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Abstract 

The keto-phosphines [Ph,PCH,C(O)($-C,H4)Fe(q5-C,H5)] (L’), [{Ph,PCH,C- 
(0)(v5-C5H4)}2W CL21 ad [{Ph,PCH,C(0)(~5-C,H,)}Fe{(~5-C,H,)C(O)CH, >l 
(L3) were respectively prepared by the reaction of Ph,PCl with the lithium enolates 
derived from acetylferrocene for L’, and-l, l’-bis(acetyl)ferrocene for L2 and L3. 
Ligand L’ crystallizes in the space group Pl with a 8.526(2), b 10.915(3), c 12.822(3) 
& LY 63.75(2), p 69.04(2), y 70.77(2)“, V 978.4 A3 and Z 2. The structure was 
solved and refined to R = 0.034 and R, = 0.042. The C,-rings are eclipsed (3.2” ) 
and the plane of the keto group forms a dihedral angle of 13.1° with the CSH, 
plane. In the complexes cis- and truns-[PdCl,ti*] (c&l and rrans-1), [(o-C,H,CH,- 
NMe,)PdClL’] (2), cis-[PtC1,tiz] (3), and [AuClL’] (4) the phosphine ligand(s) 
behave as P-monodentate( The structure of trans-1 has been determined by X-ray 
diffraction at - 145OC. The complex crystallize? in the monoclinic space group 
P2,/c with a 10.622(7), b 12.647(7), c 15.59(l) A, /3 103.20(6)“, V 2039 A3 and 
Z = 2. The structure was solved and refined to R = 0.037 and R, = 0.053. The 
palladium atom lies on a centre of symmetry and the Pd-P and Pd-Cl bond lengths 
are respectively 2.314(l) and 2.287(l) A. The C,-rings of each ligand are slightly 
staggered (10.5O) and, as for L’, each keto group is almost parallel to the C,H, 
plane (dihedral angle 8.9 “). For the complex [CuL’*)]BF,, NMR and IR solution 
spectroscopy has shown that there is a dynamic exchange between chelating and 
P-monodentate L’. The possibility of using L2 as a binucleating ligand was demon- 
strated by the preparation of the trinuclear complex [{(C,,H,N)PdCl},(~-L2-P, P’)] 
(6). The enolato complexes cis-[F&{Ph,PCH=C(d)($-C,H4)Fe(q5-C,H,)},] (M = 
Pd (7, M = Pt (8)), and [(o-CgH,CHzNM%)Pd{Ph,PCH=C@)($-C,H,)Fe($- 
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C,H,)}] (9) were prepared in high yield by the reaction of NaH with complexes 1,3, 
and 2, respectively. Complex 9 reacts with dimethylacetylenedicarboxylate to yield 
the alkenyl complex [(o-C,H,CH,NMe,)Pd(Ph,PCH[C(0)(~5-C,H,)Fe($- 
C, H, )I(MeO$C~CO, Me>}1 (1% resulting from carbon-carbon coupling be- 
tween the P bound enolate-carbon atom and the alkyne. All the complexes were 
characterized by elemental analysis, and ‘H and ‘iP{ ‘H} NMR and IR spec- 
troscopy. 

Introduction 

Ligands which incorporate both a trivalent phosphorus atom and an anionic 
cyclopentadienide moiety have recently attracted considerable interest [l]. Such 
ligands are important for several reasons. For example they are suitable for the 
construction of polymetallic systems in which the metals are not necessarily linked 
together by direct metal-metal bonds but remain sufficiently close to allow a 
multisite activation of organic substrates or to give rise to a long range metal-metal 
interaction. Furthermore, since metallocenes often display high electron-transfer 
rates, such ligands offer interesting possibilities as systems capable of acting as 
redox catalysts by allowing enhancement of electron transfer properties or by acting 
as electron storage devices. Finally, phosphorus-substituted ferrocenes can be very 
efficient ligands in catalytic chemistry, in particular for those derivatives in which 
chelation may occur via the phosphorus atom and another functional group at- 
tached to the opposite C,-ring [2]. In this paper we describe the synthesis and 
coordination properties of some new &keto phosphines in which the carbonyl group 
is directly attached to a ferrocenyl group. The structure of one of them, namely 
[Ph,PCH,C(O)($-C,H,)Fe($-C,H,)I (L’), as well as that of its palladium(I1) 
complex [ rrans-PdCl 2 I?*] are also described. 

Results and discussion 

A. Synthesis of the new ligan& and of related complexes 
The keto-phosphine L’ was prepared in high yield by the reaction of the lithium 

enolate derived of acetyl ferrocene with diphenylchlorophosphine (eq. 1). It is 
PPh, 

1. LiNPr,’ 

2 P\PCl 

L’ 
noteworthy that under the reaction conditions no O-P coupling occurred. The 
spectroscopic data for L’ are given in the Experimental Section and in Table 1. Its 
molecular geometry has been determined by an X-ray diffraction study (see below). 

