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Summary

Me; R® = H or Me), or (R;!P*—CH—CR?—CHR?),Pd,Cl1,(Y "), (II; Y = PF,~, BF,",
or CF3S0;7) with silver salts, such as silver hexafluorophosphate, tetrafluoro-
borate, or trifluoromethanesulfonate, in the presence of a cyclic diolefin (1,5-
cyclooctadiene or bicyclo-{2,2,1}-hepta-2,5-diene) afforded cationic (1-phos-
phonium-n3-allyl ylide)(diene)palladium(II) complexes. Cationic (triphenyl-
phosphonium-n®-cyclopentadienyl ylide)(diene)palladium(II) complexes were
obtained by the reaction of (diene)PdCl, with silver tetrafluoroborate followed
by an addition of triphenylphosphonium cyclopentadienyl ylide.

Introduction

Cationic allyl complexes of palladium(II), [(n?-allyl)PdL,]", have long been
known, and most of them involve a supporting Group V Element ligand; L. =
RiP, R3As; L, = bipy, diphos, etc. [1]. Cyclic diolefins were also employed as
supporting ligands in several cationic n>-allylic palladium complexes, e.g.
[Pd(n3-ally1)(COD)T* [2,3], {[Pd(n3-ally1)].(COT)}?* [4] (COD = 1,5-cycloocta-
diene; COT = cyclooctatetraene) and a series of [Pd(n3-allyl)(diene)]* com-
plexes [5]. In this paper, we describe new cationic (13-allyl)(diolefin)palladium
complexes which include phosphonium allyl ylides as a new class of n3-allylic
ligands.

We have reported an extremely facile preparation of palladate complexes,
(73-RIP*—CH—CR*~CHR?)Pd"X, (I; R = Ph or Et; R?=H or Me; R®*=Hor
Me; X = Cl or Br) [6], or dinuclear neutral palladium complexes (n°-R}P™—
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CH—CR’—CHR?),Pd,X4(Y"), (II; Y = PF,-, BF,~, CF,80,"), in which an allyl’
ylide is coordinated as an n°:allylic ligand [7]. The latter complexes were readily
accessible from I by abstraction of a halogen ligand by Ag*. The formal charge
on the palladium metal in complexes I (—1) increases fo zero in II, namely, com-
plexes II are phosphonium salt type n*-allyl ylide complexes. This paper
describes the preparation of (1-phosphon1um-17 3-allyl ylide)(diene)palladium(II}
complexes ITI. (Phosphonium-n3-cyclopentadienyl ylide (diene)palladium(II)
complexes IV are prepared in similar fashion from the corresponding (diene)-
PdCl,, AgBF,, and triphenylphosphonium cyclopentadienyl ylide. Complexes
II1 and IV are the first n3-allyl ylide and n°-cyclopentadienyl ylide cationic
palladium complexes with a phosphonium salt structure.

Results and discussion

When 7°-allyl ylide palladate complexes, I, were treated with AgY (Y = PF,",
BF,”, or CF350;7) in the presence of a bidentate ligand, SL\ch as L, = 1,5-cyclo-
octadiene(COD), bicyclo[2 2.1]hepta-2,5-diene(NBD), or 2,2 -bipyridine (bipy),
in acetone at —78°C for 10 min, new cationic complexes, III which have
1-phosphonium-n3-allyl ylide and diolefin or bipy as ligands, were obtained (eq. 1)
(OTf = trifluoromethanesulfonate).

Cl
/ acetone
+ 2 Agy L
< -78°C
I
compiex R R r? Complex R' & R v~ L. Yield (%)
Ia Ph H H Ma Ph H H PFg COD 78
ib Ph  Me H OIb PR H H BF, COD 59
Ic eh H Me oI c Ph H OTt CcoD as
1d Et H H ¢ Ph Me H PFg COD 63
e Ph H Me PFg COD 67
T ¢ Et H PFg COD 56
g Et H H BF, <COD 81

Cationic complexes, III, also are accessible from dinuclear palladium complexes,
I1 (eq. 2). Color, m.p., analytical data, and conductivity are summarized in Table 1.

i
Pd(/ (Y71, + 2agy _Qcetone =, | R2
2 Lo

~78°C

+ +
PR, PR,
(1) [¢129]
Complex R g v v complex R RZ R ¥T L, vield (%)
IIa Ph  H Me PFg I h Ph  H Me PFg NBD 57.

