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META), CARBONYIS

Simple carbonyls and carbonylate anions

It has been shownl thet Pe(CO) unéergoes cathodic reduction in tetra-
h,yd:rofuran to give [Fe (co) 8]2— From X-ray photoelectron spectroscopic studies?
of Fef CO): in the gas phase, the binding energies of the C{ ls), 9(1s) and
Fe(2p3/2) orbitals have been obtalned and bond enthalpy contrlbutlons of
coordlnated organic l;gands and related groups in olefin iron cerbonyls have
been calculatedr - Slmpl’fied Form of qaa51-eau_11br1um theory hes been

apﬁlied3 tc the mass spectrum of 1“e(CO)



3

fon cyclotron resonence spectroscopic studies heve been made® of Fe(CO)S.
~In mixtures of Fe(CO)S with other species (see Table 1), substitution reactions
were observed in which CO was replaced by = variety of other o- and n—-bonding

ligands. The basicity of Fe(CO)5 in the gas phase was determined by examining

Table 1, ICR Studies of Ion-Moleculz Reactions of Fe(CO)Sa

MeCl:  [Fe(mec1)(co) _.T% (n=1-4) H,0: [Fe(8,0)(c0)__ 1" (n=1-k)
[Fe(MéCl)z(CO)n_2]+ (n=3,k) [Fe(Hzo)e(CO)n_2]+ (n=2-4)
[Fe(320)3(co)n_3]+ {n=k)
HCE: [Fe(scy;_(co) 1% (x=1,0=1-5) [rFe(co) 1* "(n=k,5)P
(x=2,n=2-L%)
(x=3,n=3,4) .
. HC1: [HFe(CO) ] (n=h4,5)
[EFe(co) ] (n=k,5)

(No other products)

AcacH:© [Fe(AcacH)(CO)n_2]+ (n=2-5)

. .0, [Fer_(co)__ 1° (x=1,n=1-5)
[Fb(AcacE)(CO)n_l] (r=1,2) W (x=2,n=2-5)
[Fe(AcacH)2]+ - {(x=3,n=k)

[HFe(CO)5]+

CDy,: [Fe(cgnh)x(co)n_x]+ (x=1,n=1-k)
(x=2,n=2-4)

Anions: Fe(CO)g + F o> [FeF(CO)3]_

Fe(co)S + OEt’—>[Fe(OEt)(co)3]'

Benzene: EE(CO)5]+, [Fe(CGHG)(CO)2]+,

- +
[se(CGHG)z]

order of relative rates of substitution in the primary ions is
- , + +
Lz-e(co)3]+ > [Fe\co)z]+ > [Fe(co)]" > [Fe(c0),1” > [Fe(co) 7 ;

b E' is derived from H30+;

AcacH = CHE COCE2COCH

3 3°
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proton tra.ns‘?er rea.ctlons m m:.xt.n-es with species of knovn proton a.ff:.nlty.
Thus T"e(CO) appears’ ’co be only slightly less tasic tha.n HF " Frem & sequence
of: pos:Lt:'.ve 1on—m.olecu1e rea.ctlons in Fe(CO) 53 evidence was obtained for the ,
jsD°C1eS [Fe(c0) ] (o= 055), [Fe (co) ] (o = 1s8), [Fe3":o) 1* (n = 7>21) and
[F_, (co) ]+ {n = 10,711 or 12). The only negative ion—molecule reaction which
was observed was )
[Fe(CO)a]— + Fe(CO)s > [Fez(co)s]' + 2C0 ,

in agreement with other reports.>

Ozone rapidly oxidises® Fe(CO)5 giving one mole of CO, per mole of complex
at low pressure; the remaining CO is recovered quantitatively and the irom is
converted to oxide. The catalysis of oxidation of CO by 03 in the presence of
meiel carbonyls has beén discussed. Treatment of Fe(CO)5 with poly{i-vyridyi-
ethylene) (1) at room temperature gave? FeLs, from which [FeLZJn and [FeL]m
could be obtained. With poly—l-vinyl-2-pyrrolidinone (L'), [FeL']n vas similarly

prepared. 8

Monomeric species containing Grou‘o V donor atoms

Photolys:.s of Fe(CO) 5 or direct reaction of Fe, (CO) > with RN=CR'CR'=ANR
(R'=H, R=Bu® ) Me3CCH CMe2, Me CH, 6311’ P VIeOC6Hh, 2, G—Me C6H3, n—MeZNCGHh,
R'=Me, R=Fh or o-MeCgH)) gave9 Fe(CO)3(RNCR CR'NR), 1. Photolysis of Fe(co)5

in & glessy matrix consistiung of 2-methyltetrshydrofuran (L) and isopentane

affordedl® Fe(CO)hL and.Fe(C0)3L2. The former species contains axial L whereas
the latter is a mixture of bis—axial and axial-equatorial isomers. There was
some evidence for prephotolytic I....Fe(CO)5 interaction and the formation of
mixtures of Fe("‘ O) could explain the complexity of the i.r. spectra of mixtur—
es of Fe (CO) a.nd amines in THF. It was alsc noted that photolysis of Fe(CO)S

in thmcarbon/HEtB mixtures gave Fe(CO)hITE't3.

Treatment of F'e(CO)5 with tertiary phosphines or phosphites (Lg PPhB,
AsPh_ or S’DPhB) in the

P(p—MECGH’-I»)3’ P(CHQCE[2CN)3, P(OE‘b3), P(OMe)3, P(OPh)B, 3
presence of LiAth or NaBH) in refluxing THF gavell high yields of’ Fe(CO)uL.

The mechanism of this reaction is thought to be as follows:
Fe(co)5 + H =2 [HCOFe(CO)h]—; =[E‘E‘e(co)h]_ + CO
[HFe(CO)h]— + L = [HCOFe(CO) L]_= HF + Fe(cOnL .

The vibrational spectrum of trans—Fe(OO) {P(OMe) }2 has been discussed,l?
and photolysis of Fe(CO)S with PBu (NMe ) (M = 5i, Ge or San; x = 0-3)
aPPordedl3 Fe(OO)h{PBu (mie3)x} (ax:x.a.l phcsphine). Reaction of the ferrocemyl
ligand L, 2, with iron carbonyls provided Fe(CO)hL.‘ In diglyme, Fe(CO)S
reected!S with P)0¢ giving Fe(C0),P), 0., 3, together with tram-pe{co)3(9h06)2 and
Pho . Reaction of Pl&06 with Fe (CO) under CO, or with Fe (CO)12,
[Fe(co)h]n(Phos) {n = 1-L). From a multl—nuclee.r n.m.r. spectral investigationl®

gave



of Fe(CO)3(Me2PCF2 FMe,), Fe(CO) (wh SFPCE,CH,CH,PPh,) and Fe(CO) (dlars)
(diars = g—gheﬂylenebls-dlmetkwlmslne), 11: has been established that these
complexes are fluxional down to —70°C. The diars complex, which has nearly ideal
trigonal bipyremidsl geometry,l? is fluxional at -1L0°C.
Infrared spectral studies have shownl® that Fe(CO)h(PPh3) and
Fe{C0)3(PPh ), form adéucts with AICl,. Reaction of Fe,(CO), with
MeSb{M(CO) ;(n-C.H,)}, (M = Cr, Mo or W) gevel? Fe(co0)y MeSbIM(CO) 5(n-C H )}, -
Reduction of Ru(F.'.’h3)3012 with sodium amalgem or sodium alkoxides under
Co gave20 Ru(CO)3(PPh )53 under CO/H, mixtures afforded Ru(c O)(P’DuB)EHz while
under KO Ru(NG) (PPh ), vas formed. The complexes Ru(C0),L (L = PP, PMePh,
or PBug 2) can be prena.red21 conveniently by photolysing Ru, (CO) in the presence
of an excess of L, or by high pressure carbonylstion of tzwzs—Ru(CO) L Unlike
the corresponding iron complex, ‘RJ(CO)L}(PPh:i, in the solid state i‘orms
3“3((30)9(1’?“3)3 when heated, while in solution the tetracerbonyl reacts with an
excess of L giving trcms—Ru(CO)3L2. The mechanism of this latter reaction is

probebly dissocigtive, i.e.

Ru(CO)hL =[Ru(co)3L] +CO; + L » Ru(co)3L2

R
%T/ PPh2 TO /Co
CO OC_‘Fg
—C-. \\\
//—_‘,L“Fe< F‘L l co
N- l co l P\\\
7 o~ o)
R co o
CHZNMe2 I l l
) P—l~—n—P
(2) C!L/P*\\\c{/
(3)

Alkyl, Acyl and Carbene complexes

The structure of [(PhBP)2N][Fe((X))hC3H7]22 has been determined;23 the
n-propyl group is axial and the Fe—C bond is 2.20A while the Fe-C(0) distances
are 1.753. Treatment of [Fe(CO)hR]— and [Fe(cCO) 3(No)]' with TiNOg gave?" stable
T1(I) derivatives, viz. T1Fe(C0),R (r = CH,CN, COFh, CH, or SnPh3) a.d
TlFe(CO)3(NO), respectively. The substituted species TlFe(CO)3{P(006H2‘C]_)3}‘
SnPh,, and TlFe(CO)aL(NO) (L = FPh,, P(OCGHhC:L)3) were also prepared. These
species contzin & weak T1-Fe bond which is not extensively dissociated.

Metal—-carbon bond strengths for a variety of alkyl and acetyl iron
carbonyl complexes have been inferred25 from an ion cyclotron resonance spectral
study of the reaction of Fe(CO)5 with methyl, isopropyl, allyl, t-butyl and
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acetylchloride. Limits on several metal ion olefin bond strengths have been
inferred from HX elimination reactions. Reaction of C_H * with Fe(CO). gave
three prodzcts, [Fe(CO)SH]++{predominantly), [Fe(CO)bC3H7]+ and [Fe(CO)3(03Hi)]+,
while C_H  gave [Fe(CO)sﬂ] (dominent), [Fe(co)3CBH5]+ ana [Fe(c0),(CJH)T .

Reaction of Fe(co)s with C(NMe2)h or CH(m4e2)3 gave?6 salts of
[Fe(co)h(CONMez)]—. UV irradistion of Fe(CO)y with MeC=CC=CMe in THF afforded
L4, whese structure hes been determined crystallographically.27 When the

. 4 4
B M(e B Nie
Me N Ci - _fil
(/'.‘\ c ,’ \\‘
\\‘,,) —CI ‘\\—/,
S
L ] - _
(7) (8)
[7 Me + Me
! rL . Me r|\|
l’/ \>'Ci \E > —_— M(CO)4
N ~—
(92 (10)

Me

|

N
7N :
{ >——> M (CO),
N__/

S}

o~

S{11) o .2}
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photolysis is carried out in cyclohexane, the cyclopentadienone complex 5 is
probebly formed, while irradiation of Fe(CO)5 with MeC=CMe gave_§.28

The carbene complex Fe(CO)h(CHNMée) could be prepared?? from NaeFe(CO)h
using either [Me2N=CH2]IAor [MezNCHSMe]Br; the latter also afforded low yields
of [Fe(C0)3SMe]2. Treatment of Fez(CO)Q with [MezNC(Cl)=NMe2]Cl gave30
Fe(C0),, {C(iMe,,) .}« ‘

The selts 7, 8 and 9 reacted with Na M(CO)) (M = Fe or Os} giving3! the
carbene complexes 10, 11 and 12. It was suggested that the carliene ligand
occupied an equatorizl position in these species. Trestment of 10 with PPh3
afforded M(CO)B(PPh3)L (L = carbene ligend), end protonation of 10 or 12 (M =
0s) afforded [Os(CO)hLH]+ (L = carbene ligand); deprotonation cculd be achieved
using Et3N. The methyl cations [Os(CO)hLMe]+ were prepared by reacting 10 and
12 with [Me OIBF),].

Complexes with Group IV ligands

Complete vibrational spectrum assignments and valence force field
calculations have been made32 or [Fe( CO)hSiCZL3]- and Fe(CO)hH(SiC13).
Treatment of [Eth-‘][HFea(CO)ll] with LiGePhj gaved [Et,N][Fe(cO) hGePha], and
the already known Si 2nd Sn analogs could be prepared similerly. Protonation
of the germyl complex afforded the alr-sensitive and unstable cis—Fe(CO)h—
E(GePh,).

The !19sn n.m.r. double resonance spectra of Fe(CO)h(SnMe and

}
3’2
[Fe(CO)h(SnMez)]2 have been determined,3% and the data have been interpreted in
terms of a large paramagnetic contribution to the chemical shift arising from
small average excitation energies associated with dﬂ—dﬁ bonding. An unusual
solid-phase synthesis of Os(CO)h(SnClBu;)2 has been developed,3> and is shown

in Scheme 1.

Hg(02c0F3)_—i—> HgCli e @ i

no

SnClgBu2

0s(Co)H,
() snBulos(co), 5 e—— (P) SnBuc1
2 L= 2
Lt2NH

n
SnCl2Bu2,

HC1
n n n
‘—.— SnBu,0s(CO), SnBu,,C1 ——> 0s(-Cc0), (SnBu.C1)
Scheme 1 <ai§’ 2 L 2 L 2 2
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This synthetlc scheme ce.n be i‘urther extended by two steps to g:.ve
BunSn[Os(CO) SuBu c1] :
Metal cam;glexeﬁ of macrocychc m.trogen ligands

“In dlchloromeths.ne at low tenmera‘(:ure, FE(TPP).L. (TPP = mesotetraphenyl—
porphyrinate, L = pyridine, nlpend:.ne or l—methyhmdazo...e) reacts36 with CcO

by a d.ssoc:.at:.ve process: -
Fe(m)L2=Fe(mPP)L + L; Fe(TPP)L + CO=Fe(CO)(TPP)L

It wes suggested fha.t this sy.stem mignt serve s a satisfactory model for
natural CO-carrying systems. Indeed Ee(’]EP)L(Oa) reacts in a 1st order process
readily with CO to give the thermodynemically more, steble Fe(co){TPP)L.
Imidazole .a;ttached to silica gel; 13, has been used3? to bind Fe(TPP), &nd the
polymer—bound complex readily formed an adduct with CQ. The effect of extra—
planar ligands on the redox properties and site of oxidation of Fe, Ru and Os
porphyrin complexes hes been invstigated;38 some pbtenti;l data are given in
Tanle 2. The electrochemical properties of 0s(0EP)(CO)(pyr) are similar to
those of Ru{OEP)(CO)(THF),3% ana consist of & chemically and voltarmetrically
revez‘-siblrevoxidation to a monocation, Tollowed by &n irreversible oxidation

to a dication. These electron transfer reactions are remarkable in that they

NHcosut

—O .
\ .
— O—SiCH,CHCHN N

NHCOBU®

.__o ——
sutcons nHcosut

€13)

(14)

(15a) A = H;
Q = —NHCHaCHaCHN" SN
\—/
(15b) A = CH,CHCOzMe ;

Q as.in (qQ)

R

15¢) A = CHyCHCONHCH,CHCHNT N

Q as in (a)
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'gre essociated with two distinct "oxidation sites"i the first process corres-
ponds to the oxidation of the metal, and the second to the removal of an
electron from the porphyrin ligand. The species Fe(etio. 1)(C0){(Im). generated
by exhaustive controlled potential reduction of CO-saturated solutions
containing Fe{etio.l)Cl and an excess of imidazole, was oxidised (irreversibly)
at a potential nearly 0.6 V more positive (vs. SCE) than the corresponding
Fe(etio. l)(Im)z. This reflects the w—acceptor property of CO and its relative
ebility to staebilise Fe(II).

Reaction of R\JL3(CO)12 with octaethylporphyrin (HZOEP) gave, in THF or
ethanol-benzene mixtures, Ru(OEP}{(CO)(L) (L = THF or EtOH). Similer tetra—
a.rylbornhy"ln canplexes {containing as ligand substituents C6 5° p—CF3C6H,+
and p-Pr Csnh) were also isolated, and contained L = THF, EtOH or L—t—butyl-

ridine. Treatgent of these camplexes with CO gave trans-Ru( CO)Z(OEP) ete.
but these lost CO on standing or on grinding. Treatment of the dicarbonyl
with b-t-butylpyridine (L) gave Ru(OEP)(CO)L end it wes observed that the
strength of binding of the second CO group increesed as a function of porphyrin
substituent, in the order CF306H2; < Pricsﬁh < Ph << Et. These date were
consistent with observations mede of Fe(porphyrin)(CO)(piperidine).kl
Treatment of [Ru(OE."F’)]2 with CO and suiteble ligends (L = pyridine, DMSO)
gave®2 Ru(OEP)(CO)L, also cbtained from Ru(OE.'.E")(py'r)2 and CO. The dimeric
species was produced by heating the bis-pyridine adduct at 220°C.

Iron(II) porphyrin complexes, which may act es models for the active
site of myoglcbin and oxymyoglobin, have been synthesised®3 and cheracterised
by a veriety of spectroscopic techniques. The "picket fence" porphyrin, 1L,

has great steric bulk end creates a non—protic cavity on one side of the

Table 2 Redox Properties of Some Porphyrin Complexes of Fe, Ru and Os

Couplea 3% (\,‘)b
[r m(etm-l)(co)(m)] /[Ru Tletio.1)(co)(THF)] >0.64
[Ru (e\.lo-]j\CO)(mHF)] /[ I (etio. 1) {c0) (TaF) ] 0.6k
[RulT(0EP™) (co) (TEF) I* Ru'T(0EP) (CO) (THF)] * 0.61
[os™ T (omp) (pyr), 1*/[0sT (0mp) (pyr), ] ﬁ 0.8
[Fe(etio l)(co)(lm)] /[Fe(ctno )(CO)(lm)] 0.32°¢
[ra' T (omp) (pyr) 1 /[R (OEP)(pyr)Z] 0.08
[FeIII(et:Lo 1)(1m) ] /[Fe I(etlo 1)(lm)2] v -0.52

& etio.l= etioporphyrinete 1; OEP = octeethylporphyrinete; Im = imidazole;
volts vs. saturated NaCl calomel electrodes;

€ Ep (cyclic voltammetry) only.

References p. 168
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,mplecﬁle., Th_é' ccmplex, as its' oxygen é.nd/or methylimidazole. or THF. adduct,
reacts -with-CO p".w_ring;di’am'agngtic CO adducts (Sdiané 2). The CO stretching -
rreqﬁeﬁcies ‘of these camplexes é(re' similar 'tro those of CO adducts of
haemog;lobiri,""' and pre]iﬁizhla.ry’r X~-ray Strdcturél data iildiéate that the Fe-C—0
bond is linear, in disagreement with pfevious suggestions that the bond angle
is significantly less than 180°. Other models for the active site of myoglobin,

Scheme 2

vacuum
Fe(TPPP)(O )L ————> Fe(TPFP)L

(u=0) . (u—L 8 B.M.)
o

Fe(TPPP)(CO)L (u=0)

co

Fe(TPPP) L,

TPPP = meso—tgtra(c.,u,a,a—O—pivalamidopb_enyl)porphyrinate
= TEF or l-alkylimidazole (alkyl = Me or Bu").

e.g. l.j;, have been investigated. At low pH velues, the beses in 15z,b and g,
readily displace CO but 154 binds CO more strongly than 1l5e, whereas the
differences between binding energies in 15b and 1Sc are very small. Mixtures
of PeP, CO and NeSMe (P = "picket—fence" porphyrin or proto-porphyrin IX
diethylester) affordt® an adduct which has a Soret band at kU9 nm very similar
to that in cytochrome PW50. This model system suggests that there is an axial
SMe group.

Dithioformate Complexes, Fixation of 002 by Phosphiné Complexes, Dithiocarbemate

end Dithiolere Compounds

The complexes M(CO)(PP‘u ) HX (M = Ru, Os; X = C1, Br), M(CO)(]?’P1'13)2
H(OCOCF;) (M = Ru or Os), Ru(PP‘n3)hH2 and Os(PPh ) H) react7 with G5, in
boiling benZzene to give M(CO)(PP'n. ) X(S C") (two isomers, 162 and 16b),
M(CO)(PFh ) (OCOCF )Xs CH) (structures s:mlar to 16), and M(PPh ) (S oCE) 55
17; 16a could be converted on heating to 16b. Treatment of Ru(PPh )h o
Ru(PPh3)3(N2)E2 and Ru(PPh3)3Hh with CO, ga.ve"a .Ru(PPns)ag(ozcn) Treatment
ot this formate with CO, 'CS 2> MeT or 112"“0,4 resulted in elimination of 002.
chever, Pe(cu.phos)2H2 or Ru(PPh_ )l&H reected®? with CO2 and 32 in the presence
of ethanol and F‘taﬂ to g.ve low yields of ethyl?orms.te.

Tregtment of M(Pph ) H(OCOMe) or Ru(PFh ’h o With NeS_CNR, or NaS,COR
afforded>? the s:.x—coordlnate complexes e_nalogous to 1’(.55 However, sm:.la_

reactions involving M(CO)(PPh ) Cl(OCOMe) gave M(CO)(PPh )(S )2: 18
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(M = Ru or Os), also produced by treating Ru(CO)(PPhB)QHX (X = or Cl) with
{Me NCS } . Os(CO)(PPh3)2C1(OCOC‘F3) also reacted with NeS CNEt, giving
Os(CO)(PPh3)2Cl(820NEt2), 19 (X = C1). Reaction of M(CO)(PPh3)3HCl with
NaSCNR, or NaS_,COR gave M(CO)(PPn3)2H(52CQ) (Q = OR or NR2), analogous to
19 (X = H).

PPh
< ~ I P ) \ ! /
5 I \PPh3 / l

PPhs
(16 a) : (16b)
H

S/,»>s PPh SF\S PPh
N NP
1N

PPhy cO
\\75 \_/S
H
17y (18)
Ci co
Ph.P l co I
3 ~ I \ rd
/M\ Fe\
S I PPh; /
S
(19) (20)

Evaporation of dichloromethane solutions of [Fe{5202(0F3)2}2] under CO
gave®7 blue Fe(CO){S (o] (CF )2 ps 20. This complex readily loses CO on heat:.ng
or treatment with N2Hl& and is structurally similar to Fe(AsPh3){S C (CF3)2}2
Its trestment with PR, gave Fe(PR ) 5{8,C (CF3)2}2 It was also noted thet
[(n-CSHS)Fe(CO)]h reacted with (c1'-‘3)2 S, giving (n—CsHS)Fe{Szcz(CF3)2},
which has been reported earlier.53 This complex could be reduced polaro-
gravhically to a monocanion.

Hydrides and Halide Complexes
Assignments of the Raman spectra of l\vI(CO),_}H2 (¥ = Fe, Ru or Os) have been

made, 3% and are consistent with a ¢is geometry. Photoelectron spectral

References p. 168
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medsurcments have been made of cf,s—Fe(OO)hX (X = Br or I), and some
ass:_gnments were attempted. Brief mention has been made5 of the electro—
chemlcal oxidation of Fe(CO)hBr An irreversible electron transfer occurred
at a potential more positive than the oxidation of Mn(CO)sBr.

Carborylation by CO at normsl pressure of [0sX, 1% arforaeas?
tm—[Os(CO) h] (X = Br or I), which wes reduced by etharnoiic alkali %o
1‘:1'6713—[05(00) h] . The reactions of [0516] with CO are shown in Scheme 3.
trans-[0s{C0) 2Brh] reacted with HBr giving [Os(CO)Brs]z—
be regenerated from the latter under CO:

and the Tformer could

Scheme 3
5. CO,acetone OH ,EtOH an
[0516] ——————> trans-[0s(CO) Ih] ————> trans-[0s(cO) Ih]
20°,3h 20°
78°,C0 CO,Et0H
EtOH,20n 78°, bh

1
mer—[0s(CO) 313]—

’”z*ans-[Os(CO) Xl&] could be isomerised to the ezs—isomer on heating. The
—d::.am.ons, [os(co) Xh] (X = C1, Br, or I) were also preparedS8 by heating
[os X6_| with various unsaturated alcchols.

Metsl(II) pbosphine complexes

Carbon disulphide reacted>®® with 1%141(C0)2(E’1=la3)3 giving the known
Ru(CO)(pPh ) (CS },80 end the related osmium complex was obtained from
Os(CO) (c Hh)(PPh ) Treatment of these CS2 adducts with FeCl or Mel
afforded [M(CO) (PPh ) (cs Me)] with possible structures shown in figure 1.
Reaction of [vm(co) (PPh (cs Me)] with X (halide) gave Ru(CO)(PPh ) x(cs Me),
but the Os complex was inert. Treatment of [M(CO)(PPh ) (CSebin)] wlth aqueous
HC). in ethanol gave M(C0)(CS)(PPh,)_Cl, and MeSH, and 05’00) (PPh ) (cs )

rescted with HC1l to give the same3dfch_’2Lor1de and HQS. Treatment of

Ru(cQ) o(PPa), vith CSe, afforded$l Ru(C0),(PPh,),(CSe,) which reacted in the
, analogue. Thus, Ru(CO)(PPh3)2X(CSe2Me) (X = C1L or Br) and
Ru(CO)(CSe)(PPh3)2X2 (X = C1 or Br) were prepared. Chromatography of impure
‘Ru({Co)(Cse)(PPrn )21 on alumina afforded Ru(CO)(CSe)(PPh3)2I(OH). The structure
of Ru(CO)(CSe)\PPh ) Cl . 21, was detefmlned crystellographically. The Ru-Cl
distances (2. h3A trans to CO and 2. h8A trcms to CSe) are both long in relation
to those 1n comparable complexes (2.29-2. 39A) end it is clear that CSe

{C-Se 1. STA) has a relatively strong trans-influence.

seme way as its CS

Reaction of Ru(cCQ) (PPh ) with RN (p= p—MeCsﬂhsoe, p—MeCsﬁhCO PhCO or
2-carbonylfuran) gave®2 Ru(CO) (PPh3) (RHCO) (all R except 2-carbonylfuran),
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Figure 1

\\\I ///C

Py
S

i NMe

ureas, Ru(co)z(PPh3)2(RncoNR) (r = p—MeCGHhSOE), and amides. Under certain
3)2(NHCOR)2 (R = 2-furyl) could be
obtained. The complex Ru(CO)Z(PPh3)2(RNCONR) (R = p—MeCsﬁhSO2) could also be

A Y
370" The

complexes containingcoordinated RNCO (R = p-MeCH, CO or PhCO) probably contein

conditions the bis—emido complex Ru(CO)Z(PPh
. prepared via oxidative addition of (RNH)2C0 or RNCO to Ru(CO)B(PPh

the chelate ring shown in figure 2. Their treatment with HBF), afforded

Figure 2 o o
\\\Ju’//, ‘\~\ﬁ,/’“
A
l

[Ru(CO)Z(PPh3)2(CONHR)][BFh] which, on addition of LiCl, gave [Ru(co)(PPh3)2-
(CONHR)Cl]n. However, react?on of the species with R = p-MeCH, SO, with
mineral acids gave only p—toluenesulfonamide, while HC1l rescted to give
Ru(co)z(PPh3)2012.
{but faster under CO) causing displacement of the organonitrogen ligand and
formation of Ru(CO)B(PPh3)2. Protonation of Ru(CO)z(PPh )2(NHR)2 (R = 2-

carbonylfuran} with HBF), gave [Ru(CO)z(PPhB)2(NH2R)2][BFM]2.

The isocyanate ccmplexes reazcted only slowly with ethanol

Trifluoroacetic acid reacts with Ru(CO)(PPh3)3HCl giving®3 Ru(CO)(PPhB)é—
Cl(nz—OQCOFB), 22. Molecular weight determinetions of this compound suggest
that it exists in an equilibrium with the dimer 23. Similar trestment of

Os(CO)(PPhB)BHCl gave Os(CO)(PPh3)3Cl(n1—OCOR) (R = CF3 or C2F5), probably of
structure 2ha, although 2hb and 2hc are alsc possibilities. Reaction of

Os(CO)(PPh3)3H2 with RCOQH afforded OS(CO)(PPh3)3H(n1—OCOR) (R = CF3 or C2F
25 while M(CO)(PPh3)3H2, under different conditions, afforded M(CO)(PPh3)2—
(OCOR)2 (R = CF_, C2F5 or C6F5). These bis-carboxylates contain one mono- ard
one bi-dentate carboxylato ligand. It was observed that the tendencies of the

5)’

carboxylate ligand to be displaced by alcohel was controlled more by the
nature of the trans group than by the basicity of PPh3. Thus, monodentete
carboxylete was susceptible to alcoholysis when trans to good o-donors, but
inert to solvolysis when trans to pcor o—donors, e.g. CO or RCOE. These
solvolysis studies have helped to establish a fac geometry of the M(CO)(PPh3)2

group in these bis-carboxylates, and variable temperature !°F n.m.r. spectral

References p. 168
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eehs - eeny . een

: 'C._(\Rl/cs.e ', c Cb' _ IP\L/CO o OC\JJ/C‘
L P A 3 . 7‘\‘ ' .
o l:\C'O 4 - | e racco” | 2
PPh, ' FPhs I eens
| - N |
, [e)
\ [ /pph3 o RCO\hL/PPl—b CI\M/PPha
RCO/ l ¢ e i “co oc”” ‘Q\OCQ
" PPhy PPhy PPhs g

(24a) (24b) (24c)

studies reveal that there is rapid interchange of mono- and bi-dentate
carboxylate ligands. Treatment of 0s(CO) V(PPha) H, with RCOH gave

os(ce) (th ) B(OCOR) (R = CF; or Cyfg ), 26, Vhlch on furtber trestment with
acid, a;forded Os(CO) (Ppn ) (OCOR)Q, probably 27. These dicarboxylates could
be similariy d_jzectly prepa:rgd, together with their Ru analogue, under more
vigorous cornditions from 0s(CO) (PPh ) or Ru(CO)a(PPh3)2. It was noted that
conversion of 0s(CO)(PFa_ )H Sto OS(CO) (PPh ) ,H(OCOR) and then to 0s(co)2(PPh3)2—
(OCOR) 1nvolved a cits > trans—czs rearrangement of the carbonyl ligends. It
was Suggested that these rearrangements probably involved stereochemically non-—
rigid seven-coordinate osmium(IV) intermedietes, perhaps formed by protonation

of the 0s{II) precursors in the preserce of RCOH (see Scheme 4).

Scheme 4
RCOZH —He

05(00)2(13?115)252 —_— {%(co)é(wn H }{ocoa]——>c>s{co)2(PPn

3) oH3 H{QOCOR)

3)2

RCOaH

..H2

(0COR),, é——[OS(CO)z{PPh ), E,{ocor)][ocor]

Os(CO)Q(PPh 3758,

3)2

Finelly, it wes found that Ru(PPh ) 5 and 05(:Ph3;3 ), Teacted with CF3CU2H in

boiling alecohol giving M(PPh ) H(OCOC-3)3 28, while CF, 5COH afforded with

0s(PFh )3Hh s in boiling 2-me% ..ho:qetha.nol s 0s{co) (I’P‘n3 ) _H{OCOC F ).

Trestment of 1'\‘11(00):_,’(1’P113)2
gavebl M(CO)Z(PP}%)Z(Ogcaxh)’ 29. These species could be oxidised vc?ita.—

with tetre.cbloro— or :etrabromo—o—quinoné
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mmetricelly to mono~ and di—cations, and spectroscopic data was obtained from
' 4 . : :

[Ru(C0),(PPRg),(0Ce%) )],

A series of rutheniwm(II) carbonyl phcosphine complexes containing phenyl
and anisyl arsonic acids viz. Ru(CO)2L2(O3AsAr) (v = PPh3, AsPh3, P(p—MeC6Hh)

- H = - K 1

As(p eC6Hh)3, Ar CSH) or p—MeOC6Hh) and Ru(CO)2L2{05A52Ar2}, have been
reported.®3 They are alleged to contein seven- and eight—coordinate Ru{II),
i.e. 30 and 31.

35

o]
u PPh3 H
R | PPh PhsP co
CO\M/ 3 3 \J/]/
- ( co oc/ ! \PPh3
PPhs ’ OCR
I
o
25) (26)
o
I PPh, H
PhsP PPh
QCO\\L/CO 3 \[\[4/ 3
)
rRco” { Sco o~ \ppn3
I PPh, \___O
o
R
(27) 28)
cl PPh3 ° co
al o | <o ] <o
Ru X—< :}-——AS—O—RU\
a o [ “co \o | v
Ci PPhy L
(29) (30)

Ar
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Me X Ph2

(33)

By boiling the o-styryldiphenylphosphine (SP, 32) complex Ru(CO)a(S]?)zcl2
in 2-methoxyethane the C-metalated complex 33 (@ = Cl) wes obteined.®® Treat-
ment of this with Ag+ under CO gave [Ru(CO)z(o—-MeCHcsﬂhPP‘nz)(SP)]+, 33

(@ = CO)}. Each of these compounds exists in solution in an eguilibrium
involving two iscomers, and the mechanism of interconversion may be explained in
terms of an intramolecular reorientation of the coordinated vinyl group in the

two possible sets of isomers as shown in figure 3. This mechanism would involve

cleavage of the metal olefin bond, thereby allowing bonding to eituer "face" of
the olefin.

Y
1
i
i
n
\ -
/p RU
:
X
\ H
o t
: \P—R'u
5 !
I H l
/R‘U 1
1
1
X

Tsro other complexes were isolated from the same reaction which gave 33. The
first, 3_4'-4, could elso be obtained by refluxing 33 (Q = C1) under CO in 2-
methoxyethanol, or by heating Ru(CO)3(o—-HeCHCsHhPPh2}Cl, obtained by treating

Ru.(CO)3SP with HCl, with an excess of SP in the same solvent. Cerbonylation of
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H H
. H
C
ve i
/\Ru
oc/l\P
co }\
(35) -
! co

C
H/l Ci l\
HCO
(37)
(36)
Me
\F’/ ¢o \ Cl
co
N lu/l _P—Ru—P
/ ! g /OC/I\H \
H/l Ci co
™M
© x (39)
(38)

33 also afforded an isomer of 3k, namely 35 which was prepared independently via
1,3-bis {o~(diphenylphosphino)phenyl }-trans—1-butene, Q. Q reacted with
1?1.13(00)12 to give 36, and treatment of this with HCl.gave 35. The second
additional compound isolated from the original resction which afforded 33 was
identified crystallographically as 37. A plausible reaction route which results
in the conversion of Ru((J‘O)z(SP)ZC‘l2 into 33 (Q = C1) and 3k is outlined in

Scheme 5.
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'Scheme 5
MeOCH>CHzOH
- CO

RU(COLCLISP),

33(X= 0

VYR
o)
WY

There wes no convincing method of explaining the formation of 35 or why

2-methoxyethane 1s necessary for its production. It was expected that the
formetion of 33 and 35 might proceed vie a common intermediete, e.g. 38, and
the isomerisation of 35 to 3L might occur via 39. The origin of 37 is unknown
but e_t-ises-possi'bly via a w-bonded formyl or acyl complex. When 33 is heated
&t 100° in 2—metho:q.'ethe.nol in a sealed tube, 3% and Ru(CO) (o ~Fh,FCH hEt) Cc1

-2
was formed, the lastter by bydrogenstion of the vinyl groups in SP.

Treatment of Os(CO)(PPh3)3H01 with p-MeCgH, S0,CH,NC (Q) afforded®?
Os(CO)(PT-’n ),(Q)EC1, k0. Reaction of this with HC10) and CO gave [os(co) o
(PPh )2Q01] Ll. 1In the presence of acetsldehyde or benzaldehyde and sodium
methoxide, L0 and Lkl affordsd = series of carbene complexes isolated as in

Scheme 6. Treatment of LO with acetone gave k2 in e relatively slow reaction.

PPh3

L7
/[\ H
PPh3 E) OMe
Me

42)



19

Os /// \\\
oc/ I\CNR oc [ CNR
PPhy PPhy
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(an PhCHO MeCHO;
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Dipole moment studies, X-ray photoelectron spectroscopy and electro—
chemical measurements have been used®® to evaluate the electronic charge
distribution in certain complexes, including mer—cis—Ru(CO)(PEtePh)BCIQ,
cis-trans—cis—Os(CO)Z(PEtePh)ZClz and mep—trms—Ru(No)(PEt3)2c13. The data are
consistent with PR3 and C1 being good electron donors, and CO snd NO being
powerfully electron withdrawing. Ruthenium(II) carbonyl chloride complexes
containing the phospholes 43 and 4, have been described.6?

