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The treatment of PA@INCPh) with PhsP=NPh (1) gives the expected complésans-PdCL[N(Ph)-
PPh]. (3). However, the reaction of PA{COD) (COD= 1,5-cyclooctadiene) with or PisP=N-1-Np
(2) (Np = naphthyl) occurs through nucleophilic attacklodr 2 on one olefinic bond of the COD ligand
followed by proton abstraction on the adjacent methylene group, givingnthalyl complexes
[PheP(R)NH--CloPd(GH11)] (R = Ph, 4; Np, 5). The X-ray structure o#f has been determined and
shows two interesting facts: (i) thg-n?-bonded cyclooctadienyl ligand, containingg&allyl fragment,
and (ii) the presence of a strong H bond between one of the Cl ligands and the proton of the NH group.
This H bond persists in solution, as shown by NMR and molar conductance measurements. The abstraction
of a chloride or4 by reaction with AgCIQ cleaves the H bond and gives a mixture of the salgpih
(H)Ph](CIQy) (6) and the neutrak!-n?-cyclooctadienyl complex [Pd¢Cl)(CgH11)]2 (7). Complex7 is
an adequate precursor for the synthesis of other stabigllyl complexes, and nojy—#° allyl

interconversion has been observed.

Introduction

Reactions that form €C and C-X bonds (X= heteroatom)
through nucleophilic attack on &€ or a G=N bond, activated
by bonding to a transition metal, are versatile and powerful
synthetic tools. Nucleophilic addition to Pd-coordinated alk-
enesis a very well-known reaction with important implications

in industrial processes. Among the different olefins and diolefins,

modulate their reactivity depending on whether they are

coordinated or not to the metal, for instance in species such as
RCH,CN.® Phosphorus ylides are also able to react with bonded
nitriles, and some notable results have been repérted.

In line with these results, a recent contribution shows that
iminophosphoranes are also able to react with Pt-bonded
nitriles.” Iminophosphoranes are species of general structure
RsP=NR' (R, R = alkyl, aryl, etc.), which show a very rich

1,5-cyclooctadiene (COD) has been one of the most studied coordination chemistr§® Aiming to expand the scope of the
systems, due to its versatility and due also to the wide variety use of iminophosphoranes as nucleophiles-iNtbond forming

of bonding modes obtaineédStabilized phosphorus ylides are

reactions, we have probed the reactivity ogPsNPh (1) and

a particular class of nucleophiles, and they have shown a clearphP=NNp (2) (Np = naphthyl) toward Pd(Il) precursors, such

reactivity toward alkenes bonded to Pd(ll) and Pt(Il) centps,
as a result of which the correspondioglkyl complexes have

as PACGI(NCRY), (R = Me, Ph) and PdG(COD). This reactivity
could in principle be more complicated than anticipated, since

been formed. This reactivity has been recently applied to other it has been reported that the reactivitylofith simple Pd(I1)

substrates as nucleophil&s.Coordinated nitriles are also
adequate precursors for<€ and C-X couplings, and a wide
reactivity is being developed at the present tihfr instance,
1,3-diazadiene® imines> and 1,2,4-oxadiazolin®scan be
obtained by reaction of the appropriate precursor with Pd(ll)-
or Pt(Il)-bonded nitriles. In addition, it is also possible to
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Scheme 1. Synthesis and Reactivity of Iminophosphoranes 1 and 2
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cyclopalladated derivative [Pa{Cl){ CsHi(PPh=NPh)-2], C1A to C8A for one of the congeners in Figure 2; see Sl for

through a C-H bond activation reaction. the other congener), meaning that the initial cyclooctadiene
ligand has been deprotonated at a methylene group adjacent to
Results and Discussion an olefinic G=C bond. The organic fragment is an amino
phosphonium cation, showing that the initial iminophosphorane
The starting iminophosphoranessPNR (R = Ph, 1; Np, 1 has been protonated at the iminic atom N(1). The two

2) were prepared following published methddshe reaction  fragments are in close contact, joined by a hydrogen bond
of phenylazide or 1-naphthylazide with PRA:1 molar ratio) between the NH group and the chlorine atom CI(1).

in dry CH,Cl> gives1 or 2, respectively, isolated as white solids.  the hydrogen bond is characterized by the intermolecular
Compound1 reacts with PdG(NCPh), (2:1 molar ratio) in distances CI(k)-H(1N) [2.3800 A] and N(13-CI(1) [3.131(3)
acetone to giv& (Scheme 1), with two bonded iminophospho- A] and the angle N(BH(1N)-+-CI(1) [14F]. These values fall
ranesl, according to its analytical and spectroscopic data. Thus, 4 the |ow end of the usual range of distances found in the
a simple ligand exchange reaction has occurred, instead of &jeratyre for similar hydrogen bondéMoreover, it must be

nucleophilic attack on the nitrile ligandThe IR spectrum o8 taken into account that this t
. . ype of hydrogen bonds has been
shows thevey stretch at 1313 cnt, shifted to low energy with described as robust and useful as structure-directing tfols.

