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Synthesis and Reactivity of a Lewis-Base-Stabilized tert-
Butyl Arsanylborane: A Versatile Building Block for Arsenic-
Boron Oligomers
Felix Lehnfeld,[a] Michael Seidl,[a] Alexey Y. Timoshkin,[b] and Manfred Scheer*[a]

The synthesis and reactivity of the tert-butyl-substituted
arsanylborane tBuAsHBH2 ·NMe3 (1) stabilized by a Lewis base
(LB) are reported. Compound 1 is obtained by the reaction of
in situ generated NatBuAsH with IBH2 ·NMe3. By the reaction of
1 with Lewis acids the neutral compounds
BBr3 · tBuAsHBH2 ·NMe3 (2) and BH3 · tBuAsHBH2 ·NMe3 (3) as well
as coordination products towards Group 6 metal complexes
[M(CO)4(tBuAsHBH2 ·NMe3)2] (M=Cr, Mo, W; 4a–c) are obtained.

Upon reaction with IBH2 · LB (LB=SMe2, NMe3), the cationic
oligomeric arsanylboranes [(Me3N ·BH2tBuAsHBH2 ·NMe3)]I (5)
and [H2B(tBuAsHBH2 ·NMe3)2]I (6) were isolated. Compound 1
was also used as starting material for the synthesis of the first
oligomeric arsanylboranes obtained by thermal oligomerization
under different conditions. DFT computations support the
experimental observations.

Introduction

Inorganic main-group-based polymers are attractive materials
for many different applications, e. g. as ceramic precursors,
polyelectrolytes or in optoelectronics due to their broad
variety of properties.[1] Therefore, the targeted catenation of
non-carbon elements has been receiving increasing attention.
In the case of phosphorus, not only several chains of
polyphosphines and polyphosphorus anions are known,[2] but
also different catena-phosphorus cations, as reported by
Burford and Weigand et al.[3] On the other hand, for boron,
mainly the formation of higher aggregated clusters is known
with only few exceptions.[4] Besides some references to a linear
B8(NMe2)10,

[5] only B4(NMe2)6
[6] and cyclic B6(NMe2)6

[7] have
structurally been characterized. Additionally, B4R4 was reported
as a ligand in the coordination sphere of a transition metal
complex,[8] but, as for all other examples, organic substituents
are necessary for their stabilization.

Due to the isoelectronic relation between carbon com-
pounds and compounds consisting of group 13 and 15
elements, such compounds possess great potential as starting
material for main group-based catena compounds. In addition

to poly(amino)- and poly(phosphinoborane)s based on Lewis
acid/base adducts of the type R3E · E’R3 (E=group 15 element;
E’=group 13 element) obtained by dehydrogenation/dehy-
drocoupling reactions,[9] recently the polymerization of Zintl
type anions [BP2]

3� to 1D boron-phosphorus chains, composed
of pentagonal B2P3 rings, has been reported. Similar arsenic
based Zintl anions are known, but no similar polymerizations
have been reported to date.[10] Especially Lewis base-stabilized
pnictogenylboranes of the type R2EBH2 · LB (E=group 15
element; LB=Lewis base) exhibit a very promising reactivity
owing to their lone pair. Our group has reported numerous
different compounds of this type over the past years, including
the only hydrogen-substituted parent pnictogenylboranes
H2PBH2 · LB and H2AsBH2 · LB in addition to organosubstituted
derivatives.[11]

For Lewis base-stabilized phosphanylboranes, a very rich
chemistry was observed. Among the reported results are Lewis
acid adducts resulting in neutral catena compounds,[11a,b,12]

anionic chains obtained by the substitution of the Lewis base
by phoshanides[11a,13] as well as cationic group 13/15 catena
compounds by the reaction with IBH2 · LB.[11a,14] By reaction of
(OC)5W ·PH2BH2 · SMe2 with LB-stabilized pnictogenylboranes,
neutral mixed pnictogenylborane chains are accessible.[15] For
the parent phosphanylborane PH2BH2 ·NMe3, oligomeric com-
pounds can be obtained by reaction with [Cp2Ti(btmsa)]
(btmsa=bis(trimethylsilyl)acetylene)[16] as well as polymeric
materials under thermolytic conditions.[11c]

The mono tert-butyl-substituted phosphanylborane,
tBuPHBH2 ·NMe3, exhibits a good combination of steric bulk and
donor strength, making it an excellent starting material for the
generation of stable high-molecular weight polymers by metal-
free head-to-tail polymerization.[11c]

