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Interaction of PdCl,(MeCN), with 2 equiv of (Sp)-BuPhP(O)H (1H) followed by treatment with Et;N gave [Pd-
{(1)H} J2(«-Cl)2 (2). Reaction of 2 with Na[S,CNEt,] or KIN(PPh,S),] afforded Pd[(1).H](S.CNEt,) (3) or Pd[(1).H)-
[N(PPh,S),] (4), respectively. Treatment of 3 with V(O)(acac), (acac = acetylacetonate) and CuSOy, in the presence
of Et;N afforded bimetallic complexes V(O)[Pd(1)2(S2CNEt)], (5) or Cu[Pd(1),(S.CNEt,)], (6), respectively. X-ray
crystallography established the Sp configuration for the phosphinous acid ligands in 3 and 6, indicating that 1H

binds to Pd(Il) with retention of configuration at phosphorus.

The geometry around Cu in 6 is approximately square

planar with the average Cu—O distance of 1.915(3) A. Treatment of 2 with HBF, gave the BF,-capped compound
[Pd{ (1),BF3} 12(u-Cl), (7). The solid-state structure of 7 containing a PdP,0,B metallacycle has been determined.
Chloride abstraction of 7 with AgBF, in acetone/water afforded the aqua compound [Pd{ (1).BF2} (H.0),][BF4] (8)
that reacted with [NH,]o[WS,] to give [Pd{(1),BF,} 2]2[e-WS4] (9). The average Pd-S and W-S distances in 9 are
2.385(3) and 2.189(3) A, respectively. Treatment of [(175-p-cymene)RuCly], with 1H afforded the phosphinous acid
adduct (#5-p-cymene)RuCly(1H) (10). Reduction of [Cp*RuCly]x (Cp* = #°-CsMes) with Zn followed by treatment
with 1H resulted in the formation of the Zn(ll) phosphinate complex [{ Cp*Ru(178-CsHs)} BuPO,} ](ZnCly), (11) that

contains a Zn,04P; eight-membered ring.

Introduction

The coordination chemistry of secondary phosphine oxides

(sPOs) RP(O)H (R = alkyl, aryl)*~2 is of interest due to

that can bind to transition metal ions via the phosphorus
atom. Thus, reaction of sPOs with soft metal ions such as
Pd(Il) and Pt(Il) results in the formation of the phosphinous

their applications to metal-catalyzed organic reactions and 8cid complex MPR(OH)}, which, in the presence of base,

homogeneous catalysist® In solution, RP(O)H is in
tautomeric equilibrium with the phosphinous acigPiROH)
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can be further reacted to give the metallacyckgRsPOLH}
(Scheme 1}-37 Hydrogen-bonded M{R,PO)H} metalla-
cycles have also been prepared by treatment,BHX (X

= CI,"* R'0,2130or C=CCR'%) with metal ions via hydrolysis
and nucleophilic attack at phosphorus. Recently, Li reported
that Pd(Il) in conjunction witfBu,P(O)H is an active catalyst
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for C—C coupling reaction$.This prompts us to explore
chiral Pd phosphinite catalysts based on P-chirogenic $POs.
In addition, P-chiral [M(RRP=0),}]- complexes are of
special interest because they may serveDg3-bidentate
ligandg$®1” that are analogues of acetylacetonate and
[N(RzP=0),] .

Although Pd-catalyzed cross coupling of P-chiral phos-
phonate diestet$and oxidative addition of phenylphosphi-
nates with Pt(0P are known to proceed with retention of
configuration at phosphorus, to our knowledge, the stereo-
chemistry for binding of P-chiral sPOs to metal ions has not
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a Finnigan TSQ 7000 spectrometer. Elemental analyses were
performed by Medac Ltd., Surrey, UK.

Materials. (Sp)-‘BuPhP(O)H {H),2° PdChL(MeCN),,?* and
K[N(Ph,PS}]?? were prepared according to literature methods.
[NH4]J[WS,] and [(7®-p-cymene)RuGl, were purchased from
Aldrich Ltd.

