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On the Brink of Decomposition: Controlled Oxidation of a
Substituted Arsanylborane as a Way to Labile Group 13-15-

16 Compounds

Felix Lehnfeld,”” Michael Seidl,” Alexey Y. Timoshkin,” and Manfred Scheer*”

The reactivity of the organic-substituted arsanylborane
tBuAsHBH,NMe; (1) towards different elemental chalcogenes as
well as organic oxidants such as O-NMe; Me;Si—O—O-SiMe;,
MesCNO and cyclohexenesulfide is reported. By the reaction of
1 with grey selenium, the selenium oxidation product
tBuAs(Se)HBH,NMe; (2) was obtained. For the oxidation with
sulfur, the two products tBuAs(S)HBH,NMe; (3a) and
tBuAs(S)SHBH,NMe; (3 b) could be isolated as oils. The structural
characterization of As(tBuAs(S)SHBH,NMe,); (4) as well as

Introduction

In recent years, the investigation of mixed main group element
compounds has been of great interest due to their increasing
number of applications. Binary group 13-15 compounds are for
instance used as materials for micro- and nanoelectronics, in
light emitting diodes, photodetectors and in semiconductors.!"
Therefore, suitable precursors, e.g. for chemical vapor deposi-
tion, have been heavily researched over the last decades.”
Moreover, saturated adducts such as ammonia borane are a
well investigated class of monomeric compounds,® useful as
potential hydrogen storage materials® and as starting materials
in dehydrocoupling reactions.” A similar reactivity has been
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corresponding DFT computations allow insights into the
decomposition behavior of 3a and 3b in solution. For the
reaction of MesCNO with 1, the formation of an unusual As—H
activation product Mes-C(NOH)-AstBu-BH,NMe; (5) is observed.
In the reaction with Me;N—O, the first isolatable oxo-arsanylbor-
anes tBuAs(O)HBH,NMe; (6a) and tBuAs(O)OHBH,NMe; (6 b) are
obtained, with 6b also being accessible via the controlled
reaction of 1 with air.

reported for the heavier homologs, the phosphane-borane
adducts .28

With respect to a potential application in semiconductors,
the reactivity of group 13/15 compounds towards chalcogens is
of interest, especially when considering the importance of
selenium and tellurium in semiconductor applications.”’ When
only looking at group 15 elements, there are many examples of
phosphorus-chalcogen-containing compounds as important
reagents in organic synthesis, usually achieved via oxidation
with elemental chalcogens or organic oxidants.” Important
examples include e.g. Lawesson’s reagent and Woolins’
reagent”” Moreover, organophosphorus-chalcogen com-
pounds are used in a broad variety of applications such as
pesticides, as precursors for metal-chalcogenide containing thin
films or nanoparticles and as lubricant additives.""

As for the oxidation chemistry of phosphino-borane adducts
or phosphinoboranes, only limited studies have been per-
formed so far. Known examples include boranylphosphines
oxides and sulfides as well as some very rare selenide and
telluride derivatives (Scheme 1, I-11).'Z

To deepen the understanding of this topic, our group has
great interest in the oxidation of pnictogenylboranes of the
type RR'EBH,NMe; (E=P, As; R=H, tBu, Ph; R"=H, tBu, Ph). We
were able to report about the oxidation of the parent
phosphanylborane as well as substituted derivatives in recent
years."¥ However, when looking at the heavier homolog, only
little is known about arsenic chalcogen compounds: In addition
to rather well investigated arsine-oxides," a limited number of
arsine sulfides and selenides (Scheme 1, llI-IV) is known."”
Furthermore, we were able to report the oxidation of
Ph,AsBH,NMe; with chalcogens (Scheme 1, V) not long since.'”
However, regardless of many attempts, isolating an arsanylbor-
ane oxide is still an open topic. Having recently reported the
relatively stable although reactive substituted arsanylborane
tBuAsHBH,NMe; (1),"” the question arose if this compound can
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http://orcid.org/0000-0002-1932-6647
http://orcid.org/0000-0003-2182-5020
www.uni-regensburg.de/chemie-pharmazie/anorganische-chemie-Scheer
www.uni-regensburg.de/chemie-pharmazie/anorganische-chemie-Scheer
https://doi.org/10.1002/ejic.202300338
http://crossmark.crossref.org/dialog/?doi=10.1002%2Fejic.202300338&domain=pdf&date_stamp=2023-07-31

