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The reaction of Pd(OAg)with the bis(phosphonium) salt [ERCH.COCH,PPH]CI, (1:1 molar ratio) results in
the formation of thecis-dichlorobis(ylide) derivative GPd{ [C(H)PPh].CC}, 1, in which the bis(ylide) ligand
[C(H)PPH],CO acts as a chelating group through the two ylide carbon atoms. Corhpksacts with TICIQ
(1:1 molar ratio) to give [Pd(-Cl){[C(H)PPR].CCO}]2(ClO4)2, 2, which reacts with two further equivalents of
TICIO4 in NCMe to give [P4[C(H)PPh].CO} (NCMe),](ClO4)2 3. The reactivity of2 and3 has been explored.
Compound reacts with pyridine, 3,5-lutidine, or BP=C(H)CN (1:2 molar ratio), resulting in the rupture of the
chlorine bridging system and formation of [P4{ZZ(H)PPh].CCO} (L)](ClO4) (L = py (4), 3,5-lu 6), NC—C(H)=
PPHR (6)), and with Tlacac (1:2 molar ratio) with formation of the acetylacetonate [Pd{cH€))PPh].CO} -
(ClOy4), 7. On the other hand, compleR reacts with the ylide P=C(H)CN (1:2 molar ratio) giving
[P [C(H)PPR].,CO} [NC—C(H)=PPHh],](ClO4,)2, 8, which contains two N-coordinated ylides, and with NBu
OH (1:1) to give [Pdg-OH)Y [C(H)PPR]2CC}]2(ClO4)2, 9. The reaction of Pd(OAg)with the ylide phosphonium
salt [PhP=C(H)COCHPPHR](CIO,4) (1:1) gives the acetate dimer [RAQOCCH;){[C(H)PPh],CC}]2(ClOy)2,
10. The structures of complexds-10 were deduced from their spectroscopic data and from the resolution of
the molecular structure of complé«CH,Cls.

Introduction donor atoms due to its multifuctionality. However, as far as

vlid f ohosph ved | fwe know, only one report on this bis-ylide has appeared in the

Id€s OT pnospnorus areé Now recognized as a Class ol i ay e (polynuclear gold and silver complexes), and very
extremely powerful ligands _that form complexes with both main few reports of related ylides containing the CCC skeleton have
group elements and transition metaldn recent papers, we been publishe80

have described a part of the chemistry of! Rthd P¥ with In thi f | h ousl
a-stabilized ylides, such as B=C(H)COR (R= Me, Ph, n this report we present our first results on the previously

OMe, NMe) and PRP=C(H)CN2-7 Throughout these studies, unexplored chemi.stry of Fl’o\Nith thi§ bis-ylide. A series of
we have observed the ability of these ylides to behave as new complexes with the ylide coordinated as a C,C-chelate are

ambidentate ligands (except for the NMierivative). More- described, together with the crystal structure of a representative

over, we have obtained evidence about the possibility of example.
controlling the binding modesthat is, given an organometallic | . .
substrate to predict the coordination mode of a given ylide and, R€Sults and Discussion

conversely, to design a substrate to drive a given binding mode. The reaction of Pd(OAg)with the bis-phosphonium salt [gh

A bis-ylide such as PJP=C(H)COC(Hy=PPH offers new PCH,COCH,PPhR]CI, (1:1 molar ratio) in CHCl, at room
atoms (two carbons and one oxygen). Second, it can behaveyroyps of the bis-phosphonium salt and formation of a solid of
as a chelating or bridging ligand through the same or different stoichiometry CIPd[C(H)PPh],CO}, 1, as deduced from its
elemental analysis and mass spectrum (see Experimental Section
(1) (2) Johnson, & W Kaska, W. C.; Starzewsid, k. A. Q. Dor, D.and Scheme 1). The IR spectrum clearly shows the cis-

1993; Chapter 14 and refergnce% given the}ll'ein. (b).Schmidbau'r, H. disposition of the chlorine Iigané%—two absorptions at 293
Acc. Chem. Red975 8, 62. (c) Schmidbaur, HAngew. Chem., Int. and 278 cm'—and the location of these bands at low wave-

Ed. Engl.1983 22, 907. _ B numbers suggests a @ansto-C arrangemeri2 The »(CO)
(2) Falvello, L. R.; Ferfadez, S.; Navarro, R.; Pascual, I.; Urriolabeitia,

E. P.J. Chem. Soc., Dalton Tran$997, 763 and references therein.

(3) Falvello, L. R.; Ferhadez, S.; Navarro, R.; Urriolabeitia, E. IRorg. (8) Vicente, J.; Chicote, M. T.; Sauras-Llamas, I.; Jones, P. G.; Meyer-
Chem.1996 35, 3064 and references therein. Bése, K.; Erdbigger, C. F.Organometallics1988 7, 997.
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J. Chem.1997, 21, 909. (11) Nakamoto, Kinfrared and Raman Spectra of Inorganic and Coor-
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Organomet. Chemin press. 1986; Chapter 3, p 326 and references therein.
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absorption appears at 1587 thpshifted to lower energies with
respect to the free phosphonium (1712 ¢y#4and indicating

Legend for Scheme 1:

()
(ii):
(iii):
(iv):
(v):
(vi):
(vii):
(viii):
(ix):
(x):
(xi):

+ [PhaPCH,COCH,PPh;]Cl,, - 2 HOAc, CH,Cl,, r.t.
+ TICIO,, - TICI, CH,Cly, 1.t

+ 2 TICIOy, - 2 TICI, NCMe, r.t.

+2L, cchlz, r.t

+ 2 NC-C(H)=PPh;, CH,Cl,, r.t.

+ 2 Ti(acac), - 2 TICI, CH,Cl,, r.t.

+ 2 NC-C(H)=PPhg, CH,Cl,, r.t.

+ 2 NBu,OH, MeOH / H,0, r.t.

