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METAL CARBONYLS 

Simple Carbonyls and Carbonylate Anions 

Electrochemical reduction of Fe(CO)B has been studied cl]. No matter what 

the electrode material,[ Fe2(CO)B]2- is the reduction product in the absence of 

water. When water is present, a two-electron reduction to [HFe(C0)4]- occurs. 

Both Fe(CO)B and Fe3(C0)12 were found to be weakly adsorbed on silica. In 

contrast, on alumina, magnesia and ZnO, [HFe3(CO)11]- is formed [2]. Irradiation 

of silica-supported Fe(CO)B produced only Fe3(C0)12 and not Fe2(C0)g KS]. 

Auger line shape studies on Fe(CO)B, inter alia, were reported [4]. A -- 

comparison of the He(I) photoelectron spectra of Fe(C0)6 and Fe(CO),(CS) was made 

and discussed in the light of M.O. calculations [B]. A calculation of the 

ionization potentials of Fe(CO)S was also reported [6]. 

The ESR spectrum of [Fe(CO)B]- in a single crystal of Cr(C0)6 shows that one 

CO is bent by electron addition [7]. 
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Complexes with Group III Ligands 

The X-ray structure of ,1 was determined 181. (tppIn)2Fe(C0)4 (tpp = tetra- 

phenylporphinato) was prepared from the reaction between tppInC1 and[ Fe(CO)d2- 

c91. 

THF R2 

(CO) Fe/"\Fe(CO) 

4\;:/ 4 

THF 

G R1 = H, R2 = s-CGHII 

b R1 = H R2 = t-k 

; R1 = ML, R2 = e-FCGH4 

i I?: I Me, R: I Ph 

- Me, R - e-MeOC6H4 

Complexes with Group IV Ligands 

Substitution reactions occur on treating HFe(C0)4(SiPh3) with PPh3 or 

diphos affording HFe(CO)3(PPh3)(SiPh3) or HFe(CO),(diphos)(SiPh3), respec- 

tively. In contrast, PEt3 deprotonates the hydride giving (PEt3H)[Fe(C0)4- 

(SiPh3)] [lo]. 

Complexes with Group V Ligands 

M'dssbauer parameters of some forty-six LFe(C0)4 complexes were measured. 

Many of the complexes have L as a Group V ligand. However, Group IV ligands as 

well as others were also included [ll]. 

A study of CO displacement in ? showed that thermal reaction of ?_a, c, d, e 

with L = phosphines and P(OMe)3 proceeds via a bimolecular rate law in toluene 

consistent with an associative mechanism (which was also found for the analogous 

(Me4N4)Fe(C0)3 complexes). With 2b the diazabutadiene ligand is replaced by L. 

Photochemical substitution proceeds via a dissociative mechanism affording (Ri- 

C2N2Ri)Fe(C0)2L except for ?a where diazabutadiene and CO substitution occur 

at comparable rates [12]. 

The preparation of 2 was reported [13]. 

R 0 
39 R = H; b R = Me; 

g R = OMe 

References p. 526 
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For some N-bonded azadiene complexes, see the section on Heterodiene 

Species. 

The preparation and characterization of several phthalocyaninato (PC) com- 

plexes of type Fe(Pc)(CO)L (L = N,N-dimethylacetamide, pyridine, piperidine, 

HMPA and Ph3PO) were described [14]. The syntheses involved reaction of Fe(Pc) 

with L and CO in an inert solvent. In the absence of L, Fe(Pc)(CO), could be 

prepared. 

A comparative study of CO and 02 affinities of "capped" iron porphyrins as a 

function of electronic and steric changes in the equatorial plane was carried out 

cw. CO affinities of Fe(I1) octaethylporphyrin, octaethylchlorin and octa- 

ethylisobacteriochlorin were measured [16]. An Fe(I1) porphyrin having a strap 

carrying a coordinated thiolate residue on one face was prepared. The spec- 

troscopic properties of its CO complex match those of the CO complex of cyto- 

chrome P-450 [17]. 

CO addition to meso-tetrakis(2,4,6-trimethoxyphenyl)porphyrinatoiron(II) 

and the corresponding ethoxy complex produced diamagnetic species. A 1:2 Fe:CO 

product was also prepared for the ethoxy compound [18]. 

The X-ray structure of (thiocarbonyl)(octaethylporphinato)iron(II), a low- 

spin five-coordinate complex, displays a linear Fe-C-S group with Fe displaced 

0.23 A0 from the porphyrin plane [lg]. 

Heme complexes were also among those studied which contain N bonded to Fe. 

The first directly obtained values for CO affinities and on and off rate con- 

stants for CO binding to individual chains within T- and R-state hemoglobin A 

were measured [20]. Calculations of low-lying triplet states of model carbonyl 

heme complexes showed that the lowest-lying triplet state is too high in energy 

to be populated thermally [2I]. INDO-SCF-CI calculations on carbonyl hemo- 

proteins were employed to identify the photoactive excited state for CO dissoci- 

ation as resulting from d+dzZ excitation[22]. 

Preparative procedures for 1,2_ethandiyl(diphenylphosphine) (=diphos) com- 

plexes of Fe [23] were described. 

The cationic complex [ Fe(C0)4PCH2CH2NMe3]I was prepared and found to 

exhibit enhanced solubility in polar solvents as well as low catalytic activity 

for the water gas shift reaction [24]. 

A series of seventeen complexes LFe(C0)4 was prepared where L = 4 as well as _ 
six complexes of the type L[Fe(C0)4]2 where L = ,5 [25]. 

RiPCH2CH$i 

3 

/\ 
RiPCH2CH2Si 

4ti R 

4 5 _ 
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Treatment of Fe(C0)5 with R3PS (R3 = Ph3; Bu3; Ph2, OEt; Ph2, SEt; Ph, -CH2CH2- 

CH20-; Ph2, CH2C(OH)Ph; Ph2, CH2C(O)Ph) at 130-150' affords the phosphine com- 

plexes (R3P)Fe(C0)4. These can be oxidized with CuC12 in MeOH to yield (R3P)2- 

Fe(C0)2C12 from which the free phosphines can be isolated on heating or treatment 

with N-methylimidazole [26]. 

(PPh3)Fe(C0)4 reacts with (NEta) in very concentrated MeOH solution to 

afford (Et,N)[HFe(CO)3(PPh3)] in 80-90% yield. This is converted to the more 

soluble K+ salt on reaction with K[BH(~-Bu)~]. Refluxing in THF with the 

borohydride produces K2[Fe(CO)3(PPh3)]. The (PMe2Ph)Fe(C0)4 complex behaves 

similarly. These dianions deprotonate CH3CN, react with Ph3SnC1 and undergo 

facile ligand exchange with ligands which are betterr-acceptors than PPh3 1271. 

Fe(PPh3)3(C0)2 was found to undergo substitution with P(OMe)3, py, Me2S0, 

MeNC as well as oxidative addition with H2 and Br2. Ph2C2 reacts to give two 

isomers and CS2 forms a n-complex [28]. 

A radical species 6, can be prepared as shown in Scheme 1 and isolated as a 

solid [29,30]. 

SCHEME 1 

{[(Me3Si)2CH12PI' + Fe2(CO)g "hexane ä 

I[(Me3Si)2CH]2P Fe(C0)4)' 

6 

Scheme 2 displays chemistry of the radical cation ! [31]. 

SCHEME 2 

P Ph3 

"\Fe- 

OC'I 
PPh3 

t 

NO 0 -co, 
PPh3 i t 

OC\’ ,K 
OC,F(\N/” -I;= 

PPh3 0 
9 

Fe(C0)3(PPh3)2 
t -7 

PPh 
I 3 co’ 

.Fe' 
1 'NO 
PPh3 2 

8 I 

P Ph3 +2 PPh3 + cis- + trans- 

Oc\ FelS\CPPh 
OC'I \s/ 3 

oc'~e~S\CNMe 
OC'I'S/ 2 

Fe(CO),(PPh3)2(02C6Cla)+ 

PPh3 PPh3 !? 

ti 1? 

References p. 526 
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The triple ylid complex 14 was prepared from the reaction of FeC12 with the 

Li+-salt of the ylid in THF at -78'. Magnetic measurements on 14 indicate it to 

be a high-spin tetrahedral species [32]. 

Fe 

2 

The reaction between Fe(C0)5 and several Group V ligands L = PPh3, AsPh3, 

SbPh3, PMePh2, PMe2Ph, AsMe2Ph, P(C6HII)3, P(c-Bu)~, P(L-Bu)~, P(OMe)3, P(OEt)3 

and P(OPh), in refluxing toluene was found to be catalyzed by [(n5-Me5C5)- 

Fe(C0)2]2 affording LFe(C0)4 [33]. 

Fe(I1) Phosphine Complexes Containing Hydrido, Halo and Other Ligands 

When FeC12 is allowed to react with MeC(CH2PEt2)3 in the presence of 

Na(BPh4), the tetraphenylborate salt of 1,5 is isolated. Its X-ray structure was 

determined [34]. Et3PCS2 and Fe(BF4)2.6H20 in the presence of Na(BPh4) react 

with Et2PCH2CH2PEt2 (depe) or Ph2PCH2CH2PPh2 (diphos) affording [(depe)2Fe(S2- 

CPEt3)l(BPh4)2 and [(diphos)Fe(S2CPEt3)2](BPh4)2 ~0.5 acetone, respectively 

[35]. The depe complex (whose X-ray structure was determined) undergoes nucleo- 

philic attack by hydride ion to afford [(depe),Fe(S,CH)]+, I6, as the tetraphenyl- 

16 

u 
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borate salt. 

diphos]+, 

16 contains a dithioformato ligand 1351. 17, [(diphos)Fe S2C(H) - 

is formally the result of nucleophilic attack by the phosphine on a 

dithioformato ligand. It can be prepared from the reaction of Fe(BF4)2+6H20, 

diphos, and K(S2CH) in the presence of NaBPh4. Its X-ray structure was reported 

[361. 

Complexes with Group VI Ligands 

Fe(CO)2(PPh3)3 is known to react with CS2 producing 18a. The reaction of - 
the carbonyl phosphine with COS gives products which can be rationalized as 

proceeding via an analogous intermediate 1_9 as shown in Scheme 3 [371. When the 

reaction is run in COS(l), 19 can be isolated. 

SCHEME 3 

Fe(C0)2(PPh3)3 + CS2 

! cos 

PPh3 //O 
oc,I ,c 
ode1 s 

I 19 
PPh3 

The uncoordinated S in 18 is a good nucleophile. Coordinated CS2 also 

displays 1,3-dipolar character in its reaction with electrophilic alkynes as 

Scheme 4 shows [38]. 

18a 

7 

C 

d 

e 

; 

_s 

L1 = L* = PPh3 

L1 = L* = PPh (CaCPh) 

L1 = L* = PPh*(CsCt-Bu) 

L1 = L* = PMe*Ph - n 

i1 = L* = P(&e) 
L1 = PPh L* = &e Ph 

L1 = L* Z'PMe 
2 

3 

Fe(C0)3(PPh3)2 + SPPh3 

Ethanol reacts similarly. The X-ray structure of 21b was reported [381. 

Reactions involving regioselective addition of the non-Gordinated S of 18a, 

d to a,@-unsaturated aldehydes, ketones and esters in the presence of E6 

or HBF4 were investigated as Scheme 5 depicts. When bulky 18a is used, addition - 

to 2_5 producing 2-6 is highly stereospecific [39]. 

References p. 526 
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The X-ray structure of 27, which was prepared from the reaction of Fe(C0)5, 

I2 and Na2Te, was determined [40]. 

Fe(CO)3 

27 

Carbonyl Halide, Hydride and Cyanide Complexes 

H2Fe(C0)4 was found [4I] to protonate the N2 ligands in c&-W(N2)2- 

(PMe2Ph)4 in methanol. Treatment of the reaction mixture with KOH and subse- 

quent distillation afforded ammonia and hydrazine. The yields were improved 

under an H2 atmosphere. 

Extended Hiickel calculations bearing on the roles of H2Fe(C0)4 and [HFe- 

(CO),]-in the Reppe synthesis were reported [42]. The electrochemical behavior 

of [HFe(C0)4]- is critically dependent on the nature of the solvent [l]. In the 

absence of water at a Pt electrode one-electron oxidation occurs whereas a three- 

electron process occurs in the presence of base and water. 

The IR spectra of CHM(CO)~~- and [DM(C0)4]- (M = Fe, Ru, OS) reveal a 

significant interaction between M-H and CO stretching vibrations [43]. 

The X-ray structure of Cp2Mo(u-H)2FeBr2 prepared from the reaction of 

FeBr2 with Cp2MoH2 was determined [44]. 

ISOCYANIOE AND CARBENE COMPLEXES 

A full paper was published on CoC12.6H20-catalyzed substitution reactions 

of Fe(C0)5 as a preparative route to Fe(C0)5_,(CNR), (n = l-3, R = Me, C6HII, t- 

Bu, PhCH2, Ph, 2,6-Me2C6H3, 2,4,6-Me3C6H2; n = 4, R = t-Bu; n = 5, R = 2,6- 

Me2C6H3, 2,4,6-Me3C6H2) 1451. Treatment of Fe(C0)4(CNR) with RNC and Me3N0 gave 

Fe(C0)3(CNR)2. 

A series of carbene complexes was prepared as shown in Scheme 6 [46]. 29d-j 

were synthesized in the manner shown starting with the corresponding thiones 

[46]. 29b was also produced via the photochemical reaction of Fe(C0)5 with 33 

[471. - 
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29h 
- 

'gHll 0 

xz; 

Me 0 
Fe(CO)4 Me 

'gHll ' Me 
x> 

SCr(C0)5 

Me 
0 

29j 33 - 
Scheme 7 depicts chemistry involving tetraphenylporphinato tpp) carbene com- 

plexes t-481. 

SCHEME 7 

RSCC12X + Fe(tpp) 
NaS304, H30/C6H6 

or Fe, CH2C12/MeOH 
w 

34a X = Cl, R = - N 

b X=Cl,R= 

c_ X = Cl, R = PhCH2 

d X=Cl,R=Ph 

e X=H,R=Ph 

35a,b,c 
FeC12 

) Fe(tpp)(CS) 36 

Fe(tpp)-C' 
X 

'SR 

35a-e 

35d,e 
FeC12 

)N.R. 







