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Adducts of Lewis acidic stibanes with phosphane
chalcogenides†
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Starting from ClSbRF
2 (RF = C2F5, 3,5-(CF3)2C6H3) and H(E)P(tBu)2 (E = O, S), we prepared the oxy- and

sulphanediyl-bridged adducts RF
2Sb(Cl)–E–(H)P(tBu)2, which are stable against the elimination of HCl.

The different electron-withdrawing substituents and chalcogen bridging units influence the size of the

Sb–E–P angle. ClSb(C2F5)2 and nBu3SnH react to give HSb(C2F5)2, which seems to interact weakly with

H(O)P(tBu)2 in solution as observed via NMR. All products were characterised by NMR spectroscopy and

all the stable ones were additionally characterised by X-ray diffraction and elemental analyses.

Introduction

The neutralisation reaction of Lewis acids and bases can be
suppressed by steric shielding, as observed by Brown et al. 82
years ago by contrasting the reaction of 2,6-lutidine with BF3
and the absence of a reaction with the bulkier B(CH3)3.

1 These
inter- or even intramolecular Lewis acid/base combinations
still have untapped reaction potential. The investigation of
such “Frustrated Lewis Pairs” (FLP) was decisively initiated
and promoted by Stephan and Erker, who presented the first
FLP systems by combining boron-containing Lewis acids and
phosphorus-based Lewis bases.2 Within the last two decades,
this high level of interest has led to an ever-expanding reper-
toire of functional building blocks, e.g. those based on
tetrels,3–6 rare-earth metals7 or d-block elements,8 in addition
to the Lewis acid centres of boron and aluminium,9 which are
usually considered to be the most common. A wide range of
reactions such as C–H activation, hydrogen and small mole-
cule activation and CO2 reduction are accessible with these
systems.10,11 The use of strongly electron-withdrawing penta-
fluoroethyl groups allowed the monitoring of intramolecular
FLP systems of type (F5C2)nECH2P(tBu)2 (E = Si, Ge, Sn with n =
3 and Sb with n = 2) and the observation of the activation of
substrates such as CO2, H2 and unsaturated systems typical of
some of these FLPs.4–6,12–14 The bis(pentafluoroethyl)stibanyl
function, (F5C2)2Sb–, with its lone pair at the Sb(III) atom, rep-
resents a soft Lewis acid whose reactivity follows Pearson’s

HSAB concept.13–15 These results complement the work by
Gabbaï et al. on antimony-based Lewis acid systems, such as
stibonium cations and various stiboranes for the detection
and transport of (fluoride) anions.16

We have succeeded in chelating various halides and (nitro-
gen-based) Lewis bases in the form of pnictogen bonding with
anthracene-based systems, which bear –CuC–Sb(C2F5)2
functions.17,18

Stephan and Erker provided a proficient insight into the
crucial importance of the bridging unit and the orientation of
the (interacting) opposing functions in intramolecular FLPs
with respect to dihydrogen cleavage or adduct formation.11

The study of chalcogen-based spacers has so far received less
attention. Only a few examples from Stephan,19 Wang,20 and
our own research group exist in the form of B/Al/Si–O–P
FLPs.21,22

In this work we aim to combine our established bis(penta-
fluoroethyl)stibanyl function ((F5C2)2Sb–) with the chalcogen
spacer motif and investigate the adducts formed.

Results and discussion

Starting from MesSbCl2 (1) and following synthesis of
(F5C2)2SbMes (2, Mes = mesityl, Scheme 1), we have optimised
the synthesis of the previously presented antimony reagent
(F5C2)2SbCl (3),

17 finally avoiding the occurrence of a mixture
with the cleavage product from the deprotection of the pro-
tected precursors. Unlike toluene, which is formed by cleaving
a toluyl protecting group, mesitylene, which is formed by react-
ing 2 with hydrogen chloride, can be separated by distillation
due to its higher boiling point difference from 3.

