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Simple carbonyl complexes 

Phosphine, arsine and stibine complexes of MD 

Detailedstudies of the mass spectral fragmentation of Fe(CO),[P(NMe2),], 
have been reported [l] ; ionisation and appearance potentials were measured. 
The ions [Fe(CO),{P(NMe,),}2]+ and [Fe(CO),(P(NMe,),j,]+ both lost 
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two CO groups in one hgmentation step. UV irradiation of Fe(CO)s and 
As(MMe,),(M = Ge or Sn) gave [Z] Fe(CO),[As(MMeS)J]. The Mossbauer 
spectra ([2] Sb and 57Fe) of Fe(CO),(SbPh,) and Fe(C0)s(SbPh3), have been 
measured [3]; the isomer shift for 57 Fe increased on going from the mono- to 
the bis-substituted species, and the quadrupole splittings were apparently 
among the largest for low-spin Fe compounds. 

Reaction of Fe(CO)s with PMe,(CH,Ph) gave [4] impure Fe(CO),- 
[PMe2(CH2Ph)] and trans-Fe(CO)3[PMe2(CH2Ph)]2, whereas the correspond- 
ing amine gave only Fe(C0)4[AsMez(CH, Ph)]. In refluxing cyclohexane, 
Rus(C0)i2 afforded Rus(C0)9[QMe,(CH,Ph)]3(Q = P or As), and in boiling 
chloroform, Ru(CO)s [PMe2(CH,Ph)] Cl* and Ru(CO)* [AsMe2(CHzPh)] 2Clz, 
I (L = AsMe2(CHzPh)), were formed. The formation of the phosphine halide 
indicated that in Ru,(CO),[PMe2(CH2Ph)]~ only one phosphine ligand was 
coordinated to each Ru atom. With [Ru(CO)~C~~]~, the phosphine afforded 
I (L = PMe,(CHIPh)), whereas the amine gave both I (L = AsMe,(CH,Ph) and II. 
RuCls reacted with PMe,(CH,Ph) producing Ru[PMez(CHzPh)],Clz which 
could be carbonylated giving Ru(CO)[PMe,(CH,Ph)],Clz, III. Hydrogenation 
of Ru[PMe2(CHzPh)]4Clz in dimethylacetamide afforded a carbonyl hydride 
adduct which was converted to I (L = PMe,(CH,Ph)) in chloroform under 
co. 
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Iron carbonyls reacted [S] with Ph,P=CH(p-XC,H,) (X = H, Me or OMe) 
giving Fe(CO),(PPha), Ph,PO, reasonable yields of the appropriate stilbenes, 
and unstable and uncharacterised organometallic species. Corresponding alkyl 
ylides behaved similarly. Irradiation of Fe(CO)s in the presence of P(OCHz)sP 
gave 161 FetC0)4CP(OCH2)3PI, WCOhIP(CJ&O)3Plr (OC)4WP(OCH2)3P1- 
Fe(CO), and Fe(CO)s[P(OCH, j3Plz, IV. The structure of the last was estab- 
lished by 31P NMR spectroscopy. 

oc\ I 
Fe-CO 
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Reaction of Fe,(CO), with PRH2 and PRR’H (R, R’ = Me, Et, Ph or 
pMeC6H4; or mixtures of these) afforded [7] Fe(C0)4 (PRH, ) or Fe(CO),- 
(PRR’H). Small amounts of Fe,(CO),(p-PRR’),, usually accompanied the 
formation of Fe(CO),(PRR’H). The binuclear Fez(CO),(PRR’)H, V, was also 
obtained by reaction of Fe2(C0)s with PRR’H, or by addition of Fe,(CO)a 
to Fe(C0)4(PRR’Li). The last was produced by treatment of Fe(CO),(PRR’H) 
with LiBu-n. At higher temperatures, Fe(CO), reacted with PPhH* giving 
Fea(CO)s(PPh), which gave, with P(OMe),, Fe3(CO),_,,(PPh),[P(oMe),],, 
(n = 1, 2 or 3). As mentioned previously Fe(CO),(PPh2H) could be deprotonated 
using LiSu-n, thereby giving Fe(C0)4(PPh2Li); Fe(CO),(PPhMeH) similarly 
afforded [8] Fe(CO),(PPhMeLi). Alkylation of these with methylating agents 
gave Fe(C0)4(PPhRMe) (R = Ph or Me). Lithiation of Fe2(C0)6(p-PPhH)2 
gave Fe,(CO)6(y-PPhLi)z which, on methylation with MeI, gave two isomers 
of Fe,(CO),(p-PPhMe)2, VI. With BrCH,CH,CH,Br, the dilithio complex 
afforded Fe2(C0)6(PhPCH,CH2CHzPPh). 
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Fe(CO)s and Fe*(CO)s reacted with Me,PCH,CH,SiX3 (X = F or Me) 
giving [9] Fe(CO),(Me,PCH,CH,SiX,) and Fe(CO)3(Me,PCH,CH,SiX3)2. 
Analogous reactions with Me, Si(CH,CH,PMe,)2 afforded high molecular weight 
species containing Fe( CO), and Fe( CO), groups. The species Fe( CO),( MezPCH,- 
CH2SiF3) was stereochemically non-rigid and there was some evidence to 
suggest Fe + Si a-bonding (Scheme 1). 

The potentially bidentate (R2Sb)2CH2 (R = Me or Ph) reacted [lo] with 
Fe(CO)s giving only Fe(CO),(Ph,SbCH,SbPh,) and (OC)4Fe(Me,SbCH,SbMez)- 

I 
Fe(C0)4. The X-ray structural determination of Fe(C0)4[PhzPC=C(AsMe,)CF,CF,] 
established [ll] that the phosphinoarsine was monodentate and bonded to the 
iron via the P atom. In the complex Fe(CO)3(hle,PCH,CH,PMe,) [12] the 
phosphine ligand occupied an axial and an equatorial site in the trigonal 
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bipyramid; 13C NMR spectral studies revealed that the compound was stereo- 
chemically non-rigid, even at -80”. 

I 
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Scheme 1 (>P--Sif = MelPCH,CH,SiF,) 

Complexes containing N and P bridges 
Treatment of Fe, (CO), with I-pyrazolines afforded [ 131 VII which reacted 

with an excess of Fe,(C0)9 giving VIII (R = Ph, X = CO,Me). The structure of 
one of the products of reaction between 2,3-diazabicyclo[2.2.1] hept-Z-ene [14] 
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OC_-jFe-Fe--_ 

oc 
\ co 

co 
(VII) (VIII) (IX) 

and iron carbonyls has been established crystallographically [15] as IX. Fet(C0)9 
reacted 1161 with the diazepine X giving &,H,sN,Fe (CO),, the structure of 
which is known [l’i] t> De XI. The Fe-Fe distance is 2.39 a, and from 

Ph 

R 

(Xl 
oc 

(XI) 

Mijssbauer spectral studies is was suggested that the Fe,N2 bonding system was 
represented as 

The reduced diazepine XII also reacted with Fe2 (CO)9 giving the same type of 
complex, viz. C23H20N2Fe2(C0)6 whose structure may be slightly distorted 
relative to that. of XI because of a more puckered NCsN ring in XII relative to 
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(XIII) 

that in X. RUDER reacted with X giving 1163 (C23H18N2)ZR~(CO)3, which 
did not react with PPhEta and may have the structure XIII. With XII, RUDER 
gave (C23H20NZ)R~3(C0)9, which, on the basis of spectroscopic studies, may 
have the structure XIV. 3,6_Diphenylpyridazine reacted with Fe, (CO)9 giving 
XV which, in turn, treated with maleic anhydride afforded XVI. The X-ray 
structural examination of the latter revealed an Fe-Fe separation of 2.60 a 
which is ionger than those in other N-bridged binuclear iron carbonyls. While 
XV reacted with PhCSPh, giving the free pyridazine and Fe, (CO),(PhC2Ph)l, 
MeO,CCzCCO,Me and its ethyl analogue afforded l/l adducts similar to XVI; 
MGssbauer spectral studies of the latter products showed that the Fe atoms were 
inequivaIent. 

PhoPh or Ph-&?&-Ph Phes 
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Non-aromatic nitro compounds reacted 1191 with Fe(m), or Fe,(CO), 
in refluxing diglyme giving RNHCHO and (RNH)*CO (R = n-Pr or i-Pr, c-&Hi, , 
t-Bu or 1-adamantyl). Under milder conditions, XVII, XVIII, XIX and XX could 
be obtained; on heating these four compounds decomposed into RNHCHO and 
(RNH)*CO, perhaps via Scheme 2. a&Unsaturated nitro compounds did not 
react with Fe(CO), in diglyme. 

-Fe(CO)x +co 
xv11 - XVIII e XIX 

solvent 
- (RNH&CO 

I 

-CO -Fe(C0)3 

solvent 1 

4 -Fe(CO)s 

xx - (RNH)Fe(CO), w RNH2 
solvent 

WC0)5 

I i 

Fe(C0)5 

Scheme 2 
(RNHCO)Fe(CO)s --Fe(C0)3 RNHCHO 

Treatment of Fe(C0)5 or Fe3(C0)i2 with P(CFs)? H gave [20], at 80-90”,- 
both Fe,(CO),[M-P(CF3)2]2 and Fe2(C0)6[~-P(CF3)2]2H2 which exists as 
cis- and frans-isomers, XXI. Using P(CF3)zD, the corresponding deuteride was 
formed. At 20°, Fe,(CO)S afforded initially Fe(CO),[P(CF,),H] which, on 
heating, decomposed into XXI. Iron carbonyls reacted with [P(CF3)? ]* giving 
Fe,(CO),CII-P(CF3)212, and WC0)2(N0)2 afforded Fe2(NO),[~-P(CF,),I,, 
XXII.. Treatment of [(TT-C,H~)F~(CO),]~ with P(CF3)2H gave (sr-CsHs)- 
Fe(CO),P(CI?,),. 

oc,P ,),!I ,co 
i? ’ oc,~e,q /co 
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Debromination of Fe(C0)4{PF2Br} by Ni(C0)4 afforded [21] Fe2(C0&- 
(p-PF,),. Reaction of (TT-C~H~)N~(~-CO)(~-PP~~)F~(CO)~ with RCECR’ 
(R = R’ = Ph, CO,Me; R = Ph, R’ = H, Me, CO,Me; R = Me, R’ = H, CO,Me) 
giving [22] a species formulated as XXIII; when R # R’ two\ isomers were 
obtained. 
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Complexes containing 0, Se, S and Te donor atoms 
UV irradiation of Fe(CO)s with 9,10-phenanthrenequinone (Quon), in THF, 

gave [23] Fe(Quon),, but in the presence of pyridine or a,&‘-bipyridyl, 
Fe(Quon),(Py) and Fe(Quon),(Bipy) were formed. 

Fes(CO),, reacted with Se2R2 (R = Me, Et, CF, or C,F,) giving [24] 
[Fe(CO)&-SeR),],; i-CsF,SeH afforded [Fe(C0)s(r.l-Se(i-C,F,))]2. However, 
while Se2R2 (R = Me or Et) afforded with [(rr-C,H,)Fe(CO),]2, [(z-C,H,)- 
Fe(CO)(p-SeR)]*, where as with R = CFs, C2Fs or CsF7, only the monomer 
(n-CsH,)Fe(CO),SeR was formed. 

[Fe(CO),(p-SBu-t)], reacted 1251 with tertiary phosphine or phos- 
phites, L (PEts, PPhs, P(OMe)3 or P(OPh),) giving Fe,(CO),L(D-SBu-t)2 or 
[Fe(CO),L(p-SBu-t)],, depending on reaction conditions. With the exception 
of L = PEts, the latter compounds occurred as a single isomer in solution, 
viz. XXIV. With cis-Ph,PCH=CHPPh,, XXV was formed, whereas with 
PhaP(CH2),PPh2 (n = 1 or 2), XXVI was produced. [Fe(CO),(p-SPh)], 

(XXV) 
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OC’ ] ‘SR 
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behaved similarly with PhzP(CHz),PPh2, cis-PhzPCH=CHPPhz or Ph,PN(Et)- 
PPh,, giving [26] XXVI and XXV. The thiophenate also reacted with PEt,, 
PPhs, SbPh3 or P(OPh), giving XXIV, XXVII and XXVIII. With the che- 
lating diphosphines, Fe2(CO)s(Ph2PCH2PPh,)(~-SPh)2 and XXVII were 
formed, in which one phosphine ligand was monodentate. The complexes 
Fe(CO)z(Diphos)(SPh), (Diphos = Ph,PCH,CH,PPh, or cis-Ph,PCH=CHPPh2), 
XXIX, were also obtained. 

Treatment of Fe(S,CNR,), (R = Me or Et) with CO gave [27] cis-Fe(CO)z- 

(SzCNR2)2, and the structure of cis-Fe(CO)z [SZCNCmH,],, XXX, 
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obtained by reaction of the thiuram disulphide with Fe(CO)s, has been deter- 
mined crystaIlographicalIy [ 281. 

Reaction of Fe2(C0)9 with S&(CF& under mild conditions afforded 
CFe(COMS&(cF&) I,; in solution, n = 1 but in the solid state n = 2, XXXI. 
With phosphines and isocyanides Fe(CO),,L,[S2C2(CFs)J (L = (PPhs, P(OEt)s, 
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CNBu-t, CN(p-ClC,H4)) was formed and with the diphosphines Phz PCH, CH, PPh, 
and cis-PhzPCH=CHPPh,, Fe(CO)(diphos)[S,C,(CF,)] was produced. Treat- 
ment of the diphosphine complexes with NOPF6 afforded the diamagnetic 
[Fe(NO)(diphos)(S,Cz(CF3)2)] [PF,], which could be readily reduced, 
chemically or voltammetrically, to the paramagnetic (S = 3) Fe(NO)(diphos)- 
[S,C,(CFs),]. These monomeric species probably have square pyramidal 
structures. Reaction of [Fe(CO)3{S,C,(CF3)2 }I2 with H2S was reported [30] 
to provide an inorganic model for reduced 2Fe-S* iron sulphur proteins. 

Tellurophene reacted [ 311 with Fe,( CO) 12 giving Fe,( C0)9Te,, a ferro- 
cyclopentadiene complex, C,H,Fe,(CO), and XxX11. The last, on heating 
afforded C, H4 Fe,(CO),_ 

Carbonyl halides 
Approximate molecular orbital calculations have been used to describe [ 321 the 

electronic structure of cis-Fe(C0)4X, (X = Cl, Br or I). These calculations were 
used to comment on the factors influencing the CO stretching force constants, 
and it was shown that X could affect f(C0) by direct donation of electron 
density from the halogen’s u-bonding orbital to the n-orbital on cis-carbonyl 
groups. 
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When the red solution obtained by passing CO into RuC13 in refluxing 
ethanol was treated [33] with Et4NI, two compounds, one [Et4N]z[R~Z(C0)416], 
were formed. This dimer reacted with pyridine, PPh3 or AsPh3 (L) giving 
Ru(CO)~L~I~, and with SbPh3 giving Ru(CO)(SbPh3)&. 
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Scheme 3 

The IR spectrum of [Ru(CO)~X~]~ (X = Cl or Br) has been studied [34] 
in various solvents and changes of the spectra with time in CHC13 have been 
interpreted in terms of reactions invoking ethanol stabiliser in the chloroform 
(Scheme 3). 
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L 

(XXXIII) 
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The halide reacted [34] with pyridine or nitriles giving XXXIII and with 
PPh, giving cis-Ru(CO)z(PPhs)2X2. Bromoform solutions of [Ru(CO)sX,], 
reacted with CO under pressure forming c~.s-Ru(CO)~X~. 

Complexes of MB containing Group VA donor atoms 
Theheats of binding of CO and CNMe (L)in [Ru(NHs)s L] 2+ werecalculated 

[35], on the basis of the reaction with Ce4+, to be - 84.5 f 0.5 and - 13.5 + 0.5 
kcal;mole. Free CO does not react with Ce4+ in solution, but when coordinated 
to Ru” is released as CO 

RLI~(CO)~~ reacted2[-361 with mesotetraphenylporphine (Porph) in ethanol 
to give trans-Ru(CO)z(Porph). and not Ru(CO)(EtOH)(Porph) as previously 
thought [ 371. The etiophorphyrin iodine (EporphI) complex Ru(CO)(Py)- 
(EporphI), and its octaethylporphyrin analog, on UV irradiation, gave [ 381 
the dimer (Py)(EporphI)Ru=Ru(EporphI)(Py). Inter- and intra-molecular 
site exchange of coordinate N-bases (pyridines, pyridazines and a pyrazole) in 
Ru(CO)(base)(Porph) (Porph = tetra(isopropylphenyl)porphyrin) has been 
studied [ 391 by total line shape analysis of the variable temperature ‘H NMR 
spectra of the complexes. All compounds underwent intermolecular ligand 
exchange, with rates of ca. 0.09 to 2 x lo4 see-‘, which was independent of 
the concentration of the base; the rate-determining step was dissociative_ The 
rates for intramolecular site exchange were 20 to S5 times faster than those for 
intermolecular exchange, but there was apparently no intramolecular ligand 
exchange involving 3,5-dimethylpyrazole complexes. 

