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Abstract

The structural investigation of trisilanolisobutyl-POSS, an important precursor for biocompatible materials and drug delivery
systems, was performed by (+) ESI-OT-mass spectrometry, using multiple-stage fragmentation. This allowed us to obtain a
series of MS?! - MS spectra, which are the first to be reported in the field of organosilicon chemistry and pharmaceutical
additives. The structure of the fragmentation ions was fully assigned.

Rezumat

Analiza structurald a trisilanolizobutil-POSS, un precursor important pentru materialele biocompatibile si sistemele de eliberare
a principiilor active medicamentoase, a fost efectuata prin (+) ESI-OT MS, folosind fragmentarea in etape multiple. Acest lucru
ne-a permis si obtinem seria de spectre MS* - MS?0, care sunt pentru prima oari raportate in chimia compusilor organosilicici
si a aditivilor farmaceutici. Structura ionilor de fragmentare a fost complet atribuita.
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Introduction when used in grafts, advanced DDS, biological sensors,
chemotherapy, gene therapy, photodynamic therapy,
tissue engineering matrices and cardiovascular implants
[1, 5-9].

Mass spectrometry (MS) has been widely used in the
characterization of derivatives, oligomers and
composites of POSS. For instance, a) one type of
composite, obtained by chemical incorporation of
monovinyl-POSS into poly(dimethylsiloxane) (PDMS)
networks, was investigated by matrix-assisted laser
desorption/ionization time-of-flight (MALDI-TOF)
mass spectrometry [10], b) the structures of star- and
dumbbell-shaped isobutyl-substituted POSS derivatives
were confirmed by MALDI-TOF-MS [11], and c)
polyurethane functionalized with a pendant furan
moiety (FPU) was grafted with polyhedral oligomeric
silsesquioxanes (POSS-M), after which the resulting
adducts of FPUPOSS-M were analysed by MALDI-
TOF-MS [12]. By using the complementary techniques
MALDI TOF MS and electrospray-ionisation quadrupole

A drug delivery system (DDS) can be defined as a
formulation or material that enables the administration
of a therapeutic drug into the body, improving its
bioavailability, efficacy and safety [1]. Polyhedral
silicon sesquioxanes are a class of nanomaterials that
are extremely attractive in the construction of
various types of composites [2, 3]. The term
silsesquioxanes refers to molecules whose chemical
structure can be described by the general formula
RnSinO1,5n, Where R can be hydrogen, alkyl, aryl or
other oxyhydrocarbonate or carbonate groups. The
molecular architecture of silsesquioxanes can be
classified into two categories: (a) cage-like structures,
and (b) non-cage-like structures.

Cage-like silsesquioxanes are commonly referred to as
polyhedral oligosilsesquioxanes (“POSS™) or polyhedral
silsesquioxane oligomers [4]. During recent advances
in nanomedicine, POSS derivatives have proven their
utility, mainly due to their high degree of biocompatibility
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time-of-flight mass spectrometry (ESI QTOF MS),
the following compounds were investigated: a) a co-
ordination complex, lithium hepta(ibutyl) silsesquioxane
trisilanolate [13]; b) encapsulated fluoride polyhedral
oligomeric silsesquioxane (POSS-R) materials, where
R = vinyl, phenyl, styrenyl, trifluoropropyl, nona-
fluorohexyl [14]; c) a series of polyhedral oligomeric
silsesquioxane (POSS) propylmethacrylate (PMA) and
styryl oligomers [15]. The structural investigation of
trisilanolisobutyl-POSS, using the enhanced features
offered by Electrospray-Orbitrap Mass Spectrometry
(ESI-OT-MS), which was missing in literature until
now, is presented in this paper.

Materials and Methods

1,3,5,7,9,11,14 Heptaisobutyltricyclo [7.3.3.15!1]
heptasiloxane-endo-3,7,14-triol (also named trisilanol-
isobutyl-POSS) was purchase from Hybrid Plastic
USA, tetrahydrofuran (THF) and methanol (MeOH),
chromatographic grades, were from Merck. A POSS
stock solution, from which the work solutions were
prepared, was obtained by dissolving 8 mg POSS in
1 mL THF (approximately 102 M). The work solutions
were obtained using methanol (1:100 - 1:1000 dilution).
The mass spectra were recorded on a Thermo
Scientific (LTQ XL Orbitrap) spectrometer, in positive
ion mode, using the ESI technique, in the 200 - 2000
m/z domain. The following parameters were used:
direct infusion of the samples at a flow rate of 5
pL/min, spray voltage, 3 kV; sheath and auxiliary
gas flow, 45 and 5 arbitrary units, respectively;
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capillary temperature, 275°C; capillary voltage, 20 V;
and tube lens voltage, +170 V. The number of micro
scans was set to three in all experiments. During the
Collisions Induces Dissociation (CID) and Higher
Energy Collision Dissociation (HCD) fragmentations,
isolation of the precursor ions used a 10 m/z units
windows and the energies indicated in each case.

