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Abstract: To determine the trans effect on the rates of reductive eliminations from arylpalladium(ll) amido
complexes, the reactions of arylpalladium amido complexes bearing symmetrical and unsymmetrical DPPF
(DPPF = bis(diphenylphosphino)ferrocene) derivatives were studied. THF solutions of LPd(Ar)(NMeAr')
(L = DPPF, DPPF—OMe, DPPF—CF3;, DPPF—OMe,Ph, DPPF—Ph,CF;, and DPPF—OMe,CF3; Ar = CgHy-
4-CF3; Ar' = CgHs-4-CHgs, Ph, and C¢H4-4-OMe) underwent C—N bond forming reductive elimination at
—15 °C to form the corresponding N-methyldiarylamine in high yield. Complexes ligated by symmetrical
DPPF derivatives with electron-withdrawing substituents on the DPPF aryl groups underwent reductive
elimination faster than complexes ligated by symmetrical DPPF derivatives with electron-donating
substituents on the ligand aryl groups. Studies of arylpalladium amido complexes containing unsymmetrical
DPPF ligands revealed several trends. First, the complex with the weaker donor trans to nitrogen and the
stronger donor trans to the palladium-bound aryl group underwent reductive elimination faster than the
regioisomeric complex with the stronger donor trans to nitrogen and the weaker donor trans to the palladium-
bound aryl group. Second, the effect of varying the substituents on the phosphorus donor trans to the
nitrogen was larger than the effect of varying the substituents on the phosphorus donor trans to the palladium-
bound aryl group. Third, the difference in rate between the isomeric arylpalladium amido complexes was
similar in magnitude to the differences in rates resulting from conventional variation of substituents on the
symmetric phosphine ligands. This result suggests that the geometry of the complex is equal in importance
to the donating ability of the dative ligands. The ratio of the differences in rates of reaction of the isomeric
complexes was similar to the relative populations of the two geometric isomers. This result and consideration
of transition state geometries suggest that the reaction rates are controlled more by substituent effects on
ground state stability than on transition state energies. In addition, variation of the aryl group at the amido
nitrogen showed systematically that complexes with more electron-donating groups at nitrogen undergo
faster reductive elimination than those with less electron-donating groups at nitrogen.

Introduction weakerr-acceptor or stronger-donoré’ The electronic proper-
ties of two dative ligands within a chelating phosphine have
also been shown to affect the linear-to-branched ratio in
hydroformylatior$-° and to affect the rate of olefin insertion and

The trans effeét>—the effect of one ligand on the rate of
substitution of the ligand trans to-iis a classic phenomenon
in coordination chemistry. The origin of this effect is complex, ' ! & Al X )
but phosphines that are strongerdonors tend to impart a c-C bond-f_ormmg reductive elimination during asymmetric
stronger trans effect than those that are weaker ddnérs, hydrocyanationg?:t
Ligands located trans to the point of reaction are also known to ~ The influence of one ligand on the ground-state bonding
influence the rates and regiochemistry of classic organometallic Properties of the ligand located trans to it has also been studied
reactions. For example, attack of a nucleophile at the terminus €xtensively:®#15 A trans ligand has been shown to influence
of an allyl ligand located trans toraacceptor or weak-donor —
is known to be faster than attack at the terminus trans to the (® £23er.3 I, Lambert, C.; Mazzieri, M. R. Organomet. Chent 990
(7) Faller, J. W.; Mazzieri, M. R.; Nguyen, J. T.; Parr, J.; TokunagaPhte
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York, 1993. 19, 2065-2072.
(2) Collman, J. P.; Hegedus, L. S.; Norton, J. R.; Finke, RP@nciples and (9) Casey, C. P.; Paulsen, E. L.; Beuttenmueller, E. W.; Proft, B. R.; Matter,
Application of Organotransition Metal ChemistryJniversity Science B. A,; Powell, D. R.J. Am. Chem. S0d.999 121, 63—70.
Books: Mill Valley, CA, 1987. (10) Casalnuovo, A. L.; RajanBabu, T.V.; Ayers, T. A.; Warrens, TJHAm.
(3) Crabtree, R. HThe Organometallic Chemistry of the Transition Metals Chem. Soc1994 116, 9869-9882.
John Wiley & Sons: New York, 2001. (11) RajanBabu, T. V.; Casalnuovo, A. L.Am. Chem. So4996 118 6325-
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bond lengths and metaligand coupling constants. This phe- amide3°-57 or thiolaté®-6! undergo reductive elimination. In
nomenon has been named the “trans influerdéé>’ these cases, strong effects of the electronic properties of the
Electronic effects of the dative ligand have been typically covalent ligands on the rate of reductive elimination have been
interpreted in terms of the overall electron density at the metal observed. Thus, the dative ligand located trans to these groups
center216.17 The isomeric complexes would possess the same could influence the electronic properties of the covalent ligands
donor set at the metal but would differ by the orientation of the undergoing reductive elimination and, thereby, the overall rate
donors relative to the two groups undergoing reductive elimina- of reductive elimination.
tion. Considering the large effects of a trans ligand on reaction Because palladium-catalyzed carbon-heteroatom coupling
rates, regioselectivity, and ground state properties, one mightprocessed-6¢ have become powerful tools for organic synthesis
expect that the relative orientation of strong and weak dative and because carbon-heteroatom bond-forming reductive elimi-
ligands located trans to two electronically distinct covalent nation is the final step of these cycles, information on the
ligands might affect the rate of reductive elimination. This effect geometry of the species that undergoes reductive elimination
could be observed in two types of complexes. It could be would be valuable. In many cases, reductive elimination occurs
observed with complexes containing chelating ligands that are from a three-coordinate T-shaped complex with the two reacting
unsymmetrical or, in a more extreme case, with a T-shaped, groups located cis to each other and an open coordination site
three-coordinate complex containing a dative ligand trans to onelocated trans to one of the groups undergoing reductive
of the covalent ligands and an empty coordination site trans to elimination?3:16:52:54,62.64.6778 |n gther cases, chelating ligands

the other.
Many examples of reductive elimination occur between

are employed, and reductive elimination occurs from a four-
coordinate complex. Many of these chelating ligands are

groups with distinct electronic properties. In some cases, one unsymmetrical, with one of the two ligands of the chelate more
ligand is a hydride and one an alkyl, aryl, enolate or other electron-donating than the oth&®179-89 To determine the

carbon-bound ligand with varying degrees of electron-donating

ability.18735 In reaction intermediates that are common in

palladium-catalyzed cross-coupling, one ligand is often an (s5)
electron-poor aryl group and one an electron-rich aryl or alkyl

group36-29 Finally, complexes with one alkyl or aryl group and
one more weakly donating alkoxid&;4” carboxylate!s:49
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Jpn. 1981, 54 1857-1867.
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effect of geometry on this type of reductive elimination, we Scheme 1

prepared complexes with unsymmetrical chelating phosphines  pd(dba), Me,

and have measured the rate constants for reductive elimination ~ + N Ceta4-CFs
from the two isomeric species. Our data suggest that ground- 4-CF3CgHsl — /Pd\

state effects, or the “trans influence”, dominates the control of + N I
the rate of reductive elimination and that the effect of the TMEDA Mez 1

. . . . .- AI’Z Al’z
orientation of two ligands of unequal electron-donating ability SR CeMadCFs &R CeHad-CFs

[

is similar in magnitude to the effect of conventional variation Fe Pd KNMeAr'  Fe Pd
. . e / N\
of the overall donating property of the ligands. @_Kr/ N @_Kr NMeAr
2 2

Results 5:Ar=Ph 8 : Ar=Ph, Ar' = CgHs-4-Me

. iy Ar= iy 9 : Ar=Ph, Ar'=Ph

Design of the System for StudySeveral conditions must Sim- 82::182": 10 Ar = Ph. Ar = CeHz4-OMe

be met ensure that the differences in rates result from electronic 11 : Ar = CgH4-4-OMe, Ar' = CgHu-4-Me
effects and to observe directly the rates for reductive elimination | < &=—P(CgHs-4-X), 12 Ar = CgHy-4-CF, Ar' = CeHy-4-Me

from isomeric complexes. First, the ligand must possess two| Fe
sterically equivalent but electronically distinct donor sets. For @—p(oeH4-4-x)2
this reason, we have studied complexes with a chelating ligand| 2: X =H (DPPF)
containing two diarylphosphino groups bearing different para- | 3: X = OMe (DPPF-OMe)
. . . ! 4: X = CF3 (DPPF-CFj)
substituents. Second, a system must be devised in which the
rate of reductive elimination is faster than the rate of intercon- Palladium amido complexés-12were unstable and underwent
version of isomers. If the rate of elimination were slower than reductive elimination (vide infra) upon warming to room
the rate of interconversion, then the decay of both isomers would temperature.
occur with the same apparent rate constant, and the thermody- Thus, the amido complexes were characterizee-4% °C
namic ratio of the two isomers would be observed throughout by NMR spectroscopy. ThéP NMR spectrum of8—12
the reaction. For this reason, we have studied reactions ofcontained two doublet resonancéd$= 33—34 Hz). The lower
palladium complexes bound by an electron-poor aryl group and field resonance 09 was split into a doublet of doublets when
by N-methyl para-anisidine. Finally, the geometry of the two the N-methyl anilide was labeled withN (2Jpy = 49 Hz). The
isomers must be determined. Identification of the geometry was H NMR spectrum of12 showed 10 well-separated, singlet
difficult because of the large number of aryl groups in the resonances for the tolyl-methy;methyl, and eight inequivalent
complexes. Therefore, we prepared complexes with perdeute-Cp protons. Although théH NMR spectra of8—11 were not

rioaryl groups at phosphorus and wittN labeledN-methyl well resolved at a temperature that they did not decompose,
arylamides to determine the identity of the phosphino group the resonances of th&l-methyl groups of the palladium
located trans to the amide. complexes were observed clearly between 2.07 and 2.30 ppm.

Synthesis of Arylpalladium Amido Complexes Ligated by The N-methyl resonances of potassildrmethylanilide deriva-
Symmetric DPPF Derivatives.The synthesis of arylpalladium  tives are distinct (2.732.75 ppm) from the resonances of the
amido species ligated by symmetric DPPF derivatives (DPPF palladiumN-methylanilides. Thé°F NMR spectrum o8—11
= 1,1-bis(diphenylphosphino)ferrocene) is shown in Scheme showed one singlet resonance for the;GEbstituent on the
1. Reaction of symmetric 1;/bis(diarylphosphino)ferrocenes palladium-bound aryl group. TH8F NMR spectrum of DPPF

and TMEDA-ligated arylpalladium(ll) iodidd (TMEDA = CFs complex 12 consisted of five singlets. One resonance
N,N,N',N'-tetramethylethylenediamine) formed the arylpalladium corresponded to the palladium-bound aryl group, and four
iodide complexe$—7.90-93 Addition of a solution of5—7 in resonances were observed for the;@Foups of the ligand, as
THF to 1.1 equiv of the potassiuMrmethyl arylamides KNMe- a result of hindered rotation about the-Rd bond.

(CeH4-4-Me), KNMePh, or KNMe(GH4-4-OMe) in THF at Synthesis of Arylpalladium Amido Complexes Ligated by
—78 °C generated arylpalladium(ll) amido complexg@s12. Unsymmetrical DPPF Derivatives. The unsymmetrical dia-

rylphosphinoferroceness—18 were prepared by iterative lithia-

(82) Sakai, N.; Mano, S.; Nozaki, K.; Takaya, H.Am. Chem. 504993 115 tion of a bromoferrocene and quenching with the appropriate

(83) 73%?1?1}31%?,4,&.; Togni, A.; Wiesli, Urganometallics1997, 16, 255-260. chlorodiarylphosphine, as shown in Scheme 2. Monolithiation
(84) fgg%é&g%‘mmond' B.J.; D'Alliessi, D. G. Am. Chem. So@001, of 1,2-dibromoferrocerfé 13 and quenching with chlorodiphenyl-
(85) Gambs, C.; Consiglio, G.; Togni, Aels. Chim. Acta2001, 84, 3105~ phosphine or chlorodianisylphosphine generated the 1-diphe-
(86) 3615,1%5, C.: Chaloupka, S.; Consiglio, G.; Togni,Agew. Chem., Int. nylphosphino-Ebromoferrocenél4 and 1-dianisylphosphino-

Ed. Engl.200Q 39, 2486-2488. . ) 1'-bromoferrocendb. Lithiation of these bromophosphinofer-
®7) %%%i%%rf’ M. Takizawa, K-i.; Hayashi, Grganometallics2002 21, rocenes and quenching with the appropriate chlorodiarylphosphine

(88) Carraz, C.-A,; Ditzel, E. J.; Orpen, A. G.; Ellis, D. D.; Pringle, P. G.; Sunley, produced the unsymmetrica| bis(diary|phosphino)ferrocene de-
G. J.Chem. Commurk00Q 1277-1278.

