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Diprotonated Parabanic Acid: A Vicinal or 1,3-Dication?
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Abstract: Reacting parabanic acid with the superacidic sys-
tems XF/MF5 (X = H, D; M = As, Sb) in different ratios, led to the
formation of the mono- and diprotonated species. Salts in
terms of [C3H3N,03][AsFg], [C3H3N,051[SbFg], [C3H4N,O051[AsFgl,,
[C3H4NL,05][SbFgl,,  [C3D3N,03][AsFg]  and  [C3D4N,05][AsFel,
were obtained and characterized by low-temperature infrared
and Raman spectroscopy. Single-crystal X-ray structure analyses
\were performed for [C3H3N,Os][SbFs] and [C3H4N,O3][AsFgl,e

4HF. Additionally, quantum chemical calculations were carried
out on the B3LYP/aug-cc-pVTZ level of theory for the mono-
and dication. Mapped Electrostatic Potentials together with
Natural Population Analysis charges were calculated in order to
localize the two positive charges of the diprotonated parabanic
acid. The diprotonated parabanic acid can be described as an
1,2-C,C-dication, stabilized by electron delocalization over the
five-membered ring. Y,

Introduction

Imidazolidine-2,4,5-trione, better known as parabanic acid, was
prepared for the first time by Woehler and Liebig in 1838."7 An
established synthesis route is the reaction of urea with diethyl
oxalate [Equation (1)].123!

o]
0 MeONa
Py + Et0,C-CO;Et —— =  HN~ 'NH (1)
HaN™ “NH, HCI
0 0

In a biological context, parabanic acid can be considered as
the oxidation product of uric acid, which is the end-product of
the nucleotide metabolism.[*°! Parabanic acid is a heterocyclic
compound with an imidazolidine skeletal structure, where the
CH, groups are replaced by carbonyl groups. Thus, the mol-
ecule bears five potential basic centers. In this context, Arca et
al. reported theoretical investigations on the electron delocali-
zation and charge distribution.”” Their results led to the as-
sumption that protonations were possible on the carbonyl
groups, as well as on the amine groups.

To the best of our knowledge, no isolated protonated species
of parabanic acid has been reported in literature. In the course
of our investigations on multiple protonations, we focus on two
questions. First, to what extent it would be possible to proto-
nate parabanic acid, and second, where the positive charges, in
case of a higher protonated species, are located.
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Results and Discussion
Synthesis of [C3H3N,031[MF¢] and [C3H4N,0;1[MFg],
(M = As, Sb)

The salts of the mono- and diprotonated parabanic acid were
prepared according to Equations (2) and (3):

+

i 1
HN NH + MFs HN NH MF(; (2)
—40 °C
¢ o d  oH
2+
o) o
HF M _
HN NH + 2MF; ——— = | HN” NH 2MFs (3)
—60°C
Jd o HO  OH
M= As, Sb

Firstly, the superacidic systems HF/AsFs and HF/SbFs were
prepared using an excess of anhydrous hydrogen fluoride (aHF).
Both mixtures were warmed up to —-40 °C and homogenized to
achieve complete solvation of the respective Lewis acid. After
cooling down to -196 °C, parabanic acid was added to the fro-
zen superacidic system under nitrogen atmosphere. The reac-
tion mixture was warmed up to -40 °C (-60 °C, respectively),
resulting in the formation of the protonated species. Excess aHF
was removed at -78 °C under dynamic vacuum overnight. The
salts were obtained as colorless solids, stable at room tempera-
ture under inert gas atmosphere.

The monoprotonated salts of parabanic acid [C3H3N,Os]-
[AsFg] (1) and [C3H3N,O3][SbFs] (2) were obtained by using an
equimolar amount of the starting material with respect to the
Lewis acid.

Using a two-to-one ratio of Lewis acid, in terms of parabanic
acid, the diprotonated species [C3H4N,Os51[AsF¢l, (3) and
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[C5H4N505]1[SbF¢l, (4) were obtained. The salts (3) and (4) are
stable up to -20 °C.

For vibrational spectroscopic studies, the deuterium isoto-
pomers of both cations were prepared. The superacidic system
DF/AsFs led to the formation of the corresponding deuterated
species [C3D3N,03][AsFg] (5) and [C3D4N,031[AsFgl, (6), respec-
tively. The hydrogen atoms of the amine groups were entirely
replaced by deuterium, as deuterium fluoride was used in large
excess (100:1). The degree of deuteration approximates 98 %.

