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Fluorophosphonate and Alkoxy- and Aroxy-fluorophosphine Complexes of

Platinum(u) and Palladium(n).

Part 1ll.* Reactions of Complexes of

Tertiary Amines with Alkoxy- and Aroxy-difluorophosphines

By Jiirgen Grosse and Reinhard Schmutzler,® Lehrstuhl B fir Anorganische Chemie der Technischen Univer-
sitat, D-3300 Braunschweig, Pockelsstrasse 4, Germany

lonic complexes [R-L],[M(PF,0),] [M = Pt or Pd; L = NMej,, pyridine (py). or PPhy: R = allyl or Bu®] and
[R-L],[cis-MCl,(PF,0),] (M = Ptor Pd; L = NMes; R = allyl or Bu®) have been obtained by treating [MCl,L,]

with PF,(OR) at room temperature.
[Pt(CyHy)L,] and [r(CO)CIL,] (L = PPhy:

Similar ionic complexes seem to be formed in the reactions of PF,(OR) with
R = allyl).

The products have been characterized by means of

1H, 18C, 18F and 3!P n.m.r. and i.r. spectroscopy, and elemental analysis.

IN the previous paper?! we reported the formation of
difluorophosphonato-complexes in the reaction of
platinum(i1) and palladium(11) chloride complexes with
alkoxy- and aroxy-difluorophosphines, PF,(OR), via a
Michaelis-Arbuzov reaction [equation (1), type (a)].

F

MW—ct + PF, (OR)

|
£

Also, we observed redistribution of the substituents at
phosphorus in PF,(OR) under the influence of Pt and
PdIT complexes [equation (2), type (b)]. The products

MII
PF,(OR) —» PF(OR),, P(OR),, PF, (2)
of this reaction were obtained either as free ligands or
co-ordinated to the metal.! Earlier, we reported
formation of anionic platinum and palladium diftuoro-

1 Part I, J. Grosse and R. Schmutzler, preceding paper.
? J.Grosse and R. Schmutzler, Z. Naturforsch., 1973, B28, 515.

phosphonato-complexes  [C HyLl,[M(PF,0),] [L =
PPh, or pyridine (py); C;H; = CH,.CH:CH,; M = Pt
or Pd].2 In this paper, further investigations on the
reactions of PF,(OR) with Pt and PdY complexes are
described, including some other relevant reactions.

|
MP —p'—or cf| —= MTPF,00 + Rl (1)

RESULTS AND DISCUSSION

Besides the basic reaction types (a) and (b) mentioned
above, reactions of type (c) were also observed for
(MCLL,] with PF,(OR), i.e. formation of difluorophos-
phonatometallate anions and phosphonium and ammo-
nium cations resulting from substitution and quaterniz-
ation of the ligand L by PF,(OR) [equation (3) (M =
Pt or Pd; L = tertiary amine or phosphine; R =
CzH, or Bur)]. This is also analogous to a Michaelis—
Arbuzov reaction, with the ligand L being the nucleo-
phile abstracting the group R from the co-ordinated
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phosphine intermediate. Thus, dichlorobis(difluoro-
phosphonato)metallates were obtained at room tempera-
ture in benzene as solvent [equation (4)].

F
(i)

—_———

M—L + PROR)
F

[Mcy, (NMegl, ] + 2 PR, (OR)

(WM =Pt R=Bu"

Some other reactions involved combination of reaction
types (a) and (c) to give tetrasubstituted difluorophos-
phonato-complexes, under the same reaction conditions
as above [equation (5)]. Formation of allyl chloride was

TMclyL,] + 4PF(OR) .[R-LJZEM(Pon)J +2RCL (5
M L R
(I Pt Py CoH?
Py Bu"
NMe, CyHg
PPh, CyHy
v) Pd Py C3Hg
PPh; CyHg

confirmed by i.r. spectroscopy 2 [v(C—Cl) at 740 and 760
cm™, identified by comparison with an authentic
sample]. In contrast, under the same reaction con-
ditions, PFo(OR) (R =Pr» or Bu?) reacted with
[MCly(PPhg),] (M = Pt or Pd) to give only the mono-
substituted product, trans-[MCl(PPhg),(PF,0)].1

On reaction of PF,(OPh) with [PtCl,(NMe,),] sub-
stitution of trimethylamine occurred [equation (6)].