respect to the free ligantl(1345 cnt?l) and strongly suggesting In fact, the presence of this hydrogen bond4rreven in

t_he N-bonding O.ﬂ’ while the trans arrangement of the_ chioride solution—is remarkable and has important consequences for its
ligands can be inferred from the observation of a single band chemical behavior

at 317 cm. The3P{*H} NMR spectrum of3 shows a single
) P g Concerning the cationic organic fragment, the P(4}1)

peak atd = 30.06 ppm, strongly deshielded with respect to the ’ . i
free ligand ¢ = 3.38 ppm) and also in good agreement with bond distance [1.624(3) A] suggests a high degree of single-
bond character since it is identical, within experimental error,

the N-coordination oflL. ;
A quite different process has been observed in the reactivity to tlr;gse fo_ur_ld in [PPN(H)Ph](BR) [1'621(4) and_l._635(4)
of 1 or 2 with another Pd precursor. The reaction of PdCl Al 252 and 'ItPIS longer than that I(sjtl;md in the free Iminophos-
(COD) with 1 or 2 (1:1 molar ratio) in CHCI, at 25°C results phprape P{P=NPh [%'603(3) AR On the other hanq, the
anionic organometallic fragment shows the Pd atom in a very

in the clean synthesis of compléxor 5, respectively (Scheme . . - ; ’
1). The X-ray crystal structure of compléhas been determined distorted environment. The disordered cyclooctadienyl ligand
is o-bonded through the carbon atom C(5AB); there is a

by diffraction methods. Parameters concerning data collection o X
and refinement are presented in Table 1, and selected bond'0nPonded olefinic group [C(6AB)C(7A) in the congener

lengths and angles are given in Table 2. The structuré of Shown in Figure 2] and a bonded olefinic fragment [C(XA)
(Figure 1) shows that the complex possesses an anionicC(2AB)]. The different Pe&C bond distances are almost
organometallic part (Figure 2) and a cationic organic part. The identical, within experimental error, to those reported previously
anionic organometallic part shows a Pd atom in a distorted
square-planar environment, bonded to two cis chlorine ligands, (14) () Bergamini, P.; Bertolasi, V.; Milani, fEur. J. Inorg. Chem.

Cl(1) and CI(2), and to a disordered cyclooctadienyl ligand (ring %%%?e,lgén(/ts)yed%mh %ejs';zggé:]%l?ziif';(grﬁﬁﬂ% :fr; S:? KP. ?clfasé‘:"* AT';' I
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Table 1. Crystal Data and Structure Refinement for
Compound 4-CH,Cl,

Organometallics, Vol. 26, No. 25, 2@3R9

empirical formula G3sH34ClyNPPd

fw 723.80

temp (K) 150(1)

radiation ¢, A) 0.71073

cryst syst monoclinic

space group 12/a

a(A) 19.369(4)

b (A) 12.150(2)

c(A) 27.890(6)

S (deg) 103.74(3)

V (A3) 6376(2)

z 8

Deae (Mg/md) 1.508

w(mm™1) 0.992

cryst size (mr) 0.12x 0.27x 0.32

no. of reflns collected 25791 &

no. of indep reflns 7078 = 0.0316) ) o ) )

no. of data/restraints/params 7078/20/407 Figure 1. Thermal ellipsoid drawing o#-CH,Cl, showing the
goodness-of-fit o2 1.064 hydrogen bond between cation and anion. Ellipsoids representing

final Rindices | > 2a(1)]
Rindices (all data)
largest diff peak, hole ¢(&~3)

R1=0.0403, wR2=0.1088
R* 0.0609, wR2=0.1149
0.878 and—1.259

non-H atoms are drawn at 50% probability level.

Table 2. Selected Bond Distances (A) and Angles (deg) for
Compound 4-CH,Cl,

Pd(1)-C(5AB) 2.029(4)  Pd(BC(1A) 2.171(9)

Pd(1)-C(2AB) 2.160(4)  Pd(1}C(2B) 2.25(2)

Pd(1)-CI(1) 2.4847(11) Pd(HCI(2) 2.3548(10)

C(5AB)—C(6AB) 1.497(6)  C(6ABY-C(7A) 1.292(9)

C(7TA)—C(8A) 1.519(10) C(8AYC(1A) 1.419(12)

C(1A)—C(2AB) 1.327(10) C(2AB)-C(3A) 1.605(9)

C(3A)—C(4A) 1.550(15) C(4A)-C(5AB) 1.529(13)

P(1)-N(1) 1.624(3)  N(1}-C(9) 1.418(4)

C(5AB)—Pd(1)-C(1A) 91.5(3)  C(5AB)}-Pd(1)-C(2AB) 84.08(19)

C(5AB)—Pd(1)-CI(2) 90.21(14) C(IAYPd(1)}-CI2)  163.7(2)

C(2AB)-Pd(1)-Cl(2) 160.43(16) C(5AB}Pd(1)-Cl(1)  176.32(16)

