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New palladium-allyl complexes with chelating phosphinocarbene ligands@Phave been prepared
and fully characterized. The adopted synthetic strategy is based on the reaction between the appropriate
silver precursors and the labile [R&allyl)OCOCFR],. These complexes react with amines in the presence
of dimethyl fumarate, yielding the new palladium(0) complexes fRd{nfu)(P—C)] and allylamine.
Under pseudo-first-order conditions, the amination rates obey the simpledaw k[NHR;], and this
observation seems to rule out the possibility of a simultaneous amine attack at the central atom with
displacement of the bidentate ancillary ligand (or of one of its donor groups)kitalues increase
with increasing basicity of the amine, with decreasing steric hindrance at the allyl fragment, and with
increasing bulkiness of the-fC heterocyclic nitrogen substituent. Moreover a remarkable decrease of
the amination rate is observed for the phosphinocarbene complexes as compared to the “isostructural”
phoshinopyrazole (PN) derivatives, in agreement with the strongdonating and wealke-accepting
character of the carbene ligands. The new posphinocarbene ligands are tested in the palladium-catalyzed
amination of 1,3-diphenylallylethyl carbonate, and the resulting low enantioselectivity may support the
view of the comparable trans influence of carbene and phosphine ligands, which renders the corresponding

trans allyl carbons electronically equivalent.

Introduction

at the nitrogen atoms or at the five-membered-ring carbon atoms.
In this respect considerable attention has been given to the

The discovery of stable N-heterocyclic carbenes by Arduengo jncorporation of the carbene functionality into ligand systems

and co-workersled to a rapid development of the chemistry

containing other “classical” donor groups; in this way it is

of these compounds. In particular, increasing attention has been,sssible to obtain an electronic tuning of the metal coordination
focused on using them as ancillary ligands for a number of spheré Therefore, the syntheses of several chelating N-

transition metal-mediated catalytic reactiériBhe reasons for
this success are the high stability of methkterocyclic-carbene
complexes against heat, moisture, and oxyye¢he strong

functionalized NHCs with various substituted pyridirfeisgi-
nes! ethers® arylphosphine&2° and arylsulfideand of their
complexes with platinum-group metals, mainly Pd, Ru, Ir, and

coordination to the metal, which reduces dissociation so that i, have been recently reported.
no excess of ligand is required in catalytic processes, and finally  thea electronic asymmetry of the chelating ligands renders

the low toxicity.

the corresponding trans sites electronically inequivalent, due to

In all these aspects they are not only competitive but often e |arge difference of the chelating ends. In this work we were

superior to usual phosphin&s?Additionally, the N-heterocyclic
carbene moiety easily permits a fine-tuning of the ligand

structure, through the introduction of appropriate substituents
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Chart 1 Results and Discussion
N’\=/>_R N’\_/‘N_R . N-Functionalized Imidgzolium Salts. Phosphinoim!dazo-
N c lium salts are the appropriate precursors of the phosphinocarbene
Fe PPh Fe PPhy ligands. These species can be prepared by quaternization of the
@ @ susbstituted alkyl imidazole.
As in a recent repofg the ferrocene scaffold was introduced
P-N ligands P-C ligands using R)-N,N-dimethyl-1-ferrocenylethylaminel) as starting

of overriding steric factors addition of amine to allyl complexes
is regioselective, occurring at the terminal carbon trans to the
ligand with the strongest trans influen¥en a previous paper

a very high enantioselectivity (99% ee) was obtained for the
reaction of 1,3-diphenylallylethyl carbonate and benzylamine
using pyrazole-containing ferrocenyl phosphinesXRigands)!!

and it was possible to prove that the site of nucleophilic attack

was the carbon trans to phosphorus, which is more electrophilic
than its companions trans to nitrogen. Moreover the shape of

the P-N ligand made this reaction path much more favor-

able.We now present a study describing the synthesis and

reactivity of new allyl-palladium complexes with the corre-
sponding N-heterocyclic carbene ferrocenyl phosphineGP
ligands) as ancillary ligands; in fact we exchange the position
of a nitrogen and a carbon atom in the pyrazole ring (Chart 1),

obtaining a chelating ligand with the same steric encumberance,

but with completely different electronic character of one of the
donor atoms. NHCs are considered strongonating but weak

material** its diasteroselective ortho fuctionalization with
CIPPh has allowed the preparation dR)((S)-PPFA,2. After
conversion to the corresponding acet8téwith retention of
configuration at the stereogenic center), we had the suitable
substrate for the alkylation of the appropriate imidazole. This
reaction proceeded smoothly in a 2:1 mixture of acetonitrile
and water to give the desired proddefinally, ion-exchange
with NaBr in methanol afforded the phosphinoimidazolium salts
4aand4bin good yield, eventually after purification over silica
gel. The stable orange-yellow solids obtained were characterized
by analytical and spectroscopic methods. The general synthetic
protocol is summarized in Scheme 2.

Silver Complexes. The most obvious method for the
introduction of a NHC ligand into a palladium center is the
“free carbene route” involving the abstraction of the acidic
imidazolium proton (with Na@u or other strong bases in
nonprotic solvent) and trapping of the free carbene, after
isolation orin situ, with a suitable metal precursor. In our case,
despite several attempts, it was impossible to isolate the free

n-accepting ligands; this characteristic increases the electronC@rbene. On the other hand, the strongly basic conditions for

density at the metal center and seems to induce a higher tran
effect/influence'?

This system provides the opportunity to test this property
through a simple comparison of the enantioselectivity of
palladium-catalyzed asymmetric allylic aminations usirgd
or P—N ligands.
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dts generatiornin situ are not compatible with every palladium-

allyl substrate; indeed for these systems there are several
precedents for nucleophilic attack by an alkoxide either at the
allyl fragment® or at the palladium centéf. Sometimes this
reactivity was used to generate the catalytically active (NHC)-
P species in some cross-coupling reacti&hs.

After all, the most convenient approach to the problem seems
to be the silver-mediated transfer of functionalized carbene
ligands to the palladium-allyl precursor. In this alternative
procedure, previously adopted by other authors with different
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Scheme 2
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Scheme 3
CF3CO,
N\l/N—H
AgBr CH,Cly, 1h, RT
2 Fe PPh, _ > 2
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5b (R='Bu) 6b (R="'Bu Ry=H)

palladium system&ac.7b.1%he free carbene is probably never

6c (R='Bu Ry=Ph)

arm. A further complication is the high fluxionality of the

involved, since silver complex formation is thought to occur system, which is clearly shown by a single broad signal in the
by a base-mediated proton abstraction and the silver complex3!P{*H} NMR spectra of both complexes, at room temperattire.

may be considered as a protected carbene.

The 'H NMR spectra are similar to those of the parent

The silver(l) carbene complexes were conveniently prepared imidazolium salts, except for the expected absence of the signals
by treatment of imidazolium salts with 0.5 equiv of silver oxide attributed to the NC(H)N proton and a broadening of some

in CH,Cl».20 The experiment was easily followed since ,8y

signals.

is insoluble in dichloromethane and slowly disappeared in the  |n any case, although the exact structure remains uncertain,
course of the reaction. The time required to quantitatively afford this has no apparent effect on further reactions of these
the product wa 6 h for the silver complefaand 24 h forthe  compounds. In particular, their behavior in the transmetalation

more encumbered complésb. The compounds thus obtained process is the same as the usual well-characterized silver(l)
are air-stable orange solids, soluble in most common organic carbene complexesifle infra).
solvents, except for diethyl ether and aromatic and nonaromatic

hydrocarbons.