Carbonylation of Fe(PPh,Me),H, gave 1401 Fe(CO)(PPh,Me)sH2, and this 
complex, like itsethyl analog and Ru(CO)(PPhzMe)xHz, had the structure 
XXXIV at -5OO; above this temperature the complexes were stereochemically 
non-rigid. hlijssbauer spectral studies of [Fe(L)(Et,PCH,CH,PEt,)2H]+ 
indicated [41] that the u-donor and n-acceptor ability of the ligand L increased 
in the order L = MeCN < PhCN - Nz < P(OPh), - P(OMe), < CNBu-t 

L 

OC, 1 ,H 
L_+H 

L 
(XXXIV) 

i+ OhMAH 
06 1 ‘H 

T 

(XX&I) 

< p-Me&H,NC < CO. The data established that N, is a poorer u-donor and 
n-acceptor than CO, but that N, is a better n-acceptor but poorer u-donor 
than RNC. The ruthenium and osmium hydrides and chlorides cis-Ru( CO)Z- 
(PPh3)2C12 (cis-CO), Os(CO)(PPh,),HCl (XXXV), Os(CO)(PPhs)sH, (XXXIV) 
and Os(CO),(PPh&Hz (XXXVI) were prepared 1421 by treating Ru&, OsCls 
or OSCARS- with ethanolic KOH or EtsN and PPh,. In 2-methoxyethanol, 
RuCls and PR, (R = Ph, p-Me&H, or p-MeOC,H,) afforded Ru(CO)~(PR~)~. 
If the reactions designed to give Ru(CO),(PPh3),H, were carried out in the 
presence of p-MeC,H&O,N(Me)NO, Ru(N0)2(PPh3)z was formed. Reaction 
of Ru(PPh3)sHC1, or its P(p-MeC,H4)s analog, with AlEt, under N, in ether 
afforded [43] Ru(PPh,)s(N2)H2; the N, was easily displaced by CO giving 
Rn(CO)(PPh&H, (XXXIV). 
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Abstraction of chloride from M(CO)(PPhs),HCl (M = Ru or OS) in MeCN 
using Ag+ gave [44] [M(CO)(PPh,),(NCMe),H]+, XXXVII. Carbonylation of 
this, followed by addition of PFB-, gave [M(CO):,(PPhs)sH]+, different isomers 
being obtained by changing the order of ligand addition. Deprotonation of the 

(XXXVII) 

dicarbonyl by OMe- or OBu-t- gave trans-M(CO), (PPhs)s, whereas, with OEt-, 
M(CO)(PPhs)sH2 was the major product. The latter may have been formed via 
acetaldehyde elimination from M(CO)(PPhs),H(OEt). The species Ru(CO),- 
(PPh,)s apparently rapidly dissociated in solution giving Ru(C0)2(PPh,),, and 
this reacted with HZ, C2H4, PhCsPh and O2 giving, respectively, Ru(CO),- 
(PPhs)2H2, Ru(C0)2(C2H4)(PPh3)2. Ru(C0)2(PhC2Ph) (PPhs)* and Ru(CO),- 
(PPh3)2(02)_ 0s(CO)z(PPh3), dissociated less readily and 0s(CO)z(PPh3)2(02) 
was formed more slowly than its Ru analog. 

13C NMR spectral s tudies of Ru(CO), (PhC,, Ph)(PPh3)2 and Ru(CO), - 
structure as XXXVIII. The red solution produced by carbonylation of RuCls 
in ethanol reacted [46] with P(CH2SiMe3), giving Ru(CO)z[P(CHzSiMe3)3],Cl, 
XxX1X. However, treatment of [Ru(CO)~C~~], with the silylphosphine also 
resulted in the formation of Ru(CO),[P(CH,S~M~~)~M~],C~,, (XxX1X). The 

g 

EW, I 
Ru 

/-Cl 

OC’ 1 \PEt3 
Cl 

(XXXVIII) 

carbonylation of RuCl, in boiling 2-methoxyethanol afforded [47] with L 
(PEt3, PPr, Ph or PPh,) Ru(CO), L,Cl,, XXXVIII, but under similar conditions 
P(pMeC,H,)Bu-t,, L’, gave Ru,(CO)~L~C~~, XL. The Ru-Ru distance (2.63 a) 
was much shorter than that found in other binuclear Rue and Ru’ complexes. 
The Ru2C12 bridge had a dihedral angle of 92”, but the bridge conformation 
did not reflect steric effects and the remaining Ru(CO)~C~~ groups were planar. 
Chlorination of XL in Ccl4 gave [Ru(CO)~L’C~~]~, XLI, which, on treatment 
with pyridine or PPhMez (Q) gave Ru(CO)~L’QC~, , XLJI. Heating XL1 alone 
in 2-methoxyethanol, or with L’, gave XL which reacted with AgOCOMe 
giving [Ru(C0)2L’(0,CMe)],, XLIII. It was suggested that L’ was too 
bulky to permit the formation of the normal six-coordinate Ruli complexes, 
Ru(CO),L;Cl,. 

In contrast to previous reports [48], Ru(C0)3(PPh3)2 did not react with 
Me1 in benzene at room temperature, or even on refluxing. There was no 
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Me 

WJ) (XLII) (XLIII) 

reaction either with THF at room temperature, but on refluxing, [PPhsMe]- 
[Ru(CO)2(PPh3)13] was formed [49]; this anion was also obtained by action 
of Me1 on Ru(CO), (PPh&12, itself produced by treatment of Ru(C0)2 (PPh3)2 Cl* 
with KI. [PPhsMe] [Ru(C0)2(PPh,)13] reacted with PPh3 giving Ru(CO)*- 
(PPh3)21,. The cis- and ttans-isomers of the latter (XXXVIII and XxX1X) 
could be interconverted by UV irradiation or heating; the analogous RUG- 
(PPh2Me)212 was also prepared. RuCI, reacted [50] with Ph,AsCH2CH2AsMe, 
(D&s) giving Ru(Diars)&& in which the dlarsine ligands were both mono- 
and bidentate; carbonylation of this compound gave Ru(CO)2(Diars)2C12, 
XLIV, also obtained by reaction of RuC13 with CO and diars in ethanol. Under 
similar conditions, using Ph2PCH2PPh2 and cis-Ph2AsCH=CHAsPh, (L-L), 
Ru(CO)~(L-L)~CI~, XLVI, was prepared. Carbonylation of Ru(Ph2 PCH2PPh2)zC12 
gave truns-[Ru(CO)(Ph,PCH,PPh2)zC1 ] Cl and oxidation with NOBF, afforded 
fRu(Ph2PCH,PPh,)2 Cl21 [BF,]. Reaction of NO or RON0 with the latter 
afforded [Ru(NO)(Ph2PCH2PPh2)2C1] [RF4 J2_ Treatment of RuCl, in ethanol 
with CO and trans-/I-styryldiphenylphosphine or amine (L) gave Ru(CO)L3Cl,, 
XLVII, and further reaction with CO provided c~s-Ru(CO)~L~C~,, XLV. With 
cis-/3-styryldiphenylphosphine (L’), only ci.s-Rt~(C0)~L~Cl~ was formed. 
Ru(NO)C13 reacted with the styryl phosphines and amine giving Ru(NO)L2C13, 
XLVIII. 
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Reaction of Ru(CO)(PPha)aHz, Ru(CO)(PPh,),HCl and Ru(NO)(PPh3)2- 
(OCOCF3), with RCO,H (R = alkyl or aryl) afforded (511 Ru(CO)(PPh3)2- 
X(OzCR) (R = alkyl or aryl; X = H or Cl). With CF,C02H in benzene 
0a(CO)(PPh3)2(0COCF,)2, 0s(CO)(PPh,),Cl(OCOCF3) and OS(CO)~(PP~~)~- 
(OCOCFa),. Ru(NO),(PPh,)2 reacted with CF,CO,H giving Ru(NO)(PPh3)3- 
(OCOCF& which was carbonylated by KOH and ethanol afforded 
Ru( CO)( PPh3)2 (OCOCF,)z. The trifluoroacetate group in the OS complexes 
could be exchanged metathetically with NaOCOR (R = alkyl or aryl). In the 
species M(CO)(PPh,),(OCOMe),, both mono- and bi-dentate acetate groups 
were present, and there was ‘H NMR spectral evidence for exchange between 
mono- and bi-dentate coordination. 

Complexes containing a-bonded Group IIB, IIIB and IVB elements 
2eaction of Fe(CO)JIP(OMe)J]Z with HgX, (X = Cl, Br or I) gave [52] 

Fe(CO),[P(OMe),]z(HgXz), and l/4 (HgClz) and l/2 (HgBrz or Hg12) adducts 
were also obtained. The last two species dissociated in nitrobenzene giving 
[Fe(CO),{P(OMe),},HgX]fCHgX3]-; similar species were obtained with 
FeW0)3C(PMe3)~12. 

Treatment of Fez( with B6H1a afforded [53] p-(OC),FeB,H,,, in 
which the Fe atom is probably bridging a basal edge of a pentagonal pyramid 
of B6 atoms. Reaction of Fe3(CO)i, with [Me,NAlBrJ2 gave 1541 XLIX, 
which on treatment with PBus and CO2 gave, respectively, L and LI. 
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(CO),SiMe, 

(LII) (LIII) 

When SiMesI was added to Na,Fe(CO),. [Fe(C0)4(SiMe3)2]2 was formed 
[55]; this may have the structure LII or LIII. Addition of HCl afforded 
[Fe(CO)3(COH)(SiMe3)]z, and the original tetracarbongl could be regenerated 
from this by addition of SiMesCl and NMe,. Exchange of two CO groups in 
cis-Ru(CO),(SiCl,), occurred [56] at 25O specifically at the equatorial sites, 
the axial CO groups not undergoing exchange at all. It was also shown that 
cis- and trans-isomers of the chlorosilyl complex did not interconvert in solution 
or in the solid state. Thus, trans-Ru(CO)&SiC1,)2 was converted into the 
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Scheme 4 

enriched CO form without proceeding via the unenriched cis-isomeL. i’he 
mechanism of CO exchange (Scheme 4) is perhaps understood in terms of a 
five-coordinate bipyramidal intermediate which has equatorial SiC13 groups. 
Stereospecificity is maintained as this intermediate accepts a second CO group 
establishing that the initially axial and equatorial sets of CO groups are 
distinguished at all times in the intermediate. The behaviour of cis-RUB- 
(GeCl,)* was similar, but Fe(C0)4(SiC13)2 did not undergo absolutely stereo- 
specific CO exchange. The compounds Ru(C0)4(SiMe3)2. 0s(C0)4(SiMe3),, 
0s(C0)4(SiMe2C1)2 and 0s(C0)4(SnMe3), were stereochemically non-rigid 
[57], as established by ‘H NMR spectral studies. It seems likely that cis/trans- 
isomerism proceeds via a non-dissociative mechanism, perhaps involving silyl or 
stannyl group migration through an acyl intermediate. Reaction of Naz Fe(C0)4 
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and Fe2(C0)9 with LIV and LV afforded [58] organometallic oils which could 
not be adequately characterised but contained Fe and Ge. The structures of 
the cis- and trans-isomers of Ru(CO),(GeC1,)z have been elucidated crystallo- 
graphically 1591; the Ru-Ge distances in both complexes were 2.48 A, and 
from the Ru-C distances it was apparent that the GeC13 group had an unusual 
n-bonding capability. 

cl\ /H H Me 

MelGelMe 
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Sn g 

OC,l /q&i ,c0 

Me ,Ge, Me Me Ge Me 
H Cl Me’ ‘H 
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OEO 
(LIV) (LV) (LVl) 

The crystal structure determination of [Fe(C0)4SnMe2] 2, LVI, established 
[60] that the Fe-Sn distances (2.65 a) corresponded to the sum of covalent 
radii of Fe” and SniV ; the Sn-Fe-Sn angle was 77”, and the Fe-Fe separation 
4.14 a. 

Metal carbonyl clusters 
The two Fe-Fe distances in LVII, 2.68 and 2.87 A, were determined [ 611 by 

X-ray crystallography. Fe( CO), reacted with [(in-C,H, )Mo( CO),] - in diglyme 
giving [ 621 [Fes(CO) ,4C] *-, LVIII, isolated as the Me, Nt salt. This anion 
could also be obtained [63], together with [Fe,(C0)16C]2-, from the reaction 

(CO)4 

,.Ru 
‘. 

_=- o “.*_ 

,,.*>N+_ 

W),R~*, ,RWW, 

iz 
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of Fe(CO)S with [Mn(CO),]-. The pentanuclear species may be related to 

FeS(CO),& 1641. 
The X-ray crystallographic structural determination of LY-Ru&CO)~~H~ 

revealed 1651 that eleven of the CO groups were terminally bound, and the 
other two formed asymmetric bridges between two Ru atoms each. There were 
two different metal-metal distances, two Ru-Ru separations being 2.93 a and 
four being 2.78 a; it was suggested that the H atoms bridged the two long 
Ru-Ru bonds. Reaction of Ru3( CO) 12 with NO in benzene at 80° gave 1661 
Ru~(CO)~,,(NO)~, and this-further reacted with NO giving [Ru(CO),.,(NO,),_,],. 
Ru,C,~N,O,, and perhaps also Ru~(CO),~(N,O). OS~(CO),~ also reacted with 
NO giving OS~(CO)~~(NO)~. The structure of the ruthenium nitrosyl, LIX, has 
been elucidated; the direct Ru-Ru bond distances were 2.87 a, and the 
Ru(p-NO),-Ru separations were 3.15 A; OS~(CO)~,-,(NO)~ was isostructural. 
Pyrolysis of Ru3( CO) 12 in a sealed tube at ca. 150” gave Ru,(CO),,C and 
undecomposed dodecarbonyl 1673. However, similar treatment of 0s3(CO),, 
at 195-200” afforded, in addition to starting material, OS~(CO),~, OSCAR), 
Os,(CO),s (which is probably an octahedral cluster of Os(CO), groups), 
Os,(CO)21,Os&O)23, and OS~(CO)~~C; OSLO& was not detected. 

Reaction of Fe2(C0)9 with [(TI-C~H~)MO(CO)J- at room temperature 
gave 1681 [Fei(n-CSH5Mo),(CO),01*-, LX. 
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Fe, (CO)9 reacted with PtL4, PtL, or PtL,(stilbene) (L = PPh3, PPhzMe, 
PPhMe2, PMe3 or AsPh,) giving [69] LXI, LX11 (also obtained where 
L = PPh(OMe),, P(OPh)3 or Ph2QCH2CH2QPh2, Q = P or As), and LXIII. 
Some of these compounds could also be obtained 1701 using Fe, (CO) 1 2, and 
the structures of Fe,(CO),[Pt(CO)(PPh,)] [70] (see LX) and Fe(CO),- 
[Pt,(CO)(P( 0Ph)3 ) J [ 711, LXIV, have been determined. In the former the 
two independent Pt-Fe bond distances were significantly different, reflecting, 
perhaps, the high tram influence of PPh3 relative to CO. The general stereo- 
chemistry of the cluster suggested that the bonding involved [Pt(CO)(PPh,)]*’ 
and two [F’e(CO),]- groups. In the latter, the metal-metal bonds were shorter 
than expected for electron-pair bonds, suggesting Fe-Pt bond multiplicity (the 
compound does not obey the rare gas rule). 
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Ru,(CO),~ also reacted [72] with PtL4, PtLs or PtL,(stilbene) giving 
Rus(C0) 12_nL,I (R = 1, 2 or 3) and LXV (L = PPh,, PPhalMe, PPhMe, , 
PPh(OMe), or AsPhs), LXVI (L = PPhMez), LXVII (L = PPh(ONIe)2 or 
P(OPh),) and LXVIII. Reaction of OS~(CO),~ with Pt(PPh,Me), gave 
0s3(CO)s(PPh2Me), and with Pt(PPh,)z(stilbene), OS~(CO)~~_~(PP~~),~ (n = 1, 
2 or 3). With Os( C0)4H2r these Pt compounds afforded OsPt,( CO)5L3 
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(L = PPhs or PPh,Me) and OslPt(CO),(PPhzMe),_ Minor products of the 
reaction between OsJCO),, and Pt(PPh,),(stilbene) were Os,(CO),[(C,H,)- 
PPhJz, with structure either LXIX or LXX, and Os(CO), (PPhs),(PPh2) 
(-r = 6 or 5; y = 1 or 2). Treatment of OS(CO)~H~ with Pt(PPh3)2(C2H4) gave 
Os(CO)s(PPhs)H,, OsP&(CO)s(PPhs),, LXXI and [OsPt(CO),(PPh,)H],, 
LXXII. In the last, the H atoms may either bridge the two Pt atoms or may be 
bonded terminally to each of them. All of the reactions occurred via oxidative 
addition in which the Pt moiety was inserted into Ru-Ru as OS-OS bonds. 
This was then probably followed by disproportionation and elimination of an 
M(C0)4 (M = Ru or OS) group. The formation of Pt2M clusters was envisaged 
as a second series of insertion and disproportionation reactions_ 

The reactions between M3(C0)i2 (M = Ru or OS) and [M’(CO),]- (M’ = Mn 
or Re) were complex [731 and the nature of the products was dependent on 
the solvent and temperature of the reactions. The behaviour of 0ss(CO)i2 with 
[M’( CO),]- is summarisecl in Scheme 5. The structure of LXX111 is analogous 
to that of FeOs,(CO) 12 [74], and the overall symmetry of MnOs2(CO) i*H was 
low, the structural assignment being impossible. There are two possible structures 
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for M’Os3(CO),,H, LXXIV and LXXV. ReOs3(CO),,H, LXXVI, is probably 
electronically similar to [Re,(CO),,] 2- [75], and so may contain a double 
triangulated ReOs3 nucleus; the Mn analogue could not be prepared. In 
M’Os3(COl,,, LXXVII, both terminal and bridging CO groups are present-the 
compound may be analogous to [Fe4(C0),3]2- [76]. The H atoms may be 
located around the edges of the basal OS, triangle or in the three faces of the 
tetrahedron linking M’ to the OS atoms. The reactions of Ru3(C0)i2 with 
[M’(CO),]- are summarised in Scheme 6. This carbonyl was much more readily 

[Mn(CO)S I-; THF; 20°; 28 h 

1 IRe(CO)Sl- l [ReRu3(CO),,,- x Re2Ru(C0)12H2 

THF; 20 min; 20° Re2Ru2(C0)&2 

Scheme 6 
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attacked than its OS analog. [Ru,(CO)iIH]- is probably similar to [Fes(CO),,H]- 
and, on acidification, gave an unstable compound (dihydride?) which decomposed 
to Rus(CO)iZ. Ru6(CO),sH, is an octahedral cluster with six Ru(CO)s groups, 
and in which the H atoms bridge three metal atoms in or above opposite faces 
of the octahedron 1771; [ReRu,(C0),6]- is probably closely related to 
M’OsJ(CO),,H, LXXIV or LXXV. 