[PtCly(NMej),] + 2 PF,(OPh) —»
¢is-[PtCly{ PF,(OPh)},] + 2 NMe,
(V)

The corresponding palladium complex could not be
isolated, even though formation of NMe; was observed.
On reaction of a large excess of PF,(OPh) with [PdCl,-
(NMey),] substituent redistribution at phosphorus [reac-
tion type (c)] occurred, with formation of a triphenyl
phosphite complex already described in the litera-
ture 34 [equation (7)]. With [PtCL,(NMe,),] and excess

2 [PACly(NMey),] + 6 PF,(OPh) —»-
cis-[PACI,{P(OPh)g},] + 4 NMe, + 4 PF,
(V)

of PF,(OPh) a mixture of (V) and at least one more PF-
containing species (from °F and %P n.m.r. spectra)
resulted which could not be isolated or characterized.
The compounds PF,(OR) were also allowed to react
with MClL, (R == C3Hg, Bu?, or Ph; M = Pt or Pd); only

3 N. Ahmad, E. W. Ainscough, T. A. James, and S. D. Robin-
son, J.C.S. Dalton, 1973, 1148.

(6)

(7)

M—l::’——OR + L] e [R][MPRy0]]
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in one case could a defined product be isolated, complex

(V) already mentioned [equation (8)]. In all the other
reactions of PF,(OR) with MCl, oily mixtures were

(3)

[R:NMe], [cis—MCI,(PF,0), ] (4)

(I M= Pd, R=CyHg or BU"

obtained, presumably as a result of combinations of
reactions of types (a) and (b) as well as ligand-addition
reactions as shown in equation (8); none of the products
could be isolated or characterized.

PtCl, + 2 PF,(OPh) —» cis-[PtCl,{PF,(OPh)},] (8)
V)

Some further reactions were conducted with the
difluorophosphonato-complexes described in this and the
preceding paper.! 1In principle it is possible to substitute
the phosphonium and ammonium cations in the difluoro-
phosphonatometallates with simpler cations; thus the
sodium salt (VII) was precipitated on reaction of (III;
L = py or PPh;, R = C3H;) with sodium iodide in
acetone [equation (9) (L = py or PPhg)]. The salt (VII)

acetone’
[C4Hy LI[Pt(PF,0),] + 2Nal — 0
Na,[Pt(PF,0),] + 2[C3H;-L]I
(VII)

is of special interest in the assignment of anionic and
cationic i.r. bands for the metallate complexes. Under
more vigorous reaction conditions complexes with
one or two PF,0 groups reacted further with PF,(OR)
to give more highly substituted derivatives. Such,
more vigorous, reaction conditions involve elevated
reaction temperatures, longer reaction periods, and,
mainly, use of polar reaction media which will promote
formation of the ionic Michaelis-Arbuzov intermediate
[see reaction type (a)]. Some examples of these reactions
include formation of tetrasubstituted metallates [equa-
tions (10) (see ref. 1) and (11)].

(9)

. 80 °C
trans-[PtC1(PEt,),(PF,0)] 4 3 PF,(0C3H;) ——
MeCN
[C3Hy PEL, ], [Pt(PF,0),] + C;H,Cl (10)
(IIT; L = PEt;, R = GH,)
20 °C
[C3H; NMey,[cis-PACL,(PF,0),] + 2 PEF,(OC,H,) =
MeC
[CsHg"NMeg]o[PA(PF,0),] + 2 CH,Cl  (11)
(IV; L = NMeg, R
N.M.R. and I.R. Spectra.—The same arguments as
previously employed,’-2 i.e. the observed magnitudes of

