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Formation of a Unique ‘Unsupported’ Hydridic Sn(II) Stannate 
María Fernández-Millán,a,b Lucy K. Allen,a Raúl García-Rodríguez,*,a Andrew D. Bond,a Marta 
González-Mosquera,*,b and Dominic S. Wright*,a

The reaction of the SnII amido-stannate LiSn(NMe2)3 with the 
phosphine-borane tBu2PHBH3  gives the SnII hydride 
[(Me2NH)2Li{BH3P(tBu)2}2Sn(H)]; the first example of a hydridic 
stannate that is not supported by transition metal or ligand 
bonding. 

Transition-metal- and, more recently, main-group-metal-
catalysed dehydrogenation (dehydrocoupling) of amine 
boranes has been an area of increasing interest in the past 
decade, owing particularly to potential applications in H2-
storage and in the synthesis of BN-polymers (Scheme 1).1 
Extensive mechanistic studies have revealed that metal 
hydrides are the likely active catalytic intermediates in the 
majority of transition-metal- and main-group-metal-mediated 
amine-borane dehydrocoupling reactions. Experimental 
evidence for this has come from a range of sources, most 
commonly from in situ NMR spectroscopic studies and the 
isolation of selected intermediates.2 However, the potential to 
exploit this as a synthetic method for the preparation of low-
oxidation state main group metal hydrides has not previously 
been explored. 
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Scheme 1 Dehydrogenation of an amine borane 

 In contrast to amine boranes, very few related studies of 
the dehydrocoupling of closely related phosphine boranes 
have appeared and, to our knowledge, the only reported 
examples involving metals are based on transition-metal 
catalysis.3 Manners and co-workers showed that catalytic 

dehydrocoupling of primary (RPH2BH3) and secondary 
(R2PHBH3) phosphine boranes gives a range of B-P bonded 
acyclic and cyclic oligomers and polymers depending on the 
reaction conditions (Scheme 2).4 
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Scheme 2 Oligomerisation and polymerisation of phosphine boranes ([pre-cat] = 
[Rh(1,5-cod)Cl]2, [Rh(1,5-cod)2][O3SCF3]). 

 As part of our ongoing studies of the applications of main 
group (d0) catalysts in bond-forming reactions, we have 
recently initiated studies of a range of p-block metal reagents 
with phosphine boranes. Although our studies so far have 
revealed that such reagents are not effective at catalysing the 
oligomerisation or polymerisation of phosphine boranes,5 we 
show here that stoichiometric reactions can be employed in 
the synthesis of unusual low-oxidation state main group 
hydrides, as exemplified by the novel SnII hydride 
[(Me2NH)2Li{BH3P(tBu)2}2Sn(H)] (1). To our knowledge, this is the 
first report of a hydridic stannate that is not supported by 
coordination to a transition metal. 
 As part of our broader studies of the activity of main group 
bases as pre-catalysts in this area, we investigated the 
stoichiometric reactions of the SnII reagent Sn(NMe2)2 with the 
phosphine borane tBu2PHBH3. An in situ NMR spectroscopic 
investigation of the 1 : 1 room-temperature reaction in d8-
toluene in a sealed NMR tube showed the presence of a 
complicated mixture of decomposition products after 1 week 
at room temperature, including tBu2PH, HB(NMe2)2 and 
Me2NH. The reaction was also accompanied by the formation 
of H2 and Sn metal (the former also being observed by 1H 
NMR). Repeating this NMR study at –78oC shows that this 
latter reaction occurs through a single intermediate. Scaling up 
the reaction using the same batch of Sn(NMe2)2, followed by 
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immediate storage of the reaction solution at -25oC, resulted 
in the formation of colourless crystals of this intermediate (1).  
 In addition to obtaining the single-crystal X-ray structure of 
1 (see later), an extensive array of sophisticated 1D and 2D 
multinuclear (1H, 11B, 31P, 119Sn) NMR spectroscopic analyses 
provided unambiguous evidence that 1 is the SnII hydride 
[(Me2NH)2Li{BH3P(tBu)2}2Sn(H)] (see the structure in the inset to 
Figure 1, and ESI for full details). The unexpected appearance 
of Li+ in the structure of 1 is explained by the involvement of 
LiSn(NMe2)3 (the active base in this reaction) as a contaminant 
in Sn(NMe2)2. Closer inspection of the Sn(NMe2)2 used in the 
original reaction, and of several other batches prepared by the 
literature method (from the reaction of SnCl2 with Me2NLi in Et2O),7 
revealed the presence of an intense 7Li NMR resonance at δ 0.26 (in 
d8-thf). It has been shown previously that the tris-amido stannate 
LiSn(NMe2)3 is a potential by-product in the synthesis of 
Sn(NMe2)2,8 and a subsequent in situ multinuclear NMR 
spectroscopic study of the 1 : 1 : 3 stoichiometric reaction of 
Me2NLi : Sn(NMe2)2 : tBu2PHBH3 at -78oC [using a recrystallized, 
Li-free sample of Sn(NMe2)2] shows that 1 is formed in ca. 50% 
yield. Scaling up this reaction gave a 21% crystalline yield of 1.‡ 
A possible mechanism of formation of the stannate anion in 1 
involves a deprotonation/β-H elimination pathway (Scheme 3). 
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Scheme 3 Proposed mechanism of formation of the stannate anion of 1. The tBu2P=BH2 
may oligomerise or polymerise into (tBu2PBH2)n.4 

