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The reaction of [Sn(NMe,),] with a suspension of CrCl; and
H,O in thf gives the molecular CrISn! oxo complex
[(thf)(Me,NH),Cl,Cr],{CISn(n-0O)}, 1, in which the O atoms
of a central Sn,0, ring coordinate two Cr!II cations.

Oxo complexes of Sn are an extensive and highly structurally
varied class of compounds. Organotin(iv) oxo complexes are
commonly prepared by hydrolysis of organotin(iv) halides or
carboxylates or by the oxidation of organotin(i) complexes.t
The functionality and steric bulk of the organic groupsiscrucial
in dictating the geometries of the metal cores in these species
and the nuclearity of the resulting cage arrangements. In
contrast, structurally characterised tin(ir) oxo complexes are
rare and there are no general methodsfor their preparation.2 The
trapping of SnO fragments into molecular arrangements has
been achieved by their incorporation into the frameworks of
tin(m)/(1v) host complexes,2a.c.e by the formation of Lewisacid/
base adducts with tin(i1) complexes,22.d or by coordination of
transition metal carbonyls to the Sn lone pairs.2.9 In previous
studies we showed that the low-temperature reactions of
primary amines with dimethylamido p block metal reagents
{[E(NMe&y),]; E = Sn(x = 2), Sb (x = 3)} furnishesasimple
route to imido and phosphinidene cage compounds [Scheme
1(a)].® We describe here the discovery that the analogous
reactions of metal aqua complexes with dimethylamido p block
reagents provide a new route to heterometallic oxo-complexes
[Scheme 1(b)].
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Thereaction of [Sn(NMey),] with BuUNH—NHz—1,4-dioxane
in thf followed by addition of CrCl; was initially undertaken
with a view to preparing a heterometalic Sn''/Cr'"' imido/
nitrido complex. However, the product is a mixture of Sn'!/Cr!!!
oxo complexes [(MeNH),(thf)CrCl,]{ ClISn(u-O)} L (L =
1,4-dioxane or ButNH,), the oxo ligand arising as a result of
partial hydrolysis of the precursor CrCls. Further studies
revedled that basic conditions catalyse this reaction and the
stoichiometric reaction of a mixture of CrCl; and H,O (1:1
equiv.) in thf-ButNH, (1 equiv.) with [Sn(NMey),] (1 equiv.)
affords [(MexNH),(thf)CrCl,] o{ ClSn(u-O)} 2-ButNH,
(1-BUtNH,) as the sole product (Scheme 2).t
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An X-ray crystallographic study of 18 as the 1,4-dioxane
solvate reveals that the complex is composed of bimetallic
molecules [(Me;NH)(thf)CrCl,]{ ClSn(u-0)} » (Fig. 1) which
are loosely associated by lattice-bound 1,4-dioxane molecules
into a hydrogen-bonded network via C—H---O hydrogen bonds

to the terminal thf ligands. Although a few examples of mixed
transition metal—p block metal oxo complexes have been
structurally characterised, all of these have relied on akoxide
functionalities to support the association of the metals, e.g. in
[PboTiz(uwa-O)(ns-OPri),(u-OPri)4(OPri) 4].4 The molecular ar-
rangement of 1, effectively resulting from the trapping of a
central [CISn(u-O)], fragment by the coordination of the O
centres to two Cr'l! cations, is unique among main group 0xo
compounds. The closest analogy isfound in the tin(ir) complex
[{MesSi(NBuU),Sn,0} SnCl,] in which a SnCl, molecule is
coordinated by the O atom of a [MesSi(NBu){ Snu(n-0)}]
ligand.2p

