Aromatic and Aralkyl Hydrocarbons

Anaromatic ring in a molecule stabilizes the molecular 10n
peak (rule 4), which is usually sufficiently large that accurate intensity
measurements can be made on the M + 1 and M + 2 peaks.

A prominent peak (often the base peak) at m/z 91
(C,HsCH,")is indicative of an alkyl-substituted benzene ring.

Branching at the a carbon leads to masses higher than 91 by increments
of 14, the largest substituent being climinated most readily (rule 3).

» It shows prominent mol ion peak, as compared to the alkanes and

alkenes containing same number of C atoms. This Is as a result of
the stabilizing effect of the ring.
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A distinct and sometimes prominent M — 1 peak results
{rom similar benzylic cleavage of a C—H bond.

CH,
H
— CH,-

—_—> - >
H
CH3 CH—_,

The frequently observed peak at m/z 65 results from
climination of a neutral acetylene molecule from the
tropylium ion.
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Hydrogen migration with elimination of a neutral alkene
molecule accounts for the peak at m/z 92 observed when

the alkyl group 1s longer than C,.

H [[? H
H I CH,
Q&FH CH,—=CHR , H
H [\ -:: HR Y H
H H
mifz W2

A characteristic cluster of ions resulting from an «
cleavage and hydrogen migration in monoalkylbenzencs
appcars at m/z 77 (C,Hs*), 78 (C¢Hq*), and 79 (CH;").
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Process of fragmentations:

y Q\/\/\/—F aiaiinbd @73_'2

m/z = 162

m/z=91

{

@ HC=CH _Hc=cH

m/z=39 m/z=65 m/z=91
e N \
2
C\ —l T K/\
Y
K CH\/\
A\ m/z = 162 m/z=92 4
—+ B L )
. ij\/\/\/—rI .CBHQ - HC:CI:I | |
m/z = 162 m/z=77 m/z=51
L S
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_| Hydroxy Compounds 1 - Alcohols:

» The molecular ion peak of 1" and 2"alcohol is usually of low
abundance. It is not detected in 3" alcohols.

»  The fragmentation modes in alcohols depend upon the fact
whether itis 1°, 2" or 3" alcohols.

»  The fragmentation of C-C bond adjacent to oxygen atom (the
bond next to the C-OH) is the preferred fragmentation mode 1.e. o
cleavage.(rule 8)

i 1+ Alph o "

RCH2$ _OH clear\)/a?.]e :OH OH
C > RCH2- + é_}_ «—> g

A SN
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» 1" alcohols shows M-18 peaks, corresponding to the loss of water.

-+
H OH Ha+ . p
e RHC CH.,
RHCRJ LLH 5 . c’:ﬁm —H0 }L‘H }f’ '
(CH,), or
- - - -4
RHC CH,
N S
(CH;),

» Long chain members may show peaks corresponding to
successive loss of H radicals at M-1, M-2 and M-3.

» The CH,=0O"H (m/z 31) is the most significant peak in the
spectra of 1" alcohols.’

> Secondary alcohols cleave to give prominent peaks

=
o \\(_“:(::)] X (rre"= A4S, SO, 73, etc._ ),
#
| S |
R\\
arnd C " —— COFI Crre"= SO, 73, S7, <ctc_).,
- *
| -
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The largest alkyl group Is usually lost; the mode of cleavage
typically is similar for all alcohols:

rima
primary ~LOH

.

secondary \/\[/OH
tertiary | \APH_

.

m/z

— HEC,%—H 31
@

— rfD_H 45
. @

N YF’-H 59
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» The largest substituent is expelled most readily (rule 3).

R R
N . R"- \ N f\
R —C—0O—H > C=0H «— C—OH
. “'f’:‘-—_-) - .-"'H' \j -"/ o
R"” R’ R’

sewhere R” = R’ or R.

* When R and/or R’=H, an M- 1 peak can usually be seen.

» Another common pattern is loss of an alkyl group from the carbon
bearing the OH ( /- Cleavage ) to give a resonance — stabilized
oxonium ion and an alkyl radical ( largest R group lost as radical ).

(/\ + o o
:LQ)—H—> R + R-CtO-H <—>F\"-(|3—.C.)—H
I - -
R' Rl Rll
Molecular ion A radical A resonance-stabilized
(a radical cation) oxonium ion
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Elimination of water, together with elimination of an alkenc from primary alcohols,
accounts for the presence of a peak at M — (alkene + H,0), that is, a peak at

M=46,M - 74, M~ 102, . ... The alkene ion then decomposes by successive
eliminations of ethylene. o,
: H » B CCH; CH,=CH, .
McLafferty type R('.H (LH o~ [CH,=CHR]
L el i
rearrangement \CH P o M — (alkene + H,0)

A peak at m/z 31 is quite diagnostic for a primary alcohol provided it is more
intense than peaks at m/z 45, 59,73 . . . .

However, the first-formed i1on of a secondary alcohol can decompose further

to give a moderately intense m/z 31 ion.
B H

| I r—.—_—\\h+ — = —_—
RCH-—CH,—CH «— RCH —*""E::_h“““r—h—{i—:l—t RoH—CIL ,
SOH Py T
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2-Phenol In phenol itself :

e the molecular ion peak is the base peak,
e the M — 1 peak 1s small.
e A rearrangement peak at m/z 77 phenyl

cation,

and peaks resulting from loss of CO (M — 28) and

CHO (M — 29) are usually found in phenols.

B H o +- — _
O;:E o

_l_
P N
iy _CO [X .

C5H5+ n/z 63
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3- Ether
deduced from strong peaks at m»2/z 31, 45, 59, 73, .

These peaks represent the RO * and ROCH, ' fragments.

