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Synthesis and Structural Characterization of PhP[(GMe,),], a Monodentate Chiral
Phosphine Derived from Intramolecular C—C Coupling of Tetramethylcyclopentadienyl
Groups: An Evaluation of Steric and Electronic Properties
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The chiral monodentate phosphine PhBN&,),] is readily obtained by oxidation of the lithium complex
Lio[PhP(GMey),] with I,, which couples the two cyclopentadienyl groups to form a five-membered heterocyclic
ring. The steric and electronic properties of PhRME,).] have been evaluated by X-ray diffraction and IR
spectroscopic studies on a variety of derivatives, including RM&s),]PE (E= S, Se), Cp*MCK P[(CsMey),]-

Ph (M = Mo, Ta), I{P[(CsMey),]Ph}2(CO)CI, and CpFe(CQPhP[(GMes),]} Me. For comparison purposes,
derivatives of the related phospholane ligand PhR[Dje] have also been investigated, including PhplgHe]-

PS, I{ Ph[Me&C4He]}2(CO)CI, I{Ph[Me,CsHg]} 2(CO)Me, I{ PPh[MeC4Hg]} (COD)(CI), and PEP[Me,CsHel-

Ph [72-CeH4C(H)(Me)NMe]Cl. The steric and electronic properties of PhRNI@4),] are determined to be
intermediate between those of BRte and PPk Thus, the crystallographic cone angles increase in the sequence
PPhMe (134.5) < PhP[(GMey),] (140.2) < PPh (148.2), while the electron donating abilities decrease in
the sequence PRYle > PhP[(GMes);] > PPh. Finally, PhP[(GMey);] has a smaller cone angle and is less
electron donating than the structurally similar phosphine, PhEQyy].

Introduction

Tertiary phosphine ligands are a prominent feature of inor-
ganic chemistry. Their ubiquity is a consequence of the fact
that the phosphorus substituents have a significant impact on
the steric and electronic properties of the phosphine ligand,
which thereby influences the chemistry of the metal center to
which it is attached. Furthermore, the use of enantiomerically
pure chiral phosphines has had a profound influence on the field
of asymmetric catalysi&,as illustrated by the commercial
synthesis of L-DOPA. In this paper, we report the synthesis
and structural characterization of a new chiral phosphine, PhP-
[(CsMey),] (Figure 1), and present an evaluation of its steric
and electronic properties.

PhP[(CgMey),] PhP[Me,C4Hg]

Figure 1. PhP[(GMes);] and PhP[MeC,Hg] ligands.

useful applications of chiral monophosphines and related ligands
in asymmetric organometallic catalysis have been recogfized.
For example, monodentate biarylphosphonite ligands derived
from 2,2-binaphthol and 9,%iphenanthrol have been demon-
strated to be superior to bidentate counterparts in certain
instanced:® Furthermore, monodentate phosphine ligands con-
Results and Discussion tinue to be employed as important catalyst components for a
) ) ) variety of organic transformatiorfsand so it is evident that the
Much attention has been directed towards the synthesis andsynthesis of new phosphine ligands with unusual structures is
application of new multidentate phosphine ligands, particularly
with respect to their use in asymmetric catalysisdultidentate (6) (a) Lagasse, F.; Kagan, H. Bhem. Pharm. Bull200Q 48, 315
phosphine ligands have received more attention than their 324. (b) Komarov, I. V.; Bmer, A. Angew. Chem., Int. Ed. Engl.
monodentate counterparts because it is generally considered that ~ 2001 40, 1197-1200. (c) Hayashi, TAcc. Chem. Re€00Q 33, 354-

the former frequently exhibit greater degrees of asymmetric 7 %?g\',er C.. Fernandez, E.; Gillon, A Heslop, K.. Hyett, D. J..
induction® This observation is often rationalized by the notion Martorell, A.; Orpen, A. G.; Pringle, P. GChem. Commur200Q

that chelation inhibits rotation about the metal-phosphorus bond 961-962.

: For additional studies on monophosphogitsyonophosphité, ©
and thereby provides greater stereocontrol. Recently, however, monophesphoramidittand monophosphifi ligands in asymmetric

catalysis, see: (a) Reetz, M. T.; Sell, Tletrahedron Lett200Q 41,

—
(e2)
~

(1) (a) Mason, R.; Meek, D. WAngew. Chem., Int. Ed. Endl978§ 17, 6333-6336. (b) Reetz, M. T.; Mehler, G&ngew. Chem., Int. Ed. Engl.
183-194. (b) Mayer, H. A.; Kaska, W. CChem. Re. 1994 94, 200Q 39, 3889-3890. (c) Chen, W.; Xiao, Jetrahedron Lett2001,
1239-1272. (c) Dias, P. B.; Minas de Piedade, M. E.; Martinho 42, 2897-2899. (d) van den Berg, M.; Minnaard, A. J.; Schudde, E.
Simtes, J. A.Coord. Chem. Re 1994 135/136 737—807. P.; van Esch, J.; de Vries, A. H. M.; de Vries, J. G.; Feringa, Bl.L.

(2) See, for example: (a) Burk, M. Acc. Chem. Re00Q 33, 363— Am. Chem. So00Q 122 11539-11540. (e) Graf, C.-D.; Malan,
372. (b) Burk, M. JChemtracts— Org. Chem.1998 11, 787—802. C.; Knochel, PAngew. Chem., Int. Ed. Endl998 37, 3014-3016.

(3) Knowles, W. SJ. Chem. Educl986 63, 222—225. (f) Graf, C.-D.; Malan, C.; Harms, K.; Knochel, B. Org. Chem.

(4) Handy, S. TCurr. Org. Chem200Q 4, 363—-395. 1999 64, 5581-5588. (g) Chen, Z.; Jiang, Q.; Zhu, G.; Xiao, D.;

(5) (a) Kagan, H. B.; Dang, T.-Rl. Am. Chem. Sod.972 94, 6429 Cao, P.; Guo, C.; Zhang, X. Org. Chem1997, 62, 4521-4523. (h)
6433. (b) Chaloner, P. A.; Esteruelas, M. A.;"Jéo; Oro, L. A. Hamada, Y.; Seto, N.; Ohmori, H.; Hatano, Retrahedron Lett1996
Homogeneous Hydrogenatiokluwer: London, 1994. 37, 7565-7568.
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Figure 2. Molecular structure of PhP[¢Mey).]. Selected bond lengths
(R) and angles (deg): PC(11) 1.828(3), P-C(21) 1.815(3), P-C(51)
1.827(3), C(15)-C(25) 1.559(4); C(11yP—C(21) 87.8(1), C(11yP—
C(51) 106.2(1), C(21yP—C(51) 106.5(1).

phosphine ligand has traditionally been classified by its cone
angle, as originally described by Tolm&nWhile the Tolman
cone angles were calculated using idealized space-filling CPK
models, Mingos has recently reported a simple algorithm that
allows calculation of cone angles from crystallographic data,
so-called “crystallographic cone angles’®1” Therefore, to
assess the steric properties of PhBE,),], we have synthe-
sized several derivatives, namely Ph&,),]PE (E= S, Se),
Cp*MCl4{ P[(CsMes),]PH} (M = Mo, Ta)8and I{ P[(CsMes)2]-
Ph}2(CO)CI (Schemes 2- 4), and determined their structures
by X-ray diffraction (Figures 3— 7). The most extensive
comparison can be made for the sulfido and selenido complexes
of relevance to both catalysis and coordination chemistry. For Ph[(GMe,),]JPE (E = S, Se), since a large variety ofRE
this reason, we report here the synthesis and structural characderivatives have been structurally characterized. As would be
terization of the chiral phosphine PhP§(@ey).]. expected, the RS bond length in Ph[(§Me4),]PS [1.965(1)
The phosphine PhP[g®les)] is readily obtained by oxidation  A] is comparable to the mean value of 1.95 A for structurally
of the lithium complex Li[PhP(GMeys)z]*® with 15, which characterized analogues listed in the Cambridge Structural
couples the cyclopentadienyl groups to form a five-membered Database (CSDY¥ likewise, the P=Se bond length in Ph-

heterocyclic ring (Scheme 1). While phospholane derivatives [(CsMey),]PSe [2.126(1) A] compares favorably with the CSD
are common, they are not generally prepared by-&Coupling mean value of 2.10 A.
reactiont’ The C-C coupling reaction also occurs in an

asymmetric manner, such that the two methyl groups of the (14) The uncoupled achiral phosphine PhiM€sH), has been reported,

ring junction adopt a trans, rather than cis, disposition. The
asymmetric nature of the coupling is readily indicated by the
observation that PhP[gMes),] is characterized by distinct
signals for the eight inequivalent methyl groups in tHeNMR
spectrum, only two of which overlap. The molecular structure
of PhP[(GMey),] has been determined by X-ray diffraction, as
illustrated in Figure 2, thereby confirming the chiral nature of
the compound?13.14

The influence of a tertiary phosphine on a metal center is
dictated by its steric and electronic properties. The size of a

(9) See, for example: (a) Chen, J.-X.; Daeuble, J. F.; Stryker, J. M.
Tetrahedror200Q 56, 2789-2798. (b) Appella, D. H.; Moritani, Y.;
Shintani, R.; Ferreira, E. M.; Buchwald, S.L.Am. Chem. S04999
121, 9473-9474. (c) Aranyos, A.; Old, D. W.; Kiyomori, A.; Wolfe,

J. P.; Sadighi, J. P.; Buchwald, S. . Am. Chem. S0d.999 121,
4369-4378. (d) Yamamoto, T.; Nishiyama, M.; Koie, Yetrahedron

Lett. 1998 39, 2367-2370. (e) Nishiyama, M.; Yamamoto, T.; Koie, (18)

Y. Tetrahedron Lett1998 39, 617-620. (f) Dai, C.; Fu, G. CJ.
Am. Chem. So001, 123 2719-2724.

(10) Shin, J. H.; Hascall, T.; Parkin, @rganometallics1998 18, 6—9.

