Tetrabedron, 1967, Vol. 23, pp. 2807 to 2815. Pergamon Press Lid. Printed in Northern Ireland

ELECTRON IMPACT AND MOLECULAR
DISSOCIATION—XVI
B-KETO ESTERS

R. I. Reep and V. V. TAKHISTOV®
Department of Chemistry, The University of Glasgow

(Received 29 August 1966; accepted for publication 21 November 1966)

Abstract—The hitherto unreported mass-spectra of some cighteen S-keto esters have been examined.
Some special characteristics are discussed. No evidence has been obtained for tautomeric changes
in the parent molecular ion.

ALTHOUGH p-keto esters give rise to well-defined and rather characteristic mass-
spectra,! there are, however, certain peculiarities in the spectra of some of these
compounds which are here discussed; the compounds and the more abundant ions
in the respective mass-spectra investigated being included in the following figure
and the accompanying Table.

Practically all the fragment ions may be accounted for by assuming that the
positive charge resides upon one or other of the oxygen atoms.2:3 Several descriptions
of the parent molecular ion of a f-keto ester arc possible, including
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Amongstother possibilities would be the enolic form of theion| Me—C=CH—-C
I N
OH Et

which might arise in two ways: (i) by ionization of the enolic form of the parent
molecule, or (ii) by the transfer of an appropriate hydrogen in the ketonic specics
first formed. As in general the equilibrium concentration of the enol form in the
neutral species is small* and ionization is a rapid process compared with tautomeric
change;® it is to be expected that for the compounds here discussed the formation
of the enolic form of the parent molecular ion would arise largely by the second of
the above alternatives. This is supported by observation. Arguments against the
presence of the enolic ion are two-fold: (i) the facile elimination of an acetyl or a

® Present address: Leningrad State University, U.S.S.R,
! J. H. Bowie, S-O. Lawesson, G. Schroll and D. H. Williams, J. Am. Chem. Soc. 87, 5742 (196S5).
* C. S. Cummings and W. Bleakney, Phys. Rev. 58, 781 (1949).
¥ H. Budzikiewicz, C. Djcrassi and D. H. Williams, Interpretation of Mass Spectra of Organic Com-
pounds. Holden-Day, San Francisco (1964).
¢ C. K. Ingold, Structure and Mechanisms in Organic Chemistry p. 556. Bell, London (1953).
¢ H. M. Rosenstock and M. Krauss in Mass Spectrometry of Organic Ions (Edited by F. W,
McLafferty), p. 2. Academic Press, New York (1963).
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R’

|
R—-CO—C—COOR"™
|
R”
I R=R"=Me R'=R"—H
Il Re=R=R"==Me R’=H
III R=Me; R=R>=H R"=Et
IV R:—=R==Me; R’=H R™=:Et
V R=Me; R==H R’=R"=Et
VI Re==Me; R'=iso-Pr; R°—=H; R™==Et
VII R=Me; R'==CH,—CH=CH,; R°’=H; R"=Et
VIII R=Me; R’=:n—Bu; R—=H; R"=Et
IX R=—=Me; R'—R°=R"=FEt
X R=Me; R'—MeO—CH—Me; R°’=Me; R"==Et
X1 R=Me; R'==H,C—OMe; R==Me; R"—Et
XII Me—CO-—-C—COOEt
I
HC—Ph
XIII R=:Me¢; R=R’=H; R"=ter-Bu
XlV R=n—Pr R'=R’=H R"™=Et
XV Re=ter-Bu R'=R’=H; R"u=Et
XVI R=iso-Pr; R'==R’=H; R“=Et
XVIl RuzR"x:Me R'=COOMe R°=H
XVIII R=Me; R"—COOEt R"=-H R"=Et
XIX MeCH(Me—CO—CH—COOE),

XX PhCH(Me—CO -—-CH—COOE),
|
XXI CO—(CHy),—CH—COOE1

XXIl Me—CO—CH-—COO

/ |

CO CH—C—Me

XXIll R=Ph R'=R’=-H R"=Et

XXIV R-p-NO;—C,H,; R =R’=H R"==Et
XXV Ph—CO—C—COOMe

I
HC—Ph
XXVl CHyPh—CO—CH—COOMe),
I

Fic. 1

benzoyl group per se from the parent molecular ion and (ii) the small extent of the
elimination of a OH group or a water molecule. The loss of a OH is not marked
being for XVII (1-5%), XVIII (1-8%) and XXIV (1-0%); and for water as in VII
(0-8%), XVII (1:5%) and XVIII (1-1%). In certain compounds the complementary
ion (M—H,0)* is present, notably XIX (2-1%) and XX (7-6%) and these ions may
become still more abundant at lower electron energies (see part XVIII).