EurJIC

European Journal of Inorganic Chemistry

Research Article

doi.org/10.1002/ejic.202300338

Chemistry
Europe

European Chemical
Societies Publishing

9) H Se H
N\ N\
P— ~P—B~
HO') 1\ 7\
Ho ~ NMes gy il
| !
s Se s
I I Ss_p-H
AN As Ph77T T\
Ph™ [ “ph N T NMes
Ph
1] v Vv

Scheme 1. Selected examples of chalcogenated pnictogenylboranes (I, Il, V)
and organic arsenic chalcogenides (lll, IV).

be used as starting material for oxidation reactions. This is of
importance since the oxidation reactions of the corresponding
phosphorus derivative tBuPHBH,NMe; was studied. Herein, we
report on the results of the controlled oxidation of 1 using
various chalcogens and organic oxidants. Moreover, the for-
mation of the first ever isolatable oxo-arsanylborane is reported.

Results and Discussion
Reactivity towards selenium

As previous reactions with similar compounds have revealed
the reactivity of the oxidizing agent to be the key for
controlling the reaction, as unwanted side products and
decomposition need to be reduced to a minimum. Firstly, the
reactivity of the weaker oxidants selenium and tellurium
towards 1 was investigated. Neither elemental tellurium nor
Et;P—Te showed any reactivity towards 1 at room temperature
or elevated temperatures, which could additionally be sup-
ported by DFT calculations revealing the corresponding reac-
tion to be endergonic by 2.8 (Et;PTe) or 6.6 (Te) kJ/mol,
respectively. Grey selenium, however, did reveal a rather
controlled reactivity. After stirring a stochiometric mixture of
grey selenium and 1 for 3 h in toluene at —30°C while slowly
increasing the temperature to r.t., the complete dissolution of
selenium and a color change from colorless to yellow could be
observed (Scheme 2).

After workup, compound 2 could be isolated as a yellow oil
in good yields. By storing a saturated solution of 2 in toluene at

H Se H
. toluene, 3h A\ i
_As—B— +Se (grey) —— 3 _As—B—
H / \ -30°Ctor.t. H / \
Bu NM93 Bu NMe3
1 2 (37%)

Scheme 2. Reaction of 1 with one equivalent of grey selenium.
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—30°C, crystals of 2 suitable for X-ray diffraction analysis were
obtained (Figure 1) with a crystalline yield of 37 %.

The isolated product tBuAs(Se)HBH,NMe; (2) was character-
ized by multinuclear NMR spectroscopy. The ''B{'H} NMR
spectrum of 2 reveals a broad singlet at d=—3.9 ppm, which
shows further splitting with a 'Jg of 109 Hz in the "B NMR
spectrum. Exhibiting rapid decomposition in solution even at
low temperatures, small signals of decomposition products are
observed. In the '"H NMR spectrum of 2, the signals for the tBu
group at 0=2.67 ppm and for the As—H at 6=2.34 ppm are
assigned, both of them shifted to lower field compared to 1.
The signal corresponding to the NMe; group at 6 =2.97 ppm is
in a similar range as for Ph,As(Se)BH,NMe;.