= CaHs

4 Ya. M. Kimel'fel’d, E. M. Smirnova, N. I. Pershikova, O. L.
Kaliya, O. N. Temkin, and R. M. Flid, Zhur. strukt. Khim., 1972,
18, 622.
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v(P=0), 8g, 8p, Jps—p, and 2Jp,—p of the metallate com-
plexes, again suggest that the PF,0 group is bonded to
the metal through phosphorus rather than oxygen in the
present series of complexes. It has been suggested that
only soft acceptors like Pt and Pd™, according to the
definition of Pearson,® form P-bonded phosphonato-
complexes while in other cases O-bonded or ionic species
are formed.®

The presence of the phosphonium and ammonium
cations in the complexes has been confirmed by com-
parison of their 1H, 13C, and 3P n.m.r. and i.r. data with

J.C.S. Dalton

fluorine coupling constants cannot be obtained from the
spectra. For M = Pt, platinum satellites were observed
having corresponding coupling constants (1/pi—p 4 015
and %Jpi—5 ca. 700 Hz) of the expected magnitudes.l-
The n.m.r. spectra of the dichlorobis(difluorophos-
phonato)metallates (I) and (IT) also showed chemically
equivalent but magnetically non-equivalent P and T
nuclei, with a spin system of type [AX,],, The cis
structures of these salts as well as of complex (V), were
derived from i.r. (observation of two metal-chlorine
stretching frequencies; Tables 2 and 3) and n.m.r. data

TasLE 1
Fluorine-19 and 3'P n.m.r. data
3 2 [pt—r 3p 1 pi—p Spr
Anion (P) Cation (P’) p.p.m. Hz p.p.m. Hz p.p.m.
(I) s~ [¢is-PtCl(PF,0),]* [Bun-NMe,J+ 19.96 1045 —32.44 6 287
(1) @ [cis-PdCl,(PT,0),]2~ [C,H;*NMe, ]+ 12.4 —58.6
(IX) wbid [Bur-NMe,j+ 12.86 —58.79
(III) ¢ [Pt(PF,0),]%" [C.H,pyl* 13.8 690 - 69.9 3800/
(I11) * [Bur-pyl+ 13.6 684 —69.8 g
(II1) « (C,H - NMe,]* 13.4 688 —170.0 e
(I11) A [C,H,-PPh,]* 13.0 696 —170.4 g —20.8
(VII) ¢ Nat i 684 —72.7 4015
(IIL) = [C,H,-PEt,;] 13.5 683 —70.8 g —37.5
(IV) ¢ [PA(PF,0),]* [C,H, pyl+ 9.3 —75.4
(IV) e [C,H-PPh,]+ 8.3 —175.9 —20.7
(IV) e [C,H,-NMe,]* 9.6 —175.9
(V) bbb [¢is-PLCL{PF,(OPh)},] 39.91 640 —69.36 6182
(VIID) ¢ [ICO)CUPFO)y2~ ~~  [CHyPPhy)* g ¢ g
(IX) ¢ [Ir(PF;0)4{PF 2(0(":\5H5)}]i~ [CsHg PPh,]* 0.4 4 4
(X) "'"'B[Pt(PPhs)2{PF2(OC3H5)}j [CoH, PPh* 9.1 992 g g —g%fll;‘
r— . — . o
Br- [C.H,-PMe,]* 2530
«In MeCN. © Spectra from Dr. Murray, University of Bristol. ¢ 2Jp_p 25.9 Hz. 4%Jp_p 110.6 Hz. ¢ In Me,CO. / Estimated
P
value. ¢ Not obtained due to limited solubility. »In CH,Cl,. ‘In MeOH. 7 Not obtained. *In CiHg !'2Jp—p 18.9 Hz.

mlfe 1226 Hz. » 8(1’1’!!,)'
the parameters of some corresponding ammonium and
phosphonium bromides prepared as in equation (12)

C4H Br + L —» [C;H;-L]Br (12)

[L = NMe,,” py (in analogy with ref. 8), PPhg® and
PMeg]. Allylic stretching frequencies (v(C=C) at ca.
1640 cm™) observed for both allyl-ammonium and
-phosphonium bromides and for the complexes (Tables
2 and 3) were virtually identical; this suggests that no
interaction between the metal and the allylic = system
is taking place. For comparison, the salt [C;H,"NHjy]o-
[PdCl,] exhibits v(C=C) at 1 646 cm™ and also contains an
allyl system which does not interact with the metal.10
In the ir. spectra, assignments were attempted for the
vibrations v(M-Cl), v(M-P), v(P-F), and v(P=0) (Tables
2 and 3). Identification of anionic and cationic ir.
bands was facilitated by the availability of separate i.r.
spectra of the ions [CzHy;L]* (from [C;H,L]Br) and
[Pt(PF,0),)*>" [from the sodium salt (VII)].