Preparation of [Pd{(1),H}]2(«-Cl), (2). Compound2 was
prepared according to Li's procedurélo a solution of PdGH
(MeCN), (71 mg, 0.274 mmol) in CkCl, (15 mL) was addedH
(100 mg, 0.549 mmol), and the mixture was stirred at room-
temperature overnight, during which time the color changed from
orange to yellow. The volatiles were removed and the residue was
extracted into hexane (8 25 mL). EgN (0.211 g, 2.089 mmol) in
CH.Cl, (15 mL) was added and the resulting mixture was stirred
at room temperature for an additional 3 h. The solvents were
removed in vacuo and the residue was recrystallized frof@/Et
hexane to give yellow crystals. Yield: 99 mg (72%H NMR
(acetonedg): o 1.28 (d,3J(PH) = 16.5 Hz, 36H), 7.67 (m, 12H),
8.05-8.10 (m, 8H); the G-H proton signal was not observedpr-
{H} NMR (acetoneds): 6 95.6 (s). MS (FAB):m/z1010 (M" +
1). Anal. Calcd for GoHssCl,O4P,Pd: C, 47.5; H, 5.74. Found:

C, 47.1; H, 5.88.
Preparation of Pd[(1),H](S2CNEt,) (3). To a solution of2 (60

been established. Recently, Haynes and co-workers develmg, 0.059 mmol) in acetone (15 mL) was added NEISEL]-

oped a multigram synthesis of a P-chiral sl BOPhP(O)H.
Significantly, both theS and Rr isomers oftBuPhP(O)H
could be isolated in enantiomerically pure foffn.
(S)-‘BuPhP(O)H {H) has been used for metal-catalyzed
asymmetric hydrogenation of imirfesnd allylic alkylationt?
implying that 1H binds to metal ions stereoselectively. In

this connection, we set out to investigate the stereochemistry

for the reaction betweebH and Pd(ll). Herein, we report

on the synthesis and crystal structures of Pd(Il) complexes Preparation of Pd[(1),H]IN(Ph

with a P-chiral phosphinite ligand confirming thEt binds

to Pd with retention of configuration at phosphorus. The
synthesis and crystal structures of bimetallic complexes
containing the P-chiral bidentate, anionic metalloligand
[Pd(),]~ will be described.

Experimental Section

General Considerations.Solvents were purified, distilled, and

degassed prior to use. NMR spectra were recorded on a Bruker

ALX 300 spectrometer operating at 300, 121.5, and 282.4 MHz
for H, 3P, and'®F, respectively. Chemical shift®,(ppm) were
reported with reference to SiMéH and*3C), CRCeHs (*°F), and

3H,0 (27 mg, 0.119 mmol), and the reaction mixture was stirred
at room-temperature overnight. The volatiles were removed and
the residue was recrystallized fromy8thexane to give pale yellow
crystals suitable for X-ray diffraction analysis. Yield: 35 mg (48%).
IH NMR (acetoneds): 0 1.17 (d,23J(PH)= 15.6 Hz, 18H), 1.46 (t,
J= 7.2 Hz, 6H), 4.03 (9] = 7.2 Hz, 4H), 7.61 (m, 6H), 8.05
8.10 (m, 4H)3P{*H} NMR (acetonedg): ¢ 96.9. MS (FAB): m/z
619 (M™ + 1). Anal. Calcd for GsH3NS,O,P,Pd: C, 48.6; H,
6.36; N, 2.27. Found: C, 48.6; H, 6.52; N, 2.21.
2PS)] (4). This compound was
prepared similarly as foB using K[N(PhPS})] (55 mg, 0.112
mmol) in place of Na[gCNEL]-3H,0, and recrystallized from ED/
hexane. Yield: 58 mg (56%fH NMR (acetoneds): ¢ 1.18 (d,
3J(PH) = 15.3 Hz, 18H), 7.3#8.19 (m, 30H).3P{*H} NMR
(acetonedg): 0 96.2 (s), 38.7 (s). MS (FAB)m/z 918 (M + 1).
Anal. Calcd for GH4gNS;0.PPc1/2GH;4-H,0: C, 57.7; H, 5.93;
N, 1.43. Found: C, 57.1; H, 5.95; N, 1.42.

Preparation of V(O)[Pd{(1):} (S;CNEt,)]> (5). To a solution
of VO(acac) (6 mg, 0.021 mmol) in acetone (10 mL) was added
3 (26 mg, 0.042 mmol), and the mixture was stirred overnight. The
volatiles were removed in vacuo and the residue was recrystallized
from EtO/hexane to give a yellow powder. Yield: 12 mg (43%).

H3PO, (31P). Infrared spectra were recorded on a Perkin-Elmer 16 IR (KBr, cm™): 1015 o). MS (FAB): m'z1302 (M" + 1).

PC FT-IR spectrophotometer, and mass spectra were recorded o
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Soc., Dalton Trans1977, 669. (b) Cornock, M. C.; Gould, R. O.;
Jones, C. L.; Stephenson, T. A. Chem. Soc., Dalton Tran%977,
1307.

(14) Naik, D. V.; Palenki, G. J.; Jacobson, S. E.; Carty, Al. Am. Chem.
Soc 1974 96, 2286.

