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Water, alkanol, and amine activation reactions of transition st,s '
metals may lead to complexes in which a hydro substituent is R=CH(SIMed,; 1,35 R'=iPr; 2,46 R=tBu

paired with an hydroxy, alkoxy, or amide substituent, all of . .

which are potential reactive sitésWell-studied examples are ~ Molecular ion is observed. Fragmentation proceeds both by

the @ Ir(ll) cis hydro hydroxy complexes [(M@lr(H)OH]*+- elimination of water and by destruction of the Snéoup,

PR~ 32 (ionic; stable at 100C) and (RP)Ir(H)OH(CI) (R = affording [(dppe)Pd} as the base peak. Fdr(120°C) and

Me, Et; neutral; reversible water elimination at 20)3> Of the hydro methoxy complexes (60 °C) and6 (110 °C), the

the d© metal complexes{(c-CeH11)sP}-Pt oxidatively adds  largestions observed are fgge)Pea=SnR]* (1) and [(dbpe)-

phenols (ArOH; Ar= CgHs, CsFs) at 20°C to afford stable Pd=SnR]" (2*), and these fragment further to yield the base

trans{ (c-CsH12)3P} ,P{(H)OAr?  Similarly, (PrPLPt reacts  Peaks [(¢ppe)Pd] and [(dbpe)Pdf, respectively. In the IR

with H,O to give thermally unstableans{PrP),Pt(H)OH 52 spectrum, complexe8 and5 give rise to a PeH stretching

In contrast, PrsP)Pd does not react with water at 2C.5¢ band at about 1890 cm (4, 6, 1860 cm*).** Sharp bands at

Furthermore, the stannylene SRR = CH(SiMes))® is 3649 cnt* (3) and 3666 cm' (4) are attributed to SnOH. The

reported to decompose in water and alkdf6l.As we have ~ C—H stretching bands of SnOGtexpected at 2900 cm) are

recently discovered, the adductsPd(0=SnR. (L, = chelating largely overlapped by phosphane modes, but a prominent

bidentate phosphariejindergo reversible oxidative additions SNOCH overtone vibration is observed at 2776 Tn(5).%

of water and methandl. According to'H NMR spectroscopy the complexes are defined
When deoxygenated water is added af@0to the red THE DY high-field resonances for Pd3, (04 —4.25;4, o —5.42)

solutions of the complexes PGH4PR,)PA=SnR [R’ = iPr ?nd SnNOH 8, 64 —0.55;4, oy —02.35). For PdH, the couplings

(1), ‘Bu (2)], the color fades immediately. After evaporation “J(PHans (160-173 Hz) andJ(PH)is (9—15 Hz) are as

of the solvent and recrystallization (pentane), colorless crystals €xPected, and the couplifg(SnH)s is rather small §, 5, 6:

of the bimetallic hydro hydroxy complexes '@RGH4PR>)- 15-45 Hz) or even not observed)( The 3P NMR spectra

Pd(H)Sn(OH)R [R' = Pr (3), 'Bu (4)] are isolated (90%: eq shc_)w that in THFds solution complexX3 is pure andb (<1%,

1a). Similarly, complexes and2 react with methanol to afford 1) iS @lmost pure bué (>1%, 2) and6 (8%, 2) are markedly

the hydro methoxy complexes'tRGH4PR2)Pd(H)Sn(OCH)R, dissociated due to the equilibria of eq 1. Sharp signals indicate

[R' = iPr (), 'Bu (6)] (eq 1b). When BO and CROD are that HO or.MeOH exchange reactions betwdeor 2 and3—6

reacted, the partially deuterated derivativepid)Pd(D)Sn(OD)-  are slow with respect to th&P NMR time scale. _

R; (3-d) and (dppe)Pd(D)Sn(OCEHR; (5-ds) are obtained. The Molecular Structure of 3. The X-ray str_uctu_r@ of 3 (Figure

reactions ofL and 2 with water and methanol also proceed at 1) reveals that the geometry at Pd(ll) is distor®@84 (the

—40 °C within a few minutes: however, no reaction®oand?2 hydride has not been located). The main structural features are

occurs with NH. The melting points 08—6 are well above similar to those of the related pallada(ll)stanna(ll)cyclobutene

