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The complexes [(1-R-Ind)Pd(PPNle] (R = H (3), Me (4)), [(1-R-Ind)Pd(PP¥);]BF4 (R = H (5[BF4]),
Me (6)), and [(1-R-Ind)Pd(PPIOSGCF)] (R = H (7), Me (8)) have been prepared by reacting their
corresponding PdCl derivatives with MeMgCl, AgBEPPh, and AgOTf, respectively. These complexes
have been characterized by NMR spectroscopy and, in the ca8 %BF,], 6 and 7, by X-ray
crystallography. The triflate moiety in complexésind8 is displaced readily by various ligands to give
[(1-R-Ind)Pd(PPHL][OTf] (L = PPhk (5[OTf]), PMe; (9), CHsCN (10), PhCN (1), t-BuNC (12)).
Reactions of or 8 with various olefins result in isomerization (1-hexene), dimerization and/or trimerization
(ethylene, styrene, angfluorostyrene), oligomerizatiop{amino- and>-methylstyrene), or polymerization
(p-methoxystyrene). Compounds-8 promote the addition of HSiglko styrene and phenylacetylene.

Introduction

A number of advantages have favored the use of Ind
complexes (Ind= indenyl and its substituted derivatives) in
comparison to their Cp analogues in catalytic applicatiofisis
is especially true for the Ind complexes of metals from groups
4-9, whereas the catalytic reactivities of group 10 metatl
complexes have not been investigated until very recémthyus,
studies on the chemistry of Nind complexes have led to the
discovery of interesting structural and bonding motifs well
as catalytic reactivities in the oligo- and polymerization of
alkenes' alkynes$ and PhSiH® and in the hydrosilylation of
alkenes and ketonés.

Our interest in the structures and catalytic activities of Ni
Ind complexes prompted us to explore the chemistry of

analogous Pd compounds in order to elucidate the influence of

limiting this approach to the synthesis of the parent (unsubsti-
tuted) indenyl complexes.

Since the reactivities of Ind complexes are often influenced
significantly by the nature of the substituents on the Ind ligand,
we sought an alternative synthetic route to variously substituted
Pd—Ind complexes. We have explored, with limited success,
the metathetic reaction of Li[R-Ind] with suitable Pd precursors,
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a number of Ine-Pd complexes had been reported prior to our
studies® there were no general synthetic routes to these
compounds. Our initial studies were, therefore, aimed primarily
at identifying reliable synthetic protocols to réd complexes.
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Scheme 1 Chart 1
3“a7; < _> < _> <>
Pd 3:R=H 3 1 R &R & [ —>Me
MeMgCl o/ 'Me 4:R=Me Pa/ Pd P Pdrf ~—
: PhsP” X PhP” Me  PhP” PPhy  PhoP” ppp
1:R=H, X=Cl 3:R=H 5 6
2:R=Me, X=CI 4: R = Me

7:R=H, X=O0Tf
8: R =Me, X =OTf

Pd Pd
phop”  © php?  OTf php” - The3P{1H} NMR spectra showed one singlet resonance for
1:R=H 7:R=H L the PPB ligand in these complexes (at ca. 40 ppm3and4,
2:R=Me 8:R=Me PPh;  §[OT] 29—31 ppm for7 and8, and 28 ppm fob[BF4]). On the other
Z"C/':Ase 9 hand, the’!P{*H} NMR spectrum of compleX showed AB
%/R BF, NGPh 10 gloublgts at ca. 29 and 30 ppﬁ:ﬂp(_p ~ 59 _Hz_), reflecting the
PPhs : ongyt inequivalence of the two PRHigands. This is caused by the
AgBF4 S een 12 presence of the Me substituent, which eliminates the mirror
PhsP : plane normally present in (indenyl)MlLcomplexes, such that
5[BF,:R=H the Cs symmetry of5[BF4] is reduced taC; for 6 in the absence
6:R=Me

of a rapid rotation of the Ind ligand.

The!H and3C{H} NMR spectra of these compounds were
thus preparing a series of 1-Me-Ind derivatives in low yiélls.  fajrly similar to those of their Ni counterparts and proved
Nevertheless, access to the compounds (1-Me-Ind)PgIRPh  particularly informative on the coordination mode of the Ind
has allowed us to study their structures and reactivities as ajigands. For instanc& and5[BF,] showed only one resonance
function of Ind substituent and X ligand. The present report for the symmetry-related pairs of protons (H1/H3, H4/H7, and
describes the preparation and characterization of the complexe$45/H6) or carbons (C1/C3, C4/C7 and C5/C6); the chemical

[(1-R-Ind)Pd(PPRMe] (R = H (3) Me (4)), [(1-R-Ind)Pd-
(PPR)2[BF4] (R = H (5[BF4]), Me (6)), and [(1-R-Ind)Pd-
(PPR)(OTf)] (R = H (7), Me (8); OTf = OSQCFs) and

shifts of these resonances were very similar to the corresponding
signals in the high-temperature spectrum of compléxin
contrast, théH and3C{H} NMR spectra of the OTf derivative

discusses the reactivities of some of these complexes with7 dgisplay distinct signals for these nuclei, much like the ambient-

PhSiH;, ethylene, 1-hexene, aqEX-styrene (X= H, F, Me,
NH,, OMe). The facile substitution of the OTf moiety in

temperature spectra of compl&® These observations indicate
that the rotation of the Ind ligand is similarly hindered7simand

complex 7 has given access to the new cationic complexes 1 put is much more facile .

[(Ind)Pd(PPB)(L)]" (L = PPh (5[0OTf]), PMe;s (9), CH:CN
(10), PhCN (1), t-BuNC (12)), which are also described briefly.
The effectiveness of our InePd' complexes in catalyzing the
addition of HSIC} to styrene and phenylacetylene were also
examined.

Results and Discussion

Synthesis and Spectroscopic Characterizatiorhe chloro
complexes (1-R-Ind)Pd(PBICI (R = H (1), Me (2)) have been
prepared by addition of PRl the dimer [¢3-Ind)Pd-Cl)]»
(for 1) or to the mixture of Li[1-Me-Ind] and [(PhCNPdCb]
(for 2).° Complexesl and 2 were then used to prepare the
analogous PdMe, Pd-PPh, and Pa&-OTf derivatives, as
follows (Scheme 1): reaction with MeMgClI gave (1-R-Ind)-
Pd(PPBMe (R = H (3), Me (4)) in ca. 25% yield; reaction
with AgBF, in the presence of 1 equiv of PRrave the cationic
complexes [(1-R-Ind)Pd(PBR][BF 4] (R = H (5[BF4]), Me (6))
in ca. 90% vyield; reaction with AQOTf gave (1-R-Ind)Pd(BFh
(OTf) (R =H (7), Me (8)) in ca. 80% yield. Complexe3—8

This conclusion is in accord with the results of variable-
temperature NMR studies that have allowed us to calculate an
energy barrier of ca. 10.6 kcal/mol for the rotation of the Ind
ring in 3, in contrast to a much higher barrier in(ca. 16.5
kcal/mol)? On the basis of previously established correlations
between Ind hapticity and rotational barriétsye conclude that,
in solution, the Ind ligand ir8 is coordinated to Pd in a more
symmetrical fashion and with a greater degree of hapticity than
in 1 (Chart 1). The stronger InelPd interactions in this Pe
Me complex can be attributed to the more effective bonding
between Ind and the softer Pd center in the alkyl derivative,
while the more symmetrical coordination is due to the smaller
difference between the trans influence of the ancillary ligands
PPh and Me in complexs.