(15) Pietrussiewicz, K. M.; Zablocka, MChem. Re. 1994 94, 1375.

(16) Sperline, R. P.; Dickson, M. K.; Roundhill, D. M. Chem. Soc., Chem.
Commun1977, 52.

(17) Sperline, R. P.; Roundhill, D. Mnorg. Chem 1977, 16, 2612.

(18) Johansson, T.; Stawinski,Ghem. Commur2001, 2564.

(19) Han, L.-B.; Zhao, C.-Q.; Onozawa, S.-y.; Goto, M.; Tanaka,JM.
Am. Chem. So002 124, 3842.

(20) (a) Haynes, H. K.; Freeman, R. N.; Mitchell, C. R.; Vonwiller, S. C.
J. Org. Chem1994 59, 2919. (b) Haynes, R. K.; Au-Yeung, T. L.;
Chan, W. K.; Lam, W. L,; Li, Z. Y,; Yeung, L. L,; Chan, A. C. S,
Li, P.; Koen, M.; Mitchell, C. R.; Vonwiller, S. CEur. J. Org. Chem
200Q 3205.

4922 Inorganic Chemistry, Vol. 43, No. 16, 2004

IAnal. Calcd for GoH7eN-OsPsS.,PAV-H-O: C, 45.4; H, 5.91; N,

2.12. Found: C, 45.4; H, 5.94; N, 2.08.

Preparation of Cu[Pd{(1),} (S;,CNEt,)]. (6). To a solution of
CuSQ-5H,0 (6 mg, 0.024 mmol) in MeOH (10 mL) was addad
(30 mg, 0.048 mmol), and then an excess ofNE{0.1 mL) was
added. The mixture was stirred at room temperature for 10 min.
The blue precipitate was collected and recrystallized from-CH
Cl,/Et;O to give pale blue crystals suitable for X-ray analysis.
Yield: 18 mg (58%). MS (FAB):mVz1299 (M" + 1). Anal. Calcd
for C50H76N20UO4P4S4sz: C, 45.6; H, 5.93; N, 2.13. Found: C,
45.9; H, 6.03; N, 2.05.

Preparation of [Pd{(1).BF2}]2(u-Cl), (7). To a solution of2
(52 mg, 0.051 mmol) in BEO (15 mL) was added HBH0.2 mL

(21) Anderson, G. K.; Lin, MlInorg. Synth 1990 28, 60.
(22) Wang, F. T.; Najdzionek, J.; Leneker, K. L.; Wasserman, H.; Braitsch,
D. M. Synth. React. Inorg. Met.-Org. Chet®78 8, 120.



Chiral Bisphosphinite Metalloligands

Table 1. Crystallographic Data and Experimental Details for CompleXes 7, 9, and11

compound 2 6 7 9 11
formula GoeH390:P2S,Pd GsoH76N204PsS4CuP CaoH56B204F4P4ClP b CaoHs56B204F4P4SsPW Ca0H5804PsClaZnRup
fw 618.03 1297.59 1106.05 1347.24 1139.48
a A 9.5361(8) 10.298(2) 17.4581(8) 14.9250(17) 12.0114(10)
b, A 15.3206(12) 11.961(2) 16.6780(8) 10.5019(12) 13.8565(12)
c, A 20.0421(16) 46.690(9) 18.0894(9) 16.968(2) 15.0639(13)
a, deg 90 90 90 90 85.173(2)

b, deg 90 90 115.650(1) 112.281(2) 87.444(2)
y, deg 90 90 90 90 72.980(2)
V, A3 2928.1(4) 5751(2) 4747.8(4) 2461.0(5) 2375.0(4)
z 4 4 4

cryst syst orthorhombic orthorhombic monoclinic monoclinic _ triclinic
space group P21212; P21212; P2, P2, P1
Pealcdd-cm—3 1.397 1.499 1.547 1.818 1.593

T, K 293(2) 100(2) 100(2) 100(2) 100(2)

m, mm-* 0.906 1.284 1.058 3.408 1.950
F(000) 1276 2668 2240 1328 1152

no. of reflns 17972 35509 28686 12257 17038
no. of indep reflns 6923 12131 20362 6599 8250

Rint 0.0290 0.0521 0.0199 0.0580 0.0408

R12, wR2(1 > 2(1))
R1, wR2 (all data)
GOP

Flack parameter

0.0397, 0.0868
0.0564, 0.0942
1.020

—0.02(3)

0.0480, 0.0800
0.0562, 0.0827

1.059

—0.013(13)

0.0303, 0.0669
0.0323, 0.0679
1.017
—0.023(10)

0.0388, 0.0687
0.0595, 0.0739
0.843
0.005(7)