The solid-state structure of 2 exhibits the structural motif of
a B—As—Se chain, as has been observed for the diphenyl-
substituted derivative Ph,As(Se)BH,NMe;. The structural differ-
ences regarding the substitution pattern on the arsenic atom
are small. The As—Se and As—B bonds with 2.2592(3) A and
2.094(3) A, respectively, are both in the expected range and
slightly elongated compared to Ph,As(Se)BH,NMe;. The bond
angles around the arsenic atom reveal a distorted tetrahedral
environment with a B—As—Se bond angle of 119.86(8)° and a
B—As—C bond angle of 108.99(11)°. Due to the asymmetric
substitution on the arsenic atom, two enantiomers are formed
during the reaction. As a racemic mixture of 1 is used as starting
material, also, both enantiomers are present in the unit cell as a
racemic mixture, disordered at the same position in the solid
state.

DFT calculations confirmed the exergonic nature of the
reaction with one equivalent of selenium, which is favored by
21.3 ki/mol. Although the reaction with two equivalents of
selenium is favored by about 45.6 kJ/mol according to the
computational data, experimental findings give no indication of
a stable product being formed, regardless of the conditions
applied. Most likely, this behavior is based in fast and energeti-
cally favored decomposition pathways in the presence of two
equivalents of Se.

Figure 1. Molecular structure of 2. Only the R enantiomer is depicted for
clarity. Thermal ellipsoids displayed at 50 % probability. Selected bond
distances [A] and angles [°]: As—Se 2.2592(3), As—B 2.094(3), As—C 1.989(2),
N-B 1.586(3); C—As—Se 110.17(7), C—As—B 108.99(11), B—As—Se 119.86(8).
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Reactivity towards sulfur

For the sulfurization reactions, two different reagents have
been used. Whereas the reaction with cyclohexenesulfide only
leads to an inseparable mixture of products accompanied by
immediate decomposition (for further information: SI, section
3), the reaction with elemental sulfur leads to full conversion
both for a 1:1 and a 1:2 stoichiometry accompanied by small
amounts of decomposition products (Scheme 3). The com-
pounds tBuAs(S)HBH,NMe; (3a) and tBuAs(S)SHBH,NMe; (3 b)
are obtained as yellow oils and characterized by multinuclear
NMR spectroscopy, as no crystals suitable for X-ray diffraction
analysis could be obtained. 3a and 3b both exhibit a broad
singlet in the "B{'"H} NMR spectrum at 6=—0.7 ppm and =
—6.8 ppm, respectively. Further splitting in the "B NMR with a
similar "Jg of about 114 Hz is observed for both compounds.
The 'H NMR spectra of the two compounds reveal very similar
signals for the tBu group in the range of 6=1.3-1.1 ppm and
for NMe; at ca. =3 ppm. The broadened and partly over-
lapped signal corresponding to the BH, moiety is observed in
the region of 8 =2-3 ppm.

For 3b, a broad singlet for the S—H unit can be perceived at
0=2.84 ppm, whereas the spectrum of 3a exhibits a signal at
0=2.17 ppm, which can be assigned to the As—H moiety. ESI-
TOF mass spectra of 3a and 3b reveal peaks at m/z=236 and
m/z =268 Da, respectively, which correspond to the release of
H, from the compounds during the ionization process. After
storing a solution of 3a at —30°C for a week, additional signals
corresponding to 3b, 1 and BH;NMe; were observed in the ''B
NMR and mass spectra. This indicates an intermolecular sulfur
transfer between two equivalents of 3a in solution, which is
besides accompanied by decomposition processes.

Both the formation of 3a and 3b were additionally
investigated by DFT computations. In agreement with exper-
imental findings, the reactions shown in Scheme 3 are both
exergonic by 42.0 kJ/mol and 98.4 kJ/mol, respectively.

