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Abstract

The amine PhCH,CH,NH, undergoes dimetallation by [Ph;Sb(NMe,),] (1) under mild conditions to give the first structurally
authenticated example of an organo-Sb(V) imido complex, [Ph;Sb( u-NCH,CH,Ph)], (2).
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Our recent investigations of the reactivities of Group
15 dimethylamido derivatives, (Me,N) ECl,_, (E=
Sb, Bi; x = 1 — 3), have shown that these species are
valuable precursors for the synthesis of a host of Group
15 imido complexes [1-7]. Such species are highly
potent reagents, as witnessed by the complete deproto-
nation of primary amines, RNH,, by E(NMe,), to give
the dimeric complexes [Me, NE( u-NR)], [2]. The use
of Group 15 dimethylamido derivatives as metallating
agents with mono-lithiated primary amines, (RNHLI),,
gave a series of novel polyamido Group 15 anion
complexes [3-7]. Recently we have sought to extend
this versatile route to other elements and oxidation
states. Thus the reaction of Sn(NMe,), with RNH,,
proved to be a clean, low temperature route to the
Sn,N, cubanes, [Sn(NR)],, which were inaccessible by
existing higher temperature routes [8].

We report here that organo-Sb(V) imido complexes
[R,Sb(NR)],, are readily accessible using Sb(V)
dimethylamido reagents. Exemplifying this route, the
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reaction of Ph,Sb(NMe,), (1) with phenylethylamine,
PhCH,CH,NH,, gives [Ph,Sb( u-NCH,CH,Ph)],
(2). ! Complex (2) is the first structurally characterised

" Synthesis of Ph,Sb(NMe,), (1). A solution of triphenylantimony

(17.65 g, 50 mmol) in 400 ml of dry ether was cooled to — 78°C and
chlorine gas was slowly bubbled through for 30 mins. The volume of
the solution was then reduced to ca. 200 ml, yielding a white
precipitate of Ph;SbCl,. This was isolated and 10.6 g (25 mmol) of
it was added to a slurry of LiNMe, (2.55 g, 50 mmol) in 200 ml of
ether at —78°C. After the initial exothermic reaction, the mixture
was refluxed for 2 h. Filtration (Celite, P3 cinter) yielded a colourless
solution. Reduction of the volume to ca. 50 ml yielded colourless
microcrystals of Ph;Sb(NMe, ), in 80% yield (8.8 g); m.p. 115°C to
a colourless liquid; IR (Nujol mull) 3070-3050 cm™! (aryl C-H)
Elemental Anal. Found C 59.5% H 6.0% N 5.8%, Calc. C 59.9% H
6.1% N 6.3%; 'H NMR (+25°C, 250 MHz, d, benzene) & ppm:
8.00 (6H, d, o-Ph,Sb-), 7.20 (6H, dd, m-Ph,Sb-), 7.14 (3H, t,
p-Ph;Sb-), 2.38 (12H, s, ~Me).
Synthesis of [Ph,Sb( u-NCH,CH,Ph)], (2). A Solution of
Ph;Sb(NMe,), (1.10 g, 2.5 mmol) in 20 ml of toluene was treated at
0°C with H;NCH,CH,Ph (0.31 ml, 2.5 mmol). The mixture was
heated under reflux and stirred for 15 mins, giving a yellow solution.
Filtration (Celite, P3 cinter) and subsequent reduction of the volume
in vacuo produced a white precipitate, which was redissolved by
gentle warming. Storage at 5°C for 24 h, yielded a crop of colourless
crystals of (2) in 60% yield (0.71 g); Melting point 205-207°C to a
red oil; IR (Nujol mull) 3060 cm™' (aryl C-H), 1574 and 1600
cm™! (aryl C=C); Elemental Anal., Found C 63.3% H 5.0% N
2.9%, Calc. C 66.1% H 5.1% N 3.0%; 'H NMR (+25°C, 250 MHz,
dg benzene) & ppm: 8.08 (2H, dd, m-PhCH,CH,-), 7.98 (6H, d,
0-Ph,Sb-), 7.24 (6H, dd, m-Ph;Sb-), 7.10 (3H, t, p-Ph,Sb-), 6.92
(1H, t, p-PhCH,CH,-), 6.27 (2H, d, 0-PhCH,CH,-), 3.07 (2H, t,
—NCH,), 2.09 (2H, t, —CH,Ph).
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Fig. 1. Molecular Structure of (2). Hydrogen atoms have been omitted for clarity. Bond lengths (A) and bond angles (°); Sb(1)-N(1) 1.997(3),
Sb(1)-N(2) 2.122(3), Sb(2)-N(2) 1.990(3), Sb(2)-N(1) 2.116(3), av. Sb—C(a) 2.17, Sb(1)-N(1)-Sb(2) 105.2(1), Sh(1)-N(2)-Sb(2) 105.3(1),
N(1-Sb(1)-N(2) 74.6(1), N(1)-Sb(2)-N(2) 74.9(1), range C—Sb—-C 93.4(1)-112.3(1)°, range N-Sb-C 88.5(1)-170.4(1)°.

example of an organo-Sb(V) imido complex (formally
containing RN~ ligands).