BINUCLEAR SPECIES (EXCLUDING (n5-C5H5) COMPOUNDS) 

In earlier years compounds covered in this section were classified as Clus- 

ter Compounds. Since the currently accepted definition of clusters is more 

restrictive (i.e. compounds involving three or more metals and three or more 

metal-metal bonds), binuclear complexes are now covered in a separate section. 

Coverage is in order of the periodic group to which atoms bridging the metal- 

metal bond belong. Homonuclear complexes precede heteronuclear ones. 

When 50 is allowed to react with Fe2(C0)9, 51 is the product. Its X-ray 

structure was determined. 5.J inserts CS2 giving 52 [56]. 

r- \ 
.N /\ 
50 - 

b 

C 

rs‘ 
N-Fe- le(C0) 

(CO)3 
4 

f 
CHz ,H c N-Fe "'Fe(CO) 

(CO)&/ 
3 

z 

51 - 

52 

Scheme 9 diagrams reactions of the Si-bridged species 5,3 with alkynes [57]. 

The X-ray structure of 55b was reported. - 

SCHEME 9 

Fe2(CO),(~-SiPh2)2 + MeC=CMe _____) 

53 
- 

+ 

55a - 

53 + RCXR d - 9 R = Et 

56a R = Et 

---b R=Ph 

_c R=Ph 

References p. 526 
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The reaction of Fe2(C0)9 with diars under CO was found to give two products: 

(diars)Fe*(CO)8 and 52 (whose X-ray structure was determined) [58]. 57 exhibits 

fluxional behavior in solution. 

Me 

57 58 - 

58 was found [59] to react with Fe2(C0)9 producing 5_9 and 6,o. The mono 

N-oxide of 58, on the other hand, gives 59, 60 and 61 in ratios dependent on -- 
solvent. 

Me 

Me 

Me 

59 60 

Me 

r 

Fe(CO)4 

Me 
il' 

Me 
Me 

N\O 

61 

e-RC6H4CH=NN=CHC6H$-R Fe2(C0)6 (R = H, Me, OMe) were prepared from the 

reaction of the organic ligand with Fe3(C0)12 in isooctane [60]. DTA curves for 

the related complexes (PhCH=N)2Fe2(C0)6, (C6H5C(Me)=N)2FeP(CO)6, (e- 

BrC6H4C(Me)=N),Fe,(C0)6, (Ph2C=N)2Fe2(C0)6 and (o-C6H4CH2N-N=CHPh)Fe2(CO)6 were 

published [61]. 

Chemistry of Fe2(C0)6(u-PPh2)2, 62, is sumarized in Scheme 10. The dianion 

63 contains no Fe-Fe bond. Treatment of the dianion with alkyl halides results 

in metal-assisted alkyl migration to CO yielding 64 having an Fe-Fe bond. 65, - 

the result of protonation, contains a terminal hydride ligand. X-ray structures 
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of the Nat and PPN+ salts of 6_4 show that Nat coordinates to the acyl 0, but PPN+ 

does not [62]. 

(CO) Fe/“’ 
3 \P,Fe(CO)3 

Ph2 
62 
- 

SCHEME 10 

2 Na/THF 

63 + RX -2, 

r 

64a R = Me; b R = Et; c R = I-Pr; 

d R = CH2CMe3; e R r PhCH2; 

f R = C3~5; 9 R = (CH~)~CH=CH~; 

_h R=CH2a- 

63 + H+ --~HF@2(CO)6("-PPh2)2]- 

65 

Ph2 

63 + ICH2CH21 ____) (COJ2F/ 
p\ 

\P/Fe(co)3 

d 
0 Ph2 

66 

2- 2- 
63 + L ,-------w [Fe2(cO~~L(~-pph*)~l + I: Fe2(CO)4L2(~-PPh*~ 

67a L = P(OEt)3 68a-c 

lb L = PMe2Ph * 
c L = PMePh2 * 

When phosphonitrilic chloride is allowed to react with Na2[Fe2(C0)8] in 

THF, 69 and 70 are the products 1631. The X-ray structure of 70 was determined. - - 

References p. 626 
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69 70 - 

Some phosphazene complexes are prepared as shown in Scheme 11. 75a,b,c 

result from a Michelis-Arbuzov rearrangement. The X-ray structure of 73b - 
was determined [ 641. 71e and 72d were synthesized by other workers who also 

determined the X-ray strx;-dt.ure oE2d [651. - 

SCHEME 11 

R2 

Fe2(COIg + 0.5 (f+o),P~ P(oG), b 

R2 

(R1o),PYNIP(OR1) 

I I 
2 

OC\Fe Fe'Co 

ocll \-c/I'co 

: 
b' C 

0 

71a R1 = Me R2 = Et 

d R2 = Et' R2 = Me 

c R1 q i-ir, R2 = Me 

d R1 = Ph R2 = Et 

e R1 = R2'= Me 
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R* 

Fe2(Co)9 + xs (R~o),PNP(~R'), -b 

R* 

(R10)2p'N\P(OR1)2 
, 
I 
F/O 

oc’ \c/ ‘co I 
iR1012~, N/d12 ! 

R* 

72a R' = - 
b R1= 

c R1= 

d R4= 

Et 

Me 

= Me 

Et 

Fe(C015 + MeN[P(OMe)212 .-b 72d R1 = R* = Me - 

Et 

(Pt10)2P~N\P(OPtl)2 + 

72d + X2 .pb - I 
OC'Fe 

I 
FeHCo 

oc’l Lx/) ‘co 

(PhO)2P, N ,P(OPh12 

Et 

73a X=Cl; b X=Br; _c X=1 - 

Et 

72a + - x2 - 

(MeO),6f ,P(OMe)2 

Et 

74a X = Cl; _b X = Br; 5 X = I - 

References p. 526 
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74 + x- + xs x2 ___) 

Et 

(Me0)2P'N'P(OMe)2 

I 

X -Fe 
/CO I /CO 

Fe-X 

co'/ co'/ 
+ 

(MeO),b,N,P(OMe), 

Et 

76a X = Cl; b x = Br; c X = 1 
- I 

Et 

(MeO)2P 
HNlp//O 

I 
OC\Fe 

I 
\ OMe 

FeACo 

OC')\X/)'CO + 

(MeO)2P,N,P(OMe)2 

Et 

7Ba X = Cl; b X = Br; c X = I 
- 

Et 

Et 

77a X = Cl; b X = Br; c X = I 
- 

Fe2(PMe3)2C12("-Pi-Bu)2 was prepared from the reaction between FeC12(PMe3)* 

and two equivalents of Li[P(t-Bu)2]. Its X-ray structure shows that the coordi- 

nation geometry around each Fe is roughly tetrahedral [66]. 

The 13C NMR spectra of 7_8 and z, which contain bridging S, were reported 

[67]. 

(CO) F[=Fe(CO) (CO) FL%e(CO)3 

79a R = Me 

<R=Ph 
3 - - 

3 3 cR=H 

78 

7_8, along with Fe3S2(C0)g, results from treatment of H2Fe(C0)4 with SmHMe 

[68]. These products also are produced from the reaction of 80 with SB as shown 

in Scheme 12 [69]. 
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SCHEME 12 

t PhCH(NHPh)2 + Ph3N + PhNH2 

79c, which was previously known to react with a,@unsaturated compounds, - 
was found to react with a,B-unsaturated ketones which are disubstituted at the 

terminal carbon to add SH across C=C and C=O. For example, the reaction with 

Me2C=CHC(0)Me in THF in the presence of piperidine yields g. EtMeC=CHC(O)Me and 

(CH,),C=C(O)Me react similarly. The alcohol products were converted to -OSiMe3 

derivatives for easier purification. Esters did not react. Acetylenic carbonyl 

compounds with ester or acyl substituents gave 82a,b,c with 79c. - 

Me2CH CH2\C/ OH 
\ /‘Me 

(CO)3F~XFe(CO) 3 

81 - 82a R1 = H, R2 = Me 

7 R1 = H, R2 = OMe 
. 
c R1 = R2 = Me 

Dimethylacetylene dicarboxylate reacts with 79c affording 83 with an ethylene - 
bridge. The reactions with acetylenic species presumably occur via vinyl inter- 

mediates such as 84 which then undergo further addition at either the a- or s- 

carbon producing products of type 82 or 83, respectively [70]. - - 



MeOzC\C,&$O2Me 

4 1 

(CO)3Fe/j(~e(CO) 3 

83 

< fl 
C=CHCR2 

HS S' 

(CO) Fe/lj)e(CO) 3- 3 

84a R1 = H, R2 = Me - 
b R1 = H R2 = OMe , 
c R1 = R2 = Me 

d R1 = C02Me, R2 = Me 

A full paper has been published on the preparation of [Fe2(~-S)2(CO)6]2- by 

reduction of 78. The dianion can be alkylated at S with alkyl halides. Reactions - 
with CH212 and 8rCH2CH28r give 85a and 85b, respectively. The anion affords - - 
86a-m on reaction with main group and transition metal halides. 

85a n = 1 

< n=2 

86a MLn = SiMe2 

-b ML, = SiEt2 

c ML, = SiPr2 

d ML, = SiMePh 

e MLn = GeMe2 

f ML, = GePh2 

g ML = SnMe2 

‘h ML: = SnEt2 

i ML, = Sn(t-8u)2 

j ML, = Ni(diphos) 

k_ ML, = Pd(PPh3)2 

1 ML, = Pt(PPh3)2 

m ML, = CoCp 

Dianions 87a-c were also synthesized [71]. 3 were also prepared from CFe2- 

(U-S),(COYJ2=. Their X-ray structures [72]reveal that neither Fe2SC nor Fe2SHg 

are coplanar, the S-C and S-Hg bonds both being bent in the same direction with 

respect to the Fe-(u-S)2-Fe skeleton. 





438 

89 + Li2Se + [Fe,(u-I)(~-Se)(NO),l- 
PhCH2S- 

CFe2(P-SCH,Ph)(p-Se)(N0)41- 
PhCH2Cl 

Interestingly (and in contrast to the behavior of the carbonyl dianion), reaction 

of 90a with BrCH2CH2Br leads to $J instead of the analogue of 82. Phenyl - 
esters can be conveniently prepared from 89 and PhELi (E = S, Se, Te). 9a are 

mixtures of m and anti isomers. Mixed derivatives such as 9,2 are also accessi- 

ble by stepwise replacement of I in E%J. _ 90a is more stable to 02 than the 

carbonyl anion [74]. 

Several heterometallic compounds containing two metals have been prepared. 

When K2[Fe(C0)41 or Fe(C0)412 are allowed to react with M(C0)4(EMe2X)2 (M = Cr, 

MO, W; E = P, As; X = halide) w are the main products [751. 

Me2 M E E' - 

/E\ 92a Cr PP 

: (Co)4M\E,,Fe(co)3 _ MO ; ; 

Me2 
c w 

d Cr P As 

e Cr As As 

; MO As As 

s_ W As As 

Scheme 14 shows the preparative routes to some methylene- and vinylidene- 

bridged complexes. The X-ray structure of 93a was determined 1761. - 

SCHEME 14 

CpMn(C0)2=C=C<H + 
C02Me 

Fe2(CO)g ----) 

Me02C, ,H H 

/Y 

. ,CO2Me 

(C0)4Fe- Mn(CO)2Cp 
/+ 

+ (C0)4Fe ------Mn(CO)2Cp 

93a 93b 
- - 

9 1 
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CpMn(CO)*(n 2-~~~C02~e) + Fe2(C019 __) % 

CpMn(C0)2(C=C=CPh2) + Fe2(C0)9 -b 

II 

A 
Ph Ph 

95a-h were prepared from Li[(n3 -C7H7)Fe(C0)31 and their temperature- 

dependent NMR spectra investigated [77], 

95a ML, = Rh(cod) 

---b ML, = Rh(C7Hg) 

c ML, = Rh(C6H6) 

d ML, = Ir(cod) 

e ML, I = RhCP(OMe)3]2 

f ML, = RhCP(OPh)3]2 

S MLn = Pd(n3-C3H5) 

h ML, _ = Pd(n3-CH2C- 

(Me)CH2) 

Coordinatively unsaturated heterobimetallic complexes containing 

Rh have been synthesized. As Scheme 15 shows 97 reversibly adds Hz 

- 1781. The X-ray structure of 97 was reported. 

SCHEME 15 

Li[Fe(C0)4(PPh3)1 + m- Rh(CO)(PEt3)2Cl ____) 

\ ,Ph 

(CO) Fe'P\nh PEt 
Y \- 3 
PEt3 co 

96 - 

Ph, ,Ph 
q  

Ir and 

and CO 

Li[Fe(CO)q(PPh3)] + e- Ir(CO)(PPh3)C1 ----) (CO)SFe 'r'Ir(CO) 

x, 
\ 2 
PPhS 

97 - 

References p. 526 



440 

(P~~P)(CO)~F.~=I~(CO) (PPh3) 
H”H 2 

(Ph3P)(CO)3Fe'p"IrYpph3 1-co I 97 
‘co +co - 

-Hz +H 2 

Ph., ,Ph 

(Ph3P)(CO)3Fe/P\Ir(CO)(PPh3) 

H"" H' 'H 

Ph Ph 

3Fe 

;'; 
-Ir(C0)3(PPh3) 

Thermal stabilities were found to lie in the order 98c > 98a > 98b. 98a and 

98b react with CO at 45'C and llO", respectively, affordingtheyoduzs of 

metal-metal bond cleavage, Fe(CO)4As(Me)2Mn(CO)5 and Fe(CO)4As(Me)2Co(CO)4 [79]. 

