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One of the strongest acids is 100% sulfuric acid and this
marks per definition the border to the superacids. Among the
ions that are formed by the autoprotolysis of sulfuric acid
according to Equation (1), only the structure of the hydro-
gensulfate ion in solid salts and that of sulfuric acid itself is
known.[1, 2]

2H2SO4 �� H3SO4
��HSO4

� (1)

further synthetic transformations, which are currently being
investigated in our laboratory.

Experimental Section

Typical procedure for the �-alkylation: The enantiopure sulfonate 1
(1 mmol) was dissolved in dry THF (20 mL) and the solution cooled to
� (90 ± 95) �C. After 30 min nBuLi (1.0 equiv) was added dropwise. The
solution was stirred for an additional hour after which the electrophile
(1.5 equiv in 5 mL THF) was added dropwise. The mixture was stirred for
1 h at � (90 ± 95) �C, then at �78 �C. After 24 h the reaction was quenched
by adding pH 7 buffer (2 mL). The mixture was partitioned between H2O
and CH2Cl2 and washed with brine. The aqueous layer was then extracted
three times with CH2Cl2. The combined organic layers were dried over
MgSO4, filtered, and concentrated under reduced pressure. The crude
product was purified by flash column chromatography (SiO2, pentane/
diethyl ether).

Typical procedure for the removal of the chiral auxiliary: The sulfonate 2
(0.6 mmol) was dissolved in an EtOH/H2O solution (19 mL/1 mL).
Pd(OAc)2 (15 mol%) was added to the solution and the mixture was
refluxed for four days (TLC control). The palladium residues were
removed by filtration and washed twice with EtOH. The filtrate was
treated with an ethereal solution of diazomethane until the yellow color
persisted. The solvent was evaporated under reduced pressure and the
crude product purified by flash column chromatography (SiO2, pentane/
diethyl ether).
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The existence of the trihydroxyoxosulfonium cation
H3SO4

� was confirmed by cryoscopy, conductivity measure-
ments, and mass spectrometry, and structural parameters were
calculated by theoretical methods.[3±5] A complete protonation
of sulfuric acid to H3SO4

� is only possible by acids with a
proton activity H0 about six orders of magnitude greater than
that of H2SO4. Theoretically the superacid HF/SbF5 with aH0

value of up to �21 should be able to protonate sulfuric acid,
which has a H0 value of �12, to give the H3SO4

� ion. But it
was shown by Gillespie and Robinson that about 0.1% of the
sulfuric acid also undergoes an ionic self-dehydration
[Eq. (2)] at the same time to give oxonium ions.[5]

2H2SO4 �� H3O��HS2O7
� (2)

Oxonium ions have a levelling effect on the superacid
strength, which prohibits a complete protonation, as we
confirmed by our own investigations. The reaction of pure
sulfuric acid with HF/SbF5 does not yield a homogeneous
solid but a highly viscous residue, from which H3O�SbF6

� can
be isolated. To avoid the dehydration leading to formation of
H3O� ions, the bis(trimethylsilyl) ester of sulfuric acid (1) was
used as starting material, which reacts according to Equa-
tion (3).

[(CH3)3SiO]2SO2�XF/SbF5 �� 2(CH3)3SiF�X3SO4
�SbF6

� (3)
1 2

(X�H, D)

This kind of reaction was successfully applied to the
preparation of salts of protonated hydrogen peroxide and
protonated carbonic acid.[6, 7] The formation of 2 is thermo-
dynamically favored because of the high formation enthalpy
of the Si�F bond and its preparation has the advantage that
trimethylfluorosilane and HF can be removed easily at
�78 �C in vacuum. 1H NMR spectroscopy gave no indication
of the formation of H3O� ions and thus for a reaction
according to Equation (2); the spectrum shows only a singlet
at �� 12.1 for H3SO4

�SbF6
�. After removal of 2 and excess of

HF/DF a crystalline, colorless solid of H3SO4
�SbF6

� or
D3SO4

�SbF6
�, respectively, precipitates, from which crystals

suitable for an X-ray structure analysis were obtained.[8] In
contrast to D3SO4

�SbF6
�, the results of the X-ray structure

analysis of H3SO4
�SbF6

� did not lead to a satisfactory
determination of the structure because all measured crystals
displayed a disorder that we were unable to explain.