The reported synthesis23 of 1 yielded crystals, suitable for
X-ray diffraction experiments. The solid-state structure of 1

†Electronic supplementary information (ESI) available. CCDC 2367656–2367665.
For ESI and crystallographic data in CIF or other electronic format see DOI:
https://doi.org/10.1039/d4dt02268h

Chair of Inorganic and Structural Chemistry, Center for Molecular Materials CM2,

Faculty of Chemistry, Bielefeld University, Universitätsstraße 25, 33615 Bielefeld,

Germany. E-mail: mitzel@uni-bielefeld.de

16280 | Dalton Trans., 2024, 53, 16280–16286 This journal is © The Royal Society of Chemistry 2024

O
pe

n 
A

cc
es

s 
A

rt
ic

le
. P

ub
lis

he
d 

on
 1

4 
Se

pt
em

be
r 

20
24

. D
ow

nl
oa

de
d 

on
 4

/1
6/

20
26

 1
:3

4:
52

 A
M

. 
 T

hi
s 

ar
tic

le
 is

 li
ce

ns
ed

 u
nd

er
 a

 C
re

at
iv

e 
C

om
m

on
s 

A
ttr

ib
ut

io
n 

3.
0 

U
np

or
te

d 
L

ic
en

ce
.

View Article Online
View Journal  | View Issue

http://rsc.li/dalton
http://orcid.org/0009-0004-6006-5460
http://orcid.org/0009-0009-7322-9643
http://orcid.org/0000-0002-0918-7057
http://orcid.org/0000-0002-1485-757X
http://orcid.org/0000-0002-3271-5217
https://doi.org/10.1039/d4dt02268h
https://doi.org/10.1039/d4dt02268h
http://crossmark.crossref.org/dialog/?doi=10.1039/d4dt02268h&domain=pdf&date_stamp=2024-10-03
http://creativecommons.org/licenses/by/3.0/
http://creativecommons.org/licenses/by/3.0/
https://doi.org/10.1039/d4dt02268h
https://pubs.rsc.org/en/journals/journal/DT
https://pubs.rsc.org/en/journals/journal/DT?issueid=DT053039


(Fig. 1) with its three molecules in the asymmetric unit shows
Sb–Cl bond lengths of 2.376(1)–2.395(1) Å and Sb–C bond
lengths of 2.134(3)–2.150(2) Å. The Cl–Sb–Cl angles are smaller
(92.0(1)–95.3(1)°) than the Cl–Sb–C angles (96.9(1)–101.6(1)°).

The solid-state structure of liquid 2 (Fig. 2) was determined
via in situ crystallisation on the diffractometer. The Sb(1)–C(1)
bond lengths in 1 and 2 are quite the same. The other two Sb–
C bonds in 2 are about 0.1 Å longer than the Sb(1)–C(1) bond.

The NMR data for 2 and 3 in CD2Cl2 show the typical split-
ting pattern for pentafluoroethylstibanyl functions.17,18,24 The
13C{1H} NMR spectra show triplets of quartets (2: 121.8 ppm,
3: 126.4 ppm, CF2) and quartets of triplets (2: 120.4 ppm, 3:
120.3 ppm CF3) and the 19F NMR spectra contain multiplets of
the CF3 unit (2: −83.2 ppm, 3: −81.3 ppm) and broad multi-
plets of the AB-spin systems of the CF2 units (2:
−106.4/−107.2 ppm, 3: −111.8/−112.3 ppm), respectively.

We have now succeeded in determining the solid-state
structure of 3, which is liquid at room temperature. A single
crystal, suitable for X-ray diffraction, was grown on the diffract-
ometer by in situ crystallisation. After establishing a solid–
liquid equilibrium at 235 K and manually melting all but a
tiny seed crystal (using a piece of wire for warming), the
sample was cooled to 100 K to achieve its complete crystalliza-
tion. The molecular structure of 3 (Fig. 3) shows an Sb–Cl
bond length of 2.356(1) Å. As is common for trisubstituted
pnictogen atoms in the oxidation state +III, the antimony atom
is trigonal-pyramidal coordinated with angles involving the Sb
atom ranging between 92.8(1)° and 88.5(1)°.