Despite the planarity of the O centres of 1 and the possibility
of a degree of multiple bond character in the Cr-O bonds, the
pattern of bond lengths and angles found in the [Sn(u-O)].Cr»
portion of 1 is consistent with its formulation as a coordination
complex between a[CISn(u-0)],2— dianion and two Lewisbase
solvated CrCl,* cations {rather than the aternative resonance
extremeinvolving [Cl,Cr=0]—}. The central, planar [Sn(u-O)]»
ring of 1 is rhombic shaped, with the internal angles at Sn and
O [Sn—0-Sn 104.2(2), O-Sn-0 75.8(2)°] being similar to those
present in the dimeric units of more elaborate tin(ir) oxo
compounds.2e In addition, the Sn—O bonds fall in the expected
range (SO av. 211 A in 1; cf. ca. 2.05210 A2,
Significantly, the Cr—O bonds [1.893(4) A] are only marginally
below the value expected for single Cr—O bonds (ca. 1.93 A)S
and noticeably longer than those found for Sn—O—Cr linkagesin
organotin(rv) chromates.6 In addition to their coordination by
the O centres of the [Sn(u-O)]. ring, each of the Cr'! ionsisaso
coordinated by two trans-Me;NH ligands, by two trans-Cl—
ionsand by onethf ligand, giving an octahedral geometry which
istypical of Cr!'!. The orientation of the Me,NH groups, whose

Ci(1a)

Fig. 1 ORTEP drawing of centrosymmetric molecular structure of
1-1,4-dioxane. Thermal ellipsoids are at the 40% probability level. Selected
bond lengths (A) and angles (°); Sn(1)-Cl(1) 2.541(2), Sn(1)-O(1)
2.108(4), Sn(1)-O(1a) 2.103(4), Cr(1)-0O(1) 1.893(4), Cr(1)-N(1) 2.140(5),
Cr(1)-N(2) 2.135(5), Cr(1)—Cl(2) 2.327(2), Cr(1)-CI(3) 2.334(2), Cr(1)—
0(2) 2.108(4), H(2)--Cl(1) 2.59, H(1)---Cl(1a) 2.77, O(1)-Sn(1)-O(1a)
75.8(2), Sn(1)-O(1)-Sn(1a) 104.2(2), Cr(1)-O(1)-Sn(1, 1a) mean 127.9,
0O(1)-Cr-0(2) 178.4(2), N(1)-Cr(1)-N(2) 176.9(2), Cl(2)-Cr(1)-CI(3)
177.94(8). Symmetry transformations used to generate equivaent atoms, a
—X+1,-y—-1 -z +1
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H atoms are directed toward the Sn-bonded Cl— ligands, and the
presence of relatively short H---Cl contacts [H(2)--Cl(1) 2.59,
H(1)---Cl(1a) 2.77 A] indicates that the molecular arrangement
of 1 is partialy supported by hydrogen bonding. Further
evidence for hydrogen bonding is the slight axia distortion of
the Me;NH groups towards the Cl atoms [N(2)—-Cr(1)-N(3)
176.9(2)°]. These interactions give a reason for the trans
coordination of the Cr!!! cations by the Me,NH and Cl— ligands
(as opposed to the aternative cis isomer).

Further studies are in hand to determine the generality of
similar deprotonation reactions in the synthesis of hetero-
metallic oxo and nitrido complexes containing a variety of
mixed-metal compositions.

We gratefully acknowledge the EPSRC (M. A. B., J. S. P,,
M. McP.), the Roya Society (D. S. W.) and the Spanish
Government (M. E. G. M.) for financia support.

Notes and References

T E-mail: dswl000@cus.cam.ac.uk

T Yynthesis of 1-ButNH,: to a suspension of anhydrous CrCl; [0.31 g, 2.5
mmol, (Aldrich 99.9%)] in thf (20 ml) was added degassed H,O (0.05 ml,
2.5 mmal). The mixture was stirred for 24 h at 25 °C. ButNH, (0.26 ml, 2.5
mmol) was added and after stirring at 25 °C (20 min) the temperature was
lowered to —78 °C and [Sn(NMe,),] (0.52 g, 2.5 mmol) in thf (10 ml) was
added slowly. The mixture was alowed to warm to room temperature and
the green solution produced was filtered to remove a white precipitate. The
filtrate was reduced to ca. 20 ml under vacuum and storage at 5 °C (48 h)
gave light brown crystals of 1.ButNH,. Yield 0.38 g, 31%. decomp.
>255 °C to black solid. IR (Nujol), Vmax/cm—1 3352w, 3166w (N—H str),
other bands at 1288w, 1256m, 1118s, 1080m, 1018s, 922m, 871m, 800m,
721w. 1H NMR [(CD3),SO, +25 °C, 250 MHz], 5.80 (br s, Me;NH), 3.59
(9), 1.76 (s, thf), 2.32 (s, Me:NH), 1.21 (s, ButNH,), overlapping of the
resonances due to paramagnetic broadening made accurate integration
impossible. Andl. calc. for 1.ButNH,, C, 24.5; H, 5.2; N, 7.2; Cl, 21.8.
Found; C, 23.8; H, 5.3; N, 7.2; Cl, 20.4%.