0.0484, 0.1015
0.0741, 0.1082
0.990

2 Rl = 3 1/2|F,| — |Fe|1/2/3|Fol. PWRR = [FW(IFe?| — [Fe) S wIFo??M2 ¢ GOF = [FW(IFol — |Fcl)?/(Nobs — Nparam)]2

of a 54% solution in BO, 1.45 mmol) at C°C, and the mixture NMR (acetoneds): 6 1.25 (dd,J;= 6.0 Hz,J, = 48 Hz, 6H), 1.42
was stirred at room temperature for 30 min. The solvent was (d, 3J(PH)= 16.4 Hz, 9H), 2.12 (s, 3H), 2.80 (4,= 6.0 Hz, 1H),
removed in vacuo and the residue was washed with hexane and5.89 (d,J = 6.0 Hz, 2H), 6.61 (dJ = 6.0 Hz, 2H), 7.7+7.80 (m,
recrystallized from BEO/hexane to give pale yellow crystals suitable 3H), 8.03-8.12 (m, 2H)3'P{*H} NMR (acetonedg): 6 118.0 (s).
for X-ray diffraction (yield: 25 mg, 43%)*H NMR (CDCl): ¢ MS (FAB): m/z 490 (M" + 1). Anal. Calcd for GoH9Cl,OPRu
1.17 (d,3)(PH) = 17.4 Hz, 36H), 7.447.49 (m, 12H), 7.948.05 1/2CHCly: C, 46.3; H, 5.64. Found: C, 46.2; H, 5.74.
(m, 8H). 31P{H} NMR (CDCl): o 111.4 (s).*F{*H} NMR Preparation of [{Cp*Ru(n5-C¢Hs)}'BUPO,]x(ZNCl), (11).
(CDCh): ¢ —138.2. MS (FAB): m/z1106 (M" + 1). Anal. Calcd [Cp*RuCly]x was reduced by Zn in the presence of R in
for C4oHs6B2CloFs04PsPd+HO: C, 42.7; H, 5.16. Found: C, 42.9;  MeCN according to a literature meth&tAfter filtration, the crude
H, 5.39. product was treated witthH (110 mg, 0.60 mmol) and B\ (65
Preparation of [Pd{(1),BF.}(H20)2][BF4] (8). To a solution mg, 0.60 mmol) in THF (10 mL). The mixture was stirred for 30
of 7 (65 mg, 0.059 mmol) in acetonef8 (15 mL, 10:1) was added ~ min during which the solution turned brown. The solvent was
AgBF; (24 mg, 0.122 mmol), and the mixture was stirred at room removed in vacuo, and the residue was recrystallized frorg- CH
temperature for 2 h. The solution was filtered and evaporated to Clo/EtO to give yellow single crystals. Yield: 54 mg (35%H
dryness. Recrystallization from acetone/CH/hexane afforded NMR (DMSO-dg): 0 0.96 (d,3)(PH) = 7.2 Hz, 18H), 1.89 (s,
pale yellow crystals. Yield: 30 mg (699 NMR (acetoneds): 30H), 5.93 (m, 10H)**P{*H} NMR (DMSO-ds): 6 149.8 (s). MS
0 1.21 (d,3)(PH) = 17.1 Hz, 18H), 4.75 (s br., 4H), 7.74.96 (FAB): m/z569 (1/2M" + 1). Anal. Calcd for GoHsgClaO4P:RUp-
(m, 6H), 8.05-8.17 (m, 4H)31P{*H} NMR (acetonedg): ¢ 110.2 Zny1/2CHCIy: C, 41.2; H, 5.00. Found: C, 41.8; H, 4.69.
(s). 1°F NMR (acetoneds): & —137.7 (B-,), —149.3 (BF,). MS X-ray Diffraction Measurements. A summary of crystal-
(FAB): nm/z 518 (Mt — 2H,O — BF4; + 1). Anal. Calcd for lographic data and experimental details for compleXe8, 7, 9,
CooH3BoFsO4P.Pd2Me,CO: C, 41.3; H, 5.86. Found: C, 40.3; andllare compiled in Table 1. Intensity data were collected on a
H, 5.65. Bruker SMART APEX 1000 CCD diffractometer using graphite-
Preparation of [Pd{ (1)ZBF2}]2(/4'WS4) (9). To a solution of monochromated Mo K radiation ¢ = 0.71073 A) at 100(2) K.
[NH4]2[WS4] (5 mg, 0.015 mmol) in acetone (10 mL) was added The collected frames were processed with the software SAINT.
8 (20 mg, 0.031 mmol), and the mixture was stirred for 3 h. The Structures were solved by the direct methods and refined by full-
solvent was removed in vacuo and the residue was recrystallizedmatrix least-squares d# using the SHELXTE* software package.
from CH,Cl/hexane to give pale yellow needles. Yield: 12 mg All non-hydrogen atoms were refined anisotropically. Hydrogen
(59%).H NMR (acetoned): 6 1.38 (d,23J(PH) = 17.7 Hz, 36H), atoms were placed in idealized positions«& bond fixed at 0.96
7.72 (m, 12H), 8.14 (m, 8H}P{H} NMR (acetoneds): 6 110.8 A).
(s).°F{™H} NMR (acetonedg): 6 —136.6. MS (FAB): m/z 1327 ) .
(M* — F). Although has been fully characterized by spectroscopic Results and Discussion
methods and X-ray diffraction, we have not been able to obtain
satisfactory elemental analyses for the compound.
Preparation of (7%-p-cymene)Ru(1H)C} (10). To a solution
of [(5-p-cymene)RuCl, (75 mg, 0.125 mmol) in CkCl, (15 mL)
was addedH (50 mg, 0.275 mmol), and the mixture was stirred
at room-temperature overnight. The residue was washed wi@ Et
and hexane, and then extracted into,CH. Recrystallization from
CH,Cl,/hexane gave an orange powder. Yield: 35 mg (3294).

