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bent bisphosphido bimetallic complexes are so far limited to
these two Rh(I) and Pt(ll) complexé%,2Cit is worth preparing
such bent complexes in searching for the factors responsible
for the bent structure.

Very recently, Claver et al. used alkyl dithiolateS(CH,)nS™

Many examples are known of edge-sharing square planarwith a few methylene units as a bridging moiety to prepare

bimetallic complexes formed by?dransition-metal centers. In
a recent report, Aullo et al. tentatively classified the structures
of such complexes bridged with two X ligands €& halogen
anion, RO, RS, &, or RP") into two possible groups, that
is, flat and bent forms (Chart 1)Of these two structures, the

linked-bisthiolato-bridged complexes, all of which have a bent
structure?! implying that the linked bridge acts as an effective
ligand to adopt a bent structure. On the other hand, to our
knowledge, linked-bisphosphido groups have not been used as
a bridging moiety in an edge-sharing square planar complex of

bent form is of interest, particularly because axial orbitals of d# transition metals. Of course some bimetallic complexes with
the two metals are in close proximity under the hinged planes linked-bisphosphido groups such{@®P—(linker)—PR}2~ (linker

to interact cooperatively with a substrate. Such an interaction = (CH,),, 1,2-phenylene, ao-xylene) are know2-34 but they

is expected to play a significant role in binding a substrate to a do not have edge-sharing square planar structures. In this paper,

bimetallic complex.

we describe the preparation and X-ray structure of linked-

For the bisphosphido-bridged complexes, most of them are bisphosphido dipalladium(ll) complexes with a formula f@d

regarded as the flat forAt4 though both forms often occur
for other X ligands. Two limited exceptions are [RAPPhH)-
(DPPE)} and [PtMef-CyPP)}.15 Since the examples of the

RPCHCH,PR)(DPPE)Cl, (R = Me and Ph), in which the
linked-bisphosphido groups are employed as a ligand to enforce
them sterically to adopt a bent structure.
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Table 1. Crystallographic Data for [P{u-MPE)(DPPE)]CI. (3a)
and [Pd(u-PPE)(DPPEJCI; (3b)

3a 3b
empirical formula G7HeoClsPsP b Cs7.5H65ClsPsP b
fw 1285.56 1452.16
space group Pna2; (No. 33) P2:/n (No. 14)
a, 22.1960(4) 12.3700(2)
b, A 22.5510(4) 24.2300(2)
c, A 11.3940(1) 45.1860(6)
B, deg 92.242(1)
vV, A3 5703.2(3) 13 530.6(3)
z 4 8
T,°C —73(2) —73(2)
A(Mo Ka), A 0.710 69 0.710 69
Pcalo g CNT3 1.497 1.426
w, mmt 1.023 0.910
Ra 0.034 0.064
Ry° 0.039 0.068

aR(Fo) = SIIFg| — [FdU|Fol. ® Ry = {SW(Fo| — |Fe|)?TWF3 2
Results and Discussion
Preparation of the Linked-Bisphosphido ComplexesSyn-

thesis of the bisphosphido dinuclear complexes is usually based

on a one-pot reaction of a phosphine having-eHbond with

an appropriate metal fragmefit3®In the present study, stepwise
reactions were employed, leading to a higher yield. First, 1,2-
bis(methylphosphino)ethane (abbreviated as MPE 1,2-
bis(phenylphosphino)ethane (abbreviated as PP&Hs treated
with 1 equiv of [PdC}(DPPE)] () to coordinate to the first
Pd(ll) center (eq 1). Then, the [Pd(MPEBF PPEH)(DPPE)]-

Ph H_R] Clz
[PACIx(DPPE)] L
pd )
+ — N )
oo B o2
RPCH,CH,PR R = Mo 2o

Cl, (2aor 2b, respectively) thus formed was made to react with
another 1 equiv ol to form the linked-bisphosphido complex
[Pdx(u-MPE oru-PPE)(DPPEJCI, (3aor 3b, respectively) in

a fairly high yield with the release of 2 equiv of HCI, which
was trapped by a mild base, §&0s (eq 2). MPEH and PPEH

each have two chiral phosphorus atoms, and so the intermediates P(1)~Pd(1)-P(2)

2a and2b should have been obtained as a mixture of racemic
and meso isomers, but only one final prod@et or 3b was
obtained.

a Cly
Phy ‘

R
'Réd:é\ . Ph
xs NapCOs / _P——Pd—R
1+2 R \ SN @
-NaHCO3 )
and NaCl 2 P

Pho

R =Me: 3a
R=Ph:3b

X-ray Analysis of 3a and 3b. Suitable crystals o8a and
3b both as methylene chloride solvates were grown by diffusion
of Et,O onto CHCI, solutions. Crystal, data collection, and
refinement parameters f@a and 3b are given in Table 1.