C(1A)—Pd(1)}-CI(1)  86.1(5)  C(2ABy-Pd(1)-Cl(1)  92.56(13)  Figure 2. Thermal ellipsoid plot of one disordered anionic
Cl2-Pd(1)-CI(1) ~ 93.38(4) C(9yN@)-P(1) 126.1(2)  organometallic congener 6fCH,Cl,. Ellipsoids representing non-H

atoms are drawn at 50% probability level.

for the n'-n2-cyclooctadienyl ligand in a dinuclear compl&x.
The Pd(1)-CI(1) bond distance [2.4847(11) A] is longer than  |igand is - bonded. The clear shielding of the coordinated
the Pd(1)-CI(2) bond distance [2.3548(10) A], reflecting the Cc=C olefinic bond with respect to the free olefin and the
higher trans influence of the-allyl carbon atom, and both  appearance of the metalated@¢isignal in the alkylic region
distances are in the usual range for this type of bSAd. are strong evidence for theg!-allyl—n2-olefin bonding mode

The characterization @fand5 in solution provides additional  of the cyclooctadienyl ligan&®
information. The*P{'H} NMR spectra o# and5 show a single Additional evidence for the presence of the hydrogen bond
peak in each case in good agreement with the presence of gn solution is provided by the measurement of the molar
phosphonium unit. ThéH NMR spectra of4 and5 show 10 conductanceAy of 4 in acetoné” It must be noted that the
well-defined peaks, spread in the-& ppm region and assigned  NMR spectra in acetonds show the same features as those
to the 11 protonS of the CyClOOCtadienyl |Igand The well- obtained in CDCJ or CD2C|2 The experimenta| value iAM
resolved line shapes of these peaks are temperature independegt 31.1 Q-2 cn? molL. Typical values of molar conductance
and suggest a static behavior of the ligand on the NMR time for 1:1 electrolytes appear in the range @0 Q1 cn?
scale. The most rermarkable feature of each spectrum is a widemg|~1 17 s this result means thais not completely dissociated
peak at 10.78 ppmd] or 11.16 ppm §), assigned to the NH  and that the hydrogen bond is present to a significant extent in
proton. The shift of this peak to very low field suggests that spjution. However, the nonzero value Af, also means that
the intermolecular hydrogen bond observed in the X-ray crystal an equilibrium between the dissociated (ionic) and associated
structure of4 is retained in solution. ThEC{'H} NMR spectra  (neutral) forms must be operative in solution. This equilibrium
of 4 and5 show all expected peaks for the structures shown in seems to be shifted mainly to the associated neutral form due

Scheme 1, and assignment of all signals in theand **C to the hydrogen bond and has to be very fast with respect to
sSpectra was carried out with the help of homo- and heteronuclearthe NMR time scale since on|y one Species is observed in

correlation 2D spectra and selective 1D NOESY and ROESY. go|ytion.

While 3P NMR data clearly show the presence of the  The other singular fact abodtands is the generation of the
aminophosphonium unit in solution, afd NMR data suggest  cyclooctadienyl ligand from the coordinated 1,5-cyclooctadiene
the perseverance of the hydrogen bond, also in solutf@®,  py deprotonation with an external baéé plausible mechanism
NMR data indicate that the allyl unit on the cyclooctadienyl for this process is presented in Scheme 2 and could involve the
exo nucleophilic attack of the iminophosphorane (through the
iminic N atom) on one olefinic &C bond, giving ac-alkyl

(16) (a) Agami, C.; Levisalles, J.; Rose-Munch JFOrganomet. Chem.
1972 35, C59. (b) Dahan, F.; Agami, C.; Levisalles, J.; Rose-Munch. F.
Chem. Soc., Chem. Commur@74 505. (c) Dahan, FActa Crystallogr.,
Sect. B1976 32, 1941.

(17) Geary, W. JCoord. Chem. Re 1971, 7, 81.
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Scheme 2. Proposed Mechanism for Synthesis of 4 and 5
 PhaPy
3 N/R
Ph3P\\N/R

—_—
CHCly, 25 °C

R = Ph (4), Np (5)