Even with an eight-to-one ratio of the stronger Lewis acid
SbFs, only the diprotonated species was obtained and, in this
work, no triprotonated species was observed.

Crystal Structure of [C3H;N,03][AsF¢],-4 HF (3)

The diprotonated species of parabanic acid [C3H4N5O31[AsFgle
4HF (3) crystallizes in the monoclinic space group C2/c with
four formula units per unit cell. Figure 1 depicts the formula
unit, with selected bond lengths and angles being summarized
in Table 1.

01
HT N1 N1 h1i
F2
c2 C2i F2i
F6 As1 F1 H3F?
—5 L H2 - H2/ ﬁFTﬁ As1 F6i
F4 3 He F8 02 02i - H3i F1i
) i Ha 0.,
F5 Fei Har s F4i

F5i

Figure 1. Formula unit of [C3H4N,03][AsF¢l,-4HF (50 % probability displace-
ment ellipsoids). Symmetry code: i=1-x,y 1.5 -z

Table 1. Selected bond lengths [A] and angles [°] of [C3H4N,05][AsF¢l,-4HF
(3) with estimated standard deviations in parentheses.

Bond lengths [A]

01-C1 1.167(3) C2-C2i 1.511(3)
C1-N1 1.434(2) C2-02 1.253(2)
N1-C2 1.305(2)

Bond angles [°]

N1-C1-N1i 104.9(2) 0O1-C1-N1 127.6(10)
C1-N1-C2 110.6(15) 02-C2-N1 132.8(15)
N1-C2-C2i 106.9(9) 02-C2-C2i 120.2(10)
Interatomic contacts D-A [A]

N1-(H1)---F4ii 2.765(2) F7—(H3)---F8 2.449(2)
02-(H2)F7 2.479(2) F8—(H4)-+F3 2.511(1)

[a] Symmetry codes: i =1 - x,y,1.5 - z ii = 0.5 + x,0.5 + y,1 + z

Due to the twofold protonation, the C,, symmetry of para-
banic acid is conserved in the resulting dication. Both protona-
tions are located on the respective neighboring carbonyl
groups, 02/02i. The protons were found in the difference Fou-
rier synthesis and refined isotropically. However, the localization
of the protons is not very meaningful. In consequence of the
significant elongation of the C2-02 (C2i-02i respectively) bond
length [1.253(2) Al, compared to the starting material,”! the
O-protonations are clearly confirmed. In contrast, the N1-C2
bond length becomes significantly shorter [1.305(2) Al. The
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third remaining carbonyl bond is significantly shortened, com-
pared to the neutral compound,”’ and is, with a value of
1.167(3) A, shorter than a formal CO double bond (1.19 A).[®
Moreover, the C2-C2i bond length [1.511(3) Al is significantly
shortened compared to the neutral compound [1.541(4) Al. This
value is comparable to the C-C distance of the vicinal dication
of diprotonated oxalic acid [1.528(3) AL"®) The interatomic con-
tacts of [C3H4N,O5]1[AsFgl,+4HF (3) are illustrated in Figure 2. The
cation is connected with the anions, N1-(H1)-F4ii [2.765(2) A],
and HF molecules via moderate hydrogen bonds according to
the classification by Jeffrey.'™ The hydrogen bonds via the HF
molecules range between 2.449(2) A and 2.511(1) A, and are
classified as strong to moderate.l'”

%‘h}. e
=" F4iii
N1i
F7i

F3 F8

N1

02 02i g

F8i F3i

Figure 2. Projection of interatomic contacts in the [C3H4N,O3][AsFgl,-4HF (3)
crystal (50 % probability displacement ellipsoids). Symmetry codes: i = 1 - x,
Y, 1.5-2ii=05+x05+y 1+zii=05-x,-05+y, 0.5 -z All contacts
are drawn as dashed lines.

The As—F bond lengths of the AsFs~ anions are in a range
between 1.701(9) and 1.740(9) A, which is in accordance with
the literature.'’-13!