Pd[(1).;H] Complexes. The preparations of complexes
containing the Pd[),H] metallacycle are summarized in
Scheme 2. The starting material fRtl),H} ]2(«-Cl), (2) was
synthesized from PdgiMeCN), and1H in the presence of

(23) Steinmatz, B.; Schenk, W. rganometallics1999 18, 943.
(24) Sheldrick, G. M.SHELXTL-Plus V5.1 Software Reference Manual
Bruker AXS Inc.: Madison, WI, 1997.
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Scheme 22
tBu Ph  tBu Ph
. g b
e 0 S a7
Ph P —> H\ Pd_ ,Pd\ ,H
tBu’ H ‘o—P\/ ' e—d
1H PR “tBu PH tBu
(ii) 2 w)
t-Bu, Ph t-Bu Ph  tBu Ph
4o i I4 1 ‘_
S PO AN _Cl_ o
( >pd H FB P >Pd  BF
S b0 o0—R o
Phl ”t—Bu = EtzNCSZ (3) Ph 't-Bu Ph tBu
N(PPhyS); (4) 7
(iii) v)
t-Bu‘ :Ph t—Buﬁ 'Ph t—Bu? ’Ph BF,4
N PO PR s PR OH,
(opd M P ) P8 Pd
ST N_ N S y—p' OH , o .
IP;O O—:P\ 0 :-P\ 2 Figure 1. Perspective view of Rd12)H} (S;CNEb) (3) (30% probability
Ph +Bu Ph 't-Bu Ph tBu ellipsoids shown). Selected bond lengths (A) and angles (deg): Pd(1)
M= V(O (5 8 P(1) 2.302(1), Pd(BP(2) 2.304(1), Pd(BS(1) 2.377(1), Pd(BS(2)
Mo )§6; i 2.396(1), P(1}-O(1) 1.555(3), P(2yO(2) 1.545(3); P(1yPd(1)-S(1) 97.2-
(4), P(2)-Pd(1)-S(1) 170.3(4), P(£)Pd(1)-S(2) 170.5(4), P(2}Pd(1)-
+Bu, Ph +Bu, Ph S(2) 97.0(4), S(BPd(1)y-S(2) 73.4(4).
0—R s PO
/ \ /S\ O\ \
F2B_ /Pd\S/W\S/Pd\ JBF2
O—;P\ IP"_O
PR t-Bu Ph  tBu

aReagents and conditions: (i) Pd@1eCN), EtN, CHCly; (i)
Na(SCNEb)-3H:0 or K[N(PPhS),], acetone; (iii) CuS@5H,O/EtN or
VO(acac); (iv) HBF4, ELO; (v) AgBF4, acetone/kHO; (vi) [NH4]2[WS4],
acetone.