SP O SN

43) 44)
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Bimetallic Species L - RS

In dry deoxygenated THF, Fe:(CO)5 reacts with KCq giving70 'K2Fe2(C0)8'
together with CO and carbon.. A fresh study of the Fe-Fe bond vibrations in
Pe2(00)9 and l“e3(CO):’_2 has been made by laser Raman spectroscopy.?}

Phctolysis of Fe(CO) L (L = cis- or trans—CHBr=CHBr, cis-CHB=CHF end
eis~ or trans—-CHC1=CHC1l) resulted’? in the eliminetion of L and CO. The species
Fe(CO)3
Tollowed by CO sddition and reaction with Fe(CO)h giving b5 (R,R' = Br,Br;
¥,Br; C1,C1). Trans-1,2-dihelogenocethylenes elso reacted’3 with Fez(co)g
giving k5. Alcoholysis of k5 (R,R' = Br,Br) afforded CHQ=CH(CO2R) R = Me or Et),
Fe(CO)h{nz—CHZ=CH(C02R)}, FeB(CO)lO(CzEZ), which may have the structure kéa or
45p.and k5 (R = COMe, R' = Br). In concentrated acetic acid 15 (R,R' = Br,Br)

L underwent intramolecular insertion of Fe into a C-halogen bond

gave b7 and 48 (R=0H) and 48 (R=0H) was =lso produced on thermolysis of 45
(R,R' = Br,Br). Exchange of the bridging bromide in 45 (R,R' = Br,Br) with iodide

afforded (reversibly) 45 (R = Br,R! = 1).

Reaction of Fe3(CO)12 with 1,L,7,i0-tetrephenyl-1,2,3,7,8,9-cyclododeca—
hexaene has afforded’® Fe2(C0) 6 and Fe2(CO)8 complexes. The structure of
Fee(CO)echhu’ L8 (R=Fh), the product of a rezction ‘oet'.:e.en Fe(CTZ—EB)(CO}3 and o
PhC=CFPh, has been determined crystallogrephically;?5 the Fe-Fe distance is 2.15A.

Treatment of the Ferrole corplexL8 (R=OH) with CF,CSCCF, afforded L8 (R=OC(CF3):CHCF

)

3

The 13C n.m.r. spectrum of Fez(CO)..l.(CzPh 49, at -40° in solution??

2'2?

H R
RN (CO)2
/c —C~—H F'e\ <
= \\\%CH
(0C)s Fe—\——- Fe(CO), (cuFe  oc | co HCZ
Rl Fe &
’ (CO)2
(€15 (46 a)
—=CH Fe
EC =z \
\‘ \ —
Fe co f©O Fe(CO), (OC)Fe
(ele)) /
Fe le) R
(CO)4 Fe ‘
(CO)y ’

(46 b) (47} 48)

U RAUALL S vbr 2
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o)
Ph Ph OC——Fe(CO),
Ph Ph _ ' Ph/
c oc—/ § \~co : / PR
\ / AN :
Ph Ph (CO)3Fe€———Fe(CO)5 (OC),Fe
\\==
e R S to\ Ph
(CO)5Fe Fe(CO)5 | ph !
Ph Ph c N
(49) OC—Fe(CO);

is consistent with its known structure,’® but although the three CO group
resonances coalesced and the dienone fregment exhibited fluxionality as the
temperature.rose to +k1°, the mechanisms of these processes could not be
unravelled. . The !3C n.m.r. spectral study of the violet isomer of FeB(CO)S—
(C,Fh,)

over the range —-62° to +96°, the green isomer, 51,72 underwent scrembling of

o0 5079 has esteblished that the complex is stereochemically rigid, but

terminal end bridging CO groups. In this process, the bridging CO groups
appear to be preferentially moving towards those Fe atoms with which they have

shortest Fe-C distances, as indicated in the structure of 51.

From the reaction between Fe2(CO)9 and a commercial sample of ButCECBut,

two complexes have been isolated and studied crystallographically. The first,
(-2
52, has a short Fe-Fe bond (2.32A), regarded as being consistent with bond
(-]
order 2, and & long C—C distance (1.32A). This compound is reported as being

identical to & species suggested to be Fe2(00)7(02BuZ).81 Other compounds

But (OC)3Fe————Fe(CO)
t e sFe———Fe(CO);
Bu —c ?\C \\ -
/.r ~ HsC ~ > C S - C=—=0
7 N 2 \\:::__:;//' ‘\\;:—-:;,/’
(OC)sFe =——=—=Fe(CO)3 T T
(52) Me But
(53)
(CO)3 "
Fe C
~._=C
(C6F5)2 P le 9P(C6F5)2 —_— N:\l——7Fe (COi3
C
(CO)5 PPhs
(54) (55)
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regarded fome.lly as contalnlng Fe=Fe bonds are Fe (CO)k(Bu c, Bu®) '(2.223),82
Fe,{SCH C!-feacQCMe CH,} (co)h (2. 23A)33 and [’»«"e(n—c )(NO)J (2 334).8%
VThe other product, 53, clearly- arlses from the reactlon of an 1mpur1ty 1n the
acetyﬂene, perhaps CH ~C(Me)C_CBuF and has an Fe-Fe bond length of 2. ThA.'
Rezetion of Fe, (CO) w1th (06F ) PC3CPh afforded®S 54 which is envisaged as
contag_lng 2 phosnhorladlene rlng. Crystallographic studles revealed that
each Fe atom haa a pseudo—octahedral geometry (Fe—Fe 2. TOA) The product
obtained86 from the reaction of Fe,(CO)y with Nl(n—ESHS)(PPhS)CECH has been
1dent1°1ea37 crystallographically as 55 (Ni—Fe 2.424). The acetylene bridge is
' regarded as being similar to that in Nl ) (PhCzPh) and COZ(CO)G(PhczPh).

The structure of 55 is regarded as an 1ntermed1ate of the two shown in figure k.

Figure L
R
AN
-—-—Nx{—>-l\Fe(CO)3 and —-Ni—l——F%(CO):;
N %
®opr, ®prr,

Reaction of Ni(n—csﬁ,)e or Co (00)8, Fe, (CO) and [Ph3PC§CPh]Br gave
11(n—C_HJre(»O) (Fh Cﬂ-n), and Coze(co)6(Ph3P02Ph), respectively. Treatment of
gg_uﬂtn P(OR) \R = Me, Et, Bu") afforded®® 57 which contains, formally, a two-
carbon, three—electron donor, hydrocarbyl ligard (the C-C distance, 1. 3hA, in
the phosphonium betaine indicates considerable multiplicity). The structure
of this complex beers a formal resemblance to Fez(CO)6[C{C6H3(0Me)2}]OEt89

30
and Fe?_(CO)6{CPh(O)}2.

From 13C n.m.r. spectral studies it has been showr?! that n®-cyclooctatriene

ccmplex?2 Fe (co) (C8 10

temperature and one at higher temperature. The low temperature spectrum is

}, 58, exhibits three fluxional processes: two at low

consistent with the molecular structure of 58 in the solid state®? and as the
temperature rises, a "twitching” process occurs (Figure 5). The two enantio-

morphous forms of the structure interconvert by a2 minimal movement of the Fe (00)6

(EtO)3P Ph
CPh AN /

% Cc——C

TN

e \
(CO)3Fe\__-_7F'e(CO)3 (OC)3Fe ——— —Fe(CO)5

P P

Phy Phy

(56} _ (57)
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(OClsFe——Fe(CO);

(58)
Figure 5

group relative to CBHlO without interchanging the ends of that group.
Furthermore, in the second low tempersture process, three CO groups on one
of the Fe atoms are simultaneously scrambled among themselves. At higher
temperature the other group of three CO groups undergoes site exchange, but at
no time is there interchange of CO groups between the two Fe stoms. The

observations rule out a "gliding" mechanism (Figure 6).

Figure 6

The fluxional properties of Fe,(C0)s(C,, H5), 59 Fe, (CO) 5 (PEL3)(CyoH, o), &nd
Fe,_(co) (C ) 60 can be explained similerly,%%» 95 the low temperature
2 6'79710° —

scrambling of the CO groups apparently occurring at the Fe atom bound to the

allylic group. It may be seen that the structure of FeD(CO)S(PEt?’)(C } is

10 1‘2

quelitatively the seme as 59, and it mey be noted that the Fe-Fe distances in
93 oy 95

Fe,(CO) (CgH,,), 58, e (00)60(09 10)2°> Fe (€0l (C H, o

Fe (co) (PEt Y(c ) are 2.76, 2.77, 2.79 and 2.80A, respectively.

) and

10 12
In the reaction between Ruh(CO)leﬂh and cyclooctatetraene, the species

Ru,,(C0) 5(C, By o) » is produced.?® The structure of this complex (Ru-Ru

2. 89A) is very similar to thet of Ru (CO)G(CBHB)E’7 and 58. The complex is

fluxional (Figure 7), and this appears to be one of the first examples of a

i,3-shift resrrangement in cyclic po yolefin complexes. Under 10 atm of co,

61 gives Ru (C0)6(u16H16) whose i.r. spectrum is nearly identicel to that of

R\12(CO)6(C8H10),'-"’8 a possible structure is 62. Treatment of Ru (CO)
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(59)

~

(OC)3Fe——Fe(CO),

Ru(CO),

(OC)3Ru

(60) (61)

Ruh(CO)lQBh with an authentic sample of the cyclooctatetrzene dimer did not

ford 61. Reaction of Ru3(CO)12 with 63 gaved? 6k, in which the three rings
have exo configurations, and which probebly has an iron analogue,l9% and the
fluxional 65. 1In boiling toluene 65 rearranged to Glh.

e

N

AV
OC—Ru RuU CO

\ \

\ N

Ay \

c/ c c/ c
@] 00 O

(62)

Treatment of bis-5,B8--trimethylsilyl-1,3,6-cyclooctatriene with
;ez(co)g or Fe3(CO)12' afforaed!®l €€ and 67, neither of which was filuxional.
The structure of the previously reportedlf2 Rua(CO)S(STKsSiMe3) (SiMe3), €8,
has been determired;l%3 the Ru-Ru distance being 2.9%A and the interplanar esngle
between diene and allyl fragments being 57°. The Ru~Ru-CO chain is almost
linear while the SiMeB‘V group is bent away from the hydrocerbor ligand giving
a Ru-Ru-Si angle of 173°. The bonding of the CTH681Me3
slightly away from idealised n3-allyl/n"*-diene bonding to the more symmetrical
situation found in Rug(C0)g(C H,)(C 5 ) 104

ligand is said to veer
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(CORRU—|—
- AN
{63) (64)
i SiMe
iy Me, St 3
] \ 3 /
1
Q\ /;\<
Fe
I\
(CO)3Ru Ru(COl)4 (CO)3
(65) (66)

SiMe3

|

Me,Si (OC),Ru—RUu(CO);

(OC)3Fe ——Fe(CO);

(67) (68)

Reaction of 69 with cyclooctatetraene affordeql0s 70 as the mejor, and 71
as the minor, products. By bheating 70 with Ru(CO)h(SLMe3)2, 71 could be
produced in good yield, but on heating 71, 72 was formed; 2 similer ring opening
does nog occur with 70. In 70, the Ru-Ru distance is 2.9&:‘. whereas in T2 it
is 2.91A. 1In the latter, the two diepe fragments are Independent of each other,

the b C atoms which comprise them being coplanar.

Details of the synthesis of 73 (L = CO) have been reportedl®® and reaction

with PPhB, FnoAs and Ph,Sb, giving 73 (L = Lewis base), described.
Figure 7

T s
—Ru
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The reactiops of diazirines with ircon carbonyls have received considerable
attention.107 These ere outlined in Scheme 7 (the ligends investigeted were
diazirine itself, 3,3-dimethyl-diazirine and 3,3-pentemethylene diazirine). The
proposed mechanism of formation of 75 and 76 from Th is ocutlined in Scheme 8.
Treatment of 76 with methanol sfforded@ & mixture of 78 and 79. The steﬁwise
cycloaddition of écetylenes to compounds. of type 77 (see Scheme 7) has been
investigated.}0® Thus 80 (R = COMe, R' = Ph or i-Pr) reacted with R"C=CR"

(R" = Fb) giving 81, 82 and 83. The structure of 81 wes confirmed crystallo-—
graphically.l®9 and it was found thet the N-N ‘bond distance was consistent with
unit bond order. It was suggested that the compound obteinedlll by reaction of
u=1_2-(3,6-diphenylpyridezinehexacarbonyldi—iron has a similar structure.
Other products obteined in the reaction with diphenylsacetylene included

Fe(n"-chr-nh)(co)é, and the tetraphenylferrole complex, L. With acetylene
itself (R" = H) only 82 (R!' = H) wes obtained, and other species with R” = COQMe
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were plso prepared. Irredietion of 80 with PhC=CPh afforded 83, which wes
produced alternatively by heating 82 with the acetylere. A similar series of
products were obteined with 84 but only the analogue of 81 could be prepared
from 85. ‘The proposed overall mechanism is depicted in Scheme 9.

Treatment of the bridged complexes 86 (M =Mn, n = k; M = Co, o = 3) with
the phosphines PR R’ (R = KMe,, OMe, Me or Ph; R' = NMe,, OMe or Ph) affnrdegll!
non-bridged species (OC)hFe(u—AsMee)M(CO)n_l(PReﬁ'). i

o3
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The dynamic n.m.r. spectral properties of the species I-‘e2(CO)6(nERn)2
(ER, = PMe,, AsMePh, AsMe,, SMe or SEt) have been studied.ll? The species
containing bridging SR groups showed no evidence of axial-equatorial exchange of
the R group prior to the beginning of thermal decomposition. However, the other
campounds exhibited three essentially independent fluxional processes: (i) CO
scrambling on individual metel atoms, (ii) axisl-equatorial site interchange of
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' the R groups in a concerted m&nner such tnat 1t occur'-ed in: ’both ER2 groups ‘
’LSIEmlta.neously, and (111) axla._-equatorlp_l R group mte"cna.nge so that isomers
of en ERR'—br:Ldged snec:.es ve"e _nter..onverted. It was suggested that the low
" activation energy for process (i) was not :anonsa.stent with the observations made
Ao’fﬂ many other A(CVO)sty_stems,_ that process (ii) m;.ght occur without brldge
‘opening, and that the'relatiérely' high activation energy for process (iii) is
cdﬁsisteﬁt with the neceé'sifj for configﬁational inversion at P or As in =
bridée—open intermediate.- ’
"Reaction of Fe2(00)9 with the eppropriate hexadentate tertiary phosphine
afforded’!? the bimetallic compleéx 8§7. Treatment of Fe(CO), with
PnP(CH,) PPh, (n =1, 2, 3 or k) gavelll [Fe(co)) ] {Fn P(CH ) P}, but when
= 1, the spec:l.es Fe(CO) (thPC"ZPth) Fe(PO)B(Ph2P0H2PPh2) and
Fez(CO)T(PhZPCHZPth) were zlso formed; the last could have the structures 88
or 89 an_d could also be prepa.red from Fea(C0)9. A superior route for the form-

(coy3 " €03 R R

(80)

. (CO)4 R o)
R N——— R (CONa o
/ Fe o .
N R

(82) (83) R

(OC)5Fe
Fe — ) (e C)3 Fe —

(OC)sFe O
/ \ N— . N

(84)
(85)
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R (OO Fe——F X
=L ¢
(90) ,AsMeg/
OC—Fe~—_dpn,
MesAs
PPN,
F2
Fa
(oN
ation of FeZ(CO)s(L—L') (I1-L* = 90) heas been described!l® =nd those compounds
with 90, n = 3 or 4, R=R' = AsMe2 are new. These complexes reect with mono-

dentate ligands (L™ = Ph3P, Ph3As, Ph3Sb, (PhO)BP, PhQAsCH2CH2AsPh2) giving
Fez(co) L"(L-L"), Feéco)hLE(L-L') and FeZ(CO)BLg(L—L') . The compound
}.='¢=_-2(C0),_‘(I.—L')2 (L-L' = 90; n = 2, R = AsMe,,, R' = PPh2) msy have the structure
91.

Reactions between Fe(CO)s, Fez(CO)g and Fe3(C0)12 end thiols, disulphides
and RSR heve been systematically investigeted!!® and it was reported that
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reactivity towards formetion of Fez(CO)s(u—SR) increased in the order

Fe, < Fe, < Fej and RS < RSSR < [RsH]. Treatment of [E":.3NH][Fe3(CO)uH] on the
gave Fez( CO)6(],x—SPh)2. Reesction of Fea(CO)s(u—SPh) with RSHE (R = dodecyl) in
boiling methanol affordedll? syn— and czn.ti—Fez(CO) 6(u—SR) 5 in equilibrium with
Fez(CO)s(u—SPh)a. High resolution i.r. spectral studies have been made

of 1='e2(co)6x2 (X = Br, ¥, S, Se, SC¢Fg, SHe, PH(CGH:L.L), PMePh, PHMe, PMez) and
the effects of the bridging ligands in the CO stretching fregquencies evaluated.
New non-paresmeterised m.o. calculations have been madell® of the metal-metal
interactions in the species Fe2(CO)6(u—X)2 (x2 = (SMe)Z, (NH)Z, 5-S, MeN=NMe,
(PRZ)Z)' These have revealed that variation of X does not markedly affect the
nature of the Fe—-Fe interactions. The orbital character of the highest occupied
molecular orbital in each species corresponds closely to the "bent" Fe-Fe bond,
while the lowest unoccupied molecular orbital is its antibonding counterpart.
The calcvlstions also indicated that in the species [Fez(CO)s(u—ngz]z, z = -1
and -2, the metal-metal interacticn corresponds to a "one-electron' and a

"no~electron” Fe-Fe bond.

A detsiled kinetic eand mechanistic study has been madel?® of the reaction

between Fez(CO)s(u—SPh)g and PPh Under CO, the two step substitution reaction

does not go to completion. The insubstituted complex undergoes direct attack by
PPh3 either on the predominant ant? form or on the very reactive syn form which
is produced in the rate determining anti-syn isomerisation. The monosubstituted
species Fez(CO)s(PPh3)(u—SPh)2 reacts with CO via an S2 mechenism, but a CO

dissociative process is involved in its reaction with the bulkier PPh3 ligend.

The speciles [Fe(CO)z(PPh3)(u—SPh)]2 is uneble to undergo 5 2 displacement even

N
by CO. These results are in good agreement with others obtzined earlier.l?l

Diaryl sulfines (ArZC=S=O) reactedl?2 with Fe2(00)9 giving Arch and/or
92 (Ar = p-Me— or p—MeOCGHh). A detailed report has been madel2?3 of the

reactions of 92 (Scheme 10)

Reaction of 92 with TCNE or with light afforded 93, but with a combination of
both, 93 and Fe(C0), (TCNE) were formed. Treatment of 92 with OH , OMe_,tN;,
NCS~ or CNBr also afforded 93 (R = OMe or Me) in good yield, whereas KOBu' gave
also some [(P_RCGHh)ZCH]z (R = OMe). Atteck by nucleophiles on 92 is thought
to occur via the intermediate 9h. With O-alkyl thioesters, Fe2(C0)9 affordeql2"

95 and 96, a possible mechanism being outlined in Scheme 11.

For all the ring-substituted O-methylthicesters, the major product was 96,
suggesting that coordination of O to irom is more readily achieved than o—
metalation leading eventuslly to 95. The increese in proportion of gé_with an
increase in the effective size of R! in the O-alkylthiobenzoatss is prqbabiy a
consequence of steric hindrance to coordination of oxygen at Fe, the steric
effect arising from repulsion of R" by Fe(CO)n groups. Further information

sbout ring steric effects was obtained in the reaction between Fe2(00)9 and 97
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which afforded 98 and some Fes(co)gsz, but no 0-5 bonded species presumably
because the species 33 is too sterically strained. Oxidation of 98 by ceric .
ion ,gé.ve 100.

Addition of methyliodide to Fe,(CO),  (PMe;) (n-SMe), (n = 2 or 3)
fordegl26- = - = Me -
efforded :e(_co)2(me3)212, Fe(‘CO)3(PMe3)IE and -e(CO)Q(P\(e3)2MeI. ¥When n = L,
the species 101 was also obtained. Treatment of Fez(co)s(u,-SR) > {R = Me, Et, Ph)
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or Fe,(CO)g(n-SeFn}, with (CF,),C,S, affordedal?? the salt [Fe,(CO)g(u-XR) ]~
. : o 128 _

[Fe{SQCQ(CF3)2]2, species originally formulsted as [Fe(CO){S202(CF3)£(u xa)]h

but shown crystallographically to containl?® a binuclear triply-bridged mono-

cation end a binuclear monoanion. A possible reaction mechanism is

2 2
RO~ (CO)y R
Fe\ i
/ Cc=0 C o]
o=cl \c=o co ' A \s\ /u\
Nee? /l Fe Fe(CO),
) (CO), RF cos |
R! R ¢
o
R -CO l
2
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OR? \C/ \ v N
3 H* B Fel
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S
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(CO), o) R’
\] 2
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e 4
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N |
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o H
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R0 \ /F fcol,
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R (CO),
Scheme 11 S6 . 95
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A‘,(cp )zczsz + Fe (co) (m) - [Fe{s c (cp3)2}2] + RX-XR + sco

[FelS,C,(CF,),3,]5 + Fe fcc)s(xn) + [Fels,C,(CF )3 o plo ¥ [Fe (C0)6(XR) 1

2[Fe,(cO)g(xR) 1" + RO® > 2[F§2(c0)6(m)3]

Parts of this mechanism were confirmed by the observation that Fe (00)6(XR)

(x =g, = Me or Ph) reacted with the powerful oxidant [re{S (CF3)2}2]2, and
it was found that Fe, (co) 6(u S"h) reacted with NOPF¢ in the presence of PhSSFh
g“..:ag [Fea\-.,u)6’"—s?h‘34[l’l‘6_. "’*gcther with _maLl amoun t: of :c2‘uull‘.\" oru.l2 -

Reactior of Fe2(CO)9 with MeB(SMe)2 affordedl 30 Fe2(00)6(u—SMe )2, via an
intermediate containing boron, possibly Fe(CO)a{(MeS) 2EMe}. With 2-dimethyl-1,3,-
2-dithiasborolane, p~S,5'~ ethylenedithiolato{hexacarbonyl)diiron was obtained,
vhereas the borthiin 102 afforded 103.

Species previously forrulatedl3! as Ru(CO)(SZCI\IRz)2 are thought to be
tinuclear, and the structure of a representative member of this group of mole-
cules, Ruz(CO)E(SQCNE‘tg)h, 104, has been detgrmined.“z crystellographically.

The distance between the metel atoms is 3.65A, indicating the sbsence of a
Ru-Ru bond.

(CO

97) (98)
o
s <—=Fe(Co); S
/\,Fe(CO) \
S o
(99) (100}
Me t
Me
L(MeBP)Z(OC)Fe/S\ Fe(COXPMe,),| I~
I

(101)
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Reaction of Na,.Fe(C0), with ClGe(Me).,JGe(te) CL affordedl33 & mixture of
. 2 L 2 2 Ge——CGe
105 and 106, but no species containing a Ge=CGe bond or Np./ group. Smell

amounts of the knownl3% Fe,(CO) (u—CreMe,), were also detected. The compound
105 is iscelectronic with 01-2(C0)8(.l\.sMe2)1‘,1:‘35 and is fluxionel (figure 8).

Photolysis of 105 or 106 gave Fe2(00)6(u-GeMe2)3 in a reaction which involves

Ge=Ge ©bond rupture; 106 cannot be formed from 105.

Tin(II) halides (Cl or Br) and B-diketonates (RCOCHCOR'; R=R'=Me, CF, or

Figure 8
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‘3&-
Fh; R=Me, R'=Pa or CF, ) reacted135 with Fe (co)9 giving {Fe(CO))SpX_} . The
'halldes and acetylacetylacetonate are dimeric (n=2) but some dlssoc1at10n oceurs
when the R,R' groups are bulky. In pyridine Fe(CO)hSnX (pyr) is formed, and
varylng degrees of dissociation occurred in less nucleophilic solvents such as
THF and MeCK. Small amounts of Fe (CO)S{Sn(PhCOCEME) }, 107, were detected,

and 57Fe MBssbauer spectral data were collected. Reaction of Na,Fe(CO)) with
SnMePkCl, efforded Fe,(CO)g(u-SnMePh),, which, on irradiation, affordedl!37
Fez(CG)s(u—CO)(u—SnMePh)a. This complex can exist as three geometric isomers

(figure 9) and n.m.r. spectral data are consistent with an equilibrium mixture of

Figure 9
Ph Th Me Te ih Te
| |
sn Sn Sn sSn Sn sn
/ \ / N\ /
Me Me Ph Ph Me Ph

oF ¢ with either 2 or b, probably a. The éompound is fluxional undergoing, at
low temperstures, a deformation process which may be fecilitiated by, or occurs
in concert with, rapid bridge—terminal exchange of CO. At higher tempefatures,
the CO exchange process is best explaired in terms of cleavege of the Sn-Fe
bonds to give stannylene intermediates. Treatment of Fe2(CO)9 with Sn(C5H5)2
gavel3® Fe 5(C0)g{u-Sn(C.H) )}, in which the Fe atom has distorted octehedral

geametry. The structure of Ru (CO) (SnMe_ ), has been determined!3? and the

3’2

Sn-Ru~Ru-Sn system is almost llnear, the CO groups sdopting an eclipsed

configuration and leaning slightly towards the outer SnMe3 groups. The Ru-Ru
o

distance, 2.944, is rather larger than the usuzl single bond length, and the

o
Ru1-Sn agistence (2.694) is rether shorter then usuel.

”r_metalllc and other metal atom cluster compounds
Treatment of Fe3(b0) with RNC gavellO Fe(CO)h(CNR) and Fe (00)12—n(CNR)n
(R = Me or But, n = 1-3). The complex FeB(CO) (CNBu ) existed as isomers but

there was no evidence for bridging isocyenide in the series of compounds.
% n.m.r. spectral studies indicated that the camplexes were fluxional. Con-—

formation transformations in the series M3(C0)12 (M = Fe or Ru) and Fe2(00)9
have been discussed.l®!

Reaction of Os (co)10 , with L (co, ChMe, PMe_Ph, AsMe,Ph, PPh3 or PnCN)

affordedl®2 OSB(CO)IOLHZ vhich could be decarbonylated to give Os (CO)9 >

(L = CO or PRZR' ; addition of CO or PhCN was reedily reversible. The structure
of OSB(CO)llHZ’ 108, wes determined crystallographically, ths intermetallic
distances being 0s,-0s, 2.99, 052—053 2.86, gnd Osl—Os3 2.91A, respectively.
The bridging hydride was loceted by implication from bond length data. It is
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2
Oc_ ¥ cO
o /&
oc © H .o
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(108)

clear from !H n.m.r. spectral data that exchange of bridging and terminal
hydride ligands occur via a non-bridged intermediate (figure 10). A possible

mechanism whereby OSB(CO) may be converted to OSB(CO) is outlined in

12 10h2

the equation below:

-Co H
0s4(C0),, —> 05,(C0),, -5 0s,(CO) fi, + 05,(C0), |, -+ 05,(CO), ((uy-H),

Alkylation of the N,N'-dimethyltriethylenedizmine selt of [Fe3(co)11]2'

by MeSO_F afforded the corresponding salt of [Fe3(CO)10(COMe)_1,_ which, on

3
treatment with HCl, gave Fe3(CO)1OH(COMe), 109 ,whose structure was determined
crystaliographically.l*3 Reaction of Ru3(C0)12 with Me NCH,Sn¥e , zavelt®

Ru(CO)h(SnMea)a and Ru3(co)lOH(cm1e2), 110. The structure of the latter has been
determined and the unit ceil contains two independent molecules; the metal-metal

distances were Ru1—Ru2 2.80 (both :nolecules), Rul—Ru3 2.83 (both) and Ru2—Ru3

o
2.83 and 2.82A. It was noted thet the species Formulatedl®5 as Fe3(CO)llH(NMez)
has recently been characterisedl®® as FeB(CO)llH(C:NMeQ).

The X-ray crystallographic determinationl®? of the structure of
Ru3(CO)9H3(CMe), 111 (Ru-Ru 2.8&2) has been used in a reinterpretation of the
pematic phase 1H n.m.r. spectrum!“8
the Ru-H distance and Ru-H-Ru bridge bond angle was calculated to be 1.81A
(1.722 from X-ray data) end 103° (112(7)° from X-ray deta) respectively. It

was suggested that the data obtained from n.m.r. measurements were probably more

of this compound. From the new data,
o

accurate than the crystallographic results.

Figure 10
(COy, (€O,
(0C)3 (CO)3 (OC)}ACOE
H H L H H L
b [}
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The reactions of Os (CO)lo » With acetylenes have been investigatedql!?
extensively. Thus, in general terms, the dihydride reacted with RC=CR giving
053(00)105(Rc2m), 112, (R = R' = H, Me or Ph; R = H, R' = Me, Et, Bu® or Ph)
together with 053,(00)10(3023), which mey have the structure 113 or 114

(R =R'=H, Me or Ph; R = H, R’ = Me}, 0s5(C0), o(RCR'), (structure unknown),
Os (co) (RC R?) 115 (R=R'" =Ph; R = H, R' = Me), 053(00)9H(02R'), 116

(R = H, R' = Me, Bu®, Ph), 053(00)9(R02R’), 117 (R = R* = Ph}, o%(co)aﬁ(ﬁczﬂ')—
(RC,H), 118 (R = R' = Fh), 0s,(CO)cH,(RC,R'),, 119 (R = H, R' = Me),

0s,(CO)(RC_R’),, 120 (R = H, R' = Fhn), 053(00)9{(R02R')200}, 123 R = R' = H,
alkyl, Ph,. C02Me) and 0s3(co)103(02R'), 122 (R' = Fh). When 112 (R = R' = H)
was heated in octane, 123 waes formed, and this can also be prepared directly
from 053(00)1-2 and ethylene. When 112 (R = R*' = Me, Ph; R = H, R’ = Me) was
treated similarly, or with hydrogen, l_ali was formed. Treatment of E’i

(®r = R'" = Fh) with P(OMe)3 or PFh, (L) gave 053(00)9L(C2Ph2) which reacted
further with P’.E’h3 in the presence of PhC=CFh affording 053(C0)8(PPh3)(chPhh)’
a derivative related to 117. Whern 113 or 114 (R = R' = Me) was heated in
reflwting heptane Os 3(00)9H(C,+E5), for which two structures, 125 and 126,
have been suggested (the former is preferred). On heating in toluene at 156°,
this campound isomerised to 127 which is anslcgous to = compound obtainealst
from FuB(CO) and butadiene.

Dynsmic n.m.r. studies have been madelS! of 033((20)932(0:0112), 123
(R = R* = H). This was schieved by random deuterium distribution achieved as



follows:

053(co)gﬁa(c:c1i2) —_— [053(co)93213(c:cr12)]+ — 053(00)9HD(C:CH2) +

The deuterium was equally distributed over the two possible siteé, and no
exchange was observed between hydridic H/D and the CH, protons up to ho°,

CF 002D

D20

OSB(CO)9H2(C:CH2)

41

although at 100°, some scrambling did occur. Furthermore, 053(C0)12 reacted
. . . - . , . -
with CH2.C(Me)CH2CHhe2 giving 053(00)9H2{C.C(Me)CHZCHMee} which exists as two

N
/

Os(CO)5

(OC)30s Os(CO)y
(114)
Rl
\c
/.XC/R
[~-=3
(4 —_—
(OC)305——J >OS(CO)3
!
)
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TR
HoC N Me
(OC)30s
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(126) (127)
Me R R
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T
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//4:: Hp ///ﬁ;
Os Os
128) (129)

isomers 128 end 129. Studies of this compound established thet, under
conditions of hydridic H interchange, the Os—C(Me)CHchMe2 bond remained intact.
A satisfactory explanation of the fluxionel properties of 053(CO)QH2(C:CH2) is
illustrated in Sckeme 12.

These studies verify earlier predictions!S2 that hydrogen exchange occurs
directly by hydride migration from one edge of the metal triangle to the other.
For the complexes Ru,(CO) H,(CgH,,), Os3(C0)7(AsMe2)2(C6Hh)153 and
053(00)9H2(Me02Me) (113 or 11k (R = R' = Me)), another mechanism, involving
olefin rotation is necessary to explain their fluxional processes. It was
observed that these three complexes underwent localised CO scrambling and it

was suggested that a mechanism as in figure 11 could account for this.

Figure 11

References p. 168



Schéme 12
H H '>ﬁd
N N
/ A />
Os ——Os —~———— Os___ib_ — _0Os
H
N a \ /Hc
Os Os
H
H Hd H /d

Oos— Os
\\\\\\\\\ Ha \\:E?\\\\l
Os Os
Hy
HCQ\\ / .
7/

However it was suggested that an alternative process could involve olefin
rotation (figure 12) and this could account for the observation, in the fast
exchénge limit, of only one 13¢ cerbonyl resonance and interchange of the
hydride sites. However in these systems, as in 053(00)932(C:CRR'), a number of

exchange mechanisms can operate independently.

H H

H

Figure 12
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Reaction of 053(C0)1OE2 with an excess of ethylene affordedlS% ethene snd
Os3(CO)lOH(CHCH2) (112, R = R* = H) which rearranges in refluxing octane to
: = R! = . . .
053(00)932(C.CH2) (123, R = R H) and 033(C0)12. The vinyl complex is
fluxional (figure 13).

Figure 13
0s

RI ﬁS\HOS — l;l/[ \05
7~ P~

H

In refluxing heptane, Ru3(CO)12 reacted with cycioheptatriene giving!SS
Ru3(CO)6(C,.{HT)(CTE9), 130, the structure of which has been confirmed crystall-
ographically,!56 Ru2(00)6(c,{38) » 131, Ru(CO)3(C7H8) and Ru(CO)3(CTHlo).

The cycloheptatriene complex Ru(CO)3(C7H8) could be prepared either by photclysis
of Ru3(C0)12 in the presence of the triene, or by displacementl57 gof cycloocta~
1,5-diene from Ru(CO)3(CBH12); Ru(co) 3(CTH10) could be obteired by the last
process. When 130 was refluxed in the presence of CTHB’ Ru(CO)3(CTH8) was

formed but on heating the latter on its own, 130 was regenerated, while with
2ddition C.Hg, Ru(CO)2(CTH8) was formed. These results suggest that 130 is not
formed directly from Ru3(C0)12 with retention of the Ru3 triangle, but is

‘
O Ru (9]
C

N /
/ \ — R —
(OC)ZRU\/ \RU(CO)Z OC—Ru A
N /\\ /\\
cc c¢
0 © OJ o
(130) (131)

produced via Ru(CO)3(C7HB) which is the source of all the other products. It
was also observed that when Rua(co)12 and C7H8 reacted in dichloromethene,
Ruz(CO)h(CTHT)Cl, 132 (X = C13 R = H) was produced. Analogues of this compound
were prepared by reacting 130 with CClh, CBrh or 12, a byproduct being

Ru{co) 2(n5—c7119)x. Treatment of Ru3(CO)12 with substituted cycloheptatrienes
071173 (R = Me or Ph) afforded anslogues of 130, Ru3(co)6(071163)(07£{83) and
Ru(CO)B(CTHTR); the former reacted with iodine giving Ru(CO)z(C7H8R)I and
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Rua(CO)h(C7HSR)I, 132 (X = I, R = Ph). Even at —-100°, 130 is fluxionailS8
(figure 14).  For 132 (R

Me or Ph), likewise non-rigid at -100°, two pathways
whereby the Ruz(CO)hX ‘fragment can oscillate sbout the ring have been proposed
(figure 15).