Ethylene reacted with LY-Ru&CO)~~H~ giving [78] a-Ru4(C0),sH and 
Ru3(C0)s(CMe)H3, LXXIX. The a-hydrides Ru~(CO),~H, and Ru,(CO),~H~ 

1Me ” 

(CO), 

(LXXIX) 

reacted with 1,5-cyclooctadiene (CsHIZ) giving [79] Rus(C0)s(CsHi2)Ha, 
LXXX, Rus(CO)s(CsH,#& R~Q(CO)I,(C~H~O), LXXXI, Ru~(CO),~(CsH,~), 
RLI~(CO)~~(C~H~~), unreacted dodecarbonyl, 1,3-CsH,, and CsH,,. The 
structure of LXXX1 has been determined [SO] and bears similarities to 
Co4(CO)r0(EtCZEt) [Sl]. Thus the four Ru atoms have a butterfly conforma- 
tion, and the Cr-C2 bond is “acetylenic”, forming two Ru-C “a-bonds”, 
Ru,--C* and Ru2-C1 (2.16 a) and two “flu-bonds” involving Rus and Ruq 
(2.21 A). The Ru-Ru distances averaged 2.74 a except that of Ru,-Ru, 
which is 2.82 A; the dihedral angle between the two trimetal planes is 112”. 
By heating Ms(C0)i2 (M = Ru or OS) with cyclooctene, Ms(C0)9(CsH,z)Hz 
(LXXX, M = Ru) was obtained, and Rus(CO)s(CRHII)H, when heated under 
1 atm. of Hz, also gave LXXX. The compound LXXX was stereochemically 
non-rigid (Scheme 7). Treatment of Ru~(CO),~ with bicyclo[3.2.1]-octa- 
2,6-diene gave [SZ] the stereochemically non-rigid LXXXII. 

With RCSH, Ru~(CO),~ gave [83] LXXX111 (R = t-Bu or Ph), which is 
similar to Fe3(C0)sC,Ph, [ 843 _ With PhCxPh, in alkaline solution, Ru3( CO) 12 

(OC)sRu*--- 

&Ru(CO)s = (oc’3R&Ru(Co)3 

(CO& (CO), 

(LXXX) 
Scheme 7 
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(LXXXIV) 

(H omitted) 

(LXXXV) 

afforded [85] Ru3(C0)9(C2Ph2)H, probably LXXXIV, and further reaction 
of this with PhCGCPh gave LXXXV (proposed structure)_ The general reactions 
are summarised in Scheme 8. Ru,(CO) ,z also reacted with di- or tetra-phenylbuta 

1,3-diene giving [86] orange isomers of Ru3(CO),L, (L = CzPhz or C,HPh); 

such species may also have been produced in the reactions of Ru3(CO) 12 with 
PhCxPh [87]. Also obtained from the reactions of the arylbutadienes were 
Rus(CO),(C,Hr,), R~~(CO)~(C~H~~)R~Q(CO)~ZH~, Ru,(CO),,H2 and 
Ru3(C0)9C4H4Ph2_ All CO groups in these compounds are terminal. The ‘H 
and NMR spectra of Ru,(C0)a(C6H,,) were consistent [88] with the presence 
of a Ru-H bond and a n-1,3-methylethylallyl group coordinated, as in LXXXVI, 
so that the compound must be reformulated as Ru3(C0)a(C6H9)H_ The 
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c’ompound LXXXVI was also obtained from cis, trans- or trans. trans-hexa- 
2,4-diene and Ru,(CO) iz, and its structure has been confirmed crystallo- 
graphically; it is comparable with Ru,(CO)~(C,~H,,)H [89]. 

(OC),Ru- Ru(CO), 

‘HA 

Ph Ph 

(LXXXVIII) 

Arylacetylenes also reacted [ 901 with Os,( CO) i2 giving Os,( CO)sL2 
(L = C2 Phz. C2(p-C1C4H4), or C,(p-MeC,H4). These compounds contained an 
OS-H bond and the structure LXXXVII was proposed. However, crystallo- 
graphic studies indicated [91] that the molecule had an overall structure 
LXXXVIII in which the OS,--OS, and C,-C,--Cs--C, bonds were mutually 
perpendicular. There was indication of a bond between OS, and the phenyl 
ring A (C,,) (Os,-C, 2.18 A). The OS,--C, or C4, 0s3--C, or C4, CI-CI and 
C3-C4 distances were consistent with single bonds while C2-C3 appeared to 
be a double bond. It was implied that there was a g-bond involving C,-C, 
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and OS, and Oss. The intermetallic distances were: Os,-Os, 2.87 A, Osl-& 
2.75 A and Osz-Oss 2.94 A. The complexes 0s3(CO)sL2 reacted further with 
CO, PFs, PPh,, AsPh3 or SbPh,(Q) affording 0ss(C0)sL2Q (Scheme 9). 

+Q 
0s,(CO),L2Q a OsKO)6Lz + Q 

/ heat 
L 

0% (CO),* - Os,(CO),L, 

heSO 
Os3(CO),L, -=+ OS2(CO)6L2 

L = Ph,C,; @-C1CgH4)2C2; @-MeC6H4)2C2 
Q = PF,, Pp’n3, AsPh,, S,Ph,, CO 

Scheme 9 

Reaction of Fe,(CO) 12 with Ph,MCxCF, (M = P or As) gave LXXXIX 
which afforded 1921, with P(OR)3 (R = Me or Et) Fe3(CO),[Ph,PC2(CF3)],- 
[P(OR)J. The Fe,-C (1.96 A) and C-C (1.43 A) distances within the ferro- 
cyclopentadiene ring were similar to those found in Fe,(CO),[C,Met(OH)2] 

P -Fe 
Phz (CO), 

(LXXXIX) 

and Fes(C0)6(C2Ph2) 1933. The Fez-Fe,, Fe,-Fez and Fe,--Fe, distances 
were 2.55, 3.50 and 4.98 A, respectively. The molecule was two electrons short 
of the rare gas configuration. 
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Treatment of Ru,(CO),, with cyclododeca-1,5,9-triene isomers afforded 
WI FW.(C0MC&s)H, XC, RudCO)gtC&3,,)K Ru,(CO)~,(C~ZJWH (n 
probably 17) and Ru~(CO),,(C~~H~~), XCl. XC reacted with Ru3(CO)iZ giving 
XCl, but did not react with Fe,(CO),. XC also reacted with L(P(OMe)s, PPhMe, 
or P(OCH2)aCEt) giving Rus(C0) 9_nLn(C12H15)H (n = 1, 2 or 3). 

(OC),Os 
(CO),(PPh,) 

(XCIV) 

/y&i!Jos(co) (PPh ) 

(OC)3Os 2 3 

(oc) &&EJ& /““’ 
3 -:os (CO), 

(XCVI) (XCVII) 

Reaction of OSCAR with PPh, in a molar ratio of l/2 [95] gave a mixture 
of nine compounds, 0s3(C0)s(PPh2)(C6Hs)(PPhC6Hs), XCII, 0s3(C0)7(PPh2)t- 
(C,H,), XCIII, 0s3(CO):(PPh3)(PPh,)“, Os,(CO);(PPh,);H, XCIV, 0s3(CO)a- 
(PPh3)(PPh2C6H4)H, XCV, Osa(CO)~(PPh,)~H, XCVI and 0s3(CO),,_,(PPh3), 
(n = 1, 2 or 3); also described were 0s3(CO)s[P(C,H,Me),],(C,H4Me)- 
[P(C6H4Me)(C6H3Me)l, 0s3(CO),(AsPh2)2(C6H4), probably similar to XCIII, 
and 0s3(C0)s(PPh3)aH+_ Thermal decomposition of 0s3(C0)1,,(PPh3)2 gave 
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Oss(CO),(PPh,)[PPhz(C,H,C,H,)I, XCVII. The structures of those numbered 
compounds have been determined crystallographically [95,96], and all 
contain Oss triangles. The coordination of the benzyne ligands in XC111 and 
XCVI is very similar; XCVII may be regarded as being formed by intracluster 
oxidative addition of benzyne to a @-CH bond of terminal PPh3 in XCVI. The 
mean C-C bond length in the coordinated benzyne ligands in XCII, XCVI and 
XCVII is 1.42 A, and the dihedral angle between the Osa plane and the aryne 
ligand plane is 69 + 3O. XCIV exhibits metallation of a P-CH bond in PPha by 
two adjacent OS atoms, and, as such, may be regarded as a precursor of XCII, 
XC111 and XCV. The Os-C-OS bond angle (74”) was smaller than that 
observed in XCII. In XCVI and XCVII, the H atom may be terminally bound 
to the “top” OS atom, whereas in XCIV it presumably bridges the “bottom” 
OS atoms. 

Me groups, OS atoms 
and part of C6H, ring 
omitted for clarity 

Scheme 10 

Oss( CO)rs reacted with PPhMes in refluxing toluene [97] giving 
Osa(CO),&PPhMe,), (n = 1, 2 or 3). Heating these in refluxing n-nonane 
gave 0ss(CO)g(PMep)(C6H4)H and 0ss(C0)7(PMe2)2(C6H,), XCVIII. The 
latter has a structure analogous to XCIII, and is stereochemically non-rigid 
(Scheme 10); the former behaves similarly. Reaction between o-vinylphenyl- 
diphenylphosphine (L) and 0ss(CO)i2 gave [98] 0ss(CO)sL2 and no 
Os(CO)sL. The former was shown, by ‘H NMR spectroscopy, to be 
0ss(C0)s(PhzPC6H,C2H)H, the vinyl group having been dehydrogenated to 
give an acetylenic ligand bridging the three OS atoms. Os,(CO) r2 reacted with 

(003 

(XCVIII) (XCW 
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C2H4 in n-octane at 125“ giving 0s3(CO),(C2H,)H,, possibly XCIX, and with 
benzene at 180” giving 0s3(C0)s(C6H4)H2 (this may contain o-phenylene 
bonded to an Osa triangle via two C atoms). Reaction with H,S in n-octane 
at 125O gave Oss(CO)s(S)H,. 

The structure proposed 1991 for [(n-CsHs)Co(CO)],(y-GeClz)* Fe(C0)4, 
C, has been shown crystallographically to be Cl [loo]. 

,2, 
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The reaction of Fe3(CO)gXY (X, Y = S, Se or Te; X f Y) with L (P(OPh), 
or AsPhs) obeyed [ 1011 a two-term rate law for substitution. Iron carbonyls 
reacted [102] with CO,(CO),(SR)~ (R = C6F5 or C6Cls) giving FeCo,(CO)sS,, 
also obtained [103] in the reaction of Fe,(CO),S, with Co2(CO)s. However, 
reaction of Co2(CO)s with Fe2(CO)b(SR)2 gave only Co,(CO)i2. Fe,(CO),, 
reacted with CO,(CO),~(SE~)~S and Cos(CO),(SEt)s giving, under UV irradia- 
tion, FeCo2(C0)&G and syn- and anti-Fe2(CO),(cc-SR),. 

Ru~(CO),~ reacted [ 1041 with X0,- (X = S, Se or Te) in alkaline solution 
giving an anion which, on acidification, gave Ru,(CO),(X)H2, either CII or 
CIII. When Ru,(CO) i2 was refluxed in CS, [Ru(CO)s(CS)], was formed, and 
with cyclohexene sulphide, [ Ru( C0)s(C6H,,)S], was produced. 

Metal trifluorophosphine complexes 

Fe(PF3)s reacted with PF3 and H2 under UV irradiation giving [105,106] 
the thermally and oxidatively stable Fe(PF,),H,. The compound was stereo- 
chemically non-rigid, existing as octahedral cis- and trans-isomers at low tem- 
peratures. Deprotonation by KOBu-t gave K[Fe(PF,),H] and K2(Fe(PF3)J; 
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A:“\ 
(FsP),Fe---------------Fe(PF,), 

J/I\ 

‘P/ 

(F,P),FeK--pFe(PF,), 

F2 :2 

(CW (CV) 

the former species, and its analogs [M(PF,),H]- [107], M = Ru or OS, was 
also stereochemically non-rigid having distorted trigonal bipyramidal structures 
at low temperatures. Fe(PF,),H, reacted with EtSH and I2 giving [105] CIV 
and CV, respectively: under UV irradiation, it reacted with isoprene giving the 
diene complex Fe(C5Hs)(PF3)3. 

Ru,(CO) 12 reacted with PF3 at high pressures giving [108] the stereo- 
chemically non-rigid Ru(PF,),(CO),_, (K = 5, 4 or 3), and traces of 
Ru(CO)~(PF~)~ and Ru(CO)~(PF,). At high CO pressures and moderate PF3 
pressures, Ru3(CO),,_,(PF3), (y = O-6) was produced. 

Metal isocyanide complexes 

Deoxygenation of a CO group in Fe(CO)j by Ph3P=NC,H,Me gave 
[109] Fe(C0)4[CN(CBH&le)], Fe(C0)3[CN(C,H,lte)l, and Ph,PO; the 
proposed mechanism of reaction is summarised in Scheme 11. With Fe,‘cO),, 
the phosphineimine gave the same isocyanides together with urea, osnn rle 
and hydrazobenzene derivatives. Fe, Ru and OS” hexacyanides reacted iO] 
with acetone and [Et301 [BF,] giving [M{C~NCMezCH2COMe} b ] [ BF, 1 nd 
similar species were obtained with methylethylketone, cyclohesanone ar. 
acetophenone (the latter formed only [F@C-NCMePhCN,COPhj 5(CN )j [ t--~]. 

Scheme11 

Addition of CNEt to RuL,X:, (L = PPh, or SbPh,; JZ = 3 or 4; iX = Cl or 
Br) and to Ru(AsPh,)2(MeOH)X, (X = Cl or Br) gave [ill] trans-Ru(CNEt)2- 
L2X2, CVI. The trans-isomer was converted to the c&form, CVII, by heating. 

: 

c IT_ /X 

x/IU-, 

k! 

(CXI) 
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Correlation has been made 11121 of isomer shift and quadrupole splittings 
obtained from the Miissbauer spectra of [Fe(CNAr),(SnCl,)]+ , frans-Fe[CN- 
@-MeC6H4)]4C12, its SnCI, derivative and [Fe{CN(p-MeC,H,)),(SnCI,)] * and 
their electronic spectra and Fe 2p and 3p core electron binding energies [113]. 

Me 

Me N, 
H’ Me 

cm 
Reactions of [Fe(CNMe),]*+ with the hydrazines RNHNHR (R = H, Me 

or Ph) gave [114] CVIII (the two most probable configurations are shown). 
Addition of ethanol to Ru(CO)(CNR)(PPh,),(02) (R =p-MeC,H,) gave [115] 
CIX which, on treatment with HCl gave Ru(CO)[CH(NHR)](PPh,),Cl(O,CMe) 
which contained a coordinated carbene ligand. Reaction of CIX with NaS,CNEt, 
gave Ru(CO)(PPh,),[CH(=NR)](S,CNF&), analogous to CIX with acetate 
replaced by dithiocarbamate. This same compound could be obtained by 
addition of NaS2CNEt2 to Ru(CO)(CNR)(PPh3)2(OC103). 

Metal nitrosyl complexes 

An excellent review of transition metal nitrosyls, their structures, spectral 
properties and reactions, has recently been published [1163. 

Addition of NOPF6 to Fe(C0)sL2 (L = PPhs, PPh,Me, PPhMe2, PEts, 
P(c-C6H11)s, *Ph,PCH,CH,PPh,, P(OMe), or P(OPh),)gave Cl171 
[Fe(CO),(NO)LJ+ which reacted further with L (P(OMe)s, PPh,Me or 
PPhMe*) and with Ph,PCH2CH2PPh2 giving [Fe(CO)(NO)L,]+ and [Fe(NO)- 
(Ph2PCH2CH2PPh2)2]+, respectively. The latter was also obtained by reaction 
of Fe(Ph2PCHzCH2PPh2)2HC1 and p-MeC6H4SOzN(Me)N0 in the presence of 
NaBHa. Addition of OMe- to [Fe(CO),(NO)(PPh&]’ or its diphos analog 
gave Fe(CO)(NO)(PPh,)2(COzMe) and Fe(CO)(NO)(Ph,PCH2CH2PPh2)- 
(CO,Me); there was no evidence for methoxide attack upon coordinated NO. 

The structure of Ru(NO)(PPhs)sH, CX, has been determined crystallo- 
graphically [118]. The Ru atom was displaced by 0.55 A out of the trigonal 





452 

The crystal and molecular structures of [NH41 2 [Ru(NO)Cls] [ 1211 and 
its K+ analog [ 1221, established that the [Ru(NO)Cls]*- was a slightly distorted 
octahedron_ The Ru-N-O group was essentially linear (ca. 177O) and the 
Ru-N(N0) distance was 1.74-1.75 A. It was suggested that the nitrosyl group 
was bonded as NO’. The Ru-Cl bond length trans to NO was shorter than the 
others in the ion. The electronic and magnetic circular dichroism spectra of 
fRu(NO)(NH,),L] X (L = Cl, Br, NCO, N3, OH, NH3 or OCOMe) have been 
assigned [ 1231 and interpreted. It was suggested that the compounds contain 
the ‘Ru”’ -NO0 J group rather than { Ru *1-NOt) _ The complex [ Ru( NO)- 
(Bipy)2X]2’ (X = Cl or NOz) reacted [124] with Ns- in the presence of solvent, 
S, giving [Ru(Bipy),X(S)]+_ N, and N20. 

