Inorg. Chem. 2003, 42, 7752—7765

Inorganic:Chemistry

* Article

Enolphosphato—Phosphines: A New Class of P,0O Ligands
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The new bifunctional ligands Ph,PCH=CPh[OP(O)(OR);] (1) (1a, R = Et; 1b, R = Ph) represent the first examples
of P,O derivatives resulting from the association of a phosphine moiety and an enolphosphate group. The Z
stereochemistry about the double bond provides a favorable situation for these ligands to act as P,O-chelates.
Neutral and cationic Pd(Il) complexes have been synthesized and characterized, in which 1a or 1b acts either as
a P-monodentate ligand or a P,O-chelate, via coordination of the oxygen atom of the P=0 group. In the latter
case, it has been observed that phosphines 1a and 1b can display a hemilabile behavior, owing to successive
dissociation and recoordination of the O atom. Competition experiments revealed that phosphine 1la presents a
higher chelating ability than 1b, a feature ascribed to the more electrodonating properties of the ethoxy groups in
1a compared to the phenoxy groups in 1b. P,0-Chelation affords seven-membered metallocycles, which is unusual
for P,O-chelates. Complexes trans-[PdCl,{ Ph,PCH=C(Ph)OP(O)(OPh).} ;] (2b), [PACK Ph,PCH=C(Ph)OP(O)(OEt),}-

(u-ChJ> (3a), [Pd(dmba){ Ph,PCH=C(Ph)OP(O)(OE);}[PF4] (8a'), and cis-[Pd{ Ph,PCH=C(Ph)OP(O)OEN):} [BF o
(10a) have been structurally characterized. Interestingly, the seven-membered rings in 82" and 10a adopt a sofa
conformation with the double bond lying almost perpendicular to the plane containing the Pd, the two P, and the
two O atoms.

Introduction Surprisingly, phosphine ligands containing a phosphoryl
function, i.e., phosphonate, phosphinate or phosphate, have
received relatively little attention, although it is established
that the P=O group can coordinate to a metal center via the
oxygen aton® 1! Thus, such ligands may be considered as
potential P,O-chelates or assembling ligands in the formation
of bi- or polynuclear species. They could also represent
valuable precursors to supported catafifsisnd hybrid
organic-inorganic or layered metaphosphonate materi-
als!?714 Recent advances in this area include the synthesis

Recent review articles have illustrated the considerable
current interest in organometallic complexes containing
functional phosphine ligands, in particular for catalytic
processed:® Numerous P,0-ligands in which a phosphine
moiety is associated with carboxylate, ketone, alcohol, ether,
ester, sulfoxide, or phosphine oxide functions have been
prepared. Many of their metal complexes display catalytic
properties often related to the electronic properties of the
P,O-chelating ligant*® and/or the possible occurrence of
hemilabile behavior of these ligan835”
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New Class of P,0O Ligands

of water soluble tertiary phosphin&€s!® and rhodium
complexes of phosphinrgphosphonate ligands have been
used in the catalytic carbonylation of methafo® or in
styrene hydroformylatiof®2*PtChb—SnCh hydroformylation

The 'H NMR chemical shifts of the aromatic protons have been
omitted for clarity, since they are unexceptional.

The chlorophosphates CIP(O)(QR(Aldrich) were degassed
before use. AgBF (Avocado) and TIPk (Strem) were dried

catalysts with phosphonated triarylphosphines have also beerpVernight in vacuo before use. The compoundgPRiHC(O)Phie2

reported recently?

As part of our ongoing interest in the chemistry of
multifunctional phosphine ligands containing hard and soft
donor functiong® 34 we describe here the preparation of the
first enolphosphatephosphine ligands, BRCH=CPh-
[OP(O)(OR)] [1a (R = Et)] and [Lb (R= Ph)], and their
palladium complexes.

Experimental Section

General. All the reactions and manipulations were carried out

[PACL(COD)],2¢ [Pd(Me)CI(COD)]3" [Pd(dmba)g-Cl)]»,%8 [Pd(;3-
CsHs)(u-C)]2,3° [PA(NCMe)](BF4),,° and PhPN(Me)PPh3bc
were prepared according to the literature.

Syntheses. PSPCH=C(Ph)OP(O)(OEt), (1a). A THF suspen-
sion (30 mL) of KH (0.600 g, 15.0 mmol) was prepared in a Schlenk
flask connected to a bubbler. Solid PICHC(O)Ph (3.04 g, 10.0
mmol) was then added, at room temperature. This resulted in gas
(Hy) evolution, whereas the solution progressively turned yellow-
orange. After the evolution of Hhad ceased (ca. 10 min), the
reaction mixture was stirred for 20 min. Meanwhile, dry and
degassed CIP(O)(OEt)1.725 g, 1.44 mL, 10.0 mmol) was placed
in a Schlenk flask, equipped with a filter frit contaigim 1 cm

under an inert atmosphere of purified nitrogen using standard pad of dry Celite, and was cooled t660 °C. The filtered THF
Schlenk tube techniques. Solvents were dried and distilled undersolution was then added, and after 2 min, the cold bath was removed
nitrogen before use: hexane, pentane, and toluene over sodiumand the reaction mixture stirred for 2 h, during which its color

tetrahydrofuran and diethyl ether over soditbenzophenone, and
dichloromethane over calcium hydride. Nitrogen (Air liquide,

progressively turned beige. The solvent was then removed in vacuo.
The residue was extracted with @El,, and the volatiles were

R-grade) was passed through BASF R3-11 catalyst and molecularevaporated, affording a beige solid, which was washed wit® Et
sieves columns to remove residual oxygen and water. Elemental(20 mL) and pentane (20 mL) and dried in vacuo. The phosphine

C, H, and N analyses were performed by the Service de Mi-
croanalyses (Universiteouis Pasteur, Strasbourg). Infrared spectra
were recorded on an IFS 66 Bruker FT-IR spectrometer. TFhe
31P{1H}, and3C{H} NMR spectra were recorded at 300.1, 121.5,
and 75.5 MHz, respectively, on a Bruker AC300 instrument.
Phosphorus chemical shifts were externally referenced to 85% H
PO, in H,O with downfield chemical shifts reported as positive.
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671.
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Chem. Commur003 610.
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(29) Andrieu, J.; Braunstein, P.; Dusausoy, Y.; Ghermani, NIn&rg.
Chem.1996 35, 7174.

(30) Andrieu, J.; Braunstein, P.; Tiripicchio, A.; Ugozzoli,IRorg. Chem.
1996 35, 5975.

(31) Braunstein, P.; Charles, C.; Tiripicchio, A.; Ugozzoli, F-.Chem.
Soc., Dalton Trans1996 4365.

(32) Andrieu, J.; Braunstein, P.; Naud, F.; Adams, R.JDOrganomet.
Chem.200Q 601, 43.

(33) Braunstein, P.; Chauvin, Y.; Fischer, J.; Olivier, H.; Strohmann, C.;
Toronto, D. V.New J. Chem200Q 24, 437.

(34) Camus, J.-M.; Morales, D.; Andrieu, J.; Richard, P.; Poli, R,
Braunstein, P.; Naud, B. Chem. Soc., Dalton Tran800Q 2577.

lawas obtained as a beige (slightly sticky) powder (3.700 g, 84%
yield). In order to obtain analytically pure materidh (ca. 0.200

g) was dissolved in 3 mL and precipitated upon addition of pentane
(15 mL). The beige precipitate was filtered and dried overnight in
vacuo. Anal. Calcd for @H,604P, (M = 440.420): C, 65.45; H,
5.95. Found: C, 65.58; H, 5.82.

Ph,PCH=C(Ph)P(O)(OPh), (1b). This compound was obtained
as a white powder, in a manner similariafrom PibPCH,C(O)-

Ph (3.04 g, 10.0 mmol) and CIP(O)(ORI{2.07 mL, 10.0 mmol).
Yield: 4.400 g (82%). The same procedure as that described for
la was applied to obtain analytically putkh. Anal. Calcd for
CsH2604P, (M = 536.509): C, 71.64; H, 4.88. Found: C, 71.82;
H, 4.96.

[PACI,{ Ph,PCH=C(Ph)OP(O)(OEt).},] (2a). Solid [PdC}-
(COD)] (0.285 g, 1.0 mmol) anda (0.880 g, 2.0 mmol) were
placed in a Schlenk flask and degassed in vacuo for 5 min. Then,
20 mL of freshly distilled CHCI, was added, and the mixture was
stirred for 15 min at room temperature, after which the volatiles
were removed in vacuo. The yellow residue was washed wih Et
(2 x 15 mL) and pentane (2 15 mL) and dried under reduced
pressure. CompleRa was obtained as a yellow powder (0.855 g,
81% yield). Bothcis andtransisomers were formed (see text, Table
1). Anal. Calcd for GgHs.Cl.OgP4Pd M = 1058.146): C, 54.49;

H, 4.95. Found: C, 54.32; H, 4.82.

[PACI,{ Ph,PCH=C(Ph)OP(O)(OPh)},] (2b). This complex
was obtained as a yellow-orange solid, in a manner simil&ato
from [PdCL(COD)] (0.055 g, 0.19 mmol) andlb (0.203 g, 0.38
mmol). Yield: 0.205 g (86%). Botltis and trans isomers were
formed. Anal. Calcd for gHs,Cl,0sP,Pd M = 1250.32): C, 61.48;

(35) (a) Bouaoud, S.-E.; Braunstein, P.; Grandjean, D.; Matt, D.; Nobel,
D. Inorg. Chem.1986 25, 3765. (b) Wang, F. T.; Najdzionek, J.;
Leneker, K. L.; Wasserman, H.; Braitsch, D. Bynth. React. Inorg.
Metal-Org. Chem1978 8, 119. (c) Sekabunga, E. J.; Smith, M. L.;
Webb, T. R.; Hill, W. E.Inorg. Chem.2002 41, 1205.

(36) Chatt, J.; Vallarino, L. M.; Venanzi, L. Ml. Chem. Socl957, 3413.

(37) Lapido, F. T.; Anderson, G. KOrganometallics1994 13, 303.