Efforts to obtain the compounds as hexafluoroarsenate
salts by the use of the superacid XF/AsF5 (X�H, D) were not
successful and always yielded a highly viscous fluid, in which
no oxonium salts were found. Evidently, the acid strength of
this system is not sufficient to protonate the sulfuric acid
completely.

The single-crystal structure determination of D3SO4
�SbF6

�

shows, within the precision of the measurement, that three of
the four S�O bonds are almost the same length (149.9(6) ±
151.2(6) pm). They are shorter than the S�O single bonds in
sulfuric acid (153.7(1) pm) and longer than its S�O double
bond, which infers delocalization of the positive charge over
the SO3 unit (Figure 1, Table 1). The length of the S�O double

Figure 1. The D3SO4
� ion with atom labels. Interionic contacts [pm]: O(1)-

D(1) ¥¥ ¥ F(1) 259.3(8), O(2)-D(2) ¥¥ ¥ F(2a) 254.5(8), O(3)-D(3) ¥¥ ¥ F(3a)
255.7(8). Symmetry operation: a: �x, �y, �z.

bond in D3SO4
�SbF6

� (141.3(6) pm) is comparable to the
bond length in solid sulfuric acid (142.6(1) pm).[2] All deute-
rium atoms were found by Fourier synthesis. The Sb�F
distances (Sb(1)�F(1) 188.9(5), Sb(1)�F(2) 191.4(5),
Sb(1)�F(3) 190.4(5) pm) of the fluorine atoms that participate
in the hydrogen (deuterium) bonds are significantly longer
than the other Sb�F bond lengths (185.8(5) ± 187.1(5) pm),
thus the anion is a distorted octahedron. Anions and cations
are linked by three hydrogen bonds in the crystal, leading to
4-rings comprising 16 atoms. These rings are condensed to
wavy bands arranged parallel to the bc plane (Figure 2).

The vibrational spectroscopic characterization of
D3SO4

�SbF6
� and H3SO4

�SbF6
� is given by their IR spectra,

because during Raman investigations strong fluorescence
occurred. The IR spectra (Figure 3, Table 2) of X3SO4

�SbF6
�

(X�H, D) confirm the results of the X-ray structure analysis
and are comparable to the spectra of the isoelectronic
orthophosphoric acid. The position and contour of the bands,
as well as their splitting is attributed to crystal effects. The
broad band between 2173 and 2411 cm�1 is assigned to the
O±D stretching modes (D3PO4: 2050 ± 2350 cm�1).[9] The

Table 1. Selected bond lengths and angles of D3SO4
�SbF6

�. Only three F
atoms are shown from the anion in Figure 1.[a]

Distances [pm] Angles [�]
S(1)-O(1) 151.1(5) O(4)-S(1)-O(1) 115.6(3)

S(1)-O(2) 149.8(6) O(4)-S(1)-O(2) 110.5(4)
S(1)-O(3) 150.6(6) O(4)-S(1)-O(3) 115.7(3)
S(1)-O(4) 141.0(6) O(1)-S(1)-O(2) 107.3(3)

O(1)-S(1)-O(3) 103.6(3)
O(2)-S(1)-O(3) 103.0(3)

Sb(1)-F(1) 188.9(5) F(1)-Sb(1)-F(5) 177.3(2)
Sb(1)-F(2) 191.4(5) F(2)-Sb(1)-F(6) 179.2(2)
Sb(1)-F(3) 190.4(5) F(2)-Sb(1)-F(3) 88.0(2)
Sb(1)-F(4) 187.1(5) F(3)-Sb(1)-F(4) 176.0(2)
Sb(1)-F(5) 185.8(5)
Sb(1)-F(6) 186.9(5)

[a] Standard deviations refer to the last digit of the number.
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Figure 2. Section of the crystal packing of D3SO4
�SbF6

�.