(11) Dimroth, K. InComprehensie Heterocyclic Chemistratritzky, A.

R., Rees, C. W., Eds.; Pergamon Press, New York, 1984; Vol. 1,
Chapter 1.17.

(12) The enantiomers of PhPK@es),] may be separated using a Chiralpak
AD analytical column eluted with 0.7% 2-propanol in hexane at a
rate of 0.5 mL per min. We thank Professor S. L. Buchwald and Dr.
J. M. Fox for determining these conditions.

(13) A chiral phosphole ligand which incorporates twg{menthyl groups
at the 2- and 5-positions has recently been synthesized. See: Ogasawara,
M.; Yoshida, K.; Hayashi, TOrganometallic2001, 20, 1014-1019.

but neither it nor any of its derivatives have been structurally
characterized by X-ray diffraction, thereby precluding any compari-
sons? The related achiral phosphole ligand, PhiNIg,], is also
knownP (a) Wong, W.-K.; Chow, F. L.; Chen, H.; AuYeung, B.
W.; Wang, R.-J.; Mak, T. C. WPolyhedron199Q 9, 2901-2909.

(b) Muir, K. W.; Pdillon, F. Y.; Rumin, R.; Schollhammer, P.;
Talarmin, J.J. Organomet. Chen2001, 622 297-301.

(15) (a) Tolman, C. AJ. Am. Chem. Socl97Q 92, 2956-2965. (b)

Tolman, C. A.Chem. Re. 1977 77, 313—348.

(16) Muller, T. E.; Mingos, D. M. PTransition Met. Chem. (Londoip95

20, 533-5309.

(17) More complex analyses pertaining to the steric properties of ligands

are available. See, for example, ref 1c and: (a) White, D.; Coville, N.
J.Adv. Organomet. Chen1994 36, 95-158. (b) White, D.; Taverner,
B. C.; Leach, P. G. L.; Coville, N. I. Comput. Chem1993 14,
1042-1049. (c) Brown, T. L.; Lee, K. JCoord. Chem. Re 1993
128 89-116. (d) Polosukhin, A. |.; Kovalevskii, A. Y.; Gavrilov, K.
N. Russ. J. Coord. Chem999 25, 758-761. (e) Steinmetz, W. E.
Quant. Struct.-Act. Relall996 15, 1-6. (f) Smith, J. M.; Taverner,
B. C.; Coville, N. J.J. Organomet. Chenl997 530 131-140.
Complexes of the type (BJMCI4(PRs) are known for a variety of
metals, including N, Ta? Mo,° 9 W,° and Re! See: (a) Fettinger,
J. C.; Keogh, D. W.; Poli, Rinorg. Chem1995 34, 2343-2347. (b)
Hadi, G. A. A.; Fromm, K.; Blaurock, S.; Jelonek, S.; Hey-Hawkins,
E. Polyhedron1997, 16, 721—-731. (c) Murray, R. C.; Blum, L.; Liu,
A. H.; Schrock, R. ROrganometallics1985 4, 953-954. (d) Felsberg,
R.; Blaurock, S.; Jelonek, S.; Gelbrich, T.; Kirmse, R.; Voigt, A.; Hey-
Hawkins, E.Chem. Ber.-Recl1997 130, 807-812. (e) Morise, X.;
Green, M. L. H.; McGowan, P. C.; Simpson, SJJChem. Soc., Dal-
ton Trans.1994 871-878. (f) MacLaughlin, S. A.; Murray, R. C.;
Dewan, J. C.; Schrock, R. Rirganometallics1985 4, 796-798. (g)
Harlan, C. J.; Jones, R. A.; Koschmieder, S. U.; Nunn, CPudly-
hedron199Q 9, 669-679. (h) Herrmann, W. A.; Voss, E.; Kthardt,
U.; Herdtweck, EJ. Organomet. Chen1985 294, C37—C40.
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Table 1. Crystallographic Cone Angles for PhP|{@e,).] and
PhP[MeC.Hg] in Their Complexes

cone angle average cone

compound (deg) angle (deg)
Ph[(GMes),]PS 172.4 171.8
Ph[(GMe)2]PSe 171.1
Cp*MoCly{ P[(CsMes)2]Ph} 138.8 140.2
Cp*TaCl{ P[(CsMeq)2]Ph} 140.3
Ir{ P[(CsMe4)2]Ph} 2(CO)CI 141.4
Ph[MeC4He]PO 153.8 149.7
Ph[MeCsHe|PS 149.7
Ir{ P[MezC4Hg]Ph)(CO)Me 148.8
Ir{ P[MexC4Hg]Ph)(CO)CI 147.8
Ir{ P[Me,C4Hg]Ph)(COD)CI 150.1
Pd{ P[MexC4He]Ph)[172—CsHac(H)(Me)NMe;]  148.6

a Since one of the phosphine ligands is disordered, the value listed
is that for the ordered oné& Average values.

Figure 3. Molecular structure of Ph[(§Mes).]PS. Selected bond
lengths (A) and angles (deg): #% 1.965(1), P-C(11) 1.800(2),
P-C(21) 1.785(2), PC(51) 1.814(2); SP-C(11) 115.4(1),
S—P-C(21) 116.3(1), SP—-C(51) 111.5(1).

The determination of the crystallographic cone angle of PhP-
[(CsMey)7] in one of its derivatives requires the ligated atom to
be artificially shifted along the MP bond vector to a position
2.28 A from the phosphorus atoth.This procedure allows
comparison with the original Tolman values that were derived
using a model in which the phosphine was attached to a nickel
center with a Ni-P bond length of 2.28 A. The data presented
in Table 1 indicate that the crystallographic cone angle of PhP-
[(CsMey);] in these complexes varies over quite a large range,
from 138.8 to 172.4. However, it is clear that the complexes
fall into two categories, namely the chalcogenido complexes,
Ph[(GMey),]JPE (E = S, Se), and the metal complexes,
Cp*MCI4{P[(CsMe4)2]Ph} (M = Mo, Ta), and If P[(CsMes)2]-
Ph»(CO)CI. The chalcogenido complexes have the greater

values because the absence of substituents on the chalcogen

means that the phenyl group can rotate to a position that
minimizes intraligand repulsior8. The metal complexes, in
contrast, have smaller cone angles because the phenyl grou
rotates about the PPh bond to a position that minimizes
interactions with the ligands attached to the metal. For com-
parison, the conformations of PhPl{@e,),] in its various
derivatives are illustrated in Figure 8.

The crystallographic cone angle of PhRt&,),] in its metal
complexes varies over the narrow range 13&®& 141.%4,
averaging 140.2 It is, therefore, evident that it is the latter
value that is best representative of the cone angle for PhP-
[(CsMes)2] as applied to transition metal chemistry. For

(19) CSD Version 5.203D Search and Research Using the Cambridge
Structural DatabaseAllen, F. H.; Kennard, OChem. Design Auto-
mation Newsl993 8 (1), 1, 31-37.

Shin et al.

Figure 4. Molecular structure of Ph[(§Me4);]PSe. Selected bond
lengths (A) and angles (deg): e 2.126(1), PC(11) 1.813(3),
P—C(21) 1.783(3), PC(51) 1.823(3); SeP—C(11) 115.6(1),
Se—P—C(21) 115.9(1), SeP—C(51) 111.9(1).

Figure 5. Molecular structure of Cp*MoG{P[(C:Mes);]Ph}. Se-
lected bond lengths (A): MeCI(1) 2.296(3), Me-Cl(2) 2.300(3),
Mo—CI(3) 2.294(3), Me-Cl(4) 2.321(3), Me-P 2.627(3).

Figure 6. Molecular structure of Cp*Ta@P[(C:Mes)2]Ph} (only one

of the crystallographically independent molecules is shown). Selected
ond lengths (A): Ta(HCl(11) 2.391(1), Ta(BCl(12) 2.391(1),
a(1)y-CI(13) 2.403(1), TaCl(14) 2.387(1), Ta(tyP(1) 2.832(1),

Ta(2)-Cl(21) 2.411(1), Ta(2yCl(22) 2.401(1), Ta(2)yCl(23)

2.380(1), Ta(2)Cl(24) 2.382(1), Ta(2yP(2) 2.803(1).

comparison, cone angle data for other phosphines are listed in
Table 2, thereby demonstrating that the value for PhR[G)2]

is intermediate between that of PRle (134.5) and PPh
(148.2). It is also pertinent to compare the steric properties of

(20) Furthermore, the crystallographic cone angle calculated for the
uncomplexed PhP[(#Mes);] ligand is 163.9. This value was de-
termined by placing a hypothetical atom 2.28 A from the phos-
phorus atom in the remaining tetrahedral position as determined by
SHELXTL.
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Figure 9. Molecular structure of PI,R-Me,Cs;Hg]PO. Selected
bond lengths (A) and angles (deg)—B 1.489(3), P-C(2) 1.821(4),
P—C(5) 1.828(4), P-C(11) 1.822(3); -P—C(2) 114.7(2), G-P—C(5)

115.8(2), G-P—C(11) 111.0(2).

Figure 7. Molecular structure of {P[(CsMes)2]Ph} 2(CO)CI. The CO

and ClI ligands are disordered, as is the phosphine configuration at
P(1). Selected bond lengths (A):1P(1) 2.315(2), l-P(2) 2.314(2),
Ir—Clay 2.31, Ir-Cy 1.94 (see text).