Me 
S2 

(CO)4Fe 
\ 

98a ML, = Mn(C0)4 

MLn 
-b ML, =, COG 

C MLn = MOOCH 

CLUSTER COMPOUNDS 

Treated here are compounds which contain more than two metals. Fe3 com- 

plexes are discussed first, followed by complexes of higher nuclearity contain- 

ing only Fe. Finally, heterometallic complexes of nuclearity three and higher 

are treated. The only requirement for inclusion in this section is the incorpor- 

ation of three or more metals in the complexes. Many species have less than the 

maximum possible number of metal-metal bonds. 
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Trinuclear Species (All Same Metal) 

A study of the electrochemistry of Fe3(C0)12 showed that mono-and dianions 

are produced in CH2C12 while only decomposition occurs in THF. Electrochemical 

behavior does not change in the presence of water [l]. 

Substitution on Fe3(C0)12 by L yielding Fe3(CO)11L(L = CNJ-Bu, PPh3, P(c- 

tolyl)3) is catalyzed in THF by benzophenone ketyl [80]. 

The 13C NMR spectra of some L = phosphine and phosphite complexes Fe3(CO)11L 

were measured [69]. 

The observed disorder in solid state structures of the type M3(C0)12_nLn 

(M=Fe, Ru, OS; L = CO, phosphine, isocyanide) was accounted for by a model in 

which peripheral atoms of L(0, P and N) occupy the same sites while the M3 

triangle has two different orientations related by a 60' rotation about an axis 

perpendicular to the M3 plane [Sl]. 

The kinetics of reaction of Fe3(C0)12, RUDER and Ru(C0)5 with OMe- and 

OH- were investigated [82]. OH- was more reactive by far than OMe- with all 

these. With OMe-, Fe3(C0)12 undergoes cluster fragmentation to [Fe(C0)4 

(CO,Me)]-. 

The anion [HFe3(CO)11]- can be conveniently prepared from Fe3(C0)12 and KF 

or (E-Bu4)NF in THF in the presence of 18-crown-6 [83]. A CNDO calculation of 

the electronic structure of this anion was reported [84]. 

When [HFe3(CO)11]- is allowed to react with acetylenes, the products are 99 

a-c and lOOa-c. - -I_ 

[Fe3(CO)lo C(R1)=CHR12- Fe2(CO),(CR1=CHR2) 

99a R1 = R2 = Me 1OOa R1 = R2 = Me 

-b R1 = R2 = Ph 7 R1 = R2 = Ph 

c R1 = Me, R2 = Ph c R1 = Me, R2 = Ph 

With HCZH the product at room temperature is [Fe3(CO)loC Me]-. In reflux- 

ing acetone [HFe3(C0)gC=CH2]- is formed; this can be converted to [Fe3- 

(CO)lOCMe]- on treatment with CO [85]. 

Treatment of [HFe(CO)ll]- (as the PPN+ salt) in THF with four equivalents 

of isocyanide followed by alkylation with an oxonium salt produces 101. 
- 

References p. 526 
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(CO)4 1Ola R1 = R2 = Et 

/:'\ 

(CO)3Fe<C);FelCO)3 

II 

R'/N\R2 

The NMR spectra of lOla-d indicate the existence of restricted rotation around 

the C=N bond. Prolonged reaction gives products such as HFe3(C0)g(CNEt2)- 

(CNEt) in which one of the carbonyls of 101 has been replaced by an isocyanide. 

Protonation of [PPN1[HFe,(CO),,(CN~-Pr)l<as found to give m 1861. Ther- 

molysis of Fe3(CO)11(CNt-Bu) produces E which is reduced by K[HBs-Bu31 and 

protonated at the Fe-Fe bond to give 13 [871. 

102a R = L-Pr 

----b R = t-Bu 

104 - 

J,-Bu 
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products of the reaction between Fe3(C0)12 and C6H11N=C=NC6H11. The others 

are Fe(C0)4(CNC6Hll) and [Fe2(C0)6(", U' -(C6H11N)2CHC6H1111. These latter 

products also result from the reactions between the carbodiimide and Fe2(CO)g or 

Fe(CO)6 [92]. 

When Ph2PH is refluxed in toluene with Fe3(C0)12, Fe3(C0)g (p3-PPh)2 re- 

sults; its X-ray structure was determined [93]. The X-ray structure of 70, one 

of the products of the reaction of Na2[Fe2(C0)B]with (PNC1)3 was publisheb[63]. 

An effort to prepare (V-RPS)Fe2(C0)6 from the reaction between RP(S)C12 and 

Fe3(C0)12 lead instead to Fe3(CO),(,,-S)(,,-PR)(R = e-MeC6Hq, &Bu, Ph) [94]. 

The X-ray structures of & Fe3(C0)g(u-H)(u3-SJ-Bu) and its deprotonation 

product, m, were reported. When Jl& or a is allowed to react with PPh3, 

AsPh3 or SbPh3, one, two or three carbonyls may be substituted each on a dif- 

ferent Fe atom [95]. 

R R 

1% R = t-Bu lllc R = i-Bu 

b R = C6Hll d R = C6Hll 

The anion [Fe,(CO),(~,-St-Bu)]-, I&, eliminatesi-BuCl and Cl-on treatment 

with XC12(X=PR,AsR, S,O). _&&=j_ can be isolated. The X-ray structures of l& 

and 1123 have been determined. With S02C12, the anion produces-and m 

[961. 

/ 
s\ 

112a ER = Pt-Bu 9 ER = e-BrC6H4 

(C013Fe WC013 

til 

b ER = Pe-MeOC6H4 h ER = ASc-C6H11 

c ER = PPh 1 ER = As&Bu 

d ER = Et2N j ER = AsPh 
E-Fe(C0)3 
R 

e ER = PMe i ER = SO 

f ER = Pc-C6H11 1 ER=Cl 

M. 0. Calculations on some trimetallic clusters including Fe3(CO),(u3-CO)- 

(u,-S) were published 1971. 

Fe3(CO) (FC T ) g 3- e 2 was reported to react with Lewis bases L affording pro- 

ducts of type 113. The X-ray structure of 113a was determined. Ph2PCH2CH2PPh2 
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(dppef gave CFe3(Co),(,3-Te),12(dppe) 1981. 

113a L = PPh3 

-b L = &BuNC 

c L=CO 

Scheme 16 displays the chemistry involved in the reaction between the thione 

114 and Fe2(COfg. - X-ray structures were dete~ined 

SCHEME 16 

Ph 

+ Fe2(COJg THF 
Ph 

for @ and E [99]. 

q 

Ph 

s= 

OE I 
I 

'Fe 
Ph 

- co 

oC/I 

: 

+ 

FelCB13 

116 - 

+ 
Fe(CO13 

118 - 

A carbene complex 120 which is related structurally to 117 has been synthe- - 
sized by reaction of 119 with Fe2fCO)g [lOO]. Electrocatalyzed substitution of 
CO in 120 by P(OMe13 proceeds stepwise leading to mono-, di- and trisubstituted 

products [loll. 

Kefermces P. 626 
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OC 

120 - 

CL-BuNH31[Fe3(CO)g( 3 _ u -St-Bu)], llla, is attacked by halogens or electrophilic _ 

halogenating agents such as C6H11NC12, I-PrNC12, SOC12, C13CSC1, N-chlorosuc- 

cinimide, POBr3, &-bromosuccinimide or I-iodosuccinimide give neutral halogen- 

bridged species 121 a-c. The X-ray structure of 121a was determined. For @, 

the reaction can be reversed with Oi-Bu- re-forming the Fe-Fe bond and giving 

ll&; for l2J, H- reverses the reaction [102]. 

t-Bu 

121a X = Cl 
lib X = Br 

3 ; x = I 

The synthesis of M[Fe3(N0)SS2](M = K,NH4) was reported 11031. 

Polynuclear Clusters 

Preparative procedures for [PPN]2[Fe4(C0)13] have been published [104]. 

CFe4(CO)12C]2-. which has a butterfly arrangement of Fe(C0)3 groups is a 62- 

electron cluster. When the anion is allowed to react with MeOS02CF3, the product 

is 122 whose X-ray crystal structure was determined as the PPN salt. The - 
reaction involves rearrangement to a u3 -tetrahedral structure which is the one 

appropriate for a 60-electron tetrahedral complex. [Fe4(CO)12(~3-CO)]2- also 

has a 60-electron tetrahedral structure. When this compound is methylated, the 

product is 123 with unchanged Fe4C skeleton as shown by X-ray diffraction. 123 

has the same electron count as [Fe4(CO)12(~3-CO)]2-. This behavior con- 

trasts with the protonation of [Fe4(CO)12(,3-CO)]2- which occurs first on an Fe- 

Fe bond and then on 0 producing [Fe4(CO)12C]2- [lO6]. 

ESCA and 57Fe Mossbauer spectra of several clusters were measured; these 

included [Fe C(CO)1212-, [Fe4C(C0)12H]-, Fe4CH(C0)12H , [Fe4(C0)12(U-CO)H]-, 

[Fe5C(CO)14] 
L!- , Fe5C(C0)15 and [Fe6C(CO)16]2-. The positions of the ESCA Cls 

peaks indicated a relatively deshielded carbide with increasing nucleophilicity 

as its coordination number is reduced from six to five to four [106]. 
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The mechanism of the oxidative fragmentation of [Fe,C(CO)I,12- in presence 

of Br- was elucidated and is shown in Scheme 18. The product [Fe,(CO),,CCO,Me]- 

is the imnediate precursor to Fe4C(CO)I3. The X-ray structure of 132 showed - 

significant distortion of the square pyramid from C4v symmetry [114]. 

SCHEME 18 

C Fe,C(CO)1612q + (c~H~)+(BF~)---) Fe5C(C0)15 + Fe2+ 

Fe5C(CO)I5 + 2 Br- 

Br 

J 

132 

-FeBr2 

[Fe4C(CO)1212- C7H7tBF4 b 

co 
MeOH 

Ht[Fe4(CO)12CC02Me]- 

/ base 

P 
[Fe,(CO),,CCO,Me]- 

Heterometallic Clusters 

In this section, complexes are treated in order of increasing nuclearity 

and, for each particular number of metals, in order of the position of the 

earliest other metals besides Fe in the periodic table. 

The trimetallic complex (Me3P)2(C0)3MnS(u-AsMe2)Co(C0)3(n-AsMe2)Fe(CO)4 

was prepared C1151. 

References p. 526 
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The optical isomers 133a-c and 134a-c were prepared as racemic mixtures 

[116]. Carbonyl substitution by (-)-&-MePrPhP converted these to pairs of di- 

asteriomers which could be separated by fractional crystallization. Each pair 

was then subjected to CO pressure in the presence of Me1 as a phosphine scavenger 

to isolate the pure optical isomers which are thermally (but not photochemically) 

stable to racemization. Absolute configurations of the MO and W compounds were 

determined by X-ray [117]. 

3 

133a M = Cr 134a M = Cr 

y M=Mo b M=Mo 

c M=W c M=W 

When Fe2(CO)g reacts with MRh(u-Ce-tolyl)Cp(n5-CgH7) (M = Co,Rh), * 

are products. The X-ray structure of 134b was reported [118]. 

135 R = p-tolyl 
- 

2 M=Co 

b M=Rh 

Related complexes result from the reaction between Fe2(CO)g and WPt(u-C- 

e-tolyl)(C0)2LCp (L = PMe3,PMe2Ph,PMePh2,PEt3) in THF. The products are 136 (L = 

PMePh2) and 137a-c (for other L). X-ray structures were determined for 136 and - 

137a C1191. 

Cp(C0) 2 Ph) 2 2 Cp(C0) wAL' Pt(CO)L 

2\ / 
t 

(CG, 

136 R = e-tolyl - 137 R = ktolyl 
- 3 L = PEt 3 

b L = PMe2Ph 

c_ L = PMe3 
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In addition to 93a,b, 138 is a product of the reaction between Fe2(C0)9 and - 

CpWn(CO)2(n 2-HC:CC02Me). The X-ray structure of 138 was determined 11201. 

Cp 

138 - 

Some phosphido-bridged complexes 139pr9 were synthesized as shown in Scheme 

19. Reaction with L = CO, phosphines, arsines, stibines opens a Mn-Fe bond 

leading to complexes of type 140 [121]. When 1399 is allowed to react with L = - 
P(OMe)3 a complex of type 140 is obtained which reacts further giving .&lJ in 

which both Mn-Fe bonds are broken. Mb'ssbauer spectra of these clusters were 

measured [122]. 

SCHEME 19 

R 
P 

Fe2(C0)g + CpMn(C0)2P(R)C12 

Fe3(CO)12 + CpMn(CO12P(R)H2 

)--. V@e(CO)3 

(CO13 

139a R = Et e R = CsH40Me 

b R = I-Bu f R = I-Pr 

cR = &iBr g_ R=Ph 

d R = CBHll 

R 

+L 
139a-g 

--L Cp(CO12Wn 3 

Fe(CO)3L 

140 

Raferenca p. 626 
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Ph Ph 

C,,,/p\ c (COjz 
Fe(C0)3 + P(OMe)3 ----+ 

Fe(C0)3 P(OMe)3 
Fe(C0)3L 

141 - 

Addition of an Fe(C0)3 fragment by reaction of an alkyne complex with 

Fe2(CO)g resulted in production of l42, E,b [123] and 144 [124] all of which 

were characterized by determination of their X-ray structures. 

142 R = C02CHMe2 143 R = C02CHMe2 

a MLn = NiCp 

b ML, q COG 

Ph 

144 - 

CCpNiFe,(CO),(C,Ph,)I-, isoelectronic with 144, was prepared and its X-ray 

structure determined as the [CpNi(PMe,),]+ salt [125]. 

Treatment of 78 or the S and Se analogues with Pt(PPh3)2(C2H4) yields 145p- 

g. The X-ray structure of 145 revealed the Fe-Fe bond to be perpendicular to the 

PtP2 plane [126]. 
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/ 
PPh3 

pt\ PPh 
3 

m E=S 

b E=Se 

c E-Te . 

146a RI = Me, R2 = Et 

b RI = R2 = Et 

m,_b are also isoelectronic with 144 and exhibit fluxional behavior in 

solution. The X-ray structures of both compounds were reported [127]. Li[Fe2- 

( P-PPh2)2(C0)5PPh2], on treatment with trans-RhC1(CO)(PR3) (R=Et,Ph), affords 

phosphido-bridged clusters mb, respectively. The X-ray structure of 147b 

revealed the presence of U-CO [128]. 

