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1. INTRODUCTION

In this Annual Review, I attempt to cover the organoiron
chemistry reported in journals published during calendar year
1983. Organoiron compounds are those compounds which contain at
least one C-Fe bond; however Fe-CN compounds are not included in
this review, and properties and reactions of the simple iron
carbonyls are not described exhaustively. Perrocenes are treated
in Annual Surveys by G. Marr and B. W. Rockett.

The material is organized more-or-less by the Gmelin system,
first by increasing number of conjoined iron atoms, then by in-
creasing hapticity of principal organic ligand. The latter is
determined by the principle of last position. Thus, ( n3—a11y1)
(ns-cyclopentadienyl)( nz—ethene)iron would be treated with cyc-
lopentadienyiiron compounds rather than with allyl- or alkene-iron
species. For conciseness, dimers such as dicyclopentadienyl-
diirontetracarbonyl {Fp,, CpyFe,(CO) 41 are treated alongside their
monomeric derivatives such as FpR, however, and FeM, clusters are
treated with other metal clusters.

2. REVIEWS AND BOOKS

Along with many reviews and books, not detailed here, dealing
with general organometallic chemistry, appeared a review on uses
of iron-arene complexes in organic synthesisl. Part Bll of the
current Gmelin organoiron series, dealing principally with
CpFe(Cg)DX, CpFe(CO)DR, and CpFe(CO) X compound types, was pub-
lished“.

3. REACTIONS OF "NAKED" IRON ATOMS AND IONS

Ground state (366432, 5D4) iron atoms do not react with
methane matrices, nor do Fe,; molecules. Excitation (300 nm) of Fe
atoms to the 3d74p1, 5D4 state leads to rapid formation of CHyFeH
at 12 K3. Analogous photoinsertion into C-H bonds occurs with
ethane and propane, but cyclopropane in argon matrices forms
ferracyclobutane by C-C insertion®*

Iron atoms react in an ethylene matrix at <18 K to form
Fe(Cp,H,) at low concentrations and oligomers Fe,(CoHy), [n =
2,3,..] at higher concentrations. Propene gives analogous re-
sults®. Co-condensation of iron atoms with alkynes RCz=CR' results
in formation of benzenes C6R3R'3, cyclooctatetraenes 1,2,4,7-
CgRy4R'y and ferrocenes FeC%ORsR's; the latter may be formed via
metal-carbyne intermediates®.

Solvated iron atoms in MTHF at 140 K reduce Mn,(CO) ;9 to form
Fe(HTHF)n+2 [Hn(Co)s'lz. In methylcyclohexane, Fe atoms react
preferentially with toluene, forming (PhMe) ;Fe, rather than with
Mn,(CO)j9. But in MTHF, reaction 1 occurs slowly:

(PhMe) yFe + Mny(CO) ;o —> (PhMe) ,Fe*2 + 2 Mn(CO) 5~ (1)

References p. 242
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[CpMo(CO)3]2 is reduced analogously7.

An iron slurry from Li reduction of FeCl, in THF or DME
reacts readily with CgFgX (X = Br, I) to yield solvated (C6F5)2Fe
and Fe,;. The former reacts with CO to give (C6F5)2Fe(co)2(DHE)28.

Reactions of Fe' ions with organics in the gas phase have
been studied by ion-beamg, Fourier transform mass spectrometrylo'
12, and ion-cyclotron resonance methodsl3. Reactions-with H~ and
C-labelled alkanes reveal such processes as C-H and C-C bond
insertions, f-alkyl and hydride transfers, and ferracyclobutane
formation. Secondary and subsequent reactions of FeH', Fe(CO)n+,
Fe(alkene)' and Fe(butadiene)? with hydrocarbons have also been
studiedl2-14,

4. COMPOUNDS WITH nl-CARBON LIGANDS
a. Alkyl- and aryliron compounds

Reaction of phenyllithium with FeClj gives [Ph‘;Fe]'4
[LiOEt2+]4 which reduces dinitrogenls. a—-Naphthyllithium, in
contrast gives [(C10H7)4Fe]'2[LiOEt2+]2, which is unreactive to-
ward dinitrogenls. Both tetraaryliron compounds were character-
ized by X-ray crystallography. The active Fe(0) compound has
rectangular planar coordination of the four phenyl groups; the
inactive Fe(II) compound shows distorted tetrahedral coordination
of the a-naphthyl groups.

Dimesityliron(II) shows Lewis acid character, undergoing
coordination with one (2,6-dimethylpyridine) or two (pyridine,
benzonitrile) moles of Lewis basel’. Reaction of 1 with tri-
ethylaluminum or ethylmagnesium bromide gave species, possibly
from 2, capable of catalyzing Diels-Alder additions of dienes to

alkynes and alkyne trimerizationl8,

R . R ,
Ny E+MgB (2)
E Fed -——£> \FeET
» 2 Fa 2
N
R R

R = 2,4-dimethyl-3-pentyl
A number of alkyl- and aryliron compounds have been prepared by
reaction of tightly-coordinated iron chloride derivatives with
alkyl- or aryllithium or Grignard reagentslg'zlz

(Por)FeCl + RLi —> (Por)Fe~-R <«—RX + (Por)Fe~™ (3)

(Por)FeCl + PhMgBr —> (Por)Fe-Ph (4)
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Reaction of hemoglobin or myoglobin with arylhydrazine, followed
by separation from the protein matrix, gives the same aryl-iron
porphyrin as reaction (4)20, Reaction of various D4FeCl, deriva-
tives with methyllithium in ether gives D4 Fe(CH3),; the donor
ligands include trimethylphosphine, and R,PCH,CH,PR, (R = Me,
DMPE; R = Ph, DPPE). Both ¢is and irans dimethyl compounds form,
depending upon the "bite" of the diphosphine ligandzl.

Irradiation of cis-HyFe(DPPE), regults in evolution of hy-
drogen, with formation of 3 (Scheme I) .

Scheme I Ph NZ th
F’ |+
Ph

o o, Lot/

2 <:\\ N Ph F| Ph

H Ph_R 2
// __14> 2’y

50

<o AN
th" Phop™ TH ~CHiagHo
Poh e~ PPhZ
2 +HCO,H 3 (DPPE),Fe-CO
-CO0, + CHy

The reactivity of 3 may indicate coexistence with a small amount
of highly reactive, coordinatively unsaturated Fe(DPPE),.

4b. Iron monocarbonyls. €.¢g. DyFeCO

Reduction of L;ana—FeH(CO)(DPPE)z+ by pulse radiolysis in
methanol gives a persistent 17-electron species in which one DPPE
ligand is monodentate23.

Rates and equilibria for CO binding to iron(II) porphyrin
models (Scheme II) have been studied extensively, in order better
to define the effects of cavity size24, axial base25'26, Fe~CO
bond strength27, and electronic structure28¢29 on the carbonyla-
tion of oxygen-carrier hemoproteins. A T; study of 13¢0 in 4 has
been reported30 Photodissociation of CO from 4 and other (Por)-
Fe(CO) generates a voltage, which may be useful in solar energy
conversion3!

A number of polydentate macrocyclic sulfur ligand-Fe(CO)
complexes have been prepared by alkylation of coordinated dithio-
lates (Eg. 5). The CO ligand can be displaced by various Lewis

32,33 Br-
bases _2 j S\C:)/S
+ s — @E PN :@
Fe s7 1 s, y (5
©: 2 X Brj X <S> 4

References p. 242
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Protonation of Fe(CO)3(NO)™ in the presence of excess triphe-
nylphosphine gives, inter alia, (Ph3P),FeH(CO) (NO)34, the crystal

structure of which reveals a distorted trigonal bipyramid with the
phosphines axial, but bent toward the hydride ligand35.

\H

" Rl = CH3; Rz = CH=C32;R3 = Rs = RG = H; R4 = CH2CH2C02CH3;
D = CH3N "N: Ref. 30
—/

Rg = (CH:,):.,CCONH@ s D = Various
(CH3) 3CCONH©

Rg + D = @NHCO(CH2)4N/\N=
1=
Rl = R2 = R4 = H; R5 = (CH3)3CCONH‘©

=1,3 ,5-C6H3 (Cﬂz) 1_3CONH
Refs. 24,25,27

)
Rl = Rz = R4 = H; R3 + D =°'C6H+NHCO(C52)4]2CHN\/N}
R5 = RG =°'C6H4NHC0(CH2)5“]2 Ref. 26

R1=R2=R4=H;R3=R5

R1=R2=R4=H;R3=R6

=
W
L}

=
(-4}
1
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Reaction of Fe(CObNO' with Ph,PNRCHMePh and ArN2+ gave the dias-
tereomers of PhCH(Me)NRPPh,Fe(CO)(NO)(NNAr), with a chiral iron
atom3%. A similar compound (with Ph3P) results from reaction of
(PhyP) yFe(CO) ,NNAr*BF,~ with PPN*NO,” 37. Displacement of CO from
Fe(CO),(NO), by a bicyclic aminophosphorane gives the monocyclic
phosphine adduct (eq. 6).

Ph._ 0/5 : NH
/P— + Fe(CO.(NO, —> (ON) e*P J (6)
G PRoO

(gle]

Likewise, Ph,PNHPPh, gave HN[PPh,Fe(CO) (NO),],39.

4c. Iron dicarbonyls. e.¢g. D3Fe(CO),

Much of the interest in compounds of this type lies in the
novelty of the ligands D. A number of compounds (R3P),Fe(CO) ;D
with heterocumulene ligands have been reported on during 1983.
The ligands have included isothiocyanates (RNCS)‘O, carbon d1su1—
f1de41, sulfinylanilines (ArNSO)42, and sulfur d10x1de43 All but
the latter show nz-coord1nat10n, using the C=S or N=S bond. Some
of the observed reactions are summarized in Scheme III.

Scheme III Reactions of

40-43
24{BR3)

RNCS TR + 1
. _50C—2 -5 E”. Oc-t’=s
Fe(CO _> ~F&l

lArN S0 lArN S0 PRy ° PRy R'

*
PRs \‘;Nz E=HR.AsXs
+ Ar “NAr +
(OC),Fe=N OC~fFe | ArNo (00, Fe(PR,) N Ar

References p. 242
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Displacement of triphenylphosphine or CO from (Ph3P) yFe~
(CO) ;Br, by isocyanides has been studied; reduction by sodium
amalgam in the presence of excess ligand D gave (Ph3)2Fe(CO)2D44.
Reaction of lithium 2-(methylthiolbenzenethiolate with PhyPFe~-
(CO)3I, gives [0-C¢H,(SCH3)S]1,Fe(CO),, 5, and its monophosphine
analog. Although phenyllithium attacks a CO group of 5, it at-
tacks the Fe atom of a macrocyclic analog 6. (egs. 7 and 8)

g oL s/ 0o
@ Fe(C@Z S-. J'."’C
S F7§C (7)
Q, =7 o, I
S
S. [’,-CO . S.. SI_ cO @
(ore oL Es SFe P

Sy P}
S d ~¢Co (8)
e

Li+HBEt3', however, converts 6 to a formyl compound45.

