This explains the well-known order of stability of carbocations (O+
Species) which is:

CH—3 CH, ‘;‘ H
CH,~C*. > CH,~C* > CH~=C* >> y_c
A / ' l
CHy H H H

The arrows on the bonds show the direction of the I effect. Clearyy
the carbocation which has three +1, CHs groups attached to i
will be much more stable that CH3 which has none. The ions

~
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m/z 57 ((CH3)aC*) and 43 (CH,) - |

+
e : 2CH™) are ugya
spectra of compounds containing these e

(CH3CH3) and 15 (CH3) are weak. "d-groups, whije m/z 29

The sec_ond way a nei.ghbouring Eroup can help to stabilise 3 ositi

centr_e 1s by conjugation with it through multiple bonds. Whepre ;;ve
jugation (alternate single and double or triple bonds) exists, this isn-
powerful effect and far outweighs the inductive effect. It is célled thz
mesomeric (M) effect. You may have met it before under the name
resonance. Resonance is involved in explaining how the + M effect
works but the +M effect itself defines how a group will behave when
attached to a conjugated system. If the system is positively charged,
a +M group will stabilise it by helping o spread (delocalise) that
charge. )

Fig. 8.2a presents a range of organic groups classified according to
their I and M effects. There is no need to try to memorise all these.
they are for reference when needed. You will see how they work in
the examples which follow. Before you look at these, there is one
point of difficulty which should be clear from Fig. 8.2a(ir).
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(i) Inductive Effects of Groups (1)

—I Groups - +1 Groups | i

—N02 —CHO ‘—RC=CR2 —CH3 3;
—C=N —COR ' —C=CH —CH;R
—COOH —F _ —C=CR —CHR, 1
—COOR —C(l —S0,0H —CR; !
—OH —Br —SH '

~ —OR ~I —SR |
CgHs —CH=CH, —NHo. |

—1 groups are better electron attractors than H—

+1 groups are poorer electrons attractors than H—

~land —M groups withdraw electron density from conjugated”'éys- !’
f

(ii) Mesomeric Effects of Groups (+M) A _

+M, -1 Groups . | —M, ~IGroups | +M, +I Groups
Sk i —SH —NO; —CONH, | —CH; |
B i DR —C=N —SO;R | —CH3R |
—Br —NH,; —CHO —CF;, —CHR,
—OH —NR3 —COOH T |
—OR —NHCOR | —COOR 1]
—OCOR  —C¢Hs :;;
—CH=CH, —CH=CR; i)

+M and +1 groups supply electron density to conjugéte’d syétems \!

tems . f
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o et A S

abilise a positive ion. The rea- |
through the more weakly held !
the ion. These are more readily !
ver any number of conju- |
hort range. Now for some |

+M, —1 groups usually work to §!
son is that the +M effect operates
x electrons in the double bonds of
distorted and the effect is transmitted O
gated bonds, unlike the 1 effect which is s

examples.
8.2.1. Benzene and its Molecular lon
Benzene has two Kekule resonance forms:

K3

-

Notice how they are converted by movements of two 7 electrons as
shown by the ‘curly’ arrows. The benzene molecular ion is formed
by loss of a 7 electron, giving A:

p + : o+
y H@—(—-—)—@.—-(—)-@.
+ Q\ + !
: A . B C A _

: ‘}:a‘\gr}‘g reached ion C by resonance via B we can only return to
| “as shown. Thus there appear to be three resonance forms of the
~«benzene M7 ion. -

_H;d\';vever, we could just as easily have formed A by placing the pos-
itive charge on the other carbon atom of the ionised double bond

cg
+ l+ . ' A
U0
o £. F- D
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: hy they tend
tense and also Wiy 0
15 are so very 10 c=CH units (Fig. 8.2b). They

of .
o, by 1088
(:)f regonance.forms and cqntam

| a M*
, 128
: WG
51 _64 127
N
] = v T T T
3040 50 60 70 80 3040 50 6070 80 90 100 120 -
; mlz m/z _
. 1007
| ut
178
. g R
3 :
< 50r
x
89 .
- 76 gg . W77
| 151 __ 178

mlz

et 152 |
30 0 1o —Ff:,'lL
4 070 " 90 T T 130 180 o — 5o

Mass Spectra of | '
benzene (i), napht i) and
anthracene G » naphthalene (zt)