+ 2 [Ph;PCH,CNICI, - H,0, CH,CI,, r.t. (see text)
+ [Ph3P=C(H)COCH,PPh,;)(ClO,), - HOAc, CH,Cl,, r.t.
+ 2 TI(OOCCHjy), - 2 TICI, CH,CI,, r.t.

compound which, after abstraction of one chlorine, dimerizes
following a well-known pathway for the formation of dinuclear

C-coordination of the ylidé:” complexes® These facts imply that the bis-ylide group acts
The 'H NMR spectrum ofl shows, in additon to complex  as a chelating ligand id.

resonances at low field due to Ph groups, a doublet centered at Other possible routes to compl@were tested, for example
3.70 ppm, with a coupling constaflp_y of 7 Hz, which is the transmetalation of the bis-ylide from the silver complex [Ag-
attributed to the ylide proton. THEP{H} NMR spectrum of {[C(H)PPR]2CC}]2(ClO4)2 to the palladium derivative Pdg&l

1 shows a singlet at 25.15 ppm. These spectral parameterSNCMe), or the transylidation reaction (exchange of ylide
suggest that the bis-ylide is coordinated through both carbon ligands) of PAG[C(H)COMe(PPR)]. with [PhePCHCOCH,-
atoms, although we cannot deduce from these data if the bis-PPR](ClO4).. However, the low solubility of the silver deriva-
ylide acts as a chelate (mononuclear) or as a bridging (dinuclear)tive in the first case and the difficulty of completely eliminating
ligand. The measurement of the molecular weight in GHCI the phosphonium salt [BRCH;COCH;]CI in the second case
solution was inconclusive, although the value obtained was resulted in low yields of pur@, and these methods are not

closer to that of a mononuclear complex. The reactivityl of
was more informative.

Thus, 1 equiv of compled reacts with 1 equiv of TICIQ
resulting in the precipitation of TICI and formation of a yellow
solid of stoichiometry [PdG[C(H)PPR].CC}](CIO,) 2, ac-

described in the Experimental Section. On the other hand, all
attempts to obtain complexes with the bis-ylide coordinated
through only one carbon atom ([MIC(H)PPh—COCH=PPh)
or complexes containing the mono-ylide unit ((IME(H)PPh—
COCH,PPh) were unsuccessful, even for the more obvious

cording to its elemental analysis. The mass spectrum of this Processes (e.g. reaction of PEBICMe), with the ylide-
solid shows a weak peak at 1541 amu, which corresponds toPhosphonium salt [FF=C(H)COCHPPH](CIO4)).

the stoichiometry [PA@[C(H)PPR],CO}]2(ClO4) ™ and strongly
suggests a dinuclear nature for compkxThe molar conduc-
tivity of 2in acetone is\y = 177 Q-1 cn? mol~1, which agrees
with the average value reportédor 2:1 electrolytes (18@ 1
cn? mol™?) in the range of concentration employed X610~
M). Thus, complexl is concluded to be a mononuclear

(13) Ford, J. A.; Wilson, C. VJ. Org. Chem1961, 26, 1433.
(14) Denney, D. B.; Song, J. Org. Chem1964 29, 495.
(15) Geary, W. JCoord. Chem. Re 1971, 7, 81.

The IR spectrum of shows the expected changes. The
(Pd—CI) stretch is shifted to lower energies with respecito
in accord with the change of ClI from terminal to bridging and
(CO) shows a value similar to that th The NMR spectral
parameters show the presence of a single product, as can be
inferred from the observation of only one doublet in ¢
NMR spectrum (4.32 ppnéJe—y = 5.4 Hz) and a singlet in
the 3'P{*H} NMR spectrum (23.75 ppm).

(16) Urriolabeitia, E. PJ. Chem. Educl1997, 74, 325.
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Table 1. Selected Bond Lengths [A] and Angles [deg] for

2:CH,Cl,
Pd(1)-C(3) 2.053(11) Pd(BC(1) 2.060(11)
Pd(1)-CI(1) 2.372(3) Pd(L)yCI(2) 2.389(3)
Pd(2)-C(40) 2.061(12) Pd(3C(42) 2.078(11)
Pd(2)-CI(1) 2.389(3) Pd(2)Cl(2) 2.390(3)
P(1)}-C(3) 1.774(11) P(1C(16) 1.774(12)
P(1)-C(4) 1.789(12) P(5C(10) 1.810(13)
P(2y-C(1) 1.766(11) P(2¥C(22) 1.779(12)
P(2)-C(34) 1.789(13) P(2C(28) 1.795(13)
C(1)-C(2) 1.468(16) Cc(2r0(1) 1.243(15)
C(2)-C(3) 1.471(16) P(3}C(40) 1.779(12)
P(3)-C(43) 1.800(14) P(3)C(55) 1.822(13)
P(3)-C(49) 1.825(15) P(4)C(42) 1.772(12)
P(4)-C(73) 1.784(13) P(£C(67) 1.792(13)
P(4)-C(61) 1.803(13) C(40)C(41) 1.460(18)
C(41)-0(2) 1.234(15) C(4BC(42) 1.471(17)
C(3)-Pd(1)-C(1) 68.8(4) C(3}Pd(1)-Cl(1) 169.2(3)
C(1)-Pd(1)}-Cl(1) 101.0(3) C(3}Pd(1)}-Cl(2) 102.6(3)
C(1)-Pd(1)-Cl(2) 171.3(3) CI(1rPd(1)-CI(2)  87.49(10)
C(40)-Pd(2)-C(42) 68.0(5) C(40yPd(2)-Cl(1) 101.1(3)
Figure 1. Thermal ellipsoid plot of the [Pg¢Cl){ [C(H)PPh],CO}],** C(42-Pd(2)-Cl(1) 169.0(3) C(40yPd(2)-Cl(2) 171.4(3)
cation. Atoms are drawn at the 50% probability level. C(42-Pd(2)-Cl(2) 103.9(3) Cl(1yPd(2y-CI(2) 87.06(11)
Pd(1)-Cl(1)-Pd(2) 87.82(10) Pd(BCI2)—-Pd(2) 87.40(10)
Due to the presence of two chiral centers In two C(2)-C(1)-Pd(1)  83.4(7) P(2)C(1)-Pd(1)  125.1(6)
diastereoisomers would be expect&R(r SSand RSor SR O(1)-C(2)-C(1)  1255(11) O(HC(2)-C(3)  127.4(11)
along with two sets of signals in the NMR spectrum. However, g((ig_g(%)_gé?i) 11%43'%((16? g((?l-():éao)lj—dé(lj)(z) Sg'igg
only one set is observed and hence only one diastereoisomer iqg(3)_c(40)_pd(2) 126:5(7) O(2)C(41)-C(40) 128:0(12)
obtained (no splitting or broadening of the signals was observed 0(2)-C(41)-C(42) 126.2(12) C(46GYC(41)-C(42) 104.2(11)
in the NMR spectrum at low temperatar€D,Cl,, 183 K— C(41-C(42y-Pd(2) 82.5(7) P(4yC(42y-Pd(2) 128.5(6)
ruling out a fast interconversion equilibrium between the two bi I hi ¢ "
isomers). The same holds f@r in which four chiral centers Table 2. Crystallographic Data foP-CH.Cl;
are present, but only one set of resonances is observed. The empirical formula GoHesClsO10PsPch
elucidation of the stereochemistry of complesesnd?2 comes fTW 1712245710(@
from the X-ray structure determination of compou2CH,- 1 0 710(73?,&