(38) Cope, A. C.; Friedrich, E. Q1. Am. Chem. So0d.968 90, 909.

(39) Tatsuno, Y.; Yoshida, T.; Otsuka, Borg. Synth.1979 29, 220.

(40) Sen, A.; Lai, T.-Wlnorg. Chem.1984 23, 3257.
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Table 1. Selected IR andH and3'P{*H} NMR Data of1—18

Morise et al.

IHNMR, 6 31P{1H} NMR, 67 IR,
Cmflb
compd H enolate of P ligand other P PO  »(P=0)
PhPCH=C(Ph)OP(O)(OE}H la 6.20 (dd2J(PH)=3.1, 1.18(dt, 6H, CHCHs, 3J(HH) = 7.0, —29.8 -7.0 1277s
4J(PH)=1.4) 4J(PH) = 1.0); 4.08 (m, 4H, OCh
PhPCH=C(Ph)OP(O)(OPh) 1b  6.33 (dd2J(PH)= 3.5, —28.4 —18.0 1313s
4J(PH)=1.1)
[PAChL{ PPRCH=C(Ph)OP(O)- 2a 6.24 (dt2J(PH)=7.3, 0.97 (t, 12H, CHCHa, 3J(HH) = 7.1); 4.6 trang —8.1(rany 12698
(OEty}2] 4J(PH) = 1.6) 3.69 (m, 8H, OCH))
(transisomer)
5.62 (dd 2J(PH) = 1.03 (t, 12H, CHCHg, 3)(HH) = 7.1); 12.1¢is) —8.0 Cis)
11.0,4)(PH) = 2.1) 3.69 (m, 8H, OCH)
(cisisomer)
[PACh{ PPRCH=C(Ph)OP(O)- 2b  6.54 (dt,2)(PH) = 7.6, 4.8 ¢rang —19.6 frang 1302s
(OPhY} 7] “J(PH)=1.7)
(transisomer)
5.87 (dd,2)(PH) = 12.1€is) —19.6 (Cis)
11.4,4)(PH)=1.9)
(cisisomer)
[PdC{ PPRCH=C(Ph)OP(O)- 3a 5.92(dbr2J(PH)=  1.11(t, 12H, CHCHs, 3J(HH) = 7.0); 13.7 -8.6 1272s
(OEt)} (u-Cl)]2 10.2,4)(PH) 3.86 (m, 8H, OCH))
not resolved)
[PACK PPRCH=C(Ph)OP(O)- 3b  6.18 (d br2J(PH) = 13.8 —20.1 1294%
(OPhY} (u-Cl)]2 10.9,%3(PH)
not resolved)
[PdMe{ PPBCH=C(Ph)OP(O)- 4a  6.33 (br,2)(PH) 0.75 (d, 6H, PdMe3J(PH) = 3.0); 1.11  19.9 -5.3 12768
(OEt)} (u-C)]2 andJ(PH) (t, 12H, CHCHs, 3J(HH) = 7.0);
not resolved) 4.15 (m br, 8H, OChL)
[PdMe&{ PPRCH=C(Ph)OP(O)- 4b 5.97(dbr2J(PH)=  0.77 (d, 6H, PdMe3J(PH) = 2.3) 21.1 —-19.5 1299s
(OPhY} (u-Cl)]2 8.5,4)(PH) =
not resolved)
[Pd(dmba)Cl PPRCH=C(Ph)- 5a  6.02 (dd2J(PH)= 6.2, 1.04 (t, 6H, CHCHs, 3J(HH) = 7.1); 20.9 -75 1272s
OP(O)(OEt)}] 4J(PH)=1.3) 2.84 (d, 6H, NMe, 4J(PH) = 3); 3.77
(m, 4H, OCH); 4.08 (d, 2H, NCH,
4J(PH)=1.4)
[Pd(dmba)Gl PPhCH=C(Ph)- 5b  6.32 (dd2J(PH)= 6.4, 2.77 (d, 6H, NMe, 4J(PH)=2.3); 4.08  20.8 -19.4 1304s
OP(O)(OPh}] 4JPH)=1.7) (d, 2H, NCH, 4J(PH) = 1.7)
[Pd@3-ally)Cl{ PPRCH=C(Ph)- 6a 6.02 (dd2J(PH)=5.4, 1.06 (dt, 6H, CHCHs, 3J(HH) = 7.0, 4.0 -7.7 1281s
OP(O)(OE®}]® 4J(PH)=1.2) 4J(PH)=0.8); 3.11 (d, 1H, allyl 1§,
3)(HpHo) = 11.0); 3.43-3.86
(overlapping signals, 6H, OCGHand
allyl Haand H); 4.72 (apparent t, 1H,
allyl Hg, 3J(PHg) ~ 3J(HHg) ~ 7.2);
5.66 (m, 1H, allyl H)
[Pd@7-allyl)CI{ PPRCH=C(Ph)- 6b 6.21 (dd2J(PH)=5.8, 2.99 (d, 1H, allyl K, 3J(HyHy) = 12.0); 5.3 -19.2 1304s
OP(0)(OPh} e 4J(PH) = 1.2) 3.58 (d, 1H, allyl H, 3J(HHo) = 5.8);
3.60 (dd, 1H, allyl K, 3J(PHy) = 13.7,
8J(HcHe) = 10.4); 4.62 (apparent t, 1H,
allyl Hg, 3J(PHq) ~ 3J(HeHg) ~ 7.0);
5.41 (m, 1H, allyl H)
. 1 7a  6.29 (dd2J(PH)=6.0, 0.58(d, 3H, PdMe3J(PH)=2.5); 1.11  22.9 -6.1 1227s
[Pdgg(’\'c"éﬁl PRPCH=C(Ph)OP(0)- 4)(PH) = 2.4) (dt, 6H, CHCHa, 3)(HH) = 7.0,
(OEtR}[BF4] 43(PH) = 1.3); 2.32 (s, 3H, MeCN);
4.08 (m, 4H, OCH)
2 — — . —
[PAME(NCMe] PP CH=C(PRIOPIO)- 7b 6.343((;1&) i(PzHg) 5.2, 0.5(9S (ghsl&epgme?J(PH) 2.4);224 215 16.1 1240s
(OPhY}][BF.] Y
' 2 — — . _
[PUME(NCMe] PPCH—C(Ph)OPO)- 7b 6.343(%(_1{,)5!3;3)) 4.9, 0.5(2,(gHS,IRIAePgI\I\I/;e?J(PH) 2.3);223 214 16.1 1241s
(OPhY}[PFg]
. — ] 8a 6.32(dd2J(PH)=7.6, 1.07 (dt, 6H, CHCHa, 3J(HH) = 7.1, 24.0 -7.7 1228s
[PA(mbal EERCH=C(PROP(O)y 43(PH) = 2.7) 4)(PH) = 1.4); 2.82 (d, 6H, NMg
(OEtR}[BF,] 4)(PH) = 2.6); 4.01 (m, 4H, OCh);
4.10 (d, 2H, NCH, 4J(PH) = 1.2)
. — | 8a 6.37 (dd2(PH)= 7.5, 1.09 (dt, 6H, CHCHs, 3J(HH) = 7.0, 24.2 -75 1240s
[Pdggba{ F;FF’QCH—C(Ph)OP(O)' 43(PH) = 2.7) 43(PH) = 1.4); 2.79 (d, 6H, NMg
(OEUR}[PFd] 43(PH) = 2.5): 3.94 (m, 4H, OCH);
4.09 (d, 2H, NCH, 4J(PH) = 1.2)
8b  6.50 (dd2J(PH)= 6.9, 2.47 (d, 6H, NMe, 4J(PH)=1.9); 4.02 235 -17.3 1240s

[Pd(dmbaj PPhCH=C(Ph)OP(O)-
(OPhR}[BF4]

4J(PH) = 2.4)
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New Class of P,0O Ligands

Table 1. (Continued)