For the anions [M(PF,0),]2” only single fluorine and
phosphorus n.m.r. chemical shifts, 8 and 8p (Table 1),
were observed due to chemical equivalence of the PF,0
groups. The spectra were however, highly complicated
due to second-order effects. Thus phosphorus and

5 R. G. Pearson, J. Chem. Educ., 1968, 45, 581, 643.

¢ A. Pidcock and C. R. Waterhouse, J. Chem. Soc. (4), 1970,
2080.

7 J. v. Braun and W. Schirrmacher, Ber., 1923, B56, 538.

(magnitude of 2Jp_p; Table 1), ¢f. the arguments put
forward in the preceding paper.! Complex (VI) was
identified by comparison of its 3!P n.m.r. shift (3
—83.2 p.p.m.) and i.r. parameters to literature values.34

A more detailed n.m.r. study of the difluorophos-
phonato-complexes described in this and the preceding
paper ! is under way together with a crystal-structure
analysis of complex (II; R = Bu?). 'H N.m.r. data
have also been measured for all the complexes dis-
cussed, as well as some ¥C n.m.r. spectra. Since these
data were only compared with the parameters of the
ammonium and phosphonium bromides they are not
reported and discussed in detail in this paper.

Reactions of PF,(OCH;) with Vaska's Complex,
{Ir(CO)CI(PPhy),), and the Ethylene Complex [Pt(CyH,)-
(PPhy),).—A number of reactions of PF,(OC;H;) with
[Ir(CO)Cl(PPhy),] and [Pt(C,H,)(PPh,),] were carried
out. Characterization of the products was not conclusive,
however, since, due to low solubility, satisfactory 1°F and
31P n.m.r. spectra could not be obtained. On the basis
of elemental analyses, i.r. (Table 3), and, in part, 'H
n.m.r. data, iridium products obtained corresponded to
[CgH,PPhy],[Ir(CO)CL(PF,0),], (VIII), and [CzHj
PPh,],[Ir(PF,0),{PF,(OC,H;)}], (IX). Molar ratios of

8 O. Magidson and G. Menschikoff, Ber., 1926, §9, 1209.

% M. Grayson and P. Keough, J. Amer. Chem. Soc., 1960, 82,
3919.

1o F. R. Hartley and J. L. Wagner, J.C.S. Dalion, 1972, 2282.
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[Ir(CO)CI{PPhy),] : PF,(OCzH;) of 1:1 and 1:7, respec-
tively, were employed. On reaction of [Pt(C,H,)-
(PPhg),] with PF,(OC;H;) in a 1: 1 molar ratio a product
of formula [Pt(PPh,),{PF,(OC;H;)}], (X), was formed.
In this case, again due to low solubility, complete
spectroscopic data could not be obtained (Tables 1 and
3). Onreaction of excess of PF,(OC;H;) with [Pt(C,H,)-
(PPhg)y] complex (III; L = PPh;, R = C;H;) was
formed and identified by H, 1°F, and P n.m.r. and i.r.

415

is noted when polar rather than non-polar solvents are
employed in the reactions. Most of the reactions de-
scribed, however, proceed readily at room temperature
in benzene.