100°C, and prior to melting, discoloration to red is observed (dPPe)PA(CH=CH)SnR (Pd-Sn) (7).” In 3 the deviations

due to partial formation of and2. The dbpe complexes are ~ from the rectangular arrangement (F2d1-Sn1 108.9; P1—

more stable than thegpe derivatives. Pd1—_Sn1_ 162.7) are obwqus_,ly dqe to_the small size of the
Spectroscopic Characterization. In the EI mass spectrum  hydride ligand, whereas similar distortions in(Peis—Pd—Sn

of the dppe-derived hydro hydroxy compleX (80 °C), the 113.0; Ptrans_—Pd—Sn 158.8) arise from the strained four-
membered ring. For both complexes, the bond-Pgs (to

(1) Abbreviations: thpe, bis(diisopropylphosphino)ethatfenPCH,P- Sn) is shorter than PePgs (to Sn), although the difference for

iPr,; dbpe, bis(ditert-butylphosphino)ethanéBu,PGH4PBU,. .
B Bz B e e e 6 1168 3 (229, 2.32 A) is less than fof (2.29, 2.34 A). Other

(3) (a) Milstein, D.; Calabrese, J. C.; Williams, I. D.Am. Chem. Soc.  Structural data oB are intermediate between those of the Pd-
1986 108 6387. (b) Blum, O.; Milstein, DAngew. Cherr 995 107, 210; (0)=SnR, complex1’ (from which3 is formed) and?. This is

Angew. Chem., Int. Ed. Endl995 34, 229. (c) Blum, O.; Milstein, DJ. . .
Amg Chem. S0d995 117, 4%182. © the case for the angle-#Pd—P [1, 89.0;3, 87.5;7, 86.2], the

(4) Fornies, J.; Green, M.; Spencer, J. L.; Stone, F. Gl. &£hem. Soc., relatively short Pe-Sn bond L, 2.48;3, 2.58;7, 2.67 A], the
Dalton Trans.1977, 1006. distances SAC [1, 2.21;3, 2.22 (mean)7, 2.24 A (mean)],

5) (@) Yoshida, T.; Matsuda, T.; Okano, T.; Kitani, T.; OtsukaJS. . .
A S0d979 101, 2027. (b) Otsuka, Sl. Organomet. Chen98Q and the angle €Sn—C [1, 98.8;3, 99.6;7, 105.0]. The plane

200, 191. (c) The formation of intermediate complexésifis{RsP),Pd- Pd1,Sn1,01 forms an angle of only 2718 the mean Pd(ll)

(H)%)H] hasfbeﬁn suggezted 0? the basishof a slg\gP()ﬁtd-catalyzed;j/Dd coordination plane (P1,P2,Pd1,Sn1) with the hydroxy group (O1)

exchange of PhCOGHand DO (80°C, 20 h, 37%P2When water is adde i i iti

to a THFdg solution of (PrP),Pd, no change of théd and3P NMR signals at Sn(“). 0_pp03|te to the C?|CUIated hydcrlde position.

is observed betweer50 and 30°C. Reactivity. When3 (100°C) and5 (70 °C) are heated under
(6) (a) Davidson, P. J.; Lappert, M. B. Chem. Soc., Chem. Commun.  vacuum, they slowly eliminate water and methanol, respectively,

1973 317. Davidson, P. J.; Harris, D. H.; Lappert, M. F.Chem. Soc.,

Dalton Trans.1976 2268. (b) Cotton, J. D.; Davidson, P. J.; Lappert, M. (9) (a) The corresponding P® stretching bands3fd; (PdD),3-dy, 4-dy,

F.J. Chem. Soc., Dalton Tran§976 2275. (c) For the reaction of the Ge  5-d;, 5-d,] are obscured by phosphane bands. (b) Additional analytically

analogue of SnR G CH(SiMey),} 2, with water and alcohol, see: Lappert,  significant bands attributable to SnOgldre found for5 at 1437 (CH

M. F.; Miles, S. J.; Atwood, J. L.; Zaworotko, M. J.; Carty, A. J. deformation) and 1057 cm (C—O stretching). Full IR spectroscopic

Organomet Chem 1981, 212, CA4. characterization of all compounds is given in the Supporting Information.
(7) (a) Krause, J.; Pluta, C.; Bhke, K.-R.; Goddard, R. Chem. Soc., (10) For3: triclinic, P1 [No. 2]; a = 12.748(3),b = 17.199(1), anct

Chem. Communl993 1254. (b) Krause, J.; Haack, K.-J.7iBohke, K.- =20.190(2) Ao = 99.46(1%,[3 =93.29(2), andy = 91.65(2); Z=4; R