intermediate similar to those reported with phosphorus yfitles.  The reaction o8 with dppe (1:1 molar ratio) in CkCl, gives
Once the G-N coupling has taken place, this intermediate could 9 (Scheme 1). Thé&P{*H} NMR spectrum shows a low-field
undergo intramolecular deprotonation on the methylene adjacentAB spin system (50.78 and 49.31 ppfdpp = 37 Hz), due to
to the attack position, giving the aminrphosphonium unitand  the two P atoms of the dppe ligand bonded as a-&hElate.
the dichloron®-n2-cyclooctadienyl Pd(ll) derivative. The forma- Thus, 8 and 9 again present the cyclooctadienyl ligand with
tion of the intermolecular H bond could be the final step. This the '-»?-bonding mode.
process is rather sensitive to the type of base. It has been Complex7 reacts with PPhin CH,Cl, (Scheme 1) to give
reported® that the treatment of PdgCOD) with NEg gives 10as a 1:1 mixture of geometric isomers after cleavage of the
complex 7; that is, there is no interaction between the am- chlorine bridging system. Complet0 has been characterized
monium salt [HNE$] ™ and the cyclooctadienyl anionic complex, by the usual analytic and spectroscopic means (see Experimental
while reaction of PdG(COD) with DBU (1,8-diazabicyclo- Section), which confirm that the'-allyl coordination persists.
[5.4.0lundec-7-ene) results in the recovery of the starting Chloride abstraction oh0, promoted by silver salts, in solvents
compounds. with low bonding ability, might reasonably be expected to
n*-o-Allyl ligands are very scarce, and the stability of this promote then'—#® interconversion of the allyl fragment.
bonding mode it and5 is noteworthy'® We have probed the  However, treatment of a solution 4D in THF with AgCIO,4
reactivity of 4 in order to test this stability and the possible (1:1 molar ratio) gives a mixture of several products, as is clear
interconversion into the more usugtallyl bonding mode. First,  from the3P{1H} NMR spectrum of the crude solid. From this
we have transformed (or 5) into a more useful starting product.  mixture one main component (ca. 50%) could be identified, the
The reaction o# with AgCIlO,4 (1:1 molar ratio) in MeOH bis-phosphino derivativél (Scheme 1). Complegl can be
gives the mixture of the amingphosphonium sah, the known independently prepared in pure form by reactionl16fwith
organometallic7,*® and AgCl. All components of this mixture ~ AgCIO4 and PPB (1:1:1 molar ratio), as shown in Scheme 1
could be isolated in pure form by adequate choice of solvents and as described in the Experimental Section, and it is easily
(see Experimental Section). Thus, the hydrogen bond is characterized due to the observation of an AB spin system (23.39
cleaved by the chloride abstraction and subsequent dimerization.and 22.89 ppmJep = 43 Hz) in the3'P{*H} NMR spectrum,
The 'H NMR spectrum shows the peak assigned to the NH assigned to the two cis P atoms. We have not been able to
proton at 8.06 ppm, upfield shifted from the starting prodict ~ determine the nature of the other species, although it seems that
(10.78 ppm) and as expected for the disappearance of thethe presence of complekl in the mixture suggests that the
hydrogen bond. CompleX has already been report&dand hypothetical monophosphina(;73-cyclooctadienyl) complex
the method described here could be considered as a synthetids not stable and evolves with transfer of one PRiand. All
alternative. Moreover7 is a good starting compound for of these results, and especially the syntheses-dfl, indicate
preparing othew-y?-cyclooctadienyl complexes and also for that they!—»3 interconversion of the allyl fragment is not a
checking the interconversion between tfle and#3-bonding favored process in this case and that the stable bonding form
modes of the allyl fragment of the cyclooctadienyl ligand. In of the cyclooctadienyl ligand is thg!—#?2 form, that is, acting
principle, the creation of empty coordination sites should provide as a three-electron donor ligand.
a reasonable pathway to thé to 1° conversion.

Complex 7 reacts with AgCIQ in NCMe to give the bis- Conclusion
solvate8 (Scheme 1). The characterization®$hows that the . o
cyclooctadienyl ligand retains itg--72-bonding mode. The IR The reactivity of the iminophosphoranes sP#NPh and

spectrum, the elemental CHN analyses, and tHeNMR PhP=N-1-Np (Ph= phenyl, Np= naphthyl) toward different

spectrum ofg confirm the coordination of two molecules of ~Palladium substrates gives different types of products. When

NCMe to the Pd center. Attempts to use less coordinating PACE(COD) is used as substrate, the iminophosphorane attacks

ligands such as THF did not yield the final complexes as solids O"€ olefinic bond and the expected-§l coupling is produced,

due to extensive decomposition. The NCMe ligand$ ican followed by deprotonation and formation of an organopalladium

be removed by reaction with other more coordinating groups. €0mpound with the cyclooctadieny! ligand. The iminophospho-
rane is thus transformed into an amifghosphonium salt,

(18) Braunstein, P.; Zhang, J.; Welter, Ralton Trans.2003 507, and which forms a strong hydrogen bond {f---CI—Pd] with a
references therein. coordinated chlorine ligand. The cyclooctadienyl ligangis
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n? bonded, and the! fragment belongs to an allylic group.
This 5* coordination of the allyl group has proved to be very
stable, and all attempts to promote gh-7° interconversion

Organometallics, Vol. 26, No. 25, 2@01

=CH, GHi4, BJHH = 87), 5.66 (t, 1H, bonde&CH, CGgH11, BJHH
=7.7),5.78 (m, 1H, H free=CH, GH,), 6.32 (m, 1H, bonded
=CH, GgH1y), 6.90 (t, 1H, H, NPh,3J44 = 7.5), 7.01 (t, 2H, H,

