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The synthesis and characterization of optically active phosphinooxazoline chloride com@g=es! (
Ru)-[(178-p-MeCsH4i Pr)MCI(PN)]JA (M = Ru, Os; PN= phosphinooxazoline ligand; A counteranion)
and the derived aqua complexeRy(and Su)-[(7%-p-MeCsH.iPr)M(PN)(HO)](A). are reported. The
OPOR-containing compoundsR{; and Sy)-[(78-p-MeCsH.iPr)M(OPOR)(PNiPr)][PR] (M = Ru, Os;
PNiPr = (49-2-(2-diphenylphosphinophenyl)-4-isopropyl-1,3-oxazoline) have been also prepared and
characterized. The molecular structures 8§)¢[(775-p-MeCsH4i Pr)MCI(PNIPI)][SbR] (M = Ru, Os),
(Sru)-[(178-p-MeCsH,4i Pr)RUCI(PNInd)][SbE] (PNInd = (3aS8aR)-2-(2-diphenylphosphinophenyl)-3a,-
8a-dihydroindane [1,2]oxazole), and Rry)-[(75-p-MeCsH.i Pr)Ru(PNPr)(H0)][SbRs] and that of the
OPOFR-containing compoundsRg, and Sy)-[(78-p-MeCsH,4iPr)Ru(OPOR)(PNiPr)][PR] have been
determined by X-ray diffractometric methods. Dichloromethane solutions of the aqua complgxes [(
p-MeCsH4iPr)M(PN)(H:O)][SbF]. are active catalysts for the Dielg\lder reaction between methacrolein
and cyclopentadiene. The reaction occurs rapidly at room temperature withegoashdoselectivity
(from 85:15 to 96:4) and moderate enantioselectivity (up to 47%). The intermediate Lewisl@cidphile
compound Rry and Sky)-[(178-p-MeCsH4iPr)Ru(PNInd)(methacrolein)][SkF, was isolated, and the
molecular structure of th& epimer was determined by diffractometric means. The osmium complexes
(Sos and Rog)- [(7°-p-MeCeH4iPr)Os(PN)(HO)][A] . (PN = PNiPr, A = Sbk, BFs;; PN = PNInd, A=
SbR) evolve to the phenyl-containing compoundsand Rog)-[(r7%-p-MeCsH4iPr)OsPh(PN][SbF]
(PN = (49-2-(2-hydroxyphenylphosphinophenyl)-4-isopropyl-1,3-oxazoline (PNROEPN = (3aS8aR)-
2-(2-hydroxyphenylphosphinophenyl)-3a,8a-dihydroindane]byazole] (PNOHInd)) andJs andRoy)-
[(75-p-MeCsH4iPr)OsPh(PNP)][BF,] (PNFPr = (49-2-(2-fluorophenylphosphinophenyl)-4-isopropyl-
1,3-oxazoline), respectively, in which the phosphinooxazoline ligand incorporates a hydroxy or fluoro
functionality. On the basis of spectroscopic and crystallographic observations, a common pathway for
these reactions is proposed.

Introduction chemical behavior of the catalytic systems. It is commonly
] ) ) ] ) assumed that for activated alkenes, such as acroleins, the
Enantioselective DietsAlder (DA) reactions are classical  catalytic activity implies amjl-coordination mode through the
pattern reactions that play an important role in the construction oxygen atom followed by subsequent attack of the diene, but
of complicated molecules with stereochemical contrail- experimental results supporting this assumption are séafée.
th.ough,_ ata first stage, aIurr_nnum- and poron-based catalysts On the other hand, chiral chelate phosphinooxazoline ligands
with chiral ligands dominate in this chemistry, recent focus in paye recently proven to be useful in the control of enantiose-

this area has been on the use of chiral transit_ion-metal-baseqectivity of various metal-catalyzed asymmetric reactibitie
Lewis acid catalystd Among them, some ruthenitrand, to @ ronounced difference in electronic as well as steric properties

lesser extent, osmiufncomplexes have proved to be Very petyeen the two chelating arms has been proposed as the key
promising. However, attempts to elucidate the mechanism of tactor for the efficiency of these reactions. In particular,
catalysis and selectivity are hampered by the complexity of the
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Chart 1. PN and PN Ligands Including NMR Proton oxazoline ligands of general formulanfp-MeCsH4iPr)MX-
Labeling (PN)I(A)n (M = Ru, Os; PN= PNiPr, PNMe, PNInd; X= ClI,
H,0; A = Sbk, BF;, CRSGs, PR (not all possible combina-
R/,,,,Hg 9 H, tions)) and the use of the derived aqua complexes$-i
HCJ N PPhy Hes /ZIIQ PPh, MeCsH.4iPr)M(PN)(H0)](A)2 as enantioselective catalysts for
H O Hy ul o the DA reaction between methacrolein and cyclopentadiene.
These aqua complexes are fluxional. From NMR and crystal-
R = iPr, PNiPr PNInd lographic data, we propose that this fluxionality is associated
Me, PNMe with conformational changes of the metallacycle-R+—C—
R ph X C—C—N formed by coordination of the PN ligands. Further-
A \ / Q Ph OH more, the Lewis acietdienophile compound §6-p-MeCsH.i Pr)-
¢

characterized as a diastereomeric mixture oRlamdSat metal

R = iPr. X = OH. PNOHiPr epimers. Finally, we show the diverse reactivity of the osmium

"iPr. X = F, PNFiPr PNOHInd aqua cations {{5-p-MeCsH4iPr)Os(PN)(HO)](A)2, which is

strongly influenced by the nature of the employed counteranion.
d Thus, we described the preparation and characterization of the
unexpected phenyl complexes§{p-MeCgH.iPr)OsPh(PN]-
[SbRs] (PN' = PNOHPr, PNOHInd) and j{®-p-MeCgH.iPr)-
OsPh(PNIPN)][BF4 formed from the corresponding aqua
complexes with Sb§or BF, anions, respectively.

N
(o\ NGt ! N P Ru(PNInd)(methacrolein)][Skk is isolated and spectroscopically

Helmchen et al. have reported the DA reaction of substitute
N-acylamide dienophiles with cyclopentadiene catalyzed by
phosphinooxazoline copper(ll) compourids)d we have shown
the ability of phosphinooxazolirerhodium(lll) and—iridium-

(11 complexes to act as catalysts for the DA reaction between
methacrolein and cyclopentadiehdVith these concerns in

mind, it seemed reasonable to us to investigate the potential of Results and Discussion
phosphinooxazolineruther_ﬂum and—osmium complexes as Preparation of the Diastereomeric Complexes 46. At
catalysts for the DA reaction. room temperature, the dimefg#5-p-MeCsH4i Pr)MCH} 2(u-Cl),]

Some years ago, we communicated the crystallographic (M = Ru!a or 0419 react, in methanol, with stoichiometric
characterization of the Lewis acidlienophile adduct involved  amounts of the corresponding phosphinooxazolinePPNPNMe
in the DA reaction between methacrolein and cyclopentadiene, or PNInd, and NaA (A= ShFs, BF4, CR:SOs, or PF) to give,
catalyzed by a PNInd-containing ruthenium comgi&allowing in 51—-97% chemical yield, diastereomeric mixtures of both
our studies on transition-metal complexes with chiral metal epimers at the metal of the new compouna$-j--MeCsH4iPr)-
centerg281%ve report here on the synthesis and characterization MCI(PN)]A with moderate diastereoselectivity (eq#)Pure
of new complexes containing chiral enantiopure phosphino-

12 [{(n*-p-MeCeH4iPOMCl}o(u-Cl);] + PN + NaA —
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' i o
R.Chem. Commuri997 1351. (f) Davenport, A. J.; Davies, D. L.; Fawcett, ;d’ ;d, gu gz;\l;[r gﬁ; é;g;
J.; Garratt, S. A.; Russell, D. R. Chem. Soc., Dalton Tran800Q 4432 a, 28 u € 6 :
(g) Davies, D. L.; Fawcett, J.; Garratt, S. A.; Russell, DCRganometallics 3a, 3a Ru PNInd SbFs 71:29
2001, 20, 3029. (h) Davenport, A. J.; Davies, D. L.; Fawcett, J.; Russell, 3b,3b"  Ru PNInd BF, 79:21
D. R. Dalton Trans 2004 1481. (i) Faller, J. W.; Grimmond, B. J. 4a,4a’ Os PNiPr SbFe 51:49
Organometallic2001, 20, 2454. (j) Faller, J. W.; Lavoie, Al. Organomet. S5a,5a"  Os PNMe SbFe 44:56
Chem.2001, 630, 17. (k) Faller, J. W.; Grimmond, B. J.; D'Alliessi, D. G. 6a, 6a' Os PNInd SbFg 41:59
J. Am. Chem. So2001, 123 2525. () Faller, J. W.; Lavoie, A. R.;
Grimmond, B. JOrganometallic002 21, 1662. Faller, J. W.; D'Alliessi, .
D. G. Organometallics2003 22, 2749. samples of the epimerda, 3a 3d, 3b, 43 and 6a& and
(4) Faller, J. W.; Parr, Organometallics2001, 20, 697. diastereomeric mixtures, enriched in one of the isomers, for most
£ d@% nsg'}imgggyfa’ 255'690""9' W. E.; Schreiber, SAhgew. Chem., Int. ¢ the remaining compounds have been isolated from appropriate
(6) Helmchen, G.; Pfaltz, AAcc. Chem. Re200Q 33, 336. fractional crystallization. All complexes are configurationally
(7) Sagasser, |.; Helmchen, Getrahedron Lett1998 39, 261. stable. Thus, for example, diastereomeric mixtures4o6

(8) Carmona, D.; Lahoz, F. J; Elipe, S.; Oro, L. A.; Lamata, M. P.. remained unchanged after 24 h of treatment in refluxing

\,é!%’r”g’aigi?{;?fczs’zgaz'w?{ngibg_'; Cativiela, C.; Lpez-Ram de 0, M. methanol, and the compositions of the ruthenium compounds

(9) Carmona, D.; Cativiela, C.; Elipe, S.; Lahoz, F. J.; Lamata, M. P.; 1—3in acetone, at room temperature, do not change for hours.
Lopez, J. A.; Lpez-Ram de W, M. P.; Oro, L. A.; Vega, C.; Viguri, F. The new complexes were characterized by IR and NMR
Chem. Commuri997 2351. spectroscopy, by elemental analysis (see Experimental Section)

(10) (a) Carmona, D.; Lamata, M. P.; Oro, L. Bur. J. Inorg. Chem. ! S . ’
2002 2239, and references therein. (b) Carmona, D.; Ferrer, J.; Lorenzo, @nd from the crystal structure determination, by X-ray diffrac-
M.; Santander, M.; Ponz, S.; Lahoz, F. J’pea, J. A.; Oro, L. AChem. tometric methods, for compounds, 3a, and4a.

Commun 2002 870. (c) Carmona, D.; Lamata, M. P.; Fernando Viguri, Mol lar Str re of the Di reomers 1 nd 4
F.; Dobrinovich, I.; Lahoz, F. J.; Oro, L. AAdv. Synth. Catal2002 344, T gecu a St uthu ebO } e Diaste e% e.s a, Bfa’ ﬁ d hZT.
499. (d) Carmona, D.; Ferrer, J.; Lorenzo, M.; Lahoz, F. J.; Dobrinovitch, 0 determine the absolute stereochemistry of the chloro-
I. T.; Oro, L. A. Eur. J. Inorg. Chem2002 259. (e) Carmona, D.; Lamata.
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1a

3a

Figure 1. ORTEP views of the cation of the complexe&f)-[(78-p-MeCsH,4iPr)RuCI(PNPr)][SbR] (1a) and Gru)-[(7-p-MeCsH.4iPr)-
RuUCI(PNInd)][Sbh] (3a).

Table 1. Selected Bond Lengths (A) and Angles (deg) for 1a,

3a, and 4a accord with the ligand priority sequeriée;s-p-MeCsH4iPr >
laM=Ru) 3a(M=Ru) 4a(M=O0s) Cl > P> N. The six-membered MP(1)-C(1)—C(2)—C(29)—

M—P(1) 2.2998(10) 2.3508(16) 2.313(2) N(1) chelate ring of complexeka and4a adopts as, screw-
M—CI(L 2.4129(12 2.3849(14 2.419(3 boat conformatiot with the metal and phosphorus atoms above
M N((l)) 2 113(3() ) 2 112(5() ) 2 114((7)) d below the b I f th Il I ively. Thi

- : : : and below the best plane of the metallacycle, respectively. This
M—C(19) 2.251(5) 2.260(7) 2.275(11) i } )
M—C(20) > 186(5) 5107(6) 5503(10) conformation forces thpro_R andpro-S phenyls of_the PPh
M—C(21) 2.175(5) 2.213(6) 2.163(10) group to adopt pseudoaxial and pseudoequatorial arrays, re-
M—C(22) 2.282(4) 2.292(6) 2.265(9) spectively. However, ir8a, the metallacycle adopts the enan-
M—C(23) 2.273(4) 2.255(6) 2.282(8) tiomeric conformatior?S;,# with the relative positions of the
m:gg%) 12-72323(;) 12-7129§(§3) 12-72202(410) metal and phosphorus atoms interchanged with respect to the
P(1)-C(1) 1 820((4)) 1 841((6)) 1 830((9)) mean plane of the ring. The rigidity and steric requirements of
N(1)—C(29) 1.281(6) 1.280(8) 1.293(11) the indane moiety originate this flipping of the RB vector,
N(1)—C(31) 1.509(6) 1.517(7) 1.507(11) together with a notorious increase of the total puckering of the
C(1)-C(2) 1.409(6) 1.406(9) 1.414(12) metallacycle. In this situation, th@o-R andpro-Sphenyl groups
C(2)—C(29) 1.478(6) 1.476(9) 1.483(12) i i . ;
c@)-C(3) e Laese Lseea) g e conformaton of the metallacyle
P(1-M—CI(1) 85.39(4) 87.48(5) 85.54(8) : i
P(1)-M—N() 84.08(10) 79.37(13) 84.48(19) in the rythenlum_complexélsa and3a, as well as values of the
P(1)-M-G? 131.09(7) 133.69(10)  131.32(14) pul(\:l'l(vlelgng coordmates.T he 1 NMR data of xed6
Cl(1)-M—N(2) 85.19(11) 86.97(13) 84.0(2) pectroscopy.The ata of complexeg—
ﬁl((ll))_l\’xl_((;: gg;ggé) ?-é?%(&g)) ?-é%-;?é)lﬁ) (see Experimental Section) were consistent with the presence
M-P(1)-C(1) 110-_83(14) 103-_1(2) 111:0(3) of the p-cymene group _and pho_sphmooxazollne ligand in-an
M—N(1)-C(29) 128.0(3) 125.8(4) 126.3(6) 1:1 ratio. Stereochemlcal assignments were .aC(.:omplls.hed
P(1-C(1)-C(2) 121.0(3) 117.8(5) 121.2(7) through NOE experiments. Thus, for example, while irradiation
C(1)-C(2)—C(29) 123.3(4) 121.3(5) 122.2(7) of the methyl protons of thp-cymene ligand induces enhance-
N(1)-C(29-C(2) ~ 130.2(4) 127.8(6) 132.5(7) ment of the H proton for complexe4a and4a and of the H

a G represents the centroid of the C(2@)(24) p-cymene rings.

ruthenium or osmium center in the three complexes§,ig

proton for3a and6d (Figure 3), no NOE enhancements were
encountered for these protons when the methyl protons of the

phosphinooxazoline compounds-6, the molecular structures ~ p-cymene ligand of the unprimed complexks 3a, 4a, and
of 1a, 3a, and4a were elucidated by diffractometric means. 6a were irradiated (see position of H(3%) Hj, relative to Me
Single crystals of the complexes were grown by slow diffusion group in Figure 2b). These NOE data are consistent witR an
of diethyl ether into acetonelg, 3a) or dichloromethane4@) configuration at metal for the primed complexes and &n
solutions. Molecular representations of the cations of these configuration for those unprimed, and they show that the metal
complexes are depicted in Figure 1 (that faris included in configuration is retained on going from the crystal to solution.
the Supporting Information), and selected structural parameters Moreover, the configuration in solution for the PNInd-
are listed in Table 1. Complefais isostructural td.a, showing containing complexe8 and6 can be inferred from the chemical
nonsignificant differences in the geometric parameters. All shift values of the methyl protons of tiecymene ligand. A
cations exhibit “three-legged piano stool” geometries. &
p-MeCsH4iPr group occupies threéac positions, and the (13) (a) Cahn, R. S.; Ingold, C.; Prelog, Angew. Chem., Int. Ed. Engl

; ; i ; ; 1966 5, 385. (b) Prelog, V.; Helmchen, Gngew. Chem., Int. Ed. Engl
chelating phosphlnpoxgzollne ligand and one chlorine atom 1982 21, 567. (c) Lecomte, C.; Dusausoy, Y.; Protas, J.; Tirouflet].J.
complete the coordination sphere of the metal. Organomet. Cheml974 73, 67. (d) Stanley, K.; Baird, M. Cl. Am. Chem.

