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An exhaustive study dealing with the kinetic and mechanistic behavior of alkyl- and arylpalladium
complexes bearing pyridyithioethers (NS R) and quinoline-phosphines (NP) as ancillary ligands when
reacting with 2,6-dimethyl isocyanide (DIC) and tosylmethyl isocyanide (TosMIC) was undertaken. In
these reactions some differently substituted isocyanides insert into the palackubon bond of alkyl
and aryl complexes bearing mixed (NS or NP) ligands. The reactions were carried out under equimolecular
conditions since such a restrictive approach allows the determination of the rate constants related to the
isocyanide insertion attack. Reactions carried out under nonstoichiometric conditions were also taken
into account and the reaction products characterized. Usually the formation of an inserted bis-substituted
isocyanide halide derivative of palladium(ll) was observed. In a particular case the formation of an imidoyl
dimer was detected. The structures of the monoinserted [REBNSBC(Tol=NR?)I] (NSt-Bu = 2-(tert-
butylthiomethyl)pyridine) and of the dimer [Pd(CRRC(=NR?Me)Cl], (R? = 2,6-Me&CsH3) were

reported.

Introduction

The insertion reactions of unsaturated molecules across
palladium-carbon bonds represent an extensively studied topic

owing to its importance in a remarkable number of metal-
mediated organic synthesks.
Alkynes? alkenes' allenes; carbon monoxidé,and isocya-

nide< are the most widely studied unsaturated molecules when

reacting with alkyl-,> aryl—,” and acyt-palladium complexe&:8
In particular, the reactivity characteristics of carbon monoxide,

which, among other properties, reacts in association with alkenes.
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to give copolymers as the result of the catalytic alternate
insertion? were studied from both theoretical and experimental
points of view® On the contrary, the isoelectronic isocyanides
CNR were scarcely investigated despite their steric and elec-
tronic properties, which can be easily modulated by taking
advantage of the nature of the substituert’ Ro the best of

our knowledge, only two detailed mechanistic studies dealing
with insertion in palladium complexes bearing bidentate nitrogen
or phosphine ligands have appeared so far in the literdfdfe.
Thus, our propensity to kinetic investigation and curiosity toward
interesting synthetic applications led us to undertake an exhaus-
tive study of the kinetic and mechanistic behavior of alkyl- and
arylpalladium complexes bearing pyrigythioethers (NSR)

and quinoline-phosphines (NP) as ancillary ligands when
reacting with 2,6-dimethyl isocyanide (DIC) and tosylmethyl
isocyanide (TosMIC). As a matter of fact, the palladium alkyl
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higher than nitrogen, and the ensuingans structure is
maintained also in the vinyl and butadienyl derivatives, which
represent the products of the insertion of activated alkynes across

study attempts to determine the reaction rates and elucidate thehe palladium-carbon bond.
intimate mechanism involved when some differently substituted At present, as can be deduced from the NMR and IR spectra,

isocyanides insert into the palladisroarbon bond of alkyl and

all the complexes in Scheme 1 display only one isomer in

aryl complexes bearing mixed (NS or NP) ligands. We also solution. On the basis of our experience and knowledge of these
aimed at characterizing the compounds produced when asystems and on the basis of the resolved structure reported in
stoichiometric amount or an excess of reacting isocyanide is this paper ¢ide pos}, we suggest that only theansisomer of
used. The complexes, the isocyanides involved, and the numberthe starting complex is present in any studied case t(tes

ing scheme are reported in Scheme 1.

Results and Discussion

General Considerations.As we have already shown, the
structure of the methylpalladium derivatives with mixed biden-
tate nitrogen-sulfur ligands is determined by the mutugdns

influence exerted between the alkyl group and the coordinating
atoms of the ancillary ligand. Thus, only the geometric isomer

with the methyl group lyingransto nitrogen (hereaftetrans)
was observed. As a matter of fact, sulfur exertisaasinfluence

(10) Crociani, B. InReactions of Coordinated LigandBlenum: New
York, Vol. 1, 1982; p 553, and references therein.

(11) Kayaki, Y.; Shimizu, I.; Yamamoto, Bull. Chem. Soc. Jpri997,
70, 917.

(12) Canovese, L.; Visentin, F.; Chessa, G.; Uguagliati, P.; Bandoli, G.

Organometallic200Q 19, 1461.

influence of phosphorus being considerably higher than that of
nitrogen) and that the insertion reactions proceed with retention
of configuration.

Insertion Reactions. Preliminary studies carried out by
means of NMR technique in CDgtonfirm that the insertion
of isocyanide into the PAC bond when performed under
stoichiometric conditions proceeds according to the reaction
reported in Scheme 1.

As can be deduced from the NMR data reported in the
Experimental Section, a general rearrangement of the spectra
can be observed upon addition of the isocyanide EnRa
solution of the starting complex [PA(NR)(R)X] or [Pd-
(DPPQ)(R)X]. For instance, in the case of the reaction of the
complex [Pd(DPPQ)(Me)ClI] the addition of DIC isocyanide
induces the upfield shift of the QuiH?2 signal (from 10.02 to
9.97 ppm), the downfield shift of the PdCH3 signal (from 0.91
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Scheme 2
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to 1.83 ppm), and the appearance of the signal at 1.87 ppm
attributable to the protons of the methyl substituents of the

aromatic ring of DIC isocyanide. ThBP{H} NMR spectrum

displays the upfield shift of the coordinated phosphorus from

39.9 to 22.2 ppm, and th&C—H HMBC NMR spectrum
displays the coupling between the imino carb@{CHsz)=N
(179.1 ppm) and the Cds)=N protons. Furthermore the IR

spectrum of the inserted complex displays a strong band at 1622

cmt attributable to the/c—y stretching.
The [PA(NS-R)(R)X] derivatives behave similarly if an
excess of free ligand is added ([NR]:[PA(NS-R)(R)X] =

Camse et al.

Figure 1. Molecular structure of the complex [Pd(MNBu)-

3:1) in order to_ counte_ract th_e displacem_ent of the Iigan_d itse_lf (C(Tol)=NCgHsMe,)I]. Hydrogen atoms are not shown for clarity.
caused by the isocyanide acting as entering rather than insertingrhermal ellipsoids are at the 40% probability level.

nucleophile. Under these experimental conditions the insertion

reaction is easily followed by NMR technique, as can be

pyridyl—thioether ligand induced by the remarkaki@ns

deduced in the case of the reaction between the complex [Pd-influence of the carboimine group and the subsequent recoor-

(NSt-Bu)(Tolyl)l] and the tosMIC isocyanide. The signal
attributable to the PyH® proton undergoes an upfield shift from
9.69 to 9.42 ppm. The PdCsH4CH3 singlet slightly shifts

dination, as was observed by other autlérdvioreover,
fluxional rearrangements via associative processes promoted by
the sulfur lone pair could also be operatieHowever, a

downfield from 2.25 to 2.32 ppm, and the appearance of a detailed study on these conformational aspects is outside the
couple of doublets at 5.66 and 5.44 ppm, attributable to the scope of this paper, and a specific investigation on these
methylene protons of the inserted tosMIC fragment, is also problems will be carried out in the future.

noticed. The!l3C{H} NMR and the3C—!H HMBC NMR
spectra together with the IR spectrumc{y = 1594 cnr?)
confirm the insertion. As a matter of fact, th&—H HMBC

NMR spectrum displays the coupling among the imino-carbon

C(CsH3CHz)=N and both the €,SO, and H” (tolyl group)

At variance with the pyridytthioether derivatives, the
complexes bearing the flat DPPQ do not obviously give rise to
any rotamer.

X-ray Crystal Structure. The ORTEP® representation of
the neutral complex [Pd(NSBu)(C(Tol=NCeHsMey)l], to-

protons. These observations can be generalized for any otheigether with the pertinent labeling scheme is shown in Figure 1.
studied case, as can be deduced from the data in the Experi-The square-planar environment about Pd shows some tetrahedral
mental Section, where the main NMR and IR features for all distortion; the S-Pd—-N “bite” angle is 82.7(2), the -Pd-

the complexes involved in this study are reported in detail.
Fluxional Rearrangement in Solution. The inserted com-
plexes bearing the pyridylthioether ligands at RT give rise to

C(11) angle is 93.4(8) and the dihedral angle between the
triangles S-Pd—N(1) and HPd—C(11) is 11.0 (ideal value
0°). The atoms Pd, S, N(1), I, and C(11) deviate from the main

a rapid rearrangement in solution due to (a) sulfur absolute coordination plane by-0.03,-0.16,+0.14,—0.12, and+0.14

configuration inversion, (b) free rotation around the-®bond,
and (c) free rotation around tlFeN—C bond. It is well-known

A, respectively. Nevertheless, the sum of the angles about Pd
is quite close to 360(360.7). The configuration about the

that the absolute configuration inversion of the coordinated double bond of the imino ligand ig (that is, the xylyl and

sulfur is a low-energy phenomenéhthus at low temperature
it is possible to “freeze” this otherwise rapid rearrangenient.
A further decrease of temperature can also “freeze” the®d

p-tolyl moieties of the ligand ar&rans disposed).
The findings of the present investigation have been compared
with those stored in the Cambridge Crystallographic Database

rotation (Scheme 2). In this case a couple of rotamers could (CCD)® The present compound is structurally similar to the
turn up. Moreover when DIC isocyanide is used as inserting only known complex with the same donor set around Pd ([PdC-

nucleophile, the “freezing” of free rotation of tkeN—C bond
makes the two methybrtho substituents of phenyl group
distinguishable.

The low-temperature (223 KH NMR spectrum in CRCl,
(see Figure 1Sl in Supporting Information) of the complex [Pd-
(NS—Me)(C(Me)=NR?)CI] (R? = 2,6-Me&CsH3) witnesses the
formation of a couple of differently populateshdoand exo
rotamers.

On the basis of the structural determinatiefdé infra) we
suggest that theexo rotamer probably represents the most
abundant species.

However, we are aware that these rearrangements might als
be promoted by ring opening at the pyridine nitrogen of the

(13) (a) Abel, E. W.; Evans, D. G.; Koe, J. R.; Sik, V.; Hursthome, M.
B.; Bates, P. AJ. Chem. Soc., Dalton Tran$989 2315. (b) Abel, E. W.;
Dormer, J. C.; Ellis, K. J.; Hursthome, M. B.; Mazid, M. A. Chem. Soc.,
Dalton Trans.1991, 107.

(t-Bu/Me)=C(Me#-Bu)CsH4-2-CH,S+-Bu(CsHsN)I]; 7cin the
ref 17; code ZAFDAL).

In particular, the Pe¢N bond (2.231(8) A) is rather long,
being the second longest reported so far after 2.240 A in [PdC-
(t-Bu/Me)y=C(Met-Bu)CsHs-2-CH,S+-Bu(CsHsN)]. Likewise,
the relatively long PgS (2.306(3) A) and the relatively short
Pd—C (2.005(9) A) distances also agree with reported data and
can be explained in terms of theans influence. In fact, the
pyridine ligand and the sulfur atom are faced by a negatively
chargedr-bonded C ligand and by an iodide, respectively. The

o (14) Canoveseg, L.; Lucchini, V.; Santo, C.; Visentin, F.; Zambon] A.

Organomet. ChenR002 642, 58.

(15) Johnson, C. KORTER Report ORNL-5138; Oak Ridge National
Laboratory: Oak Ridge, TN, 1976.

(16) Allen, F. H.Acta Crystallogr.2002 B58 380-388; Cambridge
Structural Database (Version 5.27 of November 28083 updates).