Synthesis and Characterization of Palladium-Allyl Com-
plexes.The synthesis of these palladium complexes is shown

The elemental analyses for both complexes were in good i, scheme 3. The driving force for the transfer of the

agreement with a [Ag(carbene)Bomposition. However, it

fuctionalized NHC, from silver to other metals, is the silver

is far from trivial to establish the solution structure of these halide precipitation. This process is favored by the presence of

species. In addition to the usual structural diversity exhibited
by silver(l) heterocyclic carbenes (including monomeric, dimer-

ic, and polymeric solid-state structuf@3), we have to consider

the possible interaction of metal centers with the phosphine side

(19) (a) McGuiness, D. S.; Cavell, K. @rganometallic200Q 19, 741.
(b) Magill, A. M.; McGuiness, D. S.; Cavell, K. J.; Britovsek, G. J. P,;
Gibson, V. C.; White, A. J. P.; Williams, D. J.; White, A. H.; Skelton, B.
W. J. Organomet. ChenR001, 617, 546 (c) Simons, R. S.; Custer, P.;
Tessier, C. A.; Youngs, W. Drganometallic2003 22, 1979. (d) Cesar,
V.; Bellemin-Laponaz, S.; Gade, L. HDrganometallics2002 21, 5204.
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Kleinhenz, S.; Hursthouse, M. BEhem. Commur200Q 1247. (f) Lee, K.
M.; Wang, H. M. J.; Lin, I. J. BJ. Chem. Soc., Dalton Tran8002 2852.
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D.; Clyburne, J. A. Clnorg. Chem2003 42, 1391
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weakly coordinated ligands in the accepting méfale.g.,
CH3CN, COD, bridging ligand®). For this reason we chose
[Pd(@;2-allyl)OCOCH;]; as starting material for the preparation
of palladium-allyl complexes, since it can more easily free the
two coordination sites necessary for the entering bidentate

(21) (a) Arnold, P. L.Heteroat. Chem2002 13, 534 (b) Liu, Q. X.;

Xu, F. B.; Li, Q. S.; Zeng, X. S.; Leng, X. B.; Chou, Y. L.; Zhang, Z. Z.
Organometallics2003 22, 309.
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the parent tridentate PCP ligands and explained with a relatively wealCu
bond, leading to a dynamic behavior (Gishig, S.; TogniDéganometallics
2005 24, 203).

(23) (a) Groen, J. H.; Elsevier, C. J.; Vrieze, K, Smeets, W. J. J.; Spek,
A. L. Organometallics1996 15, 3445. Crociani, B.; Di Bianca, F.;
Giovenco, A.; Boschi, TInorg. Chim. Actal987 127, 169.
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Chart 2

CF3CO, CF3CO,

exo isomer endo isomer

phosphinocarbene ligand. It is preferable to use the more bidentate coordination of the ligand on the palladium center.
common precursor [Pgg-allyl)Cl],, because in this case, after The other important feature was (b) the magnetic inequivalence
cleavage of the bridge, chloride could remain competitive for a of terminal allylic protons and carbons; in particular, the allylic
coordination sité?® indeed, the higher coordination ability of proton and carbon signals trans to phosphine were easily
the chloride as compared to the trifluoroacetate anion is well distinguished by the characteristic couplinlys (respectively
known, especially in the chlorinated solvents generally used in ~9.5 Hz and~8 Hz for anti and syr) and Jcp (~30 Hz)28
transmetalations. Moreover, an interesting coupling between the carbenic carbon
The reaction of5a or 5b with [Pd(;3-ally)OCOCK], and theanti proton in trans position was found in the 2D HMBC
proceeded rapidly and smoothly in @El, at room temperature. ~ spectrum.
Precipitation of AgBr was observed almost immediately. After ~ The complex6c was prepared in the same manner starting
filtration and subsequent workup of the solution the complexes from [Pd(;°-1,3-diphenylally)OCOCH>. The'H and3!P{*H}
6a and6b were obtained as yellow solids in good yield 80  NMR spectra indicated the presence of four isomers. The more
85%). These compounds are stable and can be handled in aigbundant species (76%) was identified as ¢éxe—syn—syn
with no noticeable degradation; only a slight decomposition was isomer on the basis of the 2D 1H NOESY spectrum. Indeed,
observed fobaafter several days in chlorinated solvents. While the diagnostic NOE between the termirati-allyl protons
some examples of Pd-allyl complexes with monodentate NHC evidenced theyn—synconfiguration (confirmed by the absence
ligandd8a24were already reported, to the best of our knowledge of NOEs between the central and terminal allyl protons and by
6a and6b are the first ones with bidentate ligands containing the typical allylic*H—H coupling constants), while the NOE
a carbene donor groi.Their elemental analyses were in  between the central allyl proton and the protons ofBegroup
accordance with the expected compositions. is in agreement with thexoform of the isomer. Also in this
The H, 3P{H}, and °C{'H} NMR spectra of both  case the doubletitr = 29.6 Hz) due to to the carbene carbon
complexes show two sets of signals, denoting the presence incoordinated to palladium is visible in th&C{'H} NMR
solution of a mixture of two configurational isomers. The major SPe€ctrum at 169.7 ppm.
isomer displays aexoconfiguration éxorefers to the relative Kinetic Studies. The nucleophilic attack of an amine at the
orientation of the central allylic €H vector pointing away from  allyl fragment of palladium(il) complexes is considered the key
the ferrocene core, see Chart 2). The assignment of this structurestep in the palladium-catalyzed amination of allylic substréites.
for the complex6b is based on an NOE between the central Therefore, we decided to extend our previous kinetic stdtlies
allyl proton and the protons of thBu group, and it is extended 0 these new compounds in order to investigate the influence
for analogy to complexa on the reaction rates of the simultaneous presence in the ancillary
In the case oBb the ratio (~82:18) betweerexoandendo ligands of a carbene and a phosphine donerHigand). In
isomers is virtually the same observed for the corresponding this context the comparison with isostructural complexes of the
complex with a pyrazole-phoshine liga#onfirming that the phosphine-pyrazole ligand {fN) becomes particularly interest-

two systems appear to be comparable from a steric point of "9 ,
view. Then3-propenyl complexes reacted smoothly with an excess

of secondary amines (piperidine, benzylamine) in CHEI25
°C, in the presence of dimethyl fumarate (dmfu), to give the
zerovalent complexes [Pgfcdmfu)(P—C)] or [Pd?-dmfu)(P-
N)] and the corresponding allylamine. The use of an electron-

One of the most important features used to identify the
formation of palladium complexes was (a) a weak dodblet
(Jep ~ 23 Hz) at 171.4 foba and at 167.8 ppm foBb in the
13C{1H} NMR spectra assigned to the carbene carbon. This
as&gnmgnt was confirmed b.y a 2D HMBC EXpem.nent' n Wh.ICh (28) Crociani, B.; Antonaroli, S.; Bandoli, G.; Canovese, L.; Visentin,
the couplings of the two olefinic protons of the imidazole thit £ uguagliati, P Organometallics1999 18, 1137.
and of CH)CHs with the carbene carbon were detectable.  (29) (a) Trost, B. M.Angew. Chem., Int. Ed. Engl989 28, 1173 (b)

Furthermore, the coupling with the phosphorus confirmed the Godleski, S. A. IrComprehense Organic Synthesidrost, B. M., Fleming,
ping P P I., Semmelbach, M. F., Eds.; Pergamon: Oxford, U.K., 1991. (c) Tsuji, J.

