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Electrochemical reduction of Fe(CO)5 has been studied [1]. No matter what

the electrode material, [ Fez(C0)8]2' is the reduction product in the absence of
water. When water is present, a two-electron reduction to [HFe(CO)4]' occurs.

Both Fe(CO)5 and Fe3(CO)12 were found to be weakly adsorbed on silica. 1In
contrast, on alumina, magnesia and Zn0, [HFe3(C0)11]' is formed {2]. Irradiation
of silica-supported Fe(CO)5 produced only Fe3(C0)12 and not FeZ(CO)9 [31.

Auger line shape studies on Fe(CO)g, inter alia, were reported (4]. A
comparison of the He(I) photoelectron spectra of Fe(C0)5 and Fe(C0)4(CS) was made
and discussed in the light of M.0. calculations [5]. A calculation of the
ionization potentials of Fe(CO)5 was also reported [6].

The ESR spectrum of [Fe(CO)S]' in a single crystal of Cr(CO)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 [8]. (tppIn)zFe(CO)4 (tpp = tetra-
phenylporphinato) was prepared from the reaction between tppInC1 and( Fe(C0)4]2'
[9].

THF
Ga
////,Me\\\\‘~ Fe(CO0)
(CO)4Fe——/Fe(CO)4 3
Me
Ga
THF
2a R' = H, R = c-Cghy;
| 2 _
1 b R' = H, R% = t-Bu
¢ R! = Me, RZ = p-FCcH,
d R = Me, RZ = ph
e R1 = Me, R2 = E-MeOCSH4

Complexes with Group IV Ligands

Substitution reactions occur on treating HFe(C0)4(SiPh3) with PPhy or
diphos affording HFe(CO)3(PPh3)(SiPh3) or HFe(CO)z(diphos)(SiPh3), respec-
tively. In contrast, PEt3 deprotonates the hydride giving (PEtaH)[Fe(C0)4-
(siphy)] [10].

Complexes with Group V Ligands
Mossbauer parameters of some forty-six LFe(CO)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 [11].

A study of CO displacement in 2 showed that thermal reaction of 2a, 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 1igand is replaced by L.
Photochemical substitution proceeds via a dissociative mechanism affording (R%-
CzNzRg)Fe(CO)ZL except for 2a where diazabutadiene and CO substitution occur
at comparable rates [12].

The preparation of 3 was reported [13].

re qe
R—<: :>-C:::'N N:::C-<: :}-R
)
Fe ge
(co); (co)g

R=H; b R = Me;
R = OMe

o
o

e}
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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 Ph3P0) 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)(C0)2 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
[15]. CO affinities of Fe(Il) octaethylporphyrin, octaethylchlorin and octa-
ethylisobacteriochlorin were measured [16]. An Fe(Il) 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].

€O 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 Tow-
spin five-coordinate complex, displays a linear Fe-C-S group with Fe displaced
0.23 A® from the porphyrin plane [19].

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 carbony!
heme complexes showed that the lowest-lying triplet state is too high in energy
to be populated thermally [21]. INDO-SCF-CI calculations on carbonyl hemo-
proteins were employed to identify the photoactive excited state for CO dissoci-
ation as resulting from d -+ d,o 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 Tow catalytic activity
for the water gas shift reaction [24].

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

1 /\ . 1
pcuzcng; R5PCH,CH, S iCH,CH,PR;
Ré |§2

5
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Treatment of Fe(CO)5 with R3PS (R3 = Ph3; Bu3; th, OEt; th, SEt; Ph, -CHZCHZ-
CH,0-; Ph,, CHZC(OH)Ph; Ph,, CHZC(O)Ph) at 130-150° affords the phosphine com-
plexes (R3P)Fe(C0)4. These can be oxidized with CuCl, in MeOH to yield (R3P)2-
Fe(CO)ZCI2 from which the free phosphines can be isolated on heating or treatment
with N-methylimidazole [26].

(PPh3)Fe(C0)4 reacts with (NEt4)(0H) in very concentrated MeOH solution to
afford (Et4N)[HFe(C0)3(PPh3)] in 80-90% yield. This is converted to the more
soluble k¥ salt on reaction with K[BH(éggrBu)3]. Refluxing in THF with the
borohydride produces Kz[Fe(C0)3(PPh3)]. The (PMe,Ph)Fe(C0), complex behaves
similarly. These dianians deprotonate CH3CN, react with Ph3SnC1 and undergo
facile ligand exchange with ligands which are better x -acceptors than PPhy [27].

Fe(PPh3)3(C0)2 was found to undergo substitution with P(OMe)3, Py, Me,SO,
MeNC as well as oxidative addition with H, and Br,. Ph202 reacts to give two
isomers and CS2 forms a w-complex [28].

A radical species 6 can be prepared as shown in Scheme 1 and isolated as a
solid [29,30].

SCHEME 1
{[(Me3S1),CHI,P 1" + Fey(C0)g —_—

n-hexane
{[(Me3Si)ZCH]2P Fe(CO)4}‘
6

Scheme 2 displays chemistry of the radical cation 7 [311].

SCHEME 2
N PPhy 9 ¥ PPhy ¢
0 oc C oc co
~ -C0 N T ~~—~
Fe— uo‘<|___2____ F <4——
oc—"| 0" | ~~N—" oo | N0
PPh PPh, 0 PPh
3 3 9 3 8
+
Fe(C0)3(PPh3)2
3,4,5,6-tetrachloro-p-
7 benzophenone
SZCPPh3 SZCNMez
i‘Ph3 +2 PPhy + cis- + trans-
ocC S 0oC | S +
e cpph TSFe che,  Fe(C0)p(PPhg)o(05C6CT4)
oc—" | ~s5— 3 ol S~g— 2
PPh, PPhy 13
1 1
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The triple ylid complex 14 was prepared from the reaction of FeCl2 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].

[ o~ ]

Fe

14

The reaction between Fe(CO)5 and several Group V ligands L = PPh3, AsPh3,
SbPh3, PMePhZ, PMeZPh, AsMezPh, P(C6H11)3, P(Q-Bu)3, P(i—Bu)3, P(OMe)3§ P(OEt)3
and P(OPh)3 in refluxing toluene was found to be catalyzed by [(n -Mescs)-
Fe(C0)2]2 affording LFe(CO)4 [33].

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

When FeCl2 is allowed to react with MeC(CHZPEtZ)3 in the presence of
Na(BPh4), the tetraphenylborate salt of 15 is isolated. Its X-ray structure was
determined [34]. Et,PCS, and Fe(BF,),-6H,0 in the presence of Na(BPh,) react
with EtZPCHZCHzPEtZ (depe) or Ph,PCH,CH,PPh, (diphos) affording [(depe)zFe(SZ-
CPEt3)](BPh4)2 and [(diphos)Fe(SZCPEt3)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)zFe(SZCH)]+, 16, as the tetraphenyl-
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borate salt. 16 contains a dithioformato Vigand [35]. 17, [(diphos)Fe SZC(H) -
diphos]+, 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(SZCH) in the presence of NaBPh4. Its X-ray structure was reported
[36].

Complexes with Group VI Ligands

Fe(CO)Z(PPh3)3 is known to react with CS2 producing 18“_3. The reaction of
the carbonyl phosphine with COS gives products which can be rationalized as
proceeding via an analogous intermediate 19 as shown in Scheme 3 [37]. When the
reaction is run in C0S(1), 19 can be isolated.

SCHEME 3
Lr s
oc ¢
\ /
Fe(C0),(PPhy), + CS, — P Fe |
L
cos 18a L1 = L% = pph,
b L' =12 = ppn,(c=crh)
¢ ! =12 = pph,(c=Ct-Bu)
PP, /0 - 2 2
PPhy 7 d L' =12 = PHe,ph
/Fe\ | 19 e Lo=1L%= P(OMe)3
o | S § L = pph,, LZ = PMe,Ph
PPy £ L =P 2
g L* =Lc = PMe3

Fe(C0)4(PPhy), + SPPh,

The uncoordinated S in _LB is a _good nucleophile. Coordinated CS2 also
displays 1,3-dipolar character in its reaction with electrophilic alkynes as
Scheme 4 shows [38 1]

Ethanol reacts similarly. The X-ray structure of 21b was reported [38 1
Reactions involving regioselective addition of the non-coordinated S of }ia,
d to a,p-unsaturated aldehydes, ketones and esters in the presence of HPF6
or HBF4 were investigated as Scheme 5 depicts. When bulky 18a is used, addition
to 25 producing 26 is highly stereospecific [39].
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SCHEME 4
Ph,PCECt-Bu Ph,PCCt-Bug o
' S Me
oc c? + Me0,,CC3CCO,Me e |/ 2
\Fe/J 2 2 >Fe-—-—C I
oc—" ; ™~ oc" | \g
Ph,PCECt-By Ph,PC=Ct-By COMe
18¢ teo 2
0
H C 1-Bu
Ph,P S
2" 1974
L} \
& PC=Ct-Bu
Med vl Pho
L] 2
S
2la
0
H C ~-Bu

MeOH
18, f, g + PhPC=Ct-Bu __"= gy PhoP s
\\\“Fe’//,

2lb Ly = P(OMe),
¢ Ly =PPhy
0
18a + phypexcrn _ MeM > ”: C_<P"
Pl | S
2
\\\\\Fe’///
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0
H C -Bu
ELSH/CH,C1 t
18f >_
18f —%PC Ct-Bu —=
2= Ph,P 5
\Fe/
/28 \
ets—! f PMeZPh
\\l
=
SCHEME 5
ol L
HX oc | c—
LIS N
Q B — \ / -
18a, d + >= . > Fe%)i X
Y 3 oc ] S
RZ L
24 = . pl 2 .y =
24a L = PMe,Ph; R: = R = H; X = PF
b L = PMe,Ph; R = Me, RZ = H; X = PFg
¢ L = PMe,Ph; Rl = RZ = Ph; X = PFg
d L = PMe,Ph; R = OMe, R? = K;
X = PFg
e L =pphy; R = R% = Ph; X = PFg
f L =pphy; RL = R% ph; X = BF,
Me
Ne PPhy s 0
° HBF LN i
T A
>~ C=CH H
W PPh, NA
Me
25 E’? BF4-
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The X-ray structure of 27, which was prepared from the reaction of Fe(CO)s,
12 and Na,Te, was determined [40].

(C0)3Fe

Fe(CO)3

27
Carbonyl Halide, Hydride and Cyanide Complexes
H,Fe(C0), was found [41] to protonate the N, ligands in cis-W(N,),-
(PMeZPh)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-
(C0)4]'1n the Reppe synthesis were reported [42]. The electrochemical behavior
of [HFe(C0)4]' is critically dependent on the nature of the solvent [1]. 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 [HM(C0)4]' and [DM(C0)4]' (M = Fe, Ru, 0s) reveal a
significant interaction between M-H and CO stretching vibrations [43].

The X-ray structure of szMo(u-H)zFeBr2 prepared from the reaction of
FeBr, with Cp,MoH, was determined [44].

ISOCYANIDE AND CARBENE COMPLEXES

A full paper was published on CoClz-ﬁHZO-catalyzed substitution reactions
of Fe(CO)g as a preparative route to Fe(C0)5_n(CNR)n (n =1-3, R = Me, CHypo t-
Bu, PhCH,, Ph, 2,6-Me,CcHs, 2,4,6-Me3Cel,; n = 4, R = t-Bu; n = 5, R = 2,6-
Me206H3, 2,4,6-Me3CGH2) [45]. Treatment of Fe(C0)4(CNR) with RNC and Me3NO gave
Fe(C0)3(CNR)2.

A series of carbene complexes was prepared as shown in Scheme 6 [46]. Egg:j
were synthesized in the manner shown starting with the corresponding thiones
[46]. 29b was also produced via the photochemical reaction of Fe(CO)g with 33
[47].



SCHEME 6
Fe2(C0)9

& GO O

+
R? 0
rl 28a H Ph H Ph
R4 3 b Me Me Me Me
R3 °
H H
¢ Me\< oj H H Me\<0j
Me” N\ Me N\ g

hv
A
R? i
N N2 AN
= F Fe{CO)
Zac + A v R4Io (C‘%z 1 }
2 R3 AN C
R Feft—"N
0 0
ol (C0)q
4 Fe(C0),
R 0 32
R3 -
29a~c
R® R4
+ >c::3< + FeyS,(CO)
332(C0)g
rl R3
30a-c 31
H H
Me ‘-0 t -0
>=Fe(C0)4 >¢e(c0)4
Me v 0 t 0
H H
29d 29e
H
i -0 Me Me
Fe{CO}
40 >:Fe(c0)4
0
29f Me

299
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O>= Fe(C0),

0
-0
@: et
0

29h 291

6711

Cel11—0 Ve .
:(: >§Fe(co)4 e SCr(C0),
CeH 0 Me
Me 0

29j 33

Scheme 7 depicts chemistry involving tetraphenylporphinato (tpp) carbene com-
plexes [48].

SCHEME 7
RSCC]ZX + Fe(tpp) N35204, H,0/CeHe
or Fe, CH,C1,/MeOH
2th
P
34a X =Cl, R = O \
X
Fe(tpp)—C.
0 s
b X=Cl,R= N 35a-e
0
¢ X =Cl, R = PhCH,
d X=Cl,R=Ph
e X=H,R=Ph
FeC]2
35a,b,c —————P» Fe(tpp)(CS) 36
FeCl,

35d,e —=—— P N.R.
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Analogues of 36 containing other porphinato ligands can be prepared by treating
the iron porpﬂ?nato complex with PhCHZSCU3 in the presence of excess Fe powder.
Addition of basic ligands L produces Fe{porphinato)(CS)(L) (L = MeOH, EtOH,
morphine, ijrNHZ, n-BuNH,, py, N-methylimidazole and PEt3). With excess
n-BuNH, 36 gives the isocyanide complexes Fe{tpp){CNn-Bu){NH,n-Bu) fa8].

The vinyl carbene complex 37 is one product of the reaction of Fez(co)9 with

38. The other is gg. €0 converts 37 to 39; the reaction is reversible. The
X-ray structure of 37 was reported [49].

Ph 0
PH 0
Ph Ph
37 38 0 Pho Ph

7 |\
F

e
(c0),

fme

Ph
39

.

Some chemistry of vinyl carbene complexes is shown in Scheme 8. 40 and 43
react with Fez(co}g [50] to afford dinuclear products 41 and 44. The X-ray
structure of 44 was reported. The identity of the product 47 implicates a vinyl
carbene intermediate 46 in the reaction between 45 and Fe,{C0)q. In the presence
of *C0, 46 gives 48a,b and 49a,b [50,51].

SCHEME 8
CO Me H COMe
H /,‘l\ \/ Mé + FEZ(CO)Q M Hi me
H F 7 e C0)3
e R
(), CH,M, e
40 - o N
- H CO,Me u
Me OMe
t0),
(Fe)/
co
I
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+ Fez(CO)9

ﬁﬂ.
H
a A
e l\,
w | fel@y —» RO
0 e
(C0)s
458 R = Me 46a,b
b R =t-Bu
*C0
H R H i
H~<Z\ \/0 H Xy H LRV~ , H
QFe +
H (co) *
Fe” 3 R0” o o 07 N0t or
(c0),
47a,b Fe(*C0), Fe(*C0)4
48a,b 49a,b

The vinylidene group in (tpp)Fe[C=C(p-CIC4H,),1CT is inserted into one of
the Fe-N bonds. The Fe(III) atom in this compound has intermediate spin state
with u = 3.9 B.M, between 40 and 300 K. The EPR spectrum shows a rhombic pattern
and indicates that the structure is the same both in solid and solution [52].
The "inserted" geometry of the vinylidene group has been confirmed in the X-ray
structure of (mggg—tetrato1ylporphinato)Fe[C=C(27C1C6H4)Z]Cl-2 CH,C1, [53].

NITROSYL COMPLEXES

A convenient preparation of PPN[Fe(C0)3(N0)] is the reaction of NaN0, with
Fe(CO)5 in the presence of (PPN)C1 [54]. Treatment of Pb(0Ac), with the sodium
salt of [Fe(CO)Z(NO){P(OPh)3}]' affords Pb[Fe(CO)Z(NO){P(OPh)3}]4 which does not
dissociate in donor solvents [55].
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BINUCLEAR SPECIES (EXCLUDING (nS—CsHS) 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 Fez(CO)g, 51 is the product. Its X-ray
structure was determined. 5l inserts CS2 giving 52 [56].

(\ CHZ\C/
N ~
L\ DN—Fe/_\Fe(C0)3
(CO)S\\C ///

I
0

S 51

]
DN—Fe ———Fe(C0),
(c0)5

52

Scheme 9 diagrams reactions of the Si-bridged species 53 with alkynes [57].
The X-ray structure of 55b was reported.

SCHEME 9

Fe,(C0)g(u-SiPhy),  + MeC=(Me ————P»

53
Ph
/512 Me
e + (C0) 4F€ ]
Nsi—te
(co)3 (co)3 Ph,
4 - 58
Ph
3 i
+  RC= —_— .
53 RC=CR (C0) F 55b R = Et
soa R - Et A\ ¢ R h
b R =Ph Ph,
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The reaction of FeZ(CO)g with diars under CO was found to give two products:
(diar‘s)Fez(CO)8 and 57 (whose X-ray structure was determined) [s8]. 57 exhibits
fluxional behavior in solution.

aP. e
 r—N
A.e,——F<e<—\—F<e(co)3 Me I
c/ N Me——
0 8 Mo
57 58

58 was found [ 59] to react with FeZ(CO)9 producing 59 and 60. The mono
N-oxide of 58, on the other hand, gives §9, 60 and 61 in ratios dependent on
solvent.