R.; Gabor, B.; Goddard, R.; Pluta, C.; Seevogel,JKAm. Chem. Soc. =0.062,Ry = 0.179 v = 1/0?(F.)], max. shift/error= 0.94, final difference

1996 118 804. Fourierp = 1.50 e A3. Both crystallographically independent molecules

(8) (a) Schager, F. Diplomarbeit, Universit®usseldorf, 1995. (b) are identical in the framework of the heavier elements but differ slightly in
Schager, F.; Rschke, K.-R.GECOM-CONCOORD 19955t Jacut de la the orientation of the SiMggroups and in one of the bridging carbons of
Mer (France). (c) Schager, F. Planned Dissertation. the chelating phosphane.
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of complexes8—6, as a competiting reaction to the nucleophilic
substitution at the Sn(ll) center, is preferred by exchanging the
Figure 1. Molecular structure of3 (molecule 1), showing 30%  Pd(Il) dppe ligands for thpe'® and the Sn(ll) OH substituents

probability ellipsoids. Selected bond distances (A): P8h1, for OMe™; it is thus not detected foB and fastest fob.
2.575(1); Pd+P1, 2.294(2); PdtP2, 2.322(2); Snt0O1, 2.037(5); So far we have not succeeded in inserting unsaturated
Sn1-C15, 2.211(7); Sn1-C16, 2.231(7). Selected bond angles (deg): substrates into the PdH function of3. No reaction is observed
P1-Pd1-P2, 87.5(1); P%Pdl-Sni, 162.7(1); P2Pd1-Sni, at 20°C betweer8 and butadiene, CO, or G@Gn the course of
108.9(1); C15-Sn1-C16, 99.6(3); Pd+Sn1-C15, 123.9(2); Pdt 1 d. However, wherB is reacted with H&ECH, MeG=CMe,
Sn1-C16, 118.8(2); PdtSn1-01, 107.6(2). or GF4, the Pd-Sn bond is slowly cleaved to affordfghe)-
Scheme 16 PA(HG=CH)*, (dppe)Pd(Me&CMe)Por (dppe)Pd(GFs) 5
H H H D respectively, together with SaiRi,0.
Lde—InFig 0,0 L2;|= P Discussion. With respect to the mechanism of treersible
3 H,0 36, (SnOD) water and methanol addmot_o the P&=Sn t_)ond (eq 1), itis
0,0 noteworthy that the propensity of uncoordinated Stdrform
o \CHGOH H0 N weak solvate® is lost when it is coordinated to a strongly back-
Z 0P bonding metal center as for complexe$FGHPR2)M=SnR
H  OCH, ° H  ocD, (M = Ni, Pd, Pt)!5 On the other hand, the otherwise unreactive
CD,0D | Pd(0) center is easily protonated when coordinated by,SnR
L’Pdts"nz Tohon szd:‘:"nz Apparently, the nucleophilicity of Pd(0) is enhanced by the

