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T""  Synthesis and Characterization 
off  CC^-phili c Zerovalent 
Palladiumm Complexes; Use of 
Pd(nbd)(ma)) as Precursor 
Complex** * 

4.11 Introductio n 

Theree has been considerable interest in the chemistry of palladium and platinum complexes contain-

ingg ^-coordinated unsaturated ligands, which may be ascribed to the versatile catalytic reactions 

involvingg platinum T)2-alkene and T|2-alkyne complexes. Complexes of Pd(0) are often invoked and 

occasionallyy directly used as catalyst precursor in homogeneous hydrogenation, Heck coupling, 

cross-coupling,66 carbonylation,7,8 and allylic alkylation reactions.9 The versatility in chemistry of the 

palladiumm catalysts and their high tolerance towards functional groups make these complexes an 

indispensablee tool for both common and state-of-the-art organic synthesis. 

Thee synthesis of Pd(0) complexes containing various neutral ligands is usually accomplished either 

byy ligand displacement of Pd(0) precursor complexes with labile ligands or by the reduction of Pd(II) 

compoundss containing hard nucleophiles such as halogens or oxygen ligands (as in PdCI2 and 

Pd(OAc)2).
5,100 Since the discovery of an air-stable zerovalent palladium complex of the general for-

mulaa Pdx(dba)y(solv.)z (dba = dibenzylidene acetone, solv. = solvent of crystallization) by Itoh et al. 

inn the 1970s, this complex has been extensively used as starting material in synthesis and cataly-

sis.6,11"222 Due to its successful application as a precursor complex, it has become one of the most 

widelyy used routes to obtain other zerovalent palladium compounds. 

§.. Part of this chapter has been published. A.M. Kluwer, C.J. Elsevier, M. Bühl, M. Lutz, A.L. Spek. Angew. Chem. Int. 
Ed... 2003, 42, 3501-3504 
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Chapterr 4 

Besidess Pdx(dba)y(solv.)z, other Pd(alkene) complexes, such as Pd(ethylene)3, Pd(cod)2 (cod = 1,5-

cyclooctadiene)) and Pd(nbe)3 (nbe = norbornene), have been applied as precursor complexes and in 

catalysiss (mainly to form ligand-free catalysts). 23~25 In contrast to their platinum analogues, these 

palladiumm complexes are thermally instable and suffer from rapid decomposition at temperatures 

higherr than -30 °C which hampered the general use of these compounds for synthesis of com-

plexes.26-27 7 

MM = Pt, Pd 

Figuree 4-1. Homoleptic M2(1.6-diene)3 complexes as described by Pörschke et al. 

Pörschkee et al. have described the synthesis and use of "naked palladium" complexes containing coor-

dination-labilee 1,6-diene and other [L-Pd(O)] fragments as highly reactive building units.28 It was 

shownn that the homoleptic dinuclear palladium and platinum complexes (Pd2( 1,6-diene)3 and Pt2( 1,6-

diene)3,, see Figure 4-1) are very useful starting materials for preparing mononuclear complexes of the 

generall  formula L-M( 1,6-diene) with L being a phosphine, phosphite or nitrile. According to the 

authors,, it is to be expected that these complexes find general application in homogeneous catalysis 

inn those cases where an unsaturated, mono ligated complex fragment [L-Pd(0)], which is easily devel-

opedd from these complexes, acts as the "true catalyst". 

Duringg the synthesis of the palladium complexes containing lipophilic and/or fluorophilic nitrogen or 

phosphoruss ligands starting from Pd(dba)2 problems were encountered concerning the purification of 

thesee compounds due to the similar solubility of free dibenzylidene acetone (dba) and the desired pal-

ladiumm complex in organic solvents. Furthermore, the general instability of zerovalent palladium 

complexess in solution gave rise to low yields and impure products. Therefore we were interested in 

thee use of a new zerovalent palladium precursor that is easily available and contains labile ligands, 

whichh are volatile and can thus be easily removed by evaporation. Preferably, the palladium precursor 

needss to be stable at room temperature and to be handled in air without decomposition in order to be 

usedd on a general basis. 

Ishiii  et al. have reported the synthesis of a number of mixed alkene complexes of the general formula 
90 0 

Pd(diene)(alkene).. The stability of these complexes depends on the judicious combination of elec-
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tron-donatingg and electron-withdrawing alkenic ligands. One of the complexes reported was the 

zerovalentt palladium complex Pd(nbd)(ma) (1) (nbd = norbornadiene, ma = maleic anhydride), which 

iss stable as a solid at room temperature but rapidly decomposed when it was dissolved in an organic 

solvent.. This indicates that in solution, one of the coordinated alkenes is labile and can thus easily be 

replacedd by other, more stabilizing ligands. The apparent lability of one of the ligands prompted us to 

investigatee the use of Pd(nbd)(ma) as precursor complex for the synthesis of lipophilic and/or fluoro-

philicc zerovalent palladium complexes. 

Inn this chapter the synthesis and characterization of zerovalent complexes of palladium of the type 

Pd(LL)(ma)) (LL = nitrogen or phosphorus donor ligand) is described using Pd(nbd)(ma) as starting 

material.. Although Pd(nbd){ma) is a known complex it has only been poorly characterized.29 This 

compoundd was studied by a number of NMR techniques and revealed different fluxional processes in 

solution,, which will be described. Furthermore, by this route, one can readily exchange the coordi-

natedd norbornadiene ligands for "ö-donor only" ligands to form zero-valent complexes, which have 

previouslyy been alleged to be unstable. This resulted in the synthesis and characterization of several 

unprecedentedd stable Pd(0) compounds with monodentate N-ligands, as well as an X-ray structure of 

onee of these, Pd(py)2(ma) (py = pyridine, ma = maleic anhydride). 

4.22 Results and Discussion 

4.2.11 Synthesis and substitution experiments with Pd(nbd)(ma) 
Pd(nbd)(ma)) (1) has been prepared from Pd(dba)2 by a modified procedure based on the synthesis 

publishedd by Ishii et al. It appeared that the decomposition to metallic palladium during the synthesis 

couldd be appreciably reduced when THF was used as solvent instead of acetone. In contrast to other 

zerovalentt palladium precursors with volatile and labile ligands that can easily be displaced, e.g., 

Pd(nbe)33 (nbe = norbornene) or Pd(ethylene)3, the complex Pd(nbd)(ma) (1) can be stored at room 

temperaturee and can even be handled in air for a short while without decomposition. Similarly, 

Pd(cod)(ma)) (2) (cod = 1,5-cyclooctadiene) contains simple alkenic ligands but is more stable in solu-

tion. . 

Thee coordinated norbornadiene in Pd(nbd)(ma) complex can be readily and quantitatively substituted 

inn solution by a mono- or bidentate ligands. The exchange is complete within several minutes at 20 

°CC in THF, acetone, CD2C12 or CDC13. The substitution reaction between the coordinated norborna-
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dienee of the Pd(nbd)(ma) complex and (0,0'-iPr2C6H3)-bian was studied by ]H NMR in CDC13 (see 

Figuree 4-2). The rapid formation of Pd[(<-;,o'-/Pr2C6H3) bian](ma) is observed as is indicated by the 

loww frequency shift of the Ar-bian ligand signals and the concomitant release of one equivalent of nor-

bornadiene.. Besides the desired product, no other palladium complexes were formed and after evap-

orationn of the solvent the product could be isolated in 95% yield. 

Figuree 4-2. Substitution reaction with (o,o'-i'Pr2 C6H4)-bian and Pd(nbd)(ma). Free ligand is indicated with an asterisk, 
freee norbornadiene is marked with cross and Pd[(o,o' ;Pr2 C6H4) bianl(ma) is marked with an open circle. Spectrum (A) 
wass recorded after 4 minutes, (B) after 10 minutes. (C) after 14 minutes and (D) after 18 minutes. 

4.2.22 Synthesis of Pd(NN)(ma) and Pd(PP)(ma) complexes 

Zerovalentt palladium(maleic anhydride) complexes containing substituted bis(arylimino)acenaph-

thenee (Ar-bian) (3-6, see Scheme 1) and substituted bipyridine (7a-c), of the general formula 

Pd(NN)(ma),, were synthesized and isolated in 60-90% yield by reaction of Pd(nbd)(ma) with the 

appropriatee bidentate nitrogen ligand. When the more lipophilic Ar-bian ligands were employed in 

combinationn with Pd(dba)2, the yields were lower because of the extensive washing needed to remove 
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thee free dibenzylidene acetone. The new Pd-complexes and the adopted numbering are given in 

Schemee 1. 

1 1 
Ri i 

m,m, m'-(CF3)2 

p-C12H25 5 
p-OC8H17 7 

m,m, p-(OC8H17)2 
p-OC2H4C6H13 3 

m,m, m'-(C9H19)2 

m,, m'-(CF3)2 
p-Ci2H25 5 
P-0C8H17 7 

m,m, p-(OC8H17)2 

m,, m'-(CF3)2 

p-C12H25 5 
p-OC8H17 7 

m,, p-(OC8H17)2 

m,, m'-(CF3)2 

p-C12H25 5 
p-OC8H17 7 

m,m, p-(OC8H17)2 

R2 2 

H H 
H H 
H H 
H H 
H H 
H H 

C8H17 7 
C8H17 7 
C8H17 7 
C8H17 7 

C2H4C6F13 3 
C2H4C6F13 3 
C2H4C6Fi3 3 
C2H4C6F13 3 

C2H4C6F13 3 

C2H4C6Fi3 3 
C2H4C6Fi3 3 
C2H4C6F13 3 

R3 3 

H H 
H H 
H H 
H H 
H H 
H H 

H H 
H H 
H H 
H H 

H H 
H H 
H H 
H H 

C2H4C6F13 3 
C2H4C6F13 3 
C2H4C6F13 3 
C2H4C6Fi3 3 

Too compare the two routes, the complex Pd[(/?-C12H25C6H4) bian](ma) (3b) was synthesized starting 

fromm Pd(dba)2 as well as from Pd(nbd)(ma) (1). Both routes yielded the desired complex although the 

yieldd was significantly lower in the case where Pd(dba)2 was used (41%) instead of Pd(nbd)(ma) 

(83%).. When employing Ar-bian ligands with more alkyl and/or fluoro alkyl tails attached, concom-

itantly,, the solubility of the ligands and their palladium complexes in organic solvents increases and 

hencee the corresponding palladium complexes are highly soluble in solvents like pentane as well as 

methanol.. Attempts to synthesize complex 4d, starting from Pd(dba)2 as precursor complex, resulted 

inn mixtures of 4d and dibenzylidene acetone that could not be separated due to the high solubility of 

thee complex in almost all common solvents. However, the desired pure product was isolated in 65% 

yieldd when Pd(nbd)(ma) was used. 

Thee synthesis of Pd(4,4'-R2-2,2'-bpy)(ma) (R = Me, n-pentyl, H-nonyl) (7a-c, see Scheme 2) was suc-

cessfullyy carried out when Pd(nbd)(ma) is used as starting material. By introduction of longer alkyl 

chainss the solubility of the complexes increases and hence the isolated yields decrease due to the 

washingg with pentane. Pd(4,4'-(C9H17)2-2,2'-bpy)(ma) (7c) can still be isolated in a 61% yield. 

< < 
Compound d 

R22 R3 

3a a 
3b b 
3c c 
3d d 
3e e 
3f f 

4a a 
4b b 
4c c 
4d d 

5a a 
5b b 
5c c 
5d d 

6a a 
6b b 
6c c 
6d d 
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Besidess nitrogen donor ligands also phosphorus ligands can be used, as was shown by the synthesis 

off  the highly fluorophilic Pd[P{/?-(CH2)2C6F13Ar}3] 2(ma) (8) which was isolated in 77% yield. 

^6^13 3 

C6Fi i 

RR = CH3 (7a) 
fl-CgHnn (7b) 
n-C9H199 (7c) 

CTT O O 

Figuree 4-3. Molecular structure of compounds 7a-c and 8. 

4.2.33 NMR Characterizations of the Pd-Complexes 

4.2.3.11 Pd(nbd)(ma) (1) and Pd(cod)(ma) (2) 

Thee characterization of Pd(nbd)(ma) (1) was hampered by its immediate decomposition upon disso-

lutionn in organic solvents unless an excesss of norbornadiene (typically 5-10 fold) was present in solu-

tion.. The 'H-NMR spectrum (500 MHz) of 1 recorded in the presence of norbornadiene (5 

equivalents)) in CD2C12 shows fluxional behavior on the NMR time-scale. The compound was studied 

byy VT NMR at temperatures between -85 °C and +20 °C and ^ - 'H COSY at -25 °C allowed assign-

mentt of all proton signals observed. 

