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Halide Fragmentation
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Relative Abundance
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bromohexane
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2-Butanol
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Carbonyl Compounds

Dominant fragmentation
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MaclLaffarty Cleavage
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Fragmentation Patterns of Groups
Aldehydes - Fragment Ions
a) Weak M+ for aliphatic, strong M+ for aromatic aldehydes

b) o-cleavage is characteristic and often diagnostic for aldehydes
— can occur on either side of the carbonyl

1+
X :
> R-C=0 + H
R* H
- E +.
O '
)J\ > R + H-C=0
R™ H

b) pB-cleavage is an additional mode of fragmentation




Aldehydes - Fragment Ions
d) McLafferty rearrangement observed if y-Hs present

|

e) Aromatic aldehydes — & -cleavages are more favorable, both
to lose H* (M - 1) and HCO* (M - 29)

R * Ho 1T

O

A

R

. ﬂ +

+

- O - A




Relative Intensity

The Mass Spectrum and Structural Analysis.IV
Fragmentation Patterns of Groups.E
Example MS: aldehydes (aliphatic) — pentanal . A

100
MS-NW-3536
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o) H H
80 I P O + ( - O)ﬁ@
RN § ]
50 29
40 —
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Fragmentation Patterns of Groups
Example MS: aldehydes (aromatic) — m+tolualdehyde

100 —
M5-HW-3431

ca
L
I
=0
=
N

. i H 119 M+ 120
%
T 60 -3
= 91
Z
T 40—
e
%
70—

[:I A1 Il‘
|||||||||||||||||||||||||||||
23 o0 s 100 125 150 175

m/ z



Ethers— Fragment Ions

a)

b)

b)

Slightly more intense M+ than for the corresponding alcohols or
alkanes

The largest alkyl group is usually lost to a-cleavage; the mode
of cleavage typically is similar to alcohols:

+- ®

R* + H,C=O-R

Hy
R—C —0O—R

Cleavage of the C-O bond to give carbocations is observed
where favorable

+o

H
{R—(F—O—R - R—CllH + *O-R
R R



Ethers—- Fragment Ions
d) Rearrangement can occur of the following type, if a-carbon is

branched:
@ ® H
R—C—0O—C-CH, - R—C=0 + /=
! /N | R
H r H H

c) Aromatic ethers, similar to phenols can generate the CH:O*
ion by loss of the alkyl group rather than H; this can expel C=0 as
in the phenolic degradation

. &

C=O  + CgHs'




Felative Intensity
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Example MS: ethers — butyl methyl ether
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Example MS: ethers — anisole

Relative Intensity
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Esters - Fragment Ions
a) Mt weak in most cases, aromatic esters give a stronger peak

b) Most important a-cleavage reactions involve loss of the alkoxy-
radical to leave the acylium ion

+o
@)

MR

R O

~ R-CZO + +OR;

c) The other a-cleavage (most common with methyl esters, m/z
59) involves the loss of the alkyl group

4 ©)
) O
.R ~ R + -O-
R)J\O 1 C-0-R;




Esters - Fragment Ions

f)  The most common fragmentation route is to lose the alkyl
group by a-cleavage, to form the C;H-.CO* ion (m/z 105)

] 4 @

11
C
©)‘LO,R - ©/ + ‘R

Can lose CO to give m/z 77



Esters - Fragment Ions

g) One interesting fragmentation is shared by both benzyloxy
esters and aromatic esters that have an ortho-alkyl group

B O— +- _ -+
O OH O
\x —_— Ll
benzyloxy ester @J C—/g @J t Gy
H CH,
) ) - ‘ - ketene
fragmentation
_ 5 . B .
-R C//O
7 (O - . . _R
ortho-alkylbenzoate ester ~H HO
c CH,
H>




Example MS: esters (aliphatic) — ethyl butyrate

1007 MS=HW-0441 O
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Example MS: esters (benzoic) — methyl ortho-toluate

100 - 119
MS-HW-1573
O
1 O
“
- o | OO
S[:I + e
= - CH,
2 M+* 150
v
T 60— 91 m/z 118
£ O
o ] %
pE _—
a
o
20
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Carboxylic Acids - Fragment Ions

a) As with esters, M* weak in most cases, aromatic acids give a
stronger peak

b) Most important a-cleavage reactions involve loss of the alkoxy-
radical to leave the acylium ion

-|-o

JU ok

R™ O

\
T
@)
I\
O
+
o
I

c) The other a-cleavage (less common) involves the loss of the

alkyl radical. Although less common, the m/z 45 peak is
somewhat diagnostic for acids.




Carboxylic Acids - Fragment Ions

f)  As with esters, those benzoic acids with an ortho-alkyl group
will lose water to give a ketene radical cation

— O 1 +e — = +e
o H 0
ortho-alkylbenzoic acid snl C H
L — <I +  HO
A'\/H
C
5, CH,




Example MS: carboxylic acids (aromatic) — p-toluic acid

Felative Intensity

100 —
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Amines - Fragment Ions

a)

b)

d)

Follow nitrogen rule — odd M+, odd # of nitrogens; nonetheless,
M+ weak in aliphatic amines

a-cleavage reactions are the most important fragmentations for
amines; for 1° naliphatic amines m/z 30 is diagnostic

+o

|
Ca

'|\|@

v
o
R 'T' R+

McLafferty not often observed with amines, even with
sufficiently long alkyl chains

Loss of ammonia (M — 17) is not typically observed



Amines - Fragment Ions

e) Mass spectra of cyclic amines is complex and varies with ring
size

f)  Aromatic amines have intense M*

g) Loss of a hydrogen atom, followed by the expulsion of HCN is
typical for anilines

B T +- B ] +° +0
NH, NH H H

H @
O — O] 0] e £ -

h) Pyridines have similar stability (strong M*, simple MS) to
aromatics, expulsion of HCN is similar to anilines



Example MS: amines, 1°
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Example MS: amines, 2°

Relative Intensity
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Relative Intensity

12. Example MS: amines, 3°

— tripropylamine
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Single focusing magnetic analyzer (low resolution)
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Single focusing mass spectrometer
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Cycloidal focusing analyzer
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