(c0)5 (c0);
Me /Fe\ Me /Fe
Me% ” ' c=0 Me > ”><
Me"? N\FE/ Me‘_—N\Fe
e (CO)3 Me (C0)3
59 60
MM%:> N//Fe((20)4
e “
Me“L—_—_N\\0
Me
61

P-RCgH,CH=NN=CHC cH,p-R FeZ(CO)6 {R = H, Me, OMe) were prepared from the
reaction of the organic Tigand with Fe3(C0);, in isooctane [60]. DTA curves for
the related complexes (PhCH=N)2Fe2(C0)6, (CSHSC(Me)=N)2Fe2(CO)6, (p-
BrC6H4C(Me)=N)2Fe2(C0)6, (Ph2C=N)2Fe2(CO)6 and (Q-CGH4CH2N-N=CHPh)Fez(CO)G were
published [61].

Chemistry of FeZ(CO)s(u-PPhZ)Z, 62, is summarized 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. §§,
the result of protonation, contains a terminal hydride 1igand. X-ray structures
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of the Na' and PPN* salts of 64 show that Na* coordinates to the acyl 0, but PPN*
does not [62].

SCHEME 10
Ph, Ph,
P 2 Na/THF AR
(C0)3Fe—~/—~————Fe(C0)3 T L (C0)3Fe\ Fe(C0)4-5THF
\P/ 02 P/
Ph, Ph,
62 63
Ph, - -
/P\
63 + Rx —TH gy (c0)Fe ——Fe(cCO)
- N 3
LCNP
07 "R Ph,
68a R =Me; b R=Et;c R=i-Pr;
d R =CHyCMes; e R = PhCH,;
f R =CyHes g R = (CHy),CH=CH,;
h R = CHs
+ -
83 + H' ———Pp[HFe,(C0)g(u-PPh,);]
65
%
63+ ICHCH)I ——P (CO)ZFe/—————\Fe(CO)3
0 P,

66

2- 2~
63 + L —-—-——)[FEZ(CO)SL(U-PPhZ)Z] + [Fez(CD)4L2(u-PPh2)]

§Zf L= P(OEt)3 68a-c
P L= PMezPh
c L = PMeth

When phosphonitrilic chloride is allowed to react with Naz[FeZ(CO)B] in
THF, §w9 and Z_Q are the products [63]. The X-ray structure of 73 was determined.

References p. 5626
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co)3
o_c/'\F
(C0)
c0) 3
(C0) 4Fe Fe(C0), Fel
o / /
»d/\n Y
| I l
c1p b Cl Cl—p p—C1
RN AN - S N
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 [64]. 7le and 72d were synthesized by other workers who also

determined the X-ray structure of 72d [65].

SCHEME 11

Fe,(C0), + 0.5 (R10) Pzzp(orzl) _—
&1l : 2 2

2
R
N
(R10) p— T~ P(ORl)

OC\\\\l l ///’CO

0 0

71a R = Me, R? = Et

b R%=Et, R% = Me
¢ Rl = i-pr, R® = Me
d R =ph, R = Et
e Rl =R% - me
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UL
Fe,(C0)g + xs (RT0),PNP(OR"), —_P

~J
#v
QO T e
o
—
(] i ] H
Y |= M =
= 1 ot (D
D T e
-
a o
~N NN
o
| u "
m [} = m
[ad @ et
=
1]

Fe(CO)g + MeN[P(OMe),], ———» 72d Rl = R% = Me

£t
N

(PHO) P~ p(0Ph),

72d X

oc \| /CO

/I \ /l \co

(PhO)Z\ /P(OPh)z
N

Et
Zég X=Cl; b X=Br; ¢ X=1

Et
N +
(Me0), P/ \P(OMe)2
Za r Xy —————P 0o |/co

\ x| \co
_Plame,
\'et

(Me0)

74a X =Cl; b X=Br;jc X=1
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p
74 ‘+ X~ + «xs X2 — OC\ ]/CO
F

Et £t
N N 2+
(Me0) p—" " p(0Me), (Me0),p " P(oMe),
co | o oc | X co
X /Fe/ /Fe/ X \Fe/———-—-—\Fe<
co co” | * oc/|\x/| co
(Me0) P P(OMe) (Me0),P. P(OMe)
£t Et
76a X =Cl; b x=8Br; ¢ X=1 77a X = C1; Q X=Br;c X=1

FeZ(PMe3)2012(u-R§-Bu)2 was prepared from the reaction between FeC]Z(PMe3)2
and two equivalents of Li[P(g-Bu)ZJ. Its X-ray structure shows that the coordi-
nation geometry around each Fe is roughly tetrahedral [e61.

The 135 NMR spectra of 78 and 79a,b, which contain bridging S, were reported

[67].
R R :
SSZN S S 9a R = Me
\ -
(C0)3F42:§EE;::Fe(CO)3 (C0)3Fé£/;><:\\Fe(C0)3 bR : :h

78

78, along with Fe352(CO)9, results from treatment of H2Fe(C0)4 with SZCHZCHMe
[68]. These products also are produced from the reaction of 80 with Sg as shown
in Scheme 12 [69].
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SCHEME 12
/ *oSg B T8 Fegs,(t0)g
(Co)Fe e(CO)3 : 6'6
80
O+ . p
NPh
S_ S *
/ _>i\ 0
(C0)4Fe e(C0),
+  PhCH(NHPR), + PhN + CHy-NPh  +  PhNH,

S—S

Zgg, which was previously known to react with o,s-unsaturated compounds,
was found to react with «,B-unsaturated Ketones which are disubstituted at the
terminal carbon to add SH across C=C and C=0. For example, the reaction with
Me2C=CHC(0)Me in THF in the presence of piperidine yields 81. EtMeC=CHC(0)Me and
(CH2)5C=C(0)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.

1.2
_CHp - OH H., CHRICR
Me,C cC c x
\S S/ Me S/ \
\ e
(CO)3F{éFe(CO)3 (C0)3Feé e(C0)4
81 g2a R! = H, R? = Me
b R =H, R? = OMe
c R1 = R2 = Me

Dimethylacetylene dicarboxylate reacts with 79c affording 83 with an ethylene
bridge. The reactions with acetylenic speciegma}esumably oézar via vinyl inter-
mediates such as 84 which then undergo further addition at either the a- or 8-
carbon producing products of type §? or §§, respectively [70].
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‘< 1]
? ? R\C=CHCR2
/£i><<§ ;s s
(CO) 4Fe Fe(C0), (C0) ;Fe Fe(C0),
83 g4a RY = H, R% = Me
b R' =H, R = OMe
c Rl =R% = Me
d RY = coe, RZ = Me

A full paper has been published on the preparation of [Fez(u-S)Z(CO)G]Z' by
reduction of Z§. The dianion can be alkylated at S with alkyl halides. Reactions
with CH212 and BrCHZCHzBr give 85a and 85b, respectively. The anion affords
86a-m on reaction with main group and transition metal halides.

L
M

(
g s

(C0)3Fe/)§\Fe(CO)3 (C0)3Fe/é\l-'e(co)3

CH2)

§§§ n=1 86a MLn = SiMez
p n=2 b MLn = SiEt2
c MLn = S1Pr2
d MLn = SiMePh
e MLn = GeMe2
f ML = GePh,
g MLn = SnM92
h MLn = SnEt2
1 MLn = Sn(E‘Bu)z
i MLn = Ni(diphos)
K MLn = Pd(PPh3)2
1 MLn = Pt(PPh3)2
m MLn = CoCp

Dianions 87a-c were also synthesized [71]. 88a,b were also prepared from [Fez-
(u-S)Z(COi;izr. Their X-ray structures [72] reveal that neither FeZSC nor FeZSHg
are coplanar, the S-C and S-Hg bonds both being bent in the same direction with
respect to the Fe-(u-S),-Fe skeleton.



(C0) yFe ——Fe(C0); & R HgR
N / (C0),Fé Fe(C0);
5\\ //§ 87a M = Ni
M b M= Pd 88a R = Me
AN ¢ M=Pt b = Et
//s S -
(C0)3Fe’/:><::\}\
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Despite statements to the contrary in the literature, 79a was found to react with
NO yielding the nitrosyl analogue Fez(u-SMe)Z(N0)4. Only one of the possible
isomers is isolated [73] The nitrosyl anlogues of [Fez(u—S)z(CO)s]z', 90a-c,
can be prepared as depicted in Scheme 13. The dianions can be alkylated at E.

SCHEME 13

Fep(w-1),(N0), +  2Li,E ——P» [Fe,(u-E)(N0), 1%

89 90a E =95
9 = Se
¢ E=Te

90a,b,c  + RX ——Pp Fez(u-ER)Z(N0)4

9la ER = SCH,Ph e ER
b ER = SCH,CH,Br f ER
c ER = SPh g ER
d ER = SePh

PhyE, + 2L1'[HBEt3]——+2PhELi + Hy + ZBEt3‘

Zg + 2PhEL1 915 E=S
glg E = Se
?lf E =Te
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. PRCH,S
89 + LiSe —P» [Fez(u-I)(u-Se)(N0)4]

. PhCH,CI
[Fe, (u-SCH,Ph) (u-Se) (N0) 5 1

Fez(u-SCHzPh) (u-SeCHZPh) (N0},

Interestingly (and in contrast to the behavior of the carbonyl dianion), reaction
of 90a with BrCH,CH,Br leads to 91b instead of the analogue of 85b. Phenyl
esters can be conveniently prepared from 89 and PhELi (E =S, Se, Te). 9la-g are
mixtures of syn and anti isomers. Mixed derivatives such as 92 are also accessi-
ble by stepwise replacement of I in 89. 90a is more stable to 02 than the
carbonyl anion [74].

Several heterometallic compounds containing two metals have been prepared.
When KZ'[Fe(CO)4] or Fe(CO),:‘I2 are allowed to react with M(C0)4(EMe2X)2 M = Cr,
Mo, W; E = P, As; X = halide) 92a-g are the main products [75].

Me, M B E
E
N 92a Cr P P
(CO) M ———Fe(CO); b Mo P P
E' -
C W p P
Me2 ~
d Cr P As
e Cr As As
f Mo As As
g W As As

Scheme 14 shows the preparative routes to some methylene- and vinylidene-
bridged complexes. The X-ray structure of 93a was determined [76].

SCHEME 14

Y H
CpMn(C0)2= C=C
CO,Me

+

Fep(tD)y  ——P»

MeO,C _H H. _-CO,Me

N
(C0)4Fe Mn(CO)ZCp + (C0)4Fe———Mn(C0)2Cp

93a 93b
9 : 1
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CoMn(CO),, (n%-HC=CCOMe) + Fep(CO)g —> 933,

CpMn(CO)Z(C=C=CPh2) + Fez(CO)g P (C0)4Fe\ Mn(CO)ZCp

C
I %

/
Ph Ph

95a-h were prepared from Li[(n3—C7H7)Fe(C0)3] and their temperature-
dependent NMR spectra investigated [77],

95a ML = Rh(cod) e M., = Rh[P(OMe),],
@ b ML = RA(C,Hg) £ M, = RelP (0PN ],
¢ ML_ = Rh{C.Hg) g ML= Pd(n”-C.H.)
(C0) 5Fe ML =" 08 L T
3 n d M = Ir{cod) h ML, = Pd(n”-CH,C-
(Me)CHZ)

Coordinatively unsaturated heterobimetallic complexes containing Ir and
Rh have been synthesized. As Scheme 15 shows 97 reversibly adds H2 and CO
[78]. The X-ray structure of 97 was reported.

SCHEME 15

Li[Fe(C0)4(PPh3)] +  trans- Rh(CO)(PEt3)201 P>

Ph Ph
\P/

N
(CO).Fe— “Rh-PEt
¥y N\

PEta Co
96

Ph\ /Ph

‘ PN
Li[Fe(CO)4(PPh3)] + trans- Ir(CO)(PPh3)C'I _ (C0)3Fe————IK(CO)2

/

PPhy PPhy

97
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(Ph3P)(C0)3Fe —_—

+}17(
Ph\ /r'h -H2

p
~_  _PPh, -CO
> 97

~co €0 -~

(PhyP) (C0) 5Fe
+€0 \ \ -0
Hy ||,
Ph_, Ph
N
(Ph3P)(CO)3Fe<::—————Ir(C0)3(PPh3)

Ph Ph

<pr
(Ph3P)(C0)3Fe///I \\\ Ir(CO)(PPh3)
7

\ 7N\
H H H H

Thermal stabilities were found to lie in the order 98¢ > 98a > 98b. 98a and
98b react with CO at 45°C and 110°, respectively, affording the products of
metal-metal bond cleavage, Fe(CO)4As(Me)2Mn(CO)5 and Fe(CO)4As(Me)ZCo(CO)4 [79].

Me,
S 98a ML_ = Mn(CO)
\ g n 4
(CO) Fe—— ML, b ML, = Co(CO);
¢ M, = Mo(CO)4Cp

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 (A1l Same Metal)

A study of the electrochemistry of Fe3(CO)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 [1].

Substitution on Fe3(C0)12 by L yielding Fe3(C0)11L(L = CNt-Bu, PPh3, P(o-
t01y1)3) is catalyzed in THF by benzophenone ketyl [80].

The 13C NMR spectra of some L = phosphine and phosphite complexes Fe3(C0)11L
were measured [69].

The observed disorder in solid state structures of the type M3(C0)12-nLn
(M=Fe, Ru, Os; L = €O, 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 My plane [81].

The kinetics of reaction of Fe3(C0)12, Ru3(CO)12 and Ru(CO)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(CO)4
(COZMe)]'.

The anion [ HFe3(CO)11]' can be conveniently prepared from Fe3(C0)12 and KF
or (ﬂ-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(C0)11]' is allowed to react with acetylenes, the products are 99
a-c and lgpglg.

2_
[Fe,(€0);q C(R)=CHR] Fe,(C0),(CR1=CHR?)
99a R -=R% = mMe 100a R = R = Me

b R} =R? - ph b Rl =R% = ph

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

With HC=CH the product at room temperature is [Fe3(CO)10C Mel~. In reflux-
ing acetone [HFe3(CO)9C=CH2]' is formed; this can be converted to [Fes-
(CO)IOCMe]’ 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.
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The NMR spectra of 1l0la-d indicate the existence of restricted rotation around
the C=N bond. Prolonged reaction gives products such as HFe3(CO)9(CNEt2)—
(CNEt) in which one of the carbonyls of 101 has been replaced by an isocyanide.
Protonation of [PPN][HFe3(C0)10(CNi-Pr)] was found to give 102a [86]. Ther-
molysis of Fe3(C0)11(CN£-Bu) produces 103 which is reduced by K[HBg-Bu3] and
protonated at the Fe-Fe bond to give 102b [87].

Me
H R 0~
\c - N/ ¢
[ e\
(C0) ,Fe Fe(CO) (C0)Fe—"
3 N 3 3 \\lﬁa(co)3
Fe \ /
(€03 Fe
(c0)y
102a R = i-Pr 104
b R = t-Bu
t-Bu
c=N"
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[PPN]Z[Fe3(C0)u] was found to give 104 on O-methylation. When 104 is
reduced by sodium benzophenone ketyl a ketenyledine cluster, 105, can be identi-
fied by 13C NMR. 105 behaves 1ike a carbide cluster on protonation affording }_Qg
whose X-ray structure was determined [88].

= 2-

i
Y Fe(co)3
(CO) jFe’ ——+——Fe(CO)4

(co) Fe
/ 3
\\\\ ////// e(co)3

Fe

(C0)3 0

105 106
The X-ray structures of 107 and 108 indicate the different pathways for reaction
of [Fe3(C0)g(u3-CH3C0)]' with the electrophiles HBF, and Me0SO,F, respectively

[(891.

Me
\

Me_
C—0
//;>X(/Fe(°°)3 ////0‘\~Fe(c0)3
\/ (C0)3Fg

(CO) Fe g oM
Fe(c0)3 AN (////’ K
Fe(C0)

107 108

/

The C3v symmetry of 109 was revealed by determination of its X-ray structure
[90]. The PES and UV-vis spectra of 109 were reported and analyzed with the aid
of MO calculations [91]. 110, whose X-ray structure was determined, is one of the

Me
CeHy1
H
L Fe(C0)4
(C0)3Fle \ (C0)3Fe Fe(C0)3
H ~—
H N
~
Fe@)
3 C6H11
109 110
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products of the reaction between Fe3(C0)12 and C6H11N=C=NC6H11. The others
are Fe(CO)4(CNCBHll) and [ Fez(CO)B{u, w' -(CBHllN)chCBHll}]. These latter
products also result from the reactions between the carbodiimide and Fez(CO)g or
Fe(CO)5 [921.

When Ph,PH is refluxed in toluene with Fe3(CO)12, Fe3(C0)g (u3-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 Naz[Fez(CO)B] with (PNC])3 was published [63].
An effort to prepare (u-RPS)FeZ(CO)6 from the reaction between RP(S)CI2 and
Fe3(C0)12 lead instead to Fe3(C0)9(u3-S)(u3—PR)(R = p-MeCgH,, t-Bu, Ph) [94].

