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Cationic (E)-o-alkenyl palladium complexes 1 having a P-0-N or  a P-0-P tridentate ligand are prepared 
stereoselectively f rom cis-PdC12(PN, = ,) t PN = o-Ph2PC~H4CH20(CH2),-2-C5H4N-~/Vl or cis-PdC12(POP) [POP = 
Ph2P(CH2)20(CH2)2PPh2-ePl and internal alkynes in the presence of AgPF6 and MeOH; the X-ray crystal structure of 
I c  is reported and a stepwise abstraction of chloride ligands for the formation of  1 is proposed. 

In contrast to many examples of stereoselective synthesis of (2)- 
a-alkenyl palladium complexes by insertion of alkyne in to a 
palladium-Y bond (Y = H, alkyl or halide)' only a few 
concrete examples of stereoselective synthesis of (E)-a-alkenyl 
palladium complexes by stereoselective addition of a nucleo- 
phile to an y2-alkyne palladium complex are available.2 The 
formation of such complexes has often been postulated as a 
reaction intermediate in the palladium catalysed oligomeri- 
sation of acetylene3 or stereoselective addition of alcohol to 
a~e ty l ene .~ .~  (E)-Configuration of the o-alkenyl group in these 
isolated complexes, however, was only postulated by NMR 
techniques.24,697 Here, we describe the stereoselective forma- 
tion of (E)-a-alkenyl palladium complexes l from acetylene and 
methanol in the presence of cationic palladium complexes 
having potentially tridentate auxiliary ligands and to propose a 
possible reaction pathway for the formation of these o-alkenyl 
complexes based on the isolated monocationic complex 2. 

We have recently designed and synthesized new PN hybrid 
ligands [PN = O-P~~PC~H~CH~O(CH~),-~-C~H~N-PJV, n = 
1-31 and prepared their palladium(I1) complexes.* In the course 
of our studies on the reactivity of PdC12(PN), we have found 
that in some cases the bidentate PN ligand served as a P-0-N 
tridentate ligand.9 Reaction of cis-PdC12(PNn = ') (0.17 mmol) 
with diphenylacetylene (0.42 mmol) in the presence of AgPF6 
(0.43 mmol) in CH2C12-methanol(lO ml, 200 : 1) afforded air- 
stable yellow powders, [Pd(PON) { y 1-(E)-PhC=C(OMe)- 
Ph}][PF6] la, where PON represents the P-0-N tridentate 
PN, = ligand, in 88% yield (Scheme 1). The elemental analysis 
and spectral data suggested the structure of la.? Similar cationic 
(E)-a-alkenyl palladium complexes were obtained in good 
yields from alkynes having electron-withdrawing groups such 
as DMAD (dimethylacetylene dicarboxylate) and DEAD (di- 
ethyl acetylenedicarboxylate), but an unactivated alkyne such as 
dodec-6-yne and a terminal alkyne such as methyl propynate 
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a: M = Pd, X = N, R = Ph, 88% 
b: M = Pd, X = N, R = C02Me, 81% 

d: M = Pd, X = P, R = C02Me, 72% 
C: M = Pd, X = N, R = C02Et, 88% 
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Scheme 1 Reagents and conditions: i, excess AgPF6, MeOH-CH2C12, room 
temp., 20 min 

did not give corresponding stable o-alkenyl complexes from 
similar reactions. 

The structure of the o-alkenyl palladium complex l c  has been 
confirmed firmly by X-ray crystallography. Crystals suitable for 
X-ray analysis were obtained by recrystallization from CHC13 
and CC14. The ORTEP drawing of the cationic part of l c  is 
presented in Fig. l.$. In this a-alkenyl palladium complex the 
bidentate PN, = ligand in cis-PdC12(PNn = 1 )  changed to a 
tridentate PON ligand. The diphenylphosphino group and the 
pyridyl group are mutually trans and the o-alkenyl group 
situates at the trans position of the etheric oxygen of the PON 
ligand. The complex has a nearly square-planar geometry. The 
geometry of the C=C bond is in E configuration. The Pd--0(5) 
distance of 2.828(6) A is shorter than the sum of the van der 
Waals radii10 of palladium (1.60 A) and oxygen (1 S O  A); thus, 
there should be a certain interaction between palladium and one 
of the carbomethoxy carbonyl groups.2e 

The stereochemistry of the alkenyl moiety in la  was also 
determined to be (E)-configuration by preliminary X-ray 
analysis and that of l b  was estimated by the similarity of the 
spectral data to those of lc. The structure is also supported by 
the fact that reaction of the a-alkenyl palladium complexes with 
KCN in water-THF produced only dimethyl methoxyfumarate 
as the olefinic product. 

Treatment of cis-PdC12(PN, = 1) with an equimolar amount of 
AgPF6 in CHZC12 at 25 "C for 20 min afforded the cationic 
monochloropalladium complex [Pd(PON)CI] [PF6] 25 as a 
yellow powder in 79% yield. The structure of 2 was fully 
characterised by spectroscopic methods and elemental analysis. 

