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Treatment of Pt halide precursors with the secondary phosphine PHMe(lIs) in the presence of the base

NaOSiMg gave the terminal phosphido complexes Pt(Duphos)(Ph)(PMels)Z|4,6-{-PrkCsH,, Duphos

= (RR)-Me-Duphos 1), (RR)-i-Pr-Duphos 2)), Pt((R,R)-Me-Duphos)(X)(PMels) (%=1 (3), Cl (4)),
and Pt(RR)-Me-Duphos)(PMels) (5). Low-barrier pyramidal inversion in the phosphido complexes
was investigated b$*P NMR spectroscopy. Protonation bf-5 with HBF, gave the secondary phosphine
complexes [Pt(Duphos)(Ph)(PHMels)][KDuphos= (R,R)-Me-Duphos 6), (R,R)-i-Pr-Duphos) 7)),
[Pt((R,R)-Me-Duphos)(X)(PHMels)|[BH (X =1(8), CI (9)), and [Pt(R,R)-Me-Duphos)(PHMels)[BF 4]
(10); cations6, 9, and10 were prepared independently from Pt chloride precursors using Ag(l) salts and
PHMe(ls) and then deprotonated to yield phosphido compléxés Oxidation of the phosphido ligands
in 4 and5 with H,O, gave Pt(RR)-Me-Duphos)(Cl)(P(O)Mels)1(1) and Pt(R,R)-Me-Duphos)(P(O)-
Mels), (12), respectively. Complexed—6, 9, and 11 were structurally characterized by X-ray
crystallography; structural aridP NMR results suggest the trans influence order P(O)MeRMels >
PHMe(lIs). Reaction of with [Pd(allyl)Cl],, followed by treatment with dppe, gave RR)-Me-Duphos)-
(Ph)(CI), PMels(allyl) £3), and Pd(dppe) Treatment ofl. with Pd(P6-Tol)s), gave an equilibrium mixture
containing the two-coordinate palladium complex Pd{P6l)s)(«-PMels)Pt(R R)-Me-Duphos)(Ph)14),
Pd(Po-Tol)s)2, P(-Tol)s, and 1.

Introduction Scheme 1. Diastereoselective Complexation by
) ) ) P-Stereogenic Metallophosphines
Terminal metal phosphido complexes {WR;) contain

nucleophilic phosphorus centers which can act as ligands to other |© CHCON(NM |© H
metals; these “metallophosphines” form the bimetallic com- Ph .Fe— P/ i )f( o) Ph .Fe—PCr(CO)s
plexes M-PR,—M'. The metal substituent M may result in Mer-P" \F_Me 20°C MerP* \P‘_Me Ph
cooperative reactivifyor simply modify the properties of the @ “on
phosphiné. For example, chiral-at-Re complexgs such as Re- dr = 4:1 (~65 °C) dr=32
(17°-CsH4PPh)(PPR)(NO)(PPh) have been used in asymmetric

catalysis® Another class of chiral metallophosphines is phos-

phorus-stereogenic, as MandB (Scheme 1},which contain @

an additional chiral group (the diphosphineAr}and the Tain . Mo --CO Cr(CO)S(THF)_ s~

B). Because of the low barrier to pyramidal inversion at P in T JESNS P/Cf (CO)s
m_etallophosph_ine%_lhese com_poun_ds are expected to exist as &m: é\Ph &mg é\Ph
mixtures of rapidly interconverting diastereomers. Thus, the Fe

phosphido compleXA was a 4:1 mixture of diastereomers at B, onedlastereomer oned,astereomer

—65°C, but only one diastereomer Bfwas observed by NMR

adr = diastereomer ratio.
spectroscopy.

A thermodynamic preference for one diastereomer (as seen

* To whom correspondence should be addressed. E-mail: glueck@ ¢4 By and/or a kinetic difference in the rates of complexation
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t Dartmouth College. of such ligands to a second metal might result in “self-resolving”
* University of California, San Diego. P-stereogenic metallophosphines and their metal complexes,
(1) (&) Stephan, D. WCoord. Chem. Re 1989 95, 41-107. (b) Baker,  \yhich could be useful in asymmetric catalysis. For example,

R. T.; Fultz, W. C.; Marder, T. B.; Williams, |. DOrganometallicsL99Q

9 2357-2367. ’ reaction ofB with Cr(CO}(THF) gave a single diastereomer
(2) For a recent example, see: Giner Planas, J.; Gladysz, lhofg. of the Ta—Cr product (without, however, absolute stereocontrol
Chem.2002 41, 6947-6949. at Ta or P). A similar reaction oA gave a 3:2 mixture of

(3) (a) Delacroix, O.; Gladysz, J. Ahem. Commur2003 665-675.

(b) Zwick, B. D.: Arif, A. M.. Patton, A. T.: Gladysz, J. AAngew. Chem diastereomers, which were separated by crystallizdtion.

Int. Ed. 1987 26, 910-912. To investigate the rational design and application of such
(4) ForA, see: Hey, E.; Willis, A. C.; Wild, S. BZ. Naturforsch., B P-stereogenic metallophosphines, we report here the preparation,
1989 44, 1041-1046. ForB, see: Challet, S.; Lavastre, O.; Moise, C..  gtryicture, and reactivity of a class of chiral Pt(Duphos) terminal

Leblanc, J.-C.; Nuber, BNew J. Chem1994 18, 1155-1161.

(5) Rogers, J. R.; Wagner, T. P. S.; Marynick, DIiirg. Chem1994 phosphido complexes (Chart 1). As in the Fe complea chiral
33, 3104-3110. diphosphine was intended to provide thermodynamic control
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Chart 1. Pt(Duphos) Terminal Phosphido Complexes as Scheme 3

P-Stereogenic Metallophosphines X _ X
Pl A _[1Bra EOSTs oy

Rt R Control of dr p—M p-Me
PC_ /x with R and X? | X=Ph(6) X=Ph(1) "

Is X=Cl(@® X=Cl@ Is

Pt
@EP/ \p/Me small
R 1R AgBF,
—QI-Pr FPr P substituents PHMe(ls) Me
chiral farge X P /P;Is
ligand Pyl [ t]\Pqu 5
i-Pr ] Is
aX =Ph, R=Me (1), R=i-Pr 2); X =1(3), Cl (4), R= Me; X 2 AgOTf 2 NaOSiMe
= PMe(ls), R= Me (5). X=Cl
_OTf l;,,Me
Scheme 2 P 2PAMeS) o IS oy,
Ph “oTt pMe
Pt /th, [Pt]/ 1-2 |I'| Is 10
[ ]\C| NaOSiMes Np-Me
Ve a[Pt] = Pt((R,R)-Me-Duphos).
PHMe(ls) t]/X =it (5), respectively! In contrast to the synthesesbf 3, however,
NaOSiMe, \p\fMe it was difficult to control the stoichiometry of these reactions
X=Clorl Is and obtair free of5, or vice versa. Moreover, other phosphido
complexes tentatively formulated as RE)-Me-Duphos)-
_X 2 PHMe(ls) /p;'\fg (OSiMe&s)(PMels) 'and .I?th,R)-Mejlg)uphos)(OH)(PMeIs), as
[Ptl\xm[ N poMe 5 well as other unidentified impurities, were formed; see the
X=Cl s Experimental Section for details.
a[Pt] = Pt((R,R)-Me-Duphos) forl and3-5; [Pt] = Pt((R,R)-i-Pr- Therefore, complexed and 5 were also prepared by the
Duphos) for2. multistep route shown in Scheme 3. Abstraction of chloride

using Ag(l) salts, followed by treatment with PHMe(ls), gave
of the phosphido stereocenter, via Duphp$iosphido interac-  the cationic secondary phosphine comple&ed; and10, whose
tions. However, to provide greater steric differentiation of the properties are described in more detail below. Deprotonation
P substituents, the-FPh group was replaced by the bulky aryl then gave phosphido complexés 4, and 5. Although this
2,4,6-(-Pr)sCeH-, (isityl = 1s).® To investigate substituent effects method also failed to provide puré and 5, they were
on the diastereomer ratio (dr) in this class of metallophosphines, characterized by spectroscopy and by X-ray crystallography (see
the chiral ancillary ligand and the PX substituent were also  below) and could be used to prepare derivatives.
varied? The phosphido complexds-5 are yellow-to-orange crystal-
line solids. Their high air sensitivity made it very difficult to
Results and Discussion obtain satisfactory elemental analysésys described in the
Experimental Section, analyses were often consistent with
Synthesis and Structure of Pt(Duphos) Terminal Phos-  oxidation at the phosphido P. Indeed, deliberate oxidatioh of
phido ComplexesTreatment of Pt R)-Me-Duphos)(Ph)(CH and5 gave Pt(R R)-Me-Duphos)(Cl)(P(O)Mels)1(1) and Pt-
or thei-Pr-Duphos analogue (see the Experimental Section) with ((R,R)-Me-Duphos)(P(O)Mels)(12), which are described be-
the secondary phosphine PHMeflgind the base NaOSiMe  |ow. However, protonation at P gave the cationic secondary
gave the terminal phosphido complexes Pt(Duphos)(Ph)(PMels)phosphine complexe&—10 (see Scheme 3 and below), which
(Duphos= (R R)-Me-Duphos {), (R R)-i-Pr-Duphos 2)) in high could be isolated in analytically pure forF.
yield. An analogous reaction of PRR)-Me-Duphos)} gave Phosphido complexess-5 were characterized by multinuclear
the iodo phosphido complex PRR)-Me-Duphos)(l)(PMels)  NMR spectroscopy3P NMR data appear in Table 1. As
(3), even when an excess of PHMe(ls) and base was usedpreviously observed for terminal Pphosphido complexes, the

(Scheme 2§. PMels group displayed characteristic trdasandJpip values,
Similarly, treatment of PtR,R)-Me-Duphos)C] with 1 or 2 which are smaller than those for tertiary phosphine ligafds.
equiv of the secondary phosphine and NaOSilyeve Pt(RR)- Because of peak overlap in the Duphos region, these species

Me-Duphos)(Cl)(PMels)4) and Pt(R R)-Me-Duphos)(PMels) were most conveniently characterized by their PMels shifts.

Low-temperaturé!P NMR spectroscopy showed the expected
(6) We showed earlier that P&/R)-Me-Duphos)(Ph)(PMels) was aca.  two diastereomers f@ and4 and three of the four diastereomers

40:1 mixture of diastereomers at60 °C (Moncarz, J. R.; Laritcheva, N. for 5, but the results were more complicated foand 2 (four

F.; Glueck, D. SJ. Am. Chem. So@002 124, 13356-13357). These di h). We beli he " ithi
complexes decompose by-E reductive elimination at room temperature, iastereomers each). We believe the “extra” resonances within

but the Pt analogues reported here are thermally stable.
(7) For the use of the phosphido complexes as catalyst precursors in  (10) Wicht, D. K.; Zhuravel, M. A.; Gregush, R. V.; Glueck, D. S.; Guzei,

asymmetric alkylation of PHMe(lIs), see: (a) Scriban, C.; Glueck, 1. S. I. A.; Liable-Sands, L. M.; Rheingold, A. LOrganometallics1998 17,

Am. Chem. So@006 128 2788-2789. For the related use of chiral cationic =~ 1412-1419.

Pt—bis(phosphine) moieties for the selective binding of chiral phosphines  (11) This phenomenon has been observed for related electron-rich

or amines, see: (b) Payne, N. C.; Stephan, D.JWOrganomet. Chem. terminal phosphido complexes which could also not be isolated in
1981, 221, 223-230. (c) Payne, N. C.; Stephan, D. W.Organomet. Chem. analytically pure form; see: Giner Planas, J.; Hampel, F.; Gladysz, J. A.
1982 228 203-215. Chem. Eur. J2005 11, 1402-1416.

(8) Brunker, T. J.; Blank, N. F.; Moncarz, J. R.; Scriban, C.; Anderson, (12) For protonation of air-sensitive tertiary phosphines to yield air-stable
B. J.; Glueck, D. S.; Zakharov, L. N.; Golen, J. A.; Sommer, R. D.; Incarvito, phosphonium salts, see: Netherton, M. R.; Fu, GO@. Lett.2001, 3,
C. D.; Rheingold, A. L.Organometallics2005 24, 2730-2746. 4295-4298.

(9) Brauer, D. J.; Bitterer, F.; Dorrenbach, F.; Hessler, G.; Stelzer, O.; (13) Zhuravel, M. A,; Glueck, D. S.; Zakharov, L. N.; Rheingold, A. L.
Kruger, C.; Lutz, FZ. Naturforsch., BL996 51, 1183-1196. Organometallic2002 21, 3208-3214 and references therein.
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Table 1. Low-Temperature 3'P{1H} NMR Data for the Phosphido Complexed
1
P, X P___PMels
C Pt <1/Pt\3
P PMels P PMels
2 3
complex T (DC) (3(P1) (thfp) 5(P2) (thfp) 5(P3) (thfp) Jio Ji3 Jos dr®

Pt(Me-Duphos)(Ph)(PMels1&)® -75 56.5 (1653) 57.3 (1868) —55.9 (889) 136 98
1b —47.3 (~940) 136 2.2
1c —49.5 142 1.2
1d —51.6 134 1
Pt(-Pr-Duphos)(Ph)(PMelspg)° —60 54.6 (1683) 48.2 (1838) —67.1 (903) 4 129 6 152
2b —58.5 (875) 129 1
2c 56.1 (1704) 55.4 (1782) —45.1 (951) 139 24
2d 55.1 (1668) 53.8 (1827) —48.0 (877) 140 23
Pt(Me-Duphos)(l)(PMels)3a) —40 64.0 (1575) 54.1 (3954) —69.6 (820) 21 113 17 8
3b 65.8 (1633) 65.0 (3876) —42.5 (935) 110 1
Pt(Me-Duphos)(Cl)(PMels)yi@) —20 69.3 (1607) 53.5 (4006) —56.3 (804) 13 124 13 23
4b 72.2 (1668) 58.1 (3978) —37.2 (900% 126 11 1
Pt(Me-Duphos)(PMels)5a) -50 66.2 (1679) —62.9 (887) 11 84 13
5b 52.1 (1859) —48.3 (1001) 12 109 11 13
5¢c 60.6 (1597) —64.5 (929) 13 98 7 1

a All Duphos ligands have th&R configuration. Chemical shifts are give

n in ppm (85%Pi@, external standard) and coupling constants in Hz. The

solvent was THFds. For atom labeling, see the figure above. In several cases (especially for minor diastereomers), it was not possible to assign Duphos P
resonances; therefore, they are omittedr: = diastereomer ratio, from integration of tf#® NMR spectra at-50 °C. ¢ In addition to the expected diastereomers,
which differ in configuration at P3, more diastereomers were observed for comdlex@$2. The “extra” ones are assigned as rotamers (see the text for

discussion)d Broad peaks.

each group of signals are due to conformational isomers, perhapgTable 2). The spectra of halide complexzand 4 were the

resulting from slow rotation about the—C(ls) bond, as

simplest, since only two diastereomers were observed at low

observed in low-temperature spectra of the analogous complexesemperature; their signals coalesced on warming. Measurement

Pt(dppe)(C(O)&F)(PPhAr) (Ar= 0-MeOGsHy, Is, Mes, Mes-
Fo; Mes = 2,4,6-MeCgH2; Mes-y = 2,4,6-(CR)3CeH2). 14

The effect of substituents on the thermodynamics of the
diastereomers with different configurations at the phosphido
stereocenter was assessed by measuring diastereomer ratios
1-5at —50 °C (Table 1). The Me-Duphos compléxwas a
98:1:1.2:2.2 mixture of isomers, which displayed similar PMels
3P NMR chemical shifts. Assuming that the three minor isomers
all have the same configuration at P means this is a 22:1 ratio
of diastereomers whose main difference is the P stereochemistry
while the ratio might be larger if one or more of the minor peaks
are due to a rotamer of the major diastereomer. Foii-fpe
Duphos compleX, a 152:1:24:23 mixture was observed. In
this case, the two groups of distinctly different PMels chemical
shifts suggest that the major diastereomer is a 152:1 mixture of
rotamers, while the minor diastereomer is-a:1 mixture of
rotamers. With this assumption, the ratio of “invertomers” is
about 3:1. Thus, the more sterically demandir@r-Duphos
ligand provided reduced stereocontrol.