IHNMR, 6 31p{1H} NMR, 62 IR,
Cm—lb
compd H enolate of P ligand other P PO  y(P=0)
. 1 9a 6.41(dd2)(PH)=3.6, 1.08 (dt, 6H, CHCHs, 3)(HH) = 11.3 -6.5 1208¢
[Pd(y°-ally){ PPhCH=C(Ph)OP(O)- 43(PH)=1.8) 7.0,4)(PH) = 1.3); 3.10 (br,
(OEtR}][BF4]° overlapping signals, 2H, allyl
Hp and Hy); 4.00 (m, 4H,
OCHy); 4.26 (br, 1H, allyl H
or He); 5.01 (br, 1H, allyl K
or He); 6.01 (apparent quint,
1H, allyl Hc)
T 1 9b  6.56 (br,2J(PH) 2.87 (br, 1H, allyl Hor Hp); 3.29 11.3 —16.0 1226s
[Pd(z*-ally){ PPRCH=C(Ph)OP(O)- and4J(PH) (br, 1H, allyl Ha or Hb);b3.75
(OPhR}[BF4]® not observed) (m, 1H, allyl Hyor He); 4.59
(br, 1H, allyl Hy or He); 5.75
(m, 1H, allyl H)
. — ! 10a 6.79 (dd2JPH)=  1.13(dt, 12H, CHCHs, 23)(HH) = 28.4 (d, ~11.0(d) 1221s
cisIPd PPRCH=C(Ph)OP(0)- 1054(PH)=2.5)  7.1,%(PH)=1.3); 4.05 J(PP)= 16)
(OEt)Z}Z][BF4]2 (m' 8H, ocw)
. ! 10b 6.99 (dd2)(PH) = 29.4(d, —21.0(d) 1244%
cis [P PPhCH=C(Ph)OP(O)- 10.041PHY = 2.5 (PP)= 16
(OPh)}2I[BF 2 0.4(PH)=2.5) (PP)=16)
. ! 11a 6.31 (mbr 0.28 (m br, 3H, Pd-Me); 0.99  13.3 —6.6 1272s, 12255
[PdMe{ PPhCH=C(Ph)OP(O)- (m br) (m,(12H, CHCHY: 3')66
(OEt):}{ PPhCH=C(Ph)OP(0)- (M. 41, OCH), 400
(OEtL}][BF4] (m, 4H, OCH)
POV PPhCH=C(POPlo).  11b 628(m) o.gjs( '(Da|_|r3)[):ear§r:1t) t,3H,Pd-Me  13.9 ~183 1310s, 1243s
(OPhY}{ PPhCH=C(Ph)OP(O)- :
(OPhY}][BF4]
p— 12 6.30(dd2JPH)=  2.56 (dd2J(PH)=11.6and 11) 2.3 (@)(PP)= ~20.0 1271s
[PACKPPhN(Me)PPh} - 12.0,43(PH) = 3.0) 480, P oflb);
{PPhCH=C(Ph)OP(0)- 32.5 (dd2)(PP)=
(OPhRHICFsSOy] 480 and 46,
PNP transto 1b);
37.6 (d,2J(PP)=
46, PNP cisto 1b)
————— 13a 5.84 (dd2)(PH)= 4.0, 0.80 (dd, 3H, Pd-Me3J(PH)= 8.8 (d, P ofla, -6.1 1271s
[P ngﬂg(gr?g“ﬂpe}é 43(PH) = 3.7) 6.4 and 5.8); 0.93 (m, 6H, 2)(PP)= 401); (1608,
{PERCH C(PMOP(O) CH,CH3): 2.40 (s, 3H, 70.8 (d, PNH) ¥(CO)]
(OEt)}][BF ] C(O)CHg); 3.66 (m, 4H,
OCH,); 9.56 (br, 1H, NH)
———— 13b 6.08 (m) 0.85 (M, 3H, Pd-Me); 2.14 8.5 (d, P oflb, -17.8 1301s
P‘?SE&SEEEE(CSS)OMP%)_ (s, C(O)CH); 9.57 2)(PP)= 412); [1608s,
(OPhY}][BF4] (br, 1H, NH) 71.0 (d, PN) »(CO)]
. — ! 14a 6.43 (m) 0.33 (dd, 3H, Pd-M&)(PH)=  15.0 (P ofla, -6.8 1223s
[Pdgg PP%CI::’H_Cﬁ(Eh)OOPP (©)- 6.4 and 6.2); 0.75 (m, 6H, J(PP)= 408)f [1672s,
(BF UeH{ PPRCHC(O)PH - CH,CH2); 3.53 (m, 4H, 18.3 (PCH)? »(CO)]
(BF4] OCHy); 4.36 (m, 2H, PCH)
. — ! 14b 6.30 (m) 0.63 (dd, 3H, Pd-M&J(PH)=  12.5 (P oflb, ~17.9 1241s
[Pdgghppf?gp“}%(%hg';(o)‘ 6.7 and 5.9): 4.31 (dd, 2H, J(PP)= 401)f [1672,
(BF pHPPRCHC(O)PR]- PCH, 2J(PH)= 10.2, 23.2 (PCH)? ¥(CO)]
(BFd] 43(PH) = 1.6)
. — ! 17 6.10 (m, P-CH=CPh 0.50 (m, 3H, Pd-Me); 0.84 12.1 (P oftb, —7.6(a 1310s (b)
[PdMe{ PPRCH=C(Ph)OP(O)- of 1b): 6.40 (m, (m, 6H, CHCHs): 3.55 2)(PP)=404)!  —18.1(lb) 1226vs (a)

(OEt:}{ PPRCH=C(Ph)OP(O)-

(OPh)}[BF.]

P—CH=CPh of1a)

(m, 4H, OCH)

16.6 (P ofla)9

aRecorded in CDGlunless otherwise stated, coupling constants in Hz, aromatic protons are omitted for clarity since their chemical shifts are totally
unexceptional® Recorded in Nujol unless otherwise stateth KBr. 9 In CDCl. @ Numbering of the allylic protons as pictured:

fPart A of an AB spin systenf.Part B of an AB spin system.

H, 4.19. Found: C, 61.34; H, 4.26. Yellow crystals, suitable for

He
Ha N\ Hg

0

He

X (X=

Clor Q)

[PACI{ Ph,PCH=C(Ph)OP(O)(OEt);} (u-Cl)] (3a). This com-

X-ray analysis, were obtained by slow diffusion of hexane into a plex was obtained as an orange solid, in a manner simil@ato
from [PdCL(COD)] (0.285 g, 1.0 mmol) anda (0.440 g, 1.0

CH,CI, solution of2b.
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mmol). Yield: 0.585 g (91%). Anal. Calcd forgHs,Cl,OgPsPd:

(M = 1235.45): C, 46.67; H, 4.24. Found: C, 46.66; H, 4.31.
Orange crystals, suitable for X-ray analysis, were obtained by slow
diffusion of EbO into a CHCI, solution of2b.

[PACH{ Ph,PCH=C(Ph)OP(O)(OPh)} (1#-Cl)], (3b). This com-
plex was obtained as an orange solid, in a manner simil@ato
from [PdCL(COD)] (0.345 g, 1.2 mmol) andb (0.648 g, 1.2
mmol). Yield: 0.760 g (88%). Anal. Calcd forggHs,Cl,.0sP4Pd
(M = 1427.63): C, 53.85; H, 3.67. Found: C, 54.17; H, 3.81.

[PdMe{Ph,PCH=C(Ph)OP(O)(OEt).} (u-Cl)]. (4a). This com-
plex was obtained as a beige solid, in a manner simil&atfsom
[Pd(Me)CI(COD)] (0.265 g, 1.0 mmol) arich (0.440 g, 1.0 mmol).
Yield: 0.512 g (86%). Anal. Calcd for 4gHssCl,OsP4Pch (M =
1194.62): C, 50.27; H, 4.89. Found: C, 50.17; H, 4.84.

[PdMe{Ph,PCH=C(Ph)OP(O)(OPh)} (u-Cl)]» (4b). This com-
plex was obtained as a beige solid, in a manner simil&atfsom
[Pd(Me)CI(COD)] (0.211 g, 0.8 mmol) aritb (0.429 g, 0.8 mmol).
Yield: 0.493 g (89%). Anal. Calcd for ¢gHsgCl,OgPsP (M =
1386.82): C, 57.16; H, 4.22. Found: C, 56.98; H, 4.11.

[Pd(dmba)CK Ph,PCH=C(Ph)OP(O)(OEt);}] (5a). Solid [Pd-
(dmba)g-Cl)], (0.276 g, 0.5 mmol) anda (0.440 g, 1.0 mmol)
were placed in a Schlenk flask and degassed in vacuo for 5 min.
Then, CHCI; (25 mL) was added, and the reaction mixture was
stirred for 0.5 h at room temperature. The volatiles were removed
under vacuum, and the residue was washed wWiOER x 15
mL) and pentane (20 mL). Compléa was obtained as a green-
yellow solid (0.645 g, 89%). Anal. Calcd fors@H3sCINO4P,Pd
(M = 716.48): C, 55.32; H, 5.35; N, 1.95. Found: C, 55.60; H,
5.22; N, 1.97.

[Pd(dmba)CK Ph,PCH=C(Ph)OP(O)(OPh)}] (5b). This com-
plex was obtained as a pale green-yellow solid, in a manner similar
to 5a from [Pd(dmba)¢-Cl)], (0.331 g, 0.6 mmol) andb (0.643
g, 1.2 mmol). Yield: 0.853 g (87%). Anal. Calcd foryfElss
CINO4P,Pd M = 812.56): C, 60.61; H, 4.71; N, 1.72. Found: C,
60.81; H, 4.86; N, 1.71.

[Pd(n3-C3Hs)CI{ Ph,PCH=C(Ph)OP(O)(OEt);}] (6a). This
complex was obtained as a yellow solid, in a manner simil&ato
from [Pd(3-C3Hs)(1-Cl)]» (0.205 g, 0.56 mmol) andla (0.493 g,
1.12 mmol). Yield: 0.635 g (91%). Anal. Calcd fopi3:CIO4P,-

Pd M = 623.34): C, 52.03; H, 5.01. Found: C, 51.72; H, 4.94.

[Pd(53-C3Hs)CI{ Ph,PCH=C(Ph)OP(O)(OPh)}] (6b). This
complex was obtained as a yellow solid, in a manner simil&ato
from [Pd(3-C3Hs)(«-Cl)]» (0.165 g, 0.43 mmol) andlb (0.461 g,
0.86 mmol). Yield: 0.590 g (94%). Anal. Calcd fog4El3;CIO4P,-

Pd M = 719.44): C, 58.43; H, 4.34. Found: C, 58.04; H, 4.30.

[PdMe(NCMe){ Ph,PCH=C(Ph)OP(O)(OEt);} [(BF ) (7a). To
a MeCN (20 mL) solution offa (0.109 g, 0.18 mmol) was added
in one portion solid AgBF (0.036 g, 0.09 mmol). The reaction
mixture was stirred for 2 h, during which it became almost colorless
and a pale gray precipitate was formed. After filtration over a Celite
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[PdMe(NCMe){ Ph,PCH=C(Ph)OP(O)(OPhY}(PFe) (7b).
This complex was obtained as a pale yellow powder, in a manner
similar to 7b from 4b (0.245 g, 0.177 mmol) and TIRK0.123 g,
0.354 mmol). Yield: 0.256 g (86%). Anal. Calcd fordEl 3 e
NO4PsPd M = 843.96): C, 49.81; H, 3.82; N, 1.66. Found: C,
49.72; H, 3.66; N, 1.80.

[Pd(dmba) Ph,PCH=C(Ph)OP(O)(OEt),}](BF.) (8a). This
complex was obtained as a yellow powder, in a manner similar to
7b, using CHCI, as solvent, fromba (0.094 g, 0.13 mmol) and
AgBF, (0.025 g, 0.13 mmol). Yield: 0.072 g (72%). Anal. Calcd
for CagH3sBFsNO,P,Pd M = 767.83): C, 51.62; H, 4.99; N, 1.82.
Found: C, 51.76; H, 4.94; N, 1.90.