The new 1, l’-disubstituted ferrocene with two pendant keto-phosphine groups L* 
was prepared in the same way as L’ by use of 2 equivalents of LiNPr’,; however the 
yield was not as good as that of l_?. One of the characterized by-products is the 
functional phosphine L3 (for details see Experimental). 
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(4) 

(5) 

tht= s 3 
For all three free phosphine ligands described in this work the observed 2J(PH) 

coupling constant is zero. This appears to be a general feature of fl- 
carbonylphosphines of formula Ph,PCH,C(O)R, and was previously encountered 
for Ph,PCH,C(O)Ph and Ph,PCH,C(O)OEt [3a,4]. 

Phosphine L’ readily reacts with [PdCl,(PhCN),], [(c-C,H,CH,NMe,)Pd(p- 
Cl)12, [PtCl,(PhCN),] or [AuCl(tht)] (tht = tetrahydrothiophene) to yield complexes 
1-4, respectively (eq. 2-5). The spectroscopic data for these complexes are given in 
Table 1 and in the Experimental. 

The reaction leading to complex [PdCl,L’,] gives mixtures of the cis and truns 
isomers, as shown by ‘H and 31P ‘H} NMR spectroscopy. The solid state structure ( 
of trans-1 was determined by a X-ray diffraction study (see below). 

The cationic complex [CuLrz]BF, (5) was obtained by reaction of 
[Cu(MeCN),]BF,with 2 equivalents of L’. The presence in the IR spectrum of 5 in 
solution in CH,Cl, of absorption bands at 1650 and 1615 cm-’ indicates the 
presence of two bonding modes for L’, P-monodentate and P,O-chelate. From the 
‘H and 31P{1H} NMR (CD&l,) spectra, however, both ligands appear to be 
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Table 1 

Spectroscopic data of phosphines L’ -L3 and their complexes 

Compound IR (KBr) (cm-‘) 
v(C=O) or 
V(C-0) + V(C=C) 

1642 1632 
1650sh, 
1652,1672 
1654 (~runs) 
1652 
1654 
1638 
1650,1616 d 
1660,165l 
1522 
1530 
1510 
1682, 1653 

‘H NMR, 
6 (ppm) (J(PH)W)) n 
PCH, or PCH 

3.72(O) 
3.45(O) 
3.48(O) 
4.17 c 
4.36(12) 
4.12(13) 
3.95(11) 
3.51 
4.37(10) 
4.24(2) 
4.37(6) 
4.47(2) 
3.53(3.5) and 4.57(14) 

31P(H) NMR, S (ppm) ’ 

5 

L3 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

- - 17.5 19.1 

- 17.6 
12.8 (rruns), 22.6 (cis) 
27.6 

2.9 
22.6 

- 13.7 
26.3 
38.1 
13.1 
32.4 
61.6 

0 Spectra in CDC13 except for L’ (acetone-d,). ’ Spectra in CH,Cl,/C,D, except for L’ (THF/D,O 
ext), 1 and 4 (CDCl,). ’ Overlapping signals. d In CH,Cl,. 

equivalent in the temperature range - 80 to 25OC, suggesting a rapid exchange 
between them around a tricoordinate metal centre: 

Phz 1+ 

Z 

Obviously L* should be suitable for complexation of two metal centers, and the 
trinuclear complex 6 was indeed isolated in 87% yield when L2 was treated with 1 
equivalent of [(C,,H,N)Pd@-Cl)], (eq. 6). 
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In view of the considerable interest in polynuclear ferrocenyl-based complexes 
[5], further studies are planned with this and related binucleating bridging ligands. 

B. Enolato Complexes. 
The transformation of coordinated I_? into the corresponding enolate (Q)- was 

performed by treating complexes [MCl,L’,] (M = Pd, 1 or M = Pt, 3) or [(o- 
C,H,CH2NMe,)PdC1L’] (2) with NaH (eq. 7, 8). 

Ph Ph Ph Ph 
\’ \I; 

MCI,L’, 

M =Pd,l 

M = PL, 3 

Me2 

2 

2 NaH 
F 

THF 

THF - P ,-, ‘\_y” 

lP I N/pd\, 
Mea 

% 

FO 

9 

(7) 

(8) 

Characteristic features of these complexes include: (i) the presence in the IR 
spectrum of v(C-0) + v(C=C) bands in the region 1500-1530 cm-’ typical for 
O-coordinated enolates; (ii) the presence in the ‘H NMR spectra of 7 and 8 of a 
PCH doublet indicative of a cis arrangement. 