Ob Ph H H PFg i Ph H H PFg bipy 65
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TABLE1
PHYSICAL AND ANALYTICAL DATA FOR THE COMPLEXES 111

Complex Color M.p., dec. Anal. Found (Caled.) (%) Conductivity (conc.)?

co) (ohm~1 em2 /mol)
C H (mol)

Ila pale yellow 174—175 42.95(43.17) 3.75(3.87) 250(6.37 X 10~%)

11Ib pale yellow 205—212 50.44(50.44) 4.38(4.52)

HIc pale vellow 150—153 45.80(45.68) 4.10(3.83

1IId pale yellow 175—177 43.62(43.89) 4.28(4.05) 298(4.54 X 10~%)

IIle pale yvellow 170173 44.16(43.89) 4.39(4.05) 273(5.52 X 10~%)

IIf yellow 150—152 30.97(¢(30.81) 4.92(4.71)

Illg yellow 167—172 37.42(37.37) 5.42(5.72)

IITh yellow 166—168 43.42(43.28) 3.93(3.63)

IIIi vellow 166—174 42.66(43.36) 3.05(3.18)

2 In acetone at 20°C.

As a representative example, the NMR spectrum of the allylic protons of com-
plex Illc is illustrated in Fig. 1, together with those of the corresponding palla-
[(Ph;P*—CH'—CH>*—CH>H>)PdBr],[PF¢ ], (V) which is a typical complex with
a 1-phosphonium allyl ylide ligand has been studied [7]. The chemical shift of
H*¥ protons of complex V was 8 4.27 ppm [d, J(H>*—H*?) 9.5 Hz] at room
temperature. At low temperatures, syn(H*) and anti(H?*) protons definitely
separated at § 4.70 ppm [d, J(H>—H?') 4.5 Hz] and at & 3.89 ppm [d, J(H*>—H?)

(4 CH, of COD)

3

H
H3
" Pa*(coo)] (CF3S035), (o)
i 0 3SO3 )2
{in CD,CN) . "
+
PPhy
H3
3
j—H _a
(in CD,CN) ¢ FG\Z (CF3S037), (H<)
3 -
H1

tin DMSO-de) (Ia)

+
PPh3y
60 50 4.0 3.0 &(ppm)

1 1 1 I3

Fig. 1. The allylic proton NMR spectra of complexes Ia, IIc and 11Ic. Complexes I were soluble only in
DMSO or dimethylformamide, therefore the NMR spectra could not be measured in CD3CN. All com-
plexes I1I decomposed in DMSO-dg. Consequently a comparison of the NMR spectra in the same solvent
was impossible.



394

TABLE 2

THE CHEMICAL SHIFTS OF ALLYLIC PROTONS IN ATE, NEUTRAL, AND CATIONIC COMPLEXES
OF PALLADIUM(II)

H H3 H
3 3 3
) H cl /- HY o N ;—H .
H2 ! pd_/ HZ2 it Pd (Y7, H i pPaT(coD) (Y7,
~ 1 N \ 1 2 \ 1
H Ci H H
+ 1 + 1
*erYy PR} PR}
a (m”® (m)
Complex Rl Y- Formal HL (AsHI) € H2 (A5H2) € H3 (A5H3) € Solvent
charge (ppm) (ppm) (ppm) :
Ia Ph ' —1 4.70 5.51 3.68 DMSO-dg
Id Ph BF, o 4.32(—0.38) 5.58(+0.07) 4.13(+0.45) CD3CN
11lb Ph BF,4 +1 4.82(+0.12) 5.85(+0.34) 4.36(+0.68) CD3CN
lic Ph oTf o 4.38(—0.32) 5.59(+0.08) 4.17(+0.49) CD3CN
Ilic Ph OTf +1 4.90(+0.20) 5.70(+0.19) 4.35(+0.67) CD3CN
1d Et —1 3.55 5.90 3.67 DMSO-dg
IIe Et BFg 0 3.32(—0.23) 5.84(—0.06) 4.17(—0.50) CD3CN
IIIE Et BF4 +1 3.90(+0.35) 6.15(+0.25) 4.28(+0.61) CD3CN

@ From ref. [6]. ? From ref. [7]. € A% is the chemical shift difference from the corresponding ate complex
and the positive sign indicates the deshielding effect.

