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Abstract 

The complex [FeCia(dippe)] (dippe ,~ 1,2-bis(diisopropylphosphino)ethane) reacts with cyclohexadienyl-lithium in tetrahydrofuran 
yielding a dark mixture, from which the hydrido-arene complex [FeH(C6Ho)(dippe)][BPh4] (1) can be isolated in moderate yields upon 
treatment with MeOH-NaBPh.~. I, as well as the toluene complex [FeH(CoHsMe)(dippe)][BPh4] (2), can be prepared by reaction of 
[FeCIz(dippe) ] with Li" Bu in benzene or toluene respectively, followed by MeOH-NaBPha. The ruthenium complexes [RuCl(L)(dippe)] ~ 
(L ~ C(,H(~, p-isopropylmethylbenzene (p-cymene)) are obtained by reaction of [{Ru(L)CI~}:] with dippe and Ag +. and isolated as the 
tetmphenylborate salts 3, These compounds react with NaBH., in acetone-ethanol furnishing the hydrido-arene derivatives [RuH(LXdi- 
ppe)][BPh,~] (L-Ct,  Ht, 5, p-cymene 6). All the compounds were characterized by IR, NMR and microanalysis. The X-ray crystal 
slntcturcs of .,'t and 4 air also tvported, 

I, Ilntroduet|on 

Recently we reported the preparation of hall'-sand- 
wich iron complexes of the type [Fe(L)Cl(dippe)] (L 
CsH~, C5 Mes; dippe ~ 1,2-bis(diisopropylphosphino)° 
ethane), by t~action of [FeCl~(dippe)] with either 
LiCsH.~ or LiCsMes in tetrahydrofuran (thf) [!]. We 
fouled that these halfosandwich iron complexes are suit- 
able precursors for paramagnetic 16-electron species 
[Fe(L)(dippe)] + (L--- C.~H 5, C.~Me.~), which are reac- 
tive towards H z and N z [2]. The fact that the pentadi- 
enyl ligand may also stabilize paramagnetic, coordina- 
lively unsaturated iron(ll) complexes, such as [Fe(71 "s- 
pentadienyl)(PEt.~) z]+ [3], prompted us to carry out the 
preparation of the related 7/5-cyclohexadienyl iron 
derivatives, in order to compare their reactivities. How- 
ever, attempts to prepare such complexes did not yield 
the expected results, despite the fact that compounds 
such as [FeH(71S-Ct, HT)(dippe)] [4] ,'rod [FeFI(~ ~- 
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Calt~Me,)(dippe)] [5] are known. TIle only product 
isolated fi'om the 1vaclion between [FeCl~(dippe)] with 
cyclohexadienylolithium in thf, followed by NaBPh4= 
MeOH, was the hydrido-arene complex [FeH(r/*- 
C, lt6)(dippe)][BPh 4], in which aromatization of cycloo 
hexadiene to benzene has taken place. Arene complexes 
of general formula [Fe(arene)L2], such as [Fe(C6H0)- 
(r/Z-C 2 H 4)2 ], [Fe(C6 H0)(bipy)], or [Fe(C6 H 0 )(PMe ~)2 ], 
have mostly been prepared by metal-atom vapour syn- 
thesis methods [6]. Mote recently, a series of com- 
pounds of the type [Fe(arene)(dippe)] (arene ~Ct, H 0, 
C6HsMe, or Ct, H4Me z) has been prepared by hydro° 
genation or thermolysis of high-spin iron(ll) alkyls [5]. 
As filr as we are aware, the only previously known 
hydrido-arene complexes of iron ate of the type 
[FeHz(arene)(SiCl~):] (arene=CoH 6, C¢,H.~Me, or 
C0tt4Mez), and they were also prepared using metal 
vapour synthesis [7]. In contrast with this, arene com- 
plexes of ruthenium are far more common and stable. 
One possible reason for this may be the fact that the use 
of the readily available complexes [{Ru(arene)Cl2]2] [81 
as starting materials allows an easy entry into the 
chemistry of these compounds. In this sense, arene 
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complexes of ruthenium have attracted much attention 
not only because they represent one of the few exam- 
ples of stable arene complexes amenable to isolation in 
high yield [9], but also because compounds such as 
[RuCI(areneXBINAP)] + (arene = C6H 6, cymene; X = 
CI, Bro I; BINAP= 2,2'-bis(diphenylphosphino)-l,l'- 
binaphthyl) may serve as excellent catalyst precursors 
for asymmetric hydrogenations [10]. In this work we 
report the synthesis and characterization of several 
cationic arene complexes of iron and ruthenium contain- 
ing the bulky diphosphine dippe. The X-ray crystal 
structures of [RuX(C6H6Xdippe)][BPh 4] (X =CI, H) 
are also described. 

