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Trivinylstannyl complexes Re[Sn{C(COOR)dCH2}3](CO)2L3 (1, 2) and M[Sn{C(COOR)dCH2}3](CO)3L2

(3, 4) [M ) Re, Mn; R ) Me, Et; L ) P(OEt)3, PPh(OEt)2] were prepared by allowing trihydridostannyl
complexes Re(SnH3)(CO)2L3 and M(SnH3)(CO)3L2 to react with alkyl propiolates. The complexes were
characterized spectroscopically (IR, 1H, 31P, 13C, 119Sn NMR) and by X-ray crystal structure determination
of Re[Sn{C(COOMe)dCH2}3](CO)2[P(OEt)3]3 (1a). Reaction of trivinylstannyl complex 1a with HCl
resulted in cleavage of one vinyl group to give (chlorodivinyl)stannyl derivative Re[SnCl{C(COOMe)d
CH2}2](CO)2[P(OEt)3]3 (6a).

Introduction

The additon of organotin hydrides (hydrostannation),
RnSnH3-n (n ) 1-3), to terminal acetylenes, RCtCH, is a well-
known reaction.1 However, no such reaction has been reported
to date of a tin hydride group that is coordinated in a transition
metal complex.2

We have recently described3 the preparation of tin trihydrido
complexes [M]-SnH3 of osmium, manganese, and rhenium and
pointed out the hydridic nature of the Sn-H bonds of the SnH3

ligands in these complexes.

We were interested in extending our studies of such SnH3

complexes to their reactions with alkynes, to examine whether
they would show typical hydrostannation reactivity. Our results
showed that they indeed did effectively add to the CtC bonds

of suitable acetylenes, and we report here the first trivinylstannyl
complexes of manganese and rhenium.

Experimental Section

General Comments. All synthetic work was carried out in an
appropriate atmosphere (Ar) using standard Schlenk techniques or
an inert atmosphere drybox. Once isolated, the complexes were
found to be relatively stable in air, but were stored under nitrogen
at -25 °C. All solvents were dried over appropriate drying agents,
degassed on a vacuum line, and distilled into vacuum-tight storage
flasks. Mn2(CO)10 and Re2(CO)10 were Pressure Chemical Co.
(Pittsburgh, PA) products, used as received. Phosphite PPh(OEt)2

was prepared by the method of Rabinowitz and Pellon,4 while
P(OEt)3 was an Aldrich product, purified by distillation under
nitrogen. Other reagents were purchased from commercial sources
in the highest available purity and used as received. Infrared spectra
were recorded on Nicolet Magna 750 or Perkin-Elmer Spectrum-
One FT-IR spectrophotometers. NMR spectra (1H, 31P, 13C, 119Sn)
were obtained on AC200 or AVANCE 300 Bruker spectrometers
at temperatures between -90 and +30 °C, unless otherwise noted.
1H and 13C spectra are referred to internal tetramethylsilane;
31P{1H} chemical shifts are reported with respect to 85% H3PO4,
and 119Sn with respect to Sn(CH3)4, and in both cases downfield
shifts are considered positive. COSY, HMQC, and HMBC NMR
experiments were performed with standard programs. The SwaN-
MR and iNMR software packages5 were used to treat NMR data.
The conductivity of 10-3 mol dm-3 solutions of the complexes in
CH3NO2 at 25 °C was measured on a Radiometer CDM 83.
Elemental analyses were determined in the Microanalytical Labora-
tory of the Dipartimento di Scienze Farmaceutiche, University of
Padova (Italy).

Synthesis of Complexes. Tin trihydrido complexes Mn(SnH3)-
(CO)3[PPh(OEt)2]2 and Re(SnH3)(CO)nL5-n [n ) 2, 3; L ) P(OEt)3,
PPh(OEt)2] were prepared following the method previously
reported.3b

Re[Sn{C(COOR)dCH2}3](CO)2L3 (1, 2) [L ) P(OEt)3 (1),
PPh(OEt)2 (2); R ) Me (a), Et (b)]. An excess of alkyl propiolate
HCtCCOOR (1.8 mmol) was added to a solution of the appropriate
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† Università Ca′ Foscari, Venezia.
‡ Universidade de Vigo.
(1) (a) Liron, F.; Le Garret, P.; Alami, M. Synlett 1999, 246–248. (b)

Ferri, F.; Alami, M. Tetrahedron 1996, 37, 7971–7974. (c) Nakamura, E.;
Machii, D.; Inubushi, T. J. Am. Chem. Soc. 1989, 111, 6849–6850. (d)
Nozaki, K.; Oshima, K.; Utimoto, K. J. Am. Chem. Soc. 1987, 109, 2547–
2549. (e) Cochran, J. E.; Williams, L. E.; Bronk, B. S.; Calhoun, J. A.;
Fassberg, J.; Clark, K. G. Organometallics 1989, 8, 804–812. (f) Nozaki,
K.; Oshima, K.; Utimoto, K. Tetrahedron 1989, 45, 923–933. (g) Corey,
E. J.; Wollenberg, R. H. J. Am. Chem. Soc. 1974, 96, 5581–5583. (h)
Axelrad, G.; Halpern, D. F. J. Chem. Soc., D 1971, 291. (i) Kuivila, H. G.
AdV. Organomet. Chem. 1964, 1, 47–87.