In contrast to the variety of phosphorus-boron catena
compounds, there are very few examples known for oligo-
meric compounds based on the heavier pnictogen homologue
arsenic. Reported examples require bulky organic substituents
on both the B and As atoms (I) or the stabilization by
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thermodynamically favorable ring systems (II) (Scheme 1).[17]

Only few catena compounds based on Lewis-base-stabilized
arsanylboranes (III and IV) have been reported recently.
Noteworthy examples include the neutral LA adducts
BH3 ·AsR2BH2 ·NMe3 (R=Ph or H; V)[11a,b] as well as the cationic
chain compounds [BH2(R2AsBH2 ·NMe3)2]I (R=Ph, H; VI) and
[Me3N ·BH2AsR2BH2 ·NMe3]I (R=Ph, H; VII).[11a,14] But neither the
parent arsanylborane H2AsBH2 ·NMe3 nor the diphenyl-substi-
tuted arsanylborane Ph2AsBH2 ·NMe3 are suitable as precursors
for neutral oligo- or poly(arsinoborane)s due to thermal
cleavage of the As� B bond in case of III or insufficient donor
strength of the arsenic atom in case of IV.

Therefore, transferring the very versatile reactivity of
tBuPHBH2 ·NMe3 to the corresponding arsanylborane
chemistry should allow for a relatively stable, while reactive
arsanylborane. Therefore, we targeted the synthesis of a
similar, monoalkyl-substituted arsanylborane as model com-
pound to be used as potential precursor for the generation of
oligomers.

Herein, we report the synthesis of tBuAsHBH2 ·NMe3, which
represents the first monoalkyl-substituted arsanylborane only
stabilized by a LB. The successful synthesis allows to inves-
tigate the reactivity of this new compound as a potential
starting material for both neutral and cationic arsenic-boron-
based catena compounds and oligomers.

Results and Discussion

The one-pot reaction of in situ generated NatBuAsH with
IBH2 ·NMe3 in THF leads to the LB-stabilized arsanylborane
tBuAsHBH2 ·NMe3 (1) in 51% yield. After metalation of tBuAsH2,

the dark brown suspension undergoes a color change to
colorless upon addition of IBH2 ·NMe3 and stirring overnight,
while showing full conversion to 1 according to 11B NMR
spectroscopy (Equation 1). In the 11B NMR spectrum of isolated
1, a triplet at δ= � 5.26 ppm with a coupling constant of 1JB,H =

109 Hz is observed, which is similar to already reported
arsanylboranes.[11a,b]

(1)

In the 1H NMR spectrum among the signals corresponding
to the NMe3 and the tBu groups at δ=1.92 ppm and δ=

1.62 ppm, respectively, two overlapping broad pseudo-quar-
tets for the diastereotopic hydrogen atoms bound to the
boron atom can be detected. In the 1H{11B} NMR spectrum, the
signals appear as two pseudo-triplets at δ=2.99 ppm and δ=

2.50 ppm with two very similar 2/3JH,H coupling constants of
about 8 Hz. The resonance signal corresponding to the As� H is
observed as a triplet at δ=1.89 ppm with a 3JH,H coupling
constant of 7.4 Hz, but the signal is partly overlapped by the
signal of the NMe3 group.

In contrast to the already reported arsanylboranes such as
AsH2BH2 ·NMe3 and Ph2AsBH2 ·NMe3, compound 1 is asym-
metrically substituted on the arsenic atom and therefore
occurs as two enantiomers. In the solid-state structure (Fig-
ure 1), both enantiomers are incurred as a racemate. The As� B
bond length of 2.079(5) Å is in the range of a single bond. The
boron atom shows a nearly tetrahedral environment, whereas
the arsenic atom possesses a distorted trigonal pyramidal
arrangement, with a B� As� C bond angle of 101.0(4)° which is
slightly more distorted in comparison to the phosphorus
analogue tBuPHBH2 ·NMe3.

[11c]

As the donor strength of the As atom is essential for its
potential use as building block for oligomeric compounds, its
reactivity towards Lewis acids (LAs) was investigated

Scheme 1. Selected examples of cyclic arsanylboranes, monomeric arsanyl-
boranes and derived catena compounds. R=H, Ph. Counterions are omitted
for clarity.