12.0 Hz] (coalescence temperature was 3°C). This is a strong evidence that the
1-phosphonium allyl ylide ligand is coordinated as a dynamic n3-bonded struc-

ture.

In Table 2, chemical shifts of allylic protons are shown in accordance with
the formal charge on the palladium atom in typical complexes (—1 - 0 - +1).
With respect to the complexes Ia, Ilc, and Illc, the H? and H? protons are
deshielded in the order of an increase of the formal charge (H?; § 5.51 - 5.59 —
5.70 ppm and H?; § 3.68 > 4.17 -~ 4.35 ppm). These results definitely suggest
that the chemical shift of the H3 protons is largely influenced by the formal
charge variation and that the remote H? proton is less affected. In the charge
variation from palladate to neutral complexes the H! proton is affected by both
the phosphonium charge variation and that of the palladium atom, but on going
from neutral to cationic complexes, the H' proton shows the same tendency as

H3.

Preparation of cationic phosphonium-n°-cyclopentadienyl ylide complexes is
effected by treating the triphenylphosphonium cyclopentadienyl ylide with a
coordinatively unsaturated cationic diene—palladium intermediate generated in
situ from dichloro(diene)palladium and two molar equivalents of silver tetra-
fluoroborate (eq. 3).

(diene) PdCiy

+ 2AgBF,

—2 AgCi

! [cdiene) Pd - (BF,), | )
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+
. + + -
— [(dlene)Pd —@Pph3] (BF4), (3)

CHLCl,

(I¥, a diene = COD ;
b diene = NBD)

The COD complex IVa was obtained in 53% yield as rose-violet needles which
included one mole of dichloromethane of solvation. The NBD complex IVb was
synthesized in 64% yield and isolated as a powder. Both complexes are very
stable in air and slightly soluble in acetone, benzene, diethyl ether, or less polar
solvents. The conductivity of IVa and IVb in dimethylformamide is 172 ohm™"-
cm?/mol (4.39 X 10~% mol) and 170 ohm~'cm?/mol (3.09 X 10~% mol), respec-
tively. These conductivities are smaller than those of cationic 1-phosphonium-
13-allyl salt type ylide complexes IIla, IIId, and IIle. This can be explained in
terms of a solvent effect, since the conductivity measurements of Illa, IIId, and
IIle were performed in the less polar acetone. In polar solvents, the conductivity
value of cationic complexes tends toward smaller values than in less polar sol-
vents [8]. This is also supported by an example of the ylide complex [PhMe,-
P*—CH(SiMe;)PdCl(1,5-COD)1{PF¢") which is a one-to-one electrolyte. Its con-
ductivity in acetone (158 ohm~lem?/mol) was smaller (69.7 ohm™!cm?/mol) in
dimethylformamide [9]. Accordingly, the conductivities of IVa and IVb are
reasonable for a two-to-two electrolyte.

The chemical shift difference between two pairs of protons at the phospho-
nium cyclopentadienyl ring is small (in complex IVa, 0.22 ppm and in IVb,
zero) [10]. The cyclopentadienyl ylide is coordinated as an n°-ligand in com-
plexes IVa and IVb to fulfill a stable 18 electron structure.

Experimental

General remarks

IR spectra were measured on a JASCO Model DS-403G spectrometer on KBr
disks in air. NMR spectra were recorded on a JEOL C-60HL spectrometer with
tetramethylsilane as an internal standard at 25° C. The conductivity was mea-
sured with TOA Electronics CM-5B equipment. Dichloromethane was purified
by washing with water and sodium carbonate solution, drying over calcium
chloride, and fractionally distilling. Diethy! ether was dried with sodium after
repeated washing with water. Acetone was dried with Drierite after distillation.

