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Reaction of the HNMe2-stabilized iron-silylene complexes 
(la,b) with the stannylene reagent SnNBufSiMe2NBut 2 
occurs selectively by insertion into the N-H bond to give 
novel types of base-stabilized silylene, stannylene 
complexes. 
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There is currently a renewed interest for the chemistry of 
molecules associating transition metals with non-transition 
elements. This is largely motivated by (i) the possibility of 
stabilizing by coordination moieties otherwise unstable, (ii) the 
occurrence of unusual structures and novel reactivity patterns, 
(iii) the relevance of such associations to major catalytic 
processes and ( iv)  their importance as single-source precursors 
for new materials in e.g. OMCVD and (v) the construction of 
clusters having direct metal-metal bonds between transition 
metal and main group metals.' 

A base-stabilized iron-silylene complex l a  has recently been 
reported and resulted from an unprecedented metal-promoted 
exchange of substituents between P(NMe2)3 and Si(OEt), 
ligands.2 Various sites for reactivity are potentially available in 
this molecule and we became interested in combining silylene 
and stannylene chemistry by using a class of cyclic stannylene 
reagents, such as SnNButSiMe2NBut 2,3 which display a rich 
chemistry. They could lead with l a  to ligand displacement, 
insertion or addition reactions.4 

The rearrangement observed during the synthesis of l a  could 
now be extended to the synthesis of the methoxy analogue lb,  
although the reaction appears very sensitive to small ligand 
 effect^.^ The reaction of la,b with 1 equiv. of 2 in toluene at 
room temp. yielded quantitatively ('H NMR) complexes for 
which analytical and spectroscopic data clearly showed the 
presence of the expected Fe, Sn, Si, P and N-containing 
fragments. In particular, the 31P{ lHJ NMR spectrum of e.g. 3a 
contained a singlet resonance at 6 199.8 (compared with 6 196.8 
in la) and the 29Si{ 1H} NMR spectrum a singlet at 6 67.7 
(compared with 6 57.4 in la). The IR spectrum [v(CO) region] 
was only little affected, indicating a reaction at the base- 
stabilized silylene moiety rather than at the metal centre. A 
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trans-[Fe(CO),(P(OR)( NMe2)2}(Si(OR)2( NMe2H)}] 

la: R = Et 
lb: R = Me 

Table 1 Selected IH NMR chemical shifts 

significant shift of the SiNMe2 protons in the lH NMR spectrum 
(Table 1) suggested a reaction at the amine functi0n.t 

An X-ray diffraction study was necessary to fully ascertain 
the bonding in these molecules and this was accomplished for 
single crystals of complex [(OC), { (Me2N)2(EtO)P}Fe{ =Si- 
(OEt)2[NMe2(SnNButSiMe2NHBut)] } ]  3a (see Scheme 1) 
(Fig. 1).$ 

There are two symmetry independent, quasi-enantiomeric 
molecules in the asymetric unit. A S n t N  bond of the 
stannylene reagent 27a has formally inserted in the NH bond of 
the silylene unit Si+-NMe2H. As expected, the newly formed 
Sn( 1)-N(3) bond of 2.40(2) 8, is significantly longer than the 
Sn( 1)-N(2) bond [2.104( 12) A] or the Sn-N bond of 2 [2.091(8) 
A].3h Interestingly, the H-atom which has migrated from N(3) to 
N( 1) interacts with O(2) and the O(2)-N( 1) distance of 2.953(5) 
A in the resulting six-membered ring is characteristic for such a 
hydrogen bonding.6 Accordingly, N( 1) has acquired distorted 
tetrahedral coordination whereas N(2) has retained trigonal- 
planar coordination. 

Although the solid-state structure of 3a indicates no sym- 
metry element in the molecule, the SiNMe2 protons give rise to 
a singlet (6 2.65 in C6D5CD3) at 298 K. This results from a 
dynamic behaviour since at 225 K, two signals are observed (6 
2.72, 2.58 in C6D5CD3) which coalesce at ca. 235 K 
(AGt = 48.9 kJ mol-1). A pseudo-mirror plane containing 
Si(2), N(3) and Sn(1) and relating C(18) and C(19) could be 
generated in the dynamic regime by pyramidal inversion at Sn, 
or by breaking of the N(3)+Si bond followed by rotation of the 
NMe2 group about the Sn( 1)-N(3) axis, inversion at N(3) and 
recoordination. 