(17) Spencer, J.; Pfeffer, M.; Kyritsakas, N.; FischeQdganometallics
1995 14, 2214 (entry codes ZAFCUE, ZAFDEP, ZAFDAL).
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transinfluence of these bases and the distortion induced by the K . = [[Pd(NS—Me)(CNR})(Me)] "][CI V/[[Pd(NS—Me)
bulky iodide ligand lead to long PeN/Pd—S and short P&C

bonds. The Pdl bond (2.642(1) A) is longer than the (Me)CIJI[CNR? ~ 3.5x 10 * (1)

corresponding one in [PdEBuU/Me)=C(Met-Bu)CsHs-2-CH,S-

t-Bu(CsHsN)I] (2.632 A); the latter is also the mean value for KL = [[Pd(CNR?),(Me)CITINS—Mel/[[Pd(NS—Me)

the Pd-I distance in more than 300 Pd complexes in the CCD. (Me)CI]][CNR2]2 ~ 500 (2)

As for nonbonding interactions, an examination of the packing
diagram does not reveal any significant contact. Owing to the nucleophilicity of isocyanides, th&. value
sounds very small compared with. However, it is well-known
Mechanistic Study that unsolvated chloride in aprotic solvents acts as a very strong
nucleophile?®
Determination of Equilibrium Constants. If an equimolar Kinetic Measurements.Addition under spectrophotometric

amount of DIC is added at low temperature (223 K) to &CD  conditions of an equivalent of isocyanide to a £H solution

Cl, solution of [Pd(NS-Me)(Me)Cl] ([Pd} ~ 2 x 102 mol of [PA(NS-R)(R)X] ([Pd]o = 2 x 104 mol dm3) at RT (298

dm-3), the ensuingH NMR spectrum displays the simultaneous  K) |eads to the formation of the inserted complex [PA(NG-

presence of three species, the concentrations of which do no{C(R)=NR?)X] as unique product. Apparently, the reaction

change with time. At different temperatures (240, 255 K), the mixture produces only one species, and this fact can be

mutual concentrations of the different species change, but againconsidered a further proof that a fast equilibrium among

no formation of the inserted product [Pd(N&le)(C(Mey= reactants is operative. Moreover the rate of reaction is strongly

NCeHsMe,)Cl] is noticed'® Apparently, the three species are influenced by the addition of variable aliquots of the appropriate

in a mutual equilibrium. Such a situation however evolves into NS—R ligand and/ or chloride (TEBACI, triethylbutyl am-

the inserted complex [Pd(NSVie)(C(Me)=NCgsHsMe,)Cl] on monium chloride).

increasing the temperature to 298 K. On the basis of a detailed |n particular, addition of free ligand enhances the rate of
analysis of the NMR spectra and of some chemical deductionsreaction; conversely addition of Cinduces a decrease in rate.

(vide pos}, we suggest the following equilibrium network: It is apparent that increasing the amount of added ligand leads
to a suppression of the equilibrium (2), and the attainment of
[PA(NS-Me)(Me)Cl] + CNR? < the asymptotic rate would coincide with the complete suppres-
+ - sion of the equilibrium. This condition is easily reached when
[Pd(NS—Me)(CNRZ)(Me)] +Cl Kar () the free ligand is 10 times the concentration of the starting
complex itself, this result being compatible with the value of
[PA(NS-Me)(Me)Cl] + 2 CNR < the calculated equilibrium constant. (Under these conditions the
[Pd(CNFg)Z(Me)Q ] +NS—Me K. (2) concentration of the starting complex is almost coincident with

[Pd]o since the extent of reaction is about 0.64 [Pd]o.2%)
Therefore, the overall mechanism of isocyanide insertion can
be described by Scheme 3 (the meaning of the syn#pls,
C’, andD will be specified further on).

The rate law for the reaction in Scheme 3 is

R* = 2,6-Me,C4H,

As a matter of fact, the 223 K4 NMR spectrum in CRCl,
of the reaction mixture displays an easily recognizable series
of signal. The doublet at 8.51 ppm, the singlet at 3.74 ppm, —d[S]/dt = [5][CNR2](KC|K +
and the singlet at 1.99 ppm are attributablétfof the pyridine b 5 _
ring, to —CH,—S, and to—S—CHs protons, respectively, of K[CI" D/(KG[CNRT + [C1]) (3)
the uncoordinated NSMe ligand. The unreacted starting
complex displays the PyHS® at 9.05 ppm, the-CH,—S AB where

system at 4.27 ppm, theS—CHs signal at 2.40 ppm, and the _
Pd—CHs; at 0.67 ppm. The presence of uncoordinated ligand [S] = [[PA(NS—Me)(Me)Cl]] + [[Pd(NS—Me)(CNRZ)

and the absence of any appreciable decomposition suggest (Me)]"]1 =[A] + [C]
the formation of the complex [Pd(CNR(Me)CI], which is
characterized by the singlet at 0.96 ppm ascribable toGMk In the presence of a strong excess of @he rate law (3)

and by the singlet at 2.45 ppm related tgHg(CHz), protons. becomes
A further substrate that we identify as the [Pd@N®e)(CNRY)-
(Me)]"™ complex is detected in solution with its relevant

ignals, ly, the doublet at 8.66 , the signal _ L ) : .
thgzassé ;Srmne(}/CHze—S())uthit 1,[ 2 13pggnmfiﬂ?§)_c|_i)5|gg3 This expression is easily handled, and thus information on the
eventually the broad sin,glet at 1.00 ppm ascribable té(E’:ds direct attagk of an equimolgr amount of isocyanide.(secon(.j-
protons. The identification of the nature of the complexes [Pd- order con(_jltlon) on the starting complex can be obtained. It is
(CNR?)2(Me)Cl ] and [Pd(NS-Me)(CNR)(Me)]" is also based worth_ noting that the _addltlon of TEBACI _slows down the _
on their reactivity as will be described later. From the calculated reaction rate, suggesting that the dechlorinated substrate is

concentrations of all the species present in solution an ap- (19) Owing to the very large errors affecting the determination of the

proximate value of equilibrium constanks and K. can be concentrations, standard errors of the van't Hoff regression are not reported.
estimated. The linear regression of knvs 1/T according to Therefore, the equilibrium constant values must be considered as rough
’ ) ; inati estimates of their order of magnitude.

Van.t. H.Off $ equation allows a coarse d.etermmatlon of the (20) Annibale, G.; Canoveseg, L.; Cattalini, L.; Marangoni, G.; Michelon,

equilibrium constants at 298 K. The ensuing valued®are G.; Tobe, M. L.Inorg. Chem 1981 20, 2428.

(21) The NSMe species represents the less strongly bonded ligand among
(18) At higher temperature (255 K) traces of the insertion product are all the ligands used in this work. Therefore, its added concentration would

observed; however the estimated concentration of the latter is less than 5%represent the limiting concentration also in the case afBiS(DPPQ and

of the concentration of the starting complex. DPPQMe are not displaced by isocyanide).

—d[S]/dt = k,[S][CNR?] (4)
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Scheme 3
Ka
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somewhat more reactive than the chlorinated one. No informa-
tion can be however obtained about the monomolecular insertion
ratek; since the numerical analysis of eq 3 is rather complicated
([CI7] is a function of time) even if an approximate value for
K¢ is available??2 The higher reactivity of the substrate [Pd-
(NS—Me)(CNR®)(Me)]™ compared with [Pd(NSMe)(Me)Cl)]

can be traced back to itsis structure allowing the facile
migration of the methyl grou@?® An indirect confirmation of

the proposed mechanism is given by the reactivity behavior of
the iodo and DPPQ derivatives. The rates of the reaction of the
iodo derivatives are independent of added iodide, while the rates
of DPPQ complexes are not affected by the addition of free
DPPQ ligand in solution; the reaction rates of complexes
containing DPPQ and iodide are independent of both ligand
and iodide added. It is well-known that chloride is easily
displaced by iodide in Pd(Il) planar tetracoordinated substrates,
the CI/ I~ exchange equilibrium constant being 3/4 orders of
magnitude in favor of iodidé* Apparently, iodide is not
displaced by isocyanide; therefore no equilibria like equilibrium
(1) is operative in the case of iodide derivatives. The DPPQ
ligand is not displaced either; thus in neither of these cases do
equilibria like equilibrium (2) exist. In Table 1 the kinetic data

. R R
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Scheme 4
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obtained in the presence and in the absence of added ligand oifable 1. Second-Order Rate Constank, (mol~* dm? s™%) for

halide for all the studied substrates are reported.
In an attempt at unifying the overall reactivity, we propose

the Insertion of the Isocyanides DIC and TosMIC across the

Pd—C Bond of Complexes [Pd(L-L")(R")X]

an intimate mechanism based on the theory of nucleophilic complexes DIC TosMIC
substitutions on planar tetra}coordinated (_:omplexes. On the basis; [PA(NS-Me)(Me)CI] + 10 equiv ligand 25+ 4 t0o fast
of such a theory the entering nucleophile simply replaces the 2 [Pd(NS-Me)(Me)Cl] + 65+1 too fast
leaving group occupying its position. The key intermediate is a 10 equiv ligandt 10 equiv Ct
trigonal bipyramid in which the entering, the leaving, and the 3  [Pd (NS-Me)(Me)I] + 10equivligand 20t 1 880+ 72
grouptrans to the leaving group itself occupy the equatorial g.lz)deg\:lis\l_l'}f:]?rgmf)]%-gquiv . 19+2  866+56
plane. Scheme 4 suggests the p.ossmle paths, which take intog [PA(NS-Bu)(Me)Cl] + 10 equiv ligand 100k 1 too fast
account all the possible species involved. _ 6  [Pd(NS-Bu)(Me)CI] + 56.04- 0.2 too fast
As can be seen in Scheme 4, only the intermediBteadE 10 equiv ligand+ 10 equiv CI
can be obtained from the isocyanide attack to the starting 7 [Pd(NS-Bu)(Me)l] + 10 equiv ligand 181 821+ 51
complex [Pd(NS-R)(R)CI]. B gives rise to the inserted product 8 [1';d(NS-I3|}J)(M§JZ Iic;r - 18+3 815+ 55
i S ; ; equiv ligan equiv
D via the cationiccis complexC when CF is the leaving group 9 [PA(NS-Me)(Toly)i] + 433420 12204 85
- ) - ) . 10 equiv ligand
(22) (a) Strictly speaking, eq 3 turns into eq 4 at very high chloride
concentration according to the limit: linKéki + ko[Cl7])/(Ko[CNR?] + 10 [PA(NS-Me)(Tolyhi] + 439426 1205+ 90
N = h . 10 equiv ligandt 10 equiv I
[CI7]) = kz for [CI7] — . In practice, the amount of added chloride was 11 [Pd(NS-Bu)(Tolyl)] + 4841 540+ 30
the concentration at which the rate of reaction levels off to an asymptotic 10 equiv ligand Y
value ). This value is reached even at-8 times the concentration of
the starting complex [Pd(NSMe)(Me)Cl]. We however decided to add a 12 [Pd(NE;—By)(TonI)I] o 50+3 550+ 38
10-fold excess in all cases studied in order to ensure the constancy of 10 equiv ligand+ 10 equiv I
chloride concentration with time. Moreover, under this condition the extent [Pd(DPPQ)(Me)CI] , 1&01 3.24+05
of reaction for the chloride displacement equilibriuk) is virtually zero, [Pd(DPPQ)(Me)CIH- 10 equiv CI 04+01 12+01
equilibrium (1) being completely shifted to the left. (b) Analogously to 15 [Pd(DPPQ-Me)(Me)Cl] 25& 3 1130+ 20
those calculated in the presence of an excess of halide, approxiwalaes 16 [Pd(DPPQ-Me)(Me)Cl}+ 236+ 2 1118+ 20
were determined in the absence of added chloride by numerical regression 10 equiv CI
of the absorbance vs time data according to the second-order treatment.17 [Pd(DPPQ)(Me)l] 4505 116+1
Such values are purely indicative since the treatment is obviously inadequate 18 [Pd(DPPQ)(Me)IH 10 equiv I 444+0.7 120+£5
owing to the complexity of the overall reaction mechanism. Nevertheless, 19 [Pd(DPPQ)(Toly)I] 202t 1 150+ 3
the comparison among rates is warranted by the fairly satisfactory fit 20 [Pd(DPPQ)(Tolyl)[+ 10 equiv I 200+ 4 155+ 7

obtained.