In order to investigate the influence of the electron-with-
drawing substituents on the structure of Sb–E–P systems, we
also synthesised the mesityl-protected Fxyl2SbMes (4, Fxyl =
bis(trifluoromethyl)phenyl) starting from dichloromesitylsti-
bane (1, Scheme 1). Subsequent deprotection of compound 4
with hydrogen chloride resulted in Fxyl2SbCl (5, Scheme 1).
The aryl-type Fxyl substituent allows the use of less stringent
conditions for the cleavage of the mesityl protecting group.

The solid-state structures of 4 (Fig. 4) and 5 (Fig. 5) also
show the striking trigonal-pyramidal structural motif around
the antimony atom. The Sb–Cl bond in compound 4 is signifi-
cantly longer (2.504(1) Å) compared to that in 3 (0.15 Å), which
is due to the pentafluoroethyl groups in 3. In general, all Sb–E
bonds in 4 and 5 are longer than the corresponding bonds in
the pentafluoroethyl analogues 2 and 3.

The reaction of 3 with di-tert-butylphosphane oxide afforded
the oxy-bridged compound 6 in almost quantitative yield. In con-
trast to Wang and Stephan, who observed the formation of the
aforementioned oxy bridge and also the elimination of hydrogen
chloride in the reaction of chloroboranes with di-mesitylpho-
sphane oxide19,20 and di-tert-butylphosphane oxide,19 respectively,
we observed the formation of the Sb–O bond but did not observe
the release of hydrogen chloride (Scheme 2).

Fig. 1 Molecular structure of 1 in the solid state with three molecules
in the asymmetric unit. For clarity, only one molecule is depicted and
the hydrogen atoms are omitted. Ellipsoids are set at 50% probability.
Selected bond lengths [Å] and angles [°]: Sb(1)–Cl(1) 2.395(1), Sb(1)–Cl(2)
2.381(1), Sb(1)–C(1) 2.150(2), Sb(2)–Cl(3) 2.387(1), Sb(2)–Cl(4) 2.376(1), Sb
(2)–C(10) 2.134(3), Sb(3)–Cl(5) 2.381(1), Sb(3)–Cl(6) 2.377(1), Sb(3)–C(19)
2.143(2); Cl(1)–Sb(1)–Cl(2) 92.0(1), Cl(1)–Sb(1)–C(1) 97.5(1), Cl(2)–Sb(1)–
C(1) 101.4(1), Cl(3)–Sb(2)–Cl(4) 94.5(1), Cl(3)–Sb(2)–C(10) 101.6(1), Cl
(4)–Sb(2)–C(10) 97.0(1), Cl(5)–Sb(3)–Cl(6) 95.3(1), Cl(5)–Sb(3)–C(19)
96.9(1), Cl(6)–Sb(3)–C(19) 100.4(1).

Fig. 3 Molecular structure of 3 in the solid state. Ellipsoids are set at
50% probability. Selected bond lengths [Å] and angles [°]: Sb(1)–Cl(1)
2.356(1), Sb(1)–C(1) 2.252(1), Sb(1)–C(3) 2.243(1); C(1)–Sb(1)–Cl(1) 92.8
(1), C(3)–Sb(1)–Cl(1) 91.2(1), C(1)–Sb(1)–C(3) 88.5(1).

Scheme 1 Synthesis of 3 and 5 from MesSbCl2 (1, Mes = mesityl) over
the protected precursors 2 and 4.

Fig. 2 Molecular structure of 2 in the solid state. Ellipsoids are set at
50% probability. The hydrogen atoms are omitted for clarity. Selected
bond lengths [Å] and angles [°]: Sb(1)–C(1) 2.152(1), Sb(1)–C(10) 2.240(1),
Sb(1)–C(12) 2.246(1); C(1)–Sb(1)–C(10) 98.3(1), C(1)–Sb(1)–C(12) 103.1(1),
C(10)–Sb(1)–C(12) 92.7(1).
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Because of the non-spontaneous elimination of HCl, we
attempted to abstract the chlorine atom and the hydrogen
atom of 6 under more severe conditions by conversion with
lithium and potassium hexamethyldisilazide, trityl lithium
and n-butyl lithium and various amines, respectively; in all
cases the corresponding NMR spectra showed only unselective
decomposition or, in the case of the amines, no reaction.