(89) Redon, R.; Torrens, H.; Wang, Z.; Morales-Morales,JDOrganomet. rivatives16—18 (abbreviated as DPPFOMe,Ph (L6), DPPF
Chem.2002 654, 16-20. Ph,CR (17), DPPF-OMe,CF; (18), unless otherwise noted).

90) de Graaf, W.; B , J.; Smeets, J. J. W.; Spek, A. L.; Koten, G. __ ' ’ ' ’ , L

40) O?ga;?)?netallicsfgeésgms&,l 2907—?811?73_ be van RO & rhesip NMR spectrum of each unsymmetrical DPPF derivative

(91) de Graaf, W.; Van Wegen, J.; Boersma, J.; Spek, A. L.; van Koten, G. ~gnsisted of two singlets.
Recl. Tra. Chim. Pays-Ba4989 108(7-8), 275-277. . ; i .
(92) Alsters, P. L.; Jaap, B.; van Koten, Grganometallics1993 12, 1629- Synthesis of Arylpalladium Amido Complexes Ligated by
1638. ; ; ; ;
(93) Markies, B. A.; Canty, A. J.; de Graaf, W.; Boersma, J.; Janssen, M. D.; UnsymmEtrlcal Bis d|aryIphosphlnoferrocenes. TMEDA
Hogerheide, M. P.; Smeets, W. J. J.; Anthony, S. L.; van Koten).G.
Organomet. Chenml994 482, 191-199. (94) Teng-Yuan Dong, L.-L. LJ. Organomet. Cheni996 509, 131-134.
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Scheme 2 Reaction of potassiumi-methylarylamides with the arylpal-
1) n-BuLi ladium iodide complexes, as described above for the formation
?—Br 2) CIP(CgHg-4-X)2 ?P(CGH4'4'X)2 of the arylpalladium amides with symmetrical phosphines,
@Br @Br formed three sets of two regioisomeric ar'ylpallad.ium amido
3 12X =H complexes22a,b—24a,h All of these pa_llladlu_m _aml_do com-
15 X = OMe plexes 22a,b—24a,b underwent reductive elimination upon
1) n-BuLi warming to room temperature (vide infra) and were, therefore,
2) CIP(CgHs4-Y), == P(CeHa-4-X) characterized by NMR spectroscopic methods-46 °C. The
— > Fe 31P NMR spectrum of each regioisomeric mixture2%a,b—
@—P(CGH4'4'Y)2 24a,bat —45 °C consisted of two large and two small doublet
16:X=H, Y = OMe resonances witAJpp of 33—34 Hz. Although one of the higher
17:X=H,Y=CF3 field 3P NMR resonances @2ab and24ab and both higher
18:X=0OMe, Y = CF3 field resonances &*3ab were broad, the two lower field signals
Scheme 3 of each set of regioisomers were well-resolved and indicated
Ar that no equilibration between the two regioisomers occurred on
@—P\ /CsH4-4-CF3 the NMR time scale at-45 °C. The!®F NMR spectrum of the
Fe Pd regioisomeric mixture of DPPFOMe,Ph complexe&2aand
Mez CeH4-4-CF @—P/' \| 22b consisted of one large and one small singlet. TReNMR
[ Nod 16-18 Ari spectrum of DPPFPh,CE and DPPF-OMe,CR complexes
N/ \I Ary 23a,band24a,bcontained three large and three small singlets.
Me, 1 @—P\ Pyl These three singlets resulted from the palladium-bound aryl
Fe Pd group and the two phosphorus-bound aryl groups that are
&> g oH4-4-CF3 inequivalent because of hindered rotation about theNPdond.
Arlzl The two regioisomers d&f2aand22b were generated in a ratio
;g::g ﬁ; N Z"éé&ﬁ;”\":?fgm“ of 1:1.3 The regioisomers @#3aand23b were generated in a
21a,b : Ar = 4-CF3CgHg, Ar' = 4-MeOCgH, ratio of 1:3.0, and the regioisomers @#a and 24b were
Ar generated in a ratio of 1:5.8, as determined from the integral
@_P\ /CeHa-4-CF3 ratios of the'®>F NMR spectrum. Two clear resonances due to
Fe /Pd\ theN-methyl group of the palladium-bouridimethyl toluidides
KNM @—P, NMe(p-Tol) of 22a,b—24a,bwere observed between 2.12 and 2.27 ppm.
e(p-Tol) Ar'y
—_— + Use of Isotopic Labeling to Assign the Regiochemistry of

p-Tol = CgHy4-4-Me Ar
=P NMe(p-Tol)

Fe Pd
B
Ar'y
22a,b : Ar = Ph, Ar' = 4-MeOCgHy4
23a,b : Ar = 4-CF3CgHgy, Ar' = Ph
24a,b : Ar = 4-CF3CgHg, Ar' = 4-MeOCgHy4

N
CgHy-4-CF

ligated Pd(Il) complext was converted to three sets of two
regioisomeric arylpalladium iodide complexes (LPgfiGp-
CR)l) (19a,b—21a,b by ligand substitution ofl6—18 for
TMEDA (Scheme 3). ThéP NMR spectra ofl9a,b—21a,b
contained two sets of doublets corresponding to the two
regioisomers. The ratio df9ato 19b was 1:1.2. The ratio of
20ato 20bwas 1:2.7, and the ratio @lato 21bwas 1:7.2, as
determined from integration of thH and1°F NMR spectra.
Important for interpretation of the electronic effects in the
discussion section, the ratios of isomeric arylpalladium iodide
complexes observed in solution were equilibrium ratios. The
ratios of isomers were measured ¥ NMR spectroscopy at
different temperatures to determine if the complexes were
undergoing interconversion. The ratio of isomeric complexes

21a,bshould show the greatest temperature dependence because
the ratio of isomers was the largest. Thus, we evaluated the

Arylpalladium Complexes with Unsymmetrical Phosphine
Ligands. To assign the geometry of each regioisome22d,b—

24a,h two types of isotopically labeled compounds were
prepared. First, the amide was labeled WitN to reveal the
location of the two phosphorus atoms by the differenc&inp
coupling constants for the trans and cis phosphines. Second,
the aryl rings on one of the two diarylphopshino groups were
perdeuterated to identify which substituents were bound to the
diarylphosphino group that was located trans to the amide ligand.
Perdeuteration of the substituents on a phosphine leads to a large
change in3P NMR chemical shiff> Thus, the3lP NMR
resonance that is different between the deuterated and undeu-
terated complexes corresponds to the resonance of the group
that had been labeled.

The reaction ofl19a,b—21a,b with 1>N-labeled potassium
N-methylanilide at—45 °C generated the corresponding pal-
ladium amido specie®5a,b—27a,h The 3P NMR spectrum
of these regioisomers contained four resonances. The two peaks
at lower field were observed as doublet of doublet resonances
resulting from cis?P—31P and tran$'P—15N coupling. The two
higher field resonances were doublets resulting fron?is-
31P coupling and no additiond&P—1°N coupling. These data
indicate that the two lower field resonances2#a,b—27a,b

temperature dependence of the ratio of isomers of this set ofc0Trespond to the phosphorus atoms located trans to the amido

complexes. The ratio &lato 21bat —10 °C was 5.5:1. This
ratio decreased to 4.7:1 at 3C and to 4.0:1 at 90C. These
changes were fully reversible, and the equilibrium ratie-&a0
°C was observed after several minutes.
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group.

(95) Ankianiec, B. C.; Christou, V.; Hardy, D. T.; Thomson, S. K.; Young, G.
B. J. Am. Chem. S0d.994 116, 9963-9978.
(96) Siedle, A. R.; Newmark, R. Al. Am. Chem. S0d989 111, 2058-2062.
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Scheme 4 The assignment of th&'P NMR spectrum of the regioiso-
1) n-BuLi meric mixture of22aand22bis presented as an example. The
P(CgHa-4-X P(CgHg-4-X . .
==y P(CeHad-X)2 2) CIP(CeDy4-Y), =7 P(CoHad-X) 15\ labeling experiment showed that the twdP NMR
Fe Y =D or OCD3 Fe . . .
&g ——— &> pcpay) resonances at lower field (21.4 and 24.3 in a ratio of 1.3 to
15 : X = OMe A6din : X = SM“e v =2D 1) correspond to the phosphorus atoms located trans to the amido
28X = CF3 17.d:g "X=CFs3, Y=D group. Deuterium labeling of the diphenylphosphino group
18-dq4: X = CF3, Y = OCD3 altered the chemical shift of the resonance of the unlabeled
) complex atd 24.3. Thus, the resonance@®4.3 corresponds
Table 1. 3P NMR Spectroscopic Data of Labeled and Unlabeled . .
Complexes 19a,b—24a b to the diphenylphosphino group, and the resonanci 2t.4
- corresponds to the dianisylphosphino group. Thus, the minor
complex ratio trans .. . . . .
(labeled Ar) W Ad fomSF  ligand PAY, group regioisomer contains the amide trans to the diphenylphosphino
192.b(CaD9) 63 00 10 GHi4CH CHrd-OMe group, and the major regioisomer gontalns thg amide trans to
91 -04 12 GH4s4-CF CeDs the dianisylphosphino group. Similar analysis of the other
236 01 12 iodide §Hs-4-OMe complexes showed that the major regioisomer of each set of
208b(CD Zg-g :8-;‘ 1-8 'Og'di c 0@85 complexes22a,b—24a,b contains the aryl ligand trans to the
a,b(CeDs) 91 00 27 %_11:4:02 C2H2_4_CE phosphine donor that bears the less electron-rich aryl ring. The
250 0.0 1.0 iodide §H4-4-CF3 greater stability of this isomer is consistent with our expectation

257 —0.3 2.7 iodide @Ds
21a,b(CsD4-4-OCD;) 6.2 —04 1.0 GHs+4-CR CgDs-4-OCDs
9.2 00 7.2 G@EHs4-CR CgHs-4-CR

that the phenyl group has a larger trans influence than the amido
ligand®” We expect the amido group to be a weaker donor than

234 —-04 7.2 iodide @D,-4-OCD; the aryl group for several reasons. First, the amido group is

250 0.0 1.0 iodide §Hs-4-CRs simply bound to the metal through a more electronegative atom.
22a,b(CeDs) 67 01 10 GHs4-Ch CeHs4-OMe Second, the amido group of these studies contains an aryl

8.9 =02 13 GHid-CR GDs bstituent. Third, th tryis i iatesfedonati

212 01 13 amide Ha-4-OMe substituent. Third, the geometry is inappropria onation.

243 —04 10 amide eDs The geometry of a related diarylamido complex was shown to
23a,b(CeDs) 76 —04 10 GHs4-CR CeHs4-Ch place the electron pair in the square plane, rather than along

8.2 0.1 3.0 GHs4-CR CeDs

233 —04 30 amide Ha-4-CF the axial direction with a pi-acceptor orbi&land the'H and

253 00 10 amide s 19 NMR spectra of the amido complexes show tBaa,b—
24a,b(CeDs-4-OCD;) 5.1 —05 1.0 GHs4-CR CeDs-4-OCDs 24a,badopt the same conformation.

2?)'.; 78_'2 g.'g ggﬁ-(:ﬁ Cégj:i:géDs Considgring thg chemical shifts of the phosphines in the

2548 00 1.0 amide €H4-4-CF; arylpalladium amido complexes, the resonances of the phos-

phorus atoms located trans to the iodidd. 8&,b—21a,bwould

be expected to lie downfield of the resonances of the phosphorus
atoms located trans to the aryl group. The resonances of the
phosphorus atoms &f2a,b—24a,btrans to the amido groups

aCoupled to'®>NMePh in15N labeled25—-27.