Figure 10. Molecular structure of PI,R-Me,C4H¢]PS (only one of

the crystallographically independent molecules is shown). Selected bond
lengths (A) and angles (deg): PE$(1) 1.952(2), P(BC(2) 1.828-

(5), P(1)-C(5) 1.832(5), P(1C(21) 1.817(5), P(2}S(2) 1.953(2),
P(2-C(12) 1.833(5), P(2yC(15) 1.849(5), P(2)C(31) 1.813(5);
S(1)-P(1)-C(2) 116.7(2), S(HP(1)-C(5) 114.8(2), S(HP(1)-C(21)
113.3(2), S(2rP(2)-C(12) 113.8(2), S()P(2)-C(15) 115.7(2),
S(2)-P(2)-C(31) 112.7(2).

are no structurally characterized derivatives listed in the

Cambridge Structural Database. Determination of the cone angle

of PhP[MeC,H¢], therefore, required the synthesis of several

derivatives, as illustrated in Schemes 5. Of these complexes,

the structures of PRR-Me,C;Hg]PO (Figure 9% PhRR-

Me,C4He]PS (Figure 10), FPh[R,R-Me>C4He]} 2(CO)CI (Figure

Figure 8. Conformations of the PhP[les);] ligand in PhP 11), IHPhIRRMe,Citiel} (COMe (Figure 12), KPPhRR-

. 4)2 - i

((CMe)s], PHGMe)IPS, Phi(@Me)JPSe, CprTaGk PlGMeg  oCeHal} (COD)(CD (Figure 13), and RPIRR-Me:CaHelPh -

P}, Cp*MoCL{ P[(CsMex)s]PH}, and I P[(C:Me)s]PH} A CO)CI. [72-CsH4C(H)(Me)NMe)]Cl (Figure 14) were determined by
X-ray diffraction. Examination of these structures indicates that

Table 2. Comparison of Cone Angles for Selected Phosphines in  the crystallographic cone angle for the PhPjgH¢] ligand

Transition Metal Complexés shows little variation (147:5150.F), and has an average value
crystallographic Tolman cone of 149.7 (Table 1). As such, PhP[iWe,),] is less sterically
cone angle (deg) angle (deg) demanding than PhP[M€&4Hg].

PMe; 111.1 118 It is also appropriate to emphasize that the structures of Ph-
PEt 137.3 132 [RR-Me;CsHelPS, I{ Ph[RR-Me;C4He]}2(CO)CI, I PhRR-
PCys 160.1 170 Me,CsHg]} 2(CO)Me, I PPhRR-Me,C4Hg]} (COD)(CI), and
E;’gm ﬁjg g)g Pd P[R R-Me;CaHg]Ph} [S#2-CsHaC(H)(Me)NMes]Cl were de-

PPh 148.2 145 termined using enantiomerically pure phosphine, RR{
PhP[(G,Me4)2] 140.2

PhP[MeCsHe] 149.7 (21) (a) Wilson, S. R.; Pasternak, Synlett.199Q 199-200. (b) Burk,
*Wihthe exception of PhPI@Ie)] and PHPIMGCHY, all data gl (E751eT, 3, B Harow, R Drganometalcdsqg o 2659

taken from refs 15 and 16. Asymmetry1991 2, 569-592. (d) Nandi, M.; Jin, J.; RajanBabu, T.

. 21 92 V. J. Am. Chem. S0d.999 121, 9899-9900.
PhP[(GMey);] with that of PhP[MeC,Hg],“>4* a structurally (22) For related bis and tris phospholane derivatives, see ref 2 and: (a)
similar phosphine (Figure 1). Burk, M. J.; Harlow, R. L.Angew. Chem., Int. Ed. Engl99Q 29,

Interestingly, although PhP[M&4Hg¢] is readily available in é“?_ﬁl‘fn‘: Q%Enzjrg%gjééFﬁ?tf(r)'lési;oqggent’ W. A.; Harlow,
enantiomerically pure form, PhPRSR)—Me,C4Hg],** its ap- (23) The structure of Ph[M€;Hs]PO has been cited, but no details were

plications have been almost completely unexplored, and there reported. See ref 21a.
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01A

ClA

CIA

Figure 11. Molecular structure of {iPh[R,R-Me,CsHe]}2(CO)CI. The
CO and Cl ligands are disordered. Selected bond lengths (A&P(it)
2.315(2), I-P(2) 2.334(2), l-C(1ay) 1.75, I—Cla, 2.37 A (see text).

Figure 14. Molecular structure of HdP[RR-Me,CiHe]Ph}[S+?-
0 CsH4C(H)(Me)NMe)]Cl. Selected bond lengths (A) and angles
(deg): Pd-C(31) 2.017(2), PeN 2.158(2), Pe-Cl 2.424(1), Pe-P
2.253(1); C(31yPd—N 81.40(7), N-Pd-Cl 92.86(5), C+Pd-P
91.67(2), P-Pd—C(31) 94.18(5).

Scheme 2

Figure 12. Molecular structure of ffiPh[RR-Me,CsHg]}2(CO)Me. Ph Ph

Selected bond lengths (A) and angles (deg)—Qf1) 2.134(4), | \//E
Ir—C(2) 1.832(4), I-P(1) 2.272(1), ¥P(2) 2.293(1), C(2}O P E AN
1.150(5); C(L-Ir—P(1) 86.6(1), P(BIr—C(2) 92.7(1), C(2-Ir—P(2) \Q ’
92.7(1). E=S, Se

Scheme 3

I\'/I PR3 I\‘A
Qe R cl Gl VIR Cl
CI/ \CI CI/ ' \CI
PR;
M = Mo; PR3 = PhP{{CsMey)z]
M =Ta; PR = PhP{(CsMey),], PhP[MeCyHgl
Scheme 4
PR, PR3
PR, CO MeLi l
Cl Ir 0 — Me-——l{ CO

Figure 13. Molecular structure of iPPhR,R-Me,C,Hg]} 2(COD)(CI). PRg PR3
Selected bond lengths (A): +Cl 2.347(1), 1P 2.311(1), I+C(33) PRg = PhP{(C5Meq)z], PhP[MeoCstel PRy = PhP[Me;C,4Hel
2.106(4), I—-C(34) 2.111(4), k-C(37) 2.207(4), +C(38) 2.196(4).

({COD)Iru-Chlz
Me,C4Hg]. The high quality of the structure determinations,
together with the knowrs-configuration of the carbon atom cl
(C*) of the [2-C,N-CgH4C*(H)(Me)NMey] ligand 2* provides | PPhMeCatel (COD),r/
definitive proof for theR R-configurations of the twax-ring PMe,G.HeJPh

carbon atoms in the chiral phosphine PRIR-Me,C4Hg]. Prior
to this result, theR R-configuration was inferred by assuming
the configurational transformations proposed in Scheme 6. In
this regard, we have also structurally characterized the optically
active sulfate precursor, [65S)—Me,C4Hg(0.SO,)], and have
thereby Conflrmed the p_roposed Confl_gurz_itlon. . (24) For studies pertaining to the configuration of the precur§bdg-
The electronic properties of phosphine ligands are as diverse [S2-C,N-CeH4C*(H)(Me)NMe](1-Cl)} 2, derived from the reaction
as their steric properties and are frequently classified by of -[P?]ij gvi_th(S)-P?CA-i_(l\ge?(Nl\/leMsgﬁ I((a) Tani,/li._: OBtrOV\l/(n, I_S
determining the impact on thgCO) stretching frequency of a R%Acrr?gm'. S'bd%% oo "78?6?7618'86.”(b)a(5at?uu|<r:,' & szlgar?ljré,
metal carbonyl compleX®:?>2° Consideration ofy(CO) for a A.; Kano, T.; Tani, K.J. Am. Chem. Sod 971, 93, 4301-4303.
series oftransIr(PRs)2(CO)Cl complexes places the elec- (25) Verkade, J. GCoord. Chem. Re 1972/73 9, 1-106.

tron donating ability of PhP[(Mes);] as intermediate be-
tween PPEMe and PPk Thus, the electron donating abilities
of these phosphines, as judged by #€O) stretching frequen-
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Table 3. Comparison ofv(CO) for SelectedransIr(PRs)(CO)CI
Complexes

PRs v(CO)/enT! (Nujol)
PMe; 193821942
PEg 192921944
PPhMe 1960219540 1957
PPhMe 1950
PPh 1961
PhP[(GMey),] 1955
PhP[MeC4Hs] 1937

aDeeming, A. J.; Shaw, B. L1. Chem. Soc. (A)968 1887-1889.
bField, L. D.; Lawrenz, E. T.; Ward, A. Polyhedron1999 18, 3031
3034.¢ Smith, L. R.; Lin, S. M.; Chen, M. G.; Mondal, J. U.; Blake,
D. M. Inorg. Synth.1982 21, 97-99. ¢ Collman, J. P.; Sears, C. T.,
Jr.; Kubota, M.Inorg. Synth.199Q 28, 92—94.

cies of Ir(PR)2(CO)CI in Nujol (Table 3), decrease in the
following sequence: PBNle (1950 cnil) > PhP[(GMey)2]
(1955 cn1l) > PPh (1961 cnt?). A similar consideration for
Ir{ PPh[MeC4Hg]}2(CO)CI indicates that PhP[g®ey),] is less
electron donating than PhP[M&Hg]. v(CO) stretching fre-
quencies for a series of CpFe(RCO)Me derivatives have
also been used as an indicator of electron donating aBflity.
this regard,»(CO) for CpF¢P[Me,C;He]Ph} (CO)Me (1914
cm1) and CpFEP[(CsMey),]Ph} (CO)Me (1921 cm?) also
indicate that PhP[(§Mes),] is less electron donating than PhP-
[M62C4H6].

The aforementioned coordination of PhR{J&,4),] and PhP-
[Me,C4He] to Cp*TaCly is reversible, and treatment of

(26) Rahman, M. M.; Liu, H.-Y.; Eriks, K.; Prock, A.; Giering, W. P.
Organometallics1989 8, 1-7.
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Cp*TaCl{ P[(CsMe,);]Ph} and Cp*TaCl{ P[MeC4Hg]Ph} with

PR; generates Cp*Ta@PRs;) (PRs = PPhMe, PPhMeg). A
consideration of the equilibria for the various exchange reactions
indicates that the strength of the TBR; interaction increases

in the sequence PEH < PhP[(GMes)z] < PhP[MeCsHg] <
PPhMe < PPhMe. Since PhP[MgC4Hg] has a larger cone
angle than PhP[(§Mey),], it is evident that the stronger binding

of the former ligand is a consequence of its greater electron
donating ability.