Figure 15

Reaction of Fe3(CO)12 with nitroethane in boiling benzene affordedls?
iron oxides together with Fe3(CO)9(u3—HH)(u3—NEt), Fe3(CO)9(u3-NEt) .
Fe3(CO)3(u3—NEt)(u3—CO), Fe,(CO) (n-EtNNEt) and Fe,(CO) (u-EtNCONEt). Treatment
of iron carbonyls with 2,3-diazanorbornene gavel60 Fe(co)h(csﬂeNz)’ Feg(co) 6~
(Csﬁaﬁz) (see Schemes T and 8, ref. 10T) and Fe3(CO)9(CSH8N2), 133. With the
fluorinated azobenzenes, 06F5N2(l,2,3,h-—XC6H) {(X=Hor F), RuB(CO)lz affordedlbl
13k. Pyridine rescted with Os3(CO)12 givingl62 a series of complexes
053(co)loﬂ(ﬁcsgh) (135, either, = or b), Os3(C0)9(pyr)H(NCSHh) (elso as two
iscmers), 053(00)8H?(Ncsﬂh)2 (no fluxional) and 052(C0)6(1\IC5£I,_I_)2 (136, isomers
a or b). The reaction pathway is outlined in Scheme 13; L-methylpyridine behaved
similarly. Iscquinoline also reacted with 053(C0)l2 giving e mixture of 137 and

138 (16 and 1h% respectively), while quinoline afforded 138 =nd 139.
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OsB(CO)12 033(00)9(pyr)H(NCSHh), isomer a
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053(Co)ll(pyr) . Os3(CO)lOH(NCBHh) .
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+CO L -co
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Os3h2(CO)8(NC5Hk)2‘________ Os3(CO)9(pyr)H(NCSHh), isomer b
-Co

Tt hes been Pfound that the triruthenium oxy clusters can be oxidised as

outlined below:

bt~
[Ru30(0Ac)6(Py'r)2(CO)] ?‘[RH3O(OAc)6(pYr)2(CO)]+

Br2 ,C'HzCl2 -MeOH MeOH

[Ru3O(OAc)6(py1‘)2(MeOH)]+
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Os(CO);H

L T

(OC)3OS———OS(CO)3

(1364a) (136 b)

(OC); 08— 0s(CO)

AN 3

©C);0

(137 a) (137 b)

I.R. end mess spectral data obtained froml5* Fe3(C0)6L382 (L = pyr or
cshlox), Fe3ﬂﬂ%lbsa (L = NEt3, PPh3; L, = bipy or o-vhen) and Fe3(c0)8Ls2
(L = ECMe or PPh3) indicates that there is strong bonding within the Fe S,
group. The position of substitution in the precursor Fe3(CO)9S2 was difficult
to establish, although only one Fe atcm appeared to be involved. Reaction of

. s . 165 ;
FeLCO)S with [Fc(.o)s]2 gave Fe3(C0)982.

M3ssbauer spectrel and X-ray crystallographic studies have been made of
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Fe3(CO)9H(SB) (R = Pri or '.Exut), 137. The mercapto group is 1.5:!’. gbove the Fe3
plaug, while the 'Fel—Fee, 1-'e2-Fe3 and Fel—Fe3 bond lengths are 2.65, 2.68 and
2.64A, respectively. It was noted that arguments involving lengthening of
metal-metal bonds as evidence for the presenée of bridging hydride cannct be
applied to cases where another bridging group imposes stereochemicel constraints.
From & mixture of RuCl3 and lvieschE‘t;2 in methanol under CO which had
been alllowed to stand for a week, the complex Ru3(CO)3C12(SchEt2),+ was

obtained.l67 The structure of this compound, 138, was estzblished crystallo—

(8(53)4 gri ,
/H\ / >Fe,(CO)3
(o) 305<—\05(c0)3 (©C)Fe;—
N—— H\Fez
CO)5
aY,
(137¢) (138)
O
iy
e
BN SRruy D NER, o7
3 / ~ C
S S / a Co
O
S
S\ l /Cl ~— l P / Rh/
i
S S
(139) (140aq)
(CO) (CO)
Fe * Fe &
/O\ 8\
C
/ \ o Ré/ \Rh
(0C)yFe=————Co [/ ¢
3 \C/ >~ \C/
H
(140 b) (141)
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. o
graphically; Ru, —Ru, 3.7k, RuB—Rul, 3.70 and Ru3—3u2 3.67A, respectively.

From 13C n.m.r. spectrel studies it has been establishedlf8 that

1

Iy

" v-z(n—csﬁs)(co)9 {M = Rh, 139; M = Co, 1}0) were fluxional, and limiting low
temperature spectra could not be obteined. However, a spectrum consistent
with the structure of FERhZ(n—CSHS)é(CO)G’ 1k1, was observed, and the mechanism
of CO site exchange was found to be similar to that in Fe3(CO)12. The
structure of the previously reportedl®9 RuPte(CO)s(PPhaMé)3, 1k2, nas been
determined crystallographically.17° The phosphine ligands attached to Pt are
coplanap.vith the Ru?t(CO)3 cluster while the liganrds attached to Ru are bound
exially. The equatorial CO groups do not bridge the Ru—Pt bonds symmetrically,
perhaps for steric reasons. The Ru-Pt bond distences are unequal (2.71 and
2.732), the longer bonrnd lying opposite to the larger Pt—Ru-CO angle

(Pt-Pt = 2.652).

When Ru3(CO)12 was heeted at eg. 150° in & sealed tube, Ru6(CO)170 wes
formed, 171 establishing that the carbide stom is derived from CO; at 180°, the
carbonylwdecomposes to Ru metal. On heating Ru3(00)12 in benzene, very small
arounts of Rus(CO)lb(Csﬂé)C were formed. The implications of this work are
that the carbide atoms in Feg(CO),cC, [Fes(co)lhclg‘ and [Fe6(CO)160]2_ might
elso be derived Jrom CO. Attempts to prepere Fes(C0)17C and FeS(CO)lsc by the
oyrolysis of Fe3(CO)12 failed. The results of pyrolysis of Os3(CO)12 at various
temperatures are summarised in Teble 3. It may be noted that the size of the
metal atom cluster tends to increasse with temperature, culminating in the
formation of Os metal. The structures of these complexes have been predicted in

2

terms of the "18-electron rule® and Wedebs theory,l72 and the results are

CO) Os
oC ~/ CO /
©Cs Ok Qs—/—0s

\\35
©O% 7 o)y \\
Os

(143) (144)
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Table 3 Pyrolysis products obtained from Os3(CO)l2, as a function of
temperature
Temperatures and Yields
Product Colour 21.0° 250° 260°
056(co)18 dark brown - 80% 60% -
= — -4 -— —
Os5(CO)16 pink~red T2
OST(C0)21 orange 10% 20% yield increased
Ose(CO)23 orange 2% 5% yield increased
Oss(co)zlc yellow - 82 -
- o -
055(00)150 purple 5%
Os metal - - main product

included in Teble L. The structure of Oss(CO)15C, and its ruthenium analogue,
is probably similar to Fe5(co)lsc’ 143,173 yhile in 055(00)16, 1lh, there may be
& veriable formel oxidation state for some metal atoms, as in 036(00)18, 1ks.
For the last, the "18-electron rule" predicts an octahedral arrangement of metal
étoms, which has been shown to be incorrect.l74 However, it may be noted thet
Ru6(CO)18H2 (86 valence electrons) has an octahedral Ru6 arrangement.l?® For

057(00)21, the "18-electron rule" predicts an edge-bridged octahedron, but the

Table 4 Structural predictions for osmium carbonyl clusters

No. of No. of 0s—0s No. of
Valence bonds for skeletal
Compound Electrons cluster to electron (aj (p)
obey 18- pairs
electron rule -
055(C0)15C, 143 ™ 3(50-3k)=8 T(n+2) sq. based sq. based
- ‘prism prism
05;(C0) ¢, 1hk 12 3(50-32)=9 6(n+1) tbp® tbp°
056(C0)18’ 1ks 8L 32(60-36)=12 6(n) reg. octa.
Os (CO)Ql’ 146 98 3(70-Lko)=14 T(n) edge bridged monocapped
T octa octa
0sg(C0) 3] § AT 110 3(80-46)=17 7(n-1) edge and
0s,(C0) 1k8 face-bridged
8 21) N —
octa. or

bicapped tpd

a
be involved;
e According to Wade's rules (ref. 172);
¢ +tbp = trigonal bipyramid;
a tp = trigonal prism.
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If 18-electron rule is obeyed by each metal atom and bridging carbonyls may



13
19

(CX:bﬁ)iqégs—-()s(CC»3

-0S~ -
(OC)305’\0 s/> Os(CO)
€05

(145)

isoelectreonic [RhT(CG)16]3— has been found!?® to corntain a monocapped octa—
hedral Rh, cluster; preliminary X-ray crystallographic studies appear to confirm
this situation in 037(00)21. For 058(00)23, two alternatives, 147 and 148,

hzive been proposed, and OSB(CO)QIC could have either structure with the carbon
atom in the centre of either cluster. 13¢ n.m.r. spectral studies have showrnl’?7
that Oss(CO)la, while maintaining its bicapped tetrahedral structure in solution
up to 100°, undergoes three fluxional processes corresponding to locelised GO
scrambling. These are a2 low temperature localised site exchange about 0s{3) and
0=(3"), a mid-tempersture localised site exchange about 0s(3), 0s(3'), 0s(2) and
0s(2") ernd, at 100°, ccmplete localised CO scrembling ebout each metal atom. It

(147) (148)

was observed that CO migrstion does not occur in this molecule although it has
been cbserved %n 053(C01i2178 and this is thought to be due to the relative
intermetallic distances in the molecule {CO bridges do not commonly occur in
osmium carbonyl complexes). It was noted that 13CO enriched 056(00)18 ceuld
not be prepared by 13cO exchange with the complex, but was produced by pyrolysis

of enriched 053(C0) Reduction of 056(C0)18 with zinc dust afforded

12°
[os_ {co) ]2_ which, on the basis of 13C n.m.r. spectral data, appears to have
6 18

ar: octanedral 056 cluster as predicted by Wade's theory.

Hydrogenation, at atmospheric pressure and 120°, of M3(CO)12 (M = Ru and
Os) in hydrocerbon solvents affordedl!?% good yields of pure MH(CO)12Hh.

Reaction of OSS(CO)IOH2 with more hydrogen gave Osh(CO)IZHh’and Ruh(CO)1 Dy,
was prepared using D,; extensive HE/D was observed between Osh(CO)lzDh and

bydrocarbon solvent. Treatment of Ruh(C0)1382 with D2 gave Ruh(CO)laHaba and

FeRu3(CO)12Eh was obtained similarly from :eRus(CO)lsﬂa’but reaction of
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FeRuZ(CO)12 with H2 failed to provide a mixed metal carbonyl hydride cluster.
The thermel decomposition of a variety of Ruh carbonyl hydriderclusters, viz.
I = = PPh
o= Ruh(co)12 2 Ruh(CO)loqu‘( PPh3) h(co) h (L
Ruh(CO)BLhHh (L = PPh3
release of CO and phenyl or butyl groups leailing to the formation of phosphorus-—

3 oF PBu ) and

or PBug) has been 1nvest1gated 180 Tne gata suggest
conteining metallic residues.

(CO)
Fe =

Oc

oc-|-
(0C)sRIE=2 A~

/Ru (CO)3
RU————-H///

(CO)3

(149)

13¢ n.m.r. spectrel studies of FeRu3(CO) 149, have revealedl8l that

132"’
there ere three fluxional activities associated with the CO groups. These are
(i) a bridge opening process et Fe, the CO moving to Fe, and localised CO
serambling, (ii) localised CO scrambling at the three Ru atoms, and (iii) a

general CO exchange between 211 metal atoms.

. 5 ic K 182 -
Treatment of Ruhico)leh with alcocholic KOE gave [Ruh(CO)12H3]
(isolated as the PhhAs salt). Reman spectra indiceted the presence of
bridging hydride ligends while n.m.r. spectral data revealed the presence of two

isomers with several possible structures, e.g. 150 &, b or ¢ or 151 a or b.

Reaction of FeS(CO)lSC with phosphines or phosphites (L = PPh3, PMe Ph
P(OPrn) or p(OPh) ) gave Fe (CO)ls -l (n = 1~-3). While the carbide was
unaf’ected by strong acid it reacted with PhC=CPh and MeC=CPh with fragmentation
of the cluster giving Fe (co) (RC Rt ) and Fe (CO)9(RC R). Reduction of the
cerbide cluster with haOH Ne.BI:,4 or Na/Hg afforded [Fe (CO)th]2 and it was
observed that the i.r. spectrum of this salt is at variahce with that previously
reported for [Fe (Co)lhc] obtainedl®® from resction of Fe(CO)_ with
[Mo(n>- C )(CO) ] This latter product has been reformulated as [FeG\CO)l6C]

Acetylenes (rC oR's R = Ph, R' = Me, Et or Ph; R = R' = CHZOMe) reacted!Bs
with Ru, (CO) 12 giving Ruh(CO) (RCER'), 152, which could be protonated to give
[Ruh(CO) H(RC R')] (edge bound HY). Further treatment of 152 with PhC2R"

(R" = Me or Et) gave 153 (tentative proposal), and it was noted that 152
(R = R! = Ph), in refluxing heptane under hydrogen, gave Ruh(CO)lZHh and
trans-stilbene.

Reaction of Fe3(C0)12 with 2-mercaptopyridine gave 15h (Fe(1)-Fe(2)
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(1504a) ’ (150 b)

(150 ¢c) (1510q)

(151 b)

o o
2,604, Fe(3)-Fe(k) 2.53A); the S atam hes tetrzhedral geometry. Treatment of
Fe2(CO) 5o with PhSSPh, PhSE and NaOMe in methanol gave [Fehsh(SPh)h ]2',
(basic structure 155) while using [p—MeBNC'sHhS]a[PFé]a, [Fehsh(scéﬁhm&ea)h][PF6]2
vas found. A similar reaction using 2,2tbis(benzofd}thiazoline)h,li'~dinitro-

phenyl disulfide gave 156 as a dianion.

eat L of F H owi P(OM= Iy E
Treatment of T-‘~=-.CO3(CO).J_2 with P(OM )3 gave x-eCOB(CO)12_‘__1{9(0!\{(3)3}n

R

/ =
. R N\
oy ©0) R4
/C\ 3
(CO);RU=———Ru(CO); RU(CO)
\ AN 2
‘\// (OC)3RU\ /
(CO)3RU
3 ku (CO); Ru
(CO)5

(152) (153)



RS -
s—F I
SR S S
(1595) (156)

(n = 1-L), and the structure of the complex where n = 3, 157, has been
determinedl®® crystallographically. Tne hydride ligand lies on the three-fold
axis and is 0.752 out of the Co3 plane; Fe-Co = 2.56; end Co-Co = 2. hQZ
Similar phosphine complexes FeCo(CC) (L = PPh3, FMePh,,, PEt3, _(OPn)

P(OPrn)B, and L2 ph2PCH20H29Ph2, nli n—g) have been reported,'®? and MBssbauer
spectral data have revealed that substitution tekes place preferentially at

cobalt, each Co atom being successively substituted to give FeCo3(CO)9L3H. The
complex FeCo3(CO)S(thPCHzcﬁzPth)H exists as & mixture of isomers, one of which

has substitution at the Fe atom.

(CC))3

/ \\CO(CO)(PR )

(OC)(PR3)CO—

C——Co/
O (CO)XPRj3)

(157)

METAL ISOCYANIDES

Trestment of FeCl, with PPb(OF't) and RNC (R = CcH 5> P -RCH), (R = Me, OMe,

1\'02), o—MeC6H‘ end 2,6-] Me C6E3) ge.vemoﬁe(CNR) {'pPh(OF‘t) } Cl]"' 158 while with
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PPh, snd p-MeCgH,NC, [Fe(chr) ;(PPR,) €11, 159 (two possible isomers; s
favoured on i.r. spectral basis), wes formed. With CgH,{NC and PPh(OE‘t)a, FeCl,
affforded [Fe(CNC6311)3{PPh(OEt)2}3]2+, 1_69_.7 MBs:bauer and i.r. spectral data
wvere compiled for these compounds. The isccyanide adducts of ferrous phthalo-
cyanin, FelL'Pe, (L = L' = CgH, NC, Bu"NC; L = CgH ,NC, L' = N-methylimidazole)
have beer reported.191 ’

Reaction of the Fe(1V) complex, [Fe(SZCIIE‘tz)3]+, with CNR (R = Pri, Bu® or
p—Cleﬁh) gave [Fe(CHR)h(SZCNEtZ)]+, which could be electrochemically oxidised
to a dication. Treatment of Fe(S2CNEt2)3 with CNR afforded the stereochemically
rigid cis—Fe(CNR)z(S2CNE.‘t ) which could be voltammetricelly oxidised to a

2'2?
mornocation.
Cl
R3P l CNR’
/Fe\
R3P [ CNR"
PR
(158)
R R’
N N
C c
RyP l @ ~CNR’ R;P o ~CNR
\Fe< ~per
R3F’/ [ CNR' e l ™~ PR,
Cl S
he
(159 @) (159 b)
Ry
P PPhy
RyP I CNR’ C [ o
3 \FO/ ™~ BN
- e\ /Ru 1CMe
R3F ] CNR’ N—T l o
G 7 \ H PPhy
A \
R Mée

(160) " (161
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Carbene species derived from isocyznide complexes. The structure of the complex
Ru(CO)(p—MeCsﬂhNCH)(PPh3)2OAc, 161, obtained!33 by treatment of Ru(CO){CN-
(p—MeCsHh)}(PPhB)Q(Oz) with ethangl, has been determinedl?% crystallogrephically.
The Ru-C (carbene) distance, 1.96A, is only a little shorter than that

estimated for a Ru-C(sp?) bond (2.003). Thus, the Ru-C (carbene) bond order is

[}
close to unity, and the C-N distance (1.24A) is shorter than that expected for
bond order 2. The Ru-C-N bond angle is 135°.
From MBssbauer spectral data, it hes been estimetedl®5 that in
[Fe(CNMe)S(carbene)]2+, and [Fe(CNMe)h(carbene)2}2+, (carbene = RNHCN(R')CNHR'
and RNHCNHNHCNHR'), the carbene ligends are very good o-donors and relatively

pcor m—acceptors. They are better o-donors and poorer m-acceptors than CNMe.

PHOSPHINE AND PHOSPHITE COMPLEXES

Photoelectron spectrcscopic studies of M(PF3)5 (M = Fe or Ru) have shownl®6
that PF3is & stronger electron—-withdrewing ligend than CO. The Phosphite
complexes Fe{P(OR)B}S (R = Me, Et or Pr"), preparedl®7 by reduction of FeBr,, by
Ne/Eg in the presence of P(OR)3 in THF, are fluxionsl, undergoing Berry
rotaetions, as expected. 31p n.m.r. spectrel studies showed that the barrier of
rotation increased with increasing length of the substituent R, indicating that

steric crowding in the transition state 1s important.

Reduction of Fe(PMe3)2012 with Ne/Hg or Mg in the presence of PMe3
affordedl®8 162 which appears to be in eguilibrium with Fe(PMeB)h. This complex
reacted with hydrogen giving Fe(PMeB)hHZ’ and with PF3 affording the fluxional

3
evidence for the equilibrium Fe(PMe3)h + PMe3;==Fe(PMe3)5. Reduction of
Fe(PMe3)2Cl2

X . .l . +
reduction in the presence of acetonitrile afforded first [Fe(PMe3)3(NCMe)3:|2 -

Fe(PF3)2(PMe3)3, in which the PF_ ligands are equatorial. There is slso some

in the presence of butadiene gave Fe(PMeB)(n”—ChH6)2, while

=3
gave 164 together with hexamethylbenzene, and Fe(PMe3)h catalysed the trimer-

[Fec1 ]2_, end then 163. Reduction of Fe(PMe,),Cl, in the presence of MeCSCMe
N 102 22 P

isation of MeCECMe as well as the oligomerisation to tetra—, penta—- and hexa-mers.

Triple chloro-bridged binuclear complexes of ruthenium containing PF3
and/or CO have been preparedl?d as outlined in Scheme 14. The complex 165
(L = PF3) can also be prepared from & mixture of Ru(PPh3)3Cl2 and cis—Ru(PF3)2-

£ P —c1 P wi
(PPh3)2012. Treatment of (Ph3-)2(CO)Ru(u2 Cl)3Ru(_Ph3)201 with PF, gave
(PhBP)2(CO)Ru(u2-Cl)BRu(PF3)(PPh3)Cl, while, under certain conditions, PFg
. . . - . _

reacted with Ru(PPn3)3012 giving (PhBP)Z(-BP)Ru(uz 01)33u(PPh3)201. The complex
(Ph3P)2(F3P)Ru(u2—Cl)3Ru(PF3)(PPh3)31 exists as three isomers (166, a T4Z, © 16%
and ¢ 10%).
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~ -
P H
: Me N
Me P II>CH4‘ ‘ = \Fe(PMe3)3
3 \Fe\ ~ /
N
Me3P/ l H Me H
PMey '
(162) (163)
ph P ct ci
Me T \ / \ /
- N= L L
Fe(PMej), / \ / \
Me Ci PPh
Me Ph,P
(164) (165)
P Ph,P /Cl\ /pxg
P N RU/ >Ru F'3P>—Rui—‘ﬂ7ﬂ’ui—~ PPh
PhyP PhyP (@] Cl
(166a) (166 b}
Ph3P

Phy R C>Ru PPh,
(166 c)

METAL NITROSYL AND ARYLDIAZO COMPLEXES

Mononitrosyl Compounds. ESCA studies of nitrosyl complexes provide200 a

cozplementary method to i.r. spectroscopy for attempting to distinguish vetween
bent and lineer M~X-0O groups. Among the iron and ruthenium complexes studies
were Fa,[Fe(H0)(CH) s1.28,0, Fe(NO)(S ,CiMe, ), Ru(NO)(S,CRMe,),, Ru(NO)(PPh,) H,
Hu(NO)(PP‘n3)2c13 .°_nd [Ru(‘m) (FFh 3 Cl]BFk. The rela.t:.\re shifts of the blndlng
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Scheme 1k

RuL(PPhB')BH2 Ru(PPh3)2C12(acetone) -
HCl,(L=PF3 or CO) PF_
Ph_P ‘//, ///
L>Ru——Cl\Ru__L —r Ru(PPh,) ,C1,
S \\\\Cl,//’ ™~ (L—PF3,PF vmez)
3 Fhg
16
heat —_— xsPF
3
RuL(DPh3)2012(DMA) eis- Ru(PF ) (Ppn3)2012
(L=PF3 or PFzNﬂez)

energies of the O 1ls and N 1ls electrons fell in the rapmge 132 + 1 eV for linear
M-N-0 and 128 = 2 eV for bent M-N-P. These assignments are a reversal of
previous assignments29! of N 1s binding energies in nitrosyl complexes.
Evaluation of the N ls binding energies illustrates that the "NO " in a bent
nitrosyl complex actually may have less electron density associated with the N

etom than "ot in & linear nitrosyl system.

Treatment of Na[Fe(CO)hH} with AglO, in aqueous methanol gave202
[Fe(CO)hHAgﬂAgNOB, and a similar reaction with Na[Fe(CO)E(NO){P(OPh)gﬂ afforded
[{Fe(CO)Q(NO)[P(OPh%Q}Ag]n. This latter compound reacted with o-phenanthroline
giving [{Fe(CO)e(NO)[P(OPh)B]}Ag(c—phen)]n.

The structure of the known203 [Os(CO)z(NO)(PPh3)2][Cth], 167, has been
determined crystallographically;ZO“ it was not possible to differentiate the CO
and NO groups because of statistical discrdering.. Treatment of Os(CO)(PPh3)3HCl
with p—MeC6HhSOQN(NO)Me gave205 Os(CO)(NO)(PPhB)ZCl, which, on reacticun with
AgPF. in acetone, afforded [Os(CO)(NO)(PPh3)2(acetone)][PF6] This is a useful
intermediate giving, with ethylene, [Os(CO)(NO)(PPn ) (C Hh)} 168. From 13z

n.m.r. studies, it has been estzblished urequivocall, y tbat the olefin undergoes

PPhy

/(N,C)O fl’Pha TP“B
ocC CH,- ocC CH
0(N,C) Os\ >Os< T — Sos— *
(N,C)O ONT" | TCH, ONT | CH,
PPhy PPhy PPhy
(167) 168)
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rotation about the Os-—-g bond and not sbtout the C-C bond (AGT 9.5 * 0.2 keal/mol).

Treatment of [Os(CO)(HO)Lg(acetone)][PFg] (L = P(C6H11)3 or PPh3) with
acetylenes afforded?9é [Os(CO)(NO)LZ(RCZR')][PF6], 169 (R = R* = H, Ph or
COaMb; R = H, R* = Ph). These species, like their ethylene analogue, 168 ar=

R e
fluxionsl, undergoing rotation ebout the Os—Ijl bond (AG" ranges from 11.5 -
’ C
1tk xcal/mol). -

PRy R
\ L5 !
oN l
R
PR3
) (169)

Treatment of Ba [Fe(HO)(CN)S].Zﬁzo with c,a'-bipyridyl geve207 ois- znd
trans—re(ﬁo)(bluy)(CH) The products of the one-electron reduction of
[re(HO)(CN) to [?e(HH OH)(CN)5]3 have been characterised298 spectro—
scopically. These include [re(HO)(CN) ]3 (unpaired electron on NO),
[Fe(HHO)(CN)s]h— and [Pe(NO)(CN)s] . Ihese reduction prccesses resemble the
stepwise reversible reduction of nitrobenzene to phenylhydroxylamine in slkali.

A reversible reaction occurs between mercaptide ion and nitroprusside, viz.
[Fe(NO) (cn),]2“ + RS &=—= [z-‘e{H(o)SR}(cu)_]-”‘

The adduct 3ecomposes 1rrever51b_y to give [Fe(NO)(CN) ]3 2nd is thought to

—5#0
contain the group Fe N"\SR

In 0.1 M N=20H over T days, [Ru(HO)(NH ) ]3 afforded [Ru(NH S(NQ)]2+
(25%), cts-(11%) and trans—[Ru(NO)(NH (OH)]g+ (8%). The mechanlsm of this

reaction may be as follows:
3+ . . ; 3 — 2+
[Ru(HO)(NH3)5] + OH — [Ru\hO)(HH3)h(hn2)]

Ny 3+ . 2+ Nl - 5+
[Ru(NO)(NH3)5] + [Ru(NO)(NH3)h(ﬂH2)] [(HH3)5Ru{N(.O)NH2}Ru(HO)(NH3)h]

| o

§ o [Ru(HO)(NHB)h(OH)]2+

rRu(NH3)5(N2)
At high pH values in eir [Ru(mi )~ ]x (X = C1 or Br) wes oxidised?!® to
[Ru(NO)(YE ) ]3+. In the presence of 15NH3,
[Ru(luNO)(NH ) ]3+ , indicating that only coordinsted ammoria is oxidised; there

1s no 1l‘l!*IH.‘I/]-SHH_?‘ exchange between [Ru(IQHH3)6]3 end 15NH3. Reaction of

the only nitrosyleted product was
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[Ru(NO)(NH3)S]3 with an excess of [Ru(NE )6]5 in the presence of OH gave
trans—[Ru(NO)(HH ) (OH)] 1n a process which is markedly pH-dependent.
Rediolysis of [Ru(HO)(NH ) * in aqueous t-butanol gave2ll [Ruf{N(:0)-

CH,CMe, (OH)}(NH3)5]2 . 2 comnlex of an alkynitroso ligand. The alkylation is viewed

as occurring via *CH CMez(OH) generated by attack of hydroxyl radicals on t-

2 ] - II IIT .
butanocl. The camplex can be regarded as either Ru ~-N(:0)R or Ru  -N(:0°)R.

. +
The compiexes [Ru(NO)(blpy)QX]z (o =2, X = N3, c1, NO,3
pyridine or MeCN)tzﬂerwenﬁuz a voltammetrically reversible one—electron

z =3, X= NHB’
reduction followed by an irreversible one—electron process. Chemical reduction
of the nitrosyl gave [Ru(HO)(blpy)zcl] or [Ru(NO)(blpy)z(NCMe)]2+, and it
seems clear that the first electron transfer process is associated mainly with
the NO ligend. Photoly51s of [Ru(NO)(bipy) Cl] in acetonitrile gave
[Ru(bipy) (NCMe)Cl] . It was suggested that the redox properties of these
ruthenlum complexes could be regarded as consistent with the NO being present

as a modified nitrosonium ion.

Protonation of NaatRu(NO)(NOZ)h(OH)] gave2l3 Ru(NO)(NO ) (OH)(H o) which
reacted with 1,3-dimethylbarbituric acid (EL) affording Ru(NT)L(NO )(OH)(H 0)
and trans—Ru(NO)Lz(OH). Atteck by OH on the latter gave [Ru (NO )(oy)]
which produced, on addition of more barbituric acid, RuL3(0H). Attack on this
hydroxide by N0; and acid gave [Ru(NO)L3]2H20, and further NaOH led to the
formation of NaghuL3(N02)].

Treatment of Fe(CO)_ with iodine and a,y-dimethyl-a,y-dihydrooctaethyl
porphyrin (H L) gave2!® LFe-0-Fel which afforded, with NO, Fe(NO)L. By
reductive n_trosylatlon (NO/KOH/pyridine) of Fe(TPP)C1 (TPP = tetraphenyl-
porphyrinate) Fe(NO)(TPP) was formed.2l5 From X-ray crystallographic studies
it was established that the Fe-N-0 bond angle was bent (1L9°), 2nd that the Fe atonm
was displaced from the coplanar rorphyrinato N atoms by 0.212. A series of other
porphyrin and heme complexes have been nitosylated?16 using NO or HNOZ’ and it
was found that nitrosylheme complexes could nitrosylate secondary amines
(e.g. Ph2NH - PheNNO). Resonance Raman spectrel studies have been made21l?
of the NO adduci of haemoglobin,

Treatment of M(No)a(PPh3)2 (M = Ru or Os) with RCOH (R = CF; or CQFS)
affordeq?l8 Ru(NO)(PPh3)2(OCOR)3 and either OS(NQ)(PPh3)2H(ocon)2 or
[Os(NO)2(PPh3)2(OCOR)][OCOH], depending on solvent. Prolonged treatment of
Os(NO)(PPh3)2H(0C0R ), with RCOH did not give the tri-carboxylate. It was
suggested that the mechanlsm of formation of these complexes involved Drotonatlon

of NO.

Reaction of Fe(diars)2012 (diars = o-phenylenebis(dimethylarsine) with
NeBPh) under CO gave?19 [Fe(CO)(diars),C1][BPh ], while with NO, [Fe(NO)(diars),-
Cl][BFh;]was formed. The nitrosyl could also be obtained by acidolysis of
Fe(diars)QCI(NOé). Zine reduction of [Fe(H20)6][CIOh]2 in the presence of diars
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and HO gave the blue [Fe(NO) (diars) ] [01oh] which could be further reduced by
Jones reduction affording [Fe(NO)(dJ.ars) ][Cloh] Salts of the latter could
also be prepared by a Jones reduction of the product of nitrosylation of
Fe(diars)2012 or [Fe(NO)(diars)CﬂJClz. The monocation, [?e(NO)(diars)2]+ is

diamagnetic, is thought to have trigonal bipyramidal geometry end is fluxional
(figure 16).

Figure 16
G o} o]
| i i
A D
.
A Fg oD T——— Fe == B—TFe—C
\ / \“ B/ ! \C) ':
B c s g D
] S = MeCHN or PhCH
0 (e} 0
| i ]
D
~! -
B-—Fe—rD ————— (B Fe ———— A—TFe—C
AW A/r\c) — W\
A S B D

Reaction of Ru(NO) 3+ salts with acetylacetone gave220 Ru(acac)z(hia), 170
(Ehia = (3-hydroxyimino)acetylacetone), Fu(¥0){acac) 5C1, and [Ru(NO) (acac) ]h’
the last of which is seid to contain bridging NO. Tv-eatment of BalRu(LEH )3]
with NaNO, geve?2l Ru(rIO)(LH2)3 or Ru(’*ZO)(Ld ) X (LH3 = 171). When the pH of a
solution con"a:l_n_ng [NHZ;] [Os(NO)Cl ] was adqusuedzzz to 12 by KOH, followed by
trestment with ECL, Os(NO) (0:13 2H 0 was formed.

Me
/ O
l 1 N
Mo N COMe o) )
o L/ Y
Ru HN
- NOH
O/ \o/ Me ¥
Me / o)
Me

(170 (171)
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An LCAO molecular orbital study has been mede?23 of the mutusl effect of
ligends in [Ru(NO)Xs]z complexes. It was noted that the NO group stabilises
the trans-Ru~X bond (X = Heo, NH3, Cl or CN). Addition of HX =nd QX (g = NHh’

. = N a
K, Rb, Cs, (CTH17)3NH, X =Cl, Br or I) to NaQ[Os(ho)(N02)h(OH)] led to the

formation22* of Q2[Os(NO)X5] .

. Dinitrosyl Complexes. Reaction of [Fe(co)h]z‘ with NOCl gave?2S Fe(co)z(uo)2

which afforded, with en excess of nitrosyl chloride, Fe(NO)301, 2lso obtainable
directly from Fe(CO)_. and NOCi. Treatment of Na[(ns—CSHS)Fe(CO)e] with NOC1 in
THF gave only [(ns-csﬁs)Fe(CO)z]z, while this dimer and (nS—CSHS)Fe(CO)QSnP‘n3
reacted witk NOCI giving (ns—csﬁs)Fe(co)2c1 and (nS—CSHS)Fe(co)25nC1nPh3_n

{n = 0-3), respectively. With [EthN][SnCl3], Fe(NO)2L2 (L = CO or PF3) gavel26
[Ethnle[Fe(NO)z(anl3)2]’ and it was observed that SnCl; has w~a&cceptor

properties similar to PClS. Reaction of Hg[Fe(CO)3(IIO)]2 with (ns—CSH5)2M(ER)2

(M = Ti, ER = SMe, SEt, SeMe, SePh, TePh; M = Nb, ER = SPh, SePh, TePh) afforded??

the diamagretic (nS—CSHS)EM(uZ—ER)Fe(NO)L (M=Ti, L = NO; M = Nb, L = CO).