Ph, 

(CO) F /"\Fe(CO) 

Ph !\Cy\pp,' 

147a R = Et 

---j R = Ph 

2-------h 2 

\ 
‘PR3 

Scheme 20 displays some chemistry of V-containing clusters including the 

tetranuclear 149. - The X-ray structure of 148 was reported [129]. 

Reaction of 78 with C~MO(CO)~=MO(CO)~C~ affords the tetrahedral cluster 

Fe2M02Cp2(P3-S)2(p3 -CO),(CO), (X-ray structure determined) along with Cp2M02- 

(co)6[ 1301* 
Synthetic procedures for the clusters FeRu3H2(C0)13 and PPN[FeRu3H(C0)13] 

were described [131]. The synthesis, crystal structure and 13C NMR of FeOs3H2- 

(CO)13 also were published[132]. 

The tetrahedral clusters 151a,b were found to add two CO's reversibly pro- -- 
ducing E,b [133]. 

Treatment of several high nuclearity clusters with HS03CF3 was found to 

produce significant amounts of methane. Among the clusters tested were 

i3W[FeCo3(C0)121, CPPN1CFe$o(C0)131, CPPN121?e4(C0)131 and FeOs3H2(C0113 
[134]. HFeCo3(C0)12 was among the compounds found [41] to protonate N in &- 

[W(N2)2(PMe2Ph)4] in MeOH. Subsequent treatment with base and distillation gave 

References p. 526 



SCHEME 20 

Cp' = (n5-MeCSHq) 

Fe(CO)S 

S 

151a M = MO 

b M=W . 

Fe(COj3 

S 

152a M q MO 

b M=W 

amnonia and hydrazine. In contrast, protonation of trz+-[W(N2)2(dppe)21in 

various alcohols ROH afforded trans-[ W(OR)(NNH2)(dppe)21 ~eCo,(CO)l,l-(R = Me, 

Et, n-Pr, L-Pr, n-Bu, s-Bu, C5HII, +lH13, CH2Ph). The X-ray structure of the 

methoxy compound was reported. Also isolated from the reaction with trans- 

[Mo(N2)2dppel were [Mo(OMe)2(dppe)$+[FeCo3(CO)121- and [Mo(OMe1(CO)(dppe12it- 
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156 - 

156 results from the reaction between Fe3(C0)12 or Fe2(C0)9 and (n5-Me5C5)- - 

Yb(OEt)2 in toluene. Its X-ray structure was determined. Also prepared (start- 

ing with Fe(C0)5) was 157 [138]. Sodium amalgam reduction of [Zn(NH3)3][Fe(C0)4] 

OC CO 
Yb(Me5C5(THF)2 

\ ,/‘ 

oC/Fe\CO 

UHF)2(Me5C5)2Yb 

157 - 

in THF gave [Na(THF)12Zn[Fe(C0)412 whose X-ray structured showed a coordin- 

ation geometry around Fe intermediate between a distorted tetrahedron having an 

Fe-Zn bond at an axial site and a face/edge capping site [139]. 

Some hexanuclear Fe-Rh clusters are synthesized as shown in Scheme 21. The 

X-ray structure of 158 and the multinuclear NMR of 159 indicate that both are - - 
isostructural with Rh6(C0)16 [140]. 

When [Fe5C(CO)1412- reacts with excess AuC1(PMe3) in the presence of 

Tl(PF6), the product is Fe5C(p2 -CO)3(C0)II(~2-AuPEt3)(~4-AuPEt3) which was char- 

acterized by determination of its X-ray crystal structure p41]. 

METAL-CARBON 'J-BONDED SPECIES 

Metal Alkyl Complexes 

The gas phase reactions of Fe+ with alkanes were found to involve insertion 

into C-C bonds leading to alkane elimination and C-H insertion leading to H2 

elimination 11421. 

Interest in bimetallic ,-CH2 complexes stems from their proposed involve- 

ment in CO reduction processes, olefin metathesis, alkyne polymerization and 
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SCHEME 21 

CFe3(CO),,l- or [HFe(C0141- 

1 N2,Rh2(C0)&12 

I-PrOH,N2 

CFe2Rh(CO),I- B [Fe2Rh4(C0)1012- 

';,' oJ[FeRh51)16,_ 

CFeRh4(CO)1512- 159 - 
160 - t 

I 
Rh4(C0112 + Na2EWC0)41 

methylene transfer reactions. Scheme 22 depicts some chemistry of complexes 

containing u-alkylidene groups. 

not the Na+ salt of the anion. 

161a-h can be prepared from the NEt4+ salt, but 

u-alkylidene complexes 161b-e having s-H are 

unstable to CO loss and B-elimination in solution affording olefins and FeS- 

(CO42. In contrast u having no BH are stable. However, 161qloses CO 

SCHEME 22 

CFe2(CO),12- + CR~R~I~ + (CO)$e -Fe(C0)4 

'C' 

Rf 'R2 

I6Ia R1 = R2 = H 

,b R1 = H, R2 = Me 

,c R1 5 R2 = Me 

,d R1 = H, R2 = Et 

,eR ' = H, R2 = L-Pr 

f R1 = H, R2 = C02Me 

s R1 = H, R2 = C=CH2 

[Fe2(CO)B12- + CH(OMe)Br2 __) 3 R1 = H, R* = OMe 

References p. 626 
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I0 I II 
171a + ClC-CC1 

(CO) Fe~‘<:,col 172a R = H 

4 4 --y R = Me  

_ 

( anh) 

I73 - 

I 

(Et4N)2[Fe2(CO)Sl 161h 

producing 164. The reaction of m with H2 may involve oxidative addition of H2 

to one of the irons followed by successive transfer of H top-CH2. CO insertion 

after the first transfer could account for production of acetaldehyde. Reactions 

of J6& with olefins could be accounted for by insertion of the olefin into an 

Fe-C bond affording a bimetallacyclopentane which undergoes B-elimination. 

Formation of 166a,b from 164 involves alkyne insertion into an Fe-C bond. Com- - 
plexes with alkoxymethylene ligands such as 161h may be important in Fischer- 

Tropsch chemistry. The cations 171 generated by hydride abstraction from 161h 

can be trapped to produce speciessuch as 169, 170, 172 and 173 [143]. - 
The PES of [Fe(C0)412CH2 (If!&), [Fe(C0)4]2C2H4 and Fe3(C0)12 were compared 

to show that the bridging (CH2)n groups are negatively charged. However, the 

effect is less for C2H4 than for CH2 [144]. 

When Fe2(CO)g and (EtO,C)(Me)C=C=CH, are allowed to react in benzene, 174 - 
is one of the products. Its X-ray structure was determined [145]. 

FL F 
OEt 

174 
- 175a R = H 

Photolysis of (n4-CH2=CHCR=CH2)Fe(C0)3 with C7F8 produces 175a,b [146]. 

For some structurally similar species, note 204, 22. 
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Cyclic voltarmaetry on the ferroles 176 and177 showed that both are reduced 

in two reversible one-electron steps. _ 177 undergoes both reductions at the same 

potential. However, 176 does not and this permits generation of both the radical - 
anion and the dianion 

176 

/A-- a \ 
WC0)3 

/ 
Fe/(CO)3 

177 

The major product when Flog was refluxed in benzene with 178 is 179 

[148]. 

178 - 
179 R = CSSiMe3 - 

A series of complexes Q-R2Fe(bipy)2 (R = Me, Et, fl-Pr, r~-Bu; R2 = (CH2~4) 

was synthesized and shown to undergo reversible one-electron oxidation to isola- 

ble cations [a-R2FeIrK(bipy)2]+. These were oxidized irreversibly to Fe*" 

complexes which rapidly dec~pos~ to R2 and[Fe(bipy)~x. The neutral complexes 

undergo, via a dissociative process, B-elimination and reductive elimination to 

afford RH and R-H white the Fe III cations decompose via a free-radical path 

yielding R2, RH and R-H [14g]. 

Na[Fe(Pcf(CH$H2NR2)].xTHF (PC = phthalocyaninato; R2 = Ph2, x = 4; R2 = 

MePh, x = 3; R2 = (CH2)5, x = 5) were prepared and found to react with E- 

toluenesulfonic acid, MeOH, ~H3C(~~Cl and Me1 to form products of heterolytic 

fragmentation FePc, C2H4 and, depending on the reagent, R2NH, R2NH, MeC(O)NR2 and 

~e2NR2]I, respectively D50]. The alkyd-containing anions are oxidized to 

CF~(P~)(CH~CH,NR~)]WHF by Ph3cc1 lX.11. 

Alkyl porphinato complexes also received attention, Reaction of Fe(tpp) 

(tpp = tetraphenylporphinato) with excess dithionite and either CF3CC13 or CF3' 

CHClBr afforded Fe(tpp)(CC12CF3) and Fe(tpp)CHC1CF3 , respectively[152]. 
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3 WC013 

191 192 - - 193 194 

&i 

- 

Fe(C013 __ 195 

tion of (olefin)Fe(C0)4 with Na/K alloy or sodium naphthalide in THF. This 

method can be employed to prepare radical anions from the non-activated diene 

complexes 191-195. One double‘bond is dissociated in the corresponding radical -- 
anions [172]. 

ALLYL COMPLEXES 

(n3-C3H5)Fe(CO)3X (X = Cl, Br, I) were found to react with AgC104 in CH2C12 

yielding (n3-C3H5)Fe(C0),0C10,. The perchlorato complex undergoes addition of 

Lewis bases L = PPh3, AsPh3 and py to afford [(n3-C3H5)Fe(CO),L]C104. When L = 

PPh3, the cation loses two CO's on reaction with the bidentate anions L' = B- 

hydroxyquinolinate, l$phenylsalicylaldimate giving [(n3-C3H5)Fe(CO)(PPh3)L8] 

[173]. 

Factors controlling the relative contribution of olefin and ally1 struc- 

tures in Fe complexes containing =C=C-C+R ligands were discussed in some detail 

c1743. 

Cyclopropenium cations were found to react with [Fe(CO)(NO)L]- (L = CO, 

PPh3, PMe2Ph) to produce oxocyclobutenyl complexes (w) as well as cyclo- 

propenyl complexes 197a-c. 197a reacts with L = PPh3 or PMe2Ph to afford 

mixtures of w, 197b and ET%, respectively 11751. 

Ph 

Ph 

/ 
,' 

-+= 

0 

Ph 

oc4e\L 
N 
0 

196a L = co 

b L = PPh3 

C L = PMe2Ph 

Ph 

Ph -6 Ph 

ocAje\L 

197a L = CO 

---j L = PPh3 

! 
c L = PMe2Ph 
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CYCLOBUTADIEN~ AND ~IMETHYLENEME~AN~ C~PLEXES 

A valence bond structure/resonance approach was used to calculate bond 

orders in ten (cyclobutadiene)Fe(CO)3 complexes. Calculated bond orders showed 

a linear relation to known bond lengths [176]. M.O. calculations were employed 

to predict sites of addition and nucleophilc attack by both hard and soft 

reagents for inter alia, (~4-C4H4)Fe(CO)3 [177]. -- 
Dihalocyclobutanes were prepared by treating Al halide complexes of cyclo- 

butadienes such as 198a and E with SOC12. Addition of Fe2(C0)9 to the 

reaction mixture produces (cyclobutadiene)Fe(C0)3 complexes [178]. 

Me -Me 

198a 198b 199 - 

Tertiary phosphines and phosphites add reversibly to the cyclobutadiene 

ring of [(n4-C,H,)Fe(CO)(NO)L]* to give z-phosphonium salts [(C4H4PR3)- 

Fe(CO)(NO)Ll'. Kinetic studies in nitr~ethane show that the ring electro- 

philicity spans a range of -100 as L is varied in the order L = CO > P(CH2- 

CH2CN)3 - P(E-C'C~H~)~ .P(E-FC~H~)~ > AsPh3 J PPh3 > SbPh3 * P(e-MeC6H4)3 > 

P(E-MeOC6H4f3. Nucleophilicity of the attacking Lewis bases follows the order 

P&5u)3 > P(e-MeOC6H4)3 > P(@&C6H4)3 > PPh3 > P(CH2CH2CN)3 > P(O-n-5~)~ 

[179]. 

One of the compounds resulting from the reaction between Fe2(C0)9 and 

(Me)(EtO,C)C=C=CH, is trimethylenemethane complex 199 [1453. Its X-ray struc- 

ture was determined. 

DIENE AND HIGHER OLEFIN COMPLEXES 

Acyclic Diene Species 

13C NMR was employed to determine the activation parameters for intra- 

molecular site exchange of CO groups in fifteen Fe(C0)3 complexes of 1,4- and 

2,3-disubstituted 1,3-butadienes, 1,2-dimethylidenecycloalkanes as well as 1,3- 

cycloalkadienes P803. 

The third product (besides 174 and 199) of the Fe2(CO)g/(Me)(Et02C)C=C=CH2 

reaction is 200 [1453. The second product (besides E) from (Ph2C=C~O)Fe(CO)3 

and ethylene is @ [161]. 
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Fe(COI3 

F&W3 

200 201 - - 

Scheme 23 delineates the results of allowing the cyclopropenes 202a-d 

to react with Fe2(CO)g. 

SCHEME 23 

Ph 

Y 

Ph 

+ Fe2(CO)g 

Ph OR 

m R =Me d R=Ph 

b R=Et 

c R = t-Bu 

+ RO2C 

204a R = Me 

----b R=Et . 
5 R = &Bu 

d R=Ph 

Ph Ph 

Fe(CO13 

203a R = Me 

-b R=Et 

c R = i-Bu 

;I R=Ph 

ph-j?--qe~co~3 + puoR 
Fe(CLF3 

205a R = Me 206a R = Me 

b R=Et ---b R=Et _ * 
c R 

j R 

= i-Bu cR = $-Bu 

= Ph d R=Ph _ 

X-ray structures of 204b and 205a were determined Cl811 as was that of 207 

[ 1821. 