Cla. space group P2,2:2; (No. 19)

Crystals suitable for X-ray analysis were obtained by slow a 19.247(5) A
diffusion of n-hexane into a CkCl, solution of 2 at room b 19.521(4) A
temperature. A drawing of the organometallic dinuclear cation ¢ 19.757(4) A
is shown in Figure 1, selected bond distances and angles are \Z/ 1423(3)
coIIec_ted in Table 1 and relevant crystallographic parameters Peslod 1.543 g cm®
are given in Table 2. U 8.46 cntt

The complex crystallizes in the paramorphic orthorhombic R1[l > 20(1)]2 0.0578
space groujP2;2;2;, with one molecule in the asymmetric unit. WR2 [l > 20(1)]° 0.1216

Thus, just one diastereoisomer is present. Each palladium atom aR1=y||Fo| — |Fdl/S|Fol. ®WR2 = [SW(Fs2 — FAZTW(F+2)?2 Y2
is located in a distorted square-planar environment, surrounded
by the two bridging chlorine atoms and the two ylide carbon jum(ii)}18the reported value is 143.3¢1) However, this feature
atoms. This confirms the dinuclear nature of this complex and s rather unusual in palladium(ll) complexes, where the normal
the C,C-chelating coordination mode of the bis-ylide ligand. arrangement of the ligands results in planar dinuclear complexes,
The atom Pd(2) deviates 0.026 (5) A from the best least-squaresthat is, the two coordination planes are coplanar. One of the
plane defined by C(40), C(42), CI(1), and CI(2), and Pd(1) facts which gives significant deviations from the planarity is
deviates—0.046 (5) A from the plane defined by C(1), C(3), the presence of metametal interactions, but there is no reason
CI(1), and CI(2). to suppose that these molecules are affected by metetal

The basic skeleton C(46)C(42)-Pd(2)-CI(1)—Cl(2)—Pd- bonding. The P&C (ylide) bond distances [range 2.053(%1)
(1)-C(1)-C(3) is not planar, and the dihedral angle between 2 078(11) A] are similar, within experimental error, to those
the coordination planes is 145.38 (27)The coordination planes  found in other C-coordinated ylide Pd complek&sand the
are defined as the best least-squares planes formed with-€(40) palladium-chlorine bond distances [range 2.372(2)390(3)
C(42)-ClI(1)—Cl(2)—Pd(2) and C(1) C(3)-ClI(1)—Cl(2)—Pd- A] are also similar to those found in related dinucleani-
(1). The value of this angle is similar to those reported in some chjorine Pd complexe'$:2°
other dinuclear palladium(ll) complexes with halide bridges;  the environment of each ylide carbon [C(1), C(3), C(40),

for di-u-bromobiss-cycloheptenyldipalladium(ll) the value ;.4 cra2)is tetrahedral. with the bstituents on the same
reportedais 139, for di-u-chlorobissr-1,3-dimethylallyldi- @2)i » with the Prubstitu

palladium(I1}:7P this value is 150, and for dix-chlorobig[2,6-
dimethyl-N-(benzylidene)phenylaminat6? ,N]pallad-

(18) Crispini, A.; De Munno, G.; Ghedini, M.; Neve, B. Organomet.
Chem.1992 427, 409.

(19) Vicente, J.; Chicote, M. T.; Sauras-Llamas, I-pkea-Mutoz, M. J.;
Jones, P. GJ. Chem. Soc., Dalton Tran$99Q 3683.

(20) Parra-Hake, M.; Rettig, M. F.; Wing, R. M.; Woolcock, J. C.
Organometallics1982 1, 1478.

(17) (a) Kilbourn, B. T.; Mais, R. H. B.; Owston, P. @. Chem. Soc.,
Chem. Communl1968 1438. (b) Davies, G. R.; Mais, R. H. B.;
O'Brien, S.; Owston, P. Gl. Chem. Soc., Chem. CommUu@67, 1151.
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side of the coordination plane within each fragment [PdCl(bis- conclusions can be inferred from the analysis of the spectra of
ylide)] and on opposite sides at the two ends of the molecule. complex5.

That gives absolute configurations for the ylide carbon atoms  The cleavage of the halide bridge systenican also be
Scay Re)y Scuaoy andRe@az) Thus, the molecule crystallizes  carried out with other ligands. We have tried reactions with
in one of themesoforms. Due to the fact that only one o-stabilized phosphoylide ligands ##+=C(H)COR (R= Me,
stereoisomer is observed in solution f(within the range of Ph, OMe) and P#i~=C(H)CN. Surprisingly, the keto-stabilized
detection of the NMR spectrometer), we can conclude that the ylides do not produce the cleavage of the chloride bridge, and
RS configuration for the ylide carbon atoms of the chelating the starting products can be recovered unaltered. The reaction
bis-ylide ligand is preseved in solution, and that for comdlex  with the cyano-stabilized ylide BR=C(H)CN (1:2 molar ratio)
these, and not th&RR'SS configurations, are the absolute gives a product of stoichiometry [PAQC(H)PPh],CO} (Phs-
configurations for the carbon atoms. These facts are depictedPCHCN)](CIQy), 6, according to its elemental analysis and mass
in Scheme 1. A similar disposition of the substituents around spectrum (see Experimental Section). The cleavage of the
the ylide carbon atoms has been found in the gold(l) derivétive bridging system can be inferred from the observation in'the
[Aux{ u-{{ CH(PPR)}2CO} }5](ClO4)>. NMR spectrum of6 of two doublets attributed to the ylide

