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You should now be able to:

Objectives -

@ recognise the chara cteristic feature; e
) k S Of th b
simole Dl I - % Mass spectrum of g

e explain why phenols typically fra

ment b " of
rather than OH; 2 Dy loss of CO and CHO

e explain why methyl phenols fragment by loss of H | |
by loss of CO and CHO:; - | y : atoms followed

® recognise alkyl phenols by the formation of mfz 107 and m/z
-108 1ons; o : . :

® distinguish 2-substituted phenols by the loss of H,O from M*:

® identify simple unknown phenols from their mass spectra. -

 9.5. FRAGMENTATIONS OF CARBONYL COMPOUNDS

The principle cleavage of .carbonyl compound is a- to the C=0
group, which in most M* will carry the positive charge, as described

already in Sections 8.2 and 9.1:

-

+ .
hrs =0 +x-
R—CMYXx — R—C =0 +X

. * ] ) : ' - |
The formation of acylium ions by loss of H, R", RO, HOOf a]ijnec-]
H;N' is an important diagnostic feature of the mass SP?](*:[t,rare is one
. hydes, ketones, esters, acids and amides respectively. 1he :

other f ny] compounds have 1 :
eature which carbony P < the concerted loss of an -

is very useful in identifying them. This | oxygen.
alkene from the R group, with H transfer to thee‘:t’rrg;?t,ry a,);%j is
- This rearrangement is almost unique t0 DS, P _ the McLafferty
the one fragmentation which is a named reaction = .

Rearrangement. We consider it next. .
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9.5.1. The McLafferty Rearrangement

In the late 1950’s McLafferty wls studying the mass spectra of a se-
ries of aliphatic methyl esters, in fact all the methyl esters he could
get his hands on from simple acids such as ethanoic to long chain
fatty acids such as tetraeicosanoic acid, Co4H4COOH. To his sur-
prise he discovered that from C, acids onwards, the base peak of
the mass spectrum of each of the methyl esters was always the same

ion, m/z 74. A typical example of what he found is shown in Fig.
9.5a.
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Fig. 9.5a. Mass spectrum of methyl tetradecanoate
[1  What is so surprising about these observations?

~ Three things should surprise you. One is that such large esters as
. methyl tetradecanoate would give such a relatively low mass ion
as base -peak..Secondly that the base peak is of even mass. Most
importantly, as you move up a homologous series of compounds
you would expect the same fragmentation to occur and to give rise
~ to base peak moving up by a —CH,— unit each time. McLafferty
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was able to show that the formula of his m/z 74 WaS;CjHﬁO.Z :':md._-
he postulated the following mechanism to account for.its formation:

. o+ v AR
RZ<H A0 R__H HO .
y /c’: | ﬁ + /(l: ~ CHO,,miz 74
| : 1 \ - - :
c@ SN CH, ¢H, “oCH,
B_ gHz | 3 _ ‘ alkene enol ion

Fig. 9.5b. McLafferty rearrangement of methyl esters

You will see. that this mechanism can occur in any methyl ester
~:possessing a chain of at least three carbon atoms. The compounds

- McLafferty was examining only differed in the R group. This is elim-
inated as part of the neutral alkene so variations in the mass of R do
not show up in the spectrum. The m/z 74 ion, which is the molec-
ular ion of the enol form of methyl ethanote CH3COOCHs3;, is the
same for.all of them.

A great deal of work has been done on this rearrangement (which

T will now call the ‘McL’ for short) and the following points have

emerged; . - . )

(@) It is very regiospecific. Only the a-, 8- and ~-carbons are
involved and the hydrogens transferred muust be from the
7-carbon. This means that the ‘McL’ process is'strictly six-
centred. |

(b) A very wide variety of C=Q compounds with a y-H will un-
dergo ‘McL’ rearrangement. It is a most useful diagnostic tool
for them. ‘ -

(c) Other —Y='X'g'roups such as —S=Q, —P=0,C=C—C=N-
which_ ionise to —Y=X7 show ‘McL réarrangements. It is not
restricted to C=0 compounds. -

(d) The a-, 5- and ~y-atoms need not be carbons. They can be var-
1ous combinations of C, O, N and S, 50 long as there is a ~v-H
present to transfer. For example, an ethyl or higher ester can

- T€arrange using the alcohol moiety:
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+. H>: /4-(.)H '
0 CHZ ey R=C + H_C=CH
‘ ||\ l <0 : 2
R"C\OECHz