EtN in 72% yield according to Li's procedure2 is soluble p ,
m_ most Common organic S.OIVentS except he?(anes’ and ISFigure 2. Perspective view of Cu[Pfo(EttNCS)]2 (6) (30% probability

air stable in both the solid state and solution. The IR ellipsoids shown). Selected bond lengths (A) and angles (deg): €u(1)
spectrum shows PO stretches at 1032 and 1096 chand (1)82)2%'3?2;((13()i—}C|3u((11)7\20(2223)4%ig))13(3()5%?5?20358)2(11'?9;5?% S(%()l’z%(f?

the O—H stretch at 1261 c_rﬁ, characteristic for symmetrical (1), Pd(2)-P(4) 2.305(1), PA(DS(1) 2.412(1), PA(L)S(2) 2.393(1), Pd-
O-++H-++O hydrogen bonding? The3P {*H} NMR spectrum (2)-S(3) 2.398(1), Pd(2)S(4) 2.395(1); O(2)Cu(1)-O(1) 90.1(1), O(3)

of crude2 shows a singled 95.6, which is more downfield  Cu(1)-O(2) 168.9(1), O(3yCu(1)-O(4) 91.6(1), O(2}Cu(1}-O(4)
than that forlH (6 44.8)2 indicating that the sample mostly 92.4(1). O3 Cu(l)-O(1) 87.8(1), O(4rCu(1)-O(1) 169.4(1).

contained a single diastereomer.

As expected, treatment of dime2awith bidentate sulfur 6 98.7 and 100.4 ppm assignable to the racergiS§ and
ligands resulted in cleavage of the chloro bridges and the Rp,Rp) and meso %,Rs) isomers of3, respectively. Thus,
formation of mononuclear complexes. For example, treatmentthe 3P NMR and X-ray diffraction results confirmed that
of 2 with Na[SCNEt] and K[N(SPPh);] led to the the sPOLH tautomerizes to the phosphinous agieBuPhP-
formation of Pd[().H](S.CNEL) (3) and Pd[L).H][N(Ph- (OH) that binds to Pd(Il) with retention of configuration at
PS)] (4), respectively. It may be noted that the achiral the phosphorus.
analogue Pd[(RIRPO)H](S.CNEL) has been prepared from Bimetallic Complexes.As previously reported?2 and 3
Pd(SCNEb), and PPROMe) previouslyt?2 X-ray crystal- can serve as anioni©,O-bidentate metalloligands for
lography confirmed thei is chiral and the phosphinous acid transition metal ion&® For example, treatment 8fwith VO-
ligands possess tH& configuration (Figure 1). The PeP, (acac) (acac = acetylacetone) and Cug®GH;O in the
Pd-S, and P-O distances in3 [2.303(1), 2.387(1), and  presence of EN led to formation of trinuclear V(O)[Pd-
1.550(3) A, respectively] are similar to those in PdgPh  {(1)2} (S;CNEW)]2 (5) and Cu[Pd(1)2} (S;CNEL)]. (6), re-
PO)H](S,CNEb).1?2Like 2, the IR spectra foB and4 show spectively. The structure @has been established by X-ray
the symmetrical ©-H---O vibrational modes and the diffraction. Figure 2 shows a perspective view of the
absence ofioy in the normal 3008-3500 cn1? region. The molecule confirming th& configuration for the phosphinous
31p {TH} NMR spectrum of3 in CDCl; exhibited a single  acid ligands ir6. The geometry around Cu is approximately
resonance at 98.7 ppm, indicating that a single diastereomer square planar with the Cu atom ca. 0.14 A above the O
was present in the sample. By contrast, reaction of racemicplane. The two six-membered Cpf3Pd metallacycles are
(S and Rp) 'BUPhP(O)H with PdAG[MeCN), and Na($ found to adopt a puckered chair conformation. The average
CNE®) gave a product that exhibited twiéP resonances at  Cu—O distance in6 (1.915(3) A) is comparable to that in
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Figure 3. Perspective view of one of the two independent molecules in Figure 4. Perspective view of [Rd1):BF2}]2(u-WSy) (9) (30% probability
the asymmetric unit of [Rd1)2BF2} ]2(u-Cl)z (7) (30% probability ellipsoids ellipsoids shown). Selected bond lengths (&) and angles (deg): W(1)
shown). Selected bond lengths (A) and angles (deg): P®&(W) 2.268- S(1) 2.188(3), W(1)S(2) 2.187(3), W(Ly S(3) 2.191(3), W(L) S(4) 2.188-
(1), Pd(1)-P(2) 2.273(1), Pd(2)P(3) 2.261(1), Pd(2)P(4) 2.250(1), Pd-  (3), Pd(1)-S(1) 2.386(3), Pd(})S(2) 2.369(3), Pd(2)S(3) 2.387(3),
(3)—P(5) 2.261(1), Pd(3)P(6) 2.248(1), Pd(4)P(7) 2.262(1), Pd(4)P(8) Pd(2)-S(4) 2.398(3), PA(HP(1) 2.303(3), Pd(1)P(2) 2.320(3), Pd(2)
2.269(1), P(1yO(1) 1.574(2), P(2y0(2) 1.568(2), P(3y0(3) 1.563(2), ~ F(3) 2.304(3), Pd(2)P(4) 2.291(3), W(1)-Pd(1) 2.931(1), W(1)-Pd(2)
P(4)-0(4) 1.558(2), P(1yPd(1)-P(2) 89.7(3), P(3}Pd(2)-P(4) 90.0-  2:940(1); S(2rW(1)—S(4) 109.7(1), S(2}W(1)—S(1) 105.8(1); S(4)
(3), P(5)-Pd(3)-P(6) 90.9(3), P(Pd(4)-P(8) 90.7(3). W(1)—S(1) 112.6(1), S(HW(1)—S(3) 111.0(1), S(4yW(1)—S(3) 106.3-
(1), S(L-W(1)—S(3) 111.6(1), W(1} S(1)-Pd(1) 79.6(1), W(1}S(2)~