The synthesis of deuterium-labeled, unsymmetrical DPPF

ligands fo_r the second labeling experiment was conducted in @ asonated downfield of those trans to the aryl group and the
manner similar to the syntheses of unlabeléd-18 (Scheme  onding of the amido group is related to that of an iodide. In

4). Deuterium-labeled chlorodiarylphosphines were derived from ;g case, the major isomer of the arylpalladium iodide
commercially available bromobenzedgand anisoleds. The complexes 19a,b-21a,b would also contain the stronger
3P NMR chemical shifts of the phosphorus bearing deuterated hosphorus donor trans to the iodide ligand, which has a weaker
aromatic rings inl6-dio, 17-dio, and18-ch4 were located upfield  rans influence than the aryl group. The similarity of the
of those of the unlabeled ligands5—-18 by 0.5-0.6 ppm. regioisomeric ratio of the arylpalladium iodide complexes
Exchange of these ligands for the TMEDA in arylpalladium 194 h-21a,band the arylpalladium amido complex28a,b—
halide complexl generated the deuterated arylpalladium iodide 244 b (1:1.2 for19a,h 1:2.7 for20a,b and 1:7.2 for21a,h
complexesl 9a,bdo, 20a,bd1, and21a,b-di4. Mixing of 19a,b- 1:1.3 for22a,h 1:3.0 for23a,h and 1:5.8 for24a,b) indicates
dio, 20a,b-d10, and21a, b4 with KNMe(CeHs-4-Me) afforded  that the substitution of iodide by amide proceeded with almost
the corresponding arylpalladium amido produ@®a,b-dio, complete retention of configuration or that the thermodynamic
23a,bdyo, and24a,bd4 ratio of the two regioisomers is similar for the iodide and amide
The difference A0) in 3P NMR chemical shift between  complexes.
protiated compound$9a,b—24a,band deuterated compounds Reductive Elimination of Diarylmethylamine from Arylpal-
19a,b o, 20a,bthg, 21a,bths, 22a,btho, 23a,bd10, and24a,b- ladium N-Methyl Anilido Complexes Containing Sym-
di4 are summarized in Table 1. TR& NMR chemical shifts  metrical DPPF Derivatives. Arylpalladium amido complexes
of two of the four resonances corresponding to the deuteratedg—12 containing symmetrical DPPF derivatives underwent
ligand in each set of regioisomers were significantly different reductive elimination of diarylmethylamine upon warming to
from 3P NMR chemical shifts corresponding to the protiated —15 °C (Scheme 5). These reactions were conducted in THF
ligand in each set of regioisomers. The phosphorus nuclei solution with 4.4 equiv of added PPto trap the Pd(0) species
corresponding to these altered resonances, therefore, contain ththat results from the reductive elimination process. The reactions
deuterated aryl groups. With this information and #fe NMR of 8—12 occurred in high yields. The yields determined by gas
spectra of the complexes labeled withl, the3P NMR spectra chromatography with an internal standard for the combination
of all three sets of arylpalladium amido complexes were
assigned. (97) Pearson, R. Gnorg. Chem.1973 12, 712-713.
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Scheme 5 Table 3. Rate Constants for Reductive Elimination from the
CF Complexes 8, 11, and 12 with Varied Aryl Groups on the
3 Symmetrical DPPF Ligands

Ar2 X
?_P\ ,/CeHad-CF3 4 4 equiv PPhg
e

Pd — + Pd(0)
7N -15°C -N
@—R NMeAr Me \©\ 2
2 =R

3 Are P Ar P e >83%yield Fe Pd

tAr=Ph, Ar = calculated from h /N

10 : Ar= Ph, Ar' = C6H4-4'-OMe Lde(Al’)(') 5-7 P N@
11 : Ar = CgHy-4-OMe, Ar' = CgHy-4-Me (X = Me, H, OMe) Me

12: Ar= CGH4-4-CF3, Ar' = CeH4-4-Me

Table 2. Rate Constants for Reductive Elimination from

Complexes 8—10 with Varied Aryl Groups on the Amido Nitrogen X /2
Atom
standard
Q CFs complex Kobs (104 s71)2 deviation?
Ph; 8(X = H) 12.8 0.5
=P 11 (X = OMe) 4.16 0.08
Fe Pd = ) .
@_P/ \N y 12(X = CR) 27.0 0.2
Phy e C a Estimated from 3 independent experiments
standard Scheme 6
complex Kons (10* s71)2 deviation? Arp CF3

8(Y = Me) 128 0.5 == R CeHs4-CFy

9(Y =H) 2.94 0.04 g /Pd\

10(Y = OMe 37.7 0.5

( ) Q_ir'z NMe(p-Tol) 4 4 cquiv PPhy
_—
aestimated from 3 independent experiments Ary * -15°C Me’N * Pd(0)
@—P\ _NMe(p-Tol)
of the generation and reductive elimination of the arylpalladium Fe /Pd\ >95% yield
amido complexes exceeded 83% in all cases. Q—Kr, CgH4-4-CF3 . alulated from
Kinetic data for the reductive elimination df,N-diaryl- 220 A ch A = 4 MeOCH (LLIPd(Ar)1) 19a,b-21a,b
- _ . . a,b . Ar= , Al = 4-Vle 64

methylamlne frqm _complex_es 12 in THF solution were 23ab : Ar = 4-CFCgHa, Ar' = Ph
obtained by monitoring the disappearanc&efl2 by 1°F NMR 24a,b : Ar = 4-CF3CgHg4, Ar' = 4-MeOCgHy

spectroscopy. The intensity of the resonance of the g2éup

on the aromatic ring bound to palladium relative to that of Reductive elimination of the minor regioisomez&b, 23b,
PhOTf in a glass capillary was monitored for greater than three and24b occurred faster than reductive elimination of the major
half-lives at—15°C. All of the rate constants were determined regioisomers22a, 23a, and24a The different rate constants
by fits of the ratio of integrations of th&F NMR signals vs  for reaction of the two regioisomers of each pair indicate that
time to the equation for an exponential decay. Raealues of reductive elimination is faster than isomerization. Thus, the rate
these plots were greater than 0.999, and the standard deviationsf reductive elimination is affected by the orientation of the
from three measurements were less than 4% of the value of theunsymmetrical ligand.

rate constant. The first-order rate constants are presented in

Tables 2 and 3. Discussion

Reductive Elimination of Diarylmethylamine from Re- 1. Electronic Effect of Symmetric DPPF Derivatives on
gioisomeric Arylpalladium Amido Complexes 22a,b-24a,b the Reductive Elimination from Arylpalladium Amido
Containing Unsymmetrical DPPF Derivatives.The three sets ~ Complexes.The relative magnitude of electron density at two
of two regioisomeric complexe®2a,b—24a,b ligated by transition metal centers is often used to explain their relative

unsymmetrical DPPF derivatives also underwent reductive rates for reductive eliminatiohThe rate constants for reductive
elimination (Scheme 6) at15 °C to form the corresponding elimination from the DPPF comple% DPPF-OMe complex
N,N-diarylmethylamine in high yield in the presence of 4.4 equiv 11, and DPPFCF; complex12in Table 3 followed the expect-

of PPh. The yields for the two steps of generation and reductive ed trend. The complex with the most electron-rich metal center,
elimination of the amido complexes exceeded 95%. Kinetic DPPF-OMe complexll, reacted the slowest, and the complex
studies on the reductive elimination of diarylmethylamine from with the least electron-rich metal center, DPREF; complex
palladium amido complexe®2a,b—24a,bwere conducted by 12, reacted the fastest. Moreover, the ratio of rate constants for
19 NMR spectroscopy, as described for studies of complexesreductive elimination of amine from DPPfEF;-complex12
8—12 ligated by symmetric DPPF derivatives. The first-order and DPPF-comple8 was almost the same as the ratio of rate
rate constants from an average of three experiments recordectonstants for reductive elimination of diaryl ether from arylpal-
over three half-lives are presented in Chart 1. The exponential ladium phenoxides ligated by the same two DPPF derivaffies.
fits and relative magnitudes of the standard deviations were 2. Effect of Regiochemistry on Reductive Elimination from
similar to those from experiments with compleX@s12, even Arylpalladium Amido Complexes with Unsymmetrical DPPF

for decay of the minor regioisomer. Derivatives. Previous studies on DPPF-ligated arylpalladium
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Chart 1
0)
Q_P\ /C6H4-4-CF3
22a,b Fe /Pd\
@P N
|
Me
OMe 2

minor isomer 22a
Kops = 7.34+0.07 x 104 51

CF3

2
Q—P\ /C6H4—4—CF3
23a,b Fe

)"

minor isomer 23a
Kops = 45.9£1.4 x 104 57

P N

Q.
=" N < >
Fe /Pd\
@P C6H4-4—CF3

OMe 2

major isomer 22b
Kops = 7.1340.15 x 104 571

CF3

2Me
=R N < >

Fe Pd
S

N
CgHa-4-CF

Q)

major isomer 23b
Kops = 9.0240.41 x 107 571

ARTICLES
2
@—P\ /Ar
Fe /Pd -----------
S Swear /N

)

isomer a

2
@—P\ /NMeAr'

Fe  Pd_ AN
S W Pd(0)
9 P

+
< > NMeArAr'
2
isomer b

Figure 1. Qualitative energy diagram for the reductive elimination from

CF3 CF3 isomeric arylpalladium amido complexes.

Me
2 27 : :
@_P\ /C6H4-4-CF3 @—P\ /N

24a,b Fe Pd Fe Pd

regioisomeric amido complexes, our data suggest that the
observed ratio is close to the thermodynamic ratio. The
arylpalladium iodide complexes were obtained as thermody-
namic mixtures of the two regioisomers, and the trans influences
@P/ N @—P/ \C6H4-4-CF3 of an arylamide and an iodide should be more similar to each
Me other than trans influences of an amide and an aryl group. As
mentioned in the Results section, the amido group of this study
bears an aryl group, and the geometry of these complexes
prevents substantial-donation. Thus, the greater electronega-
tivity of nitrogen, the electron-accepting property of the aryl
group, and the absence of stromgdonation will make it a
amido complexes showed that the reactions occurred directly poorer electron-donor than the aryl group. Subsequent arguments
from the isolated 4-coordinate complex, not from a 3- or on the origin of the effect of the trans ligand on the rate of
5-coordinate intermediaf@. The close structural relationship ~ reductive elimination are based on the assumption that the
between the parent DPPF complexes of the previous work equilibrium ratio of regioisomeric anilide complexes is similar
and the electronically varied DPPF complexes of the current to the equilibrium ratio of regioisomeric iodide complexes
study imply that the rates for reactions of the electronically determined experimentally.
perturbed systems also occur from the isolated 4-coordinate A qualitative energy diagram for the reductive elimination
complex. Thus, differences in the reaction rates reflect electronic from regioisomeric arylpalladium amido complexes with un-
effects on the elementary reductive elimination step, not on symmetrical DPPF derivatives is shown in Figure 1. Our data
ligand dissociation or association to form 3- or 5-coordinate suggest that the difference in ground-state energies is larger than
intermediate%316.52-54,62,64.6778.98-100 prior to reductive elimina-  the difference in transition state energies. The relative rates of
tion. reductive elimination of amine from the two isomeric arylpal-
2a. Origin of the Effect of the Trans Ligand on the Rate ladium amido complexes are similar to the inverse of the relative
of Reductive Elimination. The minor regioisomer underwent ratios of regioisomers. For example, the relative rates for
reductive elimination faster than the major regioisomer in all reaction of the major and minor regioisomers in the mixture of
reactions of regioisomeric arylpalladium amido complexes of DPPF-CF;,OMes-ligated 24a,b was 1:4.9, and the ratio of
this work. This faster reductive elimination of the minor regioisomers was 5.8:1. If the ratio of regioisomers is close to
regioisomer can be explained by ground-state energies. Althoughthe true thermodynamic value, then the difference in transition
we could not determine the precise thermodynamic ratio of state energies for reaction of the two regioisomers will be
smaller than the difference in energies of the two ground states,
as shown in Figure 1. Thus, ground-state effects appear to
dominate the relative rates of reductive elimination from the
two regioisomers. In other words, the reaction rates appear to
depend on the identity of the ligands trans to the two groups

OMe 2

minor isomer 24a
Kobs = 25.041.1 x 104 57"

OMe 2

major isomer 24b
Kops = 5.1440.32 x 1074 s°1

(98) Tatsumi, K.; Nakamura, A.; Komiya, S.; Yamamoto, A.; Yamamotal.T.
Am. Chem. Socd984 106, 8181-8188.
(99) Levine, A. M.; Stockland, R. A.; Clark, R.; GuzeiQrganometallic2002
21, 3278-3284.
(100) Komiya, S.; Abe, Y.; Yamamoto, A.; Yamamoto, Organometallics
1983 2, 1466-1468.
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CF3 — CF3 % CF3
2 2 2 Q
Q_P\ /Ar Q_P\ _-Ar Q_P\
Fe  Pd —| Fe P —> Fe PO+ NMe
&0 “umenr &S5 NMeAr S—p Q
2 2 2
Ground State Transition State Product

two isomers less different
electronically

only one isomer

Figure 2. Changes in the geometry during the reductive elimination of
arylamine from a complex with an unsymmetrical chelating ligand.

