliiciltation of sitiiple 

pyrroles have been elucidated arid discussed e l s e ~ h e r e . ~ - ~  

there a re  only limited reports of the mass spectra o f  2-halopyrroles 

in the l i t e r a t u r e .  I t  was of some i n t e r e s t  therefore ,  t o  see how 

readily the halogen a t o m  was l o s t  in the siiiall nuiiiber of Z-halopyr- 

However, 

roles which, because of t h e i r  extreme 

by t h i s  technique. 

RESULTS A N D  DISCUSSIOA 

The principal peaks in the mass 

( F I G .  1 )  a re  summarized in Table 1 .  

i n s t a b i l i t y ' ,  could be examined 

pectra of  the  pyrroles studied 

1 R = H  

2 R = C H  

3 R = C h 2 P h  

rr/ 

3 /y 

n' 

5 R = H  

7 R = CH3 

/r/ 

/*/ 

6 
4 8 R = C 1  9 ev /r/ 

1 0 R = H  
n/ 

11 R = CHOi 
n/ 
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986 CORDELL 

The base peak i n  t h e  inass spectrun1,5 d t  40°, o f  2 - c h l o r o p y r -  

r o l e  ( 1 )  i s  t h e  m o l e c u l a r  i o n ,  wh ich  shows two m a j o r  modcs o f  

f r a g m e n t a t i o n .  One i n v o l v e s  l o s s  o f  a n e u t r a l  IiCN m o l e c u l e ,  t o  

y i e l d  an i o n  r a d i c a l  m/c 74, wh ich  l o s e s  a c h l o r i n e  r a d i c a l  and 

c y c l i z e s  t o  a F f o r d  t h e  c y c l o p r o p e n y l  i o n ,  m/c 39 ( 1 2 ) .  

mode o f  f r a g m e n t a t i o n  i n v o l v e s  loss o f  a c h l o r i n e  r a d i c a l  b(?f*oforv 

l o s s  o f  HCN, t o  produce  m/e 66, 2, wh ich  f u r t h e r  f ragmen ts  t o  

12. 

n/ 

The second 
N 

These p rocesses  appear  t o  be a p p r o x i m a t e l y  e q u a l l y  f a v o r a b l e .  

I n  t h e  inass spec t rum o f  2-chloro-1-methylpyrrole ( 2 ) ,  t h e  rnolec- 

u l a r  i o n ,  m/e 115, i s  t h e  base peak, and t h e  abunddnce o f  t h e  a z a f u l -  

v i n i u m  spec ies ,  m/e 114, VJ i s  low. 

methg l  r a d i c a l  ,to a f f o r d  a f ragmen t  m/e 100. 

loss o f  c h l o r i n e  r a d i c a l  and subsequent  rea r rangement  t o  a p y r i d i n i u i n  

spec ies  o f  t h e  t y p e  5 o r  3 a t  w/e 80. 

/y 

8v- 

The m o l e c u l a r  i o n  does l o s e  a 

A l s o  i m p o r t a n t  i s  t h e  

I ,  

13 
/./ 

12  . 
/r/ 

These can f ragmen t  by  l o s s  o f  IiCN, as observed p r e v i o u s l y  f o r  

l - m e t h y l p y r r ~ l e ~ ~ ~ ,  t o  p roduce  t h e  s p e c i e s  m/e 53, 17. 

v i n i u m  s p e c i e s  14 undergoes  loss o f  HC1 t o  a f f o r d  an i o n  m/c 78.  

The a z a f u l -  
I+/ 

N 
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2-HALOPYRROLES. I1 9 87 

This  process may occu r  b e f o r e  o r  a f t e r  r i n g  expansion t o  a 

p y r i d i n i u m  species 18, b u t  i t  i s  o f  i n t e r e s t  t h a t  t he  fragment i o n  

m/e 78 i s  t h e  base peak i n  t h e  mass spectrcln o f  2 - c h l o r o p y r i d i n e .  

Fu r the r  f ragmen ta t i on  by loss o f  HCN g i v e s  r i s e  t o  t h e  i o n  a t  m/e 

51, o f  unknown s t r u c t u r e .  I t  is a l s o  notewor thy t h a t  t h e  c h l o r o -  

cyc lopropenyl  i o n ,  m/e 73, 19 has an abundance o f  15%, s t r o n g  

evidence f o r  t h i s  i o n  be ing  t h e  p roduc t  o f  a f ragmen ta t i on  o f  p y r -  

r o l i c  ( a z a f u l v i n i u m )  r a t h e r  than a p y r i d i n i u m  species,  s i n c e  i t  i s  

p resen t  as o n l y  2% o f  t h e  base peak i n  t h e  mass spectrum o f  2 -ch lo ro -  

pyr  i d i  nee 

H 

d 

17 
/v 

CI o r  “Q 
18 
/y 

20 
/r/ 

As i n  t h e  mass spectrum o f  1 -benzy lpy r ro le  6, t he  base peak 

i n  t h e  mass spec t ra  o f  1 -benzy l -2-ch loro-and 1 -benzyl-2-bromopyr- 

r o l e ,  3 and 4, i s  t h e  t r o p y l i u m  species,  m/e 91, LO. 
i on ,  i n  t h e  case o f  t h e  2 - c h l o r o  d e r i v a t i v e ,  i s  26%, and i n  t h e  case 

o f  t h e  2-bromo d e r i v a t i v e  o n l y  13% o f  t h e  base peak. 

