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ABSTRACT

Structural characterization and differentiation of distinct regioisomeric esters of
sucrose were obtained using ionspray ionization and low energy tandem mass
spectrometry. Low energy CAD MS/MS analyses of the protonated molecules [M + H]"
provided characteristic fingerprint patterns, and permitted differentiation of the various
regioisomers. MS/MS analyses of selected intermediate fragment ions formed during the
ionization process provided additional structural data, and established the fragmentation
routes of their [M + H]” precursors.

INTRODUCTION

Of all the natural sugars used as renewable sources of raw materials, sucrose is the
most widespread in nature. Partially acylated sucroses are commercially important
compounds which can be used as potential intermediates of significant value for the

sucrochemical industry.’? In fact, commercially available sucroesters are now currently
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used as emulsifying agents in foods, cosmetics and pharmaceuticals, and as non-ionic
detergents for purification of membrane proteins’  Although these commercial
applications use isomeric mixtures of acylated compounds, there is a constant demand for
pure derivatives of sucrose.

Selective monoacylation of sucrose remains at present a quest difficult to achieve, due
to the very similar reactivities of the hydroxyl groups** and to the facile intramolecular
acyl migrations occurring in the unprotected derivatives.* Nevertheless, some chemical
modifications of free sucrose substrate have already been proposed. Indeed, attempts at
acylation of the least hindered primary hydroxyl were effected in exceptionally mild
conditions,’ using either sterically hindered reagents or bulky intermediates prepared by
the Mitsunobu reaction.® Under suitable conditions, these reactions can lead to 6,1',6'-
triesters, 6,6'-diesters or 6-monoesters. Recently a selective acylation of the neopentylic-
like 1'-OH, by a protease-catalyzed transesterification of sucrose, was reported.’

All of these reports indicated that the selective acylation of sucrose remains difficult
to achieve, and consequently the synthesis of 6O-acylsucroses has not yet been achieved
successfully. Recently Chauvin and Plusqueliec’ described a new and simple synthesis
of 6-O-acylsucroses 1 and 3, and also succeeded in obtaining high yields of 6-O-
acylsucrose regioisomers 2 as well as the novel 3-O-acylsucrose 4, from the unprotected
sugars (Figure 1). Furthermore, they also reported the syntheses of the 6,6'-di-O-
acylsucroses using similar conditions.” The structural characterization of these well
defined regioisomeric esters of sucrose was accomplished using *C NMR spectroscopy
and mass spectrometry. To date, no fast-atom bombardment (FAB) or ionspray
(nebuliser-assisted electrospray) mass spectra have been reported for this novel series of
regioisomeric esters of sucrose.

Structural information, such as the sequence pattern of oligosaccharide branching'®"’

and differentiation of isomeric hexose units,'*®

can be obtained by tandem mass
spectrometry ' The unique dissociation patterns of precursor ions provide characteristic
fragment 1ons which facilitate differentiation of isomeric species. Applications of low

energy collision-induced dissociation have also been demonstrated for several isomeric

14-20 26-29

peracetylated saccharides,'**° anomeric nucleosides,>* C-glycosides /** carbohydrate 1,2-
orthocarbonates,”® and a novel series of diastereoisomeric 1, 2-trans-2-deoxy-2-
iodoglycosyl azides® and phosphoramidates.*

In this paper we report the structural characterization and differentiation of the novel

series of regioisomer esters of sucrose using ionspray mass spectrometry.*® Structural
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Figure 1. Structures of the different regioisomeric esters of sucrose 1 - 4.

information was also deduced from low energy tandem mass spectral analysis of the
protonated molecules [M + H]". Rationalization of the fragmentation routes was made

by obtaining the product and precursor ion spectra of the various intermediate ions.