The 119Sn and 1H NMR spectra of 1 both show the presence of 
a [P-SnII(H)-P] unit in 1; with the Sn-H resonance in the 1H NMR 
spectrum appearing as a triplet (δ 8.14, 2JHP = 6.8 Hz) with 
119,117Sn satellites (1J 119

SnH = 102 Hz, 1J 117
SnH = 98 Hz) (see Figure 

1a) and the 119Sn NMR consisting of a triplet of doublets (δ -
276.7, 1JSnP = 1708 Hz, 1JSnH = 102 Hz) (Figure 1b). The 1H 
chemical shift and 1J 119

SnH coupling constant of the Sn-H 
hydride are similar to those found in the Sn-(µ-H)-Sn bridged 
dimeric hydrides [4-X-Ar’Sn(m-H)]2 [X = Me3Si, F; Ar’ = C6H3-
2,6-(C6H3-2,6-iPr2)2] (δ 9.12, 1J 119

SnH = 87 Hz).6e The 1H, 31P and 
11B NMR spectra of 1 show that the BH3 groups present in the 
precursor tBu2PHBH3 are retained in 1. The coordination 
environment of the Li ion was also probed by a 7Li-1H HOESY 
experiment, which shows that the Me and NH protons of the 
Me2NH ligands are in close proximity to the Li+ cation.  
 
 
 
 

 
 

 

 

Figure 1 Room-temperature NMR spectra of isolated crystals of 1 dissolved in d8-
toluene (a) 1H (500.1 MHz) and (b) 119Sn (186.56MHz), 1H-coupled (red), 1H-decoupled 
(blue). 

 

