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Cycloaddition reactions of distibene [L(Me,;N)GaSb], (L = HC[C(Me)NDippl,; Dipp = 2,6-i-Pr,CgHz)= with
a series of organoazides RNz (R = Ph, p-CFsPh, 1-adamantyl (ada)) yielded azadistibiranes [L(Me,N)
GaSbI>NR (R = Ph 1, p-CFsPh 2, ada 3), whereas MesSiNs reacted with insertion into one Ga—Sb bond
and formation of L(Me,N)GaSbSb(NSiMes)Ga(NMe,)L (4). Analogous compounds 5 and 6 formed after
heating of 1 and 2 above 60 °C. Prolonged heating of 5 resulted in a [2 + 2] cycloaddition accompanied
by elimination of LGa(NMe,), and formation of tetrastibacyclobutane 7, while the reaction of 5 with
a second equivalent of PhNsz gave heteroleptic azadistibirane 9, which isomerized at elevated
temperature to distibene 10. Cycloaddition also occurred in reactions of [L(X)GaSb], (X = NMe,, OEt, Cl)
with MesSi(H)CN,, yielding distibiranes [L(X)GaSb],C(H)SiMes (X = NMe, 11, OEt 12, Cl 13). Compounds
1-13 were characterized by IR, UV-Vis and NMR spectroscopy and sc-XRD. The mechanism of the
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compounds were studied by DFT calculations.

Introduction

Homonuclear main group element compounds with 7 bonding
contribution have received increasing interest in the last decade
due to their promising reactivity in small molecule activation
reactions including catalytic processes." Double-bonded species
in principle should undergo cycloaddition reactions, which
belong to the most versatile synthetic tools in organic chemistry
(i.e. Diels-Alder reaction and Huisgen cycloaddition).> Heavier
homologues of alkenes, disilenes R,SiSiR, and digermenes
R,GeGeR,,* as well as diphosphenes RPPR were successfully
applied in a variety of [2 + n] (n = 1-4) cycloaddition reactions,*
and diphosphenes reacted with formation of diphosphiranes
and azadiphosphiranes (Scheme 1), respectively. In remarkable
contrast, virtually no reactions of heavier group 15 dipnictenes
RPnPnR containing Pn-Pn double bonds (Pn = As, Sb, Bi) are
known, most likely originating from the use of sterically
demanding organic substituents, which are applied to avoid the
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thermodynamically favored dimerization of heavier dipnictenes
to cyclotetrapnictanes (kinetic stabilization), which were ob-
tained from reduction reactions of RPnX, (X = halide).® Their
formation can be rationalized by [2 + 2] cycloaddition of tran-
sient dipnictenes, however, the reaction of isolated dipnictene
to cyclotetrapnictanes was not yet reported. Diels-Alder-type
cycloaddition reactions were only reported for trapped (tran-
sient) diarsenes containing sterically less demanding
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substituents,® e.g. 2,3-bistrifluoromethyl-2,3-arsabicyclo[2.2.2]
oct-5-ene was formed in a trapping reaction of in situ formed
[CF;As], with cyclohexadiene.® The 1,3 dipolar cycloaddition of
nitrile oxides (tmp)CNO (tmp = 2,4,6-(MeO);C¢H,, 2,4,6-
Me;CgH,) reported by Ohashi et al. to the best of our knowledge
therefore represents the only cycloaddition reaction of a dis-
tibene (I).” This group also reported on the formation of a single
product in the reaction of [(Bbt)Sb], (Bbt = 2,6-[CH(SiMe3),]-4-
[C(SiMe;);]-CeH,) with Me;SiN3, but the as-formed compound
could not be isolated due to its thermal instability. Apart from
these studies, only reactions of distibenes with chalcogens were
reported,’*”** vyielding three-membered seleno- and tellur-
odistibirane rings.

We are generally interested in the reactivity of electron-rich
L(X)Ga-substituted dipnictenes of the type [L(X)GaE], (E = As,
Sb, Bi),” and recently reported on cyclic voltammetry (CV)
studies and single electron reduction reactions, yielding dis-
tibene and dibismuthene radical anions.”® We now extended
our studies to cycloaddition reactions and herein report on
reactions of distibenes [L(X)GaSb], (X = Cl, OEt, NMe,) with
diazomethane Me;Si(H)CN, and a series of organoazides RNj,
yielding distibiranes (III) and azadistibiranes (IV), which were
found to rearrange upon heating with re-formation of the Sb-Sb
double bond and finally to tetrastibacyclobutane (II).

Results and discussion
Synthesis

[L(Me,N)GaSb], ** unselectively reacted with organoazides RN;
at ambient temperature with N, elimination and formation of
several reaction products according to "H NMR spectroscopic
studies (Fig. S46t). In contrast, dropwise addition of toluene
solutions of PhNj, p-CF;PhN; and 1-adaNj; to a cooled (—30 °C)
suspension of [L(Me,N)GaSb], and slow heating to ambient
temperature selectively gave azadistibiranes 1-3 (Scheme 2).
The reactions can be classified in a formal sense as [2 + 1]
cycloaddition reactions, but an initial [2 + 3] dipolar cycload-
dition followed by a rapid N, elimination is also plausible.>**'

View Article Online

Edge Article

However, temperature-dependent in situ "H NMR spectroscopic
studies, which were hampered by the low solubility of [L(Me,N)
GaSb],, did not show any additional (intermediate) resonances
others than those of azadistibirane 1, hence providing no hints
for a [2 + 3] cycloaddition mechanism (Fig. S471). In contrast,
the analogous reaction with Me;SiN; occurred with insertion of
the nitrene into the Ga-Sb bond and subsequent formation of
L(Me,N)GaSbSb(NSiMe;)Ga(NMe,)L (4). Comparable findings
were reported by Weigand et al. for reactions of diphosphenes
with RNj;, yielding azadiphosphiranes with aryl azides but
imine-substituted diphosphene with Me;SiN;."

The yield of azadistibiranes 1-3 significantly dropped with
increasing reaction times. At ambient temperature, toluene
solutions of 1 and 2 underwent slow rearrangement of the
nitrene unit and formation of compounds 5 and 6, while heat-
ing above 80 °C greatly increases the reaction speed. Azadisti-
birane 3 in contrast is thermally more stable and was found to
decompose unselectively starting at 80 °C. We failed to isolate
compound 5 and 6 in pure form due to their slow decomposi-
tion in solution (see "H-NMR Fig. $15 and $18t). Prolonged
heating of 5 at 100 °C for 120 h resulted in complete decom-
position with formation of LGa(NMe,), and tetra-
stibacyclobutane [(L(NPh)Ga-xGa,kN),-(,n***!-Sb,)] 7, which
precipitated due to its low solubility in toluene.

[L(Me,N)GaSb], was also reacted with two equivalents of
Me;SiN;, yielding a mixture of two species. Only the major
species 8, in which in contrast to compound 4 one NMe, group
is additionally replaced by an amide group (N(H)SiMej;), was
isolated by precipitation upon slow diffusion of CH;CN into the
toluene solution. The formation of 8 is unclear, and both
toluene and the methyl group of the pB-diketiminate ligand can
serve as the proton source.* In contrast, compound 5 was found
to react cleanly with a second equivalent of PhN; to azadisti-
birane 9, which isomerized to distibene 10 upon heating to
70 °C as well.

We also reacted distibenes [L(X)GaSb], (X = NMe,, OEt, Cl)
with Me;Si(H)CN, at ambient temperature (Scheme 3), yielding
distibiranes [L(X)GaSb],C(H)SiMe; (X = NMe, 11, OEt 12, C1 13)
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Scheme 2 Azadistibiranes 1-3 and distibenes 4—-6 formed by cycloaddition reactions of distibene [L(Me,N)GaSb], with organoazides. 5
dimerizes to cyclotetrastibane 7 upon thermal treatment and reacts with a second equivalent of PhNs to 9, which isomerizes to 10 upon heating.
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Scheme 3 Cycloaddition reactions of [L(X)Gal, with MezSi(H)CN, to
distibiranes 11-13.

with high selectivity. A low temperature in situ "H NMR study
showed that the reaction of [L(Me,N)GaSb], is fast and even at
—80 °C no reaction intermediates were detected (Fig. S48t).
Distibiranes 11-13 did not react with additional equivalents of
diazomethane or azides even at elevated temperature (100 °C).

Spectroscopic characterization

All compounds except 7 and 10 are soluble in non-polar solvents
such as n-hexane and toluene or solvents of intermediary
polarity such as thf, while they are insoluble in polar solvents,
i.e., DMF or acetonitrile. 7 and 10 are only slightly soluble in
toluene or benzene. They exhibit the typical resonance for the
L(X)Ga ligand with characteristic singlets around 5 ppm (y-H)
and 1.5-2 ppm (Me) of the B-diketiminate ligand, as well as sets
of doublets (2-0.5 ppm) and septets (4.5-2.5 ppm) for the iso-
propyl groups. Azadistibiranes 1 and 2 each exhibit a set of
resonance for the ortho-protons of the phenyl group, which are
shifted to 5.28 and 5.1 ppm, respectively. This shift to higher
field is less pronounced for 9 (5.9-6.1 ppm) and likely caused
due to the proximity to the Dipp groups, while insertion prod-
ucts 5, 6, and 10 and tetrastibacyclobutane 7 exhibit this reso-
nance in the typical range of aromatic amines. The proton
resonances of the Me;SiN units in 4 and 8 are found at 0.4 and
0.5 ppm and the N(H)SiMe; resonances in 8 at —0.6 ppm. Dis-
tibiranes 11-13 are unsymmetric molecules (C1 symmetry) with
restricted rotation, hence all carbon atoms (except Me;Si) are
magnetically inequivalent, leading to two y-H, four Me singlets,
16 doublets and 8 septets for the Dipp ligands, while the
CHSiMe; resonances are found at 1.81, 2.13 and 2.18 ppm,
respectively. In contrast, azadistibiranes 1-3 each show only
a single resonance for both y-H atoms. This finding either
points to trigonal planar-coordinated N atoms (compare R-C/
N-4 angle Table 2), to fast inversion processes or to an equi-
librium between the azadistibirane and the distibaimine 15 (see
Scheme 4). Since our calculated thermodynamic energies
(Scheme 4) don't support the formation of such an equilibrium,
we explain these findings by fast inversion processes, since the
inversion of ternary amines, in contrast to the heavier pnic-
togens, is typically very fast at room temperature.™

UV-Vis spectra of toluene solutions of 4-6 and 8 show
adsorption bands for the w7 — 7* transition between 494 and
502 nm," while 10 shows an absorption maxima at 584 nm
(Fig. S50%), which is red shifted compared to [L(Me,N)GaSb],
(430 nm)* and to amido-substituted distibenes (510-514 nm).*®

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Scheme 4 Proposed reaction mechanism for the azadistibiranes and
amidodistibenes formation from reactions with PhN3 and Me3zSiNs.
Free Gibbs energies (normalized to the respective 1,2-distibatriazene
in kcal mol™) of the optimized structures at the PBEQ/def2-SVP(D3BJ)
level of theory are given.