In order to illustrate the synthesis of complexes III, the preparation of IIla
is described as a representative example, and reaction conditions, detailed NMR
spectra, and characteristic IR spectra are shown for others. Except for the isola-
tion procedure of triethylphosphonium allyl ylide complexes, all operations are
performed under dry, oxygen free nitrogen. Color, analytical data, and m.p. of
IIla—IIIi are summarized in Table 1.

Preparation of (1-triphenylphosphonium-n>-allyl)(1,5-cyclooctadiene)palladium
bis(hexafluorophosphate) (Illa)
To an acetone (20 ml) suspension of (n*-allyl ylide)dichloropalladate (Ia [6];
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220 mg, 0.45 mmol) and 1,5-cyclooctadiene (0.2 g, 1.8 mmol) was added an
acetone (10 ml) solution of AgPF, (233 mg, 0.92 mmol) at —78° C under nitro-
gen. The reaction occurred instantaneously, giving a pale yellow solution of IlIa
and a gray precipitate of silver chloride. The mixture was stirred at room tem-
perature for 10 min, and filtered quickly through a No. 5C filter paper under
nitrogen. The filtrate was evaporated under reduced pressure. The product was
recrystallized from acetone or dichloromethane by adding diethyl ether and
was isolated in 57% yield. IR (KBr): 836 (vPF¢") and 1557 cm™' (¢vC=C). NMR
(in DMSO-dg): 6§ 4.51 (m, 1, H'), 5.73 (m, 1, H?), 4.50 (m, 2, H3), 5.48 (m, 4,
olefinic), 2.31 (br, m, 4 CH, of COD), and 7.5—8.0 ppm (m, 15, Ph).

Preparation of (1-triphenylphosphonium-n3-allyl)(1,5-cyclooctadiene)palladium -
bis(tetrafluoroborate) (111b)

Complex IIIb was prepared with (Ph,;P"-CH—CH—CH,)Pd Cl, (Ia [6]; 7086
mg, 1.5 mmol), 1.5-COD (0.27 mg, 2.5 mmol), AgBF, - H,O (626 mg, 2.9 mmol)
and acetone (50 ml) at —78°C in the same manner to IIla in 59% yield. IR(KBr):
1050 (¢vBF;7) and 1557 cm™! (#C=C). NMR (in CD;CN): § 4.82 (d of d, 1, HY)
[J(H!'—H?) = J(H'—P) = 12.0 Hz], 5.85 (m, 1, H?), 4.36 (d, 2, H3) [J(H2—H?3) =
9.3 Hz}, 5.55 (m, 4, olefinic), 2.34 (br, m, 4 CH, of COD) and 7.6—8.1 ppm
(m, 15, Ph). )

Preparation of (1-triphenylphosphonium-n*-allyl)(1,5-cyclooctadiene)palladium
bis(trifluoromethanesulfonate) (1llc) i

The preparation was performed with (Ph,P*—CH—CH—CH,)Pd Cl, (Ia [6];
214 mg, 0.45 mmol), 1,5-COD (0.2 g, 1.8 mmol), AgSO;CF; (230 mg, 0.90
mmol) and acetone (30 ml) at —78°C for 10 min in 86% yield. IR(KBr): 1265
(vCF;80;7) and 1554 cm™! (vC=C). NMR (in CD;CN): 6 4.90 (d of d, 1, H")
[J(H'—H?) = J(H'—P) = 12.0 Hz], 5.60 (m, 1, H?), 4.35 (d, 2, H?) [J(H>—H?)
= 9.3 Hz], 5.51 (br, m, 4, olefinic), 2.33 (m, 4 CH, of COD) and 7.5—8.0 ppm
(m, 15, Ph).

Preparation of (1-triphenylphosphonium-n®-methallyl)(1,5-cyclooctadiene)-

178 mg, 0.37 mmol), 1,5-COD (0.2 g, 1.8 mmol), AgPF¢ (190 mg, 0.75 mmol)
and acetone (30 ml) at —78°C for 10 min gave IIId in 63% yield. IR (KBr):

835 (vPFs~) and 1555 cm~! (#C=C). NMR (in DMSO-dg): 8 4.72 (d, 1, H')
[J(H'—P) = 12.0 Hz], 3.88 (m, 2, H%), 1.81 (s, 3, CH,), 5.42 (br, m, 4, olefinic),
2.23 (m, 4 CH, of COD) and 7.4—7.9 ppm (m, 15, Ph).