Results and Discussion

Tandem mass spectrometry has been relatively little
illustrated in trisilanolisobutyl-POSS derivatives analysis
[16], and ESI-OT-MS capabilities will be exploited
in the following POSS investigation. Figure 1 depicts
the (+) Electrospray lonization Orbit Trap High
Resolution Mass Spectrometry (ESI-OT-HRMS)
spectrum of THF/MeOH solution of trisilanoliso-
butyl-POSS. As expected, the MS?! spectrum shows
the typical appearance of a hydroxylated compound
[17, 18], with the following ions present: dimer
pseudomolecular ions (protonated, monosodium and,
respectively, monopotassiated ions), [2M+H]*, [2M+Na]",
as well as [2M+K]*at m/z = 1581.5965, 1603.5778
and 1619.5509 respective, along with simple sodium
and potassium pseudomolecular ions at m/z = 813.2821
and 829.2571. The highest intensity ion is the mono-
protonated pseudomolecular ion [M+ H]* at m/z =
791.3019. To certify the assignments of the dimer
pseudomolecular ions, the monoprotonated dimer
from m/z 1581.60 was isolated and then subjected to
CID fragmentation, giving the MS? spectrum shown
in Figure 2.
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Figure 1.
(+) ESI-OT-HRMS spectrum of Trisilanolisobutyl-POSS (Si7012C2sHes). Insert experimental (top) and
calculated (bottom) spectra for [M+H]*, [M+Na]* and [M+K]*
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Figure 2.
CID (25 eV) MS? of the simple charged ion at m/z 1583.00 (the vertical arrow indicates the isolated precursor ion)

The fragmentation pattern suggested by the composition
of the fragments from Figure 2 is a strong argument
for the fact that the precursor ion isolated and
fragmented by CID is the protonated dimer [2M+H]".
Next, the composition of the spectrum suggests that
two water molecules are removed from the fragmentation
ion with m/z 791.30, followed by butene molecules
originating from isobutyl radicals which are lost step
by step.

Therefore, the ion at m/z 791 is further isolated and
subjected to HCD fragmentation, giving the MS3
spectrum (Figure 4, which is shown alongside Figures 5
(MS* spectrum), Figure 6 (MS® spectrum), Figure 7
(MS® spectrum), Figure 8 (MS’ spectrum), Figure 9
(MS® spectrum) and Figure 10 (MS® spectrum)).

A significant detail from the MS® spectrum,
corresponding to the m/z 300 - 800 domain, is shown in

Figure 3. The analysis of fragmentation ions from the
MS® spectrum (Figure 3) leads to the following
conclusions: a) the fragmentation ions with the highest
intensity are those corresponding to the loss of 1 to 5
butene molecules from the doubly dehydrated precursor
(m/z 699.22; 643.15; 587.09; 531.03; 474.97), b) the
fragmentation ions of medium intensity (m/z 713.23;
657.17; 615.12; 601.11; 559.06; 545.04; 502.98;
488.98) are those corresponding to the loss of propene
molecules, usually accompanied by butene, from the
doubly dehydrated precursor (for the generation of
propene by McLafferty transposition), and c)
fragmentation ions of low intensity correspond to the
loss of butyl, water and 0 to 3 butene molecules.
Probable mechanism for propene formation by
McLafferty transposition from the isobutyl radical is
explained in Figure 11 and Figure 12.
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Figure 3.

HCD (45 eV) MS® of the simple charged ion at m/z 791.00
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Figure 4.
CID (45 eV) MS3 of the simple charged ion at m/z 791.00
P MS>
699.21
643.15
587.09 757.00

21817 4.749‘5.3]"93}“ | 1762.94 900.50974.67 1107.11 1271.53 1343 59 1437.37 1657,98 1879.131969.75

400 600 800 1000 1200 1400 1600 1800 2000

m/z
Figure 5.

CID (25 eV) MS* of the simple charged ion at m/z 755.00
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CID (25 eV) MS® of the simple charged ion at m/z 699.00
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Figure 7.
CID (25 eV) MSE of the simple charged ion at m/z 643.00
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CID MS of the simple charged ion at m/z 587.00
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CID (23 eV) MS? of the simple charged ion at m/z 531.00
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McLafferty transposition from the isobutyl radical

Elimination of propene causes the formation of a
hydroxyl group in the M-42 radical ion. Water and one
more molecule of propene can be further cleaved
from this ion.