Figure 1. Molecular structure of 1. Only the S enantiomer is shown for clarity.
Thermal ellipsoids displayed at 50% probability. Selected bond distances (Å)
and angles [°]: N� B 1.619(3), B� As 2.079(5), As� C 1.941(18); N� B� As 109.7(2),
C� As� B 101.0(4).
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(Scheme 2). The reactions with the main group LAs BBr3 and
BH3 · SMe2 lead to the formation of the LA-LB-stabilized tert-
butylarsanylboranes BBr3 · tBuAsHBH2 ·NMe3 (2) and
BH3 · tBuAsHBH2 ·NMe3 (3), respectively. Both reactions proceed
almost quantitatively according to the 11B NMR spectroscopy,
but the products are only accessible in lower crystalline yields
due to the good solubility of 2 and 3. The signals correspond-
ing to the BBr3 and BH3 moiety in 2 and 3 can be observed at
δ= � 15.77 ppm and δ= � 35.87 ppm, respectively. In compar-

ison to the starting material 1, the signals for the BH2 groups
are slightly high-field shifted at δ= � 7.55 ppm and δ=

� 8.60 ppm for 2 and 3, respectively. For compound 2, the 1H
NMR spectrum exhibits low field shifts both for the signal
corresponding to the As� H to 3.88 ppm and for the tBu-group
to 2.82 ppm. The 1H NMR spectrum of 3 exhibits two broad
pseudo quartets for the BH2- and BH3-groups in the range of
1.7–2.7 ppm and 0.4–1.2 ppm, respectively. In addition to
multinuclear NMR spectroscopy, both compounds have been
characterized by X-ray structure analysis (Figure 2).

The inner As� B distances in 2 (2.093(5)) and 3 (2.070(6))
are in the range of an As� B single bond and only slightly
elongated in 3 in comparison to the starting material 1 due to
the stronger Lewis acidity and steric bulk of BBr3. The As� B
distances towards the LA are in both cases very similar
(2.064(5) (2) and 2.070(6) (3)) and in the range of an As� B
single bond.

For 2 and 3, two enantiomers are present in the solid state
due to the chirality of the arsenic atom. Whereas 3 crystallizes
in the space group P21/n with both enantiomers in the unit cell,
2 crystallizes in the acentric space group P212121, but represents
inversion twins.

Computed thermodynamic characteristics for the formation
of 2 and 3 are summarized in Table S4. Reactions of
tBuAsHBH2 ·NMe3 with BBr3 and BH3 · SMe2 are predicted to be
exergonic in solution, in agreement with experimental observa-
tions.

In addition to the reactivity towards main group LAs, also
the coordination chemistry towards Lewis acidic transition
metal complexes of group 6 metals was investigated. The
reaction of 1 with in situ prepared [W(CO)5(thf)] leads to a slight
color change to darker yellow, but no solid product could be
isolated (only an oily product).

To yield crystalline products, the group 6 complexes
[M(CO)4(nbd)] (M=Cr, Mo, W; nbd=norbornadiene) were used
as transition metal LAs instead. In all three cases, the
elimination of nbd and the coordination of two equivalents of
1 to the metal centre are observed in a quantitative reaction
according to 11B NMR spectra of the reaction solutions. In the
11B NMR spectra of 4a and 4c, only a slight change in the
chemical shift to δ= � 4.6 ppm could be observed, but it was
possible to obtain crystals of 4a–c suitable for X-ray diffraction
analysis, with moderate yields for 4a and 4c, but only few
single crystals for 4b (Figure 3). Also, the DFT computations
reveal that these reactions are exergonic in solution (Table S4).

4a–c crystallize in the monoclinic space group P21/n. All
relevant bond lengths and bond angles are depicted in
Table 1. Whereas 4b and 4c show very similar structural
features, the Cr� As distance and bond angles such as the
As1� Cr� As2 one differ slightly for 4a due to the smaller atom

Scheme 2. Reaction of 1 with main group and transition metal Lewis acids;
isolated crystalline yields in parentheses (nbd=norbornadiene).

Figure 2. Molecular structure of 2 and 3. Thermal ellipsoids displayed at 50%
probability. Selected bond distances (Å) and angles [°]: 2) As� B1 2.064(5),
As� B2 2.093(5), As� C 1.986(5), N� B2 1.597(7); C� As� B1 116.1(2), C� As1� B2
108.8(2), B1� As� B2 111.9(2), N� B2� As 114.9(3); 3) As� C 1.976(5), As� B1
2.075(6), As� B2 2.070(6), N� B1 1.583(7); C� As� B1 104.1(2), C� As� B2 111.7(3),
B2� As� B1 123.6(3), N� B1� As 115.0(4).