(35) For example, see: Hayter, R. &.Am. Chem. S0d.962 84, 3046.
(36) Another example: Brandon, J. B.; Dixson, K.@an. J. Chem1981,
59, 1188.

Notes

Figure 1. ORTEP drawing of the dipalladium complex [Re-MPE)-
(DPPE}]CI,*CH,CI; (38). One of the two counteranions, a solvent
molecule, and hydrogen atoms have been omitted for clarity.

Figure 2. ORTEP drawing of one of the two independent dipalladium
complexes in a crystal of [B@-PPE)(DPPEJCI.1.5CHCl, (3b).
Counteranions, solvent molecules, and hydrogen atoms have been
omitted for clarity.

Table 2. Listings of Geometrical Parameters 8, 3b

3b
3a molecule 1 molecule 2
Distances/A
Pd(1)>-P(1) 2.330(2) 2.332(2) 2.358(2)
Pd(1)>-P(2) 2.332(2) 2.356(2) 2.336(2)
Pd(1)>-P(3) 2.304(2) 2.300(2) 2.331(2)
Pd(1)>-P(4) 2.322(2) 2.331(2) 2.303(2)
Pd(2)-P(1) 2.332(2) 2.342(2) 2.352(2)
Pd(2-P(2) 2.361(2) 2.342(2) 2.340(2)
Pd(2)-P(5) 2.326(2) 2.313(2) 2.302(2)
Pd(2)-P(6) 2.311(2) 2.304(2) 2.311(2)
Angles/deg
69.52(6) 67.76(6) 67.68(6)
P(1)-Pd(2)-P(2) 68.98(6) 67.82(6) 67.70(6)
P(3)-Pd(1)-P(4) 82.32(6) 85.01(6) 85.13(6)
P(5)-Pd(2)-P(6) 84.25(7) 84.77(6) 85.81(7)
Pd(1)-P(1)-Pd(2) 90.32(6) 96.50(6) 94.15(6)
Pd(1)-P(2)-Pd(2) 89.53(6) 95.82(6) 95.04(6)

Atomic coordinates and equivalent temperature factors are
included as Supporting Information. ORTEP diagrams are
shown in Figures 1 and 2. Selected geometrical parameters for
3aand3b are included in Table 2. Further details of the structure
determinations are given in the Experimental Section and the
Supporting Information.

The molecular structure @da shown in Figure 1 indicates
that the two Pd(Il) atoms are bridged by the linked-bisphosphido
group, MePCHCH,PMe, to form a rare butterfly structure. The
dihedral angle (bent angle) formed by the Pd11—P2 and
Pd2-P1-P2 planes is 118°3 which is substantially reduced
compared with 133%in [Rh(u-PPh)(DPPE)}, with a butterfly
structurel® Thus, the ethylene backbone of the linked-bispho-
sphido group effectively imposes the sterical constraint on the
doubly bridged square planes, as we expected.

In the crystal structure of3b, two crystallographically
independen8b molecules are present, forming a considerably
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large unit cell. Since each possesses geometrical parameters 'H, **C, and®P NMR spectra were measured on JEOL LA-300 and
comparable to those of the other, one of the two is depicted in -500 spectrometersH and**C NMR data were referred to Si(GH
Figure 2, where the linked-bisphosphido ligand PPE doubly as an internal standar#t? NMR data were referred to 85%sPi0, as
bridges the two Pd(Il) atoms to form a butterfly structure similar a0 €xtémal standard.

to that found for3a. However, a striking difference is found [Pd(MPEH2)(DPPE)|CI2, 2a.[PACL(DPPE)] (160 mg, 0.278 mmol)

was dissolved in CkCl, (35 mL), to which a 0.16 M THF solution of
between the molecular structures 34 and 3b. In 33, a CI- MPEH, was added until the disappearance of [REDPPE)] was