The red shift indicates a smaller w—mt* energy gap, most likely
due to the -donating NMe, groups, which increase the energy
level of the m-orbitals relative to the m*-orbitals and hence
decrease the transition energy (Fig. 2)."” In contrast, toluene
solutions of azadistibiranes 1-3 and distibiranes 11-13 are
slightly orange and yellow and only show weak adsorption
bands at the edge of the visible spectrum (Fig. S49 and S527),
which are partially overlayed by the adsorption of the L(Me,N)
Ga ligand.'®”

Single crystal X-ray structures

The molecular structures of 1-13 were determined by sc-XRD.
Single crystals were obtained from solutions in n-pentane (13,
Fig. S58%), n-hexane (4, Fig. S55;T 6, Fig. S567), benzene (11,
Fig. S571) and toluene (1, 7, 9, 10, Fig. 1; 2, Fig. S537) upon
storage at ambient temperature (7, 9, 10), 7 °C (11) or —30 °C (1,
2, 4, 13) for 48 h, respectively. Single crystals of 12 (Fig. 1) were
formed upon slow evaporation of a n-hexane solution and those
of 3 (Fig. S54t), 5 (Fig. 1) and 8 (Fig. 1) by slow diffusion of
CH,;CN into toluene solutions. 2 and 9-11 crystallize in the
triclinic crystal system (Tables S1a and bt) and all others in the
monoclinic crystal system. Selected bond lengths and angles of
distibenes 4-6, 8 and 10 are summarized and compared to those
of [L(Me,N)GaSb], in Table 1. The Sb-Sb bonds in the dis-
tibenes (2.6541(4) 4; 2.6750(3) 5; 2.6627(3) 6; 2.6534(5) 8;
2.6688(1) A 10) are slightly elongated compared to that of
[L(Me,N)GaSb], (2.6477(3) A). Remarkably, distibenes 4-6 show
short intramolecular N---Sb distances (2.472(3) 4; 2.395(1) 5;
2.424(2) A 6) between the NMe, group and the neighboring Sb
atom and elongated (by 0.1 A) Ga-NMe, bonds. This was neither
observed for distibene [L(X)GaSb], nor 8 and 10. Distibenes 4-6
also exhibit shorter Ga-Sb bond lengths (2.5836(5) 4; 2.5842(3)
5; 2.5834(4) A 6) compared to that of [L(Me,N)GaSb], (2.6200(4)
A). The electronegative imine ligand most likely increases the

Chem. Sci., 2022, 13, 3775-3786 | 3777
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Fig. 1 Molecular structures of [L(Me,N)GaSbl,NPh (1), [L(Me,N)GalSbSbIN(Ph)Ga(NMe,)L] (5), [(LIPhN)Ga-kGa,kN)s- (L 111-Sb,)l (7), [L(Me,N)
GalSbSb[N(SiMez)Ga(N(H)SiMes)L] (8), [L(Me,N)GaSb][L(Me,N)GaN(Ph)SbINPh (9), [L(Me,N)GaN(Ph)Sb], (10), and [L(EtO)GaSb],C(H)SiMes (12). H
atoms are omitted for clarity and displacement ellipsoids are drawn at the 50% probability level. For 7 and 10 the symmetry generated part is

displayed in pale colors.

electrophilicity of the Sb atom, which favors a dative intra-
molecular interaction of the amine group.

Selected bond lengths and angles of azadistibiranes 1-3, and
9 and distibiranes 11-13 are summarized in Table 2. Generally,
the Sb-Sb bond is significantly elongated compared to [L(Me,N)
GaSb], (2.6477(3) A) ranging from 2.7882(2) A (1) to 2.8291(3) A

(9) and thus lying in the typical range observed for distibanes
Sb,R, (2.77-3.07 A).*® The Sb-C/N bonds (Sb-C: 2.14-2.29 A; Sb-
N: 2.08-2.11 A) are in the typical single bond range (Sb-C: 2.04-
2.31 A; Sb-N: 1.95-2.58 A)* and the Sb-N-Sb bond angles of the
azadistibiranes (83.15(4) 1; 83.0(1) 2; 83.3(1) 3; 87.28(7)° 9) are
slightly larger than those of the distibiranes (78.0(1) 11; 78.4(2)

Table 1 Selected bond lengths [A] and angles [°] of distibenes 4—6, 8, 10 and of the parent distibene [L(Me,N)GaSbl, % for comparison

[L(Me,N)GaSb],* 4 5 6 8 10°

Sb-Sb 2.6477(3) 2.6541(4) 2.6750(3) 2.6627(3) 2.6534(5) 2.6688(1)
Sb-Ga 2.6200(4) 2.5836(5) 2.5842(3) 2.5834(4) 2.6241(5) 3.2907(4)
Sb-N — 2.089(2) 2.096(1) 2.111(2) 2.071(2) 2.0727(8)
Sb-(NMe,) 3.825(1) 2.472(3) 2.395(1) 2.424(2) 5.102(3)" 3.865(1)
Ga-N — 1.863(2) 1.865(1) 1.874(2) 1.917(2) 1.8818(8)
Ga—(NMe,)* 1.856(1) 1.943(2) 1.955(1) 1.949(2) 1.857(2)° 1.8524(8)
N-Sb-N® — 74.71(9) 72.54(5) 72.53(8) — —
N-Ga-N* — 94.0(1) 88.57(5) 89.60(9) — —
[N-Sb-Ga-N|* — 171.2(1) 152.52(8) 166.0(2) — —

“ Values are discussed for the amido substituted part. ” Here N(H)SiMe;. © Inversion symmetry.
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Table 2 Selected bond lengths [A] and angles [°] of azadistibiranes 1-3 and 9, and distibiranes 11-13“

Sb-Sb Sb-C/N Sb-Ga Sb-C/N-Sb C/N-Sb-Sb Ga-Sb-4 R-C/N-4

1 2.7882(2) 2.114(1) 2.6520(2) 83.15(4) 48.84(3) 102.90(2) 140.2(1)
2.087(1) 2.6564(2) 48.01(3) 104.91(3)

2 2.778(3)" 2.113(3) 2.6434(3) 83.0(1)° 48.98(9)° 101.82(2)° 141.9(5)"
2.080(3)" 2.649(3)" 48.00(9)" 103.7(1)°

3 2.7987(4) 2.099(3) 2.6477(4) 83.3(1) 48.56(8) 104.67(2) 143.4(3)
2.113(3) 2.6950(5) 48.13(8) 110.71(3)

9 2.8291(3) 2.080(2) 2.6540(3) 87.28(7) 45.48(5) 102.36(2) 171.9(2)
2.019(2) 2.058(2)° 47.24(5) 101.03(5)¢

11 2.7912(5) 2.139(3)° 2.6431(6) 78.0(1)° 48.55(9)° 114.56(3)° 138.4(3)°
2.294(4)° 2.6400(6) 53.48(9)° 100.25(3)°

12 2.7912(7) 2.219(8) 2.623(1) 78.4(2) 51.2(2) 93.67(6) 142.3(6)
2.196(8) 2.627(1) 50.4(2) 105.94(5)

13 2.7991(3) 2.225(4)° 2.6213(4) 79.2(1)° 51.3(1)° 96.70(3)° 135.9(3)°
2.164(4)° 2.6521(4) 49.4(1)° 107.34(2)°

“ A: centre of the plane span by Sb-Sb-C/N triangle. * Values are discussed for average of the disordered L(Me,N)GaSbN-p-CF;-Ph dpart. ¢ Values are

discussed for the major component of the disordered C(H)SiMe; part. In both cases the values should be interpreted with caution.

Ga.

12; 79.2(1)° 13). The angles deviate from the ideal tetrahedral
angle for a sp*>-hybridized N atom and from the 90° angle ex-
pected for an unhybridized Sb atom, most likely resulting from
the ring strain. Although the azadistibiranes have formally six
electrons (three pnictogen electron lonepairs), Hiickel aroma-
ticity can be excluded since both Sb ligands adopt almost
perpendicular orientations to the plane in the E configuration
(94-115°; Table 2) and the bond length within the three-
membered rings are more in line with single bonds.