The X-ray structures of 1llla Fe3(C0)g(u—H)(u3-$§-Bu) and its deprotonation
product, 1llc, were reported. When 1lla or 11lb is allowed to react with PPh,,
AsPh3 or SbPh3, one, two or three carbonyls may be substituted each on a dif-
ferent Fe atom [95].

R
S —
(C0)3/Fe Fe(C0)4 (C0)4F¢ Fe(C0)4
H\\sFe Fo
(C0)4 (C0)4
111a R = t-Bu 111c R = t-Bu
b R =gy 4 R =Cghyy

The anion [Fe3(C0)g(u3-S§fBu)]', 111c, eliminates t-BuC) and C1” on treatment
with XC]Z(X=PR,ASR, $,0). 1l2a-j can be isolated. The X-ray structures of 1ll2c
and 112j nave been determined. With 502C12, the anion produces 112k and 1121
[96].

/s\ 112a ER = Pt-Bu g ER = p-BrCgh,
(€0) e Fe(C0) b ER = Pp-MeOC4H, h ER = Asc-Cglly
¢ ER = PPh i ER = Ast-Bu
d ER = Et,N j ER = Asph
E—"Fe(C0); e ER = PMe K ER = SO
f ER = Pc-CeHy) 1 R =Cl

M. 0. Calculations on some trimetallic clusters including Fe3(C0)9(u3—C0)-
(u3—S) were published [977.

Fe3(co)9(“3'Te)2 was reported to react with Lewis bases L affording pro-
ducts of type 113. The X-ray structure of 113a was determined. thPCHZCHzPth
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(dppe) gave [Fe3(C0)g(us-Te),],(dppe) [98].

0 Fe(C0);  113a L = PPhy
c b L = t-BuNC

L Te b L%

~ . c L=¢o
™~Te

C/i N\

0 C Fe((CO)3
0

Scheme 16 displays the chemistry involved in the reaction between the thione
114 and Fez(CO)g. X-ray structures were determined for 116 and 117 [99].

SCHEME 16
Ph
Ph s
THF Oc |
=S+ Fell)y — Nk Ph
Ph N I
114 ¢
- 0
Ph 115
Ph Fe(C0),
: Ph 4
" b ) D R / *\\
+ S +
Fe Fe(C0)
(C0)3F()—-—$Fe(c0)3 d T~ 3
Ph 0
116 117
Ph
Ph\//fl/\
S
(c0)3Fe/ Fe(c0),

us

A carbene complex 120 which is related structuraily to 117 has been synthe-
sized by reaction of 119 with FeZ(CO)9 f100]. Electrocatalyzed substitution of
CO in 120 by P(OMe)3 proceeds stepwise leading to mono-, di~ and trisubstituted
products [101].

References p. 5§26



446

s
:>:=: s —s_ N/ Fe(C0)4
/

—
—
(=]

120
[L-BuNH3][Fe3(C0)9(u3-S£-Bu)], 1lla, is attacked by halogens or electrophilic
halogenating agents such as C6H11NC12, i—PrNC]z, SOC]Z, C13CSC1, N-chlorosuc-
cinimide, POBr3, N-bromosuccinimide or N-iodosuccinimide give neutral halogen-
bridged species 121 a-c. The X-ray structure of 12la was determined. For 121la,
the reaction can be reversed with Ot-Bu~ re-forming the Fe-Fe bond and giving
111a; for 12lc, H™ reverses the reaction [102].

t-Bu
N 12la X =CI
(C0)4F€’ Fe(C0)3 Py
\ c X=1
X Fe(CO)3

The synthesis of M[Fe3(NO)552](M = K,NH,) was reported [103].

Polynuclear Clusters
Preparative procedures for [PPN],[Fe,(C0);3] have been published [1041].
[Fe4(C0)12C] ~, which has a butterfly arrangement of Fe(CO)3 groups is a 62-
electron cluster. When the anion is allowed to react with MeOSOZCF3, the product

is 122 whose X-ray crystal structure was determined as the PPN salt. The
reaction involves rearrangement to a u3-tetrahedra1 structure which is the one
appropriate for a 60-electron tetrahedral complex. [Fe4(C0)12(u3-C0)]2' also
has a 60-electron tetrahedral structure. When this compound is methylated, the
product is 123 with unchanged Fe,C skeleton as shown by X-ray diffraction. 123
has the same electron count as [Fe4(C0)12(u3—C0)] “.  This behavior con-
trasts with the protonation of [Fe4(C0)12(u3-C0)] which occurs first on an Fe-
Fe bond and then on 0 producing [Fe4(CO)12C] f1051.

ESCA and 57Fe Mossbauer spectra of several clusters were measured; these
included [Fe,C(C0);,1%", [Fe,C(CO) HT, 2Fe4CH(C0)12H » [Feq(C0) ,(u-COIHI™,
[Fe5C(C0)14] 5 FesC(C0);5 and [FeSC(CO)ls] “. The positions of the ESCA Cis
peaks indicated a relatively deshielded carbide with increasing nucleophilicity
as its coordination number is reduced from six to five to four [1061].
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éD-—-Me
Me
C / N
(C0)4F& —Fe(C0), (c0)5Fe /
Fe(CO
Fe(Co), 122 e(C0)y 123
Fe(CO)3
Fe(CO)3

A series of clusters was prepared as shown in Scheme 17. 125a,b,c and
126a,b,c can be reversibly interconverted. Trimethyl phosphite adds to 125a,b
giving 127a,b. 127a can be reversibly converted to 128 or can undergo additional

carbonyl substitution producing 129 [107,108].

SCHEME 17

Fez(co)s(u-PHR)2 + Fea(CO)12 —P> Fe3(C0)9(u3-PR)2 +

1242 R = Me
b R =Ph
¢ R =t-Bu
d R = p-tolyl
8 R
AN P
(C0)3Fe/ Fe(C0), R (€0) € —\"Fe(c0),
c=20
C0) Fe Fe(co)
(C0)3FeTFeﬁ))2 (co)s \// 3
A4 N
R R
125a R = Me 126a R = Me
b R=Ph b R=Ph
¢ R =t-Bu ¢ R=t-Bu
d R = p-tolyl d R = p-tolyl
+CO _ wm
125a,b,¢c 5 126a,b,c
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125a,b,¢ L = P(OMe)4

— "3
. =CO wm
Fe4(C0)11L(u4~PR)2 —— Fe4(CO)10L(u4~-PMe)2
1272 R = Me 128
b R =Ph

+L=P(0Me)3 Fe4(C0)10L2(u4~PMe}2

129

Other tetranuclear complexes, 130a and~130b are products of reactions be-

tween Fe2(60)9 and PCI3 or AsCl3, respectively. X-ray structures of both com-
pounds were determined [109].

In hexane at 80°, Fe3(C0),, and CS, produce 131 in which two CS, molecules
are coupled. 131 was characterized by X-ray diffraction (1101.

(€0)yFe ———— Fe(C0),
(€0) JFe —————Fe(C0), _ \s 4

E
O\
(C0)3FQ\\\ I///Fe(CD)3 /Cf;:>‘::f:\

£l (Co)4Fe Fe(CO)3
130 131

Fe4(CD)12(U3~X)4 (X = S, Se) were prepared by carbonylation of Fe4(N0)4(u3-
X)4 under pressure. Both complexes were characterized by X-ray diffraction
[111].

The IR spectra of M C(CO)15 (M = Fe, Ru, Os) were measured and assigned
[112]. When [FeSC(CO)14] " is alkylated using MeOSO,F, methylation occurs at a
terminal €O affording [ Fe5C(C0}13(C0CH3H - containing a COMe Tinkage and a u,CO.
Protonation of the monoanion occurs on an Fe-Fe edge yielding HFeSC(C0)13(C0Me).
The general observation that penta- and hexanuclear Fe carbide clusters are
unreactive at the carbide C in contrast to the behavior of tetranuclear clusters
was rationalized by the results of MO calculations. These calculations showed
that a substantial interaction between Fe orbitals and carbide p orbitals leads
to a large HOMO-LUMO energy gap in Fe5 and Feg clusters. The gap between these
orbitals {which have significant C character) is smaller for Fe4 clusters and is
calculated to be smaller yet for the presently unknown Fe3 carbide clusters
(113].
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The mechanism of the oxidative fragmentation of [FeGC(CO)ls]Z' in presence
of Br~ was elucidated and is shown in Scheme 18. The product [Fe4(C0)12CC02Me]'
is the immediate precursor to Fe4C(C0)13. The X-ray structure of 132 showed
significant distortion of the square pyramid from C4v symmetry [114].

SCHEME 18

[FEGC(CO)IGJZ- + (C7H7)+(BF4)-——-—’ FeSC(CO)IS + Fe2+

Fe(CO)3

FeSC(CO)15 + 2B —— P (C())7Fe\ Fe(CO)3
C

Bq\ \\\
F& —————— Fe(C0),
Br
132
-FeBr2
+ -
C,H, BF
2- 777 °%4
[Fe,€(C0)15]1®” ——r—-—Pp» Fe,C(C0),5C
co
vac. MeOH
+ -
H'[Fe,(C0),,CC0,Me]
base
[Fe,(C0),,CCOMe]”

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)3Mn5(u-AsMe2)Co(C0)3(u-AsMez)Fe(C0)4
was prepared [115].
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The optical isomers 133a-c and 134a-c were prepared as racemic mixtures
[116]. Carbonyl substitution by (-)-R-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 Mel 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].

S s
‘}o(c0)3 \M(CO)ZCp
() 4F€
M(co) ,Cp (Co);Fe ° Zo(00),
133a M =Cr 134a M =Cr
b M= Mo b M= Mo
c M=W c M=

When FeZ(CO)9 reacts with MRh(u-Cg-tolyl)Cp(ns-C9H7) (M = Co,Rh), 135a,b
are products. The X-ray structure of 134b was reported [118].

R
///////IC\\\\
Cp(CO) M M(n>-CghH5) 135 R = p-tolyl
\\\\\\ ///// a M=Co
Fu b M=Rh

(co)

Related complexes risult from the reaction between FeZ(CO)9 and WPt{u-C-
B-tolyl)(CO)zLCp (L = PMe3,PMe2Ph,PMePh2,PEt3) in THF. The products are 136 (L =
PMeth) and 137a-c (for other L). X-ray structures were determined for 136 and
137a [119].

; ¢
/C\ /\
Cp(CO)Zw Pt(PMezPh)2 Cp(CO)zw Pt(CO)L

e
F
(Co)5 (03
136 R = p-tolyl 137 R = p-tolyl
alLs= PEt3
b L = PMe,Ph
¢ L = PMeg
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In addition to 93a,b, 138 is a product of the reaction between Fez(CO)9 and
CpMn(CO)Z(nZ-HCzCCOZMe). The X-ray structure of 138 was determined [120].

Cp
Mn
A I g
3
(C0) sFe————Fe(C0),
138

Some phosphido-bridged complexes 139a-g 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 139g is allowed to react with L =
P(OMe)3 a complex of type 140 is obtained which reacts further giving 141 in
which both Mn-Fe bonds are broken. Mossbauer spectra of these clusters were
measured [122].
SCHEME 19

R
P
0
Fez(CO)9 + CpMn(CO)ZP(R)Cl2 CpM C\\\\

AN

Fe3(C0);, + CpMn(C0),P(R)H, (C0)4

e(CO)3

[y
[
o

ia {0 (o Ln
]
m
(a4

R = CGH40Me
i-Pr
Ph

n-Bu
t-Br

oo™ o™
n

a i-h o
n

+L
1 Cp(CO)zMn Fe(CO)3

AN
/

139a-g
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Ph Ph

P p
\\\\ CpMn”™ Fe(CO),L
CpMn Fe(CO) + P(OMe) —P> 3

(co)2 3 3 (co),,
Fe(C0)3L
Fe(CO)3 P(OMe)3
lﬂ}

Addition of an Fe(CO)3 fragment by reaction of an alkyne complex with
Fe,(C0)g resulted in production of 142, 143a,b [123] and 144 [124] a1l of which
were characterized by determination of their X-ray structures.

(co)
Mo(C0).,Cp Fe ’
2 R
/R@_B Ph /C// \C/Ph
/ /C / /
CpN’ Fé(co) CpNT ———— Mn
142 R = CO,CHbe, 143 R = CO,ChMe,

R
a MLn = NiCp
b M = Co(CO)3

0¢C
\c Pl X
0?0&
CpNij //fe(C0)3
C——¢C
~Ph
Ph
144

[CpNiFeZ(CO)G(CZPhZ)]', isoelectronic with 144, was prepared and its X-ray
structure determined as the [CpNi(PMe3)2]+ salt [125].
Treatment of 78 or the S and Se analogues with Pt(PPh3)2(CzH4) yields 145a-

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

Pth plane [126].
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(o),
(C0), \ PPh, /Fe

\\
(c0), Fe\ E/ PPhy (C0)3Co\ ?°(C°)3
c ¢
’ \
r! RZ
1452 E = S 1462 R, = Me, R, = Et
b E = Se b Ry =R, = Et
[ E=Te

lﬂﬁE’P are also isoelectronic with 144 and exhibit fluxional behavior in
solution. The X-ray structures of both compounds were reported [127]. Li[Fez—
( u-PPhZ)Z(CO)sPPhZ], on treatment with Ezggg-RhC1(C0)(PR3) (R=Et,Ph), affords
phosphido-bridged clusters 147a,b, respectively. The X-ray structure of 147b
revealed the presence of u-CO [128].

Ph
PZ
(CO)Z Fe(C0)3
147a R = Et
b R = Ph
\ PPh ”
Ph P\ Rh/ 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 CpMo(CO)ZEMo(CO)ZCp affords the tetrahedral cluster
Fe2M02Cp2(u3-S)2(u3-C0)2(C0)6 (X-ray structure determined) along with szMoz-
(CO)6 [ 130].

Synthetic procedures for the clusters FeRu3H2(CO)13 and PPN[FeRu3H(CO)13]
were described [131]. The synthesis, crystal structure and 3C NMR of FeOs3H2-
(CO)13 also were published [ 1327.

The tetrahedral clusters lglg,p were found to add two CO's reversibly pro-
ducing 152a,b [133].

Treatment of several high nuclearity clusters with H503CF3 was found to
produce significant amounts of methane. Among the clusters tested were
[PPN][FeCo3(C0)12], [PPN][FeéCo(C0)13], [PPN]Z[Fe4(C0)13] and FeOs3H2(CO)13
[134]. HFeCoy(CO);, was among the compounds found [41] to protonate N in cis-
[H(NZ)Z(PMezPh)4] in MeOH. Subsequent treatment with base and distillation gave
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SCHEME 20
Cp 5
Fe(CO)g + sz' VS ——— v/
Me3N0 5/
Fe(CO)3
' 5 s
Cp = (n”-MeC.H,) vy /
504 /.\
Cp
148
CpI
S
/‘|'/
(PPhy) Pt
\
S s l Fe(C0),
\V
Lo~
Cp S
149 150
(co),
Co——-Fe(CO)4
Cp(C0) M
co
Co AsMe2
/ co
S
~1_§l~aM=Mo 152a M = Mo
b M=W b M=W

ammonia and hydrazine. In contrast, protonation of trans [N(N2)2(dppe)2]1n
various alcohols ROH afforded trans-[ H(OR)(NNHZ)(dppe)Z] [FeCo3(C0)12] (R = Me,
Et, n-Pr, i-Pr, n-Bu, s-Bu, C 6 11° - CG 13° CH Ph) The X-ray structure of the
methoxy compound was reported. Also isolated from the reaction with trans-

[Mo(Nz)zdppe] were [Mo(OMe)z(dppe)zr[FeCo3(CO)12]' and [Mo(OMe)(CO)(dppe)2]+-
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[FeCo3(CO)12]' [42]. HFeCo3(CO)12 was found to react with the tripod ligand
CH(PPh2)3 to substitute one CO on each Co on one triangular face affording
HFeyCo3(1,-C0)45(C0)5[CH(PPh,) 4] [135].

153 was produced from the reaction between Fe3(u -H) (u -COMe)(CO)10 and Au-
MePPh3. Reaction with Pt(C2H4)(PPh3)2 gives 154 whose X-ray structure was
determined [136].

(C0)y
Fe Ph3P\ /co
oaca\ )1\- - Pt
(CO)4F 4_____\Fe(C0)3 Fé/\ \Fe

e W 7
PPh4 F/e
153 C
B 0

Me

154

[Fe4(CO)13]2', on treatment with AuCl(PR3)(R=Et,Ph) gives Fe4AuC(H)-
(CO)IZ(PR3)(R=Et,Ph) after protonation. Deprotonation of the hydride and
addition of a second mole of AuC](PR3) produces Fe4Au2C(CO)12(PR3)2(R=Et,Ph) via
attack on the carbide C by Au(PR3). The structure of the R=Ph compound is shown
as 155 [137].

155
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(c0),
Fe
—c }g:::c-——-o
(MesCs), Y5 j::::/Féi;\\\

¢ c—
\\\\\Fe////

(Co)

0

Yb(CsMes)Z

0 0

3
156

156 results from the reaction between Fe3(C0)12 or FeZ(CO)9 and (ns-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(CO)4]

0 Yb(MeSCS(THF)z

0 C\\\ /
Fe”
0 e \\\bc 0
(THF)Z(MeSCS)ZYb
157

in THF gave [Na(THF)]ZZn[Fe(C0)4]2 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 Rhg(C0),c [1401.

When [Fe5C(C0)14]2' reacts with excess AuCl(PMe3) in the presence of
Tl(PFs), the product is FeSC(uz-C0)3(C0)11(uz-AuPEt3)(u4-AuPEt3) which was char-
acterized by determination of its X-ray crystal structure [141].