Crystal Structure of [C3H;N,0;1[SbFg] (2)

The monoprotonated species of parabanic acid [CsH;N,O3]-
[SbFe] (2) crystallizes in the monoclinic space group P2,/c with
four formula units per unit cell. Figure 3 shows the asymmetric
unit and Table 2 summarizes selected bond lengths and angles.

H2 03 F5
NPl F3
Sb
F1
o1 Ha Fa
c2
N1 02 F6
H1 F2

Figure 3. Asymmetric unit of [C3H3N,03][SbF] (2) (50 % probability displace-
ment ellipsoids).

Even if the proton is not of great significance, it was found
in the difference Fourier synthesis and refined isotropically.
Compared to the neutral compound the C2-02 bond length is
significantly elongated [1.264(4) A], which confirms the
O-protonation.”! Consequently, the N1-C2 distance [1.303(4) A]
is significantly shorter and in the range of the bond length of
the diprotonated species. The other bond lengths of the two
carbonyl groups are shortened to 1.183(4) A for O1-C1 and
1.194(4) A for C3-03. A comparison of the most important
bond lengths of parabanic acid, the monocation (2) and the
dication (3) are summarized in Table 3.

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 2. Selected bond lengths [A] and angles [°] of (2). The estimated stan-
dard deviation is marked in parentheses.’?

Bond lengths [A]

01-C1 1.183(4) N2-C3 1.361(4)
C1-N1 1.438(3) C3-03 1.194(4)
C1-N2 1.390(4) C2-02 1.264(4)
N1-C2 1.303(4) c2-C3 1.524(4)
Bond angles [°]

01-C1-N1 125.6(3) 02-C2-C3 126.2(3)
C1-N1-C2 110.6(2) C2-C3-N2 103.4(2)
N1-C2-C3 108.1(2) 03-C3-C2 124.9(3)
02-C2-N1 125.6(3) 03-C3-N2 131.6(3)
Interatomic contacts D-A [A]

02-(H3)-F1 2.555(3) N1=(H1)--F6i 2.927(3)
N2—(H2)--F2ii 2.840(3)

[a] Symmetry codes:i=1-x,-y, 1 -2z ii=1+x,05-y, 05+ z

Table 3. Comparison of selected bond lengths [A] of parabanic acid, (2) and
(3) with estimated standard deviation in parentheses.?!

Parabanic acid”? () (3)
01-C1 1.212(4) 1.183(4) 1.167(3)
C1-N1 1.381(3) 1.438(3) 1.434(2)
N1-C2 1.360(3) 1.303(4) 1.305(2)
C2-02 1.212(3) 1.264(4) 1.253(2)
C2-C(3/i) 1.541(4) 1.524(4) 1.511(3)

[a] Symmetry code:i=1-x,y, 1.5~z

The Sb-F bond lengths of the SbFs~ anion are in a range
between 1.866(2) and 1.895(2) A. The angles are between
88.36(8) and 92.83(8)°, and between 176.47(8) and 179.77(8)°.
These values are in good agreement with those reported in
literature.'>4! Deviations from perfect octahedron symmetry
are explained by interatomic contacts, which are depicted in
Figure 4.

N2

02

Figure 4. Projection of interatomic contacts in the [C3H3N,O3][SbFg] (2) crystal
(50 % probability displacement ellipsoids). Symmetry codes: i = 1 - x, - y,
1-zii=1+x05-y05+2z

The monocation is connected to the anions via moderate
hydrogen bonds [02-(H3)--F1, N2-(H2)---F2ii] with a distance of
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2.555(3) A, respectively 2.840(3) A and via a weak hydrogen
bond [N1-(H1)-F6i] of 2.927(3) A.

Vibrational Spectra of [C;X;N,0;1[MF¢], (M = As, Sb and
X =H, D)

The infrared and Raman spectra of [C3H4N,O;][AsF¢l, (3),
[C5H4NL,051[SbFgl, (4) and [C3D4N5O5][AsFg], (6) as well as the
Raman spectrum of parabanic acid are displayed in Figure 5.