Finally, there is a short metahydrogen contact C(56) protons (3.96 ppmiJp—n = 6 Hz; 3.86 ppm2Jp—n = 4 Hz)
H(56)+-Pd(2) [M—H = 2.71(2) A], similar to that found in [Pd-  @nd the coordination mode of the ylide from the appearance of
(H1-nabz)]! [2.66(7) A]l. We have not been able to isolate @ doubletin the high field region (1.02 ppidp— = 6.3 ';'12)’
the solution'H NMR signal of this proton among the aromatic Wlh'Ch is indicative of N-coordination of the ylide.The *'p-
protons? and thus we cannot positively characterize this as an {"H} NMR spectrum shows the expected resonances; an AB
intramolecular three-center four-electron or three-center two- SP'" system for the ylide phosphorus (25.90 and 24.20 ppm,
electron interactiof! Jp—p = 11 Hz) and a singlet for the N-bonded ylide (22.84

- . . m). It is worth noting the selective N-coordination of the
The reactivity of complexX2 is as expected for a dinuclear ppm) 9

- ) . . ylide in 6. In similar reactions performed with the halide
system with chlorine bridges. Thus, treatmen2efith TICIO,4 - . _ )
(1:2 molar ratio) in NCMe results in the formation of the bis- bridged [Pd(dmbajtCl]2 (dmba = CeHyCHNMez2), the

reaction product contained a mixture of the C- and N-bonded
solvate [P@[C(i)PP&]zCQé(gcwe)z](CIO?z, 3. K'; rt]h?;e forms, probably in thermal equilibrium, and both of them were
synt eses we nhave avoide the use o Agl alide postulated to be trans to the N atom of the cyclometalated
abstracting agent because of the formation of the very insoluble

ligand4 Here, complex6 shows a single coordination form,
salt [Ag{ u-{{ CH(PPR)},CO} }2](CIO,).° as a consequence of and this fact could be rationalized by two factors. The first is

a Iatera_l transme_talation Process. _For the Same reason, thehe antisymbiotic behavior of the Pd(Il) cenfémyvhich results
synthesis of starting froml was carried out with the thallium ;. higher stability of the N-bonded ylide (“borderline” b&3e

salt instead of th'e silver. The IR spectrum ®fshows the trans to the ylide carbon atom (soft base) than of aaBs
expected absorptions corresponding to the presence of coordiyg_¢ arrangement. The second factor is the low steric require-
nated NCMe, and thé NMR and*'P{'H} NMR spectra show et of the N-bonded ylide, compared to the C-form, in a cis
a doublet at 4.51 ppntdp—4 = 3.1 Hz), and a singlet at 25.00 position to the bulky C(H)PPHragment.
ppm, respectively, corresponding to the ylide proton and to the Complex2 also undergoes other reactions typical of halide
phosphorus.  The stereochemistry for the chelate bis-ylide piqges, such as substitution by anionic chelating ligands. Thus,
moiety in 3 is I|kely' to be similar to that descr!bed f@(see' 2 reacts with Tl(acac) (1:2 molar ratio) to give the acetylac-
Scheme ;), assuming that the-Rd bonds remain unbroken in  otonato derivative [Pd(acac-O)IC(H)PPh],CO}(CIO.) 7.
the reaction. The characterization 6f results from the same considerations
Treatment of2 with bases such as pyridine or 3,5-lutidine as those used previously; the key indicators are/{i@0) in
(1:2.5 molar ratio) in CHICI, promotes the symmetrical cleavage the IR spectrum and the chemical shifts of the ylide proton and
of the bridging system and formation of the corresponding the phosphorus in the NMR spectra (see Experimental Section).
complexes of stoichiometry [PAJC(H)PPh],CO} (L)](ClO.4) The reactivity of the bis-solvat® has also been explored.
(L = pyridine @), 3,5-Iutidine §)). The IR spectra of and5 Thus, complex3 reacts with the ylide PJP=C(H)CN (1:2) to
show a slight increase in energy of the R@ stretch, give [Pd[C(H)PPR].,CO} (NC—C(H)=PPHh),](ClOy,)., 8 (see
corresponding to the change from bridging to terminal coordina- Scheme 1), in which both NCMe ligands have been replaced
tion, in addition to the absorptions attributed to the bis-ylide by the ylide PBP=C(H)CN as characterized by the elemental
and to the pyridine ligands. THel NMR spectrum o# shows analysis and mass spectrum. The IR spectrur® sliows the
the presence of two doublet resonances attributed to the twoexpected absorptions corresponding to the bis-yid€Q) =
nonequivalent ylide proton atoms, one at 4.80 ppip = 6 1615 cnt?) and to the cyano-ylides(CN) = 2175 cnt?). The
Hz) and the other at 4.51 pprid6—p = 4.5 Hz), together with most interesting feature of this complex is the presence of two
characteristic resonances of coordinated pyridine (see Experi-cyano-ylides N-bonded to the Pd(ll) center, as can be inferred
mental Section). TheP{IH} NMR spectrum shows the from the'H NMR. The resonance attributed to the bis-ylide
presence of an AB spin sytem (25.75 and 24.55 ppm) with a appears at 4.48 ppntJ_4 = 3.6 Hz) while the resonance
coupling constant ofJp_p = 12 Hz. These observations are in  attributed to the cyano-ylide appears at 0.86 ppip-(; = 5.4
accord with the structure depicted in Scheme 1. Similar Hz), typical for N-coordination of this ylidé. The relative
intensity of these resonances is 1:1, confirming the complete
(21) Kawamoto, T.; Nagasawa, I.; Kuma, H.: Kushi,Norg. Chem1996 substitution of the NCMe ligand. Further evidence for the
35, 2427 and references therein. proposed structure (see Scheme 1) can be obtained from the
(22) tHOV;Z\SF,Jg?] F;?f#é%‘é?gl gtfig:]is %gg;g a;%fg 'ienaf\/aist itcgiria'gu';;ated 31p{1H} NMR spectrum, which shows two resonances of relative
boeutransgformed into its orthgmetalafed isomer iPd()I(OCGHr intensity 1:1 (24.65 ppm for the bis-ylide and 22.92 ppm for
PPhC(H)COCHPPH)]2(ClO4), in an intramolecular acidbase reac-