Mdssbauer studies of (Por)Fe(CO), have been reported46. A
series of (Por)Fe(CNR), have been prepared, including a polymeric
one from use of p-C6H4(NC)247.

"Insertion” reactions of (Me3P),Fe(CO),(Me)X, 7, have been
studied by different groups, sometimes with different results.
Reaction of 7 (X = I, CN, CH3, CNBPh;) with 13C0 was reported to
give the product with 13¢0 cis to the acetyl group in one casel8
and trans in another case, with X = CN49'5°. With X = I, the
initially formed product rearranges via ionization48s50, minger-
tion"™ of Me3NC proceeds as in eq. 9; the nz-iminoacyl product was
crystallographically characterized51.

\I/ N4 \V & \l/ +
o P RN P 8 RN P P
C Me C Me C Me Oc MC
—— —_— ——y i
o -] (9)
0 I RNC o€ OC 0 “R
/I')\ /l':\ /f\

4d. Iron tricarbonyls, €.9¢. DpFe(CO)5

"Insertion® reactions of the ionic complexes (Me;P),Fe-
(Co)3CH3+ occur less readily than in the just-discussed neutral
(Me3P)§§e(CO)2(CH3)x and are accompanied by ligand exchange of D
for CO”Y. For reaction 10, kinetic study shows first-order depen-
dence on the substrate and zero order in phosphite, consistent
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A5 g/co ” s L/ (10)
"°° CeHa(AsMe ) 2Fe(C0)2CMe JFE

/\&

with the dissociative mechanism shown®2.Likewise substliutlon of
CO for D in DyFe(CO); at temperatures above 100° occurs by initial
dissociation of D, with lability order Ph3As>Ph3P>(Ph0)3P>C053
Conditions for separating D,Fe(C0)3 and D3Fe(CO)2 mixtures (D =
various trialkylphosphites) by HPLC have been opt1m12ed54

The 1l7-electron radical-cation (Ph3P),Fe(CO)g ** has been
generated electrochemically and studied by ESR. In coordinating
solvents it disproportionates to (Ph;P),Fe(CO); and solvated
Fett 55

Reaction of Fe(CO)g or Fe3(CO);, with PPN+N02' in THF at room
temp. affords a convenient synthesis of PPN+Fe(CO)3NO and certain

other metal nitrosyl carbonyls37 156 The route of eq. 11 was
suggested.
0 - _
Fe(CO)g + NO,~ —> (OC)4Fe-Co—> (0C) 5 |I=ec02 —_ (OC)JFeNO
N Ny
\o \o (11)

The crystal structures of PPN+Fe(CO)3NO' 57, (CH3NC)2Fe(CO)358,

(RN‘ §NR)Fe(CO)3, 8, R= ,59 have been reported. Cycload-
dition of the diazaferrole 9, in which the diazene functions as a
3-electron ligand, to dienes occurs as in eq. 1260,

9
}Q—XEE "—h—> (12)
€(CO) 5 §F e(CO E=CO,Me

4e. Iron Tetracarbonyls. e.g¢. DFe(CO), and R,

A number of species DFe(CO), have been prepared and charac-
terized, which have novel phosphine ligands. These 1nc1ude sub-
stances with D = Phpc126°, F,PN(CH4)PF,%1, cH,NHP } 1, (rO), PP
[x = 1-3, R = C(CF3),CN1%2, and (0C) ;Mo (F,PNPh) ;P83. Reaction of
Cl,PN(SiMe3),, ClyAsN(SiMej),, and Cl,PCH(SiMe3), with Na,Fe(CO),
gave the phosphinidene (or the arsinidene) complexes,

(0C)4Fe Y(SiMe;),
>P= ;F Y= N, CH
(Me,SiLY e(CO),

References p, 242
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which were characterized by X-ray crystallography64'65. (nl-
DPPE)Fe(CO)4 has also been characterized crystallographicallsz.
Axial-equatorial isomerism in solutions of Ph3PnFe(CO),4 and
(RO) ,PFFe(CO), have been studied®2s67,

The photoelectron spectra of HzFe(CO)468 and BrzFe(Co)469
have been interpreted by means of the Green's function formalism.
Photodissociation of H,Fe(CO),; has been interpreted through state
correlation diagrams7°.

(Me3SiNC) ,FeI, has been prepared and characterized’l.
(CF3CFP,CFy) JFe(CO) 4 results from reaction of C3F9Fe(CO) 4I with
Hg[N(CF3) 5,1, and from pyrolysis of CyF,Fe(CO) 4OCOCF3. Reaction of
the iodide with HgF, produces [C3F7Fe(CO)4]2Hg and C3F,Fe-
(C0)4BgC3F772. Mild reduction of [MFe(CO),], polymers (M = Zn,
Cd, Hg) gives'M[Fe(Co)4]2'2, which are further reduced to
Fep(CO)g™2. The crystal structures of [Na(THF),1,* MIFe(CO) 1,2
have been determined. Zn[l-‘e(CO)4]2'2 reacts with HgCl, to yield
Fe(CO) 4 (HgCl) ,73.

The HFe(C0)4' ion can be incorporated in an ion-exchange
resin and used to reduce nitroarenes and 1,2-dibromoa1kanes74.
The bimetallic formyl complexes M,(CO)oCHO™ (M = Mn, Re) reduce
Fe(CO) g to Fe(CO)4CHO™ 75, NazFe(CO)$ opens the ring of diethyl
1l,1-cyclopropanedicarboxylate {(eq. 13) 6,

Fe(CO) 472 + [:>>(002Et)2-——9 (0C) 4FeCH,CH,C (COLEL) 5
l?—x (13)
ECOCH,CH,C (E) (COgEt) 5
E-X = H-OAc, CH3-I

Ring opening also results upon reaction of 4-(iodomethyl)azeti-

dine-2-ones with K,Fe(CO),4, probably as a result of single elec-

tron transfer77.

|
e
J—N 0P ~NHR 0% —NHR (s

R

0

4f Carbene complexes, €.g. RyC=Fe(CQ),

Reaction of the N,N'-bridged tetraphenylporphyrin 10 with
Fe3(CO);, results in migration of the vinylidene group from the
nitrogens to the iron (eq. 15)78, Electrochemical reduction of
(Por)Fe=C=CR, and (Por)FeCS leads to vinyl and thioformyl com-
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(15)

Ph

plexes. PorFe=CCl, undergoes dehalogenation to give (PorFe),=C,
which reduces in turn with cleavage of the Fe=C bonds’9. sCF
molecular orbital calculations on (0C)4Fe=CHOH predict a 2.00 A.
bond length for the Fe=C bond, and a 37 kcal/mol bond strength,
with the carbene ligand preferentially in the axial position of
the iron trigonal bipyramid. Electrophilic reactivity is frontier
orbital-controlled8?.

Aldehydes can be converted to carbene complexes (trépped as
phosphine adducts) in one step by reaction with a ferradisilole
(eq. 16)81, Cyclopropanes were not formed in the presence of ex-

0 ' M\
R6H+>51F¢ SI{— 38 Si< + (OC)4Fe=CHR] (16
(ca,
81

cess isobutylene®~. Alkylation of (OC)4Fe=C(R)O' to form alkoxy-
carbene complexes has been studied systematically; O-alkylation is
favored by ethyl rather than methyl alkylating agent, hard leaving
groups, and HMP in the solutionaz. But methylation of
(0C) 4FeCO,Me™ with methyl triflate at -78° gives the Fe-Me pro-
duct, which decomposes to methyl acetate at room temp.83 Reaction
of alkoxycarbene complexes with alkenes results in formation of
one new C-C bond rather than two (eq. 17). Mechanistic possi-
bilities include a ferracyclobutane84.

(17)
(OC)4Fe=C(OEt)Ph + CHp=CHR ———> PhCH(OEt) CH=CHR + PhC(OEt)=CHzR

The dithiocarbene complex previously shown in Scheme IIX
decomposes thermally or on reaction with I, to a tetrathiafulva-
lene. A dicarbene-FeD; is a possible intermediate?l. a novel
dicarbene complex arises when (bpy)zFe(CNHe)2+2 reacts with hydra-

zine (eq. 18) 85, MeNH
+ NH
(bpy)zFe(CNMe)2+2 + HoNNB; —> (bpy) 5Fe | (18)
NH
+
MeNH

References p. 242



216

4g. Selected organic reactions of iron carbonyls

Most reactions involving simple iron carbonyls are discussed
in this survey under the heading appropriate to the products.
Here, I discuss some miscellaneous reactions and properties of
iron carbonyls, which do not fit into other sections but deserve
to be noted.

Iron pentacarbonyl in refluxing toluene has been used to
desulfurize a dithiaparacyclophane (eq. 19)86, and to couple ben-
zoyl chloride to ¢igs and trans [PhCOOC(Ph)=]287. Under phase
transfer conditions, benzyl halides have been carbonylated to form
arylacetic acids in the presence of iron pentacarbonylse.