Figure 3. IR spectra of a) H3SO4
�SbF6

� and b) D3SO4
�SbF6

� as solids at
�40 �C.

S�O stretching mode (1401 cm�1) of the double bond occurs
about 340 wavenumbers above the P ±O valence mode of
phosphoric acid (1165 cm�1), but lower than in the isoelec-
tronic triflourooxosulfonium cation in the hexaflouroantim-
onate salt (1540 cm�1).[10] The asymmetric SO3 valence
stretches are detected at 1051 and 1085 cm�1 for D3SO4

�

and at 1123 cm�1 for the protonated sulfuric acid, whereas
the symmetric valence modes are found at 930 and 922 cm�1,
respectively (D3PO4: �as(PO3): 1012, �s(PO3): 880 cm�1;
H3PO4: �as(PO3): 1066 ± 1074, 1007, �s(PO3): 885 cm�1). The
SO3 deformation modes for D3SO4

�SbF6
�are detected at

482 cm�1 for �as and at 417 cm�1 for �s. For H3SO4
�SbF6

� only
one deformation mode at 410 cm�1 was observed.

One expects two vibrations for the SbF6
� ion, but in both

salts four vibrations are found. This is attributed to the
decrease of the symmetry of the octahedron, which results
from the different Sb�F bond lengths as established already in
the crystal structure analysis.

Experimental Section

(Me3SiO)2SO2 was prepared according to reference [11]. SbF5 (Fluka) was
triply distilled; DF was prepared from D2SO4 and CaF2 and dried over F2.

In a KE�-F reactor SbF5 (1.5 mmol) was dissolved in HF or DF (ca.
140 mmol) and cooled to �196 �C. Under a dry nitrogen atmosphere
(Me3SiO)2SO2 (1.5 mmol) was added. The mixture was allowed to warm to
�78 �C and volatile products as well as the excess of HF/DF were removed
in dynamic vacuum. D3SO4

�SbF6
� or H3SO4

�SbF6
�, respectively, precipi-

tated as colorless solids, which decomposed at �5 �C.

Apparatus employed: Raman: Jobin-Yvon T64000, Ar�-Laser (��
514.5 nm) Spectra Physics; IR: Bruker-IFS 113v; NMR: Bruker DPX300;
X-ray diffractometer: Nonius-Kappa-CCD (1152� 1242 Pixel).
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Table 2. IR frequencies[a] [cm�1] and assignment.

H3SO4
�SbF6

� D3SO4
� SbF6

� Assignment

n.o. 2411 (w)
� OH(D)2328 (m)

�
2173 (s)

1401 (s) 1401 (s) � S�O
1195 (m) �as SOH
1123 (vs)

1085 (s)

�
�as SO3

1051 (s)
954 (s) �s SOH
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�
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361 (m) �as OSOH
280 (s) �as OSOD
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crystal X-ray analysis of D3SO4
�SbF6

� at 173 K: triclinic, space group
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�� 74.98(1), �� 88.89(1)�, Z� 2, V� 371.8(1)� 106 pm3, �calcd�
2.991(1) gcm�3, crystal dimensions: 0.15� 0.12� 0.12 mm3, 2�/�
scans, 2�max� 54.92�, T� 173(2) K, reflections collected 2543, 1639
independent reflections, 	-limit 2.0, 
(MoK�)� 5.433 mm�1, structure
solution: Patterson method, difference Fourier synthesis; SHELXS-
86, SHELXL-93, PARST, PLATON, MISSYM, DENZO, SCALE-
PACK; 112 free parameters, deuterium atoms from the difference
Fourier map �F, R�0.0476, wR2�0.1601, R�� � �Fo �� �Fc � �/� �F0 �,
structure refinement: full-matrix least-squares on F 2, largest differ-
ence peak and hole �2.61/1.36 eä�3 from difference Fourier syn-
thesis. For technical reasons we are not able to perform an
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