RESULTS AND DISCUSSION

Fast atom bombardment (FAB) 1onization has been shown to be a useful 1onization
technique for the analysis of a wide range of natural compounds, including
carbohydrates.” FAB-MS spectra of carbohydrates are usually characterized by abundant
[M + H] and [M + Na]* ions, thus permitting molecular mass determination. In
addition, fragment ions enable deduction of structural information. However, the low
abundance of fragment ions and the chemical noise resulting from matrix ions can limit
the sequence information that one can deduce from the mass spectrum. Early attempts
to obtain structural information on this novel series of regioisomeric esters of sucrose

using FAB-MS were confusing and not conclusive.®*® For example, FAB-MS analyses of
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6'-O-octanoylsucrose 1 and 6-O-octanoylsucrose 2 did not show the presence of the
expected protonated molecules [C,0H;¢ 0,,+ H]", and only minute traces (<1%) of the
sodiated adduct ions [C,,H,, 0,, + Na]” were observed. Furthermore, ions corresponding
to the protonated molecules of di-O-octanoyl- and tri-O-octanolysucroses, ([C,sH;,0,, +
H]" and [C,H,,0,, + H]" respectively), were observed in the FAB-MS analysis of 1 and
2. Fragment ions derived from these latter two protonated molecules were also observed
in the FAB mass spectra. Obviously, these results could only cast doubt on the structural
assignment of the 6'-O-octanoyl- and 6-O-octanoylisucroses 1 and 2. The formation of
protonated molecules of the diacylated and triacylated sucroses could possibly be
explained by intermolecular reactions, between the acylating ions (CH, (CH,),CO") and
the original 6'-O-octanoyl- or 6-O-octanoylsucrose molecuie, in either the gaseous phase
or in the liquid matrix.

The ionspray MS of the regioisomers 6'-O-octanoylsucrose 1 and 6-O-octanoylsucrose
2 are shown in Figure 2, and are summarized in Table 1. In contrast to the rather
deceiving FAB-MS results, the ionspray mass spectra of these two regioisomers gave
abundant protonated molecules [M -+ H]" as well as an adduct corresponding to [M + H
+ CH,OH]". Sodiated and ammoniated adducts respectively at m/z 491 and 486 were
observed only for regioisomer 1.

A cursory glance at Figure 2 and Table 1 indicates that these two regioisomers give
distinct spectra, with different relative abundances for common fragment ions. For the
two regioisomers, the [MH + MeOH]" protonated molecule-solvent adduct ions at m/z 501
and the protonated molecules [M + H]" at m/z 469, appear at very different relative
abundances. The fragmentation routes of these regioisomers have been rationalized using
the scheme for systematic nomenclature for carbohydrate fragmentation in FAB-MS
proposed by Domon and Costello.”® In this rationale the fragmentation routes yielding
fragments B and C occur by simple cleavage of the protonated glycosidic bond, leading
to fragment ions containing the terminal glucopyranosyl unit. Alternatively, the
fragmentation routes giving rise to fragments Y and Z involve a different cleavage of the
protonated glycosidic bond, and form fragment ions containing the fructofuranosyl unit.
It should also be mentioned that formation of the fragment ions [C]" and [Y]" involve H-
transfers with concurrent cleavage of the protonated glycosidic bond.'**

A summary of the proposed modes of formation, and suggested structures, of the

fragment ions formed during the dissociation of the protonated molecular ions [M + HJ*
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Figure 2. Positive ionspray mass spectra of the 6-O-octanoylsucrose 1 (A) and 6-O-
octanoylsucrose 2 (B).

(m/z 469) for 6'-O-octanoyl- and 6-O-octanoylsucroses 1 and 2 are shown in Figures 3
and 4.

Low energy tandem mass spectrometric analyses were conducted to rationalize the
fragmentation pathways leading to the various fragment ions observed in the conventionat

ionspray MS (see Table 1). Product ion spectra, arising from fragmentation in the RF-
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Table 1. Characteristic ions in the lonspray mass spectra of the regioisomers 6'-O-
octanoylsucrose 1 and 6-O-octanoylsucrose 2 [C,H,0,, MW = 468].

Characteristic Ion m/z 6'-0-octanoylsucrose 1 6-0-octanoylsucrose 2
Ion Type Rel. Int. Ion Type. Rel. Int.
[MH+Me0H]" 501 - 7.5 - 7
{M+Na]" 491 - 39 - -
[M+NH,]" 486 - 26 - -
[M+H]" 469 - 15 - 89
[MH-H,0] 451 - - - 10
[MH-162]" 307 - - [cr 97
[MH-180]" 289 [zy 100 [BI 100
[MH-180-H,0]" 271 [Z2-H,0] - [B-H.0] 9

Table 2. Low energy CAD MS/MS spectra of the precursor ions [M + H]" at m/z 469 obtained
from the two regioisomers, 6'-O-octanoylsucrose 1 and 6-O-octanoylsucrose 2.

