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The first phosphaalkenyl(chloro)tin(II) compound stabilized through complexation with a N-heterocyclic 

carbene was fully characterized, and its reaction with Me2SAuCl led to the formation of an unprecedented P=C-

bridged trinuclear gold complex. 
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The new phosphaalkenyl(chloro)tin(II) compound 

NHC−Sn(Cl)[C(SiMe3)=PMes*] was isolated and fully 

characterized including molecular structure determination by 

a single crystal X-ray diffraction analysis. Its reaction with 

Me2SAuCl led to the formation of an unprecedented  

P=C-bridged trinuclear gold complex [AuC(SiMe3)=PMes*]3 

through the transfer of the phosphaalkenyl substituent to the 

gold atom.  

The use of electron-donating N-heterocyclic carbenes (NHC) as 

stabilizing ligand for reactive main group species has attracted 

growing interest in the last decade.1 Number of fascinating and 

unusual group 14-based compounds have been reported as NHC 

complexes of low-valent, low-oxidation state or charged 

derivatives.2 In this context, we synthesized and structurally 

characterized hypermetallyl- and phosphaalkenylmetallylenes: 

NHC–E[M14(SiMe3)3]2
3 and NHC–E[(C(Cl)=PMes*]2

4 (E = Ge, 

Sn). In the tin series, the reported examples remain scarce in 

comparison with the silicon and germanium analogues. Some 

years ago, carbene–tin complexes NHC–SnCl2 and NHC–SnAr2 

(Ar = 2,4,6-iPr3C6H2; NHC = (MeCNiPr)2C:) were prepared and 

structurally characterized.5 A zwitterionic carbene-stannylene 

adduct was obtained by cleavage of a dibenzotetraazafulvalene 

by a diaza-stannylene.6 Since then, various NHC bearing 

sterically demanding groups on nitrogen atoms such as Dip (2,6-  
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iPr2C6H3)
2d and Mes (2,4,6-Me3C6H2)

7 have been used. Recently, 

two examples of unstable entities stabilized by coordination to NHC 

have been isolated: the tin(II)dihydride in the form of the carbene-

tungsten bis-adduct NHC–SnH2W(CO)5
8 and the amidochloride-

carbene adduct NHC–Sn(Cl)NHDip (NHC = (HCNDip)2C).9 In all 

cases, the carbene coordination is one of the key factors to obtain 

divalent species in their monomeric state. With this in mind, we 

envisioned to prepare N-heterocyclic carbene stabilized 

phosphaalkenyl(chloro)stannylene: NHC−Sn(Cl)[C(SiMe3)=PMes*] 

bearing both trimethylsilyl and chloride moieties in order to gain 

access to a tin(II)phosphaallene Sn=C=P by elimination of the 

trimethylchlorosilane. Moreover, based on the ability of 

phosphaalkenyl moieties to give various types of coordination 

reactions with transition-metals,10 we investigated the ability of this 

new tin(II) compound to coordinate a gold complex. 

We first synthesized the phosphaalkenyl(chloro)stannylene using 

the method described for the diphosphaalkenyl tin(II) compound.4b 

The addition of NHC–SnCl2 1 in 1:1 equivalent ratio to a solution of 

Mes*P=C(Li)SiMe3 (obtained by addition of t-BuLi to 

Mes*P=C(Cl)SiMe3)
11 in THF at low temperature afforded the 

product 2 (Scheme 1). The detection of a single signal in the 31P 

NMR spectra at 344.9 ppm (2JP-Sn = 298.9 Hz) indicates the 

formation of only one stereoisomer, that could be assigned to the E 

isomer for steric reasons. By contrast, when using two equivalents of 

the lithium derivative, the expected homoleptic stannylene 

NHC−Sn[C(SiMe3)=PMes*]2 was not obtained. 

Compound 2 was isolated as an air- and moisture-sensitive yellow 

powder in 70% yield. 2 is moderately soluble in benzene and 

toluene, but is highly soluble in THF in which it remains stable 

under heating for several hours up to 50 °C. However, a higher 

heating temperature causes a partial decomposition of complex 2 

without elimination of Me3SiCl. Compound 2 could be fully 

characterized by 1H, 13C, 29Si, 31P, 119Sn NMR spectroscopy in 

solution and the structure in solid state was established by X-ray 
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diffraction studies on single crystals obtained from toluene at low 

temperature (Figure 1). 