The IH NMR spectral patterns displayed dyand 8 were
similar to those observed in the ambient-temperature spectra
of (Ind)Pd(PR)CI (R = Ph, Me, OMe, Cy¥.For example, the
IH NMR spectrum of4 contained two doublets (H4/H7) and
two triplets (H5/H6) between ca. 6.8 and 7.2 ppm, a doublet of
doublets at ca. 6.4 ppm (H2), a singlet at ca. 5.3 ppm (H3), and

are thermally stable in the solid state and can be stored at roomg doublet at ca. 2.1 ppm G—Ind); in addition, a doublet was
temperature; in solution, however, decomposition takes place detected at-0.12 ppm $Jp_1 ~ 4 Hz) for the Pd-Me moiety.

after a few days with concomitant deposition of Pd metal.
Complexes3, 5[BF,4], 6, and7 were isolated in pure form, but
the purifications of4 and 8 were not successfdl. The NMR

The complete absence of symmetrydirand 8 means that the
proton and carbon nuclei of the 1-Me-Ind ligand cannot be
exchanged by Ind rotation, which is in contrast with the situation

spectra of these complexes support their proposed structuresin 3 and6, wherein theC; symmetry become§s as a result of

as described below.

rapid Ind rotation.

(10) The Pd-promoted coupling of Li[R-Ind] is a major side reaction
that leads to very low yields of the desired compleXes.

(11) Isolating pure samples of complex@and7 was less complicated
than that of their 1-Me-Ind analoguek and 8 because of the greater
solubility of the latter in common solvents. In addition, the-fITf complex
8 slowly decomposes to [(1-Me-Ind)Pd(Ph™ during recrystallization.

(12) (a) Baker, T.; Tulip, T. HOrganometallics1986 5, 839. (b) Barr,
R. D.; Green, M.; Marder, T. B.; Stone, F. G. A. Chem. Soc., Dalton
Trans.1984 1261. (c) Kakkar, A. K.; Taylor, N. J.; Calabrese, J. C.; Nugent,
W. A.; Roe, D. C.; Connaway, E. A.; Marder, T. B. Chem. Soc., Chem.
Commun.1989 990. (d) Westcott, S. A.; Kakkar, A. K.; Taylor, N. J.;
Roe, D. C.; Marder, T. BCan. J. Chem1999 77, 205.
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Table 1. Crystal Data, Data Collection, and Structure
Refinement Parameters of 3 and 7
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Table 2. Crystal Data, Data Collection, and Structure
Refinement Parameters of 5[BE] and 6

3 7 5[BF4] 6
formula ngstPPd Q3H22P5035Pd formula Q5H37P2PdBE1 C46H39P2PdBF4'
mol wt 498.85 632.89 1.5CHCI>
cryst color, habit yellow-orange, block  red, block mol wt 832.90 974.31
cryst dimens, mm 0.1650.19x 0.60 0.0% 0.10x 0.27 cryst color, habit red-orange, needle red-orange, block
cryst syst triclinic triclinic cryst dimens, mm 0.0& 0.14x 0.27 0.08x 0.15x 0.19
space group P1 P1 cryst syst monoclinic triclinic
a, 7.5169(1) 10.3261(1) space group P2;/n P1
b, A 11.5414(1) 11.2327(2) a, 11.685(5) 11.8930(1)

c, A 13.8896(1) 23.9756(3) b, A 20.765(11) 14.2475(1)

o, deg 93.358(1) 80.607(1) c, A 15.709(6) 14.2624(3)

p, deg 96.272(1) 87.530(1) o, deg 90 75.970(1)

y, deg 107.103(1) 74.077(1) p, deg 95.89(3) 84.247(1)

Vv, A3 1139.53(2) 2638.37(6) y, deg 90 68.763(1)

z 2 4 V, A3 3791(3) 2185.18(3)

D(calcd), g cn3 1.454 1.593 Z 4 2

diffractometer Bruker AXS SMART 2K D(calcd), g cm® 1.459 1.481

temp, K 223 223 diffractometer Nonius CAD-4 Bruker AXS

2, A 154178 154178 SMART 2K

w, mmt 7.304 7.427 temp, K 293 223

scan type w scan w scan A 1.541 78 154178

F(000) 508 1272 u, mmt 5.176 6.225

Omax (deg) 72.83 72.65 scan type w scan w scan

h, k, Irange —-7<h=<8 —12<h=<12 F(000) 992 990
—-14<k<14 -13<k=<10 Omax (deg) 69.97 72.84
—-17=<1=<16 —29=<1=<29 h, k, Irange —14<h=<14 —14<h=<14

no. of rflns collected/ 13 683/4319 32097/10 061 —25<k=25 -17<k=17

unique —-19<1<19 -17=<1=<17

abs cor multiscan multiscan no. of rflns collected/ 15548/7177 26 475/8353

T(min, max) 0.23,0.33 0.44,0.70 unique

R(F?> 20(F?), Ry(F?)  0.0287,0.0747 0.0421, 0.1046 abs cor ¥ scan multiscan

GOF 1.053 0.955 T(min, max) 0.34,0.69 0.40,0.73

Finally, analysis of the PdOTf complexes by IR and
9F{1H} NMR spectroscopy showed typical resonances for an

R(F2> 20(F?)), Ry(F?)
OF

0.0475, 0.0873
0.643

0.0435, 0.1186

1.003

Table 3. Selected Bond Distances (A) and Angles (deg) for

n*-coordinated triflate group® asymmetric sulfonyl stretching 123,and P
rr:odes gto ca. 13'1251”21 iQntha IRNSI\[/I)ECtra art\d singlet resonances 1(X = Cl) 3(X=C8) 7(X=0)
atca. ppm n { }. spectra. Pd-P 2.2785(6) 2.2673(6)  2.2260(5) 2.283(1)

Solid-State Structural Studies.The solld-state. structures of  pg-x 2.3474(6) 2.3560(7) 2.061(3) 2.157(15)
complexes3, 5[BF4], 6, and 7 have been studied by X-ray Pd—C1 2.244(2) 2.282(3)  2.273(2) 2.290(4)
crystallography. The crystal data are presented in Tables 1 and Eigg gigggg giggg; ggﬁ% g-iggg‘g
2, se(;e70ted O?tzfuc,}turaIBpFaram(;:‘jters arz pr:esenRt%{: ||:n (;I’_ables 3 (forFJ 4-C3a 5 607(2) 54 23) 2'_562(2) 255 a(4)
3 and7) and 4 (for5[BF4] and6), and the O lagrams  py c7a 26102)  2580(2) 2533(2)  2.615(4)
for these complexes are shown in Figures4l The overall Ccl1-C2 1.404(4) 1.393(4) 1.410(4) 1.390(7)
geometry around Pd in all four complexes is approximately C2-C3 1.410(4) 1.413(4)  1.403(4) 1.421(7)
square planar, with the largest distortion arising from the small Cg;cg?a i-ﬂggg 1-22‘5&‘; i-i‘z‘ggg iﬂggg;
C1-Pd-C3 angle (ca. 6‘0: Close inspection of the main C7aC1 1_'464(4) 1.'465(4) 1.'460(4) 1.'478(6)
structural parameters obtained for these complexes and com- g_o1 1.415(9)
parison of their values to those of previously reportedHRd S-02 1.418(10)
allows an evaluation of the influence of Ind substituents and S-03 1.377(11)
the Cl, Me, and OTf ligands on the Ind hapticity and overall 2;9::31 igézggg
structures of these complexes, as described below. P—Pd—X 96.23(2) 97.04(2)  89.85(9) 92.3(4)

The Pd center in each of these complexes is within reasonable C3—Pd-X 158.71(7) 160.78(8)  160.60(11)  165.0(5)
bonding distance from the P, C1, C2, C3, and X atoms=(X gi:gg:'; 3%-3(17()7) ég%?g) 11000953465((161)) 1l(§>41-33(55()13)
C8in3, P2 in5[BF,4] and6, anql O_|n7) but cgn3|derably farther Cl_Pd-p 16'4.25(7) 16'1.72(8) 163.20(7) 160"95(13)
away from C3a and C7a. This difference in the Pd distances t0 ci1-pg-c3  61.4(1) 61.3(1) 59.74(9) 61.51(17)
the allylic and benzo carbons is a reflection of the so-called AM-C)(A) 0.39 0.39 0.25 0.37
“slippage” of the Ind ligand. The degree of such slippage away HA (deg) 15.49 14.58 10.17 15.22