Palladium Reagents and Catalysts. Ination in Organic Synthesis

(24) (a) Roland, S.; Audouin, M.; Mangeney, ®rganometallic2004 Wiley: Chichester, U.K., 1995; p 290.
23, 3075.(b) Viciu, M. S.; Kauer Zinn, F.; Stevens, E. D.; Nolan, S. P. (30) (&) Crociani, B.; Antonaroli, S.; Di Bianca, F.; Canovese, L.;
Organometallic2003 22, 3175. Visentin, F.; Uguagliati, PJ. Chem. Soc., Dalton Tran4994 1145. (b)

(25) Douthwhite et al. supposed the existence of these species asCanovese, L.; Visentin, F.; Uguagliati, P.; Crociani, B.; Di BiancaJF.
intermediates in the reaction of allylic alkylation using iminocarbene ligands Chem. Soc., Dalton Trand994 1145. (c) Canovese, L.; Visentin, F.;
(see ref 7a). Uguagliati, P.; Chessa, G.; Lucchini, V.; Bandoli, Borg. Chim. Acta

(26) Burckhart, U, Ph.D. Thesis no. 12167, ETH Zurich, 1997. 1998 275-276, 385. (d) Canovese, L.; Visentin, F.; Uguagliati, P.; Chessa,

(27) This signal is visible only for the maj@axoisomer. G.; Pesce, AJ. Organomet. Chenl998 566, 61
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Scheme 4

NHR, NR,
. L COOCH3

L
R R
+ NHR, - > < >Pd—| + dmfu E»( /pd_( + + ﬁHsz
(excess) slow L L /
-

HyCOOC R

/—\ —\ —
No __N—Me N _._N=Bu N ~2—'Bu
1% % N
PCMe = Fe PPhy PC'Bu = Fe PPh; PN'Bu = Fe PPhy
entry complex amine ko
1 [Pd(z3-allyl)(PCMe)ICRCO;, 6a piperidine (2.70£ 0.06) x 1073
2 [Pd(z3-allyl)(PCBuU)]CRCO;,, 6b piperidine (2.26£ 0.07)x 1072
3 [Pd(z3-allyl)(PCBU)]CRCO;,, 6b benzylamine (3.4£0.1)x 104
4 [Pd(;3-allyl)(PNBu)]CRCO,, 6d piperidine 33.5£0.9
5 [Pd3-allyl)(PNBu)]CRCO;,, 6d benzylamine 0.68% 0.009
6 [Pd3-1,3-Ph-allyl)(PCBU)]CRCO;, 6¢ piperidine ~5 x 10752
7 [Pd@3-1,3-Ph-allyl)(PN'Bu)]PFs, 6 piperidine (1.41£0.02) x 1072

a Approximate value obtained from3P NMR experiment ([complexd 1.5 x 1072 mol dm3; [piperidine}= 0.2 mol dnv3, in CDCk) since with the
usual concentrations of the UWis studies the reaction is too slow and the complex partially decomposes.

withdrawing olefin ensured the stabilization of the Pd(0) Pd(0) intermediate bearing ajf-bound allylammonium frag-
fragment, thus reducing the possibility of its decomposition and ment, which is rapidly and quantitatively displaced by the more
of secondary reactions. sm-accepting dimethylfumarate ligand to produce the final
The reaction was monitored by NMR spectroscopy, and its derivative [Pd§?-dmfu)(P—C)] or [Pd(>-dmfu)(P-N)]. The
course was confirmed by the appearance of the typical signalsvalues of rate constants are listed in Table 1.
of the allylamine and of the Pd(0) complex in thd NMR The simple linear dependencelgfson amine concentration
spectra. A simplified view of the process could be obtained by seems to exclude the possibility of a displacement of the
$1P{*H} NMR spectra, observing in this case only the signals pidentate ligand (or of one of its donor groups), for a
of palladium species. In this respect it is interesting to emphasize simultaneous amine attack at the metal center, previously
that the isomer ratio of the initial complexesxf and endg observed in similar systems with \N, N—S, and P-N
remained constant throughout the reaction, revealing thatancillary ligands and described by a fast pre-equilibrig?.
nucleophilic attack by the amine may take place at the allyl This ohservation is consistent with the predicted high coordina-
carb_ons of bpth isomers at r_ates lower than that of intercon- 4o ability of these P-C ligands, due to the strong metal
version (Curtin-Hammett regimej* carbene and metaphosphine bonds. In addition, the steric
However, we preferred to gather the data for the kinetic protection provided by théBu substituent adjacent to the

analysis following the progress of the reaction by-s spec-  coordinating atom in the heterocyclic ring (see Chart 1) could
tral changes in the wavelength range 3600 nm of CHC} play an important role in stabilizing the complexes; this applies
solutions of Pd-allyl complexes (ca.® 10~ mol dm3) in also to the phosphine-pyrazole ligand (PN).

the presence of dimethylfumarate (dmfu)-@ x 10~* mol
dm~3), upon addition of variable aliquots of excess aminex(1
108 to 6 x 102 mol dm3). Under such pseudo-first-order
conditions the reactions went smoothly to completion, as indi-
cated by comparison of solution spectra after87half-lives
\évcl)tr?vg;giso?‘ ?I) ttt;]z |2§§)%2Téir?tnggll[;rdeiﬁer;recdorf:]rﬁlef égd;;;za:sh?o(see entries 3/6 and 4/7), as a result of increased steric hindrance,

obey the customary monoexponential absorbaflesrsus time which cannot be compensated by the electrophilic character of
(t) relationshipA = Ax + (Ao - Aw) exp—ked). The pseudo- t.he allyl fragment b_earmg phenyl substituents. (c) For th&€P
first-order constants were determined by nonlinear regression!igands, a marked influence da is also exerted by the nature
of the absorbancé, data to time. No dependence of the rates ©f the substituent on the heterocyclic nitrogen atom. Surpris-
on the dimethylfumarate concentration could be detected in the 9!y, with the bulkier C(CH)s group a higherk, value is

range investigated. The valueskafs fit the second-order rate  Observed than with the Me substituent (entries 1, 2). This finding
law: can be rationalized by invoking a destabilizing distortion of the

From Table 1 it is apparent that (a) tkeconstants increase
with increasing basicity of the amiffe(see entries 2, 3 and 4,
5), in agreement with our previous kinetic studiég’ (b) A
marked decrease is observed on going frgfpropenyl
complexes to the corresponding1,3-diphenylallyl derivatives

kob = kz[NHRz] (31) (a) Auburn, P. R.; Mackenzie, P. B.; Bosnich, PJ.JAm. Chem.
s Soc.1985 107, 2046. (b) Mackenzie, P. B.; Whelan, J.; Bosnich, R1.J.
Am. Chem. Socl 985 107, 2046. For a general treatment of the Cuttin
In light of all these data we propose the mechanistic picture Hammett principle, see: (c) Seeman, JChem. Re. 1983 83, 83.