We have shown previously that enolates of the type [Ph,PCH=C(O)R]- can act 
as P,O chelates towards transition metal ions to form stable complexes which react 
with electrophihc species such as the heterocumulenes CO, [3] or ArNCO [6]. Such 
reactions proceed by carbon-carbon bond formation and are therefore particularly 
relevant to the activation of these heterocumulenes and to the metal-assisted 
generation of new polyfunctional ligands. As an extension of this reaction we have 
now found that complex 9 reacts with dimethylacetylenedicarboxylate 
(MeO,CC=CCO,Me, DMAD) to yield the alkyne coupling product 10 (eq. 9). 

(9) 

This reaction generates a chiral carbon atom in the position cy to the phosphorus 
atom, and as a consequence of this both N-CH, groups as well as both NCH 
protons as diastereotopic; for the same reason all the protons of the C,H, ring 
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Fig. 1. Part of the ‘H NMR (CDC13) spectrum of complex 10. 
3.‘0 

display different chemical shifts (ABCD spin system (see ‘H NMR spectrum, Fig. 
1). Interestingly this reaction illustrates that the carbon atom in position cy to the 
phosphorus atom of the enolato complex 9 has strong carbanionic character even 
though the complex is air-stable in the solid state. 

Description of the structure of L’ 
An ORTEP drawing of this molecule is shown in Fig. 2. Selected bond distances 

and angles are given in Table 2. The ferrocenyl moiety is very similar to that in 
other monosubstituted ferrocene deriv&es: the rings are planar and parallel to 
each other within experimental error, and the CCC angles in the two Cs rings range 
from 107.3(3) to 109.1(3)” and the C-C distances from l-398(5) to l-436(5) A. 
These values are unexceptional. The Fe-C distances to the C5 rings range from 

c9 

Fig. 2. ORTEP view of L’ 
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Table 2 

Selected interatomic distances (A) and angles (deg) in L.’ and ~nm.s-1 

ti tram 1 

P-C(l) 1.833(d) 1.819(4) 
P-C(7) 1.833(3) 1.816(5) 
P-C(13) 1.849(3) 1.824(5) 
c(13)-W4) 1.504(5) l-518(6) 
c(14)-0 1.221(4) 1.207(6) 
C(14)-C(15) 1.459(4) 1.458(6) 
C(15)-C(19) 1.435(5) 1.420(7) 
c(17WW8) 1.410(5) 1.411(7) 
C(21)-C(22) 1.401(5) 1.399(8) 
c(22m23) l/405(6) 1.406(8) 
C(23)-C(24) 1.407(6) 1.408(8) 
Pd-P 2.314(l) 
Pd-Cl 2.287(l) 

C(7)-P-x(13) 103.5(2) 107.6(2) 
C(l)-P-C(13) 97.6(l) 100.2(2) 
C(l)-P-C(7) 100.2(2) 100.9(2) 
P-C(13)-c(14) 113.6(2) 116.q3) 
C(13)-C(14)-0 120.8(3) 120.3(4) 
o-C(14)-C(15) 121.6(3) 123.8(4) 

2.018(3) to 2.050(4) A, and are also in agreement with those for other ferrocenyl- 
containing complexes. The cyclopentadienyl rings are almost perfectly ecbpsed 
(eclipse angle: 3.2”). The relatively short C(14)-C(15) distance (1.459(4) A, vs. 
1.5045) for C(13-C(14)) suggests that the carbonyl group is conjugated with the 
functionalized C,-ring, and this is consistent with the angle of only 13.1” between 
this C,-ring and the 0-c(14)-C(13) plane. The geometry around the phosphorus 

Fig. 3. ORTEP view of trans-PdClzL’z. 
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atom corresponds to that of a somewhat compressed tetrahedron (the angles 
between the substituents are respectively C(l)-P-C(7) 100.2(2), C(l)-P-C(13) 
97.6(l), C(7)-P-C(13) 103.5(2)) but this is not unusual, and has been observed for 
other aryl substituted phosphines. 

Description of the structure of tram-[PdCI,L’,] (3) 
An ORTEP drawing of this molecule is shown in Fig. 3. Selected bond distances 

and angles are given in Table 2 for comparison with those found for free L?. This 
complex has a tram geometry, the metal atom lying on a crystallographic centre of 
symmetry. The distances and angles within this molecule are normal. The cyclo- 
pentadienyl moieties of the coordinated ligands are slightly staggered (10.5 o ). The 
keto group of each ligand is, as in the free phosphine, almost in perfect conjugation 
with the C,H, ring (the dihedral angle between the C, ring and the OC(14)C(15) 
plane is 8.9”). 