Similarly, comparison of diastereomer ratios for the Me-
Duphos complexe3 and4 showed that the smaller chloro group
(23:1) gave a higher dr value than did an iodo ligand (8:1).
Finally, three of the potential four diastereomers of the bis-
(phosphido) compleXs were observed; two were thermody-
namically preferred at low temperature (ca. 13:13:1). As
expected, the diastereomer preference in compléxéswas
more pronounced than in the related RiiR)-Me-Duphos)(Me)-
(PPh{-Bu)), which contains P substituents of similar size (dr
= 1.4:1,—40 °C, toluenedg).15¢

Coalescence behavior involving both types of diastereomers
was observed by variable-temperaté#e NMR spectroscopy

(14) Wicht, D. K.; Glueck, D. S.; Liable-Sands, L. M.; Rheingold, A.
L. Organometallics1999 18, 5130-5140.

(15) (a) Wicht, D. K.; Kovacik, I.; Glueck, D. S.; Liable-Sands, L. M.;
Incarvito, C. D.; Rheingold, A. LOrganometallics1999 18, 5141-5151.
(b) Kovacik, I.; Wicht, D. K.; Grewal, N. S.; Glueck, D. S.; Incarvito, C.
D.; Guzei, I. A;; Rheingold, A. LOrganometallics2000 19, 950-953.
(c) Scriban, C.; Wicht, D. K.; Glueck, D. S.; Zakharov, L. N.; Golen, J. A,;
Rheingold, A. L.Organometallic2006 25, 3370-3378.

of the coalescence temperatures for the three different P nuclei
provided approximate free energies of activation for the dynamic
process® which is presumably a composite of P inversion and
rotation about the PtP bond!* Analysis of the coalescence
diehavior of the two major sets of signals for the bis(phosphido)
complex5 yielded a barrier similar in magnitude, but we cannot
tell if this involves one or two P inversions, since the absolute
configuration at the phosphido stereocenters is not known. For
thei-Pr-Duphos comple®, coalescence of the signals due to
the “invertomers” occurred before that of the rotamers; thus, it
was possible to obtain approximate barriers to both processes,
which are similar in magnitude. The low intensities of the peaks
due to the minor diastereomersbprevented similar measure-
ments in this case.

As in related Pt+phosphido complexes, the inversion/rotation
barriers for2—5 were low, about 1612 kcal/mol (Table 2}3-15
A similar barrier was observed for PRR)-Me-Duphos)(Me)-
(PPh{-Bu)),*5¢ which suggests that the bulky isityl group did
not have a large effect.

The phosphido complexe$—5 were also characterized
by X-ray crystallography (Figures—15, Tables 3 and 4, and
Supporting Information). Although two (or more) diastereo-
mers of each complex were observed by NMR spectroscopy
in solution, only one was observed in these single-crystal
structures. Moreover, theRg)-PMels absolute configuration
was observed in complexés3, and4 and for both phosphido
groups of5. The latter observation means tfahas approxi-
mate C, symmetry (Figure S1, Supporting Information). The
(Sp)-PMels group in2 is consistent with this trend, since, de-
spite their identicaR,R labels, RR)-Me-Duphos and R R)-
i-Pr-Duphos have opposite absolute configurations because
of the priority sequence rule definitiohA$ These observations
could be explained if this class oR(R)-Me-Duphos/Rp)-
PMels or RR)-i-Pr-Duphos/&)-PMels diastereomers were

(16) Friebolin, H. InBasic One- and Two-Dimensional NMR Spectros-
copy, 2nd ed.; VCH: New York, 1993; pp 287314.

(17) Burk, M. J.; Feaster, J. E.; Nugent, W. A.; Harlow, R.JL.Am.
Chem. Soc1993 115 10125-10138.
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Table 2. Variable-Temperature 3P NMR Data (THF-dg) for Pt(Duphos) Phosphido Complexes

complex resonanée o (ppm) Av (Hz) T (K) AG¢* (kcal/mol)
Pt({-Pr-Duphos)(Ph)(PMelsp@,b/2c,d)e P1 55.2,54.1 223 263 12.1
P3 —42.9,—65.3 4452 288 11.6
Pt(-Pr-Duphos)(Ph)(PMelsR¢,d)d P1 56.1, 55.1 202 243 11.2
P2 55.4,53.8 324 243 11.0
P3 —45.1,—48.0 587 243 10.7
Pt(Me-Duphos)(l)(PMels)3) P1 64.0, 65.8 364 263 11.8
P2 54.1, 65.0 2206 243 10.0
P3 —69.6,—42.5 5484 283 11.3
Pt(Me-Duphos)(Cl)(PMels¥) P1 69.3,72.2 587 283 12,5
P2 53.5,58.1 931 283 12.3
Pt(Me-Duphos)(PMels)5) P1/P2 66.2,52.1 2853 288 11.8
P3/P4 —48.3,—62.9 2914 288 11.8
Pt(Me-Duphos)(Me)(PPhBu))¢ P1 69.6, 67.8 809 283 12.8
P3 —57.3,—63.9 1350 313 13.4

a All Duphos ligands have thR,R configuration. The solvent was THilz: Chemical shifts and\v values are taken from slow-exchange spectra2@
°C for invertomer2a,b/2c,d, —60 °C for rotamer2c/2d, —40 °C for 3, —20 °C for 4, and—40 °C for 5. Estimated errors are different for each resonance;
“typical” errors are 5 Hz imv, 10°C in T, and 0.5 kcal/mol im\G¢*. P See Table 1 for the P labeling scherfignterconversion of “invertomers”, which
are assumed, on the basis of the large difference in P3 chemical shifts, to have different configurations at the phobpitetadPversion between
rotamers, which are assumed to have the same configurations at the phosphiRiefétence 15c.

C34
Q)

Figure 3. ORTEP diagram of one of the two independent
Figure 1. ORTEP diagram of PtRR)-Me-Duphos)(Ph)(PMels) molecules of PtR,R)-Me-Duphos)(l)(PMels) J).

).

C13

Figure 2. ORTEP diagram of one of the two independent
molecules of Pt® R)-i-Pr-Duphos)(Ph)(PMelspj. Figure 4. ORTEP diagram of Pt&R)-Me-Duphos)(Cl)(PMels)

favored in the crystallization process and/or if the crystals chosen €6Ps (4). Hydrogen atoms and the solvent molecule are omitted.
for structure determination were not representative of the bulk (PPh{-Bu)) (D)%¢is difficult, since the P£X group was also
sample. varied, those il—5 are similar, suggesting that the bulky isityl
Althoughi-Pr-Duphos is significantly more bulky than Me-  (Is) group does not constrain the-Rthosphido bond length.
Duphos, only small differences were observed in the structuresindeed, the shortest PPR, bond in the series was observed
of 1 and2. Varying the other ancillary ligand (the PX group) for C, with the bulkiest phosphido ligand, perhaps because of
led to larger structural changes. The-PtMels bond lengthened  the small size of the hydride ligand.
from 2.3761(13) A in the PtPh complexl to 2.3926(16) A in Similarly, the P£P1 (trans to PMels) bond was slightly
the chloro complex, 2.3996(19) A in the iodo compleX and longer in3 and5 (2.2962(18) and 2.3063(10) A, respectively)
2.4117(10) and 2.3859(10) A in the bis(phosphido) complex  than in 1 (2.2849(14) A), consistent with the steric effects
consistent with greater steric crowding in these cases. Althoughdescribed above; the iodo and phosphido ligand8 and 5
direct comparison to the Pphosphido bond lengths in FRR)- appear to be more sterically demanding than Cl,ifor which
Me-Duphos)(H)(PPhiIs)%)!*" and Pt(R,R)-Me-Duphos)(Me)- the Pt-P1 distance was 2.2851(15) A. The{®2 (trans to X)
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Table 3. Crystallographic Data for the Complexes Pt(R,R)-Me-Duphos)(X)(PMels) (X = Ph (1), Cl (3), | (4-C¢D¢), PMels (5)),
Pt((R,R)-i-Pr-Duphos)(Ph)(PMels) (2), [Pt(R,R)-Me-Duphos)(X)(PHMels)][BF4] (X = Ph (6:CH,Cl,), Cl (9:CHCl,)), and
Pt((R,R)-Me-Duphos)(Cl)(P(O)Mels) (1:0.5CHg)?

1 2 3 4CeDg 5 6:CH,Cl» 9-CH.Cl; 11-0.5GHs

formula CyoHsgP3Pt CygH75PsPt C4H541P3Pt Ca4Hs4CIP3- CsoHgoP4Pt CuoHeoP3Pt- Ca4HssCIP;Pt- C75H116Clo05-
Pt-CesDs BF4:CH.Cl» BF4:CH.Cl» PPt

formula wt 827.87 939.58 877.67 870.33 1000.11 998.60 874.04 1696.58

space group P2,212; P2, P2,212; P2,212; P212:12; P2:212, P2:2121 P2,

a 10.3213(18)  12.5490(9)  10.2606(10)  9.935(2) 9.9966(15)  11.0214(18) 8.326(4) 10.049(2)

b, A 15.712(3) 23.1943(16)  18.4791(19)  17.704(4) 19.761(2) 13.219(2) 20.847(10) 40.208(8)

¢ A 28.338(5) 18.1986(12)  41.283(4) 22.109(5) 24.836(4)  30.925(5) 23.51(11) 10.130(2)

o, deg 90 90 90 90 90 90 90 90

5. deg 90 96.7110(10) 90 ) 90 90 90 107.384(3)

y, deg 90 90 90 90 90 90 90 90

Vv, A3 4595.7(14)  5260.7(6) 7827.5(14)  3888.7(14)  4906.1(12)  4505.6(13) 4081(19) 3906.1(14)

z 4 4 8 4 4 4 4 2

D(calcd), g/cnd 1.197 1.186 1.490 1.486 1.354 1.472 1.561 1.442

u(Mo Ka), 3.179 2.785 4516 3.827 3.022 3.383 3.795 3.810

mm~*

temp, K 218(2) 213(2) 203(2) 100(2) 100(2) 218(2) 208(2) 208(2)

R(F), %° 3.26 4.72 3.86 4.23 2.84 2.90 6.41 491

Ru(F?), %° 8.55 11.41 8.72 9.33 5.36 6.38 12.29 11.61

a A Bruker CCD diffractometer was used in all caseQuantity minimized: Ry(F?) = S[W(Fo2 — FAZ/S[(WFAZY2 R= SAIS (Fo), A = |(Fo — Fo)l;
w = 1/[04Fe?) + (aP)2 + bP], P = [2F2 + Max(F¢2,0)]/3.

Table 4. Selected Bond Lengths and Angles for the Phosphido Complexes R(R)-Me-Duphos)(Ph)(PMels) (1),
Pt((R,R)-i-Pr-Duphos)(Ph)(PMels) (2), Pt(R,R)-Me-Duphos)(l)(PMels) (3), Pt(R,R)-Me-Duphos)(Cl)(PMels)yC¢Ds (4-C¢Ds), and
Pt((R,R)-Me-Duphos)(PMels} (5) and the Previously Reported Pt(R,R)-Me-Duphos)(H)(PPhls) (C) and
Pt((R,R)-Me-Duphos)(Me)(PPh{-Bu)) (D)2

1 P 3 4-CeDg 5¢ cd Df

Pt-P1 2.2849(14) 2.288(2) 2.2962(18) 2.2851(15) 2.3063(10) 2.226(4) 2.243(3)
Pt-P2 2.3028(13) 2.293(2) 2.2267(18) 2.2050(16) 2.3103(10) 2.298(5) 2.273(3)
Pt-P3 2.3761(13) 2.370(2) 2.3996(19) 2.3926(16) 2.4117(10) 2.335(5) 2.372(4)
Pt-X 2.070(5) 2.073(9) 2.6496(6) 2.3802(15) 2.3859(10) eND 2.13(3y
P1-Pt-P2 85.66(5) 86.07(9) 86.35(6) 87.56(6) 84.98(4) 86.83(18) 86.44(12)
P1-Pt-P3 171.47(5) 175.60(9) 172.28(7) 173.38(6) 173.89(4) 169.72(18) 177.4(4)
P1-Pt-X 89.83(14) 89.7(3) 87.67(5) 86.45(5) 94.84(4) ND 91.6(7)
P2-Pt-P3 97.37(5) 94.98(9) 93.36(6) 91.11(6) 89.18(3) 100.89(16) 90.45(12)
P2-Pt-X 173.81(15) 172.6(3) 171.60(4) 172.72(6) 176.83(3) eND 171.0(9Y
P3-Pt-X 86.51(14) 88.7(3) 92.44(5) 94.36(5) 91.09(3) ND 91.5(7y
P3 angles 98.8(2) 98.2(4) 98.5(3) 97.4(3) 93.43(18) 102.2(5) 98.4(11)

109.95(15) 111.4(4) 110.6(2) 106.1(2) 114.85(14) 112.5(4) 109.7(5)

111.89(19) 113.7(3) 112.2(3) 113.03(19) 113.13(12) 111.9(4) 98.1(9)
yP3angles 320.6(2) 323.3(4) 321.3(3) 316.5(4) 321.41(18) 326.6(5) 306.2(11)

aLabeling of the phosphorus atoms is as in Table 1:=Pghosphido, P trans Duphos, P2= cis Duphos. Note that the labeling shown in ORTEP
diagrams of complexe® and 4 (Figures 2 and 4) is slightly different. In bis-phosphido compex = PMe(ls), P4 is cis to P1 and trans to PZwo
molecules in the unit cell; average bond lengths and angles are repofteel.“P3 angles” andZP3 angles” entries fob are average values for the two
phosphido ligands, P3 and P4See ref 15be The hydride ligand was not located @ so associated bond lengths and angles were not determined (ND).
fReference 15¢ The Pt-Me group irD was disordered over two positions; average bond lengths and angles are reported.