The structure of the previously reported22® [Os(ND)g(PPhB)2(0&)][PF6],

fi

172. has been determined crystallographically. The apical Os-N-O bond angle
is 133.6° while the eguatorial angle is 177.6°. The structure is comparable
with that of [Ru(No)e(PPh3)201]+ (apicel Ru~N-0 138°).230 fThe structure of
DS(ND)Q(PPhB)2
has pseudo tetrahedral geometry and slthough this configuration was rationelised

,%Csﬁs has been established crystallographically.?3! The molecule

- + -
in terms of 0s(-~II)(d!?)/NO system, ESCA studies revealed thet the NO groups have

y

Teble 5 Structural data obtzined from complexes of the type M(NO)QLL'

Complex M-N M-P N-0 MNO NMN MLt
(a) (a) (a) (°) (®) (°)
Fe(N0),,(CO)(PPn,)* 1.69-1.73 2.26 1.15  177~-179 113-117 104
Fe(NO)z(diphos)b’c 1.66,1.65 2.24,2.25 1.18,1.18 178.8 125 87
Fe(NO)z(PPh3)2d 1.65 2.27 1.19 178.2 12k ii2
Ru(NO)z(PPhs)ze 1.76,1.78 2.3h,2.35 1.19,1.19 178,171 139 104
Os(uo)z(PPh3)2 1.78,1.77 2.32,2.3% 1.20,1.21 179,1Th 139 10k
& Disorder CO and NO ligands; V. G. Albano, A. Araneo, P. L. Bellon, G. Ciani,
and M. Manassero, J. Organometal. Chem., 67 (197h) 413,

Y 4iphos = Ph2P6=c(PPh2)CF20?;EF ;
€ W. Harrison, and J. Trotter, J. Chem. Soc. A, {1971) 1332,
a Reference as in {(a);
e

A. P. Gaughan, B. J. Corden, R. Eisenbere, and J. A. Ibers, Inorg. Chem.,
13 (197k) T786.
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a lerge emount of negative charge. The structure of the compound =y be
campared with that of other similar complexes (Table 5). A number of general
riles concercing coordinstion geometries of transition metal nitrosyls,

especizlly S—coordinate species, were proposed. These are as follows:

(i) v{tbout the assistance of special ligends, first row transition metals do
not usuelly have enough reducing power by themselve; to cause M-N-O bond angle
bpending; second row metals often do, and third row metels usually do. Thus
Fe(CO)(SO)(PPhS)zcl bhas trigonel bipyramidal (TBP) gecmetry232 (linear Fe-N-0)
whereas the related Ru and Os complexes should be squere pyramidal (SP) (bent
M-5-0). EHowever, Ru(CO)(NO)(PPh3)21 may be en exception?33 to this rule since
v(NO) is very dependent on X (halide) andso alsormsy be the geometry of the complex;

{(ii) tbe number and size of bulky ligands plays en important role in structure
determination: they usually occupy the least hindered positions and hence when
ore such large ligand is present it usually occupies a non-axial position. Two
brlky ligends prefer to be irans to each other (exiel in TBP and non-axiel in
SP) while with three, SP geometry is not known, 211 occupying equatorial
pcsitiops in TBP. Thus Os(CO)(NO)(PPh3)2Cl has trans— non-axial PP‘n3 ligands

in SP Reometry;

(ii1i) strong w-acceptor ligends such as CO and MO, znd also c—donors with large
trans— influence (E and bent NO) prefer not to be trans to each other (iso-
cyanide complexes may be similar in behaviour to phosphine complexes). Although
hydride ligard normally prefers to be trams to PR3 in preference to NO, the
steric bulk of three phosphine ligands may overcome this. Thus Ru(YO)(pPh ) H235
and [Os‘(CO)(NO)(p’F’hB) 17236 heve eauatorial PPh, in TBP geometry, [0s(CO),-

(%2} (P=n_) . ] *236 opng [Os(mO) (pPh ] have trigonsl bynyram.dal structures
but [Os(YG)2(PPh3)201] 238 ig 11ke [Os(ro) (PFn,) ,(0H 1)1%, 172, in having SP

geonmetry (one bent HO group);

{iv) Dbidentete ligands such as Me NCH C“2NNe2, o-phenanthroline, c,a’'—
bigyridyl, o—pheqyleneols\dlﬂethylar51ne) and Ph2PCB 2PWh usuelly fevour TBP
structures with equatorisl KO when two suck ligands agre present. Because of
their smsl) bite angles they prefer to span axisl-eqguatorial sites rather than
two equatorial sites. Also, because of unfavourebly close ligend-ligand
contacts, i¥ two ligands are to occupy four coordination positions in one plene,
TBP geometry is favoured over SP. This rule may not apply to xanthates, dithio-

° PPh
P
N// 'j/CC)
C'JSJ, N—N—FeT
HO——> = > ~PPh H | “Co
rd ? ) PPh
PhP N 3
3 ~o0

(172) (173}
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S which is sterically less bulky. Thus fRu(NO)(Ph PCH,_—

carbamates or MeSCH,CH, >

2772
CH,PPh,) 2] has a TBP structure;239
(v) spec1a1 muitidentate ligends promote one geometry over another. For

example, HC(CHQPPh stebilises = trigonel bipyremid while tetraphenylporphyrin-

23
ate stabilises squere pyramidal or axiel-—-equetorial-axisl TBP geometry;

(vi) ligends which desctivate the metel by removing electron dernsity from it,
thereby decreasing its reducing power, favour T3P geometry. An excessive number
of CO or olefinic ligends, without the presence ¢f strong o~-donors, will
deactivate the metel. Repleeing Cl by OCOR (R = perfluro-alkyl or —-aryl) could
shift the electronic balance and also effectively deectivete the metalj;

(vii) the "16-18 electron rule" is almost an infallible guide for all common
coordination numbers. Occasionelly "17 and 18-electron" complexes are formed
by b— and 5-coordinate species. If the integrity of NO is meintained (i.e. it
is not converted to a hyponitrite ion}, all "20-electron"” systems must contain
bent NO. Six—coordinste "17- and 18-electron" complexes contein lineer NO
groups; e.g. OS(NO)(PPh ) 013 40  gix-coordinate species having "19-electron"
configurations probably heve a "partially” bent NO group with M-N-O distinctly
larger than 120°, e.g. as in [Fe(NO)(d:?.a.rs)2Cl]+.2"f1 211 "16-electron” systems

contain a linear M-N-O group, e.g. Ru(No)(1’5’113)201.?-‘+2

Thionitrosyl, Nitrous Oxide and Nitrogen Complexes. Treatment of Ost(NO)X3
(L = PMeePh, AsPh3; L2 = bipy; X = Cl or Br) with 3201 in dichloromethane
afforded?%3 Os(NS)Lgxzcl. Under pressure, [Ru(NF ) (OH )] reactedZ““ with

N0 giving salts of [Ru(N20)(NH ) ]2 Under argon, [Os(N YA (NHB)h] ¥ reacted24s
with N-heterocyclic bases (L, pyr321ne, N—methylpyreﬂ_nlum selts, isonicotin-—

emide or isonicotinic acid) giving [Os(NZ)L(NH3)h]2+.

Aryldiszo Complexes. The structure of the previously reported?46 [Fe(CO)z(NzPh)—
(PPh ][BFh]’ 173 hes been determined crystallogrephically.? 47 fThe short Fe-N
l.TOA) and N-N (1. 20A) distances indicate multiple bonding. Structural and
spectroscopic data suggest that PhN2 is a good m-acceptor but poor o-donor,
although in neither aspects is it as effective es NO.

Reaction of M(CO) (PPh ) (M = Ru, Os) with [th ][PF 1 afforded?48
[¥(co) (N Ph)(PPh3)2][Pr6] whlch is analogous to [Fe(CO) (N Ph) (PPh )ZI

173. 2"7 Treatment of [os(co) Ph)(PPh ] with BHb ga.ve OS(CO) (PPh3)2H2
while its ruthenium analogue, in the presence of additional PPh3, provided
Ru(co)(PPh3)332. Nucleophilic attack by X (F, Ci, Br, I, NCO, N3, NO, Hco2

or MeCO, ) afforded OS(CO) (N Ph)(PPh ) X which could be protonated by HPF6
giving [0s(co) (NHN'Ph)(PPh3)2X][PF6] Treatment with CN , NCS , SPh or OH
resulted in decomposition but with thiocyesnate, a2 low yield of 0s(co) (PPh )
(§CS), was isclated. Similer treatment of [Ru(co)a(NQPh)(PPh ) ] afforded
Ru(CO) (N Ph)(PPh X (X = C1, Br, I or NCO) and the structure of M(CO)2(N2Ph)=
(FPh3)2X is thought to be 17h. The formeto, acetato and nitrito complexes
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contain monodentate X and Os(CO)z(N2Ph)(PPh3)2(NO2) exists as two isomers

(figure 17). ' With iodide or nitrite ion, [Ru(co)z(NzPh)(PP‘n3)2]+ afforded a

Figure 17
- Tn Ph
! '
N
ﬂ°ﬁ My
i N==0 l
QC = 0S e (/ : and oC Os O\
) i { N=0
c c
a (0]

mixture of Hu(CO)a(NaPh)(PPb3)2X and Ru(CO)(Hsz)(PPhB)ZX, the former being
more stable at low temperature. The latter would not accept CO to regenerate
the leatter but, in tenzene, gave Ru(CO)z(PPh3)2X2. Reaction of Ru(CO)(PPh3)3H2
wita [P’m‘!2][PF6] afforded [Ru(CO)(NHNPh)(PPh3)3H][PF6] which gave with CO
[Ru(co)2(N§NPh)(PPh3)2H][PF6]; the osmium snalogue of the latter was obtained

by resction of Os(CO)e(PPh3)2H2 with [PhNe][PF6]. Neutralisation of these last

PPh, PPh,
e o
Oc\rL/C C\M/CO
x= i\\\‘N===N\\ " ‘\\\‘N===N\\
h
PPh, Fn PPh, :
(174) (175)

complexes geve H(CO) 2(N2Ph) (PPh3) o8, 175. The ruthenium hydride chenged from
green tc brown and then decarbonylated giving Ru(CO) (NaPh) (PP'n3) S which
contains line%r Ru-N-NPh, 176; Os(cCO0) (NaPh) (PPh3)2EI was produced by u.v.
irradiation of the corresponding dicerbonyl. These complexes could be produced
alternatively in the following sequence of reactions:

#(C0) (PPh3) E, + PhN;<+ M(CO)(NEﬂPh)(PPh3)3H+; + NaOH > M(C0) (N,Fh)PPh_) H
Treatment of Os(CO)(HzPh)(PPh3)2Cl with an excess of HC1l geve Os(CO)(NHNPh)-
(PPh3)2012, also produced by reaction of Os(CO)(NENPh)(PPh3)2HCl with an excess
of HCl. This last hydrido chloride msy be formed by stoichiometric reaction of
0s{C0) (N _Pr)(PPh,)
with P‘r_ﬂl‘a" giving Os(NaPh)(PPh )_Cl. which does not reasct with H' end has a

3’2772
: f T lav - 249
structure similar to Ru{he(phMéC6Hh)}(PPh3)2Cl3.

ZH with ECl. In the presence of LiCl, 05(1’?113)3(312 reacted

The.structure of Os(CO) (H2Ph)(PP‘n3)2H.C52012, 176 (M = 0s), has been

confirmed2S0 crystallographicelily. The Os-N distance {1.87A) is unusuelly long,
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PPh, PPhs
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(180)

significantly more so ther comperable distances in related Ru and Os nitrosyl
end aryldiazo complexes; only [Os(CO)e(NO)(PPh3) Z]ECIOR] has251 g comparsbly long
0s-N bond length (1.894). Tke Os—-N-N bond asngle is 171°. The structure of
[Ru(CO)g(NENPh)(PPh3)2H][Clq4].CH2012, 177, bes also been determined crystallo—
graphically.252 The Ru-N distance is 2.09A and the cis-diazene group behaves
as a2 normel o-donor ligand. There is a short non-bonded contact between the
diezene N-H and the oriho~H of the phenyl group causing rotetion cf the phenyl
group about the N-C bond.

Treatment of Ru(PPhB) 3HCJ_ with ArN_X (ar = p-MeC/H) , 0-, m~ or p-MeOC6Hh;
X = BF, or PF,) gave253 [Ru(NZAr)z(PPh3) 201]X which is believed to be similar to
[Ru(HO)e(PPha)aY]+ in having a bent end a linear aryldiazo group. With
Ru(PPh3)3012, [Ru(NzAr)(PPh3)2Cl2]n[X]n and [Ru2{N2(p-MeOCGHh)}Z(PPh3) 3C13][PF6]
were formed; the former may be monomeric and five-coordinate, or dimeric, 178
while the latter may have the structure, 179. Chlorination of [Ru{NQ(P_MeC6Hh)}2—
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(.%3)201][BF!‘] afforded Ru{!la(p—h‘;ecsﬂh)} (PPh3)2c13 and [p—HeCGHhﬂe:]Cl. In
acetonitrile, Ru(CO)(PPh,) HC1 reacted with [arn ][pF6] (Ar = o, m or p-MeOCH, )
giring [RL(HHhAr)(NCMe)(PP 2C1][‘Eél and with isonitriles giving Ru(CO)(CNR)-
(PPhB)QHCl (R = Pr*, Bu® or n—Cleﬁh). Ir methanol, Ru(CO) (PPh ) SHC1 reacted
with gaseous ECl giving Ru(CO )(PPh3)2C'12 and Ru(CO) (PPh ) s s 180 while
nitrous scid gave Ru(HO)(PPh3)2013 The structures of Ru(NO)(PPh3) Cl and
BulN (p—Mé T h)}(PPh ) 2015.CE,Cl, have been compared?Sh c;ystallograpnlcally.
Both are pseudooctahedral species, the Ru—N—Q (@ =0or N(p—MeCsﬂh)) being
essentially linear. In the nitrosyl the Ru-N(0) distance is 1.7kf while the
ceaparable length in the aryldiaze ccmplex is 1.782.

Extensive isctopic labelling studies (15N and D) have been made255 of the
N-N vibratiorn in aryldiaszo and diazene complexes. There is a resonance inter-
action of VN with weak phenyl vibrational modes. From relative intensities of
respective bends,; upperturbed values of Vuw have been estimated, end correlations

madz with the bonding mode of the ArNé group.

MONO-OLEFTN COMPLEXES

A study bas been made256 of vibrational force constants in Fe(CO)k(C Hh)
and comparison has been made with other n-ethylene complexes. The Fe-C Hh bond
is wveaker than that in the Pt-C_E), system. From electric dipole moment
measurements of a series of w-olefin complexes Fe(CO)hL {L = trans PhCH=CHCOR
(R = Me or Ph), trans-PhCH=CHCHO, CH,:CEO and CH,:CHCN), it wes found?5? that
the ligand plane 1s never perellel to the exis of the trigonel pyremid formed
by Fe(CO)LL. In the carbonyl-containing ligands, the CO group was always
displaced from the C=C-C plane. It was noted that the structure of Fe(CO)h—
(CEQ:CECH) in solution was similar to that in the solid state.258 The ketonic
ligands have the same conformation in the Fe(CO)h complexes as they do as free
ligands, but the aldehydes, present only as the S—{rans—-conformers in the free

state, form both isomers when bound to Fc(CO)L.

The kirnftics of the treansformation of Fe(C0),(PhCE:CHCOR) into Fe(CO) -
(n2-PhCH:CECOR) are first order259 with respect to the tetracarbonyl species.
The results cannot be interpreted in terms of intramoleculer chelation, and e
pessible mechanism is outlined below:

co

Fe(CO)h(olefin)= olefin + Fe(co)h > Fe(co)5

1L olefin

co + Fe(co)3 ——-—>Fe(C0)3(olefin
Halogenated olefins (CH,:CHF, CH,:CF,, CEF:iCF,, CHBEr:CF,, CHCL:CF,

2
CFCF:CFCF,, CF CH:CHCF, (CF ) c:c(cr 35 CCL,:CCL ) reacted?60 with Fe (co)

3. 773
giving Fe(CO) (olefin). Thenmal dec sition of tnese complexes gives r1se to
L Suavge 3

the original olefin and Fe(CO)S, although traces of isomerised olefin may be
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detected, e.g. Fe(CO)h(tra?zs—CF3CH:CHCF3) -+ cis—CF3CH:CHCF . This effect may
arise via an intermediate Zwitterion in which rotation about the original double

bond is possible (Scheme 15).

Scheme 15

Fo_ . E FCe & FC._, __H . X
(o] C [% C C==C re(CO,h
57\ / NcF T B e NeR, T nS e,
¥ 3 Fe{co), (93%)
(co},,
rotation
I O B H
>c—-c<‘H >c:__—c<C + Fe(C0),
FC / CFy F,C Fy
Fe(CO)lll (7%)

. - . . il
Reaction of Fe,(CO)q with CF,:CFI afforded Fe(CO)) (CF:CF,)I and (Fe(co)) (cF 30)),-

Treatment of Fe2(00)9 or Fe3(CO)12 with BuECG (2 hexa-pentaene) gave 261
181 and 182, while Fe3(CO)12 reacted with (Me2C(Cl)CEC)2 in the presence of
zine dust ‘giving a complex Fez(CO)G(Clole) not wholly identical with 132.
Reaction of Fea(CO) 5 with an excess of acenaphthene gave 183, the structure
determination of which is regarded?62 gas being highly accurate.

Treatment of the methylenecyclopropane esters, 18k (R = Me or Et) with
Feg(CO)g afforded a mixture of 185 and 186. The much slower rate of formation
of the ethyl esters compared to their methyl homologues was attributed to steric
rather than electronic facteors., Treatment of 185 with CuBr, afforded the
original cyclopropesne together with 187, vwhereas 186 produced only the free

But
t
/BU Bui_é
=C \c
=
C \But ‘\
c// Ne
1/,
(©C)4Fe=i| (OC)3Fe——. /" — Fe(CO)y
C ct
N\ t N
Cay BY C
~=c
\ \C/ But
But [
But
81 182)
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Fe
(CO),
183} (184)
CO,R CO,R
“H ~H
, CO,R H
Fe ~H Fe ™,
(CO, co,  CO2R
(185) (186)
CO,R
Ber C ~H
CO,R
i
(187)

cyclopropane. Conversion of 185 to 186 was effected using NeOEt in ethanol, in
s, process which parsllels the same reaction with the free cyclopropane. Resolved
(#)-Feist's acid could be methylated by CH,N, giving (+)-184 (R = Me), which
could be successively treated with Fez(CO)g, NeOEt/EtOH end CuBr,, glving
(-)-184 (R = Me). These data contradict previous findings which suggested that
the cyclopropane ring would be broken during the formation of iron carbonyl
complexes. However, the ring-opening reactions of methylenecyclopropanes by
Fea(CO)g have received study2®® (Scheme 16). A singie crystel X-ray study bas
teen made of 188, end 189 is detected as a minor reaction product whose yield
is improved if the reaction is carried out under CO (its structure has been
preliminerily confirmed crystellographically). By using deuterated methylene—
cyclopropane precursor (R = D), 188 (R = D) and 189 (R = D) were produced
exclusively with ro H/D scrambling. A plausible intermediste in Scheme 16 is
190, molecular models of which show that the enda—CRzoﬂ group is ideally placed
for intramolecular attack on coordinated CO giving 191. This mechanism accounts
for the formetion of 188 and 189 from either efs— or trans-bis(hydroxymethylene-

cyclopropane), since the stereochemistry of one of the ring C atoms must be lost
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Scheme 16

H
\ CROH e (o)
HOCR, H
R

=\,
P T

--R

(OC)yFe

O
© R

/L l__Fe(CO)4
R R

188)

in the ring opening process. It may be noted that the stereochemistry of the
other C atoms must be retained. When 188 wes refluxed in ether, rearrangement

to 192 occurred,266 in a process which occurred with regiospecificity but

extensive racemisation (Scheme 1T).
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‘Scheme 1T
e
(@]

(OC } 4Fe);‘ i

(oC)_Fé
3
“H

Similar treatment of 189 gave a mixture of 193 and 19% without H/D scrambling.
The ratio and optical activity of 193 and 194 were identical if 189 rearranged
in refluxing hexane, and 193 and 194 were not interconverted, nor did they show
any loss of optical activity after prolonged refluxing in hexane., The proposed
mechanism of rearrangement is shown in Scheme 18. The only intermedizte which

can give rise to 193 and 194 is 195, formation of which must arise via a direct

g R O. i
Oo__: 1 aR
o—/ \]) o)
=~ CR
{ H N
Fe(CO), ] \ CRoH
Fe(CQ),

(193} (184)
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Scheme 18

Suprafacial

1,3- shift
o
o Y Fecco) felco,— °
¥ R ©
— - - >~ -Me
(195) Fe(CO),
o (COX O—
o) Fe—H. —————b O
Me ‘
Fe Fe
(CO)y (COox

insertion of the metal into a C-H bond. Formation of the products must occur
via a direct hydrogen transfer from the metal to the terminal C atom of the
vinyl group. It was conclusively demonstrated that e metal-promoted suprafacial
1,3-hydrogen shift, giving 194 (R = H) of opposite configuration to 193 (R = H)
(which was not observed), cannot effectively compete with the allyl-metal-hydride

mechanism as a low energy isomerisation process in this system.

Bicyclo[4,2,0)oct—T-ene is catalytically rearranged?67 by FeZ(CO)9 to a
mixture of hydrocarbons probebly via 196 as an intermediate. Iron pentacarbonyl
induced?68 stereospecific CO insertion into the cyclobutane rings of a and 8-
pirene (Scheme 19). Smooth cleavage of the C-0 bond in alkenyl carboxylates
to afford ruthenium carboxylato complexes which released alkene under ambient

\ . . -
conditions was achieved?69 using Ru(PPh3)hH2 (Scheme 20).

These reactions proceeded with the formation of & small amount of ethane
or propane, and could also be achieved with Ru(PPheR)hH2 (R = H or Me) but not
with Ru(PPh3)hHCI. Ethyl-, amyl - and phenyl-acetates did not react and while
Fe(PPh Et) (N )E afforded, with MeCOQCH=CH2, N2, ethyiene and ethane]
Fe(dlphos) H was inert.

References p. 168



Schere 19

i;' Fe(CO)s
O‘/ ;
07%

AN ,
J C (]

C—Fe Fe
© (COLL (CO)3
Scheme 20
PPh,
Ph P | H
= . 3 ~. —
Ru(PFn,)) H, + MeCO,CH:CE, —— - z’m\ﬂ
{or E‘tCOZCH:CHz) ? PPh,
. o=t
e
x-if PPh,
Ph P | H
Na” Pove + cH,=CH, 3 \Ru/\
Pr - | o | Tca,
PFPh, PPh, l



ALLYI, COMPLEXES

Mono—allylic species. MBssbauer spectral studies have been made?70 of
+
[Fe(CO)h(n ~C,H )]* [Fe(co) (n3—C3F 1. Fe(CO)3(n3—C3H5)Cl end related m-211yl

complexes, and.the isomer shifts snd gusdrupole splittings discussed in terms

of electronic configuration and geometry. The 13¢ n.m.r. spectra of Fe(CO)S—
(n3—C3HS)X (X = halide, ONO, OCOMe or OCOCF3) and Fe(CO)3(n3—C3HhR)X (R = 1-Me
or 1-Ph, X = C1, Br or OCOCFB; R = 2-Me or 2-Br, X = halide, 0N02 or OCOCFB)
have been measured27! and the influence of X and R on chemical shifts of allyl
and carbonyl C atoms discussed. It was noted that the influence of increasing
polarity of the Fe—-X bond had a significant effect on 6(C). ESR studies have
been made272 of the system

[Fe(co) Ln3-c H, )1, 2[Fe(co) SL(n3-coB)]
where L = CO, tertiary phosphine or P(OMe)B. The neutrel £llyl species forms
en adduct with olefins (1- or 2-hexene, 2-butyne) giving Fe(CO),L{olefin)-
(nLC H ), and the system isomerises l-hexene to trams—2-hexenes, initiates vinyl
polyme“:.satlon ard polymerisation of allene to the solid fcl(: CF }-CcH }
The species [Fe(CO)h(n3—ally1)] having anti—1 substituents are isomerised
to the corresponding syn—isomers on heating in Cr3CO H or SO (Scheme 21).

However, 197 reacts with HC1l vie a series of intermediates es shown

Scheme 21

Me —_— -
Fe E
(CO), (CO),

Me___22\ Me -~ _Me 71\
7 N 4 ~ +

Me - - H-COo Me
@D ® Fe
Fe Fe (CO).
(CO), (CO), 3

Epoxidation of (E,E)-2,k-, (2,2)-2,k—, and (2,E)}-2,k-hexadienes afforded?7"
198, 199 and a mixture of 200 and 201, respectively. Reaction of these with
FE(CO)5 under light in benzene gave 202, 203 and a mixture of 204 and 205,
respectively; thewstructure of 20k was confirmed erystallographically. It was
observed that in the conversion of 198 to 202, retention of configuration
occurred at C(2) relative to C(3); this is tantemount to rotation about C(2)-

c(3). Conversion of 199 to 203 occurred with overall retention of configuration.
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Further studies have been made of the nature of the intermediates produced
by protonatibn of diene iron tricarbonyl complexes. Thus, protonation of 206
occurr2d??3 according to Scheme 22, the n.m.r. spectra being consistent with
- the equilibrium shown, and that of 207 being similar to that reported earlier.276
Bowever, treatment of Fe(CO)3(n3—C3HS)I with AgOCOCF, afforded Fe( co)3( n3—c3ﬁs)—
(ococ:-’3) which, in HEF), produced [Fe(CO)s(na-C3H5)]BFh ; this, in turn,
decomposing to [Fe(CO)L’(n3—CBHS)]+. Spectral studies of a similar resction .
underteken with 206 are consistent with the processes outlined in Scheme 23.
This Scheme is preferable to the description??f of protonated iiene complexes as,
for example, 208. - Treatment of [Fe(CO)h(na—l—MeC3Hh)]+ with CdR,(R = Pn, PnCH,
or CGHh) afforded??? mixtures of unstable glkylated butene complexes of Fe(CO)h_



Scheme 22
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On chromatography, cis-RCH,CH=CHMe and some RCI:{(iVIe)CH:CH2 could be recovered.
Treatment of Na[Fe(CO)3(n3—C°H5)] with benzyl chloride gave?78 a mixture of

Fe(CO)h(Cﬁz:CHCHZCHZPh)

and Fe(CO)B(nL’—MeCH:CHCOPh) in the ratio 10:1.

Substituted butadiene iron tricarbonyl complexes react279 with the ~

fluoroolefins, CFZ:CFR (R=TF, CF3, Cl or H) giving a variety of complexes &as

Scheme 23
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Scheme 24 -
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Rl . .
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Fe
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H a_”CF, CHFCFy

—Ru (CO)3 E——(—:—»
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—|—-Fe(CO)y - R°—F or
=2 CR

skown in Scheme 2L. Some reacticns of these compounds with P(OMe), are also
ireluded in the Scheme. Reaction of Fe(CO)n(tzwzs-cinnemaldehyde) (n =3 or k)
with C2Fh afforded the ferracyclopentanes 209 and 210. Treatment of Fe(CO)B-
(PhZPCGHhCE:CHZ) with CF2:CFR (R=P, C1, H or CF3) gave 211. The mechenism
of’ addition of fluorocarbon is thought to involve zwitterionic intermediates

" (Scheme 25) and addition of radical inhibitors hed no effect on the reactions.
TPreatment of Ru(CQ)3(Csﬂa) with CF2:CFCF3 afforded 212 only. With (CF3) 20,



Scheme 24 (continued)
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methyl— and dimethylbutadiene iron tricarbonyl complexes produced280 213 and
21k; the latter, on heating in boiling hexane, afforded 215 and 216.

The addition of acrylonitirile to Ru(C0)3(n3—C3ﬁs)Cl gave28l [Ru(CO)z—-
(nl-—CSHs)(n2—CH2:CHCN)Cl]n which, in the solid state, contained bridging Cl.
Treatment of this with PPh, gave Ru(CO) 2(n1—C3HS)(n2-CH2:CHCN)(PPh3)Cl. With
acetylenes, RCICR' (R = R' = H or Ph; R = Ph, R' = H), [Ru(CO)e{OCC(R):C(R')—
03H5}01]2 was formed by insertion into the nl-allyl Ru bond. Treatment of this
with HC1l afforded a,f-unsatursted aldehydes. When R = R' = H, reaction with CO
in methanol gave n-hexanoete while butadiene afforded 217. With EtOECCECCOEEt,
Q;Q_was produced, while HCECCOzEt gave either Ru(CO)2{OCCH:C(COQEt)CSHS}Cl or
Ru(CO)g{OC(CozEt):CHCsﬂs}Cl. Hydrogen reacted with Ru(CO)3(n3—C3H5)Cl at 1-15
atm. giving, initially, Ru(co)3(c336)301 which rearranged to Ru(CO)3(CHECH2Me)Cl
These two species underwent CO insertion giving [Ru(CO)2(0CCHQCH2Me)Cl]n and
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[Ru(CO)z(COCHMez)Cl]n, which are mixtures of isomeric polymeric complexes,
possibly 219. With PPh, 219 geve isomers of Ru(CO)(PPhB)Q(OCCBHT)Cl. At
atmospheric pressure, Ru(CO) 3(n3--C3Hs)Cl reacted with hydrogen giving a dark
red solid, possibly [Ru(cO) 01]2 containing a Ru-Ru bond, possibly anelogous to
[Ru(CO)z(PPhB)Cl}Q.ZBZ The system Ru(CO)3(n3—C3HS)Cl/H2 is en effective
catalyst for the homogeneous hydrogenation of terminel, internal and cyclic
alkenes and carbonyl compounds. It was noted that very fasi isomerisafion
occurred during the hydrogenation process and the catalytic system is different
from those involving Ru(PPh3)3301 and.Ru(PPh3)3H(02CR).283 The overall reaction
with ethylere and hydrogen is illustrated in Scheme 26. The rate determining
step in this system appears to be the aslkene coordination by Ru.

References p. 168



82

Scheme 26
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Resction of Fe2(C0)9 with 2,3-bis{bromomethyl)-1,3-butadiene afforded28%
e mixture of 220, 221 and 222. Treatment of 221 with concentrated Hesoh geve
223 and,gg&, and from the latter, 1,4—-diisopropenylbenzene and 1,i4-diisopropenyl-
1,4-cyclohexadiene were released on addition of ceric ion. 1,2-Cyclononadiene
reacted?83 with Fe2(C0)9 giving 225, the structure of which wes confirmed
crystallogrephically (Fe-Fe 2.972). The hydrccarbon ligand is bound asymmetric—
ally end the fluxional properties of the molecule were interpreted as in
figure 18. Reaction of 1,2,6,T-cyclododecatetraene and 1,2,9,10-cyclohexadeca—
tetraene with Fe (CO) in boi’ing hexene afforded?8® 226 and 227, respectively.
Treatment of the former with Ce gave 1,2,3,k-tetrahydronaphthalene. The
structures of Ru\PF3)2(CloHl6)Cl2, 228 and Ru(PF3) (1919113)2012 have been
determined?8? crystallographically. The former is Fased on a trigonal bipyramidal
geometry and the Ru-PF_ bond is 2.2&.2. In the iatter, which hasocis—Cl and eis-—

3
PF3 ligands, with trans—PPhB, the Ru—PF3 distances are 2.16-2.184a.

Photolysis of 9-oxebicyclof§.2.0]nona~2,4,6-triene in the presence of
Fe(CO)5 afforded?®® 229, which subsequently rearranged es shown in Scheme 27;
treatment with Me3NO subsequently led to the isolation of 9-~oxabicyclo[4.2.1]-

nona-2,k ,7-triene as shown.

H
)y

CH)4

(OC)5Fe Fe(CO),

(226) (227)

Fe(CO)?

(228) (230) 7 (231)
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Reaction of Fe(CO)3(C8H8) with A1Cl_ in benzene afforded?89 230 (R = H)
which has been prepared previously?290 from barbaralone and Fe2(CO)9- Similar
treatment of Fe(CO)B(CBHTMe) geve 230 (R = Me). 1In acetic acid, BFB.OE'tz
reacted with Fe(CO)3(CBHB) giving initially FE(CO)B(CBH”TOH) which, on protonation
with HPFg, gave 231 (R = R" = H). The mechenism for the formation of 230, which
is derived from the isolation of 231, is shown in Scheme 28. Carbonylation of
230 (R = H) afforded barbaralone. Trestment of Fe(co)3(caalo) (C’BHl o = Syclo-
ccte~1,3,5—triene) with A:LCl3 afforded 232 while the related norbornac‘iiene
complex gave & mixture of 233 and 234. The letter was also produced from
quadricyclene and FeQ(CO)Q' The reactions of FE(CO)3(C8Hi1R) with AlCl3 ere
summarised in Scheme 29; it was observed that cyclo—hexa-1,3-diene, —heptatriene,

and -1,5-octadiene tricarbonyl iron complexes did not react with AICI_.

3
Scheme 28
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CYCLOBUTADIENE AND TRIMETHYLENEMETHANE COMPLEXES

The electronic structure of the group Fe(n“—ChHu) and its reactivity has
been compared??! with those of the isoelectronic Ni(nz—ceﬁh), Co(na-CSHS),
Mn(ns—CsHs) and Cr(ne—C6H6) groups. The mass spectra of benzocyclobutadiene
complexes Fe(CO)3(n"’—CBH6) and Fe(CO)2L{n"’—CBH6) (v = PPh,, AsPh, or SbPhS)
have been measured.292 Structural studies of 235 have revealed?93 that the Fe
atom is displaced from its central position above the four-membered ring due to

interactions of the CO groups and the four-membered ring atoms and between the

CO and methyl groups.

. 3
complexes Fe(CO)3(n"*—ChH3CH:CRR') (R=R'=H, Me; R = H, R* = Ph, Me or COEt).

Reaction of Fe(C0)3(n‘*—ChHh) with sulphuric acid in ecetic anhydride gave295

Treatment of Fe(CO)3(n"*—ChH3CHO) with Ph_PCRR' afforded2®® the vinyl

Fe(CO)B(ChH3SO3H), and releted ethyl-substituted derivatives were prepared

Me Me Me Me

OC 8 CO
n I N/ \/
5 Fe Fe —
Me Me Me Me
Fe
(CO)y
(235) (236)
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smlla.rly Treatment of Fe(CO) (n ~Cy,Hy S0 E) with PCl5 gave ,296 as expected,
Fe(C0) (n -C),H,S0 Cl) which, on addition of RR'NH, afforded Fe(co) (n"—ChHBNRR')

(r = Bup, PhCH,_, LR! = H, Me or Bt).
2 3

Photolysis o?f Fe(CO)3(n“—ChHL) in the presence of P(OHe)3 gave297 Fe(C0) -
{P(OMe)a}(n“—ChHh). However, in THF under nitrogen at low temperatures and at
appropriate wavelengths, the binuclear Fe2(CO)3(n“—ChHh)2, 236, was produced
(an essumed intermediate is Fe(CO)z(Nz)(Cth)). Under CO, the dimer reverted to
Fe(CO)B(n"’_—ChHh) while, with P(OMe)B, e mixture of Fe(CO)gP(OMe)3}2(n’*—ChHh) and
Fe(CO){P{OMe)3}2(n“-ChHh) was formed. By carefully controlling the conditions
of photolysis of Fe(CO)B(n“—ChHh) in THF in the sbsence of N2, an intermediate,
Fe(CO)z(NZ)(nq—Cth), could be detected, but on removal of the solvent, 236 was
generated spperently vias the species (n“—ChHh)(C0)2Fe=Fe(CO)2(n“—ChHh). These
observations prompted the suggestion that PR3 reaxts with thotolytically
generated Fe(CO)h as follows:

\n=o

-Co
2Fe(C0)), == (0C))Fe=Fe(CO)) T—— (oc Fe==¥e (co)
: +CO
orR, l
"Fe(CO)h(PR3) “‘e(CO)L(PR } + Fe(co) (PR )5

Treatment of c¢ts-i,2-dichlorobutene with Na.[re(CO) {(n5- -CgH, )] afforded?2?8
the 2-chlorocyciobutenyl complex 237, whose reactions, partlcularly with Ag >
are summarised in Scheme 30. OF particular interest is the intermediate cyclo-
butadiene coﬁplex 238, It was noted that 237 readily hydrolysed over alumine
to givé Fe(CO)z(ns—CSHS)(CHZCH:CHCHO). The adducts formed betweern 238 and other
1,3-dienes are cited es strong eviderce for the existence of a n2-cyclobutadiene
complex. The'alternative mechanism, involving generation of free chHh’ would
recuire dissociation of 238 followed by the formation of the Diels—Alder adduct.
This process is Drooably unlikely since displacement of olefins from [we(CO) -
(nZ-olefin)(ns —CSHS)] requires that the rate determining dissociative step has
an activetion energy of 16—25 kcel/mol. Cyclobutene ligands are relatively
non-labile, and the binuclear species 239, although dicationic, failed to react
withk iodide ion. Cyclobutediene is expected to be a better donor ligand then
cyclobutenes, and so ggg.should be even more stable than 239 and its cyclobutene
anelogues. If dissociation occurred, the resultant cation [Fe(co)z(ns—csﬂs)]+
shoulé@ resct very repidly with cyclobutadiene, giving an olefinic adduct, but
this wes not observed. Further, treatment of 237 with Ag* in the presence of
dinethylfumarete feiled to give the expected Diels-Alder adduct if dissociated
ChHh bas been present. Thermolysis of 240 afforded 238, which was trapped by
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Scheme 30
H
Ci ®
l [ktg.__fgaffzi-> [ ‘ ETEJ —_— ‘ !
I
H (238) ®
[Fel
237)
( Al03 Ph
j o lNc [Fel
s E:GJ\\//§§>/<§qD Bh %
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Sdan ppn I + [rel,
@ ~
Fl— T b
Z e
Ph [Fel ph
~N
l o) l + [FEﬂZ
| F
Ph
o Fe] '
[Felg——“ i ! :‘——[Fe]O ————"*[ el + [Fe],
(239)

[Fe] = Fe(n5- CgHg) (CO),

adduct Fformestion as shown in Scheme 30. The formation of 239 can be accounted
for by a seguence of metal—assisted cyclosdditions as shown in figure 15.

These results suppert the view that transient C)H), complexes generated29® by
oxidative degradetion of Fe(CO)B(n“—ChHh) are not involved in the formation of
cyclobutadiene dienophile adducts. However, the possibility that nz—ChHh species

sre involved cannot be discounted.

Treatment of two moies of Fe(CO)s(n“—ChHh)uith one mole of dieneophilic

acetyleres, RCOCSCCOR (R = Ph or Me) geve300 the tetracyclic product 2U1.