.t (32) At 25°C the K, values for piperidine and benzylamine are 11.12
of Scheme 4, where the cationic substrate undergoes rate-nq 934, respectively (Albert, A.; Serjeant, E. PTie Determination of

determining nuclephilic attack by aminle Gtep) to give a labile lonization ConstantChapman and Hall: London, 1984; p 151.
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n3-allyl fragment in the more crowded substraib, which (48.7 ppm) is noteworthy and attests the similar electronic
increases its reactivity. An analogous sterically activating effect character of these two donors.
has already been observed with iminophosptiaad pyridy! For the more abundant isomer the signal of the carbene carbon

thioethef®dligands. (d) Finally, a striking decrease in reactivity bound to the metal was detected as a weak douldetf 15.9
(nearly 3 orders of magnitude) was recorded on going from Hz) at 187.0 ppm. Again, this assignment was confirmed by a
pyrazole P-N to carbene PC complexes. This trend is 2D HMBC experiment, in which the couplings of the carbene
maintained for both amines and allyl groups under scrutiny (see carbon with the two alkene protons of the imidazole unit with
entries 4/2, 5/3, and 7/6, in Table 1). It is evident that the the CH)CH; proton and with the dimethyl fumarate olefinic
powerful o-donating and weakr-accepting character of the  proton trans to carbene were observable.

carbene ligang2e33ancreases the electron density atthe metal  Asymmetric Allylic Amination Catalysis. The new complex
center and consequently at the allyl group, with a detrimental 6 has been tested in Pd-catalyzed reactions of racemic 1,3-
effect on its reactivity with respect to the nucleophilic attack diphenylallylethyl carbonate with benzylamine and piperidine.
by the amine. This behavior is not unexpected; Sato and co-The reaction was carried out in THF at 40 in the presence
workers have already observed that amines do not react withgf 3 mol % of complex as catalyst. After 72 h, the amination
allyl acetate in the PANHC systen?>and other purely electron-  products were isolated after chromatographic purification.

donating ligands have shown an analogous negative inflLifhce. Only a partial conversion of the starting allylic carbonate
However, this detrimental effect was quantified here for the first ..y red (32% and 58% for benzylamine and piperidine

time from a kinetic point of view. respectively), and the allyl amination products are virtually
These conclusions are valid also if we take into account that, racemic (5% ee 08 enantiomer) in both cases.

in the case of the complexes with-E ligands, the nucleophilic

attack may occur at both terminal allyl carbons (i.e., trans to P

and trans to Cyide infra), and therefore thk, values in Table

The same reactions involving the complex with the corre-
sponding pyrazole ligandd as catalyst gave completely
i > different results, affording a quantitative conversion to the allylic
1 should Iqe consldered as the sum of four contributions (two 5ine products with a high stereoselectivity (97.7% ee for
for each diasteroisomer). . benzylamine and 97.2 for piperidine), after only 20 h, as

Synthesis and Characterization of a New Palladium(0)  previously reported for a very similar systéhwe have verified
Olefin Complex. The complexes [Pgf-dmfu)(P-C)] can be  here that the trifluoroacetate ion, thanks to its coordinating
synthesized by making use of the amination reaction describedproperties, favors the selectivity of the process, being an efficient
above. After all, it constitutes an alternative to the method znion in ensuring CurtirRHammett conditions, which is con-
proposed by Cavell et &f. for the preparation of analogous  sjgered an essential requisite in order to obtain high ¥e’s.
compounds, starting from [Pgf-alkene)(COD)] and free car- The lower yield observed witish as compared t®d as
bene ligands. Th(.aref.or.e, we reproduced the reaction be“{veencatalyst may be easily correlated to the remarkable difference
complex6b and piperidine (entry 2, Table 1) on a preparative ¢ e , values for amine nucleophilic attack onto allyl
scale with the aim of isolating and characterizing the corre- ;..o mediates (see Table 1), confirming that this step is rate-

sponding I;d(O) colmpoundlb. Af_ter separaticl)ln of cln_rganic determining in the catalytic process. The better result attained
productg, the complex was obt.alned as a yellow solid. It Was \ith piperidine is, in turn, a consequence of its higher reactivity
soluble in most common organic solvents, except for aromatic ;. g step

and nonaromatic hydrocarbons, and stable in solution and in The dramatic loss of stereoselectivity observed with the

the solid state when exposed tq a. . carbene complegb appears much more intricate. It has been
Its elemental a_n_aly5|s wasalln lQOOd aglreer?ent with the \erified that no kinetic resolution of the starting racemic allylic
expected compositions. THel, *!P{H} . and SC{ H} NMR . carbonate takes place under the reaction condifibremd
spectra revealed the presence of two diastereoisomers, deriving,,ngequently its oxidative addition to the catalyst, proceeding
from the coordination of the olefin via it® or si enantioface. \yith inversion of configuration, produces equal amounts of
The relative isomer population IS 8_5:1_5' . _ diastereomerig?3-allyl complexes, with opposite configurations
As a consequence of the olefin binding mode, upfields shifts gt the allylic termini. At this point a rapid equilibrium between
of 2.6-3.1 ppm for the alkene protons and of .85£2L.5 ppm the diasteroisomers permits a thermodynamic redistribution of
for the corresponding carbo_ns were observed |rﬂthend1_3C- the species (CurtinHammett regime), in agreement with the
{*H} NMR spectra, respectively, as compared to the signals of jsomeric composition obtained in the synthesi§afSince the
free dmfu at 6.86'H) and 133.9 {°C). This may be attributed  gpserved enantiomeric composition of the allylamine product
to the strong shielding afforded by the extensivback-bonding s jikely to reflect the regioselectivity of the nucleophilic attack
from the Pd center, which somewhat lessens the double-bondyp, the majoexo-syR-synisomer (76% irbc), we may conclude
character of the dmfu liganf. Moreover, the asymmetric ¢ this attack is virtually nonselective, as shown by the almost
structure of the PC ligand makes the two olefinic termini  15cemic product obtained.It is apparent that this effect is not
different; the proton and the carbon trans to phosphorus could 4 tg steric reasons since the “isostructuratNPligand leads
be identified by the large values &#p (10 Hz) andJcp (~28.5 to an exclusive attack trans to phosphorus, as proven by the
Hz). high stereoselectivity obtaned with compléx. The more
The small difference between the resonances of the olefinic p|ausib|e exp|anation is the Comparab]e trans influence of
carbon trans to the carbene (42.4 ppm) and trans to phosphorus