3P NMR data indicate the opposite orderidg:{p trans to Ph
> Jpep trans to PMels; see Table B The Pt-halide bonds in
the iodo comples (2.6496(6) A) and chloro complek(2.3802-
(15) A) were essentially unchanged from those inFRREJ-Me-

Duphos)} (2.6434(10) and 2.6151(11) Aand Pt(RR)-Me-

Duphos)Cj-CH.Cl, (2.3828(12) and 2.3881(12) A9.

Phosphido complexed—5 adopted approximate square-
planar geometries, with minor distortions. The angles at the
PMels group varied little in the series, with the sum ranging
from 316.5(4) to 323.3(4) In comparison to idealized values
of 328.5 for a tetrahedral geometry and 360r trigonal-planar
coordination, these observations are as expected for pyramidal
phosphido ligands with a stereochemically active lone Fair.

. . Ma. The smaller angle sum observed for the Rf) ligand inD
Figure 5. ORTEP diagram of PR R)-Me-Duphos)(PMels)(S). suggests that steric effects are important in controlling the

bonds reflected the trans influence, with those trans to Fh ir_l geometry at the phosphido P.
and?2 (2.3028(13) and 2.293(2) A, respectively) and PMels in
5 (2.3063(10) and 2.3103(10) A) longer than the ones trans to  (18) Appleton, T. G.; Clark, H. C.; Manzer, L. Eoord. Chem. Re

; : ; 1973 10, 335-422.
lin 3(2.2267(18) A) and to Cl id (2.2050(16) A). The internal (19) Wicht, D K.; Paisner, S. N.; Lew, B. M.; Glueck, D. S.; Yap, G.

comparison inl (and 2) suggests that Ph has a larger trans p_a :’liable-Sands, L. M.; Rheingold, A. L.; Haar, C. M.; Nolan, S. P.
influence than PMels, although the differences are small and Organometallics1998 17, 652-660.
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Table 5. 31P{IH} NMR Data for the Cationic Secondary Phosphine Complexes-610 and Secondary Phosphido Oxide
Complexes 11 and 12

1 24 1
P + X P <" PHMels P+ X
C /P'(\ C"/ 3 C /Pt\
P~ 'PHMels P~ PHMels P” P(O)Mels
2 3 2 3
complex (3(P1) (thfp) é(Pz) (thfp) 5('33) (thfp) Ji2 Ji3 Joz dr

[Pt(Me-Duphos)(Ph)(PHMels)][Bf(63) 63.1 (2623) 62.8 (1643) —62.6 (2513) 8 372 18 14
6b 61.4 (2618) 67.6 (1691) —55.2 (2472) 6 376 18 1
[Pt(i-Pr-Duphos)(Ph)(PHMels)][BfF (7) 58.4 (2681) 57.3 (1656) —66.1 (2510) 6 372 17 13
7b 57.1 (2687) 53.7 (1631) —60.3 (2481) 5 377 17 by
[Pt(Me-Duphos)(l)(PHMels)][BH (8a) 74.8 (2321) 65.0 (3102) —72.0 (2213) 374 18 3
8b 73.4 (2289) 72.0 (3175) —65.8 (2164) 383 15 1
[Pt(Me-Duphos)(Cl)(PHMels)]|[BH (94) 78.9 (2380) 62.9 (3282) —60.3 (2227) 3 377 18 1
9b 78.8 (2356) 65.4 (3312) —53.5 (2230) 3 379 17 1.4
[Pt(Me-Duphos)(PHMels}[OTf] » (108 69.9 (2188) —71.6 (2200) 298 3.8
10b 78.2 (2275) —68.0 (2237 289 19 1
10c 68.1 (2158) —70.9 (21609 296 24 1.1
Pt(Me-Duphos)(Cl)(P(O)Mels)i(La) 64.9 (1452) 56.0 (3918) 64.7 (2796) 9 431 16 28
11b 65.7 60.1 (3913) 60.8 9 432 17 1
Pt(Me-Duphos)(P(O)Mels) 1289 60.6 (1656) 50.4 (2954) 365 1
12b 51.3 (1864) 48.1 (3185) 360 1

a All Duphos ligands have thB,R configuration. The solvent was GDl,, and the temperature was 2C. Coupling constants are given in Hz, with 85%
HsPOy as the external chemical shift standard. Compléxed were mixtures of two diastereomers, whilewas a mixture of three diastereomers; one gave
a well-resolved AAXX' pattern, while PHMe(ls) signals for the others were broad. See the Experimental Section for tletaHsliastereomer ratio, from
31P NMR integration after recrystallization. The initial ratio fbwas 1.3:1, but recrystallization gave puta ¢ Spectra and diastereomer ratio for the;BF

salt were similard AA'XX' pattern withJax = 298, Jax'

—24, Ian = 32, Ixx = 0. ¢ Broad peaksf Low concentration of the minor diastereonielrb

precluded measurement &—p. 9 The 3P NMR resonances fdr2 were complicated multiplets consistent with A&’ patterns from which the large trans

Jep coupling could be extracted.

Scheme 4
X X
o HBF,-Me,O Y
Pt ——==|pg_ H |[BF
P e P Fige| P74
\ |
Is Is
X =Ph(1,2) X =Ph (6,7)
X =1(3), Cl (4) X =1(8), Cl(9)
plfe 2 HBF,Me,0 E’Me
~Tls 4°*Me) ~Tls
PIC e (PUC_ e |[BFdlz
F>\ls '?\|s
5 H
10

a [Pt] = Pt((R R)-Me-Duphos), except fa2 and7, for which [Pt]=
Pt((R,R)-i-Pr-Duphos).

Protonation and Oxidation of the Phosphido Complexes.
Protonation of the phosphido complexies4 with HBF, gave
the secondary phosphine complexe8 (Scheme 4), some of
which were briefly mentioned above (Scheme 3). Initiaby,
and 7 were formed as 1:1 mixtures of diastereomers, but on
standing in solution (fo6) or recrystallization 7) one diaste-
reomer was formed preferentiaf§22°Protonation of the bis-
(phosphido) comples gave the bis(phosphine) dicati8ras a
mixture of three of the expected four diastereomers.

Similarly, oxidation of4 and5 using HO, gave the phosphido
oxide complexed1 and12, in both cases as a mixture of two
diastereomers (Scheme #8)The diastereomer ratios of these
products (11:1 and 1:1, respectively) were similar to those of
the starting materials (Table 1), which might be explained if
both phosphido diastereomers react at the same rate wdh H
However, faster oxidation of the minor diastereomed,ailong
with rapid diastereomer interconversion, could also result in a
large product ratio.

(20) (a) Bader, A.; Nullmeyers, T.; Pabel, M.; Salem, G.; Willis, A. C;
Wild, S. B. Inorg. Chem.1995 34, 384-389. (b) References 7b,c.

(21) For other examples of oxidation of terminal phosphido complexes,
see refs 11, 15c, and 22, as well as: Gallo, V.; Latronico, M.; Mastrorilli,
P.; Nobile, C. F.; Suranna, G. P.; Ciccarella, G.; EnglertEUr. J. Inorg.
Chem 2005 4607-4616. Buhro, W. E.; Georgiou, S.; Hutchinson, J. P.;
Gladysz, J. AJ. Am. Chem. Sod.985 107, 3346-3348.
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a[Pt] = Pt((RR)-Me-Duphos).

As observed previously, protonation or oxidation resulted in
increases inJpp (trans) andJp—p, consistent with increased s
character in the PtP bond in the secondary phosphine and
phosphido oxide complexes (see Table 5 for NMR d&jote
that, in one diastereomer dfl, the 3'P NMR signals of the
P(O)Me(lIs) group and the Duphos P trans to it were accidentally
coincident, and assignment was based on the reldtivevalues
for these signal%?

X-ray crystallographic studies d§ 9, and11 demonstrated
the effects of protonation or oxidation of the phosphido
complexes on their structures (Tables 3 and 6). A single crystal
of 6-:CH,Cl, had theRp absolute configuration (Figure 6), as
observed for the neutral precurshrbut the analogous chloro
cation 9-CH,Cl, was S (Figure 7). Two molecules of.1-
0.5GHg were found in the unit cell; both had th& absolute
configuration (Figure 8). Comparison of the structures in Figures
6 and 8 with those of their precursors in Figures 1 and 4 showed
that, before and after quaternization at phosphorus, the confor-
mations of the bulky groups were very similar. Although the
S configuration in9-CH,Cl, is unusual in this series, bond

(22) On oxidation oftransPt(PCyH)2(PCy)(Cl) to trans-Pt(PCyH)2-
(P(O)Cyy)(CI) (Mastrorilli, P.; Nobile, C. F.; Fanizzi, F. P.; Latronico, M.;
Hu, C.; Englert, UEur. J. Inorg. Chem2002 1210-1218. Mastrorilli, P.;
Latronico, M.; Nobile, C. F.; Suranna, G. P.; Fanizzi, F. P.; Englert, U.;
Ciccarella, G.Dalton Trans.2004 1117-1119),Jp:p for the phosphido
ligand changed from 931 to 3078 Hz. Similarly, on oxidation of Pt(dppe)-
(Me)(PPh{-Bu)) to Pt(dppe)(Me)(P(O)PhBu)), Jptp for the phosphido
ligand changed from 946 to 3006 K%
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Table 6. Selected Bond Lengths and Angles for the
Complexes Pt(R,R)-Me-Duphos)(Ph)(PMels) (1),
Pt((R,R)-Me-Duphos)(Cl)(PMels}C¢Dg (4-CeDs),
[Pt((R,R)-Me-Duphos)(Ph)(PHMels)][BF,]-CHCl,

(6:CHCly), [Pt((R,R)-Me-Duphos)(Cl)(PHMels)][BF 4]
CH.CI, (9'CHZC|2), and
Pt((R,R)-Me-Duphos)(Cl)(P(O)Mels}0.5CHg (11:0.5GHg)?

1 6'CHxCl, 9:CHxCl, 4:CeDs 11:0.5GHg®

PPl  2.2849(14) 2.2772(13) 2.279(3) 2.2851(15) 2.303(3)
Pt-P2  2.3028(13) 2.3096(11) 2.234(8)  2.2050(16) 2.221(3)
Pt-P3  2.3761(13) 2.3126(13) 2.347(3) 2.3926(16) 2.355(3)
Pt=X 2.070(5) 2.082(4) 2.356(7) 2.3802(15) 2.367(3)

P1-Pt-P2 85.66(5) 85.52(4) 86.58(11) 87.56(6) 86.31(10)
P1-Pt—P3 171.47(5) 177.11(4) 177.27(11) 173.38(6) 177.46(11)
P1-Pt—X 89.83(14) 90.21(13) 87.19(12) 86.45(5) 88.13(10)
P2-Pt—P3 97.37(5) 96.82(4) 95.74(12) 91.11(6) 92.79(10)
P2—Pt—X 173.81(15) 172.02(16) 170.97(10) 172.72(6) 171.67(12) Figure 7. ORTEP diagram of [Pt R)-Me-Duphos)(Cl)(PHMels)]-
P3-Pt—X 86.51(14) 87.26(13) 90.34(12) 94.36(5) 92.51(10) [BF4]-CHCI; (9:CH,Cl). The anion and the disordered solvent
P3 angles 98.8(2) 103.9(P3)107.7(6%  97.4(3) 109.4(6) molecule are not shown.
(avy

109.95(15) 120.38(15) 112.1(4) 106.1(2)
111.89(19) 118.19(19) 124.1(4) 113.03(19)
>P3 320.6(2) 342.47(19) 343.9(6) 316.5(4)e
angles

a Labeling of the phosphorus atoms is as in Table 1:=P8hosphido
(secondary phosphine i6 and 9, phosphido oxide inll), P1 = trans
Duphos, P2= cis Duphos. Note that the labelings shown in the ORTEP
diagrams of complexed and 7 (Figures 4 and 7) are slightly different.

b The P-H hydrogen atom was not located; therefore, the P3 angles involve
only the Pt and C substituentsTwo independent molecules in the unit
cell. Average bond lengths and angles are repoftéderage angle at P3

for the two independent moleculésComplex11 is unique in that bond
angles involving all four P substituents could be measured (for the other
complexes only three were available).

Figure 8. ORTEP diagram showing one of the two molecules of
Pt((R,R)-Me-Duphos)(Cl)(P(O)MelsP.5GHg (11:0.5GHg) in the
unit cell. Hydrogen atoms and the solvent molecule are omitted.

protonation led to éongerPd—P bond! Perhaps the constraints
of the chelate ring in this case controlled the structural changes.
On protonation of, the Pt+-Ph and PtP2 (trans to Ph) bonds
became slightly longer, changing from 2.070(5) to 2.082(4) A
and from 2.3028(13) to 2.3096(11) A, respectively. The Pt
P2 (trans to Cl) bond i® also became longer (from 2.2050-
(16) to 2.234(8) A), but the PtCl bond contracted on
protonation (from 2.3802(15) to 2.356(7) A), perhaps as a result
] ) of increased PtCl Coulombic attraction in the cation. The-Pt
Figure 6. ORTEP diagram of [P R)-Me-Duphos)(Ph)(PHMeIS)l-  p1 (trans to PMels/PHMels) bonds in both pairs shortened from
[BF4]-CH.Cl; (6:CH.Cl,). Hydrogen atoms, the Bfanion, and the 5 5g49(14) t0 2.2772(13) A itv6 and from 2.2851(15) to 2.279-
solvent molecule are not shown. (3) A in 4/9, which suggests that the phosphido group has a
lengths and angles in this structure showed no unusual featuredarger trans influence than the secondary phosphine. This is
in comparison to thRe analogues. consistent with the NMR datalpp values for the Duphos P
Protonation { — 6, 4 — 9) resulted in significant structural ~ trans to PMels and PHMels ®/6 were 1869 Hz (€Ds, room
changes (Table 6). Each of the P3 (phosphido/secondarytémperature) and 2620 Hz (GO, average for the two
phosphine) angles increased, consistent with the reduced steri¢liastereomers), respectively, while the values#f@were 1637
demands of a proton in comparison to the P lone pair. The Pt Hz (THF-ds, —20 °C, average for the two diastereomers) and
P3 (phosphido) bond shortened from 2.3761(13) to 2.3126(13) 2368 Hz (CDCl,, average for the two diastereomet$).
A in U6 and from 2.3926(16) to 2.347(3) A /9. These However, an opposite structural result was observed for both
changes, which could be ascribed to removing repulsive’Pt ~ the Pd and the Ir complexes cited above. Reaching general
7 interactions on protonatio®, were also observed in the —conclusions on the structural effects of phosphido protonation,

Conversion OftranS,merHrc| 2(PMe2Phb(PH2)] to tranS,mer_ therefore, W|" reqUIl‘e CI’ySta||OgraphIC StudieS Of more SUCh paiI’S
[IrCl(PMesPh)s(PHs)] 7,24 but in the cyclometalated phosphido ~ Of complexes. _ _
complex Pd(dppe)(CieH.MeP(Mes)) (Mes= 2,4,6-MeCeH,), Similarly, comparison of the structure of the phosphido

complex4 with that of its oxidell revealed effects similar to

(23) (a) Caulton, K. GNew J. Chem1994 18, 25-41. (b) Holland, P.
L.; Andersen, R. A.,; Bergman, R. @omments Inorg. Chenl999 21, (24) Deeming, A. J.; Doherty, S.; Marshall, J. E.; Powell, J. L.; Senior,
115-129. A. M. J. Chem. Soc., Dalton Tran$993 1093-1100.
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Scheme 6
cl
N Ph
05— — /
Ph < " > G
(PU M +
1 p— e "PdLn"
Is Ph_ 2 dppe
Pyl
' p—Me
! P,d E \/P\\ls
i 2N E 13 Me
oD +
Pd(dppe),

a[Pt] = Pt((R,R)-Me-Duphos), L= PMels(allyl).

those of protonation. On oxidation, the-fR3 bond shortened
from 2.3926(16) to 2.355(3) A, consistent as in the protonation
case with erasing the repulsive-fR lone pair interaction. The
phosphido P went from pyramidal (angle sum 316.5(4)
compare 328.5for the ideal tetrahedral geometry) to tetrahedral
(average P angle 109.4{5)also consistent with removing the
stereochemically active lone pair. The-f®2 bond lengthened
slightly (from 2.2050(16) to 2.221(3) A), while the-P€I bond

Scriban et al.
Scheme 7
Ph Ph
s
Pyl +PdL, Py Me +L
p— e P—
LY 14
Is Pd
P(o-Tol)s

a[Pt] = Pt((R,R)-Me-Duphos), L= P(o-Tol)s.