The halides hI( NO)( QR,), X, (M = Ru or OS; X = Cl or Br; Q = P or As; 
R = alkyl. aryl or mixed species) were conveniently prepared [125] by reaction 
of M?i3 with p-hIeC,H,SO,N(Me)NO or pentyl nitrite with a solution of QR3 
in boiling alcohols. Addition of an excess of LiI to these mixtures afforded 
M(NO)(QR,)zI,. The paramagnetic Ru(NO)(PPhs),Cl, was also detected as a 
minor product during the formation of Ru(NO)(PPh,)2C13. Reaction of azide 
ion with tram-[ Ru( NO)(Diars)zC1] Cl, (Diars = o-phenylenebis(dimethylarsine)) 
afforded [ 1261 trans-[ Ru(Diars)z( N,)Cl] together with N2 and N20. The 
complex containing i5N0 eliminated nitrous oxide as i4N20 and “N20 in 
equal amounts. The IR spectra of truns-[Ru(NO)(Diars)zX]‘+ (X = Cl or I), 
trans-[R~(N~)(Diars)~Cl]+ and tralzs-[Ru(CO)(Diars)zC1]+ were compared 
[127] and it was indicated that NO was a better r-acceptor in these complexes 
than CO or N,. The magnetic susceptibilities, ESR and Mossbauer spectra of 
trans-[Fe(NO)(Diars),X]+ (X = halide) have been measured [128]. The 
compound had one unpaired electron and ESR spectral parameters indicated 
that the Fe”* ion existed in a rhombic field. 

Reaction of Fe( NO)( SzCNEt,)t with impure NO (containing ca. 3% 
NO,) or pure NO? gave Cl291 Fe(NO)(SzCNEt2)2(N02); with pure NO no 
reaction was observed. Oxidation of Fe(NO)(S2CNEt2)2 by halogen afforded 
Fe( NO)(S,CNEt&X (X = Br or I) in which the NO and X groups were 
mutually cis (also when X = NO,). Improved syntheses of cis-Fe(CO)z- 
(S1CNR1_)2 (R = Me or Et) were also reported, and reaction of [Fe(CO)s- 
(,u-S&Ie)j2 with NaS,CNEt, in the presence of some Iz afforded one isomer 
(precise structure unknown) of [Fe(C0)2(S2CNEtt)(~-SMe)]2; the last had 
&-CO and bidentate dithiocarbamate groups. 

Phosphines, PhtPCH2CH,PPh2 and AsPhs displaced Cl303 CO from 
Fe(CO)(NO),L (L = tertiary phosphine) by an associative mechanism, the 
order of reactivity being CO > AsPh, 3 P(OPh), > P(OBu), > PPhs > PBu,. 
The mechanistic pathways are illustrated in Schemes 13 and 14; the former re- 
lates to reaction of diphos when L = PPhs or PBu,, the latter to all other ligands. 

The complexes Fe(N0)2(Bipy), Fe(NO),(o-phen) and CXIII were polaro- 
graphically oxidised [131] in one step giving [Fe(NO), (N-N)]+ (N-N = 
heterocyclic ligand) and reduced in two steps giving mono- and di-anions. It was 
suggested that the unpaired electron in [Fe(N0)2(N-N)]- was located in an 
orbital of II* (N-N) character, whereas in the monocation it was localised in 
an orbital of u-character_ The Ru” carbonyl mesoporphyrin (IX) dimethylester 
(Porph) reacted with NO affording Ru(NO)z(Porph). 
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Fe(NO),L + CO 
Diphos 
- Fe(NO),L(Diphos) - Fe(NO),(Diphos) + L 

Diphos 
Fe(CO)(NO),L + Fe(CO)(NO),(Diphos) + L --+ 

\ 

Diphos 

Fe(NO)zL(Diphos) + CO - Fe(NO), (Diphos) 

Scheme 13 

Fe(NO),L + CO z Fe(NO),L, 

/ 

Fe(CO)(NO),L 

Fe(NO),(Diphos) 

+L 

Fe(CO)(NO),Lz - Fe(NO),L, + CO 

Scheme 14 

The crystal and molecular structure of [ Ru( NO)?( PPh, )?Cl] [PF, 1. CXIV. 
has been determined [133]. The molecule was essentially square pyramidal, 
the apical Ru-N-O bond angle being 13S”, the Ru-N and N-O bond 
distances 1.85 and 1.17 a. The basal Ru-NO group was essentially linear 
(178”), and the Ru-N and N-O distances 1.74 and 1.16 A. During recrystal- 
lisation of Ru(NO)(PPh,Me),H [134], thedimer [Ru(NO)(PPh,Me)(PPh,)]2. 
CXV, was formed [135]. CXV was also obtained in the reaction between 
Ru(NO)(PPhzMe),C1, and PPhzH with Zn/Cu couple, together with the tetra- 
nuclear CXVI. In the former the Ru-Ru distance was short (2.63 a>, indicating 
a bond order of nearly 2, and the Ru-N distance, 1.70 a, was shorter than 
those observed for most other linear Ru-NO systems. In the latter, the bonded 
Ru-Ru distances were 2.79 A (bond order 1) and the non-bonded separations 
3.67 A; the Ru-N distances were 1.78 a. 

References p. 5 14 
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Ge( CH=CH2)C1s reacted [ 1361 with Na[Fe(CO),(NO)] giving CXVII, 
and GeMe2C1, afforded CXVIII (isomers of CXVII were identified). UV 
irradiation of (n-C,HS)Fe(CO)z GeMe2C1 afforded a 4/l mixture of the cis- 
and trans-isomers of CXIX. 

Metal carbene complexes 

UV irradiation of the carbene complex (n-CsHs)Mo(CO)(NO)[CRPh] 
(R = OMe, OEt or NMe2) in the presence of Fe(CO), afforded [137] 
Fe(CO)a[CRPh] and (n-C,H,)Mo(CO),(NO). The complexes Fe(CO),[C(OEt)R] 
(R = C6F5, C6C1s, NMe2 or NEt2) were prepared by treating Fe(CO),[C(OLi)R] 
with [Et,0][BF4]. Addition of 1,4dimethyltetrazolium salts (CXX) to 
Na[Fe(CO),H] afforded [138] the carbene species CXXI and CXXII, probably 
via the mechanism shown in Scheme 15. The isocyanide complexes were 
isolated and character&d_ The structure of CXXIII has been established 
crystallographically; the Fe-C (carbene) distance was 2.01 A 11391. 

The imidazole complex [ Ru( NHs),( imide)] ‘+ (N-bonded imide) reacted 
[140] with acid, HX, giving [Ru(NH~)~(H~O)]” and [Ru(NHs),(imide)X]*+ 
in which the imidazole ligand was C-bound (CXXIV). [Ru(NHs)s(H20)]” 
afforded a similar species when treated with 4,5-dimethylimidazole in acid at 
pH 5.5. 
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Reaction of Fe(C0)2(N0)2 or Fe(CO)(NO)(PPh,) with LiR (R = NHMe, 
NMe,, NEtz, or Ph) gave 11411 Fe(CO)(NO),[C(OLi)R] and Fe(NO),(PPh,)- 
[C(OLi)R]. Treatment of these with [Et,01 [BF,] afforded Fe(CO)(NO),- 
[C(OEt)R] and Fe(NO),(PPh,)[C(OEt)R]. 

Addition of L (NH,, NHEt,, PhNHNH, or pyridines) to Fe,(CO),(p-COR), 
(R = Me or Ph) afforded [142] Fe,(CO),(L)(p-COR)2, and with EtSH or 
PhSeH, Fez(CO),(K-SEt), and Fe2(C0)6(p-SePh), were isolated. Reaction 
with PPh, or PPr-i, gave CXXV and Fe(C0)3(PR3)2. 

Ph\@ 
1 )WCOhG%) 

Ph”-0 

Q 

II 
Me0 ’ OMe 

.&-+ 
Et- 

. . 
: .\Fe(C0)4 
, 

‘. / 
=Se 
(CO)3 

(CXXV) (CXXVI) 

(CXXVII) 

Treatment of Fe(CO), with LiC,H,(OMe),, followed by [Et,01 [BF,], 
afforded [ 1431 CXXVI whose molecular structure has beenietermined [144]. 

The compound was described as containing the system Fe-&-OR’ r-bonded 
to an Fe( CO), group. Reaction of Fe( CO), with [Al(NMe, )3] 2 gave [ 1451 
the binuclear aluminoxycarbene CXXVII. 

n-Cyclopentadienyl complexes 

Neutral bi- and tetra-nuclear carbonyl complexes 
In solution, the existence of four isomers of [(~T-C~H~M(CO)~]~ (M = Fe 

or Ru), the cis- and transforms, and two non-bridged forms, CXXVIII and 
CXXIX, were detected by ‘H NMR spectral studies [146]. The measured 

_-co 
oc---M -M’-=CO 

oc’ 
oc co 

(CXXVIII) (CXXIX) 
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thermodynamic and kinetic data could be interpreted in terms of non-bridged 
isomers as intermediates in the cis-tram bridged isomer interconversion. By 
using 13C NMR spectroscopy, with Cr(Acac)3 as a shiftless relaxation agent, it 
was shown [147] that both cis- and trans-forms of [(r-C,Hs)Fe(CO),], inter- 
converted their terminal and bridging CO groups. No evidence for non-bridged 
isomers could be detected by this spectral method. Fe,(CO),, was also shown 
to be stereochemically non-rigid. 

The species (n-CsH,), Fe,(CO),(CNBu-t) was non-rigid, the isocyanide 
ligand being exchanged [148] between the two Fe atoms via bridged and non- 
bridged intermediates (Scheme 16). 

Reaction of Na[Fe(CO),(r-C,H,)] with (NC),C=CC12 gave [(n-C5H5)- 
Fe(CO)Jt, and two isomers of (~-CSHs)2Fe2(CO),{C=C(CN)2}, CXXX [149]. 

(r-W%), An-Cd%) (n-W% ), A I 
RNC / “efFe,cO 

A0 

0 

RNCAFvFeL(n-C5H5) 

0 

(~-‘%J% ), ,(r-Cd-G) 
Fee-Fe, 

ocq 
CNR Co co 

WC5H51, ,W,H,) 

FeGFe, 
oc’/ 

co &NRC0 

0 0 

(77-C5H,), ,CNR 

0CAFvFe&-C5H5 ) 

0 

Scheme 16 
(R = Bu-t) 
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(C=W (CXXXI) (CXXXII) 

The carbonylate anion also reacted with C(CN)*Br* giving the dicarbonyl 
dimer, (n-CSHS)Fe(CO),Br, (x-C5Hs)Fe(C0)2[C(CN)2H] (this last was also 
produced in the reaction between [(n-C,H,)Fe(CO),]- and CH(CN),Br), and 
(n-C,H,), Fe,(CO),[C(CN),], CXXXI. 

Fe- Fe 

[(sr-C,H,)Fe(CO),PPh,ZPPh,]+ - 

+ decomposition 
fragments 

Scheme17 

Fe________Fe 
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Ph,P, 
CH,-CH, 1 Ph,P, ,hPh, 

CH2--CH2 

I -e- 

+ Fe’+ 

Scheme18 

Solution IR spectral studies of [(lr-C,H,)Fe(CO),], in the presence of 
AlRs (R = Et or i-Bu) revealed that l/l and l/2 adducts, CXXXII, were formed 
[15]. The AIR, was removed by l&N, and the rate of cis + trans isomerisation 
of the dimer was slowed by AlR3, suggesting that the isomerism involved non- 
bridged intermediates. [(lr-CsH,)Ru(CO),], behaved similarly and caused 
rapid isomerisation of the non-bridged form to the cis- and trans-AlRs adducts. 
The tetramer [(7&sHs)Fe(CO)]4 also formed A1R3 adducts. With Sm(CsH4Me)s 
and Sm(CsHs)s, [(n-C,Hs)Fe(CO),], afforded [151] l/l and l/2 addition 
compounds similar to those already described for AlRs; Fe(CO)*(NO)* 
apparently did not afford these adducts 1150, 1521. 
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Careful treatment Cl533 of [(ir-CsHs)Fe(CO)],(Ph2PZPPh2) (Z = CH,, 
C2H2, C2H4, C,H, or NEt), CXXXIII, with iodine or Ag+ gave [{(n-CSHs)- 
Fe(CO)},(Ph,PZPPh,)‘Jt. Reduction of this cation to CXXXIII (Z = CH2) was 
achieved using hydrazine or I-. With excess I*, CXXXIII (Z = CHI) afforded 
[C(n-C,HS)Fe(CO)],I(Ph,PZPPh,)]+ which contained bridging iodine as well as 
bridging diphosphine, but similar treatment of CXXXIII (Z = C,H4) gave only 
[(~-CsHs)Fe(C0)2(Ph2PCH2CHZPPh2)]* (the diphosphine is monodentate); 
[(T-C~H~)F~(CO)I]~(P~~PCH~CH~PP~~) was also obtained_ These reaction, 
and the proposed structures, are outlined in Scheme 17. Electrochemical 
oxidation of CXXXIII (2 = C2H4) in a variety of solvents occurred [154] in 
two one-electron steps, affording, initially [{(5r-C5H,)Fe(CO)),(Ph2PCH2CH,- 
PPh2)]‘. It was suggested that this cation was isostructural with CXXXIII but 
had a “one-electron Fe-Fe bond”. In MeCN, the cation disproportionated 
giving CXXXIII and [I(lr-C,H,)Fe(CO)(NCMe)1.(Ph2PCH2CH2PPh2)]2i. 
Removal of the second electron from CXXXIII (Z = C2H4) caused decompo- 
sition by two pathways (Scheme 18). 

Pentalenes reacted with Fe( CO)5 giving bimetallic complexes, CXXXIV 
11551. 

The tetrameric species [(ir-C,Hs)Fe(CO)],” (n = 0) could be electro- 
chemically oxidised or reduced giving [156] the species n = -1, +l or +2. 
The monoanion (g = 2.023) was characterised spectroscopically in solution 
whereas the monocation (p = 2.46 B-M.) was isolated_ Attempts to isolate 
[ix-CsHS)Fe(CO)].*+ resulted in its decomposition to Fe*+ and [(n-C,Hs)- 
Fe(CO),S]+ (S = solvent, MeCN or BuCN). The molecular structure determination 
of [(n-CSH,)Fe(CO)Ia, CXXXV, established [157] that it had a cubane-like 
architecture with triply bridging CO groups; the Fe-Fe distances averaged 
2.50 a. The monocation, [(r-CsH,)Fe(CO)],[PF,], had essentially the same 

(OC),Fe- e(CO), & _ ~c~fi$$co~* 
(CXXXIV) 

(CXXXV) 
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structure [158]; the major differences arose from a decrease in Fe-Fe distances 
to 2.48 A. The average C-O bond length (1.19 a) was ca. 0.02 a shorter than 
that in CXXXV whereas the Fe-CO bond distances in both species were virtually 
identical. A molecular orbital description of these clusters suggested that 
oxidation of CXXXV should lead to electron loss from an orbital weakly anti- 
bonding with respect to the Fe, cluster, and hence contraction of the Fe-Fe 
bond lengths would be expected_ It was predicted that reduction should lead 
to a large increase in the Fe-Fe distances. 

Cationic complexes 
Addition of NO+ to (n-CSH5)Fe(CO)zI and (n-C5Hs)Fe(CO)(~-SMe)2 in 

MeCN afforded [159] [(n-C,H,)Fe(CO)2(NCMe)]+ and [z-C,H,)Fe(CO)- 
@-Smell 2f, respectively_ Reaction of [(?r-C5HS)Fe(CO),(OCMe,)]+ with 
Ph2P(CH2),PPh2 (n = 1, 2 or 3) gave [160] [(n-C,Hs)Fe(CO),(Ph,P(CH,),- 
PPh,) ] c in which the diphosphine was monodentate. These complexes behaved 
as ligands towards [(n-C,H,)Fe(CO),(OCMe,)]* and CoCl* (Scheme 19), and 
were decarbonylated by UV radiation. The complexes [{(7rX,H,)Fe(CO),} *- 
(MeSCH,CH,SMe)](ClO,), and [{(n-C,Hs)Fe(CO),),(pyrazine)](ClO,), 
were also isolated. 

The CO stretching force constant in [(x-C,H,)M(CO),L]+ (M = Fe or Ru, 
L = CO or PPh3) have been correlated [161] with the ease of reaction of the 
CO groups with amines giving coordinated carboxamides. Thus those species 

- 
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Scheme 19 
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Fe(C0)4, CXXXVII, and this, on UV irradiation, gave (n-C,Hs)Fe(CO)- 
(II-PPh,(p-CO)Fe(CO),, CXXXVIII. Reaction of CXXXVIII with phosphines 
or phosphites, L, gave (R-C,H5)Fe(CO)(~-PP~,)(P-CO)F~(CO)~L or its 
isomer (n-CSHs)Fe(CO)(p-PPh,)Fe(C0)3L and (~-C5H5)Fe2(CO)s(,u-PPhl)L2_ 
With Ph,PCH,CH,PPh,,CXXXVIII afforded CXXXIX. (sr-C5H,)Fe(CO)aSMe 
reacted with Fe2(C0)9 giving (n-C,H,)Fe(CO)(rz-SR)Fe(CO)4 (R = Me or Ph) 
and (n-CsH5)Fe(CO)(p-SR)(p-CO)Fe(CO),, analogs of CXXXVII and 
cxxxv111. 