The M—C bond distances for thp-cymene carbon atoms Soz: 1??5) 97, 6599. (e) Sloan, T. ETop. Stereocheni98l 12, 1.

i ianifi i i ; 14) (a) Giacovazzo, C.; Monaco, H. L.; Viterbo, D.; Scordari, F.; Gilli,
display S||gn|f|carf1ft dlffe][eﬂcesk,] moitllkely reflecting ther?reater G.. Zanotti, G. Catti M.Fundamentals of CrystailographyOxford
structuraltrans effect of the phosphorus compared to those of pjversity Press: Oxford, 1998. (b) Cremer, D.; Pople, 1J.4Am. Chem.

chlorine or nitrogen atoms. The absolute configuration of the Soc.1975 97, 1354.
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b)

Figure 2. Solid-state conformation of the six-membered metallacycle rings (&3S, conformation: Q = 0.672(3) A,0 = 58.1(4Y,
¢ = 15.8(4)) and (b) in3a (2S; conformation: Q = 0.973(3) A,0 = 117.6(3}, ¢ = —157.6(3}).

The configuration at metal in the related tetrafluoroborate,
triflate, and hexafluorophosphate complexes was established as
Sku for the unprimed andRg, for the primed complexes, by
comparison of the NMR spectral data with those of the
corresponding hexafluoroantimonate complexes.

Circular Dichroism Spectra. The CD spectra of pure or
enriched mixtures in thR epimers at metata —6a essentially
consisted of two maxima centered within the ranges-338b
and 406-435 nm, displaying negative and positive Cotton
effects, respectively (see Figure 5a). The CD spectfaaeind

M =Ru (1a"), Os (4a") M=Ru (327, Os (62) 4a (Sepimers) are roughly enantiomorphic to thosd afand
Figure 3. Selected NOE effects for chloride complexes (primed 4z, respectively. Figure 5b shows the spectradafand 4a.
labeled,R epimers). Most probably, the major contribution to the spectra corresponds
+ to the metal chromophore and its interaction with the ligand.
/'J, a —‘ However, the CD spectrum of a 95:5 molar reBm3a mixture
is comparable to that of purga, despite the change in the
Ph configuration at metal. As the conformation of the metallacycle
M—P—C—C—C—N is 1S; in compoundsla and4a but 2S; in
compound3a (see above), it seems that not only the configu-
ration at metal but also the conformation of the matallacycle
@ contributes to the CD spectra for this type of complex. In
Ho conclusion, this technique has to be carefully employed to make

\
M
Ph2P 1!1
ZH,Y
H

S Sm configurational assignments.
8 (MeCgH,4iPr), ppm 8 (CHMey), ppm Preparation of the Solvate Complexes #12. The chloride

3a 176 1la 047111 compoundd—6 were not active as catalysts for the DA reaction

6a 1.50 da 0.48,1.14 between methacrolein and cyclopentadiene. To get more active

pid o o oe it catalysts, we prepared the agua complexgsjMeCeHiPr)-

a b Ru(PN)(H0)](A). by treating the ruthenium complexds-3

Figure 4. Schematic view of the proposed conformations in (a) With equimolar amounts of silver salts AgA (& SbFs, BF;,
Swr3a and Sos6a; (b) Ske-la and Sosda CRS(Os), in acetone (eq 2). The osmium homologues were

obtained by reacting the dimef (f®-p-MeCgH.4iPr)OsC} x(u-
strong shielding is observed for these protons in one of the Cl)2] with AgA and subsequent addition of 1 equiv of the
epimers. Most probably, this shielding is produced by the corresponding PN ligand (eq ).
electronic ring current of the aromatic bridging phenyl ring  The diastereomeric composition measured is independent of
(Figure 4a) and is only compatible with &at metal config- the diastereomeric composition of the parent chlorides. However,
uration, along with &S, screw-boat conformation for the six- it depends on the solvent. Thus, for example, the molar ratio of
membered chelate ring. Compl&a presents this structural ~complexes7a7a, 8a8a, and9a9a in CD,Cl; is 69:31, 65:
disposition in the crystal (see above). Similadii, NMR data 35, and 18:82, respectively.
also indicate that th&S, screw-boat conformation encountered ~ The new complexes were characterized by IR and NMR
for the S at metalla and4a epimers in the solid state should —Spectroscopy, elemental analysis (see Experimental Section), and
be retained in solution. Thus, the chemical shift of the two e Consiaio. G Morandin Fehem. Re. 1987 87 761 (6
isopropyl methyl protons of the RRIr Ilgand_dlffers by 0.64 Ca(rmgrsg? D.(;)rljzlr?olg,’ F. J grﬁnL.er.’; LameaTai, M?'P.; Viéuri,’ F.; S'a% ,.)]ose
(18) and 0.66 4a) ppm. In the'S, conformation, one methyl £ organometallics1996 15, 2961.
of the isopropyl group lies over thero-R phenyl of the PPh (16) The water molecule may come from traces of water of the acetone

Ivent: see refs 3f, 8, and: (a) Faller, J. W.; Grimmond, B. J.; D’Alliessi,
group (see Figure 4b), and therefore, it may be shielded by |ts SO

D. G.J. Am. Chem. So@001, 123 2525. (b) Takahashl Y. H|k|ch| S,
aromatic ring current, accounting for the large difference ayita M.; Morooka, Y.Chem. Commuri999 1491. (c) Therrien, B.; Ward,

observed in the chemical shift values. T.R. Angew. Chem., Int. EA999 38, 405.
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Figure 5. CD spectra in the 206600 nm wavelength range: (ajJ a 21:79 molar ratigta:4a mixture; (— — —) a 44:56 molar ratio
5a:5d mixture; (— - —) complex6d; (b) (—) a 21:79 molar ratidla:4a mixture and ¢ — —) a 93:74a4a mixture.

from the crystal structure determination, X-ray diffractometric (M = Ru, Os) was attempted according to egs 2 and 3, the

methods, for compoundc (see below). The aqua-solvated

[(M®-p-MeCsH,iPr)RuCI(PN)]A +  AgA

[(N°p-MeCeH,iPHRU(PNYH,0)](A),  + AgCl  (2)
12 [(n*-p-MeCeHLiPOSCl}(u-Cl)] + 2AgA + PN —
[(T\é-p-MeC6H4iPr)Os(PN)(HZO)] (A), + 2 AgCl 3)
Complex M PN A molar ratio®
7a, 7a' Ru PNiPr  SbFg 80:20
7Tb, 7b' Ru PNiPr BF, 81:19
Te, 7¢' Ru PNiPr CF;SO; 83:17
8a, 8a' Ru PNMe  SbFg 50:50
9a, 9a' Ru PNInd SbFg 35:65
10a, 10a' Os PNiPr SbFg 80:20
10b, 10b' Os PNiPr BF, 80:20
10c, 10¢' Os PNiPr  CF;S0; 80:20
11a,11a' Os PNMe  SbFg 53:47
12a,12a' Os PNInd  SbFg 54:46
? In (CD3),CO

nature of the complexes was inferred from IR and NMR

difluorophosphate anion-containing complexeg{t-MeCsH-
iP)M(PNPr)(OPOR)][PFs] (M = Ru (13d, 13d), Os (144,
14d)) were obtained instead. Probably, the aqua cations are
intermediates in this reaction: one of the two hexafluorophos-
phates partially hydrolyzed to a difluorophosphate atiamd
displaces the coordinated water, rendering the monocationic
complexes13 and 14. The determination of the molecular
structure by X-ray diffraction methods o0f3d and 13d
confirmed this proposal.

Molecular Structure of 7c and 13d,13d. Single crystals of
the complexes were grown by slow diffusion of hexane into
acetone solutions of 83:17¢7¢) or 65:35 (3d:13d) molar
ratio mixtures. Notably, compouni3 crystallizes as a 1:1
mixture of the two diastereomers with opposite configuration
at the metal. There are only a few examples known with two
epimers at metal present in the same single crysta°

Brunner has recently discussed this peculiar type of crystal-

measurements. The IR spectra of solid samples showed absorplization for diastereomeric half-sandwich complezégable 2

tions in the 3306-3700 and 161681625 cnt! regions, attribut-
able to coordinated water. TREl NMR spectrum of the major
isomer of complexes7, in (CD3),CO, showed peaks of

collects the most relevant structural parameters of the complexes,
and Figures 6 and 7 show molecular representations of the
cations of7cand13d (that for13dis included in the Supporting

coordinated and free water around 6.49 and 2.90 ppm, respec{nformation). All three cations exhibit “three-legged piano-stool”
tively. ROESY experiments indicated that slow exchange geometries. Am_?‘i-p-MeCeHztiPr group occupies thredac
processes were occurring between free and coordinated waterpositions of an ideal metal-octahedral environment, and the

On the other hand, th&'P{*H} NMR spectra of complexes
7b, 70, 7¢,7¢, and10a104d, in (CDs),CO, showed the presence
of a new compound. Addition of small amounts 415 of water

chelate phosphinooxazoline ligand and one molecule of water
(7¢) or one PQF,~ group bonded through an oxygen atoh3d
and 13d) complete the coordination sphere of the metal. In

to the NMR sample led to disappearance of the new peaks,accord with the ligand priority sequeriée;®-p-MeCsHaiPr >

which are assigned to the acetone-coordinated complexes [(
p-MeCsH4iPr)M(PNPr)((CDs)2,CO)](A)2. Therefore, we con-

P > O > N, the absolute configuration at the ruthenium center
is Rin 7c and 13d and the opposite one5, in 13d.2! The

clude that the equilibrium between the acetone and the aquaphosphinooxazoline metallacycle RE(1)-C(1)-C(2)—-C(29)-
solvates, depicted in eq 4, is operating and that the presence oN(1) adopts a'S, screw-boat conformation in unprimed
water in trace amounts is enough to shift this equilibrium to complexes7c and13d (Q = 0.7521(16) A0 = 59.2(2), ¢ =

the right.
H,0
[(M®-p-MeC¢H,4iPr)M(PNiPr)((CD;),CO)]>* Do
[(M®-p-MeCgH,iPr)M(PNiPr)(H,0)]** “)

On the other hand, when the preparation of the aqua-

hexafluorophosphatesfi-p-MeCsHai Pr)M(PNPr)(H:0)][PFe] 2

(17) When thetH and3'P{1H} NMR spectra of the solvated osmium
complexes 10—12) were recorded, in acetone, variable amounts4®)
of the parent chloride complexds-6, respectively, were detected.

(18) The partial hydrolysis of RF to POQ,F,~ has been previously
reported. (a) White, C.; Thompson, S. J.; Maitlis, P.JMOrganomet. Chem.
1977, 134, 319-325. (b) Connelly, N. G.; Einig, T.; Gam&iHerbosa, G.;
Hopkins, P. M.; Mealli, C.; Guy Orpen, A.; Rosair, G. M.; Viguri, F.
Chem. Soc., Dalton Tran§994 2025.

(19) Carmona, D.; Mendoza, A.; Lahoz, F. J.; Oro, L. A.; Lamata, M.
P.; San JoseE. J. Organomet. Chen199Q 396 C17.

(20) (a) Brunner, H.; Weber, M.; Zabel, M.; Zwack, Angew. Chem.,
Int. Ed 2003 42, 1859. (b) Brunner, H.; Zwack, T.; Zabel, M.; Beck, W.;
Bohm, A. Organometallic2003 22, 1741.

(21) Note that the priority order igs-MeCsMe4iPr> P > O >N,13 and

consequently, a stereochemical disposition such as that found in the related
chlorides is denoted with the opposite descriptor.
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Table 2. Selected Bond Lengths (A) and Angles (deg) for 7c,

132 and 154
7c 13dRey) 13d(Sky)? 154
Ru—P(1) 2.3460(7) 2.3132(11) 2.3122(11) 2.327(2)
Ru-0(2) 2.150(2)  2.143(3)  2.117(3)  2.110(5)
Ru—N(1) 2.110(2)  2.114(3)  2.124(3)  2.106(6)
Ru—C(19) 2.255(3)  2.240(4)  2.223(4)  2.235(7)
Ru—C(20) 2.203(3)  2.208(4)  2.172(4)  2.188(8)
Ru-C(21) 2.219(3)  2.189(4)  2.276(4)  2.183(7)
Ru—C(22) 2.272(3)  2.333(4)  2.293(4)  2.206(8)
Ru—C(23) 2.209(3)  2.293(4)  2.182(4)  2.274(7)
Ru—C(24) 2.222(3)  2.206(4)  2.211(4)  2.288(8)
Ru—GP 1.7264(13) 1.7477(17) 1.7211(17) 1.728(3)
P(1)-C(1) 1.821(3)  1.825(4)  1.825(4)  1.819(8)
N(1)-C(29) 1.292(3)  1.297(5)  1.287(5)  1.295(9)
N(1)-C(31) 1.498(3)  1503(5) 1.512(5)  1.516(9)
Cc(1)-C(2) 1.407(4)  1.393(6)  1.401(6)  1.392(11)
C(2)-C(29) 1.460(4)  1.470(6)  1.479(6)  1.483(10)
C(2)-C(3) 1.404(4)  1.417(6)  1.395(6)  1.403(11)
Eg)):gu—ﬁg)) gg-éj((%) 22'352;((3; gg-ég((i))) 33-852()15) Figure 7. Molecular diagram of the cation of the comple)-
u— . . . . 6_p- i
P(1)-Ru—GP 131.20(5) 129.16(6) 128.22(7) 127.19(12) [(7°-p-MeCeHaiPr)RU(OPEO)(PNPII[PF] (13d).
O(2-Ru-N(1)  82.74(8)  82.37(12) 79.48(12) 85.7(2)
O(2)-Ru—-Gb 124.99(7) 124.89(9) 125.77(10) 123.18(19) 9a
N(1)—Ru—Gb 133.45(7)  134.65(12) 134.94(10) 129.18(19) 9a
Ru-P(1-C(1)  107.87(11) 109.98(13) 106.88(14) 113.6(3) 9a'
RU-N(1)-C(29) 128.90(18) 128.0(3)  126.5(3)  131.6(5) 20°C
P(A-C(1)-C(2) 120.6(2)  121.1(3) 115.7(3)  124.5(6) -41°C

C(1)-C(2)-C(29) 123.2(2)  124.2(4) 1222(4)  124.8(7)
N(1)-C(29-C(2) 129.5(2)  129.9(4)  128.8(4)  130.7(7)

aComplex13 crystallizes as a 1:1 diastereomeric mixture differing in
the configuration at the metal cent®g, 13d andSz, 13d. P G represents

the centroid of the C(19)C(24) p-cymene rings. 9,'
§ = y

46 40 34 46 40 34 28
9a 9a'
-60°C -100°C
//
‘ 9a' 93/‘" 9a' ’}a
) \\WN]LMM_ i Al Wi
34 28 46 40 34 28
Figure 8. 3'P{1H} spectra oPaand9a in (CD;),CO at different
temperatures.
Figure 6. ORTEP view of the cation of the compleRg{,)-[(7°- . . s
p-MeCsH.iPr)RU(PNPT)(H,0)][CFsSOy- (70). E%rz ts))érzals:lércl)w;rtlgcct)l:?ct)rt:]zt;i):r?sphlnooxazollne ligand adopts an
22.1(3} for 7¢, Q = 0.673(2) A0 = 56.6(3), ¢ = 18.4(3y On the other hand, variable-temperature NMR experiments

for 13d) and a2S; conformation® in the primed comple3d show that the solvate complex&s-12 are fluxional. As an
(Q=0.881(2) A0 = 115.3(3, ¢ = —150.4(3)). example, Figure 8 collects ti#éP NMR spectra of comples,