Thee alkenic proton signals of the coordinated norbornadiene, which are shifted to lower frequency 

comparedd to free norbornadiene, show coalescence at -5 °C (at 500 MHz) which is due to the intramo-

lecularlecular exchange of the coordinated norbornadiene double bonds (see Figure 4-4). Concomitantly 

withh the («Zramolecular exchange process, also an z'n/ermolecular norbornadiene exchange process 

operates.. The latter process is responsable for the alkenic resonance signals to remain broad in the fast 

exchangee limit and shifted to higher frequency than expected for the averaged signal ((va + vb)/2, see 

Figuree 4-4). Addition of more equivalents of norbornadiene resulted in an increased downfield shift. 

Thiss intermolecular exchange process between the coordinated and the free norbornadiene could be 

convenientlyy studied by 2D-EXSY NMR spectroscopy 30 0 
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Thee EXS Y spectra, which have been recorded with different mixing times, reveal that the intermolec-

ularr exchange is observed only at temperatures above 0 °C, where, as result of the coalescence, the 

intramolecularr exchange process is intrinsically no longer visible. 

Figuree 4-4. Experimental and calculated spectra of the coordinated alkenic protons of norbornadiene in Pd(nbd)(ma) as 
functionn of temperature. 

Beloww 0 °C the /'«fórmolecular exchange is sufficiently slow, justifying the line-shape analysis for the 

determinationn of the activation barriers of the intramolecular diene fluxionality. The activation param-

eterss for this process can be obtained from the Eyring plot (see Figure 4-5) yielding an activation 

enthalpyy (AW*) of 53  1 kJmol"1 and an activation entropy (AS*) of -4.2  0.5 JrC'mol1. Since the 

latterr is small, we propose that the intramolecular exchange of the diene resonances is caused by the 

rotationn of the maleic anhydride around the Pd-alkene bond (see Figure 4-4). The Gibbs free energy 

off  activation at the coalescence temperature (AG*268) n as D e en calculated to be 54  1 kJmol" , which 

iss within the range of normally observed values for alkene rotation processes in low-valent palladium 

andd platinum complexes. ' 

Att -15 °C the methylene signals of the norbornadiene were resolved as two double pseudo triplets 

(7HHH = 7.5 Hz, JHH = 1.5 Hz) at 8 1.55 and 50.79 ppm, respectively and the bridgehead protons were 

resolvedd as two singlets. The inequivalent bridgehead protons show that the complex Pd(nbd)(ma) has 

C// (as is shown in Figure 4-4) and not C2 symmetry. From the observed coalescence between the 
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bridgeheadd signals, the activation parameters could be independently be determined for the maleic 

anhydridee rotation process (bridgehead: T, coal l -255 °C, A//*  = 51  1 kJmol"1, AS* = -5.6  0.5 JK" 

mol""  , AG*248 = 53  1 kJmol"1) which is in excellent agreement with the values obtained from the 

coalescencee of the alkene protons. 

00 0035 0.0036 0 0037 0 0038 0.0039 0 0040 0 004 

1/T(K' 1) ) 

Figuree 4-5. Eyring pot of the data for the intramolecular alkene exchange in Pd(nbd)(ma) (1). 

Thee coordinated maleic anhydride gives rise to a broadened singlet with a coordination induced down-

fieldd shift (CIS A(8)) of 2.17 ppm, which is small compared to other zerovalent palladium com-

plexes.31'33"366 Upon lowering the temperature to -85 °C the maleic anhydride signal sharpened and 

thee chemical shift appeared to be temperature independent. Also, upon the addition of extra maleic 

anhydridee to the solution, the signals of free and coordinated maleic anhydride remained sharp and 

thee position unchanged, hence, it can be concluded that no intermolecular exchange of maleic anhy-

dridee occurs in solution at room temperature. The ' 3C NMR spectrum recorded at -25 °C displays two 

sharpp signals for the coordinated maleic anhydride (169.1 and 59.4 ppm) but the signals for the nor-

bornadienee are still broad. As in the 'H NMR spectra, two signals were detected for the alkenic car-

bonss of norbornadiene (110.6 and 106.8 ppm respectively). 

Hd .x H H 

H H 

Pd d r HCC W H) 
O ^ O - ^ OO o=3>""0'"" c^o 

Figuree 4-6. Proposed structure of Pd(nbd)(ma) (1) and the observed NOEs. 

Thee spatial orientation of the different ligands was studied by NOESY experiments in the slow 

exchangee limit (at -40 °C). These experiments revealed several NOE cross peaks, which are indicated 
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withh arrows in Figure 4-6. Interestingly, a NOE interaction between the maleic anhydride protons 

(Ha)) and both alkenic protons of the norbornadiene (Hb and Hc) is observed, thus confirming that 

thesee molecular fragments are in close contact. At this temperature, the recorded NOESY spectra 

showw a time averaged spectrum caused by the intramolecular double bond exchange, moreover, at -

855 °C it was not possible to freeze out one isomer. Furthermore, also a strong NOE was observed 

betweenn the two hydrogens (Hd and He). Based on the spectroscopic investigation presented here a 

molecularr structure of Pd(nbd)(ma) can be proposed in which the maleic anhydride is tightly coordi-

natedd to the palladium typically making an angle of around 75° 31<37"39 and the norbornadiene is coor-

dinatedd in r|2, x\2 fashion. Although the conformational preference of d10 palladium tris(alkene) is a 

planarr (in plane) arrangement of the double bonds, the steric constraints of the cyclic norbornadiene 

demandd a perpendicular coordination with respect to the coordination plane. The main structural fea-

turess were confirmed by DFT calculations.40 This type of geometry has been reported before for a 

numberr of zerovalent nickel complexes such as Ni(cod)(sma) (sma = methyl trans-$-(phenyku\fo-

nyl)acrylate),, Ni(cod)(Ti2-Ph-C{0)-CH=C(CF3)2)) and recently also for palladium; Pd(cod)(nq) (nq 

== ^-naphthoquinone).41,42'58 

Tablee 4-1. Isotropic chemical shifts of Pd(nbd)(ma). 

entry y 

1 1 

2 2 

3 3 

4 4 

5 5 

6 6 

7 7 

8 8 

9 9 

Isotropicall  chemical 
shift(ppm) ) 

172 2 

170 0 

169 9 

147 7 

144 4 

103 3 

68 8 

62 2 

60 0 

Tll  (ppm) 

254 4 

255 5 

250 0 

263 3 

250 0 

103 3 

isotropic c 

isotropic c 

isotropic c 

T22 (ppm)a 

254 4 

255 5 

250 0 

148 8 

156 6 

(170) ) 

isotropic c 

isotropic c 

isotropic c 

T33 (ppm)a 

7 7 

0 0 

5 5 

30 0 

25 5 

(37) ) 

isotropic c 

isotropic c 

isotropic c 

a.. Tensor values between brackets could not be accurately measured. 

MAS-NMRR was used to obtain more structural information about the molecular structure of com-

poundd (1) in the solid state. Attempts to measure the solid-state ]H-NMR resulted in a spectrum con-

sistingg of broad signals and did not reveal any structural information. Solid-state 13C-NMR gave a 

numberr of signals, which are listed in table 4-1 and suggests that there are several co-existing phases 
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orr conformers in the solid state. No VT MAS NMR was undertaken to study the dynamic behavior in 

thee solid state. 

Thee similar complexes 1 and Pd(cod)(ma) (2) have been used to study the lability of the coordinated 

norbornadiene.. EXSY spectra recorded (with tmj x of 0.5 and 1.2 seconds) of Pdfcod)(ma) (2) (cod = 

1,5-cyclooctadiene)) at 21 °C in CD2C12 in the presence of free 1,5-cyclooctadiene (5 equivalents) in 

solutionn did not, in contrast to complex 1, show cross-peaks corresponding to the intermolecular 

exchange.. The cyclooctadiene ligand is more strongly associated with the palladium center than the 

norbornadiene.. The lability of the norbornadiene in solution is believed to be caused by the rigidity 

off  the carbon framework and secondly by its small 'bite angle', which results in a non-ideal overlap 

withh the palladium orbitals. This is corroborated by the fact that complex 2, which contains one addi-

tionall  carbon atom in the bridge between the two alkenic functions and is a more flexible molecule, 

iss stable in solution for a number of days in the absence of free 1,5-cyclooctadiene, whereas 

Pd(nbd)fma)) decomposes immediately to metallic palladium upon dissolution in the absence of nor-

bornadiene. . 

4.2.3.22 Pd(Ar-bian)(ma) complexes 3a-f, 4a-d, 5a-d and 6a-d 

Fromm both SH and 13C NMR data of the Pd(Ar-bian)(alkene) complexes (3a-f, 4a-d, 5a-d and 6a-d) 

itt appears that the signals of the Ar-bian ligands shift to higher frequency upon coordination to the 

metall  center, as compared to the free ligands. This effect was most pronounced for H3 in the H NMR 
ii  ^ spectraa and Cj in the C NMR spectra, which are both in the vicinity of the palladium. Conversely, 

forr the alkenic protons a coordination induced shift (CIS A{8)) of 3.0-3.5 ppm to lower frequency are 

observedd in the H NMR spectra, which are in the range of normally observed values for other 

Pd(L2)(alkene)) complexes containing maleic anhydride. ' Some of the maleic anhydride protons 

off  the Pd(Ar-bian)(ma) complexes exhibited broad signals in their ]H NMR spectra. 

Thee carbon resonances of the complexes 3a-f, 4a-d, 5a-d and 6a-d were assigned by the use of APT, 

'H-- C COSY spectra and similarity between the prepared complexes, which allowed most aromatic 

carbonn resonances to be accounted for. However, the C resonances of the polyfluoroalkyl tails could 

nott be resolved due to the extensive J(C,F) coupling and only broad peaks could be observed around 

1200 ppm. In addition, the alkenic carbon resonances of the coordinated maleic anhydride could not be 

resolvedd in most cases because the signals were too broad to be assigned. 
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Thee Pd-complexes (3a-f and 6a-d) containing the symmetrically substituted acenaphthene backbones 

exhibit,, as a consequence of their apparent C2 symmetry in solution, only one set of NMR signals for 

thee protons and carbon atoms. However, complexes containing the asymmetric mono-substituted 

acenaphthenee backbones (4a-d and 5a-d) exhibit two sets of NMR signals for the anisochronous 

acenaphthenee protons and carbons. Because of the lack of symmetry, also the ' C resonances of the 

N-phenyll  groups attached to the imine function become inequivalent giving rise to a double set of 

phenyll  signals although the ]H spectra show only one set of phenyl resonances. This may indicate that 

thee breaking of symmetry of the acenaphthene backbone by substitution at the C5, also breaks the 

symmetryy of the two phenyl groups attached to the imine moieties. 

4.2.44 DOSY NMR of Pd[(m,m,-(CF3)2C6H3)-5-rt-C2H 4C6F13 bian](ma) (5a) 

Pd[(m,m'-(CF3)2C6H3)-5-rc-C2H4C6Fl33 bian](ma) (5a) was the only palladium complex to form 

aggregatess in solution as was concluded from the broad peaks in the aromatic region in both H NMR 

andd 13C NMR spectra, which were unresolved. After the addition of a fluorous co-solvent (trifluoro 

ethanol)) the NMR signals of both !H NMR and ' 3C spectra were resolved and could be fully assigned. 

Thee aggregation was studied by DOSY NMR, which is a powerful technique for the characterization 

off  supramolecular systems and for the study of aggregates or complexation phenomena in solu-

tion.43'44 4 

Whenn obtaining diffusion data in different solvents, one should always consider the results with some 

reservationn since the solvent can (strongly) coordinate to a metal complex and change the molecular 

sizee of the diffusing particle. Therefore, as a reference, DOSY spectra of Pd[(w,m,-{CF3)2C6H3) 

bian](ma)) (3a) in different solvents were obtained to study the behavior and solvation of the metal 

complex.. From the obtained diffusion coefficient (D) the hydrodynamic radii, which includes effects 

arisingg from both shape and solvation, could be obtained using the Stokes-Einstein equation. The 

resultss are presented in table 4-2. For complex 3a the values of the hydrodynamic radii are about 6 A 

andd are equal within the experimental error. This value corresponds well with the X-ray structure 

determinationn of the free ligand [(m,m,-(CF3)2C6H3) bian] and Pd[(<?,r/-/Pr2C6H3) bian](ma) as well 

ass a structural model of 3a calculated on a PM3 level (mean diameter, 11.8 A). From calculated 

hydrodynamicc radii, it can be concluded that the coordinating solvents such as methanol and acetone 

showw a slightly larger radius than less-coordinating solvents such as CD2C12. However, the diffusion 

coefficientt seems to be determined primarily by the viscosity of the solvent and is only slightly influ-

encedd by the solvation of the metal complex. 
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Too study the aggregation of the complex 5a in solution, DOSY spectra were recorded in both CD2C12 

andd in the mixture CD2C12/ trifluoro ethanol (5:1) yielding diffusion coefficients of 0.6 x 10~10 m V 

andd 0.5 x 10"10 mV1, respectively. The hydrodynamic radii of 5a changes from 9.0 x 10"10in CH2C12 

too 6.8 x 10"1 in a mixture of CH2C12 and trifluoro ethanol (5:1) and confirms that 5a forms aggregates 

inn CD2C12, which are broken down by the addition of the fluorous co-solvent. 