HPh,P 
PPh;?-- PPh2 

PPhz- PPh, 
\ \Fe<PPh,H 

I 

(CXXXVI) 

(r-C5H,)Fe(CO) z-------Fe(CO), 

‘P’ 
Phz 

(CXXXVII) 

Ph, 

oc’ 
FeAP\Fe(C0)3 

T 
Ph,P-CH,<H,-PPh, 

(CXXXIX) (CXL) 

Excess of SO2 in THF at low temperatures reacted 11681 with 
Na[Fe(CO)2(?r-C,H5)] giving [(r-CSH5)Fe(CO),],, heat and light sensitive 
[(5r-CsH5)Fe(CO)2]2S02, CXL, and traces of (sr-C5H5)2Fe2(CO),(S0,). The 
X-ray structural determination of CXL revealed that the central S atom had a 
distorted geometry and that the Fe-S distance (2.28 a) was between that in 
(n-C5Me5)Fe(CO),S0,CH,CH-CHPh (2.22 a) [169] and that expected for 
an Fe-S bond of unit order. CXL reacted with Me1 giving (n-C5Hs)Fe(C0)2- 
S02Me and (n-CsHs)Fe(CO),I. 

Reaction of (7~4sH~)Fe(C0)~SMe with (n-C5H5)Fe(C0)2C1 afforded 
[1’70] [(n-C5Hs)Fe(CO),(~-SMe)Fe(CO)2(~-C5H5)]+, and treatment of the 
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chloride with (E-CsHs)Mn(CO)z[MeSSnMes] and M(CO)s[MeSSnMe,] (M = Cr, 
or W) gave (n-CsHs)Fe(C0)2(g-SMe)Mn(CO)z(~-CsHs) and (rr-CsH,)Fe(CO),- 
(u-SMe)M( CO)s, respectively. 

Oxidation of [(n-C!,Hs)Fe(CO)(cl-SMe)lz by O2 in acidic media gave 
[171] the monocation, [(n-C,H,)F~(CO)(J.I-SMe)],+; reduction could be 
effected using amines or hydrazines in the presence of water. The redox reaction 
was stereoselective, the &s-neutral species affording the cis-cation. Excess Br2 
reacted with the neutral species giving [(n-&H,)Fe(CO)(D-SMe)]z2+ and 
Mossbauer spectral studies showed that there was an increase in the s-electron 
density at the Fe atoms on oxidation, but that the two Fe atoms remained 
equivalent. 

Halide complexes 
(ii-CsH5)Fe(CO)1-I reacted 11721 with Hg(CBCls)Cl giving(x-C,H,)Fe(CO),Cl. 

Addition of AlX3 or FeCl, to (ii-C,HS)Fe(CO),X and to Fe(CO),(PMes)2X2 
(X = Cl, Br or I) gave 11731 the adducts (a-C5Hs)Fe(C0)2(X + -41X3), 
(x-CSHS)Fe(C0)2(X + FeCl,) and Fe(CO),(PMe,),(X -+ acceptor)z. 

The integrated intensities of Y(CO) in solution have been determined 
[174] for (n-C5H,)Fe(CO),X (X = Cl, I, CN, SnCls, COMe) and (n-CSH,)Fe- 
(CO)(PPh,)(CH,Ph), and the results were interpreted in terms of the ;r-C,H, 
ring acting primarily as a donor in these compounds. The 13C NMR spectra of 
(~T-C~H~)F~(CO),X (X = Cl, Br, I, CN, COMe, alkyl, aryl, SiR3, SnR, and 
GePh3) have been measured [175] and there is a linear dependence of u(C0) 
on the Taft a, value for X and on the measured value of v(C0). It would 
appear that v( CO) varies according mainly to changes in the paramagnetic 
screening term. 

CO substitution reactions of (n-C9H,)Fe(C0)21 (Cs,H7 = indenyl) pro- 
ceeded [176] by an SN 1 mechanism and were ca. 600 times faster than 
those of its n-CsHs analog. The acceleration could not be accounted for by 
steric arguments since the even more crowded tetrahydroindenyl complex 
reacted at a rate comparable with (n-CsHs)Fe(CO),I. However, the rate 
enhancement could be due to a lowering in energy of the activated state 
caused by an interaction between the aromatic six-membered ring and the Fe 
atom which partly compensated for the loss of bonding to the Ieaving CO group. 

Addition of (+)-cr-CNCH(Me)Ph to (5;~C,H,)Fe(CO),I afforded [177] the 
diastereoisomeric pairs (+)- and (-)-(n-C, Hs )Fe(CO)(CNR*)I, which were 
separable. These were conformationally stable in the absence of light, but 
underwent photoracemisation. Treatment of (x-C,H,)Fe(CO),I with Ni(PF,)_, 
gave [178] (n-CSHs)Fe(CO)(PF3)I. Reaction of (n-C,Hs)Fe(CO),X (X = Br 
or I) with PF,(NR,) (R = Me, Et or piperidine) under UV light gave [179] 
(x-C5HS)Fe(CO)EPFz(NR2))X and/or (n-CsHs)Fe(PF2(NR2))2 X depending 
on the reaction stoichiometries. Reaction of PF2(NCSHID) with the iodide in 
the presence of AgC gave [(ii-C,H,)Fe(CO),(PF,(NC,H,,))]+. Treatment of 
[(n-C,H,)Fe(CO),], with PF2(NEt2) afforded (TT-C~H~)~F~~(CO)~[PF~(NE~~)] 
and (n-CgH5)2Fe2(C0)2[PF2(NEt2)]2, and of (~-CsH5)Fe(CO)zMe with 
PF,(NR,) (J&,H,)F~(CO)[PF,(NR,)] (COMe). 

Halogenation of [(in-C~H,)RU(CO)~], gave [180 ] the white (n-CsHS)- 
Ru( CO),X (X = Cl, Br or I) in dichloromethane or chloroform, but in benzene, 
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Scheme 20 

in the presence of PF,-, [{(n-C,H,)Ru(CO),) *Xl+ was produced. Reaction of 
this cation with nucleophiles, Y (SCN, CN or X) gave (r-C,-H,)Ru(CO),X and 
(~-C~H~)RU(CO)~Y. The binuclear cation also reacted with BPh,- and 
BPhaCN- giving, in both cases, (I~-C~H~)RU(CO),X and also (~~-C~H,)RU(CO)~P~- 
and (~-C~H~)RU(CO)~CN, respectively. The intermediate in the cyanoborate 
ion reaction was believed to be (OC)2(lr-C5HS)Ru+CNBPh,- ; the mechanism is 
summarised in Scheme 20. 

Mixed metal compounds 
Reaction of [(n-C,H,)Fe(CO),], with Mg amalgam in a basic solvent B 

(THF, pyridine or Me,NCH,CH,NMe,) gave [181] [(x-C,H5)Fe(CO),] MgB, 
(X = 2 when B is monobasic). The Fe bond was not wholly dissociated in 
solution and v(C0) indicated vibronic coupling across the Fe-Mg-Fe bond 
system. The compIex [(n-CsHs)Fe(CO)z]2Zn in methanol was tetrameric 
[182] with a structure probably similar to [Zn(OMe)Me], [183]. 

Reaction of Na[Fe(CO),(n-C5H5)] with InCl,, or [(n-C5H5)Fe(CO)Jz 
or [(n-CsH,)Fe(CO),],Hg with InCl in dioxan gave [184] [(n-CsH,)Fe- 
(CO)z]21nCI. However, reaction of Na[Fe(C0)2(~-C,Hs)] with InX, (X = Cl 
or Br), or of (n-C,H,)Fe(CO),X with InX in THF afforded (n-CsHs)Fe- 
(CO)JnX,. 

IR spectral studies revealed [185] that (~-CsHs)Fe(C0)2(SiMeC1,) 
existed as rotational isomers. Reaction of Na[Fe(CO)a(lr-CsH,)] with 
XMezSiSiMezC1 (or Br) gave [186] (n-CsH,)Fe(CO),SiMe,SiMe,X. 
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(7iCsHs)Fe(CO),(GeX,) (X = Cl, Br or I) was prepared [187] by 
reaction of GeX4 with [(n-CsHs)Fe(C0)2]2. cis-Ru(CO),(GeMea), caused 
1188) ring contraction of tram, trans, trans-cyclododecatriene giving a mixture 
of products, among them CXLI and CXLII. These compounds could also be 
obtained from 1,5-cyclooctadiene and cis-Ru(C0)4(GeMe3)2, when CXLIII 
was also formed_ Indeed, CXLIII appeared to be a mutual precursor for CXLI 
and CXLII. 

ocY‘R’GeMe 
C 3 

0 

(CXLI) (CXLII) 

(CXLIII) 

Reaction of [(r-dienyl)Fe(CO),], (dienyl = C5H5, C,H,Me or C9H7) 
with SnX2 (X = F, Cl, Br or I) gave [189] (n-dienyl)Fe(CO), X, (n-dienyl)- 
Fe(C0)2SnX3, [(z-dienyl)Fe(C0)2]2SnX2 or [(n-dienyl)Fe(C0)2]3SnX depend- 
ing on X, the reaction conditions and stoichiometries. When X = F or Cl, 
insertion of SnX2 into the Fe-Fe bond occurred in one step giving [(n-CsH,)- 
Fe(C0)2]2SnX2. When X = Br or I, the precursor was first converted into 
mixtures of (n-dienyl)Fe(CO)iX and (sr-dienyl)Fe(CO)ZSnXJ. The latter 
reacted further with an excess of [(Ti-dienyl)Fe(C0)2]2 giving [(sr-dienyl)Fe- 
(CO)2]2SnX2. Reaction of [(ir-dienyl)Fe(CO),], with (n-dienyl’)Fe(C0)2SnX, 
or [(sr-dienyl’)Fe(CO)JzSnXz could be used to prepare [(r-dienyl)Fe(CO),]- 
[(n-dienyl’)Fe(C0)2] SnX2 or [(-rr-dienyl)Fe(CO)Jz [(n-dienyl’)Fe(CO)JSnX. 
SnX? aIso reacted with [(n-dienyl)Fe(CO)J2 giving similar products. 

The llg’nSn Mossbauer spectral parameters for (n-CgHs)Fe(C0)2SnCls_,Ph, 
(n = 0, 1, 2 or 3) have been interpreted 11901 in terms of a point charge model 
and the data showed that the p-donor capacity was less than that of Ph or 
alkyl groups. 

The binuclear (rr-dienyl)FeCo(CO), (dienyl = C,H,, C,H,Me or C9H7) 
reacted [lSl] with dienes (norbomadiene, cyclohexa-1,3-diene or 2-3-dimethyl- 
buta-1,8diene) giving (?r-dienyl)Fe(CO)(p-C0)2Cooo(CO)(diene), which existed 
in the solid state, and in solution, as cis- and trans-isomers, CXLIV. The 
relative abundance of the two forms in solution depended on the solvent, its 
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temperature, the diene, and, to a lesser extend, the n-dienyl ligand: the 
proportion of c&isomers decreased along the series C,Hs > C,Hs > C6H,o. 
There was no evidence for non-bridged species. 

Reaction of [Rh(CsH&Cl],, [Rh(CO),Cl], or RhCl,-nH,O in methanol, 
or of [Rh(C,H,,)(THF)Jf in THF, with an excess of (n-C5H,R)Fe(CO)z(PPh2) 
(R = H or Me) afforded 11921 [Rh{Fe(~-PPh,)(CO),(~-C,H,R))2]X (X = BPh4, 
PF6 or SbF6). The structure of this compound (R = Me) was predicted, on the 
basis of the rare gas rule, to be CXLV, but was found crystallographically, to 
be CXLVI. The Fe-Rh distances were 2.66-2.67 8, and the Fe-Rh-Fe 
dihedral angle was 145”. Reaction of the trinuclear species with L (P(OMe), or 
PPh3) gave [Rh{Fe(cr-PPh2)(CO),(Ti-C,H,R)}2L] BPh,, and the complex where 
L = PPh3 could be obtained directly from the reaction of Rh(CsHi2)(PPhJ)C1 
with (n-C,H,)Fe(CO),(PPh2) in ethanol in the presence of BPh4-. Similar iridium 
complexes were obtained using [Ir(CsHi2)(THF)J’, and mercaptide-containing 
analogs were produced via (rr-C5Hs)Fe(CO),(SR) (R = Et or Bu-t). 

Treatment of (n-CSH5)Ni(PR3)X (PRs = PPh3, PPh?Me, PPhMez or 
PMe,) with Na[Fe(C0)2(n-C5H5)] gave 11933 eventually (n-CsHs)Ni(p-CO),- 
Fe(PR,)(5r-CsHs) via two intermediates (Scheme 21) which were not isolated. 
However, reaction of (~-C5H5)Ni(~-C0)2Fe(C0)(~-C5H5) with PPh3 gave only 
(n-C5H5)2Ni, Ni(CO),(PPhs)2 and [(rr-C,H,)Fe(CO),],. Reaction of 
(~-C,H5)Ni(~-C0)2Fe(CO)(sr-C5Hs) with SnCl? afforded CXLVII. 

(n-C&!&R) (n-C,H,R) 

(CXLV) Ph2 
(CXLVI) 

(r-C5H5)(OC)Ni 
‘SnA 

Fe(CO)2(a-C5Hs) 

Cl, 

(CXLVII) 

Referencesp. 514 



468 

(r-CsH,)Ni(L)X + Na[Fe(CO)l(n-CsHs)] - 

(n-C,Hs)(L)Ni-Fe(C0)2(n-C,H,) 

I 
(r-CsHs)(L)Ni Fe(CO)(n-CsH,) 

\f 
0 

Scheme 21 

Metal a- and n-bonded carbon derivatives 
‘H NMR spectral studies of (~-CsH,)Fe(C0)2X (X = halide, Me, Ph, 

COMe or CN) and of (n-CsHs)Fe(CO)(PPh,)(p-RC,H,) (R = OMe, Me, H, Cl, 
F or C02Et) revealed 11941 that the effects of X and R on 6 (CsHs) were 
predominantly inductive. On the basis of “F NMR spectral investigations, the 
a inductive and resonance constants of (n-CsHs)Fe(CO)L in (7rC,Hs)Fe(CO)L- 
(p-F&H,) (L = CO, PPh3 or P(OPh),) were determined, and it was shown that 
an inductive interacti within the Fe-Aryl bond was predominant_ 

Addition of HBF, in acetic anhydride to (n-CSHs)Fe(C0)2CH2C-CR 
(R = Me or Ph) gave [195] the cationic allene complex CXLVIII. The reactions 
of this cation with various nucleophiles are summarked in Scheme 22. The 
observed reactivity towards nucleophiles of the terminal C atom of the co- 
ordinated allene added support to the proposed mechanism of cycloaddition 
reactions of the FeCH,C-CR group. Thus, the formation of CXLIX, where 

(n-C,H,)Fe(CO),CH,GCR a 
BH4 - 

CXLVIII - (rr-C,Hs)Fe(C0)2CMe=CHR 

0 EtzNH 
-I- 

I 

6H1PPh,’ 

(a-C,H,)Fe(CO)zy=CHR 

CH,OMe (7rCsHs)Fe(CO),~=CHR 

CH2NEt2 
Scheme 22 
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EN = S02, SOs, (CF,)2C0 or ClS02NC0, may proceed via the intermediacy 
of an allene complex which is generated by attack of the electrophilic part (E) 
of EN on the CXZ bond. This allene then rearranges to a cyclic product via 
interaction with the nucleophilic part (N) of EN with the terminal C atom of 
the coordinated allene. 

(CXLVIII) 

The cyclopropyl complexes CL and CL1 were prepared [ 1961 by reaction 
of (n-CsH5)Fe(CO)IBr with LiC3H5, and Na[Fe(CO),(z-C,H,)] with the 
appropriate cyclopropyl bromide, respectively_ CL reacted with HCl giving 
(sr-CsH5)Fe(C0)2Cl, and releasing cyclopropane and propene, but with HBF, 

(CL) 

(n-C,H, )(OC), Fe - 

(CLII) 

or Ph3CBF4, CL11 was formed. The formation of the olefinic cation did not 
proceed via C2-C3 cleavage, as shown in Scheme 23. This may be accounted 
for by initial formation of a cationic carbene complex via cleavage of the 
Ci--C2 bond and rapid rearrangement of this ion through minimum energy 

D 
(x-&H, )(O%Fe 

I 

-6 
3 --$- 

2 

Scheme 23 
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IIX::z[Fe] a H 
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([Fe] z (7r-CSH5)Fe(C0)2) 

Scheme 24 

conformational changes (Scheme 24). The cationic carbene intermediate 
couId be trapped via the reaction of CL with an uncharged electrophile, E, 
viz. SO, or (NC),C=C(CN)z (Scheme 25). The products depicted again arose 
via collapse of the carbene intermediate induced by metal-assisted electrophilic 
cleavage of the C,-Cz bond. Rearrangement of the carbene intermediate is, 
to a limited extent, also possible, as depicted for SO:! addition to CL and CL1 
in Scheme 26. 

Reaction of CL111 with R”NC0 gave [197] CLIV when R” = 2,5-C,H,Cl, 
SOIC1, H, p-MeC,H,SO, or hleOSO,, but no reaction was observed when 
R” = Et or Ph. Addition of p-MeC,H4S02NC0 to CLV afforded CLVI, and of 
Me02CN=S0, .THF to CLIII, CLVII. These reactions probably occurred via a 

R 
[Fe]- L 

v 

3 E [ Fe;kEB 

z 

I 
, E=S02 1 E=(NC12CyC(CN)2 

([Fe] E (7r-CSHs)Fe(C0)2; R = H or D) 
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E = a* [$& 

1 

- [Fe]-SO, 

c 
\= 

So, 

([Fe] s (sr-CSH5)Fe(CO),) 

Scheme 26 

two-step process (Scheme 27). The cyclic olefinic derivatives CLVIII (n = 2, 3 
or 4) were prepared by H- abstraction from the corresponding cyclic alkyl 
derivatives, by exchange of the cyclic olefin with isobutylene in [ (n-CsH, )Fe- 
(CO),(isobutylene)]+, by treatment of epoxides with NaFe(C0)2(~-C5H5) and 
then Hf (ref. 214) or by reaction of 3-chlorocyclopentene with NaFe(CO),- 
(n-C,H,). Conversion of CLVIII (n = 2 or 3) to CLIX was achieved using Et,N, 
and the failure of CLVIII (n = 4) to react was rationalised on steric grounds. 