 

Scheme 1 Synthesis of phosphaalkenyl(chloro)stannylene  

NHC–Sn(Cl)[C(SiMe3)=PMes*] 

 

The 1H NMR spectrum exhibits a broad signal belonging to the four 

CH3 of the iPr groups and a well-resolved septet corresponding to 

the CH moiety reflecting some steric hindrance in this 

chlorostannylene. In the 13C NMR spectrum, the carbenic carbon 

signal is upfield-shifted (178.6 ppm) in comparison to that of the free 

carbene12 (206 ppm) in agreement with a carbene coordination to 

group 14 element.13 Due to the presence of the chlorine atom, the 
119Sn NMR spectrum of the phosphaalkenyl(chloro)stannylene 2 

displays a signal at 52.2 ppm lowfield-shifted by comparison with 

that of its analogue containing two P=C units (-130.8 ppm).4b In the 
29Si NMR spectrum a signal was observed at -9.3 ppm with a 2JSi-P 

coupling constant of 20.9 Hz. 

 

 
Fig. 1 Molecular structure of compound 2 in the solid state (50 % probability 

level for the thermal ellipsoids). The asymmetric unit contains two independent 

molecules; only one is shown here. For clarity, hydrogen atoms are omitted and 

methyl/isopropyl/t-Bu groups are simplified. Selected bond distances [Å] and 

bond angles [deg]: Sn1–C1 2.289(7), Sn1–C2 2.247(7), Sn1–Cl1 2.431(3), P1–C2 

1.650(8), Si1–C2 1.880(8), C1-Sn1-C2 98.8(3), C1-Sn1-Cl1 95.4(2), C2-Sn1-Cl1 

101.4(2), Sn1-C2-P1 103.8(4), Sn1-C2-Si1 117.1(3), P1-C2-Si1 136.6(4) 

The X-ray structure analysis confirms the E configuration of the 

P=C double bond and reveals a three-coordinate tin center with a 

flattened pyramidal geometry (sum of the bond angles of 302.19°) 

(Figure 1). The Sn–Ccarbene distance (2.289(7) Å) is very  similar to 

the one found in NHC–SnCl2 (2.290(5) Å)5a (NHC = (MeCNiPr)2C:) 

and slightly shorter than those of the previously reported homoleptic 

stannylene4b (2.316(2) Å) and amido(chloro)stannylene-carbene 

adduct NHC–Sn(Cl)NHDip9 (2.3220(19) Å) (NHC = (HCNDip)2C:). 

The Sn–Cl bond length (2.431(3) Å) is close to the average of Sn–Cl 

distance (2.445 Å) in NHC stabilized chlorostannylene5a, 7 

Due to both the lone pair of electrons on the phosphorous atom 

and the unsaturated P=C bond, 2 appears as a promising building 

block in organometallic and coordination chemistry. Preliminary 

study of its reactivity towards a gold complex was performed in 

order to evaluate its behavior as ligand for transition metal 

complexes. The reaction of 2 with Me2SAuCl in equimolecular 

amount, performed at low temperature in toluene, led to air-stable 

yellow crystals after successive crystallization processes. The 31P 

NMR spectrum shows a singlet at 249.5 ppm without coupling 

constant with the tin atom. The low-field chemical shift indicates 

that the P=C double bond is still present14 and the 1H NMR spectrum 

reveals a very symmetrical molecule with the complete absence of 

the carbene moiety. The single crystal X-ray structure analysis 

showed the unexpected formation of the phosphaalkenyl-bridged 

trinuclear gold complex 3 (Scheme 2). 

 

Scheme 2 Synthesis of the P=C-bridged trinuclear gold 

complex 3 

 

Trimer 3 contains a nearly planar nine-membered ring with a 

mean deviation to this plane of 0.0126 Å (maximum deviation for 

Au2 (0.0282 Å ) and minimum for C1 (0.0005 Å)) (Figure 2). Mes* 

groups are orthogonal to this plane probably to minimize the steric 

congestion. The geometry around the gold atom is almost linear with 

the C-Au-P bond angles ranging from 174.5(2) to 177.8(2)°. The 

Au–P bond distances (Au1–P1 2.282(2), Au2–P2 2.291(2) and Au3–

P3 2.294(2) Å) are comparable to those of the dinuclear complex 

{Au[iPrMe2Si)2C=P]2N} (2.3051(8) and 2.2971(8) Å)15 in 

agreement with the coordination of Au(I).  