A
A IJL Jf |
a’ \
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e AV W L _ﬂ‘-{ |‘

\_‘/‘M__/__—’ﬁ H‘./ y

Transmittance

[C.D.N.OJ[ASF ],

[C.H.N,O.JIAsF.J,

Intensity

[C,H.N,OJ[SbF ],

h ()
e § ; . M A ,,"\UJ.A -
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Wavenumber [cm]

ParabanicAcid

Figure 5. Raman spectrum of parabanic acid (red), Raman and IR spectra
of [C3H4N,03][SbFgl, (4) (orange), [C3H4N,Osl[AsFel, (3) (green) and
[C3D4N,05][AsFgl, (6) (blue).

Table 4 lists selected observed frequencies of (3), (4) and
(6) together with quantum-chemically calculated frequencies of
[C3H4N5,051%H4HF and [C5D,4N,05]%7-4HF. In Table S1 all ob-
served and calculated frequencies are summarized (see Sup-
porting Information). For better accordance of the calculated
frequencies with observed ones, four HF molecules were added
to the gas-phase structure, to simulate hydrogen bonding in
the solid state.

According to the quantum chemical calculations, which are
discussed later, the dication possesses C,, symmetry with 30
fundamental vibrations. The successful diprotonation of para-
banic acid is confirmed by the OH stretching vibrations in the
infrared spectra [3128 cm™', 3043 cm™ (3) and 3138 cm™,
2964 cm’ (4)]. In the corresponding Raman spectra, these vibra-
tions are not observable due to the poor polarizability. In con-
trast, the OD stretching vibrations are detected at 2322 cm™’

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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Table 4. Selected experimental vibrational frequencies [cm™"] of (3), (4) and (6), and calculated vibrational frequencies [cm™'] of [CsH,N,05]**-4HF and
[C3D4N,05]%+4HF.

[C3H4N,05]1[AsFg]5 (3) [C3H4N,O5][SbFg], (4) [C3D4N,05]1[AsFg], (6) [C3H4N,051%+4HF [C3D4N,051%+4HF Assignment[®!
IR Raman IR Raman IR Raman Calc.™ (IR/Raman) Calc.™ (IR/Raman)
3348 (w) 3327 (vw) 2476 (sh) 2474 (6) 3141 (305/272) 2333 (197/110) V(NX)
3267 (w) 3236 (w) 2382 (s) 2387 (5) 3103 (2937/44) 2293 (1533/21) V(NX)
3128 (w) 3138 (w) 2322 (s) 2318 (8) 2854 (1023/154) 2092 (563/69) v(0OX)
3043 (w) 2964 (vw) 2823 (3999/88) 2071 (2017/39) v(0OX)
1902 (vw) 1902 (100) 1894 (w) 1898 (58) 1898 (vw) 1899 (100) 1953 (132/114) 1948 (120/121) v(CO)
1772 (vw) 1774 (vw) 1768 (161/1) 1756 (180/2) V(CN)
1711 (m) 1707 (2) 1709 (m) 1709 (2) 1732 (w) 1764 (888/0.08) 1744 (906/0.4) V(CN)
1516 (vw) 1510 (19) 1518 (vw) 1533 (16) 1487 (vw) 1487 (32) 1507 (175/60) 1449 (29/71) v(CO)
1379 (3) 1395 (2) 1182 (w) 1186 (10) 1417 (0.9/2) 1182 (66/5) O(CNX)
1452 (vw) 1448 (w) 1450 (2) 1377 (4) 1455 (0.7/1) 1385 (0.06/0.5) v(CO)
1360 (vw) 1359 (3) 1365 (w) 1371 (2) 995 (vw) 997 (5) 1280 (336/6) 968 (225/2) d(COX)
1225 (vw) 1224 (2) 1234 (w) 1265 (2) 959 (vw) 958 (5) 1269 (110/2) 956 (30/2) d(COX)
1107 (w) 1115 (11) 1113 (w) 1115 (7) 1107 (vw) 1110 (8) 1093 (218/9) 1016 (165/5) V(CN)
932 (w) 927 (30) 930 (w) 933 (18) 858 (w) 859 (w) 942 (70/13) 839 (34/10) V(CN)

[a] Calculated on the B3LYP/aug-cc-pVTZ level of theory. IR intensity in km/mol and Raman intensity in A%/u. Abbreviations for IR intensities: v = very,

s = strong, m = medium, w = weak. Experimental Raman activities are stated to a scale of 1 to 100. [b] X = H, D.