Experimental Section

General Considerations.All manipulations were performed using
a combination of glovebox, high-vacuum or Schlenk technigées.
Solvents were purified and degassed by standard procedures. NMR
spectra were recorded on Bruker Avance 300wb DRX, Bruker Avance
400 DRX, and Bruker Avance 500 DMX spectrometéis.and 13C
chemical shifts are reported in ppm relative to SiNte= 0) and were
referenced internally with respect to the protio solvent impurity or the
13C resonances, respectivelyP NMR spectra are referenced relative
to 85% HPO, (0 = 0) using P(OMe) as an external referencé €
141.0). All coupling constants are reported in Hz. IR spectra were
recorded as KBr pellets on Perkin-Elmer 1430 or 1600 spectropho-
tometers and are reported in tihC, H, and N elemental analyses
were measured using a Perkin-Elmer 2400 CHN Elemental Analyzer.
{Pd[S?-C,N-CsH4C*(H)(Me)NMe;](u-Cl)} , was obtained from Al-
drich.

PhPR,R-Me,C,Hg] was obtained from (859)-hexanediol (Aldrich)
by the literature metho#ld with the exception of using Bui instead
of KH.

Synthesis of PhP[(GMey),]. A solution of |, (4.49 g, 17.69 mmol)
in toluene (100 mL) was slowly added to a suspension efPhP-
(CsMey);] (8.00 g, 22.08 mmol) in toluene (150 mL) at78 °C. The
mixture was warmed to room temperature, then heated aC8or 4
days. After this period, the mixture was filtered and the residue was
extracted into toluene (100 mL) and filtered. The volatile components
were removed from the combined filtrate in vacuo, and the resulting
oily residue was extracted into pentane (200 mL) and filtered. The
filtrate was concentrated (to 5 mL), cooled-t@'8 °C, filtered and the
precipitate was dried in vacuo to give PhR{&,);] as a pale brown
solid (3.10 g, 50% based og)l Anal. calcd for GsHoP: C, 82.7%;
H, 8.4%. Found: C, 82.8%; H, 8.1%. IR Data (KBr disk, ¢jn 3070
(m), 3055 (m), 3028 (m), 3010 (m), 2953 (vs), 2918 (vs), 2857 (vs),
2728 (m), 1638 (m), 1601 (w), 1585 (m), 1566 (s), 1480 (m), 1436
(vs), 1384 (s), 1371 (vs), 1360 (vs), 1325 (m), 1314 (m), 1275 (w),
1195 (m), 1178 (m), 1123 (w), 1111 (m), 1092 (s), 1071 (s), 1028
(m), 1013 (m), 1001 (m), 986 (m), 964 (w), 946 (w), 914 (w), 853
(w), 765 (w), 748 (vs), 701 (vs), 658 (m), 645 (m), 633 (m), 610 (m),
598 (s), 568 (m), 524 (w), 501 (s), 482 (m), 451 {$).NMR (C¢Dg):
0.84 [s 3 H of Cio(CH3)sP], 0.91 [s 3 H of Cio(CH3)sP], 1.65 [s, 3 H
of C1o(CHz)gP], 1.68 [s 3 H of Cio(CH3)gP], 1.77 [d,*Jp- = 4, 3 H
of C]_o(CH3)gP], 1.85 [S 6 H of Clo(CH3)gP], 2.02 [d,4Jp7H = 2, 3H
of Cy1o(CH3)sP], 7.07 [t,%Jw-n = 7, 1 H of GHs), 7.16 [t, 3y = 7,
2 H of CﬁH5], 7.82 [t, 3JP7H = 3JH7H =8, 2 H of C6H5] 13C NMR
(CGDG): 11.3 [q,l\]cfH = 126, 2 C of Qo(CHg)gP], 13.3 [q,l\]cfH =
126, 2 C of Go(CHa)sP], 14.3 [q,2Jc-n = 126, 1 C of Go(CHa)sP],
14.6 [dq,lchH = 126,3Jp7(; = 10, 1 C of G_o(CHg)gP], 18.7 [q,lchH
=128, 1 C of Go(CH3)sP], 19.1 [dq,"Jc-n = 128,%Jp-c = 4, 1 C of
C]_o(CH;;)gP], 64.8 [d,z\]pfc = 5, 1 C of Cm(CH:g)gP], 69.4 [S 1 C of
Clo(CHg)gp], 133.6 [dd,lchH = 159,2Jp7c = 20, 2C OfCGHs (other
phenyl resonances obscured by overlap wigBd}l, 137.9 [d,*Jp-c =

(27) The coordination of PRfis sufficiently weak that Cp*TaG{PPh) is
not spectroscopically detected.

(28) (a) McNally, J. P.; Leong, V. S.; Cooper, N. J. Experimental
Organometallic ChemistryWayda, A. L.; Darensbourg, M. Y., Eds.;
American Chemical Society: Washington, DC, 1987; chapter 2, pp
6—23. (b) Burger, B. J.; Bercaw, J. E. lixperimental Organometallic
Chemistry Wayda, A. L.; Darensbourg, M. Y., Eds.; American
Chemical Society: Washington, DC, 1987; chapter 4, pp9® (c)
Shriver, D. F.; Drezdzon, M. AThe Manipulation of Air-Sensite
Compounds2nd ed.; Wiley-Interscience: New York, 1986.
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27,1 C ofCgHs|, 138.0 [d,2Jp—c = 8, 1 C 0f C1o(CH3)sP], 138.4 [s, 1
C of C1o(CHa)gP], 141.0 [d2Jp-c = 11, 1 C ofC1o(CHa)eP], 144.7 [d,
3\]p7c = 3, 1C 0me(CH3)gP], 147.3 [$ 1C Ofclo(CH:«;)gP], 151.0 [d,
Jp_c = 25, 1 C of C1o(CHs)sP], 152.0 [s 1 C of C1¢(CHs)sP], 155.2
[d, lprc =15,1C 0me(CH3)gP]. 3P NMR (CﬁDe): —47.1 [S]
Synthesis of Ph[(GMe4)2]PS. A mixture of PhP[(GMes),] (150
mg, 0.43 mmol) and sulfur (13 mg, 0.41 mmol) in toluene (10 mL)
was stirred at room temperature for 1 h. After this period, the vola-
tile components were removed from the mixture in vacuo, and the
residue was washed with pentanex25 mL) and dried in vacuo to
give Ph[(GMey),]PS as a pale brown solid (80 mg, 52%). Anal. calcd
for CosHo9PS: C, 75.8%; H, 7.7%. Found: C, 73.9%; H, 7.4%. IR
Data (KBr disk, cnt®): 3071 (m), 3048 (m), 2959 (vs), 2921 (vs),
2859 (s), 1632 (m), 1583 (s), 1563 (s), 1478 (m), 1437 (vs), 1376 (s),
1322 (s), 1299 (m), 1275 (m), 1194 (s), 1176 (m), 1117 (s), 1096 (vs),
1076 (s), 1043 (m), 1026 (m), 1000 (m), 986 (m), 968 (w), 906 (w),
855 (w), 768 (m), 754 (vs), 744 (vs), 715 (vs), 691 (vs), 660 (s), 645
(vs), 614 (vs), 584 (s), 569 (m), 529 (s), 502 (vs), 494 (vs), 466 (s),
412 (m).*H NMR (CgDg): 0.80 [s 3 H of Cio(CH3)sP], 1.22 [s, 3 H
of C1o(CHg)sP], 1.44 [s 3 H of Cio(CH3)sP], 1.53 [d,*Jp-n = 3, 3 H
of C1o(CH3)sP], 1.56 [s 3 H of Cio(CH3)sP], 1.71 [s 3 H of Cio(CH3)sP],
1.75 [s 3 H of 2 Go(CHz3)sP], 2.24 [d,*Jp—1 = 3, 3 H of Gio(CH3)sP],
7.09 [m 1 H of GeHs], 7.15 [m 2 H of CsHs], 8.34 [dd,3Jp_; = 14.5,
3\]H7H =8, 2 Hof C5H5] 13C NMR (CGDG): 10.7 [q,l\chH =126,1
C of Cio(CH3)sP], 10.8 [q,%Jc-n = 126, 1 C of Go(CH3)sP], 13.2 [q,
ey = 126, 1 C of QQ(CH3)3P], 13.3 [dq,lchH =127,%3c=3,1
C of C1o(CH3)sP], 13.5 [g,%c—1 = 126, 1 C of Go(CH3)sP], 13.8 [dq,
lchH = 127,4\]pfc =4,1Cof Cio(CH;;)gP], 19.0 [q,lchH =129,1
C of Cio(CH3)sP], 19.1 [q,%c-n = 128, 1 C of Go(CH3)sP], 65.0 [d,
2Jp:v—(; =13,1C 0fC10(CH3)8P], 65.8 [d,zJp—c =151C Ofclo(CHa)sP],
128.3 [dd,lchH = 159,3\]p7c = 9, 2C OfCeHs], 130.9 [dd,l\]cfH =
159,43p_c = 3, 1 C of CgHs], 132.3 [dd,*Jc- = 162,2Fp_c = 13, 2
C of C5H5], 135.7 [dt,chfH =17, l\]pfc =84,1C OfC5H5], 137.8 [d,
zprc = 15, 1 C of Clo(CHg)sp], 139.1 [d,Zprc = 14, 1 C of
C10o(CHg)gP], 146.7 [dXJp-c = 94, 1 C ofC1o(CH3)sP], 147.7 [d 2Jp—c
= 5, 1 C of Clo(CHe,)gP], 147.9 [d,3.]p7(; = 9, 1 C of Clo(CHg)gp],
149.3 [d,*Jp_c = 98, 1 C 0ofC1o(CHg)sP], 149.4 [d,3Jp-c = 4, 1 C of
C1o(CHs)sP], 157.6 [d,3Jpc = 10, 1 C of C1o(CHa)sP]. 3P NMR
(CGDG): 11.1 [t, 3\]P—H = 14]
Synthesis of PhR,R-Me,C4HgPS. A mixture of PhPR R-Me;C4Hg]
(200 mg, 0.52 mmol) and sulfur (16 mg, 0.50 mmol) in toluene (10
mL) was stirred at room temperature for 1.5 h. After this period, the
volatile components were removed from the mixture in vacuo giving

Shin et al.