As far as the ligands L are concerned, in agreement with
Pearson’s concept of hard and soft acids and bases,®
amines are more readily substituted and quaternized by
PF,(OR) than phosphines; only co-ordinated PPh,
is displaced from the metal and quaternized at room

TABLE 2

Characteristic i.r. data (cm™) for the platinum complexes and the bromides [C;H;L]1Br

v[C=C
Cation (CsHy)] v(P=0) v(P—F) v(Pt—P) »(Pt—Cl)
(1) {Bu-NMe,]+ 1 225vs, 1 215vs 830s, 792vs 430w, 417w, 310m, 280m
406 (sh)
(In) ¢ [CgH;py]* 1 649w 1 248s, 1 212s 810—-770 4 418m, 401m
(IIT) ¢ [Bur-py]* 1240—1 2104 850—760 ¢ 415m
(ITX) ¢ [CyH;"NMeg]™ 1 648w 1270—1 200¢ 8407704 415s, 405 (sh)
(ITI) ¢ {C,H,-PPh ]+ 1 638w 1 233vs, 1 184 (sh) 795vs 410m, 396m
(VII) ¢ Na~* 1 240m, 1 216vs 830vs, 803s, 814vs 422 (sh(),hé)llgm,
05 (s
(ITI) ¢ {C H,;-PLt,]* 1 636w 1247vs 810vs, 756 (sh) 414m
(V) cis-[PtCL{PF,(OPh)},] 1028m,¢ 1 012m,» 910—890¢ 403m, 365w
980s ¢
(X) {Pt(PPhy),{PF(OC;H;)}] f 1 233vs, 1 180s 800—780 ¢ 410w
[C;Hypy] e 1637w
{C,H;*NMe,]*+ ¢ 1 645w
{C3H - PPhyj+ 7 1 632m
[C,H;-PMeg]+¢ 1 641m

evs = Very strong, s = strong, m = medium, w = weak, and sh = shoulder.
¢ »(P-0) or »(C-0).

(PF,0)4]*~. 4 Very broad intense band, with no fine structure.

5 Anion [cis-PtCl(PF,0),]%-.
/ Not obtained. ¢ [C,H;°L]Br.

¢ Anion [Pt-

TaABLE 3

Characteristic i.r. data (cm™) for the palladium and iridium complexes

. v[C=C
Cation (CgHj)) @ v(P=0) v(P—-F) v(M—P) v(M—Cl)
(IN)?» [C,H,-NMe,]* 1647w 1 230vs 820780 ¢ 410m, 401m 314m, 284m
(I1) ¢ [BunNMe,]+ 1240—1 190 ¢ 825—775 415m, 4056m, 311m, 284m
397 (sh)
(IV) 3 [C,H,py]* 1650w  1250—1190,° 830780 ¢ 410m
1170 (sh)
(IV) 4 [C,H,PPhy)* 1641w 1228vs, 1190 (sh) 795—770¢ 409m, 399 (sh)
(IV) 4 [C;H;NMe,]* 1 648w 1250—1190¢ 830-—760 ¢ 408m, 399m
(VIII) ¢ [C,HyPPhyJ* 1635w 1 215vs 820 (sh), 790vs, f f
715vs
(IX) ¢ [C;H;PPhgl* 1 642w 1 230s 770—740 ¢ 380m
2 See Table 2 for comparison. 5 Anion [cis-PdCly(PF,0),]?~. ¢ Very broad intense band with no fine structure. 9 Anion,
[PdA(PF,0),)>~. ¢ Anion [Ir(CO)CI(PF,0),]2~; »(CO)at2 040cm™. J Nosignal obtained; measured between NaCl plates. ¢ Anion,

[Ir(PF,0)4{PF,(OC;H;)}])?*~; measured in MeCN solution.

spectroscopy; the product could not, however, be
isolated in a pure state.

Conclusions.—By the application of the principle of the
Michaelis—Arbuzov reaction to transition-metal chem-
istry it has been possible to synthesize, under mild con-
ditions, a number of difluorophosphonato-complexes of
Pt and PdY (see also refs. 1 and 2). The type of
product formed is mainly determined by the group R
of PF,(OR) and by the ligand L in the starting complex
[MCLL,]. No essential differences were observed be-
tween the reactivity of the corresponding platinum and
palladium derivatives. The reactivity of PF,(OR)
decreases, in complete analogy with the classic Michaelis—
Arbuzov reaction,!! as R changes in the order allyl >
alkyl > phenyl. The extent of substitution increases
with increasing reaction temperature. The same effect

temperature by PF,(OC;H;), but not by the less reactive
PF,(OBu»).1

Other phosphine systems, P(OR)Y, (Y = halogen,
aryl, alkyl, OR, etc.), are likely to react in a similar way
with analogous transition-metal systems; reaction may
be limited, however, to soft-acid species because hard-
acid systems seem to form oxygen-bonded M-OP
complexes.® Further studies are required to extend
the scope of the synthetic methods to other systems.