[ 1+
L—I|3d—Ar —> | L/Rd--p,
NR> i‘{Rz ] \
) N L—Pd—NArR,
L—Pd—NR; —> | L—/Rd- - one isomer
| I
Ar I A | L
two isomers of much more similar
different energy in energy PdL,
+
NArR,

Figure 3. Changes in the geometry during the reductive elimination of
arylamine from a T-shaped complex with a single dative ligand.

that undergo reductive elimination more because of a ground-
state effect analogous to the “trans influence” than a transition

state effect analogous to the “trans effect” in ligand substitution.
Figure 2 depicts a rationalization for the greater impact of

ground state effects. The reactants are square planar complexes,Y = OMe (24a) 1
and this geometry maximizes the trans influence. As the reaction

Chart 2

Electronic effect of aryl groups on the phosphorus atom located trans to
the amido nitrogen (Ar = CgHy4-4-CF3, R = Me, Ar' = CgH4-4-CH3)

2 2 2
=R A =R A =R AN
Fe Py d\ Fe /Pd\ Fe /Pd\
" “nrar &P “nrar &7 nrar
< i >2
CF3), OMe/,
krel krel krel
X=OMe (24b) 1  X=OMe(22b) 1  X=OMe(11) 1
X=H(23b) 1.8 X=H(8) 18 X=H(22a) 18
X=CF3(12) 53 X=CFs(23a) 64 X=CF3(24a) 60

Electronic effect of aryl groups on the phosphorus atom located trans to
the Pd-bounded Ar group (Ar = CgHy4-4-CF3, R = Me, Ar' = CgHy-4-CH3)

CF3 OMe
2 <: >2 2
< R A =R A R A
Fe Pd_ Fe Pl Fe P
NRar &P “nrar &P nrar
2 Y /2 Y /2
krel krel krel
Y=0OMe(22a) 1  Y=OMe(11) 1
Y=CF3(12) 14 Y=CF3(23b) 1.2 Y =CF;(24b) 1.2
=H(23a) 18 Y=H(@®) 17  Y=H(22b) 1.7

proceeds, the unsymmetrical nature of the complex is reduced

until the initial product, which probably contains coordinated
amine, is formed. Both regioisomers will form identical or nearly

identical amine complexes and identical Pd(0) products after

amido group and the ligand trans to the palladium-bound aryl
group. As shown in the series of compounds at the top of Chart
2 that contain the same donor ligand trans to the palladium-

release of the amine. Thus, the magnitude of t.he electronic pound aryl group, variation of the group trans to the amido
asymmetry decreases from ground state to transition state, andyjirogen led to a significant electronic effect. The relative rates

the difference in energy between the two regioisomeric forms o reaction of the complexes followed the trend=XOMe <

of the complexes decreases as the reaction progresses.
2b. Comparisons of the Magnitude of the Effects of the
Ligand Substituents on the Relative Rates of Reaction of
the Two Regioisomers.The relative magnitudes of the ratio
of rate constants for reaction 82a,b—24a,b(Chart 2) depended

H < CFs. In contrast, the effect of the group Y on the aryl
substituent of the phosphine donor located trans to the phenyl
group summarized at the bottom of Chart 2 was smaller. The
P—Pd bond trans to the amido group in the solid-state structure
of (DPPF)Pd(GH4-p-NMey)N(p-Tol)2?2 was shorter than the

on the substituents on the ligand. The relative magnitude canp—pg pond trans to the aryl grouphus, the smaller effect of

be rationalized by the differences in the values®Wfdetermined
from the K, values of phosphorus acid derivatives containing
substituted aryl group¥* The ¢”"values of GH4-4-OMe, Ph,
and GH4-4-CR are—0.12, 0, and 0.70. Thus, the smaller ratio
of rate constants for reaction of regioisomeric complexes with
one P(GH4-4-OMe), and one PPhgroup in the ligand (1.03:
1), relative to that for regioisomeric complexes with one £Ph
and one P(gH4-4-CFs)2 group in the ligand (5.1:1), is consistent
with the relative magnitudes of th&" values.

2c. Comparison of the Magnitudes of the Effect of
Perturbing the Electronic Properties of the Ligand Trans
to the Amido Group and Trans to the Aryl Group. The
compounds in this work allow an estimate of the relative
importance of the electronic effects of the ligand trans to the

(101) Mastryukova, T. A.; Kabachnik, M. Russ. Chem. Re(Engl. Transl.)
1969 38(10) 795-811.
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substituents on the da# ligand trans to the cealent ligand
with the stronger trans influence could result from a longer
bond between the metal and the datiligand and a corre-
sponding weaker electronic communication.

2d. Comparison of the Effect of Geometry to Typical
Ligand Electronic Effects. One can also compare the changes
in rate constants from perturbation of the overall electron density
on the metal to that from changing the orientation of the
unsymmetrical ligands, relative to the aryl and amido groups.
This comparison leads to the conclusion that the influence of
changing the geometry of an unsymmetrical ligand can be
similar in magnitude to the influence of changing the overall
donating ability of the ligand.

Changing the four aryl groups of the symmetric DPPF ligands
from CgH4-p-CRs in 12 to GsH4-p-OMe in 11 led to a change
in rate constant of 6.5-fold. This difference in rate constant
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corresponds to a difference in free energy of activation of 0.9  Both complexes with unsymmetrical bidentate ligands and
kcal/mol. By comparison, interconversion of the geometry of complexes with monodentate ligands will undergo reductive
the two regioisomers 024ab, which contain one P(gHs-p- elimination faster from the less thermodynamically stable
CRs), group and one P(gl4-p-OMe), group, led to a change  complex because of the reduction in asymmetry that occurs
in rate constant of a factor of 5. If the free energy contributions along the reaction coordinate. For example, a T-shaped arylpal-
of varying the two diarylphosphino groups in the symmetric ladium amido complex with a single phosphine donor would
DPPF derivatives are additive, then changing two aryl substit- undergo reductive elimination faster when the amido group is
uents on one diarylphosphino group frgeCFs to p-OMe, in trans to the open site than when the aryl group is trans to the
the absence of an effect of the orientation of the stronger andopen site (Figure 3). Thus, the origin of the electronic effect of
weaker donor, would lead to a difference in energy of 0.45 kcal/ geometry on reductive elimination from 3-coordinate Pd(ll)
mol. This difference in energy leads to a 2.5-fold difference in complexes or from 4-coordinate Pd(ll) complexes with one
rate constant, or the square root of the ratio of rate constantsstrong and one weak donor should be analogous to that shown
(6.5) from changing all of the substituents on the aryl groups by the studies with the 4-coordinate Pd(ll) complexes containing
of the DPPF derivative fronp-CF; to p-OMe. This value of unsymmetrical DPPF derivatives.

2.5is half of the ratio of rate constants that results from changing 4. Electronic Effects of the Amido Group on the Rate of

the orientation of the diarylphosphino groups, relative to the Reductive Elimination. The effect of the electron-donating
aryl and amido groups. ability of the amido group on the rate of reductive elimination

A similar comparison between complex@and12containing ~ Was revealed by reactions with complexesl0 of the general
DPPF and CEDPPF shows that the overall change in electron formula (DPPF)Pd(gH4-4-CFR3)(NMeCeHq-4-X) (Table 2). The
density that results from varying the two aryl substituents on magnitude of the sensitivity of the reaction to electronic effects
one diarylphosphino group changes the rate constant by a factoiof the aryl group on nitrogen was larger than it was to electronic
of 2.1, whereas the difference in reaction rates of the two effects of the aryl group on sulfur during reductive eliminations
regioisomers is again a factor of 5. Regardless of whether the Of sulfides from the arylpalladium thiolate complexes (DPPE)-
energetic contributions of the substituents on the symmetric Pd(GH4-4-n-Bu)(S—CgHs-4-Y) (DPPE= 1,2-bis-diphenylphos-
DPPF derivatives to the differences in rates are truly additive, Phinoethane). The relative magnitudes of the reductive elimi-
the effect of geometry is similar in magnitude to the effect of nation of diarylsulfides werke = 1 (H): 1.5 (Me): 1.7 (OMe§?
Varying substituents on the ary]phosphine |igands_ Thus, ChangeéNhereaS the magnitudes of the reductive elimination of dlaryl
in rate constants for reductive elimination resulting from methylamines werée = 1 (H): 4.4 (Me): 12.8 (OMe)]. This
changing the orientation of two ancillary ligands can equal the larger substituent effect on the reductive elimination of amines

more commonly considered effect of altering the overall likely reflects a greater polarity in the transition state forIC
electron-donating ability of the ancillary ligands. reductive elimination than in the transition state for&bond-

forming reductive elimination. Moreover, the effect of the
substituents on the aryl group attached to nitrogen was larger
than the effect of the substituents on the aryl groups attached

dentate Ligands. The conclusions obtained from this well- hosoh H he off ¢ substi h
defined system can be extrapolated to complexes with unsym-t© Phosphorus. Thus, the eflect of substituents on the groups
undergoing reductive elimination was larger than the effect of

metrical ligands, such as those containing one dialkyl- and one i . .

diarylphosphino group, one phosphine and one phosphite donor,SUbStltuents on the ancillary ligands.

one phosphorus and one sulfur donor, or one phosphorus antconclusion

one nitrogen donor, in the species undergoing reductive

elimination®-1179-8 These electronically unsymmetrical coor- The effect of the orientation of two dative ligands with distinct
dination spheres are commonly found in catalytic intermediates €lectronic properties on the reductive elimination from square
that undergo reductive eliminatidhMoreover, the conclusions planar Pd(ll) complexes was evaluated. To reveal this effect,
from this work can be extrapolated to complexes with a three- eactions of arylpalladium amido complexes with symmetrical
coordinate T-shaped geometry containing one phosphine IigandDPPF derivatives and of regioisomeric pairs of arylpalladium
and two covalent ligands. Such T-shaped complexes typically amido complexes with unsymmetrical DPPF derivatives were
undergo reductive elimination in a reaction that is initiated Studied. These experiments led to the following conclusions:

ligands?:3:16.52°54,62,64,6778 rate of reductive elimination. (2) The minor regioisomer

reductively eliminated faster than the major regioisomer. (3)
The rate of CG-N bond-forming reductive elimination of
regioisomeric arylpalladium halide complexes was controlled
by ground-state effects more than transition state effects because
the asymmetry of the complex decreases during the reductive
elimination process. (4) The electronic effect of the phosphine
trans to the amido nitrogen atom was larger than the electronic
effect of the phosphine trans to the Pd-bound aryl group, most
likely because the PeP bond trans to the amido group is shorter
athan the Pe&-P bond trans to the aryl group. (5) The magnitude

3. Implications for Reactions of Complexes with More
Common Chelating Ligands and for Complexes with Mono-

In the absence of large steric effects, the stronger trans
influence of the aryl group, relative to the amido group, would
dictate the stability of regioisomeric complexes. The more stable
of the isomeric arylpalladium amido complexes with an unsym-
metrical bidentate ligand would contain the phenyl group trans
to the more weakly donating dative ligand. In the absence of
steric effects, the more stable T-shaped arylpalladium amido
complex would contain the phenyl group trans to the open
coordination site. Indeed, only one isomer with an aryl group
trans to the open site was detected for 3-coordinate T-shape
arylpalladium halide complexes containing an additional, but (102) Stambuli, J. P.; Buhl, M.: Hartwig, J. B. Am. Chem. So@002, 124
weakly donating GH agostic interactioA?2 9346-9347.
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of the difference in rates of the two regioisomeric arylpalladium NMR (THF-ds, 500 MHz)6 3.68 (q,J = 1.7 Hz, 2H), 4.19 (t) = 1.7
amide complexes with unsymmetrical DPPF derivatives was Hz, 2H), 4.55 (s, 2H) 4.79 (dl = 1.7 Hz, 2H), 6.65 (dJ = 7.0 Hz,
similar to the magnitude of the difference in rate between 2H), 7.08 (tJ = 7.5 Hz, 2H), 7.13 (dlt,J = 1.8, 8.0 Hz, 4H), 7.29
complexes of symmetric DPPF derivatives with electron- 7-49 (M, 12'1)’ 8.048.11 (m, 4H)?_ P{*H} ’\_‘MRl(THF'd& 162 MHz)
donating or electron-withdrawing substituents on all four aryl 0105 (d,J = 33 Hz), 27.6 (d.J = 33 Hz); "F{*H} NMR (THF-,

L . . 376 MHz) 6 -61.5; Anal. Calcd. for GHs.FsFelRPd: C, 52.72; H,
groups of the dative ligand. (6) The magnitude of the electronic ) )

. - 3.46. Found: C, 52.74; H, 3.35.

effect of the aryl group on the amido nitrogen was larger than

. Synthesis of (DPPF-OMe)Pd(@H4-p-CF3)l (6). In a glovebox, a
the electronic effect of the aryl group on the phosphorus atom. solution of 1,1-bis(di(4-methoxyphenyl)phosphino)ferrocene (283 mg,

These results show that the relative geometry of square planar 420 mmol) in THF (5 mL) was added to a solution of (TMEDA)-
and T-shaped intermediates should be considered when rationalpd(GH,-p-CFs)l (200 mg, 0.404 mmol) in THF (5 mL) at room
izing or predicting the rates of reductive elimination. These temperature. After stirring for 5 min at room temperature, the solvents
results also imply that related effects could be observed during were removed under reduced pressure until about 5 mL. The reaction
reductive elimination from octahedral and five-coordinate mixture was then added dropwise to vigorously stirred pentane (40
square-based pyramidal complexes. Finally, these results suggesf'L) at room temperature to give yellow precipitate. The resulting
that a steric preference for the regioisomer that contains the Yellow powder was isolated by filtration through a glass fritted funnel
covalent ligands in an electronically less favored orientation can (320 mg, 75%) H NMR (THF-ds, 500 MHz)6 3.72 (d.J = 1.5 Hz,