Regardless of numerous attempts to crystallize 3a or 3b, it
was not possible to obtain crystals suitable for X-ray diffraction
analysis. However, it was possible to isolate crystals of one of
the decomposition products (Figure 2) after storing a saturated

S H
1:1 N\ /
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H / \
tBu NMes
3a (36%)
H +88
_d-H
H//AS B\ toluene, 3h
B NMes -30 °C
S
1
12 \/\As—Ef/H
s -
HS / \
Bu NME3
3b (42%)

Scheme 3. Reaction of 1 with elemental sulfur.
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Figure 2. Molecular structure of 4 in the solid state. Solvent molecules in the
unit cell are not depicted for clarity. Thermal ellipsoids displayed at 50 %
probability. Selected bond distances [A] and angles [°]: As1-S1 2.2394(13),
As1-S2 2.1130(14), As2-S1 2.2822(13), As1-C 1.987(5), As1-B 2.077(6), B-N
1.579(7); S1-As2-S1 92.54(5), S2-As1-S1 108.24(6), C—As1-S1 103.33(18),
C—As1-52 110.5(2), B—As1-S1 105.0(2), B-As1-52 121.26(18), As1-51-As2
99.52(5)

solution of 3a for a week at —30°C. Compound 4 crystallizes in
the space group P3 as colorless blocks and consists of three
deprotonated moieties of 3 b, which are connected via a central
threefold coordinated arsenic atom. The As—S bond lengths
around the central arsenic atom are with 2.2822(13) A in the
range of As—S single bonds, slightly longer than the ones
connected with the arsanylborane moiety with 2.2394(13) A.
They are both notably longer than the terminal As—S bonds
present in the molecule with 2.1130(14) A. This is in agreement
with the more double bond character of these bonds and is
comparable to the already known Ph,As(S)BH,NMe;. The central
arsenic atom reveals a trigonal pyramidal arrangement with
symmetric S—As—S bond angles of about 92.54(5)°. All other
bond angles and bond lengths are in the range of single bonds.

As the formation for 4 is not unambiguous, DFT calculations
were applied to identify a potential pathway (Scheme 4). The
proposed reaction is not only thermodynamically very favored,
but also in good agreement with some experimental findings: 4
was crystallized from a solution of 3a, so the already described
transformation of 3a to 3b under elimination of 1 would yield
the necessary starting materials for its synthesis. In addition,
after several days, NMR data of 3a solutions indicate a
decomposition pathway involving the formation of BH;NMe;.
Unfortunately, any attempts to synthesize 4 either from a 3:1
mixture of 3b and 1 or by reproducing the conditions from the
initial synthesis from a solution of 3a have not been successful
up to this point, although the decomposition of 3a under
formation of 3b and 1 in solution could be reproduced. This is,
however, not unexpected, as 4 represents an intermediate
product occurring during the decomposition.

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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Scheme 4. Proposed formation of 4 from a solution of 3a as indicated by
DFT calculations and experimental data.

Reactivity towards oxygen sources

The formation of pnictogenylborane-oxo compounds was
successful in the case of the phosphanylborane derivatives, but
for both the parent arsanylborane AsH,BH,NMe; and the
substituted Ph,AsBH,NMe; no oxo species could be isolated so
far due to the rapid decomposition of the products."®'® In the
case of the latter, the resulting species Ph,As(O)BH,NMe; could
only be characterized in solution at low temperatures. To obtain
an isolatable oxidation product for the tBu derivative, four
different oxidizing agents were applied. While successful for the
oxidation of phosphanylboranes, Me,;Si—O—0-SiMe; did not lead
to a controllable reaction with 1, but only to inseparable
product mixtures accompanied by insoluble decomposition
products even at low temperatures.

When reacting one equivalent of MesCNO with 1 in toluene
at —30°C, a rapid formation of a white precipitate was
observed. The thus obtained analytically pure powder, although
very instable in solution, can be recrystallized to gain single
crystals suitable for X-ray diffraction analysis. The solid-state
structure of the product 5 (Figure 3) reveals not to be the
arsanylborane oxide, but a product of a hydroarsination
reaction of the nitriloxide group (Scheme 5).