Tetrastibacyclobutane 7 shows an inversion center in the Sb,
plane. The Sb-Sb bond lengths (2.8837(2), 2.8449(2) A) and Sb-
Sb-Sb bond angles (94.982(6), 85.018(6)°) within the Sb, ring
slightly deviate from those expected for an ideal square. The Ga-
N (1.890(2) A), Sb-N (2.083(2) A) and Ga-Sb bond lengths
(2.6221(3) A) are in the typical range of single bonds. The almost
flat Ga-Sb-Sb-N unit (torsion angle of —4.13(5)°) resembles
a distorted trapezoid, which adopts a perpendicular orientation
to the Sb, plane. The Sb-Sb bond lengths are in the typical
range reported for Sb-Sb single bonds,'® whereas the shortest
diagonal Sb-Sb distance (4.2230(4) A) is far longer than that
observed in [{L(X)Ga},-u,n""'-Sb,] obtained directly from ther-
molysis of [L(Me,N)GaSb],.>**

Quantum chemical calculations

The reactions of [L(Me,N)GaSb], with PhN; and Me;SiN; were
investigated by quantum chemical calculations at the PBEO
level of theory.”® Weigand et al. proposed for reactions of the
diphosphene cation [(“ITm”"PP)P=P(Dipp)]" with RN; (R =
Me;Si, Dipp) the initial formation of diphosphatriazoles via 1,3-
dipolar cycloaddition,"” which upon elimination of N, either
formed diphospheneimine (Me;SiN3) or rearranged to azadi-
phosphirane (DippN3). A similar mechanism is likely in our
reactions with PhN; and Me;SiN;, and both the distibatriazole
(14) and the distibaimine (15) were found as minima on the
energy surface (Scheme 4). The elimination of N, by a retro [3 +
2] cycloaddition reaction is energetically favored by —15

© 2022 The Author(s). Published by the Royal Society of Chemistry

N(Ph) instead of

(Me;SiN;) and —3 kecal mol™' (PhNj;), respectively, which is
more than 14 kcal mol™" less favored compared to the phos-
phorous species. This might explain why Tokitoh et al. observed
no reactivity of [(Bbt)Bi], in cycloaddition reaction compared to
[(Bbt)Sb],.”” The formation of both imine structures is ther-
modynamically unfavored and were not observed by 'H NMR
spectroscopy, but they are still likely intermediates in the rear-
rangement of azadistibiranes to distibenes 4 and 5. The AG
values of 25-30 keal mol " are in line with slow transformations
at 20 °C but fast at 100 °C, but different pathways for the rear-
rangement reactions can't be excluded.

In case of NSiMe;-substituted species, compound 4 is almost
9 keal mol~" more favored than compound 5 with respect to the
corresponding azadistibiranes 16 and 1, although this finding is
not directly related to the activation barrier. The experimental
findings suggest that for 15” the [1,2] sigmatropic shift reaction
to 4 is both kinetically and thermodynamically favored, whereas
compound 1 was isolated in almost quantitative yield upon
performing the reaction at low temperature.

A similar mechanism was postulated for reactions of
diphosphenes with diazomethanes, and the (intermediary)
formation of hydro-diphosphapyrazol and methylene-
diphosphene was observed by in situ *'P-NMR spectroscopy.?*
We identified the corresponding hydrodistibapyrazol (14"),
methylenedistibene (15”) and the insertion product (17) as
minima on the energy surface (Scheme 4). In contrast to the
azadistibiranes (1, 16), the corresponding distibirane 11 is
energetically favored by 4.5 kcal mol™" compared to the
respective insertion product 17, explaining the higher thermal
stability of 11. In addition, the energy difference between 15"
and 11 (43.8 kcal mol ') is much larger than those observed for
the corresponding imine compounds 15’ vs. 1 (25.6 kcal mol ™)
and 15" vs. 16 (29.2 kcal mol '), respectively, making its
formation upon heating rather unlikely. This perfectly agrees
with our experimental findings since no intermediates were
observed even at very low reaction temperatures (—80 °C).
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E [eV]

HOMO-1 -5.25eV

HOMO-1 -4.96 eV

Fig. 2 Section of the MO diagram of [L(Me,N)GaSbSbN(SiMes)
Ga(NMe)L] (4) and [L(Me,N)Ga(NPh)Sbl, (10), isovalue 0.03.%

To the best of our knowledge, distibenes 4, 5 and 8 represent
the only structurally characterized heteroleptic distibenes. The
LUMO of distibenes is typically represented by a low-lying w*
orbital, whereas the level of the molecular orbitals of the 7
orbitals are somewhat indistinct since their energy levels are
close to those of n, orbital.>*** In contrast, both the 7 and ¢ Sb-Sb
orbitals of 4 and 5 correspond to the HOMO and HOMO-1,
respectively (Fig. S591), whereas the LUMO is centered at the -
diketiminate ligand and the LUMO+1 is Sb-centred. In addition,
these orbitals are significantly polarized towards the Ga-
substituted Sb atom. Interestingly for the bisamido-substituted
distibene 10 the LUMO is also Sb-centred (Fig. 2).

The bonding nature was further analysed by natural pop-
ulation analysis (NPA, Table S371).2> Compared to [L(Me;,N)
GaSb], (—0.16 e) the natural charge on the Ga-substituted Sb
atom decreased (—0.69 4, —0.66 e 5) while the charge on the
amido-substituted Sb atom increased (1.05 4, 1.08 e 5),
respectively. The charge is even higher than that of distibene
10 (0.63 €). The w-bond is analogously polarized (occupation
numbers (ON) 7 1.89 e (4), ON 7 1.89 e (5) with 71.9% and
71.1% polarization towards the Ga-substituted Sb atom), and
the positively polarized Sb atom enables the dative interaction
of the NMe, group. The Wiberg bond order (WBI) of the Sb-
NMe, bond is roughly half of that of the Sb-NR bond (0.22,
0.49 4; 0.21, 0.49 5). Second order perturbation theory analysis
revealed that the main interaction is the donation of the N-LP
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Scheme 5 The ring strain was estimated on the PBEO(def2-TZVP/
D3BJ) level of theory with the isodesmic model reaction of a bisdi-
methylamido-substituted distibane to dimethylamine substituted
azadistibirane. For comparison the analog method was applied to
cyclopropane yielding 25.4 kcal mol™, which is close to the accepted
value of 27.5 kcal mol~t.24

Fig. 3 Depiction of the electron difference density of the ground and
excited state of the dominant 4th (left 456 nm) and 3rd (right 463 nm)
excitation calculated by tddft [L(Me,N)GaSbSbN(Ph)Ga(NMe,)L] (5),
blue hole and red accumulation.?®

(lone pair) into the Sb-Sb 7* orbital (21 kcal mol™* 4 and 5),
which most likely is the main driving force for the ring
opening together with the ring strain (Scheme 5).

In addition, TDDFT calculations of 4, 5 and 10 were per-
formed and compared to experimental UV-Vis-data (Table
S2%1). As was reported for [L(Me,N)GaSb],,"** one dominant
transition at 563 nm was found for 10 (Fig. S627), which fits
nicely to the experimental data. 87% of the transition orbitals
comprise of the HOMO and LUMO orbitals, corresponding to
known m® — w* transition for distibenes.” Four and two
transitions in the visible region of similar intensity and
energy were found for 4 (Fig. S607) and 5 (Fig. S617), which are
blue shifted compared to experimental values. The HOMO
and LUMO+1 orbitals are the main contributions to the w —
7* transition. Due to the polarized Sb-Sb double bond, the
ground state is centred on the L(NMe,)Ga-substituted Sb
atom and the excited state on the RN-substituted Sb atom
(Fig. 3). The HOMO—1 — LUMO transition contributes to the
adsorption band of 4 and 5 in the visible region and can be
regarded as metal-to-ligand charge transfer (MLCT) transition
as the HOMO—1 (Fig. 2) correlates to the Sb-Sb o-bond and
the LUMO is ligand centred and correlates to C-N w*-bond of
the pB-diketiminate ligand.

The bonding situation of the three-membered rings was
also investigated by the atoms in molecules approach (AIM,
Tables S4 and S5).1>° The nuclear attractors within the rings
are connected to each other via bond paths. The Sb-Sb bond

© 2022 The Author(s). Published by the Royal Society of Chemistry
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Fig. 4 Contour maps of the Laplacian of the electron density (left
negative values red, positive blue), bond paths (brown), bcp (light blue),
rcp (orange) and basin boundaries (dark blue) are indicated and ELF
distribution (right), in the Sb—X-Sb plane of [L(Me,N)GaSb],NSiMes
(16) (top) and [L(Me,N)GaSb],C(H)SiMes (11) (bottom). Occupation
numbers (ON, |e|) of the oXY bonds according to NBO analysis with
squared polarization coefficients and the natural charge is given.

is significantly bent outwards as indicated by ELF distribution
(see Fig. 4).>° The ring atoms are connected by polarized o-
bond (NBO) with occupation numbers close to two. NHO
directionality and bond bending analysis showed high devi-
ation from the line connecting the nuclear centers (Sb-Sb
33.7°). In contrast, the electron concentration of the C/N-Sb
bond is within the spanned triangle and the ring critical point
(RCP) is in proximity to the bond critical point (BCP) of the
Sb-Sb bond.

Conclusion

L(X)Ga-substituted distibenes react with organoazides RN; (R:
Ph 1, p-CF;Ph 2, ada 3) and Me;Si(H)CN, in [2 + 1] cycloaddition
reactions to azadistibiranes 1-3 and distibiranes 11-13 (X =
NMe, 11, OEt 12, Cl 13). While cycloaddition reactions are
known for diphosphenes, analogous reactions of the heavier
group 15 congeners are virtually unknown. Azadistibiranes 1-3
rearrange upon heating to heteroleptic distibenes, formally via
insertion of the nitrene unit into the Ga-Sb bond (5, 6), which
occurred directly in the reaction with Me;SiN; (4).

5 furthermore reacts with a second equivalent of PhN; to
unsymmetric azadistibirane 9, which isomerizes at elevated
temperature to the homoleptic distibene 10. In addition, the [2
+ 2] cycloaddition of 5 yields tetrastibacyclobutane 7. Hetero-
leptic distibenes 4 and 5 showed smaller w—m* gaps compared
to the homoleptic distibene [L(Me,N)GaSb], according to UV-
Vis measurements, and quantum chemical calculations
suggest strongly polarized Sb-Sb double bonds. In addition, the
m-donating N(R)Ga unit raises the energy of the Sb-Sb bonding
orbitals. The HOMO and HOMO-1 correspond to the Sb-Sb

© 2022 The Author(s). Published by the Royal Society of Chemistry

View Article Online

Chemical Science

bonding m and o orbitals of 4, 5 and 10, rendering them
attractive candidates for the synthesis of unknown distibene
radical cations, which is currently under investigation.