2. Results and discussion 

The 14-electron complex [FeCi2(dippe)] [il] reacts 
with cyciohexadienyl-lithium in thf at room temperature 
yielding a dark mixture, co~a~ining substantial amounts 
of metallic iron. Centrifuga*.ion, removal of the solvent 
and treatment of the resid~ with NaBPh4-MeOH af- 
forded a yellow, o),stalline precipitate in about 25-30% 
yield. The yield does not iml~rove when the reaction is 
carried out at -79"C. The H NMR spectrum of this 
material displays one triplet at -14.194ppm having a 
rather large coupling constant 2j.p ~ 81.6Hz, at* 
tributable to one hydrktic proton coupled to two equiva- 
lent phosphorus atoms No signals due to a coordinate 
cyclohexadienyl ligand were, observed. Instead, one sin° 
glet at 5,960ppm, characteristic for an ~/~'-C6Hq, iigand, 
was present. The '~ P{tH) NMR spectrum consists of 
one singlet, which splits to doublet when the spectt~um 
is recorded in the protonocoupled mode. These spectral 
data, together with microanalysis, suggest that the prod° 
uct of this reaction is the hydridooarene complex 
[FeH(~ILCtH~Xdippe)IBPh,~] (1), although no v(FeH) 
stretching band is observed in the IR spectrum of this 
compound. Thus, it seems that in the course of this 
reaction, aromatization of the cyclohexadienyl ring takes 
place, furnishing an ~6-CtH 6 complex as final product. 
The Fe~H bond is stable, and spontaneous hydride 
migration to the benzene ring to yield coordinatively 
unsaturated [Fe(~l LC~, H ~ )(dippe)] ", folvnally analogous 
to [Fe(~S.C~H~)(dippe)] * [2], does not occur. Complex 
I is also obtained by reaction of [FeCl~(dippe)] with 
Li"Bu in benzene, followed by treatment with 
NaBPh4~MeOH. If the reaction is carried out using 
toluene as solvent, then the ultimate ptx~luct is the 
r/~otoluene derivative [FeH(C~H aMe)(dippe)][BPh.~] 
(2). This product has spectral properties which match 
those of conipou~,,d I, including the triplet for the 
hydride iigand at -i4.631 ppm, with a ~J,0 ~ 501tz. 
The protons of the coordinated toluene ring ap~ar as 
broadened singlets at 5.100 and 5.296ppm, ihe ia~.tcr 
being more intense, suggesting that it corresl~nds to 
two overlapping signals, as expected. The resonance of 

the methyl group of the toluene appears as a singlet at 
2.284ppm. The 3t p{iH} NMR spectrum also displays 
one singlet. The spectral data for both 1 and 2 are 
consistent with a 'three-legged' piano stool structure, 
similar to that found for half-sandwich iron and ruthe- 
nium complexes containing CsH 5 or CsM %, but hav- 
ing "t/6-C6H6 or r/6-C6HsMe ligands instead. Despite 
the fact that crystals of these compounds were easily 
obtained, none of them was suitable for X-ray structure 
analysis. Attempts to prepare hydrido-arene derivatives 
containing "06-C6H4Me2 or ~/6-C6F 6 were unsuccessful. 
Very recently, the preparation has been reported of 
iron(0) arene complexes with dippe, from the hydro- 
genation or thermolysis of high-spin iron(ll) alkyls. 
Thus, hydrogenation of the p-methylbenzyl complex 
[Fe(CH 2C6 H 4 Me)2(dippe)] gives several products, one 
of them being the iron(O) r/6-p-xylene complex [Fe(r/6- 
C6H4Me2)(dippe)]. Other derivatives of the type 
[Fe(L)(dippe)] (L--- r/6-C6Ht, r/6-CtH4Me) have been 
prepared by reaction of [FeBr2(dippe)] with MgEt 2 or 
Mg t Bu 2 in an arene solvent [5]. In order to explain the 
formation of these compounds, it has been proposed 
that the dialkyls [FeR2(dippe)] (R =Et  or tBu) ate 
generated during the reaction, and their decomposition 
yields the highly reactive fragment {Fe(dippe)}, which is 
trapped by the arene solvent. Something similar may 
apply to our case, in which Li'Bu reduces [FeCl,(di- 
ppe)] to 'Fe(dippe)', and subsequently the correspond° 
ing iron(0) arene complex is generated in situ. Treat° 
ment of these arene complexes with MeOH afl'ords the 
cationic hydridooarene derivatives by protonation at the 
metal by the alcohol, according to the equilibrium 

ft.? , , ,  

Addition of NaBPh.z shifts the equilibrium to tile 
right by precipitation of the corresponding salt 
[FeH(L)(dippe)IBPh,J ( L ~ C t H  6 I or CtHsMe 2). 
We have found no evidence in the lieerature referring to 
the protonation of compounds of the type [Fe(arene)L 2 ]. 
However, it has been observed that the ruthenium(O) 
complex [Ru(r/6-C~,H~,)(dctre)] is protonated by p- 
nitroben~TI alcohol under the conditions of a mass 
Sl~ctrometry experiment yielding the hydrido-arene 
cation [RuH(C¢, tl~,)(dcpe)]', which seems to be remark- 
ably stable [91. Attempts to deprotonate I or 2 using a 
strong base such as KOtBu were unsuccessful. The 
formation of I from cyclohexadienyl-lithium may fol- 
low a different reaction pathway since no aromatic 
solvent is present. The cyclohexadienyl complex 
[FeCl('r/S-C~H.~Rdippe)l is possibly formed first. In 
MeOH, the chloride ligand eve,;auaily dissociates in a 
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fashion similar to what happens to [FeCl(CsHs)(dippe)] 
and [FeCl(CsMes)(dippe)] [2], furnishing the 16-elec- 
tron complex [Fe(ris-C6HT)(dippe)] +. This unstable 

cation undergoes a ring-metal hydrogen migration to 
give the more stable 18-electron cation [FeH(C6H6)(di- 
ppe)] +, as shown in Eq. (2). 

-CI" ~ e ~ - "  ~ .F ,,. ,. 
- ,~CI" 

.... CleON ; N ~  H 

(2) 

The driving force for such rean'angement should be 
not only the formation of a strong Fe-H bond, but also 
the aromatization of the cyclohexadienyl ring to ben- 
zene. Furthermore, the metal-promoted aromatization of 
cyclic 1,3- and 1,4-dienes is a well known process, 
which has been widely used for the preparation of atene 
complexes of ruthenium and osmium [8-12]. 

