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Abstract—A study of the mass spectra of ethyl 2,3-dideoxy-a-D-glycero-hex-2-enopyranosid-4-ulose
1a, its 6-0-acetyl derivative 1b, and methyl 3,4-dideoxy-a-D-glycero-hex-3-enopyranosidulose 2a
indicates that the main fragmentation of these compounds occurs by a retro-Diels-Alder type cleavage.
Recognition of the ions produced by this cleavage provides a means of allocating the position of the
a,B-unsaturated chromophore in carbohydrate enones. Fragmentation of molecular ions of 1a and 1b
also occurred by direct loss of individual ring substituents to give ions which retain the pyranoid
nucleus. The fragmentation pathways suggested are supported by accurate mass measurements of the

salient fragment ions of 1a.

INTRODUCTION

The usefulness of mass spectrometry in the field of
carbohydrate chemistry'? for the analysis of acety-
lated glycosides,™ determination of ring size® and
location of site of unsaturation® is well established.
Carbohydrate enones have recently become readily
available in large quantities,” and they have been
employed in a variety of studies at the ground and
excited states.”® In view of these developments, we
undertook a mass-spectral study of enones 1 and 2
to determine whether the fragmentation patterns
are of any diagnostic value.

A considerable body of data has been amassed
from the electron impact induced mass spectra of
cyclic a,B-unsaturated ketones.” From these data,
the more significant fragmentation processes have
been determined to be (a) elimination of ketene

from the structural unit >C=CH—CO—CH:—,

and (b) one which may formally be regarded as a
retro-Diels-Alder reaction. Dauben et al.”® showed
that ketene is lost readily, only if the enone has at
least one Me substituent at the y-position. This ob-
servation has been extended by other workers who,
in a study of steroidal systems, found that the im-
portance of ketene-loss varies not only with the na-
ture of the functional group,” but also with the
stereochemistry of the molecule." In the absence of
the y-substituents, the major fragmentation is of
the retro-Diels-Alder type.’

RESULTS AND DISCUSSION
As model compounds for our studies, the readily

“Pyranosiduloses Part VI. For Part V see N. L. Holder
and B. Fraser-Reid, Canad. J. Chem. in Press

*Taken from the Ph.D. Thesis of N. L.H.; University of
Waterloo, Waterloo, Ontario, Canada 1972. Present ad-
dress: Gillette Research Institute, Rockville, Maryland
20850, U.S.A.

available enones 1'** and 2’* were chosen. The
mass spectra obtained are shown in Figs 1-3 and
the accurate masses and elemental composition of
selected ions of 1a are presented in Table 1.

As in the case with most alkyl hexopyranosides,’
the enones 1 and 2 show very weak molecular ions.
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ketene elimination retro Diels-Alder cleavage

Despite the fact that the enones all have y-
substituents,” loss of the ketenes
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from 2a (m/e 158-m/e 72) is not observed. How-
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Table 1. High resolution mass spectral data

of ia
Elemental

Observed  Calculated composition

29-0027 29-0027 CHO(62-5%)

29-0396 29-0351 C.H.(37-5%)

55-0183 55-0184 C:H,0

84-0203 840211 C.H.0:(31-5%)

840565 84-0575 C:HO(68-5%)
112:0531 112:0524 CH.O:
i72-0736 172-0735 CoH,0.M")

ever, the related alcohol, 1a, does give a peak m/e
100 (2%) consistent with the radical ion

H
3 2 v/
[0=CH——-CH=C N ]’
OEt

which would be formed upon the expulsion of the
ketene

H

s s/
O=C=C\

6
CH.OH

(cf 9b). The major pathway of enones 1a, 1b and 2a
appears to be the retro-Diels-Alder type cleavage
illustrated in Scheme 1.

Retro-Diels-Alder type fragmentation (Scheme 1)

The proposed major fragmentation pathways for
1a, 1b and 2a leading to ions m/e 112 and m/e 98
follow closely those proposed by Bowie” and
Dauben” for cyclohexenone and its 2-Me
analogue.* From the high resolution mass spectrum
of 1a, the accurate mass measurement of the ion
m/e 112 (Obs. 112:0531, Calc 112-0524) shows that
it has the appropriate elemental composition of
CH,0, (Table 1).