FA (deg) 14.84 14.40 9.29 13.61

from the idealizeds® coordination is often measured by
calculating parameters such as the slip valdé@(—C)) and
the hinge and fold angles (HA and FA)Inspection of these
parameters (Tables 3 and 4) shows that the degree of slippage
in the Pd-OTf complex 7 is similar to those found for the
analogous PdCl compounds (1-R-Ind)Pd(P#CI (R = H, Me;
R = Ph, Cy, Me, OMé) but significantly larger than those

a See ref 92 The structural parameters for the two independent
molecules in the unit cell of were quite similar and have been averaged.

found for the Pe-Me derivative3; evidently, Ind hapticity in
IndPd(PPB)X is greatly influenced by the nature of the X ligand

(Me > CI ~ OTf). These results also show that the Ind

(13) (a) Lawrence, G. AChem. Re. 1986 86, 17. (b) Braun, T.; Parsons,
S.; Perutz, R. N.; Voith, MOrganometallics1999 18, 1710.

hapticities are much greater (small&(M—C), HA, and FA
parameters) in the corresponding Ni complexes; this structural
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C(5) C(6) Ci5)  cie)
| = L

Figure 1. ORTEP view of complex3. Thermal ellipsoids are
shown at the 30% probability level, and hydrogen atoms are omitted Figure 2. ORTEP view of complex7. Only one of the two
for clarity. independent molecules is shown. The OTf anion is disordered over
two positions; the view shown in this figure represents the major
Table 4. Selected Bond Distances (A) and Angles (deg) for  model. Thermal ellipsoids are shown at the 30% probability level,

5[BF,] and 6 and hydrogen atoms are omitted for clarity.
5[BF4] 6
Pd-P1 2.301(2) 2.3095(7)
Pd-P2 2.309(2) 2.3227(7)
Pd—C1 2.270(6) 2.336(3)
Pd-C2 2.230(6) 2.233(3)
Pd-C3 2.223(6) 2.209(3)
Pd—C3a 2.570(9) 2.577(3)
Pd-C7a 2.585(9) 2.645(3)
C1-C2 1.418(9) 1.405(5)
Cc2-C3 1.434(9) 1.425(5)
C3—-C3a 1.443(9) 1.459(5)
C3a-C7a 1.422(10) 1.427(5)
C7a—C1 1.445(10) 1.477(5)
C1-C8 1.500(5)
P1-Pd-P2 104.31(7) 103.72(3)
C3-Pd-C1 60.1(3) 60.59(13)
C3-Pd-P2 156.2(2) 158.82(10)
C3—-Pd-P1 99.5(2) 97.34(10)
Cl1-Pd-P1 159.5(2) 156.14(9)
Cl1-Pd-P2 96.1(2) 98.92(9)
A(M—C) (A) 0.33 0.34
HA (deg) 11.86 13.71 Figure 3. ORTEP view of compleX5[BF,]. Thermal ellipsoids
FA (deg) 12.18 15.99 are shown at the 30% probability level. The B&nion and the

difference is reflected in subtle but important differences in the hydrogen atoms are omitted for clarity.

reactivities of the analogous Ni and Pd complexes (vide infra). more than 0.12 A (40 esd) i compared to less than 0.05 A
A comparison of the structural parameters found in the (g esd) in5[BF,].

cationic complexe§[BF,4] and 6 on one hand, and the neutral Reactivities of the Pd-Triflate Species 7 and 8 We have

speciesl,® 2,° 3, and7 on the other, shows again that the most  studied the substitution of the triflate moiety in complehy

important factor affecting the Pelnd interactions is the nature  {ifferent nucleophiles L as a route for the preparation of new

of the X moiety, followed by the overall charge of the complex. cationic complexes (Scheme 1). These ligand substitution

Thus, Ind hapticity is reinforced on going from the neutral reactions were carried out by treatigwith 1 equiv of L in

speciesl, 2, and7 (X = Cl, OTf; A(MM—C) = 0.32-0.39 A) to CDCl. NMR spectroscopy showed rapid and clean displacement

the cationic complexeS[BF,] and6 (X = PPh; A(M—C) = of the OTf moiety to give the adducts [IndPd(RRh)][OTf]

0.33 and 0.34 A) to the neutral PMe compound (A(M—C) (L = PPh (5[0Tf]), PMes (9), CHsCN (10), PhCN (L1), and

= 0.25 A). The Ind substituent also appears to play a role, t.BuNC (12)). The spectroscopic characterization of these

especially in the case of the bis(phosphine) complexes, whereincomplexes was quite straightforward. For example 3tRg*H}

the Me substituent prevents closer approach of the Ind ligand NMR spectra oB[OTf] and 10—12 each showed a new singlet

(in 6) to the Pd center and results in the less Symmetrical resonance in a narrow chemical shift range—(zl ppm),

coordination of the Ind ligand (Chart 1): P€1 > Pd—C3 by attributed to the PRHigand, whereas the PMadduct9 gave

(14 AM—C) = 0.5(M—C3at M—C7a)— 0.5(V—CL+ M—C3). FA rise to an AX set of doublets at 30.0 ard 6.6 ppm £Jp_p =
—C)=0. —Coa —Cra)= 0. — - . 1 1

is the angle between the planes encompassing the atoms C1, C2, C3 an(fjso Hz), a,s expectgd. THel and 3C{ H} NMR spectra of the

C1, C3, C3a, C7a. FA is the angle between the planes encompassing thé'€W species also displayed the expected signals for Ind and PPh
atoms C1, C2, C3 and C3a, C4, C5, C6, C7, C7a.Afd—C), HA, and ligands. In addition, the presence of the {CHl and CNC(CH)3

FA values for a range of Ind complexes are given in ref 12a and the |; i ; ;
following report: Wetscott, S. A.; Kakkar, A. K.; Stringer, G.; Taylor, N. Ilgands in Complexeio and12, respectlvely, was Slgnaled by

J.; Marder, T. BJ. Organomet. Chen199Q 394, 777. The corresponding 'H NMR resonances at 2.07 and 1.15 ppm, respectively.
data for group 10 complexes are given in ref 2. The IR spectra ofl0—12 proved valuable, because the
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Figure 4. ORTEP view of complex6-1.5CHCl,. Thermal
ellipsoids are shown at the 30% probability level. The, BRion,
the solvent, and the hydrogen atoms are omitted for clarity.
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frequencies of the/(CN) bands reflect the nature of Pd
interactions. Thus, the(CN) frequencies of free and coordinated
CH3CN (2254 vs 2247 cmb)'> and PhCN (2230 vs 2227 ¢
indicate a negligible degree af-back-bonding between these
weakly-acidic ligands and the cationic Pd center. On the other
hand, the corresponding(CN) frequencies for thé-BuNC
ligand (2136 cm? in the free ligand vs 2206 cm in complex
12) signal a greater €N bond order resulting from significant
o donation from the HOMO of the ligand, which has antibond-
ing character with respect to the-@®l bond. Similar IR data
have been reported for other Pd@isocyanide complexeslé
The lability of the triflate moiety also allowed us to explore
the reactivities of complexesand8 with olefins. The reactions
with ethylene were performed by bubbling CRGblutions of
complexes’ and8 with ethylene for ca. 5 min. Careful analysis
of the reaction mixtures b¥H and*3C{*H} NMR spectroscopy
indicated the formation off)- and @)-2-butenes (Scheme 2).
In contrast, methyl methacrylate did not react at all witbr
8, whereas 1-hexene was isomerizedEp- @nd ¢)-2-hexene
(ca. 3:1). GC/MS analysis of the isomerization reaction catalyzed
by complex 7 showed the presence of trace quantities of
(1-hexenyl)indene in the reaction mixture:*Matnvz 198, M*
— 15 (Me), M — 29 (Et), M™ — 43 (Pr), M™ — 57 (Bu), etc.