207 206 - - 





13C NMR was employed to assign the stereochemistry of several complexes of 

type 212 C1861. 
- 

(CO13Fe @I, 

212 213 - - 

213 was prepared via a reaction between the organic ring molecule and 

Fe2(C0)9[187]. The X-ray structure was reported for 22 C1881. 

Me0 

Fe(CO13 

214 - 

The crystal structures of two of the isomers of 215 were published [189]. 

22, a complex of a bicyclic ligand, was synthesized [190]. 

Pe(CO13 WCO13 

215 216 - - 

Kinetics of the reaction between 217a-e and tcne to give 218a-e were 

studied. 217e initially forms a 1,3-adduct which rearranges to 218e [191]. 

217a R1=R2=H 

b R1 = R2 = Ph 

_cR " = OMe, 

R2 = H 

-b R1 = R2 = Ph 

d R1 = e-tolyl, 

Fe(CO13 R2 = H 

e R1 = Ph, R2 = H 

References p. 526 
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+ AG for 1,3-Fe shifts in a series of (cycloheptatriene)Fe(C0)3 complexes was 

measured. Electron-donating groups on the C7 ring decrease the activation energy 

for 1,3 shifts relative to C7HB while electron-withdrawing groups increase it. The 
9 values of AG were not consistent with the symmetry-forbidden closure to a 

(norcarnadiene)Fe(CO)3-type transition state [192]. 

Fe2(C0)g reacts with 219 producing 220 whose X-ray structure was deter- 

mined. The tropone ligandan be removerfrom 220 by oxidation with Ce(IV) - 
[193]. 

PXh phQhFe(CO)3 

Ph Ph 

&l_!l 220 - 
+ 

The site of electrophilic attack by[CHC1=NMe2]in the substituted cyclo- 

octatetraene complexes (n4-CBH,X)Fe(CO), (X = Me, Ph, Br, CPh3) was found to be 

governed largely by steric factors [194]. 

Heterodiene Species 

The heterodiene complexes mentioned here all turn out to be N-bonded to Fe. 

They are placed here to facilitate their location by workers with an interest in 

heterodienes as ligands. 

As shown in Scheme 24, mixed complexes containing both diazabutadiene (DAD) 

and butadiene can be synthesized by several routes. The X-ray structure of _+$JIJ 
indicated that this complex has a square pyramidal structure with both N's in the 

basal plane. Depending on the identity of the diene ligand, the coordination of 

the diazabutadiene may be apical-basal in other square pyramidal complexes 

c1951. 

NMR was used to investigate fluxionality in the tetraazabutadiene complexes 

(Me4N4)Fe(C0)3, (Me4N4)Fe(CO)L2 (L = PMe3. P(OMe)3, P(C5HII)3, P(OPh)3, PMePh2, 

PPh3) and (Me4N4)Fe[P(OMe)3]3. Two isomers can be detected for the disubstituted 

complexes. As the cone angle of L decreases, the barrier to the intramolecular 

isomer interconversion also decreases. Both the unsubstituted and trisubsti- 

tuted complexes exchanged rapidly at low temperatures C1961. 

OIENYL COMPLEXES 

Semempirical calculations of the IN00 and charge-iterative extended Huckel 

types were performed on di(pentadienyl)iron and some methyl derivatives. He1 PE 

spectra were also reported and compared with that of ferrocene [197j. 
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SCHEME 24 

(diene)Fe(C0)3 

+ DAD 

hv 

\ 

221 

C 

e 

f _ 

,s 

h 

(diene)2Fe(CO)g 

+ DAD 

1 R.T. 

(DAD)(diene)Fe(C0)3 

DAD - 

WY 

pMeOC6H4N NC6H4p-OMe 

//N&Pr I-PrN 

m 
i-PrN Ni-Pr - 

(DAD)Fe(C0)3 

+ diene 

hu J 
diene 

Et02C --kI-C02Et 

Et02C -LJ-C02Et 

Et02C 3J- C02Et 

\ / X 

\ / X 

\/ X 
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Calculations of l3 C shifts for [(n5-C,H,)Fe(CO),]+ and [(n5-C,H,)Fe(CO),]+ 

were made using SCCCMO methods and the Pople-Karplus equation [199]. M.O. 

calculations were made predicting the sites of addition and nucleophilic attack 

by both hard and soft reagents on [(n5-C6H7)Fe(CO)3]+ and [(n5-C7Hg)Fe(CO)J+ 

[177]. 

The substitution pattern for nucleophilic attack on 226a was established. 

Amines directly attack the ring affording 5-exo products. At low temperatures, - 

alkoxides attack CO yielding COOR derivatives which rearrange at higher tempera- 

tures to 5-exo alkoxy derivatives. - Depending on the particular phosphine and the 

solvent, either 5-endo or 5-exo products result [200]. The general pattern of 

reactivity is in agreement withM.0. calculations [177]. 

: ’ 

R Q ‘\ /’ + 
Fe(CO13 

226a R=H 

b R = OMe 

227 
- 

A kinetic study of nucleophilic attack on 226a,b by imidazole and py shows 

that the reactions display a second-order rate law. Imidazole attacks 226a 

faster than py, but the order is reversed for 226b [201]. The kineticsof 

addition of phosphines to 226a yielding 227 were studied in acetone. P(g-tolyl)3 - 
and P(CH2CH2CN)3 added reversibly and kobs = kICPR3]+ k-I. The remaining 

phosphines showed second-order kinetics with kobs = kI[PR3]. A correlation was 

found between kI and Tolman's x values. A plot of log kI vs pK, showed that 

phosphine nucleophilicity was generally controlled by bascity except for P(o- 

tOlyl)3 and P(C6HII)3 where steric factors predominated [202,2031. 

Addition of optically active nucleophiles to 226b has furnished interesting 

results. Kinetic diastereotopic discrimination occu)"s in the reaction of (R,S)- 

226b with (R)-(+)58g -1-phenylethylamine in MeCN. Initial attack occurs at C5 

giving diasteromeric cations 228 which can be deprotonated to neutral diaster- 

eomers 12041. When the atta=g nucleophile is (S,S)-(-)58g-g-phenylenebis- 

NH CH(Me)(Ph 
H2 

Me0 

Fe(CO)3 

228 229 - - 
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(1,2-methylphenylphosphine), considerable kinetic diastereoselectivity is shown 

in MeCN and acetone, but less in CH2C12. Recovery of unreacted 226b gives a 

route to preparation of the optically active cation. A 50:50 mixture of diastere- 

omers of the addition product equilibrates over 3 days in MeCN to a 60:40 mixture 

thus demonstrating thermodynamic chiral discrimination [205]. LW-)5)ejg- 
chiraphos, (-)58g -neomenthyldiphenylphosphine and (+)58g-diop all showed kinetic 

stereoselectivity in addition to 226b 12061. 

Addition SCN-to 226a and to [TC6H7)FeCp]+ gave 5-=NCS isomers which, on 

exposure to air rearranged to 5-exo SCN complexes 12071. 

When 226a is reduced with Cr Tin acetone, dimeric 229 is the product [208]. 

Scheme 26 shows the chemistry of 230 which is the product of reaction of O2 - 

with (h6-benzene)FeCp [2Og 3. 

SCHEME 26 

RX / 
230 

Fe 
CP 

226a 

2 
6 (n -C6H6)FeCp X + ROOR 

232 233 - - 

232a X = OH 233a R = H 

b X = OEt --b R=H . 
cx=sPh 2 R=H 

dX=Cl d R=H - 
,e X = Cl ; R = Ccl3 

@!CH2Q 

te 
CP 

231 - 

fX=Cl f R = PhC(0) 

Fe 
CP 

;; 234 
- 

Some chemistry involving [(cyclohexadienyl)Fe(C0)31t cations containing 

SiMe3 substituents appears in Scheme 27 [210, 2111. Substituted benzenes 243 can - 

be synthesized. 
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SCHEME 27 

235 (exe) - 236 (endo) - 

SiMe3 

237 - 

Ph$+BF4- SiMe3 
235 

H.. \ 
\ + + - 

. 10 
H 

._A 
’ Fe(C0)3 F+e(CO), 

H 

238a 238b 

235 + 236 + 237 --- hv 

239 
Ph3C+BF4- 

- 

& ie(C0)3 + &jL ;e(cO), 

240a 240b 

97 3 
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SCHEME 28 

\ 2H- 
(CO)3F; 

(co)3Fe=QlFe(co)3 
247 - 

H H 

248 

1 2 Cp2Fe + 

I 2 Cp2Fe + 

246 

The dienyl cations 251a-b were generated as shown in Scheme 29 and treated 

with various nucleophlic reagents with results as seen in the Scheme [213]. 
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CpFe(C0)21, Fe2(C0)9 and Fe3(CO)I2. 

those of solution spectra [214$ 

Reflux of 
5 [(n -C,H,X)Fe(CO),], 
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The chemical shift values agreed well with 

(X = H, Me, C02Me) in toluene in the presence 
c 

of RNC produces the substituted dimers [(n"-C5H4X)Fe(CNR)2]2. Exchange reac- 

tions between [ (n5-C5H4X)Fe(CNR),12 and the unsubstituted dimer afford [(n5- 

C5H4X)2Fe2(CO)4_n(CNR)n] (n = l-3). [(n5-C5H4X)2Fe2(CO)4_n(CNR)n] (n = 1, 2) 

can be prepared from Na[CpFe(C0)2], RNC and tropylium tetrafluoroborate [214a]. 

t-BuNC substitution on Cp2Fe2(C0)4 was found to be catalyzed by Pt02, PdO, Pd/C 

and Pd/CaC03 [215]. 

The photoacoustic spectrum of Cp2Fe2(C0)4 was reported [216]. 

Several reactions of the bridging ligands in dimers with Lewis acids were 

investigated. Cp2Fe2(C0)2(CNMe)L (L = CO, CNMe) react with Lewis acids A = 

SnX2, SnX4, ZnX2 CdX2, (X = F, Cl, Br, I), AsC13, NiC12*6H20, AgN03 affording 

adducts of structure 253 containing an N-A bond. Only adducts having L = CNMe, A 

= ZnC12, Zn12.0.5THF,CdC12*0.5THF, CdBr2, Cd12 or SnC12 could be isolated[217]. 

Me, ,A 
n a 

CP 
\Fe/C\e/CP 

co’ 'L 2 

cp\Fe/C\Fe/Cp 

'co OC' '/'co 
II 
S 

253 L = CO, CNMe 'A 254 - - 

Cp2Fe2(CO)3(CS) exists in solution as an equilibrium mixture of a- and m- 

isomers. Lewis acids A = SMe+, HgMe+, Fe(C0)2Cp+, HgC12, HgBr2, Cr(C0)5, W(CO)5 

from adducts of structure 254 as shown by IR [218]. 255a,b are formed reversibly 

from reactions between K5-C5H4R)Fe(CO),12 (R = H, Me) and [(n5-Me5C5)2- 

ZrN2$N2. The structure of 255a was etablished by X-ray [219]. 

o- 

Cp* 

\/ 

-Jk '%Fe 

/ 
255 Cp* = n5-Me5C5 - 

/ 

Zr o=c a R= H,b R=Me 

Cp* 
\- 

\ 

c,,Fe 

R 
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Photolysis of Cp2Fe2(C0)4 and [CpFe(C0)212Hg in vacua with and without the -- 

presence of nitrosodurene and also in air gave paramagnetic products which were 

characterized by ESR [220]. 

Some complexes containing u-alkylidene groups have already been discussed 

in the section on Metal Alkyl Complexes under METAL-CARBON o-BONDED SPECIES. 

Scheme 30 presents chemistry involving binuclear p-alkylidene, -alkylidyne, and 

-methyl complexes containing Cp ligands. This cis 2trans isomerization of 257 -- - 

is faster than that of 256. 258 is the first example of a wCH complex containing 

two transition metals.nlyne isomer of 259 was detectable by NMR [221]. 258 - - 
behaves like a 2' carbonium ion and undergoes reactions analogous to hydrobora- 

tion or hydrozirconation. The additions producing 261-263 are regiospecific 

[2221. 258 also reacts with CO giving 265, an organometallic analogue of an 

acylium ii, which reacts with nucleophiles producing 266, 267 and 268 [223]. 

- - - The X-ray structure of 265 was established [223]. - 

SCHEME 30 

8 
K[CpFe(C0)21 + CpFe(C0)2CH20CMe +[CpFe(C0)212 

256 - 

H H 
\/ 

+ 
Cp\Fe/C\Fe/Cp 

oc' 'c/ \co 

6 

257a (cis) -- 

3.4 

H 

257b (trans) 

1 

257a,b 
't HBEt3- 

Cp(CO)Fe"\e(iO)Cp 

\C/ 

bl 

258 
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H+ 

\ 
MeCN 

H\ ,fl 

Cp(CO)FbH7C'Fe(CO)Sp X- 
CH2C12 

) CpFe(C0)2Me + "CpFe(CO)+" 

C 

0 

259 a_ X = CF3SO3 - 
b X = BF4 

CH2Me 

Cp(CO)FeAEH'Fe(iO)Cp 

'I?' 
0 

262 - 

CMe2H 
CH, 

- 

',' 
d 264 - 
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R 

258 Lb 
Cp\Fe/C\Fe;Cp 

- 
OC' '/'co 

H"C 
* 0 265 

265 - 

fl cp\,e/c\ e/cp 
oc’ ;,c,<oH ’ co 

z 266 

i-4 
cp\e/c YFelP 
oc’ 1,’ ‘co 

H"iH 

0 267 
- 

8 

cp\Fe/c \Fe/cp 
oc’ ‘CA ‘co 

H' 'FNH2 

0 268 - 

As Scheme 31 depicts, 258 is also accessible from 269a,b (which exists as an - 
inseparable isomer mixture). In this work 258 was trapped by PPh3 which con- 

verted it to 270. - It was also converted G257a,b by treatment with NaBH4. 