  
 The crystal structure of 1 (Figure 2a) confirms that it is a 
SnII stannate complex of formula [(Me2NH)2Li{BH3P(tBu)2}2Sn(H)], 
resulting from the ion-pairing of the stannate anion 
[{BH3P(tBu)2}2Sn(H)]- with a bis-Me2NH coordinated Li+ cation.§  All 
of the atoms within the SnP2B2Li ring of 1 are in the same plane 
(lying in a crystallographic mirror plane). The hydridic H-atom was 
located in the difference map, and is disordered above and below 
the mirror plane. The H atoms on B and on N were also located in 
the difference map and refined freely. Although a number of 
transition-metal phosphide-boranes have been structurally 
characterised previously,9 far fewer main-group-metal complexes of 
this type are known10 and only a handful of these involve p-block 
metals.10a,e,g Many of the structural features of 1, the B-P bond 
lengths [1.954(4) Å] and the presence of B-HˑˑˑLi interactions linking 
the [{BH3P(tBu)2}2Sn(H)]- to the Li+ cation [B-HˑˑˑLi 2.02(2) Å], are 
similar to those found in alkali metal complexes of phosphide-
boranes.10 However, more importantly, of the various classes of 
SnII hydrides that have been reported [containing terminal SnII-H 
(A),11 bridging SnII(µ-H)SnII (B) 6 or ligand- or transition metal-
stabilised SnII-hydrides (C)12 (Figure 2)], 1 is the first species to 
contain an ‘unsupported’ SnII hydridic stannate anion, i.e., that is 
not stabilised by Sn-bonding to a transition metal (the only reported 
examples of stannates being transition metal bonded SnH3 
complexes, H3Sn-[Tm]13 ). 
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Figure 2 Major types of SnII hydrides reported so far; A monomer with terminal Sn-H, B 
dimer with bridging Sn-(µ-H)-Sn, C transition metal [Tm]-stabilised monomer. 

 The steric stabilisation of the hydridic H-atom by the 
surrounding tBu groups in 1 can be seen in the space-filling 
representation of the structure shown in Figure 2b. A degree of 
electrostatic stabilisation is also conceivable in this situation, 
bearing in mind the shortness of the associated Sn-Hδ−ˑˑˑ H δ+-C 
contacts (range 2.06-3.10 Å; cf 2.40 Å for the sum of the van der 
Waals radii14). The importance of dispersion forces in the 
stabilisation of main group metal compounds has also been noted 
recently. Significantly, the room-temperature 1H-1H NOESY NMR 
spectrum of 1 in d8-toluene proves the near proximity of the Sn-H 
and tBu groups (Figure 2c). Also of interest, the 31P/11B-decoupled 
1H NMR spectrum shows that the initially complicated tBu 
resonance in 1 (see Figure 1a) is resolved into two 1 : 1 singlets (see 
ESI). Their magnetic inequivalence suggests that the stannate anion 
of 1 is retained in solution and results from the orientation of the 
Sn-H bond (cis or trans) to either tBu group. 
 In summary, the formation of the unique hydridic stannate 
[(Me2NH)2Li{BH3P(tBu)2}2Sn(H)] (1) illustrates a soft approach to 
low-oxidation-state main group hydrides. In the case of 1, this 
is the first discrete SnII stannate containing a hydride ligand. 
The stabilisation of this complex is largely steric in origin, but 
may also be due to Hδ−ˑˑˑ Hδ+ interactions with the surrounding 
ligands. Further studies will be aimed at assessing the potential of 
other main group bases as precursors to low-oxidation-state 
hydrides. 
 

 

 
 

 
 
Figure 2 (a) The crystal structure of 1. Only one of the two disordered components of 
the tBu groups and the Sn-H proton are shown for clarity. Selected bond lengths (Å) and 
angles (o); Sn(1)-H(1) 0.89, Sn(1)-P(1) 2.6460(6), P(1)-B(1) 1.954(4), B-HˑˑˑLi(1) 2.02(2) 
[B(1)ˑˑˑLi(1) 2.442(5)], Li(1)-N(1) 2.097(5), P(1)-Sn(1)-H(1) 73.9, P(1)-Sn(1)-P(1A) 
104.98(3), Sn(1)-P(1)-B(1) 122.6(1), P(1)-B(1)ˑˑˑLi(1) 132.6(2). Sn (green), B (pink), Li 
(magenta), N (violet). (b) Space-filling representation of 1, viewed down the SnˑˑˑLi axis, 
illustrating the sterically-shielded ‘pocket’ in which the hydridic H-atom resides, HˑˑˑH 
contacts range 2.06-3.10 Å (the red arrow indicates the shortest of the four HˑˑˑH 
contacts). (c) The 1H-1H NOESY spectrum of 1 in d8-toluene, confirming the near 
proximity of the tBu and Sn-H protons in solution. 