(15) The assignment of the band at 2247-énto v(CN) should be
considered tentative, because the IR spectrum of conifleiso showed
two equally weak bands at 2291 and 2186 ém

(16) (a) Otsuka, S.; Nakamura, A.; YoshidaJTAm. Chem. So4969
91, 7196. (b) Crociani, B.; Boschi, T.; Belluco, Uhorg. Chem.197Q 9,
2021. (c) Cherwinski, W. J.; Clark, H. C.; Manzer, L. Borg. Chem.
1972 11, 1511. (d) De Munno, G.; Bruno, G.; Grazia Arena, C.; Drommi,
D.; Faraone, FJ. Organomet. Chenml993 450 263.

Organometallics, Vol. 25, No. 3, 200

Scheme 3
R R
Pd.  —— Pa. — /)\P;/—\—_\("Ki
v o R L 3»r R |'_ H
L = PPhs isomers = -- Ind\/ﬂ1R ‘/1
R R
/\PJ:,)\ R AN
l N I
isomerized
/R olefin
dimers
oligomers /) ~ /‘\’/I\/\
or -
polymers

The reactions of variously substituted styrenes witar 8
gave interesting results. Thus,-500 equiv of styrene reacted
with either complex over 15 h at room temperature to give nearly
guantitative conversion of the substrate to the head-to-tail dimer
(2)-1,3-diphenyl-1-butene. GC/MS analyses of the reaction
mixtures confirmed that the main product was a single isomer
of the dimer (M* atm/z 208) but also revealed the presence of
trace quantities €2%) of a trimer (M™ at m/z 312) and
Ind=C(Ph)CH (M** at m/z 218). Analogous reactions with
p-fluorostyrene gave a 65:35 mixture of the linear dimer{M
at m/z 244) and trimer (M" at m/z 366); GC/MS analyses
showed that the dimer consists of two isomers (ca. 98:2), but
structural details could not be established firmly from the
NMR spectra. On the other hand, reactions of complevith
electron-richp-X-styrenes (X= NH,, Me, OMe) gave higher
oligomers and polymers, as followsp-aminostyrene was
converted quantitatively to an oligomev{ ~ 1050, M,,/M,
~ 1.3, 100 turnovers) as wasmethylstyreneNl,, ~ 1250,M,/
M, ~ 1.4, 885 turnovers), wheregsmethoxystyrene was
polymerized ¥, ~ 29 000,M,/M,, ~ 3.2, 970 turnovers).

The greater reactivities of styrenes encouraged us to explore
their co-oligomerization between themselves and with 1-hexene.
Unfortunately, however, all reactions with mixtures of olefins
failed to induce hetero-oligomerization reactions. For instance,
reacting a 1:1 mixture of styrene and 1-hexene with complex
led to the formation ofZ)-1,3-diphenyl-1-butene andk)- and
(2)-2-hexene only.

Taken together, these results indicate that the reactivities of
7 and 8 with olefins are quite sensitive to the nature of the
substrates, ranging from no reaction with methyl methacrylate
to isomerization with 1-hexene and oligo- and polymerization
with ethylene angb-X-styrenes. Comparison of these reactivities
to those observed with analogous—Nind complexes demon-
strates subtle differences. For example, styrene is converted to
mostly poly(styrenes)M,, ~ 10*—=1CP) by in situ generated
cations [IndNi(PPg]*,*¢¢ " whereas the analogous Pd com-
plexes promote a regioselective dimerization. On the other hand,
both Ni— and Pd-Ind precursors show the same reactivities
with ethylene and 1-hexene. It is worth noting that reaction of
ethylene with the complek, { (Ind)Pdf-Cl)} 2, or IndNi(PRy)-

Cl in the presence of excess MAO gives polyethyl&rtwe
propose that the reactions of the-RdTf derivatives with olefins
proceed through the common hydridBd species [fPdH]"
(Scheme 3), but it is not clear how the specific nature of each
olefin can steer the reaction pathway from isomerization to the
formation of dimers, oligomers, or polymers.



576 Organometallics, Vol. 25, No. 3, 2006

Table 5. Pd-Catalyzed Hydrosilylation Reactions with

Sui-Seng et al.

SiCl; (Table 5, runs 9-11)2° That these reactions likely proceed

HSiCl by the initial elimination of IndH was indicated by the reaction
entry cat. substrate products (conversn, %) of the Pd-Me and Pd-Cl precursors with HSiGlin the absence
1 1 styrene Ph(SIG)CHCHs (92) of olefin or alkyne substrates: an instantaneous darkening of
2 2 styrene Ph(SiG)CHCHs (90) the mixture was observed and the formation of IndH was
3 2 styrene PEgSiQ}CHCHa E10§>) confirmed from théH NMR spectra, and th&P NMR spectrum
4 3 styrene Ph(SIGICHCH; (84 of the mixture contained peaks at 36, 32, and 23 ppm, which
5 5[BF.] styrene Ph(SIG)CHCHs (86) i unidentified P » 9% ppm,
6 6 styrene Ph(SiG)CHCH;z (93) ) o : .
7 7 styrene Ph(SiG)CHCHs (100) Finally, addition of HSiC{ to ketones and esters and the more
8 8 styrene Ph(SIG)CHCH; (95) difficult hydrosilylation reactions with PhSil HSIES,
& 1 PhG=CH é?{grc(ﬁ)'?::fgf%o()so) HSIi(OEty, and HSiMeCl were not catalyzed by our Pd
an 2
10° 5[BF,] PhC=CH (E)-PhCH=CHSICk (52) complexes.
Ph(SiCh)C=CH, (48)
11¢ 7 PhC=CH (E)-PhCH=CHSICk (58) Conclusion

Ph(SiCH)C=CH (42)

aUnless otherwise specified, all reactions were run gDdgat room
temperature for 24 h using a Pd:(olefin/alkyne):HSiltio of 1:100:100.
b 150 equiv of HSICG was used in this rurf.In CDCl; at room temperature
for 24 h.

We have prepared and characterized the new—PRdi
complexes [(1-R-Ind)Pd(PBiMe] (R = H (3), Me (4)),
[(1-R-Ind)Pd(PP)2BF, (R = H (5[BF4]), Me (6)), and
[(1-R-Ind)Pd(PPR(OTM] (R = H (7), Me (8)) by reaction of

Reactivities of Pd-Ind Complexes with SilanesPrevious their chloro analogues [(1-R-Ind)Pd(Rf@I] (R = H (1), Me
studies have shown that Nind complexes can promote the (2)) with MeMgCl, AgBF/PPh and AgOTf, respectively.
dehydrogenative oligomerization of hydrosilanes and their Single-crystal X-ray diffraction studies on complex@$[BF],
additions to olefins and keton&4:1170ur initial explorations 6, and7 have shown thqt Pdind interactions are influenced
on the reactivities of analogous Pthd complexes indicated ~ PY the nature of the X ligands, the overall charge, and, to a
that the complexes and2 promote partial conversion of PhSjH !ess_er extent, the Ind substituents. The lability of the OTf m_0|e_ty
to products of a redistribution process (BfHs_n) and small in tnfl_ate complex7 has allowed us to generate the new cationic
amounts of SiSi bond-containing products. These findings SPECIES [IndPd(PRJL)] * (L = PPh, PMe;, CH:CN, PhCN,
motivated us to investigate the reactivities of the-Rke and t-BUNC). Exploring the reactivites of complexgsand8 with
Pd—OTf complexes3, 4, 7, and8 with PhSiH, as follows. o!eflns has shown that these comple_xes isomerize 1_—hex_ene,

Addition of 100 equiv of PhSikito CsDs solutions of the Pd dimerize ethylen_e and_ styrene, dimerize and trimerize
complexes at room temperature caused an immediate darkening-fluorostyrene, oligomerizp-X-styrenes (X= NH, Me), and
of the reaction mixture and led to a concomitant evolution of Polymerize p-methoxystyrene. A brief examination of the
gas. Monitoring the reaction mixtures By NMR spectroscopy reactivities of t_h(_ase complexes with hydrosilanes has _showr_l that
indicated that ca. 20% of PhSikivas consumed over 20 min, they are inefficient promoters of the dehydrogenative oligo-
after which the reaction subsided almost completely and an Merization of PhSikibut catalyze the addition of HSigto
insoluble solid accumulated in the bottom of the NMR tube. Styrene and phenylacetylene.