The charged-radicals m/e 112, obtained from 1a
or 1b and m/e 98 (C:H0O,)* from 2a, being similar
in structure can undergo analogous fragmentations.
Three fragmentation pathways are possible, two of
which involve (i) McLafferty rearrangements” and
(ii) loss of carbon monoxide giving rise to cyclo-

*The ions m/e 112 and m/e 98 are written in their cyc-
lic forms following the format of Bowie' and Dauben;*
however it is conceivable that these may exist in their
open chain forms
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propenes. With regard to (i), the ions m/e 112 and
m/e 98 can lose acetaldehyde and formaldehyde
respectively via the rearrangements shown below.

R
—

R = Me, Ref. 9
R = H,Ref. 12
—H
e

T3 9

In the absence of labelled experiments, the
hydroxycyclobutadiene structure proposed for ion
m/e 68 must be regarded as tentative. However this
species has been written in its cyclobutenone form
by Bowie,” and Hiraoka has recently found that
cyclobutenone is converted to furan and, by an al-
ternate route, to acetylene and ketene as outlined in
the drawing.” Further loss of acetylene from the
diene structure generates the species m/e 42. This
species gives the most intense peak in the spectrum
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of 2a (Fig 1), but in the spectra of 1a and 1b (Figs 2
and 3), its intensity is only 14% and 7-5% respec-
tively.

Concerning the second proposed pathway (ii),
loss of carbon monoxide from m/e 112 gives the

*See footnote on previous page.

cyclopropene radical-ion [CsH;OJ* m/e 84 as the
most abundant peak (Figs 2 and 3).

Similarly, loss of carbon monoxide from the cyc-
lobutenone m/e 98 gives the hydroxymethyl cyc-
lopropene m/e 70 (63-5% relative intensity Fig 1).
Fragmentations similar to these, occur as the sec-
ond stage in the fragmentation pathway* proposed
for cyclohexenones.”"
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The third course of decomposition for ion m/e
112 finds precedent in the proposed fragmentation
of allylic ethers.t On this basis, ethylene is lost
from the ethoxy group with the formation of 4-
hydroxycyclobut-2-enone [C.HO:]* m/e 84.

The implication of the analyses in the two forego-
ing paragraphs is that the peak m/e 84 oughttobe a
doublet. High resolution studies of 1a summarized
in Table 1 verify that this is the case, with the
[CsH;0)* (Obs. 84-0565, Calc 84-0575) component
being 68:5% and the species [C,H.O.]* (Obs.
84-0203, Calc 84:0211) being 31:5% of the total
peak.

Further support for the analyses in Scheme 1 is
given by the observation of metastable peaks for
the transitions 11284, 8456, 98 - 70, 68 »42
(Table 2).

? —C,H, —CiH,

mje 83

o

s mle 84 1a = 1b—100%

A
mle39 la=43%
Ib= 16%
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Table 2. Metastable peaks of some transitions in the mass
spectra of the carbohydrate enones 1a, 1a and 2a

Metastable peak
Transition Compound Observed Calculated
11284 la 632 63
1b 63-2 63
8445 1a 37-1 37-33
1b 37-1 37:33
98->70 2 50 50
68—»42 2a 25-7 259
172> 142 1a 117 117-23
127597 1a 74 74-08
169> 109 1b 70 70-3
154109 1b e 77-14
OHTY" OHT"

_H.
A

mje 56 la=22%
1b=13:5%

A

mfe 55 1a= 68%
1b=37%

—H +
la=67%
la= 31%\ H. OCH,

D\ o
\
H

C.H;~
mle29 1la=100%
1b = 40%

SCHEME 2

The ethyl cyclopropenyl ether [C;HsO]* m/e 84,
can undergo the typical fragmentation of allylic
etherst by losing ethylene to form cyclopropenol,
m/e 56 (Scheme 2) which, by loss of hydrogen,
forms the protonated cyclopropenone m/e 55. Al-
ternatively, direct loss of hydorgen from m/e 84
leads to the alkylated cyclopropenone m/e 83.
These cyclopropenones are highly stabilised

tAllyl n-propyl ether, ka, decomposes to give allyl al-
cohol and propene; similarly crotyl ethyl ether, kb, gives
crotyl alcohol and ethylene. The process involves cleav-
age of the O—C, bond with synchronous migration of a
B-hydrogen."”