Solution Studies of the Solvated Complexes—712. Stere- in ds-acetone, at selected temperaturest+20 °C, the spectrum
ochemical assignments of complexd@s 9, and 10 were consists of two resonances, centered at 37.5 and 35.5 ppm,
accomplished through NOE experiments. NOE difference atributed to theda (Sry) and9a (Rry) isomers, respectively.
spectra for the ruthenium compl@g showed enhancement of ~ When the temperature decreases, dHesignal broadens, and
the methyl and one of the isopropyl methyl cymene protons after its Soalescencg at .abounl C, it splits into two pea}ks.
when the H proton was irradiated. However, no NOE effect At —100°C, the low-limiting temperature spectrum is achieved.
was observed for the cymene protons when thepkston of From this equilibration, a free energy of activation, at the
compound7a or 10a was irradiated. These NOE data are Coalescence temperatures*, of 38.5+ 0.5 kJ mof has been
consistent with ars configuration at the metal for compl@d calculated for the process.The signal attributed to théa
and anR configuration for compoundgaand10a?2! Moreover, isomer does not show any significant change fré@0 to—90
as stated before for the chloride compounds, the difference in “C Put at—100°C it also splits into two peaks at 33.4 (broad)
the chemical shift between the two isopropyl methyl protons (22) () Sandstrom, Dynamic NMR Spectroscoppcademic Press:

of phosphinooxazoline ligand of tHe at metal complexe3a London, 1982. (b) Green, M. L. H.; Wong, Drganometallics1992 11,
(A6 = 0.87 ppm) and.Oa (Ao = 0.88 ppm) can be accounted 2660.
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Table 3. Enantioselective DA Reactions of Methacrolein

with Cyclopentadiene Catalyzed by the Ruthenium
Complexes +3

)L @ Ruthenium catalyst
+

CHj5 CHO CH,Cl,

,,,,,, CHO

CH,

precatalyst temp time yield isomer ratio
entry (SuRryratio) (°C) (h) (%) (exaendd ee (%)

1 RT 1 0.5

2 RT 1 1

3 la 1a (95:55)  RT 0.7 95 91:9 7

4 1la, 14 (20:80) RT 06 72 91:9 11

5 la,1a (95:55) —20 173 85 92:8 13

6  1a1d (955) RT 49 22 88:12 0

7 2a,2a (67:33) RT 1 85 85:15 28

g 22 33 82;3 _Rgo gg'3 79; gg;? j? Figure 9. ORTEP view of the cation of the comple$)-[(7°-

10°  3a 34 (9525) RT 22 93 964 20 p-MeCgH.iPr)Ru(PNInd)(methacrolein)][SkE (15d). Selected

11 1b 1b (60:40) RT 22 90 91:9 0 bond distances for methacrolein moiety (&): OZ)(39) 1.218-

12 3 RT 13 81 94:6 46 (9), C(39)-C(40) 1.448(11), C(406)C(41) 1.475(14), and C(46)
aIn acetone C(42) 1.326(14).

Table 4. Enantioselective DA Reactions of Methacrolein chlorides (see above), similar results have been obtained using

with Cyclopentadiene Catalyzed by Osmium precatalysts differing in their epimeric composition at metal
Complexes 16-12 (Table 3, entries 3 and 4). When acetone was used as solvent,

selectivities decreased with respect to those obtained in dichlo-
)L @ Osmium catalyst romethane (Table 3, entries 6 and 10; Table 4, entries 4, 8, and
+

""""" CHO 11). Lowering the reaction temperature has very little effect on

CH3 CHO CH,Cl, theexaendoratio or on the enantioselectivity for the rhutenium
CH; complexes (Table 3, entries 5 and 9), but significant improve-
temp time yield isomerratio ee ments in the enantioselectivity are achieved for osmium
entry catalyst (°C) (h) (%)  (exaendg (%) complexes (Table 4, entries 2, 3; 6, 7; and 9, 10). Ruthenium
1 10a 104 (75:25) RT 025 86 90:10 17 tetrafluoroborates exhibit enantioselectivity lower than or similar
2 104, 10d §75:25; —20 6 90 90:10 27 to the corresponding SF salts (Table 3, entries 11 and 12).
3 104 104 (75:25) —40 48 92 92:8 34 T in information he mechanism of the DA
42 10a10d (75:25) RT 3 84 91:9 10 tcl) qbt; ormat Ol abo:/} ¢ ,i-pecRapsN, do toe
5  11a11d (53:47) RT 08 78 92:8 29 catalysis, the aqua complexftp-MeCeH.iPr)Ru(PNInd)(HO)]-
6 11a 114 (53:47) —20 24 83 92:8 35 [SbF]2 (18:82,9a:9d mixture) was combined separately with
7 11a 11d (53:47) —40 192 83 94:6 36 HCp and methacrolein in CICI, (9:methacrolein or HCp, 1:20
& 11alld(5347) RT 72 90 94:6 12 molar ratio), and the solutions were monitored by NMR
?0 ga 124 (54146) —20 72 93 87',13 81 spectroscopy. While no interaction with HCp was detected,
a12d (54:46) —40 192 73 88:12 39 ; . . ; ) ;
112 123 124 (54:46) RT 24 90 90:10 15 immediate adduct formation with methacrolein occurred to give
21n acetone the complex [8-p-MeCsH4iPr)Ru(PNInd)(methacrolein)][Skz

(154 15d) as a 90:10 mixture of epimers at metal. From the
NMR solution single crystals df5 were obtained and the crystal
structure was determined by X-ray methods. A molecular
representation of the cation is depicted in Figure 9, and selected
structural parameters are listed in Table 2. The ruthenium atom

screw-boat conformations (see Figure 2). has a piano-stool geometry coordinated bySap-MeCgH,4iPr _
Catalytic Diels—Alder Reactions. The solvate complexes group, the P,N-chelate ligand, and a molecule of methacrolein,

6. ; o+ : n-coordinated through the oxygen atom. The methacrolein
[(7°-p-MeGHAPOHMPN)(HO)F " are active catalysts for the fragment adopts asrtransconformation, lies in a plane roughly

DA reaction between methacrolein and cyclopentadiene. Tables :
3 and 4 summarize the most representative results for theﬁegperécycglgr to thg metglia(_:yclt_etRBl(l)—C(%)—(i(Z)—C(ZQ)—

: : . , and maintains its planar structure upon coor-
ruthenium (Table 3) or osmium (Table 4) catalysts. The di(nazti(on [O((g—C(39)—é(4OI)—CI(42p) torsionuanu IeBEYS 5.
rl:]tlher(ljium Sg Ivates vt;/ere prepared in situ from the colrresp?ndi(r;g(g)o] with the metal atom slightly out of this plar?e k'Jy 0 0.24(6)

i AgA; t i i isolated. ! ) ; X .
Z |ng i;[glystglo,adiﬁgOS(rsrll/tlrrrlng:;ezr:l(\;ege.lprceglcl?ouse)rl]tlzgi:nee. A. The methacrolein coordinates through the oxygen lone pair
X " synto the aldehyde proton. The absolute configuration at the

methacrolein molar ratio were used in all cases. Gaagkendo tal ter i and the phosphi i all leR
selectivities and enantioselectivities up to 47% were achieved, metal center 1S, and the phosphinooxazoliné metaliacycleru

and the preferential adduct obtained was, in all cas&2RUS)- —C(1)-C(2)-C(29)-N(1) adopts artS; screw-boat confor-
2-methylbicyclo[2.2.1]hept-5-ene-2-carbaldehy@ibo reaction ~ Mation Q = 0.345(4) A0 = 61.512), ¢ = 11.4(12)).

occurs in the absence of catalyst (Table 3, entries 1 and 2). As Subsequent addition at 183 K OT HCp to gt]:l.z-solutlor.ls )
the diastereomeric composition of the aqua complexes is of 15, prepared as above (complex:methacrolein:HCp, 1:20:40

independent of the diastereomeric composition of the starting molar ratio), produced the appearance of anew resonance most
probably due to one of the several possible metaimplex

(23) In our previous communicatidnwe erroneously assigned to the ~ diastereoisomers in which the DA adduct is coordinated to the
major exo product the stereochemistryR2S4R). metal. On warming to 253 K, catalysis starts and the sole species

and 28.7 ppm (Figure 8). From the NMR and crystallographic
data, we propose that this fluxional behavior consists of a flip
of the phosphinooxazoline metallacycle, /&—C—C—C—N,
between the two crystallographically observ&sp and 2S;
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@j @J/ Scheme 2. Reactivity of the Osmium Aqua Complexes
M % ! {C|.>>J ] [SbFel, {C|.>>J ] (SbFg)

lPr"’(N\ b ki ﬁp}w iPr
~ = 14 HO0 5 Ph S
0 jj\j Vb, )QO S Py CBCL " S TPy
= = s N N
iPr iPr
(6] (6]
b

a 10a, 10a’ 16a, 16a’
Figure 10. Proposed transition states.

Scheme 1. Proposed Catalytic Cycle —@|_>>—ﬁ 1 (BF, —€|_>>—? -1 BEy)
"
| . _Os Ph _—Os F
o a O Nf p CH,Cly HgP hN P pn
NN ﬂ’f‘\\i\)@ M“‘(\}_@
o] o]
10b, 10b' 18b, 18b'
OHC —% o insight into the catalytic system, we studied the behavior in
hlxliw , solution of the Sbf, BF,~, and CRESO;™ salt$* of the cations
Me p’ % O H( [(175-p-MeCsH4iPr)Os(PN)(HO)J>* (PN = PNiPr, PNInd). At
\*\/N room temperature, dichloromethane solutions gf-ff-MeCs-
I H4iPr)Os(PNPr)(H0)](SbFs)2 (10a 10d) evolve with P-C
o+ HO H,0 o+ bond cleavage and formation of the new phenyl derivathGzs
T:' [ *—| and 164, in which a P-OH group replaces the phenyl group
/M{wo /M{:“““o transferred to the metal (Scheme 2). For preparative purposes,
P\/N | P\/N KH/ the reaction was conducted at higher temperatures, rendering
¥ * the products in 82% vyield, afte2 h of treatment in refluxing

I , I dichloromethane. The formation t6aand16d was monitored
by 3P NMR spectroscopy: two new singlets emerged at 70.6
and 66.5 ppm at the expense of the two singlets of the starting

@ material at 8.1 and 0.1 ppm. Although at a slower rate, the
T* = (1-p-MeCgH,Pr)Ru, Os process a_llso takes place in acetone, b_ut it is inhibited in_ more
M coordinating solvents such as acetonitrile or methanol. It is also
* inhibited at—20 °C. The related PNInd-containing complexes
P/\N = phosphinooxazoline 12aand12d behave similarly. They afford the corresponding
phenyl derivativel 7d, the rate of formation of the latter being
observed during the process are the aqua Comp@xﬂﬂ]en Significantly higher: it was isolated in 78% y|e|d after 30 min

the catalysis has been completed, compohdsnain and, as of reaction, in dichloromethane, at room temperature. Notably,

expected, addition of methacrolein regenerates compolfids ~the tetrafluoroborate complexd9b and 10b' also yield the

and restarts the Ca[a|ytic process. phenyl derivatives18b and lSU, but they present aFF
Taking into account the crystallographic and NMR data, the functionality instead of the POH group of compound$6 and

catalytic cycle depicted in Scheme 1 is proposed. Methacrolein 17 (Scheme 2). However, the triflate salt is stable in dichlo-

displaces water from the aqua complexand generates the romethane solution and can be recovered unchanged from it.

methacrolein compount . Cyclopentadiene attack to coordi- The new complexes were characterized by analytical and

nated methacrolein renders the adduct compllexThe adduct ~ SPectroscopic means includirigd, 3'P, *°C, and'°F NMR,

is displaced fromll by a water molecule, affording the aqua  Circular dichroism, and mass spectrometry (see Experimental

complex, which is the actual catalyst that restarts the cycle. Section). The large shift of tHP resonance toward lower field,
The absolute configuration of the magxoproduct (52R 49 produced for the substitution of the—Ph bond by P-OH

suggests that the reaction proceeds through the transition state§around 70 ppm) or by PF (around 125 ppm) bonds, is strongly

depicted in Figure 10, for PIRr-containing catalysts. THee indicative of the presence of the electronegative atoms bonded

face of the dienophile is shielded by tpeo-S phenyl ring of to the phosphorus. A new low-field resonance attributable to

the PPh group, in theR at metal isomers (Figure 10a), or by the ipso-carbon of a phenyl group-bonded to osmiuf

the methyl groups of the isopropy! substituent of the oxazoline indicates the formation of a new osmitroarbon bond. In

fragment, in theSat metal isomers (Figure 10b). In both cases, complexesl8, #'P—19F couplings (893183), 904 (L8d) Hz)*®

the attack of the cyclopentadiene takes place preferentially €stablish the presence of aP bond.

through theSiface of the dienophile, in good agreement with ~ Stereochemical assigments were accomplished through NOE
the measured enantioselectivities. experiments. While irradiation of thegtér Hy, protons produces

P—C Bond Splitting Reactions of the Osmium Aqua (24) Note that t the RN T the related hexafl Hosonat
ote thatone 0 e nions o e relate exarluorophospnate
Complexes. When the aqua soIvathO—lZ were used as _ complexes [(*-p-MeCsHaPM(PNPN(HO)(PR)> (M = Ru, Os) hy-
catalyst precursors for the DA reaction between methacrolein grolyzed to a difluorophosphate anion, rendering complégamnd14 (see

and cyclopentadiene and the room-temperature catalytic reactiortext).

required long reaction times to go to completion, the rate and ,_(2°) Baya, M.; Esteruelas, M. A.; Tate, EOrganometallics2001, 20,
selectivities are not reproducible. Furthermore, the results are " 26)NMR and the Periodic TabjeHarris, R. K., Mann, B. E., Eds.:
strongly dependent on the anion employed. To obtain a deeperAcademic Press: New York, 1978.
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Scheme 3. Proposed Path for the Formation of 1618 proposed in Scheme 3 account for the erratic catalytic results.
X -2 Opviously, the concentration of_the active catalyti_c spe_cies is
Bk CI anion-dependent and the achiralt For BF; Lewis acids
iPr fols/OHz “H,0 iPr, Nf”oi & produced_may co_nt_rlbute to the_ cat_alypc_ outcome, diminishing
(‘N\ mp:? E— ((; \ P\Ph ?Zzutlatr;antmselectlvny and making it difficult to reproduce the
[e) é .
I H,0 / = :
Concluding Remarks
= Tt The solvate complexes #t-p-MeCsH4iPr)M(PN)(HO)]-
iPr wols_.@ [SbF]2 (M = Ru, Os) are active catalysts for the DA reaction
(‘N\ “p—Ph BF; between methacrolein and cyclopentadiene with goatendo
(¢} O-H diasteroselectivity and up to 47% ee. Spectroscopic and crystal-
H lographic evidence for the Lewis aeidlienophile intermediate
H 1P (SRu)-[(78-p-MeCsH4iPr)Ru(PNInd)(methacrolein)][SkE are
reported. The reactivity of the osmium cationg®jp-MeCgH,iPr)-
a* o Os(PN)(HO)](A). (A = SbFs, BFs) in catalytic conditions
W)y ) | strongly depends on the nature of the weakly coordinating anion
iPr Os iPr  Os-; e . .
(\N\ l“p;Ph -BF3 (\N\ al),;/Ph employed. A P-C bond splitting reaction along with a nucleo-
o)\ < X Fp F philic attack to the phosphorus of water or tetrafluoroborate
\I;F account for the observed results and represent a new type of
X =OH, F IIIb noninnocent counteranion behavior.
enhancement of thertho hydrogen atoms of the phenyl ligand, Experimental Section

in the unprimed complexes, it does not produce an NOE effect
in the primed ones. These NOE data are consistent wit8 an
configuration at metal for the former and &configuration

General Comments.All solvents were dried over appropriate
drying agents, distilled under nitrogen, and degassed prior to use.
for the latter All preparations h‘_':lve been c_arried out _under nitr_ogen. Infrared

' spectra were obtained as Nujol mulls with a Perkin-Elmer 1330

In the new compounds, the phosphorus atom become agyecirophotometer. Carbon, hydrogen, and nitrogen analyses were
stereogenic center. No'gably, §pectroscopic data support that itperformed using a Perkin-Elmer 240 B microanalyer31P{1H}
adopts_ the same cor)flguratlon that the metal_presents, theand13c{1H} NMR spectra were recorded on a Varian Unity 300
formation process being, therefore, stereospecific. Thus, for spectrometer (299.95 MHz) or a Bruker 300 ARX (300.10 MHz).
example, the relatively small difference between the chemical Chemical shifts are expressed in ppm upfield from SjMe85%
shift of the isopropyl methyl protons of ti&at metal complexes  H3PQ, (3'P). CD spectra were determined in cax8.0~4 mol L2
(A6 = 0.31 ppm,16a 0.30,18b) is only compatible with ais acetone solutionspia 1 cmpath length cell by using a Jasco-710
configuration at phosphorus. On the other hand, the shielding apparatus. NOEDIFF and ROESY spectra were obtained using
of theortho andmetahydrogen atoms of the phenyl ring bonded standard procedures.
to phosphorus by the phenyl-osmium ring, in compl&d, is Preparation of [(75-p-MeCgH4iPr)RUCI(PN)]JA (1 —3). At room
compatible only with arR configuration at phosphorus. temperature, a mixture of (75-p-MeCsHi Pr)RUC} »(u-Cl);] (151.8

Complexesl6—18 are fluxional. Analysis of théP NMR mg, 0.25 mmol), the appropriate NaA salt (A Sbs, BFs, CFs-
spectra at different temperatures give&* values of 39.6+ SQ; or PF) (0.50 mmol), and phosphinooxazoline (i, PNMe,

0.5 kJ mot? (17d) and 37.1+ 0.5 (18b) kJ mol for the or P_Nlnd)_ (Q.SO mmol), in _me_thanol (10 mL), was stirred for 1 h.
process, at the coalescence temperature. These values are similg“ring this time the precipitation of an orange solid was observed
to those obtained for the parent aqua complexes (see above),o_r 1a, 1d; 3a, 3d; and3b, 3_b : T_he sc_>||d was flltered off, _washed
and therefore, we propose that, again, the observed phosphoru ith cold methanol, and air-dried (first fraction). The filtrate, or

S . 2 . e original solution for the other compounds, was vacuum-
equilibration corresponds to a flip betwe&®, and?s, metal evaporated to dryness. The resulting solid was extracted with
lacycle conformers.