Fig. 1 Perspective view of the cationic part of l c  showing the atom 
numbering. All hydrogen atoms have been omitted for clarity. 
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Scheme 2 Reagents and conditions: i, DMAD; MeOH-CH2C12, excess 
AgPF6, room temp., 20 min; ii, 1 equiv. AgPF6, CH,Cl2; iii, DMAD, 
1 equiv. iv, MeOH 

In this monocationic complex 2 the initial bidentate PN, = 1 

ligand changed also to a tridentate PON ligand by coordination 
of the etheric oxygen. This monochloro palladium complex 2 
reacted smoothly with DMAD in the presence of 1 equivalent of 
AgPF6 and methanol in CH2C12 to give the a-alkenyl complex 
l b  in 73% yield. The most plausible reaction pathway for the 
formation of the o-alkenyl complexes is shown in Scheme 2. 
Two chloride ligands of cis-PdC12(PNH = 1 )  are abstracted 
stepwise by Ag+ and after removal of one of the chloride anions 
the PN, = ligand occupied the three coordination sites of the 
palladium to produce the monochloro complex 2. The next step 
is abstraction of the remaining chloride ligand and concomitant 
coordination of an acetylenic compound and the subsequent 
nucleophilic attack of MeOH to the coordinated acetylene leads 
to the formation of the (E)-o-alkenyl complex 1. 

For the isolation of the cationic o-alkenyl palladium 
complex, it seems that the presence of a tridentate ligand is 
essential. Using a POP tridentate ligand, Ph2P(CH2)20- 
(CH2)2PPh2, a similar a-alkenyl palladium complex Id could 
also be prepared from an analogous reaction, but bidentate 
ligands such as Ph2P(CH2)SPPhZ and PN, = 3 did not give 
similar complexes. When the PN, = 3 ligand acts as a tridentate 
ligand towards a single metal centre, it should form a five- and 
seven-membered chelate coordination. The ring strain produced 
may prevent the PN, = 3 ligand from acting as a PON tridentate 
ligand. 
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Footnotes 
t All new compounds gave satisfactory analytical values. Selected data for 
la :  mp. 173.0-174.0 "C (decomp.). lH NMR (CDC13): 6 3.24 (s, 3 H), 4.58 
( d , J  11.5 Hz, 1 H), 4.87 (dd, J 11.5, 1.2 Hz, 1 H), 5.40 (d, J 14.1 Hz, 1 H), 
5.48 (d, J 14.1 Hz, 1 H), 6.33 (d, J 7.2 Hz, 2 H), 6.72-7.24 (m, 13 H), 
7.30-7.72 (m, 10 H), 7.87 (d, J 7.7 Hz, 1 H), 8.71 (dt, J 1.5, 7.7 Hz, 1 H), 
8.82-8.92 (m, 1 H, 6-H of C5H4N). 31P( 1H) NMR (CDC13): 6 -143.8 (spt, 

J 712.0 Hz, lP, PF6), 23.4 (s, IP, Ph2P). MS (FAB) of the cationic part: mlz 
697,698,700 (M+). IR (Nujol): 1603, 1570,1290,1215,1100,1060,1040, 
840, 770,745,695,555,530, 520 cm-1. 
$ Crystal data for lc:  C34H35F6NO6P2Pd.PF&HCI3, M, = 955.39, 
triclinic, space group Pi, a = 13.024(1), b = 15.305(1), c = 12.015(1) A, 
CY = 113.034(8), /3 = 110.614(8), y = 93.870(9)", V = 2003.4(4) A 3 ,  Z = 
2, h = 1.54178 A, ~(CU-KCY) = 71.24 cm-1, T = 293(1) K, 6261 
reflections measured, 5955 unique reflections, no. of observations [(F,) > 
3.0o(FO)] 4844, non-hydrogen atoms were refined anisot!opically. All 
hydrogen atoms were fixed contributions [C-H(sp2) = 0.95 A, C-H(sp3) = 
1.08 A, and U,,, = 0.0682 A2]. 487 parameters, R = 0.0662, R, = 0.058 1, 
w = l/02(F,). Atomic coordinates, bond lengths and angles, and thermal 
parameters have been deposited at the Cambridge Crystallographic Data 
Centre. See Information for Authors, Issue No. 1. 
0 2: mp 132.0-137.5 "C (decomp.). lH NMR (CDC13): 6 5.08 (br s, 1 H), 
5.09 (br s, 1 H), 5.71 (br s, 2 H), 6.85-6.96 (m, 1 H), 7.46-7.84 (m, 15 H), 
8.02 (dt, J 1.5, 7.8 Hz, 1 H), 8.75-8.81 (m, 1 H, 6 H of C=&N). 3lP( 'H) 

(FAB) of the cationic part: mlz 523,524, 526 (M+). IR (Nujol): 1610, 1570, 
1290, 1210, 1100, 1030, 1010, 980, 840, 758, 690, 556, 538, 520, 370 
cm-1. 

NMR (CDC13): 6 -143.4 (spt, J712.7 Hz, lP, PFs), 26.4 (s, IP, Ph2P). MS 
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