Tol)3)2 gave an apparent equilibrium mixture containihdPd-
(P(0-Tol)s),, the two-coordinate palladium complex PdgP(
Tol)s)(u-PMels)Pt(R,R)-Me-Duphos)(Ph) 14), and P¢-Tol)s
(Scheme 78 Formation of the products4 and P6-Tol); was
clearly favored, but the low solubility of Pd(@{ol)s)2
prevented us from measurit@, Additional 1 did not displace
P(-Tol)s from 14 at room temperature, and no exchange
betweerl4 and P¢-Tol); was observed on the NMR time scale.
Attempts to isolatel4 were unsuccessful, but it could be
characterized in the mixture as a 1:1 mixture of diastereomers
by 3P NMR spectroscopy. These diastereomers might differ in
the absolute configuration at tiwePMels group or result from
slow rotation on the NMR time scale about the-d®” bonds.
Quaternization of the phosphido group led to increased

became shorter (2.3802(15) vs 2.367(3) A), as observed for
protonation 4 and 9). The P+P1 distance (trans to PMels/  JpP(ans)(from 133 to 246 Hz (average)) adgh-p (from 899 to
P(O)Mels) changed from 2.2851(15) to 2.303(3) A, suggesting 1550 Hz (average)) couplings in the Pt(Me-Duphos)(PMels)
a greater trans influence for the phosphido oxide ligand. This 9roup, as observed for protonation and oxidation (see Table 5).
is consistent with thé'P NMR data;Jeep for the trans Duphos Similarly, Jpi—p for the Duphos P trqns to PMeIs increased from

P changed from 1637 Hz (average for the two diastereomers),lGZl to 1842 Hz (average), consistent with a decreased trans

to 1452 Hz (major diastereomedpp was not observed for
the minor one) on oxidation. The resulting trans influence order,
from crystallographic and NMR data on chloro complexes

9, and11, is then P(O)Mels> PMels > PHMe(ls).

3P NMR data on the bis(phosphido) compl&xTable 5)
and its doubly protonated and oxidized derivatii®sand 12
provided a similar ordering. Here, asdnand11, the average
Je—p for the trans Duphos P changed little on oxidation (from
1766 to 1760 Hz) but increased significantly on protonation
(to 2207 Hz).

Pt(Duphos) Phosphido Complexes as MetalloligandSince
one diastereomer ol was thermodynamically favored, as
desired (Chart 1), we briefly explored its metalloligand proper-
ties. Instead of complexation of the Cr(G@Joup (see Scheme
1), however, Pd moieties with potential use in catalysis were
targeted.

Reaction with [Pd(allyl)CH gave Pt(R,R)-Me-Duphos)(Ph)-
(Cl) as the major Pt(Duphos)-containing product (Scheme 6).

A mixture of complexes we presume to be the zerovalent Pd-

[(PMels(allyl))], was also observed P NMR spectroscopy.

influence for the bridging phosphido ligand.

Conclusions

We prepared a series of Pt(Duphos) terminal phosphido
complexes 1—5). The phosphido ligand, with a small methyl
and a large isityl group, was intended to result in steric
differentiation between the diastereomers of these complexes,
causing a thermodynamic preference for one of them. As
desired, this was observed, and the expected low barriers to
inversion in the phosphido complexes were quantified by NMR
spectroscopy. Despite the thermodynamic preference for one
diastereomer ol and2, protonation gave kinetic mixtures of
the secondary phosphine cationic comple&kasd7, suggesting
that the minor diastereomer reacted more quickly than the major
one. Two of the four diastereomers of the bis(phosphido)
complex5 were favored, with similar results for the protonated
dication 10 and the oxidized derivativé2.

Complex1, with a large thermodynamic preference for one
diastereomer, was designed to serve as a “self-resolving”
metallophosphine. However, an attempt to complex it to the

On treatment with excess dppe, these compounds disappeared?d(allyl) fragment resulted in phosphido transfer from Pt to the

and Pd(dppe)and the new phosphine PMels(ally)1) were
formed?2® After chromatographic separation, phosphli3avas
isolated in 71% vyield (94% purity, 51% ee) and identified by
NMR and high-resolution mass spectroscépihis reaction
might occur by P-C reductive elimination from intermediate
G® or by direct nucleophilic attack on the Pdllyl group?’
Another approach to bimetallic phosphido-bridged-Ptl
complexes was more successful. Treatment wfith Pd(PE-

(25) Rosevear, D. T.; Stone, F. G. A.Chem. Soc. A968 164-167.

(26) TheH and3C NMR spectra of PMe(Is)(allyl), in comparison to
those for PMgallyl) (see Bampos, N.; Field, L. D.; Messerle, B. A.;
Smernik, R. JInorg. Chem.1993 32, 4084-4088), were consistent with
this formulation.

(27) The analogous reaction of Ru(Cp)(REPPh) with [Pd(allyl)-
(NCPh}][BF4] gave a mixture of the cations [Cp(RERu(u-PPh)Pd-
(NCPh)(allyh}" and the allylphosphine complex [Ru(Cp)(R&tPPh-
(allyl)]*.*

allyl group. More successful was the reactionlofvith PdL,

(L = P(0-Tol)s). In this case, however, a ca. 1:1 mixture of
diastereomeric PtPd complexe42was formed in an apparent
equilibrium. This points to a weakness in the original plan. It
is not enough to design a P-stereogenic metallophosphine which
exists primarily as a single diastereomer; it must also retain this
P-based chirality on complexation. Moreover, the large size of
metalloligandl, required for thermodynamic diastereoselection,
presumably destabilizet¥ sterically, contributing to its forma-
tion in an equilibrium. We are continuing studies of such
metalloligands with these ideas in mind, in hopes of realizing
highly selective, irreversible binding.

(28) Paul, F.; Patt, J.; Hartwig, J. Brganometallics1995 14, 3030-
3039. For use of Pd(B{Tol)3), in the synthesis of other Pdlcomplexes,
see: Mann, G.; Shelby, Q.; Roy, A. H.; Hartwig, J. Brganometallics
2003 22, 2775-2789.
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Experimental Section

All reactions and manipulations were performed in dry glassware
under a nitrogen atmosphere at”Din a drybox or using standard
Schlenk techniques. Petroleum ether (bp-38 °C), ether, THF,
toluene, and CkCl, were dried using columns of activated
alumina?® NMR spectra were recorded using Varian 300 and 500
MHz spectrometersH and3C NMR chemical shifts are reported
vs Meg,Si and were determined by reference to the resiéidand
13C solvent peaks$’P NMR chemical shifts are reported vgRO,
(85%) used as an external reference. Coupling constants are reporte
in Hz, as absolute values unless noted otherwise. Unless indicated
peaks in NMR spectra are singlets. Elemental analyses were
provided by Schwarzkopf Microanalytical Laboratory or Quantita-
tive Technology Inc. Mass spectra were recorded at the University
of lllinois Urbana-Champaign.

Unless otherwise noted, reagents were from commercial suppli-
ers. The following compounds were made according to literature
methods: Pt(COD)(Ph)CI) (COB- cyclooctadienej? Pt((R,R)-
Me-Duphos)CJ,° Pt((RR)-Me-Duphos)} and Pt(RR)-Me-Du-
phos)(Ph)(CI} (9-{Pd[NMeCH(Me)CsH,](CD)}2,3t PHMe(ls)?
and Pd(Pg-Tol)s),.28

Pt((R,R)-Me-Duphos)(Ph)(PMels) (1).PHMe(ls) (141 mg, 0.56
mmol) was added with a microsyringe to a stirred slurry of Pt-
((RR)-Me-Duphos)(Ph)(Cl) (346 mg, 0.56 mmol) in toluene (10
mL). NaOSiMg (63.3 mg, 0.56 mmol) in toluene (10 mL) was
added to the reaction mixture. As soon as RE{-Me-Duphos)-
(Ph)(CI) reacted, the mixture turned yellow; it was stirred &

h. The slurry was filtered through Celite, and the yellow filtrate

was concentrated under vacuum. Petroleum ether was added to thQ'56 (d,

yellow residue, yielding yellow crystals, which were washed further
with petroleum ether and dried under vacuum, giving 415.5 mg
(89%) of yellow crystals suitable for X-ray crystallography.

Anal. Calcd for GoHsgPsPt: C, 58.03; H, 7.18. Found: C, 56.29;
H, 7.41. Elemental analyses for carbon were consistently low,
perhaps due to decomposition of the air-sensitive complex. Anal.
Calcd for GoHsgPsPtO: C, 56.93; H, 7.05. We previously observed
that the analogous Pt(Duphos) phosphido complexRiRj{Me-
Duphos)(H)(PPhls) also failed to give satisfactory analy@Since
we could not obtain good analyses on this or the other Pt
phosphido complexes, we protonated them with FiB#fd isolated
the resulting secondary phosphine complexes in analytically pure
form after recrystallization (see below and refs 11 and 12). HRMS
(m/2): calcd for GoHgoPsPt (MHT), 828.3569; found, 828.3571.
Complex1 could also be prepared by deprotonation of the cation
[Pt((R,R)-Me-Duphos)(Ph)(PHMe(Is))][OTf]6; see below) with
NaN(SiMey), or other bases.

IH NMR (CgDg): 0 8.07 (t,J = 6, Jp_py = 51, 1H, Ph ortho),
7.68 (t,J =7, Jprn = 51, 1H, Ph ortho), 7.37 (1 = 7, 1H, Ar),
7.29 (t,J =7, 1H, Ar), 7.2%-7.18 (t,J = 6, 1H, Ar), 7.16 (2H,

Is), 7.13-7.11 (m, 1H, Ar), 7.04 (tJ =7, 1H, Ar), 6.97-6.90 (m,
2H, Ar), 5.16 (broad, 2H, CH, Is), 3.612.94 (m, 1H, CH), 2.89
2.81 (m, 1H, CH), 2.362.28 (m, 1H, CH), 2.172.08 (m, 1H,
CH), 1.81-1.67 (m, 3H), 1.62 (dd) = 17, 6, 6H, Me), 1.51 (dJ
=7, 6H, Me), 1.48-1.43 (m, 3H, P-Me), 1.40 (dd,J = 18, 7,
6H, Me), 1.28 (dJ = 8, 3H, Me), 1.27 (dJ = 7, 3H, Me), 0.99
(qd,J =13, 5, 1H), 0.96-0.80 (m, 1H), 0.64 (dd] = 14, 7,Jpt—n

= 53, 3H, Me), 0.58 (dd,]) = 15, 8, 3H, Me).’3C{!H} NMR
(CeDg): 0 154.7 (quat, Ar), 147.7 (quat, Ar), 147.2 (quat, Ar),
143.9-143.5 (m, Ar), 139.9 (Ph ortho), 137.6 (broad, Ph ortho),
133.1 (ddJ = 86, 14, Duphos), 130.0 (d,= 78, Duphos), 128:2
127.7 (m, Ar overlapping with D¢ signals), 122.2 (Ph para), 120.5

(29) Pangborn, A. B.; Giardello, M. A.; Grubbs, R. H.; Rosen, R. K.;
Timmers, F. JOrganometallics1996 15, 1518-1520.

(30) Clark, H. C.; Manzer, L. EJ. Organomet. Chenml973 59, 411—
428.

(31) Tani, K.; Brown, L. D.; Ahmed, J.; Ibers, J. A.; Nakamura, A.;
Otsuka, S.; Yokota, MJ. Am. Chem. Sod 977, 99, 7876-7886.
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(broad, 2C, Is meta), 44.1 (d= 30, CH Duphos), 41941.4 (m,

CH Duphos), 37.8 (Ch), 36.3 (CH), 35.5 (overlapping CHand
CH, Is), 34.7 (CH, Is), 34.3 (CH, Is), 32-:82.1 (overlapping m
and d,J = 42, 2CH Duphos), 27.2 (broad, GHSs), 24.5 (CH,

Is), 22.6 (CH, Is), 18.1 (dd,J = 20, 9, CH;, Duphos), 15.6 (dJ
=9, CH, Duphos), 14.8 (d) = 3, CH, Duphos), 14.5 (d) = 2,
CHs, Duphos), 12.512.0 (m, P-CHy). 3'1P{1H} NMR (C¢D¢): o
58.3 (broad Jpip = 1869), 57.6 (dd,) = 133, 8,Jpp = 1621),
—51.8 (broad d,J 133, Jprp = 899). See Table 1 for
low-temperaturé!P NMR data (four diastereomers).

d Pt((R,R)-i-Pr-Duphos)(Ph)(CI). A solution of ] R)-i-Pr-Duphos
(293 mg, 0.7 mmol) in CkCl, (2 mL) was added dropwise to a
solution of Pt(COD)(Ph)(Cl) (291 mg, 0.7 mmol) in @&, (3 mL)

to give a colorless solution. In the air, the solvent was removed
under reduced pressure and the remaining crystals were washed
with diethyl ether (3x 2 mL) and recrystallized from Cil,/
diethyl ether at-25 °C to yield 350 mg (70%) of white PRR)-
i-Pr-Duphos)(Ph)(Cl).