R—CH—CHCH,—OCH,CH,R’
a a
~*» R—CH=CH—CH,0H + CH/~CHR'

k

=H, R'=Me
=Me, R'=H

aromatic species.”® A third alternative course of
fragmentation for the ether, m/e 84, is that in which
rupture occurs on either side of the oxygen, the
charge being retained by the hydrocarbon moiety"
(Scheme 2). Appropriately, high resolution of 1a
(Table 1), shows that the peak at m/e 29 (Obs
29-0396; Calc 29-0391, 37-5%) has the elemental
composition C,H,.

The intermediacy of the cyclopropenyl carbinol
m/e 70 (Scheme 1) finds support in the presence of
a strong peak at m/e 39 (70%). This is ascribed to
the cyclopropenyl cation, which would be formed
together with the hydroxymethyl radical upon frag-
mentation of m/e 70. Absorptions corresponding to
these ions are found in Fig 1.

Retention of the pyranosidulose ring
Fragmentation of the molecular ion may also
occur by direct loss of individual ring substituents
to give ions which retain the pyranoid ring. This is
illustrated in Schemes 3 and 4 for 1a and 1b respec-
tively. For each of the enones, ions were produced
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SCHEME 4

by loss of the aglycon, and either CH,O from 1a or
CH;COOH from 1b. These ions and those from
their subsequent degradation, were observed at
m/e 127, 142, 95, 55 and 29 in the spectrum of 1a
and m/e 169, 154, 109, 55 and 29 in the spectrum of
1b. Accurate mass measurements (Table 1) of the
ions m/e 55 (Obs. 55-0183, Calc 55-0184) and m/e
29 (Obs. 29-0027, Calc 29-0027, 62-5%) show that

they have the elemental compositions C;H;O and
CHO respectively. It is interesting to note that
the species m/e 169 and 109 were proposed as
intermediates in the fragmentation of pB-D-
glucopyranose pentaacetate.” Metastable peaks
(Table 2) were observed for the transitions m/e
172-m/e 142 and m/e 127-m/e 97 in 1a, and for m/e
154-m/e 109 and m/e 169—>m/e 109 in 1b.
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Formation of m/e 55 by direct cleavage of C-
3—C-4 and C-5—O bonds in m/e 127 and m/e 97
on the one hand (Scheme 3), and in m/e 169 and
m/e 109 on the other (Scheme 4), necessitates
cleavage of a vinylic bond. It has been shown in a
number of cases, that cleavage of such a bond is
severely repressed or inoperative when compared
to scission of the corresponding ¢ bond in satu-
rated analogues.*” Since. ketene elimination is
rarely seen in the fragmentation of saturated 6-ring
ketones,” it seems unlikely that the loss of ketene
observed in the a,B8-unsaturated ketones involves

direct scission of the vinyl bond. One probable
pathway by which the ketene could be lost is illus-
R
Lo
R
R
H J~ OZ“
SCHEME 5

o

trated in Scheme 5.
R R
o) [/
+
o=c=cZ

i}

The mass spectrum of 2b not surprisingly®” is
dominated by peaks arising from fragmentation of
p -nitrobenzoic acid. Thus in comparison with 2a
the only recognizable fragment is m/e 127 ob-
served in 9% relative intensity, representing the
pyran ring residue.

From this study of the mass spectra of the
enones 1a, 1b and 2a, it is concluded that the main
directions of fragmentation are (a) direct loss of the
ring substituents retaining the pyranosidulose ring,
and (b) the retro-Diels-Alder type cleavage. In the
latter case, the primary fragments contain the sub-
stituents that were in the y-position in the molecu-
lar ion, therefore, recognition of these ions could
provide a means of allocating the position of the
a,B-unsaturated keto chromophore in carbohy-
drate enones.

EXPERIMENTAL

The low resolution mass spectra of 1a, 1b and 2a (Figs
1-3) were measured on a RMU 6A single-focusing instru-
ment at an ionization potential of 70 eV, and SO s A vol-
tage. Samples were introduced through a direct inlet sys-
tem at 200°. Spectra are plotted in terms of relative abun-
dance, with the most intense peak (base peak) taken as
100%.

High resolution mass spectrum of 1a was determined on
a C.E.C. 21-110B double-focusing mass spectrometer.
Samples were introduced through a direct inlet System.
The high resolution mass spectrum was recorded on Ilford
Q-2 photographic plates, which were developed in the
usual way.
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