In compound 6, both the chlorine substituent on the
pentafluoroethylstibanyl function and the hydrogen atom of
the phosphane precursor are still present. The latter can be

detected particularly well in the proton NMR spectrum of com-
pound 6, which contains a doublet with a characteristically
large 1JP,H coupling constant of 447 Hz at a chemical shift of
6.03 ppm.

The excellent crystallisation behaviour enabled us to investi-
gate the structure of 6 using X-ray diffraction. Its solid-state
structure (Fig. 6) shows the adduct formation via the Sb–O
bond and a bent Sb–O–P backbone. This has a rather obtuse
angle at 147.5(1)°, while the O–Sb–Cl angle is even more
obtuse at 167.9(1)°, and therefore close to linearity. The anti-
mony atom is bisphenoidally surrounded by its substituents
due to its lone pair.

The distance between the chlorine substituent and the
hydrogen atom, whose position has been refined, may be an
indication of why intramolecular elimination of hydrogen
chloride does not occur spontaneously.

The Sb–O bond length of 2.273(2) Å is within the expected
range for Sb–O bonds.14 The formation of this Sb–O bond
slightly lengthens the P–O bond (1.503(2) Å) compared to that
of the reactant H(O)P(tBu)2 (1.482(2) Å),25 while the Sb–Cl
bond in 6 (2.470(1) Å) is significantly longer than that in 3
(2.356(1) Å).

We synthesised H(S)P(tBu)2 from hydrogen sulphide and di-
tert-butylchlorophosphane in the same way as H(O)P(tBu)2.

21

As in 6, a doublet with a large coupling constant (420 Hz), at
5.77 ppm in the 1H NMR spectrum, is detected for the sulpha-
nediyl-bridged compound 7.

In the solid-state structure of 7 (Fig. 6), the large difference
in conformation compared to compound 6 is immediately
apparent; the Sb–S–P backbone has an angle of 98.5(1)°, which
is almost 50° smaller. However, the E–Sb–Cl angles in 6 and 7
are quite similar (Table 1). As expected, the bonds involving
the larger sulphur atom rather than the oxygen atom are about
0.5 Å longer. The Sb–Cl bond is also more extended compared
to that in 3 and 6. The structure of the central bridging unit

Fig. 4 Molecular structure of 4. Ellipsoids are set at 50% probability;
hydrogen atoms and the disorder of one trifluoromethyl group are
omitted for clarity. Selected bond lengths [Å] and angles [°]: Sb(1)–C(1)
2.160(2), Sb(1)–C(10) 2.162(2), Sb(1)–C(18) 2.167(2); C(1)–Sb(1)–C(10)
99.4(1), C(1)–Sb(1)–Cl(18) 96.1(1), C(10)–Sb(1)–C(18) 97.7(1).

Fig. 5 Molecular structure of 5 in the solid state. Ellipsoids are set at 50%
probability; hydrogen atoms and the disorder of one trifluoromethyl group
are omitted for clarity. Selected bond lengths [Å] and angles [°]: Sb(1)–Cl(1)
2.504(1), Sb(1)–C(1) 2.151(3), Sb(1)–C(9) 2.152(3); C(1)–Sb(1)–Cl(1) 91.0(1),
C(9)–Sb(1)–Cl(1) 87.8(1), C(1)–Sb(1)–C(9) 99.3(1).

