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Summary: Transfer of a functionalized cyclopentadienyl ring Scheme 1

under mild conditions is achied. Treating a palladium

P, P, H,0

dichloride complex with 1/4bis(diethylphosphonito)ferrocene,  re  ‘pag, 90T MeON ? N doing
[Fe{n>CsH4P(OEt)} .PdCL] (1), with silver triflate gives the P CHLCl @_P/ Mo CHLChR
dicationic complex [FE7°-CsH4P(OEt)} ,Pd(H0),](OTf)2 (2). 1 2
Unexpectedly, crystals grown fro2rin anhydrous CHCI/Et,O
appear to be the hexanuclear complex{Fe«2-CsH4P(OEtY} - p_©—|“+
P 1t-17% 1c-CsH4P (OEt} P 1175 k- (EtO P CsHa} 1 2(OTF) (3), @;F,d/ Fe
a product of cyclopentadienyl transfer from iron to palladium. b \:@
The mechanism of the rearrangement is discussed. ?— Npgt

Cyclopentadienyl ring transfer reactions from one transition <R " Pé
metal to another have been known for a long time and described Fe /Pd“@ s
in reviews! However, substitution of cyclopentadienyl rings in r

ferrocene is rather difficult, and a few examples reported of
this reaction required high temperatures. Thermal substitution

of the Cp ligand with arenes in the presence of Al&@id Al is

the most investigated exampid@he cyclopentadienyl ligands Interestingly, when dried2 does not contain acetonitrile
of ferrocene can also be transferred to other metals. Heating ofjigands, in contrast to the analogous cationic palladium com-
ferrocene with anhydrous RuCat 250 °C for several days  plexes with 1,%bis(diarylphosphino)ferrocenésinstead, ac-

yielded ruthenocenDouble cyclopentadieny! ring transfer has  cording to elemental analysis palladium coordinates two mol-
been also observed for rhenium and technetium when ferroceneacyles of water. Perhaps acetonitrile ligands initially form a

and metal carbonyls were heated with WMGsalts (M= Tc,
Re) under reductive conditiodsThus, employing BrMn(CQ)
as the starting carbonyl substrate and Jc€alt gave a mixture

weakly bound complex with palladium and decoordinate upon
drying under vacuum, and subsequent exposure to air gives the
diaqua complex.

of two complexes, [M¢>CsHaR)(COYl (M = Mn, Tc)* According to the NMR spectra the Cp rings in the complex
Generally Cp ring transfer reactions occur under severe condi-[Fg{ 5-CgH,P(OEtY} ,Pd(H0)](OTH)2 (2) are equivalent31P-

tions and have been used so far only for nonfunctionalized Cp {11y} NMR features a singlet at 111.39;'H NMR shows two
ligands. Here we report a facile transfer of Cp rings from the gignals of pairwise-equivalent Cp protonsdag.70 and 5.09,
1,1-bis(diethylphosphonito)ferrocene moiety to palladium, which g 13C{1H} NMR shows three Cp carbon signalséa?3.30,
occurs under mild conditions, at room temperature, and in @ 74,04, and 74.76. The ethoxyl groups at the phosphorus atoms
noncoordinating solvent. give rise inH NMR to a triplet atd 1.42 and a multiplet ab

The dicationic palladium compleXis prepared by treatment 4,31, corresponding to the methyl group and the magnetically
of the corresponding palladium dichloride diphosphane complex inequivalent CH protons, respectively, and #C{H} NMR
1°> with silver triflate in the presence of acetonitrile (Scheme 1o a singlet a® 15.77 (Me) and a doublet @ 66.97 (CH).

18 An attempt to grow crystals ¢f by slow diffusion of diethyl
ether into a solution o in CH,Cl, under argon at room
temperature yielded the new compl&quantitatively, which
differs from 2 in its color and solubility (Scheme #)It is
important that the presence of water inhibits the formation of
3; dissolving2 in wet CD,Cl, did not show even traces &
after several days.