Ct

.
[Fe]@—)-Ei__: <

COR
Fe - RCC
(240) (241)
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From & valence force field caiculation based on i.r. spectral studies, the
vibrational force constants of the trimethylenemethane ccmplex, Fe(co)3E(CH2)3},

were obtained.301

DIENE METAL COMPLEXES

Acyclic Mono—diene Compounds

A new method of synthesis of diene iron tricarbonyl complexes has been
developed.302 This involves treatment of Fe(CO) 5 with the hydrocarbon in the

presence of Me_NO, when Fe(CO)3(diene), Me

3

3N, CO and C02 are produced. It is
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assumed that'Me3ﬁO,facilitates the rapid generation of Fe(CO)h, and the utility
of the reactions lies in that it occurs at or below 0°, depending on solvent, and
requires gentle refluxing to effect completion. This contrasts with the
relatively high temperatures required to effect combination of E‘e(CO)5 directly
with dienes, or room temperature reaction of the insoiuble Fez(CO) 9 with
hydrocaerbons. It may be noted that this reaction is formally the reverse of

that involving the cleavage of dieme from Fe(CO)3(diene) by Me3NO in aprotic
solvents. 303

Molecular orbital celculations have been mede30% of the bonding cepability
of Fe:(CO)3 with respect to conjugated dienes. Reaction of Fe(CO)5 under UV
s 1 £ 3 305 we
light or of Fe2(CO)9 thermally, with ChH6—nMen afforded (CO)3(ChH6—n¥en)’

and CO substitution by PF_, giving Fe(CO)3_x(PF3)x(ChH6_nMen) was achieved

3’
photochemically. The CO stretching force ccnstants were altered in an additive
wey depending on the number and positions of the methyl groups on the butadiene
group. The PF3 ring seems to prefer the apical position in the squere-based
pyramidal species Fe(CO)z(PF3)(ChH6_nMen). Variable temperature n.m.r. studies
1 o4 306 s ;

of Fe(CO)3__x(PF3)x(Chh6_nMen) have confirmed the apical site preference of PF,
and when x=2 the second FF3 group-prefers a basal position trvms to the tutaedene substituvent
in Fe(CO)(P??)z(Ch
compounds 1S shown in fig. 20. Treatment of Fe(CO)(ChHQS)2 with Ph,PCH,CH,PFh,,

(diphos) afforded3?? Fe(co)(diphos) (ChHs) , 85 a Lk:1 mixture of isomers. One of

H5Me). The nature of the fluxional processes in these

these iscmers was identified spectrosccopically as 242 while the other may

be 243a or 2h43b. These compounds are Tfluxional, interconverting according to

2h2a.
the scheme 2’438".‘} =\2)43b.

(243 b)

(242)

Figure 20

=l =y
b \\\0 /

References p. 168




,:' - Reactlon of o—CsﬁL(CH Br) with Na Fe(CO)h gave308 2111! (R = H) whlch on
a.ce‘vlat1 on, Aafforded 24l (R = COMe) Addition of AlCl3 afforded S—acetyl—a-
;giaqone, Treatment of 245 with AlCl3 geve 2k6 which regeted’ with CO producing
2117., Actlon of AlCl on Fe(CO) (C, Hf) afforded low yields of a mlxture of 2- and
3— cyc opentanone 'but the. magor product was unreacted sta.rtlng meterial.

= _Me
Fe(CO),
N Me

‘R

(o)
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Fe(CO)4
1
E-‘e(CO)3 o o
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ci
|
Cl Ct cl (OC) 4 Fe
NV e (CO) >'—< >*/<
2 4 /
/N 2 /A \ N\ a
Fe Fe
(CO), (coy,
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Scheme 31 (continued)

E—‘eB(CO)12
Cl Cl
)/ [ \,\
Fe, (CO)g Fe +
(COx
no reaction
ci Cl
Fe,(CQ)q or
/\/ N\ 9T )/ |
Fe3(CO),, re
(CO)3

y (€O)
3
at N\

Fe, (CO)g
Cl _//l-_—\\

Fe
(CO),

Reaction of 2,3-dichlorobutesdiene with iron carbonyls afforded3%? a variety of
products as depicted in Scheme 31. The results suggested that the chlorine
substituent on e carbon atom of & coordinated double bond of & n2?-diene, or on
the terminel C stom of an n*-diene, may be activated towerds insertion of an Fe
carbonyl group. A chlorine substituent at a central carbon atom of an n*-diene
appears to be unreactive in this respect. Reaction of perchloro(3,4—dimethylene-

- eyclobutene) with Fe(CO)s and Fe2(CO)9 occurred3d!l® according to Scheme 32.

The acid-catelysed cis-trans isomerisation of certein diene iron tricarbonyl
complexes occurred3!! with an unusually large deuterium isotope effect. A
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Cl.

Sc-hane 32 /7CC"2
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T Fe, (CO .
cL cct g ct ccl,
e
l \' 69°
N

cl CcCl, Fe(CO),

cl _CCla

| Fe(CO),

Ci CC[2

Schenme .33
l A l\ fast
CRCO.D
Ph l ® >Ph 3TT2
H)D Fe(CO)5 Fe(CO); X Fe(COxX
(X = O,CCR) 1 L
AN Ph AN Ph
D{H)} —~ D(H)
Ph Ph (C] -
Fe + C%COZH FeH + X
KKJ% «:C)E

reasongble mechanism for a particular caompound is shown in Scheme 33. Tt was

noted that rno dideuterated species were formed, even though relatively long

reaction periods were involved. The stereospecificity of this process was

confirmed by the reactions outlined in Scheme 3k%.

These results, coupled with

the slow rate of‘excha.nge of trans—Fe(CO)3(P‘nCH:CHCH:CHQB.’2Ph), indicated that
there was essentislly stereospecific protonation/deprotonation.of these diene

camplexes, and that in Scheme 33, reaction (b) is faster +han reaction (a).

| Friedel-Crafts acylation (MeCOCL or PhCOCL) of 248 (R = H) gaved!
anti-247 (R = Me or Ph} which, on treatment (R = Me) with LiAlH) /A1C1

a 1:1 mixture of the syn end anti-forms of 250.

2

33 afforded
Similar treatment of 251

gave 252, while acylation of Fe(c0)3(1,3—06118) afforded 253 which was reduced

oy LiAlH, to 25k.
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Scheme 34
- . O
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Ph_//N _NaCEt _ en J—M
EtOH g bh
Fe Ph
(CO)y Fe
(CQO)3 BH;
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’ N
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i r———eeeeeeee
Fe Ph eh Fe n
(CO)5 (CO),

(51.3%21.5% d;)

The photochemical reections of Fe(’CO)B(ChHhHE). (R = H or Me) with
CF3C§CCF3, and the thermal conversions of the products,313 are shown in Scheme
35. It may be noted that a regiospecific 1,3-hydrogen shift occurs in the
thermal processes. The overall reaction involves a stepwise Diels-Alder
addition of the butyne to a coordinated 1,3~diene, which -is a thermelly "allowed”
concerted process in the absence of a transition metel. It is possible that
the reaction of but—2-yne with butadiene catalysed® by Fe(C8H8)2, which

gave 1,2-dimethylcyclohexadiene, occurs via a similar pathway.

M

_ R Xy Me Rco/j € Et/\ Me
/

(OC)B Fe// Me (OC)3Fe P Me (OC)3FE — Me

248) (249) (250)
Me AN Me” XX MeOC\Q/Me
(OC)3Fe// ©c)sFe” = $
Fe
Me COMe (CO)y
(251} (252) (253)
OH
MeHC
\
Fe
€O,
254)
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Scheme 35
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Attempts to probe the rature of the bonding in n" -heterodiene iron tri-
carbonyl complexes have been made3l3 via electric dipole moment studies.
Anong the compounds studied were Fe(CO)3(trans—PhCH:COR) (R = B, Me or Ph),
Fe(CO)3(trans,trans—PhCE:CH:CHFh) and Fe(CO)3(CH2:CHCHO). Vectorial analysis
of the moments indicated that in 211 of the complexes the hydrocarbon ligands
bond via N-electrons of the C=C and C=0 bonds, and there is no involvement of
the oxygen lone pair electrons. Metal-to-metal back—bonding is stronger in
the hetercdiene species than thet in the butadiene complex. Kinetic studies
heve been made3l® of the reactions of Fe(CO)3(PhCH:COR) (R = H, Me or Ph} with

i (PPh3, AsPh3 end SbPh3), and the results are surmsrised in Scheme 36.

Scheme 36

Fe(CO)3(PhCH:COR) + I > FE(C0)3L(PhCH:COR)
4
Fe(co)3L(PhCH:COR) + CO Fe(C0)3L + PhCH:COR Fe(CO)3L2 + FhCH:COR
L

It appears that in the first, associative, step the C=0 group is displaced by L.

Acyclic Bis—diene Complexes. Reduction of FeCl3 in the presence of CO and
dienes (butadiene, isoprene, 1,3-pentadiene) afforded3l? Fe(CO)(diene)e, which
is an effective catalyst for the polymerisation of butadiene. Treatment of
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§§>r//“4e l NN Me

_..;F'e__ Me / Fe
/“ \\
%l\ —

P Me S Me
7N
PR Et Me
(255) (256)
H CR
TN
H e
?Fe(CO)B
PPh,
(257) (258)

Fe(C8H8)2 with butadiene and CO, or reduction of FeCl3 in the presence of C8H8,
C)Hg eand CO, gave318 Fe(CO)(n‘?—ChH6)(n‘*—08H8), an effective catalyst for the
dimerisation of CAH6 to b-vinylcyclohexere and cycloocta-l,5-diene. Photolysis
of the arenme complex 255 in the presence of 2,3-dimethylbutediene afforded3!?
the bis-diene complex 256. By electrolytic reduction of FeQ3 (HQ = B-diketones,
aromatic o-hydroxy— and o—amino-aldehydes or cerboxylic scids, Schiff base
ligands or polyamines) in polar organic solvents in the presence of unsaturated
hydrocarbons, catalytically active organo—iron complexes could be prepared.azo

From Felacac) PPh_, and chHG’ by electrolysis in methanol cornteining LiCl at

3 3
-10°, the species Fe(PPh3)(n“-ChH6)2 was produced.

Cyclic Polyolefin Complexes. Dichloroacetylene reacted with Fe2(CO)9 giving3?!l

the tetrachlorocyclopentadienone complex Fe(CO)3(ChCIhCO). qy irradiation of
Fe(C0)3(diene) (diene = isoprene, e¢is or trans—-pentediene) with CF,CCF, gave322
the known cyclopentadienone complex Fe(C0)3{Ch(CF3)hCO}.323 However, when
diene = ChHG or 2,3-dimethylbutadiene, the species 257, analogous to those
fluoroolefin sdducts described earlier (ref. 279, Scheme 2k, 25; pege

were formed. The o-styryldiphenylphosphine complex Fe(CO)3(Ph2PC6HhCH:CH2)
similarly gave 258. However, M(CO)3(06H8) (M = Fe or Ru) reacted with hexa-
fluorcbutyne to give 259 (L = CO; R = H), and there was no evidence for inter-
mediates similar to 257 or 258; further treatment of 259 with P(OCHZ)BCMe gave
259 (R=H; L = P(OCH2)3CMe). The structure of the 259 (M = Ru; R =H; L =
phosphite) has been determined crystallographically, and it was established that
the eyclohexene ring remains nearly planar. Treatment of Ru(CO)3(n“—2—Me06H7)

with CFBCZCFB gave 259 (M = Rh; R = Me; L = CO), indicating that the acetylene

References p. 168
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- cF
Ryt
F3C/|\\M CFy
oL
(259) (260)

prefers to attack at the unsubstituted double bond. Treetment of Fe(C0)3-

EN _ . - - — _ P

~C H, = t CFr_C L =
(n 7?8) (CT g = cyclonepta riene) with 3 2Cr3_gave 260 ( CO) which
subseguently reacted with P(OCE2)BCME giving 260 (L = phosphite). The structure
of this ccmpound was also determined crystallographically and it was shcwn that

addition of acetylene had taken place at the endo face of the original C_ ring

7
generating two new five-membered rings and one three-membered ring. The iron

coordination gecmetry is epproximately itrigonal bipyramidel.

By réfluxing L—vinyleyclohexene with Fe2(00)9 or Fe3(CO)12, a 3:1 mixture
of 1- apd 2-ethylcyclohexadiene complexes of iron tricarbonyl were obteined.32%
Iscmerisation of the l-ethyl to the 2-ethyl species was achieved in concentrated
H,S0,. The 1z and 13C n.m.r. spectra of Fe(CO)3(n“—1—MeOCGHT) have been

reinvestigated®25 and e determinstion of lJ_ and the energy barrier for besal-

CE
apical CO ligand exchange hes been made. There was & discussion of the stebility

and lébility of this complex in terms of electronic perturbations.

Treatment of Fe(C0)3{n“—06H8) with MeCOCl/AlC13 in chlorinated hydrocerbons
gave326 g mixture of Fe(co)3(n'+-Mecoc6H.r) and [Fe(CO)3(n5—CéHT)]+. Similer
reactions with Fe(CO) 3(n‘*-1-r-:echa ) and Fe(CO)3(n"’—2,'3-Me2ChHh) gave Fe(CO)3-
(n"’—l—Me—h—MeCOChHh), [Fe(CO)3(n5—ChH7)]+ and Fe(CO)3(n"—cmti-l-MeCO—-Z,3—Me20hH3),
respectively.

Reaction of Fe(CO)a(n“—cyclohexadienone) with p—RCGHhNH2 (R = H, NO_,, OMe)
afforded32? p-RCH) NHP:, and 1,L-(PhNH) oCgl), - However, treatment of the cyclo-
hexadienone complex with [Et30][BFh] gave 261 which subsequently reacted with
C6HllHH2 end EtZNH giving N-phenylcyclohexylemine and phenyldiethylamine,
respectively.

Treatment of the silacyclohexadiere 262 (R = Ph) with Fe(CO)s caused328
isomerisation to 263, while 262 (R = H) afforded 26L. Treatment of 265
(R = Me or Et) or its 2,5-iscmer with Fe,(co), afforded3d2® 266, end from this
265 could be literated unchanged using Me3NO.

Thé structure of trieyclo[6.4.0.0.227]dcdeca-3,5-dienetricarbonyl iron,330
267, has been determined crystallogrephically.33!  Under the influence of the
fused cyclohexadiene ring, the Cl4 ring would tend to be planar while the cyclo-

hexene ring would tend to have a chair conformation. The actual result is a
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(267)
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compromise, the C) ring being folded by 15° along its diagonal axis, and the

cyclohexane ring having a conformation intermediate between plansrity and a
chair. Treatment of Fe(C0)3(n'*—PhCH:CHCOMe) with acetylergosterol gave332

268 (R! = MeCcO, R2, R3 = H).

Treatment of this with B2H6, followed by Ne.OH/H202,

gave 268 (Rl = MeCO, R2 = H, R3 = OH), 268 (R! = MeCO, R2 = OH, R3 = OH), 268
(R! = H, B2 = OH, R3 = H), end 268 (R! = H, R2 = H, RS = OH). Treatment of 269
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with Fe{CO) 5 °F Fe, (co) effordedd3’, as exo,exo and ezo,endo products,270 which,
on ad\....ulon of Ce +, gave 271.

»

vibrational spectrel anelysis has been made23% of the norbornadiene
lex F H
complex -e(C0)3(CTnB).

Treatment of the cycloheptatriene isomer with CH.I
335 ;
g=ve

272 and rnone of the species bi(cyclohepta—Q,h,6—tr1enyl)hexaca.rb§n§l—
diiron reported elsewhere.33% Similar treatment of Fe(CO)B(CBHB) afforded 273.
Addition of 211yl halides to the anion [Fe(CO)B(CTHT):r gave337 the C-C bound
diner [Fe(CO) (n‘*—c,r.r)jla which has the endo configuration; alkyl helides afforded
Fe{C0) (n ~C, HS)’ A suggested intermediate was the species Fe(CO) (n3-CTH.?)-
(n*-c n..). “Treatment of [M(CO) (n-’_C'TB'T)] with [Fe(CO) (nt-C H,,)]2 likewise

"fov-aed C-C bonded dimers, viz. [M({CO) (n‘S-c,{H,{)]2 with e;ca-confzguratzon.
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Reduction of the diezepine complexes 274 (R = COMe or COZEt.) with boro-—

nydride ian gawe338 275 which was further acylated in acekhic anhygdride giviog
276. The three compounds so formed could also be obtained independently from
the parent hydrocerbon end FeQ(CO)g.

Scheme 37 . .
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72N (NC)z R o
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Scheme 37 (continued)
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Resction of cyclcoctastetrazene complexes of tricarbonyl iron with tetra-—
cyaroethylene afforded33? several products, their ratio depending on solvent.
These, reactions are summerised in Scheme 37. Although the reacticon appears to
te general, the site of initial attack by the electrophile is markedly influenced
ty electronic factors. Thus Fe(CO0) (n“—CBH_Me) afforded two complexes from
attack at the y (71%) and & (21.5%) ring C atoms (positions relative to the
substituent}. For :e(CO) (n4-CBE7Ph), however, a (39%) attack was found to be
corpetitive with y {(16%) and § (23%) addition. For Fe(CO) (n ~CgH,CO, Me), the
electrophile is directed to o (23%) snd B (6LE) sites nreferentlally The
inference drewn from the reection with Fe(CO)3(n“—CBH7OMe) is that binding to
the y—C atom is kinetically preferred, while in the benzocyclooctatetraene
complex, the C atom adjacent to the site of benzo-fusion is sttacked exclusively,
a5 it is in protonation. It appears that the tautomer of Fe(C0)3(08H7Me). 277
is kineticelly the most reactive under the conditions applied, the zwitterions

278 and 279 being formed. Regioselectivity considerstions suggest that 279 is
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Scheme 38
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formed at & rate three times greater than that of 278 which will give the
relative proportions of the products; The relative proportions of the products
obtained from Fe(C0)3(08HTR)_ {R = Ph, CoMe or OMe) can be similarly explained
(Scheme 38). The formation of the Fe-C bond could either occur directly, or via
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three-mexbered ring intermedizte, as shown in Scheme 39. However, the greatest
electron deficiency appears to be st the y-C atom, suggesting that
ccllepses directly to give the bicyclic product.
Cel"‘

the zwitterion
Oxidetion of the adducts with
afforded dihydrotetracyanotriquinacenes, as indicated in Scheme 37. In the
reactions to give Fe(CO)3(n“—CGETR) from Fee(CO)g and the eppropriate cyclooct
tetresnes, the species with R = OMe also afforded the tropone complex Fe(CO)_-
{q"—C u ("0)} end 280, which is st*'t.c»ura.lly analogous to Fe,(CO) (CgH, ), 58.9

Reactlon of Fe(CO) (08 8) with Ph3C geve3"0 the cation 281 which, on
deprotonation with base, produced the fluxional Fe{CO) (CBH'TCph ).

of this tri

Protonation
trity? derivative gave, reversibly, 282

282, while thermolysis et 160° in

(CC);Fe——Fe(CO)y
A

(280)

FhyC

—Fe(CO)3

~
%

{283)
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vacuo afforded the stereochemically non-rigid 283. Oxidation of the last with
CelH- afforded tritylcyclooctatetraene, CBHTCPh3' These results confirm previous
observations.3%1 _

Treatment of Feg(CO)g with CBH#R (R = SiMeB, GeMeB, SnMe3, SiMez(Cﬁch:CHz)
and Fe(CO)z(ns-CSHS)) afforded3t2 Fe(co)3(08H7R) and FeE(CO)6(08H7R) (R = SiMe,
or SnMe3). It may be noted that the species Fe(CO)Z(nS—CSHS)(nl—CBH.() was
obtained by reaction of Fe(CO)z(ns—CSHE)Cl with LiCgH,. Addition of trityl
tetrafluoroborate to Fe(CO)B(CSHTR) (R = SiMe3 or GeMe3) gave a salt which, on
hydrolysis, afforded 284 (the structure of the species R = SiMe3 has been
confirmed crystallographically3%3). Reaction of Fe(CO)3(08H7Ph) with Ph3C+,
followed by hydrolysis, gave Fe(CO)3{CBHGPh(CPh3) }. The fluxional properties of
the species Fe(CO)B(CBH_{R) and Fe(CO)B(CBHYPh) are different (fig. 21).
Protonation of Fe(CO)3(08H7Me) at low temperatures afforded two monocyclic

Figge 21 Fe
R R
PSS
_F'e
Ph Ph
——
Fe—
/
Fe

isomers which showed that electrophilic attaeck occurred at an internal C atom
of the uncomplexed diene, in contrast to reactions of Ph3C+ where atteck occurs
at the outer C atom of the free diene (see also ref. 340).

Reaction of Ru3(CO)12 witk 1,1-dimethyl-2,5-diphenyl-1-silacyclopentadiene
gavedtilt 285 the structure of which was determined crystallographically. Some
substitution reactions345 of Ru(CO)B(n'*—l,S—CSH,lg) ere outlined in Scheme 40.
Reaction of cyclooctatetraene with Ruh(CO)l2Hh in refluxing heptane gave3%6
ruthenium carbonyl complexes of C8H8 and of cyclooctatrienes, Ruz(CO)S(ClGHlG)
6196 CigH g and its ruthenium tri-cerbonyl complex 286. The dimer of CgHg is
very unususl and has not been detected previously. The dimer, and 286,may be
formed via Ru(CO)a(CBHB), and indeed in a reaction between CgHg and Ru(CO)3(C8H8),

286 wes produced. The uncoordinated 1,3-diene upit in Ru(CO)3(C8H8) is very
PhyC

R
—Fe(CO),

(284)
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~ Scheme %0
—Ru(CO); o+
1,3- or
1,4 - N
3 RU(CO)B
CgHg ,

/ \
- _'RU(CO)B

W 7
() —= |
N

RU(CO),
: tropene
BH, 1 lHPFG (CO) \ \'/_ j

@ 1,3-CoH,q i

‘ u(CO,
Su phyct 3
(CO),
PhBC‘I? LBH;

RuU
(CO)3

\RU(CO)3

nearly plener3%7 and so, unlike free CgHg, can undergo (4+2)7 cyclo~addition
reactions. Whether Diels-Alder addition of 08H8 to Ru{CO} (C8 8) occurs directly
&t the coordinate olefin, or via preliminary coordiration to the metal cannot be
directly determined. However, in either event, Ru(cqg(clsﬁls) would not be
rroduced directly, and subsequent steps would be necessary. Reaction of
EE(CO)3(CBH8) with C8ES yieided348 complexes of cyclooctatetraene dimers, but not
analogous to 286; the Fe analogue of this particular dimer can only be obtained
by treatment of Fe2(C0)9,vith the parent hydrocarbon.

Norbornadiene and cyclcocta-l,5-diene complexes of ruthenium containing
aminoacid groups have been reported.3*9 Treatment of [Ru(diene)012]n (diene =
m:r‘bcl"nadiene or cycloocta—l,5-diene) with I‘Ta.SaPMe2 gave350 Rlx(diene)(SePMea)a.
The diene wes readily replaced by various chelating di-phosphines and —arsines
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Scheme 43
pr'MmgBr
|
RuCly |
_RU ’ g [ ""I "RU !
A
PriMgBr—"1,3-CgHg
R CsH
& 7Hs
n
\\\\ ’/’/
1,3,5-CgHyq Rlu
N/
AN ] H H
S RU— s D
/
primgBr, CgHs
—RuCl> - - A
n primMgBr,
) \ : X CoHg
PrtMgBr, primgBr, - 2
1,3-CgH,, CgHg i i
: Ru + Ru
L !
B + C D
E &
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Sc.l‘-e Scheme 41 {contimuzed)

( . priMgBr, CgHg
< —]—RuClz | - _ =

PriMgBr,
CoHg

1>

PrimMgBr,
F-
CaHg E:
E+ F
N PriMgasr
l[\ -—RuCl, MgBr, CeHe A+ RuCHg
LS a

PrimMgBr,
1,5~ CBHIZ

tm
+
m

c

< : Zn, EtOH s
\ [/ + RuCly"3H,0 ———= Ru(y -CgHg),

\ zn, EtOH

+ RuCly*3H,0 F
Zn, EtOH

+ RUCl33H,0 ————= A
Zn,EtOH

O + RuCt.3u0 —20E c

I-L) giving cfe—Rull~L}(S,. EMe.)_. Reaction of anhydrous RuCl, or [Ru(co)_ci 1
;&g 2*%p/2 2

3 2°n
with cycloocta—-1,h—-diene afforded35! complexes of the 1,5-isomer, viz.
7\ 1 .t
[Ru(08512)61 ] end [Ru(CO)(CaHl,\)Cl ]2, respectively. Treatment of RuCl 1 wi h

2 3—-d_1cyanob1cyclo[2 2.2)octe-2,5,7-triene end its 1,%,5,6,7,8-hexamethyl
derivative _gave352 the octshedral polymeric species [Ru(olefin)Cleje, in which
Ru atams are bound to all three double bonds, but each metal atom is atteched
to only two double bonds.
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Reduction of [RuLCla]n (L.= benzene, 1,3-cycloheptediena or 1,3,5-cyclo-
heptatriene) or RuCl3 with MgPrlBr or zinc dust in ethanol in the presence of
certain cyclic oligoolefins gave353 Rul(olefin) as outlined in Scheme 41. The

13¢ p.m.r. spectral studies of Ru(ns—C7H9)2 revealed that it was fluxional.

Ph
= SiMe = \
I tiviea \ =
£h
Ru Ry
(CO)3 (\.0)3
(285) (286)

DIENYL COMPLEXES

Mass spectral studies of Fe(ns—CsHs)(ns'emo—RC6H6) have shown33% that the
main fragmentation routes involve stereoselective migration of the ende hydrogen
atom of the cyclohexadienyl ring to the metal, Field desorption mass spectre
have been obteined335 of [Fe(CO)3(n5—L)]+ (L = Cglys CrEgs CygHyys 2—MeOC6HT)
and [Fe(ns—CSHS)(nG—L’)]+ (L' = benzene, toluene, mesitylene). In all cases,
molecular or quasi-molecular ions for the cations were present, usually as the
base peaks 1in the spectra. Fregment ions corresponding to metal-ligand

cleavages were also observed in most cases.

NMR, perticularly 3P, spectral studies heve been made356 of the series
M(CO)XLB_x(diene) and [M(CO)XLB_x(ns—dienyl)]+, where M = Fe or Ru, L = P(OCH2)3—
CeEt, diene = C6HS or CTHIO’ x =0, 1 or 2 and dienyl = CSHS’ 06H7, CTH9’ x =1
or 2. The fluxional properties of the diene and dienyl species were interpreted
as shown in figure 22. For the cycloheptadiene complexes another form of
fluxionality, associated with the ring (figure 23) was observed.

Rates for site exchange of the phosphite ligand in both diene and dienyl cases
were generally faster for the iron complexes, and the cycloheptadiene ring

inversion process was faster than phosphite site exchange.

By refluxing [Fe(CO)B(n5—0637)j+ in methanol, three products, 287, 288
and Fe(co)B(CGHB)’ were formed,3%7 depending on conditions. Thus after 20 min,
the products were meinly 287 end a trace of 288. After 90 min., the relative
amount of 287 had decressed and 288 and Fe(C0)3(06H8) were present. After 23
deys, the ratio 286:287 was 65:35 in methanol and no further changes were
detected. It was noted that cleavege of the méthoxyl group from 288, giving
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Figure 23
it _
i
M

7\ 7N

[ (o) L Co

[Fe(C03(n5—CsH?)]+, occurred in HBFb/propionic anhydride mixtures, and that 287
wan converted to 288 wher stirred at 20° in methanol contsining a small amount
of HBFh. In & similar way, the endo derivatives F;e(CO)3(n"-CTEQR) (R = OEt or
CH(CH)Q) were prepared from [Fe(CO)3(n5-CTHlO)]+. However, it has not so far
been proved possible to make endo derivatives of bicyclo[5.1.0]Joctadienyl
camplexes. It was found that methoxyl group transfer from the CO group in
Ru(CO)a(nS—Csﬁ,{)(COzMe) gav.e s;:ecifically endo—Ru(CO)B(n"—Csﬂ.{OMe). '
Treatment of [Fe(CO)3(n5—CsHGR)]+ (R = H, Me or OMe) with R'MgX,

Cd(C3H5)2 or ZnRj gave358 the diene complexes Fe(CO)3(C6H6RR'), 289. Reaction
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of [Fe(CO) (ns—CGH_{)] with Me_MAT {M = Si or Sn, Ar = Fh, p—MeOCsﬁh, p-MeNC.H, ,
2-Puryl or 2-thienyl) gave35% Fe(CO) (n‘*—csa,rp.r) 289 (R = H, R* = Ar).
Preliminary kinetic date have been obtained and indicated that the order of
reactivity is Ph < p—MeOCGHh < p—MeQNCGHh, that reactions of 2-thienyl and

2-furyl silyl compounds were considerably faster than those reported eariier,360
and that the aryl -tin compounds are more readily attacked than their silyl
analogues. Preliminary studies showed that [Fe(cO) (n 5!17‘]+ also behaved as

an electrophile. Treatment of [Fe(CO) (ns—C6H7)] w1th P(OMe) in methanol gave36!
289 (R = H, R' = P(: 0)(0Me)2) and with hypophosphorous acid and NaHSOB, the

correspording species with R' = PH(:0)(OH) and SO_H were produced. Reaction of

3

OMe _-OMe
/’ 7
Fe g%
(o), _ ( )3
(287) (288)
R XS A
Fe(COy (OC) Fe— —Fe(CO);
R
(289) (290)
_-R
(OC)3Fe—© —Fe(CQ)3 (OC)yFe—
(291 (292)
(OC); Fe
3N
(293)
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Z,the dlem'l cat:Lon n‘ch 'Ie.HCO3 or. Hazs afforqed the d:mers 290 (’( o or S)
*mule treetment of the dienyl cat:Lon with BHh afrorded ?e(co) (n -csﬂe)
reductlon '-nth Zn/Cu cou:le in 'J_'HF or d:.:.sopronylamne in acetom.trlle ga.ve

the C-C bound dimer 52. ‘The dienyl iron tricarbonyl cation derived from

: (—)—c:ph;lj_andré reected similariy with P(OMe)3 and H&HSOS', .giving 292 ,
(4 =,P,(':O) (Ol-!e)2 or.Soaﬁ), but.treatment with week bases, e.g. NaHCOS, Na S 50y, >
amines or enamines, gave only 291. Addition of [Et NH][F'Cl ] (M=s5i, Ge or

Sn) to [Fe(cO) (ns—CsnT)] gaveasz 289 {R' = MC1 ) in good yleld.

Oxidation of Fe(ns—CEH )(ns—CsHsR) (R —_E‘t, vHEPh or CSHS) vy [Pn c][BFh]
or N-bromosuccinimide proceeded3®3 either by exo-R gz'oup abstraction or endo-H
atom sbstraction. Mixtures of [Fe(n> —C )(11s C6H6)] and [Fe(n3 —C H ) (n® —C6H R)]
vere formed in the reactions, and the tendency for R group absr.ractn.ons
increesed along the series R = C535 < Et < CH,Ph. When keated, Fe(ns—csﬁs)—

( n5—C6H_{) afforded ferrocene.

Reaction of Ru(CO)h(MMeB)Z (M = Si or Ge) with 0556, Cglg or CTEL_LO
effordea36® Ru(CO)z(ns—dienyl)MMeB. Yields of the cyclohexadienyl complex were
ilow, the main product being the known Ru(CO)3(h“—C6H8) .365 The mechanism of
this reaction is thought to invoive formation of Ru(CO) 2(n"—diene) (MMeg) 5 which
undergoes an intramolecular absiraction by Me3M of an H atom from the ring.
Similer reactions involving [Ru(CO)LbNe ] alsc afforded Ru(CO) 2(ns—d_ienyl)—
(BW.e3).together with Ru(CO) (n%-diene), by 2 reacticn perhaps as outlined in
Scheme L42. Evidence tc support this hes been obtained from spectral studies of

Scheme h2

o 0
AV AV o Iz
\ .
MesM— Ru Ru——MMe3 + diene ————= Me;M—RU ———RuU—MDMe,

/ 1\ Il\ 1’\
¢ d X 1T LT
o oo © > ‘o g %o

Ru(CO)B(diene) RU(CO)4(MM93)2

Y
Ru(dienyD(CQO),(MMe;)
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/

7 ~.

'_L' —\—\.) Ru
(OCHRUE T RU(CO); (CO), (PPh3)
(OC)BRU ‘\

~Ru

(CO)

(294) (295)

reactions involving [Ru(CO)hSiMe3]2. Treatment of Ru(CO)h(MMe:S)2 or
[Ru(CO)hGéMe3]2 with indene gave low yields of Ru(CO)Q(nS—CQHT)(MMe3). Reaction
of Ru3(CO)12 with CgHg or C7H10 gave Ru(CO)B(diene) complexes, but with CTHIO’
Ru3(co)3(n5,c739)(“7_c757) 130,155 ana Ru’-}(co)l2(07310)’ 29k were also formed.
The species Ruj(CO) 6(n5—c739)(n7—c7£{7), together with Rua(CO)h(n7—CTH7)(C7H12)
was elso obtained by reacting RU.B(CO)_12 with cycloheptene. Comperison of _29_’4
mey be made with Ruh(CO)ll(CSHlO), whose structure is known.3%6 Hydride
abstraction from Ru(co)3(0638) and Ru(C0)3(C7H10) using 1=h3cJr afforded the
expected dienyl cations, end scme reactions of [Ru(co)3(07h'9)]+ are shown in
Scheme 43. It is presumed that nucleophilic attack occurs at an exo positiom,
as esteblisheds? in Ru(co)3{1,2,3,6-n‘*—csﬁll(5—cn)}. Treatment of Ru(CO) 5
(n"’—CTH]_O) with PPh; gave Eu(CO) o(PPRS)(C ) ) wherees jodide sbstrection from
Ru(CO)Z(ns—CTHQ)I using Az 3in the presence of PPh3 gave [Ru(CO)a(PPhS)—

Scheme L3
Ph3<:+
RU(CO)3
——— \\~’: —_—
| i |
Ru - Ru Ru
(CO)3; BHy (CO)y €Oy 5 X
PhyC* BD4
J D
\ | H
& o) oM 4o+ |
e
(COY)y (o) o 17 g%
(93%) (7%) <N T (O (CO);
Ru Ru (85%) (15%)
(CO), (CO)y o °
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("S-CT%)T vhich, on reduction with BH) afforded 295.
Reaction of Ru(CO),_‘(MMta ), (M =Sior Ge) with C. By gave368 Ru(co)s-'

s R R
(n —CT~8HM 3)(MMe 296, while Ru(CO)h(SlMe3)2 efforded with C7HTC6F5, 297,
whose structure has been confirmed crystallogranhlca_ly 387 an equimolar
mixture of Ru(CO)l‘(SlMe:s)z, Ru(CO)h(C—eMe3)2 and C_Hg wes hea.ted and examined,
using 13C p.m.r. spectroscopy, for "cross—over” products. The mejor species
identified waes 206 (M = Si or Ge), ard minor amounts of Ru(cO) (C’TH )(MMe )
(M = Si or Ge) togetker with very low amounts of Ru(CO} {1—5—n5-C7H8(6—S1Ne )Y3}-

(C-ef’a93) were detected. Thnis very low yield and the absence of other "cross~

over” products suggested thet MMe mgra.tlon occurs substantially by intra-

3 .
zolecular pathways. Iodination of 296 (M = Ge) gave 268 (M = Ge). In the
reaction of [Ru(CO)hMMeBl) (M = Si.or Ge) with CTHB’ lower yields of 296 are
obtained together with 299 and 300 (M = Si or Ge). The last is probably

anslogous to 68,102,103 mreatment of [Ru(CO)hSJ.Nc 1, with C.HR (R = Me, Fh or

H H H HH
MMe; Q GeMe,
1
Ru RuU
(CO)ZMMe3 : (CO),SiMey (CO)I
(296) - 297) (298)

T
OC'_— RuU —CO O
b {

l

©C) REU \‘E\’U(CO) Me M—Ru—Ru_—CO
—_— \ N
NS ANy R
O fee
(299) (300)
_ o >
%
R H
T |
Fe Fe
Oy (CO),

(301 (302)
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C6F ) géve Ru, (CO) (CTHéR)(Slyk~), like 68 with the SlMe3 group on the ring
repleced by R while CTHTR (R = CN or 0Bu® } afforded Ru, (co)_ (07H7)(S1Me ).