Table 1. Selected bond distances [Å] and angles [°] of compounds 4a–c.

4a 4b 4c

M� As1/M� As2 [Å] 2.5168(2)/2.5163(2) 2.6666(3)/2.6595(3) 2.6513(4)/2.6501(5)
As1� M� As1 [°] 90.417(7) 88.895(8) 88.719(14)
C� As1� M/C� As2-M [°] 117.35(4)/117.92(4) 119.34(8)/118.05(7) 118.36(12)/119.16(12)
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radius compared to 4b and 4c. Concerning the stereo-
chemistry of 4a–c, one important difference was observed:
Whereas in 4a and 4b, two molecules of 1 with the same
configuration coordinate to the metal centre, leading to RR or
SS configuration with both enantiomers found in the unit cell,
the tungsten derivative 4c exists as a meso-isomer.

Having established that the donor strength of the As atom
in the tert-butyl-substituted arsanylborane is sufficient, we
were furthermore interested in the formation of cationic
oligomeric chain-like compounds by reacting 1 with IBH2 · LB
(LB=NMe3, SMe2). Depending on the substituted LB, the
formation of [Me3N · BH2tBuAsHBH2 ·NMe3]I (5) or [H2B-
(tBuAsHBH2 ·NMe3)2]I (6) is observed (Scheme 3).

Both reactions show full conversion according to the 11B
NMR spectroscopy of the reaction mixture, with 5 and 6 as the

only products. Whereas 5 could be isolated in a crystalline
yield of 34%, 6 could only be obtained in solution. All
attempts to grow single crystals of 6 suitable for X-ray
diffraction analysis or precipitation of 6 failed due to
decomposition. Both 5 and 6 were characterized by multi-
nuclear NMR spectroscopy and 5 also by single crystal X-ray
structure analysis.

Both compounds 5 and 6 show a very similar high field
shifted signals for the NMe3-bonded BH2 groups at δ=

� 7.7 ppm (5) and δ= � 7.8 ppm (6), respectively. The signal
for the BH2 moiety between the two As centres in 6 is
observed as a broadened triplet at δ= � 34.4 ppm (Fig-
ure 4).[11a,14a] In the 1H NMR spectra of 5, the As� H signal is
shifted to lower field compared to 1 where it is found at
around δ=4.0 ppm. The signals corresponding to the BH2-
groups appear as a broad overlapping signal in the range
between 2 and 3 ppm. The signals corresponding to the NMe3

and tBu groups are shifted by about 1 ppm to lower field
compared to 1.

5 crystallizes as colorless blocks in the space group Pca21.
The solid-state structure reveals a central tert-butyl-substituted
AsH moiety that is connected to two BH2NMe3 groups via
As� B single bonds (Figure 5). The conformation of both As� B
bonds is almost eclipsed, leading to an overall almost
symmetric arrangement, as both As� B distances are very
similar (As� B1 2.074(5), As� B2 2.070(5)). The arsenic atom
reveals a distorted tetrahedral arrangement, with all non-
hydrogen-substituents exhibiting bond angles of approxi-
mately 114° around the As atom.

According to DFT calculations, the reaction of
tBuAsHBH2 ·NMe3 with IBH2 · SMe2 is predicted to be exergonic
in solution, in agreement with experimental observations. The
reaction with IBH2 ·NMe3 under formation of 5 is predicted to
be slightly endergonic, but the crystal lattice energy favors the
formation of a solid product (Table S4).

Figure 3. Molecular structure of 4a–c. Thermal ellipsoids displayed at 50%
probability. Selected bond distances (Å) and angles [°] are found in Table 1.

Scheme 3. Synthesis of three- and five-membered cationic chain-like com-
pounds starting from 1; yields of isolated product in parentheses.