Conclusion 

The formation of P-C coupling products is observed when the lithium enolates 
derived from acetyl and diacetylferrocene react with Ph,PCl, and this extends the 
previously reported reactions of enolates acting as C-nucleophiles towards chloro- 
phosphines. This allows the synthesis of a new class of /3-keto ferrocenyl phos- 
phines. These can readily be converted into coordinated phosphino enolates having 
a P,O bonding mode by reaction of chloro complexes of the related phosphines with 
NaH. All the enolate complexes described in the account are air-stable in the solid 
state. One of them, [(o-C,H,CH,NMe,)Pd{Ph,PCH=C(O)($-C,H4)Fe(q5- 
C,H,)}] (9), reacts regioselectively with MeO,CC&CO,Me to yield the palladium 
complex 10, which results from a nucleophilic attack by the carbon atom of the 
enolate on one of the alkyne carbon atoms, with formation of a chelating phos- 
phinoalkenyl three electron donor ligand containing also a chiral carbon atom. We 
are currently examining the possibility of “inserting” other organic substrates into 
this masked metal-carbon bond. 

Experimental 

General procedures 
The preparations and manipulation of all compounds were carried out by use of 

standard techniques and equipment (Schlenk flasks, etc.) for handling air- and 
moisture-sensitive materials, as previously described [3]. Acetyl- and diacetyl-ferro- 
cene [7] and [(C -?@Pd(p-Cl)], (where CH - N = dimethylbenzylamine [B], and 
8-methylquinoline [9]) and [Cu(MeCN),](BF,) [IO] were made by standard proce- 
dures. Dimethylacetylene dicarboxylate, from Aldrich, was degassed by bubbling 
nitrogen through it and used without further purification. Chemical shifts are in 
ppm, and coupling constants in Hz. A positive sign denotes a value downfield from 
the reference (SiMe, or H,PO,). 

~~p~,p~H~~~~~~rls-~sH~~}Fe~~5-~5HsU PI) 
A 1.6 M hexane solution of n-C,H,Li (4.9 ml, 7.9 mmol) was added dropwise to 

a solution of dry diisopropylamine (0.810 g, 8.0 mmol) in Et,0 (20 ml) at - 78” C. 
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The mixture was than stirred for 0.5 h and a solution of acetylferrocene (1.802 g, 
7.90 mmol) in Et,0 (30 ml) was subsequently added dropwise in 3 min with the 
temperature kept at - 78 o C. After 1 h stirring of the mixture a solution of Ph,PCl 
(1.743 g, 7.9 mmol) in Et,0 (20 ml) was added slowly. The temperature was then 
raised, and a brick-red precipitate gradually appeared. The mixture was stirred for 3 
h at room temperature and the solvent then removed in vacua. The residue was 
treated with toluene and the resulting suspension was filtered to remove LiCl. 
Cooling of the toluene solution afforded brick-red crystals of L1 (2.996 g, 92%) (m.p. 
142-143”(Z). Anal. Found: C, 69.87; H, 5.21. C,,H,,FeOP (M,= 412.25) c&d.: C, 
69.92; H, 5.13%. IR(KBr): 1642 s (Y(CO)) cm-‘. ‘H NMR (acetone-d,): 6 3.72 (s, 
2H, PCH,), 4.20 (s, 5H, C,H,), 4.54 and 4.85 (two t, AA’BB’ spin system, 4H, 
C,H,), 7.37-7.57 (lOH, aromatic H). 31P{ ‘H} NMR (THF/D,O ext.): S - 19.1 (s). 

r{Ph2PCH,C(u)(~5-C5H,)) AW CL’) and [{Ph,PCH2C(0)(q5-C,H,))Fe{(~5-C, 
H,)C(~)CH,ll (L3) 

A 1.6 M hexane solution of n-C,H,Li (11.6 ml, 18.5 mmol) was added dropwise 
to a solution of dry diisopropylamine (1.860 g, 18.5 mmol) in THF (40 ml) at 
- 78 * C. After 0.5 h stirring, a solution of diacetylferrocene (2.500 g, 9.2 mmol) in 
THF (30 ml) was slowly added within 15 min at - 78” C. The mixture was stirred 
for 2 h at - 78” C then a cold (ca. - 20 o C) solution of Ph,PC1(4.080 g, 18.5 mmol) 
in THF (30 ml) was slowly added via a cannula. The temperature was then raised 
gradually and the solution stirred for 12 h at room temperature. The solvent was 
removed in vacua, the brown residue was treated with toluene (40 ml), and the 
resulting suspension was filtered through Celite. The filtered solution was evaporated 
to dryness in the presence of 3 g of Kieselgel (Kieselgel 60, Merck). The resulting 
powder was then transferred to a chromatography column containing 400 g of 
Kieselgel. The column was first eluted with mixtures of AcOEt/cyclohexane 
(3/97-7.5/92.5 v/v) in order to remove some minor products (ca. 0.400 g) which 
were not identified. Then the red-brown compound L2 (1.620 g) was obtained by 
elution with a mixture of ethyl acetate/cyclohexane (lo/90 v/v), and the orange 
compound L3 (1.210 g) by elution with ethyl acetate/cyclohexane (25/75 v/v). 