) ; ) . ... dichloromethane (X 5 mL) and the solution partially concentrated
A possible reaction pathway that rationalizes the stereospecific nger reduced pressure. Slow addition of diethyl ether gave orange
formation of compound46-18 is outlined in Scheme 3 for  gojids, which were filtered off, washed with diethyl ether, and air-
the PNPr-containing complexe®.The loss of the coordinated  grjed (second fraction for compountia, 1a; 3a, 3a; and3b, 3b).
water from| would generate the cationicif{-p-MeCsHaiPr)- la, 14 first fraction, 95:5 molar ratio, 73% yield; second
Os(PNPr)P* 16-electron specie$. This intermediate under-  fraction, 20:80 molar ratio, 23% yield. Anal. Calcd fop8ss
goes a [1,2]-shift of a phenyl group from phosphorus to osmium, NCIF;RUOPSh: C, 46.4; H, 4.3; N, 1.6. Found: C, 46.7; H 4.2;
promoted by the nucleophilic attack of,® or BF~ on the N, 1.5. IR (Nujol, cnt1): »(CN) 1595 (s),»(SbFky) 285 (m). CD
phosphorus, to givélla or Illb . The nucleophilic attack has  (Me,CO, [0] (4, nm) maxima, minima and nodes}a:ld, 95:5
to occur from the side opposite that of the osmitpphosphorus molar ratio: +8000 (380),+8000 (400), 0 (420);-3000 (440), 0
phenyl bridge, accounting for the observed stereospecifity. (460), +2020 (500);1ala, 20:80 molar ratio:=8000 (380), 0
Dissociation of H or BF; from llla orlllb generates the final ~ (400), +8000 (420),+7700 (470).1a 'H NMR ((CD;).CO) 6
adducts. More coordinating counterions or solvents avoid the 0-47 (d,Jun = 6.6 Hz, 3H,MeMeCH), 1.11 (dJuy = 6.6 Hz, 3H,
process by coordination to the unsaturated t6speciesll . MeMeCH), 1.25 (d,Jus = 7.1 Hz, 3H,MeMeCH of p-cymene),
The reactivity collected in Scheme 2 along with the path 135 (d,Jun = 6.8 Hz, 3H, Mé/eCH of p-cymene), 1.90 (s, 3H,
Me of p-cymene), 2.40 (psp, 1H, MeMé&d, 2.94 (psp, 1H,
(27) For P-C bond cleavage in (arene)Ru complexes: (a) Crochet, P.; MeMeCH of p-cymene), 4.53 (pt, 1H, §i 4.61 (dpt.Jucrg = 9.0

Demerseman, B.; Rocaboy, C.; Schleyer, @rganometallics1996 15, Hz, Jhing ~ Jnitrg = 2.4 Hz, 1H, H), 4.76 (dd Jncrie = 9.0 Hz, 1H,
3048. (b) Geldbach, T. J.; Pregosin PEsir. J. Inorg. Chem2002 1907. Hy), 4.90 (d,Jas = 6.5 Hz, 1H, HiHg), 5.45 (d, 1H, HHg), 6.19
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(d, Jag = 5.6 Hz, 1H, H\Hg), 6.44 (d, 1H, KH.Hg), 7.3-8.0 (m,
14H, Ph).3P{1H} NMR ((CD3),CO): ¢ 40.6 s.1d: H NMR
((CD3)CO) 6 0.84 (d,Jyn = 6.8 Hz, 3H,MeMeCH), 0.88 (d,
Jun = 6.6 Hz, 3H, MéeCH of p-cymene), 0.91 (dJun = 7.1 Hz,
3H, MeMeCH of p-cymene), 1.18 (dJyy = 7.1 Hz, 3H, Mé/leCH),
2.20 (s, 3H, Me op-cymene), 2.66 (psp, 1H, MeMe&d, 2.94 (psp,
1H, MeMe of p-cymene), 4.59 (pt, 1H, §l 4.72 (d,IcHg =
9.0 Hz, 1H, H), 4.94 (dd Jnche = 9.0 Hz,Jngre = 2.4 Hz, 1H, H),
5.39 (d,Jag = 6.0 Hz, 1H, HHg), 5.98 (d, 1H, HHg), 5.98 (d,
Jas = 6.0 Hz, 1H, H/Hg), 6.15 (d, 1H, HHg), 7.2-8.2 (m,
14H, Ph).31P{*H} NMR ((CDs3),CO): 6 38.3 s.

1b:1b": 60:40 molar ratio, 74% yield. Anal. Calcd forz{ss
NCIF,RUOPB: C, 55.9; H, 5.2; N, 1.9. Found: C, 56.2; H5.3; N,
1.7. IR (Nujol, cnt?): »(CN) 1600 (s),v(BFs) 1070(s),v(RuCl)
290 (m). CD (MeCO, [®] (4, nm) maxima, minima and nodes):
1b:1b', 75:25 molar ratio—3000 (340), 0 (350);+12500 (380),
+1000 (430),+3000 (480).1b: *H NMR ((CDs3),CO) 6 0.47 (d,
Jun = 6.6 Hz, 3H, MeMeCH), 1.08 (d,Jsy = 6.6 Hz, 3H,
MeMeCH), 1.26 (d,Jyy = 7.0 Hz, 3H,MeMeCH of p-cymene),
1.36 (d,Jun = 7.0 Hz, 3H, MéVleCH of p-cymene), 1.91 (s, 3H,
Me of p-cymene), 2.40 (psp, 1H, MeMéQ, 2.99 (psp, 1H,
MeMeCH of p-cymene), 4.55 (pt, 1H, §i 4.65 (pdt,Jpcrg = 9.0
Hz, JHng ~ JHtHg = 2.4 Hz, 1 H, |‘&), 4.80 (dd,JHcHt = 9.0 Hz,
1H, H), 4.94 (d,Jas = 6.5 Hz, 1H, HHg), 5.50 (d, 1H, HHg),
6.19 (d,Jas = 5.9 Hz, 1H, HHg'), 6.36 (d, 1H, H'-Hg), 7.3-8.0
(m, 14H, Ph)3P{1H} NMR ((CDs3),CO): 6 40.7 s.1b": 1H NMR
((CD3),CO) 6 0.87 (d, Iy = 7.0 Hz, 3H,MeMeCH), 0.95 (d,
Jhn = 6.8 Hz, 3H, MéeCH of p-cymene), 0.95 (dJyy = 7.1 Hz,
3H, MeMeCH ofp-cymene), 1.17 (dJuy = 7.1 Hz, 3H, Mé/eCH),
2.16 (s, 3H, Me of-cymene), 2.29 (pspH, MeMeCH), 2.69 (psp,
IH, MeMeCH of p-cymene), 4.58 (pt, 1H, §i, 4.71 (d,JncHg =
9.0 Hz, 1 H, H), 4.90 (dd,Jucrt = 9.0 Hz, Jygne = 2.1 Hz, 1H,
Hy), 5.32 (d,Jag = 6.0 Hz, 1H, HHg), 5.98 (d,Jas = 6.0 Hz,
1H, HaHg), 6.08 (d, 1H, HHg), 6.15 (d, 1H, HHg), 7.2-8.2
(m, 14H, Ph)31P{*H} NMR ((CDs3),CO): 6 38.9 s.

1c:1c¢: 78:22 molar ratio, 94% vyield. Anal. Calcd forzéHss-
NCIF;RUQPS: C,51.5;H,4.7; N, 1.8. Found: C,51.8;H4.8; N,
1.7. IR (Nujol, cnmd): »(CN) 1600 (s). CD (MgCO, [©] (4, nm)
maxima, minima and nodes}c:1c, 78:22 molar ratio—10000
(330), 0 (340)+17000 (370);+1000 (430),+3000 (480)1c. H
NMR ((CD3),CO) 6 0.49 (d,Jun = 6.8 Hz, 3H,MeMeCH), 1.15
(d, Jyy = 7.1 Hz, 3H, MévleCH), 1.28 (d,Jyy = 7.0 Hz, 3H,
MeMeCH of p-cymene), 1.39 (dJun = 7.1 Hz, 3H, MévieCH of
p-cymene), 1.94 (s, 3H, Me gb-cymene), 2.43 (psp, 1H, Me-
MeCH), 3.02 (psp, 1H, MeMeB of p-cymene), 4.57 (pt, 1H, §l,
4.70 (dpt,Jnchg = 9.1 HZ, Jhing ~ Jnng = 2.3 Hz, 1H, H), 4.83
(dd, Jycht = 9.6 Hz, 1H, H), 4.95 (d,Jag = 6.4 Hz, 1H, HHg),
5.53 (d, 1H, HHg), 6.33 (d,Jas = 6.3 Hz, 1H, H'Hg), 6.55 (d,
1H, HaHg), 7.4-8.1 (m, 14H, Ph)3P{*H} NMR ((CD5),CO): o
41.2 s.1c: H NMR ((CD3),CO) 6 0.88 (d,Juy = 6.6 Hz, 3H,
MeMeCH), 0.89 (d,Jun = 6.8 Hz, 3H, M&leCH of p-cymene),
0.97 (d,Jyn = 7.1 Hz, 3H,MeMeCH of p-cymene), 1.20 (d,
Jun = 7.1 Hz, 3H, MéMeCH), 2.19 (s, 3H, Me op-cymene), 2.70
(psp, 1H, MeMe@l), 2.94 (psp, 1H, MeMeB of p-cymene), 4.61
(pt, 1H, H), 4.78 (bd,Jucrg = 8.8 Hz, 1 H, H), 4.92 (dd JncHe =
9.0 Hz,Jugnt = 2.5 Hz, 1H, H), 5.36 (d,Jas = 6.3 Hz, 1H, HHg),
5.85 (d, 1H, HHg), 6.07 (d,Jas = 6.1 Hz, 1H, H'Hg), 6.18 (d,
1H, HaHg), 7.3-8.2 (m, 14H, Ph)3P{*H} NMR ((CD5).CO): o
39.3s.

1d:1d": 73:27 molar ratio, 94% vyield. Anal. Calcd for;{ss-
NCIFsRUOR: C, 51.8; H, 4.7; N, 1.8. Found: C, 51.8; H 4.8; N,
1.8. IR (Nujol, cnT?): »(CN) 1600 (s). CD (MgCO, [O] (4, nm)
maxima, minima and nodes}d:1d’, 73:27 molar ratio:+16500
(370), +2000 (440),+2500 (470).1d: H NMR ((CD5),CO) 6
0.54 (d,Jyn = 6.7 Hz, 3H,MeMeCH), 1.17 (d Jyny = 7.1 Hz, 3H,
MeMeCH), 1.30 (d,Juny = 6.9 Hz, 3H,MeMeCH of p-cymene),
1.40 (d,Jyn = 6.8 Hz, 3H, MéeCH of p-cymene), 1.96 (s, 3H,
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Me of p-cymene), 2.44 (psp, 1H, MeMé&{}, 3.06 (psp, 1H,
MeMeCH of p-cymene), 4.60 (pt, 1H, I 4.72 (dpt,Jnchg = 9.2
HZ,JHng ~ JHtHg = 2.6 Hz, 1H, |'é), 4.86 (dleHCHt: 9.2 Hz, 1H,
Hy), 5.04 (m, 1H, HHg), 5.55 (d,Jhcrt = 9.2 Hz, 1H, HHg), 6.28
(d, Jag = 6.2 Hz, 1H, K\Hg), 6.54 (d, 1H, H-Hg), 7.4-8.2 (m,
14H, Ph).3P{1H} NMR ((CD3).CO): ¢ 41.0 s.1d: H NMR
((CD3),CO) 6 0.91 (d,Iun = 6.8 Hz, 3H,MeMeCH), 0.92 (d,
Jun = 6.7 Hz, 3H, MéMeCH of p-cymene), 0.98 (dyy = 7.1 Hz,
3H, MeMeCH of p-cymene), 1.22 (dJyy = 7.1 Hz, 3H, MéeCH),
2.21(s, 3H, Me op-cymene), 2.71 (psp, 1H, MeMeég, 2.96 (psp,
1H, MeMe of p-cymene), 4.63 (ptgHc & Jnimic = 9.2 Hz, 1H,
Ho), 4.91 (m, 2H, H and H), 5.35 (d,Jag = 6.1 Hz, 1H, HHg),
5.75 (m, 1H, HHg), 6.22 (bs, 2H, HHg), 7.2—8.2 (m, 14H, Ph).
S1P{1H} NMR ((CD3).CO): 6 39.2 s.

2a:2d: 67:33 molar ratio, 93% vyield. Anal. Calcd fors&iz4-
NCIFsRUOPSb: C,51.9H, 4.6; N, 1.9. Found: C, 52.1; H 4.4; N,
1.8. IR (Nujol, cnT1): »(CN) 1600 (s)p(SbF;) 285 (m). CD (Me-
CO, [0] (4, nm) maxima, minima and nodes2a:2d, 67:33 molar
ratio: +2600 (390),+1200 (430),+2700 (470).2a H NMR
((CDy),CO) 6 1.15 (d, Iy = 6.9 Hz, 3H,MeMeCH), 1.29 (d,
Jun = 6.9 Hz, 3H, MéeCH), 1.47 (d,Jugn = 6.3 Hz, 3H, Me),
1.76 (s, 3H, Me op-cymene), 2.89 (psp, 1H, MeM¢g, 4.7-4.9
(m, Hy, He, H; overlapped with the correspondi2g resonances),
5.25 (d,Jag = 6.2 Hz, 1H, HHg), 5.46 (d, 1H, HHg), 6.20 (d,
Jag = 6.5 Hz, 1H, HWHg), 6.47 (d, 1H, HHg), 7.5-8.1 (m,
14H, Ph).3P{1H} NMR ((CD3),CO): o 37.8 s.2d: H NMR
((CD3),C0O) 6 0.79 (d,Jun = 6.9 Hz, 3H,MeMeCH), 0.86 (d,
Jun = 6.9 Hz, 3H, Mé/leCH), 1.65 (d, 3H, Melygy = 6.6), 2.61
(psp, 1H, MeMe®l), 4.7-4.9 (m, H;, H., H; overlapped with the
correspondin@a resonances), 5.54 (dag = 6.3 Hz, 1H, H\H3g),
6.1 (m, 1H, HyHg), 7.3-8.1 (m, 14H, Ph)3'P{1H} NMR ((CD3),-
CO): 6 38.9s.