The3P{1H} NMR spectrum of3 consists of one singlet at
142.6 and two doublets @t 119.0 and 123.2, with integrated
intensities of 2:1:1, implying the presence of three different
phosphonite ligands. Most likely this corresponds to a structure
with two different palladium atoms, where one Pd coordinates
to two equivalent phosphorus atoms and another one is bound
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Figure 1. General view of catior with the representation of atoms by the thermal ellipsoids at the 50% probability level. Selected bond
lengths (A): Pd(1)3P(1) = 2.216(1), Pd(1}P(2) = 2.229(1), Pd(1}C(23), Pd(1}-C(Cp) = 2.267(5)-2.350(5), Pd(1}Cprent= 1.979,
Fe(1)-C(Cp) = 2.004(6)-2.048(6), Fe(1)yCpeent = 1.629-1.633, Pd(2)P(4) = 2.218(1), Pd(2yP(3) = 2.219(1), Pd(2}C(Cp) =
2.287(5)-2.356(5). Selected bond angles (deg): P®Y(1)-P(2) = 91.21(5), P(4)Pd(2)-P(3) = 95.55(5).

to two different phosphorus atoms. In tHd NMR spectrum moieties. Each of the four palladium atoms is coordinated to
three different signals from methyl groups of P(OHI;), arise one cyclopentadienyl group and to two phosphonite groups; two
ato 1.34, 1.38, and 1.46 with the integrated intensities of 2:1: terminal palladium atoms are also capped with bis(phosphonito)-
1, while methylenic protons produce five signal®&.94, 3.99, ferrocene ligands. The distancesRgp(center) (1.974 and
4.11, 4.40, and 4.44 with the integrated intensities of 1:2:1:1:1. 1.979 A) and Pe-P (2.216-2.229 A) are slightly shorter than
The two signals ab 4.46 and 4.78 apparently belong to the Cp for other palladium-cyclopentadienyl complexes with alkyl-
protons of the ferrocene moiety, whereas the broadened signalsand aryl-substituted phosphanes [fFaCsHs)(PRs)2] ™ (1.986-
at 0 6.18, 6.30, and 6.53 (integrated intensities of 1:2:1) 1.988 and 2.2242.225 A, respectively, for PdCp(center) and
correspond to the protons of the Cp rings coordinated to Pd—P)1° probably due to the electron-withdrawing character
palladium. Unfortunately, we were not able to obtain f@- of the P(OEt) group. This complex exhibits a rare combination
{H} NMR spectrum of3, due to its low solubility. of a small P(1}Pd(1)-P(2) bite angle (91.21(5) A) and a
Finally, the structure o8 was determined by X-ray crystal-  staggered conformation of Cp rings in the ferrocene moiety (the
lography (Figure 1§.Complex3is centrosymmetric and consists  dihedral angle P(BC(1)—C(6)—P(2) is 2).57
of four palladium atoms bonded to Cp rings and two ferrocene  Obviously, complexd formed as a result of cyclopentadienyl
- . — ) ring transfer from iron to palladium, but surprisingly, it happened
of ﬁGZoS,'z'Eegr,trg,'itleé?ﬁ)g;nofgcﬂr?fg m‘;‘/&dedg,‘\jl "("(')tgsrtr']r[')”agti"%%g'f’“o” under very mild conditions. We suppose that the reaction starts
The mixture was warmed to room temperature and then was stirred With the relatively easy decoordination of the solvate ligands
G D Toe o ins e g o . (LGP O PAMOROTD: (@) resuling o
filtrate was concezntrated t6 5 mL, and then 40 mL ojCEt/?/as addéd, generation of thf dicationic 12-elec_tr_on spemes{ﬂf’e
which resulted in a brown precipitate. It was filtered off, washed witOEt CsH4P(OEtp} PdF* (4). Ther_‘ electrophilic attack o# O_n a
and dried under vacuum. Yield & 0.29 g (82%). The product is Cp ring of the ferrocene moiety & leads to a weakening of
hygroscopic. Anal. Calcd for £Has sFeQoP,PdS-2H,0: C, 27.71; H, the Fe-Cp bond and, further, to transfer of the Cp ligand to
?:ZZH?“O@H,\%)ZAE |-(|msgz||-| g'\égv(lg)?i% (Et,lfj,(téﬁiHj ‘L'Hl; th_e palladium gtom (Scheme 2). Fina}lly, the iron(ll) atom is
Hz); 5.09 (s, 4H, GH.). 31P{1H} NMR (CDCl): ¢ 111.4 (s).13C{'H} eliminated to gives, and subsequent slippage of the palladium
mM)R;ggoC%c)j:Ué 15.235 (1$HO_CH\A?:);)§E;.277éd(,tZgEC =_?g% I|-|_|zZ /)()Dgl-%-_ atom from the phosphorus atom to the Cp ring yieédda/hich
74‘3_0'4 (t.2hc = i Hz,d—Cp?flrl)Z({.4p(d,1Jc'F 257e Hz, CESOY. p) undergoes dimerization to produce the hexanuclear con®plex
(7) (a) Gusev, O. V.; Kalsin, A. M.; Peterleitner, M. G.; Petrovskii, P. Two notes are in order. (1) The dimerization ®fis less
V.; Lyssenko, K. A.; Akhmedov, N. G.; Bianchini, C., Oberhauser, W.;  probable than that o8, because it results in a number of side
reactions of the cyclopentadienyl anion and some oligomeric
products should form, wherea® was obtained in nearly
quantitative yield even from dilute solutions. (2) A complex