(2) For transition metal tin complexes see: (a) Mackay, K. M., Nicholson,
B. K. ComprehensiVe Organometallic Chemistry; Wilkinson, G., Stone, F.
G. A., Abel, E. W., Eds.; Pergamon Press: New York, 1982; Vol. 2, pp
1043-1114. (b) Holt, M. S.; Wilson, W. L.; Nelson, J. H. Chem. ReV. 1989,
89, 11–49. (c) Lappert, M. F.; Rowe, R. S. Coord. Chem. ReV. 1990, 100,
267–292. (d) Davies, A. G. ComprehensiVe Organometallic Chemistry;
Stone, F. G. A., Abel, E. W., Wilkinson, G., Eds.;Pergamon Press: New
York, 1995; Vol. 2, pp 218-297. (e) Davies, A. G. Organotin Chemistry;
Wiley-VCH: Weinheim, Germany, 2004. (f) Roper, W. R.; Wright, L. J.
Organometallics 2006, 25, 4704–4718. (g) Möhlen, M. M.; Rickard,
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trihydridostannyl complex Re(SnH3)(CO)2L3 (0.3 mmol) in 15 mL
of toluene, and the reaction mixture was stirred at room temperature
for 12 h. The solvent was removed under reduced pressure to give
an oil, which was triturated with pentane. A white solid slowly
formed, which was filtered and crystallized from toluene and
pentane; yield g85%.

1a (0.29 g, 87% yield). IR (KBr) cm-1: νCO 1975, 1900 (s);
νCOO 1698 (s). 1H NMR (CD3C6D5, 25 °C) δ: XY spin system (X,
Y ) H vinyl), δX 7.01, δY 6.29, JXY ) 3.9, JX119Sn ) 103.0, JY119Sn

) 47.1 (JX117Sn ) 98.1, JY117Sn ) 45.6) Hz (6H, dCH2), 3.95 (m,
18H, CH2 phos), 3.57 (s, 9H, OOCH3), 1.18, 1.17 (t, 27H, CH3

phos). 31P{1H} NMR (CD3C6D5, -70 °C) δ: AB2, δA 119.5, δB

116.7, JAB ) 49.6, (JA117Sn ) 257.8, JB117Sn ) 219.2). 13C{1H} NMR
(CD3C6D5, 25 °C) δ: 196.4, 194.1 (m, CO), 173.2 (s, Cγ, JC119Sn )
28.6, JC117Sn ) 27.3), 155.2 (s, CR, JC119Sn ) 157.2, JC117Sn ) 150.9),
135.6 (s, C�, JC119Sn ) 30.1, JC117Sn ) 28.8), 61.6, 61.3 (d, CH2

phos), 50.5 (s, OOCH3), 16.0 (m, CH3 phos). 119Sn NMR
(CD3C6D5, -70 °C) δ: AB2M (A, B ) 31P, M ) 119Sn), δM

-135.2, JAM ) 266.9, JBM ) 229.8. Anal. Calcd for
C32H60O17P3ReSn: C, 34.48; H, 5.43. Found: C, 34.31; H, 5.49.

2a (0.31 g, 85% yield). IR (KBr) cm-1: νCO 1972, 1903 (s);
νCOO 1696 (s). 1H NMR [(CD3)2CO, 25 °C] δ: 7.70-7.41 (m, 15H,
Ph), XY, δX 6.65, δY 6.13, JXY ) 3.9, JX119Sn ) 100.1, JY119Sn )
46.5 (JX117Sn ) 95.6, JY117Sn ) 44.4) (6H, dCH2), 3.95-3.70 (m,
12H, CH2 phos), 3.47 (s, 9H, OOCH3), 1.31, 1.24, 1.22 (t, 18H,
CH3 phos). 31P{1H} NMR [(CD3)2CO, 25 °C] δ: AB2, δA 136.7,
δB 130.7, JAB ) 40.8, (JA117Sn ) 246.0, JB117Sn ) 205.4). 13C{1H}
NMR [(CD3)2CO, 25 °C] δ: 196.1 (JCP ) 63.5, JCP ) 10.0), 194.8
(JCP ) JCP ) 9.8) (dt, CO), 173.3 (s, Cγ, JC119Sn ) 22.5), 155.8 (s,
CR, JC119Sn ) 120.9), 142-127 (m, Ph), 135.3 (s, C�, JC119Sn )
33.8), 64.9, 64.2 (m, CH2 phos), 50.8 (s, OOCH3), 16.4 (m), 16.1
(d) (CH3 phos). 119Sn NMR [(CD3)2CO, 25 °C] δ: AB2M, δM

-140.1, JAM ) 252.4, JBM ) 220.7. Anal. Calcd for
C44H60O14P3ReSn: C, 43.65; H, 4.99. Found: C, 43.77; H, 4.92.