EXPERIMENTAL

Most n.m.r. spectra were recorded on Varian HA 60 IL
and Jeol C 60 HL spectrometers, some on Bruker HFX 90
and Jeol PFT 100 instruments. [Measurements on the

11 R. G. Harvey and E. R. De Sombre, Topics Phosphorus
Chem., 1964, 1, 57.
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latter instrument were kindly made by Dr. Murray, Univer-
sity of Bristol.] Tetramethylsilane (*H) and trichloro-
fluoromethane (1°F) were used as internal references, 859,
phosphoric acid as external reference (3'P) in sealed capil-
laries. Chemical shifts to low-field of the reference signal
are negative, those to high field are positive. The *F and
3P n.m.r. parameters are believed to be accurate to ca.
+7 Hz, unless otherwise indicated. I.r. spectra were
recorded as Nujol mulls between KBr or CsI plates on a

J.C.S. Dalton

(a) Ligands. The compounds PF,(OR) (R = C;H;, Bu?,
or Ph) 12 and trimethylphosphine, PMe,,13 were prepared as
described in the literature. A typical procedure for the
preparation of allyl-ammonium and -phosphonium bromides,
[C;HgL]Br [L = py (following ref. 8), NMe,,’ PPh,® or
PMe,] is given below.

Allyltrimethylphosphonium bromide, [C,H,PMe,]Br. A
trimethylphosphine-diethyl ether mixture [600 mg, con-
taining ca. 500 mg (7 mmol) of PMe,] in benzene (20 cm3) was

TABLE 4

Preparative, melting-point, and analytical data for the platinum, palladium, and iridium complexes and bromide
salts [C;HyL])Br

Analysis 5(%,)
Molar M.p. — A -
Complex ratio @ (8,/°C) C H P F Cl N Formula M
(I e 1:6 a 248 53 9.2 10.1 C,4H36CLF,N,0,P, Pt 668.5
(25.2) (5.4) (9.3 (10.6)
(II; R = CzHy) * 1:6 d 26.3 5.0 121 150 C,oHyCLF,N,0,P,Pd 547.4
(26.3) (5.1) (11.4) (13.9)
(I1; R = Bun) ¢ 1:7 165 289 6.4 107 12.2 C,4HeCLF,N,0,P,Pd 579.8
(decomp.)  (29.0) (6.3) (10.7) (12.2)
(VI; L = py, R = C;H;) / 1:10 ca. 200 249 26 153 189 <01 3.5 CH,F,N,O,P,Pt 775.3
(decomp.)  (24.8) (2.6) (16.0) (19.6) (0) (3.6)
(I'TI; L = py, R = Bur) f 1:6 63 26.6 35 152 188 C,sH,yFgN,O, P, Pt 807.4
(26.8) (3.5) (15.3) (18.8)
(III; L = NMe,;, R = C,H;) ¢ 1:5 109 19.7 3.8 168 20.3 C;,HpgFgN,O,P, Pt 734.9
(19.6) (3.8) (16.9) (20.7)
(III; L = PPhg, R = C,;H;) / 1:10 d 435 3.4 164 134 CaoHy F50,P Pt 1143.1
(44.2) (3.5) (16.3) (13.3)
(IV; L = py, R = CHj;) /1 1:10 82 280 29 179 21.9 C,eH,oF3N,O,P,Pd 686.4
(28.0) (2.9) (18.1) (22.2)
(IV; L = PPh;, R = C,Hj;) / 1:12 148 46.2 3.6 171 14.2 C,oH,oFO,PoPd 1053.9
(48.0) (3.8) (17.6) (14.4)
(V) *» 1:2 65 248 19 99 127 118 C,,H,,C,F,0,P,Pt 580.2
(24.8) (1.7) (10.7) (13.1) (12.2)
(VI) f:3.4 1:10 180 541 39 176 9.1 C,eH3oCl,0,P,Pd 797.9
(64.2) (3.8) (7.8) (8.9
(VII) e e 171 i i % i FgNa,O,P,Pt 581.0
(decomp.)
(ITI; L = PEt;, R = C;Hj;) ¢ 1:9 175 256 49 213 C,sH, o FsO, PPt 853.5
(25.3) (4.7) (21.8)
(IV; L = NMe,, R = C,H;) ¢ 1:5 85 22.2 44 188 231 C,,Hy, FyN,0,P,Pd 646.7
(22.3) (4.4) (19.2) (23.5)
(VIII) ¢ 1:1 107 50.6 4.0 114 4.7 Cy3HoCIF,IrO,P, 1031.7
(decomp.)  (50.0) (3.9) (12.0) (3.4)
(IX) f 1:7 77 43.3 3.8 156 121 CysH, s F5IrO Py 1179.2
(45.8) (3.8) (15.9) (12.9)
(X) 1:1 233 56.0 4.4 10.9 CyoH 3 F,OP Pt 845.1
(55.4) (4.4) (11.0)
[CsH;PMe,)Br ¢ e 171 366 7.1 C¢H,,BrP 197.1
(36.6) (7.2)
[C;Hy'py]BrJ 7 95 48.0 5.1 CgH,oBrN 200.1
(48.0) (5.1)