S//@\ Fe(CO)5 o

Y-Radiolysis of Fe(CO)g in MTHF at 77 K gave Fe(CO)5" and
Fe(CO)4". Fe3(C0);, likewise gave its radical-anion89., Reduc-
tion of Fe(CO)g or Fe3(CO);, with azole anions gave Fe,(COlg*™ %0,
Ultrasonication of iron carbonyl solution induces substitution of
CO by ligands such as phosphines, probably via coordinatively
unsaturated intermediates®l, Pulsed UV photolysis of Fe(CO)g in
the gas phase, with infrared detection, has allowed identification
of Fe(CO), transients (x = 2—4)92; the Fe(CO), appears to have the
same C,,, geometry as previously found in matrix studies. Photo-
reaction of Fe(CO)g with CCl, in the presence of Ph3P has been
followed by ESR?3, Fe(CO)g catalyzed, under photolytic condi-
tions, isomerization of CH,=CH(CH,) NR, to the enamines
CH3(CHp)CH=CHNR, (n = 1,3; R = Me3si)94,

5. 1'2-ALKENE COMPLEXES

The X~-ray photoelectron spectrum of (ethylene)tetracarbonyl-
iron, 11, has been reported and interpreted as showing negative
charge on the ethylene95. Fenske-Hall calculations on 11 have
been reportedgs. Photolysis of 11 in alkane matrices at 77 K
produces the unsaturated (ethylene)tricarbonyliron. Alkenes with
allylic hydrogens give the HFe(CO)3(allyl) products instead. War-
ming of the matrices results in formation of dinuclear species
[C2H4(OC§3Fe=]2, which actively catalyze hydrogen shifts in added
alkenes”’,

Reaction of Fe(acac)y with Et,AlO0Et in the presence of
PhPMe, at low temp. gave the bis(ethylene)trisphosphineiron(Q)
productga. Reduction of Fe(CO),(PPhy),Br, with sodium amalgam in
the presence of diphenylacetylene gave the qz—alkyne complex
PhyC,oFe(CO) 5 (PPh3) 5 44, p series of (cycloalkene)tetracarbonyl-
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iron complexes has been prepared for study of the carbonyl group
exchange processgg. The diazadiene complexes 8 (R = Me,CH and
others) react with dimethyl acetylenedicarboxylate to give pyr-
rolinone complexes such as 12100,

EC=CE
R-A kl-R >
8 F

o 3

6. n3-ALLYL COMPLEXES

Reaction of (C3Hg)Fe(CO)3I with salts of di- and triazoles
gives a variety of products, including in several cases coordi-
nated N-allyl azoles such as 1310},  Reaction of (C3H5)Fe(CO) (NO)D
derivatives with sodium borohydride gives propene derivatives
along with Fe(NO),D, and salts such as Fe(CO)(NO)D,™ 102, peac-
tion of substituted allyl-Fe(CO)4 cations (from protonation of
diene-Fe(CO)3 complexes in the presence of excess CO) with phos-—
phines gives allylic phosphonium salts useful in synthe8181°3.

Reaction of bicyclo[5.1.0]octadieny1-Fe(Co)2D+ with iodide
ion results in ring-opening to form (3-5)n3-cyclooctatrienyl-
Fe(CO),DI (D = trimethylphosphite)1°4. Reaction of dimethylani-
line with C4H4Fe(co)2NO+ gives an n3—cyclobuteny1 complex with an
exo~4-dimethylaminophenyl substituent, characterized crystallo-
graphicallylos.

A complete report on the first n3—cyclopropenyl complex of
iron, PhyC,Fe(CO)4,NO, including an X-ray structure, has now ap-
peared 186.

(20)

7. COMPOUNDS WITH ¥*-LIGANDS
a. Compounds with non-contiguous n*-coordination
(n3-Cycloheptadienyl) Fe(CO) ;PPh3* reacts with methyllithium
at C-2, giving 14. Me,CulLi causes methylation at c-1107_
crystal structure of 15 has been published108 .

Me

N)\E’) | @

“Fe 4 Fe
12 (CO) CoPPhs  ph s

A lactam complex homologous with 15 was obtained by reaction
of a lactone complex with benzylamine (eq. 21109, Oxidative de-

0
0 0
K \'f RNHp ~/——Fe(cOly  Cellv),
-Fe(co)
3 Ng 0 R

0
(OC?:J,FEAN CH ZPh

(21)

-
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composition gave a f-lactam. Triphenylphosphine attacks the tri-
carbonyl(1-3:5,6)15-cyclooctadienylium cation at C-5, forming a
(1-3,6)ﬂ4—coordinated phosphonium ionll0, A study of photo-
cleavage and isomerization of 16 has indicated the reactions shown
in Scheme 1Vv111,

. M = Fe(CO),
N (D LA =
M =<9, M —_— M — M <o M
co = = = s co 16
H H ’§-H E E
E E E

The mechanism of oxidative demetalation of (2-methylenecyclo-
pentane-1,3-diyl)tricarbonyliron has been studied, with the con-
clusion that the free ligand is generated and trapped in its
triplet ground state; at higher concentrations some trapping pro-
duct may derive from interception of an oxidized iron interme-
diatell2, Green's function calculations on [(CHy) 3C1Fe(CO) 5,
C4HyFe(CO)3, 17, and other organometallics in the ground and
ionized states have been reported113.

Ic. q4-cyclobutadiene Complexes

MO Calculations on 17 have been undertaken, for the purpose
of better understanding C~-C bond alternationll4 and the ionic
states observed in photoelectron spectroscopy113'115. Nematic-
phase NMR studies of(C4H3X)Fe(CO)3 indicate transient rhombic
deformations of a time-average square planar ligandlls.

Photolysis of CyMe, Fe(CO)4 gives a dimer with a triply CO-
bridged Fe-Fe triple bond. Photolysis of a mixture containing
CgMegMn(CO) 3 gave the analog with a Fe-Mn triple bond, 18117, 19
results upon methylation of the corresponding oxocyclobutenyl

complexlos. o O OMe
2

18 \o( 19 Fe:C

2%
N
Ph Ppp 2
An X-ray structure of (benzocyclobutadiené)Fe(CO)2PPh3 has
been publishedlla. Free bicyclol6.2.0ldecapentaene has been ob-

tained through its Fe(CO)y complex (eq. 22)119,

CN a0° Py
—_

N (lD (22)

M M M= Fe(CO)3

&+

'y
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M—_lemnhadieng Complexes

P-H coupling constants can be used to determine the stereo-
chemistry of (5-RCgHg)Fe(CO),PPhy and related complexeslzo.
CpFe(DPPE)CHO rearranges at 90° to (¥-cgH¢)Fe(DPPE)COL2L,

Field-desorption mass spectrometry of (cyclopentadie-
none)Fe (CO) and other organometallics reveals intense molecular
ion peaks1 3. A novel cyclopentadienone complex was obtained,
inter alia, from reaction of the diacetylene (PhC‘CCGH4)2PPh with
iron carbonyls122

Iron tricarbonyl complexes of 1,1-dimethylsilole, 1,1,3,4~
tetramethylsilole, and 1l,l1-dimethylgermole have been obtained by
reaction of the heterocycles with iron carbony15124'125.

4-cyclohexadiene Complexes
1£4ﬂ Tertiary allylic cyclohexenols have been converted directly
to (cyclohexadiene)tricarbonyliron complexes upon reaction with
iron pentacarbonyl in refluxing dibutyl etherl26, Cross—-conju-
gated cyclohexadienones yielded cyclohexadien-2-0l complexes upon
treatment with Fe,(CO)g in benzene/THF containing water and hy-

droxide 1on127.(eq 23) OH
0

— [ (23)

The Fe(CO)3 complex of 6-methoxy-2-pyrone resulted from reaction
of 2-methoxyfuran with Fe,(CO)g 128, Dehydro- 8 -ionone gave two
iron tricarbonyl products and an unusual iron dicarbonyl (eq. 24),

Fe(co); 21 .

Product 20 was favored klnetically; 21 thermodynamicallylzg.
Reactions of (cyclohexadiene)iron tricarbonyl with carbanions
have been intensively studied; the intermediates can be protonated
to give substituted cyclohexenes as mixtures of isomers, but
trapping with other electrophiles was not generally successful.
Alkyllithium reagents attacked carbonyls rather than the coordi-
nated dienel30, Nucleophilic attack in the presence of CO led to
carbonylated products (eq. 25) in good yieldsl31, suggesting at-

tack by the carbanion at C-2 of the coordinated d%;ne.

QN = Y "
@C) 4)=0 (25)

\Fe(co)
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Substituted cyclohexadiene complexes are often produced by
qguenching a (cyclohexadienyl)tricarbonyliron salt with a nucleo-
phile, a reaction much studied for its synthetic potential. That
such nucleophilic attacks may be less straightforward than they
seem is suggested by evidence that reaction of C6H7Fe(co)3+ with
hydroxide ion to give the 1,3-cyclohexadien~5-0l complex occurs
through a (CgH4)Fe(CO),CO5H intermediatel32, Carbanionic nucleo-
philes whose reactions with cyclohexadienyliron cations have been
reported include BanCH2C02Me133, aryltrimethylsilanes, stannanes
and the like134, enolates such as KCH(COZMe)2135 and trimethyl-
silylethyl ester enolatesl36, from which the ester group is readi-
ly removed. An intramolecular nucleophilic attack (eq. 26) gave a
product whose structure has been confirmedl3?;

Meo MnO MeO 0
© Cg‘e —Z—>(OC)3Fe (26)
1f. Cycloheptatriene complexes 0

Fluxional behavior of (14-cycloheptatriene)tricarbonyliron
derivatives has continued to draw interest. An X-ray structure of
the 7-gxo-(triphenylgermyl) derivative ( G# for fluxional shift
74 kJ/mol) has shown the Fe(CO)3 group shifted away from C-1 as a
consequence of the electron-donating effect of the C-Ge bondl38,
The fluxional shift appears to involve a symmetrical intermediate
which may be considered a 2-5 q‘-structure, 22, stabilized by
interaction with the germyl group139. He I and II photoelectron
spectra have been interpreted in terms of strengthened diene-iron
interaction in the ground state due to the electron-donating
effect of the germyl group, and comparative isolation of the free

double bondl40, G¢R3 G;R3
—>

Cl 0
JONGREE s cOE
X
= < aca
M=Fe(CO)3 N A

Complexation of 3,7,7-trimethylcycloheptatriene with iron
carbonyls gives only the 1-4 q‘-Fe(CO)3 product. Reaction with
TCNE gives adducts across the 4,6- and 1,6-positions, in 4:1
ratio. Reaction with diphenylketene gives a [2 + 2} adductl4l,
These results may be readily interpreted in terms of zwitterions
resulting from electrophilic attack at C-6.

Phase transfer—-generated dichlorocarbene adds to the anti
faces of the free double bonds of (cycloheptatriene)- and (N-
carbethoxyazepine)tricarbonyliron. Reaction of the cyclopropane
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products with g-chloranil gave spiroheterocyclic products 23,
probably as a result of single electron transfer, cyclopropane
ring opening, chloranil insertion, and decomplexation142. Heating
substituted (4-7)q-1-viny1cyc1oheptatriene)tricarbonyliron com-
plexes resulted in disproportionation to anti-bis Fe(CO)3 com-
Plexes; only the styryl compound gave a bond-shift isomerl43,
(Cycloheptatriene)tricarbonyliron reacts with p-nitrobenzenedia-
zonium salts in the manner of other electrophiles, giving the q5-
cycloheptadienylium salt by attack at C—-6. Deprotonation gave the
syn- and anti-arylhydrazones of (tropone)tricarbonylironl44.