Reaction of tropone derivatives 2-RCTHSO (R = Me, C1 or Ph) with Fez(CO)9
arfordea3?? Fe(CO) 3(2-RC,H-0
301. probably via tne intermediate 302. Substential backing for this pathway
was obtained by studying the reactions of Fe(CO)B(Z*ClC7HSO) in FSO_H,

_ 3
followed by treatment with OMe , Scheme 4h. Isclation of both methoxylated

). Protonation of this in concentrated stoh gave

diene complexes indicates that a relestively high proportion of 302 must be
formed and supports the view that the initial protonation occurs at an
uncoordinated double bond in the starting material. This is then followed by

Scheme Ll

O 9o
ct

FSOsH I ®

e S
©C); Fe (OC);Fe

(OQ)5 e “Fel(CO),

a rapid 1,2-shift of the Fe(CO)3 group and the oversgll reaction scheme seems
to disprove recent suggestionsa71 that the formetion of 301 occurs via-
preferential attack of B at a terminel C atom of the diene Fe(CO)3 group in
Fe(CO)S(CTHSO)' t was observed that the rate of isomerisation of 302 to 301
was higher than that of the parent tropone species, Scheme L45.

Scheme hS_ )

(@]
o 9 b D D
D,SO, D D*; slow ® D

-— —_ il
fast l
> , I
(€O (c0s

From a study of the atteck by OMe on [Fn(CO) (2- 0107
exro addition occurs end it was deduced that in FSO3H at -78°, stereoselectlve
protonation occurs from the endo rather than the exo side of the uncoordinated
double bond. When [Fe(co) (2-Re.H 60)]", 301, vas quenched with Na,CO_/MeOH,

the species 304 was formed in high yields. Protonation of Fe(co)z(PPh3)(07H50)

H60)] it would appear that
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CoL o ,
; H : H R :
H . . H .
- T . MeO v
A o : i 4
i H Fe(CO)s
«‘58,3 . (304)
(303)
O B
} 15
O
7
L (OC),Fe H
CO)s - (306)
(205)
in D80, geve 305 which, unlike Fe(cCoO) (CTHSO) underwent no further D' uptake,
possibly due to steric hindrance associated with pPh3 Addition of NaOMe to

305 gave 306.
Treatment of Fe(CO) (C8H12) (C8“12 = 1,3 or 1,5-cycloociadiene) with Ph3C+
gave372 307 and 308 whose 1-eac:t:.ons with nucleophiles are summarised in
Scheme k6. Addition of Ph * to Ru(c.Hg)(C ) efforded3?3 [Ru(n7-C_H.)-
8/'8 12

3
(CLE )] ?09, and treatment of this with certain nucleophiles (R = Me or CN)
8-12

gave 310. Protonation of 211 afforded 312, also produced by hydride abstraction
from.Ru(n5—07H9)2. Treatment of 312 with l,8—bis(dimethylamino)naﬁhthalene
affcrded the adduct §;§.(mode of attachment of the napththalene unspecified).
Borchydride reduction of 311 caused regeneration of Ru(ns-CTH9)2, while CN
attack gave Ru(ns-CTﬁg)(ns—C7ESCV)- treatment of the last with more Ph3C
followed by CN ult_m~te_y produced Ru{n> —CTHBCN) Reaction of 311 with other
nucleophiles (R = Me , OMe , 2, 5, cH(cOo “t) ) gave Ru(ns—c759)(n5—C7HBR)

in which the substituent occupies an exo n051t10n.

CYCIOPENTADIENYL COMPOUNDS

Binucleer cerbonyl complexes. Thermal decomposition of [Fe(cCO) (ns—C )]2
ebove 165° gave37% Feh(CO) (nS —Csh5 L which, sbove 210°, afforded ferrocene.

The reactions of various iron and ruthenium carbonyl compounds with A1R_ (R =
allyl) have been discussed.3?5 The species [Fe{CO0) (n -C H )] (AlR ) (n=1

or 2), [Ru(co) (n —055,)] (AlR ) and [Fe{c0)(n5-c_H 5)(AlR3)]h have been
described end in 211, the AL atom is bound to brldging CO grocups. Treatment of
[Fe3(co) ug]* with MeOSOF gave FeB(CO)n(COMe)H, 109 (see ref. 1L3) and the
efTect of ion pairing on the reactivity of M[Fe(CO)hR] (R = allyl), particularly
2lky]l migrations, e.g. M[Fe(CO)hH] + L > M[Fe(CO)3L(COR)], was reviewed. It was
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—Ruz’

!
A
c
¢\
7y
\
I X
Q:‘\‘

(309) (310)

Me,N  NMe,

—Ru—

(313)

noted that the reactivity'is enhanced by ion-pairing and decreases in the order

it > §et >> (PrgP), N

The stereochemistry of compounds of the type Fe(co)z(n —CSHS)Y (Y is &
univalent group which can form bridges to Fe stoms) approximates closely to a
regular octshedron.376 1In assuming thet this goemetry is present in a wide
range of structures and indicates & certein rigidity in this arrangement,;it was
shown thet the tautomeric interconversions of [Fe(CO) (nS C5 5)]2 must involve
simultaneous making or breaking of two CO bridge systems. This mechanism has

been suggested previously377 but a geometrical explanation of this kind has not
been advanced before.

The reactions of Fe2(00)9 with pentafulvenes C6H')+R2 (R = Me, Et or Pn)378
are summarised in Scheme 47. The structures of 31k end 315, which are related to
o
316, bhave been determined crystallogranhically and that of 315 (Fe-Fe 2.7TA)
may te compared with that of 317 (Fe-Fe 2. 7hA) 379 Similer reactions with

Ru3(CO) 380 are outlined in Scheme 48, and the structure of 318 (Ru-Ru 2. 85A)
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is similer to that of 315. The structure of 329, prepared?®! grom 320 and

Fe (CO) hes been determined3BZ cryste_logre.phlcal_ly The Fe—c-acyl distance
(1. 964) is s,.gnlﬁca.ntl;f shorter (ca. O. lllA) than accepted Fe~C(sp®) distances
in other Fe(CO)zms—CsB )R compounds, and is comparable with the Fe~C(acyl)
distance (1.97A) in Fe(CO) S{EB(py2) }(COlﬁa) 383 Tnis short distence is consist-
ent with the representatlon of the bonds as in flg. 22&
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Scheme LT
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(CO), (CO)
Fe=Fe °

(OC},Fe ——Fe(CO),
' (315)

Scheme &8

R R
Pu—Ru _
(CO3, (CC)y
(318)
‘iii’ Ru(CO)2
2

~ It hes been observed??* that in the acenaphthalene complex 321 there is
localised scrambling of the CO ligands in the Fe(CO)3 group, that there is no
exchange ig the Fe(CO)2 group, and that thereois no CO ligend exchange between
the two iron etoms. The Fe-Fe distence (2.7TA) is quite long, and this mey be
e Pactor in the lack of inter—metal CO exchange. Within the Fe(CO)3 group,
there mey be a pairwise permutation, abb'z=2bab' and abb'=2b'ba (see fig. 25).
A similer situastion obtains on the cycloheptagriene complex Fez(CO)S(C7H8),
where ihe Fe—Fe distence is even longer (2.87A) then that in 321.

o 2 5_ 5_,
The structures of FeCo(CO).(n CSHS), 322 and FeCo(CO)u(CTHB)(n C5H5)
323 (CTE8 = norbornadiene) have been determined crystallographicelly.385,386
o
In the former the Fe—Co distance and the Fe(u—CO)zco bond angle is 2.55A and
-]
1449, while in the latter they are 2.52A and 161°, respectively.

Reduction of [Fe(CO)}.(n5-C_H_)], with Na/K alloy aefforded387 [Fe(CO) -
2 2 2.8 2

Cl giving [Buﬁn] [Fe(cO) -

- . 2
(nS—CsHS)] which reacted with [Bu%N][Cth] and SnPh3
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OC),Fe—
(OC,Fe Fe(CO)Z

(319) (320)

R TSN Fe(CO)3 o
| e

SN
Fe ——Co(CQ)5
~

Fe(CO)y oc” ¢
S
(321) (322)

\
Fe
/

8 @
N -
—Co=-"

~ \
~c C
o) ) 0

(323)

{n%-C H }] (as crystals)} and Fe(CO) (ns C )SnPh3, respectively.

The crystal structure of Fe_(CO) (CNCH CHMe,, ) (n5=C_H has been
2 3 o 2 2 5°5° 2
determined; 388 The Fe-Fe distance is 2.52A, the rings are mutuelly cis, the
isocyanide ligand is terminal and the Fe(u—CO)2Fe group non-plenar. Reaction of
- 5_ 1th M 389 5_ =1
[re(CO)z(n CSH5)]2 with MeNC afforded Feg(CO)h_n(CNMe)n(n CSH5)2 (n=1,2
or 3), for which mass spectra were obtained; no evidence could be found for
[Fe(cnre) (ns—CSH )] Varizble temperature 13¢ n.m.r. spectrel studies3d®0 of
+

Fe (co) (CNR)(n CSHS) » have revealed that while the species with R = Bu~  has

..erm:..nal isonitrile and is fluxional (Scheme 49), the species containing CNPh
has bridging isonitrile and is stereochemically rigid. Reaction of Fe (CO)L n
(CNR)n(ns -C_H ) (n =1 or 2) with HX afforded39) .the specles [Fe (co) olu- -co)-
(u~C¥HR) (n5 —C.H ) ] and [Fe (co) (n—CNHR) (n5—c B ) ] when R = Me, Et. or CH,Ph,
but not Bu®. Slmllar reactlons ulth R'X (X Br or I) gave [Pe (co) (u -C0)-
(CNRR')(nS—CsH ) } and [Fe,(CO)(CNR)(n~CO)(u~CNRR')(n> ~CcHg), ]+ (R, R' = Me, Et,
CH_Ph or n-alkyl but not Bub). It was noted that [F‘e(CO)(CNMe)(ns—C5 5)]2 was

2
more readily alkylated than Fe2(CO)3(CNMe)(n5—C5H5)2.

References p. 168
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Scheme L9
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Hydrido Species. The thermolysis and pkotolysis of I-‘e(CO)3(CsH6), giving
[Fe(co)z(ns—csﬁs)]z, has been extensively studied.392 The thermolytic process
was explained by the mechenism outlined in Scheme 50. The pathway (i) is

consistent with, and based on, previous work with PPh, (Scheme 51). The
rhotolytic process was investigated using the S5-exo-deuteriated species

Fe(C0)3(C5H5D), obtained by treatment of [’&=:(co)3(n$—csas)]+ with [BD3(CN)]'.

The mechanism is depicted in Scheme 52.

A\
_Fe—H—Fe
oC
C
(@)
(224}
H /)Ae
Me\ /f.::—' )
B
(OC)Ru=— Ru(CO),
3 u//
(COj3~H
(326)

| (0C),08T—

_C Ha

HLC \

HC=c
,c/'/ \
(OC);RuZ /Ru(CO)s 7

u
(CO;3~H
(225)

__,:'—; OS(CO)3
/

Os —H
(CO)3

(327)
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Proteonation of Fea(CO) {P(0Me) } 5—05H5 in acetic acid/sulphuric acid
(98%) mixtures gave393 [{Fe (co) {P(OMe) }(ns—CSH )5t H] 324, which was
isolated as the BPhh salt. The pr values for [Fe(CO)a(n CSHS)]Q and its
mono-phosphite analogue were 7.5 * 0.3 and 5.9 + 0.3, respectively.

Treatment of Ru3(CO)l2 or Ruh(co)lQHh with cyclopentadiene, in the absence
of oxygen, afforded3sh Ru(CO)z(nS—CSH )JH which, in the presence of air, readily
oxidised in high yield to [Ru(co0) (ns—CsH }1,. Treatment of the hydride with '
PPh3 in boiling chloroform gave first Ru(CO)(PPh Y3 —CSHq)H and then its chloro-
derivative Ru(CO)(PPh )(ns—C H JC1. Treatment of the phosphine hydride with CO
under high pressure 1n the presence of Et20 BF3 gave [Ru(CO) (PPh )(n5—CSH5)]-
[BFh] When Ruh(CO)IZDh rescted with cyclopentadiene in the presence of PPh
only the hydride Ru(CO)(PPh,)(n>-C.H,

revealed that Ru(CO)3(CSH6) is an intermediate in these reactions and is the

33
)JH was formed; careful spectroscopic studies

source of the hydride ligand. When Ru3(C0)12 was heated with cyclopentadiene in
hexane, Ru(CO) (C H6) and Ru (co) \n —uBHS
reacted with Ph3c+ end PPh3 glvlng, respectively [Ru(co) (n —CSH )] and

Ru(C0) (PPh ), The latter is analogous to Ru, (CO) (nd —012 lS)H and Ru (co)9—
(na-CSHY)H.395 Treatment of Ru3(CO)12 with penta—l 3—diene gave 326. While

JH, 325 were formed., The former

053(C0)12 reacted with cyclopentadiene giving 0s(CO) (C H6) and traces of
0s(Co0) (ns—C H5)H’ there wes no reaction at all with Os (CO)
Os (CO)10 >
pentadienyl hydride in modest yields. The diene tricarbonyl was thermally

12 h However,

or 05(co)h32 reacted with CSHG giving Os(CO)B(CSH6) and the cyclo-

unstable, regenerating Os3(CO)12 and giving dicyclopentadiene; after a 20-day

Scheme 50

= 5_
—re(CO)3H—->Fe(CO)2(n CSHS)H + CO
Q @—Fe(CO)

(co)3 \@_pe(co)h—» Cs_Hs + Fe(CO)L

(i1)
Fe(CO)a(ns—CSHS)H )
CsBg + Fe(C0),(n3-C Hy)E— Fe(cO), [Fe(co) ,(nS-c H )]
+
Fe(C0)) + CO—» Fe(CO)s C;Hg (detected by
l1H n.m.r. spectr-
oscopy)
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Scb@e 50 (continued) )
(334)

Fe(C0)3(¢SH6) + FelCO),—> Fe(CO),(n5—C5H ) + Fe(CO)y
2[Fe(co),(n5-CH )] == [Fe(c0),(n3-C.HL) ],

(iv)
Fe'(CO)3(C536) + [Fe“(CO)z(nS—CSES)]‘ﬁ [Fe'(CO)z(ns—CSHS)]’ +

Fe“(CO)E(ns—CSHS)H + CO

Scheme 51

PPh
F_(co)3(c5H6) —_ @—Fe(co)B——i———) @—Fe(co)39m3

@ + Fe(CO)BPPh3

{
Fe(co)3\0536)

Fe(CO) 4(PPh )H, + 2[Fe(C0)2(n5—CSH5)]' + 2C0

§ 7 +Fe(co)h(PPn3)

Scheme 52

S5 4

(co)3 (co)

Fe(CO) M -——»[Fe(co) (n5-C EhD)] + H,
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reflux, some Os(CO)Q(n5~CSH5)H was found. The reaction with Os3(CO)10H2 also

2_, " .
afforded 053(C0)12,_Osh(C0212H2 and O:géCO)g(n CSHh)Hz’ 327, {low yield) which
is analogous to 053(CQ)9(Q -qaﬁlg)Ha. -

Isocyanide and Carbene Species. Resaction of [Fe(CO)B(nS;CSHB)]+ with NHéMé gave
Fe(CO)Z(nS-CSH )(CONHMe) which, on treatment with COCL,/NEt,, afforded3d?
[Fe(CO)g(CNMe)(ns—CSH YICi. The carbene complex [Fe(co){qme(oue)}(PPh3)—_
(nS—CSHS)][PF6] was obtezined?®® by slkylation of the appropriate acyl complex
with MeQS0,F followed by metathetical anion exchange with PF6.

Olefin, allepe and related Complexes. The barriers to rotation about the olefin-—

metal bond of olefins in [Fe(co)a(olefin)(nS—CSHS)}+, [Fe(co)z(olefin)(n5—C9H7)}+
. 5 + N ) _ . .

and [Ru(CO)a(olefln)(n CSHS)] (olefin = CJH), CjH, 1-C\Hg, i~C\Hg, cis- and

trans—z—chﬁa)werefbumfgg tobe ¢a.8 kcal/mol. There was no observable dissocia—

tion sbout the C=C bond. The thermodynemically preferred orientations of the
olefins in these complexes were determined using chemicel shift differences
resulting from substitution of an indenyl group for =a CSH5 ligand. . The preferred

metal—CZH)4 orientation is parallel to the Csﬁs—rin plane whereas methyl group
n

B oo

iro

substitution on the alkene induces a deviation this preferred ‘orientation',
1

the dihedral angle in the C3H6 complex being estimated to be ca.
complexes, which are new, were obtained by hydride abstracticn from ¥e(CG) .-

5.¢c 8 t by + +i P 5. = CH.CH:Ct r Ct
(n C9"7)Et or by protonation of e(CO)g(n C9H7)R (R CH,CH:CH, or CH,,

Treatment of [Fe(CO)2(CQHh)(n5—CEH5)]+ with a series of nucleophiles Q
(pyridine, Me N, or PPh ) afforded*0 [Fe(CO)z(nS—CSHS)(CHZCHZQ)]+. With NH,,
the binucleer species [{Fe(CC)2(n5—CSH5)C520H2t?H2]+ was formed. Reaction of
the ethylene cation with NaCN in water resulted in alkene displacement, but with
[EthN][CN] in acetonitrile, Fe(CO)2(n5—CSHS)(CH20H2CN) was.produced in modest
yield. Similar treatment of [Fe{P(OPh)3}2(CQHh)(nS—C5H5)]T gave good yields of
Fe{P(OPh)B}a(ns—CSHE)(CH2EH20N). Reaction of [Fe(CO)2(CEHb)(ns—CSHE)]+ with
[Mo(CO)3(n5—C5H5)CH2CH20] afforded (ns—CSHS)(CO)2FeCHZCHQOCH2CHZMb(CQ)3f
(n®-CHg) . .

One double bond in norbornadiene can be protected*?! by its coordination
to [Fe(CO)Q(ns_CSHS)]+’ thereby rendering it unreactive towards reagents which
pormally attack it (Scheme 53}. Hydrogenation of related complexes [Fe(CO) —
(nz—diene)(ns—CSHs)]+ and 2 alkene-alkyne derivative using peliadised charcgil
is shown in Scheme 54, and an example of electrophilic aromatic substution is
normally much shlower than electrophilic addition to C=C bonds) is outlined in

Scheme 55.
Methylvinylketone epoxide reacted“02 with [Fe(CO)e(ns—Csﬂs)]_ giving 328
. . .+ ’
which, on treatment with the i salt of the enolate of cyclohexanone, or the

corresponding silyl ether, or cyclohexanone enamine, afforded 329. By refluxing

this compound in dichloromethane in the presence of basic alumine, the iron-—
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OAC

fe=CpFe(C0O),*

Scheme 54

fe=CpFe(CO);f
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carbonyl fragment was removed and 330 released. Other cyclic ketones, as their
enol derivatives or enamines,behaved similariy.

Exchange of the olefin in [Fe(CO),(CH CMe,)(n5-C_H;)]" was effected?3
using acenapththalene, giving 331. Treatment of this salt with NaOMe, PPh3
and NaI caused displacement of acenapththalene, and formation of [Fe(CO)z—
(nS~CH)1,, [Fe(CO),(PPRZ)(n®—C.E 5i]+ and Fe(CO),(n5~CgH,
However, treatment of_gg;_w1th NaSBu~ or isobutyrasldehyde pyrrolidine enemine B

)I, respectively.

afforded 332 (nucleophile = Q), and the preferred anti attack of Q can be
understood in terms of approach by the nucieophile to the least sterically
hindered face of the coordinated olefin. Cleavage of the Fe—C bond in 332, with
the release of the appropriate hydrocarbon, was achieved using Br2, Cu2+ in

alcohols and HgCl2

General syntheses of monosubstituted n?-olefin and mono-substituted
nl-allyl complexes of Fe(CO) (n5—C5 5

related to other known routes.*%3 These are outlined in Scheme 56, which deals

) have been described*0% and these are

with sulphonyletion, alkylation, acylation, carboxyletion, bromination and

L06

brominolysis. The general reections ere shown first and specific reaction

pathways related to these for each group of reactions.

A series of olefin exchange reactions were accomplished using [Fe(CO) -
(CH :CMe,, )(ns—c Hy )1 initially to give [Fe(cCO) (CH :CHCH E)\n —CgH )] (E = OMe,

OH, Ph or Ph3 ) in 1,2-dichloroethylene. The 1sobuty1ene could also be

exchanged for cycloalkenes, cyclohexa-1,3- and 1,4-dienes, cycloccta-1,5-diene

and norbornediene. Many of these reactions have been described earlier.%07

In attempts to make an olefin complex with CH,:CHCH,CN, the species [Fe(CO)2—

Me Me

F'e(CC))z+
O
Fe(CO)>
(@]
/
O
(328) (330
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Scheme 56 .

Fe-E » A

e]—\=————————’ [Fe]—"\/ \Fe—<>

I

[re] = FE(CGZ(ns.C5H5); E = electroph:n.le

Bt N
3

[Fe']k el i — ’
c E D

Sulphonylation. (pathwey A), intermediate trapped by Me3O+BF£

SO MeO EtN

[Pe]—\== [Fel™- "\/so Mo ———a-c E = SO Me

|

1 c1L
ClL Et_ N
(iii)[Fe + [\ —>[Fe} —_—3 . [Fe]
Cl Ccl c1 _—L=
Acylation .  (RCOCI + AngFs)
E . Bt_N
[Fe}—g—-—a’[Fe]— E —3—> C oniy

= PhCO or MeCO
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Scheme 56 (continued)

Dislkoxycarbenium ions can be generated vie orthoformates or 1,3-3dioxolones
- + . .
in the presence of Ph,C , glving

3
[Fe]in\/E . .
Ph 0 o
E = CH(OMe r M
] B ><Oj N ( )2 o \/\/Xo]
Bty
C only
[Fe [Fe]
H \—
CH(OMe)2 CHO

Carboxylation

[Fe]—\=+ (MeO)3CH + Pn3c+—,——> [Fe]’:”\/c(owne)3

1 H20
[re]
—\acozm_

Bromination, Brominolysis

Et N
Br2

[Fe]—\__-—’ [Fe]t“\/Br —3 D only
——78°
[FGJ/U + £ :: NBr Br ~—> [FelBr + Br/\O
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(nl-—HCCHZCH:CHz)(nS—CSHS)]+ wes obtained. Deprotonation of [Fe(CO)Q(ﬁZ—CH2;—
CHCH2QMe)‘ﬁS-CSH5)}+ occurred by pethwey D (Scheme 56)only, and the product was
unaffected by 3% agueous HCl. From lH and 13¢ n.m.r. spectral studies, it was
deduced that the preferred conformation of the olefin cations is as shown in
figure 25, The stereochemistry of the nl-allyl complexes derived by deprotonation

of the olefin cations could be accounted for in terms of preferred base abstract-

ion of an allylic proton irans to the Fe-olefin bond. However, deprotonstion of
Figure 25

+ - -
[Fe(CO)e(n2:0320§C3205)(ns—Csﬁs)] efforded & cyclised product 333 in & conform—
.ationally determined stereospecific intramolecular reaction. Deuteratiocn of

Fe(CO)Q(ns—CSEB)(CHECH:CHPh) occurred ‘non-sterecspecifically.

Reactions of coordinsted propargyl and alleme complexeé of Fe(CO)z(ns—CSHS)
khave been reviewed.*98 Thus, protonation of Fe(CO)z(ns-CSHS)CHQCECR (R = Me, Ph
or Fe(CO)a(ns—CSHS)) with EBF)/acetic anhydride afforded [Fe(CO)Z(nz—CHZ=C=CL‘R)—
(ns-CSHE)][BFh]' These cations resct with nucleophiles (Q) in the following

weys:
(a)} with BH;, NHE,, or PPh3, eddition occurs at C(1) of the allene,
giving 33k;
{b) with OMe , =ddition occurs at C{2) giving 335 and ultimately 336;
{c) with OEt , addition occurs at a CO group, giving the reaction as
shown in Scheme 5T;
(d) with NEtB, deprotonation can occur czusing regeneration of the parent
propergyl complex; and
(e} with LiMe, non-selective reactions give a mixture of products.
Scheme 5T
& S
- CH, - cHp
_T'et—“ —_—— —[.'-_ +¢-H —_—
s\ A3 Ncuen
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o] 0 (o)
T cHR T T
—Fe—C —Fe—CH,C=CHR —Fe—CH,CCH_R

d ¢ ¢ oM L
-~ e

o L~ e} , o
R,H

(334) : (335) (336)

Of these, the most common is (a) and together with the initial protonation of
the propergyl complex, stimiletes the two-step (3 + 2) cycloaddition reactions
between electrophiles and the FeCH,C=CR group. The structure of [Fe(co)z—
(nz—MeQC:C:CMea)(ns—CsﬁB)]+, 337, has been determined*09 orystallographicaliy.
The C(3)-C(%4)}-C(5) angle (1k6°) is one of the smallest angles observed for sllene
species other than dal? metal complexes, and there is consider=able asymmetry in
the Fe~C distances (Fe-C(3) 212&3, Fe—C(L) 2.06;; c(3)-c(k) 1.373 and C(L)-c(5)
1.3h4).

Reaction of Na[Fe(CO)z(ns—CSHS)} with l-methyl-2,3-bis(t-butyl) cycloprop-
enium ion gave%10 [Fe(CO)z(nS—CEH,:)]2 and (CBBu?,Me)2 quantitatively. However,
-~ o
with 1,2,3-tris(t-butyl)cyclopropenium ion, only e small amount of the cerbonyl

(338)

(337) :

dimer was produced, the main product being 338. It was thought thst this species

was formed by prior electrophilic attack by [C3Bu§]+ on & coordinated CO group,

fig. 26, which then underwent ring expansion to give the oxocyclobutenyl ligend.
s S.. s et 411

Reaction of Na[Fe(c0),(n CSHS)] with (CF3)20.u.C(CF3)2 gave 339.

Species containing M-C g-Bonds. The species [Fe(CO)Z(ns_CSHS)]_ is regardegh4l?
as one of the most nucleophilic of the carbonylate anions, and reacts with
Mo(C0) 3( ns—CSHS) ( CH2C520H,;BI') %13 and Mn(CoO) SSnPh3'* 14 cegusing displacement of the

F___ —
- e Fe
oc” |
< o)
o
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?:ig..u-e 26

¥o and Mo atoms, giving (ns»c By y(co) FeCH CH,CH Fe(CO) {n°- f‘sas) (4) and
Fe(CO) (ns-CSHS)(SnPh ), respectlvelv Hc'.rever, [Fe(CO) (ns—CcFS)] reacted
with fe(CO) {n>- Csfi‘)_)((l’n CE Br) giving only (A) end not 340 es was found in
the cozr:'arab'le reac-.'-o..s""ls involving ¥Mn(CO) CHach2CH23r and [Mn(CO) ]

Reaction of the ferrocenyl compound Fe(ns—Cs.H )(ns—CsahCOCH Cl) with
NaLFe(CO\ (a —cs,_s)] efforded §#17 "e(ns—CSHS){n ~CoH) COCE,, Fe(CO) (n5—c )},
some of whose reactions ere summarised in Scheme 58. Treatment of Fe(CO) -
(nS-C E )I with "ﬁl(CO)3(n5—CsﬂkLi) gave the mixed metal species Mn(CO)B—
{n5—c ‘-'LFe(CO) (ns-C ns)}.

Scheme 58
< COCHC ‘
NaFe(COXC
Fe aFe(cok P - Fe(CO)ZCHQCO
i 1
i
1
2
<EcocH!
li'l‘e + CpFe(COXI
NaFelCOLCp
LiPh or
: LiCgH,Mn(CO),
<-come
L ke + [cpreco), ]
Y

-COMP
AN
CpFeCO).1 + LiC5H4Mn(CO)3 _— Fe + + CpFe(COLPh
2 ] A (OC)2 <

Mn
(CO)5
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Trans-1,2-dibromo, cis- or trans-1,2-diiodo-benzocyclobutene reacted®18
with Na[Fe(CO)Z(ns—CSES)] eccording to Scheme 59; small amounts of oligomeric
species, viz. (CSHG)n[Fe(CO)2(nS_C5H5)]2’ were also produced. There was no
reaction between the dihalobenzocyclobutenes and MgBr[Fe(CO)z(ns—CSHS)]. Frcm
a mixture of dibromonaphthocyclobutenes, only & monosubstituted iron complex
was obtained (Scheme _5_2), suggesting that in these reacliions benzocyclobutene,

341, is formed in the initial steps. A possible mechanzsm for the reactions

Schems= 59

H

! fe fe
(e niEl@n

|

D fe

+

H

4

~~fe

D

H

feMgbr fe=CpFe(CQO),

is outlined in Scheme 60. The involvements of carbanionic species such as 342,

a cyclobutene intermediate 343, Fe(CO)Z(n —CSHSJH, or the stepwise reduction of
the dihelobenzocyclobutene to a monohalo intermediate were discounted. The
failure of MgBr[Fe(CO) (nS—C )]to react with dihalobenzocyclobutenes
may be due to the fact that the rate of formation of the reouls:.te organometailic

redicals may be slower than the rate of dimerisation of benzocyclobutadiene.

Reaction of MeZC:C(NMez)Cl with Ne.[Fe(CO)z(ns—CsHs)] afforded¥l® Fe(CO)z—

(n5-C H Y{c(uMe ):CMeg, 34l, which, on vacuum distillation may have given 345.

Copper(I) acetylides [CuC R] reacted with Ru(PPh_ ) (n5 CSH5)C1 givingh?20
the binuclear species 3L6 (R = Ph) or monomers, Ru(PPh ) (n )(CZR)(CuC_'L)
(R = Ph, *;:—Mec6 ), °F Me); the structures of some of ..hese have been confirmed . 421
Treatment of Ru(Pph ) (n5 CSHS)(C Ph)(CuCl) with MeC(CH PPh2)3 (i) gave CuLCl
end Ru(P-Ph3)2(n -CSHS)(CQPh) Other compounds prepared included Ru(n® —C )—
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Scheme 60 - i ’ _ :
o
£ .
_fe @-1 + fex

fe=CpFe(CO)p e xPi+ 276" = fex + 1

HiD) - . te

—~y feH(D) - fe -

-—fe fe -
H.

(CDR)z{Cu(PPh3)} (R = p-MeCH) or P—CGHI&)’ 347 Vhich; it was suggested, may

contain the group Cu'...Ru . Treatment of Ru(PPh3) 2(n5—CSH5)Cl with Cu('}z('}s.'r:"5
> 5. . * 5 >

gave Ru(PPh3)2(n CSHS)(C2C6F5) and 348. EKReaction of Ru(PPh3)2(n —CSHS) (Can)

with Fe2(00)9 afforded 349.

Treetment of [Fe(co)z(ns—csﬁs)]2 with_CFBCECQFé afforded®22 the bimetgllic
comlex 350 whosa structure was confirmed crystallographicelly (Fe-Fe 2.59A).

In =his species the ferracyclohexé—2,5—dienone ring system has a boat conform—
ation. A similer reaction involving [Rv.(CO)E(ns—CsHS)]Z geve initially trans-—
Ru(CO)Z(nS-CiﬂS){C(CF3):CE(CF3)}, also obteined by reection of Ru(CO)a(ns—Csﬂs)H
with nexafluorobut—-2-yne. Tne trans-geometry of this product may be contrasted

with that of the cis—insertion product obtained“2? from Ru(PPh3)2(n5—C YH and

H
575
CF,C=CCF,. Further reaction of Ru(co)z(ns-csﬁs){c(CF3):QH(CF3)} with the

. S/ ®
I O.] —Fe(CO),CP
e(COXLCP

(341) (342) (343)

Me\ /Me

Fe

| N
)
—— NMe
oC / \C/ 2 Me_ C\

c I @ Fe(C0O),CD

o) Me” ¢

= I

Me/ \Me )

(344) (345)
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/Ru R R
\ 1 -
PhP S _Cl_ C\i\ ” Sca
\C ptd C C/\cltu/ c
\ i
B PPh3 PPh
(346) (347)
Ru
C/ \C )
& S i CPh
RCT l CR Ny
uZl 7 =
: '—Fe (CO)
(Ph,P)Cu Cu(PPhy) / ] 3
5 1 I 3 PhyP \r-“'e)/
(co
RC CR 3
X C/ (349)
\RU/ .
|
(348)

e
/ \\CF:! F;\e
. )
5§ .
FC
(352) (353)
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acetylene afforded 351. Diels;Alder addition occurred when Fe(CO)2(n5-C5H5)—
(nl—csgs) was treated with C_F3C.=.CCF3 giving, 352 but with C,F), 353 was formed,
the structure of which was confirmed crystellogrephically.

Treatment of hexafluorobicyclo[2.2.0lhexa~2,5-diene with ﬁa[Fe(CO)g(ns—CéHS)]
gave*2" 354 which reacted with dienes according to Scheme 61;%25 one compound

could be okbteined independently =as shown.

Scheme 61

£F x X
Fe(CO),Cp W, - N Fe(COLCP
FF™F l..g.] -
(354) =
NaFéG:CDé:p
X LEP(OPh),)

F = CHp
Mg X AIIIHIIE’i!lIIg
(=

F.' B
F X
Me F Fe(CO),Cp A Fe(CO)LCp
Me F F IIE =
F F

Ceometricel and Optical Isomerisation at M-C Bonds. A series of complexes
Fe(CO)Q(ns—CSHS)(CEQR) ari Fe(CO)L(nS—CSES)(CﬂeR) (R = Ph, SiMe; or l-naphthyl;
L = pP(OMe),, PMe Ph, PMeFh, or PPh3) has been synthesised.%26 IR spectral

studies indicated that there is rotational isomerism about the Fe~C bond, while
1 n.m.r. specfral data indicated that interconversion between various rotamers
ir both systems is rapid in the n.m.r. time scale. Variable temperature n.m.r.
spectral studies of the monocarbonyl species suggested that steric considerations
determine the rotamer preferences. The most stable rotamer, figure 27(a), is
thet in which the bulky nS-cyclopentadienyl group is gesuche to both the methyl-—
enic protons. The relative proportion of the other rotamers (fig. 27) for the
ligends L, which were relatively small, was higher than might have been expected.
Reaction of racemic Fe(CO)L(n5—C H )I (L = PPh3 or P(OPh)3) with racemic

MgBr{C"P'r_n(SiMeB)} efforded®27 Fe(CO)L(nS—CsHS){CHPh(SiMeB)}. 1H n.m.r.
spectral data indicated that this was formed as a single diastereoisomer or

ct

hat the two possible diasstereomers had coincident spectra. Treatment of this

elkyl (L é_P(OPh)B) with 302 d4id not afford a stable sulphinate but caused
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FPigure 27
@)
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H H H H H H
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epimerisation giving the starting material (RS-SR) and its diastereomer (RR-SS).

Treatment of the optically pure menthyl compound 355 with Na[Fe(CO)2—
("S_CSHS)] gave28 Fe(CO)z(ns—CSHS){CH20[(—)—menthyl]} which reacted further
with PPh3 under uv light affording (+)-Fe(CO)(PPh )(n5—c5H5){cazo[(—)—menthylj},
X. Reaction of (+)-X with HCl in ether gave (+)—Fe(CO)(PPh3)(n5—CSH5)(CHQCl)
while the other optical isomer, (-)-X reacted similarly. The corresponding
bromo— and iodo—methyl complexes were obtained similarly, and reacted, when
optically pure, with MgXR or LiR giving Fe(CO)(PPhB)(nS—CSHS)(CH2R) with
retention of configuration. Borohydride reduction of Fe(CO)(PPh3)(n5—CSH5)—
(CHQCl) gave Fé(CO)(PPh3)(n5—CSHS)Me, also with retention of configuration.
Insertion of SO, into the Fe—C bond of Fe(CO)(PPhB)(ns—CSHS)(CH2R) with OMe ,
CN or Lic3ﬁ5 (cyclopropyl) afforded Fe(CO)(PPh3)(ns—CSHS)CHZQ (@ = OMe, CN or
C HS) and treatment of X or Fe(CO)(PPh3)(n5—CSH5)(CH20Me) with S0, gave re(CO)-
(PPh3)(nS—CSHS){Cﬂesoéx—)—menthyll}and Fe(co)(PPh3)(n5-CSH5)CH2303Me in contrast

to results obteained*2? with FE(CO)Q(ns—Csﬁs)(CHDOMe).