tion: Falvello, L. R.; Ferfadez, S.; Navarro, R.; Rueda, A, (23) Pearson, R. G@norg. Chem.1973 12, 712.
Urriolabeitia, E. P.Organometallicsin press. (24) Davies, J. A,; Hartley, F. RChem. Re. 1981, 81, 79.
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the N-coordinated ylide). This behavior is rather different from  ylide ligand and the other one at 1557 thand attributed to
that observed for this ylide in C,N-cyclometalated compleées. the asymmetric stretch of the acetate lig8nthe symmetric
There, the reaction of the cationic complex [Pd(dmba)- stretch falls in the polyethylene region, precluding its observa-
(NCMe)]* with 2 equiv of PRP=C(H)CN gave [Pd(dmba)-  tion). The NMR spectra show high symmetry in the molecule.
{C(H)PPR(CN)}{NC—C(H)=PPh}]" in which the C-bonded  Thus, in the!H NMR the resonance attributed to the ylide proton
ylide was trans to the N atom of the dmba and the N-bonded appears as a doublet at 4.92 ppfde(y = 5.6 Hz) and the
ylide was trans to the orthometalated atom of the dmba gtoup. methyl group of the acetate ligand as a singlet at 1.41 ppm.
Taking into account the preceding discussion for comf@iex  The 3'P{*H} NMR shows a single resonance at 26.41 ppm.
the structure of comple® can be easily explained in terms of Several dinuclear structures are consistent with these data: (i)
the antisymbiotic effect (the hardest atom of the cyano-ylide, the bis-ylide and the acetate bridge two palladium atoms, (ii)
that is, the N atom, would be more stabilized trans to the carbonthe bis-ylide acts as a chelate and the acetate as bridge, and
atom of the bis-ylide) and of the steric interactions (due to the (iii) the bis-ylide acts as a bridge and the acetate as a chelate.
large volume of the bis-ylide, the low steric requirements of  We propose the second possibility as the most plausible, since
the N-bonded ylide are preferred). in complexesl—9 the bis-ylide acts as a chelate and shows
It is interesting to note that all similar complexes described good stability. Moreover, the spectral parameters (IR, NMR)
to date possess, trans to the bis-ylide, ligands with donor atomsof the coordinated chelating bis-ylide -9 and those ofLO
which behave as borderline or hard bases (BICMe, pyridine, are very similar. Moreover, the acetate group is a very good
N-bonded ylides, acag.2* We have decided to explore other bridging ligand, giving “open-book” structurés. The high
interesting “hard” O-donor ligands, such as the hydroxy group symmetry of the molecule shown in the NMR spectra allows
OH~, which is scarcely represented in palladium(ll) chem- us to propose the structure shown in Scheme 1. We think that
istry,25-27 and which shows a very interesting reactii?? The this disposition of the ligands, with the ylide H atoms on the
reaction of3 with a methanolic solution of NB®OH (1:2.1 inner side of the “book”, is less sterically hindered and accounts
molar ratio) results in the immediate precipitation of the for the symmetry.
dinuclear complex [Pad¢-OH){ [C(H)PPR],CO}]2(ClO4)2, 9, as .
deduced from its elemental analysis and mass spectrum. The~onclusion
presence of the OH ligand is inferred from the observation in A series of new complexes with the bis-ylifheP=C(H)].-
the IR spectrum o8 of an absorption at 3602 cth The H CO} has been prepared and one of the new products has been
NMR spectrum shows the resonances attributed to the ylide structurally characterized by X-ray diffraction. In all of the
proton at 3.78 ppmP{p—y = 6.6 Hz), and the resonance due to complexes the bis-ylide acts as a C,C-chelate. The presence
the OH group at-4.44 ppm as a singlet. The relative intensities of two soft carbon atoms on the palladium center appears to
of these resonances (2:1) confirm the bridging nature of the stabilize the coordination of hard ligands, such as the OH group,
OH group. The3P{'H} NMR spectrum shows a single and is able to drive the selective coordination of ambidentate
resonance at 23.99 ppm. Further treatmer# with NBu,OH ligands through their hardest atoms. The results derived so far
does not promote the formation of the bis-hydroxo derivative from this chemistry suggest that further novel, interesting
[PA(OHX{[C(H)PPR],CO}], and the reaction of3 with an systems may await study.
excess of NByOH (1:6 molar ratio) give9 as the only reaction
product. It seems that the bridging arrangement confers aExperimental Section

special stability to this ligand. Howeve$ reacts with the Safety Note. Caution! Perchlorate salts of metal complexes with
phosphonium salt [RRCHCN]CI to give a (1:1) mixture of organic ligands are potentially explagi. Only small amounts of these
and6. The reactivity ofd in other processes is presently under materials should be prepared, and they should be handled with great
study. caution.

Finally, the reaction of Pd(OAg)with the mixed ylide- General Procedures. Solvents were dried and distilled under

phosphonium salt [RR=C(H)COCHPPh](CIO,4) (1:1 molar nitrogen before use: diethyl ether and tetrahydrofuran over benzophe-
ratio) results in the formation of the acetate bridged dimer [Pd- N°ne ketyl, dichloromethane, and chloroform oveD# acetonitrile

) over CaH, methanol over magnesium amdhexane over sodium.
(u-OOCCH){ [C(H)PPR].CO}2(CIO)2, 10. The elemental Elemental analyses were carried out on a Perkin-Elmer 240-B mi-

analyses and_ m_ass spectrum are in goo_d _agreemt_ent with th%roanalyzer. Infrared spectra (400200 cnt?) were recorded on a
proposed stoichiometry, and the conductivity data in acetone peyin-Eimer 883 Infrared spectrophotometer from Nujol mulls between
solution (A = 217 Q~* cn? mol™?) confirms the dicationic  polyethylene sheets!H (300.13 MHz) and®'P{*H} (121.49 MHz)
character ofl0. Complex10 can also be obtained by reaction NMR spectra were recorded in CDGbr CD,Cl, solutions at room
of 2 with TIOOCCH; (1:2 molar ratio), although in this case temperature (unless otherwise stated) on a Bruker ARX-300 spectrom-
the yield is notably lower. We are unaware of the reasons of eter;'H was referenced using the solvent signal as internal standard
this low yield, and for this reason this synthetic method has and*P{*H} was externally referenced to;PIO; (85%). Mass spectra
not been included in the Experimental Section. (positive ion FAB) were recorded on a V. G. Autospec. Molecular
The IR spectrum o0 shows two strong absorptions in the weight determinations were made on a Knauer vapor pressure osmom-

. . . eter. Electrical conductivity measurements were performed in acetone
carbonyl region; one at 1611 cthand attributed to the bis- solutions with concentrations aroundx510-4 M with a Philips PW

9509 conductivity cell. The starting compounds Pd(Q&E&PhP=

(25) Bryndza, H. E.; Tam, WChem. Re. 1988 88, 1163. C(H)CN2 [PhPCHCOCHPPhICI, 2% and [PhP=C(H)COCH-
(26) (a) Lpez, G.; Gar@, G.; Ruiz, J.; Sachez, G.; Gara, J.; Vicente, s ; .