(~--C5H,)(OQ2Fe 

_)= 
R’ 

(R’ = H or Me) 

(CLIII) 

(~-GHs)(OC)zFe 

(CLIV) 

(rr-C5H5)(OC),FeCH,C~CMe 

(CLV) 

(=WG)(OC),Fe 

(CLVI) (R = tosylate) 

+ 
in-C,H,WC),F 

(CLVII) (CLVIII) 
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CONSOPCle CN 

J Et3N 

WeI ’ -9 
CN 

Scheme 28 

([Fe] E (n-CsHs)Fe(CO),) 

Reaction of Na[Fe(CO), (JT-C,Hs)] with CLXIII gave [199] CLXIV and 
not CLXV, in contrast to the reaction with 3,4-dichlorocyclobutene, which 
afforded 12003 CLXVI. 

H 

/ \ 
(n-GH5)(OC)2Fe R / \ 

WCO)2(-C5H5) 
(CLXV) 

(CLXVI) 

13C NMR spectral studies of (~-C5H5)Fe(C0)2(a-C5H5) lent [201] further 
support to the proposal that the u-bonded ring undergoes a series of 1,2-shifts. 
Spectral comparisons were made with (~-CSH,)Fe(C0)2CH,CH=CH,, and this 
helped in assignation of the various 6 =_ Wide-line NMR studies of the a-cyclo- 
pentadienide established [202] that it is non-rigid in the sclid state, but this 
occurred via the jumping of the n-bonded C atoms between sites and #id not 
apparently involve the o-bonded ring. 

Reaction of (s-C5HS)Fe(CO),Cl with CuCzPh afforded CLXVII, whose 
molecular structure has been determined [203]. The Fe-C distance (1.89 A) 
was somewhat shorter than that expected for a u-bond, and the “acetylenic” 
C-C distance was 1.27 A. The structure was somewhat related to that of 
[CuCIPh], [204]. 
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Ph 

Ah 

(CLXVII) 

PPha co 

H 

* 

H H H 

oc (n-&H,) (n-C&) ‘PPh, 

SiMe, 
* 

SiMe, 

a b 

(CLXX) 

H H 

oc (r-&H,) 

(CLXIX) 

(n-CsH,) 

H 
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H 

PhsP ‘co 

SiMes 

c 

The (+)-mentholate, CLXVIII, reacted [ 2051 with LiMe giving (-)-(n- 
CsHs)Fe(CO)(PPh,)(COMe), and the (-)-mentholate afforded the (+)-acyl. 
The preferred conformation of (n-CsHs)Fe(CO)(PPhs)Me was [206] CLXIX, 
whereas of the three possible conformations for (n-CsH,)Fe(CO)(PPha)CH,- 
SiMe,. CLXXa,b or c would be most likely, and c was, in fact, probable. 

Treatment of (~-CsHs)Fe(C0)21 and of Fe(C0)4RrI (Rr = C2F5, CsF, 
or (CF3)2CF) with AgC4F7 afforded [207] CLXXI and CLXXII, respectively 

Cyanide addition to (n-C,Hs)Fe(CO),R (R = Me or Et) gave [208] 
[(r-CsH,)Fe(CO)(CN)(COMe)]- which could be methylated giving (n-C,H,)- 
Fe( CO)( CNMe)( COMe). There was no reaction between CNCsH, I and 
(n-C!,-HS)Fe(CO),Me at room temperature, but on refluxing in THF, 
(n-C5H5)Fe(CO)[CN(C,H,,)](COMe) was formed 12091; (rr-C,H,)Fe(CO)- 
(CNBu-t)( CH*Ph) was formed similarly. With CNC,H, Ir the benzyl complex 
and its CH@-ClC6H4) analog, in refluxing THF, afforded CLXXIII. The 
potentially bidentate (Ph,AsCH,CH,),PPh reacted [210] with (or-CSH,)Fe- 
(C0)2Me giving CLXXIV. 
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NR 

Rf oc\~e/co 
ocq ‘co 

OC,hz Ph2 
I ‘AsCH,CH,P(Ph)CH,CH,AsPh2 

O=:: 
tie 

(CLXXIII) (CLXXIV) 

Treatment of CLXXV (R’ = Me; R2 = R3 = H) with CISOINCO afforded 
[211] CLXXVI, whose reactions with acid and bases are summarised in 
Scheme 29. It was suggested that initial electrophilic attack of CIS02NC0 at 
the C=C bond in CLXXV gave a dipolar olefinic complex which rearranged to 
CLXXVI via displacement of the coordinated olefin by the N atom. Reaction 
of CLXXV (R’ = H; R* = R3 = Me, or R’ = R3 = H, R2 = Ph) gave CLXXVII 
whose formation was ascribed to the relative stabilities of the respective olefinic 

R’ 
CISOzNCy 

R2 

? 8’ AR’ 
(T-CSH~ NOC), Fe-N-C-C-C~CH 

SO&l k3 
2 

(CLXXVI) 

H,C=C(Me)CH,CONH, + (n-C,H,)Fe(CO),Cl 
Scheme 29 
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intermediates, with the least substituted and therefore most stable dipolar 
olefin intermediate collapsing via attack of the N atom at the terminal C atom 
rather than at the metal. 

R’ 
\A 

(a-C,H,)(OC)2Fe-C 
\ 

N-SO, Cl 

,32/c 4 

R/3 O 

(CLXXVII) 

Insertion of FsCCsCF3 into the Ru-C bond in (sr-CsHs)Ru(PPh,),- 
(CH,Ph) gave [212] CLXXVIII, a reaction perhaps occurring via metal 
activation of the o-CH bond of the benzyl group. Heating (n-CsHs)Ru(PPhs)zR 
and (x-CsHs)Ru[P(OPh),],Cl in decalin resulted in isolation of CLXXIX and 
CLXXX, and (n-C,H_,)Ru(PPh,),Me reacted with azobenzene giving CLXXIX 
and CLXXXI. 

I 

The 13C NMR spectrum of [(n-C,H,)Fe(CO),(H2C=CHMe)](OCOCFs) 
has been reported 12131. Reduction oL epoxides by [(n-C,H5)Fe(CO),]- 
occurred [214] stereospecifically with complete retention of configuration, and 
in the presence of other potentially reducible groups, e.g. CHO or C02R 
(Scheme 30). With terminal epoxides, reaction took place rapidly whereas 
degradation of internal epoxides occurred more slowly, thereby facilitating, 
for example, isolation of CLXXXII from the corresponding di-epoxide. The 
stereochemical results were accounted for by initial SN 2 opening of the 
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- Fe(CO),(r-C,H,) 

(CLXXXII) 

epoxide by [(n-C5H5)Fe(CO),]-, followed by tram migration of (IF-C~H~)- 
Fe(CO), concerted with loss of H,O from the oxonium ion produced by 
protonation of the alcohol. The intermediary alcohols could be isolated by 
quenching the reaction with water, so that CLXXXIII could be produced from 
cyclohexene oxide. 

[Fe]-+0 - 
3 

I 
[[Fe] - xj+ -E- [3?e],rroH 

([Fe] f (r-C,H,jFe(CO), j 

Scheme 30 

Reaction of [(n-C,H,)Fe(CO)(PPh,){C(OEt)Me)l[PF,] with NaI afforded 
12151 (n-C,H,)Fe(CO)(PPh,)(COMe); the starting material could be regenerated 
from the acyl by ethylation. With ethoxide ion, the cation afforded (x-CjHg)- 
Fe(CO)(PPh,)[C(OEt)CH,] and this was reduced by H,/PtO or B2H6 in 
ethanol giving (n-C,H,)Fe(CO)(PPh,){CH(OEt)Me). This last species was 
formed as enantiomeric pairs which were detected by ‘H NMR spectroscopy. 
Methoxide ion attack on this species gave (n-C,H,)Fe(CO)(PPh,)[C(OMe)=CH2]. 
Borohydride reduction of this methoxyvinyl derivative afforded (7-r-CSH5)Fe- 
(CO)(PPh3)[CH(OEt)Me] and (z-CsH,)Fe(CO)(PPh,)Et, whereas BD4- produced 
(n-CsHs)Fe(CO)(PPh,)[CD(OEt)Me] acd (7r-CsHS)Fe(CO)(PPh,)CD2Me; 
(Ir-CsHs)Fe(CO)(PPh,)[CD(OEt)Me] did not react with B2H6 with, or without, 
NaBHa in ethanol. Reaction of (n-CsH5)Fe(CO)(PPh3)I with Ag+ and C,H4 
provided [(n-C,H,)Fe(CO)(PPh,)(C2H4)]’ and BH4- reduction of this gave the 
corresponding u-ethyl derivative. These data suggested that the C(OEt)Me 
Iigand in [(sr-CsHs)Fe(CO)(PPh,)(C(OEt)Me}]+ behaved as a carboxonium 
rather than carbecoid group. Primary amines, and NH3, attacked the co- 
ordinated ethylene in [(lr-C,H,)Fe(CO)(PPh,)(C2H4)]+ giving carbimonium 
salts, so that S(-)+-PhenyIethylamine afforded [(n-CsH,)Fe(CO)(PPh, j- 
{C[(S)-NHCHMePh]Me}]+, as RS and SS isomers, which could be resolved: 
secondary amines did not react, presumably because of steric problems. 
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Reduction of FeCl, by i-PrMgBr in ether in the presence of cyclohepta- 
triene gave [216] dicycloheptadienyliron, (rr-C,H9)2Fe. The structure of 
(n-6-Bu-t-1,3,5-Me,C,H,),Fe [217] has been determined; the bond distances 
and angles of the ligands were normal for a n-pentadienyl system and the 
absence of CH stretching frequencies at 2730-2830 cm-’ indicated 12181 that 
the H atom attached to the t-BuC atom was endo. 

Compounds containing B 
Chlorine and bromine effected [219] cleavage of the Fe-B bond in 

CLXXXIV causing migration of the 3-o-carboranyl group to the cyclopentadienyl 
ring (CLXXXV); an intermediate may have been a cyclopentadiene dihalide 

I-’ cl \ ’ 
._’ 

170" I 

co 
3-BicH&OCl 3-B,aH&O[Pe] 

I x2 

HCI_,CH 

\;/ 
‘._x 

3-&A 

Scheme 31 

complex of iron(H). However, with the cr( 1,2-dimethyl-o-carboranyl) ligand, 
the carboranyl group migrated to a coordinated CO ligand, giving eventually 
CLXXXVI. The general reactions are summarised in Scheme 31. These 
carboranyl complexes reacted with PPha by replacement of CO giving 
(n-C,H,)Fe(CO)(PPh,)(o-carboranyl), and with HgCl* which caused cleavage 
of the Fe-B bond. 

Reaction of NaB.+C,H, with (n-C5H5)Fe(CO),I afforded 12201 CLXXXVIL 
This, on UV irradiation at -20” gave CLXXXVILI and the paramagnetic 
CLXXXIX. Treatment of [(1,7-BgHgCHQ)2Fe]2- (Q = P or As) with M(CO), 
(M = Cr, MO or W) under UV light caused formation 12211 of [{1,7-BgHg- 
CHQ + M(C0)5 )2Fe]2-. 
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MeC7CMe 

\/ 
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3-B1,,H9C0zH 

(CLXXXVI) 

(CLXXXIX) 

Metal cyclobutadiene and arene complexes 

The vibrational spectrum of (n-C4H,)Fe(CO), has been reported and 
assigned [222]. Reaction of the cyclic diacetylene, CXX (m = 4, n = 6) with 
Fe(CO& afforded [223] CXCI (m = 4, n = 6 but no tricyclic I;-cyclopentadienyl 
derivatives. However, CXC (m = n = 5) gave with Fe(CO),, CXCII (m = 4, n = 5) 

(CXCII) 
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Scheme 32 WCO), 

and CXC (m = n = 4) afforded CXCIII (m = n = 4). While these results indicated 
that iron carbonyls could form either tricyclic C4 or C, ring systems, the nature 
of the products was strongly dependent on existing ring sizes in CXC (Scheme 
32). Oxidative addition of C,F,, under UV light, to (n-CqR4)Fe(C0)3 (R = H 
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- - 

Scheme 33 

or Me) gave 12241 CXCIV, and F,CCF=CF, afforded CXCV. Hexafluoro- 
butadiene provided CXCVI in a mechanism probably involving a 1,3-fluorine 
shift (Scheme 33). Reaction of (sr-C,Me4)Fe(CO), with (CFx),CO gave two 
isomers of CXCVII (of which there are three possibilities, a, b and c). Reaction 
of XCCVIIa with PEt, afforded CXCVIII, which also existed as isomers. 
Treatment of CXCVII with L = (P(OMe), or P(OEt)3) gave CICa and with 
PPhMel CICb. 

Me . Me 

C 

Me 

a b 

(CXCVII) 

(CXCVi) 

Me 

Me 

1 CtCF3)2 

OC-Fe’ 1 

I ‘0 c 
0 
C 

In the presence of Ce4+, (n-C,H,)Fe(CO), reacted with methyldiazo- 
acetate giving [225] CC. Reduction of En-1,2-C4H2(COR),] Fe(CO), (R = 
1-naphthyl) with BHJBF, in THF afforded [226] CC1 which, on treat- 
ment with Ph3C+ gave CCII. Diborane reduction of [T~-~,~-C~H~(CHROH)~J- 
Fe(CO)s, and reaction of CC11 with 1,5-diazobicyclo[4.3.O]non-5-ene, or of 
the dialcohol with HCl gave CCIII. Diborane and acid treatment of [lr-1,2- 
C4H2(COPh),]Fe(CO),, however, gave CCIV. The mechanism of these reactions 
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is summarised in Scheme 34. It has been reported [227] that UV irradiation of 
Fe(N2)(PPh,Et)3H2 gave Fe(Nz)(PPh2Et),(C,H4PPhEt)H, but if this irradia- 
tion was carried out in the presence of 2,3_dimethyIbutadiene, 40~50% of 
2,3-dimethyl-2-butene, CCV, N, and H2 were produced [228]. It was suggested 
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that electronic excitation of the dinitrogen complex gave Fe(PPhzEt),H, 
which functioned as the hydrogenating agent. Treatment of CCV with Fe(CO)S 
afforded CCVI. 

Reaction of [(ii-C!sHs)Fe(n-C6HSR)]+ (R = Ph or CH,Ph) with ferrocene, 
Al and AlCls in hot decalin gave [229] CCVII (R = Ph, n = 0; R = CH,Ph, 
n = 1). Simiiar treatment of CCVIII afforded CCIX, and BH4- reduction 
provided appropriate neutral complexes. 

I 
Fe 

+ 

RuCl, reacted in ethanol with cyclohexa-1,3- or 1,4-diene giving 1230, 
2311 [(n-C,H6)RuC1,],, and n = 1 in solution; toluene, PhOMe, P-Me2C6H4 
and p-MeC,H,CHMe, analogs have also been prepared [231]. Reaction of 
[(~~-C~H~)RUCI~],, with L (tertiary phosphine or phosphite) afforded 
(n-C6H6)RuLC12, and the molecular structure determination [231] of 
(rr-C6H6)Ru(PPh2Me)C1, and its p-cymene analog established that these 
complexes had geometries similar to (n-C6H6)Cr(C0)s. The n-arene and three 
other ligands were mutually staggered, the arene rings being bent (not tilted) 
about the C,-C, bond, the dihedral angle being 5O (C,H,) and 2” (p-Me&H,- 
CHMe,). It was suggested that the asymmetric ring bonding arose from the 
trens bond weakening effect of PPh,Me. The coordinated C6H6 ring was inert 
to electrophilic attack [ 2303 (acylation, H/D exchange in acid). However, H/D 
exchange was catalysed by NaOEt in l/l EtOD/(CDs)2S0, and apparently 
coordination to the Ru made the arene ring more susceptible to nucleophilic 
attack. Thus, treatment with CN- afforded a cyanocyclohexadienyl derivative_ 
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Reduction of [(x-C~H~)RUCI,], with BH,- gave small amounts of a cyclo- 
hexadienyl species, but mainly Ru(l,3-C6Hs)-containing compounds which 
decomposed to cyclohexa-1,3- and -1,4-dienes. Treatment of [(a-C6H,)RuC1,], 
with HgMe, in the presence of PPh3 gave [232] (-ir-C6H,)Ru)(PPh,)C1, and 
(T;-C6H6)Ru(PPh3)C1Me: similar treatment with HgEt, gave Ru(PPh,),ClEt, 
and with HgPh,(n-C,H,)Ru(PPh,)ClPh. With Sn(C3H5)4, (T~-C~H~)RU(~-C~H,)CI 
was formed, and TIC,HS afforded [(r-Cf;H,)Ru(~-C6Hg)l Cl. 

The crystal structure determination of (n-C,Me,)zRu revealed [233] that 
one ring was planar whereas the other was bent about the C,--C,, axis by ca. 43” 
In the latter, four C atoms were bonded to the metal as a cis-buta-1,3-dienoidal 
species, the C, * C, plane being nearly parallel to that of the other ring. The 
C-C distance of the uncomplexed fragment was 1.33 a, whereas the C-C 
distances of the planar ring wtre 1.41 a (those in (i;-C,Me,)Cr(CO), were 
12341 1.42 a,. 

Metal olefin complexes 

Non-cyclic species 
-4 vibrational spectral analysis has been made of Fe(CZH4)(C0)4 [235]. 