Cleavage of, end Insertion into, M—C Bonds. Reaction of Fe(CO)g(ns—CEHE)—

CD20H2Ph with bromine or iodine (X2) gave*30 the corresponding B-phenethylhelide

as a 1:1 mixture of PhCH2CD2X and PhCDZCHZX. With an excess of bromine in the

presence of PhCHZCDzBr, the same products were obtained without rearrangement of

the added bromide. These results suggested the presence of the intermediate 356

(L = CO; E=Br or I), and the neutral fragment Fe(CO)L(nS—CSHS)E could function
as a stable leaving group resulting in the formation of the phenonium ion, 357.
This cation could then undergo attack by X at either methylene group. + may
further be observed that the double inversion at carbon resulting from this
mechanism could explain the overall retention of configuration in the cleavage
by halogens%3! of the Fe~C bornd in Fe(CO)e(ns—CSHS)(CHDCHDPh). Cleavage of the
Fe—C bond by H+ or HgX+ appears to occur faster than the process leading to 357

References p. 168
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ard hence HBr and HgBr gave isomerically pure CHD 2Ph and thr(CD 2Ph).

Three pathways for the cleavage of the Fe—C bond in Fe(CO)z(nS—C
HEC1, have been identified:*32

SHS)R oy

(i) Fe(co)z(ns—csﬂs)a + HgCl (an excess) + Fe(CO) (n5—c H )JC1 + HgClR
(i) Fe(co)z(ns—csss)vn + HgCl, + Fe(CO) (n5—c H )HgCl + RCl
(iii)” Fe(CO)z(nS—CSHS)R + HgC12 -+ Fe contalnlng materlal + zHgZClz
+ organic prcducts + CO

The kinetics of these reactions have heen interpreted in terms of the mechanism

shown in Scheme 62.

Scheme 62

EgCl,
[Felr + HgCl, == [Fe]< :C

Hsj}/ A

_._-HeCl, . .
{[re]\R }{Hg013}————[5'e] -HgCl + RC1 + HgCl,

g\

[Fe] = Fe(CO)z(ns.—CSES)

—_ 5532c12 + {[Fe]-R } c1 — decomp.

[Fe]-C1 + HgCIR + HeCl,
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The nature of these reactions is determined by R. Thus, primary alkyl and aryl
groups seem to promote reductive elimination of HgClR from B and entry of c1”
would appeer to account for the final products; bulky secondary and tertiary
alkyl groups may be dissociated from B as carbonium ions, with assistance from
solvent or CL . This mechanism differs markedly from those of an Sg2 (retention
or inversion) type considered%33 for Hg(II) cleavage reactions but is entirely
consistent with studies involving Fe(CO)(PPh3)(ns—l—Me—3—PhCSH3)ﬁe.

In & slow reaction, TCNE inserted“3% into the Fe—C bond of Fe(CO)g(nS—CSHS)R
(R = Me, Et, Br", CH,Ph or CHMePh) giving Fe(CO)g(nS—CSHS){C(CN)2C(CN)2R} and
Fe(CO)g(ns—CSHS){N:C:C(CN)C(CN)QR}, 358. These species do not interconvert in

soluticn, and the order of reactivity towards insertion, viz. R = PhCH2 >

PhMeCH > Me, Et, Br® >> Ph. Treatment of Fe(CO)L(n-CgH5) (CHoPR) (L = PPh'B,
P(OPh)3 or PBug) with TCNE afforded complexes anslogous to 358, but with the
corresponding alkyl species (Me, Et or Br™), the acyls Fe(TCNE)L(ns—CSHS)(COR)
were obtained. On storage, these species, reverted to Fe(CO)L(ns-Csﬁs)R and/or
Fb(CO)L(ns—Csﬁs){N:C:C(CN)C(CN)}R . A possible overall mechanism for the
formation of these products is shown in Scheme 63. For the species
FE(CO)L(nS—Csﬁs)R, the rate of insertion when R was held constant was

L = PBu§ > PPh3 > P(OPh)_, reflecting the increasing basicity of R and L. Using
the optically sctive Fe(CO)z(ns-Csﬁs)(CHMEPh), both 358 and insertion products

were formed but it proved very difficult to measure specific rotations. The

Scheme 63
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data were not inconsistent with a2 redical pathway in formation of the products.

Treatment of 2-alkenyl and 2-alkynyl complexes of Fe(CO)2(n5—C5H5) with
hexafluoroacetone afforded®3® complexes of the type 359 (R = Me or Ph) and 360
(R = H, R* = R" = Me; R = R’ = H, R" = H, Me or Fn). + was noted that, as with
C1S0,KCO, Pe(co)e(nS-csﬂs){cnac(yg):052} reacted with (CF3) 5C0 giving, in
addition to the cyclic species 360, an insertion product, Fe(CO)2(n5—C5HS) -~
{OC(CFB) 2c32c( :CHZ)ClizC(CF3) 20!{}. This may be attributed to a greater lability
of the Fe olefin bond in a dipoler intermediste (Scheme 6k4) which favours
dissociation and therefore apperent insertion. The possibility that enantiomeric
pairs of molecules could be formed &s a result of these reactions was discussed

in the iight of i.r. spectral data obtained from the products.

Scheme 64
Ho
Q Me .
/CH3 (CF3),CO ® CHp O \ /C\o
M—CHZ\ - [MJM_Q é(c;:) S C(CF3)
“eH, e e SR c—CCF),
Ho 2
Y
F, CH, CF
?Fb A}:HZ (CF3),CO ? 3 g2 y3
hﬂ—%)?-—(ﬂ42C§> e e 6443—§I:H2CC342?-—CN
CH
CF3 2 » CF3 CF3



139

The product of the reaction of Fe(CO) (n -C H )Me, originally described®3®
as 161._, has been obtained*37 in improved yleld in the presence of nzﬂvw_no:qﬂ_,
and hss teen reformulated as 362. A possible mode of formetion is outlined in
Scheme 65.

Scheme 65

/,Fe

CF4CN r o
oC™™

362 @ —~——— FRC—G !

T"ho't:olys:v.s of Fe(CO)(CNC‘ )(n5 -C H )(COMe) afforded+3t 363 which reacted
further with Bu NC giving 3614 363 was a._Lso formed by reaction of Fe(CO) —
(ns—CSH JMe with C6H NC under or light. However, treatment of re(CO)(CN'Bu )-
(n° _CDHS)ME vith C.H, NC gave only 365. A possible mechanism for these reactions

is given in Scheme 66.

As mentioned earlier (ref. 427) the diastereoisomer [RSSR]Fe(CO){P(OPh).}—
{n3-c HS){CHPh(SlMe )} was epimerised”3® when treated with §0,, giving, not the
expected sulphinates which could not be isolated, but a mixture (40:60) of the
starting material and the other diestereoisomer (RR-SS). It seems possible that

[ i 1

; oc-"5E oc 7
oc /' \ ~=NCgH,, BuFNc/ \CéNCan ButN c#NCeHn
H“cg N¢ e d N7
Me” “SNCgH,, 1
Me Me
(363) (364) (365)
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"Scheme 66
. —CHR
CpFe(CO) (CRR)(COMe)———_—»CpFe(CO)QMe

Y R
—CGl y
CHR

cpFe{co)(CAR)Me ————-—-—-)-Cpre(CO)(CNR){C(Ik) KR}

CHR
cf: !IR)

N

(co)(cm){c( NR)C(:¥R}Me}—>% CpFe(CO) /C(Me)

the mechanism may involve the initisl formation of the (RR-SS) sulphinate, viz.
Fe(CO){P(OPh)3}(n5—C H_}{So CHPh(SlMe )}, and this may epimerise giving a mixture
of the (RR-SS)} form e.nd the (RS—SR) fom. In turn, the latter could lose SO2
giving the (RR-SS) alkyl. The pathway to the thermodynemically less stable
(RR-SS) alkyl must involve the seguence

'(Rssn)—[Fe]R + 50,55 <= (RRSS)- [Fe]SO R4 (RSSR)- [Fe]SO R%5 (RRSS)-[FelR
and is favoured over the pathway
(rssr)-[Fe]lRS (RRSS)—[Fe]SOzR .

‘The ra.te- of formation of (RSSR)-[FelR becomes competitive when sufficient heat

is supplied to overcome the activation barrier for the sbove reaction, while
retention of $O2 in the reaction solution allows the system to equilibrate to

‘the thermodyrnamically favoured product. Conversely, cooling the reaction mixture
makes the conversion to the (RRSS)-alkyl more viable while repid removal of 502
from & solution containing mainly this diastereomer would prevent its equilibr-
ation to the (RSSR)-form. It seems possible that the intermediate sulphinates
may dissociate in polar solvents, giving [Fe(CO)L(solvent)(ns—(‘ H )] and

I:SO CEPn(S:LMe 1 » end the latter would be susceptible to electrophlllc attack
by SOZ’ resultlng in Welden inversion (Scheme £7). :

Scheme 67
© o0 0 B e
i/ N 1L/ I
.l?i— (—Ph + 502.: ) /S-—-c‘———s\ —— Ph"-f_’sl: + SO2
0 SiMe kY 0 MeS1 0
Me Si Fh
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It has been found that Na[Fe(CO)Q(ns-CSHS)] reacted with a large excess of 502
in THF at low temperatures giving*“? (ns-CSHS)(CO)eFeS(:O)QS(:O)QFE(CO)e—
(ns_CSHS)' It seems likely that this species was obtained via (ns—CEHS)(CO)e—
FeS(:O)eFe(CO)z(nS—CEES), and selective removal of one 802 group was achieved
from the 'double imsertion' product under uv light, although decomposition and
the formetion of [Fe(CO)2(n5—C5H5)]2 also cccurred. Treatment of [Fé(CO)a—
(n>-C_H;)(50,) 1, with MeT afforded Fé(CO)g(ns-CSHS)(Sone) and Fe(co)g(n5—c535)1,
as was found also with [Fe(CO)z(ns—CSHS)ZJ(SOZ).

Carbonylation and Decarbonylation Reactions. UV irradiestion of Fe(CO)e(ns—CSHS)—

Me in the presence of AsPhj or SbPhgy in acetonitrile gave'*l Fe(CO)L(nS—CSHS)—

(COMe). Photochemical or mass spectrometric decarbonylation of Fe(CO)2(n5—C5H5)—

{COMe) occurs'“2 with the loss of a terminal CO group, (Scheme 68).

Scheme 68
P _Fe
OC‘C;/ \13l40 ny . OCE;/ \1%{/0
© Me O Me
—-*co

|
_.-fFe €3
o(i;/ “Me s e
I
C§: M

The intermediste, Fe(CO)(nS—Csﬁs)(COMe) can react with PPhB faster then the

methyl group cen migrate (Scheme 69).

Treatment of Fe(CO)g(ns—CSHS)(COR) (R = cyclopropyl) with Rh(PPh3)3C1
affordeq™"3 Fe(CO)(PPhB)(nS-Cs_Hs)(COR) and Rh(CO')(PPh3)QCl.

Compounds Contsining Group IV Elements other than Carbon

Treatment of (—)—Simeph(l-naphthyl)bl with [Fe(CO)Q(ns—Csﬂs)]— resultedtt®
in inversion at silicon end the formation of (+)-366. Chlorination of this
efforded (+)~SiMePh{l-nephthyl)Cl which, on reduction with LiAth underwent
inversion group (-)-SiHMePh(l-naphthyl). However, UV irradiation of (+)-366
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ir the presence of PPh3 gave the diasterecmers (+)- and (-)-367. Chlorination
of 367 proceeded with cleavage of the Fe-C bond but with retention of configura—-
tion at silicon (reduction with LiAth to the corresponding silane again occurred
with inversion), whereas chlorination in the presence of PPh3 resulted in
inversion at the Si atom (giving, from (+)- and (-}-367, (-)-SiMePh(l-nephthyl)Cl
ani its (+)-diastereomer, respectively). It was noted that the Fe-Si bond 366
was not cleeaved by C12/PPh3. VReaction of N&[FC(COJQ(HS_Csﬁs)] with Siy£2R -
(ca,c1) (B = E, Me or Ph) effordedqht5 ?e(CO)Z(ns—Cslis)(CHQSiMe2R) . It was founmd
that the chemical .cheracter of the Fe—C g bond was relatively unaffected by
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the silyl substituent. Thus treatment with tertiary phosphines (L = PPh3, PMeth;

PEtPhZ; R = Me) geve Fe(CO)L(ns—CSHS)(COCHZSJ'.}-EZR) which, in the presence of
traces of HCl (when L = PPh3; R = Me), produced FE(CO)(PPhB)(ns—CSHS)(COMe) and
SiMe3Cl. Photolysis of Fe(CO)Q(ns-CSHS)(CHQSiMeeR) in the presence of

tertiary phosphines gave Fe(CO)L(nS—CSHS)(CHZSiMeeﬁ) (R = Me or Ph) while with
802 Fe(CO)Z(ns—CSHS)(SO2CH285.FE2R) was produced. Thermal decomposition or
treatment with L, of Fb(CO)z(ns—C5Hs)(CHQSiMEQH), afforded Fe(CO)2(n5—CSHS)(SiMe3)

and Fe(CO)L(ns—CSHS)(SiMee) , respectively.

Reaction of Ne[Fe(CO)z(ns—CSHS)] with SiMen(CH2Cl)C13—n’ Si_Mez(CHZCl)Br or
s 446 5. s =
SlMez(CHZBr)Br afforded Fe(CO)z(n CSHS) Slhbn(CHZCl)Clz_n (n 0, 1 or 2) and

Fé(CO)z(nS—CSHS){SiMéz(CHzBr)}. With SiMea(CﬂzBr), Fe(CO)z(ns—CSHS)(CstiMé3)

was produced. On heating, Fe(CO)z(n5—05H5){SiMen(CHZCl)Clz_n} (n=1o0r 2)
rearranged to Fe(co)2(n5—c5H5){CHesiMenc12_n}, while rb(co)z(nS—csﬂs){si(c32c1)—
C1,} was catalytically rearranged by AlCT_3 to Fe(CO)z(nS-CSHS)(CHZSiCls).
Treetment of SiMez(CHQBr)Cl with Na[Fe(CO)z(ns—CSHS)] geve either BrCHQSi(Me)Q—
CH,SiMe,Cl or Fe(CO)Z(ns_CSHS)(SiMeB)’ depending upon conditions, and a

possible mechanism is shown in Scheme 70.

Scheme TO

- N s X -
[Fe(CQ)2(n5—C5H5)] + Brcn231Me2c1-———>fb(co)e(n —C5H5)2Br + [cneslmeec1]

BrCstlMezcl [Fe( Co)a(ns—CSHS) ]‘

{
BrCstl (Me)2CHZSlM82Cl MeSlMe2Cl

[Fe(CO)z(ns—CSHS)]—

y
Fe(CO)2(n5—CSH5)(SiMe3)

Resction of SiRe(CH:f,‘Hz)Cl with [Fe(CO)z(ns-CSHS)]— afforded®+? Fe(CO)a—
(ns-C5H5){SiR2(CH:CHZ)} (R = Me or Cl). These compounds, on treatment with HX
rescted sccording to three pathways: (a) formation of Fe(CO)a(nS—C5H5)H and
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SiR,(CH:CEL)%; (b) formation of Fe(co)e(nsfc5ns)x'ana SiR,(CH:CH,)H; or

(c) formation of Fe(CO),(n°—C H ){SiR,CH,CH,X}. Treatment of Fe(Co),(n>—C.H )~
{81C1,(CH:CH,)} with AgBF, afforded first Fe(CO),(n>-C.H ){SiF,(CH:CH,)} and
then Fe(CO)z(nSFCSH5)(SiF2). The reactions of Fe(CO)z(ns—CSHs) {SiMéz(CH:CHg)}

with phosphorus ylides are summarised in Scheme T1.

Scheme T1
Me

H20=CH-—%i-—-Fe(CO)a(ns—Csﬂs)-————> [Me3PCH Simea(cg:caz)][Fe(co)z(ns—csas)]

2
T Me .
® MeBP.CI:{2
" Me P—g
3 2

[Mehp]fre(co)g(ns—csxs)] + Me_P=CHSiMe,(CH:CH,)
Fe(co)2(n5-0535){siMéz(cazcuz)}

: . - 5 . = 5_
M53P=c{slmea(c3.c32)}2 + [Me3PCH SlMéZ(CH-CHZ)][re(CO)Z(n CSHS)]

2

Reaction of Na[Fe(co)a(ns—csﬂs)] wvith SiMea(CH:CHa)(CHZCl), SiMeZ(OMe)—
(05201), ClC3231(Me)2081Me20H201, 01czesi(Me)2N351Me203201, 0(31Me20)351Me03201
and SiMe,(NEt,){CH,C1) resulted™48 in cleavage of a C-Cl bond and formation of
the appropriate mornometallic or bimeteiiic alkyl derivative. Reaction witn
SifiMe,(CH,I) gave Fe(CO)z(ns—Csﬁs){CstiMeZH}which decomposed thermally to
Fe(CO)a(ns—Csﬁs)(SiMes), but reacted with MeOE, P CC1 and [Ph3C][BFh] giving

- T S - R 5 -
respectivel; ,sFe(CO)Q(n —CSES) {Cﬁgsme2(0!{e) } ,sFe(_CO)Q(n _CSHE) (CﬁgsmeQCI)
\ B M 3 3 3
and Fe(CO,E(n —Csns)(SJ.deaF). Reac\tlon of [(n —Cs.HS)(CO)ZFeS:.MeZ]20 with BCl3
efforded an unstable 1:1 adduct ( o~ 3013). Treatment of (n5—c5H5)(co)2—
s 5 : - , 5. * -
FeSi(Me),CE,Fe(C0),(n°~C,H,) with HC1 gave [Fe(C0),(n CsHs)], end SiMeCi
while Fe(CO)E(ns—CSHS)(CHQSiMezﬁ) reacted with PPh, giving the acyl Fe(CO)(PPha)—
( ns-CSHS)( COCHZSiMeeR) . The following reactions of bimetallic species were also
observed:

5_ 3 5
(n>-c HS)(C0)2FECH?,S:L(Me)2Fe(CO)2(" —CSHS) + PPh —_—

5 3

(ns—csﬁs)(CO)(PPhB)FeCCCHesi(Me)eFe(CO)2(n5—Csﬂs)

S i S. ) i -
{n —Csﬂs)(CO)ZFeCstLMeajzﬂﬁ + PPh3———€>(n csas)(co)(Pph3)Fecocazslue2NH

SiMe CH, Fe(co)a(n5—c535)

252
+
5 -
[(a —CSHS)(C0)2FeCOCH281Me2]2NH

(also with —0— bridged species)
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Treatment of Fe(CO)(PPh,)(n>~CH;){COCH,SiMe,(0Me)} with water afforded Fe(CO}-
(PPh3)(n5—CSHS)(COMe) and SiMe,(OMe)OH.

Displacement of NaF cccurred when SiMe3(C6F5) was treated*“9 with
Nat?‘é(’COiz(’ng—Csﬁs 373 similer products were
obtained containing R = Sith(Cst) and Si.Mez(CHZ) 3SiMe'z. Treatment of

3 3 5 ) S5_¢ - 5_ -
Slth(Cst)zsor (06F531M82)20 with [Fe(C0,2(n LSHS)] afforded (n csns)(co)2
FeQFe(CO)2(n —Csﬂs), Q = SiPh, or (M6251)20.

-

j1, the product being 368 (R = Siffe

With HX (X = I or Br), Fe(CO)z(ns-CSHS)(SiR3) (R = OMe or Nﬂc6ﬁll) gavet50
Fe(CO)z(ns—-CSHS)(SiX3); Fe(CO)z(ns—CSHS){Si(OMe)Br2} wes alsc isolated.
Exchange of Cl was achieved in metathetical reactions between Fe(CO)e(nS—CSHS)—-
and NaX (X = N_, OCN or SCN), while with LiAlH, , the trichlorosilyl complex

afforded Fe(coia(ns-csns) (SiH,).

In a reaction between Na[Fe(CO)Q(nS—CSHS)], MX, (M=Ge, Snor Pb; X =
helide) and RX (R = long chain alkyl group, cT—cl6), the species Fe(CO)Z(ns—CSHS)—
(MRXZ) were formed.®5l Mass spectrometric studies of Fe(CO)g(nS—CSHS)(C—eC1ER)

(R = c1, Me, Et, Pr" or CH?Ph) revealed*52 that, in the probe, rearrangement

could occur, the CSHS ring migrating to Ge or the Cl atoms migrating to Fe.

Reaction of Ru(CO)h(MMe3)2 (M = S1 or Ge) with azulene gave“S3 369
(R = MMeB) which, when M = Ge, on treatment with iodine afforded 369 (R = I).
With guaiazulene, Ru(CO)h (Ge:-!e3)2 produced 370 and/or 371, but 4,6,8-tri-
methylazulene did not give analogous products, presumsbly because a methyl
group blocks C{6) thereby preventing migration of the -Ge:-!e} group. From this
last reaction [Ru(CO)3 (C‘ze}-ie?))(u-(}e?\‘ieg):'y2 and traces of Ru(CO)g(C1 H6Me3)—

Ru(CO)ZGeMe3

(370)

Me3Si(OC)2Ru

pri Me
ool JE) &)
Yo | [
e Ru——Ru
Ru(CO).GeMe, (CO); (CO), @

l
(371 (372) - Ru(CO),SiMey
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(t:-eMe3) were obtained. Reaction of LRu(CO)hS:_Me ] with azulene gave 369
(k= SiMe ) together with 372, end [Ru(co) (c OHB)(Slmh )]2, 373. Coupling of
two a.Lle‘e groups in the presence of iron carbonwls has already been observed?qk
~and the structure of 373 is believed to be essentially simiiar to that of
[rn(co) (C1OH8)] 455 meom the reection between Ru (CO) and guaiazulene,
three products were obtalned. Ru, (CO)S 10 5(1 L Me )(T—Pr )}, Ru3(CO)T~
10 5(1 L Me, )(7-Pr1)} (thought to be similer to Ru3(C0) (c H8) end
Ruh(CO) {c 3 (1 L) ~Me,, )(7T-Pr™)} (believed to be similer to Ruh(CO) {c. H

o'~10"s”
(L,6 B—MeB)}“57) The reaction sequence is outlined in Scheme T2, and masy occur

Scheme T2

Ru(CO)(MMej), + Q S g

Me:.;M @ ——y -
MesM

Ru(COL,MMe3 Ru(CO),MMej3

because of the driving force of szulene to form 2 cyclopentedienyl ring. The
exclusive migration of the MMe3 group to C(6) is perhaps due to steric factors,
while the suprafecial 1,3-hydrogen shift can be ettributed to increesed
stability of the conjugated as opposed to the non-conjugated diene system.

The rate of the {electrophilic) iodinetion of Fe(CO)a(nS-CSHS)SnM'e3 in
carbon tetrachloride was faster than%58 that the comparable Mn, Mo and W
compounds, and & mechanism is outlined in Scheme 73. Treatment of [Fe(CO) -

5. - : 459 5_ )
(n CSHS)]§SnClz with Li and PPh3 ga;e [Fe(CO)a(n c5 5 ]2SnC1 while with
h/ AY — —_ . 1
[re(co,z(n CSHS)]QSnPha, [Fé(CO)a(n CSHS)]zsnPnCL was formed. Reaction of

Pe(co)a,(rﬁ—'csas)s:m3 with AgBF) provided46? Fe(CO)z(n ~CgH )SnF3

Comrlexes Containing Group V Ligands. Voltammetric studies have shown®®! that

FeL (n5—csd5;x (L = C»R, ERy or P(OR) ; X = helide, H, Me or SnX3) and
Fe(diphos)(n -csas)x (&iphos = Ph_PCH,CH PFh,; X = halide, Me, SnM£3 or Sn013)
are reedily oxidised (except when X = SnClB) in a one-electrcn process. The

2 7TeTra



Scheme 73
[Fe]—SnMe3 + 5 12.....[Fe]—SnMe3
fa.st/
= S_
[Felr + Me3SnI [Fel Fe(CO)2(n 0535)

Ei—value for the process is strongly influenced by L or diphos and X, oxidation
becoming more facile as the capacity of the ligend 4o remove charge from the system
decreases. Treatment of Fe(diphos)(ns—CSHS)X (X =cC1, Br, I, Me, SnMe3) with
AgPFy gave [Fe(diphos)(ns—CSHS)X][PF6]. Similarly, treetment of Fe{P(OPh)B}z—
(n>-C H5)I with NOPFB, a good and relatively mild one—electron oxidising agent,
gave [Fe{P(OPh)3}2(n5—CSH5) I][PF6], but the identical reaction with Fe(CO) -
P(OPh)S}(ns—CsHS)I afforded [Fe(NO){P(OPh)3}(n5-CSH5)I][PF6]. However,

reaction of Fe(CO)(CNPh)(ns—C_H )I with NOPF, gave [FE(CO)(CNPh)z(ns—Csﬁs)]-

[pF ] while Fé(CNPh)z(ns—CSHS)I afforded [Fe(CNPh)3(n5—C5H5)][PF6].

The structures of Fe(CO)z(nS—CSHS){P(CF3)2} and Fe(CO)Z(nS—CSHS){P(:O)—
(CF3)2} have beeg determined crystallographicall%r.462 In the former, the Fe-P
distence is 2.2TA while in the latter it is 2.19A, the covalent radius of the
phosphorus etom being essentielly the same in both ceses. These Fe-P bond
lengths were interpreted in terms of increased Fe>P dﬂ—dﬂ bonding in the
P(:O)(CF3)2 compound.

The species obtained“®3 by photolysis of Fe(CO)2(n5—C5H5)R or Fe(CO)-
{P(0OPhR) }(ns—CSHS)R (R = Me or Ph) in the presence of P(OPh)3 and described as
[Fé{P(OPh)3}2(n5—CSH5)]2, has been reformulated“®* as 37L (L = P(OPh3) on the
basis of mess and 3lP n.m.r. spectral measurements. UV irradiation of Fe(CO)-
{P(OPh)a}(n5—CSH5)Ph wes found to give 372 (L = CO). The 3P n.m.r. spectrum of
Fe(CO)(PhQPCHQCHQP(Ph)CHQCHQPPhQ)(ns—Csﬂs)(COMe) indicated“6> that it consisted
of two isomers 375 and 376. Treatment of Fe(CO)z(ns—Csﬁs)I with PhP(CHzcﬂzPMez)2
gave'66 [Fe{PhP(c32c32PMe2)2}(nS—CSHS)]I, while [Fe(co)2(n5—c535
Me PCH,CH,PPh, giving Fe2(CO)2(Me2PCHZCH2PPh2)(ns—CsHs)2 which contained
bridging but no terminel CO groups. Reaction of Fe(CO)z(ns—CSH5)01 with diphos—
(Ph,PCH,CH,PPh,) affordeds? [Fe(CO)(diphos)(ns-csﬂs)]cl and conversion of this
to the PF6 salt followed by UV irradistion under N2 led to the formation of
[Gb(diphos)(ns—Csﬁs)}(Na)][PFs], 377. In acetone, this dissocisted to give
[Fe(diphos)(acetone) (nS5-C_H )][PFE]vhich reacted with hydrazine or ammonia (L)

to give [Fb(diphos)L(ns—CSHS)]PFB (isolated as THF solvates).

)]2 rescted with

Treatment of Fe(CO)e(ns;CSHS)I with L (PPhB, PMePh,,, PMe,Ph or PMe3) and

then with AgBF) end NeCK afforded"t8 Fe(CO)L(ns—CSHS)(CN)- From n.m.r. spectral

studies assisted by the shift reagent Eu(fod)3, it was established that some of

these complexes existed in preferred conformations. Thus, when L = PMePh_., the

2’
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phenyl groups appear to eadopt a conformetion (figure 284) in which they are
orien?ated adjacent to the CSHS ring, end when L = PMéZPh, similar conformgfions
are preferred (figure 28A or C). The maxirum barriers to rotation about the Fe-P
and P—C tonds were estimated to be 8.0 and T.6 kcal/mol, respectively. A
method of assigning resonances of diastereotopic nuclei to particular nuclei

was presented.

Figure 28

Ph " _Ph . Me Ph Ph Me
NC co’ NC co NC: qu :co
Me Me Me
A B C

An-excess of KCN reacted with [Fe(CO) (PPh )(ns-csa )JT givingh®9
Fe(CO){(PPh_)(n5—C_E_)(CKR) which, on treatment with [Et o][P ], afforded
Eé(CO)(CNEt)\PPh }{nS5-c H))][PFE] This species was shovn clearly to contein
an isonitrile ligand by comparison with [Fe(CO)(NCMe)(PPh3)(n5—CSH5)][BFh],
and was found not to undergo reactions with nucleophiles to give additional
products. Wrile Fe{CO)(PPh )(nS—Csﬂs)I reected with an excess of KCN giving
K[Fe(PPhB)(nS—C H_)(CK) ] the products obtesined from Fe(CO) (n5—c,)_5)1' were
solvent‘dependent. v1tn KCN in ethanol, Fe(CO) (n _CSHS)(CN) was produced

.
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whereas when water was present, K[Fe(CO)(ns—CSHS)(CN)e] was formed. Reaction of
Fe(CO)(PPh3)(n5-CSHS)I with LiCE.CN or of [Fe(CO)(Ceﬂh)(PPh3)(ns—Csﬁs)]+ with
KCN gave Fe(co)(PPh3)(n5—05H5){(c32)ncn} (n=1o0r 2). The !H and 13C n.m.r.
spectra of these complexes, some of which have chiral metal centres, were
measured in the presence of optically active shift reagents, and resolution of
5Hg ring in Fe(CO)(PPh3)(n5—CSH5)(CN') and
Fe(CO)(PPhB)(ns-Csﬁs)(CHZCN) was observed.

the enantioptic protons of the C

While Ru(CO)z(nicSHS)Cl showed no tendency to dissociate in alcohols,
Ru(PPh_) ,(n-C,
very readily forms [Ru(PPh3)2(n5—CEH5)L]Z, where z = +1 or Q when L is a neutral
or anionie ligand, I being CO, N,_, BPhZ, BPh3(CN)_ or BH3(CN)‘. From methanol
in the presence of BPh;, the species [Ru(PPhB)Z(MeOH)(ns—csﬂs)][BPhh] could be
isolated, but under CO in ethanol, [Ru(CO)(PPh3)2(n5—CSHS)][BPhh] wvas formed.
Only under high pressure could the related [Ru(CO)3(n5-CsH5)]+ be obtained, and
when Ru(PPh3)2(n5—CSH5)Cl was. treeted with CO under pressure in benzene the
known'*71 Ru(CO)(PPhs)(nS—CSHS)Cl wes formed. The complexes RuL2(n5—CSH5)(NCBX3)
(L = CO or PPh3, X = H or Ph) rearrsnged readily forming RuLa(ns—Csﬁs)(CN) or
RuLz(ns—CSHS)(CNBX3). ¥hen Ru(co)zins—csﬂs)01 was refluxed with NaBPh, in
methanol , [Ru(CO)a(MeOH)(ns—-CsHs)][BP'nh] was formed, which decomposed to
Ru(CO)z(ns—CSHS)Ph. However on refluxing [Ru(CO)z(acetone)(ns—CSHS)][BPhh]
in acetone, only [Ru(CO)z(ns—CSHS)]2 was prcduced. A similar reaction involving
Ru(PPh3)2(n5—CSH5)C1, NaBPh; and alcohols gave the nb-arene complex, 378
(analogues conteining n5—CsHhMe were also prepared). No reaction was observed

5_
when Ru(PPhB)e(n C

Hs)Cl revealed*?? considerable ionic behaviour. Thus, the latter

HS)Cl was heated in alcohol in the presence of benzene,

5
+
= ;
Ru \Fe/ S~ e/
<ZD>-eens AR I
(378) © ©° © o
(379)

Fe > co
Cf/ ~c~ \}: // /
© © © CP/Fg\\\ _//// ~cp
s
(380) R
(381)
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mesinylene, hexamethyl— or hexafluoro-benzene. Treatment of RulCO) (nS-C H )c1
with BPh (CN) in refluxing ethanol afforded Ru(CO) (n —C_E Jexu, whereas the
correspondlng cations [Ru(co) (solvent)(ns—csﬂ )1* (solvent MeOH or acetone)
gave Ru(CO)a(n —CSHS)(NCBPhal- With BPhB( [Ru(PPh ) (acetone)(ns—CSE M
gave Ru(PPh), (n5—c H.)(CNBPh,) (via the intermedlate Ru(PPh ) (n5—c535)(NCBPh ),
also obtalnable from.Ru(PPh ) (n —C5Hg )JCH and BPh.. Treatment of [Fe(co) -
(acetone)(n“—csﬂs)]+ with BPhB(CN) prov1d=d Fe(CO) (n> —Csﬁ )(HCBPh ) Vhlch aiq
not isomerise to the isonmitrile. Reaction of [Ru(PPh ) (acetone)(n -C HS)]
viuh,BHB(CH)_ gave an inseparable mixture of Ru(PPh3)2(n —C5H5)CN and Ru(PPhB)a—
("S'CSHB)(CHBEB)’ vhile [Ru(CO)a(acetone)(ns—csﬁs)]+ afforded a brown solid
containingV[Ru(CO)a(ns—CSHS)]z.

The complexes M(CO)3(n5-CSHS)SbMe2 (M = Mo or W) reacted with Fea(CO)Q
givirg*72 ¥(C0)(n5~C H,)Sb(Me) Fe(CO),,.

Compcunds Containing Sulphur. Reaction of Fe(CO) (n5 05H5)(SR) (R = Et or Bu')
with [Fe(co).. (acetonel(ns-CSH 1]t afforded®7?3 [{FE(CO) (ns-C H )} (SR)] » 379
Photolysis of this afforded [Fe,(C0) (n°-C.H (SR)] . Drooably 380 which,
when R = Et, could be reduced usins sodium am“lsam to the unstable green
Fe,(CO) (n5—CSH,) (SEt) (u ca. 1.5 B.M.) and red [Fe (co) (n5—0535)(SEt)]

Cn heatlng or photolysing 379 (R = Et, Fé(CO)Z\n _CSH )H was formed.

In THP, it was observedt7% that the unstable isomer of [Fe(CO)(nS—CSHS)-
{S(p—MeCSHh)}]2 reacted with CO at room temperature to give a 1:1 mixture of
the stable and unstable isomer, together with a smell emount of Fe(CO)e(nS—CSHs)-
{S(p—MeCsﬂh)}. The stable isomer behaved similarly, giving a 3:1 mixture of
stable and unsteble forms as well as the dicarbonyl monomer. When this latter
mixture was refluxed in THF, under CO, 60% of the dicarbonyl was obteined.
The mechanism of these reactions can be depicted in Scheme Ti. Reaction of

[Fe(CO) (necsa )1, with R,S, (R = Me, Et, Pr*, Bu", Bu’, CH,Ph or Ph) gave"75

Fe (co) (n —C5Hs ) s(SR) 381 and [Fe(CO)(nS—Csﬁs)(SR)] The latter species
cou_d be 1solated 2s two isomers when R = Me, Et, Prt or Bu., probably 382 and

Scheme Tk
R
S
Co(€0)Fe = ~Fe(THF)(CO)Cp

-

Cp(CO)Fe’//

1 (Demam

co
Fe(C0) ,Cp(SR) - 2Fe(CO)(THF)Cp(SR)
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383, but as only one isomer when R = But or CHZPh; three isomers were obs>erved
when R = Phyone certainly 384 and the others 385z, b or c¢c. The trinuclear species
381 was observed voltarmmetrically to undergo two one-electron oxidation steps,
and its treatment with iodine afforded [Fe3(C0)2(n5—C5H5)3S(SR)]I. This wes

unstable, however, and readily decomposed into [Fe(CO)(ns—CSHS)(SR)];.