We have also prepared hydrido-arene derivatives of 
ruthenium, although following a different synthetic pro- 
cedure. First, we prepared the chloro-complexes 
[RuCI(C 6 H6)(dippe)][BPh 4] (3) and [RuCl(cymene)(di- 
ppe)][BPh4] (4) by reaction of the con'esponding dimer 
[{Ru(L)Ci2}2}] (L = C6H 6 or cymene) with dippe and 
CF3SOaAg, which acts as chloride scavenger. This 
method is identical to that used recently for the prepara- 
tion of [RuCI(C~ H6)(dcpe)][CF:~SO~] [9]. In some other 
instances the ~tddition of a silver salt has been found to 
be unnecessary, i.e. in the preparation of [RuCl(arene)- 
(py)~]' [I !], The t~s, lting trifluoronaethanesuli~honate 
salts at~e then converted into the corresponding te- 
Iraphenylborate ones, by treatment with NaBPh,rEIOII. 
The complexes 3 and 4 are yellow, crystalline, air°stable 
materials. The pattern displayed in the t H NMR spec- 
trum of 3 is very similar to that of 1, except Ibr the 
absence of the hydride signal. The benzene resonance 
appems as one singlet at 6.295ppnt, whereas the t H 
NMR spectrunl of 4 is more complicated, due to the 
presence of the less symmetrical p-cymene ligand. The 
ring protons appear as two doublets at 5.676 and 

. 
5.568ppm, with "Jml = 6.4Hz. The ring methyl sub- 
stituent appears as one singlet at 1.443 ppm, whereas 
two resonances are observed for the isopropyl group as 
expected, one doublet and one septet. This pattern is 
characteristic of the ~6-cymene ligand, and matches the 
data in the literature for related complexes [8,10,12]. 
The " P{~ H} NMR spectra of 3 and 4 display one sharp 
singlet. These spectral data are consistent with a 'three- 
legged' piano stool geometry for the complex cations, 
as was proposed for the iron hydrido-arene derivatives 1 
and 2. This has been demonstrated by an X-ray crystal 
structure analysis of compound 3. An ORTEP view of 
the complex cation [RuCi(C6H6)(dippe)] + is shown in 

Fig, !. Fractional atomic coordinates and Beq, and 
selected bond lengths and angles are listed in Tables 1 
and 2 respectively. Each unit cell contains two asym- 
metric units. The ruthenium atom is in a formally 
six-coordinate environment, and the cation has a 
"three-legged' piano stool geometry. The Ru-Ci bond 
distance is very similar to that found in the related 
complexes [RuCl(C6HsMe)(dppb)][PF 6 ] (2.399 ,~; dppb 
= i,4-bis(diphenylphosphino)butane) [13], and in [Ru- 
CI(C6H6)(BINAP)][BF 4] (2.392/~) [10], the Ru-P sepa- 
rations also being similar. All these parameters also 
compare well with those recently found for the pen- 
tamethylcyclopentadienyl derivative [RuCI(C5 Mes)(di- 
ppe)] [14]. The C6-ring of the benzene ligand in 3 is 
almost perfectly planar, with an average deviation of 
0.021/~, fi'om the plane. The Ru atom is at 1.752 ~ from 
the phme, which forms a dihedral angle of 61 ° with the 
phme defined by the atoms Ru-PI-P2. 

Both 3 and 4 react with an excess of NaBH 4 in 
acetone~ethanoi ftirnishing the corresponding hydridoo 
arenes [Rull(C6Ht,)(dipl~)][BPho ~] (5) and [RuH(cy~ 
mene)(dippe)][BPh4] (6), by metathetical exchange of 
chloride by hydride. This procedure has ~en  previously 

cII 

Fig. I. ORTEP drawing of the complex cation [RuCl(C~,Ht, Xdippe~]' 
with 50% probability thermal ellipsoids. Hydrogen atoms are omit- 
ted. 
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Table i 
Atom ic f r ac t i ona l  c o o r d i n a t e s  and Beq for 
[RuCI(C6 H ¢, Xdippe)][BPh 4 ] 