Characteristic Ion m/z 6'-O-octanoylsucrose 1 6-0O-octanoylsucrose 2
Ion Type % Ion Type %
[MH-162]" 307 | [YY 6 [cr 83.3
[MH-1807]" 289 | [Z] 100 [BI* 100
[MH-180-H,0]" 271 [Z-H,0]" 3 [B-H,0]" 17
[MH-180-2H,0]" 253 | - - [B-2H,0]" 3
[MH-306]" 163 | - - [zy 5
[MH-306-H,0]* 145 | - - [Z-H,0]" 7
[MH-306-2H,0]" 127 |- - [Z-2H,01" 5
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Figure 3. Major fragmentation routes of the [M + H]" ion of 6'-O- octanoylsucrose
observed by ionspray MS and CAD MS/MS. The Y-type cleavage was observed only in
the MS/MS spectrum of the precursor [M + HJ ion.

only quadrupole collision cell of the triple-quadrupole instrument, were obtained. The
low energy CAD MS/MS spectra for the [M + HJ" ions, obtained for the regioisomers
6'-O-octanoyl- and 6-O-octanoylsucroses 1 and 2, are summarized in Table 2 and
tentatively depicted in Figures 3 and 4. Comparisons between these two sets of data
show distinct differences between the relative abundances of the common fragment ions.
For example the CAD MS/MS of the [M + H]" ion of 6-O-octanoylsucrose 2 suggests
three different fragmentation pathways as depicted in Figure 4. The first pathway occurs

via loss of anhydrofructose (162 Da) to form the product ion [C]" at m/z 307. Formation
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Figure 4. Major fragmentation routes of the [M + H]" ion of 6-O- octanoylsucrose observed by
ionspray MS and CAD MS/MS. The Z fragmentation route was not observed in the MS spectrum
but was obtained in the CAD MS/MS spectra of the precursor [M + H]" ion.

of the B-type ion arises from cleavage of the glycosidic bond, to afford the fragment ion
at m/z 289 which subsequently loses one and two molecules of H,0 giving the fragment
ions at m/z 271 and 253, respectively. Finally, the third pathway occurs via the loss of
6-O-octanoylglucose (306 Da) to yield the reducing oxonium ion [Z]" at m/z 163. This
latter ion may successively lose two molecules of water, to give the fragment ions at m/z
145 and 127. It is noteworthy that the ions at m/z 163, 145, and 127 are specific to 6-O-
octanoylsucrose 2, whereas no such fragment ions are observed in the case of 6'-O-

octanoylsucrose 1.
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Figure 5. MS/MS spectrum of the intermediate ion m/z 307 from 6-O-octanoyl-D-glucose
formed in the ionspray source. Conditions: Argon target gas, gas thickness 3 X 10
atoms/cm’, laboratory frame collision energy 100eV.

Interestingly the product ion [B]” at m/z 289 could originate from two different
processes, either by simple cleavage resulting from the B-type fragmentation route, or
more likely by a two-step process involving loss of water from the intermediate product
ion [C]" at m/z 307. Second-generation product ions of intermediate fragment ions
formed during the ionization process, were generated in an MS/MS experiment and
permitted confirmation of this latter [C]" intermediate possibility. The intermediate
fragment 1on at m/z 307 can lose a molecule of water to afford the ion [B]* at m/z 289,
which fragments further to form the ions at m/z 271, 145 and 127 as shown in Figure 5.