Amongst the cighteen compounds cxamined which possessed Ac groups the

+

ion mfe = 43 (C4H,0) was the base peak in twelve cases and the second most
abundant in two others. In a further two examples it is somewhat lower being 707,
of the base peak for XIX and only 249, for XX. It is significant that in these two
examples, but particularly in the latter, the equilibrium concentration of the enolic
form of the neutral compound is much higher than the general level for f-keto
esters.$¢ These two compounds apart, there is no other evidence for the preponderance

¢ C. K. Ingold, Ref. 4, p. 561.
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of the enolic form and, equally, there is no fragmentation process occurring which
demands the migration of a2 hydrogen atom attached to carbon (2); the entirety of
the fragmentation process observed may be adequately described in terms of a
compound which is possessed of two functions, a keto and an ester group. However,
although the existence of the enolic form of the parent molecular ion is unimportant
in the decomposition sequence it can be argued that the terminal form of any given
fragment ion may possess such a structure, e.g.

H
C "Me--C-—-CH—CO,E(} *

Sl om

Me—C CH, C—OEq -

56 N\ A

H~—C—H MO—E—CH=C\
“l
CIH, B o OEt
!
L Me _
mje = 186% mfe = 130
and
C
H.C) Kc—cn.—co.m
CH,—C—CH,—CO,Et]*
|
\"\ o+
H OH
mle = 156 mfe = 130

Such ions may further decompose giving rise to others which are prominent in the
spectrum:

(o] Bu
. P
T/ CH H OH *s
/ — - L ™
\ ( C-—Or —tHimC=0 Mc(CH,),—CH—C
\
’\‘o OEt
mle = 144 (24-4%)
C,H,
- C,Hy
—rcn—cmo—m —c—ro'—
OH H.C ou
mje = 101 (66-7°%,) mfe = 115 (20-7%,)

t Exact mass-measurements have been carried out to determine the composition of all ions dis-
cussed in detail in the text when ambiguities of composition could exist.

* This symbol indicated that a mectastable exists to confirm the loss of the particular fragment
as a one-step process.
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+

The ions [M—OR"]*, RCO, [M—R"OHJ*,, R, [M—C;H}*- in cthyl esters,
and [M—GC;H,0]* in esters possessed of an acetyl group, are very common in the
remaining compounds.

The features peculiar to the mass-spectra of certain substances may now be
discussed. Most of the abundant ions in the mass-spectrum of XIII arise because of
the presence of a t-Bu group, i.c.

Me
+/
[M-55}* at mfe = 103 (27-2%), mle == 59 (H—O\ 1 95%)

.
Me

mje == 57 (C H,: 88Y%), and m/e = 56 (C,Hy~; 36:6%). In compounds XIV and
XVI, on the other hand, the ion [M—R]* is more prominent being 23-8%, and
30-7% of the base peaks respectively, a fact which is attributed to the considerable
thermodynamic stability of the radical R- (-C;H,) obtained in the same process.

In general, the fission of a bond a- or §- to the ester group with the charge
remaining upon the 2-carbon can occur when certain stabilizing groups are present.

+ +
Otherwise ions such as C;H,O or C H,0, are not normally observed.

Me " Me Me
! | |
Me-—CO—C—COEt | > (._‘C—CO.Et —» Me—C.- —C—CO,Et
| | NS
Me—O—CH—Me Me—O—CH- Me o}
!
Me
mje = 202 mje =~ 159 (7-1%)
CO,Me
/
CH
VRN
*0 CH,
i
Ph—CO—CH—COMc *CH—COMc Ph--C - CH—CO,Me
| ] e
CH, — O CH, 0 mfe = 263
| [/ )
Ph—CO—LCH—COMe Ph—-C—CH—C—OMe¢
CH—COMe
/N
CH, O
] il
Ph-CO-CH -- C—OMe
mje = 368 mje = 263 (2:3°;)
and
Me-CO-CH—CO,E f’ +CH—CO—Me CH-CO'Me
e i . /
CH,— CH—CH, CH,~CH--CH, — CH.—C{{
CH,

mie = 170 mje = 97 (13:1%)
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If an additional heteroatom is available in the molecule, then fragmentation
patterns of a different type can arise e.g.

Me
Me |
| C
Me—C—C}—CO.Et . /— ~\\
| O —>» Mec—CH=0—Me + Me—C| C—OEt
O CH:-0—Me bl
L (o] (o}
Me

mje = 59 (100%)

A similar process occurs in compound XI giving rise to m/e = 45 (H,C:O-CH,;
59-2%), an ion that is prominent nowhere else.