1g9. Cyclooctatetraene complexes

13¢c-NMRr magnetization transfer experiments on COTFe(CO),D,
having D = NCCHMe,, indicated the Woodward-Hoffmann allowed mech-
anism for 1,2-shifts in this fluxional speciesl45. Photolysis of
COTFe(CO)3, 24, in a methane matrix at 12 K gives species thought
on the basis of FT IR studies to be (qz-COT)Fe(CO)3, which can
return to 24 or an isomer with a chair conformation of the COT
ring. (COT)Fe(CO), was also detected; a q‘- structure rather than
the closed—shell'ﬂs-structure was indicatedl4®, Reaction of 24
with arenediazonium ions led to (8-arylbicyclol[5.1.0]loctadie-
nyl)Fe(Co)3+, which was deprotonated to give arylated 24. 1In
contrast, derivatives of 24 having one or two CO's replaced by
trimethylphosphite gave arylazocyclooctatrienyl complexes. Ar-
ylation was proposed to result from initial electrophilic attack
at Fe, and azo coupling from initial attack on the ringl47.

A compound assigned the structure (3,4,7,8-tetrachlorocyc-
loocta-1,5-diene)tricarbonyliron has been reported as formed
(along with the expected diene complex) upon reaction of trans,
trans-1,4-dichlorobutadiene with Fe(CO)5148.

Zh. Acyclic diene complexes

Vibrational spectra of butadienetricarbonyliron have revealed
discrete rotamers in the liquid statel49, Fe(CO)43 complexes of
several dienes (Scheme V) have been obtained by reaction of the
corresponding dienes with iron carbonyls.

Other diene complexes have been obtained in reactions invol-

Scheme V

Some Newly Reported Diene Complexes

M M= Fe(CO)
E 3 N H “/r\\
O@ E_{—\\_‘J} A 'L e J’

E=CO,Et ;IA 0
Ref. 150 Ref. 151 Ref. 152 Ref. 153
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ving hydrogen rearrangements. Thus, reaction of bi-2,7-cycloocta-
dienyl with Fe3(C0);, gave 25154, and reaction of ¢gigs-polybuta-
diene with Fe(CO)g gave a polymer with 1,3-diene units in the
chainl®3¢156 a number of studies dealing with complexation of
derivatives of 1l,2-dimethylenecyclohexane have appeared. Reaction
of 5,6-dimethylene-7-oxabicyclol2.2.11hept-2-ene with Fe5(CO)gq
proceeded with dimerization and deoxygenation to give 26157,  The

N % 00 YD) =

Fé«:c»s
presence of Fe(CO)3 groups coordinated to the cis-butadiene units
of tetramethylenebicyclol2.2. 2]octene158, tetramethylenebicyclo-
[2.2.2]0ctan-2~-01 and -2-one16°'159, and hexamethylenebicyclo~
(2.2.2Joctanel®? has curious and sometimes unpredictable effects
on the stereochemical outcomes and rates of reactions. An example

is given in reactlon 27159, 0
P
CD OD
‘ (27)
cho3 '
M

The use of alkallne hydrogen peroxide in methanol has been
recommended as a mild method for decomplexation of diene complex-
esl6l, Wittig reactions have continued to be used to elaborate
diene complexes, as in egs. 28103,162 5,9 29163,

__/”\_\ »_ﬂ_ _ J. 0 (Eand D)

PPh3 )

Meoc—/ TN—CHO + Ph P-CMe, ——>Meozc/’|—\\—}_‘ (29)

M M

28)

Reaction of butadiene complexes with reactive carbanions R~
under CO pressure, gives 3-R cyclopentanones in good yie16164.
The mechanism involves R~ attack on the 2-position of the coordi-
nated diene.

Photolysis of 8 in Ar or CO matrices at 10 K results in
formation of the heterodiene w-complexlss. Irradiation of
DFe(C0O) 4 or DyFe(CO)3 (D = various phosphines) in the presence of
benzylideneacetone in benzene gave (benzylideneacetone)carbonyl-
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phosphineiron(0] complexes, two of whose crystal structures have
been determinedl®$,

8. M°-DIENYL COMPLEXES
a. Compounds with open pentadienyl ligands

A molecular orbital study has compared the cyclopentadienyl-,
cyclohexadienyl-, and cycloheptadienyl-tricarbonyliron cations'
rotational conformations and ligand planarity167. A number of
reactions of (cyclohexadienyl)Fe(CO) 3 cations with nucleophiles,
to give cyclohexadiene complexes, were already mentioned in Sec-
tion 7e. To enhance the synthetic utility of these reactions, two
groups have undertaken resolution of (2-methoxycyclohexadienyl)-
tricarbonyliron cation, by means of attachment of a chiral nuc-
leophile, forming separable diastereomeric diene complexes, from
which the resolved salt could be regeneratedlss'lsg. The salt
could also be methylated by an indirect sequence, giving the
enantiomerically pure (2-methoxy-5-methylcyclohexadienyl)tricar-
bonyliron cationl70,

Nucleophiles attack the (1-3:5,6qs-cyclooctadienyl)tricarbo—
nyliron cation variously at C-5 or at the iron110, Halide ions
attack a methyl group of the cyclooctatrienyl cation 27, giving a

coordinated phosphonate ionl04, N“N)Ar

27
FI(CO)ZP(OMe)3

A full paper on synthesis and properties of bis(pentadienyl)-
iron and several methylated derivatives has appeared171. The red,
air-stable compounds resemble ferrocenes. An X-ray structure
shows a gauche, eclipsed ligand conformation. Reaction with PF4
gave Fe(PF3)5172.

8b. Cyclopentadienyldicarbonyliron hydride and related compounds
The remainder of Section 8 of this Review deals with the
extensive families of compounds containing the cyclopentadienyl-
dicarbonyliron (Pp) group, along with the closely related com-
pounds in which one or both CO ligands is replaced by a phosphine
or phosphite and/or the Cp ligand is replaced by a CgMeg. These
are discussed together in this Section, ordered according to the
other element to which the Fp group is attached. This section
will discuss consecutively compounds of the types Fp-H, Fpy, Fp-
metal, and then compounds with bonds from the Fp group to elements
of groups IV, V, VI and VII, respectively. Section 8c. will deal
with organic derivatives, FpR, and cyclopentadienyliron compounds
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with organic ligands of higher hapticity.

57pe chemical shift and >’re-13c coupling constant data have
been reported for a number of FpX compounds (X = halogens and
organic gtoups)173.

Reduction of Fp'cot with aq. NaBH, at 0° or ag. THF at 20°
gave Fp'H, 28174, The same hydride could be obtained by protona-
tion of Na'Fp'~ with acetic acidl’3, one €O of 28 is readily
displaced by Me3;P; the resulting hydride is deprotonated by the
ylide Me3P=CH2175. LAH reduction of CpFe(DPPE)CO+ gives
CpFeH(CO) (DPPE), which disproportionates to DPPE and
(DPPE) [FeH(CO)Cpl,. The latter loses H, upon photolysis or hea-
ting to 90° 176,1 :

Differential thermal analysis has been applied to the thermo-
lysis of the dimer Fp, at 170-270° 178, Fp, catalyzes exchange of
isonitrile ligands for CO in FpX derivatives and other organo-
metallicsl7?, The ylide Cp3UCH=PR; reacts with Fp, by attack at
and reductive coupling of carbonyls, giving 29180, Reaction of
Fp, with strong acids HX in acetonitrile results in cleavage to
FpNCMetX™ or prlal. In methylene chloride, isolable Fp-H-Fp*x~
resultsl82, Sulfuryl chloride, 802C12,in benzene converts Fp, to
Fpco*recl,” 183,

Photolysis of Fp, in matrices at 12 K results in formation of
triply-bridged 30184, (cf. 18) Formation of 30 would economically
explain the formation of monosubstitution products Cp,Fe,(CO)3PR3
on photolysis of Fp, in the presence of phosphines, but a recent
mechanistic study has instead suggested an open intermediate,
FpC(O)Fe(CO)CplBs. Photoreaction of Fp, with chlorinated solvents
to give FpCl involves Fp* radicals.

PR 00

3

-2 40O

29 szuﬁfﬁe'fp CpFZ>=&—FeCp 30
oc CP /2 \/

Isonitriles displace all four CO ligands from Fp, in boiling
xylene; the pu-CNR ligands are quite basicl86. M3ssbauer studies
of Fp,, and its M-CNR and M-CNHR' analogs reveal thef&-CNHR+
ligand to be a powerful acceptor187. Oxidation with silver ion of
Fp, and its isonitrile substitution analogs has been studied in
acetonitrile and THF188,

Two analogs of Fp, having the cyclopentadienyl rings joined
by bridges have been. reported. One has a -SiMe,CHyCHyS5iMey-
bridgelsg, and the other a -SiMey~ bridgelgo'lgl. The reactions
reported are qualitatively normal. X-ray structures of the di-
iodide from the 1atter19°, as well as structures of two diphos-

phine~bridged substitution productslgl, were reported.
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Reaction of K+Fp' with CpyZrXCl gave CpyZrXFp (X = Me, O-t~
Buw 192, Reaction with FpoM (M = Zn, Cd, Hg) gave Fp3n° salts; the
tetrabutyl ammonium zincate salt was characterized by X-ray crys-
tallography193.

Displacement of chloride from chlorosilanes has continued to
find use for preparation of silyl-Fp compounds. Thus, RSiHCl,
gives FpSiHRCl, which reacts with CCl, to give FpSiRCl,. The
latter forms FpSiRF,; upon reaction with AgBF4194. The crystal
structure of FpSiMe;SiPh, shows a slightly elongated Si-Si bond
195, The iron-silicon bond of FpSiMe; is cleaved using fluoride
ion in THF196. Reaction of FpSiMe,Cl with LiNMe, gave the expec-
ted FpSiMe,NMe, and also the dimeric (CgH,;SiMej;NMe,), Fe,(CO)y,
from an anionic shift of the aminosilyl group from the iron to the
cyclopentadienyl ring. Several additional examples of such shifts
were adducedl®’. Reaction of FpSnCly with Na,WO4 in the presence
of NaH,PO, resulted in displacement of the chlorides from the
silicon to give a complex phosphotungstate, (FpSn)2W10P038_5
198 gpjectrochemical reduction of FpMPh, (M = Si, Ge, and Sn)
gave esr-observable anion radicals; further reduction led to clea-
vage of the Fe-M bonds199, Reaction of Fp, with  GeF, gave
szGerzooc .