NPh,3J4y = 7.5), 7.10 (d, 2H, K NPh), 7.56 (m, 6H, K, PPh),
7.68 (m, 3H, K, PPh), 7.78 (m, 6H, H, PPh), 10.78 (s, 1H, NH).
13C{*H} NMR (CDCly): 6 24.34 (CH, CgH11), 28.94 (CH, CgH1y),
39.96 (CH, CgHy1), 57.30 (G, PACH, GH11), 100.08 (bonded=
Safety Note:Caution! Perchlorate salts of metal complexes with CH, GgHy1), 114.23 (bonded=CH, GgH11), 121.04 (d, G PPh,
organic ligands are potentially explosive. Only small amounts of Jpc = 93.8), 122.97 (d, & NPh,3Jpc = 6.7), 123.91 (G, NPh),
these materials should be prepared, and they should be handled29.02 (G, NPh), 129.83 (d, &, PPh, 3Jpc = 13.4), 132.12 (g
with great caution. Seed. Chem. Educl973 50, A335—-A337. free=CH, GgH,), 132.98 (G, free=CH, GgH1), 133.87 (d, G,
General Methods.Solvents were dried and distilled under argon  PPh, 2Jpc = 11.1), 134.84 (d, §; PPh, 4Jpc = 2.9), 138.52 (d, €
using standard procedures before use. Elemental analyses wer@&lPh,?Jpc = 2.5).
carried out on a Perkin-Elmer 2400-B microanalyzer. Infrared  Synthesis of 5.Complex5 was prepared following the same
spectra (4008200 cntt) were recorded on a Perkin-Elmer 883  procedure as that reported #rThus, PdG(COD) (0.200 g, 0.70
infrared spectrophotometer from Nujol mulls between polyethylene mmol) was reacted witl2 (0.282 g, 0.70 mmol) in ChCl, (30
sheets. ThéH, 13C{*H}, and'P{*H} NMR spectra were recorded  mL) to give 5 as a yellow solid. Obtained: 0.29 g (60%). Anal.
in CDCls, CDCl, or acetoneds solutions at 25°C (other Calc for GgHzClL,NPPd (688.96): C, 62.76; H, 4.97; N, 2.03.
temperatures were specified) on Bruker Avancell-300, Avance- Found: C, 62.90; H, 5.35; N, 2.10. MS (MALB{: m/z 404
400, and Avance-500 spectrometeds §pm; J, Hz); 'H and3C- [C1HN(H)=PPh]*. IR (v, cn2): 1306 @pn), 325, 297 ¢pac).
{*H} were referenced using the solvent signal as internal standard,31p{1H} NMR (CDCly): 6 36.34.1H NMR (CDCl): 6 1.09 (m,
while 31P{1H} was referenced to 40, (85%). The'H SELNO- 1H, CH,, CgH1q), 1.48 (m, 1H, CH, CgHyy), 1.77-1.81 (m, 2H,
1D, SELRO-1D, and NOESY-2D NMR experiments were per- CH,, CgHy), 2.30 (m, 1H, CH, CgHyy), 2.70 (m, 1H, CH, CgH1y),
formed with optimized mixing times (D8/P15), depending of the 377 (m, 1H, H, PACH, GHyy), 4.95 (m, 1H, H, free=CH, GgH11,
irradiated signal. ESI/APCI mass spectra were recorded using ansj,, = 8.5), 5.63 (t, 1H, bondee=CH, CgHyy, 33y = 7.8), 5.75
Esquire 3000 ion-trap mass spectrometer (Bruker Daltonic GmbH, (m, 1H, H,, free=CH, GgH1y), 6.27 (m, 1H, bondee=CH, CgHyy),
Bremen, Germany) equipped with a standard ESI/APCI source. 7,05-7.09 (m, 2H, H + Ha, CyoH7), 7.24-7.32 (m, 2H, H + He,
Samples were introduced by direct infusion with a syringe pump. c,H,), 7.46 (m, 6H, K, PPh), 7.53 (d, 1H, H, CioH7, 30y =
Nitrogen served both as the nebulizer gas and the dry gas. Heliumz 7) 7 58-7.64 (m, 4H, H, CyH; + H,, PPh), 7.75 (m, 6H, H,
served as a cooling gas for the ion trap and collision gas fot MS  ppp) 8.15 (d, 1H, H, CioH7, 33y = 7.9), 11.16 (s, 1H, NH).
experiments. Other mass spectra (positive ion FAB) were recorded1sc{iH} NMR (CDCL): 6 24.07 (CH, CgHiy), 28.85 (CH, CaH1y),

of the allyl fragment were unsuccessful.

Experimental Section

from CH,ClI, solutions on a V. G. Autospec spectrometer. Molar

39.83 (CH, CgH11), 57.77 (G, PACH, GH11), 99.83 (bonded=

conductance measurements were carried out in acetone solutiongH, c;H,,), 101.30 (s, G CsHi1), 114.16 (bondeg=CH, CsH1y),

(c=5 x 10* M) on a Philips PW-9509 digital conductivity meter.
The starting compounds g#=NPh (1) and PRP=N-1-Np (2) were

121.72 (d, G PPh, 1Jpc = 105.2), 123.69 (d, § CioH7, “Jpc =
0.7), 124.92 (d, & CioH7, “Jpc = 2.2), 125.28 (d, & CoH7, 3Jpc

prepared according to the Staudinger method by reaction of the — g 1) 126.27-126.48 (G, Cs, C1H7), 126.48 (G, CioH7), 127.72

corresponding azides with PP Complexes PAG{NCPh)}'° and
PdCL(CODY° were also prepared by reported procedures.