Tablee 4-2. The diffusion coefficients of complexes 3a and 5a obtained with DOSY NMR spectroscopy and the 
calculatedd Hydrodynamic Radii. 

Complex x 

Pd(m,, »f-(CF3)2C6H3 

bian)(ma)) (3a) 

Pd(m.. »f-(CF3)2C6H3 

bian)(ma)) (3a) 

Pd(m,, m'-(CF3)2C6H3 

bian)(ma)) (3a) 

Pd(w.. w'-(CF3)2C6H3 

bian)(ma)) (3a) 

Pd(w.. wMCF3)2C6H3 

bian)(ma)) (3a) 

Pd[(/M.»r-(CF3)2C6H3)-5-n--
C2H4C6F|33 bian](ma) (5a) 

Pd[(ni,m'-(CF3)2C6H3)-5-n--
C2H4Cf)F133 bian)(ma) <5a) 

Solvent t 

Acetone-d6 6 

CD2C12 2 

methanol-d4 4 

Benzene-d6 6 

CD2C122 + TFE(5:1> 

CD2C12 2 

CD2C122 + TFE(5:1) 

Diffusionn coefficient 
(x lü - | 0mV' ) ) 

1.133 2 

1 1 

0.70  0.01 

0.611 2 

0.77 1 

0.66  0.1 

0.55 1 

Hydrodynamicc Radius 
(inn A) 

6.00 + 0.1 

5.99 1 

6.22 1 

6.11 1 

6.11 5 

9.00  0.5 

6.88 5 

Duee to the low solubility of complex 3a, diffusion coefficients using DOSY NMR could not be mea-

suredd in either liquid C02 or supercritical C02. In general, the solubility of complexes 3-6 in super-

criticall  C02 is in the order of 10"7 to 10"3 M, which is not enough for DOSY NMR measurements but 

iss still a sufficient concentration for an active homogeneous catalyst. 

4.33 Unprecedented Zerovalent Pd(N)2(ma) with N being o-
Donorr  only Ligands from Pd(nbd)(ma) as the Precursor 

Fromm ligand substitution experiments with ligands typically associated with low valent metal com-

plexess (e.g., phosphine ligands, Ar-bian) it appeared that the corresponding zerovalent palladium 

complexess could be easily synthesized and isolated in good yields. Compared to the large number of 

known,, well-characterized zerovalent [bis(phosphanyl)pal1adium(alkene)] complexes,1,45 the 

numberr of [Pd(0)(Tj2-alkene)] complexes that contain monodentate nitrogen ligands is very lim-

86 6 



Synthesiss and Characterization of C02-philic Zerovalent Palladium Complexes 

ited.39'46'477 Moreover, only complexes containing bidentate ligands that display both a-donor and n-

acceptorr properties are known. So far, zerovalent palladium(alkene) complexes that contain simple 

monodentatee nitrogen ligands have not been isolated and characterized. 

R3NN NR3 

Pdd + 2NR3 -j  Pd + nbd 
THFF _ l _ 

Figuree 4-7. Synthesis of Pd(N)2(ma) starting from Pd(nbd)(ma). 

Byy using Pd(nbd)(ma) as the precursor complex several unprecedented Pd(0) compounds of the 

genericc formula Pd(L)2(alkene) with monodentate N-ligands (such pyridine, amine, aniline or even 

ammonia)) have been synthesized and isolated (see Figure 4-7 and Figure 4-8). The elusiveness of 

zerovalentt palladium complexes containing ligands that only behave as G-donors has been attributed 

too the alleged instability of such compounds, which arises from the combination of a soft, low-valent 

metall  center and a hard nitrogen donor atom.  For the synthesis of new Pd(0) compounds 

[Pd(L)2(ma)],, and some [Pd(L'2)(ma)] where L' is a bidentate N-ligand, we used [Pd(nbd)(ma)] (nbd 

== norbornadiene) as a versatile precursor. As stated before, dibenzylidene acetone (dba) complexes 

aree not very suitable, since dba is non-volatile and difficult to separate from many Pd(0) compounds, 

especiallyy the ones containing labile ligands. 

AA \ / 
\-N\-N N= / .. NH NH-

\\ / ^ "  \ / 
Pdd Pd 

cAA>> cAA ) 
99 10 

HoNN NH3 33 \ / 
H2NN NH2 Pd 

\\ / | 
Pd d 

rA^ O O 
cAA ) ) 

111 12 

Figuree 4-8. Structure of Pd(L)2(ma) complexes 9-12. 

Thee zerovalent Pd(N)2(alkene) complexes (9-12) were prepared in a typical yield of 65-70% by sub-

stitutionn of the norbornadiene ligand in Pd(nbd)(ma) (1) by an excess of the monodentate nitrogen 
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ligandd in THF. Importantly, isolation of the product was carried out quickly, to prevent extensive 

decompositionn of the complex to palladium black. The products (9-12) were isolated as yellow crys-

tallinee solids and are stable at room temperature for days in a closed vessel. The isolated products were 

characterizedd by lH and 13C NMR, IR and exact mass determination. From the NMR, the coordina-

tionn induced shifts (CIS) of the signals for the protons of maleic anhydride, Aö(H) = -3.44 ppm for 9 

(LL = pyridine) to -3.87 ppm for 12 (L = NH3) and for the coordinated carbon atoms AÖ(C) = -92.32 

ppmm for 9 and -74.35 ppm for 12, are indicative of a highly electron-rich Pd(0) center. 

Concomitantt with our experiments, several calculations at the BP86/ECP1 level have been carried out 

too assess the stabilities of a number of selected Pd(0){L)2(alkene) compounds in terms of the driving 

forcee for their formation from the corresponding tris(alkene) model complexes (equation 1). These 

computationss revealed that, when one electron-deficient alkene is coordinated to Pd, the Gibbs free 

energyy AG298of this process is only slightly positive or even negative (table 4-3). Such thermo-neu-

trall  palladium(0)(alkene) complexes (AG298=0) can, in principle, be synthesized if an appropriate 

kineticc route is chosen. In such a case, the starting compound should contain highly labile ligands, 

whichh can be readily displaced in solution to form the desired complex. Calculated thermodynamical 

dataa (BP86/ECP1 level) of several relevant compounds are collected in table 4-3. The AG298 values 

calculatedd for the [Pd(L)2(ethene)l complexes are all positive, suggesting that compounds of this type 

aree likely to be unstable under standard conditions and should not be formed from precursors with 

simple,, unactivated alkenes. Substitution of ethene by maleic anhydride as the alkene ligand leads to 

aa decrease in the AG298 values by approximately 40 kJ mol'. The [Pd(py)2(ma)] complex 10 still has 

aa positive AG298 value, consistent with the limited stability of this compound at ambient temperature 

andd pressure. Comparing, for instance, entry 1 and 4 (or 10 and 13), the chelate effect (bipyridine vs. 

pyridine)) is clearly reflected in the calculated values of enthalpies (A#298) vs. Gibbs free energies 

(AG298),, and gives rise to a further stabilization by up to 40 kJ mol"1. 
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[Pd(C2H4)2(alkene)]] + 2 L ~ [Pd(L)2(alkene)] + 2 C2H4 (eq. 1) 

Tablee 4-3. Free energies for formation of [Pd (L)2(r| -alkene)] complexes according to equation 1 (in kJ mol" ). 

Entry y 

1. . 

2. . 

3. . 

4. . 

5. . 

6. . 

7. . 

8. . 

9. . 

10. . 

11. . 

12. . 

13. . 

14. . 

15. . 

16. . 

17. . 

18. . 

alkene e 

C2H4 4 

ma a 

(L)2
a a 

(py>2 2 

(NH3) ) 

(NHMe2)2 2 

bpy y 

tmeda a 

DAB B 

(SMe2)2 2 

C7H12 2 

(PMe3)2 2 

(py)2 2 

(NH3) ) 

(NHMe2)2 2 

bpy y 

tmeda a 

DAB B 

(SMe2)2 2 

C7H12 2 

(PMe3)2 2 

AE AE 

57.9 9 

50.0 0 

69.1 1 

75.7 7 

79.5 5 

61.4 4 

59.7 7 

14.3 3 

-31.6 6 

11.9 9 

1.7 7 

16.6 6 

36.1 1 

30.1 1 

37.9 9 

17.5 5 

9.2 2 

-78.9 9 

Atf298 8 

56.0 0 

47.8 8 

69.9 9 

67.9 9 

74.9 9 

54.3 3 

57.7 7 

7.9 9 

-33.3 3 

10.5 5 

4.9 9 

18.8 8 

28.8 8 

26.2 2 

31.0 0 

15.9 9 

2.3 3 

-79.6 6 

AG29g g 

52.7 7 

32.1 1 

61.3 3 

19.8 8 

35.6 6 

8.4 4 

49.5 5 

-23.1 1 

-41.0 0 

11.9 9 

-11.4 4 

19.3 3 

-14.3 3 

-10.5 5 

-11.6 6 

17.4 4 

-26.6 6 

-77.5 5 

a.. ma = maleic anhydride, bpy - 2,2'-bipyridine, tmeda = tetramethyl ethylenediamine, DAB = 1,4-diazabutadi-
ene,, C7H12 = 1,6-heptadiene. 

Furthermore,, the bis(dimethylsulfide) complexes [Pd(Me2S)2(ma)] (13), as well as the chelate com-

poundss [Pd(l,6-heptadiene)(ma)] (14) and [Pd(tmeda)(ma)] (15) were prepared following the same 

syntheticc route (see Figure 4-9). The monodentate dialkylsulfide donors can be introduced, even 

thoughh a somewhat lower stability of the resulting complexes could have been expected based on the 

computationss (see entry 16 in Table 1). Of course, the calculated AG2gg values for compounds with 

mono-- and bidentate phosphine as well as with bidentate N ligands are negative (see Table 1, entries 

14,, 15, and 18); in particular, the stabilization for PMe3 is large. However, the latter complexes can 

alsoo be obtained by using conventional starting materials. 
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// \ 

Pd d 

OAAO O 

MejNN NMe2 

Pd d 
\_ \_ 

13 3 

Figuree 4-9. Structure of Pd(L)2(ma) complexes 13-15. 

14 4 15 5 

Thee molecular structure with the adopted numbering of compound 9 is presented in Figure 4-10. The 

structuree of 9 shows that the palladium center is trigonal planar as expected for zerovalent complexes 

off  the type [ML 2(alkene)] (M=Pd, Pt). The dihedral angle between the least-squared planes of the Nl, 

N2,, Pd and the CI 1, C14, Pd rings is 4.74(16)° and thus slightly distorted from planarity. The Pd-N 

interatomicc distances observed for compound 9 are equal within standard deviation and amount to 

2.1472(19)) and 2.1462(19) A, slightly smaller than the BP86/ECP1 optimized values (2.162 and 

2.1600 A). The alkene bond length C(l 1)-C(14) is 1.430(3) A and is 0.098(3) A longer than in the free 

alkene,, which is slightly higher than the C=C bond lengthening in the previously reported [Pd(o,o'-

(Pr2C6H3-bian)(ma)]]  of 1.408(11) A and [Pd(R'N-SR)(ma)] (R'N-SR = 2-methyl(sulfanylme-

thyl)pyridine)) of 1.413(5) A.31'39 The room temperature X-ray crystal structure of free maleic anhy-

dridee has led to discussions in the literature about the C=C distance in maleic anhydride. The maleic 

anhydridee moiety makes a typical angle of 78.16(16)° with the Cl l , C14, Pd plane. The other dis-

tancess in the coordinated maleic anhydride part are similar to the reported complexes and the free mol-

ecule. . 