Compound L2 (m.p. 112-114” C). Anal. Found: C, 71.82; H, 5.52. C,,H,,FeO,P, 
(Mr = 638.47) calcd.: C, 71.49; H, 5.05%. IR (KBr): 1650 sh, 1632 vs cm-‘. ‘H 
NMR (CDCl,): S 3.45 (s, 4H, PCH,), 4.40 and 4.69 (two s, AA’BB’ spin system, 
8H), 7.32-7.46 (20H, aromatic H). 31P{ ‘H} NMR (CH,Cl,/C,D,): - 17.5 (s). MS 
(CI,‘CH,): 639 ((M + H)+). 

Compound L3 (m.p. 94-96” C). Anal. Found: C, 68.68; H, 5.06. C2,H2,Fe02P 
(M, = 454.29) calcd.: C, 68.74; H, 5.10%. IR (KBr): 1672 vs, 1652 vs. cm-‘. ‘H 
NMR (CDCl,): 6 2.29 (s, 3H, CH,), 3.48 (s, 2H, PCH,), 4.42 and 4.69 (two s, 
AA’BB’ spin system, C,H,), 4.47 and 4.75 (two s br, AA’BB’ spin system, 
7.34-7.48 (lOH, aromatic H). 31P{1H} NMR (CH,Cl,/C,D,): S - 17.6 (s). MS 
(CI/CH,): 455 ((M + H)+). 

To a solution of [PdCl,(PhCN),] (0.153 g, 0.40 mmol) in CH,Cl, (15 ml) was 
added a solution of L1 (0.3jO g, 0.80 mmol) in CH,Cl, (15 ml)_ The mixture first 
became dark red then rapidly turned to red-orange. After 0.5 h stirring the solvent 
was removed in vacua. The residue was then recrystallized from CH,Cl,/pentane, 
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affording red crystals of 1 (0.330 g, 82%). Anal. Found: C, 57.51; H, 4.21%. 
C,,H,,C12Fe202P2Pd (Mr= 1001.83) calcd.: C, 57.55; H, 4.23%. IR (KBr, trans 
isomer): 1654 s br (v(C0)) cm-‘. Irrespective of the mode of formation of this 
complex, the solution spectra always revealed the presence of the cis and truns 
isomers. ‘H NMR (CDCl,): S 4.05 (s, C,H,, first isomer), 4.16 (s, C,H,, second 
isomer), 4.17 (overlapping signals due to PCH,), 4.37 and 4.61 (two t, AA’BB’ spin 
system, C,H, of first isomer), 4.47 and 4.71 (two s br, AA’BB’ spin system, C,H, of 
second isomer), 7.16-7.87 (aromatic H). 31P(1H)} NMR (CDCl,): S 12.8 (s, cruns 
isomer), 22.6 (s br, cis isomer). 

To a solution of [(o-C,H,CH,NMe,)Pd(p-Cl)], (0.980 g, 1.78 mmol) in THF 
(30 ml) was added a solution of L’ (1.465 g, 3.55 mmol) in THF (15 ml). After 15 
min stirring, the solution was concentrated to ca. 15 ml and the product was 
precipitated with pentane (ca. 100 ml). Recrystallization from THF/pentane gave 2 
as a pale orange powder (2.080 g, 85%) (m.p. 165-166 o C, dec). Anal. Found: C, 
59.06; H, 5.06; N, 2.09. C,,H,,ClNFeOPPd (M, = 688.31) calcd.: C, 57.52; H, 
4.83; N, 2.03%. IR (KBr): 1660 sh, 1652 s (v(C0)) cm-‘. lH NMR (CDC13): S 2.82 
(d, 6H, NMe,, 4J(PH) 2 Hz), 4.04 (signal overlapping with Cp, NCH,), 4.06 (s, 5H, 
C,H,), 4.36 (d, 2H, PCH,, 2J(PH) 12 Hz), 4.38 and 4.73 (two s, AA’BB’ spin 
system, 4H), 6.33-7.93 (14H, aromatic H). 31P{ IH} NMR (CH,Cl,/C,D,): S 27.6 
(s). 

cis-[PtCI, {Ph, PCH,C(O)($-C, H,)Fe($-C, H,)} J (3) 
A mixture of L’ (0.410 g, 0.99 mmol) and [PtCl,(PhCN),] (0.235 g, 0.50 mmol) in 

toluene (30 ml) was refluxed for 5 min. The clear solution was then concentrated to 
ca. 10 ml and the orange precipitate formed was filtered off, washed with pentane, 
and was recrystallized from CH,Cl,/pentane (0.436 g, 80%) (m.p. 168-170” C). 
Anal. Found: C, 52.61; H, 3.99%. C,sH4,C1,Fe202P2Pt (M,= 1090.50) calcd.: C, 
52.87; H, 3.89%. IR (KBr): 1654 vs (Y(CO)) cm-‘. ‘H NMR(CDC1,): S 4.11 (s, 
lOH, Cp), ca. 4.12 (d, 4H, PCH,, 2J(PH) ca. 13 Hz (estimated because overlapping 
with Cp signal), 4.43 and 4.64 (two t, AA’BB’ spin system, 8H, C,H,), 7.11-7.58 
(20H, aromatic H). 31P{1H} NMR (CH,Cl,/C,D,): 6 2.9 (s with Pt satellites, 
J(PPt) 3770 Hz). 