METAL-CARBON o-BONDED SPECIES

Metal Alkyl Complexes

The gas phase reactions of Fe+ with alkanes were found to involve insertion
jnto C-C bonds leading to alkane elimination and C-H insertion leading to H2
elimination [142].

Interest in bimetallic y-CH, complexes stems from their proposed involve-
ment in CO reduction processes, olefin metathesis, alkyne polymerization and
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SCHEME 21

[Fe3(C0)11] “or [HFe(C0)4]'

N,,Rh,(€0),C1,
i-ProH, N,
- 2-
[Fe,Rn(CO), ] » [Fe,Rh,(C0);(]
x = 10 or 11 15~M8~
co
[FeRh (C0)y ]
2-
160 4

!
Rhy(C0)y, + Na,[Fe(CO),]

methylene transfer reactions. Scheme 22 depicts some chemistry of complexes
containing n-alkylidene groups. 16la-h can be prepared from the NEt4+ salt, but
not the Na* salt of the anion. r-alkylidene complexes 16lb-e having -H are
unstable to CO loss and g-elimination in solution affording olefins and Fe3-
(C0)y,. In contrast 16la, f, h having no g-H are stable. However, 161g loses CO

SCHEME 22
[Fe,(C0)o 1%~ + CRIR?I, ——p (CO),Fe Fe(C0)
2(C0)g 2 qFe—Fell0)y
c\
R{ R?
161a R! =R = H

b R' = H, RZ = Me

¢ R =R? - Me

d R =, R% - £t

e Rl=H, R? = i-pr

f Rl = H, RZ = COMe

R TR T

g R*=H,R -C—CH2
[Fe,(C0)g]2™ + CH(OMe)Br, ——» 161h R = H, RZ = OMe
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Me
-

AN/

2
Na[ HFe(C0),] + 2CHiCC} —— (C0),Fé————Fe(C0)3 162

/Me

Me\ C/O"““‘*‘ C\\

0
Na,[Fe,(C0)g 1 + 2CH,CBr — P (C0)4Fe‘/——-Fe(CO)3 163

16la + Hy —p CHy + CHyCH + Fey(cO)y,

CHCH=CH,
CH2=CH2
CH,CH=CH,
161la » cis-2-butuene + l-butene
MeOZCCH-‘-CHZ
1 3
1
CHBWCH=CHCH3 + CHZ’-'CCOZMQ )
Rl
N =

N

R2

16la + HC=CH ——Pp»  (CO),Fe Fe(C0); + (CO)5F

\Fe(CO)3
164
1652 R = R% = H
RCECR
2

1662 R =
b &'

% 8
T =
D ™
»

"
o
N X
[
=4

(€0) Fe—X——Fe(C0),

161a + MeC=CH ——P» 165b R = OH, R = Me

MeC=CMe

2

l66c R'=R%=Me + 1650
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16la + nucleophiles —P» acyls

+ Nal ——Pp CH5C0,H
+ H,0 —» CHyCO,H + CHiCHO + CH,

H
2
C
MeP PMe
+ PMe,—P» N\ N 3
3 (CO)ZFG/-—M———Fe/(CO)Z + Fe(C0)4(PMe3)
c
0,/ 167
: +  Fe(C0)4(PMey),
(co)4
/FE/COCHS
H
161n + H, ——P» {C0),Fe \ + Men0
\Fe/ 168
(C0)4 —
16lh + 'Fey(C0)g——P» 168
H
H
;C, N\ﬁ/CH3
CH,CN H,0
3 2
161h + H,50 > » pa
- 2503 (€0) gFe—g;
(C0)4
169
Ha C/OAC
HOAC N )
161lh + HBF, ————P» {€0) ,Fe “————Fe{C0) —=X0
e 4 Ac,0 4 4

O <Ay

Fe
(€03 170
H
N ROH
16lh + H,S04 ——Pp (CO)4F€ Fe(C0), _—
171
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He COR
172a R
(c0)4Fe/——C—->Fe(c0)4 —

i
x

H 7
0 c
R 1]
171a + Cic-cC1 ——P» (c0)3|=e/—-> e(C0),
~a-~" 173

HC1 {anh)
BrZCHCX

(Et4N),[Fe,(C0)q] 161n

\/[i
F

producing 164. The reaction of 16la with H, may involve oxidative addition of H,
to one of the irons followed by successive transfer of H t011-CH2. CO insertion
after the first transfer could account for production of acetaidehyde. Reactions
of 161la 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 16lh may be important in Fischer-
Tropsch chemistry. The cations 171 generated by hydride abstraction from 161h
can be trapped to produce species such as 169, 170, 172 and 173 [143].

The PES of [Fe(C0)4]2CH2 (161a), [Fe(CO)4]2C2H4 and Fe4(C0);, were compared
to show that the bridging (CH2)n groups are negatively charged. However, the
effect is Tess for C,H, than for CH, [144].

When Fez(CO)9 and (EtOZC)(Me)C=C=CH2 are allowed to react in benzene, EZS
is one of the products. Its X-ray structure was determined [145].

H
==

Me

Photolysis of (n4-CH2=CHCR=CH2)Fe(C0)3 with C7F8 produces 175a,b [146].
For some structurally similar species, note ggg, gg§.
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Cyclic voltammetry on the ferroles 176 and 177 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 [147].

Fe(C0)
Fe(0), ,/// 3
Fé(co)
Fe(co), 3
176 177

The major product when Fez((:[))9 was refluxed in benzene with }_Zg is }.Zg
[148].

c51”63
cZ

C
e,
‘Me3

179 R = CECSiMe,
178

A series of complexes gjg-RzFe(bipy)z (R = Me, Et, n-Pr, n-Bu; R, = (CH2)4)
was synthesized and shown to undergo reversible one-electron oxidation to isola-
ble cations [_gi_s_—RzFenI(bipy)z]+. These were oxidized irreversibly to Few
complexes which rapidly decomposed to R2 and [Fe(bipy)z] X The neutral complexes
undergo, via a dissociative process, B-elimination and reductive elimination to
afford RH and R-H while the FeIII cations decompose via a free-radical path
yielding Ry, RH and R-H [149].

Na[Fe(Pc)(CHZCHZNRZ)]-xTHF (Pc = phthalocyaninato; Ry, = Ph,, x = 4; R, =
MePh, x = 3; R, = (CHZ)S‘ x = 5) were prepared and found to react with p-
toluenesulfonic acid, Me(H, CH3C(0)C] and Mel to form products of heterolytic
fragmentation FePc, C2H4 and, depending on the reagent, RZNH, RZNH, MeC(O)NR2 and
[MeZNRZ]I, respectively {150]. The alkyl-containing anions are oxidized to
[Fe(Pc)(CHZCHZNRZ)]-%THF by PhyCCl f1511.

Alkyl porphinato complexes also received attention. Reaction of Fe(tpp)
(tpp = tetraphenylporphinato) with excess dithionite and either CF3CCI3 or CF3~
CHC1Br afforded Fe(tpp)(CC1,CF;) and Fe(tpp)CHCICF; , respectively [ 152].
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Treatment of FeIII(por)CI (por = octaethylporphinato, tetraphenylporphinato,

tetra-m-tolylporphinato, tetra-p-tolylporphinato) with MeMgl gave the methyl com-
plexes FeI“(por)(Me)(HZO) . At -20°, all these insert 502 producing Felll.
(Por)(S0,Me) which can be oxidized by 0, to Fe'!T(por)(soMe) [1531. Visible
spectroscopy was employed to detect the presence of FeI”(tpp)(CH2-2-06H4N02)
as an intermediate in the Fe(tpp)C1 -catalyzed reduction of E—OZNC5H4CH201 by
ascorbate [154].

It has recently been shown that oxidation of vinylidenecarbene iron por-
phoryins produces N-yinyl- and cis-N,N vinylidene iron porphyrins. It was shown
also that FeC]3 oxidation of o-methyl, vinyl or phenyl FeI”(tpp) complexes leads
to FeII N-alkyl(tpp) complexes. Reverse transfer of the R group can be effected
by treatment with dithionite [155].

When Fe(D)[P(CD3)3]4I was allowed to react with Li(CHZPMeg) in E1,0 at -30°,
only Fe-D bands due to the presence of 180 were visible initially in the IR
spectrum. The subsequent appearance of Fe-H bands demonstrates the intra-
molecular nature of the cyclometallation [156].

L 181 L = PMeg
[(tD3)4P, Fe7 oc | e a X =NCS
5\% Fe B X =N
D 2 o | X ¢ X =N
180 L d X = 0Me
e X=2¢Cl
f X =8r
g X=1

18la-g were prepared. On carbonylation, 18la-d gave 182 a-d; however 18le-g gave
a mixture of 182e-g and 183a-c with the proportion of isomer 183 decreasing in
the order I > Br » €1 [157].

Lo a X =NCS Loog
el N, b X=CN 00w l_e/c\ue s x-0
oo [T R Sl I b X =Br

L d X = OMe L ¢ X=1

e X=0C1 N

182 L = PMe, f X =Br 183 L = PHe,

g X=1

- R
The CO insertion induced by nucleophiles on 184 (As As = diars) was
studied. With L = P(OMe)3, P(OPh)s, PPh(0Me),, PPh,(OMe) and *CO, 185 is the
single kinetic product. For more basic L = PPhMe2 and PMe3, two kinetic products



463

0 Me

Me N + L 0
As. | o ? s | co as. | &
S ~— — s ~ — s ~— ~

Fe Fe‘\\ Me
As— | ~c0 As— | €o As—" | ™o

c L c

0 0

184 185 186

are observed 185 and either 186 or 187. These results suggest nucleophilic
attack on a tbp acyl such as 188 stereodirected by the large trans effect of the

As
0§C /Me . 0\ )S
s | L N¢ Fe \\\
(: ~rer” /T
sf”| ~c¢o Mé [
C C
0 187 0 188

acyl. Consistent with this is the observation that decarbonylation of 185 (L =
*C0) removes all the label as would be required by the Principle of Microscopic
Reversibility [158].

Formyl, Acetyl and Related Complexes
Naz[Fe(C0)4] was found to react with N-formylimidazole in the presence of
B(OMe)3 in HMPA producing Na[Fe(C0)4(CH0)]. BF 3 and BEty also act as promoters
for this reaction. Some Na[_HFe(CO)4 1is also formed, but not from the decomposi-
tion of the formyl complex.. In the absence of a Lewis acid, Naz[Fe(CO)4] simply
decarbonylates N-formylimidazole showing that simple hydride transfer is not the
route to the formyl [159]. When [HFe(C0),]” is treated with BF; under a CO
atmosphere in THF, Fe(CO)5 is the product. This suggests the presence of a
formyl intermediate since [Fe(CO)4(CH0)]' is known to transfer H™ to BF 5 [160].
) Treatment of Naé:Fe(CO)q] with N-acetylimidazole was found to produce Na-
[CH3C(0)Fe(CO)4 J[158].
189 was one of the products resulting from a reaction between (Ph2C=C=0)~
Fe(CO)3 and C2H4 [161].

Ph

c lllii
N
0=¢C \
\ / ¥
Fe

(C0)q

189

e
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Aryl Complexes

Fe(l,3,5-Me3C6H2)2, Li[Fe(1,3,5-Me306H2)3(diox)] and Mg[Fe(l,3,5-Me306-
H2)3:|2.THF5'75 were synthesized from ferrous halides and mesityl Grignard rea-
gent. The neutral mesity] complex reacts with L = phosphines, aminophosphines,
phosphites affording Fe(1,3,5- Me3 2) L. (n =1,2) [162]. A series of Fe(II)
tetraaryl carbonyl mercaptide complexes was prepared whose MCD and absorption
spectra reproduce well that of cytochrome P-450 [163].

Low-spin PhFe(tpp) (tpp = tetraphenylporphinato) was made from Fe(tpp)Cl
and PhMgBr. Treatment with aerobic solutions of acidic MeOH caused Ph-to-N
migration known for alkyl, vinyl and vinylidene iron porphyrins [164]. a-Aryl
and g-vinyl iron porphyrin complexes were generated by electrolysis of a mixture
of Fe porphyrin and aryl (or vinyl) halide [165].

e II(oep)(B-XCSHS) (oep = octaethylporphinato; X = H, OMe, Me) were pre-
pared and found to have S = %. These aryl porphyrin complexes are photo-
chemically unstable and oxygen sensitive decomposing via homolytic cleavage of
the Fe-C bond to give (p-XCcH,), (X = H, OMe, Me) [166].

Mb'ssbauer measurements on Fe(C6C15)2L2 (L = PEt3, PEtzPh) were reported
[167].

MONOALKENE COMPLEXES

M.0. calculations of the ionization potent1a1 of (n -C2H4)Fe(C0)4 were
carried out [6] as well as calculations on (n -Me,C=C= CMez)Fe(CO)4 [168]. Hhen
Fe (CO)9 1s treated w1th vinyl germanes in hexane at 30- 40 the products (n -
CH,CHGeR 'R? Fe(CO0) (RY = R% = gt; Rl = R? = CHeCHy; R = CHeCHy, R? = Ge-
(CH=CH ) ) can be prepared [169].

X -ray structures of (nz-d1ethy1 fumarate )Fe(CO) (PPh3) and (n -diethyl
ma]eate)Fe(C0)3(PPh3) show that both complexes are trigonal bipyramids. The
phosphine, dimethyl fumarate and a carbonyl ligand are all equatorial while, in
the more crowded diethy] maleate complex, the phosphine is axial [170].

A number of styrene complexes (nz-CH2=CI-{E-C6H4X)Fe(C0)4 (R = H, Me, OMe, C1,
F) were prepared. When they are treated with Br2 in methanol, FeBr3, €0, HBr and
p-XC H4CH(0Me)CH2C02CH3 are formed [171].

Reaction of Naz[Fe(CO)4 Jwith olefins in THF affords radical anions whose
identities depend on temperature, stoichiometry and time. At -80° . ma]e1c anhy-
dride produces the radical anion of the olefin along with [FeZ(CO)B] At room
temperature [Fez(CO)BI_ and 190 are formed. Similar Ho]ef1n)Fe(C0)3] radicals
result with (olefin) = methyl maleic anhydride, dimethyl maleic anhydride, di-
methyl maleate, dimethyl fumarate, cinnamonitrile and acrylonitrile. The
lability of these seventeen-electron species allows preparation of P(OMe)3-
substituted derivatives. The above radicals can all be prepared also by reduc-
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0 .
0 Fe(C0), VAR ___447_—<§\___ ;/ \:
//Fe?E0)3 Fe(C0), Fle(c0)3 Fle(c0)3
° 191 192 193 194

150

7IN\__

Fe(CO)3 195

tion of (oleﬁ'n)Fe(CO)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 12}'125' One doub]e‘bond is dissociated in the corresponding radical
anions [172].

ALLYL COMPLEXES

(n3-C3 5)Fe(C0)3X (X = C1, Br, I} were found to react with AgC 04 in CH,C1,
yielding (n3-C3 5)Fe(CO)3OC103 The perchlorato complex undergoes addition of
Lewis bases L = PPhy, AsPhy and py to afford [(n -C, H5)Fe(CO) L]C'IO4 When L =
PPh3, the cation loses two CO's on reaction with the b1dentate anions L' = 8-
hydroxyquinolinate, N-phenylsalicylaldimate giving [(n -C3H5)Fe(C0)(PPh3)L ]
[173].

Factors controlling the relative contribution of olefin and allyl struc-
tures in Fe complexes containing =C=C-C+R ligands were discussed in some detail
[174].

Cyclopropenium cations were found to react with [Fe(CO}(NO)L]™ (L = cCoO,
PPh,, PMezPh) to produce oxocyclobutenyl complexes (196a-c) as well as cyclo-
propenyl complexes 197a-c. 197a reacts with L = PPh3 or PMeZPh to afford
mixtures of 196b, 197b and 196c, 197c, respectively [175].

Ph Ph
Ph
Ph 4li!i!!|l"’* 0
196a L = CO Ph
Ph _ Fe 197a L = CO

Fe boL = PPy oc”/” N b L = PPh
% ¢ L = PMe,Ph L 2 3

[ AN ¢ L = PMe,Ph

oc L N c 2
N
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CYCLOBUTADIENE AND TRIMETHYLENEMETHANE COMPLEXES

A valence bond structure/resonance approach was used to calculate bond
orders in ten (cyclobutadiene)Fe(C0)3 complexes. Calculated bond orders showed
a linear relation to known bond lengths [176]. M.0. calculations were employed
to predict sites of addition and nucleophilc attack by both hard and soft
reagents for inter alia, (n4-C4H4)Fe(C0)3 [177].

Dihalocyclobutanes were prepared by treating Al halide complexes of cyclo-
butadienes such as 198a and 198b with SOC1,. Addition of Fe,(CO)g to the
reaction mixture produces (cyc]obutadiene)Fe(CO)3 complexes [178].