. . N donor function of the SnRigand and, conversely, upon forming
todfccl).r.m 1 (cfa. 35% convers;:)n 03; |n&1 h);lzThus}]fh%O;'_dgt.'ve Pd(ll) by protonation, Pd~ Sn(ll) back-bonding is weakened
addition of water or methanol td and 2 to aftor IS to such an extent that the SpRubstituent is now able to
reversible and methanol elimination proceeds more readily than coordinate OR~ (R" = H, Me). Thus, disregarding a concerted
water elimination. . . " : (v o ;
. . mechanism, it appears likely that+#DR'' addition reactions to
When [7210 IS ao;de%g) a JHF SOIU“%% ﬁ StheOiB/drogy the Pd(0%=Sn(ll) bond in1 or 2 are initiated by electrophilic
grogpgéc _angt()as_ ordz San'l plur Sméb) (H) n'(h )g( - attack of a proton at the Pd atom to afford an intermediate Pd-
L Z d.) IS g d‘%“g - OH'm' grg' o fe%f/f with H | ;’ (Il) cation [(RPGH4PR2)PA(H)SnR]* (A, Scheme 2) to which
afford (dppe)Pd(D)Sn(OH)R(3-d1 PdD). When comple OR'~ subsequently coordinates at Sn(ll) to give the products
is dissolved in CROD/THF, the methoxy group exchanges for  3_g  Requctive elimination of water or methanol from
?g% to ylgld mam(ljy (?pp:)Pd(H)—SnégC%Q.)Rz (5'?321 ar!;:ih complexes3—6 proceeds by the mechanistic reverse. However,
C-H4§aa|:n|nor pro u%' ?wev%r,_mi/ ,‘ééf,;egc %CW' the base exchange at the Sn(ll) cenfesumably proceeds
5OH, the major product formed is '{ibe)Pd(D)Sn(OCE)- associatively by an @-type mechanism through intermediate
R (5-dy) with a minor amount of5 (Scheme 1, horizontal g™ tpjg explains why the PdH(D) function is not at all
reacrflons). tl)Jp_on addltlo_glof;jﬂ) rt]o a TH'f: s?]lugon ob, the affected in the base exchange reactions of thpelcomplexes
get hoxy ﬁu itltugnt Lap' I\?Il eox|(_:| _angdeds dor y_lfg)l(:y tol @ve ¢ With water and only slightly affected in the corresponding
n the other hand, when Me Is acded to a solution of o5 ctions with methanol. Preliminary experiments have shown
3, only a partial hydroxy/methoxy exchange occurs to afford . simjjar to1, the Ni analogue (@pe)Ni=SnR™ reacts with
(50%). These reactions show that the hydroxy complgxes are, oter to afford (ébpe)Ni(H)Sn(OH)R (8) which is presently
thermodynamically more stable than the methoxy derivatives ¢ qied in detail.
(vert!(_:al_reactlons_). Finally, the reactions BfV\.”th CDs0D Acknowledgment. We thank the Volkswagen-Stiftung and the
(equilibrium reaction to afforq 50% &i-ds 6‘.“0' minor am.ouf‘ts Fonds der Chemischen Industrie for financial support.
of 5-ds andQ—dlldz) and of5 with Dz0 [rapid and quaptltatlve Supporting Information Available: Experimental details on the
conversion inta3-d; (SnOD)] and the reverse reactions have gy ninesis and spectroscopical characterization of the new compounds,
been studied (diagonal reactions). The exchange reactions Ofincjuding details on the structure analysis®{12 pages). See any
the dppe complexes3 and 5 and their partially deuterated  current masthead page for ordering and Internet access instructions.
derivatives withwater (DO or HO) proceed without any  jage2610Y
detectable H/D exchange at the Pd(lll) center (reactions studied (13) Similar as foB and5, the dope complexed and6 react with water
over a week) and may thus be considered to be clean nucleop,0) by a fast (no more than a few minutes) and complete nucleophilic
philic substitution reactions of hydroxide at the Sn(ll) center. fxghdarzge Sg)he Sn(III) )gpedntg t% gf)fmgl (SnOD). POWF%?B in Cﬁntrast
; . _ 03- nOD), comple n undergoes a slow exchange
The relatgad eXChange. reactions witethano(CD;OD or Ch to afférd 4-d, (60% after 11week and 100% after 2 weeks; by NMR) due
OH) do involve partial PeH/D exchange and presumably {0 a reductive elimination/oxidative addition mechanism.
proceed both by a reductive elimination (water or methanol)/ 1L(ﬂ)slgrause, J.; Bonrath, W.;"Pezhke, K.-R.Organometallics1992
oxidative addition (methanol) sequence at the=Bd bond and :
- A - . 15) (a) For complexes (PCGH4PR2)M=SnR; (see Table 1 of ref 7b),
by a nucleophilic substitution reaction of methoxide at the Sn- no(sol)v(er)n (THF ar;\d tolu(ene)2 or te?%perature(dependence of the )NMR

(I) center. The reductive elimination/oxidative addition reaction resonances has been found. Furthermore, attempts to isolate donor adducts
were unsuccessféf.Donor adducts are also not formed by (G@¥=SnR.

(11) The solid ¢bpe complexed and6 eliminate water and methanol (M = Cr, M0)®® (b) In contrast, for (@Hs):Ni=SnR,, various adducts
under vacuum (to give) at a higher temperature-(L00 °C) as compared (CoH4)2Ni—SnRy(donor) [donor= THF, NHs, py, (MeN)sPO] have either

to the dppe derivatives. been isolated or detected by NMR. Pluta, Cirdebke, K.-R.; Mynott, R.;
(12) Typically, about 1 mmol of complex is reacted with the 10-fold Betz, P.; Kriger, C.Chem. Ber1991, 124, 1321.
excess of water or methanol in concentrated THF solution &C20The (16) Exchange H/D for the interconversion &fd,, 3-d; (PdD), 5-da,

reactions proceed instantaneously. and5-d;.