Tablee 4-4. Selected distances [A] and angles (°) for Pd(py)2(ma), (9) with Esd's in parenthesis. 

Pd-N(l) ) 

Pd-N(2) ) 

Pd-C(ll) ) 

Pd-C(14) ) 

C(ll)-C(14) ) 

C(ll)-Pd-C(14) ) 

N(l)-Pd-N(2) ) 

2.1472(19) ) 

2.1462(18) ) 

2.068(2) ) 

2.062(2) ) 

1.430(3) ) 

40.51(10) ) 

94.44(7) ) 

C(ll)-Pd-N(l) ) 

C(14)-Pd-N(2) ) 

C(ll)-Pd-N(2) ) 

C(14)-Pd-N(l) ) 

Pd-C(ll)-C(12) ) 

Pd-C(14)-C(13) ) 

151.96(9) ) 

153.81(8) ) 

113.32(9) ) 

111.73(8) ) 

108.29(17) ) 

105.07(17) ) 

90 0 



Synthesiss and Characterization of CC^-philic Zerovalent Palladium Complexes 

Figuree 4-10. Displacement ellipsoid plot (50% probability level) of Pd(py)2(ma) (9). 

4.44 Conclusions 

Inn summary, the apolar zerovalent palladium complexes with nitrogen or phosphorus donor ligands 

havee been prepared in moderate to good yields using Pd(nbd)(ma). Most of the reported complexes 

couldd not be isolated as pure compounds using Pd(dba)2 and therefore Pd(nbd)(ma) has proven to be 

successfull  as starting material for a wide range of complexes. This new synthesis route seems espe-

ciallyy useful for the synthesis of apolar complexes as well as the synthesis of zerovalent complexes 

containingg "o-donor only" ligands since the synthesis and work-up is quick, preventing decomposi-

tionn to palladium black. Pd(nbd)(ma) can be used as a standard synthesis precursor since it is stable 

inn a closed vessel at room temperature for months and can be handled in air. 

Thee interesting dynamic behavior of the norbonadiene ligand and especially the fast intermolecular 

exchangee makes this complex especially suitable as precursor for new palladium complexes. Due to 

thee low affinity of the norbornadiene for the palladium center the back reaction is not a competing 

reaction.. The volatility of the norbornadiene reduces the amount of washings and facilitates the work-

upp procedure. 
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4.4.11 Experimental 
General l 

Alll  syntheses of complexes and other air- and/or water-sensitive compounds were carried out in dried glasswork, in dry 

solvents,, using standard Schlenk techniques under an atmosphere of purified nitrogen. Dietyl ether, THF, pentane. hexane 

andd methanol (from NaOMe) were distilled from sodium metal, acetone was distilled from CaS04 and 1,4-dioxane, 

dichloromethanee were distilled from CaH2. Iodooctane was distilled prior to use from sodium metal and stored under 

nitrogenn on molecular sieves (4 A). Other chemicals were used as received. The starting material Pd(dbah was prepared 

accordingg to literature procedures and the starting material Pd(nbd)(ma) was prepared according to a modified literature 

procedure.""  Maleic anhydride was purchased from EGA-CHEMIE. 

Thee routine 'Hand 13C NMR spectra were recorded on a Varian Mercury 300 spectrometer ('H, 300.13 MHz; l3C, 75.48 

MHz;; 19F 282.41 MHz) or on a Varian Unity Inova 500 spectrometer ( 'H, 499.86 MHz; 13C, 125.70 MHz). Positive 

chemicall  shifts (ppm) are denoted in the H and C NMR spectra to higher frequency from an external tetramethylsilane 

referencee and in the F NMR spectra to higher frequency from an external C13CF reference. Coupling constants are given 

inn J (Hz) and the multiplicity as s = singlet,, d = = doublet, dd = double doublet, t = triplet, pst = pseudo triplet, m = multiplet, 

brr = broad. Proton spectra were simulated using the program DNMR. 

IRR spectra were measured on a Biorad FTS-7 and a Biorad FTS-60A spectrometer. Elemental analyses were carried out 

att H. Kolbe Mikroanalytisches Laboratorium, Mülheim and der Ruhr. 

Two-dimensionall  spectra were generally acquired using IK data points in the (2 dimension and lKinr l , with subsequent 

weightingg with gaussian functions and transformation into a IK x IK matrix. Standard pulse sequences were used with 

phasee cycling by the States model for phase sensitive 2-D spectra. 

Al ll  COSY, DOSY, EXS Y and phase sensitive NOESY NMR experiments were recorded with a VARIAN Inova 500 spec-

trometerr (11.75 T) equipped with a pulsed gradient unit capablee of producing magnetic field pulse gradients in the z-direc-

tionn of 56 Gem" . All spectra were acquired in a 5 mm inverse probehead at 298 K in 5 mm tubes. All DOSY experiments 

weree performed using the bipolar pulse longitudinal eddy current delay (BPPLED) pulse sequence. The duration of the 

magneticc field pulse gradients (5) was optimized for each diffusion time {A) in order to obtain a 1-5% residual signal with 

thee maximum gradient strength. Typically, in each PFG-NMR experiment a series of 32 BPPLED spectra on 16K data 

pointss were collected, the values of 5 were of 0.8-5.0 ms duration (depending on the preset diffusion time). The tempera-

turee was set and controlled at 298 K with an air flow of 545 1 h"1 in order to minimize convection effects and to avoid any 

temperaturee fluctuations due to sample heating during the magnetic field pulse gradients. After Fourier transformation and 

baselinee correction, the diffusion dimension was processed with the VNMR software package. EXSY spectra were 

acquiredd with the standard three-pulse NOESY sequence; mixing times of 100 ms up to 1.5 s were used. 

High-resolutionn mass spectrometry (HRMS) measurements were carried out at Swammerdam Institute of Life Sciences 

(SILS),, University of Amsterdam, the Netherlands. The Electron Impact (EI) and the Fast Atom Bombardment (FAB) 

masss spectrometry measurements were carried out using a JEOL JMS SX/SX 102A four-sector mass spectrometer, cou-

pledd to a JEOL MS-MP9021D/UPD system program. In the EI-MS measurements, the samples were introduced via a 

directt insertion probe into the ion source. In the FAB-MS measurements, the samples were loaded in a matrix solution (3-

nitrobenzyll  alcohol) on to a stainless steel probe and bombarded with Xenon atoms with an energy of 3 KeV. During the 
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highh resolution EI-MS and the FAB-MS measurements a resolving power of 10,000 (!0% valley definition) was used. 

Low-resolutionn mass spectrometry (MS) measurements were performed in the El-mode (70 eV) on a GC/MS HP 5890/ 

59711 apparatus equipped with a ZB-5 column (5% cross-linked phenyl polysiloxane) with an internal diameter of 0.25 

mmm and film thickness of 0.25 im. The low-resolution mass spectrometry (MS) measurement for compound (9) was car-

riedd out at University of Munster, Germany. This EI-MS measurement was carried out using a Varian MAT 212 (70 eV). 

Forr all the compounds containing bromine atom/s, the corresponding correct isotope patterns in their mass spectra were 

observed. . 

Tris[4-(3,3,4,45,5,6,67,7,8,8,8-tridecafluoro-octyl)phenyl]phosphine533 and the substituted bipyridides54 were synthe-

sizedd according to literature. 

4.4.22 Synthesis 

Pd(nbd)(ma)) (1) 

Pd(nbd)(ma)) has been prepared according to a modified literature procedure.29 Decomposition to palladium black could 

bee appreciably reduced using THF as the solvent instead of acetone. To a solution of norbornadiene (10.2 mL) and maleic 

anhydridee (2.0 g, 20 mmol) in 7 mL THF, Pd(dba)2 (2.5 g, 4.4 mmol) was added. After 30 minutes stirring at 21 °C the 

colorr changed from purple to green. The solution was filtered through Celite filter aid under N2 atmosphere to remove 

tracess of metallic palladium and the Celite filter aid was quickly washed with dry THF (2x5 mL). The combined filtrates 

weree concentrated to 2 mL and after the addition of 50 mL diethyl ether a pale yellow solid deposited. The solvent was 

removedd be careful decantation and the remaining solid was washed with diethyl ether (2 x 50 mL, some norbornadiene 

cann be added if palladium black starts to form) and carefully dried under a stream of dry nitrogen. Yield 0.84 g (65%). 

'HH NMR (499.84 MHz, CD2C12 + norbonadiene, 248 K): 8 5.75 (br s, 2H, C=C-H), 5.50 (br s, 2H, C=C-H), 4.68 (s, 2H, 

C=C-H),, 3.77 (br, 2H, CH), 1.55 (d, J = 7.5, IH, CH2), 0.78 (d, ƒ = 7.5, 1H, CH2). 
13CC NMR (125.70 MHz, CD2C12 + norbonadiene, 248 K): 8 169.08 (C=0), 110.64 (C=C). 106 (C=C), 66.44 (CH2), 59.41 

(C=C),, 50.02 (CH). 

IRR (KBr): 1813 (C=0), 1748 (C=0). 

Noo satisfactory elemental analysis could be obtained, due to the presence of free norbornadiene and/or decomposition to 

metallicc palladium. 

Pd(cod)<ma)) (2) 

Too a mixture of 2 mL 1,5-cyclooctadiene and 5 ml dry dichloromethane 0.20 g Pd(nbd)(ma) (0.67 mmol) was added. The 

reactionn mixture was stirred for 10 minutes at room temperature. The yellow reaction mixture was filtered through Celite 

filterfilter  aid under N2 atmosphere to remove traces of metallic palladium. The filter was quickly washed with dry dichlo-

romethanee (2x3 mL). The combined filtrates were concentrated to 1 mL and after addition of 20 mL dry pentane an off-

whitee solid deposited. The solvent was removed be careful decantation and the remaining solid was washed with pentane 

(2xx lOmL) and carefully dried under a stream of dry nitrogen yielding 0.17 g(80%) of Pd(cod)(ma)as an off-white solid. 

'HH NMR (499.84 MHz, CD2C12): 8 6.27 (br, 4H, C=C-H), 4.2 (br, 2H, C=C-H), 2.85 (br, 4H, CH2), 2.54 (br, 4H, CH2). 
13CC NMR (125.70 MHz, CD2C12): 8 170 (br, C=0), 117.93 (C=C), 60 (br, C=C), 32.27 (CH2). 
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4.4.33 General synthesis for the synthesis of Pd(Ar-bian)(ma) complexes 
Thee ligand was dissolved in dry THF (7 mL) and then Pd(nbd)(ma) (ligand:palladium =1:1) was added. The reaction mix-

turee was stirred for 20 minutes at room temperature. The reaction mixture was filtered through Celite filter aid under N2 

atmospheree to remove traces of metallic palladium and the Celite filter aid was repeatedly washed with dry THF ( 3 x5 

mL)) until the washings were colorless. The combined filtrates were evaporated to dryness in vacuo and the last traces of 

solventt were removed by stripping with dry pentane. Then the product was carefully washed with dry pentane and dried 

inin vacuo. 

Thee atomic numbering for the Ar-bian ligands is presented in Figure 4-11. 

17''  18' 18 17 

Figuree 4-11. Molecular structure and adopted atomic numbering of the Ar-bian ligands. 

Pd[(m^' - (CF 3)2C6H 3)) bian](ma) (3a) 

Thee ligand (m,m'-(CF3)2C6H3)-bian (0.20 g, 0.56 mmol) was dissolved in dry THF (7 mL) and then Pd(nbd)(ma) (0.20 

g,, 0.67 mmol) was added. This yielded 0.40 g. (89%) of Pd[(m,m'-(CF3)2C6H3)-bian](ma) as a red powder. 

'HH NMR (499.84 MHz, acetone-d6): 8 8.40 (d, J4.$=  8.5, 2H, Ar-H5 8), 8.24 (br, 4H, Ar-i/ 14'18), 8.19 (br, 2H, Ar-tf 16), 

7.755 (pst, 2H, Ar-tf 4-9), 7.46 (d, J3.4 = 7.5. 2H, Ar-tf3- l()), 4.25 (br, 2H, C=C-ff). 
I3CC NMR (125.70 MHz, acetone-d6): 8 171.11 (C=0), 170.40 (C,, C12). 151.11 (C13), 146.29 (C7). 133.86 (q, 2J(C,F) = 

33.3,, C15, C17), 133.11 (C5, Cg), 132.73 (C6), 129.90 (C4, C9), 127.44 (C2, C„) , 125.86 (C3, C10), 124.19 (q, 'i(C,F)= 

271,, Ar-CF,). 123.27 (C14,, C:8), 122.22 (C16), (C=C of alkene not resolved). 
19FF NMR (282.41 MHz, acetone-d6): 8 -63.16. 