Cu[N(PPhO),]» (1.918(2) A)®® The Pd-P and P-O dis- Pd(1) 80.0(1), W(1)S(3)-Pd(2) 79.8(1), W(LyS(4)-Pd(2) 79.6(L)
tances (av 2.292(2) and 1.542(3) A, respectively) are similar PA(L)-~W{L)~~Pd(2) 176.2(3).
to those in3.

BF,-Capped ComplexesTreatment of2 with HBF, in
Et,O led to the formation of the BFcapped complex [Pd-

{(1D)2BF2}]2(u-Cl)2 (7). Compounds containing MP,BF;

solid-state structure d featuring theSs configuration has
been characterized by X-ray diffraction (Figure 4). Whereas
heterometallic clusters based on [WS are well docu-

: mentec?® 9 is a rare example of such clusters containing
metallacycles have been prepared previotiSkhe presence  giereqgenic P-donor ligands. The geometry around Pd is

of the BR group in7 is evidenced by*F N';/llR (0 —138)  gquare-planar and that around W is approximately tetrahedral
and IR spectroscopy (884 ct(vgg)). The 3P resonance (S-W—S angles ranging from 105.8(1) to 112.6{L)The
for 7ato 111.4 is more downfield than that fér The crystal average PeS bond distance of 2.385 A if is slightly

structure of7 has been determined. The asymmetric unit of longer than that in Pd(dppe)(WS(dppe= PhPCHCH-

7 consists of two independent molecules. A perspective view PPh) (2.232(3) A)2 whereas the PdP distances (av 2.305-
of one such molecule is shown in Figure 3. The crystal (3) A) are shorter than those in the latter (2.270(3) A).
structure confirms th& configuration for the phosphinous  gacause of the longer P¢ distances, the average-PV
acid ligands in7. The Pd-P distances in the range of 2.248- separation of 2.935(1) A i is longer than that in Pd(dppe)-

(1) to 2.273(1) A are shorter than thosednThe P-O and (WS)) (2.887(2) A)2° Like other trinuclear heterothiometallic
B—O distances (av 1.558(2) and 1.476(3) A, respectively) complexeg® the Pd(13-*W(L)---Pd(2) unit is approximately

are typiF;aI for MBO,BF, met;:1l|acyc|e§.6.C linear (176.2(3)). The W-S distances in the range from
Chloride abstraction o with AgBF, in acetone/water 2.188(3) to 2.191(3) A are slightly longer than those in
resulted in the formation of the aquo complex {Eg.BF.} - [NH.]JWS,] (av 2.17 A)30

(H20),][BF 4] (8) that exhibitedvoy at 3436 cm? in the IR
spectrum. Complex can serve as a building block for
trinuclear complexes upon replacing the labile aquo ligands
with tetrathiometalates. For example, treatmenBakith
[NH4]JJWS,] in acetone led to isolation of [R@1).BF,}].-
(u-WSy) (9). The FAB mass spectrum displayed the molec-
ular ion signal atm/z 1327 corresponding to the molecular
ion M* — F. The IR spectrum showsys at 478 cm'* that

is lower than for uncomplexed [WB~ (509 cn11).2” The

Ruthenium Complexes.Tripodal P=0 ligands based on
(y®-arene)Ru(llj* and Cp*Ru(l1¥? phosphinite complexes
were found to exhibit interesting coordination chemistry. To
this end, efforts were made to synthesize Ru complexes with
P-chiral phosphinous acid ligands. Treatment of®{g-
cymene)RuGl, with 1H afforded %-p-cymene)RuU{H)ClI,

(10) characterized by MS and NMR spectroscopy. Attempts
to prepare a bis-phosphinite compound by reactin-|p¢
cymene)RuGl, with excesslH were not successful. Chlo-

(25) Silvestru, A.; Rotar, A.; Drake, J. E.; Hursthouse, M. B.; Light, M.