Notes and references 

‡ Synthesis of 1; In the glovebox, a Schlenk tube was charged with tBu2PH·BH3 (0.164 g, 
0.91 mmol), Sn(NMe2)2 (0.064 g, 0.30 mmol) and LiNMe2(0.016 g 0.30 mmol). Upon 
cooling to -78 oC, 1 mL of toluene was added to the tube, and the mixture was stirred 
for 10 min.  The solution was then placed in the freezer overnight (-25 oC). After one 
day colourless crystals of compound 1 were observed. The crystals were isolated and 
washed with n-hexane to remove the finely-divided (colloidal) elemental Sn (yield of 1 
31 mg, 0.06 mmol, 21 %). 1H NMR (500 MHz, 298 K, d8-toluene): δ 8.14 (t, JHP = 6.8 Hz, 
JHSn = 101 Hz, 1H, Sn-H), 2.02 (d, 3JHH = 6.45 Hz, 12H, NCH3), 1.54 (m, 36H, C(CH3)3), 1.00-
0.42 (br, 6H, BH3), 0.38 (sept, 3JHH = 6.45 Hz, 2H, HN CH3). 13C{1H} NMR (125.65 MHz, 
298 K, d8-toluene): δ 37.8 (NCH3), 33.5 (C(CH3)3), 29.7, 29.5 (C(CH3)3). 11B{1H} NMR 
(160.35 MHz, 298 K, d8-toluene): δ -35.8 (br, 1JBH = 87.0 Hz, 1JBP = 64.5 Hz). 31P{1H} NMR 
(202.47 MHz, 298 K, d8-toluene): δ 18.9 (br, 1JPB = 64.5 Hz, 1JPSn = 1708.0 Hz). 7Li NMR 
(194.40 MHz, 298K, d8-toluene,): δ 0.599. 119Sn NMR (186.50 MHz, 298 K, d8-toluene): δ 
-276.7 (td, JSnH = 101 Hz, 1JSnP = 1708.0 Hz). IR: (Nujol, cm-1) 2390., 2354, 2277 (BH3) 
1643 (Sn-H). Elemental Analysis (%): C20H57B2LiN2P2Sn (534.34): calcd: C = 44.9, N = 5.2, 
H = 10.7, found: C = 44.6, N= 5.5, H = 10.6. 
§ Crystal data for 1: M = 534.86, orthorhombic, space group Cmcm, Z = 4, a = 
18.9850(8), b = 10.8911(5), c = 14.8749(7) Å, V = 3075.6(2) Å3, µ(Cu-Kα) = 7.625 
mm-1, ρcalc = 1.155 g cm-3, T = 180(2) K. Total reflections 18658, unique 1576 (Rint = 
0.035). R1 = 0.023 [I>2σ(I)] and wR2 = 0.056, (all data). The complex lies on a site of 
crystallographic m2m (C2v) symmetry. The H atoms associated with the unique B 
and N atoms were located in the difference Fourier map and refined freely with 
isotropic displacement parameters. The H atom on Sn was also visible in the 
difference map, but is disordered above and below the SnP2B2Li ring; it was 
retained in the position identified from the difference map and set to ride on the 
Sn atom for subsequent refinement. The assignment as one disordered H atom 
(rather than two H atoms occupying both symmetry-related positions) is made by 
consideration of the spectroscopic data and the requirement for charge balance. 
CCDC 1454030 contains the supplementary crystallographic data for 1. 
 