Experimental
General procedures

All manipulations were carried out using standard Schlenk and
glovebox techniques under argon, which was dried by passing
through pre-heated Cu,O pellets and molecular sieve columns.
Toluene, n-pentane and n-hexane were dried with a MBraun
Solvent Purification System, while benzene and deuterated
solvents (toluene-dg, C¢Dg) were distilled from Na/K alloy, and
CH;CN was distilled from CaH,. All solvents were degassed and
stored over activated molecular sieves. [L(Cl)GaSb],,” [L(EtO)
GasSb],,* and [L(Me,N)GaSb], ** were prepared according to
literature methods. Methyl tert-butyl ether (MTBE) solutions of
PhN; and p-CF;PhN; were stored over activated molecular
sieves (4 A) at —30 °C for one week prior to use. 'H (300 MHz,
400 MHz, 600 MHz), "*C{*H} (100.7 MHz, 150.9 MHz), '°F (282.3
MHz, 376.5 MHz, 564.6 MHz) and *°Si (79.5 MHz, 119.2 MHz)
NMR spectra were recorded using a Bruker Avance DPX-300,
a Bruker Avance Neo 400 MHz or a Bruker Avance III HD 600
spectrometer and referenced to internal C¢DsH (*H: 6 = 7.16;
BC: 6 = 128.06) or C¢DsCD,H ('H: 6 = 2.08; °C: 6 = 20.43).
Assignment of the resonances was aided by 2D NMR spectros-
copy. IR spectra were recorded in a glovebox using a BRUKER
ALPHA-T FT-IR spectrometer equipped with a single reflection
ATR sampling module. Microanalyses were performed at the
elemental analysis laboratory of the University of Duisburg-
Essen. UV-Vis-spectra were recorded on a Shimadzu UV-2600i
spectrophotometer in a closed glass cuvette (10 mm) under
argon atmosphere.

Caution! Me;SiN; should be handled with caution under
anhydrous conditions in an inert atmosphere or in a well-
ventilated fume hood, as hydrolysis can lead to formation of
toxic HN;. Azide reactions should generally be performed in
small scales.

[L(Me,N)GaSb],NPh (1). [L(Me,N)GaSb], (250 mg, 191 umol)
was suspended in 10 ml of toluene. 383 ul of a PhN; solution,
0.5 M in MTBE, was diluted with 2 ml of toluene and added
dropwise to the suspension at —30 °C. The suspension was
stirred for 12 h and the resulting solution stored at —30 °C for
24 h, yielding a red powder that was filtered off (165 mg). The
filtrate was concentrated to 0.5 ml and stored at —30 °C,
yielding another fraction (65 mg) of 1. Yield: 215 mg (154 umol,
80%). Anal. caled for CgsHooGa,N,Sb,: C, 58.44; H, 7.14; N,
7.02%. Found: C, 58.4; H, 7.10 N, 6.59%. ATR-IR: v 3050, 2951,
2853, 2742, 1574, 1539, 1517, 1457, 1431, 1380, 1355, 1310,
1250, 1171, 1095, 1013, 962, 852, 791, 754, 743, 727, 681, 542,
437 cm™". "H NMR (400 MHz, C¢Dg, 25 °C): 6 7.24-6.99 (m, 12H,
CeH;-2,6'Pr,), 6.74-6.66 (m, 3H, N-C¢Hs), 5.28 (m, 2H, N-CHs),
4.66 (s, 2H, y-CH), 3.61 (sept, *Ju; = 6.9 Hz, 2H, CH(CH3),), 3.46
(sept, *Jun = 6.8 Hz, 2H, CH(CH3),), 3.29 (sept, *Jun = 6.8 Hz,
2H, CH(CHj,),), 3.14 (sept, *Jyy = 6.8 Hz, 2H, CH(CH,),), 2.70
(s(br), 6H, N(CH,),), 2.24 (s(br), 6H, N(CH,),), 1.62 (d, *Jy =
6.8 Hz, 6H, CH(CH,),), 1.52 (s, 6H, ArNCCH;), 1.50 (s, 6H,
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ArNCCHj), 6 1.40 (d, *Jyy = 6.7 Hz, 6H, CH(CH,),), 1.35 (d, *Jun
= 7.0 Hz, 6H, CH(CH,),), 1.27 (d, *Ji11 = 6.8 Hz, 6H, CH(CH,),),
1.19 (d, *Juy = 6.7 Hz, 6H, CH(CH3),), 1.17 (d, *Jy = 6.8 Hz, 6H,
CH(CH3),), 1.09 (d, *Jun = 6.7 Hz, 6H, CH(CH,3),), 0.99 (d, *Jun
= 6.7 Hz, 6H, CH(CH3;),). *C NMR (100.6 MHz, C¢Ds): 6 168.6,
168.3 (ArNCCHj;), 157.9 (N-C¢Hs), 145.8, 145.3, 142.9, 142.2,
127.4,127.2,125.9, 124.6, 124.5, 124.2 (ArC), 129.7, 125.2, 117.1
(N-C¢Hs), 96.8 (y-CH), 45.5, 45.2 (N(CH3),), 30.4, 29.3, 28.0, 27.9
(CH(CH,),), 26.1, 26.0, 25.8, 25.3, 25.2, 25.0, 24.8, 24.6
(CH(CHS),), 23.8, 23.7. (ArNCCHj).

[L(Me,N)GaSb],N(p-CF;Ph) (2). 153 pl of a p-CF;-PhN;
solution (0.5 M in MTBE) was diluted with 0.5 ml of toluene and
dropwise added at —30 °C to a suspension of [L(Me,N)GaSb],
(100 mg, 76.5 umol) in 5 ml of toluene. Stirring for 16 h at
—30 °C gave a red solution, which was layered with 10 ml of n-
hexane and stored at —30 °C, resulting in the precipitation of an
orange solid that was isolated by filtration. Yield: 50 mg (34
pmol, 45%). Anal. caled for CeoHogF3Ga,N,Sb,: C, 56.55; H,
6.74 N, 6.69. Found: C, 56.4; H, 7.16; N, 6.37%. ATR-IR: v 050,
2951, 2856, 2742, 1593, 1539, 1513, 1457, 1430, 1387, 1355,
1310, 1267, 1252, 1171, 1099, 1088, 1055, 1013, 965, 931, 852,
814,793, 754, 724, 640, 542, 434 cm™*. "H NMR (400 MHz, C¢Ds,
25 °C): 6 7.23-7.00 (m, 12H, C¢H;-2,6'Pr, and 2H, N-C4H,-CF;),
5.11 (m, 2H, N-C¢H,~CF;), 4.64 (s, 2H, y-CH), 6 3.58 (sept, *Jun
= 6.7 Hz, 2H, CH(CH,),), 3.40 (sept, *Jyn = 6.8 Hz, 2H,
CH(CH3),), 3.28 (sept, *Juu = 6.8 Hz, 2H, CH(CHj,),), 3.07 (sept,
*Jun = 6.8 Hz, 2H, CH(CHj),), 2.64 (s(br), 6H, N(CH,),), 2.21
(s(br), 6H, N(CH,),), 1.60 (d, *J;11; = 6.9 Hz, 6H, CH(CHj),), 1.48
(s, 6H, ArNCCH3;), 1.47 (s, 6H, ArNCCHj3), 6 1.35 (d, *Juy =
6.6 Hz, 6H, CH(CH,),), 1.33 (d, *Ju = 6.9 Hz, 6H, CH(CH,),),
1.25 (d, *Juy = 6.8 Hz, 6H, CH(CHj,3),), 1.17 (d, *Juu = 6.7 Hz, 6H,
CH(CHj,),), 1.11 (d, *Ji = 6.9 Hz, 6H, CH(CH3),), 1.07 (d, *Jum
= 6.7 Hz, 6H, CH(CH3),), 0.92 (d, *Juy = 6.6 Hz, 6H, CH(CHj),).
Resonance only observed in 2D NMR highlighted in italics. *C
NMR (100.6 MHz, C¢Dq): 6 168.9, 168.5 (ArNCCH3), 162.0 (N-
CeH;s-CF;), 146.0, 145.4, 142.8, 142.7, 142.6, 142.0, 127.4, 126.1,
125.7, 124.7, 124.5, 124.2 (ArC), 129.3, 124.0, 117.9 (N-C¢Hjs-
CF;), 96.9 (y-CH), 45.3, 45.3 (N(CH3),), 30.4, 29.4, 28.0, 27.9
(CH(CH,),), 26.0, 26.0, 25.4, 25.2, 25.2, 25.0, 24.7, 24.6
(CH(CH,3)y), 23.7, 23.7. (ArNCCH3). "°F NMR (376.5 MHz, C¢Ds):
6 —59.5 (N-CgH;5-CF;).