IRR (KBr): 1804 (C=0), 1730 (C=0) . 

Elementall  analysis: calcd for C32H14F12N203Pd: C, 47.52; H, 1.74; N, 3.46. Found C, 47.65; H, 1.81; N, 3.43. 

Pd[(p-Ci 2H 2 5C6H 4)) bian](ma) (3b) 

Thee ligand (p-C|2H25C6H4)-bian (0.32 g, 0.48 mmol) was dissolved in dry THF (7 mL) and then Pd(nbd)(ma) (0.16 g, 

0.544 mmol) was added. This yielded 0.35 g. (83%) of Pd[(p-C|2H25C6H4)-bian](ma) as a brown powder. 

'HH NMR (300.13 MHz, CD2C12): 8 8.08 (d, J4.5 = 7.8, 2H, Ar-f/5- 8), 7.51 (pst, 2H, Ar-tf 49), 7.41 (d, J3.4 = 7.0, 2H, Ar-

ffff 33 10), 7.41 (br. 4H, Ar-ff 14-18), 7.41 (br, 4H, Ar-ff 15-17), 3.8 (br, 2H, C=C-H), 2.76 (t, J= 7.8, 4H, ArCH2CnH23), 1.7 

(br,, 4H, ArCH2CW2C10H21), 1.5-1.3 (br, 36H, ArC2H4C9tfHCH3), 0.9 (m, 6H, ArCuH22Ctf5). 
13CC NMR (125.70 MHz, CD2C12): 8 172.0 (C=0), 166.7 (C,, C12), 146.5 (C13), 144.7 (C7), 143.6 (C16), 131.6 (C6), 131.0 

(C5,, C8), 129.6 (C15, C,7), 128.5 (C4, C9), 126.6 (C2, Cn) , 124.6 (C3, C10), 121.6 (C14, C18), 35.9 (NArCH2C,,H23), 
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32.2,, 31.6, 29.93, 29.91, 29.89, 29.87, 29.8, 29.7, 29.6, 22.9 (NArCH2C10H20CH3), 14.1 (NArC,,H22CH3) (C=C of 

alkenee were not resolved). 

IR(inTHF)) 1801 (C=0), 1733 (C=0). 

Pd[(/»-(C8H|70)C6H4)) bian](ma) (3c) 

Thee ligand/KCgH170)C6H4)-bian (0.34 g, 0.57 mmol) was dissolved in dry THF (5 mL) and then Pd(nbd)(ma) (0.20 g, 

0.688 mmol) was added. This yielded 0.30 g. (66 %) of Pd[(p-(CgH170)C6H4)-bian)](ma) as a brown powder. 

'HH NMR (499.84 MHz, CD2C12): 8 8.10 (d, J4.5 - 8.0, 2H, Ar-//5- 8), 7.54 (d, J3.4 = 7.0, 2H, Ar-//3 l 0) , 7.54 (pst, 2H, 

Ar-//4-9),, 7.51 (d, J,4.}5 = 9.0,4H, Ar-//15- n ) , 7.10 (d, J14.,5 = 9.0,4H, ATH 14 18), 4.12 (t, J = 6.5,4H, ArOC//2C7H15), 

4.11 (br, 2H, C=C-ff), 1.89 (p, J = 7.0, 4H, ArOCH2C//2C6H13), 1.6 (m, 4H, ArOCH2CH2C//2C5Hn), 1.4-1.3 (m, I6H, 

ArOC3H6C4^CH3),, 0.95 (m, 6H, ArOC7H14CHJ). 
I3CC NMR (125.70 MHz, acetone-d6): 5 166.35 (C,, C12), 159.48 (C16), 144.37 (C7), 142.75 (C13), 131.85 (C6), 130.07 

(C5,, Cg), 128.61 (C4, C9), 127.21 (C2, C,,), 124.12 <C3, C,0), 124.00 (C14, C18), 115.13 (C15, C17), 68.43 

(NArOCH2C7H15),, 31.96, 28.19, 22.694, 13.73 (NArOCH2C6H,2CH3), 14.37 (NArOC7H,4CH3) (signals obscured by 

deuteratedd solvent peaks and C=C of alkene not resolved). 

IR(inn THF): 1800 (C=0), 1732 (C=0). 

Elementall  analysis: calcd for C ^ H ^ N ^ P d: C, 66.62; H, 6.35; N, 3.53. Found: C, 64.73; H, 6.41; N, 3.77. 

Pd[(m^-(C8H170)2C6H3)) bian](ma) (3d) 

Thee ligand (m,/?-(C8H170)2C6H3)-bian (0.15 g, 0.17 mmol) was dissolved in dry THF (5 mL) and then Pd(nbd)(ma) (0.07 

g,, 0.24 mmol) was added. This yielded 0.15 g. (84 %) of Pd[(m,/?'-(CgH|70)2C6H3)-bian)](ma) as a dark brown powder. 

'HH NMR (499.84 MHz, CD2C12): 6 8.11 (d, J4.5 = 8.0, 2H, AtH5 8), 7.61 (d, J3.4 = 7.0, 2H, Ar-//3- l 0), 7.55 (pst, 2H, 

Ar-//4-- \ 7.13 (d, Jl4.l8=2.5, 2H, Ar-//14), 7.08 (dd, J14.18=2.5, J]7.18=S.5, 2H, Ar-tf 18), 7.05 (d, J,7.,8=  8.5, 2H, 

Ar-// 17),, 4.1 (br, 2H, C=C-//), 4.15 (m, 8H, ArOC//2C7H15), 1.93 (p, J = 6.5, 4H, ArOCH2C//2C6H13), 1.90 (p, 7= 6.5, 

4H,, ArOCH2C//2C6H13), 1.6-1.3 (m, 40H, ArOC2H4C5// /0CH3), 1.0-0.9 (m, 12H, ArOC7H14C//j). 
13CC NMR (125.70 MHz, CD2C12): 8 166.34 (CUC12), 150.10 (C13), 149.40 (C,5 or C16), 144.49 (C7), 142.15 (C,5 or 

C16),, 131.66 (C6), 130.87 (C5, C8), 128.40 (C4, C9), 126.91 (C2, Cu) , 124.47 (C3, C10), 113.78 (C17), 113.55 (C18), 

108.100 (C,4), 69.74 (NArOCH2C7H,5), 69.60 (NArOCH2C7H,5), 32.10, 32.08, 29.67, 29.65, 29.56, 29.52, 26.35, 26.31. 

22.94,, 22.90 (NarOCH2C6H12CH3)14.12, 14.10 (NArOC7H,4CH3) (not all signals were detected due to overlapping and 

C=CC of alkene not resolved). 

Pd[^-(OC2H4C6F13)C6H4)bian](ma)(3e) ) 

Thee ligand {^-(OC2H4C6F13)C6H4)bian (0.0115 g, 0.011 mmol) was dissolved in dry CH2C12 (5 mL) and then 

Pd(nbd)(ma)) (0.0033 g, 0.011 mmol) was added. This yielded 0.013 g (93%) of Pd[(p-(OC2H4C6F13)C6H4)bian](ma) as 

aa dark brown powder. 

'HH NMR (300.13 MHz, CD2C12): 8 8.09 (d, J4.5 = 8.7, 2H, Ar-//5), 7.6-7.5 (m, 8H, Ar-//3-4'15), 7.13 (d, Jl4.}5=  8.7, 4H, 

Ar-//14-- l 8) , 4.43 (t, J = 6.9, 4H, ArOC//2CH2C6F!3), 4.2 (br, 2H, C=C-H), 2.7 (m, 4H, ArOCH2C//2C6F]3). 
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13CC NMR could not be measured due to the low solubility of compound 3e. 

I 9FF NMR (282.41 MHz, CD2C12): 8 -81.5 (CF3). -113.9, -122.3. -123.4. -124.0. -126.7 (CF2). 

Pd[(m^n'-(C 9Hi 9)2C6H3)) bian](ma) (3D 

Thee ligand (m,m'-(C9H,9)2C6H3) bian (0.12 g, 0.35 mmol) was dissolved in dry THF (10 mL) and then Pd(nbd)(ma) (0.12 

g,, 0.040 mmol) was added. This yielded 0.29 g (80 %) of Pd[(m,m'-(C9H|9)2C6H3) bian](ma) as a dark brown powder. 
1HH NMR (499.84 MHz, CD2C12): 5 8.11 (d, J4.s=  8.5, 2H, Ar-//5), 7.52 (pst, 2H, Ar-//4), 7.40 (d. Js.4 = 7.0, 2H. Ar-//3), 

7.166 (br, 4H, Ar-//14), 7.13 (br, 2H, Ar-//16), 2.75 (t, J = 7.5, 8H. ArC7/2CsH17). 1.75 (br, 8H, ArCH2C//2C7H13). 1.5-

1.33 (b, 48H, ArC2H4C6Hn
cu  ̂ °-9 <m> 12H> A rC8H i f , cw3)-

n CC NMR (125.70 MHz, CDC13): 5 1.71.83 (C=0), 166.71 (C,), 148.80 <C15), 144.93 (C,3), 144.73 (C7). 131.65 (C6), 

I30.90(C5>,, 129.25 (C,,C]|), 128.54, 128.40 (C4,C,6), 126.78 (C2). 124.68 (C3), 35.99 (NArCH2C8H,7), 32.15. 31.62. 

29.83,, 29.77, 29.57, 22.91 (NArCH2C7H14CH3) (not all signals were detected due to overlapping) 14.10 (NArC8H16CH3) 

(C=CC of alkene not resolved), 

IR(inTHF):: 1700 (C=Oj, 1732 (C=0). 

Pdt(/n^i'-(CF3)2C 6H3)-5-/i-C8H ]77 bian](ma) (4a) 

Thee ligand m,m'-(CF3)2C6H3)-5-/7-C8H]7bian (0.36 g, 0.51 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.16 g, 0.51 mmol) was added. This yielded Pd[(m,m'-(CF3)2C6H3)-5-n-C8H17bian)](ma) (0.31 g, 0.34 

mmol,, 67 %) as a brick red powder. 
llHH NMR (499.84 MHz, acetone-d6): 8 8.32 (d, JH.9 = %A, 1H, Ar-//8), 8.02 (s, 2H, Ar-//16), 7.99 (s, 4H, Ar-// 14' l 8), 7.60 

(pst,, I H , A r - / / \ 7.43 (d, 7^=7.5, 1H, Ar-/?4), 7.20 (d, J8.9 = 7.8, IH, Ar-//10), 7.17 (d,J3.4 = 7.5, 1H, Ar-//3), 4.07 (br, 

2H,, C=C-H). 3.12 (t, J = 7.5, 2H, ArC//2C7H15), 1.68-1.78 (m, 2H, ArCH2C//2C6H13), 1.22-1.45 (br, 10H, 

ArC2H4C5// /0CH3)0.877 (m, 3H, ArC7H14C//,). 
13CC NMR (125.70 MHz, acetone-d6): 8 162 (br, Cl, C12), 150.45, 150.37 (C13 and C i 3 ) , 147.28 (C5), 146.13 (C7), 

133.088 (q, zi(C,F) = 33.9, C15, C,7), 130.87 (C6), 129.45 (Cg), 128.76 (C9, C10), 126.62 (C2), 125.18, 124.86 (C3, C4), 

122.555 (C]4), 121.33 (C]6), 32.52, 32.87, 30.93, 29.96, 22.61 (ArC7H,4CH3), 13.65 (ArC7H14CH3) (C=C of alkene not 

resolved). . 
19FF NMR (282.41 MHz, acetone-d6): 5 -63.15. 

IR(inTHF):: 1803(C=O), 1735 (C=0). 

Elementall  analysis: calcd for C40H30F|2N2O3Pd: C52.16; H, 3.28; N, 3.04. Found: C, 52.28; H, 3.32; N, 3.09. 

HRMSS (FAB+): [M - (C4H203)]
+* : found 822.1111; calcd (C36H28F,2N2Pd) 822.1109. 