Me
Me Me AlC1 3 ,
" MCI3 ;
Wt \i., Z J
—= OEt
Me \Me (C0)3 e
lg_iia 198b 199

Tertiary phosphines and phosphites add reversibly to the cyclobutadiene
ring of [(n4~-f:4H4)Fe(CO)(NO)L]+ to give exo-phosphonium salts [(C4H4PR3)-
Fe(CO)(NO)L]+. Kinetic studies in nitromethane show that the ring electro-
philicity spans a range of ~100 as L is varied in the order L = CO > P(CHZ-
CHZCN)3 ~ P(B—C]CGH4)3 >P(‘:3-FCGH4)3 > AsPhg = PPhy > SbPhg = P(g—MeCGH4)3 >
P(g-Me0C6H4)3. Nucleophilicity of the attacking Lewis bases follows the order
P(g--Bu)3 > P(p_-Me0C6H4)3 > P(E-MeCGH4)3 > PPh3 > P((:HZ(:HZCN)3 > P(O-Q-Bu)3
[179].

One of the compounds resulting from the reaction between Fez((:o)9 and
(Me)(Et()zC)(:=(:=CH2 is trimethylenemethane complex 199 [145]. 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 [180].

The third product (besides 174 and 199) of the Fe2(C0)9/(Me)(EtOZC)C=C=CH2
reaction is 200 [145]. The second product (besides 1_83) from (Ph2C=C=0)Fe(C0)3
and ethylene is 201 [161].
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COzEt Ph
7| \; /
Fe(CO)3 Me ' \
Fe(C(J)3
200 201

Scheme 23 delineates the results of allowing the cyclopropenes 202a-d
to react with Fez(CO)g.

SCHEME 23
Ph Ph
Ph Ph
74 Fe(C0)4
+ Fe,(c0)y —— P PN
rARS" A\
Ph~T0R
202a R=Me d R=Ph 203a R = Me
b R =Et b R=Et
¢ R=1t-Bu ¢ R =t-Bu
d R=Ph
P Ph
+  RO,C Fe(C0);  + . / \
e W\ OR
Ph Ph
Fe(C0)q
204a R = Me R 206a R = Me
b R =Et b R=Et b R =Et
¢ R=t-Bu ¢ R =t-Bu ¢ R=t-Bu
d R=Ph d R=Ph d R=Ph

X-ray structures of 204b and 205a were determined [181] as was that of 207
[182].
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The He{I} PES spectra of endo, exo, endo-exo and di-exo Fe(CO)3 complexes
of 208 were measured and interpreted as indicating a stronger Fe-butadiene bond
for endo than exo geometry. Perturbation of one Fe(CO)3 groups on the uncom-
plexed diene group was found to be negligible. Additive perturbations occur in
the endo-exo complex, but an extra effect occurs in the di-exo isomer [183].

1 C NMR, gas phase PES and CNDO calculations allowed no firm conclusions
regarding the electronic structure of (butatriene)Fe,(C0), [184].

Cyclic Diene and Higher Qlefin Species
209, 210 and 211 were products {along with 179) of the reaction between
Fe,(C0)y and 178 [148].

Me,Si _SiMe,
\ Fe(C0),

ol 1O

1
Me3Si iMe3

A synthetic study was made of stereoselectivity in complexation of substi-
tuted cyclohexadienes by Fe(CO)3 groups. Substituting alkyl groups display
classical steric hindrance. However, COZR and related groups favor positioning
of the Fe(CO)3 group near them, possibly through prior compiex formation. This
effect is enhanced under non-polar conditions and reduced by the presence of OMe
(n-donor) substituents [185].
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13C NMR was employed to assign the stereochemistry of several complexes of
type 212 [186].

Me

Rl /

2
R Me
(C0) ,Fe
3 3 0 Fe(C0),

R4 Me Me

213

212
213 was prepared via a reaction between the organic ring molecule and

FeZ(CO)9 [187]. The X-ray structure was reported for 214 [188].

Me COzMe

~

MeO
Fe(CO)3

24

The crystal structures of two of the isomers of 215 were published [189].
216, a complex of a bicyclic ligand, was synthesized [190].

H /0
C02Me
COzMe
Fe(C0); Fe(C0),
215 216

Kinetics of the reaction between 217a-e and tcne to give 218a-e were
studied. 2l7e initially forms a 1,3-adduct which rearranges to 218e [191].

RL__R? b
X :
d

Fe(CO)3

D
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AG 1Rfor 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 C7H8 while electron-withdrawing groups increase it. The
values of AG' were not consistent with the symmetry-forbidden closure to a
(norcarnadiene)Fe(C0)3-type transition state [192].

Fez(CO)9 reacts with 219 producing 220 whose X-ray structure was deter-
mined. The tropone ligand can be removed from 220 by oxidation with Ce(IV)
[193].

Ph Ph Ph Fe(CO)3

Ph Ph

219 220

+
The site of electrophilic attack by[CHC1=NMe2]in the substituted cyclo-
octatetraene complexes 614-C8H7X)Fe(C0)3 (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 221h
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
v[195].

NMR was used to investigate fluxionality in the tetraazabutadiene complexes
(Me4N4)Fe(C0)3, (Me4N4)Fe(CO)L2 (L= PMe3, P(OMe)3, P(C6H11)3, P(OPh)a, PMeth,
pph3) and (Me4N4)Fe[P(0Me)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 [196].

DIENYL COMPLEXES

Semempirical calculations of the INDO and charge-iterative extended Huckel
types were performed on di(pentadienyl)iron and some methyl derivatives. Hel PE
spectra were also reported and compared with that of ferrocene [197].
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SCHEME 24
(diene)Fe(CO)3 (diene)ZFe(CO)3 (DAD)Fe(CO)3
+ DAD + DAD + diene
h\\ lR.T. /hv
221 (DAD)(diene)Fe(CO)3
DAD diene

a bipy EtOZC ——\—/—COZEt
— /Ph

C>—\\ Et02C —\—/—'COZEt
N NPh

[X-2

Ph

\_/
\_7
@_<NC6H4_E-OMe TN/
Ph @

e

COEL

: \ / \\N n-Bu
\’ ( >\ /<
f 7\
p-MeOC g AN NC 6H 42-0Me
g 7\ \_ 7/

i-PrN Ni-Pr

/
Y
i-PrN Ni-Pr

o
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i
j;Prﬁ/ \Ni—Pr

W
i C5”11'64?—_\%”11 :}i“'AZ:

[(Cross-conjugated dieny])Fe(C0)3]+ cations do not possess the unsaturated
structure indicated by 222a and predicted by frontier orbital theory. Apparent-
1y, they can attain structure 2223 at modest energy cost and undergo rotation
about the C2-C3 bond implicit in this structure. On this basis, the transforma-
tion of 223 to 225 depicted in Scheme 25 is intelligible. The ground state of
these cations is probably best represented as 222b [198].

A\ \\
) A}
i -~
” ‘ \\ + 5 Iy +
Fe(CO)3 Fe(CO)3
222a 222b
SCHEME 25

HO
2-3 eq. FSOH

N\ $05(1), -65°

/

Fe(CO)3 o +
23 -50 Fe(co), Fe(C0),
H8// Fsogh meon/ [ FSO3M
Me0
HO
Fe(c0), | Fe(C0);

N\ & =
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Calculations of 3¢ shifts for [(n’-CgH;)Fe(C0)31" and [(n®-C Hg)Fe(C0),1*
were made using SCCCMO methods and the Pople-Karplus equation [199]. M.0.
calculations were made predicting the sites of addition and nucleophilic attack
by both hard and soft reagents on [ 5-C6H7)Fe(C0)3]+ and [(115-’--C7H9)Fe(C0)3:|+
[177].

The substitution pattern for nucleophilic attack on }3@3 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 with M.0. calculations [177].

H Fe(CO)3
R + R4P

Fe(CO)3
226a R =H 227
b R = 0OMe

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 kinetics of
addition of phosphines to 226a yielding 227 were studied in acetone. P(Q—tolyl)3
and P(CHZCHZCN)3 added reversibly and k., . = kl[PR3]+ k_j- The remaining
phosphines showed second-order kinetics with Kobs = kl[PR3]. A correlation was
found between k1 and Tolman's x values. A plot of log k1 vs pKa showed that
phosphine nucleophilicity was generally controlled by bascity except for P({o-
t01y1)3 and P(CﬁHn)3 where steric factors predominated [202,203].

Addition of optically active nucleophiles to 226b has furnished interesting
results. Kinetic diastereotopic discrimination occurs in the reaction of (R,S)-
226b with (R)-(+)589-1—phen_ylethy1amine in MeCN. Initial attack occurs at C5
giving diasteromeric cations 228 which can be deprotonated to neutral diaster-
eomers [204]. When the attacking nucleophile is (8,5)-(-)5gg-0-phenylenebis-

o NHZCH(Me)(Ph
H
MeO + -

Fe(CO)3 Fe Fe
(cO), (Co)s

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]. (5'5)‘(‘)589‘
chiraphos, (-)589-neomenthy1dipheny1phosphine and (+)589-diop all showed kinetic
stereoselectivity in addition to 226b [206].

Addition SCN™ to 226a and to [Z;S:h6H7)FeCp]+ gave 5-exo NCS isomers which, on
exposure to air rearranged to 5-exo SCN complexes (2071

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

Scheme 26 shows the chemistry of 230 which is the product of reaction of O
with (18-benzene)Fecp [209 1.

SCHEME 26

230

RX = Fe 226a
Cp
CHC
; 0 3
6
2 (n°-CgHg)FeCp X + ROOR CH,CCH,
232 233
a
232a X = OH 2332 R = H HCCH‘-. H
bX=06t b R=H Ee 2%
cX=SPh ¢ R=H P
dx=C d R=H
eXx=C1 e R=CCly 231
fX=C  f R=PhC(0)

Some chemistry involving [(cyclohexadieny])Fe(CO)3]+ cations containing
SiMe3 substituents appears in Scheme 27 [210, 211]. Substituted benzenes E&é can

be synthesized.
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SCHEME 27
Me3Si Me3S1'
Fe(C0)3 Fe(C0),
+ Fe(C0),—P» . @ .
Me,Si” H SiMe,
235 (exo) 236 (endo)
Me3§i
Fe(CO)3
S1'Me3
237
. ?iMe3 S1'Me3
Ph,C*BF He. . .
235 _—L—A—> + Fe(€0)
- H Fe(C0)4 e\tldis
H-1
H
2382 238b
hv Fe(C0)3
2w P
239
MeySi SiMeq
+ +
2.-3-2 __u_b +
2402 2400
97 : 3
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Me,Si
Fe(CO)3

20006 + X — P 24la X = n-Bu
o X b X = CH(CO),Me),

c X=CN

O

0
e X = CH(COMe),

0
g X ='*<:::>>-NM92
/\
h x==NP
- =/
i X = P(0)(OMe),
Me,Si
1. (NH,),Ce(NO5) /MeOH 3
201a- 4236 " p
2. Me3NO/CgHg 242a-i
X
/DDQ
Me,Si
243a-i

Reductions (both chemical and electrolytic) and oxidations of 244 lead to
interesting ring openings and closures as seen in Scheme 28 [212]. The X-ray
structures of gﬂ§ and 247 were determined.
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SCHEME 28
2+

> ‘ e(C0),

(CO).Fe
3 -
244 Fe(C0),
(CO),Fe
. 37y

245

Fe(CO)3

(C0)3Fe

The dienyl cations 25la-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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SCHEME 29
OH 4y
R +or - R
Ph,C BF, >
(€0)Fe HPF g
Fe(CO)3
202 R = 2512 R =X
b R=Et b R=Et
¢ R=t-Bu ¢ R=t-Bu
OMe
25lb,c e o 252a R = Et
R b R = t-Bu
{C0)45Fe
+
R CHYR,  252c YR = NMe
251a —_— 2'"3 2Lk 3 3
d YRy = PPny
(C0)3Fe g YRB = ASPh3
CH
—_— 2
272 S —
+ AsPhg
Fe(C0)4
NMe3
262

CYCLOPENTADIENYL COMPLEXES

Binuclear Species
The solid state 3¢ wR of cis-Cp,Fe,(C0),; shows more resonances than the

solution spectrum since the site symmetry is C1 while the molecular symmetry is

Coy- Also reported were the solid state NMR spectra of trans-szFez(CO)4,
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CpFe(CO)ZI, Fez(CO)9 and Fe3(C0)12. The chemical shift values agreed well with
those of solution spectra [2141.

Reflux of [(n5-C5H4X)Fe(CO)2]2 (X =H, Me, COHMe) in toluene in the presence
of RNC produces the substituted dimers un5-c H4X)Fe(CNR)2]2 Exchange reac-
tions between [(n -C H4X)Fe(CNR) ]2 and the unsubstituted dimer afford [61 -

CoHaX)oFe,(C0)4_n(CNR) T (n = 1-3). [(n®-C 5HaX) e (C0),_ (CNR) T (n = 1, 2)
can be prepared from Na[CpFe(CO)z], RNC and tropylium tetrafluoroborate [214a].
t-BuNC substitution on szFez(CO)4 was found to be catalyzed by Pt0,, Pd0, Pd/C
and Pd/CaCO3 f215].

The photoacoustic spectrum of szFez(CO)4 was reported [216].

Several reactions of the bridging ligands in dimers with Lewis acids were
investigated. szFez(CO)z(CNMe)L (L = CO, CNMe) react with Lewis acids A =
SnX,, SnXg, ZnX, CdXz, (x = F, C1, Br, I), AsCl,, NiC12-6H20, AgNO5 affording
adducts of structure 253 containing an N-A bond. Only adducts having L = CNMe, A
= ZnClz, Zn12-0.5THF,~EEC12-0.5THF, CdBrz, CdI, or SnC]2 could be isotated [217].

Me\n/A 9
Cp\\‘Fe<:::f;::: e’/ch Cp\\\Fefii:E:::lFe'//cp
CO/ \L/ \CO OC/ \I(II \CO

253 L = C0, CNMe S\A 254

szFeZ(CO) (CS) exists in so]utlon as an equ111br1um mixture of cis- and trans-
isomers. Lewis acids A = SMe' , HgMe Fe(CO)ZCp , HgClz, HgBrz, Cr(CO)s, N(CO)5
from adducts of structure 254 as shown by IR [218]. 255a,b are formed revers1bly
from reactions between [(n5-C5H4R)Fe(CO)2]2 (R = H, Me) and [(n -Mescs)2
ZrNZZbNZ. The ‘structure of 255a was etablished by X-ray [219].

0—c¢

Cp* S=re 5

p\ / 255 Cp* = n>-MegC,
ir 0="c a R=H,b R=

yd N ]
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Photolysis of szFez(CO)4 and [CpFe(CO)ZJZHg in vacuo 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 u-alkylidene, -alkylidyne, and
-methyl complexes containing Cp ligands. This cis # trans isomerization of 257
is faster than that of 256. 258 is the first example of a .-CH complex containing
two transition metals. Only one 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
[222]. 258 also reacts with CO giving 265, an organometallic analogue of an
acylium ion, which reacts with nucleophiles producing 266, 267 and 268 [223].
The X-ray structure of 265 was established [223].

SCHEME 30

0
K[CpFe(c0), 1 + CpFe(CO)ZCHZOgMe —)[CpFe(CO)Z]2

266
H H H H
c \c/ c " \c/ o
+ p\\\ //// \\\\ /// P + p\\\Fe//// ~ Fe///
oc/\/\co oc”” \ﬁ/ \Cp
0 g
257a (cis) 257b (trans)
3.4 1
H
oo - c
Ph,CPF
AL\ LA N
257a,b - —— Cp(CO)Fe \Fe(CO)Cp
R HBE't,
o
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257a,b
\\ii\
MeCN‘\ H H
H--- +
; ~— CH,C1
Cp(CO)Fe—/——Fe(CO)Cp X" —Lb CpFe(CO)zMe+"CpFe(C0)+“
c
0
259 a X = CF,S0,
b X = BF,
COH CMe,H
(2 CH 2
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CHZME CMEZH
CH CMe
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Cp(CO)Fe——————Fe(CO)Cp Me Cp(CO)Fe Fe(CO)Cp
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c
b

References p. 526



482

0
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H.0 P Co
i g
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c c C
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3 oc >l co
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0
Cp g Cp
\\\Fe///, Fe//,
oc” ¢ co
> NH,
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As Scheme 31 depicts, g§§ is also accessible from 269a,b (which exists as an
inseparable isomer mixture). In this work §§§ was trapped by PPh3 which con-
verted it to 270. It was also converted to 257a,b by treatment with NaBH,.
Reactions of 257 and 269 with H, seem to involve addition of H, to the bridging
alkylidene. Methyl-substituted analogues of 258 and 269 (namely gZ} and 313)
were also prepared by routes shown. The crystal structure of gzgg was reported
in 1981. Reaction of 272 with Ph3C+ produces 273 which reacts with nucleophiles
giving substituted analogues of 272. 271 is deprotonated by MeLi to yield the u-
vinylidene complex 275. The sequence of reactions starting with conversion of
256 to 271 and 272a,b converts u-CO to u-alkylidene and -vinylidene ligands [224,
1431




SCHEME 31
) + _H 0°
[CpFe(C0),3~ + CpFe(PPhy)(c0)=c
0CH, MeCN
: H\C CH : : H c/OCH3 .
p P P
\Fe/ \Fe< + \Fe/ \Fe/
oc”” \ﬁ/ co o \%/ ep
0 0
269a (cis) 269b (trans)
) ) c H\; _PPhy c
H' or PhsC PPh P ~ P
692,06 — P 258 ——P \Fe/ e
oc”” \ﬁ/ ™ o
0
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NaBH H,
258 ———P 257a,b —~5—P  CHy + Cp,Fe,(C0),

256

H
2 .
269 —p CH30CH3 + szFez(C0)4

483

256
Me+
' RN
H
256 + Meli ———P» Cp(CO)FR——Fe(CO)Cp + 1.5 Hre(c0), — Ty,
q
o 2n
H _CHR
c
ep(co)Fe_ \Fe(CO)Cp +  0.5[HFe3(c0)y;]” + 0.5 CO
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H
/u-/c\z .
+
22,6 + Phyt'—— P Cp(CO)Fe\——-—;Fe(CO)Cp + PhyCH
¢
0 273
RLi
MeOH PPh,
H\C/CHZR
~ Ho+ _CH,L
Cp(CO)F<—-——Fe(C0)Cp 2726 /\c/ 2
ﬁ/ o Cp(CO)Fe-—\Fe(CO)Cp
0 R = OMe \C /
272¢ R = Me 3
d R=n-Bu 2742 L = pPh,
P(n-Bu),
2n ———2—P»274b L = P(n-Bu),
Mel i
H
HBF @2\
Cp(c0)Fe<—Fe(c0)Cp
\C/
b as
Ho _Me

hv or a e/c\
272a,b + P(n-Bu); ————» Cp(CO)F§————FelCp
7 276 L = P(n-Bu,)
H o~ =73

The crystal structure of the u-vinylidene complex 277 was published [225].