[L(Me,N)GaSb],N(ada) (3). [L(Me,N)GaSb], (200 mg, 153
pmol) were suspended in 5 ml of toluene and 26.3 mg of 1-ada-
N; (153 pumol) dissolved in 2 ml of toluene was added to
suspension at 0 °C over the course of 1 h. The suspension was
stirred for 12 h, resulting in a dark red solution, which was
evaporated to dryness and 20 ml of n-hexane were added. 10 mg
of unreacted [L(Me,N)GaSb], was separated by filtration. The
filtrate was concentrated to 0.3 ml and stored at —30 °C,
yielding a dark red solid. Pure 3 was precipitated from a toluene
solution after slow diffusion of CH;CN at ambient temperature.
Yield: 40 mg (27 pmol, 18%). ATR-IR: » 3050, 2951, 2888, 2749,
1539, 1517, 1431, 1387, 1355, 1310, 1252, 1169, 1092, 1083,
1053, 1013, 963, 791, 754, 725, 542, 526, 437 cm ™ *. "H NMR (600
MHz, C¢Dg, 25 °C): 6 7.31 (t, >Juy = 7.7 Hz, 2H, C¢Hj3-2,6'Pr,),
7.18-7.13 (m, 2H, C¢H;-2,6'Pr,), 7.09-7.05 (m, 6H, C¢H;-2,6'Pr,),
4.74 (s, 2H, y-CH), 3.79 (sept, *Jy;; = 6.9 Hz, 2H, CH(CHj,),), 3.53
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(sept, *Jun = 6.8 Hz, 2H, CH(CHj,),), 3.43 (sept, *Jun = 6.8 Hz,
2H, CH(CH3),), 3.30 (sept, *Juy = 6.8 Hz, 2H, CH(CHj,3),), 2.88 (s,
6H, N(CH,),), 2.61 (s, 6H, N(CH;),), 1.80-1.77 (m, 3H, 1-ada-
CH), 1.58 (d, *Juy = 6.9 Hz, 6H, CH(CH,;),), 1.55 (d, *Juy =
6.9 Hz, 6H, CH(CHj),), 1.50 (s, 6H, ArNCCHj3), 1.47 (s, 6H,
ArNCCH3), 1.38 (d, *Jyy; = 6.7 Hz, 6H, CH(CHj),), 1.32 (dd, ¥y
= 13.1 Hz 6H, 1-ada-CH,), 1.32 (d, *Ji;1 = 6.7 Hz, 6H, CH(CH3),),
1.23 (d, *Jun = 6.8 Hz, 12H, CH(CH,3),), 1.19 (d, *Juy = 6.7 Hz,
6H, CH(CH3),), 6 1.09 (d, *Jun = 6.7 Hz, 6H, CH(CH,),), 0.85-
0.75 (m, 6H, 1-ada-CH,). *C NMR (151 MHz, C¢Ds) 6 168.3,
168.2 (ArNCCHj,), 145.2, 145.2, 144.0, 143.3, 142.8, 142.6, 127.5,
127.1, 125.4, 125.3, 124.2, 123.9 (ArC), 97.5 (y-CH), 51.9 (1-ada-
NC), 51.0 (1-ada-NCH,), 46.3, 45.2 (N(CH3),), 37.0 (1-ada-NCHS,),
31.6 (1-ada-NCH), 30.1, 29.4, 28.0, 27.9, (CH(CHj),), 27.2, 25.4,
25.4, 25.4, 25.3, 25.0, 24.7, 24.4 (CH(CH,),), 23.9, 23.8
(ArNCCH3).

L(Me,N)GaSbSbN(SiMe;)Ga(NMe,)L  (4). [L(Me,N)GaSb],
(100 mg, 77 umol) was suspended in 5 ml of toluene and 11.07
ul (8.8 mg, 77 umol) of Me;SiN; diluted in 20 ml toluene was
added dropwise within 1.5 h at —10 °C. The reaction mixture
was stirred for 12 h at ambient temperature, the dark red
solution was evaporated to dryness and 5 ml of n-hexane added.
20 mg of unreacted [L(Me,N)GaSb], was separated by filtration,
the filtrate concentrated to 0.5 ml and stored at —30 °C, yielding
47 mg of red crystalline solid. Yield: 47 mg (44%). Anal. calcd for
Ce5H,03Ga,N;Sb,Si: C, 56.02; H, 7.45; N, 7.04%. Found: C, 55.8;
H, 7.23; N 6.85%. ATR-IR: v 3046, 2950, 2853, 2747, 1540, 1516,
1456, 1431, 1378, 1355, 1310, 1250, 1235, 1171, 1015, 963, 932,
912, 872, 853, 827, 791, 754, 627, 605, 529, 439 cm ™~ *. "H NMR
(600 MHz, C¢Ds, 25 °C): 6 7.16 (dd, *Jy = obscured by C¢DsH,
Yun = 2.1 Hz, 2H, C¢H;-2,6'Pr,), 7.14 (t, *Juy = 7.4 Hz, 2H,
CeH3-2,6'Pr,), 7.11 (m, 4H, CeH3-2,6'Pr,), 7.05 (t, *Juu = 7.6 Hz,
2H, C¢H;3-2,6'Pr,), 6.94 (dd, *Jun = 7.6 Hz, Y = 1.6 Hz, 2H,
C¢H;-2,6'Pr,), 4.89 (s, 1H, y-CH), 4.77 (s, 1H, y-CH), 3.97 (sept,
3Jun = 6.6 Hz, 2H, CH(CH3),), 3.73 (sept, *Juy = 6.8 Hz, 2H,
CH(CHj),), 3.56 (sept, >y = 6.9 Hz, 2H, CH(CH3,),), 3.23 (s, 3H,
N(CHj),), 3.01 (sept, *Jun = 6.8 Hz, 2H, CH(CHj,),), 2.90 (s, 3H,
N(CHs),), 1.94 (s, 6H, N(CH3),), 1.69 (s, 6H, ArNCCHj3), 1.58 (d,
*Jun = 6.8 Hz, 6H, CH(CH;),), 1.53 (d, *Juy = 6.7 Hz, 6H,
CH(CHa),), 1.41 (d, *Jun = 6.7 Hz, 6H, CH(CH,),), 1.33 (d, *Juu
= 6.9 Hz, 6H, CH(CH3),), 1.30 (s, 6H, ArNCCHj3), 1.21 (d, *Jy =
6.7 Hz, 12H, CH(CH3),), 1.18 (d, */yy = 6.8 Hz, 6H, CH(CH3;),),
0.97 (d, *Jyy = 6.7 Hz, 6H, CH(CHj,),), 0.41 (s, 9H, NSi(CH,),).
3C NMR (151 MHz, C¢Dg): 6 170.9, 167.4 (ArNCCH3;), 145.5,
145.3, 143.9, 143.6, 143.0, 142.7, 128.0, 126.6, 125.7, 124.5,
124.4, 124.3 (ArC), 99.6, 96.8 (Y-CH), 45.3, 45.0, 44.1 (N(CH3;),),
29.6, 28.9, 28.0 27.6, (CH(CH,),), 27.8, 26.5, 26.0, 25.3, 25.3,
25.1, 25.0 (CH(CH3),), 24.4. (ArNCCHj3), 6.1 (CHSi(CH,);). >°Si
NMR (79.5 MHz, C¢Ds, 25 °C): 6 —4.5 (CHSi(CHz)3).

[L(Me,N)GaSbSbN(Ph)Ga(NMe,)L] (5). 1 (300 mg, 215 umol)
was suspended in 10 ml of toluene and stirred for 12 h at 80 °C,
upon which the color changed from orange to purple. All vola-
tiles were removed in vacuo and 10 ml of n-hexane was added.
Small amounts of solids were separated by filtration. The filtrate
was concentrated and stored add —30 °C to afford 205 mg of 5 as
purple powder, which was obtained as slightly impure material
despite several recrystallization experiments, hence no accurate