Thereaction of [Sn(NMey),] (0.53 g, 2.5 mmol) in thf (20 ml) with NH3
(2.27 ml solution of 0.5 mol dm—3 in dioxane, 0.64 mmol) and ButNH,
(0.20 ml, 1.91 mmol) was aimed at the formation of the cubane
[Sna(NBut)sNH]. A red—brown solid formed after a few minutes. To this
was added CrCl; (0.10 g, 0.81 mmoal, ‘anhydrous’). The mixture was stirred
(1 h) giving a dark green solution. The insoluble material was filtered off
and thefiltrate concentrated to ca. 10 ml. Et,O (3 ml) was added and storage
at 5 °C (48 h) gave 1-1,4-dioxane and 1-ButNH, as a mixture in low yield.
The1H NMR spectrum isidentical to that obtained separately for 1-ButNH,
(6 1.19, But) but with a dioxane resonance at 6 3.60. Only 1.-1,4-dioxane
could be obtained as crystals from the mixture and repeated attempts to
obtain single crystals of 1-ButNH, have so far failed.

§ Crystal data for 1: C19H26Cl3CrN,O3Sn, M = 998.74, monoclinic, space
group P2;/n, a = 8.002(1), b = 14.956(2), ¢ = 15.855(2) A, B = 99.81(1)°,
U = 1869.9(5) A3,Z = 2,D. = 1.77Mgm-3,1 = 0.710 73A, T = 223(2)
K, u(Mo-Ka) = 2.351 mm~—1, F(000) = 996. Data were collected on a
Siemens P4 diffractometer using an oil-coated rapidly-cooled crystal of
dimensions 0.30 x 0.30 x 0.30 mm by the w26 method (1.88 < 6 <
25.00°). Empirical absorption corrections were applied after initial
refinement with isotropic displacement parameters.” Of a total of 4391
collected reflections, 3295 were independent (Ri,c = 0.027). The structure
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was solved by direct methods and refined by full-matrix least squares on F2
to final values of R1[F > 40(F)] = 0.040 and wR2 = 0.114 (al data) [R1
= Z([Fo| — [Fe/Z[Fo| and wR2 = [Sw(Fs? — Fc2)2/Zw(F2)?05, w =
U[o%(F4?) + (0.0535P)2 + 2.9000P], P = Fo2 + (2F:2/3)];8 largest peak and
holein the final difference map 0.60 and —0.58 e A—3. Two of the C atoms
of the Cr-bonded thf ligands are disordered. These were modelled with 1:1
occupancy. CCDC 182/869.