Preparation of (1-triphenylphosphonium-n3-crotyl)(1,5-cyclooctadiene)-
palladium bis(hexafluorophosphate) (IIlle)

Complex IIle was prepared with [Ph;P"—CH—CH—C(Me)H]PdCl, (Ic [6];
127 mg, 0.27 mmol), 1,5-COD (3.1 g, 0.93 mmol), AgPF, (133 mg, 0.53 mmol)
and acetone (20 ml) at —78°C for 10 min in 67% yield. IR(KBr): 835 cm™*
(vPF¢™). NMR (in DMSO-dg): § 4.40 (m, 2, H' and H?), 5.83 (m, 1, H*), 1.23
(d, 3, CH;) [J(H>—CH,;) = 6.0 Hz], 5.53 (br, m, 4, olefinic), 2.30 (m, 4 CH, of
COD) and 7.6—8.1 ppm (m, 15, Ph).
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Preparation of (1-triethylphosphonium-n*-allyl)(1,5-cyclooctadiene)palladium
bis(hexafluorophosphate) (IIIf) :

AgPF¢ (216 mg, 0.85 mmol) and acetone (20 ml) at —78°C for 10 min in 56%
vield. IR(KBr): 836 (VPF¢~) and 1557 cm~! (vC=C). NMR (in acetone-dg): &
4.80 (m, 1, H"), 6.50 (m, 1, H?), 4.82 (d, 2, H?) [J(H>*—H?>) = 10.0 Hz], 6.57 (br,
m, 4, olefinic), 2.68 (m, 4 CH, of COD), 2.58 (d of q, 6, P—CH,) [J(CH,—CHs;)
= 7.0 Hz, J(CH,—P) = 12.0 Hz] and 1.43 ppm (d of t, 9, P—C—CH;) [J(CH;—P)
=18.6 Hz].

Preparation of (1-triethylphosphonium-n3-allyl)(1,5-cyclooctadiene)palladium
bis(tetrafluoroborate) (1llg) I

The preparative reaction was undertaken with (Et;P*—CH—CH—CH,)PdCl,
(Id [6]; 466 mg, 1.4 mmol), 1,5-COD (0.3 g, 2.8 mmol), AgBF, - H,O (579 mg,
2.7 mmol), and acetone (50 ml) at —78°C for 10 min in 87% yield. IR(KBr):
1055 (vBF,;7) and 1557 ecm™! (wC=C). NMR (in CD3;CN): 8 3.90 (d of 4, 1, H')
[J(H!'—H?) = J(H'—P) = 12.0 Hz], 6.15 (m, 1, H?), 4.28 (4, 2, H3) [J(H>—H3) =
9.4 Hz], 5.60 (br, m, 4, olefinic), 2.38 (m, 4 CH, of COD), 2.27 (d of q, 6,
P—CH,;) [J(CH,—CH,) = 6.7 Hz, J(CH,—P) = 13.5 Hz] and 1.29 ppm (d of t, 9,
P—C—CH;) [J(CH,;—P) = 19.5 Hz].

Preparation of (1-triphenylphosphonium-n*-crotyl)(bicyclo[2.2.1[hepta-2,5-
diene)palladium bis(hexafluorophosphate) (II1k)
Complex IIIh was prepared in accordance with eq. 2 with [Ph;P*—CH—CH—C-
(Me)H],Pd,Cl,(PFs7), (Ila [7]; 138 mg, 0.12 mmol), NBD (69 mg, 0.4 mmol),
AgPF¢ (57 mg, 0.22 mmol) and acetone (20 ml) at —78°C for 10 min. After the
reaction was complete, the reaction mixture was treated in the same manner as
I[IIa in 57% yield. IR (KBr): 837 cm™!' (WPFs"). NMR (in acetone-de¢): 6 1.10 (d,
3, CH,) [J(CH,—H?3) = 6.0 Hz], 3.0—5.0 (m, H', H2, H3, and bridgehead of NBD),
6.55 (m, 4, olefinic), 1.75 (m, 2, bridge of NBD) and 7.4—7.8 ppm (m, 15, Ph).