Anal. Calcd for G,H4eCIP,Pt: C, 52.92; H, 6.80. Found: C,
52.79; H, 6.413P{1H} NMR (CsDg¢): ¢ 58.8 (d,J = 3, Jpr-p =
1627), 47.2 (dJ = 3, Jpr_p = 3944).1H NMR (CgDg¢): 0 7.96 (t,

J =7, Jpr-n = 36, 2H), 7.36-7.32 (m, 3H), 7.26-7.16 (m, 1H),
7.10 (t,J=8, 1H), 7.077.00 (m, 2H), 3.38-3.21 (m, 1H), 3.08
3.00 (m, 1H), 2.852.76 (m, 1H), 2.552.45 (m, 1H), 2.29-2.21
(m, 1H), 2.13-2.03 (m, 2H), 2.021.92 (m, 2H), 1.751.36 (m,
6H), 1.19 (dJ =7, 3H, Me), 1.15 (dJ = 7, 3H, Me), 1.12-1.03
(m, 1H), 0.99 (dJ =7, 3H, Me), 0.91 (dJ = 7, 3H, Me), 0.80 (d,
J=7,3H, Me), 0.71 (dJ =7, 3H, Me), 0.64 (dJ = 7, 3H, Me),
J=17, 3H, Me).13C{1H} NMR (Cg¢D¢): 6 161.5 (dd,J =
120, 8, quat, PtPh), 145.3 (dd,J = 45, 38, quat Ar), 144.3 (dd,
J= 32, 24, quat Ar), 139.3 (Ph), 133.9 @@= 13, Ar), 133.1 (dd,
J=15, 4, Ar), 131.4-131.2 (m, Ar), 131.£130.9 (m, Ar), 128.6
(d,J =7, Ph), 123.6 (Ph), 54.7 (d,= 23, CH), 53.8 (d,J = 38,
CH), 48.0 (d,J = 24, CH), 46.6 (d,) = 34, CH), 31.9, 31.7, 31.4,
30.5 (d,J =8), 30.4 (d,J=7), 30.0 (d,J=5),29.4 (d,J = 2),
28.4 (m), 26.3 (dJ =7, Me), 26.1 (dJ = 4, Me), 25.5 (dJ = 6,
Me), 24.6 (d,J = 6, Me), 22.2 (dJ = 11, Me), 21.9 (dJ = 9,
Me), 21.5 (d,J = 6, Me), 21.3 (dJ = 8, Me).

Pt((R,R)-i-Pr-Duphos)(Ph)(PMels) (2).PHMe(ls) (112.5 mg,
0.45 mmol) was added with a microsyringe to a stirred slurry of
Pt((RR)-i-Pr-Duphos)(Ph)(Cl) (327 mg, 0.45 mmol) in THF (20
mL). NaOSiMg (50.5 mg, 0.45 mmol) in toluene (10 mL) was
added to the reaction mixture. The mixture turned yellow im-
mediately. The solvent was removed under vacuum, and toluene
(20 mL) was added to the residue. The toluene slurry was filtered
through Celite, and the yellow filtrate was concentrated under
vacuum. Petroleum ether was added to the yellow residue. The
yellow solution was stored at25 °C for 24 h, yielding yellow
crystals suitable for X-ray crystallography, and a yellow solution.
The yellow crystals were further washed with petroleum ether
(3 x 5 mL) and dried under vacuum, yielding 300 mg (71%) of
yellow crystals.

Anal. Calcd for GgH7sPsPt: C, 61.32; H, 8.04. Found: C, 59.14;
H, 7.90. Satisfactory analyses for C could not be obtained, perhaps
because of the air sensitivity of the complex (Anal. Calcd. for
CygH7sPsPtO: C, 60.30; H, 7.91). Mass spectroscopy was also
consistent with oxidation. HRMS (FABY/z): calcd for GgH76
OPsPt"™ (M(O)H™), 956.4771; found, 956.4668P{1H} NMR (21
°C, THFdg): 6 54.3 (d,J = 131,Jpp = 1654), 50.8 (broadlpip
= 1818),—60.0 (broad). See Table 1 for low-temperattie NMR
data (four diastereomersid NMR (THF-dg): 6 7.88-7.86 (m,
1H, Ar, Duphos), 7.837.80 (m, 1H, Ar, Duphos), 7.57 (broad,
1H, Ph ortho), 7.487.43 (m, 2H, Ar, Duphos), 7.39 (broadlt=
7, 1H, Jpy = 49, Ph ortho), 6.98 (broad 4,= 8, 1H, Ph meta),
6.94 (broad, 1H, Ph para), 6.90 (2H, Is meta), 6.72 (brodd,

8, 1H, Ph meta), 4.68 (broad, 2H, CH, Is), 28371 (m, 2H,
overlapping CH Duphost CH Is), 2.76-2.62 (broad, 1H, CH
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Duphos), 2.452.33 (m, 2H, 2CH Duphos), 2.3®.16 (broad m,
1H, CH Duphos), 1.991.75 (m, 5H, CH+ CH,), 1.75-1.68 (m,
2H, CH), 1.64-1.55 (m, 2H, CH), 1.49 (qd,J = 13, 5, 2H, CH
Duphos), 1.251.18 (m, 18H, CH), 1.05 (broad, 3H, CkJ, 0.96—
0.82 (m, 9H, overlapping C¥Duphos and PMe), 0.68-0.62 (m,
9H, overlapping CH), 0.49 (broad, 3H, CkJ, 0.38 (broad, 3H,
CHg). 13C{1H} NMR (THF-dg): 0 161.4 (m, PtC, quat Ph), 155.0
(broad, quat Is), 149:0148.5 (m, quat Duphos), 147.8 (quat Is),
145.2-144.7 (m, quat Duphos), 144.2 (m, quat Is), 140.3 (broad,
Ph ortho), 139.2 (Ph ortho), 135.5 @= 15, Ar, Duphos), 134.3
(d, J = 12, Ar, Duphos), 131.3 (m, Ar, Duphos), 130.8 (m, Ar,
Duphos), 128.2 (d) = 6, Ph meta), 127.8 (m, Ph para), 122.2 (Ph
meta), 121.1 (Is), 57.2 (d, = 24, CH, Duphos), 55.9 (dl = 25,
CH, Duphos), 50.1 (broad m, CH, Duphos), 46.1Jds 23, CH
Duphos), 35.3 (CH, Is), 33.7 (d] = 17, CH, Is), 32.5 (CH,
Duphos), 31.6 (m, CH, Duphos), 31.1 M= 6, CH,), 30.9-30.5
(m, CH, Duphos), 30.£29.8 (m, CH, Duphos), 29.8 (d, = 8,
CHy), 29.2 (CH, Duphos), 27.9 (Ch), 26.9 (d,J = 4, CHg), 26.5
(d,J=2, CHg), 25.1 (d,J = 6, CH), 24.6 (m, CH, Is), 22.3 (d,
J =11, CHy), 22.2 (d,J = 11, CH), 21.1 (d,J = 6, CHs), 20.0
(broad, CH), 12.8 (broad m, PCHa).
Pt((R,R)-Me-Duphos)(l)(PMels) (3). PHMe(ls) (91 mg, 0.36
mmol) was added with a microsyringe to a stirred slurry of Pt-
((RR)-Me-Duphos)} (275 mg, 0.36 mmol) in toluene (10 mL).
NaOSiMeg (40.8 mg, 0.36 mmol) in toluene (10 mL) was added
to the reaction mixture. The mixture turned yellow, and the solu-
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(PHMels)][BR] (9; see below; 100 mg, 0.11 mmol) in toluene
(1 mL). The reaction mixture turned yellow immediately. It was
filtered through Celite, the filtrate was concentrated under vacuum,
and the yellow residue was washed with petroleum ether (three
portions of 0.2 mL) and dried under vacuum, yielding 70 mg
(78%) of yellow powder. According t#P NMR spectra, the sample
was contaminated with Pt(Me-Duphos)CPt(Me-Duphos)(Cl)-
(OSiMe;) and Pt(Me-Duphos)(OH)(PMels}6%). See below for
more spectroscopic data for these impurities.

Because comple® was not obtained in pure form, we could
not get satisfactory elemental analyses for it. Instead, protonation
and oxidation gave derivativesand11 (see below), which were
fully characterized. HRMSn{/2): calcd for G4HssCIOP:Pt (MHOY),
801.2781; found, 801.2798P{H} NMR (21°C, THFdg): 4 69.5
(broad dJ = 122,Jpp = 1605), 53.9 (broadlp:p = 4014),—36.0
(very broad,b), —55.0 (broad dJ = 122, Jop = 809, a). See
Table 1 for low-temperaturég'® NMR data (two diastereomers).
IH NMR (21 °C, THF-dg): & 7.86-7.82 (m, 1H, Ar), 7.69-7.63
(m, 1H, Ar), 7.60-7.53 (m, 2H, Ar), 6.96 (2H, Ar), 4.93 (broad,
2H), 3.34-3.23 (m, 1H), 3.052.92 (m, 1H), 2.872.77 (m, 1H),
2.60-2.46 (m, 1H), 2.46-2.28 (m, 2H), 2.22-2.12 (m, 1H), 2.09-
1.95 (m, 1H), 1.951.82 (m, 1H), 1.82-1.70 (m, 2H), 1.76-1.60
(m, 1H) overlapping with 1.67 (dd} = 8, 6, 3H, CH), 1.52 (dd,
J=18, 7, 6H, CH), 1.26-1.14 (overlapping m, 18H, C§i 0.92
(m, 1H), 0.81 (ddJ = 15, 8, 3H, CH), 0.56 (broad, 3H, Ck}. H
NMR (=20 °C, THFdg): 6 7.92-7.87 (m, 1H, Ar), 7.727.66

tion became homogeneous after 10 min. The slurry was filtered (m, 1H, Ar), 7.65-7.56 (m, 2H, Ar), 6.97 (2H, Ar), 4.93 (broad d,
through Celite, and the yellow filtrate was concentrated under J= 6, 2H,a), 4.49 (broad, 2Hb), 3.32-3.20 (m, 1H), 3.08-2.92
vacuum. Petroleum ether was added to the yellow residue. The(m, 1H), 2.88-2.76 (m, 1H), 2.63-2.44 (m, 1H), 2.46-2.27 (m,

solution was stored at25 °C for 24 h, yielding yellow crystals
suitable for X-ray crystallography and a yellow solution. The
yellow crystals were further washed with petroleum etherx(3
5 mL) and dried under vacuum, yielding 250 mg (78%) of yellow
crystals.

HRMS (W2): calcd for G4HsslPsPt (MHT), 877.2188; found,
877.1935. Anal. Calcd for £2Hs4PsPt: C, 46.53; H, 6.20. Found:

2H), 2.20-2.09 (m, 1H), 2.08-1.95 (m, 1H), 1.941.82 (m, 2H),
1.83-1.77 (m, 1H), 1.681.56 (overlapping m, 4H), 1.561.46
(m, 6H, Me), 1.26-1.18 (overlapping m, 12H, Me), 1.16 (d,=
7, 6H, Me), 0.92-0.85 (m, 1H), 0.80 (ddJ = 15, 7, 3H, Me),
0.53 (dd,J = 16, 7, 3H, Me).

Pt((R,R)-Me-Duphos)(PMels} (5). Method |. PHMe(Is) (120
mg, 0.48 mmol) was added with a microsyringe to a stirred slurry

C, 35.09; H, 5.19. The poor analytical results presumably stem from of Pt((R R)-Me-Duphos)C (137 mg, 0.24 mmol) in toluene (1 mL).

decomposition of the air-sensitive sampi#{H} NMR (21 °C,
toluenees): 6 64.5 (broad dJ = 117,Jpp = 1559), 54.4 (broad,
Jprp = 3943),—68.3 (broadJpip = 842). See Table 1 for low-
temperaturé’P NMR data (two diastereomerdd NMR (21 °C,
toluenedg): 6 7.25-7.19 (m, 1H, Ar), 7.187.12 (m, 3H, Ar),
7.08-7.04 (m, 2H, Ar), 5.21 (broad, 2H, CH), 3.98.87 (m, 1H,
CH), 2.87-2.80 (m, 1H, CH), 2.772.60 (broad, 3H), 2.582.49
(m, 2H), 2.36 (broad, 1H), 2.221.80 (m, 5H), 1.60 (ddJ = 18,
7,3H, CHy), 1.48 (d,J = 8, 3H, CH), 1.45 (d,J = 7, 6H, 2CH),
1.38 (d,J =7, 6H, 2CHy), 1.29 (d,J = 7, 6H, 2CH), 0.86 (d,J
=7, 3H, CH), 0.54 (dd,J = 15, 7, 3H, CH), 0.51 (dd,J = 14,
7, 3H, CH)).

Pt((R,R)-Me-Duphos)(Cl)(PMels) (4). Method |. NaOSiMeg

NaOSiMeg (53.8 mg, 0.48 mmol) in toluene (1 mL) was added to
the reaction mixture. The mixture turned orange, and the solution
became homogeneous after 30 min. The slurry was filtered through
Celite, and the orange filtrate was concentrated under vacuum.
Petroleum ether was added to the yellow residue. The solution was
stored at—25 °C for 24 h, yielding yellow crystals suitable for
X-ray crystallography and a yellow solution. The yellow crystals
were further washed with petroleum etherx31 mL) and dried
under vacuum, yielding 195 mg (81%) of yellow crystals. On the
basis of the®’P NMR spectra, the sample was contaminated with
Pt((R R)-Me-Duphos)(Cl)(PMels)), Pt(R R)-Me-Duphos)(OSiMg-
(PMels), Pt(R,R)-Me-Duphos)(OH)(PMels), PHMe(ls), and other
unidentified impurities £10% total, see below).