Fragmentation occurs in two principal ways:

The presence of an oxygen atom can be

L. Cleavage of the C—C bond next to the oxygen
atom («, B bond, rule 8)

» Cleavage forming oxonium ion :

11t H
R-CH—0—RTF = Ne_ge

H
» Loss of alkyl group forming oxonium ion

R—CH,—0R’ — R—CH=0"H
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In Figure 2.11, R = H.

RCHI—CHZ—”"&FI:IH“ O—CH,—CH,

CH,

CHx Q—CH,—CH, CHQ_:;‘. CH,— CH,

|
CH, rmi/z 73| i,
In Figure 2.11, R = H, m/z 87.
RCHZ—CHE—(FH-——ﬁ—/E\HZ—CHS

CH, %‘
.e + 'q
RCH,—CH,CH—Q - CH, «<— RCH,—CH,CH—Q=CH,
CH, CH,
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100 — CH=—0H Ethyl sec —butyl ether
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Howewver., the first-formed fragment decomposes further @ the
decomposition is important when the o« carbon 1s substututed

({McLafferty rearrangement ).

CHCH=0<CH, _qyy _cy (I:H =OH {fHT?H
H-CH, CH, CH,

'z 45
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2. C— O bond cleavage with the charge remaining on

the alkyl fragment. Loss of alkyl group forming a carbocation
[R—CH,—0—+R]} — R—CH,—0' + *R’
not observed alkyl cation
+ —QR’ : ~-RO-
RfQ—R'—+R+ or R—O R T
100 31 diethy;{laether 1
80 H—Q:C\*"z‘ CH3CH,O=CH,
e
S 60 H—Q=CHCH3 -
= M
=40 K45 g
20
O I Illl- = | I I I I . ] ]
10 20 30 40 50 60 70 S0 20

Sz
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Aromatic Ethers| The molecular 1on peak of

aromatic ethers is prominent. Primary cleavage occurs
at the bond B to the ring, and the first-formed ion can
decompose further.

Thus anisole, MW 108, gives ions of m2/z 93 and 65.

QJ_ CH, O |
—CO C.H.*

ez 108 mz 93 'z 65
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Ketones Aliphatic Ketones

¢ The molecular 1on peak of ketones is usually quite pronounced.
¢ Major fragmentation peaks result from cleavage at the C—C bonds

adjacent to the oxygen atom.
¢ The charge remaining with the resonance-stabilized acylium jon.

Loss of R forming R

™~ e Tl =+ ! ik
acylium ion: R

® This cleavage gives rise to a peak at m/z 43 or 57 or 71 .. ..
¢ The base peak very often results from loss of the larger alkyl group.

¢ When one of the alkyl chains attached to the C=0 group is C;
or longer —— McLafferty rearrangement,

H R
- i e
o Ren )em R en:

Reduction ———— EDTI'ESPUHE“I'IE hvdrocarbon ———— gc¢arbon skeleton.
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Cyclic Ketones.

The molecular 10n peak is prominent.

The primary cleavage of cyclic ketones 1s adjacent to the

C==0 group, but the ion thus formed must undergo further
cleavage in order to produce a fragment.

The base peak of cyclopentanone and of cyclohexanone
iIs m/z 535.

Aromatic Ketones. |

The molecular ion peak of an aromatic ketone is prominent.

Cleavage occurs at the bond 8 to the ring, leaving a characteristic
ArC=0" fragment (m/z 105 when Ar = phenyl), which usually
accounts for the base peak.

Cleavage of the bond adiacent to the ring to form a RC=0"

fragment { R = alkyl ) is less important though somewhat enhanced
by clectron-withdrawing groups .
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M* is evident. Primary cleavage is o to the carbonyl to give a strong ArCO+
peak (m/z 105 when Ar = Ph). This will lose CO to give the phenyl cation (m/z 77).

Copyright © 2016 to Assist. Prof. Dr. Monther Faisal Al-Ameri , Dean of Pharmacy College,
Al- Mustansiriyah University. All Rights Reserved.

19



Aldehydes

Aliphatic Aldehydes.

The molecular ion peak of aliphatic aldehydes is usually discernible.

Cleavage of the C—H and C—C bonds next to the oxygen atom
results in an M — 1 peak and in an M — R peak (m/z 29, CHO").
The M — 1 peak is a good diagnostic pcak cven for long-chain
aldehydes, but the m/z 29 peak present in C, and higher
aldehydes results from the hydrocarbon C,H;%ion.

McLafferty cheavage of the a, 8 C—C bond occurs to give a major
peak at miz 44,58, 0r 72,..., depending on the a substituents.

[n straight-chain aldehydes, the other unique, diagnostic peaks are at

M — 18 (loss of water), M — 28 (loss of ethylene), M — 43 (loss of
CH,~CH—0")
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Aldehvdes show weak but discernable M+ peaks. Major
pathwavs are G-cleavage and McLafferty Rearrangement.
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Felative Intensity
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Esters (RCO,R’) * Common fragmentation patterns include:
* Loss of OR’

[}
e Loss of R’
[ )
100 — 77
=07 ¥e)
= PN
B e0— :
5 - ic5
Di —
=10 —
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Carboxylic Acids  ajiphatic  Acids.

» The molecular ion peak is weak but usually discernible.

¢ The most characteristic (sometimes the base) peak is m/z 60
resulting from the McLafferty rearrangement .

' In long-chain acids, the spectrum consists of two series of
peaks resulting from cleavage at each C—C bond with retention

of charge cither on the oxygen-containing fragment (m/z 45, 59,73, |
87,...) or on the alkyl fragment (m/z 29, 43,57, 71,85,...).

H_ R ‘0/H O'/H |

'Ok/ 'RH(‘_“(\H:\ .4) L > |
’ | |
Rl R’
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