(Ra) and 2318 cm™' (IR) (6). Other than the mentioned v(OD),
also v(ND) vibrations are observed [2476 cm™', 2382 cm™' (IR)
and 2474 cm™', 2387 cm™' (Ra)], which is explained by H/D
exchange at the NH groups. The H/D-red-shifts are in good
agreement with the Teller-Redlich rule for an H/D isotopic ef-
fect"” Due to the twofold protonation on the neighboring
carbonyl groups, the corresponding CO stretching vibrations
are red shifted up to 342 cm™' compared to the neutral com-
pound.['® They occur between 1448 cm™ [IR, (4)] and 1533 cm™’
[Ra, (4)]. In contrast to the CO stretching vibrations, a blue shift
of about 420 cm™' is detected for the v(CN) vibrations, com-
pared to parabanic acid® {1707 cm™ [Ra, (3)] and 1774 cm™!
[IR, (4)1}. The most intense line in the Raman spectra belongs
to the remaining unprotonated carbonyl group, which occurs
at approximately 1900 cm™". This value is remarkably high for a
carbonyl group and is based on the strengthening of the bond,
which is also observed in the crystal structure. For the anions
AsFs~ and SbFg~, more than three lines are observed in the Ra-
man spectra and likewise more than two bands in the infrared
spectra. This is explained by a distortion of the ideal Oy, symme-
try, caused by solid state interactions.

The Raman and infrared spectra of the monoprotonated
species  [C3H3N,O03][AsFg] (1), [CsH3N,Osl[SbFe]l  (2) and
[C3D3N,05][AsFg] (5) are shown in Figure S1 and the observed
and calculated frequencies are listed in Table S2 (see Support-
ing Information).

Theoretical Calculations

All theoretical calculations were carried out on the B3LYP/aug-
cc-pVTZ level of theory with the Gaussian program package.
Figure 6 shows the comparison of the calculated structure of
[C3H3N,0s]* and the cation of the single-crystal X-ray structure
of (2) together with bond lengths and angles. Comparing the
values of the experimentally obtained geometric parameters of
the [C3H3N,05]" cation with the calculated ones, shows that
almost all bond lengths and angles are in accordance. Only the
N1-C1, as well as the C3-N2 bond lengths are calculated
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slightly longer, compared to the experimental values. The
C2-C3 distance is also predicted to be slightly longer by the
calculation, than it is observed in the crystal structure.

Figure 6. Calculated structure of [C3H3N,03]* (left) and the [C3H3N,05]* cation
of the single-crystal X-ray structure (right) together with bond lengths [A]
and angles [°].

In Figure 7, the calculated structure of [C3H4N,05]?* and the
dication of the single-crystal X-ray structure are illustrated. In
general, the calculated and experimentally obtained parameters
of [C5H4N,05]%" are in good agreement. As observed in the
monocationic species, the same bond lengths (C1-N1 and

1.511(3) V2
1,

02 02i
Figure 7. Calculated structure of [C3H4N,05]%* (left) and the [C3H4N,05]% cat-

ion of the single-crystal X-ray structure (right) together with bond lengths
[A] and angles [°].

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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C2-C3) are slightly elongated in the calculated structure of
[C3H4N5051%* compared to the single-crystal X-ray structure.
Mapped Electrostatic Potentials (MEPs) together with Natural
Population Analysis charges (NPA) are calculated to analyze
where the positive charges of the diprotonated species are lo-
cated. Figures 8, 9 and 10 depict the MEPs together with the
NPA of parabanic acid, [C3H4N,05]?* and [C3H4N,05]?*-4HF. The
calculation for parabanic acid shows that the positive electro-
static potential is located inside the entire five-membered ring
structure. The negative electrostatic potential is located exclu-
sively on the oxygen atoms (red), which highlights the carbonyl
groups as the more attractive functional group for protonation
compared to the amide groups. Positive NPA charges are found
at all carbon atoms, whereas the negative ones are observed
for all oxygen and nitrogen atoms. Twofold protonation of para-
banic acid leads to a change of the electrostatic potential distri-
bution. The positive potential (blue) is now located between
the two neighboring carbon atoms. In contrast, the negative
potential is strongly compacted at the unprotonated oxygen
atom. The influence on the NPA charges is describable as an
increase of the positive carbon atom charges and a decrease of
the negative oxygen and nitrogen atom charges. This leads to
the assumption that both positive charges are delocalized over
the individual OCNCO site of the molecule. The addition of four
HF molecules for the simulation of hydrogen bonds in the solid-
state results in a similar delocalization of the positive charges.
Interestingly, a different trend is observed for the NPA charges
of 02 and O3 atoms, which are decreased compared to the
values of parabanic acid. Consequently, the NPA charges for the
carbon atoms increase, whilst they decrease for the nitrogen
atoms, however slightly weaker. By adding four HF molecules,
the positive electrostatic potential is more distributed over the
ring structure, but nevertheless compacted at C2 and C3. In
conclusion, these calculations show that the two positive char-
ges are located on the two carbon atoms C2 and C3, even