(34 mg, 0.3 mmol) in toluene (0.5 mL) was added to a stirred slurry ~ Method Il. To a slurry of [Pt(RR)-Me-Duphos)(PHMels]-

of Pt((R R)-Me-Duphos)d (172 mg, 0.3 mmol) in toluene (1 mL).
PHMels (75 mg, 0.3 mmol) was added to the reaction mixture,
which turned orange immediately. After 2 h, the slurry was filtered

[OTf]2 (10; see below; 70 mg, 0.054 mmol) in toluene (1 mL) was
added a slurry of NaOSiMe(12 mg, 0.11 mmol) in toluene
(1 mL). The reaction mixture turned yellow immediately. It was

through Celite, and the orange filtrate was concentrated under filtered through Celite, and the filtrate was concentrated under
vacuum. The orange residue was washed with petroleum ether (threevacuum. The viscous residue was washed with petroleum ether

portions of 0.5 mL), yielding 200 mg (85%) of orange powder. A
CsDs solution deposited yellow crystals suitable for X-ray crystal-
lography. The bulk sample contained.0% impurities. The major

(3 x 0.5 mL) and dried under vacuum, yielding 45 mg (82%) of
yellow powder. On the basis of ti#&P NMR spectra, the sample
was contaminated with PR(R)-Me-Duphos)(Cl)(PMels)4), PH-

impurity (~7%), assigned as Pt(Me-Duphos)(OH)(PMels), appears Me(ls), and other unidentified impurities-(0% total).

to be a mixture of two diastereomers, on the basis offReNMR

We could not obtain spectroscopically pure bulk samples, of

spectrum (see below). This species was also observed as an impuritgithough it could be characterized crystallographically. Satisfactory

in the3P NMR spectrum of Pt(Me-Duphos)(PMel$p; see below).

elemental analyses could not be obtained for this material, perhaps

Complex5 was also sometimes seen as an impurity when making pecause of its air sensitivity. Anal. Calcd fogBsPsPt: C, 60.04;

4 via this route.

Method Il. A slurry of NaOSiMe (13 mg, 0.11 mmol) in toluene
(0.5 mL) was added to a slurry of [PRR)-Me-Duphos)(Cl)-

H, 8.06. Found: C, 58.32; H, 8.11. These results are consistent
with oxidation at both phosphorus centers: Anal. Calcd for
CsoHgoOP,Pt: C, 58.18; H, 7.81. Mass spectroscopy was also
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consistent with oxidation. HRMSn{2): calcd for GoHgiP4sPtO, Pt((R,R)-Me-Duphos)(OH)(PMels). 3P{*H} NMR (21 °C,
(MOzH)*, 1032.4849; found, 1032.4847P{H} NMR (21 °C, THF-dg): 6 70.5 (dd,J = 151, 8,Jp.p = 1857), 49.4 (broadlp,p
THF-dg): 6 57.5 (broad),—56.7 (broad). See Table 1 for low- ~3300), —44.9 (broad). At low temperature, a 1:1 mixture of
temperaturé!’P NMR data. In addition to the three diastereomers diastereomers was observé®{*H} NMR (—20°C, THF-dg): 6
listed there, we consistently observed PHMe(Is) and a trace amount70.5 (dd,J = 152, 8,Jpp ~ 1860), overlapping with 70.4 (dd,

of an unidentified phosphido compleX#{'H} NMR (=50 °C, ~ 150, 5), 52.5Jpr-p ~ 3174), 48.8 Jpr-p ~ 3226),—41.9 (d,J=
THF-dg): 0 57.8 (apparent ddl = 114, 12),—102.9 (apparent dd, 151),—44.5 (d,J =~ 150).
J =114, 12Jpi-p = 894)) in bulk samples d. We cannot exclude Addition of 1 Equiv More of PHMe(ls). The above mixture

the possibility that these peaks are due to a fourth diastereomer ofwas added to PHMe(ls) (18 mg, 0.07 mmol). It was transferred to
5; they could also simply result from an impuritfid NMR (21 an NMR tube and monitored P NMR spectroscopy. After 3 h
°C, THF-dg): 6 7.82-7.74 (m, 2H, Ar), 7.547.48 (m, 2H, Ar), a precipitate was observed. Unreacted PHMe(ls) was a major
6.92 (broad, 4H, Ar), 5.00 (broad, 4H, CH), 2:82.72 (m, 4H), component of the mixture. The Pt(Duphos) species in solution were
2.65-2.35 (broad, 2H), 2.282.10 (m, 2H), 2.16-1.70 (m, 6H), Pt(R,R)-Me-Duphos)(PMels) (5; 61%), Pt(RR)-Me-Duphos)-
1.62-1.54 (m, 12H, Me), 1.261.13 (overlapping m, 36H, Ciji (OH)(PMels) (24%), PtRR)-Me-Duphos)(Cl)(PMels)4; 6%), Pt-
0.55 (dd,J = 25, 12, 6H, CH). ((RR)-Me-Duphos)(0SiMg(PMels) (3%), Pt[® R)-Me-Duphos)-
Intermediates and Impurities in the Formation of Phosphido (OSiMe&3), (3%), and Pt(R,R)-Me-Duphos)(OH)(OSiMg (3%).
Complexes 4 and 5To investigate the formation of complexés After 20 h a precipitate was observed. Unreacted PHMels was a
and5, we studied the reaction of the chloro complexesPR)- major component of the mixture. The Pt(Duphos) species in solution
Me-Duphos)C] and Pt(R,R)-Me-Duphos)(Cl)(PMels) 4) with were5 (69%), Pt(RR)-Me-Duphos)(OH)(PMels) (29%), and Pt-
NaOSiMe, followed by the addition of PHMe(Is). Several com- ((RR)-Me-Duphos)(OSiMg(PMels) (2%).
plexes were observed P NMR spectroscopy; NMR data and Reaction of Pt(R,R)-Me-Duphos)(Cl)(PMels) with NaO-
tentative assignments are included below. To account for all the SjMey/PHMels. To a solution of Pt R)-Me-Duphos)(Cl)(PMels)
observations, including the magnitude of ti¥e.p coupling (4; contaminated with~7% impurity assigned as PR(R)-Me-
constants, we have assigned some species as platinum hydroxidesuphos)(OH)(PMels); 55 mg, 0.07 mmol) in THF (0.2 mL) was
assuming that they form via M8iOH, which decomposes to water  added a slurry of NaOSiMé&8 mg, 0.07 mmol) in 0.3 mL of THF.
and (MeSi)0, and/or from adventitious water. The complicated The mixture was transferred to an NMR tube and monitored by
nature of the reaction mixtures is consistent with the difficulty we 31p NMR spectroscopy; after 3 h, no reaction had occurred. The

observed in isolating puré or 5 by these routes. mixture was added to PHMe(ls) (18 mg, 0.07 mmol), transferred
Reaction of Pt(R,R)-Me-Duphos)CkL with 2 Equiv of NaO- to an NMR tube, and monitored P NMR spectroscopy. After

SiMes. To a white slurry of Pt@® R)-Me-Duphos)C{ (40 mg, 0.07 30 min the mixture was unchanged. After 20 h the mixture consisted

mmol) in THF (0.2 mL) was added a slurry of NaOSiM&6 mg, mainly of Pt(R R)-Me-Duphos)(PMels)(5), along with unreacted

0.14 mmol, 2 equiv) in 0.3 mL of THF. The reaction mixture was PHMe(ls) and PtR R)-Me-Duphos)(OH)(PMels).

transferred to an NMR tube and monitored 3y NMR spectros- [Pt((R,R)-Me-Duphos)(Ph)(PHMe(Is))][BF4] (6). Method I. To

copy. After 10 min a white precipitate was still observed on the g stirred solution of PtR R)-Me-Duphos)(Ph)(PMels)i{ 64 mg,
bottom of the tube, and unreacted RIR)-Me-Duphos)C (12% 0.08 mmol) in E£O (10 mL) was added HBFMe,O (12 mg, 0.085

of the mixture by3P NMR integration) was observed in the  mmol). A white precipitate formed immediately. After it settled,
solution. The major component (65%) of the solution was tentatively the solvent was removed with a pipet and the precipitate was washed
assigned as PR(R)-Me-Duphos)(CI)(OSiMg); 23% of the material  wjth E,0 (3 x 5 mL). The precipitate was dried under vacuum,
was another unsymmetrical Pt(Duphos) complex, perhapBRK(  yielding 55 mg (75%) of white powder. TH&P NMR spectrum is

Me-Duphos)(OH)(OSiMg. reported for a mixture of two diastereomersndb, whose ratio
Pt((R,R)-Me-Duphos)(Cl)(OSiMey). 3P{1H} NMR (21 °C, varied over time (ratiab = 5:1 after 1 h, 14:1 after 1 day).
THF): 6 65.6 (d,J = 7, Jpr-p = 3801), 55.5 (dJ = 7, Jpr-p = Anal. Calcd for GoHeoPsPtBF:: C, 52.47; H, 6.60. Found: C,

3289). 52.09; H, 6.663P{H} NMR (CD.Cl,): diastereomen, ¢ 63.1
Pt((R,R)-Me-Duphos)(OH)(OSiMe;). 3'P{*H} NMR (21 °C, (dd,J =372, 8,Jp_p = 2623), 62.8 (ddJ = 18, 8,Jp_p = 1643),
THF): 6 55.9 (d,J = 10, Jpip = 3635), 54.4 (dJ = 10, Jpr-p = —62.6 (dd,J = 372, 18,Jpp = 2513); diastereome, 5 61.4
3115). (dd,J = 376, 6,Jprp = 2618), 67.6 (MmJprp = 1691),—55.2 (dd,

Addition of 1 Equiv of PHMe(ls). The above mixture was J = 376, 18,Jprp = 2472). SelectedH NMR data (CBCl,, all
added to PHMe(ls) (18 mg, 0.07 mmol). The color changed to for the major diastereomex unless indicated) 7.24 (dm,J =
orange immediately. It was transferred to an NMR tube and 355, P-H, b), 7.21 (d,J = 4, 2H, Is), 6.79 (dmJ = 361, P-H),
monitored by?!P NMR spectroscopy. After 10 min precipitate was 1.45 (dd,J = 19, 7, 3H, CH, Duphos), 1.36 (dd) = 18, 8, 3H,
still observed. Unreacted PHMe(Is) was a major component of the CHs, Duphos), 1.35 (dJ = 7, 6H, 2CH Is), 1.29 (d,J = 7, 6H,

mixture. The Pt(Duphos) species in solution were RR)-Me- 2CHg, Is), 1.26 (d,J = 7, 6H, 2CH, Is), 1.08 (dddJ = 7, 4, 2,
Duphos)(Cl)(PMels) 4 55%), PtRR)-Me-Duphos)(OSiMg-  Jpn = 38, P-CHy), 0.87 (dd,J = 17, 8, 3H, CH, Duphos), 0.74
(PMels) (21%), Pt®R R)-Me-Duphos)(OH)(OSiMg (13%), Pt- (m, 1H, CH, Duphos), 0.69 (dd, = 16, 7, 3H, CH, Duphos).

((RR)-Me-Duphos)(Cl)(OSiMg) (6%), and two other unidentified Method Il. To a stirred solution of PtR R)-Me-Duphos)(Ph)-

species, one possibly PRR)-Me-Duphos)(OH)(PMels) (3%) and  (CI) (140 mg, 0.22 mmol) and PHMe(ls) (21 mg, 0.22 mmol) in
the other Pt®R R)-Me-Duphos)X (X = OSiMe; or OH) (1%). After THF (20 mL) was added AgOTf (57.1 mg, 0.22 mmol) dissolved
20 h, PHMe(lIs) was entirely consumed, and the Pt(Duphos) speciesin THF (5 mL). Immediate formation of AgCl was observed, and

in solution were4 (50%), Pt(R R)-Me-Duphos)(OH)(PMels) (25%),  the reaction mixture was stirred vigorously at room temperature
Pt((R,R)-Me-Duphos)(OH)(OSiMg (10%), Pt(R R)-Me-Duphos)- for 30 min and then filtered through Celite and concentrated under
(OSiMe3)2 (10%), Pt(R R)-Me-Duphos)(Cl)(OSiMg (3%), and Pt- vacuum. Petroleum ether was added to the viscous residue, and

((R,R)-Me-Duphos)(0SiMg(PMels) (2%). cooling of this solution to-25 °C gave 167 mg (77%) of an off-
Pt((R,R)-Me-Duphos)(OSiMe)(PMels). 31P{*H} NMR (21 °C, white solid, 6-OTf.

THF): 6 66.8 (dd,J = 136, 10,Jp.p = 1620), 43.5 p-p = 3815), [Pt((R,R)-i-Pr-Duphos)(Ph)(PHMe(ls))][BF,] (7). A solution

—44.8 (broad dJ = 136, Jpi-p ~ 800). of HBF4Me,0O (11.6 mg, 0.086 mmol) in 10 mL of D was added

Pt((R,R)-Me-Duphos)X, (X = OSiMes, OH). 31P{1H} NMR to a yellow solution of PtR R)-i-Pr-Duphos)(Ph)(PMels)2( 74
(21 °C, THF): 6 54.7 Jprp = 3545). mg, 0.08 mmol) in 10 mL of ED. A white precipitate formed
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immediately. The solvent was removed with a pipet, and the
precipitate was washed with & (3 portions of 5 mL) and then
dried under vacuum, yielding 55 mg (67%) of the product as a
1.3:1 mixture of the two diastereomexsandb. Recrystallization
from THF/petroleum ether yielded crystals of diastereomeas
shown by NMR spectroscopy in GDI,. The solvent was removed
from this sample under vacuum to give a solid which was analyzed
correctly for a CDCI; solvate.

Anal. Calcd for GgH;6PsPtBF,+CD.Cl,: C, 52.79; H, 6.87.
Found: C, 52.74; H, 7.16. From comparison of the NMR spectra
of the 1.3:1 mixture and pure diastereoragassignments of most
of the NMR signals could be madé®P{H} NMR (CD.Cl,):
diastereomea, 6 58.4 (dd,J = 372, 6,Jpp = 2681), 57.3 (dd)
= 17, 6,Jprp = 1656),—66.1 (dd,J = 372, 17,Jpp = 2510);
diastereomeb, 6 57.1 (dd,J = 377, 5,Jpp = 2687), 53.7 (dd)
=15, 5,Jpr-p = 1631),—60.3 (dd,J = 377, 15,Jpip = 2481).'H
NMR (diastereomea, CD,Cly): 6 7.85-7.80 (m, 1H, Ar), 7.7#
7.74 (m, 1H, Ar), 7.747.66 (m, 2H, Ar), 7.657.50 (t,J = 6,
Jpn = 41, 1H, Ar), 7.3%-7.24 (m, 3H, Ar), 7.18 (dJ = 3, 2H,
Ar), 7.12-7.02 (m, 1H, Ar), 6.76 (dmJ = 358, 1H, PH), 3.52
3.50 (m, 2H,i-Pr CH), 2.94-2.89 (m, 1H), 2.742.51 (m, 5H),
2.09-1.83 (m, 5H), 1.7+1.66 (m, 1H), 1.66-1.44 (m, 5H), 1.33
1.28 (overlapping m, 15H), 1.23 (overlappinglds 7, 6H), 1.12-
1.07 (m, 3H, P-Me), 1.03 (d,J = 6, 3H), 0.76 (d,J = 6, 3H),
0.64 (d,J = 6, 3H), 0.56 (dJ = 6, 3H), 0.30 (dJ = 6, 3H), 0.18
(d,J= 6, 3H).*H NMR (selected signals for diastereonteiCD,-
Cly; in some cases, overlap with signals froa precluded
assignment):d 7.93-7.91 (m, 1H, Ar), 7.827.72 (m, overlapping
signals from major diastereomer, 2H, Ar), 7.01 (broad, 2H, Ar),
6.86-6.84 (m, 2H, Ar), 6.746.71 (m, 1H, Ar), 6.44 (dmJ =
372, 1H, PH), 1.361.28 (m, overlapping signals from major
diastereomer, 9H), 1.23 (d= 7, 6H), 1.14-1.08 (m, overlapping
signals from major diastereomer, 9H), 0.99 Jd&= 7, 3H), 0.89
(d,J =6, 3H), 0.87 (dJ = 6, 3H), 0.78 (dJ = 7, 3H), 0.71 (d,
J=6, 3H), 0.70 (dJ = 6, 3H), 0.58 (dJ = 6, 3H).

