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Organodistannaned.:( RsSn-SnR) are useful reagents for
double-stannylations of 1,3-dien®¥ alkynes!c and allene
in the presence of a palladium-complex as a catalyst. In the
catalytic cycle, oxidative addition of the Si#%n o-bonds is
believed to be a crucial step. However, there are only two
precedents for it, and the resulting bis(stannyl) complexes have
not been fully characterized. Clark and his co-worker described
the first example of the oxidative addition of organodistannane
(1a MesSnSnMe) to Pt(CH=CH,)(PPh), or Pt(PPh)4,22but
their reported geometry of the adduct is not consistent with our
present study:fde infra). The second is the oxidative addition | 119gn .
of the Sn-Sn bond of PEP(CH,) ,Me,SnSnMe(CH,),PPh (n
= 2, 3) to Pt(PP¥), to afford a mixture ofcis- and trans
isomerszb (a) 2p.p

In this communication, we report structure and fluxional
behavior ofcis-bis(stannyl)bis(phosphine)platinum complexes,

2Jp. n (cisoido, I
which were obtained by the oxidative additionlafto platinum-
(0) phosphine complexe®)( The products have a distorted
square-planar structure and show unique fluxional behavior. (b) \/ W

These features were investigated by multinuclear (including solid \ N

state3'P) NMR, X-ray crystallographic analysis, aat) initio N ) ’

molecular orbital calculation. \\ // N /
Hexamethyldistannaneld) reacts with tetrakis[tri(4-meth- (©) N / jk\‘ /

ylphenyl)phosphine]platinum2g) at —30 °C to afford the R s DA

oxidative addition product3g@) (eq 1). The molecular structure R / \ J/

of 3a was determined by X-ray crystallographic analysis N/

shown in Figure 1. The complex has a twisted square-planar s Ve

structure withcis-orientation of the ligands. The structure is (d W

distinctly distorted from planarity: the dihedral angle between = 5| 1190

the PtB and the PtSpplanes is 34.6 T | s

Figure 1. Molecular structure oBa. Hydrogen atoms are omitted
for clarity. The Pt atom is on a crystallographic 2-fold axis. Selected
bond distances (A) and angles (deg): P8hl 2.6289(6), PttP1
2.299(1), SntPt1-Snt 82.91(2), P+Ptl—P1 104.23(6).

2Jp-Sn (transoido)

£ 1178
2p-p 2p.p

Me;SnSnMe; + PtPR3); —— Pt(SnMes)(PRy), (e)
1a Ry = Rg= eY)

2a: (4-MeCgHy)s 3a: (4-MeCgHq)s 83%
b: (CgHs)s b: (CgHs)s 91% * _*—ZJP —"

c: (CgHs)oMe c: (CgHs)oMe  70% Sn (transoido)

The solution3’P NMR spectrum of8a at —90 °C (Figure 2a)
showed resonances centered at 32.2 ppm with satellite peaks

T

due toJp_p; (2645 Hz, not shown in the Figuré)lr—sngransoid) 38 36 34 3l2 3b 28 ppm
(1439 Hz with''’Sn and 1507 Hz with'°Sn);' 2Jp_sn(isoid)(181 Figure 2. Central part of¥? NMR spectra of3a (161.70 MHz).

Hz; peaks due t6''Sn and'°Sn were not resolved), arfde_p Solution NMR spectra measured in @), at (a) —90 °C, (b) —80

(13 Hz); only a central part of the spectrum is shown in Figure oc (c) =50 °C, (d) —10 °C, (e) 20°C, and (f) CPMAS solid-state

2 with omitting satellite peaks due to th&e_p: coupling. NMR spectrum measured at room temperature. Chemical shifts are

(1) (@) Obora, Y.; Tsuji, Y.; Kakehi, T.; Kobayashi, M.; Shinkai, v.; relative to HPO.
Ebihara, M.; Kawamura, TJ. Chem Soc, Perkin Trans 1 1995 599. (b)
Tsuiji, Y.; Kakehi, T.J. Chem Soc, Chem Commun1992 1000. (c) Piers, CPMAS solid-stateé NMR measured at room temperature

i Skl 5,153,019 Chem 100752 1421, (@) Michell TN (Figure ) shows the SImid-syarsao{ 1500 He) ande-p