Reaction of Fe(CO)z(nS—CSHS)(SR) (R = CF3 or CgF.) with hexafluorobut-2-yre
afforded"’6 386 which could be photolytically decarbonylated %o 387. Photolysis
of 387 (R = CGFS) with more CF3CECCF3 gave 388. Treatment of [Fe(CO)B(SR)]2
{R= CFy or Cst) with CF3C=CCF; at moderate temperatures afforded 389 (L = C0),
and the structure of the species where R = CF3 has been confirmed by X-ray
crystallography.*77 wWith FPh_, 389 (L = cO) underwent displacement of one CO
group, giving 389 (L = PPhB) . At higher temperatures, [Fe(CO)3(SR):|2 reacted

with the butyne giving the cyclopentadieneone complex 390.

h
; :
\¥é//§\\pé \%//R\\HJ
< >SsN / Ss N\
o b (o} & o)
(382) 383
Ph o
s f
\Fe/ \Fe
/ \\\s_// \
o !
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(384)
)
S S
N I / \
Fe  pnh _Fe Fe Fe
< s\ / s
© Ph © & Ph O
(385a) (385 b) .
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I
/S\
Fe Ph Fe
/ \é/\
e
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~ Upon irradiation at 366 nm in THF at 30°C, Fe(CO)Z(ns—CSHS)(SCH) and
Fe(CO)Z(AnS-Csl-IS)(RCS) are interconverted.*78® Using Eha(fod)3 as a shift reagent,
these isomers can be readily differentiated®?® by observing the substantial
shifts of the cyclopentadienyl protons in Fe(CO) (ns-CEHS)(SCN) .

Halide Compounds. Valence band photoelectron spectra have been obtained“80 ror
Fel CO) (ns-CSHS‘X {X = €1, Br, I or Me) ard [Fe(c0)(nS —csﬂs)]h. The data have

been compared with those obtained from Fe(nS 0535)2 and Fe(CO)h and interpreted

in terms of molecular orbital theory.

Comnpounds Containing Group II metals. Reaction of [BuEN][AuBrZ"I with [Fe(CO)g—
(nS—CS_HS)]_ gave't8l [{Fe(co)e(ns-csﬂs)}éu]_, conteining a linear Fe—Au-Fe bond
system. Comparison of i.r. spectral data obtained from this compound with that
obtained from [Pe(co)'Q(n5—csﬁs)]zHg established that the Fe—Au bond was weaker

than the Fe-Hg interaction.

Treatment of [Fe(CO)a(ns—Csﬂs)]z with magnesium amelgem in THF, or of
Fe(co) (n5-c B )I with Mg powder in the same solvent, afforded®82 [Fe(CO)z—
(ns Csﬁs)] .g('I‘HF) Reaction of the dicarbonyl dimer with magnesium amalgam
in- benzene/py’rldlne mixtures gave the compareble [Fe(CO)z(ns—CSHS)]zMg(pyr)z-
These compounds were air-sensitive, readily forming Mg0 and reverting to the
dicarbonyl dimer. Conductivity data indicated that they were mot ionised in
THF, molecular weiéht studies established that they were not associated in
benzene, and i.r. spectral data revealed the absence, in THF or benzene, of
the ion [Fe(CO) (ns-CSH )1~. 1Ir THF, there msy de an ‘equilibrium [Fe(CO) —
(n5-053 )]aMg(']Iﬁr) + zm——'[r«’e(co) {(n5 —c )]zltlg(THF)h. On treatment 'Hlth
Hg(cx)z, the Mg('JIEF) .adduct, very ra.p:.dly in THF or more slovly in benzene,
afforded [Fe(CO)2(n5—C )]2Hg implying that the enhanced nucleophilicity of ‘the
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iron compound in polar solvents is due to a changeover from an Fe-Mg bonded

system to a solvated ion-pair containing the group Mg—O=C-Fe.

ARENE METAL COMPLEXES

n2-Cyclopentadienyi Iron Compounds. Treatment of [Fe(ns—CGHG)(ns—Csﬂs)][BFh]

with LiEt at various temperetures geve“83 aifferent products: at 25° in ether
Fe(n5~06H6)(n5—05H5) was formed, at O° in the same solvent Fe(n5—05H5)(n5—exo—
EbC6H6) was produced, while at 20° in THF, ferrocene was obtained. Reaction
of the n®-benzene cation with l\la.Csli5 in THF/ether mixtures at 0° afforded
Fe(ns—CSES)(ns—exo—C5H506H6), while PhCHzMgCl under the same conditions
provided Fe(ns—-CSHs)(ns—exo—PhCH20636) . Treatment of 391 (R = H) with MeCOCL
or PhCOCl end AlCl3 in nitromethene gave*8* 391 (R = Me or Fh).

Protonation of the bis—indenyl complex Fe(nS-C9H7)2 with HC1 or CF3002H
afforded"85 392. By judicious deuterium lasbelling it was confirmed that 392 is

formed by stereospecific addition of E' to the indenyl C_. ring and it was

5

O

e 8 =
(son )

(393)
(392)
ct H H
?ée Fe Ore H H
[ I
Lo
(394) (395} (396)
]
H H Fe®
O H H
1
(397)
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suggestéd that the most likely site for prdtonation is endo. This may occur vie
an intermediate where the proton is attached to the metal. Protonation of
Fé(ns—csﬂs)(n —CQHT) similarly gave {Fe(ns ~C,Hy Y(n®-C Ha)]+ and reaction of

this with LiBu" afforded the starting material, probably by loss of an exo-

proton.

Narhthalene reacted with Fe(ns—CSHS)z, Al and AlCl3 giving*86 393 ana 39h,
also obtained from a—chloronaphthalene at 130°; at lower temperatures the
chlorocerton afforded 395. Anthracene, under similer conditions, gave 396 and
397.

The electronic structures of = series of né-arene-n®—cyclopentadienyl iron
cations has been probed®87 by a combination of polerographic/voltammetric,
electronic and M3ssbauer 4pectral techniques. The compounds investigated
include [Fe(n —arene)(ns-—c5 )] (arene = CgHg» C6Mé6, C6H Cil, diphenyl and
neptthalene), [Fe (nb ,ns*dlnhenwl)(n —Csﬁs)z]2 » 398, 399, koo,

[Fe(ns—Csues) ] &nd [Fg(pheuylmESLtylene)z]Z+ The electronic and MBssbaue;
spectra of the bimetallic dications were found to be generally similar to those
of the correspond1 ng mononuclear cetions, and to have d-d electronic trans-—
itions analogous to those of ferrocerne. Polarographic studies indicated that
the differences between the two classes lay in that many of the dications
exhibited two iron-based reduction waves in addition to reduction processes
associated with the arene mclecule. No oxidation waves for the compoumds were
detected vithin.the 1imits of the experiments {(up to +2.20 V vs. SCE). Tne two
metal-tased reduction waves Tor the dications have been assigned to the processes

‘FeII——+e—> FeIIz eIi—’ FeIFeI .

In some species, e.g. [Fez(ns,ns—diphenyl)(ns-CSHS)]2+, reduction of both metal
centres occurred at the same potential. Asymmetric substitution of polyaromatic
molecules led to a large separation between the two Fe-based reduction waves.
For the system [Fea(ns,ns— *enn)(ns—csHs)]2+ the following genersliisations were
made:

(a) for systems with large Fe—Fe separations and weak ring-propagated inter-—
action owing to little conjugation between rings (as in dephenyl, trans—-stilbene
or p-terphenyl), only a single two-electron reduction wave associated with the
process FeII - FbI'vas observed;

(b) for systems having fused aromatic rings (anthracene or chrysene), even with
long Fe~Fe distances, two reduction waves, with potential separations of

ca. 0.15 V, were observed; R

(¢) even though the Fe—Fe distance might be small, as in 398 and although the
resonance ring interaction might be large, appreciable separation between

reduction waves {ez. 0.50 v) could be observed.
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uthenium ene Complexes. S-Ru e _ﬁ‘ reacted wi arenes at
Ruthenium Ar Compl Trans-Ru(C0), (CeCl.), ted with 150°

or higher giving*68 Ru(CO)(nf —arene)(Gev_B)z, Loi, (erene = benzene, toluene,
0-, M~ or p-xylene, mesitylene). The formation of Egl_may proceed via the eis-
isomer as suggested by a study of the reactions of benzene with trans—Ru(CO)h—
(sic1,), which gives Ru(CO)(n®-CgH,)(SiC1;),. The benzere in Ru(CO)(n®-CgHg)-
(GeCl3)2 may be displeced by CO, giving back trans—Ru(CO)u(Ge013)2, an? by

mesitylene, providing Ru(CO)(n® —CGH Me )(06013) . The 'piano-stool' like
structure =f hOl (arene = C H6) was cOuflrmed“89 by X-ray crystallogrephy
(Ru—Cre = 2.h1A). Treatment of [Ru(n® -C¢ 6)012]2 with K[B(C3H3N2)h] (tetrakis—
(pyrazolyl)vorate) afforded®?® [Ru(nb —CH 6){B(C JH_ I} 11* (isoleted as the PFg

3 W
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I3
o
5]
o
b 4=
ct

o

.

selt) in which the pyrazolylborste ligand was t

Complexes Conteining Heterocyelic ILigends. The bis(l-substituted borsbenzene)

iron complexes 402 (R = Me, But, Ph, Br) were prepared*®! as shown in Scheme 75;
the compounds s0 formed are similar to those described®9? esriier. M3ssbauer
spectral date indicate thet the n®-l-phenylborsbenzepe ring withdraws somewhat
more electron density from the iron atom than the n’-cyclopentadienyl riﬁg in
ferrocene. Friedel-Crafts acylation (MeCOCl/AlCl3/CH2012) of L02 (R = Me)
afforded EQ;, and the four protons a to the BR group exchange with CF300 D at
25° (no further exchange occurs after 24 hr). In competition experiments

3C0,D more rapidly then 402 (R = Me) which undergoes

H/D exchange at approximetely the same rate as mesitylene.

ferrocene reacts with CF

Reection of Fe012 with tetramethylthiophene in the presence of AlCl3 and
PFE affordea4ds [Fe(ns—ChMehS)][PFGJQ, Lok. This species could be voltammetric—
elly reduced in two steps, the first of which was a reversible one electron

process and the second of which was irreversible and led to deccmposition. The
half-wave reduction potentials for LOL were virtually the same as thcse for
[Fe(nb- ~CgH M 3)2] , Viz. —0.27 and -1.17 V compared with -0.28 and -1.16 V

(vs SCE in S0% aqueous acetone using KCl as supporting electrolyte); the
corresponding potentials for [Fe(nG-CsMe6)2]2+ were more negative, Z.e. —0.L48
and -1.k6 V.
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scheme 75
. I Bre
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METAYT, ATOMS TNCCRPORATED IN BORON CAGES

L (.5 . 43y -~
Reaction of 1,2,3-(n CSHS)COMEZCZBI;H& with Fe(CO)h afforded . {(OC)3Fe}2
(ns_-Csﬁs)CoHeZCZBhHh, 405, which is a 9-vertex polyhedral cage. Thermal
se3 495 3 5 e
decomposition of FeHz(MezcthH,*)z gave Me, C,BgHg as a single, eir-stable

isomer.

Treatment of h,s—CZBTHQ with scdium in THF, followed by NaCSHS and Fe012
afforded+96 Fe(ns—csﬂs)(023638), twe isomers of which are the known, paramagretic

5_ L= 597 [ -
Fe2(n C535)2(C2B6HB) (u 3.(5)5 BM at 300 K), and the known Fely CSHS)
(CZBBH:LO)' The species Fez(n -CSHS)z(CZBGHS) underwent, voltammetrically, one-
electron reduction and one—electron oxidation processes, both of which were

3 3 S
reversible. On standing at room temperature, Fea(n —C,)_Hs)écaBsﬂa) became
diagmagnetic, and the stru~ture of this new species, 06, was determined
crystaliographically. The 1O-vertex species is derived from a bicapped square
antiprism. ‘

3 : 2- 498 gy '

Reaction of [r{u(<:0)3c12]2 with [7,8—890211]1] gave m.(CO)B(BngHu),
40T isolated as a benzene solvate. Similar treatment of Ru(CO)z(PPb3) 201y
afforded Ru(CO) (PPh3)2(3902H11) .

Treatment of Fe(czue2310H10)2 {which contains a nido.cerborane ligand) with

CuCl, in THF gave*39 in 30 min. o~ (95%) and m— (5%) CMe,B) JH,, with a closo

configuration. The amount of the m—isomer ircreased after 100 hr reaction time.
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H atoms omitted H atoms omitted
(405) 406)

0
% § Lc°
\Ru/ llr __.-CO
I éf“"CCJ
B -
TN Bé |
B\\ Y /’B ?&B
l \\‘ C," e /, l /,\ \é\
L N eR
(407) (408)
-
| ¥co
B
\

When treated with BlOHI3’ [Fe(CO)E(cyclohe:';ene)(ns—CSHS)][PFG] affordeds00
Fe(CO)a(nS—CSES)(BlOH13), Los8. Reactign of this with bromine gave Fe(CO) o
(ns—CSHb'{Blong)Br, while Et N caused formation of [Fe(CO)z(nS—CSHS)]z and
[Et3NH]2[Bloﬂlo] (n 10% yield). Addition of [Me3NH][7,8-B931002R2] (R = H or
Me) to [Fe(CO)z(cyclohexene)(i}s-CSHS)] afforded Fe(co)z(nS—csas)(7,8—393100232),
k09, also produced (R = H) by reaction of K [Fe(CO)z(ns—Cgs)(7,8—39C2F[11).] with
HCl. Treatment of 409 (R = H) with Me,N gave [Me3N'H][Fe(CO)2(n5—Csﬁs)(T,B-
B9CZH]_1)] which, in the presence of acetonitrile, afforded [Fe(CO)z(HCMe)—
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| (-nsecsﬁé)][7;8—39c2512]. » This salt wes preparéd alternatively by intéraption
of [Fe(CO)Q(ﬁCMe)(ns—CSHS)][PFG] and [Me NH][‘T 8- “BoCy B ,]. With PPh or
CIC.E, (), [ueanx]{r'e(co)e(ns—c H )} (T, 8—3902511)] afforded [Fe(CO) L(n -C 5)]—
[34c,7,,1-

COMPOUNDS CGMING mu.-cmiaon SIGMA BONDS

Treatment of Fe(CO) (PMe3)2I2 with LiMe gave501 Fe(CO)z(PMe ) MeI.
Reduction of this with sodium in THF afforded Ne[Fe(CO) (PVe )eMe]vhlch on
addition of methyl iodide, provided Fe(CO) (PMe )2Me hl_o and Fe(CO)(PMe JHI,
18._1. -These last two compounds were also prena.red by treatment of 'F'e(CO) —

{ PMe3 ) 5 MeY with ILiMe.

The structure of the product obtained from the reaction of 1,2-cyclo-—
butadiene iron tricarbonyl and dimethylmsleate, L412 has been determined502

by X-ray crystallography. The iron astom has a distorted octzhedral geometry.

Me2 Me, hg‘?z
Si\ / |\
. FelcO), (OC)FE @ Fe(CO)4
i Ngi” Si
Si Me,Si &L,
. Mez ) Mez_ \ SiMeZ 2
(OC)Fe—
(417)
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In a reaction between naphtho[bleyclopropene, 413, and Fe2(CO)9, the species
L1k wes formed.’%3 This compound is formally regarded as arising from the
addition of an Fe-C bond of Fe(CO)5 across one edge of the thres-membered ring.

. . . :
Treatment of Fe{o CGHh(Nﬂz)Z}z(NCS)2 with C H, N, 415, in the presence

of Et N and acetonitrile sfforded®?" the paramagnetic Fe(ngszNu) (u = 3.69 BM).
With CO in toluene, this compound gave Fé(CO)(CzZszNh) end eddition of

pyridine to this carbonyl provided PE(CO)(pyr)(CQQHQQNh). Reaction of

1 = o {

Fe(C22H22Nh) with RX (R = Me, Et or PhChz) gave Fe(C22H22Nh)X and FetczgﬂzzNh)R,
which is similer to compounds previously reported.’?® It was proposed that the

reaction of Fe(C Nh) with RX proceeded in a two-step process, giving X

22f22 ]
abstraction with release of R.

Lithium methyl or phenyl reacted®?® with [Fe{(tetraene)Nh}Cl]+
({(tetraene)Nh} = L416) giving initielly Fe{(tetraene)Nh}Cl and then
Fe{(tetraene)Nh}H (u = 2.1 B.M.). These compounds are sensitive to UV light
and they were also electrochemicelly oxidised in two one-electron steps, .
formally corresponding to the generation of Fe(II) and Fe(III).

3 oF AlEte(OEt) in the presence of PPh
afforded”?” Fe(PPh3)3(acac)Et; the corresponding reaction with AlMe3 gave
n
P 7
Fb(-Ph3)3he2. 3

Lamellar compounds of graphite containing iron were obteined508 using

Treatment of Fe(acac)3 with AlEL

Related compounds conteining PPr were elso prepared.

FeCl (x = 2 or 3), eromstic enion radicals, Na/NH3 or LiAth- There appeared
to be two types of Fe stoms within the layers: & magnetically ordered form
(ferromagnetic and superparamzgnetic iron) and another paremsgnetic form. It

was suggested that the iron atoms were weakly complexed by the graphite layers.

Resction of Fe2(00)9 with 1,2-bis(dimethyisilyl)benzene gave509 k17. The

anslogous species 418 and 419 were prepared similarly.

SYNTHETIC AND CATALYTIC REACTIONS

Synthetic Processes. Technical reactions of CO with unsaturated hydrocarbons in

the presence of metal carbonyls as catalysts have been selectively discussed.510

Thus, in the presence of Ru3(CO)12, ecetylene and CO/H2 or CO/H20 {(in appropriate
ratios) combine to give hydroquinone. Using Fe(CO)h, p-quinone is produced.
Ethylene, CO and H,0 react, in the presence of Fe(CO)_ ard an organic base, to
give propanol, and propene is similerly converted by [R3NH][Fe3(CO)liH] into

butanol and Me2CHCH2OH.

A retro-Diels—-Alder reaction occurred when K[FELZ(HZO)] (HZL = bicyclo—

2.2.1 hept—-5—en—endo—-2,3~cis-dicaerboxylic ecid) was heated.3!l Sequentisl
loss of two molecules of cyclopentadiene occurred and the final metal-
containing species was K[FeQ2] (Haq = maleic acid). )

The formation of ethyl ketones vie sequential insertion reactions of alkyl
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tetracarbonylferrate ion has been studied.!2 The overall reaction is

: ‘ : ' C.E, R :
[Fe(C0), 15 + REK—» [FeiCO) K] —p [Fe{CO} {C 8, JCCORIT™
: b , K 2

+

lcaﬂu
H

RCOCH2033<—-[Fe( co) 3( C_H,, ) (CH,CH_COR) 1

2D, no deuterium is incorporated in the ethyl
ketone and hence H+(D+) is not derived from an added source. However, reaction
ofHaQFe(CO)h with CgﬁlgBr in the presence of C,D) and HOAc gave 3-dodecanone
with greater than 92% deuteration (63) et C{1). The reaction appears to involve
base-catalysed removal of exchangesble a-methylene D atoms in [Fe(CO) 3(02Dl;)—

In the reaction involving CH3CO

(CD2CDéCOR)]_, or to involve H/D exchange with another molecule of Czl)h. A
feasible process could involve oxidative eddition of coordinated CzDh in
Fe(C0)3(C2Dh)(CD2(§D2COR) » &lving 420 which would then undergo reductive elimin-
ation of the appropriate ketone. Treatment of NaeFe(CO) ), With n-nonyl bromide
and CD2=CHZ geve, after removal of exchangeseble deuterium, 3—-dodecenone with
deuteration at C(1) (12% 4., 48% dl’ 38% d, and 1% d3). In the absence of =z
large secondary isotope effect, comparable emounts of ‘[Fe(C0)3(C2H2D2)(CHZCD2—
CoR)]™ and [Fe(co)3(c232D2)(CD2c11200R)]‘ should be formed. The overall data
are consistent with intermediates such as 421 and %22, and the net uptake of
two moles of ethylene without evolution of CO appears to favour h21. This
process does not aeppear to be useful for higher alkenes. Thus, propene reacted
with Na.zFe(CO) ), &nd n-pentyl bromide giving hexanal (70%) and L-nonenone
{10-15%) whereas hexene produced hexanal (94%). Acyletion of B-oxoalkyltetra-—

cerbonylferrate species’ effords®1l3 a new route to enoi esters, viz.

{Fe(co),, (crCORI]™ + R' COX~—>RC(OCOR"):CH,,
Here R = Me 5r Ph and R' = alkyl or aryl; it was noted that RCOCHecOR' was not

formed.

Rearrangement of CHQ:C(Me)CH?_OH to MeecHCHO was achievegsl® using

RuC1l,.38,0. Hetereocumulenes reacted515 with phenylbromoacetylenes in the
presence of THF giving 423 and (PhC=C-) , according to the mechanism outlined in
Scheme 76 .

A sipiiar reaction involving PhN:C:0 afforded two hydantoin derivatives, 424
and 425, according to the mechanism proposed in Scheme 77. With thc:c:o,_ggé
was formed. Conversion of amide oximes RX(X):NOH into amidines RC(X):NH

(X = NEPh, R = Ph; 2,4,6-CgH Me ; p-C.H \NO,3 R = Ph, X = p-C1C.H)NH, NMePh or
31'Me2) wes effected5l® using Fe(co)5.
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CD
z _
bc o o Betco
D__lg .CD,CD,COR TP Ve 2
e RCCHEe! (CO), R—C=CHMe
c” | e ! ”
1% CH3
o (421) (422)
(420)
Sch 6
cheme T lBr
PhC=CBr ——» PhC%CBr —— PhC=CFe(CO), —= PhC=C—-C=CPh
Fe(CO)n
RN=C=NR
1
Ep ;
? hk
; \
N
{ C—ANR
(l;e rn” O\
RN7 SN — \ Te(co)n
l : c
R RN~ C / Br
RN¢C\C®/ W
C
i Ph
AN
Ph Fe(CO)n
Br
PhC=CFe(CO),Br
coupling
R R
N N
! !
-~
RN™ TNH H20 RN NH
—_——
Y Y
i R’ 1l R
.r'c‘a o,
Ph” 'C=CPh Ph C=CPh
(423)

Hydrogenation and Dehydrogenation. A series of styrene-divinylbenzene resins

were converted into a poly{diphenylphosphine) species and complexedSl? via
phosphine exchange by Ru(CO)Z(PPh3) 2012. This polymer—supported catalyst system
selectively hydrogenated h-vinyl-cyclohexene to ethylcyclohexene, cycloocta=-1,5-
diene to (2Z)-cyclooctene and trans,trans,trars—cyclododecatriene to (E)-cyclo-
dodecaene. The reactions were carried cut in the presence of a lerge excess of

PPh3 and could not be achieved by an excess of polymer-bound Pl-’h2 groups alone.
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Scheme 77° Ph
: |
x N
e , Le
PhN" , X =NPh th}l/ ~N—Ph
1 ]
C—Fe(CO)_ Br C—Fe(CC),Br
Een” n Ph" -
lx_:o
T
O
/’C\\ C
PhiN NPh PhN/ \NPh
i 3 — \
o“ ~c@ Cf:'_*zg
il /C—F'e(CO)nBr‘
C—Fe(CO),Br Ph
Pa~ ©(CO)k
|
PhC=CFe(CO),ar L H,O
e &
PAN” “NPh PhN” NPh
\ / \ /
VCDC__'Ci> C;:—-c;>
CwC=CPh C—H
d /
Ph Ph
(424) (425)
The polymeric catelyst wes a slower kydrogeneting reagent than the comparable

homogenecus species, in accordance with the diffusion retardation of the rate

using the polymer-bound catalyst.

In methanol and p-toluenesulphonic acid, the rate of hydrogenaticn of mono-

and di-alkenes by Ru(PPhs) 3(O_ﬂ.c) >
and highly selective reduction of
occuried, and this was attributed

abilities of dienes in comparison

was highly dependent on acidity.518 A rapid
cyclic dienes to the corresponding mono-enes
principally to the superior coordinating

to mono-alkenes.

The species Ru(CO)(PPh3)2(OCOCF3)2 is an effective homogeneous catalyst for
‘the dehydrogenation19 by primary and secondary alcohols to aldehydes and ketones

(Scheme 78). The catalytic reactions- cen be performed in neat boiling alcohol

and, up to & certain concentration, CF,COH acts as a promoter; beyond this
concentration inhibitidﬁ'occu:s. The alcchols successfully dehydrogenated
incluled RCH,O0H (R = e, Et, Pr , Bu', C,H,,» Ph), Me,CHOH and cyclohexanol;
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I
OCCHPh2

40
Ph
Ph
(426)
Scheme 78
CFs
O—=—=C
PhyP~_ | Qb RCHOH
37N 2
/RU< — = Ru(GCH,R)(OCOCK;COXPPhs),
oc™ | OCOCF;
PPhs i
—RCHO
CRCOLH;
~Hs> Y
H
o
C\l __~PPh3
Ru\\\
Ph3P’//l o
o

methanol and tertiasry alcohols were inert but allyl slcochol was converted to
acrolein while propargyl alcohol decomposed and deactivated the catalyst.

Isomerisation and H/D Exchange. Characteristic mexima have been observed in

the deuterium distribution patterns of the isomers obtained52? from various
g-olefins and iron films in the presence of CD3CD:CD2. The results were
interpreted by assuming interconversions between vinyl and allene surface
complexes (Scheme 793).

The intermediates proposed alsoc permit H/D exchange. On iron films H/D
exchange of but—l-ene proceeds52l vis a dissociative adsorption involving the
vinyiic group: the most reactive H atom towards exchange is that bound to the

ethyl-substituted C atom.

Oligomerisation and Polymerisation. The reaction of iodoalkanes with ethylene

to produce higher molecular weight l-iodoalkanes is promoted522 by Ru(C0)3—
(PPh3)2. With the exception of benzylbromide, organic chlorides and bromides
- 3 { = = n - 2

did not react, the species Ru\CO)BL2 (L PRB’ R = Bu , CgH, 1> p—MeC.H) 3

Ph,PCH,CH,PPh,; pyr; PhBAs), Ru(CO)h(PPh3) and Ru(NCMe)2(pph3)h were effective
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Scheme 79

RCHa = Me RCH, Me RCH» Me
~ v ~ N 7 —— N 7
Cc= _ Cc== < S ———— /C=C\
H Fe Fe’ Fe . Fe H
4
RCHZ ~ _,CHz RCH Me
\C:.E /:é'*_-:c
Vs \ __Fe Fe™ , N\
H Fe Fe H

t R ( 1
catalysts, but rm(a.cac)3, Ru013.3H20, Ru(CO)Q(PPI'.13)20_2 or Ru(CO)g(PPh?})2I2
were inactive. Ethyliodide and ethylene were converted by Ru(CO)e(PPhs) 5 to
¥ 1 P , - R
CyHoT (2?,.), CgEqy T (33%), CgH T (20%), C, B, T (1k%) and C,,H, I (8Z) while
Ru(CO){P(p-MeCgE) )}, gave C\H, T (25%), CgH, T (302), CgH,, T (20%), C, H, T
o o Y - -

(11%), 012)5!251 (L42), c1h329I (2%) ana cl6H33I (2Z). In the reaction, Ru(CO)3
{¥Ph )2 was converted. to Ru(CO)z(PPh3)212 and, using EtI, the intermediste
Ru(CO)z(PPh3)2(Et)I,mac{ be formed in the absence of ethylene (when CZHZ; wes
present higher alkyl complexes may heve been present). The overall mechenism,
shown below, involves & radical chain process:

RuLS + RI ——)RI.....RuLS

RI.....Ruly—>R- + Rui, I

—»1‘\‘1....'.}?111.1‘L + L

RI.....RuLs——)R' + RuLhI + CO

R -+ nCHQ:CHQ—>R(CHQCHZ)n

R(CHZCHZ)H + RT —~R(CHZCH2)HI + R

RI-...',RuLh + f\’I"--—'>IR1.11':1“I2 + R
2R*——>R~R + RE + R{-H) (possible chain termination)

Support for the species Ru(CO)z(PPh3)2RI as precursors for the formation of
redicels came from comparison of the reactivity of Ru(CO)(PMeePh)3HI and
Ru(C0),(PPh,) HI vhich, under ethylene when ruthenium-ethyl complexes can be
forred, behaved catalytically in the same way as Ru{CO) 2(?31:3)2.

Cetalytic oligomerisation of butadiene hes been achieved®23 by catalysts
derived from metal atoms. The technique involved cocondensation of Fe vapour,
with or without aluminiumgand ot;her carbon compcunds at 77°K followed by warming,

and the results are summarised in Table 6.
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Table & Oligomerisation of butaliene by Fe atoms

Catalyst System Conversion Corditions Products
and Reagents of CH,
(%)
Fe + AIEL,C1 100G 20°C/1 hr. immediately after warming

- . - -
benzene or 207 ChH6 -+ linear and cyclic dimers

toluene and trimers; otherwise polybuta-—
diene (100%)

Fe + AlEt 100 20°C/1 hr. immediately after warming

benzene 03 linear trimers and dimers ( 10%)
L' - -

toluene otherwise polybutadiene (1003}

Fe + Al + EtC1, 9C 20°C/6 br. immediately after warming,

‘benzene ttt-cyclododecatriene (10%)

ctt-cyclododecatriene (15%)
putenylbenzene (75%);
otherwise polybutadiene (100%)

Fe + A1, s warming to e,t,t-cyclcdodecatriene (25%)

C6Cl6 room temp. linear trimers (65%), butenyl
benzenes (10%)

Fe + A1, 20 warming to  ¢,t,t—-cyclododecatriene (18%),

benzene room temp. dodecatriene (60%), cyclooctadiene
(22%)

Lo 55°C/Lk hr. c,t,t-cyclododecatriene (30%),

dodecatriene (63%), cyclooctadiene
(77)

Fe + PPh3, 37 50°C/S hr. 1linear dimers (100%)

toluene or

benzene

Fe + P(OPh)B, (s}

toluene or

benzene

Fe + Py, benzene 10 50°C/h hr.  t,t,t-cyclododecatriene (100%)

or toluene

Fe /benzene 90 50°C/2 hr. c,t,t-cyclododecatriene (30%),
linear trimers (63%)
cyclooctadiene (T7%)

'Fe0', benzene 0

Cyclooligomerisation of butadiene followed by selective hydrogenation
was achieved’2¥ using polymer supported catalysts containing from Hi(CO)2 and
Ru(CO)2012 derived by phosphine exchange of polymeric resins containing PPh2

R . o s
groups with N1(C0)2(P1n3)2 and Ru(CO)2(PPh3)2 1.).
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REVIEWS AND DISSERTATION ABSTRACTS

Reviews. . The. following ‘revievs' have appeared which contain material of

relevence to iron, ruthenium and osmium orgesnometallic chemistry:

"The Chemistry of Metal Carbomyls: The Lifework of Walter Hieber" by
H. Behrens.-525 ' :
"Transition Metal Cerbonyls”, by R. A. Sokolik 526
MPrersition Meta.l Carbonyl, Organometallic and Related Complexes", by
R. J. CI'OSS. 527, 528
"The React_iv;ify Patterns of Metal Carbonyl Anions and their Derivatives”, by
J. E. El11is 529
"Na2Fe(CO)h: e Transition Metal Analogue of & Grignard Reagent", by

J. P. Collman>30

"S Atoms es Ligands in Iron Cerbonyls end Related Clusters”, by H. Vahrenkamp. >l

"Isocyanide Complexes of Transition Metals", by L. P. Yur'eva. 532

"Synthetic Methods in Transition Metal Nitrosyl Chemistry”, by K. G. Caulton.’33

"Coordination Chemistry of NO, by R. Eisenberg and C. D. Meyer 53

“Coordination Chemistry of Aryldiazonium Cations. Aryldiazenato (arylazo)
Complexes of Transition Metzls and the .Ary'ldi.azenato—Nitrosyl Analogy",
by D. Sutton.535

"Trensition Metel Chemistry of Azo Compounds”, by M. I. Bruce and B. L. Goodall$36

"p—Complexss of Mono-olefins™, by M. I. Rybinskaya 537

"Cyclobutadiene Complexes of Metals™, by L. V. Rybin.338

“Poiyolefin Carbonyl Derivatives of Iron, Ruthenium and Osmium", by
G. Degenello and others,53% ’

"aAcetylene-r—-Complexes of Trensition Metals", by L. P. Yur'eva.S40

"Mono-r—cyclopentadienyl Compounds of Transition Metels", by T. V. Nikitina.5%1

"Arene Transition Metel Chemistry"”, by W. E. Silverthorn.5%2 .

¥Allyl Derivetives of Metals and Releted Compounds", by I. I. Kritskaya.5%3

"Organometalliic Chemistry: A Historical Perspective", by J. S. Thayer.S“%

Perspectives in Orgenometallic Chemistry, the 100th volume of the Journel of

Organometallic Chemistry, including the following erticles:

{a) "Reactions of Dinitrogen in its Mononuclear Complexes™, by J. Chatt;3%5

(b) "Fluxionality in Orgenometallics and Metal Carbonyls", by F. A. Cotton;346

(c} "Perspectiveé in Metsllocarborane Chemistry"”, by M. F. Hawthorne;>%7

(a) "?ersﬁectives in the Syntheses of Novel Organometallic Compounds using
Metal Cerbonyl Anions™, by R. B. Kings48 T

(e} "The Coordination Chemistry of Bivalent Group IV Donors: Nucleophilic
Carbene 2nd Dialkylstannylene Complexes”, by M. F. LeppertS4?

(£) "The Role of Cyclobutadiene Iron Tricarbonyl in the ‘'Cyclobutadiene’!
Problem", by R. Pettit550
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(g) “Synthetic Applications of dl0 Metel Complexes"”, by F. G. A. Stone 55!
(h) "The Iron Sandwich. A recollection of the first four months", by

G. Wilkinson.552
"Organometallic Chemistry. I. Transition Elements”, by J. D. Jones and others.>53
"Organometallic Complexes containing Bonds between Transition Metals and

Group IITB Metels", by A. T. T. Hsieh.55%
"Oxidation - Reduction of Metal-Metal Bonds™, by T. J. Meyer.S5SS
Orgzno Iron Compounds in Gmelin Handbook of Inorganic Chemistry.S556
"RuCl3 and its Applications™, by W. P. Griffith.557
"Oxidative Addition Reactions and their Industrial Implications™, by

G. Dolcetti and others.558
"The Chemistry of Fe, Co and Ni“, "The Chemistry of Ru, Rh, Pd, Os, Ir end Pt"

end "Compounds of Transition Elements Involving Metal-Metal Bonds", by

"D. Nicholls,559 s, E, Livingstone,560 and D. L. Kepert and K. Vrieze,561

respectively.
"Metel Vapours as Reagents", by XK. J. Kisbunde and T. 0. Murdock.362
"Synthesis Reactions with Metal Atoms from 10 to 273°K", by P. L. Timms.S563
"The Flipping of CO Ligand Groups in Metal Carbonyl Compounds and its Freguency

in Fe(CO)s", by R. K. Sheline and K. Mahnke.56%
"Reections of Transition Metal Atoms with Organic Substrates", by P. S. Skell

and M. J. McGlinchey.%65
"The Laser—Evaporetion of Metals and its Applications to Organometellic

Syntheses", by E. A. Koerner von Gustorf &nd others.366
"Photochemistry in Matrices and its Relevance to Atom Syntheses™, by

J. J. Turner.56?

Dissertation Abstracts

"Structural Studies of Orgenometallic Compounds of Iron™, by K. —K. ILin.S568
"Organometallic Chemistry of Iron", by A. J. Schultz.569
"Disodium Tetracarbonylferrate", by R. G. Komota.570
"Reaction of Fe(CO)s with NaOMe", by J. L. McClean.571
"Complexes of NO. Synthesis, Structure, and Reactivity", by J. Reed.372
"Structural Studies of Bonding of NO in Transition Metal Complexes", by
D. G. Van Dervier.373
"Reactivity of Ruthenium Nitrosyls", by R. P. Cheney.57%
"Intersction of Transition Metals with Olefins", by R. S. Case.575
"Studies of Fe(0) Cyclooctatetraene Complexes', by M. T. Mocella.576
"Cycloaddition Reactions involving Fe(CO)3 Complexes”, by T. J. Devon.577
"Synthesis and Chemistry of Fe(CO)3 Complexes of Push-Pull and Highly Hindered
Cyclobutadienes™, by G. Berens.>78
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"Synthesis a.nd_Spe_ctrcscopic Studies of Group VB Derivatives of Cyclopenta-
dienyl Iron Dicarbonyl Dimer, and Related Tir Insertion Reactions"™,
be T. N. Decorara.573 ’

"Alkyl Anion Fe(CO); Chemistry", by R. L. Parton.380

"Borabenzene Anions and Their Iron(IT) Complexes™, by P. Shu.581
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