2b (0.34 g, 90% yield). IR (KBr) cm-1: νCO 1970, 1905 (s);
νCOO 1697 (s). 1H NMR [(CD3)2CO, 25 °C] δ: 7.68-7.35 (m, 15H,
Ph), XY, δX 6.67, δY 6.17, JXY ) 4.0, JX119Sn ) 102.4, JY119Sn )
47.4 (JX117Sn ) 98.0, JY117Sn ) 45.6) (6H, dCH2), 3.96 (q, 6H, OO
CH2CH3), 3.90-3.65 (m, 12H, CH2 phos), 1.29, 1.24, 1.22 (t, 18H,
CH3 phos), 1.15 (t, 9H, OOCH2CH3). 31P{1H} NMR [(CD3)2CO,
25 °C] δ: AB2, δA 136.7, δB 130.4, JAB ) 41.0, (JA117Sn ) 236.0,
JB117Sn ) 205.0). 13C{1H} NMR [(CD3)2CO, 25 °C] δ: 197.1 (JCP

) 63.5, JCP ) 10.0), 194.8 (JCP ) JCP ) 9.6) (dt, CO), 173.1 (s,
Cγ, JC119Sn ) 22.7, JC117Sn ) 21.4), 156.6 (s, CR, JC119Sn ) 128.2,
JC117Sn ) 123.4), 142-127 (m, Ph), 135.9 (s, C�, JC119Sn ) 36.6,
JC117Sn ) 34.4), 64.9, 64.2 (m, CH2 phos), 59.9 (s, OO CH2CH3),
16.3 (m, CH3 phos), 14.6 (s, OOCH2CH3). 119Sn NMR [(CD3)2CO,
25 °C] δ: AB2M, δM -140.7, JAM ) 251.0, JBM ) 219.0. Anal.
Calcd for C47H66O14P3ReSn: C, 45.06; H, 5.31. Found: C, 44.93;
H, 5.24.

Re[Sn{C(COOMe)dCH2}3](CO)3[PPh(OEt)2]2 (3a). This com-
plex was prepared exactly like the related dicarbonyl compound 2,
but using a reaction time of 6 h (0.23 g, 75% yield).

IR (KBr) cm-1: νCO 2026 (m), 1953, 1930 (s); νCOO 1700 (s).
1H NMR [(CD3)2CO, 25 °C] δ: 7.65, 7.50 (m, 10H, Ph), XY, δX

6.65, δY 5.97, JXY ) 3.30, JX119Sn ) 110.0, JY119Sn ) 52.5 (JX117Sn

) 105.5, JY117Sn ) 50.4) (6H,dCH2), 3.91, 3.78 (m, 8H, CH2 phos),
3.54 (s, 9H, OOCH3), 1.28, 1.26 (t, 12H, CH3 phos). 31P{1H} NMR
[(CD3)2CO, -70 °C] δ: A2, δA 131.7 (JA117Sn ) 195.6). 13C{1H}
NMR [(CD3)2CO, 25 °C] δ: 193.0, 190.5 (t, br, CO), 172.5 (s, Cγ,
JC119Sn ) 32.0), 154.0 (s, CR, JC119Sn ) 207.8, JC117Sn ) 198.7),
142-128 (m, Ph), 135.8 (s, C�, JC119Sn ) 26.1), 64.1 (t, CH2 phos),
50.8 (s, OOCH3), 16.1 (m, CH3 phos). 119Sn NMR [(CD3)2CO,
-70 °C] δ: A2M, δM -155.5, JAM ) 206.3. Anal. Calcd for
C35H45O13P2ReSn: C, 40.40; H, 4.36. Found: C, 40.55; H, 4.44.

Mn[Sn{C(COOMe)dCH2}3](CO)3[PPh(OEt)2]2 (4a). To a
solution of Mn(SnH3)(CO)3[PPh(OEt)2]2 (0.27 g, 0.41 mmol) in

10 mL of toluene was added an excess of methyl propiolate
HCtCCOOMe (2 mmol, 182 µL), and the reaction mixture was
stirred for 12 h. The solvent was removed under reduced pressure
to give an oil, which was triturated with 5 mL of a mixture of
hexane and ethanol (ratio 10:0.5). A yellow solid slowly separated
out, which was filtered and crystallized from toluene and hexane
(0.25 g, 66% yield).

IR (KBr) cm-1: νCO 2005 (m), 1943, 1921 (s); νCOO 1701 (m).
1H NMR (CD3C6D5, 25 °C) δ: 7.68, 7.47 (m, 10H, Ph), XY, δX

7.03, δY 6.26, JXY ) 3.0, JX119Sn ) 118.6, JY119Sn ) 54.4 (JX117Sn )
113.8, JY117Sn ) 52.0) (6H, dCH2), 4.03, 3.83 (m, 8H, CH2 phos),
3.53 (s, 9H, OOCH3), 1.32, 1.25 (t, 12H, CH3 phos). 31P{1H} NMR
(CD3C6D5, -30 °C) δ: A2, δA 197.9. 13C{1H} NMR (CD3C6D5,
25 °C) δ: 218 (m, br, CO), 171.9 (s, Cγ), 153.0 (s, CR), 136.4 (s,
C�), 132-124 (m, Ph), 62.9 (t, CH2 phos), 50.8 (s, OOCH3), 16.1
(t, CH3 phos). 119Sn NMR (CD3C6D5, -30 °C) δ: A2M, -6.6 (t,
br). Anal. Calcd for C35H45MnO13P2Sn: C, 46.23; H, 4.99. Found:
C, 46.08; H, 5.11.