(23) Canovese, L.; Visentin, F.; Chessa, G.; Santo, C.; Uguagliati,
Inorg. Chim. Acta2003 346, 158.

(24) Tobe, M. L.; Burgess, J. Iftnorganic Reactions Mechanisms
Addison Wesley: New York, 1999.

P. (path 2). In particular, the reaction sequece> C — C' — P
involves intramolecular insertion of isocyanide - C') to give
the cationic coordinatively unsatured intermedi@te which
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rapidly reacts with chloride to yield the final neutral product.
Addition of TEBACI clearly suppresses the formation@fIn
path 1 the leaving group'Rjives rise to comple® via direct
migration.

The formation of the speciels is obtained from both the
intermediated andE passing through the speciels | andF,
G, respectively. As a matter of fact, the leaving groupBin
could be represented by Clor by the thioetheric sulfur.

correlated and represent different aspects of the same chemical
behavior, as Scheme 5 shows.

The rigid DPPQ molecule hampers the formation of inter-
mediatel, thereby lowering the reactivity of the complex itself
(a similar decrease in reactivity was already noticed with DPPQ
derivatives when other insertion reactions were studied).
Moreover intermediatell is probably less stabilized than
intermediatd due to the mutuaransinfluence exerted by the

Analogous considerations can be made when the reactionphosphine and isocyanide in the ensuing cationic species. Thus,

proceeds via the specigs. According to the nucleophilic
substitution theory, intermediat€s and| would producecis-
[PA(CNR),(R)CI] (not reported in Scheme 4), which however
quickly isomerizes to the more stakil@nsform L.

The following remarks are in order.

thek, path becomes predominant even thoughithpath is not
impossible (see entries 15 and 16). The enhanced reactivity of
DPPQMe derivatives derives from the distortion induced by the
methyl substituent in position 2 of the quinoline ring, which
somehow makes the formation of the pentacoordinate interme-

(a) The limiting reaction rate is always reached upon addition diates easief217d

of the labile ligands (NSR) and/or halide (Cl). Addition of
iodide and/or DPPQ ligand does not affect the overall reactivity.
(b) The isocyanide TosMIC is almost always more reactive

Reaction in the Presence of Isocyanide in Excess. Com-
plexes Bearing Isocyanide as Substituent and Inserted
Moiety. At variance with the DPPQ derivatives, which give

than the DIC one. This fact can be traced back to the associativerise to isocyanide polyinsertion, the N®e complexes react

nature of the nucleophilic attack, which is strongly influenced

with an excess of isocyanide in CHGit RT according to the

by the steric requirement of the species involved coupled with following reaction:

the reduced charge density on the isocyanide catbamich

favors the internal migration of the methyl (or tolyl) group (path
1). However the influence of the steric requirement of the
sulfur substituent R, which is probably away from the crowded

intermediate, is not so important (entries 2, 6 and 4, 8 in Table

1).

(c) Thanks to its higher basicity and the consequent stronger

Pd—-C bond, methyl is less efficient than tolyl as a migrating
group (entries 10, 4 and 12, 8).
(d) When path 1 is imposed by halide and ligand addition,

the nature of the halide is not very important since the halide

itself is out of the mechanistic context (Scheme 5) and its
influence is limited to a slight difference in the charge density
on the metal induced by the different basicity of the halides
(entries 2, 4 and 6, 8).

® [
— X —
N N
cpCl |
S—Pd—X *3CNR® 2. RINC—Pd—CNR® + §
L 298K

s _r M
R N
R'=Me, Tolyl
X=Cl1T
R? =2,6-Me,C¢H;, CH,Tosyl

The obtained complexes are stable with the exception of the
complex [Pd(CNR),(C(Tolyl)=NR3)I] (R?= CH,Tosyl), which
undergoes fast decomposition. The presence of one single
symmetric isomer in solution suggests that thans bis-

(e) The importance of the steric hindrance on the starting substituted isocyanide derivative is obtained. For instance, when

complex arises whenBu and tolyl groups are both present. In

DIC is reacted with [Pd(NSMe)(Me)ClI], only a singlet (12H)

this case a decrease in the absolute and relative reactivity isascribable to (El3).CsHs protons at 2.41 ppm is detected. The

observed (entries 12 and 8 compared with 10 and 4).

A detailed analysis of the reactivity of the complexes studied
must take into account the comparison among-R&nd DPPQ
derivatives. The reactivity of phosphirguinoline substrates
is in general (i) not influenced by free ligand addition; (ii) lower
than that of their pyridytthioether counterparts (entry 16 will
be dealt with further on); and (iii) scarcely influenced by addition
of free halide.

As for point (i), owing to the efficiency of the phosphine as
ligand, addition of free DPPQ does not modify the reactivity

singlets at 2.69 ppm (3H) and at 2.12 ppm (6H) ascribable to
(CH3)—C=N and G=N—CgH3(CH3), protons, respectively,
confirm the formation of one single isomer. The IR spectrum
displays one strong band at 2173 ¢nfwc=\ of the coordinated
isocyanide) and another strong band at 1658%dm=y inserted
isocyanide).

Dimeric Imidoyl Complex. When a 2-fold stoichiometric
excess of DIC isocyanide is added to a solution of palladium
complexes bearing labile ligands [Pd(LL)(Me)CI] (£ NS—

R, COD), the reaction mixture yields the dimeric imidoyl

of the corresponding complexes since DPPQ is not displacedderivative [Pd(CNR)(C(=NR?Me)Cl],. Crystals suitable for

by the entering isocyanide. As for points (ii) and (iii), they are

X-ray diffractometric structural determination were grown and
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Pd—C and P&-N distances vary from 1.976 to 2.042 A and
from 1.989 to 2.085 A, respectively.

The 2,6-dimethylphenyl moieties of the isocyanide and of
the ethylimino ligands make dihedral angles of 7/&ad 38.0,
respectively, with the main coordination plane. The same
residues make dihedral angles of 34aBd 60.4, respectively,
with the best mean plane of the 1,4-dipalladated ring. Finally,
the two rings make an angle of 88.With each other. The 2,6-
dimethylphenyl moiety belonging to the ethylimino donor seems
to assume this position in order to minimize the reciprocal steric
clashes of its own methyl groups with the methyl group bound
to C(1) and with the chloride ligand. A molecular mechanics
calculation made by driving the PdN(1)—C(3)—C(4) dihedral
angle in a range of 40centered on the solid-state value
(—100.4) indicates that the conformation found in the crystal
is in fact the energetically most favoral3feAs for nonbonding
interactions, despite the presence of the solvation chloroform

Figure 2. Molecular structure of complex [Pd(CNRC(=NR?)- molecule, the examination of the packing diagram does not
Me)Cl]; (R? = C¢HsMey). Hydrogen atoms are not shown for reveal any significant contact.
clarity. Thermal ellipsoids are at the 40% probability level. As already stated, the formation of the dimer [Pd(CNR

(C(=NR?Me)Cl], was observednly when the DIC isocyanide
separated from the mother solution, and the resulting structureis reacted with palladium methyl derivatives bearing labile
is reported in Figure 2. ligands. When a 2-fold excess of tosMIC isocyanide is added

The ORTEP® representation of the neutral comp2X[Pd- to a solution of [Pd(LL)(Me)X] (LL = NS—R, COD), the
(CNR?)(C(=NR?)Me)Cl]; R? = CgHsMey), together with the  formation of an equimolecular mixture of the complexes [Pd-
pertinent labeling scheme, is shown in Figure 2, which also (LL)(C(=NR?Me)X] and [Pd(CNR)2(C=NR2)Me)X] (R2=
shows the solvation chloroform molecule. The molecule is a CH,SO,C¢HsMe) is observed, and similar behavior is also
dimer, in which each Pd atom is coordinated by a chloride ion, observed when the reacting complexes contain the tolyl group
by the 2,6-dimethylphenyl isocyanide, and by the 1-(2,6- instead of the methyl one even when the DIC isocyanide is used.
dimethylphenylimino)ethyl moiety. The latter acts as a bidentate The extent of the PN bond length (2.088 A) might probably
bridging ligand, bonding one Pd center by means of the neutral be invoked in order to explain the peculiar reactivity leading to
imine nitrogen and the other one by means of the negatively the dimeric species. The basicity of the imidoyl nitrogen is
chargeds-bonded ethyl carbon. This arrangement originates a considerably weakened by the withdrawing capability of the
six-membered, 1,4-dipalladated ring. tosyl group, and the formation of a dative ligand between the

Similar cyclic dimers of palladium have already been electron-poor nitrogen and the palladium in this case is not
reported, and in fact a search in the Cambridge Crystallographicallowed. When palladium(ll) tolyl derivatives were used as
Database (CCD§ returns about 90 structures, but only in about starting complexes, no formation of dimeric species was
20 cases is the bridge made of C or N atoms. To the best of ourobserved either. Again, steric hindrance between bulky vicinal
knowledge, this is the first evidence of the 1-(2,6-dimethylphe- groups will disfavor the formation of a weak Pl bond.
nylimino)ethyl synthon behaving as bridging. In the majority As for the fluxional rearrangement of the dimeric complex
of already known examples, as well as in compkexhe six- [PA(CNR)(C(=NR?Me)Cl], (R? = Me,CgHy), it is noteworthy
membered ring assumesvaistboatarrangement. In the present  that the RT!H NMR spectrum of the dimer displays two
case, the two Pd atoms are at the “stern” and “prow” positions, distinguishable singlets ascribable to the2,6(CHs).CsH3
1.06 A above the mean plane defined by the remaining four methyl groups of the DIC isocyanide (2.40, 2.36 ppm).
atoms, which are coplanar within 0.03 A. Compared with known Apparently the DIC moiety is not allowed to rotate around the
structures, the six-membered ring puckerin@ resembles those
found in the CCD entries PZALPD10, KAMQUK, and WER- (27) (a) Onitsuka, K.; Segawa, M.; TakahashiCOBganometallics1998

JAF26 17, 4335 (entry code JAQKAN). (b) Braunstein, P.; Durand, J.; Knorr, M.;
’ L . Strohmann, CChem. Commun2001, 211 (entry code WOXGAR). (c)
The Pd-C (ethyliminophenyl, 1.984(6) A), PeC (isocya- Onitsuka, K.; Yamamoto, M.; Suzuki, S.; TakahashiBganometallics

nide, 1.953(6) A), PetN (2.088(4) A), and PdCl (2.389(2) 2002 21, 581 (entry code LOWVAU). (d) Owen, G. R, Vilar, R.; White,

; ; ; A. J. P.; Williams, D. J.Organometallics2003 22, 4511 (entry codes
A) distances about Pd agree with known data. In particular, the UMEDOF, UMEDUL). (€) Knor, M. Jourdain, |- Braunstein, P.:

Pd—Cl distance is close to the reported mean value (2.329 A) sgohmann, C.; Tiripicchio, A.; Ugozzoli, Ralton Trans2006 5248 (entry
in the CCD?2% the same can be said about the-fxldistance code MESZOA).

i i i i (28) (a) Yamamoto, Y.; Tanase, T.; Yanai, T.; Asano, T.; Kobayashi,
of the |_socya_n|de Ilgand_ (”.”ea”. 1.969 A)' With respect to the K. J. Organomet. Chenl.993 456, 287 (entry code LAYPUW). (b) Delis,
bonds involving the bridging ligand, CCD searches for Pd j°G p: Aubel, P. G.; Vrieze, K.; van Leeuwen, P. W. N. M.; Veldman,

complexes showing-bonded &¢7¢:80.2%or N-bonde§e.7¢.8b.27,28 N.; Spek, A. L.Organometallics1997, 16, 4150 (entry code NOHCUI).
ethyliminophenyl donors returned few entries, in which the (c) Bianchini, C.; Lee, H.-M.; Mantovani, G.; Meli, A.; Oberhauser, W.
New J. Chem2002 26, 387 (entry code XISQIZ). (d) Owen, G. R.; Vilar,
R.; White, A. J. P.; Williams, D. JOrganometallic2003 22, 3025 (entry
(25) (a) ORTEP-3 for WindowsVersion 1.08; University of Glasgow, code OKAYUU). (e) Lai, Y.-C.; Chen, H.-Y.; Hung, W.-C.; Lin, C.-C.;

2005. (b) Farrugia, L. 1. Appl. Crystallogr 1997, 30, 565. Hong, F.-E.Tetrahedror2005 61, 9484 (entry code GATBOT). (f) Hsueh,
(26) (a) Henslee, G. W.; Oliver, J. D. Cryst. Mol. Struct1977, 7, 137 M.-L.; Su, S.-Y; Lin, C.-C.Acta Crystallogr., Sect. 2006 62, m1784
(entry code PZALPD10). (b) Bacchi, A.; Carcelli, M.; Pelagatti, P.; Pelizzi, (entry code DELRIW). (g) Zhang, W.; Sun, W.-H.; Wu, B.; Zhang, S.;
C.; Pelizzi, G.; Salati, C.; Sgarabotto,|IRorg. Chim. Actal999 295 171 Ma, H.; Li, Y.; Chen, J.; Hao, PJ. Organomet. Chen2006 691, 4759

(entry code KAMQUK). (c) Wu, W.-S.; Chen, J.; Dai, J.-C.; Lin, J.-M.;  (entry codes NESHOJ, NESJAX).
Lan, X.-R.; Huang, T.-THuaxue Xueba¢Chin.) (Acta Chim. Sinica2005 (29) Spartan '06 for Window¥ersion 1.1.0; Wavefunction, Inc.: Irvine,

63, 1967 (entry code WERJAF). CA, 2006.
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Scheme 6 induced by the pyridine substituent makes these substrates very
L Ql L. C reactive. Unfortunately their very high reaction rates and intrinsic
(L/PdMe*CNCfSH?MeZ - (L/Pd Me instability due to ligand lability disfavor a detailed study with
“CeH;Me, strong nucleophiles like isocyanates.
e The TosMIC isocyanide is more reactive than DIC due to
QJP ve  ronCHMe,  —r L\/L;p e its reduced steric hindrance at carbon and its enhanced elec-
Me,CH;NC trophilicity.
“CeHzMe, TCeHsMe; e The reaction is scarcely influenced by the nature of the
Me  CeH;Me, halide. However, when chloride derivatives are used, an excess
y e MezCGHJNC\PdH‘pdiCI fLL of CI- is added to the reaction mixture in order to suppress the
Me,CgHNC” N CNCeliMe, displacement of Cl by the added isocyanide.

~ Me,CeH M . . .
CellsMe; e e « Analogously, an excess of NR ligand is added in order

) o to suppress its displacement by isocyanide.
N—CsH3(CHs), bond since it is severely hampered by the mutual DPPQ-Me derivatives are more reactive than the DPPQ
steric hindrance exerted between substituents in the crowdedgnes due to the distortion induced by the methyl group in
dimeric structure. In this respect the NOESY spectrum of the position 2 of the quinoline ring in the ground state of the starting
dimer [Pd(CNR)(C(=NR?»Me)Cl],; (R? = CgHsMe,) clearly complexes.
displays the spatial correlation between the methyl fragment , on the basis of these pieces of information, a general
belonging to the coordinated and that of the inserted isocyanide.gcheme involving the intimate mechanism was proposed.
Thus, only the signal of the methyl protons of the inserted |, The reaction of methyl or aryl palladium(ll) derivatives with
isocyanide at 2.40 ppm is directly related to the signal of the 5 stoichiometric excess of isocyanide was carried out, and the

methyl protons of the coordinated one at 2.52 ppm, while the reaction conditions yielding monomeric or dimeric species were
signal at 2.36 ppm does not display any spatial correlation (seecarefully investigated.

Figure 2SI in Supporting Information).

Similar imidoyl complexes were prepared by some research
groups following approaches that take advantage of a coordi-
native vacancy induced by aryl migration on the—&NR Solvents and ReagentsTHF and toluene were dried and purified
ligand usually promoted by heating the solution mixture on metallic Na and distilled immediately before use. CH and
containingtrans{Pd(CNRX(ArX], by means of chloro bridge CHsCN were dried on Cajpland distilled before use. Acetone was
cleavage in dimeric species containing the imidoyl fragment refluxed and distilled on molecular sieves (3 A). All other chemicals
induced by ligand attac¥, by insertion of isocyanide across Were commercially available grade products unless otherwise stated.
the Pd-C ligand in palladacyclo complexésor by the reaction | IR, NMfl' almd UV —Vis Measurements.The IR and'H, **C-
of the isocyanide complex with aziridines with subsequent {H}. and*P{H} NMR spectra were recorded on a Perkin-Elmer
deprotonation of bis-carbene speciésnterestingly, we have ~ SPEctrum One spectrophotometer and on a Bruker 300 Avance
synthesized the complex [Pd(CREC(=NR2)Me)Cl], under spectrometer, respectively. The proton and carbon assignments were

i~ . i : h
very mild conditions, and on the basis of our mechanistic performed bytH—12C HMQC'and HMBC experiments. 'S
spectra were taken on a Perkin-Elmer Lambda 40 spectrophotometer

observa_tlon,_ we adyance_ the hypotheS|s_ that the reaction pathequipped with a Perkin-Elmer PTP6 (Peltier temperature program-
to the dimeric species might be summarized by Scheme 6. mer) apparatus

. Preliminary Studies and Kinetic Measurements. All the
Conclusions insertion reactions were preliminarily analyzed By NMR

L : technique by dissolving the complex under study in 0.6 mL of
The reactivity of several palladium alkyl and aryl substrates . A 3 . .
bearing pyridytthioethers and phosphirguinolines as ancil- CprI3 ([cq(rjnplex}; ng Elv mol dm- )3;Ag app(r;)g)natledahqsuot
lary ligands toward two differently substituted isocyanides was o' isocyanide was adde (Iisocyanigie] (3~ ).X 10" mol dm- ):
. tioated. E this stud thered the followi . and the reaction was followed to completion by monitoring the
Icz‘vi?\?(;?niaiidn rom this study we gathered the Tollowing pieces signals for the disappearance of the starting complex and the

. ) ) - ) simultaneous appearance of the monoinserted or the inserted-
« Pyridyl—thioether and phosphirejuinoline complexes in substituted species.

the presence of a stoichimetric amount of isocyanide give only A yv —vis preliminary investigation was also performed with
the monoinserted derivative analogously to dinitrogen substfates. the aim of determining a suitable wavelength. To this purpose, 3
This peculiar behavior is unusual since with phosphine deriva- mL of freshly distilled CHC} solution of the complex under study
tives polyinsertion is usually observét. ([complex} ~ 2 x 104 mol dn3) and in the case of NSR

« Pyridyl—thioether subtrates are more reactive than their derivatives also in the presence of an excess of free ligand«[NS
phosphine and dinitrogen analog$eés! It is noteworthy that R]o ~ 2 x 1073 mol dnm3) was placed in a thermostated (25)
pyridyl—thioether ligands impart to their alkyl derivatives the cell compartment of the U¥vis spectrophotometer, and microali-
highest reactivity that has been hitherto observed in insertion quots of a concentrated solution of the isocyanide ([isocyagide]
reactions. The reactivity of the DPP®/le derivatives reported ~ ~ 2 x 104 mol dm%) were added. The absorbance change was
in this paper should be compared with that of alkyl (or aryl) monitored in the 245500 nm wavelength interval.
complexes with pyridytthioethers bearing a substituent at the ~ X-ray Analysis. Well-formed crystals of complexes([Pd(NS-
pyridine ring RNS—R (R’ = Me, Cl) as ligands. The distortion ~ BU)(C(Tolf=NCsHzMey)I]) and 2 ([Pd(CNR)(C(=NR»Me)Cl]),
suitable for X-ray work, were placed on the top of a glass capillary

(30) (a) Uson, R.; Forhnge J.; Espinet, P.; Lalinde, B. Organomet. and transferred to either a PhIIIpS PW-1100 (FEBO SySmer
Chem.1988 349, 269. (b) Uson, R.; Forhg J.; Espinet, P.; Pueyo, L.;  a Nonius MACH3 system2). The latter was generously made

La'(ig(lj)ebE-J- ?fgarl‘:,(;mf?t- Clvfl‘e"DlgSG 2\]99'CZSJ1' and rg}}erences :hl‘l?rei”- available by colleagues at the Department of Environmental

upont, J.; Pfeffer, M.; Daran, J. C.; Jeannin,Ofganometallics -

1987 6, 899, and references therein. Sciences of S_UN’ (_Zaserta, Italy. .
(32) Bertani, R.; Mozzon, M.; Michelin, R. A.; Benetollo, F; Bombieri, The X-ray diffraction data were collected by te-26 technique

G.; Castilho, T. J.; Pombeiro, A. J. Inorg. Chim. Actal991 189, 175. at 298(2) K, using graphite-monochromated Ma Kadiation ¢

Experimental Section




5598 Organometallics, Vol. 26, No. 23, 2007 Camge et al.

= 0.71073 A () andA = 0.70930 ®)) and corrected for Lorentz ~ (dd, 1H,J = 1.5, 8.3 Hz, QuiH4), 7.95 (d, 1H,J = 7.9 Hz, Qui-
and polarization effectsl( 2) and for absorption factordy). In the H3), 7.66-7.40 (m, 13H aromatic protons), 3.31 (s, 3H, quiH4E
case o2, the absorption correction was not applied since psi-scans 0.97 (d, 3H,J = 2.9 Hz, (Hz-Pd).3P{H} NMR (CDCl;, 298 K,
proved that absorption was negligible (transmission between 0.756(ppm)): 39.3. Anal. Calcd for £H,,CINPPd: C 57.04, H 4.37,
and 0.78), probably due to the “cuboid” shape of the specimen. N 2.89. Found: C 56.95, H 4.41, N 2.73.