(36) Burckhardt, U.; Baumann, M.; Togni, Aetrahedron: Asymmetry

(33) (a) Douthwaite, R. E.; Hodgson, R. Organomet. Chen005 1997, 8, 155.
690, 5822. (b) Lee, M.-T.; Hu, C.-HDrganometallics2004 23, 976. (c) (37) The unreacted 1,3-diphenylallylethyl carbonate was still racemic.
Sato, Y.; Mori, T.J. Organomet. Chen2005 690, 5753. (d) For example (38) It seems improbable that the minor isomers may display such
[Pd-(@z3-allyl)(NHR2),] ™ are pratically inert toward nucleophilic attack (see  different rates for the nucleophilic attack to compensate for a possible
ref 30a). preferential attack at one allylic terminus in the major isomer. Indeed, the
(34) McGuiness, D. S; Cavell, K. J.; Skelton, B. W.; White, A. H.  case of a pyrazole-phosphine complex with an isomeric distribution very
Organometallics1999 18, 1596. similar to 6f was reported, for which a preferential attack at the carbon

(35) Antonaroli, S.; Crociani, BJ. Organomet. Chenmi998 560, 137. trans to phosphorus led to high ee’s (see ref 11a).
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carbene and phosphine ligands, which renders the corresponding0,)(773-CsHs)]2,4° [Pd(u-CFCO)(73-PhCHCHCHPh), 40 [Pd @3-
trans allyl carbons electronically equivalent. In fact, the differ- CsHs)(1-[(R)-1-((S)-2-diphenylphosphinoferrocenyl)ethyl]@+t-
ence between the chemical shifts of the terminal allyl carbons buyl-1H-pyrazole)|CECO; (6c), and [Pd*-PhCHCHCHPh)(1-
(an indirect probe of their different electrophilcity) is much less  [(R)-1-((S-2-diphenylphosphinoferrocenyl)ethyl}@+t-buyl-1H-
marked in the PC complex than in the corresponding-R pyrazole)]Pk (6d)?¢ were prepared following literature procedures.
complexes (8.1 against 28 ppm, respectively, for the simple allyl All other chgmigals were commercial grade and were used without
complexessh and6d, and 20.7 and 41 ppm, respectively, for further purification.

the diphenyl derivative$c and 6€). Therefore, the electronic 1-{(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]3-meth-
factor is predominant in determining stereoselectivity, compen- Ylimidazolium Bromide (4a). A suspension o8 (0.82 g, 1.8 mmol)
sating also for the more drastic rearrangement required in the@nd 1-methylimidazole (0.18 g, 2.2 mmol) in a mixture of

transition state when the nucleophilic attack takes place trans@cetonitrile (8 mL) and water (4 mL) was stirred at room
to carbene rather than trans to phospHihe temperature for 3 days to give a clear orange solution. After
’ evaporation of the solvent under vacuum, the residue was dissolved

in 9 mL of methanol with NaBr (0.55 g, 5.3 mmol) and stirred for
3 h. After removal of the solvent, dichloromethane was added to
In this contribution new palladium-allyl complexes with the residue and the white undissolved solid (excess NaOAc and

chelating phosphinocarbene ligands have been prepared and fulyNaBr) was separated by filtration. The orange solution was
characterized. The synthetic procedure involves a silver- evaporated to dryness, affording the product as a yellow solid, which

Conclusion

mediated transfer of the carbene ligand to a labile palladium
mr-allyl precursor. Their reaction with benzylamine and piperi-
dine in the presence of an activated olefin (dimethylfumarate)

was washed first with benzene and threpentane and finally dried
under vacuum. Yield: 0.90 g (89.6%), orange-yellow sofid.
NMR (CDCls, 298 K): 6 2.07 (d,Jcrme = 7.1 Hz, 3H, CHVie),
3.65 (s, 3H, NCH), 3.92 (m, 1H, Cp), 4.14 (s, 5H, Qp4.54 (t,

has been studied. It involves a slow nucleophilic attack at the Jenen = 2.6 Hz, 1H, Cp) 4.99 (M, 1H, Cp), 5.98 (ke = 7.1