Atom x Y z Beq 

Ru 0 .32301(4 )  0.16392(5) 0.16836(3) 2.72(2) 
CI 0 . 3 8 7 0 ( 1 )  0.2175(2) 0 .2726(1)  4.2(1) 
P(I ) 0.2893(1) 0.3393(2) 0.1557(1 ) 3.25(8) 
P(2) 0.1862(1) 0,1578(2) 0 .2148(1)  3,7(1) 
C(I) 0.3360(8) 0. ! 241(7) 0 .0646(4)  5.2(5) 
C(2) 0.42 ! 4 ( 6 )  0.1503(7) 0 .0898(4)  4,8(5) 
C'(3) 0 . 4 5 7 3 ( 6 )  0.1032(7) 0 .1445(4)  4.4(4) 
C(4) 0 . 4 0 8 8 ( 6 )  0.0237(6) 0 .1737(4)  4,2(4) 
C(5) 0.3285(6) - 0.0079(6) 0 .1478(4)  3,9(4) 
C(6) 0 ,2880 (6 )  0.0448(7) 0 .0944(4)  4.6(4) 
C(7) 0 ,2350 (6 )  0,3781(6) 0 ,0765(5)  5.1(5) 
C(8) 0 . 1 8 2 8 ( 7 )  0.4792(8) 0 ,0806(6)  7.9(6) 
C(91 0 . 2 9 7 8 ( 8 )  0.3825(7) 0 ,0220(4)  7.4(6) 
C(10) 0 ,3757(5)  0.4382(6) 0 ,1681(4)  3.9(4) 
C( I 1 ) 0 .3803(6)  0,4884(7) 0 .2342(5)  5.9(5) 
C(12) 0 .4653(6)  0.4033(7) 0 .1489(5)  5.5(5) 
C(13) 0 .2115(6)  0.3681(7) 0.2195(~) 5.0(5) 
('(14) 0 .1412(6)  0.2893(7) 0 ,2199(5)  6.0(5) 
C(15) 0 .1918(6)  0.1112(7) 0 .3009(4)  4.9(5) 
C(16) 0 .2455(7)  0.0146(8) 0 .3121(4)  6.0(5) 
C(171 0 ,1018(8)  0,1031(8) 0.3299(5)  7.7(6) 
C(I~J 0 ,0912(6)  0.0912(7) 0 .1733(5)  5.4(5) 
C(19) 0 .0717(6)  0.1289(8) 0 .1043(6)  7.2(6) 
C(20) 0.0943(7) = 00262(8) 0 ,1757(5)  7.1(6) 
C(21) =0.2562(5) 0.2041(6) 0 .1571(4)  3,3(4) 
C(22) =0.3301(5) 0.2446(6) 0 ,1837(4)  3.6(4) 
C(231 = 0,3,161(6) 0,2583(6) 0 .2505(5)  4.7(5) 
C124) = 0,265~8) 0,2302(7) 0 .2923(4)  5.6(5) 
C125) =0,1919(7) 0.1920(7) 0 .2691(4)  4,9(5) 
C(26) =0,1878(51 0,1777(61 0 2022(4) 4,2(4) 
C(27) =0,3347(5) 0,2122(6) 0 ,0331(4)  3,8(4) 
~2~)  =(t,3595(61 0,3161(6) 0,0267(4) 4,~(5) 
C(29) -0,4280(6) 0,3498(H) = 0,0157(5) 5,9(5) 
(~ r~()) =0,4752(7) 0,281(1) =0,053~41 6,2(6) 
C(3I) =(!,4.545(01 0,180(I) ~ 0,0492(4) 5.7(5) 
C(321 =0,31,169(51 0,1407(6) = (1.(X15~4) 4,2(4) 
('(331 : 0.2~9~(51 0,0531(01 0,0761(31 ,I.1(31 
~34)  = 0,1525(51 0.0082(6) 0.0587(4) 3,9(4) 
~35) =0,1304(61 =0.0971(8) 0,0624(4) 5.0(5) 
C(361 =0,1997(81 ~0,1592(8) 0,0831(4) 5.8(5) 
C(.17) =0,2778(8) =0,1204(8) 0,1017(41 5,0(5) 
~381 = 0,2925(51 = 0.0148(7) 0,0985(4) 4.4(4) 
C(39) = 0.1659(5) 0,2428(6) 0 ,0487(4)  3,3(4) 
('(40) ~ O, 1424(6) 0,2267(6) = 0,0162(41 4.3(4) 
C(41 ) = 0,0734(6) 0,2760(8) - 0,043(X4) 5,1(5) 
~421 = 0,0247(51 0,.1489(71 ~ 0,(X~8(51 4.7(5) 
C(431 = 0,047~01 0,3693((~) 0,056(X5) 4.5(4) 
~441 =0,1151(5) 0 ,3176~6)  0,0825(41 3,7(41 
B = 0,2477(51 O, 1784(7) 0,0784(4) 3,3(4) 

Table 2 
Selected bond distances (,g,) and angles (deg) for [RuCl(C6H6Xdi- 
ppe)][BPh4] 

intramolecular distances 
Ru-CI 2,398(2) 
Ru-P(i) 2.346(2) 
Ru-P(2) 2.328(2) 
Ru-C(I) 2.204(7) 
Ru-C(2) 2.257(8) 
Intramolecular angles 

Ru-C(3) 2.261(8) 
Ru-C(4) 2 237(7) 
Ru-C(5) 2,273(8) 
Ru-C(6) 2.208(7) 

CI-Ru-P(I) 8 3 . 8 2 ( 7 )  P(I)-Ru-C(3) 120.6(2) 
CI-Ru-P(2) 88.52(8) P( ! )-Ru-C(4) 156,7(3) 
CI-Ru-C(I) 1 5 0 . 7 ( 3 )  P(I)-Ru-C(5) 160.5(2) 
CI-Ru-C(2) I i 3.8(3) P( ! )-Ru-C(6) i 24. ! (2) 
CI-Ru-C(3) 88.0(2) P(2)- Ru-C( I ) 120.8(3) 
CI-Ru-C(4) 89.2(2) P(2)-Ru-C(2) 157,6(3) 
CI-Ru-C(5) 1 1 5 . 0 ( 2 )  P(2)-Ru=C(3) 155.2(3) 
CI-Ru-C(6) 1 5 2 , 1 ( 2 )  P(2)-Ru~C(4) 118.7(2) 
P( ! )-Ru-P(2) 83 .39(8 )  P(2)-Ru =C(5) 94.8(2) 
P(I)-Ru-C(I) 9 8 . 7 ( 2 )  P(2)-Ru-C(6) 93.9(3) 
P(l)-Ru-C(2) 98.4(2) 

triplet attributable to the hydride ligand coupled to two 
equivalent phosphorus atoms. This signal appears at 
slightly lower field than in the iron complexes 1 or 2. 
Apart from this signal, the rest of the spectrum is very 
similar to that of the corresponding chloro-complexes 4 
or S. The ~P{~H} NMR spectra display one ringlet in 
both cases, which again suggests a "three-legged' piano 
stool structure for these derivatives. The X-ray crystal 
structure of 4 was determined. The structure of tile 
cation [Rull(Cc, H¢,)(dippe)]* is represented in Fig. 2. 
Fractional atomic coordinates and B,,,.: and selected 
I~nd ierlgths and angles at~ listed in :~iables 3 and 4 
respectively. 