Ru(PPh,)4H2 reacted [236] with CH,=CHR (R = H or Ph) giving Ru(PPha),- 
(CH?=CHR), PPhs and QH,R. The styrene complex was unstable in organic 
solvents. being converted in toluene to some Ru(PPh,),H, and ethylbenzene. 
Reaction of the hydride with &Cl4 gave Ru( PPha)s( C2Ci4). When Ru(PPh,),- 
( C2H,! was heated, C2H, was formed, possibly via a Ru-Et intermediate, the 
extra H atom being acquired from an o-C atom on a Ph ring in PPha . Reaction 
of the ethylene complex with CZD4 in benzene afforded C2H,ID4-,I (n = 0 - 4), 
and on oxidation of the metal complex, the PhjPO produced also contained D 
at the ortho positions in the phenyl rings. 

Treatment of Os( CO)(NO)( PPh3)1_C1 with Ag+ in acetone gave [237] 
[Os(CO)(NO)(PPh,),(acetone)]’ which reacted with C2H4 giving CCX. The 
ethylene ligand was shown, by a combination of ‘H, 13C and “P NMR spectral 
methods, to rotate about the Osolefin axis. 

Reaction of Fez(C0)9 with CH,=CHOSiMea gave [238] CCXI whose 
reaction are summarised in Scheme 35. The reactivity of the coordinated 
maleic anhydride in Fe(C,H2C,03)(CO), resembled [239] that of the free 
olefin. Each enantiomer of PhMeCHN=CH(CO,Et) reacted [240] with 
Fez(C0)9 giving a mixture of two diastereomeric complexes, CCXII; the 
D(-)-imine species was isoIated optically pure. Reaction of L( +)-CCXII with 
PhCH,Br followed by reduction (H2/Pt) and base hydrolysis, gave 
LJ( +)-phenylalanine in 53% yield with 77% optical purity; the D(-_)-imine 

/H Ph, * ,CO*Et 
~~WN~clCO,Et and MeHiANICLH 

Fe(CO), Fe(CO)4 

(CCX) (CCXII) 
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Fe(CO),PPhJ 
PPh3 
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‘NHMe 

y 

MeEco 

/)-+ JWD4 Fe(CO),[P(OPh),] + CH,CHO. 

Scheme 35 

complex likewise afforded L(-)-phenylalanine. Aspartic acid and o-methyl- 
tyrosine were obtained in yields of ca. 26% with optical purities greater than 
78% using EtOzCCH,Br and o-MeC,H,CH,Br. No significant amounts of 
alanine could be obtained from CCXII and MeI, but MeCOCl afforded threonine 
and alanine perhaps via a decarbonylation of an intermediary acyl species. 

Reaction of l,l-dimethylbutadiene with Fe(CO)s afforded [ 2411 CCXIII 
whereas 1,4_dimethylbutadiene gave CCXIV. The driving force for the 

(CCXIII) (CCXIV) (CCXV) (CCXVI) 

isomerisation was believed to be the relief of ring strain between anti methyl 
substituents of the 1,1-dimethylbutadiene and the Fe atom, and the anti-H 
atom on the other terminal C atom in the proposed intermediate CCXV. The 
proposed mechanism of isomerism is depicted in Scheme 36. In the formation 
of CCXIV, the proposed intermediate is CCXVI where the Me substituent of 
the uncoordinated olefin has a syn configuration and so cannot participate in 
H transfer to the Fe atom. The CO stretching frequencies in p-substituted 
l-phenylbuta-1,3-diene iron tricarbonyls were Iinearly related [242] to the 
Hammett up function for the p-substituents (NH*, NHAc, OMe, Br, CN, 
OCOMe, H). The effect was related to the extent of d,--p, bonding from the 
metal to the CO groups. 

Mep ~_, Mede 
H,FeGO), 

Scheme 36 
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(CCXVII) (CCXVIII) (CCXIX) (CCXX) 

Using the lanthanide shift reagent Eu( Fod),, the conformations of 
disymmetric alcohol derivatives of diene iron tricarbonyls obtained by different 
stereospecific reactions were determined [ 243 ]. Thus CCXVII, on borohydride 
reduction afforded CCXVIII, with a I$-exo configuration, whereas hydrolysis 

H 

Me 
Fe(CO)z 

Scheme 37 
(& 

OH 

of CCXIX gave CCXX with a +-end0 configuration. The structure of CCXX 
indicated that hydrolysis of CCXIX led to RS and SR racemates, rather than 
RR and SS forms. The mechanism of these reactions may be as shown in 
Scheme 37. Reduction by borohydride in methanol of CCXXI gave [244] the 
endo species CCXXII, whereas reaction of CCXXIII with Fe(CO)s afforded 
34% of CCXXII and 38% of the exo species CCXXIV. The reactions of CCXXV, 

Ph 
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Scheme 38 

I Hz0 

MeJ-+$ 

Me 

obtained from MeCH=CHC(Me)=CHCOMe and Fe,(CO)s, are summarised in 
Scheme 38 (R = H or 3,5-dinitrobenzoyl). All JI-exo esters solvolysed more 
rapidly than any of their $-end0 analogs, but the low reactivity of CCXXIV 
could be attributed to steric hindrance. There was conclusive evidence that the 
leaving group in the solvolysis reactions departed exo to the Fe atom. Protona- 
tion of CCXXVI gave [245], in equal amounts, CCXXVII and CCXXVIII. The 
ratio represented the kinetically controlled product distribution and indicated 
that the unprotonated aldehyde was present in equally populated S-cis and 
S-irons forms. Both cations isomerised to CCXXIX. 

MewIH 

+Fe 
(CO), 

(CCXXVI) (CCXXVII) (cCxxv111) 

(CCXXIX) (CCXXX) 
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Butadiene iron tricarbonyl was 3800 times more reactive 12461 towards 
Friedel-Crafts acylation than benzene, the initial product being CCXXX. 
Assuming a partial rate factor for Fe(C4H,)(CO)s of unity, the rates of acylation 
of related diene complexes are given in Fig. 1. 

Men Me 

0 Pe 0 
(CO), 

UV irradiation of styrene, and substituted analogs, with Fe(CO), gave 
[247 ] CCXXXI, CCXXXII and CCXXXIII. Chemical and spectral evidence 
indicated that in CCXXXII and CCXXXIII, the aromaticity of the benzene 
ring had been destroyed. This was confirmed by a crystallographic examination 
of CCXXXIV 12481, where the Fe(CO)s groups were frans with respect to the 

(OC)Pe 
Me 

(ccxxxIv) 

hydrocarbon. The angle between the planes of the two “isoprene” fragments 
was 37.4”, and the lack of aromatic properties of the benzene ring was thought 
to be derived from the formation of two isoprene-type complexes appreciably 
isolated from each other, rather than to bond fixation in the benzene ring. 
Styrenes with meta substituents gave positional isomers for complexes of the 
type CCXXXIII, but benzene species with a,/3 unsaturated rings attached did 
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not give complexes analogous to CCXXXI or CCXXXII. Styrene could be 
converted sequentially to CCXXXI, CCXXXII and CCXXXIII in the dark 
using Fe,(CO),, and CCXXXII was converted to CCXXXIII also in the dark. 
However, the conversion of CCXXXI to CCXXXII alone would occur only 
in light. Reaction of CCXXXV with Fez(@O), afforded CCXXXVI and 
ccxxxv11. 

Reaction of Fe,(C0)9 with a&unsaturated ketones (PhCH=CHCOR, 
R = Me or Ph; PhMeC=CHCOPh) afforded Fe(C0)4 and Fe(CO), complexes 
1249]. Fe(PhCH=CHCUMe)(COJs reacted with PI?hs giving Fe(COJs (PPhs Jr 
more readily than Fe(C,H,)(CO), or its cinnemaldehydeanil analog. It also 
reacted with 8,8diphenylheptafulvene giving the appropriate Fe(diene)(C0)3 
complex. With 7-hydroxymethyl cycloheptatriene and dimethyl- cyclo- 
heptatrienylmethanol, CCXXXVIII and CCXXXIX were produced. Cinnemal- 
dehydeanil reacted [250] with iron carbonyls giving CCXL. The species 
CCXLI, CCXLII (R = OH or H) and CCXLIII (R’, R* = H, Cl or OMe) were 
also prepared and it was shown that charge transfer occurred from essentially 
non-bonding metal orbitals into K* orbitals on the ligands. Protonation of 
CCXL occurred at the N atom, and these species containing hetero-0 atoms 
behaved similarly; ketonic groups lost their characteristic properties on 
coordination. The molecular structure determinations of Fe(PhCH=CHCHO)- 
(CO), 12511 and Fe(PhCH=CHCH=NPh)(C0)3 [252] showed that the 
C=C--C=X (X = 0 or N) group was coplanar and that the lone pairs on X did 
not play an important part in bonding. 

Reduction of FeC13 with i-PrMgCl in ether in the presence of CsHs or a 
non-cyclic diolefin, followed by carbonylation at moderate pressures, afforded 
[253] Fe(C,H,),(CO), Fe(C,Hs),(CO), (CsHs = isoprene) and its 1,3-pentadiene 
isomer, Fe(C,H,)(CsH,)(CO) and Fe(C,Hs)(CsHs)(CO). In the presence of 
protic acids, those species not containing CsHs induced butadiene polymerisation 
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whereas Fe(C,H,)(C,H,)(CO) reacted with HCI giving Fe(C,HG)(CaHa)(CO)Cl; 
in the absence of acid Fe(C,H,)(CsHs)(CO) promoted the oligomerisation of 
C4H, aithough the overall activity of these catalysts was lower than that of 
Fe(CsHs)2_ The complex Fe(C4H6)2(CO) was prepared [254, 2551 by con- 
densation of evaporated Fe atoms with butadiene followed by CO; replace- 
ment of CO by PFs gave Fe(C4H&(PFs). Reaction of Fe atoms with 
cyclohexa-l,&diene gave [ 2551, together with cyclohexene and benzene, 
Fe(C6Hb)(CbHs), and with toluene and PF, or C&Is, Fe(C,HsMe)(PF,), or 
Fe(C6H,Me)(C4H,) respectively. The vibrational spectrum of Fe(C4Hb)z(CO) 
has been assigned [ 2561, and the molecular structure of Fe( C4Hs)( CsHs)(CO) 
determined [ 2573. In the latter, the CsHa ring adopted a chair conformation, 
and the two butadienoidal C4 fragments had the expected dimensions. 

Cyclic olefins 
Methane chemical ionisation mass spectrometric studies of cyclobutadiene, 

norbornadiene, tropone, heptafulvene and cyclooctatetraeneiron tricarbonyls 
have been reported [ 2531. 

UV irradiation of Fe(PF,), with CSHb afforded [259] Fe(&H,)(PF,)s 
which, in the presence of weak bases, gave (sr-CsHs)Fe(PF3)2H; the last reacted 
with KOBu-t affording K[(n-CSHs)Fe(PFs)J. 1-Acetylpentamethylcyclo- 
pentadiene reacted [ 2601 with Fe(CO)s giving [ (n-CsMes)Fe(CO)2] z but with 
Fe, (CO), afforded Fe[CsMe,(COMe)] (CO), and (n-CgMeg)Fe(CO)a(COMe). 
Thiophen-l,l-dioxides, on UV irradiation with Fe(CO)s, provided Fe(CO), 
complexes [261]. Santonin reacted with Fe2(C0)9 giving [262] CCXLIV and 
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CCXLV, the reaction involved the first reported reduction of a ketonic group 
by Fez(C0)9 and the ligand trapped in CCXLV was believed to be the product 
of UV irradiation of solid santonin. 

(CCXLIV) (CCXLV) 

Fe(GHs)(CO)s reacted with PF3 giving 12631 the stereochemically 
non-rigid Fe(C,H,)(CO),(PF,),: when x = 1 or 2, two isomers could be 
detected but not separated. Reaction of CCXLVI with iron carbonyls gave 

(CCXLIX) (CCL) 

(CCLI) 

CCXLVII, CCXLVIII, CCXLIX, CCL and CCLI. Both cyclohexadienone- 
and cycloheptadienoneiron tricarbonyls underwent the Reformatsky reaction 
with Me02CCH,Br and MeO,CCHMeBr (Schemes 39 and 46) [265]. Reaction 
of the hydroxy species so formed with Ph,C+ afforded dienyl salts which could 
be reduced to diene compIexes by BH _,- (Scheme 39) or deprotonated giving 
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trienes in which there was an exo-cyclic double bond. Ru3(CO) 12 reacted with 
1-methoxycyclohexa-1,3- or -1,kIiene giving some CCL11 and mostly CCLIII. 
Treatment of the last with Ph&+ and then water afforded CCLIV. 
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Scheme 40 

The complexes [Ru(diene)(N2H4)J[BPh4], (diene = cycloocta-1,5-diene, 
norbornadiene) and [Ru(CsH,,)HL,][BPh4] (L = N2H4, NH2NMe,) have 
been prepared [266] and are useful precursors for the syntheses of Rurr 
compounds. Atmospheric pressure carbonylation of [ Ru(diene)Cl,], 
(diene = norbomadiene or “bidentate” benzene), in the absence of added 
reducing agent afforded [ 2673 [ Ru( CO)sCl,] 2, which reacted with ethanol 
(reversibly) giving [Ru(CO),(EtOH)Cl,],. In the presence of hydrazine, 
carbonylation of the diene complexes gave a mixture of [RuL(NH3)s]C12 
(L = CO or N,). When PPhs was added to this system, the ammines were again 
formed together with trans-Ru( CO),( PPh3)2. If the carbonylation was effected 
in the.presence of zinc, variable yields of Ru3(CO) ,z were obtained together 
with CCLV and Ru,(CO) IZH4_ Atmospheric pressure carbonylation of 
[(n-C6H,)RuC12], in ethanol containing LiOCOMe in the presence of Zn gave 
a ca. 50% yields of Ru4(C0)i3H2_ 

References p. 514 



494 

(CCLVII) (CCLVIII) 

The molecular structure determination of azepine iron tricarbonyl, 
CCLVI, showed [268] that the uncoordinated N-C=C and C4 groups were 
not coplanar. In CF,CO;H, protonation of cycloheptatrienoneiron tricarbonyl, 
giving CCLVII, occurred [ 2691 specifically from the exe side of the ring, at a 
C atom adjacent to the keto group. In HZSO 4, however, protonation was not 

stereoselective, occurring probably from either the endo or exo side of the ring. 

HZ Hz3S04 or ~1 

CF3C03i3 _ 

KzCOx 

I %=A, K2C03, H20 
I CF3C02H 

(W%)D&DW%) 
I \ CF&07H 

(55”)D&;&) 

Scheme 4, 
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CCLVII could be-reduced to CCLVIII using SiHEt3. These reactions, including 
deuteriation studies. are summarised in Scheme 41. Cycloheptatriene iron 
tricarbonyl underwent [270] a series of electrophilic attacks depicted in 
Scheme.42. Acetylation of Fe(C7Hs)(C0)3 gave [Fe(C7Hs0COMe)(C0)3]’ 
which could not be deprotonated. However, deprotonation of [Fe(C,Hs- 
OCOMe)( CO),]’ which was produced by protonation of Fe( C,H,OCOMe)- 
(CO),, was readily accomplished. These, and related data [271], served to 
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indicate that the former protonated species had an exe acetyl group, whereas 
the latter had an endo acetyl group. Protonation of Fe(C,H,CHO)(CO)s 
afforded CCLIX and Fe(C,H,COMe)(C0)3 gave the unstable CCLX which 
rearranged to CCLXI. 

-HO 

(oc) P.&OH (oc) PeUMe 

3 3 

(Oc),,efle 

(CCLIX) (CCLX) (CCLXI) 

(OC),Fe -cm 
(CCLXH) 

(CC), 
Fe 

(CCLXIII) 

or 

Reaction of cis-bicyclo[6_2.0] deca-2,4,6-triene with Fe,(CO)s afforded 
[272], after chromatography, CCLXII, which was not fluxional, CCLXIII and 
CCLXIV (three possible structures are shown). The fluxional nature of benzo- 
and naphtho-cyclooctatetraeneiron tricarbonyls is shown in Scheme 43 (the 
activation energies for the first and second processes were 18.6 and 31 kcal/mole 
whereas that for Fe(C&J(CO), was 7.2 kcal/mole). The activation energy 
for the rearrangement of CCLXV was 8.1 kcal/moIe; a CO group attached to 
the allylically bonded Fe atom could be displaced by PPh3. The complexes 

CCLXVI, where Q = /> or 3 Fe(C0)3, reacted [274] with CO giving CCLXVII, 

whereas when Q = ’ 
Y 

Fe(C0)4, CO uptake was slow, and at high pressures the 

Fe(CO), group was/removed leaving CCLXVI (Q = ) ). Reaction of CCLXVI 

!Q = /> or >eCCOM with PPhs gave CCLXVIII, but when Q = Fe(CO)a, 

the products were CCLXVI (Q = > ) 

% 
and Fe(C0)4(PPhs). Neither CCLXIX 

nor CCLXX reacted with CO or PPhs. 
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Scheme 43 

FeWO)3 
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Bullvalene reacted with Fe,(CO)s giving CCLXXI, whose structure has 
been determined crystallographically [ 2751, and the known CCLXXII [276]. 

13C NMR spectral studies [277] of Fe(CsHs)(CO), over a temperature 
range were in agreement with ‘H NMR spectral investigations. The CO groups 
also underwent site exchange independent of the ring rearrangements. Broad-line 
‘II NMR studies of Fe(CsHs)(CO), and Fe,(CsHs)(CO)s showed [278] that, 
in the solid state, the former was non-rigid whereas the latter was rigid. In the 
presence of oxygen, no product was obtained [279] when Fe(CsHs)(CO), was 
irradiated with UV light, but in the absence of oxygen, CCLXXIII was produced 
[280], together with CsHs and CO; CCLXXIII was also prepared by irradiation 
of Fe2(CsHs)(CO),. 