The reactions promoted by the P@Tf complexes showed new The results of this study indicate that, contrary to our
signals characteristic of the dimer (Py8#), (<5%), leading ~ €Xpectations, the preparations of (R-Ind)M(L)(X) complexes are
us to conclude that these complexes do activate théi®ionds more difficult for Pd relative to those for Ni, especially those

in PhSiky and promote the formation of +HH!8 and Si-Si derivatives bearing Ind substituents other than Me. Moreover,
bonds, albeit fairly inefficiently. On the other hand, no new although the catalytic properties of the Pd complexes comple-
signa| was detected in the reactions of the-Rte precursors. ment those of their Ni COUnterpartS, the reactivities of thednd
We speculate that these complexes promote the redistributionPd compounds appear to be less easy to control and modulate.
of Si—Ph and Si-H bonds in the initially formed (PhSiH}o On the other hand, recent investigations have pointed out that
give Sity (gas) and insoluble, cross-linked oligomers. another difference between these analogous complexes is the

The low degree of substrate conversion and the difficulties fairly easy access to aminopalladium derivatives;éf and
in identification of the products of the above reactions prompted #*-Ind and dimericg-Ind)Pd—Pd species. Studies are currently
us to shift the focus of our studies away from silane O|igomer- UnderWay on the preparation, Characterization, and reactivities
ization and onto hydrosilylation reactions. Initial tests with a Of new Ind-Pd complexes and will be communicated in due
range of different olefins and silanes showed that all complexes COUrSE.

1—-8 can promote the addition of HSiCto styrene with the
exclusive formation of 1-phenyl-1-(trichlorosilyl)ethdfien
good yields (Table 5). Addition of HSigto phenylacetylene
was also examined briefly and found to give a mixture of the
o-andg-addition products Ph(SigJC=CH, and E)-PhCH=CH-

Experimental Section

General Comments.All manipulations and experiments were
performed under an inert atmosphere using standard Schlenk
techniques and/or a nitrogen-filled glovebox. Dry, oxygen-free

(17) Chen, Y.; Sui-Seng, C.; Zargarian, Drganometallics2005 24, solvents were prepared by distillation from appropriate drying agents
149. and employed throughout. The syntheses of (Ind)Pd{€Pi{l1)
(18) It is worth noting that the evolution of Hrom the reactions of and (1-Me-Ind)Pd(PR)CI (2) have been reported previousigll

Ph(sligg’ E"’;)thllgggs'\r']ii Cﬁ’_”,"piﬂﬁrxzﬁz hgs, t;gf;ygggerff’ '?;?J\j/iioﬁg!y;rorii . other reagents used in the experiments were obtained from

Uozomi, Y.J. Org. Chem2001, 66, 1441. (b) Bringmann, G.; Wuzik, A;
Breuning, M.; Henschel, P.; Peters, K.; Peters, E.-Mtrahedron:
Asymmetry1999 10, 3025. (c) Uozomi, Y.; Tsuji, H.; Hayashi, T. Org.
Chem.1998 63, 6137. (d) Ricard, L.; Marinetti, AOrganometallicsL994 Takahashi, M.; Kurita, A.; Murata, M.; Kumada, Mrganometallics1982
13, 3956. (e) Marinetti, ATetrahedron Lett1994 35, 5861. (f) Tsuji, J.; 1, 355. (c) Auner, N.; Wagner, C.; Ziche, \&. Naturforsch.B 1994 49h,
Hara, M.; Ohno, K.Tetrahedron1974 30, 2143. 831.

(20) (a) Brook, M. A.; Neuy, AJ. Org. Chem.199Q 55, 3609. (b)
Tamao, K.; Yoshida, J.-l.; Yamamoto, H.; Kakui, T.; Matsumoto, H.;
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commercial sources and used as received. The elemental analyseslHz): ¢ 40.61 (s). Anal. Calcd for &H,sPPdH0: C, 65.06; H,

were performed by the Laboratoire d’Analyse’ fakntaire (Uni-
versite de Montral). Bruker ARX400, AV400, AMX300, and
AV300 spectrometers were employed for recordiag(400 and
300 MHz),13C{1H} (100.56 and 75.42 MHzJ*P{'H} (161.92 and
121.49 MHz), and®F{H} NMR spectra (376.31 and 282.23 MHz)
at ambient temperature. ThiH and 3C NMR spectra were

5.26. Found: C, 65.63; H, 5.19.

Synthesis of (1-Me-Ind)Pd(PPB)Me (4). A solution of MeMgCl
(93 uL of a 3 M solution in THF) was added dropwise to a solution
of (1-Me-Ind)Pd(PP}CI (2) (165 mg, 0.309 mmol) in benzene
(25 mL) at 10°C. The resulting brown mixture was stirred for
approximately 45 min, filtered, and evaporated to dryness. The

referenced to solvent resonances, as follows: 7.26 and 77.16 ppmyesidue was precipitated from £thexane at-22 °C to give an

for CHCI; and CDCl3, respectively, and 7.16 and 128.06 ppm for
CeDsH andCgDg, respectively. Thé'P and'®F NMR spectra were
referenced, respectively, to 85%P0D, (0 ppm) and GHsCF3
(—63.9 ppm). The IR spectra were recorded on a Perkin-Elmer 1750
FTIR instrument (4008450 cnT?) with samples prepared as KBr
pellets.

Crystal Structure Determinations. The crystal data for complex
5[BF,] were collected on a Nonius CAD-4 diffractometer with
graphite-monochromated CuoKradiation at 293 K using the
CAD-4 software?! Refinement of the cell parameters was done
with the CAD-4 software, while the data reduction used NRC-2
and NRC-2A%2 The crystal data for complexe% 6, and7 were
collected on a Bruker AXS Smart 2K diffractometer using
SMART 2% Graphite-monochromated Cwkradiation was used at
223 K. Cell refinement and data reduction were done using
SAINT.2* All structures were solved by direct methods using
SHELXS97° and difmap synthesis using SHELXL9%the refine-
ments were done oR? by full-matrix least-squares methods. All
non-hydrogen atoms were refined anisotropically, while the hy-
drogens (isotropic) were constrained to the parent atom using a
riding model. The crystal data and experimental details are given
in Tables 1 and 2, while selected bond distances and angles ar
given in Tables 3 and 4. The OTf moiety in the crystal structure of
7 was disordered over two positions, with occupancies of 0.54 and
0.46. Two positions were also found for the counterion, BRthe
structures ob[BF,4] and 6 with occupancy factors of 0.54/0.46 and
0.50/0.50, respectively. One of the solvent molecules 4@}
present within the crystal structure 6fwas also disordered over
two positions (occupancies of 0.62 and 0.38). Each of the disorders
was refined anisotropically using restraints (SAME/SADI/EADP/
DFIX) applied in order to improve the model.