N ) ) = 2H), 3.75 (s, 6H), 3.85 (s, 6H), 4.17 (s, 2H), 4.45 (s, 2H) 4.69(8,
lead to significant acceleration of the rate of reductive elimina 1.5 Hz, 2H), 6.67-6.72 (m, 6H), 7.00 (dJ = 8.0 Hz, 4H), 7.07 (t)

tion. = 8.0 Hz, 2H), 7.27 (dJ = 9.0 Hz, 2H), 7.29 (d) = 9.0 Hz, 2H),
Experimental Section 7.96 (t,J = 9.0 Hz, 4H);P{*H} NMR (THF-ds, 162 MHz)6 7.8 (d,
J = 33 Hz), 25.1 (dJ = 33 Hz); **F{'H} NMR (THF-ds, 376 MHz)
General Methods. *H, ?H, *C{*H}, **F{*H}, and*'P{*H} NMR 6 -61.3; Anal. Calcd. for GHaFsFelQP,Pd: C, 51.33; H, 3.83.
spectra were recorded on 300, 400, or 500 MHz Spectrometers with Found: C, 51.17: H, 3.61.
residual protiated solvent, deuterated solvent, GF@1 85% HPO, Synthesis of (DPPF-CE)Pd(CsH4-p-CF3)l (7). In a glovebox, THF

used as a reference. Elemental analyses were performed by Robertsom mL) was added to a mixture of 1;tis(di(4-trifluoromethylphenyl)-
Microlabs, Inc., Madison, NJ. GC analyses were performed with an phoshino)ferrocene (130 mg, 0.262 mmol) and (TMEDA)RH(D-

HP-1 methyl silicone column. Ether, toluene, tetrahydrofuran, benzene, cg,)| (217 mg, 0.262 mmol) at room temperature. After stirring for 5
and pentane wer(i distilled from sodium/benzophenone. Pd(#a)  min at room temperature, the solvents were removed under reduced
Dibromoferrocené; 1-bromo-1-diphenylphosphinoferroceri&, CIP- pressure until the solvents was about 2 mL. The reaction mixture was

(CGH“'(E’S'OMe)Z’lO CIP§C6H4-p-CF3)2,1°5 O_Me'DPP'erG and Ch- then added dropwise at room temperature to vigorously stirred pentane
DPPF were synthesized according to literature procedures. (20 mL) to give yellow precipitate. The resulting yellow powder was
Synthesis of (TMEDA)Pd(GHa-p-CF3)l (1) In a glovebox, isolated by filtration through a glass fritted funnel (290 mg, 92%4).

tetramethylethylenediamine (0.720 mL, 4.80 mmol) and 4-iodoben- MR (THF-ds, 500 MHz) 6 3.85 (q,J = 1.5 Hz, 2H), 4.36 (tJ = 1.5
zotrifluoride (0.730 mL, 5.00 mmol) were added at room temperature Hz 2H) 4.67 (s, 2H), 4.86 (G} = 1.5 Hz, 2H), 6.72 (dJ = 7.0 Hz,

to a mixture of Pd(dba)(2.00 g, 3.48 mmol) and benzene (15 mL) 2H), 7.06 (t,J = 7.5 Hz, 2H), 7.56 (dJ = 7.0 Hz, 4H), 7.58-7.64
contained in a screw capped vial. The vial was covered with a Teflon- (i 4H), 7.84 (dJ = 7.5 Hz, 4H), 8.27 (t) = 7.5 Hz, 4H);3P{1H}
lined cap and removed from the glovebox. The reaction was stirred at NMR (THF-ds, 162 MHz)6 10.4 (d,J = 34 Hz), 25.9 (d,) = 34 Hz);
50°C for 2 h. The vial was returned to the glovebox, and the reaction 19rr1} NMR (THF-ds, 376 MHz) 0 —63.1 (s, 6F),—62.8 (s, 6F),
mixture was filtered through a pad of diatomaceous earth. After most _g1 g (s, 3F); Anal. Calcd. for £HzsF1sFelRPd: C, 44.86; H, 2.34.
of the solvents £ 95%) were removed under reduced pressure, ether Foynd: C, 44.94: H, 2.28.

(15 mL) was added. After stirring for 3 min, the supernatant was Synthesis of PotassiumN-Methylanilide Derivatives (KNMe-
removed by pipet. This washing process was repeated 3 times, and(C6H4—p—Me), KNMePh, KNMe(CeHa-p-OMe)). In a drybox, a
ether was added. The orange suspension was filtered through a glasg | tion ofN-methylaniline derivatives (41L, 3.30 mmol of HNMe-
fritted funnel and the solid product was washed again with ether (1.13 (CsHa-p-Me) in 6 mL of toluene, 119.L, 1.10 mmol of HNMePh in
g, 65%).'H NMR (CeDs, 400 MH2)0 1.48 (t,J=5.2 Hz, 2H), 1.56 g5 1 of toluene, 453 mg, 3.30 mmol of HNMef&-p-OMe) in 6
ES' 81H), 2.29 (s, 6H), 7.35 (d,= 8 Hz, 2H), 7.58 (d,) = 8 Hz, 2H); mL of toluene) was added to a solution of potassium bis(trimethylsilyl)-
*C{*H} NMR (CDLCl,, 125 MH2)¢ 50.2, 50.4, 58.9, 62.7, 122.4 (q, amide (599 mg, 3.0 mmol in 15 mL of toluene for HNMgkG-p-Me,

Jop = 3.2 Hzl)g, 1125'2 (@3cr = 30.9 Hz), 125.7 (q}dcr = 270 Hz), 200 mg, 1.0 mmol in 5 mL of toluene and 5 mL of pentane for
137.4, 154.0°H"H} NMR (CsDe, 376 MHz) 0 -61.3; Anal. Calcd. HNMePh, 599 mg, 3.0 mmol in 15 mL of toluene for HNMe{G-

for CisHaoFsNoPd: C, 31.57; H, 4.08; N, 5.66. Found: C, 31.44; H, , 5\1e)) at room temperature. The resulting suspension was stirred at

3.89: N, 5'_53' . room temperature for 1 to 1.5 h, and the solid product was isolated by
Synthesis of (DPPF)Pd(@H.-p-CF3)l (5). In a glovebox, a solution  ration through a glass fritted funnel (437 mg, 92% for KNMekG-

of l,:L’-bis(diphenylphoshino)f(_arrocene (204 mg, 0.413 mmol) in THF p-Me), 137 mg, 94% for KNMePh, 512 mg, 97% for KNMef&-p-
(5 mL) was added to a solution of (TMEDA)Pcd:-p-CF)l (280 OMe)). KNMePh and KNMe(gH.-p-OMe) were reprecipitated from
mg, 0.424 mmol) in THF (5 mL) at room temperature. After stiming ey addition of pentane to remove small amounts of remaining

for 5 min, the solvents were removed u_nder r_educed pressure until potassium bis(trimethylsilyl)amidelKNMe(C gHa-p-Me): H NMR
approximately 3 mL remained. The reaction mixture was then added (THF-ds, 400 MHZz)6 2.01 (s, 3H), 2.75 (s, 3H), 5.94 (d,= 8.4 Hz

at room temperature to a vial containing vigorously stirred pentane 2H), 6.56 (d,J = 8.4 Hz, 2H);13C{H} NMR (THF-ds, 100 MHz) o
(18 mL) to give a yellow precipitate. The resulting yellow powder was »0’s 383 110.8. 111.63. 130.9 162KMePh: 1H NMR (THF-
isolated by filtration through a glass fritted funnel (380 mg, 99%H). s 400 Ml—iz)d 276 (s 3H5 5 66 iU — 6.4 Hz, 1H), 6.00 (dJ = 8.4
Hz, 2H), 6.70 (ddJ = 6.4, 8.4 Hz, 2H)KNMe(CH+p-OMe): H
NMR (THF-ds, 400 MHz)d 2.75 (s, 3H), 3.52 (s, 3H), 5.91 (d,=

(103) Ukai, T.; Kawazura, H.; Ishii, YJ. Organomet. Chenl974 65, 253~
266.

(104) Dong, T.-Y.; Chang, C.-KJ. Chin. Chem1998 45(5), 577-579. 8.4 Hz, 2H), 6.47 (dJ) = 8.4 Hz, 2H).

(105) Unruh, J. D.; Christenson, J. R.Mol. Catal.1982 14, 19-34. . .

(106) Yamaguchi, M.; Kido, Y.; Omata, K.; Hirama, Mbynlett1995 1181- Generation of (L)Pd(CeH4-4-CF5)NMe(CeH4-4-Me) (8, 11, 12; L
1182. = DPPF, DPPF-OMe, DPPF-CE). In drybox, (L)Pd(GHs-4-CR)l
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(9.3 mg, 1Qumol of 5 for 8, 10.5 mg, 10.Qemol of 6 for 11, 12.0 mg,
10.0umol of 7 for 12) was placed ird a 4 mLvial and was dissolved

in THF-dg (300uL). The solution was transferred to screw-capped NMR
tube and the NMR tube was removed from drybox. A solution of
potassiumN-methyltoluidide (0.150 M in THRd, 100uL, 15.0umol)
was added at78 °C with a gastight syringe sealed with Teflon tape  BINAP (156 mg, 0.250 mmol), Pd(dhaj144 mg, 0.25 mmol), and

to the solution of the palladium complex. After shaking the mixture, t-BuONa (577 mg, 6.00 mmol) were placed into a 20 mL vial. To the
the NMR tube was quickly placed into the pre-cooled NMR spectrom- Mmixture was added at room temperature, toluene (5 mL), 4-bromoben-
eter probe at-45 °C. The palladium amido complexes were character- zotrifluoride (0.700 mL, 5.00 mmol), and-methylaniline (0.759 mL,

ized by NMR spectroscopy at45 °C. 8: 'H NMR data of tolyl methyl 7.00 mmol) orN-methylp-anisidine (823 mg, 6.00 mmol). The vial
andN-methy! groups (THFds, 500 MHz,—45 °C) 6 1.95 (s, 3H, Tol- was sealed with a cap and removed from the glovebox. The reaction
Me), 2.16 (s, 3H, NMe)?P{1H} NMR (THF, 162 MHz,—45 °C) 6 mixture was stirred at 110C for 24 h. After cooling to room

9.3 (br), 24.3 (dJ = 38 Hz):; °F{H} NMR (THF, 376 MHz, —45 temperature, the reaction mixture was filtered through diatomaceous
°C) 6 —60.4 (s);11: 'H NMR data of tolyl methyl and\-methyl groups earth, and the diatomaceous earth was washed with ether. Silica gel
(THF-0g, 500 MHz,—45°C)  1.92 (s, 3H, Tol-Me), 2.14 (s, 3H, NMe); was added to the resulting solution, and the solvent was removed under
31p{1H} NMR (THF, 162 MHz,—45 °C) § 6.5 (br), 21.4 (d,J = 37 reduced pressure. The crude product was purifigd by column chroma-
Hz); 1%F{H} NMR (THF, 376 MHz,—45 °C) 6 —60.3 (s);12 H tography, _elu.tlng with 5% ether in hexane to give the product as a
NMR data of tolyl methyl andN-methyl groups (THFs, 500 MHz, colorless liquid (983 mg, 78% fop{CF:CsHs)NMePh, 1.23 g, 87%
—45°C) 6 1.95 (s, 3H, Tol-Me), 2.30 (s, 3H, NMe), 3.91 (s, 1H), 4.34  f0F (P-CRCeHy)NMe(CeHq-p-OMe)). (p-CFsCeHsNMePh: H NMR

(s, 1H), 4.47 (s, TH), 4.52 (s, 1H), 4.56 (s, 1H), 4.60 (s, 1H), 4.71 (s, (CDCl: 400 MHZz) 0 3.36 (s, 3H), 6.86 (d) = 9.2 Hz, 2H), 7.18-

1H), 5.13 (s, 1H), 5.62 (brs, 1H), 6.38 (br, 2H), 6.56 (br, 2H), 6.76 -23 (M. 3H), 7.39 (dJ = 8.0 Hz, 2H), 7.44 (dJ = 9.2 Hz, 2H);

(br, 1H), 7.06 (br, 4H), 7.32 (br, 4H), 7.60 (br, 2H), 8.05 (br, 4H), Tt H} NMR (THF-ds, 376 MHZ)0 -60.9; (p-CFsCeHs)NMe(CoH.-

145.1, 151.7°F{*H} NMR (THF, 376 MHz)6 -60.8; Anal. Calcd.
for CisH14FsN: C, 67.91; H, 5.32; N, 5.28. Found: C, 67.87; H, 5.33;
N, 5.27.

Synthesis of the Reductive Elimination Products §-CFzCeH4)-
NMePh and ([p-CF3CeH4)NMe(CsH4-p-OMe).1%8 In a drybox, rac-

8.41 (br, 4H):3P{1H} NMR (THF, 162 MHz,—45°C) 6.3 (d,J =
39 Hz), 24.3 (dJ = 39 Hz); **F{*H} NMR (THF, 376 MHz,—15°C)
0 —60.9 (s, 3F)—61.9 (s, 3F)~62.0 (s, 3F);—62.1 (s, 3F);—62.3 (s,
3F).