279 was one of the products of a reaction between 278 and Fez(CO)g in THF
[226].

Scheme 32 shows some chemistry of complexes bound together by a Me251'
bridge, but having no Fe-Fe bonds [227]. 28lc (R = CHZPh, L = CO) was found to
display enhanced photochemical reactivity compared to the corresponding mono-
nuclear species producing biphenyl and Fe-Fe-bonded species via a free-radical
process on irradiation [228].
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A sequence of reactions leading to a dimer containing a wu-diphos, 286, is
seen in Scheme 33 [229]. 285 disproportionates to CpFe(CO),Me and 287 [230].

SCHEME 33
Ph,
p . 0
/ + _ LiAlH, THE/CH,CI
CpFé PFg 4 . CpFe{—CH
/\P -78° \
% b, Ph,P PPh,

/ 285
o oc CpFe(CO)ZH

AN
CpFe—H H—FeCp

Ph,R PPh
A or 2 2
h

C| CpFe(CO)ZMe +
\ C
p Cp
CpF< /ecp Fe\ ~ 0\ /Fe N
/ Ph 4 \ T f [ pen,
PhP PPh, zb 0 o}
Ph, Ph>
286 287

Photochemical reaction of 257 with thPCHzPth and subsequent protonation
affords [szFez(u-CH3)(u-CO)(u—PhZPCHZPth)]PFG, 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 [2311.

The complexes (:pFe((:O)(PMe3)EMe2 (E = As, P) can be quaternized at the
Group V atom. They were also found to react with 2RPhPC1 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 E-(AsPh)6 and c-(AsMe)g react with Cp2Fe2(C0)4 yielding
289 and 290, respectively. The X-ray structure of 289 was reported [233].
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Me Me + M e
Cp Nas” Cp Cp RAs’y Cp +
\/Fe/ e’ Q- St e o
oc- A | o 4 I “ome,
PMe3 PMe3 PMe3 Co
288a 288b
MeAs—AsMe
Cp(CO)Fe Ph i
2 \As As/ MeAs sMe
Ph/ Fe(C0),Cp Cp(CO)Fe Fe(CO)Cp
289 290

Several heterobimetallic complexes containing Cp were reported. When
CpFe(CO)ZH and MnZ(CO)B(PPh:;)2 were allowed to react in room light under argon,
the products were CpFe(CO)ZMn(CO)S, szFez(CO)4, HMn(CO)4(PPh3), MnZ(CO)B-
(PPh3)2, CpZFeZ(CO)a(PPh3) and MnZ(CO)g(PPh3). This mixture suggests the pre-
sence of seventeen-electron species which combine unselectively [234].

The structures of twe crystalline forms of 291 were both found to exhibit
the same geometry for the complex [235]. 292 was prepared from the reaction of

0 H 0 eS\ /SMe
C c H C Cp ¢
PGP N
Fe —————Mn{_ Feﬁ¢o(co)3
/ ~ ﬁ /(!: co o \ﬁ
0 0
201 292

[CpFe(CO)(NCMe) C(SMe)z] and [Co(C0)4] On oxidation 292 gives 345b, [CpFe-
(€0),=C(SMe),1" [236].

Treatment of the nitrosyl dimer 293 with substituted diazomethanes leads to
294a-c or 295a-d depending on the substituents [237].

0 Rl 2
N C’R _No
CpFe/=_\FeCp : \ i 294a Rl =RZ = H
N N \Cp b R1=H, R = Me

0

c R1,R2= N
293 ; z
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1 2
R\C/R
TN 2952 R = R% = Ph

CpFe?eCp S 1 2

Ne><<y b R, R N/

0 0

12 .
c RLR BrWBr
. Br Br

o
=
—
=
~n
[1]

o

Multinuclear Species

Na[CpFe(CO)Z] and CI1CH=CHC(0)C1 react to give Cp(CO)zFeCH=CHC(0)Fe(C0)2Cp
which, on treatment with Fe,(C0)q affords 296 and 297 [238].

Photoacoustic spectra of the tetranuclear complexes Cp4Fe4(C0)4 and Cp4Fe4S4

were reported [216].

CpFe(C0) ,CH == CH!:Fe(CO)ZCp Cp(CO)FeCH =\: CH@Fe(CO)ZCp
Fe(CO)
4 C—Fe(€0),
7
0
296 297

Fe(C0)g and 298 afford 299 [238al].

Me Me,
Me i! “'Iiiil Me
Me Me
Me Me

208
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Me Me

Me

Me

Heteronuclear complexes reported include 300, prepared from [CpFe(CO)Z]2
and HRu3(C0)9C5H7 [239].

Scheme 34 shows the preparation of some tetranuclear and pentanuclear
complexes containing Co [240, 241].
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SCHEME 34
Me Me
[CpFe(C0),],
(CO)3Co ///90(60)3 (CO)3Co Fe(CO)Cp
Co Co
(C0)5 (C0),

CpFe(C0) AsMe,, o
Me
(€0)4Co Co(C0),
. Co AsMe,
(CO);  Fe(CO),Cp
Co cQgco)z
Cp(CO) ,FeAsMe, Co AsMe,
(C0)4 l
Fe(C0),Cp
303

Alcoholysis of [CpFe(C0),],Zn produced [ROZn{Fe(CO)ZCp}]4 (R = Me, Et) and
CpFe(CO)ZH. The X-ray structure of the methyl tetramer shows that it involves
two interpenetrating tetrahedra, one of O atoms (coordinated to Me and Zn) and one
of Zn atoms (coordinated to Fe) [242].

Anionic and Cationic Species

Treatment of [(ns-Mescs)Fe(CO)Z]2 with Na/Hg gives no reaction. However, a
K mirror effects reduction of the dimer to K[(ns-Mescs)Fe(CO) ] in THF. The
anion can be methylated by Mel affording an 80% yield of (n -Mescs)Fe(CO)zMe
[243].

Scheme 35 displays the preparation and chemistry of the anion 304 [244].
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SCHEME 35

n-BuLi or LiN(l'-Pr)2

{
CpFe(C0) (PPhy)CMe
THF, -78°
It -
[ CpFe(CO)(PPhy)CCCH ™ Li™
304 9
Me,SiCl rlCR2
i} 1.2
0 CoFe(CO) (PPh;)CCHR'R
i
CpFe(CO) (PPh3)CCCH,SiMe, OH
1]
305 RX PhCH 3092 R} = R% = Me;
b Rl =% = ph;
¢ RL, R% = (o)
¢ Rl = me, RZ = cHech,
it
CpFe(C0) (PPh)CR : CpFe(CO)(PPh3)gHPh
3062 R=Me, b R = PhCH,, H
¢ R=n-Pr, d R =HC CCH, 307
Brz, MeOH, R = Me BrzMeOH
RCH,CO,Me PRCH(OH)CH,COMe 308

Ketenimines form adducts with [CpFe(CO)z]_ in which they behave as elec-
tron-pair acceptors. In the complex 310, veo are shifted about 150 em! to

Et0 —(/ 0 -
\

)(2
Cp(C0),Fe OEL Cp(C0) Fe MR
\<_\ Y

0
310
— slla R =ph, RZ =
b R!=R? - pn
c R = Me, R? = Ph
d Rl = coEt, RZ = P
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higher energy than in the parent anions. Less electronegative ketenimines give
adducts 311 displaying only one O stretch; these adducts result from attack of
nucleophilic N on coordinated CO. Protonation affords neutral 312 [245]. In

Cp(C0) ,Fe —CCRJH
312a-d
Ph Ph
Cp(CD)zFe /R Cp(CO)ZFe
,/
H
0
T~Et
332 R=Me, b R=Ph 3182 R=Me, b R=Ph

contrast alkylation or benzoylation occur on 0 producing 313 and 314, respec-
tively. The X-ray structure of 313a confirmed the geometry depicted [246].

CN™ reacted with CpFe(CO)zsc(S)NR2 producing 315 which can be benzoylated
on N yielding 316. The X-ray structure of 316b was determined [2a71.

s s
NR, - AR
co(co)Fe” Y 2 cp(co)re” Y 2
“,}—-s }———s
N
}
3152 R = Me O/\Ph 36a R =Me

M.0. calculations were carried out to predict sites of addition and nucleo-
philic attack by both hard and soft reagents on {CpFe(C0)3]+ [177]. Calculations
of 3¢ shifts were made, also for [CpFe(C0)3]+ [199].

Mossbauer parameters were correlated with IR, “H NMR and redox data for
[CpFe(CO)3]PF6 as well as {CpFe(CO)Z(PPh3)]+, [CpFe(CO)z(CNMe)]+ and [CpFe(C0)~
{dppe)]1* [248].

Treatment of (n°-MegCc)Fe(C0),Br with AICl, and €O gave [ (n°-MeyCy)-
Fe(c0),1" [243].
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The X-ray structure of [CpFe(CO)(CNMe)Z]BF4 was reported [217]. Several
cationic complexes of the chelating diisocyanides 317a,b containing thirteen-
membered chelate rings were synthesized. These were: [CpFe(CO)(§lZg)]+,
[CpFe(CS)(317a)1" and [CpFe(cS)(312b)1" [249].

Reduction of [CpFe(CO)ZL]+ (L = co, PPh,, P(OPh)3, MeZCO) with sodium amal-
gam or Cr2+ was found to give szFez(CO)4 [208].

Methylation of CpFe(CO)ZCHZSMe (for which a new synthesis was reported)
yields [ﬁpFe(CO)ZCHZSMez][ 503F]. 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 [2501].

Carbene, Alkylidene and Vinylidine Species

Scheme 36 shows the synthesis and reactivity of the cationic carbene complex
320 [251].
SCHEME 36

: VoS

2
Cp(CO)ZFe //

CH
CHy tH {3
318 3t=Cy e
+op - o +
HBF, , -23 + Cp(c0),Fe —|
CHy 321 CHy
Cp(c0)2Fe< +
2w ™
P(0Me)
+ - 0 3
W', BF,”, -23 )
Cp(CO),FeC(OMe)Me, oh CHy +
\__ Cp(CO)zFe—<- L
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320 and related carbenes [Cp(CO)ZFe=CMeH]+ and [Cp(CO)zFe=CMePh]+ were
generated in situ by protonation of the corresponding neutral vinyl species with
HBF4. These carbenes were found to react with l-decene, isobutylene, styrene and
a-methylstyrene to produce cyclopropanes. One case of intramolecular cyclopro-
panation occurred affording norcarane, 324, from 323 [252].

323 32

The X-ray structures of 325 and 326a were determined at -35°C. The seven-
membered rings were planar and aromatic. The eleven-member ring system of 326a
is planar within 1.1°. Short Fe-C distances were found [253].

— +
Cp(CO)LFe PFG' Cp(CO)LFe& [ PFG'
S
325a L =C0
b L =P(n-Bu)g 326a L =2Co
b L =P(n-Bu),

The NMR spectra of 325a,b and 326b were studied down to -105°. No tempera-
ture dependence was observed for 325a while 325b and 326b exhibited rotational
barriers with that of 326b greater [254].

Reaction of [CpFe(CO)Z]' with PhC(=NR)C1 and HC1 in THF at 0° gave carbene
complexes §EZE:9 jsolated as PFE" salts [255]. When HC1 is omitted and the
reaction conducted at reflux, the iminoacyl analogues of 327c,d were isolated.

NHR ,NHRZ
//, ///
Cp(C0),Fe= * Cp(C0),Fe™ +
1
Ph CROH
3272 R = Me 328a Rl = Ph, R? = Me
b R = CHyPh b Rl =RrZ=pn
¢ R=i-Pr ¢ Rl=Me, R? = Pn
d R=Ph d R = cot, R% = ph

328a-d were synthesized by protonation of 312a~-d [244]. When PhC{=NMe)C1 is
employed, the carbene cations 329 and 330 are products. 330 results from intra-
molecular CO displacement on 327 by N [256].
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Me NMe Ph Me
" . A~
Cp(co)ZFe¥< Ph Cp(CO)Fe\ /L
Ph N Ph
' 329
330

Carbene complexes with 0 heteroatoms were also reported. Reactions between
Cp(CO)LFeC(0)Me (L = CO, PPh3) and [CpFe(CO)z(L')]+ or [CpM(C0)3(L')]+ (M = Mo,
W; L' = isobutylene, THF) afford 33la-f. 33lc is also produced from the reaction
between CpFe(CO)zMe and [CpMo(C0)3(THF)]+, a manifestation of CO insertion
promoted by electrophiles [257].

OM(CO)nCp 33la L =C0,M=Fe,n=2
Cp(CO)LFe-——C\\ b L= PPh3, M=Fe, n=2
Me c L=C0, M=Mo, n=3
d L= PPh3, M=Mo,n=3
e L=C0,M=W,n=3
f L=

PPh3, M=HW,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

0_ +
. ., 28 v
pFe + r e—!
CpFe(C0), HyNCH,CH,Br " ———»  Cp(C0),F < j
N
H

332

o

0 +
B /
CpFe(C0)4 to HOCHZCHZBr+ N Cp(CO)ZFe< j
\
N
0

333

B = NaH, K2C03, NEt3
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0 +
NaH or K,C04 // PdC]z(NCMe)2
2 ——2 3 g op(c0)Fe 2
CH,C1, —\\N 250

334

oy

Fe(CO)ZCp
/ Q
cl ¢l N\)
\Pd/ ~ Pd/
N < ™~ Cl/ \C1
Cp(CO)ZFe4</ j
0

Sulfur-containing complexes which contain other metals were also synthe-
sized. When M(CO)S(THF) (M = Mo, W) react with CpFe(CO)ZC(S)SFe(CO)ZCp, 336a,b
are the products [ 259]. A reaction of [CpFe(CO)Z(CSZH " with M(CO)SBr (M = Mn,
Re) produces 337a,b. These react with PPh3 to substitute one of the Mn or Re
carbonyl ligands. The same reactants at -78° afford Cp(CO)ZFeC(S)SRe(CO)5 which
was methylated to the cationic complex 338a [ 260,261]. gggg is prepared by
methylation of [CpFe(C0)2]2C52 [260].

3

S—-—M(CO)5 S

cp(c0) e —( co(co)fec” P
SFe(CO)ZCp S

336a M =Mo, b M=W 337a M=Mn,£> M = Re
SMe

Cp(CO)ZFe-—4<: +
ML,

338a ML = Re(CO)s

b ML, = Fe(CO),Cp
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Scheme 38 depicts the synthetic route to some vinylidene complexes 339a-d.
339a (whose X-ray structure was reported) undergoes a number of interesting
reactions including deprotonation to give 340 and hydride addition to give 341 as
well as adduct formation to give 342a-d [262]. A variety of species containing
OH, NH, SH and C=C adds across the vinylidene double bond [263].

SCHEME 38
i 1. HBF,-Et,0 + .
CpFe(CO)LCCHR, 9 [Cp(CO)LFeC =CR,1BF,
2. (CF450,),0
3393 L =PPhy, R =H
b L =PPhy, R =Me
¢ L =PMelh, R =H
d L =P(CeHyplg R=H
t-BulK
P =
339a T-Bu0n Cp(C0) (PPh,)FeC=CH 340
NaBH4
CH,C1,
-78° Cp(CO)(PPh3)FeCH=CH2 341
L
L
Cp(CO)(PPh3)F&<+ 342a L = PPhy
CH, b L = PMe,Ph
¢ L=py
d L= 4-Mepy
I
Cp(C0)(PPh3)FeCCH, 343
H,0
339 ROH R
T Cp(CO) (PPh)Fe + 3442 R = Me, bR = Et,
¢ R=i-Pr, d R=CH
Me
RSH
SR
Cp(CO)(PPh3)Fe_< + 345a R =H, b R =Me
Ve ¢ R =R%-Me
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1,2

NR™R
Cp(CO)(PPh3)Fe_< + u6a Rl = cH,Pn, RZ =
RS 2 _
Me 9 R* = Me, R =H
R1R2NH cl
Cp(CO)(PPh3)Fe + 347
y
Me

339a
EtOCH= CH2

T~

OEt
Cp(c0)(PPh3)Fe<\‘>— H—» CP(CO)(PPh3)Fe—< +

344b

Electrophilic CS, attacks the electron-rich triple bond of Cp(dppe)Fe-
(C=CMe) (dppe = bis(diphenylphosphino)ethane) affording 348 which was methylated
to produce 349 which was characterized by its X-ray structure [264].

e
Cp(dppe)Fe /// S
S Me
/
Cp(dppe)fe=C=(C + -
\\ C—SM
54? )
+
Cp(dppe)Fe \\\ S
S
348

Alkene and Alkyne Derivatives
Regioselective nucleophilic addition to 350 occurs on reaction with Li-

(MeZCu) producing 351 [265], whose X-ray structure was determined.