For both complexes, the unit cell parameters were determined by  Synthesis of the Complex [Pd(DPPQ)(Me)I]The title complex
least-squares refinement of the setting angles of 25 well-centeredwas obtained by heterogeneous metathesis ofv@th 1~ (Nal)

high-angle reflections. Data analysis and cell refinemen2foere under inert atmosphere at RT in @El, according to established
carried out using the programs maXusnd SIR 92 Crystal procedure$? Yield: 84% (yellow-orange microcrystalst NMR
stability was periodically checked by monitoring the intensities of (CDCl;, 298 K, 6(ppm)): 10.41 (dd, 1HJ = 1.6, 4.8 Hz, Qui-
two standard reflections. H2), 8.40 (d, 1H,J = 8.3 Hz, QuiH*), 8.08 (d, 1H,J = 8.1 Hz,

The structures of both complexes were solved by means of the Qui-H®), 7.97 (m, 1H, QuiH"), 7.66 (m, 6H), 7.50 (m, 6H), 1.12
direct methods and refined by standard full-matrix least-squares (d, 3H,J = 2.6 Hz, (Hs-Pd). 3!P{H} NMR (CDCl;, 298 K, o-
based orF 2 The structure solution and refinement were performed (ppm)): 35.3. Anal. Calcd for £H1lINPPd: C 47.04, H 3.41, N
by means of the computer programs SHELXTL¥R@nd SHELXL- 2.49. Found: C 46.96, H 3.32, N 2.57.

97%6 using scattering factors incorporated in SHELXL-97. In the Synthesis of the Complex [Pd(NSMe)(tolyl)I]] . To 0.1431 g

last cycles of refinement, all the non-H atoms were allowed to (1.03 m.mol) of NS-Me ligand dissolved in 16 mL of anhydrous
vibrate anisotropically, whereas the H atoms were included in ideal toluene was added 0.150 g (0.34 mmol) of the complex [Pd(tmeda)-
positions and refined as a “riding model”. In both structures, the (tolyl)l] (tmeda = tetramethylethylenediamin@)under inert at-

Uiso values of hydrogen atoms were set at 1.2 tirkg of the mosphere (Ar). The resulting yellow suspension was stirred at RT
appropriate carrier atom. Crystallographic data and refinement for 4 h and dried under reduced pressure. The solid residue was
parameters fol and2 are reported in the Supporting information  dissolved in CHCI, (10 mL), treated with activated charcoal, and

in Tables 1SI and 2SI; no anomalous feature was detected. Tablediltered on a Celite filter. Reduction of the resulting volume under
3SI and 48l list relevant bond distances and angledl fand 2, reduced pressure and addition of diethyl ether yielded 0.1262 g
respectively. (0.272 mmol) of the complex as a pink-yellow powder. Yield: 80%.

Synthesis of the LigandsThe synthesis of the ligands 2-methyl- *H NMR (CDCls, 298 K, 6(ppm)): 9.65 (d, 1H,) = 5.4 Hz, Py-
thiomethylpyridyne (NS-Me), 2+tert-buylthiomethylpyridine (N& H°), 7.82 (td, 1HJ = 7.7 Hz,J = 1.7 Hz, Hyy), 7.47 (d, 1HJ =
Bu) 37 8-diphenylphosphanyl-2-methylquinoline (DPP®e) 2 and 7.8 Hz, Hyyr), 7.38 (m, 1H, Hyy), 7.17 (2H, d,J = 8.0 Hz, H),
8-diphenylphosphanylquinoline (DPP®vas carried out according 685 (d, 2HJ = 8.0 Hz, H), 4.48 (bs, 1H, pyr-€i>-S), 4.18 (bs,-

to published procedures. 1H, pyr-CHz-S), 2.26 (s, 3H, Bl5CeH4-Pd,), 2.25 (s, 3H, S-B).
Synthesis of the Complexes [Pd(NSR)(Me)X] The synthesis Anal. Calcd for Q4H15|NPdS: C 36.26, H 3.48, N 3.02. Found:

of the title complexes [Pd(NSR)(Me)X] (R = Me, Et,i-Pr,t-Bu; C 36.39, H 3'_52' N 2.96. .

X = Cl, 1) was carried out according to published proced&?&g. The following complexes were prepared under conditions

Synthesis of the Complex [Pd(DPPQ)(Me)Cl]To 0.1317 g analogous to those of [Pd(N3/e)(tolyl)I] using the appropriate

. . : ligand.
(0.42 mmol) of DPPQ ligand dissolved in 16 mL of anhydrous . .
toluene was added 0.100 g (0.38 mmol) of the complex [Pd(COD)- [Pd(NSt-EIBu)Z(tonI)I](.S Y'eld'_ 81%,dp|nk-y<illow powder.leH
(Me)CIJ®® under inert atmosphere (Ar). The resulting whitish NMR (CDCl, 298 K, o(ppm)): 9.69 (d, 1H,) = 5.4 Hz, PyH"),

: : ; 7.79 (td, 1HJ = 7.7 Hz,J = 1.7 Hz, H,), 7.45 (d, 1IHJ = 7.8
suspension was stirred at RTrfd h and dried under reduced S 33 5 21 (d Zpy _g ) 6.82
pressure. The solid residue was dissolved inCIEH(10 mL), treated %Z'ZHHPW)']'7 (IT’ 1:,' 4F’y')’ 7.b1 (2H HJ=8.1 Hg'z ). 6. H
with activated charcoal, and filtered on a Celite filter. Reduction (d 2H.J= 7.6 Hz, ), 4.36 (bs, 2H, pyr-8'S), 2.25 (s, 3H,

: e CHs C5H4-Pd), 1.21 (S, 9H, S'C(B3)3). Anal. Calcd for G/Ho-
of the resulting volume under reduced pressure and addition of 4S. C 403 38 N 2 4 C40 39 N 2.89
diethyl ether yielded 0.1615 g (0.342 mmol) of the complex as a INPAS: C 40.37, H4.38, N 2.77. Found: C40.41,H4.32, N 2.89.

white powder. Yield: 90%IH NMR (CDCl, 298 K, o(ppm)): [PAOPPQ)(toly)]. Yield: 81%, pink-yellow powderH NMR
10.02 (dd, 1H) = 1.6 Hz,d = 4.8 Hz, QuiH?), 8.40 (d, 1HJ=  (CDCh, 298 K, 0(ppm)): 10.53 (dd, 1H, QU), 8.4 (d, 1H.]
8.3 Hz, QuiHY), 8.08 (d, 1HJ = 8.1 Hz, QuiHY), 7.98 (m, 1H, - 8-2 Hz, QuiH), 8.09 (d, 1HJ) = 8.1 Hz, QuiH®), 7.92 (m, 1H,

Qui-H™), 7.68 (m, 6H), 7.47 (m, 6H), 0.91 (d, 3H,= 2.6 Hz, ~ QUIH"), 7.68 (M, 2H, QuiH®, Qui-H"), 7.41 (m, 10H, P(&Hs)2),
CH3—Pd). 31p{1H} NMR (CDC|3, 298 K, 6(ppm)) 39.9. Anal. 6.92 (d, 2H,J = 6.7 Hz, H’), 6.64 (d, 2HJ = 7.7 Hz, H:), 2.16

Calcd for GoH1oCINPPA: C 56.19, H 4.07, N 2.98. Found: C (S 3H, (Hs CeHa-Pd). S1P{*H} NMR (CDCl, 298 K, d(ppm)):
56.12. H 4.14. N 3.03. 27.4. Anal. Calcd for @H23|NPPd: C 52.73, H 3.63, N 2.20.

: . Found: C 52.84, H 3.77, N 2.15.

Synthesis of the Complex [PA(DPPQMe)(Me)Cl]. The title Synthesis of the Inserted Complexes. DIC Derivatives
complex was prepared under conditions analogous to those usedSylnthesis of the Complex [Pd(NSMe)(C(=NR2)Me)C|] anve .
for the former substrate using DPPQ-Me as ligand. Yield: 85% 2 6-Me.CeH-. To 0.100 g (0.34 ) of [Pd(NSM M Cl
(whitish microcrystals)'H NMR (CDCl, 298 K, o(ppm)): 8.15  2:8:M&CeHs. To 0.100 g (0.34 mmol) of [Pd(NSMe)(Me)Cl]

y % 1 0PP and 0.0947 g of NSMe dissolved in 9 mL of anhydrous G8I,
(33) Mackay, S.. Gil C. 1 Edwards. G- St N Shankand was added dropwise 0.0446 g (0.34 mmol) of DIC in 2 mL of,€H
ackay, o.; Gllmore, C. J.; wards, C.; ewart, N.; ankianad, H : :
K. maXus computer program for the solution and refinement of crystal Ctlz ur:jd;ar |]r-1et:t atrgof_spflllerz (A(rj) Tr:je resgjltmggellow 30'““89 \tﬁals
structures; Nonius: The Nederlands, MacScience: Japan, and the UniveristyStTe€d 10/ and Tinally dried under reduced pressure. Diethy
of Glasgow, 1999. ether was added to the residue, and the ensuing suspension was
(34) Altomare, A.; Cascarano, G.; Giacovazzo, C.; Gagliardi, A.; Burla, filtered off, washed twice with small aliquots of diethyl ether to

M'((33'5;) F;ﬂgg;ii’d? 'écﬁ‘,lvgﬂ’E'\&ff ﬁ’\lpTl' \grysskt)?:'%g{é? gfu%’rf’)?'s Inc.: remove the ligand in excess and eventually with pentane, and dried

Madison. WI. 1999. under vacuum at RT; 0.117 g of yellow microcrystals were obtained
(36) Sheldrick, G. MSHELXI-97, Program for the Refinement of Crystal  (Yield 81%).*H NMR (CDCls, 298 K, d(ppm)): 9.13 (d, 1HJ =
Structures; University of Gtingen: Germany, 1997. 4.6 Hz, PyH®), 7.77 (td, 1HJ = 7.5 Hz,J = 1.7 Hz, Hy), 7.36

Oré?z’a?o(r:n%r;?\é%seeﬁ&_ég\élSé%rglgi'_:'; Uguagliati, P.; Chessa, G.; Pesck, A (m 2H, oy, Ho0y), 6.97 (d, 2H,J = 7.3 Hz, H), 6.85 (t, 1H,J
(38) Wehman, P.; van Donge, H. M. A; Hagos, A.; Kamer, P. C. J.; — 7.4 Hz, H), 412-3.82 (bd, 2H, pyr-@-S), 2.55 (s, 3H,
van Leeuwen, P. W. N. MJ. Organomet. Chenml.997 535 183.
(39) Rudler-Chavin, M.; Rudler, H]. Organomet. Chenml977, 134, (40) Alsters, P. L.; Boersma, J.; van Koten, Grganometallics1993
5. 12, 1629.
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Insertion of Isocyanides across the @ Bond

C(CH3)=NR2), 2.34 (s, 6H, (GH3-(CHy3)2)), 1.73 (s, 3H, S-E).

13C{1H} NMR (CDCl;, 298 K, d(ppm)): 176.4 C(CHs)=NR?),

154.4 (Cpyy), 150.8 (Cpyr), 148. 2 (), 138.3 (Cpyr), 128.0 (C),

127.8 (C), 123.72 (Cyy1), 123.3 (Cpy), 122.5 (C), 45.1 (pyCH:S),

31.8 (CCH3)=NR?), 20.9 (SCHs), 19.1 (GH3-(CH3),). IR (KBr,

cm1): 1656 vc—n. Anal. Calcd for G/H»CINPAS: C 47.78, H
4,95, N 6.56. Found: C 47.81, H 4.91, N 6.45.

The following complexes were prepared under conditions
analogous to those of [Pd(N®/1e)(CENR?)Me)Cl] (R? = 2,6-
Me,CgH3) using the appropriate isocyanide and starting complex.

