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Abstract

Following the observation that tm&z 101 peak is usually the base peak in the electron
ionization mass spectra of @Hsopropylidenated aldohexofuranose derivativesantum
chemical calculations were carried out in ordemptovide a judicious explanation for the
preference of these derivatives towards the cleaghghe exocyclic dioxolane moiety. It was
also established that geminal electron donor foneli groups play an important part in the
stabilization of the radical cation generated dyrihe loss of one electron from these
compounds (the ionization process). In this papgrsing the PM7 semi-empirical method
we show that the radical character is preferegtialtated between the C4-C5 carbon atoms
from the diO-isopropylidenated derivatives, which is why the-C4 bond becomes
elongated, thus justifying the cleavage that predube high intensity peak mtz 101.

Introduction

Carbohydrates are oxygen-rich compounds, widelgagprn nature and, because of
their involvement in the fundamental biological pesses, with a large pharmaceutical and
diagnostic potential. Examples of such compounds ba found in both drugs (e.g.,
aminoglycosides) and excipients (e.g. biocompatildarfactants, like long chain
glycoderivatives) [1].

Among analytical methods, mass spectrometry offesls and reliable information
regarding the structural details of different commpas, including sugars. The parent structure
can be reconstructed after analyzing the fragmientabns. Their abundance is strictly
correlated with their stability, and the diverseattonic or steric effects can give strong
information for the predominance of a certain fregmation path over another. When two
fragmentation pathways seem to have equal probabilof taking place, one can invoke
molecular mechanics or quantum chemical calculatiimn deciding which has the highest
probability of occurring.

Theoretically predicted structures of alkane radiasions are characterized by a unique
valence, the elongated, one-electron bond (longldrhe optimum length calculated for the
carbon/carbon bond of the ethane radical catianetample, is 1.920 A, and the dissociation
energy D) is 43 kcal mof. More complex alkane radical cations appear toehave such
long bond in which the SOMO (single occupied molecwrbital) and the “radical cation
character” are rather highly localized. Recognitadrsuch long bond structures has already
proved fruitful in both vapor phase (e.g., massspenetry) and solution (e.g., cycloaddition)
chemistry of radical cations. Theoretical resedras further suggested that ground state long
bond structures may be found for radical cationsuah functionalized organic molecules as
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halocarbons, alcohols and ethers, so sugars ctaddepresent promising candidates in this
direction [2].

Ab initio theoretical studies suggest a unique stabilizifeceof vicinal electron donor
substituents on long bond radical cation structuféigure 1) for which the calculated
structural minimum is instead a long bond structlter example, the 1,2-ethanediamine
radical cation long bond (2.030 A) structure liek2Lkcal mof below the best localized
(aminium salt) type structure, with the long bondimtaining substantial bond strength €
22.6 kcal mof), and a similar result is also produced for ethglglycol (2.048 AD = 23.6
kcal mol*) [2].
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Figure 1. Stabilization of radical cations in vicinal grougp@ntaining compounds [2]

In this study we investigate the EI-MS (electromization mass spectrometry)
fragmentation of d@-isopropylidene derivatives a-glucofuranosep-galactofuranose and
D-mannofuranose (Figure 2). The molecular radicaiona were generated from the
corresponding neutral molecules during EI-MS expents conducted in positive ion mode,
and were also theoretically analyzed using the PR&fameterized Model 7) semi-empirical
guantum chemical method. The findings confirm ardlan the mode of cleavage which
leads to the abundant/z 101 ionic fragment in the EI-MS analysis of thesgar acetals
(Figure 3). Such sugar derivatives are very usafokganic synthesis as building blocks for a
multitude of more complex chiral compounds, inchgdibiocompatible and biodegradable
surfactants [3].
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Figure 2. Genesis of the 2,2-dimethyl-1,3-dioxolan-4-yliuation; the true orientation of the
wavy bond is given for each family of compounds
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Figure 3. a-Oxy resonance stabilization in 2,2-dimethyl-1,8dilan-4-ylium oxocarbenium
ion (m/'z=101)

Experimental

The analyzed compounds can be obtained by bistatietaof D-glucose pb-mannose or
D-galactose with acetone in acidic media. The syishef these glycoderivatives and the El-
MS analyses parameters were described in a prewiots[3].