The structure of [Rult(Ct, tl~,)(dippe)]' is very simi- 
lar to that of [RuCl(C6H6)(dippe)]'. The hydride atom 

used for the preparation of [Rutl(C~, iIe,)(dci~)][CF~SO ~1 
[91. Attempts to I~place chloride by an alkyl group 
using Grignard reagents were unsuccesst'ul, the starting 
material being tx~covered from these ~actions. The 
ruthenium hydrido-arene derivatives are white (5) or 
brown (6) crystalline materials, which exhibit one 
medium ~,(RuH) band near 2054cm '~ in their IR 
spectra, ll~e ~H NMR spectra display one high-field 

[:19 

Fig. 2. ORTEP di~lwing of the complex cation [RuH(C6H6Xdippe)] * 
with 50% probability thermal eihpsoid,,,. Hydrogen atoms, except 
hydride, are omitted. 
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was located on the final regular difference Fourier map 
and refined with fixed isotropic thermal parameters. It 
appears at 1.32(81 ~, from the Ru atom, a distance which 
is very short for a Ru-H bond, if we compare it with 
the values found for the related compound 
[RuH(C6HsMe)(PPh3),.][BPh 4] (I.635,4,) [15]. How- 
ever, an Ru-H separation of 1.36(81~t has been re- 
ported for [RuH(CsHs)(PM%) 2 ] [16], a value which is 

Table 3 
A t o m  ic f r a c t i o n a l  
[RuH(C6 H 6Xdippe)][BPh 4 ] 

c o o r d i n a t e s  a n d  Beq for  

Atom x y Z Beq 

Ru 0.37942(8) 0,05174(3) 0.22544(4) 
P(I) 0.4009(3) -0.00012(I) 0.3324(2) 
P(2) 0.3550(3) 0.1300(I) 0.301 i(!) 
C(l) 0.200( I ) 0.0062(5) 0.1555(6) 
C(2) 0.325( I ) - 0.0239(5) 0.1488(6) 
C(3) 0.444( I ) 0,0041(61 O. 1259(6) 
C(4) 0.435( I ) 0.0639(7) O. 1082(51 
C(5) 0.313(I) 0.0938(5) 0.1154(51 
C(6) O. 198( ! ) 0.0649(6) O. 1384(6) 
C(7) 0.422(I) 0,0486(5) 0.4l 29(5) 
C(81 0.346( I ) 0.1059(41 0.3985(5) 
C(9) 0.555( I ) - 0.0480(5) 0.3461(5) 
C(IO) 0.691(I) -0.0175(61 0.3430(7) 
(7(I !) 0.546(!) - 0.0984(5) 0.2912(71 
C( 121 0.256( I ) - (I,0485(51 0.3521(61 
C(13) 0.11tXI) -0.0153(51 0.3572(7) 
C(14) 0,282( I ) ~ 0.0885(6) 0.4199{8) 
C(15) 0,197(I) 0.1733(51 0.2825(51 
C(161 0.(166(I) 0.1410(51 0,2917(6) 
C(17) 0,194(I) 0.2306(5) 0.3258(7) 
C(18) 0,496( l ) O. 1844(4) 0.3069(6) 
C(19) 0,634(I) 0.16()'~( 51 0.3401(71 
C(20) 0.513(I) 0.2098(5) 0.2291(71 
C(21 ) (1,8412(9) 0,1248(4) 1,0468(5) 
C(22) 0.814(I) 0.1284(4) i,1221(5) 
C(23) 0.805(I) 0.0803(5) I. 1679(61 
C(24) 0.826( I ) 0.0253(5) I, 1406(6) 
C(25) 0.85(X I) (1 .0~97(41  1,0064(61 
C(26) 0.856(l) 0.0682(4) 1.0214(5) 
C(27) 0.884(I) 0.1681(41 0,9115(5) 
('(28) 1.013( I ) 0.1424(4) 0.9037(6) 
C(29) 1.062( I ) 0.1302(5) 0.8352(8) 
C(301 0.985(2) 0.1444(5) 0.7716(71 
C(31 ) 0.86(X I ) 0.1700(5) (1.7758(6) 
C(32) 0.808(I) 0.1819(41 0.8452(6) 
C(33) 0.937( I ) (1.235 I(4) 1.026(X51 
('(34) 1.029(l) 0.233.1(4) 1.0884(51 
C(35) I.I 15(I) 0,2790(5) I.I I()tX6) 
('(36) i.i 14(I) (I.3291(4) 1.0716(6) 
C(37) 1.024(I) 0.3333(4) 1.0085(61 
C(381 0.93~X I) 0.288(I(51 0,9873(5) 
C(39) (1.672(I) 0.2023(4) 0.9923(5) 
C(4()) 0.567(I) O. 1674(41 0.9592(6) 
C(41) 0.427(I) O. 1784(5) 0.9601(6) 
(.7(42) 0.383(I ) 0.2267(6) 0.9973(6) 
C(43) (1.483(I) (1.2622(51 1.0312(6) 
C(441 0.623(I) 0.2502(5) 1.0283(6) 
B (1.834( I ) 0.1828(5) 0.994(X 6) 
H(I)  0.515(8) 0.054(3) 0,24J(41 

2.52(3) 
3.1(I) 
2.9( I ) 
4.2(6) 
4.4(6) 
5.0(6) 
5.3(7) 
4.6(6) 
4.3(6) 
4.1(5) 
3.6(5) 
4.0(5) 
6.2(7) 
6.6(7) 
4.4(5) 
5.9(7) 
7.8(8) 
4.3(5) 
4.9(6) 
6.1(71 
4,1(6) 
5,5(7) 
6,3(71 
2.4('I) 
3.(X5) 
4.(X5) 
4.3(6) 
3.8(5) 
3,5(5) 
2.8(5) 
3.5(5) 
5.1(7) 
5.5(7) 
4.8(6) 
3.7(5) 
2.6(4) 
3,3(5) 
4.5(6) 
3.9(5) 
4.1(61 
3.8(5) 
2.5(4) 
3,8(5) 
4.5(6) 
4.8(6) 
4,7(6) 
3.8(5) 
2.8(5) 
3.0 

Table 4 
Selected bond distances 
[RuH(C 6 H 6 Xdippe)][BPh 41 

(,~) and angles (deg) for 

h~tramolecular distances 
Ru-P( I ) 2.266(3) 
Ru-P(2) 2.280(3) 
Ru-C(i) 2.32(11 
Ru-C(2) 2.26(1) 
Ru-C(3) 2.23(i) 
intramolecular angles 