An X-ray study of N3-Fp 1,2,3-triazole cation has been repor-
tea201, Photolysis of Fgf(OH)2+ in aqueous solution gave the
compound 31, whose X-ray structure has been determined?%2, pHea-
ting 32 in xylene resulted in CO loss, with formation of 2,5-
diphenylphosphaferrocene in low yield2°3. Photolysis of Fpcot in

M cPclj{-}ﬁecP 32 FpR
0" 0 %
acetonitrile solutions containing 3,4-dimethyl-l-phenylphosphole
gave the cyclopentadienyltris(phosphole)iron cation204, Analogous
cations have resulted from reaction of Fp(isobutylene)+ with che-
lating tri- and tetraphosphines, followed by thermolysis or photo-
lysis. Reduction with LAH gave Fe-H specieszos. X-ray structures
of FpPPh3+ and CpFe(CO)(DPPE)+ have been publishedlls.

Several compounds with cyclotriphosphazene-Fp linkages have
been reported, including crystal structures206,207,

Reaction of NaFp and NaFp' with ClAsR; (R = Me, Me3C) gave
the metathetical products Fp(')AsR,. Several reactions demon-
strated the expected Lewis base character of the productszoa.
Reaction of Cp(CO) (PMej)FePnMe, with (norbornadiene)Ho(CO)4 gave
the diastereomeric products [Cp(CO)(PHe3)FePnMe212Ho(CO)4, with Pn
= As, Sb, and Bi209, FpSbBr, shows Lewis acid character in its
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reaction with PMej, forming FpSbBr,PMej, which was crystallo-
graphically characterizeda?l0,

Crystal structures of FpOHz+ Ph,B~ 211 4ng Fp'OSOZCF3212 have
been reported. Oxidation of FpSPh or Fp'SPh gave FpS(Ph)S(Ph)Fp2+
or the Fp' analog, which could also be obtained directly from
PhSSPh and Fp(THF)* 213, Ethylation of CpFeCO(PRy)SPh with EtBr
gave the expected sulfonium salts CpFeCO(PR3)s(Ph)Et+ Br~, which
underwent slow conversion to CpFeCO(PRy)Br and PhSEt. In the case
of FpSPh and Fp'SPh, the FpBr was formed direct1y214. Organoiron
polysulfides FpS,Fp were prepared from NaFp and SCl,; or S,;Cl,, Fp,y
and elemental sulfur, and other methods. The X~-ray structures of
the tri- and tetrasulfides were determined?l5,

Photochemical reaction of FpI with trialkyl phosphites gave
CpFe[P(OR)3121216. Y-Radiolysis of Fpll or FpI at 77 K gave
radical-anions with large hyperfine couplings to the halogens,
indicating population of the Fe-X " -orbitals. Annealing appeared
to give Fp* 217,

8c.Fp-Acyl., Alkyl. and Carbene Complexes

Carbonylation of CpFe(CO)(PPhj)Me to form the acetyl-Fe pro-
duct is very strongly catalyzed by oxidizing agents; a mechanistic
study has revealed that methyl migration is at least 107 faster in
the oxidized Fe(III) species than in the Fe(I1)218, rThermal
reaction of FpMe with RPPh, (R contains an aza-crown ether grou-
ping) gave the acetyl-iron product, whereas photoreaction gave the
methyl-iron product. A comparison of binding constants for the
two compounds implicated the acyl oxygen as a significant partici-
pant in cation bindin9219. Reaction of FpMe with Ph,PNRAlR, pro-
ceeded as shown in eq. 30220, Further illustration of the Lewis

Me —
e o o
CpFe(COMe + Ph,PNAIR, — o QKP_N,AIR2 + Cfe,\P—rINl (30)
0 ‘ ~ 0o “R
Ph, R Ph,

base property of FpCOMe comes from the formation of stable
FpC(He)o—Mo(Co)3Cp+ salts (X-ray) from reaction of either FpMe or
FpCOMe with CpMo(CO);* 221,222

Below -20°, BF3-promoted carbonylation of CpFe(CO)DMe [D =
PPh,NMe~(S)-CHMePhl proceeds stereospecifically, with methyl mig-
ration to the CO group223. Stereochemistry of CO insertion in
optically active CpFe(CO) (PR3)Et derivatives has been found to
depend on solvent: in nitromethane only formal alkyl migration was
observed, but in HMP formal CO migration predominatedzz4. Reac-
tion of Me3zP with CpFe(NO)Me, resulted in methyl migration to the

coordinated nitrosyl group, giving CpFe(PMe3)(ONHe)Me225,



227

Cycloaddition of FpCH,CH=CH, with MeSO,N=S=NSO,Me gives the
novel 6-membered ring product 33, as verified by an X-ray struc-

IS OZMC

NSO Me
226

ture . Photochemical introduct1on of a phosphite ligand into
FpCH,C(OMe)=CH, enhances its reactivity in cycloadditions with
electron-deficient alkenes, as expected from the accepted zwit-
terion mechanism227, FpCp enters readily into (metal-assisted?)
Diels—Alder reactions, forming gyn-7-Fp-bicyclol2.2.11heptene pro-
ducts (X-ray); Ce(1IV) oxidation in methanol introduces an ester
group in place of the Fp group, making FpCp a useful synthetic
surrogate for 5-carbomethoxy-l,3-cyclopentadiene228. Reaction of
FpCp with phosphines and phosphites results in ready CO substitu-
tion involving a radical chain mechanism:229

FpCp+Q- —>QCp+Fp- ; Fp-+ D—>CpFeDCO- + CO 3

Fp D (31)
CpFeDCO- + FpCp —> F"CO — sz FeDCO + Fp-
cp
With PMej, the product w.as the ionic CpFe(CO)(PMe3)2+Cp'.
CpFe(CO)(PPh3)COC32COR undergoes a similar heterolysis to the
cation FpPPh3 and the carbanion RCOCH,™ 230,

Carbamoyl complexes CpFe(CO)(PMe,Ph)CONHMe result from reac-
tion of methylamine with FpPMe, Ph"'"":;‘i Iscelectronic carbanions
result from low-temperature deprotonation of the acyls
CpFe«x»(PR3)C0CH2R232'234. Examples of C-alkylation, acylation,
and aldol reactions of these carbanions have been reported. High
diastereoselectivity was reported in alkylation reaction 32234,

33 Fp

cp . ¢ 9
0 1.BulLi, -78° ,\Fe
oCPt A 2. Mel o¢ A _ﬁ—af (32)
CH Et Phy H Me

The cyclopentadienyl rings of FpR (R = Ph, CH,Ph, Fp) under-
went metallation with BuLi in THF at -78°, allowing preparation of
alkylated and silylated derivatives233, Fp~ displaced a fluoride
ion from octafluorocyclooctatetraene, giving FpC . X-ray
structures of FpCH,C(=Y)Fc [Y = 0237 ana C(CN), iﬁéﬁ have been
reported. :

Matrix photolysis of FpCOMe gave CpFe(CO)COMe, which still
showed a 7 -acetyl group, despite its coordinative unsatura-
tion23?, Reduction of Fpcot with NaBH4CN gave FpCH,0H, which
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decomposed to Fp, and formaldehyde when treated with phos-
phine524°. Likewise, NaBH, reduction of Fp'CO+Vin methylene chlo-
ride gave ET#CBZOH174. FpCHacl gave phosphonium salts FpCHZPR3+
on reaction with phosphines 41 The stereochemical outcome of
alkylation of chiral CpFe(D)(CO)CH,Cl with prochiral nucleophiles
has been examined242,

Fp'CO+ reacted with two moles of Me3P=CH, to form the ylide
Fp'C(O)CH=PMe3, which could be alkylated at the ylide carbon243,
Deprotonation of the phosphonium salt FpCH(SiHe3)PMe2:, however,

produced a ketenyl complex by rearrangement (eq. 33)2

PR 9 Fer

e‘-. - e.. e y; e Me

oc/ ) -C‘,/P Me, _, o/ !:,C/ 3 C ‘Q‘-SiMe: (33)
& Sime, O T Sime, ° G
o 3 0/ 3 \\o

The acetylide complexes such as CpFe(DPPE)C=CMe are readily
methylated to form vinylidene complexes CpFe(DPPE)C=CMe2+ 245,
Methylation of the vinyl complexes CpFe(CO)(PR3)C(OMe)=CH, gave a
mixture of carbene complexes CpFe(CO)(PR3)=C(0Me)R+ having R =
Me, CHyMe, and CHMe,, as a consequence of acid-base equilibria
between vinyl and carbene complexes during reaction?46, The vinyl
complexes resulted from methylation and then deprotonation of
acyls; Fp'C(OMe)=CH, were also obtained in this manner247,

Carbene complexes (derivatives of FpCH2+) have continued to
draw intense interest. FpCH2+ itself has been shown to react with
CO at -80° to give the ketene complex Fp(')lz-CHzco)+ 248, pew
routes to alkylidene complexes or their precursors have been
reported, including reaction of RLi with FpCHOMe+ 249. and boro-
hydride reduction of O-methylated acyl~iron compoundszso. The
resulting d-methoxyalkyls are converted to reactive alkylidene
complexes upon reaction with Me3SiOTf at -78°. These rearrange on
warming to the more stable alkene-Fp+ ions; the ethylidene com-
plex, however, gives FpC82CH+CHMer). Generation of the alkyli-
dene complexes in the presence of alkenes gives cyclopro-
pane525°'251. Use of chiral CpFe(CO)(PPhZR)CHMe+ complexes gave
high optical yields of chiral cyclopropaneszsz.

Reactions of the thiocarbene complex FpCHSMe*, 34, with nuc-
leophiles, especially phosphine3253 and amine3254, have been stu-
died. Reaction of 34 with water gives FpCO+ and FpCH,SMe, via an
intermediate formyl, FpCHO. 34 reacts with diazomethane to form
FpS(Me)CH=CH,* 253, FpC(=S)SFp and other FpC(=S)SML, react with
M'(CO)g(THF) (M' = Group VI metal) to form trimetallic species
such as FpCISM'(CO)g)SFp; an X-ray structure for the example with
M' = W wvas reported255. More conventional diheterocarbene com-
plexes were obtained by reaction of Fpcot or FpCS+ with aziri-
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dine256,
v - + 0 .
Fpco® =+ HNﬂ 2 FP=C< :l (34)
N
H

Reaction of FpI with 1,4-dilithio-1,4-diphenylbuta~1,3-diene gave
the cyclic carbene complex 35; reaction with trimethyloxonium
fluoborate gave 1,3-dipheny1-2—methoxyferrocene257. Protonation
of cyclooctatetraenyl-Fp at ~40° gave the partially homoaromatic
carbene complex 36, which rearranged to Fp(COT)+ at 0° 258,

?
c
SN I <> Lo
0® Q F Fp
0" ¢ P

8d. Cyclopentadienyliron derivatives of 22 to 2 ligands

The tetrahydroindenyldicarbonyliron group has been transfer-
red from its isobutylene complex to double bonds in dienes for use
as a protecting group259. Decomplexation of styrene—Fp+ occurs
upon treatment with tetrabutylammonium fluoride or hydroxide;
styrene and Fp, resultlgs.