All structures were drawn using thiyyperChenmmolecular modeling software. After the
“Add H & Model Build” command, the starting neutnadolecules were pre-optimized with
the “MM+" force field (“Polak-Ribiére” algorithm, RIS gradient of 0.01 kcal/(A mol)).

MOPAC 2012 software was used for PM7 semi-empirical methotie Theutral
molecules were optimized first, while the radications were subsequently obtained from
them. Some additional work, like setting the C44@Hd length to 2 A, had to be done. The
line of parameters included “GNORM=0.01", “BONDS"AUX”, “GRAPHF” and
“PDBOUT”, and also the keyword “OPT” whenever pb$si The keyword “SINGLET” was
used for neutral molecules, while “CHARGE=+1", “UHBNnd “DOUBLET"” were set for
radical cations. The data set was obtained by ubBgBFGS” algorithm (the “EF” algorithm
giving similar results). The resulting structuresrevanalyzed witdmol software.

Results and discussion

The EI-MS spectra for 1,2:5,6-@-isopropylidenes-D-glucofuranose (DAG), 1,2:5,6-
di-O-isopropylidenes-D-galactofuranose (DAGal), 2,3:5,6-OHsopropylidenes-D-
mannofuranose a((DAM) and 2,3:5,6-di©-isopropylidene3-D-mannofuranose B(DAM),
taken at 20 eV ionization energy, are given in Fegly while the peak intensity values for the
m/z = 101 peak are shown in Table 1. As can be shenpeak, which appears due to the 2,2-
dimethyl-1,3-dioxolan-4-ylium cation (Figure 3),shatrong intensity, being the base peak in
three out of four spectra.

In the case of the radical cations analyzed with RIM7 semi-empirical method, long
bonds were observed in the ground state (geomethhaat of formation data given in Table
1), being located for all considered structuresnvben C4 and C5 (where the side 2,2-
dimethyl-1,3-dioxolan is connected). It has a lénigetween 2.027 and 2.079 A (as opposed
to 1.528-1.538 A for the neutral molecule). The ©4C5 and 05-C5-C4 angle values for the
radical cations suggest a tendency towardgsmmetry with the long bong being almost (but
not quite) perpendicular on the plane made by therdhree bonds.

Table 1. Experimental / calculated parameters (BP = baak,ddC =_total ion current,
N = neutral molecule, RC = molecular radical cation

Peak intensity (%) | C4-C5 (A) | 04-C4-C5 (°)) 05-C5-C4°) | 04-C4-C5-05 (°)| AH (kcal mol?)

Compound =55 T 1o TIc | N | RC|] N | RC| N | RC N RC N RC

DAG 100.0 18.8 | 1.5382.079] 1046| 98.7| 1081 997 -1731 1650 -280.8 -70.7
DAGal 100.0 20.7 | 1.52B2.027| 109.8] 102.9 111.0 1014  66.7] 258 2789 -75.3
o-DAM 86.4 16.7 | 1.5352.052| 106.8| 98.6| 1069 999 1531 1713 -2816 -7p.2
B-DAM 100.0 313 | 1.5352.051] 108.0] 99.1| 1067 100 139.0 1693 -2783 -80.0
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The relatively weak long bond, together with the nti@ed o-oxy resonance
stabilization (Figure 3), explain very well the higntensitym/z 101 peak.

Conclusion

The theoretically confirmed long bonds are a strargument regarding the genesis of
the high intensitym/z 101 peak observed in the EI-MS analysis ofOesopropylidene
furanose (glucose, mannose or galactose) derigatiVbe results presented in this paper
support the utility of such quantum chemical catiohs that constitute a strong theoretical
background for explaining the experimental data.
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Figure 4. EI-MS spectra for (from top to bottom) DAG, DAGatDAM, B-DAM
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