J

In such a molecule, the a-carbon 1is replaced by an oxygen but
the ‘McL’ still works, forming the M* of the corresponding acid

" and releasing ethene. What this amounts 10 is provided a six-

()

(g)

These points are su

membered ring transition state can be formed easily u.si'ng the
flexibility of the side chain(s) a ‘McL’ rearrangement is likely
to be observed. -

Since the eliminated group is a neutral molecule (usually an
alkene) ‘McL’ rearrangements give rise to ever mass ions from
C,H,0 compounds i€ to molecular ions of a smaller molecule.
Even-mass ions are unusual in mass spectra of C,H,O com-
pounds, so their presence is usually distinctive even if they are
weak. In the case of odd-mass compounds eg amides, the ‘McL’

rearrangement ions will stand out because they will have odd
m/z values.

H atoms on double bonds are not transferred in the ‘McL’ re-
arrangement eg compounds with side chains such as

v B o B @
RCH=CH—CH,—CO; R'CH=CHCH,CH,CO:
v B " B «

RCH=CHOCO or R'CH=CHCH,0CO do not rearrange.

The * ’ ” oy
sub McL rearrangement still works if there are a variety Of
stituents on the a-, B- or ~v-atoms ,

-

mmari i : : ' ‘
are concerneq. sed in Fig. 9.5¢ as far as C=0 compoun®s
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Fig. 9.5¢c. ~ Génefal,fépresen.tation of the ‘McLafferty’
S ~ rearrangement |

In Fig. 9.5¢ R will be a typical group found in a carbonyl compound
eg Rj—R, can be a variety of alkyl, aryl, halo, alkoxy, aryloxy and

other groups, and A, B and D could be combinations of carbon,

oxygen, nitrogen or sulphur. It is hard to concgive of a system whe{’e
at least one of A, B or D is not carbon (most likely two of them will
be) but you would be wise not to assume too m_uch or tpe order
.0 which these come in the A—B—D chain. This really 1s a very
general process! So long as double.bonds can form B=D and A=C
it can work. Fig. 9.5d summarises the common *McL’ peaks found

in the spectra of carbonyl compounds. -
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- Compound Substituent R, ‘McL’ Peak Structure®
Type | (m/z)
R o T
0 b
Aldehyde - H 44 CHg—'C\
- ~H
.+
" OH
; ; ~
Methyl ketone CH; - S8 CH;_)—C\
: : CH; I
% i OH
Amide HoN oo, - 59 CH,= &
S ' NH;
. (e g ¢ /6H
' Acid HO - 60 ru. CHy=C{
: i TN OH
e
. .~ ~OH
Et ne - CHaCH; n o en=cl -
Ethyl ketone ol 3CH> - S CH>= 4
4
. /OH
Methy] ester CH;O 74 CH,=C -
4 B \OCH"{
N -+
: < /OH
o | ketone  CH3CH:CH; 86 CH,=CZ{-
i S “\CH,CHCH;
<+
, i o4 O
58%* CH,=C{_ -
o C/°O+H\
| ' CH,=
Ethyl ester CH;FHgO s 88 Lz 2= " OCH,CH;

Scannea witn vamoscan



Compound  Substituent R ‘McL’ Peak .. Structure™

Type ' (m/2)
OH
il
(M—CH;=CH,)*** R-C\\\
0]
- OH
Phenyl ketone CeHss 120 CH,=C
- Phenyl keto | S
' C¢Hs
Wi OH
- Phenyl ester’ CeHsO . 136 - CH;=C
o | : : ' OC¢Hs

Fig. 9.5& Table of ‘McL’ peaks commonly observed in the 5pectra
of carbonyl compounds

* The HyC= group in any of the ions listed in this column may be
substituted either singly or doubly eg CH3CH= ions would all be
14 amu higher.

** This ion arises because the propyl group itself has a v-H, and
the ‘McL’ rearrangement can occur twice consecutively.

*** This ion arises because the ‘McL’ rearrangement can utilise
~-H from either the RCO or the OCH,CHj giving ‘McL 10ns
of different structures and/or masses.