allyl moiety, producing the new ze_rovalent complexes Hf’e_l( Hz, Jou = 3.4 Hz 1H, GiMe) 6.53 (m, 1H, CH=CH Im), 6.79 (m,
dmfu)(P—C)] and the Correspondlng a”ylamlne. A detailed 1H, CH=CH |m)’ 6.92 (m, 2H, ppi), 7.18 (m’ 3H, Ppi'), 7.43
kinetic study has shown a remarkable decrease in the aminationm s, ppp), 9.84 (s, 1H;"CH Im). 23C{*H} NMR (CDCls, 298
rate for the phosphinocarbene complexes as compared to the): § 21.6 (CH CHMe), 36.5 (CH, NMe), 56.3 (d,Jcp = 10.1
“isostructural” phosphinopyrazole derivatives. This fact may be Hz, CH, CHMe), 70.2 (d,Jcp = 3.1 Hz, CH, Cp), 70.4 (CH, Cp
attributed mainly to the powerfur-donating and wealkr-ac- 71.0 (CH, Cp), 73.0 (dJcp = 3.7 Hz, CH, Cp), 75.7 (C, Cp), 87.7
cepting character of the carbene ligand, which increases the(d, Jop = 24.4 Hz, C, Cp), 119.2 (CH, HECH Im), 122.1 (CH,
electron density at the metal center and consequently at the allylHC=CH Im), 128.1, 128.2, 128.4, 128.5, 128.6, 129.8 (CRLY,
group, thereby drastically retarding the nucleophilic attack of 132.3 (d,Jcp = 18.8 Hz, CH, Phy), 134.5 (C, PPhy), 134.7 (d,
the amine. The comparable trans effect/influence of phosphine Jecp = 20.4 Hz, CH, PPhy), 136.8 (CH,*CH Im), 137.8 (C, Phy).
and carbene donor groups seems to be the basis of the loss of'P{*H} NMR (CDCl, 298 K): 6 —27.3. Anal. Calcd for GgHag-
enantioselectivity when the new— ligands were tested in ~ BrFeNP: C, 60.13; H, 5.05; N, 5.01. Found: C, 59.82; H, 5.22;
the palladium-catalyzed amination of 1,3-diphenylallylethyl N. 5.16.
carbonate. 1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]3tert-buyl-
imidazolium Bromide (4b). A suspension 08 (1.12 g, 2.45 mmoli)
and ltert-butylimidazole (0.37 g, 2.94 mmol) in a mixture of
acetonirile (12 mL) and water (6 mL) was stirred for 3 days to
Materials. Unless otherwise stated, all manipulations were give a clear orange solution. After evaporating the solvent under
carried out under an argon atmosphere using standard Schlenkvacuum, the residue was dissolved in 13 mL of methanol with NaBr
techniques. All solvents were purified by standard procedures and(0.76 g, 7.36 mmol) and stirred for 3 h. After removal of the solvent,
distilled under argon immediately prior to use. 1D- and 2D-NMR dichloromethane was added to the residue and the white undissolved
spectra were recorded using a Bruker DPX300 or Bruker DPX500 solid (exces NaOAc and NaBr) was separated by filtration. The
spectrometer. Chemical shifts (ppm) are given relative to TMIS ( crude product obtained after evaporation of the solvent was
and3C NMR) and 85% HPO, (3P NMR). chromatographed (silica gel, GBI, + CH3;OH 4%). Yield: 1.21
Peaks are labeled as singlet (s), doublet (d), triplet (t), quartet g (82.3%), orange-yellow solidH NMR (CDCl;, 298 K): 6 1.41
(g), multiplet (m), and broad (br). The proton and carbon assignment (s, 9H,'Bu), 2.18 (d,Jcqve = 6.9 Hz, 3H, CHMe), 3.96 (m, 1H,
was performed byH-2D COSY,*H-2D NOESY,H—13C HMQC, Cp), 4.06 (s, 5H, CP, 4.52 (t,JcHcn = 2.6 Hz, 1H, Cp) 5.07 (m,
and HMBC experiments. 1H, Cp), 6.16 (qdJcrme = 6.9 Hz,Jpy = 3.3 Hz 1H, GHMe) 6.77
UV—vis spectra were taken on a Perkin-Elmer Lambda 40 (m, 2H, PPh), 6.85 (m, 1H, CH=CH Im), 7.01 (m, 1H, CH=CH
spectrophotometer equipped with a Perkin-Elmer PTP6 (Peltier Im), 7.09 (m, 3H, PP$), 7.38 (m, 3H, PP}, 7.48 (m, 2H, PP}),
temperature programmer) apparatus. 9.79 (s, 1H,;"CH Im). 3C{H} NMR (CDCl;, 298 K): 6 21.4 (CH
A general procedure for the catalysis experiments and the detailsCHMe), 29.6 (CH, CMey), 56.3 (d,Jcp = 10.4 Hz, CH,CHMe),
for the determination of the enantiomeric purity of the products 60.1 (C,CMes), 70.2 (CH, Cp), 70.2 (CH, Cp), 70.9 (CH, Cp),
have been reported previoush®: Enantiomeric excesses were 72.6 (d,Jcp = 4.4 Hz, CH, Cp), 75.7 (dJcp = 9.5 Hz, C, Cp),
determined by HPLC using Daicel Chiralcel OJ and OD-H columns 90.4 (d,Jcp = 25.8 Hz, C, Cp), 118.2 (CH, HECH Im), 118.3
and eluting with a hexan®rOH mixture (99.5/0.5 v/v, 0.45 mL/ (CH, HC=CH Im), 127.8, 127.9, 128.0, 128.2, 128.3,129.6 (CH,
min for the benzylamine-derived product; 96/4 v/v, 0.35 mL/min PPh), 131.4 (dJcp = 18.1 Hz, CH, Phy), 134.2 (CH,"CH Im),
for the corresponding piperidine derivative= 25 °C; detection 135.0 (d,Jcp = 20.4 Hz, CH, Phy), 135.9 (d,Jcp = 6.6 Hz, C,
at 254.8, 230.4, 210.8). PPh,), 139.4 (d,Jcp = 9.3 Hz, C, PPhy). 31P{1H} NMR (CDCls,
(R)-NNN-Dimethyl-1-(S)-2-diphenylphosphinoferrocenyl)ethyl- 298 K): 6 —26.7. Anal. Calcd for GHs;BrFeN,P: C, 61.92; H,
amine @),13 (R)-1-((S)2-diphenylphosphinoferrocenyl)ethyl acetate  5.70; N, 4.66. Found: C, 61.12; H, 5.94; N, 4.56.
(3),12 1-tert-butylimidazole3®* and the complexes [P@{CFs-

Experimental Section

(40) Goddard, R.; Kiger, C.; Mynott, R.; Neumann, M.; Wilke, G.
Organomet. Chenl993 C20-C25 454
(41) Marquardt, D. WSIAM J. Appl. Math1963 11, 431.

(39) Perry, M. C.; Cui, X.; Powell, M. T.; Hou, D.; Rebenspeis, J. H.;
Burgess, KJ. Am. Chem. SoQ003 125 113.