In the solid-state structure of 5 (Figure 3), the newformed
C—As bond is with 1.9799(15) A in the range of a single bond.
The arrangement around the originally sp-hybridized carbon
atom at the N-oxide group changes to a distorted trigonal

Eur. J. Inorg. Chem. 2023, 202300338 (4 of 8)

Figure 3. Molecular structure of 5 in the solid state. Thermal ellipsoids
displayed at 50% probability. Selected bond distances [A] and angles [°]: As-
Cigy 2.0255(15), As-Cono 1.9799(15), As—B 2.1056(17), N—O 1.4218(16), N-Cepo
1.281(2), BN 1.625(2); Cy5,-As—B 103.25(7), Cono-As-Cig, 106.43(6), Copno-As—B
98.98(6), Ceno-N—0 113.36(12), N—B—As 110.61(10), Cpes-Ceno-As 124.53(10), N-
Ceno-As 121.59(11).

H

/
_as—B—H
H \
tBu NMes OH
1 N H H
toluene, 3h | \B/
+ b ~
®/O@ 30°C Als NMej;
N tBu
=
5 (80%)

Scheme 5. Reaction of 1 with mesitylnitrile-N-oxide.

planar arrangement with a C—C—As bond angle of 124.53(10)°
and an N-C—As bond angle of 121.59(11)°. Compared to
MesCNO, the C—N bond is elongated with 1.281(2) A, whereas
the N—O bond is slightly shortened to 1.4218(16) A. The bond
length of this O—H group is in the expected range for a O—H
single bond. This newformed —OH group allows the formation
of hydrogen bonds and leads to the hydrogen-bridged dimer in
the solid state.

DFT calculations have revealed that the formation of 5 is
slightly endergonic with 20 kJ/mol, but due to the additional
stabilization by dimerization, the formation is energetically
favored.

Despite the very rapid decomposition of 5 in solution, it was
possible to characterize 5 by multinuclear NMR spectroscopy by
minimizing the time in solution before and during the measure-
ments. In the ""B{'"H} NMR spectrum, 5 reveals a singlet at =
—2.5 ppm, which, in the "B NMR spectrum, shows broadening
without revealing a clear coupling pattern. In the '"H NMR
spectrum, in addition to the signals for the NMe, group at 6 =
2.77 ppm and the tBu group at 0=0.90 ppm, especially the
absence of an As—H signal with instead a broad singlet

© 2023 The Authors. European Journal of Inorganic Chemistry published by Wiley-VCH GmbH
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representing the O—H moiety at =7.7 ppm is noteworthy. The
signal corresponding to the BH, group cannot be assigned due
to being heavily overlapped by signals corresponding to the
CH; groups of the mesityl group as well as the tBu and the
NMe; group. The ESI-TOF mass spectrum of 5 in CH;CN shows a
peak at m/z=350 Da. This matches 5 to an [M-OH]* moiety
which is formed during the ionization of 5 by the cleavage of
H,O initiated by the addition of H* during the ionization.

Since 5 was still not the desired oxo-arsanylborane, a
different oxidizing agent was applied. Therefore, the reaction
with one or two equivalents of trimethylamine-N-oxide was
performed. For both cases, the reactivity of 1 towards the
oxidizing agent is significantly lower than towards the pre-
viously used oxidizing agents. Nevertheless, full conversion to
the two different oxidized compounds 6a and 6 b was observed
after 16 h at room temperature according to NMR spectroscopic
monitoring of the reaction solution (Scheme 6). In contrast to
the reaction with other oxidizing agents, these reactions are
clean, and only if the compounds remain in solution for several
days at room temperature, decomposition is observed.

In the ""B{'"H} NMR spectrum of 6a, a slight low field shift
compared to 1 can be observed for the signal corresponding to
the BH, group, revealing a singlet at 8 =—0.4 ppm. For 6b, the
singlet is observed at 8 =—5.7 ppm. Unfortunately, the forma-
tion of a 1:2 mixture of 6a and 6b could not be prevented so
far despite applying various reaction conditions. As in the case
of the reaction with sulfur, the transformation of 6a to 6b
occurs under elimination of 1 accompanied by decomposition
reactions. In the "B NMR spectrum for both compounds, further
splitting into broad triplets with very similar 'J;,, coupling
constants of ca. 115 Hz is observed.