—

Now try the examples in SAQ 9.5a. You should not go on until you
have attempted these and satisfied yourself that you can identify the
relevant 7y-H atoms in a molecule and work out the McL’ ion which
will result from the rearrangement.
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SAQ 9.5

(ll) CH3COCH2CH2CH3,» -;, ,'

3':_.-'__;;"(111) CH3COCH(CH3)2,

’
|

. In Wthh of the followmg compounds wou]d you
.- expect to see a McL peak'7 lee its m/z and
structure g i e i

T
l; ‘I.'u ," )

-,(w) (CH3)2CHCH2CHO i iy |
i'.‘""(if) 7 cuscHzCOOCH2CH3’ -
i)’ CH3CH2CH2CONHCH3’ i
:i_'.'?(vu) CH3CH(CH3)CH2 CH(CH.%)COOH -
:j}l;’;‘.?(vm) CH3CH2CH(CH3)COC5H5’
"_:"f--_i;.:(zx) CH;CH—CHCH”COCH"CHf"I
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b . S T ¥ L& ek Aok 1y SNt & R0 R
fmge = " . Vot H ] | v, ; d I3 7
v A S e e R
d AT AT AL CROPRNT.CE B
e "-.I oy AR SR NRIE Sk - o PA
o - ' L _.‘. ay (A

(CoHs)zP SCH2CH3
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I_f yo-u are now happ)'/ YOu can predict and explain simple ‘McL’
rearrangements, we will go to explain footnote ** in Fig. 9.5d. This
states_-’the ion m/z 86 from a propy! ketone can rearrange again by a
"McL’ process to eliminate a second molecule of alkene (ethene in
this case) to give another even daughter-ion, m/z 58. This is called a
Double McLafferty Rearrangement. Dipropyl ketone (4-heptanone)
is the simplest ketone in which this can occur because both alkyl

groups have ~y-H atoms:
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v B «a a f A
CH3CH,CH;,;COCH,CH,CH3

As shown in Fig. 9.5e, the first ‘Mcl.’ ion, m/z 86, can have two

resonance structures. It may fragment again in either of two ways
depending on its structure, to give isomeric m/z 58 ions.

H | H

o oD \6’/H
T At —— Ho=ch, + |
"”C'\CHﬁgH_z o
N Nk e | ' HZC/\CH
ms/z 58
ch|>+
C Hot
e T O S DRy
| — HC=CH, + _cC_.
HYLCH, s, CH L CH

CH2
Fig. 9.5e. Second ‘McL’ rearrangement of m/z 86

I1 Can you suggest another common type of C=0 compoimd
which would be capable of Double McLafferty Rearrange-
- ment? ’ ' -

The answer is an ester having 7-H in both the acid and the alcohol
portions of the molecule, that is it must have a partial structure:

Y | g la' OR: By
_$H—(I:——CI‘_C()_O_(IT_?H_

~ This is mentioned in footnote *** to Fig. 9.5d. The simplest _ester
which could show this behaviour is ethyl butanoate, Fig. 9.5f.
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100 v

801 CH_CH.CH,COOCH,CH, M, 116

' a2 2 . i

60
§ P
= 88
[+

401
‘ 45 =
- 207 73

89
: 61
5 b 101 M* =116 )
O+ v.l‘,lnll l‘l_llr- .vll‘t!' : —t 1|_ -y I‘v, —r— ‘l .
' 40 50 60 70 80 %0 100 10 150

Fig. 9.5f. Mass spectrum of ethyl butanoate

I1 Which are the ions in Fig. 9.5f that result from Double

McLafferty Rearrangement?’

The ‘McL’ rearrangement ions are m/z 88 and 60. You could have
guessed this from the fact that they are the only significant even mass
ions in the spectrum, but I hoped you reasoned it out Something like

this. |

Either v f « af Ay
- CH3CH,CH-CO or OCOCHzCH3

- has 7-H atoms so the loss of CH,=CH, with H transfer would occur
from either group, resulting in (M*-28) = m/z 88. In the next step
of the double rearrangement, the remaining sidechain’s v-H trans-
fers with the loss of a second HC=CH; molecule, leading to m/fz
60. We will leave discussion of the other ions in the spectrum to the

section on esters (Section 9.5.4.).
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Ot necessarily always re-

the tendency ~O—H will do }f-dr example. Nowadays.
_ fearrangerr:eynlts Lc:’ ecrz:llt :(l;y Sl:X-Centr'ed hydr‘ogen shig a McLafferty
from the carp ugh the compound may be quite remot¢

onyl syste e : .
_tally,‘ Fred, as he ]Sy kn‘:}‘:’:n.gmally studied 30 years ago. Inciden-

SPectrometry research. . . " active (1986) in organic mas®
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