In a different set of experiments, the precursor ions of the [B - H,0]" ion at m/z 271
were sought using the precursor ion scan technique. It was thus established that the ion
at m/z 271 originates from the [C]" and [B]" intermediate ions, at m/z 307 and 289,

respectively, as shown in Figure 6. Also the product ion [C]* at m/z 307 might lose two
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Figure 6. Parent ion scan of m/z 271 from 6-O-octanoyl-D-glucose. Conditions
as for Figure 5.
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Figure 7. Parent ion scan of m/z 289 from 6-O-octanoyl-D-glucose. Conditions
as for Figure 5.
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Table 3. Characteristic ions in the ionspray mass spectra of the regioisomeric 6'-O-phenylbutyrylsucrose
3 and 3-O-phenylbutyrylsucrose 4

Characteristic Ion m/z 6'-O-phenylbutyrylsucrose 3 3-O-phenylbutyrylsucrose 4
Ion Type % Ion Type %
[MH+MeOH]" 521 |- 9 - 13
[M+Na]* 511 |- 67 - 23
[M+NH,]’ 506 |- 31 - 25
[M+H]' 489 | - 22 . 24
[MH-162]* 327 | YT 5 [cr 100
[MH-180]" 309 | [zr 100 (BI' 51

Table 4. Low energy CAD MS/MS spectra of the precursor ions [M + H]" at m/z 489, for the
regioisomer 6'-O-phenylbutyryl and 3-O-phenylbutyrylsucrose 3 and 4.

Fragment lon m/z 6'-O-phenylbutyrylsucrose 3 3-O-phenylbutyrylsucrose 4
Ion Type % Ion Type %
[MH-162]" 327 | [Y) 5 [cr 100
[MH-180]* 309 |[zr 100 (BT 83
[MH-180-H,0]" 291 | [2-H 0 3 [B-H,0]" 5

molecules of water simultaneously by a concerted mechanism. This possibility has not
been studied further as it is beyond the scope of the present work. In a similar experiment
it was shown that the product ion [B]" at m/z 289 can indeed be formed either from the
intermediate ion [C]” or directly from the precursor [M + H]’, as shown in Figure 7. In
this context, note that "concerted loss" of 2 H,0, in the MS-MS experiment, simply means
they are both lost within the time-window of the same reaction region within the tandem
mass spectrometer. No conclusions about "concerted” reactions on the mglecular
timescale can be drawn.

In a similar fashion the regioisomers 6'-O-phenylbutyrylsucrose 3 and 3-O-

phenylbutyrylsucrose 4 were also studied by ionspray mass spectrometry. The
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Figure 8. Major fragmentation routes for the [M + I-I»]'+ ions of 3-O-phenylbutyrylsucrese
4 and 6'-O-phenylbutyrylsucrose 3 observed by lonspray CAD MS/MS.
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characteristic ions obtained for this pair of regioisomers are presented in Table 3.
Comparison of these data shows very different fragment spectra for these two isomers.
These two regioisomers afford the molecule-solvent adduct [MH + MeOH]" as well as [M
+ NH,'], at m/z 521 and 506, respectively. The protonated molecules [M + H]" and
sodiated adducts {M + Na]" at m/z 489 and 511, respectively, were obtained in different
relative abundances for these two isomers.

Low energy tandem mass spectrometry was also conducted for the regioisomers 3 and
4 to rationalize their fragmentation patterns. The low energy CAD MS/MS spectra for
the [M + H]" ions of these two compounds are summarized in Table 4. Examination of
Table 4 reflects characteristic differences in their relative abundances of common
fragment ions, thus facilitating differentiation of this pair of regioisomers. Proposed
fragmentation patterns for the [M + H]" precursor ions at m/z 489, which rationalize the
observed MS-MS spectra, are presented schematically in Figure 8. The dissociation of
the [M + H]" precursor ion, for the 6'-O-phenylbutyrylsucrose 3 may occur via the Y-type
fragmentation route by elimination of the anhydroglucose moiety (162 Da) to afford the
[Y]" fragment ion at m/z 327. This ion can subsequently lose a molecule of water
yielding the fragment ion [Z]" at m/z 309. Similarly Z-type cleavage, which occurs by
the loss of a terminal reducing glucosyl unit (180 Da), gives rise to the fragment ion {Z]"
at m/z 309 which loses a molecule of water to afford the [Z-H,0]" fragment ion at m/z
291. Fragmentation patterns of protonated 3-O-phenylbutyrylsucrose 4 involve two
different routes, contrary to the case of the 6'-O-phenylbutyrylsucrose 3. Fragmentation
of the [M + HJ]" ion of 4 via C-type cleavage, with elimination of a molecule of
anhydrofructose (162 Da), affords the [C]" fragment ion at m/z 327, which subsequently
loses a molecule of water to give the [B]" fragment ion at m/z 309. Similarly, B-type
cleavage may occur with hydrogen transfer to the terminal reducing fructosyl unit (180
Da), resulting in the formation of the [B]" fragment ion at m/z 309.