© 2022 The Author(s). Published by the Royal Society of Chemistry
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elemental analysis were obtained. Yield: 215 mg (154 umol,
72%). ATR-IR: v 3047, 2947, 2915, 2854, 2744, 1579, 1517, 1456,
1431, 1378, 1355, 1311, 1278, 1248, 1172, 1094, 1014, 962, 930,
872,791, 754, 724, 688, 510, 439 cm ™ *. "H NMR (400 MHz, C¢Ds,
25°C): 6 7.34 (m, 2H, N-C¢H3), 7.24-6.95 (m, 12H, CgH;-2,6'Pr,),
6.74 (m, 1H, N-C¢H;), 6.59 (m, 2H, N-C¢H3), 4.94 (s, 1H, y-CH),
4.90 (s, 1H, y-CH), 3.73 (sept, *Juy = 6.7 Hz, 1H, CH(CH,),), 3.58
(sept, *Jun = 6.8 Hz, 1H, CH(CH,),), 3.28 (sept, *Juu = 6.8 Hz,
1H, CH(CH,),), 3.23 (s(br), 3H, N(CH,),), 3.03 (sept, *Juu =
6.8 Hz, 2H, CH(CH,),), 2.88 (s(br), 3H, N(CHj,),), 1.90 (s, 6H,
N(CHs,),), 1.72 (s, 6H, ANCCH,), 1.60 (d, %y = 6.9 Hz, 6H,
CH(CHj;),), 1.41 (s, 6H, N(CH,3),), 1.41 (d, *Juy = 6.8 Hz, 6H,
CH(CH,),), 1.34 (d, *Jun = 6.8 Hz, 6H, CH(CHj),), 1.26 (d, *Juu
= 6.7 Hz, 6H, CH(CH3),), 1.24 (d, *Jyu = 6.7 Hz, 6H, CH(CH3),),
1.18 (d, *Jun = 6.7 Hz, 6H, CH(CH3),), 0.97 (d, *Jn = 6.8 Hz, 6H,
CH(CH3),), 0.91 (d, *Juy = 6.7 Hz, 6H, CH(CHj3),). >*C NMR
(100.6 MHz, C¢Dg): 6 170.9, 167.4 (ArNCCHj;), 155.7 (N-C¢Hj),
146.0, 145.3, 143.8, 143.6, 142.3, 141.4, 127.9, 126.6, 125.7,
124.6,124.3,123.7 (ArC), 128.2,121.7, 113.9 (N-C¢Hs), 97.2, 96.7
(y-CH), 45.3, 45.2, 44.0 (N(CH3),), 29.7, 29.4, 28.1, 27.6
(CH(CH,3),), 26.9, 26.4, 25.8, 25.4, 25.1, 25.0, 24.8, 23.9
(CH(CHjs),), 24.4, 23.9 (ArNCCH3;).
L(Me,N)GaSbSbN(p-CF;Ph)Ga(NMe,)L (6). 2 (150 mg, 102
pmol) was suspended in 2 ml of toluene and stirred at 100 °C for
2 h, upon which the color changed from orange to dark red. All
volatiles were removed in vacuo, 4 ml of n-hexane was added and
a small amount of an insoluble solid was separated by filtration.
The filtrate was concentrated and stored add —30 °C to afford
110 mg of 6 as dark red powder which was slightly contami-
nated with 2, but longer reaction times resulted in significantly
reduced yield. Yield: 88 mg (60 pumol). Anal. caled for CgoHog-
F3Ga,N,Sb,: C, 56.55; H, 6.74; N, 6.69%. Found: C, 56.7; H,
6.64; N, 6.98%. ATR-IR: v 3051, 2951, 2915, 2857, 2744, 1598,
1543, 1516, 1456, 1431, 1383, 1357, 1311, 1284, 1251, 1172,
1149, 1095, 1059, 1015, 963, 930, 855, 820, 791, 756, 723, 644,
617, 581, 526, 510, 439, 407 cm™". "H NMR (400 MHz, C¢Ds, 25
°C): 6 7.67 (d, *Jun = 8.4 Hz, 2H, N-C¢H,CF;), 7.22-7.95 and
6.98-6.93 (m, 10H, C¢H;-2,6'Pr,), 6.86 (dd, 3Jyyy = 6.7 Hz, Yy =
2.6 Hz, 2H, C¢H;-2,6'Pr,), 6.57 (d, *Jjuy = 8.4 Hz, 2H, N-
CeH4CF3), 4.91 (s, 1H, y-CH), 4.87 (s, 1H, y-CH), 3.69 (sept, *Juu
= 6.7 Hz, 1H, CH(CH,),), 3.51 (sept, *Jynu = 6.8 Hz, 1H,
CH(CH3),), 3.19 (s, 3H, N(CH3),), 3.10 (sept, *Ju = 6.8 Hz, 1H,
CH(CHj3),), 2.98 (sept, *Ji = 6.8 Hz, 2H, CH(CHj),), 2.84 (s, 3H,
N(CHj;),), 1.84 (s, 6H, N(CH,3),), 1.69 (s, 6H, ArNCCH3), 1.54 (d,
*Jun = 6.9 Hz, 6H, CH(CH,),), 1.38 (d, *Juy = 6.6 Hz, 6H,
CH(CH,3),), 1.37 (s, 6H, N(CH,),), 1.32 (d, *Juu = 6.8 Hz, 6H,
CH(CH,3),), 1.19 (d, *Jun = 6.8 Hz, 6H, CH(CHj),), 1.18 (d, *Juu
= 6.7 Hz, 6H, CH(CH3),), 1.16 (d, *Juy = 6.7 Hz, 6H, CH(CH3),),
0.95 (d, *Jyu = 6.7 Hz, 6H, CH(CHj),), 0.85 (d, *Jun = 6.7 Hz, 6H,
CH(CH;),). *C NMR (100.6 MHz, CgDg): 6 171.2, 167.6
(ArNCCH3), 145.7, 145.3, 143.7, 143.6, 142.2, 141.1, 126.7, 125.7,
124.6, 124.3, 123.8, 121.2 (ArC), 97.2, 96.8 (y-CH), 45.2, 45.1,
44.0 (N(CHj3),), 29.7, 29.4, 28.0, 27.6 (CH(CHj3),), 26.8, 26.3, 25.8,
25.4, 25.0, 24.9, 24.7, 23.8 (CH(CHj;),), 24.4, 23.9, (ATNCCHj;).
9F NMR (282.4 MHz, C¢Dg): 6 —59.3 (N-CgH;5~CF3).
(L(PhN)Ga-kGa,kN),-(un"""*-Sb,) (7). 1 (75 mg, 54 umol)
was suspended in 0.5 ml of toluene-dg and kept at 100 °C in a J-
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Young NMR-tube until initially formed 5 was converted to an
orange solid, which was isolated and recrystallized from 10 ml
of hot toluene. Yield: 13 mg (8 umol, 29%). Anal. calcd for C,
51.14; H, 5.64; N, 5.11%. Found: C, 51.1; H, 5.93; N, 4.79%. ATR-
IR: v 3044, 2947, 2912, 2854, 1575, 1520, 1457, 1430, 1388, 1378,
1355, 1310, 1250, 1172, 1017, 981, 857, 790, 726, 681, 597,
523 em™*. 1.66 (s, 6H), 1.46 (d, J = 3.1 Hz, 3H), 1.44 (d, J =
3.2 Hz, 3H), 1.13 (d, ] = 6.6 Hz, 3H), 1.08 (d, ] = 3.2 Hz, 3H), 1.06
(d,J = 3.2 Hz, 3H), 0.97 (dd, J = 6.8, 1.4 Hz, 11H). *H NMR (300
MHz, C¢Ds, 70 °C): 6 7.28 (t, *Jun = 6.7 Hz, 4H, CgH;-2,6'Pr,),
7.13-6.88 (m, 14H, C¢H;-2,6'Pr,), 6.65 (t, >Jiyy = 7.4 Hz, 2H, N-
C¢Hs), 4.94 (s, 1H, y-CH), 6 3.45 (sept, *Juy = 6.6 Hz, 2H,
CH(CHj,),), 3.27 (m, 6H, CH(CH,),), 6 1.66 (s, 12H, ArNCCHj),
1.46 (d, *Juy = 6.8 Hz, 6H, CH(CH3),), 1.44 (d, *Jyy = 6.8 Hz, 6H,
CH(CHj,),), 1.13 (d, *Jun = 6.6 Hz, 6H, CH(CH),), 1.08 (d, *Jun
= 6.7 Hz, 6H, CH(CHj),), 1.07 (d, *Jup; = 6.8 Hz, 6H, CH(CH3),),
0.97 (d(br), >y = 6.8 Hz, 12H, CH(CHj,),). *C NMR spectra
could not be obtained due to the low solubility.
L(Me,N)GaSbSbN(SiMe;)Ga(N(H)SiMe;)L.  (8).  [L(Me,N)
GasSb], (300 mg, 223 umol) was suspended in 10 ml of toluene
and 62.5 pl (54 mg, 471 umol) Me;SiN; diluted in 20 ml of
toluene was added dropwise within 1.5 h at —10 °C. The reac-
tion mixture was stirred for 12 h at room temperature, and the
resulting dark red solution was evaporated to dryness. 20 ml of
n-hexane was added to the residue, all insoluble residues were
removed by filtration. All volatiles were removed from the
filtrate, which was then redissolved in 5 ml of toluene. 8 was
isolated as dark-red crystalline solid after slow diffusion of
CH;CN into the toluene solution. Yield: 70 mg (21%). Anal.
caled for Cg¢H,9,Ga,N5Sb,Si,: C, 55.14; H, 7.05; N, 6.82%.
Found: C, 55.1; H, 6.95; N, 7.00%. ATR-IR: v 3052, 2951, 2856,
2744, 1540, 1514, 1456, 1431, 1380, 1355, 1310, 1251, 1235,
1169, 1015, 968, 917, 870, 854, 829, 790, 771, 753, 623, 527,
433 cm™'. "H NMR (600 MHz, C¢Dg, 25 °C): 6 7.15-7.06 (m, 12H,
CeH;-2,6'Pr,), 4.89 (s, 1H, y-CH), 4.48 (s, 1H, y-CH), 3.82 (sept,
*Jun = 6.7 Hz, 2H, CH(CH3),), 3.75 (sept, *Jun = 6.8 Hz, 2H,
CH(CHj),), 3.35 (sept, *Jun = 6.9 Hz, 2H, CH(CH,),), 3.23 (s, 3H,
N(CHj,),), 3.20 (sept, *Jun = 6.8 Hz, 2H, CH(CH3),), 2.89 (s, 3H,
N(CHj,),), 1.69 (s, 6H, N(CHj),), 1.50 (s, 6H, ArNCCHj), 1.46 (d,
*Jug = 6.7 Hz, 6H, CH(CH;),), 1.43 (d, *Juy = 6.7 Hz, 6H,
CH(CH,),), 1.42 (d, *Jun = 6.8 Hz, 6H, CH(CH,3),), 1.37 (d, *Jun
= 6.8 Hz, 6H, CH(CHj),), 1.36 (d, *Juy = 6.9 Hz, 6H, CH(CH,),),
1.16 (d, *Jyg = 6.8 Hz, 6H, CH(CHj3),), 1.14 (d, *Ji; = 6.6 Hz, 6H,
CH(CHj,),), 1.07 (d, *Jy; = 6.8 Hz, 6H, CH(CH;),), 0.59 (s, 1.5H,
0.5 eq. ACN), 0.47 (s, 9H, NSi(CH3);), —0.25 (s, 9H, NSi(CH,),),
—0.63 (s, 1H, NHSi(CH3);). >C NMR (151 MHz, C¢Dg): 6 170.5,
168.3 (ArNCCH3), 145.5, 145.3, 143.4, 143.3, 143.2, 142.1, 127.3,
127.0, 125.4, 124.7, 124.6, 124.4 (ArC), 97.0, 92.8 (y-CH), 45.7,
44.2 (N(CHz),), 29.7, 28.7, 28.1, 27.6 (CH(CHz),), 26.9, 26.5, 26.0,
25.9, 25.6, 25.3, 25.1, 25.0 (CH(CH;),), 25.5, 24.3 (ArNCCHj),
9.0, 3.9 (CHSi(CH3);), 6 0.1 (ACN). >*°Si NMR (119 MHz, C¢D, 25
°C): 6 1.8, —4.4 (CHSi(CH,)s).
[L(Me,N)GaSb][L(Me,N)GaN(Ph)Sb]NPh (9). 5 (30 mg 21.5
pumol) was dissolved in 0.5 ml of toluene-dg and 42.9 ul of
a 0.5 M PhN; MTBE solution was added at —30 °C. The mixture
was stored for 24 h at —30 °C, yielding an orange precipitate. All
volatiles were removed under reduced pressure and the
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resulting solid dissolved in warm toluene (60 °C) and recrys-
tallized at 7 °C. Yield: 12 mg (8 pmol, 38%). Anal. caled for
C4H104Ga,NgSb, C,Hg: C, 61.54; H, 7.14; N, 7.09%. Found: C,
61.4; H, 6.74; N, 7.06%. ATR-IR: v 3047, 2947, 2915, 2854, 2744,
1579, 1517, 1456, 1431, 1378, 1355, 1311, 1278, 1248, 1172,
1094, 1014, 962, 930, 872, 791, 754, 724, 688, 510, 439 cm™*. 'H
NMR (600 MHz, C¢Dg, 25 °C): 6 7.39 (dd, *Juy = 5.7 Hz, YJun =
3.5 Hz, 1H, C¢H;-2,6'Pr,), 7.25-7.19 (m, 6H, C¢H;-2,6'Pr,), 7.06—
7.01 (m, 3H, C¢H;-2,6'Pr,), 7.03 (t, *] = 7.8 Hz, 2H, N-C¢H), 6.87
(t, *] = 7.2 Hz, 2H, C¢H;-2,6'Pr,), 6.52 (d, *] = 7.7 Hz, 1H, C¢Hj-
2,6'Pr,), 6.43 (t, 3] = 7.4 Hz, 2H, N-C¢Hs), 6.33 (t, °J = 7.2 Hz, 1H,
N-CgHj;), 6.10 (d, *J = 7.7 Hz, 2H, N-C¢Hs), 5.93 (d, 3] = 7.7 Hz,
2H, N-C¢Hj;), 4.68 (s, 1H, y-CH), 4.61 (s, 1H, y-CH), 3.56 (sept,
*Juau = 6.6 Hz, 1H, CH(CH3),), 3.56 (d sept, *Juy = 6.8 Hz, 2H,
CH(CH3),), 3.32 (sept, *Ju = 6.8 Hz, 1H, CH(CH3),), 3.26 (sept,
3 = 6.8 Hz, 1H, CH(CH,),), 3.16 (sept, *Jun = 6.7 Hz, 1H,
CH(CHj3;),), 3.12 (sept, *Juu = 6.8 Hz, 1H, CH(CHj3),), 3.06 (s, 3H,
N(CH,),), 2.78 (sept, *Jun = 6.8 Hz, 1H, CH(CH3),), 2.74 (s(br),
3H, N(CH,),), 2.71 (s, 3H, N(CH,),), 2.24 (s(br), 3H, N(CH,),),
1.62 (d, *Jyn = 6.7 Hz, 6H, CH(CHj),), 1.59 (s, 3H, ArNCCH3),
1.57 (d, *Jun = 6.9 Hz, 3H, CH(CHj,),), 1.52 (s, 3H, ArNCCHj),
1.50 (d, *Jyy = 6.9 Hz, 3H, CH(CHj;),), 1.48 (s, 3H, ArNCCH3),
1.46 (s, 3H, ArNCCH3), 1.45 (d, *Juy = 6.8 Hz, 3H, CH(CHj3),),
1.34 (d, *Juy = 6.8 Hz, 3H, CH(CHj3),), 1.50 (d, *Juy = 6.9 Hz, 3H,
CH(CH3),), 1.32 (d, *Jun = 6.6 Hz, 3H, CH(CHj,3),), 1.30 (d, *Jun
= 6.6 Hz, 3H, CH(CH3),), 1.21 (d, *Juy = 6.9 Hz, 3H, CH(CH3),),
1.15 (d, *Jun = 6.9 Hz, 3H, CH(CH3),), 1.06 (d, *Jy; = 6.8 Hz, 3H,
CH(CHj3),), 1.06 (d, *Ju = 6.8 Hz, 3H, CH(CHj),), 0.96 (d, *Jin
= 6.7 Hz, 3H, CH(CH3),), 0.84 (d, *Juy = 6.8 Hz, 6H, CH(CH3),),
0.65 (d, *Juq = 6.7 Hz, 3H, CH(CH3;),). °C NMR (150.9 MHz,
CeDg): 6 170.1, 169.3, 168.3, 167.9 (ArNCCHj,), 153.8, 152.7 (N-
C¢Hs), 145.6, 145.6, 145.4, 144.6, 143.7, 143.5, 143.1, 143.0,
142.7,142.7,142.3, 142.2 (ArC), 129.7, 129.3, 128.6, 127.6, 127.1,
127.0, 127.0, 126.6, 125.7, 125.7, 125.3, 125.1, 124.7, 124.2,
124.1, 124.0, 123.9, 123.9, 123.7, 120.4, 117.4 (N-C¢H; + ArC,
signal overlayed by C¢Dg), 96.3, 96.0 (y-CH), 44.8, 44.8, 43.5
(N(CH3)y), 30.1, 30.0, 29.1, 29.0 (CH(CHj;),), 28.3, 28.0, 27.9,
27.7,27.0, 25.8, 25.5, 25.5, 25.2, 25.2, 25.2, 25.1, 25.1, 25.0, 24.8,
24.8, 24.5, 24.4, 24.3, 24.3 (CH(CHj3),), 24.0, 23.6, 23.6, 23.5
(ArNCCH3).