(2) (a) Akhtar, M.; Clark, H. C.J. Organomet Chem 1970 22, 233. (2700 Hz, not shown in the figure) values, althodgh-sn(cisoid)
(b) Weichmann, HJ. OrganometChem 1982, 238 C49. coupling which is estimated to be ca. 180 Hz seems to be buried
19.(3?’1)3&%35% ia{%,eof5az5)’\/4%ngci'g,'8’5§&a)lcjxe ﬂgfgg?gg?(*zgff\'}ol"ﬁg in the line width (300 Hz) of the main peak. The solution NMR
(2) A% Z'= 4, T = —136 °C, deaica = 1.594 g cm3, u(Mo Ko) = 40.96 spectra indicate that the complex shows reversible fluxional
cm1, R=0.029,R, = 0.027, GOF= 1.730. behavior. On warming, satellite peaks due to the two kinds of

gL 20,5, e, EUPI, Corsans copes it of he 23, coalesced a¢-50°C (Figure 20)with maintaiing the

Granger, PHandbook of High Resolution Multinuclear NMBbhn Wiley lJP*PI. coupling (2644 Hz, not shown) and then sharpened at 20
& Sons: New York, 1981; p 168. °C with the averagedJp-s, (629 Hz with117Sn and 663 Hz

S0002-7863(96)02639-X CCC: $12.00 © 1996 American Chemical Society



Communications to the Editor J. Am. Chem. Soc., Vol. 118, No. 44, 199823

Table 1. 3P, 1%Sn, and'®*Pt NMR Data of3a—c? PH
A PH; 3
3 HaSn 2661 43164 26508 /2336A
Hasn}
81.0° 103.2° 748° (o 129.7°
3a 3b c-3c t-3c a0 HgSN™"_ 576
31p 32.17ppm  32.28ppm  9.78 ppm 11.00 ppm HoSn PH, -0.08e oH.
Upp 2629 Hz 2618 Hz 2417 Hz 2745 Hz ~0.330 -0.180 —oste
2Jp_117sn 629 Hz 625 Hz 653 Hz 169 Hz Gs TS
2
1‘1]%:1195” 2613522 ppm Eig gj - _nggggzppm 11726 E?Ozppm Figure 3. MP2-optimized geometries and Mulliken atomic charges
. 855§ Hz 853'2 Hz 838;9 Hz 7269 Hz on Pt, Sn, and P for ground (GS) and transition (TS) states.
2Jsn-p 663 Hz 653 Hz 687 Hz 176 Hz Sch 1
195pt —5252 ppm —5218 ppm —5247 ppm —5307 ppm cheme
prp 2629 Hz 2618 Hz 2417 Hz 2745 Hz
Me3Sn'
aslp: 161.70 MHz, 1%Sn: 148.95 MHz, 9Pt 85.32 MHz. [, / FRo
Chemical shifts are from #PQs, MesSn, and HPtCk, respectively. e
The spectra were measured at room temperature igCGH3a and MeuSn? / \pRS
3b) and in GDsCDs (3¢). ® Measured at 70C. ~Z ’
with 11%5ny+5 (Figure 2e). The thermodynamic parameters were "N
obtained by analyzing the line width alternatioAH* = 42 + )
1 kJ moFt andAS = 7.6+ 5.8 I mot1 K=L. The rate of the MeSSnZ
fluxional process depended on neither concentrati@adgfrom

8.8 mol dn13 to 22 mol dnv3) nor the solvent employed, GD
Cly or CsDsCDs.  Furthermore, 1 molar excess of P(4-Mefs)s
added to3a did not affect the rate.