[Pd(dmba){ Ph,PCH=C(Ph)OP(O)(OEt);}](PFe) (84). This
complex was obtained as a yellow-orange powder, in a manner
similar to 8a from 5a (0.143 g, 0.199 mmol) and TIRK0.070 g,

0.2 mmol). Yield: 0.135 g (82%). Anal. Calcd fog4E35FsNO4Ps-

Pd M = 825.99): C, 47.99; H, 4.64; N, 1.70. Found: C, 47.64;
H, 4.48; N, 1.56. Orange crystals, suitable for X-ray analysis, were
obtained by slow diffusion of ED into a CHClI, solution of8a.

[Pd(dmba){ Ph,PCH=C(Ph)OP(O)(OPh)}|(BF.5) (8b). This
complex was obtained as a pale-orange powder, in a manner similar
to 8a from 5b (0.406 g, 0.499 mmol) and AgBR0.098 g, 0.5
mmol). Yield: 0.376 g (87%). Anal. Calcd for,gH3sBFsNO4P,-

Pd M = 863.92): C, 57.00; H, 4.43; N, 1.62. Found: C, 57.17;
H, 4.48; N, 1.71.

[Pcli(173-ch 5){thPCH=C(Ph)OP(IO)(OEt)2}](BF4) (9a). To
a CHCI, (20 mL) solution of6a (0.150 g, 0.24 mmol) was added
in one portion solid AgBEin excess (0.070 g, 0.35 mmol). The
reaction mixture was stirred overnight. After filtration over a Celite
pad and evaporation of the volatiles under reduced pressure, the
residue was washed with & (2 x 15 mL). Compounda was
obtained as a pale green-brown powder (0.120 g, 75% yield). Anal.
Calcd for G7H3:BF,O,P,Pd (M = 674.70): C, 48.07; H, 4.63.
Found: C, 47.85; H, 4.77.

[PCIl(173-C3H5){ thPCH=C(Ph)OP((I3)(OPh)2}](BF4) (9b). This
complex was obtained as a yellow-brown solid, in a manner similar
to 9a from 6b (0.138 g, 0.19 mmol) and AgBR0.050 g, 0.25
mmol, excess). Yield: 0.118 g (81%). Anal. Calcd fossids;-
BF,0,P.Pd M = 770.79): C, 54.54; H, 4.05. Found: C, 54.17;
H, 3.69.

cis-[Pd{ Ph,PCH=C(Ph)OP(O)(OEt)} (BF)> (10a). Solid
[PA(NCMe)](BF4), (0.071 g, 0.16 mmol) anda (0.141 g, 0.32
mmol) were placed in a Schlenk flask and degassed in vacuo, before
CH,Cl, (20 mL) was added at room temperature. The reaction
mixture turned pale yellow and was stirred for 1 h. The volatiles
were removed under reduced pressure, and the residue was washed

pad and evaporation of the volatiles under reduced pressure, thewith E;O (2 x 10 mL) and pentane (2 10 mL). Complex10a

residue was washed with & (2 x 15 mL). Compound/a was
obtained as a pale brown powder (0.132 g, 84% yield). Anal. Calcd
for Co7H3BF,NO,P,Pd M = 689.71): C, 47.02; H, 4.68; N, 2.03.
Found: C, 46.68; H, 4.33; N, 1.66.

[PdMe(NCMe){ Ph,PCH—C(Ph)OP(O)(OPh)}(BF ) (7b). This

was obtained as a yellow-orange powder (0.154 g, 83% yield). Anal.
Calcd for GgHs,B,FsOgP,Pd M = 1160.85): C, 49.66; H, 4.52.
Found: C, 49.74; H, 4.30. Orange crystals, suitable for X-ray
analysis, were obtained by slow diffusion of,Gtinto a CHCI,
solution of 10a

complex was obtained as a beige powder, in a manner similar to cis—[PcIi{thPCH=C(Ph)OP(IO)(OPh)2}Z](BF4)2 (10b). This

7a from 4b (0.094 g, 0.067 mmol) and AgBR0.026 g, 0.136
mmol). A 1/1 mixture of MeCN and C}Cl, was used, owing to
the poor solubility of4b in pure MeCN. Yield: 0.084 g (79%).
Anal. Calcd for Q5H3QBF4NO4P2Pd N = 78580) C, 53.50; H,
4.10; N, 1.78. Found: C, 53.56; H, 4.18; N, 1.80.
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complex was obtained as a yellow solid, in @ manner similar to
10afrom [Pd(NCMe)](BF4). (0.098 g, 0.22 mmol) andib (0.236

g, 0.44 mmol). Yield: 0.262 g (88%). Anal. Calcd fogf£s,B,Fg-
OgP,Pd M = 1353.03): C, 56.81; H, 3.87. Found: C, 57.12; H,
3.67.



New Class of P,0O Ligands

[PdMe{ Ph,PCH=C(Ph)OP(O)(OEt),}{ PhPCH=C(Ph)OP-
(O)(OEY)2}1[BF 4] (11a). Solid 7a (0.050 g, 0.072 mmol) andla

[PdMe{ Ph,PCH=C(Ph)OP(O)(OPh} { Ph,PCH,C(O)Ph}]-
[BF4] (14b). This complex was obtained as a pale yellow-brown

(0.032 g, 0.072 mmol) were placed in a Schlenk flask and degassedsolid, in a manner similar té1a from 7b (0.039 g, 0.049 mmol)

in vacuo, before CECl, (5 mL) was added at room temperature.
The reaction mixture was stirred for 15 min, and the volatiles were
removed under reduced pressure. The residue was washed »@th Et
(10 mL) and pentane (10 mL). CompléXa was obtained as a
pale brown solid (0.075 g, 95% yield). Anal. Calcd fogd8ss-
BF,0OsP,Pd (M = 1089.08): C, 54.04; H, 5.09. Found: C, 54.44;
H, 5.38.

[PdMe{ PhPCH=C(Ph)OP(O)(OPh}{ Ph,PCH=C(Ph)OP-
(O)(OPh)}1IBF 4] (11b). This complex was obtained as a yellow
solid, in a manner similar té1a from 7b (0.108 g, 0.137 mmol)
andl1b (0.074 g, 0.137 mmol). Yield: 0.165 g (94%). Anal. Calcd
for CesHssBF4OgPsPd0.5 CHCl, (M = 11281.26+ 42.47): C,
59.43; H, 4.26. Found: C, 59.55; H, 4.36.

[PACI{ Ph,PN(Me)PPhp}{ Ph,PCH=C(Ph)OP(O)(OPh)} ][CF 5
SO;] (12). [PACL(COD)] (0.365 g, 1.278 mmol) and FPN(Me)-
PPh (0.510 g, 1.278 mmol) were placed in a Schlenk flask and
degassed in vacuo, before @, (15 mL) was added at room

temperature. The reaction mixture was stirred for 30 min, and the
volatiles were removed under reduced pressure. The residue wa;

washed with BO (2 x 10 mL) and hexane (15 mL), which afforded

1
[PACL{PhPN(Me)PPh}] as a pale yellow solid (0.665 g, 90%
yield 31P{*H} NMR: ¢ 31 ppm). The latter was suspended in a
CH,Cl,/acetonitrile mixture (ratio: 1/1, 25 mL), before Ag5O

and PRPCH,C(O)Ph (0.015 g, 0.049 mmol) in 97% yield (0.050
g), or from16 (0.055 g, 0.099 mmol) antb (0.053 g, 0.099 mmol)

in 92% yield (0.097 g). It could not be separated frbfi and15.
The relative ratio14/11/15, determined by3P{1H} NMR
spectroscopy, is 4:1:1. Yield: 0.050 g (97%). Anal. Calcd for
Cs3H46BF4OsPsPAd0.5CH.CI, (M = 1049.08— 42.47): C, 58.87;
H, 4.34. Found: C, 58.62; H, 4.26.

[PdMe{ Ph,PCH=C(Ph)OP(O)(OEt);}{ PhoPCH=C(Ph)OP-
(O)(OPh)}1[BF 4] (17). This complex was obtained as a yellow
solid, in a manner similar té1a from 7a (0.060 g, 0.087 mmol)
and1b (0.046 g, 0.087 mmol) in 93% vyield (0.096 g), or frofh
(0.075 g, 0.095 mmol) antlain 96% yield (0.105 g). It could not
be separated frohlaand1lb. The ratiol7/11a/11b, determined
by 31P{1H} NMR spectroscopy, is 4:1:1. Anal. Calcd fog8ss-
BF,OsP4Pd M = 1185.17): C, 57.77; H, 4.68. Found: C, 58.01;
H, 4.83.

X-ray Collection and Structure Determinations. The X-ray
data were collected on an Enraf-Nonius KappaCCD diffractometer
graphite monochromated Mookradiation = 0.71073 A) frans

b, 33, and18), an Enraf-Nonius CAD4 diffractometer (graphite
monochromated Mo K radiation1 = 0.71073 A) ga), and a
Philips PW1100 diffractometer (graphite monochromated @Gu K
radiationA = 1.54184 A) (0a). The structures were solved using
the direct-methods program SfRexcept forl18, for which the

CFs (0.296 g, 1.152 mmol) was added. The reaction mixture was SHELXS-97 was usetf. Subsequent full-matrix least-squares

stirred fa 3 h atroom temperature, filtered over a pad of dried
Celite, andlb (0.617 g, 1.150 mmol) was added. After stirring for

refinements were carried out using the SHELXL-97 progfasll
non-hydrogen atoms were refined with anisotropic parameters. The

30 min, the volatiles were removed under reduced pressure. Thehydrogen atoms were included in their calculated positions and

residue was washed with£&x (15 mL) and pentane (15 mL), which
afforded12 as a red-orange solid. Yield: 1.326 g (94% based on
1b, 84% overall). Anal. Calcd for §&H4CIFsNOP,PdS M =
1226.84): C, 56.78; H, 4.03; N, 1.14. Found: C, 56.39; H, 4.08;
N, 1.21.