3a, 34: first fraction, 95:5 molar ratio, 73% yield; second
fraction, 0:100 molar ratio, 24% vyield. Anal. Calcd foggHss
NCIFsRUOPSb: C, 49.3; H, 3.9; N, 1.5. Found: C, 49.1; H, 4.0;
N, 1.5. IR (Nujol, cnt1): »(CN) 1610 (s),»(SbFR) 285 (m). CD
(MexCO, [@] (4, nm) maxima, minima and nodesBa:3d, 95:5
molar ratio: +8000 (380),+8000 (400), 0 (420);-3000 (440), 0
(460),+2020 (500);3a: —8200 (380), 0 (400);+7800 (440).3a
IH NMR ((CDs3),CO) 6 0.67 (d,Jqny = 6.9 Hz, 3H,MeMeCH),
1.07 (d,Jun = 6.9 Hz, 3H, Mé/leCH), 1.31 (s, 3H, Me), 2.59 (psp,
1H, MeMe), 3.58, 3.78 (2H, AB part of an ABX systerdyg =
18.1 HZ,JAX =6.9 HZ,JBX = 3.6 Hz, H:, Ht), 4.56 (d,JAB =6.6
Hz, 1H, HaHg), 4.79 (d,Jas = 5.7 Hz, 1H, HHg'), 5.50 (d, 1H,
HaHg), 5.95 (m, 1H, HHg), 5.95 (m, 2H, H, Hy, overlapped
with AB system), 7.9-8.3 (m, 14H, Ph)3!P{1H} NMR ((CDs),-
CO): 6 27.5 s.3d: 1H NMR ((CDs),CO) 6 0.78 (d,Jqn = 6.9
Hz, 3H,MeMeCH), 0.84 (d JHH = 6.9 Hz, 3H, Mé/leCH), 2.36
(s, 3H, Me), 2.81 (psp, 1H, MeM&d), 3.54, 3.67 (2H, AB part of
an ABX systemJag =18.1 Hz,Jax = 4.5 Hz,Jsx ~ 0 Hz, H,
Ht), 5.76 (dd,JHcHo =6.1 Hz,JunHo = 4.5 Hz, H)) 5.82 (d,JAB =
6.0 Hz, 1H, H\Hg), 6.08 (d,Jas = 6.3 Hz, 1H, H'Hg), 6.14 (d,
1H, HaHg), 6.19 (d, 1H Jyonn = 6.0 Hz, H,) 6.42 (m, 1H, H-Hg),
7.2-8.3 (m, 14H, Ph)31P{1H} NMR ((CD3),CO): 6 37.3 s.

3b, 3b': first fraction, 100:0 molar ratio, 60% yield; second
fraction, 30:70 molar ratio, 26% vyield. Anal. Calcd foggHzs
NCIF,RUOPB: C, 58.7; H, 4.7; N, 1.8. Found: C, 59.0; H 4.7; N,
1.8. IR (Nujol, cnt1): »(CN) 1610 (s),v(BF,) 1060 (s),v(RuCl)
275 (m). CD (MeCO, [@] (4, nm) maxima, minima and nodes):
3b: —5700 (390), 0 (430);+7600 (465).3b: H NMR ((CDg),-
CO) ¢ 0.68 (d,Jyn = 6.8 Hz, 3H,MeMeCH), 1.08 (dJun = 6.8
Hz, 3H, MeMeCH), 1.31 (s, 3H, Me), 2.59 (psp, 1H, MeMe(}
3.58, 3.81 (2H, AB part of an ABX systerdyg = 18.3 Hz,Jax =
6.3 Hz,Jgx = 3.2 Hz, H, H,), 4.58 (d,Jag = 6.6 Hz, 1H, HHg),
4.81 (d,Jag = 5.9 Hz, 1H, HHg), 5.50 (d, 1H, K Hg), 5.95
(m, 1H, HaHg), 5.95 (m, 2H, H, H,, overlapped with AB system),
7.4-8.3 (m, 14H, Ph)31P{1H} NMR ((CD3),CO): ¢ 26.6 s.3b'"
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IH NMR ((CD3)2,CO) 6 0.81 (d,Juy = 6.8 Hz, 3H,MeMeCH),
0.84 (d,Jun = 6.8 Hz, 3H, MéMeCH), 2.34 (s, 3H, Me), 2.82 (psp,
1H, MeMe), 3.57, 3.68 (2H, AB part of an ABX systerdyg =

17.8 Hz,Jax = 4.4 Hz,Jgx ~ 0 Hz, H,, Ht), 577 (dd:\]HcHo =6.1

Hz, Jinro = 4.5 Hz, H), 5.76 (d,Jag = 6.1 Hz, 1H, HHg), 5.93

(d, JHoHn = 6.1 Hz, 1H, HI): 6.08 (d,JA'B' = 6.0 Hz, 1H, H\'HB'),

6.14 (d, 1H, HHg), 6.36 (m, 1H, KH-Hg), 7.2—8.3 (m, 14H, Ph).
S1P{1H} NMR ((CDj3).CO): 6 36.3 s.

Preparation of [(75-p-MeCgH4iPr)OsCI(PN)][SbFg] (4—6). A
mixture of [(7%-p-MeCeH4iPr)OsC},(u-Cl);] (200.0 mg, 0.25
mmol), NaSbk (0.5 mmol), and the corresponding phosphino-
oxazoline ligand (0.50 mmol) was stirred, in methanol (10 mL),
for 3 h. During this time the precipitation of a yellow solid was
observed foda, 4a and6a, 6a. The yellow solid was filtered off,
washed with cold methanol, and air-dried (first fraction). The filtrate
(or the original solution for complexés) was vacuum-evaporated
to dryness, the resulting solid was extracted with dichloromethane
(3 x 5 mL), and the solution was partially concentrated under
reduced pressure. Slow addition of diethyl ether gave a yellow solid,
which was filtered off, washed with diethyl ether, and air-dried
(second fraction for complexesand 6).

da:4d: first fraction, 93:7 molar ratio, 34% yield; second fraction,
21:79 molar ratio, 48% vyield. Anal. Calcd for 3F3gNCIFg-
OsOPSh: C, 42.1; H, 3.95; N, 1.45. Found: C, 41.9; H 4.1; N,
1.6. IR (Nujol, cnt1): »(CN) 1595 (s)¥(Sbk) 292 (m). CD (Me-
CO, [®] (4, nm) maxima, minima and nodes}a:4d, 95:5 molar
ratio: +21000 (330), 0 (360),-6000 (380),~1500 (400),—15000
(450); 4a4d, 21:79 molar ratio—13000 (330), 0 (360)11000
(400), 14000 (430)4a: H NMR ((CDs3),CO) 6 0.48 (d,Jyn =
6.6 Hz, 3H,MeMeCH), 1.14 (d,Jun = 7.1 Hz, 3H, MéMeCH),
1.29 (d, un = 7.4 Hz, 3H,MeMeCH of p-cymene), 1.31 (d,
Jun = 7.4 Hz, 3H, Mé&MeCH of p-cymene), 2.11 (s, 3H, Me of

6a, 6a: first fraction, 94:6 molar ratio, 30% yield; second
fraction, 0:100, molar ratio, 39% yield. Anal. Calcd foggHze
NCIFsOsOPSbh: C, 44.9; H, 3.6; N, 1.4. Found: C, 44.9; H, 3.7;
N, 1.7. IR (Nujol, cnt1): »(CN) 1615 (s),»(SbR) 295 (m). CD
(MexCO, [0®] (4, nm) maxima, minima and nodespa6a, 94:6
molar ratio: +12000 (330),+2500 (370),+7000 (410);64a:
—19000 (335), 0 (360)+20000 (435)6a: *H NMR ((CDs3),CO)
0 0.82 (d,Jun = 7.6 Hz, 3H,MeMeCH), 1.18 (d,Juy = 7.1 Hz,
3H, MeMeCH), 1.50 (s, 3H, Me), 2.60 (psp, 1H, MeMeL};, 3.60,
3.76 (2H, AB part of an ABX systemlag =18.2 Hz,Jax =7.45
Hz, Jsx = 3.7 Hz, H,, Hy), 4.80 (d,Jag = 6.6 Hz, 1H, H\Hg), 5.02
(d, Jag = 4.4 Hz, 1H, H\Hg), 5.70 (d, 1H, H-Hg), 5.96 (d, 1H,
HaHg), 6.00 (m, 1H, H, overlapped with AB system), 6.08 (d,
JHoHn = 8.2 Hz, 1H, H), 7.4-8.3 (m, 14H, Ph)31P{1H} NMR
((CD3),CO): 6 —12.6 s.6d: H NMR ((CD3),CO) 6 0.81 (d,
Jun = 7.1 Hz, 3H, MeMeCH), 0.87 (d,Juy = 6.8 Hz, 3H,
MeMeCH), 2.51 (s, 3H, Me), 2.76 (psp, 1H, MeMegf}; 3.54, 3.71
(2H, AB part of an ABX systemJag = 18.1 Hz,Jax = 5.1 Hz,
Jex ~ 0 Hz, H, Hy), 5.77 (pt, H), 5.90 (d,Jag = 6.0 Hz, 1H,
HaHg), 6.10 (d,Jas = 6.1 Hz, 1H, H\Hg), 6.15 (d, 1H, H'Hg),
6.27 (d, 1HJqonn = 5.9 Hz, H,), 6.37 (d, 1H, HHg), 7.2-8.1 (m,
14H, Ph).31P{1H} NMR ((CDs3),CO): 6 —5.3 s.

Preparation of [(75-p-MeCgH4iPr)Ru(PN)(H,O)](A), (7—9).
To a diastereomeric mixture of the chloro compounés3 (0.20
mmol; 1la:1d, 95:5 or 20:801b:1b’, 60:40;1c1c, 73:27;2a 24,
67:33; 3a:3ad, 95:5 or 0:100 molar ratio) in 25 mL of dichlo-
romethane was added 70.2 mg (0.20 mmol) of the appropriate AgA
salt (A = Sbk, BF;, or CRSG;) in 2 mL of acetone. The
suspension was stirred for 30 min. The AgCl formed was separated
by filtration, and the filtrate was partially concentrated under
reduced pressure. Slow addition of diethyl ether gave an orange
solid, which was filtered off, washed with diethyl ether, and air-

p-cymene), 2.35 (psp, 1H, MeM&@, 2.89 (psp, 1H, MeMeB
of p-cymene), 4.58 (pt, 1H, I 4.66 (dptIicHg = 8.9 Hz, ning ~
Jhtng = 1.9 Hz, 1 H, H), 4.89 (dd,Jucwt = 9.1 Hz, 1H, H), 5.12
(d, Jag = 5.9 Hz, 1H, HHg), 5.66 (d, 1H, HHg), 6.49 (d,Jas =
6.1 Hz, 1H, HHg), 6.52 (d, 1H, HHg), 7.3-8.1 (m, 14H, Ph).
3IP{1H} NMR ((CDs3)2CO): 6 0.7 s.4a: H NMR ((CDs3),CO) 6
0.87 (d,Juy = 6.6 Hz, 3H,MeMeCH), 0.91 (d Juy = 6.6 Hz, 3H,
MeMeCH of p-cymene), 0.96 (dJun = 6.9 Hz, 3H, MévleCH of
p-cymene), 1.16 (dJyy = 7.1 Hz, 3H, M&leCH), 2.33 (s, 3H,
Me of p-cymene), 2.58 (psp, 1H, MeMé&Cof p-cymene), 2.68
(psp, 1H, MeMe®), 4.62 (pt, 1H, H), 4.78 (d, 1H,JncHg = 8.5
Hz, 1 H, Hy), 4.97 (d,JncHe = 9.6 Hz, 1H, H), 5.51 (d,Jag = 5.6
Hz, 1H, HaHg), 5.94 (d, 1H, HHg), 6.06 (d, 1H,Jas = 5.9 Hz,
HaHg), 6.13 (d, 1H, H'Hg), 7.3-8.1 (m, 14H, Ph)3*P{1H} NMR
((CD3),C0O): 6 —3.4 s.

5a, 5d: 44:56 molar ratio, 51% vyield. Anal. Calcd forsiz4-

NCIFOsOPSh: C, 40.8 H, 3.4; N, 1.5. Found: C, 41.1; H, 3.4; N,

1.5. IR (Nujol, cnm?): »(CN) 1602 (s)¥(SbFk;) 295 (m). CD (Me-
CO, [©] (4, nm) maxima, minima and nodesya:5a, 44:56 molar
ratio: —6000 (335), 0 (360)++6000 (420).5a: H NMR ((CDs).-
CO) 6 1.25 (d,Jun = 6.9 Hz, 3H,MeMeCH), 1.29 (dJuy = 6.9
Hz, 3H, MeMeCH), 1.41 (d,Jugn = 6.3 Hz, 3H, Me), 1.97 (s, 3H,
Me of p-cymene), 2.84 (psp, 1H, MeM¢&{}, 4.6-4.8 (m, H,, H,
H,, overlapped with the correspondiBg resonances), 5.32, 5.64
(m, system AB overlapped with the correspondiajresonances),
6.43 (d,Jas = 5.7 Hz, 1H, H/Hg), 6.50 (d, 1H, H/Hg) 7.3-8.2
(m, 14H, Ph)3P{*H} NMR ((CD3),CO): ¢ —1.32 s5d: 'H NMR
((CD3),C0O) 6 0.82 (d, Iy = 6.9 Hz, 3H,MeMeCH), 0.92 (d,
Jnn = 6.9 Hz, 3H, MéMeCH), 1.55 (d,Jugn = 6.4, 3H, Me), 2.34
(s, 3H, Me ofp-cymene), 2.54 (psp, 1H, MeM&0, 4.6-4.8 (m,
3H, Hy, He, H;, overlapped with the correspondibg resonances);
5.64 m, 6.00 (bdJss = 5.8 Hz), 6.08 m, (4H, two systems AB
overlapped with the correspondiriia resonances), 7-38.1 (m,
14H, Ph).31P{1H} NMR ((CD3),CO): 6 —3.63 s.

dried.

7a, 7d: 80:20 molar ratio, 84% vyield. Anal. Calcd fors{E -
NFLRUOPSh: C, 36.0; H, 3.9; N, 1.2. Found: C, 36.1; H, 3.7;
N, 1.2. IR (Nujol, cm?): »(H0) 3510 (m), 1620 (m)¢y(CN) 1585
(s), v(Sbks) 285 (m). CD (MeCO, [B] (4, nm) maxima, minima
and nodes):7a:7d, 80:20 molar ratio:+7900 (365)+7900 (400),
0 (430),—1000 (445), 0 (460)+900 (500).7a: *H NMR ((CDy),-
CO) 6 0.29 (d,Jyn = 6.6 Hz, 3H,MeMeCH), 1.16 (dJun = 7.1
Hz, 3H, MeMeCH), 1.40 (d,Juy = 7.0 Hz, 3H,MeMeCH of
p-cymene), 1.44 (dJuny = 6.8 Hz, 3H, MéMeCH of p-cymene),
2.07 (s, 3H, Me ofi-cymene), 2.34 (psp, 1H, MeMé&(, 3.15 (psp,
1H, MeMe of p-cymene), 4.78 (pt, 1H, ¥, 4.95 (dd,Jncqt =
9.2 HZ,JHQH( = 2.2 Hz, 1 H, H), 5.01 (dpt,JHcHg = 8.9 Hz,
JH[Hg ~ JHng =2.3Hz, 1H, h!l)' 5.31 (d,JAB =6.2 Hz, 1H, H\HB)-
6.27 (d, 1H, HHg), 6.44 (d,Jpns = 6.3 Hz, 1H, H\Hg), 6.49 (bs,
2H, H;0), 6.84 (d, 1H, H-Hg), 7.4-8.1 (m, 14H, Ph)!H NMR
(CD.Cl,) 6 0.15 (d,Jun = 6.5 Hz, 3H,MeMeCH), 1.11 (dJun =
6.7 Hz, 3H, M&leCH), 1.38 (d,Jyq = 6.6 Hz, 6H, MeMeCH of
p-cymene), 1.86 (s, 3H, Me @gkcymene), 1.95 (m, 1H, MeMe&4),
2.95 (psp, 1H, MeMe# of p-cymene), 4.30 (bs, 2H, 40), 4.50-
4.8 (m, 3H, H, H;, Hy), 5.13 (d,Jag = 6.0 Hz, 1H, HHg), 5.71
(d, 1H, HaHg), 6.17 (d,Jas = 6.0 Hz, 1H, H/Hg), 6.23 (d, 1H,
HaHg), 7.1-8.1 (m, 14H, Ph)3P{1H} NMR ((CDj3),CO): 6 43.1
s.31P{1H} NMR (CD,Cl,): 0 42.3 s.7d: H NMR ((CDj3),CO) 6
0.87 (d, Jyy = 6.6 Hz, 3H,MeMeCH of p-cymene), 0.91 (d,
Jhn = 7.3 Hz, 3H, MéeCH of p-cymene), 1.07 (dJyy = 6.8 Hz,
3H, MeMeCH), 1.25 (d,Jus = 6.8 Hz, 3H, MéMeCH), 2.15 (s,
3H, Me of p-cymene), 2.51 (psp, 1H, MeM&@, 2.76 (psp, 1H,
MeMeCH of p-cymene), 4.74 (pt, 1H, §i 5.02 (m, 1H, H), 5.12
(dd, Jncht = 9.2 Hz, Jugre = 2.3 Hz, 1H, H), 6.1-6.6 (m, 4H,
systems AB overlapped with the correspondireyresonances),
7.4-81 (m, 14H, Ph)IH NMR (CD,Cl,): ¢ 0.71 (d,Jyn = 6.5
Hz, 3H, MeMeCH), 1.0-1.3 (9H, overlapped witfTa resonance,
MeMeCH), 1.96 (s, 3H, Me op-cymene), 2.57 (m, 1H, MeMdd),
2.72 (psp, 1H, MeMef), 3.78 (bs, 2H, HO), 4.50-4.80 (3H,
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overlapped with the correspondiiig resonances, §H;, Hg), 4.79
(d, JAB =6.5 HZ, 1H, H\HB), 5.76 (d, 1H, HHB), 5.90 (d,JA'B' =
6.0 Hz, 1H, HvHg), 6.12 (d, 1H, H'Hg), 7.1-8.1 (m, 14H, Ph).
31P{1H} NMR ((CDs3)2CO): 6 36.5 s.31P{1H} NMR (CD.Cly): ¢
40.8 s.