1 For reviews, see A. Staubitz, A. P. M. Robertson, M. E. Sloan 

and I. Manners, Chem Rev., 2010, 110, 4023; H. C. Johnson, T. 
N. Hooper and A. S. Weller, Top. Organomet. Chem., 2015, 49, 
153; R. J. Less, R. L. Melen and D. S. Wright, RSC Adv., 2012, 
2, 2191. 

2 H. J. Cowley, M. S. Holt, R. L. Melen, J. M. Rawson and D. S. 
Wright, Chem. Commun., 2011, 47, 2682; M. M. Hansmann, R. 
L. Melen and D. S. Wright, Chem. Sci., 2011, 2, 219. 

(a) 

(b) 

(c) 

This journal is © The Royal Society of Chemistry 20xx Chem. Commun., 2016, 00, 1-3 | 3 



COMMUNICATION Chem. Commun. 

Please do not adjust margins 

Please do not adjust margins 

3 Catalysis involving non-metal based Lewis acids have been 
reported, J. M. Denis, H. Forintos, H. Szelke, L. Toupet, T.N. 
Pham, P.-J. Madec, A.-C. Gaumont, Chem. Commun., 2003, 54. 

4 H. Dorn, R. A. Singh, J. A. Massey, A. J. Lough, I. Manners, 
Angew. Chem., Int. Ed., 1999, 38, 3321; H. Dorn, R. A. Singh, J. 
A. Massey, J. M. Nelson, C. A. Jaska, A. J. Lough and I. 
Manners, J Am. Chem. Soc., 2000, 122, 6669; H. Dorn, E. 
Vejzovic, A. J. Lough, I. Manners, Inorg Chem., 2001, 40, 4327; 
H. Dorn, J. M. Rodezno, B. Brunnhofer, E. Rivard, J. A. Massey, 
I. Manners, Macromolecules, 2003, 36, 291. 

5 L. K. Allen, D. S. Wright, unpublished results. 
6 (a) B. E. Eichler, P. P. Power, J. Am. Chem. Soc., 2000, 122, 

8785; (b) T. F. Koetzle, A. J. Schultz, R. Henning, A. Albinati, 
W. T. Klooster, B. E. Eichler, P. P. Power, Compt. Rend. Chim., 
2005, 8, 1487; (c) Y. Peng, E. Rivard, J. Steiner, J. C. Fettinger, 
J. R. Giuliani, M. P. Augustine, P. P. Power, Chem. Commun., 
2007, 4919; (d) E. Rivard, R. C. Fischer, R. Wolf, W. A. Merrill, 
N. D. Schley, Z. Zhu, L. Pu, J. C. Fettinger, S. J. Teat, I. Nowik, 
R. H. Herber, N. Takagi, S. Nagase, P. P. Power, J. Am. Chem. 
Soc., 2007, 129, 16197; (e) Y. Peng, M. Brynda, B. D. Ellis, J. C. 
Fettinger, E. Rivard, P. P. Power, Chem. Commun., 2008, 6042; 
(f) Y. Peng, B. D. Ellis, X. Wang, P. P. Power, J. Am. Chem. 
Soc., 2008, 130, 12268; (g) T. J. Hadlington, M. Hermann, J. Li, 
G. Frenking, C. Jones,  Angew. Chem. Int. Ed., 2013, 52, 10199. 

7 M. M. Olmstead, P. P. Power, Inorg. Chem., 1984, 23, 413. 
8 M. A. Beswick, S. J. Kidd, P. R. Raithby, D. S. Wright, Inorg. Chem. 

Commun., 1999, 2, 419. 
9 Search of the Cambridge Crystallographic Data Based (February, 

2016). 
10 (a) G. Müller, J. Brand, Organometallics, 2003, 22, 1463; (b) F. 