Re[SnCl{C(COOMe)dCH2}2](CO)2[P(OEt)3]3 (6a). An equimo-
lar amount of anhydrous HCl (0.135 mmol, 0.135 mL of a 1 mol
dm-3 solution in diethyl ether) was added to a solution of
Re[Sn{C(COOMe)dCH2}3](CO)2[P(OEt)3]3 (1a) (0.135 mmol,
0.15 g) in toluene (10 mL) cooled to -196 °C. The reaction mixture
was left to reach room temperature and stirred for 1 h, and then
the solvent was removed under reduced pressure. The oil obtained
was triturated with hexane (5 mL) until a white solid formed, which
was filtered and crystallized from toluene and hexane (0.12 g, 82%
yield).

IR (KBr) cm-1: νCO 1979, 1911 (s); νCOO 1702 (s). 1H NMR
(CD3C6D5, 25 °C) δ: XY, δX 7.15, δY 6.70, JXY ) 3.6, JX119Sn )
98.1, JY119Sn ) 47.1 (JX117Sn ) 94.2, JY117Sn ) 45.4) (4H, dCH2),
4.3 (qnt), 3.96 (m) (18H, CH2 phos), 3.64 (s, 6H, OOCH3), 1.19,
1.17 (t, 27H, CH3 phos). 31P{1H} NMR (CD3C6D5, -50 °C) δ:
AB2, δA 124.9, δB 121.2, JAB ) 47.0 (JA117Sn ) 282.1, JB117Sn )
243.8). 13C{1H} NMR (CD3C6D5, 25 °C) δ: 195.0 (JCP ) 68.0,
JCP ) 9.0), 193.7 (JCP cis ) JCP trans ) 12.0) (dt, CO), 171.7 (s, Cγ,
JC119Sn ) 7.0, JC117Sn ) 6.4) 158.3 (s, CR, JC119Sn ) 142.8, JC117Sn )
136.7), 135.8 (s, C�, JC119Sn ) 15.3, JC117Sn ) 13.8), 61.6 (m, CH2

phos), 50.8 (s, OOCH3), 16.0 (m), 15.8 (d) (CH3 phos). 119Sn NMR
(CD3C6D5, -50 °C) δ: AB2M, δM 6.24, JAM ) 293.5, JBM ) 252.6.
Anal. Calcd for C28H55ClO15P3ReSn: C, 31.58; H, 5.21; Cl, 3.33.
Found: C, 31.69; H, 5.14; Cl, 3.47.

Re[SnH2{C(COOMe)dCH2}](CO)2[P(OEt)3]3 [A]. This com-
plex was detected in CD3C6D5 solution (0.7 mL) by reacting
Re(SnH3)(CO)2[P(OEt)3]3 (20 mg, 0.023 mmol) with HCtCCOOMe
(0.07 mmol, 5.8 mg) in a NMR tube.

1H NMR (CD3C6D5, 25 °C) δ: XY spin system (X, Y ) 1H
vinyl), δX 7.05, δY 6.18, JXY ) 4.0, JX119Sn ) 101.8, JY119Sn ) 48.3
(JX117Sn ) 96.4, JY117Sn ) 46.2) (2H, dCH2), AB2Z2 (A, B ) 31P, Z
) 1H stannyl), δZ 4.97, JAZ ) 2.52, JBZ ) 4.70 Hz (2H, SnH2).
31P{1H} NMR (CD3C6D5, 25 °C) δ: AB2, δA 138.5, δB 134.4, JAB

) 34.3.
Re[SnH2{C(Ph)dCH2}](CO)2[P(OEt)3]3 (5). This complex was

prepared in CD3C6D5 solution (3 mL) by reacting Re(SnH3)-
(CO)2[P(OEt)3]3 (100 mg, 0.12 mmol) with an excess of pheny-
lacetylene, PhCtCH (1.2 mmol, 0.13 mL).

1H NMR (CD3C6D5, 25 °C) δ: XY spin syst (X, Y ) 1H vinyl),
δX 7.78, δY 7.16, JXY ) 3.5 (2H, dCH2), AB2Z2 spin system (A,
B ) 31P, Z ) 1H stannyl), δZ 4.79, JAZ ) 7.8, JBZ ) 4.2 Hz (2H,
SnH2). 31P{1H} NMR (CD3C6D5, 25 °C) δ: AB2, δA 124.4, δB

122.4, JAB ) 43.5 (JA117Sn ) 247.5, JB117Sn ) 214.0). 119Sn NMR
(CD3C6D5, 25 °C) δ: AB2MZ2 spin system (M ) 119Sn), δM

-350.4, JAM ) 257.5, JBM ) 222.5, JAZ ) 7.8, JBZ ) 4.2, JMZ )
1269.0.

Reaction with HCl. The reaction of complex 1a with HCl was
monitored by NMR spectra, and the presence of free alkene
H2CdC(H)COOMe was confirmed by the characteristic multiplet
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observed in the proton spectrum, between 6.21 and 5.25 ppm, which
could be simulated with an ABC model with the following
parameters: δA 6.21, δC 5.23 (CH2), δB 5.89 (CH), JAB ) 17.2, JAC

) 1.7, JBC ) 10.4 Hz. The good fit between observed and calculated
spectra confirms the presence of the alkene.