7b, 7b': 81:19 molar ratio, 98% yield. Anal. Calcd fors{ 40

NB,FsO,PRu: C, 51.1; H, 4.9; N, 1.75. Found: C, 51.0; H, 5.0;

N, 1.8. IR (Nujol, cn): »(H,0) 3550 (m), 1620 (m)y(CN) 1590
(s), v(BF4) 1100 (s). CD (MegCO, [©] (4, nm) maxima, minima
and nodes): 7b:7b', 81:19 molar ratio:—1000 (315), 0 (325),
+19500 (370);+1000 (450),+2000 (480).7b: *H NMR ((CDs),-
CO) 6 0.19 (d,Jyn = 6.6 Hz, 3H,MeMeCH), 1.12 (dJyy = 7.1
Hz, 3H, MeMeCH), 1.37 (d,Jyn = 7.1 Hz, 3H,MeMeCH of
p-cymene), 1.40 (dJyy = 7.1 Hz, 3H, MéMeCH of p-cymene),
1.95 (s, 3H, Me op-cymene), 2.28 (psp, 1H, MeM&(, 2.82 (psp,
1H, MeMe of p-cymene), 4.75.0 (m, 3H, K, H;, Hg), 5.19 (d,
Jas = 6.6 Hz, 1H, HHg), 6.01 (s, 2H, HO), 6.24 (d, 1H, HHj),
6.46 (d,Jys = 6.6 Hz, 1H, H\Hg), 6.73 (d, 1H, H-Hg), 7.2-8.0
(m, 14H, Ph).*H NMR (CD,Cl,): 6 0.05 (d,Jun = 6.6 Hz, 3H,
MeMeCH), 1.04 (dJun = 7.1 Hz, 3H, MéMeCH), 1.28 (d,Jun =
6.9 Hz, 3H,MeMeCH of p-cymene), 1.30 (dJyy = 7.0 Hz, 3H,
MeMeCH of p-cymene), 1.82 (s, 3H, Me gfFcymene), 1.91 (psp,
1H, MeMe), 2.96 (psp, 1H, MeMeB of p-cymene); 4.53 (d,
Jun = 9.2, 1H), 4.60 (dJun = 9.0, 1H), 4.77 (m, 1H) (8 H, Hy);
5.16 (d,Jag = 6.6 Hz, 1H, HHg), 5.76 (d, 1H, HHg), 6.16 (d,
Jae = 5.9 Hz, 1H, H/Hg), 6.34 (d, 1H, HHg), 7.0-8.1 (m,
14H, Ph).3P{1H} NMR ((CD3),CO): ¢ 43.5 s.3'P{'H} NMR
(CD.Cly): 6 42.4 s.70': 1H NMR (CD,Cl) 6 0.62 (d,Jqy = 6.6
Hz, 3H, MeMeCH), 1.05 (d,Juns = 6.8, 3H), 1.08 (dJuy = 6.8,
3H), 1.12 (d,Jun = 6.8, 3H) (MeMeCH); 1.88 (s, 3H, Me of
p-cymene), 2.53 (m, 1H, MeMdq), 2.68 (psp, 1H, MeMeR)
4.50-4.80 (3H, overlapped with the correspondiffygresonances,
Hc, Hu Hg), 4.72 (bd, 1H, HHg), 5.25 (bd, 1H, HHg), 5.80 (d,
Jas = 6.1 Hz, 1H, H/Hg), 6.02 (d, 1H, HHg), 7.0-8.1 (m,
14H, Ph).3P{1H} NMR ((CD3),CO): ¢ 38.8 s.3'P{'H} NMR
(CDCly): 6 39.5s.

7c, 7¢: 83:17 molar ratio, 87% yield. Anal. Calcd forsg a0
NFsOsPRUS: C, 45.5; H, 4.25; N, 1.5. Found: C, 45.5; H, 4.4;
N, 1.5. IR (Nujol, cn11): »(H,0) 3600 (m),»(CN) 1596 (s). CD
(Me,CO, [0] (4, nm) maxima, minima and nodesyc.7¢, 83:17
molar ratio:—1200 (310), 0 (320)+27500 (365), 0 (420);-3000
(440). 7c. 'H NMR ((CDs)2CO) 6 0.24 (d,Jyy = 6.6 Hz, 3H,
MeMeCH), 1.16 (dJun = 7.1 Hz, 3H, MéMeCH), 1.41 (d,Jun =
7.1 Hz, 3H,MeMeCH of p-cymene), 1.44 (dJyy = 6.8 Hz, 3H,
MeMeCH of p-cymene), 2.00 (s, 3H, Me g-cymene), 2.36 (psp,
1H, MeMe), 3.20 (psp, 1H, MeMeB of p-cymene), 4.88 (m,
1H, H), 4.88 (m, 1H, H), 4.95 (dpt,JucHg = 8.6 Hz, Jnng ~
Jnivg = 2.3 Hz, 1H, H), 5.12 (d,Jag = 6.6 Hz, 1H, H\Hg), 6.29
(s, 2H, HO), 6.31 (d, 1H, HHg), 6.58 (d,Jas = 6.6 Hz, 1H,
HaHg), 6.79 (d, 1H, H'Hg), 7.3-8.1 (m, 14H, Ph)3'P{1H} NMR
((CD3),CO): 6 43.8 s.7¢: 3P{*H} NMR ((CDs3),CO) 6 39.2 s.

8a, 8a: 50:50 molar ratio, 76% yield. Anal. Calcd forsf40-
NF,RuOPSh: C, 35.0; H, 3.4; N, 1.2. Found: C, 34.7; H 3.6;
N, 1.3. IR (Nujol, cn): »(H,0) 3510 (m), 1620 (m)y(CN) 1590
(S), v(SbFs) 290 (m).8a: H NMR ((CD3)>,CO) 6 1.01 (d,Jugn =
6.9 Hz, 3H, Me), 1.34 (dJun = 6.9 Hz, 3H,MeMeCH), 1.37 (d,
Jun = 6.9 Hz, 3H, MéMeCH), 2.20 (s, 3H, Me op-cymene), 2.79
(psp, 1H, MeMe®®), 4.66 (dd Jucri = 8.9 Hz,Jygne = 3.7 Hz 1H,
Hy), 4.85 (t, Jugnc = 8.9 Hz, overlapped with the corresponding
8d resonance, 1H, §, 5.15 (m, 1H, H), 5.5-6.9 (m, 4H, systems
AB overlapped with the correspondiB® resonances), 6.46 (bs,
2H, H,0), 7.5-8.1 (m, 14H, Ph)!H NMR (CD,Cl,): ¢ 1.17 (d,
Jugn = 6.8 Hz, 3H, Me), 1.34 (dJun = 6.4 Hz, 3H,MeMeCH),
1.36 (d, Jun = 6.4 Hz, 3H, MéMeCH), 1.85 (s, 3H, Me of
p-cymene), 2.55 (psp, 1H, MeMeg, 4.15 (bs, 2H, HO), 4.45
(dd, Jncrt = 8.4 Hz, Jygnt = 2.9 Hz 1H, H), 4.71 (t, Jugnc = 8.4
Hz, 1H, H), 5.22 (d,Jas = 6.1 Hz, 1H, HHg), 5.61 (d,J,'B' =
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6.5 Hz, 1H, H'Hg'), 5.93 (m, 1H, H), 6.16 (d, 1H, HHg), 6.38
(d, 1H, Ha'Hg'), 6.46 (bs, 2H, HO), 7.1-8.2 (m, 14H, Ph)3P-
{IH} NMR ((CD3),CO): 6 42.8 s3¥P{1H} NMR (CD,Cly): 6 41.7
s. 8a: H NMR ((CDs),CO) 6 1.10 (d, Jyy = 7.0 Hz, 3H,
MeMeCH), 1.11 (d Jun = 6.8 Hz, 3H, MéVleCH), 1.77 (d Jugn =
6.9 Hz, 3H, Me), 1.96 (s, 3H, Me gf-cymene), 2.65 (psp, 1H,
MeMeCH), 4.72 (dd,Jyche = 8.9 Hz,Jugni = 4.6 Hz 1H, H), 4.91
(pt, Jngne = 8.9 Hz, overlapped with the correspondir@a
resonance, 1H, §, 5.22 (m, 1H, H), 5.5-6.9 (m, 4H, systems
AB overlapped with the correspondir@a resonances), 6.28 (bs,
2H, H,0), 7.3-8.3 (m, 14H, Ph)XH NMR (CD.Cl,) ¢ 1.08 (d,
Jun = 6.8 Hz, 3H, MeMeCH), 1.21 (d,Jyy = 7.0 Hz, 3H,
MeMeCH), 1.63 (d,Jugn = 6.4 Hz, 3H, Me), 2.00 (s, 3H, Me of
p-cymene), 2.64 (psp, 1H, MeMé&@, 3.98 (bs, 2H, HO), 4.58
(dd, Jnere = 9.3 Hz,Jpgrt = 4.1 Hz 1H, H), 4.7-4.8 (m, overlapped
with the correspondin®@a resonances, 2H, HHg), 5.5-6.0 (m,
4H, systems AB overlapped with the corresponddagesonances),
7.3—-8.3 (m, 14H, Ph)31P{1H} NMR ((CDs),CO): ¢ 39.8 s.31P-
{H} NMR (CD.Cly): 6 40.2 s.

9a, 9d: 35:65 molar ratio, 85% yield. Anal. Calcd forsg -
NFLRUOPSh: C, 38,7; H, 3.6; N, 1.2. Found: C, 38.6; H, 3.6;
N, 1.2. IR (Nujol, cnt?): v(H,0) 3510 (m), 1615 (m)y(CN) 1590
(s), v(Sbks) 285 (m). CD (MeCO, [B] (4, nm) maxima, minima
and nodes)9a:9d, 35:65 molar ratio:+8000 (370);+7900 (420).
9a H NMR ((CDj3)>C0O) 6 0.95 (d,Jyn = 6.6 Hz, 3H,MeMeCH),
1.11 (d,Jyy = 6.8 Hz, 3H, MéMeCH), 2.32 (s, 3H, Me), 2.67 (psp,
1H, MeMe), 3.67 (m, 2H, H, H), 5.7-6.8 (m, 4H, systems
AB overlapped with the correspondir@® resonances), 5.96 (m,
2H, H,, Hy, overlapped with AB system), 6.21 (bs, 2H:®), 7.1~
8.3 (m, 14H, Ph)H NMR (CD.Cl,): 6 0.98 (d,Juy = 7.1 Hz,
3H, MeMeCH), 1.09 (d,Jun = 6.8 Hz, 3H, M&/eCH), 2.10 (s,
3H, Me), 2.66 (psp, 1H, MeMed), 4.26 (bs, 2H, HO), 5.0-6.4
(m, 4H, systems AB overlapped with the correspondida
resonancesfP{*H} NMR ((CD3),CO): ¢ 35.5 s.31P{1H} NMR
(CD.Clp): 6 34.9 s.9a: ™H NMR ((CD3),CO) 6 1.31 (d,Jyn =
6.8 Hz, 3H,MeMeCH), 1.36 (d,Jyn = 6.8 Hz, 3H, Mé/leCH),
1.86 (s, 3H, Me), 3.20 (psp, 1H, MeMef}, 3.64 (m, 2H, H, Hy),
5.7-6.8 (m, 4H, systems AB overlapped with the corresponding
9aresonances), 6.08 (m, 2H,H,, overlapped with AB system),
6.73 (bs, 2H, HO), 7.1-8.3 (m, 14H, Ph)!H NMR (CD,Cl,): o
1.24 (d,dun = 6.7 Hz, 3H,MeMeCH), 1.25 (dJyn = 6.7 Hz, 3H,
MeMeCH), 1.69 (s, 3H, Me), 2.88 (psp, 1H, MeMEe(; 3.54, 3.68,
(2H, AB part of an ABX systemJag =18.2 Hz,Jax = 5.9 Hz,
Jex ~ 0 Hz, H, H)), 4.44 (bs, 2H, HO), 5.08 (d,Jas = 6.3 Hz,
1H, Hag), 5.40 (d,Jn'B' = 6.2 Hz, 1H, Hg), 5.74 (d, 1H, Hg),
6.04 (d, 1H, H'B'), 7.1-8.2 (m, 14H, Ph)3P{*H} NMR ((CD3),-
CO): ¢ 37.5 s.3'P{1H} NMR (CD,Cly): ¢ 36.1 s.

Preparation of [(175-p-MeC¢H4iPr)Os(PN)(H0)](A) 2 (10—12).
A mixture of [{(175-p-MeCsH4iPr)OsC} »(u-Cl);] (150.0 mg, 0.19
mmol) and the appropriate AgA salt (A SbF, BF,, or CRSG;)
(0.8 mmol) in acetone (25 mL) was stirred for 15 min. The AgCI
formed was separated by filtration. To the resulting solution was
added the appropriate phosphinooxazoline ligand (0.39 mmol) in
5 mL of acetone. After stirring for 20 min, the solution was vacuum
evaporated to dryness. The additiomdiexane gave a yellow solid,
which was filtered off, washed with-hexane, and air-dried.

10a 104d: 80:20 molar ratio, 81% yield. Anal. Calcd fog{E 40-
NF,0sOPSh: C, 34.4; H, 3.4; N, 1.2. Found: C, 34.5; H, 3.7;
N, 1.2. IR (Nujol, cnt?): »(H,O) 3610 (m) 3400 (m), 1625 (m),
v(CN) 1590 (s),v(Sbk) 290 (m). CD (MeCO, [©] (4, nm)
maxima, minima and nodes}¥0a10d, 80:20 molar ratio:+12500
(335), 0 (390),—6000 (440).10a H NMR ((CD3),CO) 6 0.28
(d, Jyn = 6.6 Hz, 3H,MeMeCH), 1.16 (d,Jyy = 6.8 Hz, 3H,
MeMeCH), 1.40 (d,Juy = 6.8 Hz, 6H,MeMeCH of p-cymene),
2.19 (s, 3H, Me op-cymene), 2.35 (psp, 1H, MeM&(, 3.06 (m,
1H, MeMe of p-cymene), 4.80 (pt, 1H, §l 4.92 (d,Inchg =
8.8 Hz, 1H, H), 5.00 (dd,Jncht = 9.4 HZ,Jngrt = 2.3 Hz, 1H, H),
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5.50 (d,Jas = 6.3 Hz, 1H, HHg), 6.65 (d, 1H, HHs), 6.76 (d,
Jas = 5.6 Hz, 1H, H/Hg), 6.96 (d, 1H, HHg), 7.2-8.1 (m,
14H, Ph).3!P{*H} NMR ((CD3),CO): ¢ 8.1 s.10d: H NMR
((CD3),CO) 6 0.89 (d,Jyy = 7.8 Hz, 3H,MeMeCH), 0.91 (d,
Jun = 6.8 Hz, 3H,MeMeCH of p-cymene), 1.12 (d)yy = 6.8 Hz,
3H, MeMeCH of p-cymene), 1.22 (dJyy = 7.1 Hz, 3H, Mé/leCH),
2.38 (s, 3H, Me ofp-cymene), 5.14 (dd)ncht = 9.9 HZ, Juge =
2.6, 1H, H), 6.19 (d,Jag = 5.6 Hz, 1H, HHg), 6.33 (d,Jae =
6.2 Hz, 1H, HvHg), 6.40 (d, 1H, HHg), 6.46 (d, 1H, HHg),
7.3-8.4 (m, 14H, Ph)31P{1H} NMR ((CD3),CO): ¢ 0.1s.