C.J. Chem. Soc., Chem. Comma889 1045. (b) Lpez, G.; Ruiz, PPR]CIO. were prepared according to published methods.

J.; Garca, G.; Vicente, C.; Casaba.; Molins, E.; Miratvilles, Clnorg.

Chem.1991, 30, 2605. (30) Deacon, G. B.; Phillips, R. Loord. Chem. Re 198Q 33, 227.
(27) Wimmer, S.; Castan, P.; Wimmer, F. L.; Johnson, NJPChem. (31) Navarro-Ranninger, C.; lpez-Solera, I.; Alvarez-Valde A.; Rod-

Soc., Dalton Trans1989 403. riguez-Ramos, J. H.; Masaguer, J. R.; GafleRuano, J. L.; Solans, X.
(28) Ganguly, S.; Mague, J. T.; Roundhill, D. Mhorg. Chem.1992 31, Organometallics1993 12, 4104.

3831. (32) Stephenson, T. A.; Morehouse, S. M.; Powell, A. R.; Heffer, J. P.;
(29) Ruiz, J.; Maftnez, M. T.; Vicente, C.; Garal G.; Lgpez, G.; Chaloner, Wilkinson, G.J. Chem. Socl965 3632.

P. A.; Hitchcock, P. BOrganometallics1993 12, 4321. (33) Trippett, S.; Walker, D. MJ. Chem. Socl1959 3874.
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Preparations. CLPd[{C(H)PPhg}.CO], 1. To a solution of Pd-
(OAC), (0.200 g, 0.890 mmol) in CKLI, (20 mL) at room temperature,
[PhsPCH.COCHPPR]CI, (0.580 g, 0.890 mmol) was added. The
resulting orange solution was stirred ®h atroom temperature, then
evaporated to dryness. By addition 0f@&t(40 mL) to the oily residue
and continuous stirrind was obtained as an orange solid, which was
filtered, washed with additional ED (20 mL) and air-dried. The crude
solid was recrystallized from Gi€l./n-hexane, giving orange crystals
of 1:0.5CHCl,. Obtained: 0.553 g (82% yield). The crystals of
1-0.5CHCI, were used for elemental analyses and NMR measurements.
The amount of CKCl, was determined bjH NMR integration. Anal.
Found for GgH3.Cl,OP,Pd0.5CHCl,: C, 58.51; H, 4.24. Calcd: C,
59.42; H, 4.16. MS+ FAB) [m/z (%)]: 721 [(M — CI)*, 6%]. IR
(cm™Y): 1587 (rco), 293, 278 {pa-c). H NMR (CDCl): 6 8.08—
6.96 (m, 15H, Ph), 3.70 (d, CH ylide, 1RJ—y = 7 Hz). SP{'H}
NMR (CDCL): ¢ 25.15.

{Pd(u-CI)[{ C(H)PPhs} ,CO]} o(ClOu4),, 2. To a solution ofl (0.200
g, 0.264 mmol) in CKCI, (30 mL) at room temperature, TICK$0.080

Falvello et al.

{PdCI[NC—C(H)=PPhg][{ C(H)PPhg},CO]}(ClO,), 6. To a solu-
tion of 2 (0.163 g, 0.100 mmol) in C¥l, (25 mL) at room temperature,
PhP=C(H)CN (0.090 g, 0.30 mmol) was added. The resulting solution
was stirred for 1 h, then evaporated to dryness. The oily residue was
treated with E4O (30 mL) giving6 as a pale yellow solid, which was
filtered, washed with additional ED (30 mL) and air-dried. The crude
product was recrystallized from GBI»/n-hexane, giving pale yellow
crystals 0f6-0.5CHCl,. Obtained: 0.191 g (85% yield). These crystals
were used for analytical and spectroscopic purposes. The amount of
CH,Cl, was established bjH NMR integration. Anal. Found for
CsoH4sCI,NOsPsPd0.5CHCl,: C, 61.82; H, 4.18; N, 0.94. Calcd: C,
61.41; H, 4.24; N, 1.20. MSH FAB) [mVz (%)]: 1020 [M", 10%].
IR (cm™): 2166 (cn), 1621 (o), 299 @pa-c). *H NMR (CDCly):
0 7.88-7.32 (m, 45H, Ph), 3.96 (d, CH ylide, 1Pl,_y = 6 Hz), 3.86
(d, CH ylide, 1H,2J-4 = 4 Hz), 1.02 (d, CH ylide N-coordinated,
1H, 2Jp_4 = 6.3 Hz). S'P{H} NMR (CDCl): ¢ 25.90, 24.20 (AB
spin system, 2P, bis-ylide C-coordinatédy—p = 11 Hz), 22.84 (s,
1P, ylide N-coordinated).

g, 0.26 mmol) was added and the resulting suspension was stired _{Pd(acac-O,0)[{C(H)PPhs},COJ}(CIOy), 7. To a solution of2

overnight at room temperature, then filtered. The clear yellow solution
was evaporated to dryness and the residue treated with (80 mL)
giving 2 as a yellow solid, which was filtered, washed with additional
Et,O (30 mL) and air-dried. The crude solid was recrystallized from
CHCl./n-hexane, giving orange crystals®»H,Cl,. Obtained: 0.177

g (83% yield). The crystals 02-CH.Cl, were used for elemental
analysis, NMR and X-ray measurements. The amount ofGTHvas
determined byH NMR integration. Anal. Found for fgHs4Cl4O10Ps-
Pd-CH.Cly: C, 54.27; H, 3.74. Calcd: C, 55.01; H, 4.05. M$& (
FAB) [m/z (%)]: 1541 [(Mx — ClOs)*, 20%]. Am = 177 Q71 cn?
mol™! (6 x 104 M in acetone). IR (cmb): 1617 (co), 278 Wpa-ci)-

1H NMR (CDCly): ¢ 8.07-6.95 (m, 15H, Ph), 4.32 (d, CH ylide, 1H,
2Jp-n = 5.4 Hz). 3P{'H} NMR (CDCl3): ¢ 23.75.