Reactions of 257 and 269 with H2 seem to involve addition of H2 to the bridging 

alkylidene. Methyl-sLtituted analogues of 258 and 269 (namely 27J and 272) - - 
were also prepared by routes shown. The crystal structure of 272a was repo=d 

in 1981. Reaction of 272 with Ph3C+ produces 273 which reacts w% nucleophiles 

giving substituted anacgues of 272. 271 is deEtonated by MeLi to yield the u- -- 
vinylidene complex 275. The sequence of reactions starting with conversion of 

256 to 271 and 272a,bconverts u-CO to u-alkylidene and -vinylidene ligands [224, 

1431. - 
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SCHEME 

[CpFe(C0)2j- + CPF~(PP~,)(CO)=C/~ 
'OCH3 

31 

O0 
b 

MeCN 

H \ ,0CH3 H 
\/ 

OCH3 

""\,e/"\ ACP 

oc'\F/~co 

+ 
cp\Fe/c\Fe/co 

04’ 
F 
’ ‘c, 

0 0 

269a (cis) -- 269b (tram) -- 

26qa,b 
Ht or Ph,C+ 

oc' \c/'co 

z 

270 - 

258 
NaBHa 

b 257a,b H2 
b CH4 + Cp2Fe2(CO)q 

256 - 

269 - H2 b CH30CH3 + Cp2Fe2(C0)4 

256 - 

*t 

256 + MeLi & Cp(CO)F'C'Fe(CO)Cp + 1.5 HFe(C0)4 --?!!.b 
\ 

5' 
0 271 - 

H yCH2R 

Cp(CO)Fe' 'Fe(CO)Cp + 'C' 0 . 5[HFe 3 (CO) 11 ]- + 0.5 co 

b 272a 

7 

cis, R = H 

-,R=H 
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A sequence of reactions leading to a dimer containing a u-diphos, 286, is 

seen in Scheme 33 [229]. 285 disproportionates to CpFe(CO)2Me and 287 [%I. 
- 

SCHEME 33 

+ pF_ 

LiAlH4 THF/CHPCl2 /"" 
6 CpFe-H 

-78' \ 
PPh2 

CpFe(C0)2Me + 

286 - 

Photochemical reaction of 257 with Ph2PCH2PPh2 and subsequent protonation 

affords [Cp2Fe2(v-CH3)(p-CO)(u-PxPCH2PPh2)]PF6, the P-substituted analogue of 

259. The X-ray structure of this compound was determined and H atoms were 

located. An Fe-H-C three-center interaction of the type indicated in 259 was 

found [231]. 

The complexes CpFe(CO)(PMe3)EMe2 (E = As, P) can be quaternized at the 

Group V atom. They were also found to react with ERPhPCl to oxidize the Group V 

atom producing CpFe(CO)(PMe3)(EMe2C12) (E = As, P). The P compound is stable and 

was isolated and its X-ray structure determined. The As compound reacts with 

another mole of starting material affording 288a,b [232]. 

The cyclic arsines c-(AsPh)6 and c-(AsMe)5 react with Cp2Fe2(C0)4 yielding 

289 and 290, respectively. The X-ray structure of 289 was reported p33]. - - - 



Me Me + 
\ 1' 

Cp\Fe/As\Fe/CP C,- 

oc='A A 
*.. 

co 
PMe3 PMe3 

CP 
Me ,be 

\ /As\Fe/Cp 
*Fe 

;,_ 

ocq 
PMe3 

1 “*PMe3 
co 

gg&_ 288b 

' MeAsAsMe 

Cp(CO)2Fe,As_As,Ph 

PtY 
\ 

Fe(CO12Cp Cp(C0 jFefiFe(CO]Cp 

289 290 - - 

Several heterobimetallic complexes containing Cp were reported. When 

CpFe(C012H and Mn2(C0)8(PPh3)2 were allowed to react in room light under argon, 

the products were CpFe(CO),Mn(CO),, Cp2Fe2(C0)4, HMn(C0)4(PPh3), Mn2(C0j8- 

(PPh3j2, Cp2Fe2(C0)3(PPh3) and Mn2(C0)g(PPh3). This mixture suggests the pre- 

sence of seventeen-electron species which combine unselectively [234]. 

The structures of two crystalline forms of 291 were both found to exhibit - 
the same geometry for the complex 12351. 292 was prepared from the reaction of 

291 - 292 

[CpFe(CO)(NCMe)=C(SMe)21+ and CCO(CO)~I-. On oxidation 292 gives 345b, [CpFe- 

(CO),=C(SMe),l+ C2361. 
- 

Treatment of the nitrosyl dimer 293 with substituted diazomethanes leads to 

294a-c or 295a-d depending on the subzituents [237]. __I- 

CpFe/'\ cp. 

R?+R2 

2 \ 
,.NO 

\N,FeCp ON//Fe FeL 
294a R1 = R* = H 

0 
CP 

-b R1 = H R2 = Me 9 

293 
c R1,R2= ' 

- 3 0 
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eCp 
295a R1 : R2 = Ph 

- RI, R2 = / \ / \ L? 

cm - - 

C R1, R2 = Br Br 

. 

Multinuclear Species 

Na[CpFe(CO)2] and ClCH=CHC(O)Cl react to give Cp(CO)2FeCH=CHC(0)Fe(C0)2Cp 

which, on treatment with Fe2(C0)9 affords 296 and 297 [238]. 

Photoacoustic spectra of the tetranuclear complexes CpqFeq(C0)4 and CpqFeqSq 

were reported [216]. 

CpFe(C0)2CH 

=I= 

P CH Fe(C0)2Cp 

Fe(CO)4 

296 - 

Fe(C0)5 and 298 afford 29JI C238a]. 

MgQ-&ps; 
Me 

298 - 



oc’ 

Heteronuclear complexes reported include 300, prepared from [CpFe(C0)2]2 - 

and HRu~(CO)~CSH~ [239]. 

H 
M 

_ Me 

(co)3Ru@ 

< (CO) 
R(>FeCp 

/ 
(COj3Ru _ 300 

Scheme 34 shows the preparation of some tetranuclear and pentanuclear 

complexes containing Co 1240, 2411. 
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SCHEME 35 

CpFe(C0) 
fl 

(PPh3)CMe 
n-BuLi or LiN(i-Pr)B 

) 
THF, -78' 

II 
[CpFe(CO)(PPh3)CCCH.$-Li+ 

304 - 

z1 
CpFe(CO)(PPh3)C$HR1R2 

dH 

4 
PhCH 3OBa - 
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R1 I R* = Me; 

R1 = R2 = Phi 

CpFe(C0) 

3 * 
P 

CpFe(CO)(PPh3)CR CpFe(C0) 

306a R = Me, b R = PhCH2, _ 

li 
(PPh3) HPh 

s H 

C R = fi-Pr, d R = HC CCH2 _ 307 

I 

- 

Br2, MeOH, R = Me Br2MeOH 

I ti 
RCH2C02Me 

Ketenimines form 

tron-pair acceptors. 

/f 

PhCH(OH)CH2C02Me 

RI, R2 = (CH2)5 

R1 = Me, R2 = CH=CH2 

308 - 

adducts with [CpFe(C0)21- in which they behave as elec- 

In the complex 3lJl, vco are shifted about 150 cm -l to 

R1$,/R1 _ 

311a R1 = Ph, R2 = Me 
b R1 = R2 = Ph 

c R1 = Me R2 = Ph 

d R1 = C02E;, R2 = Ph 
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The X-ray structure of [CpFe(CO)(CNMe)2]BF4 was reported [217]. Several 

cationic complexes of the chelating diisocyanides 3IJjQ containing thirteen- 

membered chelate rings were synthesized. These were: [CpFe(CO) (=)I+, 
[CpFe(CS)(317a)]+ and [CpFe(CS)(3m)]+ [249]. -- 

RQ-)a ‘7 LzB” 
C yN 

Reduction of [CpFe(CO),L]+ (L = CO, PPh3, P(OPh)3, Me2CO) with sodium amal- 

gam or Cr 2+ was found to give Cp2Fe2(C0)4 [208]. 

Methylation of CpFe(C0)2CH2SMe (for which a new synthesis was reported) 

yields [CpFe(C0)2CH2SMe2][ S03F]. The X-ray structure showed that the cation has 

a very short Fe-C bond length of 206 pm, suggesting the possibility of carbene- 

like behavior [250]. 

Carbene, Alkylidene and Vinylidine Species 

Scheme 36 shows the synthesis and reactivity of the cationic carbene complex 

320 [251 - 

Cp(CO12Fe 

318 - 

H+BF4-, -23' 

t \ 

-23' 

/ 

\ 

SCHEME 36 

CHMe 

Cp(C0)2Fe 3 ' 

321 CH2 
- 

Ph 

L - 
Cp(C0)2Fe 

322 ‘CH3 
- 

References P. 626 
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Ph 

330 - 

Carbene complexes with 0 heteroatoms were also reported. Reactions between 

Cp(CO)LFeC(O)Me (L = CO, PPh3) and [CpFe(CO),(L')]+ or [CPM(CO)~(L')I+ (M = MO, 

W; L' = isobutylene,, THF) afford 331a-f. 331~ is also produced from the reaction 

between CpFe(C0)2Me and [C~MO(CO)~(THF)E a manifestation of CO insertion 

promoted by electrophiles [257]. 

Cp(CO)LFe-C 
/ 

OM(CO),CP 331a L = CO, M = Fe, n = 2 

b 
\ 

L = PPh3, M = Fe, n = 2 

Me C L = CO, M = MO, n = 3 

d L = PPh3, M = MO, n = 3 

e L = CO, M = W, n = 3 

; L = PPh3, M=W,n=3 

Carbene complexes having two heteroatoms were synthesized as shown in 

Scheme 37. Products with six-membered rings could not be made [258]. 

SCHEME 37 

CpFe(CO)3 + 
26 

+ H3NCH2CH2Br+----_) 

H 
332 

0 + 

CpFe(C0)3 + + HOCH2CH2Br+ 2. CP(CO)2Fe 

-0 

:' 
\ 
\ 
0 

333 

B = NaH, K2C03, NEt3 

References p. 526 
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332 
Ear K2C03 

b 

PdC12(NCMe)2 
- 

CH2C12 
) 

25' 

:p(C0)2Fe 

335 

Sulfur-containing complexes which contain other metals were also synthe- 

sized. When M(C0)5(THF) (M = MO, W) react with CpFe(CO),C(S)SFe(CO),Cp, w 

are the products [25g]. A reaction of CCpFe(CO),(CS2)]- with M(C0)56r (M = Mn, 

Re) produces n. These react with PPh3 to substitute one of the Mn or Re 

carbonyl ligands. The same reactants at -78' afford Cp(CO),FeC(S)SRe(CO), which 

was methylated to the cationic complex 338a [ 260,261]. 338b is prepared by 

methylation of [CpFe(CO),],CS, [260]. - 

Cp(C0)2Fe 
S-M(CO)5 

SFe(C0)2Cp 

336a M = MO, b M = W 337a M = Mn, b M = Re 

SMe 

Cp(CO)2Fe + 

MLn 

338a ML, = Re(C0)5 

f! MLn = Fe(CO)2Cp 
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NR1R2 

Cp(CO)(PPh3)Fe + 346a R1 = CH2Ph, R* = H 

t 

Me 
b R1 = Me, R* = H 

R1R2NH 

339a ~ Cp(CO)(PPh3)Fe<: 347 

<CH2 

OEt 

Cp(CO)(PPh3)Fe H + Cp(CO)(PPh3)Fe + 

H Me 
344J 

Electrophilic CS2 attacks the electron-rich triple bond of Cp(dppe)Fe- 

(CsCMe) (dppe = bis(diphenylphosphino)ethane) affording% which was methylated 

to produce 349 which was characterized by its X-ray structure [264]. - 

Cp(dppeFe 

Me 

Me 
/ 

Cp(dppe)Fe=C=C + 
\ 

I- 

’ C -SMe 
S 
4 

349 - 

348 - 

Alkene and Alkyne Derivatives 

Regioselective nucleophilic addition to 350 occurs on reaction with Li- 

(Me2Cu) producing= [265], whose X-ray structure was determined. 

CC02Et + 

Cp(CO)(PPh3)Feq 

CMe 

350 - 

Cp(CO)(PPh3)Fe-F=CMe2 

C02Et 

351 - 
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Compounds Containing M-C Bonds 

Irradiation of CpFe(C0)2Me in the presence of L = PPh3, P(O-c-tolyl)3, 

P(OCH2)3CEt, 13C0 in isooctane gave CpFe(CO)LMe with &- 0.7 independent of the 

nature or concentration of L. This result suggests the presence of CpFe(CO)Me 

and not (n3-C6H5)Fe(C0)2Me produced by ring slippage. The value of B rules out - 

homolytic methyl cleavage or methyl migration as primary photoreactions. How- 

ever, no CpFe(CO)Me could be detected by photolysis in inert paraffin matrices 

at 44-77 K. 

When CpFe(C0)2Me is irradiated in isooctane in the presence of 1M 1-pentene, 
CO is lost and CpFe(CO)(l-pentene)Me is formed at temperatures as low as -9O'C. 

On warming to -20°, almost complete regeneration of CpFe(C0)2Me occurs. Evident- 

ly the dicarbonyl complex is very photolabile at -gO'C while the olefin complex 

is very thermally labile. 

Irradiation of CpFe(C0)2Et (which contains a B-H) yields CpFe(C0)2H and 

C2H4, the products of B-elimination. In the presence of large quantities PPh3, 

only CpFe(CO)2(PPh3)Et is formed on irradiation. With small amounts of PPh3 

present, irradiation of other alkyl complexes produces CpFe(CO)(PPh,)(alkyl) and 

CpFe(CO)(PPh3)H. This behavior is consistent with capture by PPh3 of the primary 

photoproduct and the product from alkene loss after B-elimination, respectively. 

A sufficiently large [PPh3] captures all of the CpFe(CO)(alkyl) intermediate and 

supresses B-elimination. 

The B-elimination is reversible as shown by the presence of some 2-pentene 

in the photolysis products of CpFe(C0)2(n-C6HII). This reversibility can 

account for the already known production of isomeric alkene mixtures on thermoly- 

sis of CpFe(CO)(PPh,)(alkyl) complexes. 