One may speculate about the course of this highly selective 
reaction. Displacement of the amine by the stannylene ligand 
followed by insertion of the amine into the Si-Sn bond appears 
unlikely, also on steric grounds. We favour initial addition of 
the N-H bond to the polar S n e N  bond of 2. Formal 
1,2-additions of an X-H bond (X = C5H5, C1, Br, I) to an amino 
stannylene reagent have been observed previously.7 

Attempts to extend this unusual addition reaction to the 
related germylene reagents were unsuccessful. This could result 
from decreased reactivity owing to shorter G e c N  bonds. It is 
also interesting to note that the stannylene reagent did not 
displace the silylene unit from the Fe centre to give an iron- 
stannylene complex whereas tin(1v) reagents can readily 
displace an iron-silyl bond.lg.9 Complexes 3a,b are new 
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Complex laa 3ac lbc 3bb 

SiNCH3 2.10 (s) 2.65 (s) 2.19 (s) 2.68 (s) 
PNCH3 2.80 (d, J 10.2 Hz) 2.86 (d, J 10.1 Hz) 2.77 (d, J 10.2 Hz) 2.91 (d, J 10.0 Hz) 

~ In C6D6. In C6D5CD3. c' In C6H6-C6D6. 
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But HMe2N 
N 

/ \  ci=rn-D + Me2Si, ,Sn: 

2 l a R = E t  
l b R = M e  

3a R = Et 
3bR=Me 

Scheme 1 

Fig. 1 View of one molecule of 3a. Selected bond distances (A) and angles 
("): Fe(l)-C(ll) 1.74(2),Fe(l)-C(12) 1.78(2),Fe(l)-C(13) 1.74(3),Fe(l)- 
P( 1) 2.174(6), Fe(ltSi(2) 2.220(6), Si(2)-0(2) 1.683(14), Si(2)-0(3) 
1.637(13), Si(2)-N(3) 1.86(2), P(1)-0(1) 1.62(2), P(l)-N(4) 1.61(2), P(1)- 
N(5) 1.65(2), Si(1)-N(l) 1.81(2), Si(l)-N(2) 1.61(2), Sn(1)-N(l) 2.32(2), 
Sn(ltN(2) 2.104(12), Sn(lhN(3) 2.40(2), Sn(1)-Si(1) 2.973(6); C(11)- 
Fe( 1)-C(12) 121.2( lo), C( 1 1)-Fe(l)-C( 13) 118.8(9), C( 12)-Fe(l)-C(13) 
118.9(10), P( 1)-Fe( 1)-Si(2) 174.3(3), 0(2)-Si(2)-0(3) 103.3(7), O(2)- 
Si(2)-N(3) 97.0(7), 0(3)Si(2 j N ( 3 )  93.5(6), N(4)-P( l)-N(5) 97.3(9), 
O(l)-P(l)-N(4) 105.9(9), O(1)-P( 1)-N(5) 94.2( lo), Sn( l)-N(S)-Si( 1) 
105.4(7), N(2)-Si(l)-N(l) 94.1(8), Si(1)-N(1)-Sn(1) 91.3(7). The second 
molecule in the asymmetric unit has bonding parameters not significantly 
different. 

members of the family of amine-stabilized metal-silylene 
complexes. The reactive N-H bond of la,b is replaced by 
another, less reactive N-H-.-O system. Accordingly, a second 
equivalent of stannylene did not react with complexes 3a,b. 
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National de la Recherche Scientifique (CNRS) for support and 
to the Ministkre des Affaires Etrangkres (Paris) and the DAAD 
(Bonn) for support under the PROCOPE programme. 

Footnotes 
t All reactions were performed under purified nitrogen, using carefully 
dried solvents. 

Synthesis of 3a,b: 0.7 mmol of 2 was slowly added at room temp. to 0.7 
mmol of l a  or l b  previously dissolved in 15 ml toluene. The orange yellow 
solution was evaporated to dryness. Addition of pentane caused formation 
of pale yellow crystals. 