Scheme 2 Synthesis of the pentafluoroethyl-substituted adducts 6 and
7 from 3, and the Fxyl-substituted adducts 8 and 9 from 5, with
H(O)PtBu2 and H(S)PtBu2, respectively.
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thus follows a known behaviour: the central chalcogen-includ-
ing angle is narrower in sulphanediyl- than in oxy-bridged
molecules, as can be seen in the reported gas-phase structures
of distibanyl oxide (Me2Sb)2O (131.1(2)°)27/distibanyl sulfide

(Me2Sb)2O (104.5(5)°)28 and disiloxane (H3Si)2O (144.1(9)°)29/
disilthiane (H3Si)2S (108.7(3)°).30 Substitution with electrone-
gative groups leads to an increase in these angles (H3SiOSiH3:
144.1(9)°,29 Cl3SiOSiCl3: 146(4)°,

31 F3SiOSiF3: 155.7(2)°).
32

Fig. 6 Molecular structures of 6, 7, 8 and 9. Ellipsoids are set at 50% probability; hydrogen atoms except those of P–H and the disordered parts of
6, 8 and 9 are omitted for clarity. Selected bond lengths [Å] and angles [°]: 6: Sb(1)–Cl(1) 2.470(1), Sb(1)–O(1) 2.273(2), Sb(1)–C(1) 2.267(3), Sb(1)–C(3)
2.285(4), P(1)–O(1) 1.503(2); O(1)–Sb(1)–Cl(1) 167.9(1), O(1)–Sb(1)–C(1) 81.8(1), O(1)–Sb(1)–C(3) 82.2(1), C(1)–Sb(1)–Cl(1) 89.0(1), C(1)–Sb(1)–C(3) 88.6
(1), C(3)–Sb(1)–Cl(1) 89.8(1), Sb(1)–O(1)–P(1) 147.5(1); 7: Sb(1)–Cl(1) 2.486(1), Sb(1)–S(1) 2.751(1), Sb(1)–C(1) 2.260(1), Sb(1)–C(3) 2.267(1), P(1)–S(1)
2.010(1); Cl(1)–Sb(1)–S(1) 169.1(1), C(1)–Sb(1)–Cl(1) 89.6(1), C(1)–Sb(1)–S(1) 87.9(1), C(1)–Sb(1)–C(3) 98.5(1), C(3)–Sb(1)–Cl(1) 86.8(1), C(3)–Sb(1)–S(1)
83.2(1), Sb(1)–S(1)–P(1) 98.5(1); 8: Sb(1)–Cl(1) 2.505(2), Sb(1)–O(1) 2.348(5), Sb(1)–C(1) 2.168(9), Sb(1)–C(9) 2.183(9), P(1)–O(1) 1.525(6); Cl(1)–Sb(1)–O
(1) 170.4(2), C(1)–Sb(1)–Cl(1) 90.8(2), C(1)–Sb(1)–O(1) 84.0(3), C(1)–Sb(1)–C(9) 95.0(3), C(9)–Sb(1)–Cl(1) 90.1(2), C(9)–Sb(1)–O(1) 82.3(3), Sb(1)–O(1)–
P(1) 131.0(4); 9: Sb(1)–Cl(1) 2.520(1), Sb(1)–S(1) 2.829(1), Sb(1)–C(1) 2.157(2), Sb(1)–C(9) 2.147(2), P(1)–S(1) 1.995(1); Cl(1)–Sb(1)–S(1) 171.4(1), C(1)–Sb
(1)–Cl(1) 88.2(1), C(1)–Sb(1)–S(1) 87.0(1), C(1)–Sb(1)–C(9) 97.4(1), C(9)–Sb(1)–Cl(1) 90.4(1), C(9)–Sb(1)–S(1) 83.3(1), Sb(1)–S(1)–P(1) 95.2(1).