Irradiation of CpFe(CO)2Et in inert matrices at 77 K resulted in the detec- 

tion of only CpFe(C0)2H, but not CpFe(CO)(C H4)H. 
J 

However, irradiation of CpFe- 

(C0)2(fl-C,3HII) in neat 1-pentene at -140 C gave CpFe(CO)(l-pentene)(n-CBHII) 

which, on warming to -40' produced CpFe(C0)2H. In the presence of PPh3, CpFe- 

(CO)(PPh3)(~-C6HII) was detected at -78'C. 

The activation energy for B-H transfer to Fe was estimated to be -6 kcal 

mol -l, lower than the -10 kcal mol-1 seen for MO and W alkyls [266]. 

Electrocatalysis of insertion of CpFe(C0)2Me induced by PPh3 giving CpFe- 

(CO)(PPh3)C(0)Me was observed [267 3. 
Scheme 39 shows some substitution and insertion reactions consistent with 

the photochemical results discussed above[268]. Although the X-ray structure of 

CpFe(PMe3)2C(0)Et shows the propionyl group to benl-coordinated, NMR and IR data 
were said to be more typical of n2-coordination [268]. 

Ref- p. 526 





501 

SCHEME 41 

CpFe(CO)2Me + Ph2P-~-AlEt -----.+ 

i-Bll 

352 - 

------b CpFe AlEt 

/\ / 

C 
c=o 

0 Me 

354 

ph2 

CpFe(CO)2Me + 
/";%-Bu 

"";'\ 

+ 354 
- 

c 0 / AlEt 

0 &-l=CH2 
355 - 

356, along with 329 and=, results from the reaction between [CpFe(COj2]- 

and PhC(=~Me)Cl [256]. 

H Ph 

)c NMe 
CP(CO)F~~/!+~~ 

Me 

356 - 

The reactions diagramed in Scheme 42 lead to the alkyl complexes 357 and - 

358 and represent an overall conversion of CO2 to C2 or higher coordinated 

Fgands [272). 
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SCHEME 42 

+ 

CW4C0)21- + CO2 __) [CVe(~~)2(~~2)l- -&--b 

We(CO),lt 
Na[H3BCN] 

) Cp(C0)2FeCH20H 

RNCO 

J I 

ROH 

CP(C0)2FeCH20fiNHR Cp(C0)2FeCH20R 

0 

357a R = Me 358a R = Me 

,J R=Ph a R = Et 

Ketal complexes, 360a-c, were prepared by treating the carbene complexes 

359a-c with methoxide.. 

protonation or reaction 

s can be converted back to carbene complexes by 

with Ph3C+ [2731. 

-i 

OCH3 

Cp(CO)LFe 

R 

359a 

---b 

L = CO, R = 

L = PPh3, R 

C L = CO, R = 

t 

H 

=H 

Ph 

0CH3 

Cp(CO)LFe 

t 

0CH3 

R 

360a L = CO, R = H 

----b L = PPh3, R = H 

C L = CO, R = Ph 

36l& was synthesized from [CpFe(C0)2]- and XCH2C(C02Me)2. It is stable in 

contrast tom which contains a 6-H. Fe-C bond cleavage in 361b by Ht, 8r2, 

Ce(IV) and Hg(I1) occurs without major amounts of ester group migration [274]. 

C02Me 

Cp(C0)2FeCH2 

t 

R 

C02Me 

361a R = H 

b R=Me 

Contrary to earlier reports, cyclopropyl complexes can be prepared by pho- 

tochemical decarbonylation of the appropriate acyls. Three such complexes were 

prepared by photolysis in acetone-% rather than petroleum ether [275]. 

Some complexes were prepared from a,bhalo-alkanes as shown in Scheme 43 

[276]. 
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SCHEME 43 

[CpFe(CO)2]- + X(CH2)nX --b Cp(CO),Fe(CH,)nX 

n = 3,4,5; X = Br 362a n = 3, X = Br _ 

n = 3; X = Cl b n = 3, X = Cl 

C n = 4, X = Br 

.d n=5,X=Br 

362a-d + [CpFe(C0)21----------) Cp(CO),Fe(CH,),Fe(CO)2Cp 

363a n=3 

---b n=4 

C n=5 

362a,b 

- A Cp(CO)(PPh )Fea ' 3 
+ 

fi 
[Cp(CO)(PPh3)FeC(CH2)3PPh3]+ 

NMR evidence was presented for the presence of a formyl complex CpFe- 

(diphos)C(O)H in the reduction of [CpFe(diphos)CO]+ by Li(A1H4) or Li(BHEt3) 

between -70' and -5O'C [277]. 

Methylation of 364 occurs at C to give 365 which reacts with Me3P=CH2 to 

produce _J_&_yhich in the presence of a trace of ylid, rearranges to 367 [278]. 

! 
[Cp(CO)2FeCfHPMe31t 

Me 

364 365 - - 

f 
Cp(C0)2FeCF=PMe3 

Me 

366 367 - - 

References~. 526 
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The ally1 group ~pFe(~O)2(~~2&~=~H2) behaves as a 1,3-dipole in its reac- 

tion with 32 to afford 32 t2793. 

_J@ 33 

The fluoroalkyf complexes 370a,b result from treatment of 

dieoe with [&pFefCO)2]- [280]. __I_ 

R 

JLKJ R=H 

,b R=Me 

the bexafluoro- 

M.O. calculations on CpFefCO)2ECH, CpFe(PH 1 GCH, 
.3* 

~PF~(P~~)~CH=C~~ as 

well as the ethylene complex rCpFe(P~3)2~H~ and the vinylidene complexes 

CpFe(CO)2=C=CH2 and CpFe(PH3)2=C=CH2 (inter alia) were carried out. The methyl- -- 
ene and vinylidene complexes were calculated to farm strong Fe-C bonds whereas 

weak Fe-C bonds were calculated for vinyl and acetylide complexes [28d. 

Complexes &onta~njng Group ftJ Ligands Other Than C 

The 29Si NPlR spectra of GpFet2R complexes (L = CO, pbosPhi~es~ R =: SiH3, 

CH2SfH3, polysilyl) were measured [2821. 

Reaction of [CpFe(C0]2]- with silacy~~ohex~n~s gave w which gave 

- on photolysis with PPh3. The X-ray structure of 37I.f was reported [283]. 

~p(~O)LFeSi 
I 3 
R 

371a L = CO, R = H 

--b 

d L = PPh3, R --+! 

L = CO, R = Me . . _e I = PPh3, R = Me 

C t = CO, R - Ph f L = PPb3, R = Ph 

The synthesis and reactivity of some Fe-Si complexes containr'ng Co is shown 

in Scheme 44 1284E 
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SCHEME 45 

I II 
+ Me3SiN-CPPh2 

CpFe(C0)2X- 

R = Me, Ph 

x=1 

I-- 
CpFe(CO)PPh2$NHR 

I ij 

377a R = Me, b R=Ph 

Bb CpFe(CO)PPh CNHR 
,2; 

378a R = Me, b R = Ph 
_ t 

+ [[CpFe(CO)212PPh21Br- 

379 - 

K = Cl 
_ [CCpFe(CO)212PPh2~Cl- 

380 

A phosphenium ion complex, 38l, was prepared. The X-ray structure showed 

pyramidal rather than planar geometry around P 12891. 

Me 

/N 
(n5-Me,CS)(CO)2Fe-P, 

1 

Cp(CO)(PR3)FeEMe2 

N 
381 Me 

382a E = P, R = Me 
- 

----b E = P, R = Et 

C E = P, R = OMe 

d E = P, R3 = Me2Ph 

e E = As, R = Me 

; E = As, R = Et 

s E = As, R = OMe 

h E = As, R3 = Me2Ph 

i E = Sb, R = Me 

;i E = Sb, R = Et 

!5 E = Sb, R = OMe 

1 E = Sb, R3 = Me2Ph 

Complexes 382a-1 were made by phosphine substitution on CpFe(C0)2EMe2 (E = 

P, As, Sb). 382x rearrange to 383a,b,c. P(C#4e)3 displaces the EMe3 ligands 

in 383a-c. 382a-1 are nucleophlic organometallic Lewis Bases. For example 3821 -- 
can be alkylated at Sb by MeI. 3829 reacts with CpFe(C0)2c1 and CpFe(CO)(PMe3)Br 

to afford 384a and 384b, respectively [289al. _I- 
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+ 
0 

NH!R 

389a R = Me c R = &-MeC6H4S02 

b R = Ph 4 R = camphorsulfonyl-$O 

When the neutral complex Cp(n6-C6Me5NH2) Fe is allowed to react with 02 at 

-1O'C in toluene 390 is produced. On treatment with 1 atm CO2 at ZO'C, 390 gives - 
391, related to 389 boll. 

9 9 
Fe Fe + 

*NH -&-NHCO~ 

I 
CP 

Photolysis of JjJ produces the product of ring contraction 393. 393 is also -- 
the product from the e-substituted arene complex. However, the m-complex yields 

1,2- and 1,3-substituted ferrocenes [302]. 

Radical anion species, 396, was prepared as depicted in Scheme 47 [3031. 

SCHEME 47 t 
t-BuOK 

-H+ 

CP 396 - 
CP 

References p. 526 
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Multilayered [Cp(n6-cyclophane)Fe]+ complexes were synthesized where cyclo- 

phaneranti-[Z.Z]metacyclophane, anti-4,12-dimethyl-[2.2]metacyclophane, _ anti- 

4,12-dimethyl-7,15-dimethoxy-[2.2]metacyclophane and [2.2]-(2,5)thiophenophane. 

Triple-layered complexes [ (n6,n6-anti-[2.2]metacyclophane){CpFe(C0)212]2+ and 

[(n6,n6-~-4,12-dimethyl-[2.2]metacyclophane)ICpFe(C0)2}2]2t were also pre- 

pared. The procedure involved photolytic displacement of C6Me6 from [Cp(n6- 

C6Me6)Fe]' or treatment of ferrocene with Al and AlC13 in the presence of the 

cyclophane. NMR spectra of the complexes were reported [304]. 

Improved syntheses of C(n6-C6Me6)2Felnt (n = 1, 0) by Na/Hg reduction of the 

n = 2 cation were published [305]. 

Co-condensation of Fe, arene and dienes led to the production of significant 

quantities of (n6-arene)(n4-diene)Fe complexes [306]. Also produced similarly 

were (n6-toluene)Fe(bipy) [307] and (n6-arene)FeL2 (L = phosphine, phosphite) 

i3061 . The X-ray structure of (n6-toluene)Fe(bipy) indicated an alternating 

pattern of C-C bond lengths in the bipy ligand suggesting the destruction of 

delocalization [307]. 

BORANE AND CARBORANE COMPLEXES 

Reduction of Fe(BF4)2 with NaBH4 in the presence of (Ph2PCH2)3CMe gave 398, 

whose -X-rav structure was determined l-3081. 
M.O. calculations on B5H9 and the isoelectronic 1-[Fe(C0)3]B4H8, 

2-[Fe(CO)3]B4H8 and 1,2-[Fe(C0)312B3H7 demonstrated the validity of the isolobal 

analogy as applied to these clusters [3Og]. 2-[CpFe(C0)2]B5H8 was prepared via 

the reaction between LiB5H8 and CpFe(C0)21 [310]. 

The preparation and X-ray structure of 399 were reported. 399 obeys Wade's - - 
rule if B is assumed to be interstitial. The complex is isoelectronic with 

HFe4(CH)(C0)12 [311]. 

Me 

C 

nl 
Ph2 P Ph P P 

\? 

Ph2 

i'\ 

"\,/ 

H 

I 

\ 
\ 
\ 

398 H H - 
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399 - 

Scheme 48 depicts reaction products of 4_00, FeH2(2,3-Me2-2,3-C2B4H4)2. The 

products 401, 402 and 403 are all electron-hyperdeficient clusters. The X-ray 

structure of= was reported 13121. 

SCHEME 48 

- 
,=3 ,-‘I 

‘PEII ‘PEt, 

403 

402 

When Fe(CN&Bu)S is allowed to react with e-2,4-Me2-2,4-C2BgHg' 404 is 

the product. Its X-ray structure showed that Fe occupies a five-connectivity 

vertex 13131. 

Referencea p. 626 
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404 405 
- - 

SCHEME 49 

1. KOH, MeOH 
HC-CCH20Ac + C5H6 + FeC12 
\/ 
BIOHIO 

2. H202, H20 
,CpFe"'(HCBgHgCCH20H) 

406 - 

CpFe(HCBgHgCCHO) 

409 - 

CpFe(HCBgH4CCH20Et) 

J H2A1C1, 

Et20 

- t 
CpFe"(HCBgHgCCH20Et2) 

412 - 
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411 
KCN, MeO~H2CH2OH, H20 

- ) CpFe(HC~9H9C~H2OCH2CH2~e) + 42 

1. MeMgCl or PhLi 

\ 
Et20 

413 

2. Me4NBr, 

H2Oz CpFe(HCB9~9~~HR) $J4% R = Me 

1 

OH b R = Ph 

NaBH4, R = Me 

&pFe(H~B9H9C~HMe)NMe4 

OH 

415 

An arene ligand in [(n6-arene)2Fe]2' (arene=mesitylene, hexa~thyl-benzene) 

can be displaced by reaction of the PF6- salts with T1[1,3,5-Tl(C2B9Hll)]. 

The products [(r,6-arene)(C2B9Hll)Fe] are isoelectronic with ECp(n6-arene)Fe] ' 

and ferrocene. 9 shows the X-ray structure of the mesitylene complex [314]:. 

Scheme 49 displays chemistry of Fe"' complexes containing the[~2BgH~~- 

ligands. The substitution is on the C numbered C2 in 405 c315]. 

EtONa 
412 - EtOH ) CpFe(HCB,HgCCH(OEt)2) + 

\ 
1. EtOH, H+ 

I, 2. Na2C03 

416 - 

1. KOH, MeOH 
HC--CCOOH + Feel2 + C5H6 
\I 
BIOHIO 

2. H202, H20 

3. H+, H20 

CpFe~HCBgH9CC02H) 

417 - 

G having a ligand containing B, C, Si and N acting as a four-electron 

donor was prepared and its X-ray structure determined [316]. 