10b, 10b': 80:20 molar ratio, 82% yield. Anal. Calcd fogEl 4o

NB,FsO,0sP: C, 45.9; H, 4.5; N, 1.6. Found: C, 45.7; H, 5.4; N,

1.7. IR (Nujol, cnt1): »(H,O) 3600 (m), 1625 (m)y(CN) 1580
(s), v(BF4) 1100 (s), 540 (m). CD (M£O, [@] (4, nm) maxima,
minima and nodes)10b:10b', 80:20 molar ratio:+18000 (340),
0 (390), —7000 (440).10b: H NMR ((CD3),CO) 6 0.23 (d,
Juy = 6.6 Hz, 3H, MeMeCH), 1.13 (d,Juy = 7.1 Hz, 3H,
MeMeCH), 1.36 (d,Jyy = 6.8 Hz, 6H,MeMeCH of p-cymene),
2.15 (s, 3H, Me op-cymene), 2.30 (psp, 1H, MeM&(, 3.04 (m,
1H, MeMe of p-cymene), 4.76 (pt, 1H, §l 4.86 (d,IncHg =
8.8 Hz, 1H, H), 4.94 (d,Jucwt = 10.1 Hz, 1H, H), 5.44 (d,Jpg =
6.2 Hz, 1H, HHg), 6.67 (d, 1H, HHg), 6.74 (d,Jas = 6.0 Hz,
1H, HaHg), 6.89 (d, 1H, HHg), 7.2-8.3 (m, 14H, Ph)31P{1H}
NMR ((CD3),CO): 4 8.2 s.10b": H NMR ((CDs),CO) 6 0.88 (d,
Jun = 6.8 Hz, 3H, MeMeCH), 0.97 (d,Jsy = 7.1 Hz, 3H,
MeMeCH), 1.05 (dJun = 6.8 Hz, 3H, MéMeCH), 1.19 (d,Jun =
6.6 Hz, 3H, Mé&MeCH), 2.31 (s, 3H, Me op-cymene).31P{1H}
NMR ((CDs3),CO): 6 2.3s.

10¢ 10c¢: 80:20 molar ratio, 77% yield. Anal. Calcd forgl 0

NFsOsQPS: C, 41.5; H, 4.0; N, 1.4. Found: C, 43.3; H, 4.2; N,

1.128IR (Nujol, cmm™b): »(H,O) 3610 (m), 1625 (m)y(CN) 1590
(s). CD (MeCO, [B] (4, nm) maxima, minima and nodes).0c
10c¢, 80:20 molar ratio: +17000 (335), 0 (380);-10000 (430).
10c H NMR ((CD3),CO) 6 0.25 (d,Jun = 6.6 Hz, 3H,MeMeCH),
1.16 (d,Jyn = 6.8 Hz, 3H, MéMeCH), 1.38 (d,Jyn = 6.8 Hz, 6H,
MeMeCH of p-cymene), 2.17 (s, 3H, Me g-cymene), 2.35 (psp,
1H, MeMe), 3.09 (m, 1H, MeMe@ of p-cymene), 4.82 (m,
2H, H. Hg), 4.93 (d,J = 6.1 Hz, H), 5.33 (d,Jag = 6.1 Hz, 1H,
HaHg), 6.76 (d, 1H, HHg), 6.78 (d,Jas = 5.6 Hz, 1H, HvHg),
6.89 (d, 1H, KHg), 7.2-8.2 (m, 14H, Ph)3P{*H} NMR ((CD3),-
CO): 6 8.3 5.10¢: *H NMR ((CD3),CO) 6 0.86 (d,Jyn = 7.1
Hz, 3H, MeMeCH), 0.91 (d,Jyy = 6.6 Hz, 3H,MeMeCH), 1.01
(d, Jyy = 6.8 Hz, 3H, MéMeCH), 1.21 (d,Juy = 7.1 Hz, 3H,
MeMeCH), 2.33 (s, 3H, Me ofp-cymene), 6.00 (dJ = 6.1 Hz,
1H,), 6.26 (dJ = 5.4 Hz, 1H), 6.30 (dJ = 5.6, 1H), 6.55 (dJ =
5.9 Hz, 1H).31P{*H} NMR ((CDj3),CO): d 2.4s.

11a, 11& 53:47 molar ratio, 84% yield. Anal. Calcd fogiz¢

NF,0sOPSh: C, 33.2; H, 3.1; N, 1.2. Found: C, 33.2; H 3.1;

N, 1.2. IR (Nujol, cntl): »(H,0) 3600 (m), 3420 (M), 1625 (m),
»(CN) 1590 (s),»(SbRs) 285 (m).'H NMR ((CD3),CO): ¢ 1.01

(d, Jun = 6.9 Hz, 3H), 1.21 (dJwn = 6.8 Hz, 3H), 1.35 (m, 9H),
1.64 (d,Jyy = 6.5 Hz, 3H) (Me,MeMeCH of p-cymene), 2.15 (s,

3H, Me of p-cymene of major diastereomer), 2.45 (s, 3H, Me of

p-cymene of minor diastereomer), 2.80 (psp, 1H, MeMg(3.05
(m, 1H, MeMeGH), 4.64 (dd Jycr = 9.0 HZ, Jngre = 5.8 Hz, 1H,
Hy), 4.70 (dd,ducie = 9.0 Hz, Jugae = 3.3 Hz, 1H, H), 4.81 (pt,
JngHe = 8.7, 1H, H), 4.97 (pt,Jngrec = 9.1, 1H, H), 5.10 (m, 1H,
Hg), 5.24 (M, 1H, H), 5.62 (d,Jag = 5.9 Hz, 1H), 5.77 (dJas =
5.0 Hz, 1H), 6.18 (dJag = 5.7 Hz, 1H), 6.51 (dJag = 6.6 Hz,
1H), 6.58 (d,Jag = 6.1 Hz, 1H), 6.65 (dJag = 6.9 Hz, 1H), 6.69
(d, Jag = 6.9 Hz, 1H), 7.06 (dJas = 5.6 Hz, 1H) (H\Hg), 7.2—
8.5 (Ph).31P{*H} NMR (CD3),CO): ¢ 7.8 s (major diastereomer),
3.3 s (minor diastereomer).

(28) Variable amounts of the acetone solvatg®f§-MeCgH4iPr)Os-

(PNiPr)((CH)2CO)](CRS0s),, detected by NMR spectroscopy, account for

the value obtained in the carbon microanalysis (calc fgff-MeCgH4iPr)-
Os(PNPY)((CHy)2CO)|(CR:SQy)2: C, 44.4; H, 4.2; N, 1.3).
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123 124d: 54:46 molar ratio, 73% yield. Anal. Calcd forgze
NF,0sOPSh: C, 37,0; H, 3.1; N, 1.1. Found: C, 36.7; H, 3.1;
N, 1.1. IR (Nujol, cnm?): »(H,0) 3300-3700 (m), 1620 (m)y(CN)
1610 (s),v(Sbk) 285 (m).3P{*H} NMR ((CDs),CO): ¢ 4.4 s
(major diastereomer), 0.7 s (minor diastereomer).

Preparation of [(55-p-MeCgH4iPr)Ru(PNiPr)(OPOF,)][PFg]
(13d, 13d). To a 78:22 diastereomeric mixture of the chloro
compoundsld:1d' (157.7 mg, 0.20 mmol) in 25 mL of dichlo-
romethane was added 70.2 mg (0.20 mmol) of AgihF2 mL of
acetone. The suspension was stirred for 30 min. The AgCI formed
was separated by filtration, and the filtrate was partially concentrated
under reduced pressure. Slow addition of diethyl ether gave an
orange solid, which was filtered off, washed with diethyl ether,
and air-dried.

13d, 13d: 65:35 molar ratio, 90% yield. Anal. Calcd fog{Eze-
NFgOsPsRu: C, 47.8; H, 4.4; N, 1.6. Found: C, 47.6; H, 4.4; N,
1.6. IR (Nujol, cnry): »(CN) 1591 (s).13d: *H NMR ((CDs)2-
CO) 6 0.28 (d,Jyn = 6.6 Hz, 3H,MeMeCH), 1.13 (d Iy = 7.0
Hz, 3H, MeMeCH), 1.32 (d,Juy = 6.8 Hz, 3H,MeMeCH of
p-cymene), 1.40 (dJun = 6.8 Hz, 3H, MéMeCH of p-cymene),
1.89 (s, 3H, Me op-cymene), 2.20 (psp, 1H, MeM&Q, 3.08 (psp,
1H, MeMe of p-cymene), 4.72 (pt, 1HlHc~ Jnghe = 9.4 Hz,
Hc), 4.88 (M, 2H, H Hy), 5.41 (d,Jag = 6.3 Hz, 1H, HiHg), 6.15
(d, 1H, HaHsg), 6.20 (d,Jas = 6.6 Hz, 1H, H/Hg), 6.60 (d, 1H,
HaHg), 7.2-8.1 (m, 14H, Ph)3P{*H} NMR ((CD3),CO): 6 41.4
s, —11.6 (t,Jrp = 957.3 Hz).13d: H NMR ((CD5).CO) 6 0.82
(d, Iy = 6.7 Hz, 3H,MeMeCH of p-cymene), 1.00 (dJyy = 6.9
Hz, 6H, MeMeCH of p-cymene), 1.22 (dJyy = 7.1 Hz, 3H,
MeMeCH), 2.10 (s, 3H, Me ofp-cymene), 2.85 (psp, 1H, Me-
MeCH), 4.60 (pt, 1H,Jutc = Jngne = 9.1 Hz, H), 4.85 (m, 1H,
Hg), 5.02 (bd,Juert = 9.3 Hz, 1H, H); 5.79 (d,Jag = 6.7 Hz, 1H,
HaHg), 5.86 (m, 1H, HHg), 6.20 (1H, overlapped with the
correspondind.3d resonances, kHg), 6.42 (d,Jag = 6.0 Hz, 1H,
HaHg), 7.2-8.1 (m, 14H, Ph)3'P{*H} NMR ((CD3),CO): 6 38.7
s, —10.7 (t,Jep = 953.3 H2z).

Preparation of [(75-p-MeCgH4iPr)Os(PNiPr)(OPOF,)|[PF]
(14d, 14d). A mixture of [{ (;7®-p-MeCsH,4iPr)OsC} »(u-Cl),] (150.0
mg, 0.19 mmol) and AgRH211.0 mg, 0.83 mmol) in acetone (25
mL) was stirred for 15 min. The AgCl formed was separated by
filtration. To the resulting solution was added iPX (148.0 mg,
0.39 mmol) in 5 mL of acetone. After stirring for 20 min, the
solution was vacuum evaporated to dryness. The addition of
n-hexane gave a yellow solid, which was filtered off, washed with
n-hexane, and air-dried.

14d, 14d: 56:44 molar ratio, 90% yield. Anal. Calcd fog{Eze
NFgOs0sR: C, 43.3; H, 4.1; N, 1.5. Found: C, 43.2; H, 4.3; N,
1.5. IR (Nujol, cnT1): »(CN) 1590 (s)14d: *H NMR (CD.Cl,) 6
—0.01 (d,Jyy = 6.6 Hz, 3H,MeMeCH), 1.02 (d,Jyny = 7.3 Hz,
3H, MeMeCH), 1.10 (d Jyy = 6.6 Hz, 3H,MeMeCH of p-cymene),
1.16 (d,Jyn = 7.3 Hz, 3H, MéMeCH of p-cymene), 1.74 (s, 3H,
Me of p-cymene), 2.66 (psp, 1H, MeMé&@, 4.33 (bd,J = 8.8
Hz, 1H), 4.38 (ptJ = 8.8 Hz, 1H), 4.47 (ddJ=8.8 Hz,J=1.5
Hz, 1H), 5.18 (d,Jas = 5.9 Hz, 1H, HHg), 5.98 (d,Jas = 6.9
Hz, 1H, HaHg), 6.04 (d,Jag= 5.1 Hz, 1H, HHg), 6.15 (d,Jag =
5.9 Hz, 1H, HiHg), 6.8-8.0 (m, 14H, Ph)3P{*H} NMR (CD,-
Cly): 05.35,—15.5 (t,Jpp= 961.4 Hz).14d: H NMR (CD,Cl,)
0 0.63 (d,Jun = 6.6 Hz, 3H,MeMeCH), 0.90 (d,Jun = 7.3 Hz,
6H, MeMeCH, MeMeCH), 1.01 (dJyy = 7.3 Hz, 3H, MéleCH),
1.96 (s, 3H, Me of-cymene), 2.35 (psp, 1H, MeM&@, 2.58 (psp,
1H, MeMe), 4.18 (st,J = 9.2 Hz, 1H), 4.55 (dd) = 9.5 Hz,
J=2.2 Hz, 1H), 4.61 (bd) = 8.8 Hz, 1H), 5.76 (dJas = 5.9 Hz,
1H, HaHg), 5.98 (d,Jag = 6.9 Hz, 1H, HHg), 6.05 (bd, 1H, HHg),
6.12 (d,Jag = 5.9 Hz, 1H, HHg), 6.8-8.0 (M, 14H, Ph)31P{1H}
NMR (CD,Cly): ¢ 7.2 s,—14.8 (t,Jep = 958.0 Hz).

Preparation of [(15-p-MeC¢H 4 Pr)Ru(PNInd)(methacrolein)]-
[SbFg]2 (15a, 154). To a solution 0f9 (150.2 mg, 0.13 mmol) in
5 mL of dichloromethane was added methacrolein (184.0 mg, 2.6
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mmol) under nitrogen. The resulting suspension was stirred for 15
min and then partially concentrated under reduced pressure. A
brown solid was filtered off, washed with diethyl ether, and air-
dried.

15g 154d: 70:30 molar ratio, 70% yield. Anal. Calcd fou 4
NFLRUGPSh: C, 42.2; H, 3.4; N, 1.2. Found: C, 42.1; H, 3.2;
N, 1.2. IR (Nujol, cnt1): »(CN) 1610 (s),»(SbR) 285 (m).15a
IH NMR (CD.Cl,) 6 0.92-1.32 (m, 6HMeMeCH, overlapped with
the corresponding5d resonances), 1.77 (s, 3H, @&{CH;)CHO),
2.26 (s, 3H, Me), 2.64 (psp, 1H, MeMef}, 5.97 (s, 2H, EI,C-
(CH3)CHO), 9.64 (s, 1H, CHC(CHg)CHO). 31P{*H} NMR (CD»-
Cly): o6 41.1 s.15d: *H NMR (CD.Cly) ¢ 0.92-1.32 (m, 6H,
MeMeCH, overlapped with the correspondih§aresonances), 1.62
(s, 3H, CHC(CH3)CHO), 2.12 (s, 3H, Me), 2.84 (psp, 1H,
MeMeCH), 6.28 (s, 2H, E,C(CH)CHO), 9.41 (s, 1H, CkL-
(CH3)CHO). 31P{1H} NMR (CD,Cly): 6 36.7 s.

Preparation of [(55-p-MeCgH4iPr)OsPh(PNOH)][SbF] (16,
17). A solution of 0.025 mmol of the complebO or 12 was stirred,
in 25 mL of dichloromethane, f&2 h under reflux £0) or 0.5 h at
room temperaturel@). The resulting brown solution was evaporated
to dryness and the residue extracted with dichloromethane §3
mL). The solution was concentrated under reduced pressure.
Addition of n-hexane gave a brown-yellow solid, which was filtered
off, washed withn-hexane, and air-dried.