Synthesis of 3To a suspension of PA§NCPh} (0.100 g, 0.26
mmol) in acetone (20 mL) was addé&d0.184 g, 0.52 mmol). The
resulting mixture was stirred at room temperature for 7 h. During
the reaction time, the initial suspension gradually dissolved, giving
a clear yellow solution. This solution was evaporated to small
volume (2 mL) and treated with 20 mL of /&, giving3 as a yellow
solid. Obtained: 0.12 g (52%). Anal. Calc fond84oCl.N,P,Pd
(884.12): C, 65.21; H, 4.56; N, 3.17. Found: C, 64.90; H, 4.47;
N, 3.10. MS (MALDH-): m/z849 (100%) [M— CI]*. IR (v, cm™2):

1313 (pn), 317 @pac)- 3P{*H} NMR (CDCly): 6 30.06.!H NMR

(CDCl): 6 6.62-6.67 (m, 3H, H + Hp, NPh), 7.00 (d, 2H, H,
NPh,33 = 7.1), 7.29 (m, 6H, K, PPh), 7.42 (m, 3H, K, PPh),
7.82 (m, 6H, H, PPh).

Synthesis of 4 A solution of PAC}(COD) (0.200 g, 0.70 mmol)
in 20 mL of CH,CI, was added dropwise to a solution{0.247
g, 0.70 mmol) in 10 mL of CKCl,. The resulting yellow solution
was stirred at 25C for 2 h. The solvent was then evaporated to
dryness, and the residue was treated with 20 mL gDEo give4
as a yellow solid, which was filtered, washed with additionalCEt
(10 mL), and air-dried. Obtained: 0.273 g (61%). Anal. Calc for
CsH3.CILNPPd (638.9): C, 60.16; H, 5.05; N, 2.19. Found: C
60.18; H 5.03; N 2.31. MS (MALDt): m/z 354 (100%) [PhN-
(H)=PPh]". IR (v, cmY): 1304 (pn), 341, 321 {pac). 3TP{H}
NMR (CDClg): 6 32.31.*H NMR (CDClg): 6 1.09 (m, 1H, CH,
CgH11), 1.50 (M, 1H, CH, CgH11), 1.80-1.86 (m, 2H, CH, CgH13),
2.35 (m, 1H, CH, CgH11), 2.70 (td, 1H, CH, CgH11, 2y = 19.9,
3Jun = 5.7), 3.79 (M, 1H, H(PdCH), GH11), 4.99 (t, 1H, H, free

(19) Anderson, G. K.; Lin, MInorg. Synth.199Q 28, 60.
(20) Drew, D.; Doyle, J. R.; Shaver, A. Giorg. Synth.1972 13, 47.

(Cs, CioH7), 129.58 (d, G, PPh, 3Jpc= 13.2), 130.66 (& CgH11),
131.57 (G, CioHy), 131.63 (Go, CroHy), 133.97 (d, G, PPh, 2Jpc
= 11.02), 134.26 (d, G 2Jpc = 0.7), 134.58 (d, & PPh, “Jpc =
2.9).

Synthesis of 6 and 7To a suspension &f(0.154 g, 0.24 mmol)
in MeOH (15 mL) was added AgCKX0.055 g, 0.26 mmol). The
resulting mixture was stirred at 2& for 20 min with exclusion of
light. After the reaction time, the gray suspension (which contains
AgCl and complex7) was filtered through a Celite pad. (i) The
resulting yellow solution was evaporated to small volumé (L).

By Et,O addition (15 mL) and further stirrin§ was obtained as a
white solid. Obtained: 0.083 g (76%). (ii) The gray precipitate was
suspended in 20 mL of Gi€l,, extracted during 20 min at 2%

and then filtered through a Celite pad. The resulting yellow solution
was evaporated to dryness to obtdias a yellow solid. Obtained:
0.025 g (21%). Complex?7 has been previously reportéd.
Characterization of6. Anal. Calc for G4H21:CINO,P0.8H,0O
(468.3): C, 61.56; H, 4.86; N, 3.00. Found: C, 61.23; H, 4.70; N,
3.10. MS (MALDI+): m/z 354 (100) [PhN(HFPPh]™*. IR (v,
cm1): 1303 (pn), 3147 fnn). SP{*H} NMR (CDCh): 6 = 32.96.

IH NMR (CDCl): ¢ 7.00 (d, 2H, H, NPh,3J4y = 7.8), 7.03 (t,
1H, Hp, NPh,334y = 7.8), 7.15 (t, 2H, K, NPh), 7.68 (m, 6H, H,
PPh), 7.80-7.84 (m, 9H, H + H,, PPh), 8.06 (d, 1H, NH2Jpy

= 9.3).