McLafferty transposition (elimination of water and
one molecule of propene)

The m/z value assignments observed in MS*, MS5,
MSS, MS7, MS? and MS® spectra are shown in Table I.

Table |
Assignment of the major ions obtained by CID multistage mass fragmentation and presented in Figures 1A - 1J
No. m/z Charge Assignment Figure Spectrum

1 1619.55 +1 [2M + K]* Figure 1 MS?
2 1603.58 +1 [2M + Na]* Figure 1 MsS!
3. 1581.60 +1 [2M + H]* Figure 1 MSt
4. 829.26 +1 [M +K]* Figure 1 Ms!
5. 813.28 +1 [M + Na]* Figure 1 MSt
6. 791.30 +1 [M+H]* Figure 1 MSt
7. 755.28 +1 [MH - 2H.0]" Figure 1 MS?
8 1583.00 # +1 [2M + H]* Figure 2 MS?
9 791.30 +1 [M+H]* Figure 2 MS?
10 755.28 +1 [MH - 2H,0]" Figure 2 MS?
11. 699.21 +1 [MH - 2H,0-CsHg]* Figure 2 MS?
12. 643.15 +1 [MH - 2H20-2C4Hg]* Figure 2 MS?
13. 587.09 +1 [MH - 2H20-3C4Hs]* Figure 2 MS?
14. 531.03 +1 [MH - 2H20-4CsHs]* Figure 2 MS?
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No. m/z Charge Assignment Figure Spectrum
15 791.00 # +1 [M+H]* Figure 4 MS3
16 755.28 +1 [MH - 2H,0]* Figure 4 MS3
17 713.23 +1 [MH- 2H20-CsHe]* Figure 4 MS3
18 699.22 +1 [MH- 2H,0-CaHs]* Figure 4 MS?
19 659.15 +1 [MH- H0-2C4Ho]* Figure 4 MS3
20 657.17 +1 [MH- 2H,0-CsHs -CaHe]* Figure 4 MS3
21 643.15 +1 [MH - 2H20-2C4Hs]* Figure 4 MS3
22 615.12 +1 [MH - 2H,0-2C3Hs -CaHs]* Figure 4 MS3
23 603.08 +1 [MH - H20-2C4Hg-CaHs]* Figure 4 MS?
24 601.11 +1 [MH - 2H20-C3Hs -2C4Hg]* Figure 4 MS?
25 587.09 +1 [MH - 2H,0-3CsHs]* Figure 4 MS3
26 559.06 +1 [MH - 2H20-2C3Hs -2C2Hs]" Figure 4 MS?
27 547.02 +1 [MH - H20-2C4Hg-2C4Hg]* Figure 4 MS?
28 545.04 +1 [MH - 2H,0-C3Hs -3C4Hs]* Figure 4 MS3
29 531.03 +1 [MH - 2H20-4C4Hs]"* Figure 4 MS?
30 502.98 +1 [MH - 2H20-2C3Hs -3C4Hg]* Figure 4 MS?
31 490.96 +1 [MH - H20-2C4Hg-3CaHs]* Figure 4 MS?
32 488.98 +1 [MH - 2H20-C3He -4C4Hs]* Figure 4 MS?
33 474.97 +1 [MH - 2H,0-5C4Hs]* Figure 4 MS3
34 446.93 +1 [MH - 2H,0-2C3Hs -4CaHs]* Figure 4 MS3
35 432.92 +1 [MH - 2H20-C3He -5C4Hs]* Figure 4 MS?
36 418.90 +1 [MH - 2H;0-6C4Hs]* Figure 4 MS?
37 755.00 # +1 [MH - 2H,0]* Figure 5 MS*
38 713.23 +1 [MH - 2H20-CsHe]* Figure 5 MS?
39 699.21 +1 [MH - 2H,0-C4Hs]"* Figure 5 MS?
40 657.17 +1 [MH - 2H20-C3Hs -C4Hg]* Figure 5 Ms*
41 643.15 +1 [MH - 2H,0-2C4Hs]"* Figure 5 MS*
42 601.11 +1 [MH- 2H20-CsHe -2C4Hs]* Figure 5 MS*
43 587.09 +1 [MH - 2H20-3C4Hs]"* Figure 5 MS?
44 545.04 +1 [MH - 2H20-C3Hs -3C4Hg]* Figure 5 MS*
45 531.03 +1 [MH - 2H,0-4CsHs]* Figure 5 MS?
46 474.96 +1 [MH - 2H,0-5CsHs]* Figure 5 MS*
47 699.00 # +1 [MH - 2H,0-CaHs]"* Figure 6 MS?
48 657.17 +1 [MH - 2H,0-C3Hs -CaHs]* Figure 6 MSS
49 643.15 +1 [MH - 2H,0-2CsHs]* Figure 6 MSS