Ru-C(4) 2.24(1) 
Ru-C(5) 2.26(I) 
Ru-C(6) 2.29( ! ) 
Ru-H(I) 1.32(8) 

P(I )-Ru-P(2) 84.8(i) P(2)-Ru-C(!) 125.3(3) 
P(i)-Ru-C(I) 104.4(3) P(2)-Ru-C(2) 160.7(3) 
P(IJ-Ru-C(2) 97.1(3) P(2)-Ru-C(3) 156.4(4) 
P( I )-Ru-C(3) I ! 4.6(4) P(2)-Ru-C(4) 120.7(4) 
P( I )-Ru-O,4) 149.2(4) P(2)-Ru-C(5) 98.9(3) 
P(I)-Ru-C(5) 167.6(4) P(2)-Ru-C(6) 101.6(3) 
P(I)-Ru-C(6) 132.4(3) P(2)-Ru-H(I) 89.0(30) 
P( I )~ Ru- H( ! ) 79.0(30) 

similar to ours. In any case, we must always consider 
that metal-hydrogen bond lengths determined by X-ray 
cry:;tallography may be subject to considerable inaccu- 
racy. The Ru-P separations in 5 are slightly shorter 
than in the chloro-complex 3, whereas the distance from 
the phme of the C6H 6 ring (mean deviation from plane 
0.004/~,) to ruthenium is longer (!.788A). The C6H 6-  
RuP 2 interplanar angle has a value of 72.6 °, which is 
more open than in compound 3, and reflects the smaller 
steric requirements of the hydride ligand compared with 
chloride. All other bond lengths and angles, including 
dippe and the [BPh,~] anion, are in the range expected, 
being unexceptional. 

3. (.OIICIIISJOIIlS 

The reaction of [l:eCI2(dippe)] with aikylolilhium 
reagents in an aromatic solvent such as benzene or 
toluene, followed by treatment with Na[BPh,~]=MeOtt 
has shown to be a useful synthetic route to the hydridoo 
arene derivatives [FeH(Ar)(dippe)][BPh4] (Ar = C¢,H 0` 
C 6 H 5 Me), a rather uncommon class of iron compounds. 
Mote common ruthenium complexes of the type 
[RuX(Ar)(dippe)][BPh 4] (At = C¢,H¢,, p-cymene; X 
CI, H) have been also prepared, and two of them 
structurally characterized, exp.'mding in this way the 
range of known stable arene ruthenium derivatives. 

4. Experimental section 

All synthesis operations were performed under a dry 
dinitrogen atmosphere following conventional Schlenk 
techniques. Thf, diethyl ether and petroleum ether (boil- 

' :  • :"~" from the ai)j~io- ing pohat range 40-60°C) were . ,~ . .~u  
priate drying agents. All solvents were deoxygenated 
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immediately before use. 1,2oBis(diisopropylphosphino)- 
ethane [17], [FeClz(dippe)] [11] and [{Ru(p- 
cymene)CIz} z ] [8] were prepared according to literature. 
[{Ru(C6H6)CIz} z] was supplied by Aldrich. IR spectra 
were recorded in Nujol mulls on a Perkin-Elmer 881 
spectrophotometer. NMR spectra were taken on Varian 
Unity 400 MHz or Varian Gemini 2OOMHz equipment. 
Chemical shifts are given in ppm from SiMe4 (~H and 
t'~C{tH}) or 85% H3PO 4 (~P{~H}). The phosphine pro- 
tons for all the compounds appeared in the correspond- 
ing t H NMR spectra as a series of overlapping multi- 
plets in the range I-3ppm. and were not assigned. 
Microanalysis were by Dr. Manuel Arjonilla at the 
CSIC-Instituto de Ciencias Marinas de Andaluc{a. 

4.1. lFeH(C~Ho )(dippe)]lBPh4 l (1) 

To [FeCi~(dippe)] (0.39g, ! mmol) in thf, a solution 
of cyclohexadiene in thf. prepared in situ from 1,4- 
cyclohexadiene (0. I ml. ca. ! mmol) and "BuLi (0.65 ml 
of a 1.6 M solution in hexanes, ca. I mmol) was added. 
A darkening of the solution was immediately observed. 
The mixture was stirred at room temperature for lOmin. 
Then. it was taken to dryness, the residue extracted with 
MeOH. and the resulting yellow-green solution filtered 
through C¢lite, in order to remove finely divided metal- 
lic iron. Addition of an excess of NaBPh,~ yielded a 
yellow°green precipitate, which was filtered, washed 
with petroleum ether and dried in vacuo, Recrystallizao 
tion from acetone=ethanol at ~ 20°C afforded yellow 
needles of the pmx~ compound. Yield: 0.2 g, 28%. Anal. 
Found: C, 73,8: H, 8,35, C~H~BFeP~ t~quires C. 
73,8: H, 8,24%. NMR (CD~C()C'i)~): ~FI ~ 5,960 (s. 
C~H~); ~- 14,194 (t, ~'J,p ~ 81,6Hz, Fell). ~P{~H} 
117.8 s. ~C{~H} 18,24, 18.36, 19.01. 19.84 (s. 
P(CH(,CH~):)): 21,12 (t, Jc~, ~ 19,3 Hz, PCH:): sigo 
nals for P(CH(CH ~)~) obscured by solvent peaks; 89.39 
is, C~H~), 