Also, the '"H NMR spectra of the two compounds reveal
some similar features due to their similar chemical nature. Both
show singlets for the NMe; and the tBu groups in the ranges at
0=2.7 ppm and 8 =1.1 ppm, respectively. In both cases, signals
corresponding to the BH, can be observed in the range of 6 =
2-3 ppm, but they are heavily broadened and superimposed.
The most significant difference is the signal corresponding to
the As—H group at d=1.73 ppm in the spectrum for 6a, which
is replaced by a low field shifted and very broad signal for the
OH-group at § =5.50 ppm in the case of 6b.

No crystals suitable for X-ray diffraction analysis could be
obtained for 6a, as either complete decomposition or trans-

O H
1:1 \\ /I _H
— _As—B—
"/ \NM
[5]
H MesN-O fBu *
As—g-H ——— 6a (39%)
H / \ toluene, 3h
Bu NMes  30°Ctort. C\’\ H
1 D
1:2
Bu NMe3
6b (45%)

Scheme 6. Reaction of 1 with trimethylamine-N-oxide.
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formation into 6b and 1 take place during the crystallization
process. Even though compound 6b also reveals rapid decom-
position in solution, it was possible to obtain single crystals
suitable for X-ray diffraction analysis by storing a saturated
solution in a 9:1 mixture of toluene and methanol at —30°C
(Figure 4).

6b crystallizes as colorless blocks in the space group P2,/c. In
the solid-state structure, two units of 6b are stabilized by hydrogen
bonds, arranged as a dimer. The As—B and As-tBu bonds in 6b are
slightly elongated compared to 1, but still in the range of a single
bond. The newformed As—O bonds are in the expected ranges:
With 1.683(16) A, the terminal As—O bond is in the range of a
double bond, whereas the bond to the OH group is longer with
1.7441(15) A and therefore in the expected range of a single bond.
The newformed O-H bond is rather short with 0.794(1) A and
therefore definitely a single bond, whereas the intermolecular
interaction clearly represents a hydrogen bond with 1.775(3) A. All
other bond lengths are in the expected range.

For compound 6b in solution, some unusual behavior was
observed: In the 'H NMR spectrum of freshly prepared and
precipitated 6b, an additional signal corresponding to about one
equivalent of NMe, is observed, which cannot be removed by
applying reduced pressure or washing the compound with apolar
solvents. The mass spectrum of this precipitate in CH;CN reveals a
strong peak at m/z=313 Da, which correlates with [M+NMe,]".
Therefore, it is likely that, in solution, after the formation of 6b,
adduct formation with one equivalent of NMe; takes place via a
hydrogen bond to the -OH group of 6b. However, this adduct
could not be crystallized. By cleaving the NMe;-adduct in the
presence of methanol, 6b could be obtained as colorless blocks in
small yields, as 6b, in the absence of an additional equivalent of

Figure 4. Molecular structure of 6b in the solid state. Thermal ellipsoids
displayed at 50% probability. Selected bond distances [A] and angles [°:
As—0O1 1.683(16), As—02 1.7441(15), As—C 1.971(2), As—B 2.056(3), B—N
1.600(3); 01-As—02 109.26(7), 01-As—C 107.39(9), O1-As—B 115.03(10), O2-
As—C 103.81(9), 02-As—B 108.96(9), C—As—B 111.79(10), N-B—As 112.22(14).
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NMe;, reveals dimerization in the solid state, leading to the
successful crystallization of the compound.