Anal. calcd For GH29PSe: C, 67.4%; H, 6.8%. Found: C, 67.8%; H,
6.7%. IR Data (KBr disk, crmt): 2968 (s), 2928 (vs), 2860 (s), 1632
(m), 1566 (vs), 1478 (m), 1436 (vs), 1379 (s), 1322 (s), 1276 (w),
1197 (m), 1177 (m), 1159 (w), 1118 (m), 1094 (vs), 1076 (m), 1041
(w), 1028 (m), 990 (m), 969 (w), 915 (vw), 858 (vw), 770 (m), 746
(vs), 706 (vs), 695 (vs), 660 (m), 632 (m), 619 (m), 601 (vs), 576 (s),
541 (vs), 497 (vs), 487 (s), 464 (m), 444 (m), 412 (W)L NMR
(CeDe): 0.79 [s 3 H of Cio(CH3)sP], 1.23 [s 3 H of Cio(CH3)gP], 1.43
[s, 3 H of Gio(CH3)sP], 1.54 [s 3 H of Cio(CH3)sP], 1.56 [d,*Jp-n =
3, 3 H of Go(CH3)sP], 1.73 [s 3 H of Cio(CH3)sP], 1.75 [s 3 H of
Clo(CHg)gp], 2.23 [d,AprH = 3, 3 H of Q_o(CH3)gP], 7.06 [m 1H of
C5H5], 7.12 [m 2 H of CﬁHs], 8.35 [dd,3\]p7H = 1513JH7H =7,2Hof
CeHs). 13C NMR (CsDg): 10.7 [q,%Jc—n = 126, 1 C of Go(CH3)sP],
10.8 [q,%Jc-n = 126, 1 C of Go(CH3)sP], 13.1 [q,%c-1 = 126, 1 C
of Clo(CHg)gp], 13.1 [dq,lchH = 125,3Jp7c =51 C of Qo(CH3)3P],
13.4 [q,lJc—H =126,1C of Qo(CHg)gP], 14.1 [dq,lJc—H = 126,3Jp—c
=4, 1 C of Go(CH3)sP], 19.2 [q,%Jc-n = 128, 1 C of Go(CH3)sP],
19.6 [q,Jc—n = 129, 1 C of Go(CH3)sP], 65.7 [d,?Jp-c = 15, 1 C of
Ci0o(CHg3)gP], 65.9 [d,2dp—c = 12, 1 C 0ofCy0o(CHz)sP], 131.0 [dd}c-n
= 161,4Jp7c = 3, 1C OfCGHs], 132.7 [dd,l\]cfH = 162,2Jp7c = 13,
2 C of C5H5], 134.4 [dt, ZJC_H ] 7, lJp_C = 74, 1C OfCﬁHS (Other
phenyl resonances obscured by overlap wigBd)], 137.9 [d,2Jp-c =
15, 1 C of C1o(CHg)gP], 139.2 [d,2Jp—-c = 15, 1 C of C1o(CHs)sP],
144 .4 [d,l\]pfc =87,1C OfC]_o(CHg)gP], 147.6 [d,l\]pfc =89,1C of
Cio(CH3)sP], 147.9 [d,2Jp—c = 8, 1 C 0of C1o(CHs)sP], 148.0 [d,2Jp—c
=5, 1 C of C1o(CHz)sP], 149.5 [d,2Jp-c = 4, 1 C of C1o(CHs)sP],
158.2 [d,%Jp-c = 10, 1 C of C1o(CHz)sP]. 3P NMR (GsDg): —7.3 [t,
3Jp_p = 14, Jp_se= 730].7Se NMR (GDs): —231 [d,Jse-p = 730].
Synthesis of PhR,R-Me,C4H¢]PSe. A mixture of PhPRR-
Me,CsHg] (100 mg, 0.52 mmol) and selenium powder (80 mg, 1.01
mmol) in toluene (10 mL) was stirred at room temperature for 2 h.
After this period, the mixture was filtered, and the volatile components
were removed from the filtrate in vacuo giving oily residue. The residue
was dissolved in pentane (15 mL) and the solution was concentrated
(to 1 mL) and cooled at OC, thereby depositing a precipitate. The
precipitate was isolated by filtration and dried in vacuo givingfPRf
Me,C,Hg]PSe as a white cotton-like solid (135 mg, 96%). Anal. calcd
For CoHi7,PSe: C, 53.2%; H, 6.3%. Found: C, 53.4%; H, 6.1%. IR
Data (KBr disk, cn1?): 3070 (m), 3046 (m), 2962 (s), 2922 (vs), 2857
(s), 1477 (m), 1435 (vs), 1372 (m), 1341 (w), 1310 (m), 1277 (m),
1249 (m), 1180 (w), 1156 (m), 1099 (vs), 1074 (s), 1051 (s), 1027
(m), 999 (s), 924 (m), 847 (w), 817 (m), 752 (vs), 697 (vs), 657 (vs),
642 (vs), 547 (vs), 526 (vs), 483 (s), 463 (s), 405 (Ah). NMR

an oily residue. The residue was dissolved in pentane (15 mL) and the (CéDg): 0.61 [dd,2Jp-y = 18,3J4- = 7, 3 H of 2 (Hg, 0.87 [ddq,J

solution was concentrated (to 1 mL) and cooled atQ) thereby
depositing a precipitate. The precipitate was isolated by filtration and
dried in vacuo giving PHR,R-Me,C4Hg]PS as a white cotton-like solid
(100 mg, 86%). Anal. calcd For &H:/PS: C, 64.3%; H, 7.6%.
Found: C, 64.4%; H, 7.5%. IR Data (KBr disk, cix 3071 (m), 3049
(m), 2963 (s), 2924 (s), 2860 (s), 1478 (m), 1436 (vs), 1372 (m), 1310
(m), 1279 (m), 1249 (w), 1178 (w), 1160 (m), 1102 (vs), 1074 (s),
1052 (m), 1027 (m), 1000 (m), 986 (m), 924 (m), 849 (w), 819 (m),
752 (s), 698 (vs), 649 (vs), 576 (vs), 538 (m), 481 (s), 406 {i).
NMR (CGDG): 0.64 [dd,aprH = 17, 3\]H7H = 7, 3Hof2 O‘|3], 0.89
[ddg,J= 13,5, 3, 1 Hof 2 Gi,], 1.21 [dd,®Jp-yy = 18,3341 =7, 3
H of 2 CH3], 1.33 [ddg,J = 13, 5, 3, 1 H of 2 &), 1.64 [m 2 H of
2CHy), 2.01 [m 1 Hof 2CH], 2.24 [m 1 H of 2 CH], 7.07 [m, 3 H
of CgHs], 7.81 [m, 2 H of GsHs). 23C NMR (CDCh): 13.9 [0, Jc-n =
128, 1 C of 2CHjg], 14.6 [q, *Jc—n = 129, 1 C of 2CHjg), 33.5 [dt,
lJc—H = 127,2Jp—c = 8, 1 C of ZCHz], 33.7 [dt, lJc—H = 127,2Jp—c
=7,1C of 2CH2], 35.6 [dd,l\]cfH = 132,1\]p7c =53,1C of ZCH],
45.1 [dd, Jc-n = 130,%Jp—c = 53, 1 C of 2CH], 128.3 [dd," Jc-n =
162,23pc = 11, 2 C of CgHs], 130.3 [d,*Jp-c = 65, 1 C of CeHg],
131.5 [dd,lchH = 161,4Jp7c = 3, 1C OfCGHs], 131.9 [dd,l\]cfH =
161,3Jp-c = 9, 2 C 0f CgHs]. 3P NMR (GsDe): 66.1 [s].

Synthesis of Ph[(GMey);]PSe. A mixture of PhP[(GMey),] (200
mg, 0.57 mmol) and selenium (50 mg, 0.63 mmol) in toluene (10 mL)
was stirred at room temperature for 1 h. After this period, the mixture
was filtered and the volatile components were removed from the filtrate
in vacuo. The residue was washed with pentang @mL) and dried
in vacuo to give Ph[(6Me,).]PSe as a pale brown solid (180 mg, 73%).

=13,5,3,1H of 2 CHz], 1.21 [dd,stfH = 1973~]H7H =7,3H of 2
CHg], 1.29 [ddg,J =13, 5, 3, 1 H of 2 &i;], 1.56 [m 2 H of 2 CH_],
2.04[m 1 Hof 2 CH], 2.45 [m, 1 H of 2 CH], 7.04 [m, 3 H of GsHs),
7.84 [m 2 H of GHs]. *C NMR (CDCk): 14.0 [dq,*Jc-n = 128,
2Jp-c = 2,1 C of 2CHg], 16.1 [g,Jc—n = 129, 1 C of 2CHjy), 33.6
[dt, YUc—ny = 131,%Jp_c = 8, 1 C of 2CHj], 34.5 [dt, Jc—n = 131,
ZJP—C = 6, 1 C of 2CH2], 35.3 [dd,lJc—H = 127,1Jp—c = 46, 1 C of
2 CH], 46.1 [dd,%Jc—y = 130,%Jp_c = 48, 1 C of 2CH], 128.3 [dd,
1~]C—H = 161,2Jp—c = 11, 2C OfCeHs], 128.7 [d,lJp—c = 57, 1 C of
CeHs], 131.6 [dd, Jc—n = 163,%Jp—c = 3, 1 C of CgHs], 132.7 [dd,
1~]C7H = 161,3\]p7c = 9, 2C OfCGHs]. 3P NMR (CeDs) 58.9 [S,l\]pfse
= 747].7Se NMR (GDs): —394 [d, 2Jp_se = 747].