Synthesis of 8.AgCIO, (0.245 g, 1.18 mmol) was added to a
suspension of (0.270 g, 0.54 mmol) in NCMe (10 mL), and the
resulting mixture was stirred at room temperature for 20 min with
exclusion of light. The gray suspension was then filtered through
a Celite pad, and the resulting yellow solution was evaporated to
small volume ¢1 mL). By EtLtO addition (20 mL) and further
stirring, 8 was obtained as a yellow solid. Obtained: 0.214 g (67%).
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Anal. Calc for G,H;17/CIN,O4Pd (395.15): C, 36.47; H, 4.34; N, Crystal Structure Determination and Data Collection for 4-
7.09. Found: C, 36.29; H, 4.04; N, 6.91. MS (MALB): m/z CH,Cl,. Crystals of 4-CH,Cl, of adequate quality for X-ray
396 [M + H]*. IR (v, cm®): 2350, 2319 fcn). 'H NMR measurements were grown by vapor diffusion ofEinto a CH-
(CDCl3): 6 1.48 (m, 1H, CH, CgH11), 1.67 (m, 1H, CH, CgHay), Cl, solution of4 at —5 °C. A single crystal was mounted at the
1.95-2.08 (m, 2H, CH, CgH1y), 2.24 (s, br, 6H, NCMe), 2.27 (M,  ang of a quartz fiber in a random orientation, covered with
1H, CH,, CgHyy), 2.78 (td, 1H, CH, CgHyy, 23w = 18-713*]_HH = perfluorinated oil, and placed under a cold stream of nitrogen gas.
g‘?_)' 4'3?]2 (2’ 81;') Ig 7PZd%n|;| f:lgo:dz;g;'_'cel? JreSef;lc(lt—ld’ Data collection was performed at 150 K on an Oxford Diffraction
8Tl HH T 200 2 ol s, o ’ Xcalibur2 diffractometer using graphite-monocromated Ma. K

1H, Hs, free=CH Hi11, 334n = 8.2,%un = 3.8), 6.36 1H o .
bor’1deSc,1=r(Ce:T—| C8|_|’11():8 oA » oA ) (m, I8 adiation ¢ = 0.71073 A). A hemisphere of data was collected

Synthesis of 91,2-Bis(diphenylphosphino)ethane (0.198 g, 0.50 E:;Zdtﬁxgcgiggnx EZT:Q ;eEr!Beanhtﬁ;r;?:ezs;a\gaedreinltztr?gg:d
mmol) was added to a solution 8f(0.196 g, 0.50 mmol) in CH . N
Cl; (20 mL), and the resulting mixture was stirred fioh at 25°C were corrected for absorption with SADABS.
and then filtered through Celite. The obtained yellow solution was  Structure Solution and Refinement.The structure was solved
evaporated to dryness, and the residue treated w4 &5 mL). and developed by Patterson and Fourier metRddsll non-
Further stirring gave as a white solid. Obtained: 0.201 g (56%). hydrogen atoms were refined with anisotropic displacement pa-
Complex11was recrystallized from CiTl/hexane, giving color- 5 eters. The hydrogen atoms were placed at idealized positions
less crystals ofl1-0.4CHCl, which were used for analytic and and treated as riding atoms. Each hydrogen atom was assigned an

spectroscopic purposes. The amount of ,CH was quoted by . . . ‘
integration of the corresponding peak on S NMR spectrum. isotropic displacement parameter equal to 1.2 times the equivalent

Anal. Calc for G4HasClOPPd0.4CHCl, (745.4): C, 55.43; H isotropic displacement parameter of its parent atom. The structures

4.84. Found: C, 55.83; H, 5.05; MS (MALBY): m/z 611 [M — were refined td=2, and all reflections were used in the least-squares
ClO4]*. 31P{1H} NMR (CDCly): ¢ 49.31, 50.78 (AB spin system, calculationg?* The anionic complex centered on Pd1 has two major
2PPh, 2Jpp = 37.0). 'H NMR (CDCl): 6 1.62 (m, 1H, CH, groups for one disorder assembly: the organic ligand. The olefin

CgH11), 1.90 (m, 2H, CH, CgH11), 2.35 (m, 3H, CH, CgH1y), 2.54 is 72 bonded to Pd1 and the allyl function g ligated. The ring
(m, 2H, CH, dppe), 2.96 (m, 2H, Ck dppe), 4.95 (m, 1H, H runs in opposite directions in the two disorder groups (see Sl). The
PdCH, GH11), 5.18 (t, 1H, H, free=CH, GgHy34, 3Jyn = 9.3), 5.27 two disorder groups are labeled “A” and “B”, and the atoms

(m, 1H, bonded=CH, GgH11), 5.54 (m, 1H, H, free=CH, GgH14), common to the two are labeled “AB”. The atomic sites for the first
5.72 (m, 1H, bonded=CH, GgH11), 7.44-7.59 (m, 20H, PPh disordered congener, “A”, beginning with the olefinic group, are
dppe). [olefinic:] C1A, C2AB, [methylene:] C3A, C4A, [allyl] C5AB,