[PA(NS—Me)(C(=NR?)Me)l], R2 = 2,6-Me;CeHs. Yield: 83%,
orange-yellow powderH NMR (CDCl;, 298 K, 6(ppm)): 9.48
(d, 1H,J = 4.6 Hz, PyH®), 7.76 (td, 1H,J = 7.5 Hz,J = 1.7 Hz,
H4oy), 7.35 (M, 2H, Hyyr, HSy), 6.96 (d, 2H,J = 7.3 Hz, H),
6.83 (t, 1H,J = 7.4 Hz, HY), 4.17 (bs, 2H, pyr-€»-S), 2.45 (s,
3H, C((H3)=NR?), 2.28 (s, 6H, (GHs-(CH3))), 2.06 (s, 3H,
S-CH3). IR (KBr, cm1): 1618vc—n). Anal. Calcd for G7Ha1IN -
PdS: C 39.36, H 4.08, N 5.40. Found: C 39.45, H 3.99, N 5.29.

[PA(NSt-Bu)(C(=NR?)Me)Cl], R2 = 2,6-MexCeH3.Yield: 88%,
pale yellow powderH NMR (CDCls, 298 K, 6(ppm)): 9.13 (d,
1H, J = 4.8 Hz, PyHS), 7.74 (t, 1H,J = 7.7 Hz, H,), 7.31 (m,
2H, HByyr, H5,y1), 6.95 (d, 2H,J = 7.1 Hz, H), 6.86 (m, 1H, H),
3.77 (bs, 2H, pyr-€l>-S)), 2.53 (s, 3H, C(83)=NR), 2.34 (bs,
6H, (GH3z-(CHs)2), 1.30 (s, 9H, S-C(B3)s3). BC{H} NMR
(CDCls, 298 K, d(ppm)): 177.0 C(CHz)=NR?), 156.3 (Cpy),
150.1 (Cpyr), 148.1 (@), 138.4 (Cyy), 128.7 (@), 127.7 (C), 123.5
(C3hy), 122.2 (Gpy), 121.6 (C), 50.3 (SE(CHs)3), 40.8 (pyrCH,S),
31.9 (CCH3)=NR?), 30.5 (5-C(CHs)3), 19.6 (GHs-(CHs),). IR
(KBr, cm™): 1635vc—n. Anal. Calcd for GoHo7CIN,PdS: C 51.18,
H 5.80, N 5.97. Found: C 51.07, H 5.93, N 6.03.

[PA(NSt-Bu)(C(=NR?)Me)l], R2 = 2,6-Me;CeHs. Yield: 84%,
orange-yellow powdertH NMR (CDCl;, 298 K, 6(ppm)): 9.52
(d, 1H,J = 4.8 Hz, PyH"), 7.73 (t, 1H,J = 7.7 Hz, H,), 7.31
(m, 2H, Hoyr, Hoy), 6.95 (d, 2H,J = 7.1 Hz, H), 6.84 (m, 1H,
HY), 4.04 (s, 2H, pyr-Ei,-S)), 2.46 (s, 3H, C(B3)=NR?), 2.32 (s,
6H, (CsH3-(CHa)2)), 1.32 (s, 9H, S-C(Bl3)s). IR (KBr, cm™Y): 1633
ve=n. Anal. Calcd for GgH»7IN,PdS: C 42.83, H 4.85, N 4.99.
Found: C 42.71, H 4.91, N 4.86.

[PA(NS—Et)(C(=NR?Me)Cl], R2 = 2,6-Me,CgHs. Yield: 86%,
pale yellow powder'H NMR (CDCl, 298 K, 6(ppm)): 9.12 (dd,
1H,J=5.6 Hz, 1.8 Hz, PyH°), 7.75 (td, 1IHJ = 7.7 Hz,J = 1.6
Hz, Hioy), 7.33 (M, 2H, Boyr, Hoy), 6.97 (d, 2H,J = 7.4 Hz, H),
6.86 (t, 1H,J = 7.3 Hz, H), 3.94 (bm, 2H, pyr-El>-S), 2.54 (s,
3H, C((H3)=NR?), 2.32 (s, 6H, (@Hs-(CHs)y), 2.10 (m, 2H,
S-CH,CHs), 1.12 (t, 3H,J = 7.3 Hz, S-CHCHs). 13C{'H} NMR
(CDCl;, 298 K, o(ppm)): 176.7 C(CH3)=NR?), 154.9 (Cyy),
150.6 (Cpyr), 148.4 (©), 138.3 (C,y), 127.9 (), 127.6 (C), 123.6
(C3oy), 122.9 (Cpyy), 122.4 (C), 42.2 (pyCH,S), 31.8 (CCHa)=
NR2), 31.4 (SCH,CHs), 19.4 (GH3-(CHa3),), 13.8 (S-CHCH,). IR
(KBr, cm™): 1642vc—. Anal. Caled for GgH,3CIN,PdS: C 48.99,
H 5.25, N 6.35. Found: C 49.13, H 5.11, N 6.41.

[PA(NSI-Pr)(C(=NR?Me)Cl], R2 = 2,6-Me,C¢H3. Yield: 85%,
orange-yellow powdertH NMR (CDClz, 298 K, (ppm)): 9.11
(d, 1H,J = 5.3 Hz, PyH®), 7.74 (td, 1HJ = 7.7 Hz,J = 1.6 Hz,
H4yn), 7.33 (M, 2H, By, Ho%y), 6.96 (d, 2H,J = 7.1 Hz, H),
6.86 (t, 1H,J = 7.4 Hz, HY), 3.73 (bs, 2H, pyr-B>-S), 2.69 (m,
1H, S-CH(CHjy),), 2.52 (s, 3H, C(El3)=NR?), 2.33 (bs, 6H, (6Hs-
(CH3)2), 1.30 (bs, 6H, S-CH(Hx3),). B*C{*H} NMR (CDCl;, 298
K, 6(ppm)): 176.8 C(CH3)NR?), 155.6 (Cpyr), 150.5 (Cpyr), 148.4
(CY), 138.3 (Cpy), 127.5 (@), 127.5 (C), 123.6 (Cpy), 122.2
(C3%yn), 122.2 (C), 40.9 (pyCH,S), 31.7 (CCH3)=NR?), 29.6 (S-
CH(CHs)2), 22.3 (S-CHCHs)2), 19.5 (GHs-(CHs),). IR (KBr,
cm™1): 1616 vc—. Anal. Caled for GeH2sCIN,PdS: C 50.12, H
5.53, N 6.15. Found: C 50.21, H 5.61, N 6.02.

[PA(NS—Me)(C(=NR?)toly)Il], R?2 = 2,6-MeCgH3. Yield:
91%, orange-yellow powdetH NMR (CDCl, 298 K, 6(ppm)):
9.50 (d, 1H,J = 5.4 Hz, PyH?®), 8.02 (d, 2H,J = 8.0 Hz, H),
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7.73 (td, 1H,J = 7.7 Hz,J = 1.7 Hz, H,), 7.33 (m, 2H, Hyy,,
H5yr), 7.15 (d, 2HJ = 8.0 Hz, H), 7.00 (d, 2H,J = 7.4 Hz, H),
6.89 (t, 1H,J = 7.4 Hz, H), 3.98 (bs, 2H, pyr€,-S), 2.40 (s, 3H,
C(C6H4CH3)=NR2), 2.36 (S, 6H, (@"3-(CH3)2)), 1.79 (S, 3H,
S-CH3). BC{*H} NMR (CDCl;, 298 K, d(ppm)): 170.5 C(CeHs-
CHy)NR?), 154.9 (Cpyr), 153.6 (Cpy), 148.4 (C), 141.2 (C), 138.6
(C¥), 138.1 (Cpy), 129.3 (¢), 128.2 (C), 128.2 (®), 127.8 (C),
124.1 (Cyy), 123.4 (Gyyy), 1225 (C), 44.4 (pyCH,S), 21.3
(C(GsH4CH3)=NR?), 20.5 (SE€H3), 20.45 (GH3-(CHa),). IR (KB,
cm™1): 1624 ve—y. Anal. Caled for GaHasINo,PdS: C 46.44, H
4.24, N 4.71. Found: C 46.53, H 4.13, N 4.69.

[PA(NSt-Bu)(C(=NR3)tolyl)I], R 2= 2,6-Me,CgH3. Yield: 90%,
orange-yellow powdertH NMR (CDCls, 298 K, 6(ppm)): 9.57
(d, 1H,J = 4.4 Hz, PyHS), 8.24 (d, 2HJ = 7.9 Hz, H), 7.70 (td,
1H,3=7.7 Hz,J = 1.7 Hz, H,y), 7.27 (m, 2H, Bpyr, H5%y0), 7.14
(d, 2H,J=8.0 Hz, ), 6.97 (d, 2HJ = 7.4 Hz, H), 6.88 (t, 1H,
J=7.2 Hz, H), 3.75 (bs, 2H, pyr-B,-S), 2.43 (s, 3H, C(Phigs)=
NR?), 2.36 (s, 6H, (GHs-(CH3)y)), 1.06 (s, 9H, S-C(Hj)3). 1°C-
{H} NMR (CDCl3, 298 K, 6(ppm)): 169.8 C(CsH4CH3)=NR?),
156.7 (Cpyr), 152.9 (Cpyr), 148.1 (@), 141.2 (G), 139.0 (¢), 138.2
(Cyn), 131.2 (), 127.9 (C), 127.5 (C), 127.6 (C), 123.8 (Cpyy),
122.2 (Gpyn), 121.8 (@), 50.2 ((CH)IC), 40.9 (pyrCH,S), 30.3
(S-C(CHa)3), 21.3 (C(GH4CH3)=NR?), 21.1 (GHs-(CH3),). IR
(KBr, cm™1): 1608vc—n. Anal. Calcd for GeHziIN,PdS: C 49.03,
H 4.91, N 4.40. Found: C 48.97, H 4.98, N 4.42.

[PA(DPPQ)(CENR?)Me)CI], R2= 2,6-MeCeH3. Yield: 88%,
pale yellow powder'H NMR (CDCls, 298 K, é(ppm)): 9.97 (dd,
1H,J = 1.6 Hz, 4.8 Hz, QuiH?), 8.39 (d, 1H,J = 8.3 Hz, Qui-
H4), 8.06 (d, 1H,J = 8.1 Hz, QuiH®), 7.88 (m, 5H, QuiHS,
P(GH,)2), 7.68 (M, 2H, QuiH’ H3), 7.46 (m, 6H, P(6H,),), 6.87
(d, 2H,J = 7.4 Hz, H), 6.75 (t, 1H,J = 7.3 Hz, HY), 1.87 (s, 6H,
(CsH3z-(CH3),)), 1.83 (d, 3HJ = 1.9 Hz, C((H3)=NR?). 13C{1H}
NMR (CDCl;, 298 K,6(ppm)): 178.9 (dJcp= 11.5 Hz,C(CHz)=
NR?), 153.6 (Cyuin), 149.9 (Cyuin), 149.7 (Cuin), 149.5 (C), 138.4
(C*quin), 136.4 (Cquin), 134.5 (dJ = 43.9 Hz, Cyuin), 134.0 (CPN),
131.5 (d, 30 =2.2 Hz, Cquin,), 131.2 (CN), 129.2 (CC"), 129.0
(CPPM), 127.4 (d,J = 7.1 Hz, Cqun), 127.3 (C), 123.0 (Cqun),
121.5 (C), 28.3 (d,Jcp = 11.0 Hz, CCH3)=NR?), 18.5 (GHz-
(CHa),). 3P{*H} NMR (CDCl;, 298 K, 6(ppm)): 22. 3. IR (KBr,
cm™1): 1624 vc—n. Anal. Calcd for GiH2sCIN,PPd: C 61.91, H
4.69, N 4.66. Found: C 62.02, H 4.81, N 4.54.