Preparation of Cp*TaCl { PhP[(CsMes)]} . A mixture of Cp*TaCl,
(15 mg, 0.04 mmol) and PhP[{{e4);] (10 mg, 0.03 mmol) was treated
with benzene (1 mL), resulting in the immediate formation of an orange-
yellow solution. After 30 min, the solution was filtered and the volatile
components were removed from the filtrate in vacuo to give
Cp*TaCL{PhP[(GMes);]} as an orange-yellow solid*H NMR
(CeDg): 0.61 [s 3 H of Cio(CH3)sP], 1.16 [s 3 H of Cio(CH3)sP], 1.59
[s, 3 H of Gio(CH3)sP], 1.65 [s 3 H of Cio(CH3)sP], 1.81 [s 3 H of
C1o(CH2)sP], 1.82 [5 3 H of Cio(CH3)sP], 2.21 [s, 15 H of @CHa)s],
2.47 [S 3 H of Clo(CH3)3P], 2.49 [d,4Jp7H = 2, 3 H of Clo(CH3)3P],
6.98 [td,SJP—H = 2, 3'JH—H = 7, 1 H of C@Hs], 7.15 [td,4Jp—H = 2,
8-y = 8, 2 H of QH5], 8.15 [t, 5y =3J4-n = 8, 2 H of QH5] 31p
NMR (CeDg): —9.1 [br. s].

Preparation of Cp*TaCl{PhP[R,R-Me,C4Hg]}. A mixture of
Cp*TaCly (15 mg, 0.04 mmol) and PhRR-Me,C,4Hg] (10 mg, 0.052
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mmol) was treated with benzene (1 mL) giving immediately an orange-
yellow solution. After 30 min, the solution was filtered and the volatile
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(m), 1308 (w), 1275 (w), 1249 (m), 1183 (m), 1157 (m), 1101 (s),
1074 (m), 1050 (m), 1027 (w), 1005 (m), 940 (w), 919 (w), 845 (w),

components were removed from the filtrate in vacuo, and the residue 816 (w), 747 (s), 696 (s), 637 (vs), 599 (m), 546 (s), 517 (vs), 474

was washed with pentane (1 mL) to give Cp*Td{®&hPRR-
Me,CsHe]} as an orange-yellow solidH NMR (CgDg): 1.06 [m, 1H
of 2 CHy], 1.47 [dd,%34-n = 7, 33p—n = 12, 3 H of 2 CGH3], 1.76 [dd,
3\]H7H =17, 3JP7H =13,3 Hof 2 O‘|3], 1.82 [m 2Hof2 O"z], 1.92
[m, 1 Hof 2 CH], 2.21 [s, 15 H of G(CH3)s], 3.01 [br. s 1 H of 2
CH], 3.48 [m 1 H of 2 CH], 7.04 [t,3Jy—n = 7, 1 H of GHs], 7.13 [t,
3\]H7H = 7, 2 H of QHs], 7.75 [t, 3\]H7H = 3\]P7H = 7, 2 H of QHs] 31p
NMR (CgDg): 27.6 [s].

Preparation of Cp*MoCl { PhP[(CsMey),]} . A mixture of Cp*MoCl,
(15 mg, 0.04 mmol) and PhP[¢{de,).] (10 mg, 0.03 mmol) in benzene
(1 mL) was allowed to stand at room-temperature overnight. After this

(m). »(CO): 1937 (in Nujol), 1957 (in pentanéld NMR (CgDg): 0.85
[q, 3JHfH = 3JP7H = 7, 3 Hof2 CHg], 1.14 [m 1Hof2 O"z], 1.40
[m, 1 H of 2 CHa], 1.69 [q,3J—n = 3Jp_py = 8, 3 H of 2 CHg], 1.71
[m, 1 H of 2 CHJ, 1.90 [m 1 H of 2 CHy], 2.84 [m 1 H of 2 CH],
3.32 [m 1Hof2 O"], 7.07 [t, 3\]H7H = 8, 1H of CeHs], 7.15 [t,sJHfH
=8, 2 H of GHg], 7.93 [m 2 H of CsHs]. 23C NMR (CDCL): 14.9
[q, 1-]C7H = 126, 1 C of 2CH3], 21.4 [tq,lchH = 128,2\]p7(; = 5, 1C
of 2 CHg], 33.3 [dt, “Jc_y = 135,Jp_c = 16, 1 C of 2CH], 34.5 [dt,
Je-n = 135,10 c = 17, 1 C of 2CH], 35.0 [dd,*Jc-n = 130, 1 C of
2 CHy, 35.5 [t, ey = 130, 1 C of 2CH,], 127.7 [dt,XJc_n = 159,
Jp.c = 5, 2 C 0f CeHgJ, 130.0 [d, ey = 161, 1 C 0fCeHs], 132.3

period, the volatile components were removed in vacuo. The residue [t, *Jp-c = 41, 1 C 0ofCgHs], 134.6 [dt,*Jc-n = 166,2Fp c = 11,2 C
was extracted into pentane (3 mL) and filtered. The volatile components of CgHs], (CO not located)3P NMR (GDe): 42.8 [s].

were removed from the filtrate in vacuo to give Cp*Ma{d*hP-
[(CsMey)2]} as a purple solid.

Synthesis of trans-Ir { P[(CsMe4)2]Ph}(CO)CI. A mixture of
[(COD)Ir(u-Cl)]2 (105 mg, 0.16 mmol) and PhP[{es)] (230 mg,
0.66 mmol) in toluene (20 mL) was stirred at room temperature for 30
min to give an orange solution which was treated with CO (1 atm) and
stirred at room-temperature overnight to give a yellow solution. After
this period, the volatile components were removed in vacuo to yield a
yellow residue that was washed with pentanex(20 mL) and dried
to give yellow I{ P[(CMey),]Ph}(CO)Cl as a 1:1 mixture of R/R,
SS andR/Sdiasteromers (270 mg, 91%). Anal. calcd forldssOP,-
Clir: C, 61.8%; H, 6.1%. Found: C, 62.2%; H, 6.7%. IR Data (KBr
disk, cnml): 3054 (w), 2964 (s), 2921 (s), 2860 (m), 2732 (w), 1953
(vs) [»(CO)], 1638 (w), 1570 (m), 1480 (w), 1435 (s), 1375 (m), 1321
(w), 1277 (w), 1197 (w), 1124 (w), 1092 (m), 1076 (m), 1026 (w),
985 (w), 852 (vw), 766 (w), 740 (s), 701 (s), 658 (w), 632 (vw), 618
(w), 599 (s), 573 (w), 510 (s), 486 (m), 458 (w(CO): 1955 (Nujol),
1960 (pentane)’H NMR (Ce¢D¢): 0.79 [d, *Jp-y = 3, 6 H of 2
Ci10o(CH3)sP], 1.20 [d,*Jp— = 3, 6 H 0f 2 Go(CH3)sP], 1.53 [$ 6 H of
2 Cio(CH3)sP], 1.64 [s 6 H of 2 Go(CHs3)sP], 1.79 [s 6 H of 2
C1o(CH3)gP], 1.81 [s 6 H of 2 Gio(CH3)sP], 2.19 [d,*Jp—1 = 2, 6 H of
2 Cio(CH3)P], 2.61 [s 6 H of 2 Go(CH3)sP], 7.04 [t,%)w-1 =7, 2 H
of 2 CeHs), 7.17 [dt,334—1 = 8, *Jp_n = 4, 4 H of 2 GHs], 8.23 [m,

4 H of 2 GHs). 3C NMR (CsDe): 11.1 [q, We— = 126, 2 C of 2
Clo(CHs)gP], 11.2 [q,lJc—H =126,2Cof 2 QQ(CH3)8P], 13.3 [q,lJc—H
= 125, 4 C of 2 QQ(CH3)3P], 15.0 [q, 1\]C7H =127, 2 C of 2
Clo(CH3)8P], 15.8 [dq,l‘]cfH = 125,3Jp7c = 5, 2Cof2 Qo(CH3)8P],
19.9 [q,c-n = 129, 1 C of 2 Go(CH3)sP], 20.0 [q,%Jc-h = 129,1 C
of 2 Cyo(CH3)sP], 20.1 [g,c-n = 129, 1 C of 2 G(CH3)sP], 20.1 [q,
Le—n = 129, 1 C of 2 Go(CH3)sP], 65.5 [s 2 C of 2 Go(CH3)sP], 67.8
[S, 2Cof2 Q[)(CH3)8P], 127.6 [d,lchH = 156, 2C OfC5H5], 129.3
[d, {c—n = 160, 1 C ofCeHs], 134.0 [dt,*Jc—n = 160,2Fpc=7,1C
of C5H5], 134.1 [dt,lchH = 161,2Jp7c =7,1C OfC6H5], 135.6 [t,
l‘]pfc = 25, 1C OfCeHs], 138.4 [t,3\]p7c = 6, 2 C of 2C10(CH3)8P],
138.7 [t,3Jp—c = 5, 2 C of 2C1¢(CHjs)sP], 145.6 [t,2Jp-c = 31, CO],
145.7 [t,2Jp—c = 31,C0O], 147.2 [d,2Jp—c = 10, 2 C of 2C1o(CHs)sP],
147.3 [t,3Jp_c = 5, 1 C of 2C1(CHa)eP], 147.4 [t,3Jp-c = 5, 1 C of
2 Clo(CH?,)gP], 148.3 [d,l\]pfc = 58, 2 C of 2C10(CH3)3P], 148.3 [S,
2 Cof2 Clo(CH3)8P], 148.3 [d,lJp—c = 58, 2 C of 2C10(CH3)8P],
154.4 [t,2Jp-c = 7, 2 C of 2C1o(CH3)sP]. **P NMR (GsDs): —14.9 [t,
3Jp-n = 5], —15.2 [t,3Jp—n = 5] (the two signals correspond to the 1:1
mixture of {R/R, S} and R/S diasteromers).