Preparation of (1-triphenylphosphonium-n*-allyl)(2,2'-bipyridine)palladium
bis(hexafluorophosphate) (IIIi)

Complex IIli was prepared by the same method as IIIh with
Ph,P*—CH—CH—CH,),Pd,Cl,(PF¢" ), (IIb [7]; 780 mg, 0.66 mmol), bipy (220 -
mg, 1.4 mmol), AgPF¢ (333 mg, 1.31 mmol) and acetone (50 m!) at —78°C for
10 min in 65% yield. IR(KBr): 836 (¢vPF¢ ). NMR (DMSO-dg): 6 5.27 (d of d,

.1, HY) [J(H'—H?) = J(H'—P) = 12.0 Hz], 6.35 (m, 1, H?), 4.82 (d, 2, H>) [J-
(H3>—H?) = 9.7 Hz], 7.5—8.8 (m, 8, bipy ring) and 7.6—8.1 ppm (m, 15, Ph).

Preparation of (triphenylphosphonium-ns—cyclopentadierzyl)(]r, 5-cycloocta-
diene)palladium bis(tetrafluoroborate) (IVa)

To a dichloromethane (20 ml) solution of (1,5-COD)PdCl, (325 mg, 0.83
mmo)) was added a THF (5 ml) solution of AgBF, - H,O (351 mg, 1.65
mmol) at —78° C under nitrogen. After the yellow-colored solution had changed
to a milky suspension, a dichloromethane (10 ml) solution of triphenylphos-
phonium cyclopentadienyl ylide {11] (270 mg, 0.83 mmol) was added. After it
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had been stirred for 10 min at room temperature, the reaction mixture was
filtered with No. 5C filter paper and a red solution of IVa was obtained. The
solution was evaporated in vacuo, and the residue was recrystallized from
dichloromethane and diethyl ether to give rose-violet needles of IVa in 53%
yield. IR(KBr): 1064 (vBF;") and 1514 ecm™! (vC=C). NMR (in acetone-dg¢):
6 6.10 (br, m, 4, olefinic), 1.67 (m, 4 CH, of COD), 7.18 (m, 2, a pair of
cyclopentadienyl ring protons), 6.92 (m, 2, a pair of cyclopentadienyl ring
protons), and 7.6—8.3 ppm (m, 15, Ph). Anal.: Found: C, 48.49; H, 3.98.
C;,H;,B,FsPPd - CH,CIl, calcd.: C, 48.07; H, 4.16%. Conductivity: 172
ohm~! em?/mol (4.39 X 10-% mol in dimethylformamide).

Preparation of (triphenylphosphonium-n®-cyclopentadienyl)(bicyvclo[2.2.1]-
hepta-2,5-diene)palladium bis(tetrafluoroborate) (IVb)

To a THF (30 ml) suspension of (NBD)PdCl, (145 mg, 0.54 mmol) was
added AgBF, - H,0O (230 mg, 1.08 mmol) and triphenylphosphinium cyclo-
pentadienyl ylide (177 mg, 0.54 mmol) under nitrogen at room temperature,
and the mixture was stirred for 30 min. The color of the suspension changed
from yellow to wine red. The mixture was filtered with No. 5C filter paper and
the residue was washed with a large volume of dichloromethane until the
mother liquor was colorless. The solution was evaporated under reduced pres-
sure. The product was recrystallized from dichloromethane and diethyl ether
to give powder in 64% yield. IR{(KBr): 1058 cm™! (vBF,;~). NMR (in acetone-dg):
5 5.87 (m, 4, olefinic), 3.95 (bx, m, 2, bridgehead of NBD), 1.67 (m, 2, bridge
of NBD), 6.75—7.05 (m, 4, cyclopentadienyl ring) and 7.6—8.2 ppm {m, 15,
Ph). Anal.: Found: C, 51.56; H, 4.06. C;,H,,B,F;PPd caled.: C, 51.58; H,
3.90%. Conductivity: 179 ohm™! cm?/mol (3.09 X 10~* mol in dimethylforma-
mide).
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