Compound 6b is also accessible by exposing compound 1 to a
controlled amount of air. By opening a flask containing a 0.5 M
solution of 1 in toluene for 30s without stirring, and then storing it
at —30°C for three days, a large number of colorless crystals of 6b
were isolated. X-ray diffraction analysis reveals that these temper-
ature-sensitive crystals consist of 6b, which forms additional
hydrogen bonds to 0.7 to 1 equivalents of water (Figure 5). The
interactions towards the H,O molecules are, with a distance of
1.940(2) A, longer than the hydrogen bonds that are responsible for
the dimer formation. Overall, the arrangement of the dimeric units
bridged by water forming a three-dimensional network in the solid
state is observed (for X-ray structure and further information refer
to SI).

DFT calculations on both the water-free 6b as well as 6b x H,0
have shown that in both cases the hydrogen bonds are essential
for the stabilization for the compound in the solid state, stabilizing
them by about 50 kJ/mol in the case of 6b and 70 kJ/mol in the
case of 6b x H,0. However, the experimental results show that
even though the additional hydrogen bonds offered by the
presence of water lead to thermodynamical stabilization, the further
degradation by the cleavage of the As—B bond is heavily favored in
the presence of water. Therefore, 6b x H,O is very instable at room
temperature in solution and in the solid state according to
experimental findings.

Figure 5. Molecular structure of a dimeric unit of 6b x H,O in the solid state.
Thermal ellipsoids displayed at 50% probability. Selected bond distances [A]
and angles [°]: As—O1 1.706(2), As—02 1.719(2), As—C 1.971(3), As—B 2.066(4),
B—N 1.587(5); O1-As—02 107.84(11), O1-As—C 105.44(11), O1-As—B
117.79(16), 02-As—C 104.14(11), 02-As—B 111.25(16), C—As—B 109.39(14),
N—-B—As 114.1(2).
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Tautomerization of compounds 2, 3a and 6a

However, for compounds 2, 3a and 6a, the products of the
reaction with one equivalent of the respective chalcogen, a
different isomer has to be considered (Scheme 7).

We also addressed the possibility of the isomerization of 2, 3a
and 6a into the corresponding tautomers by computations where
the H-As=E group is replaced by an As—E—H group. Two isomer-
ization pathways, mono- and bimolecular, were considered
(Scheme 8, f. SI for details). The reaction enthalpies and activation
enthalpies for both pathways are summarized in Table 1.

The 'BuAs(EH)BH,NMe, tautomers are predicted to be more
stable for all E, but the energy differences between the isomers
decreases in the order O>S>Se. The activation barriers for the
monomolecular isomerization are quite high (above 137 kimol™)
and increase in the order Se <S< O (Table 1). Thus, it appears that
a monomolecular hydrogen shift is kinetically hindered for all
studied compounds.

E\\ H
/ /
As—B—H ———= _As—B—H
H \ HE / \
tBu NMe3 Bu NMe3
E=Se2 E=Se2
E=S 3a E=S 3a'
E=0 6a E=0 6a'
Scheme 7. Tautomerization of the compounds 2, 3a and 6a.
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Scheme 8. Simplified isomerization pathways, computationally investigated
for the formation of isomers of 2, 3a and 6a.
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Table 1. Reaction enthalpies AH°q and activation enthalpies AH*,g,
(kJmol™) for mono- and bimolecular isomerization pathways.

monomolecular bimolecular”

E AHOZQS AH”ZQS AHDZQB AH#ZQS
o) —60 185 —131 35
s -19 172 -31 67
Se -8 137 +2 79

¥ values per mol of dimer.

In contrast, the bimolecular pathway is highly exothermic for
E=0, exothermic in case of E=S and slightly endothermic in case
of E=Se. The activation enthalpies are much smaller, especially in
case of E=0. Computational results suggest, that in case of oxygen-
and sulfur-containing derivatives, the initial products 3a and 6a are
expected to intermolecularly isomerize to the according As—E—H
isomers 3a’ and 6a’, while in case of 2 such isomerization is
energetically unfavorable and is kinetically hindered.