Generation of (DPPF)Pd(GH4-4-CFs)NMeAr (Ar = Ph (9),
CeH4-4-OMe (10)).1n a drybox, the potassium amide (2.2 mgiBol
of KNMePh for9, 2.6 mg, 15umol of KNMe(CsH4-4-OMe) for 10)
was placed ird a 4 mLvial and was dissolved in 30@L of THF-dg.

p-OMe): H NMR (CDCls, 400 MHz) ¢ 3.29 (s, 3H), 3.84 (s, 3H),
6.71 (d,J = 9.0 Hz, 2H), 6.93-6.98 (m, 2H), 7.127.17 (m, 2H),
7.39 (d,J = 9.0 Hz, 2H);**C{*H} NMR (CDCl;, 125 MHz)¢ 40.1,
55.2, 112.9, 115.1, 118.5 (&)cr = 40.4 Hz), 125.1 (qiJcr = 336
Hz), 126.0 (q3Jce = 4.6 Hz), 127.9, 140.4, 152.0, 157 *H} NMR
(THF, 376 MHz)6 -60.6; Anal. Calcd. for GH14F3NO: C, 64.05; H,
5.02; N, 4.98. Found: C, 64.20; H, 4.99; N, 4.92.

Synthesis of 1-Bromo-1-bis(4-methoxyphenyl)phosphinofer-
rocene (15).A solution of n-butyllithium in hexane (2.5 M; 4.65 mL,

The solution was transferred to a screw-capped NMR tube, and the 11 g mmol) was added to a solution of tglibromoferrocene (4.00 g,

NMR tube was removed from the drybox. A solution of (DPPF)Pd-

(CeH4-4-CR3)l (5; 50.0uM in THF-ds, 200uL, 10.0umol) was added

at —78°C with a gastight syringe sealed with Teflon tape to the solution
of potassium amide. After shaking the mixture, the NMR tube was

quickly placed into the pre-cooled NMR spectrometer probe-4%

°C. The palladium amido complexes were characterized by NMR

spectroscopy at-45 °C. 9: H NMR data ofN-methyl group (THF-
ds, 500 MHz,—45°C) 6 2.12 (s, 3H, NMe)3*P{*H} NMR (THF, 162
MHz, —45°C) ¢ 9.8 (br), 24.1 (dJ = 37 Hz); **F{*H} NMR (THF,
376 MHz,—15°C) 6 —60.6 (s);10: *H NMR data ofN-methyl group
(THF-dg, 500 MHz,—45°C) 6 2.07 (s, 3H, NMe)2*P{*H} NMR (THF,
162 MHz, —45 °C) ¢ 8.3 (br), 24.3 (dJ = 41 Hz); *F{*H} NMR
(THF, 376 MHz,—45°C) 6 —60.4 (s).

Synthesis of the Reductive Elimination Product p-CF3;Ce¢Ha)-
NMe(CgH4-p-Me).2%7 In a drybox, ditert-butyl-(1',2,3,4',5-pentaphe-
nyl-1-ferrocenyl)phosphine (142 mg, 0.200 mmol), Pd(dk&J.5 mg,

0.100 mmol), and-BuONa (577 mg, 6.00 mmol) were placed into a
20 mL vial. To the mixture were added at room temperature, toluen

(5 mL), 4-bromobenzotrifluoride (0.700 mL, 5.00 mmol), axwanethyl-

p-toluidine (0.759 mL, 6.00 mmol). The vial was sealed with a cap

and removed from the drybox. The reaction mixture was stirred at 110
°C for 42 h. After cooling to room temperature, the reaction mixture

was filtered through diatomaceous earth and washed with ether. Silica
gel was added to the resulting solution, and the solvent was removed
under reduced pressure. The crude product was purified by column
chromatography, eluting with 2.5% ether in hexane to give the product

as a colorless liquid (1.19 g, 90% NMR (CDCl;, 400 MHz) 6
2.31 (s, 3H), 3.23 (s, 3H), 6.72 (d,= 8.1 Hz, 2H), 7.02 (dJ = 8.6
Hz, 2H), 7.14 (dJ = 8.1 Hz, 2H), 7.35 (dJ = 8.6 Hz, 2H);3C{H}
NMR (CDCl;, 125 MHz) 6 20.7, 40.0, 113.8, 119.1 (&Jcr = 32.6
Hz), 123.0 (qXNcr = 270 Hz), 126.1 (q3Jce = 3.6 Hz), 130.5, 135.2,

(107) Kataoka, N.; Shelby, Q.; Stambuli, J. P.; Hartwig, JJFOrg. Chem.
2002 67, 5553-5566.

11.6 mmol) in THF (120 mL) at-78 °C under nitrogen in a Schlenk
flask. The resulting solution was stirred for 75 min -ar8 °C. A
solution of CIP(GH4-p-OMe), (3.26 g, 11.6 mmol) in THF (14 mL)
was then added to the reaction mixture-ai8 °C, and the solution
was allowed to warm to room temperature and was stirred at room
temperature for 2.5 h. The reaction mixture was poured into water (200
mL) and extracted with CKCl,. The combined organic layer was dried
over NaSQ,, and evaporated under reduced pressure. The residue was
purified by silica gel chromatography (G&l,/hexane= 0—100%) to
give the orange product in roughly 95% purity. This material was
purified by recrystallization from hatPrOH to afford orange crystals
(2.14 g, 36%)H NMR (CDCls, 400 MHz) 6 3.82 (s, 6H), 4.01 (t)
= 2.0 Hz, 2H), 4.13 (tJ = 2.0 Hz, 2H), 4.32 (ddJ = 4.0, 2.0 Hz,
2H), 4.40 (ddJ = 4.0, 2.0 Hz, 2H), 6.88 (m, 4H), 7.29 (m, 4H}pP-
{H} NMR (CDCl;, 202 MHz)6 —19.9 (s); Anal. Calcd. For £H,,0.-
PBrFe: C, 56.62; H, 4.36. Found: C, 56.83; H, 4.15.

Synthesis of 1-Diphenylphosphino-tbis(4-methoxyphenyl)phos-

e Phinoferrocene (16, DPPF-OMe,Ph)A solution ofn-butyllithium in

hexane (2.5 M; 1.68 mL, 4.20 mmol) was added to a solution of
1-bromo-1-diphenylphosphinoferrocene (1.80 g, 4.00 mmol) in THF
(50 mL) at—78 °C under nitrogen in a Schlenk flask. The resulting
solution was stirred fol h at —78 °C. A solution of CIP(GH4-p-
OMe), (1.18 g, 4.2 mmol) in THF (10 mL) was then added to the
reaction mixture at-78 °C, and the solution was stirred at room
temperature for 2 h. The reaction mixture was poured into water (50
mL) and extracted with C¥Cl,. The combined organic layer was dried
over NaSO, and evaporated under reduced pressure. The residue was
purified by silica gel chromatography (GEl./hexane= 40—100%)

to give an orange solid (1.65 g, 67%k) NMR (CDClz, 400 MHz) 6

3.81 (s, 6H), 3.964.06 (br, 4H), 4.23-4.32 (br, 2H), 4.324.41 (br,
2H), 6.79-6.89 (br, 4H), 7.26-7.36 (br, 14 H)3P{H} NMR (CDCl,

202 MHz) —20.5 (s),—16.6 (s); Anal. Calcd for gH3z,0.P.Fe: C,
70.37; H, 5.25. Found: C, 70.09; H, 5.51.

(108) Wolfe, J. P.; Buchwald, S. LJ. Org. Chem200Q 65, 1144-1157.
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Synthesis of 1-Diphenylphosphino-this(4-trifluoromethylphe-
nyl)phosphino-ferrocene (17, DPPF-Ph,CE. A solution of n-
butyllithium in hexane (2.5 M; 0.88 mL, 2.2 mmol) was added to a
solution of 1-bromo-tdiphenylphosphinoferrocene (898 mg, 2.00
mmol) in THF (50 mL) at—78 °C under nitrogen in Schlenk flask.
The resulting solution was stirredrf h at—78 °C. CIP(GH4-p-CF)2
(824 mg, 2.31 mmol) was then added-&8 °C, and the solution was
stirred at room temperature for 4 h. The reaction mixture was poured
into water (50 mL) and extracted with GEl,. The combined organic
layer was dried over N8O, and evaporated under reduced pressure.
The residue was purified twice by silica gel chromatography AClA
hexane= first 10%; second ©10%) to give an orange solid (746 mg,
54%).'H NMR (CDCls, 400 MHz) 6 3.98 (m, 4H); 4.28 (m, 2H);
4.37 (m, 2H); 7.247.30 (m, 10H); 7.337.39 (m, 4H), 7.55 (dJ =
8.0 Hz, 4H);3P{1H} NMR (CDCls;, 202 MHz) 6 —17.1 (s),—15.8
(s); *¥F{*H} NMR (CDCls;, 376 MHz) 6 —62.1 (s); Anal. Calcd. For
CaeHaeFePoFe: C, 62.63; H, 3.80. Found: C, 62.74; H, 3.84.

Synthesis of 1-Bis(4-methoxyphenyl)phosphino-bis(4-trifluo-
romethylphenyl)-ferrocene (18, DPPF-OMe,CE). A solution of
n-butyllithium in hexane (2.5 M; 0.85 mL, 2.1 mmol) was added to a
solution of 1-bromo-%bis(4-methoxyphenyl)phosphinoferrocene (1.08
g, 2.12 mmol) in THF (40 mL) at-78 °C under nitrogen in Schlenk
flask. The resulting solution was stirred for 1.5 h-a&8 °C. A solution
of CIP(GHs-p-CF3)2 (820 mg, 2.3 mmol) in THF (5 mL) was then
added to the reaction mixture a{78 °C, and the solution was stirred

Hz, 2H); 3'P{*H} NMR (THF-dg, 162 MHz); major isomer$ 9.1 (d,
J= 33 Hz), 25.7 (dJ = 33 Hz); minor isomer¢ 8.9 (d,J = 34 Hz),
25.0 (d,J = 34 Hz);°F{*H} NMR (THF-dg, 376 MHz); major isomer,
0 —62.7 (s, 6F)—61.6 (s, 3F); minor isomen} —63.0 (s, 6F)—61.7
(s, 3F); Anal. Calcd. for GHsdFoFelRPd: C, 48.32; H, 2.83. Found:
C, 48.54; H, 2.7521ab: *H NMR data of the Cp and OMe groups
(THF-ds, 400 MHz); major isomer$ 3.76 (s, 3H), 3.80 (qJ = 1.6
Hz, 2H), 4.29 (tJ = 1.6 Hz, 2H), 4.60 (brs, 2H), 4.76 (d4,= 1.6 Hz,
2H); minor isomer, 3.73 (q) = 1.6 Hz, 2H), 3.86 (s, 3H), 4.23 (§,
= 1.6 Hz, 2H), 4.61 (brs, 2H), 4.80 (4= 1.6 Hz, 2H);*'P{'H} NMR
(THF-dg, 162 MHz); major isomerg 9.2 (d,J = 33 Hz), 23.9 (dJ =
33 Hz); minor isomeryp 6.2 (d,J = 35 Hz), 25.0 (d,J = 35 Hz);
9F{H} NMR (THF-ds, 376 MHz); major isomery —62.7 (s, 6F),
—61.4 (s, 3F); minor isomer) —63.0 (s, 6F),—61.7 (s, 3F); major:
minor= 7.2:1; Anal. Calcd. for GsHzsFoFelO.P,Pd: C, 47.88; H, 3.04.
Found: C, 47.79; H, 3.00.

General Procedure for Generation of (LL")Pd(CeH s-4-CF3)NMe-
(CeH4-4-Me) (LL' = DPPF-OMe,Ph (22a,b), DPPF-Ph,CF(23a,b),
and DPPF-OMe,CF; (24a,b)).In drybox, (LL')Pd(GH4-4-CFs)l (LL'
= Ph,OMe-DPPF19ab, 9.3 mg, 1Qumol), Ph,CE-DPPF @0ab, 10.7
mg, 10.0umol), or OMe-CE-DPPF @1ab, 10.7 mg, 10.Qemol) was
placed into a 4-mL vial and was dissolved in TidgE{300 «L). The
solution was transferred to screw-capped NMR tube and the NMR tube
was removed from the drybox. A potassitNtmethyltoluidide solution
(0.150 M in THF4dg, 100uL, 15.0umol) was added at 78 °C to the

at room temperature for 1 h. The solvents were removed under reducedsolution of palladium complex (with a gastight syringe sealed with
pressure, and the crude product was purified by silica gel chromatog- Teflon tape). After shaking the mixture, the NMR tube was quickly
raphy (CHCl/hexane= 50—100%) to give an orange solid (1.28 g,  Placed into a pre-cooled NMR spectrometer probet§ °C). The
83%).'H NMR (CDCl;, 400 MHz) 6 3.81 (s, 6H), 3.98 (m, 2H), 4.02  palladium amido complexes were confirmed by NMR spectroscopy at

(m, 2H), 4.22 (m, 2H), 4.36 (m, 2H), 6.85 (d,= 8.5 Hz, 4H), 7.23
(m, 4H), 7.41 (tJ = 7.6 Hz, 4H), 7.56 (dJ) = 7.8 Hz, 4H);3P{1H}
NMR (CDCl;, 202 MHz) 6 —20.7 (s), —15.5 (s); *F{*H} NMR
(CDCl;, 376 MHz)6 —62.1 (s); Anal. Calcd. For £§gHz0Fs0.P.Fe: C,
60.79; H, 4.03. Found: C, 61.01; H, 4.17.