Synthesis of 10.To a solution of7 (0.220 g, 0.44 mmol) in  C6AB, C7A, [methylene:] C8A. The second congener, in the same
CHCl; (20 mL) was added PRN(0.230 g, 0.88 mmol). The  order of chemical entities as that used for the first disorder
resulting solution was stirred at room temperature for 30 min, then group, consists of [olefinic:] C2AB, C2B, [methylene:] C3B, C6AB,
evaporated to dryness. T"he oily Iresudue was freated wi 5150 [allyl:] C5AB, C6B, C7B, [methylene:] C8B we report the structure
mL), giving 10 as a yellow solid. Obtained: 0.170 g (75%).  snace group2/a. The structure can also be set on a monoclinic

Complex10 was characterized as a equimolecular mixture of cis . . . )
; : C-centered lattice, with space gro@2/c. This would require the
and trans isomers. Complet0 was recrystallized from CHLIl,/ }
use of a nonreduced net in thec-plane. In order to reduce

Et,O, giving yellow crystals ofl0-0.5CHCl,, which were used . A ) o R
for analytic and spectroscopic purposes. Anal. Calc faiHg:- correlations in the refinement, we used the “most reduced” cell,

CIPPd0.5 CHCl, (553.8): C, 57.47; H, 4.91. Found: C, 57.01; the one with the shortest available axes, which is also the least
H, 4.85. MS (MALDH): m/z 476 [M — CIJ*. 3P{*H} NMR oblique cell choice, which in this case corresponds2fa. The
(CDCly): 0 23.52 (s, PPJ), 24.81(s, PPY) (cis/trans mixture)H dimensions of the C-centered cell ae= 30.053 A,b = 12.150
NMR (CDCly): 6 1.51 (m, CH, CgH1y), 1.59 (m, CH, CgHay), A c=19.369 A g =11523.

1.64 (m, CH, CgH1y), 1.71 (m, CH, CgH11) 1.83-2.30 (m, CH,

CgH11), 2.55-2.73 (m, 2H, CH, CgHa1), 2.81 (m, CH, CgHuy),

3.09 (m, CH, CgHi1), 3.80 (m, PACH, @H11), 4.15 (m, PdCH, Acknowledgment. Funding by the Ministerio de Educacio
CgHy1), 5.05-5.17 (m, H, free=CH, GgHy;, both isomers), 5.43 y Ciencia (MEC) (Spain, Projects CTQ2005-01037 and
(t, bonded=CH, GgH131, 3Jyn = 7.5), 5.50 (t, bondee=CH, GgH3, CTQ2005-03141) is gratefully acknowledged. R.B. and D.A.

3 = 6.0), 5.57 (m, B, free =CH, GgH11), 5.67 (m, H, free thank Ministerio de Educaaioy Ciencia (Spain) and Diputégio
=CH, GHu1), 5.78 (m, bonded=CH, CgHi1), 6.05 (m, bonded  General de Arago (Spain) for respective research grants.
=CH, GgH14), 7.40-7.43 (m, H, + H,, PPh, both isomers), 7.62

7.71 (m, H, PPh, both isomers).

Synthesis of 11.To a solution of10 (0.076 g, 0.15 mmol) in Supporting Information Available: Tables giving complete
THF (20 mL) were added AgCI£X0.031 g, 0.15 mmol) and PRh data collection parameters, atomic coordinates, bond distances and
(0.039 g, 0.15 mmol). The resulting mixture was stirred at room angles, and thermal parameters #€H,Cl,. This material is
temperature for 20 min with exclusion of light. After the reaction available free of charge via the Internet at http://pubs.acs.org
time, the gray suspension was filtered through a Celite pad, and
the resulting solution was evaporated to small volumé& (L). OM700707J
By Et,O addition (15 mL) and stirrin@1 was obtained as a yellow

solid. Obtained: 0.070 g (56%). Anal. Calc forH.:Cl0sPPd (21) CrysAlis RED Oxford Diffraction Ltd., Version 1.171.27p8; 2005
(837.6): C, 63.09; H, 4.93. Found: ,C’ 62.98; H, 5'%?{1'?} (22) Sheldrick, G. M.SADABS Prograrﬁ‘ for abso[’ptioh and othe.r
NMR (CDCly): 6 23.39, 22.89 (AB spin systerfiJpp = 43.0).'H corrections; Gtiingen University, 1996.

NMR (CDCl): 6 1.25-1.38 (m, 2H, CH, CgH11), 1.84-2.04 (m, (23) Sheldrick, G. M.SHELXS-86. Acta Crystallogi.99q A46, 467.
3H, CH,, CgH11), 2.16 (M, 1H, CH, CgHuy), 5.16-5.27 (m, 2H, (24) Sheldrick, G. MSHELXL-97:FORTRAN program for the refine-

_ - ment of crystal structures from diffraction data;t@egen University, 1997.
Hs + Hy, free=CH, GHyy), 5.31-5.34 (m, 2':’ PACHt bonded Molecular graphics were done using the commercial pack&#¢ELXTL-
=CH, GHu4), 5.87 (t, 1H, bondee=CH, GHyy, *Jun = 8.7), 7.24- PLUS Release 5.05/V; Siemens Analytical X-ray Instruments, Inc.:

7.42 (m, 30H, PP{). Madison, WI, 1996.