a,nion,approaCheS qnly .one of the two Pd(ll) Cente.rs from ? top confirmed by3'P NMR spectra. The total amount of MPEkdded
direction as shown in Figure 1, where the €Rd1 distance is  yas 1.9 mL(0.30 mmol). After the solvent was completely removed
3.268(2) A. In3b, on the other hand, it approaches the two ynder reduced pressure, the residue was redissolved into 2 mLsf CH
Pd(ll) atoms simultaneously from the bottom so as to form a Cl,, and then 30 mL of EO was added to precipitatza. After the
third bridge. Interatomic distances from the "Cto each separation of the precipitate by decantation, it was washed twice with
palladium(ll) are 3.102(2) A for Ci:Pd1 and 2.981(2) A for 2 mL of EtO and then dried in vacuo to give 165 mg 2d (0.237
Cl1—Pd2, and in the other independent molecule, the corre- mmol, 85%).*H NMR (300 MHz, CDC}): 6 1.26 and 1.49 (m, 6H,
sponding distances are 3.063(2) and 2.962(2) A. Though theyCt), 2:4-3.2 (8H, CH), 4.91 and 5.60 (dJp 1 = 384 and 383 Hz,
are all greater than a normal single bond length of 2.30 A for Sezpfg%eg’sz(ﬂlfH)’—7'3267:ai (3P5h’|_| io':gé;i{ct:}els'\"@?(gfzc'(%

: — 37— . . yp-c = s , GH 24. ,
a Pd-Cl bond in PAGE2", %7 *they are smaller than 3.30 A, a o “ e 56 7 (m: CH of DPPE), 127.2.134.5 (m, Ph)3P-
sum of van der Waals_radﬂ.ln addition, the two Pd(ll) centers {H} (CDCh): 6 17.3 (m, MPEH), 54.8 (m, DPPE): the other isomer,
in Figure 2 @b) are displaced toward the Clanion by 0.24 19.3 (m, MPEH), 54.3 (m, DPPE).
and 0.34 A from their respective ideal square coordination plane, [Pd(PPEH,)(DPPE)|CI,, 2b. Complex2b was prepared from [Pdg!
whereas those in Figure 3d) are both almost in a square plane (bPPE)] and PPE}isimilarly to 2a 'H NMR (300 MHz, CDCH): 6
with a displacement similar in magnitude to those of the four 2.7-3.0 (8H, CH), 5.91 and 6.53 (PH, each pair of these signals
phosphorus atoms. Concerning the Pd(ll) square planar com-due to a P-H coupling was overlaid with the phenyl signals), 628
plexes having four phosphorus donor atoms, two examples were(Ph, 30H)3'P{*H} (CDCl): a major isomero 34.3 (m, PPEH), 56.3
reported for a similar axial coordination of the countertdrt4 (m, DPPE); a minor isomenr 32.8 (m, PPER), 57.1 (m, DPPE).
In both cases, the ligands are tetraphosphamacrocycles, and the [Pd2#-MPE)(DPPE),ICI>, 3a. 2a (148 mg, 0.212 mmol) was
Pd—Cl distances are 2.831 and 3.107 A. Thus, the comparr:tbled'ssol"Ed in 8 mL of CHCl,, to which NaCO; (680 mg, 6.42 mmol)
Pd—Cl distances and displacement of the Pd(ll) centers toward &"d [PACADPPE)] (121 mg, 0.212 mmol) in Gl were added. After

. .~ vigorous stirring for 2 h, the solution was filtered to remove the salts
the CI” found in3b demonstrate the presence of a weak bonding formed. The volume of the filtrate was reduced to 2 mL, and then 20

interaction between the Pd(ll) and Cl atoffisvhereas the 11 of £t,0 was added to precipitaga. After the separation of the
interaction in3ais considered to be negligible or much weaker yejiow powder by decantation, it was washed with 2 mL ofEthree
than in3b. times and then dried in vacuo to give 185 mg3sf (0.154 mmol,
The presence of the additional Chbridge in 3b may be 73%).'H NMR (300 MHz, CDC}): 6 0.55 (m, 6H, CH), 2.5-2.8
responsible for the hinged structure opened more wideBbin  (12H, CH), 7.3-7.7 (Ph, 40H).*C{'H} NMR (CDCly): 6 6.4 (br,
than in3a The dihedral angles formed by the two P(bridge) ~ CHs), 29.6 (m, CH of DPPE), 30.0 (m, Chlof MPE), 129.4-133.2
Pd—P(bridge) triangular planes are 127and 124.5 for the (m, Ph).#P{*H} (CDCL): 6 —9.5 (m, MPE), 47.8 (m, DPPE).

two independent molecules &b, which are significantly wider b[PdZ(’"P'TE)(DZPE%]C'Z' Shb' The proced“rz for the S}’nﬁhesf of
. e . - 3b was similar to that foBa. The quantities used were as follow2l
than 118.3 in 3a. The Pd--Pd separation is greater b, (66 mg, 0.080 mmol), N&Os (242 mg, 2.29 mmol), and [PAEl