Figure 4. 11B{1H} NMR spectrum (bottom) and 11B NMR spectrum (top) of 6 in
CD2Cl2 (*= impurity of IBH2SMe2).
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Having established 1 as a suitable starting material for the
targeted synthesis of cationic oligomeric compounds, the next
step was the synthesis of neutral oligomers. As in the case of
tBuPHBH2 ·NMe3, this was achieved by thermolysis
(Scheme 4).[11c] After already 40 h stirring at 80 °C, about 50%
conversion was detected in the 11B NMR spectrum, indicated
by a broad multiplet at δ= � 36.8 ppm. The conversion can be
increased by longer reaction times as well as higher temper-
atures. However, the thermolysis is always accompanied by
decomposition, visible in the precipitation of an insoluble
orange solid, which increases over time and with more
elevated temperatures.

Besides the insoluble orange solid, the obtained oil is very
soluble in polar and nonpolar organic solvents and was
characterized by ESI mass spectrometry. Hereby, it was
possible to identify NMe3-capped oligomeric fragments with
up to n=4 as well as oligomers missing the NMe3 group with
up to n=3. This indicates that, very probably, cyclic oligomers
are formed among presumably NMe3-capped linear oligomers.

To investigate the nature of the formed oligomers and their
relative stability, DFT computations were performed. Accord-
ing to the calculations, the oligomerization processes of 1 to
form catena-(tBuAsHBH2)n oligomers are thermodynamically
unfavorable and therefore highly unlikely even at 373 K, while
the formation of catena-(tBuAsHBH2)nNMe3 oligomers is exer-
gonic for n=3, 4 and cyclo-(tBuAsHBH2)n is exergonic for n=2,
3, 4.

For the oligomerization of tBuAsHBH2 ·NMe3 per one mole
of starting material, the formation of the trimeric cyclo-
(tBuAsHBH2)3 is predicted to be the most thermodynamically
favorable product both at 298 and at 373 K, followed by the
ring tetramer cyclo-(tBuAsHBH2)4, the ring dimer cyclo-
(tBuAsHBH2)2, the NMe3-stabilized chain tetramer catena-
(tBuAsHBH2)4NMe3 and the NMe3-stabilized chain trimer cate-
na-(tBuAsHBH2)3NMe3. Taking all information into account, the
most likely formed oligomers are summarized in Scheme 5.

Conclusion

In summary, a straightforward synthesis of an alkyl-substituted
monomeric arsanylborane tBuAsHBH2 ·NMe3 (1) stabilized only
by a Lewis base was developed. It was isolated in good yields
and showed high thermal stability. Using 1 as starting
material, it was possible to access numerous new products. In
addition to the neutral arsanylborane chain compounds
BBr3 · tBuAsHBH2 ·NMe3 (2) and BH3 · tBuAsHBH2 ·NMe3 (3) ob-
tained by the reaction with main group Lewis acids, also
coordination products with transition metal centres were
obtained. Taking into account the asymmetric nature of 1,
these coordination products as well as the crystallization of 2
in the acentric space group P212121 allow for some fascinating
insights into the stereochemistry of 1 and its products. It was
also shown that 1 is a suitable precursor for larger arsanylbor-
ane oligomers. Not only the cationic group 13/15-based
oligomers [Me3N ·BH2tBuAsHBH2 ·NMe3]I (5) or [H2B-
(tBuAsHBH2 ·NMe3)2]I (6) are accessible via reactions with
IBH2 · LB (LB=NMe3, SMe2), but it is also possible to obtain
neutral oligo(arsanylborane)s through thermolysis of 1. This
makes 1 not only the first asymmetrically substituted arsanyl-
borane only stabilized by an LB, but also the first isolable
arsanylborane to undergo metal-free head-to-tail oligomeriza-
tion under thermolytic conditions.

Experimental Section

Synthesis of tBuAsHBH2 ·NMe3 (1)

A solution of tBuAsH2 (5 mmol, 670 mg) in 5 mL toluene is added to
a suspension of NaNH2 (5 mmol, 195 mg) in 10 ml thf at 193 K. After
stirring for 16 h while slowly warming up to r.t., a deep brown
solution is obtained. A suspension of IBH2 ·NMe3 (5 mmol, 994 mg)
in 5 mL thf is added to this solution cooled to 193 K. After stirring
for 16 h while slowly warming up to r.t., a colorless solution and a
white precipitate are obtained. After carefully removing the solvent
under reduced pressure at 253 K, compound 1 is extracted with n-

Figure 5. Molecular structure of 5. The thermal ellipsoids are displayed at
50% probability. Selected bond distances (Å) and angles [°]: As� C 1.978(5),
As� B1 2.074(5), As� B2 2.070(5), N� B1 1.591(6), C� As1� B1 110.8(2), C� As1� B2
107.6(2), B2� As1� B1 114.2(2), N1� B1� As 114.2(3), N2� B2� As 114.3(3).

