9.2. FRAGMENTATIONS OF ALCOHOLS

The mass spectra of methanol and ethanol were described i in Sec.

iion 1. Recall that the base peak in both is m/z 31, CHo—OH i
' methanol this is due to the loss of H'

H

N0,
H,C— OH — HzC OH + H

L1s conventional to shorten this -mechamsm to:
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ovement of only one of the electrons involved in
ng the Tif)’ the picture. We will use this convention Wher,e it
mp ¢t might become a rather cluttered formuyla In
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Fig. 9.2a. - Mass spectrum of CH3CH> ok o
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H'

|7V . + .
CHACH—GH — CH;CH=OH ¥ H
| m/z 45, 20%

3 but the base peak is formed by the alternative loss of CH3

CH;

I~ . | s .
H—C-OH — H,C=OH + CH3
| " -

H
m/z 31, 100%

These processes of homolytic a-cleavage are competitive. In longer
chain primary alcohols €g butanol, Fig. 9.2b (i), the amount of (M

— H)7 is much smaller, around 1% and .CH2=C*)H‘ is still the base
.peak. ' il | '
1 Why should the loss of the alkyl fragment b€ preferred over
the loss of H  in the a-cleavage of primary alcohol molecular -
ions? ' ' :

The radical CH;CH> would be more stable than CHa. -just as
jzﬁCH_qCH}L is more stable than CH;., A |

. This question was explained by Stevenson in the early 1950°s. He was

~ the first to notice this tendency for the largest alkyl fragment.to be
preferentially lost as 2 radical. The molecular ion is a high energy
. species trying to get rid of as much energy as quickly as possible. An
L alkyl radical has several bonds which can be in higher vibrational |
. states, thus absorbing the excess energy of the molecular ion and
leaving with it. The hydrogen atom can only depart with kinetic_
energy. The more bonds the radical species has, the better. Thus we -
~ have a very useful empirical rule named after Stevenson: '

4 ‘_'f ragmentation, the largest radical is lost preferentially.
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Fig. 9.2b. Mass spectra of the three isomeric butanols
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: ectra of the isomeric butanols now And see if g
Examme_the 2511;’([) (ii) and (iif))- Butan-2-ol (Fig. 9.2b (ii)) Cleaves
works (Fig. 9.2b (1), m/z 45, and 20% (M-CH3) m/; 5o

M-CH;CH2)" :
to BN })(i)fo;%: 1( in féw30ur of the loss of CH3CHz. In fact the ion
atio y

pical of 2-ols because ir.1 the structure CH3CH0HR ;‘.
. R =CHa.. CH3 will be lost because CH; > H". For any other R, it ,4
lf'R; lax?,er tl?an CH; so R’ is lost acco_rdmg to s‘t.ev?nson’s Rule, :
xrildeglylp%opan-}ol (¢-butyl alcohol), Elg. 9.?b (iii), is really ang|-
ogous to methanol because it has three identical groups round the
a-carbon and can only lose CHj to form (CH3)2C=6H as base

- peak. These cleavages are sum{ngrised below:

ar
+ -
CH3CH=0H 1s ty

100 %
' | 45 (I:Hs
CH3CH2 CHZKC_Hz()H' | CHBCH2%CH()H§CH3 CH-3—(I3 fCH3
- a 31 B 59 HO ;
-~ 100% — 20% 59

100%

In this shorthand presentation, the bond cleaved is shown broken by
a wavy line, and the ion formed and its Intensity are shown above
~or below the horizontal straight line. This is 2 very useful way of
-summarising the main features of a spectrum.

We can summarise the application of Stevenson’s Rule to aliphatic

alcohols by saying that the base peak is usually formed by the loss
of the largest radical attached to the a-carbon:

R3 Rl
R R
l_;(EMOH-_") /C=6H + R3,R3 > R, > R,
R> R>
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- Sty

CHs"CHZ_C,‘BH — CH3CH3 + ‘OH
m/z 29

CH3— CHz—ali_;* CH3 + CH,=0p

" _
CH;CH,CH2—CH2—OH — CH;(CH,)} + OH
| | m/z 57

: CH3CH2CH2_/C-E'—6H Sep CH3CH2CI—I‘5‘ + CH2=OH
m/z 43

and generally |
RCH;—OH — R + CH,—OH

These hydrocarbon ions and daughter ions derived from them are

- usually of less RA than the R1R2C=6H ions, but increase in im-
portance in long chain, especially. branched alcohols, which come
 toresemble the corresponding hydrocarbons (see Section 9.7).

[ Ina secondary or tertiary alcohol there might be two or
three different R* which could be formed. Try to predict

what would happen if the R groups were CH3, CH3CH,, and
(CH3),CH in the structure R|R,R3COH.

gﬁeé°"+(CH3)2éH would have the greatest intensity, follow'ed by
e 12, then CH3 very much the least. I hope you said this was
s 2se the Order of stability of carbocations is tertiary > secondary
Ord[e):lgfary = if 50, well done! If you did not remember the stability
the R+ .carbocations, revise Section 8.2. In some alcohol spectra,
,iOns if Rlc_ms are ag intense or more intense than the R;R-.C=0H
% Secondary or tertiary.
o tz ;sx on¢ other feature of the alcohol spectra which we have
% "'/zsmg gm = the loss of H>O This gives rise to the prommen;
; Htan-1-o} (Fig. 9.b(i)), but only minor peaks in ethano
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'(m/z‘ 28 in Fig. 9.2a) and the other two isomeric butanols. Since
alcohols thermally dehydrate to alkenes, and the inlet systems of
mass spectrometers are run at about 200 °C, we might expect some
dehydration prior to ionisation. The m/z 56 ion might then arise
by direct ionisation of butene formed in the inlet system

I From the evidence of the (M-H;0) peaks seen in Fig. 9.2a
- and 9.2b, do you think these ions have originated from
alkenes formed in the heated inlet of the mass spectrometer,

1e they are derived from artefacts?