[Pd(DPPQ—Me)(C(=NR?Me)CI], R? 2,6-Me,CeH3.
Yield: 86%, pale yellow powdertH NMR (CDCl;, 298 K, 6-
(ppm)): 8.12 (d, 1H,J = 8.4 Hz, QuiH4), 7.92 (d, 1H,J = 7.7
Hz, QuiH3), 7.79-7.38 (m, 13H, aromatic protons), 6.88 (m 3H,
=N-CgH3(CHa),), 3.26 (s, 3H, quin-EBl3), 1.95 (s, 6H=N-C¢Hs-
(CHs3),), 1.88 (d, 3H=N-CHs, J = 1.8 Hz).3%P{1H} NMR (CDCl,
298 K, 6(ppm)): 21.5. IR (KBr, cm?): 1630vc—y. Anal. Calcd
for C3,H3oCIN,PPd: C 62.45, H 4.91, N 4.55. Found: C 62.51, H
4.87, N 4.49.

[PA(DPPQ)(CENRYMe)], R2 = 2,6-MeCeHa. Yield: 93%,
orange-yellow powdeH NMR (CDCl;, 298 K, 6(ppm)): 10.36
(d, 1H,J = 4.8 Hz, QuiH?), 8.37 (d, 1H,J = 8.3 Hz, QuiH%),
8.06 (d, 1H,J = 8.1 Hz, QuiH®), 7.88 (m, 5H), 7.64 (m, 2H),
7.48 (m, 6H), 6.85 (d, 2H) = 7.4 Hz, H), 6.74 (t, 1H,J = 7.3
Hz, HY), 1.87 (s, 6H, (GH3-(CH3))), 1.86 (d, 3H,J = 1.9 Hz,
C(CH3)=NR?). 31P{1H} NMR (CDCls, 298 K, 6(ppm)): 16.6. IR
(KBr, cm™1): 1622vc—n. Anal. Calcd for G;H2gN,PPd: C 53.74,
H 4.07, N 4.04. Found: C 53.81, H 4.11, N 3.93.

[PA(DPPQ)(CENRtolyN)I], R 2= 2,6-Me&xCgH 3. Yield: 88%,
orange-yellow powdefH NMR (CD.Cly, 298 K, d(ppm)): 10.42
(dd, 1H,J = 1.6 Hz,J = 5.0 Hz, QuiH?), 8.42 (d, 1H,J = 8.2
Hz, QuiH4), 8.05 (d, 1H,J = 8.0 Hz, QuiH®), 7.81 (m,1H, Qui-
HS), 7.68 (m, 7H, QuiH?, Qui-H’ Hpphz) 7.45 (M, 2H), 7.30 (m,
3H), 7.03 (d, 2HJ = 8.1 Hz), 6.78 (d, 2H, 7.5 Hz), 6.69 (m, 1H),
6.59 (d, 2HJ = 8.2 Hz), 2.16 (s, 3H, C(§14CH3)=NR?), 1.93 (s,
6H, (CsH3-(CH3),). 31P{*H} NMR (CDCls, 298 K, d(ppm)): 21.6.
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IR (KBr, cm™1): 1611 vc—y. Anal. Calcd for GHzIN,PPd: C
57.79, H 4.19, N 3.64. Found: C 57.67, H 4.23, N 3.61.

TosMIC Derivatives. [Pd(NS—Me)(C(=NR?)Me)Cl], R? =
CHotosyl. Yield: 83%, whitish powderH NMR (CDCl;, 298 K,
o(ppm)): 9.04 (d, 1H) = 5.0 Hz, PyH®), 7.85 (m, 3H, M, H%yy),
7.49 (d, 1H,J = 7.7 Hz, H,y), 7.43 (t, 1H,J = 6.5 Hz, Hpy),
7.34(d, 2HJ = 8.1 Hz, H), 5.72-5.19 (bd, 2H, &1,-SO,), 4.48—
4.11 (bs, 2H, pyr-E1,-S), 2.54 (s, 3H, €3 CsH4SOy), 2.45 (s, 3H,
C(CH3)=NR?), 2.36 (s, 3H, S-B3). 13C{*H} NMR (CDCls, 298
K, 5(ppm)): 179.8 C(CH3)=NR?), 154.9 (C), 150.3 (C), 144.4
(CY), 138.8 (G), 135.6 (C), 129.5 (), 128.8 (C), 124.1 (C),
123.2 (@), 77.1 CH,SOy), 45.6 CH,S), 32.1 (CCH3)=NR?), 22.0
(S-CH3), 21.6 (SQ CgH4CHa). IR (KBr, cmY): 1627vc—y. Anal.
Calcd for GH2:CIN,O,PdS: C 41.55, H4.31, N 5.70. Found: C
42.44, H 4.45, N 5.61.

[Pd(NS—Me)(C(=NR?Me)l], R2 = CHtosyl. Yield: 85%,
orange-yellow powdertH NMR (CDClz, 298 K, d(ppm)): 9.32
(d, 1H,J = 5.0 Hz, PyH®), 7.84 (m, 3H, H, H%,), 7.48 (d, 1H,
J=7.7Hz, H,,), 7.39 (t, 1H,J = 6.5 Hz, H,,,), 7.34 (d, 2H,J
= 8.1 Hz, H), 5.60 (d, 1H,J = 13.4 Hz, H»-S0O,), 5.18 (d, 1H,
J = 13.4 Hz, G,-S0,), 4.35 (bs, 2H, pyr-B,-S), 2.47 (s, 3H,
S0,-CgH4CHz), 2.44 (s, 3H, C(Els)=NR), 2.39 (s, 3H, S-83).
IR (KBr, cm™1): 1624 vc—n. Anal. Calcd for G7H21IN,O,PdS:
C 35.03, H 3.63, N 4.81. Found: C 35.16, H 3.49, N 4.71.

[PA(NSt-Bu)(C(=NR?)Me)CI], R? = CHtosyl. Yield: 81%,
pale yellow powderH NMR (CDCls, 298 K, 6(ppm)): 9.03 (d,
1H, J = 5.0 Hz, PyH9), 7.88 (d, 2H,J = 8.2 Hz, H), 7.82 (td,
1H,J=7.7 Hz,J = 1.4 Hz, Hyy,), 7.45 (d, 1HJ = 7.7 Hz, H,),
7.38 (t, 1H,J = 6.5 Hz, H,y), 7.32 (d, 2H,J = 8.1 Hz,H), 5.42
(d, 1H,J = 14.3 Hz, H,-SO,) 5.32 (d, 1H,J = 14.3 Hz, ;-
S0,), 4.31 (M, 2H, pyr-®>-S), 2.44 (s, 3H, SECsH4CH3), 2.37
(s, 3H, C(G3)=NR?), 1.34 (s, 9H, S-C(63)3). 13C{*H} NMR
(CDCl, 298 K, 6(ppm)): 186.0 C(CHs)=NR?), 156.3 (C), 150.1
(C9), 144.1 (C), 138.8 (G), 135.4 (C), 129.3 (C), 129.0 (C),
123.8 (G), 121.7 (®), 77.1 CH2S0y), 51.2 $(CHa)s, 41.0 CH,S),
32.9 (CCH3)=NR?), 30.3 (SCH3)3), 21.6 (SQ CeH4CHa). IR (KB,
cm™1): 1625vc—. Anal. Calcd for GoH,7CIN,O,PdS: C 45.03,
H 5.10, N 5.25. Found: C 44.91, H 5.27, N 5.23.

[PA(NSt-Bu)(C(=NR?Me)l], R2 = CHytosyl. Yield: 82%,
orange-yellow powderH NMR (CDCl;, 298 K, 6(ppm)): 9.28
(d, 1H,J = 5.0 Hz, PyH®), 7.85 (d, 2HJ = 8.2 Hz, H), 7.79 (td,
1H,J=7.7 Hz,J = 1.4 Hz, Hyy,), 7.45 (d, 1HJ = 7.7 Hz, H,),
7.32 (m, 3H, Hpyr, HY), 5.29 (d, 1HJ = 14.2 Hz, GH,-SO,), 5.18
(d, 1H,J = 14.2 Hz, H,-SO,), 4.32 (ABsys, 2H 4.38, 4.28, =
16.8 Hz, pyr-G,-S), 2.44 (s, 3H, S@C¢H,CHz), 2.42 (s, 3H,
C(CH3)=NR?), 1.30 (s, 9H, S-C(83)3). IR (KBr, cm%): 1622
ve=n. Anal. Calcd for GoH27IN,O,PdS: C 38.44, H 4.36, N 4.48.
Found: C 38.51, H 4.47, N 4.47.

[Pd(NS—Me)(C(=NR?)tolyl)Il], R 2 = CHtosyl. Yield: 85%,
orange-yellow powderH NMR (CDCl, 298 K, (ppm)): 9.48
(d, 1H,J = 5.0 Hz, PyH?®), 7.96 (d, 2H,J = 8.1 Hz, H), 7.92 (d,
2H,J=8.1Hz, H), 7.81 (td, 1HJ = 7.7 Hz,J = 1.5 Hz, Ht,,),
7.43 (d, 1H,J = 7.7 Hz, H,y), 7.37 (M, 3H, Ky, H), 7.10 (d,
2H, J = 7.9 Hz, H), 5.89-5.35 (bd, 2H, ©-SO,), 4.52-407
(bs, 2H, pyr-G,-S), 2.46 (s, 3H, C(6H4CH3)=NR?), 2.34 (s, 3H,
S0,-CeH4CH3), 1.9 (bs, 3H, S-El3). 33C{*H} NMR (CDCls, 298
K, d(ppm)): 168.0 C(CeH4CH3)=NR?), 155.9 (C), 153.1 (C),
144.4 (@), 139.5(C), 138.5 (G), 135.9 (@), 129.4 (C), 128.1
(CY), 128.4 (C), 124.4 (G), 123.4 (G), 80.3 CH,SO,), 44.9
(CHS), 29.6 (SQC(CH3)), 21.6 (SQCeH4CH3), 21.3 (C(GH4CH3)=
NR?), 20.4 (SCH3). IR (KBr, cm1): 1595v¢—y. Anal. Calcd for

CaH2sIN2O.PAS: C 41.92, H 3.82, N 4.25. Found: C 41.91, H

3.89, N 4.32.

[PA(NSt-Bu)(C(=NR?)tolyl)l], R2 = CHtosyl. Yield: 85%,
orange-yellow powdertH NMR (CDCl;, 298 K, 6(ppm)): 9.42
(d, 1H,J = 5.0 Hz, PyH®), 8.00 (d, 2H,J = 8.1 Hz, H), 7.92 (d,
2H,J = 8.1 Hz, H), 7.81 (td, 1HJ = 7.7 Hz,J = 1.5 Hz, Hf,,),
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7.44 (d, 1H,J = 7.7 Hz, H,y), 7.37 (M, 3H, Hyy, HY), 7.08 (d,
2H,J=7.9 Hz, H), 5.66 (d, 1HJ = 14.3 Hz, G1,-SO,), 5.43 (d,
1H,J = 14.3 Hz, H,-SO,), 4.66 (d, 1HJ = 16.7 Hz, pyr-G1-S)

4.19 (d, 1HJ = 16.7 Hz, pyr-G1,-S), 2.43 (s, 3H, S®CsH4CHy),

2.32 (s, 3H, C(@H4CH3)=NR?), 1.01 (s, 9H, S-C(H3)3). 3C{H}

NMR (CDCls, 298 K, d(ppm)): 181.1 C(CsH4sCH3)=NR?), 157.3
(C?), 152.8 (C), 144.1 (C), 140.9 (®), 139.4(C), 138.6 (C), 135.7
(C%), 130.0 (@), 129.3 (C), 129.1 (C), 128.2 (C), 124. 2 (C),

121.9 (@), 80.3 CH,SO,), 50.9 C(CHs)3), 41.0 CH,S), 30.1 (SC-
(CHa)3), 21.6 (SQ CeH4CH3Z'), 21.3 (C(GH4CH3)=NR?). IR (KB,

cm1): 1594vc—y. Anal. Calcd for GeHziIN,O,PdS: C 44.55, H
4.46, N 4.00. Found: C 44.61, H 4.38, N 4.12.