CCOEL +
Cp(C0) (PPhy)Fe —]| Cp(CO)(PPh3)Fe—(IZ=CMe2
CMe COEt

350 351
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Compounds Containing M-C Bonds

Irradiation of CpFe(CO) Me in the presence of L = PPh3, P(0-o0- to1y1)3,
P(OCH )3CEt 13 CO in isooctane gave CpFe(CO)LMe with &~ 0.7 independent of the
nature or concentration of L. This result suggests the presence of CpFe(C0)Me
and not (n3-CSH5)Fe(CO)zMe produced by ring slippage. The value of & 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(CO) Me is irradiated in isooctane in the presence of 1M 1- pentene,
€0 is lost and CpFe(CO)(l pentene)Me is formed at temperatures as low as -90°c.
On warming to -20°, almost complete regeneration of CpFe(CO)ZMe occurs. Evident-
1y the dicarbonyl complex is very photolabile at -90°C while the olefin complex
is very thermally labile.

Irradiation of CpFe(CO)ZEt (which contains a Bg-H) yields CpFe(CO)ZH and
C2H4, the products of g-elimination. In the presence of large quantities PPh3,
only CpFe(CO)z(PPh3)Et is formed on irradiation. With small amounts of PPh3
present, irradiation of other alkyl complexes produces CpFe(CO)(PPh3)(a1ky1) and
CpFe(CO)(PPh3)H. This behavior is consistent with capture by PPhy of the primary
photoproduct and the product from alkene loss after 8-elimination, respectively.
A sufficiently large [PPh3] captures all of the CpFe(CO)(alkyl) intermediate and
supresses B-elimination.

The g-elimination is reversible as shown by the presence of some 2-pentene
in the photolysis products of CpFe(CO)é(gfcsHll). This reversibility can
account for the already known production of isomeric alkene mixtures on thermoly-
sis of CpFe(CO)(PPh3)(a1ky1) complexes.

Irradiation of CpFe(CO)ZEt in inert matrices at 77 K resulted in the detec-
tion of only CpFe(CO)ZH but not CpFe(CO)(C8H4)H However, irradiation of CpFe-
(CO) (n- C5 11) in neat 1l-pentene at -140"C gave CpFe(CO)(l-pentene)(n- -CgH 11)
whlch on warming to -40° produced CpFe(CO) H. In the presence of PPh3. CpFe-
(CO)(PPhg)(n-CgH;;) was detected at -78%.

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(CO)zMe induced by PPh3 giving CpFe-
(CO)(PPh3)C(0)Me was observed [ 267 ].

Scheme 39 shows some substitution and insertion reactions consistent with
the photochemical results discussed above [ 268]. Although the X-ray structure of
CpFe(PMe3)ZC(0)Et shows the propionyl group to be nl-coordinated, NMR and IR data
were said to be more typical of nz-coordination [268].
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SCHEME 39

hv
CPFe(CO),Et + L ————P»  (pFe(CO)LEt + CpFel ,Et

(L = PMe,, P(OMe)3) + CpFe(CO)LH + CpFel,H
\
i
CpFe(CO)LCOEL + szFez(C0)3L

hv

CpFeLZC(O)Et

Cyclic voltammetric methods were employed to show that the equilibrium con-
stant for the second reaction of Scheme 40 is ,>~1012 larger than that for the
first reaction. The difference is primarily attributable to the increase in the
forward rate constant for insertion in the seventeen-electron cation [269].

SCHEME 40

H
CPFe(CO)LMe +  CHyCN ;ﬁche(cH3cn)LCMe

+
[CPFe(CO)LMe]™  +  CHiON g [CpFe(CH,CN)LCMe]*

L = CO, PPhy, P(0-i-Pr),

CO insertions are known to be enhanced in the presence of Lewis acids.
Treatment of CpFe(CO)zMe with BF3 followed by diborane reduction of the products
yields CH4, C2H4, CZHG’ C3H6 and C3H8 with most of the products being CZ‘ In the
absence of BF3, no chain growth was observed in the products[ 270 ].

An amphoteric ligand 352 containing a Lewis acid group and a Lewis base
capable of bonding to Fe was employed to achieve the results set out in Scheme
41. The X-ray structure of §§§ was reported. The mixture of 354 and 355 from the
slow decomposition of 353 cannot be separated [271].
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SCHEME 41

CpFe(CQ) Me + Ph,P-N-ATEL, —
t-8

u

352
Ph, tBu
_-AJEt pe—
N \
CpFe\ Nt-Bu —— P CpFe ATEL,
¢ t~p/ oo
0 Me th g Me
353 354
slow
Ph
/PiNt-Bu
CpFe(CO),Me +  CpFe I v 358
— AIEL
¢« 7 2 355
CH=CH, -

356, along with 329 and 330, results from the reaction between [CpFe(CO)z]'
and PhC(=NMe}C1 [256].

H Ph
NMe

c (co)Fe/\/\
p \517L

Me

Ph

356
The reactions diagrammed in Scheme 42 lead to the alkyl complexes 357 and

338 and represent an overall conversion of (O, to C, or higher coordinated
ligands [272].
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SCHEME 42
2H*
[CpFe(C0),1" + CO, —» [CpFe(C0),(C0,)1" —sz—b
+ Na[H3BCN]
[CpFe(C0);] —————=—P» Cp(CO), FeCH,0H
3 2 &M
RNCO ROH
Cp(co)zFecnzo'c'NHR Cp(CO),FeCH,0R
0
357a R = Me 358a = Me
b R =Ph b R =Et

o ~—

Ketal complexes, 360a-c, were prepared by treating the carbene complexes
359a-c with methoxide. 360a,b can be converted back to carbene complexes by
protonation or reaction with Ph3C+ [273].

OCH3 R OCH3
Cp(CO)LFe==<i Cp(CO)LFe OCH,
R R
359a L =C0, R =H 360a L =C0,R=H
b L= PPh3, R =H b = PPh3, R =H
¢ L=C0,R=Ph ¢ L=C0,R=Ph

361lb was synthesized from [CpFe(CO)Z]' and XCH,C(CO,Me),. It is stable in
contrast to 36la which contains a g-H. Fe-C bond cleavage in 36lb by H+, Brz,
Ce(IV) and Hg(II) occurs without major amounts of ester group migration [274].

C02Me
Cp(CO)ZFeCH2 R
C02Me
J6la R =H
b R = Me

e

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-96 rather than petroleum ether [275].

Some complexes were prepared from c,uw-halo-alkanes as shown in Scheme 43
[276].
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SCHEME 43

[CcpFe(C0),1” + X(CHy) X -———Fp Cp(C0),Fe(CH,) X

n=3,4,5; X = Br 362a n =3, X =Br
n=3;X=0C b n=3,X=0C
¢ n=4,X=08r
d n=5 X=8r

362a-d + [CpFe(CO)Z]-—> Cp(CO)ZFe(CHZ)nFe(CO)ZCp

363a n =3
b on-
[ n=>5

Cp(CO)ZFe(CHZ)sMo(C0)3Cp

[CpMo(CO).]"
362a,b
PPhy 0— +
Cp(CO)(PPh3)Fe==<:;;::] +

[Cp(CO) (PPh3)FeC(CHy) 5PPH51 "

NMR evidence was presented for the presence of a formyl complex CpFe-
(diphos)C(0)H in the reduction of [CpFe(diphos)C0]+ by Li(A1H4) or Li(BHEt3)
between -70° and -50°C [277].

Methylation of 364 occurs at C to give 365 which reacts with Me3P=CH2 to
produce 366 which in the presence of a trace of ylid, rearranges to 367 [278].

0
] 1] +
Cp(CO) 2F eCCH=PMe3 [Cp(CO) 2FeC('IHPMe:;]
Me
34 365
0 1
Cp(CO)zFeC('2=PMe3 Cp(CO)zFeCCHPEtMeZ
Me
366 37
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The allyl group CpFe(CO)Z(CH20H=CH2) behaves as a 1,3-dipole in its reac-
tion with 368 to afford 369 [279].

+

368 369

The fluoroalkyl complexes 370a,b result from treatment of the hexafluoro-
diene with [CpFe(CO)B]' {280).
F
F

F
R F
Fe(CO)ZCp
30a R=H
b R =Me

M.0. calculations on CpFe(CO)ZCECH, CpFe(PH3)2C“:'CH, Cst.'(P1-13)2(2H=CH2 as
well as the wmethylene complex [Cr,»Fe(PI“i3)2CHZ]+ and the vinylidene complexes
{:pl-'e(C())2=C=CH2 and CpFe(PH3)2=E:=CH2 {inter alia) were carried out. The methyl-
ene and vinylidene complexes were calculated to form strong Fe-C bands whereas
weak Fe-C bonds were calculated for vinyl and acetylide complexes [281].

Complexes Containing Group 1V Ligands Other Than {

The TgSi NMR spectra of CpFeLzR complexes (L = 0, phosphines; R = S1‘H3,
CH251H3, polysilyl) were measured [ 282].

Reaction of [CpFe(CO)z]' with silacyclohexanes gave 37la-c which gave
371d-f on photolysis with PPh3. The X-ray structure of 371f was reported [283].

Cp(CO)LF(‘-:-Si )

R

37la L=CO,R=H d L =PPhy, R =H
b L=C0,R=Me e L =PPhy, R =Me
c L=C0,R=Ph f L =PPhy, R = Ph

The synthesis and reactivity of some Fe-Si complexes containing Co is shown
in Scheme 44 [2841
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SCHEME 44

Cp(CO)ZFeSiHN2 + Coz(CO)8 —i Cp(CO)ZFeSiC12Co(C0)4

AgBF4 PMe3
Cp(CO) FeSiF, Cp(C0),FesiC1,C0(CO) ;PMe,
372 373

Cp(CO),FeSiHMe + Co,(CO)g—»  Cp(CO),FeSiMeCo,(CO);
374

Cp
\ Q?(CO)Z
N
(c0) Co~——«}——€o(co)
3 \\\\co’//’ 3
A (o,

Cp(CO)ZFeSi(OAc)3

Cp(CO)ZFeSiH3 + CoZ(CO)E

a7

316

Reaction of [CpFé(CO)Z][CpMo(CO)3]SnC12 with either Coz(CO)8 or Tl[Co(C0)4]
affords [CpFe(CO)z][CpMo(C0)3][Co(C0)4]SnC1 whose X-ray structure demonstrates
tetrahedral coordination about Sn. Also prepared was [CpFe(CO)Z][CpNi(CO)]-
[Co(CO)é]SnC] [285].

Photolysis of CpFe(CO)ZSnPh3, CpFe(CO)(PPh3)SnPh3 and CpFe(CO)ZPbPh3 were
carried out in vacuo with and without the presence of nitrosodurene and also in
the presence of air. ESR was employed to characterize the paramagnetic products
[220].

Complexes Containing Group V Ligands

A kinetic study was made on the reaction of CpFe(CO)(dmso)C(O)CH2C6H11 with
phosphines. The rate of dmso displacement was found to drop as the cone angle of
the phosphine increased [286]. The aminophosphines PhZPN(R)EH(Me)Ph were found
to be good resolving agents for CpFe(CO).X. For éxample, CpFe(CO)[PhZPN(Me)-
(S)-EH(Me)Ph]I could be separated into a diastereomeric pair and the P-N bond
cleaved giving the enantiomers of CpFe(CO)(PPhZF)I [287].

Some phosphine complexes were synthesized as shown in Scheme 45 [288].

References p. 526



506

SCHEME 45
9
4 -
+ MeySin-coph, X1y CpFe(C0)PPh,CNHR
I 0
R = Me, Ph 3772 R=Me, b R =Ph
o X = Br - ~
CpFe(C0) X — Uy CpFe(CO)PPh,CNHR
0
L}
+ HN-CPPh, 3782 R =Me, b R = Ph
= m— ~ +
R = Me, Ph + [[CpFe(c0),1,PPh,1Br
379
X = €1 [[cpre(c0),],PPh,1CT"
—  » p 2-2"" 2

380

A phosphenium ion complex, 381, was prepared. The X-ray structure showed
pyramidal rather than planar geometry around P [289].

Me
N
5 /
(n -Me5C5)(C0)2Fe—-R\ i::] Cp(CO)(PRa)FeEMeZ
21 " 38a E=P,R=Me
- b E=P,R=Et
c E=P,R=0Me
d E=P, Ry = Me,Ph
e E=As, R =M
f E=As, R =Et
g E =As, R =0Me
h E = As, Ry = Me,Ph
i E=Sb,R=Me
j E=5Sb, R=Et
k E=Sb, R =0Me
1 E =Sb, Ry = Me,Ph

Complexes 382a-1 were made by phosphine substitution on CpFe(CO)ZEMe2 (E =
P, As, Sb). 382c,g,k rearrange to 383a,b,c. P(OMe)3 displaces the EMe3 Tigands
in 383a-c. 382a-1 are nucleophlic organometallic Lewis Bases. For example 3821
can be alkylated at Sb by Mel. 3§£j reacts with CpFe(C0)2c1 and CpFe(CO)(PMe3)Br

to afford 384a and 384b, respectively [289a].
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0
H
Cp(CO)(EMe3)FeP(0Me)2 [Cp(CO)(PMe3)FeSbMezFe(CO)LCp]+X'
383a E=P, b R=As, 384a L =C0, X = CI
¢ R=5b b L = PMey, X = Br

Complexes with Group VI Ligands

New ketone complexes 385a-c having 0O coordinated to Fe were prepared, and

the X-ray structure of 385a reported [290].
Ph

[Cp(CO)ZFeL]+BF4'

0
385a L= 0= ¢ L - ‘
N

Treating CpFe(CO)ZI with AgAsFe in 502(1) has allowed isolation of [CpFe-
(CO)Z(SO)Z]ASFG whose X-ray structure was reported [291].
Dithio- and diselenocarbamato complexes were made in the fashion depicted
in Scheme 46 [292].
SCHEME 46

S

i
szFe?_(CO)4 +NHEt2 + 052 —p Cp(CO)?_FeSCNEt?_

386a

CPFe(C0),C1 + NHR, ——Pp» [ CpFe(CO),NHR,] *

CS,s \ cs,
£-BuOK CSe,, <

tBuOH N.R.
CpFe(C0)25§NR2
CpFe(CO)ZSeFNMez

386b R = Me €

¢ R = SiMe, 387
. ///S\

(ns-Mescs)Fe(CO)zBr + Na(S?_CNMe),Z——b (ns-MeSCS)(CO)Fe\ >NMe2

388 ’
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Halide Complexes
The 57Fe NMR spectra of CpFe(CO)ZX showed that Fe nuclear screening
increases in the order Cl<Br<<I [293].

ARENE AND RELATED COMPLEXES

Variable temperature solution EPR spectra were reported for nineteen-
electron complexes Cp(nG-CGHG)Fe and related ring-alkylated compounds as well as
compounds doped into diamagnetic hosts and in frozen solutions. The results were
consistent with a d° configuration with the unpaired electron mainly localized on
Fe [294].

Salt effects were observed on the reactivity of 02: generated from the
electron reservoirs Cp(ns-arene)Fe In the presence of NaPF6, the reaction
products are only [Cp(nﬁ-arene)Fe] PF6 (which precipitates) and NaO2 Without
PF6 , deprotonation of the cat1on occurs if benzylic H is present to afford
neutral complexes of the type Cp(n —C6H -CH2)Fe, alternatively a neutral perox-
ide such as [CpFe(ns-CGHGO)] 2 forms in the absence of benzylic H [295].

Some cations peralkylated on the Cp and arene rings were synthesized as
precursors to sterically protected electron reservoirs of the type CpFe(nG-
arene). Steric protection was desired so that the radical anion of the reacting
substrate generated by electron transfer from the nineteen-electron species
would not react further with the Fe-containing cation. Treating cations such as
[Cp(n -C6Me6)Fe] with excess t- Bu0K and RX (RX = MeI PhCH Br) in THF gave
products such as [ Cp(n -C Et6)Fe] Also, [Cp(n -CeEtg )Fe] gave [Cp(n6—

6Ets(l—Pr))Fe] via CpFe(ns-CGEt CHMe). The X-ray structure of [Cp(n6-
C6Et6)Fe]PF6 showed that three arene carbons are eclipsed or nearly eclipsed by
Cp C's due to the bulk of the ethyl groups and mismatch of C5 and C6 rings. Et
groups on these ec11psed C s point away from Fe [296].

When [Cp(n -C6 6)Fe] (R = H, D, Me) are reduced by NaBH4 or L1A1H4, the
final products are Cp(ns-CGR H)Fe. Intermediates Cp(n -CSRSH)Fe were detected
by ESR in THF and DME but not in ether at Tow temperature [297].

Azaferrocene was found to react with wm-acid ligands L = CO, CNR, RZNPF2
giving CpFeL (n -N-pyrrolyl) complexes TheSe species in arene solvents in the
presence of AlCl3 afforded [Cp(n -arene)Fe] cations (arene = benzene, tolueng,
m-xylene, p-xylene, mesitylene) [298]. Conversely, the arene ligands in [Cp(n"-
arene)Fe]+ (arene = 6H5N02, o-, m-, p-nitrotoluene, CGHSNHZ and o-, m- and p-
Me(NHz)CGH4) were d1sp1aced on heat1ng with L = P(OEt)5 giving [CpFeL3] [299].