Figure 8. Molecular 0.0004 bohr= 3D isosurfaces with mapped electrostatic
potential as a color scale ranging from -0.03142 a.u. (red) to 0.05124 a.u.
(blue). The electrostatic potential isosurfaces and the NPA charges have been
calculated for C3N,03H,.
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though the charges are slightly compensated by the neighbor-
ing oxygen and nitrogen atoms. Albeit a 1,3-N,N dication would
appear more stable due to the larger distance of the positive
charges, a 1,2-C,C dication is generated by the twofold protona-
tion of parabanic acid. The synthesized dicarbenium dication
represents a new compound, which is to classify into 1,2 di-
cations in organic main group systems.['”]

Figure 9. Molecular 0.0004 bohr= 3D isosurfaces with mapped electrostatic
potential as a color scale ranging from 0.28 a.u. (red) to 0.37 a.u. (blue). The
electrostatic potential isosurfaces and the NPA charges have been calculated
for [C53H4N,05]%.

@‘.:; 0! aw.

-

Figure 10. Molecular 0.0004 bohr=3 3D isosurfaces with mapped electrostatic
potential as a color scale ranging from 0.20 a.u. (red) to 0.31 (blue). The
electrostatic potential isosurfaces and the NPA charges have been calculated
for [C3HaN,0512+4HF.

Conclusion

Parabanic acid was investigated in the superacidic systems
XF/MFs (X = H, D; M = As, Sb) for the first time. Using an equi-
molar amount of Lewis acid with respect to the starting mate-
rial, the formation of the monoprotonated species in terms of
[C3H3N50;31[AsFe] (1), [C3H3N,O31[SbF¢] (2) and the correspond-

© 2020 The Authors. Published by Wiley-VCH Verlag GmbH & Co. KGaA, Weinheim
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ing deuterated compound [C5D3N,0s][AsFg] (5) is observed. A
twofold or larger amount of Lewis acid generates the com-
pounds [C3H4N,O3][AsFgl, (3), [C3H4N,Os1[SbFgl, (4) and
[C3D4N5051[AsFel, (6). The compounds were isolated and char-
acterized by IR and Raman spectroscopy. The spectroscopical
results are supported by calculated vibrational frequencies
on the B3LYP/aug-cc-pVTZ level of theory. In case of
[CsH3N,05][SbF4] (2) and [C3H4N,05][AsFgl,-4HF (3) single-crys-
tal X-ray structure analyses were performed. In the dicationic
species both protonations were determined on the neighboring
carbonyl groups. For determining where the two positive char-
ges are located, Mapped Electrostatic Potentials and Natural
Popular Analysis charges were calculated. The positive charges
of the 1,2-C,C dication are slightly compensated by the neigh-
boring nitrogen and oxygen atoms.

Experimental Section
General

Caution! Avoid contact with any of these compound. Hydrolysis
might form HF, which burns skin and causes irreparable damage.