Palladium(ll) z-Allyl Complexes

1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]3-meth-
ylimidazol-2-ylidenebromosilver(l) (5a). The imidazolium bro-
mide 4a (0.320 g, 0.570 mmol) was dissolved in 13 mL of
dichloromethane, and A@ (0.080 g, 0.345 mmol) was added. The
mixture was stirred fo6 h atroom temperature to produce a clear
orange solution with only a trace of black solid. This slight excess
of Ag,O was removed by filtration through Celite, and the solution
was concentrateid vacua The product was precipitated by addition
of diethyl ether, filtered off, and washed with diethyl ether and
n-pentane. Yield: 0.360 g, 94.4%, orange solid. NMR (CD,-
Cl,, 298 K): 6 1.87 (d,Jdcrme = 6.9 Hz, 3H, CHVe), 3.48 (br s,
3H, NCH), 3.95 (br s, 1H, Cp), 4.37 (s, 5H, Qp4.57 (t,JchcH
= 2.5 Hz, 1H, Cp) 4.84 (br s, 1H, Cp), 6.14 (br s, 1HKe)
6.36 (br s, 1H, CHCH Im), 7.16 (br s, 1H, CHCH Im), 7.36
(m, 8H, PPh), 7.69 (br s, 2H, PR). 31P{*H} NMR (CD,Cl,, 298
K): 6 br s—12.31. Anal. Calcd for gH,7BrFeN,PAg: C, 50.49;
H, 4.09; N, 4.21. Found: C, 50.21; H, 4.16; N, 4.29.
1-[(R)-1-((9)-2-Diphenylphosphinoferrocenyl)ethyl]3tert-but-
ylimidazol-2-ylidenebromosilver(l) (5b). The synthesis of the title
complex is analogous to that 6, starting from the appropriate
imidazolium bromide4b (0.200 g, 0.33 mmol) and A® (0.046
g, 2 mmol) in 6 mL of dichloromethane with a reaction time of 18
h. Yield: 0.223 g (94.4%), orange solitH NMR (CDCl,, 298
K): 6 1.43 (s, 9H,Bu), 1,93 (d,JcHme = 6.9 Hz, 3H, CHVe),
4,00 (brs, 1H, Cp), 4.17 (br s, 5H, Qp4.57 (bt, 1H, Cp) 4.86 (br
s, 1H, Cp), 6.66 (m, 2H, PBh 6.77 (br s, 1H, EIMe) 7,03 (br s,
2H, CH=CH Im), 7.07 (m, 1H, CH=CH Im), 7.18 (m, 3H, PPj),
7.48 (m, 3H, PP}, 7.75 (br s, 2H, PR). 31P{*H} NMR (CD,Cl,,
298 K): ¢ —21.0. Anal. Calcd for gH33BrFeNo,PAg: C, 52.57;
H, 4.70; N, 3.96. Found: C, 52.22; H, 4.88; N, 3.84.
[1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]3-meth-
ylimidazol-2-ylidene Palladium(z-allyl)]trifluoroacetate (6a). To
a solution of [Pdg¢-CFCO,)(17%-C3Hs)]» (0.060 g 0.115 mmol) in
dichloromethane (7 mL) was slowly added dropwise a solution of
silver complex5a (0.153 g 0.230 mmol, dissolved in 7 mL of
CH,Cl,). The solution, which suddenly became cloudy, was stirred
for 1 h atroom temperature and then filtered through Celite to
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(d,Jep=15.9 Hz, C, Cp), 120.5 (dicp = 5.5 Hz, CH, allyl central),
124.5 (CH, HG=CH Im), 128.5 (CH, HE=CH Im), 170.8 (dJ =
23.9 Hz, C-Pd, Im).3P{*H} NMR (CDCl;, 298 K): excisomer
0 13.0 (PPh); endeisomer 13.8 (PPJ). Anal. Calcd for GsHzoF3-
FeN,POPd: C, 53.64; H, 4.37; N, 3.79. Found: C, 53.41; H, 4.23;
N, 3.69.
[1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]31ert-
buylimidazol-2-ylidene Palladiumg;-allyl)trifluoroacetate (6b).
The synthesis of the title complex is analogous to th&apbtarting
from [Pd{u-CRCO;)(73-CsHs)]2 (0.060 g 0.115 mmoli) and silver
complex5b (0.163 g, 0.230 mmol). Yield: 0.152 g (84.4%), yellow
solid. TH NMR (CDCl;, 298 K): excisomer (82%)) 0.95 (s, 9H,
tBLI), 2.07 (deCHMe = 7.0 Hz, 3H, CHMe), 3.64 (dd,JCHZCH =
13.7 Hz,Jpy = 9.5 Hz, 1H, allyl Hy trans-P), 3.78 (d, 12.8 Hz,
1H, allyl Hapng trans-C), 3.93 (m, 1H, Cp), 3.96 (s, 5H, '§pt.44
(d, JcHoch = 7.7 Hz, aIIyI Hsyn tranS-C) 4.48 (dCUCHQCH =Jpy =
8.4 Hz, 1H, allyl Hy, trans-P), 4.52 (tJchicn = 2.6 Hz, 1H, Cp),
4.90 (m, 1H, Cp), 5.43 (m, 1H, allyl i), 6.27 (M, 1H, GiMe),
6.54 (m, 2H, PP}), 7.16 (m, 1H, CH=CH Im), 7.23 (m, 3H, PP},
7.45 (m, 1H, CH=CH Im), 7.61 (m, 3H, PP}, 7.80 (m, 2H, PP});
endaisomer (18%)d 1.06 (s, 9H,'Bu), 2.00 (d,Jchme = 7.0 Hz,
3H, CHMe), 2.94 (dvaCHZCH = 13.7 Hz,Jpy = 9.4 Hz, 1H, aIIyI
Hani trans-P), 3.23 (d, 13.9 Hz, 1H, allyl K trans-C), 3.89 (s,
5H, Cp), 4.86 (signal partially obscured, allylsjd trans-C) 4.53
(signal partially obscured, allyl g trans-P), 6.02 (m, 1H, allyl
Heente), 5.93 (M, 1H, GIMe). B3C{*H} NMR (CDCls, 298 K): exo-
isomerd 17.1 (CH, CHMe), 30.5 (CH, CMe;), 56.7 (CH,CHMe),
57.6 (C,CMe3), 61.8 (CH allyl trans-C), 69.4 (dJcp = 6.6 Hz
CH, Cp), 69.9 (dJcp = 30.2 Hz, CH, allyl trans-P), 70.6 (CH,
Cp), 71.3 (d,Jcp= 6.0 Hz, CH, Cp), 72.0 (C, Cp), 73.1 (CH, Cp),
93.1 (d,Jcp = 15.6 Hz, C, Cp), 118.0 (CH, HECH Im), 119.2
(d, Jcp= 4.9 Hz, CH, allyl central) 122.2 (CH, HECH Im), 167.6
(d, 3= 23.1 Hz, C-Pd, Im).3P{*H} NMR (CDCls, 298 K): exo
isomerd 12.3 (PPh); endeisomerd 13.2 (PPh). Anal. Calcd for
CaeHasFsFeNPOP: C, 55.37; H, 4.90; N, 3.59. Found: C, 55.12;
H, 4.74; N, 3.50.
[1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]31ert-

remove the silver salt. The clear yellow solution was concentred buylimidazol-2-ylidene Palladium(;*-PhCHCHCHPh)]trifluo-
under vacuum, and the product, precipitated by addition of diethyl roacetate (6c).The synthesis of the title complex is analogous to

ether, was washed several times with diethyl etherrapdntane.
Yield: 0.145 g (85.3%), yellow solidtH NMR (CDCl;, 298 K):
exaisomer (65%) 2.01 (d,Jchme = 7.0 Hz, 3H, CHMe), 2.67 (s,
3H, NCl‘b), 3.31 (dd,JCHzCH =13.7 Hz,Jpy = 11.2 Hz, 1H, aIIyI
Hani trans-P), 3.67 (d, 13.6 Hz, 1H, allyl K trans-C), 3.91 (m,
1H, Cp), 4.01 (s, 5H, Cp, 4.41 (d,Jcroch = 7.0 Hz, allyl Hy,
trans-C) 4.51 (ddJchoch = 7.6 Hz,Jpy = 6.2 Hz, 1H, allyl Hy,
trans-P), 4.52 (m, 1H, Cp), 4.87 (m, 1H, Cp), 5.56 (m, 1H, allyl
Hcente), 6.14 (m, 1H, GIMe), 6.50 (m, 2H, PP}, 6.90 (m, 1H,
CH=CH Im), 7.23 (m, 1H, CH=CH Im), 7.25 (m, 3H, PP}, 7.60
(m, 3H, PPh), 7.78 (m, 2H, PPJ); endeisomer (35%) 1.95 (d,
Jerve = 7.3 Hz, 3H, CHMe), 2.81 (s, 3H, NCH), 3.12 (m, 2H,
allyl Hang trans-C allyl and By trans-P), 3.89 (m, 1H, Cp), 3.96
(s, 5H, Cp), 4.48 (m, 1H, Cp), 4.49 (partially obscured, allyl/H
trans-P) 4.76 (d)croch = 7.6 1H, allyl Hsyntrans-C), 4.82 (m, 1H,
Cp), 5.82 (m, 1H, allyl Kente), 5.83 (m, 1H, EiMe), 6.60 (m, 2H,
PPh), 6.93 (m, 1H, CH=CH Im), 7.21 (m, 1H, CH=CH Im), 7.25
(m, 3H, PPh), 7.58 (m, 3H, PP§), 7.75 (m, 2H, PP)). 13C{1H}
NMR (CDCls, 298 K): exoisome 6 16.5 (CH, CHMe), 36.6 (CH,
NCHjy), 55.3 (CH,CHMe), 64.3 (CH allyl trans-C), 66.1 (dcp =
31.8 Hz, CH, allyl trans-P), 69.9 (dJcp = 7.1 Hz CH, Cp), 70.0
(C, Cp), 70.6 (CH, Cp, 71.1 (br s, CH, Cp), 73.6 (CH, Cp), 92.8
(d,Jcp=14.8 Hz, C, Cp), 120.5 (dcp= 5.5 Hz, CH, allyl central),
124.5 (CH, HG=CH Im), 128.5 (CH, HE=CH Im), 171.4 (dJ =
23.2 Hz, C-Pd, Im);endoisomerd 16.6 (CH; CHMe), 36.8 (CH,
NCHj), 55.0 (CH,CHMe), 65.9 (dJcp = 30.0 Hz, CH, allyl trans-
P), 66.8 (CH allyl trans-C), 69.7 (dJcp = 7.7 Hz CH, Cp), 69.7
(C, Cp), 70.6 (CH, Cp, 71.1 (br s, CH, Cp), 73.6 (CH, Cp), 92.7