major fragment i s  a species,  rn/e 65, (11.5% o f  t h e  base peak i n  each 

case) r e s u l t i n g  f rom l o s s  o f  bo th  s u b s t i t u e n t s .  

/v 

The mo lecu la r  
d n /  

The o t h e r  

I t  i s  somewhat 
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988 CORDELL 

s u r p r i s i n g  t h a t  t h e  c y c l o p r o p e n y l  i o n  2 has o n l y  a l o w  abundance 

(5%)  i n  t h e  spec t rum o f  each o f  t h e s e  coinpounds. 

The mass spec t rum o f  5 - c h l o r o p y r r o l e  2 -ca rboxa ldehyde  ( 5 )  has 
K 

i 
two peaks a t  Mt.and M -1 o f  a l l nos t  equa l  i n t e n s i t y  wh ich  a r e  t h e  

base peaks. 

o c c u r  t o  any  g r e a t  e x t e n t  (<2%) ;  r a t h e r ,  l o s s  of  ca rbon  monox ide  t o  

a f f o r d  an i o n  m/c 100 i s  f o l l o w e d  by  l o s s  o f  HCN t o  g i v e  t h e  c h l o r o -  

c y c l o p r o p e n y l  i o n ,  m/e 73, 19. The f ragmen t  i o n  a t  m/e 66, 13 ,  i s  

a l s o  q u i t e  abundant  and p r o b a b l y  a r i s e s  f ron i  m/e 101 by  l o s s  o f  ha logen  

Loss o f  h a l o g e n  r a d i c a l  f r o m  t h e  m o l e c u l a r  i o n  does n o t  

/v A0 

r a d i c a l .  

The spec t rum o f  5 -bromopyr ro  

f o u r  s t r o n g  peaks o f  a l m o s t  equal  

i s o t o p e s  a t  m/e 173 and 175. The 

e-2-carboxa ldehyde ( 6 )  c o n s i s t s  o f  

i n t e n s i t y  due t o  t h e  two b romine  

r c o r r e s p o n d i n g  M -1 s p e c i e s  f r a g -  

N 

i 

ment i n  a s i m i l a r  way t o  t h e  c o r r e s p o n d i n g  c h l o r o  conipound by  l o s s  o f  

ca rbon  monoxide, t o  g i v e  an  i o n  m/e 144; t h e  l a t t e r  l o s e s  HCN t o  

a f f o r d  t h e  brornocyc lopropeny l  i o n ,  m/c 117, 21, a l o n g  w i t h  co r respond-  
d 

r e s p e c -  i n g  f rag inents  c o n t a i n i n g  

t i  v e l y  . 
The mass spec t rum o 

t h e  81Br i s o t o p e  a t  m/e 146 and 119 

5 - c h l o r o - 1  -methy l  p y r r o l e - 2 - c a r b o x a  dehyde ( 7 )  
+ i. 

e x h i b i t s  v e r y  s t r o n g  M and M -1 peaks, t h e  l a t t e r  b e i n g  t h e  base 

peak, m/c 142.  T h i s  peak g i v e s  r i s e  t o  two abundant  f rag inen ts  a t  

m/c 114 (14 .52 ) ,  by l o s s  o f  ca rbon  monoxide, and m/t! 78, (24 .2%) ,  

by l o s s  o f  HC1 and subsequent  r i n g  expans ion .  

f ragmen t ,  i s  t h e  c h l o r o c y c l o p r o p e n y l  i o n  (2) (31 .5%) .  

The most  abundant  

The m o l e c u l a r  i o n  i n  t h e  niass spec t rum o f  5 - c h l o r o - 2 - t -  

b u t y l p y r r o l e  ( 8 )  a t  40°, i s  l e s s  t h a n  20% o f  t h e  base peak, m/e 
N 

D
o
w
n
l
o
a
d
e
d
 
A
t
:
 
0
4
:
2
6
 
3
0
 
J
a
n
u
a
r
y
 
2
0
1
1



2-HALOPYRROLES. I1 9 89 

142,  5. 
place  t o  s u c c e s s i v e l y  produce s p e c i e s  a t  m/c 126 and m/e 114. 

l a t t e r  i s  t h e  pyridiniuin s p e c i e s  ,$, which can e i t h e r  l o s e  a c h l o r i n e  

rad ica l  wi th  hydrogen r a d i c a l  rearrangement t o  a f f o r d  m/e 7 9 ,  2, o r  

H C 1 ,  as  descr ibed  previous ly  t o  y i e l d  t h e  ion r / e  78. 

rad ica l  from t h e  base peak i s  a l s o  observed ,  a f f o r d i n g  a s p e c i e s ,  m/e 107. 