[AuCl{Ph,PCH~C(0)(~s-C5H~)Fe(~5-C,H,) (4) 
[AuCl(tht)] (0.155 g, 0.48 mmol) was treated with L’ (0.200 g, 0.48 mmol) in THF 

(35 ml). After 2 h stirring, the solution was concentrated and the product precipi- 
tated with pentane. Recrystallization from CH,Cl,/pentane gave 4 as orange 
microcrystals (0.248 g, 80%) (m.p. 203-204”C, dec). Anal. Found: C, 44.79; H, 
3.33. C,,H,,AuClFeOP. (M, = 644.67) calcd.: C, 44.71; H, 3.28%. IR (KBr): 1638 s 
@(CO)) cm -‘. ‘H NMR (CDCl,): S 3.95 (d, 2H, PCH,, 2J(PH) 11 Hz), 4.16 (s, 5H, 
C,H,), 4.55 and 4.74 (two t, AA’BB’ spin system, 4H, C,H,), 7.43-7.74 (12H, 
aromatic H). 31P{iH} NMR (CDCl,): 22.6 (s). 

~Cu{Ph~PCH,C~O)(~‘-C5H,)Fef~5-CsH5))21 W’d (5) 
A solution of L’- (0.160 g, 0.39 mmol) in CH,Cl, (5 ml) was added to a solution 

of [Cu(MeCN),](BF,) (0.061 g, 0.19 mmol) in CH,Cl, (5 ml). After 1 h stirring the 
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red solution was concentrated and the product was precipitated with pentane. 
Recrystallization from CH,Cl,/pentane gave 5 as carmine red microcrystals (0.150 
g, 77%). Anal. Found: C, 57.55; H, 4.40. C,,H,,BCuF,Fe,O,P, - 0.5 CH,Cl, 
(Mr = 1017.32) calcd.: C, 57.85; H, 4.26%. IR (CH,Cl,): 1650 s, 1616 m cm-‘. ‘H 
NMR (CDCI,): S 3.51 (s br, 4H, PCH,), 3.95 (s, lOH, C,H,), 4.41 and 4.62 (two s 
br, 8H, C5H,), 7.15-7.33 (20 H, aromatic H). 31P{1H} NMR (CH,Cl,/C,D,, 
25OC): 6 -13.7 (s). 

To a solution of [C,,H,N)Pd(@Zl)], (0.213 g, 0.37 mmol) in CH,Cl, (10 ml) 
was added a solution of L2 (0.240 g, 0.38 mmol) in CH,Cl, (10 ml). After 15 min 
stirring the solution was filtered and the solvent removed in vacua. Recrystallization 
from CH,Cl,/pentane gave 6 as an orange-brown powder (0.388 g, 87%) (m.p. ca. 
165°C). Anal. Found: C, 57.16; H, 3.75. C,,H,,Cl,FeN,O,P,Pd, (M,. = 1206.53) 
calcd.: C, 57.74; H, 4.01; N: 2.32%. IR (KBr): 1660 s (v(CO)), 1651 s (u(C0)) 
cm-‘. ‘H NMR (CDCl,): 6 2.86 (d, 4H, CH,Pd, 3J(PH) 3 Hz), 4.37 (d, 4H, PCH,, 
‘J(PH) 10 Hz), 4.43 and 4.66 (two signals, AA’BB’ spin system, 8H, C,H,), 
7.30-9.61 (32H, aromatic H). 31P{ ‘H}NMR (CH,Cl,,‘C,D,): 6 26.3 (s). 

cis-[Pd{Ph,PCH=C(0)(~s-CsH4)Fe(~5-CsHs)}2] (7) 
A THF (35 ml) solution of [PdCl,(SEt,),] (0.114 g, 0.32 mmol) and L’ (0.263 g; 

0.64 mmol) was stirred with NaH (ca. 0.016 g; 0.66 mmol). After 12 h, a microcrys- 
talline precipitate had formed. The iridescent suspension was filtered, and the 
orange precipitate recrystallized from CH,Cl,/pentane to afford 7 as an orange 
powder (0.282 g, 95%) (mp > 230°C). Anal. Found: C, 60.23; H, 4.41. 
C,,H,Fe,O,P,Pd - 0.5 CH,Cl, (Mr= 971.36) calcd.: C, 59.97; H, 4.25%_ IR 
(KBr): 1522 s (v(C-0) + v(C=C)) cm-‘. ’ H NMR (CD,Cl,): S 4.17 (s, 10 H, 
C,H,), 4.24 (d, 2H, PCH, 2J(PH) 2 Hz), 4.30 and 4.71 (two t, AA’BB’ spin system, 
8H, C5H4), 7.07-7.40 (24H, aromatic H). 31P{1H} NMR (CD,C12): 6 38.1 (s). 