Crystal Structure Determination of 1a. Crystallographic data
were collected on a Bruker Smart 1000 CCD diffractometer at
CACTI (Universidade de Vigo, Galicia, Spain) at 20 °C using
graphite-monochromated Mo KR radiation (λ ) 0.71073 Å) and
were corrected for Lorentz and polarization effects. The software
SMART6 was used for collecting frames of data, indexing reflec-
tions, and the determination of lattice parameters, SAINT7 for
integration of intensity of reflections and scaling, and SADABS8

for empirical absorption correction. The structure was solved and
refined with the Oscail program9 by direct methods and refined by
a full-matrix least-squares based on F2.10 The Squeeze program
was used to correct the reflection data for the diffuse scattering
due to disordered solvent.11 Non-hydrogen atoms were refined with
anisotropic displacement parameters. One of the ethyl groups of a
phosphite ligand proved to be disordered over two position with
an occupancy factor close to 50%. Hydrogen atoms were included
in idealized positions and refined with isotropic displacement
parameters. Details of crystal data and structural refinement are
given in Table 1.

Results and Discussion

Alkyl propiolates HCtCCOOR react with trihydridostannyl
complexes, M(SnH3)(CO)nL5-n (n ) 2, 3), of manganese and

rhenium to give trivinylstannyl derivatives M[Sn{C(COOR)d
CH2}3](CO)nL5-n (1-4), which were isolated as white or pale
yellow solids and characterized (Scheme 1).

The progress of the reaction was studied by NMR spectros-
copy. Results indicated that sequential addition of the three
Sn-H bonds to the alkyne first gives mono- [A], then di- [B],
and last trivinylstannyl complexes 1-4 (Scheme 2).

However, additon of the Sn-H bond is faster in the case of
intermediates [A] and [B] than in the initial [M]-SnH3 precur-
sors, thus preventing separation of intermediates [A] and [B]
in pure form. Even when a low alkyne:[M]-SnH3 ratio was used,
the product was always a mixture of compounds [A], [B], and
trivinylstannyl 1-4, which were not separated. Instead, with a
ratio slightly greater than 3:1, exclusively trivinylstannyl
complexes were isolated in good yield.

The progress of the reaction between Re(SnH3)(CO)2-
[P(OEt)3]3 and HCtCCO2Me was monitored by NMR spec-
troscopy in CD3C6D5. As alkyne was gradually added to the
[Re]-SnH3 complex, the 1H NMR spectrum showed the ap-
pearance of a multiplet at 4.97 ppm, with the characteristic 117Sn
and 119Sn satellites, attributable to the hydride resonance of
intermediate [Re]-SnH2{C(COOMe)dCH2} [A] and the concur-
rent decrease of intensity of the multiplet at 3.35 ppm of the
SnH3 resonance of the starting complex. Two doublets at 7.05
and 6.18 ppm, with their 117Sn and 119Sn satellites, were also
present, due to the vinyl protons of monovinylstannyl species

(6) SMART Version 5.054, Instrument control and data collection
software; Bruker Analytical X-ray Systems Inc.: Madison, WI, 1997.

(7) SAINT Version 6.01, Data integration software package; Bruker
Analytical X-ray Systems Inc.: Madison, WI, 1997.

(8) Sheldrick, G. M. SADABS, A Computer Program for Absorption
Corrections; University of Göttingen: Germany, 1996.

(9) McArdle, P. J. Appl. Crystallogr. 1995, 28, 65–65.
(10) Sheldrick, G. M. SHELX-97, Program for the solution and

refinement of crystal structures; University of Göttingen: Germany, 1997.
(11) Spek, A. L. Acta Crystallogr. 1990, A46, C34.

Table 1. Crystal Data and Structure Refinement for 1a

empirical formula C32H60O17P3ReSn
fw 1114.60
temperature 293(2) K
wavelength 0.71073 Å
cryst syst, space group monoclinic, P21/n
unit cell dimens a ) 10.7012(13) Å

b ) 22.898(3) Å
c ) 20.818(3) Å
� ) 93.557(3)°

volume 5091.3(11) Å3

Z 4
density (calcd) 1.454 Mg/m3

absorp coeff 3.017 mm-1

F(000) 2232
cryst size 0.47 × 0.43 × 0.31 mm
θ range for data collection 1.32° to 28.01°
index ranges -14 e h e 12; -30 e k e 30;

-27 e l e 21
no. of reflns collected 32 790
no. of indep reflns 12 069 [R(int) ) 0.0400]
no. of reflns obsd (<2σ) 7806
data completeness 0.980
absorp corr semiempirical from equivalents
max. and min. transmn 1.000 and 0.861
refinement method full-matrix least-squares on F2

no. of data/restraints/params 12 069/0/495
goodness-of-fit on F2 0.950
final R indices [I > 2σ(I)] R1 ) 0.0366 wR2 ) 0.0834
R indices (all data) R1 ) 0.0681 wR2 ) 0.0937
largest diff peak and hole 0.601 and -0.596 e Å-3