Table 1 Selected angles and bond lengths of chlorostibanes 3 and 5 and of their corresponding adducts with phosphane oxides (6, 8) and phos-
phane sulphides (7, 9). Reactant bond lengths: P–O(H(O)P(tBu)2) 1.482(2) Å,25 P–S(H(S)P(tBu)2) 1.967(1) Å,26 Sb–Cl(3) 2.356(1) Å, and Sb–Cl(7)
2.504(1) Å

Sb–E–P [°] Cl–Sb–E [°] Sb–E [Å] Sb–Cl [Å] P–E [Å]

H(O)P(tBu)2 — — — — 1.482(2)23

H(S)P(tBu)2 — — — — 1.967(1)24

3 — — — 2.356(1) —
6 (E = O) 147.5(1) 167.9(1) 2.273(2) 2.470(1) 1.503(2)
7 (E = S) 98.5(1) 169.1(1) 2.751(1) 2.486(1) 2.010(1)
5 — — — 2.504(1) —
8 (E = O) 131.0(4) 170.4(2) 2.348(5) 2.505(2) 1.525(6)
9 (E = S) 95.2(1) 171.4(1) 2.829(1) 2.520(1) 1.995(1)
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The oxy- and sulphanediyl-bridged adducts 8 and 9 were
synthesised from 7 in the same way as compounds 6 and 7
(Scheme 2). As for 6 and 7, the proton and 31P NMR spectra
confirm the presence of the hydrogen atom of the phos-
phonium function in 8 and 9 (Table 2).

As expected, the molecular structure of 8 (Fig. 6) contains
the previously observed bent structural motif with an obtuse
Sb–O–P angle, which is 16° narrower than in compound 6. At
the same time, the Cl–Sb–E angle is slightly more compressed
at 170.4(2)°. Compared to 6, all bonds containing oxygen and
chlorine are longer.

The molecular structure of 9 (Fig. 6) matches the expec-
tations, based on the structural parameters of 6, 7 and 8. The
sulphanediyl-bridging unit results in an Sb–S–P angle close to
90°, which is the smallest of all the structures discussed here
(Table 1). This is in line with a narrowing of this angle due to
the substitution with the Fxyl substituents compared to the
pentafluoroethyl group.

However, the Cl–Sb–S angle is the most obtuse with 171.4(1)°.
The Sb–S/Cl bonds are even longer than in 6, 7 and 8. Only
the P–S bond is shorter than in the pentafluoroethyl-substituted
analogue (Table 1).

The NMR data show a high field shift for the P–H unit in
proton NMR for O → S and (F5C2) → (Fxyl), respectively. For
the 31P resonances a low-field shift in the same order is
observed.

Starting from 3 and nBu3SnH, we have succeeded in synthe-
sising and isolating hydridostibane HSb(C2F5)2 (10, Scheme 3).
In addition to the analogous pentafluoroethyl-substituted
nitrogen,33 phosphorus34 and bismuth35 analogues, 10 is a
highly reactive volatile compound that fumes strongly on
contact with traces of moisture or oxygen and decomposes
slowly at temperatures above −30 °C. However, an in situ-
grown single crystal of 10 allowed for the determination of its
solid-state structure (Fig. 7). In comparison with 3, the Sb–C
bond lengths in 10 are slightly shorter. Due to the significantly

lower steric demand of the hydrogen atom instead of the chlor-
ine atom, the C–Sb–C angle in 10 is about 9° larger.

As with the other homologues with this substitution
pattern, the proton resonance at 7.28 ppm in C6D6 (8.11 ppm
in CD2Cl2) shows a complex splitting pattern. This is caused
by coupling to the magnetically non-equivalent fluorine atoms
of the CF2 unit and to the trifluoromethyl groups. Fig. 8 shows
that the experimental (top) and the simulated (bottom) multi-
plet patterns are in good agreement.36 The underlying fitted
coupling constants for the AA′BB′H spin system in 10 and their
assignment are also given.

In the IR spectrum of gaseous 10, we detected a band at
1919 cm−1 for the Sb–H vibration, which is within the typical
range for this type of stretching frequency.37

The Gutmann–Beckett test allows an assessment to be
made about the Lewis acidity of the compounds. The so-called
acceptor number (AN) is calculated based on the 31P NMR
shift of the adduct of the Lewis acid with OP(Et)3.