[Ph;Sb(NMe,),| + PhCH,CH,NH,
(1)

toluene

+[Ph;Sb( u-NCH,CH,Ph)], + 2Me, NH
(2)

Scheme 1.

An X-ray crystallographic study of (2) ? shows it to
consist of dimeric molecules, [Ph,Sb(u-NCH,CH,
Ph)],. The Sb,N, core of (2) has a rhombic shape
[N-Sb—N 74.8(1)° and Sb—N-Sb 105.2(1)°], in which
the Sb(V) centres have similar highly distorted five-co-

? Crystal data for (2): C5,H 4N,Sb,, M =944.42, triclinic, space
group P1, a=11.224(2), b=13.662(3), c=15133(5) A, a=
80.183)°, B=79.52(3)°, y =71.83(3F, V=2151.9(7) A’, Z=2,
Peate = 1.458 Mgm ™3, A=0.71073 A, T=—120°C, u(Mo Ka)=
1.293 mm™!. Data were collected on a Siemens-Stoe AED diffrac-
tometer using an oil-coated rapidly-cooled crystal of dimensions
0.45x0.44%0.26 mm in an oil drop [12] by the 8/w method
(7.20° < 260 < 45.00°). Of a total of 7189 collected reflections, 5583
were independent. The data were corrected for absorption by a
semi-empirical method based on ¥-scans. The structure was solved
by direct methods and refined by full-matrix least-squares on F? to
final values of R,(F > 4¢(F))=0.0206, wR2 =0.0638 for 4912
reflection with F > 46(F) and R1=0.0292, wR2 = 0.1076 for all
data [R1=2|F, - F.|/3F, and wR2=(3w(F§ — F?)?/
Sw(FE)?)°*31[13); largest peak and hole in the final difference map
0.490 and —0.463 eA™>. Atomic coordinates, bond lengths and
angles, and thermal parameters have been deposited with the Cam-
bridge Crystallographic Data Centre.

ordinate geometries [range C~Sb—C 93.4(1)-112.3(1)°,
range N-Sb-C 88.5(1)-170.4(1)°]. Surprisingly the
CH,CH, Ph chains of the bridging imido groups adopt a
cisoid orientation with respect to the Sb,N, core, pre-
sumably as a result of steric and/or crystal packing
effects. The angles within the Sb,N, core are similar to
those that have been observed in the antimony (III)
dimers [Me,NSb(u-NR)], (av. Sb—N-Sb 105.2° and
av. N-Sb-N 74.8°) [2]. Although symmetrical, the
Sb—N bond lengths within the core of (2)_ alternate
‘long’ (av. 2.12 A) and ‘short’ (av. 2.00 A). These
bonds are of similar lengths to those in a range of
Sb(V)-N complexes [9]. However, the presence of al-
ternate long and short Sb—N bonds observed in (2)
contrasts with the situation for other dimeric Sb(V)
Sb,N, species, in which there is little variation in
the ring Sb-N distances, e.g, in [Cl,Sb(u-
N---C---NSiMe,)l, Sb~N av. 2.11-2.12 A [9f].
Complex (2) (Fig. 1) is the first structurally charac-
terised example of an organo-imino stiborane formally
consisting of ylidic monomer units [Ph;Sb=NR =
Ph,;Sb* — N™R]. The most closely related complex to
(2) is that of the inorganic azastibacubane [Cl1,SbNMe],,
the only other structurally characterised example of an
Sb(V) imido compound, produced by elimination of
Me,SiCl in the reaction of SbClg with [(Me,Si), NMe]
[10]. In order to investigate the potential monomer—di-
mer equilibrium for (2) in solution in which ylidic
monomer units would be formed, [Ph3Sb( u-
NCH,CH,Ph)], = 2[Ph,Sb = NCH,CH,Ph], cryo-
scopic molecular mass determinations were carried out
over a range of concentrations. These showed that the
molecule is largely dimeric in solution even at low
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concentrations [for [Ph,SbNCH,CH,Ph],; n=1.88 +
0.13 (0.00233 mol. dm™*) and n = 1.96 + 0.04 (0.0132
mol. dm~?)].

The synthesis of (2) from (1) and phenylethylamine,
an amine in which there is no conjugative stabilisation,
is worthy of note. Complexes with Sb(V)-N bond are
only formed by traditional routes if the basicity of the
nitrogen centre is reduced by electron withdrawing sub-
stituents and the nitrogen containing precursor is stable
to oxidation [10]. Aliphatic amines, for example, react
with SbCl; to give mixed-valence compounds [11]. The
new route to (2) should provide a versatile method for
making organo-Sb(V) imido complexes ([R;Sb(NR)],)
in general. By changing the steric bulk of the organic
substituents (R and R' in [R;Sb(NR')],), we are at-
tempting to produce larger imido-Sb(V) cages and
monomeric (multiply-bonded) complexes.
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