Scheme 1

Scheme 2a

a [M] ) Re(CO)nL5-n, Mn(CO)3L2.
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[A]. As the 31P NMR spectrum appeared as an AB2 multiplet,
the hydride signal at 4.97 ppm could be simulated with an AB2Z2

model (Z ) 1H), fitting the proposed formulation for [A]. As
the reaction proceeded further, we observed the decrease in the
tin-hydride signal of the SnH2{C(COOMe)dCH2} group at 4.97
ppm and the subsequent appearance first of two vinyl doublets
at 6.62 and 6.30 ppm, with the 117Sn and 119Sn satellites, and
then of two other vinyl doublets at 7.01 and 6.29 ppm of the
final complex 1a. The two multiplets at 6.62 and 6.30 ppm first
increased and then decreased as the reaction proceeded and were
attributed to the divinylstannyl intermediate [Re]-SnH{C-
(COOMe)dCH2}2 [B]. The tin-hydride signal of this intermedi-
ate was not observed, probably due to overlap with the phenyl
proton signals between 8.10 and 6.10 ppm.12 Even when an
alkyne:[Re]-SnH3 ratio lower than 2 was used, the final
trivinylstannyl complex predominated with respect to [A] and
[B], whereas the starting [Re]-SnH3 species was still present at
the end of the reaction. This result was clearly due to a greater
addition rate to the alkyne of the Sn-H bond of [Re]-SnH2{C-
(COOMe)dCH2} [A] and [Re]-SnH{C(COOMe)dCH2}2 [B]
as compared with the starting [Re]-SnH3 complex and explains
why intermediates [A] and [B] cannot be isolated in pure form.

Vinylstannyl complexes 1-4 are white or pale yellow (4a)
solids, stable in air and in solution of the most common organic
solvents, where they behave as nonelectrolytes.13 Their formula-
tion is supported by analytical and spectroscopic data (IR, 1H,
31P, 13C, 119Sn NMR) and by the X-ray crystal structure
determination of Re[Sn{C(COOMe)dCH2}3](CO)2[P(OEt)3]3

(1a), whose ORTEP is shown in Figure 1. Selected bond
distances and angles are given in Table 2. The rhenium atom is
coordinated by two carbonyl ligands in cis positions, three
phosphorus atoms of three phosphite ligands in mer positions,
and a tin atom from a tris(methyl-2-acrylate)stannyl group. The
coordination polyhedron around the rhenium may be defined
as an octahedron, with some distortion. The Re-P and Re-C
bond lengths are expected values for carbonylphosphiterhe-
nium(I) complexes,3b,14,15 taking into account the different trans

effect16 of these ligands. It may be noteworthy that the Re-C
bond length is 1.914(5) Å when the carbonyl ligand is located
trans to the tin atom and 1.930(6) Å for the carbonyl trans to
a phosphite ligand.

The Re-Sn bond distance, 2.7912(4) Å, is similar to that
found in the compound [Re(SnMe3)(CO)2{P(OEt)3}3]3b [2.792(1)
Å], but slightly longer than those found in other complexes as
[Re(SnH3)(CO)2{P(OEt)3}3

3b or (triaryltin)rhenium(I) com-
plexes,17 and is shorter than the sum of the covalent radii of
the metals (∼2.95 Å). The spatial disposition of the tin ligand
allows a dihedral angle P(3)-Re-Sn-C(51) of only 1.4(2)° (see
Figure 2b).

The Sn-C bond length, 2.196(5) Å (average), is similar to
those found in the compound [Re(SnMe3)(CO)2{P(OEt)3}3] [av
2.20(1) Å]. The angles around the tin atom range from 95.3(2)°
to 119.7(2)°, with C-Sn-C angles on average 99.6(2)° and
Re-Sn-C average 118.1(2)°, as expected for the local C3V
symmetry of this atom.

The infrared spectra of dicarbonyl complexes Re[Sn{C-
(COOMe)dCH2}3](CO)2L3 (1, 2) show two strong bands
between 1975 and 1900 cm-1 attributed to the νCO of two
carbonyl groups in a mutually cis position. The spectra also
display another strong absorption at 1698-1696 cm-1, attributed
to the νCO of the ester group of C(COOR)dCH2. The presence
of the vinylstannyl ligand Sn{C(COOR)dCH2}3 is confirmed
by the 1H, 13C, and 119Sn NMR spectra. The proton spectra
show an AB quartet between 7.01 and 6.13 ppm, with the
characteristic satellites due to coupling with the 117Sn and 119Sn
nuclei and attributed to the HX and HY vinyl protons (Scheme
1). The 2JHH value of 4.0-3.9 Hz is characteristic of the geminal
position of the two vinyl protons. The spectra also show the
signal of the substituent R of the CO2R group, i.e., one singlet
for methyl and one quartet and one triplet for ethyl, fitting the
presence of the vinyl group. Besides the signals of the phosphite
and CO ligands, the 13C NMR spectra show three signals
between 173 and 135 ppm, each with the satellites due to
coupling with 117Sn and 119Sn, attributed to the CR, C�, and
Cγ carbon resonances of the CR(CγOOR)dC�H2 group. This
attribution is supported by HMQC and HMBC experiments and
by the values of J13C119Sn, which range from 157-120 Hz for

(12) In the comparable complex Os(SnHCl2)(Tp)(PPh3)[P(OMe)3] the
1H NMR resonance of the tin hydride SnHCl2 ligand, in (CD3)2CO, falls at
5.85 ppm (see ref 3a).