[L(Me,N)GaN(Ph)Sb], (10). 9 (50 mg, 34 pmol) was sus-
pended in 2 ml of toluene and stirred for 12 h at 70 °C, upon
which the color changed from orange to dark blue. The result-
ing dark blue precipitated was isolated by filtration and washed
with toluene.

Yield: 18 mg (12.1 pmol, 36%). Anal. calcd for C;4H;04Ga,-
NgSb,: C, 61.54; H, 7.14; N, 7.09%. Found: C, 59.7; H, 7.15; N,
7.27%. ATR-IR: v 2953, 2920, 2815, 2792, 2750, 1542, 1516, 1457,
1427, 1391, 1313, 1254, 1213, 1172, 1013, 965, 933, 851, 787,
763, 751, 674, 590, 500 cm . "H NMR (400 MHz, C¢Ds, 25 °C):
67.09-7.03 (m, 8H, C¢H;-2,6'Pr,), 6.84 (dd, *Jiyyy = 7.2 Hz, Yy =
2.0 Hz, 4H, C¢H;-2,6'Pr,), 6.69 (t, °] = 7.3 Hz, 4H, C¢H;-2,6'Pr,),
6.61 (d, *] = 7.3 Hz, 4H, C¢H;-2,6'Pr,), 6.50 (t, 3] = 7.2 Hz, 2H,
CeH3-2,6'Pr,), 6 4.61 (s, 2H, v-CH), 3.35 (sept, >Juu = 6.8 Hz, 2H,
CH(CHj),), 3.30 (sept, *Juy = 6.8 Hz, 2H, CH(CHj,),), 2.88 (s, 6H,
N(CHa),), 6 2.84 (s, 6H, N(CH;),), 1.48 (s, 12H, ArNCCH3), 1.37
(d, *Jun = 6.6 Hz, 12H, CH(CH,3),), 1.31 (d, *Juy = 6.7 Hz, 12H,
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CH(CH3),), 1.24 (d, *Jun = 6.8 Hz, 12H, CH(CH3),), 1.00 (d, *Juy
= 6.8 Hz, 12H, CH(CH3;),). DEPTQ "*C NMR (150.9 MHz, C¢D):
6 169.2 (ArNCCH3), 168.2 (N-C¢H;), 144.3, 143.0, 142.8, 127.1,
124.4, 123.9 (ArC), 128.1, 123.3, 119.3 (N-C¢Hs), 95.5 (y-CH),
43.8, 42.9 (N(CH,3),), 29.7, 29.4, 28.1, 27.6 28.7, 27.5 (CH(CH3),),
25.0, 24.8, 24.4, 24.0 (CH(CH3),), 23.5 (ArNCCH3).

[L(Me,N)GaSb],C(H)SiMe; (11). [L(Me,N)GasSb], (60 mg, 46
umol) was suspended in 2 ml of toluene and 78.1 pl of
a Me;Si(H)CN, solution (0.6 M in n-hexane) was added. The
suspension was stirred for 12 h at room temperature. Storing at
6 °C led to a first fraction of large orange crystals (45 mg), while
a second fraction was isolated after concentration of the filtrate
to 0.3 ml and storage at —6 °C. Yield: 58 mg (54 umol, 90%).
Anal. caled for CggHq04Ga,NeSb,Si + C;Hg: C, 59.05; H, 7.60; N,
5.66%. Found: C, 58.8; H, 7.75; N, 5.71%. ATR-IR: v 3058, 2965,
2924, 2865, 2756, 1524, 1436, 1383, 1314, 1252, 1173, 1018, 965,
856, 794, 728, 694, 461 cm™*. *H NMR (600 MHz, C¢Ds, 25 °C):
6 7.29-7.24 (m, 4H, C¢H;-2,6'Pr,), 7.15-7.06 (m, 8H, CgHj-
2,6'Pry), 4.76 (s, 1H, y-CH), 4.72 (s, 1H, y-CH), 3.83 (sept, *Jyy =
6.8 Hz, 1H, CH(CHj,),), 3.51 (sept, *Ju; = 6.8 Hz, 1H, CH(CH,),),
3.44 (sept, *Jyn = 6.8 Hz, 3H, CH(CH,),), 3.38 (sept, Jun =
6.8 Hz, 1H, CH(CH,),), 3.26 (sept, *Jy; = 6.8 Hz, 1H, CH(CH,),),
3.16 (sept, *Ju = 6.8 Hz, 1H, CH(CHj),), 2.89 (s, 3H, N(CH,),),
2.83 (s, 3H, N(CH3),), 2.44 (s, 3H, N(CH,),), 2.36 (s, 3H,
N(CH3),), 1.81 (s, 1H, CHSi(CHj3);), 1.63 (d, *Jun = 6.9 Hz, 3H,
CH(CHj,),), 1.59 (d, *Jun = 6.9 Hz, 3H, CH(CH,),), 1.54 (d, *Jun
= 7.4 Hz, 3H, CH(CH,;),), 1.53 (s, 3H, ArNCCHj), 1.51 (s, 6H,
ArNCCH3), 1.49 (d, *Jyq = 6.9 Hz, 3H, CH(CH;),), 1.48 (s, 3H,
ArNCCH3), 1.37 (d, *Juy = 6.8 Hz, 3H, CH(CH3),), 1.35 (dd, *Juu
= 6.8 Hz, 6H, CH(CHj,),), 1.32 (d, *Jui = 6.7 Hz, 3H, CH(CH,),),
1.28 (d, *Juy = 6.6 Hz, 3H, CH(CH,),), 1.27 (d, *Jyu = 6.8 Hz, 3H,
CH(CH3),), 1.24 (d, *Jun = 6.7 Hz, 3H, CH(CH3),), 1.18 (dd, *Jun
= 6.7, 2.5 Hz, 6H, CH(CH,),), 1.11 (dd, *Juyy = 6.7 Hz, 6H,
CH(CH3),), 1.08 (d, *Jyy = 6.7 Hz, 3H, CH(CH,),), —0.24 (s, 9H,
CHSi(CHj3)3). ">C NMR (151 MHz, C¢Dg): 6 168.5, 168.2, 168.1,
168.1 (ArNCCH3), 145.3, 145.3, 145.2, 144.8, 143.9, 143.8, 143.7,
143.5, 143.3, 142.8, 142.4, 142.1, 127.7, 127.1, 127.1, 127.1,
125.5, 125.1, 125.0, 124.8, 124.7, 124.4, 124.4, 124.3 (ArC), 97.4,
97.3 (y-CH), 47.6, 46.7, 44.8, 44.1 (N(CH3),), 30.2, 29.8, 29.3,
28.7, 28.0, 28.0, 27.9, 27.9 (CH(CH,),), 27.5, 26.7, 26.5, 25.8,
25.8, 25.6, 25.5, 25.4, 25.0, 25.0, 24.9, 24.9, 24.9, 24.8, 24.7, 24.6
(CH(CH3),), 24.4, 23.9, 23.7, 23.7 (ArNCCH3), 3.6 (CHSi(CH3)s3),
-5.4 (CHSi(CHj3);). *°Si NMR (79.5 MHz, C¢Dg, 25 °C): 6 2.8
(CHSI(CH3);).