o Of the starting complex to PF,(OR) as applied in the reaction; all reactions were at room temperature in benzene as solvent.

b Calculated values are given in parentheses.
¢ Preparation described in detail in the Experimental section.
in acetone as solvent.
data obtained.

Beckmann IR 20 A spectrometer, with an accuracy of ca.

+5cm™.  Elemental analyses were by J. Beller, Gottingen,
Germany.
Preparation of Compounds.—Solvents and starting

materials were dried and purified by standard procedures.
The usual precautions were taken to exclude moisture and/or
air in all reactions; reactions were carried out in Schlenk
tubes under an atmosphere of dry nitrogen or argon.

12 R. Schmutzler, Chem. Ber., 1963, 98, 2435.

13 R. T. Markham, E. A. Dietz, jun,, and D. R. Martin, Inorg.
Synth., 1975, 16, 153; R. Thomas and V. Eriks ¢bid., 1967, 9,
59

1 p L. Goggin, R. J. Goodfellow, and F. J. S. Reed, J.C.S.
Dalton, 1972, 1298.

¢ Prepared as for (II; R = Bu?) (see text); 30 h reaction time.
! Prepared as for (II; R = Bu®); 7—15 d reaction time.
» Prepared in analogy to (II; R = Bun) starting from PtCl, as well as from [PtCl,(NMe,),].
J Prepared in close analogy to [C;H;*PMe,]Br.

4 Not obtained.
¢ Reaction
¢ No satisfactory

allowed to react overnight with allyl bromide (1 g, 8 mmol).
The resulting colourless precipitate was collected and
recrystallized from acetonitrile as colourless needles in
almost quantitative yield. Analytical data and the melting
point are given in Table 4.

(b) Complexes. Platinum and palladium precursors were
prepared by literature procedures: [MCl,(NMe,),] (M = Pt
or Pd),* [PdCl,(py),],'® and [Ir(CO)CI(PPh;),].1® All other

15 R. Farran and J. E. House, jun., J. Inorg. Nuclear Chem.,
1972, 34, 2219.

16 .. Vaska and J. W. DiLuzio, J. Amer. Chem. Soc., 1961, 88,
2784.
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complexes were prepared according to ref. 17 and refs. cited
therein. A typical procedure is given below for reactions
of [MCLL,}] with PF,(OR). Complexes prepared in an
analogous manner include (III), (IV), and (IX). All these
reactions were carried out using an excess of PF,(OR).
Analytical data, melting points, and further preparative
details are summarized in Table 4.