164 16d: from 25:75 to 44:56 variable molar ratio, 82% yield.
Anal. Calcd for GH3gNFsOsOPSh: C, 42.9; H, 4.1; N, 1.5.
Found: C, 43.2; H, 4.2; N, 1.4. IR (Nujol, cr¥): »(OH) 3300~
3700 (m, br),»(CN) 1615 (m),»(SbF;) 280 (s). FAB" MS m/z
(menitrobenzyl alcohol) 716 (M, 100). 16a H NMR ((CDs),-
CO) 6 0.65 (d,Jun = 6.9 Hz, 3H,MeMeCH of p-cymene), 0.74
(d, 4y = 6.6 Hz, 3H,MeMeCH), 1.05 (d,Jyy = 6.8 Hz, 3H,
MeMeCH), 1.19 (d,Jun = 7.0 Hz, 3H, M&leCH of p-cymene),
2.13 (s, 3H, Me ofp-cymene), 2.50 (m, 2H, MeMdd), 4.33 (m,
1H, Hy), 4.43 (pt,Jugnec = 9.0 Hz, 1H, H), 4.66 (dd,Juche = 9.0
Hz, Jugnt = 4.6, 1H, H), 5.22 (d,Jas = 5.3 Hz, 1H, HHg), 5.58
(d, Jag = 5.8 Hz, 1H, H'Hg), 6.16 (d, 1H, HHg), 6.40 (d, 1H,
HaHg), 6.8-8.2(m, 14H, Ph)3P{1H} NMR ((CD5).CO): 6 70.6
s. 16d: H NMR ((CDs3),CO) ¢ 0.55 (d, Jyn = 6.8 Hz, 3H,
MeMeCH), 0.97 (dJun = 6.6 Hz, 3H, MéMeCH), 1.13 (d,Jyn =
6.8 Hz, 3H, MévieCH of p-cymene), 1.20 (dJuy = 6.8 Hz, 3H,
MeMeCH of p-cymene), 1.97 (s, 3H, Me gi-cymene), 2.25 (m,
1H, MeMe), 2.50 (m, 1H, MeMe@ of p-cymene), 4.27 (m,
1H, Hy), 4.72 (pt,dnche = 7.7 Hz, 1H, H or Hy), 4.81 (pt,JncHt =
9.4 Hz, 1H, H or Hy), 5.66 (d,Jag = 4.8 Hz, 1H, H\Hg), 5.68 (d,
Jas = 4.5 Hz, 1H, HHg), 6.00 (d,Jas = 5.6 Hz, 1H, H/Hg),
6.16 (d,Jas = 5.6 Hz, 1H, HyHg), 6.8-8.0 (m, 14H, Ph)31pP-
{*H} NMR ((CDj3),CO): 6 66.5 s.163 16d: 13C NMR ((CDs),-
CO) 6 13,5, 16.2, 17.3, 18.3, 18.4, 20.0, 20.2, 20.6, 22.9, 23.5
(MeMeCH andMeMeCH and Me ofp-cymene); 28.8, 30.0, 30.3,
30.9 (MeMeCH); 71.2,71.9, 73.5, 76.3, 78.8, 78.9, 79.3, 82.1, 85.0
(C of p-cymene ring, Clg, CHHy); 79.7 (d,Jpc = 6.6 Hz), 82.7
(d, Jpc = 6.3 Hz) (C ofp-cymene ring); 111.5 (dJpc = 7.3 Hz),
115.2 (d,Jpc = 7.3 Hz), 106.5, 105.1G-Me, C-iPr of p-cymene
ring), 122-144 (Ph), 134.7 (dJpc = 59.4 Hz, C-P), 136.1 (d,
Jpc = 59.4 Hz, C-P), 137.7 (dJpc = 64.6 Hz, C-P), 139.2 (d,
Jpc = 58.3 Hz, C-P), 158.8 (dJpc = 15.7 Hz, C-Os), 158.3 (d,
Jpc = 15.7 Hz, C-0s), 179.1 (&N), 179.7 (G=N).

17d: yield 78%. Anal. Calcd for ggH3/NFsOsQPSh: C, 45.8;
H, 3.7; N, 1.4. Found: C, 45.3; H, 3.9; N, 1.5. IR (Nujol, chn
v(OH) 3300-3700 (m, br)»(CN) 1614 (m)(ShF) 280 (s). FAB
MS m/z (m-nitrobenzyl alcohol) 762 (M, 100). CD (MeCO, [0]
(4, nm) maxima, minima and nodes):14000 (360).'H NMR
((CD3),C0O): 6 0.63 (d,Jyn = 6.6 Hz, 3H,MeMeCH), 1.13 (d,
Jun = 6.8 Hz, 3H, MéMeCH), 2.37 (s, 3H, Me), 2.58 (psp, 1H,
MeMeCH), 2.80 (dd,JHcHI = 18.2,Jnont = 3.8 Hz, 1H, H), 3.56
(dd, Jnore = 8.3 Hz, 1H, H), 5.74 (d,Jqorn = 8.8 Hz, 1H, H),
5.91 (ptd, 1H, H), 5.65 (m, 1H, HHg), 6.06 (d,Jas = 6.1 Hz,
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1H, HaHg), 6.15 (d, 1H,Jas = 5.6 Hz, HHg), 6.58 (d, 1H,
Ha'Hg'), 6.8-8.0 (m, 14H, Ph)3P{1H} NMR ((CDs),CO): 6 74.2
s. 13C NMR (CDClp): ¢ 18.8 (Me), 20.2 IMeMeCH), 23.9
(MeMeCH), 31.1 (d,Jpc = 25.7 MeMeCH), 40.0 (CHH,), 77.6
(CHy), 79.8 (CH), 77.8, 82.8 (dJpc = 6.6), 86.8, 87.3 (C of
p-cymene ring), 103.7, 112.7 (dlpc = 8.1, C-Me, C-iPr of
p-cymene ring), 122143 (Ph), 133.8 (dJpc = 60.4, C-P), 137.1-
(d, Jpc=66.5, C-P), 157.0 (dJpc = 15.1, C-Os), 178.6 (&N).

Preparation of [(78-p-MeCgH4iPr)OsPh(PNFRPr)][BF 4] (18b,
181'). A solution of 10b:10b' (288.0 mg, 0.324 mmol) was stirred
for 48 h, in 25 mL of dichloromethane. During this time, the color
changed to green-yellow. The solution was filtered and concentrated
under reduced pressure. The additionndiexane gave a green-
yellow solid, which was filtered off, washed witlthexane, and
air-dried.

18b, 180': 89:11 molar ratio, 86% yield. Anal. Cald for;gHzg-
NFsOsOPB: C, 50.8; H, 4.8; N, 1.7. Found: C, 50.6; H 4.8; N,
1.6. IR (Nujol, cnt%): »(CN) 1616 (m),v(BF,) 1050(s). FAB
MS m/z (m-nitrobenzyl alcohol) 719 (M, 100). CD (MeCO, [O]

(A, nm) maxima, minima and nodes)18h:18b, 89:11 molar
ratio: +25000 (340)18b: H NMR ((CD53),CO) 6 0.75 (d,Juy =
6.8 Hz, 3H,MeMeCH of p-cymene), 0.76 (dJuy = 6.6 Hz, 3H,
MeMeCH), 1.06 (d Juy = 6.8 Hz, 3H, MéVleCH), 1.29 (d,Jyn =
7.0 Hz, 3H, M&eCH of p-cymene), 2.25 (s, 3H, Me gicymene),
2.43 (m, 1H, MeMe@l), 2.65 (psp, 1H, MeMeB of p-cymene),
4.22 (m, 1H, H), 4.33 (pt,Jugnc = 9.4 Hz, 1 H, R), 4.71 (dd,
Ineht = 9.1 Hz, g = 4.4 Hz, 1H, H), 5.59 (d,Jag = 5.7 Hz,
1H, HaHg), 5.78 (d,Jas = 5.7 Hz, 1H, H'Hg"), 6.61 (d, 1H,
HaHg), 6.67 (d, 1H, HHg), 7.3-8.1 (m, 14H, Ph)3¥P{1H} NMR
((CD3),CO): 6 132.0 (dJp—F = 892.9 Hz).1F{H} NMR ((CDy)-
CO): 6 —125.1.13C NMR ((CD;),CO): 6 14.0, 18.7, 19.0, 21.5,
23.3 MeMeCH andMeMeCH and Me ofp-cymene), 31.8 (Me-
MeCH), 72.2 (s), 72.8, 80.9, 82.6, 83.4, 84.5 {de = 5.5) (C of
p-cymene ring, Clg, CHHy), 109.7, 116.6 (dJpc = 6.0) (C-Me,
C-iPr of p-cymene ring); 123143 (Ph), 137.1 (ddJec = 63.0,
Jrc = 16.1, C-P), 155.5 (dJpc = 17.1, C-0Os), 179.7 (EN).
18b: 3P{IH} NMR ((CDj3),CO) 6 125.2 (d,Jp—r= 904.9 Hz).
19F{1H} NMR ((CD3)CO): 6 —136.2 d.

Catalytic Diels—Alder Reaction between Methacrolein and
Cyclopentadiene.A solution of the corresponding catalyst (0.025
mmol) in 2 mL of dry CHCI, was prepared under argon. The
ruthenium aqua solvates were prepared in situ from the correspond-
ing chloride, as reported above. Methacrolein (0.5 mmol in 2 mL
of dry CH,Cl,) and freshly distilled cyclopentadiene (3 mmol in 2
mL of dry CHCl,) were added consecutively by syringe. The
resulting reaction was monitored by gas chromatography (GC) until
the dienophile was consumed or its concentration remained
unchangeable. Yields areko:endaatios were determined by GC
analysis. The reaction mixture was concentrated to ca. 0.3 mL and
filtered through silica gel, washed with GEl,/hexane (1:1,
catalysts of ruthenium, or 2:1, catalysts of osmium) before the
determination of the enantiomeric purity. Enantiomeric excesses
(ee) were determined by integration of the aldehyde proton of both
enantiomers iftH NMR spectra using Eu(hfg¢jn a 0.3 ratio as a
chiral shift reagent. The absolute configuration of the major adduct
was assigned by comparing the sign oflf with that in the
literature?®

Crystal Structure Determination of Complexes 1a, 3a, 4a,
7c, 13, and 15a X-ray data were collected for all complexes at
low temperature (200(1) K fota, 3a, 4a, and15d, 150(1) K for
7c, and 100(1) K for13) on a Bruker SMART APEX CCD
diffractometer {3) or on a Siemens P4 diffractometdia( 3a, 43,
and 15d), in both cases with graphite-monochromated Ma K
radiation ¢ = 0.71073 A); data for7c were measured on a
Daresbury SRS Station 9.8 with silicon-monochromated synchrotron

(29) Furuta, K.; Shimizu, S.; Miwa, Y.; Yamamoto, B. Org. Chem
1989 54, 1481.
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radiation ¢ = 0.69340 A). Data were corrected for absorption by Crystal data for 7¢: CzgHaoFsNOgPRUS, M = 924.85; orange
using a psi-scanl@, 3a, 4a, and15d)3° or a multiscan method7¢ plate, 0.10x 0.05x 0.02 mn?; monoclinic,P2;; a = 10.3493(15)
and13) applied with the SADABS prograit.The structures were A, b = 10.9548(16) Ac = 17.044(2) A8 = 94.730(3; Z = 2;
solved by direct methods with SHELXS-86Refinement, by full- V = 1925.8(5) &, D, = 1.595 g/crd; 4 = 0.638 mnt?, min. and
matrix least squares df? with SHELXL97 32 was similar for all max. transmission factors 0.939 and 0.98%;2= 61.14; 16 037
complexes, including isotropic and subsequently anisotropic dis- reflections collected, 10 002 uniquB([nt) = 0.0261]; number of
placement parameters for all non-hydrogen nondisordered atoms.data/restraints/parameters 10002/58/582; final GoF 1.037=R1
Particular details concerning the existence of static disorder and 0.0347 [9604 reflectiond, > 20(1)], wR2 = 0.0909 for all data;
hydrogen refinement are listed below. All the highest electronic Flack parametex = 0.017(19); largest difference peak 1.008 &/A
residuals (smaller than 1.0 eF)lwere observed in close proximity ~ (close to Ru atom). One of the triflate anions was observed
to the metal or Sb atoms and have no chemical sense. In alldisordered and was modeled with two separategSCkmoieties
structures, additionally to the internal configuration reference of of complementary occupancies; several attempts to improve the
the oxazoline ligand, the Flack parameter was refined as a checkdisorder model based upon isotropic atoms were carried out, but

of the correct absolute configuration determinafidn. no geometric consistency was achieved. Eventually, dynamic
Crystal data for 1a: Ca4H3sCIFENOPRuUSbM = 879.89; orange disorder was assumed. Hydrogen atoms were included in calculated

irregular block, 0.37x 0.29 x 0.26 mn#; orthorhombic,P2,2,2;; positions and refined with a positional and thermal riding model.

a = 8.8061(5) Ab = 14.6680(8) A,c = 27.1709(17) AZ = 4; The two hydrogens of the coordinated water molecule were included

V = 3509.6(4) &; D, = 1.665 g/cri; u = 1.382 mnt%, min. and from observed positions and refined as free isotropic atoms.

max. transmission factors 0.542 and 0.700;2 = 52.0°; 7742 Crystal data for 13: Cz4H3gFsNOsPsRu,M = 854.63; red prism,

reflections collected, 6866 uniqu&(nt) = 0.0093]; number of ~ 0.247 x 0.143x 0.135 mni; monoclinic,P2;; a = 9.9134(6) A,
data/restraints/parameters 6866/36/536; final GoF 1.043=R1 b= 25.1523(15) Ac = 13.8912(8) A8 = 99.5550(10); Z = 4;
0.0321 [6456 reflectiond, > 20(1)], wR2 = 0.0813 for all data; V= 3415.6(4) &; D. = 1.662 g/cr; x = 0.681 mnT%, min. and
Flack parametex = —0.03(2). The SbE anion was observed  max. transmission factors 0.850 and 0.91¢,2 = 56.64; 23 054
disordered, and a model was built from two moieties refined with reflections collected, 14 908 uniquB(nt) = 0.0330]; number of
complementary occupancy factors. Hydrogen atoms were partially data/restraints/parameters 14 908/1/1013; final GoF 1.0087R1
observed in the difference Fourier maps and included in the model 0.0418 [13 421 reflectiond,> 20(1)], wR2 = 0.0863 for all data;
as free isotropic atoms; hydrogens of the terminal methyl groups Flack parametex = —0.004(17). Two independent molecules, with
were included in calculated positions and refined with positional different configuration at the metal center, were observed in the
and thermal riding parameters. crystal structure. One of the two PFanions was observed dis-
Crystal data for 3a: CagHacCIFENOPRUSbM = 925.92; orange order(_ed and re_fined with two complementar)_/ _moieties. H)_/droge_ns
prism, 0.34x 0.26 x 0.12 mn#; monoclinic,P2;; a = 10.3448(7) were included in observed or calculated positions and refined with
A, b=15.1685(8) Ac = 11.5034(7) Ap = 95.782(5}; Z = 2; riding parameters.
V = 1795.87(19) A D, = 1.712 g/cr&; u = 1.355 mnt?, min. Crystal data for 15a": CsHsoF1,NOPRUSh, M = 1196.3_2;
and max. transmission factors 0.656 and 0.8B2= 55.0°; 8954 orange irregular block, 0.6% 0.48 x 0.38 mn§; orthorhombic,
reflections collected, 8219 uniqu&(int) = 0.0378]; number of ~ P2:2121; a = 11.3401(8) Ab = 18.2209(12) Ac = 20.7142(13)
data/restraints/parameters 8219/37/463; final GoF 1.079=R1 A Z=4;V =4280.1(5) &, D, = 1.857 g/crfi; u = 1.729 mm*,
0.0427 [7179 reflectiond, > 20(1)], wR2 = 0.1112 for all data; ~ Min. and max. transmission factors 0.530 and 0.9#;al =
Flack parametex = 0.01(3). Anion disorder observed and refined 50-04; 8444 reflections collected, 7521 uniqui(ipt) = 0.0224];
as described ina Hydrogen treatment as reported foa number of data/restralnts/parameters 7508/72/570; final GoF 1.058,
Crystal data for 4a: CaHasCIFsNOOSPSb,M = 969.02: R1 = 0.0431 [6232 reflectiond, > 20(l)], WR? = 0.0950 for all
yellow-orange prism, 0.44 0.42 x 0.24 mnd; orthorhombic, data; Flack parameter = —0.03(3). Both anions were observed
P2,2:2:: a = 8.8403(9) Ab = 14.6825(16) Ac = 27.236(2) A; disordered and were modeled based on two mou_atle% Biith
Z=4;V =35352(6) & D, = 1.821 g/cr, u = 4.535 mnT?, complementary occupancy factors. A partially restrained octahedral
min. and max. transmission factors 0.197 and 0.38g2= 50.0’; symmetry was assumed for these groups. Hydrogen atoms of the
7161 reflections collected, 6226 uniqu(int) = 0.0288]; number methyl_groups were included n calculated posmons; all the
of data/restraints/parameters 6226/55/464; final GoF 1.032=R1 émaining were obtained from difference Fourier maps. All the
0.0394 [5441 reflectiond, > 20(1)], WR2 = 0.0877 for all data: hydrogens were refined riding on carbon atoms with four common
Flack parametex = —0.023(9); largest difference peak 1.194 &/A  thermal parameters.
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