that of 6a, starting from [Pd¢-CRCO,[Pd(°-PhCHCHCHPhY
(0.012 g 0.015 mmol) and silver compl&k (0.021 g 0.03 mmol).
Yield: 0.025 g (90.0%), orange solitHH NMR (CDCls, 298 K):
exo—syn—synisomer (76%) 0.58 (s, 9HBu), 2.24 (d,JcHme =
7.0 Hz, 3H, CHMe), 3.93 (m, 1H, Cp), 3.96 (s, 5H, Qp4.46 (t,
Jeren = 2.3 Hz, 1H, Cp), 4.90 (m, 1H, Cp), 5.36 (d, 10.3 Hz, 1H,
allyl Hani trans-C), 6.23 (m, 1H, allyl Kne), 6.26 (dd,Jchzch =
11.7;Jpn = 9.4 Hz, 1H, allyl Hy, trans-P), 6.68 (m, 1H, EMe),
7.16 (m, 1H, CH=CH Im), 7.44 (m, 1H, CH=CH Im). 13C{1H}
NMR (CDCl;, 298 K): exo-syn—synisome ¢ 17.4 (CH; CHMe),
29.3 (CH;,, CMe3), 56.7 (CH,CHMe), 57.1 (C,CMe;), 68.4 (d,
Jep = 6.7 Hz CH, Cp), 70.7 (dJcp = 6.6 Hz CH, Cp), 70.9 (CH,
Cp), 71.1 (C, Cp), 73.6 (CH, Cp), 72.8 (GHllyl trans-C), 93.5
(d Jcp = 29.6 Hz, CH, allyl trans-P), 93.6 (dJcp = 15.9 Hz, C,
Cp), 113.4 (dJcp = 5.0 Hz, CH, allyl central), 118.0 (CH, HE
CH Im), 122.5 (CH, HE&=CH Im), 169.7 (dJ = 29.6 Hz, C-Pd,
Im). 31P{1H} NMR (CDCls, 298 K): exo-syn—synisomero 10.7
(76% PPBh); other isomers) 10.8 (16%, PP4), 10.3 (4%, PP}),
10.2 (4%, PP}). Anal. Calcd for GgHssFsFENPOPd: C, 61.78;
H, 4.97; N, 3.00. Found: C, 61.53; H, 4.84; N, 2.92.
[1-[(R)-1-((S)-2-Diphenylphosphinoferrocenyl)ethyl]3tert-
buylimidazol-2-ylidene Palladium(0)¢;>-dimethyl fumarate)]
(7b). An excess of piperidine (0.020 g, 0.230 mmol) was added to
3.5 mL of a solution of complegb (0.036 g, 23«L, 0.046 mmol)
and dimethylfumarate (0.093 g, 0.645 mmol). The mixture was
vigorously stirred at room temperature for 7 h, and then the solvent
was evaporated to dryness. The residual solid was repeatedly
washed with water, dried under vacuum, and redissolved in
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dichloromethane. Upon treatment with activated charcoal and 72.9 (CH, Cp), 74.8 (dJcp= 22.0 Hz, C, Cp), 93.3 (dlcp= 17.0
filtration through Celite, the volume of the resulting solution was Hz, C, Cp), 114.1 (CH, HECH Im), 118.6 (CH, HECH Im),
reduced to 4 mL and washed with 10 mL of a 0.1 M aqueous 171.1 (CO,COOMe), 175.1 (COCOOMe), 187.0 (dJ = 15.9
solution of NaCO; and then 10 mL of water to remove the residual Hz, C—Pd, Im); minor isomer, detectable signats 17.1 (CH,
trace of ammonium salts. After drying over 60, the CHCI, CHMe), 30.0 (CH;, CMe3), 55.2 (CH,CHMe), 56.6 (C,CMey),
solution was evaporated to dryness and the residue was washed 15.0 (CH, HG=CH Im), 119.0 (CH, HE=CH Im). 31P{1H} NMR
several times witm-hexane. Yield: 0.028 g (78.8%), orange solid. (CDCl,;, 298 K): major-isomerd 17.9 (PPh); minorisomero 18.9

IH NMR (CDCl;, 298 K): major isomer (15%)d 0.98 (s, 9H - (PPh). Anal. Calcd for G/H4FeNPOsPd: C, 57.64; H, 5.36; N,
Bu), 1.81 (d,JcHme = 7.0 Hz, 3H, CHMe), 3.52 (s, 3H, OMe), 3.63. Found: C, 57.52; H, 5.22; N, 3.51.
3.54 (s, 3H, OMe), 3.79 (dd, 1Hch=ct = Jpn= 10 Hz, 1H, CH= Kinetic Measurements. The kinetics of the allylic amination

CH trans-P), 3.92 (s, 5H, Op 3.98 (m, 1H, Cp), 4.27 (dd, 1H,  of complexesa, 6b, 6, 6d, andéewere studied by adding known
Jer=cn = 10 Hz, Jpy = 2.6 Hz, CH=CH trans-C), 4.30 (Hcrcx aliquots of the appropriate amine solution to a solution of the
= 2.8 Hz, 1H, Cp) 4.59 (m, 1H, Cp), 6.35 (m, 2H, BR6.74 (m, respective complex and dimethylfumarate in the thermostated cell
1H, CHMe), 6.87 (m, 1H, CHCH Im), 6.88 (m, 1H, CH-CH compartment of the spectrophotometer. The amounts of reactants
Im), 7.03 (m, 3H, PP$), 7.53 (m, 3H, PP}, 8.07 (m, 2H, PP}, were such to ensure constant excess over the metal complex ([Pd]
minor isomer (15%) detectable signals0.90 (s, 9H,'Bu), 1.88 ca. 1x 10~* mol dn13). The progress of the reaction was monitored
(d, Jerme = 7.0 Hz, 3H, CiMe), 6.97 (m, 1H, GiMe), 8.16 (m, by recording absorbance changes either in the range 300 nm

2H, PPh). “*C{H} NMR (CDCls, 298 K): major isomerd 11'37 or at fixed wavelength with time. Mathematical and statistical data
(CHs, CHMe), 30.3 (CH, CMey), 42.4 (CH, CH=CH trans-C), 48. analysis was carried out on a personal computer by means of a

(d, Jop = 28.5 Hz, CH, CH=CH trans-P), 50.3 (Ct OMe), 50.4 locall : ion of the M ¢ aloorith
(CHs, OMe). 55.3 (CH.CHMe), 57.0 (C.CMes), 68.4 (d.Jep — ocally adapted version of the Marquardt algorithm.
5.5 Hz, CH, Cp), 69.6 (dJcp = 3.3 Hz, CH, Cp),70.3 (CH, Cp OMO0702126