Selected data 3a: 0.429 g (78%). FTIR (toluene): v(C0) 1842vs, 1934w 

SiOCH2), 4.22 [q, 3J(HP) 8.25, 3J(HH) 7.6 Hz, 2 H, POCH2], 4.0 (s, vbr, 2 
H, SiOCH2), 2.86 [d, 3J(HP) 10.1 Hz, 12 H, PNCH3], 2.65 (s, 6 H, SiNCH3), 
1.32 (m, 9 H, OCH2CH3), 1.10 (s, 9 H, NBu'), 1.03 (s, 9 H, NBut), 0.30 (s, 

25 "C, H3P04), 6 199.8 [s with Sn satellites, 4J(P'17/119Sn) 40.1 Hz]; 
I3C( IH) NMR (50 MHz, C6D5CD3, 25 "C, SiMe4), 6 216.5 [d, 2J(CP) 28.0 
Hz, 3 C, CO), 60.4 (s, 2 C, SiOCH2), 59.5 (s, 1 C, POCH2), 54.0 (s, 1 C, 
Cquat), 51.7 (s, 1 C, Cquat), 40.8 (s, 2 C, SiNCH3), 38.1 [d, 2J(CP) 7.4 Hz, 4 
C, PNCH3), 36.5 (s, 3 C, NBu'), 32.1 (s, 3 C, NBut), 19.6 (s, br, 1 C, 
SiOCH2CH3), 18.9 (s, br, 1 C, SiOCH2CH3), 17.0 [d, 3J(CP) 7.8 Hz, 1 C, 
POCHZCH~), 9.2 (s, br, 1 C, SiCH3), 8.5 (s, br, 1 C, SiCH,); 29Si INEPT 
(39.8 MHz, C6D5CD3, 25 "C, SiMe4) 67.7 [d, 2J(SiP) 31.5 Hz, 1 Si, Fe=Si), 
8.4 [s with Sn satellites, 2J(P117/119Sn) 21.7 Hz, 1 Si, SiMe21. 

3b: This compound was too unstable to be isolated pure. FTIR (benzene): 
v(C0) 1844vs cm-I; lH NMR (200 MHz, C&CD3,10 "C, SiMe4), 6 3.96 
(s, SiOCH3), 3.85 (s, 6 H, SiOCH3), 3.82 [d, 3J(HP) 14.6 Hz, 3 H, POCH31, 
2.91 [d, 3J(HP) 10.0 Hz, 12 H, PNCH3], 2.68 (s, 6 H, SiNCH3), 1.11 (s, 9 
H, NBu'), 1.08 (s, 9 H, NBuf), 0.34 (s, 3 H, SiCH3), 0.21 (s, 3 H, SiCH,); 

Cm-'; 'H NMR (300 MHZ, C&j-C3kj, 25 "C, SiMe4), 4.50 (s, vbr, 2 H, 

3 H, SiCH3), 0.12 (S, 3 H, SiCH3); 31P( 'H} NMR (81 MHZ, c6H6-C&jr 

31P( 'H} NMR (81 MHZ, C6D&&, 25 "C, H3P04), 6 203.0 [S with Sn 
Satellites, 4J(P"7/"9Sn) 40.4 Hz]; 29si INEPT (39.8 MHZ, C6D6-C&, 
25 "C, SiMe4) 70.0 [d, 2J(SiP) 31.8 Hz, 1 Si, Fe=Si], 8.9 (s, 1 Si, SiMe2). 
$ Crystal data for 3a (yellow crystals from pentane, unstable under X-ray 
radiation, three crystals were used for the measurements): C25H5sFeN5- 
O&jizSn, M = 786.47, triclinic, space group Pi, a = 11.580(2), 
b = 17.500(3), c = 21.350(4) A, = 65.90(3), p = 78.46(3), 
y = 76.00(3)", U = 3807 A3, Z = 4, D,  = 1.372 Mg m--3, Mo-Ka 
radiation: h = 0.71073 A, p = 1.182 mm-1. Stoe AED2 diffractometer, w- 
9 scan type, 183 K. The structure was solved using direct and Fourier 
methods. 5000 unique reflections measured with 1.8 < 9 < 20.0" [I > 
2a(I)]; no absorption correction was made; refinement by full-matrix least- 
squares methods; anisotropic thermal parameters for all non-H atoms in the 
final cycles; isotropic refinement of hydrogen atoms positioned by 
geometry. C(25) is a terminal methyl group and suffers from disorder, a 
fairly common fact in such molecules. The quality of the data sets explains 
the poor R values obtained and the residual electron densities which, 
however, were far away from the neighbouring atoms. R1 = 0.105, 
wR2 = 0.28. SHELXS-86 and SHELXL-93 computer programs were used. 
Atomic coordinates, bond lengths and angles, and thermal parameters have 
been deposited at the Cambridge Crystallographic Data Centre (CCDC). 
See Information for Authors, Issue No. 1. Any request to the CCDC for this 
material should quote the full literature citation and the reference number 
182/179. 
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