General Synthetic Procedure for (LL')Pd(CeH4-p-CF3)l (LL ' =
DPPF-OMe,Ph (19a,b), DPPF-Ph,CE(20a,b), and DPPF-OMe,Ck
(21a,b)).In a glovebox, a solution of unsymmetrical ligand'L(Ph,-
OMe-DPPF 16, 399 mg, 0.650 mmol), Ph,GIPPF 17, 171 mg,
0.248 mmol), or OMe,C&DPPF (8, 810 mg, 1.11 mmol)) in THF (4
mL for 16, 2 mL for 17, 5 mL for 18) was added at room temperature
to a solution of (TMEDA)Pd(GHs-p-CFs)l (300 mg, 0.607 mmol for
19ab, 109 mg, 0.220 mmol fa20ab, or 495 mg, 1.00 mmol fo21ab)
in THF (4 mL for 19ab, 2 mL for 20ab, or 5 mL for 21ab). After
stirring for 5 min at room temperature, solvents were removed under
reduced pressure until the volume was about 2 mL or 4 ml18a&b
or 21ab, or until the solvents were completely removed &f¥ab.
The resulting solution 0£9ab and21ab in THF or solution of20ab
in 2 mL of ether was added dropwise at room temperature to vigorously
stirred pentane (18 mL) to give yellow precipitate. The resulting yellow
powder was isolated by filtration through a glass fritted funnel to afford
the product (561 mg, 93% fd@ab, 187 mg, 79% foR0ab, 928 mg,
82% for21ab) as a mixture of 2 regioisomers (major: minerl.2:1
for 19ab; 2.7:1 for 20ab; 7.2:1 for 21ab; calculated from'H and
19F{1H} NMR spectra)19ab: H NMR data for Cp and OMe groups
(THF-ds, 400 MHz) major isomery 3.72 (br, 2H), 3.74 (s, 3H), 4.20
(brs, 2H), 4.51 (brs, 2H), 4.73 (m, 2H); minor isomer, 3.67 (br, 2H),

—45 °C. 22ab: H NMR data of tolyl methyl andN-methyl groups
(THF-ds, 500 MHz, —45 °C); major isomery 1.95 (s, 3H, Tol-Me),
2.11 (s, 3H, NMe); minor isomed, 1.97 (s, 3H, Tol-Me), 2.14 (s, 3H,
NMe); 31P{*H} NMR (THF, 162 MHz,—45 °C); major isomery 8.9
(br), 21.4 (d,J = 38 Hz); minor isomery 6.7 (br), 24.3 (dJ = 39
Hz); *F{*H} NMR (THF, 376 MHz,—15 °C); major isomer¢ —60.5
(s); minor isomerg —60.6 (s); major: minor= 1.3:1;23ab: H NMR
data of tolyl methyl andN-methyl groups (THFds, 500 MHz, —45
°C); major isomerg 1.94 (s, 3H, Tol-Me), 2.24 (s, 3H, NMe); minor
isomer,6 1.96 (s, 3H, Tol-Me), 2.12 (s, 3H, NMe§P{*H} NMR
(THF, 162 MHz,—45 °C); major isomerp 8.2 (br), 23.3 (dJ = 37
Hz); minor isomer,0 7.6 (br), 25.3 (dJ = 40 Hz); **F{'H} NMR
(THF, 376 MHz,—15 °C); major isomerp —60.7 (s, 3F),—61.8 (s,
3F),—62.1 (s, 3F); minor isomed, —60.8 (s, 3F)—62.0 (s, 3F)—62.3
(s, 3F); major: minor= 3.0:1;24ab: H NMR data of tolyl methyl
and N-methyl groups (THFds, 500 MHz, —45 °C); major isomerg
1.95 (s, 3H, Tol-Me), 2.27 (s, 3H, NMe); minor isomér1.99 (s, 3H,
Tol-Me), 2.16 (s, 3H, NMe)?*P{H} NMR (THF, 162 MHz,—45°C);
major isomer,0 8.0 (br), 20.5 (dJ = 37 Hz); minor isomerp 5.1
(br), 25.4 (d,J = 40 Hz); **F{*H} NMR (THF, 376 MHz,—15 °C);
major isomer,0 —60.6 (s, 3F),—61.8 (s, 3F),—62.1 (s, 3F); minor
isomer,0 —60.8 (s, 3F);—62.0 (s, 3F);—62.3 (s, 3F); major: mino=
5.8:1.

Synthesis of HNMePh19°11%|n a drybox,*N-aniline (410 mg,
4.40 mmol) and KCO; (1.20 g, 8.65 mmol) were placed into a 20 mL
vial. After addition of THF (5 mL), the vial was sealed with a rubber
septum and was removed from the drybox. Water (5 mL) and®oc

3.85 (s, 3H), 4.16 (brs, 2H), 4.53 (brs, 2H), 4.75 (m, 2Ep{H} (Di-tert-butyl dicarbonate, 1.15 mL, 5.00 mmol) were added to the
NMR (THF-ds, 162 MHz): major isomerd 9.1 (d,J = 33 Hz), 23.7 vial at room temperature. The re_sultmg solution was stlrre_d_ for 19 h at
(d, J = 33 Hz); minor isomery 6.3 (d,J = 34 Hz), 26.2 (dJ = 34 room tempe_rature, and the_reactl_on Was'quenched by addltlon_of water.
Hz); 2F{*H} NMR (THF-s, 376 MHz): major isomery —62.7 (s, After extraction of the reaction mixture with GBIz, and the combined
6F), —61.6 (s, 3F); minor isomed, —63.0 (s, 6F)—61.7 (s, 3F); Anal. organic phase was dried with p&O,. Removal of solvents aff_o_rded a
Calcd. for GaHsgFsFelOP.Pd: C, 52.02: H, 3.65. Found: C, 51.78: white solid (1.02 g) of the BOC-protected 15N-labeled aniline. This
H, 3.53;20ab: H NMR data of the Cp groups (TH8s, 400 MHz); solid was brought into a drybox and dissolved in DMF (4 mL). Mel
major isomer 3.76 (q,J = 1.6 Hz, 2H), 4.28 (tJ = 1.6 Hz, 2H), ] i _ - ] - _

4.63 (brs, 2H), 4.85 (q) = 1.6 Hz, 2H); minor isomer, 3.73 (.= 199 SAGeqR B HEISTan, B S, o S orm008 66, 367400,
1.6 Hz, 2H), 4.26 (tJ = 1.6 Hz, 2H), 4.60 (brs, 2H), 4.82 (4,= 1.6 (110) Peterson, M. A.; Nilsson, B. ISynth. Commuri999 29, 3821-3827.
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(859 mg, 6.05 mmol) and NaH (148 mg, 6.17 mol) were sequentially suspension was filtered through a glass filter under nitrogen, and the
added to the vial at room temperature. After stirring Soh atroom solvents were removed under reduced pressure. After the flask was
temperature, the reaction mixture was poured into water. The reactionbrought into drybox, the crude product was dissolved in ether and
mixture was extracted with Gi€l,, and the combined organic phase filtered through diatomaceous earth. The resulting solution was
was dried with NaSO,. The solvents were removed under reduced evaporated under reduced pressure to give a yellow liquid (1.17 g, 33%)
pressure. The crude product was purified by silica gel column that contained a small amount of white solid. This material was used

chromatography (CkCl/n-hexane= 20—50%) to give theN-BOC- without further purification?H NMR (CgsHs, 46 MHZz) 6 7.24 (s, 6D),
N-methylaniline as a colorless liquid (812 mg). The colorless liquid 7.75 (s, 4D);3P{*H} NMR (CDCl, 122 MHz)d 82.1 (s).
was dissolved in CkCl, (5 mL) under nitrogen. CGSO;H (0.5 mL, Synthesis of Bromoanisoled;.!*! A solution of (NH;).Ce(NQy)s

5.65 mmol) was added to the solution at room temperature. After stirring (11.0 g, 20.0 mmol) in CECN (50 mL) was added at room temperature
for 1.5 h at room temperature, the reaction mixture was poured into to a mixture of anisolels (2.02 g, 17.4 mmol), LiBr (1.74 g, 20.0

1.0 M aqueous NaOH. The mixture was extracted with,Clb} and mmol), and CHCN (50 mL) under nitrogen in a two-necked flask.
the combined organic phase was dried withCKs;. Evaporation of After stirring 1 h atroom temperature, the reaction was quenched with
the solvents gave the desirétN-labeledN-methylaniline (245 mg,  water (100 mL). The reaction mixture was extracted with ether, and
52% overall) as a brown liquidH NMR (CDCls, 400 MHz) 6 2.84 the combined organic phase was washed with saturated aqueous
(s, 3H), 3.52-3.88 (brd,J = 58 Hz, 1H), 6.63 (m, 2H), 6.72 (1§ = NaHCQ;, water, and brine. After drying with N&O, and addition of

7.6, 1.2 Hz, 1H), 7.20 (m, 2H). silica gel, the solvents were removed under reduced pressure. The crude

Synthesis of K®NMePh. Same procedure for unlabeled potassium material was purified by silica gel chromatography (ether/hexane
N-methylanilide was applied for the preparation. 65.0 mg, 44%, brown 0—5%) to give the product as a colorless oil (2.65 g, 79%)NMR

solid. (CHClp, 77 MHz) 6 3.74 (s, 3D), 6.84 (s, 2D), 7.43 (s, 2D).
Generation of *>N-Labeled Palladium Amido Species Bearing Synthesis of CIP(GD4OCD3),.1%1% A solution of n-butyllithium
Unsymmetrical DPPF Derivatives (25a,b-27a,b).In a manner similar in hexane (5.71 mL, 9.14 mmol) was added-a8 °C to a solution of
to the generation of symmetrical DPPF ligated palladium aryl amido 4-bromoanisole; (1.77 g, 9.14 mmol) in THF (10 mL) under nitrogen
derivatives with opposite direction of additio5a,b—27a,b were in a two-necked flask. The resulting solution was stirred foh at
generated by addition of a THF solution (5Q:, 0.200 mL, 10.0 —78°C to give white suspension of 43D00GsDLi. A solution of Cl-

umol) of arylpalladium iodide complexe$9a,b—21a,b to a THF PNE% (760 mg, 4.57 mmol) in THF (5 mL) was then added to the
solution of KISNMePh (0.150 M, 15.Qumol) in screw-capped NMR reaction mixture at—78 °C and the solution was stirred at room
tubes at—78 °C. The3P NMR spectra were obtained a#5 °C or temperature for 3 h. A solution of HCI in 1,4-dioxane (4.0 M; 10.0

—35°C for 27a,h 25ab: 3P{*H} NMR (THF, 162 MHz,—45 °C); mL, 40.0 mmol) was added to the reaction mixture at room temperature,
major isomery 9.5 (br), 21.2 (dd?Jpp= 36 Hz,2Jpn = 49 Hz); minor and the resulting mixture was stirred at room temperature for 15 min.
isomer,d 7.3 (br), 24.2 (dd?Jpp = 37 Hz,%Jpn = 49 Hz);26ab: 3'P- After addition of pentane (30 mL), the resulting suspension was filtered

{*H} NMR (THF, 162 MHz,—45 °C); major isomerg 9.0 (brd), 23.3 through a glass filter under nitrogen, and the solvents were removed
(dd, 2Jpp = 36 Hz,2Jpn = 47 Hz); minor isomerg 7.9 (br), 25.1 (dd, under reduced pressure. After the flask was brought into a drybox, the

2Jpp = 39 Hz,2Jpn = 46 Hz);27ab: 3*P{*H} NMR (THF, 162 MHz, crude product was dissolved in ether and filtered through diatomaceous

—35°C); major isomerg 9.2 (brd), 20.3 (dd?Jpp = 36 Hz,2Jpn = 48 earth. The resulting solution was evaporated under reduced pressure

Hz); minor isomerp 5.7 (br), 25.3 (dd2Jpe = 39 Hz,%Jpny = 48 Hz). to give a white solid (830 mg, 62%). This white solid was used without
Synthesis of 1-Bromo-I-bis(4-trifluoromethylphenyl)phosphi- further purification.?H NMR (CgHg, 46 MHZz) 6 3.10 (s, 6D), 6.65 (s,

noferrocene (28) A solution of n-butyllithium in hexane (1.6 M; 5.00 4D), 7.53 (s, 4D)E*P{*H} NMR (CDCls;, 122 MHz) 6 84.6 (s).