Dicationic bis(alkene) complexes result when the bridged
dianion Me,SilCgHy4Fe(CO), 1, is treated consecutively with allylic
chlorides then acid. Alkene exchange from the bis(isobutylene)
complex to other alkenes proved unsuccessful2690, Complexes
[FpCHZCH=CH(C32)nCH=CH2]Fp+ (n = 4,3), which can be formed by
deprotonation of the doubly complexed dienes or protonation of the
bis-allyls, cyclize by attack of the nucleophilic Fp-allyl group
on the electrophilic coordinated alkene (reaction 35); the
stereochemical effects have been extensively investigatedzsl.

«(\/\/\«‘H'r\/\/\af

LN _—

+ (35)
Fp \\~_’/,FP

FP'l' FP+ F P+
Fp

The stereochemistry of attack by prochiral nucleophiles on chiral
CpFe(CO)(PPh3)(C32=C32)+ has also been studied?42,

Although attack of nucleophiles on (alkyhe)Fp+ and related
complexes generally gives the product with the nucleophile and the
Fp group trans, an apparent exception has been reported:

Me H

CR + | ReBH™ cP\F Me
c/ ‘ft 4 c/fe = (36)
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Labelling studies revealed that the initial hydride attack was on
the exo face of the cyclopentadienyl ring, after which the endo
hydrogen was transferred to the coocrdinated alkyne262. Attack by
organocuprates follows the more conventional pattern of trans-
attack; in the case of coordinated l-phenylpropyne, the nucleo-
phile attacks the 1-carbon263

Reaction of FpC(O)CH3 with MeLi then lithium tetramethyl-
piperidide results in inter-ligand bond formation, which gives the
qzallyl dianion, CpFe(CO)[CH,C(07)CMeO”], which can be acylated or
silylated to form neutral '713-a11y1s264. An X-ray structure of E’l3‘
CH,C(Fc)C(CN);1Fe(COICp has appeared238.

The pentakis(carbomethoxy)cyclopentadienyl anion coordinates
Fe(II) with the carbonyl oxygens, not the cyclopentadienyl rings
265, Reaction of CpFe[ﬂS-BQHQCHCCHOl with vinylic Grignard rea-
gents then acid gave allylic cations stabilized by the (cyclopen-
tadienyl) (4°~-(3)-1,2-dicarbollyl)iron group?%6, A triple-decker
sandwich compound, 37, was formed in minor amounts from reaction
of CpCo[ﬂs-cycloCZEtz(BMe)2CH]' with Fp1267. The isoelectronic 38
resulted from reaction of l-phenyl-4,5-dihydroborepin with Fp2268.
Photoelectron spectra of several CpFe(cyclohexadienyl) complexes
have been reported and interpretedzsg.

Me

Ph
E Et
37 CpFe —CoCp 38 CpFe —FeCp

EY .
9. COMPOUNDS WITH nG—TRIENE AND ARENE LIGANDS

A unique Fe(CO), complex of a conjugated triene has been
obtained, along with more conventional Feico)3 complexes, 20 and
21, by reaction of dehydro-f-ionone with iron carbonyls (eq. 24),
and also by reaction of 21 with HO,  in methanol. An X-ray crys-
tallographic study verified the structure, and supported its for-
mulation as a bis-(allyl)—Fe(Co)zlzg. Photolysis of Cp'Fe(C0)3+
in the presence of cyclooctatetraene gave (:p'Fe(nG-COT)+ 204, an
ngcyclooctatriene complex, 39, (CgH;g)Fe(Et,C;B4H,) has been
obtained from treatment of FeCl, with CBHB'Z and Et2C234H5' in
TaF270,

Theoretical studies of CpFeAn and their reduced, neutral
forms have been reported271'272. The latter are well regarded as
19-electron species, since the added electron occupies an orbital
83% metallic in character2’2, Haptotropic rearrangements of the
CpFe group in polycyclic arene complexes have received elegant
theoretical treatment273,

The arene group was readily displaced from CpFeAn+ by three
trimethylphosphite ligands, with reductive electron transfer cata-

+1



231

1ysiSZ74. Added salts hinder the reaction of CpFeCgMeg with
oxygen to give CpFe(n?-CGHe5CH2)275. Photolysis of CpFe(p-xy-
lene)? in acetonitrile produces CpFe(NCHe)3+, which decomposes to
ferrocene and.Fe+2 at room temperature, and from which the aceto-
nitrile ligands can be readily displaced by phosphines at -40°
276, Quantum yields for xylene displacement are highly solvent
and counterion dependent277. CpFeAnt groups have been attached to
polymers for possible use as redox catalyst5278.

Reaction of Fp'Br and AlCl,y with anthracene gave principally
the Cp'Fe+ complex of 1,2,3,4~tetrahydroanthracene, whereas FpCl
gave the 9,10-dihydroanthracene complex279. The latter could be
oxidized to CpFe(anthraquinone)+ using KMnO,, as could other
methylene groups alpha to arene rings in CpFeAn+ 280, Nucleophi-
lic ring opening (eq. 37) occurred readily with phenolate, but not
thiophenolate or anilide, leaving groupszal. The CpFe+—complexed

TR ——— <>

, Y Q , (37)

CpFe \ CpFe %0**

+ H
heterocycles were obtained by 1ligand exchange between ferrocene
and the heterocycles; with excess ferrocene some dicoordinated
products were also obtained?82,

A CpFe complex of l1-phenyl-2-methylborabenzene was formed
along with 38268, an Fe(CO) 3 complex results from reaction of
l,4-diferrocenyl-1,4-diboracyclohexa-2,5-diene with iron carbonyl;
an upfield shift of the boron resonance relative to the free
ligand implied qf-coordination as a diborabenzene 1igandza3. MO
calculations on the conformation and reactivity of bis(boraben-
zene)iron have been carried out284,

The cyclooctatriene complex 39 reacted with arenes over AlCly
to give (qs—arene)Fe(Et2C234H4)285, an example of which could also
be obtained by reaction of iron atoms with toluene and 2,3~
Et2CZB4H6286. Reaction of phosphorus nucleophiles with arene

ligands in AnzFe+2 has been studied?8?, Bis(paracyclophane)Fe2+
complexes have been preparedzss.

10. BIMETALLIC COMPOUNDS
4. Derivatives of nonacarbonyldiiron

Formation of (bpy)Fe,(CO); from bpy and Fe,(CO)g does not
occur by direct substitution, but rather through the intermediate
(bpy)Fe(CO)3, analogous to 8289. The compound GelFe(CO) 41,4 (2Fe-~
Fe) results on reaction of iron carbonyls with vinylgermanes290 or
with Ge[=Hn(CO)2(CSH4Me)12291. Both papers have reported X-ray
structures.
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The most numerous group of organodiiron compounds related to
nonacarbonyldiiron is those in which the three bridging carbonyl
groups are replaced by bridging ligands (most commonly two) which
contribute a total of six electrons to the Fe,(CO)g cluster. If
the two bridging atoms Y and Z are mutually bonded, a tetrahedral
YZFe, cluster results; if not, a "butterfly" structure is formed.

A well-known simple example is the cluster compound
S,Fe,(CO)g, 40, which has been the subject of Hartree-Fock-Slater

calculations?92, Multiphoton dissociation/ionization of 40 gave

rise to species such as ret, rest, and Fe280_2+ 293, 1nsertion of
styrene into the S-S bond of 40 to give 41 (R = Ph) has been
reported294. Reaction of trimethylvinylsilane with Sg and
Fe3(CO);, gave 40, 41 (R = Me3Si) (X-ray structure reported) and a
number of cyclic sulfur compoundszgs. 40 reacted with alkynyl-
lithium reagents with opening of the S-S bond; the resulting
anionic species could be trapped with various electrophiles (RX,
MeCOCl, MeHgCl) to yield 42 (Y = PhC=CS; Z = MeS, MeC(0Q)S,

R
40 4) 42 y

7\ v N\
71 [N

HeHgS)296. X-ray structures of 42 (Y = Z = MeHgS) and the closely
related ( pu -MeHgS),Fe,;(NO), have been determined 297,  Reaction
of trithial3)lferrocenophane with Fe3(C0);, gave 42 (YZ =
SCsH,FeCsH,8) 298,  Ph,PCl reacted with Fe3(CO)g(u3-SR)™ to give 42
(Y = RS, Z = PhyP) along with trinuclear productszgg. An analo-
gous heterobridged product resulted from reaction of ortho-
CgH4 (SH) (PHPh) with Fe5(CO)g; two-electron reduction opened the
Fe-S bond rather than the Fe-Fe bond. Similar results were ob-
tained for the dithia and diphospha analogs3°°.

Reaction of PhPCl, with Fe,(CO)g gave, in addition to the
Fe(CO), complex, two diiron hexacarbonyls 42 (Y = PhPCl1l; Z = Cl,
PhPCl) whose crystal structures were determined®l. Similarly,
CpMn(CO) ,PBr3 gave 42 [Y = 2 = P=Mn(C0)2Cp]3°1. Symmetrical com-
plexes 42 having phosphido and arsenido bridges have been obtained
by reaction of iron carbonyls with appropriate diphosphines and
diarsines. Thus, 3,3',4,4'-tetramethyl~1,1'-biphospholyl gave 43,
in addition to derivatives in which one or both rings were coordi-

nated as dienes to Fe(CO)5 groups3°2. And tetraphenyldiarsetene
formed 44 upon reaction with Fe3(CO)123°3. ) ¢
\\/

Fe
e =2
\Fle’P >fEFec
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The symmetric (C,,) isomer of 42 (Y = Z = MePH) has been
isolated, and its nmr spectra extensively analyzed3°4. Reduction
of the analog having diphenylphosphido groups, 42 (Y = 2 = Ph,yP),
with Et3BH' gave a species with one Fe-P bond ruptured, but fur-
ther reduction gave the known (u-PhZP)zFeztco)s'z with no formal
Fe-Fe bond. Alkylation of the first species gave a product with a
p-acylbridge3%5, A p-p bond was introduced into 42 (Y = z =
Me3CPH) by proton removal using MeLi, then oxidation with 1,2-
dibromoethane. A crystal structure of the resulting diferradi-
phosphatetrahedrane was reported3°6.