Synthesis of (Ind)Pd(PPR)(Me) (3). A solution of MeMgCl
(256uL of a 3 M solution in THF) was added dropwise to a solution
of (Ind)Pd(PPB)CI (1; 400 mg, 0.77 mmol) in EO (80 mL) at
room temperature. The resulting orange mixture was stirred for
approximately 1.5 h, filtered, and concentrated to give an orange
precipitate, which was isolated by filtration (110 mg, 29%).
Recrystallization of this solid from a cold f/hexane solution
yielded crystals suitable for X-ray diffraction studies and elemental
analysisH NMR (C¢Dg, 300 MHz): ¢ 7.32-7.26 (m, PP¥§), 7.21
(pseudo dd3Jy—y = 2.9 Hz,H, andHy), 7.08 (pseudo dcfJy—n
= 2.9 Hz,Hs andHg), 6.99-6.96 (m, PP}), 6.62 (t,3Jy_n = 3.1
Hz, Hz), 5.26 (pseudo ﬁJHfH = 3.5 Hz,H, anng), 0.57 (d,ZJpr
= 4.8 Hz, Pd-CH3). 13C{H} NMR (C¢Dg, 100.56 MHz): 6 134.19
(d,2Jc—p = 13.5 Hz,Cyrtno), 133.8, 132.45, 131.79, 131.54, 130.22
(S, Cparg, 128.51 (d3Jc—p = 11.8 Hz,Crnery, 126.62, 124.00, 122.20
(s, Cs andCg), 117.21 (sC, andCy), 108.59 (sC,), 83.37 (s,.C;
and Cg), —18.33 (d,2Jc—p = 12.6 Hz, Pa-Me). 3P{*H} NMR
(CDCls, 161.92 MHz): 6 39.81 (s)31P{1H} NMR (C¢Ds, 121.49

(21) CAD-4 Software, Version 5.0; Enraf-Nonius: Delft, The Nether-
lands, 1989.

(22) Gabe, E. J.; Le Page, Y.; Charlant, J.-P.; Lee, F. L.; White, .. S.
Appl. Crystallogr.1989 22, 384.

(23) SMART, Release 5.059: Bruker Molecular Analysis Research Tool;
Bruker AXS Inc., Madison, WI 53719-1173, 1999.

(24) SAINT, Release 6.06: Integration Software for Single-Crystal Data;
Bruker AXS Inc., Madison, WI 53719-1173, 1999.

(25) Sheldrick, G. M. SHELXS: Program for the Solution of Crystal
Structures; University of Gtingen, Gadtingen, Germany, 1997.

(26) Sheldrick, G. M. SHELXL: Program for the Refinement of Crystal
Structures; University of Gtingen, Gatingen, Germany, 1997.

orange powder (35 mg, 22%)H NMR (CDCl;, 300 MHz): ¢

7.35-7.30 (m, PP}, 7.15 (m, PPhandH-), 7.00 (t,3J4_n = 7.3
Hz, Hg), 6.88 (t,3J4—n = 7.1 Hz,Hs), 6.78 (d,3Jy—n = 6.9 Hz,
H4), 6.41 (d,sJHfH =27 HZ,Hz), 5.34 (S,Hg), 2.07 (d,4\]H7P =

5.7 Hz, 1Me-Ind), —0.12 (d,2Jy—p = 4.1 Hz, (Hs—Pd).13C{1H}

NMR (CgDg, 100.56 MHz): ¢ 138.19, 134.61 (d2Jc—p = 14.7
Hz, Cortho), 132.11, 131.43, 129.99 (€pary, 128.76 (d,2Jc-p =

10.2 Hz,Cpety, 126.46, 124.92, 123.91, 122.40 &), 121.64 (s
Cs), 119.25 (sCy), 116.61 (sC7), 115.53 (sCy), 109.42 (sCy),

81.52 (s,C3), —9.32 (br, Pd-Me). 31P{1H} NMR (CsD¢, 161.92
MHz): ¢ 40.24 (s).

Synthesis of [(Ind)Pd(PPh),]BF4 (5[BF4]). A mixture of (Ind)-
Pd(PPB)CI (1; 130 mg, 0.25 mmol), AgBF(49 mg, 0.25 mmol),
and PPh (60 mg, 0.25 mmol) was stirred in GBI, (15 mL) for
1.5 h at room temperature and filtered to remove AgCl. Concentra-
tion of the filtrate to ca. 5 mL, followed by addition of 10 mL of
Et,0, gave a red-orange precipitate, which was isolated by filtration
(180 mg, 87%). Recrystallization of a small portion of this solid
from a cold CHCI,/Et,O solution yielded crystals suitable for X-ray
diffraction studies and elemental analysid. NMR (CDCls;, 300
MHz): 6 7.74-7.21 (m, PPhand protons of Ind), 7.267.04 (m,

%Ph and protons of Ind), 6.21 (ddJu—n = 2.8 Hz,H; andH>),

5.48 (q,3J4_n = 3.9 Hz,H; andHs). 3C{'H} NMR (CDCls, 75.40
MHz): 6 133.54 (t2Jc—p = 5.9 HZ,Corng), 131.43 (SCpard, 130.16
(d, Yc-p = 46 Hz, Cipso), 130.17(sCs andCg), 129.06 (pseudo t,
3Jc—p = 5.3 HZ,Cnetd, 127.94 (sC4 andCy), 118.83 (sC»), 95.46
(pseudo t2Jc—p = 11.6 Hz,C; and C3). 3'P{'H} NMR (CDCl;,
121.49 MHz): 6 27.66 (s). Anal. Calcd for gH3/BF,P,Pd: C,
64.89; H, 4.48. Found: C, 64.36; H, 4.29.

Synthesis of [(1-Me-Ind)Pd(PPh);]BF, (6). A mixture of
(1-Me-Ind)Pd(PP¥CI (2; 100 mg, 0.19 mmol), AgBF(37 mg,
0.19 mmol), and PRN(50 mg, 0.19 mmol) was stirred in GBI,
(15 mL) for 3 h atroom temperature and filtered to remove AgCI.
Concentration of the filtrate to ca. 5 mL, followed by addition of
ca. 15 mL of E4O, gave an orange precipitate, which was isolated
by filtration (144 mg, 90%). Recrystallization of a small portion
of this solid from a cold ChCl,/hexane solution yielded crystals
suitable for X-ray diffraction studies and elemental analyXis.
NMR (CDCl;, 400 MHz): ¢ 7.42-6.92 (m, PPhand protons of
|nd), 6.53 (d,SJHfH = 7.3 Hz,Hsor H7), 6.23 (d,BJHfH = 7.7 Hz,
H7 or Hy), 5.08 (dd 2J4—p = 3 Hz,H3), 1.29 (dd2Jy-p = 11.4 and
11.5 Hz, 1MeInd). 3C{1H} NMR (CDCl;, 100.56 MHz): 6
133.46 (dd2Jc—p = 26.7 Hz,*Jc—p = 11.8 Hz,Corno), 131.45 (dd,
achp =4.8 HZ,4chp =21 HZ,C3a), 131.11 (dd,{]cfp =111
Hz, Jc_p = 2.8 Hz,Cpary, 130.19 (ddNcp = 45.4 HZ,3Jc p =
2.1 Hz,Cipso), 128.70 (dd3Jc—p = 11.1 Hz,%Jc—p = 2.1 HZ,Crerd,
128.38 (dd2Jc—p = 42.9 Hz,3)c—p = 1.4 Hz,C7,), 128.07 (sCs
or Cg), 126.96 (sCs or Cs), 118.24 (sC, 0r C;), 117.38 (sC; or
Cy), 114.06 (dd2Jc—p = 19.4 Hz,2)c_p = 4.2 Hz,Cy), 112.26 (t,
2Jc—p = 6.2 Hz,Cy), 90.15 (dd2Jc—p = 19.4 Hz,2)c—p = 4.9 Hz,
Cs), 11.67 (d2Jc—p = 4.8 Hz,Me). 31P{*H} NMR (CDCl;, 121.49
MHz): 6 29.94 (d,2Je—p = 58.5 Hz, PP}), 28.60 (d 2Jp_p = 58.5
Hz, PPR). Anal. Calcd for GeHsoP.BF,Pd1.5CHCI,: C, 58.55;
H, 4.34. Found: C, 58.16; H, 4.28.