Bis(n-butyltrimethylammonium) cis-dichlorobis(difluoro-
phosphonato)palladate(11), [Bur-NMe,},[cis-PdCl,(PF,0),]
(IT; R = Bu®). The complex trans-[PdCl,(NMe,),]* (0.3 g,
1 mmol) was suspended in benzene (3 cm?®) and treated with
PF,(OBu®) (1 g, 7 mmol) with magnetic stirring. The
reaction was slightly exothermic. A pale yellow oil soon
started to separate out. After 30 h of stirring, all volatile
components were removed in vacwo. The solid product
remaining was dissolved in acetonitrile (2 cm?), and a small
amount of insoluble residue was removed by centrifugation.
From the clear solution, on addition of acetone (ca. 1 cm3),
complex (IT; R = Bu®) crystallized in the cold as colourless
needles. The mother liquid was removed with a syringe,
and the crystals washed with pentane and dried in vacuo.

Further preparations are described below.

Disodium tetrakis(difiuorophosphonato)platinate(11), Na,-
[Pt(PF,0),] (VII). Complexes (III; L = py or PPh,,
R = C;H;) (0.6 g, ca. 1 mmol) were dissolved in acetone
(2 cm?®) and a saturated solution of Nal (1 g, 6.5 mmol) in
acetone was added with magnetic stirring. A colourless
solid was precipitated almost immediately. It was col-
lected, washed with acetone (3 cm3), then acetonitrile and
dichloromethane, and dried in vacuwo. Complex (VII) is
soluble in methanol and dimethyl sulphoxide, but could not
be recrystallized without decomposition.

Bis(allyltriethylphosphonium) tetrakis(difluovophosphonato)-
platinate(11), [C,HyPEt,,[Pt(PF,0),] (III; L = PEt,,
R = C;H;). A sample of trans-[PtCI(PEt,),(PF,0)] (0.3 g,
0.95 mmol), dissolved in acetonitrile, was transferred to a

17 F. R. Hartley, Organometallic Chem. Rev., 1970, A6, 119.
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heavy-walled glass tube. After addition of PF,(OC,Hjy)
(1 g, 8.5 mmol), the tube was sealed iz vacuo and heated to
80 °C for 2 weeks. All volatile compounds were removed
in vacuo, and the residue was dissolved in acetonitrile and
centrifuged and recrystallized twice from acetone-diethyl
ether. The cream product was dried in vacwuo.

Bis(allyltrimethylammonium) tetrakis(difiuovophosphonato)-
palladate(11), [C;HyNMe,],[Pd(PF,0),] (IV; L = NMe,,
R = C;H;). Complex (II; R = C;H;) (0.27 g, 0.5 mmol) in
acetonitrile (3 cm?®) was allowed to react with PF,(OC,H)-
(0.3 g, 2.4 mmol) at room temperature. After stirring for
3 d, volatile products were removed ¢n vacuo and the oily
product was washed with benzene. On drying i vacuo the
oil crystallized as a colourless powder.

Bis(allyltriphenylphosphonium) carbonylchlorobis(difiuoro-
phosphonato)iridate(1), [C3H,-PPh,],[Ir(CO)CI(PF,0),]
(VIII). The complex [Ir(CO)CIl(PPhy),] (0.415 g, 1.2 mmol)
and PF,(OC,H;) (0.15 g, 1.2 mmol) were allowed to react in
benzene. After 30 min the solvent was removed % vacuo.
The residue was extracted with dichloromethane in order
to remove the remaining starting material. The solvent
was removed and the solid product was washed with benzene
and dried iz vacuo to give a cream powder.

(Aloxydifiuorophosphine)bis(triphenylphosphine)plati-
num, [Pt(PPh,),{PF,(OC,H;)}] (X). The complex [Pt-
(C,H,)(PPh,),] (1 g, 1.5 mmol) dissolved in benzene (3 cm?3)
was allowed to react with PF,(OC;H;) (0.17 g, 1.5 mmol) at
room temperature. After 30 min of magnetic stirring,
the solvent was removed i# vacuo and the product was
obtained as a light yellow powder.

‘We thank Dr. R. Schwarz, Degussa A. G., Wolfgang bei
Hanau, Germany, for generous supplies of platinum and
palladium compounds, and the Fonds der Chemischen
Industrie, Frankfurt am Main, Germany, and Deutsche
Forschungsgemeinschaft for support (to J. G.).
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