/ —
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8.2.2. Methoxybenzene '(A:flisole)

This could be ionised on the benzene ring, or on the oxygen, but as
we shall see, this is not important. We start with the electron lost
from the 7 system, giving'

+
CH O/© CH301© CH30@ CH O/@ CH3O

A

lons A and B aresimilar to those formed from benzene in Section
8.2.1 but C is a key ion. It is formed by the use of one of the two lone
pairs of p-electrons on the oxygen atom. This is how the oxygen atom

exerts its +M effect to help stabilise the methoxybenzene molecular
ion. |

~ Itis also possible that the molecular ion is formed by loss of one of
these relatively easily ionised oxygen p-electrons, givi‘ng:

+.'\€ o+
0 p CH Q7
CH; ) CH

E F C &

ldn' C is faormed in this sequeh‘ce too! This shows that it does not

 matter where the initial loss of the electron occurs. All the possible
+ forms of M* are interconverted by resonance. This result is qulte
'general for the +M groups in Fig. 8. 2a (ii).
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- 2.3. 1-Phenylethanone (Acetophenone) CGHSCOCH3
- .8.2.3. :

] henylethanone could be ionised on the benzene
ll,;)l;yl group. Let’s start with the benze‘ne ring:

ring, or the ar

+

O

0 o
I I o
C-CH, (C-cH, C-CH,
+ d ” |
A 8

c

It would appear we can form C by using the T-electrons of the
carbonyl group, which are conjugated with the benzene ring. Thuyg
A would be more stabilised. But wait g minute. Isn’t OXygen more

electron attracting than carbon? Jt would be more likely to attraet
the electrons of the benzene ring itself, like this:

-~

: (O ‘ 0
7 I |
@C_‘CH3 @C-CH3
J.
.
- + +
A D

. In D_you can see that two positive charges form on adjacent carbon

atoms, a highly unstable arrangement. We can conclude that -M

i groups, such as those in Fig. 8.2a (ii) will destabilise molecular 10n$
+ like A. '

"__'lonisation in 1-phenylethanone could also take place on the car-
. bonyl oxygen atoms to give E:

B

-

ook
hagl

+
[ ]

< . 0 0"

Sl TR A
e “CH, CHy
, a5 A | <— pfc

: | "
"L'L‘":)(fa“ be stabilised by the +M effect of the phenyl group as sho*
80§

z ‘ xist
= Lis far.more likely the M+ of this type of compound “””rgup.
S “type ions with the positive charge occurring on the ~-M2

. ) __:’/
S :
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g§2.4. The Acyl Ion R—C=0

The acyl ion itself is CH36=O, m/z 43. Such ions are frequently
found as intense fragments in the mass.spectra of such compounds
as aldehvdes, ketonés and esters. This must be due to some innate
stability they have. In order to explain this we need to remember
that oxygen has lone-pair electrons which_can be used:

[ - Ny
=O-—<_—>-R—CEQ+

+
"R-C

~

IfRisa +1 gro'up., this will also help to stabilise the acyl ion.
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$.2.5. The Phenyl lon, C¢HZ, (m/z 77)

The phenyl ion is frequently found in the spectra of phenyl com-
pounds and 1s usefu]ly diagnostic, since few other compounds pro-
duce ions of m/z 77.

. o + .
I Try writing resonance structures for the CoH 5 ion.

You probably wrote:

® ﬁ.@ )~
or some such, showing that the positive charge is delocalised round
the ring. Nme out of ten students would tqo! Unfortunately, it’s
wrong — you cannot delocalise the positive charge in C¢H5 because

the charge is in the plane of the ring. Fig. 8.2¢ attempts.to show this,
using pheny]ethanone as the source of the C6H 5 ion.