E.; Farcas, S. |.; Rosler, R.; Silvestru, Can. J. Chem2001, 79, (28) Hou, H. W.; Xin, X. Q.; Shi, SCoord. Chem. Re 1996 153 25.

983. (29) Wu, B.; Zhang, W.; Huang, X.; Wu, X.; Yu, 8olyhedron1997, 16,
(26) (a) Kong, P. C.; Roundhill, D. Minorg. Chem 1972 11, 749. (b) 801.

Dixon, K. R.; Rattray, A. DInorg. Chem 1977, 16, 209. (c) Heuer, (30) Sasvari, KActa Cryst 1963 36, 3090.

L.; Jones, P. G.; Schmitzler, Rlew. J. Chem199Q 14, 891. (31) (a) Kléaui, W.; Buchholz, EAngew. Chem., Int. Ed. Engl98§ 27,
(27) Mtller, A.; Diemann, E.; Jostes, R.;"Bge, H.Angew. Chem., Int. 580. (b) Klaui, W.; Buchholz, EInorg. Chem 1988 27, 3500.

Ed. Engl.1981, 20, 934. (32) Rither, T.; Englert, U.; Koelle, Ulnorg. Chem 1998 37, 4265.
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Scheme 3
t-Bu Ofén/CI qp*
(1) Zn, MeCN @ N .
[Cp*RuCly]ly ——— I il
(2)1H . O, P
Ru —_\
) Zn—0
Cp* cI”\  fBu

11

ride abstraction o0 with AgBF, followed by treatment with
1H resulted in an intractable oil. Although X-ray diffraction
data are not available, it seems likely that the phosphinous
acid ligand in10 also has th& configuration. . Figure 5. Perspective view of one of the two independent molecules in
In an attempt to synthesize a Cp*Ru complex containing the asymmetric unit of [Cp*Ri(y®CHe) (BUPO} 1AZnCh)z (11) (30%
1H, [Cp*RuCk]x was reduced by Zn and subsequently g:]czli?bgt({)elhgggg szhr?(vl\/_%é;ellegtgzg(gor;:‘ g%t(h;i (f% fg(g)aggﬂg (deg):
i i * ini — . ) - ’ . )
complex. a dinuciear Zn(l) phosphmate CompIBEDRl  Sease2, 25O 220, an )2 2062 1y L)
(75-CeHs)} BUPQ))2(ZnCly), (11) was isolated (Scheme 3). (121)64(1)(%) Ol((igg(%) Céll((llv;igglé—(sl%)( Ziélé()l)él (Clll)(ﬁlzg((Zl))—gl((f)r)
. . . , nl)— . , ni)— . ,
oy 21 reducion o [CprRuGL, Alhough e mechaniom 1100 012D 86120 018 10503 00 20 S
for formation of11is not clear, it seems likely that binding  Zn(2)—Ci(4) 112.9(1), O(2)#+P(1)-0(1) 116.3(2), O(3}P(2)-O(4)#2
of Cp*Ru(ll) to the phenyl ring inlH and air oxidation of 17.7@).
the phosphine oxide to phosphinate are involved. No reaction
was found between Znghnd1H. Complex11 exhibited a
simple'H NMR spectrum indicative of high symmetry of
the molecule. The solid-state structure df has been
established by X-ray diffraction. The asymmetric unitldf
consists of two independent molecules. A perspective view i .
of one such molecule is shown in Figure 5. The structure P@sed oriH have been reported, demonsrating the potential
can be viewed as consisting of two Za@ioieties bridged ~ ©f this air-stable, unidentate phosphinite ligand for asym-
by two zwitterionic{ Cp*Ru(;%-CsHs)} *(BBu)PQ, ligands. metric catalysis. In addmon., thg Pd(ll) l.)ISphOSphlnl.te
The molecule is related by an inversion center located at ©°Mplexes can serve as a chiral bidentate ligand that binds
the center of the eight-memberegCRZn, ring that has a [0 metal ions to give he_teroblr_netalllc complexes._T_he stqdy
pseudo chair conformation. The coordination geometry of Of cgtalytlc activity of blm.et-alllc_ complexes containing this
Zn is tetrahedral with bond angles ranging from 106.4(1) to P-chiral metal-bisphosphinite ligand is under way.
111.4(2y. The average zZRO (1.976(3) A) and PO
distances (1.504(3) A) are comparable to those infMe
HNCH2CH2NHM62][Zn2(H2PO4)6 .33

studies. This result provides a new methodology to design
and synthesize metal complexes containing stereogenic
phosphinous acid ligands that may find applications in
asymmetric metal-catalyzed organic reactions. Recently,
asymmetric hydrogenation of imirfesnd allylic alkylatior{®
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