4,2. IFeHfC~ H: ~le)(dippe)llBPh~ / (21 

To a solution of [FeCl:(dippe)] (O,6g, ca, 1,5 retool) 
in toluene, Li"Bu (2,1 ml of a 1,6M solution in hexo 
anes, ca, 3,4retool) was added, A dark mixtut~ was 
immediately obtained, which was stirred at room tem- 
perature for 30rain, l'hen, the solvent was removed in 
vacuo, The residue was extracted with MeOH, and the 
solution filte~d through Celite or centrifuged, Addition 
of an ext~ss of N~BPha] to this solution yielded a 
yellow ptx~cipitate, which was filtered, washed with 
ethanol and petroleum ether, and dried in vacuo, Reo 
ct),stallization from acetone~ethanol or thf-ethanol af- 
forded yellow needles of compound 2, Yield: 0,35g, 
32%, Anal, Found: C, 73,8: H, 8,30, C~,~H6~BFeP , 
teqm~s C, 74,O; II. ~o,~,~;,3 ~:r~ NMR (CDCI,~): ~!-i 
5,296, 5,100 (s, br, Ct, HsCHa); 2,284 (s, C6HsCH~); 

-14.631 (t, 2JHp=5OHz , Fell). 3~P{~H} 114.95 s, 
L~C{~H} 17,92, 17,99, 18.72, 19.44 (s, P(CH(CH3)2)); 
20.56 (t, Jcp = 19.0Hz, PCHz); 28.08 (t, ,/co= 
13.5Hz, P(CH(CH3)2)) , 28.20 (m, P(CH(CH3).,)); 
21.82 (s, CH3C6Hs); 84.62, 88.42, 90,12 (s, 
CH3C6Hs). This procedure can also be used for the 
preparation of compound 1, using benzene as solvent 
instead of toluene. 

4.3. IRuCI(C 6 H 6)(dippe)][BPh 41 O) 

To [{Ru(C6H6)CI2}2] (0.5g, I mmol) in thf, dippe 
(0.6ml. ca. 2mmol) and CF3SO3Ag (0.5g, 2mmoi) 
was added. An orange solution and a precipitate of 
AgC! were formed. The mixture was refluxed for 2h, 
Then. the solvent was removed in vacuo. The residue 
was extracted with ethanol, and the resulting solution 
centrifuged. Concentration and cooling to -20°C at 
this stage, allows the isolation of the trifluoromethyl- 
sulphonate salt [RuCIiC6H6)(dippe)][CF3SO3] as yel- 
low-orange crystals, if desired. Addition of an excess of 
solid Na[BPh4] to the solution yielded a yellow-orange 
precipitate of 3, which was filtered, washed with ethanol 
and petroleum ether, and dried in vacuo. Recrystalliza- 
tion from acetone-ethanol afforded orange crystals. 
Yield: 1.3g, 83%. Anal. Found: C, 66.3; H, 7.35. 
C44HssBClP, Ru requil~s C, 66.4: H, 7.29%. NMR 
(CI)CI~): tl~i " 8 6.295 (s, C6H6). "~P{~H} 83.87 s. 
~:~C{~H} 19.49, 19.64, 19.97 (s, PiCH(CH0:)); 21.16 
(t, J c ~  19.1Hz. PCH~); 26.59 it, Jc, ~ 13.9Hz, 
P( CH(CH ~)~ )), 3 I. 13 (t. Jc, ~ 11.4 Hz. P(CH(CH .~): )); 
91.91 (t, Jo, ~ 2.57 Hz, C~II¢,). 

4.4. lRuCl(cymencKdipp¢)llBPh41 (4) 

111is compound was obtained in a fashion analogous 
to that for 3, starting from [{Ru(cymene)Cla}~ ], and the 
appropriate amounts of dippe and AgCFaSO:~ in thf. 
Yield: 65%. Anal. Found: C, 67.8; H, 7.84. 
C4sH66BCIP, Ru requires C, 67.6; H, 7.75%. NMR 
(CDCI.~): Jl~l 6 5.676, 5.568 (d, Jml ~6 .4Hz,  
CH~C6H~CH(CH~),,), 2.561 (sept, Jml~-6.8Hz,  
Ci°I~C~H4CHiCFI:~)z), i.443 (s, CH~C6H~CH(CH~),) , 
1.227 (d, Jam ~ 6,8 Hz, CH ~C6H4CH(CH~),). "pith} 
81.01 s. '"C{~H} 19.20, 19.30, 19.53, 19.82 (s, 
P(CH(CFi~),)): 20.30 it, Jc, ~ 19.1Hz, PCH~); 25.88 
(t, Jcl, ~ 13.8Hz, PiCH(CH~)~)), 29.15 (t, Jo, ~ II. 
Hz ,  P ( C H ( C H  ~) , ) ) ;  9 4 . 0 4 ,  92 .04  (s, 
CH~Ct~H4CH(CH~),), 87.09 (t, Jc,  = 4.2Hz, 
C|t ~C~ H ~CH(CH ~): ): 30.72 (s, CH ~C~ FI ~CH(CH ~)2 ); 
21.56 (s, CH~C~,H4CH(CH~)z) :  17.52 (s. 
C H ~C~, H ~CH(CH ~), ). 

4,5. IRuHfC~ H o )fdippe)llBPh4 i (5) 

To a solution of compound 3 (0.4g, 0.5mine!) in 
acetone, an excess of NaBH 4 was added. The mixture 
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was stirred for 30min. Then, ethanol was added, and 
the solution was filtered through Celite. Concentration 
and cooling to -20°C  yielded colourless crystals of 5, 
which were suitable for X-ray crystal structure analysis. 
Yield: 0.26g, 68%. Anal. Found: C, 69.1; H, 7.56. 
C44H59BP2Ru requires C, 69.3; H, 7.75%. IR: v(RuH) 
2045cm -i.  NMR (CDCI3): JH 6 6.179 (s, C6H6); 
-12.056 (t, 'Jup--35.4Hz, RuH). 31P{IH} 106.66 s. 
L~C{IH} 17.72, 18.06, 18.66, 19.51 (s, P(CH(CH3)2)); 
20.65 (t, Jcp=20.2Hz,  PCH2); 27.01 (t, Jcp = 
16.5Hz, P(CH(CH3):,)), 28.62 (t, Jcp = l l.8Hz, 
P(CH(CH3)2)); 90.46 (t, Jcp = 1.7Hz, C6H6). 