3.4866(7) and 3.4487(7) A, than 8a, 3.3054(7) A. (DPPE)] (40 mg, 0.070 mmol); 82 mg Gb (0.062 mmol, 66%) was
_ , obtainedH NMR (300 MHz, CDCY): & 2.1-2.6 (12H, CH), 6.2—
Experimental Section 8.1 (Ph, 50H).:3C{!H} NMR (CDCk): & 29.6 (m, CH of DPPE),

30.0 (M, CH of PPE), 129.4133.2 (m, Ph¥P{*H} (CDCl): 6 —13.3

General Remarks. All reactions were carried out under an (m, MPE). 44.4 (m. DPPE).

atmosphere of dry nitrogen using Schlenk tube techniques. All solvents .
were purified by distillation: ChCl, was distilled from BOs, and E$O X-rayd Cwstall:)grapf)_l‘ll)y. S‘fl'table crystals of3a and 3db were

and THF were distilled from sodium metal. These were stored under ggggtcz Slrlggogoasi;algii; ﬁlatrgeaarsel;redrzfer::tforwgtreZCr)r(])aKet(o)np?ecgi‘t:
an N, atmosphere. [PdgDPPE)] was prepared from [Pdiod)} -

and DPPE. IgPEHNz[as pgr([e:)pareci]accorgingto the Iitergtlfrﬂeﬁme)t]‘:fod. efflorescence due to the loss of &F; in the crystals. The crystal-to-

MPEH, was also prepared by the reported metRahd used as a ca. detect_or distance was 100 mm; rea_\dout was performed in the 0.050
0.16 M THF solution. mm pixel mode for the 300 mm diameter detector. The data were

collected to a maximum @ value of 55.8. For 3a, a total of 60
oscillation images were collected, each being exposed for 4.0 min with
an oscillation angle of 370 For 3b, 120 images were collected, each

(37) Intille, G. M.; Pfluger, C. E.; Baker, W. A., JEryst. Struct. Commun.
1973 2, 217.

(38) Zveguintzoff, D.; Bois, C.; Dao, N. Q. Inorg. Nucl. Chem1981 being exposed si'milarly'but with an oscil_lation angle _0f°1.6e||

43, 3183. parameters and intensities for the reflection were estimated by the
(39) Duesler, E. N.; Tapscott, R. E.; GadBasallote, M.; Gorlzez- program packages of MacDENZ®.

Vilchez, F.Acta Crystallogr., Sect. @985 41, 678. For 3a, a total of 7375 reflections were collected, and 4849

(40) é(irliggrgi,zHé;;\?/Iatsushita, N.; Yamagata, Xcta Crystallogr., Sect. reflections ( > 3.0((1) and 2.7 < 20 < 49.1°) were used for the

(41) Bondi, A.J. Phys. Cheml964 68, 441. final refinement, whereas, fa@b, 23 575 reflections were collected,

(42) Bartsch, R.; Hietkamp, S.; Morton, S.; Stelzer A@gew. Chem., Int. and 20018 1(> 3.0((1) and 2.7 < 26 < 50.2) were used. The
Ed. Engl.1982 21, 375. structures were solved by direct methods and expanded using Fourier

(43) Bartsch, R.; Hietkamp, S.; Morton, S.; Peters, H.; Stelzeinarg. techniques. Non-hydrogen atoms except for the disordere@ictiere
Chem 1983 22, 3624. refined anisotropically, while the rest were refined isotropically.

(44) Brauer, D. J.; Gol, F.; Hietkamp, S.; Peters, H.; Sommer, H.; Stelzer
O.; Sheldrick, W. M.Chem. Ber1986 119 349.
(45) Aullon, G.; Alvarez, Slnorg. Chem 1996 35, 3137.

' Hydrogen atoms were included but not refined. Absorption correction

(46) Drew, D.; Doyle, J. RInorg. Synth 1972 13, 52. (49) MacDENZO: Gewirth, D. (with the cooperation of the program authors
(47) Airey, A.; Swiegers, G. F.; Willis, A. C.; Wild, Bnorg. Chem 1997, Otwinowski, Z., Minor, W.)The MacDenzo ManualA Description
36, 1588. of the Programs DENZO, XDISPLAYF, and SCALEPAGHle

(48) Baacke, M.; Stelzer, O.; Wray, \Chem. Ber198Q 113 1356. University: New Haven, CT, 1995.
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was not applied for either ca8®All calculations were performed with Supporting Information Available: Listings of3’P NMR data and
the teXsan crystallographic software package of Molecular Structure experimental and simulaté#P{*H} NMR spectra. CIF files containing
Corporatior?? data for the structures &a and3b. This material is available free of

. charge via the Internet at http://pubs.acs.org.
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