 

 
Fig. 2 Molecular structure of compound 3 in the solid state (50% probability level 

for the thermal ellipsoids). For clarity, hydrogen atoms and the co-crystallized 

solvent molecules (benzene) are omitted and Mes* groups are simplified. 

Selected bond distances [Å] and bond angles [deg]: C2–Au1 2.037(6), C3–Au2 

2.016(8), C1–Au3 2.012(9), C1–P11.690(8), C2–P21.609(8), C3–P3 1.6551(1), 

Au1–P12.282(2), Au2–P2 2.291(2), Au3–P32.294(2), C1–Si1 1.856(7), C2–Si2 

1.912(9), C3–Si3 1.892(9), C2-Au1-P1 177.8(2), C3-Au2-P2 177.6(2), C1-Au3-P3 

174.5(2), C1-P1-Au1 120.4(3), C2-P2-Au2 122.8(3), C3-P3-Au3 121.8(3), Au1-C2-

P2 117.5(4), Au2-C3-P3 114.4(5), Au3-C1-P1 114.9(3) 
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The formation of 3 was also supported by NMR data. The 31P NMR 

resonance (249.5 ppm) is in agreement with the values reported for 

similar systems. For example, in the case of phosphasilapropene 

gold complexes,16 the 31P NMR spectra display signals in the range 

of 253 to 260 ppm for the phosphorous atom of the P=C bond 

coordinated to the gold atom. In the 29Si NMR spectrum, the 

presence of a doublet of doublet at -8.9 ppm (2JSi-P = 22.8 Hz, 3JSi-P = 

8.3 Hz) with two different coupling constants with the phosphorous 

atoms confirmed that the P=C groups are connected. Complex 3 

could also be obtained by the direct reaction between the 

organolithium derivative Mes*P=C(Li)SiMe3 and Me2SAuCl; 

nevertheless, as often reported in the literature,17 the use of 

organolithium compound as transmetallating reagent lowered the 

yield in 3 (5%) and the main products were the E and Z form of the 

hydrolyzed product, Mes*P=C(H)SiMe3. 

The formation of 3 seems to result from the transfer of the 

phosphaalkenyl substituent to the gold center. The use of 

organotin(IV) compounds as aryl transfer reagents to various 

transition-metals (platinum, palladium and gold) constitutes an 

useful route for the preparation of organo-transition metal 

complexes,17-18 but to the best of our knowledge, there is only one 

example of such transmetallation reaction with tin(II) compounds: 

the formation of the copper tetramer [(Me3Si)2N]4Cu4 by reaction 

between the acyclic stannylene [(Me3Si)2N]2Sn and the copper(I) 

chloride.19 Such transfer was more often observed in the germylene 

series in the reaction of bis-germavinylidene 

[(Me3SiN=PPh2)2C=Ge→Ge=C(PPh2=NSiMe3)2] with a 

molybdenum carbonyl complex20 and recently by our group21 in the 

reaction of a bis(amidinato)germylene with a rhodium complex. 

The phosphaalkenyl groups such as Mes*P=C< are also known to 

coordinate to gold(I) complexes16, 22 but no similar trimeric structure 

containing the C–Au–P fragment was reported until now. In the case 

of [Au2(CC-t-Bu){µ3-(MeO)2PCHP(OMe)2}]n (n = 3),23 the 

formation of a trimer was supposed  but the structure was not 

unambiguously determined by X-ray diffraction studies. 