Synthesis oftrans-Ir { PPh[(R,R)-Me2CsHg]} 2(CO)CI. A mixture
of [(COD)Ir(u-Cl)]2 (720 mg, 1.07 mmol) and Phi{R)-Me,CsHe]
(900 mg, 4.73 mmol) in toluene (50 mL) was stirred at room
temperature fol h to give an orange solution. The orange solution

Synthesis oftrans-Ir { Ph[R,R-Me,C4H¢]} 2(CO)Me. A suspension

of Ir{ Ph[R R-Me,C4Hg]} 2(CO)CI (200 mg, 0.31 mmol) in &D (20 mL)
was treated with MeLi (0.30 mL, 1.4 M solution in ether) at room
temperature fol h giving orange-yellow suspension. After this period,
the volatile components were removed from the mixture in vacuo, and
the residue was extracted into pentane (100 mL), filtered, concentrated
(to 1 mL) and filtered. The yellow residue was dried in vacuo to give
Ir{ Ph[R,R-Me,C4Hg]} 2(CO)Me as a yellow solid (130 mg, 67% yield).
Anal. calcd For GsH3OR.Ir: C, 50.4%; H, 6.0%. Found: C, 50.3%);
H, 6.0%. IR Data (KBr disk, cmt): 2923 (s), 2861 (s), 1916 (vs)
[v(CO)], 1481 (m), 1446 (s), 1432 (s), 1374 (m), 1309 (w), 1273 (w),
1249 (w), 1183 (w), 1157 (w), 1100 (s), 1073 (m), 1050 (w), 1026
(w), 1003 (m), 939 (w), 918 (w), 848 (vw), 814 (w), 748 (s), 698 (s),
475 (m), 455 (m), 410 (w)»(CO): 1933 (in pentane)H NMR
(CGDG): 0.26 [t, 3.]pr = 9, Ir—CH3], 0.94 [q,3\]H7H = 3\]pr = 7, 3H
of 2 CHg), 1.22 [m, 1 H of 2 CH], 1.33 [m 1 H of 2 CH7], 1.49 [q,
3JHfH = 3Jp7H =8,3H of 2 O‘|3], 1.67 [m 1Hof2 O"z], 2.00 [m,
1 Hof 2 CHy, 2.80 [m 2 H of 2 CH], 7.07 [t, %Jy—n = 7, 1 H of
CeHs), 7.15 [t, 3J-n = 7, 2 H of GHs), 7.87 [m 2 H of GHs]. :°C
NMR (CeDg): 1.4 [td, 2c-n = 120, 2Jp_c = 11, Ir-CHg], 14.2 [q,
1\]C—H =127,1C of 2CH3], 22.0 [tq,lJc_H = 127,2Jp_c =5,1Cof
2 CH3], 32.6 [dt,l\lcfH = 129,1.];:7(: = 16, 1 C of ZCH], 35.1 [t, 1JC*H
=129, 1 C of 2CHy], 35.6 [t,*Jc-n = 128, 1 C of 2CH], 37.6 [dt,
1JC*H = 132,1\]p7c = 16, 1C Of ZCH], 127.5 [dt,l\](;fH = 167,3\]p7c
=5, 2 C of CgHs), 129.6 [d,"Jc—r = 160, 1 C ofCeHs], 134.0 [t,*Jp—c
=19, 1 C ofCeHs], 135.1 [dt,Jc—n = 160,2Jp_c = 6, 2 C of CgHs],
CO [not located]3'P NMR (GsDg): 48.4 [s].

Synthesis of I{PPh[R,R-Me,CsHg]}(COD)Cl. A mixture of

[(COD)Ir(u-Cl)]2 (10 mg, 0.015 mmol) and PhRR-Me,CsHe] (10 mg,
0.052 mmol) in benzene (1 mL) was left at room-temperature overnight.
After this period, the volatile components were removed from the
mixture in vacuo, and the residue was washed with pentane (1 mL) to
give I{ PPhR R-Me,CsHg]} (COD)Cl as a yellow-orange solitH NMR
(CéDe): 0.75 [dd,%Jp-p = 14,3)y_y=7,3 Hof 2 H3], 0.91 [m, 1 H
of 2 CH], 1.35 [m 2 H of 2 CH_], 1.48 [br s 1 H of COD], 1.5-1.7
[m, 1 H of 2 CH, and 2 H ofCOD], 1.63 [dd 2Jp—y = 18,3Jy—n = 7,
3 Hof2CHy), 1.79 [m 1 H of 2 CH,], 1.97 [br s 2 H of COD], 2.13
[brs, 2 HofCOD], 2.65[m 1 Hof 2 CH], 2.71 [br s 1 H of COD],],
2.93 [br s 2 H of COD]], 5.36 [br s 2 H of COD], 6.98-7.09 [m, 3
H of CgHs], 7.44 [t,30u-n = 8, 2 H of GHs]. 3P NMR (GD¢): 34.3
[s].

Synthesis of P¢P[R,R-Me,C4Hg]Ph} [7?—S-CsH4C(H)(Me)-
NMe;]Cl. A mixture of Pd[5?SCeHsC(H)(Me)NMe]Cl}2 (15 mg,
0.026 mmol) and PhiRR-Me,CsH¢] (10 mg, 0.052 mmol) in €Ds (1
mL) was kept in an NMR tube at room temperature for 30 min. After
this period, the volatile components were removed from the mixture

was treated with CO (1 atm) and stirred at room-temperature overnight in vacuo, and the residue was washed with pentane (1 mL) to give

and then heated at 8@ for 2 h togive a yellow solution. After this
period, the solution was filtered, and the volatile components were
removed from the filtrate in vacuo. The yellow residue was washed
with pentane (3x 10 mL) and dried in vacuo to giveansIr{ PPh-
[(RR)-MezC4Hg]} 2(CO)Cl as a bright yellow solid (1.3 g, 95%). Anal.
calcd for GsHsOPRClIr: C, 46.9%; H, 5.4%. Found: C, 46.9%; H,
5.2%. IR Data (KBr disk, cmt): 3078 (m), 3054 (m), 2952 (s), 2924
(s), 2860 (s), 1937 (vsy[CO)], 1481 (m), 1446 (s), 1432 (s), 1376