Pd[(p-C12H25C6H4)-5-n-C8H,77 bian](ma) (4b) 

Thee reaction was carried out in an atmosphere of dry nitrogen. The ligand (p-Ci2H25C&H4)-5-/i-C8H]7bian (0.47 g, 0.60 

mmol)) was dissolved in a mixture of dry THF and dry dichloromethane (1:1, 20 mL) and then Pd(nbd)(ma) (0.18 g, 0.60 

mmol)) was added. This yielded Pd[(/?-C12H25C6H4)-5-H-CgH17bian](ma) (0.40 g, 0.41 mmol, 68 %) as a brown sticky 

solid. . 
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'HH NMR (499.84 MHz, CD2C12J: 5 8.10 (d, Js.9=  8.5, 1H, Ar-H8), d 7.51 (pst, 1H, A r - H \ d 7.65 (d, Jj.4 = 7.5, 1H, Ar-

H4),, 7.37-7.42 (m, 7H, Ar H3 4- ,0- 16' 17), 7.33 (s, 4H, Ar-H14- l 8), 4.05 (br, 2H, C=C-H), 3.56 (t, J = 7.8, 2H, 

ArCH2C7H15),, 2.8 (m, 6H, NArCH2CnH23 + ArCH2CH2C6H]3), 1.69-1.79 (m, 4H, NArCH2CH2C10H2l), 1.31-1.45 

(br,, 46H, ArC2H4C5H/0CH3 + NArC2H4C9HrtCH3), 0.87-0.92 (m, 9H, ArC7H14C//j + NArC„H 22Cff 5). 
I3CC NMR (125.70 MHz, CD2C12): 5 171.3 (C=0), 167.3 and 166.6 (C,, Cl2), 146.65 and 146.64 (C13 and CLV ), 145.7 

(C7),, 145.3 (C5), 143.5 and 1.43.4 (C,6 and C]6-), 130.6 (C6), 129.6 and 129.5 (C15, C17 and C,5-, C i r ) , 128.1, 128.0, 

127.99 (C4, C8, C9), 127.1 (C2. C,,), 124.7, 124.3 (C3, C,„), 121.6 and 121.5 (C14, C18 and C14., C,8-), 35.9 

(NArCH2C,1H23),, 32.9, 32.2, 32.0, 31.6, 30.9, 29.95, 29.94, 29.92, 29.89, 29.78, 29.76, 29.66, 29.65, 29.59, 29.4, 22.9, 

22.88 (NArCH2Ci0H20CH3 + ArC7H,4CH3), 14.1, 14.0 (NArCnH22CH3 + ArC7H14CH3) (C=C of alkene not resolved). 

Pd[(p-C8H17OC6H4)-5-n-C8H177 bian](ma) (4c) 

Thee ligand (p-CgH17OC6H4)-5-«-C8H17bian (0.35 g, 0.51 mmol) was dissolved in dry THF (5 mL) and then Pd(nbd)(ma) 

(0.155 g, 0.51 mmol) was added. This yielded Pd[<p-C8H17OC6H4)-5-n-C8H]7bian](ma) (0.30 g, 0.33 mmol, 65 %) as a 

brownn solid. 

'HH NMR (499.84 MHz, CD2C12): 5 8.22 (d, J8.9 = 8.0, 1H, Ar-H8), d 7.6-7.5 (m, 3H, Ar-H4- 9- 10- 15- l 7) , 7.36 (d, J3.4 = 

7.5,, 1H, Ar-//3), 7.10 (d, J}4.,5=  8.0, 2H, Ar-H14- ,8), 3.79 (br, 2H, C=C-H), 4.12 (t, J = 6.5,4H, NArOCH2C7H15), 3.11 

(t,77 = 7.5,2H,ArCH2C7H15), 1.87-1.92 (m,4H, NArOCH2CH2C6H]3), 1.72-1.78 (m, 2H, ArCH2Ctf2C6H13), 1.29-1.63 

(m,, 20H, NArOC2H4C5f/ /0CH3), 1.29-1.63 (br, 10H, ArC2H4C5// /0CH3), 0.89-0.97 (m, 6H, NArOC7H14CHj), 0.89-

0.97(m,3H,ArC7H l4Cffj) . . 
I3CNMRR (125.70 MHz, CD2C12): 5 171.9 (C=0), 166.6and 166.0(C,,C12), 159.4and 159.3 (C16and C16-), 145.6 (C7), 

145.11 (C5), 141.7 and 141.6 (C13 and C,3) , 130.7 (C6), 128.0, 127.9, 125.0, 124.4, 124.0 (C3, C4, C8, C9, C,0), 127.3 (C2 

C„) .. 115.14 and 115.11 (C15, C17 and C,5-, C i r ) . 123.7 and 123.6 (C14, C18 and C14-, C1S-), 68.7 (NArOCH2C7H15), 

32.9,, 32.10, 32.06, 31.0, 29.8, 29.64, 29.61, 29.55, 29.5, 29.4, 26.3, 22.93. 22.87 (NArOCH2QH12CH3 + ArC7H14CH3), 

14.13,, 14.08 (NArOC7H14CH3 + ArC7H,4CH3) (C=C of alkene not resolved). 

IR(inn THF): 1800 (C=0), 1732 (C=0). 

HRMSS (FAB+): [M - (C4H203)]
+* : found 806.4020; calcd (C4HH64N202Pd) 806.4020. 

Pd[(m,p-(C8H170)2C6H3)-5-/i-C8H177 bian](ma) (4d) 

Thee reaction was carried out in an atmosphere of dry nitrogen. The ligand (m,/?-(C8H|70)2C6H3)-5-n-CgH|7bian (0.11 g, 

0.122 mmol) was dissolved in dry THF (5 mL) and then Pd(nbd)(ma) (0.03 g, 0.12 mmol) was added. This yielded Pd[(m, 

p-C8H|7OC6H3)2-5-«-C8H|7bian](ma)) (0.10 g, 0.096 mmol, 80%) as a purple sticky solid. 

'HH NMR (300.13 MHz, CD2C12): 5 8.15 (d, JH_9=  7.8, 1H, Ar-H8), 7.65 (m, 3H, Ar-tf 9* 3-4), 7.41 (d, J9_l0=  7.2, 1H, Ar-

HH1010),), 7.15 (d, J,4.,5 = 3.0, 2H, Ar-H14), 7.07 (d, J,4.,5 - 3.0, 2H, Ar-H15), 7.01 (s, 2H, Ar-H17), 4.13 (m, 8H, 

ArOCH2C7H15),, 3.79 (br, 2H, C=C-H), 3.11 (t, 7 = 7.5. 2H, ArCJT2C7H15), 1.9 (m, 8H, ArOCH2CH2C6H13), 1.72-1.78 

(m.. 2H, ArCH2CH2C6H,3), 1.6-1.3 (m, 50H, ArOC2H4C5H/öCH3 + ArC2H4CsH /0CH3), 1.0-0.9 (m, I5H, 

ArOC7H14CHjj  + ArC7H14CH3). 
13CC NMR (125.70 MHz, CD2CI2): 5 161.4 and 161.0 (Cl and C,2), 150.6 (C,5 or C16), 146.6 (C7), 145.8 and 145.7 (C13 

andCl v ) ,, 142.2 (C5), 138.4 (C15 or C16), 129.9 (C6), 129.6 (C8), 128.2 (C2, C,,), 128.1 (C9), 127.7 (C10), 125.0 (C4), 
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123.99 (C3), 115.4 (C17 orC18), 109.6 (C14), 105.0 (Ci7 orC,g), 69.3 (NArOCH2C7H15), 32.9, 32.13, 32.10, 31.04, 29.81, 

29.68,, 29.61, 29.53, 29.50, 29.40, 26.31, 22.93, 22.87 (NArOCH2QH]2CH3 + ArC7H14CH3), 14.23, 14.18 

(NArOC7H14CH3++ ArC7H,4CH3) (C=C of alkene not resolved). 

Pd[(/n,m'-(CF3)2C6H3)-5-n-C2H4C6Fi33 bian](ma) (5a) 

Thee ligand m,m'-{CF3)2C6H3)-5-(n-C2rl4C(,Fn)bmn (0.68 g, 0.72 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.21 g, 0.71 mmol) was added. The reaction mixture was stirred for 30 minutes at room temperature. This 

yieldedd Pd[(m,m'-(CF3)2CfeH3)-5-(«-C2H4C6Fi3)bian](ma) (0.53 g, 0.46 mmol, 65 %) as a red solid. 

'HH NMR (499.84 MHz, CD2C12 + trifluoro ethanol): 8 8.21 (d, J8_9 = 8.5, 1H, Ar-H 8), 7.99 (br, 2H, Ar-H16), 7.67 (br, 

4H,, Ar-H14'18), 7.61 (pst, 1H, Ar-H9), 7.44 (d, J3_4 = 7.5, 1H, Ar-H4), 6.95 (d, J9_}0=1.0, 1H, Ar-H10), 6.87 (d, J3.4 = 

7.0,, 1H, Ar-H3), 3.6 (br, 2H, C=C-H), 3.5 (m, 2H, ArCH2CH2C6F| 3), 2.5 (m, 3J(H,F) = 19.5, 2H, ArCH2CH2C6F,3). 
I3CC NMR (125.70 MHz, CD2C12 + trifluoro ethanol): 8 172.0(C=O), 163.17and 162.75 (C, andC,2), 151.80 and 151.72 

(C13andC13.),, 143.57 (C7), 141.07 (C5), 133.50 (q,27(C,F)= 34.5, C]5, C]7), 130.30 (C6), 128.63 (Cg), 128.31 (C9), 127.9 

(C,0),, 127.06 (C2,Cn) , 124.50, 124.45 (C3, C4), 123.43 (q, 'j(C,F)= 271, ArCF3), 123.27 (C14, C18), 122.22 (C16), 31.73 

(t,, 7(C,F)= 21.3, ArCH2CH2C6F13), 23.18 (ArCH2CH2C6F,3), ( ArC2H4QF13 and C=C of alkene not resolved). 
19FF NMR (282.41 MHz, CD2C12 + trifluoro ethanol): 8 -63.15 (Ar-CF3), -82.01 (t, 3J(F,F)= 9.5, C¥2CF3), -115.4,-122.6, 

-123.6,, -124.1, -126.9, -123.63 (m, CF2). 

IR(inn THF): 1805 (C=0), 1736 (C=0). 

Elementall  analysis: calcd for C40H17F25N2O3Pd: C. 41.60; H, 1.48; N, 2.43. Found C, 41.52; H, 1.44; N, 2.39. 

Pd[{/>-C12H25C6H4)-5-«-C2H4C6F133 bian](ma) (5b) 

Thee ligand p-C|2H25C6H4-5-(n-C2H4C6F]3)-bian (0.86 g, 0.84 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.25 g, 0.84 mmol) was added. Yield0.60 g (0.49 mmol, 71%) of Pd[(p-C12H25C6H4)-bian](ma) as a brown 

powder. . 

'HH NMR (499.84 MHz, acetone-d6): 8 8,43 (d, J8.9=  8.5, 1H, Ar-ff 8), d 7.71 (pst, 1H, Ar-H9), d 7.65 (d, J3.4 = 7.5, 1H, 

Ar-H4),, d 7.52 (d, Jl4_l5 = 7.0, 4H, Ar-H14' 18), d 7.50 (d, J9.w = 7.0, 1H, Ar-f/ 10), d 7.44 (d, J14.!5 = 7.0, 4H, Ar-H15' 
17),, 4.0 (br, 2H, C=C-H), 3.56 (m, 2H, ArCH2CH2C6F13), 2.8 (t, J = 8.0, 4H, NArCtf2CMH23), 2.8 (m, 2H, 

ArCH2CH2C6F,3),, 1.7 (br, 4H, ArCH2CH2C10H2]), 1.5-1.3 (br, 36H, A r C ^ C ^ C H - , ), 0.9 (m, 6H, ArCuH22CHj). 
I3CC NMR (125.70 MHz, acetone-d6): 8 167.10 and 166.66 (C, andC12), 146.77 and 146.68 (CI 3 and C,3-), 145.08 (C7), 

143.255 and 1.43.19 (C16 and C1 6) , 141.47 (C5), 130.43 (C6), 129.7 (C15.C17), 128.80 (C8), 128.70 (C,). 127.73 (C10), 

127.544 (C2, CM ). 124.41 and 124.36 (C3 C4), 121.89 (C,4, C)g), 35.58 (NArCH2CnH23), 32.2, 31.6, 22.7 

(NArCH2C|0H20CH3,)) (signals obscured by deuterated solvent peaks), 31.16 (t, 2J(C,F) = 21.1, ArCH2CH2C6F]3), 22.93 

(s,, ArCH2CH2C6F|3), ( ArC2H4C6F13 or maleic anhydride resonances were resolved). 
19FF NMR (282.41 MHz, acetone-d6): 8 -81.28 (br, CF2CF3h -114.8, -122.1, -123.1, -123.6, -126.3 (m, CF2). 