Scheme 4. Thermal oligomerization of 1.

Scheme 5. Structures of the most likely formed oligomers according to ESI-
MS results and DFT calculations. Reaction Gibbs energies ΔG°373 for the
formation of oligomer compounds from 1 (in kJ per mole of 1) (� 53 (left),
� 21 (middle), � 5 (right, n=3), � 20.5 (right, n=4)).

Research Article
doi.org/10.1002/ejic.202100930

5Eur. J. Inorg. Chem. 2021, 1–9 www.eurjic.org © 2021 The Authors. European Journal of Inorganic Chemistry published
by Wiley-VCH GmbH

These are not the final page numbers! ��

Wiley VCH Donnerstag, 25.11.2021

2199 / 227476 [S. 5/9] 1

www.eurjic.org


hexane (3x 10 mL) and filtrated over diatomaceous earth. After
carefully removing the solvent, compound 1 can be obtained as a
colorless liquid. 1 can be isolated as colorless blocks by storing a
saturated solution of 1 in n-hexane at 243 K. Yield: 523 mg
(2.55 mmol, 51%). 1H NMR (C6D6, 293 K) δ=3.5–2.0 (2H, br, 1JH,B =

109 Hz, BH2), 1.92 (9H, s, NMe3), 1.85 (1H, d, 3JH,H =7.4 Hz), 1.62 (9H,
s, tBu). 11B NMR (C6D6, 293 K) δ= � 5.26 (t, 1JH,B =109 Hz, BH2).

11B{1H}
NMR (C6D6, 293 K) δ= � 5.26 (s, BH2).

13C{1H} NMR (C6D6, 293 K) δ=

27.18 (s, (CH3)3C, 34.10 (s, (CH3)3C), 52.74 (s, NMe3). ESI-MS (CH2Cl2):
m/z=205.98. Elemental analysis (%) calculated for C7H21AsBN: C:
41.02, H: 10.33, N: 6.83; found: C: 41.16, H: 10.01, N: 6.72.

Synthesis of BBr3 · tBuAsHBH2 ·NMe3 (2)

To a solution of tBuAsHBH2 ·NMe3 (0.2 mmol, 41 mg) in 4 mL
toluene, BBr3 (0.2 mmol, 50 mg) is added at 273 K. After stirring at
273 K for 1 h, the solution is slowly warmed up to r.t. and continued
to be stirred for 16 h hours at r.t. All volatiles are removed under
reduced pressure and the obtained white, oily solid is washed with
two times 2 ml of n-hexane. 2 can be isolated as colorless blocks by
storing a saturated solution in CH3CN at 243 K. Yield: 13 mg
(0.03 mmol, 14%). 1H NMR (CD3CN, 293 K) δ=3.89 (1H, br, AsH),
2.83 (9H, s, NMe3) 3.0-2.0 (br, 2H, BH2), 1.48 (9H, s, tBu). 11B NMR
(CD3CN, 293 K) δ= � 15.77 (s, BBr3), � 7.55 (t, 1JH,B =117 Hz, BH2).

11B
{1H} NMR (CD3CN, 293 K) δ= � 15.77 (s, BBr3), � 7.55 (s, BH2). ESI-MS
(CH3CN): m/z=375.9 (M-Br� ). Elemental analysis (%) calculated for
C7H21AsB2Br3N: C: 18.46, H: 4.65, N: 3.08; found: C: 19.26, H: 4.44, N:
3.09; containing 1/12 n-hexane.

Synthesis of BH3 · tBuAsHBH2 ·NMe3 (3)

To a solution of tBuAsHBH2 ·NMe3 (0.2 mmol, 41 mg) in 3 ml
toluene, a solution of BH3 · SMe2 (0.2 mmol, 15 mg) in 0.4 mL
toluene is added at r.t. After stirring for 16 h at r.t., all volatiles are
removed under reduced pressure. The remaining solid is dissolved
in 5 mL n-hexane and filtrated over diatomaceous earth. 3 can be
isolated as colorless needles by storing a saturated solution in n-
hexane at 243 K. Yield: 8 mg (0.04 mmol, 18%). 1H NMR (C6D6,
293 K) δ=2.78 (9H, s, NMe3), 2.73–1.73 (2H, br, 1JH,B =112 Hz, BH2),
2.28 (1H, m, AsH), 1.2 (9H, s, tBu), 1.2–0.4 (3H, brq, 1JH,B =103 Hz,
BH3).