The answer is no. If this was the case, we would expect all the spectra
to show (M- HoO) peaks about as intense as that in butan-1-ol, but
they do not. Indeed, the order of ease of dehydration of a]cohols .
1s tertiary > secondary > primary, so 2-methylpropan-2-ol would
be expected to show the most intense m/z 56, followed by butan-
'2-ol. This does not mean that thermal dehydration does not occur,
but it is minimised in modern instraments by the use of 1nactive
glass-lined inlet systems. :

There i1s in fact a mechanism for the loss of Hz() from M7 of al-
cohols which involves hydrogen transfer from the third or fourth

carbon atom down the chain to the —=6H group. The transfer from
the fourth carbon is favoured because it involves a six- membered
ring intermediate, but it can also occur to a limited: -extent from
carbon-3 in a chain. Butan-1-o0l has the favoured H at carbon-4, as
well as carbon-3. Butan-2-ol has a carbon-3, from which a hydrogen
could be transferred, but shows little loss of H')O n pracnce The.
mechanisms are;:

1,4~e]iminati6‘n

[ [
H 5-CH CH, - HC.‘ CH, +H.0
2
W +(7/ 2 + 2 2
H Lf.O\ (m/z 56)
'H
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1,3-elimination

CH
CH CH 2
/ANy ¢ H C/- \CHCH3 + H0
Hzcs C\ —————P' 2 ¥
N\ H
H " "OH msz 56

ey

ince ¢ : ns
Since ethanol and 2-methylpropan-2-ol have neither 3 nor 4 car bo
“let alone hydrogens, they show little loss of H2O.

Alcohols with 5 carbons or more can lose CH;=CH * H,0 in a
Smg,l.?-'cfmcerted step (as shown by a metastable ion for the loss of
46 amu all at once). The mechanism for this is:

+ o
OH .
' (' . +
Hch}‘ ——>CH, =CHR| "+ H,0 + H,C=CH,
’ H,C CHR
- 2 (M - 46} -
CH2 L _

~ ages must follow in a cyclic compound b
produced. For cyclohexanol the m
and the proposed fragmentation ;

efore (
dughter j
ass spectrum g slgqowl 'OnS can pge

S shown i Fig. 9,24 7 1n Fig, 9.2¢ '

-
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Fig. 9.2c. Mass spectrum of cyclohexanol
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Fig. 9,2q. Fragmentations of cyclohexanol
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m—

fc‘ﬂ i1 m/z 85 (M—CHg).Jr IS present in th
The lle stepwise mechanism is followed to ¢4
[‘hﬂt' tils nho doubt the major route to H’E/Z 57 is

‘(helr]i major one in most cyclanol spectra (Cs
;;;ropriatel)’ to higher mass if there are subst;

3- positions of the cyclanols. For example in 3-
e homologue of m/z 57 (m/z 71) is 64% wh

€ spectrum shows
me extent, though
concerted. This ion

= Cg). It is shifteq
tuents at the 2- anq
methylcyclohexang]
le m/z 57 is 359,

3l Why do you think the m/z 57 is given by such a rangé of
ring sizes 1n the cyclanols? ‘
- The answer is shown in Fig. 9.2d. This ion is conjugated, so the pos-

itive charge 1s stabilised by resonance. This is yet another example

of the importance of +M groups in determining the direction and
mechanisms by which molecular ions fragment.
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S
what happens 1
OH CHZ
* CH;‘fH . CHZ
H. —H.O
2 ~HO
= " m/z 104,100%
m/Z
OH i
CHz’QH‘ i :
et A —CO -
v | T -cH Tt
7 | m 57-4
. m/z 106’ 750/_0 m/z 781 ‘_IOOO/O

The 3- and 4- isomers in each case cannot possibly form such six-

membered transition states, so they lose "OH, then 'H more cOn-
ventionally to reach m/z 104 and 106 in differing amounts fro.m the
2isomers. It is interesting that the m/z 106 of the 2-1somer n thf
second case further fragments to give the M* of benzene, Chrlh-
by loss of :C=0". Possibly it has rearranged itself to the M T of

t s e i
'Opolone in order to facilitate this:

e, - |
O i O
Y o @f = Q)
) m/z 106 ~  tropolone msz T8
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SAQ 9.2c Fig. 9.2i shows the mass spectrum of an alcohol,
‘ - Unknown 6. Interpret this spectrum and identify
_, the alcohol. Note that m/z 31, not shown in Fig.
' 9.2i, is actually 45%.

00 1o %28 v
80-

43

B L

40 o180 80 . 100 120

v TR m/z

—_

. Fig.9.2i. Mass spectrum of Unknown 6

K E—
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SAQ 9.2d Fig. 9.2j shows the mass spectrum of an alcohol,
: ' Unknown 7. Interpret this spectrum and identify

the alcohol.
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- Fig. 9.2j. - Mass spectrum of Unknown 7
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