(CO), 

(OC),Fe--Fe(CO), 

Y 
6 

(CCLXXIII) 

(OC13Fe 

(CCLXXII) 

Me 

(CC),Fe 

(CCLXXIV) (CCLXXV) (CCLXXVI) 

At -120”, treatment of Fe(CsHs)(CO)s with FS03H/S02C1F gave [281] 
CCLXXXIV. On warming this collapsed to CCLXXV which, after 24 h in 
HzS04 at 35” may have given CCLXXVI. Similar treatment of the methyl- 
cyclooctatetraene analog gave CCLXXVII which collapsed to CCLXXVIII, 
and CCLXXIX which collapsed to CCLXXX (Scheme 44). Collapse of CCLXXVII 
to CCLXXVIII occurred much more slowly than that of CCLXXIX implying, 
possibly, that the positive charge at the central y-C atom in these cationic 
pentadienyl complexes may be somewhat greater than that at the a-C atom. 
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When the adduct of Fe( CsHs)( CO), and (NC),C=C( CN), was treated 
[282] with Ce4+, either CCLXXXI or CCLXXXII (probably the former) was 
formed. FeC13 oxidative degradation of CCLXXXIII gave CCLXXXIV. In 
terms of the cycloadditions of (NC)?C=C(CN):! occurring via eiectrophilic 
attack [283], the mechanism of adduct formation with cycloheptatriene and 
cyclooctatetraene complexes, and their oxidative degradation, may be as 
depicted in Scheme 45. 
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Reaction of lZoxa[4.4.3] propella-2,4,7,9-tetraene with Fe2(C0k, gave 
CCLXXXV whose structure was established 12843 crystallographically. UV 
irradiation of the iron tricarbonyl complexes of cyclooctatetraene dimers, 
CCLXXXVI and CCLXXXVII, with more Fe(CO)s afforded [285] CCLXXXVIII; 
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__ ____ ,L------‘:Fe(C0)3 

(CO)3 

(CCLXXXVII) (ccLxxxv111) 

the two Fe atoms were symmetrically positioned with respect to the ally1 group. 
The formation of CCLXXXVIII implied that CCLXXXVII isomerised to 
CCLXXXVI prior to reaction with Fe(CO)5. 

Broad-line ‘H NMR spectral studies of Ru~(C~H~)~(CO)~ showed [286] 
that, in the solid state, the rings were undergoing rearrangement via a series of 
1,Zshifts. 

Ally1 and trimethylenemethane complexes 

Protonation of butadiene and isopreneiron tricarbonyls, and CCLXXXVII 
gave [287] ally1 tricarbonyl cations, which, on standing, afforded the x-ally1 
tetracarbonyl cations, CCLXXXVIII. It appeared that protonation preceded 
CO transfer. In CF3C02H, CCLXXXVIII [ 2881 (all R = Me) or (R ’ = i-Pr, 
R* = R3 = R4 = H, RS = Me) gave a mixture of both species; in CF,CO,D no 
incorporation of D occurred_ CCLXXXVIII (R’ = R* = Me, R3 = R4 = R5 = H) 

Me 
R5 

R* 

(ccLXXxv11) 

OMe 

.A 

ie(CO),X 
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in CF3C0zH contained small amounts of (R’ = R5 = Me, R* = R3 = R4 = H), 
and in CF3C02D complete deuteration occurred at the anti-methyl substituents, 
and at positions R3 and R4 in CCLXXXVIII (R’ = R* = Me, R3 = R4 = RS = H) 
andatR1in(R1=R5=Me,R2=R3=R4=H).InCCLXXXVIII(R1=Me, 
RZ = R3 = R4 = R’ = H), D incorporation occurred at positions R3 and R4 as 
well as at the methyl group, and in (R’ = R 3=Me,R2=R4=R5=H)Dwas 
incorporated slowly at the methyl groups only. In CCLXXXVIII 
(R’ = R3 = R4 = R5 = H, R* = Et) no D uptake, even over long periods, was 
observed. 

Y 
CH2C=CH2 

oc, 1 
Fe-NO 

oc’ 1 
PPh3 

(CCXCI) (CCXCII) 

N-N 

(OC),F~-~e(CO)3 

N-N 
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H, 
1 N,J r\! N\ H 

B’ Fe’ B: = H,B(Pyz), - 

H’ ‘lN/ I ‘co 
N’ H 

C 
0 

(CCXCVI) 

Reaction of CH,=C(OMe)CH,X (X = Br or I) with Fe2(C0)9 gave [289] 
the rr-ally1 complex CCLXXXIX but when X = Cl, CCXC was formed; 
CCLXXXIX could also be obtained using MeC(OMe)=CHX. Treatment of 
XCCI with PPh3 afforded [ 2901 CCXCII which eventually decarbonylated 
giving CCXCIII. Reaction of (n-C3Hs)Fe(C0)31 with the trispyrazolylborato 
ion [HB(P~z)~]- gave [291] Fe[HB(Pyz)3]2 (56%), CCXCIV (2.6%), CCXCV 
(ca. l%), Fe(CO),[HB(Pyz)3] (CH-CHMe) (ca. l%), and Fe(CO),[HB(Pyz)3]- 
(COCH=CHMe) (28%). The proposed mechanism is given in Scheme 46. The 
ally1 iodide reacted with [H,B(Pyz),]- giving CCXCVI. 
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Z-Methoxy-azabullvalene reacted with Fe2(C0)9 giving [292] CCXCVII and 
CCXCVIII. Hydride abstraction from Ru(C~H~~)(CO)~(C~H~~ = cycloocta- 
1,5-diene) followed by addition of CN- afforded [293] CCXCIX. 
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Treatment of CCC with Fe,(CO)s afforded the binuclear bis-n-ally1 
CCC1 E294J. The molecular structure determination of (n-C3H5)2Ru(PPhs)2, 
CCC11 revealed 12951 that the bond angles between the central allylic C atoms, 
and Ru and P atoms, were all close to tetrahedral. This, together with the 
shortness of the Ru-central C atom distance (2.13 A compared with 2.24 a), 
suggested that the Ru atom was tetrahedrally coordinated to the central 
allylic C atom, and that a significant degree of u-bonding was involved. 

HIIC=C(CH;IC1), 
TO)9 

CCCIII 

Scheme 47 

Various trimethylenemethanein tricarbonyl complexes, especially CCCIII. 
have been prepared [ 2961 by either dehalogenation of 3-halo( 2-halomethyl)- 
propenes with Fe,(CO)s or by thermal disproportionation of 2-methylallyiron 
lricarbonyl complexes (Scheme 47). Dehalogenation of tris(bromomethyl)- 
ethylene using excess of Fe2(C0)9 afforded CCCIV. Thermolysis of CCCV or 
CCCVI did not give trimethylenemethane complexes but instead provided 
dieneiron tricarbonyls; reaction of 1,1,2-trimethylallyl bromide with Fez( 
gave only CCCVII. Alane and AICls reduction of CCCVIII gave isopreneiron 

++ 

Fe 

(CO), (C&3r 

(CCCIII). (CCCIV) (CCCV) 

Me Me 

X ‘I’ 
t&3 

(CCCVII) 
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Allene reacted with Fe,(CO),, giving [300] CCCXIV which isomer&d 
at 100-110” in toluene or o-dichlorobenzene afforded CCCXV. Either of 
these two compounds in refluxing toluene or o-dichlorobenzene gave CCCXVI. 
The structures of all three species have been determined [ 3011. Polymerisation 
of the allene occurred when an excess was added to any of these in n-hexane. 

Alkyl- and aryl-metal complexes 

Reaction of Fe(CO), with LiR, or of Na,[Fe(CO),] with RCOCI afforded 
[ 3021 the acyl[ Fe(CO),( COR)] -, and the closely related alkyls were obtained 
by reaction of [Fe(C0)4]2- with RX; these compounds were isolated as 
[(Ph,P),N]+ salts. Reaction of [Fe(CO),(CH,Ph)]- with Me1 gave Me(PhCH2)C0, 
and of [ Fe( CO)4( COCH,Ph)] - with Me1 and with acetic acid afforded 
Me( PhCH2)C0 and PhCH,CHO, respectively. These reactions have been 
generalised [ 3031 providing a selective synthesis of aliphatic ketones (Scheme 
49). Thus treatment of the intermediates CCCXVII or CCCXVIII with an alkyl 
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halide led to isolation of RR’CO. The nucleophilicity of the carbonylate ions 
towards attack of RX decreased in the order [Fe(C0)4]‘- > [Fe(C0)4R]- 
> [Fe(C0)3(PPh3)(COR)]- > [Fe(C0)4(COR)]-. It was suggested that 
formation of [ Fe( C0)4R] - occurred with inversion of configuration at R, 
and carbonylation giving [Fe(CO),(COR)] - apparently occurred with retention 
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of configuration. The ion [ Fe( CO),] ‘- was apparently unreactive towards 
some functional groups, e.g. reaction with Br(CH,),COzEt and Et1 gave 
EtCO(CH,)4C02Et. The migration of the ally1 group to CO, thereby affording 
an acyl complex, was strongly influenced [304] by the nature of the counter 
cations associated with [Fe(CO&R]- and [Fe(CO)&COR)]-. 

Reaction of the cyclic silane CCCXIX with Fe2(C0)9 afforded 13051 
CCCXX, also produced by treatment of CICHz CH,CH2SiMeaC1 and [ Fe(CO)J2 
Hydrolysis of CCCXX gave MeCH, CH,SiMe, (OH) and ( MeCH, CH* SiMe, )* 0, 
reaction with PR3 gave organosilicon polymers, Fe(C0)4(PRs) and Fe(CO),- 

(PR,),, and thermolysis gave Fe(C0)5 and traces of organosilanes. 
Treatment of Fe,(CO),(p-SCF,), with FsCCsCF, afforded [306] 

CCCXXI whose molecular structure was determined; the C-C bond length 
was 1.34 a, and the Fe-Fe distance 3.27 A (i.e. non-bonding). the Fe*& 
was appreciably non-planar:Reaction of CCCXXII with Fez(CO), gave [307] 

(CCCXX) 

(CO), 
Fe 

F3C 
\ 

,CF 3 

c=c 

/ \ 
(OC)3FeTyFe(CO), 

/” CF3 

CF3 

(CCCXXIII) 

Me 

(cccxxrv) 

Me 

Me IMe 

(CCCXXV) (CCCXXVI) 

CCCXXIII. Reaction of the last with Ph,PCH,CH,PPh, caused displacement 
of two CO groups and formation of a diphos complex, whereas reaction with 
Ce4+ gave CCCXXIV. The structure determination of CCCXXIII revealed that 
the molecule was folded about the C-C bond fusing the two indane fragments. 
Fe3(CO),2 reacted with 2,4-hexadiyne in boiling toluene giving CCCXXV and 
CCCXXVI; the former was presumabIy the precursor of the latter [308]. 
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[Ru(CO)~C~,], reacted with PhCH=NMe (BzmH) giving 13091 
[Ru(C0)2Cl(Bzm) J2. and this Schiff base, or PhCH=NPh, reacted with 
Ru,(CO),, giving CCCXXVII. These bases did not react with (or-C,H,)Fe- 
(CO)*Me, and with [(r-C,Hs)Fe(CO),], afforded only [(r-CsH,)Fe(CO)],. 

By heating in decalin Rus(CO)s[P(OPh)s]s, two isomers of Ru(CO),- 

IP(OC,H,)(OPh),l,. RuGO)9[P(OPh)s]&4 and Ruz(CO)s[P(OC&U- 

Fe 

(cccxxv11) (cccxxv111) (CCCXXIX) 

(OPh),],[OP(OPh),] H, CCCXXVIII, were formed [310]. Ru(CO),[P(OC,H4)- 
(OPh),], could also be obtained [311] from Ru(C0)2[P(OPh)3],C1, _ The 
structure of CCCXXVIII was determined crystallographically and the Ru-Ru 
distance was 2.89 A. One o-metallated P(OC,H,)(OPh), group was primarily 
attached to Ru, and the Ru,-P distance was the shortest yet detected. The 
other o-metallated phosphite was bonded to Ruz and Rui, the o- and m-C 
atoms of the metallated ring being within bonding distance of Ru, while Ruz 
was bonded to the ortho C atom. It was suggested that the interaction was 
best described in terms of a four-centre three electron contribution from the 
bridging aryl group to the two metal atoms. There was thought to be some 
similarity between this interaction and that involving the “benzyne” ligand 
and the OS atoms in OS~(CO),~(PP~,)~(C~H~) and its analogs [95, 961. 

The diamagnetic norbornyl complex CCCXXIX was obtained [ 3121 
by treating LiC7HII with FeCl,,whereas LiSFePhs was obtained [313] by 
treating FeCl, in LiPh under very mild conditions. Hydrolysis of the pentaphenyl 
gave biphenyl and Fe(OH),, whereas HgCl, afforded FeCl,, LiCl, Hg and . 
HgPhCl. 

Reaction of Fe(N2)(PPhZEt)sHZ with CzH4 in solution gave 13141 
Fe(PPh2Et),HEt, or the solvated (S) species Fe(PPh*Et),(S)HEt, probably via 
the intermediate Fe(PPhtEt)zL(CZH4)H (L = PPh,Et or solvent). Reduction 
of Fe(Acac)3 with PPh3 and AlEt, at -30” gave [315] the paramagnetic 
Fe(PPh,),Et(Acac). This compound initiated polymerisation of styrene, 
acrylo- and methacrylonitrile. Disproportionation occurred in polar solvents 
with release of C,H,. Reduction using AK+, gave Fe( PPh,),Pr( Acac) and 
with AlMesFe(PPh,),Me,. Thermal decomposition or alcoholysis of the latter 
gave methane. Alkyl derivatives were not formed when AlHEt, or AlMe*(OEt) 
were used as reducing agents. 
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Reaction of organoiron phthalocyanin complexes, [RFePc]* (R = Me 
or Ph, n = 0 or 1) with styrene in the presence of Li2PdC14 afforded [ 3161 
PhCH=CHR. Introduction of anhydrous FeCl, into a THF solution containing 
Mg metal under nitrogen caused [ 3173 degradation of the THF thereby 
generating an unsaturated hydrocarbon. This was picked up by the Fe giving 
uncharacterised a-bonded species, C, II, FeCI, Mg(THF), _ 6H, 0 and/or 
(C4H,)zFeC1,Mg2(THF)4.6H20. 

Organometallic complexes in synthesis and catalysis 

Selective reduction of RCH=CHCOR’ to RCH2CH2COR’ was achieved 
[3X3] using Fe(CO)S in slightly wet basic solvents. Phthalazine was reduced 
[319] to 1,2-dihydrophthalazine and Fe,(C0)6(p-N,CsHs) using Fes(CO),,, 
and a number of Schiff bases derived from aniline could be reduced similarly. 

The complexes Ru(PPhs)sHCl and Ru(PPh&C12 caused [320] a random 
redistribution of D in trans-CtHzDZ, via an ethyl intermediate. The hydride 
complex was more active than its dichloro analog, and H/D exchange was 
observed between C2H2D2 and the H atom in the ortho positions of the PPh, 
ligands in the hydride. H/D isotopic exchange between Dz, and acetic acid, 
MeOH, EtOH or morpholine was observed [ 3211 in the presence of Ru(PPhs)sClz 
or 0s(PPh,),Brz(Fe(PPhs)2C1, was inactive). The proposed mechanism is 
shown in Scheme 50. 
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Rearrangement of CCCXXX to CCCXXXI and CCCXXXII, but not 
CCCXXXIII, was catalysed [ 3221 by [ Ru( CO),C12] ?. CCCXXXIV was 
isomerised [323] to CCCXXXV and CCCXXXVI, and CCCXXXVII to 
CCCXXXVIII by Rua(CO),,, [Ru(CO),C1J2 or RuCl,. Pent-1-ene was 
isomerised [324] by Ru(PPhs),HCl in benzene to cis- (60%) and trans-( 4OW)- 
pent-Zene. Both the cis- and trans-forms could be formed via a mechanism 
involving a pentyl intermediate (Scheme 51), hut the frans-isomer could also 
he produced via a n-allylic intermediate (Scheme 52). 

Condensation of RCH2CH,0H in the presence of alkoxides giving 
RCH2CH2CHRCH,0H (90%) was catalysed [ 3251 by a mixture of RuCl, f nH,O 
and PBua (molar ratio l/4). Addition of RCHO and PhNCO, giving RCH=NPh 
(R = MeCH=CH, PhCH=CH or Ph) was catalysed [ 3261 by Fe(CO),. The 
pentacarbonyl reacted with a variety of primary, secondary or tertiary alkyl 
and aryl a-haloketones in refluxing dimethoxyethane giving [ 3271 coupled 
1,4diketones and reduced monoketones (Scheme 53). The intermediate 
CCCXXXIX may have the n-oxallyl structure or may be a binuclear ally1 
derivative having halide (X) bridges. Reaction of RSOICl with Fe( CO)s 
afforded RS0,S02R and RSSO,R. 
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Fig. 2 

Reaction of a,&‘-dibromoketones with enamines in the presence of 
Fe2(C0)s afforded [328] cyclopentenone (Scheme 54). Species produced by 
this reaction are illustrated in Fig. 2. The mechanism of reaction of these 
dibromoketones with Fez(C0)9 in the presence of olefins is summarised 
[329] in Scheme 55. In the absence of olefines, internal reactions occurred, 
as shown in Scheme 56. It would appear that in all these reactions, the ally1 
species CCCXL is implicated. 
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Irradiation of Os,(CO),, in the presence of organic halides initiated 
[ 330 ] the polymerisation of methylmethacrylate and acrylonitrile. The species 
produced by photoexcitation was shown to abstract H atoms from hydro- 
carbons thereby forming free radicals. Irradiation of Os,(CO) r2 in cyclohexane 
was shown by IR spectroscopy to afford a mixture of OS~(CO)~~H~, 0s3(CO)r0. 
H( OH), Os,( CO) IsH2 and OS~(CO)~~H~. 
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