11B NMR (C6D6, 293 K) δ= � 35.87 (q, 1JH,B =103 Hz, BH3), � 8.60
(t, 1JH,B =112 Hz, BH2).

11B{1H} NMR (CD3CN, 293 K) δ= � 35.87 (s,
BH3), � 8.60 (s, BH2). ESI-MS (CH3CN): m/z=217.9 (M-H� ). Elemental
analysis (%) calculated for C7H24AsB2N: C: 38.42, H: 11.06, N: 6.40;
found: C: 39.53, H: 10.61, N: 6.45; containing 1/8 n-hexane.

Synthesis of [Cr(CO)4(tBuAsHBH2 ·NMe3)2] (4a)

To a solution of [Cr(CO)4(nbd)] (nbd=norbornadiene, 0.1 mmol,
26 mg) in 2 mL CH2Cl2, a solution of tBuAsHBH2 ·NMe3 (0.2 mmol,
41 mg) in 2 mL toluene is added at r.t.. After stirring for 16 h at r.t.,
the solution is filtrated. 4a can be isolated as yellow blocks by
layering a saturated CH2Cl2/toluene solution with n-hexane at
273 K. Yield: 23 mg (0.04 mmol, 40%). 1H NMR (CD2Cl2, 293 K) δ=

3.0–2.0 (4H, br, BH2), 2.78 (18H, s, NMe3), 1.68 (2H, s, AsH), 1.29 (18H,
s, tBu). 11B NMR (CD2Cl2, 293 K) δ= � 4.51 (t (br), 1JH,B =114 Hz, BH2).
11B{1H} NMR (CD2Cl2, 293 K) δ= � 4.51 (br, BH2).

13C{1H} NMR (CD2Cl2,
293 K) δ=231.4 (s, (CH3)3C, 231.2(s, (CH3)3C), 225.9 (s, NMe3), 32.54
(s, CO), 32.19 (s, CO), 31.87 (s, CO), 31.58 (s, CO).

Synthesis of [Mo(CO)4(tBuAsHBH2 ·NMe3)2] (4b)

To a solution of [Mo(CO)4(nbd)] (nbd=norbornadiene, 0.1 mmol,
30 mg) in 2 mL CH2Cl2, a solution of tBuAsHBH2 ·NMe3 (0.2 mmol,

41 mg) in 2 mL toluene is added at r.t. After stirring for 16 h at r.t.,
the solution is filtrated. 4b can be isolated as yellow blocks by
layering a saturated CH2Cl2/toluene solution with n-hexane at
273 K. Yield: few crystals (<10%).

Synthesis of [W(CO)4(tBuAsHBH2 ·NMe3)2] (4c)

To a solution of [W(CO)4(nbd)] (nbd=norbornadiene, 0.1 mmol,
39 mg) in 2 mL CH2Cl2, a solution of tBuAsHBH2 ·NMe3 (0.2 mmol,
41 mg) in 2 mL toluene is added at r.t.. After stirring for 16 h at r.t.,
the solution is filtrated. 4c can be isolated as yellow blocks by
layering a saturated CH2Cl2/toluene solution with n-hexane at
273 K. Yield: 16 mg (0.023 mmol, 23%). 1H NMR (CD2Cl2, 293 K) δ=

3.0–2.0 (4H, br, BH2), 2.78 (18H, s, NMe3), 1.68 (2H, m, AsH), 1.30
(18H, s, tBu). 11B NMR (CD2Cl2, 293 K) δ= � 4.96 (t (br), 1JH,B =105 Hz,
BH2).

11B{1H} NMR (CD2Cl2, 293 K) δ= � 4.96 (br, BH2).