(13) Geary, W. J. Coord. Chem. ReV. 1971, 7, 81–122.
(14) Carballo, R.; Losada-González, P.; Vázquez-López, E. M. Z. Anorg.

Allg. Chem. 2003, 629, 249–254.

(15) (a) Bolaño, S.; Bravo, J.; Castro, J.; Garcı́a-Fontán, S.; Marı́n, M. C.;
Rodrı́guez-Seoane, P. J. Organomet. Chem. 2005, 690, 4945–4958. (b)
Albertin, G.; Antoniutti, S.; Bravo, J.; Castro, J.; Garcı́a-Fontán, S.; Marı́n,
M. C.; Noè, M. Eur. J. Inorg. Chem. 2006, 3451–3462.

(16) Coe, B. J.; Glenwright, S. J. Coord. Chem. ReV. 2000, 203, 5–80.
(17) López, E. M.; Miguel, D.; Pérez, J.; Riera, V.; Bois, C.; Jeannin,

Y. Organometallics 1999, 18, 490–494.

Figure 1. View of the complex Re[Sn{C(COOMe)dCH2}3]-
(CO)2[P(OEt)3]3 (1a). Hydrogen atoms and ethoxy groups have been
eliminated for clarity. The thermal ellipsoids have been drawn at
the 50% probability level.

Table 2. Selected Bond Lengths [Å] and Angles [deg] for 1a

Re-C(1) 1.914(5) Re-C(2) 1.930(6)
Re-P(1) 2.3658(12) Re-P(2) 2.3685(13)
Re-P(3) 2.4181(13) Re-Sn 2.7912(4)
C(1)-O(1) 1.147(5) C(2)-O(2) 1.146(5)
Sn-C(51) 2.190(5) Sn-C(61) 2.197(5)
Sn-C(41) 2.202(5)

C(1)-Re-C(2) 90.3(2) C(1)-Re-P(1) 86.48(14)
C(2)-Re-P(1) 92.63(15) C(1)-Re-P(2) 86.71(15)
C(2)-Re-P(2) 87.91(15) P(1)-Re-P(2) 173.17(4)
C(1)-Re-P(3) 94.58(17) C(2)-Re-P(3) 174.29(14)
P(1)-Re-P(3) 90.56(4) P(2)-Re-P(3) 89.48(5)
C(1)-Re-Sn 173.45(17) C(2)-Re-Sn 84.72(14)
P(1)-Re-Sn 89.44(3) P(2)-Re-Sn 97.39(3)
P(3)-Re-Sn 90.58(3) O(1)-C(1)-Re 176.1(5)
O(2)-C(2)-Re 176.4(5) C(51)-Sn-C(61) 95.3(2)
C(51)-Sn-C(41) 104.72(19) C(61)-Sn-C(41) 98.80(18)
C(51)-Sn-Re 119.47(13) C(61)-Sn-Re 119.69(15)
C(41)-Sn-Re 115.20(13)
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CR to 36-22 Hz for C� and Cγ. The 13C spectra also show
two multiplets in the carbonyl carbon region, suggesting that
the two carbonyl ligands are magnetically nonequivalent. The
119Sn spectra confirm the presence of the stannyl ligand, showing
a multiplet between -135 and -140 ppm, due to coupling with
the 31P nuclei of the phosphites. As the 31P NMR spectra are
AB2 multiplets, 119Sn spectra may be simulated with an AB2M
model (M ) 119Sn), with the parameters reported in the
Experimental Section. These data confirm the formulation
proposed for the trivinylstannyl complexes and suggest that mer-
cis geometry I, like that observed in the solid state, is also
present in solution.

The IR spectra of the tricarbonyl complexes M[Sn{C-
(COOMe)dCH2}3](CO)3L2 (3, 4) show one band of medium
intensity and two strong ones in the νCO region, suggesting the
mer arrangement of the three carbonyl ligands. One strong band
at 1701-1700 cm-1 is also present and was attributed to the
νCO of the ester group of the Sn{C(COOMe)dCH2}3 ligand.
However, the presence of this stannyl ligand is confirmed, in
addition to the 1H and 13C NMR spectra, by the 119Sn ones of
complexes 3a and 4a, which show one triplet due to coupling
with the phosphorus nuclei of the phosphites, in agreement with
the presence of the stannyl ligand. In the temperature range +20
to -80 °C, the 31P NMR spectra of both 3a and 4a appear as
singlets, suggesting the magnetic equivalence of the two
phosphite ligands. On the basis of these data, a mer-trans

geometry of type II (Scheme 1) may be proposed for tricarbonyl
derivatives 3a and 4a.