[~t{Ph,PCH=C(b)(~s-CsH,)Fe(q5-C5H,)},] (8) 
A solution of complex 3 (0.410 g, 0.38 mmol) in THF (50 ml) was stirred with 

NaH (0.019 g, 0.8 mmol) for 15 h. The iridescent suspension was then filtered, and 
the precipitate was washed with water then dried in vacua. Recrystallization from 
CH,Cl,/pentane gave a pale orange powder (0.340 g, 85%) (m-p. > 230 o C). Anal. 
Found: C, 55.15; H, 4.23. C,,H,Fe,O,P,Pt - 0.5 CH,Cl, (M, = 1055.03) calcd.: C, 
55.21; H, 3.91%. IR (KBr): 1530 s (v(C-0) + v(C=C)). ‘H NMR (CDCl,): 6 4.14 
(s, lOH, C,H,), 4.24 and 4.74 (two t, AA’BB’ spin system, SH, C,H,), 4.37 (d with 
Pt satellites, 2H, PCH, *J(PH) 6 Hz, 3J(PtH) = 32 Hz), 7.01-7.38 (20 H, aromatic 
H). 31P{1H} NMR (CH,Cl,/C,D,): S 13.1 ( s with Pt satellites, J(PPt) 3528 Hz). 

~(O-~~H~CH*NM~,)P~~P~,PCH=C(~)(~’-C~H~)F~(~~-C~H~)~] (9) 
A solution of complex 2 (0.932 g, 1.35 mmol) in THF (20 ml) was stirred with 

NaH (0.033 g, 0.37 mmol) for 15 h. The turbid mixture was then concentrated to 
half volume and pentane was added. The product and NaCl were filtered off on a 
glass frit, washed with pentane and dried. Complex 9 was then dissolved in toluene 
from the frit and the solution passed directly into another Schlenk flask. Addition of 
pentane to the toluene solution afforded 9 as a pale orange powder (0.696 g, 78%) 
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169-170’ C). Anal. Found: C, 59.18; H, 4.94; N, 1.68. C39H38NFe05PPd calcd.: C, 
59.00; H, 4.82; N, 1.76%. IR (KBr): 1682 vs, 1653 s cm-‘. ‘H NMR (CDCI,): 6 
2.63 (d, 3H, NMe, 4J(PH) 1.4 Hz), 3.03 (d, 3H, NMe, 4J(PH) 3 Hz), S, 4.57 and S, 
3.53 (ABX spin system (X = P), 2H, NCH,, *J(AB) 14 Hz, 4J(PA) 0 Hz, 4J(PB) 3.5 
Hz), 3.64 (s, 3H, OMe), 3.67 (s, 3H, OMe), 4.01 (s, 5H, C,H,), 4.22 (m, 1H of 
C,H,), 4.29 (m, 1H of C,H,), 4.39 (m, 1H of CSH4), 4.85 (m, 1H of C,H,) 5.48 (d, 
lH, PCH, 2J(PH) 14 Hz), 6.45-8.13 (14 H, aromatic H). 31P{1H} NMR (CH,Cl,/ 
C,D,): 6 61.6 (s). 

Crystal structure determination of L’ 
Single crystals of I? (red prisms with hexagonal shape) were obtained by cooling 

a toluene solution. Cell constants and other pertinent data are listed in Table 3. 
Data collection was at room temperature (23 $- 2” C). Precise lattice parameters 
were determined by standard Enraf-Nonius least-squares methods using 25 care- 
fully selected reflections. Intensity data were collected on an automatic four-circle 
diffractometer. No intensity decay was observed during the data collection period. 