Our computational findings are in qualitative agreement with
experimental observations. In the vibrational spectra of 3a and 6a
only weak bands for an As—H stretching bond are observed, while
peaks for an E—H vibration are clearly visible, indicating a mixture of
the two isomers. In the 'H NMR spectra of 3a and 6a signals
corresponding to a potential E-H group are observed alongside the
signals corresponding to the As—H moiety of the As=E isomer.
However, in all cases the compounds containing an As—H moiety
are the main product, indicating an isomerization in solution over
the time. Although not perfectly suited for the detection of H-
atoms, the single crystal XRD data indicates a product with an As—H
moiety in case of 2, which is in agreement with the computational
findings and the NMR spectroscopic data.

Conclusions

In summary, tBuAsHBH,NMe; (1) can serve as a promising starting
material for the synthesis of new compounds containing a group
13-15-16 structural motif. The reaction of 1 with grey selenium
leads to the selective formation of tBuAs(Se)HBH,NMe; (2), which
was isolated and fully characterized. The reaction with two
equivalents of Se only lead to the decomposition of the starting
material. In the case of sulfur, two different compounds
tBuAs(S)HBH,NMe, (3a) and tBuAs(S)SHBH,NMe; (3 b) were isolated
as oils and completely characterized in solution. However, the
characterization in the solid state was not possible, as the
compounds reveal rapid decomposition under crystallization con-
ditions despite various attempts to prevent this. Additionally, the
larger aggregate (Me;NBH,tBuAs(S)S);As (4), a decomposition
product of 3a, could be isolated and structurally characterized by X-
ray diffraction analysis and DFT computations. It reveals three
moieties of 3b connected via a central arsenic atom providing
valuable information on the decomposition pathway of 3a and 3b.

For the reaction of 1 towards oxygen sources such as MesCNO,
a novel example of an As—H activation leading to 1-
(Me;NBH,tBuAs—C-NOH)-2,4,6-methylbenzene (5) was observed.
Additionally, also the first isolatable oxo-arsanylboranes
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tBuAs(O)HBH,NMe; (6a) and tBuAs(O)OHBH,NMe; (6b) could be
synthesized and fully characterized. For 6b, also the X-ray structure
in the solid state could be obtained. This is the first ever example of
an isolated oxo-arsanylborane in the solid state, making 1 the so far
best arsanylborane to build up arsenic-based labile 13-15-16
compounds. This is even more noteworthy as the compounds
obtained from the reaction with the oxygen sources 5, 6a and 6b
are all very unstable in solution and decompose within short time
frames even at low temperatures. A similar decomposition behavior,
although at a slower pace, has also been observed for the sulfur
compounds 3a and 3b.

Additionally, computational studies concerning the tautomers
of compounds 2, 3a and 6a have been performed, indicating an
intermolecular transformation of the originally formed As—H
tautomers to the thermodynamically favored As—E—H isomers 3a’
and 6a’ in case of oxygen and sulfur. These results are additionally
supported by spectroscopic data, although no structural proof of
these isomers could be obtained.

Experimental Section

Experimental procedures for the synthesis of all compounds,
analytical data, quantum chemical calculations and X-ray crystallog-
raphy are described in the Supporting Information.

Deposition numbers CCDC-2267008 (2), CCDC-2267009 (4), CCDC-
2267010 (5), CCDC-2267011 (6b), and CCDC-2267012 (6b x H,0)
contain the supplementary crystallographic data for this paper. These
data are provided free of charge by the joint Cambridge Crystallo-
graphic Data Centre and Fachinformationszentrum Karlsruhe Access
Structures service.
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The controlled oxidation of the LB-sta-
bilized arsanylborane tBuAsHBH,NMe,
with the chalcogenes Se and Sg and
the oxidants mesitylnitrile-N-oxide
and trimethylamine-N-oxide is
reported. In addition to novel mixed
group 13-15-16 compounds including
the first isolable oxo-arsanylborane,
also a hydroarsination reaction occurs.
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trolled Oxidation of a Substituted Ar-
sanylborane as a Way to Labile
Group 13-15-16 Compounds
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