Pd P[R,R-Me2C4H6]PH7?-S-CeH4C(H)(Me)NMe)]Cl as a pale brown
solid. *H NMR (CgDg): 0.89 [dd,3Jp— = 16,334y = 7, 3 H of 2
CHg, 1.15 [m 1 H of 2 CH], 1.39 [m, 1 H of 2 CH;], 1.40 [d,%J4-n
= 7, 3 H of CH(CH3)N(CHs),], 1.60 [m 1 H of 2 CH;], 1.61 [dd,
SprH = 20, SJHfH =7,3Hof2 CH3], 1.94 [m 1Hof2 O"z], 2.56
[d, 4Ju—n = 2, 3 H of CH(CHz)N(CHj3),], 2.60 [d,*Jy—n = 3, 3 H of
CH(CHs)N(CHs3)2], 2.62 [m, 1 H of 2 CH], 3.22 [m 1 H of CH(CHy)-
N(CHz)2], 3.90 [m, 1 H of 2 CH], 6.59 [t, ®J4-n = 7, 1 H of GHs
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Table 4. Crystal, Intensity, Collection, and Refinement Data
PhP[(GMey),] Ph[(CsMeq)2]PS Ph[(GMes)2]PSe Cp*MoCl{ P[(CsMes)z]Ph}
lattice orthorhombic monoclinic monoclinic monoclinic
formula GyHooP GyHo0PS G4Ho9PSe Q4H44C|4MOP
formula weight 348.44 380.50 427.40 721.40
space group Pna2; P2;/c P2i/c P2i/n
alA 14.043(1) 16.022(2) 16.250(4) 12.236(12)
b/A 8.804(1) 7.391(1) 7.503(2) 14.601(15)
c/A 16.407(2) 19.181(2) 19.078(4) 16.572(16)
o/deg 90 90 90 90
Bldeg 90 112.27(1) 111.95(1) 99.93(2)
yldeg 90 90 90 90
VIA3 2028.4(4) 2101.9(3) 2157.4(9) 2916(5)
z 4 4 4 4
temperature (K) 223 238 238 233
radiation ¢, A) 0.71073 0.71073 0.71073 0.71073
p (calcd.), g cm? 1.141 1.202 1.316 1.643
u (Mo Ka), mm2 0.139 0.235 1.820 0.897
0 max, deg 28.3 28.3 28.4 28.9
no. of data 3893 4699 4779 7070
no. of parameters 236 244 244 374
R1 0.0521 0.0393 0.0430 0.0646
wWR2 0.0952 0.1144 0.0941 0.1278
GOF 1.087 1.053 1.093 1.015
abs. struct. param. 0.06(12) NA NA NA
Cp*TaCl{ P[(CsMes)2]Ph} Ir{ P[(CsMe4)2]Ph} 5(CO)CI PhR R-Me;C4Hg]PO PhR,R-Me,C;Hg]PS
lattice triclinic triclinic monoclinic triclinic
formula Q4H44C|4Tap Q9H5gc||rOP2 C1oH17/PO C,H17/PS
formula weight 806.41 952.54 208.23 _224.29
space group P1 P1 P2, P1
alA 9.924(2) 11.967(2) 6.392(7) 7.166(1)
b/A 17.206(3) 13.805(2) 7.497(8) 9.100(2)
c/A 21.312(4) 14.918(2) 12.274(10) 10.080(2)
a/deg 104.329(3) 92.172(4) 90 75.803(4)
Bldeg 99.530(3) 102.033(3) 100.71(2) 84.522(3)
yldeg 100.223(4) 113.022(2) 90 83.910(4)
VIA3 3384.8(10) 2198.8(5) 577.9(12) 632.1(2)
VA 4 2 2 2
temperature (K) 238 233 233 233
radiation ¢, A) 0.71073 0.71073 0.71073 0.71073
p (calcd.), g cm3 1.582 1.439 1.197 1.178
u (Mo Kay), mm2 3.633 3.204 0.205 0.345
6 max, deg. 28.4 28.4 28.2 28.2
no. of data 14936 9553 2335 3357
no. of parameters 748 582 131 259
R1 0.0317 0.0549 0.0518 0.0486
wR2 0.0676 0.0946 0.0885 0.0954
GOF 1.015 1.022 1.023 1.045
abs. struct. param. NA NA 0.18(15) 0.00(13)
|r{ Ph[R,R—Me2C4H6]} 2= |r{ Ph[R,R-Me2C4H6]}2- |r{ PPhR,R—Me2C4H6]} - Pd{ P[R,R-MeZC4HG]Ph)} S,SMe,CyHg-
(Co)ClI (CO)Me (COD)(CI) [S4%-CeHaC(H)(Me)-N—Me,]Cl (0:S0)
lattice monoclinic monoclinic orthorhombic orthorhombic orthorhombic
formula 025H34C||TOP2 C26H37|I’OP2 Conng“l’P C22H31C|NPPd QH1204S
formula weight 640.11 619.70 528.05 482.30 180.22
space group P21 P21 P212121 P212121 P212121
alA 9.244(5) 9.1715(6) 9.8883(4) 9.261(2) 6.515(3)
b/A 14.891(9) 14.780(1) 13.9564(7) 11.872(2) 11.386(5)
c/A 9.648(5) 9.7107(6) 14.3346(7) 20.943(4) 11.817(4)
o/deg 90 90 90 90 90
pldeg 100.88(1) 101.541(1) 90 90 90
yldeg 90 90 90 90 90
VIA3 1304(1) 1289.7(2) 1978.3(2) 2302.7(8) 876.5(6)
VA 2 2
temperature (K) 233 233 233 233 238
radiation ¢, A) 0.71073 0.71073 0.71073 0.71073 0.71073
p (calcd), g cn® 1.630 1.596 1.773 1.391 1.366
u (Mo Ka), mm?t 5.358 5.315 6.963 0.997 0.337
6 max, deg. 28.2 28.2 28.3 28.3 28.3
no. of data 5190 5392 4553 5179 1984
no. of parameters 288 277 211 241 104
R1 0.0364 0.0210 0.0225 0.0165 0.0346
wWR2 0.0991 0.0534 0.0538 0.0438 0.0736
GOF 1.095 1.027 1.044 1.039 1.050
abs struct param 0.01(1) 0.000(7) —0.013(7) 0.00(2) 0.05(8)
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CH(CHs)N(CHg)2], 6.65 [t, 23Jh—n = “Jp—n = 7, 1 H of GH4CH(CHg)-
N(CHa)2], 6.71 [d,334-n = 7, 1 H of GH4CH(CHs)N(CHs),], 6.80 [t,
3\]H7H = 7, 1 H of QH4CH(C|‘b)N(CH3)2], 6.94 [m 3 H of CﬁHsP],
7.65 [m 2 H of CeHsP]. 3P NMR (GsDe): 66.8 [s].

Synthesis of CpFe(CO)PhP[(CsMes) ]}Me. (a) A mixture of
CpFe(CO)Me (ca. 10 mg) and PhP[&®les),] (ca.20 mg) in GDs (1
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was removed from the filtrate to give a mixture of CpFe(CRIR R-
Me,CsHg]Ph} Me and CpFe(CQP[R,R-MeCsHg]Ph}[C(O)Me] as a
brown solid. Spectral data for CpFe(Q®]R,R-Me,CsHg]Ph} [C(O)-
Me]: IR Data (cyclohexane, cm): 1914 p(C=0)], 1609 y(C=0)].
IH NMR (CGDG):SO 2.67 [S, FB‘C(O)CH;),], 2.83 [d,4JP7H = 1 Hz,
Fe—-C(O)CHg], 4.11 [d,3Jp—4 = 1 Hz, GHs], 4.21 [d,%Jp-p = 1 Hz,

mL) was heated at 80C for 5 days. After this period, the volatile ~ CsHs]. 3*P{*H} NMR (CeDe): 83.7 (s), 83.9 (s).

components were removed from the mixture in vacuo, and the residue  X-ray Structure Determinations. X-ray diffraction data were

was extracted into pentane (2 mL) and filtered. The pentane was collected on a Bruker P4 diffractometer equipped with a SMART CCD
removed from the filtrate to give CpFe(C®hP[(GMes),]} Me as a detector and crystal data, data collection and refinement parameters
brown solid. IR Data (cyclohexane, cf): 1921 (s).XH NMR (CgDg): are summarized in Table 4. The structures were solved using direct
290.23 [d,3Jp-n = 8 Hz, Fe-CHg], 0.48 [d,3Jp-y = 8 Hz, Fe-CH3], methods and standard difference map techniques, and were refined by
4.19 [d,3Jp-n = 1 Hz, GHs], 4.30 [d,%Jp- = 1 Hz, GHg]. 3P{'H} full-matrix least-squares procedures Bhwith SHELXTL (Version

NMR (CgDe): 37.5 (s), 44.8 (s). (b) A mixture of CpFe(CMe (ca. 5.03)3 Hydrogen atoms on carbon were included in calculated
10 mg) and PhP[(&/e4);] (ca.20 mg) in GDs (1 mL) was photolyzed positions. The CO and Cl ligands of P[(CsMeq),]Ph}2(CO)CI and

for 5 h. After this period, the volatile components were removed from transIr{ PPh[R R)-Me;CsHe])(CO)CI are disordered, which is a com-
the mixture in vacuo, and the residue was extracted into pentane (2mon feature of such complex&sAs a consequence, the bond lengths
mL) and filtered, and pentane was removed from the filirate to give associated with these ligands are not necessarily accirate.
CpFe(CO)(PhP[(§Mes)z])Me as a brown solid.

Synthesis of CpFe(CO)P[R,R-Me,CsHg)Ph} Me. (a) Preparation
via CpFe(CO)P[RR-Me,CsHe]Ph}I. A mixture of CpFe(CO) (ca. In conclusion, the chiral monodentate phosphine PhP-
10 mg) and PhR},R-Me,C4H¢] (ca.10 mg) in GDg (1 mL) was heated [(CsMey);] has been synthesized by oxidation of;[BhP-
at 80°C overnight giving a green solution. After this period, the volatile  (CsMey),] with |,. The steric and electronic properties of PhP-
components were removed from the solution in vacuo, and the residue[(CsMey),] are intermediate between those of Rl and PPh
was extracted into benzene (1 mL) and filtered. The benzene wasThys structural characterization of several derivatives indicates
remove(_i from the filtrate and the residue was washed Wlth pentane (1that the crystallographic cone angles increase in the sequence:
mL) to give CpFe(CQ)P[R R-Me,C4sHg]Ph} | as a green solidH NMR = PhPI(GM 140.2) < PPh (148.2
(CsDe):® 4.01 [d,3Jp_n = 2 Hz, G:Hs], 4.04 [d,3Jp_yy = 2 Hz, GHe]. PPhMe (134.5) [(GMea)7] (140.2) s (148.2).
SP[IH} NMR (CeDg): 74.0 (s), 78.0 (s). A mixture of CpFe(CO)- L|k9W|se, the electron donat!ng abilities pf these phosphines,

as judged by the(CO) stretching frequencies of Ir(RRCO)-

{P[R,R-Me;CsHg]Ph}I (ca. 10 mg) and MeLi (ca.10 mg) ingDs (1 ] g )
mL) was heated at 89C overnight. After this period, the volatle ~ Clin Nujol, decrease in the sequence: ¥ (1950 cn?) >

components were removed from the mixture in vacuo, and the residue PhP[(GMey)] (1955 cml) > PPl (1961 cm?). Finally,
was extracted into pentane (2 mL) and filtered. The pentane was PhP[(GMey);] has a smaller cone angle and is less electron
removed from the filtrate to give CpFe(CI®[RR-MeCsHe]Ph} Me donating than the structurally similar phosphine, PhR[B4el].

as a brown solid. IR Data (cyclohexane, ¢dn 1913 (s).*H NMR
(CeDe):30 0.09 [d,3Jp7H =6 HZ, Fe—CH3], 0.41 [d, 3JP7H =5 HZ,
Fe—CHg], 4.06 [d,3Jp-n = 1 Hz, GHs], 4.11 [d,3Jp-p = 1 Hz, GHs).
31P{H} NMR (CeDg): 87.0 (s), 90.6 (s).

(b) Photolytic reaction of CpFe(CeWle (ca. 10 mg) with Phi{,R-
MezCsHg]. A mixture of CpFe(COMe (ca. 10 mg) and PhR[R-
Me,CsHe] (ca.10 mg) in @D (1 mL) was photolyzed for 3 h. After
this period, the volatile components were removed from the mixture
in vacuo, and the residue was extracted into pentane (2 mL) and filtered,1C010443J
and pentane was removed from the filtrate to give CpFe{GRR-
MezCsHg]Ph)} Me as a brown solid.

(c) Thermal reaction of CpFe(C@Jje with PhPRR-Me,CsHg). A
mixture of CpFe(CQMe (ca. 10 mg) and PhR[R-Me,C4Hg] (ca.10
mg) in GDe (1 mL) was heated at 8TC for 5 days. After this period,
the volatile components were removed from the mixture in vacuo, and
the residue was extracted into pentane (2 mL) and filtered. The pentane
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