The mass-spectrum of dehydroacetic acid (XXII) is consistent with the enolic
form of the parent molecular ion which is the base peak in the spectrum being
thermodynamically very stable, a consequence of the extended conjugation possessed
by this ion. The ion [M—CHj,]* is also very stable and certain other fragmentations
seem consistent with the suggested structures of the molecular ion.

- o) e (o)
Il ji
Cc C
/7 \ . VRN
Me—CO--C o) —* ., OmC--C 0
I | —Me I |
C C—Me C C—Me
/ N\ 4 VRN 4
HO C HO C
| H _ H
mje = 168 (100%) mje = 153 (63%)
l - CO
o) + o)
7N\ . CH . VRN
Me—CO—C C—Me — ', O=C—C C—Me
. L I i
HO—C——CH HO -C——CH
mje = 140 (4-3%, mie = 125 (33%)

In compounds possessing aryl groups, mfe = 105 (C4H,CO) in XXIII, XXV,
and XXV], and mfe = 150 (p NOyC¢*tH,-CO) in XXIV are not only the base peaks
but also they are very much more abundant than any of the other ions present. At
the same time the parent molecular ions are less abundant than those of the
corresponding aliphatic compounds. The aroyl ion is thermodynamically much
more stable than the acetyl and it is thought that this stability is the controlling
force. However, the benzoyl ion tends further to decompose

+
Ph*CO —» Ph+CO
N
C*H, + C4H,:
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but the ion in compound XXI1V (m/e = 150) decomposes by a different route

,»o,N—//_ _\.\»H-Cm(‘) — ro---ﬁ; T*
\_/ 1/

mle = 120 (5-8%;)

Such a cleavage is well established in the fragmentation processes associated with
aromatic nitro-compounds.’

A further peculiarity is observed in the mass-spectrum of compound XII in which
the parent molecular ion is the base peak, and in which the second most abundant
10n occurs at [P-1]- (80%):

CO,Et CO,EL
| I
/C\ /C\
Me C CH , MeC C
i g | |
.OH « 0\ \: \
i ! _/
//
mje = 218 (1009,) mfe — 217 (80°%,)

The ion m/e -= 131 (61:8%;) consists mainly of a species of formula Cg*H,0, the
probablc structure of which is

CO—CH,
1
.. —. : . = +
M- —» Ph—-CH- (‘\ H m) [Ph—CH---C:—C—OH]}
AN +
C=0 l

Ph - -CH==CH—C=0"*
mje - 131 (58%);

but there is also an ion mje = 131 (3-89, of formula C,y*H,,) the production of
which would require the migration of an ethyl group. The migration of methyl
groups has previously been reported.® To confirm the present observation further
studies are being made. The ion mfe — 129 (2:4 %) is a doublet the major component
having the formula CgH,+O and the minor, C,,*Hy:

ODC—C—(,O,FI 0.C—C - C=0 Ph- CH—E1
() —_ | N —
Ph—C Ph—C- (0] mie v 131 \
H H / .
Et Ph—CH—CH <CH,
mie = 129

There are other lons which could only be obtamed by an extensive rearrangement

c.g. mle — 104 (C,Hs. 99%) and mfe = 103 (C,,H,, 3-29,) although the latter is
derived, at least partly, from the ion m/e = 131 already discussed. Surprisingly,
7 J. H. Beynon, R. Saunders and A. E. Williams, Ind. Chim. Belge 29, 311 (1964).

$ J. H. Bowie, R. Grigg and D. H. Williams, and S.-O. Lawesson and G. Schroll, Chem. Comm. 403
(1965).
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the ion m/e = 135 has the formula C;H,,0; a formula which would seem to require
the migration of an ethoxyl radical.

There is present also a metastable m/e = 89-80 (89-78 caic.) which supports the
following degradation:

o] (o]
7 7
- O==sC—-C—COOEt Oo—=C=C—C O=C=C—C
I — | | — ||
CH—Ph *C—Ph O HC—-O
H AN | *\
Ph Ph Et
. I'4
Ph—CH=0—Et

mje = 135 (17-8%,)
The same process may well occur in compound XXV where an analogous ion
+
mfe = 121 (CgH,0) is obtained:
0 4.

Ph—C—C-COMe| —»s *OmwC—C—CO,CH, —» Ph—CH=O—Me
I !

CH—Ph CH—Ph
mle = 266 (33-3%) mie = 189 (2-7%) mje = 121 (30-2%)
EXPERIMENTAL

The mass-spectra here reported were obtained upon an A.E.L. Ltd., M.S.9. double focusing mass-
spectrometer operating with a source temperature of 150°, a sample inlet at 40° and an ionizing
voltage of 70 cV.
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