[Pt((R,R)-Me-Duphos)(l)(PH(Me)(Is))][BF4] (8). To a stirred
solution of Pt(R,R)-Me-Duphos)(I)(PMels) (88 mg, 0.1 mmol) in
Et,0 (10 mL) was added HBFMe,O (16 mg, 12.5:L, 0.12 mmol).
An off-white precipitate formed immediately. After it settled, the
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12.5uL, 0.12 mmol). An off-white slurry formed immediately, and
the solvent was removed under vacuum. Petroleum ether (1 mL) was
added to the viscous residue, and an off-white precipitate formed.
The solvent was removed with a pipet, and the precipitate was
washed with petroleum ether 82 mL). The precipitate was dried
under vacuum, yielding 76 mg (87%) of white powder. Tie
NMR spectrum is reported as a mixture of two diastereomers (ratio
acb = 2.3:1 based on integration offM signals) unless otherwise
indicated. Because the starting material was not pure, we could
not obtain the cation in pure form-6% of unidentified impurities).
Method Il . A slurry of AgBF; (39 mg, 0.2 mmol) in CHCN
(0.5 mL) was added to a slurry of PRR)-Me-Duphos)C]
(115 mg, 0.2 mmol) in CECN (1 mL), with stirring. A white
precipitate formed immediately. The mixture was filtered through
Celite and concentrated under vacuum. PHe NMR (CHCN)
spectrum of the solution showed the presence % of impurities
(unreacted Pt R)-Me-Duphos)Cl and [Pt(RR)-Me-Duphos)-
(NCMe)][BF4]2). The solvent was removed under vacuum, and
the residue was washed with petroleum ethex(®.2 mL) and
dried under vacuum. Recrystallization from THF/petroleum ether
yielded 110 mg (76%) of white powder, which was used in the
next step without further purification.
[Pt((R,R)-Me-Duphos)(CI)(NCMe)][BF4]. 3P{*H} NMR (CD-
Clp): 0 70.9 Jprp = 3307), 64.5 Jprp = 3664).31P{1H} NMR
(CH3CN): 6 70.7 Qp—p = 3300), 64.4 Jpr-p = 3645).
[Pt((R,R)-Me-Duphos)(NCMe)][BF 4].. This complex was gen-
erated independently, using 2 equiv of AgBEP{*H} NMR (CD,-
Clp): 6 67.3 Jprp = 3478).31P{*H} NMR (CH3CN): 0 67.0 Jp—p
= 3495).
Pt((R,R)-Me-Duphos)Ch. 3P{1H} NMR (CD.Cly): ¢ 69.4
(Jpe—p = 3557).3P{H} NMR (CH3sCN): 6 68.1 Jprp = 3511).
A solution of PHMe(ls) (41.5 mg, 0.165 mmol) in GEl,
(0.5 mL) was added to a solution of impure [R)-Me-Duphos)-
(C(NCMe)][BF4] (110 mg, 0.165 mmol) in CkCl, (1 mL). The
solvent was removed under vacuum, and the white residue was
washed with petroleum ether 0.5 mL) and dried under vacuum,
yielding 105 mg (73%) of white powder. GBI, (0.2 mL) was
added to the powder, and crystals suitable for X-ray crystallography
were formed on the walls of the vial. The solvent was removed

solvent was removed with a pipet and the precipitate was washedwith a pipet, and the crystals were dried under vacuum. The

with ELO (3 x 5 mL). The precipitate was dried under vacuum,
yielding 85 mg (88%) of off-white powder, which was recrystallized
from CH,CI,/Et,O for elemental analyses. Note: this and the related

compound was found to cocrystallize with @8, by X-ray
crystallography and elemental analyses. Two diastereomers were
observed (raticmb = 1:1.4 on the basis of integration ofiM

cationic secondary phosphine complexes tended to cocrystallize withsignals in the!H NMR spectrum). Impurities (P#RR)-Me-
these solvents, which were readily lost on standing. In this case, apuphos)C} and an unidentified Ptsecondary phosphine species

trace of CHCI, was observed byH NMR spectroscopy in the
analytical sample. Anal. Calcd for Bg4HssIPsPt: C, 42.30; H,
5.74. Anal. Calcd for BgyF4HsslPsPt:0.05CHCI, (observed byH

NMR (CD,Cly)): C, 42.17; H, 5.73. Found: C, 41.77; H, 5.80.

The NMR spectra are reported for a mixture of two diastereomers
(ratio ab = 3:1 on the basis of integration of théd NMR
spectrum)3P{1H} NMR (CD.Cl,): diastereomesn, 6 74.8 (d,J
= 374,Jpp = 2321), 65.0 (dJ = 18, Jprp = 3102),—72.0 (dd,
J = 374, 18,Jp—p = 2213); diastereomses, 6 73.4 (d,J = 383,
Jpp = 2289), 72.0 (dJ = 15, Jpr—p = 3175),—65.8 (dd,J = 383,
15, Jpp = 2164).2H NMR (CD,Cly): 6 7.92-7.76 (m, 3H), 7.73
(tm,J =7, 1H), 7.22 (dJ =4, 2H, Is,a), 7.16 (d,J = 4, 2H, Is,
b), 6.67 (dm,J = 384, P-H, b), 6.43 (dm,J = 343, P-H, a),
4.06-3.93 (m, 1H,a), 3.88-3.78 (m, 1H), 3.62-3.54 (m, 1H,b),
3.12-2.79 (m, 2H), 2.632.23 (m, 5H), 2.23-2.08 (m, 1H,a),
2.08-1.78 (m, 2H), 1.781.66 (m, 1Hb), 1.54 (d,J =7, 3H,a),
1.53 (dd,J = 20, 7, 3H,a, overlapping 3H)b), 1.43-1.33 (m,
4H), 1.33-1.24 (m, 18H), 1.12 (dd] = 7, 3, 3H,b), 1.09 (d,J =
7, 3H, b), 0.96-0.82 (m, 3H), 0.69 (ddJ = 17, 7, 3H,a).

[Pt((R,R)-Me-Duphos)(Cl)(PHMe(Is))][BF4] (9). Method I. To
a stirred yellow slurry of Pt,R)-Me-Duphos)(Cl)(PMels)4; 79
mg, 0.1 mmol) in EO (2 mL) was added HBfFMe,O (26 mg,

(perhaps (PtR,R)-Me-Duphos)(PHMe(Is))(NCMe)|[BH., ~5%))
were still observed in th&P NMR spectrum of the bulk material.
Anal. Calcd. for BGsF4HssCIPsPt: C, 46.72; H, 6.34. Calcd for
BC34F4H55C|P3Pt’0.4C|‘bC|2: C, 45.50; H, 6.19. Found: C, 45.25;
H, 5.79. HRMS (/2): calcd for G4ClHssPsPt™ (M), 785.2832;
found, 785.283731P{1H} NMR (CD.Cl,): diastereomea, 6 78.9
(dd,J = 377, 3,Jpi—p = 2380), 62.9 (ddJ = 18, 3,Jprp = 3282),
—60.3 (dd,J = 377, 18,Jpp = 2227); diastereomen, 6 78.8
(dd, J = 379, 3,Jprp = 2356), 65.4 (dJ = 17, Jprp = 3312),
—53.5 (ddJ =379, 17 Jp—p = 2230).*H NMR (CD.Cl,): 6 7.84—
7.70 (m, 3H), 7.76-7.64 (m, 1H), 7.22 (dJ = 4, 2H, Is,a), 7.18
(d,J =4, 2H, Is,b), 6.44 (dm,J = 362, P-H, a), 6.29 (dm,J =
371, P-H, b), 3.86-3.76 (m, 2Ha), 3.68-3.62 (m, 2H ), 3.44—
3.31 (m, 1H), 3.152.76 (m, 3H), 2.582.26 (m, 4H), 2.26-2.12
(m, 1H), 2.06-1.98 (m, 3H, Me), 1.961.68 (m, 4H), 1.54 (dd)
= 20, 7, 3H, Me,a), 1.58-1.23 (overlapping m, 21H, Me), 1.05
(dd,J =17, 7, 3H,b), 0.96-0.82 (m, 3H, Me), 0.69 (dd] = 17,
7, 3H, a), 0.66 (dd,J = 20, 8, 3H, Me,b). NMR data for the
unidentified impurity: 31P{*H} NMR (CD,Cl,) 6 80.3 (d,J = 380),
67.1 (d,J = 17), —82.8 (dd,J = 377, 17).
[Pt((R,R)-Me-Duphos)(PHMe(lIs)}][BF 4]> (10). To a stirred
solution of Pt(R,R)-Me-Duphos)(PMels) containing ~30% of
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chloro complex4 impurity (100 mg, 0.1 mmol) in O (10 mL)
was added HBFMe,O (32 mg, 25L, 0.24 mmol). A white precip-
itate formed immediately. After it settled, the solvent was removed
with a pipet and the precipitate was washed witf(OE{3 x 5 mL).
The precipitate was dried under vacuum, yielding 115 mg (98%)
of white powder, whos&'P NMR spectrum showed that it consisted
of a mixture of dication10 (~70%) and cation9 (~30%).
Recrystallization from CKCI/Et,O yielded white crystals of a
methylene chloride solvate @D as a mixture of three diastereomers
(ratio a:b:c = 3.7:1.2:1, from'H NMR integration). Anal. Calcd
for CsoHgoP4PtBFg: C, 51.08; H, 7.03. Anal. Calcd. forggHgoPs-
PtB,Fs:CH,Cl,: C, 48.59; H, 6.72. Found: C, 48.60; H, 6.97. The
cocrystallized solvent was observed ¥y NMR spectroscopy in
CD,Cl,. HRMS (W2): calcd for GoHgsP4Pt (MH)3*, 1001.5072;
found, 1001.4654P{*H} NMR (CD,Cl,): diastereomea, 6 70.7
(AA'XX' pattern,JAX = 297,Jax: = —23,Jaa = 31, Ixx = 0,
Jpp = 2188),—71.6 (AAXX' pattern,Jax = 297, Jax' = —23,
Jaar = 31, Ixx = 0, Jprp = 2202); other diastereomers,77.9
(broad d,J = 294), 68.5 (apparent dd,= 296, 23,Jpp = 2150),
—67.9 (broad),—69.4 (broad). SelectetH NMR (CD.Cl,) sig-
nals: 8.06-7.80 (m, 4H, Ar), 7.36-7.30 (broad, 4H, Isq), 7.30—
7.24 (broad m, 4H, Ish), 7.24-7.20 (broad m, 4H, Is¢), 7.18
(broad dm,Jp—y = 383, 2H, P-H, b), 7.12 (broad dmJp_y =
383, 2H, P-H, a), 6.72 (broad dmJs_ = 388, 2H, P-H, c), 3.62-
3.53 (m, 2H), 3.44-3.20 (m, 2H), 3.152.96 (m, 2H), 2.86-2.62
(m, 2H), 2.46-2.30 (m, 4H), 2.281.90 (m, 4H), 1.76-1.28
(overlapping m~51H, Me), 1.02 (ddJ = 18, 7, 3H, Me)p), 0.75
(dd,J =17, 7, 3H, Me,a), 0.62 (dd,J = 18, 7, 3H, Me,c).
[Pt((R,R)-Me-Duphos)(PHMe(Is)y][OTf] » (10-OTf). A solu-
tion of PHMe(Is) (69 mg, 0.28 mmol) in Ci€l, (0.5 mL) was
added to a solution of P&R)-Me-Duphos)(OTf) (110 mg, 0.138
mmol, see below) in CKCl, (1 mL). The solvent was removed
under vacuum, and THF (0.3 mL) was added to the mixture. After
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Jpc = 33, CH), 36.3 Jp.c = 35, CH,), 34.6 (broad two-line
pattern with apparenl = 7, CH,), 16.8 (Jp—c = 35, Me), 13.5
(Me).

Pt((R,R)-Me-Duphos)(Cl)(P(O)Mels) (11). Method I. To a
yellow solution of impure PtR,R)-Me-Duphos)(Cl)(PMels)4; 70
mg, 0.09 mmol) in 0.5 mL of THRg in an NMR tube fitted with
a rubber septum was added®3 (30% in H,O, 20uL, 0.18 mmol),
with a microliter syringe. The reaction mixture became colorless,
and gas evolved®’P NMR spectroscopy indicated the formation
of 11. The solvent was removed under vacuum, and the white
residue was washed with etherx30.5 mL). Drying the precipitate
yielded 68 mg (94%) of white powder as a mixture of two
diastereomers (ratiab = 10.8:1). Recrystallization from CITl,/
ether at 5°C gave crystals enriched in diastereoradratio acb =
28.1:1).

Method 1l. A yellow solution of Pt(RR)-Me-Duphos)(Cl)-
(PMels) @; 50 mg, 0.06 mmol) in 0.5 mL of toluengsin a capped,
Parafilm-wrapped NMR tube became colorless after 2 months in
the air. Crystals suitable for X-ray crystallography formed on the
walls of the NMR tube.

HRMS (2): calcd for G4Hs4CIOPsPtH (M), 801.2737; found,
801.2780. Anal. Calcd for £Hs,0CIP;Pt: C, 50.90; H, 6.78. Calcd
for C34Hs,OCIP;Pt:0.5CD,Cl; (the solvent of recrystallization): C,
49.00; H, 6.44. Found: C, 48.78; H, 6.68P{'H} NMR (CD,-
Cl,): diastereomen, 6 64.9 (collapse# dd, J = 431, 9,Jprp =
1452), 64.7 (collapséddd, J = 431, 16,Jpp = 2796), 56.0 (dd,

J =16, 9,Jp—p = 3918); diastereomds, 6 65.7 (dd,J = 432, 9),
60.8 (dd,J = 432, 17), 60.1 (ddJ = 16, 9, Jprp = 3913).'H
NMR (CD,Cly): 6 7.70-7.65 (m, 1H, Ar), 7.62-7.54 (m, 3H, Ar),
7.05 (2H, Ar), 4.806-4.68 (m, 2H), 3.26-3.08 (m, 1H), 3.08-2.90
(m, 2H), 2.96-2.80 (m, 1H), 2.552.30 (m, 4H), 2.152.03 (m,
2H), 2.03-1.90 (m, 4H), 1.751.61 (m, 2H), 1.503 (ddj = 20,
7, 3H, Me), 1.495 (ddJ = 18, 7, 3H, Me), 1.23 (dJ = 7, 6H,
Me), 1.204 (dJ = 7, 6H, Me), 1.20 (d,) = 7, 6H, Me), 0.86 (dd,

a few minutes white crystals started to precipitate. The solution J = 16, 8, 3H, Me), 0.73 (dd] = 16, 8, 3H, Me).3C{*H} NMR
was removed with a pipet, and the crystals were washed with THF (CD:Cl): 6 152.8 (quat), 149.6 (quat), 139.3 @@= 24, quat),

(3 x 0.2 mL) and dried under vacuum, yielding 75 mg (43%) of
white crystals as a mixture of 3 diastereomers (ratlmc = 3.8:
1:1.1).