Synthesis of (Ind)Pd(PPR)(OTf) (7). A mixture of (Ind)Pd-
(PPR)CI (1; 250 mg, 0.48 mmol) and AgOTf (186 mg, 0.72 mmol)
was stirred in CHCI, (50 mL) for 2 h atroom temperature and
filtered to remove AgCI. Evaporation of the filtrate to dryness and
crystallization of the residue fromgBg/hexane at room temperature
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gave the product as a brown-red precipitate (250 mg, 83%).
Recrystallization of a small portion of this solid from gHe/hexane
solution yielded crystals suitable for X-ray diffraction studies and
elemental analysi$H NMR (CDClz, 400 MHz): 6 7.42-7.34 (m,
PPh), 7.32 (d,2Jy—p = 7.3 Hz,H5), 7.15 (t,3Jy—n = 7.4 Hz,Hg),
7.04 (d,33y—n = 8.9 Hz,H,), 6.87 (t,°J4—n = 7.4 Hz,Hs), 6.77
(br, Hy), 6.29 (dy3\]H—H = 7.4 Hz,H,), 4.68 (s,Hs). 13C{ 1H} NMR
(CDCls, 100.56 MHz):6 136.74 (s,C79, 135.57 (sCsq), 133.72
(d, 2Jc—p = 12.3 Hz,Coring), 131.42 (SCpary, 130.09 (d,XJcp =
45.5 Hz,Cipso), 129.06 (d3Jc—p = 9.9 Hz,Cpnerd, 128.65 (sC),
127.65 (sCs), 121.24 (SC7), 117.65 (SCy4), 111.78 (sCy), 102.51
(s,Cy), 73.18 (sCs). Thel3C NMR resonance of the triflate group
could not be detected’P{'H} NMR (CDClz, 161.92 MHz): 6
29.12 (s)H{*H} NMR (CDCl;, 376.31 MHz):0 —80.06 (s). Anal.
Calcd for GgH2,0sFsPSPd: C, 53.13; H, 3.50; S, 5.07. Found: C,
53.06; H, 3.31; S, 4.69.

Synthesis of (1-Me-Ind)Pd(PPB)(OTf) (8). A mixture of
(1-Me-Ind)Pd(PP$)CI (2; 450 mg, 0.84 mmol) and AgOTf (325
mg, 1.27 mmol) was stirred in GE&l, (50 mL) for 2 h atroom
temperature and filtered to remove AgCl. Evaporation of the filtrate
to dryness and crystallization of the residue frogHghexane at
room temperature gave a brown-red powder (430 mg, 79Pb).
NMR (CDCls, 400 MHz): 6 7.43-7.37 (m, PP¥), 7.32 (d,?Jy—n
= 7.7 Hz,Hy), 7.16 (1,34 = 7.8 Hz,He), 6.87 (t,3J4_y = 7.5
Hz, Hs), 6.55 (br,Hy), 6.13 (d,2Jy—n = 7.3 Hz,Hy), 4.54 (s,Ha3),
2.09 (d,“Jy—p = 11.3 Hz,CHy). 3'P{H} NMR (CDCl;, 161.92
MHz): 6 31.39 (s)29F{H} NMR (CDCl, 376.31 MHz):0 —80.51
().

Ligand Substitution Reactions with 7.Substitution of the OTf
ligand in7 by L was monitored by spectroscopy, without isolating
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[(Ind)Pd(PPhg)(t-BuNC)][OTf] (12). *H NMR (CDCls, 300
MHz): 6 7.62—7.24 (m, protons of Ind and PRh7.22-7.12 (m,
protons of Ind and PR}y 7.10-6.95 (m, protons of Ind), 6.69 (br,
Hy), 6.32 (d,3Jy—n = 7.5 Hz, Hy), 5.35 (br,H3), 1.15 (s, CNC-
(CHg)3). 31P{'H} NMR (CDCl;, 121.49 MHz):6 30.05.1°F{1H}
NMR (CDCls, 282.23 MHz):0 —78.2 (s). IR (KBr, cn?): 2206
(s).

Dimerization of Ethylene Catalyzed by Complexes 7 and 8.
Ethylene was bubbled through CQGblutions of7 and8 (20 mg
in 1 mL) for ca. 5 min prior to analysis by NMRH NMR (CDCls,

400 MHz): 1.61 (d3J4—n = 5.0, CH of (2)-butene), 1.64 (dd,
8J4-n = 5.0 Hz,%Jy—n = 1.2 Hz, CH of (E)-butene), 5.44 (m,
vinylic H for both (2)- and E)-butenes).

Dimerization of Styrene Catalyzed by Complexes 7 and 8.
Styrene (12%L, 1 mmol) was added to a CD&$olution of 7 or
8 (10 mg in 1 mL), and the sample was placed in an ultrasonic
bath for 15 h to ensure mixing. Analysis B NMR showed a
near-complete conversion of styrene to the dinZg+1(,3-diphenyl-
1-butenelH NMR (CDClz, 400 MHz): ¢ 7.18-6.98 (m, protons
of Ph), 6.29 (br, PhB8=), 6.26 (dd,*Jy—y = 1 and 6.1 Hz), 3.38
(quintuplet,Jy—y = 6.74 Hz, ), 1.27 (d,J4—n = 7.1 Hz, H5).
The GC/MS analysis of the NMR mixtures showed the presence
of the dimer 1,3-diphenyl-1-butene (¥ m/z 208; M+ — CHyz",
m/z 193; M+ — PhH, m/z 130; Mt — (PhH + CHg*), m/z 115;
etc.), traces of styrene trimer for which the fragmentation pattern
was nearly identical with that of the dimer, with the exception of
the parent ion peak (M, m/z 312), and traces of IndC(PKCH,
(M**, m/z 218; Mt — CHg’, m/z 203; M" — C(Ph}=CH,, m/z
115).

Reaction of Complex 7 with p-Fluorostyrene. This reaction

the resulting adducts. These reactions were carried out by addingyyas carried out in CDGlat room temperature using 100 equiv of

1 equiv of L to a 0.5 mL CDGlsolution of7 (ca. 0.03 mmol) in

p-fluorostyrene. After the sample was agitated in an ultrasonic bath

an NMR tube. The NMR spectra of these samples were then for 24 h, the mixture was subjected to NMR and GC/MS analyses

measured at room temperature. The data are given below.

[(Ind)Pd(PPhy3),][OTf] (5[OTf]). *H NMR (CDCls, 300
MHz): 6 7.43-7.26 (m, PPhand protons of Ind), 7.227.02 (m,
PPh and protons of Ind), 6.196.22 (m,H, andHy), 5.48-5.44
(m, Hy andHjz). 13C{H} NMR (CDCls, 75.40 MHz):6 133.77 (t,
2Jc-p = 5.9 Hz, Coring), 131.68 (5,Cparg, 130.04 (d,"c—p = 46
Hz, Cipso), 129.38 (pseudo 8Jcp = 5.3 Hz,Cpery, 128.38 (sCs
and Cg), 118.88 (s,C, and Cy), 113.11 (s,Cy), 95.35 (pseudo t,
2Jc—p = 11.6 Hz, C; and Cj). 3P{1H} NMR (CDCl;, 121.49
MHz): 6 27.73 (s).**F{*H} NMR (CDCl;, 282.23 MHz): o
—78.19 (s).

[(Ind)Pd(PPh3)(PMe3)][OTH] (9). 3'P{*H} NMR (CeDg, 161.92
MHz): 6 30.05 (d,2Jp—p = 59.7 Hz),—16.66 (d,2Jp—p = 59.7 Hz).
19F{1H} NMR (CDCls, 376.31 MHz):0 —80.9 (s).