Fe,(CO)g complexes with carbon in the bridge are of especial
interest. Thioketene complex 45 (X-ray structure reported) added

45 @ 1\

triphenylphosphine to an iron atom, with rupture of the Fe-C bond;
photolysis restored the bond with loss of c03%7, rThe reactions of
the ﬂ-ﬂ;z-acetylides 42 (Y = C=CR, Z = PPhy) with amines result
in three types of products (eq. 38), depending on R and the

®
A, s,
~ V4 ~ -
—Fe - —> —Fe - D Fe——FeZ N s (38)
PRI T RS ¢ S ¢ SRt
Ph, /N 4 7\ A
amine308, The product 46 added a silver ion across the Fe-Fe bond

(X~ray structure) 309,

Displacement of CO from the pu-thioacyl complexes 47 by
trimethylphosphite has been studied. Under thermal or electro-
chemical activation, displacement occurs most readily at the car-
bon-bearing iron atom31°'311, as supported by a crystal struc-
ture312.

Two related instances of carbon-iron bond formation resulting
from ylide generation in a bridge have been reported. Deprotona-
tion of 42 (Y, 2 = SCH,S) with LiNR; followed by alkylation with
bromoacetone led to the product 48 (R = CH,COCH3, in which an
alkyl dithioformate functions as a 6-electron ligand. An isomer
49 was obtained by reaction of MeCOC=CH with 42 (Y = Z = SH), and
X-ray structures were reported for both 48 and 49313, gipmilar

RO
>Fe7—-—§F¢f- s s §(<s\‘o(

/ '\s/ .
47 Me 8 7 N 49 /p
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chemistry resulted from deprotonation of a m~DPPM complex (eq.
39)314. Deprotonation of 48 (R = Me) followed by methylation
produces a product analogous to 45, but with a dimethylsulfonium
cation rather than a carbenium ion adjacent to the tetrahedral
CSFey cluster315 (X-ray structure).

Ph ;2\ Ph H+ thP PPhZ

zf PPhy _H_ _..u\'} (39)
=Fe ez e —fe

7 \_.-/o v ‘6

A curious structure was obtained by reaction of
(0C) 5Cr=C(COPh)NHR with Fez(CO)9316. An X-ray structure was repo-
rted, and the result was represented as 50a. Two of the Fe-C
bonds shown in 50a were, however, extraordinarily long (2.46 and
2.48 A); accordingly 50b (which lacks these bonds and the conse-

50 Fh Ph

a % 50b

P\ . X NHR
_.FQ—.—— e— \\
rd ~

NHR
quent pentavalent carbon) may be a more satisfactory interpreta-
tion of the structure. In 50b the ligand is shown as a ketocar-
bene. Reaction of 1,2,3-thiadiazoles with Fez(Co)g gave, along
with similar thioketocarbene-Fe,(CO)g complexes, a new type of
thioketoimine complex, 51, for which an X-ray structure was repor-
tea3l?,

The mass spectra of several types of product from reactions
of iron carbonyls with imines and azines have been reported318.
The products included 42 (Y = Z = N=C(R)Ar) and 52 (R = Ph), from
reaction of PhCH=NPh with Fe3(CO)12319. 52 (R = Me,CH) was also
obtained by reaction of Fe,(COlg with (OC)5W=C(Ph)NHCHHe2316.

; O
5 52 -
S NH RNy
—ped! _
.:‘E;::ﬁé}. ,,ﬁ F?;

Mass spectroscopic investigations of the well-known ferrole
complexes, in which a 1,3-butadiene-1,4-diyl ligand bridges the
s

Ph

Fe,;(CO)g unit, have been reportedlz3'32°. A ferrole complex 53
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and a related product 54 were obtained upon reaction of
PhP(ngGH4CEECPh)2 with iron carbonylslzz. Butatriene complexes,
(RpC=C=CRy)Fe,(CO);, were obtained as byproducts from reaction of
(RC=CR)C0,(CO) ¢ with Fe(CO)532l. Reaction of 2-alkoxyfurans with
Fe,(CO)g gave ferracyclic products 55128,

Proton removal from (cycloheptatriene)Fe,(CO)g gives a reac-
tive anion, CH,Fe5(CO)¢™, which forms fluxional 56 (X-ray struc-
ture) by facile decarbonylation (eq. 40)322, Fe,(CO) 5 complex

-H" -CO _
' X

(] 6 \eFi |§ Pl
,ﬁe—ﬁe: '—,FIQ-—F;Q\— 5 _ el

bearing three }4-PF2N(Me)PF2 ligands has been prepared by reaction

of the aminobisphosphine ligand with Fe3(CO);, under photolytic
a

conditions®2a, OR R
< {0< /152
Wity C
55 /N 57 CpFe—FeCp
Ji~
! 0
10b. Derivati of Di .
Reaction of Fp, with a tetrachlorotetrathiolene (eq. 41)

resulted in desulfurization and formation of an Fe-aryl bond323,

~ R |
—_ 3 @ 5:. Fle =S S (41)
S
s—s 4 S cp Cly

Compound 57 (Ry = Ry = H) from Fp~ and FpCH,Cl) yielded a
small amount of propene on reaction with ethene at 350 psi and
150°, Fp(CHy) ;Fp gave an 80% yield of cyclopropane upon decompo-
sition at 120°. A diferracyclopentane intermediate has been infe-

rred in these reactions324.

m -Co ﬁ A + (42)
\ LT CpEe=feCp >
P TP o § ‘o

Reaction of Fp, with MeLi then trifluoroacetic acid at low
temperature afforded the pu-vinylidene products (57, Ry /Ry = =CH,,
which were reversibly protonated with HBF; to form the p-ethyli-
dyne cation314, Crystal structures of the p-vinyl and ~ethylidene
(57, Ry = H, Ry = Me) have been reported325. The rates of
rearrangement of the ( p-alkylidyne)Fe,(CO)3Cp, cations to pu-
alkenyl cations were highly dependent on the alkyl substi-
tuents326, The p—methylidyne cation further revealed carbenium
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ion character in electrophilic attacks on alkenes (eq. 42)327,
pAlkenyl cations predominantly added H™ to the A-carbon on reduc-
tion by NaBH,, giving p-alkylidene complexes328.

Reaction of CpFe(l,5-cyclooctadiene) with 2-butyne gave the
electron-deficient, fluxional CpyFe;(CgMeg), whose X-ray structure
has been published329.

10c. Heterobimetallic compounds

Reaction of toluene~solvated iron atoms with Mn(CO)s' gave
FeMn(CO) g~ 7, Me,NP(H)Fe(CO)4 was attacked by Mn(CO)g~ to produce
58; similar reactions with other transition metals were also
reported33°.

Reaction of 25 with Ru3(CO}j, (or of the analogous ruthenium
complex with Fe5(CO);,) gave a ruthenole-Fe(CO)3 complex (X-ray).

Hydrogen was transferred to other unsaturated moleculesl®4:

)/I:]—\<+/_<JF'3(C°)12—') S /=<—(43)

Ué:?b«:c»s
(c O)3 (co) 3

Similarly, reaction of the cobaltoles R C,Co(PPh3)Cp with Fe,(CO)g
gave the CpCo-coordinated ferrole products331.

An X-ray structure of FeIr(u-PPhy)(CO)g(PPhy),, from reac-
tion of thPFe(CO)g' and trans-IrCl(CO)(PPh3),, showed a long
(2.96 A) Fe-Ir bond>32. Reaction of (MeC&=CCH,0H)Co,(CO)¢ with
Fe(CO)g gave 59321, The neutral heterometallic compound
Fe(CO) 4 (p-vinyl)Co(CO) 3 was obtained from reaction of Fe,(CO);(u

-vinyl)~ with dicobaltoctacarbonyl. Heating gave several trinuc-

lear clusters333,
59
58 Me\P,N Me, HacC C’Me
oy 7
7N\ 2y ol
(0C)qFe—Mn(COy (0C) sFe=——'Co (CO)3

11. TRINUCLEAR CLUSTER COMPOUNDS
a. Ixiiron clusters

The dihydrides Cp,MH, (M = Mo or W) reduced Fe,;(CO)g to form
Cp2HH+ HFe3(CO)11' 334, 7rhe interactions of the anion, triangulo-
( s -carbonyl)decacarbonyl( u -hydrido) ferrate(l-), with cations and
solvents have been studied by IR and by crystallographic study of
the diisopropylammonium salt335,

Acylation of a bridging carbonyl of Fe;(CO);; , followed by
reductive cleavage of the acylate anion left [Fe3(CO)9CCO]'2,
whose X-ray structure showed the ketenylidene unsymmetrically
bound to the Fej cluster. The structure may be described as a



237

carbide-carbonyl having a semibridging carbonyl joining the car-
bide carbon to one Fe. Reaction with electrophiles displaced the
carbonyl to a Fe-Fe bridging position, forming [Fe3(CO)10(,u3-CE)T
(E = H, Me’336, The facile migration of the CO to and from the
carbide provides an exceptionally apt model for Fischer-Tropsch
chemistry.

Likewise, the [Fe3(C02Pgn3-o)]'2 dianion, which has been
prepared and characterized33 ¢+ provides a model for a metal sur-
face-adsorbed oxygen. The isoelectronic,43—NPh species has been
implicated as an intermediate in reduction of nitrobenzene to
aniline by polymer-bound HFe3(CO)11' 338, Reaction of Fe3(C0O); 5
with NaSR resulted in formation of the trinuclear Fe3(c0)9(SRYZ
in which the sulfur functions as a five-electron ligand. The
alkyl group R was readily displaced on heating in polar solvents,
forming Fe3(CO)9S-2 339,

Reaction of diphosphines R,PCH,PHR with Fey(COlg under vigo-
rous conditions gave Feg clusters in which the diphosphine ligand
had undergone cleavage (eq. 44)340, HFe3(Co)11 reacts with eth-

R
PN , )
R,P R 160° R,PMe B
_— L, —> \,/ \ (44)
Q t;— —Fe—— 7z
/ c ' P4 \ 42 -
X KeN0

ene at room temperature to form a m-acyl species 60 (R = Et),
which gives ethane and propanal under 15 atm. hydrogen341. Pro-
tonation of 60 (R = Me) gives a neutral product with a u-hydrido
ligand bridging Fe(l) and Fe(2). Methylation forms 61 or 62
under slightly different conditions342, Two-electron reduction of
62 occurred with loss of methanol to give the acetylide complex
63343, rThe related species (p3—q?—RCCR)Fe3(CO)9 have been exa-

mined by CNDO calculations in connection with photoelectron spec-
344
ra .

ol
R 60 3 /' Ha 62 \ lc\C\H3 63 A
P~k /°\F’r"‘ 7 S Fe< /?'\ CHy
ABGE TR, TS 224
OCH3
Fe3(CO)11(ax-NCR) lost CO on heating at 100°, with the isoni~-

trile ligand assuming the role of .a six—electron ligand (eq. 45);
reduction with R3BH' occurred at the carbon345. The methoxymeth-