31P{1H} NMR (CD.Cl,): diastereomera, 6 69.9 (AAXX'
pattern,JAx =298,Jax' = —24,Iaa = 32, Ixx = 0, Jprp = 2188),
—-71.6 (AA'XX' pattern,JAx = 298,Jax' = —24, Ian = 32, Ixx:
=0, Jprp = 2200); diastereomds, 6 78.2 (dd,J = 289, 19,Jpip
= 2275),—68.0 (broad dJ = 310, Jpp = 2237), diastereome,

0 68.1 (apparent dd] = 296, 24,Jpp = 2158),—70.9 (broad d,
J = 287,Jpp = 2160).

Pt((R,R)-Me-Duphos)(OTf),. To a slurry of Pt(RR)-Me-
Duphos)C} (115 mg, 0.2 mmol) in CkCl, (1 mL) was added a
slurry of AgOTf (103 mg, 0.4 mmol) in C§Cl, (1 mL). A white
precipitate formed immediately. The slurry was filtered through
Celite, and the filtrate was concentrated under vacuum. 3Hhe
NMR spectrum of the filtrate indicated onty65% conversion. A
slurry of AgOTf (55 mg, 0.2 mmol) in CkCl, (1 mL) was added
to the filtrate. A gray precipitate was observed after 15 h. The

138.2 (dJ = 27, quat), 133.3133.0 (m, quat), 132.55 (Ar), 132.45
(Ar), 132.0 (d,J = 6, Ar), 131.4 (dJ = 3, Ar), 121.9 (apparent t,
J=4), 46.0 (d,J = 39), 41.9 (dJ = 16), 41.7 (dJ = 14), 38.0,
37.5,37.0, 36.7 (d] = 14), 36.5 (dJ = 15), 34.7 (dJ = 6), 34.4,
30.3, 26.7 (2Me, Is), 25.1 (2Me, Is), 24.0 (2Me, Is), 16.60)(e5
5), 16.56 (dJ = 4), 16.3 (d,J = 4), 14.6, 13.7 (d]J = 2).
Pt((R,R)-Me-Duphos)(P(O)Mels) (12). To a yellow solution
of bis(phosphido) complek containing~20% of chloro complex
4 and Pt(R R)-Me-Duphos)(OSiMg(PMels) as impurities (49 mg,
0.049 mmol) in 0.5 mL of toluene in an NMR tube fitted with a
rubber septum was added® (30% in HO, 28uL, 0.25 mmol),
with a microliter syringe. The reaction mixture became colorless,
and gas evolved®’P NMR spectroscopy indicated disappearance
of the starting material. The solvent was removed under vacuum,
and the white residue was washed with ethex (3.5 mL). Drying
the precipitate yielded 45 mg (89%) of white powder. Recrystal-
lization from CD,Cly/ether at 5°C gave 35 mg (69%) of white
crystals consisting of a 1:1 mixture of diastereomendb.
HRMS (W2z): calcd for GoHg,O.P,Pt™ (MHT), 1031.4814;

mixture was filtered through Celite, and the filtrate was concentrated found, 1031.4810. Anal. Calcd fors@1s00.P,Pt: C, 58.18; H, 7.81.
under vacuum. The white residue was washed with petroleum etherCalcd for GoHgoPsPtO,*0.3CD,Cl, (recrystallization solvent): C,

(3 x 0.5 mL) and dried under vacuum, yielding 120 mg (75% yield)
of white powder.

Anal. Calcd for GoH,gFsOsPoPtS: C, 30.04; H, 3.53. Found:
C, 30.21; H, 3.65%P{*H} NMR (CD,Cl,): 6 65.9 Jpp = 4038).
1H NMR (CD.Clp): ¢ 7.85-7.70 (m, 4H, Ar), 3.75-3.55 (m, 2H),
2.82-2.64 (m, 2H), 2.56-2.25 (m, 4H), 2.16:1.90 (m, 2H), 1.88
1.70 (m, 2H), 1.52 (ddJ = 20, 7, 6H, Me), 0.87 (dd) = 18, 7,
6H, Me).3C{1H} NMR (CD.Cl,): ¢ 137.6 (ddJ = 60, 21, quat),
134.2-134.1 (m, Ar), 133.4132.1 (m, Ar), 120.2 (qJc—r = 319,
OSOCF3), 40.4 (d,J = 40, Jp—c = 30, CH), 36.6 (dJ = 38,

57.12; H, 7.68. Found: C, 57.21; H, 6.98P{H} NMR (CD,-
Cl): 6 60.6 (dm,J = 365, Jorp = 1656), 51.3 (dm,J = 360,
Jpip = 1864), 50.4 (dm,) = 362, Jp_p = 2954), 48.1 (dmJ =

(32) The3'P NMR signals for the phosphido oxide and one of the Duphos
P atoms were accidentally coincident in this diastereomer, resulting in a
single overlapping signal. The expected ladge? was observed in the Pt
satellites. For similar observations in-Rthosphine complexes, see: (a)
Sperline, R. P.; Beaulieu, W. B.; Roundhill, D. Mhorg. Chem1978 17,
2032-2035. (b) Brown, M. P.; Fisher, J. R.; Puddephatt, R. J.; Seddon, K.
R. Inorg. Chem.1979 18, 2808-2813. (c) Gukathasan, R. R.; Morris, R.
H.; Walker, A.Can. J. Chem1983 61, 2490-2492.
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359,Jpr—p = 3185).1H NMR (CD,Cly): 6 7.78-7.73 (m, 1H, Ar),
7.64-7.57 (m, 1H, Ar), 7.56-7.48 (m, 2H, Ar), 7.09 (1H, Ar),
7.08 (1H, Ar), 7.04 (1H, Ar), 6.95 (1H, Ar), 5.645.53 (m, 1H),
5.38-5.27 (m, 1H), 4.56-4.47 (m, 1H), 4.124.05 (m, 1H), 3.32
3.20 (m, 1H), 3.08-2.97 (m, 1H), 2.96-2.78 (m, 2H), 2.652.51
(m, 1H), 2.48-2.30 (m, 3H), 2.36-2.22 (m, 2H), 2.22-2.14 (m,
3H), 2.01.88 (m, 3H, Me), 1.79 (dd]l = 18, 7, 3H, Me), 1.7%
1.62 (overlapping m, 4H, Me+ 1H), 1.58 (dd,J = 18, 7, 3H,
Me), 1.45 (dJ = 6, 3H, Me), 1.28-1.25 (overlapping m, 9H, Me),
1.23-1.18 (overlapping m, 12H, Me), 1.145 (d~= 7, 3H, Me),
1.141 (dJ =7, 3H, Me), 1.07 (dJ = 7, 3H, Me), 1.02 (d] = 7,
3H, Me), 0.72 (ddJ = 16, 7, 3H, Me), 0.37 (dd) = 15, 7, 3H,
Me).

Reaction of 1 with [Pd(allyl)ClI],. Formation of PMe(Is)(allyl)
(13).To a yellow solution of phosphido compléx(49.7 mg, 0.06
mmol) in 0.3 mL of toluene was added [Pd(allyl)&(ll1 mg, 0.03
mmol) in 0.2 mL of toluene. The reaction mixture turned brown
immediately. It was transferred to an NMR tube and monitored by
31p NMR spectroscopy. PR(R)-Me-Duphos)(Ph)(C)d 67.6 Jpp
= 1618), 55.7 Jpi-p = 3892)) was the major(90%) Pt-Duphos-
containing species. Some unidentified materials58.8, 57.7,
—37.5,—51.7), PMels(allyl) § —48.6), and multiplets assigned to
Pd-PMels(allyl) speciesq 25.6-24.8,—9.1 to —9.5, —10.0 to
—10.4,-13.2t0—13.6,—13.9to—14.4,—-15.9 to—16.4,—16.8
to —17.2) were observed.

A solution of dppe (48 mg, 0.12 mmol) in 0.1 mL of toluene
was added to the reaction mixture. Pt(Me-Duphos)(Ph)(Cl), Pd-
(dppe} (6 32.0), dpped —11.6), and PMels(allyl){ —49.1) were

observed in the mixture. The solvent was removed under vacuum,

and a 9:1 petroleum ethefHF mixture (0.5 mL) was added to
the residue. Pt R)-Me-Duphos)(Ph)(Cl) was removed from the
reaction mixture on a silica column (5 cm height, 0.6 cm diameter),
using a 9:1 petroleum etheTHF mixture as eluent; the Pt complex

Scriban et al.

Determination of ee.The tertiary phosphine (8 mg, 0.027 mmol)
was dissolved in 0.5 mL of §Ds. This solution was added t&¥
{Pd[NMe,CH(Me)CsH4](u-Cl)}, (8 mg, 0.014 mmol), and the
mixture was transferred to an NMR tube. The ee was determined
by integration of theé’’P NMR signals of the diastereomepfdP-
{H} NMR (CsDg): 0 9.6, 9.1; ratio 1:3, 51% ee.

Reaction of 1 with Pd(P@-Tol)3),. Generation of Pt{(R,R)-
Me-Duphos)(Ph)u-PMe(Is))(Pd(P@-Tol)s)) (14). Complex 1
(83 mg, 0.1 mmol) in toluene (1 mL) was added to a slurry of
Pd(P6-Tol)z)2 (72 mg, 0.1 mmol) in toluene (1 mL). The mixture
turned brown immediately, but unreacted Pa¢F0l)s), was still
observed as a light-colored precipitate. A sample of the reaction
mixture was transferred into an NMR tube and monitoredt¥y
NMR spectroscopy. After 10 min, compledd (as a 1:1 mixture
of two diastereomera and b) and P6-Tol); were the major
components of the mixture, along with unreacied\fter 20 h, a
light-colored precipitate was still present, but Pad6l)s), was
observed in solution b§P NMR spectroscopy. The rati4:P(o-
Tol);:1:Pd(P6-Tol)s), was 22.2:14.0:2.6:1; standing for 4 days
caused small changes in the ratio, but the reaction did not proceed
to completion.

The LRMS spectrum of this mixture showed peaks corresponding
to PdPO-Tol); (m'z 411), Pd(P¢-Tol)s), (m/z 715.3), Pt(Me-
Duphos)(Ph) ifyz 579.4), and Pt(Me-Duphos)(Ph)(P(O)(Me)(ls))
(m/z 844.4). The following NMR spectra are reported for the
mixture of two diastereomers.

Pt((R,R)-Me-Duphos)(Ph)@-PMe(ls))(Pd(P©-Tol)3)) (14).3P-

{*H} NMR (toluene): ¢ 57.0 (dd,J = 244, 7,Jpp = 1839), 55.564
(dd,J = 248, 7,Jpp = 1845), 55.560Jpip = 1864), 52.6 Jprp
= 1819), 0.2 (dJ = 234),—0.7 (d,J = 230),—35.0 (overlapping
dd,J ~ 248, 234 Jpp = 1592),—42.6 (overlapping dd] ~ 244,
230, Jpr-p = 1507).

Pd(P(o-Tol)s)2. 3P{1H} NMR (toluene): 6 —6.4.

did not elute. The solvent was removed under vacuum, and 39 mg  p(o-Tol),. 31P{1H} NMR (toluene): & —28.5.

of an off-yellow powder was obtained. The mixture consisted of
Pd(dppe), dppe, and PMels(allyl). Chromatography on a silica
column (5 cm height, 0.6 cm diameter), using petroleum ether
eluent, gave a solution of the allylphosphine (Pd(dppey dppe

did not elute). The solvent was removed under vacuum, and 12
mg (71% vyield) of a colorless oil was obtained. The tertiary
phosphine was dissolved in 0.5 mL of;[@% for spectroscopic
characterization, which showed it was 94% pure $#y NMR).

Both the protonated phosphine and the protonated phosphine,,,

oxide were observed by mass spectroscopy. HRM&){ calcd
for CigHzPT(MH™), 291.2242; found, 291.2237. HRM3n):
calcd for GgH3,OPF (MOHY), 307.2191; found, 307.2196'P-
{™H} NMR (C¢Dg): 6 —49.1 (purity 94%, other peak38.2).1H
NMR (CgDg): 6 7.13 (d,Jp_ = 3, 2H, Ar), 5.94-5.83 (m, 1H,
CH allyl), 5.05-4.99 (ddmJe_y = 5,J = 18, 1, 1H, allyl), 4.94
4.91 (dm,J = 10, 1H, allyl), 4.18-4.08 (m, 2H,i-Pr), 2.79-2.67
(overlapping m, 3H, PCH, + CH, i-Pr), 1.42 (d Jp-y = 6, 3H,
P—Me), 1.31 (dJ = 7, 6H, CH), 1.30 (d,J = 7, 6H, CH), 1.20
(d, J =7, 6H, CHy). 3C{*H} NMR (CgDg): 6 156.3 (d,J = 21,
quat), 150.9 (quat), 135.9 (d,= 23, CH allyl), 130.8 (dJ = 41,
quat), 122.6 (dJ = 6, Ar), 116.3 (d,J = 19, CH; allyl), 35.4 (d,
J =25, P-CH,), 35.0 (CH,i-Pr), 31.8 (dJ = 34, CH,i-Pr), 25.5
(d,J=1, CHy), 25.4 (CH), 24.4 (d,J =2, CHy), 11.7 (d,J = 32,
P—CHs).

X-ray Crystallography. Crystallographic data are collected in
Table 3. All diffraction data were collected on Bruker diffracto-
meters equipped with APEX CCD detectors at the temperatures
shown. All data were corrected for absorption using empirical
(multiscan) methods. Space group assignments were unambiguous
for chiral molecules. All structures were refined using anisotropic
thermal parameters for non-hydrogen atoms, and hydrogen atoms
were treated as idealized contributions. Absolute stereochemistries
ere determined by the values of the Flack parametersOFar
molecule of highly disordered methylene chloride was rendered
using SQUEEZE, which treats electron densities in void spaces as
diffuse contributions. All software used was contained in either
the libraries distributed by Bruker AXS (Madison, WI) or in the
PLATON suite of programs by A. Spek.
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