— =i

I T + / -
* -;

I\' /f‘ _’"\ )* + CH, -C=0 . .
A ’ - Bm/iz 7T D
1

Fig.-.8.2c. Formation and structure of CeH's

When the bond between the benzene ring and the acyl group breaks, -
the positive charge occupies the position left by the departing group,
as shown in B, Fig. 8.2c. This is an empty sp? orbital, shown by
‘dashed line in C, Fig. 8.2c. Electrons in the 7 orbitals of the benzene
ring shown by the shaded regions cannot interact with this orbital,
so the positive ion is not especially stabilised. Phenyl cations are still
aromatic however, $0 are reasonably stable compared to alternative,

non-aromatic ions which might be formed in the fragmcntatxon of
the M+ j
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st intense fragment ion

] i be the moO
Which do you think would e !
! e in the spectrum of phenylethanone, CeH s or CH3C6.

| The spectrum of phenylethanone is shown+in Fig. 8.2d. It clearly
shows that CeH 3 is more stable than CH3CO becauie_the RA’s are
in the ratio 70 : 30 approximately. If you chose (?1;13CO because 1t haf
wo resonance forms to help stabilise it (Section 8.2.4) and CeHs
lise the positive charge, you_

has no resonance forms which deloca

have to bear in mind that the benzene ring itself is highly stabilised.
But you were thinking along the right lines to add up the number of
resonance forms available. to the ion — the more there are; the more

stable it tends to be.

lin

100+ 105
80 -
U . .
; CH_COCH M. 120
- BB | -CO 5577 s
E": * 565
<
D
40
i : 20443 51 . : 120
' “'CHB-
*‘*ﬂ—
0 I T Jl T B Lu_l /
S0 AMRRARATSS panas oottt
' 100 h_f' T ™
m/z 150
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| open Learning .
t m/z 105. Clearly this is due o

here must be something special

d shows the base peak 2
e relative to the alternatiye

io. 8.2

Fig. CH3; group (15-amu.). T -
ble about this ion for it to be sO

stable 307 - ned by loss of CeHs:

CH5CO ion forme

~CH,’ C6H560+ m/z 105
. +.-_<,/ | ) |
CeHyCOCHy ’ —~ CH,CO m/z 43
: —CeHs” '

. + ) 5 _
" In the next example we will consider why CsHsCO is so preferred
in the fragmentation of phenylethanone.
: + "
' 8.2.6. The Benzoyl Ion, C¢HsCO, m/z 105

This ion, like any carbonyl ion, could have two structures A and Al
in Fig. 8.2e, which are then delocalised using the 7 electrons of the
benzene ring to give B, C, D and E. .

4

e + . 0
* =g c?” -
ey . o ) 2 -

I ~ .
ik A g ' C

Fig. 8.2¢.

esting feature of the Peak in the CsHsCOCH; spec-
. ' etastable (m*)
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77°

o
CHALO —=C_H." + co, m*
6 5 - im=105=565

L]

This route to m/z 77 is not perhaps what you would have Sxsesces
from Fig. 8.2c which implies direct cleavage of M* to give CgH? and
CH;CO . Remember though from Part 5 that we do not necessari]

observe a m™ for every fragmentation process. Some m/z 77 could
have formed directly from M7 — there is no evidence that they did

not!
This is a good example of how the existence of a stabilised ion in-

fluences the fragmentation pathways of a molecular ion. Most of the
positive ion current is carried by the two stabilised ions, m/z 105

and 77 in the spectrum of phenylethanone.
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8.2.7. Some Basic Rules about Resonance Structures

Now that you have seen some examples of mesomeric effects in ‘
action you might find it useful if we summarise the basic rules for |
writing down the resonance structures and qualitatively assessing |

their relative importance.

1. Resonance structures are interconvertible by one or a series of
short electron shifts: electrons do not jump across space.

2. Resonating structures must have the same number of electrons:

Thou shalt neither create nor destroy electrons!
3. Resonance structures involving even numbers of electrons are
more stable than those involving odd numbers of electrons.

4. The more bonds that are involved in the resonance, the greater
is the stability of the resulting structure eg benzene ,resonance .
energy 144 k] mol™!, naphthalene 244 kJ mol™}. |

5. The closer the stabilities of resonance structures, the greater is
the degree of resonance and the lower the energy of the system
eg the Kekulé forms of benzene which are equivalent. | |

6. Resonance can only occur between structures that correspond to
very nearly the same relative positions of all the atoms involved.
Bond distances and angles should remain the same and be com-
patible with the overlap of the orbitals being used eg resonance ;
cannot occur between Isomers of structures. -

B N l

—
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