{Pd[{ C(H)PPhg},CO](NCMe)2} (ClO4),, 3. To a solution of2
(1.000 g, 0.610 mmol) in NCMe (60 mL) at room temperature, TICIO
(0.371 g, 1.220 mmol) was added and the resulting suspension wa
stirred overnight at room temperature, then filtered. The clear yellow
solution was evaporated to dryness and the residue treated with Et
(30 mL) giving 3 as a yellow solid, which was filtered, washed with
additional E3O (30 mL) and air-dried. Obtained: 0.955 g (82% yield).
Anal. Found for GsHzsClLN-OgP,Pd: C, 53.55; H, 3.58; N, 2.89.
Calcd: C, 53.46; H, 3.96; N, 2.51. MS-(FAB) [m/z (%)]: 785 [(M
— 2NCMe — CIOg)", 100%]. IR (cntl): 2327, 2315, 2300, 2288
(ven), 1634 fco). *H NMR (CD,Cly, 218 K): 6 7.93-7.41 (m, 15H,
Ph), 4.51 (d, CH ylide, 1H2Jp_y = 3.1 Hz), 1.72 (s, 3H, NCMe).
31P{1H} NMR (CD.Cl,, 218 K):  25.00.

{PdCI(py)[{ C(H)PPh3},CO]}(ClOy), 4. To a solution of2 (0.200

g, 0.122 mmol) in CHCI; (30 mL) at room temperature, pyridine (50
uL, 0.624 mmol) was added. The resulting solution was stirred for 3
h, then evaporated to dryness. The oily residue was treated with Et
(30 mL) giving 4 as a yellow solid, which was filtered, washed with
additional E£O (30 mL) and air-dried. Obtained: 0.185 g (84% yield).
Anal. Found for G4HsCl,NOsP,Pd. C, 58.47; H, 3.80; N, 1.72.
Calcd: C,58.78; H, 4.15; N, 1.56. MS-(FAB) [m/z (%)]: 798 [M",
12%], 719 [(M— py)+, 50%]. IR (chl): 1601 (br,vco), 302 Wpe-ci)-
IH NMR (CDCly): 6 8.75 (m, 2H, H and H;, py), 8.20 (m, 1H, H,
py), 7.97-6.98 (m, 30H, Ph), 6.74 (m, 2H,sand H;, py), 4.80 (d,
CH ylide, 1H,2Jp_ = 6 Hz), 4.51 (d, CH ylide, 1H2Jp_; = 4.5 Hz).
31p{1H} NMR (CDCl): 6 25.75, 24.55 (AB spin systerfJe_p = 12
Hz).

{PdCI(3,5-lu){ C(H)PPh3} ,CO]}(ClOy4), 5. Complex5 was syn-
thesized similarly tet. Complex2 (0.300 g, 0.182 mmol) was reacted
with 3,5-lutidine (41.7uL, 0.365 mmol) in CHCI, (30 mL) to give5
as a yellow solid. Obtained: 0.295 g (87% vyield). Anal. Found for
C46H41CILNOsP,Pd: C, 59.10; H, 4.01; N, 1.68. Calcd: C, 59.59; H,
4.46; N, 1.51. MS+ FAB) [m/z (%)]: 826 [M*, 20%], 719 [(M—
lu)t, 65%]. IR (cnt%): 1601 (br, vco), 284 @pa-c). H NMR
(CDCh): ¢ 8.51 (m, 2H, Hand H;, Iu), 8.12-6.98 (m, 31H, PH-H,),
4.67 (d, CH ylide, 1H2Jp_ = 6 Hz), 4.43 (d, CH ylide, 1H2Jp 1, =
4.2 Hz), 1.91 (s, 6H, Ckllu). 3P{*H} NMR (CDCL): ¢ 25.75, 24.40
(AB spin systemJp_p = 12 Hz).

(0.200 g, 0.122 mmol) in C¥Cl, (25 mL) at room temperature, TI-
(acac) (0.107 g, 0.354 mmol) was added and the resulting suspension
was stirred fo 2 h atroom temperature and then filtered. The clear
pale yellow solution was evaporated to dryness and the residue treated
with Et,O (30 mL) giving 7 as a yellow solid, which was filtered,
washed with additional E® (30 mL), filtered and air-dried. Ob-
tained: 0.146 g (67% yield). Anal. Found fou3sCIOP,Pd: C,
59.12; H, 4.53. Calcd: C, 59.81; H, 4.44. MS$ FAB) [m/z (%)]:
783 [M*, 100%]. IR (cnT?): 1610 Gco-yide), 1568, 1517 %co-acad-
H NMR (CDCl): 6 7.63-7.34 (m, 30H, Ph), 4.97 (s, 1H, CH-acac),
4.05 (d, CH ylide, 2H2Jp_y = 5.7 Hz), 1.29 (s, 6H, Cllacac). 3'P-
{*H} NMR (CDCl): 6 25.26.

{Pd[{ C(H)PPhg} ,CO][NC —C(H)=PPhg].} (CIO4),, 8. To a solu-
tion of 3(0.115 g, 0.119 mmol) in C¥LI, (25 mL) at room temperature,
PhP=C(H)CN (0.072 g, 0.24 mmol) was added. The resulting solution
was stirred fo 2 h atroom temperature, then evaporated to dryness.

SThe residue was treated withBx (30 mL) giving8 as a pale yellow

solid, which was filtered, washed with additionap@&t(30 mL), filtered,
and air-dried. The crude product was recrystallized fromClgin-
hexane, giving pale yellow crystals 8fCH,Cl,. Obtained: 0.100 g
(56% yield). These crystals were used for analytical and spectroscopic
purposes. The amount of GEl, was assayed by4 NMR integration.
Anal. Found for GgHgsCloN2OgPsPcdCH,Cl,: C, 61.48; H, 4.21; N,
1.54. Calcd: C, 61.14; H, 4.23; N, 1.78. MS (FAB) [mVz (%)]:
984 [(M — 2CI0; — NCCHPPR + H)*, 20%]. IR (cnmd): 2175 (ey),
1615 @co-yiie). *H NMR (CDCly): 6 7.58-7.12 (m, 15H, Ph), 4.48
(d, CH ylide C-coordinated, 1HJr—y = 3.6 Hz), 0.86 (d, CH ylide
N-coordinated, 1H2Jp—y = 5.4 Hz). 3P{*H} NMR (CDCl): 6 24.65
(bis-ylide C-coordinated), 22.92 (ylide N-coordinated).