50 601.10 +1 [MH - 2H20-C3Hs -2CsHs]* Figure 6 MS5
51 587.09 +1 [MH - 2H,0-3CsHs]* Figure 6 MSS
52 545.03 +1 [MH - 2H,0-C3Hs -3CaHs]* Figure 6 MSS
53 531.03 +1 [MH - 2H,0-4CsHs]* Figure 6 MS®
54 474.96 +1 [MH - 2H,0-5CsHs]* Figure 6 MSS
55 643.00 # +1 [MH - 2H,0-2CsHs]* Figure 7 MS®
56 601.10 +1 [MH - 2H,0-C3Hs -2C4Hs]* Figure 7 MS®
57 587.09 +1 [MH - 2H,0-3CsHs]* Figure 7 MSS
58 545.03 +1 [MH - 2H,0-C3Hs -3C4Hs]* Figure 6 MS®
59 531.03 +1 [MH - 2H,0-4CsHs]* Figure 7 MSS
60 490.96 +1 [MH - H0-2C4Hg-3CaHs]* Figure 7 MSS
61 474.96 +1 [MH - 2H,0-5C4Hg]* Figure 7 MS6
62 418.90 +1 [MH - 2H,0-6CsHs]* Figure 7 MSS
63 587.00 # +1 [MH - 2H,0-3CsHs]* Figure 8 MS7
64 547.02 +1 [MH - H20-2C4Hg-2CsHs]* Figure 4 MS7
65 531.03 +1 [MH - 2H,0-4CsHs]* Figure 8 MS7
66 490.95 +1 [MH - H20-2C4Hg-3C4sHs]* Figure 4 MS’
67 474.96 +1 [MH - 2H20-5C4Hs]* Figure 8 MS’
68 418.90 +1 [MH - 2H,0-6CsHs]* Figure 8 MS7
69 362.84 +1 [MH - 2H,0-7C4Hs]* Figure 8 MS7
70 531.00 # +1 [MH - 2H,0-4C4Hg]* Figure 9 MS8
71 488.96 +1 [MH- 2H,0-4C4Hs -C3He]* Figure 9 MS8
72 474.96 +1 [MH - 2H,0-5C4Hg]* Figure 9 MS8
73 432.92 +1 [MH - 2H,0-C3Hs -5CaHs]" Figure 4 MS8
74 418.90 +1 [MH - 2H,0-6CsHs]* Figure 9 MS8
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No. m/z Charge Assignment Figure Spectrum
75 362.84 +1 [MH - 2H20-7C4Hs]* Figure 9 MSs8
76 475.00 # +1 [MH - 2H20-5C4Hs]* Figure 10 MS®
77 432.90 +1 [MH - 2H20-CsHs -5C4Hs]* Figure 4 MS®
78 418.90 +1 [MH - 2H20-6C4Hs]* Figure 10 MS®
79 362.84 +1 [MH - 2H20-7C4Hs]* Figure 10 MS®
80 419.00 # +1 [MH - 2H20-6C4Hs]* Figure 13 MS10
81 376.86 +1 [MH - 2H20-C3Hs -6CsHs]* Figure 13 MS10
82 362.84 +1 [MH - 2H20-7C4Hs]* Figure 13 MS10
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Figure 13.
CID MS™Y of the simple charged ion at m/z 419.00

Figure 13 present the MS® spectrum, which also
shows the removal of the last isobutyl residue
through isolation and collision-induced fragmentation.
So, the “surgical decarbonation” of trisilanolisobutyl-
POSS was crowned with success, (Figure 14).
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Figure 14.
(+) ESI-OT-MS “surgery” of Trisilanolisobutyl-
POSS

Conclusions

The investigation by (+)ESI-OT-MS, using the multi-
stage fragmentation, allowed us to achieve for the
first time the performance of MS* - MS*° analysis for

152

an open-cage silsesquioxanic derivative (a key
compound in drug delivery systems) in tandem MS,
which is the first reported in the organosilicon
chemistry and pharmaceutical additives. The structure
of the fragmentation ions has been fully assigned.
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