Some twenty [Cp(n -aminoarene)Fe]* comp]exes were synthesized by reactions
of amines with [Cp(ns-C6H5C1)Fe] [299]. [Cp(n -CeMe NHZ)Fe]+ was prepared from
ferrocene and pentamethylaniline. When the cat1on was deprotonated with t-BuOK
and then treated with RC(0)C1, the products were 389a~d. 389a-d also result from
the reaction of the cation with acid chlorides in acetone [300].
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389a R = Me & R = p-MeCgH,S0,
b R=Ph d R = camphorsulfonyl-d;,

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

-10%C in toluene 390 is produced. On treatment with 1 atm €0, at 20°C, 390 gives

391, related to 389 [3011.

NC
<@> <§ !§> Me—<§ |§ > Melg I § >
+ N3 +
Fe Fe Fe Fle
390 391 392 393

Photolysis of 392 produces the product of ring contraction 393. 393 is also
the product from the p-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 [303].

SCHEME 47
+
1-BulK

O -H* O
Fle H H Fle H
Cp 394 Cp vor Na

_ Na 2195)

+e

<4 Fe

H H Cp 336
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Multilayered [Cp(ns-cyclophane)Fe]+ complexes were synthesized where cyclo-
phane=anti- [2.2]metacyclophane, anti-4,12-dimethyl-[2.2]metacyclophane, anti-
4,12-dimethy1-7,15- d1methoxy-[2 2]Imetacyclophane and [2.2]-(2,5)thiophenophane.
Triple-layered complexes [ (n ,ns-ant1 [2. 2]metacyclophane){CpFe(C0)2}2]2+ and
[(ns,ns-ant1 4,12-dimethy1-[ 2. Z]metacyclophane){CpFe(CO) 2] were also pre-
pared. The procedure involved photolytic displacement of CcMe. from [Cp(n -

GMeG)Fe] or treatment of ferrocene with Al and A1C13 in the presence of the
cyclophane. NMR spectra of the complexes were reported [304].
Improved syntheses of [(nG-CGMeG)ZFe]n+ (n =1, 0) by Na/Hg reduction of the
= 2 cation were published [ 305].

Co-condensation of Fe, arene and dienes led to the production of significant
quantities of (n6-arene)(n4-d1ene)Fe complexes [306]. Also produced similarly
were (n6-toluene)Fe(bipy) [307] and (ns-arene)FeL2 (L = phosphine, phosphite)
[306]. The X-ray structure of (n6-t01uene)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 NaBH, in the presence of (thPCH2)3CMe gave 398,

whose X-rav structure was determined [308 1.
M.0. calculations on Bng and the isoelectronic 1- [Fe(C0)3]B4 g

2-[Fe(C0)3]B4H8 and 1,2-[Fe(C0)3]283H7 demonstrated the validity of the isolobal
analogy as applied to these clusters [309]. 2-[CpFe(C0)2]BSH8 was prepared via
the reaction between LiBcHg and CpFe(CO),I I310].

The preparation and X-ray structure of 399 were reported. ggg_obeys Wade's
rule if B 1is assumed to be interstitial. The complex is isoelectronic with

HFe, (CH)(C0);, [311].

P Ph,P P Ph

Ve

N

Ny
[

98 H W
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Scheme 48 depicts reaction products of 400, FeHZ(2,3-Me2-2,3-CZB4H4)2. The
products 401, 402 and 403 are all electron-hyperdeficient clusters. The X-ray
structure of 397 was reported [312].

SCHEME 48
Vi — .._zl.;_., — W
N\ _PEYy \% _-PEty
V \PE'3 \PElg
401 | 400 402
|
Fe!

403

.

When Fe(CNt-Bu)g is allowed to react with closo-2,4-Me,-2,4-C,B.He, 404 is
the product. Its X-ray structure showed that Fe occupies a five-connectivity
vertex [313].
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404 405
SCHEME 49 -
1. KOH, MeOH I
H—CCH,08c + CgHe + FeCl, > CpFe™ " (HCBgHGCCH,0H)
\./ 2. H,0,, H0 9
Bl oMo V2r T2
406
CPF e (HCB gHgCCHO)
409 0
CpFe(HCBH,CCH,0E ) A CpFe(HCBgHQCHMe)
410 Py, 408
. S\ EtOH Cro,Cl
EtOH 20 H acetylate
ZnC12 1. NaBH4, EtOH + .
CoF e(HCBGHGCCH,C1) ———— 406 —Pp Cs” [CpFe(HCBGHGCCH,0)]
HC1 2. CsCl, Hy0
411 407
HAICT,
Et,0
cpFe! L (HCB H CCH OEt )
P g9'lg-tNigVE L

412
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KCN, MeOCH,CH,OH, H,0
411 22— P CpFe(HCBHGCCH,OCH

1. MeMgCl or PhLi 413
Et,0

2CHZOMe) + 406

2. Megher,
Hp0y CoFe(HCBGHGCCHR)  Al4a = Me
OH b = Ph
NaBH,, R = Me

CpFe(HCBgH90$HMe)NMe4
OH
415
An arene ligand in [(ns-arene)zFe]2+ {arene = mesitylene, hexamethyl-benzene)
can be displaced by reaction of the PFE' salts with T1[1,3,5-T11C289H11)].
The products [{n ~arene)(C289H11)Fe] are isoelectronic with [Cp(ns—arene)Fe] +
and ferrocene. 405 shows the X-ray structure of the mesitylene complex [314].

Scheme 49 displays chemistry of Fel!l complexes containing the[CZBQngz‘
ligands. The substitution is on the C numbered CZ in 405 [315].

EtONa
412 —goir— P> CoFe(HCBGHCCH(OEE),)  + 406
1. Etod, H'
2. Nazco3
416
1. KOH, MeOH
HC—LO00H + FeCly + Cglly  ———— — P> CpFe(HCBGHgCCO,H)
B/ H - a0 Ty
1010 H¥, Hy0 417

418 having a ligand containing B, C, 5i and N acting as a four-electron
donor was prepared and its X-ray structure determined [316].

/;NE
B~

. N SiMe2
Et
Me

Fe
(Co); M8
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ORGANOMETALLIC SPECIES IN SYNTHESIS AND CATALYSIS

Work reported in this section is organized insofar as feasible on the
basis of the nature of the organic product. After some research on cata-
lysis of the Water Gas Shift, alkanes, olefins, dienes, alcohols, aldehydes,
ketones, carboxylic acids and heterocycles are treated.

The mechanism of Water Gas Shift catalysis by Fe(C0)5 was shown to be
as follows:

Fe(CO)g + OH—»[HFe(C0),]1" + CO,

[HFe{C0)41™ + Hy0—-H,Fe(CO), + OH”

HZFe(CO)q——~l>H2 + Fe(CO)A

Fe(C0)4 + (O —-bFe(CO)S

In more basic media, the first step would be:
Fe(€0)g + 30H™—PlFe(C0),1" + c032' + Hy0

Since H, elimination occurs from the protonated species HzFe(CO)q, the
solution must be sufficiently acidic to maintain a significant concen-
tration of this molecule. However, the solution must also have high enough
[OH™ ] to allow OH attack in the CO,-producing step. These conflicting pH
requirements make Fe(CO)g a poor WGS catalyst [3171.

Hydridic reduction of szFez(CO)4 was recently shown to produce hydro~-
carbons up to C4. That terminal CO's are required for this reaction was
demonstrated by the fact that no hydrocarbons were produced by reduction of
419 or 420 {318].

Me Me
~._
0 >
c ( Cp
p\F / rd /C \
e;‘\ //e Fe ———— FE
Ph,p C 7 PPh \o~C—,
P

a19 420



515

CpFe(CO)ZCHZCH=CH2 reacts with substituted olefins R1R2C=CR3H producing

complexes 42la-g having cyclopentane ligands [319]. The substituted allyl com-
plex CpFe(CO)ZCHZCH=CH(0Me) also reacted with olefins R1R26=CR3H producing

1
RS rl
Fad R \Rz
Cp(C0),Fe H Cp(CO),Fe
R3 2 H3
R
Me0
R O
421a COZEt CN C02Et 422a-f
b COZEt COEt H
¢ COMe  COMe COMe
d CN CN C02Et
e C02Et CN CN
f CN COZEt CN
g COzMe COZMe H

421a-f and 422a-f. Dimethylacetylenedicarboxylate gave 423 [320]. 53}, ggg and
423 can all be demetallated via axidative carboxylation or acid cleavage or g-H
abstraction.

COZMe

Cp(CO)ZFe
C02Me
OMe
423
CpFe(CO)ZCH(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.
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COZEt
Cp(CO)ZFe Cp(CO)ZFe
C02Et
H
MeO NC
MeO
By B Ry Ry on 425
424a C02Me C02Me H C02Me 1
b CN COEt  H COEt 1
c C02Et C02Et C02Et C02Et 1
d C02Me C02Me C02Me C02Me 1
e C02Et C02Et H H 1
£ COEt CO,Et  H H 2
g COfEt COfEt H H 3
h C02Me C02Me H H 1
i COMe COMe  H H 2
d C02Me C02Me H H 3
C0,Et
Cp(CO)ZFe
C02Et
H
NC
/
0
426 127

Dimethylacetylenedicarboxylate gave 428 while 429 gave 430a,b [321].
Cp(CO)ZFe ﬂ

Me0,C C02Me t-Bu CN

az8 429
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t-Bu
H
Cp(CO),Fe
NC 2
Cp(CO),Fe 0
p(co), o _ N
Me0 Meo
0 t-Bu
4302 430

Photoisomerization of l-pentene was catalyzed by Fe(C0)4L (L = CO,PPh3,
P(0Me)3, P(g—to]y])3)[322]. [CpFe(CO)z(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
== _H
X,

Fe
(C0),

+

- p 4 +
BF, ﬂaL, [(n"-CgH;PMe,Ph)Fe(CO) ;]
431 432
- 1.NaH —

2.PhCHO

(n4-C6H6=(CHPh)Fe(C0)3 33

dmso1 LHPFG, Et20

[ (n%-Cgh,CH,Ph)Fe(CO) ;IPF ¢ 434

Cyclohexadienylium iron tricarbonylcations, substituted analogues of gg},
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 [ 325].
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= 436 437

4§5a Rl = RZ = R3 = H S ==
b R1 = R2 = H,R3 = Me
¢ Rp=Mely=Ry-H
d R1 = H,R" = R3 = Me

The regioselectivity of enolate addition to complexes of the type izz was
investigated. Better selectivity for addition to the Rz-substituted C as opposed
to the unsubstituted C's adjacent to OR1 was observed for R2=1-Pr than for R2=Me
[326]. The position of attack was also controlled by the nature of the enolate
[326] and its countercation [327 1],

0-silylated enolates and (allyl)trialkylsilanes were found to react with
cyclohexadienylium iron tricarbonyl salts with C-C bond formation yielding (n4-
cyc]ohexadiene)Fe(CO)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
9Me
Fe(CO) Fe(CO)
3 HPF6 3
Mn0 0
—2— ) (MeCO) 0
H . CH
N ~ 2 2
Me CHZCHZOH 439
OMe .
438 Fe(C0) 5 Li(Me,Cu
NaCH(COzMe)Z
Me” Fe(CO)3
M ~CH2CH20AC
441

(Me0,,C),CH
22 ZCHZOAc
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Another such example is provided in Scheme 52 [330].

SCHEME 52

1. Cd(allyl)2

T](CF3C02)3 2. chromatography

Me @) /' y 3. (pyH)(Cro4C1)
Fe(CO
MeO 3 444
NHPF ¢ sl
\
443 PhC'BF,” \ S
443 3¢ BFy
NH,PF &

1. Cd(allyl)
2 4.,
2. chromatography

w7

Spirocycles were synthesized by reactions of appropriate nucleophiles with
cations derived from 448 [331]. 6-exo substituted cyclohexadienylium

Me
: Fe(CO)3
Fe(CO)3
(CHZ)nCOMe H R
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 nucleophiles were investigated [333]. 450 was
used as a synthon for D-homoaromatic steroids [334].
Fe(CO)5 and CpZFez(CO)4 was found to catalyze the disproportionation of
451 to 452 and 453 [335].
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451 452 453

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 [337].

[HFe(C0)4]' and [EtFe(C0)4]' react in THF at 0° to produce CHCH,CHO 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]' + H, [338].

Stereo- and enantioselective syntheses of cis- and trans- hemicaronic alde-
hydes starting with (n4-MeCH=CHCH=CHCH0)Fe(CO)3 were devised [339].

Ethyl phenyl ketone was the product of a reaction between [Fe(C0)4C(0)Ph]_
and ethylene [ 340]. [Fe(CO)4C(O)R]' (R=Me, n-Bu, n-pentyl, n-hexyl) acylated
allyl ligands on Pd complexes give a-B8 and B-y unsaturated ketone ligands as
products [341].

The ketone 454 was synthesized via a free radical reaction in THF of co, Etz-
Mg and EtMgBr in the presence of FeZ(CO)9 [342].

\\C/Fe(cm4

0 0
({IC - Et 0
458 455

Twelve different lactone complexes of Fe(CO)3 were thermally decomposed in
deoxygenated solvents giving products arising from decarbonylation, decarboxy-
Tatjon and rearrangement. The X-ray structure of one product, 455, was reported
[343].

g-ketosulfides, thioesters and disulfides were obtained from Fe(CO)5— pro-
moted reactions between o~ thiocarbanions and Mel or acyl halides [344].

Fe(CO)3 was used as a control group for selective alkaline hydrolysis of n -
cyclohexa-1,3-dienecarboxylic ester complexes. Half-hydrolysis of diester com-
plexes was achieved [345].

nl, n3-a11y1 complexes 456, 458 are formed from cyclopropenes and Fez(CO)g.
These complexes are vinyl ketone precursors and can be oxidized with FeCl3 or
Me3N0 yielding esters, dienes and lactones as shown in Scheme 53 [346].
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SCHEME 53

MeO C Me02C COMe
(
\ ,,//-Fe(C0)3 MeNO //J:::%///
\\
457

456aR HPR=Me,SR=ﬂ-Pr,gR=Ph,gR=-Bu

H

R Fe(C0),

Me0,,C Me0,C %
459a-c 460a-c
ifzgg R = Me, E’ R = n-Pr, c R = i=Bu
Ph H

456d (R=Ph) L LS I + 460d (R =Ph)

458¢ (R=i-Pr)

462 463

FeC] \ Me02C
e
456f (R = CH=CMe,) — 3 | —_FeCis o
— MeOH MeOH ,
20
465
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H
Me02C C02Me

FeCl FeCl
458d (R = CO,Me) e B ——3 »
Rt MeOH H MeOH

500 Me0,C X 659
H
466
Me02C
Me0,,C 0,Me /
} 0
cl + Me0,C 7<
Me02C
467 468

Sulfur-containing heterocycles were prepared by methods shown in Scheme 54
[347].

SCHEME 54

L L
A 1
Oc ) & o | /S~F
Fe I 1 e 2 ~
\ + Rlc=R? ——p Fe
/‘ s C/l 22
0 s
L t

C

0
464
L = pPhy 4692 R} = R = COMe
b R! = 8% = CO.Et
¢ Rl = pn,R% = cHO
d Rl = ph,R? = CoMe

s Rl
4692-4 + S, —— s:<.]: ) 470a-d
— R

S

469c + PhpP=CHPh —— 6% (Rl = Ph, R® = CH=CHPh)

Sx

1— 2: =
azge (R = Ph, R CH=CHPh)
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1
L 1 L R
AR 2
0 = 0 N— R
c_| ¢~ o |
Sre [+ RE=R ———p Sre = j[
s ¢ g3
0 0
L
471 L = PPhy 472a  R! = Me, RZ = R® = CO,Me
a Rl =Me b R = Pn,RZ = R3 = COMe
b R = Ph RY = pn, 82 = R® = COLEt

Cc
d R =R% < ph, R3 = cHO

. Rl
N2
472a-d + S, — S l ,
R
s

The heterocycles 474a-e were synthesized by thermolysis of [Cp(ns—heter-
ocyc]e)Fe]+ complexes prepared from the reaction between [Cp(n6-1,2—c12C6H4)Fe]+
and 1-R, 3-XH, 4-YH-CGH3 in the presence of K2803[348].

— Fe(C0)3
Ay | 7
Ol 1O x
Y

474a X =Y =0,R =H 4752 X = NCO,Et
b X=S,Y=0,R=H b X = CH,
c X=Y=S5,R=Me c X-= cC=0
d X=NH, Y=0,R=H g X = Np-tolyl
e X=Ni, Y=S,R=H

The diene complexes 475a-d react with 476 giving 477a-d. 475 a-¢ produce
adducts 479a-c on reaction with 478. Finally, 475b adds 480 giving ﬁg}
[349].

CO,Et
N"’}\\\ 477a X = NCO,Et
| | b X = CH,
Nse N c X=C=0
X d X = Np-tolyl
CO,Et
476
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¢ C1 .
0 ~~
a. S o (C0) fe ¢l
\\ / 3 \ X C1 MEOZC 0
C1 c1
. 480
478 479a X = NCO,Et 480
b X = CH,
c X=C=0
d X = Np-tolyl
0
(o) Fe?
N
Co,Me
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