4.6. [RuH(o,mene)(dippe)llBPh 4 ] (6) 

This compound was obtained in the form of brown 
crystals, following a procedure identical to tha: outlined 
above for compound 5, starting from [RuCl(cymene)(di- 
ppe)][BPh4]. Yield: 75%. Anal. Found: C, 71.0; H, 
7.92. C4sH64BP2Ru requires C, 70.8; H, 7.86%. IR: 
v(RuH) 2045cm-t. NMR (CDCIa): t H 6 5.443, 5.342 
(d, Jmt = 6.8 Hz, CHaC6H,;CH(CH3)2), 2.489 (sept, 
Jim = 6.8Hz,  CH3C6H4CH(CH:~)2), 2.012 (s, 
CH~C6H4CH(CH~)2), 1.295 (d, J m t = 6 . 8 H z ,  

CHaC6H4CH(CH0,); - 12.823 (t, 2JHp --" 36.6Hz, 
RuH). ~tPl'H} 105."95 s. L~CItH} 17.50, 17.85, 18.73, 
19.17 (s, P(CH(CH3)2)); 20.52 (t, Jcp= 19.9Hz, 
PCH2); 26.94 (t, "/co = 16.8Hz, P(CH(CH3)2)) , 28.20 
(t, Jcp--- 11.1 Hz, P(CH(CH3)2)); 106.51, 94.63, 82.69 
(S ,  C H  3 C 6 H  4 C H ( C H  3)2); 3 2 . 5 6  (s, 
CH 3 C 6 H aC H(CH 3)2); 24.20 (s, CH 3C6 H 4CH(CH 3)2 ); 
19.46 (s, C H 3 C 6 H 4 C H ( C H 3 ) 2 ) .  

4.7. Experimental data for the X-ray co,stal structure 
determinations 

A summary of crystallographic data for compounds 3 
and 5 is given in Table 5. X-ray measurements were 
made on crystals of the appropriate size, which were 
mounted onto a glass fibre, and transferred to an 
AFC6S-Rigaku automatic diffractometer, using Mo K or 
graphite-monochromated radiation. Cell parameters were 
determined from the settings of 25 high-angle reflec- 
tions. Data were collected by the to-20 scan method. 
Lorentz, polarization, and absorption (q-scan method) 
corrections were applied. Three standard reflections were 
intensity controlled, in order to establish a decay correc- 
tion. Reflections having i > 3o-(1) were used for struc- 

Table 5 
Summary of data for the crystal structure analysis of 3 and 5 

Compound 3 5 

Formula C 4.1H ~8 BCIP2 Ru C 44 H .~9 BP2 Ru 
F.W. 796.22 761.78 
Crystal size (ram t) 0.25 x 0.13 x 0.27 O. 14 x O. 16 x 0.29 
Crystal system Monoclinic Monoclinic 
Space group 1'2 i / c  (No. 14) P2j /c  (No. 14) 
Cell pammeler,~ 
, ( 3A 15.162(,I) 9.653(4) 

b (~1 12.985(31 22.963(7) 

c (4)  20.454(5) 18.075(4) 
/3 (deg) 93.03(2) 94.04( 2 ) 

Volume ( .~ ) 4021 (2) 3997( 2 ) 
Z 4 4 
P~',~k-~t (gem ~ "~ ) 1.315 i.260 
T (K) 290 290 

A(Mo K o, ~(~k) 0.71069 0.71069 
#(Mo K a ) (cm t 5.56 4.9 I 
F(O00) i 672 1608 
Absorption correction e/~-method q~-method 
Transmision factors 0.92-. 1.00 0.96~ 1.00 
Scan speed (to) (deg rain t ) 8 4 
20 interval (deg) 5 < 20 < 45 5 < 20 < 45 
Measured reflections 7775 7739 
Unique reflections 7477 ( R,,,, ~ 0.141 ) 7287 ( Rim ~ 0.234) 
Observed reflectio,ls ( I > 3tr t) 3433 3118 
Number of parameters 442 436 
Reflection/parameter ratio 7.77 7.15 
R a 0.046 0.054 
R,, (w ~o ,r I." ~ ) t, 0.053 0.063 
Maximum a/ t r  in final cycle 0.39 0.26 
G.o.f. 1.62 i .64 

R = 3f.ll&l-IP~ll/~:llol: ~ r,, = (Vw(l&l- l~'~l)2/r..,Ir~,12) '/'. 
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ture resolution. All calculations for data reduction, 
structure solution, and refinement were carried out on a 
VAX 3520 computer at the Servicio Central de Ciencia 
y Tecnologfa de la Universidad de C~idiz, using the 
TEXSAN [18] software system and ORTEP [19] for 
plotting. Both structures were solved by the Patterson 
method, and anisotropicaUy refined by full-matrix least 
squares methods for all non-hydrogen atoms. The hy- 
dride atom in $ was located on a final difference Fourier 
map as the most intense peak, and it was allowed to 
refine with isotropic fixed thermal parameters. All other 
hydrogen atoms were included at idealised positions and 
not refined, Maximum and minimum peaks in the final 
difference Fourier maps were + 0.99 and - 0.46 e ~ -  ~ 
for 3, and + 0.98 and - 0.55 e/~-  ~ for 5. Fractional 
atomic coordinates and B~q, and selected bond lengths 
and angles for each compound are listed in Tables 2-5. 

$. Supplementary material 

Tables of X-ray crystallographic data, including 
atomic coordinates and anisotropic thermal parameters, 
interatomic distances and angles (44 pages), and listings 
of calculated and observed structure factors (25 pages) 
are available. Ordering information is given on any 
current masthead page. 
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