Synthesis of [Me3N ·BH2-tBuAsH-BH2 ·NMe3]+ I� (5)

To a solution of IBH2 ·NMe3 (0.2 mmol, 40 mg) in 3 mL CH2Cl2, a
solution of tBuAsHBH2 ·NMe3 (0.2 mmol, 41 mg) in 2 mL toluene is
added dropwise at 243 K. The solution is stirred for 16 h while
allowed to reach r.t. After removing all volatiles under reduced
pressure, the obtained yellowish oil is suspended in benzene.
Benzene is removed under reduced pressure and the oil is dried in
vacuo. 5 can be isolated as colorless blocks by layering a saturated
CH2Cl2 solution with n-hexane at 273 K. Yield: 28 mg (0.07 mmol,
34%). 1H NMR (CD2Cl2, 293 K) δ=4.01 (1H, s, AsH), 3.1–1.8 (4H, br,
BH2), 2.91 (18H, s, NMe3), 1.32 (9H, s, tBu). 11B NMR (CD2Cl2, 293 K)
δ= � 7.72 (t, 1JH,B =116 Hz, BH2).

11B{1H} NMR (CD2Cl2, 293 K) δ=

� 7.72 (s, BH2).
13C{1H} NMR (CD2Cl2, 293 K) δ=45.1 (s, (CH3)3C), 32.3

(s, (CH3)3C), 29.6 (s, NMe3). ESI-MS (CH3CN): m/z=277.3 (M+).
Elemental analysis (%) calculated for C10H32AsB2N2I: C: 29.74, H: 7.99,
N: 6.94; found: C: 30.08, H: 7.77, N: 7.04.

Synthesis of [Me3N ·BH2-tBuAsH-BH2-tBuAsH-BH2 ·NMe3]
+I� (6)

To a solution of IBH2SMe2 (0.2 mmol, 40 mg) in 1 mL CH2Cl2, a
solution of tBuAsHBH2NMe3 (0.4 mmol, 82 mg) in 2 mL toluene is
added dropwise at 243 K. The solution is stirred for 16 h while
allowed to reach r.t. All attempts to isolate 6 as solid failed due to
decomposition, but it can be characterized in solution.

Thermolytic oligomerization of tBuAsHBH2 ·NMe3

A solution of tBuAsHBH2 ·NMe3 (0.2 mmol, 40 mg) in 1 mL toluene
is stirred at 80 °C for 40 h, the colorless solution turns slightly yellow
during that time. According to the 11B NMR, the reaction shows
50% conversation to oligomeric species. Increasing the reaction
time to 65 h or the temperature to 100 °C, augments conversion to
70%, but more decomposition product is formed as an orange
precipitate. 11B NMR (CD2Cl2, 293 K) δ= � 36.75 (t (br), 1JH,B =109 Hz).
11B{1H} NMR (CD2Cl2, 293 K) δ= � 36.75 (m (br))

DFT computations

The geometries of the compounds have been fully optimized with
gradient-corrected density functional theory (DFT) in form of
Becke’s three-parameter hybrid method B3LYP[18] with def2-SVP[19]

all electron basis set (ECP on Mo, W). Gaussian 09 program
package[20] was used throughout. All structures correspond to
minima on their respective potential energy surfaces as verified by
computation of second derivatives. Basis sets were obtained from
the EMSL basis set exchange database.[21] Standard entropies of the
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reactions in solution were estimated by taking into account the loss
of translational degrees of freedom upon solvation of one gaseous
mole in the inert solvent (90 Jmol� 1 K� 1).[22]

Deposition Numbers 2117548 (for 1), 2117549 (for 2), 2117530 (for
3), 2117531 (for 4a), 2117532 (for 4b), 2117533 (for 4c), and
2117534 (for 5) contain the supplementary crystallographic data for
this paper. These data are provided free of charge by the joint
Cambridge Crystallographic Data Centre and Fachinformationszen-
trum Karlsruhe Access Structures service www.ccdc.cam.ac.uk/
structures.
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The synthesis of the tert-butyl-substi-
tuted arsanylborane
tBuAsHBH2 ·NMe3 is reported. Its re-
activity towards main group Lewis
acids and transition metal
complexes, yielding various coordi-
nation products, is discussed. Fur-
thermore, it is used as starting
material in catenation and oligomeri-
zation processes, leading to cationic
catena compounds as well as to
neutral oligomers obtained by ther-
molysis.

F. Lehnfeld, Dr. M. Seidl, Prof. Dr. A. Y.
Timoshkin, Prof. Dr. M. Scheer*

1 – 9

Synthesis and Reactivity of a Lewis-
Base-Stabilized tert-Butyl Arsanyl-
borane: A Versatile Building Block
for Arsenic-Boron Oligomers

Wiley VCH Donnerstag, 25.11.2021

2199 / 227476 [S. 9/9] 1