mL, 8.00 mmol) was added at78 °C to a solution of 1,k Synthesis of Deuterated Unsymmetrical DPPF Derivatives (16,-

dibromoferrocene (2.75 g, 8.00 mmol) in THF (30 mL) under nitrogen 17-d;, and 18-h4). From monophosphing5 or 28, the labeled DPPF

in a Schlenk flask. The resulting solution was stirred foh at—78 derivatives were synthesized in a manner similar@e 18 with n-BuLi

°C. A solution of CIP(GH4+-p-CFs)2 (3.01 g, 8.43 mmol) in ether (10 and deuterated chlorodiphenylphosphine or chlorobis(4-methoxyphe-
mL) was then added to the reaction mixture-at8 °C and the solution nyl)phosphine 16-di¢: 524 mg, 65%;17-0io: 594 mg, 65%:18-0;4:

was further stirred to room-temperature for 1 h. After this time, the 717 mg, 51%).16-tho, *H NMR (CDCls, 400 MHz) ¢ 3.80 (s, 6H),
reaction mixture was filtered through diatomaceous earth, and the 3.97 (q,J = 1.6 Hz, 2H), 4.00 (q) = 1.6 Hz, 2H), 4.25 (tJ = 1.6
diatomaceous earth was washed with ether. After addition of silica gel Hz, 2H), 4.36 (br, 2H), 6.83 (d] = 8.0 Hz, 4H), 7.24 (t) = 8.0 Hz,

to the resulting solution, the solvents were removed under reduced 4H); 2H NMR (CH,Cl,, 77 MHz) 6 7.10-7.54 (m);3P{1H} NMR
pressure. The crude product was purified by silica gel chromatography (CH,Cl,, 202 MHz)d —20.4 (s),—17.1 (s);17-t1o, 'H NMR (CDCl3,
(ether/hexane= 0—5%) to give the product as an orange-brown solid 400 MHz)d 3.97 (s, 2H), 3.99 (s, 2H), 4.28 (s, 2H), 4.37 (s, 2H), 7.39

(3.83 g, 82%).H NMR (CDCls, 400 MHz) 6 4.00 (t,J = 1.8 Hz, (t, J = 6.4 Hz, 4H), 7.55 (dJ = 8.0 Hz, 4H);2H NMR (CH.Cl, 77
2H), 4.13 (9.0 = 1.7 Hz, 2H), 4.35 (tJ = 1.8 Hz, 2H), 4.49 () = MHz) 6 7.10-7.70 (m);31P{*H} NMR (CH.Cl,, 202 MHz)$ —17.6
1.7 Hz, 2H), 7.45 (t) = 7.7 Hz, 4H), 7.59 (dJ = 7.7 Hz, 4H);3'P- (s), —15.8 (s);"*F{*H} NMR (CDCl, 376 MHz) —61.8 (s);18-d14,
{*H} NMR (CDCl;, 122 MHz) 6 —17.3 (s);"*F{*H} NMR (CDCl, IH NMR (CDCls, 400 MHz)d 4.00 (s, 2H), 4.02 (s, 2H), 4.24 (s, 2H),
376 MHz) 6 —62.1 (s); Anal. Calcd. For GHiBrFeFeP: C, 49.27;  4.42 (s, 2H), 7.38 (dJ = 7.8 Hz, 4H), 7.54 (dJ = 7.8 Hz, 4H);?H
H, 2.76. Found: C, 49.49; H, 2.52. NMR (CH,Cl,, 77 MHz) 6 3.76 (s, 3D), 6.90 (s, 2D), 7.31 (s, 2D);

Synthesis of CIP(GDs)..1%1%A solution ofn-butyllithium in hexane 31P{*H} NMR (CDCl;, 202 MHz)6 —21.3 (s),—15.7 (S);**F{'H} NMR
(9.50 mL, 15.2 mmol) was added at78 °C to a solution of (CDCl;, 376 MHz) 6 —63.6 ().

4-bromobenzenes (2.45 g, 15.1 mmol) in THF (10 mL) under nitrogen Synthesis of Deuterated Arylpalladium lodide Complexes 19a,b-
in a two-necked flask. The resulting solution was stirred Toh at dio, 20a,b4dso, and 21a,béis. From TMEDA complexl, the arylpal-
—78°C to give white suspension of Phti: A solution of CbPNE® ladium iodide complexed9a,b-dio, 20a,b-dio, and 21a,b-di4 were

(1.33 g, 7.60 mmol) in THF (10 mL) was then added to the reaction synthesized by ligand exchange reactions similar to those need to
mixture at—78 °C, and the solution was stirred at room temperature synthesizel9a,b-21a,b(19-the: 152 mg, 93%20-che 121 mg, 69%;

for 16.5 h. A solution of HCl in 1,4-dioxane (4.0 M; 15.0 mL, 60.0 21y, 161 mg, 87%)19-0he 3P{*H} NMR (THF, 162 MHz); major
mmol) was added to the reaction mixture at room temperature, and the

reaction mixture was stirred for 15 min at room temperature. After 111) Roy, S. C.; Guin, C.; Ranaa, K. K.; Maitib, Getrahedron Lett2001,
evaporation of solvents, 50 mL of ether was added. The resulting 42, 6941-6942.
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isomer,0 8.7 (d,J = 33 Hz), 23.7 (d,J = 33 Hz); minor isomerg 6.3
(d, J = 34 Hz), 26.6 (dJ = 34 Hz);*F{'H} NMR (THF, 376 MHz);
major isomerp —59.4 (s, 3F); minor isomer) —59.6 (s, 3F); major:
minor= 1.4:1;20-d;o. 3'P{'H} NMR (THF, 162 MHz); major isomer,
0 9.1 (d,J = 33 Hz), 25.4 (dJ = 33 Hz); minor isomery 8.6 (d,J
= 34 Hz), 25.0 (dJ = 34 Hz);*F{*H} NMR (THF, 376 MHz); major
isomer,0 —59.7 (s, 3F)~60.8 (s, 6F); minor isomed, —59.9 (s, 3F),
—61.2 (s, 6F); major: mino= 3.1:1; 21-cha 3P{*H} NMR (THF,
162 MHz); major isomerg 9.2 (d,J = 33 Hz), 23.0 (dJ = 33 Hz);
minor isomer,d 5.4 (d,J = 34 Hz), 25.0 (d,J = 34 Hz); *F{H}
NMR (THF, 376 MHz); major isomer) —59.5 (s, 3F);—60.8 (s, 6F);
minor isomer,0 —59.8 (s, 3F),—61.1 (s, 6F); major: minor 4.0:1.
Generation of Deuterated Arylpalladium Amido Complexes
22a,bdig, 23a,bdi, and 24a,bdis. From 19a,b-dig, 20a,b-dho, and
21a,bdy4 the arylpalladium amido complex@8a,b-d;o, 23a,b-d:0, and

then shaken several times. The NMR tube was quickly placed into pre-
cooled 45 °C) NMR spectrometer prob&FH{*H} and3'P{*H} NMR
spectra were measured-a#i5 °C to check for complete generation of
the palladium amide prior to acquiring kinetic data. The decay of the
palladium amido complexe®—12 were monitored at-15 °C by the
intensity of the!®F{*H} NMR resonance of the GFgroup on the
aromatic ring bound vs the PhOTf standard contained in the glass
capillary. All measurements were performed with the multizg program
of the Brucker DPX 400 spectrometer. The temperature of probe was
elevated from—45 °C to —15 °C when the automated measurement
started. The first 3 to 5 measurements collected while the temperature
was stabilizing were deletet’H{*H} NMR spectra were obtained every

40 (for 8, 11), 71 (for9, 12), or 134 (for10) seconds at-15 °C. All

data sets were fit to a first-order exponential decay and contained data
from more than 3 half-lives. After the kinetic measurement was

24a,bdi4 were generated by procedures similar to those used to generatecomplete, a solution af-dodecane in toluene (ca. 0.05 M, 0.2 mL, ca.

unlabeled22a,b—24a,h 22a,b-di: 3P{*H} NMR (THF, 162 MHz,
—45°C); major isomer¢ 8.7 (br), 21.5 (d,) = 33 Hz); minor isomer,
0 6.8 (br), 23.9 (dJ = 34 Hz); 23a,b-tho: 3'P{*H} NMR (THF, 162
MHz, —45 °C); major isomerp 8.2 (d,J = 33 Hz), 22.9 (dJ = 33
Hz); minor isomer,0 7.2 (br), 25.3 (dJ = 34 Hz); 24a,bd,s 3'P-
{*H} NMR (THF, 162 MHz,—45 °C); major isomery 8.0 (d,J = 33
Hz), 20.1 (d,J = 33 Hz); minor isomeryp 4.6 (br), 25.4 (dJ = 34
Hz).

Kinetic Measurement of Reductive Elimination from Arylpal-
ladium Amido Species 8-12 Ligated by Symmetrical DPPF
Derivatives. A solution of PhOTf (ca. 0.1 mM) and (Ph§P~=O (ca.
0.1 mM) in THFdg (ca. 50uL) was placed into a glass capillary and

10 umol) was added to NMR tube, and the solution was well mixed.
The resulting solution was analyzed by GC to determine the yield of
amine from reductive elimination. Yields were determined with response
factors measured with amine prepared independentlynadmtiecane.

All the reaction yields were greater than 85%. The following first-
order rate constants were obtain&13.5 x 10* s, 12.6 x 1074
s1,123x10%s19:297x 104s%,2.96x 10451, 2.89x 104
s110:37.6x 1045, 37.2x 104s%, 38.4x 104s%; 11 4.08

x 10451 426x 10457, 413 x 104s7Y; 12 27.2x 104 s,
27.1x 10* s} 26.8 x 10* s*. The average rate constants and
standard deviations from the three kinetic measurements are summarized
in Tables 1 and 2.

the capillary was sealed with a flame under atmospheric pressure. This  Kinetic Measurement of Reductive Elimination from Palladium
sample was used for deuterium lock and as an integration standard forAmido Species 22a,b-24a,b Ligated by Unsymmetrical DPPF

9F{1H} or 3P{*H} NMR measurements at low temperature. In the
drybox, the potassium amides salt (79.6 mg (0.500 mmol) for KNMe-
(CeHs-4-Me), 14.5 mg (0.100 mmol) for KNMePh, 17.5 mg (0.100
mmol) for KNMe(GsHs-4-OMe)) and PPH(525 mg (2.00 mmol) with
KNMe(CeHs-4-Me), 105 mg (0.400 mmol) with KNMePh, KNMe-
(CsH4-4-OMe)) were placed iota 5 mL (for KNMe(CgH4-4-Me)) or

a1 mL (for KNMePh, KNMe(GHs-4-OMe)) screw-capped volumetric
flask and dissolved in THF. The solution was diluted to 5 mL or 1 mL
to afford a solution that is 200M potassium amide and 40M PPhs.

A portion of this solution (11Q«L) was transferred to screw-capped
NMR tube containing the internal standard glass capillary described
above. THF (30QL for 8—10and12, 100uL for 11) was then added

to the NMR tube. After removing NMR tube from the drybox, the
NMR tube was cooled in dry ice/acetone bath. In a drybox, LBd{C
p-CR)I (L = ligand; 46.6 mg (50.@mol) for 5, 26.3 mg (25.Q«mol)

for 6, 60.2 mg (50.umol) for 7) was weighed ird a 1 mL screw-
capped volumetric flask and dissolved in THF. The solution was diluted
to 1 mL to afford a 50.uM (for 5 and7) or 25.0uM (for 6) THF
solution of LPd(GH4-p-CRs)l (5—7). A portion of the palladium
complex (200uL (for 8—10 and12) or 400xL (for 11), 10.0umol)
was removed from the volumetric flask with a 5@0 gastight syringe

Derivatives as Ligand.Reductive elimination from each set of two
regioisomers22a,b—24a,b were monitored by**F{*H} NMR spec-
troscopy at—15 °C as described for kinetic measurements of the
reactions of compound®—12. *°F{*H} NMR spectra were measured
every 40 (for22) or 24 (for23,24) seconds at-15°C. Yields of amine
were determined as described for the reactions of compo8ndg.

All reaction yields were greater than 95%. The following first-order
rate constants were obtainezRa (minor isomer): 7.39x 107% s7%,
7.24 x 104s1, 7.38x 10 % s%; 22b (major isomer): 7.0% 104

s1, 6.97 x 10 s, 7.34 x 107* s7%; 23a (minor isomer): 47.8x
10%s71,44.8x 10*s7%, 45.0x 1074 s7%; 23b (major isomer): 9.50

x 104 s71, 850 x 104 s%, 9.05x 10“ s %, 24a (minor isomer):
23.7 x 10% s, 25.0 x 10 s, 26.4 x 107* s7%; 24b (major
isomer): 5.53x 104 s%, 474 x 10“s% 5.15x 104 s The
average rate constants and standard deviations from the three kinetic
measurements are summarized in Chart 1.
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