[L(EtO)GaSb],C(H)SiMe; (12). (L(EtO)GaSb), (50 mg, 38
umol) was suspended in 1 ml of toluene and 63.7 ul of a Me;Si(H)
CN, solution (0.6 M in n-hexane) was added. The resulting
suspension was stirred for 12 h at room temperature. Pure 12 was
obtained after removal of all volatiles in vacuo and washing of the
slightly yellow residue with minimal amounts of cold n-hexane.
Yield: 45 mg (32 umol, 84%). Anal. caled for CeeH;0,Ga,N4O,-
Sb,Si: C, 54.14; H, 6.74; N, 4.07%. Found: C, 54.3; H, 6.88; N,
3.94%. ATR-IR: v 2948, 2912, 2855, 1544, 1517, 1456, 1431, 1378,
1355, 1311, 1254, 1095, 1056, 1016, 931, 854, 791, 754, 600 cm .
'H NMR (400 MHz, C¢Dg, 25 °C): 6 7.3-7.17 (m, 8H, C¢H;-2,6'Pr),
7.15-7.06 (m, 4H, C¢H;-2,6'Pr,), 4.75 (s, 1H, y-CH), 4.70 (s, 1H, -
CH), 3.93 (m, 2H, OCH,CHj3), 3.78 (q, *Jun = 6.8 Hz, 2H,

© 2022 The Author(s). Published by the Royal Society of Chemistry
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OCH,CH3), 3.51 (m, 5H, CH(CH,),), 3.28 (m, CH(CH,),), 3.23
(hept, *Juy = 6.7 Hz, 1H, CH(CH3),), 2.13 (s, 1H, CHSi(CH3);),
1.58 (d, *Jyny = 6.7 Hz, 3H, CH(CH,),), 1.57 (s, 6H, ArNCCH3),
1.56 (s, 6H, ArNCCH3), 1.49 (s, 6H, ArNCCH3), 1.49 (d, ¥y =
6.9 Hz, 3H, CH(CH,),), 1.46 (d, *Juu = 6.9 Hz, 3H, CH(CHs,),),
1.45 (d, *Jyg = 6.9 Hz, 3H, CH(CH,),), 1.44 (s, 6H, ArNCCH3),
1.40 (d, *Jun = 6.7 Hz, 3H, CH(CH,3),), 1.37 (d, *Juy = 6.7 Hz, 3H,
CH(CH3),), 1.36 (d, *Jun = 6.7 Hz, 3H, CH(CH,3),), 1.31 (d, *Juu =
6.7 Hz, 3H, CH(CH3),), 1.29 (d, *Jun = 6.7 Hz, 3H, CH(CHj),,
1.28-1.20 (m, 9H, CH(CH,3), and 6H, OCH,CH3), 1.19 (d, *Jyy =
6.7 Hz, 3H, CH(CHs,),), 1.13 (d, *Juu = 6.8 Hz, 3H, CH(CH,),),
1.11 (d, *Jg; = 6.8 Hz, 3H, CH(CHj,3),), 1.06 (d, *Ji = 6.8 Hz, 3H,
CH(CHj3),), 0.01 (s, 9H, CHSi(CH;)3). *C NMR (101 MHz, C¢Dy)
0168.7,168.6, 168.6, 168.1 (ANCCH3), 145.3, 145.3, 144.9, 144.8,
143.2,142.9,142.9, 142.7,142.7, 142.7, 142.4, 142.4, 127.5, 127.5,
127.5,127.3,125.3,125.2, 125.1, 124.5, 124.5, 124.4, 124.3, 124.3
(ArC), 97.6, 97.5 (y-CH), 61.7, 61.4 (OCH,CH3), 30.2, 29.5, 29.4,
29.1,27.8,27.8, 27.8, 27.6 (CH(CH3;),), 27.1, 26.6, 26.0, 25.8, 25.6,
25.5,25.4,25.4, 25.0, 24.9, 24.8, 24.7, 24.6, 24.6 (CH(CHj),), 24.3,
23.9, 23.7, 23.7, (ArNCCH,), 20.7, 20.4 (OCH,CHj), 3.0
(CHSI(CH,3)3), -3.7 (CHSi(CH3)3). 2°Si NMR (79.5 MHz, CgDs, 25
°C): 6 4.3 (CHSi(CHa)s).

[L(CD)GaSb],C(H)SiMe; (13). [L(C1)GaSb], (80 mg, 62 umol)
was suspended in 2 ml of toluene and 103.8 pul of a Me;Si(H)CN,
solution (0.6 M in n-hexane) was added. The resulting suspen-
sion was stirred for 1 h at room temperature. After removing all
volatiles in vacuo, the residue was suspended in 3 ml of n-
hexane and stored at 4 °C for 12 h, yielding 13 as slightly orange
powder. Yield: 50 mg (36 pmol, 58%). Anal. calcd for CgyHo,-
Cl,Ga,N,Sb,Si: C, 54.14; H, 6.74 N, 4.07. Found: C, 54.3; H,
6.88 N, 3.94%. ATR-IR: » 3050, 2955, 2913, 2860, 1520, 1457,
1431, 1378, 1357, 1310, 1255, 1172, 1013, 934, 856, 830, 793,
771, 754, 637, 529 cm™'. 'H NMR (600 MHz, C¢Dg, 25 °C):
6 7.28-7.21 (m, 4H, C¢H;-2,6'Pr,), 7.15-7.03 (m, 8H, CgHj-
2,6'Pr,), 4.92 (s, 1H, y-CH), 4.81 (s, 1H, y-CH), 3.72 (sept, *Juy =
6.7 Hz, 1H, CH(CHj,),), 3.58 (sept, *Jun = 6.8 Hz, 1H, CH(CH3),),
3.54 (sept, *Jun = 6.6 Hz, 1H, CH(CH,),), 3.53 (sept, *Jun =
6.8 Hz, 1H, CH(CH3),), 3.48 (sept, *Jyy = 6.7 Hz, 1H, CH(CH3),),
3.41 (sept, *Juy = 6.8 Hz, 1H, CH(CH3;),), 3.29 (sept, *Juu =
6.8 Hz, 1H, CH(CH3),), 3.25 (sept, *Juu = 6.8 Hz, 1H, CH(CH3),),
2.18 (s, 1H, CHSi(CH3);), 1.56 (s, 6H, ArNCCH3,), 1.53 (d, *Juy =
7.1 Hz, 3H, CH(CHj,),), 1.53 (s, 6H, ArNCCHj3), 1.50 (d, *Jyy =
7.0 Hz, 3H, CH(CH3;),), 1.48 (d, *Jy = 6.9 Hz, 3H, CH(CH;),),
1.46 (s, 6H, ArNCCH3), 1.45 (d, *Juy = 7.0 Hz, 3H, CH(CH3),),
1.40 (s, 6H, ArNCCH3), 1.38 (d, *Juy = 6.9 Hz, 3H, CH(CH,),),
1.35 (d, *Jun = 6.7 Hz, 3H, CH(CH3),), 1.32 (d, *Jun = 6.6 Hz, 3H,
CH(CH3),), 1.27 (d, *Juy = 6.8 Hz, 3H, CH(CH,3),), 1.25 (d, *Jun
= 68 Hz, 3H, CH(CHj,),), 1.22 (d, *Jun = 6.8 Hz, 3H, CH(CH3),),
1.13 (d, *Juis = 6.7 Hz, 6H, CH(CHj),), 1.09 (d, >/ = 6.9 Hz, 3H,
CH(CH3),), 1.09 (d, *Jun = 6.7 Hz, 3H, CH(CHj),), 1.04 (d, *Juu
= 6.7 Hz, 3H, CH(CHj3),), 1.00 (d, *Jyy = 6.7 Hz, 3H, CH(CH3),),
—0.13 (s, 9H, CHSi(CHj3);). ">*C NMR (151 MHz, C¢Dq): 6 169.1,
168.6, 168.5, 168.3 (ArNCCH3), 145.9, 145.9, 145.6, 145.6, 142.8,
142.4, 142.3, 142.1, 142.1, 141.9, 141.7, 141.3, 128.1, 128.0,
126.1, 126.0, 125.6, 125.2, 124.4, 124.2, 124.1, 124.1 (ArC), 98.1,
97.9 (y-CH), 30.6, 30.4, 29.7, 29.7, 28.2, 28.0, 28.0, 27.8
(CH(CH,)y), 28.4, 27.6, 27.1, 26.7, 25.5, 25.1, 25.1, 25.1, 25.0,
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24.9, 24.8, 24.6, 24.5, 24.3, 24.2, 24.2 (CH(CHj,),), 24.3, 24.0,
23.9, 23.8 (ArNCCH3), 3.5 (CHSi(CH3);), 1.6 (CHSi(CH;);). *°Si
NMR (119.2 MHz, C¢Dg, 25 °C): 6 3.8 (CHSi(CH,)3).
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