Apparatus and Materials

Standard Schlenk technique with a stainless steel vacuum line was
used to perform all reactions. All reactions in superacidic media
were carried out in FEP/PFA reactors closed with a stainless steel
valve. The reactors as well as the vacuum line were dried with fluor-
ine prior to use. A Bruker Vertex-80V FT-IR spectrometer (Vv = 350
to 4000 cm™') was used for recording low-temperature IR spectra.
Small amounts of the synthesized compounds were placed on a
CsBr single-crystal plate in a cooled cell for the measurement. For
Raman measurements, the samples were transferred into cooled
glass cells (-196 °C), which were evacuated afterwards. The meas-
urements were performed by a Bruker MultiRAM FT-Raman spec-
trometer with Nd:YAG laser excitation (1 = 1064 nm). The low-
temperature X-ray diffraction of [C3H3N,O3][SbFg] (2) and
[C3H4N5051[AsFel,+4HF (3) was performed with an Oxford X-Calibur3
equipped with a Kappa CCD detector, operating with Mo-K, radia-
tion (A = 0.71073 A) and a Spellman generator (voltage 50 kV, cur-
rent 40 mA). The CrysAlis CCD software was used to collect the data
at 130 K,"® while the reduction was carried out using CrysAlis RED
software."! Solution and refinement of the crystal structures were
performed with programs SHELXS?% and SHELXL-97,2" belonging
to the WinGX software package. Subsequently, the structure was
verified by PLATON software.?2! SCALE ABSPACK multiscan method
was used for absorption correction.[?! In Table S3 and S4 (see Sup-
porting Information) selected data and parameters of the X-ray
analysis are listed. The quantum chemical calculations were carried
out on the B3LYP/aug-cc-pVTZ level of theory by Gaussian 09.124

Deposition Numbers 1995038 for [C5H3N,O3]*[SbF¢l~ (2) and
1995041 for [C3H4N,05][AsF¢l,+4HF (4) contain the supplementary
crystallographic data for this paper. These data are provided free
of charge by the joint Cambridge Crystallographic Data Centre and
Fachinformationszentrum Karlsruhe Access Structures service
www.ccdc.cam.ac.uk/structures.

Synthesis of [C;H3N,0;1[AsFs] (1), [C3HaN,O0:1[AsFgl, (3)
[CsD3N,0;][AsFs] (5) and [C3D4N,0s1[AsFgl, (6): Anhydrous
hydrogen fluoride (2 mL) was condensed into an FEP tube-reactor
at —196 °C. For compounds (5) and (6) deuterium fluoride was used
instead. Afterwards, arsenic pentafluoride [85 mg, 0.5 mmol for (1)
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and (5), and 170 mg, 1.0 mmol for (3) and (6)] was condensed in
the tube-reactor under same conditions. To form the superacidic
systems, the mixtures were warmed up to -40 °C and homogenized,
subsequently. After cooling down again to —196 °C, parabanic acid
(57 mg, 0.5 mmol) was added under nitrogen atmosphere. After
warming up to -40 °C [(1), (5)], or -60 °C [(3), (6)] respectively,
the reaction mixture was homogenized until the resulted salt was
completely dissolved. The solution was again cooled to =196 °C and
excess HF or DF was removed under dynamic vacuum overnight at
-78 °C. For crystallization of compound (3), the reactor was left in
an ethanol bath (T = =70 °C) without removing HF until the salt
recrystallized. All salts were obtained as colorless solids.
[C3H3N,05]1[AsFg] (1), and [C3DsN,03][AsFg] (5) are stable up to room
temperature, whereas [C3H4N,O5][AsFgl, (3) and  [C5D4N,05]-
[AsFgl, (6) were decomposed at -20 °C.

Synthesis of [C3H3N,03][SbF] (2) and [C3H;N,051[SbF¢], (4): An-
timony pentafluoride [110 mg, 0.51 mmol (2); 213 mg, 0.98 mmol
(4)] was condensed into an FEP tube-reactor at =196 °C. Subse-
quently, 2 mL of anhydrous hydrogen fluoride were condensed into
the reactor at -196 °C. For homogenizing these compounds, the
reaction mixtures were warmed up to -40 °C. Under nitrogen at-
mosphere, parabanic acid [58 mg, 0.51 mmol (2), 56 mg, 0.49 mmol
(4)], was added to the refrozen superacidic system. The complete
reaction mixture was warmed up to -40 °C (2), -60 °C respectively
(4), and was homogenized until the salt was completely dissolved.
Excess HF was removed under dynamic vacuum at —-78 °C, after the
solution had been cooled down to -196 °C. Both compounds were
obtained as colorless solids with decomposition temperatures of
20 °C for [C3H3N>O3][SbF¢] (2) and -20 °C for [CsH4N,O5][SbF¢], (4).
For crystallization of compound (2), the reactor was left in an eth-
anol bath (T = =50 °C) until the salt recrystallized.
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