[PA(DPPQ)(C(=NR?)Me)Cl], R? = CHtosyl. Yield: 90%,
white powder*H NMR (CDCls, 298 K, d(ppm)): 9.84 (dd, 1HJ
= 1.6 Hz, 4.8 Hz, QuiH?), 8.44 (d, 1HJ = 8.3 Hz, QuiH%), 8.11
(d, 1H,J = 8.1 Hz, QuiH®), 7.86 (m, 1H, QuiH®), 7.74 (m, 6H),
7.51 (m, 8H), 7.28 (m, 2H), 5.18 (d, 1H,= 14.7 Hz, G1,-SO,)
4.30 (d, 1HJ = 14.7 Hz, H,-S0Oy), 2.42 (s, 3H, El3- CsH4SOy),
2.10 (bs, 3H, C(El3)=NR?). 31P{*H} NMR (CDCls, 298 K, 0-
(ppm)): 28.1. IR (KBr, cm?): 1614vc—y. Anal. Calcd for GyHag
CIN,O,PPdS: C 55.95, H 4.24, N 4.21. Found: C 55.79, H 4.37,
N 4.15.

[Pd(DPPQ-Me)(CENR2Me)CI], R2= CHtosyl. Yield: 89%,
white powder!H NMR (CDClg, 298 K, d(ppm)): 8.18 (d,1H,) =
8.5 Hz, QuiH%), 7.97 (d, 1H,J = 8.5 Hz, QuiH®), 7.89 (m, 1H,
Qui-HS) 7.75-7.42 (m, 14 H, aromatic protons), 7.23 (d, 2H=
8.1 Hz, H), 5.29 (d, 1H,J = 14.7 Hz, H,S0O,), 5.04 (d, 1HJ =
14.7 Hz, G4,S0y), 3.28 (s, 3H, quin-Bl3), 2.40 (s, 3H, EIsPhSQ),
1.89, (s, 3H, C(E€l3)=NR?. 3P{'H} NMR (CDClk, 298 K,
o(ppm)): 27.3. IR (KBr, cml): 1626vc—y. Anal. Calcd for GoHzor
CIN,O,PPdS: C 56.56, H 4.45, N 4.12. Found: C 56.55, H 4.41,
N 4.23.

[PA(DPPQ)(C(=NR?)Me)l], R?2 = CHtosyl. Yield: 87%,
orange-yellow powdeH NMR (CDCl;, 298 K, 6(ppm)): 10.18
(dd, 1H,J = 1.6 Hz, 4.8 Hz, QuiH?), 8.43 (d, 1H,J = 8.3 Hz,
Qui-H#%), 8.08 (d, 1H,J = 8.1 Hz, QuiH®), 7.89 (m, 1H, QuiH"),
7.81-7.42 (m, 14H), 5.05 (d, 1HJ = 15.1 Hz, (H,-S0O,), 4.10
(d, 1H,J = 15.1 Hz, GH,-SO), 2.42 (s, 3H, S@CsH,CH3), 2.11
(s, 3H, C(GH3)=NR?). 31P{1H } NMR (CDCls, 298 K, o6(ppm)):
22.2. IR (KBr, cnl): 1619vc—. Anal. Calcd for GiHglN,O,-
PPdS: C 49.19, H 3.73, N 3.70. Found: C 49.27, H 3.79, N 3.81.

[PA(DPPQ)(CE=NR)tolyl)l], R2 = CHtosyl. Yield: 90%,
orange-yellow powdefH NMR (CDCl,, 298 K, 6(ppm)): 10.31
(dd, 1H,J = 1.6 Hz,J = 5.0 Hz, QuiH?), 8.44 (d, 1H,J = 8.2
Hz, QuiH%), 8.08 (d, 1H,J = 8.0 Hz, QuiH®), 7.78 (m, 3H, H,
Qui-H?), 7.68 (m, 4H, M, Qui-H3, Qui-H®), 7.49 (m, 6H, Hpn),
7.21 (m, 2H, H), 7.10 (m, 4H, Hen), 6.78 (d, 2H, 7.5 Hz, B,
5.30 (d, 1H,J = 15.4 Hz, H,-SO,), 4.57 (d, 1H,J = 15.4 Hz,
CH,-S0,), 2.38 (s, 3H, S@CgH4CH3), 2.22 (s, 3H, C(6H,CHz)=
NR?). 33C{*H} NMR (CDCls, 298 K, 6(ppm)): 184.1 C(CeH4-
CH3)=NR?), 157.4 (Cquin), 150.1 (d, 19.8 Hz, &), 143.7 (),
140.2 (d, 9.3 Hz, €, 138.9 (Cquin), 138.2 (C), 137.4 (Cquin), 135.8
(C¥), 133.5 (d, 42 Hz, &ur), 132.9, 132.8, 132.6, 132.4, 132.1
(Couin), 131.5, 130.3, 129.7, 129.6 {CCY), 129.5, 129.1 (€),
128.6, 128.4 (d, 4.5 Hz, %), 127.7 (C), 123.6 (Cquin), 79.6 CHy-
SOy, 21.5 (SQ-(CeH4CH3)), 21.1 (C(GH4CH3)=NR?). 31P{H}
NMR (CDCl;, 298 K, d(ppm)): 22.7. IR (KBr, cm?): 1593vc=
n- Anal. Calcd for G7H3IN,O.PPdS: C 53.35, H 3.87, N 3.36.
Found: C 53.26, H 3.79, N 3.43.

Complexes Obtained in the Presence of Isocyanide in Excess.
[Pd(CNR?)(C(=NR?Me)Cl],, R? = 2,6-Me,Ce¢H3. To 0.070 g
(0.26 mmol) of [Pd(COD)(Me)CI] in CEKCl, (10 mL) was added
0.0682 g (0.52mmol; 2 equiv) of DIC isocyanide under inert
atmosphere (Ar). The resulting yellowish suspension was stirred
for 1 h, dried under vacuum, and treated with diethyl ether (5 mL).
The pale yellow solid obtained was washed twice with small
aliquots of diethyl ether to remove the COD in excess and
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eventually with pentane; 0.0883 g of complex was obtained.
Yield: 81%.H NMR (CDCl;, 298 K, 6(ppm)): 7.25 (t, 1H]) =
7.4 Hz, HY), 7.12 (d, 2HJ = 7.4 Hz, H), 7.05 (m, 3H, H', H),
2.52 (s, 6H, (GHs-(CHs), coordinate isocyanide)), 2.40 (s, 3H,
(CgH3-(CH3), inserted isocyanide)), 2.36 (s, 3H, ¢t&-(CHys),
inserted isocyanide)), 2.27 (s, 3H, (G¢{g=NR?)). 13C{H} NMR
(CDClg, 298 K, 6(ppm)): 212.8 C(CH3)=NR?), 145.4 CNR?),
136.1(C), 131.0 (), 130.0 (C), 129.1 (), 128.7, 128.4 (€)
128.0 (©), 126.2 (), 35.0 (CCH3s)=NR?), 20.3, 19.4 (GHs
(CH3)z inserted), 19.1 (6H4-(CH3)2 coord). IR (KBr, cntl): 1563
VC=N, 2188 VC=N- Anal. Calcd for Q8H42C|2N4Pd2: C 5443, H
5.05, N 6.68. Found: C 54.57, H 4.98, N 6.71.
[PA(CNR?),(C(=NR2)Me)Cl], R2 = 2,6-Me,CsHs. To 0.070 g
(0.26 mmol) of [Pd(COD)(Me)Cl] in CKCl, (10 mL) was added
0.1023 g (0.78 mmol; 3 equiv) of DIC isocyanide under inert
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C(CH3)=NR2) IR (KBr, Cmfl)i 1656 ve—n, 2224 ve—y. Anal.
Calcd for GgH30CIN3OsPdSs: C 45.29, H 4.07, N 5.66. Found: C
45.18, H 3.91, N 5.82.

[PA(CNR?),(C(=NR?)tolyl)l], R 2 = 2,6-Me&;C¢H3. T0o 0.070 g
(0.16 mmol) of [Pd(tmeda)(tolyl)I] in CKCIl, (10 mL) was added
0.0643 g (0.49 mmol; 3 equiv) of DIC isocyanide under inert
atmosphere (Ar). The resulting yellowish suspension was stirred
for 1 h, dried under vacuum, and treated with diethyl ether (5 mL).
The pink-yellow solid obtained was washed twice with small
aliquots of diethyl ether to remove the tmeda in excess and
eventually with pentane; 0.0908 g of complex was obtained.
Yield: 79%.1H NMR (CDCl;, 298 K, d(ppm)): 8.21 (d, 2H,) =
7.4 Hz, W), 7.22 (m, 4H, M, HY), 7.06 (d, 4HJ = 7.4 Hz, '),
6.93 (m, 3H, M, HY), 2.43 (s, 3H, C(eH4CH3)=NR?), 2.22 (s,
12H, (GH3s-(CHa)2)2), 2.14 (s, 6H, (GH3-(CH3),)). IR (KBr, cm™Y):

atmosphere (Ar). The resulting yellowish suspension was stirred 1624 vc—y, 2178 ve=n. Anal. Calcd for G4H34N3OsPdS: C

for 1 h, dried under vacuum, and treated with diethyl ether (5 mL).
The pale yellow solid obtained was washed twice with small
aliquots of diethyl ether to remove the COD in excess and
eventually with pentane; 0.1016 g of complex was obtained.
Yield: 71%.'H NMR (CDCl;, 298 K, 6(ppm)): 7.28 (t, 2HJ =
7.4 Hz, H"), 7.14 (d, 4HJ = 7.5 Hz, H"), 6.89 (m, 3H, H, H°),
2.69 (s, 3H, C(El3)=NR?), 2.41(s, 12H, (€H3-(CH3),)2), 2.12 (s,
6H, (C6H3-(CH3)2)). IR (KBI’, Cmfl): 1660vc—y, 2180vcn. Anal.
Calcd for GgH3oCINsPd: C 61.10, H 5.49, N 7.63. Found: C 61.29,
H5.47, N 7.72.

[PA(CNR?),(C(=NR?Me)CI], R2 = CHtosyl. The synthesis
of the title compound is similar to that of the previously described

species. In this case a 3-fold excess of tosMIC isocyanide was used

Yield: 83%, pale yellow powderrtH NMR (CDCl;, 298 K, 6-
(ppm)): 7.88 (d, 4H]) = 8.3 Hz, H"), 7.83 (d, 2H,J = 8.2 Hz,
HPY), 7.46 (d, 4H,J = 8.2 Hz, H), 7.39 (d, 2H,J = 8.0 Hz, H),
5.07 (s, 2H, €1,S0,), 4.82 (s, 4H, (€1,SO, CeH4CHa),), 2.50 (s,
6H, (SQ CeHaCHa),), 2.47 (s, 3H, S@CeH.CHs), 2.33 (s, 3H,

44.87, H 3.77, N 4.62. Found: C 45.02, H 3.89, N 4.47.
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