[PdMe{Ph,PNHC(O)Me}{Ph,PCH=C(Ph)OP(O)(OEt),}]-
[BF4] (13a). This complex was obtained as a pale brown solid, in
a manner similar td 1a from 7a (0.053 g, 0.077 mmol) and h
PNHC(O)Me (0.018 g, 0.077 mmol). Yield: 0.063 g (92%). Anal.
Calcd for GogH43BFsNOsP:Pd (M = 891.91): C, 52.52; H, 4.86;
N, 1.57. Found: C, 52.28; H, 4.91; N, 1.69.

[PdMe{Ph,PNHC(O)Me}{Ph,PCH=C(Ph)OP(O)(OPh)}]-
[BF4] (13b). This complex was obtained as an off-white solid, in
a manner similar td 1a from 7b (0.044 g, 0.056 mmol) and h
PNHC(O)Me (0.013 g, 0.056 mmol). Yield: 0.048 g (88%). Anal.
Calcd for Q7H4gBF4N05P3Pd (M = 98800) C, 57.14; H, 4.39;
N, 1.42. Found: C, 57.38; H, 4.51; N, 1.31.

[PdMe{ PhoPCH=C(Ph)OP(O)(OEt),}{ PhPCH,C(O)Ph}]-
[BF4] (14a). This complex was obtained as a pale brown solid, in
a manner similar td 1a from 7a (0.046 g, 0.067 mmol) and h
PCHC(O)Ph (0.020 g, 0.067 mmol) in 90% vyield (0.058 g), or

from [PdMg Ph,PCH,C(O)PH (NCMe)][BF,4] (16) (0.055 g, 0.099
mmol) andla (0.043 g, 0.099 mmol) in 92% vyield (0.087 g). It

could not be separated frobiaand [PdM¢PhPCHC(O)PH{Ph-
PCHC(O)PR][BF,] (15). The relative ratid4a11a15, determined
by 31P{1H} NMR spectroscopy, is 9:1:1. Anal. Calcd foy846
BF4OsPsPd0.5CH,Cl, (M = 952.99+ 42.47): C, 54.90; H, 4.76.
Found: C, 55.29; H, 4.63.

refined with a riding model.

Results and Discussion

Synthesis of the Phosphine Phosphate Ligands Pk
PCH=C(Ph)OP(O)(ORY), (1). Deprotonation of P#PCHC-
(O)PH52with KH, in THF at room temperature, yielded the
corresponding enolate K[PRCH=-C(+-0)Ph] A,*® which
was reacted in situ with CIP(O)(ORj}o afford the new
phosphine-phosphates BRCH=C(Ph)OP(O)(OR) (1a)

(R =Et) and (b) (R = Ph) in high yields £ 80%) (Scheme
1). Although this selective PO bond formation was
anticipated, owing to the known oxophilicity of phosphorus,
it contrasts with the selectivefC coupling observed when
the lithium salts Li[CH=-C(=-O)Ph] or Li[PhPCH-
C(=-O)NPh] were reacted with PIRCI, to give the keto-
phosphine PPCHC(O)PH>2and the bisphosphine (B#)-
CHC(O)NPHR,%° respectively. ThéP{*H} NMR spectra of
lab consisted in a single phosphine resonance ai e&29,
accompanied by a signal at lower field, —7.0 (1a) or
—18.0 (Lb), which was ascribed to the phosphate moiety
(Table 1). In addition, bothH NMR spectra showed only
one enolate resonance (Table 1). The absence oi@#®B)

(41) Burla, M. C.; Camalli, M.; Cascarano, G.; Giacovazzo, C.; Polidori,
G.; Spagna, R.; Viterbo, D. SIR Prograt Appl. Crystallogr1989
22, 389.

(42) Sheldrick, G. MSHELXL97, Program for the Refinement of Crystal
Structures University of Gdtingen: Gitingen, Germany, 1997.

(43) Veya, P.; Floriani, C.; Chiesi-Villa, A.; Guastini, C.; Dedieu, A,;
Ingold, F.; Braunstein, FOrganometallics1993 12, 4359.
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Scheme 1 Scheme 2
Ph  KH < Ph PdCI,{PPh,CH=C(Ph)OP(O)(OR Phyp” Xy P
thp/\ﬂ/ thR/‘\wr 2[PPh; (Ph)OP(O)(OR),], W
L
0 - Hy -0 2a R = Et #ans/ois: 83/17 Pd o _or
2b R = Ph trans/cis: 90/10 7 N s
A N & oR
Me,
PACI(COD) T 5aR = Et
IP(O)(OR G
l CI:( C|(O)(O )2 -COD 5bR = Ph
Ph 0.5 [Pd(dmba)(u-Cl)l,
Ph _
— Ph,P OP(O)(OR),
PhoP OP(O)(OR), 1aR=Et
1aR = Et 1bR=Ph 0.5 [Pd(nallyl)(u-Cl)l,
1bR=Ph

coupling in the*P{*H} NMR spectra and the magnitude of

0.5 PACIX(COD)
0.5 COD

the 2J(PH) for the enolate protons (3.1 and 3.5 Hz f& RO //O Phap ) thp/%rph
and1lb, respectively) suggested that only fiésomers were RO/P\O A T D—pn a4 2 o or
obtained in this reaction. This was confirmed by the X-ray BNPAN N 5 Pd\ //p<
structures of some of the Pd complexes obtained Wthide Fh pin, O X IR ¢ o R
infra) since no isomerization about the=C double bond is o’ ©OR Zi?:ffh
anticipated upon metal coordination. We propose that the g:i:‘é‘l"’;‘{:ﬁ'h

stereoselectivity of the reaction results from the formation
of the five-membered intermediate (Scheme 1¥3 Then,

4a X =Me, R=Et
4b X =Me, R=Ph

subsequent reactions with chlorophosphates would lead to ) )
the Z-isomers ofL. Similar intermediates have been reported e enolate proton resonances (Table 1). Interestingly, in the
for the deprotonated form of methylenediphosphonates, latter case, the S|gnals fo.r_tlces andtransspmers showed
B-ketophosphonates, or phosphine oxitfe4s not only. different intensities, but also different patterns.
Neutral Complexes.Reactions ofLab with neutral Pd- Indeed, in contrast to the doublet of doublets observed for
(I) precursors led to the formation of complex@s6a,b, thecis isomer,_ the en_olate protons of ttransisomer gave
as a result of either substitution of a cyclooctadiene (COD) & doublet of virtual trlpl_ets, as a result of the existence of a
ligand @—4ab) or cleavage of chloro-bridged dimers strongtr_ansJ(PE) _coupllng between the P atoms of the two
(5,6a,0) (Scheme 2). Their spectroscopic data clearly indicate Phosphines _mo'et'éé’-sz _
that the enolphosphatghosphinesk) behave as monoden-  The reaction of [Pd(X)CI(COD)] (X= Cl, Me) with 1
tate-P ligands (Table 1). Thus, th¢P=0) vibrations of mol equiv of 1 led, excluswt_aly, to the chlorlde—bndg.ed
2-6ab occurred in the same region as those of the free dimers3ab and 4ab, respectively. Mononuclear species,
ligands1. In the3P{*H} NMR spectra, P-coordination was N which 1 would act as a P,O-chelate, have not been
reflected in the low field shift 46 = +34 to 51 ppm)  detected. The X-ray structure of [P@HPCH=C(Ph)OP-
observed for the phosphine resonances by comparison with(O)(OEtk} (u-Cl)]2 (38) has been determined (vide infra).
those ofl, whereas the phosphate signals remain unaffected 1he dmba K,N-dimethylbenzylamine) complexes—6
(Table 1). Complexes [PdgPhPCH=C(Ph)OP(O)(OR} ] presented spectroscopic characteristics similar to _those of
(2) (8 R = Et; b, R = Ph) were obtained as mixtures of 2—4. In the'H NMR spectra obab, the*J(PH) coup_llngs
trangcis isomers, with a predominance of tiransisomer?’ observed for the NMgand CH protons of the dmba ligand,
Yet, this was more pronouncedai, for which the structure  Which range from 1.4 to 3 Hz, are in accordance witreas
of thetransisomer was confirmed by X-ray diffraction, with ~@rrangement of P and N atoms around the Pd center (Table
a trangcis ratio of 90/10, as compared to the 83/17 ratio 1. Scheme 2j2°* The #P resonances of the/-allyl
found for2a. Note that théP resonances of the phosphine COmplexessa,b were observed at higher field €a. 5) than
moieties of thetrans isomers occurred at higher field than those of5ab (0 ca. 20.8). Both the chemical shifts and the
those of thecis isomer ¢ ca. 4.7 vs 12.138-50 whereas in patterns of théH allylic resonances dda,b resemble those

the 'H NMR spectra, the opposite trend was observed for rep;ggged for other *-allyl)PdCI(PR)] complexes (Table
1) 55,

(44) lorga, B.; Savignac, Rl. Organomet. Chen001, 624, 203 and

references therein. (51) Verstuyft, A. W.; Nelson, J. H.; Redfield, D. A.; Cary, L. Worg.

(45) Evreinov, V. I.; Antoshin, A. E.; Safronova, Z. V.; Kharitonov, A.
V.; Tsvetkov, E. N.Izv. Akad. Nauk SSSR, Ser. Khib®9Q 873.

(46) Truter, M. R,; Lestas, C. NIl. Chem. Soc. A971, 738.

(47) transandcis isomers refer to the arrangement of the P atoms around
the Pd center.
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Table 2. Selected Crystallographic Data for Complexems2b, 3a:2EtO, 8a, 10aCH,Cl,, and18

trans2b 3a2ERO 8a 10aCH,Cl» 18
formula Q;4H52C|208P4Pd Q;gHszC|40gP4sz'C4H 100 C33H33F6NO4P3Pd QgngBngOgPAPd'CHzclza C23HzeB F4N20PPd
fw 1250.32 1309.58 825.99 1225.62 570.64
color yellow orange orange orange yellow
cryst syst triclinic monoclinic monoclinic orthorhombic _triclinic
space group P1 C2/c P2i/c Pnna R
T/IK 293 173 293 173 173
alA 12.402(2) 24.9753(4) 10.3847(5) 17.133(3) 10.172(5)
b/A 13.622(2) 9.8367(3) 21.2069(5) 22.051(5) 11.129(5)
c/A 18.275(4) 23.6794(4) 16.9638(5) 14.681(3) 11.190(5)
o/deg 71.93(5) 920 90 90 99.023(5)
pldeg 86.04(5) 96.923(3) 100.346(5) 90 104.466(5)
yldeg 77.52(5) 90 90 90 95.540(5)
VIA3 2865.7(9) 5775.0(2) 3675.1(2) 5546.5(8) 1199.2(10)
z 2 4 4 4 2
F(000) 1280 2664 1680 2464 576
w/mmt 0.585 0.970 0.702 5.346 0.890
data measured 10981 6593 7444 3368 14964
data withl > 20(1) 8675 5492 5361 2610 13091
R 0.0385 0.0501 0.0497 0.0582 0.0436
Ry 0.1054 0.1599 0.1233 0.1615 0.1171

aThe 20 OEt protons have not been included owing to the significant disorder oberved for these groups.