IR(inTHF):: 1801 (C=0), 1733 (C=0). 
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Pd[(MC8H170)C6H4)-5-fl-C2H4C6F133 bian](ma) (5c) 

Thee ligand p-(CxH170)C6H4)-5-(n-C2H4C6F13 (0.16 g, 0.18 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.07 g, 0.24 mmol) was added. This yielded Pd[(/?-(C8H170)C6H4)-5-(n-C2H4C6F]3)bian](ma) (0.12 g, 

0.111 mmol, 61 %) as a brown sticky solid. 

'HH NMR (499.84 MHz, acetone-d6): 5 8.43 (d, J8.9=  8.5, 1H, Ar-tf 8), 7.76 (pst, 1H, Ar-tf 9), 7.70 and 7.69 (s, 1H, Ar-

HH44 and Ar-tf 3), 7.62 (d, Jg.I0=1.5, 1H, Ar-#10), 7.59 (d, JJ4.J5 = 9.0. 4H, Ar-tf 15), 7.14 <d, J,4_15 = 9.0, 4H, Ar-tf 14). 

4.177 (t, J = 6.5, 2H, ArOCtf2C7H15), 4.16 (t, J = 6.5, 2H, ArOCH2C7H15), 3.8 (br, 2H, C=C-ff), 3.56 (m, 2H, 

ArCff 2CH2C5F,3),, 2.77 (m, 2H, V(H,F)= 19.5, ArCH2CH2C6F13), 1.89 (p, J = 7.0, 4H, ArOCH2C/T>C6H13), 1.6 (m, 

4H,, ArOCH2CH2Cff2
c5Hll>< 1.4-1.3 (m, 16H, ArOC3H6C4tf sCH3), 0.95 (m, 6H, ArOC7H14Ctfj). 

13CC NMR (125.70 MHz, acetone-d6): 5 166.4and 165.9 (C, andC,2). 159.5 and 159.4 (C,6 and C1 6) , 144.8 (C7), 141.7 

andd 141.6 (C|3 and C|3-), 141.2 (C5), 130.4 (C6), 129.41 (C]5), 128.82 (C8), 128.68 (C9), 127.71 (C2andCl l ), 127.51 

(C10),, 124.23, 124.08 (C3, C4), 124.00 (C14), 115.14 (C15), 68.46 (NArOCH2C7H|5), 31.20 (t, J(C.F) = 21.6, 

ArCH2CH2C6F13),, 31.97, 28.73, 22.95, 22.70 (NArOCH2C6H)2CH3), 13.73 (NArOC7H14CH3) (signals obscured by 

deuteratedd solvent peaks), ( ArC2H4C6F] 3 or maleic anhydride resonances were not resolved). 
19FF NMR (282.41 MHz, CD2C12): 5-79.39 (br, CF2CF.,), -1142.9, -120.2, -121.2,-121.7, -124.5 (m, CF2). 

Pd[(m,p-(C8Hi70)2C6H3)-5-n-C2H4C6F133 bian](ma) (5d) 

Thee ligand m,/MC8H170)2C6H3)-5.8-(n-C2H4C6F13)bian (0.39 g, 0.33 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.10 g, 0.33 mmol) was added. This yielded Pd[(m,/?-(C8H170)2C6H3)-5,8-(«-C2H4C6F13)bian](ma) (0.34 

g,, 0.25 mmol, 75 %) as a black sticky solid. 

'HH NMR (300.13 MHz, CD2C12): 5 8.15 (d, J8,9 = 7.8. 1H. Ar-tf 8). 7.6 (m, 3H, Ar-H9- 3-4), 7.41 (d, J9,l0 = 7.2, 1H, Ar-

H10hh 7.15 (d, J,4_I5 = 3.0. 2H, Ar-H14), 7.09 (d, Jl4,l5 = 3.0, 2H, Ar-tf 15), 7.03 (s. 2H. Ar-H17), 4.13 (m, 8H, 

ArOCH2C7H15),, 3.4 (m, 2H, ArCH2CH2C6F,3), 2.5 (m, 3J(H,F) = 19.5, 2H, ArCH2C//2C6F13), 1.9 (m, 8H, 

ArOCH2C//2C6H13),, 1.6-1.3 (m, 40H, ArOC2H4C5H/0CH3), 1.0-0.9 (m, 12H, ArOC7H,4Ctfj) , (signals of maleic anhy-

dridee were obscured by ligand peaks). 
13CC NMR (125.70 MHz, CD2C12): 8 161.43 and 161.01 (C, andC,2), 150.61 (C15 orC16), 146.55 (C7), 145.79 and 145.69 

(Cl 3andC,3-),, 142.18 (C5), 138.43 (C15 or C16), 129.97 (C6), 129.60 (Cg), 128.22 (C2, CM ), 128.09 (C9), 127.72 (C10), 

124.999 (C4), 123.98 (C3), 115.38 (C17 or C18), 109.60 (C14), 105.01 (C17 or C,„), 69.28 (NArOCH2C7H15), 31.20 

(ArCH2CH2C6F13),, 32.15, 32.10, 29.85, 29.76, 29.63. 29.55, 26.43, 26.31. 22.95 (NarOCH2C6H12CH3), 14.08 

(NArOC7H)4CH3)) (not all signals of C8H )7 were resolved due to overlapping, 13C signals of maleic anhydride were not 

resolved). . 
19FNMRR (282.41 MHz, CD2C12): 5 -79.37 (br, CF2CFj), -1142.9, -120.2, -121.2,-121.7, -124.4 (m, CF2). 

Pd[(m,m'-(CF3)2C6H3)-5,8-(n-C2H4C6Fi3)22 bian](ma) (6a) 

Thee ligand (m,w,-(CF3)2C6H3)-5,8-(n-C2H4C6F13)2bian (0.31 g, 0,24 mmol) was dissolved in dry THF (5 mL) and then 

Pd(nbd)(ma)) (0.07 g, 0.24 mmol) was added. This yielded Pd|(m,m'-(CF3)2C6H3)-5,8-(/i-C2H4Cf)F13)2bian]{ma) (0.23 g, 

0.155 mmol. 63 ck) as a brick red powder. 
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'HH NMR (300.13 MHz, CD2C12): 5 8.04 (s, 2H, Ar-ff 16), 7.97 (s, 4H, Ar-ff 14), 7.49 (d, J M = 7.8, 2H, Ar-H4-9), 7.19 (d. 

JJ33..44 = 7.5, 2H, Ar-tf3- l0>, 3.51-3.75 (m, 4H, ArCfl 2CH2C6F|3), 2.22-2.58 (m, 4H, ArCH2Cff2C6F|3). 
I3CC NMR (125.70 MHz. CD2C12): 8 169.0 (C,, C12), 150.4 (C,3), 147.6 (C7), 143.3 (C5, C8), 133.2 (q. 2J(C,F) = 33.9, 

C1 5,C,7) .. 132.0(C4,C9), 130.3 (C6), 126.2 (C2, C„). 125.0 (C3, C9). 123.5 (q, 'j(C.F) = 272.8, NAr(CF3)2), 122.4 (C14. 

C18),, 121.4 (C16). 32.33 (t, 2J<C,F) = 21.3, ArCH2CH2C6F13), 27.0 (s, ArCH2CH2C6F13), (ArC2H4C6Fl 3 or maleic anhy-

dridee resonances were resolved). 

I 9FF NMR (282.41 MHz, acetone-d6): 5 -63.41 (Ar-CF,), -81.36 (br, CF2CF3), -114.5, -122.1, -123.1. -123.5, -126.4 (m, 

CFCF22). ). 

IR(inTHF):: 1804 (C=0), 1737 (C=0). 

HRMSS (FAB+): [M - (C4H203)] + ': found 1401.9932: calcd (C44H lgF38N2Pd) 1401.9914. 

Pd[</>-(C12H25)-5,8-(/i-C2H4C6F13)22 bian](ma) (6b) 

Thee ligand p-(C12H25)-5,8-(n-C2H4C6F13)bian (0.17 g, 0.12 mmol) was dissolved in dry THF (10 mL) and then 

Pd(nbd)(ma)) (0.036 g, 0.12 mmol) was added. The reaction mixture was stirred for 10 minutes at room temperature. The 

redd reaction mixture was filtered through Celite filter aid under N2 atmosphere to remove traces of metallic palladium and 

thee Celite filter aid was repeatedly washed with dry THF ( 2 x5 mL) until the washings were colorless. The combined 

filtratesfiltrates were evaporated to dryness in vacuo and the last traces of solvent were removed by stripping with dry pentane. 

Thee brown solid was washed with 5 mL methanol and the solvent residues were removed by stripping with pentane and 

driedd in vacuo yielding Pd[(p-(C12H25)-5,8-(H-C2Hi)C6F13)2bianJ(ma) (0.11 g, 0.072 mmol, 60 %) as a brown sticky solid. 

'HNMRR (300.13 MHz, CD2C12): 5 7.4 (br, 12H, Ar-H3-4- '4- 1 5) , 3.8 (br, 2H, C=C-fl), 3.56 (m, 2H, ArCtf2CH2C6F!3), 

2.88 (m. 4H, ArCff 2CnH23), 2.5 (m, 4H, ArCff 2CH2C6F,3), 1.7 (b. 4H, ArCH2Ctf2C10H21), 1.5-1.3 (b, 36H, 

ArC2H4C9H,8CH3),, 0.9 (m, 6H, ArCnH22C7/3). 
I 9FNMRR (282.41 MHz, acetone-d6): 8 -79.44 (br, CF2CF3), -112.7,-120.3, -121.2, -121.7,-124.5 (m, CF2). 

IR(inn THF): 1798 (C=0), 1735 (C=0). 

Elementall  analysis: calcd for C68H72F26N203Pd: C, 52.16; H, 4.64. Found C, 52.32; H, 4.83. 

Pd[(/KC8H170)) C6H4)-5,8-(«-C2H4C6Fi3)2bian](ma) (6c) 

'HH NMR (499.84 MHz, CD2C12): S 7.57 (d, J 3.4 = 8.0, 2H, Ar-ff 4), 7.49 (d, J,4.15 = 9.0. 4H. Ar-//14), 7.43 (d, J3_4 = 8.0, 

2H,, Ar-H3), 7.09 (d. Jl4A5 = 9.0, 4H, Ar-H15), 4.12 (t, J = 6.0, 2H, ArOC//2C7H,5), 3.6 (br, 2H, C=C-//), 3.5 (m, 4H, 

ArCtf2CH2C6F13),, 2.77 (m, 4H, ArCH2Cff2C6F,3), 1.89 (p, J = 7.5, 4H, ArOCH2C//2C6Hi3), 1.6 (m, 4H, 

ArOCH2CH2C//2C5Hn),, 1.4-1.3 (m, 16H, ArOC3H6C4//sCH3), 0.95 (m, 6H, AiOC7H,4CIÏ,) 

13CC NMR (125.70 MHz, CD2C12): 8 165.32 (ChCl 2) , 159.53 (C,6), 146.42 (C7), 141.50 (C5, C8), 140.73 (C13), 131.47 

(C4,, C9), 129.17 (C6), 127.31 (C2, Cn) , 124.30 (C3. C10), 123.55 (C14, C18). 115.24 (C15, C17), 75.42 (C=C-H), 68.79 

(NArOCH2C7H|5),, 33.38 (t, /(C,F) = 22.4, ArCH2CH2C6F13), 32.08, 29.61, 29.53, 29.50, 27.28, 26.30 

(NArOCH2C6H12CH3),, 14.08 (NArOC7H14CH3) ( ArC2H4C6F13 C=0 of maleic anhydride resonances were not 

resolved). . 
19FF NMR (282.41 MHz, acetone-d6): d -79.40 (br.CF2CF?), -112.6,-120.1,-121.2, -121.6, -124.5 (m, CF2). 
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Pd[(m,p-(C8H,70)2C6H3)r5,8-(n-C2H4C6F13)22 bian](ma) <6d) 

'HH NMR (499.84 MHz, CD2C12): 5 7.57 (d, J3.4=  8.0, 2H, Ar-//4), 7.43 (d, J3.4=  8.0, 2H, Ar-tf 3), 7.13 (d, ̂ 4-/8= 2.5, 

2H,, Ar-tf l4), 7.08 (dd, J,4.l8 = 2.5, Jl7_18 = 8.5, 2H. Ax-Hl8), 7.05 (d, J/ 7.M - 8.5, 2H, Ar-ff 17), 4.1 (br, 2H, C=C-H), 

4.155 (m, 8H, ArOC//iC7H15), 3.5 (m, 4H, ArC//2CH2C6F13), 2.77 (m, 4H, ArCH2Cff2CfiFl3), 1.93 (p, J = 6.5, 4H, 

ArOCH2C#2C6H13),, 1.90 (p, 7 = 6.5, 4H, ArOCH2Cff2C6H13), 1.6-1.3 (m, 40H, ArOC2H4C5tf,0CH3), 1.0-0.9 (m, 12H, 

ArOC7H14Cffj) . . 
19FF NMR (282.41 MHz, CD2C12): 8 -79.37 (br, CF2Cf\,), -1142.9, -120.2, -121.2, -121.7, -124.4 (m, CF2). 