Referencea P. 626 
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CpFe(C0)2CH2CH=CH2 reacts with substituted olefins R1R2C=CR3H producing 

complexes 421a-g having cyclopentane ligands [31g]. The substituted ally1 com- 

plex CpFe(C0)2CH2CH=CH(OMe) also reacted with olefins R1R2C=CR3H producing 

CdCO)2Fe 

421a 

----b 

Rl - 

C02Et 

C02Et 

C02Me 

CN 

C02Et 

CN 

C02Me 

R* 2 - 

CN C02Et 

C02Et H 

C02Me C02Me 

CN C02Et 

CN CN 

C02Et CN 

C02Me H 

422a-f 

421a-f and 422a-f. Dimethylacetylenedicarboxylate gave 423 [320]. 421, 422 and -- -- 
423 can all be demetallated via oxidative carboxylation or acid cleavage or B-H 

abstraction. 

Q 
C02Me 

Cp(CO)2Fe I 
C02Me 

OMe 
423 

CpFe(C0)2CH(OMe)CH=CH2, on treatment with R1R2C=CR3R4 produces a mixture of 

products 424, 425 and 426a,c,d,e the exact composition of which is very solvent - 
dependent. On the chromatography column, 424a-j were hydrolyzed to 426a-j and 

425 to 427. -- 

RefBxencelP.526 
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CP(CO)2Fe 
CP(C0) 

0 

430a 430b 

Photoisomerization of 1-pentene was catalyzed by Fe(C0)4L (L = C0,PPh3, 

P(OMe)3, P(o-toly1)3)[3221. [CpFe(C0)2(THF)]BF4 and [CpFe(CO)2 (isobutylene)] 

BF4 were found to catalyze condensation of methyl propiolate or tetrolate with 

olefins to produce 1,3-dienes, cyclobutenes and 5,6-dihydro-2-pyrones [323]. 

Olefin bonds are made via the routes indicated in Scheme 50 for a six- 

membered ring involving the production of phosphonodiene cations and their sub- 

sequent reaction with aldehydes or ketones [324]. Five, seven and eight-membered 

dienyl and diene complexes reacted similarly. 

SCHEME 50 

431 432 - - 

(n4-C6H6=(CHPh)Fe(CO)3 433 

dmso HPF6, Et20 

C(n5-C6H,CH2Ph)Fe(CO)3]PF6 434 

Cyclohexadienylium iron tricarbonylcations, substituted analogues of 431, 

have received a good deal of attention since addition of nucleophiles to these 

cations produces dienes. The directive role of the SiMe3 ring substituent was 

exploited in the production of 435a_d and 436 by hydride abstraction from diene - 
complexes 13251. 
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435a 

b 

Fe(CO)3 

PF6- 

RI = R2 = R3 = H 436 - 

R~ = R2 = H,R3 = Me 

RI = Me,R2 = R3 = H 

Rl ’ 
= H R2 = R3 = Me 

OR1 

4_? 

The regioselectivity of enolate addition to complexes of the type 437 was 
- 

investigated. Better selectivity for addition to the R2-substituted C as opposed 

to the unsubstituted C's adjacent to OR1 was observed for R2=i-Pr than for R2=Me 

[326]. The position of attack was also controlled by the nature of the enolate 

[326] and its countercation [327]. 

0-silylated enolates and (allyl)trialkylsilanes were found to react with 

cyclohexadienylium iron tricarbonyl salts with C-C bond formation yielding (n4- 

cyclohexadiene)Fe(C0)3 complexes in good to excellent yields. Conversion of 

these complexes to synthetically useful products was achieved [328]. 

Scheme 51 demonstrates the stereochemical control achieved in diene syn- 

theses by using cyclohexadienylium iron tricarbonyl cation [329]. 

Scheme 51 

H 

OMe 
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Another such example is provided in Scheme 52 13301. 

Me0 

T 
Me 

Fe(C0)3 - 

4 

SCHEME 52 

Me0 

NH4PF6 

‘4CO13 
1. Cd(allyl)2 

2. chromatography 

443 - Ph3C+BF4- 

NH4PF6 

"I _ ,_^. 
ei(JJ13 

1. Cd(allyl)P 

-x.. _ 2. chromatoaraohv, _ ._ / 

446 - 

Spirocycles were synthesized by reactions of appropriate nucleophiles with 

cations derived from 448 [331]. 6-exo substituted cyclohexadienylium - - 

448a n=2, b n = 3 449 450 - - 

iron tricarbonyl salts of type 449 were prepared [332]. Also, reactions of cyclo- 

hexadienylium salts with amine<ucleophiles were investigated [333]. JI~J was 

used as a synthon for &homoaromatic steroids [334]. 

Fe(C0)5 and Cp2Fe2(C0)4 was found to catalyze the disproportionation Of 

451 to 452 and 453 [335]. -- - 

,bf~RU.XB p. 526 
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451 452 - - 

co 0 
453 - 

The direct homologation of methanol to ethanol by synthesis gas is catalyzed 

by Fe(CO)5 [336]. Fe3(C0)12 acts as a catalyst precursor for hydrogenation and 

hydroformylation of styrene 13371. 

[HFe(C0)4]- and [EtFe(CO)4]- react in THF at 0' to produce CH3CH2CH0 sug- 

gesting a bimolecular step to account for aldehyde production in the Reppe 

synthesis. Consistent with the hypothesis was the observation of much slower 

aldehyde production from [EtFe(C0)4]- + H2 [338]. 

Stereo- and enantioselective syntheses of cis- and m- hemicaronic alde- 

hydes starting with (n4-MeCH=CHCH=CHCHO)Fe(C0)3<re devised [33g]. 

Ethyl phenyl ketone was the product of a reaction between [Fe(C0)4C(0)Ph]- 

and ethylene [340]. [Fe(CO)4C(0)R]- (R=Me, n-Bu, n_-pentyl, fl-hexyl) acylated 

ally1 ligands on Pd complexes give cc-B and 6-y unsaturated ketone ligands as 

products [341]. 

The ketone 454 was synthesized via a free radical reaction in THF of CO, Et2- - 

Mg and EtMgBr in the presence of Fe2(C0)g [3421. 

c 0 C - Et 
d 

454 455 

Twelve different lactone complexes of Fe(C0)3 were thermally decomposed in 

deoxygenated solvents giving products arising from decarbonylation, decarboxy- 

lation and rearrangement. The X-ray structure of one product, 455, was reported - 

[343]. 

B-ketosulfides, thioesters and disulfides were obtained from Fe(C0)5- pro- 

moted reactions between a- thiocarbanions and Me1 or acyl halides [344]. 

Fe(C0)3 was used as a control group for selective alkaline hydrolysis of n4- 

cyclohexa-1,3-dienecarboxylic ester complexes. Half-hydrolysis of diester com- 

plexes was achieved [345]. 
1 n , n3-ally1 complexes 456 458 are formed from cyclopropenes and Fe2(C0)g. -'--..W.. 

These complexes are vinyl ketone precursors and can be oxidized with FeC13 or 

Me3N0 yielding esters, dienes and lactones as shown in Scheme 53 [346]. 
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SCHEME 53 

A MeO,R , 
ixFe(CO)3 MeN:Tq' MeOH +MeoF$157 

- 

456a R = H, b R = Me, c R = pPr, d R = Ph, e R = i_-BU _ ., 

45Ba R = Me, b R = pPr, c R = L=Bu 

Ph H 

456d (R=Ph) Me3NO 
w 

L 
I 

+ 460d (R=Ph) 

MeOH 
Me02 / - 

461 - 

45Be (R=-Pr) 

462 463 - - 

456f (R = CH=CMe*) :I;; M;fl &i;3J--J, 

464 465 - - 
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OC C6 
NR1 

'Fe'! + R2C?CR3 _____) 
OC\ 

471 L = PPh3 - 
a R1 = Me 

b R = Ph 

472a Rl 

-b R1= 

c R1= 

d R1= 

= Me R2 = R3 q CO Me 

Ph Ri q R3 = CO Me2 

Ph' R2 = R3 = C; Et 
2 

R2'= Ph, R3 = CHO 

_ +sx---k S 472a-d 
473a-d 

The heterocycles 474a-e were synthesized by thermolysis of [Cp(n6-heter- 

ocycle)Fe]+ complexes prepared from the reaction between CCp(n6-1,2-C12C6H4)Fel+ 

and l-R, 3-XH, 4-YH-C6H3 in the presence of K2C03[348]. 

Fe(C013 

474a X=Y=O,R=H 

b X=S,Y=O,R=H 

C X=Y=S,R=Me 

i X = NH, Y = 0, R = H 

e X=NH,Y=S,R=H 

475a X = NC02Et 

b X = CH2 

C x=c=o 

d X = Ne-tolyl 

The diene complexes 475a_d react with 476 giving 477a-d. 475 a-c produce 

adducts 479a-c on reaction with 478. Finally, 475b adds 480 giving 481 - - - 
[349]. 

l 

C02Et 

A N' (CO13Fe 

477a X = NC02Et 

I 
7 X = CH2 

NVN 

; x = c = o 

-d X = Np-tolyl 
C02Et 

476 -- 

Fteferences p. 5216 



524 

479a X = NC02Et 

b X = CH2 

2 x=c=o 

d X = Ne-tolyl 

Me02C+o 

480 - 

481 - 
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"Phosphido-bridged Iron Group Clusters" by A. J. Carty [350]. 

"Structural Chemistry and Reactivity of Cluster-bound Acetylides: Close 

Relatives of the Carbides?" by A. J. Carty [351]. 

"Preparation and Properties of Metallacyclic Compounds of the Transition 

Elements" by S. D. Choppell and D. J. Cole-Hamilton [352]. 

"Aromatic Compounds of the Transition Elements" in Rodd's Chemistry 

Carbon Compounds, S. Coffey and M. F. Ansell, eds. [353]. 

"Metallacarboranes and Metallaboranes in Organometallic Synthesis" by R. 

Grimes [354]. 

"Synthesis Using 1,3-Dienetricarbonyliron Complexes" by D. Hoppe [355?. 

"Hydrocarbon-Metal IT- Complexes" by J. A. S. Howell [356]. 

"Transformation of Organic Substrates on Metal Cluster Complexes" by H. 

Kaesz, C. B. Knobler, M. A. Andrews, G. van Buskirk, R. Szastak, C. E. Strouse, 

.C. Lin and A. Mayr [357]. 

of - 

N. 

D. 

Y. 

"Arene-Metal Complexes" by E. L. Muetterties, J. R. Blacke, E. 3. Wucherer 

and T. A. Albright [358]. 
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"Complexes Containing Metal-Carbon o-Bonds of the Groups Iron, Cobalt and 

Nickel" by S. D. Robinson [35g]. 

"On the a-Carbenium Center Stabilization in (Olefin) Iron Carbonyl Com- 

plexes. Realization of Olefin and Ally1 Structures" by M. I. Rybinskaya [360]. 

"Investigation of Paramagnetic Metallocenes and Diarene Complexes of the 

Transition Metals by Magnetic Resonance Methods" by S. P. Solodovnikov [361]. 

"FCyclopentadienyl, n-Arene and Related Complexes" by W. E. Watts [362]. 

"Photogeneration of Reactive Organometallic Species" by M. S. Wrighton, J. 

L. Graff, R. J. Kazlauskas, J. C. Mitchener and C. L. Reichel [363]. 

Dissertations 

Dissertations are listed in order of their appearance in Dissertation 

Abstracts. 

"Part I. Synthesis and Characterization of Bis(iron dicarbonyl cyclo- 

pentadienyl)sulfanes" by M. A. El-Hannawi [364]. 

"Electron-Rich Complexes of Iron and Ruthenium with Phosphorus 

0. M. Komar [365]. 

"Reactions of Transition Metal Atoms with Unsaturated Organic 

by L. H. Simons [366]. 

Ligands" by 

Substrates" 

"Search for Cooperative Interactions between Adjacent Transition Metals in 

Polynuclear Metal Complexes" by 6. R. Steinmetz [367]. 

"Synthesis and Structural Characterization of Multinuclear Transition Metal 

Phosphino and Hydrido Complexes" by D. M. Ho [368-J. 

"Synthesis, Stereochemical Characterization and Reactivity of Several Iron 

Nitrosyl and Carbonyl Clusters with Bridging Chalcogenide Ligands" by L. L. 

Nelson [36g]. 

"The Electronic Structure of Some Simple Metal Carbonyl Hydride Complexes" 

by C. J. Eyermann includes H2Fe(C0)4 [370]. 

"Lewis Acid Activation of Coordinated Carbon Monoxide" by R. E. Stimson 

[371]. 

"Study in Organometallic Transition Metal Silicon Chemistry. Part II. 

Insertion of Transition Metal Species into Substituted (Cyclobutadiene)tri- 

carbonyliron Complexes" by P. Radina [372]. 

"The Synthesis and Characterization of Transition Metal Vinylidene Com- 

plexes" by B. E. B. Lussier [373]. 

"Reactivity of Phosphine and Sulfide Ligands Coordinated to the Cyclo- 

pentadienyl Iron Dicarbonyl Group" by L. D. Rosenhein [374]. 

"Reactions of Carbon-Metal Bonds in Organo-transition Metal Complexes: A 

Mechanistic Study" by H. E. Bryndze [375]. 

"Synthesis and Chemistry of Some Diiron Bridging Methylene Complexes and 

the Catalytic Reduction of Aromatic Hydrocarbons with Carbon Monoxide and Water" 
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by C. E. Sumner [376]. 

"Rates of Deprotonation and pKa Values of Some Transition Metal Carbonyl 

Hydrides in Methanol" by H. W. Walker includes H4FeRu3(CO)I2 [377]. 

"Synthesis, Spectral Characterization and Reactions of Electrophilic 

Organo-Iron Carbene Complexes" by J. R. Tucker [378]. 

"Heterometallic Carbonyl Complexes: Synthetic and Catalytic Studies“ by W. 
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"The Solution Chemistry of Some Metal Carbonyls" by 3. A. Collier [381]. 

"Some Aspects of Organoiron Chemistry" by P. P-Y. Lu [382]. 
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