Other platinum(0) phosphine complex@b énd2c) also react

with lato afford the oxidative addition product8i{ and 3c) is planar (Figure 3). Thus, the distortion from planarity3af

(eq 1). Although3a and3b consists of a single isome3¢ is may be attributed to steric effect associated with the substituents
a mixture of two isomersct andt-3c in 9:1 ratio). All the on the P and the Sn atoms. The activation energy of the
products including eveBc showed good elementary analysis fluxional process was calculated to be 80.0 kJ Thalvhich is
data. 3P, 1195n, and'®*Pt NMR spectral data d3a, 3b,® and consistent with the experimental values. In the calculated
3c measured at room temperature are listed in Table 1. Thetransition state (TS), theFPt—P angle increases dramatically,
2Jp_sn values of3a, 3b, andc-3c are similar (625-687 Hz), and electron density was considerably transferred from the Sn
but that oft-3cis quite smaller (169 and 176 Hz). Importantly, onto the Pt and the P, suggesting decrease of the activation
c-3c showed analogous fluxional behavigkH* = 60 & 1 kJ energy by introduction of electron withdrawing substituents on
mol~t andAS = 32+ 5 J molt K—1), in which satellite peaks  the P atoms and increase of it by substitution of the Sn with a
due t0?Jp_sncoalesced at 2C, and?Jp—sn(wransoia( 1482 Hz with more electronegative element such as C.

117Sn and 1551 Hz with'%Sn)# 2Jp_sn(cisoia)(177 Hz), ancfJp_p Addition of a chelate phosphine (F(CH,),PPh, n = 2—4)

(21 Hz) appeared at50 °C. These] values ofc-3c are very to a solution of3adisplaced the P(4-MegEls); completely, and
close to those oBa. Accordingly, c-3c was assigned tois- the corresponding Pt(SnMe[Ph.P(CH,)PPh] (3d: n = 2,
[(MesSn)(MePhP)Pt], whilet-3c to the correspondingans 3e n= 3, and3f: n = 4) was obtained quantitatively*P
isomer. Thetransisomert-3c did not show any fluxional NMR). In contrast to thé!P NMR spectra o8a—c, those of
behavior at all. The ratio between andt-3c (9:1) did not 3d—f showePIp—sn(ransoid@Nd2Jp—sn(cisoigycouplings separately
change after 1 week at room temperature, indicating no even at room temperature (see Supporting Information). The
interconversion betweett andt-3c. rotational motion of3d—f is slow on the NMR time scale; the

The intramolecular conservation of the P and Sn nuclear spin satellite peaks due to thép-snaransoid@Nd?Jp—sn(cisoidycoalesced
states, which is shown by the sharp satellite peaks due to theat 80°C for 3d and3eand at 5C°C for 3f. With these chelate
1Jp—pt and the line width alternation of the satellite peaks due phosphines, the largefPt—P angle at the transition state, which
to theZJp_snin 3P NMR (Figure 2a-e), rules out dissociative ~ would facilitate the rotation as suggested by #ie initio
mechanisms for the fluxional process. Associative processescalculation, would not be attained easily.
are also unlikely, since the concentration of the complex, the
coexistence of excess phosphine, and the nature of the solvent Acknowledgment. This work was supported by the Grants-
did not affect the fluxional processile suprg. We attribute in-Aid for Scientific Research on Priority Area of Reactive
the fluxional process to the intramolecular twist-rotational Organometallics from the Ministry of Education, Science and
motion via pseudo tetrahedral transition state (Schemé 1). Culture, Japan.

Ab initio calculatio was carried out for Pt(Sndjb(PtHs)»
as a model complex. The most stable calculated geometry (GS) Supporting Information Available: Analytical data of3a—c, 3P
5 NMR data of3d—f at room temperature, details &l initio calculation,
) J(S) The JfQSnsyaluefs,tr?gzjerved at 2L are equal tOrL%JF’IaSB(transoidh " tables of crystal data and refinement details, atomic coordinates, thermal
e sn(soiaf)/2._Sign 0 P Sn(ransoidANT p-sn(cisoi SNOUIC DE OPPOSILE. -y 5 yatars, pond distances, bond angles and torsion anges(b7

(6) Clark et al. proposed thaB8b has thetrans-structure. However3b .
should have the same structure 2 the cis-structure, since the both ~ Pages). See any current masthead page for ordering and Internet access
complexes show essentially the same NMR spectral data. Instructions.

(7) For NiX3(PRs)2 (X = Cl, Br, I) complexes, structural interconversion
between square planar (diamagnetic) and tetrahedral (paramagnetic) isomerdA9626392
was reported? (a) La Mar, G. N.; Sherman, E. Q. Chem Soc, Chem
Commun 1969 809, and references cited therein. (8) Gausian 94 package. For details, see Supporting Information.