[(Ind)Pd(PPh3)(CH3CN)][OTf] (10). 'H NMR (CDCls, 400
MHz): 6 7.55-7.45 (m, PP}, 7.36-7.27 (m, PP}), 7.16 (t,3J4—n
= 7.6 Hz,Hg), 7.05 (br,H; andHy), 6.92 (t,3J4—n = 7.6 Hz,Hs),
6.72 (pseudo fb:JHfH =3.6 HZ,Hz), 6.24 (d,B‘JHfH =76 HZ,H4),
5.04 (br, Hs), 2.07 (s,MeCN). 3C{1H} NMR (CDCl;, 100.56
MHZz): 6 135.47 (5C74), 134.59 (sCsy), 133.77 (d2)c—p = 12.5
Hz, Cortho), 131.61 (SCparg, 129.28 (d3Jc—p = 11.09 Hz,Cretd,
128.97 (sCs), 128.04 (sCs), 122.34 (sC7), 118.92 (sCy), 112.09
(s, Cy), 101.14 (d,2)c—p = 18.6 Hz,Cy), 77.17 (s,C3), 3.14 (s,
CH3CN). 31P{1H} NMR (CgDg, 121.49 MHz):0 31.05 (s)1°F{H}
NMR (CDCls, 376.31 MHz):6 —80.8 (s). IR (KBr, cml): 2291
(w), 2247 (w), 2186 (w).

[(Ind)Pd(PPhg)(PhCN)][OTf] (11). 'H NMR (CDCls, 400
MHz): 6 7.63-7.34 (m, PPhand protons of Ind), 7.317.27 (m,
protons of Ind and PhCN), 7.3%.15 (m, protons of Ind and
PhCN), 7.09-7.04 (m, protons of Ind and PhCN), 6.94 {4
= 7.6 Hz,Hs), 6.87 (pseudo 34—y = 2.7 Hz,H>), 6.24 (d,3J4-n
= 7.6 Hz,Hy), 5.07 (br,H3). 3*P{1H} NMR (C¢Dg, 121.49 MHz):
0 30.97 (s)1%F{1H} NMR (CDCls, 376.31 MHz):0 —80.6 (s). IR
(KBr, cm™1): 2227 (m).

that showed complete conversion of the monomer to dimeric and
trimeric species!H NMR (CDCl;, 400 MHz): 6 7.39-7.01 (m,
protons of Ph), 6.456.31 (m, G4=), 3.69 (quintupletJy—n =

6.9 Hz, H), 1.52, 1.34 (dJy—n = 7.1 Hz, H3). The GC/MS
analysis of the sample showed the presence of the dimer (two
isomers, totaling 66%) and a trimer (34%). The fragmentation
patterns for the two isomers of the dimer were nearly identical:
M**, m/z 244; M+ — CHg*, m/z 229; M+ — (CHz* + CgHsF), m/z

133; [FGH4CH]**, m/z 109. The fragmentation pattern for the
trimer was nearly identical with that of the dimers, with the
exception of the parent ion peak (M n/z 366).

Reaction of Complex 7 with p-X-Styrenes (X = NH,, Me,
OMe). The reaction op-aminostyrene was carried out on an NMR
scale using 100 equiv of substrate (148) in CDClIs, at room
temperature, for 24 h. The reactions with=X Me, OMe were
carried out by stirring a mixture of (ca. 20 mg, 0.0316 mmol)
and a large excess of the olefin (4.25 mL, 1000 equiv) in toluene
(4 mL) for 24 h at room temperature. Evaporation of the solvent
and unreacted styrene gave an off-white solid, which was isolated
and subjected to NMR and GPC analyses (in THF, relative to poly-
(styrene) standards), as follows.=XNH,: 150 mg, 100% vyield;
My, ~ 1050,M,/M, ~ 1.3,M,, &~ 1250;*H NMR (CDCl;) 6 7.08
(br), 6.72-6.48 (m), 4.49 (br), 3.79 (br) 2.49 (br), 1.87 (br), 1.32
(br). X = Me: 3.7 g, 88% yieldM,,/M, ~ 1.4;'H NMR (CDCl3)

0 7.33 (br), 6.59 (br), 2.55 (br), 1.46 (br). % OMe: 4.1 g, 96%
yield; M, &~ 29 000,M,//M, ~ 3.2;H NMR (CDCl;) 6 6.62 (br),
3.79 (br), 1.82 (br), 1.42 (br).

Reactivities of Complexes 7 and 8 with 1-Hexen&lonitoring
the reaction of 1-hexene (0.1 mL, 0.80 mmol, 1.6 M in CECI
with complexes’ and8 (ca. 10 mg, 0.016 mmol, 0.032 M in CD{I
by IH and3C{1H} NMR spectroscopy indicated the slow formation
of (E)- and @)-2-hexenes (75:25) over 24 FC{H} NMR data
for (E)-2-hexene:d 13.8, 18.0, 22.7, 34.9, 124.8 and 131%&{1H}
NMR data for @)-2-hexene:  12.8, 14.1, 25.7, 29.1, 123.9,
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131.0. The GC/MS analysis of the NMR mixture for the reaction (d, 3Jy_y = 16 Hz, =CHSICl); for 1-phenyl-1-(trichlorosilyl)-
with complex7 showed the presence of hexenes and traces of 1,3- ethylenep 7.70-7.50 (m, protons of Ph), 6.28 and 6.04%sCH,).
hexenylindene: M, m/z198; M — 15 (CHs); M*t — 29 (CH.- The GC/MS analysis of the NMR mixtures showed the presence
CHa); M+ — 43 (Pr); M* — 57 (Bu); etc. of the hydrosilylation product (M, mz 237).

Hydrosilylation of Styrene. The following general procedure
was followed for the NMR-scale hydrosilylation experiments: to
a CDC solution of styrene and HSi€(180-230uL, 100 equiv
of each) was added the IndPd complex (ca. 10 mg, 0.02 mmol),

and the sample was kept in an ultrasonic bath for 24 h to ensure . 9 , -
agitation and homogeneity. Analysis Bfi NMR (CDCls, 400 D.Z.) and Universitele Montfal (scholarships to C.S.-S.). We

MHz) showed the formation of 1-phenyl-1-(trichlorosilyl)ethane; &re also indebted to Julie Boivin for help with the GPC analyses,

7.19-7.11 (m, protons of the Ph), 2.56 -1 = 7.5 Hz, ¢H), to Johnson Matthey for the generous loan of Bd@ Dr. M.

1.41 (q3J_n = 7.5 Hz, GHs). These data match literature valdes, ~ Simard and Mme F. Banger-Garipy for their assistance with

The GC/MS analysis of the NMR mixtures showed only the the X-ra_y diffraction studies, and to Prof. F. Schaper for helpful

hydrosilylation product (M, miz 239). The conversions were discussions.

determined on the basis of thel NMR spectra of the reaction

mixture; this was deemed as a reliable measure of the yields because Supporting Information Available: Complete details of the

no other products were detected in these reactions. X-ray analysis of3 and 5—7, including tables of crystal data,
Hydrosilylation of Phenylacetylene. The following general  cojlection and refinement parameters, bond distances and angles,

procedure was followed for the NMR-scale hydrosilylation experi-  anjsotropic thermal parameters, and hydrogen atom coordinates.

ments: to a CDGlsolution of PhGCH and HSiC} (190-210 This material is available free of charge via the Internet at http://

uL, 100 equiv of each) was added t_he precursor 90mp13>8( pubs.acs.org. These data have also been deposited at the Cambridge

ca. 10 mg) and the sample placed in an ultrasonic bath for the Crystallographic Data Centre (CCDC 2837®83703). These data

duration of the reaction to ensure agitation and homogeneity. .4 e obtained free of charge via www.ccdc.cam.ac.uk/data_re-

Analysis by*H NMR (CeDs, 400 MHz) showed that phenylacety-  q,est/cif, by emailing data_request@ccdc.cam.ac.uk, or by contact-

lene had been completely hydrosilylated into a 1:1 mixture of ing the Cambridge Crystallographic Data Centre, 12, Union Road,

1-phenyl-2-(trichlorosilyl)ethylene and 1-phenyl-1-(trichlorosilyl)- ; B2 1EZ. UK. fax-44 122
ethyleneH NMR: for 1-phenyl-2-(trichlorosilyl)ethylene} 7.85 Cambridge C UK. Ta 3 336033.

(d, 334_n = 16 Hz, PhGi=), 7.70-7.50 (m, protons of Ph), 6.93  OMO050826F
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