R 0 C— @N’R Hee _NR

NS -2 CO \ NN
‘gfﬂ\)\‘\/———} GF/;Q/X,}F‘\ —)e/l /F‘

(45)
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ylidyne cluster HFe3(pm -COMe)(CO); 4 (from methylation of
HFe3(C0)11 ) underwent reversible hydrogen addition to form the
symmetrical product H3jFe3( M 3~COMe) (CO)g 346,

The vinylidene complex 57 (Rl, Ry = =CH2) formed the cluster
(CpFe)3(M =CO) 3{s 3~CMe) on refluxing in dibutyl ether, or upon
reaction with Fez(CO)g, then with cyclopentadiene in refluxing
toluene 347,

Syntheses and properties of the nido clusters 64 has received
considerable attention during 1983. 64 (Y = 2 = S) and their
dihydro derivatives have been studied by photoelectron spectrosco-
PYr, as illuminated by theory348. Reduction of an analog of 64
having a dithiocarbene ligand in place of a terminal carbonyl has
been studied349., The ditellurium cluster 64 (Y = 2 = Te) has been
prepared and used as a precursor to an extensive group of iron-
tellurium clusters330, Reaction with CpRh(CO), gave 42 [Y,2 =
TeRh(Cp) (CO)Tel , which gave two isomeric hexacarbonyls on decar-
bonylation with Me3N0331l, The mixed clusters 64 (Y = S, Z = PR)
were prepared by reaction of RP(=85)Cl, with Na,Fe(CO)4, and X-ray
strctures for aryl derivatives were reported3 1353, " The sulfur
atom in these complexes maintained sufficient Lewis basicity to
form adducts with M(CO)g groups, where M = Cr, w354, Photolysis
of 64 (Y = Z = PhP) in acetonitrile gave products with one or two
acetonitrile ligands replacing CO's. An X-ray structure showed

two basal CO's from the same iron atom to have been replaced355.
64 (Cé)i:5 65 €Oy
(! Fe&Y
(c)yFe \/,Fe(cm:5 ©CL} e\z e(CO),

Reaction of the ¢loso anion Fe3(CO)g(M 3-SR}~ with ZCl (2
Ran, RS, RSe) gave the reduced clusters 65 (Z as above, Y
SR)299, Reaction of 52 (R = PhCH=N~) with Fe3(CO);, gave the open
cluster 66356, The novel linear triiron "cluster" 67 (X-ray
structure) resulted from reaction of benzothiadiazole with
d1lb. FeoM Clusters

A linear trimetallic cluster, 68, similar to 67 resulted from
reaction of Mo(SCMeg), with Fez(CO)

* ¥ NJ
¥ R Srds \gf;wﬁ,(“
-re [

S/nJ N=N

Reaction of PhCE==CM(CO),Cp (H Cr, Mo, W) with Fe;(CO)g gave
MFe, clusters with a 5~electron bridging alkynyl ligand, 69359

(B
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The same type of product resulted from the less obvious reaction
of RC=W(CO),Cp with HPe3(CO)y;~ 360, X-ray structures were re-
ported in both cases. Reaction of the alkylidyne-tungsten com-
pound with Fe,(CO)g proceeded as in eq. 46361,

R |
. \ ‘E Wi,
RC=wWCp —> l/\l + SFE! + ZFel 0 (46)
7P le\% ICP sqcP

Reactions of the cluster 70 with various 2-electron ligands
occurred with reversible opening of a Fe-Mn bond362, Reaction of
the vinylideneé complex 57 (Ry, Ry = C=CH,) with Mn;(M -H)a (CO) 5
gave (CpFe) Mn(CO)3{(M 3—CMe) (ja —CO)3347. A FeyCo cluster, 71,

s R

69 cn Ph 7o\F/P\/ 7 \Fe?’fil:/-
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resulted from reaction of Fe5(CO)g(PHR), with Coz(co)8363. The
mixed cluster FeyRh(CO);;~ was the initial product from reaction
of ha(CO)dflz with HFe(CO),~, but reacted further to form higher
clusters3%4., The Pt-bound CO in Fey(CO)g[m -Pt(PPh3)CO] was rea-
dily replaced by phosphites and other 2-electron ligands365.

dlc. FeM; clusters

Mueller and Vahrenkamp have published four papers during 1983
dealing with synthesis of trimetallic clusters bearing}A3—PR phos-
phinidene caps33°'366"368. The tetrahedral clusters reported
included examples with Co(CO) 3, Ru(CO)3, Mn(CO),, Cr{CO),Cp, and
other apical metal groups, in addition to the Fe(CO)3 and PR
groups. Metals could be exchanged into existing clusters; for
example, a Co{(CO)3 group in FeCoz(CO)g()erR) could be replaced by
a CpNi group upon reaction with (CpNiCO), 68,

Photoreaction of multiply-bonded [CpCr(OR);1, with Fe(CO)g
gave the Cr,Fe cluster 72369. An X-ray structure of FeRuz(}A -OH)~
2(CO) g (PPh3)5 has been published37°.

Exchange of a CpFeCO group for a Co(CO)3 group in (alkyli-
C

CF
&
R "l><°R
g r"OR
Cp
dene)Co3(CO)9 clusters has been achieved using HgFp,, with elec-

tron-transfer catalysis371. The analogous imido cluster,
FeCo,( j3-NH) (CO) g, (X-ray) resulted from reaction of FeCo3(CO);,”
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with Not 372, a (0C) 3Fe(CoCp) 4 cluster.capped with two PhC 1li-
gands has been characterized by X-ray crystallography373. A PtyFe
cluster compound resulted from reaction of [(DPPM)PtCll, with
Na,Fe(CO),, as did an analogous PdPtFe compound374.

12. TETRA- AND POLYNUCLEAR CLUSTER COMPOUNDS

The reactions of hydrogen with a variety of previously char-
acterized cluster compounds containing alkyne and vinylidene 1li-
gands, and including Ru, Os and Ni in the cluster in addition to
Fe, have been studied. Results included hydrogenation of the
ligand and disruption of the cluster375,

Many new tetranuclear tetrahedral clusters have been prepared
by a general process summarized in eq. 47. The parent trinuclear
clusters included examples with FeCo,S, FeCo,PR, FeloMos§S,
and FeCoWS cores. M' was either CpMo(CO}) or CpW(CO) . X-ray
crystallography was used to characterize the CoFeMoWS and CoyFeMos
cluster products, and ligand fluxionality was examined37’6,

E
<3 E
- / , ,_z’MAsMe _\AI;\ Z -—):Mél—\-Mi
_;M<-— N P \M \ASM M'__ 7 %M/| (47)
M cO /1N ¢2 ~ ’h‘éASMCZ

Two isomeric Fey(CpMo),S8,(CO)g clusters resulted from reac-
tion of 40 with CpyMo,(CO),(Mo=2Mo). Each is composed of two
FeMo,;S tetrahedra sharing the Mo-Mo edge; they differ in the
stereochemical orientation of the two tetrahedra3’’. A discussion
in the context of electron-counting emphasized that the bitetrahe-
dral structures are electron-precise, in contrast to a hypotheti-
cal octahedral isomer, which would be electron-deficient378, Aan
analogous compound [(MeCgHg)MoS,Fe(CO)3l,, having two additional
M3-S ligands in place of two g -CO ligands, was obtained by reac-
tion of [(MeCgHg)Mo(p ~S) (M ~SH)1, with Fe(CO)s and MesN0379.

A Fenske-Hall calculation of HFe4(C0)12(q -CH) has provided a
rationale for the tilted orientation of the CH moiety38°. The
isoelectronic HFe4(CO);,BH, has been prepared and characterized
crystallographically. Two strong Fe-B-B three-center interactions
involving the "wingtip"” irons of the Fe, butterfly were indi-
cated38l, octahedral clusters having two ArP groups capping square
planar Fey(CO);, or Fe2C°2(C°)5% arrays were obtained by treating
Fe, (CO)g (PHR); with Fe3(C0) g 3. (CpFec0), formed a stable ad-
duct with an alumina surface39%2, Mossbauer spectra of many poly-
nuclear iron clusters, including FeRug, Fe4382, FegC, FegN, and
FegC clusters, have been reported 383,384, Rates and equilibria
in deprotonation of H4FeRu3(CO)12 and H2FeRu3(C0)l3, including
¥%,'8, have been reported385. Reaction of RuCo,(CO)yy with the
capping reagent FpC=CPh gave the product 73386, Fluxionality of
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the carbonyl ligands in HFeCo3(C0) 2+ 74, and its conjugate base
has been examined with use of 13CO-enriched material387, 74
reacts with alkynes in hexane to give FeCo3 (CO) g (RCCR) (RCCHR),
whose structure has been determined. In acetone or other polar
solvents, FeCo;(C0) g(RCCR) was the predominant product388. The
M -vinyl complex 57 (Ry,R, = =CH,) affords compound 75 on reaction
with Coz(CO)8347. Several new Fe-Rh anionic carbonyl clusters

c
Ph P
// 75
73 S~ CpFe==)sCo— CoZ
—-/R =/2Co o P)%o/y \
1N ) IA}

have been prepared, and their fluxional properties examined364,
The product FeyRhy (M -PPhy}(CO)g (from reaction of Fe(CO) 4PPhyH
with Rh,(C3Hg) 4C1,) showed an unusual linear Fe-Rh-Rh-Fe struc-
ture389.

Cluster expansion and contraction reactions of
(CpNi) ;Fe;(CO) g (CoPhy) have been studied390, The Fej cluster
anion shown in eq. 45 underwent auration with Ph3PAuUCl to give 76,
in contrast to the protonation result39l, The structures of
[Ee(CO) 4Au, (DPPMI); and [Fe(CO) 4Au, (DPPEY, differed significantly, the
former showing a Au, rhomboid with two 4 -Fe(CO)4 bridges, and the
latter isolated AujFe triangles392. SFe3(CO)9'2 underwent auration
to give 77392,

PPh
1
76 H _ﬁ’R 77 < A'-.U// 3
N //'\ N\ P - Fe”
-~ Fe - Fe- T\/ / \
A 5 m,
N \PPha

POST-SCRIPT Insofar as the list of references to this 1983
survey represents publication habits in the field of organoiron
chemistry as it is currently practiced, it may be of interest to
note that, of about 400 references, J. Organometal. Chem. (95
citations), Organometallics (70), and Inorg. Chem. (50) together
account for more than half of the published work. WNext in order
come J. Am. Chem. Soc. (44), J. Chem. Soc., Dalton Trans. (28), J.
Chem. Soc., Chem. Comm. (17), and Angew. Chem. (14), followed by
many others.
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