Fur ther  l o s s  o f  one-carbon fragnients from t h i s  s p e c i e s  t a k e s  

The 

Loss of halogen 

C'H 
22 23 

/r/ 
24 
r /  

The most a b u n d a n t  f ragments ,  a f t e r  t h e  base peak, a r e  t h e  ions  

a t  m/e 41 and 39. S ince  t h e s e  fragments occur  t o  t h e  e x t e n t  of 

l e s s  than 5% i n  2-ch loropyr id ine ,  cons iderable  f ragmentat ion o f  the 

p y r r o l i c  s p e c i e s  22 must o c c u r ,  before  i t  rear ranges  t o  t h e  pyridinium 

spec ies  23. 
d 

/r/ 

Of t h e  t -bu ty l  coiiipounds whose mass s p e c t r a  were exaniined, 

only 3 - t - b u t y l p y r r o l e  ( 9 )  has a inolccular ion which i s  a f a i r l y  
2 l a r g e  percentage o f  t h e  base peak. As i n  tile thiophene s e r i e s  , 

t h e  molecular ion i s  only  35% o f  t h e  base peak i n  t h e  mass spec- 

truii of 2-2-buty lpyr ro le  ( 1 0 ) .  

pounds a r e  thought  t o  be due t o  ions of the  type 25  and $6. 

t h e r  l o s s  of  one-carbon fragnients then takes  p lace  t o  produce 

spec ies  a t  m/e 93 and ffi/c 80, the l a - t t e r  probably being the  r ing-  

expanded pyr id i  nuin s p e c i e s  27.  

N 

The base peaks i n  t h e  parent  com- 

Fur-  
/v 

N 

The secondary mode of  fragmenta- 
d 
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990 CORDELL 

t i o n  o f  t h e  r f i o l ccu la r  i o n  i s  one i n v o l v i n g  cor!iplete l o s s  o f  t h e  

t - b u t y l  g roup  w i t h  c o n c o n i i t a n t  d o u b l e  hydrogen r a d i c a l  m i g r a t i o n  

t o  t h e  r i n g 2 ,  t o  a f f o r d  a p r o t o n a t e d  p y r r o l e  s p e c i e s  a t  m/e 68, 

28. Tha t  t h i s  i o n  has a p p r o x i m a t e l y  t h e  saine abundat;ce for  b o t h  

2- and 3 - t - b i i t y l p ) ~ r r o l e  i s  s t r o n g  ev idence  t h a t  i t  i s  i n  Fac t  t he  

p r o t o n a t e d  p y r r o l e  spec ies ,  r a t h e r  t h a n  the  r i n g  f ragmen ted  spe- 

I 

n/ 

c i e s  2. CH 3 

25  
w 

26 
N 

27 
/y 

I 
c 29 
Ill A/ 

W '  
H 30 

/v 

A m o l e c u l e  c o n t a i n i n g  a L - b u t y l  g r o u p  and a f o r n i y l  g roup  

wou ld  be expec ted  t o  show a c o m p a r a t i v e l y  m a 1 1  m o l e c u l a r  i o n ,  

and indeed  i n  t h e  c a s e  o f  5 - l - b u t y l  pyrrole-2-carboxaldehyde (2) , 

i t  i s  o n l y  4.5% o f  t h e  base peak. The l a t t e r ,  a t  Mt-16, (m/c 
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135) ,  a r i s e s  froiii r a p i d  l o s s  o f  the fomiyl hydrogen and iwthyl  

r a d i c a l ,  t o  a f f o r d  a very s t a b l e  s p e c i e s  30. Fur ther  fragmenta- 

t i o n s  o f  t h e  base peak a r e  s t r a i g h t f o r w a r d ,  by loss o f  carbon 

monoxide t o  m / e  107, fol lowed by l o s s  o f  two one-carbon f r a g n e n t s  

t o  t h e  i o n ,  ni/c 80. I t  i s  s u r p r i s i n g  t h a t  the tn/e 68 s p e c i e s  i s  

so abundanz: (19% o f  the base p e a k ) ,  s i n c e  t h i s  f ragment ,  thouqht  

t o  be due t o  a pro tona ted  p y r r o l e  s p e c i e s  28,would then a r i s e  

froi,i tr7ipZe hydrooen r a d i  cal  mi gra  t ion  t o  the r i n g  . 

/I/ 

/v. 
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