Dornhaus, M. Bolte, H.-W. Lerner, M. Wagner, Eur. J. Inorg. 
Chem., 2006, 5138; (c) A.-M. Fuller, A. J. Mountford, M. L. 
Scott, S. J. Coles, P. N. Horton, D. L. Hughes, M. B. Hursthouse, 
S. J. Lancaster, Inorg. Chem., 2009, 48, 11474; (d) K. Izod, J. M. 
Watson, W .Clegg, R. W. Harrington, Dalton Trans., 2011, 40, 
11712; (e) K. Izod, J. M. Watson, W. Clegg, R. W. Harrington, 
Eur. J. Inorg. Chem., 2012, 1696; (f) K. Izod, J. M. Watson, W. 
Clegg, R. W. Harrington, Inorg. Chem., 2013, 52, 1466; (g) F. 
Dornhaus, M. Bolte, Private Communication, CCDC 884765. 

11 L. W. Pineda, V. Jancik, K. Starke, R. B. Oswald, H. W. Roesky, 
Angew. Chem., Int. Ed., 2006, 45, 2602; C. P. Sindlinger, L. 
Wesemann, Chem. Sci., 2014, 5, 2739; S. Khan, P. P. Samuel, R. 
Michel, J. M. Dieterich, R. A. Mata, J.-P. Demers, A. Lange, H. 
W. Roesky, D. Stalke, Chem. Commun., 2012, 48, 4890. 

12  K. D. Bos, E. J. Bulten, J. G. Noltes, A. L. Spek, J. Organomet. 
Chem., 1975, 92, 33; P. G .Hayes, C. W. Gribble, R. Waterman, 
T. D. Tilley, J. Am. Chem. Soc., 2009, 131, 4606; S .M. I. Al-
Rafia, A. C. Malcolm, S. K. Liew, M. J. Ferguson, R. McDonald, 
E. Rivard, Chem. Commun., 2011, 47, 6987; S. M. I. Al-Rafia, A. 
C. Malcolm, R. McDonald, M. J. Ferguson, E. Rivard, Angew. 
Chem., Int. Ed., 2011, 50, 8354; S. M. I. Al-Rafia, A. C. 
Malcolm, S. K. Liew, M. J. Ferguson, E. Rivard, J. Am. Chem. 
Soc., 2011, 133, 777; S. M. I. Al-Rafia, O. Shynkaruk, S. M. 
McDonald, S. K. Liew, M. J. Ferguson, R. McDonald, R. H. 
Herber, E. Rivard, Inorg. Chem., 2013, 52, 5581. 

13 The only examples are Tm-stabilised SnH3; G. Albertin, S. 
Antoniutti, A. Bacchi, M. Bortoluzzi, G. Pelizzi, G. Zanardo, 
Organometallics, 2006, 25, 4235; ; G. Albertin, S. Antoniutti, J. 
Castro, S. Garcia-Fontan, G. Zanardo, Organometallics, 2007, 
26, 2918;  G. Albertin, S. Antoniutti, J. Castro, G. Zanardo, 
Inorg. Chim. Acta, 2010, 363, 605; M. M. Mohlen, C. E. F. 
Rickard, W. R. Roper, G. R. Whittell, L. J. Wright, Inorg. Chim. 
Acta, 2007, 360, 1287. 

14  A. Bondi, J. Phys. Chem., 1964, 68, 441. 
 
  

4 | Chem.Comm., 2016, 00, 1-3 This journal is © The Royal Society of Chemistry 20xx 

https://en.wikipedia.org/wiki/Journal_of_Physical_Chemistry


Journal Name  COMMUNICATION 

Please do not adjust margins 

Please do not adjust margins 

 

Graphical Abstract 

 

Formation of a Unique  
‘Unsupported’ Hydridic Sn(II) Stannate 
 
 
 
 
 
 
M. Fernández-Millán, L. K. Allen, R. García-Rodríguez, 

A. D. Bond, M. González-Mosquera, and D. S. Wright 
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 

 

The reaction of the SnII amido-stannate 
LiSn(NMe2)3 with the   phosphine-borane 
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