 

 In summary, the first phosphaalkenyl(chloro)tin(II) 

compound stabilized by intermolecular coordination of a N-

heterocyclic carbene was isolated and fully characterized 

including molecular structure determination by a single crystal 

X-ray diffraction analysis. Its reactivity towards a gold complex 

mainly showed the transfer of the phosphaalkenyl substituent to 

the gold atom leading to the formation of an unprecedented 

P=C-bridged trinuclear gold complex. The reactivity study of 3 

with various transition-metals is currently under progress. 
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Notes and references 

† Crystal data24 for 2: C33H58ClN2PSiSn, M = 696.01, Triclinic, P1, a 

= 13.9436(13), b = 15.6575(14), c = 19.2277(18) Å, α = 99.241(4), β = 

105.189(4), γ = 103.438(4)°, V = 3829.0(6) Å3, Z = 4, 79615 reflections 

collected, 12408 unique (Rint = 0.0411), R1 (observed data) = 0.0706, wR2 

(all data) = 0.1749. 3·4(C6H6): C66H114Au3P3Si3, 4(C6H6), M = 1988.10, 

Monoclinic, C c, a = 20.3176(12), b = 30.5474(16), c = 17.6840(10) Å, β 

= 122.067(2), V = 9301.0(9) Å3, Z = 4, 57843 reflections collected, 16169 

unique (Rint = 0.0462), R1 (observed data) = 0.0352, wR2 (all data) = 

0.0764.  

 

1. (a) Y. Wang and G. H. Robinson, Inorg. Chem., 2011, 50, 12326-

12337; (b) P. de Frémont, N. Marion and S. P. Nolan, Coord. Chem. 

Rev., 2009, 253, 862-892; (c) F. E. Hahn and M. C. Jahnke, Angew. 

Chem. Int. Ed., 2008, 47, 3122-3172; (d) N. Kuhn and A. Al-Sheikh, 

Coord. Chem. Rev., 2005, 249, 829-857. 

2. (a) H. W. Roesky, J. Organomet. Chem., 2013, 730, 57-62; (b) R. S. 

Ghadwal, H. W. Roesky, S. Merkel, J. Henn and D. Stalke, Angew. 

Chem. Int. Ed., 2009, 48, 5683-5686; (c) P. A. Rupar, V. N. 

Staroverov, P. J. Ragogna and K. M. Baines, J. Am. Chem. Soc., 

2007, 129, 15138-15139; (d) K. C. Thimer, S. M. I. Al-Rafia, M. J. 

Ferguson, R. McDonald and E. Rivard, Chem. Commun., 2009, 7119-

7121. 

3. N. Katir, D. Matioszek, S. Ladeira, J. Escudié and A. Castel, Angew. 

Chem. Int. Ed., 2011, 50, 5352-5355. 

4. (a) D. Matioszek, T.-G. Kocsor, A. Castel, G. Nemes, J. Escudié and 

N. Saffon, Chem. Commun., 2012, 48, 3629-3631; (b) T.-G. Kocsor, 

D. Matioszek, G. Nemes, A. Castel, J. Escudié, P. M. Petrar, N. 

Saffon and I. Haiduc, Inorg. Chem., 2012, 51, 7782-7787. 

5. (a) N. Kuhn, T. Kratz, D. Bläser and R. Boese, Chem. Ber., 1995, 

128, 245-250; (b) A. Schäfer, M. Weidenbruch, W. Saak and S. Pohl, 

J. Chem. Soc., Chem. Commun., 1995, 1157-1158. 

6. F. E. Hahn, L. Wittenbecher, M. Kühn, T. Lügger and R. Fröhlich, J. 

Organomet. Chem., 2001, 617-618, 629-634. 

7. B. Bantu, G. M. Pawar, U. Decker, K. Wurst, A. M. Schmidt and M. 

R. Buchmeiser, Chem. Eur. J., 2009, 15, 3103-3109. 

8. S. M. I. Al-Rafia, A. C. Malcolm, S. K. Liew, M. J. Ferguson and E. 

Rivard, J. Am. Chem. Soc., 2011, 133, 777-779. 

9. S. M. I. Al-Rafia, R. McDonald, M. J. Ferguson and E. Rivard, 

Chem. Eur. J., 2012, 18, 13810-13820. 

10. (a) P. M. Petrar, G. Nemes, I. Silaghi-Dumitrescu, R. 

Ranaivonjatovo, H. Gornitzka and J. Escudié, Chem. Commun., 2007, 

4149-4151; (b) R. Septelean, G. Nemes, J. Escudié, I. Silaghi-

Dumitrescu, H. Ranaivonjatovo, P. M. Petrar, H. Gornitzka, L. 