Generall  synthesis of Pd(4,4'-(R)2 2,2'-bpy)(ma) (7a-c) 

Thee substituted bpy ligand was dissolved in dry THF (10 mL) and then Pd(nbd)(ma) (ratio ligand/ Pd 1:1) was added. The 

reactionn mixture was stirred for 20 minutes at room temperature. The yellow reaction mixture was filtered through Celite 

filterr aid under N2 atmosphere to remove traces of metallic palladium and the Celite filter aid was repeatedly washed with 

dryy THF ( 2 x5 mL) until the washings were colorless. The combined filtrates were evaporated to dryness in vacuo and 

thee last traces of solvent was removed by stripping with dry pentane and dried in vacuo. 

Pd(4,4'-(CH3)22,2'-bpy)(ma)) (7a) 

Usedd amounts: 4,4'-(Me)2 2,2'-bpy (0.088 g, 0.47 mmol); Pd(nbd)(ma) (0.15, 0.51 mmol); Yield Pd(4,4'-(C5Hn)2 2,2'-

bpyXma)) (0.18 g, 0.47 mmol, 93 %) 

HH NMR (499.84 MHz, acetone-d6 + CD2C12): 5 8.45 (d, J = 4.5, 2H, pyCfl6), 8.23 (s, 2H, pyCtf3), 7.11 (d, J = 4.5, 2H, 

pyC//5),, 3.8 (br, 2H, C=C-//), 2.4 (s, 6H, ArCtf3). 
13CC NMR (125.70 MHz, CD2C12): 5 156.10 (pyC6), 148.98 (pyC6), 148.07 (pyC4), 124.67 (pyC3), 121.77 (pyC5), 20.87 

(CH3). . 

Pd(4,4'-(C5H n)22 2,2'-bpy)(ma) (7b) 

Usedd amounts: 4,4*-(C9H19)2 2,2'-bpy (0.15 g, 0.51 mmol); Pd(nbd)(ma) (0.15,0.51 mmol); Yield Pd(4,4'-(C5Hn)2 2,2'-

bpyHma)) (0.23 g, 0.38 mmol, 75 %) 

'HH NMR (300.13 MHz, CDC13): 5 8.54 (d, J = 5.0, 2H, pyCH6), 8.19 (s, 2H, pyCtf3), 7.05 (d, J = 5.0, 2H, pyC//5), 4.0 

(br,, 2H, C=C-H), 2.75 (t, J = 7.5, 4H, ArC//2C4H9), 1.60 (p, J = 7.5, 4H, ArCH2C//2C3H7), 1.4-1.2 (br, 8H, 

ArC2H4C2//4CH3),, 0.86 (br, 6H, ArC4H8C//3). 
13CC NMR (125.70 MHz, CD2C12): 8 154.20 (pyC6), 153.5 (pyC4), 149.90 (pyC6), 127.12 (pyC3), 122.93 (pyC5). 43.39 

(C=C),, 35.66 (ArCH2C4H9), 33.43, 27.57, 20.15 (ArCH2C3H6CH3), 11.38 (ArC4H8CH3). 

Pd(4,4'-(C9Hi 9)22 2,2'-bpy)(ma) (7c) 

Usedd amounts: 4,4'-(C9H19)2 2,2'-bpy (0.19 g, 0.46 mmol); Pd(nbd)(ma) (0.15,0.51 mmol); Yield Pd(4,4'-(C9H]9)2 2,2'-

bpy)(ma)) (0.17 g, 0.27 mmol, 61 %) 
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]] HH NMR (499.84 MHz. CD2C12): 5 8.64 (d. J = 5.0. 2H, pyO/6), 7.88 (s, 2H, pyCtf3), 7.28 (d. J = 5.0. 2H, pyCH5), 4.0 

(br,, 2H, C=C-H), 2.75 ft. J = 7.5. 4H, ArC//2C8H17). 1.69 (p. J = 7.5. 4H. ArCH2C//2C7H15), 1.4-1.2 (br, 24H. 

ArCiH^f / ff  |2CH3), 0.86 (br, 6H, ArC8H ]6C//3). 

13CC NMR (125.70 MHz. CD2C12): 8 171 (C=0), 156.10 (pyC6), 154.54 (pyC4). 153.05 (pyC6). 127.12 (pyC3), 122.93 

(pyC5),, 46.84 (C=C), 36.18, 32.43, 30.77, 30.16. 30.03, 29.97, 29.93. 29.84, 29.80, 29.71, 28.02, 23.23 (ArCsH iSCH3), 

14.433 (ArC„H 18CH3). 

Pd(tris[4-(3,3,4,45,5,6,67,7,8,8,8-tridecafluoro-octyl)phenyl]phosphine)2(nia)(8) ) 

'HH NMR (500 MHz, acetone-d6): 8 7.79 (dd, 47(H.P) = 14.5. V(H.H) = 9.0. 6H. Ai-H), 7.70 (dd. 47(H.P) = 1 1.5. V(H.H) 

== 9.0, 6H, Ar-H), 7.44 (dd, 3/(H,P) = 18.5. V(H.H) = 9.0. 12H. Ar-tf) , 4.59 (m, 2H), 3.00 3,56 (t. V(H,H) = 8.0. 12H, 

ArC//2CH2C6F13),, 2.6 (m, 12H, V(H,H) = 8.0. V(H.F)= 19.5, ArCH2Ctf2C6Fi3). 
13CC NMR (125.70 MHz. acetone-d6): 5 171.72 (C=0), 142.70 UC.P) = 11.86. CqAroni). 133.3 (CHAmm), 133.3 

<CHArom)-- 131.51 ( 'ACP) = 70.5, CqArom), 50.5 (C=C-H), 31.98 (t, V(C,F) = 14.6, = 21.1, ArCH2CH2C6F13), 26.05 

(ArCH2CH2C6F,3). . 
31PP NMR (121.5 MHz, acetone-d6): 8 41.7. 
19FF NMR (282.41 MHz, acetone-d6): 5 -82.15 (br, CF2CF3), -115.4, -122.9,-123.9, -124.5,-127.3 (m, CF2). 

Elementall  analysis: calcd for C90H58F78O3P2Pd: C. 38.09; H. 2.06. Found C, 38.15; H, 2.11. 

4.4.44 Synthesis of Pd(NN)(ma) complexes containing a-donor  only ligands 
Generall  procedure: in 10 mL THF solution containing 5 mL of the appropriate N- ligand, 0.15 g (0.5mrnol) [(r|2, r\2 -

norbornadiene)) (ri~-maleicanhydiide) palladium(O)] was added. In the case of ammonia. 3-4 mL was condensed at -70 

°C,, to which 10 mL of cold THF was slowly added, followed by the Pd(0) complex as above. After complete dissolution 

off  the latter, the solution was filtered over Celite filter aid and washed with 2x5 mL THF. Then 15 mL diethyl ether was 

addedd to the solution, after which the products were obtained as yellow microcrystalline solids in a typical yield of 65%. 

Pd(py)2(ma)) (9) 

Yieldd 0.13 g (70%). 

'HH NMR (500 MHz, acetone-d6): 8 8.58 (m. 4H, pyC2), 7.97 (m. 2H, pyC4), 7.54 (m, 4H, pyC3,), 3.9 (br. 2H, C=C-H). 

13CC NMR (125 MHz, acetone-d6); 8 151.68 (pyC2). 137.70 (pyC4), 125.40 (pyC3). 39.80 (CH), (C=0 not observed). 

IR(inTHF):: 1780, 1726 (C=0). 

Pd(NHEt 2)2(ma)) (10) 

Yieldd 0.11 g(61%). 

'HH NMR (500 MHz, CD2C12): 8 3.5 (br. 2 H, C=C-H), 2.7 (br, 8H, CH2), 1.3 (br. 12H, CH3). 
13CC NMR (125 MHz, acetone-dó): 8 171.9 (C=O),48.0 (C=C), 38.3 (CH2), 15.1 (CH3). 

IRR (in THF): 1793, 1726 (C=0). 
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Pd(NH2Ar) 2(ma)) (11) 

Yieldd 0.12 g (60%). 

'HH NMR (500 MHz, acetone-d6): 5 7.06 (t, J=8.0 Hz, 4H, Ar-H), 6.68 (d, J=7.5 Hz, 4H, Ar-H), 6.59 (t, J=7.5 Hz, 2H, Ar-

H),, 4.59 (br, 2H, C=C-H), C=C-H), 2.81 (s, 4H, NH2). 

Exactt Mass Determination: Found 391.0233, calculated for C16H17N203Pd: 391.0281 

Pd(NH3)2(ma)) (12) 

Yieldd 0.18 g (67%). 

'HH NMR (500 MHz, acetone-d6): Ö 3.47 (s, 2H, C=C ff), 3.57 (s, 6H, NH3). 
13CC NMR (125 MHz, acetone-d6): 5 177.70 (C=0), 62.77 (C=C). 

Pd(SMe2)2(ma)) (13) 

Yieldd 0.13 g (66%). 

'HH NMR (500 MHz, acetone-d6): 8 4.1 (br, 2H, C=C~H), 2.4 (s, 12H). 
I3CC NMR (125 MHz, acetone-d6): 5 :No satisfactory spectrum could be obtained. 

Pd(l,6-heptadiene)(ma)) (14) 

Yieldd 0.09 g (60%). 

'HH NMR (500 MHz, THF-d8): 5 4.98 (s, 2H), 4.76 (m, 4H), 3.98 (br, 2H), 3.86 (br, 2H, C=C-H), 2.02 (br, 2H), 1.75 (s, 

2H),, 0.92 (br, 2H). 
,3CC NMR (125 MHz, THF-d8): 5 168.31 (C=0), 99.96, 73.91, 60.73, 31.29, 30.89. 

Pd(tmeda)(ma)) (15) 

Yieldd 0.11 g(70%). 

'HH NMR (500 MHz, CD2C12): 5 3.55 (s, 2H, C=C-H), 2.73 (s, 6H, NMe), 2.72 (s, 6H, NMe), 2.5 (m, 4H, CH2-CH2). 
I3CC NMR (125 MHz, CD2C12): 5 172.22 (C=0), 59.94 (C=C), 50.64 (CH3), 50.14(CH3), 39.54 (CH2). 

4.4.55 Crystal structure determination of Pd(py)2(ma) (9) 
Dataa collection and cell refinement were carried on a Nonius KappaCCD diffractometer with rotating anode (1=0.71073 

A)) at a temperature of 150(2) K up to a resolution of (sinq/l)max = 0.65 A-1; 3073 reflections were unique (Rint = 0.051). 

Ann absorption correction based on multiple measured reflections was applied (0.77-0.91 transmission). The structure was 

solvedd with direct methods (SIR-97 55) and refined with SHELXL-97 56 against F2 of all reflections. Non-hydrogen atoms 

weree refined freely with anisotropic displacement parameters. H atoms of the maleic anhydride ligand were refined freely 

withh isotropic displacement parameters; H atoms of the pyridine ligands were refined as rigid groups. 189 refined param-

eters,, no restraints. R-values [I > 2s(I)]: Rl= 0.0262. wR2 = 0.0579. R-values [all refl.]: Rl= 0.0429. wR2 = 0.0634. GoF 
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== 1.025. Residua] electron density between -0.48 and 0.63 e/A3. Molecular illustration, structure checking and calculations 

weree performed with the PLATON package. 57 

Tablee 4-5. Crystal and unit cell data for Pd(py)2(ma» (9). 

Formula a 

FW W 

Crystall  size (mm) 

Crystall  system 

Crystall  color 

Spacee group 

aa (A) 

b(A) ) 

c(A) ) 

V ( A 3 ) ) 

Z Z 

Dcalcc <g/ c m 3> 

\x\x (mm-1) 

F(OOO) ) 

c l 4 H l 2 N 2 0 ?p d d 

362.68 8 

0.48x0.12x0.09 9 

Orthorhombic c 

Yelloww needle 

Pbca(no.. 61) 

8.1477(1) ) 

16.0499(3) ) 

20.5190(4) ) 

2683.27(8) ) 

8 8 

1.795 5 

1.391 1 

1440 0 
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