Meli, A. Organometallics2002 21, 3637. (b) Gusev, O. V.; Kalsin, A.
M.; Petrovskii, P. V.; Lyssenko, K. A.; Oprunenko, Y. F.; Bianchini, C.;
Meli, A.; Oberhauser, WOrganometallics2003 22, 913.

(8) Complex2 (0.10 g, 0.12 mmol) was dissolved in @i, (10 mL),
and 100 mL of EtO was slowly added to form an upper layer. The flask
was allowed to stand overnight to produce dark red-brown needles. They
were filtered off, washed with ED, and dried under vacuum. Yield 8f
0.06 g (80%). Anal. Calcd for fgH11F12Fe:028PsPhSs: C, 34.91; H, 4.32.
Found: C, 34.97; H, 4.24H NMR (CD,Cly): 6 1.34 (t, 12H, 43Jun =

(9) Crystallographic data oB: C7gH116CiaF12F€028PsPhSs, M,
2784.81, monoclinicP2y/n, a =12.6930(12) Ab = 32.431(3) A,c
13.2218(12)8 = 100.196(2), V = 5356.8(9) &, Z (Z) = 2 (0.5),dcalcd

6.9 Hz, Me); 1.36 (t, 24H3J = 6.7 Hz, 8 Me); 1.46 (t, 12H, 4Jyy =
6.9 Hz, Me); 3.94 (m, 4H, 2 OCjle); 3.99 (br s, 16H, 8 OCHile); 4.11
(m, 4H, 2 OCHMe); 4.40 (m, 4H, 2 OCkMe); 4.44 (m, 4H, 2 OCkMe);
4.64 (s, 8H, GHa); 4.78 (s, 8H, GHa); 6.18 (br m, 4H, GHy); 6.30 (br m,
4H, GsHa); 6.53 (br s, 4H, GH.); 6.53 (br s, 4H, GH.). 31P{*H} NMR
(Cchlz)Z 0 142.63 (S); 123.2 (dz,‘]ppz 59.1 HZ); 119.0 (d,z.]sz 59.1
Hz).

1.727 g cm?®, 9220 unique reflections with > 20(1). R (Ry) = 0.0581
(0.133).
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