38 With AN
values of 52.3 (3), 52.5 (5) and 29.8 (10), the stibanes 3 and 5
are in the upper mid-range of Gutmann’s original scale from 0
(for hexane) to 100 (for SbCl5); according to the test, 10 is sig-
nificantly less Lewis acidic than 3 and 5.

We tried to react hydridostibane 10 with the phosphane
oxide H(O)P(tBu)2 and the phosphane sulphide H(S)P(tBu)2,
expecting the formation of the adducts (C2F5)2Sb(H)–O–P(H)(tBu)2
and (C2F5)2Sb(H)–S–P(H)(tBu)2, which would be the formally
hydrogen-loaded FLPs. In the samples of these reactions we

Table 2 Chemical shifts of the P–H unit in proton and 31P{1H} NMR
spectra with the 1JP,H coupling constant (from 1H NMR) of the phos-
phane oxide and sulphide reactants and the compounds 6 and 7,
(F5C2)2(Cl)Sb(E)P(H)(tBu)2, and 8 and 9, (Fxyl)2(Cl)Sb(E)P(H)(tBu)2, with E
= O or S in CD2Cl2

1H P–H [ppm] 1JP,H [Hz] 31P{1H} P–H [ppm]

H(O)P(tBu)2 6.01 424 64.7
H(S)P(tBu)2 5.82 418 75.0
6 (E = O) 6.03 447 71.6
7 (E = S) 5.77 420 72.3
8 (E = O) 5.85 436 70.2
9 (E = S) 5.69 420 74.2

Scheme 3 Synthesis of 10 from 3 and nBu3SnH.

Fig. 7 Molecular structure of the hydridostibane HSb(C2F5)2 (10) in the
solid state. Ellipsoids are set at 50% probability. The disorder of one pen-
tafluoroethyl group is not shown. Selected bond lengths [Å] and angles
[°]: Sb(1)–C(1) 2.219(1), Sb(1)–C(3) 2.214(1); C(1)–Sb(1)–C(3) 94.4(1).

Fig. 8 Optimised coupling constants of 10 (left) and highlighted area of
the experimental and simulated Sb–H region of the 1H NMR spectrum
of 10 in C6D6 (right).
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detected all the NMR signals of the reactants, but only the
reaction of the sample containing the phosphane oxide
showed a slight deviation in the NMR shifts relative to the
reactants. For the mixture of 10 with phosphane sulphide
there is no evidence of an interaction or reaction. However,
attempts to isolate the product of the conversion of 10 with
H(O)P(tBu)2 failed and undefinable decomposition products
were observed.

The mixture of 10 with H(O)P(tBu)2 was also investigated by
diffusion NMR experiments. The hydrodynamic volumes of 10
and the phosphane oxide in the mixture were found to be only
slightly larger compared to those of the pure reactants. This
does not allow for any clear conclusions to be drawn about the
reaction of the two reactants.

Fxyl2SbH could not be synthesised from 7 and nBu3SnH by
a procedure analogous to that for 10, so it was not possible to
investigate any adducts that might be formed.

Conclusions

The presented RF
2Sb(Cl)–E–(H)P(tBu)2 (RF = C2F5, 3,5-

(CF3)2C6H3; E = O, S) systems, based on the corresponding
chlorostibanes and phosphane chalcogenides, were found to
be stable against HCl elimination. Even attempts to abstract
hydrogen chloride under more severe reaction conditions
failed. The angle of the bridging Sb–E–P unit in the adducts is
significantly narrower for compounds with the higher homol-
ogue sulphur than for oxygen. The pentafluoroethyl groups
cause a widening of this angle, as can be seen from the com-
parison with the Fxyl groups on the antimony atom in the
corresponding solid-state structures. The hydridostibane HSb
(C2F5)2, obtained from the reaction of ClSb(C2F5)2 with
nBu3SnH, seems to interact weakly with di-tert-butylphosphane
oxide as revealed by slight shifts of the resonances in the NMR
spectra. For a mixture of HSb(C2F5)2 with di-tert-butylpho-
sphane sulphide, comparable behaviour was not observed.
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