{Pd(u-OH)[{ C(H)PPhg},CO]}2(ClO4),, 9. To a solution of3
(0.173 g, 0.179 mmol) in MeOH (30 mL) at room temperature, NBu
OH (0.097 g, 0.38 mmol) was added. A yellow solid precipitated
almost instantaneously. This suspension was stirred for 30 min at room
temperature and then filtered. The yellow soliddafias washed with
MeOH (5 mL) and EfO (30 mL) and then air-dried. The product was
recrystallized as usual from GAI./n-hexane giving yellow crystals
of 9-1.5CHCl,. Obtained: 0.100 g (69% yield). Anal. Found for
C73H55C|2012P4Pd2‘1.5C|‘bC|2: C, 5503, H, 3.90. Calcd: C, 5518,
H, 4.02. MS ¢ FAB) [m/z (%)]: 1503 [(M; — ClOs)™, 5%]. IR
(cm): 3602 (on), 1594 (coyide). *H NMR (CDCh): ¢ 8.21-6.90
(m, 30H, Ph), 3.78 (d, CH ylide, 2HJp_y = 6.6 Hz),— 4.44 (s, 1H,
u-OH). 3P{*H} NMR (CDCl): ¢ 23.99.

{Pd(u-OOCCH3)[{ C(H)PPhg},CO]}»(ClO4),, 10. To a solution
of Pd(OAc) (0.139 g, 0.619 mmol) in C¥Cl, (25 mL), [PRP=C(H)-
COCHPPR]CIO, (0.421 g, 0.619 mmol) was added. The resulting
orange solution was stirred fd h at room temperature and then
evaporated to dryness. The residue was treated with €(20ImL)
giving 10 as an orange solid, which was collected and air-dried.
Obtained: 0.187 g (36% yield). The solution was evaporated to dryness
and the residue was treated with@&t(20 mL). An orange solid was
obtained, which was identified a0 contaminated with very small
amounts of an unidentified compound. A second recrystallization
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carried out in CHG (5 mL) gave a second fraction of putk. atomic sites in an interstitial zone were modeled as a disordered CH
Obtained: 0.197 g (38% yield; net yield &0: 74%). Anal. Found Cl, molecule. One of the chlorine atoms [CI(5)] of this group is
for CgoH70Cl,014PsPch: C, 58.78; H, 3.80. Calcd: C, 58.38; H, 4.18.  disordered over three positions with partial occupancies of 0.600, 0.200,
MS (+ FAB) [M/z (%)]: 1587 [(M. — CIOs)*, 10%]. Ay =217Q"? and 0.200. The hydrogens atoms of this molecule were omitted from

cn? mol ! (acetone solution, & 1074 M). IR (cm™): 1611 ¢'co-yide), the model. At the end of the refinement, there was only one difference

1557 (coz-asym- H NMR (CD:Clp): 6 7.78-7.71 (m, 9H, Ph), 7.52 Fourier peak withp > 1.00 e//&, in the area of the disordered GEl,

7.46 (m, 6H, Ph), 4.92 (d, CH ylide, 1”Jp-4 = 5.6 Hz), 1.41 (s, 3H, molecule. The data-to-parameter ratio in the final refinement was 7.7.

CHs—acetate).3'P{H} NMR (CD,Cl,): 6 26.41. The structure was refined &2, and all reflections were used in the
Crystal Structure Determination of 2:CH.Cl,. A yellow crystal least-squares calculatiéff. To determine the correct absolute structure

of 2:CH,Cl, was mounted on a quartz fiber and covered with epoxy. the Flackx parameter was refined®c Once the enantiomorph had
Normal procedures were used for the determination of the unit cell been established, the Flack parameter was not refined again, but rather
constants and for the measurement of intensity data. After preliminary estimated following the least-squares calculations. The residuals and
indexing and transformation of the cell to a conventional setting, axial other pertinent parameters are summarized in Table 2. Crystallographic
photographs were taken of tlee b, andc axes to verify the lattice calculations were done on a Local Area VAXCluster (VAX/VMS
dimensions and symmetry. Unit cell dimensions were determined from V5.5—2). Data reduction was done by the program XCAD4B.

25 centered reflections in the range 2Z@6 < 30.1°. For intensity

data collection, pure-scans were used withw = 1.00+ 0.35 tand. Acknowledgment. We thank the Direcéio General de
Three monitor reflections measured after gv&h of beam time showed Enséimnza Superior (Spain) for financial support (Projects PB95-

a decay of 16% over the period of data collection. The orientation of 0003-C02 and PB95-0792) and Prof. J. Fosrfier invaluable
the crystal was checked after every 700 intensity measurements.|ogistica| support.

Absorption correctiorfé were based on azimuthal scans of 10 reflections

which had the Eulerian anglenear 90. ~ Supporting Information Available: An X-ray crystallographic file,
The structure was solved and developed by Patterson and Fourieri, c|F format, for the structure determination of24,Cl, is available

methods® All non-hydrogen atoms were assigned anisotropic dis- on the Internet only. Access information is given on any current

placement parameters. All hydrogen atoms of compdufidcluding masthead page.

those of the ylide groups, which were observed in a difference map)

were placed at idealized positions and treated as riding atoms with 1C980392Z

isotropic displacement parameters set to 1.2 times the equivalent

isotropic displacement parameters of their respective parent atoms. Five(36) (a) Sheldrick, G. M.SHELXL-97: FORTRAN program for the

refinement of crystal structures from diffraction dat&ottingen

(34) Absorption corrections and molecular graphics were done using the University: Germany, 1997. (b) Flack, H. Bcta Crystallogr.1983
commercial packageSHELXTL-PLUS Release 4-21/V; Siemens A39 876. (c) Bernardinelli, G.; Flack, H. DActa Crystallogr.1985
Analytical X-ray Instruments, Inc.: Madison, WI, 1990. A41, 500.

(35) Sheldrick, G. M. SHELXS-86Acta Crystallogr.199Q A46, 467. (37) Harms, K., private communication, 1995.