Table 5 

Positional parameters and their estimated standard deviations for irans-PdClztiz 

Atom x Y z B(iiz) a 

Pd 
Fe 
Cl 
P 
0 
Cl 
c2 
c3 
c4 
c5 
(36 
c7 
C8 
c9 
Cl0 
Cl1 
Cl2 
Cl3 
Cl4 
Cl5 
Cl6 
Cl7 
Cl8 
Cl9 
c20 
c21 
c22 
C23 
C24 

0.000 
0.34607(7) 

-0.0148(l) 
-0.0684(l) 

0.2129(3) 
- 0.2297(4) 
- 0.2898(5) 
- 0.4106(5) 
- 0.4744(5) 
- 0.414q5) 
- 0.2937(5) 
- 0.0878(5) 
-0.0118(5) 
- 0.0378(6) 
- 0.1343(6) 
- 0.2059(6) 
- 0.1829(5) 

0.0224(5) 
0.167q5) 
0.2424(5) 
0.3793(5) 
0.416q5) 
0.3073(5) 
0.201 l(5) 
0.3423(6) 
0.4710(5) 
0.4847(6) 
0.3646(6) 
0.2763(6) 

0.000 
0.15891(5) 
0.0385(l) 
0.1674(l) 
0.2242(3) 
0.1653(4) 
0.0707(4) 
0.0706(4) 
0.1645(4) 
O-2595(4) 
0.2602(4) 
0.2682(4) 
0.3583(4) 
0.4344(4) 
0.4199(5) 
0.3281(5) 
0.2531(4) 
0.2259(4) 
0.2369(4) 
0.2663(4) 
0.2923(4) 
0.308q4) 
0.2915(4) 
0.2659(4) 
0.0139(4) 
0.0439(4) 
0.0603(4) 
0.0405(5) 
0.01 lo(4) 

0.000 
0.31200(5) 

-0.14532(S) 
0.02858(S) 
0.0765(2) 
0.0501(3) 
O&27(3) 
0.0800(4) 
0.08X(3) 
0.0744(3) 
O-0567(3) 

- 0.0563(3) 
- 0.0489(4) 
-0.1148(4) 
- 0.1894(4) 
- 0.1984(4) 
- 0.1325(4) 

0.1311(3) 
0.1398(3) 
0.2269(4) 
0.2479(3) 
0.3404(4) 
0.376q4) 
0.3074(3) 
0.2522(4) 
0.2896(4) 
0.3800(4) 
0.4003(4) 
0.3221(4) 

1.292(9) 
1.63(l) 
1.98(2) 
1.35(2) 
2.39(X) 
1.48(9) 
1.9(l) 
2.2(l) 
1.8(l) 
1.9(l) 
1.8(l) 
1.6(l) 
2.1(l) 
2.7(l) 
2.8(l) 
2.8(l) 

2.20) 
1*7(l) 
1.51(9) 
1.9(l) 
1.8(l) 
2.1(l) 
2.1(l) 
1.8(l) 
2.6(l) 
2.5(l) 
2.7(l) 
2.8( 1) 
2.6( 1) 

o Anisotropic parameters are given in the form of the isotropic equivalent displacement parameter 

defined as $[ a’&, + b2#?2T2 + C’S,,, + ub(cos y) X &2 + uc(cos 8) X l&,3 + b4-s a> X 82.31. 
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For all subsequent computations the Enraf-Nonius SDP package was used [ll]. 
Intensities were corrected for Lorentz polarization factors. Absorption corrections 
were omitted in view of the low linear absorption coefficient. The crystal structure 
was solved by using the MULTAN [12] program and refined by full-matrix 
least-squares with anisotropic thermal parameters for all non-hydrogen atoms. The 
function minimized was c( w 1 F, I- 1 F, I)*, where the weight w is [l/4( u *( 1)/I + 
(0.051)*/1)]-‘. Hydrogen atoms were placed at their calculated positions (C-H 
distance 0.95 A) for structure factor calculations and were assigned isotropic 
thermal parameters of B 5.0 A*. The neutral-atom scattering factors used for all 
atoms and anomalous scattering factors for all non-hydrogen atoms were obtained 
from standard source. The results of refinements are given in Table 3. Atomic 
coordinates with estimated standard deviations corresponding to the final least- 
squares refinement cycles are given in Table 4. Hydrogen atom coordinates, aniso- 
tropic thermal parameters for all non-hydrogen atoms, a complete list of bond 
distances and angles, a list of angles between selected planes, and lists of observed 
and calculated structure factors are available from the authors. 

Cgwtal structure determination of trarwPdC1,L.‘, 
Single red parallelepipeds of trans-PdCl *I_?* (tram-l) were obtained by slow 

diffusion of pentane into a CH,Cl, solution of the complex. Data collection’was 
performed at - 145” C to avoid the intensity decay otherwise observed [13]. The 
structure was solved by using the Patterson and Fourier difference methods and 
refined as for L’. The weighting scheme was [1/4(a*( I)/1 + (0.071)*/1)]-‘. Hydro- 
gen atoms were placed at calculated positions (C-H 0.95 A) in the structure factor 
calculations and were assigned isotropic thermal parameters of B 3.0 A2. The results 
of refinement are given in Table 3, and atomic coordinates in Table 5. All other data 
are available on request from the authors. 
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