Figure 1. ATOMS view of the molecular structure tfans-2b; for better
clarity, only theipso carbon atoms of the phenyl groups of the phosphate

moieties have been represented. Figure 2. ATOMS view of the molecular structure &a-2EtO.

Crystal Structures of trans2b and 3a. Views of the i " .
crystal structures otrans{PdCh{ PhPCH=C(Ph)OP(O)- distances .and angles within the phosphate moieties are
(OPh}} ] (2b) and [PAC{ PhbPCH=C(Ph)OP(O)(OE#} (u- nonexceptional. The C(l%p(14_) (b and3a) and C(45)-

Cl)]» (3a) are shown in Figures 1 and 2, respectively, with ©(46) €b) bond distances, which range from 1.323(3) to
crystallographic data in Table 2 and selected bond Iengthsl'330(6) A (Table 3), are in agreement with the presence of
and angles in Table 3. There is an effective center of & double bond between these atoms. Eisarrangement of
symmetry in complexb, at the Pd center, which is not the PP and phosphate groups about these double bonds
crystallographically imposed. In both complexes, the pd confirms the formation ofl as the Z-isomer. In both
center adopts a square planar geometry. Bond lengths an®mPlexes, the phosphate groups bend toward the Pd center,
angles involving the Pd, P, and Cl atoms are within the same thus leading the enolate O atoms of the phosphate moieties
range as those reported for othems [PdCh(L),]5°5758and to occupy almost.an apical position above (or below) the.
[PACI(L)(u-Cl)]. complexes (L= phosphine}?5° Bond metal. However, it seems reasonable to_ assume that this
results from the favorableis geometry of ligandl, rather

(57) Leznoff, D. B.; Rancurel, C.; Sutter, J. P.; Rettig, S. J.; Pink, M.; than from an inclination toward the formation of penta-

Kahn, O.Organometallics1999 18, 5097. coordinated species. Indeed, the O{Pg and O(5)Pd
8 53”2?“ S.i Dinjus, E.; Jung, B.; Gorls, B. Naturforsch., BLO96 51, distances ir2b (3.549 and 3.460 A, respectively) and the

(59) golTes, S. i-: fas\llds”,(P.;NHurth%xse, M. B.; éﬁllxr/ﬁ_gDé&;sgazrg%er, G. O(1)—Pd distance ir8a (3.272 A) only suggest weak, if not
.; Toner, A. J.; Walker, N. MJ. rganomet. e . . . . - -
(60) Newkome, G. M. Evans, D. W.. Fronczek, F.IRorg, Chem 1987, negligeable, ®@-Pd interactions. Another feature of note is

26, 3500. the fact that, irBa, the C(1)-C(6), P(1), Pd, and Cl(Ratoms
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are within the same plane, which is almost perpendicular to Table 3. Selected Bond Lengths (A) and Angles (deg) tiams2b

that containing the Pd, Cl, and P atoms. and3a
Cationic Complexes.The cationic complexe§—9ab trans-2b 3a
hav_e bgen prepargd by reaction of the' corresponding c'hloro- SaCIL 2.2924(6) SaCIL 2288(2)
derivatives4—6 with AgBF, (or TIPF; in the case of7b Pd—CI2 2.2926(6) Pe-CI2 2.334(2)
and 8d) (egs 1-3). Halide abstraction occurs under mild PSCP;, 2-343(2)% igCIZ’ 22-4;38((22))
. ; P, ; Pd-P 357 P1 244
con_o!ltlons, and—9 hav_e been |solat_ed in high yields after P1-C13 181102) P1C13 1805(4)
purification (see Experimental Section). These new com- c13-c14 1.323(3) Cc13C14 1.330(6)
plexes are stabilized by coordination of the phosphate C14-0O1 1.408(3) C1401 1.395(5)
function of 1 via the oxygen atom of the=FO groups, which e iizggg ore i'igggg
leads to the formation of seven-membered ring metallocycles. o3-p2 1.576(2) 03 P2 1.557(4)
The latter represent, to the best of our knowledge (SciFinder 04-P2 1.570(2) 04P2 1.554(3)
search), the first examples of metallocycles of this size gi;féis iggég;
involving a P,O-chelate. Selected spectroscopic data-6f C46-05 1.403(3)
are given in Table 1. As a result of the O-coordination, the 05-P4 1.586(2)
v(P=0) vibrations of7—9 occurred at shorter wavenumbers 83::21 i'gggg;
(ca. 60 cm?) than those oft—6. A slight low field shift of 08—P4 1.567(2)
the'H and3'P resonances of the P,O-ligands was observed, g:i—gg:glf %3778498‘(1%) 811;53:8:3 ;;61-;(14()5)
by comparison with those of the corre_spondmg neutral Cl—Pd—P3 91.94(2) ClePd—p1 88.39(d)
complexesA—6 (Table 1). Note that there is no observable  c2—pd-P3 91.95(2) Cl2Pd-CI2 84.76(4)
3+43(PP) coupling. Cl2—Pd-P3 88.65(2) Cl2Pd-P1 94.60(4)
P1-Pd-P3 178.72(2) Cl2-Pd-P1 177.31(4)
P1-C13-C14 129.8(2) P1C13-C14 124.9(3)
AgBF oh C13-C14-C15 125.2(2) C13C14-C15 124.1(4)
4 pth/\\( X C13-C14-01 119.7(2) C13C14-01 116.4(4)
or M / C14-01-P2 126.6(2) C1401-P2 128.0(3)
4 _PFs e\P 2 /O ) P3-C45-C46 124.2(2)
MeCN 4 =P C45-C46-C47 127.0(2)
MeCN | OR C45-C46-05 117.4(2)
OR C46-05—P4 125.4(2)
7a R=Et, X=BF,
7b R=Ph, X =BF, Table 4. Selected Bond Lengths (A) and Angles (deg) 8af and
7b' R = Ph, X = PFg 10aCH,Cl,
8a 10aCH,Cl;
AgBF, Pd-P1 2.249(2) PeP1 2.225(2)
or thp/\/ Pd-01 2.178(4) Pe-04 2.108(6)
TIPF Pd-N 2.127(4) P+C13 1.792(6)
5 — 6, Pd-C33 1.983(5) C13C14 1.321(8)
,4 O/P\OR P1-C13 1.803(5) C1401 1.417(7)
RO/ C13-C14 1.321(7) 0%P2 1.558(5)
Me2 01-P2 1.478(4) P202 1.526(5)
P2-02 1.583(4 P203 1.557(7
8a R=Et X=BF, P2-03 1.540%4; P204 1.44857;
8a'R =Et, X =PFs P2-04 1.543(4)
8b R=Ph, X=BF, 02-Cl4 1.411(6)
N—C25 1.492(8)
N—-C26 1.474(8)
N—C27 1.487(7)
eh | BF P1-Pd-01 95.3(2) P1+Pd-P1 99.6(2)
thP’\\/ 4 P1—Pd—N 170.7(2) P+Pd-04 90.6(2)
AgBF, A o P1-Pd-C33 95.1(2) P+Pd— 04 165.0(2)
6 — CPONO 3) 01-Pd-N 88.6(2) 04-Pd-04 81.9(4)
. 0//P\OR 01-Pd-C33 167.7(2) PeP1-C13 103.2(2)
RO N—Pd-C33 82.1(2) P+C13-C14 128.6(4)
P1-C13-Cl14 126.4(4) C13C14-01 119.4(6)
9aR = Et 01-P2-02 112.6(2) 01P2-04 112.5(3)
9bR =Ph C13-C14-02 118.4(4)

I 167.7(2) and 170.7(2), respectively. Chelation of the Pd
The crystal structure of [Pd(dmE&hPCH=C(Ph)OR center by the dmba ligand is reflected in the-fRtland Pd-
(O)(OEt)Z}][PFe] (8d) has been determined. Crystallographic C(33) distances of 2.127(4) and 1.983(5) A, respectively,
data and selected bond lengths and angles are given in Tablegnd in the N-Pd—C(33) angle of 82.1(2) These values are

2 and 4, respectively. A view of the molecular structure of similar to those reported for other complexes containing this
the cation in8a is shown in Figure 3. The coordination ligand%:~% Coordination of the P(1) atom [PdP(1) =
around the Pd center is best described as distorted squar@.249(2) A] occurs ircis position to the aryl group of the
planar, with O(1}-Pd—C(33) and P(1)Pd-N angles of dmba ligand (antisymbiotic effect), as already observed in
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Figure 4. CrystalMaker view of the ligand environment at the Pd center
in the cation of8a, showing the puckering of the seven-membered ring.

consequence of the obtuse P{Pd—0O(1) angle, the P(1)
Pd—C(33) angle [95.1(2) is more acute (by 25°) than
those found in other complexes containing both dmba and
P,O-chelate§! 63656669 The most striking feature is the
distortion observed in the seven-membered chelate resulting
in a puckered sofa conformation (Figure 4). Thus, whereas
the Pd, P(1), O(2), P(2), and O(1) atoms are almost coplanar
within 0.106(5) A, C(13) and C(14) deviate from the plane
by 1.245(5) and 1.166(5) A, respectively. A dihedral angle
related system%.62666’The Pd-O(1) distance of 2.178(4)  of 120.2(5} is observed between the best plane passing
A clearly indicates the presence of a dative bond betweenthrough Pd, P(1), O(2), P(2), and O(1) and that containing
these two atoms, thus confirming the chelation of the Pd by C(13), C(14), and C(15) (thesocarbon atom of the phenyl
the enolphosphatephosphine ligandla To the best of our  ring attached to the double bond). This contrasts with the
knowledge, there is no other structurally characterized seven-situation observed for the six-membered ring compisx
membered mononuclear metallocycle involving a P,O-chelate T 1 ) )