As with the other members of this novel series of regioisomers the alkyl chain
substituent, whether located on the 6-0-, 6'-0- or 3-0- positions, seems to direct the
fragmentation routes. Fragment ions comprising the alkyl chain substituent are generally
of greater abundance thus suggesting the participation of the alkyl chain in the

stabilisation of the positively charged fragment.



09: 59 23 January 2011

Downl oaded At:

472 CHAUVIN ET AL.

CONCLUSIONS

Mass spectral analyses of regioisomeric esters of sucrose have been facilitated using
ionspray ionization. Abundant signals corresponding to protonated, sodiated and
ammoniated adducts of the derivatized sucrose molecules were observed in all cases using
this ionization technique. In contrast, the FAB-MS spectra of the same compounds did
not provide any conclusive information concerning either their molecular weights or their
isomeric structures.

MS/MS spectra of the regioisomeric sucrose esters, obtained using low energy
collisional activation, permitted differentiation of the various isomers. Fragmentation of
the octanoylsucroses was highly influenced by the position of the alkyl chain within the
carbohydrate structure. For example the MS/MS spectrum of the [M + H]" ion of the 6'-
O-octanoylsucrose yields a major Z-type fragment ion, whereas the corresponding
spectrum of the 6-O-octanoylsucrose was dominated by B-type and C-type fragment ions
at m/z 289 and 307, respectively. The fragmentation patterns observed in the MS/MS
spectra of the various sucrose ester derivatives reflects the differences in their chemical
structures. The distinct MS/MS spectra obtained for these compounds permitted
differentiation of the various regioisomers. Furthermore parent ion scans, and MS/MS
spectra of selected intermediate ions formed during the ionization process, permitted

rationalization of the fragmentation behaviour.*’

EXPERIMENTAL
Compounds and Sample Preparation:

Synthesis of the octanoyl and phenylbutyrylsucrose derivatives was accomplished
according to previous methods.** The purified sucrose derivatives were dissolved in 50%
methanol (BDH Chemicals, Poole, UK), 0.1% formic acid (Fisher Scientific, Raleigh, NC,
USA) and 50% distilled and detonized water (Milli-Q water systems, Millipore Inc.,
Bedford, MA, USA). Solutions of 1mg/mL of derivatives were prepared prior to mass
spectral analysis.

Mass Spectrometry.

A ZAB-EQ hybrid tandem mass spectrometer (VG Analytical, Manchester, UK.}
equipped with a VG 11-250J Data System, was used for all LSIMS analyses of the
sucrose ester derivatives. Approximately 2ug of sample was deposited on a gold tipped

probe and dissolved in 3uL of the matrices glycerol or 3-nitrobenzyl alcohol. A Cs" gun
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(VG Analytical, Manchester, UK) operating at 30keV was used for the LSIMS ionization.
Conventional mass spectra were obtained by scanning the mass spectrometer from 50 to
1000 Da in 10s. Ionspray mass spectra were obtained using an API III triple quadrupole
mass spectrometer (SCIEX, Thombhill, Ontario, Canada) equipped with an atmospheric
pressure ionization (API) source operated in the ionspray mode. A Maclntosh IIX
computer was used for data acquisition and data processing. Samples were introduced
to the mass spectrometer by infusing a solution at a flow rate of SuL/min. The voltage
of the ionspray needle was maintained at SkV, while the orifice voltage was typically
100V. A 0.6L/min flow of high purity air was used as nebulizing gas.

Tandem mass spectrometry experiments used the API III instrument. Fragment ion
spectra of mass-selected ions were induced by collisions with argon in the second (RF
only) quadrupole. The resulting fragments were mass analyzed by the third quadrupole.
The target thickness was typically 3 X 10'* atoms cm™ and collision energies of
approximately 100eV (laboratory frame) were used in all MS/MS experiments. Precursor
ions scans were obtained by scanning the first quadrupole while selecting a given m/z

value with the third quadrupole.
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