Silaghi-Dumitrescu and N. Saffon, Eur. J. Inorg. Chem., 2009, 628-

634; (c) R. Septelean, H. Ranaivonjatovo, G. Nemes, J. Escudié, I. 

Silaghi-Dumitrescu, H. Gornitzka, L. Silaghi-Dumitrescu and S. 

Massou, Eur. J. Inorg. Chem., 2006, 4237-4241; (d) J. Escudié and 

G. Nemes, C. R. Chimie, 2010, 13, 954-963. 

11. M. Yoshifuji, S. Sasaki and N. Inamoto, Tetrahedron Lett., 1989, 30, 

839-842. 

12. N. Kuhn and T. Kratz, Synthesis, 1993, 561-562. 

13. P. A. Rupar, M. C. Jennings, P. J. Ragogna and K. M. Baines, 

Organometallics, 2007, 26, 4109-4111. 

14. S. Lochschmidt and A. Schmidpeter, Phosphorus Sulfur, Relat. 

Elem., 1987, 29, 73-109. 

15. R. M. Birzoi, D. Bugnariu, R. G. Gimeno, A. Riecke, C. Daniliuc, P. 

G. Jones, L. Könczöl, Z. Benko, L. Nyulaszi, R. Bartsch and W.-W. 

du Mont, Eur. J. Inorg. Chem., 2010, 29-33. 

Page 4 of 5Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t



COMMUNICATION Journal Name 

4 | J. Name., 2012, 00, 1-3 This journal is © The Royal Society of Chemistry 2012 

16. A. Bartok, R. Septelean, P. M. Petrar, N. Nemes, L. Silaghi-

Dumitrescu, H. Ranaivonjatovo, S. Mallet-Ladeira, N. Saffon, C. 

Hemmert and H. Gornitzka, J. Organomet. Chem., 2013, 724, 200-

205. 

17. N. Meyer, S. Sivanathan and F. Mohr, J. Organomet. Chem., 2011, 

696, 1244-1247. 

18. (a) C. Eaborn, K. J. Odell and A. Pidcock, J. Chem. Soc., Dalton 

Trans., 1978, 357-368; (b) C. Weisemann, G. Schmidtberg and H. A. 

Brune, J. Organomet. Chem., 1989, 362, 63-76; (c) H. A. Brune, G. 

Schmidtberg and C. Weisemann, J. Organomet. Chem., 1989, 371, 

121-127; (d) A. Uson, J. Vicente, J. A. Cirac and M. T. Chicote, J. 

Organomet. Chem., 1980, 198, 105-112. 

19. J. K. West, G. L. Fondong, B. C. Noll and L. Stahl, Dalton Trans., 

2013, 42, 3835-3842. 

20. W.-P. Leung, C.-W. So, J.-Z. Wang and T. C. W. Mak, Chem. 

Commun., 2003, 248-249. 

21. D. Matioszek, N. Saffon, J.-M. Sotiropoulos, K. Miqueu, A. Castel 

and J. Escudié, Inorg. Chem., 2012, 51, 11716-11721. 

22. (a) S. Ito, M. Freytag and M. Yoshifuji, Dalton Trans., 2006, 710-

713; (b) M. Freytag, S. Ito and M. Yoshifuji, Chem. Asian J., 2006, 1, 

693-700; (c) S. Ito, S. Kusano, N. Morita, K. Mikami and M. 

Yoshifuji, J. Organomet. Chem., 2010, 695, 291-296; (d) S. Ito, L. 

Zhai and K. Mikami, Chem. Asian J., 2011, 6, 3077-3083. 

23. N. C. Payne, R. Ramachandran, I. Treurnicht and R. J. Puddephatt, 

Organometallics, 1990, 9, 880-882. 

24. (a) Bruker, 2008 and 2006, SAINT and SADABS, Bruker-AXS Inc., 

Madison, Wisconsin, USA; (b) G. M. Sheldrick, Acta Crystallogr., 

2008, A64, 112-122. 

 

  

 

Page 5 of 5 Dalton Transactions

D
al

to
n

 T
ra

n
sa

ct
io

n
s 

A
cc

ep
te

d
 M

an
u

sc
ri

p
t