(CSD search). The P;Bite angle [P(1}Pd-0(1)=95.1-  [PACL{PRPCH=C(Ph)OPPR], in which the Pd, P, C, C,
(1] is more obtuse than those reported for five- and six- O @hd P atoms are almost coplaffaFhus, increasing the
membered P,0-metallocycles, which range front 86 ring size py one unit leads to a remarkable change of the
85°61-63.6568-71 and 88 to 93.5,547277 respectively. In the conformation of the metaIIO(.:yCIe. . .

case of a Pd atom chelated with a BINAPO ligand (BINAPO ~ Treatment of the chloro-bridged dimeta,b with AgBF,

= 2-diphenylphosphino‘aiphenylphosphinyl-1/4binaph- or TI_F_’FB z_;\ffor(_lled the_ mononuclear de_nvgtwésfor which
thalene), the P,0-bite angle of the resulting eight-memberedStab'l'Zat'On is achieved by coordination of a solvent

ring [90.9(1F]"8is also more acute than 8&. As a probable molecule (acetonitrile). Interestingly, this reaction was re-
gioselective, with formation, as sole product, of the isomer

(61) Braunstein, P.; Matt, D.; Nobel, D.; Bouaoud, S.-E.; Grandjead, D.  in which the Me group is in &is position to the P atom

Figure 3. ATOMS view of the molecular structure of the cation8a'.

Organomet. Cheml986 301, 401. 3 — ; ;
(62) Braunstein, P.; Matt, D.; Dusausoy, Y.; Fischer, J.; Mitschler, A,; [ ‘](P,H) Ca,' 2.5 HZ] (.eq 1)'_ A.IthOUQh t.hIS arrangemem IS

Ricard, L.J. Am. Chem. Sod.981, 103 5115. consistent with the antisymbiotic effect, it contrasts with that
(63) Andrieu, J.; Braunstein, P.; Dusausoy, Y.; Ghermani, Ningrg. encountered in related complexes, of the type [PdMe-

Chem.1996 35, 7174. . . . .
(64) Coyle, R. J.; Slovokhotov, Y. L.; Antipin, M. Y.; Grushin, V. V. (NCMe)(P,0)], for which mixtures ofcis andtransisomers

Polyhedron1998 17, 3059. were obtained* Reaction of [Pd(NCMae}[BF 4], with 2 mol
©9) (lavllad i]ﬁ:gF + Kojima, Y.; Yamamoto, YJ. Organomet. Cher200Q equiv of 1 led to the formation of complexekdab (eq 4).
(66) Mattheis, C.; Braunstein, B. Organomet. Chen2001, 621, 218. In the IR spectrum, the(P=O0) vibrations are observed at

(67) Bouaoud, S.-E.; Braunstein, P.; Grandjean, D.; Matt, D.; Nobel, D. 1221 and 1244 cnt for 10a and 10b, respectively (Table
Chem. Soc., Chem. Commu®87, 489. . . . . .
(68) Lindner, E.. Schmid, M.; Wegner, P.; Nachtigal, C.; Steimann, M.; 1), Which unambiguously establishes coordination of the

Fawzi, R.Inorg. Chim. Acta1999 296 103. P=0 groups to the Pd centers. By comparison withre
(69) %'g;"s"_‘iéég"'lgéfm'th' M. B.; Woollins, J. DI. Chem. Soc., Dalton - agqnances Gi—9, those of the PP groups irL0 underwent
(70) Matt, D.; Sutter-Beydoun, N.; Brunette, J. P.; Balegroune, F.; alow field shift of ca. 7 ppm, whereas those of the phosphate

Grandjean, DInorg. Chem.1993 32, 3488. i iti i i ]
(71) Braunstein, P.; Douce, L.; Fischer, J.; Craig, N. C.; Goetz-Grandmont, functlglnallmes were shifted towar(.j higher field by Ca'.5 ppm.
G.: Matt, D.Inorg. Chim. Actal992 194, 151. Both 3'P{1H} NMR spectra consisted of only two signals,

(72) Leung, P.-H.; He, G.; Lang, H.; Liu, A.; Loh, S.-K.; Selvaratnam, S.;  indicating that only one geometric isomer was formed. The
Mok, K. F.; White, A. J. P.; Williams, D. Jlretrahedror200Q 56, 7.

(73) Gil, N.; Nelson, J. HTetrahedror200Q 56, 71. magnitude of tha(PP) valut_a (16 Hz_) gnd other spectroscopic
(74) Butts, C. P.; Crosby, J.; Lioyd-Jones, G. C.; Stephen, 9. Chem. data suggested the formation of ttisisomeré* 717274\ hen
Soc., Chem. Commufi99g 1707. [Pd(NCMe)][BF 4], was reacted with only 1 mol equiv of

(75) Bei, X.; Uno, T.; Norris, J.; Turner, H. W.; Weinberg, W. H.; Guram,
A. S.; Petersen, J. lOrganometallics1999 18, 1840.

(76) Leung, P.-H.; Lang, H.; White, A. J. P.; Williams, D.Tktrahedron: (78) Gladiali, S.; Pulacchini, S.; Fabbri, D.; Manassero, M.; Sansoni, M.
Asymmetryl998 9, 2961. Tetrahedron: Asymmetry998 9, 391.

(77) Leung, P.-H.; Loh, S.-K.; Vittal, J. J.; White, A. J. P.; Williams, D. J.  (79) Redwine, K. D.; Wilson, W. L.; Moses, D. G.; Catalano, V. J.; Nelson,
J. Chem. Soc., Chem. Commuad®897. J. H.Inorg. Chem.200Q 39, 3392.
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Figure 6. CrystalMaker view of the ligand environment at the Pd center

in the cation ofLl0a-CH,Cl,, showing the puckering of the seven-membered
Figure 5. ATOMS view of the molecular structure of the cation in rings.
10a CHCl. atoms by 1.232(7) and 1.283(7) A, respectively. A partial
view of the puckering of the chelate rings is depicted in
Figure 6. The dihedral angle between the latter plane and
that containing the C(13), C(14), and C(15) atoms is more
acute than irBa [111.9(7) vs 120.2(59].

Reaction of7b with 1 mol equiv oflb afforded the new

1, complexeslOwere also formed and unreacted Pd starting
material was recovered. No other products were detected,
showing that the formation of the bis-P,O-chelafekis
thermodynamically favored.

[Pd(MeCN),1(BF,), complex11b (eq 5). The3'P{*H} NMR spectrum showed
only two singlets at) 13.9 and—18.3 ppm, which were
‘ 1(2equiv.) ascribed to the phosphine and phosphate moieties, respec-
tively (Table 1). The former value is intermediate between
P ’;"2 P;%.‘\/Fﬂ(smz the chemical shifts observed fdb in 7b (6 21.5), where
N ¥ : this ligand behaves as a Rgbelate, and irl2 (6 2.3), in
O AN _ P @ which it is P-monocoordinated imans position to another
RO//P_O O_FE)\ROR phosphine moiety. This suggests the occurrence in solution
RO 10aR = Et of a fast equilibrium on the NMR time scalelb = 110,
10b R = Ph resulting from the P,O-ligand acting alternatively as a

chelating or monodentate ligand (eq 5). TheNMR data
The proposed structure was confirmed by an X-ray are consistent with the proposed structure. Thus, the reso-

S . ' ' nance for the methyl protons is a tripléd(PH) ~ 3J(P'H)
determination ofcis-[Pd{ PhhPCH=C(Ph)OP(O)(OE%} 2]- N i .
[BF4]2 (10aCH.CI,). Crystallographic data and selected bond rNe56leif (l;:‘zt]ﬁethee tl:’:’l?bsjﬁ gﬁ:ﬁzgz a&%i?{é?}%g?#gﬁs% a‘?’hae
lengths and angles are given in Tables 2 and 4, respectively.d.]cf i dq i d g ted by the two i ahﬁ
A view of the molecular structure of the cationliia CH,Cl, difierent coordination modes adopted by the two 1gahios
is shown in Figure 5, confirming that the Pd center is chelated in 11bwere ewdencgd n the solid state IR spectrum (KBr
by two enolphosphatephosphine ligand$a. The phosphine pellet). Twov(P=0) vibrations at 1319 and 1243 cﬁrw_ere
moieties occupy mutuallgis positions [P(1)}Pd—P(1) = observgd lfor the.l frehe qrdb_lcoborgmgtef@bfunctlgn, d
99.6(2F], and aC; axis passes through the Pd center. The ][espﬁcnve y.I.A sw(;n ar hemiabrie be a\ﬁor as eer;jo Serve
Pd-P(1) [2.225(2) A] and PdO(4) [2.108(6) A] bond  [oF the P,O-ligands RRNRC(O)Me (R= H, Me) and Pk

distances are within the expected range for bis-P,O-cheIateaPPCgbcgl):)Pg'réc?nmrlixlels anz;llogcr)ucsj IfC:b}nl.?e., [Eg'\lﬂe'
palladium complexe%:71.7279The coordination environment (P,O}[PF]. ompiex 11a prepared from/a a a

of the palladium atom is best described as distorted squareShOWEd in_solution the same dynamic behavior as that