1 For a representative cross-section, see R. Graziani, G. Bombieri, E.
Forsellini, R. Furlan, V. Peruzzo and G. Tayliarvini, J. Organomet.
Chem,, 1977, 125, 43; C. Glidewell and D. C. Liles, Acta Crystallogr.,
Sect. B, 1979, 35, 1689; H. Puff, W. Schuh, R. Sievers and R. Zimmer,
Angew. Chem., 1981, 93, 622; Angew. Chem,, Int. Ed. Engl., 1981, 20,
591; M. Veith and M. Grosser, J. Organomet. Chem., 1982, 229, 247; H.
Puff, J. Bung, E. Friedrichs and A. Jansen, J. Organomet. Chem., 1983,
254, 23; B. A. Narayanan and J. Kochi, Inorg. Chim. Acta, 1986, 122, 85;
S. Kerscul, B. Wrackmeyer, D. Manig, H. Noéth and R. Standidl,
Z. Naturforsch., Teil B, 1987, 42, 387; R. J. Batchelor, T. Birchall and
J. P. Johnson, Can. J. Chem.,, 1987, 65, 2187; P. Brown, M. F. Mohon and
K. C. Mallay, J. Chem. Soc., Chem. Commun., 1989, 1621; R. R. Holmes,
Acc. Chem. Res., 1989, 22, 190; M. A. Edelmann, P. P. Hitchcock and
M. F. Lappert, J. Chem. Soc., Chem. Commun., 1990, 1116; C. Vatsa,
V. K. Jain, J. Kesavadas and E. T. R. Tiekink, J. Organomet. Chem.,
1991, 408, 157; H. Reuter and M. Kremser, Z. Anorg. Allg. Chem., 1992,
615, 137; W. Bubenheim and U. Muller, Z. Anorg. Allg. Chem., 1993,
619, 779.

2 (a) P. F. R. Ewing, P. G. Harrison, T. J. King and A. Morris, J. Chem.
Soc., Chem. Commun., 1974, 53; (b) M. Veith, Chem. Ber., 1978, 111,
2536; (c) P. G. Harrison, P. JHeylett and T. J. King, J. Chem. Soc., Chem.
Commun., 1978, 112; (d) M. Veith and O. Recktenwald, Z. Anorg. Allg.
Chem., 1979, 459, 208; (e) T. Birchall and J. P. Johnson, J. Chem. Soc.,
Dalton Trans., 1981, 69; (f) B. Schiemenz, F. Ettel, G. Huttner and L.
Zsolnai, J. Organomet. Chem., 1993, 458, 159; (g) M. Veith and O.
Recktenwald, Z. Naturforsch., Teil B, 1983, 38, 1054; (h) B. Schiemenz,
B. Antelmann, G. Huttner and L. Zsolnai, Z. Anorg. Allg. Chem., 1994,
620, 1760.

3 A. J. Edwards, N. E. Leadbeater, M. A. Paver, P. R. Raithby, C. A.
Russell and D. S. Wright, J. Chem. Soc., Dalton Trans., 1994, 1479; A.
J. Edwards, M. A. Paver, M.-A. Rennie, C. A. Russell, P. R. Raithby and
D. S. Wright, J. Chem. Soc., Dalton Trans., 1994, 2963; M. A. Beswick,
R. E. Allan, M. A. Paver, P. R. Raithby, M.-A. Rennieand D. S. Wright,
J. Chem. Soc., Dalton Trans,, 1995, 1991; M. A. Beswick, R. E. Allan,
M. A. Paver, P. R. Raithby, A. E. H. Wheatley and D. S. Wright, Inorg.
Chem.,, 1997, 36, 2502.

4 S. Daniele, R. Rapiernik, L. G. Hubert-Pfalzgraf, S. Jagner and M.
Hahansson, Inorg. Chem., 1995, 34, 628; P. J. Teff, J. C. Huffmann and
K. G. Caulton, J. Am. Chem. Soc., 1996, 118, 4030.

5 F. A. Cotton and G. Wilkinson, Advanced Inorganic Chemistry, Wiley,
New York, 5th edn., 1988; J. E. Huheey, Inorganic Chemistry, Harper
and Row, London, 3rd edn. 1983; J. G. Stark and H. G. Wallace,
Chemistry Data Book, John Murray, London, 1976.

6 For example, see A. M. Domingos and G. M. Sheldrick, J. Chem. Soc.,
Dalton Trans., 1974, 477.

7 N. Walker and D. Stuart, Acta Crystallogr., Sect. A, 1983, 39, 158.

8 SHELXTL PC version 5.03, Siemens Analytical Instruments, Madison,
WI, 1994.

Received in Cambridge, UK, 20th March 1998; 8/02205D