The addition of simple organotin hydrides R3SnH to pheny-
lacetylene PhCtCH are reported to give a mixture of E and Z
isomers of the compounds R3SnC(H)dC(H)Ph, formed through
a radical chain mechanism.1c,d The reaction of alkyl propiolates,
instead, is controlled by the polarity of the solvent and the nature
of the catalyst and may give either CH2dC(COOR)SnR3 species
by means of a polar mechanism or R3SnC(H)dC(H)(COOR)
via a free radical process.1e

In our case, coordination of the trihydridostannyl group to a
metal fragment, [M]-SnH3, not only produces the addition of
three Sn-H to three alkyne molecules but also leads to the
formation of only one vinylstannyl molecule, [M]-Sn[C(R)d
CH2]3, probably by hydride attack1e of SnH3 to the terminal
carbon of the triple bond of the alkyne.

These results on the reaction of tin trihydrido complexes
[M]-SnH3 with alkyl propiolates led us to examine the behavior
of simple terminal alkynes such as HCtCR (R ) Ph, p-tolyl,
tBu). The addition of the Sn-H bond to the CtC bond of these
alkynes also proceeded in these cases, but the reactions were
very slow at room temperature and involved only one Sn-H
bond, giving, with HCtCPh, the monovinylstannyl derivative
Re[SnH2{C(Ph)dCH2}](CO)2[P(OEt)3]3 (5) (Scheme 3).

However, complex 5 was not isolated in pure form, owing
to the small amount that formed even after 1 week of reaction
at room temperature. Under reflux conditions, decomposition
of the complex was observed, preventing the separation of
monovinylstannyl compound 5. In every case, the NMR spectra
recorded during the reaction course of Re(SnH3)(CO)2[P(OEt)3]3

with phenylacetylene strongly supported the formation of the
monovinylstannyl derivative Re[SnH2{C(Ph)dCH2}](CO)2-
[P(OEt)3]3 (5). The 1H NMR spectra of the reaction mixture
showed the slow appearance of a multiplet at 4.79 ppm, with
the 119Sn and 117Sn satellites, which was attributed to the SnH2

hydride resonance of the SnH2[C(Ph)dCH2] ligand. The
characteristic AB vinyl quartet, with the 119Sn and 117Sn
satellites, also appeared, fitting the presence of the C(Ph)dCH2

group. The proton-coupled and decoupled 119Sn spectra support
the formulation of dihydrido(vinyl)stannyl complex 5, showing
not only the quartet of quartets at -485 ppm of the [Re]-SnH3

precursor but also a quartet of triplets at -350.4 ppm attributable
to the SnH2[C(Ph)dCH2] ligand. However, as the reaction
proceeded, only a small increase in this signal was observed
and, after 5 days, much of the starting complex was still present.

The influence of the substituent of the alkyne HCtCR on
the addition of the Sn-H bond of our M(SnH3)(CO)nL5-n

compounds is important in determining the nature of the final
product. While with alkynes containing a carbomethoxy or
carboethoxy substituent (HCtCCOOR) a fast reaction occurs
at room temperature, yielding the trivinylstannyl complexes [M]-
Sn{C(COORdCH2}3(1-4), the related phenylacetylene reacts
with these tin trihydrido complexes so slowly that only a small

Figure 2. Perspective views of complex 1a.

Scheme 3a

a L ) P(OEt)3.
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amount of monovinylstannyl species [M]-SnH2{C(Ph)dCH2}
(5) was formed after a long reaction time.

The reactivity of the trivinylstannyl complexes [M]-Sn{C-
(COORdCH2]}3 toward a Brønsted acid was studied. It was
found that Re[Sn{C(COOMe)dCH2}3](CO)2[P(OEt)3]3 (1a)
reacted with an equimolar amount of anhydrous HCl in diethyl
ether to give the alkene H2CdCH(COOMe) and the chloro-
(divinyl)stannyl derivative Re[SnCl{C(COOMe)dCH2}2]-
(CO)2[P(OEt)3]3 (6a) (Scheme 4), which was isolated in the solid
state and characterized. The latter further reacted with HCl to
give alkene H2CdCH(COOMe) and the dichloro(vinyl)stannyl
complex Re[SnCl2{C(COOMe)dCH2}](CO)2[P(OEt)3]3, which
is an unstable oil and was not isolated.

Complex Re[SnCl{C(COOMe)dCH2}2](CO)2[P(OEt)3]3 (6a)
is a pale yellow solid, stable in air and in solution of common

organic solvents, where it behaves as a nonelectrolyte.13

Analytical and spectroscopic data (IR, 1H, 31P, 13C, 119Sn NMR)
supported the proposed formulation and suggest a mer-cis
geometry in solution for the complex. The IR spectrum of 6a
shows two strong νCO bands at 1979 and 1911 cm-1, fitting the
mutually cis position of the two carbonyl ligands. These two
CO groups are not magnetically equivalent according to the 13C
NMR spectrum of the complex, which shows two multiplets at
195.0 and 193.7 ppm for the carbonyl carbon resonances. In
the temperature range between +20 and -80 °C, the 31P NMR
spectra appeared as AB2 multiplets, in agreement with the
presence of two phosphites that are magnetically equivalent and
different from the third. On the basis of these data, mer-cis
geometry III may be proposed for chlorovinylstannyl complex
6a.
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