. . . observed forl1lb (eq 5). In particular, this was reflected in
Elc?r?da rI’evr\?gtlrt]has Pa(rllzpsn_g(l)é:)vz\?i?f%lr? (t)f]:el 65'8(_%:;?3:%?5 the the 3P NMR spectrum, which consisted of two singlet®at
’ 13.3 ppm (PP$) and —6.6 ppm (phosphate) (Table 1). As

expected range. As in [IPd(dml@ﬁ’)’QPCI-I=C(Ph)OP(O) for 11b, the solid state IR spectrum revealed a static situation
(OEt)} [PFg] (8d), the seven-membered ring adopts a sofa with one ligandla acting as a P,O-chelate(P=0): 1225
conformation, with C(13) and C(14) deviating from the mean cm~] while the other one is only P-coordinatee(P=0):
plane passing through the PB(1)-O(1)—P(2) and O(4) 1272 cnrd].
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The chelating ability ofla and 1b was further compared
to that of other P,0-ligands. Reaction of compleXasand
7b with 1 mol equiv of the acetamidophosphine,PNHC-
(O)Me* led to the formation of a single product3a and
13b, respectively (eq 6). ThEP{*H} NMR spectrum ofl3a
showed two doublets at 70.8 and 8.8 ppm, which were
ascribed to the BR moieties of the acetamidophosphine and
1a, respectively. Thé)(PP) value of 401 Hz indicatesmans

Ph
r:_k _l BF4
o

PhyP
| _OR
P + Ph,PNHC(O)Me
Me—Pd=-0 OR —0— " »
- MeCN
N
C Ph
Me BF
O 4
7aR=Et Z \,.OR
7bR=Ph Ph,P 7 “OR
Me—Pd=—0 (6)
Ph, \N)\Me
|
H
13aR = Et
13bR =Ph

product) and ofLl1laand15°* (Scheme 3). This was clearly
evidenced in thé'P{*H} NMR spectrum, which showed the
signals of an AB spin system fdr4a at 6 15.0 and 18.3
ppm, ascribed to the PR moieties ofla and the ketophos-
phine, respectively. In the latter case, the chemical shift is
characteristic for this ligand being P-monocoordinated to a
cationic Pd centet The magnitude of théJ(PP) value (408
Hz) is indicative of a mutuatrans arrangement of these
nuclei. The proposed structure bdais consistent with the
presence in the IR spectrum (KBr) of two strong vibrations
at 1672 and 1223 cm, corresponding to the frees€0 and
coordinated P-O functions, respectively. Interestingly, when
complex16>* was treated with 1 mol equiv dfa, the same
reaction mixture was obtained (Scheme 3). This suggests the
existence of a thermodynamic equilibrium betwédmaand
1laand15 (Scheme 3), and in sitttP{*H} NMR spectros-
copy gave a relative ratio of 9:1:1, respectively.

Similarly, a mixture of products consisting @#b, 11b,
and15was obtained fron7b and PAPCHC(O)Ph, or from
16 and 1b. The spectroscopic data are consistent with the
proposed structure fot4b (Table 1). However, the three
products are present in different proportions to the previous

arrangement of these two nuclei around the Pd center. Themixture. Indeed, the ratid4b and 11b and 15 was 4:1:1,
range of3!P chemical shifts indicates that the pre-existing respectively.

P,O-chelate in7a has been displaced by the incoming
acetamidophosphine ligafitiThis was confirmed by the IR

Although ligand redistribution is observed, these experi-
ments indicate a higher chelating ability D& and 1b than

spectrum which showed two strong vibrations at 1608 and Ph,PCH,C(O)Ph. Not only was chelation of the latter not

1271 cm?, ascribed to coordinated=€0 of PhPNHC(O)-

Me (free ligand: 1715 cmi)>* and free P=O of 1a, respec-
tively. In the 'H NMR spectrum, the enolate resonance
occurred ab 5.84 ppm, whereas the NH proton was observed
ato 9.56 ppm. The spectroscopic datal®b are similar to
those ofl3aand are consistent with the proposed structure.
The only noticeable difference concerns fie resonance

of the enolate proton, which resonatedLiBb at lower field

than in13a (6 6.08 ppm).

If the acetamido phosphine FHNHC(O)Me clearly
presents a higher chelating ability thkmand1b, a different
situation was observed when the complexasnd7b were
reacted with thegg-ketophosphine BRCH,C(O)Ph. In both

observed in the presence of coordinaledor 1b (seelda
and14b), but the enolphosphatophosphiteeor 1b displaces

the pre-existing P,O-chelate ih6. It is interesting that
chelation oflaandlbin 7aand7b, respectively, gives rise

to more stable complexes than that of,PGH,C(O)Ph in

16. Furthermore, the observed product ratios, with a stronger
predominance of4athan14b, suggest different chelating
abilities for the two enolphosphato-ligantiaandl1b. Thus,

we set out to prepare a complex containing both ligands,
which could compete for chelation around the metal center.
Complexesra and7b were treated with 1 mol equiv dfb
andla, respectively. Both reactions led to the formation of
17, as the main product, accompanied with thaflbh and

cases, a mixture of products was obtained. The reaction with11b, with similar relative ratios of 4:1:1, respectively

7a led to the formation of the new compledda (main

(eq 7).
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Scheme 3
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Me—Pd=—0
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N
c
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16
ph _| BF, which the two enolate resonanceslafoccur atd 6.10 and
pthr/(o 6.40. The former chemical shift value is very similar to that
SRR observed for the enolate proton b when this ligand acts
Me—Fd=—0" or as a P-monodentate ligand in other cationic Pd complexes,
N such asl2 or 13b, thus supporting the same coordination
e mode for this ligand irlL7. This indicates thata presents a
oR=pPh higher chelating ability thadb. This is probably due to the
<12 (7b) slightly enhanced electron-donating properties of the ethoxy
or b (7a) J - ecH groups inlacompared to that of the phenoxy groupslin
Ph Ph Ph resulting in the P=O function in 1a being more electron-
. Pﬁ(o e . pﬁko e . PAO e rich than that ofLb. In the free ligands, the lower electron-
,/F'«OE' ’ , | -oet 1 oPh donating properties of the OPh groupslimare also reflected
Me_ﬁd*oo OEC‘)Ph e M e o @ in the 3P phosphate resonancé 18.0) and in the
e e Pl oa R, inqz: »(P=0) vibration (1313 cm?), which occurred at higher
N N ~° field (0 —7.0) and higher wavenumbers (1277 &jnthan
Ph :
1, e w those ofla, respectively.

The spectroscopic data are consistent with the proposed When complexes8 were reacted with 1 mol equiv of

structure of17 (Table 1). In the3'P{*H} NMR spectrum,

the two phosphine moieties give rise to an AB syster) at
16.6 and 12.1 ppm, with &J(PP) value of 404 Hz. This
indicates a static situation ih7, with the two phosphine

EuNCI, the coordinated phosphates were substituted by ClI
and the neutral chloro-complexé&sobtained (Scheme 4).
Interestingly, in the presence of PPho reaction was
observed, the P,0O-chelates8rbeing not displaced. How-

groups beindgransto each other, and evidences the fact that ever, treatment of these complexes with the functional
one of the enolphosphatophosphine ligands acts as a P,Ophosphine P#PNHC(O)Mé* resulted not only in the opening

chelate while the other one is P-monocoordinated. 3tRe

chemical shifts for both the phosphine and phosphate

moieties in17 suggested the chelating ligand to ke
Additional evidence came from th¢d NMR spectrum in

7764 Inorganic Chemistry, Vol. 42, No. 24, 2003

of the P,O-chelate, as observedlBa,h but in the complete
.
displacement ofl. Thus, the known complex [Pd(dmba)

1
{PhPNHC(O)M&][BF,4] (18),>* in which the incoming
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Scheme 4
PhoP =\ ;| BF,
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Table 5. Selected Bond Lengths (A) and Angles (deg) f&

C1-Pd 1.988(2) cleci11 1.500(3)
C6-C7 1.502(3) N+Pd 2.123(2) Figure 7. ATOMS view of the molecular structure of the cation 18.
C7-N1 1.491(2) N2-P 1.722(2)
T Laee0) Peo 29 SCF] [2.181(4) A]% In the latter, the PéP bond lengths

of 2.307(2) and 2.265(2) A, for the monodentate and chelate
ﬁi:';g;g gg-gg((g)) (C:E\'oljg ﬂ?-ggg ligands, respectivel§ are also longer than that found 18
N1-Pd-O 95.16(6) N2-P —Pd 99.36(6) [2.217(2) A]. The other bond distances and angles involving
C1-Pd-N1 83.10(7) 0O-C10-N2 121.6(2) the dmba and P,0O-ligands are within the expected range.
C1-Pd-P 99.24(6) C16N2—P 119.3(2)
O—Pd-P 82.75(5) Conclusion

acetamidophosphine acts as P,O-chelate, was obtained in We have prepared the first P,O-ligands combining a
almost quantitative yields (Scheme 4). This most likely phosphine moiety and an enolphosphate function. In their
results from the formation of the entropically favored five- palladium complexes, they can either monocoordinate the
membered metallocycle ih8, due to the known chelating metal center via their P atom or act as P,O-chelates, in which
ability of PbPNHC(O)Me>* It also reflects the importance  case they may display a hemilabile behavior. The sofa
of keeping a relatively hard donor atom (oxygergns to conformation observed for the seven-membered metallo-
theo-bonded carbon donor (antisymbiotic effect). This would cycles, obtained by P:©Ghelation of these ligands, results

clearly not have been possible with RRIs a donor. Note  in an interesting face discrimation in square planar com-

that treatment oB with the -ketophosphine RRCH,C- plexes. This may be of future interest for regio/stereoselective
(O)Ph led to untractable mixtures of products, which mainly chemical transformations. The fact that the ethoxy ligand
resulted from complex ligand redistribution reactions. laappears to be a better chelate than its phenoxy analogue

Crystal Structure of 18. During the course of this study, 1b suggests that fine-tuning of the electron-donating proper-

) T 1 ties of this class of ligands, and hence the reactivity of their
X-ray quality crystals of [Pd(dmbgPlPNHC(O)M& |[BF 4] metal complexes, could be achieved by changing the nature

(18) have been obtained. Crystallqgraphic data and selectedof the substitutents of the phosphate functionality.

bond lengths and angles are given in Tables 2 and 5,

respectively. A view of the molecular structure of the cation ~ Acknowledgment. We are grateful to Dr. A. DeCian and
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